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| nventi on The i nvent ion relates generally to nethods for
determ ning the nucl eoti de sequence of a pol ynucl eoti de, and nore

particularly, to a nethod of identifying term nal nucleotides of a
pol ynucl eoti de by specific | i gation of encoded adaptors. 10

BACKGROUND M( m@,}q oice for nearly
all scientific and corme cla applications aremged on t he di deoxy

chain term nati on approach pioneered by Sanger, e.g. Sanger et al,
Proc. Natk. Acad. Sci., 74: 5463-5467 (1977). The met hod has been irrproved

15 in several ways and, in a vari ?f forns, is used in all conmerci al
DNA sequenci ng i nstrunents, E—.—é—ﬁﬁ%ﬁ%—l er et al, Science, 254:
59-67 (1991). Theinventionrelaiﬁhgemiauywm@thsfmﬂetmnnmgtmmhclemismncbloé
generation of 1idZ0 fan.‘i?:flﬂa} haV| ng
a common ori g n an%seac%ﬁt erni nat | ng%g%&mwﬁﬁgm bas iEﬁﬁc&oﬁ&?SF‘a

sets of fragrelmuslepidsty spreiic higation pEengeded adaptoss. ze t o obt ai n sequence

I nformat ggn. The 20 Si ze separ at ion is usually acconplished by high
resol ution gel electrophoresis, B&@t have the capacity of

di stingui shing very | arge fragrrents 'Q%i n size by no nore than a
si ngl e nucl eoti de'I‘héZBN]AI sequemcingymethodsoff chaigefor hearlyal&mﬁﬁcsandwmhem'fal

.
ZFE?[ ?olpﬁgfe% separ a’k)i%cwnonn%l%dldeo% ﬁ hnl gntmé&%ﬁbgglmger r&adi Iy

|l end itself Selgmtia'ai’mcﬂﬂﬁlﬁsw 8¢i.» f7i‘} 5r4é%-§1‘67e(|1?/7 p}amwhod.hﬂﬁ)beemwon

As an al usrrnﬁigev&altvemﬂ,xﬁa &8@% 3 RBY ARl EstnterciAPIN A RGhEREIRE NI, several

So- called base S|n equenci ng appr oaches have
been expl or e{istryneqts, e.g. ﬁk@%@é 4: ﬁi‘&gﬁfgé 302,509; Tsien et al,

I nt er nati onal appﬂhcdimmmﬂ@x&ﬂmaﬁ:ﬁiequnres the genBlatiemiflond orenoraéets dftébeledat | onal
application 9 Q. 8 1e8 (. ) nd

Met zker et apgq\ﬁé elc eﬂ?:h% esearﬁong%&gﬁ% 6%"%1‘%&1943(%&% %8?5' Th.g

appr oaches af® oB®ts of Agmentstrayst thebespparated We&”értwm pegpengs informatiog| dhe

nucl eot i gg pei&e @y&hﬁnqé usﬁmgmcs@{ hg{edbymgmama@dn gel electma@emtwmsn@nd no

requi r enent ara gelo) St. t hey. caul d be. i ted as
concei ved, " V§ %‘? 8‘1 %ﬁews‘yqif%ﬁf%‘&"?ﬁéﬁﬁﬁ%WWﬁ@mﬁv%ﬁy| ng
out many thomngadmleoude Deqﬁtemqwsagmﬁaagt mmpmvbmmtss such apsparhtionk with capillaxyanpl e,
on target pol ng g olid

phase arrays, %&@E a?nt% F@agli "tcsg)ml I'catlon gt’ CE%@%/%%Q??HG?B (WO
. 96/ 12039). readxlylendltselftowtgnmtﬁaﬂrépwasmg@@wylm@@m@muenm ng schemes
have not2had wi de%@&ﬁéﬁmanvetoﬂ%&hé&%ﬁde@ﬂpﬂ?&féﬁdémesBdh@iUir%U&v&ﬁmalem;

more than a Pl T BOPRECE Sbls beer s ErE Bheranes S SR ROP R B
Cheeseman, U.S. patent 5,302,509; Tsien et al, International apphcatxon wO 91/06678
Rosenthal et al, International application WO 93/21340; Canard et al, Gene, 148: 1-6 (1994),
and Metzker et al, Nucleic Acids Research, 22: 4259-4267 (1994). These approaches are
30 characterized by the determination of a single nucleotide per cycle of chemical or biochemical
operations and no requirement of a separation step. Thus, if they could be implemented as

conceived, "base-by-base" approaches promise the possibility of carrying out many thousands
of sequencing reactions in parallel, for example, on target polynuclectides attached to
microparticles or on solid phase arrays, e.g. International patent application
35 PCT/US95/12678 (WO 96/12039).
Unfortunately, "base-by-base" sequencing schemes have not had widespread
application because of numerous problems, sﬁch as inefficient chemistries which prevent
determination of any more than a few mucleotides in a complete sequencing operation.
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PCT/ US97/ 09472 Mor eover, in base-by-base approaches that require
enzymati c WEA746104t i ons, further probl ens arise with BG4 Rat i on
used for automated processing. Wen a series of - enzymatic steps are

carried out.jn reaction chanbers.,havi.ng hj tface-to-vo rati os and
narr ow chanﬁk’r“&?fﬁahiﬁ%x%@eaﬁﬁ’&?ﬁfé‘s%g% T g%y@%ncsrﬁar"?%’?:ago%sb#p@%e nt s- maki ng

washes and piblems anise @sth insgumpentation sied forsutopgted progessing. f When & seriestod
accunul atio cﬁ'l‘iécpon? 24ctiSn BRBEY hiVing high surﬁ&%’-%lﬁrﬁ% r;a\esséﬁ.qs,

! an?{[:atﬂ:' &l
particularly oses%i?oyj ng tluorescent labels, and renders

i nt er pr et at IRIPriSIOnT ERZYIESIBRY sk to furfacecampapentsmaking washes and)

i In con \é e nsh en Eucc%_ﬁ%;ﬁp@%gfsteps ver Higﬁlduﬁ.r THd dckarfulition :inpxlﬁﬁit‘lexlsiiiaﬁ’étift}éc méleduldry
slowed the a I cation of ‘hase-by-base", sequ | ng chenes to
paral | el seﬁ%&ﬁ i%&“ﬁf?“,’ﬁ?‘?’?ﬁy%w Shiply g fudt ‘%ﬁ%‘ﬁ@ﬁ“&ﬁ?“d%{a nce in

base- by- bas intepretationcif mgasuregients basgd orcauch systsms difiika]t and inconveniqot CThebd apdi n

aut omat ed sy.st A L ' I . mav.ai ) Ly .det erm ni ng
the ¢ i Bmattos MM ARl ol AR AP O BBk R Bl

el i mi nat ed schemesite parallehsequencing efforts. cycles enploying nultiple enzynes.
J—f 4 1o Agimpogtantfadvanceipbase—by.-bases.lém_ t iﬁgt@éhn_blgg' doliM® ria ) .
ccordingly, an ohject of our ingvenfion.is to Drovi seguenci ng
Schere 0 oqribih Siwusted syetens fLan AberERty? SASRCR SR G B EROBERF pase
appr oaches. terminal nucleotides of pétpnicleetides thatrainintted ov elinimtei repetitivel godessingr ovi de a

nmet hod of DNA]C%HW’E%Q%H%%&S anenable to parallel, or

si mul t aneou&®* app ousands of DNA fragnments present in 20 a
conmon reaction vessel. A further object of our invention is

‘to provijgde a nmethod of DNA seque_gs_ﬂﬁxm@mvmﬁon permts the
I dentification of a termnal portron of a target Mnucl e,otigge Wi th
m ni mal en2geaEdingly, an gbject of our mvention is to proyide a ¥ayengpg ¥eIMSf  our
i nvention }&rhicﬁld&léQM:!sdﬂ‘er&l;diﬁiw&ﬁ:ks&ilﬁeﬂmldbad_&jé}bmagﬁrfmhc%S i dentifying the
sequence of a plyrality. ter.m nal .nucl eoti de r_nor e .tar.get
pol ynucl eot i des. %&Lemxjegoﬂmrmv fR 13 RPEIRTGe ﬁ“e%‘rog\(/’lfggg TES et her
obj ect s by pmenablditayprailelyet simultapéous, applisiationtto thyusands of DINAyfragmeats pres¢ny i s based
on the hbgagic&Pm&{ En MssefOF € sets of encoded adaptors to a term nus
of a target polynucleotide (or to the term ni of nul tliﬂgle target

pol ynucl eot i des firther ghigrt phous inyention is4p provide 2 @ethod oI seyencHgi Witk Each

encoded adapriits the faefitifFeationaof R tedinindlhoribnF & Gafght polyhudleotide with miimglonucl eot i de
tag selected fro m nimally cross-hybridizing set of oligonucleotides.

m
Encoded adamuiﬁ?%e protruding strands form perfect Ig/ mat ched dupl exes
with the ¢ Yetpanethentbject,of onminvention g toprevddechsseodf endoded: adapgers for

pol ynuchgot i fle;e; 'a,tﬁ%?%df Hrlity ok @fthihA Buciédiies of one or idRithighty and ordering
of the %ﬁcl g%ﬁfg%gm%h e Bragéruclit?’r?g stranglcs aresodg!tleeorrm ned,g or 35 '
"decoded, " B9lyaysketides.cal |y hybridizing a | abel ed tag conplenment to its
correspondi ng t a@ueihvention %roﬁbé% thés@aidesthen StijgttsBy. providing a method of nucldidcidexanpl e,

a0 ool o ofuF a9 g e Bl MBS R °Y
st rand of a of atarget polynucleotide (or to the termin of multiple target polynucleotides when used in a
30 parallel sequencing operation). Each encoded adaptor comprises a protruding strand and an
oligonucleotide tag selected from a minimally cross-hybridizing set of oligonucleotides.
Encoded adaptors whose protruding strands form perfectly matched duplexes with the
complementary protruding strands of the target polynucleotide are ligated. After ligation, the
identity and ordering of the nucleotides in the protruding strands are determined, or
35 "decoded,” by specifically hybridizing a labeled tag complement to its corresponding tag on
the ligated adaptor.
For example, if an encoded adaptor with a protruding strand of four nucleotides, say
'-AGGT, forms a perfectly matched duplex with the complementary protruding strand of a
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PCT/ US97/ 09472 target polynucleotide and is ligated, the four
conpl enent aMP H{#€TM%ot i des, 3'-TCCA, on the pol ynucl e REHESIFEHBe

identified by a unique oligonucleotide tag selected froma set of 256

h t l,eot] d
rotrudtmy o AFBEh R e BRFS ek 2 or EHRPIERPLO MBRANRD SPrfiCa, oy g
adapt ors undgolymmhmdmmbemnﬂedbyam%mmcleoﬂdﬁtagSﬁmdlfmtlzaﬁgﬁﬂ%f only
those tag Comh%[%e 2 fo Exﬂih?&x?ﬁ@&éoh&’e%eﬁ&%@ﬁﬁ RS %s&&:ﬁs TagThe t ag

triplexes) w onucleotlde ta ated adaptors

conpl enent's RAYPlgspsats areappheoql@meggt?d{ﬂgp 'GHEEF"'FW“G’P%W%‘FMHBWSWF@ m xt ur es

_ E ﬁ de}g erng n?ﬁ&ﬁiﬁxzhﬁ&r&'bﬂy u?éet t%@ébnﬁildr@ﬁ@ et fofth pétfectly matchedidagiexes @rd

" therefore, the,se S..0 i.n

~ expl ai ned nofPIE WE@E’ flﬁfg’dg{?ﬁ%?fggelﬁﬁ%ﬁg’r%?eﬁa@%@BWW%@che 10

anal ysi s eit bpplied ln)hvtdoally(teas oﬂeyarmnemxtumtoedetenmhethb idduitity eftheolipbmypleofidea

. process that Pq%ﬁﬁ@ﬁ’ stdngl i gation, identification,
~and cl eavagedggs descfor%eg w{‘f&%r enner at ent : 5,599, 675 and PCT
Publ i cation No. WAsgspiairdaere ity belevy, t%ﬁsen adamrsamfbéusqdaemmm:at i on

met hod, yéer ghalysi@ftfier @ L} dénfifyAle adndtt Micleofides 289 Rbp &f!a précedsihal fvolves
polynucleotldes suc i S capa dentl t he
ofSionon thmefication, 54 SveRe. 3 Geerige o Bese b B\l ot i e

nucl eoti de s&® I]fff
that is, in 15J599 6725 and PCaHmbliiatianiNo. VWO @GL2AARE, ar(a)gssan %tanctalcner' rdeatifi@tion Wi t h a

,SAinniglngortant L(g?rhg%@fsgt? te&g@g%g&gm%%ﬁgtpﬁﬁgg&%‘@%%gonu&f:eot i de
" tags that  setis cap@ler@ﬁsetpfxmaﬂwaum#mwyc@fegﬁewymrmmf adaredt of

~ oligonucygot| @l le§idg; thatSs, HABE fattéRehbbdiment, sequehddlaBAIPHl ik BdtAtd RAWRR sm%
appllcatlonsH%Pa ,égg%/ 12%\&) 96/, 2041) and PCT/ 896/ 09513 20

96/41011). T BRI des of such a set differ fromthe
- sequences of Anévporpantcfedngre ommdedﬁddphﬁs B dhemsseaftolifyhueibotide aags thhono

~ nucl eoti des. u Iex or
Tul oL e T BRI SeALled e st ol SRR o o

m smat ches. Mtespationa) pgtent epplicaticnsBET/USPS/A27H1 (M@96/ 1208 Dand PRYAIS96/09513g set

di ffers 6 omwo 96/410V8" Yh&Je&ﬁhceHBf@ bn&wotmsmamwsés&mwﬁ:&ea@ B{é&%fm e

consistent with (%tgee Si ?f set re 5 25 ée aa_g‘grtlcul PP hcatlon

- For exanpl e, *YiRe I"Uf'l‘é@'t" Hﬁer‘m‘?eﬁ qagt&we myple °ﬁ & geack fember of suc |
to 20-ners fsetca:habnfamamg)ldxdlmhﬁlex)mﬂmhnmbm;ﬂemdapfmy&;herhmbdrm&séﬁm ence

bet ween nenb 0y gﬁl l ST rably

- significantl ?/vgogr er tﬁlfaeﬁe?atb\% re é?rg%? Rrét&gﬁg%nﬁéeﬁ e%Eos'ﬁch a

. set differs weamtheymbmbues mawstivecleotisgs @tposseldmomm with theesize pfiset required

More prejer alg¥yy, a?easlr dppiiaén. For auﬁmeawﬁeé lofidef ngroﬁuciéoeag @%@%é’us@& Rgdh gENMDET

-Pgtspr eV

by at | east |x JgeOtldHEqIﬁOﬁnwd%tgmoE | ‘%‘H otldemetmagr% of

the inventio
ai gl)n\l:cl el)t bﬁemtnmyms-lqebn&mgkmsquaahlgdgmﬂdnﬂpgxdwmﬂd:of BrefeadbBi fi C
hybri di

ybridi zatiog, Q}e&b&%&cﬁ%&’aﬁ?&i g\feﬂ{?g{l}g 4@:%& ng dnq%%‘a%m{?%g&s' on.

d i gonucl eot | i gned for

specific hbeoamratgﬁabh mem@ref@sham@#eﬁé@mmew%mmmg a5t % | pl ex
formati o8 Phsdedfidl! \onplmemh bshigstukRatide Bs bARSInKntibi e R 8herein as

adaptors are_doubl e strq,nded and their tag conpl errents are single stranded,
such that spe@s fqmplements
Oligonucleotide tags may be single stranded and be de51gned for specific

hybridization to single stranded tag complements by duplex formatlon Oligonucleotide tags
may also be double stranded and be designed for specific hybndlza'aon to single stranded tag

35  complements by triplex formation. Preferably, the ohgonucleotlde tags of the encoded
adaptors are double stranded and their tag complements are smgl§ stranded, such that specific
hybridization of a tag with its complements occurs through the formatlon of a triplex
structure.




hybri di zation of a tag with its c_orrpl enments occurs through the formation of

a triplex structure.
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PCT/ US97/ 09472 Preferably, the nethod of the invention
conprises the follow St eps: . | igating.an ___.encode daptor to an
end of a pol ynuc+@f¥ﬁ%&g¢efﬁg‘%ﬁé‘ﬁ% %Ymﬁ%?oﬂ%“gﬁ ﬂﬁlf?lﬁ’mﬁt&h&aﬁgﬁm

sel ect ed f r owoded adapionrtd dmend papolyrydieatide, theragamarthaving ar oligomglebtidsitagles and a
pr ot rudi ng TE@@ - (e A TRy : | e

pol ynucl eot%‘e; g‘r’f&*‘( %’3 | %en_tsl%::@%g ognggp%f?m%?éelédﬂg&%%aéﬁggtl %gah?n t he

pr ot rudi ng esmpigmentary te i probudipg sirand ok thejpolynpclegiide;iand ) ideptifiipe preir Morgy a t ag

conpl emnt  fiRlebtitRs B theyRbridiRQtritiof iiRPoRhudiddfdetypelttairiaBtidizing a tag
Bri ef Descr‘legﬂon of t.hﬁ Dreivm.aegs ¢ Fi gures | A-1
di agr ammat i CHPlepept tp the ofiggmucleotidetag of the encoded adaptary st or s to det ernine 10

the term nal nucl eoti des sequences of a plurality of tagged

pol ynucl eot i des. rietF. ongoiidl Sl €s t he phenonena of
self-ligation of identical po e anchored to a

solid phase suppbigures 1A-1E diagrammatically fugtratesthgpseiof pngoded adaptors toaigtermiine a

pref errggd nﬁéféﬂﬁnﬂ%u&l%idéﬂ!@&ﬁde@&dﬂhfﬂﬁ&%ﬁa%eﬂﬁ& WRleotides. Stranded adaptor
havi ng a bl ocked_3' éa]i bont&slgg !!hlegat ed {0 3 ar%gmgigl ynucl eot i de. 15

Fi gure 3B il ustfigies iustateitae ‘{“?F@*‘B‘ﬁsé‘f' g3ton alipebypuciegtides that ag 4 of
DNA sanghteedto agolihphaseappposte cycl es of |igation and cl eavage.

Figure 4 illustrates afro he detery nat.i of the.ter.m nal

nucl eoti des of alg,i ergPﬂqﬁum&espsg%p%/Wua&r%?ﬁneaﬁogioggletuwgnt%%%%ﬂ‘?‘?wg pr esent
i nvent i on. stranded adaptor having #-blogked3' Sarben ig ligatedsnaitarget pelpmuskeetideat i on of a fl ow

chamberysand det efibh0 9B ARREA4E thSusk Of the Preferre®SRSodiniift i a Rleddbf BRARY Of
m croparticles | oaded w,th cDNAgm),I ecul (;s for sequenci ng.

Def i ni t i onsSequencing by stepwise cycles of igatiomandSieavagi-ne t er m " encoded adaptor” is
used synonynousl Figve #lillistbftes datarfrom the detérmiiatichest therteritnal miclepidesof 4 tgstdocument

u. S pateptqoﬁgélg&ﬁ%&%n@g%%&?%?%g | él?h% ..on'25 As used herein,

the term"| ron e ) on of "acoval ent bond between
t he ends of one FBiguradisa schempsic representation bf afovchamberiané detectioreappagates dwual | y

refers 300 t&8erying a plahft'afiad bﬂﬂicﬁbarla?lmsaﬁiemﬂﬁ asmfzrmieemés fofstintift) from the

“follow ng reaction, which is usually catal yzed by a I'i gase: 30
oligo[err](5)-0P(O)(=0 0O + HO(3')oligo2-5->
oligo[err] (5 )-0P(CO) (=0 O (3') ol i goPefmitions

As used herein, the term "encoded adaptor" is used synonymously with the term
"encoded probe" of priority document U.S. patent application Ser. No. 08/689,587.
25 As used herein, the term "ligation" means the formation of a covalent bond between

the ends of one or more (usually two) oligonucleotides. The term usually refers to the
formation of a phosphodiester bond resulting from the following reaction, which is usually
catalyzed by a ligase:

30 oligo} (5")-OP(0-)(=0)0 + HO-(3"oligoy-5' — oligo}(5")-OP(0-)=0)0-(3"ligoy-5'

where oligo} and oligoy are either two different oligonucleotidés or different ends of the same
oligonucleotide. The term encompasses non-enzymatic formation ¢f phosphodiester bonds, as
well as the formation of non-phosphodiéster covalent bonds between the ends of

35  oligonucleotides, such as phosphorothioate bonds, disulfide bonds, and the like. A ligation
reaction is usually template driven, in that the ends of oligo} and oligo, are brought into
juxtaposition by specific hybridization to a template strand. A special case of template-driven



where oligo[err] and oligo[err] are either two different oligonucleotides
or different _ends of the sane ol i gonucl eoti de. The term enconpasses
non- enzymatWQ /46704t i on of phosphodi est er bonds, as {g‘)?
formati on of non-phosphodi ester coval ent bonds between t he ends of 35

o1 1 gonucl €0t dagy s 8B oPARIRNAL SLOAORN EoriONdDes B LEASBRRTS. 2nd the

A liga reaction 1S usua hat the
ends of ol i gerplewding strarflsol i go[err] are brought into j uxt aposition by
speci fic hybridi zqidhpRmef" 8r R BMpleReritt 4364 he&uﬁﬂ?&b@ﬂce?@&@oﬁfcleonde
terrplate drlven -4

togs 15fers 1g apyoligonucleotide to which a oligonucleotide tag: specxﬁcally hybridizes to form
PCT/ US9 7150944 Berfectly matchedl thiphdxiop Griplex. man&oumms oher@fspécifio hylsridiatiorresults de d

o Sonue! oot e G R A Vo A R0
ol i gonucl eot $txdnded. Thus, wbsgstnpmrase ﬁoundnthgtmgammlmﬂ ifaneant toericompass
ol i gonucl eotaﬂ&émléafﬁu&'&ﬁbkﬁ%ﬁém %mesa gilgénﬁaeo%dmgyg gtly

mat ched dupl ex or triplex Specific zat i on
results in WEW@F@)@‘*@W@W@&#&@ dg&ast ag may be sel ected to be

ei ther d@uble st r’medadl'waligoaudn@hae"asusedhe:ﬁﬁaﬁx&hﬂ&ime&%@omedmnemwbpl exes are

f d, th t ith doubl
LT rded oo R reRRtE ik SadilRlie i SARORRARE chonpeicosidis, il 010 ©
stranded co rdiohmtbtvmfmep@dedludbc ecids: (PHAg)e andshé Isneaphbdonfi spesifically, bidding to a

The term "ol ﬁgew%dl édn@?oy@a?dfﬁ‘%&uﬁ?faﬁte& df%n&gﬁ'fto-jrﬂom ifPdrhHBRE fuih Of

nat ural or f1ed nononers or” |inkages, I ncludi ng

deoxyr i bonucasSVatsaaedrick tyns of base paiting, Base stapking, Fopssteen or reversg HQ%W%?S
pept i de ¥ysucl @bﬁseqmrﬂlg of BisAikg. , Usnally inbiondetsiage 1n1k&pbgb¢mspn6dxes&e6oﬁds aﬂddawgbl ndi ng

to a t ucI wa a ul ar Ltern

nonomer - t o- n‘gﬁ%ﬁ? ??%%egm'?{lg szeHronfy Ee“%mme il ,I?gtgpe of base
pai ring, baswsvealiuk pf@pnomugmm 40-60 o \Wehepever-rrgjigonuelqotidg gsreprésnted bf 2 base
pairing, or %&&MalAsy'Amﬁ-smnﬁoeldna&&&mm%a&saﬂ&s%é fr bonds

or anal ogs hereof to. form ol |Igonucleot|des ran%‘lfn In size froma

f ew nonomer i %"Grﬂ@%’ from lgft togight and ghat "A" denates depxypd meric units,

ef gl 40-20. déb@&ﬁﬁtmh e, WG déhdt@@&i@kmbsméﬁ?)nds'ﬂ gabes ﬁh@ﬁlﬁlﬁehmleas otherwxsle S equgnce
of letters, s e under st uc eot i des
ore o ok Uy ohedmidideof Y ivent SR P B RS plel micifocht

deoxyadenos i lmvevéh@eydmy@ﬂsesomlse nofenatyralucidotide andlags: Hésalaeto thhsoilsx@ﬁdamos i ne,

and "T" denog gédﬁaeoﬂdgé Havimg Qitbﬁ[&‘n%ﬂ-natural nucl?:@&dé&ima 1ofed, e.g
ol i gonucl eot | des of t e I nvent | on conpri an four. natural nucl eot i des

however, t he¥hesBrosessing by spaymes s callsd ‘Pfa‘ﬁ%l °‘ﬁ9fE‘F\§?HdF§)‘E-9“%ﬁF&386%am’Flt is clear
to thosezssklﬁdc[edldegarereqmredt he art when ol igonucl eoti des havi ng nat uraI or

non- nat ural nucl g S be e , roce

onzymos 1 o cal't eq SRy pifeled 5 ERRRRE i aemas ot -y epSHERRHRD,

nucl eoti des siwandsmeakingup the duplex form a double strah@dmrbwﬂxrme(ﬁdvdmchthat@bwr ence
to a dupl ex fiRRAweY Eh%d%e%ges‘vla&éd-m%é %héjﬁlﬂlanucleoﬁﬁeﬁ@ﬁxg%ﬂ\gpk' ng up

t he dupl ex forma _double stran tructure with one-oth %r such that every
strand. The term also comprehmds e pairing of nucleoside analogs such as deoxyinosine,

ﬁ-b

30  nucleosides with 2-aminopurine bases, and the like, that may be employed In reference to a
triplex, the term means that the triplex consists of a perfectly matched duplex and a third
strand in which every nucleotide undergoes Hoogsteen or reverse Hoogsteen association with
a basepair of the perfectly matched duplex. Conversely, 2 mxsmatch" in a duplex between a
tag and an oligonucleotide means that a pair or triplet of nucleotldes in the duplex or triplex -

35 fails to undergo Watson-Crick an_d/or Hoogsteen and/or reverse Hoogsteen bonding.

As used herein, "nucleoside” includes the natural mclepéi@és, including 2'-deoxy and
2-hydroxyl forms, e.g. as described in Kornberg and Baker, DNA Replication, 2nd Ed.
{Freeman, San Francisco, 1992). "Analogs" in reference to nucleg_'s_ides includes synthetic
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nucl eotide in each strand undergoes VWatson-Crick basepairing with a

nucl eotide in the other strand. The term al so conprehends the pairing
of nucl eosiWR9z#MPOgs, such as deoxyi nosine, 30 nucl eosi dBETHSY409472

2-am nopurine bases, and the like, that may be enployed. In reference to a

érllolex gh;ﬂ%er gﬁ%nggﬁ !ﬁﬂie” Ie gﬁ@éﬁﬁ%ﬁfgw ggfﬁ%%ﬁﬂé%‘{(;@(:hed
upl ex an e n

Hoggst een ordeat;NusleotideAgdbgéhhaﬂébzimka%W, Uhiman and Prymemihemipl t he
perfectly &KLGE dé“f’isei%éé Y@fﬁghﬁfe }&/ﬂotﬂaf‘they%%ﬂ%ﬂegﬁt ween a

tag and an ol gonucl eot] alr r tr|p et” of nucleotides in
t he dupl ex cﬁpeqlﬁqlm)e@é”@@ waw%oasgmhaﬁla smgwstioppclevidesfesigredtagrhanceoogst een

and/or rever £1R€ Redd & WinPRixity, increase specificity, andhe ik@d her ei n,

"nucl eosi de" i ncl udes the natural nucl eos| dﬁﬁ i hel ud| 13%?“% Eﬂ%%?‘% and

2' - hydroxyl for meAs wedjherein“spruence defgrnination e Bricati on,
2nd Ed. refefeﬁéﬁeﬁﬂ?nucmeﬁdﬂ&b aetezmuhﬁaeafpanﬂnalwyas fiillsequeheer ence to

?g?l eosi des infd a l{xges 4%¥ zybn%;[:leo%de That is, the term includes sequence comparisons,

PCT/ US97/ 094fitigerprinting, and fikelevetssif dhformiation abguﬁmm polynticlestideryas well assheand/ or
nodi fie u | de Anal ogs
(John W 0: y,ge‘}hg@%ﬁ %!8) de%ﬁ?&ﬁiu@l@& 3/ usually eacﬁﬁmﬁ‘éoﬁlde RS ta el

man_an e man, Chem. ¢ cal. Revi ews,

90: 543- 584 r{olmesoﬂdearmeﬁ@nlaiswch\mthe @qtrémﬁiﬁw of ths dertifiqation, oxdering, apde

Cap?bl e gf 1ocanons&:wgﬁd | fvios ol tiieE bfthe folut §Pes oBtigdleotidbs hatiia altitgétlpgl?m&léﬂﬁ&eelt ic

nucl eosi des t o enhanc roper e exity,

i ncr ease spe‘gq T sﬁ%“?‘??@"‘i‘?‘?éeq“m“qgemgmg %Mb lg?ng ngé)equence

det er mi nat i cordering aﬂdjettaaomoﬁa siggle type of mwleotills, =& gytosinge, within the target r ef er ence to
I l,@0t ) ' full

pol ynuclqgot i g ﬁﬁxP%&%hé' éiféée‘ wa@{x}f%@?&ﬁceﬁé‘{ feéihted S A5def &t | sequence

i nf or mati on oti de e term i ncl udes’ sequence

- conpari sons, "100101 .. ?f%g%ﬂ?ﬁphfmh@'cémq)‘loxe "apd/be bkeof | nf or mati on about a
ot a(rjget pol %/nucl lGOAA §hed he?&n,\ﬂﬁltémﬁ%oﬁxﬂen@@m refeAdeds & pbpiﬁﬁbn ﬁﬁ;roghumad@d
ordering of nucl eosi ua eos

pol ynuclgeotl‘ﬂ?é"“s q&FPﬁ‘ﬁ%ﬁ“F‘%& %pég%eﬁ pﬁ“é?ngW%%ﬂpP of the

i dentification, orderlng, and | ocations of one, two, or three of the

four typgs of HUC'eot'deﬁsmfwnﬁséﬁfpmnwmm For
exanpl e, i n sone enbodi N"ENTS Sequence det erm nati on be effected by

i dentifying the Theinvegtioadpvolyes thmbisation efcended %flPPta’Ss‘P cally hy5gdigad to the
nucl eoti de, @minusGy feAfini¥Fene Hnidié ﬁréehﬁ:lirﬂél&ﬂfdeslﬁequeﬂ&hmmﬁuﬁﬂibod&he CATCGC

..." so that its sequenge is.re resented "
"100101 ... TFgh Wﬁ%ﬁe s} °‘é)b“t"ﬁ%¥f %"?‘“@’ d°°°d‘xg "'a‘ﬁigﬁ%mﬁ?‘té’& fags
As used her eoflthe dntreled aiapmthcthnsﬂlgamd tIy bna asp@bﬁh@nmnom multiplesets af énopded f

pol ynuclgo t%ﬁﬁmm ligpt48 ¥ RalBbol ARGk stldetedcfRibag? Beift 8B i BALGRN!| ©

pr esent DETAI LED DESCRI PTI ON
OF THE | NVEl\mamrs prowde sequence informatin from eack piaPinmlty ofRastions of the tpget on of

encoded adapﬁ&frﬁcl&ﬂﬁ@ | sdcﬁ Bortivnsthydybe disjolfl, dverldppifig or contiguboy; Bbwver, or t erm ni
A AR T B N
ol i gonucl eot mgtieotidesiaqual to the sarh of the leagthofdht indiviguabpartiorsu in thisgspeetdtherens one
aspect 0ofq t hgyd NVENE ifdHon dFehdoldd Maptbis TolRived B idsififlcation by "de-coding” the tags

of the ligated adaptors. In another aspect of the invention, encoded adaptors are employed as

an identification step in a process involving repeated cycles-of llgatlon identification, and

cleavage, described more fully below.

In the latter embodiment, the invention makes use of nucleases whose recognition

35  sites are separate from their cleavage sites. Preferably, such nucleases are type IIs restriction
endonucleases. The nucleases are used to generate protruding strands on target
polynucleotides to which encoded adaptors are ligated. The amount of sequence information



25 adaptors are ligated to a target polynucleotide at staggered cl eavage
points so t\@% 7% encoded adapt ors provi de sequence information
from each 3 #ality of portions of the target p QG782 de.
Such portions may be disjoint, overlapping or contiguous; however,

preferably, s,gg,e?&rat %&H%m@&ﬁm&? Qf&xgﬁ{%ﬁﬁor?&ﬁe&dg BEL0%h hBG FnrQP%Sl{CE Hucleases < 1o

I dentification eque s equa

| engt hs of twmmlequﬂmomdmgmm@upmphmus 30 only a
single ligation ofnifp6RMesspad BPhe mderkion Is MR dpdbiity SR8 u&%ztng
I'n_anot her “aspect of

" de- codi ng"

f the | at ed d t
the inventi d’tqpe'éﬁaﬁggfé&f‘%%{ﬁﬁ?g“%ﬂ%?clég&ﬂ psthog of eg‘r"gnt‘mc‘?m’qs efdth i fi cati on
st Sp in & prffitwmg stepy.Ofay attaghit gaa)ﬂﬁtaiiom?c}ebﬁﬁ mgffrdm g ipértvire ofd@ﬂoleﬁdhcat Ihon
an . i e
latter emoéo@c?e%ﬁ?%ﬂgiﬁém#@ Sﬁ%ﬁéﬂdéndégu%tﬁ%yﬂ%ﬁheﬁégé’gg%f}?@d??ﬁg‘a Mition
35 sites aheeemtpm igselectaddronm ahfixist mininaily arges-hybtidizing t;c(bd sanipling theuch
nucl eases ampgpfisR{ of &yﬂxﬂ%&d&&b@ﬂatsubmnnalgfﬂm‘?ﬁé e&hﬁﬁ 'ﬂgel eases are

0 ynuc eot

used to generate protrudi ng_strands on_ tar des to
whi ch encod®aPuldiop havedifigrent firspolisanpcleqtids tagsattached; fc) Yigating pReor meremaeded

- 6- 10 adaptor¥'¥0 2l énd'6f%a¢h of the polynucleotides in the population, each encoded adapto
PCT/ US97/ 09472 iven en%

di f t
depends in %é”‘?g%%“?%‘gv‘d“%ﬁa ﬁ ﬁégﬂ%ﬁgg’&am "‘Inéfnﬁ%@ yeo g‘}%"ﬂi‘ nven I on
| engt h of t laed pprotrding signd complesheptarytio @ pratnpding strand vfagpolynucleotide of the An
t ant f
target af’g’mﬁ°‘*nﬂﬁa?“"?“%?3‘y“%§‘?°§f°?ﬁr Bl by oo bl BB T o
t he inventi &‘Ftebﬁ?ﬁﬁ“i cotide tagowitheheir wmeem@lemepsthe (eéyecatqce@nkmgnabeﬁngr st

ol i gonuqseoramemgmfféﬁpo@ummbtsabwuaﬁy fiétisal bfigdadébtides in s atxﬂBJdIle-éEé eoti de
I n a popul ation es such th first oli cleotldetag

t
from iR P58 Py ons 0L e ST B SR e o gr e fucleoudes i
cross- hybr i daid protruding stragds) of sherpolynwripotides by specxﬁcally(hpbﬁdumgn’tag)éomplement to
I | eot ' f

{)geynuc = Ie%%ﬁe%ﬁ:@r%ghave %%n@%%%@km Jdaﬂ;{tf)(:ﬁ%}eot ?%‘y%meh’tg‘azheg
(c) ligati anb‘Hén%? encerled adaptosyrasy bedigated to-apend @@Obﬁ“@mdﬁfeﬁb%@bfowfort he
pol yngctzlem aﬂaallldpmmbeedtﬁa@uwefueefkor@@mwne BRIRS's lﬁlrtheﬁrst having a
second ol i gopucl eot.i.de se m ni
Cross- hybrlga ‘3 i‘g"tmgs e ?ﬁ%rege’ﬂ{’%@?ﬁge?@g ”ﬁ’ﬂ?éﬁﬁﬁpéry to a
pr ot rudi ng sﬁsmnmmﬂomclpubmwwpedmtsdhemmdedadapmrs tﬂb@déa&dﬁmt}(ed) sorting
th I di th

he pol ynuc beghicils Q%Jﬂﬁ%ﬁﬁéﬁg&%ﬂo&\iﬁﬁ%%ﬁeﬁ@& ear.ﬁxa%{l 2119 the

first oligo de tags, ei’r respectl e Co

respective conpl &hiseerdanse with the preferged embadinaenty rﬁmhsbpﬁlp@ﬁmmedaf
subst anf al kyclds@ehgatics |1deﬁd1ﬁ£ﬁﬁuﬁid€bl&v&3 E‘suéHkhﬁQ:ﬁé brathdry mibledfideS bR identified

more. nucl ool BT Protsty, S B AR e Er e TR Srianet ?Sis‘”

by specificaldaghéygleri di zi ng a-tag conplenent to each second

ol i gonucl eotide tag of the one or nore encoded adaptors. In this

enbodi ment, the one or nore, encoded adaptors may be ligated to an
end of the pol ynucl eot3S@HeECceIAYE hout Cyclescof bigationand Lleavase pol ynucl eot i des
have best sortedsmmeaﬁdlysﬁvam%yawﬁ nbnadléaeag@ﬁ&kordancewmhe

0l 1 90nuE 20t giioh Aistrhila by e Bhekinien’S ﬁgum%%ghﬁ"ﬁgﬁu S

target polynucleotides are prepared as described below, and also in’ Brenner Intematxonal
patent applications PCT/US95/12791 (WO 96/12041) and PCT/US96/09513 WO
96/41011).. That is, a sample is taken from a population of polynucleotides conjugated with
35  oligonucleotide tags designated by small "t's." These tags are sometimes referred to as
oligonucleotide tags for sorting, or as "first" oligonucleotide tags. The tag-polynucleotide
conjugates of the sample are amplified, e.g. by polymerase chain reaction (PCR) or by
cloning, to give 1 through k populations of conjugates, indicated by (14)-(18) in Fig. 1A.

