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met hods for identifying, sorting, and/or tracking nol ecul es,
especially pol ynucl eotides, with oligonucleotide |abels, and nore
particularly, to - .a method of sorting polynucleoti des by specific
hybri di zation to oligonucleotide tags

BACKGROUND ' SYISTEMucl eoti des and

their analogs is a fundanent al process 10 that is enpl oyed in a w de
variety of research, nedical, and industrial applications, including
the identification of disease-rel at Eigldofithe Invention des i n di agnostic assays,

screening for — The 1rﬁ)eﬁﬁ'&§rdl’iyt‘;§;§)éﬁ€hll9% ﬁﬁthd&'f&ﬁﬁéﬂtﬂ?idgdﬁtﬁtm% J@tlor fitaGRihg On

of specific polynucleotides in blaots nucle tides,
anpl i ficati @ﬁ?esggwéet?%l Rolynpcieatides, Mty %@PH‘? Hé‘?%éﬁ& fe particularly, to’
bl ocki ng of a mzeHuidrsIROHMgPoYyrRs RO ey q&m,hym&zsmnwrmigbguclwttﬂetthg li ke,
e.g. Sanmbrook 15 et al, Ml ecular C k boratory Manual, 2nd

Edition (Cold Spring Har bor La Yor k, 1989); KeI | er and
Manak, DNA Pr obeSpecificihyhtidization (oSbbg,dnnmleoudes andRheis snalogsws }t(furldambmsprocess

U1 at Shis cpidfsin P50 yrly o BRG0P e S PR B s, e

143-150  the idend6igytionyef disease-related spignmlmldnymdxugrmtw mamgcr&myag
proposed as; ¢
algm.fg"tg 'ﬁgmq?lq;rgfz{ ﬁ(ﬁgﬁlﬁ:?eonﬁg 1dr§1YiﬁQ£hon of sgeaﬁ@ ?ol'yﬁﬁél&btfd& 'i‘xglblots of

conmpounds | tide t In. multiple

a
DNA sequenchHgurss pgwMem%mdaé ampliicatien afgmmﬁs tara%naqlwcleoudes, therapeutic

el ect rOphOflﬂbb]ﬁﬁ% by m%ﬁi%ﬁﬁhﬁ@ expressed’@éies, DN ASse @éncid’gahn&ﬂiéﬁlik%ﬁ e. gf Sdoh¥ook
fragnments gen

f r agnent’s f‘? ﬁg“llﬁ’gﬁk%‘mﬁ %nf?éggpﬁgﬁtangﬂesgg%%gpég H‘ﬁﬂ”ﬁ'@ é%fhgr 25" I grl\llg\

of a gel whiLsboratery, New Work, (1089 iKellesambManak, DN APrpbess éndrﬁdaruna(Ssookmmhi ch

the fragneng . d (o] S K S ngj.n i a

vi sual i zed SnNc?I“f 8@1%3?2@1’ W&Q%‘gﬁ@@ J%d' é&#’i‘t gép%g? ?%ZI@%S/P?? azceett o]
conpl enent aalyScienss, 26 ui6dH- 1662 £19933Bains.d, DNA Sequ@deingand Mappirg, 98 333-150
Simlar useg g§) ol i gonucl eoti de tags have al so been proposed for

I denti fying 1_Igl)l osi ves, potentlal pol l utants, such as crude qil, and
curr enci}/) f or - pr eYRasificohy &as plsp been propesed s atmgthed of yrrking. getripwidg.eved

by Dol | i ngegng xﬁ@fﬁﬁi}m%%m%zﬂndsﬂaﬁéléd Wﬁhnggéﬁucléﬂﬁﬂé RS, Fbrhé’xample, in RAlltpIBX ase

‘Chai n React B Bost tl BFe
ol gonucl oPRASeaUERFIRg uScoSR e Asibed ip WeniSiisieobby AN BPARIG and

i dent i fyi ngbands on aigebihat ebilst aﬂbbwﬁagmemstgemh&d ucmmhmetsequmbmghemml _
i braries, such rarl s for

it og cand, dathis VT B AR dritm fany spquenf i ALl e @parh B 3h g sdrd
5381- 5333 (1apOafa gdlwiech isSherebloaed 26th: sefiiae-stid phiseIvatgrialson kaidthbiragmeat :

P . Natl.
S ng essf ul llaand? frorrh?l@ge%égé rse%u%gﬁm%%‘%%oﬁp %rgﬁré%gge? with ¢ dhgonucfeoude pi)ar f on
t he smt:@ssxfmllsahybnshzmng ogpmdammamy@gsb @hmh.e@nl Beiengse 346: &hd its

(I;CC):[I!}) L‘;g‘g?tlggﬁsﬁ’f Hfrilar uses of oligdifdcfédtide thpd have also been proposed for identifying
explosives, potential pollutants, such as crude oil, and currency for prevention and detection
30  of counterfeiting, e.g. reviewed by Dollinger, pages 265-274 in Mullis et al, editors, The
Polymerase Chain Reaction (Birkhauser, Boston, 1994). More recently, systems employing
oligonucleotide tags have also been pr'oposed as a means of manipulating and identifying
~ individual molecules in complex combinatorial chemical libraries, for example, as an aid to
- screening such libraries for drug candidates, Brenner and Lerner, Proc. Natl. Acad. Sci., 89:
35 5381-5383 (1992): Alper, Science, 264: 1399-1401 (1994): and Needels et al, Proc. Natl.
Acad Sci.. 90: 10700-10704 (1993).
The successful implementation of such tagging sc,hemes depends in large part on the

success in achieving specific hybridization between a tag and its complementary probe.
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That is, for an oligonucleotide tag to successfully identify a substance,

t he nunber of false positive and fal se negative signals nust be
m ni m zZWP 26030 t unat el y, such spurious si gnal s ar ePCEUSSMCTITON
because base pairing and base stacking free energies vary wi dely -

anong nucl eotides in a duplex or triplex structure. For exanple, a duplex
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condi ti ons desi gne etect be B
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mat ched dupl exes_.consi stin e A m e ar
system cdmpi WPEYA; ntﬁ’gba" %ﬁ@ﬁﬂ‘éra mjsmaich. Cﬁ}uégg 36’18%5& ﬂtlaﬁggbl em
of ms- hytmnhinatamalwhemmfal library. wbmggedmﬂaﬂledommxgammesasﬁgmﬁyam

| . t b
ot o ¢ bl HohRE IR e RybridipRion!tehdions dosiergl s ERS! itfeeth P 7
tag woul dmatehed A rm@m@qe&mmw@mmwmﬁbﬁm withith6€-fich each of its
five or rmfg%nucleoudeu%éﬁnbﬁﬁn?srﬁ%%a duBfex--%@Rf‘ﬁe detected alo w1th mgﬁ%&ﬂough

reagents, such, as tetranethyl gmmonium chloride, are aval
negat e bABdichgsbdyplsxes congisting tbﬁﬁﬁeﬁl@msshbﬂwm mﬁwgwmm exes, the

ef fect ofpropssed b Brenrie?%ﬂﬂr(bﬁed sbove}, elie xlelaned ﬁ@bﬁﬂﬁoﬂx’ﬁ%‘-ﬁylﬂd@&ﬁﬂﬁ@opan be

i nco atl | e. wi C further ,ma tions of
oo T8 cestosgivits iﬁs%ﬁa%wa% re i By praplaying 4 e Salled comalits Foge. &
reaction enegisy thaoa prdte dutlof register (or frame shiftédy Withrredpeents itsaconpiod

S RS8Rl (1 SUALEWAN YL B bk AARLARS Yol DhcfRe i P g,pgb&g' > of

mul tiple conp ene
bl ot t i ng,three- hahevwordﬁeori'/@d?ﬂdl fficult. As a resul t, direct sequencing of

| ,
certain loci, Eydhth Mre%%ems Q@ﬁ?ﬁtet?ﬁﬁetﬁ af ECII?ﬁmtcﬁﬂ)rﬁé ﬁea daﬁg

alternative to 1 ndirect I zation for

t he i28entnegate baseotpegiicqiahality s ereaceg ¥@J;g¢r@ﬁ@p§ﬁe dyplexes, th@EfectNe&spch Acad.
Sci ., 85: rez?g@'ﬂ% ig 6ftén ﬁﬁﬁ’ﬁahnd ﬂQ:lr presence can Beincampadtley with, fehdérd maed and

i denti cal g DNA fr ont.o stinct ;solid ase supports
would T ackifficultc BrerRaupRENE Hhe BFF CHPc 2ERlGERY o non
gel - basegobyanerasecchain mtthmd@ﬂi@yosuh&ﬂﬂcbaneousl y applicable to many sanpl es
in parallel.

were avail abl %A p(')'?tl’lﬁrgrsch‘J’qm Sfeﬂp%nﬁl%eéﬁ%‘ég of h&éﬂﬁghgﬁ‘ﬁ% sef U 'sfmt here

provi2@ed the analypis ofopultipls wrs:omPchagmeub laci,eig. oia mubiplaxi PCR; mecrsesaot t he .
fal ] t dt
occurr encb?ot%g dt xﬁ@ RO dlﬁi&?fgrl.?ﬁk ?e%uﬂ%ﬂ'&%l g}&.gg&ﬁcemmm e %:g neea 1o

errpl ecCl a rea ent S teri n se palring ase
st ackl ng SERese h@ﬁw@egwr@m a8 adeliable temausaé% utshliearggqtthgd%s@pl@mnwm@ﬁﬁ nd

appl | cat IHyBRdizAuomive i RIBAtifi¢alioh ol igBRotFRI3SE. gLGS'lléiﬂteﬂrb@ al3 Proc. Natlf Acad.
-o- uUse O

corrbl nat oY a§5 2R 1626 (Il?%&)arl es, |large-scal e mappi ng and sequenci ng of
DNA, 3genetic l’nmtbﬂﬁuyqatsmnlonaednd;alendcaamnmggedd}NAefmgmdm onté distinct solid

ol oou arPesrcRGLE b Bl heriee poctiRedipoiie, arulinyy VRRh Pkt b iR °° °

conpoundsgel-based sequéncing enetixdyjodegy simuligneonsly applimablego manw isamples imparellélod f or

sorting identigale /BFgeUl ?@e, lpaloﬁlﬁ%ll@%%Fﬁaséere% vail Ble a3 Bh@élééﬁdfel c

pol ynucl eoti des, “ont'o surfaces oOf soll S by t e specl
hybr i di zwseshtagging |smcmwduelopm¢dedaglgrgarxepqmmerof s whigh;also minimized

- 35 the occurrence of false positive and false negative signals without the need to employ
special reagents for altering natural base pairing and base stacking free energy differences.
Such a tagging system would find applications in many areas, including construction and
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A'furt her object of ny invention is to provide a conbinatorial chem cal

|i brary whose nenber conpounds are identified by the specific hybridization
of ol i gonPRHIALE t ags and tihghs d | BESN A st i PCTRUSSY 12391

obj ect of ny invention is to|provi EpEA tem flor taggi ng and sorting many
t housands. of fragnents, especLa.LJ_)L".La.aq%g-y-@wrl apping fragnents, of a
target polynucl eotide faqr, sinultapeaus . anal ysis and/ or ,sequencin

Another | ob] 8¢ obforginatagak sheieal COmAen 13 ats MaRpng 230 SEUERT a5 PEDNA-hod
for sequencigagedcigemificanon, medica diagasstics\andghelikeengt' il in the range of a few
hundred basepairs to several tens of thousands of basepairs. '

I nvention achi eves these and ot her objects by providing a nethod and
materials for tracking, identifying, and/or sorting classes or

subpopul gti ons of nol ecules by th f 1190 eotide tags. An

oli gonuc?eotide tag may consi st os‘“_% S hubun_i ts, each subunit
consi sting of an A ohjestof msvinvertiasn is 3o proveierambleoulatiagging sysemtfhr w@kingi t s
of an oligo i : ek d froma mnimlly cross-hybridizing
set. In sucﬁétgégg%’,ﬂglgﬁg\fgﬁg?ﬁ%r@?ﬂ%éx consisting of a subunit of the set
and the conpl emerfinogherabjechoh@y iBYRRIAN ds 9iprovide 3 aethodfop sorting ddentigal ¢ wo

m't s gat ;:hes - rﬂd]edﬁ‘(ljd%?dlir m&msies af Mmll ik, ésiae;taam ﬁ@lyﬁ&dtlemﬁeg %_a%dﬂstbrt ﬁheﬁ @ﬂsﬂfld set t
at bes or a dupl.ex, or. tripl.ex hayin Jn s ches wi e conpl enen
of oy 40 hePhagisRAREapY hicspeBinE hyBRdichthe of pBeRIrotE g B | o T age
avai | abl e i pompleatentscul ar enbodi nent depends on the nunber of subunits per
tag and on the legnhgth of..the subunift. T nber. | . al | ess
t han t he nunber %Hlé{ﬂf r I;’)‘(’J%%l(gl }shga%téoﬁ‘clggo F%glcﬁeanéaﬁﬁ@*g‘%aﬁgw@@%ﬁ% for
a tag n nucwhoss gembeneympannds atedderjtified]by theyspecificdfybridization sidligontcleatids

ol i gonucl ?OHgg‘gﬁd e%o‘l]nﬁl&n qucl eotides in |ength. - I'n one aspect of

ny i nvention,” conplenents of nucleotides tags attached to_a solid phase

suppor t lar e used A gilkfwrthepobipehaf meyinvertior is spprpvidea isienbfor iragjng andsertinge s

each contai faRg fousatitis df FralpfentsCERHREAITF PindoflyBYGEPPing fRigrichB, of a target

ol i gonucl eot 1 des tangs are synt hesi zgld on the surface of a solid phase
letiedPrSEBte

support, suBplyRYc CQYis ARalY$1S UBREARENCRHcat i on on an array of
S>c’:_r|1_'; hggils 270 Anotﬂé@oﬁjééﬂ-aml §inventi]9n isdto provideI a rapid and reliable method for |

P Usos5/ 12791 popul at 1 ans .of .'i denti cal ..sequences. ar roduced.in
speci fic redfHEcE mgetipg?yquﬁigoggc;sflggglg al%"gl?‘d? ﬂ?a'%ﬂg%?};%%” Eu'ﬁﬁeﬁ?ée@ﬁ?e
of a be20l, arsevkrademb of dgiusandsiof baseparsase of an array, is - derivati zed
by only one type\gf. R ' ' . E[ﬂﬁ :
popul ati on of Sugg}’b"&gﬁ?s?&gr reve?@lﬁgpéﬁﬁtg?rn@ﬁ% g%hﬁ%‘ﬁﬁ@%# céjrrp err%tﬁ?%ls

wi th di sti néor wagkingsislgnifying am?ler- sorting ofassen or pulpopulotions efapeleenleybythetuse
nunber of-s Al . I 413 i i :

subunits e ngFg{% ) C%ls{rﬁi? gt_g F'y ﬁt%%gﬁme&%o%%fgﬁg éﬁéﬁgg‘g e?%ﬁgéi%ﬁélé%ﬁg 3%: h
conpri ses afutinitgsach semitronsising of aneligosyeleptide of 3 to fopucleotides inJlepgth.

i denticad pShbuHiG|ofahiogsnitietide iy srakEleétdd frofira MidimAllg BiosBhybidigingGki. ties
have di fferent tags

. As. expl ai ned re fully belo this condition is
achi eved by SHCd 15 20URKEX QippleX; %’Hﬁ‘ﬂ“&ﬂgﬁ‘ﬁ’é‘&ﬁﬂf éxeoslet ?r\é%gré\g&ompfement of any
pol ynucl eot bthes sibunie dfhke fatlconaimsaridast wio misgmeches. In othpowynisca sutiunitex .a

nder conai TR yBRgfin R RResE RS s RAPEREF L Bt Bikiliones o

tags with t wathrthe complemespetanywethersublinitrohthe sama isglo filleanumhes obeliganaalepidg

pol ynuckgot i r : . b o4 '-g’bcef
subpopulbgt I 0 S%g@ia%éf@ﬂ%@#g@?}\%é%b%dgﬁ e?ﬁiee?bﬁdg %méﬁanglﬁf%ﬂ sglts g%l on ﬁ-g(;ﬁg olid
phase suppoPd ths/lengthof thy swbneiti The numberis gorerally much less than thequyaberiof gll ¢ he

met hod of ”}Sois'iﬁd@ @éc{d&ﬂc&QﬂP (en2Bof 18 tfg0 Whiti fofla SdgaPRuciéctides long wéild delanng
an ol i gonucleotide

f . t .of t t h . pol. |
bopul ati on More preferaiy. seRHIS afs Sligonurleptidks Ot d o 3 mugiepydes in 1gMgh-s arre
mﬁl ecul es Fr Sanﬁll'l %H? t@ﬁﬁl?ﬂ?ﬁnﬁog, com ﬂﬂ?bﬁ?l.ig(fhlut:hag‘ﬂmﬂgf ml . : Bad hﬁﬂet
t he sa ol gonuclieotide 1tag attacne and, sunstantl a LIL.Leren
ol o 58 o e piase Shept irpohsdl befSonr o Bt ARt B4 ninfu f pofinye RO v

each containing a tag. In this embodiment, complements of the oligonucleotide tags are

synthesized on the surface of a solid phase support, such as a microscopic bead or a

specific location on an array of synthesis locations on a single support, such that
.
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di fferent oligonucleotide tags attached and (ii) such that each

ol i gonucl eotide tag fromthe . repertoire conprises a plurality of

“subuni tWOP6A2U4ch subunit of the plurality consists of arPCI/US95/12791

_~al'i’gonucl eoti de’ having a.l ength fromthree.to six.nucleotides or fromthree
‘to six basepairs, the subuni-ts bei'ng sel ect ed froma m ni mal | y

cross-hybridj zin rt|n t he.nol ecul subpopul ati ons
o ol oo dopulafphYofSiisal Seaugees grepsBaideddf spesnd eeions, pTbatis ﬂﬁgqurﬁg
ol i gonuclofeadtdsuppagsinwhe basetofiarbead,sqret eacteregiom iretie whse of an array, is

' Pt t a”tdeﬂ%lfz%& bgfongg’owﬁgbf 96}n¢1§ﬁte9fwlﬁ%ﬁ hal a g&gxc fak %&ﬁ%ﬁ&e%' de t ags to

sequenc er ron. Preferably,
such seq men%llahgn pEsuch beadscqrrpg@gs eoRtainy aﬁmmlﬁmmglmmmtbai)st@eher ating

from §he stqfeneds; &ﬁlamcﬁetrepéﬂoﬁeagpendmgw&bwn%Bf grthat cover the

target pol ynucl eot | achj I.gonucl eot] e tag froma

repert oi olgepud 1‘%%}1 ferng&w%frrbe é‘Fb‘t“FféemPlRY&m Symidary. &b n t hat

‘subst ant Ipaiynnclabhdeshs beaoRed ézﬁ;ﬁf&)ﬁ?l sb@med ffom ué&ﬁﬂd@ialg%wxle @:Tdtbl]?f sﬁélgt
a iffer ifferen

o1 | gonuc HHAsideaoy pgb/ e eaMsdharh 4 o a8 Shd B PRERLDSBRIS HoYBrc oot i e

tag fr omdifferentaggst tAX explainedomoscfallp bplow:, elis tmdmﬁorstshulmetrai Bptakiprel each

7 om0, Sherbhuf' iR shivbiectoBleBh hofYmuABolc SO e e gL bEBeBed ") 0
‘subunits pb@nn@emeécm whemthe populations of supippsts em@s@lym}djccptdiea aregméxed;
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PCT/ USG5 )m%7 $ 1%%8% ng%$em1t specxﬁc h%'bndmhtmn of the. ohrﬁonu%leotédeetgﬁ ?N(l:tg eir ‘

hybr i di zFe$geeLive cOMPIIAeILS. éBPPQ]%ﬂ%"é’& owqenmezﬂ @p}ynucleoudqsews@m

of 7 T Biticulaf bl op eRigh DT MAD DO .‘?‘“”swg?‘é’?gﬁ‘?wd@'“;ﬂé%‘f%°Ba22 each

sequb%m H&"Wé‘ﬁar'ﬁg‘érf ﬂﬁfogg p}xase sp E Fﬁ‘é’&qﬂ%‘FW“’aA %/‘lﬂ Ue¥et ermi ning the

gggtggégde s e ieaealy pthe nfethddoofgny umhyaucd)mpﬁsedehe ﬁ)llg“ﬁ)yg aeﬂ(a:d af) ng the

ot o onByebeih SRR Rde ae from & epertoirs B g XS OO G HTRARAEY, |

ol i gonucbkEwplegules (Byudﬂhambsmwbtﬁlbﬂw eamoinqlmmwgsamn sebpopubiico®f wi t h

th

R W S KA T

perf€et | 4 gsgn o8rfdME . Thus,

géer p (r: ﬁb?gt&e% gh@smirrdéﬁgde stdtﬁah&ﬁa‘{ﬂl{ﬁ?gxgh that each Blig dsmicféa;r “éﬁ @%%ﬁ&% tRé
- T s bei -1 S is

61 1 i nat Buperioirs comprises s plyBty ofsbRunls andeh SHvEH oiie PLUEIULE Copsieof an

support sOhgatmble@ﬁderhwmg N@gch ftﬁﬂdﬁhrede to six nutjedtidesoi from thfee\to gixs a readily

aut omat e st e ort n o Lfl

parti cul gﬁeéa‘ffs [’Pﬁgl%aeg'b%gi&g‘%efa%ﬂraal e Q@bé?’ﬁst P‘@HE‘\{Z’E ﬁ’gr ge- scal e

DNA 2%q usm'ungghe mblecaesionsubpopulatigts quiqlemdesalftthdp@tnauum”/spse@mﬂu s of a

SO brigibE O ol YRGh & b G e RILEAGE ol anal y2ed

si mul tane ef Description of
t he Drawi ngs 2’@ important aspegtjqf gayeinveation is the psesafithe eligonucleotide &8s sorhbel ed

probes eg&gﬁwﬂé’odd&s ?orqfa?:ﬁlé! §&fence deterflAdlRM. Prefefdb 's@cméﬁenc‘i@glidem?' ng
whi ch ma e used

t he 1 nventi.on ustrates the

rel ati vecHHEd PPb‘PBé“foOlc]‘Pl‘ﬁmﬁtféqpéaéé) geoer3ne frogn the; target l%ié'é‘fq% ide 3 site

and 30 eapheditg of rapmentsithgabest (o tpgepolymuoRotds! (B anachiigayet

pol ynucl eﬁétl)nqx%leouge ?ag from a repertoire of tags to each fragment of the plurality (i) such that
substantially all the same fragments have the same. ohgonucleonde tag attached and
substantially all different fragments have different ollgonucleoude tags attached and (ii)
such that each oligonucleotide tag from the repertoire comprises a plurality of subunits

35 andeach subunit of the plurality consists of an oligonucleotide having a_leng'th from three

to six nucleotides or from three to six basepairs, the subunits being selected from a

minimally cross-hybridizing set:



p?obe used in a preferred "single base" sequencing nethod. 25

Figure 3 is a flowchart illustrating a general algorithmfor generating

g ni mal | y wo96/120e4 oss- hybri di zi ng sets. : - Fi gur ePCTIUSPSIEY7Pt es a
schenme for synthesizing and using a conbinatorial chem cal library in
whi ch nmenber conpounds are | abeled with oligonucl eotide tags in accordance

with the invention. 30 Fiqure 5 diagranmatically illustrates an
appar at us - f or casoryngige sragmsatsdly specifically hybsidizing b sligennsieoside tags with their

pol ynucl eoti.dr-gRatRsleRMBnts! (E)"a&&%mﬁe%él@oﬁd‘@seﬁﬁ%etoifnggrtlijone%f eﬁg}rl g{‘ 0

Definitions _ "Coppl enent” or "ta onpl'enent "

ref erence tthe BREeMsof Q&nlwéﬁgsprﬁﬁraﬂg%e/éf%?éeieseasﬁqeﬁwcm@he Ipgwag o

whi ch a ol idgedtitedaRlovtanddd) dnemiihingahd yudlydiidedequact of the targed pulPuleotide
perfectly rBatc“ed dupl ex or t#‘ﬁl fx. [ n _enbodi ments where specific

hybr i di 2at i BrfFotiatng thesegyences of te fIABPERY- - he ol i gonucl eotide tag may be
sel ected to be eMylirventionbivercomesadieyldeficiency of carergimethodscofdagging briabeliyer e
E r5| plexes %c?lc%}%gg@ﬂli Qggﬁmfc?éo@deﬁoﬁplc%mgme éeﬁu%gpsf 8 tags in accordance with
PCT/ US95/ 12ik®invention, the stahilityrnfasy mismaichedidupderortriplexheteetnconplandent of a

single str | ' r i t
of '3 donbl GORFromRtdPRARERLE (STal Pior duan ihiofdng bR G REE SuRETBLSRER
"ol i goAlic| dbs tagand iis ongecPmpleent. j Thws e problere Hf ingorgetsoringbecausaefal or
modi fi ed npRomBich daplekbEPOESch tAgS bthd fhofe QudE it Hesle8PP mdRhed AT-rich tags
ri bonucl eosi cies,, a- b5 anoneric forns thereof, peptide nucleic acids
(PNAs), ands ¢ifnptele  capabl e of specifically bi nding to a target
pol ynucl eoti de byhewysedfin @omdiation witisotidphade suppors; SudhusRidedeopic beads,

I nteractions,.such as tson- Cri ck e, QOf base pairing, base stacking,
Hooget een_ GV inveibr BroVioks ? Reaty Allionebi et of mbRinialive a3 3nfenc | e
Usual | ¥5 nopolynueleatides| partieulathy useful in largesedio pareli¢l@petations soch aslatgegsale

t hereof to ' ' ' ' ' neric
units, e. g.d @i“%ﬂ%‘%gﬁbg‘%@%@ fg?é@ﬁ?ﬁ%@ﬁ@ﬁd&ﬁio?s_ e‘\.'/négr S%EEREE

ol i gonucl edargeialyuctestide argisequanged ardionanadyzed simtanepusly.such as " ATGCCTG, "
it will be under st ood that the nucleotides are in 5 -3" order from
left to right and that "A" denotes - . ~ deoxyadenosine, "C' denotes
deoxycytidine, ."G' denotes deckig essHPURN Oling Drawing denot es t hyni di ne,
unl ess2@t her wi s Figgee ta- 1A0Rlseaes efrudtiires ph RbeRapedbek ichiphHRE ih A Prafdfted S
phosphor ot hi ?}?tdedf Jphosphor,odi t hi oat e, . 8ho%p€co‘5ﬂ%5n l.j d‘-ﬁt e Fhosphoram dat e,
and the | Kthod oL s FySeRENSIRE Whishmay: it the, FYERHN conpri se the
four natural nudigeti2dHestratesvhe esiative positionk of themmcizhseaecagmitiorssiten tigatiomt ur al

o1 gonuct o8 404 eavids itk f a e RolAStapbd bShoed bt otvmus kol i s, o

N
alE

e.g. priberuseirox prefirragl ‘lsingdmbasatsequenaing methodor , usual ly
ol i gonyel eot | des; £00S1;S] bRt Har'iRhdifath Z% nerﬂmg&%h%?gé{??at{ng%ﬁrﬁ%y
Perfectly matche In reference to a %u Fex neans that~the poOly- or

ol'i gonucl eéquéfé)’?}ti‘iiamsieﬁaki ng up the duplex forma double stranded
structure with w%‘f 4 illustﬁié&%?scﬁétﬁ@fdrh@t;\%iﬁhg ahdl GSiRLhicHMbiratR R Bhérhicand

under goes \atson-Crj ck basepairing, Wt ..a nucleotide in the other -
Strand.  ThDEaZY i Which reRbR CABIPQURdSATe fabeled ith olignnurienldeiaesin accordancs s

such as deeiththeavestiomucl eosi des wi th 2-am nopuri ne bases, and the like,

that Ty ??gl{ergggﬁggjgmmlaﬁc{lgf iflu§dPtés zgnoap%a}awxsqlo? é‘mﬁﬁf oﬁte;fémalﬁ ans t hat

the.tr?%l ex con )
' operations, such as polynucleotide sequencing, in accordance with the invention.

