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GENE- SEQUENCER AND NETHCDS FIELD CF THE INVENTICN ThIS I nvention. rel ates
generally to-the field of gene sequenC|ng More paiticularly, this .
invention relates to a gene sequencer,  a hlgh density bio-conpact 5 disk
usef ul’ therewith and a nmethod of sanple preparation therefor. The
hi gh-density bi o-conpact di sk >t hodol ogy flnd
application in the field of o|?ﬁﬂﬂ%gﬁéﬁﬁﬁﬁtﬁggéﬁgﬁﬁfﬁ 'DNA sequenci ng
and detection generally. SUWMMARY OF THE | NVENTION I n one aspect, the - .
present invention features a sanpl 55 e s for 10 obt ai ni ng
n- ner. ollgonucleotldes froma sanpggﬂécnrarnrggﬂggigﬁﬁncIeotlde fragnents
~conprising:. (a) -form ng a solid support ‘having all possible n-ner .
‘ol i gonucl eoti des atfhaGheshtibR rélkes géﬂefamseeome fid18 of péeQefuenciy. Bt act i ng the
solid-support resulting fromstep (a) wth the sanple under. conditions
causi ng the spagicaladlly] Givitedntioh mims toca gonbseqlieneeryn hightdhﬂsﬂgdﬁqnbmmtar y
n-ner ol igonucl eotides on the solid support; (c) 15 contacting the solid-
support 1 eSul diskgiséfubthesvéth anld)a méthdd af sa;txjﬂe)plypmgomtyewfqr (Té highpdensity ng
t he unbound ol i gonucl eoti des fromthe hybridized oligonucleotides; and (e)
denaturing t hblmsmnpant disk and thersamplemcat@atmﬁb@dqlegm%mhmnnn the field
ol i gonucl eotjdes  of the sanple; wherein n i's an |nte .sel ected.f.romthe
i ntegers- 4- 10 089530%@“%%%%&%&%6 soguensiyg and détecti 9.2 Wer aspect,
the . invention features a nethod of obtalnlng n- ner ollgonucleotldes froma

sanpl e cont-ai ni ng ol i gonucl eoti d tC?F'i H a) contacting a -
solid support adapted to coupl e Wt ofTgonucreotTaes it he sanple with at

- least a portlon of the sanple; (b) cont act i ng the solid support resul ting
fromstep.(a)" wt hn%nghﬁﬁeb'tr &e%@esgntriﬁ&enﬁhh%é & %@%ré‘p@fattﬁn hie%d for
y

~sufficient for the n-ner ol i gonucl eotides to hybridize with the
conpl ementigr y obtdifihg ﬁLm&mngﬁh\ﬁmédndesSfr&a a samplotonthining pﬁgénuc(eehdsﬁamaits ng

the hybridi zed n-ner oligonucl eotides fromthe unhybridized .
ol i gonucl eot i d:ompn@nhg (4 forming m:gplidtseppgrbhawdng elblpcssn’aée n-oper gligoniicleotidese s
W98/ 37238 attached to the surface of the support ®) contactmg the sohd support relzglilg ?‘1’%%{ 03362
' step (a) w1th the sample under conditions causing the sample ohgonucleotldes to _
. hybndlze with the eomplementary n-mer oligonucleotides on the solid support; (_c)
| 15 | _ _ee'ntacting the solid support reeultihg from etep_(b) w1th a hyd_:eljzing agent; .(d) '. _
separating the uhbounti _eligenucleetides fto_m the hybridized oligenﬁcleotides; and (e)
denaturing the hybridi_z_eti n-mer oligehucleotides to obtain the n-mer ohgonucleo_tides,
ef the-sample' wherein n is an int_egef_selected from the integefs 4-1 0,060, most . _
' advantageously 6-28 | _ | I_ | _ ' _' | ..
'. 20 _ In another aspect the mvenuon features a method of obtammg n-mer
' ollgonucleondes froma sample contalmng ohgonucleotlde fragments compnsmg {3)
contactmg a sohd support adapted to couple with ohgonucleotldes in the sample with
at least a portxon of the sample (b) contactmg the solid support resultlng from step (a)'
witha mixture of n-mer ohgonucleotxdes fora tlme sufficxent for the n-mer
- 25 ohgonucleotxdes to hybr1d1ze vmh the complementary n-mer ohgonucleotldes onthe
o solid support; (c) separatmg the hybndlzed n-mer ol1gonucleot1des ﬁ'om the

. unhybndlzed ohgonucleotldes (<)) denatunng the hybridized n-mer ohgonucleotldes
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to obtai n th ol i gonucl eoti des -conpl enentary to. those the
sanpl e; - éigfpﬁgs an integer selected from the integers 49%8%0'4’3% o
advant ageousl_y 6- 28. In still another -aspect, the. sanpl € -prepar ati on

et hod i ncludes a nethod of 5 obtaining n- nmer ol i gonucl eotides froma
sarrpl e contai ning oligonucl eotide fragnents conprising: (a) contacting a
solid support ieobtaig thon-ngr bhgdmhoﬂdiesg:omptdnmyl&sthbsmesmsm samplesh a
m xture of a-plurality of oligonucleotides having (k+m-nmers, wherein: o
k+men, Wi th a mherein isoh integénselecied froof the |mtsger$)t¥1IQ&QQomemaﬂm1t;ageeua§h6be| ng

a k- mer and being without a free hydroxyl group at the 3'-end thereof, and '

‘a plurality of 280 second ol i gonucl eotides, each being a mner-and bei ng

W: t hout iet f'r_eg IOh'OS hat §%ﬂf g%t tg}t;tes%-er}gga%{meo%p ‘{@)ﬁh’(lg%]at i ﬁxgdlog R
ol i gonucl eot i espon nDV|nghx
e hybridi Seq ORefE %t'nte%’% g@fﬂ&@ﬁ%ﬁﬁs el SO AR o fcs i SRR

“obt th 5 i :
Che sanpl o nm”??"é‘?“‘ﬁ? RS (SRR Htﬁt‘%géé@i‘é‘t%%f L
i ntegers from Goifa Ohle Wthla REWNAE LAY BRI oﬁ&lﬂuc%bﬁ&shﬂﬂn@ﬂ@%}sﬂe&,hat _

k+men.. I'n yet another "aspect, the sarrpl e preparation nmethod Tncl udes a

- method of obt aiwhetein ke, wikh g fixtateasttal ifyr oifirét otigomicteotides, @adhi befhg a k- :
ol i gonucl eoti de fragments conprising: (a) contacting a solid support having -
- bound' t her eon mqnlaudhemgyvmhbutz(freelqldrcgqhgtdupatﬂtdééeudthmeafsadrphhlrmtybfa
'm xture of a plurality of h-ner oligonucleotides each having a phosphate

group at _bdfh serend: ohgemlesudesnqachépeptgwwmrtanétbemgrmﬂmotagmsnhﬁtt des

each having a dro o or. thjol, ro at the, no term nal o
phosphat/e grou%0 Xﬁ?fspﬂrig (gl u %’BH?}E‘P PB Q&S o

hyd |, t th 5 t

gt oup: (b) 25 TeRimgtdh p Pﬁt"@m\m wf‘tt‘* ”s%aw?lﬁé‘ﬁ% sgiaE F@tt ?des
on the solid’ Eﬁ?’% I #‘géﬁ

ol.i gonugl elot i Zlé roﬁtﬁfﬁgdé% %‘ti}g% rt resufntefﬁ%;ge giranxg(ti%p%?ﬁg (d)
‘denat uri ng t he shl®sipdoRes obaiiRthe ﬁlmé}(b'ﬁgéﬁtﬁ:ﬁohd%cdhﬁ:‘r&dléﬁtﬂ? with thbs: ;&edehd

support to obtain the -n-mer nucleotides conplenmentary with those present in .
" the sarrpl elSV\henﬁtersaim;Jlel; vwhanén;makandanm each amhm@erselectedﬁ'omthe mtegersfrom S