(=)
[\° @]
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restriction endonucl ease site which permts the encoded adaptors to be

cl eaved fromthe pol ynucl eoti des and the pol ynucl eoti ned
after sequmgw‘f‘a‘é%t i fication. In accordancegéf't‘%;]{;(h’é'?2

preferred enbodi nent, the nethod further includes repeated 25 cycl es of

i gati on, 's%gﬂ;bﬁy,%teh&ramm@%f‘ee e SFURThdiPl) Bl UrieR iigh gL oS

are i dent i fi referab nucI eéotrdes are
i dentified amabrimees 3dapiorsesachef Whichcopiainsy recosmtwn skt fang pucksse v@ose cleavage

Sequence Angkeis separdlelfitmtits redoghifisn ﬂ% m tBefiludrated l&ﬂbéanﬁéﬁt’aﬂ@e s%eh adaptors,
Sequence anal y5| S w thout

cycle atlo avage ccordance
with the  referredgghergin ag, °1°§‘>/ B‘P‘fsat ‘ﬁaﬂﬁ E fﬁg%{ hafariy ir es 1A
through 4E. ehﬁloydaldSpeﬁdﬁmdbm&ctohs mcludmgtlnageﬂntpﬁdeqﬂmcﬂmibhﬁaﬁesdaimﬂ pr epar ed

 Bopl toat | ondeRaRbEnaR R 08 gl Atppte e B@#l%%%%ﬁ&@fgw%%
. 96/ 41011) . . thetike. Prsferaalm&upmemghrmmppém@gep the adeptqsearpdesigneot i des
- conj ugat ed ‘Mécbmﬁﬁodate%fféaaﬂﬂ?é AOhicHseb é&abléeﬁgeﬂé}m%r&bﬁdﬁm&m bf8. " These

t ags are soneti1 nes referred ol i gonucl eotide tags for sorting,
or as "fi rsﬂmé‘i’l}fgﬁﬂﬁf&d@cﬁﬂeﬂ‘é""f’%ﬂgs. The t ag- pol ynucl eot i de conj ugat es

of the sanmple arelfﬂ.aa{eihbaeﬁheav@nmbrgbaﬁggpwcmelgcdmmsewmmgbmmpm) or by
cloning, 10 Gh\Fion, e pAGHD 1§arRRRHINE blefafe Ahpt6R ' BFHEFmuclelite 4BliE Sk

14)-(18
E 7- ) (_ ) may mlwm@m4 restriction endonuclease with a high frequency of recognition sites,
PCT/ US97/ 09&{& as Tag L Al EHEE 1B fm&m RRER 1R FobEndsfild, YL ALODRAST (€ Of

the (snall d aré prepared gr ~.one or nore adaptors,
each of whi équq;b}wgaﬁdﬁsagaggeq%gm%y(?ﬁpquﬁ@dw 4 ONA plyReIasi % @S c| eavage
site i s15epaestibedfin Bf&:ﬁ&ﬂnﬁﬁﬁﬁ&ﬂlﬁateﬁﬁpphdaﬁon POT/USRS/12790 siedabewd, sidbodi ment

el oyed.  TRES AAYowr. Uz A5 ER B B a1

factors, i ncleaapaygith Ta htheuthe fallbwing quds aaviitablerfordigatton: desi r ed, t he
avai lability of type Ils nucleases with suitable reaches and cl eavage
characteristics, and - the like. Preferably, fromone to three cl eavage
adapt or ggare used, and the adapt@asnane. design t o accommodat e
different type Ils nucl eases capalthanaf.generating protruding strands of at
| east four-nucleotides after cleavage. 10 If the nmethod of the

invention is being applied to signature sequencing of a CDNA
popul at i on, Thhean preinplaryt st tfitiyed clamagsfadamas mhybe/gsruatid ps blleys: t he

t ag- pol ynucl eoti de conjugat es may be cleaved with a restriction
endonucl ease wth a high frequency of recognition sites, such as Taq
I, Alu B3 HnP1 I, Don LI, Na Ill, orthellke For enzyne such as Alu
|, that (1)] edle - bi uNFARGRYS §§3§ NNERRRDODR pioddced with T4 DNA
pol ynerase, e.g. s 15 quoed %’HHEP‘““PHP PR3t 1 'onal® pat ent
application PCT/US95/12791 cited above and Kui j per et al, Gene, 112:
LAT- 1555p199G) iy Lhe ket pO' QurhERLdAEhAAnRRRRAT od by
cl eavagé wi th 'Tagy .. { hgBehde %Hﬂn rdn@nAKAhh abl e dsor | gation:
(3) NN ... NGGGA cgannnnnnnnnnnnnnnnhnn ... =37
35 NN ... NCCCTGCp tnnnnnnnnpnnnnnnnnnn ... =57

where cleavage adaptors (1), (2), and (3) are shown in capital letters with the respective
recoghition sites of nucleases Bbs I, Bbv I, and Bsm FI underlined and a 5' phosphate
indicated as "p." The double underlined portions of the target polynucleotide indicate the |
40  positions of the protruding strands after ligation and cleavage. In all cases, the target
polynuclebtide is left with a 5' protruding strand of four nucleotidés'; Clearly, many different
embodiments can be constructed using different numbers and kinds of nucleases. As

-8-



20 cgannnn ... -3

t nnnn Thus, an exenplary set of three cleavage adaptors
may be consy rng“"&“ as foll ows: 25 (1) NN ... NGARGRUS97/09472
cgannnnnnnnnnnnnnnnn ... -3’ NN . NCTTCTGOp

t NNNNNNNNNNBEARRA Brenner, U patgnt%%9967§§ﬂdwd\5¥/ﬁ&so ERSEY hricr 4c

cgannnnnnnnnnnnnnnnnnn = NCOTEEIRAE
tgnnnnnnnnnm%ﬁh-ﬁ]hﬁ I, and Bsm Fl sites are blogksy, .g. Weﬂlﬂa"l‘mrwﬁm

cgannnnnnnnasdasinblieRikivages.at internal s&5ofthe target polvnuBmede NCCCTGCp
tnnnnnnnnnnnnnnnﬁn" ere clgav ge adaptors (1),

(2), and (3) are % t?ﬂeglgmeglerqbg@pg}t °I%VT%?#?P(§°’§ 3 are
recogni td onllwﬂdééﬂ)mamednﬁmgtﬁxflll lﬁhheutarganmlyﬁsﬂmﬁﬂeswgi%ihé ned and a 5'

phosphat e Q@ doup e rtioons of the
target pol ynu eot | ge I n catsél&gﬁm é&pt | glglg&! P‘ﬁ’@'ﬁ)‘g‘?&tﬂ fudi ng strands
after |igat fonjugatpthere ér&mg@umtnlyamalem of chrjugates having A}, A, dIAgnucl eot i de

is left wtitaghed! Anexqtgwsy (29), Gt faagwpaﬁnumwdems hedski ied ng?i
t d
di fferent ogéggeavgge be cponstructed eiéorclledd?faimesr %Prst,trl]lg ers an

ki nds of nu¥f ﬁ‘?ﬂe@?s tors and figated 10,3;5¢h
PCT/ USOI 0942t polynucleotidesdiresalaaseia(02)i withhemiRase owcl&vagwdmr A‘>1 &RPwhitkaand WO

95/ 27080, er nal Bbv 1, and
o 1 o 1 ot g#E tdbat dolor gl A rosting proving by, e cleavage

undesi r abl eresits i abgut third ¢frﬁheéafsall)°b'm@®hd$ of mhtmc,geitl,ng ynybtispt i de.

Ret ur ni ng t@aﬂém foJ %iaﬁ&{ FrF6ta Y RRCUnBRRE adaplo ?@&@%l:&ﬂ%@h@ﬁéﬁ% Sﬁ:ﬂue A2, and

A3 are in aconcentratlon ratl o Né k target
pol ynucl| eot‘?f&g’bo é,@e%nﬁgg °’°°“WFW@§§§%%W£FH’°FP@“8 sRndsuch that

wi t hi n IdachRqactonlcatditinns ot sélevepd pothanonty acadeﬁedaptors whoséiﬂ'a soinds h&;,p are
oxi mat and

Z![D 'I[D ;c hed. Zée%‘fg{}fﬂ kChPAJJ@E%%d? {h tﬁ%gbﬁgr%ﬁ @Wﬂ%&d‘[é rﬁﬁms‘f}f%l%%m vel y

cl eaved w twnwaasw( ), (30), and (3DHEignLEX é&se@ﬁalf"'l’tsrlmthls@acrmgaanr s and

ligated to e bligdhudtdaddssd a?e‘iﬁﬂfe@'b? thelchdod ad%ﬂgrs farq?beluf eava

I.des are cl eave 22 h the nuclease 0 adapt or
RF le?/ pij ¢ ;fe ? éqllg%qf: 7 tags carngi b(y encoded adaptors are sometimes referred to tags for dehvenng
20

labels to the encoded adaptors, or as "second” oligonucleotide tags. As decribed more fully
below, single stranded oligonucleotide tags used for sorting preferably consist of only three of
the four nucleotides, so that a T4 DNA polymerase "stripping" reaction, e.g. Kuijper et al
(cited above), can be used to prepare target polynucleotides for loading onto solid phase
supports. On the other hand, oligonucleotide tags employed for delivering labels may consist
25  of all for nucleotides.
As mentioned above, encoded adaptors comprise a protruding strand (24) and an

oligonucleotide tag (26). Thus, ifthe "A}" cleavage of the tl-polynucleo’ude conjugates
results in the following ends:

30 5'- ... nnnnnnnnn
' 3'- ... nnnnnnnnnacct

then oligonucleotide tag T4 could have the following structure (SEQ‘;ID NO: 1):

35 tggattctagagagagagagagagagag -3’
. ' aagatctctctctctctctetete

where the double stranded portion may be one of a set of 48 (=12 nuc!eotide positions x 4
kinds of nucleotide) double stranded 20-mer oligonucleotide tags that forms a perfectly
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first set of encoded adaptors are ligated to the resulting protruding
strands. The cl eavage results in about a third of the target

pol ynucl eoWUTH6IM each type, i.e. tlerr], t2, ... tk, bei nRCTUSIT09472
avai lable for ligation. Preferably, the encoded adapt ors are applied as one

or nore m x . of .ad whi.ch aken iy tain very
possi bl e se@géﬁ%én%?x gmp?%?%ﬁg&ncgmélt 3’“3‘“‘1 %g h&%’ﬁg “ar e

sel ect ed sowithall otheritag complsnients. aEhesnended adaptors npthlstemmblmya}sberl@a@é td the m
.-Fie[;,;tegél %/o ¥ : ng e’ncgme oﬁ!Jrano ugﬁ%gﬁ%%@?&%x%@/g ?§ Otl(g?garEC).
The capit al Optjopal Aﬁﬂ%@eﬁmﬂfegmn as shefvryiadhe above

ol i gonucs eoexadﬁletvaﬂm&rﬁmaaﬁdeeeﬁu%w sﬁﬂ/@@&%p@déﬁmeﬁtﬁe QProthdpg! i Ng. The

ol i gonucl eotldg S carr encoded adaptors are sonetines ref erred to
tags for deftfdy ﬁg ‘2‘ "to the encoded adaptors, or as "second"
ol i gonucl eot i de Aagshgaﬂbnoﬂémﬁrdbsmloﬁmdeﬂaddp;ors (28), (30),la0d (32), ﬂmitag;l e stranded

She our! mobdifificbads coiffihe £ B LAY e Shadl a%%ﬁ%“?ﬁ%? A0k 100 O

e.g. Kuij peWh‘éllaéﬂwmmdmceéthaé@t‘abmylledéﬁﬁnb@w@s (36 ﬁ?&i{mﬂé‘@ar get

pol ynuci@ot {Fie9D).0 Finalha tieisg-sofntcisotlé uﬁigacsﬁ:ecleaved 2 m&auclé&kéfhe ot her
r

el s nay caonsi st 25

o a1 1 °F of AT AS: s which SN sf F aCop ALPRS P 2B MEHCERER dapt or
conprise a {@4p(46)dind (}183 (H@nE). (& canpletivn of the successibi oftuldacdgeoinddigationg ( 26) .
Thus, if t h&he 364 @B&oﬁl tﬁé%ﬁtgtﬁe gf %ﬁ\tdgf(Sbi Stitd (lneBP lnx}gg&kdep%ée%uppo%‘huqat es

results in 0
nnnnnnnnn oligonucleotide tags tl thmush ty as desgribed more ﬁlll}'\bﬁhm mmguﬁht by Bremner, t hen

ol i gonugy eOégCP@If/@wsTﬁ%P&lﬁchbmdsli@ FrQ@lsin@iohanght poIrtciestide B(aﬁﬁgwdp NO 1):
35 agag

attctaga g
aagat ct ct ct@f’b‘fl?flgmt{?!e@hg°n“°l°°“dg%ﬁ%rtb 2’g g‘dg"ﬁg °€°F%§hd§&“°ﬁéf‘t ion may be

one of a seémioiiméft, biotk) onlike|niddty, dan ecemipldyedi® axchér the polymisicotilis-eadodsdic| eot i de)
double stragflgely CRiRE o8 hb URMISE RLitel® AlBIRe bidating P idStefs AR2LLREL, Y
PCT/ US97/ 09ligagion, and loading ontetselickphase suppaste dapends oa tharriasfisulat empodimept ement  and

forms ri gy hr o bxanfpRSth
conpl eirargednt S. p‘%ﬁlgﬁk‘&\ oaed aﬂ f %r ]%F‘eé??ggates;;ﬁéig})ﬁd on%agt?’gécinl %%gt he

target pol yfieyE %’ﬁ’ ﬁlﬁ?vég Pigse Bﬂa“?‘B‘Bf (3 x 256)
menbers. encoded Giziptoes; ad, ng,clea‘ragemiaptdsdn@dﬁmgaéd firsty follbwed W3Aogdingse a spacer
region, as a&%, én'a litggﬁm%P&\égded adaptors; and so on.
After encoded adaptors are ligated to the ends of a target polynucleotide in
25  accordance with the invention, sequence information is obtained by successively applying
labeled tag complements to the immobilized target polynucleotides, either individually or as
mixtures under conditions that permit the formation of perfectly matched duplexes and/or
triplexeé between the oligonucleotide tags of the encoded adaptors and their respective tag
‘complements. The numbers and complexity of the mixtures depends on several factors,
30 including the type of labeling system used, the length of the portions whose sequences are to
be identifed, whether complexity reducing analogs are used, and the like. Preferably, for the
embodiment illustrated in Figures 1a through le, a single fluoreséent dye is used to label each
of 48 (=3 x 16) tag complements. 'The tag complements are applied individually to identify
the nucleotides of each of the four-nucleotide portions of the taxget polynucleotide (i.e., 4 tag
35  complements for each of 12 positions for a total of 48). Clearly; ‘portions of different lengths
would require different numbers of tag complements, e.g. in accd@é.nce with this

embodiment, a 5-nucleotide portion would require 20 tag ‘miﬁpléif'nents, a 2-nucleotide portion
would require 8 tag oomplemexits, and so on. The tag complements are applied under
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5 exanpl e where the 4 nucl eoti de sequence "ttct" serves as a spacer

. between th I ng strand and the oligonucleotid
After Iigaﬁ@%ﬁ%bj{jhe first set of encoded adaptors (28), 28;1'%97/%4%232)
t he tag- pol ynucl eoti de conjugates are cleaved (34) with the

nucl ease of oGlRRNPRRARAP RhgeAPso mbﬁyperfecﬂymatmmxeé@ﬁm 8ghais0f encoded

Final Iy, t ngoRate St f%%%%@ L RS I I N R
nucl ease of the tag complzmenty arg avasizd fromrthe/cBcoded tagy sowlnit die nextinkixturt caebe of encoded

A0aPU0rS 15 R 8L fead SRR HAR g corbBhre] AL Rl gS) (1 0

1E). After & succession o nd
of encodéd amm@‘ﬂ:etmerrmm@thwmmceso) onto one or nore soI i d

phase supports via ol i gonucl eotide tags t[err] through tk as
described nore fully below, and as_taught. by Brenner,

PCT/ US95/ 12791 or PCTASS6/ 095 13.M4¥N 3 singl e MANget poI ynaﬁ‘%é*otlde i's
anal yzed, then cieRrly nultlmmﬁiollgonucwﬁoﬁlde tags, Nwerr], t2, ..
tk, are not necessary such an N enbodi , biotin, qﬁ& I|ke nniety,
can be enployed to anchor the pol ynucl eoti de- enco ed a Stor

conj ugal®, as no sort™NYNi s requi rENN Al so, th&NBNdering of NWN& st eps of

cl eavage, li gation, and Ioadlng onto solid phase supports depends on
the particul ar enbodi nent 20 npl enent e exanpl e, the

t ag- pol ynuc M i Ne Sé@h?‘lﬁg’ﬁ?’é§“?@§‘d‘l§eA4%§H@ﬁToﬁ?"&%%nﬂﬂ%@emﬂt‘m suppor t
}‘I rs: f0|:c%h€§epbl‘ﬁtdmtﬁ@6 aﬁdihd s?fer?dd@&h&ﬂﬁeﬂﬁ%ﬁﬂ@fﬁucle@h&amfé?ﬁ)&ﬂhaﬁf and
igation o encade a e ava ors

|1 at ed ' v dporpates § NEti ey SRR oF frinasiey (o106 & 5 Srafiiefs SiedllS of

encoded 13 dajtentify 4 naciebtide) mcxchange for mcreased relxabnmytoénuel;nmtedbtdmnhiph ors er e

ligated to the e Ah36iesRiPh !:ngseeab Walgs W th the
i nvention, sequence Fnt r%ratlon P’g 0 tal sﬂoc%eﬁsa @%ﬁgg appﬁ l\r%

| abel ed t agusBgdonespeqitally distingpishab hfﬂsﬁsqe&téae%wc that thefe jaa REE QP ‘Fedes ei t her
i ndi vi-dual | ¥orfdspak8ence betweellld uﬁ@anasrwﬁﬁcle“eﬁmnm elmplehaixnat bF 4

f t f fect t th
SR AT - R
conpl en@@it s firsT fuoresaeri bibel inwbdervahifke iatsgcond fludnescent Jabel issabsetegdefd=C.,@an sever al
factors, 30@rd'ﬂ&8&§b@h%efn@%b§e%9@1fQLGlﬁg%b&‘g system used, the Iength of the

portions whose sequences are e I dentifed, V\het her coreTI exity

reduci ng anal ogs FEitker sgmence iframation cpn Reobtamed peipg e cmbodisent degcribed above
embodi ment id4 M%ﬁﬁg&@tﬂh@%ﬂ&s&ﬁp@b%dsﬂose@ﬂ@ﬂ{eﬁIﬁt&:ﬁﬂoﬁﬂcent dye

dto | b h I t h
ot coent s PR epRe PCTAR arElh 0282 g SRR e e, o
each of 2§ he rdferred tonherdipaxt 4 'Beppiog 4dapos” is ligdtdido theregdstof theltarge pblgmiclediides i . €., 4

tag 35 g@h@?ﬁ%@aﬁ@a‘%ﬁ?ﬁ? A?fA}%n@Rz'f'gnlé}% it.9h agorgc%ahorpian . Cearly,

portions of req Ire ferent. nunbers of t ag

conpl enent s 3:1d:ky Thup, agerosimatelychalinf the ayaljable ends are ligaiprhigithAstapping adpiotic| eot i de
porti on wouTee §téppitigataptt ﬁomemﬁadgﬁmmm forca type THOIuCIe4se éesxméd sublitthat its _
woul d requi e 8L ad LR STS0L S ik SPuf el Db A G R USRSy © 2P i ed
WO 97/ 487 04 sequence determined via cleavage adaptors A, A2, and A3. An example of a stepping

PCT) USOT! 09 4fpor thas conl R Ve il defdeGiRbtabe SabloREIERY ot Nt Nl Y

perfectly ma upl'exes are

NN ... NCTGGAGA cgannnnnnnnnnnnnnnnnnn ... =37
35 NN ... NGACCTCTGCp tnnnnnnnnnnnnonnnnnn ... =57

where, as above, the recognition site of the nuclease, in this case BpM I, is singly underlined
and the nucleotides at the cleavage site are doubly underlined. The target polynucleotides
cleaved with the nuclease of the stepping adaptor may be ligated to a further set of cleavage

-11-



fromthe fluorescent |abels on the specifically hybridized tag conpl ements
are measurgg'hl ‘ﬁ{kq the tag conpl enents are washed fromthe encoded tags
so that th WP xture can be applied. The 16 tag coﬁﬁT’gﬁ%ﬂ%ﬂhave a
one-to-one correspondence with the following 5 - sequences of the 4-ner

portions of aﬁJ}?oxg ﬁﬁ,%ﬂg S¥hfch may contain nuc[l\ﬁmrecogmuon sites that' 3vs We same or

NANN CNNN
NCNN different than thpgepntained in cleavage adapters A}, Ap, and A3. Whether or not anGNNN
NGNN enlarged set Offdfddded adaptors is rcqulreNB%dk @n whether cleavage and ligation TNNN

NTNN s any one

of the nucl SBFigREan bﬁ'}gﬁm‘a”%"rs‘@ %gm?%?ppéggﬁ rlfufﬁ 8’(‘7 Hés‘gé‘ 5o on
four separ atminiinize enzyme seactions inazomectivd avithsigeal freasuemreht, thematiditfonalsets 6Dt i de.

Thi s enbodi L RS S redundancy (a
ot al “of - 16 e adapyrs e e ObBC 18kl Wik w68 nof Aloiiiae g et BeT
exchange f ocomplementsyeere qalled fon withsix clghvage toactions nredtm;c@mwuﬁ:ag smds of four

Al ternati veguoleo&aﬁ@aeat W3G%h£§nué}e&1wta§§émt & It&ld% I%mé‘:@&ﬁ” ""v? l@iﬂﬂ'téé?d '{‘ d
successi on ur spectra I stingul shabl e uorescent dyes,
such that tﬁéﬁﬂ“ﬁ‘%‘“ﬁa@‘h@’g‘t‘lggﬁﬁ@“‘pﬁ é"e’é‘ e SFYARFAYARIO SdvAe I desVilid ki nds
01;I nuc:c tot i dﬁsatﬁc)ﬁuclemmiﬂogundh sittods W Agfand Ak pghd ;vhmhcoﬂ@l‘i&)ﬁsed’rﬁmiﬂxer’ray )
identify nu ' ng strand sequence "nnxn" so that a.
first %{eﬁ’%rges h?‘,"g l%obgarg %’g‘?@ed i f x=A, a second fluorescent | abel
|s observed if x=C, a third fluorescent |abel is observed if x=G and
so on. Furt her sequence i.nformation can be obtained using the
enbodi ment descr kked. ah@mAGACNN | N aniHGRSRnaRAhRGS. 1.0 -Bhe
"nul ti-$5eppi ng" NRI OCESECTR sed hinBimHMhnnhAheiAati.qQnab: pat ent
application PCT/US95/ 0367 WD 95/27080). In this enbodinent, a fourth
adaptor, 25 referred to herein as a "stepping adaptor,” is ligated to the
ends of the (bar g8 pol WEEAGEACNNes  nnnnrangngnnnbimml eavagd'adapt or s
Alerr], A2, and BB, .-f orNGSTHFIGE, | nnpnryumpannpanpomrmt.i.o ob ' 3:1:1:1.
Thus, a%ﬁbrom mately half of the available ends are ligated to the stepping
adaptor The steppi ng adaptor includes a recognition site for a type
I'I's nucl easd®hos Fl one Mhat | tsnnnnnnnnf‘éﬁﬁﬂn% ined” Eel ow will
permt cleavage dI' the ¥ pol y MR EBTRERRAR RN b 11t -0f °t he 30
sequence deternmined via cleavage adaptors Aferr], A2, and A3. An exanple of

a StepPbAlg yhere %he%ﬁg\\%gggiteg 5 inafeQtdh By Hﬂgﬂﬁﬁ&rwé%&%iag%t&%%éﬁa ,st, 254 €avage

adaptors is as
cgannnnnnnn#hearanieferably applied as mextugss, such that evegy possibleN@paaiatidprotruding
t nnnNNNNNNN QYRR Y YeResented. - - ' where as above, the recognition site

of the nucl ease, hIS i S..Si under.| i ned and t he
nucl eoti des at t 9@“04‘%%%65@3&?8*’\%’%&’ H'éﬁeF pPolwycleatides qre prgpared
pol ynucl eot foddsmding onto salidhase Suppotts) pte&eaumaica@smdes‘ a$ discistdipBrémgeradapt or may

be | 92869 iferfhurbith bk afftfoartth PETASSRAB791 (WO 96/12041). Briefly, the

oligonucleotide tags for sorting are rendered single stranded using a "stripping” reaction with
T4 DNA polymerase, e.g. Kuijper et al (cited above). The single féfcranded oligonucleotide
tags are specifically hybridized and ligated to their tag complemegts on microparticles. The
loaded microparticles are then analyzed in an instrument, such as _:d_éscribed in Brenner (cited

35  above) which permits the sequential delivery, specific hybﬂdizati;}n, and removal of labeled
tag complements to encoded adaptors.

In embodiments where encoded adaptors are ligated to a target polynucleotide (or
population of target polynucleotides) only one time, there are several non-enzymatic template-
driven methods of ligation that may used in accordance with the i:IiVention. Such ligation

40  methods include, but are not limited to, those disclosed in Shabarova, Biochimie 70: 1323-
1334 (1988); Dolinnaya et al, Nucleic Acids Research, 16: 3721-3738 (1988); Letsinger et al
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WD 97/ 46704

PCT/ US97/ 0 adaptors A4, Alerr], and A6, which na '
nucl ease rg‘g’ééﬁll“ﬂ%n sites that are the sane or di fferéﬁ%‘%%&%ose
contained in cleavage adaptors Aferr], A2, and Alerr] Wether or not an

enl arged sety §f GRCOMRDIIIGRLD Bta? N&ﬁi&'&&‘& Ki?é%f‘dﬂdﬁz 9&6%%'(‘1% % age

and |i gat I on réacti ons can tolerated I n the sjgnal measur enent

appar at us. I al, Nucleig,Agids Resgarchs 231 2344-23451(1995%, G’Y?ﬁ“ﬂ‘f"’rﬁ“& uglsis YWeids r eact i ons in
connection vnetséa:@,wahomsmwmpmyazﬁdveusaﬁde:&nscmabmemu@freferences encoded

Ind tag | Prpah R Rasen Pt B b (e of RO A R fone

pr oduci n§ prabbvet)tdlnnlys mbﬂlad;dmembdeﬂadaptor havmg mllfbh‘cunnacmbéaecmudhq redcfedGvith a

ol i gonucl eot I

conpl enent s eg'ﬁ?f? u@gﬂﬁ qU| re ﬁaﬁﬂ}ﬂd‘itﬁ\ﬁ/ph%%h@%l%@%;at “ﬂi
Alerr], andend P@D’enwwn@f chh@!@@m folloving stmictnpesr 1], A2,
and A3, and whi ch coul d be used with the st eppi ng adaptor shown above
are as follows: (s@cnzcwcun-m%wyw )q(B )

nnnnnnniennnnNnnNnnNn 3'-zB'8"'BIB'B' (B") . (B') hBI) -s'N&TTCTGp
nnnnnnnnnnnnnnnnnnnn ... -5 (5) NN cNGCAGCACNN
nnnnnnnnnnnnnnnnnn -3 NN . NCGTCGT(p

nnnnnnnnnnnrwhererfhandrB' are nucl@tid@@nd their compl¢nasnts, andig, 1, 5, q, NER@ACHescribed

nnnNNNNNNNNRRIGNTHKL. C, }Landﬁhaveﬂaexrusualchenucalm&mn%s NCCLpIfd in the above
nnnnnnnnnnnnnpnnnnnn ... - 5' where the ¢ eavage sites are indicated

by doubl e urfefesengesinytemplatedrivenreaction thy 3-bromacetylated qligonpclgotide reactspg gy e

prefer ghby aspéﬂwedxs@amﬂﬂaxwgoaﬁcleoﬁmvtngats' ﬁaw@hc)épmﬁ%kdﬁban uab\fsl eotide
pr ot r udi ng

adaptors h a\fg"%té%‘ﬂ&ﬁ f‘é‘h? g‘b@ﬁ? ﬁléorfiﬁ?é'gaf““b" inbagse I%%PP‘E’&%MQ& §T°BP g&go ded
f or | oadi ng attathed twohd 3 hyrnexybofsutgrgetpolypugleotidlecyyctisatment withofvbkinase ingbs  as

di scl osed |%r§£Berﬂm°§Qe_ dﬁ@,{ogﬂ;hbm),pfago“ ﬁpﬂldbsgﬁ?or Xk 4 WS95/ 12791

(WD 96/ 1204 ol'i"gonuc e tags Ing are
rendered si r(@FeéaEQVthded using a "stripping" reaction with T4 DNA

pol ymer 2ge, e.g. Kuijper et al (cited above). The single stranded

ol i gonucl eot i de tags arg Gl (G2 A2 d and ligated to their

tag conpl enents on m cropat freroparticles are then
analyzed in an i rﬁ;mdﬂdmdaptorssuaytbeaseddesmadab@dbasnd Bcthod’ré'ﬂ)l\(z’csenmc@ﬁhat above)

whi ch perm Hﬁcl&d&?regéiﬁbﬁ %Pctlﬁs &k héiﬁlad, Y&ﬁ&ﬁcaﬁrﬁf tﬁiﬂdc d éév&lé %&rﬂé&ﬁé théttbd d@ﬂ:ﬁb&f moval

of | abel ed onpl enent enco

embodi nent s %ﬁ%’é&éd@é@t %@P&Wéﬁﬁd BCEP P?lg‘a‘t'@d"‘{ 8"%9%1?(89{ Bpeflyy susBiReot i de
(or 25 Pamodlchiafisel s gy REYsy V4) Uk o ehddlyprioad iffofa  her € ar e

e on SRS SR e kR PR e AR T
cleavage site is separate from its recognition site; (b) 1dent1fymg one or more nucleotides at
the end of the polynucleotide by the identity of the encoded adaptor ligated thereto; (c) '
cleaving the polynucleotide with a nuclease recognizing the nucleaisé recognition site of the

30  encoded adaptor such that the polynucleotide is shortened by one or more nucleotides; and (d)
repeating said steps (a) through (c) until said nucleotide sequence of the polynucleotide is
determined. In the identification step, successive sets of tag complements are specifically
hybridized to the respective tags carried by encoded adaptors ligai;ed to the ends of the target
polynucleotides, as described above. The type and sequence of}m_ijé_leotides in the protruding

35  strands of the polynucleotides are identified by the label carried bythe specifically hybridized
tag complement and the set from which the tag complement came,-és described above.
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40 net hods include, but are not limted to, those disclosed i n Shabarova,

Bi ochim e : - 1334 (1988); Dolinnaya et al, Nucl
‘%@.97/%-3738 (1988); Letsi nger et al, %)0%9‘16‘094 2

Resear ch,

-12- WO 97/ 46704
PCT/ US97/ 09472 . - U. S.o1 { gy et al, Nucleic Acids
Research, 22: 2366-2369 34y, \UCT ei ¢ Aci ds Resear ch,
23: 2344-2345 (@wuclméﬁwwl%ﬂfommmwwsmthem@fmirch 21:

1403- 1408 (ch®OdmentsBtRzn@Htion). (hgomdlebtitle ts E%Jen@%;edaaradschbéeqnn%ﬁa&ences

e Y g s RS 51 A s Ao TR o e i ng

a 3' - br 6noandé W0 86/¢101&))th sor largsmimbelrs of pdlymcleotides, egmeyamlmﬂoasﬁnddﬂsehadll ng a

I t
end. An exar 24*95%%0 A niad ?a‘?ggm?ﬂ"‘*?’bﬁg%ﬁﬁﬂ“&ﬁéﬁé@ﬁ oo
fol | owi ng Snalyss, eyareemployedtodehver belstoenwdedadaptoerﬂaﬂmmmq [err] (B
ylerr] (B )%gféﬁﬁ&ml%wthousand For the former use. largenun%erszg‘rgpe?eigésglnqéag[shel ;

(B)r(B)s(B wher e are nucl eo
conpl enent ml‘)éﬂ ’eﬂ“’l‘?‘i and thegeforg sypthes ‘&Pé‘“‘gﬁd‘éi’égléﬁ"f“ﬂfé@“de tags is poblgmatics; | C, H,
and N have mﬂewm&a&mbntshaﬂbménalmﬂbﬁg&meéﬁgﬁxﬂbﬁmmnmebm&lﬁbd;ve

f t t t
o1 1 gonuct edtstrRila® ErshatE ok AR A Bantiauth st b BBSFIEUBER®. havi ng o
5' - t hi ophospéededddapgors, ligonudiestids tage of mminimally crossibbibridizing st maf be separately

- t hi ophosphQuhRsE: % @81 2Qvithddsai@mbiiato mﬂgphosphoryl group is readily
attached to%e g é%g@ y!hb f a target ynucl eoti de by treatnent wth T4

ki nase in the ’é‘ﬂé‘ﬁ%@? ﬁ‘é’“\?"]e@dﬁ ie-qt‘WF‘??tqu\!ﬁ?BW‘? i.e.
g- S-ATR5 asfd ﬁﬂxﬁmﬂb&ﬁosk-ﬁyﬂﬁﬁﬁ@lgeét afd conveniently @itinéigted Bpsi@ple caifiputer

Sequence Ana Si S th es .of Ligation and Cl eay

Encoded add ?ﬂ\% tg(% S Pﬁ By tR TSRS ‘?850“5‘@%%1“% sequenci ng
t hat Appeddwdelsandébéanm coppites progranisi agecadily writtehefor listingat i on, and

cl eavage, sezheNele) aesh ent

5,599, 675 ang&ua&ulg%gofl catl g'n%Now%\D 9§/s§t§608r0 ?%moﬁn?r ﬁ{dg}dclﬁ’eg&@S met hod
conpri ses tlabled belpwRfoxidessguidauce as o) H‘ﬁfeﬁfﬁﬁwfe{ﬁméﬁgbﬁf@ﬁ'@@m to an end of
a 20po Io}igmélmmsd& thé mcaanacgﬂﬁ afdinitef offtavledtide diffotéfides aFle dbBeeOgNni ti on
site of a nucl e5|te|s separate fromits
recogniti orf°gPY pr?gﬁm VXFH“?%W%?}@ ﬁ’e nucl eoti des at t he end
of the polynucleotide by the identity of the encoded adaptor |igated
thereto; (c) cl eavi ng the pol yni%i gotide with a nucl ease recogni zing
the nucl ease recognition site of the 30 encoded .adaptor such that the

pol ynucl eoti de is short enddmiplipfesyHybrdizng et Eardres: and (d)
repeati28g sai d steps (a) throyphsiéting of Fdur Nudlédtideshucl eoti de sequence of the

pol ynucl eotide is dewweieaslened. I n the identification step, successive
sets of tag conpl enents arkiffegescificall
g nmp | P K[ imal
Oligonucleotide Size of : " Sizeof
Oligonucleotide s of Minimally * Minimally Repertoire Size of
Word Cross- Cross- with Three Repertoire with
Length Hybridizing Set Hybridizing ‘Words Four Words
‘Set .
4 3 11 1331 14,641
6 4 25 15,625 3.9x 105
6 5 4 64 256
8 4 225 1.14x 107
8 5 56 175 x 105
8 6 17 4913
12 8 62
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hybri di zed to the respectiVe tags carried by encoded adaptors ligated to
the ends of the target pol ynucl eoti des, as descri bed above. type
and sequen®O BH6Mdci eotides in the protruding 35 strands ‘iﬁT’Wé’“J‘p'g

pol ynucl eotides are identified by the | abel carried by the specifically

hybri di zed . tag conplenent and the set from which the tag conpl enent
cane, as described above. _
- 13 - Sets contaipmg geveradingdred to several thousands, or even several tens of thousands, of

PCT/ US97/ 09iganucleotides may be synthesized directly by a variety of fhrallsd ByitesiObppiaciesgs and Tag
Conpl enent s sénl

di fferent pu¥ ﬂ%g‘é‘g"s%mtﬁﬁ@kﬁf @fg‘g]ggg%&%kg&4@ang%ﬂ€@$@%}%y &%%fﬁ%rﬁe\#f tion:

IC] i gonu@ eotl: d¥65t437% (198E); Mapsomwptead] Axml. )&mhnm,bnd llllﬁ-lBtS(atF?%), Fodor et al, 5 (Vo
06/ 12041 SenBi (el SCTURSOTES (WerbRaats At b Ral WP LT,
e.g. sever acit HloG6221026 §1994); Sputhern et al, J. %ﬁ@"@gﬂsﬁél?éaﬂ&?(WMMt ure

i nt o uni f or gReRRRAPIIpRGRIR PCTASOL/0S8Ys (WD 94277 9P LisHRE di@l, Proc. Natl. A&, YSi S,
and they are en})I oyed to dg#l vge, abel s to encoded adaptors that numnber in
9Z: 3P1257 a1 P2k or thp

the range Sei, ‘few t housand. For the former use, large
nﬁnbe][ S10 or repel’tbﬁi’ab?,stag eémﬁlmtsd l&iiﬁ'nxtml ixtures, wlhétm Eﬁﬂielsi}ledrceﬂhhﬁteﬂ%llly&lﬂd
therefore synthesis of .individual ..oljgonucl.eotide.tags is 0 matic. 10
In these en‘\é‘ﬁ}ﬂ‘a\‘@ﬁt@?“ %?ﬂ?@gﬁ’fﬂ%@ﬁ??ﬁ%ﬁg Ay .5?§?terred. On
t he ot her hgenctly matched hyfbeidehaye similamdrsulistantipdly ideptcal weltingstemperatags e not
required-s £ thF;j #jgml!n ily distRREHEE HoR PerRday S

ol i gonucl e%ﬁ?@g% 0 %X%rﬁ| na F?@%f:gérgrﬁdx _r?séiﬁ%ﬁ%g&sg_t %ma e separately
synt hesi zecdmatghed fag| complemenys,whea applisH tQ.resiesh adaplorsa -8 by washing under stringent’ pq
dle_scri b1:‘9;'11I i&n?ﬁ&ﬁggbr c(oﬁibf i@ riaBoihth Tsizkdllﬁg mmﬁﬁegmfsgﬁ_ iy eReehyboilizing |
ol i gonucl eot i des 0 m ni A CrPSS- ridizing set . conveni ently
enuner at ed W’Eﬁyﬁﬁmﬂ?ﬁﬂff@s"bm ‘X%F“&g??ﬁ{s&m?& -t 5?%“%‘3‘8%?ified by
t he progr anduplk cabilitycis eesty otherssbumitdn the sdt.eGuidance for carryiggomb slich ecleckionsigl | | .

Simlar co . I VIR :

o: I gonucl e r#\hgé’g bg’fp Q%Esﬁ%%ﬁu%%fem%%%?ﬁﬁﬁﬁeg%%?ﬁ?# m%g%péec)ﬁ ment of
t he i nvent i #abilities, e.g. Rychiik et al, NyusleispqidsReseaech, Y ?ﬂérﬁ?élé@s?)cim%ﬂ@ 4p%e of sets
of mi nigml | ya1018HB); Brdilabe et A1Brod Natl. AtAdgSdRyI83: 8046-3159 (1986); Wiemir) Gtie at ed

D B b U35 151 B " S e e

Tabl e | oligonucleotide tags are required, such as forideliviering InbelsGp encodedyadaitets.zhng Set s of
Words 25 grams i I may b B geherftParilist b feqhlieds@pt | des
Nucl eot i de commputer pro of Appendices 1 and Il may GD&??erggé\ce l o

minimally cross-hybridizing sets of oligonucleotides that are used directly (i.e. without

25  concatenation into "sentences"). Such lists can be further screened for additional criteria,
such as GC-content, distribution of mismatches, theoretical melting temperature, and the like,
to form additional minimally cross-hybridizing sets.