"Complement" or "tag complement” as used herein in reference to oligonucleotide
35  tags refers to an oligonucleotide to which a oligonucleotide tag specifically hybridizes to
" form a perfectly matched duplex or triplex. In embodiments where specific hybridization
~ results in a triplex, the oligonucleotide tag may be selected to be either double stranded or
single stranded. Thus, where triplexes are formed, the term "complement” is meant to
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perfectly matched duplex and a third strand in which every nucl eoti de
under goes Hoogst een or reverse Hoogsteen association with a basepair

of the PQ2014) mat ched dupl ex. Conversely, a "mi sRETARSA2MWIa dupl ex

- between a tag and an ol i gonucl eotide means 30 that a pair or triplet of -
nucleotldes |n the duplex or triplex fails to undergo Watson-Crick

d/ Ho d/ t
Per ei n,  AORPEOS PAEET 4 SRAPIREIGHLCHEPEER: oL ea e sueed oa@pwﬁw% Bcoxy
gndI 2" - P)od acsmglle §trunded cemplenmeat ofs doubbestrindedolipemglovnde Beger |
‘Repl i cati on,
re]l‘oer ence to nucI Y %}équcléﬁﬁ% %gedsﬁé?ethﬁt{l:ﬁ%&ﬁ&’gF%@%ers ﬁpﬁlﬁgf%dl fied
base noi eddiiedmanemensod hﬂkmssn@aﬁmmegur@nudc ides. ribonugleosidehod by
Schei . DHGERE fotfs tRaESIIBe gﬁnﬁgfﬁﬂcl\é\(cl ¥ (m‘ﬂsy%ﬁ m%ﬁl&?)c%palﬂm Wﬁeﬁﬁgaﬂa'm

Peyman, Chem cal Revi evvs

43-584 (1990 '
provi so tbengling to a target, ol yAp eleetidesy way,p p‘@slaampetmmﬂrm@atqrﬁﬂ-mwranal 0gs

i ncl ude $ﬁt8:tabﬁénscsdvh(ﬂs@§ﬂsdﬁ-€nck type of base pairing, base stacking, Hoogsteen or

96/ 1
PCT/ USOS SRS TOORsIeEH tyhs of brssairing. AR sdiken Hf&%“‘ﬁf‘%&ﬁ%?“k"rde%ce
degener aphiosphodicstasborsiser lahalogs thereafich fomm oligonucleatides ranging in size from a

et PR Bl o424 S SR o e e, WAERV g Provi des o
pol ynucl ebgmrumhaondqlstmareagnedaby slsequencedideutrdssuchgs 'ATREGTG Jonwill bot i de
tags of EP&’erstood that Eﬁé%ﬂkhéb’ﬁd&?ﬁ@ﬂh 3%2 (ﬁhé’i‘r dﬁ&rhtlé( ft 8 ?éﬂ%ﬁﬁh tO'rA"SdéRH%kt S

sel ected fromm I zZI ng_se uni ts ubuni t
of such decv@'aémm f(érdﬁn@tqmspéy@yadmer '@ dsnogstdeoxyguanosine, apdiiBl enent  of

anot her 8&{&!&' thyﬂfdxﬁ@%nﬁ%@’@th%ﬁhs%ét@d' Andloghan ﬁ(‘{ﬁhéﬂésﬁ&tlﬁhﬁ gedinelu@et i des.
Thus Ee sequences K%?W&%@tm ol |lg1;onu Ieotlde t ags are ert0| re

that 15 or BhesEBProLgale, phosp 3ier PhOsP ate, phosah ‘ermnﬁmr?g

-n:JcI eot i dJ@ﬁallyd(Ehg@ﬁﬁélb@l?de@fofﬂi&mddzmiﬂhtc‘bmpnse the féﬁﬂhﬁfiﬂ&ﬁﬁuﬂéotﬁi&y lid%ver, .
Ol 1 gonuc eotl de,ta [0) a re ev urt

by doat iR may bt bimitiss hon SR DhvlclectiaR anflofy o s 14l ose SRR 1 B o
form a daphden oligonuckédtides having nathsakenhomhatarad nheleotidels mmmyt beodmploged @ set

with lesgy Elléaﬂ}oéég 1ﬁ§b eﬁ%&h@@ﬂiﬁ% for, h@p%igggﬁ%le%s ?gxt\ég%ﬁngld} nattedl

enbodi nment's rea Icrty 1s a
r epe?q oi n@clmtldeag@rpgmml | er. Thus, for tags of a given length and word

size, at rade"Pérfectly matcliEdStm Fl#et@ﬁé@tobﬁdd’tﬁ‘éﬁ&m tﬂﬁ%@ﬁol?f ospecificity
desired and the sizée E ertoire de I nvention is

par t i cul 8kggpuglestide stmdp P Hisdup tfpﬂa a;ﬁ’@f-'?'m&f%%ﬁq Rsture With-gng) | el

Oper at i ofher Sutbh@&TvesOLROLIAE in édchGaand un‘ddrg'@sCWa@blh-ﬂnckmﬂ?aﬁinga\ﬂﬁh ysis.
Constructi ngﬂ%s 'ﬂonuc e%ﬂg s from

M ni mal | 9 nBsigetideipshe gibet stgpnd,. The SRl HiprHends d12 Phifing P8 01 | de

sequzhn c eanabdgst hrechsas kdeox tisosing, naclgosidesi with menmmmmbybhsesdam thg lxke,t that are

5™ 1 e Ye SRR 98t RLR €00 SR MBE s D RBplls oPE 1
vvhos e s omrti@ﬂammchasi duplex andi asthgg suandmméhmh gvery nufleptide: ags al |

m ni mal | Hoﬁg{’leot | é&g{?érgé ﬁbB%téé?{a%smydd?ﬂwﬁHQ%%ép&r of the p&HfUERY TeslciRlg t hr ee

ki nds of nu s and ving | ength of four The, al gorithm
of Fig. Suplex.Gpmyerishy.dd Me§matchsin yeypley brywerma &gaﬂné@mé}hggwﬂewem@ns

subum t saf a phie ofrtrgﬂéi&iﬂn‘ﬁckbﬁé&-lhm d@bléx OOriphix. fails & udder@s Watsodr ek of
base dlffEJ/ aﬁes 3 rTE ! g corrp05|t|on e.g. do they
consi st B1YPIOC0FSREBANCHT TEYSIFC Pﬂ%@e‘%'f on
As used herein, "nucleoside” includes the namral nucleosides, including 2'-deoxy
and 2'-hydroxyl forms, e.g. as described in Komberg and Baker, DNA Replication, 2nd
- Ed. (Freeman, San Francisco, 1992). “Analogs" in reference to nucleosides includes '
35  synthetic nucleosides having modified base moieties and/or modified sugar moieties, e.g.
described by Scheit. Nucleotide Analogs (John Wiley, New York, 1980); Uhiman and
Peyman. Chemical Reviews, 90: 543-584 (1990), or the like, with the only proviso that
they are capable of specific hybridization. Such analogs include synthetic nucleosides
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bases. A table Mh, n=l, is generated (100) that consists of all possible

sequences of a given length and conposition. An initial subunit
Slerr] isweodsaeeidd and conpared (120) with ‘successi vePEIMRISIIEWLS| for
i=n+l to the end of the table...\WWenever a successive subunit has the

requi red nunmber of m smatches to be a nmenber of the mnimally

21 2o cont ai MR RRpenRf bincebrfoSBKE tedie BedbhbkdeR nficll kb i,

step 120. Fbke.exanple, 'in the first set of conparisons, M will
contain S 1: in the second set of conparisons. M3 will contain S1 and S2:

in the third set of conparisons. Md will contain S[err], S[err], and
S3: and so on. Similarly. co V

-7~ WOTREinvef d thdflbh d sorting molecul icularly -
PCT/ US95) 12791 siveRtin provides a method of labe nér?" %rrr MOICCAT PAtieYiatY, Ve
subuni t s i nPRlyayqleotides,tby the ase @fa%lrgoguelem The oligogpe éomeeﬁaga ofhesmal | er

than its pragesm@nipre aphirdht csf"wo&lselotmmi@geleae@ﬁaﬁqaﬁmmlpw@s

t hr ough steﬁ 330 After ﬁ&sgﬁg}l able Mh has b en co ared 5@ ﬁ%
the old tabhebt ngsqtgomvhua oSulinieh of sl Seiaisemnaytamm 2 SRpieR R i
of corrpari scmﬁplamennﬁ“gmmheirhﬂmnﬁ of tpy sanwsset wﬁthp&s(tﬂzﬁﬁ);vmhﬁman,ﬁeamhmlebﬁdess

el cct Af sy Meedlertgs SNEARR oifbotebide b of o epprGRTRG! Foridpires
cross- hybr.i vahllzmevgr betcsiosmhqhansleffesmgmm thvo riuckeptidesk dn particulaa pmbosinremis | y

Sat. e febicepdt o Ww%&%ﬁﬁt@é ) bl b ool Ch pObUT (B Dbt B 4,00
every subunb¥designing %mmmaawmsgwhyhﬂ tzslgespw@h mm@wméqumm fcm aiduplex f or

sel ecting swgh tlﬁaec,t(ﬁn;ilémgﬁt%f'aﬂﬁﬂﬂepéhbumt of tRWahleSBeRith ?é%? mdﬂ%ﬁ&efn‘i’irsmﬁﬁhé&t I ng
optimal, PCR priners and cal oi;pm uplex stabilitje

..... chli
et al, Rucl w&ewém@nﬁég 8By &serasﬁea(tqrmslﬁam lsl%meaa@dz%mowl

(1990): Br ex%béﬂtﬁfe Sfttagy is sl?faﬂ@r TNas! for%%cbf a%iiren lefigth add 4ord 608, 4 &AELIE
Wetmur, Crit. - 259 £199 1

Vet U O B o e 6 Agie perihcly niBe sidihe Su8 o el Aok
al gori t hm dBscinvémibnliy patyictllarlik usefdl idsbeling and gorthg polyducleatities for parallel

o ser osed rgpEins pH by Sludreift HrRRliERe RE e BB o AR, Gy o

Synp. 8. Biol., Vol. 23 (Acadenic Press, New Yor k, 1981) may be
conveni ently enpl oyed. C eary) R . : avai lable to
one skilled in the art for_de

cross-hybridizing

subunits 20 within the sMipisally G idizing BMRip| e, to mininmze
the affects of drkd ﬂi&éﬂnd@%&@ences of th§§u’bﬁhit§1ﬁ>r@ﬂ?ﬁﬁhxﬁfnll?fcrésﬁllﬁbﬂéizmg set
nucl eoti des when su Lgnlts are asse , subunit’s 3/ F’?

that have tHeCURFEEn VﬁPH‘QF‘aFFd&Ye%{“P mnqﬂermws,rawg? “‘WF@& the gemaral o are

li nked, 2|5 allgorilhm diustméd in'FighR aad a3 axdmplgiearlﬁ/rmogamhugxbdwﬁdse seulice codeng
term nal nugl eoti r. ci ng .or. :
b1 m nat i noeEh ARl Mfnk Smppres an Rifiapk AFHS RYbEENAE B nling ubunit
preferred esvipapbisedof th(ﬁe kmds ofeiuclectidessandrhavinigdength@f §ars are t hose whose
subunits are ma o] (]

- d?hé’Bg?xfi h}'{pf)ﬁﬁlg 3 idi Hﬁ)léﬂ? ted‘@‘ ?heﬁﬁlﬁ fHldh! %terfﬁeotl o |n

di scussed nore one ype 0
t he ol i gonusibawits efdhe agrynpélmmsg-hybndmrugépge@ lergthmumtes of bass dildersecesoaded

g HEKIAS 04(()): dﬁl&i’?i&; I%_ki!_ﬁﬂgefst %@Uoﬂﬁ&n‘iﬁn khede the% consist of t%oﬂHSé %ﬁ%rii&ﬂidsVdft y of
cross- Iﬁyb?ll RASSS- g 1akle Myt “sgb‘érﬂ%f‘ @agh&ﬁ&ﬂgwg i "?Bﬂ?’"?%‘llf‘é?ﬂq"ﬂ%? A ect ed
from the grgvén length and@Bfipdsitiod. Ah ikitialsubafid ST'is selected and compared (120) with
Table | successive subunits S; for i=n+1 to the end of the table. Whenever a successive subunit

has the required number of mismatches to be a member of the minimally cross-hybridizing

35 set,itis saved in a new table M1 (125), that also contains subunits previously selected

in prior passes through step 120. For example, in the first set of comparisons, M5 will

contain S {: in the second set of comparisons. M3 will contain S and S7: in the third set

of comparisons. M4 will contain Sy, S3, and S3; and so on. Similarly. comparisons in
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Wor d: werr] werr] werr] vv[er‘r]

Sequence: GATT TGAT TAGA TTTG 35
- 8- WO 96/13084 96/ 12014 - PCT/US95/12791 -
PCT/ US95/ 12791 -Wor d: werr] werr]
~werr] werr] Sequence: . GITAA  AGTA - ATGT
AAAG In this set, each nenber would form a dupl ex having three

m smat chexbldbl edll e bhiwdes S; and alt sunsessiversubuariitssndy Noath that eactbsaiccessive
Furt her ar, 1 Ky . b | i1 ' |+ ) |
Tabl o1 SR s ShilieFtaniChipaRs AR 4<SuUAR el iimAfied h Shfkedife It
di f'f er enthrgughugsep égé-neéqeé@fqm subungjrof table Myyhasheen cempared(149) the oldhtable

m ni mal | y epas&t by theirdwZtablé Mg} £-and the next round of comparisons are begun. The
Table_1I1 EX ”‘P r.¥ M HI | IX Cr.oss- ridizing Sets of
4- mer? SuBTsEssStans (160) when a 592)} n IS reac abContains no ggeessive subunitssto, 4

Set 5  compar®ab the selected subufiifS i.e. M=MyX : AAAC ' AAAG
ﬁégé ﬁ%%%ably,_ minimaﬂgﬁs-hybﬁdizing&% compﬁse subﬁ%hat make ﬁ%

AGGG approxiA@ly equivalent con@ibutions to dupl€&CEability as evefSAgther subunit in (BAGE.

CAAG In this ‘%&'e stability of ﬁﬁ%.ly matched %‘c}es between egﬁuburﬁt and i%

CCEC _ .
CGCAI0  complememis approximatelxegual. Guidance @mygelecting such sepsds\provided byGAGA

GAGA  publish&¥Sbhniques for selAE optimal PC%rs and calc%éiuplex st’abi@g

L4

GAC e Rychliket al, Nucleic Acigls;Research, 17: 8543-8§51 ( 1989) apd 18 6409-641250¢ 10 ‘ '

Set 11 (1950} Birdslauer et al, Pré¥ ®tl. Acad. SchA8X: 3746-3750 (f9€8Y. Wetmur, CrifCREV.
ﬁﬁ Biochexﬁ%l. Biol., 26: Zﬁ% (l991):andé &éﬁ:&e For shorégéugé e.g. about i@%
AGEQS5  nucleotiiECHr less, the algoritAdGiescribed byRy¢hlik and WelAkas preferred, &ifd\or
% longer t%gg.g. ab’ogl 30-3%otides or g% an algorithm osed by Sugg@,
CGAG - pages 6833683 in Brown, editaGECN-UCLA Syap. Dev. Biol., WC23 (Academic Bnss
%AGS Nev.v Y@(%:gigsn r-nay l?e co%n_tly ?m?lo%eatﬂ-y, the g%y a;.)p‘ro'at:hes‘GBCGAA??
GGCA availableytg\ane skilled in the art for designing sets of minimally cross-hybridizing subunits
20  within the scope of the invention. For example, to minimize the affects of different base-
stacking energies of terminal nucleotides when subunits are assembled, subunits may be
provided that have the same té_rm_inal nucleotides. In this way, when subunits are linked,
the sum of the base-stacking energies of all the adjoining terminal nucleotides will be the
same, thereby feduc‘in’g or eliminating variability in tag melting temperatures. |
25 A preferred embodiment of minimally cross-hybridizing sets are those whose
subunits are made up of three of the four natural nucleotides. As will be discussed more |
fully below, the absence of one type of nucleotide in the oligonucleotide tags permits
target polynucleotides to be loaded onto solid phase supports by use of the 5'—3'
exonuclease activity of aDNA polymerase. 'Ihc:'following is an exemplary minimally
30  cross-hybridizing set of subunits each comprising four nucleotides selected from the group
consisting of A, G, and T: ' |

Table I
Word: - Wi Wy . W Wy
Sequence:  GATT TGAT TAGA TTTG

35



The ol i gonucl eoti de tags of -the invention and their conplenents are

conveniently synthesi zed on an aut omated DNA synthesi zer, e.g.

Appl i ed BVO3$42¥4s, | nc. (Foster City, California) nocltﬂT’GS?é’16791394
DNA/ RNA Synt hesi zer. using standard chem stries, 15 such as phosphoram dite
chem stry, e.g. disclosed in the follow ng references: Beaucage and
lyer. Tetrahedron, -48: 2233opd311 (19%¢): %o et w4, pat ent _
4,980, 460; Kost er et al, US. patent 4,725 677: Carut ers et al, US.

patents 4,415, 732; 4,458, 066: and ° 4,973.679: and the |ike. Alternative
chemistries, e.g. resuPEHENFR:non-$EMr alAGERKbATET  AMGDups. such as
phosphor ot hi oate, phosphoram date, and the |ike. nay al so be enpl oyed 20
provi ded that the resulting oligonucleotides are capabl e of speC|f|c

hybri di zati on. I n sone WO 96/ 12014 -

PCT/ US95/ 1278 1his set, each merbbatiwmrid formt aduplexmbavingrinessmisnadtched|bayesoeithuthei ng
nucl eot i des ctogﬂvtl f'{‘%g"%%ﬁﬁi% ol mani pul ati on by enzynes, while

t he correspon ag ¢ I"'enent’s nmay conprise non- nat ur al

nucl eot i de anal ogﬁxrﬂsummmyepmmailmos%hxbmm$ets)arellmed belowpimiFabis L.t hat
pronote s leérive a&@i‘ixBH&l'sgg é'% bggéﬁeéﬁe&% %uﬂémﬁtn%e&ftﬂfé'h; Eﬂ)u??ﬁf h\ﬂ?eoud@s or

When microparticles are u orts; repertadires o gonucl eot | de
tags and by usmgwbsﬁﬁwféwmnénwre @Péﬁ'éﬂ?"@l@%&&q{%t ed by subunit-w se

synthesis via "split and m x" t echni ques e.g. as disclosed in
Shortle et al, International patent appl %Zet PCT/ US93/ 034 18.
Briefly, the baS| c unit of the synt hesi s'4 subunl t of the

ol i gonucl eoti de tag. Eeafpd , R S ibugiged and 3
10 pheﬁphoranldlte ollgonucleotldes ar e prepared for each subunit in a
m ni mal 'y cross- hybridi zi ng, set, e.g, for, the get first |isted
above, there He ei - Mer < hor es.
proceeds as di ed by tle e or i ect a y

t echni ques enpl to gc%g‘%réﬂte di g e oli | eot i %ad bran%

nucl eosi di ¢ no rﬂy S, e. di sckgagd in Rnius e o CGeno :
718-725 (1992) ?ﬁg Wl G% al gkeic A Resea 19: 5
(11991): Gothuespgt al, écei C AckEfa ar ch, a 1321- (1993):

-Hartl ey, Europegrppat ent Qe | cati gAgR03044%nda Lam GAGA et agaghature,
354: 82-84 (19%lAac Zuckeggia et algehht. J. dtend. Prokelcg ReseageBe 40:

498- 507 (1992); amdaahe |ikggceeneralgaegt hesegizaehni queggagnpl y
call for the application of m xtures of the activated nonomers to the
growi ng ol i gongekeagti de gbei 89 t hesegroupl i Nt 10Steget 11 Set_12 Doubl e
stranded fornms 26GA ags mMaAGTE nadeahgGsepar AGAG synt Ae©azi ng t Reca

conpl enent ary Czanhds folldared by ACRANg undexCxondi t RAAR t hat ARAQCI t

dupl ex formati GCG AGOa nat i vBGEC doublAGGTr andedGGays nayABGEGS or med
by first synthe3AxG ng a SAMH e str@afacd CAa@pert oilCA€Q i nkedCAGAa known
ol i gonucl eot i d&€GAUence OAGEr ser vEECEs a pré@@A bi ndCigAsite. QEAG The
second strand i&Ghen syfE&dsi zed ﬁg Bonbi NiGELE he si FGAE st ran@edC
repertoire wtBALEC FACRer andG ‘E%\endl ngﬁwcﬁh a pé rase.GHEEs |atter
approach is deR§$®ed |nG@(;§20hant &HCC&ene @ C177- 18§C§§986)
Such dupl ex tadCiy t heff mser?@ﬁ into cqcé‘ﬁ'ﬁng veBCEAS GGaPong with
target polynucleotides for sortirig and mani pul ati on of the target

pol ynucl eot i de. in accordance with the invention. 30 In

embodi ment s wher aySRREhhIde iR bdd dihd FRATSHIR P odrhbBhRlRE BBNeRRnuy
codi ng of tag's quences f'al’l ows thé sane

dupl ex- f or misyethesizes onranwsnemated BN A synthesizegy egfzumnehedo%mystqnmlsc dHost¢re
sel ecti on Ot@ueuﬁfo i P acae% or@nwAm/NAtdynmsﬁu ﬁﬁlfl standard¥heMdudds, ON

vi a Hoogst een is nost stab al ong ho yri.m di ne-
hormopur {#e tsvvébaésomﬁp@raﬁme@hgwmdea @taﬁlg@qd in Uﬁf@ﬁlpyfmwéeéeqqeﬁpﬁewscager m

in T-A"T or akd Iyer. Tetrahedron, 48: 2223-2311 (1992): Molko et al, U.S. patent 4,980,460; Koster
et al, U.S. patent 4,725,677: Caruthers et al, U.S. patents 4,415,732; 4,458,066: and
4,973.679: and the like. Altemauve chemistries, e.g. resulung in non-natural backbone

~ groups. such as phosphorothloate, phosphoramidate, and the like. may also be employed
20 provided that the resulting oligonucleotides are capable of specific hybridization. In some
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35 GCnotifs (where "-" indicates Watson-Crick pairing and "*" indicates
Hoogst e|i of bi ndi ng); however, other nmotifs a Jossi bl e.
For exa ?wpﬁoogst een base pairing permts parall eﬁ’%ﬁjﬁg}ﬁ%}’gar al | el

orientations between the third strand (the Hoogsteen strand) and the
purine-rlch strand of the duplex to which the third strand binds, depending
- 10- MQn%Glakgﬂﬂa@ compnse naturally occumng nucleotides that permit processing or

PCT/ US95/ 12791 ons 4. ition of the .strands.
oy o o Banpiaton bysrades S theCOeipondill o 2ORPE S TRy COMpHte Mon-
appropri ahﬁuﬁﬂiﬂﬂﬁﬁ@t&ﬁ: amaidgsndugh ias peptidermiicicioacids, olike oo peurids pha( gr ofhote

(ocg " R RElnr TR SRR AT AURE S RE, T o der to F%"Lfei, “or o
OLB e a vi se reg ulWéhem micropairticles dre used asupporys, aspetioses efloligonpalebtideitags and

cro e oD S ol vy bl 8 ils vi s @i 1o
etal, techrpqugs, €.8aay tsqlewd in Sbprtle ey @l, In@mugn&:a(engaa)hcam gny et al,

Bi ochem S 1 Chem Soc ,
114: 4465p§1£,7[%1§%{9%§% B%Z"Z@ glr? basw(u]aﬂ%}f)the Qﬂﬁi’égls‘?% %?‘chuggtlogs Research, 20:

2773- 27760ligogyolpotdg-ag. EFFJe‘BB‘erahOSPHOWIthIS‘Sbﬁ usedgnd 3'114: 4976- 4982

E igg%ﬂ }Qiéﬁﬁtﬂﬁmtﬂlel olﬁgfonaéleolfﬁeﬁ@lre [Napdred AF@dch Sbunit iBE milkral

haees-
650 87 Sh t al, J.
ol ) CeRXDrdifing setord-195 15 e B lised Shovey Biste BOURIbe Sl TREIT * Acad O
Sci ., 89:plSpRoramidites 1 S9AthesiBptoreeds as discidsedby Shioleeit al Mhdﬁremg@h 20: ‘

0y é3382%%?%%hm%%p%ﬂ%%%@ﬁ%ﬁ%@‘Eéﬁﬁés?trdﬁdlbr%f&a A
or dupl exnuciapsidiomohemerss¢.ggasedisclosed de deleniud ep hle Geoomus e hi 1 8-245¢( 1982)t
knowns e. ﬁle!sill et 1 &l I\%clexc% Acids Re3&drch, ci@‘f527.%652791@%61)1 §m(1§%&391 Nuclgic Aci%so

a i gonucl eo I nvent'i on nmay rangé in 1eng

el oot dRaseosehiaE ddairIa2s 6198 : Horly. e R
f-lr om 18 lta agl(Namre, 354182- 8‘43(119@5&? Zi.fckﬁx%?ﬂib?llalz gni tppxeteeﬁ Rlélkehr?h » 40: 498-

ol i gonuc n ng r 0 uc | es or
basepai rsjeb d\8§ B‘Fqﬁ‘ge#ﬁ’?‘?ﬁya‘&fﬁwﬁﬁ? lﬂﬂeéf’é?ﬁéﬁdhéfﬁg‘?gp ation of
subunits, mitheof eravaOmmteslsegkoa&ng oliganusleotide during the coupling

Tabl %()l I Nunbers of Subunits in Tags in Preferred

Enbo Mononer s i n Subunit
Nucl eot i des i nDﬁllblgsmndeddbmbaofﬂags may be made by separately synthesizing the (12-60)

(18-40) %H.
6-13 sy bu qulementgry(sg)r%négéolmwed by mixing under cond?tmns Ztlhat permit éu&lgzé? hu Nits

4-10 subuMtergatively dpgbleisandadsags may be formed by first sygthesizing a single strande@buni t s

g g S UEU% &rtoire linked t§ H%BWh%hgonucleoude sequence that §erves as a primerbindifgSHOUNI ts
subunj

units er.a ol i gonucl eotJ de tags
©are #ngl@%ﬁ%%ﬂﬁ‘@“ﬁdﬂq@ﬂéwmﬁzm?%%&g&ﬁ ﬁlﬁrsémﬁfk?d IGpertape Whacr i ck
pai ri-ng vgrirfertandagehdifig willedpolymerase. This latter approach is described in Oliphant et

al, Gene. 44: 177-183 (1986). Such duplex tags may then be inserted into cloning vectors
along with target polynucleotides for sortirig and manipulation of the target polynucleotide
in accordance with the invention. _

30 ~ In embodiments where specific hybridization occurs via triplex formation, coding
of tag sequences follows the same principles as for duplex-forming tags; however, there
are further constraints on the selection of subunit sequences. Generally, third strand
association via Hoogsteen type of bindihg is most stable along horriopyrimidine'—' '
homopurine tracks in a double stranded target. Usually, base triplets form in T-A*T or C-

35  G*C motifs (where "-" indicates Walson-Cnck pairing and "*" indicates Hoogsteen type
of binding); however, other motifs are also possnble For example Hoogsteen base pairing |
permits parallel and anuparallel orientations between the third strand (the Hoogsteen
strand) and the purine-rich strand of the duplex to which the third strand binds, depending
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VIO 96/ 12014

PCT/ US95/ 12791 - Attaching Tags to
Mol ecul eswogenze14 ~  Oigonucl eotide tags may be attachede¢musssny7oi
different classes of nolecules by a variety of reactive

functionalities well known in the art, e.g. Haugl and, Handbook of
'Fl uorescent Probes and Research Chem cal s (Mol ecular Probes, Inc., Eugene,
1992); 5 oKbamditionstandlithe ¢angpospenefithelsiBids.8Tbereds extbresive guidanfalﬁlh thel V

provi des exﬁégm%%r electm 4 ARgs| de‘ﬂéesaﬂﬂexﬁﬂéf %BR&E& n§ ‘B &Ebéi e Ef o3
that may reSide on P P gé it Xrgst.
Waen t he fuwhetherriiase pééewalbemc&%@ps alfeermlgmdé lmsemoésﬁgagqns (eg

t oget her. Ryl SR dEheS BSto aiiile, BEoHER
Mor eover,, %E 5lé@ﬂcﬁscrl e ﬂ&?uﬁ?’xl@ blge ovlv ofte &*%9%%g§@zed

- si mul taéeousmﬂlw gsylesiged | ’ﬁ‘tﬂ gsmhpdi m&-%@aﬂ%e@&rpsnb% Acadnycl,

conbi nat or i g8: 98HP:940 8K 199 1y R6beRS et al, Science, 258; 1463- 1466(1992) sttefano etal,
Table |1V tiona es and