6-1 0 OOO most advantageously 12-40, with the proviso that k+m=n

- In yet another aspect, the sample preparatton method includes a method of
| obtmmng n-mer ohgonucleotldes from a sample containing ohgonucleotxde fragments
| | comprising: -(a) contacting a sohd support havxng bound thereon a plura.hty of |
20 . ohgonucleotxdes from a sample with a mixture of a plurahty of h-mer k |
N ohgonucleotxdes each having a phosphate group at both the 3' and 5'-end a plurahty
of i-mer ol1gonucleot1des each havmg a hydroxyl amino or ttnol group at the 3’-end
and no tenmnal phosphate group, anda plurality of j -mer ohgonucleottdes havmg a
~ hydroxyl, amino or thiol group _at the 5’-end and no termmal phosphate_ gr_oup, ()
25 - chemically lor enzymatically ligating the oligonucieoﬁdes on the 'solid supp'ort
resulting ﬁom step (a); (c) removmg the unhgated ohgonucleottdes from the sohd
support resulting from step (b); and (d) denatunng the hybridized n-mer
ollgonucleottdes remammg on the sohd support to obtam the n-mer nucleotxdes

complementary w1th those present in the sample; wherem h,iandj are each an mteger
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PCT/ US98/ 03362 "sel ect ed fromthe int egers from 6- 10, 000 nost :

advant’ ageousl y 18-60, -with the proviso that h+i+ "=n. I n yet another aspect
of this innvention, an assay el enent is. described corrprl sing a substrate-
havi ng a surface |nclud|ng plurality of discrete areas on the 5 surface -
adapted to att #lertebiramdhmintaecradrae 610,000, prshadvagtygeopsly 1800 withita ul es
~attached at a first en tQ sai.d surface“n each of the discrete areas, each
of .sai'd spacerP WB&EQ dd‘a‘bt ed to bei ng attached at its second end to a

et woen 115 1irst cHpyAioheLs é%aﬁﬁnsa' WRAaAr s EPLERHe PR aaslf?st -
et ant | iy Sty il daling ey RAERER L po Al A B Gurms om e

first end of tQﬁfa’%ﬁ%ﬁ@ﬁted‘lﬂa@ﬁbﬁ%aéﬁ%@eﬁnﬁ@&ﬂ@‘iﬂuﬁmy&'sb%?ﬁﬁlé%ﬁlesde havi ng
-a- second sequence -attached to substantially al | of the spacer .-nol ecul es; o

wher ei n subst agftachkd ¥t AfirsPéfibto séidsorfaéin2acnof the disbetedrédsoeah of sdild epacer

substrate contain spacer nol ecul es having n-ner oligonucl eotides having thé.p-

first s equencemﬂ&cakhadaptbdatodtemgaatﬂched at ita sedond endto dmetatlix] sucfhexiorfa labelf he
i ntegers 4-10, 000, nost advant ageousl Yy 6-28. The present invention also
enconpasses a MGW@P&%M%MQ@%@Q%@N@@I%ﬁB&qW%SCM@dgment
of .a gene suspected of being present in a sarrpl e.conmpri si (a) foamng a -
sol ution of th&a@&%;ﬂfévem %?Vﬁﬁl’ﬂﬁfﬁ@ﬂefa ligaauclepti i ’Fsélﬁf‘él“ﬁ%?i ng all

. bl I | ] '
obect of 318 %%ssfb% Eepcall ”gpﬂg%'@sﬂ#&%‘?ﬂtwaen&hegieé%%gé dipfiten (n
at | t t
gurfggz aﬁdpglrtgl‘f%lé ﬁlg%g%cfa%lélehrole%ﬂl t‘-:cuclS J&Q%%ﬁl?e%%ﬁgﬁaﬁsur ace ﬁg%g&élﬁgge? -
ol ecul es havi B&t;uenéé a{t&Eh@cﬂ@l Q&ﬂﬁﬁxall?all'%?ﬂx‘é‘ébi&?ﬁm@é&%ﬁ whGeGuBshtiagynd to

a-metallic surface or a label and a tleavage site i ntermedi at e bet ween the

first and secomd ot disciearessifthe Rirface GPiRGUbR LY ¢ontdie spatenvnogcules havidg -

p- mer- ol i.gonucl eotide attached thereto. between the cleavage site and the
‘first end and a—memjmnuclmdeshmgnglthelfnfsttseqmnae sttecheditheteto andn isaniistegert he
cl eavage site and the second end, the conbination of p-nmers and r-ners

including 4| &elserdEomike inseeens 440,000, mott pdvantagaonshit6280f p-mer and r_mer-:--'--'

ol i- onucleotldes 0 tionally, a, subset of all uch conbi hati each
par ?I cul ar -3 I:I'he p?esentnmven ion also encoimpasses ametﬁocl: H)r %etermirxlx?n tﬁ '

sequence of a (p+q+r)-mer segment of a gene suspected of bemg present in a sample
| compnsmg (2) forming a solution of the sample and a mlxture of g-mer
| ohgonucleotldes havmg all pos51b1e sequences of a g-mer ollgonucleotlde or,
20_ - _optlonally, a subset of all such poss1ble sequences, ®) contactmg an assay element :
~ with at least a portion of the solution of step (a), the assay element havmg a surface
- and pluralxty of spacer molecules bound to the surface, the spacer molecules havmg a . .
.ﬁrst end bound to the surface and a second end bound to a. metalllc surface oralabel. .
‘and a cleavage site mtermedxate between the first and second ends, the spacer -
- 25 molecules further havmg a ﬁrst p-mer ohgonucleotlde attached thereto between the .
| .cleavage site and the first end and a second r-mer ohgonucleot_lde attached thereto '
between the cleaslage site add _the seconc_l end, the combination of. p-_nlers and r-mers
| 'including all combinations of ollgotxucleotide sequences: of p-mer ahd r-mer - -

oligonucleotides, or, optionally, a sub_set of all such combinations, each particular



-V\098/37238 . ' ‘i ' o o
PCT/ US98/ 03@@2936’6%33‘| nation of sequences of the p mer ‘and r- mal’rc"'m598"’3'3’62
ol i gonucl eoti des being at a predeterm ned | ocation on the surface; (c)
l'igating.the resul tant, hybridized ol i gonucl eotides attached to the spacer
mol ecul es resulting from'step (b) above; (d) detecting the presence or
absence of a p%hibﬁihhaﬁ oﬁét,‘iti&i?:@?omg'ﬂl-xﬁa‘:dn@}-xﬁér dligémivleotidydbein #Qd

oli gonucl eotides at each predetermned |ocation on the surface; and (e)
processing the ;ﬁﬁlﬂ&lﬁ:ﬁdﬂﬁﬁaﬂbﬁtﬂhmuﬁhéal(@dtgaﬁnpmeseﬁhaﬁtdlybﬂd&zeﬂaduce the -
sequence of the (p + g + r)-mer oligonucleotide present in the sanple, '
wherein p, q aredigongoiestidas gitpohadl todhespacet moleenlestesultingfem step-(W)a0ee; (dhost
advantageously 6- 26, .and (p+q+r)_ does not -exceed 30, 000, and nost

advant ageousl y ds@ctuyﬁgsmssx;ce(@)abmne gfaammdarrﬁ@auqrse cembigation 9fdhe f or

i—'hfef Thvent S“WL Edvﬁpﬁgefaﬁc{‘r{géle&ém E@ﬁ PpBing AR én%@wf&%?a%: N
Ei 1

o o bl ar 1y RpeepsihgtieSedudnls RsSRaEPRobRire Ssiieg@é S <

‘s a schematic tﬁg i ggﬁgﬁr F‘S)'Idms o‘ﬁaéﬁ%%gedf% s‘%érgingygg%geﬁreﬂ gure. .. -. _'