For shorter tags, ¢.g. about 30 nucleotides or less, the algorithm described by Rychlik

and Wetmur is preferred for calculating duplex stability, and for l'éhger tags, e.g. about 30-35

30 nucleotides or greater, an algorithm disclosed by Suggs et al, pages 683-693 in Brown, editor,
ICN-UCLA Symp. Dev. Biol., Vol. 23 (Academic Press, New York, 1981) may be
conveniently employed. Clearly, there are many approaches available to one skilled in the art
for designing sets of minimally cross-hybridizing subunits within the scope of the invention.
For example, to minimize the affects of different base-stacking energies of terminal

35  mucleotides when subunits are assembled, subunits may be provided that have the same
terminal 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 reducing or
eliminating variability in tag melting temperatures.
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bet ween Maxi mal A i gonucl eot i de

Si ze of | ze of A i gonucl eoti de s of Mninall
Mninmally WO ertoire Si ze of W)rdl’C'l"US9¥’09472
Cross- Cross- with Three Repertoire with

:;g E?t C‘l)r ds “In M—éu%{n{if tg&, §e$vord” of t%a!l gﬁc%e'og&s, shown in ital\llc\:bbrepo%v, may,

4 also be added toseach end of a tag so that a perfect match is always formed b&@en it and a

14, 641 similartennﬁal“word” on an yother tag complément. Suchanaugmented tag woukihaye

15, 625 o fonge 3 0 X L0[€rT] 5

4 e fgrm: 256 - 8 4

225 5 1.14 x 107 8 5

56 1.75 x 10[err] 8 6

17 4913 32 — S

62 W W, Wz .os Wk;l Wk W-14 WO
97/ 46704 w’ A > , ’ )

PCTI US97/ 09472 SetS wyza. g acy‘é. oy hEVr'.‘dr ¢ Lo—sbver al

t housands, or even several tens of thousands, of ol i gonucl eoti des may

be syntheS| f hes,

e.g. as di sf?f‘ﬂji:‘g ?“éﬁ“‘d‘%"et“?{‘?‘*’@*‘““g VLAl o R ng BREOA

Nucl ei ¢ Aci deat ‘B{RP’EW all mismatghed wordsyvill beyipternab) %Pam‘mm &duging th¢\na|

EIC'CI)' c B e gg ?0421 %bxhﬂyil&tah%nbkﬁ&ﬁ)iuplﬁﬁdﬁht cﬁﬁen'aise \]gould have hﬁgnﬁidnai \g&a@&t ﬂ?eﬂplsl cation
Pease el a r oc . AC ci.,

91: 5022-50%@(&3&’%%@ %ﬁ‘é?‘ﬁ’ S vth E?‘“%P‘S’f‘%‘&‘ﬁﬁaﬁeé E@%Y‘?&%%? (1994) ,

Br ennan, Mdvﬂmswahﬂnﬁmmmmmmm/ US94/ 05896 (WD 94/ 27719) ;

Lashkari et al, Wlﬁpohgmﬁiueoud@‘&%gused for somFE efg‘?ed eBckiimdn? 5P Smﬁ:é??a% Or the

i ke. 10 Pref er abl nts 1n mxture

ag ¢
synt hesi zed °E’6Wb|‘?3’?’88 et *F?the?e whose S“bP‘H'd Ui teRdla 1 §f thiee of the-foarnauralt o have
si m | ar 18uphaslectidest Mis pJuwe discaszid inbre (ﬁﬂlytlﬁloﬁrnﬁe abekdd Of orie Yyple BBhucleotide in

Cermer at ur e ohuciotas iy iR @ o uionic % houdspmel Al Pl Sobpertor ¢

readily di sbynmnfﬂhéa—ﬁ'remglasc aativity/of a DNA poigtnetaged The épllowinp iseiwent s when

applied to Qbcis-hdrilizin n

condi tions. For conbl naf or 1 sé ﬁm S E%‘ﬁ\gg?@e gteg&%&ﬂp%&fgﬁ%“,hw]rﬁ%ﬁs mal |y
cross- hybri awreﬁ 3'°‘§b‘i°§5‘ﬂ’&9 G#9diF uct ed from subunits that nake
approxi gt el y equi vaI ent contributions to dupl ex stability as every

ot her subunit in the set. Cuidance fog. cla@{yl ng out such selections is
provi ded by published techni ques for l?% ing optimal PCR priners and

cal cul ati ng dupl ex stabilities, e.g. Rychlik et al, Nucleic Acids
Research, 17: 8543-8Wedl: (1989) vend 18: wg409- 283 6412w 1990); _Bresl auer et
al, Proc. Natl. Acad. Sci., 83: 3746-3750 (1986); Wetmur, Crit.

Sequence: GATT TGAT TAGA TTTG
Word: Ws Ws Wy wg

Sequence: GTAA AGTA ATGT AAAG

25  Inthis set, each member would form a duplex having three mismatched bases with the
complement of every other member.

With oligonucleotide tags used for delivering labels to encoded adaptors, all four
nucleotides are employed.
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Rev. Biochem Ml . Biol., 26: 227-259 (1991); and the |ike. When smaller

nunber s of ol i gonucl eotide tags are required, such as for delivering
| abel s t o WREHAEE4 adapt ors, the conmput er prograns of PEFASAAIMEL | and
Il may be used to generate and |list the sequences of rri nimally

cross-hybri di zi o) l. ctI i.e.
W t hout y25 co%g'?’g%&t’@%ﬁﬁé%%e%%%&dwgﬂg?%t S can ugt her
screened f cynthesized pranAutomated BN Agsynthesizer, e.gs ar Applisd Biosystemsdlne. (FQﬁtesClw,but i on
of m smat Cf@ai.forwﬁ%&tsmt ISEDNARNA smf'eea&uasag sBihrd BRmistdS; such as_ to

formadditional mnimally cross- hybr|d|2|ng

or
shorter taghosphorgmdie chemistyy, %&S@Ma@gﬁ@}m{'@g?ﬁf?ﬁ@ Qeﬂb‘?ﬁ%ﬁéscrl bed by
;Rynglh:‘ iolr<5 ;%egzhm 4&122133!‘-23“5&3?2?}3 grog:é; 4100. gépdmm%f eég;(é ?Sp %tm@x@aéft;sbl lity,
al gorithm 'i 41 é A
I Cl%l— UICt_A Sylikp.. Amuvsclmmsme\i{dg r@ﬂhﬁgﬁ\ofgdemtmaﬁas&me fiovps.yinckas nb?ﬁdb) may be
conveni ent |y ﬁl‘&@&@é’@ﬁm%ag’y%h&#%%u%% ﬂ%lﬁ@%mm F’gmﬂ’\rﬁoss hye to one

skilled int set s _of m bridi zi ng
subuni ts w%?ﬁ"@%@‘@?o‘ﬁ@%@ﬁ&“ﬁem ly @peurring nucleotidgs that permit RIocessiNgn ni i ze

t he af floct sorgfanighlblichbyRhzyhRs whilé @6 tscmep&aﬁg €gRBmpieménty Hay inpASe non-

nucl eotldes vvh n are asse un may b OVi ded that have
The one. - natin bt bekiopt ch B PpREE e icariod S s Sitiics, Histprofs

l'i nked, t hdfomatiorodf mdrestitdsduplkaschiringsorting. In the vase gf tags wédfatdlehvmganplm ni ng
terminal ”%L&S&éd%ﬁ% tht bdth BE ofi ﬁuﬁi&:ﬁ&m%fﬁﬁt%at u“l@fd&it{':gaﬂe constructed

elimnating varra Inta
- 15 - m non-na 9 oleptidas.or analogs, provxded hgatlon can take place, either chemically
PCT/ US98/ 04 tically. In multi-subunit tags, a "word" of term nal

nucl eoti des, shaown |n |ta|= al so be added to each end of

a tag so that a QuuPlegtn ?gamg%%% lySothesiping;the 5
simlar tercmnplaﬂnentawmhndomnwe,dbghhmﬁgnmigrmmﬁbmmnpmﬁuaﬂezamwﬁent ed tag

woul d have d Ws
I ndi cate coAlrrtﬁfnaPr‘ée r'S. W 5?5 m?y‘tia*gé‘;‘;é‘lbetéi% s’fnoregnygﬁ% ‘é‘*‘?“%ﬁ‘%e
mat ched dupﬁmﬂelse11@sbdwmlgm@he@cm%§wn¢ﬁbéwe&3mmwgmwees t her eby

reduci g thﬁwlétondMismwa&agy%mhﬁmkmgﬁeﬁﬁmﬁmwﬁmQtdﬂsrW se would
have m smat ched wor ds at ends. 3151%,\&65? novvn that dupl exes

with inter meﬁ@m‘“ @Wl%kﬁ?@@@% dupl exes
Wi th the safee,sITILIER (BB6R Shét[d’ﬂplhhﬁags maythenbemserted Mﬂ&n@ﬂe@@ﬁ&&h@ot i de

E?g:suﬁigr Tvﬁ zt%%ratplg@?%‘ﬂeg es?‘t'rng rﬁgg\ﬁggg‘%’d fgheat?r c\{eﬁmé)efmt hree of the
f our nat ur @ccordance with the invention. _

25 When tag complements are employed that are made up of nucleotides that have
enhanced binding characteristics, such as PNAs or oligonucleotide N3’ —P5°
phosphoramidates, sorting can be implemented through the formation of D-loops between tags
comprising natural nucleotides and their PNA or phosphoramtdat:e complements, as an
alternative to the “stripping” reaction employing the 3’5’ exonuclease activity of a DNA

30  polymerase to render a tag single stranded. - _

Oligonucleotide tags for sorting 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 from25 to 40 nucleotides or
basepairs. In terms of preferred and more preferred numbers of subumts, these ranges may

35  beexpressed as follows:
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15 nucl eotides. As will be discussed nore fully bel ow, the absence of one
type of nucleotide in the ol igonucl eotide tags permts target

pol ynucl eot W@&/46194 he | oaded onto solid phase supports POIYUSHTB432 t he
5'->3" exonucl ease activity of a DNA polynerase. The following is an
exenplary m nimall-y-cross-hybridi zi ng 'fﬂﬁt?lﬁf subunits each conprising four

nucl eot i des sel ected fromthe gr onsisting.of A, G and T: 20
Table |11 Numbers its in Tags in P d Embodiments W err|]

\B W er r ] Monomers - Sequence: - GATT TGAT

TAGA TTTG  in Subunit Nuciétidks in Oligonucleotide/Fa@r I | Werr]
Werr] Werr] (12-60) - SequEsMm: . (25-46TAA AGTA
ATGT AAAG 25 In this set, each nmenber would form a dupl ex having

three m smatched bases w t h4iJ0@ubunits  COMPINBUHits Of eVRIVsubhkigr nenber.
Wth oligonucleotide tags used for delivering |abels to encoded adaptors,

al | four nuclkeoti des ane spyitoyed. 4-10 subunits 6-10 subunits
- 16- WD 97/ 46704
PCT/ US97/ 09472 5 2-12§ i gonugk | t ags s @fsuiddis | Nvention and
their conplenents are conveniently synt hesi zed on an aut onat ed DNA
synt hesi zer, e.g. an Applied_Bi ens, bubiiost er .t .
California) nodel 392 or 39 l@ﬁﬁ‘ﬁﬁi Synt 'gglllzer, usi ngéss%‘%ur%%rd
chemi str i%s, such as phosphoram dite chem stry, e.g. disclosed in the
fol 1 owing r%&%?&&é’dly,%gg’&ﬁél&ﬁd@ﬁ fol/ Qting afe singltramied i pecifid: 2223- 2311

. ,, 980, 460Q; Koster et al, U S pat ent

(1992); Mol é}?}' eéj al, US . ent

4,725, 677; CHPHfiFaeR oggurs yid Wersen-Crick pajfing with 24ag cpgiplemant, 58 056:  and

4,973, 679; and t hireferably, repértoires ofisingle seindedoligewiestide it2@s forgorting congiil 4ti Ng i n
non- nat ur al 0 ' ' cl. el | NAs) ,
o - 2P ph B SAESOHER prctiily, Aol of ioh ags conflita £ 1860 Hpel )
sone enbédi nandimpst preferablycrppestoligsiof such tags contain gt leastch %000 members| eot i des t hat

perm t processi NOprifdrablyOfepdfditbd it domBlel¥ntefdF YdiParing Wblels Sortdlf 2004t f5PONdI Ng
tag conplenents may co

et i der ol BREbeEe g PRy cEeBaes Of ik B8t FRaL i g mebers. Sl more ° 1" °°
preferably, such repertoires of tag complements contain from 16 to 1024 members, e.g. a
number for identifying nucleotides in protruding strands of from 2 fo 5 nucleotides in length.
15  Most preferably, such repertoires of tag complements contain from 64 to 256 members.
Repertoires of desired sizes are selected by directly generating sets of words, or subunits, of
the desired size, e.g. with the help of the computer programs of Appendices I and II, or
repertoires are formed generating a set of words which are then used in a combinatorial

. synthesis scheme to give a repertoire of the desired size. P_referably, the length of single
20  stranded tag complements for delivering Iabels is between 8 and 20. More preferably, the
length is between 9 and 15. ' ‘

Triplex Tags .
In embodiments where specific hybridization occirs via triplex formation, coding of

25  tag sequences follows the same principles as for duplex-fénniﬁg tags; however, there are

further constraints on the selection of subunit sequenées. Genera!ly, third strand association

via Hoogsteen type of binding is most stable along homopynmldme-homopnnne tracks in'a

double stranded target. Usually, base triplets form in T-A*T or C-G*C motifs (where "-"

indicates Watson-Crick pairing and "*" indicates Hoogsteen typeof binding); however, other

30 motifs are also possible. For examiple, Hoogsteen base pairing permits paraliel and
antiparallel orientations between the third strand (the Hoogsteenstrand) and the purine-rich
strand of the duplex to which the third strand binds, depending on conditions and the
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formation of nore stable duplexes during sorting. In the case of ‘tags used
for deli ve%&&‘lﬁ&el to encoded adaptors both the oli ﬁonucl eot | de
tags and tag conplenents nmay be constructed - ~ fr om non- R&TGPZH09472

nucl eoti des, or anal ogs, provided ligation can take place, either '

chemcally 1lgn osﬁ&n@ﬂﬁé’éﬁh&sc%la%mextenswegmdmcemthpﬁ% fl&gﬁ forms of
P conpl eme

tags may be made by separat:ely, synt he5| zing the tary strands

fol | owed by SPRISRTIAE SEAHGRAeS. OFFMtioN soRditions, n slﬁeﬁyns&es'é@be@errmswn
Al ternati veummbmlesmeaamdxpmes Wbﬁﬂ&ﬁcﬁrﬁ"@éﬂg ijethylated ytosin, ReFthe | Ng A

That ser veq M moriss o mpafit o pSedsSiby, Eody BHIR A 'sif"””c' e
synt hesi 2 ed eipyodouents e1g.Rpbemtscet al, Hg!bd‘laﬂ Aaaﬂ:léd B&r?éﬁ?ﬁme(lmlb,maberts etal, priner
and ext endi gar.y&tissamg IIXEE19675; RSt g NEPALBASE, b3 A86g5sed |

0: 117

-

diphant et a 44 177 18 dupl ex tags may then
be | nsertedqgﬁﬁmeﬁbals\/%E‘f | 183 (1993)y Mergmyietaluc eot i des

for sorti ngBasaslmﬂw wbm-msqigguh@h&@raau Dok, YOheta | SRt il 8 4465-4474

2o oved oo B st A Ao R I tIoo B A o) i ng

char act &80 i sf.iArs., Chemc8oca d 1414626-4982d(l 993} rGictamuingedicet A13Pro2. AGtl. Acad. Sci., 89:
phosphor ani ﬂ@éles%ss Ex%&j Bebsés B B&vﬂ@h@ﬁ@%ﬁ%&%@kﬁ@ﬁ ggsﬁmfég%[@?n PNA or

D- 1 oops bet ween nat nuc
phosphor ani §&eme, %ﬁ?rﬁﬂll%ﬁﬂ‘lt@”%g%et , Proc. Hlatl cAcaditScine8% 840KR844 £¥992)ppi ng”

reaction enmphgiens, Nﬁ@er@Aer@a%&lﬁQ@'lﬂ@‘ﬁﬁﬁQlQ% ; ¥y afd A3 ol ymer ase

Bngow?
Lort T ras o "B Eobh 37 AOF 528195 Bry el Vs S, 55 565830 1 o

Pr ef er ab$ y, (16P6)g amithd ot | ChaditionsSor annepting singlesighded for dxmlek&agsmo thelir Biigle-eot i des

rom 25 to JHamdcr dupl @ebleicfs 84\l ilndP SRl Aol chéfbsl P | 210

nmor e pr ef er 1883 Ganterres aloV.Ss paent 5482, 836§e®€bth¢ blﬁgébe p@MgS isominghasssed as

{/\g |9$7VZ6 -04 the advantage of not requiring a “stripping” reaction with polymerase to expose the tag for ~ L /-
PCT/ US97/ 09#Ppealing to its complement. Table 111

Nunber s2@f SubunPteferably, Shgpaudentidfy tegsof ttednvemtion @mpletihg triplex hybndxzatlon are Mononer s
'( h s g;i it double m:g%mi& anhlﬁﬁlcgﬂésbg%éb fggﬂbﬂ&%g&g Shitf Grah8%h. More
4-20 subuni pesferably, g:methylehiesipg is ysed in placg-of ytasingimthe tag complements in order to
broaden the range of pH stability of the triplex formed between a tag and its complement.
Preferred conditions for forming triplexes are fully disclosed in the above references. Briefly,
25  hybridization takes place in concentrated salt solution, e.g. 1.0 M':'_NaCl, 1.0 M potassium
acetate, or the like, at pH below 5.5 ( or 6.5 if 5-methylcytosine is' employed). Hybridization
temperature depends on the length and comp051t10n of the tag; however, for an 18-20-mer tag
or longer, hybridization at room temperature is adequate. Washe’?": may be conducted with less
concentrated salt solutions, e.g. 10 mM sodium acetate, 100 mM =gClz, pH 5.8, at room
30 temperature. Tags may be eluted from their tag complements by mcubatxon in a similar salt
' solution at pH 9.0.

Minimally cross-hybridizing sets of ohgonucleonde tags that form triplexes may be
generated by the computer program of Append:x IL, or similar programs An exemplary set
of double stranded 8-mer words are hsted below in capital letters'vinth the corresponding

35 - complements in small letters. Each such word differs from each of the other words in the set
by three base pairs. -
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4 3-15 subunits 4-10 subunits 6- 10 subunits

5 - subunits 3-8 subunits 5-8 subunits

6 wo”%éf% subuni ts 3-6 subunits 4- 6 subufbffT/USIT49472
Most preferably, oligonucleotide tags for sorting are single stranded and
specific hybri di zati on occurs via Watson-Crick pairing with a tag
conpl enent . Preferably, repertoires of single stranded

ol i gonucl eotide tags for sorting contEable | east 100 nenbers; nore
preferably, repertoires of MMM@;Mt 1000 menbers; 10
and nost preferably, repertol C ags contain at | east 10, 000
menbers. Pr ef er 8 oo et of8st ag conpl enents for
deliveridhg | abel s contain at Ieast 16 rrerrbers nore preferably,
repertoires of5 s%h@ﬁk@&gs con’aPAGREECcA east St $1-ACERSEES
preferably, Eﬁ%ﬁé@t oi res; Qng‘éﬁ conpl E‘j’i&ﬁﬁ% E:‘ﬁnt ai n $73HICEECG 0 1024
nmenbers, e. g nunber for I dentr fying nucl'eotr des in pro‘frudr ng

strands of frcﬁfn‘ such

repertoires of3,L§§Tmﬁpl erreré §£g§§§ in fr%@?”ﬁﬁ%% meg:oé CCTC

Repertoires of desr red si zes are se ect ed |rectIy genera'ir ng sets of

words, or sub :zd . W t hst-kaneshaép of the

conput er progr3anl &cgéppendbce"m c’éﬁjd II %Fgcgzigct reper},0FfES % e for ned

generating a set of vvords vvhr ch are then used I'n corrbr nat ori al-

synt hesi s SChé ﬂ ey cgea %ﬁTﬁ n_’,eI o z¥. gmggmrably t he

| ength of singl stran ':} orrple n% delrvr els is

bet ween 8 and 20. N%trtg prefer c:n th is b%twie{gn and 15.

Tripl ex Tags In errbodr rrent S where specific hybridization

occurs via triplex formation, coding of 25 tag sequences follows the sane

principles as for dupl ex- form ng tags, ll'n ver, there are further

constraints on the sel ection of subunTafbes quences. GCenerally, third strand

associ ation vi a Hoogsteen type of binding is nost stable al ong

honopyriti di ne- honopur i n&epﬂrlackSmd\éanousDoubtbcﬁuahﬁd%gsanded target.

Usual |y, base triplets f&ha e FTag

i ndi cates Watson-Crick pairing and "*" |nd| cates Hoogsteen type of

bi ndi ng); however, other RJieotighotifs are al so possible. For exanple,

Hoogst een base pai ri ng pebimkrtmge paral | el and antiparallel orientations

between the third strand (etwenHoogst eeMagimsiand) and the purine-rich

strand of t@e du%I ex to%ﬂﬂ'@H"‘ldhe t hi rcﬁﬂspfr and bi ncﬁmofdependr ng on
ﬁ of Minimally

condons TR e Mot R e 1S
PCT/ US97/ 094 fidngth conposi tion of tdae St rands. QFﬁere i's e%‘,hgfivsei ve
guidance in the literature for selecting

4 2 8 4096 3.2x10*

6 3 8 4096 32x10°

8 3 16 6.5x 10* 1.05 x 10°

10 5 8 4096

15 5 92

20 6 768

20 7 484

20 8 189

20 9 30
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appropriate sequences, orientation, conditions, nucleoside type (e.g.

whet her @% 8 g;o deoxyri bose nucl eosi des are enpl oyed), base
modi fi cati OYS (4 4. nmethyl ated cytosine, and the | i KROT/Y§979498r to

maxi m ze, or otherw se regulate, triplex stability as desired in particular
5 enbodi nents,- e.g. Roberts et al, Proc. Natl. Acad. Sci., 88: 9397-9401
(1991); Roberts et al, Sci ence, 258: 1463-1466 (1992); Roberts et

al, Proc. Natl. Acad. Sci. M%MMMMQ%) Distefino et al,
Proc. Natl. Ac ad"-he &fcbded a%toriﬂrﬁ%ie&ﬂa@@a&aﬁ&%e cd}{eéxﬁbﬂﬁy E')Tnthalzed on

Bi ochem str 791- 1991 et al m _ Soc 114:
4465- 4474 SO miled ’% es%&‘él s%ﬁ;‘&’g;g‘ﬂ‘%s‘&fkf“@?‘és m&%@mmo
2773- 2756 € 39di)osedHe e fallosvirpaefemnces: 1Beaucage amilyerNarshedtag 43: 223312314976~ 4982
1992) : e | 8631- 8635
Elggzg; gtg?ﬂg%&%laﬁﬁ@c.JeE%?gO@% st B 2 Ei‘?ﬁ?a’gs RlaRamthers e§| .
Biol. , Uch prtents 4,815,323 4,458,066; gndglh7B 679 o thedike: | Altepragive chriistries, Acad

Sci ., 89: 3 Aiesultiigdn ﬁo'h%&}al backbone grogpd! Echks pﬂésph&“ﬁ:@b fﬁh&ﬂl}% e% rnglh :29,(2)

1777-1784 2 Thu and | ene, Angew.
666- 690 (1%‘5@‘;9%‘% °°§1P°Y75rR53“ %é'iagﬂw;!@a’ang@@nucleg@esmwﬂmhb 15
(1996) 10 andnﬁﬂehbaﬁbﬂmd?ﬂtﬁhaﬁdg@fﬁgén&rus&hﬁe®hnﬁﬂaﬁdrﬂlﬂﬂlﬁm&1 aﬂferdupl ex

6 0% 57 o Sifoih Bofiblamentary sBiddf 36 Sently o Bhnbike G nsd "E%hﬁ AR
patent 5, 4848p®geThepretruding strandeof anengodst adaptqsimay be ag@\eslmdasannmehwl
the advant ﬁﬁ?ev@éy posibld ﬁ&i&héé 19&Pﬁsen§3'iﬂlﬂ9bﬂ39ud1ﬁ idn0 %u}%&.&n&é}'a)@mf ase to

expose the ) to I1ts conpl enent

Pr ef er abl ym‘g&%ﬁ% 'G?h“lqﬂ =F&\Pé|4{sF18§?d§h'5€f1Wsﬁigﬂ,t ripl ex

hybri di%at Gewontidse13: 71s-72ﬂomﬁ)avawaapmclamcmae§th 091 5275327941991 )t ag

conpl enent | t 5- rret h I cyt osine is
used in pl ?éogﬁo &cagi'?}élgle%egﬁ(i?%amwl 132%1}9%%1@%%3 *lﬁ‘%%@& br oaden
t he range EifphpﬂﬂosPW9Q®(E@fPHbmnoanl3§&3%bm&ebbi \Meraﬁy thegp and its

conpl ement techniques siftpi§ LA fof e GRMtioh GFRix TG gy e fully
di scl osed |en t‘i%’é“a %ge rgf e?géygles Brie 5{%% ‘egl’logl zatlon takes pl ace

in concent FRPEE oliggnycleqtide dyrigg the soypling stepsphegsone def"@ te/intreduse muitiple

ac elt at sz " Ottucleotidek i Kediscubsed hbd&ehﬁ)m eﬁlb()dlﬂéntgxt May ge SesiiEtid v |r<|§iM&eQ§éh ne ijs

enpl oye erature depends o e.length an

conposi ti o (??é‘flﬁe éa?;cgptﬁ1('5c’vveT\t/“(§ ar“%‘%? }E?dfﬂ "é‘gy"’ HCIg 397%8Songer

hybri di zat Mhaadeoxmmp,elmqwmaeontbe blGeq&asaugMAsKezgﬁwyLbBetabnduct ed with

I'ess Nﬁ&&@ﬂ&%ﬁéﬁ&dﬁ@btﬁwbwzl&Qﬁ:U§ m@@cdﬂ\ﬂsﬁoﬂ fzﬁl“ 100 mM
u

MC [err], oom 3 terrperat ure Tags may romtheir
tag conpl e flgl-%i} (?éﬁf‘&r (li;k‘? nasimlar salt soI ut ion at pH 9.0.

M ni me23 y cr osshivgine blbodint@tssie ingy aédeﬁlraw&aaﬁinﬁg&d éhSoded Baptohsr cle¥Val

L) oo Bl o ol pRSIRIBR Sl ol GRS kBTG AgRoend x 11 or
| i sted bel synthesis, Swself-complementarysregipnsiare dilewedto meteplan firmg @@aptor withyl enent s i n
smal | | et t@bﬁmfgaﬁan@wahe Walaflt SLibdISERindda 2B 2PER ofiLr dull CPRERBEy, WRLES 10 the

set t hree base pairs.
-19- odlments the loop region may comprise from about 3 to 10 nucleotldes or other

30  comparable linking moieties, ¢.g. alkylether groups, such as dlsclosed in U.S. patent
4,914,210. Many techniques are available for attaching reactive groups to the bases or
internucleoside linkages for labeling, as discussed in the references _cx_t_g.d below.

When conventional ligases are employed in the invention, as -_described more fully
below, the 5' end of the adaptor may be phosphorylated in some embodlments AS
35  monophosphate can be attached to a second oligonucleotide either chermcally or
enzymatically with a kinase, e.g. Sambrook et al, Molecular Cloning_;_'g_A Laboratory Manual,
2nd Edition (Cold Spring Harbor Laboratory, New York, 1989). Chermcal phosphorylation
is described by Horn and Urdea, Tetrahedron Lett., 27: 4705 (1986), and reagents for
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WD 97/ 46704

PCT/ US97/ 09472 , Table |V
Exenpl ary NVRi¥H4¢M9 Cross- Hybri di zi ng PCT/US97/09472 Set
of Doubl eStranded 8-mer Tags 5 5' AAGGAGAG 5' - AAAGGGGA
5 - AGAGAAGA . \ TCCCCT
3 L CTCrTCr carying out 15 didel SR pRRols are commercily pyRTRIE . S Ph°sl°ha‘e T}gt ccect
3' -tctcttct from ClontechLaboratoriesoPalo Alto, Californis). - AAAAAAAA - AAGAGAGA

5' - AGGAAAAG T TTCTCTCT

3' - TCCTTTTC E“°°d§" adé%ﬁ%ﬁg%"mm can h“é’g f?gtllt %Euﬂ"’ms depe“"“’o“’ f°t’ t ot ct ct

3' -tccttttc example, on whetherisinglg e double stranded tagszre ugadh Avhether multiple tags ge uRdAAGAGG

3" - AGGAAGGA whether a 5' pﬁ)tm ' protruding stradd rs&?@%&ﬁer a 3' bl g TCTTCTCC
i o

3' - TCCTTCCT -tftttccc cttctcc
3'-tccttcct BrOUpis “sed’énd 28 for several @%M&@Mmpmsw AGAAGGAA

5' - AGGGGAAA shown below. PrefesfedShaehdres for encoded adaptots UsiigbhEsingle stranded3ag akédsT CCTT

3' - TCCCCTTT ¢ hovs: 3' - CTTCTCTT 3' -tttccttc 3'-tcttccett
3'-tccccettt 3'-cttctett

Table V 10 Repertoire Size of Various Doubl e

St randeqgTags That Form Triplexes with Their Tag
Conpl enent s 5'-p (M) (N ) Necheoii dem ) -3t

Di fference z (N' Qe EnN' )q-sv Maxi mal

d i gonucl eot i de Si ze of Si ze of d i gonucl eot i s of
Mnimlly o M ni mal | y Repertoire Si ze of de
Cross- Cross- wi t h Four Repertoire Wwrd
Hybri di 3fng Set Hybridizing P(N )M dg(N )g(N )e=3"with Five

Lengt h 3'-Z(N)n(N')xSéTt')s(N ) g3’

Wor ds .4 2 8 4096
3.2 x 104

where N is a nucleotide and N' is its complement, p is a phosphate group, z is a 3' hydroxyl or
a 3' blocking group, n is an integer between 2 and 6, inclusive, r is an integer greater than or

20  equal to 0, s is an integer which is either between four and six whenever the encoded adaptor
has a nuclease recognition site or is 0 whenever there is no nuclease recognition site, q is an
integer greater than or equal to 0, and t is an integer between 8 and 20, inclusive. More
preferably, n is 4 or 5, and t is between 9 and 15, inclusive. Whenever an encoded adaptor
contains a nuclease recognition site, the region of "r" nucleotide pairs is selected so that a

25  predetermined number of nucleotides are cleaved from a target polynucleotide whenever the
nuclease recognizing the site is applied. The size of "r" in a particular embodiment depends
on the reach of the nuclease (as the term is defined in U.S. patent 5,599,675 and WO
95/27080) and the number of nucleotides sought to be cleaved from the target polynucleotide.
Preferably, r is between 0 and 20; more preferably, r is between 0 and 12. The region of "g"

30  nucleotide pairs is a spacer segment between the nuclease recognition site and the tag region
of the encoded probe. The region of "q" nucleotide may include further nuclease recognition
sites, labelling or signal generating moieties, or the like, The single stranded oligonucleotide
of "t" nucleotides is a "t-mer" oligonucleotide tag selected from a it_xinimally cross-hybridizing
set. ' : '

35 The 3' blocking group "z" may have a variety of forms and may include almost any
chemical entity that precludes ligation and that does not interfere wnth other steps of the
method, e.g. removal of the 3' blocked strand, ligation, or the lik:e.:_ Exemplary 3' blocking
groups include, but are not limited to, hydrogen (i.e. 3' dedxy), phosphate, phosphorothioate,
acetyl, and the like. Preferably, the 3' blocking group is a phosphate because of the
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6 3 8 4096 3.2 X

104 8 3 16 6.5 x 104
1.0[err] xWQ)![7é4|67q4 10 5 PCT/US97/09472 g
4096 5 92 20

S-O convenierice in7 ng the group during %h% sylit.gegis of the 3' blocked %’B“d and the 384
30 convenience in removing the group with a phosphatase to render the strand capa!ﬁﬂef ligation

WO 97/ 46704 ' thesized

PCT/ US97/ 0%5 ligase. An oligonucleotide having a 3' phosphate may be syn eSé % the 4

Structure piototelaloscoibes in chapter 12 of Eckstein, Bitor, Mé%&‘p?’él@a@wscﬁeav age

adapt org aP&g&&PXﬁ‘ﬂ?b&HkMﬁVdat@ﬁ‘éﬂd,zml n aut omat ed DNA synt hesi zers

usi ng standard chem stries, such asgﬂgg g_g% dite c‘s}am st.r e.g.

di scl osed in t hEusthsf p'o 8/2EURs 2 aallable éﬁ%‘@ﬁaﬁ‘& Floped £on rahedro 48:

6223 2311 memabledhiﬁ@éﬁnmﬁﬁﬁdﬁdeﬁdeﬂhbaédr@baﬁmcmkﬁﬂﬁwéﬁﬁg diclededin et al ,
pat en

, S. 725, 67 t hers 15, 732;
4 58" 066, e o seeEs® Ceren, .5 patent 3, 33,309, T £ B fiftionet
e.g. resul apphgaumWﬂﬁllﬁéﬁMIatnaﬂbmame g‘i&;&ﬁw%ﬁs@mwﬂbﬁ@p\mﬁuﬁl@m oat e,

phosphgpg aniyd i%L earg]hZZ 42@6 7\8994)K Rou r%g'ythg%e%ﬁeﬂ %B%H%Y&Qc%ﬁ jged that

t he resul ting o ucl eotl es are co || gat | on and/ or
cl eavage r engympticsremevaliof; specificiiooking groyps @mMaly havingan a?@FB?"’G&'PP?} Waf t er
synt hesi s géueﬁaveﬂdﬁéa@a@ aﬁihéa'rbd&ofdﬁtﬁmﬁgmﬂls are conbi ned to forma

Ty be synthesi PRl AEF £ 8 biddatiith! i feghhhitu bndlf SRERICC OCOR 01
i S repr esestranded portidnef the adaptats mﬂmmcbnse revagnition site of aancignss whose -
15  recognition site is separate from its cleavage site.
‘When double stranded oligonucleotide tags are employed that specifically hybridize
with single stranded tag complements to form triplex structures, encoded tags of the invention
preferably have the following form:

20 51=p(N) (N ) (N )g(N )g(N )e=3"
z(N')r(N')s(N')q(N')t‘S'

or

P(N )r(N )s(N )q(N )t-3'
25 3'=zZ(N)(N") o (N")g(N")g(N") =57

where N, N', p, G, 1, 5, Z, and n are defined as above. Preferably, in this embodiment t is an
integer in the range of 12 to 24.
: Clearly, there are additional structures which contain elements of the basic designs set
30 forth above that would be apparent to those with skill in the art. For example, encoded
adaptors of the invention include embodiments with multiple tags, such as the following:

ST-p(N) (N ) p(N Jg(N Jg(N Jgg . (N )gp=3"

Z(N") p(N") g (N") q(N")gy ., (N')gym5'
35
or
PN ) (N )g(N ) g(N deg ,,, (N )gy=3'
31z (N)p(N") p (N") g (N") g (N")gg ... (N")gx=5"'
40
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readi ly synthesized using well known techniques, e.g. as disclosed in

Tel eni us egv(a%ms%@ Genomi cs, 13: 718-725 (1992); Welsh et al, Nucleic
Aci ds Rese 5275-5279 (1991); Grot hues et al , PRE[EPY®47R¢i ds
Research, 21: 1321-1322 (1993); Hartley, Eur opean patent application

90304496. 4 (k& B&'thb&ﬂtah@&b g@g@g e -%Eégl: srally, fhese
t echni ques si rr?:)l cal l Fﬁe application ot%& B ure l% E)-qzthetk ({ Vat ed

mononer s t cfitbffels 2, or 3 growi ng ol i gonucl eoti de during the coupling steps
where one desires to introduce multiple 20 nucl eoti des. As di scussed
above, in sonme enbodinments it nmay be desirable to reduce the

conpl exity of the adaptors. This can be acconplished using conplexity

reduci nd anal ogs, such asLabelingyFag@omplements ani nopuri ne, or the | i ke
e.g. as taught i [ Resear
5149-5152, or byﬂ‘ﬁ%%’“ﬂ%@g’t‘&%@ %t#“f’“& t?"ys ‘ét?‘ %T'é\’??{ﬂ g“%““gmg 360:
492- 493 ( 19wliggnucigetide t%emppqh@s zétrectormdlrectattaqlmmfeadmgoummess it may be

desi rabl e tfuofesebhi RGiEtRS, cemﬁﬂstﬁd mRAR! SHemil@hinbsc&R Wdidhes, and the 12 S as a

si ngl e pol ynucl otide whic ta| ns_se | ementary regions. After
synt hesi s, Tf&r ﬁ’ls'f"et,’m%gﬁ '9%%@’6*’%‘“&&3&59“96%3“%8 ptogs f orm a

adapt orl0wi tprowde guidanceppylicableliognswucting ddaptoroithepreseav ifivetical Satifretitwanded
oof on rmy 3 iarBfl crCt Sl Bllptn, Vi PO B, 125 (15880 Bt langh of O
conpar abl e EI?QIRSFWQI’WE?S@M Beseargh ghemcatg/th&qlmhr Probesploc., Eugehe, 48923 Kalikosed i n
U.S. pat entand Manak, ff)he\lﬂrogejsOanlﬁaﬁ%nY inPHES, NEweY 6t af9P irﬁ ifit taching

| n

reactive grqu o’r | abel i ng,

Ott‘o t he &agﬂ‘i I nt emucl e05|
as di scussc@r BuGleofi éga“za"?%&lﬁaﬂmt pproach (IRL Press, O r19%1dnvent|onal
| i gased5ar eVempt, mwmmlmmmdmmeasmobgﬁ zsom 2fsgl(1991 and Delow,

35" onopr s Py BRbeRac WEnReRER SoliaBle S we imBRtE oot T °

cheni cal | y following sample of sefeseniesa Fung mthl%pmmas7é7 1¢1; JlobBaidyrodU.8t al |

Mol ecul ar Qﬂdﬂ“ﬁﬁl'%oh@ﬁcﬁéh&ﬂci/ : ohsid Spri ng
Har bor Lab(()graat orl%/P yv Yor k ‘g%% &@Atseor%lgag @%ﬂwgggfr{l}?& ti onédd

described IR/SeyfiEet t@@’ﬁ"mtr%ftr?f’&ﬁ@cﬁ‘?}t?sl&btmm - Naefstp ﬁﬂ@%feafcénd
reagent2® f dd: 6115-6128 (1986)(enzyme-oligonucleotide conjugates); Ju et al Nature Medicine, 2; 246 21 -

WD 97/ 4670

PCT/ US97/ 0?3%1996),andUrg%arert§1| Hg Bfffntts h1&45‘|"6sm§1é68 Wt @ét@?}@eﬁtsge%‘gmmr cially
avai | abl e, lebeling moictishars pbkrriticaliyrovided that such labels @ uotinterfere witicthaligatiores  ( Pal o
Al to, Calif8/5¢ @davage steps. Encoded adapt ors of the invention can have
several enbodi mapnts clependl ng, for ,.on whet her single or
doubl e stranded &r%eﬁrs‘é?feﬂb\ﬂéicﬁﬁﬂyqsrﬂtet‘lsiﬂ%1@&5@‘&?&“{]’?@@@&5%& her a

gi prk oaﬁudiasgtsabsedibﬁmﬁch&netlar,ms lpduemg BF&iﬂCBergi)tétlilmefﬁﬁbthSt helr a3
ocki ng t i.ke, Foryul as for evera
“enbodi ment GV Se%)(/:d% %E/tag% a‘gs sod hercin %%S%IHS‘&W

structures w"@mmmwmdx mveynmfmnagtnehxsugimm&nbrdsagt are as

fol I ows:  absorption and/or emission properties of one or more molecules. Such fluorescent properties
include fluorescence intensity, fluorescence life time, emission spectrum characteristics,
30  energy transfer, and the like.

Ligating Adaptors and Preventing Self-Ligation
* In accordance with the preferred embodiment of th invention, cleavage adaptors are
ligated to the ends of target polynucleotides to prepare such ends for eventual ligation of
35  encoded adaptors. Preferably, ligation is carried out enzymatically using a ligase in a
standard protocol. Many ligases are known and are suitable for use in the invention, e.g.
Lehman, Science, 186: 790-797 (1974); Engi'er et al, DNA Ligases, pages 3-30 in Boyer,
editor, The Enzymes, Vol. 15B (Academic Press, New York, 1982); and the like. Preferred
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TN F (N ) SENML gt ] 5 PNRN) (N [err](N)a(N ) t-3
Z r or : .
p(N )r(N )s‘g?ﬁ)’%’% ylerr]" PETIUSITAAR N

Jr(N)s (N )q[err] where Nis a nucleotide and N is its
conpl ement , h&éﬁ&d&h&%ﬁ@%@a@ r’lel"m\IAilgésé @cgh Dg)ﬁqugggyﬁ'atﬂ igase, F Pfu lig o3

bl ocking gro nis et wee anh i nteger
great er thaﬂ“‘g'rﬂ‘i‘?se E ?‘Eﬂl?““??%Wﬁlhh}"m‘e%rsamhmehetlaé(céﬁdabeve),bet ween '
fo;Jr and si E{aﬂiﬁ%ﬂdﬂ?ﬁﬁaﬁﬂﬁﬂdﬁ&oﬁﬁd?&qal%l) Mamt%ta s&ﬁétg?eassam%ogm tion
site or is enever, ngﬁegﬂffg}g nuc eaﬁg r;cgp%l i on si s an
i nt eger fuﬁa e %> BROSP 4P b, ﬁ°"8 and 20,
i ncl usi v&. ligatien to the 3' hpdropyd oftdnl aputting stendl This E,coxamlertﬂylpmvhmmme&t@iéd 15,
i ncl usi ve. VIBRA OF BE 1Rkt HoliaC S&bfdéﬂfﬁbi anucl Wcﬁ'l&wsles%§q %a% e.