Gt er nar PNtk ficad. Sci., 90: 11783583 8805 MibegRy 8l ar, bitenéiyfery 40 97010798
Li nki ng Gr odp81)1 Eheng et al, J. AmF8harhi Scz., 114: 4465-4474 (1992); Beal and Devat.er par t
e 25:0”9 Nucleic ACIEWH%é.tZ)?73-2776 (1992); Beal and DeFHACY.| ARChirS. Soc.,
- CO- NH-1020 114: 4976-4982 (199R)Giovannangeli et al, Proc. Natl. Acad. Sci., §8(8631-8635
) m&om {1992): Moser and DERan, Science, 238: 645-650 (1987); McShah¥¢3l, J. Biol. Chem.,
: 267:5712-5721 (1992); Yoon et al, Proc. Natl. Acad. Sci., 89: 3840-3844 (1992); Blume
et al, Nucleic Acids Research, 20: 1777-1784 (1992); Thuong and Helene, Angew. Chem.
Int. Ed. Engl. 32: 666-690 (1993); and the like. Conditions for annealing single-stranded
15 orduplex tags to their single-stranded or duplex complements are well known, eg Jietal,
Anal. Chem. 65: 1323-1328 (1993).
Oligonucleotide tags of the invention may range in length from 12 to 60
nucleotides or basepairs. Preferably, oligonucleotide tags range in length from 18 to 40
nucleotides or basepairs. More preferably, oligonucleotide tags range in length from 25 to
20 40 nucleotides or basepairs. In terms of preferred and more preferred numbers of

subunits, these ranges may be expressed as follows:

Table I
Num  Subunits in Taes in Pref | Embodi
25 . ' '
Monomers - '
in Subuni Nucleotides in Oli leotide Tag
(12-60) (18-40) (25-40)
3 4-20 subunits 6-13 subunits 8-13 subunits
4 3-15 subunits 4-10 subunits 6-10 subunits
5 2-12 subunits 3-8_ subunits 5-8 subunits

6 2-10 subunits 3-6 subunits 4-6 subunits

Most prefembly, oligonucleotide tags are single stranded and specific hybridization occurs
30  via Watson-Crick pairing with a tag complement.
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PCT/ USOWal9s94d14 - - A cl ass of. mol ecul es par t i RCH/ESISN2TABNVeni ent
for the generation of conbinatori al chem cal Ilibraries includes

| inear polyneric nol ecules of the form ' :

- (ML)[err]- 5 V\/nerelnLlsallnker m)ilety and Mis a nononer that

may sel ected froma w de rangeAss HOLEMICSt ruct ures to provide a
range of functigpenhélesidetags My B&a@d&hw&mmﬁwﬁﬁ:}aﬁ tRdsels bf moleculdsibyder i ng

spacer noiety tQ providin reactjye functionalit serve as a

br anchi ngVﬁEﬁt}ﬁP?feéc%Yec &Eﬁgﬁaﬁé‘f’s welkBAwAdR th eé""%the)H%g %‘B& g@m‘ 0gbel s; a

ﬁ' L e f or mﬂO?éSbtlﬂg)l’d&S andRegedrcle ChericdB MaleqilireProbés) md@ugehy,nm%) ]1: or
yr| I gto or _as SIte or . .

at't ac tdﬁi] 3:.’;85??‘8‘?‘ a# #he %{aqo h?&f]i?blnll-aib{%/ﬁj 8‘#’8}?{% eﬁ?f“ upl ex

and/ or t r fmicaﬂnzﬂmemd ooynterpait muvmgmupaum oy, resid g ahgmycba@ade sagsand t he

like. Th
plol )emer . gthe oelgﬁlfigsq(lfﬁﬂfé?%st a%ehgﬁ‘é ﬁIn%Snaﬁ%P%ﬁa EbdRerp? %ug#g%ﬁ %’@?@d{c{egc hed
to the tatpgeder. taﬂggmuvwomlbmm caspy allinking group ﬂ&e@nae%vy;orem@r asHowever ,

after a S&é@ﬁ&é@moﬁevmy belo&si%%@fab@d?ﬂmewéd‘ﬁniu'ﬂﬁﬁk W’ﬂ?ﬂﬁ%&lﬁ&ﬂ&@g of

t he sel ect ed no] ecul e nal codi ng segnent

el f an, addi
can b¥) se W@gselecuondq)ftgmﬁ;n %‘gﬁﬁl eE’c‘F”ﬁl braggs-" si ngl e base" approach

descri bed bel ow-after releasing the - mol ecul e of interest, e.g. by
"restriction digestion of a site engin.g rngi nto the tag. Clearly an

nol ecul e produced by a sequence of ch
the 20 sinul taneouRes famiciondlitich g
generation of combi nat or i al

- there is a wide diversity of

reactl on steps corrpatl ble with

JUl)
bider s avai |l abl e for

generk i ng combinatorial |ibraries. The foI 1 owi ng references discl ose"
sever al Redmiehor am di t e and/ or Courtevpan. phosphonat eLmkmgTers sui tabl e
for use in they Aty 25 1 nventi Opyg ) ) their

synt hesi s—and I nclusiton 1nto.olrgonucl eotrdes: , Nucleic
Aci ds Research, 21: 1155-1162 (1993); 8d fin et aI J. A @em

Soc., 114: 7978 82 (1992): Jaschke € . Tetrahedron I6PfRFs, 34:
301- ¥4 (1992): et al, International :application PCI/ CA92/ 00423:
Zon et al, Int FNHmtl onal application-NCO  pCT/ US90/ 06630NHEONHT et al,
Nucl ei ¢ ‘Aci ds Research, 18: 6353-6359 (1990); 30 Sal unkhe et al, J. Am
Chem Soc., 114‘{H§768-8772 (1992); Ur-H€§ et al, U S. pat eNHCSNH-
5,093,232: Ruth, U S patent 4,948,882, Crui ckshank U S. patent 5,091, 519
Har alZnbi dis et al, Nucleic Acids Research, 15: 4857-4876 (1987); and the
i ke. More particularly, Mnay be a straight chain, cyclic, or
branched organi c nol ecul ar structure containing from1l to 20 carbon .
atonms and fromO to 10 heteroatons s d fromthe 35 M’g-m consi sting
of oxygen, nitrogen, and sul fur. PrgferablN, Mis al kyl/ al k0§§l al kenyl ,
or aryg contai mp@? froml| to 16 caffpon atopg: a heterofycle h ng from3
to 8 carbon atons and froml wo 3 h/(eroatoms sel e\cted f//omthe group

consi sting of oxygen, = )\/_.
ch T \Wy—
35 . o
-SH -C=C-CO- . -S8-C-C-CO-
-NH; | -CHO |  -CH,NH-
40 -NHp | . -S0,C1 -SOyNH-
. .OH -OP(NCH(CH3)7) -OP(=0)(0)O-
-OP(=0)(0)S -NHC(=0)CH,Br - -NHC(=0)CH7SP(=0)(0)O-
- 45 : '
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PCT/ US95/ 12791 nitrogen, and sul f'ur; gl ycosyl; or nucl eosi dyl .
More pref ay@bénaord i s al kyl, al koxy, al kenyl, or aryl pcuyuses/m7ag from
1 to 8 carbon atons; glycosyl; or nucl eosidyl. Preferably, L

I s a phosphorus(V) I|inking group whi ch may be phosphodi ester,

phosphotri ester h or, eth honat e, hor ot hi oa

phosphor odi t hi oat“[eTE %Of mBﬁS%‘ﬁ%:B?’rﬁﬁﬁﬁ‘g gonv&plepﬁg) genegglion gf’?‘}‘bmlaF%ges
derived fromshﬁhit&plﬁlﬁraﬂmldcmdesilnearpolymbmdhmmmephb&ﬁffonﬂcte precursors are
preferred so that the linear polyneric units of the I nvention can be
conveni ently synthesized with conmerci al autonmated DNA synt hesi zers,

e.g. Applied Biosystens, Inc. (Foster Gi(M-L)gA) nodel 394, or the like.

n may vagy significantly depending on the nature of Mand L. Usually, n
varies 1 from about 3 to about 100. Wien Mis a nucl eoside or anal og

t her eof or- avhserin deisi aglinker moiety and Mjisromonemerthat may selecigshfsemtrowide (rayge of

l'i nkage, th%ﬂexﬂmm&&&rw tamrabiaefa rdrgel o famf&s from serJngas T ﬁi‘eﬂrmtgfenemZn 't/'

i's a nucl eoside or anal og.thereof, or  a nucl eosi de-si zed npnoner
i s a phosphdmesriog smcﬁka'gé‘—ty iR viding3 reacuye fypeuanality which Gansrsve asip .

Peptides ar @raaaamn@e}fouﬂrteﬁaﬁdlﬂﬁheﬂ dhfentm)i ﬁfewoe smtchmmhsas 128t fof attdihing
i ‘nvent :Tg 15 at 'Ejachedth %{ éhes f) ol Iq%% I eot | ‘glg conj ugat es
wi oh 128 b ofigdmiicdliaRs o Stner BAGRE B Bris Ry biGrine ragpulicy pm
Chem Soc. tatgéi 0P 1P FbB atkhAR) other groups-for aﬁmﬁgcbomtﬂhtyabro(mmmfalhpb&)

A Lt et 3PlgR g oL AR LA ARG . apa L RS S 21
Letters, 35 seqz:m@, an@&xe(quwunmsmom kfesmbilemrp@banermmbpdbs may be encoded
peptide-ol i W? %hﬂ&e&‘i’de at Hé&%%@%agawmﬁgﬁkf]dfﬁfeﬁﬁ& 4 1965&T ChEF altfep

Pepti des_synt eS| I n accor ance tion may consi st of
t he nat Uit al Hewever. afierr sabersioncyerys insisad ahamphifyingiensequencing the tagef thei ng

the D i soneggeditd hdfechft, teathg ASRINGr AFad¥iicafcddifg Sdghfent can be sequenced
m.cal Libraries m cal

Conbi nat or i oria
libraries eﬂﬁ?%l}'“r\’@“‘tgé’g%’ -clled h%‘“gléi’éﬁ? ﬁ?ﬁméF’édfﬁcg‘BE‘f E‘HPV"a ter re casingaheq by
.the met hod dioseduns@tdmeresuleeg sbs:rreahcﬁdn digestion o‘:IhQVte)engmderedi in16 theadag d Olearly,

Figure 4 arti ar_enbo | solid.phas upport,
Sueh as. cpceny wolisp R ARBdsd by sehlGhRE oF ERbrpicAafiuohisidhe ESmpffle BGh &8
conpat i M) e simultabedus s’yhﬁemh efrihettag mpingtics ganibe used\imthecgenemtion of combmatomgl;
and the chemﬂ%1 errpl oyed to synthesize the nolecule that will undergo

sone 30 'on process. Preferably, tags are synthesi zed using
phosphor ani di t e §eonenientdy there is a wide/diversityof ph@mhateelméred\monomg available for

nmodi fi cati opg, e that is.
g e ecw}m oﬁﬁo%%eg 'Th@g l%wﬁm néQMKlose several

DMT-5' - O pr hos It e-deri va subuni ts having mnet hyI -
pr ot ect ed pﬁwphma@lﬁmmwgsmm@ 0gp @@t%men%%réauarab @IS I ihg Present

cycle. | y L ?r ﬁMSmtmn %nd Frovide ﬂﬁgéé forlthicif §netdsié aRB UIERIG ey bligbnnbReHde
equi val ent -z prot ect i roups S oRa
successi ve NONSHET i Npclge caﬁspﬁgs&arq:i éhnltqééﬂjqw% Gt é/[faﬁl)’r %r#&ler‘?l es
enpl oyi ng b8bé&, DME: 7976-7982( [ §9)t Pasthieetgr CTepmbédreh dierters, 341 J0HF3040 (18920 Ma
sar cosi ne | ihke mun.
1660 803, 4! m%b%‘ el FafiRalo R PCTICHD /B0, rz"g’ et i ’“§88’?a1 AR
-14 - PCT/U $90/06630: Durand et al, Nucleic Acids Research I8: 6353 6359 (1990);
30 Salunkhe et al, J. Am. Chem. Soc., 114: 8768-8772 (1992); Urdea et al, U.S. patent
~5,093,232: Ruth, U.S. patent 4,948,882; Cruickshank, U.S. patent 5,091,519;
Haralambidis et al, Nucleic Acids Research, 15: 4857-4876 (1987); and the like. More
~ particularly, M may be a straight chain, cyclic, or branched organic molecular structre

containing from 1 to 20 carbon atoms and from 0 to 10 heteroatoms selected from the

35 group consisting of oxygen, nitrogen, and sulfur. Preferably, M is alkyl, alkoxy, alkenyl, |
or aryl containing from 1 to 16 carbon atoms: a heterocycle having from 3 to 8 carbon
atoms and from 1 10 3 heteroatoms selécted from the group consisting of oxygen,
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PCT/ US95/ 12791 Figure 4 illustrates a schene for generating
a.conbi mao 06/128l14 chemi cal |ibrary of pepti des conj ug@cetsvsi2791

ol |@onucl eotide tags. Sol'id phase support 200 is-derivatized by

sarcosine linker 205 (exenplified in the fornula below) as taught by

Ni el sen et al (cited above), which has an extended |inking noiety to
facilitat eitregegeand sulforsglycosg; or nucleosidyl. More preferably, M is alkyl, alkoxy, alkenyl,

(§3PG> NHCPLNC SR g DSl 1260 d Atb G biris YFESsHR)or fLELDIO) CH er r] (O DMI) NC(

CH err] Q(CH[ er @@[@ﬂXWWW}) éﬂtﬂ@grgfwb;fmwbq @@P@‘P%ﬁ‘q”] O.[err]
CH err] GﬂI;JWmeswmnemwmeethmospmw gné@hamzmhteoglh@,ﬁhmahma@s
?r%’[hﬂ

SUPPOLS b BRGE B he. Gl hebeg Bl

9-fl uo en;P
ol i gonucl @gdiogen phosphohate precussoss/at Ipeefeﬂediso thiat mellinyeaxspnlyinahc units of the

doubl e strant [ for

cl oavi g ENEfgn oA 4B ConEbAL biriks BB e e hio kRl BN ShoeBlrrs, o,

li ke subst:gaMpli@BldwstﬁmSphcc@@dwEyl}';LGA) mnﬂcb&% we thd like: nat i ve additi ons
of subunits S| r 12 their
correspondi ng F‘I %ya‘r’%/?gc@?caﬂg?dkﬁﬁdmré(&k‘f&%&%%gMa&d va?o form

li br al@) from abowtrd s About 1190 AVherpM is apnglaeside or antlng éleéCQ@I‘érwabjbédet 0
g?gg;ahsb?lw&ﬁﬁhbﬁseg g[md I(.). clls a g(r)s thoi'iﬂw ﬁomer b;tfheh A varidd frofPdbodt 12 o ?bé)ru;/
conpound. ! b‘ﬂ éfe?%aw/nw ‘ssaeﬂ“ E‘é’ﬁ%ﬁéﬁﬂ?‘@%glﬁ?‘ifoéﬁdWHEOF‘ﬂﬁﬁWQ maQgomer '
conpounds agdnhg$ & pﬁbsp@lofﬂsow linkegeNihen Wevasies fronsaboat 2% ghtiut Woi s accept abl e,

h b
Aftor synt hes: Eepides 3oty PtgEe At S I URY O Bich IR R g inveptien 5.0,
to folim attached. a@gatiedls tﬁmppdeﬂuhgonuulecﬁﬂﬁ conjugates whioh maylbe gseelsingld ect i on

230, e g. rP) p&;mg t&n%;{%m Nielsen &St RhINCK gﬂaz§8£9?i5 %%5??(3?%31@3')3 protein.

The subse s recovere from’se obcess 230 is
- then sort Har gnblyhsmnab(cescé ebq“cp) snd detematipoal paentappligationePCT/AUSS/0044 7:

oi et es (I‘I'Jf%r?et%’ ”‘Pét?iﬁ%&to?ﬂ)/et&k@%‘ 2?5@2@56‘6199@?%4@?0%%& §f‘%’{}ahéliron
italics). nucl eot | g . conpl enent

250 to foPﬁﬁ%s%Sr PE3% azéé ﬁ%ﬂgwd 13%@8 erences. c%ﬁfﬂggbdwq%y%a*o gg'e'&!mdph t he

corr eapondcmjﬁgat@sdré s%mm@mwﬁmwd\m Béptmgsydmeesizebmmordance with
ide in the fromthe o nucl eoti de

conpound, e

or oty THE IBtFAHoR e e 5% HE Pe agiind h stonomie - Bl MeR R oy
conpound, inchudirigethe deisomersnefthdpatural amindarigs akdahe tike.si ngl e base sequenci ng
techni que of the invention, described bel ow.

Solid Phase Supports : - . Solid phase_supports for use with the

i nvention nmay have a w de valiommnaiOnalic s JA012NL8 udi ng m croparti cl es,

beadsys and rren@agg;lﬁlﬁé @bﬂaﬁmés rﬁblﬁﬁ%'di‘ f0fton @ freferaly (e

Ilke L| kew se ase supports of nventi on ma}/ rise 5 wi de

variety oPrepared bydbgg @l%oseﬂh%ﬁ!ﬁ#%'gelgﬂ ﬁ’é@d appved apd Hlusirated dp Figure 4
al kanet hi mrat;ﬁmtﬁmar\eaiboaaﬂem.omef@ehlsuhm iease support, s8oH BIOBG; is idetieatizead hi gh

crlgs s-in ke ae:?ea\é ltalg rlﬁa&ex‘ thgtI 1|s Icgr%pgt?blé with Q/oamhe che%rllgryt en(?ployerle to synthesize

the tags and the chemistry employed to synthesize the molecule that will undergo some

30 selection process. Preferably, tags are synthesized using phosphoramidite chefnist.ry as
described above and with the modifications recommended by Nielsen et al (cited above);
that is, DMT-5"-O-protected 3'-phosphoramidite-derivatized subunits having methyl-
protected phosphite and phosphate moieties are added in each synthesis cycle. Library
compounds are preferably monomers having Fmoc--or equivalent--protecting groups

35 . masking the functionality to which successive monomer will be coupled. A suitable linker
for chemistries employing both DMT and Fmoc protecting groups (referred to herein as a
sarcosine linker) is disclosed by Brown et al, J. Chem. Soc. Chem. Commun., 1989: 891-
893, which reference is incorporated by reference. '
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PCT/ US95/ 12791 Preferably, either a popul at ion of discrete

particl esVQPE 1| oyed such that each has a uni f or MPESASPH b
popul ati on, of conplenentary sequences of the sane tag (and no
other), or a single or a few'supports are enployed with spatially discrete

h
Compl onentary sdiguzddlibiaiisihoRetd rocefibeait 4 BoybRuchipthetiballion of o,
enbodi ment ,peptidesaonjugatedin @hg@grclmgdms\épyd pbasesuppyt 200 1s derivagizedthiycul ar
appl i cati 0@§m§iﬁyﬁhiemos feaehgmfeasn Eh%r}Gme!le beroaa} ab mglé g,mméenrmr (cfled-

3-5, to sever al g. y, such reglons
are spati alpgvadi ‘A’E‘Féthés %e’ftﬁ%ﬁed hnkmg @PE%‘IO a@@ﬁ‘é"r BABHNLBECSYyent s, e. g.
fluoresgent em ssions, at adjacent regions can be resolved by the

e o st e BB B B EBM SobRa blilos) oo

e.g. for si mul t aneous sequence anal ysis, or for bringing separately

tagged nol ecules in conpl enment s
may be used with th‘e—ﬂ%(gFﬁsé%?éé%{gﬁéfg%:@ém(cﬁgﬁoé%’m’l\;‘[ﬁg'gg?nt hesi zed
on, or they may be separately synthesized and attached to a solid phase 15

suppor %%2 OHele Sep6 gepr@s%ng zf&Jn%Bgd p&etgim sﬁppﬁk d}ur'- s%ﬁisds Resear ch,

16: 10 sen_ et a em 189: 40-50
(1990) ; V\oﬂrm@bowtmm@@ﬂeF@OAcmgesems -ﬂtméwémeqhoxnoarbm&l 2926 (1987): or

g]gfsgr SE)I alin aa %ﬂ@erﬁ%ﬂ?g%?ﬁ@&ﬁhuc%?d@%o ne'i_lg%ﬁ 1us syntheﬁx%&ﬁlmnallg ) thatoI g
hete! b i Gouby SREd Tt fRSiFicHoR S EIease e T PR SAoT SIER NG e IPay ot |
of .l'i nki ngc&apou:rmafwrlsemng&mha auappmrelecrayhmgt?wae Syﬁllhempmeédﬁawr
arrays or matrice or ul at. on Ia

oo} ok siEpds i emive B3RRRS of subyn 1 520 85, A HERRE Girodt BeA B o, ¢
may be usethenidomrespumdingvigbraryorompouad mbmglem An oppr Agcdndsherbikie toform library

control | ed.papg,Hf 7% Aﬂ?@t am*l‘hﬁ{“ %clg-[@?éxse F@Qd‘?&’k;é(ﬁt{r%(é% sifcry! i c

copol yners, cel I"ul e|n and the

| i ke, di scl os ed The sulmms(m ] mmwgallwrossf!wbnﬁrzmaset @tfd@rfen&!esnomqr adgedbipnp|

Section A k, 1976):
" patents 4 %’_}'jc%mfoﬁﬂa Tl{%ﬁ Srﬁ‘fe\%‘\g ﬁ'ﬁHnCunambl,guoﬁﬁl?%'ﬁccxi}‘,‘al\ﬂﬁr%‘&r Chapter

19, i n2thgr somPOunsgicppytruckag:f msmermmr&%rm Hrsomecﬂmiggmtwaccwbl% Hhefta
Pr.ess, smgﬂéqhammmwcnd&ﬁ%orewh@rmbmﬁa supports further incl ude

bends. (e . avaReBRENhESisGERRIE be BBty Cleafi sndAspaTorapd (2Xpg Fove

deri vat i zediggedlibtary cdrepoiaid 223, ymiojlrtheIEugieagdeedelemdn 230, e.gihdiagyhene

Ig! Kgol e 9rege‘;!;EJ { %&({iésgﬂlﬁz&aé}h%r act er" p ?@@a%% é(')ndﬁa%% %ﬁ

porosily, &omeselestiap@rocessi23his then sortedi(R40) antala solid plyq@e suppdrt 248 vig tlm;r ety
enpl oyed d&%"}‘ﬂ ti uSé?Sc&ﬂ hfe\b/xﬁ? sUBtARS alih&dledddes are showh%ﬁ(aﬂés‘? Wggd- For

exanple |ca I ons I success)] ve Eroce55|ng enNzZynes,

supports ahaaungrrklmu@ Rk qﬁnhnrsr% toslpg cpmplemeat 232 o formretrighion site2 S &het hat

I aCIbI i tat ec%njugzhte ?scdigés‘ied With mdr@wo@ixﬁg RE@icAbR eﬂhon@bitaege :bmm: @tss. lifragt or s
(0] e consi dere ropri a arti

support i nE‘P‘HH‘é“‘E# 'Z‘Qeﬁlﬁfﬁf ‘Hrtpr‘??’?m@? pf Eﬁgé‘FFC‘? fggﬁ‘%@fﬁ“ﬂﬁéf‘%@: moiety u’glbeort

degr ee3a o r&queﬁbeswmam acchenica dvenidentitg oﬁﬂta litmhryompenhd.ds thea.dgtermsneedyl ai n

gg/r izo 14 the preferred single base sequencing technique of the invention, deséf?oed below. Vo

PCT/ US95/ 12791

" Solid P S
Solid phase supports for use with the invention may have a wide variety of forms,
35 including microparticles, beads, and membranes, slides, plates, micromachined chips, and
the like. Likewise. solid phase supports of the invention may comprise a wide variety of
compositions, including glass. plastic. silicon. alkanethiolate-derivatized gold, cellulose,
low cross-linked and high cross-linked polystyrene, silica gel, polyamide, and the like.
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fully below, clear snooth beads provide instrunentational advantages when
handling large ~ . nunbers of beads on a surface.. Exenpl ary
| i nki ng WPe1208¢ for attachi ng and/ or synthesizing tags oRCHIUSPHI2I®L i cl e
surfaces are disclosed in Pon et al, Biotechniques, 6:768-775 (1988); Wbb,
~U.S. patent 5 4,659, 774; Barany et al, International patent application
PCT/ US91/ 06103; Brown et aI Chem Soc. Conmmun., 1989: 891-893;
Danha et Breferaply either ACHOHBIaR@% ebdisereteparticles are employed such thah eagihas Beat t i e

et al, Oumf&ai danap] Git laaa, é&ﬂaéd(@tsma@ﬂﬁ
' ' Rcesearg]chpv 0 879 16 2 the. lik %@ﬁaﬂo

Nucl Al 4 d

e hont | oSGl Sne e a% a 36 sPaa e ﬁ@%aﬁgéhwrﬁew Do enianseattngl o (or

a %g tfew)ortmhm(g aakm&mrmqapmg Jtortpophlation,af camptm?]aniarye@]&néesubltlﬁ@ﬁdﬁd’tagoat ed

W re|on|nsuc n arra
sag and no o?l?c{;g ﬁﬂ?gﬁzﬁtﬂ I&%Bdin?drlttmgé afzeg é)?ﬁmf: rgﬁlr? ﬁ‘?’ﬁ% §(? 7] % g

t he sane

such arr a})%'tl@ﬂél’ mpbeamdusunﬂm@mglm raige in area fromsgren@lm &.g. a’ip@l tocati on
PCT/ US93/ 026
(To0ky TRl ufas vt o 8L 10505, pARekbly NGA regiohs are Wil oo sq il
Maskos 1551%#%@@[&%% eYets, 8- Ayatesgent s@mms,rat adjagent regiopsnasde remived

1008 1017h( the %&)ecu@fﬂ@shéﬁ keing employeén Ch%@ﬁie*’h@bﬁmﬂﬂ% lieinG ¥ PE GesirBRSHAr ch,

rably he |nven ion_1s |nplenented

6 6
WI t hAj& cr’@dﬁf‘?é‘ﬁ'i‘seg' th unifeam soafings of m%et an Oﬂe&;!a({%@p GOERE E8nfirenent s of the
same tag sinqligiroas sdfuenceaalysisl or for pAnging sepilateBithged moleculePintcelgsd ent |y
or noncoval ent{yy l'inking oligonucleotides to their surfaces are well known
. as eg{g’ﬁﬂ} fied by the followi ng references: Beaucage and lyer (cited '
ab-ove); Gait, 'Eagd;(tmplements may beyared ovidothe delidSphvdsh espprrt thaRthag afecal Appr oach

(IRL Pr es%ﬁté&%% O}]’Qﬁe@)ma BCs rﬂ%?atle s?'nthéﬁ%éﬁr ﬁ'ﬁca‘?ﬁdfédttgq s%ﬂa?éﬁas General Iy,

t he size amc opa crit
m cr dPar tSUPPEE fqrrusemg dAsAdisclosad &y dsung ef alyNueleir Acids Resenrelp 16t a@smumwd

e 0. 200-(1988); Albkefth PAIARIPBRIChSHS mgemsebi@og Aolfaesl, Nigldid heige ! he

oo o ReaParERo 781 P3h LS o Chosh 3G NuEhiE LS Fascirth 1593055578 roq
appl i cat i(0987). Pecfombiy, 2dd mmmambmbhﬁ: Syhﬂieﬁﬂhcﬂ 8fl af® asedglitis the same solifPG) or

ol ystyrene supports, .a ed as _.sol | as orts nventlon.
B e S RSBt tith FosmiRr R = auaS ot feds R R L griaeh of ifiking
nucl @0si decictds; faichdppports. may compﬁmmompamd&ymtms (drosdtecesCof 1egidns) .

