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*a00002* ~1 1D PHASE S ~. . ~.C |' ON OF DIFFFRFNT1ALLY EXPRESSED GENES
This is a WQYIPE29Y i on-i n- part W ' U. S. patent app‘f%fs]"@ﬂ“ger.
No. 5 09/130,446 filed 6 August mlmwmg. s a continuation-i n-§& YU 2002
co-pending U. S. patent applicati on.&g{g. W 09/ 005,222 filed 9 January
1998, which applications are incorpor t'ed by reference. 10 The invention
rel ates generally to methods for identifyi differentially expresse
genes, and nor SOAID PHASE/SELFECTION QF i) R E 2N ISP RELDEL) G2
differentially expressed DNAs with reference DNA sequences cloned on solid
phase supports to provide a differential expression |ibrary which can be
‘physical Iy mani pul Fhigs a@orﬂi-nuﬁtibnﬂh%ﬁ%‘-f@@%ﬁdiﬁgU.Sl.giawiit hppli¥atién SérBio. 15 The
desire to decode the human genone and to understand the genetic basis of
di sease antl a0%/33Q.44f filsd chugynt L998) which is a caniinuationsipnartaice-pendng bt i al

gene expr essi pesn hiyd | - |Tpr oved
ot nods 1o aFAFy 2P R 90" 350 S e T BRAC e A5 SHfcr Al T
Aut omat ed DNAinterpoeated tnoreferencdnal ysi s (Academ ¢ Press, New York, 1994). The

human genone is estimated to contain about 105 geaes) 15-30% of which--or
about 20-40 negabases--are active in any given tissue. Such |arge nunbers

of expressed genes nake it diffWﬁM@s I n expression
patterns by avail abl e techni queS, especialTy tn view of the |arge 25 nunber
of genes that are Theinmvertiod reiates germraliyetolnethdds\fet "entifyingadifferentiallyst | mat ed
that as nuch as 30% of nRNA consi st f many thousands.of djstijct species
each making uﬁ?‘ﬂr%'§§3 A aﬁf‘ﬁ%ﬁ?”f‘ﬂé"ﬁ%t‘%ﬁfﬁ/‘gﬁg ‘{L%SfBF’(P&WXFl%b | ess.
than 14 copi egjffefintiaRy kxpre@dPDRAK vAih rRferencVDIA Yt qenéds @TirdE on38EPPRAsEdI Ti 0N
(Cold Spring Harbor Laboratory Press, New York, 1989). Even substanti al
changes i n exgupposs torpravide g diterentishexpesssian liborm sduchrnde physieallydi fficult to
detect in the_pres e oV, ] | Bl f abundant sequences. A
variety of tecC ﬁlpag‘gs’gi 'e%%ﬂsg%’ﬂ%a?g?ﬂédng V;géé‘l"%(ffg‘g:]ene expressi on that
differ wwgely in convenience, expense, and sensitivity. Commonly used | ow

resol ution *166166* 0 5 ~uN ZooZ techni ques include differenti al
di spl ay, indexing, subtraction hybrim, nd numer ous DNA

fingerprinting techpi i ' . :
24074414 ( 1995): u‘gééﬁﬁme‘ifecg‘??%{gﬁﬁ@%%?%"%%@tﬁgssi%arc ,mg?:%ﬁ%?&?gﬁa (
1994); Lingo diseast and Shost of etherdhysioRgicabstite§ ask6cipd diffdremiib geretexptession

| nt er nati onal tent .5 publicati.o 95/13369:..MC el.| and det al., U S.
oatont 5. 437, Bnect g kay Baying force ig dhe devlapimientof impEpved qaptiods fakpnahziig e

Hi gher rezpl ukddiqbdeiig DNASAHAR] étQe, BAidy, Aiftonhte@ DN SeQdnsRguaNce tags
(ESTs), e.g. Adans et al. (cited above); analysis of concatenated fragnents

of expressed AByyuptacademicRryss, Ney Yogk) 99k sHie humag  genome isastimated 20
484-486 ( 1995):.:7h $ 15560 . 276 7)o kO, ;

Vel cul escu et 5%1'1“.“% aoée}'ﬁll,g %%Ie521451§%£§ §f§%7ﬁabé§?{ﬁ%§§%ba%$ mecafég? lrnays of
ol i gonucl eot i amsgiven wasugniuchdage nwsbdre of oxppdssed grpesmakd i diffitwalt 1o track
ggg}lzggl ?ggbg?hmfﬁrwomggﬁ(rg%s?ojﬁsf %Cl%g %g SaVa.iFabH',' tec Cri]qei‘xrég, ees'\éec?alll'}"in %Felweg]fctﬁé la§g7e0'

[
X | LB ) A

25  number of genes that are expressed at relative low levels: It has been estimated that
as much as 30% of mRNA consists of many thousands of distinct species each
making up less than 0.5% of the total, and typically averaging less than 14 copies per
cell, Sambrook et al., Molecular Cloning, Second Edition (Cold Spring Harbor
Laboratory Press, New York, 1989). Even substantial changes in expression among

30  such low abundance mRNAs can be difficuit to detect in the presence overwhelming
quantities of abundant sequences.

A varnety of techniques are available for analyzing gene expression that differ

widely in convenience, expense, and sensitivity. Commonly used low resolution
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Sci ence, 278: 680-686 ( 1997); Chee et al., Science, 274: 610 2% 1996)
and the like. The latter two high resolution techni ques have g

as potentially 15 robust systems for analyzing gene expression; homever
there are still technical issues.that need to be addressed with both

approaches. In croafra ste e t.0o be, noni tored,.nust be knovvn and
i ggl ated beftﬁfrh@-ﬁ’é‘ﬁﬂ WFM%EW@EGP%V ?ﬁlnﬁnsl&?t&%l% yordjzatigyand. i ps |
have to be fmm&aﬁtnmcm rﬁlﬁﬁ%te%ﬁgﬁh% {a.ﬁeqwéﬁal aRgcleRy AGME Résddbdhf L8s: ent

type of organi smor specl e exa respect to mcroarrays
const ruct ed 44004414 (|1i9a95)jé{ubaak etalc DNAkjc Acids Basdarahad?: Shafrd8 QT994)

bilit -5 fold | t.ed under th
oy ol vat | drivestiat Seifees 2T 867 o104 ERuffir ey S FORRL SRR PR
(G ontech L%‘}]Bﬁ@éﬂ%ﬁ'\ﬁ@%ﬁ@ﬁ@ A1 k., @@dgétéﬁt 58@7@135%5@&%1 readily

re-usabl e. respect to mcroarrays of synthetic ol |gonucleot|des a
si gni fi cant Gese, I45: déé-t169 OY99hirent slas liks H@glsumowlpamhmndeﬂﬁchﬂpenm ve

chi p-readi ng_instrunent s ut suc ndth i.n C|a ablllty
o hany pot nEpa of SEEed Bt ESTIF o foXBREs o0, sBE RSB ) 505

| nst r ument atjr@hndatendRa Taghietts oTexpriassed Tsétﬁx%héﬁ@ (SAGE) d.£0vhagescafer BIYA
sequencers may be used, even routine eégresm on anal SI S requires a

si gni fi cant SstmoeRd0nt4486(1095) Zhang:et rs,ﬁlel‘!%olllfaﬁa &E4TROGOAY react i ons

and"the WPengl A EEN e R il ¥ Qae SRR R LBS ARRBIESE L0 | ol ot ocol s
severely |i gligemidiétidesdregol piuctdotides foh adptatiy dotnpkthétitahypolyaelestidesl t can be

shown that for organi snms expressing |arge sets of genes, such as nmanmalian

cel |'s, the Iffamepxmesed senesi he-Sehenaeal.oiciencgs2 e #hT469 C19955DeRisi espl.,
expr essed g%ﬁeﬁc+ 278XSEEEH Moo Cnéleetd §§€§#hg%4r\'§?§ rggﬁ’?f%@bpﬁ'\&:@ fRE | ow

e.g. Feller ntro abiTi I'catlons,

Second Edition, Yide. 1atter(t\ﬂ'0hlgh\£é§<ﬂutlo?a techmsquedlhave\sholon piéiiike las pbtentiallyc| ear
fromthe above that there is a need for .a conveni ent and ]ienleve

techni qé f SPOUShBYSIERSIGT sRAwzing geneLxprsssion dowskstyihere arp &till techpicalissyes ei t her
techni que. veriraerPEEad U AR BN apfroadinS, BYAlcriatay Sricfls, SEiche
scientific meaewraimusibe kabwen andusaldnﬂlshefmrbhaqdehmﬂ m¢ass dEt'fcremch as crop and
| i vest ock devel opnent, ng, dr dey, nostics,

di sease nané’@;‘é??@'ﬁ?‘ys éiﬁd&tgI ° %m&@@ﬁj‘ﬁ—%ﬁg e and
Accordingly, fopé\le?ycaﬁfei')écnt %ﬁbﬁ o'fBi@%ﬁishP& spBGitsS@mirkidl Wt ré&ﬁ&ct'td) MHiér8atrdys.

provi di ng a nmethod for i tifying and isolating differentially expressed
0

genes; vicghstrpctedrfeam SaidodelivgeadicDNAsR ¢ signifidapbdegreeraf vieorbikit eg€o245des on
{he-bast's ofy eRAkS i B PRI A b G an B Pl a B PER ol SYhPun 2

met hod for profl ess ers o

si mul t aneousDNA @xpmdomsyaexﬁﬁjsbfsmmual (Clohtetly Latpraotess Ppiar Altd,199gpnes i n
accordance wth whether their expression_is increased or decrease. under any

gi ven condi taeeﬁkesysﬁewlam W{jraadhli‘tfﬁ'@ﬂabf‘%r Withaespestyp ﬁacrpms@@m et d
providing a if{GhY sdtap bt rlﬁlnqifé‘étéﬂx‘irfs'gSI On‘iﬁggé %r of large

nunbers of ge es I SO g?’e ccording'to their expre i nvention
acconpl i2§heexpérmsse chipdreading instiujreentsspub yuthsgstemis heyanid ftheefiranicia) cappbdited

popul ati ons qf pol | eotides fromcell or sue sour ces .whose ne

oxpr essi on (4 AR pReBaitrs 15 pequentniag ovs Bg A SRSl ImSRuRIenrDaE
| abel ed pol Vi§HEdeSaky, 48 fin ektedsitd M&@hed bas@bf pmuéealhemﬁs BEFbE ERECSVehi Vel y
hybri di zed with ref'erence DNA cl oned on solid phase supports. Preferably,

the solid phautinesxpprssion apalysis eequires pyigmificant sequanging effert.reeg. sevrral
competitive HyRr] ALAALARED reBLiOhs I mdrdl iild 21c2fbd 8F type Is tag-generating

30 enzymes is limited; and the length (nine nucleotides) of the sequence tag in current
protocols severely limits the number of cDNAs that can be uniquely labeled. It can be
shown that for organisms expressing large sets of genes, such as mammalian cells, the

likelihood of nine-nucleotide tags being distinct for all expressed genes is extremely
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expression library which nmay be mani pul ated by fluorescence-activated cell
sorting (FAGS)) or other sorting neans responsive to opti caL ' §19a¢0§66
gener at ed WP aI53ed pol ynucl eotides on the mcroparticles. Rﬁ}ﬁﬁ'maw he
relative signal intensity of the different |abels on the mcr Fct

permts quantification of the relative expression 30 of particular genes in
t he diff er entlowongl Fellen s Intradustion 46 Prebabitify Theery anddits Applicaponsubegonens of

m croparticl es, havi rel.ative signal..in si.tLaes of interest are isolated
by FAGS and %‘%%ﬁﬂé&%&h}%&%&ﬁ%@g@% 1§Z lenced to deternine the
identities of thejf@lcfaPlrofthé S5dvRithal khere R8BS Fith BRPGTent ald SidSTVE TUTE

SKEET (RULE 26) WO 991 35293 PCTI LJS99/ 00666 Q 5 JUN 2002 Preferably, the
- met hod of t heeahniguntforanalyzingagen¢ expreasionisiiat prmnitsghe andlysis ef either knopmarovi di ng

a referenge popul ation af nucleic a g §£% SRCE ugﬁt é:cgg_‘d L%oﬁﬁip rate solid
phase suppor "IN BT °§hﬂ§'osﬂﬁ'l'cﬁtiﬁ'h & ')'; g?% ﬁg 58P 01°%a o1 of
pol ynucl eot i gggnediateappliessonchod 6RIgSn edicabaid soienfifiCrestdtein but asoin Lhdst ef ent

cells or tissues, the polynucleotides of expressed genes fromdifferent
cel I's or tisdapkedfigidsqual asicrnandlivestpeihdevgionaeat Pas; masggemeny,drug ,
conpetitively Lol Z ks el NGl eoti des of expressed
genes from eggﬂé@éﬂlﬁt’e&lg&ftﬁgﬁ?@%&ﬂﬁéﬁég&tﬁge |'sTor tissues with the
ref erence population to form dupl exes between the sequences of the
reference _popul ation and pol ypucl eotides of each of the different cells or
tissues dfch I O that the pol pHNEMABY Qed i NVENIIEN | n dupl exes on each
of the solid phas Hﬁ@g FAM ey It{oRGh I b Gildh
expressi on of theig?&cor é%’%’g%‘gfsr?g%ggﬁ’ég’hﬁ’ tﬂ%ld%??%?@ﬁ@% g'%? tlmsé(seues;
and d) det ectaimethad foelidentifydngautd isalhting djffetentallycsxptesskdgened; providing a

li ght - ti | s..af the. dupl t ached t her et furth
br of er ance. - chketigeites s soting BimRigctertn fhg Sask At bels b nace
Support accorgdhdghedPfrérbit opfitallsi el_s;lﬁno;aiﬂg@&.ctﬁwmlpr&mmcgcsdexﬂ?és@i;oa{oﬁtenI Y,

the reference population of nucleic acids is derived fromgenes o

pl uralitySof latgé hembers of génes simultanepuslysprioviding 2method ofiid afdherei n, the
phrase "pol ynucl eoti des .of expres enes', is neant to_ include.an

P oduced’ by’ CHERRHE S5ETR *fHREE M PRAGE e SaPeiitmiohoeraiet BR oAt Lo
by reverse t nadércny Riveartonditionty pfoviing Malethdd 6r itlehtifping irary lgedescdadA produced
by 20 reverse transcription of nRNA. The present invention overcones

short com ng iPROvidiag amethad foF massiveiyParailie) senatEsrequensing o darsapmiars of £ or
separating a&%&'ﬂs&n&&&x&a&%ag&%ﬁ bﬁ;rcéfoﬁ. differentially expressed w thout
requiring any previous analysis or Know edge of the sequences. The

i nventi o@0al so peiQurtimvedtidr aqcomplisties theseand ather@bipetschy providing diffentlyed 25

from unregqgul gt,e . LS, e 1m .0 need to

anal yze | ar gggbﬁgedn%gﬂgﬁg;%onﬁggjﬁéf étadeéglﬁferxspeﬁnoilt)lrsyg;}gﬁgc%g{)gs?ﬁefenf ormati on
on the genels eﬁp‘;rleksitge'rdsesbe (r:lcﬁhguéd%SInJcompmmgl gdmﬁict;bm?idragﬁfm lﬂbwdocllyS: SbO}c g
m croparticl es | oaded w 30 conpetitive ybridi zed DNA strands | abel e
with two di fP@b’é‘H‘?‘"?‘l‘%P §BM’%§E@9P“&*“QH§ ¢ sompetiivelyHiybrdized MBr esent at i on

of a 11 ow chagiaphe oD AlabRal drfid iaRRR Yubliorkso Bratlisl ihd foifs a8l @opéify Y Of

mcroparticles |loaded wth restriction agnents r sequencing. -
SUBSTI TUZE Slemmictopadrticlesayhich, \afengicB sompetitnt hgaidicaddPprovide a differential

expression library which may be manipulated by fluorescence-activated cell sorting

(FACS), or other sorting means responsive to optical signals generated by labeled
polynucieotides on the microparticles. Monitoring the relative signal intensity of the
different labels on the microparticles permits quantification of the relative expression
30 of particular genes in the different populations.
In one aspect of the invention, populations of microparticles having relative
signal intensities of interest are isolated by FACS and the attached polynucieotides are

sequenced to determine the identities of the rare or differentially expressed genes.
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0 5J UN2002 Figure 3a illustrates a preferred schene for converting

| sol ated nessenger RNA (nRNA) into cDNA and insertion of the cDNA into a

t ag- cont aia,'br;gmy gtor. Figure 3b illustrates a preferred schreTrsh900666
anplifying tag-c conj ugates out of a vector and loading the anplified
conjugates onto mcroparticles. Figure 3c illustrates a prefé}ﬁ

for isolating sorted c for, cl oning and sequencing.  Fi 4a and 4b
illustrate alter ngﬁ??fé%m%ds?%? g‘i’F’EJrﬂ“r}E)_ WF&@P@H E’ﬁlqﬁgg‘&’ﬁf%gged
CDNAs i sol at _%yi?rewdﬁfg@:e_?&e&de pulation bEsucRic &il kéquehiedlatadHedno agakatei s dat a
of mcroparticles carrying 10 predeterm ned ratios of two differently

| abel ed cDNAsolidphaae suppoits inuclonal sebpophlationsn b) providinga pomlatiarcefoparti cl es

T, e LR Sl P B S 3B 088,
| abel ed cPHNAgshes, itH@ﬁol%&ﬂBdﬁBb&%Mxpié_ﬁdegm@iﬂf&cx&tdewbﬁﬁﬁdesﬁlﬁrﬂg gel I's.

| 5 Figure 8 illustrates flow anal ysis data of mcroparticles carrying
| abel ed cDNAdiffeeent light-gansratisilghelic) Fompatityalyhybadizing thrnapwatiensedr r ow.

Figure 9 illustr : | ' Hﬁglﬁ' I r Yi
differently P§%@?bﬁﬂ%@?§%¥§¢%€g§éﬁn@‘n§*&%ﬁ’ g tt’f%g?gffs atrcéiéggrrruscl e
tissue. Fi gukigsuéwithltheretereroepopulatiobadonme dupietestteevéen\the séquendes bf the

constructing a 20 reference nuclei ¢ acid popul ation_on mcroparticles.
Fi gure 10B i Fei¢rsRGeAQPYIatiAN aRgp gotidss 0{)@%@? thecliffereascsiis o7 F?SBF%-‘Y‘S‘r'gof

Fi 10A t ' i " -
susriTUl: ShEEERRludBias o GEsllh diotCoR B BBl ppfery i
P errent - o tragnlptdioot s st of et corsfndéng g nth

| u | S S | u | . . [
o1 | Sonuol eot AT gels A cepiesd D urias § EaRts JRSicHL SETAL BPREtFy Yt hed
dupl ex or triighfggeineéaang@eﬂimap&x@b&fa@hwﬁe&t&.czmmwb&?&é&e, hesul ts in

atriplex, t gonucleotide tag may be selected to be either double
stranded or gicthpddncludesithiestep afsestingwach solid phasesupportrecdrdingdd thetrhigtiver m

"conpl e t" is ant, £ o _enc ss, ejth a_doubl e. st r.anded c | ement of a
single ST andREFFERY AstrEt Prueatly: fF Mlereher P UAoR Sh B IEG A lB et of a
doubl e st r andemved! fra® geites ©P tHeduraRE of different cells or tissues being analyzed. As

used herein, the phrase “polynucleotides of expressed genes” is meant to include any

RNA produced by transcription, including in particular mRNA, and DNA produced
by reverse transcription of any RNA, including in particular cDNA produced by
20  reverse transcription of mRNA.

The present invention overcomes shortcoming in the art by providing
compositions, methods, and kits for separating and identifying genes that are
differentially expressed without requiring any previous analysis or knowledge of the
sequences. The invention also permits differentially regulated genes to be separated

25 from unregulated genes for analysis, thereby eliminating the need to analyze large

numbers of unregulated genes in order to obtain information on the genes of interest.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1a and 1b illustrate FACS analysis of microparticles loaded with

30 competitively hybridized DNA strands labeled with two different fluorescent dyes.
Figure 2 is a schematic representation of a flow chamber and detection
apparatus for observing a planar array of microparticles loaded with restriction

fragments for sequencing.
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10 The term "ol igonucl eotide" as used herein includes |inear oligoners of
natural or nodified nononers or |inkages, including deoxyribonucleosides,

ri bonucl eoNUEBS2¥nomeric forns thereof, peptide nucleic aciREFYPNMHF6 and
the |like, capable of specifically binding to a target pol ynUﬂligtUiNj%ﬁ?/ way
of a regular pattern of nonomer-to-nononer interactions, suc

Wat son- Cri ck type Figukdadlipsarates agreforrsd schbme tfarcdonmertingimotps¢dmeassenger ever se
Hoogst een types  of se pairing, .or the |jke. uval Iy mononers are |inked
by phosphodi RNA{(mMEgNASinte cRNA awgdnserue f‘hﬁ EPT%@T‘PW %‘PS‘@BN&H\‘%‘WB’&
ranging in size fr gm% rhfe k Forlamplifts _SONGQ @njdeafes of
nononmeric units, eﬁghéqu% (E?ével;rua;n 0 |cg%nucrlﬁefg?tn|gg£eg;ag repr{adsggnt ed by
a sequence ofoutef & eestor anddbading tha REPUTHEd ‘conjugates dntdhmicrophrtisiesod t hat t he
nucl eotides 20 are..in §' -~3' order fromleft tao right an t 'A" denotes
deoxyadendsi ne, " Eﬁxgaxg St"é‘és%‘%?f&fﬂﬁ"n spheme dor ‘6%?}8}%%’“8‘28&%&5{%@?%? and
"T" denotes tipdregidhBingUnl €ess ot herw se noted. Usual |y oligonucl eotides of

the invention conprise the four natural nucleotides; however, th_ei/ may al so
conpri se non- nat urEigurefeland #b dldustrate| altgenatiye progedyresder ¢loning diféerenkiallyed in

the art when qli u i AV nat.ural or non 25 natural nucl eotides
may be enpl oy%‘&fcggeﬁg&%Fgﬁgﬁdgbé’?sgeﬁ53‘%@%nzyrres is called for, usually
ol i gonucl eot i des cRigties 5a-8Gihatraalow alalysicd£061 Bikfopaftitldsedityingd. "Perfectly
mat ched” in reference to a duplex_neans that the poly- or oligonucleotide

strands ndki rgedasemﬁecmﬁvwt%e@%ﬂfaeaaubbelcéswﬂeed structure with one
th h t hat i I 0 ) -Crjck 30
basepa; ring. w th o Rt it thatiuatl SAtaNGId N ey ©

conpr ehends tlaeelah¢DNAg froin stimilated andunstimdutated THRelhcells. deoxyi nosi ne)

nucl eosi des with 2-.am nopurine bases, and t Li ke,.that may, he enpl oyed.
In reference to a H1BRS|/SRUSTHAIRS o&%&@q&eﬁ{plcm@cﬁqs&p@ngﬁglegts of a
perfect|y matgiiehls dLile@ o hRNA BY [ 2undiite il stihiiaitd THFS Y @SIUr E sH- ~RU-

¥
2s) WD 99135293 PCTI US99/ 00666 0 5 JU~I 2002 every nucl eotide undergoes
Hoogst eerlSor r everBgutddatjusteatas flovsanaiysis data ofi mioropatinies sairying flabeled perfectly

mat ched dupl e ver T m tch" .in a dupl ex between a tag and an
ol i gonucl eot @%N%gﬂ%""?%‘fﬂwf’?@ gtf'"f“mf 1 ﬂbé%t’?ﬂ&v’i n the dupl ex
or triplex fails trigliedelgarawsiffodardalysisdadd ¢t micropaidfds @atyiap difrentigver se

Hoogst een bondi ng, As used herein, "nucl eoside" includes the natural

nucl eosi des, lpbriedePN4s fromyglysase apemal and ghicaseystaryes muscletisgue.as descri bed in

Konber g and Baker,g; ISAR entbodi 0 i,SC0) 1992).
"Anal ogs" in ref er%% I{Bg\qugggpcfes I nc 68£‘§Esynf Eaelﬁ%gg%%éﬁé@ i des havi ng
nodi fi ed 20as eefenénet ingsleradidpoptiatiom dn ierdparticjes. noi eties, e.g. described by
Cherm cal  Revi cus, W38 USSR 28 Grbbiigent ok Uk e Tafefdnct HEroBH % BB ! o
that they ar elm@?@,@a@‘gﬁpeﬁﬁﬁoﬁwﬂ}c%(&gg_glglggiong,uch anal ogs i ncl ude

synt heti c nucl eosi des designed to enhance binding properties, reduce
conplexity, increase specificity, and the like. 15 As used herein "seqguence
determ nation” or "determ ning a nucl eotide sequence" in reference to

pol ynucl eoti des includes determ nation of partial as well as full sequence
information of the polynucleotide. That is, the termincludes sequence
conparisons, fingerprinting, and like |levels of information about a target
pol ynucl eoti de, as well as the express identification and ordering of

nucl eosi des, 20 usual ly each nucleoside) in a target polynucleotide. The
tens also includes the determnation of the identification, ordering, and

| ocati ons of one, two, or three of the four types of nucleotides within a
target polynucl eotide. For exanple, in sone enbodi nents sequence

determ nation nmay be effected by identifying the ordering and | ocations of
a single type of nucleotide, e.g. cytosines, within the target 25

pol ynucl eotide "CATCGC ..." so that its sequence is represented as a binary
code) e.g. "100101 ... " for "G (not Q-(not Q-C(not Q-C ... " and the
li ke.
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As used herein, the term"conplexity" in reference to a popul ati on of

pol ynucl eoti des neans the nunber of different species of polynuclcotide
present in | ation. 30 As used herein, the trim"rel apj 700866
expression“§§§w9§g¥ative expression” in reference to a gene ?g?§§s to the
rel ati ve abundance of the same gene expression product, usual Ily5aUN082 in
different cells or tissue types. -7 SURSII.TUTE St ~EET (RULE 26) WO

991 35293 PCTNS991 00666 0 ~ J U N 2002 Eﬁgmﬂpg§ent I nvention provides

conposi tions, net hedgmphffinlt drStdgonipldhent! Aise@héreinvia réfRfceXPr ession in a
single or plurality of cell and/or tissue types that are of interest. The
net hods of theligcmmlcpndntacarpfmtcagpohmuclgoqs&tymmheaa@hmcberldw@e from

animal s, plants,.and m croorganisr o s _fungi La, : ,
cyanobact eri a?pfﬁf 3@,}'@&%&?% 0% ?P?i‘?‘é;‘é?%‘&vag‘%‘%‘ékggﬁﬁ% Ieo |c?31grﬂg'£[g
derived from qhesebdpscifib habridizaion Fesulto & § aipléxTthel dligbhiieotide thg rmapdeat i on
process, wth vertebrates and agricultural plants being nost preferred. The

plurality usuatlesrediohs qithesdonblrastanded ramglesrandeds Ehusy yhere topleResAT o
di seased tissyg Qh t?:‘é'térmt%B&Rf’eP&’en ' a.gnx ehé sBIEhe?‘ildouﬂJ@stu%R or such
as a cell or tissue type being subjected to a Imulus or stress) e.g. a

change of nut goplement efgsingie stranded oligdmcleotids tag orla singlecsnrandapcomblagente! |
or tissue type._.in unst re\issed or ynstinulated state. In another

enbodi ment , tﬁéaEP‘?ﬁﬁﬁm ghisqryglspidstag, pair of cell or tissue types
having hompl ogous gﬁ@?c%n‘%klg%uﬁ&oﬁﬂé’* uséd Eéréiﬁgﬁlﬁ%ésqifgéﬁlg?% Of dititaS 'S -

The plurality may SO I nc e nore than two cC ue types, such
as woul d be r egmodifitdinmormmersqgrdinkagss, intludingrdesxyribonpeledsidessribénucleesidesye

cell or tissue over fine, e.qg. liyer cells r .exposure of an organismto
a candi dat e dﬁﬂﬁ?%é&ﬂsgﬂ@gmné? °%‘?‘?¢N®”&Bf£’e{‘]§%t‘: Poprent al
states, and t ; 3l |edtidd by Wav 8f Zretulad naftern off L1 Ssue
types; and m?gect)t}dea?%rbg{)ﬁ Bi.wgt%dﬂ!%‘edlel or t)}; Sg%q t§/éggsa.§p20 The nethod of
t he i nvent i onntoppineetd-mopomerintecactions, suaki as WatsoneCacletype of basel pairing, base
nucl ei ¢ a¢cid sequenges attached to.,separa solid phase su rts.in.clonal
Subpopul afs onSBaHPEFaReNs e bF FEuert HRRBREE el B b BATEE, Gt BB AG, st
expressed gengfonomehy dréllikedby phospliodiestet bords br alaldgltherest odbimles of
expressed genes with the reference nucleic acid popul ati on, and detecting)

and pref er abl pligenuclentjdesrarginginssizs fomp RSk MATORmETIE UBIS: 6:8dP iy t9 BVl EPEt i ve
optical si 9na'ofggggrg?ﬁr}gg?%gpﬁ)és’apmév&ap %ﬁE&ﬂxcfeﬁﬁ&@{sﬂ%&&M@gﬂ%ﬁce

illustrates an € I'nvention for-constructi are
nucl ei ¢ aci d pameheofdettars) suchcasOPAAGCCTES it wilbberinglarseodd(Batithé nsdleaides an

enbodi ment for usi such reference |jbrary [o conpare. gene expression of
two cell 239 pé{ﬁlpé'gl‘lg’ar&'.ﬁ"rl\ég’é F‘gﬁmd( A °§°'§§<5$°&%’ °Emf03:91) from
cel | popul ati GRgntés cﬂc@?@%ﬁflﬁ! ‘€G'1@é?:%%efgg%:§3%g%ga@%ﬁ§%0ﬁﬁ'deﬂéﬁé ffyHidink0_gi ve

two popul ations of polyruc eoti des _ r ’00{3)) respectively. The
extracti on reaolesotiermase notede d7suakdyloliganueleqtides pfthg invention comprisathe favr cel |

types. Preferabl the reactions are SUBSTI.TUTE SHEE ULE, 26 WO
991 35293 PCTN§_§‘§¥’68%§6°‘EFE°§' Very B et A ST AL 5&?&‘%"&?&%“{5%

rel ative quantyi i cRar fthes¥Killed Gthe AR viheR oHSeHilcRbi@éshatig Maturildreioneadi |y
controlled. Portions of nRNA ( 1006} and nRNA ( 1008) are conbined (.1 O

10) and cBNA mpwral pycleotidss mayibs emplayed. a8 dthergproeassing by enzymesg called for,
e O = . : d
Gebori bed i 1 SIS ANEN Rk, jofbiting dF (AREA RHRRGT L aidtelifed DCCC 2

portions of nRNA) I‘Perfectigmuasdhedbinaefernaeta ¢ dupdsx meansitidt ¢hre polpnoreach
popul ati on of . A.ganple of vectors.fromlibrar 1012).is taken and
opli 11 ed. o, gueayeisnyiagHians Mok b el Torn RaRithe i e N, o1
the like, aft @hesihetsuchlisat bvdy abtiotideih egthistand underdgbks WadtéoneCriély t he
vectors are excised or .copied g 1 Q011 G and then 10 isol ated. Loaded
ni cr opar t P8I e $REPUIING Myithrapucicgtidein the athsr s@nd.oThe tsamialso compaehends/Be

pairing of nucleoside analogs, such as deoxyinosine, 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
-6-
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hybri di zation as follows (1018). The isol ated tag-cDNA conjugates (1014))
illustrated with oligonucleotide tags a) b, ¢, and d, are spgglfi

hybri di zed WO %MB8¥particles carrying their tag conpl enents EHI{JE%%G%:%
d ( 1 O16), respectively. The tag-cDNA conjugates are |igat§d tJUN £§02
conplenents so that at |east one strand of the double 1 S stranded tag-cDNA
conj ugate is ewranugiedtideamderghesdHoagstebmonmieverspHoogsiean. assgciatiopayith &| es

i t - cDNA . i t t f t th . d
g- SDNA con] HRPRE STt ARy HAeRARER Rk Pant 8Bl Ao amatl e BT S0t o1
(FACS)) or |ikewessh tigiatan ofi@enutRdtigOMmednhdt s pRidarehsidt StrRdrdds iAthd ed

off and separated fromthe mcroparticles to yield mcroparticles ( 1020)
carrying a refleplenertripirxfaidy toiuaderge JVasennoFrek and/orAloagsteer ardierigverse Fi gur e
10b, gene gxptgessi lls ( 1050 may be conpared to that of cells (

1052) by sgpa%@f’éﬁté}%eb)%%g%gting ( 1054) nRNA ( 1056) and ( 1058) from each

cell type. After cpaesbédieréin,'naticodihéX ihdhides theemantrailfieldosiies| ificlidifigR'- usi ng
conventional protocols sinqle stranded nucl eic acid prqobes are generated

fr o][n t hgl 25br é%%@?ﬁ\?lehm derms &8 %rﬁigscebs@m(ombarz(anﬂ@(ﬁ,qm pr oges
R T I I e X

( 1068) and R m ne an anount s of
t he | abel ed paoliciensides aiclufles syntheticinueldosidnd bhyiog imbidifiel tasé ioddties and/oe

| t trand ied by fhe.ni ticles. to,f |
Co7h) At 18r G Pt it ¢ ety By SERGE MasfRros anlodk bR FBS: he a0
dupl exes t her glay, Yérk"Es80§; Ullfrdh afidPeyans Chériidal RMHARS, 90N543-584 99G)Sot O

predeterm ned criteria, such as fluorescence ratio, fluorescence intensity,

and/ or the |i kelikenwith e aalypromise thas thop exe dapable aEspstifichybridizatina Sush

i solated and further a| . i to up-re ted or
down-r equi at e A SRcIB8EviAEH: pSafhsias) HRTRERE) LIBRAEihEAa  Rolids ok
PCTNS99/ 006 G5 céinplexity/) increade ffieity adndlthvliie. | N accordance with the

i nvention, nessenger RNA (nRNA) is extracted fromthe cells or tissues of

interest &§ing condeyssddiessin pseguence determigayons or odetermipingagiucietids| e,
Sanbrook et a b L0Q: : VY ToTIF=Y it (Cold
Spring Harbor L%B%a?ﬁ%&?éﬁgvﬁlg%l%qéﬂbe gélgg%y‘%é i el%lgﬂl? ?g%ln('%%lss ol nRNAs
t o be conpar etulbsequasa udomsation pf theppopmuclitotales Thht isathe karoh inElhides sequenever se
transcription_ in the presence.of a, Jl.ahel ed nucl eoside triphosphate using
conventional [YBRBES ﬁngcrgnn%%fﬂgte ?S.?P‘%@F‘Eﬁ%@%f’b‘?a%éﬁtﬂo (1995);
DeRi si et al . poiphicidtsiide, 228 el CBMSEPrdss iRftTficatiOh ahd Srdeiki of Midikides)

hybridi zation ' to a reference DNA population. 10 An inportant feature of the

i nvention20s usaily each myisleesidodin g darespebysucientidee JoF serpalspymcludessthe di f f er ent
than those of d&tbzg‘:ﬁﬂﬁsdeb%[%fgtfé idenefcatib 3@38%&&@? &%Qxe,%, pgnrhgég%gf%&ed

separately from are not regu or ot herw se
response to walr epes ofhuckntidesr within ditargetpolynubledtidy. Fowdkaniple Aa so@scri bed

below, in th . d enbodi nent dyct t |l t]
of i er ost | aFEPRUMSRE StauTBrS STIAAIER Y 8 S B KEPEPEHEEe BElsTEE Dy
consi sting of |dhifenEFHe Wéﬁm&éﬁwr@! SRedinSIwRRRthSfakgRS t0. separate

mcnparticles. As a result, mcroparticles carrying | abel ed gene products

i n rati os2f ndpelmycieptide ' CATENC ol se syat Bssequencaisrepresenied gaa binani caded €.8.

anal yzed sepak by f.rfbgm.&['mgtec)g@g{éj_e n!)t, gd:ed“ g&pﬁeﬁcgducts in ratios

i ndi cating no changé in eXpression, e.g. "hHouSe- Keeplrng™ genes, genes
encodi ng struct ur alAs 2edtrendin, ths termrcorysickityk én referendeao aipopolatiamsdf f eat ur e of
the invention is that.the identity of .the nuclejc acid being anal yzed,
e.g.) genomi cPRKRY ?°t’g§‘§§1’é‘°ﬂ}sd‘gﬁﬁ b%e&ﬁ'?é?“&m,“ ﬁ%ﬂ?’“’ﬁiﬁ?“gi’ﬁﬁé bt , or
the |ike, neeghepuldioknown prior to analysis. After relative

and

30 As used herein, the term “relative gene expression” or “relative expression” in
reference to a gene refers to the relative abundance of the same gene expression

product, usually an mRNA, in different cells or tissue types.
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expression is determ ned, cDNAs derived from expressed genes may be

i dentified by 25 direct sequencing on the solid phase support, preferably a
m croparti gi@eo3k3éng a nunber of different sequenci ng appr oaBEBYSIHAE66
identification, only a portion of the cDNAs need be sequenced :Jg lﬂa%
cases, the portion may be as small as nine or ten nucl eotidesp ~e.y. 02