“&3that a

~recognition_site, the region o L0t O e parrs ' Ts B
25 pr edet Eekk ned number of nucl eot i des are cleaved froma target

$ﬁ| ynucl eolglde V\/A%pampmbiaﬁnlna ansexausdl ﬁ'ﬁhénﬁﬁpﬁﬁynﬁbl@&dégﬁsﬁﬁﬁpdoé aﬁp' :ced
e size o " cul ar e on e reac (0]

t he nucl easg'a{aofgc @ F%Fkhg@%’e?’ ‘Eﬁs‘gq:%ﬁ%r\’fh%% urgsleatidy

95/ 27081) apmitroding mandsmfthefamhnmﬂeoiymﬁbeudwug hbmﬁl&néﬁ&rﬁ{oﬁb%’ﬁﬁtﬂef amuy he

br efer aEF'yYWQP’%B‘S*'?%B““&WE*i’E Rk i 8ol feeRod Mhafonet | o i ¢

i s a spacer angiygeate prstenigd torthe adaptarses urifoom pepdagions mfodenscat polymdedtides t ag
regi on aﬂa@ﬁed&@@s&xﬁ%ﬁﬂ@ﬁlp%ﬁmm -Iihﬁleﬁee&h%nf)fthe e eﬁué%kﬁ@g:ia SrefBy 1 ncl ude

further nucI cogni t.ion I ng or sl generatlng

o et | 6. oPOHHEEHORLAD s e oo PSP Hed BVRIHE L P one ancdet.

nucl eotlfdeslfrthe  Sasttandsof the ends ayophosphontatedptht p@yxﬁﬁle&fdae&efréaaﬂ? aﬁhﬂitﬂ@' | y "

cross- hybri ou z" may have
y &dfa Ii ﬁaée Al Lna]o%?us (frobl alsq exxs%,t%r douLlO s%ﬂ@%‘ %ra ént ity

avarletyo orns a t hat
pr ecl udes |Ngaqu,dvhmmerth¢rai steppdssare phosphorydatéde the Strittahd oftdneadaptoemay bé  t he

met hod, e. ghgafeﬁ M@fre@f hjd¥ékyPof Jﬁb@&'&ﬁ&lﬁ&tﬁlﬁ&@u th ﬂﬁfebt‘fﬁ%’sﬁ%nct:ﬂg’ tl%ehke

Exenpl ary 3 I&é%& lggl ut are not

hydrogen” (i prg PJ© CoBR f)‘ﬁ%!’ Mﬁ%iﬁ#ﬂ%ﬁ‘%%ﬂi&ﬁ'@ protruding stsends 9f . and

tgg | i 120, Preither titakdyptors her the talpktqolynieofde 4r dvailableFHRmAREL 6 HECAHDE of the

PCT/ US97/ 0945% mt“mm‘éé’%\?/‘%%“edr‘]% appearance of signaly srnergted inTespgRse ISAT/E synt hesi s

of the 3 blFEGE!‘Rfé@f adaplarsdo tanget pdimucleotides. Simos eheipeabebilityrof  palindramic 4-mer gr oup

with a phospbatiagm tr&x&oﬁ@dﬁknéef‘semé wth a

| i gase. An ol ugad?gé 1%5@ agn ng Mx@%ﬂﬂﬁ?&%@%ﬁ%%ﬂépgﬁﬁﬁﬂt ﬁe5| zed using

the #%E@ oF- aﬁ“&éﬁéﬁ@f donqyp sequencing jhave aémltee;pectanon

d i gons eatf fallnge afierla fomadycigy biesduseof self-ligation. When this occurs, further analysis of the
polynucleotide becomes impossible.

The above problems may be addressed by implementing the invention in the following
steps, which are illustrated in Figure 3A for a preferred embodiment: (a) ligating (120) an
encoded adaptor to an end of the polynucleotide (122), where the end of the polynucleotide

30 hasa dephosphorylated 5' hydroxyl, and the end of the encoded adaptor (124) to be ligated
has a first strand (126) and 2 second strand (128), and the second strand of the encoded
adaptor has a 3' blocking group (130); (b) removing the 3' blocking group of the second
strand after ligation, €.g. by washing (132), or by enzymaticaﬂy or chemically removing the
group in situ, .g. by treatment with a phosphatase if the blocking group is a phosphate; (c)

35  phosphorylating (134) the 5' hydroxyl of the polynucleotide; (d) ligé,_ting (136) a second strand
(142) having an unblocked 3' moiety to regenerate the encoded adéptor (138); and (e)
identifying (144) one or more nucleotides at the end of the poiynuclé'otide by the identity of
the encoded adaptor ligated thereto, e.g. via a fluorescently labelled (140) tag complement.
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5 Practical Approach (IRL Press, Oxford, 1991). Further 3
bl ocki ng groups are avail abl e from t he chem stries devel oped for
rever sabl eWshe#46704er i nat i ng nucl eoti des in base-by-base sc¥fcEHI7/0§472

schenes, e.g. disclosed in the follow ng references: Cheesenan, U.S.
patent 5, 302,509;. Tsien et al, Internatjonal N icati WO 91/ 06678;
Canard et alhe qngqded R@“afdﬁar%eig‘g pcle W%@b@;ﬁéﬂ@%ﬁ:&%uﬁy Aci ds

Rﬁsear Clh 2&%4{8&9&425& e&ﬂﬂ%hsmﬁembﬂahphe;mlwhdeﬁbﬂ séqescpmayrbd theI I
chemi cal or 13 Sy US U@
havi ng an a %Hﬁgﬁ@é%ﬁ‘&?&wmhe&@ﬁera |végmb-eeb%gdﬂo§w al) t he 3y

end of a prnudeatidessequancs; or a single kind of adaptophaving a:dsfiged soguence may §¢ gompined| ocki ng

group, 4 igufa %ﬂ&g El@dﬂﬁe@gﬂhwﬁpﬂ%@'&umfompoﬁllitﬁﬂéjﬁdddﬂﬁéaﬂ| on of the
adaptors contain a nuc ease 5’&?’6‘%1'“ SIte O“’g‘ﬁ‘f nucl ease whose 15

recogni t i onP@Ylt"éle?%de% splidp $gme reaction vessel, €8 \\ep
doubl e st r agéierbe by emleeatmﬁaﬁmppnanmmmamma (vmeqmmmt ona
hybri di ze mixtyrg e ex
structures, W%%#B aera&% r{%‘%egmgﬁé}&'?géca {l&r ?k‘

fol |l ow ng f ﬂleurprotrﬁdmg strands, may be combined with a single kxngvof Mynyelmdq of Nny:(tp:e) q(N

)t-3" 10 ofeneodedadaptorsmaybecomblnedvmhaxmxtureof (ymxc) Wheidnk et ) L[ err]

or . )r(N)s(N)q(N)t 3 25
3'-z(N) n( N Jadeptorsqr\encedesagaptos lsusedmﬂmme%wmﬁm ojsncogpags migtures of 5ng

are defi nedaﬁpto?dq&mg diPfefehtcseqehass of profiulir seaideds wellds alsirighe kird of adaptori Nt eger

in the rang to 24. Cl earl ther | onal
structures %%ﬂ‘?é?%‘f“&?%ﬁ?éﬁ?‘?‘“&ﬁ“ﬂ%’embaami"“’ asP Hgmgﬁe us ?ft(')hreth above

t hat woul d emé&pmpbe'ent to those with sk| |1 |n t he art For exanpl e, encoded
adapt of s Of { Ne BRYER tniRflink B hbfiig, 3 rﬁb Jza%ta'seéoﬂdmabyauch ot

; P E ;.Ol o gglymerase "exchange" reaction dlselosgctxm ugmqe’s §,(é|my,él?l&r 54%7%%5 (?99£er "]

;l\l[ )t k][ er r | ‘Asi3fidis et al, NucRic Acids Research, 18: 6069-6074 (1990); and like péfé¥ences BrjefigN ) q( N
err

2 z( N) n( N ﬂwlﬁ {‘?{f“‘jlg?ﬁﬁ‘j“["f!é?ﬁfﬁ“ DNA pplypmgrage, and like enzygies, may be used to

exchange nucleotides in a priming strand with their triphosphate counterparts in solution, e.g.
20  Kuijper et al (cited above). Thus, with such a reaction a 3' dxdeoxynucleotlde can be
exchanged with a 2'-deoxy-3'"-hydroxynucleotide froma reaction rmxture which renders the
second strand ligatable to the target polynucleotide after treatment with 2 polynucleotide
kinase. g
A preferred embodiment employing cycles of ligation and"eleavage comprises the
25 followmg steps: (a) ligating (220) an encoded adaptor to an end of the polynucleotide (222),
the end of the polynucleotide having a dephosphorylated 5' hydroxyl the end of the double
stranded adaptor to be ligated (224) having a first strand (226). an' 'a second strand (228), the
second strand of the double stranded adaptor having a 3' blockmg group (230), and the double
stranded adaptor having a nuclease recognition site (250) of a nuclease whose recognition site
30 is separate from its cleavage site; (b) removing the 3' blocking group after ligation, e.g. by
washing off the second strand (232); (c) phosphorylating (234) the=5' hydroxyl of the
polynucleotide; (d) ligating (236) a second strand (242) having an unblocked 3' moiety to
regenerate the double stranded adaptor (238) and the nuclease recogmtmn site (250); (e)
identifying (244) one or more nucleotides at the end of the polynucleonde by the identity of
35  the adaptor ligated thereto; (f) cleaving (252) the polynucleotxde_gy;;h a nuclease that
recognizes the recognition site, such that the polynucleotide is shortened by one or more
nucleotides, the recognition site being positioned in the 1llustratedadaptor (224) so that the
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WD 97/ 46704

PCT/ US97/ 09472 where the encoded adaptor includes k_double stranded
tags. Pref &Y@BTH46704 [err]=t2= ... tk and k is ei t her 1PCHUSH/09472
5 Label i ng Tag Conpl enent s

The tag conpl enents: of the 1.0 San be a.vari ety of ways
for decodi %eavagen&&)mods%thvg Ing‘gﬁt" pol’ﬂ‘f& % L%g)(’ﬁ@dﬁ?lﬂp%"é‘? mg i r ect
attachment (#56) thel5'ead of teepolymireléatids; and (h) repeating (258)gepe () thraughi(gles,
colorinmetric noi g n 55:5!1\‘43

conpr ehensi ve rev%lg @a?ly,oéirﬂ llgu%gnf %ﬂ?gﬁ;ﬁoﬁiﬂél g%? R@QQI Eé?l const ucting
DNA adapt or digasting thern aith gee ‘Q’lﬂ%ﬁé‘é%ﬁﬂ%‘%@éest@t ewﬁ%qemé@tﬁ mineddapt or s of
the present clegvigdsin 59511 b%g%:g:y ding strands, i 8Clstidit¢" &,ﬁgtmg@m@ Anal .

E: Sgrg;nce;/?lﬁ'ﬁ’gb@%‘g g?‘a“?%l“&&%?ﬁﬁ“ °&B§§de“fiﬁ%'° Eugene,

1992); Kel | d¢phosphorylated hyltrédamenk witbohlphdspletass, suéhras calflintestinal {ll8tlise kt on Pr ess,

) ek Y :
Anal ogues: - Rspiaith.on RIS e sanfart Bltcell o bl SRRME kRS RYY

Critical ReMolasalar Gloming Skeond Edition (Cold Spsing Harber Latiortasy New)¥ork 49890 By (1991)
and 10 Fdiviliokfhe s*\ﬁesbhmme ﬁ?ge;mﬁhaeoﬁa&;mgﬁa&almpmfw@h tddo the

i nventi on are_disclosed_in | owi.ng ref erences: Fung
et al, S. infhg RIRtence 51’8%9,1 °r%°Bt9§ dePBPSP orgjating P’fﬁ Y?ea ves af“’BS{ ent

5, 151,507; eydigkshank, U. S. patent 5,091, 519; (synt hesis of functionalized
ol i gonucl eoti des for attachnent of reporter groups); Jablonski et al,

Nucl ei ¢ Aci ds Research, 20 14: 6115-6128 (1986) (enzyne-ol i gonucl eoti de
conjugates); Ju et al, Nature MediBréfemsed Nucleases- 249 (1996); and

Urdea ejsal, U. S!Nm&w%s&e&%ﬁa%@ﬁ%&%h&%%mﬁ%ﬁmmym of
| abel i ng noieties are not cri |C<”i1l ﬁrow ded t t such Iab?ls do nqt

i nterfere wePRPRatign pf egzymes, pr I°é IS &
Pref er abl y,. esdymesthatiwheappliedtoadigated cothplex, disonssed mdredallyl lnlwl dedves thé ag

G168, 034, - HERgenBEs 1y ASpRS RiaERee Ma NS S BlenrmrpBmBTE. & 05000)

As used her gigicase dfehetinventionfrieedotbeasinglesprotein) orgorsist saldlnef a combinatigsiaft y* nmeans
a si gnabhng RIS AW, SR O EYcleAdl Qr WPk ©Smbifion O tedoBits Ehigyeg 868N

absorption or em ssi on properties of one or re nol ecul es,  Such
f1 uor escent BpAGEefsthat s (their) °l°1“ﬁ§‘f 8 ef%ﬁ&%&@gvm@a&wwmf TSr escence
life time, di¥tanc RfvesrPhE tecopiition it atutladst ARl its3Ravagesierdly bé refered &y , and t he

i ke. " " ) NERE nting

Sel f-Ligati 8?1””“”'“ ‘reach.” By %@c&?&%ngggmﬁ tgée%f@r}érile%%%nggodl ment of
t h i nvent i ompmbdr ofmuslpetidssibgswesn thegeqognition site pnd the dralyzed phosphadisstebondsr get

pol ynuchsgot 'oﬁgag E&nerm%&ﬁnpw% rs‘éagﬁn&%d%wagyﬁbpéma%ﬁm iPfypiealy encoded

adaptors. Preferably at i on“ is carried out enzy t| ca a |ligase
in a ‘G@ é?13)|\)BE‘r§PSFPtg?f§@§Z°aF@%ﬁ M@"Jlgﬁbl e for
use in the Ifé]}b%'(SEQ]IDHOgZ) Lehnan, Sci ence, 186 790 797 (1974);
Engler et al, DNA Ligases, pages 3-30 in Boyer, ~ editor, The Enzynes,
Vol . 15B (Acadeniss _Pr esguediniRinnnt®82) i and yiifkingy Pr.ef er red

24 - 39 3'-... NNCCTACNNNNNNNNNNNNN NNNNNN ...

where the bolded nucleotides are Fok I's recognition site and the N's are arbitrary nucleotides
and their complements. ' |
It is important that the nuclease only cleave the target pdlynﬁcleotide after it forms a
35  complex with its recognition site; and préferably, the nuclease leéves a protruding strand on
the target polynucleotide after cleavage. "
Preferably, nucleases employed in the invention are natural protein endonucleases (i)
whose recognition site is separate from its cleavage site and (i) whose cleavage results in a
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WD 97/ 46704 ‘
PCT/ US97/ 09472 | i gases include T4 DNA |igase, T7 DNA I,iuggse, E.
coli DNA | WRS&M670%q | i gase, Pfu |igase, and Tth | i gaBET/UPPHBo| s
for their use are well known, e.g. Sanbrook et al (cited above);

Bar any, PCR Met hods and l'ications, . 1: 5-16 91): rsh et al,
~ Strat egi es, Protruding steand 6 5‘2‘3“,“&;??@%1 P@sqqrvé? ée%ﬁ?f y?f'eﬁt,mﬁ“?ngases require
that a 5 plsiopivkases gic@mplopsd 39 haclexsds il the inverflion, e.g. gaddsaribed in Szpmlski etllydr oxyl
of an abutti ; Sl | ent L geg. . I e
strand of tﬁé&iﬁ%?ﬁ%@#ﬂgf’%ﬁ ?pa%’%ﬁge %%sﬁe%ﬁ%’ %ﬁfg?iesaglg"’m[c*ﬁ%aves a
5 phosphat é.jyakaxg:l Bxamer, .U.S. pate$i09B,245. Exe.mpla'ry. class Ils nugleagpé‘gq uit wgh 881 em nay
arise insdeglifgn cﬁlheﬁiv&ﬁﬁbsa%yﬁm, B&h FU8tsANAS: DBsAABBLOISBee fI, Bee T hat

are capable or _se lgation, such as illustrated i'np Fjgure,_ 2, re the
f our - nucl eoﬁ?bl@c‘ibB"gb%&*r%h&s%w’aﬁﬁﬂgl B%Lgﬁg‘@h%péd%ﬁﬁééi (\é\g‘ﬁr des are
conpl ement aHph 1 OMBGE, Mo (/K¢ Al, ), Sfa NI, Taq IIl Tis1 1aIlpBeeesh) Bpu &K Pmd] Bsrl y
severe in erodi ment s where tthg,]gaﬁ I r}lucll et)lstiix&\‘fd%ﬂbﬁzﬁokt oﬂ%eI I anal yzed
are present & 81 %ﬁ{hﬁﬁ’g §&%ﬁ%éf Lpleases inclyde By L Fokl. Hea 1 Far 1 gnd

pol ynucl eot iS@eNI. Bbv I is thaunbst ptefaired oudeasw| i d phase support (110). In these
situati grs, the gal;;gg: 'eq&& can tw st
ar ound ?g form pﬁ%ﬁ?ﬁ%ﬁﬂﬁ)gh&; %ﬂp e Egps(’iliuggly\aimﬁ%*%ﬁgﬁ%%% her. 15 | f
the 5' st r aepeatsn, thaarashpplynsleotide s $saied tpiblack the recgnition syes Andiepelrayase ar e
rleadi ly | j[gafct&d)ffbgnﬁdllﬁsel%eingergplgglﬂ(iﬂmtfsq:rﬁéntﬁuﬂdbﬂﬁ' Sﬁllgavﬁlge.ﬁmiﬂmetus p[gb! em5l
al so exists for double str adapt ors. e enever. eir
strands are Pﬁ%&ﬂ%@ﬁ%&&?%&%’“ﬁm PuTERce,of nuclease e n% ajgterior

ligated to tdeatidns rthStarget/sbiyangléotidé. Binckingean bakchicved inaeareteof wabis nucl eot i de
sequenceg Of, flaG rmethyla{i%neangr%ot'r %:bﬁ%@gﬂc@—gﬁ%ﬁ@ ﬁg%%mﬁmm& rote 3G

self-ligation ocCurs, ) frands of - nei t her the adaptors
nor the tar @somm@%&mwﬁﬁ-ew%mfm@l pfeingadonpeleasespre gmrleysdsi ng.

. This, in Eurrébogﬂiﬁﬁ?&est&n bé\@nlafst! _)Oﬁloéibcfﬁgpﬁ&ﬁgﬂﬁﬁtﬁﬁ;eﬁirtgaip@l?ﬂc&oﬁwﬁﬂllat efl_ ijn
response to correc i gations. o or 0 r nucl eoti des.
Since the prffesatsmephylase of %\‘ﬁﬂ"%ﬁﬁr‘(yﬁ‘f’%" ag@?{m fgrm"“@(‘fﬁﬁ?&? F%&ega\' andom
sequence i s réshictismendormsledsee therexisiztsial soicglled f'cognatel pactitviadestbat metifylates its

nucl eot i,fdes 2% ¢ aﬂ%g; = Bl . & | have a
hi gh exggct 5%‘ ?%é %m' o] fsg‘{"}fﬁ?gﬁ%f%"%gﬁ%k%ﬁggaég(gause?%? MH

sel f-1i gat i dVelsometeah Nugleis Asids Research, 1t BI39-31 5% (19¥3)sandrarg gommercially available

pgldy nucl SOL Fiol é)%i@ﬁ%?l : sdum? %ﬁﬂﬁ_@ﬁl&-ly 1;1¢w EnglandtBiolabfs (llstl'a%ﬂy,m)z eutehabbmt may be
addressed by j engntin e invention.in ow n eps,
bhich are | ARG FER S ARy TP Bt Poipesties Bt om0 S BREE T a f ng
- (120) an triphosphaonieyibeasehduning tplificationdo ¢at thi satpw] gytasik ewstréplased 122) |
where t e | qﬁeoﬁg %n% ¢ hydroxyl,
and the%nd%ﬁ%@ﬁcoé%é‘g@%‘g g%&??pfﬁgﬁﬁ%}gat_e dad eg_fs a first

- strand (126 )climingting thensedit treatratagget ppbaycleotide boupditogcsolidhphass SuppIt Wih { he .
encoded anotié& has a 3" bl ocking group (130); (b) renoving the 3

Intyie
- bl ocki ng group of_t second. .. Skrand . Li.gat ] o . hi ng
(132, "or by nayemb a8 P gpary S RO s b Ve Snoain P 1 1O
e.g. by tredbneastovedotdesign sill Gistherenzhodinefits inagcdydanckwiththg inyension.dutngbhosphat e;
. (c) 35 ph AW 34) the 5 hydroxyl of the polynucleotide; (d)
~ligati ngo(l ai%ecp}rﬁ%sojt(,%and » (142) havi;fer;gman unbl oc ﬁ%_S' noi ety to
. regenerate the erfSWIEt of fusareproyidedfpr caryips o diff e_m\"?i’gﬁ?‘st PVERPR) one
~or nore nucl Gablankg kitSdf thd ioveRti itdiude Bcopsd adapiers, elsavage aduptord) end ldeeidditdgy of
th ded adapt | . d th fil |y, | abel | ed
(e onCoded o e AR ool e, T g SREHL | 20! T e
instructions for practicing the particular embodiment of the invention. In embodiments
35  employing natural protein endonucleases and ligases, ligase buffers and nuclease buffers may
be included. In some cases, these buffers may be identical. Such kits may also include a
methylase and its reaction buffer. Preferably, kits also include one or more solid phase
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- 25 - WD 97/ 46704

PCT/ US97/ 09472 The encoded adaptors and target pol i}nucl eotides may
be combi nSMOPHA6M4 gati on either singly or as mixturefCTREYTMURL e " a
single kind of adapt or having a defined sequence may be conbined with

| e kind gk
ﬁuii ggt :adeI Q‘ép 8‘5&% cl'°%f"in%fs%lglr"tg e %’%%&ggmgﬁgg;?gr Vi ﬁg&gﬂ]@ﬁgnedng\e\ghence

may be conhphmwhﬂwﬂuth a m xture of polynucleotides, such as a plurality
of uni form popul ati ons of identical pol ynucl eoti des attached to
different solid phase supports |n the sane reactlon vessel, e.g.

descri bed by Brenner etal, RSAINg, Fags 1o idg PCT/U896/09513 (WO

96/ 4101%); or a m xt urpersﬁ wmdaﬂa s s particularly m xtures

havi ng different, nucl eotlde spguences 8‘5{] r oL Udlé} sti@ nds,

may be combi ned A% RO 'g Henﬁf’“’ﬁ@ﬁfﬂﬁ'e? ?%G@“P ot PP %I?P% 10  of

eﬂcoded admatyﬁﬁdeoﬁde,s d:@fmmﬁmﬂihﬁlnbm@ﬁommp@hﬂswtoqomrmmiomnajMd ?/\hen .

the term Ithat g@@g&g{o q%q@t singular, it
i s meant tc?h%sﬁéu ggé&m XTUr es r ap tors ﬁav ng d&f erefnt sequences
of protrudlmb’ﬂmlﬂoadmtadl&dv@“l‘OIH%m&e‘éP?FQI“éllqu‘hW‘B?“"aﬂﬁ‘ﬁt%Pmu lyalhaying the
sane Sqquemraitp&mbk&mkmvsmﬂaeﬂmgsammmeomqgm15 aoﬁgheamage of

Qooxy may 5 SARRABHHR CHE SIBEhlp o Ao s BB (AL O o

reacti on disgcdp@blethat fefi¢hl polnuatdotides ha\@ehf&xenlfhgs ad it mefeliorefult9 hxhg same

Asl ani di s et aI el c &0t I ke
ref erences P ?dl?"PIHeremg OPQS'HP%& §%§§g££ exonuc (ggs e ag{:ﬁuén]sggg%h iﬁ'g%

pol ymer ase caahdcdmﬁd@uwmgﬂw@ympbsma ﬁ@ﬁgaelatserm eotides in
a primgg ShitARA aiklthe thikabe t&ﬂﬁ&a&amépaﬁmteaf&aﬁtt@n wcasﬁadt&xt on, e.g. 20
Kui j per et al (cited above) th suc a rea(t‘]1 o Bid d

di deoxynuc | BRsTeHBas R econdary %{?B ' pEpeess °p°y““°°°“ cs an

2' - deoxy- 3'tagsy 6l sapailirigChe aédmfoﬁﬂmtaovbﬂaohdm'annﬂhetemmoﬁhrwéssmgmrs t he

O T R ARY n'cBel:link 2R 1Y RHGE EBELARIDLE RPN W LN @

ol ynucl eoti de nment
gnp|yoy| ng divé Efferott tags et tspertiirg lmmepb*eh%mnlm or pmbes of digtisey tagsi ng
steps: 203) gréath 2&&%%&&&@%&!&9@%@%&&%&@&%@5@& pol ynucl eoti de

e end of the nucl eqgti.de_having a de%stf?g%%{ %ed 5' _
hydr oxyl tlffefe’@hla @;cqwgﬁtﬁ repertoize i af lggst { O 4 bt“B'r ﬁ’g %ed (224)
havi ng af f |t lfogﬁlaﬁdnt ﬁ{&dndr&ﬁ:@ferablydthacmm ofithe tag depe2Gif)is attléast 100 times ?‘2’% 8 ;1d .
strand o r and ou an
Q’?he po ﬁ?ﬁée equggéj aVPQMlqu@ﬁléed t%l‘ 8915)\ 'tﬂragf P

the double © a nucl ease recognition site (250)
of an uc I easx:estnhmmsxsmg e(pgmmt mmrq;ﬂaqt@omns a ful] repspeireaf P-vordtpgsay age

site; IR el ﬂﬁﬁerﬂﬁae%o kﬁfydflsgtatrlamlsmm%ym
e second str%laﬂg

washi ng Off °I§d§ é&s‘%a(f?n nggﬁ %ﬁ%@@,@&@%ﬂg gtrand

hydr oxyl ofindifaed by Winsloy g
(242) havi ngraw constrhaiol e4h bd'extravied fipmias few as 10-100 egenwiliat @lls. Sindaisiigle

stranded adaptop, at. 2P donflld abdiPs R6? GRS of RRAAMidcAM & b 62900g° (©)

i denti fying nore nuc es at he po ynucl eot i de

by the i derﬂlﬁ‘crynt&hldﬁfby standasd tachnjquesront ¢agdsolate theaRBiATon about | Wpolisaer (252) the
pol ynu cjue ot &ﬂ&eﬁéa‘il% ﬁoﬁl.*}q ﬁﬂm)@ #olecules. Comparing this number to the complexity of

the primer mixture shows that without any additional steps, and even assuming that mRNAs
are converted into cDNAs with perfect efficiency (1% efﬁcxency or less is more accurate), the
cDNA library construction protocol results in a population contammg no more than 37% of
the total number of different tags. That is, without any overt. samplmg step at all, the protocol

35 inherently generates a sample that comprises 37%, or less, of the t__ag repertoire. The
probability of obtaining a double under these conditions is about 5%, which is within the
preferred range. With mRNA from 10 cells, the fraction of the tag jre.pertoire sampled is
reduced to only 3.7%, even assuming that all the processing stepstake place at 100%

-20.



recogni zes the recognition site, such that the polynucleotide is shortened

by one or nore nucl eotides, the recognition site being positioned in
the illust "@&M6&hpt or (224) so that the PCT/US97/09472
-26 - WO 97/ 46704

PCT/ US97/09472. . - | (2 t | eot
pol ynucl eot F’é@’ ?ZEfa#ﬁ%%ﬁ%%ﬁgﬁ%ﬁégf%g% Y g?@\ lf‘lgﬁ‘?)es@fe t he
pol ynucl eot Ivd? iovaad‘n(ldf@fthtmﬂﬁ&mglgxa(m):bmtyspmld emtatd”aboutglo €DNA clones

Typi cal ly, :h!raﬂ?ﬁ g]q&mg[ nucl eoti des to be anal yzed are

pr epar ed by : ‘g st1ng them W T oér%eyor nore restriction endonucl eases
t hat pr oduce pr e&b@@ﬂﬂmﬁéﬁm‘l@s of raRN A dothe abpyg arotogolhenforgreer ampunts of pr ot r udi ng
strands, si . wlﬁk&heﬁunﬂﬂﬁ&ﬂsﬁéhsmolecules eﬁé&d@h&¥oﬁlﬁé¥ offie S

st rands phosp or | at ed P[}EPF?“’W?‘?% t hese 5 hogﬁ) | at ed encg are
dephosphoryFa&t’@? > f fA8:R0 YRS BeXhHE Pofentially gvepapassiblg; est i nal

al kal i ne airing)dfasgsiand types, of MRNA drepobmiuglevtide. UR subl cades) odkat dmpligg iagyes, €. 0.
as descrlbe 0 C tion
(Col d Spring 4—%“%(“ ipeg'h’ra orgé/r?pl v°l o%*g%llﬁ‘g@ %%%m% n'%gtg EO%:‘ the 5

phosphat es tagepolyandestidgeonipgatest dbe M@Bﬁ off dilutien raquired| dﬁpmdapaﬂhemﬁnt Ei ng
ligat edy f:gxg.g nhfRaldhE 8 @mexeﬁ&es%fmeqm@ssmg bepsSiviieh £k rAGR QRS Y| ati ng

preferably s.afree b th
Preferred Nucl eaefégm’_{éwme"“m"df’m &M&@wygu@mmm@%%ausﬁf

accor dance ypbly{A)T RBVA) und it priafersivRedireseiin QGLY D100 fold concBtrskibects8Rash

Sneyree gl Bl e P ProoheBR U8 Sabbndtic oL AR ﬁﬂﬁéﬂ‘&%’%ﬁ‘ea & bl ow
cl eaves t he8.6l (louﬂigésbedlwo#rilm(ni@qwmw@mmjgmaoicmdéﬂapﬂ@mand a
short engsl taﬁﬂetat@waﬁeab&@mé\x 10 monay%eﬁafe%&fmmé‘r &entlon need not

be a single protein, or consist _solely of nbi natl on o proteins. A
key featurep?}Yn‘lchEn‘hlﬁE‘?J\‘;@?ém%‘iD%]‘?WWM“H@YPBW“&”P@@@W@%WI oyed as
a nUCEﬁﬂﬁ@nmh&rbhﬁRNAﬁ r hlidaes k)10t) wotRGentsining td@olaRMoadse from its

their) recognitio e. The i sta between the &8¢ l.on site
(()f a nLcIea J‘@ﬁgﬁs{éﬁ E}Feagmgd?ﬁagh%mﬁncﬁﬁw g &)gﬂg’F ¥Pn as its
"reach." By swomlatrand synthesis, eddigatiangntd @fvedert- boputs wathiperfisteffisiendh), shichisve t he
nunber g4 ”H%x?%ds@l@&w’@%&%?e”ﬁ@ﬁctﬁ&ﬁﬁ%&rﬁé% 17290' the hydrol yzed

- phosphodi est er " bgnds each _strand. For exa the recognition and
cl eavage propert Ffé‘ssaﬁlPleF'SRtaB'PP]é’“‘E%P@eﬂWJygates m‘@@ﬂﬂk@é‘m oM g4eaction

" GGATG( 9/ 13mixtirecailtanld bé effeed bytaking a@ﬂdplé%lﬁn@ﬂﬂ@%bhﬁh@bf&&dﬁﬂ DNA as
. follows (SEQ LD NO 2): s NNGGATGNNNNNN NN
' NNNNNNNNNN - Sonjugatgs having the same tag lidescnmﬂmmmm =¢ "(A) /r, where

NNNNNN r is the number of conjugates having the same tag and l-np, where p is the probability of a
25  given tag being selected. If n—lO6 and p=1/(1.34 x 10 ) then A=.00746 and P(2)=2.76 x

10 5. Thus, a sample of one million molecules gives rise to an expected number of doubles

well within the preferred range. Such a sample is feadlly obtained as follows: Assume that

the 5x 10ll mRNAs are perfectly converted into 5 x 1011 vectors with tag-cDNA

conjugates as inserts and that the 5 x 10l 1 vectors are in a reaction solution having a volume
30  of 100 pl. Four 10-fold serial dilutions may be carried out by transferring 10 il from the
original solution into a vessel containing 90 pl of an appropriate buffer, such as TE. This
process may be repeated for three additional dilutions to obtain a 100 pl solution containing
5x 10° vector molecules per ul. A 2 pl aliquot from this solution yields 10° vectors
containing tag-cDNA conjugates as inserts. This sample is then amplified by straight forward
35 transformation of a competent host cell followed by culturing. '
Of course, as mentioned above, no step in the above process proceeds with perfect
efficiency. In particular, when vectors are employed to amplify a sample of tag-
‘polynucleotide conjugates, the step of transforming a host is very inefficient.- Usually, no
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where the bol ded nucl eotides are Fok |I's recognition site and the N S are
arbitrary nucl eoti des and their conpl enents.

i mport ant WRA46M nucl ease only cleave the target pol ynucl"éﬁ?‘r’ﬁ%"’%ﬂﬁer it
forms a 35 conplex with its recognition site; and preferably, t he

nwel ease | SyEdurRPbE Yol LLgh e bt ek 35 RO NOLERERY O

after cl eavage. eases emj
i nvention a;fanphﬁcmoarwgr&wen@ummu@rbemged(tpybmmasmmg%w rcerjuggtast i on

site is separat e fehbirk bSolighRRMAHE tags b ménjﬁgarehweaﬁraﬁb&avage results in
a WO
97/ 46704  polynucleotides in a number of ways, including direct enzymatic ligation, amphﬁcatxon g

Dol or bl y LI Ll P e B S e o etE AR o M0t
nucl eases’ iP W?Fé”?fvz %’Rulatém ?m§sp°£¥3'§%ﬁ§£n-\uﬁ§§ %ﬁt&tlﬁ s"'g) @l

Gene, 100: giftrdll§ atacheli mampifierest pelymadicotidds c Hoivevenas nteddbowaby taking a -

3125- 3137 Hg?%mn?%’ 5, 245.
Exenpl ary cﬁi% éa“yl S nuc eea%feﬁsé%ggg%%e mﬁﬁﬁm&yo vent'fsorlrgrgﬁcl ude Alw
X', Bsm Al sampiag pn tagfiffernt pelynpcleotideg san be made nogligiblgy, (eperallypthe lagger thec e

851, Bqg | saxﬁﬂgthhgte&%ﬂhéproﬁ’ﬁﬂn&of&%nﬁadﬁﬁfc Thus! adé%ithh’ade—&? &isey’| . Esp 3l
Fau 1, Fok e Oa Sfa NI, Taqg
O pvelchin s o el of g ppmispet S-S T SaRmbl, oo

t her eof . Prenéueas Mumodvemgaad‘ aitargét pdiymigiectide, in b siotgun sédqyencing operatidn,or and

o1 or o nidtekE eSSl off Gl it R0 fool Ml slecting  grall st 7 07 Y

oper ati on, vhich epsregéhat p@%@ﬂ@bﬁmﬁ@uﬂﬁ Ml%mtohm%mhmedhgm tion
sites apd/ Preséilcs iRGSles merely adids b 8dditfonhliBurtd S nBRS &, mhmsemé@mg ghis

prevents undesired. cl eavage .of the uc) eot i de because of
D Rt cosiohio0 s Pl B B s ACIo Geag b s o
| ocat i ons ifluoieftentisighaletanimpinbicipeséd. de. Bl ocki ng can be achieved in a

variety of ways,aclfeq he}e&Ch,H%%s@E‘&r@;}s\ gmr-%! réddhet {oea%m&aé}

sequence-specific apta rotelns, o?r gonucl eot i des

t hat form tmolgsples; E@WIW@RE'O@“H@UF arem@mﬂqchtheﬁareﬁﬁea! natursof thy sampling| oy ed,
" 2COUNDYI Ot Renfhsd oBANp Bk blgQRiRSlcun BRI sk Iigy { ar gt

polynucleotr g neth Ias of the .nuclease being used.
That is, f@P‘ﬂﬁ?ﬁ%ﬁ’ meaning °£¥‘1bs‘ﬁ’§r‘f§ Y?]& ?%H Perce“‘ag‘?sé’g "&"?

endonucl e aserugates éependsxm hbw the taps amdleing dmtblo;zegn Btefrabie fdrynucisie scid hat
nethylates o gr | osed in
Roberts et “a E:(c gﬁgglgi\)h&lpan &gtat%gﬁ%?gggﬁ%%Lﬁﬁgﬁgﬁtﬁﬁcr §§ Resear ch,
21: 3139- 31Biqug tagspttpched: ompéefeeﬂmmraarﬂrptaémlnarswwercentofthﬁrom a variety
of souases, lg(cldoﬁdékﬁi\k méeai ﬁnpﬁla@ reéMEtlmeanmatM%a?ilvely,

i f ste 0 n arrn 0 eotrdesfor
sequenci ng, SP‘?WH‘E}.J&H"BSF ?‘sesha"e ﬂﬁlﬁ*ﬁ%ﬁﬂéﬁ%‘y
anpl i fi cat itisaatieast igety- mmmnfaiepogyhmndasaa\e qupéagsmjtad;edZS met hyl at ed
cytosines in theg qggl %?mt g)ggﬁﬁ vant age of
elimnating the nee *’ ér ?bﬁd# gfegosz?%g%ogo |cfn ou ¢ oﬂa solid
phase suppdmRNm,tqhgonucleondemw ee.m y reverse transcribing the mRNA with a set

30  of primers preferably containing complements of tag sequences. An exemplary set of such

primers could have the following sequence:

5'-mRNA- [A]p, =3'
[T]19GG[W,W,W,C] gACCAGCTGATC-5"'-biotin
35

where "[W,W,W,C]o" represents the sequence of an oligonucleotide tag of nine subunits of
four nucleotides each and "[W,W,W,C]" represents the subunit sequences listed above, i.e.
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Clearly, one of ordinary skill in the art could conbine features of the
enbodi nents set forth above to design still further enbodi nents in
accordance WP 9T678& | nventi on, but not 30 expressly set fBETNSHNNE.