Pref er ab'theré*hﬁ&&ﬁ?‘é%ﬁMoﬁw 'b‘i"‘(dg’l%npﬁ&fierﬁk fite s}ﬂthesx &r ! e‘(’ﬁ]app%&g% £1000.

angst rons are {1 ons,
non- por oumcmp@rtwfbmsunpenemaarm use Withdhe nyentiane mcludmg micsppartieles madpef t i es,

whi ch rmséol@ﬁoﬁé&/ ?9@9&@@), ity %ﬁhhﬁ&ﬁﬂﬂw&yﬂeﬁé aewe%p&gnﬁi 5
articularly

mcropartlc es - on pranar Ssu OI’tS such ﬂgr Croscope s
IaB

“pref er r edeliggse. “Y on, dexirag, @ E?Uﬁ%(P’FF‘b e fisclgsedin dbg follemingr yv| at e
( GVAR5s beasiempisdy teibreficdst WRBABSSyL., SebwdiOA Apapics @3- 1@%611944 (Addem§ich

2 vart of ?%s'fseﬁr: S SO S Sl St Rl A S cgyo L ARG "

Pr ef er ablGhaptenrl OnimsAgraedal; enaoaMﬁhodsamMolballmoBmlagy Vat @6 (HumamgpBress,cl es,

_5 1?{“ di AR &a, %18%%2%%35 guﬁJMs?Xﬁﬂfr include commercially available

PCT/ US95/nuglegside-derivatized CPG and polystyrene beads (e.g/avaiahe frgnAppléad -

Pol yRycl efbiydetnd ?O%FCRQQZFM Qfeﬁ@anzed magne txc beads, p?gy{étﬁmﬁé bARkd dadect of the

i nvention E’sﬂt he sartin ﬁhl ons dent |
polyethylene glycol (e 2. Tema el Rapp Polymere, Tubingen Germany): and the like.

Selection of the support characteristics, such as material, porosity, size, shape, and the

like. and the type of linking moiety employed depends on the conditions under which the

tags are used. For éxample, in applications involving successive processing with enzymes,
35  supports and linkers that minimize steric hindrance of the enzymes and that facilitaté

access to substrate are preferred. Other important factors to be considered in selecting the

most appropriate microparticle support include size uniformity, efficiency as a synthesis

support. degree to which surface area known. and optical properties, e.g. as explain more
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bol ynucl eotides, e.g. froma cDNA |ibrary, and their attachment to

m croparticles or 5 separate regions of a solid phase support such that
gach ni crwpssnioed e or region has only a si ngl e ki nd PeR/USIS/12791

pol ynucl eotide. This latter.-condition can be essentially net by ligating a
repertoire of tags to a popul ation of polynucl eotides. The |igation

product s arfelly below, clear smavittobexds peovide instewmermmibrmbaplaathgePwvhen Hadlingdarge he

sanple is ?bgfsloef%t]pgl%%&{?“rfacgs expl ai ned nore fully bel ow,

substanti al ag- pol ynucl eoti des conjugates of the resulting
10 library wil |Exsmplary dinking Theicti¢ssfor attechingaingfen synsbesizing tags onmivepartist que

t d
h;gr | Sln2| ‘é' Eﬁﬁéé@%?@dlsclosed in POA%: EPPY& n‘?dﬁésd@%slﬁ‘?s §LE SW'EBGQ{@’ patent

o1 1 gonus! edh59d 12 Barae et Bl ergaiioanl paieat prplignian BRTG/SI1A06103; Brown et al, .
pol ynucl eoldndfs Sbé. @orﬂmmaerw@é 859Y893; Dafthads af, NuRlesh ABids RekeRE. VIR B8 3-

| t t PCR t th

tag sequendBal (5rauie stal, Ciical Shemisy, p: 128 Pigodhalaskos atd Sovfiemer y

Itar ge pOpUﬂ\HicllelﬁkﬂABi;dts%@ea?ﬂi W¢smgs§i§(199mt Hﬂ@ﬂ%ﬂﬂ&UCht . t hat a si ngl e
ag i s -genera attac i fferen c i de

ki ng o sut 1 o) AhReOT PO RN eompleean T PE Witk PB@a‘b‘?ﬂ?{‘V

obt ai nithg felosolidphise supportito formt drearspynaf regugns)nmfmlyl icbdted evith tag

pol ynucl eo{:brﬂﬁ%meﬁ@n  [BGfih ee%h %ﬁ%ﬁ{%&%ﬂﬁﬁaﬁgg he estaog C(nglemeﬁpls anp

possi ble to obtain difreren a S W
This case SynthesidedpTgchnigues fommﬂmmnbmwrbdisn@sw isdMeGall et &, g.

sequenced, Iﬁu‘!\‘nﬁﬁonaﬁ QgggczalﬂﬁH@dyUSgﬁl()S?m Pe%@&'agrﬁﬁé (Natl %a@xﬁéxab@ 562 %

fully belo pro a|n|ng anpl e can be

esti mat ed 69 (1884 §@ch§rrsmd Maskaesn Ingermaidonal applisatien PGfT/GBﬁiP&jé%sMﬁkoa
s?ggggm L hndSodtBEAqcitdd gmver' s&aqaegg télﬁil géndrhfeyswdaowel og'p ng 192 glglgbl\ggslg[o?] .
Fag r epert%‘?‘fémflgeri“awﬁﬁle‘ce}‘@‘gggﬁ f{)aﬁ@ 35%&32%&9)@% bens of thousand or

nmore. Cenerally Prdfétabllyatt@envdnhen seinplentied withabieropahielasiop baé:dslurﬁfymﬁry
obt ai ni ng ween se

a n trade-of f e
ar e sap e Bait comBighnerts SR Hiné 14k gaRklcer SiRtpaRRY SRS AT Welhel
ensures ad eﬁwmahndpwe na:ymvalendy linkiggtoligonuclegtidey tothbie eunfa:lms are wels knawuin
seque ng u t hat
2 10, e BBt by P ARMSE kel Bepu BTl LY b pbovey AR Sy,
presence oOhagmmlmxdnéyeﬂges:adwrmuc Approaetn(IRE Rresse Qxfordoi 984)oand the t he
b ocessi ng ol CRBELthe, Teerily m%l”%%‘r‘rﬁﬁ‘?“ K WNOSHEOE.  can
sinply be b@W%YeéanCA%pase@as iethe size ratke Qfarles e.8. 1-21 10 ss¥eeHl Rrndred, e 5007 ,
ref erence 100(madiihegr hx@Qﬁ'eﬁafhbl’a) hﬁﬂtebefxlhﬁme be:idtmcﬁmi mmmhmpmaﬁeﬁ of i s
meant éﬁo flect the si ﬁll sti nat ur e .of .t.he, sa Ilng edur e enpl oyed
o oty n' Eresebergifasior figanuisteoidg Hes et minieia) feagin: a8 sBuBE bR, [ e o
doubl es. The nedmsome pleferred applicchohsnonmhérgialy Iavmlabieemmoﬁéd—aotetgihss

el g el o OBRPRYERY sbron OGBS RENE illsd llpors in e RivehER, B2
means t hat Smh supgents eorgmgmhableowm base-labile linkgss asdummhmp!@spiss prached-g.des

3\3 Sg?ig()l%‘ﬁf)ﬁed Biosystems (Foster City, CA). Preferably, microparticles having pore size™ 18-

© PCT/ USHb/ 1between 500 and 100K} anesirgms pre ¢mplgisths t hat at | east ninety percent
of the tags haven bihef)] d)ﬁddepPﬁbzﬁﬁinbdﬁﬁ\ porous midrbgeti€lds arStemployed for thelr

f bl t t ty- t,.of ,the t hav
Cini que. pol JPisal BERFGES aﬁ-eﬁm iAol Hsed Bt EPCIcRE Sres puR bR et
| east hn:jnehucrﬂpmdes on plzﬁﬁf ﬁfppbl n@fsutliIES h agerobeope slide. q%rmmlarlymbfmﬂeddga-
attache er es
consi sts oP"TH% g‘é‘f{ag?mﬁjﬁﬂ Lﬁg gK’ %@mag %%%M% %%q}ébﬁ% %‘ %ched
by rev3¥ selLabaawcies (Cargel HN)rRivh nmrhpameles are useful ufa_pmem_ep sigesard ni ng
conpl ement §epfariAd wih QURHEE of NkaE BFRPSF sHhtheQLing g} didd Edriplements.

Preferably, for massively parallel manipulations of tagged microparticles, 5 wm diameter

l e

GMA beads are employed.
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coul d have the foll ow ng sequence: [err] “where "[WWWC][err]”
represents the sequence of an oligonucleotide tag of nine subunits 15 of

four nuowessitztag each and "[WWWC] " represents the subunigctagRegsoes

| i sted above, ‘i.e. "W represents T or A The underlined sequences
identify an optional restriction endonucl ease site that can be used to
rel ease the polynucl eotide fromattachment to a solid . phase support

via the biotin, if one is enployed. For the above priner, the conpl emantl
attached to a mcro%rti&ﬁ%&!ﬁ%ﬂ%ﬁ%ﬂﬁ&&d&%@@ - 5 -
[G W W W 9TGG. |inker-mcropart > o AFTet reverse |
transcription, AREMARIENtASPeCEpipihe dnveatign isthe souting ofpopuatsdrisaf idemtidal t he
fﬁco?d st rp?wﬂuﬁfeotxb& e 2NfroinSa mw&wgn&ﬁieﬂgnmél%erﬁ)f@gﬁel%paﬁlcp lger of

iy é‘?ﬂiﬂi&l? g‘O“S ol a solidkphasq synpog,spch that each/micropagicle pr ©gicn has oanly a
pur| ne- contrmleking oflpolyﬁm}ile@t&le &ﬂﬁkl!tttfco?dﬁﬁn caipé b§§§ﬁﬂlaﬂfyt rﬁ@ﬂ%@%}hﬂ?t .

| eoti d A r eat.es restric

" the. r eSeRePRl o B G spulblioh SE Ry RRIERides o be igAtian pecueis assahen o e,
facilitat @b)ncd,campig'led and sampdech Rroekied tha the,safmple 1§x@ﬂmieﬁltly5ﬁhran ddlexpRiheho |
sites. Af e e exe ary. con a
woul d havtgﬁ{ e ¥y %l&wasr@géﬂﬁaﬂyauofmgka% E olig?ucke&a r%ﬁiﬂﬂyf\}‘?fdésé%[‘érr]
" cDNA J@NNfibrary will be unique. That is, each polynuclegné @;IWxWeVﬂ @igherag Sand \Eiw\versa :

- NNNYCTAGThe polynucleotides are then sorted by hybridizing the tags to their complemengs
WO 96/ 12014

PCT/ US95/ 12791 A repertoire pf gligamupleptidgiagn cambe ligajed - dpemdatinst ofod of |
sequenci ngolyﬁuﬂ&ﬂid&i@da ntxh@eﬁiﬁwﬁ&sls@ﬂ% gitough direct eniyngﬂ?tlfgi bpagnents are
cloned intg 6} n ag’?.‘tllle ESI eecli's \égnct&glrn ht e tag sequences, angvt\flenl e. The
si ngl e- coﬁ?p 9 c? Eoﬂ prgn g 8’8 q
- GAGEHT m&ﬂmmiﬁﬁﬁ@&fmé\v&y large population of tag- polynucleotide conjugates such
that a single tag is generally attached to many different polynucleoudes However, by
taking a sufficienty small sample of the conjugates, the probability of obtaining "doubles,"
1.e. the same tag on two dlfferent polynucleotides, can be made negligible. (Note that it is’
also possible to obtain different tags with the same polynucleotlde in a sample. This case
20 simplyleadstoa polynucleotxde bemg processed, e.g. sequenced, twice, o is usually not
problematic). As explain more fully below, the probability of obtaining a double in a
-sample can be estimated by a Poisson distribution since the number of conjugates in a
sample will be large, e.g. on the order of thousands or more, and the probability of
selecting a particular tag will be small because the tag repertoire is large, e.g. on the order
25  of tens of thousand or more. Generally, the larger the sample the greater the probability of
obtaining a double: Thus, a design trade-off exists between selecting a large sample of

tag-polynucleotide conjugates--which, for example, ensures adequate coverage of a target
polynucleotide in a shotgun sequencing operatioh, and selecting a small sample which
ensures that a minimal number of doubles will be presen_t.' In most embodiments, the

30  presence of doubles merely adds an additional source of noise or, in the case of
sequencing, a minor complication in scanning and signal processing, as microparticles
giving multiple ﬂuorescent signals can simply be ignored. As used herein, the term
"substantially all" in reference to attachihg tags to molecules, especially polynucleotides, is
meant to refléct the statistical nature of the sampling procedure employed to obtain a

35  population of tag-molecule conjugates essentially free of doubles. The meaning of
substantially all in terms of actual percentages of tag-molecule conjugates depends on how
the tags are being employed. Preferably, for nucleic acid sequencing, substantially all
means that at least eighty percent of the tags have unique polynucleotides attached. More
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Ifokl BalvHI Xhol This adds the Fok | site which will

allow initiation of the sequencing process discussed nore fully
hel ow. 10wo 96/12014 A general nethod for exposing the singlpeTrtsosmeed t ag
after anplifi-cation involves: . di gesting a target -

pol ynucl eoti de-cont ai ning conjugate with the 5 -3" exonucl ease activity
of T4 DNA polynerase, or a |like enzyne. Wen used in the presence of a
single preferablyoiintkans thap hvlegh adrety percéntaf thel tugehiavs enigue [pobynaaleeotides

nucl eot i des _f; 3'ay: . -1e and
o & doub o iR Sill FGE DA ABAL iymeans dBl BERAL ofh)-HFe BEBEAFRACLE: Rbde
nucl eosi de unigpt pslynucleotidesagtadiedd And, most prefepatdy.dt meansrtbat apleast nineti-nrane

nucl eot i del E&c&ﬁ%hﬁ@m@?ﬁa@ u'gﬂ%ﬁ’,‘??ﬂdl%ldggs hbyel y ceases, as the

pol ymer ase ext ens] on y adds_ nucl eotides at a higher rate

t han t hed exci si oRreferably, whep hropapslation of polynueleotides consigih bmeessngsr RNAgs

construct ed(RNA)! BEguBleoti@sy tagesre AliRcHe@dY reverkd @RREABInG Ahe MRAA Rth a set
onto solid BFase S

upports. 20 The t echni que al so be used to
oref er ent | aPl SURESHPRELE FOEPIegenis sl 4E Speiees AQ exemplaty sgt gL puch primers
pol ynucl eot teldd hlavd the lfeldowving sequenogl e Fok | site at the term nus of the
pol ynucl eot i de unnet hyl ated. First, the terminal Fok | site is
rendered single stranded using a pol ynerase wi t h. deoxycyti di ne
tri phospghate. The douldl'e-mRNZnded por3ion of the fragnent is then '
met hyl ated, after which the si e t L{ m j hmi_ed _i isth a
DNA pol ynerase in 25 the presgﬁéé%ﬁé@?’f*ﬁ%ug%g%ebh ?’ph(hjbsqpﬁw@alt es,
t hereby regenerating the Fok | site. Clearly, this procedure can be
general i zed to endonucl eases ot her than Fok 1. After the
ol i gonucl eot | de re . prepared for specific hybridjzation, e, ,g. by
rendering tW@?ﬁesﬁﬁg\%& s&%rfﬂ@'@s‘?ﬁs the sequense obyboisonugleolds (a8 of Nt subAils,y e
m xed W& h of four nidledtiies ehdhcarRis"[MWOW, W, 0 N pidients EHEBuBHBIO eijiénced AsRAaBova S

the t der, di ti that 30 . f the f t. f. fectl.

mat ched dupt o0 BRISEER Trdteer 156 vadrefitelseniénceS ideBBhoth dichel efipetith ;<
ext enlsi ve gendbancieasersitt hieatican be asted ® réleasecthe pdiynucledidedram adatlines to a solid
Ex ary r . . . ,

Revi cve | n D %%Ztcﬁé%Yés@?§ﬁa*§§%%§*@3&%?‘? 5o v Bhifgh S b
Sanbr ook et attdchedsl emigrgparticle could havenbe form: abor at ory Manual . 2nd Edition

(Cold i ng Harbor Laboratory, New York, 35 1989): and the |ike.
Preferably, the hybridization conditions are sufficiently stringent so

that only perfectiy nét'cHé&s Wl kheBeG+binkerapierappréiede Under such

condi tions the pol ynucl eoti des specifically hybridized through their
E ggs are li gat M@y ?LeB%@%%lsgnnﬁﬂﬁ?% mRNA is removed, e.g. by RNase H digestion, and
PCT/ US95/ 12iR@ 3econd strand BRtheeDN A is sinthiesized aising ofor ekangple Lcprimges okhe €ollowdhgide

Vet nur 5Cri ical Reviews in - Bi ochemi stry and Mol ecul ar Bi ol ogy, 26:
227- 2592 (1 TT,’ Sanbrook et al, Mlecular -Cloning: A Laboratory
Manual , 2nd Edition (Cold Spring Harbor Laboratory, New York, 1989);

and the like. Preferably, the hybrigdhgatd Emgﬁn htions are sufficiently
stringent so 5 that only perf%ct%i%?ge sgquences form stabl e

dupl exes. Under such conditions the pol ynucl eoti des specifically

hybri di zed {heRUaN dnyide JfPST, a5, %r!C: Refs@purihelddftaining nudOFRISBRIYES ¥
sequences attached to the m C[Oﬁa%t les.. Flarr]%lriln%’rc}eae m.croparti.cles .are
I

washed b r BYRFDEIREFoainEE WislepHds Thisipgaicu tes 2 B, &} regseiction site
m croparti cinafie essaMERtidoRbR JuandeDd e orhivh, Rigethbewith tiss Byl disits, facititates cloning

into a vector with, for example. Bam HI and Xho Isites. After Bst Y1 and Sal 1
digestion. the exemplary conjugate would have the form: '

35 | 5' -RCGACCA[C,W,W, W] 9GG[T]19- cDNA -NNNR
| GGT[G,W,W,W]9CC[A]19- ¥DNA -NNNYCTAG-5"
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10 wused, the density of tag conplenents on the mcroparticle surface is

typically greater than t hat necessary for sonme sequenci ng operations.
That i swoss/Retgienci ng approaches t hat requi re succeeEUses/t2retat nent
of the attached pol ynucl eotides with a variety of enzynes, densel y

spaced pol ynucl eotides may tend to inhibit access of the relatively bul ky

enzynmes to I .de ! S....ihe polynuycleafides ar,

ot ef or abl y PsGTeRS KR Rl dabeBascl Tl @5 einy 1f B bE s} Hinfsh .
present i ndigesyed fragmants ercedlored iptaqya Bam HI-Xhoohdigestad vectdditaving the follaeingr |
over the p%%l@%hg i@ on siRé:S ensures that the density of

pol ynucl eot | es ‘the mcroparticle surface will not be so high as to

i nhibit enzyne access. Preferably, the average inter-polynucl eotide
spaci ng on the m=propdA-fheEcdrti QE% AGR TR 0f . 30-100 nm
Qui dance in selecting ratios for stan a-rg "s.upportp‘csmg'gfcf‘-gjo Bal | oti ni
beads (a type of soli (F‘af%ss,suppo??‘)ﬁ?s_ f{BGr?d_ I n Maskos and Sout hern,
Nucl ei c Aci ds Research, 20: 1679-1684 (1992). Preferably, for

sequenci ngrapplkcat ikons, - [ . . CPG beads of. diameter in the, range
of 150- 50 P8 Pds L EORT 5 ARG afige injain BF BeSscRberkioitibrdps dbclisiad um.
beads of dmarecfully belowt. he range of 5-10 pmare |oaded with a few tens
of th and pol ' . . : o 25 .

The agl(lg)\sle rref h_oér%géﬁg;edeg%gf {_%‘pfo [ lggéﬂ%‘%ﬁ’%‘% kﬁé&&ﬁp %ﬁ%ﬁ“ JJrllfsﬁc\%ﬁ%'}lmgglﬁ'ﬁf ed
‘Wi th the piigestnga tagstpolynurieqiderronininiag coriygate et the fond’ eranudledse aetinibnce

i nf or mat i OfF T4 DNA pélyRizkadb % 1ieBizyRBE WikdnYusbd IR pred& éﬁi@h@e e.g. ten
to a hundred, thousa ttached to separate mcroparticles
r"é'ﬁ

[ d, of ¢ . a oF)

as descri leqoﬁldFﬁ%Pr}HEB%ﬂ’rFé‘FﬁM?‘Yﬂféa%e (faYy nucleotidegifzam Phgesssed eds
partial sesteRces teaibn-@aipldd YerdfdNA Aduubledtiagied fragiiestiuntie A @OMpleddni of 30
tlssueﬁtyp S sin2h \/veLﬁIp s .f.r.om |seasqut|ss' es, such as cers., Such nmRNA
fingerpri ntsg 1ngle nuc é‘%ﬁé‘éﬁ“lﬂ.sp 3 AT ﬁ%f?&‘@?‘&gﬁ&%‘?-ﬁ@gﬁl’é%%&% st at es,
- e.g. | ntermmtdotidals rapghicddbe 5'em3’ digestioPelfdctisely/czad/as thdpalymedense’s xensidme

use of ex ' $:205 (E { : T
Singl e ack Uiy SERIE0R Jgletral ar E RAGEn apuivity RS Rycieoties.
enpl oyed Vransegupmilzntagseenstmeted avith threenyaleotides arg cepdily preppredefog loasiing

di scl osed o kMid ?gd?egﬁp‘ﬁ}rm. Nucl ei ¢ Aci ds Research, 17: 4937-4946

(1989)_. However, arall el r sinul tapeous, sequencing of nultiple
pol ynd#®l eot i desThestechnique may also be used to preferentially methylate interior Fok I sites pf a

\F/)\lg_l_? ?JJS ég? Jlxgr7ggt polynucleotjd]g vwlil?ile _lgaving a fsingle Fok I site at the lermin_usu ofS the polynucleotide

) oW .NG; rences:. Cheesenan .. patent
5, 302, 500, infistuyjagg. Ejrst, the Erhisieh %’ﬁ‘a‘les“e is rendse?ﬂ SHrel SRR 948 8 g6 merase
Rosent hal with deoxycytidine &iphosphatepPhe dadblostran@ed poRiba4d the fragmentdnedred et al
CGene, 148: 9 : ' ' . Nucl. ek6o Aci ds [ 22 .
4259. 4267 T%glig’ 84%‘)' w}ﬁag‘h%h{ggg%ﬁ%ﬁ%‘ﬂee"ﬂgslﬁg"s; f&@?@%ﬁg} BW?@%&H%‘F% |
whi ch 25s dghé preisensefafall feur micldosidedriphosphates, slesehy fegomuratingnthe fiokisiteh

requires neg : i i f a@&”@ﬁ ' “descri bed
in | nternglt'(taie%Jrll)ag@e{I(at“élaé)1 |§g€c|dgﬂ%§%%‘%%g%ao§§%%f¥e met %@h%:%ﬁ% |I'ses t he .

fol l owi ng st epsAfigrhe pligapucirguge pes3ee PepafRd Eorspefific hybpdizgtink F&obY de
havi ng a peRderiadithém single suthiédas dedchiBddabave, tHepen6eaURY arel MfkeBVARE
havi ng a co Iemar?tar(é r.ot rudi r}qc‘; strand to 10 that of the old¥nucltﬁot|de
and the prESEPRREGeFaRARIBE S5 o RIEMGARD! tHueices Of (s agsander Sanditions that
unl i gd0ed faveriahe formaibh ef perfetiycnaohgal duplexes beiwdenthe mgngndotheiror nore
nucl eotides:in th . i tr : sJo] ti he :
Identity O@qq\%m?lﬁ.bamge bf%@éﬁs&‘%ﬂélﬂ%@gé@‘? ﬁ‘ngeﬁfterta&?e F‘ﬁé’%@gﬁ%& gg‘r‘fﬁﬁ%éf wth
a nucl eas & xemplary aferenpesproviging ssiob gampneenindudé Wetinun diritical Reviews in .
nucl eot i dep:SE SRR L E64 . 180 _4: L gl 'K} i bed
Tore ful | P RERREF Al MG IOy 24,235 259 (490 ;. Sk o of MdlEy 2o
carried outloginghArLaheraipry Mangl 2d Edition (Cold Spring Harbor Laboratory, New York,

35  1989): and the like. Preferably, the hybridization conditions are sufficiently stringent so

that only perfectly matched sequer?ces form stable _dupléxes. Uﬁder_ such conditions the
polynucleotides specifically hybridized through their tags are ligated to the complementary
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ccl eavage of the ligated conplex fromthe target polynucleotide. Preferably,

whenever nat ural protein endonucl eases are enpl oyed, the nethod
further | NP4 step of . nethylating the target pol PETESEBI2IWe at
the start of a sequenci ng operation. : An i nportant feature of
the method is the probe ligated to the target 20 pol ynucleotlde A
preferred formof the arobeS|S|IIutra ed in re la_. .Ce t he
probes are %i?mpéﬂfgtf?f&ﬂéas PRXIdiRg ik gy Fﬁlﬂctﬂj QW Gk gf‘tlﬁagieé’ﬁﬁ'xélt? The
pr obes Bioclensistny and Mzﬂedulanﬁaolugyl 2620 7¢250d3991); Sambrdok et al, Moleeula:pacer

Prof or abl ., (P BB draberar MEAS g 2l | Cord Speh b1 80, e Yo,

enmbodi nent 1989); land thediked Et’cferahiy,ethdh}blpybsatw@ aonditioss preowfficiently stbingent so
strand. ghe tﬁd’t%ﬁspéﬁéétlp‘?nit@l%l sﬁgttx%ﬁg d{'ﬁirétﬁlﬁd&;l m&rgu&tcd?xd&ﬁfn's%é’ of -

| ocati ons, rest e|n |ng nmean
sel ected do®§ mslepﬁé@rspeﬁlécm hybrilized tg&tﬂﬁbﬁ eir tags agq ttothen t he

recogni ti on cginpldifentirgReq ﬁéﬁcéﬂ“ﬁtd&ﬂ@d ®AHRE microparticles. Fmaulyt tHe&ni&&tpaeﬁdléd gral
whet her protruge({t strand ,} the rogﬁal s ab or 3 However .
it is inporH me’i‘fﬁuﬂ %?tf’ B‘?Mﬁ“ s of the target poI ynucl eot i de

?nd 30 ]E)robes ufhaacalm mtdaépa‘rﬁdt&lﬁs mvleﬁférgmtyl ptayazths(tydthpk:@steppdr&aabl ow
or specgific a e protrudi e

ol ynuorot fae 3 AciBisy oF e commieraFurt bR it i ARG Stack is blicat s
be filled i mdbyleeesgmyfmmqqnéming opdratiprtsi dikat is, i, seqgenicing' woaoﬁ& that

di scl osed i P?@?fe‘%ﬂ@&sﬁbe ﬁ’%%tﬁg 8?&’1@'}119?{%3%! { fidld fih AVRHS o en Azymes,

Pref erabl vy, nucl eo e respective-pro
strands ar edenselyssnesedpolynugleqsisies nuw tendtor xahd%t ascessiof tha relativalycbully get

pol ynucl eot bﬁ@ﬁ&%@ﬁ@ﬁ&ma&mwmwcﬂm metptwtﬁ.ceoizaésl aregr eferably mh&a-
Preferably, the pratrudi h stran &e probe is from.2 nucl otldes

| ong. with the grerpasgic |se\thattt4€ecw S'E"QFtstaFFeP‘leé?fﬁt"hS‘Sf" ficant ¢xc83ss 8 ng

Stzrzand t he fighe 80:¢1 tol 10D: D@ﬁ@l‘@l‘ér’i dver the polynucleotides. This ensures that the density of
PCT/ US95/ 12?@'!"“\/\(? Sideson onghe mHieroppsisls swrtees ill pothe sodigh 3 fodighibit snz¥mes, get

pol ynucl eot ackessiuPrefeyatdigcthe laverage tmerepalynucleotide spavisgien mpoh&ropamcle surface

The comp! eI Sl ordérapdp. D ik CRINES i iTech AR YERIAEH hindHe COEP b e Bpd”

aut onat ed

Cal i f or2@ a) Banommdswym oésﬂndlesmwaym Ifmmdzle Maskes and §omhqmr Nuclelc
chemistriesag tx@éseffwt %5?9-1%@&6 fé?%lﬁ”ﬁi?%@ﬁﬁénéx?l%%?ﬂgcﬁfoﬂs R4

to forma dou tran % gh gstran of
a probe is §§’Q‘Pﬁ?§§9§é'a§§tﬂlwfiﬁ@l“8‘a°§@'§ H#m wedeaded yath ghaut 483 uence i s

represented bl@nﬁ&l@otﬂie@tédmm Be4ds| o dianTétér m&ﬁ@ﬁin@eof 5-10 RFloadéd Weth a
portlon consi St ed our ,nugcl eot i 304 6(’)‘rﬁeb4enbo rrent f our

vt ur s ar B IS af tipusand pql Piplebtls: €5 X1X2
X[ . Xi )I\g\IA _ : The above method may be used to fingerpriiff ®RN AXPopulatidfisswhérMNbdupled
err .
Xter ] ot i i bacilBfSeaffiting phodology described below. Pariplseauenck iteunigion,
"Xs" represwmbtaihed siopileneously fromranlarge ssopie, erg. isin toladwmdredrthioustndsof N As of
t he four pr c or
ur-p ?tgé'éi'ﬁeb 'té%}éi:%a‘?@ﬁt‘f@r?gur R gﬁdésiﬁﬁéd in tge aﬁévéjl‘néfhba fr g%ﬁ@ﬁ:ﬁﬁ

I n other wo eac egener.acy of

exanpl e, X[ distrjbusion of pantfab pequenges cap @Flﬁ%"ﬁMﬂ’erléW’ﬁgff%@qh@ﬁ@e*sceﬂ or

30  tissue types, as well as from diseased tissues, such as cancers. Such mRNA ﬁngerprmts
are useful in monitoring and diagnosing disease states, e. g. International apphcatlon
PCT/US95/21944, which describes the use of express sequence tags (ESTs) for the same
purpose.