Vel cul escu et al. (citedsbpxRED BESCRIBPION HTHESNSHENPN at | ons  of
differentially expressed genes are sequenced sinultaneously using MPSS, or
a simlar 30 paral The peasentynventior pravides eompositions; grethodscandriiis donanakyzinghi s

sasoneen’ S0t IR S R Mol S UREG B0 B e
i croparticl e jiierest. OtheMidthddd AT ARIMéritioN car\Be BiSIikd6 pBlyRlcikdtaied démad frathonal

subpopul ation" refers to nultiple copies of a single - 10 SUBSTI TUTE SHEFC
(RULE 26) 5 \\enigpis3plot, mdmigsowsgogessughys fungiNpapoz. myerplasma,

pol ynucl eoti de_se | | : :
i brary const F&ﬂ%%%’?’g#%%ﬁ%&ﬁé%o@?c%&&éﬁ é(:éﬁq?ﬁ%trlgqul gg%gza\?\ﬂgesdgwgéne
expressi on i s afigalyy phnt! of 26icroofsaisns|igvalvedsiv lfooiintAlon Process witheverebraed i n a
nunber of ways, i n(,:Fudi ”81a§i§ separate gnpli5cation of a poynucleotide ?nd

t

attacnent by @hIEHLERL begFRet PRYSERds ¢ Thegjurality EQrRpRSER a pair o

Bi oconj ugat e ki | L : r exnl ai.ged nore
Ful Ty bolow SrbaytEBREsAars EubtanafsshPlt o e AELheqldy (SUR 08
"solid phase cypenomsyth ds scelbertissiatype being sybject& topmstimuludotdres) 2. and
Brenner et al.) U S. patent 5,846,719 i ch are incorporated herein by
reference. Brf gofg té‘ltBWBFmE'Eer%mﬁv@ie'r G‘?FgmﬁFB”F?Pﬁ'g'ﬂgﬁﬁﬁﬁyﬁsPﬁF’ﬂeng an
10 anplified gpifinedsed s0ntdtiiacd staR! ﬁ%aﬁam&e%%dﬁﬁmm%epﬁmrﬂcahase
support(s), e.g., separate and unconnected mcroparticles, so that

i ndi vi dual i coropaseta pairef cellror tissue dypea having homelogbusigéngs,guch asggblsor, have

attached mul tipl e .copi of the.sa ._.lhe (oY) nent of ihe - DNA
conj ugat e can"gsé'e ?ﬁﬁgf‘&%é%m&?ﬂm&%%;% ma%“dﬁﬁﬁgﬁw&‘ﬁahf@ fﬁt{ﬁ& or a
synt het i ¢ PNA}issud &fpedSsuch 8¢ wdbldDeFeqUiRd iRa c&hbﬂ%ﬂfb'f@%ﬁ%n paiehBlofley t he
tag- DNA conjugate is a cDNA or. a fragnent of genomic ("gDNA"). The
nunber of copisame ¢fll e UsEMerOvSF tigoNagi liven cellsafigr exposwisofianorganismelp avar y
widely in dif~ odi s . f incl udi ng the
densi 1y of t aguidhiats SRBALHT R I TREP i) SUARKR GveloBelal splel Sl e
conposi ti on ofiken Prefgpably, the pluraitylis 2 ére3 cbllrorttissue tgpeshyid moreaatembly, ¢tds i on,
20 the conpl exi of the tag repertoire, the concentration of individual
tags, the tagSehX LIHHNESi ze, the | abeling neans for generating optical
signal s, e parti okl 3Rion RipFis | GUST the Iike.
Qui dance ?gr maki n?gggi gg.dg%;)einiges rﬁ%@% dtao th%aéslgg}ngc oa?]sg}ﬁrgﬂrgeadi |y
avai | abl e i n pbrulatiancafaucicis asid sequences/attached tp sepdratoselid phase supports st opy,

| | 2 ' i di A | d d i ol i 1
epr osent ed by orHtbpgnbraiont il f 53R B BRI AbRIOMARES of ©°
copi es of a ClRphessed gerpiiNiybiidizingcthe pepulstiongy) P pallyhedledtides of éxpgdsedit gens

permt FACS det, cti,(_)égzand/or sor'ﬁdﬁr’lg of m cr%ar ticles, wherein fluorescent
signal s are gdiBthe ederegeeayeler acigpapulatign,and defecting, andpreferably soriag cady by

th DNAs»at t } j i i b
ec 28t t 3oheshatOsdppéit %@erggg% % fdlftive o§u%§gn§y%ﬁnm&ea %@%@gscan e

as low as a few thousand, e.qg. -5, 000 uores cul e
such as fl uor easbeditheretoysed, and as | ow as several hundred, e.g. 800-8000,

'oadea m cr opar 11 cf S A iBeR PR ShaRIS A fipionde ghoricgas ~ """

instrunents, edferende mitleic acid population on microparticles, and Figure 10B illustrates an

embodiment for using such a reference library to compare gene expression of two cell
30 populations. Messenger RNA (mRNA) is extracted (1004) from cell populations

(1000) and (1002) using conventional protocols to give two populations of

polynucleotides (1006) and (1008), respectively. The extraction reactions can be

carried out separately or on a mixture of cell types. Preferably, the reactions are
-8-
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SUBSTf TUTE SHEET (RULE 26) 0 ~ ~0~a ZooZ WD 991 35293 PCTI US99/ 00666
subpopul ations consi st of at |east 104 copies of a cDNA or @NA;se906b66DSt
pr ef er abl y,wq’ﬂwi"ﬁ?r’h enbodi ments) clonal subpopul ati ons consi st of at | east
105 copies of a cDNA or gDNA. Label ed cDNAs or RNAs fromthe (&I JN 02002
tissues to be conpared are 5 conpetitively

hybri di to the DNA sequences
of the refer efEECHRM sepFACHH SoFRat RS Feiative ﬁth%ﬂgmﬁﬁ% fTom e tVon

conditions, e ' ' 1.?1(]3 t eIRNKER si
et al. (ci tedpg%%lve ; c%?bgwgﬂoﬁ?‘ﬁ%h%%?%g% §§ (Senr??!!ft e A"(mé}%%r oar?gys, "
St anf ord Uni ve¢rogsy yre(cothdiifzd (1038 andyDNAdibzay i( 1012) éscongtihioted inSiegoss i S
generated by each of the two_| abel (id speci es of aDNAs .0or RNAs so that a
rel ative 10 of¥FHRE 2&5RGAAIre pEolonurirtideagsoin aserrrante ik he pracedure

Pr ef er abl S : ' ' I r A

fl uoresce%%:e gg;tép\glg% ié‘?%gﬁrggg'r’?j é%,&(t:)éral? ?E@yﬁsﬁg%ﬁtﬁ?’ t\[/l\ﬁicbé’hﬁ'?ong'rort;i ts the
m croparti cl e mRMNA hice. sanalenolangliantiesnare daked frohmeach pepuitiioreofpRNAal Asi gnal

fall with a predetern ned_.range of ues, The m croparticles | oaded with
CONAS or | RuA SHRRIE PEPRYS FBbted (SRl HRARPITRE, £ BT nge. my
be 15 isol at edy AR feabGsH) trahdfioRind Sl o e liRa! @RePWhith the AEEBNAS

described nore fully below. Preferably, clonal subpopul ations of cDNAs or
ot her DNA nol eonjhgatesddp]4)carried SytiRnpectareargiexeisddear copiedi( tldpand thehes usi ng

the processes.il | ustrat in_Fi e L First s il.lustrated in
i qur e 3a10 niRatshchoaes mioma ety s il Mitheting prepiep e m PR

i nterest usi naysilzAiohias Aetlowsq L0VS) GTRG isalatkditsg-CONACGonfgaies { 112N WutR0R)
with ends appropriate for inserting into vectaor (316). Preferably, priner
(302) Pavi gg a1ty oligppycleptids tags ach ¢ #Kl & aErspesiBealiyrhybodiged F%méﬁﬁ?l@?!l‘éﬁ tod
mMRNA st rands - £ str 0 i ze
with a revers(%é'?lg)zla%g%lrritt aose‘n F’Hé‘i‘%g'fwtés'ﬁgg {)119 ?%s?%(gi?lly. ?hé%Q.CWA
deoxyr i bonucl eogugkrestare igamedfoatgsompteméns sdihyt at feadtonesimand dethve vioybledi ne

tri phosphate is used i ace of deoxycytosine triphosphate . in the first
strand syh he§Wféf§@gtmk§mgi‘3wv¥l§x‘ﬁ¥eﬁa9%tﬁ %‘PB‘E?PM%pt for the
region correspgag %cfe@c&?ﬁﬁ?fagm corfjligatestird SEralld 0th tHo3O that BOnEONL AI N &

nonnet hyl ated restriction"site for rel éasing the cDNA froma support. The
use of bioti ncamy agicNA couegatesspietarably nsing a fluergsacnee-activatedicol setat ot her

mol ecul ar cap ' r_oj 8 o] ed. e 0. 1riplex
capture) or tk@x‘ﬁ?‘*{g?ﬁ%e%ﬁg%nfngo %n(?SD le)’rs%)"rey a(@@%d s%?‘ﬁ?bsrrg?}fég%g)ﬁdai ns a
sequence of nyedapaéd fiem thewmicrapasticldsto yield mirdpartividsi (0020)fcatreing fairéfetende Si t €

rZ (304) u6)on synthesis of the second strand of eDNA (309). After isolation
by bi ndi ng0t hBuHFisAFidPORYIBEORDNAS t o streptavidin supports, e.g. Dynabeads

-12 SUBSTI T(af E SH L 26 5

Sl o, Rotvayy or 1 Lugsfalelinf Plgyce fogehtiehoSor SELBH-ANS Mhayte tdiifigtd
restriction etuthatef celsE 0HR) bytseparatelysextraéting¢034) mMRNA(ROI6) land (D38) Gbmt he
C d whi ch ' it . (307 ef ~ i four-b

€ 220, MR B0 et D CSRRLENE e (e 25
SnfS_ur e; thgt _ wb&hadsrtand 'ﬁio!tcy:om,liiingl? st{nﬁﬁe@ MDNAS.C aépi? tpﬁdbeam%eﬁﬂdte?hmn tll)ﬁis sane
erl ne en I S roauc In all O C . er _wasni n 1€ C are
Chen ol cadad FPHUHS DN PRAMITTE BRI ghr Rl bries BRSFR g

f ragment (308xvimpﬁbany3diau{ghfshmel f8drestemtidYBIR{ theB PR ght?%?,i Sho@iniag ol

precipitation, polyacrylam-de gel electrophoresis, or t . e. After
resuspendi ng iand Suorgsspino Fiquak amayoisiafthe labaledpaiynucieatidss arsmikedandi onal | y

wl o ends. ( 31 2YoEd0TI Y0 the PP R 1Bl el the WMitroRafieftVd s, ©
"stuffer” fragupiekesi(t074)eAdiepthe hgbridization s conthiété) rhibfoparieles careyingthea ful |y

cl eaved vegtor, for c]oning.
38 duplexes tLergay f%rmcd (1074) can be sorted (1076) in accordance to predetermined

-

criteria, such as fluorescence ratio, fluorescence intensity, and/or the like. In such a
manner, subpopulations of interest can be isolated and further analyzed, e.g., those

corresponding to up-regulated or down-regulated genes.
-9-
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Preparation of the tag-cDNA conjugates is not limited to the nethod

descri bed above and can readily be achieved in a variety of ways using
convent i onwio 9938293ul ar 15 bi ol ogy techni ques. For exanpl e, FOVTAISINA0466
prepared by conventional nethods and isol ated by gel el ectropﬁ;grgﬁwsmu}hl S
method is Less preferred in part because it would bias the si

di stribution of tReramafysisénaccopdunde aiithahe inVestidng ghesseagereRINAL (adied) sy
| i gation of adaptors by PCR wiith an_oligo dT priner and a random pri ner,
or by RACE t extrstaddiRm tiscells pwgsseesg mtexesnm CQRVENUANAh BEROCRISHAS  3: 95 99:

nglhlrr?lncatz?owsébf%d ég %Mﬁ;}{%ﬁ] or| es’ Nﬂ%ncuég%kﬁﬁa%magw Me tag by

cloning int olzﬂ?dd E&nbn(Cold?pfingﬁarﬁmd_th&my I}J&v Yoeit)e (Arefdrably, tlwp@ﬁmlnons
reasons, includin ability to generate |ar uaptjties t he
ref erence’ poﬁﬁ‘l"gﬂg 0 9§P@B§r°§2ﬂt@° TG nta RAPY ‘Pas 9?'@*’%’5‘? 89&7\5;93’9
quantities), re@ chlaﬁscﬁﬁhéﬂﬁ%h&@rc@&?c@‘&fﬁ%e?ﬁ%ﬁ%%ﬁd@&ﬁ %ﬁa?&usx wp After

formati on of | brary of tag- conj ugat es host TCells is
usual Iy pl at enmvt:ntmmt protricals, €.geSchendetral o Scienerdd: ﬂéMEO pEr9SuMdeRisicr ale of

cul ture nedi T |l e .t nfor er. pr.oces f er abl
dgpeﬁds on {ggcgqe Soégqeﬁgé@g@%}‘%’ SRt ‘%Lm&#‘}??‘é?ﬁ’ %1‘5‘? @i‘@r y
t aught by Brs tiogat al., U S. patent 5,846,719 and Brenner et al., U s,

patent 5,604,097, a sanple preferably 30 includes a nunber of conjugates
equi val el to abomlmnmfmot'ﬂ&mvez!aomsnhntethcagxqswmschmessmlem%r to

mnimze the _sel ect con rrying
the s t agelimie 8t #8Qlorent 3hALSS of the offer de pfissiBl Soif MABF B LB 1) o
a concat enat aily2e8 sepagdiély Froft/tos®thiatifre nov Rk lated o2 bleneide hltered t fespunsdl | y
cross -13 WD 99I 35293 PC fl U899100666n$@d8JUN Z002 hybridi zing set of

ei ght wor ds, toweateyes sress of eRnditignds being & &s descried below, n thepueferred) s
Accor di ngl Y) 3(:{1m§HtC§/}n§ Fo%ﬂ@étﬁ%h[ céu %ffuﬁ ar&ch etfx

conj ugat e- con al ning Qe Pors TS era ecte or anp a,tlon and
further p3ochywidigedaeithd iuﬁstucatpeﬂuﬁanofc@ursang bf Dmeéequaﬂiﬂcy attdchgd aDNA
conjugates are carried i,n vecto 330 h conpri ses .the follow n
sequence of QPBﬁéH‘P%“P“WP%ﬁmﬁFP%; a(’S%’i‘) m“F"@B‘E‘T‘F’Ei F*B'ﬁ”gg te r3
(334), oli gog}ﬁ@k&g&ﬂ&ﬁo&@& 1633’@5)111&11 cﬁﬁ'er@m)exps‘e% 38 iartécpt ion
site ra (342 second pri nmer g site ( Aftelr a sanple is

t aken of t heandamabyzed wmlnﬁ'ﬂglﬁla@@mdxhgdml@mw@dmtﬁmlmm Jcatingps ar e
| ted t f bl | d,f
vebtor ( 330) Mg AP IP 7 AbOHR KRR e SRR eeaR IR TR e *(3a6)

in a conyent prtshs, poihy like.i se chal n reaction (PCR) in the presence of
S- et hyl deoxycyti di ne tri phosphate, after which the resulting anplicon is

i sol ated by strepf8 H‘H‘F’B&ﬁ‘!ﬁ#@"l@é@?‘iﬂ&ﬂ“@ﬁ igthapthe ddentigy of the pycleic
d t
corresponds 4&q BelﬁéﬁlgﬂmgiéP: é.g.r %rﬁvgﬁxfi mAQ |kaﬁéﬁaf‘.§mn aRNpac

|, Fse |, Pme 15 17 ¢ ) , mts the capture arrpllcon
to be rel eas BN wansariptyugnibe likevineed notrbierknbwp pabatei dnatygisofAfter eslativge occurri ng

at a site internal to,the.c the a Iicon Juncti on his
i|lustrated S¥r ?sﬁ%é’“é%%%m H\wbﬁf m eXprsgseq. genes ‘&éﬁi}%}m‘\ﬁhﬂ% uses
the DNA pol ydiesot Salueﬁdulig ewihe@olid pm&s@powpmrmyhm m&iafe @xhgapl et, when
an approprlate ynmerise i,s used wth_dGIP. Brief inth

"stripping" P‘é‘&ﬁ'l%ﬁ‘ﬁm sequeneing appipArhe® B identifigptiap, efﬂ}'e% HBIWW therer i s e,
(F:){)ﬁ}c ﬁ;g? Lys;rng éltg ?i %ﬁ%?%ﬁ%‘@%&g%?}%‘%ﬁa} Qg%“ta r%{)isgﬁ%'e Y tt%%? and
Kui j per et ahuqleocidns;,e gl VYelculbdcqu &35 (cited above). Preferably, entire subpopulations of

differentially expressed genes are sequenced simultaneously using MPSS, or a similar
30 parallel analysis technique. In a preferred embodiment, this is conveniently

accomplished by providing a reference population of DNA sequences such that each

such sequence is attached to a separate microparticle in a clonal subpopulation. As

used herein, the phrase “clonal subpopulation” refers to multiple copies of a single
-10-
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( 1992). In the prefer-ed enbodi nent where sorting is acconplished by

formati on of dupl exes between tags and tag conpl enents, tag -
conj ugat es W@ 8/358¥der ed single stranded by first selecting ?éggéjfﬁ%?
t

contain only three of the four 30 natural nucleotides, and

preferentially digesting the three nucleotide types fromthe - |

conjugate in %{‘H\Q%‘PQ%"CIGW%‘}‘GWE\H%aPW@’ "“@ﬁhﬁﬂbﬁ%ﬁg@ﬁ% of a

DNA pol ymeri s | oy ' re

desi gned o oomeielel ffl RRNA BmRRaRinTR b ofleso Wbt fpkadon 8

(i ncl udi ng thaeingandlpeed: Shiéh SldBaA Subpopnidficdhéthay Relférnidd)in a nibeOd 3633

PCTNS99J00666 .0 . ~.J U N 2002 doubl e stranded tag-c conj ugat e% consi st of

only A's) C s,‘“%ﬁ%?%”f‘“ ?BP%&@%@)@&@EE ErRERt Y cqpyentippal; oy

with T4 DNA POlcRlchPéhehfistibs ol heRasse! BREThed T chifles [RliBR)e Petands
pped" awa At that' p t he

of the tags are "stri to the first ol nt,

i ncor por at i onNev YMa@kbi9%6)e ABidrpipinkd moré fdlybalosn ctomat subpepudations amse activity
of the DNA pol ri.s eff.ectively.haltin he ".st.rippi.ngs _reaction. From
t he above des_&’?ﬁ ‘B?l'i’l?f_ﬁ?mﬁd qysso&qaggc}' stﬂgtphﬁs_%gﬁ%@%r f%‘gﬁ% "'gﬁﬁn_f“”cy_tﬁ)'d make
nmany al t er nat pxent;604009 7cdhdi Brésner of al .8 . \patkait §846,71¢, wiacEareMRppdrated i - €.
rendering the tags single stranded. Such choices could include selection of

d ihf f Ier Ent enz herel byefarencen BrieB)yFysh closalsubpopniatigas argifermedyy hyhadizingsan and
dupt ex (388) WRpfiatd emplé bt BBIGA byl dd SpdEGHia bhfse SERRY. {55

are i npl enent eg:, s¢garatt amd Rivvormecyed gritroparticies, sy hat thdividudl mitreparcioleRlognent s
attached to m croparcicles) a fillip reactiog is carried out to fill any

) i :

gap between t HETCEOHFIEIORS AL 113raes SURRRTt BRV¢ #itachegmuiIRIc eamias A the same DNA. 5
end of tag conple Dﬁ*ﬁﬁ TN & T, | 6 d the
conpl enentary strgﬁgéo tE%m?%ﬁg?ﬁ%"%g%ﬁg?@%?%%@g%@@%%%@gd to the
5 end (363) DNA,afragmmt ofieDINA (08 @2nonug DN A dri axynthietibl DNA, isgels s, foFhi s

enbodi rrenﬁ regyireis, of, cour se. t ha tt]e 5' e%f t.he taga(fiﬁgRl enent be
Fhﬁsph_cl)_[]y %_t?alﬁ,:@%.anlf\z‘_gan‘ﬁ??gg%,{?%ﬂwl ¥1§h,°'ﬁg1-'_ ; §I?RJE§é6’L5i Al R58e) or the
| KE. e Tl AtDRGERdRic DNR(SINAY). WHed i i
"stripping" rea%r'?ieotn o%s rﬁot 20 al vvatbs hal Pﬁg? ?ﬁigp%i?g?e%ﬂ Pre ebrlgt;!l]y,

the fill-in ragonplwbpepuationmgy yaoy Y nifferent empogimants dsponding emse
Civit q : i 4 _ A
ref or abl y. asarer factiRTnAbaRE e BlibOr copliinils 08 wISNOYRBhaTBIARRS, | °°

"stripping" exeasimadbempositiéhef hictopaictd usedythedmhtomethybtidizagdn Redtivn, t he
t ag- cDNA ¢onj #l%at es. are bridized to the 25 full repertoire of tag>
conpl enentQ. s Lemplexity BHEPHYIR: theicoRcTration pioipdividual tags, thetag-DNA e

m croparti cl egakiav kidgl Ry Rb¥lirdgAtledhS ot RAGathg bitRaPREIAIE tHeGRRIidring THUS.

the tag-cDNA conjugates will "hybridize to tag conplenents on only about one
percent of thmenisesigpaidetectiensysiens angthetlikel es to whi ch tag- cDNA have been

hybri di zed are ref ' " 1 rticles." FEor greater
e1¥f i l:i larzmy, I oadedgg n%e::fra(r)g‘%?‘kc%f %gn %‘J%°3‘?°g?g?@gg{?ﬁ@"a%z%iﬁ’glséaa‘g omgunl oaded
m cr opia_rt i cICieavdilableﬁm]E}tehhﬁamomeﬂmivmgmnﬁﬂme?eéﬁe:mr&&pqp?gﬁacigﬁt |y

acco S y.use, qf. J uorescence activated ce sorter , or

sim lrrgr i Eg t rB ’ PM@BPH‘FE“&%Q' ani’éfﬁﬁtﬁ?é‘&i‘w&?seﬁﬁdw{‘ﬁﬂﬁyé?e | ar ge
nunbers of | nilfafestdaird K GRA ek etdbty, thuiiber SRR TR DNM oS BSATAE

SHEET ( RULE 261) WO 99135293 PCT/ U 49/ 00666
clo..a: subpopulation is sufficient to permit FACS detection and/or sorting of

microparticles, wherein fluorescent signals are generated by one or more fluorescent
dye molecules carried by the cDNAs attached to the microparticles. Typically, this
30 number can be as low as a few thousand, e.g. 3,000-5,000, when a fluorescent
molecule such as fluorescein is used, and as low as several hundred, e. g. 800-8000,
when a rhodamine dye, such as rhodamine 6G, is used. More preferably, when
loaded microparticles are detected and/or sorted by FACS or like instruments, clonal
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05JUI~ 2002 illustrated in Figure 3b, a fluorescent |abel, e.g. FAM (a
fl uoresccin derivative, Haugland, Handbook of Fl uorescent Proﬂd};ﬁmﬂmﬂz
Research Chemi cals, Sixth Edition, (Mlecular Probes, Eugene, OR, 1996)} is
attached bwowsy3sed3 primer (346). The tag-cDNA can be attacheRFTHES9/086665q
conpl ement on the mcroparticles by 5 a.procedure om ttigq% or nodi fying

many of the sybpepulations consist of gbleast 18, fond DNAprgDNA i fying the
tag- eDNA ff%gltfé&%g,e in g&&oém%&oﬁm J;e,%&lai%dbe,gpuﬂﬁ?@ &e.xﬁf%m 9dust {6 yprekor by

restriction gest:, stripped, and 11 gate rectly to e tag conpl enent on
t he ni cr opardfia’dDI¢A of gDNAr ocedure onits ( 1 ) labeling the tag-cDNA with

biotin and FAM (2) anplifying the tag-c , and (3) .isolating the anplicon
by 10 streptavi dl(IPgbGEﬁrSr‘tp‘iPst P?W&ié%ﬁ?‘l%ﬁﬂ@ﬂ“?ﬁ“%ﬁ@& fi be ™

i sol atedcb AL Zi TF [ | higyre 3c,
arter pAcS IHelifLal Aol § GEUN & RENEH QIR refefines TN phpulatioh

i sol ated, t neiigamnventicmablybrididaeibn carditionsaag. suchas difclosediime8chend ettdie

non- coval ent | ttac strand. .Lgbel (345) is d .or ipactivated so
R A L T N e
hybridi zed sg sP@%&%ﬁPﬂliﬁvﬁsﬂ?(f%@?ﬁm& Bt dishel bﬁ,mcpﬁickmgﬂa@% with a

restriction endonucCl ease recogni zi ng er, ('342) which eaves the
t ag- cDNA corgenerateddyaiich of tite two Izheledmpetienofl ¢IINAs oe RN3G4p, thatraereltiye r enovi ng

| abel (345 i ed he "b m' .strand,.i. £. .t t d.have its 5
end di SRl (HIEHSERALIARRIRIAor rebrbiFRpRpicls: figtecsbin g opuse Figual

: el ; . oab o . " :
B1r gmoza(rji Ing gatré gnd a(tg&égi)@ Hg I abefhe%&%dapt erabﬁg%tG) s t he'lrllﬂanneal ecﬂegﬂ,gw "

| i gated to pwhith perimmits the microp3rgielss Jo be sorted wnd s¢cunnudated whost relative opticalc| es
are re-sorted b ans of e 3' -l abel .and t strand carrying,t 3' - Label
o el tod of e ALK 2 predstmingg gt o Saet: ThprEOrimioaret ik o
(392) ready éWREGﬁRNAGe%ﬂEMﬁ rétdtNeoptiéal ih R aediréd AhEOHagibey 25
expressed genes. Prefera Ipa/g the 3'-1abeled strand is nelted off with

sodi um Hydr dsdlated and identified by sequencingrsuch ag with MB&S, asdesoribed morenfully
subpopul atitann? of gDNAs can be attached to mcroparticles in a simlar
manner. Fir °,°V6enom' c DNAis isolated froma cell or tissue source of

interest using CQ¢RPAHIPAdnal ﬁﬂ)ﬁ)ahﬁlu@&maﬁdDMﬁﬂN@d)m&ﬁblaémé@ﬁivwe
restriction endonucl ease, 30 whjic prefer.ablé cl eaves_at a four-base

recogni t i on, frem&NA gre attached tgmicropamisles using cessesalipstraredn Figurepfy | |

BstU |, Hae | Ll Aa, 1), sk : 11, Rsa
I, Tag |, 1431‘83?0% %rlllgg.aﬁ'!eedkl%E%Jépé;ﬂg‘gl(éqo)%g"‘}cﬁbteaveéﬁ%’r‘;gilérgrrrsnt has an
over han@oof tissué¢ smsde affintebmsesing'tdnyentidnal/tethniquesndiscoiMértéd ingneDINA can be
-16 SUBSTIT SHEET (RULE 26~ . WD 99135293 PCII US99/ 00666 0. 5 ~UN 700z
pr epar ed _by( 2 h R Wmﬂ%ﬁfPﬁwmg%BW%tgg(&é&gﬁff .p“%(g% can
then be |inkadidgh 5"&%@:’3}95) dhdSolHAPRregidh (966)Ss anrtaled b HRNARGRSBOOED PCR

with prinmers containing the ta se&ugence or cloning into a vector
cont ai ni ng asotthaj thefiest smandeaf cBINA (309) issynthgsizetbwith alsenersesoanscripiasean aiBNA

ref erence popu i .5 FAM ¢ h in order to

nonitor the é)r’é%g%%%%%M’ﬁ%%Q?l?(?s&q%e%‘.émsﬁ’ﬁgﬁﬁeepri%#é%i%g%s, di recti onal
attachnest anetykdBexydytdiap aiphospltse dasedid pladeiof deskyieytosinp tiphosplaté ie gDNA
with a prinmer having a consensus sequence, .such as, for exanple, the TATA

box, or a se‘&ﬁgﬁémt SA’r"Patt"@ . é@?@&ﬂ‘tﬁ%"ﬁé‘hﬁ’éﬁée?x%tefﬁr thsi ng a gbNA
reference poppioncbRBsgoRting'6 bt (5028 4R £WsPRM2302) o PBtaillG non-

methylated restriction site for releasing the cDNA from a support. The use of biotin

in primer (302) is not critical to the invention and other molecular capture techniques,
30 ormoieties, can be used, e.g. triplex capture, or the like. Region (303) of primer
(302) preferably contains a sequence of nucleotides that results in the formation of
restriction site 12 (304) upon synthesis of the second strand of cDNA (309). After
isolation by binding the biotinylated ¢cDNAs to streptavidin supports, e.g. Dynabeads

-12-
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10 desirable to reduce noncodi ng sequence and inlrons in the glﬂg@ﬁr@@
For exanple, a large gDNA |library of about 60 x 10 m croparti cl

reduced to about 30, 000-40,000 by culling, using cDNA pools as a pnbe. 15
An inportant feature of the invention is the use of oligonucleotide tags

whi ch are 143 S i digl k | eoti des
to conat r uct DR SR ERDS iigRoTB i, BRES NolA, dhafld (e SBNALEAITEHE?,
preferably niledvepavith Lieeictidhendonguiesseashict isdhdegsitive toctntietRshyddtion (6T ni mal |y

cross- hybridi zi psg set differ fromthe_sequences of every other nenber of
the sane setthp{'sand whigh reqegniags sie nidd97)d Pseterphlysr isadonrrhase escogritisuch a

set cannot f 4 trk 1 Dir €30): 0 ..at her
rember i th TSk s o DRl i charh SAREB S R o PRl A8
referred & o dfahecDNaAS at¢ elgavedmat el tiiessamerdefinedend is peoduaédiinadll 61ithé eot i des

or non-natural_ nucleotide anal o‘gﬁ. When ol i gonucl eoti de tags are used for
sorting, as $LNApeALlstwashing, thscPNAS arehemcleared et resiustign sndenurisase t ag 25

conpl ement s AL &Rk B Aldbabin!t F%\l/?ﬁ ' ?lt}?ﬁé?i ih%@z{rﬁd%r ;

a i gonucl eotll%éle te{g E\?\ﬁégnagh eﬁ- tﬁ(z’{oﬁ)e?@icgg? espon'%l g tag dctgcr:rhpﬂl%ur%hts
provi de a neagstidnobprecipaatan, pphactyianidy gelfeldeyrbphatesigtor dre liker Afert i ng,
tracking, or | abel|ng. nol ecul es, .especiall lLynucl eoti des, such as cDNAs
or nRNAs der‘iewaeﬂ" W@é%@tcg@ﬁg"ét A’Wﬁ‘ﬁ&ﬁsi ‘Séﬁf?ﬁgg"fﬂ?lﬁrﬁig&f‘gi 9 sets of
ol i gonucjoeot yeder B0, FRRhcaies ?@musaé&uﬁgméwtﬁxﬁus 882 7aM (Sid)her
conbi nat or i aYI yrtc()rg?ndi Vi dual.el y depending on the s} ze o?( t he se(tlc?esi red
and t he degrRreferablyviector €163 ss proparediwithai ‘stuffes’ fragmynt int the istoningditeitaend (or
stat ed anot herhvvaé%ﬂ.t hefdle_'.ﬂ{e(? t o, which sglfe?ci ficity is sought to be
enhanced) . POfeRERPPR O & M FAYPH Vet CINBEI di zing sit nmay consist of a
set of indivi dual preparadidn SRS TapMDNNEGAjughted f5 ndPlimite¥€d B8 IndetkStBdescribed
PCTNS99/ 00666 0 5 J U N 2002 ;ﬁ]t hesi zed 10-mer sequences that differ from
each ot her bapose andeanreadilyid achicvedin a varisty ebwaysaisinggoavendionalmolketuler of

L e R e P e
ol i gonucl eotdnddsdiatgs byl elbcidpheresis.s ThiIngsihadDighése pteterred inypaftibbauseRUNi t S

whi ch thensel ves are selected froma mninmally cross-hybridi zi ngﬁset. For
exanpl e, a sweuldpiagith sigg digtributian of s referenceppputation, dhetagrcanibsgttachedm one

th b : I i | 3
subuni ts. el Dot ERRh of Mok ) ROR e koo L M e iR pARRE OY 1,
each di ffer RAGHEtecimotogyt(Bertlifnyettahr(¢293) RIRMeimdds ApfHus5H9; Erdhatinrent gi ves

i mal | i t. of 93 - .10 t hesj zed _ .
oo nar T o UaiSuhodbrsbel 334355 ton RN A i K
posi tions al ORgtech $.ab&adkgs, IFE.5f Aftddhiment SOREYR by dSEnS i@ 2REGbEQE | de tag

consists of a plurality of subunits, each subUni't consisting of an
ol i gonucl eotdederiked above ipuetasteddot s¢ueral reasopsgneluding the abilitydo gendatai t i s

selected fromth .0 gl | r0ss: hybri di gi set . In such

enbodi nent s?laf%?@%ﬁ‘ﬁtﬁb%gro "%%)%ﬁ@%??@%‘ﬂ?‘&eﬂsgg@’ 3’3‘5‘{1’1 %F@l&j)agﬁ@ﬁaglyon t he
nunber of subslgidnsities)! addtie amitityld chBék the Bétfubn@f oflithetagubuni ts. An

ol i gonucl eotide tag can al so consist of a plurality of subunits wth

addi ti ord nucl eofltercformatian affadibramyrofitageDNA conpgates, goamplecefihogcellyire
additional n i e _r.an rl: r rLL.Cclion
cite. Suoh albefifblefiido SRRmRGe AR BEISbmp RS P iE Fufind BT BN o

havi ng a m smediam. afhedideafRample taentfbefuRtferro@ssing prférable deptmis enaid y, the
ol i gonucl eoti de conprises a recqognition site for a rare-cutting restriction
endonucl easeSighri188 repsEeirgiieddn the libgary cppstrugtion gA iay gkt byeBrenngrigpal.,

ol i gonucl eotjjde SRA REEP PdhdBrehuer 3t 11ETS! gen@a,sﬁh,bﬁi |@Srefer |
B. r e

site, on one en Bsp120 site Is a prefeded site on the Ot he nd.
Conpl eneltt s intludés ymnubdredconjegatesymuataleat toeabontoneperaent thosize ofthiedagphase 25

supports are used t.o sor ol.ynucl eot.i des f.roma nj xture of polynucl eotides
each cont ai ni°R %rﬁlﬁé’Fg%tﬁ%ﬁ“?’é@zec%ﬁﬁTlg Rd g?‘@?essy n’tehg‘_é? %% °€°n°_°¥‘*¥§a§ﬁr face
of a solid phaStnghPRané taga diffeert DNAY. THus! o @ RigireperfoiRonsisting ofla a
specific location on an array of synthesis |ocations on a_single support,

such that pojrcaenasios afeighyidmurlearde ‘gyords)isslegted ifeom § mingmadly €E9ss- sequences
are produced in specific regions. That is, the
-13-




30 surface of each support, in the case of a bead, or of each region, in
the case of an array) is derivatized by copies of only one type of tag
conpl enent igydage32 particul ar sequence. The popul ation of SRICHUSS0A6660
regions contains a repertoire of tag conplements each wth di tri Q@JN 9
sequences. As used herein in reference to -18 SUBSTI TUTE SHE E %)
V0 991 35293 N D0RSBeiBhEwardd (ROQe Of ORI BiCol adat and {0Agags.
conpl enents, the term"repertoire” nmeans the total nurrb5er of different

ol i gonucl eot i Aecordigglyowith auchcaoreptreiesa e samplatof abaut d rp¥ (erQPm'éﬁaws@ﬂm@nﬁé\Base

a1y cr oXR BBl L B iR wl huERmERRes Rardiedlh 1)

synt hesi zed, 151th1' 3t may consist of a concatenation of oligonucleotides
each sel ected from the same set of minimall y cross-hybridizin ‘

ol i gonucl €ot i des. anfqrﬂdy|t@g-§ENAcmelgaxnérercep@qdumcet°r %Qaerftmgwmnses
synt hesi zed c Iy I zed
conbi nat ori al %‘%%@.‘},gé ﬁ%’egeféﬂ’n%b t?ﬁ'lgﬂlta{’ta'1 ee{cﬁ{mﬁ% 0p3§gf'}%u§%§y}§ﬂr ached
nmeny copies 0{) 3nhehg@¢merdoage fag (338)pjunerival(338), ¥DNB. (340), et¢syricrfonrsite ro(342),i cl e

supports may be used with the invention, includi ng m crgparticles nmade of
control | ed potnd wd?)nd%a (348 d\fier pisameple ‘f) gﬁ'&ﬁé‘f‘%ﬁ:ryl ic
copolynmers, ¢ |tzh“+19 fag-EON d%ﬁ e like,

di sclosed in %ﬂe ?I ngﬁerbfgn'g a%fi/ﬁrfoel?ere 929 zym)aTl‘Q %ecti on A)

pages 11-1i%7, cDNA. coéjuga(eﬂmcpec&mbl?ramﬂbﬁe&mnvwdmr (39(7)6)yu§do$bmlﬁybmdent s
4, b78,814; 4,413,070:. a 4.046; 720 nd Pon i 0 Agrawal ,
editor, Met hoEFém?fr{gm @93?%‘°@W€d§4§%1“°%“?%§ frgnqﬁrsg anfeacigR Ny,
1993 M bl

). Mcr Opgrdng%aa wa&&i.%pweomzhmge Wa@é ahw \ithb! e

nucl eosi de- de tize CPG and pol ystyrie g. aval abI e fromPE
Appl i ed Bi osymsultisg amphiconris (Soia}:d Wepumduvmptmeanagcmn sitere préferably

pol ystyrene grafted vvlth eth | ene. 20 . Te t | ITM p
Pol ynere, Tubf3Hy fﬁ < %‘Hﬂ “Pﬁﬁ‘é&nﬁf%ﬁpﬁjﬁpla&]’é rg??iag &d- E%ﬁsi st
of dendripgrig satarrustttue ﬁﬁc, wﬁﬁahpeitﬁmsl tieCapafd plbh 56 Pe flleadé fromla sappBAt ent
5,175, 270. General1 he size and shape of a mcroparticle i s not

critical; howeite rmmmaé mﬂblilm efsldanagenscyring at asifpintsimal to the cNA of thep ¢ o

several hundre g +£X abl e, as they
facilitate th %)c(r??gt rjﬁgct% Kﬁﬁgmrr%‘rfgh [T on o? %‘%I‘g{ge repertoires of

ol i gonucl eotide tags with m ni nal reagent and sanpl e usage. Preferably,

gl ycidal nethacrylate (GVA) beads Ela,val I from Bangs Laboratories
(Carmel, 111 are used as m croparticles ﬁe ‘i'nvention. Such

m cropartagl es are useful in a varjwety. chcscaes .and are available with a
variety of |inkage groups for synthesizing tags and/or tag conpl enents.
More preferably, 5 Eun dianeter GVA 30 beads are enployed. In a preferred

cuppor . ench AiFafe ANA PEmbe0 Srtlid e T4 RERE A o by wREFEE,

pol ynucl eot i dgsprdpriaec DN Mﬁﬂttaﬁﬂgﬁscmﬂﬁd@ﬂthhbﬂﬁ ih sheaSmipgpieg? reaction,
enpl oying a - 19 SUBSTI TUTE SHEET (RULE 2a 0 5 JUN 2002 re“fertoi re of
tags subst ant thgPlyS'gxenncisase petiyity 9 a&ﬁﬁp@‘)ﬂndﬁsbfpfﬁ@@lwﬁw des and by

ensendl o 5t 1 LVERer, SR lo RARR e Al of BIVEEORIEMRER SIS st e T
popul ati ons ofaughtbydrennea{d Sppdtem 50304 @07 camd Karipenevat.d Geneldl 2cbi¥ei 35 ons

whi ch it fiic h d f the ol | eot i, d with.th
Fespect i ve congrBmind MelraRy FRLPARR MY SUtnaBAccuPeiRE by SAmAoRRL,
beads or regi &Itﬁexcgoem% ta@s aﬁ@ﬁﬁ%&'ﬁﬁicﬁﬁn&&ﬁgﬁéﬁ tiFLdDNRO drff@gatldkdigat es are

preferably anplified) merase charn reaction, cloni ng in a
pl asm d, RNA terlémdzsmslcuseﬁndeérbytﬁw splegting werds thet,consain onlyi thres of ﬂwé?verru al for

subsequenf, angly3i nucleotides, and then by preferentially digesting the three nucleotide types

from the tag-cDNA conjugate in the 3'—5' direction with the 3'—=5' exonuclease

et

activity of a DNA polymerase. In the preferred embodiment, oligonucleotide tags are

designed to contain only A's, G's, and T's;‘ thus, tag complements (including that in the

-14 -
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10 digonucl eotide tags are enployed for two different purposes in certain
enbodi nents of the invention: digonucleotide tags are enpl (g‘qv

i mpl ement S¥PPWBAhse cloning, as described in Brenner, U. S.Oly a %9%{00666
5,604,097; and International patent publication W96/41011, V"herﬁ’iﬁr‘AUW 9602
nunbers of pol ynucl eotides, e.g. several thousand to several hundre

t housand, ar edeuhi¢ swhndediagac DN A comiugateiconsistafaniyl s ssGsand T 'sit Whas thef

i dentical pol ynucl eoti Qn_.one. or re, sol i se.supports, for

anal'ysi o, and tRsgH e DA P BkHes e BRH L P g7 BNATRIRRTLRduc Sepsnen
pol ynucl eot i dggdGTR e asmplementas shaady ¢T1tRe tagh afe ‘BHHPPEL” dwayl 138hé ARDE. At a
fewtens to a few thousand, e.g. as disclosed in A'brecht et al.,