"1 to select nmer asa nt al nr n of

ol i gonucl eot i dggep érs\gaeaaghenrtn@ﬁ&%g n%”%i@ ?m‘fl_nﬂut sdﬁnnge&mwﬁmumﬂﬁ -

l'i'near  anplification to obtain a s ol 1 gonucl eo

using a solid sdgepastexcddBYD0%aridmasted cbGsly 60 péltay-gé)cean 8t pbffSmed
amplification to obtain a sanpfe of I abel ed ol i'gonucl eot i Figure 5is a.
schematic rl@pren@ataﬂelfondxﬁer@t,nmﬁpkésegmmtepﬁageneon of constant l-ength '
ol i gonucleotides using ligase. 25 - . Figure 6 is a schematic
representation of. a- met hod . of Ienoth oI|oonucIeot|des

prepar.ing constant _
-using chemcal ligation or |ipBREEED SHEDRAWINGS,r esent ati on
‘of two conpl enment ary st anps used in. the prepar atlon of b| 0- conpact di sks

haV| ng Ol | go nucl eot | ﬂxeesm%n orC1 Qvei\ﬁi be %e&eh %n&er?st%ozi %y reference to the followmg drawmgs o

" in which: o _
thure l isa schematlc representatxon of the synthe513 ofa plurahty of n-mer
15 ohgonucleotldes ona sohd support _ _
.. | _Flgure 2 is a schematic representé_tion’ o_f a method. using the solid support 'of
_. F1gure 1to select .n-mer oligonnoleOtides from a sample containing a mlxture of |
_' ohgonucleotxdes of vanable n—mer Iength | | _
Fxgure 3 is a schematic of a linear amphﬁcauon to obtam a sample of n-mer
20 ohgonucleotldes using a solid support. | -
| Flgure 4isa schemanc representatlon of the amphﬁcatton to obtam a sample _
of labeled ol1gonucleot1des | | ' -
| Flgure Sisa schematxc representatlon of a method of preparanon of constant -
length ohgonucleotldes usmg hgase ' _ |
25 Figure 6isa schematic representatmn of a method of prepanng constant length
| _'ohgonucleotldes usmg chemtcal hganon or llpase o |
. Figure 7 i isa schemattc representatlon of two complementary stamps used in

- the prepaxauon of blo-compact dtsks having ohgonucleotldes attached to their surface, .

-4-



WO 98/ 372 PCT/US98/03362 _
PCT/- US98/ &gggﬁ;}:&gure 8is a schematrc represent ation of one enbodi rrent of
usi.ng. the stanmps of Figure 7 for printing where the stationary -

ol i'gonucl-eoti des to be attached to the solid are on the vvalls of .a grove "
formed in the stanp, Figure 9 is a schematic representatio t‘thge use of-
sel ective recogni t Fagure lsai(UbelP.ﬂL'@}reBFS?%%?{?nGﬁm%P gk v ces

d 16- 1 h ti
Tenrasontal ont B L behbharerm e oo sreonaritia e b bl BRI ¢
sur f F ' t f t Fi 10 :
_'\?\zer 20Fat e;gli(r.tlgh& Ir?é‘r@% Q‘ﬁ%o %%%WE%{&%M '?heac:v?m)elsn F: gure 12 i's
an illustration. of ptépgb lﬁtchtsgea%s%uwe&ewge@m&wng

i nformation rel ating a gene Figure 13 is an illustration of .
(4,{5},4)- §0F8)-LeChiticiE b &&erﬁﬁﬁeteaue&eswmqmm odcufriry twdce inal ating
to a gene- ?Eaégrrgn?ggj Figure 14A is a schematic represent ation of -

a fractionati (yﬁt&h&@meThe first fractl onation may .be perforrred in the
central sixteen conpartnent area. Te fractions may be further fractionated
i'n the spiral chanrRigared0 icagihkinatic @ressntguoreoﬂmsamBMbﬁlmdmhﬂmavmﬁt her
fracti onations nmay be perforned after another disk i's attached onto the
di sk ‘depi ct ed inm hydmphebit urfacki gur e 14C represents a- top view of 20

I ntersections of capillaries and gne oli or]ucl otide.c asil § F| lgure 15 -
i's a schematic repriigutldts asehematic representation gre StamRdn Big- 10 Wherefatex s o) o

e S SRR e oy S ot Some ne e L penp et
o 33232{@3: it o s sl bt 11,
aft er denat “r%%c@w&%ﬁﬁ%%—&@h&aﬁﬁﬁt' NVENT]I Q\| 5_ o o
| ' Flgure 13isan 111ustratlon of (4 {5} ,4)-mer recogmtlon used to determme o
_ | sequencmg information relatmg to a gene fragment '
- 15- - Figure 14Aisa schematrc representatton ofa fractlonatlon dlsk. The first
. fractionation may be performed inthe central sixteen compartment area. 'I‘e fractions k -
may be further fractionated in the sptral channels or capillaries. Flgure 14B -
,demonstrates that further fractxonatlons may be performed after another dlsk is |
attached onto the disk deprcted in Figure 14A. Figure 14C represents a top view of
20 mtersecttons of capillaries and one ohgonucleotlde class zone.
Flgure 15 is a schematic representatton of a central fracttonatlon area. The | 3
- sample may be crrculated around this area which, in this partxcular embodlment
' contams sixteen compartments Each compa.rtment contains a spemﬁc
ol gonucleotxde subclass probes. | |

25  Figure 16 illustrates that the ohgonucleondes may be eluted into the cap111anes

: by spmmng the disk after denaturatron.

DETAILED DESCRIPTION OF THE INVENTION _



WO 98/ 37238, e - o : 5?@33 3362
Si gni f i-cansvggglﬁﬁ?%md- i nformati on as wel!l as additional gui gg‘%@g _oréP o
practicing particular enbodi nents of the present i'nvention vithin the scope"

of -the appended clains may be found in PCT/US97/ 11826, now avail abl e
publicly in published form the disclosure-of which is herein expressly
i ncor porated by ref er enc8ignHicantdarkarourrriefosmatioroes weli goadditionst guidange fory s
hol d great promise.in '

_ ( gene sequenci-ng. Presently these pethods are nostly
limted to. genBrRERRIRK PEYCYACRRqdiments g@&aewé@tilévqaﬂw'gﬁvgsﬁcw 0281?9
specific points, and gnly a l.inited, i ucleotides i.s. heeded in
the array. De mg%de‘aﬁ‘(?ﬁm&q%“ﬂ‘gﬁ”ﬁT@%ﬁ)dllgﬁ)&ﬁlgg’aﬁygﬁﬁg%ﬂﬁﬁc tfe arrays, -
“containing all . i b - ' i lde; ifficult .
o produce. A EiStshBERE 8 SERRLE N Heitln ABRMC Mok itiRed B) Ferftedde]
conplications. They can hybridize with each other with stronger ‘bonding
~than with tHie gpapeLBR/PREPARAGIONIES. Optimum | ength ol i gonucl eoti des .
hybridize nore quickly and with greater fidelity than oligonucl eotides that
‘are too long. The present invention describes four nethods that 15 can be
used to prepare uni Dligonlcisatiie avaysdoidigeaqiromise i gate sequentig. Prospritly these
Moreover, these nethods can be used so that the processed sanple contains
al | essential meilfods are mosglytinitadgo geme checking wheein the sequenct is known exceptat -
conmplenentary oligonuc]eotide in the mxture, i.e., they cannot, formany .
dupl exes.. Thi sSyBe spegHicaoinienand onlya limitest seyokeligonyelretides is nepdediniheiamayahi ch
are all based_z)n t he hybri.di zat'i'ogi%O bet ween iaggl_e. and pr.obe . = ' ,
ol i gonucl eot i d&% 70pg BRGUERGIRG iSFRPTP SEREU, breavse KSFY IIgr arays, © galpie, the
central nucheot | de: NOSiREOL cytosin 1.0 ) Ad ] uniform -
angt h sami? e, Bpiit SufEE RAERbYhmE-RRE e e S ALK Jatsd alhcons 0t
abl e to hybri diggmiahihieaEddafli BEompacHisAS Pitly%ah Bybhiditd @ik Bach

conpl etely only \%%am?%eagbggebﬁc}ggg%ggié‘g%‘?ﬁesﬁéﬁn tﬁ? .ar'?ay. 25 thac _
- Pol ynerase ChaiotheRaahstrofiger B6iRling thad withdhé probé bEgénucRobliA. Dfftininh tedgion’
met hod. PCR, however, has seri ougs.- dra\_/\,backg whengappl ired in oli gon’ugﬁ;ot i de:
array met hods aligonucleotides hybridize nawoquekjy and with, gresedtfidelitytthan sequenci ng of -
a whol e.chronbsgne at one tine. In order. to use PCR, short priners are
needed to init pligenuclestides that are too long... The present invention des_cpbes our methods that