35 Single Base DNA Sequencing
The present invention can be employed with conventional methods of DNA
sequencing, e.g. as disclosed by Hultman et al, Nucleic Acids Research, 17: 4937-4946
(1989). However., for parallel, or simultaneous, sequencing of multiple polynucleotides, a
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20 X1X2 ... X err] AAAA

X1X2 ... X[err]AACA 25 XIX2° ... X err] AAGA
X1X2 .. WOPem20IAATA ' X1X2crusosigif | ACAA
30 : : Xerr] X2 ... Xerr] TGTA

X1X2 ... X err] TTAA 35 : X1X2 ... Xerr]TTCA
X1X2 ... X err] TTGA o - . XIXZ ... X[ err] TTTA
-23- ollowiqg mfsranngs:4 Cheéseman, U.S. patent 5,302,509; Tsien et al, International

ECT / US?S/ hla?p}aéanon WO 91/5667(}%;'!{0%:%%5& ar, %t&ﬁﬁﬂbrﬂ\zlu aﬁyl'iﬁa*i@;ﬁ iwgcb(ml'm; V\ﬁl_l ) -
nown techpi ques, .e.g. dj s¢ d i : Enius et cited above).
Goner al |y, CECE! cofin Ja8S| 1874 wad Measer eyl S Ao SResshrch, 22:
m xt ures of250M263q11994t ed nononers to the grow ng ol i gonucl.eotide during
the coupling - , u..St ' l, 1o Lntroduce.the degeneracy. In
some efbodi ment 2 f?iﬁaﬁ%ms‘%& %gégg‘fg%q"gg?%g?v@%‘é SP‘ﬁag)l"dEOdélﬁ%%‘Sjﬁ%f t he
probes. Thpreseobinvbeticrcansiwhich nequings ino glectrophoretigyseparasion of BN fragmensliogs,
such as de ; ' -3 e, hikk€, , - ght in
Kong Thoo (et BterrRtpIABRHEA AR PCHUSINOSHE: Th feudl pomprisef BT "
patent  followinggpepss f2) ligating a probe to aprendof 4t polynusleaside Bevinglaquotradisg wi t h
phosphodi aghafd td forhatBgated EsnpleR] B pfdbeHabihg Honi fement pl%trﬁﬂfg Strand to
bet vveeB about 12 t(ﬁb&t}&ut, 30 g%&h}ahrg in | eng]}:h; more preferably, 1ts
| engt HUi s thasofdhsp eofigle ap PbeRaying a guFiease recognition site; (b)yprapving
golnvent i gﬂﬁlSightb@gﬁ@?fﬁfrﬁ uﬁnmgbanade@bnhplei;lle) iidBKleﬂ?inngfhe o%-sncde%ﬁélleb@&sdrmme full X
elow, the 5 end of t rabe may. osphar ed in sone i ment s. _
5! RestfiiE it bR Bk Be KERBh ot Ben g b U clavibe: nor '@
chenmi cal | yholigdtéd camplgratithcahiliglease s indx(ekrepasting steps. (a Shndurghald) edtilethe (ci t ed
above). ) 119 el | bed. b ~and dea, '
Tet rahedfgﬁ%ié@? &ngﬁmqgwwngﬁég ‘?"'e‘%%@ﬁ%‘is' "?gf's &ésweaég&ﬂgm out the
di scl d§ed belot. ddesitifying ¢heconenenrorg nugleatided canl be, cagriagl ous eithgrdefioratoe aftdiTM
from G ontgsl h&li@hb& Sorh PRk Froth 1 tafgdl pdIPhdtISokide T '
enbodi nent's, ?)%%g(el_s B ?ra-gﬁhaf/e tl%e‘%r?ﬁ 9‘%‘85 é’au_de. I?‘n’e?erabi},%@ﬁever
5' - X[ er r ] Xatural progmsndpyelpases are employed, the method further includes a step of
methylating the target polynuc_leotide at the start of a sequencing operation.
An important feature of the method is the prbbc' ligated to the target
20 polynucleotide. A preferred form of the probes is illustrated in Figure 1a. Generally, the
probes are double stranded DNA with a protruding strand at one end 10. The probes |
contain at least one nuclease recognition site 12 and a spacer region 14 between the
recognition site and the protruding end 10. Preferably, probes also include a label 16,
which in this particular embodiment is illustrated at the end opposite of the protruding
25 strand. The probes may be labeled by a variety of means and at a variety of locations, the
 only restriction being that the labeling means selected does not interfere with the ligation

step or with the recognition of the probe by the nuclease. .
It is not critical whether protruding strand 10 of the probe is a §' or 3' end.

However. it is important that the protruding strands of the target polynucleotide and

30 probes be capable of forming perfectly matched duplexes to aliow. for specific ligation. If
the protruding strands of the target polynucleotide and probe are different lengths the
resulting gap can be filled in by a pplymérase prior to ligation, e.g. as in "gap LCR"
disclosed in Backman et al. European patent application 91100959.5. Preferably, the
number of nucleotides in the respective protruding strands are the same so that both

35  strands of the probe and target polynucleotide are capable of being ligated without a filling
step. Preferably, the protruding strand of the probe is from 2 to 6 nucleotides long. As
indicated below. the greater the length of the pro'tr'uding' strand. the greater the complexity
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Y[err]Y2 ... Y[err] P where the Y's are the conplenmentary nucl eoti des
of the X's and "p" is a monophosphate 25 group. The above
probes cayobg1dogdel ed in a vari ety of ways, including the dc-rmsbymgl
indirect attachment of radioactive noieties, fluorescent noieties,
colorinetric noieties, ~-.chem | um nescent nmarkers, and the I|i ke. Many
conpr ehensi ve revi ews of nethodol ogi es -for | abeling DNA and

const r uct i ofghdpidbp mikese haoisiappliefliodhe cegeatpplynualebadd durdfy each digatiomand ng

pr obes of &%g@ﬁ; i nvention. Such reviews include Kricka, editor,

Noni sot opi C e Techni ques (Academ c Press an_ Di ego, 1992);
Haugl and, enemﬁmmde@%@ﬁprwgwoanmwgw zadaneal s

(2%| Eg_U![ ?‘(r)arl]derﬂQ@&DNK"s} nthesizer, e. Eléﬁor i he&%&)yste kel trRr (FHQQ:r @i}at galnmeaﬂ 8?95
1. TI W | |

a i gondcl émﬁégf ggﬁéﬁﬂm PHZETt W5ing S‘é&f%f&a’aﬂmﬂfﬂﬁ ter sysjthesis, the

Oxford, 1%Qinpl dfaﬁﬁy%tranwarb%mbh@ﬂrt@ﬂdrﬁﬁ@ﬁouwe k@&iﬂbﬂ mb%n@daemxyt then of

Bi ol ecul es ringer -.Ver I i.n, . 199 cited ove nd the
i e prSunddiRE SRl ra Brppe s FRtbenpat At BhmPLi o iy ROwTS Sedvpfs
f | uor esceneprdsesed i@.the pagruding portdoms cFarsexdmipye, Mauhe Ipemmnhngtpomldn Songisted of

_52 18_8 934, foﬁqﬂ%oggeg%kﬁé %Qﬁ:ﬁ%ﬂﬁougmﬂﬁe@aﬁ)ﬁemﬁd as ﬁﬁy“}g_890/ 0_5565'

PCT/ U$05/ 12791 - I n accordance with the nethod, a probe is
ligated to an end of a target pol?kn otldetoformallgated

conpl ex in each cycle of ligatl &n and davage. The | i gated conpl ex
is the doubl e stranded structu¥aXRornred*d the protruding strands of the
target pol ynucl eoti de and probg ggneal, andmmic, easd one pair of the
identically oriented 5 stranés of the robe and target are ligated, i.e.
are caused to be covalently. |.%$u;§a to -ofe anot her. Ligation can be
acconmpbi shed ei t her enzymatically or chem cally. Chem caI i gation

hod " i &
ol cot | atnettne KR bkl flymofiibie Sel iBLRE Ry e beROR: SRl i
Resear ch, fmmngzarlmzﬁlh«( @80 ; Thamceach of thetfher pnobes hﬂ’cdaﬂmvatdomal r,

ligation ig d‘r‘&fnl"cl &quhEesBSF{ﬂT&&%F%@Xa&rhgh%g ao}.x?ﬂl?ﬁ)éﬂasaa epﬁfaéf'nven tion.

pr ot ocol . sul use |

e.g. onexﬁmie, XeXeone &iNNJA cogainy gie following, seguances: et al, DNA Li gases,
pages)@- 30 in Boyer, editor, The Enzymes, Vol. 15B (Academ'c Press,
New York, 1982); and the liKke. Preferred |igases include T4 DNA
ligase, T7 DNA ligase, E. coli DNA |igase, Taq |igase, Pfu |igase,

and Tth ligase. Protocols for their use are well known, e.g. Sanbrook et al
15 (cited above); Barany, PCI%(IVEt hods gn plications, 1: 5-16 (1991);

. Marsh et al, Strategi es, “5273-76 , and the like. Generally,

| igases require that a 5 phosm_ﬂ_XQe . XjAnamup be present for ligation to
t he 3. 5hydr oxyl of -an abutting ss{r and }'{ﬂ S conveniently provi ded
for al” |l east one strand of the a?get po nucﬁ.eoti de by selecting a

nucl ease which | eaves a Kixphosph&i@ﬁ'fé\g as Fok I. 20 I n
an enbodi ment of the sequenci g, &5 thod emalc@y- ng unphosphoryl ated probes,
the step of ligating includes (fl_) Ilgatlﬁ'g the probe to the target

pol ynucl eotide with a |igase so that a ligated conplex is forned
having a nick on one strand, (ii) phosphorylating the 5 hydr oxyl at
t he mé&k with a kinase using conventional protocols, e.g. Sanbrook et al
(cite -above), and (iii) ligating again to covalently join the
strands at the nick, i.e. to renove the 25 ni ck.
X1X2 ... Xj;TGTA
X3X3 ... X;TTAA
35 . X1X3 ... X4TTCA
| X1Xs ... X;TTGA
X1X3 ... XiTTTA
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Apparatus for Qobserving Enzymati c Processes and/ or

Bi nding Events at Mcroparticle Surfaces An obj ective of the

i nvent i owoiss/iteaasort identical nol ecules, particularly 30 PCTUS9512791

pol ynucl eoti des, onto the surfaces of microparticles by the specific

hybri di zati on of tags - and their conplenents. Once such sorting has

t aken pl aSuchinfiRuipésie readil9lsyithesizad ing well known te@hniQey, 8lgl &¥dis¢lesedan med on

et agged sHoveeb i aBai o Bl BE EERENES Al eblifor e pom BRGNS
"bat ches, mmtmrl:shw the agemteﬂmneasmseaﬂm growing olégnnuclgotidendurirtgetht ickepling

Typl cal l'y,g uetgb SRRy 5%%%3 1o RirBatctfie BEFone RS ' sdfle Lﬁlga@ﬂfenw nﬁkﬂ%@' ng.

in dr or are s or enz tic

| pr oc es8es degiraple mesmwtheépwtem of éljaﬂJ@rﬁb%gThw ﬁarbbﬁwcgmphslvsleasmes

cuich event EaRricy SRS opl HARR SELYiADAR, Puindpai:, SPeaapoRg &0 !0

M cr opart ,tz&qggg "bﬁPP%]ﬁBoi‘Hf?'eaé Iﬁg lgxgulgcégs ﬁesearc?x % gn 4% 501%2 or by U.S. patent

-25 - 5,002,860 96/ 12014

PCT/ US95/ 12791 ref erred 0 r rticl es)

| end t hensel ve;' ?%’%bﬂkﬁ"ﬂ(%%’é‘“%l&&‘r‘ esﬁéﬁhﬁ ter%%ggegt r‘fg‘l{l)’ijl tj

denong® r atregiobyf 4 probetis bétween aboutdZdv apout 30 basepalrs in lenghr; efore @héfy:abl/yo émever

l'i ght - geng, n%%l-} {}q’eﬁb?ﬁﬁidb%ut T??oalftfﬁ?%' bdSagscent, fluorescent, or the
e t

i ke, are oyed events or processes, | oaded mcropartlcl es are
spread 5 on \Mhm mpnmnathgmeeare@@bﬁcdghal%IMdmtm af dascebesimortfully wi t h

Ropl ot | SeUR U Rd BE B probe mpy REBRLAEH 1R LU SRS bAEnR B‘S?mg% e
scanni ng 8eseehesphaigican be agaghedte asegandligonusleatidg eitharchemieallye and
to deis ne ehZyndiRaly | mtnSa Bhakag . smma%t mbi@ed ébo%epr@mheﬂrpna@ﬂ:d&ﬁh&? by

ool cat i fescribed &y HRRbRE idean beirtheBrom st ot A7DS (S8 ik e aeons o, o

m cropar t caging bat uhemn&bdi protocaisiaeensintciallpavailabpse.g. 5 Phosphate-ON'QMC h

componowt BOLERL Bcigaal eUR Sl (COTURATTTHE W Kb, prses,

used wi t hmay have thedetmcti on system conprising one or nore photonultiplier
tubeszgor alternatively, a CCD - array, and ‘appropriate optics, e.g.
for exciting, collecting. and gorigg fluo 3 signals. 15 |In sone
enbodi ments a confocal optical sy§§9 nay g‘ esirable. An exenplary
scanni ng system sui tabl e for~uge’i'n fdir-col or sequencing is
illustrated diagrammatically in Figure 5. Substrate 300, e.g. a

m cr oscopehste e Y 4 the camipleinenapynidledtiies of theX'sand!"w'ris X-nyonophosphate
translatign table 302, which is connected to and controlled by an

appr o iaF“eW- programed digital conputer 304 which nay be any of a
vari ety of conffbeabavd probes¢andis labeled in pearmtynefl waysymeludisg the.direct®6- based
rachi nes. BoBRLEERE i m AR, AYGIeLaUl oicie. ol HRABR SedIPUt

(‘Cupertino, Conput er so transl atiion an

col | ect i ophemitumingseentmarkees. ppd thedikg- bMaabmp@hawxp rgvigws £ methogdelogigsor y
sof tware. fo"rq%blm DNAaa%d%hstﬁqg\vaq;v&és%ﬁdé gﬁahﬁ!etapan@dméwst ruments.
Substrate 300 an t abl eﬂé&é are operati o[@@éy associ @wejﬁw th croscope.
306 240 RORATHGURHEFOGPS AEME PEEFRLIVGIne ich TeiEv i KaagiliSe of
ggl)l eg( i nﬂoﬁfsdtdi%i D)X Pﬂﬂne Techxlilqhes)(rﬁcaﬁémm Presy) San Didgos 1992963Elahglaﬁ¢¥1bst [) ?t e
CI on m, | i sour is prefera a
| aser, &'@P?té%‘ﬁﬁg rﬁ%‘if bef g'é‘i R\gﬁ&& }bemlgala “X‘HFS\A@‘ Ef?brea‘r]% Cwhi ch Y
re-di rect Eupdre, H992N Ketlevayid Manabs&i‘dbd’rﬁm andiEditioaBtocktandRress3 D@ wnkipddy, i n
turn, focyses 3‘1'2)‘1 Ecks&n{!ﬁ Oé?ﬁt%ﬁ'@l?%&luﬁfégﬁ&és%ﬂ AfogueS g PRRFiCECADSBAGh (IRL
emtted rromthe - e _

fl uorescent _ .
35 Press, Oxford, 1991); Kessler, editor, Nonradioactive L_.abeling and Detection of

Biomolecules (Springer-Verlag, Berlin, 1992); Wetmur (cited above); and the like.

Preferably, the probes are labeled with one or more fluorescent dyes, e.g. as
disclosed by Menchen et al, U.S. patent 5,188,934; Begot et al International application
PCT/US90/05565. '
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30 mcroparticles and directs it through beamsplitter 314 to signal
distribution optics 318 which, in turn, directs fluorescence to one
or nore swiothbkeidopt o- el ectronic devi ces for conver t | MOI/8$A882791

fl uorescence characteristic, e.g. intensity, lifeti-me, or the like, to an
el ectrical signal. Signal di stribution optics 318 nmay conprise a variety of
conmponent s standard in the art, such as bandpass filters, fiber
optics, rotating Inaeeasdanceryishotne saethed, grprabe is Ligatedde an gad of afareet

diffraction g@%&\hél@&ide @Term A% h!eh%omﬁ&x' ihlebiet ¢ g%le?&' ligatibh 9hd Ble@vage! Iha!

distributio scence 6 to four s rate

tics I rec flu e
phot ormul ti pl ‘Eé‘F campiex is %Le c?ou%fms s%&“’%ﬁﬂ@‘%‘“%@“@&?ﬁﬂ@@ ofribs,
di rected tom ap@mcmdd@m pzr@be@mmww at least oﬁ&@au 35:&3 ui?éi.ﬁcawdn&ﬁ@d The

?gg?m O %ggl}e&r@ ot and ?argest afe ilgaﬁe& causrtIB covaﬁémly linked to one
PCT/ US95/ 12 Zﬂd:her Lxgauonvdaa be ac¢omplishedeittien emymmally aechemicallyy iGheedcain

i racti on SPEIT AR b JpPRRbun iy ot B Pets iy i otiadd & bl
array. 8: 407~41 (1988 Shabaiovs pyalaNdclmpA@ds:Bmamm YO A24THR I 4991 )0 pad
| ocali zat | Ofh ifked cm@ursg, HobleverligarbRiee e&omtéhzgmh.?ém Biffgligast

resol ution for separatl | osel y"spaced m cropar erabl Y,
t he scahi n§tangard Pratoce] mnlégaéﬁwskeowa anégm switable fprouse)ip thesinvention, e.g.

m cr op ar! i ggﬁﬁmaﬁ S]:xen%@PEH@WOJDY (P Bt m)élqggasés,lhlggés 33048 gofg% .
shoul d at ﬁh%@nfmeseé%ébﬁﬂ {}g'agp mxcr?’ress,i\% 971‘1'@9%#? @Q‘f @legﬁ( t he order

of 10-100 ppref&vahhguswmr:ludesw DNAdigassyT B NdekgaseE.eoliDNA hgase)maq ligase,

2 cubst rat oPu tbastnd TR TERES roRRRls b bl Bre WA N Sabhrboh i T,

have tolbe (uutd abevedeBarany, PCR dVietbddsand Applidationsoi: 5-Il|6dd%eMarsh aahnni ng

i Cropart i oPURRRE 7TC19WZ) S M 1546, enbrally, ligasSS MbycB A  Phiosigte®
Preferably, gmwﬂsm&entﬂc& ligatian torthe 3duidne %%@@ﬂxn&wm i 13w igrconvestientlyed

to permt 1Erov'id%a%ib'£t' l@&kt Bhe §t}d!ﬂrcﬁiﬁé‘ﬁ§'% P\é‘ﬂﬁél@@u& W&ﬂ&%g%‘rﬁfélera?é‘ﬂﬁﬁhy
di sposed on, a pl ags at |ty en about ‘ten thousand to one

hundr ed t holfa¥esR SRR iCel- 88 BE I n sequenci ng
appl i cagg ons, | oagleglembedinRAL bf mbﬁéq&ﬂ&ng%éd:é@&nﬁl@ mgqlnﬁyég‘pae@m&d robes,

substrate in varie af wa fi.xati on shou] d be St enou aIIow
the e it s Wielides 4 Tighias b SRahe 18 ths tarise PobAROsoiR Wil 3 Jish
and washi ngsMHahmugatE@complegris foraedthabing s niskhemondrstrandp@t) rphbsphosylghngmc Su ts

surface may at 1.z th

comer ci al | 9)' %\%ﬁ' % m‘r‘gévdg lgm&% ‘8‘"%@%@@%@"‘@3’ g)ﬁr §%§H¢%k etal (cj lﬁd
may be crossbdviehland (iiD) ligaiing agaim tpéovalentlygoinahe siranids atthe ofckni.ettpiresmpve the
forma .pavidinated surface. Biotin noieties can be introduced to the.
| oaded M croparticles in a nunber of ways. For exanple, a fraction,
e.g. 10-15 percent, of the cloni ng vectors used 25 to attach tags to

pol ynucl eoti des are engi R8&4rH . . . on site
(providing sticky ends on di
pol ynucl eoti de insert at Hp-etidlts ORABUCIR EIAERS| de opposite of the
tag. The site lsm«mlaﬁﬁre\wm mbamon is to smhylautdalambledelee,rptrﬁagart)or | oadi ng

I f b
P 58P R o o AR Wt s R aBl b s o1
30 the m and meutoommemcrm& aGace mmesnrtmgmsuaken phicehthe Ipeesanceonfi the sublecules

restriction Q?EE&?H&ASe gﬁ'on them ¢ ‘{ &Rﬁ%@& f,‘,[ @@Hb& oz%@@ﬁ@ﬂer@ggo&?&e

cont ai ni ng 1S 11 g
resul ting minawopef the Mgsd m@equimrwtx;m@ucmambsm deteciedbsepgrately o5 it f ace
wher e they "batcheéb biitifer s p?%%dvﬂméasu'b?n&i@irb'ﬂeﬁi’dddhﬁh h\b'ﬂk@gﬁplcally, the sorted

Al ternatively an when sequenci ng d’;\t lon 1s 3/%
the ini#fal molecules are exposed to ligands for binding, e.g. in drug velopment, orare u Ject

chemical or enzymatic processes, e.g. in polynucleotide sequencing. In both of these uses
it is often desirable to simultaneously observe signals corresponding to such events or
processes on large numbers of microparticles. Microparticles carrying sorted molecules
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35 ligation step a m xture of probes is applied to the | oaded
mcroparticle: a fraction of the probes contain a type |ls

restri cWQ#/R28kognition site, as required by the sequenci RgT/USIS/I1279%et hod,
and a fraction of the probes have no such recognltlon site, but instead
contain a -27-

WD 96/ 12014 .

PCT/ US95/ (tefemad to herein as tﬂaéed ﬂnwmwl%se lqndéhmqusgaqutglwcabrp@faékhb| Y,

} he tm ﬁ[ Lﬁpératﬁ%?rd ?Eﬁé dRROMbtraked EﬁLam etal Rﬁ’feﬁ%Bbvé)f the biotinylated probe.
n still another

ternative, d mcropartjcles are applied to
a gl ass Gf?é%‘?l&t‘?é "'”IFK%" %%ﬁﬂmg}ﬁ% thcaquug‘?‘Hﬁ’Jé’SW?“E @“Pﬁ'ég tviass '
su ][ ]1: ace Lt{?flhle ﬁlteeyemémbww 1o :fiect e@eﬁ gﬁﬂrd&esséﬁ Jlodded uinatdtpamdl& 173 ?pked a bond
sufficgien stron Rer it L epeated exposures. 0 rea%en
hes wivatiEndrfscate 2k Kk SRR TR = sranping HFER: Sich A0
\Qﬁzs '? r at eiescsnlmdfltlt glmmahbnal\namhappi;canmqj’ﬁ'ﬁl(USQ 14021 ﬁePCEﬂMO@OS laagiaag s w50
sl i de. Prptfﬁm%)msss The wg rgtsﬁtemoutﬁectb@é&dreﬁﬁmhpm by, Mt@i ¥a®

punped t hroug and ha ent | areter .
of the ma@dé«pdeﬁn%theyoséonm&eash mieropasicle ipfa pmdetermlmdatsam byl way pEat r apped

wi thin a defdinfédsyaser Yxﬂf)él?ﬁu&l&ﬂi&é%equencmg applications, it is 1mﬁonant that the
Par al | el Sequenci The 't aggi ng system of e I nvention can be

used 10 t W°§tﬂﬁ§?1édﬁglﬁ§a§@hB%'Htﬁf?@mc‘es be repeatakle 1n gcses§ivesern $8PS nucl eot i des

up to several Sichebamasg systchRigiybe domstri@edirom commenallAvaRIbIE t S Many
t housands of fragnents o tar gl(tgﬁgoé_ ucl eot,i de, to be sorted onto
one or  mEPEPEBFI S Xok Eansluinn @ B i} CAmBHiE e yith 2, q

accor dandeteaiibmsystem comprisiag @ne edmonpplestemuliplientubts, oh altemaativsly, 2COD t i on
of each e fr e . . ' y ach of
he nany SRk g eBRFlLe ortic "L FF B, collecyod, REPHFALGRUARBhasE?
commdf s dbsomeecmbodimentsasconfogat opiécab pystem may-beadesivablet Ad ewemplagy scaamingng
system ofg E@QE tgﬁ%?d& %‘ahﬁﬁ% Sl ze
of the po tlon“ﬁ%blé ei’:{‘ﬁJu%‘-%bﬁ)ﬁé/ sﬁ‘éﬂé Esléggsé ep S O i g’fg I%esctors,
such as tMBStFRGBED. g armigEaseppesslide xechmigrenarigles. ivplaeed O'H‘ré/ | engt h of
the tar gwﬂ%muﬁlmzl dmlchtlbeomwa taraﬁd 86Mpd1RE)byGn approp natél singl e base

nmet hod e e the nber o articl es .and/.or crete egi Q

Tt ey, PRReRBied gl comanreeaod wEich By b s gy, 'S iy Byailabie, 50
bas ;aso a [) epe&ﬁnallcdﬁmmdrs edg. d86chasdd machingsort FowerPCrmaded l7<b00 oa&l:OOwadable

Pegi on. T APRICPRPRr KoM R ICAY, Chmpuer softwafE it UL HARGRLS b Bhia

pol ynucl| eoli¢ation |femw@ne cani beprovided blylcammgcialie avalable lbbmetofy saftweare ssugh a
their OV‘;Ei..#ﬁWi? s,avaﬂﬁlﬁg H?Naﬁotﬁlhﬁﬁugﬁﬁﬁ” bed in U S. patent

5,002, 867. oW ng references provi addi ti onal guidance in
det ermi ni ng t Kl ﬁ'é%tﬁﬁ apd table.307 argaperatiopaly associated avidemitsntcope 86 30

successf uthvthg%aagtm&é bBjectie 1en§e§30stvhmlwu a%tdfd:@ueé dhd\RAverai
Lander a Geno

Genoni cs ?‘ght ml“iﬁ:“lpé‘@‘{lg%gﬁd to Sumstfat%é "W"Egé%@ ??S?) fepm, ﬁaﬂﬁfg’b‘%[értglz’

143- 150 (Wii&IBis:préfatably a [aserois difectetilto baﬁﬂsﬁﬂﬁer 314, e.g(d @8Rdoic Miner) ahich aI

2 B o S RUBEL 50  pe H Age OREN g o

Pr ef er abltlje beameomd substrage BOG T Lenss308aodjects flobsascance 31 6 ¢mitted fremviben |

ki | oggse n%@%g%ﬂ( aﬁﬁ%?t%éts 14\@ h Jbeam ﬁ&g&% ﬁt{tﬁélgnta.h&is%rﬁﬁQBﬁ ogﬁc fgreen 10

ki | obases an obases provi de
gui dance vihels én Hirnglirases ﬂmrasqemtm qsleammme swieabispmierclestronic devices for

converting some fluorescence characteristic, e.g. intensity, lifetime, or the like, to an
electrical signal. Signal distribution optics 318 may comprise a variety of components
standard in the art, such as bandpass filters, fiber optics, rotating mirrors, fixed position
35  mirrors and lenses, diffraction gratings, and the like. As illustrated in Figure 5, signal
distribution optics 318 directs fluorescence 316 to four separate photomultiplier tubes,
330, 332. 334, and 336, whose output is then directed to pre-amps and photon counters
350, 352. 354, and 356. The output of the photon counters is collected by computer 304,
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fzragrrents that are sequenced (i.e. the sanple size). the anmpbunt of sequence

I nformation v -28 -

VO 96/ 120 W0 96/12014 _ PCT/US95/12791
PCT/ US95/ 12791 obt ai-ned from each fragnent,. and the probability
that the target polynucl eotide can be reconstructed fromthe partial

sequences Wiwhegd it cgabsstored, dnalytdoand viewed bieideo 86@nAlternativelynsigndli on,
ot el POl M B AR FPSuh B OB R SRich YRR -RR 356

Si ze of Samphw a CCD array. Approx. maxi mal target pol ynucleotide |ength

30 bases/fragnentpy,, smbﬂlé%@@?@ufg{b?gg%@%e positional localization Tosc%rg@.x%)wﬂl

3 kil obases a
22 ki | obhisedetermine, to a large extentithe sasgligion for separating closely spaceg(;mgmparucles

40 Ki | obasepreferably, the scannm%%s\fdrﬂﬁ%ﬁﬂ%e capable of resolving closel
60 kil obases

B’ﬁl | obase ?