A variety of kits are provi ded for carrying out different enbodi nents of

the inventi | kits of the invention include encoded
adapt or s, gWa\ﬁ’&’ée%EB‘E ‘g'r iﬁl ‘H%HI‘P“SB%‘!“W’E tify an optional FESIIEHt 5. Kit s
further inc Ietxaéﬁudldase site! thaesan e nmﬁgﬂarem mefpelyhmdjﬁbﬁddﬁom mmmsto as0lid

i nstructions,for pa ul, a di_ment he, i nvention. In
enbodi ment s PEES U p@?FgV‘éﬂEbﬂ%"’a'?g “ l g ﬁor%h %ﬂvecq%aeg’g" a alefnleﬁases,

| i gase buffamhmamvbmmwulﬂﬂlevesﬂlm;m be i ncl uded. I n sone cases,
these bugfers may be identical. Such kits may al so include a

met hyl ase and its reaction buffer. Preferably, kits also include one or
nore sol i d phase 5'-[G,W,W, W]gTGG-llnker—mlcropartlcle _

-28 - WO 97/ 46704

PCT/ US97/ 09472 a i cl esycartyi.ng.ta

conpl ements for kit s cgﬁ%%ﬁfw ©.8- by ?fﬁi%*‘%eg?qnd

Att achi ng Tégsedond $erand of the JIVA tesynthdsized usmg, for example, a primer of the follomng For
Sorti nggnt Supports An | nmportant aspect of the
i nventi oﬁ [ g°‘%§%tgéﬁﬁg) and attachnment of a popul ations of

pol ynucl eotides, e.g. froma cDNA library, to mcroparticles or to separate
regions on a solid phase suppRrRéatstinn-3at each microparticle or
regi on has substantially only one kind of pol ynucl eoti de attached.
This objective is acconplished by insuring that substantially all 10

di fferent p&hmbbkaqtoweﬁAﬁa\(bodkawa?pmnt—agmmgmmﬁe andiYsisaondi tion, in

E;gr;npoi ynucgg‘%ﬁh&g@con “td or ahal YySI i Ms ﬂ?Yfl%SkﬂCﬁ&Fﬁ%m ) Of

t hat
i denti cal p#ieyesultingdqub MBN&WW@* @BW&@“@*%%‘I#*{%‘F‘MVS?]M@; i nat he

<

- same B%df&bbﬁihefb} i%,eBéiﬂH!D&ﬂ RHoARite) Affer B&A IYaZzQSaltI\&g%&noh,rthé WO
different | ocatjons Suc Eﬁ%‘g)l [ can be carried out either
overt | y- - f oFXTplaTnanfuggls would have the volume froma larger 15

m xture--after the tags have been attached to the polynucleotides, it can

be carrpgd out g._p m ¥ ondarg f eghn@f the techniques
used totgrocess the po u&{'eétlg?g dlc Itnng’s ﬁ%r sanpl i ng can be

carried out both overt|SCRif ¥a¥d, HhQ‘F%H@rm pﬁP¥AofNW¥ﬁ3é‘§;s15ﬁg st eps.
Preferably, in constructing a cDNA |ibrary where substantially all

different c ve different t t feper re i | oyed
whose conpl (?E?S %}YH“S‘P‘HEIFMP“JW%MMB?Q% lat%"s‘“ pP&éff l@?@%@ gy Ke

“ total nunbe techrfiques:N\Fs exantplen the abbve cajugateewhich mracmalmnwm@ be inserted

of "t he Bl y BT BRALT Skl o, 68T TG CHETD iy

of the tag tapsfctedintea host, aemch @ammmmaﬂ ymlalrlhbast acteria; wifichipthen cultured
pol ynucl eot k¢lgcrlas ihe AluhbY? of BRjuiies. AhB CRARE ActorsSm4}i A& 1R I®MhtddQUsing DNA | i brary

standard techniques, e.g. Sambrook et al, Molecular Cloning, Second Edition (Cold Spring
Harbor Laboratory, New York, 1989). ‘Alternatively, appropriati___é -adaptors and primers may
30  be employed so that the conjugate population can be increased by PCR.
Preferably, when the ligase-based method of sequencing;_.ié employed, the Bst Y1 and
Sal I digested fragments are cloned into a Bam HI-/Xho I—dlgested vector having the following
single-copy restriction sites: :

35

5'-GAGGATGCCTTTATGGATCCACTCGAGATCCCAATCCA-3"
' FokI BamHI XhoI
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construction using a prinmer mxture that contains a full repertoire of

exenplary 9-word tags.
9 WO0097/46704 = g 25 Such a mixture of tag-containi FFPPIHPY2has a
conpl exity of 8 ,or about 1.34 x 10[err]. As i ndi cated by Wnsl ow et

2l M el o et o FRSeRE ek Vi R IaARE of 19 e BBl cussod e 7 21 Y

a single fullybdowmal i an cell contains about 5 x 10[err] copies of nmRNA
mol ecul es of aboug {Bietko DNAS of sy Dok by iindaddiching Hidoek
Ff?u Soqéc&:gﬂ ]tocDNAs & O)F' 2

t echni ques one ca from about

(t heor et i caDNAs Wﬂﬁ@@@ﬂ’@fé’ﬂ?‘f‘gm lﬁﬂ#@%av%@en l@'&??ﬁ&"r“f‘?l&e"f% s nunber to
i 1 O et bl e o e e nt 0
cDNAs wi t h W eé#ﬂ&*m%%‘&%)ﬂgwﬂ%ﬁ?%%%% %rgéelg'g'(‘:'%:egrat e), the
cDNA | Lbrag%eﬂamﬁ/ ﬂmetmmmmanmﬁdmlhnmedtagcwmg)@m atmmbstwnimng. nﬁ
nore than 0 fRLep i's, without
any overt SAfp |tr?5m§t°1e)NtAh§”h? Eg%ﬁg{égidgfﬁ gﬁgreéntl generat es a
sanpl e t hat conp&s%@l@md’@ﬂﬁpewth%#m&lm‘kﬁ'%eﬁ@é “°’FHE’°"‘"S

pr obabiqg t Y, O 2B aclééﬁ&@éoﬁtauxﬂ@%na tHOOESH-$3 mxiudlaseadaﬁmy df% which
S Wlthldn dﬁé&n& gﬁ%ﬁm MRNA from OCF||S the fraction

preferred rang
of the tag T%B@HPGWP‘@'@%%‘I‘ %Vhen“F & PR BR AP 870, even assuni ng
that all thizoBmasiasie aiphodphais, sﬁehl&pomn&me will cls@09pucleotides from 3' recessed
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PCT/ US97/ 0 f&?sgpmcm“%‘e ! }%nﬁ:elaggmq of 3 double stranded fragment until 8 complemet of

processi ng th¢ sipge dmyrmdmdpmhpwgategmchﬂmnahq template strand. Whenpuchpoy, o "rul e
of t hﬁ% bxﬁicﬂ&l&h@&a&apﬂebLW @i &hémbtﬂremeasad s BEpolymees xthnsDBNA Cl ones

from extractedfroml Use of

| ar ger anpuAstiitHd W@%%%‘B’Imn BYVity Femoxss JupletieSunt s of 5
pol ynucl eot C&ﬁﬁquérﬂlygsﬂm& sﬁanded/lm eorstmectaduwithahreofiuckotides ame ireadily prepageddords t he

conplexity of..the ertoire, a tag-polynucleotide conjugate
m xt ure pot ?ﬂ“?gd‘f"F‘iF%%R‘%aél ngﬁ(g’\%ery possi bl e pairing of tags and types

of mRNA or pol yn'(ih:l techniquemayl ﬂsm@ppddasgﬁermnalbrmﬂhyéaﬁwteﬁg J sitgs of a
| mpl emegy btle RRABRAR 2 AL PBK RLileQk 1 Wl oof t Joinhaipoiat ¢ he

startl ng mxt r ucl.eotide co . The, amount of
di | ution reéfm%&te&eﬁgﬂd@e E?ﬁ““f‘ﬁg: g?fﬂ tiit r<B “chmg{ys?frg%?‘?ﬁsé“grﬁ%meﬁse and t he
ef fi ci enci eqitRleckytStifificogiphcspliage. She peublesiraied portion efethl fragmensttis tert ed.

LT _RNA wer eefﬁylat&g a%;f,f\ @é%%&ée s&@ldegi e %hl&&\n%ﬂ'a%ﬁ&{:&lﬁﬁ&&%% fic about

0.5 pg of were pre . 10-100
fol d concenpresensef aéiqueg@leoaée triphosphates, tbﬁFhYéEBeﬂmmgrﬁheé"*ﬁﬁ‘Fec oi§col

€.g. Sa{%r ggace%e% bégeh&awe@fo ehlcRBi1fes BREGRAIFEM L1 On, page 8.61 (10
pL 1.8

s about X 1 Ies and 10 pL
18-mer 15  pri ndfgrthgol W"}ﬂ%"@ﬁl&w %Mg%éﬁe"%%@ﬂﬁmgo P
nol es) , thenieh@sragmaaumrsasﬁda@as described qhoireyﬂﬂq:blgmtcledmiesmnmmm& in'a cDNA-

l'i brary woul d si equ er of
e or et i B ehiblens i alhdt Aa*t?%agsp“ d‘;fncéc?"éot g A0

conj ugat es mmuquwmﬂnmheﬂmlw@abﬂww &by tags aadieir comlementst (T8ere- - £ r st

strand gynt fesiessive dmce%?ﬁ@ﬁﬂmﬁiréﬁ?&eﬁﬁﬂ%@e%cﬁ&tn&@dEk&ﬁbﬁry%rﬁ&éso a vector
- occurs with perfect efficie

C consgrvative
estimat e. TR@ViEgsugh sxidansencjude é)eb?ﬂrf ﬁl‘ emistry olecular
Biology, 26: 227-259 (1991); Sambrook et al, Molecular Clomng A Laboratory Manual, 2nd

Edition (Cold Spring Harbor Laboratory, New York, 1989); and the like. Preferably, the
hybridization conditions are sufficiently stnngent so that only perfectly matched sequences

35  form stable duplexes. Under such conditidns the polynucleotides specifically hybridized
through their tags may be ligated to the complementary sequences attached to the
microparticles. Finally, the microparticles ‘are washed to remove polynucleotides with
unligated and/or mismatched tags
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If a sanple of n tag-polynucl eotide conjugates are randomy drawn from a

reaction m xture--as could be effected by taking a sanple volune, the
pr obabi | i t WQPT#78i ng conj ugat es having the sane tagPC'E/UQ%EQ%Tﬂoed by
t he Poi sson distribution, P(r)=e[err]([err]) /r, where is the

nunber of conjug ving.the sane tag,and . Wher e IS the

probabi ity of a%d} 8 p?’&é“o"é’f’m“ %?f’[‘pé‘&'eg?# [SBPWf"ngd‘sﬁLI/(I 34

X 10[err]), thellemsity of tag conjletubtits an the RfiGrppatticlEsuxface nstyplcalll;(greate“flma;haa sanpl e of

one mllion_ | Mk RE

-vel | within’ %sﬁ%ﬁéﬁ%ﬁgﬁﬁ&cﬁé%ﬁe@nﬁ a sg iﬁ%&ﬂ &H.gtzg@n% gg#%%ed as

fol | ows: Asgwswm:@atmentofﬂle%Mehespalm@[eeﬂﬁmﬂ:aww epames densglyconver t ed

'tﬂtf fhxséok céd arﬁ.ﬁa&ftaesw Qélmﬁﬂi'éccessq{ftherélﬁﬂkly?ﬁﬁ&&hﬁﬁedtewtsl and 20
a e 5 X rs ar a cti i.on ng a vol une

of 100 pl. %8“‘#& é’r‘iasaqs '&P‘E’f‘\“ﬁ)‘ %ﬁ’lﬁe 8‘& ﬁ’t‘{"by transferring

10 pl from trrhﬁ'opfamoles soﬂngagledmpﬁenieuﬁsmmsattmﬁgmﬁekcee@aga&m g1 90 ]pl of an

appropriate r or

P e ad t 100t aere P 2 ebvmpclelies. T erloP B3y B RDERRRAE 7 5

10[ err] vecoothemi¢ropamticiesupface will nothe 30 high ag todahdhit ehryme actess Rreferablyothe yi el ds

10[err] wecraoerm?gem r-polyﬁf?éiéoﬁhéﬁ Béind G EINAPaRtie YHIE R off the!ofReF b F0- 105“' S

sanple is then by stral ght forvvard 35 transformation of a
conpetent h&% %’@l‘“ﬂ’bf glestiRecratins for ptan FEGS“PPmsandBa“mmbeaéF *\%Pﬁr%fe as
ment i oned abﬂid@asﬂﬁxpﬁéxﬁﬁs folind mmm\aad sdsuucee:g Nupleto AR iiEl Resshrich) 20€1870Ct

1AL ET Y- 4 85kl M0 B B BT ¢
very i nef fi q:angmof 20650 Upxh hrg loaded with about 10 polynucleotldes and glycidalmethacrylate

-30 - MA) bidfs 2Zi196¢ £6im Bangs Laboratories (Carmel, IN) of diameter in th of 5-
PCT/ U897/ 09 9 ) nor e thahmgf/o of t?}%s (vae%qteormsnoargnt e lgn eu y t he host

and replicat Q&m%l?édedmﬁlaé%ﬁﬂ!aofmpolynucleevdeaw%1 é?ﬁéﬂ -even fewer
ii | uti ons woul ]9 lhfthé I &nﬁoﬁmﬁbﬁ_ asgmo@plaaeiﬂfar@hmk%ﬁyﬁﬂ,esmwg?t es. f
repertoire.of o C ugat e toa ulation o
pol ylr[:ucl eot F&‘E&Paﬁf"g u?fﬁ%’m!}?’%y%% gf’ﬁ%ﬁ?’é‘%ﬁ‘g&&? F’P’g"l i gati on,
anpl i fi cat i onture ofjmicrdparticles froP@Rich a sample isitakem fos lading agsaldmglvmhk‘ondeg
sequenceg, Qﬂ@' sx&ﬂﬁ" Hel sgxﬂple Iﬂ%ci’oﬂbﬁnbl@g wﬂll'dgl?etnﬂ ngséérgﬁactors mchRﬁx@ very

| ar ge popul ation tag-p UC eot1 de conjugates_such that "a SI e tag is

general |y alﬂi"mﬂ’c‘lf%wp ﬂ@r\‘?‘“ﬁcﬂfﬁ?@ﬂ’%ﬁt’? fopused ﬁB\RER‘F@’i‘“S ehot ed

above, by t alidroginitles—e.g. its Saffabity; e tlérincs ot imultipli Gobies cffmitropartiajwigahes, the
on, t wo

8[??2?%“%80]‘ 2 m"lfg%( dqﬁ?"ﬁ%‘“’#ﬁ&t—:‘mﬂg&ﬂﬁ& l}-lhﬁf"u@élﬂ%fa&f PPVidene | ar ger

the 10 samnﬂmce tegarding aticropattivie spmplb silz¢, mi¢rypanticlextidnasitan; and the admiahrate Thus, a
desi gn beadgp £ %W"ﬁ'?ﬂ é%ﬁ Lagigeesanpl e of
t ag- pol ynuc?eot [ dﬁﬁcofgjﬁsu%aat gcsk-e!-i) I"C ?Géa?gl(grrp oufdi gnsur es adequate

coverage of a target polynucleotide in a shotgun sequenC|ng operation or
adequate representation of a rapidly changi ng nRNA pool, .and selecting a
smal | sanpl e Microparitddié Ch ensures tham a m nilopin nunbew paf doublogen Wi | | be
present. |n nodismeenbodi nents, the 15 presence of doubles nerely adds an

addi tional source of noise or, in the case of sequencing, a m nor
conplication iMassanni ng and si gnal processing, as mcroparticles giving
mul tiple polymeelsolidse ent  si gnal s can sinply be ignored. As
used herein, 1%!;154%&0?' substantially all" iAxA®F er erl@6 x{ef att #eidhg tags to
sq. angstrom

Approx. area of

monolayer of 105

microparticles 45x.45cm Ixlcm 2x2cm 4x4cm

The probability that the sample of microparticles contains a giveﬁ tag complement or is
30  present in multiple copies is described by the Poisson distribution, as indicated in the
following table.
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nol ecul es, especially polynucleotides, is neant to reflect the statistical
nature of the sanpling 20 procedure enployed to obtain a ul ati on of

t ag- nol ecuV@9MB#%gat es essentially free of doubl es. P%’Wﬂ?ﬁ%g of
substantially all in ternms of actual percentages of tag-nolecule

conj ugat es depends ‘on how the tags are being enpl oyed. Preferably, for

nucl eic acid sequenci ng, substantially all neans that at |east eighty
percent of the polynucl eotides have Table VIuni que tags attached. Mre
preferably, it means that at |east ninety percent of the 25 Fractionof

pol ynucl eoti des have unique tags attached. Still nore pref®icwprtclesin peans

that at |east ninety- f| ve percent of the poI ynucl eotdmPesamERse uni que

tags attached And nost pr &F& %(g it megh@ctionof “ypar ot paEsdas

ni net y- ni ne of the é%/geot i des‘mFFSWF’ctf Paue t agSERITREEEY.

Pr eferabl y, popul poI ynucl consi sts, JF° senger
I | gonucl tags may“ﬁ’11 ﬁlached by cé‘(%ﬁn

transcrl bi n with a pri pr ef erabl(ybegmaésw ng

conpl enent s ,tlag dequences. An exerrpl ary Stake , such mqé.ﬁ.)ggars coul d

have t he foOrtowrng Sequence: 5—TRNA— AT -3

[T][err] G W W Miog] [ er r] ACCAGCCH@ATC-5 -biotin g3y ' whereg g

"[TVWNWC] [err]" rgpresents the ggguence of an opggonucl eoti de tgagaof nine

subuni ts of 405f our nucl eotipdes each and "[PW¥AC] " represent goshe subunit

sequences |istedsabove, i.e. 025 0.21 0.03

-31- 280 97/ 46704 0.20 0.18 0.02

PCT/ US97/ 09472 .105 "W repré@&dénts T or A The%underlined seq@ehces

identify an opti®fal restricti @@l endonucl 88ke site that can be used to

rel ease the polynucl eotide fromattachnment to a solid phase support

via the biotin, if one is enployed. For the above priner, the conpl enent
attached to a microparticle could have the form 5

5- G W W W gTGG—Ilnker-mcropartche After reverse
transcrbption, the nRNA is i egi panRRamingH di gesti on, and

the second strang|

of the follow ng iglimfc?or mg@%ﬁﬁeﬁgﬂyﬁn of Rgofiit RBRAeGags 3o PY | MET

their tag complements which, in tum, depends on the complexity of the tags in the

hybridization reaction. Thus, a trade off exists between sorting rate and tag complexity, such
that an increase in sorting rate may be achieved at the cost of reducing the complexity of the

10 tags involved in the hybridization reaction. As explained below, the effects of this trade off
may be ameliorated by "panning.”

Specificity of the hybridizations may be increased by taking a sufficiently small
sample so that both a high percentage of tags in the sample are unique and the nearest
neighbors of substantially all the tags in a sample differ by at least two words. This latter

15  condition may be met by taking a sémple that contains a number of tag-polynucleotide
conjugates that is about 0.1 percent or less of the size of the repertoire being employed. For
example, if tags are constructed with eight words selected from Table II, a repertoire of 83, or
about 1.67 x 107, tags and tag complements are produced. In a library of tag-cDNA
conjugates as described above, a 0.1 percent sample means that about 16,700 different tags

20  are present. If this were loaded directly onto a repertoire-equivalent of microparticles, or in
this example a sample of 1.67 x 107 microparticles, then only a sparse subset of the sampled
microparticles would be loaded. The density of loaded microparticles can be increase-—-for
example, for more efficient sequencing--by undertaking a "panning" step in which the sampled
tag-cDNA conjugates are used to separate loaded microparticles from unloaded

25  microparticles. Thus, in the example above, even though a "0.1 percent" sample contains
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5 - NRRGATCYNNN- 3 where Nis any one of A, T, G or C Ris a
puri ne-containing nucleotide, and Y is a 15 pyri m di ne-containin

nucl eot i deWWf‘g%ﬁart icular primer creates a Bst Y1 restri (}}C}T&I,S%/P&gﬂ n
the resulting double stranded DNA which, together with the Sal | site,

facilitates 4 INU O . @%ﬁﬁ ] . and Xho |
sites. Afte(r”.ﬁ g@?@%ﬁ%,ggfm?ph&?a% t|ong %%p%gha yfogi:epg%%% %r@iﬂ)&g}iﬁgate '
woul d have misgopreicles as desiged are accurmulated. SAliquatingly; dgaded igyoppiticles maxber] [err ] -
CDNA - NNNRgenarated from unloaded microparticles b{Pe TlSresfentty \itivatel LEH oMl REALS) r DNA
- NNNYCTAG: 5! . The‘fegt?ql%nucl eoti de-t orH_ugat es may then be -
mani pul at edHEYREYE SNg G | PEQSPA. re'%it't‘ﬁ%y&“ jugates Wy, b %‘l?é?‘.’enﬁb}ab@xarrpl e,
t he abov® cinthdrechhique ddscribed belovaby pratitivig Auoresséntly dabelted right prineer ARet 25 into
conmmerci al | vai l.ahl L.oni ' . St r.at agen i stem (La
Jolla, CA); }Gaﬁng andteiérA adralss ret’@g’etgg‘aﬁéf%gsigs%n@?%o l%g e@%&%%?%%r ‘f%‘\é’avai | abl e
host bact er bpDpmhirdike przymbithat roergnias mefhylated sites.o i ncrease the nunber of
conj ugates. The gl amRoSidye mblEhient:d® pmidingq!s%ﬁéomgegm onjugatdsandar d

techni ques, e, g, Sanbrook et al, Ml ecular Coning, Second Edition (Cold
Spring cachugh Whith GORIBEE & CRRtIre M ataR wd opprsds, or 1188 pligamupleotdenr opr i at e

adapt or 50 antgPPiefdRdbly, theYaptire mokfy i€ 6Fd §yewhicticah bateldaktd flathe@aicBNRopul at i on
can be increase

et hod of - SSRHERE fo Pt g B Fonipgates 5o 6 spgd with & Sl Bt sl
fragment s amethod. welimbieties nzay Bamprise biokifyaligoxigénire ot ke ligensds oy triplaw binding he -
]j SA&MTE%CT%X% %%%%ﬂcﬁ b E&_P&%@A x_ngi;efyecﬁfnpriseg’é biotin .component. Biotin ng |
BanH  Xhol| may be attached to tag-cDNA conjugates by a number of standard techniques. If appropriatego> -
WO 97/ 4857 O4adapters containing PCR primer binding sites are attached to tag-cDNA conjugates, biotn =~
e W G bd ik B e i 4
Tags can beAbomgtivgntiftie tag-cDDM confatenarsinsenty of ¢ldming vectorspbiotgtraaycker d cl oni ng
et hods at . aptacheR B0 cBiifly ¥ Glp DA dcftheliily'aigidilon ithn Uffrbitlate rbtfieh . and
enzyme followed by isolation and filling in a protruding strand distal to the tags with a DNA
20  polymerase in the presence of biotinylated uridine triphosphate.
After a tag-cDNA conjugate is captured, it may be released from the biotin moiety in

a number of ways, such as by a chemical linkage that is cleaved by reduction, e.g. Herman et

al, Anal. Biochem., 156: 48-55 (1986), or that is cleaved photochemically, e.g. Olejnik et al,

Nucleic Acids Research, 24: 361-366 (1996), or that is cleaved enzymatically by introducing
25  arestriction site in the PCR primer. The latter embodiment can be exemplified by considering

the library of tag-polynucleotide conjugates described above:

5'-RCGACCA[C,W,W, W] gGG[T]19- cDNA -NNNR
30 GGT[G,W,W, W] 9CC[A} 19~ rDNA -NNNYCTAG-5'

The following adapters may be ligated to the ends of these fragments to'permit amplification
by PCR: :
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5 containing a repertoire of tags. Preferably, the tag-containing vector
is linearized by cleaving with two restriction enzynes so that the
exci sed cDNG976i6T04be | i gated in a predeterm ned or i emGWUSN/094Me
concentration of the |inearized tag-containing vector is in substantial
excess over that of the cDNA inserts so that ligation provides an

i nherent sanpling of tags.sr- xxxxxxxxxxxxixgenenael nethod for exposing the
single stranded tag after anplihi:catxarxkonoonesytdr digesting a target
pol ynucl eoti de-cont ai ni ng conjugate with the 5 -3" exonucl ease activity of

T4 DNA qul ynerase, or a like enzyne. e sed in the presence of a single
deoxynuct eosi de tri phosphate, such a Mtgrse w Il cleave nucl eoti des
from3' recessed ends present on the non-tenplate strand of a double

stranded fragnment until a conpl enent of t he singl e deoxynucl eosi de
tri phosphate is reached on the tenplate strand. Wen such a 15 nucl eoti de
is reached the 5" ->3'" digestion effectively ceases, as the pol ynerase's

ext ensi on - activity a@ﬂ§c$ﬁhﬂqﬁﬁﬂﬁaégz%%Z%?qﬁiiﬁer rate than the
excisiol activity removes nucl “RGAFERZ2222222% % fsequent | y, single stranded
tags constructed with three nucleotides are readily prepared for

| oadi ng onto solid phase supports. The techni que nay al so be
used to preferentially nethylate i nt eLFBAIEE | sites of a 20 t ar get

pol ynucl eotide while leaving a single Fok | site at the term nus of the

pol ynucl eoti de unmet RPTGATEAZ ZAZZZEZ2ZEHZ-T 'etiotdh Fok | site is
renderep%si ngl e stranded using a pol ynerase w th deoxycyti di ne
tri phosphate. The doubl e stranded portion of the fragment is then

met hyl ated, after which the single std&fd&eterminus is filled in with a
DNA pol ynerase in the ‘presence of all four nucl eoside triphosphates,

t hereby regeperat] he Fok | site. .Cl ear this 25 procedur an be
gener al i zed""Rﬂ'e e‘&éﬁggtl isaSee! reqgnyion ﬂ?r{wgﬁik%?‘{esamgg?md eleavage m&?é’er t he
ol i gonucl eotihglebdse gguantiag)pareiahe X'sladdif's arp ewldotides lsglémteddd tat the anneaing andy
renderi t hem sj. ngl [ ggﬁ . DY Simate n otides are
m xed h ssmg&on%ﬁgpfegatﬁ%ﬁl C e@%%‘ﬁ?g‘f“hé}ﬁg“’? E‘% pqnpﬁ?lrf'%%{nér tX'A(';l%s“'lgquences of
the tags unligationofithk adapsers andharmplifigation by PCR using fhe bioginyleted erimesithysegs ofct | y
mat ched duphg¥Gguddfet ¥e FéhabBEsihddistrandid bl BRickoruOlBRt BRIy St TADRAE 30  is
ext ensi ve gui dance | e literatur r creatjing these conditions.
t d ‘Pthlt tbeﬁftg tgretha di t
Exenpl ary r BPIBRERtEaud conjugates 35¢ eRmbifer yith @ Smje, BATHFIES: B TRTIRIT |
Critical Revduivakns, witBBtagchaplemdntsyattachdd. \Afierambealing under strinpénbtandifionsAta 227- 259
(1991); {Sanprgg_k @': lg %ﬂl EEE " ,%l;;kg ' |, 2nd
Editi on2 Co 'pz)‘r’lgﬁnsg r orO? ! brgt%@@,a W or%%%&mgg%gt he Iike.
Pr ef er abl y, cmplements and thy josdedamierapartigles g separaiethiom the ualopded sicsoparticles by | ngent
so that onl xapaﬁém&ﬁ&nﬁ?éﬂg%&ic%ﬁd,%}m@c%&mteémﬁk.stable dupl exes. Under
such conditions the pol ynucl eOHEFie es speci 'CS‘I}L bri di chl{f’ 0 t hr ough
their tags may b&HmgRHe XA gﬂscﬂf‘b‘{e%‘rfﬁﬁ‘l‘k‘% ltion ot 3ot W90 o ¢ he
m croparti cl=€%,706 kn63) logdedtnkieroparticies|withtdiffdrent tags, vhivh siag tie teteased fiomehe
pol ynuckgot '! Qgﬁr 1 i éﬂg 1,50 4086 tihROWith
D33 . l.’:@ X‘%t@:ﬁ%%%s%i% X ﬁﬂéthﬁ]p. p QB%G new
PCT/ US97/ 094anples of microparticles and tagspfaINA eongates.‘obs 1 9 dINAs @B ke asrmelaad | v
enpl oyed as pg yaipeht felcabbaMérbarfidll. Th&epooled micropdriides de¥y theh e Of T ag :
conpl ements on_the m'cropary cle surface is %ﬁx‘ﬁcal l'y greater than that
simultaneously sequenced by a single-base sequencing que. _
Determining how many times to repeat the sampling andpannmg steps--or more
35  generally, determining how many cDNAs to analyze, depends on:o_:';__xe's objective. Ifthe
objective is to monitor the changes in abundance of relatively comx}_mn sequences, €.g. making
up 5% or more of a population, then relatively small samples, i.e, a small fraction of the total

population size, may allow statistically significant estimates of réléiive abundances. On the
other hand, if one seeks to monitor the abundances of rare scquences, e.g. making up 0.1% or
‘40  less of a population, then large samples are required. Generally, there is a direct relationship
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necessary for sonme sequencing operations. That is, in sequencing approaches
that require successive treatnent of the attached pol ynucl eoti des
with a varV&X/46104cnzynes, densely 5  spaced pol ynucl eot i ¥aP947dnd to
inhibit access of the relatively bulky enzynes to the

DA e S e 8 ) e B A i AR BB Y,
si gni fi cant samplee There is. eytensivegmda@e in theliterature onl @@rrhining @ppyopristesamplesizes t he
: | | t i . 1. ; . i . . H

(e e T o S D TR ccest”
Preferably, P MG ep > ' G $PCH s 304~
m Icr OF{M i C3B (3993 ;&ﬁ@ﬂx% ik fPréti}%bDl%rfdﬁhorﬂﬁ)t' Bin 'enet qxﬁ@ssédavam Bﬁﬁ}(ei n f
sel ecltlin r 0S or .s n rq. ‘G SU or an al |. Ol 1 NI ea e o0
So 1o Gl as catelyds of £ derinte iR ioracen seeRRerEL 0 tﬁg"itwf&mdﬂmaleveéiogia%?%syp

at j
Resear ch, 2m4 diffsét sequences, dGafhdle(of St 1(Prsefuencabhrg acdumulated dorenalysisgof

2Fe | oaded et IR0 Midt b Bl o LATH! ‘éfess%@a"ﬁ%gaﬁeﬁ me I
(GVA) beadsanalysis pEgsrhelitranyandmegtprefernbly.ct semple of atdeasta ,Oﬁ seuendes gicamet er i n

the ran@e ofcciinulated for the afhlyRiRoREARh im\g,.e)cgu%:ﬁte;v&y ﬁﬁ%nh&‘é?%f&ﬁuéx&@'dﬁfl?ﬂait e

pol ynucl eot i de A .x 10[err]. to rrJ. o n
preferred é%ﬁﬁﬁ'%@gﬁuﬁqe&bm frlative @P“‘iﬁ‘i?"t f 3 Jequence presanh e feguengy,

m cropart i cwietin the rinpgeaft001% wl 3% with 5 05% cedfidedive limitcho ddrgdr idan 9)19% $fakd S, one
obtains a c&ggllag&%s. e m xture of mcroparticles fromwhich a sanple is
t aken for |'0ading fza'gged pol ynucl eoti des. 20 The size of the sanple of
m croparticles will depend on several factors, including the size of

the repgrtoire of tag co_rrpl erreg{,,gm!gdaﬁoﬂ@rggb@hthe apparatus for used for

observi ng | oaded mcroparticles-e. g..1ts capacjty, the tolerance for
nul tiple copies %WGWEW@]EW’%’VW%%ﬁb“w callysynthosized (i . e.
"bead doubl B&ond tagsfimicketides AeG, ad T defihddbwitiRgfoinib: e provi de gui dance

regarding mcroparticle sanple size, mcroparticle dianeter, and the
approxi mate 25 physi cal di nensions of a packed array of mcroparticles of

vari ous di aneters. 3-THGE- GG Tel-6CCCp 5 pm

10 pm 29 20 pm 40 pm di anet er Max. no.

pol ynucl eot i des, .. Joaded at 1 per , , 3
x 105 e {6 ol" indicatesstag mixture w%mfeﬁh&e qonsigs o pingdripesiyords of

Appr ox. ar e, Gfand T; and "p" inditabs 5’ phicsphand. THRS Mixture is ligated to the followimpipht | C| s
.45 x.45 cm 1.x 1 em . . 1l X 4 cm The probability
that the saaﬁ"sllegpo efn%c&no%)lée ??sg(ﬁgg%ggﬁ?é‘i&nss ‘a given tag conplenent or is 30
present _in nmultiple copies is described by the Poisson distribution, as

ndi cat¥ i n Ftie ACTGSCIGGACATFRGARGD] e,  5'- GOGGCCCAGTCAGCGTCGAT
-34 - TCACCGACCCGTAGCCp GGGTCAGTCGCAGCTA

LEFT ' . RIGHT
30  The right and left primer binding regions are ligated to the above tag mixture, after which the

single stranded portion of the ligated structure is filled with DNA polymerase then mixed with
the right and left primers indicated below and amplified to give a tag library.

-38-



WD 97/ 46704

PCT/ US97/ 09472 Tabl e VI
Fracti on &YO97/46704 _ PCT/US9T7/094°72

m croparticles in

sanple carrying. - Fraction of

Fracti on of same tag Number of - repertoire of
t ag m cr opalike€ | @smén conpl enent as m croparticles in

conpl enent s sanple with one ot her sanple (as
present5i n s5'- AGTGGCTGWHPQG@GRC'&Q m croparticle in

fraction of | enent sanpl e

GTGGCTGGG [‘“(A,G T)g(f GGGGCCCAGT
E?Eg;éo'dgﬁblsﬁ ze CACCGACCCG @iﬁc gI ((a,G,T)ol- ccccceéﬁn@%gggécm

ne[ernd)/2 n{ err] (e[err])/2 CCCCGQETCAGTJ:G&(&TA—S'

0.63 - 0. 37 - 0.18 . . 693
0.50 0. 35 RfghtpPrimer . 405
0. 33 0. 27 0. 05 . 285
8- gg The underlined portion o@tl% %eﬁ primer binding region indicates QRQ’QI recognition site. . igg
O: 10 15  The left-most underlmeddegﬁ\ of the right primer binding region Bld{fbtgs recognition sites 010
0.01 for Bsp 1201 Apa I, andEd@ D 1091, anda cleavage site for Hga I. The nght-most Hi gh

Specificit n Rting
depends on){'f‘cﬁe ra mgf’ ﬂﬁfﬁ@ﬂ Bﬁ@%rtbrnbdﬁngg?gl%ll mdl%arﬁ%?fe ergét E‘g{l&r‘t&e ?orlf their
tag conpl e@ptonallyitheright ¢ meﬁmrsmmpmmemgwghebnmmcw(uﬁna he tags in

t hte t @&nerdéhzla@éag?& egaﬁhrm fromlntte& 1abadRried f’al@%&!tﬁt@A)tQStfé@!ﬁﬁaﬂ% sorti ng
rate apd tag ex| sSuch hat an increase in sorting rate may be
achi evéd aPud g&fﬁe Plﬁé’i’ﬂ?&%“t#?é npl exity of the 10 tags involved

in the hybridization reacti on. As expl al ned bel ow, ‘the effects of this
trade off may b . _Polvaucleoti Specificity
of the hybridizati ons% Po i Fci ent | y smal |

sanpl e so that both a H-QHHSRES IOESYNALOGRANIE LCARCINRYSBANY| e are uni que and
t he nearest nei ghbor s of sugﬁéoam,\&b{og al the tags in a sanple
differ y at |east .two wor | atte conditio be net by

t aki ng2ad sanpl e “PNAtS podcs ‘? FW&Q@V&%@Q@&%@P&@;

conj ugat es pGGﬂCOIslsameo:OC)Jaspenﬁenﬁorﬁrstétascssmﬂ:esimcmrat-amfebbhmawertoi re

bei | f o . i aht d
el oct a1 BTk gon pr i mRARERRENplA s TIRTE o uk Bk A kEipatiad ©1 31 P07 O
tags and t aypthesispThatisabath atedegonesate priwers syeh shak the sexpiyd strand priner iptesent

conj ugat es iAsodeaisahd e ffP AYdad Pﬁm& 19-?:9&593%&31&%' %@Gfi‘r?g CstE cgﬁx{i)gx!é; 16, 700

di fferent tags, 20 are pres x{; his were

repertépreS@ﬁWW%mm%F°ﬁ$?‘Q®Qr 5 resagaition,site;ofy ;0 effﬂ“é %ﬁéﬁ%ﬁ“@’% sanpl e

of 1 67 x Hidseould bévised &L such asthosefarBannHy, Sph 3 Exo RE o8 diediké. The t he sanpl ed
presence of the A and T adjacent to the restriction site of the second strand primer ensures

that a stripping and exchange reaction can be used in the next step'to generate a five-base 5'

overhang of "GGCCC". The first strand primer is annealed to the mRNA sample and

35  extended with reverse transcriptase, after which the RNA strand is degraded by the RNase H
activity of the reverse transcriptase leaving a single stranded cDNA “The second strand
pnmer is annealed and extended with a DNA polymerase using conventxonal protocols. After
second strand synthesis, the resulting cDNAs are methylated with' CpG methylase (New
England Biolabs, Beverly, MA) using manufacturer's protocols. The 3' strands of the cDNAs

40  are then cut back with the above-mentioned stnppmg and exchange reactxon using T4 DNA

| polymerase in the presence of dATP and dTTP, after which the cDNAs are ligated to the tag

library described above previously cleaved with Hga I to give the followmg construct:
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m croparticles woul d be | oaded. The density of |oaded m croparticles can be

i ncrease-for exanple, for nmore efficient sequencing-by undertaking a

"panni ng" WOAH4674 whi ch the sanpl ed t ag- cDNA conj ugatP€I/GHIE0M3Rd t o

separate | oaded m croparticles fromunl oaded 25 m croparticles. Thus, in

t he exanpl e above, -even though a "0.1 percent" sanple contains

-35 - WO 97/ 46704 _

PCT/ US97/ 09472 only 16,700 cDNAs, the sanpling and panni ng steps

may be repegtgsﬁruntqI?ﬁa@rmamglgnadeq | TAG micfapaltijci esDNA desirled are

accunul ated. Alternaittverly, oadecf m croparticles nmay be selparat ed

fromunl oaded m croparticles by a'fluorescently activated cell sorting

( FACS) i nstrunment using Remisit¢i onal protocols, e.g. tMbe EEieA

conj ugates may be fluorescently label 5 in the techni que described bel ow

by provi‘ding fluorescently |abelled right prinmer. After | oadi ng and

FACS sort i nigparately, the following gloping vectos iscansymicted, GBMWMQOWQTM adaptors,

€. g. X,]a@lrﬁ? dsmf, Hgdmid Gea6EHiné 9218 D NOS6

A panni ng st 31/ be ?dncgfkgaﬁgﬁfée‘}gﬁbé provi di ngéa san%#eﬂﬁsggag c

conj ugat es each of which contains a capture noiety at an end

opposite, or distal to, the oligonucleotide 10 tag. Preferably, the

capturel[ iety is of a type which can be rel eased fromthe tag-cDNA

conj ugates, so that the tag-cDNA conjugates can be sequenced with a

si ngl e- base sequenci ng meprinesd bindjag itenoi et i es may cdppMIsie bi ot i n,

di goxigenin, or like ligands, a trip}lex binding - regiony or the like.

Preferably, such a capture noiet rises a biotin co%onent Biotin
%@ﬁ

may be attachd@lesmidh-TDNAREY %&g&%%i\ggﬁd T eslni ques.

| f apprgpriate 15 adapt ErSTty s ar
attachéd to tag-cDNA conjugates, biotin may be attached by uspng a
biotinylated prinmer in an anplLi f | Gation—eafter SarpH-Ag-

Alternatively, if the conjugates are inserts of cloning vectors,
biotin may be tached after excisigffnd Bfdih@eieC DNA COnj ugat es by

di gesti with an ppropriate restriction jenzyne followed by
isolati’én and filfling in a protruding strand distal to the tags with a DNA
20  pol ynerase iRt he fFES GFATE 6???1%%‘3&"’&?%??@‘?rl‘fiﬂﬁéﬁ‘ﬁﬁie

After a tag-cDNA conj UQ@ARAT@r@MMGGdAGMGGmAAIGGAGRA@@sed fromthe biotin
noiety in a nunber ways, guch as by a chem cal |inkage that is

cl eaved by reduction, rman et al, Anal. Biochem, 156: 48-55
(1986), or that is cl eaved phot oBmaHIcsite| y, e.g. O ejnik et al,

Nucl ei fm ds Research, g4.13 1 366 (1996), or that is cleaved

-3

enzymatl cally by i ntrodum ng a restriction site in the PCR prinmer. The
| atter enbodi nent can be exerrpl i fied by considering the library of
t ag- pol ynuc 1dsHfd iS C1RAVed RAE Ppulls 6id BRI @18 Rsr Il-compatible end and a flush

COTT G W W VEiap Pt Ryt phicetFrgd B A et T

containing construct is cleaved w1th Rsr II and then ligated to the open plasmid, after which
30 the conjugate is cleaved with Mbo I and Bam HI to permit ligation and closing of the plasmid.
The plasmids are then amplified and isolated for use in accordance with the invention.