I n';rte)r nati onal thahpeint ﬂmmq?@mimmw mmfx podymerase tfa_g_gmzqthg ggqnqcmg?
Tymence: o5 BRSSP B A ndl, g

enbodi nents, egrEbbvedsstiptions it i di&f itifat Ohe b erdinagsskiild ciuld htikeethnyOn t he ot her
hand, where extrengely |large repertoires of tags are not required--such as

for deliveri ngltqram=§=fi5n shaiees fon armymgrout thepams obisgHE® b6 r&gﬂm the tags
ol ynucl eotid jeRrhbied! : ,

gl i éonucl eot i %ggfteggs otd ' guﬁ%}%#ac%f@‘gg?cg@gs%ﬁ%éﬁ&d@ gfﬁgpse ﬁ%ﬁ%ﬁﬁé

separ at el y sy oerhpssitiond of werdsehdkingsupsthe tagssanridhle Bkerbi natorial ly. Sets

contai ni ng_several _hundred to.several thousands, or even several tens of
thousandsflgo of oli ggﬁIYEIC‘ilé‘otsFtPé’éngnﬁiP‘B%“ W&?ﬂz@arﬁf’ &?@‘%@5§Wi ety of
paral | el ~synt &ﬁgk%ﬁma%g@gg). éllﬁi&-iso%iioﬂ,' SEPsQISH) drdipieNEntel: Hetag-U- S.

pat ent 4,689, 40 Frank il ., Nuclelc Acids Research, 11: 43%5-4377 (
1983) ; Mat soncBNAadonjugaies hre higbodizedio tag compierbents 38ached Sbinjcrépatucies i fill-. |

o1: 5022- 50261 ARG }: B P A An4E bavers B SumhisFisgry Hapd of R 3,
~uU2 35: 217- 2BRA{cobfikdic)anBHsy 1 ai of t GeripleiR(36 2 L Ne ol cNBRERT 719,

Lashkari et al., Proc. Natl. Acad. Sci., 92: 7912-7915 (1995); or the |ike.
Preferabl V5 t 63§0banp theremplemantasy strandeoS theRecHAYA sgniugateiscovalently bonded

conbi nat ori al v dAQk 24 | L.l ax. dupl ex or
triplex stabi hytplggséutagk%%g??ﬁoct}sﬁg?&?nﬁ??ﬁgfgf)&et?ﬁgg@ %/ﬁér%%bﬁréﬁ hybri ds have
simlar or sukmbedimenl requiredcoficoume, thatithe jignd efithe tag congriemdritibe pernits

m s- mat ched t co enents to .be nore readily djstingui shed fromperfectly
mat ched t ag cgﬁﬁpgﬁhegfﬁ' %hﬂﬁrmﬁﬂ&%cﬂ?lél“@ tidgKigasey,or the F'ngh‘hnder
stringent congilih eetiod B 'pr lyRafriedioat betaéthd1Otriginlt rRfctiof HRLLARNE S,

mnimally cross-hybridizing sefs ma‘;)/ be constructed firom subunits that 10
make appr3&i malvayshdyatitheafishE. Pofereblyuthe Sillsinreaction bess addBi Holymerass every
ot her subunit j e.$ | : | ( ) | ect i i,S
provi ded by pbaﬁﬁing %&ﬁ teécg%u%lﬂqag%%?iﬁ 15;' géde ec? ?6?’1 9“8%‘??%“?&%&%%‘% ar?efds]ﬁgﬁd

cal cul a';] i ng dp%lbﬁgragé.ahlsbiprgﬁl;ly,ealgfouWN'gPéo g'egbedgi!n-(thc fgilélgﬂ)l ﬂa&tieﬁtﬁ:hﬁﬁasc
Research, 17: 43- 8551 1 and 18: .6409-641 1 , Breslauer et
al ., Proc. Naih‘?s‘ﬂea’d'.g S%‘F‘!‘!%dg‘s}’mg#%-é Bt ( 1986); Wetnur, Crit. 15 Rev.
Bi ochem Ml . Bi ol ai , <cDNW ' i: 0

crosshybri di zi ng sé? ??)119318 ié%ﬁ%cgoo%iqgée?é(fan b86‘§§§4éée§r<£%h€?/ﬂaé%Fg?tB:[ﬂoeynal
criteri a, 28uc fulbrepetireraf ¢agt complemeants (fhabis, amfiong thepoptiation dfhminreparticiés,
melting tenperature, .and t.he like to forma suhset which is algo

i a1y or o LErASE PP bR ayeS e M ARGE o i e eniine SRy bE N | on
and their conpgeDNA SofjtgatelOvilidiybadize i tay cStipleirRfits 5AGnR abdilt Gnélgercehesl DNA
synt hesi zer, e.g.. an Applied Biosystens, Inc. (Foster ty) California)
nodel 392 or @“MP‘FN&&S%FHB%?‘E‘S?@ which 38 Bave hesB hyRrdizedare sych as
phosphor am di oncial ‘ i K I i rences:
Beaucage and %‘%er, '%1?&2 aesd?%a%?d%lé%%%ﬁrlpl& fg@ﬂ %\'}S?klgﬂeeia al., US
pat ent 4, 880, yd@opaxieiesare preferhbly sepagitedofiom nnloadeipicaapartiches fot fusther et al .,

o gonucl cot | BRersiE SARfseppiaftafis KfvenBiathy Sechmbutfe o oF #Buptsiipee-

nucl eot i des oacthvardeall serter BF RCSY, absisniladinspanets kied pértiftsiraga maafmtation | engt h
from18 to 40 n(gcl eotitﬂes or basepai[rs “él\)/b[e referably, oligonucleotide
tags range i nPSAGHRE of lgrgr sumpers apindiyiduah g lesy 48 dipsmbodiment; o g of
preferred and nore preferred nunbers -21 WO 991 35293 PCTI US99100666 0 5
J U N 2002 of subunits) these ranges nmay be-b&kpressed as foll ows:
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Mononers 11~ 3 4 5 6 5 Nucl eotides in Qi gonuci eoti de Tae (12-50) (18-40)
(25-40) 4-20 subunits 6-13 subunits 8-13 subunits 3-15 subunits 4-10
subuni ts 6WO®9BERINI ts 2- 12 subunits 2-10 subunits 3-8 suburfiGT&s39/p06es
subunits 5-8 subunits 4-6 subunits Myst preferably, oligonucl eﬁ)t-i Si@Ntm
for sorting are single stranded and specific hybridization opcq?s

Wat son- Cri ckilpsiratedgn Riguke 3b, adftnorsscerit dabshte.g. PAM ¢a fibdrgiceimegmsvanye. es of
singl e strangded ol i gonucl eotjde tags for sorting 1 ont ai n.at st 100
rermers:  or Sauiand SAboS otRerssets PbeS i Rk CoRmsal. o BN 500
menbers; and Phobed H 1596)) RSatfabn bAOPpEAG @ug). at | east
10, 000 nenbe s.%‘#@# erabl'y,%%%%@lygngt h)ﬁof si ngl stfaﬁ%ed t(gga)corrpl enent s
for delivering | afbe sag-eDNAtcan ba aBached tohe tagcamplementronithy micrnpartielagipy i s
between 9_and 15..In enbodi nents. where s ific bridizati occurs via
Criphex 11 nAPRERdurT STERtEot Skt egpany Y 106 ot Chaisre avs Foreed

e"sane’

principles agstedd of b RFyinhekipIcHNASrorh VEEYE(3305, e @gRDNA Wi bdleaved
constraints on the selection of subunit sequences. Generally, third strand

associ ati on {om the yeetorbnrestriston digestnstripped. andriigated disgstly to,

thertag
homopyri m di ne- ' I = fra g o 1SS Ly, base
ripl ot s for FRTRERSRL o) BF hicpaticls, TuihistBu N Gy nbdhilho sbtNg
pai ring and Wwith bidtiti a3 EAM(Daniptifying wieaag-tDINA) dind ¢3 ), isdlanivp/he amplibwar byrot i f s
are al so possible. For exanple) Hoogsteen base pairing E)errrits paral |l el and

ant i par al0 el swaptavidincRpMEe. é desired, lopdedimicraparticiesfan be iolaterbbys hsidizrg ang)

and the puri Q&hraifm-faﬁagﬁ‘ Rinet he duplex to which the third strand binds,
dependi ng on condi‘tions and the conposition of the strands. There is

ext ensi ve gui dancAsishowhdn Fighreer3zt after FACS, oz llike somigg 380),dpadedt e sequences,
orientation, c¢ondit.ion ucl.eqsi de type (e.q. t her ribose or

deoxyri bose HW%E?HE?@SQ“% # {eﬁﬁﬁg@‘%ﬁd%ﬁ&gﬁ)tﬂ@ treated to meitoff at ed
cytosine, an e}ntlag.éobmtxyl E'tt%h&%trab . rmmm)nggg?méa%\m%gxﬁsw AhEit

triplex stabi as desired in particular e ments. Itrons for
anneal i nt5 si dogseot intenfieravitlvthe dabplsef thesapmpetitively hgbfiddizedrtaRd SHaEErgbiyt E 26)
WO 991 35293

the tag-cDNA conjugates are treated with a restriction endonuclease recognizing site
r; (342) which cleaves the tag-cDNA conjugates adjacent to primer binding site (344),
thereby removing label (345) carried by the “bottom” strand, i.e. the strand have its 5'
end distal to the microparticle. Preferably, this cleavage results in microparticle (360)
20  with double stranded tag-cDNA conjugate (384) having protruding strand (385). 3'-
| labeled adaptor (386) is then annealed and ligated to protruding strand (385), after
which the loaded microparticles are re-sorted by means of the 3'-label and the strand
carrying the 3'-label is melted off to leave a covalently attached single strand of the
cDNA (392) ready to accept denatured cDNAs or mRNAs from differentially
25  expressed genes. Preferably, the 3'-labeled strand is melted off with sodium
hydroxide treatment, or treatment with like reagent.

Clonal subpopulations of gDNAs can be attached to microparticles in a similar
manner. First, genomic DNA is isolated from a cell or tissue source of interest using
conventional techniques and is cleaved with at least one restriction endonuclease,

30  which preferably cleaves at a four-base recognition, such as, for example, Dpn II,
Sau3A I, Acil, Alul, Bfal, BstU I, Hae ITI, Hha I, HinPi I, Hpa II, Mbo [, Mse I,
Msp I, Nla IIT, Rsa I, Taq® I, Tsp 509 I, and the like. Preferably, the cleaved fragment

has an overhang of at least one base. Alfémativcly, genomic DNA fragments can be

-16-
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PC?JUS99/ 00666 ~ 5 JI,il"'l ZUU2 their single-stranded or dupl ex conpl enents
are well known, e.g. 1i et al., Anal. Chem 65: 1323-1328 (é&?@%@&g{gor et
al., U S Y&%3s293, 482,836; and the |ike. Use of triplex ta Sorting
has the advantage of not requiring a "stripping" reaction wt SJUim2gsse
to expose the tag for annealing to its conplenent. S An exenplary tag
library for grepatedyisheasingion stra¢ating (teHsplated memomic DNAefThe kg ¢anrthesshs 1201

5' - AGAATT TAATTAA . L 5 - AGAATT AATTAA- [4(A | :

- GEECCCT- ed ‘?ﬁ?ﬁ@@}‘ﬁ)‘?f “-“ég?i%d“ﬂsfrmgb‘ Ing L”’éﬁ% EF%EW PRMETS)

- CCATAAGTCT T%ningth%%t%@f% in® a V& tor et Aniad£8E X anner _
XXX~CTCACTA XXXXXCCTA CT A-5 Formula I 15 Right Primer The fl anking

regi ons of t kisilar iybaudsserthadabovefgr areDNibercéarericapopuldtiony Adahehbuehrasstricti on

oo ng s BB L SRR At PR o BB e BB L E L o
with a bioti fhsihbesBivettionali aftgchinyY Siitb i@ tRicrapRniessi can be athieveddly abl e from

Cl ontech Laboratories, Palo 20 Alto, CA) to facilitate purification after
anpl i fi cati opmphifying the RPN/nWith aprigics haying a consensys |seqHenees sudhy asgfasnt

conjugates, t lWarany i sS.d ' 0, ' ni ng

vect or) suchegﬁnprﬁ%qg?’ré:rgt l?fé" Pil' isécl.qﬂﬁ'% %gﬂg{e%gmﬁ]g) z\[‘/ééo??%ﬂrsﬂggé&ugxlkc% ng the
tag |ibrary whenasinga gDNA refetehéepopulatigh for,evali3fing geneXéXpressivi)iiciay be
facilitates isolation of fragnents fully digested with, for exanple, Bam H

and Bbs 10 2desiableip srduss,noncodiag sequengeAnd iinttonsdn tie sNAdbrary, Fehg and

attachnment o Wl at. : ﬁﬂgg | ry, to
m croparti cl g’éa?%#wtagwgg%ﬁ gfﬁg% E Sﬁ%%omoéég l s&ﬁﬁggft 3‘%‘5%{;‘%
PCTNS9910066 bdut 30,000-40,000 by sulling,asmngrcBNAopeolsns apmbki d phase support such
t hat each mcroparticle or region has substantially only one kind of
sequence attached; that is, such that the DNA sequences are present in

cl onal subpopul at i oggje i 1BITa 64 fo¥ BiehfifiStof Kehe Bhik ClasiHE | Ng t hat
substantially all different DNA sequences | 0 erent tags attached.
This condftion) i Antimpartantfeagire ofthe inMenuan isghe useiof gligenuglegtidetags whigh t he

full ensenbl e_of - $ n | 4 e . ' t ]
acceptable t ﬁrgtm?nétge%? %‘lm \lﬂﬁ gé@ﬁé@?g@%&% éﬁ@?@ﬁ?&l":ﬂ‘aé éoe?ébﬁ t nmerely
resul ts in thderanceEDNNpopaptiomcattakied ng saljidephasesipports) preferablyzed tw ce.) Such

sanpling can he carrjed out either, gvert|y-for exanple., by taking.a small
vol ume from BueraPyEFles; The sequensss of ohgprucieqtides nf pamipaBaly.ArpscNOAdZNg he 10

DNA sequencegg dﬁﬁermﬁgrsg@feﬂ:«%%ﬁg btheEmeMbkYofifie PHYar Masthfect of

the techni ques use ess t sequences and tags;” or sanpling can
be carri 28 ououcléasides.oVkyst eachamembes ofsuch aketrcamot fennt a déplex (crasplexigvith eps. | f

a sanpl e of gt Ag ONA S GAHEGRer SMIP AR Tosf 1 O I AL e BUT

of oligonucleotide tags, referred to herein as “tag complements,” may comprise

natural nucleotides or non-natural nucleotide analogs. When oligonucleotide tags are
used for sorting, as is the case for constructing a reference DNA population, tag
25  complements are preferably attached to solid phase supports. Oligonucleotide tags
when used with their corresponding tag complements provide a means of enhancing
specificity of hybridization for sorting, tracking, or labeling molecules, especially
polynucleotides, such as cDNAs or mRNAs derived from expressed genes.
Minimally cross-hybridizing sets of oligonucleotide tags and tag complements
30  may be synthesized either combinatorially or individually depending on the size of the
set desired and the degree to which cross-hybridization is sought to be minimized (or
stated another way, the degree to which specificity is sought to be enhanced). For

example, a minimally cross-hybridizing sét may consist of a set of individually
-17-
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reaction m xture-as could be effected by taking a sanple volune, the
probability of 15 draw ng conjugates having the sane tag is descri bed by
t he Poi ssowalpmiseddbuti on) P(r)=e' ~(~, ) /", where r is the nuREEMSH00666
conj ugates having the sane tag and ~. ~p, where p is the probali§ifjN Q002
given tag being selected. If n=106 and p=1/(1.67 x 10") (for exanple, if

ei ght 4-base waitkksizde 0irhétadqudhcsy bbrdiffefror! eachvbther Byl legsed nasiebidgs) , t hen
~.=.0149 and P(2}=1.13 x 10~. T hus) .a sanple of one m|lion_nolecules 20

gives rise tosuoh sekhavingaimaximum sige of 33k hen genstrugtedias disciased incBreppes st
e e . . T s o i
Contai g t ador Rupase SERNAT! ARKBLAEY, Bnbihly RS terde TSI

all" in refer ghgshutieotidd AgHmAY alsode asemibiddsimisiaatotslpefrbmlsubunits which
pol ynucl eotides, is neant to reflect the statistical nature of the 25

sanpl i ng ph octhemselvenpresleeted fognt mmmally spass-hyPadizivg seta J-arskampiea set of

conj ugates es | € . | g.%,j; | w1 VE

per cent of thm@lgéa%éﬁggga@ggguﬁ?ﬁg? étﬁa sﬁ%}%‘?g&ﬁ%ﬁb e%tgéfag@ ye,e DNA
sequences ar enadlegtidgatrag becymthegizsd by assembimgt hgpbubits sehecsadt frorg atshieofsequences
Into a conventional, cloning.yector caryyin ag |ibrary. For exanple, 30
CDNAS b EERERIY ORI e Bes thdsash itted o qembingt BLAEEE and af tor
di gestion w t B, BsRide< OShchPhtenittiini rfﬁaﬁhlﬁﬂ l ay be
di rectionall ya}l nserd}g'ds+cnt o a puC %gg?{abfgrkyi ng t )éa?glégsgﬂg 193':%? ngylegzldl%rgaf orm
a tag-cDNROI i br ar y Whehnisyhthesizéd rbabigateniallyp ars oligéracieatide@isléap be randgmizéd

sanple is taken fro his.library -24 SUBSItT SHEET (RULE 2 .. V\D
991 35293 PCT/ EJSQ@'/"UE%%B‘_’SE)“%‘S}[SN “z‘dﬁﬂ-éﬁ‘gﬁ%{f;ﬁf%&‘% H4°a‘}lfl¥°§t5$%‘i‘1ﬁ‘(j tag
Sanpl i ng may Q@r&s:?s@&‘_’%&lhﬁh%%bﬁﬂfs’, édch@ubulii QfiSisBhg bf'h dligdhdél¥dtidelof 3y
sinpl'y picking plasm d-cont’ai ning bacterial hosts fromcolonies. After
anpl i fi cati onfo 9 hecleatiges iNengtbiyherran ezrhrsubunivisselecicd drofn bensame munimaklyd.

After the oligonugcl.eoti.de tags are nr for speci.fi.c _hybrj.di i on,

o o by rendBRrRYPIERE sftn oF eRbyenlioRBARES RRupr B Oliforptitolifh 42

pol ynucl egs i dggailbR dép&Rid onithdinithbdr@f siibunits pér 1ag rhdbmtheJdergdlle of BEShtRABL! ar y
sequences of the tags under conditions that fayor the formation, of

perfectly mat &fcdisauinletids tagsanadse qopaistofgplembion ofsnbunils withadditiosal There is
ext ensi ve gui dafcfideloh @ﬁhéé!térﬁ-ﬁ fhd MgonhSi@btidy ﬂﬂ%@ﬁ%ﬂﬂ%gﬁﬁ&s can
Exenpl ary references providing such gui dance 1 ncl ude tmur, Itical 10
Revi ews i n Bi beteadomtand/oncsh ddrhprisel aestBctidnosite, Such a 2@ct@eenguredthe) ; Sanbnok

et al., Mlecular.Cloping:;, A Laboratory Manual nd Editi (Col d Spring
Har bor Labor at® 31‘_%_8\?\?3%?1&’,‘ °'l'é’§g°_)?‘,al'_‘aé{ﬂ’é at‘ﬂ’érqafdlz’ea% ag‘?rg’f“é"}s MF the

hybri di zapp onohgsiicleb8de Preferdbly, fth€blivnhdlestide diasesOreb@titindite Bes f ect |y
mat ched sequences form stabl e dupl exes. Under such conditions the

pol ynucl eot i d&ase-syiing restrgtiop eajenuciraseen atieastigne arwl. dnaiprefersedemingdipent,
ligated to th ! ﬁ:{f&ﬂ{ r COP. t ' ?p%; i .
Finally, the %“??‘gggr I'C dggxgﬁg%r@n? %}e?’g*rrbg@gtsg%ls?/ﬁ’ug ag% | e%%‘ﬁ?
unl i gat ed andend. AiBspt2@titeds b peeferrédsiteiohithe dthepénd. he hybri di zati ons of tag

to their conpl ements be ingreased t akin sufficiently,small sanple
so that bot Hpa hi gh°5@%‘éﬁ% @@P“?‘gﬁg’%¥ﬁgﬁﬁ§a‘gﬁa§%ﬂ?ﬂ ‘Erﬁ?résﬁﬁ‘?&'ﬁ’éeand {Tﬁe
near est nesghbgipdrts hreused tPddin pHlimtichbliddsPorh a9fixhite 6f polyiticRofliésleath by at

| east two words. This latter condition may be nmet by taking a sanple that
contai ns a nuRPMANEE atag- Puthtag compiements armgymthesizged omthe shefacemfgtsold 1
percent or le f ' f ' LN . . EO anpl e,
If tags are cgiri\asf? F ‘ﬁécl{b g’d%\n&’?ﬁ%eblcé@fﬁ) rév\tg{i gg@#‘%ﬁgﬁf‘: ’o?qraégg‘#lﬁég’)%a%& (E'ﬂ)%ﬁt 1.67
x 10', tags ananay afsynthepisdeativns ar £sidgie suppdng suth that papulatisrarof idehtiéad,gorDNA

seguence conj ugat e s. descri bed above, 0. ) ) .
g J s@ostantsxal?y 1dcn§ca§, sequences are proﬁuccdlm specific regions. That is, the

30 surface of each support, in the case of a bead, or of each region, in the case of an
array, is derivatized by copies of only one type of tag complement having a particular
sequence. The population of such beads or regions contains a repertoire of tag

complements each with distinct sequences. As used herein in reference to
-18 -
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percent sanple nmeans that about 16,700 different tags are present. If this
were | oaded directly onto a repertoire-equivalent of mcroparticies, or in
this exanpl wopeemargl e of 1.67 x 10' mieroparticles, then onl PCHUSPUISES
subset of the sanplod mcroparticles would be | oaded. Pref eraglg,g lNo%iuafl
m croparticles nmay be separated from unl oaded 30 m croparticle 9 a

fluorescence aGpbmpidRide Blgs aﬁ@fagicasxgie%&ﬁ& the e ¢ iféS aneMe vaat i onal
protocol s after DNA sequences have been fluorescently |abel ed and

denat ured. Af nembeneftlifferenteligorsdeasisietagsepr tageompi¢mentsthat dre emiplayed forpri or
se or other an is pf.the attached., .segubaces.. -25 SUBSTLTUTE .SHEET

CRoLE 20 "o P B vEAs3 s B 08 ihugbatio K 5880 ey spusrat ighof

popul ati on nmaynigiRdlySdrossthydridizER!se0df IIOnSBEHHABE BGt 20 ffivilli ABUSHGe§iSed, N

different test populations is sought tQ be conpared. Preferably, a
ref erence DNAOpHRAYRANSISt ¢f# consatenation gEoligamugleptides fragheselected ffasm hesamen a

plurality of g 'Jf?giﬂfng&lhf&@&fi}fggafeig@%{ gg&cg%ﬁ%s. IR Albd s t@%&diﬂr ary

fromeach of the C ene expression is
conpar ed. Thi gs preferdbly symtisssjzed strabinetotially. by pool i ng t he nRNA extract ed

fromthe various cell dl or tissues, or it pay be accaonplished by pooling
t he cDNAs of separ i@?ﬁ%ﬁ&@%&&fﬂmsm%&#E%‘?‘bwtpggﬁ)é?‘i‘ vely, a

ref erence DNA i 3 hGi ]
otive s to ShrRpaBtlegloTht el RRIGINAL B dapiRLaRRO Do R0be R Bl | 1o
sequences 10 hatompleimenp o4 svitké yariety efpiceopagtitié supporys may béesedabitisther ti ssues
bei ng anal yzed. ce .t he,.DNA.seguences npakin refere opul ati on
are obt ai ned, "!‘ﬁgﬁg%ﬂ%ﬁqu%g %ﬁfﬂ@ﬂ@éﬁ%ﬁ#?ﬂ%ﬁgﬁ& @%&r solid
phase cl oni ngcrogs-ghRéEIIYstyrehs; abiihic SESUIANES ScefliRsd) NGRA! 8&kudR, thida!t they can
be inserted into a vector carry!ﬁn‘g an approg;

gglo

- f . |.atetag repert0|re, as
descri bed abovelyatrelcinand the liksy st in the folowng exemplarycreferanspugdetbs. A

m cropart i ol oE IS ST Bagel P L detaBdemiE PR, el 7R O ©
there is ashi ghiepts @hGu8{314] 4,413)070; ahd 4,04617D6; 2t Pos) Clitipter I PSin Adravlifeditor,
sequences arc _represented on _the | Qaded m. croparticles. For exanple) if

among a pl ur aMedjodsrin Melecuias Hielgew ofplatQe Hemans Bipssofotapa i), 189900 genes are
expressed, thaRcRpafticRAiBhét R iiudd dfhabflng Bysliablé HiCldsi®d adifAtibeq

125, 000 t ag- DNAcs«gquence conj ugat es, séh en to ensure
possi bl e DNA $P§uandcpdysiytene brads (3. evailabledramPEA fplhied Biosystems;i Fostep&ityi cl es

wi th about a 99% probabilit .e. 0., Sapbrook et al..(cite bove) .. I n

anot her enbod %ﬁ&,’m{aﬁgi I@?éiregﬁ Bg"dﬁ’oﬁ)"g}()%}ff F’b%g%%?# \g@rﬂ?lygtgygng GIS' 2:‘81’(‘"55

pol ynucl egbi dgenaGelTVI Rapp Fd@fiérk] Tutitien Germehy); id thé Tk& | Micrsiridlésaday r om
the group consjsting of cell cycle proteins, signal transduction pathway

proteins, oncdfefeng¥ Q€ dendsimezic stru %W&rs“%ﬁbﬁﬁé@’g%ﬁ by Nilsemetead,, Ushpatsatat ases,
transcriptionsfi36b8pS Gefkalt, thd G4 £1d sh aci{l%g?g{t@!&taip n&tacq'ltn{g%l?] however

extracel lular matrix proteins, proteases, cy pro S, nertbr ane
receptors, Rbnpewhariglepimtheisize rangsaf p fivh\egy 112, tt several mpudredeé. ps20001000vol ved

e B e B b SRR oo ings
invol ved b5 apgpd f&?éﬁoire%%'&li?&ﬂu}é%ﬁ&@@ééﬂﬁﬁnﬁﬁiﬁmﬁ w'&@kﬁdsaﬁ{fl@ﬁﬁg@! to the

solid phase supports through oligonucl €otides having a uni que sequence per

sol i d suppor t Praferablyygiycidal methedrlatei(GMA) radsupiayie Gom BinEE Tabdratofe )

(Carmel, IN) are used as microparticles in the invention. Such microparticles are

useful in a variety of sizes and are available with a variety of linkage groups for
synthesizing tags and/or tag compiements. More preferably, 5 pm diameter GMA
30  beads are employed.
In a preferred embodiment, polynucleotides to be sorted, or cloned onto a solid
phase support, each have an oligonucieotide tag attached, such that different
polynucieotides have different tags. Tms condition is achieved by employing a
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WD 99/ 351 93 PCTI US99/ 0066G 0 ~ uu~ zooz can al so be attached to hirﬁ@aigﬁuz
phase supports through an oligonucl eotide wth a sequence commopnV¥f

solid phase support, such as, for exanple a pol yadenyl ated ol i gonucl eoti de.
Preferably, after the tag-DNA sequence conjugates are sanpled, they arc 5
anplified b ' | ' ficient
matenal o B o P dbpafARAERRL: Ha HbtaRln SER AR B, |

provi de a nmeking & mffidemty smpall simpiegof taggkdcholymuoleotidesafeen thrd futlepserible b€s, as

disclosed in Brenner et al. (cited aboye). Preferably, the PCR prinmer also
contains a %&%P@@Wﬂﬁ?%‘ae%lﬁmu q'!‘ﬁ?‘"lﬁ’éﬂgr‘&lﬂqnd eB?P‘HZ‘FCE’éP SeRPogs aBdt e of a
rare-cuttin Eiﬁl&t] |+ o1l P?&lr ; : WPt e

st randed prgc()j1 ct édéﬁtktgta @Eg@ uO‘régtzcgtel%r?s‘%flgglgPeﬁgsdgglf%ﬁlgg{a%&??%ﬁﬁ{ﬁée end
of the cDNAolpgdnoclebtide fags withplain tespestive tomplements,dderdical pdiphueteonNés sirr ands
derived fromcells ')r tid?sue bei ng.studi ed. After su&)p Io?di.ag, t he
speci fi cal | JAPBIICHIES BEAds 0F Fagianss LY FOHEE: 186 sAmriad ta8-pal¥nYcisQlitey to t he tag
conpl enent s ég@@@ ' ld& at ; heunl oaded
m cr opartic(I: e% aﬁ&%i\ . T%elg_]fg{ P? Fg%_regglgg%to %ﬁ%ﬁﬁéﬁgﬁgg&g%élg%ﬁﬂe DNA
strands of plasmido RN\ transsrippen or thedikeatocprovide mufficicotmpterial fpr sutisequeat! st r and
I's renoved by.denaturing with heat, fornmam de, NaOH, and/or with |ike
nmeans, Uusi n@a/awmentional protocols. The microparticles are then ready for
conpetifg ve hybr Oﬂgéﬁdlwﬁde 2y @R @Rployddvior twddiffékehe bindBsedfifl certain

Li eht - Gener ati n~Label s Gene expression products, e.g. nMRNA or cDNA, from

the cel | s aembedimentsofthe ipugntigna fligpaecieatide taa@armreglpyqd]@ implereen isolid

products arg ]} . dist i iy &h (o= r abl t he

P oduct o 1 r OIAESRREE, B 48Ul ERbile S et SRR ol RN ERBR,

conpri sed byatéiteuplicalioatW096/420V1, aétietsin gy membeds of polpaelectidss, 8g. 2 uni que
25 and di stinguishabl e em ssion itequency. Alternatively, the product of

one source #yArahthousand to sevesal hupdred thousarsh arsspped FPmAmIduEEAntosionabpel ed by
conventjona I i At .Sl . ' I ke~
Prof or ably. “uopPRURICHTRiadilal doRRubleofes Shonk oF itk St fhkse fopbtiftch 22

t ranscri bedaralysis, ah theytareerhpldysdRildeliver (amacobptyabels teidentify tag i s attached
for providing a |l abel ed tag conplenent for 30 jdentification, A |large
number of | PRGBS ey cppeled aapiors, tat BRRer If Hie aRAS RS & U dFRednt

col ori metri gy ﬁlﬁﬁi&lh%.%%fs%wsed ANAbPdcREEIAD! Hﬁérﬂﬁ?o?ﬁ[‘éatérﬁ%ﬁbﬁcati@ﬁ”ef ally,
such | abel s produce an optical signal which may conprise an absorption
frequency) WOLMIEHHoFof thecfommeryuse,darge numherisi or repertoirgs alf tagsfaet fypieallyr a
combi naj on, ot - 27 SRS re ST S bR of Hmucte YA RES R L7 S0 00666

these embodiments, combinatorial synthesis of the tags is preferred. On the other
hand, where extremely large repertoires of tags are not required--such as for
delivering labels to a plurality of kinds or subpopulations of polynucleotides in the
range of 2 to a few tens, e.g. encoded adaptors, oligonucleotide tags of a minimally

25  cross-hybridizing set may be separately synthesized, as well as synthesized
combinatorially.

Sets containing several hundred to several thousands, or even several tens of
thousands, of oligonucleotides may be synthesized directly by a variety of parallel
synthesis approaches, e.g. as disclosed in Frank et al., U.S. patent 4,689,405; Frank et

30 al., Nucleic Acids Research, 11: 4365-4377 (1983); Matson et al., Anal. Biochem.,
224: 110-116 (1995); Fodor et al., International publication W093/22684; Pease et
al., Proc. Natl. Acad. Sci., 91: 5022-5026 (1994); Southern et al., J. Biotechnology,
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such characteristics. Preferably, fluorescent |abels are enployed, either
by direct incorporation of fluorescently |abel ed nucl eosi de trM]qﬁﬁhal_tugz
or by indirect application by incorporation of a capture noiety, such as
bi oti nyl at ed nucl eosi de tri phosphates or an oligonucl eotide tag, followed
by conpl exi nges.w b h At : b i |,
such as a St?%.‘F’)Z[lg\l;ﬁllgi(@?@ngg@%g%t@gego@%ﬁjﬁggﬁtxgﬂﬁo Ba&/? ﬁj@?ggtgz%n Ie?}gﬁ’abel ed
t ag conpl eneBRtac. Nagf AcaibByi,, 92029 27916411923 )goethe tike.ect ed from a fl uorescent

| abel is an intenﬁit ﬁg, one or nore .charact er'bséai c enission . frequencies.

ERderably. .

Sel ection of fluo 139 cempjemenisdR mikgress whether sygthssized embiaatarialy ¢ hem

into DNA str I Ir Stk : i : , hews
f 10 8l Aol e SGARA (e skl upfk oF il b anbBHE TV
Fl uor escent & thaeperfactly Resdmd hiybridschave aimsilar b bubstantiallyPidebtisa) mefting Eugene,
1992); Keiler and Manaﬁ . DNA Pr obes ﬁgﬂ Edi ti@n SSt ogkton Prasls) New Yor k,
1993): and ESRPCEANTeS.o ffus SErmity Missmate tgg&grgp. alsi &iQ BHIRES AR Pr act i cal
Approach (I Ryjsfi ﬁmed%n?b&cha?%Qtéhe\ﬁié%rgpl&hbﬁtk fifdhe 'Rgua&\zaidr&teps, eg.

Bi ochemi stry and Mol ecul ar Biology, 26: 227 15 259 ( 1991 ); Ju et aF.,
Proc. Nat!. By adshigeundersringasspndit®ons. (Fargosgipinatatially sputhesized thiat ur e

Medi ci ne, 2: 246-249 (_1996): and. the..l.ike. Preferabl l,ight - gener ating

| abel s are s&{BR glﬁngb“q%%hi’ ﬁ@ﬁ'hﬁgﬁ%ﬁg F%%ﬁ#fgﬁ's@fsﬁﬂﬁ@ E‘g’r]lmﬁéﬁ'faél at ed
to the qumnt jrfake gﬁprbﬁhﬁkaﬂ eqialetitrcdneibuilbmss MupRRtabRity BobverBthept i cal
signal s generated by different |jght-generating |abels can be conpared. 20

Measur enment @fbunitdn thei set i Guidannedprsartyang ot sugh sslestiorsiis providadsby publisked

preferred nmeans.. NGt hi i ool i r Lven..sel ection of
Pl tor escent - AyBudussdBEbeRBink dpipdERC Rar Bid kol g BB 2541 U
quantities oRytihedtat, MiéeistAcidyiReseigh) 1728543855 10 089) and 18t 6465.64 1D

factors, includi n% fluorescent enmi ssion maxi ma_of the different dyes,

quant um yi el tPPOk Rresiausk ebtln dipca Nad Aeak SFip1830 4741 I06(1 9805 ¥esmps it

bandw dt his) P@%Pﬁi‘éct@m.%&l B!, 96: 2279349 699'9‘3&(&)15 u?é‘.dAt '.nhly‘cm%' dance
for making fluorescent ‘I ntensi’ty reasurenents an or relatimg themto
quantiti es ohytidizing et df sligomicleatities dan bk Bereéndddryaddditionaledritéria) gudhoasah@mi cal
and nol ecul ar anal ysis) .e. Cuil bault, editor,. Practical Flyorescence,
Second Edi timfltf%ﬁyle@ﬁm%%ws S/édorepalmeting ipperftie and t%siifdps,

Fl uor escence e q LRRF aRitn (MR e mitdalaig crostiiybri@izihe s4O71 ) S0 Vhite et

al ., Fluorescence Analysis: A Practical Approach (Marcel Dekker, New York,
1970); and the |i Kbe oligonuskedtidiectags of the inyentiomandrtb¢incomplemponisazd si gnal "
means a ratio of signals, >l omdifferen Lght - generating | abel s that can be
rel at ed aCHHERSn Smsuﬁ’s@”g]ﬁplw aP@B?#"é’(LP %@&‘Fﬂﬁﬂs&&g"q g@ﬁﬁ%cal , or
subst ant i al | Bidsg&sinsJat. (FEREUCHY, Califdaia) md@el 98 ST 39M DR SREEA S(ibedize26) WO
991 35293 PCTNS991 00666 0 5 J U N 2002 form dupl exes. with a _conpl enentary
ref er ence DNWSIBE ptapdard chempistrigp)sych as phospharymidifs chemistry, g8 fisclosed in hei o of

Conpet 1t 1 ve FURMIEtertEect) Bellafl altPier oirtaft o8 2L o Nplio ¢ e
ot Phe | abel ot DNA St Ao {1 oML Saeh auch Sout co o bhe mior apar tieles o
| oaded \A?% h fldl'nqé' W@&%ﬁ&gfwghgggﬁ“ﬁm3ﬁ§' %’fﬁirfi}éﬁi‘?-onal hyEri di zat i on
react fon. The par bigdhiledtEME T lordaSAPAEL 4R PERSh 1ol

conpetitive hybridization reaction var y dependi ng on the enbodi ment
of the i nvenor basepairse tPoeferablyf bligonsiclegtidehtagsrange ini lomgth frox01 Stock) anmount s

i ncl ude the gugnt.i of mcroparticl sed of micr icles
used, the | oa'éﬁa}ﬁ(’dldt5¥ o %ﬂss?%’ﬁc@‘i rﬁrigﬁdglgﬁhgﬁ%é%géso%% #‘cl\%@; h'f) ﬁ‘le
conpl exi ty of5td40 pededtides O basedairs 2 Deteqtls i refetred Ad mobdptefend Inuttbers
Hybridi zation is conpetitive in that differently | abeled DNA strands with
identical, or substantially identical, sequences conpete to hybridize to
the sanme conpl enentary reference DNA strands. 15 The conpetitive

hybri di zati on conditions are selected so that the proporti-on of | abel ed
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DNA strands form ng dupl exes with conplementary reference DNA strands
reflects) and preferably is directly proportional to) the anmount of that
DNA st ranglvbr; ;3;%3 popul ation in conparison with the amount pETaSSymespeting
DNA st rands o? entical sequence in their respective popul at onj Thus, if
a first and second differeatly 20 | abel ed DNA strands with |djeﬁt b 2002°
sequence are conpeting for hybridization with a conplenentary reference DNA
strand such that pﬁéuqu@tmrsamgeammegrmmdﬁsfoétowei concentration of 1
ngl p,| and the second | S 5 on of 2 ngl~.1,

then at equilibriumit X f e | exes forned
with the referenceMbh¥memsul d i ncl ude f| rst IabeI ed DNA strands and two
thirds of the 25 dgRubxgis woul d i N i e YA strands.