180 ki | obas Bucroparticles, e.g. sepazgied by mgélg diameter or less. Thus.Ffptégwé ‘ﬁﬁ"}o‘ﬁe
genler gt ed feg rruslmlug @PRinideeparticles, ehe scdening syswtﬁrsh@ﬁm aDl;eas’&ﬁtﬂse the capability of

i ncl udi ng so-cal.le | ne_a ts 9 rate -
sets of " J0° Fspng e bf s Pris” BRIGFO0 Bl "EER e sBblBER il St SRS
over | apl0 ansbmeemhbdhﬁrkms but with inxrepse tesahioo aibb ¢isnenequiced mrfdﬂyrttyan a substrate
over| apbi ngbf HRAERL AL AHELAbGmeRsS! @tk may have HBE Alible pERRERACHES

to fragnment ‘generati’on are ecause ‘o
i nher ent respmdanéyesomupneimmses inrsganning (ime\can bapphln‘gpdftrmmmwbmemwver

a target - scans Eeilu&wﬁé}& 'nﬂemg 1&%@%&& tdbel 13€atbdle §%&%ﬁg{3§fmn&aﬁ'

"shot gun” sequehci n osed et al
(cited abovBie: eraglm@eﬂaomﬂelpﬁlze aeéwnmrr&ﬁylsmresolunon aselegted i Reranit hat

every ppti golfiok Bﬁﬂh@:re%humduewdqhﬁeé ad@clésqqmﬁ o&&?é@ﬁ%lﬂn@qw n

each S|ze r e, nents bet 100 an irs ing
ongt b of STy bEiwken Bhontiea dousaHO RS PBRRhoLs 3 PR SRcE OBy et
Fol y ]nuclheot i de an ssquemsng hpplivadons, loaded ﬁﬁerbpmclgk eamb@ﬁx%wto\/thé: Elﬁ‘lfaCﬁQlf %

err] phage e _vector ex e a est.e with the
appropri at esﬁbég?lﬁ"&tv %ﬁygimg's?ﬁ%gw@ ha%gﬂt? %H§§ ]b'fo %@P’V 'Ihleed i nsert.
Typi cal | y, migroparticles ti undesgd successivatnyoles 5beagm@xpm¢ ambwaghing wiithouigr am
of starj déylflcant% VPR 18 Sfbductes YERE/RISifald A bRBeNGRIRA wiAgON! S OY

prepar at lve | ect ropnoresi s renove convent i onal
met hods. an leswpbrﬂ@wsma cemmercially, g vailable deagants <6.2. Ps@r@ﬁcagmqgl which in

(Tris-EDTA) g, Hﬁ fb'é%}éésque@ (EMAUINE R eﬁﬁbﬁﬁg @%Jeﬁu&m 'cﬁ&nfsﬂfeszt% forth %eft

fromthe vect, @Qe er ab eg eaveg conpa St!Pcf Yy ends e |nfert .

that the |n¥efinaiessuaces lptmlrg%f?@éqaﬂ%sﬁ phthe dpa HB?'&PFWQ‘?S%aomy

over | appi ngnihbgrofWays. For ex le@d(ﬁhaid?ﬂé gl llOSdfﬁafdéﬁK oetheailor(xﬁgtv@ao@bﬁw)

t he ci r#ul arized i stributiaon.of .fragnments
e

han' | [ bar rACh F2s i PPIYRGAERSGRSIEh eI o Rgril g ieibtion sitdyt Lot
sel f-1igati (pyotitlimgistisky endseongdigestibh) idmedigebeadjaiengtoabe pelyhiceatidefinseroaol s,

the purifieg end of the polynucleotide opposite of the tag. The site is excised with the

polynucleotide and tag for loading onto microparticles. After loading, about 10-15
percent of the loaded polynucleotides will possess the uhit;ue restriction site distal from

30  the microparticle surface. After digestion with the associated restriction endonuclease, an
appropriate double stranded adaptor containing a biotin moiety is ligated to the sticky end.
The resulting microparticles are then spread on the avidinated glass surface where they
become fixed via the biotin-avidin linkages.

- Alternatively and preferably when sequencing by ligation is employed, in the initial

35 ligation step a mixture of probes is applied to the loaded microparticle: a fraction of the
probes contain a type IIs restriction recognition site, as required by the sequencing
method, and a fraction of the probes have no such recognition site, but instead contain a
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30 ligated insert is fragnented by a standard ‘protocol, e.g. sonication
or DNase | digestion in

29- WO 96/12063 96/ 12014 ' PCT/US95/12791

PCT/ US95/ 12791 t he presence of Mi++. After fragnmentation the ends
of the fragnents are repair, e.g. as described in Sanbrook et al
(cited above), and the repaired fragnents-are separated by Si ze usi ng
gel el ect risiptiomeidtg at ity ngnrhigdtngiendt PeefeAbhS, G2 hixtwp @bmprisesgboar H)-481 ect ed
and el QR conventional neans, and ligated into a

t ag- carryi%egréjebggfgfl%g;étm}gmgférggéri bed above to forma library of

t ag- f ragnent coljsugaanether alternative, when DNG-lopsicd mipesgaristesare appliedpo e glass

containin ol ' ? rom
containi agkysgagé,%e DWWEQ?QOB?&;:MC‘?%%ME %;muggéggwace_ upof sBvdralifftrd

expanded, “after wh ot ment inserts are excised
fromtRe eRtdrhoyry Upﬁugbta%@ qreate 3 hopd spificiaplly ispbg tq prmitrepenied ggposures
conpl enentts réikents and wisEdsOpidticut SighicaASloSesfCrhickeshradley Prefepitity Subl a @last he

size of the, target pol cleotide, 10 . nultiple sanples. m t aken from
Che t ag- BB i Aipe ol L i camerise & KtaanBleicned I a 2lasd Sides PIRLARlY,
m cropar t isatles chamheb saplesed sol that Aaidsunbebe pimpithraghdedmeddiasd depth  depend
on the fr ' f . g o] t ' (The

pr obab |1 Agrsreclingip YRtibRBRE bPlieTnicREaRT Sinlh RoR IR Bl cot i des

wi th tifle suieropastigles is trappedwithina defined pbyeevation regipgnor ed) . As nenti.oned
above, the probability of doubles in a sanple can be estimted 15 from
t he Poi sson distribution p(double)=nRe-nl2, where mis the fraction of the
tag repertoire in the sanpl M@Mﬁ!@ﬁow lists probabilities of
obt ai tm ng dgublﬁfe_ utaggiag §yi8th ©f the invenitidh ch BE Bsddawitk 5ifBle basdRqeadife. and
-ﬁ-:gf; S/I rzgnetiu\)lcfsrtg Ise«.}ltiencc Rﬂ}%\gﬁleg@és up to several kilobases in length. Th¢ tagging
Fractil§n @jstem permits many tistsusamdst af graghients of aJafget pblyhadeotfdezd befsorted onto
repertoir @ne or o Obacgiﬁi Il;[a\ée 81]; P 'sequenc.edB si%ftgne%%gl I aéceogggr}cgl\a&iﬁx

sanpl e It el P TR % COUsty. o _ 5.1 x
10[ err]  prefefed implementation 8f shed¢tbod,]a portion ofi€ichsojted fragment is sequencedin 8

% oggx 107 4 stefvc}ﬁegfxai‘tllé€ é? rej-xch of t%e é@f)l(‘iy %‘8‘{“3‘?‘5‘15 of l_oadzl.d %c&yghﬁ{cie]s Whicibare fixed

1. 34 x 1080 a comgon spbsirate--such as 3 micnaspener jlide--agsogiajed wittea pganning system or

3 x_180€r Iah image #nafysis‘sybidh, such #s des¥ribdd &jove. The size of the ;ortion of thé0

1.07 x 10 errT] 3 x#ﬁger-r% : - ?.8 X 10£er'rh] ? X 10-6

3 x 10 = Iragpiegis;sequpnced fepends ofseyerad faciqrs, such as the numbgr of fragmentshe | gaded

mi C (r]I opart igfehaatelaraﬁdtsbﬂéd,dh&pﬁgmag_mmdrgdtmt;]naakoﬁ@e, gl:clmg? and accﬁrmmcci) gezo

Sl de, r er.a Via an,avl dl Nn- otln,cou L Nhg. kFr.erer { east -

uc! eot | a2 Rl bext Be P Bel R ing ek $Emidsactite] FIAE discre iR, c oq

with a sinigtendde mosiswredreinhudnectisty; and, therlie. Bfeferhblyt fromeli2- fdbasesietecot i de

Is 1 hggn " SE TS ‘dgéaecﬂ &%ro&gﬁc‘i’é 6m§ion' and &Bﬁ: ﬂ@feﬁ'dbg)lrrf l%%%@?ﬁe%eﬁd?ﬁd. -
gnent's by way o el r_o%er! I ONs, usI ng-

_random fra appi ng-‘por
al gorit hmat saqln'm@ronaotiqlms&egmdNitbﬁhiaé@fgﬁmtimg thegseaugnee of thesgrgeey el oped
for sequengiyadcieYtide is determined by collating the 12-50 base fragments via their overlapping
~ regions, e.g. as described in U.S. patent 5,002,867. ‘The following references provide
additional guidance in determining the portion of the fragments that must be sequenced for
30  successful reconstruction of a'_targjc't poiynucleotidc of a given length: Lander and
Waterman. Genomics, 2: 231-239 (1988): Drmanac et al, Genomics, 4: 114-128 (1989);
Bains, DNA Sequencing and Mapping, 4: 143- 150 (_1'993); Bains, Genomics, 11: 294-301
(1991): Drmanac et al, J. Biomolecular Structure and Dynamics, 8: 1085-1102 (1991);
and Pevzner, J. Biomolecular Structure and Dynaniics, 7: 63-73 (1989). Preferably, the
35  length of the target polynucleotjdé is between 1 kilobase and 50 kilobases. More
preferably. the length is between 10 kilobases ahd 40 kilobases. Lander and Waterman
(cited above) provide guidance conceming the relationship amdng the number of
fragments that are sequenced (i.e. the sample size). the amount of sequence information
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h&bridization, di scl osed in the above references. 30

- 30- WO 96/ 12014. ' -

RCT/ US95/ WA¥%112014 . ' Kits for |nplenpatyiuss/ i
Met hod of the Invention e The invention includes kits for
carrying out the various enbodi nents of the I nvention. Preferably,

kits of the inventjon include a repertoire _of tag conplenents
att ached t o °RtaaRsd; fgom ﬁé‘g}b}rgﬁfﬂ%r i‘"‘ﬂiﬁ ar qqagﬂ‘é!' fhat 8’%‘?’3""&013{%1‘?015‘9% G8R B% may
i ncl ude t he redong@iidted fromothd gartiap sequendes withoub@sps, 6r 'Uslards."p Forthepréseht

voct or & whi RveoRRn AT AGBE IR Riad ges vy e oBlairta 7 ook FimoR abees fafre

sorted. Prefszeabf fragmén sequeactesodre shawwn belgwconpl enents are attached to
m cr opargi cles. Kits may al so contain appropriate buffers for enzymatic

pr ocessi ng, detection chemstries, e.g. fluorescent or

chem | um ne - f Sarg | ke, Apprex. maximaldarget pélynufietidetfemgth pr ocessi ng

enzymes, such.as Iigases,lpolynerases, trahsferases, and so on. |Ln an
i nportant enbodi nent for sequenci ng30 Yaseb/fragimeyt al SO | nclowakes/fagaghr at es, such

as a avi dinated m croscope slides, for fixing | oaded mcroparticles
for processing. 1,000 - 3 kilobases | dent i f4 kilabdsesn of Novel

Pol ynucl eoti des 15 _ in cDNA Libraries
Novel pol ynucl eoti dé&000n a cDNA | i br 2 ¥yilebasss be i denti f i 88kilppaseonstructing a
library of cDNA nol ecul es attached to mcroparticles, as described
above. A large frac?d®8 of the 4pkilgbasey, or even t hekihases e |ibrary,
can then be partially sequenced.in parallel. After ' i sol ation of NMRNA,
and perhaps normal i on of the pop&Pk¥be¥s as t aught by Kilphases et al, 20
Proc. Nail. Acad. Sgj 91: 9228-9232 (1994), or like references, the

fol | owi ng pri mer 000 by hybri di®&o8a¥5 he pol ya 3HOkdobages i ¢
strand synthesis with a reverse transcriptase using conventi onal

protocol s: . _ g o 110. i mer

Gl Do~ ot w w w FepaReRis ek e sihdtaid frofP spmer syl n g VfRlof BT

tag as desciichsiinggocalled " doenat Tapprachgswhere one attemptsito geherategatsrode f or mi ng

a restrigti ' ' rodth : 00 | Shd o ]

equench coftJEmtA chfbei i forfd DAY AIS ik Rlpunfl bUEHapp biPio Lalled

pri mer bi ndishgtasnt approashes wheps randomly onsriapping fBgments aps gengratedh srefgraliyR

Af ter rever sgoiduaMapproRéies o ﬁagmémggeg@mﬁbﬁ mnﬁpwyéa%'bﬁus%fgwmmtpiimfhnd
ranae r C

t echni ques, . t.he double s nments are_i nsert into a cloning
vector as difbernbgguadancy. Fqgexample, miy; avgriapging SAgNERts hat FOYRT A 9reet
t heln_ fsarrpl eﬁol@ulmblédtﬁiew | eraedin %166@110\%13 ccx(hj\@n'timal]:shotgummeqwai_nfgr 3m3t he
ampl i fi sanple,are i sol ate nd, t M a ts .excised.35.
and purﬁji e '%E) ’#e"rg'f‘éﬁéféﬁs ‘SW%%“PQQEEF %g?@ﬂdsﬁc‘%"aﬁ eés aﬁgﬁﬂ'eﬁelﬂblcﬁﬁﬁ é%g'“%s
descri bed atentext means that leeeryrpagiiemofsthe targetpolynualeotddasedjuencetie depredeated in-++
m cropartic [ ] t ' ' . b as
descri bed a %@gii&trﬁ:ggegﬁﬁ?ﬁgmg@tg gr&ﬁg@golr?gtapg\gpghh%%aﬁrgg}elgﬁ%@’ !)fy_me

generated fragments. Briefly, starting with a target polynucleotide as an insert in an

appropriate cloning vector, e.g. A phage, the vector is expanded, purified and digested

20  with the appropriate restriction enzymes to yield about 10-15 pg of purified insert.
Typically, the protocol results in about 500-1000 subclones per microgram of starting
DNA. The insert is separated from the vector fragments by preparative gel
electrophoresis, removed from the gel by conventional methods. and resuspended in a
standard buffer, such as TE (Tris-EDTA). The restriction enzymes selected to excise the

25  insert from the vec'tor'preferably leave compaﬁble sticky ends on the insert, so that the

* insert can be self-ligated in preparation for generating randomly overlapping fragments.
As explained in Sambrook et al (cited above), the circularized DNA vyields a better random
distribution of fragments than linear DNA in the fragmentation methods employed below.
After self-ligating the insert, e.g. with T4 ligase using conventional protocols, the purified
30 ligated insert is fragmented by a standard protocol, e.g. sonication or DNase I digestion in
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t agged cDNAs can be excised with an endonucl ease, such as Fok I, that wll

al | ow -31 - WO
96/ 12010 96/12014 PCT/US95/12791

PCT/ US95/ 12791 i medi at e sequenci ng by’ the preferred single base
met hod after sorting and Ii gatr on to m cropartr cl es.

St epwi se sequencr ng then c ried out t on the whol e '
library, &epresence Sﬁ&f t?troé'c'f’ %ntﬁ? ﬁr@g FRIS AFS TePALE: & At dance
Wi th the ideseibed QﬂSalﬂbtdok%t a.E(cneds uﬁdvest,l aeﬂtthenwpb@ed frhgments af&seﬁaeteﬂr

I dentified, on eachwr?DNA Qr_unigue r

e or ganF RSB ReLIPRrRNREESEY, s S i B 20B:200aschair rampe.ire selSEREARY b ar
i s deri vedhftedofromehergtlibyrconRitidnabmeans; amtibgdted ad e cigechredng eeuter ak4- 15

nuet €0k dGcribed spd A rhin R1BFGY S uirlEn WBhRRL oPT Soentation among the

I'an genome.. O course
i dentification Asrdesenberd@b@ve raRampde CMM@btrrbbthQ@Sand ag-fregroent dopjugates que
[ epr eSent gd @ifer o the Bsah(easaﬁas&e& afE? PAhed A D ifseh YR excised

organi sns. Prefera t 20- 30 nucl eot i es ar entified to ensure
uni que ronresrvsereﬁeeé PesRarzd dog pepidicybridizatien ﬁb@lpmmeeeenwsr e primer

as -descri kfigropgitiews, éEhrescnbed dbabell BEMW@@R% OBlhelthiget Pslymwdidstided to

known, se uenc s to jdent
hen 1 o1 Hulipls iRl ity 6 faen T the o S Begt LRiBstnd seppAsReRDARSEr oo
fromthe R@Bedombimicroparticdesced seghdncpd.i 'rﬁbeau:dbererftdedble@seleaeqbwﬂmeepenﬁe and

ar e

then b ySBAte Bikudh ord GPHeRHERE SeRRRMRRE A Aol SHEARFe0ty e BhARIMET

scr eeni ngtiples-ohrek differ@ polynucleotides with the same tag-- or above can safely be Exanpl e |

o2 M AT HEI B PST A ST B colmpin.
fol | ok: from theiPoisson dqstnhruepnMm@leé#mzer"%aowhereem the fragtien of theneg i zed and

conmbi ned RaeF¥irs fi the sirﬁf)l@ Table V 38lot lli@Eogablﬁﬂ@s (t)ﬁﬂ)tzﬁn oubles in a sample

5- p TCGAS err err rr we) (W err])( err])(vv[err])
Bt b b e tm i

5 IfJT(3C3°~(3C(\/\/6)(W7)(W[er 1) (wWerr]) (way, ])(\/\/4)(\/\2)(\/\/[6”1)A
%*;%(**)(**)(**)(**)( ) (* )(*)(**

5 pTCGACC(V\B)(*‘mﬂl)efv*IeH])(W[err])(V\E)(V\B)(V\/[eFfﬂ*}@O(mﬂ)(V\A)A 40
GG(**) (**) ( *worisin g from( * * $ige of)ifg * ) ( * *iZDOGAD- S'repertoire ~ Probability of

>(-

8 word set . repertoire : - sample - sampled ~_double
7 2.1 x 10° 3000 143« 1073 10°
8 1.68 x 107 3x104 178« 10- ~ 16x100
3000 178x 104 16x108
9 1.34 x 108 3x 103 224x10°% . 25x100
3x 104 224 x 104 25x108
10 1.07 x 109 3x106  28x1003 39x106
3x 10_5 . 28x 10-4 39x 10-8

In any case, the loaded mlcropamcles are then dispersed and fixed onto a glass
microscope shde preferably via an avndm-btoun couphng Preferably, at jeast 15-20
nucleotides of each of the random fragments are sunultaneously sequenced with a smgle _
25  base method. The sequence of the target poly_nucleoude is then reconstructed by collating
' the partial sequences of the random fragmems by way of their overlapping portions, using
algorithms similar to those used for assembling Lonugs, or as developed for sequencing by
hybndlzauon, dlsclosed in the above references

30
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Tag 3 | -32- WD 96/ 12014

PCT/ US95/ 12791 where "p" indicates a nonophosphate, the w's
represent WO/BAKNi ts define in Table I, and t he t er RETUBYS/12]91
represent their respective conplenents. A pUCLY is digested with Sal

| and Hnd IIl, the large fragnent is purified, and separately ligated with
tags 1, 2, and 3, to form pUCIQ 1, pUC19 2 and pUC19 3,

respectlvel y. The three riS$SiAEARMEISME RHBMENUARy| i fi ed and

isolated, after wiﬂbmeah&l&mlude§km ﬂﬁ%hﬁylm ohht.h@'v'&ﬁohsi ¢mB&SImeAs df the

puUC 19-2 is est Hi.nd |11, and, S§ pUC19-3 is digested with
Pna 11T ninvention. Seelfrably. Aif O tha invention ticlide &FepeROL Of g compignents
convent i onahttanhed acobclid shagé suppoh eelditionallydkitbbethetinvenden niaydgeiads theabout

250, 375, and 575 basepal.r | engt h, r.espe e
2 recosebd Prppafifs KiRibER oF msSi b 2HREREL mplifying e ponymusicais B "
strand at 1€ortedhos aspbumntseofe:hhing\mmmx iwhactetan d$ baadedso amplificthef r agnent

i d . i T uf.ac
L e I b o, PGPSRl U SRBGAGRALE one
tri phosphat ®. mrm@amfae& i foiis miay N;p@on@lraanmmtq buffers &U@éy'a@tuam[osm}ng, f or
30 M gk &son c%ﬁﬁsfmé!&h b“ghﬂh&%séeﬁ%ﬂ étﬁﬂulu‘ﬁnﬁés‘é@:&qggﬁ){nd)hﬁqm'égmgﬁuétﬁﬁns

The fragnents are then ur| convent i onal

ans.
CPG ni cRbpaforiugs: é’§°‘{333/'n§3"% atuc @Fé‘gﬁeié’o meraac’rfggwng r%"qsﬁoz%“ ag ce

-

Chemi cal ) afnepdilﬁhte«ﬁbdmménw& d&ﬁcnh n&srm } &80 mﬁﬂe@ub&fm@ﬁmnﬂ aSout her n,
Nucl ei c ﬁ 6 9 1992 1 ﬁt er par ating into
three ali qu‘b‘f“gma'te gucroscopeé ?%1 cropargiCles, HP§OC§FU &ynt hesi zed
on the mcroparticles using a convent i onal aut omat ed DNA synt hesi zer,
e.g. a nodel 392 DNA synt hesi;zer. | B 1420 Foster G ty,

CA). Approximately |I ng of edtH O dr Y uel
m cropakdticles are placed in separam.bﬂmns& The T4 DNA

pol ynmer ase-treat p%?g%@ W@ e@{ﬁﬂ

resuspended in nggp{l kgtnger%ﬁhggﬁﬁ'é? eco?fcrlr!gﬁnéﬁ con§ g1§llll:‘l—f)ll'\lyA
| i gase of gL eelgeulesatiiched igsmicrapagticles, as descriged algayeed ae rawvn a&&he
among the tj%48, \'S?éﬁﬁ' the ditire lﬁ%aﬂ'tﬁ@l ﬁmrdxanwseqa&nesin alistatAfeed CPG

m cropartic]es. ch_vessel
T TerPant risohiign af BRNA Cand wedhages namnisasion pbhe popHHGR g IAgRLDY SURES ghil
i s stomeed hy;cpNﬁmAn@dOScxl L : aD2B-0P32 (twnpmhke edferenegsethedeliedingeptimer may

i o opay t1 cREE Stieedds ERHKA Rk BB AR SRRSARLE RyleRe LenrcsiRe g
Bi ol abs) anmmentllmahpt(n@doém pol ynucl eoti des are digested. 30 After

separation fromthe mcroparticles the polynucleotide fragments rel eased by
Nde | di g€ R0 1ahe fliuorescent |y | abel ed by incubating with

Sequen DNA” pol'y 5;% f ?eb ARPREE e 5
tri phog%ﬁate (Appl i edellg‘q ys rlmerFoés%F%é(?W'& ! $Heb ragnents are
then separately anal yzed on a nondenaturing pol yacryl am de gel using

an Applied Bhasyw, W 094 fepresbatsitag adDACABA ' SB! "ACCAGCTGATC" is-an
opuonal sequence forming a restriction site in double stranded form, and "primer site” is a
sequence common to all members of the library that is later used as a primer binding site
30 for amplifying polynucleotides of interest by PCR.
After reverse transcription and second strand synthesis by conventional techmques
~ the double stranded fragments are inserted into a cloning vector as described above and
amplified. The amplified library is then sampled and the sample amplified. The cloning
vectors from the amplified sample are isolated, and the tagged cDNA fragments excised
35  and purified. After rendering the tag single stranded with a polymerase as described above,
the fragments are methylated and sorted onto microparticles in accordance with the
invention. Preferably, as described above, the cloning vector is constructed so that the
tagged cDNAs can be excised with an endonuclease, such as Fok I, that will allow
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PCT/ US95/ 12791 - Exanple I
Par al | e W& ng of SV40 Fragnents A r epePEBUSES/BI9B6- ner
tags consisting of nine 4-nucleotide subunits selected from Tabl e |

S prepared by separately synthesizing tags and tag conplenments. by a split

d h bove.. Th ire i nt hesji zed
20"t per miEAAE peendine O breRhe HRER, b el o dpe el gt s

as in Exanphierdpartiles. set of ol i gonucl eoti des : begins with the addi tion .

f Afoll db th
gl | gonlcj)cl g\(l)\?l deyl gb‘gl?? E%géinggu%% hévﬂnggggm@u%hgu%%o?a%@?hﬁ er| vt vgd
4-mer s onemm@emgmfrn@lmo{ﬂ@lmummrwcmﬂmw emtr@twnméau sis
then conpl ghfttisHt himbbeoflticlechtes AL idAGfiES of EE&IFéBNﬂQ’o@QﬁhEé Fh:éo ﬁosp b e

of the Sma | recognitjon site

e.g. via tKae geEmefithc efgapisaem \%h}%tt thgibgary %ﬁ%’tﬂeﬁnﬁé&ﬁ‘mﬂe' if the library
Labor at or i gsddrR@bdroth mamrk#ljan RN A & rarionly selbdted segubrcset 140 €5 nbsiedtides wit h

e ST 5 oy B e TR g A oSOy
"the oli gonmy;itmmﬂmnahm'egamnwed)fbpu&eqqﬁmﬁphmrmﬁfdr feweitﬁucle@t&tesmﬂ&hd
4- Mers, ﬁorrgﬁ{c%gér?r’gket emtéﬁﬁgﬁmt rfﬁrltlgne&&dtenge tc§cn fo &Ber gﬂjw?-he Hi nd

Synthesi's i'S e nuc eot| -nuc 24Pt YoR

111 I0EQADEIM S |anfesahiss zﬁmsraﬂb%nml smﬂenufmﬂtteuensspanmmeon from

t he synt he%‘ﬁ, &de%f,taﬁdw ermit cons the foﬁﬁ&bﬂﬁxﬂr%'ﬁhﬁﬁﬁdﬁgﬁﬁn The '

conditions t ermt fo mat1 on o | exes

5' - pGGGCC( bl W egpencas yRay themps gquﬁr 19 krwv’q@equences to 1dent1fy unique

CC(mr d **)(CDNAS)(**l).(**% ((j*:c) (**)S(**) l(_|**ZjTTCGAp 5 t d M3 The mxture
o} u Xes is en |i e 0.a i n este

Peper PEEY e’ o °1 didun RS A Bef iR e chbRione! shiliRE & Foniuctinga
descri bed pksbecrom the PCR amphcoN@ntdtt:&iawﬁuhldmmgxredaptme ipsimer sieainddhehi ch

g?”t ai ns. opR Bl %M%egg&c‘é was deterfufitbd™h@pfbbe iy theh bEdsedto -

- pAATTCGER
GCCTATACGT idestifAGDT GBPA #n a library using a conventional screening pryocat] Fok |