15 canbe usedto prepare uniform length oligonucleotides from any DNA samp_le. :
" Moreover, these methodé can bé ﬁs_ed so that_thé processed sample contains all_ | _
' éssential'uniform lgng'th oligonuc_l_ebtides, which dd nothave a cofnpleihentary -
: oligonucleotide in the mixture, i.e., they cannot fo@ any duplexeé. This i§ .a great
| 'at.ivant.age in oligdr;ucleoﬁde array methods, which are all based on the hybridization
- 20 beti&een' sample and probe oligonucleotides. Hybridization lis prevented by limiting,
for example, the central'nuclegﬁdé to adenosine or cytosine (AC-constraint) in al_l |
uniform length sample oligonucleotidés. Thus, two sample oligonucleotides are not
able' to hybridize with each othér and are: instead able té hybridize éompletely only
. ~ with the probe oligonucleotides. in tﬁe érray. | _
25 Polymerase.Ghain Reaction (PCR) is  highly effective DNA amplification
o method. _PCR, however, has serious dlfawbacks when applied m _oligonucl_e'otide array
_ methods aﬁd in massive de novo séqﬁéncing, such as the sequencing of é whole -

chromosome at one time. In ord_ef to use PCR, short primers are needed to _initiate the

o -6-
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_-PCT/ US98/ 03362 reaction. " To corrpl et eI y ‘cover the chrom)sorre Wth.primers, a '_ :

~significant part of the sequence must be known with certainty. Al so, each
~cycle in PCR tends to . give shorter oli ‘gonucl eotldes than t he previous one.

Taken together these features nean hat vari ous nts of .{he chrogmpsone:
are unevenly rEaFiemekocompletely souerthe cromosome wi é’ S, @St LRAtt Qifhst

Ledy Lﬁégfgcﬁsa PR AR B B P Rﬁsﬁ%@%‘%”?a sﬁit’ﬁé’i@ea&t@@eaét known.
(LCR
gencral case ¢ HSTeROL d?m"t%ﬁt%ﬁﬂ%n@@ht%ﬁ MR T s

NoVO sequenci Nhaf GiHbuk nen@fo%tﬁ@é lﬁo@érﬁé‘l(r%unli@ﬁf’re?xﬁ%t@d‘ﬁﬁd’soﬁ%ﬁr@een 10

produced by.lithogr aph| C Despite that use I s method requires:
sophi sti cat®d jagibe WBERS Rpieathtéd st aliamMer PER| dmplifichfiéh b kheWn edmple.
significant anount of inpurities. In this application two sinple printing
methods are descr i bEigas$Chiin Reharivn(LOR) pedvidesamiform tangthisligonteledtidat edhenn N
Figures 10 and 11, the first utilizes. inmmbilized porous- | atex spheres on a .
‘hydr ophobi ¢ s uthesequenthis Knawex Qnehmthed descritnd in shis application isianlextensine of cal
sol ution, such as an oligonucleotide in water, and, pressed agai nst .another

surface that i hedeefforahegensral emghatrdemottnﬁed AR &mowiedge p@@ﬁ@@%@tq de) .

Thi s met hod requires, general l'y nultip ri,nti.ng ste but jt useful =~
De 5 ha

‘for the fabricati onD§f10%0 SRENERFIng reqpire e*aghé pﬁ}PS?)PFeHP Nfgeenr o

conpl enent em bi.nd. from a

co%l i cat egé yopro ﬁ?‘?ﬁ‘tﬁ@‘gﬁéﬁﬁfﬁ%‘??&nﬁ? tﬁ?c‘{ tﬁ? rgq‘élﬁse The stanp o

can contain. nﬁﬂbnﬁﬁ&@&rfe trﬁ%éfo‘x‘ranaﬁ& g:lr %rou t |nto o

washi ng, all n@ oun corrponen. are renove and
“contact with ‘aofithpudRRs.! tothis app ﬁéﬁtﬁn&ﬁo%ﬁﬁﬁl&ﬁﬁhﬁﬂ@ﬂbﬂt@dﬁ&@d@ﬁbﬁb&&demch o
conmponents. The conponents -areé det ached fromthe stanp, allowed to diffuse *
in a channel aaHoncmnmtermcernadyae&ﬂﬂmwecbmrHignes 10ranik] 1, Zhe firstatilizeons of
cheni cal conponents, “such as ol igonucleotides, can be transferred with -
m cronet er accunmoplhzndpmuplatmsphgesocphy@yph@matrfmg The latexspberss ean be

conmbi nation_of billions of oliggnucleotide pairs can be creat eg No ot her
‘met hods, | tlé hog\feggql,m g chgmical Solution, such as an ohigonucleotide in water,

agamst another surface that is capable of bmdmg one of the components _
- (ohgonucleotrde) -This method requtres generally multrple pnntmg steps, but it.'is |
' useful for the fabrication of a master stamp for complementary pnntmg The -
| _ complementary stamp is chermcally pattemed so that it can bind froma comphcated |
20 . mixture a certain component toa speclﬁed site. The stamp can contain millions of -
’ dtfferent sites for vanous components After washtng, all unbound components are-
- removed, and the stamp is brought mto contact with a surface that is able to _
chemrcally bind the desn'ed components The components are. detached from the
'_ stamp, allowed to dtffuse ina channel and to react with the active surface ‘Thus,
o B 25 " millions of chemical components such as ollgonucleotrdes, can be transferred with
| mrcrometer accuracy in one pnntmg step By repeatmg the process a cornbxnatron of
- bﬂhons of ohgonucleo’ude pau's can be created No other methods, hthographxc ink- .
| jetor conventtonal pnntmg allows one to fabricate such a hrgh-densrty pattem in Just :

two steps Moreover, no sophrstrcated instrumentation i is needed

Ll



jet or cowf%ﬂ | printing allows one:to fabricate such apbt/B8ogAREE t Y
~pattern in Wo steps. Moreover, no sophisticated instrunentation is
needed. -7- - WD 98/37238 _ S o ' . .
-~ PCT/ US98/ 03362 Hi gh resolution printing of one chemcal at a tine is well
known. Al so, chemical printing whereby various chem cals are fed onto the

surface al ong chanHéglsresalutival pridting\ofi one thenmiealaby timetinwell kaowml Alsoal | ows