Gui dance for sel ecting hybridi zgbigny condr t| grgs40)s pr ovr g_40) many
references, includi ng Kel | ey and Ivauak (cr ted above); Wetrnur, (cited

above); Hames et al.,jeditorg; |zat 9 acti cal
Approach (I RL Press, Q<ford F%ggg and the Anot ﬁepsé‘é%’gct of the

invention is a kit fo anal yg |5rg?%iéer eq_i(ﬁ;dby‘m@(pr esgqq ﬁﬁmgenes

conprising a mxture of m cropar , eac mcropartlcle ng a

popul ati on of identical sin st.randed nu aci d I ec attached
thereto, the single s randegi'ﬁaélfbéﬁng amg’gfﬁ‘fé‘EﬁTes berT gl‘"?‘?serent on each
m croparticle and conprisin ucle rrvedfro an MRNA of at

| east one cell or tissue so%‘i@g&- %Té’l‘ﬁ?PE’%HEET WO

991 35293 PC?NS99/ 00666 0 5 J U PJ 2002 Pref erably, each of sai d nucl ei c

acid nol ecul es further conprises an oligonuclcotide tag in juxtaposition
with said polMesnpreferabiycoliguiuciestidei tagsefdr snrtingan siglecstrandedopedrspeaifie and sai d
pol ynucl e ti he. kit can.f her. c rise opul ation of cDNA nol ecul es
fromat |east ym&zgfm’s%ﬁcﬂ“é’é? Waifpn'tq ggg‘%tﬂ'@b@“&"@%l—fm? for labeling 5

t he cDNA popul at i %éferabgaga@heuésqrfsﬁ@rémmt@eﬂmedu*ubV£gshuxbidrdtgz ation,

and the like. If desire he cDNA nol ecules in the kit are provided in
f | uor escent | wontaineit depst Hi0menbess;khore praferably: repertairediof fuphdhgseontavmaint s f or

performng C i fo j zation
buffers, ? #deotrosrxglhg*g’t angg(;{él%?ﬂhbzﬂﬁ%eﬁpﬁse {s?ﬁlg%ggfo%mﬁaP a?th
conprise at Ilemsonm@be@gnt ai ner or several containers 10 for each of the
corrponents and can %ggrr se print instructions for use in analyzi n'%

differentPally expr ¥ therlength zlﬁmw%wsapgmlmnfeééelaw@ps labg
preparing a r@@@g&pgaﬂpwl%rﬁ}efc%w)riﬁeslbg%ﬁgswé&lgm @&f microparticles

havi ng ol i gonucl eot1 de tag conpl enent’s att ereto, the
ol i gonucl eot i de tégenxbnqhhmnsmhcsespeexﬁcdtybndmgiodidcém e'ratmptexf&mmiroh
m croparticle, rlse a of .vectors

conprising a P?‘Bﬁ&??go‘r’q‘%g?f‘ﬁg ‘f’h °§ Bﬂﬁ‘égleigsn%f'g%ﬁ{m% te tag

conpl enent s. hblwevde] thefedie ﬁuﬂrchedns&smrdn&@c seldeabyl bAdubifit SéqueRdexnucl eot i des
fromat |east one cell or tissue source, pref erablg cDNAs. \When a
)

popul ati 88 ofGeperall ikird stransbassqciation WiaHeegstesn sfme o binding e meshtable plong of
ol ynucl eot i i ¢ ality -
bF i or opar ¢ oot fihEhaieie Fabah 3 dife 3Rl thag DAY, BBl ! | 1Y
ref erence porfodnairi ’b-rA*Tsder-GEﬁ métifis (wkaa}‘.ﬂ”endlaztm%tssn-dmh@hmngpmuy‘r‘f’ér i se,
dNTP' s, IabeII <Fat IE and the. like,_ as well nt ed

PCR b
i nstructions ' i‘ﬁﬁ“fpﬁ Lg‘ﬁﬁg@'rﬂ?@'e YeFpothes motifs asaslsq W%ﬁtﬂq’ig of
Mcron rticl gg IEthbgstdcﬁ beseatrig ﬂ@ﬁﬁéﬁﬁsmlaﬂwmpﬁﬁtlbﬂ&&n%ﬁns

corrpetrtrvely h r|d| zed to a reference popul ation on mcroparticles, the
nucr opar RPci &§ P@M@M@%&e%mhmmgpmh wrand.ef thedependi ng

on the cheni %hleﬁ?&'(\@chﬂﬂé’ﬁﬁxﬁ%h RRE, tuﬁm% gytg fo ereg:gaaéénty&ctgr fonnd the

attached sequehces or exanple) mcro
mechani cal | y of dpauanes;i ‘H;ermsccmnsrmgtpdé:mm&) Ixtmgmtfbt:setucungpﬁprbpntdtes may

b ted b t t t . .ch
i cr opar ti of GEHsHoRe SeHioT FOTREAS by NEIeBROr GBR (& SSREb RO | ke, T he
fol | owi ng r efdesaibose Mickdsiles ardRmpidyedy, I&E%oﬂt&éﬁoﬁﬁulgEn%ﬁ)ylatcd/@t&%é5293

pCT/ US99/ 00666 0 0.J U~~ 2002 guidance for selecting neans for "anal yzi ng
and/ or s@Pt i #gd HRediks) i orden tesnaxppize, origtherwise regn lates tripdex) stability asdgsiredtina| .

Al U paifaeiisf Ebogphe, CondRions ol apedB Sbiclu bt pplf 160

| Camaukhov et al., U S. Patent 4,354,114; Afdctt et al., U S. Patent
5,104,791; Gavin et al., PCT pubI i cation WD 97/40383; and the |ike.

Preferably, mcroparticles cgﬁﬁw RUER %sy | abel ed DNA strands are
conveniently classified and sorte a co rcirally avail abl e FRCS
|nstrurrent e.g. Van D|IIa et aI : Flow Q/torretry Instrurrentatron and Dat a

I | ry o . -~ » A NS\ ~ ~ 2 a2

iB

DD




15 fluorescence intensities, related to the quantity of |abel ed DNA strands
fromeach cell or tissue types carried by the mcroparticle C_Q}SJ &%%m in
Figure | a WO ®BRa%Hl e 1, when fluorescent intensities of each éroparti cle
are plotted on a two-di nensional- graph, mcroparticles indicati 0 ‘la|2[][12
expression levels will be on or near the diagonal ( 100) of the ém

Up- regul at ed tgeiflsifigleRerimizt lof B8l editslements arppebitnowh, 2. JilkealfAnali agonal
regi ons ( 11@{ Such m'crogarticles are readily sorted by commercial FRCS
i nstruments Ksheny 4pni32ar13¢8 (9B NiGRgLas 6F ali 4GS (Ratenrad82.836:nd (e bke Wtfe or

both of f-dia ' Ijﬁlzg i ' L. : :

m croparticl g’gﬂl@gﬁ{ %gg %gs'r%{x (‘an ac%hocr yﬁgg%lgc;bflt é{‘:éﬁgf#@gaat f@xgpgg'?gagfwgfvétﬁal ,
and i f desir ¢dlynoaviseas exgbsé the tigifot hmmealingitoyits conipyemment.unul ati ng t hose

m croparticles generating a signal wthin a predetermn range of

val ues cofr espondi‘HySXeBP F%fl&ﬁég*mﬁéﬁgpw&%%%mma f‘)he di fferent
cell or tissue sourcesse IQikkeroparticles contaigdgngzbkuorescently | abel ed
DNA strands can al so be classified and sorted according to the abundance of
the gene products from \wj h are derived. The abundance of a nucleic
aci d sequence %a‘&sﬁ‘é‘gﬁ‘é%%qcﬁqﬁéﬁ%the met hods desclfi bed above for

determ ning' rel ati ve gene expressi on and can be -31 SUBSTI TUTE SHEET ( RULE
26) WO 99/ 3579 AGRATINSSSBAODEEATTAG J4UAN 2|2 e@daadcated with the | evel of

intensity of the j Cs<_1"cg?2.11%%#1_er ted he.fdasnucl eoti des bound to
the mcropartici cwlg\:/\er ty[qi(g'clzaﬁli' atclzve of a rarer nucleic acid

sequence, such as a rare gene product. Rare genes are genes encodi ng an
MRNA which is presept in about 4100 copies per cell or less, with increasing
preference for | ess than about 50 copies to | ess than about 25 copies, with
| ess than about EGocBhi es pePa2&ell being nost preferred. Rare genes can be
i solated by collecting mcroparticles with |ow fluorescent intensities as
shown in Exanples 9 and 10. The collected mcroparticles typically conprise
| ess than about 5% of the total microfRetifcles, with iﬁé?é%ging pref erence
for less than about 2.5% 1 % to 0.5%wth 10 less than apout 0.1 % bei ng
nost preferred. Alternatively, since hybridization rates arc proportionate
to the abundance of a nucl ei ¢ acLgcERRiteBeerbesSsS . apusarccaNetE&i -aci d
sequences _can be isolated by setting the hgbridization conditions such that

nucl ei ¢ 48i d sequences present i % anceXFHEHREEFTCRITA | ssue

source remai n unhybridi zed. Suitable hybridization 15 ¢aonditio I ude
t hose conditions used for producing normalized cDNA ¥ xrﬁ%%é#%ﬁ% ali et

al., Proc. Natl. Acad Sci. USA, 88:1943-1947 (1991)).a+r exanple) rare
genes can be isolated by collecting unhybridized DNA after, all Qlwinpegr a

maxi mum period of time for hybridization of the abundant Speci es.
Repetitive sequences can often conpli Fatmulalle mappi ng and anal ysis of 20
pol ynor phisns. Repetitive sequences exist due to the presence in the genone
of transpésons, retrotransposons) retroviruses, short interspersed
repetitive el gE8RhRing Adrslof HeligoRuciiotide BRIy HRSengiiRER] td EdntdhA
mnisatellite DNA negasatellite DNA and the’like.” Repetitive sequences
can be renovaestictiomsitepppexsomlifiad abayveafor cenvenicntdaseatban istoandsxcisiondromupi dl y

hybri di zi n . Cl cle a re. sl r .t.0.

nybr i di ve - prUREYElRe, GiRhalil M8 KK of REGIRRer il B2 b iy QiR difn
enriched in mhg#w@m éuine&;mlmli resgénis) &g avaiﬂubﬂeﬁimim?mecwwloﬁmmpmg /
sequences. Anot aspect of the .invention.ls.a Ki or ana ing a or

i fsgl ati né_onudﬂ& g“ﬁé? g“‘:gllé%fﬁéﬂ’é cangp °’ra€?6’§€?“qnén_ éF“a‘f‘%ﬁng)ﬁl"é@'_éﬁ%%ﬁri si ng
m croparticl erﬁal@&getﬁg-fﬁ%‘énﬂﬁt diﬁﬁfgﬁdeQ% a0 ﬁbﬁﬁdis RseRéErtd H&dnviemidnans for

use. -32

cloning vector, such a pUC19, or the like. Optionally, the vector containing the tag
library may contain a “stuffer” region, “XXX ... XXX,” which facilitates isolation of
fragments fully digested with, for example, Bam HI and Bbs L

25 An important aspect of the invention is the sorting and attachment of
populations of DNA sequences, e.g. from ; cDNA library, to microparticles or to
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SUBSTI TUTE SHEET (RULE 26) 0 ~ ~l~~ 2aa~ ldentification of Sorted Crenes
] Z~Massivelv parallel Si a re ea yen i | MPSSI Expressed genes nay be
identifiedydodabal | €l by MPSS, which is a 5 conbination of pewrusBmbsssques:
one for tagging and sorting fragnents of DNA for parallel processg Sg @ﬁ?lwg
Brenner et al., International publication W96141011 ), and anoth ‘fl

st epwi se sequenci ng the end of DNA fragnment (e.g..Brenner, U. S patent
5,599, 675 andR¥FYE Legiensan agolid Pﬁ?ﬁ‘é“ﬂ%&rf %mthﬁzs@@wxmela@r gegion has

W97/ 46704) . : hidi 4ol ' j . I [ Ldh a
first restri cstﬁ‘lf,%ﬁ{ufgygh o%gnggés%)@&édggﬁ%th %hﬁ%@%@gﬁ@ggﬁ %Sgﬁgﬁt{so

ol i gonucl eot iatkepresens inaclonbd subpopeldtitres. (Bhis abjective iSaczomplisikdd Wy insuring that

o upat o meybeligh P SV sShskhem et bl o SBabmn s SR oo
conj ugat es . ret, a hase
supports By spgghf damra‘bemgtt:aﬁﬂg%glﬁﬁnlsmé egm%m?]gﬁdcﬂmé 60ag UNA their

is Br
tag conplenents. 15 Once an anplified sanpl'e of D fragnents Ts sorted
onto solid plsegenerganingatesfor amalysishdhis gesrptable thatidenticabbBN A sequenves hang al | y

i dentical fr nt t he f are preferably sequenced
w th an adapCieides o FMfFy Fuk.bt SEONA HleRePefidihel abateg ™
cycles of |i gailyss t\»ﬁdﬂrﬂdcﬁisﬁﬁﬁlWhan&ﬂiaﬁiﬁ&)ﬂ@Gi@aer%U@ﬂﬂy&%‘oﬂéﬁm?ﬁﬁ bpd
described in Brenner, US. patent 5,6599,6675. In fiuther 20 preference,

adapt or s usedaking 2 freall ¥eluws fomy2 lasgarsmixBie-rafies the tagshayvebgen Atpched t@rthe and an

the
i Laoti . ' b tof
o1 i gonucilBot o1 sefleifeefE kit cfi FolliiheBlyle ' JR b brret £ B8 Do ”
publ i cation (&hriqdésfbéd tdprobesa daDNASsequenceeim tags] of sarhpling ¢ande cagiedoded

adaptors.” Encoded adaptors whose protruding strands form perfectly matched
dupl exes vvitW“E‘I’R!h%"‘agﬁﬁ‘il%ﬁ’rfpg?rﬁ&pﬁa&‘f%@a?%&’%ﬁt%s of a fragment are

| igated. After |i 1 L i : 1 qﬁnll es in

t he protruding strgf':én%aﬁlﬂjsle %{‘e}t?tea?ﬂ%f X%@@ggﬁgﬁﬁfﬁe g‘{ydé%z)(’:?%?ga yg

Pybri di tzi ngI gcdc?tugtrmdﬂd e?gsmkb_rhbeaﬁ'c?w b)rtamd I —acsamp_ié'vdlmnit:,ththep_mbahiﬁpoqfdijng t
ag on i gat.ed adaptor,. referred, sequenci net hod i.s carried ou
Wi th thquoll C%‘illé%é@ 'F&b“gg‘ﬁpiai“&éﬁ ffgdcaw%éﬁ@ac}ﬁ%?y_amfﬂﬁg% end of a
fragment, the@acqipd kaPt Rithd MthB of cotiELRAIRVINRGROSME BB a3l henp 2

nucl ease whose cl eavage site is separate fromits recognition site; gb)
i denti fyi ng ovheray isrthe prohahilitysfiagiivesndag béing esiettad. If nel andwrl/(by7 xHO')
identity of the encaoded .a tor ligated.thereto;: (c) .cleaving the fragnent
wih a a3 (R cERSkioABRAEbR: wordPhGEunel Hirfinet &0l R AR LTB NS GSn ¢ 1 on
site of the efspdas RE@IIBANd PEDR1 DAL 0PN erhut a0iBRie dfonthRilliGB6lebMeONe OF

nore nucl eotides; and (d) repeating said steEs_(_a) through (c) until said
nucl eoti @8 s@tjgeAsRtoM qxnect@ﬁmlmertoﬁéow@g\ﬁd within the preferfadadnge rSucha

are's spoci | AR GF oM ORERe By St ook RBr £ B B Rl hng AR o

adaptors | i gabwdgdtes.t he ends of the fragnents. The type and sequence of

nucl eotides in th rotfrudi ng str s of, ol ucl eotides, are identified
P @5 a{;g%t bol yn fu

he
by the |abel carrSSE/hTHE. BpLmispbstanially gl in; refepenge 1o aftaching 2gsithe set
from whi ch t g)&@iesOsipécial l)yrﬁz%le‘éﬁ& I isfechnPR) hify ' of
Sorted Ones by Conven iccl)nglr% eguel Gét;snes pr ogﬁc@?céggr#gﬁﬂgild%%gﬁgﬁti cles
may be i @&nt isamplingproeadurenmpleyed te obtainha paputsion o tagemoteaule conjugates DNA

sequenci ng pr. 0 i far.such sequenci be
generated in cgs)gg@'g@éﬁs&%ﬁ%tfdte’?@ﬁ éfé@bﬁéﬁ#d‘“} o'ﬁn"f R%':g’gr“lf@% ]ﬂﬁér oparticles
carryi ng di f sequendeshaveurdquetegsatacwine products. For exanple, the 15
reference DNA attiﬁed t o i solated mcroparticle my be used to generate

| abel ed ext ensi onPHHEaRR¢ Qﬁgyscﬂ‘ﬁﬂcés e GOWHEHerto qliggnucieotids tagsibyligseRitgnner
| nt er nati onal ' i : ; i ' Bltary ' .Ndi NQ
site (400) io" ?ﬁ@%iﬁ‘?ﬁ“ﬁ %g&@%@%@%ggﬁmmgﬁ%%g& tary PFor Sgmple,
conpl enedP ( 4DBYAS may earonstruatedrhayinge Bsp 124 1isite at their 4t ¢ndg and afterdigeation cl e,

e.g. by sorti § nt icrotiter I 20, orthe.like, .th

di fferenti al |“§9‘£< rl(e}gégggsﬁrda;ﬁgggf’%s%glafggu é?‘f“ %Wy(bﬁ(ﬁwfétf@a@%ded, and
a convent i onatseffediger a pUGUR ety theasdsiof Foirhuls 3Ed forsk aQa-cPNA fisthry, abel ed

ext ensi on prgﬁg&t.s are forned. These ﬁr oducts are then separated by

el ect r ophore igelugdessyery RORSiblG tagsc DN Ay PaINg. oh sample issakemiem dhis libRng

sim |l ar enbodi nent, sequencing tenplates may be produced w thout sorting

i ndi vidual microparticles. Priner binding 234sites (400) and (420) may be
used to generate tenplates by PCR using priners (404) and (422). The

resul ting anplicons containi m{fg@ﬁm en cloned into a
conventional sequencing vector ésuc as ML3. R?teérdjtransfecti on, hosts are
pl ated and individual clones are selected for sequencing. |In another

R T L e e A ~r~ 1

pa




Exanpl e 1 Construction of a Tagged cDNA Li bra~,, ~plin~arnd Loadi nE Tagged
cDNAs onto Mcroyarticles In this exanple, a preferred protosetyésfoosss
prepari ng t‘ﬁﬁ&%’ag&%f erence DNA for |oading onto mcroparticles ms N 2002
described. Briefly, cDNA fromeach of the cell or 10 tissue tyrpe J)U
interest is prepared and directionally cloned into a vector containing the
tag el enment offoramplification ami sqring b amplinganayra¢acesmplished By serghddludenscd| | s or

i i i ned Lly.in. g . i g fi d
Synthesi 5. mrAe N8 bR s ek g BlasRi P Bt bar@hit Fosts Arigh E2heiBh of o
second strand &mtdaﬂﬂiﬁ%aﬁ&iw&g-euméo af BiHy  befekifedfiém itheplagifiidl. t | Ng

cDNAs are inserted into a 15 vector containing a tag elenent of Fornula I,
or like tag el ementAfterithe oligonyeleotisieriagsi an¢ prgpared farspecifnitybrisiizatignt &g bar e

then used t.o transforma sujitable.ho : L,cal l nvent.i onal .bacteri al
oSt - af t e wHFRIFnB Jatrn i els it 38 Bbeopbo e ate Bl e B mivel
expanded and wgigh Sicrbpifiticles eontditifig Gé compienicntary e bl wider
preferably anplifjed fromthe vectars and_ processed as descri bed

by PCR
bel ow 20 for |coaditians Bt Hved be quaa%iww%%erfsetﬂy fatchskdunlexes bedipee diegresent s.
After the non &amiﬁé&@eﬁbﬁ@m@% Bl RSt BuilBndetf] uftfterabul® ot NGB N NO
rea Ively hybridi g 0

m croparticles are to accept conpeti zed gene p ucts
i n accor dance oconditiohf cExemparyireferenGgseroviding guchdguidance michide Vgettmur,t Crétical

S ol N o Wl s 4 Sa M S S
New Yor Kk, 19931, m&gldgp%%ﬁmm ﬁ%uagrznamimxc?ﬁ%&ﬁ?boﬁ pel I et

of approxinmately 5 ~ s resuspended in 45 ~1 | nal “vol une) of a
first strand graboratoryclNemwiYark,1§8%) andthe likGxPretapatis iRt Wybrididation comiiGons\i

Tris-C, pH 8.3 5 Cl d,15 2 COBRL | i 30
r(ral/Zr se tlroansc,arrﬁE ﬂ'&é?@%%gﬁn?g%m&wp%%w%ﬂ%‘%ﬁ&éﬂ“ﬁg"fg%‘rﬂ ?tla 85 p, |
3dNTP/ met hy| d@pieRes Uddbr shéhRaditions ﬁé‘ﬁ&yn&ﬁ%?ideﬂ%ﬁ&ﬁ%&ih%ﬂﬂeﬁﬂmﬁﬁ P,

e. g avail able from Phannmacia Biotech), 1 p,| RNasin, .25 p,g/~"1 of
rever se t rldnsdh¢iptags maybe digated tocthe complsmentanysenuenses-attagig to theg 5 ~5

Jut~, "'""~? 5 -hi ot ] TLT . e
Transcription ’Pﬁ@@?@&%ﬁ%ﬁ‘%&%ﬁﬁ #C(g‘#lo% (br& 1 1 él%y%ﬁgﬁghzom
tenperature, Smiigated aRdor tlismhtchedPRRECRI PT i s added and the mixture is
(about 50 1 t ot al jSReeiiasteint BYor EGuRLER o FamplemERS PR R BrTEREd 330
~1) consistin i 3 | i 6.9, 453
T 10 Ka © 23 SEARE 3] TleaRg SRRt EYIE A RN E igh befekhie Of s it

vol ume of 28bosempiere uniqusansthenearsst neighbors eff substantially all Eietags il aBmPlaini t s)
and 10 ~ 1 Of gl dilicaby fro il FRELAS! MIRIRRGady e 0y UL o B8 BRATDT e

and the conbi néd enzyne mxture is a bove 'secon
reaction m xt wontairsfalresmbshbftagpblsmucieatiderconjagitesthatas aort 0.4 pErenosrlgsdi5> sec

and then incubated f 1 hr at 16C and for_1 hr at room 15 tenperatyre to
give the foll c}aﬁﬂﬁeﬂ‘gﬁﬂ?eﬂ‘lr%m%c@ ed diercxam .lft tags ”5"’0’-‘%".6'("?@3’. o
XCATOX- 3" . cighKbARTE reiroireb 89 oB AR 6001 il id%ad dfnpfesichiiccat ed

nucl eotides in the cDNAs, V represents A, C o B represents C,
or T. Not &5t haroduged.r Inalibraryiaf sagsPNiApsequence eonjugatesag dessobechabovberh 1sel ect ed

to give a Bsm | | *BE m i ln.a.n - T over, 25
upon di gesti o%e?#a&sdrlrg : ,&ﬁ & 6%??@?9@%?#(ﬁ)a%%?}r%]p&s??tamsn‘ggﬁég‘%{éganoI
preci pi t ati on,ditebity ofitbla repertoirsequiesiemodfimicroparticles) of icthisreRimpleracsampiesfded
buffer for diges}i W th I New Engl and Bi gl abs, Beverely), MA), which
is foll owed by a’b?&r’@‘cﬁqpaﬁf&sb‘#‘é PRIy a$p ?“géﬁj H@H’F SgmP F’HF’HH&& ®peads
(Dynal , Csl0) WU1dBY loadé. { Breferdhl)idaded infioparticles may be separated from unloaded

30 microparticles by a fluorescence activated cell sorting (FACS) instrument using

conventional protocols after DNA sequences have been fluorescently labeled and
denatured. After loading and FACS sorting, the label may be cleaved prior use or
other analysis of the attached DNA sequénces.
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30 captured fragnments are digested with BsmBI to release the follow ng
cDNAs (SEQ m NGO 4) which are precipitated in ethanol:

GCATTGAGACGAQoARBI TTTTTTTTTTTTTTVXXX ... X -3' -36 .0 5 JgdTAN99/00666
ACTC "TAA XXX ... XCTAG -S' A conventional cloning vector, sudhgagyN 2002
BLLTESCRI PT 11, pBC, or the like (Stratagene C oning Systens, La Jolla,

CA), is engineered to_have the foll owi ng sequence of 5 elenents (SEQ | D NO
5) (whi ch are t hoseAJREFRCE PN paRHIgHqn may;cansist WAA&%&ALW“SW ose

GGGCCCGCATAA [.STU Goin
3 -...~CCT| TE&W%&%@E%@@? fé'?gh‘r‘%ber°?5’é%”fd‘sgfaefﬁmbé§’rﬁ H 15
After digesti esferendeDRBApopukation Ransdin the analysis bPgeneexpression ada piaragiey of

el ectrophoresis and conbined with the cDNAs for ligation. Note that the
vector has be&HISORGSTHEE ISSONSHItadRY §97EaHRg 2 FDAY A Hbrary fromeash 08 thecelihioend

conpati bl ec W {; = t % : <Hol LoNn, a
suirr}t)abl e hSOSt h%g%{\gpi&?gegé %#Béﬁ%?g?ﬂggﬁgﬁéggﬂgﬁl ?ﬁlrs e s e%&%gﬁ gﬂ'leP %&Béro
subsequent usby pbulng théy RN axtretbdcfodm theevariaus aclis andafr tississs, arat ingy be e
plated to determ ne t Fractign carry vectors w Lnsesrted cDNAs,

af ter which aﬁ‘f“&?”ipﬁﬁtlfpﬁlyfp%ﬁf% ﬁ’i‘é’% %%B%FEQC‘EW‘E}S‘EJ?D%%“%‘S '

| nsert-cont ai RiRGaGedlySa referdick 'Dﬂﬁ‘ﬂfapuﬂﬂt%rxsﬁﬂﬁbékéﬁ%u@éd%ﬂﬁg it DNl ture.

This represents about” one percent of the repertoire of tags of the type

i |l ustrated i Théeobjective is to ghtain asetfyDNAlsequeagesahatwitlongludealbof thee anpl i fi ed
out of the vectors by PCR using,a conventional t ocol . ..such.as the

fol | ow ngfo Foreaugnass Hhat go'*léB?ﬁsg’Qf ge 9@%3“4 qu%lrt@w 1§ OF HSRUEF BFIN8 onponent s
are combi ned: adajyrell. \Oweé e [DMsé?&ﬁ&sﬁﬂﬂ@n up Rkeferedbe DN pépulatidGre opi es
for a single clone); 10 ~1 10x Klentaq Buffer (Cl ontech Laboratories, Palo
Alto, CA); 0.o8aiped, theyomushpesoriygated with oligenuglgogide tags for sohidphaseicloning./ ~1) ;

GaTP, dGr,  ob Tt B TRGA pe BB eyl by oA g g VERF s

DVBO, 2 150x Kirphrigish spptopitiate @g depdfiofve,ad deitpibed above, todbfth avibraty®f aifg- 100
~1). -37
) 15 DNA sequence conjugates. A sample of conjugates is taken from this library,

amplified, and loaded onto microparticles. It is important that the sample be large
enough so that there is a high probability that all of the different types of DNA
sequences are represented on the loaded microparticles. For example, if among a
plurality of cells being compared a total of about 25,000 genes are expressed, then a

20 sample of about five-fold this number, or about 125,000 tag-DNA sequence
conjugates, should be taken to ensure that all possible DNA sequences will be
represented among the loaded microparticles with about a 99% probability, e.g.
Sambrook et al. (cited above).

In another embodiment, the reference population can comprise a set of

25 polynucleotides encoding a specific set or sets of proteins selected from the group
consisting of cell cycle proteins, signal transduction pathway proteins, oncogene gene
products, tumor suppressors, kinases, phosphatases, transcription factors, growth
factor receptors, growth factors, extracellular matrix proteins, proteases, cytoskeletal
proteins, membrane receptors, Rb pathway proteins, p53 pathway proteins, proteins

30 involved in metabolism, proteins involved in cellular responses to stress, cytokines,
proteins involved in DNA damage and repair, and proteins involved in apoptosis.
Such polynucleotides are typically attached to the solid phase supports through

oligonucieotides having a unique sequence per solid support, but such polynucleotides
-26 -
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WD 99135793 PC?I US99100666 0 5 JUN 2002 The PCR is run in an MJIR DNA Engi ne
(M Research) or_like thermal cycler) with the follow ng Co‘tfg g g. ) 94C
for 4 m'n;W?)9 I$2 30 sec; 3) 67C 3 mn; 4) 8 cycles of steBI é? n}
94C 30 sec) 6) 64C 3 min, 7) 22 cycles of steps 5 and 6; 8) 67C (62
and 9) hold at 4C. The 8 PCR m xtures are pooled and 700 ~1 phenol is added
at room t enpearsdiser e atathsdrtomsnlidlphsecsumrirtsehkou'gh(amolégdmlclnotidewati af or 20-30

sec and then centri fuged eed ( in_an Eppendor f
bench ;op ge?ﬁq“F‘FCtié’gS‘“’%ﬂ’Otl‘ ,Q;g?ffhl ﬁ?@°?‘o§“§§a§n ’g"ﬁt H’I%E]Per natant is
renmoved an chl orof orm m xture o

chloroformi ggl'}gdnc? acwlcol?l? |°R a new tube, vortexed for 10 20-30 sec, and
centrifuged for 1Pnfmblp,faﬁerﬂwhagaﬁ%srqsapercnajugmcsussamahdf@:}'em to a new
t ube and onbi n M SOdI u tate and 5 .S nol .
After ce ri FEBY ‘eﬂﬁmyoé]cg@s’ﬁgﬁ Ffécwg]?bﬁ&ﬁ Zo P@ﬁb‘@égk%ﬂﬂﬁ%ﬁ 0%
ethanol is aﬂﬁl@@doﬂiﬁ%ﬁh Edtﬁﬁcmiimﬁ@f'ﬂfc'tﬁx Dm ifceeaﬁdﬂd)prm,m): aahéa@E forhi ch the

et hanol is renoved reC|p|tate dried in a_speedvac. 15
After resus pdnsgnmhmgie m ynlgadsad; fmlétPPGﬁlcém asidiselased imBrraneretbads

I th P
(o0 b SRl ARy pe R RS doBafh 5Bl L BSRL Sl (1 Poc

recomrended péretationlof & Newidtiog kie1of Sraed-altting Rewietiby enddhicledsepsuchasPeadl], DNA i s
extracted with phenaol/chl oroformfoll owed by ethanol pr ecjpitation. The

tags of the tﬂa@e doyble standedproduat 89 that the flueriseeny I@Fh’gﬁlé b cleayrizempie

g?pglp?acgdlzn pur f)ée%ﬁw&@@“%@r st E@G&aw I npurl Tll edﬂa\fg%&s P9 of

resuspended derivad@oni cdisGr tssde bemg stmdd:dwﬁﬁer sivh l16adihg) thespecifially on
conponent s: 10 Buf f er . 2 (Ne d Biola 100 mv
COTRIMS0" St | Briied e PR seucrer coMesteare Nested e e ppihnts BRhG o o

final 25 reaghaimiced efare?&gaﬁ&ed iﬁfra e unmuaﬁhh&agﬁﬁaeslbﬁmes Ihe. the
reaction is stopped Kﬂiaddl n M EDTA, an he T4 DNA pol yneri se

i s i nact 1¥at @uorgscentlabad i dlenyed ﬁrgmtba&'mnmdxpmhs lmhedzocrnpmles . The

t ag- eDNA con at es fi,e a X! nd

et hanol prec#‘hﬁq’t AP BHe n%lgpa%ﬁ%h &5&1%%359%% Wﬁ&%ﬂéﬁ ?§P§Bb°§epar ed by
conbi nat or i aNaB#l, andibheith Bkeomedis, i b&tho@%r&tﬁﬂélbﬁ&"héﬁﬁcrbﬁ‘ﬁﬁdcsﬂ&senbl er
Special /4 Priners, Pharmacia Biotech, Bjorkgatan, Sweden, or like

i nstrunent) thenready EPRAOMPEIENE hyBREZARGR-ani di te chemistry, wherein

nucl eoti des are condensed in the 3 -->5 direction. In a preferred

embodi ment, a 28-nucl eoti de "spacer” sequence |s syntheS|zed - 38

SUBSTI TUZTE SHEET (RULE 26 pmpetitive Bpels ag conpl enent

sequence (8 "word es'e y fer fa . ' I Ldes in
the tag conpl emen?‘fne gxﬁcfsgalglgbl%ﬁé%tge %T"%t&ﬁ EﬁsA‘ %:fﬁj cfﬁ ”@Z‘%d!‘s;a%% e
derivatized peihg amalyridd mlsolhtbﬂoméméssﬂﬁ pro“ﬂnets hﬁﬂgbéled)io asho dissipngusi "

sequence is not critjic however,, the proximty of the bea urface may
affect the 5UESPHIGHt4F Mf@ﬁ@e@%@a@mwquomsai% @éfs ts or

captured sequypngss &%ﬁg ke producilifitind bitef wspacer
| ong enough to avof%ﬁsuc gurfaceu effects 1s desi rgbl e. Prepdamgﬁ t he
spacer i 25 beanvkdistinghishahle 80issiou frequéndys Altemnativaly, \the protact ob bnc)squmg Qaeq uence

embodi ment . 3pieg-8g3eRlely e ByrBSionaied: B caf o EBs B B cotbpbbodl iR ilesp .

15 Pref erabl y.g. DeRisi @gt. Q&ﬂ!&abom),ugaheﬁk@rmﬁwbr dﬂlgmdgémrahaglabeml i ments on
beads of a nunber corre nding to at | east a al | ﬁgertm re of tag

conpl enent s, MEAPCRGH nmﬁ%%eveﬁcmcﬁk%mtme ARNA, a7@n o about
1.6 x 10 be@ﬁ uIIQ@ndB&HPEeréheE?&dp“r Qhpefdd tYPLMABement 8RdI | y estimat ed
with a hermcytorxrlet er. Prior to hybridiza |aon of % qﬁe-crE)NA conj ugat es,
the 5 eBfds gjentxﬁ@npagA large number of light-generating labels are available, including

fluorescent, colorimetric, chemiluminescent, and electroluminescent labels.
Generally, such labels produce an optical signal which may comprise an absorption

frequency, an emission frequency, an intensity, a signal lifetime, or a combination of
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20 conpl enents are phosphoryl ated, preferably by treatnent with a

pol ynucl eoti de kinase. Briefly, 2.5 x 108 beads suspended in 100 ~.] H20
are conbi ngg gghkdeszl 00 ~, 1 10x NEB buffer No. 2 (New Engl and PBTAiSedu0666
Beverly, MA), 10 pl 100 mM ATP, -1 ~1 10% TWEEN 20, 17 ~1 T4 pol gugqﬁo%@e
ki nase ( 10 units/~1), and 772 ~tl H20 for a final volune of 10 ~1. er

I ncubating far.2.hr at. 37C w t.h r ' t.h . | & _lpcreased
to 65C for 2(5“?“ ‘ﬂ“ﬁﬂ:?ﬁ"ﬁg I%ﬁi&ﬁ{%ﬁ%@laﬁ?ﬁ%?g%ﬁ | nugeé&\%g?*%l)rﬁcgg. Af ter
i ncubation, herheaith FRicr@sRlY labéléEnieleosidl fipHogpltkesyortbydndifsatls and
resuspending themin 1 m TE (Sanbrook et al. I,&Epwbl r(,acul artuéyll oni ng, Second

Edi tion, Col a@pmisatiag byincomoratannificepie moishasvehas biennydated pusigoside For

hybri di zati on_.qf -C | 0 -CDNA 30
conj ugat es ag&o&@ﬁgﬁ%g\f}%&ﬁ%&?ﬁégght&g@%eﬁ‘ﬁ%l)&?ﬁ&ﬁ\gﬁggpﬁe esul ting
mxture i s ceagubiesk generatid®a HAofesceny kighal] sueh 2o sthegiiddin-Miorescentidyeh t he
conbined m xture is filtered throu?ag a SPIN X spin colum (0.22 pm, using a
convent i onal cpRiBgae ar a flyorsscratly Igbefed tag eomplementy, Preferahly, thepraeplsignal

15 o1 (PR ont f Audrssientiael it Bhirlly athe or i chasslin i SHERREL T
M 25% dext r drequerniciest Spleeﬁnh & mﬁarcﬁceﬂﬂm an&ppcamx ifmmg bﬁhmorperaﬁhgaas in
10 ~1 TE/ TWEEN buf f TE with . % TVAEE] 0) i i f that th
beads form aﬁ?ﬁé’l ’r%é? BM“H??‘W && ,Bﬁé*%&tlﬁ'léﬁ?‘iéﬂ’%ggsgﬁﬁ’g‘gsﬁ of g 1
x _hybri djgat 'ae,“éﬁzpf ﬁ%hém.}f)omm&gﬁ-ﬁgﬁsﬁpaué%'Hﬂnuﬁ&haof@l@&r?s"éla;{t\/\EEN

20, 3% dextran tate) is adde_d and mxture Is vortexed to fully
resuspend t h@Pribesadsd Raseamh Qhemieals (Molerulan Probess Inse Rugene, §892)s Kelldrandt he

"n the. above Ntk ONE Erphety 254 B0 GBomhR ety NSy g o5 atlRibelt W0h°
the beads, afligdr, DAig6huclddtidss adUAMaloguey QX PR¢AER] pf'ddchglglﬁmglﬂbrﬁ,he

beads. The resulting mxture is further incubated at 7 wi th vortexing for

appr oxi mat el 199 Wetmuy; Critisal Reviews in BipehemistpnanddvielecnlanBiolagy, 28:220r e i s

centrifuged f \. t I | PITRYA% t | gh the beads
are wash g t\%ﬁ%&gg\%ﬂ’qu%%”ﬁg %ngg érzzg%spenﬁgqglﬁr? aggdx\/g{lﬁ’i x NEB
buffer No. 2 Nahire Médicid® 2T2EERUP(1996); andthedikear e i ncubated at 64C in this
solution for 30 mn,_ afier. which the mxture is centrifuged sp that the
beads form a pell ?f?fe{a;’é(' LSFHE&’HQFHHS lagsémlﬁewé saﬁhﬂtflmf TBpseiivegpacal

resuspended isisggglg an be tJA/\%Fthkqwﬁi@f@umﬂrAﬁugaﬁﬁ@s&mmmﬁqﬂ@d beads

usi ng a high C sorter, preferably a M ow cyt onet er equi pped
vc\:n'o It Ih an ar g;mpticah si_mslek genspaed by d@'ﬁ:ﬂtm-menﬁng ijtbmlan bzn%mnémgdd , Ft.

i es, or | runent .. ter rtin oaded .beads_ are
subj ect.eagtoo%eﬁ in "—cﬁhoﬁag. Eg “W°%‘§i§i°§ﬁﬁ&"f‘%8¥#§ﬁf ﬁtﬁﬁgrcf%feﬁmaﬁﬁ
reacti on conppfrefisg thiskesibn bbjestiN-EF draf diven sdlectich ofRubrédters dydd, edibity, 1 p. |
1 TWEEN 20, 2 p,| T4 DNA polynerase ( 10 uni "S/qu and 86.6 pl H20, for a
final reacti SHFIRAEMISHIEN BRensHsS fo the rogpectiveiquantisies phlabeled DA sEndS TEaiTRS Wi t h
vortexing, t ' ' €l | : : ads form a