Sma | The adaptor is ligated into the Eco RI/Sma | digested M 13
. descri bed above. 35 Separ atelé( \{42 DNA is fragmented by
soni cat®on ol I owi ng the prot ocol set Xam orth |n Sanbrook et al (cited

- above). The resul ti ngoff tipke P eriyciedtided I : prot ocol s
and separated by, si.ze. nents | of 300 500 ase airs, are

del ect od A ?éﬁ%ermset wﬂysffieqt%e Conjpeaiss e 85 s doUBRS e (o

forma |i bFasy mtffoﬂbwg@ix oligenucleotidescare syrghésized antlicombiredtpagrwisenplfofm ed. A

sanpl e conttal 'tzrll 2sevdeta'§t3 t housand different

- 34-
25
5 -pTCGACC (w1 ) (wa) (w3) (wg) (w5) (wg) (wq) (wg) (w1)A
GG(**) (**) (**) (**) (**) (k%) (**) (**) (**)TTCGAp—S'
30 : o Tag!l
5! -pTCGACC(W5) (w=) (W3) (wl) (wa) (wg) (W4) (w2) (wl)A
GG(**) (Fx) (R*) (**) (**) (**) (*%) (**) (**)DTCGAP-5"
35 _ :
Tag 2
5'-pT¢GACC(W3) (wg) (w1) (w1) (wg) (wg) (wg) (wg) (wg)A
40 . GG(**)(**)(**)(**)(**)(**)(**)(**)(**)TTCGAP_Sl

Tag 3
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WD 96/ 12014

PCT/ US95/ 12791 = - fragment -tag conjugates is taken fromthe library,
further 3@P¢12084l, and the fragnent-tag i nserts are @LEUSH12791
digesting with Eco RI and Hind Ill. The excised fragnment-tag

conjugates are treated with T4 DNA polynerase in the presence of

deoxycyti di n - tr| hosph a escribed in e the :
ol i gonucl eot e Rydngi B&?‘PPB“@“Q ﬁVb%lsd'FQrﬁfq"Eﬁw‘trgé"ng c&tj@e in 125le :
m croparti cl @ad the terms "(**)" i‘epne{sd:mtthdwmspmmatomplemmw i & aUI8,is dfgestedmmbed

i n Exanpl e |

pr oducerp a 4- nuc*‘| %ﬁgﬁ ﬂfe larcﬁerﬂ‘acgé&%?fsoﬂ uﬂﬂ%ﬁ Q{desebﬁﬁ%e)gggéi%%%tggkéeht&gﬁn%
A 10:1 m xt uﬁetqﬁsmuﬂq -br RIBC 192, and pUE 193, respeciiyely. obesthegegrecombinants geet ed

to the pokyn I | .
o e CGSGA T'd a%t&ty%ﬁ;lmedrﬂna iaed, afleP¥hichpUC19-1 is digested Rﬁ:ﬁt}ﬁn& TMLand Aat

Probe 2 pU%b1,9o’.§ isifligested it Bipd 1 and Ssp I, and pUC19-3 is dxgested with Hind III and
TAGCCTACTGAGXmn I. The smiifN¥a ﬁ@ﬁ@%@élfsslaa:dfdsmy@menmndy o&fcbesqb%dvet lﬁréehe

i nkar avai | BRI SrraeA TR A ooy 288 .0 75 i € o ApLSRRR s
i nker avai I
][ray ﬁl so be aadralmcgdi Fecessgd 3aStra9|EIlad§?dcbnﬂ<t6 rthmgehﬂ aabiﬁhtapsr m&uﬂhgmnbet

urt her ext V. ers et
(ot od alye ] opposiiEend. bR ety G2hniiits & cabt ik enCird mingh WA SoHies 3 o,
the surface GINApolywietasedn ¢hi mamsfacturer's recgmmimdtd reaitiom bufifier dontaining 33 M

t d

[eagent s andpUBRy AR ARRDAR, e el AT AIBGRYBmcute o A for 30
scanni ng minytpy, afteswhich the masts@mpétqme@ by p&cmg oxices the fragmepisate thenh a

Newpor t Nbdebum&n%nuodﬁﬂdeﬁﬁk control ler, a Spectra-Physics Mdel 2020
argon ion_ | aser prgducing a eXC|tat|on beam and a 520 nm

_l.ong- pas® eni ssi oG F‘P‘EPP“BFICF K%&émmﬂs@ sizer§A0 angStiom Peys size, Pierggogm -
-and fl uor esceOnemesdl)u9e Bérivatized d@dhl ielifkbraidicsed be MAakos ilﬁﬁSIﬁﬂﬁdrﬁ Ncleic

oD L he ST Ropaptc 1578 88 ) A Sl B e v
coll ected fl vanpemenseaftugsol)nand 3 are synthebizédionl hreanictogariboles wsing 4 oor%nuonal
photon-count g kSRR AARESHEPEY, D SFONRLAHLLNCP RGNRS BERLIHE
Res earc hZQSysFestsr City, CAnotipprogimatelydnpgiof eanh ofrtbe dift¢edntigriegigatiaedt i channel
scal er, and ml&bhﬁlnclgglﬁ}é;ﬁl?&d if- sg?ar&ﬁe sI | OI486 based: corrput er. The conputer

generates a two dinens e which i sters the
posi tions of the 1GJaNA po ggxeraggtreated fragmenisrexgised f@ﬁ\/&'@] 19 ls n2.28e -3 areo

renpove the : ﬂalsllsp%hdél{ P50 uLlbe ltlmh&?lifﬁétﬁﬁi"s Q&Snﬁibnﬁb@ buffer for Thd BN tigase
Cl cavage, . (New %Ha[aﬁﬁﬁghég)c < qRiselth 5 en ey e Smne g trer &%ivesgﬁas e
sequenci g mesdi@iEgady 1 mg eachdﬁ’%hbh!%dliﬂ?@vmct‘ébmu&s e8ahitslef 'E‘ét] DA figse.is
e B 0 U =S A 368 Mo SR 936> T80l
- 35- is stopped by placing on 1ce and the microparticles are washed several times by repeated
centrifugation and resuspension in TE. Finally, the microparticles are resuspended in Nde
I reaction buffer (New England Biolabs) where the attached polynucleotides are digested.
30  After separation from the microparticles the polynucleotide fragments released by Nde I
~ digestion are fluorescently labeled by incubating with Sequenase DNA polymerase and
fluorescein labeled thymidine triphosphate (Applied Biosystems, Foster City, CA). The
fragments are then separately
analyzed on a nondenaturing polyacrylamlde gel usmg an Applied Biosystems model 373
35 DNA sequencer.
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PCT/ USO6 36/27014 bel ow are generally carried out Wdriysesia791

manuf acturer's (New Engl and Bi ol abs') reconmended buffers for the

enzynmes enpl oyed, unless otherw se indicated. Standard buffers are al so

described in Sanbrook et al (cited above). The foll ow ng four

sets of m xed probes are provided for Exompledh to the target 5

~ pol ynucl eoti des: craneing nACVIAEALTCEATGACATCAAC
TAGCCTACTGTAGITGANNN 10 T ATCGGATGACATCAAC

TAGCCTACTGTAGT TGEppertoire of 36-mer tags consisting of nine 4-nueizotide sunmin calesed.fnd

TAGCCTACTGH T ean i CAT :
TAGCTACT T e L8 a}éi, by sepafetely sypihesiing tags and (o %&ﬁk‘f@gaﬂrie; _sg%ﬁe_icég;%y
“resol vaBl e 3PPIRAFRsIAeECTRadabeve The FRparioise is pthgaiged;so anfomsrmplization i@
lé:i _n? avai Isﬂ@zt ﬁ_HfuicDII{j Aaf@abﬂeg@lmxﬂpwts_tm,asliﬂcstmﬁwh I, ®he _Q%t_tdf,olig_o?ucl?otide?: -
ITOorni a),, e .QOo cedq clLeotll S are ‘r.ec n.otron site r Ko .
entdonoe ! abiegind it e a1&SRS of ArofiBived BY nffe Soih it SERCAMCLBR Syt MhgEdn. A

C, G T. TAhRMligonucleolitieisrexrondby bubunitawisa by 3'-piddphbranddiesdetivalivediers
(rhodam ne . A - i gt h -4'. 5 -dichlorofl.uorescei n)
and their zfié %rgsc;ﬂﬁgln q?(%ﬂ %ﬂbéglntﬂ .)f'g%lflf’g‘egﬁ% %ﬁﬁ%sbs ‘fghen-" &Q}?ﬁé‘ﬂH\ theFung et

al, U $0 paweleptide-bgmuplestide addition of one halfef the Swa Ipecigeiticr sitei (GGGRtwd in
appr oxi mat e b al f ] ] v At
fol | ows: t?eggggggls ﬁg)rngiﬁlﬁﬁs?ﬁgtgt ee'g'h‘?gtrﬂ?%%%ﬁrlr‘ﬁ% gsN g%%@??fﬁ %é\?\ﬁ% t"ﬁ&%\@‘

uni ts of T4-abREiqrieg4BaloaMip.(d). ahenethercset af eligonyeleptides| beginispeith the pddition .
li gase buf fogitiree C's (poAfohQif iN&ShialFecdgRRidnMi@Find Ry OUCt BRWelDy ind Rifds

N

- incubated wi.th.10Q units T4 30 .polynucl eotide. ki nasge he " o
Tt act ur F SRILADE GRksHRGES HOPT RS LEEMHCAUCE is SAeuip &9 3-phosphoramigise hed.

iand agab ndidaﬁuh&reéﬁ-rhen’s c%&eh' spondimstoahe d(lﬁhplemlhﬁ-‘ls\/dffuhb ﬁ%nlﬂ@bﬁ'liatf}é 1.T4 DNA
i gase an . the anchored, target. . nucl eatide .in '  gase
buf ror . “aShgsis & SooRilEigf bt Al eode By QtTeoidk diiof of hePiga i oo of
wash buf f erccpgsitiontsite ahd d&,-mongphdsphatdi sflepseparation from theSsyrithestsisuppord the
(cited aboyg) ool e i N é@ﬁ'@ | O 'gﬂ;i- and a
\\?géﬂ?“%é"%ta ﬁgeggtﬁgigg@ér{ic% P%gg#%)?lg S alp@as%'g&ndne #or t lggpr esence
of fluores@BpPiexesabel “the positions and characteristics of which are
recordgg by the scanning system The | abel ed target polynucl eoti de,
I.e. the ligated, c |l ex, is then incupbated wth 10 units_ of - Fok | in
t he manuf act rﬁG%gﬁéﬂﬁﬁéWdédwtiﬁf(Vér) ‘?’fir) 0 hihut B¢ hiwaYPerr]C fol | owed
by - washi NgCCOGE E* * Ag *& ) rierxy | (t* #t)hex % )ag‘gel ( o) ynurl eey Trdechrp-shor t ened
by ‘one nucl eotide on 40 each strand and is ready for the next cycle of -

| i gati on and cl eavage. The process is continued until. twenty
nucl eot i desTherneixtaterf idiipleaes is then ligated into a Sma I/Hind III-digeSted M13mpl9. A

=36 25  repentoire of tag complements are synthesized on CPG microparticles as described above.
Next the following adaptor is prepared which contains a Fok I site and portions of

Eco RI and Sma I sites:
C 5 ' -pAATTCGGATGATGCATGCATCGACCC
30 _ . GCCTACTACGTACGTAGCTGGGP-5 '

" Eco RI Fok I ‘Sma I

The adaptor is ligated into the Eco RI/Sma I digested M 13 described above.

35 Separately, SV40 DNA is fragmented by sonicalion'fo_llowing the protocol set
forth in Sambrook et al (cited above). The resulting ffagments are repaired using standard
protocols and separated by size. Fragments in the range of 300-500 basepairs are selected
and ligated into the Sma I digested M13 described above to form a library of fragment-tag
conjugates, which is then amplified. A sample containing several thousand different
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APPENDI X | Exenpl ary conputer programfor generating
m ni mal IVVQ:?‘(J‘@QI“hybrl di zi ng sets Progr am m nxh C  PCTUS9S12791

i nt eger*2 subl (6), nsetl| (1000, 6), nset 2( 1000, 6) : di mensi on nbase( 6)
C C wite(*, *) ENTER SUBUNI T LENGTH

read(*, 100) nsub 100 t (L) . .
open(l, fil e&r%m'&iﬁtcon?‘{ﬁaﬁ"% g‘??ét’{’%‘dh? liprary, fusther gmplified cand the-fragment-tag
nset =O inserts are extised ®9@igdstfg &ith Eco RI and Hind I, dhe ék6iSedBagment-tag

do 7000 nB=1, 3. . 0 mi= o
subl (1) = %ogjugatcs are treated with T4 DNA po%&{rg% Lprgﬁl &re?ence of deoxycytidine

subl (3) =n8 triphosphate, as described in Exampleghitsi ¢xppsarthe oligonucleatide tags for specific

ndi ff=3 5 qaybndﬁanonﬁ)theCPGrchr amclesi Generate set of subunits dlfferl ng
from C east ndi ff nucl eoti des.

Save in nsetl. After hybgidization and ligation; asjdescribed in Example I, the lomigd; _| nsub -
900 miFophahidies are trdiied With FokQ to préduce a 4-nucleotide protruding strand of a

predetermined sequence. A 10:1 mixture (probe 1:probe 2) of the following probes are
ligated to the polynucleotides on microparticles.

10 '
Probe 1 ' FAM- ATCGGATGAC
TAGCCTACTGAGCT
Probe 2 biotin- ATCGGATGAC

15 TAGCCTACTGAGCT

FAM represents a fluorescein dye attached to the 5'-hydroxyl of the top strand of Probe 1
through an aminophosphate linker available from Applied Biosystems (Aminolinker). The
biotin may also be attached through an Aminolinker moiety and optionally may be further

20  extended via polyethylene oxide linkers, e.g. Jaschke et al (cited above).

The loaded microparticles are then deposited on the surface of an avidinated glass
slide to which and from which reagents and wash solutions can be delivered and removed.
The avidinated slide with the attached microparticles is examined-with a scanning

_ fluorescent microscope (e.g. Zeiss Axioskop equipped with a Newport Model PM500-C

25  motion controller, a Spectra-Physics Model 2020 argon ion laser producing a 488 nm
excitation beam, and a 520 nm long-pass emission filter, or like apparatus). The excitation
beam and fluorescent emissions are delivered and collected, respectively, through the same
objective lens. The excitation beam and collected fluorescence are separated by a dichroic
mirror which directs the collected fluorescence through a series of bandpass filters and to

30  photon-counting devices corresponding to the fluorophors being monitored, e.g.
corﬁprising Hamamatsu model 9403-02 phdtomultipliérs, a Stanford Research Systems
model SR445 amplifier and model SR430 multichannel scaler, and digital computer, e.g. a
486-based computer. The computer generates a two dimensional map of the slide which
registers the positions of the microparticles.

35 After cleavage with Fok I to remove the initial probe, the polynucleotides on the
attached microparticles undergo 20 cycles of probe ligation, washing, detection, cleavage,
and washing, in accordance with the preferred single base sequencin g methodology
described below. Within each detection step, the scanning system records the fluorescent
emission corresponding the base identified at each microparticle. Reactions and washes
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do 1000 kl=I1,3 do 1000 k2=1, 3 do 1000

k3=1, 3

do 1000 k4=1,3 C C

nbase(| ) YQ 96/12014 nbase( 2) =k2 PCT/US95/12791 -

nbase( 3) =k3

20

25

30

35

40

nbase(4)=k4 = C n=0

-37- WD 96/ 12014
:chg_/s lLJJEIQ(S/ )122 w are nera[l)lgs g?'ie)d out w1th rﬂﬁml‘g&@rel's‘ tNé@EQgIand Biolabs') recommended
subl (j). Jeq zbq @ﬁﬂfor ﬁ"&;g)@nnps p@plo ye@.rlinless otherwise indicated. Standard buffers are also
sugl ]gJ ) - eqlgdgg@rr&d iR iSamdrook étal @xteﬂ'ﬁﬁ&ve) - n=n-+l
?P ( In ge.ndi ff) t hEE followgg four gets oP md:xede probes are prov1dced for addition to the target
| f nunbef ofpolymmniebddess  C : is
greater than or equal C , ~to ndiff
~then record C TAMRA- ATC ACATCAAC subunit in matrix

mset c c 2 ;;Ai$ do 1100
i=l,nsub 1100 eﬁq Tﬁﬁ@%?%?“g . endi f
C C 1000 continu 0 1325 j2=1,nsu

A
nset 2( 1102) =nsetl (1,)2) eF TAggg::g@g%ig@%Gb&anetl (2,)2)

ROX- ATCGGATGACATCAAC
TAGCCTACTGTAGTTGGNNN
15

JOE- ATCGGATGACATCAAC
TAGCCTACTGTAGTTGTNNN

where TAMRA, FAM, ROX, and JOE are spectrally résol_vable_ fluorescent labels attached

by way of Aminolinker II (all being available from Applied Biosystems, Inc., Foster City,

California); the bold faced nucleotides are the recognmon site for Fok I endonuclease, and
"N" represents any one of the four nucleotides, A, C, G, T. TAMRA
(tetramethylrhodamine), FAM (fluorescein), ROX (rhodamine X), and JOE (2',7'-
dimethoxy-4',5'-dichlorofluorescein) and their attachment to oligonucleotides is also
described in Fung et al, U.S. patent 4,855,225.

The above probes are incubated in approximately 5 molar excess of the target
polynucleotide ends as follows: the probes are incubated for 60 minutes at 16°C with 200
units of T4 DNA ligase and the anchored target polynucleotide in T4 DNA ligase buffer;
after washing, the target polynucleotide is then incubated with 100 units T4
polynucleotide kinase in the manufacturer's recommended buffer for 30 minutes at 37°C.
washed, and again incubated for 30 minutes at 16°C with 200 units of T4 DNA ligase and
the anchored target polynuc'ieotide in T4 DNA ligase buffer. Washing is accomplished by
successively flowing volumes of wash buffer over the slide, e.g. TE, disclosed in |
Sambrook et al (cited above). After the cycle of ligation-phosphorylation-ligation and a
final washing, the attached microparticles are scanned for the presence of fluorescent label,
the positions and characteristics of which are recorded by the scanning system. The
labeled target polynucleotide, i.e. the ligated complex, is then incubated with 10 units of
Fok I in the manufacturer's recommended buffer for 30 minutes at 37°C, followed by
washing in TE. As a result the target polynuclébtide is shortened by one nucleotide on
each strand and is ready for the next cycle of ligation and cleavage. The process is
continued until twenty nucleoudes are 1dennﬁed
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C C C ' conpare subunit 2 from

C o nmsetl. with each successive C
subuni t i WORE204 | e 3, C ) PCTAUS9SA2191 4 5

. etc. Save those C ) wi th

m smatches .ge. ndiff  C : in matrix
neet2 starting at . C position 2.
C o _ Next transfer contents C

of mset2 into nsetl and C . APPENDIX I start
C _ S cadldhfing hi s time C
starting with subunit 3. L. ;

Continue until all subunits 1n Z1

undergo the conpari sons. C C npass=0 C C 1700
conti nue Program minXR —npass+2 npass=npass+l C

do 1500 n¥npass+2, jj - 38- VO
96/ 12014 'z PCT/ US95/ 12791

n=0 £d9¢ 1800 { )n%]‘é?t%(éopo )_,mset2(1000,62 Hf

(meet| (npass+,j). eqdf?féﬁél LT %

nset | (npass+l,j).eq nse j).ne.2.or. . 2
mset| (npass+[, j) eq. 3. and. nset | (mj) ne. 3) then
n=n+l « ) pfiPH SsupunTTL 88 ey conti nue
i f(n.ge. ndiff) thefiss s 10 ioms kk=kk+
do 1625 i =l , pypub for;ﬂﬁ Bi1y meet 2(kk, i ) =mset| (mi)
endi f 1500 open (1, £i3@Bt dUH4€dat ", form="formatted', status="‘new')

c .

C

nset=0

do 7000 ml=1,3
do 7000 m2=1,3
do 7000 m3=1,3
do 7000 m4=1,3
subl(1l)=ml
subl (2)=m2
subl (3)=m3
subl (4)=m4

(2]

ndiff=3

c
c
c Generate set of subunits differing from
c subl by at least ndiff nucleotides.
c Save in msetl.
c
c
ji=1
do 900 j=1,nsub
900 msetl (1, 3j)=subl(])

do 1000 ki=1,3
do 1000 k2=1,3 -
do 1000 k3=1,3
do 1000 k4=1,3

nbase(1)=k1
nbase(2)=k2
nbase(3)=k3
nbase(4)=k4
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kk is the nunber of subunits

C C
c WO 96/12014 stored in nmeet2 perfesosiazéy .
Transfer contents of nset2 c : into
nmset| for next pass. C C do 2000 k=l , kk
do 2000 n¥l ,nsub 2000 @o 1200 j=1,nsub nsetl (k, m=nset2(k, m
I f(kk.lt.jj) then if(subl(j}jecklk .and. nbase(j).ne.1 g&40 1700
endi f C cl syiddf FrespR+land. nbase(j).ne.2 Wi te(l, 7009)
7009 format (/) subl (j Heeq7 80 8arid=| nbdse () A008) then
wite(1,7010) (nsetl (k, m, mel nstrg+l 7010 format (4il)
wite(*,*) writ egdif20) kk, nset 120 .
format (1 x, ' 3Munits in set=", i ®PiNuSet No=', i 5) 7000 . conti nue
close(l) - z(: C end .
- 39- if (n.ge.ndiff) then
c
c .
c If number of mismatches
c is greater than or equal
c to ndiff then record
c subunit in matrix mset
c
c
ji=3i+1
do 1100 i=1,nsub
1100 msetl({jj,i)=nbase(i)
endif :
c
c
1000 continue
c
c
do 1325 j2=1,nsub
mset2(1,j2)=msetl(1l,3j2)
1325 mset2(2,j2)=msetl{2,32)
- ;
c
c Compare subunit 2 from
c msetl with each successive
c subunit in msetl, i.e. 3,
c 4,5, ... etc. Save those
c with mismatches .ge. ndiff
c in matrix mset2 starting at
c position 2.
c Next transfer contents
c of mset2 into msetl and
c start
c comparisons again this time
c starting with subunit 3.
c Continue until-all subunits
c undergo the comparisons.
c-
c .
npass=0
c
c
1700 continue
kk=npass+2
npass=npass+1

do 1500 m=npass+2,3j
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SEQJENCE‘H)'g%FIH}]?‘ (1) GENERAL | NFORMATI ON: (1) APPLIP@Q.ME%@Mgpey

Br enner I TI TLE OF | NVENTI ON: Mol ecul ar Taggi ng System (rii)
‘NUMBER OF SEQUENCES: 5 (i v) CORRESPONDENCE ADDRESS: (A
ADDRESSEE: Stephen C. Macevicz, Lynx Therapeutics, Inc. (B)
STREET: 3832 Bay Centern# ace (O ATY:. Hayward

STATE: California do 1§0R) JOQURERY: USA (F) ZIP: 94545 (v)

COVPUTER READABLE FORM  if (msetl (npesEpp UMT¥PERd Js8t] i) disiept e

(B) COVPUTER: | BRI conpat i bl emsetl(npass+1g)) CPERAFTPNGBSSYSFEN -BF #d6%s 3. 1/ DOS
5.0 (D) 2SOFTWARE: MPEfis@Passtdrd) 195 SvipdtaRetl Fedd . ne-30) ther )
CURRENT APPLI CATI ON DATA:  ®=B+l  (A) APPL| CATI ON NUMBER: (B)

FI LI NG DATE: (O aﬁ%‘éﬁrl CATION: ~ (vii) PRI OR APPLI CATI ON DATA:
(A) APPLI CATISY NUMVBER: 5?’2;3“58 (B) FILING DATE: 13- OCT-94
(vii) PRIOR APPLI CATI ON D "FAR-g€-ndiff) thR® App| | CATI ON NUMBER: 08/ 358, 810

(B) FILING DATE: 19-DEC-94  (fjkjs AT my‘%/ AGENT | NFORMATI ON:

(A) NAME: St en C. Macevicz ON NUMBER: 30, 285
(C) REFERENC%%OCKET NUVB 3mget2 %f%/um CATI ON. | NFORMATI ON:
(A) TELEPHONE;,o(510) 670- ﬁémue | (B) TELEFAX (510) 670- 9302

kk is the number of subunits
stored in mset2

Transfer contents of mset2
into msetl for next pass.

aa00a0a0a0aanaon

do 2000 k=1,kk
_ do 2000 m=1,nsub
2000 _ msetl (k,m) =mset2 (k,m)
if(kk.1lt.jj) then
ji=kk
goto 1700
endif

nset=nset+l
write(l1l,7009)
7009 format (/)
do 7008 k=1,kk
7008 write(l, 7010)(mset1(k m) ,m=1,nsub)
7010 format (4il) :
write(*,*)
write(*,120) kk,nset _
120 format (1x, 'Subunits in set=',i5,2x, 'Set No=',1i5)
7000 continue
close(l)

end
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(2) | NFORVATION FOR SEQ ID NO. 1: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 38 nucl eoti des (B) TYPE: nucleic acid
STRANDEM@812084 g| e (D) TOPOLOGY: |inear PCT/US95/12791
-40 WD 96/ 12014 '

PCT/ US95112791 (xi) SEQUENCE DESCRI PTI ON: SEQ ID NO 1:
GAGGATGCCT TTATGGATCC ACT CGAGATC CCAATCCA 38 (2)
| NFORVATI ON_FOR SE(; 2: (1) SEQUENCE CHARACTERI STI CS: .