‘production of arrays, but the density.is not very great. Due to flow =~
requi rement s ¢hranicalprinting whsreby vardqusichemisals g %6@9905& SUEfach 3ipgR °{1?f81§£3ands g

of. such capillari coul ossi bly be on one sta it ds not concei vabl e -
that millions!Sobel ma&qq?%i%gwg@?w B’F@RF%O @ﬁggﬁ,%&f@g@gﬁlﬁ ace.
On the ot her han mllions of ~nicromet. . lagmﬁ‘;,anped. o
onto plastic. S ggty@{gﬁ%h “SQ%WB%Q“%?{‘%‘PM%%‘%%@:“?%@eaC- of them
coated with a | /0L ales S bdi ' y or,

or of orabl y> 2 ATPb} Bofkeh 3P Rl Gloffied Sl pBigiiIg be B D LAY O i
appl i cation. ggnRivaBRINAIERIdNS8f AbWApiliRAds Ll Bk iRenf Bdagorablysifidnemeene
human chronbsonme unequi vocal Iy woul d %le overwhelmng to fabricate. -So far

t he ol i gonucl @ithé6ther hadsmilHuss éfagidronhdter scale dharmels@an bejstamped altoplasf00
base pairs (bps). Sequence checking can be perforned for  nuch | onger
sequences, f ofThesecciphmeldfiay Borehdered hydrophitic ahd cachs thenvenatasoviting pertedo
ml1ion bps, which is about 100,000 tinmes nore than can be_convepiently
‘sequenced by phgemusleotile ysing eitheo photelithpgraphy ory preferably) 2seb pEIEXAPRIR net hods

and hi gh-density bio- cprrsact_ di sks ZdeSC{i'i bed in this application .greatly

i nprove sdQuestang desqzingd sqparately isthisApPlicenci ng protocol is :
fundanentally inportant to.ohtain reliable . e i I0i.zi ng the
nunber of .20  bi o4t B‘P"lﬁ"?q’é%?nﬁﬁgfatmgfd tbeegb#'sgé’d%&qé_hg%%gpﬂ; oach. taken in
this applicatigp, iy ug@ vehselalde 1) GRG0 lSogRNHE | eot i des
that are part_cglf%da&g r-g%gidém; _bér% ) e?eterm’ ne %ot h 8- mer. ends of al'l
27-ner ol'i gonuyipemidichtide Wrhyitidve baRVUbIDo!d2 9100 Sétfuence hbowir2000 baseqjare of
these 27- ners. Actual nunbers are only exanples and several: variations .of
thi s approach (bps). 8Bquenpoctiikihg canlbepetfdrmed fertrsuchflonger sequencesfonexpmipled
with a simlar set of bio-conpact o . o
' ~ 15 20,000 bps. One chromosome can contain 250 million bps, which is about 100,000

tintes more than can be éonvgniehﬂy sequenced by present oligohﬁcleoﬁde arrays.
~ The Samp_le preparaﬁbn methods and high-density bio-_compaqt_ disks described in this .
application greatly improve seciuencing., Howéver, the proper .sequcncing prptocp_l is
* fundamentally important to obtain relisble results while minimizing the number of
20  bio-compact disks that must be us_ed; | | - B
| ' '.I'he.approach taken in this application is as follows: 1) determirie all 16-mer
| oligonucleotides that are .pa1_-t ofa chrgmosome; arid_ 2) determine bofh 8-mer ends of
~ all 27-mer oligonucleotides withouf knowing the middle 11-mer sequenée'of these 27-
- mers. Actual'numb_érs are only examples and several variations of thxs approach are _
25 | possible. Thése two sets of d:;ta can be acquired with a similar set of bio-compé,ct
disks, i.e. disks that use '(8,8.) recognition. Data set 1 (all 16-mers) ailbwé oneto

determine the central 11-mer Seq\ienqe in each 27-mer of data" set2. Thus, all 27-mer

5. th ‘arep%f the overall sequence will be known. This allows almost

uhéquivoéal deduction of the original sequence. Only some long repeat sequences are

'_'.3..



di sks, i.ewdogmsghat use (8,38) r.e'co-gn_-i'ti-on. Dat a set 1 ‘(al lpckfusIsns3sz _
- allows one to determne the central 11 -mer sequence in each 27-mer of data
- set-2.-Thus, all  27-mer sequences that ‘are of the overall sequence wi || be
“known. This allows al m)st unequi vocal ‘deduction of the original sequence.

Onl I 98/ 372
PCT] USO8/ 038220%%36% T 2 B et Evem it ik % esematiye 1B B aces,
e et e A 260 Sy A R DY RO BUAGRE 2 ™

be -needed to conc ng . repea nces | O- Chlp .
array DNA assaggd ot 168 l'i gonucl eotides are of a 5 certain
I 'engt h, thély ar%% S(I’)el n mis a fixed nunber between 8 and 30_
in a.gi ven bl 0- chi PIPdll Big-chip Bray WA Riséays Ahe BafiGthrPpligorndientides dfedfesi S,

ei't her cheni cal | y or enzymatically. The sanple contains oligonucleoti des

that have \&ri edrtain leagih) ie., theyere ei-mernwherdity miioa fixed shnbee betwedn 8lapd36int he - =

targeted 1ength i.s about 50 bases (50-ner). The excessive and vari able -

| ength sl.ows degivenfeo-thipairay. ZBhe samplenis préparedniayrahdarml hydrolmsmamﬂied
interactions. The ideal sanple contains constant |ength oligonucleotides,

n-ners, where phemicallyerengymatically.i The sample eoptaing pligenugieotidesghat have variable - |
iy 8?32Zd3'r'e9°” 9 %gs;g% SRS U AR P R 0
.d d | th db Nucl T
Synt hesi 5 of . & DB PR LRE GregSye spdiariebleiragls ity LOYR 1 e }za%mﬂerfci :

f I d '
o O PP a1 U DA T Rl AR ARG
support. "Thi s pRgSiicoddCHRNRYE WHae 1Y dyial t8lor ?li’ﬁltlyqﬂ%&l thAWthe 1&igth 8fthe

equi nol ar- m xturé of 20  .adenosine, cytosi ne, guanosine and thym di ne .
‘phosphor ani di te&uoniarpbngdnudleoudeatwmeﬁ afd mtes €n BuR). ot deriations\of Sprotétrié C

steps are depicted.in Fig. ‘1. After n coupling steps all n-ners are on the ..
chosen sol i d sthmpeives smmonbgmeleamdﬂsdnmmfcomm@@nddbwdllmgﬁlsupe dQSCQEedTer

- can be practlcally synt hesi zed by th| s net hod TabI e 1
below.

15 : 'METHOD 1. (Nuclease S F1g l Synthe51s ofa complete nuxture of n-mers, Fig.2:
. Preparatlon of n-mers from ohgomers of vanable length, and F1g 3: Lmear ' '
o 'ampllﬁcanon) | | o o -

Flrst, all possxble ohgonucleotlde n-mers are synthesxzed ona sohd support.

This is easxly achleved by usmg, at each couplmg step, an equxmolar rmxture of-
' _: 20 adcnosme cytosine, guanosme and thyrmdme phosphoraxmdltes or other denvauves
-- of these nucleotxdes Two syntheuc steps are deplcted in F1g 1. After n couplmg
steps all n-mers are on the chosen sohd support A complete m1xture of
'ohgonucleotldes up to 26-mer can be practlcally synthe51zed by tlus method Table 1
'demonstrates the number of molecules ofa certam ohgonucleoude n-mer in 10
- ._.25 mllhgrams of the mxxture (the wexght of the support is not mcluded)

There is a certain statlsucal ﬂuctuatlon in the amounts of the vanous n-mers m
the mixture. For 28-mers itis expected that several poss:ble ohgonucleotldes are not
represented atall in the lO-mllhgram rmxture whlle some others have more than 20

l- copxes so that the average number-e_f copxes is11. The fluctuation is msxgmﬁcant for

- -9-




‘denonst rat unber of mol ecul es. of a certar n ol i gonucl et%f i’@r in
1025 . %%&ﬁ% of the mxture (the wei ght of the support |s/gno'¥b3 :

i ncl uded) There is a certain- statistical fluctuation in the amunts of the
various n-ners in the mxture. For 28-ners it is expected that several

possi bl e oli gonucl eotides are. not represented at all in the 1 O-milli gram:

m xture whi | e demerspbdveuss dﬂappesxhbﬂé-mcrahamnwnhwﬁ@’ coaes infke Hrer age

nunber of copies_ is 11, The fluctuation Is insj nrfrcant for -9- w - -
98/ 37238 mllhgrammlxture and that is thus a complete . PCT/ Usgg/ 03362 o

Pt "°SSie%%eﬁ%ﬁd?@%&%ﬁ%ém&ﬁ%& e Sanpl e
oligonucleotideira nts e .h co mxture 0 ;
n-mers bound - "“"rf %‘f’f' ﬁo'gﬂ‘rl%'g‘l ‘gs“P?? lgh@dr‘%ﬁl}%"ﬁ' EFth s1§: @ﬁ as
5 Nucl ease 5S, y.