RGnsheratiACdf seVerall HAdtbs mb@é&?%&&{:&% t@mﬁee bofgghgésxlﬁ;‘ﬁ 61 e

pell et and the supernatant Is renove he pe are resuspended
in a |igati odiffenéritelyes; gnaritemiynejds, emissiop. bandwidthsEibsbrptibs makioma, absotption~| 1%

TWEEN 20,.1.5 ~1 .100 mM AT 1 ~1 T4 DNA |Jpas 0 Lis/ and 131 ~1
120t o 3 ve taRinthe. Ree o exhaiidn iy Dl BREue IS, Biidabs Br ol (2
i ncubat ed at flaéfeséedit inter3ity Wchsurmaeite dd for rﬁitix?ﬂhéﬁﬁ' k¢ fuanfifieTadsalyi0 iar e
pel |l eted and washed once with Ix_phosghate butfered saline (PBS) with 1 niM

CaCl z. The ba¥dlableia thelitgmsurn aelatingto £Bemicaland mojequiar anplysiseq. Smlbat,

th

conbi ned w t p . i : ' 3@&; hin
I ndi anapolis, : Nr) P@?ﬂ?ﬁ%ﬁ%%ﬁ&%hg%ﬁi%ﬁpgﬂ Ihghxlcﬁ@ggg{e% at Ygg%i]@t) >1 hr
wi t h vort exi Pgscekt akreditenss Flubregeenco Spectrdstopy (Marse] Dekider, v YWhek, 19HJed beads
are washegd tw | TE/ TWEEN,and .t heg once wth NE] n buf f er
( New Eng?gnd%gﬁ %%’i”hl: lagresgenge Aﬁ&ysm’l‘ﬁgmfﬁﬁﬁm%% &'ﬁ@&iﬁeﬁﬁf@’d ont o
beads are cl efrigd 970); Andihe like. 1A ugEDRELEIR, the id@!ﬁr“rélh!@\l'&?ﬁicﬁl%iﬁhmméﬁk ag
strand to which a conpl enentary adaptor 5 carrég&% a 3'-label is_| itgated.
Accor di ngl y, Wﬂséﬁggoﬁ%’éﬁtg“ﬂ#é‘gﬁ gragrafing kabe cambe related to a ratio o

differently labeled DNA strands of identical, or substantially identical, sequences that
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m xture consisting of the foll ow ng components: 10 p,| 10x NEB Dpn ||
buffer, 1 ~1 1 % TWEEN, 4 p,| Dpn Il (50 units/m), and 85 okgs Ji ve
a final re¥&%8R%ol une of 100 ~1. The nmixture is incubat edpéaT/Hé ¢
overnight with vortexing, after which the beads are pelleted & JUN 2002
supernatant is renoved, and the beads are washed once with 1 x 10 NEB
buffer No. 3 forifndqpﬂme mthgedompﬂmarp meferenes PNt stxanil.n Bregerabipida rebgtive he

t ag- cDNA conj u re treat wi t h a.phosphatase al f 1ntestine
phosphat ase e@?%§ sigpy] if RFASPLT 8”5““5?.58?}}?5{%@9 mﬁc@&?ﬂgﬁb‘ﬁif"n‘t r$6fied
beads are adg to a reaction m xture consisting of the follow ng
conmponent s: p.l | Ox NEB buffer No. 3, | pl 1 % TWEEN 20, 5w CP ( 10
units/ ~ 1) and 84 Cempktitive h}(bnglmorabétwnql the mtcd@NA@mmb degves fraroghe-, 1.
The resul tu ncubated. at 37C for. 1 hr th .vortexi after
aht ch' & hes boalgafy BF felse K & caiicd ogh B arelving el AlantéR bt BRIy -
treated w t hDWAQEt?ﬁﬂs FondeRE shdhdui ey the miRfopadicledilGadediwith tiércIdaI, and
once with 1 x NEB buffer. No. 2. The followi ng 3'-1abel ed adaptor (SEQID
NO. 7) is pr Sk pepulationgn agorysatienal ihybrdizationgesstion. Theypartirylar amopnts of

e e o 21k EBh Dafh o Bt R AT M T T O 20

to the 3 caaaﬁndmg ohhhac émbddimeret| of dic idecrion! Fectbsinfiieneing tie/setectionoer ci al |y
avai l abl e 3" 1inker é@ (C ontech Laboratories). The | |?at ion i s carried
out in tHe farqh@mqvg 44 B# quantity,pEmicropatticies,useds the,iype af mpgsopaticles 5 ~1 194

TWEEN 20, O. QadﬁM &&QF 5 ~.1
T4 DNA i gasgs ?"ﬂggqum tsoff?%erc?gﬂb&% bg% ‘E@%‘Hp cfcll\c}ge Q&?H’—] ﬂ}y r%act i on
vol ume of 50thelpopilatiomssafdabietnd DNAtstrmds, and nhcdllw.t Hglbmdxznﬁﬁmmpuugmmm th
ortexing, after. ar S 1 th Scont ning 1 nv
\C/:aCI zxiang t r that @Mfﬂ“ﬁﬁ l#ﬂ‘%ﬂﬁg‘géﬁs‘@ g 85%“ SRPF%‘F Y 1ggRtC In| ![ i gl
l'igation, thgqikfdes E:&ﬁpetatdngybbiaimemetsbﬁe%dapkafmﬁpﬁr&éa:&mvs&ﬁagat eis

seal ed by -41 051J 002 sinmultaneously treating with both a kinase

and a | i taseThecompatiting hybridization serditions ave sé@mﬁ@rm@dm mroaorltxeaof labcledn xt ure

TEEN 20, 1 BNA S RHickBa RSP O S lncnily (it DA shfnasSedcns Py )

1 ~I T4 DNA hadjsreferdtdP(d direttlysproportionsldo, JtﬂemnbmﬁoH&@)DNwmnalmm reactlon
volume of 150 ~1., The reaction m xture is incubated_at 37C.for hr with
vort exi ng, aP?Ré’t‘at\mﬂBﬁW‘H@’sBBé{‘ﬂ@ the amopne Ré thesampetng HNﬂ-?gaé%?fdfi?ﬂ“ﬁﬂ 1 mv

Cad 2, treat icdefin B ﬁﬁhb&e‘inﬁ:?q}fﬁ aﬁdyz@s&ﬁ Ffeﬂnﬂ with
TE/ TWEEN. Afte uthe | abel ed strﬂ)?d 'S rretedo prefera % by” t r eat ment

Wi th 15020mV labeled DA strands avithridenticalyeauanae aissompeting fos hyturahh;atlbm mth a

Beampl e 2 15ooenRteRAl BRathor DNASCER 08 b 6 BEFIGRL 2RO PR,

YIMB20 MATa Eﬁicéntﬂtﬁa o@ﬂlﬂgﬂplaﬁ@ﬂﬁrsewhdllﬁbmmﬂts&aﬁd ishat ae@lmeh@mmlof pedi a
cultures essentially as describe by Wdicka et al. (cited above). nmRNA

extracted froghbehdnsat gawlibrium dtds expscted dhat ane thisdof thealuplenes foomedwithittiesh a

and | oaded oftgeRedPepared ebile ol Bty & SRR d o il ol oo by “Facs

| abel s ap% r&ﬁmm&d,wo&ltﬂmthdeman&melbemNA(smd Gilidantéifor eéledtig | oaded DNA

are nelted of f, and renoved. Yeast L1s are grown at 30C either _in rich
nedi um consi EYWJS""B‘P ??’ES‘%%&%PN&E'F&&FF% rsfaeneey inrdysting Kellgrapd Mpanakeear k

N~ or in ni n¥erad) LN B Hed ol O ks o2 il A0 aci ds, pl us

gl ucose, Buf den5|ty I's nmeasured by counting cells from

dupl i cate di Hwbm@monaﬁo?mmahﬁpmachdmm;s,@ﬂmt £985xrandithe likei ter s

et ore. col | ecti ngagnft s 8Fbeivehiif ik btof SPind SRRty BEREH" ) 5

10" cel | 3¢ M pemes,ccomprising a mixture of microparticles, each microparticle having a population

of identical single stranded nucleic acid molecules attached thereto, the single
stranded nucleic acid molecules being different on each microparticle and comprising

a polynucleotide derived from an mRNA of at least one cell or tissue source.
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f

pel | eted, washed twice with AE buffer solution (50 mM NaAc, pH 5.2, 10 nM
30 EDTA), frozen in a dry ice-ethanol bath) and stored at -80C. nRNA is
extracted agofyghtmws for both the construction of the refereﬂC‘éfUSNﬂo(Mﬁbrary
and for preparation of DNA for conpetitive hybridization. Tot ag [\{)Qgg%
extracted fromfrozen ceII pell ets using a hot phenol nethod, descri

tS(r:rgmeEjEji fr[ or14§r°fﬁfabm)’ Sﬁ‘cﬁ Sﬂﬁggglﬁglacglerggﬁgﬁc e@ﬂ#ﬁgc% | u% lt%é}% Ql)ezmcw th

preci pi t ati on yofintibeagdditin vitl saidpelsudiedtiie Bl pdshidded betweehshide, | nc.

Boul der, CO is uSed for all organic extracti ons to increase RNA recovery
and decr ease mﬂopwlelﬂﬂndlsmﬂ@plmﬂmﬁﬁmim kincasr further quprigetapopulation af 5

w th an ol | go RV elenRE Fom B Cie sbas e Stredss okt tigpeni”
each of nRNA ftﬂerdDNRQiobﬁlaﬁérQV\fbagﬂlti foe bmmaﬂpbmahMmmwmmm ni xed
for construction of a cCDNA |brar¥ in a&e@w containing the

repertoire of liker Fidesired, theitDNA galegylosin theditgre provided in ﬂ“P@S‘iﬁ“E}&g‘lbélfdwi th

wrNa | s 1 ever Q) T B el BaGH Sftdhabedietniiy o ptrbRARR EheR - Cgane.
La Jol la, CA) hybridigation, sicliias;- fdfre:ampmemyh:mmombnﬁcts Bemlmm arfdi standards,

generates a Bsm Bl &J i dent i to that f Formul a | on second, strand
synt hesi s. Thén thed ﬁb’ %’@F@%ﬂ mwmcr YS5H CPRIALSE

A e e A e Qﬁ%”f#?sééﬁ’%%‘é”?’%d -
t r anf or mant s |d1‘ﬁ'dﬁttmllmenpxﬁssedgbxteat a sanpl e containing approximately thirty
t housand t ag- cDNA aLes obt ai.ned and expanded in . cul ture.
A'Lornatively. a sIRBIEeBRoR SLHRAEEA K JoHIBePaaPe & SHEETFE BOBYSIRTE k| ng

appr oxi mat el y c3fpfi§iA a%nﬁlam&enﬁﬁammﬁabsrﬁvﬂxgt& Weledtiie WEcaniplenems i n

n
culture. 20 From a sFan dard” m ni prep of pl asm%B the ta cDNA conj ugat es
are anplifi ed asschedhensto theoliganugleotidndsg gomplermenttseqysmoe gﬂag differentiont ut ed

pr i mor s | S FiEeraRIE Bl i ey S 4 PufiBly SEYURAS cBRBISRITCCS

pUC 19, are usibfhry aftabehi\e:egcidqamces?&xﬁmmdym theasg complements. The kit can
5'-biotin- AGTGAATTCGGGCCTTAATTAA reverse prinme

5' - FAM GTACCCEmthsrees : cloAEs T least ong celler Esher of
fluorescein ( i the 5 end
of the reversg&g?% %reér}‘c}\/arB an %m%éﬁl?ﬂt&é@&&f H’rag%tf&y% ﬂu}i&i,

(Per ki n- El mer proferpblyeble Bipudarion efipolpnndleitides 1sl§¢mamedtna9qntﬁn¢r sefiareterfroner se
primer is eleate so that a Not. | site is reconstitute n_the.do bIe

B r Anded” 3 oa st Pty of Bissdapaes. | Bin it dHEORER TR pLrpaa s

i sol ated on avifdtenod um@d,SsucEagfoNx glrﬁAs \RXBefsDy1om cmsslmp\brway) -
43 ~ 5 JUN 2002 After vvashr%gmt e c ound to the beads are di gested

with Pac | rellabgiechdNTRs, PR bufiess, andithe like, aswelhas printed insguetipnsderct i on i s

carried out t t i otide tags single stranded. After the
reaction is q%‘eﬁgﬁg%{hc rﬁgﬁkéw gonj ugate is purified by

phenol - chl orof orm extraction and conbined with 5.5 On GVA beads carrying
tag conpl nts, each tag \ Hybri di zati on

i s conducted under stringe a thermal stable
| i gase so that only tags fornmgag diatd cpkadubt €xes wWith their
conplenments are ligated. The GVA beaos are was and the | oaded beads are
concentrated by FA e§@Psleﬁgolmsrlmd@ﬁerefcpmﬂéwbmbyldu&é@ ageferengss to

emove the 11 o aRicn oh AREdricly ok SRR REARY L LA AR thack B\ o

sol ution usi ng;umbnvﬁrWaysrdapcnﬂmgtondhek chetmical emlorephysiealpropatiessdfahe | y bound

Pybr 1 di 22D on TCEPEREIFR AR Ge ey sesitlinsy Eot SRR, BiEOPRe P ccl |
of each cul turnihyéﬁédnédhﬁmﬁﬂgl_li_deﬁﬁrhﬁﬂﬁ y aicroalaligilateR] ﬁaghféue%hﬂfa&nierce nidyoduced

by a single round of pol 20 prinmer extension by a reverse
transcri pt ase befoRedbYUUSAL 61' B‘FHIPPEBF&B’GWF Jields rhiarged anieteppiicles may be

tri phosphat es. ﬁﬁﬁﬂ es are

t hen conbined wt tﬁ@%@ggérgﬁgﬁﬁéhﬁﬁ%&?@gﬁ%Pe?ér&ﬁ&éﬁh;Lﬁfu‘lrccejnce DNA
popul ation for conpetitive hybridization, after which the beads are

anal yzed by FACS and those in the off di agonép regi ons are accunul ated for
MPSS anal ysis. 25 Fluorescent nucl eoside triphosphates Cy3-dUTP or CY5-dUTP

(Anmershan) are incorporated i §ysSihNIPe SHEETJRUEESBYE transcription of 1.
~g of poly(A)+ RNA




obtained as described in Exanple 1 using a poly(dT) i 6 prinmer in separate
reactions. After heating the prinmer and RNA to 70C for 10 m.n % e reaction
m xture i sSWOr99AasMerred to ice and a prem xed sol ution, cons?g’}"é/o(%&mo U
SUPERSCRI PT Il 30 (G bco), buffer, deoxyribonucl eoside tri phosﬂ ek 2802
fluorescent nucl eoside triphosphates are added to give the foll ow ng
concent r at i onguid2nedfqpistibaingdiddns fotGhRlyziag dndlGiTsrtitd Miqropdrficies: diage; Usnd 100

m h f 3-dUTP YS- dUTP,  Af t ' [ t 42 2 h ,
Uni noor por at K AJ0BE 2 Rau 6cAle bhS. Faenid 2102 s 5By estlo LS ba by i r st
diluting the 4 eRcddsoniud st Vis badds 637, olo; ponaifh€f &%, Ha©. 0) 1 M

EDTA and t hen subsequen concentrating to abou using a CENTRI CON- 30
concentrat or 4,661,225n KarrRuklidvi e dl.)| @SePaehtdl¥A, ifidpAbbart &t al.oBCS.iPatent i s

conbi ned and epnded in ~1 of 3. ntaj ning 1Q pg ly (dA)

and 0.3 p% ofsr'ﬁ@’%Dgg“ﬁﬁtﬁlr’%ﬂ ?‘&%%ﬁ&ﬁggﬁﬁfﬂ‘gﬁ i S¥BBPYed for 2
mn and all Ovﬁﬂr%pﬁn&m,'coﬁﬁhﬁﬁ?m&%&ﬁfﬂhw&i DRA! Sifand¥ arekohvenidntigPppl i ed to

t he GVA beads and i ncubated for about "8-12 hours at 62C. After washing

twice in 2 x <sefiaddndsargd dps, contmercially avatlable FACS msuupenideg Yan Rl o

buf fer (New EngLand~Bi ol abs, Bever| ng | in.a ter. EPI CS
Elite ESP fl &ﬁt@?’ oﬁgf’glr&?b E?ﬂ’f?%?( n%)%%ﬁ%ﬁggggcu{lﬂu%%% 1\c‘?ﬁ“vrnensi onal
f 1 uorescence Ydérkeross); Fulwiiepetral. pUS. Pateite3, BE933¢ Gisy GNSUS. Panpat tern as
shown in Figure 1 a. Sortl(r;g paraneters are set as shown in Figure 1 b so

that GVA eads36L#00sPolrearest algdhd Pateny# i d.394;1and theylike. Rariflugresermtlyol | ect ed
f MPSS [ WS Sy : bead
e q U@ DRAaRdCC bty RS 68 Fefffebhe franlt Bhelensbiyife Poads

and renoved by I rer

anneal ed to tFaC®instremeiti hadimudtipie flaoresvenvchameroapabilities. Preersblyampdad in a
conventional po]yperization reacfion to reconstitute the doubl e stranded
DNAs on t he GYRHRORFGHPREH niqueﬁwi}énw t jourcess uch assa aserna MEEREY & Af t er

di gestion wt : x Gddfesc et tfh%% pl aced in
an instrumntlg?gmh%éslékgggﬁﬁ?gcgﬁgggk&lg%|g‘gﬁ I'n ,AIE ré t ’g%uglgfal . (cited
above). TiHe tfhorestencadutensities/welatad) tb thei qugntity of tabeled DA stramdsdimin eathpetr s

(SEQ ID NO 10 .thrqugh S D NO . 25) are each separate nt hesized on an
aut omat ed Mfévwﬁ@sfﬁéka@m@%h|§§1§’8‘|“'B§5§’5%l‘¥%€§’f3&1’?@t y) using
standard met hogkn. flubiecéi iritenEitids of Bath niblophrtick atd)Floftéd'Bn & BWo-dikdensiball Ors, s
synt hesi zed separately then 25 hybridized to the respective top strands:

SEQ I D NO. ErfFerie BUuoTERHHEIES indicating,equahernrsssion tovels cdlibe g5 o5 aedy
pATGCACGCGTA ' ' MAE 6@ Nefo[olofoyyon
o6 pannTACRS QAORCER IR, el apce
5' - pPNCNNDRACAGH: offidivpontlirggionsyd d2)a @uch mi&oparticlés dre réadily sdtt&ilif)2commercial

PATCACECCTAGKES instriments By praphically denning soring paramcted U5 endides o ot bath oo S

off-diagonal regions (112) as shown in Figure 1b. Thus, microparticies can be sorted

o

AGGG 5

according to their relative optical signal, and if desired, collected for further analysis
by accumulating those microparticles generating a signal within a predetermined
25 range of values corresponding to a difference in gene expression among the different

cell or tissue sources.

Flow Sorting of Mi cles Accordi he Abund
 Nucisic Acid § : hich the Polvmucleotid Derived

30 Microparticles containing fluorescently labeled DNA strands can also be
classified and sorted according to the abundance of the gene products from which
they are derived. The abundance of a nucleic acid sequence can be determined by the

methods described above for determining'relative gene expression and can be
-31-
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5 5' - pNGNNTACAGCTGCATCCCt gat ccgct agc pATGCACGCGTAGGG 5' 16

" - pPTNNNTACAGCTGCATCCCt t ccgaacccgce pATGCACGCGTAGGG 5' 17

' - pPNTNNTAGHGR9/$3248l CCCt gagggggat ag pATGCACGCGTAGGG 5' 18 PCT/US99/00666

" - pPNNANTACAGCTGCATCCCt t cccgcet acac pATGCACGCGTAGGG 5' 19 05 JUN 2002
" - pPNNNATACAGCTGCATCCCt gact ccccgag pATGCACGCGTAGGG 5' 20

. PANNCTACACEF A b b Bl S et SR g genied by the
- DNNG\'TACA%J Té@bﬂb@@ﬁgb%hi@?w&hsi@% indicative of a rarer

' - PNNNGTACA! ATCCCt cggagcaacct p 5" 24 )
' - pPNNTNTACAGaTuiinFcidEegimge sueh 267 BRInAeEUTFARRsegengssre genes encoding an

" - pPNNNTTACA t. SZGC?IA% ' 'tlY“{ﬂE N is any of
dA, dC, dG o ; wﬁ%ﬁ?%%'g%ﬁ%g@ﬁgg%;s%e “the elr_glffc"fleo [ ffgg% ndi cated in
| oner cases| epiefdrencerfor lebethdr abtut 50 cogenodessahartigboua s copies; withdessdhdif er s

firomevery other by 6 nucleqgtides. Equal nolar quantitjes of each adaptor
are 5 combi nedbquy 1Reepigvpsrest beingimast Brefaesd. RaEnLHss cambe BPBIARY, Beverl y)
eri

MA) to form ac&ﬂé&ﬁ%‘%ﬁiéb?ﬁ-tifflgg ﬁé@hgease&u QR Vel Ivgggpéuam‘p;és@d& tag

conpl enents are separately synthesized as am no
ol i gonucl eot i désThacbllected enictophrictes dypicallycompiise tese thaniahoutdi% ofithe tgtaki ng an

Which i s 10 afHGIBPERCIEY YHUPEradRkTErE EiGS D Pt s T B g WY
pol yet hyl ene ghyamah ab&mm{%@gngﬂﬁsgmféfﬁaprat ories, Palo Alto, CA). The

sequences of the tag conpl enents are sinply the 12-nmer conplenents of the
tags |isted above. Alterpatively, ssicethiybridigatinnoates are proportianate to thelabundahesefale i s

carried out in a.mxture consisting of 5,p.| .bead 20 ~L. NEB. 10
Foase- buf f or deil stig e 63 shiifall putiche 2ci@ SE{RndeE 2al Bt jspiasecloy/ Sebtigsn " 1,
DNA | i gase (2@{Gy¥Adizetior dondititds ddbhThatlnublefetdcid RGudRieSpresditen Alowedr € i S

i ncubated at 16C for 30 minutes, after which the beads are washed 3 tines
in TE (pH 8. Opbundamaerin a€all or fissya sousee eemain unhybrdized. $witable\bybwidizsHes phat es

i xture wioh coridRihdide @b C-RERSA st B dolfaltd IR ARG °o*
Bi ol abs, Beve(Payanjdet.al.|\BidegNailedoad S aUSA| 88t 194311947 o198 1)). Hok exaniierdrd  of

the 3' phosphates, the, CIP may be jnactivated by proteolytic digestion,
e.g. using Pr&mses&anbg golatadhyicellecsing ughhndized D allowing aimaxipemi s |||,

or an equi val g%oﬂﬁwﬁhﬂggﬁuﬁg%fwtéﬁ?&NWA§pé°&s‘prOt ocol . The

pol ynucl eoti d m xt ur n was treated wth a mxture of T4
pol ynucl eot i de ki nBepetiive sdqueides chn giisrecomydivatErthe emappiBg ehdibsalysideafer | y, MA)

dd " phosph he.. b : | ynucl eot i d dth
adaptor . 4hd” PO RSRER SABRTCaeiEEitodle Il Bt i S Rapg B ™ 1
pol ynucl eot i deanspbsonerettpRinsposons, abtrelerusesy shortintepspeird rapatitieglelemerttt. 15

Separately, each of the |l abeled tag conplenents.is ap%l ied to the
(SINEs) such as Alu sequences, satellite DNA, minisatellite DNA, megasatellite

gaoaupoaoioaooogolRE

DNA, and the like. Repetitive sequences can be removed from a DNA population as
described above by sorting rapidly hybridizing DNA species away from DNA species
25  that are slower to hybridize. Preferably, the unhybridized population is substantially
enriched in polynucleotides derived from non-repetitive nucleic acid sequences.
Another aspect of the invention is a kit for analyzing and/or isolating nucleic
acid sequences with respect to their abundance comprising microparticles prepared as

described above and printed instructions for use.
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pol ynucl eoti de- bead m xture under conditions which permt the fohgﬁtgﬁn ﬁd
perfectly matched dupl exes only between the oligonucl eotide tags JJ hdl?
respective conplenents, after which the m xture is washed under stringent
conditions, and the presence or absence of a fluorescent signal is
measured. Tag conpl enents are 20 applied in a solution consisting of 25 nM
tag conplenment 50 MM NaCl, 3 nNINg 10 nmv Tri s- HCl (pH 8.5), at 20C,
incubated for 10 m nutes, [H&aeificst ed e 36

as descri bed above, the enc daeadlel iromthe

pol ynucl eot i des u . ol. After an
initial ligation ar%(l:jb E%ie%#e Ellagtgfﬁ)&r}ﬁnﬁﬁdg*ﬁcﬁﬁl}éi 8* N?S%gf"?{l)n lg|(;ldent| fication,
and cl ea§ageombinadpraf twb teblirdqudsi oRs fdraagmpaxtdtmnagqﬁngm@tmfmlm fop

term nal nucl egtides of the target polynucleotide, Pref erabl anal ysi s of
the hybri di Pagl em,ree@ama&ast%wnﬁraq(ég Iptemations| puhlication WRaA4 th)cwdy

constrains tansthk%g% ﬁlw&ﬁg&%&@sﬂlwn@wb Ver%nér? égpééaﬂé %%a”ay in

a flow chanber, i1 anmed de ocess feagents to
the flow chapatear 5 599675 and Abhe¢cht etals Mambpmbxyc pmbhcatmh Wgn@6304)r om t he

f ~ t, S f t, nt h
i hgt anmat | cAfegn it gseton oF a sl gpBhiiFed e LA B iR, dgham et al
| nt er nat ponahdgicRale, Pééﬁ'idti%ﬁtﬂa‘gﬂ'nené%:e llgaQecﬁto‘Ulﬂl@ogmeo%%Jg'i:ﬁggscn@Eﬂ efly,

fl ow chanber (500) is prepared by etching a cavity having a fluid inlet
(502) and obelost, afid ouBrennercet gl. daterpdtional m&b@tlousWﬁ)QGHtlﬁhUaodhmm omachi ni ng

5632?'18322) o i a6 B cogpten B e BomBl, b i)l SortedBole”" hem 64
1926- 1932 ( sdi@atd solidphasd Suppotts 5?5%&m Kl bARRatoN o Pthe blig¥icledtiae tags 500) are

such that | oaded m croparticles e.g. GVA beads) nmay be di sposed in
cavity (510)withtheir tageomplempentced pl anar monol ayer of 100 200 t housand

anodi  Bandi ng. ofotke g AT sl Biuif of DREE BoEAD K snled P BafipBEE D'
(506)) e.g. s 538 farm hédnTogeRad R Popilatitns, &Eﬁbstﬂ@ﬂﬂ?iﬁeﬁnéﬂfﬁa@ﬁﬂfseﬁlel nto 10
the fl ow chamber fraom syringe punps (514 through 520) through val ve bl ock

(522) cont r 6nAeef thy ragments afsrryeiesably seageqcsd &mr@ﬂyptersb@eémeahﬁ%t ed DNA

and peptide 68, 479; Hood
ot al U S PNAERRRREEE Tt yuacios AR e Fisapih, Terk L Aln, 0, o0
:—I_unka_pl I | er cldalvfgfe, sm:hemtthemnamad fdssribed mthmharkIé.S ihﬂer'ﬁhiriQS ?:‘)lsﬁcllafl#ﬂier

(500) ¢80 q! PEFtEiaee aaniors s8eiin T Sohieheurs mrbed stePied p arGHTIDEATEBAGRY of
appr oxi mat elay oh@@n&%nﬁé e Rk fed Mhﬁﬁﬁmﬁﬂ c&fsslh?@ndnéﬁg@%ts are

identified by hybridizing tag co‘gﬁxemants t0 the encoded adaptors as
descri bed al@djﬁ@nucgwdﬁ,la%tﬂugbtb‘yy @ht@dlth@ﬁmﬁmhbpmmwbm@tldet ected by

exciting th L t |Ilum‘ m(5 from
| i ght sourcgv{)gyéy?d Sfu%ﬁ %5‘8 ea? dtghﬁ‘&fncﬁr rdggf‘g?ﬁg g?%?geﬁll ke.
| 'l um nat i ondgremmwiodd pravadigstrahdsofogh péﬂfédtl?rmz(t&ib‘d)duplbﬁleﬁw%ﬁm t he
fluorescent | abels on tag conpl enents specifical lééh bridi zed to encoded

adapt or €9 n cPMPIFaRLARY BFO strapgscofia fraggnent a6 ligatedn Adter hgation; thec o) | ect ed
by conf ocal [f nﬂﬂg fected to
CCD carmer a é@gn??géﬁp&ﬁ g@r‘%ﬁ?@éﬁgﬁgnﬂ P&g&%@?ﬁgﬁc@éo tet e 8cejéad array
for processi“decodnd,” by apgcsﬁcallwxyhndkatgatlahnhec(tsgeémplémhe oatdescodaf’t teritseach

| igation and cl eavage DNA% are treated with PronaseTM or |i ke
elngyrr{e Enc&ﬂgﬂspé?\égiggé gs°‘§%th?ﬁte§>ﬁﬂéﬂ‘?gase (Promeg\z,ivI Madi son, W) at :about
0.75 units per ~IThafpLefBRed &éu&ﬁ&x@hﬁbmwg dahied dulb dithehe ﬁ)‘llo@xﬁéfﬁb‘i&sF qhe of
about 1-2 ~L per minute for about” 20-30 m nutes at 16C, 30 ter which 3
phosphaB@s digating:arencaded adeptanéo adapﬁqfrasfrmnt,mc eonded adepienhavingar second
B oot enod halbre PRI P ELUER: Uncll lBlale SROGSBIRIERG-L A Fnl and

Bi osci ence, Béverly, units per i'nase (New

Engl and Bi osecognmbn sBBe:M®) 1d¢ntifyigg drie of moné nsclgptides-it thdrermligfithe Fregthemvbyc hanber
at 37C with

20D2f|o rate er mnute for
15-20 i nut de 1dEP‘&é(ﬂf8}F 9@0%56&?@‘9{ lgat ‘B‘;}W%(‘%N}FVF’@&E%BE@??}“MP}% per )
Promega) through the flow chanber for 20-30 mi nutes. Tag conplenents at 25
nM concentration are passed through the fl o3 chanber at a flowrate of 1-2
~L per mnute for 10 mnutes at 20C, after which fluorescent |abels




5 carried by the tag conplenents are illum nated and fl uorescenE Isj
collected. The tag conplenents are nelted fromthe encoded adap 5 lw' 2002
passi ng hybridi zation buffer through the flow chanber at a flowrate of 1-2
pL per minute at 55C for 10 m nutes. Encoded adaptors are cleaved fromthe
CDNAs by paslﬁtctaséwogmhhlg%éﬁmtagéire&@ﬁﬁmeﬂeeom@eﬁsaédfadag@r sfidh thatini t / pL
at a flowrate of 1 pL per mnute for 20 10 m nutes at C. Exanmple 4 15
I n this exanthe &agmint is ehortened by pnebdr meteentclqogdch, fufide¢dy mepeating exid steps (a)

di fferentl abe cIPNAs was, tested b str efe nce.
popul at i onyc%‘%gb?%n‘ﬁ‘ i paid nUCleotde seAy ° ‘gﬂi. %{f@t’lef‘f\? i di zi ng
to the refergpnipeidehtifieulion!sedp! aitcdystvte@é@atta &bh@teneénw:efr%emtsaf %eSt rands

| abel ed with different fluorescent dyes. The reference E)ul ation
consi st ed of spgcificaily kybsidizedde thegasnestive tags garried bmcmdf:@a@ptqm igftedbtrsepai r

fragment of [ nan . non i n

avai | abl e frtgﬁ]eﬁisoofi f‘?%’gg“qseryg{é é‘ﬁ?ﬂ?%ﬁq&sﬁe SlﬁOt 86’1’(\‘7‘1 Hf%‘m‘r)% yl and)
under aCCGSSﬂtﬁﬂd@bmebof?thlw?desIfbadﬂuiﬂeﬁ%ltﬁ@laﬁélcvdﬁi‘e’dﬁayothegﬁecmcah?s a high
degree of honology to many entries in the GenBank Expressed Sequence Tag

library, e.chybgidizaddemeder anddhe set figm vhich ﬂaﬂsecqgmcm@s descohgd belpwh
consisted of only 88.11 25 cDNA, was prepared as described in Exanple 1,
with the exception that a speC| al popul at| on of m cropartl cI es was prepared
in whichoal | m croparldestificatibad PedSEy RiopaESHquakdige hed. The
correspondi ng ol |8onucl eot| de tag was attached to the 88. 11 cDNA. Thus,

only nonospecific MP@HQ%‘P%“@# YH’Q@'%H{HCIF%@%BW?’@H@PQ afterspringnesi Ried i n

t he experi h I‘Elll{%a]; t

m croparti (q‘la%é Were mna yze(?tab%ﬁak é(@glé rbfb@?ls QE(%Q@FL@S l%lgsefso,r S% FACS
i nstrument aseqoaray xheplbagmeeatecBﬁ stiteral[ahlﬁemswaysssmmhpfredl thasertel vect or
identical to that of Exa ff 330, of F| e 3b exc pt that if did not
cont ai n t ag BEEOPAYF ngﬂ)ymgcs ene p ‘%‘Ctju orexample,{Ber i zed by
cl eavi ngist o f -
Figure 30), S °@%‘?§ﬁ‘°’?‘&%“?@*} %?‘?Sﬂ‘gf‘éf’mt”‘%ﬁ? be e Beperale i, verc
t aken. From Q!@.Qﬂﬂloh nrodpced b)qq@le) sequcmgzeg@ tadght bjp Brerhes iIngtmationalanded DNA

D ot s spechibigi wibs 058" fniR esitine prineinifihe bitd GLE" product was
| abel ed by idGRieeRdahtodRe effereﬁ&mkr(aoﬁmaalltab@ Rhplédént (556) RhbR4 in

Bi osystems, Foster City, CA); and in the other -aliqduot, product was | abel ed
by i ncor por alfigei¢ 48f A@@Ja%@emwm(cmtgshhmr@gmmamte myigrptiteryweh,

Hei ght s,,4 L) t.q.f

seven 520 Lorsib Rt shd et oA RS Sl BTGB G 95 i el ", |
1:4) 8:1, anshdl c&mv&ﬁttmnm S@gqm:queﬁcmem‘nohabalmeu @lIthlﬂki‘dt labeled extepsiont el y
hybri di zed to % art| cl es bead 88 11 cDNA attached)
over ni ght atPr@ ‘ét? 3e Tagpe BpgNEtHars eeesparatr: tremhqrms PeHKE i on was
quenched_by @bﬂxﬁiﬁe@gf&?e @nevdethnthdnse ﬁddﬂ%&t&%@ﬂt Eé;e( étﬁ‘%' ned
above). The | oad m croparticles were centrifuged, washe suspending in
0.5 mM 1 x SS@pi/atctshnassb@pt@dﬁ@Snﬂmt shting mdibviduab Microparticles. ulgﬂmier Eindingashed

b m ,0.1x, .SSC with 0.2% SD 15 5C.

Arer L5 S olR (s ahd oy piAy bR B et dernblgek BYBGR, Ystipuings 049

resuspended ana(ﬁzg Mthe teultitfeEhhiRbhs éonfaihiap tHeAeRpRbR|ay$ihen cibaed ieshl ts are
a-

shown in Figures Se, where in each Figure the vertlcal axis 20
corresponds ¢sventiong) SeARESINg estos uch heNﬁér iAften tramsfeption, kastsrase platedand o

hod | ati f m ticl
[nodan ne, RIARAUPHBRASAE Sl diffndily 2 Poul | on of mcr oparticl es
hybridi zed to theIncmnﬁieemab@chmmr @fustrated én Eigueeribs prifienbinding si&0412hchay52 ar e
cl earl i stinguis he detectjqn syst CS | nstrurre t and
micr op)arﬁt cl % °5 Hn ?‘?ﬁ‘?meflg‘yﬂ’ﬂg‘dﬁg Q%t{i{iﬁg/ @é‘fé’é‘f %?ﬂdém% Yfal s.
Figure Sb 114 usigigheihaly/ Grafid heuiBiRntdDNRIAG2), lAerSYRigabahpdlivetyands ar e

hybridi zed in equal proportions. As expected, the resulting contolr is

| ocat eddOP tlttebndmg@tm sdf1Q)aee @phmﬁnﬂre@ﬁﬁnoeﬂiﬁhdéoz)@nd Emppﬁstﬂ,tagaubly _
of "three pa PERoyEbAbS L PAIRS (1ol MR mal ot PRl B s IRt 0 °

strands hybridized in a 30 2:1 concentration ratio and a 1:2 concentration
ratio, ii) RL110- and CYS-label ed strands hyBfi-dized in a 4:1 concentration
ratio and a 1:4 concentration ratio, and iii) R110- and CYS-| abel ed strands
hybridi zed in an 8:1 concentration ratio and a 1:8 concentration ratio. The
data of Figure Sc suggest that genes up-regul ated or down -50 .0 5 ~u~
200z regul ated by a factor of two are detectable in the present enbodi nent,
but that S|gn|f|cant overlap may eX|st betmeen S|gnals generated by

N 1 N 1 o - P o oy N o




15 phorbol 12-nyristate 13-acetate (PMA) and |i popol ysaccharide (LPS).
THP-1 cells were grown in T-165 flasks (Costar, No. 3151 ) cont ai_ﬁlﬁqﬂjﬂq
DMEM F 12 media (G bco, No. 11320-033) supplenmented with 10% fetal bovine
serum (FBS) (G bco) No. 26140-038), 100 units/m penicillin, 100 ~ g/ m

streptomyci p; (G : ] -1 = TR t . (Si gma,
No: MB148) 8 @@f?ﬁ%@“%@ﬁ%&eﬁghﬁg a%i %Q%édgseﬁg %%tgﬁ%agﬁéamﬁ 0 a
maxi mal denaicbyventiodalxeditncinPagbiot, 30ch ast¥ 1 8f wiible isasskd t@Mmskat h@Os i n
culture was about 36 hours. Cells were treated with PVA as follows: Cells
froma flasRhdpgutus isplated. dediyidpalgoloniesarg pickes o8 sSgQueRKAEN nodel GS- 6R)
at 1200 rpmfor 5 mnutes and resuspended in 50 mM of fresh culture nedia
(wi thout antibiotics) containing 5 ~1 of 1.0 nM PVMA 25 (Sigma, No. P-8139)
in DVMSO §G bco No. 21985-023) or 5 pBxablg¥l(for the unstinul ated

popul ation), after whi¢ch the cells were cultured for 48 hours. Foll ow ng

t he 48 hour incubati oLl o4 ses e sAtidba@BIDUER.E08spi rat ed from

t he experinental flask (i %ﬁw&ﬁﬁﬁwﬁ | s) and fresh nedia
(wi thout antibiotics) was added, e rresh nedia contarning 10 p.l of 5

mg/ M LPS (Si gmaln thos exahple, 418e&ferred protarop foarpesparihg eagged sdérenee DRRSpr The
culture of unstinulated cells was centrif.uged man nodel - 6R) at 1200
rpmfor 5 niﬁj‘??af%"é? mjGEoRasticlgs is S@eﬁebwﬂywﬁgﬁﬁﬁe therFlh Fsuspended
in 50 mhoof ikaRYped!o? Mtbrestas bﬁ:lpﬁx‘éﬂtaﬁa BirédiohRllPelbnédBifto ﬁeéé?ortdaﬁtaﬁm%é ures of
stinmul ated and unstinul ated cells were incubdted at 37C -51 .0 ~uN zooz
for four hothestag afemsnt efif armutzacl. | Rrefeeably, the mBMNAcektrastetidtdnosisch dellsion was

aspirated fromthe cul.tures and adherent .cells. r shed twice with warm
PBS) af ter WRTIERISEoTHINGIuSAlY in, sl poportions, nEiof Fa ik stEngisypbeRied with a
cel | scaper mRINA i§lbsthinddasing Slah&ard®rdtocol, bRs! WhicR gkt bh@kdcofi@Bedt r at i on was

determned with a henocytoneter) after 5 which they were centrifuged
(Becknman noa¥ithess isrprigd ouparexemplified amsl the sesuingicPNAs aneansseed ito ahi ch was

used i di f O . [ i r ut 5 x -106
cells usi ng%a&%%otn%ugggé é?%él%%? 69(%?0%%%?%%\?%%&@9 e, San Di ego,
CA) for i sokaithinthgthbltag-cdArsanjuises aredhcrsused 6 easfortbssiiabledioer] W t hout
significant alterations. A reference DNA popul ation 10 attached to

mi cropart i cPacaliy cogrentionak hagteriabhaskafier which 3 samplerqf cells Gom g bastd cel | s,

as descri bed, QM i i from
MRNA ext rac?%lgﬂfr%%@%fﬁﬂﬁgagﬁg&%st| niﬁleg?g‘g&gJ : s.gg"f'ﬁe vté%#géaggsused f or
the |i brari es prefeeablylemplified from théredctars byERERAN ptocessedapdedchibed bélew di d not

contai n_oligonucl.eotide ta 36 of Figure 3b). Followi ng the protocol of
eanpl 628, | TR QpaRpantis dgtarized i 16 O rrelepeR L AREHINS mH e
stranded DNfoviénty #detse@btrhh® ¥ héledGf\the dﬂmrc\snﬁﬁﬁilagfﬁ%rt,ﬁ&ﬁugi agul at ed

cells, and approximately 2.5 ~g of .C_:YS-I abel ed single stranded DNA was
produced fr cerdy teaceeptrcdmpetitively hxbridieed gang pradustsiinra¢cardance withdhe The two 2.5
pg aliquots, ' .and . IR Ny di . to . ref erence DNA on
9.34 x 10s rl#% ?’@%ﬁ; %‘?eg}%s& 14;3%(%9 r?eé%t% itg nwec’g*glﬂf ?%ﬁggﬁgm%?epﬂpﬁa&b&o S as
descri bed i st &ix@ipd ebale);AMisbel d1yby dditorsaCument Protecsts &f Moddcuiat Baslogyer e sorted
by a Cytomatjon, lnc. MFl o FACS instrunment as described ahove. Figure 6
cont ai né> a &BﬁOéM’cl?)b‘Ffasmﬁ'@dB" OREddP ) rest liksogudas aneolesar RiplogEs of

m croparti Clt%ﬁm%&é? different fluorescent intensity values for the two
fluorescent dyes. Approximately 10,000 m croparticles 25 corresponding to
up-regul at ed genedspdlkoof approxdmateB02 pgbf MRINA & B3uspended iirs 45 at €@ihal and
approximately 12,000 m croparticles corresponding to down-regul at ed genes

(sort wi ndowolme) of a firgjsrandsyrevmix sopsigingiof 40 nhx SUPERSGRIBTdufter 250| abel ed
do . . . oo
i ed- oS CERHS s it COME LE A ML GHBEORLPRZIKE S o B0l 5

Al to, Ca), andrseltransdiptastbuifer)f gl draM akibthieitol DTTY QR BENTR/ methyhg
vector. After_ transformation, expansion of a host culture, and plating) 87

gol oni es ?)f d@gl’rfé@‘dllﬁﬂ-‘éfélc s dGIP cEEP. 2pd Sﬂe@bl:"iﬁﬁ%s?-&ﬂvaﬂable o
hese col ontih b ek HiFeBl:  FRAGROTR T A R ET R BB RORE 5, o

991 35293 PChbrRPskAPEelow, and 14.5 pl H20.
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0 5 JU~I 2002 Applied Biosystens nodel 373 autonmated DNA sequencer JEB\?""M
identified sequences arc listed in Tables 1 and 2. Table 1 No.