(A) LENGTHEYBNTR M 8“6%%% (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (xi) SEQUENCE
DESCRI PTI O\ SENBRAD FNFORMATION: AATTCGGATG ATGCATGCAT CGACCC

26 (2) I NFORVATION FOR SEQ I D NO - 3: - (1) - SEQUENCE
CHARACTERI STl £8°LICANT: sydé)) BrBiekH: 14 nucl eot'i des _ (B) TYPE:
nucleic acid (C) STRANDEDNESS: single (D TOPOLOGY:

l'inear (ii) TITLE OF INVENTION: Molecular Tagging System
(iii) NUMBER OF SEQUENCES: 5

(iv) CORRESPONDENCE ADDRESS: :
(A) ADDRESSEE: Stephen C. Macevicz, Lynx Therapeutics, Inc.
(B) STREET: 3832 BRay Center Place
(C) CITY: Hayward
(D) STATE: California
{E) COUNTRY: USA
{F) ZIP: 94545

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: 3.5 inch diskette
(B) COMPUTER: IBM compatible
(C) OPERATING SYSTEM: Windows 3.1/DOS 5.0
(D) SOFTWARE: Microsoft Word for Windows, vers. 2.0

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

{vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 08/322,348
(B) FILING DATE: 13-0CT-94

(vii) PRIOR APPLICATION DATA: :
- (A) APPLICATION NUMBER: 08/358,810
(B) FILING DATE: 19-DEC-94

{(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Stephen C. Macevicz
(B} REGISTRATION NUMBER: 30,285
{C) REFERENCE/DOCKET NUMBER: cbd3wo

{ix) TELECOMMUNICATION INFORMATION:
{A) TELEPHONE: (510) 670-9365
(B) TELEFAX: (510) 670-9302

{2) INFORMATION FOR SEQ ID NO: 1:

" (1) SEQUENCE CHARACTERISTICS:
) (A) LENGTH: 38 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



*(xi) SEQUENCE DESCRI PTION: SEQ I D NO 3: - TAGCCTACTG AGCT

FC}ﬁWKTICTd FOR SEQ I D NO. 4: (i) SEC}EHY&;}
\_CI—IARACTEW{F)??”& (A) LENGTH 16 nucl eoti des U2 pE.
“nucleic acid (C) STRANDEDNESS: doubl e (D TOPOLOGY
| i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 4: ATCGCGATGAC ATCAAC
16 (2)xiNEEEWRNFEORESTHRPSERY | SERCGD §0: 1: (i) SEQUENCE

- CHA:?A_CTERI _sgl CS: (A) LENGTH: 11 nucl eotides (B) TYPE;
nucl ei ¢ aci C) STRANDEDNESS: o
D41 - GAGGATGOET [T TAGATCC ACTCGAG1§'1$C cg:gg'gcl:c% (D) TODO'%Y i near
PCT/ US95/ 12791 (xi) SEQUENCE DESCRI PTION. SEQ ID NGO 5:
ACCAGCTGAT .C 11

(2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

AATTCGGATG ATGCATGCAT CGACCC 26

(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

TAGCCTACTG AGCT ' ’ 14

(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

ATCGGATGAC ATCAAC ' 16
(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
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{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

ACCAGCTGAT C o S 11
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;;;1'[2 hod of wesYehbey mllmlllullllllﬂmullmpul ation of ol écul_gg_,,og,gslggngw?f) mor e
a

solid phase supports* the met’hod cbnprising the steps of
attachi ng an ol i gonucl eotide tag from a r gpe+rtot %SBEEN o each nol ecul e
f
Ll%}éﬁ B he

in a popul atlon of nol ecul es such that substBtSH ferent
nol ecul es dr1¥Pf f er ent subpopul ati ons of n | eculRER dpul ation have
di fferent oligonucl eotide tags attached; (b) sorting the

nmol ecul es f om t eC| f

ol i gonucl eo ‘i de 8 Qm%g%%gor{u%g 'RX[ spec lé%or'r’phqf%mlle%?@ E&Hé’ppﬁl%"éo&o ve

conpl ement sméjedutes, tbﬂmabh@@mlsmgﬂﬁ@mpsmpul ation in spatially discrete

regi ons sof one g t of claim
1, whergl n each {) %%éﬁn %l % Qméﬁ (@%ﬁ]t Srgpernggee?ftm%s tg e HndiRhliR

re conprises a.
plurality dopéatnnnfmolesaies Ghssh thatsuhstantially alhbe aamn mpleeujes©b samesubpapulation of

ol i gonucl eqhiglQield Y poptidiB R AV niersama big{&.ﬁc]a&ds ka2 amh@m sqlsslimﬁmx; APAELRE e

to six basepal rs, the subunits bein ected froma mn

cross- hybr i E‘i“i?g ogdifferent sybpopulatiops of maleeules i the pppyiation hb‘fe q&ﬁf%{F'HPEg%%‘P%dﬁ
sai d nol ecuhgsusshed ol M)sich aat éde augonueleoude tag froiime foperisied comprsy a@furﬂitﬁbfms

| to 3 erein sal n e S0 S orts m cr

5. 18 sHitiS sn sy ST ol SaRiFEe of BB M S0t Beues BBRD som e 11
sai d conpl sivanitleatides ot mhmrﬁmmdmtpmts, gaeluhnhm)tbmnmmcted from a minimallyerosst hod
of any pr eg %Jl e@lagbv\,herel n sai d pol ynucl eoti de or subpopul ati on of

_ pol ynucl eot ve a length in the range of from50 to 5000 nucl eoti des.
7. The net(blosdrting the molpcudes opsubpepulations ofimhigsuled énm thépapulation byhspecifically
said m Crop ng of gl ass

m cropartic gimﬁﬁh%g%ﬁhﬁggggmgQ@:P‘ggr&ﬁﬁ%ﬁea%wrégﬁkm croparticles, and
pol ystﬁene m croparticl es. 8. The nmethod of claim4, or any cI aim

gggendent t2her ecthe mvRADE AlaimiRl Whéreia AR aiotdcGle Or HbsubpaiRtien otholbidseen 1 and
pm

polynucleotide or a subpopulation of polynucleotides.

3. The method of claim 2 wherein said complements of said oligonucleotide tags are attached to
20  asolid phase support.

4, The method of claim 3 wherein said solid phase support is a microparticle having attached
thereto a uniform population of said complements.

25 5. The method of claim 4 wherein said oligonucleotide tag and said complement are single
stranded oligonucleotides.
6. The method of claim 5 wherein said polynucleotide or subpopulation of polynucleoudes have
a length in the range of from 50 to 5000 nucleotides.
30 _
7. - The method of claim 5 wherein said microparticle is selected from the group consisting of
glass microparticles, magneu"c beads, glycidal methacrylate microparticles, and polystyrene
microparticles. i
35 8. The method of claim 7 wherein said microparticle diameter of between 1 and 100 pum.
—_—
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-44- 9. The net hod of di m wherein said solid phase
support h? / I anar substr a'flélérg‘\'ﬁ%ﬁgﬁéﬁ gﬁ@y lity of spat I 4
sur f acev Pe§itEhd haV| ng attpched RERBAGELD uni flor m pop L

conpl enent s. . TheMethod- of , claim 9 wherein iz H
spatially di screte surface regi ons ‘of said plurality

popul atiogs of |ff n of cIa|m9
POPU a1 085 Of 194 LGRS R £ RRIRSHSN! Sves o FAF RO By ™
consi st nglumm}gchfapanalls discretsisyrfagn degiong baving attactied thereto uniformtpopdlatians of said

det er m ni gg, Jaucl eotide sequence of a: ‘target polynucl eotide, the nmethod
conpri sing t e st eps of: generat1 ng fromthe target polynucleotide
a plurality of fragnents that cover the tar get polynucl eoti de;

attach§ ng1@n ohlhgmeumed BOHAISED maelﬁaﬁmmgaﬁp@am laBscfete shABi® rbgioR?f Bud r agnent
of the plural. dﬁusuc' h t hat SUbStﬁ}%I al an all-- ferent fragnments have :

di f f er ent PITai %?'B?f’?‘(?@p'{lﬂﬂfgsﬁ (edifom dcompl"memssortl ng the fragments by

specifically hybr| di zing the oli gonucl eot i de tags with their respective

conpl enen t [ e . nen béi tta ne _or nore. soli
phase supLgrtsqﬁ%meﬁg‘?§ ‘%lr?"p'olg) &Eﬁﬁ“a&ﬁ@?‘i@? 189&8‘&%}(@? c 8Ly Susisting
det er m ni ofgglashesilivon,| a0d plaski. sequence of a- portlon of each of the fragnents
of thg plurality; and det erm ning the nucleotide sequence of the
target pol ynucl eotide by collating the sequences of the fragnents. 13.
The met hotf-of @%‘P’ﬁﬂlﬂ‘my CIWelr‘é'?eFF'%%mekflg%ww&débhnﬂéela@@g)fwles sa
repert oi r&lﬁggmelosqsmﬁ,opﬁmﬁ@ldfbm Pé ptigepuni ts and each subunit of the '
plurality consists of ‘an oligonucleotide having a length fromthree to six
nucl eotides or fromthree to-six basepairs, the subunits being selected
from a i 18. mal e Méhssofitydnnildivhefih saRiicompleiénts of saidldligonRidonde t@és #¢ @tabhed12
| m_ 13 V\Qe‘wl n-said oligonucleotide tags and said conpl enents are
SI ngI stl?’élr‘?alé P ‘f%’ﬁ%l eoti des. 15. . The method of any of clains 12
to 14 wherein said step of gener ating pr oduces randomn y over | app| ng
fragment s;of s I
e, S e il 1 W Sl 38 Bopucicoride and s compleme " Fne'ss
determ mwgn@duoagmelpeusﬁ de sequence of said fragnents is carri ed out
simul taneously for said plurality of fragnents by a single base sequencing

met hq 17. The met hod of any of clainms 12 to 16 wherein said portion
of e o¥3- 5aj §he method of claim 14 whefein said solid phase support is a microparticle having attached

thereto a uniform population of said complements.

16. The method of claim 15 wherein said microparticle is seléctéd from the group consisting of
glass microparticles, magnetic beads, and polystyrene r:nicropanic_les.. -

25 | ' . S |
17. The method of claim 16 wherein said solid phase support is a plahar substrate havihg a
plurality of spatially discrete surface regions having uniform populations of said complements
attached thereto. " |

30 18.  The method of claim 17 wherein different said spatially discrete surface regions of said
pluralnty have uniform populauons of dxfferent said complemems

19.  The method of claim 18 wherein said planar substrate is selected from the group consisting
of glass, silicon, and plastic.

20. The method of claim 1 wherein said molecule or said subpopulation of molecules is a linear
_ polymer of the form:
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fragnments incl udes' from hgisgghemsab@lﬁemde‘de_s. 18. The method of any of

cl ai ns 1?‘850 /1 - wherein s each-.of-- sai d fragments incl udes
from 12 180281 eot i des. met’hod of -any of clPGTAESISA2M9% 18
wher ein—sat-dtarget—pol-ynucth tween.one and fifty kil obases in

| engt h. met hod of any of clains 12 to 19 wherein said solid
phase ﬂlﬂ\lﬂ I lity of mcroparticles eaq—@vd thereto
a unif Ot , " ,asai d..conpl emants?ﬂbl L)zll Jngr%;%ggéégﬁgﬁg cl ai ns
12 to 20 wherein after said’step of sorting said pjural REVLAE _
rnCroparticIvﬁérgglre fixed to a planar substrate. 22. The nethod of claim
21 wherein sard plurality of mcroparticles are disposed randonly on the
surface of said piianahospiasus (Vadigking meiehensi ty of between about 1000

i cropargi cl es t oy a0 raBRCHAROBRAB Gr BanErRl fdahic nfh Snbafithd {5h §
23. A conposition of mat t'cer c%&%gri gi ng: - aecgg‘f?%g%ﬁ%sg sup#por R
havi ng one &P cafpereatapsandfram,0 iy Wdietsrqatqmsfeigeied frem dhe group consiging of exyigen.

popul ati on @iftropén, e vetheahd de tag conpl enments covalently attached to the
solid phase suppor.t. Iéﬁ['] at I?@%ﬁne@f the one or nore spatially discrete
regi ons, the ol i §dhRTCRRERL ¥ ength fromthree to six nucl eotides
and each subunit being selected froma mnimally cross-hybridizing set.

24. The cQpposid.| , claji.m erein said plurality of sajd
subuni t[swi sglmg t Lf#elé ?‘g%‘gé"g‘?;‘?ﬁ%’n‘%’%%ﬁf al%% XYQoxy, alQenyﬁorar?J containing from 155 16
REPL ACEMENT c&hb{EaTOmS, or a heterocycle having from 3 to 8 carbon atoms and from 1 to 3 heteroatbms 25.
The conposi td Q =Y re: ' erein said solid phase
support is gé]%&gr{%g@% F@P%Q ne?@*’ﬁégépaoag%eﬁ’g?g&%‘ﬁa"ﬁgw y di screte region. 26.
The conposition of matter of claim25 wherein said mcroparticle is

sel ected from t handmembd 6Qkint viRreRt safll RfPleehts 8PRId diigbfiR1eoiBAIG! & aRORUS

and pol ystyrene m croparticl es.
P Y§ yto a solid phase support.

23. The method of claim 22 wherein said solid phase support is a microparticle having attached
thereto a uniform population of said compiements.

220 24, The method of claim 23 wherein said microparticle is selected from the group consisting of
glass microparticles, magnetic beads, and polystyrene microparticles. '

25. . The method of claim 22 wherein said solid phase support is a planar substrate having a
plurality of discrete non-overlapping surface regions that have attached therein uniform popuiations
25  of said complements of said oligonucleotide tags.

26. The method of claim 25 wherein different said spatially discrete surface regions of said
plurality have uniform populations of different said complements. '

30
27'. ’ A method for determining the nucleotide sequence of a target polynucleotide, the method
‘comprising the steps of: '
generating from the target polynucleotide a plurality of fragments that cover the target
polynucleotide: ' .
35 ~ attaching an oligonucleotide tag from a repertoire of tags to each fragment of the plurality (i)

such that substantially all the same fragments have the same oligonucleotide tag attached and
substantially all different fragments have different oligonucleotide tags attached and (ii) such that
- each oligonucleotide 'tag from the repertoire comprises a plurality of subunits and each subunit of the
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27. A method of classifying a population of polynucleotides, the method
conprising the steps of st--aehi-Rg—ah—oi gonucl eoti de tag to
pol ynucl%&?f’él@l‘bf t he popu JHIS)ﬁHEEEﬁKSrﬁﬁENsubstantra- CATUSS/ L,
pol ynucl eoti des have diffefent ®REPYAGER| eotiljde tags at t| dlBll

the pol ynucl eotides by speCTTrcarty nypbriarzing the oli'g :
with their 0 ﬁg"eﬂ

attached £0 1&3?};2&8:%1&%81’&16%0 h%esheaws}5 %%‘t%s as unr?tgﬁ2 ﬁ?ﬁ%ﬁ%‘ a I?%oﬁgthlreﬁto
spati al | y sidibasepairsethe agfiupitsbeing selecre@fr@mmrwmwllv geosyhibrridizingget: sequence of a
portion of each,mhg iR¢ragmEdiesy fPRLilEughPstidiAifsthe Bidnucicotiat @ with Wepd t he
popul ati on of polynucleotrdes by the frequency distribution of the portions
of sequené"éBeCHYe SIS0t i des. 28. The nethod of claim 27, wherein-
each ofi gonucl @elemmiifing @ rutietideBequemie@r & Portién CfRaEH ¢mﬁ@nrehtsmhretpmﬁy
subunits ?@ﬂ each subunit of the plurality consists of an oligonucleotide
havi ng a gth fromthree to six nucleotides or fromthree or six

basepai rs t he demumhg thelnacleqyids séqaerice df the argeapotymicieatide\by coltating thelsequences ng

set. JEd hod of claim27 or claim28 wherein said solid phase
support | s a m roparticle and wherein a uniform popul ation of said
conplenents is attached to each said mcroparticle. 30. The net hod of

- ﬁn%r g; ())/ cl 33 m e hgdd oi’@ﬁﬁxeiﬂvr&?éuﬁsaimmpi’édeﬂﬁ oraza.@aig)bméo@eé rag@a%e h&cﬁ‘edc DNA

met hod of Weihsplig Phase SERPETL2 7 to 30 wherein said portion of sar d

pol ynucl eotides is in the range of from1l2. to 50 nucl eot i des. 32. The
met hod of _any of clains wher ei.n saj t| on sai d .
pol ynucl et dedhf ethpd a‘F‘ d’é‘eﬁ‘f n sajdfiggmic 1’&%‘5%@‘?‘“""‘% Singley

repertoi r GraffiedVligomudi¢otideet i de tags, the repertor re ‘being selected fromthe
group, consi sting of oligonucleotides of the form

S[err]%[err]S[err]... S[err] wherein each of S [err] through S[err] are
subunits 8®nsi Tne mgthodlo%maimlz9g?dnmmst@@fhmaugg arodecey randémlyrovertappiagt o si x

nucl eti deg, %gg‘g fm? %Ea?mﬁ,ﬁ&m a mnimlly cross- hybridizing set and n
range

Is in the The repertoire of claim33 wherein
said subunits consist of an oli gonucl eoti de havi ng a length fromfour to

five nucl gpti defie meflod\bEARBOMWHefein sdid sbep of asterhisihg §aiPmacfeotid: sBquence of said
20  fragments are carried out simuitaneously for said plurality of fragments by a single base sequencing
method. ' '

32.  The method of claim 31 wherein said pomons of each of said fragments includes from 12t0
50 nucleondes

25 S
33. The method of claim 32 wherein said portion of each of said fragments includes from 12 to

25 nucleotides.

34. The method of claim 33 wherein said target pblynucleot.idc is between one and fifty
30  Kkilobases in length, '

3s. The method of claim 28 wherein said solid phase support is a plurality of microparticles
each having attached thereto a uniform population of said complements.

35 36 The method of claim 35 wherein after said step of sorting said plurality of microparticles are

fixed 10 a planar substrate.
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35. A repertoi | oni ng: veetors for attachi ng oljgonucl eotide tags
to oI nuol eotlde I‘“l “)“lﬁ“lll I1aV| ed el errent of the
i NI e e
Wwherein each of S1 to- Sn ar e subunlts cbnsj st } I gonucl eot i de:
having a length fromthree to six nucleotides and bei ng selected froma

mnimally gross bridizin and n L.n the ran

36 The rper (RS F%Wﬁ%@hm st it o RGPS e bl po

adj acent t(nheesuﬁad:e)dflsaﬁ(ptan testjbstratecan a tHexisity u@:eumnmboutdﬁ@ miegdparticles wnabout 100
endonucl ea gfe& | ng sai d pol ynucl eotides into said

cl oni ng veé‘?ogginﬁ%gg&rﬁa %(ﬂ%rgcgﬁtﬁﬁ%étl ng a m xture of polynucl eoti des
the nmethod conprising the steps of providing a solution containing a
m xt ur esof sgol yrnugd ;ugﬁgfm%ggom ygucl eotide of the m xture having

attached an oligonucleotide tag froma repertoire of tags;
- 48- sarrﬁ‘lsp lidphase support mvwgdmesbwmemrﬂ@féstemlqnérwa subpopul ati on

of polynucl eot i damifdhepspufatiBs beoigbmicleptid thg wa{pym{s%waﬂﬁ adchéti tofuey seid
sequences have di fferent ol i gonucl eotide tg t t ached;
oS0t v DRSS SSI G iicast ook SEIME nrandys spebly Bircreias B aligomcleaideses ng

‘attached t hahplbmeﬁma)mm‘ngarmﬂﬂﬂy of subiirits (dactgsmbuntit consisting of aeligonaldeotide having

condi tiQns a t f X bet ween
Fhe. ol 1 Gonaday Rl e b2 e R R arf daddisu iyl FOAEE mindBa ' G

met hod of dnylzrldw@?setv\herel n each oligonucleotide tag fromthe repertoire
conprises a plurality of subunits and each subunit of the plurality

consi sts of an oligonucl eotide having a length fromthree to six

nucl eot i ded%or fIhegempasitionohmaitst obelaiah whereip said plyralipy of said spingitsis inde sange
froma m npfRbh¥ 8§1@SS- hybridi zi ng set. 39. The method of claim 37 or
claim wherein said solid phase support is a mcroparticle having

attach thereto a uniform popul ati on of said conpl enents. 40. The .
met hod of aqy ofmeb@h;msnﬁsi of maﬁa ov\blemejmwméxd saidl sqJidptiase s@iportas 4 mitrépatticiai d
conpl enent . are si.n onucl eot i des. 41. The met hod of any
of clainms 3915&A sfgq EQ{Y 'ynucl eoti des have lengths in the range
of from50 to 5000 nucl eoti des : '

41. The composition of matter of claim 40 wherein said microparticle is selected from the group

20  consisting of glass microparticles, magnetic beads, and polystyrene microparticles.

42, A method of classifying a population of polynucleotides, the method comprising the steps of:
attaching an oligonucleotide tag to each polynucleotide of the population, (i) such that
substantially all of the same polynucleotides have the same oligonucleotide tag attached and
25 substanu'a]l& all different polynucleotides have different oligbnucleotjde tags attached and (ii) such
that each oligonucleotide tag comprises a plurality of subunits and each subunit of the plurality
consists of an oligonucleotide having a length from three to six nucleotides, the subunits being
selected from a minimally cross-hybridizing set;
~ sorting the polynucleotides by specifically hybridizing the oligonucleotide tags with their
30  respective complements;
detei'mining the nucleotide sequence of a pom‘on.of each of the sorted polynucleotides; and
classifying the population of polynucleotides by the frequency distribution of the portions of
sequences of the polynucleou'des.

35 43 The method of claim 42 wherein said complements of said oligonucleotide tags are
covalently attached to a solid phase support.
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42. The nmethod of claim39, or _any claim dependent thereon, wherein said

m cr opa sel ected. from t epslsting of gl

m cr c beads, gf@@ WETHM&QEENI ate m c?gi’gﬁﬁnﬁ%ls and
pol y% [! cles. = & E6PbAGHDbd of |cl ai m 42 wherein said
sol i dfphaseLsuppost 4 s a pI anar subst rate naviT plurality of spatially

O ST oL B S B (X SBLL S SRSOASE LT

attached there erent said
spati al | yu@f%@rP@P‘éamrqf said coraplements is pttached o gaghysaidimigropartiee.uni f or m

popul ati ons of different said conplenents. V\D 96/ 12014
PCT/ US95/ 12791 an ol.i gonucl eoti de havij ngﬁn |l ength fromthree to
si x nucl ef¥i dedhe meibod pfdlaim4é wherein,saidpopulation of pgfynucleotidss is 3 LRNAfbrary.

cross-fybridi zi- ng set; sanpl i ng t he m xt ure of

Cindtant s 31 at P Bt BNl iuon B Bl Bde o B s o rom

ol i gonucl ebtoiS@emt:la@daﬂached 5 and subst antially all poI ynucl eot i des of
di fferent sequences have different oligonucleotide tags attached; and
contacti n{c(x t he subpopul ation with one or nore solid phase supports having
at t ached #her effbe method oftqlaim 8 heesinsaidpogiontof saighpolysleatides is in hetrangs ofifiomr
condi {g-on; {M3tuBesides.e the formation of perfectly mat ched dupl exes
between the oligonucleotide tags and their respective conplenments. 10

53. The met hod of claim52 wherein said solid phase support is a

m cropartagl e h&vpe&guaéttmmmeoude tags} e Fepbrivik beihig kelEdiadedin thaigrqbp cohsistiag d ‘
conpl enen The net hod of claim53 wherein said

ol i gonucl%tsé‘alrg%fﬁ'c?gﬁjeﬁﬂfdh%m conpl ement are single 15 stranded

ol i gonucl eot i des. 55. The Bf8748ad. 8§ cl ai m 54 wherein said

pol yanch eoti des have lengths in the range of from50 to 5000

nucl edti des. 20 56. The nethod of claim55 wherein said mcroparticle
i s sel ect wheréin eachtoh 81 Hwough Samubmtngomfsung of an oljgenucleptiderhayiag a lepgibdiom
magnet | ¢ #R34Ssix sﬁd&haalm@eéxw&{eatn% iRy crdsb- Horichish BLLP YT ene

m croparticles. The nmet hod of cl’aim 56 wherein said solid
phase support P!ﬁlaﬂﬁlfﬂlﬁﬁpffmﬁé‘t@dﬁ’e having a 25  plurality of spatially

di screte surface reg| ons havi ng uni form popul ati ons of sai d conpl enent s

att a%ed H] er e’tn-ne repertoire of claim 48 wherein said subunits consist of an ol:gonucleoude having a
' length from four to five nucleotides and wherein n is in the range of from 6 t0 9.

50.. A repertoire of cloning vectors for attaching ohgonucleoude tags to polynucleotides, the
repertoire having a double stranded element of the form:

25 -
$152S3 ... Sy
wherein each of S1 through S, are subunits consisting of an oligonucleotide having a length from
three to six nucleotides and being selected from a minimally cross-hybridizing set; and
_n s in the range of from 4 to 10.
30

51. The repertoire of claim 50 wherein said double stranded element is adjacent to a polylinker
region containing one or more restriction endonuclease cleavage sites for inserting said
polynucleotides into said cloning vector. '

35 52 A method of sorting a mixture of polynucleotides, the method comprising the steps of:
~ providing a solution containing a mixture of polynucleotides, each polynucleotide of the
mixture having attached an oligonucleotide tag from a repertoire of tags, each oligonucleotide tég
from the repe:'toire comprising a plurality of subunits and each subnnit of the plurality consisting of
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58. The nethod of claim57 wherein different said spatially discrete

i1 or ontw e%é%?foe%ﬁifﬂllﬂﬂl |||H<U||| L -_3‘.-?3,;?655"'"“@9@?83 GengCaY

X f. gen@gfqﬁqﬂlg%l ngl e
stranded segnent of a pre det &rni ned I "

- ) doubl e
stranded DNA, the nethod conprising the steps of:. . - providing a

5" strand of an end of the d ch.t hat e.b' S
.conposed of“‘rﬂi’@?‘&t‘}{"f’ﬁ%sh gingbeq%% flf‘ g‘f‘"%’?g‘ff mss‘%é'f“g‘i sslféﬁr(g% or
fewer ki ndsmipimalyckaehyttiizdg set;and such that the predeterm ned | engt h of

the 5 strand is F??nﬁg‘hgﬁ}g ng;(m}ef],?{,&&ﬁfcﬁgﬁgﬁs%fohﬁﬁsﬁbgo&ﬂﬁhog of folynucleotides ¥hfd

nucl eoti de of a resen i rst
exposi ng t hsibstardially all pmymmbmm of mamcsemncett@verme m QS'GDW&@@&S atached

presence of
WO 96/ 120142 substantiAHCGORndQedtab it ARG SRuétcesHate &iﬂ’&@ﬁﬁ)hg_” cRBldeisys

60. A et ¥gehedi andet ect i ng novel cDNA nol ecul es in a cDNA || brary t he
net hod conpri si Ngordefin ‘%%the subpﬁﬁlﬂilﬁmﬁﬁth one or more solid phafe®uppong havidAchek ierdty

1 br ry. haviR DA i B0 o0 o s Gpufion I et '“?6‘3‘5%%‘” y

library havihgomapiemen
all of the magked duplexes@ERerhb oligonededtdy g dnd tisetrmespedtivg comyglereets. de t ag

attach and substantially all different cDNA nol ecul es have

differ ol i gonucl eoti de tags attached and (ii) such that each

ol i gonucl eofi.de ‘l‘ngnethod of cbaimn32 ivderinesajel solidiphiase/supportis b umicropargieihavingrattached
subuni t of I £hJ I gonucl eot i de havi ng a

| engt h from{h 1tP§e #%U&B gotl BInpfé’?‘h{é&subum ts being selected froma
mnimlly cross- 10 hybridi zi ng set; - 'sorting the cDNA

mol ecul es by, spephd héddd of ciiik’sb anﬂemgmhmg@huswmdg%a beiconfiément &8 sinflei 1
respective conpl enents; determ ning the nucl eoti de sequence of

a portildn ofr Qliggnuelgetidedr t ed cDNA nol ecul es; and
i dentifying novel cDNA nol ecul es by corrparl ng the nucl eoti de sequences of

CcONA” ol coufbs.  The meih Ggtad S4 e R R yn ool by N ftiiis 8 aSS0%

conpl enment s5000 nadedtided. i gonucl eot i de tags are covalently attached to a
solid phase support. 20 62. The met hod of claim61 wherein said solid
phase support is a mcroparticle and wherein a uni f or m popul ati on of

sai d cGpl efent s ThemethochoftelamiSs whatsin saidimicreparticlpisiselpetedsrom the group cgosisting ¢he
met hod of chals lé%ﬁgm ﬁeﬁb Bedd®)glylcRiAl .aém&eylﬂe ﬁﬁmg,ama@ Cdﬁh%lybtzrehé‘ the

range of 0 nucl eot’i des. The od of
cl ai m 63 wWhBHEPartcles.d portlon of said cDNA rml ecules is in the range of

from1l2 to 25 nucl eoti des.

57. The method of claim 56 wherein said solid phase support is a planar substrate having a

25  plurality of spatially discrete surface regions having uniform populations of said complements
attached thereto. R
58. The method of claim 57 wherein different said spatially disérete surface regions of said
plurality have uniform populations of different said complements.

30 :

59.. A method of generating a single stranded segment of a predetermined length on an end ofa
double stranded DNA, the method comprising the steps of:
providing a 5' strand of an end of the double stranded DNA such that the 5' strand is
-composed of nucleotides selected from a first group consisting of three or fewer kinds of nucleotide
35  and such that the predetermined length of the 5' strand is defined by the presence at its 3' end of a
second nucleotide of a kind not present in the first group: and
exposing the end of the double stranded DNA to T4 DNA pomme presence of

nucleoside triphosphates of the second nucleotide.
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60. A method of detecting novel cDNA molecules in a cDNA library, the method comprising the

" steps of:

forming a cDNA library from a population of mRNA molecules, each ¢DNA molecule in the
cDNA library having an ohgonucleoude tag attached, (i) such that substanually all of the same
cDNA molecules have the same oligonucleotide tag attached and substantially all different cDNA
molecules have different oligonucleotide tags attached and (ii) such that each oligonucleotide tag
comprises a plurality of subunits and each subunit of the plurality-consists- of an ol_igor_iucleol:ide
having a length from three to six nucleotides, the subunits being selected from a minimally cross-
hybridizing set;

sorting the cDNA molecules by specifically hybridizing the ollgonucleoude tags with their
respective complements;

- determining the nucleotide sequence of a portion of each of the sorned cDNA molecu]es. and

identifying novel cDNA moiecules by comparing the nucleo_ude sequences of the portions of
the sorted cDNA molecules with the sequences of known cDNA molecules. |

-61. The method of claim 60 wherein said complements of said oligonucleotide tags are

covalently attached to a solid phase support.

62. The method of claim 61 wherein said solid pﬁa’se support is a microparticie and wherein a
uniform population of said complements is attached to each said microparticle.

63. The method of claim 62 wherein said portion of said CDNA molecules is in the range of

from 12 to 50 nucleondes

64. The method of claim 63 wherein said portion of said cDNA molecules is in the range of
from 12 to 25 nucleotides. | '
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