‘hybri di zed oI |%€Erlt€é§f b%ﬁﬁh%ég%ﬁéle‘?%@r %ﬁ%@ﬁa&gﬁnyﬂﬁy&@ysr s. The

overhangs of td) oﬁaémltee%t SlePritbdEPaghiR tld@dre TREBV&HangRloBthet N
stationary n- rrers on the so |d support whi ch nét have matchi ng o
ol i gonucl eot i dampldoligdausiastitles ad/largblydembyets kbt stabio ohsithe sigits Not -

need to be ideally conplete in order to be useful. For 10 exanple, if nis

16, the usefulsupmmwhmhmhwmammgollmmeﬁdemmsmmarShydmwza& ners
when using the bio-conpact disk. Simlarly, if stationary n-ners are only
partial Iy hydr@ig 2adHydelysissdogs mmemtm@eaimmlﬂs injorder totbigaseful. For.

‘anpl i ficatjon of the, sapple. The solid support. contains,.after hydroI ySi's

such -as vvrltoh NEFATORlE, i 116, thﬁegﬁ%ﬁtge%fsgmalq@rsapscwdewhtwsl -and ch are.
: | t th | hybr ). di t o
o Dl o et TP tﬁré‘%?t%%fnag i Sy Kot i B g
2, |
30 e ol e A B S S e,

a linear functdagpiof the time and effort Thi s process can be modi fied 20
“to be exponential by PCR anplification or anal ogous nethods wel | known in
the art. If base smldoupmmnﬁﬁsam&d:ydfblmseﬁdMsmmNocleéseshe n-mers,

_-the nunber of .
15 treatment, a stationary set of n-mers wh1ch are complementary to the sample
' _ohgonucleotldes By hybnd:zmg a complete soluble n-mer nnxture with thls
. stationary set of n-mers as shown in Fxg 2,a complete copy of sample n-mers is -
- obtamed. The process can be repe_ated sev_eral times, but it is inefficient because the
| ampllﬁcation isa lirlear function of_ the time and effort. This process can be rxlodiﬁed -
20 to be exponential by PCR ampliﬁcation or analogous methods well known in the art.
| If base selection is constramed in a certain site of the n-mers, the number of
molecules is con'espondmgly larger For example ifin the center of these
- ohgonucleot:des only adenosine and cytldme are allowed (AC-constraint), the number
| -. of copies for each n-mer is twice tlie number given in Table 1. The baSe limitation is
25 achieved by using, in a speclﬁed step, a mlxture of appropnate adenosme and cytxdme

 derivatives. AC—constramed 25-mers are a. comprormse that allows practtcal sample

preparation and reliable sequencmg

- 'METHOD 2 (Hybndxzatlon only; Fi 1g 3 and 4 Amphﬁcatxon of labeled or L
actwatable n-mer ohgonucleotxdes) ' '

f’IO'



nol. ecul es. |wmj79§goond| ngl y Iarger For exarrpl e, . if |n t he ceor,gsgsmssmese_ '
oli.gonucl eotides only adenosine and cyti di ne are aI | oned (AC-const raint),

the -nunber of copi es for each n-nmer i's twice the nunber given in Table 1.
The base linitation is 25 ach| eved by using, in a speC|f|ed step,. a

m xture of appropriate adenosine and t|d| ne rjvatives, AC-constrai hed
25-mers are a corrprg‘Pﬁ'%‘gf 8§ TR 5(9%‘?‘%‘5? P'é‘:lf)‘?%éfc’a‘t?"gﬁ

Lol el seuee T e eligtklsPliad o athediot, Thelila Simpor can
98/ 37238. ilica parhcle%pma etic sp(bteres or c?prllanes The bound %pngpﬁr gl&;%?g%gﬁﬁg

| nst ead of attacﬁl ng-a e-mxture o I gonucl eot1

support; a fragampleRtnpdielof nGhers) Widemes Tohaﬁyscdmnaeaba(saahedﬂﬁeedc&m The.

solid support.can be silica particles, magnet I C spheres or capillaries. The

bound sanpl & |%raﬁex@tyﬁﬁ%uifbaatw‘@ﬂﬁﬁbﬁhﬁlﬁoﬁﬁ@h&hﬁiaﬂn@l@rsnhyﬁﬁdiﬁdcan '

‘optlonally contain-a la (such as fluorescein 5 or an enzyne) or a
‘react.ive funct lohgeliuc!poud@n{mshreasashediwayl )By hﬁnh;tg,rthelhgmtlmddngmetsdreot i de
n-mers-are-washed away: By heating, the hybridized n-ners are.renoved and = -
col l ected to pramdved aadseliectsd to-previden sg ofinaneseligdevsledtides thatarconpl ement ary
to the n-ner oli gonucl eot'ides of the sanple. The process_can-be re eat ed ‘as
many tines as fe@gismentayy to hepigey @goptqlwépmf the:saympls: The pppsessican e
~constant length ol]j gonucl eoti des usj ng ligase.) This is a variation of

" Method 2 and i SSHEPIEH &S MapE fmes agp If "n" is a |arge nunber, for

exarrple greater t han 30, the preparatlon of .a corrpl ete m xture of n-ners

i's i mpracti r 5?3:%% :u@

oli gonucl eé i des s 1 3 g?g%tf&ma% kaﬁl%g?rﬁml? ese pr “ﬁng&ggﬁoggesﬁggded'
by usrng two cqqggg e mxtures of -k-nmers and mners, where k+nen. In this
met hod, the 3' -end of the k-ners: ‘does not contain a free hydroxyl group and

the 5 -end of m ner Thikiea vaditicnstMethod 2 and & mhamtﬂahhet?lg&e SsIfeahiskelarge
acconpl i shed by using k-mers in which the 3'-end is dideoxy term nated or -
t he hydr oxyl gmumber; dor dxempleo greater ;haat3§dﬂle praperatian nf acm,apbte mixtrh ofig-mers:
© s impractical. Moreover, if n is large, mlsmatchmg between ohgonucleotrdes is
15 problematrc Both of these problems can  be avoided by usmg two complete mixtures
. of k-mers and m-mers, where k+m—n In this method the 3'-end of the k-mers does
ot contain a free hydroxyl group and the 5'-end of m-mers does not contain a free .'
| E .phosphate This can be accomphshed by usmg k-mers in whxch the 3’-end is drdeoxy B
| _termmated or the hydroxyl group can be phosphorylated or contain a label suchas .
| B 20 ﬂuorescem ‘The 5’-end of the m—mers can have a free hydroxyl group, a label or an
| ' actxve functronal group After hybndxzatxon the mixture is hgated Only two |
. ohgonuelevtrdes can be Jomed together by hgatron Unhgated ohgonucleotxdes are
- removed by increasing the temperature and by washmg If m-mers had afree .
‘hydroxyl group at the 5'-end, this hydroxyl group can be now optlonally
25. | phosphorylated The'n'ew oligonucleotide can now' be ligated into a. 5'-end This
. prooesc-ean be repeated several trmes Aﬁer dehybndrzatxon, there is provxded a

collectlon of n-mer ohgonucleotldes that are complementary to the n-mer.

_ol1gonuc1eot_1des present in the sa_mple.