Descri pti onGenBank | ndeatifier19LD78/ M~- 1HLIMCKLD7816TNF- i nduci bI e (TSF 6)
nmRhl AHLTMISGGAL5GRO- Y (M P- 2p) HUMGROGS6 GRO- ~i

(M P- 2a) HUMGROB6act - 2HCTMACT2A4guanyl at e bi nding protein isoform|

( GBP- 2) HUMEBP 14sper mi di ne/ spenni
NI ncel yI t ransi e AN ERE VOQAMERF AGAIGATTETATBTRATAF TTTTTTTTY

protei nFi 1 JI Vt ALBp3Fi br onecti nHSFI B 13i nt er | euki n- 8HSVDNCF1i nsul i n-1i ke
grow h factor binding protein 3HSI G-BP3MLi nterferon-y inducibie early
response geneHSI NFGERIt y R@vérye TRnbaiption @sitnes ¢SO IBDINOLHSCATHL1IEST1EST1
~CGenom cl ESTHSAC002079 5 -53 SUBSTI TUTE SHEET ( RULE 26) WD 99135293 Tabl e
Z PCT/ US99/00666 0 5 J U N 2002 No. Copies Descri pti onGenBank

Lrant . Ef§ CoRE RO R B G [ty ol ko DAT SHPeRRCRITT RS |

control | ed {4de®andHe@hittipd IdVheBatedfohi BhAtU2DES iAGrep EHR! IehrTHGbAtiIGRHEE2Lam ni n
recept or HUMLAMR2Cyt oskel et al gamma- act i nHSACTCGR2Ri bosonal protein

L6HSRPL 6AA2&h0b@snmu‘e (sboutchiOru!itatabiisaided to Rsdsopdmandpremin on ice (volume

L21HSU14967 | 27HSUS78471Ri H

149661Ri bo E?&a%wﬁ"kghe b ERCYRES HE%?PJP Oﬁ‘g‘%}ﬁ ‘P%H&hb% ?g%é‘%sonal
. 0 .

SorisrPolin KCEaR LR A0 BNEHNISORIGHTE TR oR T oufi e Gl

181Ri bosone3d8enrloiSeparahidVRBERB 1AM RiNase HI(3 2anmits) atdoldpkiayiriotunit/ul E.

PCHI Jl\/PPARPOlZGS prot easone, subunit p97HUMRE6SPSP1DNA- bi ndi ng protein
BH~UMAAE1L T-%81 PN&A palyiperase 1180 vaus) ars %qm‘éﬂ%aqdﬁéee‘mb@e@c%'me mixture

TS N MBI QRO o SOl A Rore ater i th ol rcin

hydr oxynet hgdlumamntdtmﬁgw Bidd dnd.theényinautatedrfor t hoati lcdia@and lﬁdnulnhxtat room

| I HUMMICDK1Genom c\W92931 45291ESTAA93389 1ESTAA6497353ESTN
346781 BSTAASBBTILTE OrHiXe g\g d‘r%?P e SS&“‘%%&%%F‘?@@%&@' 5'RULE 2B) WO
991 35293 PCTI US991 00666 . .1 'UN 2002 Exanple 6 FAGS n_al vsis of
Differential l'y Expressed Genes from ~ti ml at d andl | nstl mJI ated THP-1 Cells
(Experiment3'- S S STEN -3!

m croparticles was gfRRabEAd r Taga Ntz
cells. cDNA from stinul ated an unst i mul at ed THP-l cel | s was pr epar ed for
conpetitive hybridization as fol fows. 20 pg each of the THP-1 finsti nul at ed
probe Ijbrary (U3A-TL) and theBTI—E 1 stimul ated probe library 10_( S3A- TL)
wer e diﬂé)ested with 50 units of EA to prepare the vector f PP Hnear P

The DNA was purified by phenol/chlorof ormextraction and fluorescently

| abel | ed by PCR For calibration purposes both CYS and R 10 were used to
| abel each’ wherdithe ¥'s indieated myeleptidesnn thmeDNASCY seprasents AGYS oaky anhB S3A- TL

°Si 1ox porteptived C Yot Noktinaht fés endcRRfth Bindl ShilgBe SRR 1 %Y
~1 dl aTPs (@wefedrmgweaasgnmrmé i the cDN Al witiklerssalts i0nZ)-BCA B dverhargl 10 Jurp

or 6.4 ~1 of CY$S dUTP; .and water to bring the total volune to 800 ~1. This
m xtur ezﬁl\as“Rﬂ“sddE?E‘%W‘ {BSMBBL| i quot's, which then underwent 34 cycles of

PCR accordi ng to b B Xtrast 4 ethafdoracigitatidnNihe eDNMHs 30 sec;
3) 62C 30 sec; gi‘zapﬂeﬁ ij&\# %n % iﬁgafoelmh n. lclE’Thelgi[a%l ]R regctl on was
purified anntsmdpendpdlmﬂmjnmleamt'msommnedqdéaﬂlﬁfzeﬂ)rldygepmxcwphmmII)n.

Ref erent Po(ﬁlelw England Biolabs, Beverely, MA), which is followed by capture of the

biotinylated fragment on avidinated beads (Dynal, Oslo, Norway). After washing, the

U

30 captured fragments are digested with Bsm BI to release the following cDNAs (SEQ
ID NO: 4) which are precipitated in ethanol:

GCATTGAGACGATTCTTTTTTTTTTTTITTTTTVXXX ... X -3
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A

The Conp 11 bead library consisted of 2,667,369 beads, with a conplexity of
1 mllion clones fromthe THP-1 stinulated library. The beads vvermsgr\?mgrﬁﬁ
as 25 described above as outlined in Figure 3. The starting PMI2 n r 2
the FITC signal was 19.5. The dupl exed DNA on the beads was denatured with
2.5 m 150mM NaOH wagitesgat ' ' ] vor txexinag-s The

efficiency of the denaturization was determ ned by neasuring the renaining
FI TC signal nmean, which was 2.2, i.e., 11.3%residual fluorescence. The

beads were Y| I . 4 | net ot r'di
.a ion 100,%8%&3@1\%&% ‘;'/%Fc{pd?l@gés \%Lt%ﬁ% mgq%ﬁ %e%dé) Eﬂﬁ lﬁ%a(rﬂrbégf'{g?oduct
of the sti nDloaingBysteniseLh dltaCA)( iSRAgifikdred atelve thenfollowintSeqichcebe sane

library |abeled with R110. 936,542 beads were hybridized with 10 ~g of CY5
sti mul ated Pemers OEQ 38 NQ: Hvhich prethosgshewmin BemmlaPobe. The beads were

assenbled in 50 ~I| wth a final - -55 SUBSTI TUTE SHEET ( RULE 25) ~ 5 JUN
200? buffer conposition of 4X SSC/.1 % SDS. The sanples were heated to 80C
for 3 ,~ minutes) the probes were added and the tenperature was noved to

65C. " Hybrj di zatl i f ' Y LNg. The beads were
ice quenche% in %@%ﬁ%%@\&@ﬁ%‘%ﬁ?&#&éﬂ’%g%ﬁ@ re rinsed 2
times with dCATSSC..-1%5 SDS, resuspended in .5 mM of 1X SSC /. 1%8DS) and
washed A 65C for 15 m n. The beads were rinsed in .1 X SSC /.1 ¥8DS and
washed at 55 Cin .1 X SSC /.1 %SDS for 15 mn. The sanples were rinsed
with TE TWEEN andATIABIICCREAG COFCHWIGTATANAGARG (WFUEFERLI SCTIAGGoN . thie BD
FacsCal i ber. 10,13 beads (1.15%, the brightesi CY5 off the 1,1 di agonal,
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di agonal , were spdad ed. The beads were pool ed Basar PCR reacti osgm EA cl oned,
and sequenced. The identified sequences are listed in Tables 3 and 4. Table
3 No. Copies DescriptionGenBank Identifier9923 kD highly basic
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WD 991 35293 PCT/ US99/ 00666 0 5 JUN 2002 No. Copies Descri ptionGenBank
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chicken B W:,prot ei NHUMVHBA1231M t ochondri a) cyt ochmre pCTAISYIO066
subunit I1 CDK2M t ochondri a) phosphate carrier 05 JUN 2002
pr ot ei nSSMPCP1M t ochondri a) serine hydroxynet hyl
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ubi qui none- b%%ﬁmg} m—%%ﬁgﬁ%@ ) égﬁgégﬁ%ﬁ%dﬁyglﬁrér‘ﬁ’%hor
i nhibitory fagd oWy profocdiNYATQ 13\ g, 2) DAV B @Rt §) 67°03 min; 4) 8 cycles

chai nHSVMRLCMLNucl ear -encoded mito. strine o
hydnxymet hy| tof atsps 2 rad 3HONEERPASESI9) §42C 3 mindd 22 cycles of steps 5 and 6; 8) 67°C

r ecept or S749028Pal. m prot eb A thi oesteraseHSU447721hosphate carri er

- HSPHOSC2Pr O%M#§¥LW$M1H bosomal protein L10HCTMRP10A4ri bosonal
protein Lsl1HSRPL Tht@ PER wARRresRi@pSdIEd Anl4100 7 Phéntl idafkiedat rodfot €i n
L17HSRPL1/4ri bosomal protein LI 8aHLJVRI BPROD27ri bosomal protein

L21HSU149674netbpsamed, afieroviich thexpnihinad:-mixqusy isStoz@xeufor B030rsat apst theri n

L25HSUI 24654ri b I tein L26 AABT | I iln L27 U
149681ri boso%?&ﬁﬁ%giaﬁgiggéﬁlggl(ﬁ‘%ﬁgﬁ(?%&%%%%Pn@?mg%%bmg?’i Yosomal
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L7HSRBPRL7A13ri bosomal protein L7aHUVRPL7AL19ri bosomal protein L9HSUD9953

- 58 SUSST1TUEEntSFgg {oRQ0Eifsthe supatnp et SRR vRCANdSO ol F0%ashanol-is'added2002
No. Copi es cri.ptionCGenBank | depti.fi.er 25~ribos L _protein S, 11HSRPS
115r i bosomal 6‘?‘8 °§°f§'%ﬁ9§ pr g’%br”?’ﬂb{éfﬁﬁm r"gggt}‘ﬂp%lsl@m%%mc

15A5r i bosonalpriitatdd DNALS Bkb®R M sidedviesonal protein S 17H JMR PS

1735ri bosomal” protei n S18HSRPSI 82ri bosomal protein S 19HUMS 19RP6ri bosonal
prot ei n $30HUVRPSZder resyspension. the sPdAnis parifisbory svidinated magoetia begdot ei n

orot e ' Saal V2B FRER A A MERRIP 300 i ARRRTUAR EROPENT
SAHU MRPSAX1ninh@f eiBimdper 1@ of DNAD 0S5 Bid andastirery Rt6mmended protocol
SSHSRPSSlRNAsdanqI | ogenl n i nhi bitor HSRAI 1smal | nucl ear RNA

U2HSU257665T-ew Aliplabs, BovertyaMAY e The cjeavied ENA is extracted with

gl ycoprotein Y/ 4 nfkon ' I
PC4HSU129791{3§§JSU;EQ{O?§§$%‘§% @?‘%{5’?? iebipRAdd] %ﬁ%ﬁ&%@ﬁ?g“ﬁany ation
initiati @0 f aohjngates &8 rendidredidingie striRded!B) &thbiaing|2amits A TH \DNApblyalerasd t unor
prot ei nHST(. Jh~l PLUL snml ucl ear _RNP-specifi.c C o

pr ot ei NHSULR ezﬁéﬁg#ad%f’iabé}tpa& HE of eep i purific QAL o150 e of streptavidin-
subuni t D5563 k@ BN DrefisBEHdad i : : - .

prot ei nHUl\/[B&éﬁ?bgl qui t&? ﬁ 3 gé’bﬂ%‘? "(ﬁlulibtel %’lﬁiﬁ%ﬁ“l" lelgtll tg]l& if?lllorfv ing reaction
Uba52HSUBAS 2 Rbfpbhetits: t 30wl 10 NEB Buffer No. 2 (New England Biolabs); 9 ul 100 mM

Uba80HSI BASORBESTAA1498536ESTAA7593063ESTMI535102ESTAA6307992ESTN260312ESTA
A8434112ESTAMKER 3924 THNNA pobymesaser($Q ity iy Aol 54 b Bh@otr/givo 8613l 1 EST

~ND870867% .~EST - 50 .SUBST] TUTE SHEET ( RULE WD 99| 35293
POt UsgoPS06 aEDoE voime al 3l “ﬁ\é‘&@é‘ﬁ‘?"e‘*‘@b&%ﬁ&f‘ﬁf S halachon 1 4Spped

| dent 11 o1 1ESTAR4ARH0)ISTANHORA? AEETATE SAOA RETAMEL HATARRTAA993034 LESTARSS
38901ESTMDI59331ESTAAT667031ESTAAS 731391 ESTAAO382931 ESTHA2221ESTAA5769611E

STMD 151731 ESTineebatanthe st o sutEs iand3 misd MS4T AZhe g DN craugstasNTe MATCHLNO
MATCHINO NAT%E@& % Bi\erﬁ%ﬁ!l%%%& é@a‘@ﬁ&f % &ﬁa?‘ng} precipitation.

5 pum GMA beads with tag complements are prepared by combinatorial

30  synthesis on an automated DNA synthesizer (Gene Assembler Special /4 Primers,
Pharmacia Biotech, Bjorkgatan, Sweden, or like instrument) using conventional
phosphoramidite chemistry, wherein nucleotides are condensed in the 3'—5' direction.

In a preferred embodiment, a 28-nucleotide “spacer™ sequence is synthesized,
-38-
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Table 4 No. Copies DescriptionGenBank Identifier623 kD highly basic

pr ot ei NHS23KDHBP103Act - 2HUMACT2Alacti vated B cell factor
1AF0601541activating transcription factor 3HLTMATF3X2adenyl yl 05 JUN 2002
cycl ase- associ at ed protein (CAP) HUMADCY47adi pocyte i pid-binding

BHOVCATH 10000 ey SO A A B O SRR R B T B Bt or
1HSEF1ACAGFidi130 et ieotids|if thehd Eociyleficnt) hinddi saquaico beihfed G'0f Thil, khe

(GBP-2) HUMEBP121 FN-y i nduci bl e early response geneHSI NFGER33l G- bi ndi ng
protei n 3HSIbepdsrzg/AcwRticedwith m fPEme-pitzpnpgieatide) e length obthg Sstmger

PCT/ US99/ 00 =~ o 2 |- | [ n
dent 11 er 1pupRegishof offica Miedbl ine iy I8 b BHRAT dtoes e
TI L- 8HS| §i DNGHvitysfirrizymes Hat grewst fo thea tagreohiphdients G apgired SGGEEP3VBIKA3

MRNA i nduced_upgn T, cel |l stinulati onHSU384432 ~KI AA0251 D874383Macr.ophage
scavenger r ddERieRe. ifSHEh PIOCRIRINERSE ey ¢l R SPgqepianesoRksh oAy idayripsyrface

( GRO- ~) HUMCRER s ( UP@?F;%@ .
S@IﬁSNNSMNUsgtg:}%%)%\%g%l%%g%gb egln E%I%RETEBI raggt3ggqu§lr?8$l%eséndopor oxi de
synt hase- 2HiddUSIGS2THRANIESing ddyenebVER@REDING] 6)¢ edrivainirg BNFAICNReiosomal -
protein L21HSU}149671Ri bosonal protei n L7HSRBPRL7ALR bosomal protein
S28HUMRSPT3 YR EWF&F‘H& eet yl t ransf cr aseHUVBPERMNALSE ri at ed
muscl e ggntraction reg. Protei nHCTMBI5TNF-i nduci bl e (TSG 6)

MRNAHUMI SG6A10TNFaHSTNF2Tr ansl ation initiati on factor

2~i HZJ VEL F2 BTRAAC Al Ba s SR ame 7T 1 RCOIPAATTAACTGGTCTCACTGTCGCA-bead

col | agenaseHUMACOLA19ESTAA91630415ESTAA87335010ESTAAOL16398ESTAA3460723ESTA
A2844272EST,

| L- 11 TN F-i nduci bl eHSEST2222ESTV\B85131%§'I1AA9042311ESTAA7677771ESTAA9699371E
STAA5287034CGenonm cHSAC0001194Genoni cAC0004031Genom cAC0041306NO MATCH2NO
MATCH2NO MATCHLINO MATCHINO MATCH ~ 1_ NO MATCH -61 SUBSTI TUTE SHEET (RULE
26)  WD5991 3529 refermblysdsy 986D Aoconjugates apdlybridized tCtag compioseants gt i on -

" GenBank Identifi i INO MATCH .1 TCH | 1157Tot. al d
{ uppegzl at eg’)ga&sléfgfﬁl“ib 7 cﬁ@ggnmygr %‘%a h"%l rﬁ’?’?oﬁeﬁ?e%g%e@pﬁ%pﬁ?%ssed Cenes
from Sti mul ayigctridittle bivelaf e praseheémBddinéntGe BY, Br Bbdue! #x 1 07esehds. o 14)

number of beads in a given volume is readily estimated with a hemocytometer.

Prior to hybridization of the tag-cDNA conjugates, the 5' ends of the tag
20  complements are phosphorylated, preferably by treatment with a polynucleotide
kinase. Briefly, 2.5 x 10® beads suspended in 100 ul H,O are combined with 100 pl
10x NEB buffer No. 2 (New England Biolabs, Beverly, MA), 10 ul 100 mM ATP, 1
ul 10% TWEEN 20, 17 pl T4 polynucleotide kinase (10 units/pl), and 772 pl H;0 for
a final volume of 1000 pul. After incubating for 2 hr at 37°C with vortexing, the
25  temperature is increased to 65°C for 20 min to inactivate the kinase, with continued
vortexing. After incubation, the beads are washed twice by spinning down the beads
and resuspending them in 1 ml TE (Sambrook et al., Molecular Cloning, Second
Edition, Cold Spring Harbor Laboratory) containing .01% TWEEN 20.
For hybridization of tag-cDNA conjugates to tag complements, the tag-cDNA
30 conjugates as prepared above are suspended in 50 nl H,O and the resulting mixture is
combined with 40 ul 2.5x hybridization buffer, after which the combined mixture is
filtered through a SPIN-X spin column (0.22 pm) using a conventional protocol to
give a filtrate containing the tag-cDNA conjugates. (5 ml of the 2.5x hybridization
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In a separate experinment, reference DNA popul ati on preparation aE
conpetitive hybridization were done as described in Exanple 6. 9 1] .lﬂ&é.adsmg
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Stimulat and LInstinyiated THP-1 .ellc (Experinent: Conp 15) 5 I
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991 35229 PGbnuéindDfzagers, 2.g) ClontdchA(A8arabdries (Redo AdtbpSan: pt i on3Novel 3Hono
Sapi ens afl at oxi n al dehyde reductase AFAR nRNA3Hono Sapi ens ri bosomnal
protein LI 8a nmRNA ; 3Hono Sapi ens hi stone H2A. F/ Z variant (H2AV) nRNA3Hunan
ri bosomal protein L27a nRhM@Hmfmmd@mmﬂmprml protei n L383Hono
Sapi ens cDNA /cl one=I MAGE: 1089890 /c%;c AA584384 [/ gi =2368993 /ug=Hs. 100437
/| en=4343Hunan ribosonmal protein & n cyclophilin-rel ated
processed pseudogenei 3H. sapi ens MLJCSB gene, rearranged DNA fragnment 2Hono
sapi ens genefor ribosomal protein L412Hono Sapiens glia maturation factor
bet a MRISAZ Natiere 2ptt a5 phosphaEiroup @ide TFAM'Y RaHWBRescEindge aftidhed totheisn S13

(RPS13) nmRNA2HonD_ sapi ens cDNA /cI one=l MAGE: 979448 /&‘P AA523303 /gl =2264015
/ ug=Hs. |547@I?9rb9\f1h®%sm% e of the fomsrand by #somamsareialdy aysilable 3’

/ cl one=1391 b man mMRNA
for m tocho%rgrg?é\@og\%ghg?/ﬁ? ggx’gg E?Alﬁéase) L&?lp auéégﬁ%ﬁtll/gm %ggtnwlll?l NA for
cyt oskel et aim:gamms el ctOx NERB bafferrtihR, 0 SrulnoTWEEN 20,05 pl hOQBRPATPaHI ens

bet a-sarcog@ican ene2Hurran nMRNA f or. 26S _prot easone subunit p312H. sapi ens

mRNA for riBbdoabsledadaptari1e) pmalith el p M&ﬁeﬁﬁm wHie/Hyandr36:3 BE bet a

chain ( W H i |H'BM%QHEW&

al pha- tﬁgul I'h H’%ﬁ‘é%ﬁh’%ﬁg onga %eg%tgﬂf@é‘ or

Tu- m t ochonteiCadvei gt \ﬁ@pbmx@mr whiclethd beadsane wasied@hcd ¢ithPBSENd=3"

/ gb=AA098869 / gi =1644973 /ug=Hs. 103088 /1 en=5262Honn sapi cns CDNA, end

3'
/ ¢l one=4484eptaiping damihdaGh andeatedwith Pronagg,asideseribed 3hoye. eherbis igitiah nmRNA

ol one. DT1PLIGEH TRA SRSy e R RR s e oA g Ry et o

21 3Total contigs: 76Total seq reads in conthlgs~: 366Tot aI seqs to be
searched: 717 -67 SUBSTI TUTE SHEET (RULE 26)




WD 99135193 Table 8 PCTII, ~S99/ 00666 0 ~ JUN 20D2 No. 0

Copi esDescri pti onl188Hunman gene for tunor necrosis factor 5 JUN 2002
( TNF- al pha) 61Cyt ochronme P450 | 38H. sapi ens nRNA for uridi ne

phosphoryl ase27Ht t EST14Human tunor necrosis factor-inducible (TSG 6) nmRNA
f r agment 11HsimulSeapoweshys trétingraittobeth 2 kimdse meBiNb gaske abifol waNd\val &d6dad? are
GeneSHuman LD78 bet a, gene4Adenosi ne receptor. A23Human M tocondri al
DNAHurman spENSPERIRe in 2reactinn IIXIMESPYsiIstng oS the fplewmssampogenta:3 6 $8%i ens

nRNA for 23 i i lo i ST3H t eqrosi s factor al pha
i nduci bl e pmskgﬁjﬁo'm&éﬁ S %gﬁt%%d} éﬂlfmm#”ﬁgfpl\l%}gég“tsyl traasferase

( SSAT) gene BleBli ESKRasaR I LARRL 1§ AR A G AL FRPuriis Y hepsin L2GRO3
oncogene M Z%yglgt gZémaI | i nducl bl %%Enol d?g A4g( hgm)l ogous ’tgga rlr%%)gle M p- 1 b)
ACT22GR02 o0y éorea fiddPPeantipi adltimesnd 15DES. The baaciemmditofeds irvubated gl

singlets: 91Total contigs: 25Tot eq reads in contigs: 404Total seqgs to

| . s ] :
be sear ched:for7bpr wih porteing, aftey whichithe brads anvyyashedoncs witoRBScomtainingel THP- 1
Cells (ExperF?' WG : j EarfiER i ated from
stinmul at ed P-1 (:lze’ﬁégtcgzylgﬁl{ogistiiaﬁg eggqsa%q‘%% omer%rﬁgﬁiiéﬁc\élgwlhnt ensity.
Head and pr AEZTWEEMNri es were 10 constructed from nRNA prepared from

phorbol ester treated THP-1 cul tured cells. Six bead |librarjes 160K

conpl exity) were Aafifég{%ﬁdlzg?/*%?w 1?3&%358@1&#(%5@&@5? Beatment ‘ﬂ\‘tbéééF‘Mf

1, 260, 0 beagsy deAINAT ; i i 1 The top
Lo6 aupdd 1o A S A BBests iy ey lr coRPridAfinbiABNE6E [ne (0P
strand of t lifféremtihdlyeapressedigepeprodiz¢ts. 2. 5 i 150 nM NaOH washes at room
tenperature for 15 minutes with mld vortexing. The beads were washed tw ce
in 0.5 mM of 4X SSC/ 0.1 % SDS. | 00,000 beads were hybridi zed overni ght
with 50 ng of CYS | abelled probe fromsmgeiated THP-1 cells in 4X SSCO0.1
% SDS at 65. The 5 recovered sanples were rinsed 2 tines with 1X SSC O. 1%

SDS, resuspended in 0.5 Du¢pasgtionf gafnast Referene® DNAPoputdtiod at 65C for 15

m nut es, The beads were then ri gﬁgg’ ilg Sg.lx S&ﬁ# 0. 1% SDS and washed at 55C
in 0.1X §SO 0.1% SDS for 15 mn . ; s were anal yzed and sorted
by flow cytonetr Yn theseRinglé; BatcHardinydes cérevisihe Belfs sTREINVIM 2 (ORLACT 2y

hybri di zed any CYS probe. Sanple 10 CTOO3F contained t 557 clones that did
not find enéiadhSHIC3HEUP baneiggewn in separaterich andoninimal mediacylaisesessentigly ned t he
| east fi~eq [oXs) ol ' I Lbhra r te (see
Frgare 1) wir SessHBEE ddiofih 8 (088 bt SR dxadilRon AR EARRMRE LG
listed i n Tébtheconditibabhe Bed fo estibdlisiCo piferandsasDN Apopidletidienkich is tagged,

deam nadbsmelsirimeliediaefied obd IndeBompimersABiclsso S gaded micropartictes

ST 921 I AR B T T Ore fetfdhleg IIRAIAG A BT B RHAAT 86 Ot 7 1ESTA
A7367791ESTAA994497 1ESTMI499991EST ( 88% honol ogy) AA6260408EST (contains Al u

repeat ) AA129R1108de8 DN Acwe mielted Affiand eqreameiM0857191EST (contains Al u
repeal) VD765 LT el SPRREIAE 0% etk bhhbidlog U7 VU QUG 1M1 L2
extract/peptone/glucose, Bufferad, Newark, NJ) or in minimal medium (yeast nitrogen

25  base without amino acids, plus glucose, Bufferad). Cell density is measured by
counting cells from duplicate dilutions, and the number of viable cells per milliliter is
estimated by plating dilutions of the cultures on YPD agar immediately before
collecting cells for mRNA extraction. Cells is mid-log phase (1-5 x 107 cells/ml) are
pelleted, washed twice with AE buffer solution (50 mM NaAc, pH 5.2, 10 mM

30 EDTA), frozen in a dry ice-ethanol bath, and stored at -80°C.

mRNA is extracted as follows for both the construction of the reference DNA
library and for preparation of DNA for competitive hybridization. Total RNA is
extracted from frozen cell pellets using a hot phenol method, described by Schmitt et
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pseudogeneAF035429 | 1M tochondri al genonmeM HSGENOMLNADH: ubi qui none

oxi dor educt ase NDUF56 subunit AF0449592no matchl 1no matchlonly 12 baseslonly
12 baseslondly NLidlehnaeidd Resdaveli €8:k30929092 ¥ onevittothe Miditibi BEa &hiobre HSPKM
124TNF acHSTNFR7TNF type | recept. assoc. protJDNAse || HSP?5HSU125951 D831

95/ AF043254393jd aloah@gwragmmjmmawwﬁ the tatah R4 | Phased.oek Sghe |

611 HoAPOCIIBNa REe R Aol 0 R R AR, fclesons e inoneis o,

act i nHSACT(RRAekcuvgny ariddcesab®the botential for contamination of the RNA with material
0CHSEF1ACLESTAA9052122ESTAA9773531ESTAA1358101EST (contai ns Al u

r epeat ) H087iam thsTorasrio imerfaosT Rabyt 4 cRINASY pumiiod fiemohotpial RAWAMan Al u, CACA

ool bay) ARLB 301 FLHF R TENRRE, GRRE CRRSRBAEREI2ST (contai ns Al

r epeat ) AA713891155d e4dhadf)mRINACH4th LERY growhnidonhiichiinédile alvil BRhthes esdiiwin (72 bp;
88% honol ogy) HSAC00208211 CAM 1H JM CAVAIMLI LI ~3HL~1BAll nterferon y
recept or ackegu¥ad/for gensguctiqnicsdM¥Alibray in g pULLP gantaininghgitag tepertoire

551 35295 PO HABE 0 GLB B IS gyt I B U B AT e B, °
| dendf i1@r 1randrindeeted (rtO alsimildrldl gEdéti4A 00 1% SThe ARNADBITevedse tharisCibddox it

synaptotagmn |I)RRP65Irat a, tubulin ( 100% homto rat; 78%tq
human) RNATUBZMmeECdy syriabdle kitSivatseens diajelafeh) wiing & olgiosdiSprimer

149911RI N : : I ' type IV
col | agenas SRNHCE A Seincs SR shernits 3B i MEEN 6 Bl o ORI U e
Marrow 5 Beagobnaecbndrsand synithesisi Ghe wesuitingeiDNAsiareetbavahwith Bser Bl aid vy

[ marrow. Si x bea | braries exity) were

o ated ( vi QP 1 s MsarEg i e ths oA e P UGS ARG Higsstian sits Bomeelandy” 216,
and 2195 A déaﬁ gh Alfted trande AR NERERNYRSPatiBh (B denbl}s obpeéﬁgwﬁhfb&g%ed‘i n
. The oft with NaOH.

and |igate top strand of mx 57\A/as stri pped The CT1
bone mar r ows deteeminad sé thata sdmplé Oortaipirigf apprbxivnatalyChityrthowsand tagesDNAd t hen

purified. 200,000 beads re hyhridi zed.wi th 5 d 50 ng of gcﬁ,ei over ni ght
P65, 10 GaERIes A T ST ceren i EHiSne s Sl aerPlRlied and
sorted. SangpiQACdRfdEated ebiibd I Opicling Ssprofifatel P30 ovsdhdidés zeicRny CYS
probe. CT002 sanple contained |9 clones that did not find enough probe to

m grate to arhthenimigehand expanded inelliwrecont ai ned t he | east
20 From a standard miniprep of plasmid, the tag-cDNA conjugates are amplified

by PCR with 5-methyldeoxycytosine triphosphate substituted for deoxycytosine
triphosphate. The following 19-mer forward and reverse primers (SEQ ID NO: 8 and
SEQ ID NO: 9), specific for flanking sequences in pUC19, are used in the reaction:

25 forward primer: 5'-biotin-AGTGAATTCGGGCCTTAATTAA

reverse primer: 5' -FAM-GTACCCGCGGCCGCGGTCGACTCTAGAGGATC

where “FAM” is an NHS ester of fluorescein (Clontech Laboratories, Palo Alto, CA)
30  coupled to the 5' end of the reverse primer via an amino linkage, e.g. Aminolinker II
(Perkin-Elmer, Applied Biosystems Division, Foster City, CA). The reverse primer is
selected so that a Not I site is reconstituted in the double stranded product. After PCR
amplification, the tag-cDNA conjugates are isolated on avidinated beads, e.g. M-280

DYNABEADS (Dynal, Oslo, Norway).
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15 frequent copies in our probe library. 200 clones from each gat@5(dUN 2002
Figure 8) were picked for sequence anal ysis. Exanple 11 FACE Anal ysis of
Differentially Fx_nressed C~snes from 20 Normal a n_d & ucose ~ta~ed Human
Muscl e Ti ssue Bead and probe libraries were constructed from nRNA prepared

starved (clampy. D% VpsllferthbaRAsBoHig RGeS s ABERY vRPARL Gl ucose
normal st at eslvwing theedgeebmﬁ BRjubates atba Steigpiag rrbds :stdanﬁaf $0t o ¥ender/the A
total of 810,000 beads were sorted. The 25 beads were filled in and

li gated. Theligmglsotide tessigelestandad: H fig5Ma reastioprie quenehed, goa tag-cDNAn

SUBSTI TUTE: Lot it B AR BRRARHS ofacddh B8 BB ed Bl {8 00y T
strand. TheGMA behdsmdryufg tag xoplemens, &ich itgeathpléhentiabinha@phdsphateT 1

gl ucose nornml probe ( 13,510, 000 cq IeX|t was |inearly lif ed with
CYS nucl eot Wégg%ﬂpft KEANGRGtgd yndar Sﬂ'lfﬂ %%%d%élwsaraﬁeﬂ%%%n@s@w 132, 000

Complexity) sh llrgaag@orthgt&gftsgn&ﬁu %J}fe@&g %h‘aeg%sé@sw?ﬂm fhen puri fied.

250, 000 bea d Wlt & overnight at 65.
230, 000 cl onempl@ﬁreatsmm hgatergaTlijMNbeadsnadwasﬁadrm&thumﬁﬁatdcbemsamed 968

cl ones which were u ed., Sa 0l co taj ne 2 C on s whi ch
wen down reﬁ?ﬂ%ﬂ%ﬂeggb%é‘cg "P'Prﬁ)s&F‘ét @é@ %F’éhrg 19ydeREE% pi cked
for sequgnc GXEA h SRS Tabl es 10 and
13 SSIHE e RaRBfGN e beadd ?Ee{ﬁﬁguzdé& bé"ﬂs\/\ao 991 g&ggxggﬁ B MotBue e 120 6T 00666 0

5J UN 200ﬂubtsscoﬁt)bbek;msmvhlph therieaddare heat¢e\ih and¥aQH solutikeusing! tr oponi n
C27Human al kal i ht chain,l Mnal ssengef .RNA fo

bet a- gl obi ni%‘?—‘ﬁﬂﬁ%ﬁ?l‘?ﬁﬂ%’gim rEmavt pﬁéﬁ“ﬁ%éfmpgﬂ one ¢

oxi dase SUb%ﬁes%&GMEﬂﬁ&%Wﬁ?%oﬁl EveiyBRURAGMS T O rmuse P21
MRNASHUman SPARC/ ost eonectin sequence4Pan trogl odytes

bet a- 2- m crogl obul i n rrRNA4reduct ase4Hom) sapi ens gene for ribosonmal protein

L413Ho Sapi ens ribosomal pntein LBS: {E@ iI\/AGE 13880672ni 65cA .s1 -
NG “Pri2 Homo sapl ens cDNA cl on f"

9816962Horm sapl ens nMRNA for
M G eRegulhdi n Table 11

sarcosi n MRNA4| ami ni n GeBesis axassesielRiffsrene Growtnonditiong 3 kD hi ghl y

basi ¢ protei n3Hu p@} Jn3al pha
B-crystalli n3Huma|i§?1l rr%ﬁﬁ} scl & agtsegh E@F%ﬁ%%‘s%‘g%p‘ﬁ%% et a- myosi n
heavy- chai maﬁ%ﬁsrﬁﬂaﬂeﬁﬂl&o@mék&@%ﬁe ﬁmdu@ﬁ&&g&g;&rgl@mphﬁpwyaﬁa - 2Human
ri bosomal LS protein. mRNA2H. sapi ens, nRNA ; s ri bo%%g$P pr ot gi L.37a2Human

cyt ochr éfre ETIBEF EERSIAN Y, FEVeipe rapisaRiase resencg (RULE 26)
WO 99135293 nE&I&!%?%@Q@Q@a@s SEdualamaimntd 8Eachlof ﬂﬁ‘&%él&?ﬁdl?ﬁ\&lé&'ﬁ%@ﬁ% ent

appl i cations nentioned this specification are herei’n incorporated by
ref erence t thentvombined velkh &lntGMéx beadssefdixampil U carnving thebrefersmce BINA

population for competitive hybridization, after which the beads are analyzed by FACS

and those in the off-diagonal regions are accumulated for MPSS analysis.