-40 -



The foll ow ng adapters may be ligated to the ends of these fragnents to

permt anplification by PCR -
- 36- WO IKA67047/ 46704 PCT/US97/09472
PCT/ US97/ 09472 5 " - XXX

XOOOOOOKIIIXKXXYGAT 5
- Right Adapter

10
Left Adapt er ~ Amplified ﬁ.om GEM7Z: mI%Z&ZZZZZZZZZZ 5 -biotin
15 E T

t Primer
where "ACTAGI" is a Spe | ges a st aggered

cl e?vageds eadyI f Ol tclius exampilé, B@é@eﬁﬁﬂ‘@la&ﬁﬂl wmmmn&gd Mmoﬁ(m)amd Z's are
nucl eoti des se t.e t nneal J i,.ssoci at i
t enper at ur es *5P le ‘}M?‘T §Fﬂ%ﬁ¥? dﬁﬁ% %ﬁﬁ?‘%&%?% Pen%'ag‘g%ewmﬂf ter
l'igation of usfwnthdapd diresthynontb @ngthereforeadovalentlly yinlke@ o) dlss begdst Adtetthoendnyf at ed
primer, the {a # eRsiEda gyged by
the exonucl eas e 5&%013'1 ucleom%r%%jﬁ %ﬂ@lﬁu& t5'the p?érE'% Gach I:)'fc

ligation and cleavage a mixture of encoded adaptors (1024 different adaptors in all) is

10 applied to the target polynucleotides so that only those adaptors whose protruding strands
form perfectly matched duplexes with the target polynucleotides are ligated. Each of 16
fluorescently labelled tag complements are then applied to the polynucleotide-adaptor

conjugates under conditions that permit hybridization of only the correct tag complements.

_ The presence or absense of fluorescent signal after washing indicates the presence or absence

15  of a particular nucleotide at a particular location. The sequencing protocol of this example is
applicable to multiple target polynucleotides sorted onto one or more solid phase supports as
described in Brenner, International patent applications PCT/US95/12791 and
PCT/US96/09513 (WO 96/12041 and WO 96/41011).

A 47-mer oligonucleotide is synthesized directly on Ballotini beads (.040-.075 mm,

20  Jencons Scientific, Bridgeville, PA) using a standard automated DNA synthesizer protocol.
The complementary strand to the 47-mer is synthesized separately and purified by HPLC.
When hybridized the resulting duplex has a Bst XI restriction site at the end distal from the
bead. The complementary strand is hybridized to the attached 47-mer in the following
mixture: 25 pL complementary strand at 200 pmol/pL; 20 mg Ballotini beads with the 47-

25  mer; 6 uL New England Biolabs #3 restriction buffer (from 10x stock solution); and 25 uL
distilled water. The mixture is heated to 93°C and then slowly cooled to 55°C, after which
40 units of Bst X1 (at 10 units/uL) is added to bring the reaction volume to 60 pL.. The
mixture is incubated at 55°C for 2 hours after which the beads are washed three times in TE
(pH 8.0). '

30 The segment of pGEM7Z to be attached to the beads is prepared as follows: Two
PCR primers were prepared using standard protocols (SEQ ID NO: 7 and SEQ ID NO: 8):

Primer lf 5'-CTAAACCATTGGTATGGGCCAGTGAATTGTAATA

35 Primer 2: 5'-CGCGCAGCCCGCATCGTTTATGCTACAGACTGTC-
AGTGCAGCTCTCCGATCCAAA
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pol ymerase and conjugates are conbined wwth a sanple of mcroparticles,

e.g. arepertoire equivalent, with tag conplenents attached. After
anneal i ng MA8&#6784 r i ngent conditions (to 25 ninimze m sPEXUSETONEM of
tags), the conjugates are preferably ligated to their tag conpl enent s

and the lo cr artlcles ar eparated_ from.the unl oaded

m croparti gﬂt—?&’(ﬁ%/ crion \Rf%‘ﬁ ollovien d HbrCEMIA at | ee/me kel primer 1 ke
capt ure tecdtndgmel/ul; 10 m pnmerZat 10 phel/ulr 00 ﬂ@eb@nb&ﬁcﬁ&ﬂﬁﬁ;ﬂosphﬁtbﬁat&ﬁ?cez sd
results in ' oade

i croparti cwlmwcﬁ %‘?@?\@E&kﬁbﬂ%% HPP P Iﬁ% p?l&?‘%rﬁé'g f‘?‘t?(f‘ﬁt

magnet i ¢ be¥od dwll@mmvmw&bm of lg}pk ehs atacting miktugs \gas(sclgmdctﬂ 50
tinmes wisth neucle sofgsoembe& edoc%prm@ratl%% f@bisetqgg&%f%t ates, 4-5

x 10[err] c e accunul ated | ng t rel ease
mi cropart i greduct, Y‘ﬁ@hﬁcﬂ?"@ﬁ“’ Ry diesited with Byd Hmm"“mre J2mlil@xeous! y
ﬁequencedt byNew Eh@@d&ﬁ?%?huﬁﬁgwmﬂ&tuﬂﬁbﬂl lﬂMﬁate at 37°C for 6 hours) a%SSQ{ m ni ng

ow many ti e e s in Ss,0f _nore
goner al Ty, RIS RIS Healolh mRBuR g led 3 R B o s F LR oo
obj ecti ve. BSlXtIhfe10umts/ul,msﬁtwtesdtmgmqumlmcubamdatﬁéC&m@es)| n abundance of
relativygly comop Rirdh
popul at@on coitb‘ggnﬂ}ez?at | ve 31)%‘@7& sa{r}g,E Qb%;;hﬁleﬁm@ﬁa(ﬁgﬁu mg:%’f‘ t he
t ot al & gment i wsti mat es
?L relbat hV&h@delé@ﬁﬁﬂédhﬁkahH@edtoﬂm BaMothfl Ibed¥8 fifkhe fdloﬁﬂ@nﬁﬁ%&sl‘{ﬂ ”} tor

e abunda rare.sequ or ess of a

popul at i onﬁﬁgﬁ%ﬁgﬂ%ﬂfgg é&‘@lfﬁﬁé@“‘g}aﬁﬁgsgﬁ‘ igation e New 5 i r ect
r el at i onshikngland Biolabs, referred to below as NEB), 5 ul T4 DNA hgase at 2000 units/pl, and 22 i 37-

VO 97/ 48704%itiried water, which mixtur o
PCT/ US97/ 09y aed water, whigh mixture is Ieubated at 257C for & hours, afterwhich.the beads aye |

esti mat es M”?eél3me§mggdﬂéﬁ@é§%&?f@hwgﬂ polynuglegtide. (SEQéDeNQs
extensi ve gyifstaauencing havif 4 5'pRésphats: € on det er m ni ng appr opri ate sanpl e

Si zes for making reliable statisti cal estimates, e.g. Koller et al,
Nucl ei ¢ Aci ds Research, 23:185- %ﬁ)r Good Bi orretrl ka, 40:
16- 264 5(1953) ; Bunge %I],_ ‘Am St at CTAgﬁTMSGAs 373 (1993);
and the | i ke. Prefera y, for nonitori ng changes n gé’ne expreSS| on based

on the analysis of a series of cDNA libraries containing 10[err] to
10[err] i ncipp8aryh 3§Hhat€hsqgrﬁ§ve9f)y§eagn§th§bé&dmxmre\%@1[aﬂ'hﬁchhﬂ ixé Eﬁ%ﬁa éfquences
a sanple of at east 10%?”% a%(?ée accunu| at ed ana s of

each Ii brarfP Iapj¢ from °§’35rc?§t folabs (Bexerlyy Mf@[tétnz}nas'efw@rnt%s are

accunul at ed>rdmnblthe anal ysis of each library; and nost preferably, a

sanpl e,gf at le e 1 f t he
anal y5|25 of eacﬁ@mw léoll?}wﬁiﬁ? %;?/s,so eencr?gr%ag?ﬁ% @é(gﬁﬂge@ sanpl ed
i s pref er afirpugh§EQ 1D Eﬁt 23 gre@gqlnsma;ely mathesizedionan autbmatethDNA spithesizerequence

present at (Aodel SFPULIHEYA Bio: stenﬁ"'l‘“oﬁéxr(h ﬁsdi fme %’fhgbétﬂn’(‘étfalﬂda 95%
cconfidence Ilcg}lt no laf{l"g r t han .0. 1% popul ation siz€ 15

of
Const ruct i G¥E Rjors, i Synthesized sepmm@%%?‘a?"?t?%qul’%ﬁwy i s
const r uct edopestrahdst I ows to for m t he chem cal ly synt hesi zed

30
' SEQ ID Encoded Adaptor
NO. .
10 5'-pANNNTACAGCTGCATCCCttggcgectgagg

PATGCACGCGTAGGG-5"'

11 5'-pNANNTACAGCTGCATCCCtgggcctgtaag
PATGCACGCGTAGGG-5"

12 5'-pCNNNTACAGCTGCATCCCt tgacgggtete
PATGCACGCGTAGGG-5"' '
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9-word tags of nucleotides A, G and T defined by the formul a:
3'-TGGEC-[4(A, G T)[err]]-CCCCp 20 where "[[err] ((A GINI9]" indicates a
tag m xtur QA0 ach tag consists of nine 4-mer words of PCT/USYTN9TE gnd
T; and "p" indicate a 5 phosphate. This mxture is ligated to the
followng right . .13 and | efst-gNonReAcAschEiATgctR@LefRsackSEQ | D NO 4 & 5):
25 5' - AGTGGCTGEGECAT CCGGACCGPRATGCACGCGTAGGG-5 5' - GBEECCCAGT CAGCGT CGAT
TCACCGACCCGTAGCCp GGGTCAGT CGCAGCTA

LEFT 14 5'—pGNNNTACAGCTGCATCCCttcgRft@dFac 30 The ri ght
and left priner binding regions ar eATGRLEETAEEGtHe above tag mi xture, after
whi ch the single stranded portion of the ligated structure is filled
with DNA pol yrmer as®> t hen ni x&d-BRIGNNTACACCTCRFECERaaReceqtd@dIfef t priners

i ndi cated bel ow and anplified to gPYEERCECRIACFEBT=ary.

- 38- WO 97/ 46704 _,
PCT/ US97/ 09472 18 5 ‘ﬂ"é‘i“i’*@ﬁ@@%‘“i@cﬁ?°9?9°°%%TGGCTGGGCATCGGACCG
5' - AGTGGCTGGGCATOGGACCG:  [[err] (PAF BT GEBEOCCAGT CAGOGTCGAT

TCACCGACOCGTAGCCTGRE [ er T I (AnfTAbiRehbdrCEORRFIARLFOACCTA

PATGCACGCGTAGGG-5"'

18 5'-pNNANTACAGCTGCATCCCttcccgctacac
PATGCACGCGTAGGG-5'

19 5 ' -pNNNATACAGCTGCATCCCtgactccccgag
PATGCACGCGTAGGG-5"

20 5! -pNNCNTACAGCTGCATCCCtgtgttgcgegy
PATGCACGCGTAGGG-5"

21 5 ' -pNNNCTACAGCTGCATCCCtctacagcagcg
PATGCACGCGTAGGG-5"

22 5'-pNNGNTACAGCTGCATCCCtgtcgegtegtt
PATGCACGCGTAGGG-5"

23 5'-pNNNGTACAGCTGCATCCCtcggagcaacct
PATGCACGCGTAGGG-5"'

24 5'-pNNTNTACAGCTGCATCCCtggtgaccgtag
PATGCACGCGTAGGG-5"'

25 51 -pNNNTTACAGCTGCATCCCtcccctgtegga
PATGCACGCGTAGGG-5"

where N and p are as defined above, and the nucleotides indicated in lower case letters are the
12-mer oligonucleotide tags. Each tag differs from every other by 6 nucleotides. Equal molar

5  quantities of each adaptor are combined in NEB buffer No. 2 (New England Biosciences,
Beverly, MA) to form a mixture at a concentration of 1000 pmol/pl.

Each of the 16 tag complements are separately synthesized as amino-derivatized
oligonucleotides and are each labelled with a fluorescein molecule (e.g. FAM, an NHS-ester
of fluorescein, available from Molecular Probes, Eugene, OR) which is attached to the 5' end

10 of the tag complement through a polyethylene glycol linker (Clonetech Laboratories, Palo
Alto, CA). The sequences of the tag complements are simply the 12-mer complements of the
tags listed above.
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10

CCCCGGGTCAGTCGCAGCTA- 5

Ri ght Prinw09746704 The underlined portion of the | eft pri BGTHPORENMTY
region indicates a Rsr recognition site. The | eft-nost underlined

I
region of the ri pri.mer bindin ates .r nition sites
for Bsp 120L, Apkt “°né’ﬁg‘EE€%§"Q55‘fdg‘1 %P&Pyauﬁeéév %‘13‘3“8 HPXEA 1. The
ri ght -nmost consistingofi @I beats(d0 hgg|3qurdEBﬂOpehgase;ﬁuffep|5|ulHdamorrmm@ﬁ nM)gl on

o1t pr | mor &y 0 14 DA G e, o 143, B 3R the bt 011

usi

n
convent i onaincubated eht6SC for. 39 miowtes, hﬁﬂsl@@ﬁhﬁh@@?ﬁ‘@é@d@éﬁwmﬁgﬂéﬁ OPaI 0
Al'to, CA) to fachhifhfifuglion aRd'felolA3f TR %splﬁﬁé'of the ﬁ@itécpdaa

cl eavage. nst ruc of a m br ary of
Tag Pol ynuc Feasveddy treating the polynucleoude-b mixture mté&%\f 51“@5 glma
" Si gnat ur e" (CIPYI@RAEngkind Biolgs, Beverly, MA), usmg the manufacturer's protocol. After

Encoded Adapt or DL QdLLC e

- convent | ona?""ﬁ?’% g@SP? eenf' er rﬁ%ﬁ%ﬁ% aél grl ner
for first sPronssd atdddzle&maﬁoﬂmgad\/l iemeindiang gl@g;m)ograneqmvaquqe poly A
regi on t g I strand
Synthestd. Hﬁmﬁoﬁﬁ“ﬁé‘%@%@ﬁmﬁ%@wm“@m

enerate, primer h 1 hat second strand
primer is preskisgted with a migtpreiofb4 pef W%W*ﬁ?‘éba ﬁ@ﬁ‘c@{ﬂ'&%‘“‘?s present
in three 1; O BiBabs hﬁwer@m)wmemmﬂmwm@ap bebveen tha ftaget@aglmrebmrand
corresponds .to.the rec r 0 S gni tion
sites coul dth5@4apLEse pg%qtfu goaﬂ?:'h" m?%ﬁ% &gm@g %gé)Rl or
the like. Tbaynucleondepmeamm:lhemmshéﬂenﬂand T adj acent to the restriction
site of ghe secog, ahiansuRk ﬂ’eﬁé&ﬂnchlplements1stapﬁlfedﬁ>t§$§dl§lﬂbl@&xd%9ad

exchange reacti on ‘can generate a five-base 5

over hang of mixoaeemer CWMW‘%@W&% WF‘FP@P@@&W%FF@E dyplexehentyRnA sanpl e
gnd 33 g eXB&WQﬁQhéMHg&mEB&ﬂE s hﬁ@tﬂﬁﬁfeﬁﬂé?tﬁa&ﬁomﬁ&ﬁ@ts afber ovhich b2 niRédreds Ir and is
egr ade of the.rever riptase leavin
a gi ngl e P'"é'%]ﬁ@ﬂ“ ﬁ@geqtﬁgn@téogaﬁax g?%é FReqce or abs edg%usﬁege%%}é%ll%d and °
ext ended WI triasaredN\Aagp cimplaments erelzapplied icosphiion pmmlmgmf 35 oMdhg complement 50
second 3bT 2R R4eL 9%&@1 E&M?ﬁghgims:%oeeqn&s;taﬂoaw&wes lindaP G

met hyl aSe ( Bever | %&Ptg’ manuf act urer's
protocol s. Washedin the m@@u@m (Wﬁ@%@&lﬁ«%‘“ﬂg“em)zf?femt‘ﬁéw fack with the

abf)ve ment i oned h%tﬁéf ﬂa@foagmelefdudgx ﬁx‘%adbﬁﬁﬁddaaﬁésbﬁl?d Hﬁdv\?\,,%thél'éacﬁb@sadaptors are
pol ymerase in t resence .o AT ter e e,sDNAs are
ligated to Fﬁ%"eflg'ﬁg‘ the po Y“P?I‘E?PQ?SWE‘@E S Eﬁﬂ‘@f}‘gg%'f'rg\fl q%“r"i; credved with
Hga | to gi wetidl igatibn hadidéntification sheraycle of ligation, identification, and cleavage is repeated
;é—?—; US9 ;? 09 llh)-ip %Qs ?Jéiéeatigéquence of the 16 terminal nucleotides of'the target polynucleotide.

Figure 4 illustrates the relative fluorescence from each of four tag complements applied to

identify nucleotides at positions 5 through 16 (from the most dlstal from the bead to the most
proximal to the bead).

30 Example 2
Constructxon and Somng of cDNA lergry for

In this example, a cDNA library is constructed in whlch an ohgonucleonde tag
consisting of 8 four-nucleotide "words" is attached to each’ cDNA As described above, the
35  repertoire of oligonucleotide tags of this size is sufficiently- large (about 108) so that if the
cDNAs are synthesized from a population of about 106 mRNAs then there is a high
probability that each cDNA will have a unique tag for sorting. Aﬁer mRNA extraction, first
strand synthesis is carried out in the presence of 5-Me-dCTP (to _bleck certain cDNA
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- bi otin- prinmer binding site TAG Apa | | CcDNA

Rsr Il site Mo | site 5 Separately,
the fol | owP"4684i ng vector is constructed, e.g. starting PCHHK09472
comercially avai l abl e pI asm' d such as a Bl uescri pt phagem d

(Strat agenei I5 .Jol.
priner bind cg?r{ s tesE)l anmxg ted pnme ‘ﬁuﬁ Wg the ohgonucleom{e&gasm 5
AAAAGGAGGAW@TW@@EW THEWNA conjugates are cleaved with Dpn II

- TTTTOCT CCT ORGANGEATCIGH T G0 AQARIeESs), &8 biotinylated portions arc separated

primer binding site 20
- GTTTAAAC- Gisamts: regsti Wm@n‘f?ﬁﬁdmﬂf beads, and the tag-cDNA

- CAAATTTS> Cednpgated\areNdevired/ e clobviny e fromthe magnetlc beads via a Bsm BI site carried
Ban Hl site 2

asmd is
cl eaved wit Y8

b pitipyiatpiprines. Tho B BI-DGA 1 fpaert pontaiping e (R GDRAFORHERSS: 1 | ush

end so t hat istthen insega¥ihtoiaplasmidand adplified d Aftérasolavion bfthepladnidy, tag-cDNW net hyl ase.

T 0 e e B TRk o CRSE ML e T | 0
and Bam Hi b@naéaml and [fluerascensly lﬁ’nupdmrfswgntamns nre-defined r¢striction endonuglease
pl asm dso ar gites NRRerdFitity puRfcaBifwitPepiatblin cBited tifmétlt 1REORERBEONN L the
| nventi on. conjugates are cleaved from the beads, treated with T4 DNA polymerase in the presence of
dGTP to render the tags single stranded, and then combined with a repertoire of GMA beads
having tag complements attached. After stringent hybridization and ligation, the GMA beads
are sorted via FACS to produce an enriched population of GMA beads loaded with cDNAs.
15  The enriched population of loaded GMA beads are immobilized in _'a planar array in a flow
chamber where base-by-base sequence takes place using encoded-adaptors.
Approximately 5 ug of poly(A*) mRNA is extracted from DBY746 yeast cells using
conventional protocols. First and second strand cDNA synthesis is carried out by combining
100-150 pmoles of the following primer (SEQ ID NO: 26):
20
5'—biotin-ACTAATCGTCTCACTATTTAATTAA[W,W,W,G]8CC(T)18V—3'

with the poly(A+) mRNA using a Stratagene (La Jolla, CA) cDNA Synthesis Kit in
accordance with the manufacturer's protocol. This results in cDNAs whose first stand

25  deoxycytosines are methylated at the S-carbon position. In the above formula, "V* is G, C,
or A, "[W,W,W,G]" is a four-nucleotide word selected from Table I as described above, the
single underlined portion is a Bsm BI recognition site, and the do;i_:ble underlined portion is a
Pac I recognition site. After size fractionation (GIBCO-BRL cDNA Size Fractionation Kit)
using conventional protocols, the cDNAs are digested with Dpn II(New England Bioscience,

30  Beverly, MA) using manufacturer's protocol and affinity purified with streptavidin-coated
magnetic beads (M-280 beads, Dynal A.S., Oslo, Norway). The DNA captured by the beads
is digested with Bsm BI to release the tag-cDNA conjugates for cloning into a modified
pBCSK-" vector (Stratagene, La Jolla, CA) using standard protOCOls The pBCSK"™ vector is
modified by adding a Bbs I site by inserting the following fragment (SEQ ID NO: 27) into the

35  Kpn I/Eco RV digested vector. - '

CGAAGACCC
3'-CATGGCTTCTGGGGATA-S"'
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- 40- WD 97/ 46704

PCT/ US97/ 09472 Exanple 1
Sequenci ngwe 9T4679ét Pol ynucl eot i de PCT/US97/pM32 i f i ed
from pGEM/Z: ldentification of - Nucl eoti des by

Cycl es of Li gatlon -and C eava In this exanpl e, a segnent of
pl asm d pCGERm2BUPrp HeligsstedagrBYA °°'W§a"e| ig inserted in thePBCYK sphichigpreyipusbhed t o

gl ass beadsgj gés&damﬂmblm&mmah@atbnmwmﬂﬁmmam@mm ch is
synt hesi zed tlty ont éﬂa g eref covalently linked to) the beads.
After the efg¥t "1‘?‘% At eotide are prepared for ligation
to the encoded aAﬁmimlatmgﬂmabmthSﬁKrsecwtfromastandargalasrmdmpremltbaaage a

m xt ure of g

appl i ed f ?‘2@ 'gg%%Q hﬁ%ﬁ% Cgée%h% & at on @ﬁggs%%gpﬂtegr%ge ose
pr ot r udi ng mmtafytovmqféﬁqﬁ'ﬁﬁé? B eupstipanhy PORET.t ar get
pol ynucl eot | daga@&hro the %mtﬁﬂﬁtbdﬁfdtﬂ@'downstreaxﬁipmxseeseemjdcéhtmhel led tag

| t to t | l t
ﬁﬁ&'&%%?eﬁ%&xs?ﬁ%{eﬁ itresiony APLRRBHUB. A GR PR B afingy pprfed 97" ©°
conpl ement Sthen cleaved WitiePqurlas eelvase fimoreadestiyisieelled tag-cDNAsogegatess Thetags off t er
washi n eot i de
at a palli c*&ﬁ%&?f%%??‘e%%?ﬁﬁ%ﬁmﬁem%ﬂ‘&@aﬁg&cﬁf’“@‘“ﬂﬁ‘%ﬁs‘%@&%‘%ﬁ‘e
appl i cabl e prssened afidGiTR. Mﬁgféfremoymmgq‘{ the g PNAepnivgate ispyd esirbYrmre sol i d
phase SUppogﬁéﬁolQ:ﬁloro exti86ioh biRFmbiheBHRNSS mm GMCbdaad dafrii 9% at ent

appl i cations PCT/ U895/ 127 US96/ WO 2041 .and WO
96/ 41011). complements, cach m&%%@éﬁ’ef 8&5’9@2@ ﬁ%‘?f‘"z’%jcf‘“&?rect ly
on Bal | ot i nitribgefitidnditiéhé @ (e presente é'ﬁthenﬂzlmabla&gﬁeseﬂmdﬂynagslfomnh@w Il e, PA)
usi ng a,stan J o}

conpl en%%t aPV%g?r anéhe?%‘fq%‘ %ﬁ:&%&gﬁé&eﬁ{s l&%@% g%ep%%tbg?dl an“c’jasgurl fied
by HPLC. and the/loaded heads angiconsentrated by & tsptmgg,d:apzé:ﬁﬂnersscwﬂséa e

restricti OncﬁNhEtﬁaedxﬁaoﬁe&iGmwas e tdmrA conju a@@adehel ﬂﬁh&gm ementary
strand is h brldlzedto hxg)pgﬁta(:he{j 47 nmer lﬁgefoll m Xt ure:

25 pL conpl BeAghErsAip todemoyiihe dypres ‘385 with the
47- 25 mébhosﬁlaﬁise tygirepartdhes DN for etpeendifs. r estri cti on buf fer (froml Ox

stock sglution); I qtgy\q . ] el eated to

93[err] T and thegﬁ%ﬁ’“ﬁng ‘(Lilg%r%’c?d?ﬂ&;%grl?] tsﬂs y J%ﬁ e)ﬁpmﬁdlh%ffhum ts of

Bst XI (at mn]mnhaﬂ;ﬁ_tyealeécﬁﬂ&%d to bring the reaction volume to 60 pL. The
m xture is incubated at 55[err]C for 2 hours after which the beads are

washed three tines in TE sr'-pcarpheOr&ITGEAATTT The segnent of
PGEM/Z to be attached to the beaggcéaceregmnTadaas fol | ows: Two PCR
primers gvere prepared using standard protocols (SEQ ID NO 7 and SEQ ID NO
8): Primer 1. 5'-CTAAACCATTGGTATGGGCCAGTGAATTGTAATA

after which the 3' phosphate is removed by alkaline phosphatase, the 5' strand of the cDNA is

treated with T4 DNA kinase, and the nick between the cleavage adaptor and cDNA is ligated.
After cleavage by Bbv I, the encoded adaptors of Example 1 are ligated to the ends of the
c¢DNAs as described above. _

30 A flow chamber (500) diagrammatically represented in Figure 5 is prepared by
etching a cavity having a fluid inlet (502) and outlet (504) in a glass plate (506) using
standard micromachining techniques, e.g. Ekstrom et al, International patent application
PCT/SE91/00327 (WO 91/16966); Brown, U.S. patent 4,91 1,782; Harrison et al, Anal.
Chem. 64: 1926-1932 (1992); and the like. The dimension of flow chamber (500) are such

35 that loaded microparticles (508), ¢.g. GMA beads, may be disposed in cavity (510) ina
closely packed planar monolayer of 100-200 thousand beads. Caﬁty (510) is made into a
closed chamber with inlet and outlet by anodic bonding of a glass cover slip (512) onto the
etched glass plate (506), e.g. Pomerantz, U.S. patent 3,397,279. Reagents are metered into
the flow Mber from syringe pumps (514 through 520) through valve block (522)
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35 Primer 2: 5'- CGCGCAGCCCGCATCGTTTATGCTACAGACTGTC—
AGT GCAGCTCTCCGATCCAAA
-41- WO 97/46%0é) 07146704 PCT/US97/09472

PCT/ US97/ 09472 The PCR reaction m xture consists of the foll ow ng:
1 pl pGEM/Z at /pl.; 10 pl primer 1 at 10 | /pl; 10 pl primer 2
2t 10" prot 1 prtirol i iraRr-bios s ropmPg ver pp st SRR apdpeesde. © P i 10
pl 1 0x PCR bmiHesizers, E’grkmd@ﬁhaml)v S Opatenp4, 668479 HfodzoAaly US paa;tapsﬁnaji ts/pl;
and St of 1 The
reaction m x?ﬁ{r%gv%lsbséuh g??&i ?Iugh\f’ﬁlﬁgufs @%48;1‘09’%2 err or 30 sec;
60[err] C for 15 Jhwsecysles ofﬂga@% }dentff@atxcmom@l@bavagoarg carsiediout tpfldyachamber
product, 5 Whtsbb) ﬂo%:v%%%@d’n%ﬁd@&MZ%&@&ﬁ%’atﬂe&@mﬁbeécl{thgp 16¢8@R! | on

m xt ure, w En Bi. ol abs buf fer BAhv | at |
unit/pl i ncﬁﬁ%{f\é ﬁ?c @?feéPf]h&"P @%bahab tag °°mP1°“B§'f“b¥P°(to t he

Bbvl | react mademaaapwreasdesoaﬂdafmx&nﬂé llsjr&ldcff'ﬁﬂlyhlyﬁ?dlibﬂt@@hpleineﬂs et e[) agd
8 p it. 10 LUt s r.esu S incubate
at 55[err] Cdffl%%c%ed §Qh°“ ofescént labels mghﬁﬁ*'g?ﬁ' &gﬁ"ﬁ g)f)xtflé §° f%act i on
m xture thr2gh “élchlamr b¢ z Bser3oer¢usyratsdamp, Iomhe)lkas ;illmnma'aon beant GR4)massen| | owi ng
manuf acjgir e | Elgm%{t@%gg s ligated to
t he dou})(lye ?ﬁ%gﬁﬁﬁéﬂ%%?}ﬁ%&%ﬁ?i&%ﬁ%@ﬂbg&%ﬁ gﬂn eads i?‘Enal%’he fol |l owi ng
mi xt ure; 17hyhridizedto encoded adapters in Sqw chamber, éqoédkf%&ﬂmm(«‘%e 59 is10 .pl  beads
E) 2? ny) , EIEBBdlleJ:tEB%)J dogfatdl D&lﬁ:rfﬂd&ﬁeﬂﬁﬂ() I‘Ibagsg% glrough ﬁﬁig?ﬁm%gﬂﬂc&b;@o cgbf erred to

el ow as i e at ni-t s an :
distilled witwe “3#% ‘é’ﬁ‘%‘%‘ﬁ 2 efegarqiic iTpas of e P‘{z’g'[”gf‘?’] &"’F%F’g&“%?m%‘? af ter
whi ch the bbywerkstation (538). Prefecdblyciafier eacirdigationiand diéavigetsted, 9 cDNAsareng t he
;0|5! Owhgg Lmat A Wil P rARTMER ik lnz{mid- Q@ dcBliehGHaptors and TAIDNR figa€ (Poéga "9 havi ng
AGCI'AEICCGRTMW“ WI) at about 0.75 units per pLFmgPdthrongh the flow chamber at a flow rate
ECGS\T(XXECt T A¥Rbdutd=DuL per minute fof Bsdoub20- Bl?ﬁiﬁﬂfé@iﬂ@@ dﬁﬁi'ﬁhﬁfﬂfb Buosblliaf?e%tal'dt"g t he

ead m xture wi an.a i ne .pho ase romcal f .i ntestine,
avai | abl e ffe%v‘?&? ?Aéﬁ{? 8&5 ?R{}ﬁ P'%%r nd strand Ugafion by D2sSing 4y + s
protocol . 2mixture of alkalme phosphatase(NewEngldad Bibsciehee, Boletly WLA)Lat D@Zs:aitSpeoizLM
encodedy@dapfOF D1(1§§Qg§ AD an“%gnd Bmsc: hﬁ%ﬂ;' I\%th%m%er aé)thr?.(r%

separatel y synt esi ut omat synt hesi zer 392

Appl i ed Bi 089% chamber at 3L (ewitire flgy %?frlgz !s“f' aﬁmﬂe f?éﬁr@?iglm“%el%mqndﬁn st rand,
accomplished by T4 DNA ligase (.75 units per mL, Promega) through the flow chamber for

20-30 minutes. Tag complements at 25 nM concentration are passed through the flow
chamber at a flow rate of 1-2 uL per minute for 10 minutes at 20°C, after which fluorescent

25  labels carried by the tag complements are illuminated and fluorescence is collected. The tag
complements are melted from the encoded adaptors by passing hybridization buffer through
the flow chamber at a flow rate of 1-2 uL per minute at 55°C for 10 minutes. Encoded
adaptors are cleaved from the cDNAs by passing Bbv I (New England Biosciences, Beverly,
MA) at 1 unit/pL at a flow rate of 1-2 uL per minute for 20 minutes at 37°C.

30
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which is the sane for all adaptors, is synthesized separately then

hybri di zed to the respective top strands: 30 SEQ 1D
Encoded Ad3Y $¥46704 NO. 10 PCT/US97/09472

5' - pANNNTACAGCTGCATCCCt t ggcgcet gagg '
pPATGCACGCGTAGEG 5' -

5' - pPNANNTACAGCTGCATCCCt gggcct gt aag

pATGCACGCGTAGEG 5' APPENDIX 1

5' - pPCNNNTACAGCTGCATCCCY t _ :

o ATCCACGCGTAGSG 5 Mﬁ_}f : ESmputer program f.'or generating

42 - . WD 97/ 46704 minimally cross hybridizing sets

PCT/ US97/ 09472 (single sthnded tag/single sBandRIRPTEORARELKHTCOC geccgeacagt
pPATGCACGCGTAGGG 5' 4

5' - pGNNNTACAGCTGCATCCCt t cgect cggac

pATGCACGCGTAGEG 5' 15

5' - pPNGNNTACACEIKamAT4ENCL gat ccgct agce

pPATGCACGCGTAGGG 5' 16

5' -pTNNI\ITACAGCTGCATCCCttc%gaaccc c . e
ATGCACGCGTAGEG: 5' Program tagN g ner tgs miplmally cro§s-hybr1d121ng N

pl sets of subunits given i) N--subunit length, and ii)

S' - pNTNNTA GCTGCATCCCQQ%Q,QQQQ@TSQQunit sequence. tagN assumes that only

pPATGCACGCGT AGGG 5' 3 of the four rndkural nucleotides are used in the tags.

5' - pPNNANTACAGCTGCATCCCt t cccgct acac

pATGCACGCGTAGGG 5' . 19
5' - PNNNATACAGCTGCATRIECE LR T EERdAN 20, mbase 20

write(*,*) 'ENTER SUBUNIT LENGTH'
read(*,100)nsub
100 format (i2)

write(*,*) '"ENTER SUBUNIT SEQUENCE'
read(*,110) (subl (k) , k=1,nsub)

110 format {(20al)

c

c

ndif£f=10

c

c

c Let a=1 c=2 g=3 & t=4
c

c

do 800 kk=1,nsub _
if(subl(kk).eq.'a') then
mset (1, kk)=1
‘endif
if(subl(kk).eq.'c’) then
mset (1, kk)=2
endif
if (subl(kk).eq.'g’') then
mset (1, kk)=3
endif
if(subl(kk).eq.'t’) then
mset {1, kk}=4

endif

800 continue
[+
c
c Generate set of subunits differing from
c subl by at least ndiff nucleotides.
c
c

ji=1

Qo0
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pATGCACGCGTAGEG 5' 20
5" - pPNNCNTACAGCTGCATCCCt gt gt t gcgcgg
pATGCACGCAYR&746704

5' - pPNNNCTACAGCTGCATCCCt ct acagcagcg
pPATGCACGCGTAGGG-5" "do 1000 k1=1,3 22
5'- pNNG\ﬂ'ACAGCTGCATC&EtdQPQ%)d@fb t
pATGCACGCGTAGEG 5 ° Lo 323
5' - pPNNNGTACAGCTGCATCOCt ¢ 3800 0a8 6627 5
pATGCACGCGTAGEG 5' do 1000 R '1’3
5' - pPNNTNTACAGCTGCATCCCt ggt gacagtidgo k7=1, 3

pATGCACGCGTAGGEG 5' do 106D k8=1,3

5' - pPNNNTTACAGCTGCATCCCt cccct gt cgga 1000 k9=1,3

PATGCACGOGTAGGG 5 4. 1000 4HE] § NAMEOP *%82ed defined above, and the

nucl eoti des i ndi cat ecf’a{cn1 i ,5ase letters are the 12- mer

ol i gonucl eoti de tags. Easmdoagkgﬁjgrs fromevery other by 6 nucl eoti des.
Equal nolar 5 guantiti edso aboeaah=pdapt or are conbined in NEB buffer No. 2
(New Engl and Bi osci ences, do 10%#&#?,3 MA) to forma mixture at a
concentration of 1000 pnol/pfo 1000 k16=1,3 " Each of the 16 tag conpl enents
are separately synthesized as %ﬁgoﬂg)dé‘g&a}é/ﬁt zed ol i gonucl eoti des and
are each labelled with a quorescgbqﬁﬁg]ggﬂEe3(e.g. FAM an NHS-ester

of fluorescein, available from Ml esihaco Reobes Eugene, OR) which is
attached tocthe 5 end 10 of the tag conpl enent through a pol yet hyl ene
glycol linker (C onetech Laboratories, Palo Alto, CA). The sequences
of “the tag conplenents are ’8p¢ ?;)}:ﬁwe 12-mer conpl ements of the t ags

| i sted above. nbase (3)=k3 -43 -

WD 97/ 46704 nbase (4)=k4

PCT/ US97/ 09472 nbase (5)=k5
nbase (6)=k6
nbase (7)=k7

~nbase (8)=k8

nbase (9)=k9

nbase (10)=k10
nbase(ll)=kll
nbase(12)=kl12
nbase(13)=kl3
nbase(l4)=kl4
nbase(15)=k1l5
nbase(16)=klé6
nbase (17)=kl17
nbase{18)=kl18
nbase(19)=kl9o
nbase(20)=k20

21 - PCT/USS7/09472

do 1250 nn=1,33j

=0
do 1200 j=1,nsub
if(mset(nn,j).eq.1l .and. nbase(j).ne.

mset(nn,j).eq.2 .and. nbase(]j).ne.
mset(nn,j).eq.3 .and. nbase(j).ne.
mset(nn,j).eq.4 .and. nbase(]j).ne.
n=n+1
endif

1200 continue

.or.
.0r.
.0r.

} then

w N =
W

if(n.lt.ndiff) then
goto 1000
endif
1250 continue
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Ligation of the adaptors to the target polynucleotide is carried out in a

m xture consi-sting of 5 p beads (20 ng), 3 pL NEB I0Ox |ligase buffer,
5 pL adapt WO 94674425 nM) , 2.5 pL NEB T4 DNA |igase (ROUUSH0942pL) ,
and 14.5 pL distilled water. The m xture is i ncubated at 16[err]C for

30 minutes, after whichjjig+beads are washed 3 tinmes in TE (pH 8.0). 5
After centrifugation angitefrbV30) ofba$E{ilt, helIisuphddphat es of the |igated
adaptors are r ermv‘iﬁjlb%o j“ﬂgset(q? pol ynucl eoti de-bead m xture with

ird
SRS

cal f intestigat al kal i ne pfid & (CI P) (New Engl and Bi ol abs, _
Beverly,-N%i,. sing the manufacturer's protocol. After renmoval of the
3' phosphategs, the CIP nmay be inactivated by proteolytic digestion, e.qg.

usi ng 1Po@nasedddt{mwai | abl e f or m Boeri nger Mannhi em | ndi anapol i s,

IN), or an equivalent 10 protease, with the manufacturer's protocol. The
ponnucIeothe-beadggyét rg)is t hen washed and treated wth a m xture
of T4 polyn eotid 4; JNA\ l.i.gase (New Engl and Bi ol abs,
Beverly, MA 8%0 add ,,fp:lge! (*ghiégiplﬂég'enat' thlesggap bet ween t he target

pol ynucl eoti de and write(¥,h20adgptor to conplete the ligation of the

adapt ors toikbe t ar gistempollxntibimbet i e woiflse ' bidad- pol ynucl eoti de

m xture i s then washed in TE 15 Separately, each of the

| abel | ed ta§ conplenegts is applied to the pol ynucl eoti de- bead

m xture under condi t¥6ns whi ch permt the formation of perfectly matched
dupl exes onlzy bet weeh » ¢ he »ot + GoRul+@at ++de+ - ags~and +kheisr respective
conpl enment sc after whi ch te* f Xt tiydge *je g* ** > e wa Shed > trrdér* St | ngent
conditions, and the presence or absense of a fluorescent signal is
measured. Tag conplenents are applied in a solution consisting of 25 nMtag
conpl emrent 50 20 mM NaCl, 3 nMM, 10 MM Tris-HCL (pH 8.5), at 20[err]C,

i ncubated for 10 m nutes, then washed in the sane solution (w thout
tag conplenent) for 10 mnute at 55[err]C. After the four

nucl eotides are identified as descri bed above, the encoded adaptors are

cl eaved fromthe polynucleotides wwth Bbv | using the manufacturer's
protocol. After an initial ligation and identification, the cycle of

- ligation, identification, and cl eavage is repeated 25 three tines to give
~ the sequence of the 16 terminal nucl eotides of the target polynucleotide.