...-11_. |



20 : fluoresceln The 5' -end of the mrrers can have a free hydr p, a .
| abel “or arve®BRIA38f unct i onal group. - After hybridization theP® ﬁ&@%?’g&ﬁ%g '

ligated. Only two oligonucl eot i des, can be joined toget her by ligation,
‘Unl'i'gat ed ol i gonucl eotides are renmoved by i ncreasing the terrper ature and by k
washi ng. If mmers had a free hydroxyl group. at t he 5-end, thi's hydroxyl
group can be- nmmm(unma((thenﬂ&lhgaﬁ@ﬁpigmwrepmonﬂfeomtwnggpnucl eot i de
can now be ligated-into a 5 -end.. This process can be repeated several
tines. After d@lhgbnuohobdesmmgehennmlhgatmn@w ded a coll ection of n-ner

ol i gonucl eotides that .are conplenentary to the n-ner oligonucl eotides
present in the sanp|E§:cellent veSultaoap be dbtained if three sample ohgonucleotrdes, h—mer, k-

PCT/ US98/ 03362 NET (Chemical ligatio éPéqupar atio onst ant
‘length ol i gonudPgS awe&stpsr@hqsfﬁemeamqng 9 1gation, P can be
obtained if _thr,ee.sanple o pnucl eot i and, m ner,
t oget her .f oPm. 4162 8?’?{?&‘(?& %@FB F'Ftﬁ‘?“lgg rqjméﬁélﬁ?‘l:al |

ligation is a very eﬂlélﬁlﬂrﬁédt m.i;éhod a.I tﬁg%g@ﬁ;@gﬁé%gﬁgg %Bﬁ H&P& As

illustrated in Figure agal n used

~as conplete. m ﬁgﬁgmg ‘hﬁé"a ASth ile
t he ot-her. two 3;0 dﬂﬁ ave term na’l@ sgﬁ&? g%#ggg?hﬁd%%ﬂgctlve%rm

One ‘conpl et e Miwolomod Bve teatiigM Whosplited @t Rhst iNielacGVeldRE, TnelcbRipRte end,

~while the other has simlar 10 groups at the 5 -end. Wen these three

oli gonucl eot i denhmnehaﬁhﬁrdnyyb,ranﬂndeﬂﬂﬁl@rcmpeaembw-éml;mﬂdtl(emmihmﬂhﬁlat)
“with each other, they are capable of formng a chenical bond wth each
other. Thi siocargrbupstﬁéshe Frehd.cWhen iifese theeqdligophcieasidgrtynes srechybridized aad ed.
They can'be, for instance, triesters so that two of the esterified groups’

are pent af | uor cisRRSH lecased Giead Wéﬂl)g‘meﬂcéﬁh%g}hw ¥g sapable of fprmaing Elchﬁglc he
Gehybri di zat 1 orbonttREGSReE Othee, s hesbechoet sbiavt e BBt SRk e PES Lo
LAt e SO R e bl e A SR S '7
A'VPL' F' CAT' ON- pentaﬂuorophenyls or similar good leavmg groups. After couphng, the extra
15 | pentaﬂuorophenyl can optronally be hydrolyzed away. “Upon dehybridization, there i is
" provided a collection of n-mer olrgom_xcleottdee that are complementary to the n-mer

. oligonucleotides that are present in the eample.'

| TRAN SFORMING A LINEAR AMPLIFICATION INTO AN
EXPONENTIAL AMPLIFICATION _ _
20 - All four linear amplifications descnbed above and also other analogous Iinear
o ;__amphﬁcauon procedures can be transformed into exponentlal ones by the method
' descnbed bélow. | _
In lmear amphﬁcatton methods sample ohgonucleottdes are used asa templaﬁe
o - setto generate a complementary ohgonueleoude set. The ‘process can be repeated
25 - several times, but every time about the same numbet of complementary
ohgonucleotrdes is obtamed When these ohgonucleottdes are pooled the total
' _' number of ohgonucleotrdes is lmearly dependent on the number of amplxﬁeatton

_ ste.ps



20 - ' %198;3%5 I i near arrpl i fications descrl bed above anci,cql,ﬁggsmgjmr
anal’ ogous It near anplification procedures can be transfornmed into -
exponential ones by the met hod. descri bed :bel ow. I'n |inear anplification
met hods. sanpl e ol i gonucl eoti des are used as a tenpl ate set to generate a
conpl ementary ol igonucl eotide set. The process ‘can be repeated” 25 several' :
times, but every tﬂ?eoréerdettrawfen%ameﬁms wito erbnmoe% | pogess, th '

I leotid bt t hi tid th
ot o onber  ofouBpRpRaY Aot bpabetid AR TS B Sl SRR Byt
)l i ficat /
ggp_i_ / bsbgﬁogggz&ﬁg% (?é‘ﬂt%?%d th?é\o?l‘:glagtﬁﬁg)lzgafcﬁe oﬁ?noaéh ggmf ooﬁoué)xp%%ent ial
th
oot oned so-t o ARG Ak (ipbARINGIB L YR @it ok dlpdcind Bl Bih™

desi gned SO that S acetate, or .

an al'i phatig améaenaé czﬁJaBErof%ﬁﬂﬁﬂthhétahﬂlﬁhtic%ﬁﬁo 6# thit? BHIpS Aich 48 ik £

transferred into a second colum that contains 5  a. reaCtive group capable

of binding thenﬁldm{mtdrqsoamﬂ) group. hmhnguangfer,sdeéroneung feBgent,Fatieasti do or '
isocyanato group. During transfer, a deprotecting reagent, -such as o

hydr oxyl am ne, hydrozylamihe, mradded;andﬂledhxoggmup is s(peaqdoiknhplemanbrgrrent ary
ol i gonucl eotides will. imediately. couple with the solid support. Now this

support can al oliganaici¢otidesaill imiiedintely soyple withabe %ﬂhdtsémrhtléowﬂhé sepport fi ed

ol.igonucleotide is 10 conpl enentary to_the c nent ollgonucleotlde
i.e., .dent.capmasq%ueﬁlagahaﬁar@m%ﬂeam@m %ﬂy oigpnycigotideis

i rect od & 1 neSplEmeRtar Bl forh °w‘3{?fo$4?s'g?xh9gét?&éf ol soascam |
support “capabl g‘“ﬂéf l&h?r‘%ﬁ&oﬁﬁe %ch?:'t g:talt' it%lanﬂfrg r&@&hd 2 oﬂh%ﬁ]o amgrho or, thr

ollgonucleotld e praotecte groups

ccolum cont ai ngre \pi %stﬂi‘@d&'élsdxﬁﬂea't@ﬁ{e eonﬁkamapmﬁ@agmma ar_e'

identical tot sanpl-e. When these are used as anplifi.cation tenplates,
twice the origsslid suppoRespabie deﬁliidtﬂg?ﬁﬂirWQt thibl groap dértvativetbsligonucibotidesed

After binding these into the second colum, that colum wll contain a.
~threefold nunbaftenj:he protewitesingrotssraye rdma;pduNlosdhe fiest calmmcmp&tmdwme the
15 ongrnal number of olrgonucle_ondes_ that are identical to the sample.' When these are
| used as atnpliﬁcation templates, twice the original number. of compiementa.ry.
.o.l:igonucleotides is obcained After binding these into the second COIum that column .
“will contain a threefold number of complementary ohgonucleo'ndes as compared to -
the first cycle The process can be repeated several times. The ampleicatron aftern
: 2Q steps is obtained approxnnately from the equation:
 a=srie I N __
where a is the amplification eoefﬁcrent ie. how many fold is the increase in the
number of ohgonucleotxdes as compared to-the ongmal sample. The increase 1s.
exponentral but the number does not double in each cycle asit opnmally does in
_' .25 PCR. A significant advantage over PCR is that in this procedure the sample and
| ‘complementary oligonucleotide set are mamtalned-separately. This is hxghly |
: im;ﬁortaﬂt when bio-chip arrays are us'ed. because' these procedures rely sﬁ'ongly on,
the hybridization. If every oligonucleotide in the sample has’ a complementary partner

' 'm the mixture, the hybndrzatlon w1th the array wrll be inefficient.