25 Fluorescent nucleoside triphosphates Cy3-dUTP or CY5-dUTP (Amersham)
are incorporated into cDNAs during reverse transcription of 1. pg of poly(A)" RNA
obtained as described in Example 1 using a poly(dT),s primer in separate reactions.
After heating the primer and RNA to 70°C for 10 min, the reaction mixture is
transferred to ice and a premixed solution, consisting of 200 U SUPERSCRIPT II

30  (Gibco), buffer, deoxyribonucleoside triphosphates, and fluorescent nucleoside
triphosphates are added to give the following concentrations: 500 uM for dATP,
dCTP, and dGTP; 200 uM for dTTP; and 100 mM each for Cy3-dUTP or CY5-dUTP.

After incubation at 42°C for 2 hours, unincorporated fluorescent nucleotides are
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5 or patent application was specifically and individually indicated to be

I ncorporated by reference. The invention now being fully descri bed)ﬂ 5tJUﬂIzggz
be apparent to one of ordinary skill in the art that nmany changes and

nodi fications can be nmade thereto wi thout departing fromthe spirit or

scope of t hemppedbyficst dilating the rdattiG/aitNthid With SHERTof RunM 85} HC1 $H 991 35293
Vii a claim pCT/US99/00666 0 5 ~u~~ zooz 1. A nethod of analyzing

di ff erent i a3-04bmM EDYF A gnd then subseanensiyfgncentratingiiaboyt § f usingide popul ati on

of nucleic ' es attached to 5 separate sold has u rts in
cl onal sub pggﬁﬁﬂﬁﬁﬁ{g? 6 ﬁ?%\??t&%ﬁb@mﬁ g@p I Pzﬂe%ﬂ ?ﬁelegcﬁ% @qogb E?tﬁégﬁglpns
expressed ggrembine@ahd réshfpthd&Pinl 1 191 I35 SSERUhGaMiRE 0 a% pb@ah)%@

popul ati on of pol ynucl eotides of expressed genes froma different cell or
ti ssue sour@a ul bhie0PADS uBticrdt hgersdiedtionxthe sxistich igdoded far@mimamd sour ce
conprising a light-generating |abel different fromthe |abel conprised by
10 pol ynucl diowedde Cg‘?l 19 59PTR {SRRRETABNSy eée,r VHFHR S %HP\Véé {0 the SHYLA; berdgandae

popul at | onsinlndal PLE R R XMl 62! AHRPYaGEAS RS B £ISE 2RAWSA W Lh the

reference nuclerc acid population to form dup et ween e nucleic acid
sequences 0$D§ the GMArbeadscara meshspeadedindNEB 2 Hudfer MNew Rdiglahé Biolahsyucl eot i des

of each sougce su t hat the.polynucl l.des resent in_duplexes 15 on
each of t hgé%V(?Fliyd_ a"é‘g ‘%‘iﬁ%ﬁb‘? y Q%Pﬁerr@ﬁ:_ggéﬁ? gégt v %‘Pf&?‘&&fwg%lwél_s rel ative
expressigon 84 offlg 18AtWeIRABKYdHAL A8ERSchdl IRAsHPLMAR pIN e ENACdRY 2

rel ative optical signal generated by the Iight-generating |abels of the

dupl exes at gemetataia pattere aHshonm ip Figive 1 aeSorting paradictdrsrade spt agtshpwnnin sai d

nucl ei ¢ acid seguences DNA seque s. 3, The od of aim 2, wherein
ot en® orieREa el s b K BB Runmieeiins [T B Prefpi oo 5
form ng at (#Réted @rMPIRUhaYsien of tag- cDNA conjugates from nRNA extracted

fromat | east one of said sources and a repertoire of oligonucleotide tag;
The labeled cDNA strands are melted from the GMA beads and removed by

15 centrifugation. After several washes, a primer is annealed to the primer binding site

shown in Formula I and extended in a conventional polymerization reaction to
reconstitute the double stranded DNAs on the GMA beads which include the Dpn II
site, described above. After digestion with Dpn II, beads loaded with tag-cDNA
conjugates are placed in an instrument for MPSS analysis, as described in Albrecht et
20  al. (cited above).
The top strands of the following 16 sets of 64 encoded adaptors (SEQ ID NO:
10 through SEQ ID NO: 25) are each separately synthesized on an automated DNA
synthesizer (model 392 Applied Biosystems, Foster City) using standard methods.
The bottom strand, which is the same for all adaptors, is synthesized separately then
25  hybridized to the respective top strands:

SEQ ID NO. Encoded Adaptor

10 5' ~pANNNTACAGCTGCATCCCttggcgctgagg
PATGCACGCGTAGGG-S"'

11 S' -pNANNTACAGCTGCATCCCtgggcctgtaag
pATGCACGCGTAGGG-S'

12 5' ~-pCNNNTACAGCTGCATCCCttgacgggtctce
pATGCACGCGTAGGG-5'

13 5' -pNCNNTACAGCTGCATCCCtgcccgeacagt
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removi ng a sanple of the tag-cDNA conjugates; and anplifying the tag-cDNA
conjugates of the sanple. 30 4. The nethod of Claim3, wherein s@ﬁ JUN %[Lug
popul ati ons of tag-cDNA conjugates are forned from nRNA extracte rome

of said sources, the method further conprising combining said popul ati ons
of tag-cDNA conjugates from each OPATRIALGEOUAGES-Iri or to renoving said
sanpl e. -75SUBSTTUTE SHEET (RU i S99/ 00666 0 5 J U
1"2002 5. The Bthod of CParRrR} “Ge%ﬁ%gl% %ﬁ%?"e%}ia%suffici ently
small relative to said total tag-c conjugates that substantially all

di fferent cDNAs have differ &ntpBEINRMACCEGEATRCQtggsccdetafe net hod of Claim
5) wherein said step of providi ng BATEFAGSCETAGER-Fopul ation further

i ncl udes att achi sai d tagwGL i i igg%}l to said separate
solid phase suppgfgts by spegi f?cal FXT%%E}‘@%?@@%%? 0 |ggconucl eotide tags
of said tag-cDNA conjugates to thelr respective conplenents. 10 7. The

met hod of O aim &7 wherein Sar EINENNERGBECAGPATICHAagIessgrtiages repl i cating

sai d tag-cDNA conjugat es of said sBMFRGCRCEAGSFy'er ase chain reaction. 8.
The method of C agm 6, wher @i DpSRA AT RBRTOFARIINILEY LS £V | ses 15

replicating said tag-cDNA conj ugat ggreiactbeas@siy e Dy inserting said
tag- cDNA conjugates into a cloning vector and transfecting a host cell

therewith. 9. Thé®method of SCrE GRFETErM CHtg2saRPFEEdShcl udes a nunber
of ol igonucleotide tags |ess than BATHERFEECCTRCHF S percent of said

ol i gonucl eotide §ags in 20 sailgmi@peicastrecatdbceEhge v&d of Caim 2,
wherein said reference DNA popul at paredstcderhg@sl §rom sai d expressed genes
of all of said sgurces being analyzed 25 11. The nethod of Caim 2)
further conprisiR§ sorting gaéﬂ“@%‘ﬁ%ﬁﬁ%@ﬁ&ﬁ#i%m ng to said

rel ative optical signal. 12. The i CH-CER ‘52) wherein said different
| i ght - gener ati ngzkbabel s ar e sdipismericatbrecacmmtgt bbbt &30 13. The net hod
of Claim 12, wherein said popul ati paredaqeatyaeeteoti des of expressed genes

are popul ations 92 CDNAs. - gﬁ%@bﬁ?&ﬂ&ﬁ@?&@%&'@%&a&? acct )

pPATGCACGCGTAGGG-5"'

24 5' -pNNTNTACAGCTGCATCCCtggtgaccgtag
pATGCACGCGTAGGG-5'
25 5' -pNNNTTACAGCTGCATCCCtcccctgtegyg

pPATGCACGCGTAGGG-5" .
where N is any of dA, dC, dG, or dT; p is a phosphate group; 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 quantities of each adaptor are

5 combined in NEB #2 restriction buffer (New England Biolabs, Beverly, MA) to form
a mixture at a concentration of 1000 pmol/uL.

Each of the 16 tag complements are separately synthesized as amino-
derivatized oligonucleotides and are each labeled with a fluorescein molecule (using
an NHS-ester of fluorescein, available from Molecular Probes, Eugene, OR) which is

10  attached to the 5' end 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.

Ligation of the adaptors to the target polynucleotide is carried out in a mixture

consisting of 5 pl beads (20 mg), 3 pL NEB 10x ligase buffer, 5 pL adaptor mix (25
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further conprising the steps of accunul ating each said solid phadnﬁ emNpgﬂgQ
having said relative optical signal with a value within one or nore
predeterm ned ranges of values corresponding to a 5 difference in gene

expr essi'on AFNSsIAl EROH! BRG 1igRY ANIENT Dn TS |POLKANEd Salek dTfe On each

of said solid’'supports by eter ning a nu e sequence of a portion of
each of sai dumi-qusumdwbawedde%"ﬂﬁ»r 30 'ntigutes; afterdwhith lecheadd dre wdsheds nneai d

rel ative opti g nal is aratio 10 of fluorescence intensities and
wher ei n sai H‘% éﬁﬁét Jons of pol ynucl eoti des are fromtwo sources 16. T he

met hod of Gl aim Lper WRFAI tlﬁotlﬁﬁ{oﬂrhmfﬁ tl?@%ghﬁ%'hﬁﬁ%f g‘Jf‘cﬁ 'S a

sequence of at Ieast ten 15 17 od o al ml5,
wher ei n Sai ddsttep ardf renubeed by yreating thcboldemclentmmbleamarmxtureswthedﬁlm@tmﬁl at

| t t th f | 1 el i
sequenci ng. AKE HBProRPREEHIE TN CYUCE LS B ERk MAds i 1h5ed 11 om genes
di fferentially, %{%ﬁgsp?&ohél gﬂ?f@r'ﬂ&ﬁ&}aﬁ ¥t @k 3df>ﬁJssﬁﬁest trrcectﬂpﬁnw pdissues, the

met hod conprising t st eps providing a reference DNA popul ation of DNA
sequences atinaativated bppm@qﬂﬁm@gmmmmlmlmmuﬂkﬂ (ewailablafopo Rderingerns; 25

providing a Iatl ucl e derjv nes expressed in
each of t he% ‘?Rapaf)? T%I? eq{tan(?g‘nlvglsegtrprﬁegsscugétmlg]ea@ﬁn%%f%qgé| eoti de
having gol i QFBto&ﬁ“?hanl%u&@&Rie -Head altktlred tHEaReIshéd, f@aRa Wi 4 malmﬁlcgnal

i ndicative of the cells or tissues fromwhich it is derived, ng%ltlvely

hybri di zi ng Téipelynuplgbtidé binasecnd 7 l;)NAolla@m mEgglag@B&lat&oBemw X in

popul at i on 1oL maiphascs BEkRen Fon B fihad bR dstl e SBHEFTCE DA
popul ati on and tPDnypl btelu@@ﬁr%ﬁﬁﬁoffm e%efstefthdmed cilymo@wnde.errhswdd-tlssues
such that the _77_ SUBSTI TUTE SHEET (RULE 26) WO 991 35293 PCTI US99/ 00666

D ~ .1 U ~! peboaclgetidemixtureds hes washedgn d&ent i n dupl exes on each of the
m cropay g' cles I %epgafeﬁls egéh o%cl. Mbeled tag complements is applied to the

polynucleotide-bead mixture under conditions which permit the formation of perfectly
matched duplexes only between the oligonucleotide tags and their respective
complements, after which the mixture is washed under stringent conditions, and the
presence or absence of a fluorescent signal is measured. Tag complements are
20  applied in a solution consisting of 25 nM tag complement 50 mM NaCl, 3 mM Mg,
10 mM Tris-HCI (pH 8.5), at 20°C, incubated for 10 minutes, then washed in the
same solution (without tag complement) for 10 minute at 55°C.
After the four nucleotides are identified as described above, the encoded
adaptors are cleaved from the polynucleotides with Bbv I using the manufacturer's
25  protocol. After an initial ligation and identification, the cycle of ligation,
identification, and cleavage is repeated three times to give the sequence of the 16
terminal nucleotides of the target polynucleotide.
Preferably, analysis of the hybridized encoded adaptors takes place in an
instrument which i) constrains the loaded microparticles to be disposed in a planar
30 array in a flow chamber, ii) permits the programmed delivery of process reagents to
the flow chamber, and iii) detects simultaneously optical signals from the array of
microparticles. Such a preferred instrument is shown diagrammatically in Figure 2,

and more fully disclosed in Bridgham et al., International patent publication
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related to the relative expression of their corresponding genes .in the
different cells or tissues; and isolating pol ynucl eoti des corresmlgdutju ﬂﬁﬁ?
genes differentially expressed in 5 the different cells or tissues by
sorting mcroparticles in accordance with the optical signals generated by
t he popul ati f I I Se8n gl ind Q. d of
Clai m 18, whalar3390. Bhe Y, TR stk gfémlis;;tﬁ?%érﬁ&fgf%tgﬁnégdcaﬁg%iﬁg 2
expressed i rfluihenletl(602) antyoudét (304 ¥ ieragidss phitd S06) uding stamdard eiicrgmathiaimgl yzed.

20. The neth f dai 19) wh i id . pl it f di t |1
(Pssube 15 (@nihet b bnbat o dobraotuRaltrbiitath HOLOIERs S * 1o
21. The et hsa.gi. ?therg@ﬂ‘%@; I-l‘ﬁﬁ-?sbﬁief‘alr";f%\lnlql.@%{@h? m-@‘szg@émyﬁ{dﬁﬁ&i des are

| abel ed with erent fluorescent labels. 22. The method of "Caim 21,
wher ei n $ai diksoJie direnséorodf fiay ghrambes 61000 axs suclethab jpatied mégrspasficle(9a8), 20

23. The net hod Qf ai,m 22 erein. sai . of conpetitively hybridizin
i ncl udes pr && %%B?w%ﬁ@ﬁ%&?%‘gw&aﬁ%ﬁ@% %ﬁlofeggﬁ?ctkep Hﬁst%'os%/ant i al | yg
all of said HuR)i&epss P6U-PGD MRLEMA beXdsHav e ds by K RE@Sinte?Pcidded cHambegt hod of
Claim 23, wherein said step of isolati ng i ncludes sorting said

8

m croparti clvwith intetand oudetyanadicihondiag oha glasveovier slit ©32korte thegtehedi t i es

geney e 0 R BaP I 2 P PRS0 296, RSSOy Pt
i cnpar tlioc! ehdflbW chambeofr6ri GoRng Mbtps(al£threwghl 52@9&&@1%1 valvk bISUBSTRTUTE

SHEET (RULE 26) WD 99/ 35793 PCINS99/00666 0 5 J' U ~ $ 2002 26. The nethod
of O ai m 25,contipkiedehy 3 migropropessenys is cRPMERLY; usedhon aytomgted DA apd psplide e DNAs

ol o o M B! S0 B AR BN O SOl DHeR 9, BhofBEN, PR dalchl ! B0

cDNA. 5 27. rmning re vé abunllance of ’gene products)
conpri sing: 4,252,769; Barstow et al., U.S. patent 5,203,368; Hunkapiller, U.S. patent 4,703,913;
or the like.
15 Three cycles of ligation, identification, and cleavage are carried out in flow

chamber (500) to give the sequences of 12 nucleotides at the termini of each of
approximately 100,000 fragments. Nucleotides of the fragments are identified by
hybridizing tag complements to the encoded adaptors as described above.
Specifically hybridized tag complements are detected by exciting their fluorescent

20 labels with illumination beam (524) from light source (526), which may be a laser,
mercury arc lamp, or the like. Illumination beam (524) passes through filter (528) and
excites the fluorescent labels on tag complements specifically hybridized to encoded
adaptors in flow chamber (500). Resulting fluorescence (530) is collected by
confocal microscope (532), passed through filter (534), and directed to CCD camera

25  (536), which creates an electronic image of the bead array for processing and analysis
by workstation (538). Preferably, after each ligation and cleavage step, the cDNAs
are treated with PronaseTM or like enzyme. Encoded adaptors and T4 DNA ligase
(Promega, Madison, WT) at about 0.75 units per uL are passed through the flow
chamber at a flow rate of about 1-2 uL per minute for about 20-30 minutes at 16°C,

30  after which 3' phosphates are removed from the adaptors and the cDNAs prepared for
second strand ligation by passing a mixture of alkaline phosphatase (New England
Bioscience, Beverly, MA) at 0.02 units per pL and T4 DNA kinase (New England
Bioscience, Beverly, MA) at 7 units per pL through the flow chamber at 37°C with a
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providing a reference DNA popul ati on of DNA sequences attached to separate
solid phase supports in clonal subpopul ations; providing a popul |J{I]N02002

pol ynucl eoti des derived >som genes expressed in at 10 |east one cel

ti ssue source, the polynucleotides having a |ight-generating |abel;

hybri di zi ng eoti latjon.,o form
dupl exes betﬂ\t/(\)/quﬁl&t %yp%m eé&ﬂgﬁtg\&rt 1}(;f'f i(?ﬁlérgl‘rﬁée eLF gﬁ%’é’w?’g’gﬁﬁé‘{ ?yo#‘ and t he
pol ynucl eot ipptes;ligadél. P hiditsHer AAS Proimédall tHro@gfthe ABRAUhamBeL R 40130 hiuile

optical signal generated by 15 the light-generating |abels of the dupl exes

attached t htTrastcompmfméa # 25aIM conesnaRacian passed tltrmghgbﬁ Hoprabambesatias

| at d h t |
bt ai nod 1 r G TS S 57 el e i, A mleAGS AT pOC Bt Wi B Mot 18R
rarer gege raaﬁféu%ty ma&g?e%mpmﬁenm@e&bqﬂu%a@ahdrnazr)cséeuéé 11RbIEQER THR 5l

i solating solid phase supports having |ower relative intensities, wherein
sai d i sol at sdmplementsyare selted foor the enended adapters bypassingrybridission buffer t ot al

ool at bd- S0 BaogR e, At a@%ﬂe\a%wﬁf&%mw%ﬂﬁ%%@ St o1 2
supports pr%ﬁb%aﬁ&orﬁr%kg@éﬁﬁémimmkgghOsﬁ‘%ﬂ: P [ Engag®r ding to

t he abundance of the nucleic acid sequences hey are derived,
conpri si ng: Hiosm‘in'ndésa@eaexﬂseﬂ\é.&)aatdeurmpbpﬂbwtmtemfde Ebpesminuea foe20at t ached
to separate 30 m c rticles in clonal subpopul ations; -79SUBSTI TUTE SHEET
( RULE 2(531 ‘W‘P@@P PCTI US99/ O0OG& 0 5 J U P~ 2002 providing a

popul ati on of pol ynucl eoti des derived fiomnucleic acid sequences present
in the cells of at |east one cell or tissue source, each polynuclcotide
having a |ight-generating | abel capalxampledener at i ng an optical signal;

conpetitively hybri gi ﬁsgg tlhe E@ as W th the

reference 5 DNA pop ' =PRsequences of
o MNT he hybri di zi ng bei ng

conduct ed under condltlons p

to the dbundance lothis peanppie yhmﬂnemmmgf dﬁ&tmgwdxifmt ratiesefdifferently

: ybri |at lon rate proportionate
pol ynucl eot 'laﬂ: fedw%ﬁgs (iv%srr?es{ldlt'»n %gsru"u%{mg 4 reference DNA population consisting of

a single clone and then competitively hybridizing to the reference DNA population

different ratios of complementary strands labeled with different fluorescent dyes. The
reference DNA population consisted of a cDNA clone, designated “88.11,” which is

20  an 87-basepair fragment of an expressed gene of the human monocyte cell line THP-
1, available from the American Type Culture Collection (Rockville, Maryland) under
accession number TIB 202. The nucleotide sequence of 88.11 has a high degree of
homology to many entries in the GenBank Expressed Sequence Tag library, e.g. gb
AAB30602 (98%). The reference DNA population, which consisted of only 88.11

25 cDNA, was prepared as described in Example 1, with the exception that a special
population of microparticles was prepared in which all microparticles had the same
tag complement attached. The corresponding oligonucleotide tag was attached to the
88.11 cDNA. Thus, only monospecific populations of tags and tag complements
were involved in the experiment. After competitive hybridization, the loaded

30  microparticles were analyzed on a Cytomation, Inc. (Ft. Collins, CO) FACS
instrument as described above.

88.11 cDNA was also cloned into a vector identical to that of Example 1 (330

of Figure 3b), except that it did not contain tag 336. 10 pg of vector DNA was
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10 sorting the polynucieotides into a hybridized popul ati on and a% JUN 202
unhybri di zed popul ation. 31. The nethod of C aim 30, wherein saidH 5 Loy
pol ynucl ooti des are hybridized with said reference DNA popul ati on under
conditions such that said unhybridized 15 popul ati on conpri ses

pol ynucl eot lid&&izd@b%"tﬁdvﬁ\gmdtﬁﬁletiqeﬁv&hlslhﬁdm;miso?n?l.izo'ﬁhﬁ of DpAdU (32 o8l ai m
30, wherein_said_polynucl eotides are hybridized with said reference DNA
popul ati on Gigdes SWoafierwhiels tveut Hekiaeots af de prrified lingaz EINHoeoe tkeon i s

substanti al enri.ched j.n polyn eot | erived f nrepetitive 20
muorerc. aoi e gcs alig bR 6 bt BRled Shil s trad DR NG s

m cropartic ) | FHBedl3N | HOUR S b I; i¢al..single
st randed nuk eiu((:: aci J%n%fde)%iéess&glfacheﬂgmtcﬁ%reto, x‘rl]rg@rg? %dllg@g&tr gl?lAéd

nucl ei ¢ &ci Hindirigsitel383. breomyalihjubf, prasuct was labeled BY incbpoogmntdf chadaatine

dorved ¢ onfdnRRRA0 B e o g A ekt PORRL GRE A il By blhg = ' ©°
conposi ti onaRdudt] FFbdics Has 1UbRIAILY ificirforaticd 6f CY St ddUTeTR!| RfeRh&MmDNA. 30

35. The conposition of Caim34, wherein said pol E‘Qucl eotides are derived
from a pl ur &ormoyatisi, Aclington HeigbtsuH)s Qnantties ofgirdiabeled prodEctSMRIT ( RULE 25)

WO 99/ 35293 PCINS99/ 00666 0 ~] ~~ 02 36. The, it f i 35
Wher o 2o o gOTbIpER o CRR L g oy of ego g dR PR A ol a Pt 2 By
Th i tyi . , i Me35- i.04: 82 i j | t 1000
INTr SoOReS | W10T40%: 1 185 The SR Glaifel o 14Beldd trGayed WRfe @arafily ©as! 1O

m Xt ure conpybridizedato 1.erdo’ thitrobarficdes(@MAl beadgwith 88.1¢ DN aB&thedhe
conposition of Claim ein _sa I gon eotide tag is about 12 to

about 60 nu@Y@Bic&hH%Is‘SS?aiF \tggg‘trl fx 526 "I"%hg'lzgﬁggﬂq Wi thefeaeHemwas wher ei n
sai d ol i gonygleld 6% dfidtheg © 15mARA fce 1814 PEARPEENBRFAH e RAL Ht¥e). "ThENIL D-
loaded microparticles were centrifuged, washed by suspending in 0.5 ml 1x SSC with
15 0.2% SDS for 15 min at 65°C, centrifuged, and washed again by suspending in 0.5 m!
0.1x SSC with 0.2% SDS for 15 min at 55°C. After the second washing, the
microparticles were centrifuged and resuspended in 0.5 ml TE/TWEEN solution for
FACS analysis.
The results are shown in Figures 5a-5e, where in each Figure the vertical axis
20  corresponds to CYS5 fluorescence and the horizontal axis corresponds to rhodamine
R110 fluorescence. In Figure 5a, a population of microparticles were combined that
had either all R110-labeled DNA or all CY5-labeled DNA hybridized to the
complementary reference strands. Contours 550 and 552 are clearly distinguished by
the detection system of the FACS instrument and microparticles of both populations
25  produce readily detectable signals. Figure 5b illustrates the case where the R110- and
CY5-labeled strands are hybridized in equal proportions. As expected, the resulting
contour is located on the diagonal of the graph and corresponds to the position
expected for non-regulated genes. Figures 5c through Se show the analysis of three
pairs of competitive hybridizations: i) R110- and CYS5-labeled strands hybridized in a
30  2:1 concentration ratio and a 1:2 concentration ratio, ii) R110- and CY5-labeled
strands hybridized in a 4:1 concentration ratio and a 1:4 concentration ratio, and iii)
R110- and CY5-labeled strands hybridized in an 8:1 concentration ratio and a 1:8

concentration ratio. The data of Figure 5c suggest that genes up-regulated or down-
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41. The conposition of Caim35) wherein said oligonucleotide tag ou
25 to about 40 nucleotides in length. 20 42. A conposition corrprlglqigﬁl& 2002
m xture of mcroparticles, each mcroparticle having a popul ation of

i dentical single stranded nucleic acid nolecules attached thereto) the

singl e stramegudated by aifacterdfdwasredaitatedlbia thg presérit embadimamt,dwe thani crparticl e
and each of the.different nucl Covs aci d. Iecu

pol ynucl eot i @%%L%Yeﬁ pglagre&sgb EER g 33?966%?? ﬁ%r%uiﬁi?ﬁ{]%lfﬁéqnst ing of

cel | cycle 28gudited géries. FRlusedald dndFRSOLEs BBt gaww)weg@méa%rrusowrpfegﬁ%ae gene
products, tunor_ suppressors, Kkinases) phosphatases, transcription factors,
growt h fact by arfactepefiosr ogjnigherrare eeadidy deteasatile auerinontragulated genespr ot ei ns,

pr ot ease cytoskel etal proteins) nenbrane receptors, Rb pathway proteins,
p53 path y proteins, proteins involved in netabolism proteins involved in

cel lular responses to stress, cytoki rexampglesteins 30 involved in DNA damage
and repair) and proteins |nvoI ved in apopt osi s. -81 SUBSTI TUTE SHEET ( RULE

2B) WD 991 35293 PCTNSSQacuBssiselilierenuply PXuyesse@UemesdIgiBnposi ti on of
Cl ai m42, wherein each of | cl e Xoj| U urther conprises an
ol i gonucl eotide tag in jux eoti de and

posi tioned bet wedn tiigexhnple, rmmréﬂcelm‘fﬁlpdptﬂaﬁdu foacleitolmictopdficlés Wil  The
conposition of claim 43, wherein each_of said mcroparticles conprises a

slet of dlpl gSABRTUStsd; frpm cRYA derived from @éfauleﬁﬁ!@ stimuiatedoastindicared pplow.
h
comoot 11 on EaLE gReblioRNE BbAES SONATRR both Srmlabd o AR A e 00 T

46. The conpels werenhaf cdmhpititivély hybhidized 1o thereferpnde/DNAl mpulation, #ncode

cell-cycle proteins. 15 47. The conposition of C 42, wherein said
pol ynucl eot idgesi sﬁgbééa@?lgdamwm"&eemelﬁs mv&@ H}Mféﬁ@ Aggrererhe

conposi tion Wﬁﬂf‘ﬁﬁfﬁ' ¢S P ei ns

i nvol ved in agég%d?&ﬂgg . e 1gt(.)ﬁ‘rrploésélut)éP'}(g:?lé %?ﬁﬁcﬁﬁan?%ggﬁe%n said

pol ynucligot iperbok h2-oneistatet acesate (RMAY end lipopodysataharidedLPR). A kit for ~
preparing a refer ulatlon I.Si.,Ng;~ 25 lity.of

m cropariicles h ns gﬁ HERTEP R {1 ﬁ%%%@%ﬁﬂﬁéﬁ&f?é%ﬁtcge ng 8%t 0, the
ol i gonucl eotpeM/R92 GRAR (@imt NoE 209033 P& gmstnte‘damm%rreﬁas&ne

m croparticle. 51. The kit of C aim 50, her conprising a plurality of

vectors 30 cempr (FBS)({Giace,iNp. 36y403038)amo mtiﬁsénttpngfcllha,vl 00 gfmd) steept@raycin
conpl enent ar é/}ﬂ:;[cg, I\SIg | ldS lt48q 2%3 rTaRJ:l 8?msﬁ-m-er8czzq§tg§ Eo 1gma,|_§ET I?ES E 26)
20  Cultures were seeded with 1 x 10° cells/ml and grown to a maximal density of 1 x 10°.
Doubling time of the cell populations in culture was about 36 hours. Cells were
treated with PMA as follows: Cells from a flask (about 5 x 107 cells) were
centrifuged (Beckman model GS-6R) at 1200 rpm for 5 minutes and resuspended in
50 ml of fresh culture media (without antibiotics) containing 5 pl of 1.0 mM PMA
25  (Sigma, No. P-8139) in DMSO (Gibco No. 21985-023) or 5 ul DMSO (for the
unstimulated population), after which the cells were cultured for 48 hours. Following
the 48 hour incubation, media and non-adherent cells were aspirated from the
experimental flask (i.e. containing stimulated cells) and fresh media (without
antibiotics) was added, the fresh media containing 10 pl of S mg/ml LPS (Sigma, No.
30 L-4130) in phosphate buffered saline (PBS). The culture of unstimulated cells was
centrifuged (Beckman model GS-6R) at 1200 rpm for 5 minutes at 4°C so that a pellet
formed which was then resuspended in 50 ml of fresh growth media containing 10 pl

PBS. Both the cultures of stimulated and unstimulated cells were incubated at 37°C
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WD 991 35293 PCT/ US99/ 00666 0 ~ J!~"~ 2002 52. The kit of C aim 51 P 2@2
conprising a popul ation of polynucleotides fromat |east one cel I

source. 53. The kit of Caimb52, wherein said polynucl eotides are cDNAs. 5
54. The kit of O aim52, wherein said popul ation of polynucleotides is

cont ai ned i fordfoGOnudd, A@Er WRRACBNEwEretINEaed aP FlloWst NMedih Wik G&RRAMI ﬂr&hes
55. The kit of Caim51) further conprisi ng at |east one reagent for 10

preparing s#iecrultafesapd adhqrensicells Were. wBbed mviké withovarmrRBS, aiftegwlichfl@rmeht i al | y

d t f ticl
o opar t1 SPBoN Hgeh b iicells Bredtibaonecy SErHanE The silébedoini ¢ acid
mol ecul es ablepstiticied ane tRir ddnCerfifaligh a5 HéteRmined MhAUehficGtontetd, smdrecul es

being different on each mcroparticle and conprising pol ynucl eoti de derived
from an HRNhigh they W@E@sqeﬂb‘lfég@eﬂaecbma!! medeldGS-6BY ekl 20§ 7pmhoe S lminutes toCl ai m

ol | gonuct eofties palr Mich SR iRy B RN A 8sddhbc cot 1 o and 20

posi tioned bet V\BﬁfRNAIthfo&ﬁ&E@ﬁbhﬁdb%uﬁﬂd 16%édllseing AU ERAIE0 kRGN0 The Ki t
of Claimb56, further conprising printed instructions for use in anal yzing

di ffer ent i aKily9208r mwdragendneSanidiegy CApfer isplating rrtBhiAmes manyfackuser's

conpri sing a
popul ati on §¥0Q§%R&Ja9nz§leﬁ% @bﬁéﬁ}@ﬁ%}g@é@h@ﬁh@?o sal g W@éﬂﬁét%e
sour ces|0 - 83ttadied ﬂoTMi'dfoﬁrﬁﬂgs wh kdns@dted from mRNA extracted from stimulated

AU ANY?. As. A LA ALL? AL A AFL. A9. A An. A& A A AL!. AL. An. An. AF. AL. As&, . Aa. A
sh&?. A cells, as described m Example 1. Separate cDNA libraries were constructed from

U A A Ay, AR AR B e S A0 ¥ o AR ATl " Todh il TR T ae”
AF. Al Ty. A . leanwd\&creﬂlﬂ&amﬁhtoA&ﬁl%fExAinpkel 'ek&epP tHat-they \didnot contain
2Joa U cral E”é”oxfy? ﬁ?%%p‘é‘%@}% 3{5@ 30 oy e pratocol of Exbmple . o) C o2 €

o] cal caf ) ARXHAT A Mg Bl S0 E }‘@ﬁ%ﬁ%ﬁ%@}%ﬂ%%%?@%alm“

| ##, $$$- %/@/e&&ﬁ&helcbw( hbmy;t @meh‘ﬁdhmhﬁahea]cewd,ﬁﬁd 6Nl 23]gadfcal cal ca]
ca] ca] ca] ca]cg U;) cal cal] ca ca] ca] ca] calcalcalcalcalcalcalcal}(c))))))
k% G+ apeled ginglerstran was nsRdused/ OomeiE 6 jleancdgrivafl dent a) ca] c

ol B ST MR A s e

<Z<<<O=x>~yt@ihe réfvidhe@Doe 68 b calxcHY asitepiticRy/ Théfeaatich conditions and
a] cal ca&ca] (I:)?Jtocc%]l (v:vaa]s g?!iecsgllgg 1(131 I-!x%ma]p(l:?l ca] ca] ca] ca] ca]ca] c aU] cal] ca] cal x>>
After hybridization, the microparticles were sorted by a Cytomation, Inc.
MoFlo FACS instrument as described above. Figure 6 contains a conventional FACS
contour plot 600 of the frequencies of microparticles with different fluorescent
intensity values for the two fluorescent dyes. Approximately 10,000 microparticles
25  corresponding to up-regulated genes (sort window 602 of Figure 6) were isolated, and
approximately 12,000 microparticles corresponding to down-regulated genes (sort
window 604 of Figure 6) were isolated. After melting off the labeled strands, as
described above, the cDNAs carried by the microparticles were amplified using a
commercial PCR cloning kit (Clontech Laboratories, Palo Alto, CA), and cloned into
30 the manufacturer's recommended cloning vector. After transformation, expansion of a
host culture, and plating, 87 colonies of up-regulated cDNAs were picked and 73
'colonies of down-regulated cDNAs were picked. cDNAs carried by plasmids

extracted from these colonies were sequenced using conventional protocols on a PE
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16 pul Klentaq enzyme; 64 ul R110 dUTP or 6.4 ul of CY5 dUTP; and water to bring
the total volume to 800 pl. This mixture was dispensed into 8 aliquots, which then
underwent 34 cycles of PCR according to the following protocol: 1) 94°C 3
20 min; 2) 94°C 30 sec; 3) 62°C 30 sec; 4) 72°C 1 min; and 5) 72°C 10 min. The PCR
reaction was purified and the colored nucleotides were removed by precipitation.
Reference Population
The Comp 11 bead library consisted of 2,667,369 beads, with a complexity of
1 million clones from the THP-1 stimulated library. The beads were prepared as
25  described above as outlined in Figure 3. The starting PMT2 mean for the FITC signal
was 19.5. The duplexed DNA on the beads was denatured with 2.5 ml 150mM NaOH
washes at RT for 15min with mild vortexing. The efficiency of the denaturization
was determined by measuring the remaining FITC signal mean, which was 2.2, i.e.,
11.3% residual fluorescence. The beads were washed twice in .5 ml of 4X SSC .1%
30 SDS.
100,000 beads were hybridized with 10 pg of each linear PCR product of the
stimulated probe library (S3A-TL) labeled with CY5 and the same library labeled
with R110. 936,542 beads were hybridized with 10 pg of CYS5 stimulated probe and

35 10pgof R110 unstimulated probe. The beads were assembled in 50 pl with a final
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1 28kD heat shock protein HSHSP28
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1 o NAC HSANAC
2 o.-enolase HSAEP
3 ol acid glycoprotein HUMAGPI1A
21 Acidic ribosomal phosphoprotein PO HUMPPARPO
4 Acidic ribosomal phosphoprotein P1 HUMPPARP1
3 Acidic ribosomal phosphoprotein P2 HUMPPARP2
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3 Adenylyl cyclase-associated protein (CAP) HUMADCY
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3 Allograft-inflammatory factor 1 HSU19713
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I ATP-dependent RNA helicase AB001636
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7 basic transcription factor 3a (BTF3a) HSBTF3
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3 beta-actin HSACTB
1 brain-expressed HHCPA78 homolog S73591
1 c-myc transcription factor puf HUMPUF
3 Calmodulin HUMCAMA
1 cAMP response element regulatory protein HUMCREB2A
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7 LD78/MIP-1 HUMCKLD78
1 Leucine-rich protein HUMI130LEU
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1 Jow Mr GIP-binding protein (RAB32) HSU71127
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8 ribosomal protein L14 D87735
13 ribosomal protein L17 HSRPL17
3 ribosomal protein L18a HUMRIBPROD
27 ribosomal protein L21 HSU14967
4 ribosomal protein L23 (putative) HSL23MR
4 ribosomal proteitn L25 HSU12465
4 ribosomal protein L26 HSRP26AA
6 ribosomal protein L.27a HSU14968
1 ribosomal protein L28 HSU14969
15 ribosomal protein L29 HSRPL29
10 ribosomal protein L3 HUMRRL3A
2 ribosomal protein L30 HUMRPL30A
1 ribosomal protein L30 HSRPL30
12 nibosomal protein L32 HSRPL32
1 ribosomal protein L34 HUMRPL34A
1 ribosomal protein L35 HSU12465
3 ribosomal protein L37a HSRPL3I7A
11 ribosomal protein L38 HSRPL38
8 ribosomal protein L4 HSHRPL4
3 iribosomal protein L41 AF026844
19 ribosomal protein L5 HSU14966
22 ribosomal protein L6 HSRPLGAA
17 ribosomal protein L7 HSRBPRL7A
13 ribosomal protein L7a HUMRPL7A
19 ribosomal protein L9 HSU09953

.58 -

SUBSTITUTE SHEET (RULE 26)



10%& ()-!109%& () - @EVK@

10! F% 10% & () -

10%2& () - KW

| (10%& () - &10%& () -#10%& ()-1"
AR 10; 100%2& ()-910%& ()--
"109&' ()-)10%& ()-2zbC 10z 10%& ()-

10% & ()-y
"10%n& ()-'f- '
S&F10%&' () - 3#&109&' () - S10%

S99/00666

ﬁg ()W 10z 10z

10z>s10% & () - e>=dBbC 10! N&" 109%&' () - Y10%&' ()-10%&' ()-s 109%&' ()- GLO%&
&109& ()- =8@[<hC 107 2] 10V& O-"\s -- 109%& ()- GenBank
1 &*310%ss&' () - gwolg.g 51 98 10% () - Besteﬁﬁi'oﬁ) (xnbc 10! 240% &de)mﬁd:O 10
10>109%& () - 9<IO9&Fy-6T T "ES
10% & () - &LO%H& 554 1ﬁbk9§0'_ SR — R
10! s10% & () - (& 100 SO0 33094 S
1094 & () - %-- dE | ot (). ()l ISRPSTSA |
$9! 10% & ()-s"|10% & () - h°§ S gerih e HUMSRAA
10! 510% & () - 3Y410M% & (ribosomaareteim)Sid/ ni 0% & () - s- 10% g1t
10% & ()-b@ 107! f A5 10%@thesgmal ipnatemidd8( ) - 10( 10( 10(5_5569 &8 () - Sf:
109% & () - 710%[& () 2y. \ apibosdmal'ppdre4SaS() - LGLOYDE () - 9JHWMSI9RP/3
s! 10%& ()-91Q7B& §) - ! 9| rdtdm Eb@ HUMRPS20
101 1 98*10%& (‘)"9(‘1510%# tlosGmal PrOWR 927~ 7 /A0 ()~ HSU57847
9310%& () - f GLOHed {5 —FE HE0ERAT protein S28(hu homolog of yeast) _|HUMRSPT
3 ribosomal protein S3 ' HSHUMS3
4 ribosomal protein S3a/v-fos transf, effector |HUMFIELA
protein -
6 ribosomal protein S4 HUMRPS4X
1 ribosomal protein S7 HUMRPS7A
20 |nbosomal protein S8 HSRPSS _
1 RNAse/angiogenin inhibitor HSRAI
1 small nuclear RNA U2 HSU25766
5 T-cell cyclophilin HSCYCR
1 T-cell surface giycoprotein HSE2
1 TI-227H HUMTI227HC
1 transcriptional coactivator PC4 HSU12979
1 translation initiation factor 2 B subunit HUMELF?2
1 transiation initiation factor eIF3 p40 subunit |HSU54559
2 translationally controlled tumor protein HSTUMP_
1 U1 small nuciear RNP-specific C protein HSU1RNPC
2 ubiquinoi-cytochrome ¢ oxidase smallest DS55636
subunit
1 ubiquinone binding protein HUMQBPCA
4 Ubiquitin HSU49869
2 Ubiquitin HUMUBII3
7 |ubiquitin Uba52 HSUBAS2P
11 ubiquitin Uba80 HSIBAROR
8 EST AAT49853
6 EST AA759306
3 EST AI053510
2 EST AA630799
2 EST N26031
2 EST AA843411
2 EST AA234913
2 EST AJ034446
2 EST A1054090
1 EST AI054090
1 EST AA828574
1 EST AI087086
1 EST AI031866
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10! @' ! 10%& () - 92ml0%& () - 9010%& () - 9. 109%B& () - -
109%& ()-+910%& ()-17?D " abnxmbC 10! !