Figure 4 illustrates the relative fluorescence fromeach of four tag

conpl enents applied to identify nucleotides at positions 5 through 16
(fromthe nost distal fromthe bead to the nost proxi mal to the

bead) . 30 Exampl e 2
Construction and Sorting of cDNA Library for

Si gnature Sequencing wth Encoded Adaptors In this exanple,

a cDNA library is constructed in which an oligonucl eotide tag

consisting of 8 four-nucleotide "words" is attached to each cDNA. As
descri bed above, the 35 repertoire of oligonucleotide tags of this size
is sufficiently |arge (about 108) so that if the cDNAs are

synt hesi zed from a popul ati on of about 106 nRNAs, then there is a high
probability that each cDNA will have a unique tag for sorting. After nRNA

extraction, first strand synthesis is carried out in the presence of
5- Me-dCTP (to bl ock certain cDNA
-44 -
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WO 97/ 46704 ,

PCT/ US97/ 09472 restriction sites) and a biotinylated prinmer mxture
cont ai ni ng WRP7¥60donucl eoti de tags. After convent i on&ACTRIFAMTZt r and
synthesis, the tag-cDNA conjugates are cleaved with Dpn I (which is
unaf fected by the 5-Me-deoxycytosines), the biotinylated portions are

separ at ed fromthe reaction m xture using streptavidin-coated

magneti ¢ beads, and the tag-cDNA SAPP&NPII&aﬂes are recovered by cl eavi ng
them fromthe magnetic begdmotdrd ! : o Ly by the

bi oti nyl ated priner. The™BSw . ontar nihg the tag- cDNA
conj ugat e i s then i nserd®ddllk : .S_arrpllfled After

i sol ati on of the pl asdgible ma@tdéalwg/sm est%miedg esmdlein lified out of
the plasm ds by PCR |(nﬂthe presence of gé Me- dCTPaéum gg SHip bi oti nyl at ed
and fl uorescent lX |.abel |l ed prinmers containing pre-defined restriction
endonucl ease®RY* . After affini ty purification with streptavidin

coat ed magnefl c beads, the tag-cDNA conj ugates are cleaved fromthe

i D NG U T o
1 h{

beads gaving tag &pmerz@nhuaie ﬁgnceA axer i 81y RE S YenbY é' zation

and ligationg the GVA hgadfe nucleotdti€s sxem&gi up aueFmﬂlesprloduce an
enriched popgl ati on of yE¥Phdeads dupanest whhdiseDNAS11 Ifsur The enriched

popul ati on o¢ | oaded G#ichessiseaye i Mmobilized in a planar array in a flow
chanber where base- by- baseoseguesste of akkedeptidies. usi ng encoded- adapt ors.
Approxi mately 5 pg of poly(Alerr]) mRNA is extracted from DBY746 yeast
cells using ¢ conventional protocols. First and second strand cDNA
synthesis is carri etagatesyl @Gh‘bl%ﬂ)ng 100- 150 pnol es of the foll ow ng
p“ mer (SEQ I D NO :ngygerzg mset (10000,20}, nbase(20)

- bi ot i n- ACTAATCGTCTCACTATTTAATTAAl WW W G 8CC( T) 18V- 3’ with the

oI y(A+) nRNA usi n {rat agene (La Jolla, CA) cDNA Synthesis Kit in
accordance W th th ;.E{acturer S protocol. This results in cDNAs whose
first stand 25 deoxycy osines are nethylated at the 5-carbon position. In
t he above fogrrula "V' is G C or A, "[WWWG " is a four-nucl eotide
word sel ected fromylabl@a, k| AfcefaiiPedeaaie. 4 Rey on1y' Singl e underlined
portion is a Bsm Blreggpogmbnsqglm)t ®=1,33dp§ he doubl e underlined portion is
a Pac 110 ecogfarhkdtxrogite. After size fractionation (G BCO BRL cDNA

Si ze Fractiogation Kit) usi ng conventional protocols, the cDNAs are
digested witéh Dpn Il (New Engl and Bi osci ence, 30 Beverly, MA) using

manuf act urerés protocol and Gehkratiet yepwifi #oed witfersig €péravi di n- coat ed
magneti c beaes (M 280 beads,sub}rkst af BastCehmee difdayicledtigieDNA capt ured by
the beads ¢ is digested with BsmBI to rel ease the tag-cDNA conjugates
for cloing ifito a nodified pBCSK- vector (Stratagene, La Jolla, CA)
usi ng standafd protocols. r?'éaBB’i%R alfdt 815 ji8to numbernspwith agl By 958di ng a
Bbs | siteRP;/ inserting the following fragnent (SEQ ID NO . 27) into the 35

d

Kpn |/ Eco i gest ed VRG! Ri<1 nsub
A if(subl (kk).eq.'a"') then3 B CAT(XI:TTCI-(IXBGATA'_S
- 45- mset {1, kk)=1 '
' endif

if(subl{kk).eqg.'g') then
mset (1, kk)=2
endif
800 continue
c
c
ji=1
c
c
do 1000 kl1=1,2
do 1000 k2=1,2
do 1000 k3=1,2
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WO 97/ 46704
PCT/ US97/ 72 Bsm Bl /Dpn |l digested tag-cDNA conjugate is
?ﬁ%’ﬁ@“ﬂéCSK

inserted i - which is previously - di gest ed WMGTAUSIEG9472 and
Bam HI . After ligation, the vector is transfected into the
manuf acturer's recommendéd 199t k4=ar2anplificati on. After

i sol ating the above pBCSK-da/d88@rkSFtodn a st andard plasm d m ni prep, the
tag- 5 cDNA conjugates arde 3% kft@ by PCR in the presence of 5-M-dCTP

usi ng 20-mer priners _ coﬁ%l’é’t?@n‘f"arlyzto vect or sequences flanking the

tag-cDNA insert. The "upstreant dgy L0fR k8=1,2 i.e. adjacent to the tag, is

bi otinyl ated and the downstreamd° }98%k9=1, 20 adj acent to the CDNA,
E ai'r?ﬁf’llf]l 4t on, the PCR product is

is labelled with flugrel%ﬁ
affinity purified d with Pac | to release fluorescently

| abel | ed tag- cDNA conj uga oe% gs of 10 the conjugates are rendered
single stranded by treatingd Pu f ng DNA pol ynerase in the

presence of dGIP. After the reg&tllog@ ¥18=fluenched, the tag-cDNA conjugate is
purified by phenol - chl or of @M gyt fcfé;tll on and conbined with 5.5 nm GVA
beads carrying tag conpl enment s4o €86 1 gy ,gonpl ement having a 5'
phosphate. Hybridization is conducted uaslamnoo x1s=154 ri ngent conditions in
the presence of a thermal stable |igase Saot hedo @nby1,bags forning 15
perfectly matched dupl exes with their conpl ermnusoanaohi,gzat ed. The &VA

beads are washed and the | oaded beads are concentrated by FACS
sorting, ustng the fluorescently |abelled cDNAs to identify | oaded
GVA beads. The tag- cDNA compagpiléskhtt ached to the GVA beads are
digested with Dpn Il to rem83e {2hEk3 | uorescent |abel and treated with

al kal i ne phosphat ase"Pbsj)(Pép%FTe the cDNAs for sequencing. 20

The follow ng cl eavage adagpPdt ID NO 28) is Ilgated to the Dpn

| 1 - di gest ed and phosgfiais eated CDNAs:

5' - pGATCAGCTGCTGCAAATTT e (7)

PTCGACGACGITTAAA 25 @lﬁiseer(ay\b h the 3' phosphate is renoved by

al kal i ne phosphat ase, the 3,88 a0 ,g:cof the cDNA is treated with T4

DNA ki nase, and the nick bebyeaRojdi@ocl eavage adaptor and cDNA is |igated.
After cleavage by Bbv |, thsasdaoeadiadaptors of Exanple 1 are ligated to
t he ends of the cDNAabsﬁe(desﬂm:bed above. 30 A flow
chanber (500) di agrammati cabase(mepsigasented in Figure 5 is prepared by
etching a cavity having a hbasedlddkatd (502) and outlet (504) in a glass

pl ate (506) using st abhaser (@S hkdSomachi ni ng techni ques, e.g. Ekstrom et
al, International patent apptieddplzkie PCT/ SE91/ 00327 (WD 91/ 16966) ;
Brown, U.S. patent 4,911, 789asqfd/}id3n et al, Anal. Chem 64:

1926-1932 (1992): and the P’PW”%‘é‘lGl mensi on of flow chanber (500) are
such 35  that |oaded micr8 %ﬁet‘ll 33 (508), e.g. GVA beads, nmay be di sposed
in cavity (510) in a nbqedédl Backed pl anar nonol ayer of 100-200
t housand beads. Cavity (510) |s made into a cl osed chanber with
inlet and outlet by anogl qu@ %@Of a glass cover slip (512) onto the
etched gl ags plate (506), rantz, U.S. patent 3,397,279. Reagents -
are netered into n=0
do 1200 j=1,nsub
if(mset(nn,j).eq.1l .and. nbase(j).ne.l .or.
1l mset(nn,j).eq.2 .and. nbase(j).ne.2) then
n=n+1
endif
1200 continue

if{n.lt.ndiff) then
goto 1000
endif
1250  continue
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the fl ow chanber from syringe punps (514 through 520) through val ve bl ock

(522) -46 -

WD 97/ 46704W0 97/46704 PCT/US97/09472
PCT/ US97/ 09472 controlled by a mcroprocessor as i s commonly used
on aut omat ede DNA- and pepti de synt hesi zers, e.g. Bridghamet al, U S
patent 4, 668,479; Hood et=ai+1 U. S. patent 4,252, 769; Barstow et al,

U. S. patent 5,203, 368; Hxakeli-LP@rinbeseSi) pirtlensubd 703, 913; or the |ike.
. Three cycles of |igationgdoi Heét i+4.8a% on, and cl eavage are carried out in
flow chanber 5 (500) to HiakdiiHde=vkaggéhktes of 12 nucl eotides at the
termini of eXX of appoxi mat el*§2%FEI2000 cDNAs. Nucl eotides of the
cDNAs are identified by hybridizing tag conplenents to the encoded
adaptors as J?Oebi)cri bed jn Exanple 1. Specifically hybridized tag conpl ements
are del€ct ed 59"&%¢fting their fluorescent labels with illunination
beam (524) ffomlight source (526), which may be a |aser, nercury arc
| anp, or the |ike. ILWH{{g(ma,t)i on beam (524) passes 10 through filter (528)
and excites idpe fl uoggﬁ&gmgx,lzgl@ﬂﬁlf,rgg,@g) conpl ement s specifically
hybri di zed to encodeg.adaptors in flow chanber (500). Resulting
fluorescence (530) iGrite(*,1209! 4£cted by confocal mcroscope (532), passed
through filteyo (534) foand (tk,"ached b Wo&ls=',i5) canera (536), which creates
an electroni€ imge of the bead array for processing and anal ysis by
wor kst ation €538). Preferably, after each ligation and cl eavage step, the
CDNAs are 15 treatedndvth Pronasemor |ike enzyne. Encoded adaptors and T4
DNA |igase (Pronega, Madi son, W) at about 0.75 units per pL are
passed t hrough the flow chanber at a flowrate of about 1-2 pL per
m nute for about 20-30 mnutes at 16[err]C, after which 3' phosphates are
renmoved fromthe adaptors and the cDNAs prepared for second strand |igation
by passing a m xture of al kaline phosphatase (New Engl and Bi osci ence,
Beverly, MA) at 0.02 units per pL 20 and T4 DNA ki nase (New Engl and
Bi osci ence, Beverly, MA) at 7 units per pL, through the fl ow chanber
at 37[err]Cwith-a flowrate of 1-2 pL per mnute for 15-20 m nutes.
Ligation is - acconplished by T4 DNA ligase (.75 units per nL, Pronega)
t hrough the flow chanber for 20- 30 m nutes. Tag conplenents at 25 nM
concentration are passed through the flow ' chanber at a flow rate of
1-2 pL per mnute for 10 mnutes at 20[err]C, after which fluorescent 25
| abel s carried by the tag conplenents are illum nated and fl uorescence is
coll ected. The tag conpl ements are nelted fromthe encoded adaptors
by passing hybridization buffer through the fl ow chanber at a flow
rate of 1-2 pL per minute at 55[err]C for 10 m nutes. Encoded
adaptors are cleaved fromthe cDNAs by passing Bbv | (New Engl and
Bi osci ences, Beverly, MA) at. 1 unit/pL at a flowrate of 1-2 pL per
mnute for 20 mnutes at 37[err]C. 30
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PCT/ US97/ 09472 APPENDI X

Exenpl ary WOAP4€®¢ program for generating PCT/USOTORTE nal |y
cross hybridi zing sets (single stranded tag/single stranded
tag conplenent) . - ProgramtagN c ¢ c Program t agN gener at es
mnimal |y CSEQUENCYISTING ng cC sets of subunits given i)
N--subunit length, and ii) c : an initial subunit sequence. tagN
assunes thatUoﬁEyEW%=INF°mW“3°N' 3 of the four natural nucleotides are used
in the tags. character*| _subl (20) I nt eger *2

mset (10000, $9) AP%%F@E’{deYnchheEaPe““cs' InGr i te(*, *)' ENTER SUBUNI T LENGTH

read(*, 100) nsub .
(ii) TITLE OF INVENTION: Ma551vely Parallel Signature Sequencxng by

Ligation of Encoded Adaptors
(iii) NUMBER OF SEQUENCES: 28

{iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Dehlinger & Associates
(B) STREET: 350 Cambrldge Avenue, Suite 250
(C) CITY: Palo Alto
(D) STATE: CA
(E) COUNTRY: USA
(F) ZIP: 94306

(v) COMPUTER READABLE FORM:
(A MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

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

{vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/689, 587
(B) FILING DATE: 12-AUG-96

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/659,453
(B} FILING DATE: 06-JUN-96

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Powers, Vincent M.
(B} REGISTRATION NUMBER: 36,246
(C) REFERENCE/DOCKET NUMBER: 5525- 0029.41/808-1wo

{(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (415) 324-0880
(B) TELEFAX: (415) 324-0960

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear -
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

TGGATTCTAG AGAGAGAGAG AGAGAGAG 28
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100 format(i2) ¢ ¢ wite(*,*)" ENTER SUBUNI T SEQUENCE

read(* 110&,% subl (k) , k=1, nsub) 110 format(20al) ¢ c ndi f f =10
97/46704 Let a=l c=2 g=3 &t=4 ¢ ¢ PCT/USI3894780

kk I nsub i f(subl (kk).eq."'a") then mset (1, kk)=1

endi f : i f (subl (kk).eq.'c') then

nmset (1, kk) x2) INFORMATION FOR SEQ ID No: endi f )

i f(subl (kk).eq."'g') then mset (1, kk)=3

endi f (1) SEQUENCE CHARACTERISTICS: . f(sub| (kk).eq.'t') then

mset (|, kk)=4 - (A) LENGTH: 16 nucleotides endi f 800 cont i nue

cC c ¢ (B) TYPE: n@eheiapeldet of subunits differi ng from c :

subl by at |east (RUISTRAYRFONERR:i dé_ublec ¢ jj=1 ¢ c

-48 - (D) TOPOLOGY: linear '

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

NNGGATGNNN NNNNNN 16

(2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

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

NRRGATCYNN N . _ 11

{2) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

AGTGGCTGGG CATCGGACCG _ 20

(2) INFORMATION FOR SEQ ID NO: 5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 nucleotides
(B) TYPE: nucleic acid
{C) STRANDEDNESS: double
{D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

GGGGCCCAGT CAGCGTCGAT 20
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do 1000 ki = do 1000 k2=1, 3.
do 1000 k42 ,gm“"“ do 1000 k5=1, 3
1000 k6=1, 3 do 1000 k7=1,3

do 1000 k8=1(23 INFORMATION FOR SEQ ID NO: 6:

do 1000 kl O=1, 3 do 1000 kIl =1,3
do 1000 ki 3=i4)3SEQUENCE CHARACTERISTICHy 1000 ki 4=1, 3
fhoo W5 b mmem: 10 melertlud'200) Lo o
gg iggg E: gzig (C) STRANDEDNESS: double do 1000 kI 8=1, 3
’ (D) TOPOLOGY: linea
nbase( ) =kl ibase(2) =k2
ggggggég ft?’ (xi) SEQUENCE DESCRIPTIONEBS%%EI?@&?G:
nbase( 10) =klQaacencea cecerreaTa cacacBRATCFTrAARKT TTAAACGGAT
nbase( 12) =klgérerrecre TTCcTCTTCC - nbase(13) =kl 3
nbase( 16) =k & nbase( 17) kI 7
nbase = nbase =
nbase( 18) =kl @) INFORMATION FOR SEQ ID Mbrage(19) =kl 9
(20) =k20 ¢ ¢
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 nucleotides
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

do 1000 k9=1, 3

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

CTARAACCATT GGTATGGGCC AGTGAATTGT AATA

{(2) INFORMATION FOR SEQ ID NO: 8:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 55 nuclecotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

CGCGCAGCCC GCATCGTTTA TGCTACAGAC TGTCAGTGCA
GCTCTCCGAT CCAAA

{2) INFORMATION FOR SEQ ID NO: 9:

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

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

TCGATGGGCT AGATTT
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0 1000 k3=1, 3
PCT/US97/09472 do

do 1000 kI 2=1, 3

do

do 1000 k20=1,3 c¢ ¢c

nbase( 3) =k3
nbase( 6) =k6
nbase(9) =k9

50
70

nbase

34

40
55

16



do 1250 nn=l,jj ¢ n=0 ' do 1200 j=I, nsub

|f(nBet(nn and. nbase(j).ne.1 .or. 1

nset (nn, )" éawg&o%nd nbase(j).ne.2 .or. 2 PCT/US97/09472
nset(nn,J) eq.3 .and. nbase(j).ne.3 .or. 3

nset(nn,j).eq.4..and. nbase(j).ne. 4) then n=n+
endi f 1200 continue ¢ ¢ if(n.It.ndiff) then
goto 1000 endi f 1250 continue ¢ c

S49 - (2) \APFORMATESH FOR SEQ ID NO: 10:

PCT/ US97/ 09472 jj_jj+l

wite(*, 130X{hhﬁmwﬁm9F C §s: do 1100 i=l, nsub

nset (jj,i) nbase Eg 3° n“°1::§ldes continue ¢ 1000 conti nue
c ¢ NDE double format (I Ox, 20(1 xi '), 5x, i 5)
wite(*;*) (D) TOPOLOGY llnear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

ANNNTACAGC TGCATCCCTT GGCGCTGAGG 30

{2) INFORMATION FOR SEQ ID NO: 11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

NANNTACAGC TGCATCCCTG GGCCTGTAAG 30

(2) INFORMATION FOR SEQ ID NO: 12:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

CNNNTACAGC TGCATCCCIT GACGGGTCTC 30

{2) INFQRMATION FOR SEQ ID NO: 13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
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wite(*,120) jj 120

end

c

c

format (I x, " Nunber of
c
WO 97/46704

(xi) SEQUENCE DESéRi%TION: SEQ ID NO: 13:

NCNNTACAGC TGCATCCCTG CCCGCACAGT

(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
(B) TYPE: nucleic acid
(C} STRANDEDNESS: double
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:

GNNNTACAGC TGCATCCCTT CGCCTCGGAC

(2) INFORMATION FOR SEQ ID NO: 15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
{D) TOPOLOGY: linear

(i) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

NGNNTACAGC TGCATCCCTG ATCCGCTAGC

(2) INFORMATION FOR SEQ ID NO: 16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
(B) TYPE: nucleic acid
(C}) STRANDEDNESS: double
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

TNNNTACAGC TGCATCCCTT CCGAACCCGC
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Exenpl ary Whd6204 program for generating PCT/USYHOA4Ral | y
cross hybridi zing sets (doubl e stranded tag/single stranded tag
conpl ement ) (2) iregMAEIDORt PARNSEE IDCNOLC 17: Program 3t agN gener at es
mnimally cross-hybridizing c sets of triplex words given i)
N--subunit | gRosspuelts kuaRaeTERTSTICS: an initial subunit sequence, and i
the identity ¢ (A) LENGTH: 30f nddieoniddseoti des nmaki ng up the subunits, i.e.
c whet {er T¥ERe - %M’é&h?t@léonm st of all four -c

nucl eotides, ¢ {C) STRANDEDH 1§r9 set of nucleotides. c¢ ¢
chaLagBer*l subl(%ﬁ) I nteger*2 nset (10000, 20), nbase(20) c¢ c
nsu

i)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

NTNNTACAGC TGCATCCCTG AGGGGGATAG 30
{2) INFORMATION FOR SEQ ID NO: 18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18:

NNANTACAGC TGCATCCCTT CCCGCTACAC 30

(2) INFORMATION FOR SEQ ID NO: 19:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D} TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

NNNATACAGC TGCATCCCTG ACTCCCCGAG - 30

(2) INFORMATION FOR SEQ ID NO: 20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
(B} TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:

NNCNTACAGC TGCATCCCTG TGTTGCGCGG 30
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ndiff=6 c ¢ wite(*,*)" ENTER SUBUNIT SEQUENCE: a & g only'

read(*,110) (subl (k), k=l,nsub) 110 format(20al) ¢ ¢ c
Gener ate sWOB87/46384 ds differing from c suBCTRAPIHI4T 2 ast
three ndiff nucleotides. ¢ ¢ ¢ Translate a's & g's into
nunbers with a=l . & g=2 ¢ ¢ do 800 kk=l, nsub
I f(subl (kk).eq.: Ié%M% mset (1, kk)=1 endi f
: FOR SEQ ID NO: 21% :
|f(;sub|(kk).§2g.“g"“ SR © meet (1, kk) =2
endi f 800 r)cg&;&gue cC _C TIeS jj=1 ¢ ¢ do 1000
— i), 4 : =
k|511’ 2 WO 97m6%wﬁuc ’e%tides do 1000 k3=1,2
- - : nucleic acid
PCT/ US97/ 09472 (C) STRANDEDNESS: dodblel000 k4=1, 2 do 1000
k5=1, 2 (D) TOPOLOGY: (dine®®0 k6=1, 2
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:
NNNCTACAGC TGCATCCCTC TACAGCAGCG 30
(2) INFORMATION FOR SEQ ID NO: 22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22:
NNGNTACAGC TGCATCCCTG TCGCGTCGTT 30
(2) INFORMATION FOR SEQ ID NO: 23:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: 1linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23:
NNNGTACAGC TGCATCCCTC GGAGCAACCT 30
(2) INFORMATION FOR SEQ ID NO: 24:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 nucleotides
{B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:
NNTNTACAGC TGCATCCCTG GTGACCGTAG 30
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do 1000 k7=1, 2 do 1000 k8=1, 2

do 1000 k9=1, 2 do 1000 kl0=1,2

1000 ki | =1 WO 97/46704 do 1000 kil 2=1,2 PCTHSOHYIE
ki 3=1, 2 do 1000 kil 4=1,2 do
éOO?OSBSE%,Z L do 1000 kI 6=1,2

o 7=1,2 . 25, do 1000 kI 8=1, 2

do 1000 Kl 9= ’)ZINFORMATION FC;R SEQ ID NO: 25: do 1000 k20=1. 2
cC c ) n =kl nbase( 2) =k2
nbase(3) kg (4 ssavmice AR, ) i () e 5) ks
nbase( 6) =k6 (B) TYPE: nucleic dtdase(7)=k7 nbase( 8) =k8
nbase(9) =k9 (C) STRANDEDNESS: mloabkq 10) =kl 0

nbase(! 1) =kl | (D) TOPOLOGY: linearnpage(12) =kl 2

nbase(13) =kl 3 nbase(14) =kl 4 nbase
(15) =kl 5 (xi) SEQUENCE DESCRIPAE@N:e SEQGP MRi @5:

nbase(17) =kl 7 nbase( 18) =kl 8

nbase(19) =kl 9 . nbase(20)=k20 c c do 1250
nn=l,jj c  NNNTTACAGC TGCATCCGECfCCTGTCGGA do 1200 j=I, b
if(mset(nn,j).eq.1 .and. nbase(j).ne.1 .or. :

nset (nn, j ) . eR)2INEORYATIUNABOR jSEQNED. Bp: t26en n=n+l
endi f 1200 conti nue

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 78 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

ACTAATCGTC TCACTATTTA ATTAANNNNN NNNNNNNNNN . 40
NNNNNNNNNN NNNNNNNGGT TTTTTTTTTT TTTTTTTV , 78

{(2) INFORMATION FOR SEQ ID NO: 27:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 nucleotides
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:

ATAGGGGTCT TCGGTAC . 17

{2) INFORMATION FOR SEQ ID NO: 28:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 19 nucleotides
(B) TYPE: nucleic acid
(C} STRANDEDNESS: double
(D} TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:

GATCAGCTGC TGCAAATTT 19
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ccC if(nIt ndi ff) then goto 1000 endi f

1250 conti nue N _ -52- WO
97/ 46704 WO Y7674 : PECTUSYTTITA 72

c 1 =] This Sheet Has Been Replaced .

wite(*, 130)(nbase(|) |—I , hsub) , J fll. ° do 1100 i=l, nsub _
nmset (jj,i)=nbase(i) 1100 Mlinue c c 1000 conti nue
c c Weclaimr it e( %, *) 130 G, 20(1 x,i1),5x,i5)

wite(*,*) wite(*, 120) I 12 format (I x, " Nunber of
mords:',iS)

R method of detemﬁning ctjhe nu'cleoti_de sequence at an end of a polynucleotide, the
5  method comprising the steps of: '
hgatmg one or more encoded adaptors toan end of the polynucleotide, each encoded

adaptor having an oligonucleotide tag selected from a mnumally cross-hybridizing set of
oligonucleotides and a protruding strand complementary toa poruon of a strand of the
polynucleotide; and

10 identifying one or more nucleotldes in each of saxd portions of the strand of the

polynucleotide by specifically hybndxzmg atag coniplement to each oligonucleotide tag of the

one or more encoded adaptors ligated thereto. |

2. The method of claim 1 wherein said step of ligating includes ligating a plurality of

15  different encoded adaptors to said end of sa1d polynucleotlde such that said protruding strands
of the plurality of different encoded adapators are complementary to a plurality of different
portions of said strand of said polynucleotide such that there i is a one-to-one correspondence
between said different encoded adaptors and the dxfferent portions of said strand.

20 3. The method of claim 2 wherein said different portions of said strand of said
polynucleotide are contiguous.

4. The method of any of claims 1 tc' 3 wherein said protruding strand of said encoded
adaptors contains from 2 to 6 nucleotides. and whcrem said step of identifying includes

25 speciﬁcally hybridizing said tag complements._lo_'said oligonucleotide tags such that the
identity of each nucleotide in said portioa's of said: polynucleotide is determined successively.

5. The method of any of claims 1 to 4 wherem said step of identifying further includes
providing a number of sets of tag complements eqmvalent to the number of nucleotides to be
30  identified in said portions of said polynucl_e_omle._ o

6. The method of claim 5 wherein said ste of identifying futher includes providing said
tag complements in each of said sets thatare aﬁlé-otfindieaﬁng the presence of a
predetermined nucleotide by a signal generat by __ﬂuorescent signal genérating moiety,

35  there being a different fluorescent signal generatmgmoxety for each kind of nucleotide.

7. The method of any of claims 1 t06 wheremsaxd oligonucleotide tags of said encoded
adaptors are single stranded and said tagcomplements to said oligonucleotide tags are single

N
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" stranded Sucix that specific hybridization between an oliggnﬁ_clebtide tag and its respective tag
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complement occurs through Watson-Crick base pairing.

8. The method of claim 7 wherein said encoded adaptors have the form:

5'-p (M) (N ) (N ) (N ) (N )p-3"
Z(N')p(N") g (N') 35"

or

PN ) (N )g(N ) g(N ) -3"
3"-z (N) 5 (N') o (N") g (N") 55"

where N is a nucleotide and N' is its complement, p is a phosphate group, z is a 3' hydroxyl or
a 3' blocking group, n is an integer between 2 and 6, inclusive, r is an integer between 0 and
18, inclusive, s is an integer which is either between four and six, inclusive, whenever the
encoded adaptor has a nuclease recognition site or is 0 whenever tﬁere is no nuclease
recognition site, q is an integer greater than or equal to 0, and t is an integer greater than or
equal to 8.

9, The method of claim 8 wherein r is between 0 and 12, inclusive, t is an integer
between 8 and 20, inclusive, and z is a phosphate group.

10. The method of any of claims 1 to 6 wherein said oligonucleotide tags of said encoded
adaptors are double stranded and said tag complements to said oligonucleotide tags are single
stranded such that specific hybridization between an oligonucleotide tag and its respective tag
complement occurs through the formation of a Hoogsteen or revers_e.-Hoogsteen triplex.

11.  The method of claim 10 wherein said encoded adaptors have the form:
57-p(M)n(N ) o (N )g(N )g(N ) =3
Z(N")p(N") g (N") g (N )¢-5"
or

PN )p(N )g(N )g(N ) -3'
3'-2(N)n(N'-)r(N')s(N’)q(EN )t—sl

where N is a nucleotide and N' is its complement, p is a phOsphate ':gmup, zis a 3' hydroxyl or
a 3' blocking group, n is an integer between 2 and 6, inclusive, r is an integer between 0 and
18, inclusive, s is an integer which is either between four andsnx, mclusive, whenever the
encoded adaptor has a nuclease recognition site or is 0 whenever there is no nuclease

————— .
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VO 97/ 46704 This Sheet Has Been Replaced PCT/ US97/ 09472
SEQUENCE LISTING (1) GENER#HII‘ (i) APPLI CANT: Lynx

Ther apeut i WO 97146704 (ii) TI Massi vel y PdﬁCéY‘FSé’W"anat ure
Sequenci n r ENCES:
6 (1 v) SRR Al e, "‘?E\% gilt o LT e

Associ at es ¢qual to 8. (B) STREET: 350 Canbridge Avenue, Suite 250
(O CATY: Palo Alto (D) STATE: CA (E) COUNTRY: USA

F) ZIP: 94306 UTER READABL A) NEDI U|\/| TYPE:
I(:I Z)ppy di sﬁi neg“\ég}’@%‘mmﬁ‘s F%\Weﬁglaeﬂﬁ,éqcpuﬁ‘v&nsgn&m (O

OPERATI BIG $¥tSEeiM2 4AG-28GhidRe D@8 z is a phosphate groupD) SOFTWARE: Patent | n Rel ease

#1.0, Version #1.25 (vi) CURRENT APPLI CATI ON DATA: (A
APPLI CATI ON NUMBER: (B) FILING DATE: (vii) PRI OR APPLI CATI ON
DATA: 13. mmmmmmmmmsm@a@ammny cross- (B)
FI LI NG DAT ekl 8 fronl v oufRRaROAR7 o IGATLEDL RN (A
. APPLI CATI OlélyNUI\/B US 08/ 659,453 Z (B) FI'LING DATE: 06- JUN- 96
(viii) ATTORNEY/ AGENT | NFORVATI ON:- (A) NAME: Powers, Vincent
M 10 14, A method of determining the nucleotide sequences of a plurality of polynucleotides,
the method comprising the steps of: "

(a) attaching a first oligonucleotide tag from a repertoire of tags to each
polynucleotide in a population of polynucleotides such that each ﬁrst oligonucleotide tag from
the repertoire is selected from a first minimally cross-hybridizing set;

15 (b) sampling the population of polynucleotides to form a sample of polynucleotides
such that substantially all different polynucleotides in the sample have different first
oligonucleotide tags attached; - '

(c) sorting the polynucleotides of the sample by specifically hybridizing the first
oligonucleotide tags with their respective complements, the respective complements being

20  attached as uniform populations of substantially identical oligonucleotides in spatially discrete
regions on the one or more solid phase supports;

(d) ligating one or more encoded adaptors to an end of the polynucleotides in the
sample, each encoded adaptor having a second oligonucleotide tag'_s_elected from a second
minimally cross-hybridizing set and a protruding strand complementary to a protruding strand

25  of a polynucleotide of the population; and ,

(e) identifying a plurality of nucleotides in said protruding strands of the
polynucleotides by specifically hybridizing a tag complement to each second oligonucleotide
tag of the one or more encoded adaptors. | |

30 15,  Themethod of claim 14 further including the steps of (f) cleaving said encoded
adaptors from said polynucleotides with a mclease having a nuclease recognition site separate
from its cleavage site so that a new protruding strand is formed on said end of each of said
polynucleotides, and (g) repeating steps (d) through (5. |

35 16. A method of identifying a population of mRNA molecules,ﬂw method comprising the
steps of: .

I



(B) REG STRATI ON NUMBER: 36, 2Tgs Sheet Has Been ReplacgdC) REFERENCE/ DOCKET NUVBER:

5525-0029. 41/ 808-1wo  (ix) T | NFORMAT| ON:
(A) TELEPHMQS7/46785) 324- 0880 ) TELEFAX: (4ISJT/OSMI09480

(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 28 nucl eot i des

(B) TYPE: nucl EIE aci d . SQN DNESS: doubl e (D)
TOPOLOGY: | i near (@) foripg 7 pepriation e nhepopuistigepf MRNA - TGGATTCTAG
AGAGAGAGAG rﬁ@éﬁk@;ﬁf&h that each cDNA molecule has a first ohgonucle&ﬁle tag attached, the first

-54- 4&704

bot) Usa7/ oodligmitient (25 UPRERFOR afycg mipipgally grpgechybridizing set ) <e oy EncE

CHARACTERI STI CS: (b) sampling th¢ pgpuLa&nmﬂeDM%mm@m forra g sample of cDNAB) TYPE:

nucl ei ¢ aCi golecules sucht‘a@ DN Blecules have diffdrdat f G-OGY i near
(xi) SEQUENCE DESCRI PTI SE ID NO 2: NNGGATGNNN NNN
16 (2) eligomploptidedagsptyebet-o | D NO 3:

(c) sorting the cDNA molecules by specifically hybridizi‘ng the first oligonucleotide
tags with their respective complements the respective complements being attached as uniform
populations of substantially identical oomplements in spatially dlscrete regions on one or more

10  solid phase supports;

(d) ligating one or more encoded adaptors to an end of the cDNA molecules in the
population, each encoded adaptor having a second oligonucl_je:otide:tjag selected from a second
minimally cross-hybridizing set and a pr_ol:rudin_g strand complementary to a protruding strand
of a cDNA molecule of the sample; and _

15 (¢) determining the identity and ordering of a plurality of nucleotides in each of said
protruding strands of the cDNA molecules by specifically hybridizing a tag complement to
each second oligonucleotide tag of the one or more encoded adaptors,

wherein the population of mRNA molecules is identified by the frequency distribution
of the portions of sequénces of the cDNA molecules.

20
17. The method of claim 16 further including the steps of (f) cleaving said encoded
adaptors from said polynucleotides with a nuclease having a nuclée_ée recognition site scparate

. from its cleavage site so that 2 new protruding strand is formed on eaid end of each of said
cDNA molecules, and (g) repeating steps (d) through (f).

25 _

18. A method of determining the nucleotide sequence at an end of a polynucleotide, the
method comprising the steps of:

(a) ligating an encoded adaptor to an end of the polynucleotxde the encoded adaptor
having an ohgonucleot:de tag selected from a nnmmally cross-hybndxzmg set of

30 oligonucleotides and a protruding strand complementary to a. poruon of a strand of the
polynucleotide;

(b) identifying one or more nucleotides in the pornon of the strand of the
polynucleotide by specifically hybndlzmg a tag complement to the ollgoxmcleonde tag of the
encoded adaptor ligated thereto; i

35 (c) cleaving the encoded adaptor from the end of the polynucleotzde with a nuclease
having a nuclease recognition site separate ﬁ'oxn:ns cleavage_ site s0'that a new protruding
strand is formed at the end of the polynucleotide; and o

(d) repeating steps (a) through (c).
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(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 11 nucl eoti des
(B) TYPE: nucleic acid A singl e (D)

TOPOLOGY: WORTHETO  (xi ) SEQUEN EQ ID NO RCTUSYIRREATCYNN
N l 11 (2) | NFORMATI ON FOR
SEQ ID NO 4: . (i) SEQUENCE el (A) LENGTH. 20

nucl eot i des (B) TYPE: nucleic aci d (C) STRANDEDNESS doubl e
(D) TOPOLOGYs. | i Mhednethod df¥laim BRI Said Protiding (2)

e o AT T g 6 quplestides and wheroig stapio ot (A

LENGTH. 2 0 hybridizong isgeessive said tag coniplenEniefo saudniigemml e thg such that the(;dé)mty
STRANDE O Ry £ ENCE
DESCR P Ot e i eBigg n seidp B stiokss SERY

20

20. The method of claim 18 or claim 19 wherein saxd step of identifying further includes
providing a number of sets of tag complements _equlvale_gt 1 the number of nucleotides to be
identified in said portion of said polynucleotide. o

10 _
21, The method of claim 20 wherein said step of identifying further includes providing
said tag complements in each of said sets that are capabie"-;'h_f __ciicating the presence of 2
predetermined nucleotide by a signal generated by a ﬂuorescents1gnal generating moiety,
there being a different fluorescent signal generating moxetyforeaeh kind of nucleotide.

15 :

22.  The method of any of claims 18 to 21 wherein said oligomucleotide tags of said
encoded adaptors are single stranded and said tag complements to sald oligonucleotide tags
are single stranded such that specific hybridization between an ohgonucleotlde tag and its
respective tag complement occurs through Watson-Crick’ base pamng

20
23. A composition of matter comprising a‘double stranded oligonucleotide adaptor having
the form:

S5T-p(N)p(N ) (N )g(N )q(N )e=3!
25 Z(N')I(N')S(N')q-—S'
or

PN ) p(N ) g (N )G(N-)p-3"
3'-z (N), (N')r(N')s(N')_-'_____.t‘." |

30
where N is a nucleotide and N' is its complement, pis a phbsphage ;greup, zis a 3' hydroxyl or
a 3' blocking group, n is an integer between 2 and 6, mclus 1 integer between 0 and
18, inclusive, s is an integer which is either between four and mcluswe whenever the
encoded adaptor has a nuclease recognition site or is 0 whenever there is no nuclease

35  recognition site, q is an integer greater than or equal to 0 ,_ ger greater than or equal
to 8. '
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WD 97/ 46704 PCT/ US97/ 09472
(2) | NFORNATI FOR SEQ I D NO 6: (i) SEQUENCE CHARACTERI STI CS:
(A LENGTI—WO?g\IWI eot i des (B) TYPE: nucleic acid PCT/USITOA

SE g@g?g?:\'giﬁ scé OHR| B | Brposition ofcl&13)23%%¥ bet'u)e@i_nect_%gd 12 (ﬂ&%ﬁ@%%

TTAAACGGAT between en Yeondpsivesrds am*eeﬁemu and said single stranded moiety (N); is.a

70 (2) Immcmyb% (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 34 nucl eoti des B) TYPE: nucleic acid (O

STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (xi) SEQUENCE

DESCRI P'BI 0\25 SEA kdnpdsition’ of mmmiﬁow‘mmw ddaptorHalihg
th%lg GRVATI ON FOR SEQ I D NO 8: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH nucl eot i des (B) TYPE: nucleic acid (O

STRANDEDNESS: si ngl e (D) TOPOLOGY: |inear (XI ) SEQUENCE

DESCRIPTION: SEQ ID NO 8:3'"P(N}p(N ) (N Jg(N J4(N )¢
Z(N')(N")g(N") (N'>c-5'

10 or

p(N )r(N )s(N )q(N )t-3'
3"=Z(N)p(N") o (N") g (N") g(N")¢=5"

15 where N is a nucleotide and N' is its complement, p is a phosphate group, z is a 3' hydroxyl or
a 3' blocking group, n is an integer between 2 and 6, inclusive, r is an integer between 0 and
18, inclusive, s is an integer which is either between four and six, inclusive, whenever the
encoded adaptor has a nuclease recognition site or is 0 whenever there is no nuclease
recognition site, q is an integer greater than or equal to 0, and t is an integer greater than or
20 equalto8.