10bL>10%& () gar
100 (). f&&&”{’ff’é

109%& () -

10b 10b
0%H& () - 9f 810%& () - 9610%& () - n} " BaBnbC I@is99/00666

(on

109& ()- ~109& ()-!"10%& ()--"10%k' ()-- 5%\0@%[_”\} 2002
10! T L109& () - 109 ()-3110%& ()-  109& ()-109%& ()-9!'10%&' ()-w, dEmbC
10! S) m0%&' ()=e3310%R' () -f &R100& () - UR' () -s1 100R () - O () = h
dEnbC 10!'! 7109&' ()-610%& ()- 1410%& ()- .10%&k ()- ,!10%& ()_Genj}@g@ O]
~ b@ 10! || Ne:oGGepies () - Y109 () - Description0=10% () - v; 10v&1dentifier100&' () -
NdEb@ 10! ! & 1% ()1- FLOYBST)-yz 109%& () - &1L0V& () - AT040041
1 EST AAS542832
1 EST N73319
1 EST AA464447
1 EST AA993034
1 EST AA933890
1 EST Al095923
1 EST AA166703
1 EST AAS73139
1 EST AA938293
1 EST H43222
1 EST AA576961
1 EST Al015173
1 EST Al015700
1 EST W95680
1 EST AA934688
1 EST AA204731
2 NO MATCH
1 NO MATCH
1 NO MATCH
1 NO MATCH
918 total sequenced (downregulated)
Table 4
Comp 11: Upregulated Genes
GenBank
No. Copies Description Identifier
6 23 kD highly basic protein HS23KDHBP
103 Act-2 HUMACT2A
1 activated B cell factor | AF060154
1 activating transcription factor 3 HUMATEF3X
2 adenylyl cyclase-associated protein (CAP) HUMADCY
47 adipocyte lipid-binding protein HUMALBP
3 aquaporin 9 T AB008775
17 ATPase HUMHOIA
22 B9%4 HUMBY%4
1 Cathepsin B HUMCATHB
10 Cathepsin L HSCATHL
5 EBV-induced protein HSU19261
1 Elongation factor 1 HSEFIAC
46 Fibronectin HSFIB1
57 Guanyilate binding protein isoform I (GBP-2)  |HUMGBP1
2 IFN-y inducible early response gene HSINFGER
33 IGF binding protein 3 HSIGFBP3M
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10! | D#y10%b& () - @10%&' ()- 10 10 10>109%& ()- &<10%&' () - @10% (4 -N(Fggg%b@
10! 1 3109%& ()- 1098& ()-!s 10%& ()-y 109%& ()- 109%&' ()-10%& ()- HF1l dEb@
10! 8109& () -3 TIOU&E () - O109& () - 109 ()- 109& ()- LI10Y%&GeaBask
i EIZI fﬁ%/g??)@ %O!N‘o;tlze flas () - &6Y10%&' () - Description Identifier
101 | - #10%&' ()M WLy O pf“ﬁ’?ﬁ%%%ﬁ——&#ﬁ%&ﬁ-——ﬁmlm
10=10%&' () - $A& L D\c* ® 10l a " 100RRARE (1) A
"10%Oc 08 () -|z-109& () Dz 10%JKUK&_(_)_-_I_NZ__'LQ_AJ(]m ()1 ) - ox*
|+, ,,,,,}~SH4 10! & 100 pp. | X QU8 ()}
| S 04" 109%ZeZel&' () -3 9-10 (mRNAmdeasnE cel) sumutrion vy gHEY3IBHIm ' ()t T
10%9& ()- 109%9& ()2 ! 9% [KAAKEST) - Y10%& () - 1/ 33455Mb5dESHD8M438a
101 410%g& () - 3 Macrophage scavenger receptor type HUMRMSRI1
10%9& () -, ! 109§ = SWip7H 78y - -

218 MIP-2a. (GRO-B) HUMGROB

50 MIP-2B (GRO-y) HUMGROGS

58 Mn SOD [HSMNSOD

4 Musculin AF087036

1 Paraplegin HSPARAPLE

3 Prostaglandin endoperoxide synthase-2 HUMPTGS?2

1 RANTES HUMRANTES

1 Reticulocalbin HUMRCN

1 Ribosomal protein L21 HSU14967

1 Ribosomal protein L7 HSRBPRL7A

1 Ribosomal protein S28 HUMRSPT

34 Spermidine/spermine N1-acetyitransferase HUMSPERMNA

1 Striated muscle contraction reg. Protein HUMID2B

95 TNF-inducible (ISG-6) mRNA HUMTSG6A

10 TNFa HSTNFR

2 Translation initiation factor 28 HUMELF2

1 TRNA-Ala HSCRGALAT

17 Type IV collagenase HUMA4COLA

19 EST ﬁ AA016304

15 EST AA873350

10 EST AA011639

8 EST AA346072

3 EST AAD8442T

2 EST, IL-1/TNF-inducible HSEST222

2 EST W88513

1 EST AA904231

1 EST AAT6TTT7

1 EST AA969937

1 EST AA528703

4 Genomic HSAC000119

4 Genomic AC000403

1 Genomic AC004130

6 NO MATCH

2 NO MATCH

2 NO MATCH

1 NO MATCH

1 TNOMATCH

1 NO MATCH
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5 (Expenment Comp 14)

In a separate experiment, reference DNA population preparation and
competitive hybridization were done as described in Example 6. 9150 beads (0.89%),
the brightest CY5 off the 1:1 diagonal, were sorted. 11085 beads (1.15%), the
10  brightest R110 off the 1:1 diagonal, were sorted. The identified sequences are listed

in Tables 5 and 6.
Table 5§
Comp 14: Downregulated Genes
No. Copies “Description

29 H.sapiens mRNA for 23 kD highly basic protein

13 H.sapiens mRNA for ribosomal protein S18

12 Laminin receptor homolog mRNA

12 H.sapiens mRNA for ribosomal protein L26

12 Human ribosomal L5 protein mRNA

Human mRNA for elongation factor 1-alpha

H.sapiens mRNA for large subunit of ribosomal protein L21
H.sapiens gene for nbosomal protein L38

Homo sapiens cDNA, 3 end /clone=IMAGE

H.sapiens rpS8 gene for ribosomal protein S8

Human ribosomal protein L3 mRNA

Human Ki nuclear autoantigen mRNA

Human ribosomal protein L7a mRNA

Novel

Human mRNA for ribosomal protein S11

Neuroblastoma RAS viral (v-ras) oncogene homolog

Human mitochondrial DNA

H.sapiens initiation factor 4B cDNA

Human endothelial-monocyte activating polypeptide I mRNA
Novel

Human monocytic leukaemia zinc finger protein (MOZ) mRNA
Human platelet activating factor acetylhydrolase, brain isoform, 45 kDa
subunit (LIS1) gene

AMMMMMMMMMMMO\O\\IJ\O\O
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3 zodY: 10"&10% & ()- 10'0 10' 0 10' oY:

10% & ()-m S! 10%z0zo&' () -nbl0% & () -!

! $]P%%§L;/SB6-66

& ()-1:1a1i1~ 05 alti. 2002

10"&10% & () -, "10% & ()- @10% & ()-"10% & ()-s f10% & ()-
-10% & () - X No. Copaes} N 2dY: 10") 10% & () - iDedcgiptipa! X" .
10% t & () - T IT0yeS5& (Haman emtnL tHeh R A J - aaaBobb. COEdY. 102 I0W& ()t
1F10% & () 1yHtpot & = - - ‘
10"&@00/&'() 5+—1 i i doh37 comosemr -2
910% & () - 5100 ; A4 1OL GO
10"110% & (- 10% &' ( l-w&‘&:%ﬁﬁm&guvsmwse P21 mRNA
10% & () - @0% &4 () - 6dbeapigns RN A fortbosomal prgtem(D6 " F10% &' () - 910% & () -
Z10% & () -yY10% & () [FupsangibosomnalpréteBdPrisciidogene 0" 3+m' 10% & () - (| 10% & (
y&10% & () ?T—J'%JM & (JHogid Saptén8cDINA], 30 &16ne=dB6654 Xi 1 | AENDC
10" 5310% &[T7 - 98104 [Human MAC Pt Hombldgous to dhicken BLABHpiex protein mRNA
10% & () -1 JJ77737TKu an elongation factor EF-1-alpha gene

3 H.sapiens Subl.5 mRNA ~

3 Human mRNA for Apol_Human (MERS5(Aop1-Mouse)-like protein)

3 Homo sapiens chromosome 5, P1 clone 702A10 (LBNL H56)

3 Human fumarase precursor (FH) mRNA

3 Homo sapiens cDNA, 3' end /clone=IMAGE:1695780

3 Human GST1-Hs mRNA for GIP-binding protein

3 H.sapiens mRNA for RNA polymerase II 140 kDa subunit

3 Homo sapiens ribosomal protein L30 mRNA

3 Human ribosomal protein S17 mRNA

3 HSEST222 Homo sapiens cDNA /clone=MEC-222 /gb=X84721 /gi=673398

/ug=Hs.115716 /len=558

Homo sapiens Arp2/3 protein complex subunit p21-Arc (ARC21) mRNA

Human cytoplasmic dynein light chain 1 (hdic]) mRNA

Human ribosomal protein 532 mRNA

Human mRNA for heat shock protein hsp86

Homo sapiens Muncl3 mRNA

Human translational initiation factor 2 beta subunit (¢lF-2-beta) mRNA

Human mRNA for potential laminin-binding protein

Human cyclophilin-related processed pseudogene

Homo sapiens ribosomal protein S20 (RPS20) mRNA

Human acidic ribosomal phosphoprotein P1 mRNA

Human ribosomal protein S13 (RPS13) mRNA

Novel

Homo sapiens cDNA /clone=IMAGE 979232

Homo sapiens cDNA, 3' end /clone=81477

Human intercellular adhesion molecule-1 (ICAM-1) mRNA

Human mRNA for ribosomal protein L17

Human mRNA for carboxyl methyltransferase

Human mRNA for cytoskeletal gamma-actin

Homo sapiens cDNA, 3' end /clone=626635

Human nucleophosmin mRNA

Human ribosomal protein L10 mRna

Novel

Y box binding protein-1 (YB-1) mRNA

Human guanylate binding protein isoform I (GBP-2) mRNA

Homo sapiens cyclin D3 (CCND3) mRNA

R BI] 8] B2] 1] RI] BI] BIf 12f BI] 192] BRI 9] B RO B3] ] 19] 1] 9] I 9] o] W W] L W

Novel

Homo sapiens cDNA, 3' end /clone=IMAGE:1474218
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GLO%&' () - S@ PCT/US99/00666

109&' ()-s% "109%& ()-310%& ()- ?ssstu)u*u+u, ubASH= 10! 10 10 10>10%&' ()-!; 10%
- ()-! - %WW = = mﬂdﬁ@)ﬁ— +O+—
fol(?sf;.lé?/(\ Y : = 094 & -&1'?1 ‘ I-Q\JIQ ]
10% & () - & 109%8& () {HomQ sanjens\ibiguitp SEQUENEO0Hh&' () -3"10% & () - @
10% & ()- @L10% & (\Hemannhesomal proteimdd * & () - sYzzzK{{{d dESH= 10!
I NSf/ 10% & () - 3- 1094 Riurhan piidspistyrsipg irkdepertdest ligan8(p62 for the Lck SH2 domain
10% & () - f|& mL0% & (mREA | (}y}} ~dESH= 10!
I NSL910% &T~ OEECI BRI bR osapiens 2D NA 77 8nd JeloRe0 7d & —SIVIO7 R ~#~
$~%-&~- ~i xf=F—1+6++1 MBS 1dg TS, t0Yrozod SIS A WO A7) N B £ X = |
Wr10% ' & (h—2oh 1ol l ”:‘- AR YHE O L SH—C-10%-6262
& 10% 0&' (Dad-X&l L g " 109 ()l X" 100 i r P7
10!1'Sl. G'10%0z0! @' S 1g5:/306y 10 p
Total seqgs to'be searched: 610
Table 6
Comp 14: Upregulated Genes
No. Copies |Description
77 Human mRNA for putative cytokine 21 (HC21)

31 Human gene for tumor necrosis factor (TNF-alpha)

27 Human insulin-like growth factor-binding protein-3 gene

26 Human LD78 alpha gene -

23 Human mRNA for macrophage inflammatory protein-2beta (MIP2beta)

20 Human cytokine LD78 gene

20 H.sapiens gene for spermidine/spermine N1-acetyltransferase

20 Human gene for melanoma growth stimulatory activity (MGSA)

17 Human ferritin H chain mRNA

13 Novel

13 Human adipocyte lipid-binding protein

12 Human interleukin 8 (IL8) gene

9 Homo sapiens cDNA, 3' end /clone=73864

8 Human ATL-derived PMA-responsive (APR) peptide mRNA

8 Human ATL-derived PMA-responsive (APR) peptide mRNA

7 Human cell surface glycoprotein CD44 mRNA

7 H.sapiens SOD-2 gene

7 Human hypoxanthine phosphoribosyitransferase (HPRT) gene

6 Human tumor necrosis factor-inducible (15G-6) mRNA fragment

6 Human adenosine receptor (A2) gene

5 Human phosphatidylinositol 3-kinase catalytic subunit p110delta Mrna

4 Human BAC clone RG104104 no function

4 Homo sapiens adenosine triphosphatase mRNA

4 Human mRNA (3'-fragment) for (2'-5') oligo A synthetase E

4 Genomic sequence no function

2 Human type IV collagenase mRNA

2 Human ribosomal protein S17 mRNA

2 Homo sapiens cDNA, 3" end /clone=IMAGE:1459553

2

Human interleukin 1-beta (IL1B) gene

Example 8
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. 1011 @ON& ()-@ 10N & ()-2 Y 10% & () - @10%& ()-:%10% & ()-Z 10 10

10 1dEXY: 10H@0%&( AR A% o RUre004i &

100 & () - ML0% & () - RNAEXY:  1§tirhi@ated Qs - |

10% & ()-"$!10% & ()-,"410% & () - @‘m,;,gg@@o,gﬁ, ;0%& ) - KAEXY:

101 @2f10% & ()-@10%& ()-@10% & ()-S, 10%& ()-@S

10% & () -3 100 & (1 & deparatéierihene cDNA from stimulated and unstimulated THP-]

cells was prepared for competitive hybridization as described in Example 6. The

reference DNA population was prepared as described in Example 6, except that the
Comp 15 bead library consisted of 2,570,000 beads, with a complexity of 1 million
clones from the THP-1 stimulated library and the THP-1 unstimulated library (50% of

10 each). 13,988 beads (.87%), the brightest CYS off the 1:1 diagonal, were sorted.
17,393 beads (1.08%), the brightest R110 off the 1:1 diagonal, were sorted. The
identified sequences are listed in Tables 7 and 8.
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\ WUBYNC

10! X" 10%&' (Wo Ya/3%$39B0%&' () -' ! S"10%& ()-'! X" 109%&' ()-'!X) " 10%&' (PCTUSIIDOAE () -
\s}[M?1 1 10 10 10 !{,2"10% 05 JUN 2002
& ()-1\,2"109%& ()-1S,2"10%t& ()-/310% & ()-"10% & ()-' vadEMP1 1 10

10f 10% & ()-10% & ()-,10% & ()- z 10% &Tahpes Y. 10% & () -
©,810% & ()- @DIEMP1 1 10 10%8 10% & ()- $S 10% & ()-"10% & () -

&'y10% & ()-F10% & ()-10% & () -CommifiDownregulated Genes

No. Copies |Description

25 H.sapiens mRINA for 23 kD highly basic protein
17 Homo sapiens ribosomal protein L30 Mrna
16 H.sapiens mRNA for ribosomal protein S18
H.sapiens mRNA for ribosomal protein L6
L44-like ribosomal protein (L44L) and FTP3 (FTP3) genes
Homo sapiens PYRIN (MEFV) mRNA

Human cathepsin G mRNA

Human mRNA for ribosomal protein S11

Novel

H.sapiens mRNA for ribosomal protein L37a

Novel

H.sapiens mRNA for ribosomal protein L26

H.sapiens mRNA for translationally controlled tumor protein p21
Homology

Human deoxyundine triphosphatase (DUT) Mrna

Human growth factor independence-1 (Gfi-1) mRNA

Human mRNA for ribosomal protein L39

Human ribosomal protein L10 mRNA

Human ribosomal protein L9 mRNA, complete cds. 5/96

Homo sapiens cDNA, 3' end /clone=IMAGE: 1862607 /clone_end=3'
/gb=A1053436 /ug=Hs.135355 /len=138

Human gene for catalase Weak Homology

H.sapiens mRNA for ribosomal protein L7

Homo sapiens (clone cori-1¢c15) S29 ribosomal protein mRNA
Human mRNA for HBp15/L22

H.sapiens mRNA for NEFA protein

Novel

Human mRNA for potential laminin-binding protein

HSEST222

Human ribosomal protein S16 mRNA

Homo sapiens cDNA /clone=IMAGE:1118473 /gb=AA603101
/g1=2436962 /ug=Hs.14214 /len=621

H.sapiens mRNA for large subunit of ribosomal protein L21
Human HMG-17 gene for non-histone chromosomal protein HMG-17 |
Human ribosomal protein L5 mRNA

H.sapiens Uba80 mRNA for ubiquitin. 2/97

Human interferon-inducible mRNA

Homo sapiens mRNA for ribosomal protein L14

H.sapiens rpS8 gene for ribosomal protein S8

Homo sapiens monocyte/macrophage Ig-related receptor MIR-7 (MIR
cl-7) mRNA

Homo sapiens U2 snRNP auxiliary factor small subunit

Homo sapiens 3-phosphoglycerate dehydrogenase mRNA
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10  1,"10% & ()- 10% & ()-g& 10% & ()-Y 10: 10: 10:,s910% &

10% & () - mYQBHE2B 10 1 10% L& ()-Fl 10% & ()- 10% & ()- C(T)’U599’°°“6

10% & ()-f-10% & ()- L10% & ()-kkdEbC 1 10 05 JUN 2002
1f, @O% & ()-*110% & ()-,)10% & ()-' 310% & ()- %A0% & ()-5$10% & ()-B}"SH=
1 10 10t mwméko D&ctiption L10% BT b& () - LI0% & () -
1109%hé& () -/ '

v
Homo sapiens aflatoxin aldehyde reductase AFAR mRNA
Homo sapiens ribosomal protein L18a mRNA

Homo sapiens histone H2A F/Z variant (H2AV) mRNA
Human ribosomal protein L27a mRNA |
H.sapiens gene for ribosomal protein L38 ]
Homo sapiens cDNA /clone=IMAGE: 1089890 /gb=AA 584384
/gi=2368993 /ug=Hs.100437 /len=434

Human ribosomal protein S17 mRNA

Human cyclophilin-related processed pseudogene

H.sapiens MUCSB gene, rearranged DNA fragment

Homo sapiens gene for ribosomal protein L41

Homo sapiens glia maturation factor beta mMRNA

Novel B

Human ribosomal protein L7a

Human ribosomal protein S13 (RPS13) mRNA

Homo sapiens cDNA /clone=IMAGE:979448 /gb=AA523303
/gi=2264015 /ug=Hs.15476 /len=640

Human profilin mRNA

Homo sapiens cDNA, 3' end /clone=1391189 /clone_end=3'
/gb=AA781132 /ug=Hs.110803 /len=658

Human mRNA for mitochondrial ATP synthase (F1-ATPase) aipha
subunit

Human mRNA for cytoskeletal gamma-actin

Human mRNA for ribosomal protein L32

H.sapiens beta-sarcoglycan gene

Human mRNA for 26S proteasome subunit p31

H.sapiens mRNA for ribosomal protein S15a

Novel

Novel

Homo sapiens IgE receptor beta chain (HI m4) mRNA

Human HuR RNA binding protein (HuR) mRNA

human alpha-tubulin mRNA

H.sapiens mRNA for elongations factor Tu-mitochondrial

Homo sapiens cDNA, 3' end /clone=550365 /clone_end=3'
/gb=AA098869 /gi=1644973 /ug=Hs.103088 /len=526

Homo sapiens cDNA, 3' end /clone=448402 /clone_end=3'
/gb=AA777529 /ug=Hs.11355 /len=529

Human mRNA for proteasome subunit HsC10-11

Homo sapiens RCL (Rcl) mRNA

Homo sapiens clone DTIP1A10 mRNA, CAG

Novel

Human prothymosin-alpha gene

Total singlets: 213 B

Total contigs: 76

Total seq reads in contigs: 366

Total segs to be searched: 717
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1 10 1094 ()-!  10%H& () - 10%H& ()-!

1094HHE () - 109%4& () - & 109%4& ()-4MDI[<SH= 1 10 @9A10%4& ()-! 109%& ()-
10%4&()-| ‘% SAd6s () - 10%4& ()-! 10%HH& ()-_.rdESH= 1 10 PCT/US99/00666

@ 10948 () --10%& () - @@0%'&'()"&*!10%'&'()'@’10%'&'()'@‘31OWUWQWFS
H= 1 10 SSYlO%—i& ()-7@0%4& ()-Sy510%4& ()-S310%& ()- @ J

109448 () - @10%4&' ()-\1bC 1 10

Table 8
Comp 15: Upregulated Genes

No. Copies |Description

188 Human gene for tumor necrosis factor (1 NF-alpha)
61 Cytochrome P450
38 H.sapiens mRNA for uridine phosphoryiase
27 HuEST
14 Human tumor necrosis factor-inducible (TSG-6) mRNA fragment
11 Homo Sapiens Chromosone 21 clone
Novel
Novel
Novel
SOD-2 Gene
Human LD78 beta gene
Adenosine receptor A2
Human Mitocondrial DNA
Human spermidine/spermine N1-acetyitransferase (SSAT) gene
H.sapiens mRNA for 23 kD highly basic protein
HuEST
Human tumor necrosis factor alpha inducible protein A20 mRNA
Human spermidine/spermine N1-acetyltransferase (SSAT) gene
Human plasma membrane Ca2+ pumping ATPase mRNA
Cathepsin L
GRO3 oncogene MIP2-beta
Small inducible cytokine A4 (homologous to mouse Mip-1b) ACT2
GRO?2 oncogene MIP2-alpha
Human [.D78 alpha gene
Interleukin 8

N R3] 9] 81 9] RI] ] R W W W] W] W ] Wil h| OV Ov] OO

Total singlets: 91
Total contigs: 25
Total seq reads in contigs: 404
Total seqs to be searched: 726

5 Example 9
Isolati fRare G E Stimulated THP-1 C
(Experiment: Cot 3)

In this example, rare genes are isolated from stimulated THP-1 cells by
collecting beads of lower relative intensity. Bead and probe libraries were
10 constructed from mRNA prepared from phorbol ester treated THP-1 cultured cells.
Six bead libraries (160K complexity) wefe loaded twice to BP 11 combitagged beads.

A total of 1,260,000 beads were sorted. The beads were filled in and ligated. The top
-68 -
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10 & ()-,g 10% & ()-, SI0% & ()-9%40% & ()- 10H 10H 10H @ 10%4& ()-1 GJEbC

110 S10% & ()-,10% & ()-3"10% & ()-, 10% & ()-L!10% & ()a

10% & () - GNOESWI 10 @ 10% & () - PCT7USe9/00666

)10% & ()- @' 10% & () - SY910% & ()-9%$! 10% & ()-,z 10% & () - hodsBE JUbo 2002

1\ 34! 10%\ p\ & ()-S210% & ()-0' 10% & () -

Sy/ 910% & () - Srand @AM HepdsavAOSigped Withld inl 160 mMAAQH WasieS &t (9one1 0968 () - m
\ 10\ 10\S; 10% & () - % & ()2 Sl 7310% & () b .

é!olo(:;g & (1? ) % 51581}15& 5:@%21 %’g‘-”H%é“Qi@WS @%c;)rgqﬁgr‘xg( )ﬁ%@cﬁ@é\}aghed twice in 0.5

&3" 10% 5(5& ( it BF4R 5831 4)SDE * fo0bd Beadeadert hybNaib&d/ovemight with 50 ng of
CYSs labelled probe from stimulated THP-1 cells in 4X SSC/0.1% SDS at 65°. The
recovered samples were rinsed 2 times with 1X SSC/0.1% SDS, resuspended in 0.5
ml of 1X SSC/0.1% SDS, and washed at 65°C for 15 minutes. The beads were then
rinsed in 0.1X SSC/0.1% SDS and washed at §5°C in 0.1X SSC/0.1% SDS for 15
minutes. 98,880 clones were analyzed and sorted by flow cytometry. Sample
CTO03E contained 126 clones which barely hybridized any CYS probe. Sample

10  CTOO3F contained 1557 clones that did not find enough probe to migrate to the
diagonal. These beads contained the least frequent copies in our probe library. 50
clones from each gate (see Figure 7) were picked for sequence analysis. The
identified sequences are listed in Table 9.

Table 9
15 THP-] Rare Genes
GenBank
No. Copies Descripton Identifier
CT003E
2 Alu primary transcript U67828
1 AMP deaminase HSAMPD3B
1 BBCI HSBBCI
14 CD44 HUMCD44B
1 clone 23933 mRNA HSU79273
7 EST AA905212
1 EST AA975736
1 EST N53143
1 EST AA808221
1 EST AAB26047
1 EST AA736779
1 EST AA994497
1 EST A1049999
1 EST (88% homology) AA626040
8 EST (contains Alu repeat) AA129219
9 EST (contains Alu repeat) AT085719
1 EST (contains Alu repeat) W07654
1 EST (Sau3A not present) AAS553627
3 fernitin H chain HUMFERH |
1 IL1 B HUMILIBA
-69 -
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10 105 105 105f; 109%& ()-!\& Z"109% 51 5& ()-! S& Z" 10%B@B& () - ! N&% 10%

& ()-m1 &% 1096565& ()-m T}A?MB7 1 10 101 410% & ()- Y'109%R& ()-!I

Y'10% \ ] \ wolgozsdob” 10% & ()-! fI1"10%\ & ()-y&10% & ()-n¥: }|[ 9/ “b\&
"10%0p&'()-:INY J } 200
"10%\ b\ & () - S&Z 10%& ()- Y'XS&Z 10\ I\& ()-Y" 10%& ()-'X 10%\I\& ()-:8~\:

11(1)00/6{;5(1 , —o—&H0%-& v OGeaBIEE O~ ! XY.
10! S3. " 13%(3?3& WU i(g'@;no' i\ g 1essrip §°“m 1 " 10% &' () - Identifi PRz ()-g
I X, " 109 ()-lg 2789 H- @)} @9%@!&9&&‘5@ @10% & () - QY] TRMRGIDL . |10,
10: YS: 10% & [() -1\ 3." 100/agn(it)o, StiodBaseaubunin i ssudogare( ) - 109 AK035428y1
%8:%88@3 (1)0% éU/é & ()1- 10% 8Mitochondhalgenonte) - | @aB~_@1 MIHSGENOM
H = (U770 & -1 4

0% E ()-GIHE O dAégmﬁm SXIdorddhdast SNDUFGBIAF044959

2 no match

1 no match

1 only 12 bases

1 only 12 bases

1 only 13 bases

1 Pyruvate kinase, M gene for M1-type & M2-type|HSPKM12

4 TNF a HSTNFR

7 TNF type I recept. assoc. prot/DNAse VHSP75 |HSU12595/D831

95/AF043254

1 type IV collagenase HUMA4COLA

1 Ubiquitin hydrolyzing enzyme [ (UBHJ) AF022789

1 VASP gene HSVASP413

~ CTO003F

1 Apolipoprotein C-II HSAPOC2G

3 BBCI HSBBCI

1 cione s153 mRNA fragment HUMFRCC

5 cytoskeletad y actin HSACTCGR

1 elongation factor 1 a HSEF1AC

1 EST AA905212

2 EST AA977353

1 EST AAI35810

1 EST (contains Alu repeat) HO08741

1 EST AA282788

1 EST AA226660

1 EST (85% homology; contamns Alu, CACA|AA704393

tract)

1 EST (86% homology; contains Alu) H60533

1 |EST (88% homology) AA228701

2 EST (contains Alu repeat) AT085719

1 EST (contains Alu repeat) AA713891

1 EST (rat) AI136745

1 ferritin H chain HUMFERH

1 genomic (72 bp; 88% homology) HSAC002082

1 ICAM-1 HUMICAMAIM

1 L1 p HUMILIBA

1 Interferon y receptor accessory factor 1 HSU05877

2 mito. cyt oxidase subunit I pseudogene AF035429

1 no match "

1 no match
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4 Human mitochondrion cytochrome b gene

Homo sapiens sarcosin mRNA

laminin receptor homolog

H.sapiens mRNA for 23 kD highly basic protein

Human ENO3 mRNA for beta-enolase

alpha-tropomyosin

alpha B-crystallin

Human mRNA for muscle phosphofructokinase

Baboon beta-myosin heavy-chain mRNA.

Human mRNA 3’-fragment for giycogen phosphorylase

Human ribosomal L5 protein mRNA

H.sapiens mRNA for ribosomal protein L37a

N B I N ] W LI W W W] ] &

Human cytochrome ¢ oxidase subunit VII (COX8) mRNA
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+1109M & ()-0" *I'h +1109%M & () - OHHHHHHHHel +' *1'h +! 109M &' () - Oh
+1 109 & ()WOI9935298901 & ()-0' *!h +110%M & () -0Oh PCT/US99/00666
+1109M & ()-OHHI 111" 1 #l eE) h +! 109M & ()-0h +! 109M & ()-0h +! 1@pf1 SN ) 2002
*1'h +1109M & ()-0h +! 109 & ()-0h +! 109V & ()-0#l $1 & O PI Q Sl hH) h
+1109M & ()-0h +1109M & ()-0' *!'h +110%M & ()-Oh +! 109 & () - Oh
+H109M & ()-0" *ISItItITlITeE)h +1109%M & ()-0h +!10%M & ()-0h +!109M & ()-0'
*I'h +1109M & ()-0)h
All publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication
5  or patent application was specifically and individually indicated to be incorporated by
reference.
The invention now being fully described, it will be apparent to one of ordinary
skill in the art that many changes and modifications can be made thereto without

departing from the spirit or scope of the appended claims.
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*Ih

10

15

20

25

30

OMe elamaod & ()-0' *!'h +! 109 & () - Oh

1. A method of analyzing differential gene expression, compnsing:

providing a reference population of nucleic acid sequences attached to
separate solid phase supports in clonal subpopulations;

providing a population of polynucleotides of expressed genes from a first cell
or tissue source and at least one population of polynucleotides of expressed genes
from a different cell or tissue source, the polynucleotides of expressed genes from
each source comprising a light-generating label different from the label comprised by
polynucleotides of any other source;

competitively hybridizing the populations of polynucleotides of expressed
genes from each source with the reference nucieic acid population to form duplexes
between the nucleic acid sequences of the reference nucleic acid population and the
polynucieotides of each source such that the polynucleotides are present in duplexes
on each of the solid phase supports in ratios directly related to the relative expression
of their corresponding genes in the sources; and

detecting a relative optical signal generated by the light-generating labels of
the duplexes attached thereto.

2. The method of Claim 1, wherein said nucleic acid sequences are DNA
sequences.
3. The method of Claim 2, wherein said step of providing said reference

population further includes:
forming at least one population of tag-cDNA conjugates from mRNA
extracted from at least one of said sources and a repertoire of oligonucieotide tag;
removing a sample of the tag-cDNA conjugates; and

amplifying the tag-cDNA conjugates of the sample.

4, The method of Claim 3, wherein said populations of tag-cDNA
conjugates are formed from mRNA extracted from each of said sources, the method
further comprising combining said populations of tag-cDNA conjugates from each of

said sources prior to removing said sample.
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+1109M & ()-0'" *!'h +1 109M & ()-0h +! 109%M & ()-0h +! 109M & () -0’

* | KKKKKKKKWID-99/35298 +! 1090 & ()-0)h +! 109 & ()-0h +! 109 & (RGTAS99/0
+11090M & ()-0)h + 109M & ()- OKKLLLLLLeE)h +! 1098 & ()-0h + 1@B1JN)
+1109M & ()-0' *!'h +1109M & ()-0h +! 109V & ()-0h +! 109M & ()-OLLL: L;
L<L>LhH) h +! 109%M & ()-0h +!1 109M & ()-0' *!'h +! 109M & ()-0h +! 109M & () - Oh
+1109M & ()-0' *!>LtLLLLLLLeE)h +! 109 & ()-O0h +! 109M &'t( -0h

+1109M & () -0 5. The method of Claim 4, wherein said sample is sufficiently small

relative to said total tag-cDNA conjugates that substantially all different cDNAs have

different oligonucieotide tags.

5
6. The method of Claim 5, wherein said step of providing said reference
population further includes attaching said tag-cDNA conjugates of said sample to said
separate solid phase supports by specifically hybridizing said oligonucleotide tags of
said tag-cDNA conjugates to their respective compiements.
10

7. The method of Claim 6, wherein said step of amplifying comprises

replicating said tag-cDNA conjugates of said sample in a polymerase chain reaction.

8. The method of Claim 6, wherein said step of amplifying comprises
15 replicating said tag-cDNA conjugates of said sample by inserting said tag-cDNA

conjugates into a cloning vector and transfecting a host cell therewith.

9. The method of Claim 6, wherein said sample includes a number of
oligonucleotide tags less than or equal to one percent of said oligonucleotide tags in

20  said repertoire.

10.  The method of Claim 2, wherein said reference DNA population is

derived from said expressed genes of all of said sources being analyzed.

25 11.  The method of Claim 2, further comprising sorting each solid phase
support according to said relative optical signal.

12.  The method of Claim 2, wherein said different light-generating labels
are different fluorescent labels.
30

13.  The method of Claim 12, wherein said population of polynucleotides

of expressed genes are populations of cDNAs.
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14.  The method of Claim 13, further comprising the steps of:

accumulating each said solid phase support having said relative optical signal
with a value within one or more predetermined ranges of values corresponding to a
5 difference in gene expression among said sources; and
identifying said polynucleotides on each of said solid supports by determining

a nucleotide sequence of a portion of each of said polynucleotides.

15.  The method of Claim 14, wherein said relative optical signal is a ratio
10  of fluorescence intensities and wherein said populations of polynucieotides are from

two sources.

16.  The method of Claim 15, wherein said portion of said polynucieotides
is a sequence of at least ten nucleotides.
15

17.  The method of Claim 15, wherein said step of identifying includes
simultaneous sequencing of at least ten thousand of said polynucleotides by massivety

parallel signature sequencing.

20 18. A method of isolating polynucleotides derived from genes
differentially expressed in a plurality of different cells or tissues, the method
comprising the steps of:

providing a reference DNA population of DNA sequences attached to separate
microparticles in clonal subpopulations;

25 providing a population of polynucleotides derived from genes expressed in
each of the plurality of different cells or tissues, each polynucleotide having a light-
generating label capable of generating an optical signal indicative of the cells or
tissues from which it is derived;

competitively hybridizing the populations of polynucleotides of genes

30  expressed in each of the plurality of different cells or tissues with the reference DNA

population to form duplexes between the DNA sequences of the reference DNA

population and polynucleotides from each’of the different cells or tissues such that the
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20
23.  The method of Claim 22, wherein said step of competitively
hybridizing includes providing hybridization conditions which result in substantially
all of said duplexes being perfectly matched duplexes.
25 24.  The method of Claim 23, wherein said step of isolating includes

sorting said microparticles in accordance with the ratio of fluorescence intensities

generated by said populations of cDNAs hybridized thereto.

25.  The method of Claim 24, wherein said step of isolating includes

30  sorting said microparticle with a fluorescence-activated cell sorter.

A}
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25  comprise at most about 0.5% of the total supports provided.

30. A method of isolating polynucleotides according to the abundance of
the nucleic acid sequences from which they are derived, comprising:
providing a reference DNA population of DNA sequences attached to separate

30 microparticles in clonal subpopulations;
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polynucleotide encoding a protein selected from the group consisting of cell cycle

25  proteins, signal transduction pathway proteins, oncogene gene products, tumor
suppressors, kinases, phosphatases, transcription factors, growth factor receptors,
growth factors, extracellular matrix proteins, proteases, cytoskeletal proteins,
membrane receptors, Rb pathway proteins, p53 pathway proteins, proteins involved in
metabolism, proteins invoived in cellular responses to stress, cytokines, proteins

30 involved in DNA damage and repair, and proteins involved in apoptosis.
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proteins involved in metabolism.

50.  Akit for preparing a reference population, comprising:
25 a plurality of microparticles having oligonucleotide tag complements attached
thereto, the oligonucleotide tag complement sequence being different on each

microparticle.

51.  Thekit of Claim 50, further comprising a plurality of vectors
30 comprising a library of tags, the tags having sequences complementary to said tag

complements.
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contained in a container separate from said plurality of microparticles.

55.  Thekit of Claim 51, further comprising at least one reagent for

10  preparing said reference population.

56.  Akit for analyzing differentially expressed genes, comprising:
a mixture of microparticles, each microparticle having a population of
identical single stranded nucleic acid molecules attached thereto, the single stranded
15 nucleic acid molecules being different on each microparticle and comprising

polynucleotide derived from an mRNA of at least one cell or tissue source.
57.  The kit of Claim 56, wherein each of said nucleic acid molecules
further comprises an oligonucleotide tag in juxtaposition with said polynucleotide and

20  positioned between said microparticle and said polynucleotide.

58.  The kit of Claim 56, further comprising printed instructions for use in
analyzing differentially expressed genes.

25 59.  The kit of Claim 56, further comprising a container.

60.  The kit of Claim 56, further comprising a population of cDNA

molecules from at least one of said cell or tissue sources.
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