26. The composition of claim 25 wherein r is between 0 and 12, inclusive, t is an integer
- between 12 and 24, inclusive, z is a phosphate group, and said double stranded moiety

25 _(N )t
-(Nl)t

is a member of a minimally cross-hybridizing set.
30 27.  The composition of ény of claims 23 to 26 wherein n equals 4 and wherein members

of said minimally cross-hybridizing set differ from every other member by at least six
nucleotides. '

[ Sheeltlillailflileflllzﬂm

-67-




CGCGCAGCCC GCATCGTTTA TGCTACAGAC TGTCAGTGCA 40 . GCTCTCCGAT
CCAAA 55 (2% | NFORMATI ON FOR
SEQ | D NOW97/467p4 ) SEQUENCE CHARACTERI STI CS: (A PE

GRRF/0947

nucl eoti des (B) TYPE: nucleic acid (C) STRANDEDNESS: doubl e
(D) TOPOLOGY: |i-near (xi) ‘SEQUENCE DERORI PTION: SEQ ID NO 9:
TCGATGGECT AGATTT 16
- 56- WO 97/ 46704 "
PCT/ US97/ 09472 (2) 1| neARRR(IR = se0 1D MO 10 (i) SEQUENCE
CHARACTERI STI CS: (A) LENG@IH: 30 nucl eoti des . (B) TYPE
nucl eic acid : (C) STRANDEDNESS: doubl e (D) TOPOLOGY: |i near
(xi) SEQUENCE DESCRI PTION. SEQ ID NO 10: ANNNTACAGC TGCATCCCTT
GEOGCTGAGG Ampiify & Prepare Enée (12)

t1 ' -

t1

t 14

t1 I A j '

tz L ____ | ]

tz b > ]

Ligate Cleavage Adaptors (20)

Fig. 1A



(2) | NFORVATI ON FOR SEQ ID NGO 11: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 30 nucl eoti des (B) TYPE: nucleic acid O
Wb e (D) TOPOLOGY: i near ( xi )P@E@H@_ﬂ

STRANDEDNE¥XY7/
DESCRI PTION: SEQ I D NO 11: " NANNTACAGC TGCATCCCTG GGCCTGTAAG
30 (2) 1 NFORVATI ON FOR SEQ | D NO2/U»p: (i) SEQUENCE
CHARACTERI STI Cs: (A) LENGTH: 30 nucl eoti des (B) TYPE:
nucleic acid (C) STRANDEDNHSS: doubl e (D) TOPOLOGY: |i near
(xi) SEQUENCE DESCRI PTION. SEQ ID NO 12: CNNNTACAGC TGCATCCCTT
GACGGGTCTC : 30 (2) .1 NFORVATI ON FOR SEQ I D
NO 13: (i) SEQUENCE CHARACTERI STI CsS: (A) LENGTH: 30
nucl eoti des 1 (B) TYPE: nucleic acid L) STRANDEDNESS: doubl e
(D TOPOLOGY: ['1n®a - —
A1
41 .
t1 Az
t1
t1 Az
t2 ]
t2 A1
. vl
t2 A2
tz ﬂ

Cleave wnth A1 endonuclease &
Ligate first Set of encoded probes (22)

Fig. 1B
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PCT/ US97/ 09472 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 13: NCNNTACAGC
TGCATCCCTGY RIS AMAGT 30 ( 2RCT/RBLHANTRI ON
FOR SEQ ID NO 14 (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH. 30
nucl eot i des - " (B) TYPE: nucleic ad/l@ (C) STRANDEDNESS: doubl e
(D) TOPOLOGY: i near (xi) SEQUENCE DESCRI PTION: SEQ ID NO 14:
GNNNTACAGC TGCATCCCTT CGCCT C _ 30 (2)
| NFORVATI ON FOR SEQ | D NO 15: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 30 nucl eoti des (B) TYPE: nucleic acid (O
STRANDEDNESS: doubl e 24 2% 28

t1 T24 /

t ; (V777777777778 T24

t =]

t1 A2

t1 _ 17

t1 ——-——-——-——-d:::l A3

TS

o

SR R /g

32

/

Tse

g g g
'

PRRSSRERRRRSRNSS a— A3

Ligate second set of encoded
probes (34)

Fig. 1C

l Cleave with A2 endonuciease &



(D) TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ I D NO  15:

NGNNTACAGC TGCATCCCTG ATCCGCTAGC 30 (2)
| NFORMATI ONWPA%4610) | D NO. 16 (i) SEQUENCE CHARACTERI SRQE3IS97/09472
(A) LENGTH: 30 nucl eoti des (B) TYPE: nucleic acid (O
STRANDEDNESS: doubl e - (D) TOPOLO®#M0| i near (xi) SEQUENCE
DESCRI PTION: SEQ ID NO  16: TNNNTACAGC TGCATCCCTT CCGAACCCGC

30 - 58 - WO
97/ 46704 PCT/ US97/ 09472

t1 ——————-——-E:W T1s
t1 ——-———-L:W T1s

A3

—————-—L__:W Ts
T5

T17 /

——-———IIW T17

38

<2 ~ S o ~ S < g < §

ﬁ
-JAs

_-————E:W T55

T56 40

T33 /
| T33
—— | A3

g S e

- Ligate third set of encoded
probes (42)

Fig. 1D

l Cleave with Az endonuclease &



(2) | NFORMATI ON FOR SEQ I D NO. 17: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 30 nucl eoti des (B) TYPE: nucleic acid (O
STRANDEDNEXS 9746784 e (D) TOPOLOGY: i near (xi) BETUEKIE9472
DESCRI PTION: SEQ I D NO 17: NTNNTACAGC TGCATCCCTG AGGGGGATAG
30 (2) | NFORMATION FOR SEQ ID NO 18/10 (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 30 nucl eoti des (B) TYPE: nucleic acid (O
STRANDEDNESS: doubl e (D) TOPQLOGY: |i near (xi) SEQUENCE
DESCRI PTION: SEQ I D NGO 18: NNANJACAGC TGCATCCCTT CCCGCTACAC
30 (2) 1 NFORVATI ON FOR SEQ I D r 19: (1) . SEQUENCE
CHARACTERI STI CsS: (A) LENGTH:. 30 nucl eoti des (B) TYPE:
nucl ei c acid (C) STRANDEDNESS: doubl e (D TOPOLOGY: |inear
(xi) SEQUENCE mew T24

t T24

t1 — 77 T15

t1 7777777777772 T1s

/44

t Tat
t1 ———-—-—L‘::W Ta1

Ts
Ts

—-————-—-—L‘_"‘_‘:W Ta7

T2z /

——-————E:W T22

46

S B BF

. [ Y7777777777777) Tse
-—-——-—-——I::W Tse

[ V777277777777773 T33

———-—-—E:W
T33 48

722222222222, TA01 /
——JZZW T101

R o g

support & lybridize tag

Load onto solid phase
l complements (50)

- Fig. 1E



NNNATACAGC TGCATCCCTG ACTCCCCGAG 30 (2)

| NFORVATI ON FOR SEQ | D NO  20: (1) SEQUENCE CHARACTERI ST CS:

(A LENGTHVOR46T98| eot i des (B) TYPE: nucleic acid %drﬁ?sgm

STRANDEDNESS: doubl e (D) T@Q& | i near (xi) SEQUENCE

DESCRI PTI ON: SEQ I D NO 20: NNCNT A TGCATCCCT G TGTTGCGCGG

30 WD 97/ 46704

PCT/ US97/ 09472 (2) 1 NFORVATI ON FOR SEQ I D NCI 21: (1) SEQUENCE

CHARACTERI STI CS: (A) LENGTH: 30 nucl eoti des (B) TYPE:

nucl eic acid (C) STRANDEDNESS: doubl e (D TOPOLOGY: |inear
12 GCGCp




(xi) SEQUENCE DESCRI PTION: SEQ ID NO 21: NNNCTACAGC TGCATCCCTC

TACAGCAGCG 30 (2) | NFORVATI ON FOR SEQ | D NO.
22: (i) VegusIBE CHARACTERI STI CS: (A) LENGTH: 30PREAISEHIMHes
(B) TYPE: nucleic acid (C) STRANDEDNESS: doubl e (D)
TOPOLOGY: linear. - -(xi) SEQUENCE DESCRIWIOON: SEQ I D NO 22: NNGNTACAGC
TGCATCCCTG TCGCGICGTT 30 (2) | NFORVATI ON FOR
SEQ ID NO 23: (i) SEQUENCE CHARACTERI STI CsS: (A H. 30

~ nucl eoti des (B) TYPE: nucleic acid (O STRAWSS doubl e
(D) TOPOLOGY: |inear (xi) SEQUENCE DESCRI P 1& SEQ I D

NNNGTACAGC TGCATCCZ #@2aGAGCAA %g
| NFORMATI ON FOR SEQ I D NO 24 6') SEQUENCE E‘I-Q!RACTERI sT| 288
(A) LENGTH ﬁm&—NNNN TYPE: nuc|p.ua.d____1q.
pN N.N'N'ﬁ
126

e
‘l‘ Ligate (120)

140

' Ligate (136) ‘L Hoo ©
| - 142




(D) TOPOLOGY: i near (xi) SEQUENCE DESCRI PTION: SEQ ID NO 24:

NNTNTACAGC TGCATCCCTG GTGACCGTAG 30

- 60- WQPT4sT04.6704 : PCT/US97/09472
PCT/ US97/ 09472 (2) 1 NFORVATI ON FOR SEQ I D NO 25: (i) SEQUENCE
CHARACTERI STICS: - - - (A) LENGTH: 3qy€ﬁcleotides (B) TYPE:

" nucleic acid (C) STRANDEDNESS: bl e ' (D) TOPOLOGY: i near
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 25: NNNTTACAGC TGCATCCCTC
CCCTGTCGGR 30 (2) I-NFORMATI ON F @EQIDNQ

- 26: (1] SEQUENCE CHARACTERI STI CS: (A GTH: 78 nugleoti des
(B) TYPE
TOPOLOGY:

nucl ei ¢ aci C STRA DNESS: gl D
¥ 922 (9 \ 9! 350 (D)

near
S 5 3
NNNN_

_ );
PN'N'N'N’ =

. 228

\L Ligate (220) 226
Wash (232)
NNNNT~
mN.N'N'N'
l Phosphorylate (234)
NNNN p
NIN'N! ] .
Ligate (236) l o ©
— 258 Y
- - NNNNp 242
) NoNlNl '

Identify/Cleave (244/252)
250

————NNp "":m%
[ ] p -N'N|N'N'

\l( Dephosphorylate (256)

Fig. 3B



(xi) SEQUENCE DESCRI PTION: SEQ I D NGO 26: ACTAATCGIC TCACTATTTA

ATTAANNNNN  NNNNNNNNNN 40 ~ NNNNNNNNNN NNNNNNNGGT TTTTTTTTTT
TTTTTTTV WO 97/46704 78 (2) | NFORVATI ON FOR SEQ | DPRAYUST09472 (j )
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 17 nucl eoti des (B)
TYPE: nucleic acid- - (C STRA ESS: doubl e (D TOPALOGY:
l'i near (xi) SEQUENCE DESCRI PTI ON: QID NG 27: ATAGGGGICT TCGGTAC
17 (2) 1 NFORVATION FOR SEQ I D NGO 28: (1) SEQUENCE
CHARACTERI STI CS:. (A) LENGTH: 19 nucl eoti des (B) TYPE:
nucl eic acid (C) STRANDEDNESS: doubl e (D TOPOLOGY: |inear
(xi) SEQUENCE DESCRI PTI ON: SEQ | Dehleg id: GATCAGCTGC TGCAAATTT
19 pm -61-
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1. A nethod of determ ning a nucleotide s
pol ynucl eoti de, the nmet hod conpri s
| i gati ng oYeO 87464 e encoded adaptors to
pol ynucl eot i de,
deoxyri bonucl ei c.acid conpri sing (| ?ﬂ)
froma mnimally cross-hybridizing set” of
a protruding strand which is conpl enent ar
pol ynucl eot i de,
cross-hybridi zi ng set of oligonucl eotides
ol i gonucl eoti de of the set by at
i dentifying one or
of the
to each oligonucl eotide tag of the

| i gated thereto. 15 The od

| east two nucl eoti des,
nore nucl eotides in each of said portions of the strand
pol ynucl eoti de by specifically hybridizing a tag conpl enent

equence at an end of a

ing the steps of:
one or both ends oPC'FW§97’°9472

wherei n each encoded adaptor is a double stranded

ol i gonucl eoti de tag sel ected
ol i gonucl eoti des, and (i)
y to a portion of a strand of the

wherei n each oligonucl eotide of the mnimally

differs 10 from every other

and

one or nore encoded adaptors
of claiml wherein said step of

|l igating includes Ilgatlng a pIuraﬁﬁ#@
to said end of said polynucl eotide such
of the plurality of different encoded ad{
plurality of different portions of
pol ynucl eoti de such that there is a one-t

different encoded adaptors
hat said pr¢trudi ng strands
|peomputerconpl enentary to a
said strandg of said
o-.ane r‘hrrn_pondence

bet ween said different encoded adaptors and t hg
The net hod of cIa|n12 \

strand. 20 3.

di fferent portions of said
jherein said different

portions of said strand of said —R&
4, The net hod of any one of clalns 1
of said encoded 25 adaptors contains fr

l'ynucl eoti d

o 3@bPprein

are conti guous.
om2 to 6 n

sai d trudi ng strand
cle gé@% and wherein

said step of identifying includes specrigcary hybrli élng ggld t ag
conplenents to said oligonucl eotidé ?ggs he i 4y 6 of
each nucl eotide in said portions Cﬁssth(pU|yHULlcutl rm-ned
successi vel y. 5. The met hod any one of : 1 to 4 |wherein
said step of identifying further 30 i NGO Ldi ng ngnber df sets
of tag conpl ement 81dqui val enggbq t he nuntt#ﬂ%?&&ﬂé. nuclleoti des to be
identified in iﬁl portions o? ai d polynucleotide. 524 6. goQThe
met hod of cl § erein sai of_id iyt t her i udes
provi di ng said eneAtls S3Q®ach of 55316 that are capable
of indi aNg nce Of r edet ned | eot i8@4by a signa
gener at ed, by[a 00 Si r mpvery, - e being a
different}fluorgscent sggpal _gﬁggf‘ea i heeéi de.
-62 - 2 2
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' . : ' VOSSIUS&PARTNFR

7000 f’rc]:wus 2 Oqé;%@é of claims | to 6 wherein &ai dFé\T WG&TEe |

tags o PE 0 S§§éd adaptors are single strand q

conpler?éﬂ:t td S§I&O|I ucteotide tags ;-:  are- srnleszran

~that specific Wit zati on between an ol i gonucl eoti de tag A

respective tag conpl ement occurs through Watson-Crick base™p Jr‘tthgf'JQUS

8. £ The method of claim 7 wherein said encoded adaptors have the form
-p(N) [ err] (N ) r (Almejhod fdeterminingta npeleqtide sequence at an-end of a polynucleotide, the

; E m )T |(’ (N)N[ e’; g](&Ne\‘hod)&%HEl]\g ti\]gsteps%? '

"3 -z(NN(NIr (N elrsafms(cmeyw@rﬁFg\codedlaéaptowne oant*sen&s pirhs erlynugleotided N i s

i) It s Eonpl enent wheein eacaermb@ﬁmbam iCH UUPlé sttarded deodyribBitdleayid cOmpidsing (an 3’
ocking groupg e n_integer

per ven 0 and dighniefodt X RAE] o h BiFRaly ARG Srid AR e i e oo

four and six, Ginepratridieg stwhdwiiches corhpleraentaryitock portion of ‘aztiapd ofithdpoedynacientide.case

recogni tion Sifgrds edch o@go%@ébﬁ&@df i ehbndlly ch?s-l%ﬁh"i‘ﬁE Set 6@&&9£Ucieb9&s dirkss, d
is an integer gozgater hap or equal_ to O, is.an inteder greater than

or- equal tiP g.fromeveryother 9“3°““°le°f’ﬂ%°fr¥§?§‘?bw %feaifl“‘é\‘? BHelsotigeea8dn r i s petween O
and 12, inclusive, itlentifyigiont bf mgre huddeitidesdimeach of saidportiotls Gdhe stiand ofsheve, and z

is ap h osphat € Wn%lpdt e 8}{ spact{ caﬁg h%q;nd% &r%&%%lemenﬁg%acgg Tml&ltﬁé QE 89“1%?6 6

Wwherein said ik gonuc enco Nore aré

st randed and mermagewdﬁ@mmbswtbm ol i gonucl eoti de tags - are
singl e stranded such that specific hybr| di zation bet ween an oli gonucl eoti de’
tag and its i on of

curs, h.the
a Hoogst eelr? or'r eveﬁf%’eﬁw g‘t‘%‘@ﬁ wherdi ?ﬁw@ gating i “d"# ting a‘PH’éﬁ’r‘Pé? hod of
cI ai m10 wher allﬁﬁerexueutoéed@dmmds wdaid end of shnd\pelymtvmtxdvrsnth that said protruding strands

Z ( %( )'\2 ng m ) )s rJ{ Me)phirdti J‘&%&n@ Edcbded ag?ptors are complementary to a plurality of different
' porttons gf said strand of said polynucleotide such that there is a one-to-one correspondence
| between said different encoded adaptors and the different portions of said strand.
20 | S o
3. The method of claim 2 wherein said different portions of said strand of said

polynucleotide are contiguous.

4. ‘The method of any one of claxms 1 to 3 wherein said protrudmg strand of said encoded
25  adaptors contains from 2 to 6 nucleotides and wherein said step of identifying includes
~ specifically hybridizing said tag complements to said oligonucleotide tags such that the identity
- of each nucleotide in said portions of said polynucleotide is det‘et'mined successively.

5. The method of any one of claims 1 to4 wherem satd step of identifying further
30 includes provudmg a number of sets of tag complements equxvalent to the number of
nucleotides to be ideatified in said portions of said polynucleottde

6. The method of claim 5 wherein said step of identifying further includes providing said
tag complements in each of said sets that are capable of mdlcatmg the presence of a

35  predetermined nucleotide by a signal generated by a ﬂuoresce nal generating moiety, there

being a different fluorescent signal generating moiety for each kmd of nucleotide.
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P*(N )[er'r](ll\I ylerr](N )[err](N)[err] " 3 -
(l\l)n(N')r(N)S(N)Q(N)[err] . |
63 - where Nis a nucleotlde and N . is |ts corrpterrent p

i s a phosphat €7.gr OUfhe rfettiod oﬁa@on@i{ﬁﬂlﬁﬁﬁﬂ tdd whkrein said’ ohgo&clebhd&kgs'@ﬂsaﬁlf oup, n
i's an integer a0 |nte er and 18,

et
inclusive, s |e§°13§%|eaﬁtpé%[§?re\mgl§ ﬁ“ﬁ“geéﬁ"‘\f{ g aﬁé?% %%Ibgog? G 'F?tt(aﬁsua ve,
whenever the emesiaglelstranded such thet sptific hkxidization ehess @ qlggmghpnd_eaag adite or is

0 whenever thex%?peétﬁze cHMBﬂeﬁ@rﬁ ccrutes(iﬂgg%ht\’vﬁgons@:rtxc‘i baﬂfgamﬁ IS an integer

greater than or "equal IS integer greater than or equal to 8.
12. The Method claim 11 wherein r is between 0 .and 12, inclusive, t is an
i nteger betwees Themeﬁibaoaﬂdm%hermtat.&nu&edaaﬁmma&taemhe‘o‘phate group.
10 13. - The nethod of anyone of clains | to 12 wherein nenbers of said
mnimally cross- hybri di zi ng- set differ fromevery other nenber by
at | east six nucl eoti des. 5'-p(N) (M) (N ¥§@®t30ﬂ)q}3deterntn|ng

nucl eoti de sequences of a pIuralltyzg{)quy got¢des, the . met hod
conprising the steps of: 15 % ta8h|ng a first

ol i gonucl i ofE tag froma repertoire of tags t o each pol ynucl eoti de

in a popul ation of polynucleotides such that each flrst ol i gonucl eoti de tag
fromthe repertoire is selegéﬁp _glnally
cross-hybridizing set of oligonucl d

ol i gonucl eoti de of the flrst3ﬁrhﬂﬂkdmv)eﬂﬁébs®Vbqrﬁt2|ng set differs from
every ot her ~oligonucleotide of the first set by at |east two
nucleotld t he popul ati on of -pol tldes
Lo t orm a 13arpfiEregy isgeetide BN GEEF omprbmeny B bhoraharSints 4 i LGS

di f f erent pol y3"blotldng grolgsn isian irtegestmtyden 2land/6, inbivsive,rdsen ifiteges between 0 and 18,

ol i gonucl eot i

pol ynuel eot i dceigd%?gt shlg%gl%%qvhgh lssef)'teh?:tl ‘%’t"é"éf‘ four %?_XI,S z”ﬂ(? wrhﬁﬁv?r the enc‘)ded

ol i gonucl eot i cdapterdias mciﬁatemsmt*@ssgeet'ﬁ évhewmﬂmsﬁflg nu qaaerr@gp@et $itp e

conpl ement s bai fginidger greatet hed6r@qis tol0) bAdYi§RIAREEr Blehtethandr equabtotsant i al |y

|dent|caI%y i gonucl eotides in spatlally di screte regions on the one
nore solid phase supports; (d) ligating one or nore

encoded adapt & s t dhemethod ofrdait Sevhsrsingtis beteeand apdh Ld; linslysiveld ds dnrinteger betweenhe

sanpl e, wher eighn@26,indseR0ed z &dabhate grogp.doubl e stranded deoxyri bonucl ei c

aci d conpri si ng (|§ an oligonucleotide tag sél ected froma mnimally

cross-hybridizing set of
10. The method of any one of claims 1 to 6 wherein sald ohgonucleotxde tags of said .

25  encoded adaptors are double stranded and said tag complements to said oligonucleotide tags
are single stranded such that specific hybridization between an ollgonucleotxde tag and its
respective tag _complement occurs through the formation of a Hoogsteen or reverse Hoogsteen

triplex.

30 1I.  The method of claim 10 wherein said encoded adapto‘_fgjsfi'f_have the form:

5'-p (N)n(N )r(N )S(N )q(N )t-3'
Z(N) 7 () g (N') g (N )5

or

QI
W
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30 - oli gonuci eoti des, énq (ii) a protruding strand vhich i s conpl enentary
to a portion of a st rand of the pol ynucl eoti de, V\herel n-each
ol i gonucl eotide of the second ninimally cross-hybri‘di-zi ng. - . . set

differs from evghete ﬂtli"@ﬁucﬁbilcﬂgﬂ&’ﬁl 1?% éd?tf'plén{eni B&s asﬁlﬁﬁﬁl%g ? g/@f? &% nkf?@%{l

nucl eot i des; entityrng a.p
i ﬁ sai d protr ud?1 hlgeking AL "&ra"tlweger be“"ee“&(ﬂ‘é BRS¢ luséne; dean 'bSﬁg%f[bé%Vle@ﬂ Qandi 1§,

hybridi zing a tmguﬁmplsamﬁgeﬁmzaﬁeattﬁemén%drgmwh@ﬁ&ﬂvéﬁvh%ﬁ%verthiéhc&fedt he

further el uar L O ERlcHate poaayivien st of 1 vhepe EER 2§ nuctensErelogllt e
from said pal yngen @@g@r@e@twhmommjm Gandt lhﬂlnngergrmmcﬂhmequaenrﬁ;nl tion

site separate I hat .64 -
AMENDED SHEET mits c eavage Si te so that a new
protruding stradd i slediehed °Bﬁ“ Livkereimpis betweenandrl 2aglesive, t is an integer between

pol ynucl eot i desl2 aat24, (mplusivemadit israphsdphgts groap. t hrough (f). 16. A
met hod of identi fy| ng a popul ati on of nMRNA nol ecul es, the nethod conpri sing
the 5 steps of: ( formng a popul ation of cDNA

mol ecul es fi%m lt3he @ﬁmeﬁw BWPHMN}Rl%I toddiwherein mémbersiof $nid timimalychose DNA
mol ecul e has a Hybriditin@4et GiEforFdnE Slehyifthet aﬁmaérttﬁ(ah@%: sik Ri1ebtides!

ol i gonucl eoti de tags being selected froma first mnimlly

Cross- hybr|d|2|ng set of oligonucleotides, wherein. each

ol i gonucl eot i dd4of tAmethod dtdeuanmnmghdcjeondm@ehgds of diplarality oS wilymitledtRies; thel OM

evefy other 10 | HHS(;A the first set by at least two
nucl eoti de metticG gpt&t% Sof npling the popul ati oh of cDNA nol ecul es

to forma iarrpl e of @m%n&m pligpnucleoti ¢ tgg EAMaifeperteiraaf tagaioi ca¢h polyalitleotide
di ff erent cDNA im®papalatiesofpalyfucliotifie seuhithat ea’cﬁﬁr@bhﬂﬁm%h&% f#6m tRGSpertoire is

hed S speci.fically
ﬁ;h??d?2| ng the selpcted from, ﬁgim &‘:T*{é‘éft eﬂyi’g&z‘"ﬁ%‘é}’k@tg?ﬂ“"feﬁ@ef %?Hb"t?flf ve
conpl ements, t WBS%@B@@FP e&l@hpinewélvm@smbnglzmgsadff&d fam ayaryfodrem
popul ati ons of oﬁg&weafdbahhyﬁﬂsﬁs%ma%&hstwmcﬁms in spat ially discrete

regi ons on.qne or Supports; ating one or
m)?e encodé@ adapt (r)?@ sprppling “ﬁrﬁ’&"‘ﬂ‘f“"ﬂ ng‘g eotidento forma SF“HP HﬁPOanuclemdeS
popul ati on, wheuchithmt esbstantiatiy sitidifferantpplymicldotides ilthe Rinfpletavadicferdnt first

deox r|bonucle BRE! sing (i) an oligonucleotide tag sel ected
fromya m ni mal :c’?/ acl?‘gg)st&gmﬁs%| Z|&ng set of ol i gonucl eoti des, and (ii)
a protruding strand ‘Wﬁ‘?’ﬁ!‘ﬂ the pelysivgleetidesfshe sample by precificaly hybridizing thefirst

of the pol ynuc b&gﬁnuﬂ&txd&\fagsrﬁhﬁhﬁﬁ&kpe&wegsrﬂpl&haﬁi u\é@espécu&mn&%ﬁﬁﬂé bfjﬂéglcnffa't |h3é
|

cross-hybrj nucl eo

second get {&E Sdaspn '{‘o"% p°?1ué7t%g &ngiﬁléf Hebical a’g°““°k°°g‘%€ in sparally diserte ng

the, i dent ity arpawss orethe prg agfmoge qghd,lpluka suppaws; nucl eoti des in each of said
(d) ligating one or more encoded adaptors to one or both ends of the polynucleotides in

the sample, wherein each encoded adaptor is a double stranded deoxyribonucleic acid

comprising (i) an oligonucleotide tag selected from a mmxmally cross-hybridizing set of

30 oligonucleotides, and (ii) a protrudmg strand which is complementary to a portion of a strand
of the polynucleotide, wherein each oligonucleotide of the s‘_

'ﬁnd minimally cross-hybridizing
set differs from every other oligonucleotide of the second set y at least two nucleotides; and
(e) identifying a plurality of nucleotides in said protrudmg strands of the
polynucleotides by specifically hybridizing a tag complement to each second oligonucleotide
35 tagoftheone or more encoded adaptors.

5. The method of clai;n_ 14 further including the steps.0 '.'_'t-_);'clea\iing said encoded

adaptors from said polyndclé_otide; with a nuclease havin;g;afnuol'ease recognition site separate
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 protruding strands of the cDNA nol ecul es by spec(fical |y hybridizing a
tag conplenent to each second ol i gonucl eoti de-tag of -the one or nore
encoded adaptors; wher ei n t he popul atFon- of nRNA no] ecules is
identified by tﬂ&ﬁnftfﬂé}ﬂ@g’t&jteﬁhthitl‘alnbutprdmndmg ‘strand Bffortried opend éndpseanh of@iguences

of the cDNArmIe f claim16 further
I ncl udi ng -t he s‘%oeypso??t’fdfs’ rfd (ﬁk/é%eat"iga;[%?eﬂmﬂ%g(s - adaptors from said

pol ynucl eotides with a.nuclease haV| ng a nucl ease riecognition site separate

fromits cleavage sif geit8d Bhaém@,wo?mewm Wﬁ&ﬁl@aﬂjes'tﬁe &anmn@ns.agahd

end of each of. sai d nolec reépeating steps (

t hrough (f). 5 swpsofiig - A met hod of determ n| ng a nucl eotide sequence at
an end of a pol ynucl(gpfoiniega pdpalation of cDIVA helecutss fipimitid pogulbtivm of in@PEA rablecules
(a) ligating -a fﬁiﬁp

each encoded nsuglp &&%ggltc legjglrec agP F?s?ghétx%f %ﬂg&géx I eg,ﬁﬁé QFoth\ﬁlE%Eﬁ&
conprising (i) tagsbgqnggejmgqﬂf@gxq 1r§rempgglly cross-hybndtzmg_s_et of oligonucleotides, wherein

N 65 - b each, ol omfeRofidd of the i muﬁmﬂllﬂr@hﬁrﬂn&ﬁ@ﬁ?‘émﬁ'&i frsihzwajaotlaei OI :
ol i gonuc es an ich is conplenentar
to g'port i ofrq f°“§°%‘i°fe§ﬂ‘fif)°8§‘ ?‘FF&S%EY ?/‘H%‘éﬁ%f‘\‘ﬂ"ém Wherei n each ™ d
ol i gonucl eotide of t(hpsamplingthd populaticestcDNrmalecnlenty. femaﬂnfpfemstNAmmlmbs y
other oli gonuclsga{ éhg%ubstantlally aﬁfdlff'emt ﬁfﬁA 9.561 leJ lﬁ@é&lﬂir@ﬂg@fgt@g&dlé&iﬁe tags

(b) identifying one eotrdes I n the portion strand oOf the
pol ynucl eot i de 45‘9°“§§>e0| f i cal ly hybridizing a tag conpl enent to the
ol i gonucl eoti de tag (6 soiting the cDNA mélecu®d 64l sp%daaalgmyn,ﬁmg&de filsssligbrucleotide

(c)- cl eavi the en nucletlde th a
et ace. 15 e aRG S oRs B robie ¥ cop Enlilt I Gk Fntion *
cl eavage site spwptllmnns of submmalbtlduﬁpaigornﬂememm smtiallydiscretaregionston oheoramnde of
t he pol ynucl eotd,fg. (d) repeating steps (a) through (c).

haSd\G
19. The net hod o? cl al m 18 wherein s r ot r udi ni d of sai.d encoded
adapt or - - cont 4fHigatingape or ?‘6‘36“‘??8%4 "é'&é) 'd@’sa“e?ﬂ‘élg%ﬁ%"r[g{l‘%“‘f’l?é“l%‘t‘ﬁﬂ‘eof
i denti fyi ng i nojopalationspheteih exch kicpdedadaptinyisa duﬁblelmdedneogs&omlembd t ag

conpl ene nt 0 c%ﬂ:' ﬂs@% gﬁ%ﬂg&ﬁ&%&@? ta%@%eé%nt J‘:?In r{nh% cl’ggm xm’émﬁ]set of Of

each nucleo i de 1 on O €0 els ter
successively. ° 01'80'1“01301'2495, and (fia PWE‘P‘IHG&F‘@M ¥ ah icomplementasy 1o apartion of %ﬁfaﬁﬂ

i denti fying furds AR polyntdisties whérein ledhligehucleotide of the second minimally cross-hybridizing
set differs from every other oligonucleotide of the second se"'":: '_ y at least two nuclzotides; and
(e) determining the identity and ordering of a plurallty of nucleotides in ¢ach of said
25  protruding strands of the cDNA molecules by specifically hybndlzmg a tag complement to
" each second oligonucleotide tag of the one or more encoded adaptors
wherein the populatxon of mRNA molecules is ldentlﬁed by the frequency distribution
of the portions of sequences of the cDNA molecules.

300 17, The method of claim 16 further including the steps of ( f) cleaving said encoded
- adaptors from said polynucleotndes with a.nuclease havmg-a' 'uclease recogmtnon site separate
from its cleavage site so that a new protruding strand is form d on said end of ea:h of said
cDNA molecules, and (g) repeating steps (d) through (f).

35 18 A method of determining a nucleotide sequence atz an end of a polynucle stide, the

method compnsmg the steps of:

adaptor is a double stranded deoxyribonucleic acid comprlstr_l_t_’ (1) an ohgonuclec tide tag

-65-

SR LN s,

+ieNDED SHEET




nunbe‘r. of ‘set's of tag conpl enents equival ent to the funber of nucl eotides
to be identified in 20 said portion of said-polynucleotide. . . 21.
The nmethod of claim20 wherein said step of- identi fyl ng- further i ncludes

providi ng: sel@&édjfrc;rﬁg m%ﬂ?(hﬁ:qgsgrh%rtdnz l%%e%g :‘3 ngo?]igéd!.tlﬁgﬁt a;hct)it(lﬁgat g&u%a%apab l'e

of indicating the presence o si gnal
generated by asf'F'li’dY*b‘é‘dé?Rm%‘I"@ﬂ&W‘@érﬂ’e?“at’ Pragstiaed ofthe, PQWWI@IIQSWM‘S@M@ a

different fl uoroagma:eot&negmé m%ﬂﬂ[y&frés%ylﬁ@:ﬂg&&etfdi’ﬂfer?ﬁ‘&h everysth&lboligunali8qigk de.
22. The nmeth o ins 18 to 21 wherein said oligonucleotide

tags of said thes%‘%&%ﬁ%ﬁ“ﬁ'&é’ﬁ%ﬁ?“gesare single stranded and said tag
conpl enent s3t o- sai d(hilldegtlfymgloee)onmlwem@@ndesmthepomo" fhilid serassd ofalieded such

that specific Wgﬁﬁc@oﬁ@éﬁﬁge%a}ff%naﬂm%l i Q:Bx'rlﬁllexagﬁt t(g&%a@n@gnhéé &he

respective tag conpl enent, occurs throu t'SO
23. A corrposFt“?°8?P§S‘PP‘ﬂ‘dt¥@ thewthri sing a plurality of doubl e st randed

ol i gonucl eot i de (c) c&d\&ﬁg thé &cb&dlaﬂﬁatdrfﬁ@mftﬁ&’ éﬁu of the polynuc[e@ﬁde]wnth a nuc!ease
nu C

- 66-
conpl enent, p |hé$§a§ 4?1 cle se ar?cggrwﬂtr;on Lfbte sefarag frgm\,’t Ss(x?f]so (t)l}at %lnewsprotngimg
bl ocki ng grlgup Stmdll%fomdlahﬂlegﬂi’Oflﬂ@tPﬂb'Gml@Jtldﬂde i ncl usive, r is an integer

bet ween 0 and 18, d hefhelsid roli an integer which is either between
four and six, incl uél)\l/?e &%gnzgv%rﬁht hgeﬂ(g%coded -:adapt or has a nucl ease

recognition site or i-s 0 whenever there is no nuclease recognition site, q
is an integer df.eat &he inkthod aficlaim Ugivhérein Gaid prottuding steamdofisait egotdedgdgpdrer t han

o o o SOt R 2 o muceprice el HORUR ARl AR DETGIYT,
ol i genucl ed?id éylzsrdwmséu@se%swe s#id tag somplmréve Fajd ofigonyclegtiiefagisuch thotthelidentity t he

set by at . of each nucleotide in said portion of said polynucleottde is determmed successively.

20. The method of claim 19 wherein said step of identifj?iﬁg further includes providing a
number of sets of tag complements equwalent to the number of nucleotides to be identified in

20  said portion of said polynucleotide.

21. The method of claim 20 wherein said step of identifj'r:iigg further includes providing

said tag complements in each of said sets that are capable otfriﬁdicating the presence of a

predetermined nucleotide by a signal generated by .a ﬂUOresééﬁf signal generating moiety, there
25  being a different fluorescent signal generating moiety for ea_i_:-i;-.;kind of nucleotide.

22, The method of any one of claims 18 to 21 wherein saxd oligonucleotide tags of said

encoded adaptors are single stranded and said tag complem : ts to said oligonucleotide tags are
single stranded such that specific hybridization between an oligonucleotide tag and its

30  respective tag complement occurs through Watson-Crick ba'széjaairing.

23. A composition of matter comprising a plurahty of double stranded oligonucleotide
adaptors having the form: '
35 51 -p(N) (N ) (N ) g (N ) g (N),

Z(N') (M) g (N') g-5""
or . :
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| east two’ bés:epai rs. 24, The conposition &f claim 23 wherein r

is between 0 and 12, inclusive, t is an integer - -- between 8 -and 20,
inclusive, and z is a phosphate group. 15 25. - A conp05|t|on of
‘matter conprising a plurality of doubhe )St(ﬁa;‘ldﬁ@l )ol(ﬁgprugol eoti de
adaptors having the form -p(Nn(N )r(N
)s(N)[err](N t-3 20 | 3"Z(N’n‘N be (N ’s(“"q‘s' z(N') r(N

yLerr](N) - [err](N) t [err]’

p( I-\IZ% rN)( [Nel)’ L ]eE rN] IL rg I[Ifsr N]u}%‘ot dre]ar?w )‘T its colm(pﬁrr)e{u gp afgosphate gro V\% zisa .Nh)lldroxgl ora
'nucl eotide and N lOFIQHS $rOUR: B 3N entesat betyeen apd plisdysivairds aviniager beWF@ Oand'18,

hydr 0Xy| or a_ mcluswe35 is Bh Rifdsbriehidh iO8kiher Betbeen Bdur hﬂsﬁ@ﬁkluﬁ@é W@l@tﬂ:v?r tmc&ied
i nclusive, r an inte et ween

i nt eger whi ch aﬁ‘alﬁ?’t’%? lﬁéee%é&cﬁswa‘ans‘taﬁa@ “5!“’“"1"?1’65‘?5%15\98 ““‘ikﬁé"rfé?f’éP"‘P%’é‘e’
encoded . aslapintgeriyreateathaniorieqeds 0, andysad ineger grehter thin orsqihl vwhss areh(di), is

there is no nu ?ltfg?ess%aﬂﬁﬁ ng.{\ls ge'le?.{cl,d %Jo&lea mitlj "ﬁ&ﬁ croksshgﬁndl lﬂ% &Y gf ol%ﬁ:ﬁ.@{eﬁﬁde& Qx@ﬁ' or

equal to 0, an reater

[err] 35 10forthes eeph@@amuelemdp et ﬁ'ﬁeﬁtfsm%w@thebphgmﬂeam#m thegst by at

. cross-hybri di ziggt SRtbasbairs. ol i'gonucl eoti des such that each

.- oligonucl eotide of the set differs fromevery ot her ol i gnucl eoti de of
the set by at |east two basepairs.

-67 - 24.  Zkhe compobitien efintgim 2B whereingfis tptwedenD 2&d 12 inclufive, t isian irtegemeen

- 0 and 12, incl Ygiween 8 bnd 5, RBludite, g,g,ezr,sa phosplggmn 12 and 24, .inclusive, and
Zis a phos%hate group. .
25. A composition of matter comprising a plurality of double stranded oligonucleotide '
adaptors having the form:

5"p(N)n(N )r(N )S(N )q(N )t"3'
20 Z(N') L (N') g (N') g(N')-5"

or

PN ) (N )g(N ) gq(N')-3"
31 -Z(N)p (N') o (N') g (N') g (N')-5"
25 . _
~ where N is a nucleotide and N' is its complement, p is a phosphate group, z is a 3' hydroxylora
* 3" blocking group, n is an integer'be_tween 2 and 6, inclusive, r is an integer between 0 and 18,
inclusive, s is an integer which is either between four and si;\':, inclusive, whenever the encoded
adaptor has a nuclease recognition site or is 0 whenever there is no nuclease recognition site, q

30 is an integer greater than or equal to 0, and t is an integer greater than or equal to 8 such that

(N )¢
(N") ¢

35 forms a double stranded moiety selected from a minimally cross-hybridizing set of

oligonucleotides such that each bl_igpnucleotide of the set differs from every other

_olignucleotide of the set by at least two basepairs.
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. 27. 'The'cbnposition of any one of clains 23 to 26" wher ei n menbers of
said minimally 5 cross- hybr|d|2|ng set differ from-every other menber by at
| east si x nucl eoti des. Ce

26.  The composition of claim 25 wherein r is between 0 and 12,'i'nclu'sive. t is an integer

between 12 and 24, inclusive, and z is a phosphate group. "

27. The composition of any one of claims 23 to 26 wherein mémbgrs of said minimally

W

cross-hybridizing set differ from every other member by at _léast six nucleotides.
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