-13-



the first ¢ycle The process can be.repeated several tines. Y=J _
~amplificat %‘ﬁ”ﬁ?@? n 20 - steps is :obtained approxinmately f§%m§%%03362
equation: a= 5* 1.62[err] where a-is the anplification coefficient, i.e., _
how many fold is the increase in the nunber of oligonucleotides as conpared
to the original sanple. The increase.is exponential, but the nunber does .
not doubl e i n EREPARING ABIGH DENSHEVIBIOGICOMPACEDISRCR. A.significant -
advant age over PCR is that in-this procedure the sanple and cqnpl enentary

ol i.gonucl eoti de set Inthe fisgisiep of thecrchiabsequencing, therhie-compagt disky (BeBorarant
when- bi o-chip grrays.are used, because these. prcedures rel frongly on
‘the hybridizat destgrento weegizeAl] Hosmer 1B ks T 'ﬁél%ﬁlﬁ@%@@}%- a

| emrent t is he mi - he hybri dj ' ,th the a il
bo I nef 11 c et FecobiB0n, i, birendler b o §-r sefantis aftncdbitié probe® T
PCT/ US98/ 03362 A Hl PR g @I “5;@;@ oot iredi step
of the act 35; 'ggéueﬁmﬁgé,s eg§'| 0'-c'orr-|§’ c Qé}is S Mﬁ%éﬁ@é@-ﬁaﬁéﬁ]{o&x L
recogni ze al |_Tﬁeﬂg‘?ﬁ-e_gaﬂoﬁtmosﬁ@é}eﬁts-%aﬂ&.ﬂ?ﬁiﬁﬁe&?aﬁ@mﬂ%&%m o
recognition, i.e., the spacer has two 8-ner side-arnms and no sol ubl e probe
5 . oligonucl egldbites). & Certiirstea ddtitfining ©AE BoId spherdiid ¢alle@ a biobit dheatda®as
(8,8)-recognition. There are about 64*10[err] different 8-ners and 4. 3*
10[-err] di ff er earh biahit &5 abbutt180nB2.Eliis afedaddovertd byAhawsands of spacess havingai ni ng-
one gold sphere is called a biobit. -The area of each biobit is about - =
1100[ er r] nf er r] similar §3,8)-pairsiof oliganncledtidss asisisgsums s Each bipbit shonldeontaigorlyni | ar
(8,8)-pairs_of oligonuycleotides as side-arns. Each biobit: should contain

only 10 dhe PYpEPerEa(§.8)-pair pfalicomclentidghnd thersimust be atleast pag okl for pe at |
| east oné& bi obit f h. Of .. i bl.e djff t..8: mer paig.s. Presently
avarlable oD e SR beaEaR Bei. Fresely Btaib R MY Readk R rpact

di sk (CD). Thug ' BGDs. ar. ':H&?ai" | 4. o?ﬁil“-' '

conbi nati ons. lgigfegr%gio’gd ;/kq gib%@%%ée%e n{g&g%gﬁe%?n%mj;’ I ngéghtg% e%?:le ally

20-fol d, when -ptdiRd FSEICRISHI OMmet @DRiBatthS. TREGershy bECHs @hn Bdinclelsddaser s.
This will be reflected nearly linearly in increased perfornmance of BCDs: A

-conpl enent ary piang tintey, porédiially d0-F6ld] Wheh blee seniaonduetor aserstase dsath histaat of

: '15: IR-lasers. This wﬂl be reﬂec_t._ed,nearly linearly in increased performance of BCDS‘. :

o A complementary priﬁting method described'here. can be used to fabricate '.
.colmfjlicét.ed high resolution patteins in one printing step once a corhplemexita'ry sfamp
has been created (Fig..' 7. Photolithographic methods or éompérable high resolution

~ patterning methods are needed to make thé comblemen_tary’ stamp Ail lbw& side-arm- '
: 20 'oligo.nucle()tides can be pxihted.i.n_ o_he Qfep using one complementary stamp.
- Similarly aﬂ'upper side-arm oligonucléoﬁdes can be printed in one step. Thus,:.two
stamps are needed to fabricate §he BCD. Because eight different BCDs must be

| pro.lduced, the total amount of differerit stamps is 16.

FABRICATING A COMPLEMENTARY STAMP

25 _'One complemehtary stamp c_an'be used thoﬁsands of .times. _waever,

| fabricating one compléxﬁenfary stamp can require tens of photoﬁﬂlograpiﬁc or p'rinﬁng
steps. Printing methods in tlﬁs éppliéation have a fundamental advantage over
iithogra;_phic methods 1n that t'he. oIngnucIedti_déscén .be puﬁﬁed.befor_e attaching
them onto the surface. | . ' ' | -

1 -



corrpl | cat- edv@ggfngaesol Ution patterns in one pri nti ng step onpc'rms98103362 o
conpl enentary. stanp has been created (Fig. 7). Photolithographic methods or

conpar abl e hi gh resol uti on patternr ng nethods are needed to meke the
conpl enentary stanp. All lower side-arm20 _ oligonucl eotides can be

C! dorarm ol | qonuct QU AHBEBR of SMFHERA et avich st v et tn g CREARA o e
The total amihitohsaRFod %ﬁ‘eﬁ?%#ps%ﬁ‘?‘é’g%&&sﬁ%%%%ﬂr A%$Ced.

~ STAWP 25 - comtp%n taﬁ'lr% st Ye aﬁﬁed,cé’dah Bir{S&nli aélﬁﬁalofetthg?s
Cco

However, fabricating one errent ry- stanp Can require. tens of

phot ol i t hogr afbhirthe Birhe 16 384 sligdtucleblide3t(8-MeErEHEbMABS spifhl Eﬁuuselargalm cation
_have a fundanent al - advant age over |ithographic nmethods in that the

ol igonucl egti ;:@posiarddeenw(ﬂg &l Bﬁaﬂfﬁh&emﬁﬁmmrenomt he surface
-14- - WD 98/ 37238

PCT/ US98/ 0336 Dligheudedtides, fourctanyis a:e)ne;ddedrm"nmntatnatcampbtewlsﬂc(h xdérBSIée used in =
the (8,8)- and (8 1Ai; -recogni tion strategy described herein. Altogether.
four differentb p%?\ f&ﬂmﬁ

chem cal | y identical, i ont ai_n th 16, 384 ol i gonucl, eot|
(8-mers), but StePsEveal 4érbalfhﬁe SRt {fmer ol lgﬁa ?qt@eﬂrqmrtsﬁss Ras ot

" Because there ar eb]g 536 1d ffelgen& i.r r,ol i gonucl eotrdes four st anps are
needed. to contB¥FHPE B PgoRucieRdes e.L@ 384 = 65, 536). 16 possible

‘conbinati gqps of cl Y | 4.3
billion d| "ferent c1i§%tﬁgr}fmgonuc?lrsg %ﬂ‘@%ﬂ &kthLﬁﬁ%mrBO t%(eE%:h -
_possi bl €78 Merchahhd N ubohes e(a-'n&lil-ﬁulﬂ)deeﬂ-o'rhlms similaFio'pHintin %'E!Smﬁi&tr al
channel s (16,384) are printed onto soft polycarbonate. Each channel s

about -4 [ err] ndiskstin witich ¢as2 rhiefonjeterdefutionlis standard.i Ttiis preferabl®tol Have ng
conpact di sks, in-whi.ch case mcroneter resolution is standard.. It. is

pref erabl e to Hysvephobigridges biidlerchenpeds arehydrepkitie indhefinisked sjanm JHid tidges i n

Pl sembinaons of sy s copsnlogvse it pai 1 15

the finished sta Therrd es are also 4 [err]mw de. For this purposethe :

di sk i's coat echr 0 44im addes; t Fogthis pn@ogqithg disk is coated with aresist and the same -
15 stamp that was used to prmt spual charnels i is used agam to expose the bottoms of the

_'channels Oxygen etching is used to remove any residual resist ﬁom the channels
_The surface is coated with amino groups by ammoma plasma. The res:st layer is
_-removed from the ndges Polyethylene glycol spacers havmg, for instance, |
1soth10cyanato groups on both ends are attached to the amino groups Usmg an excess '
20 of spacers only one end will bind with the surface and the other can be- used to bmd
| ohgonucleondes havmg an addltlonal ahphatlc amino group. '
The spiral channels (16 384) are preferably in 256 groups of 64 channels (256 |
X 64=16,384). 'I'hese groups are separated so that an mk-Jet or equivalent method
_ canhe usea to cover one group w1th a certain 4-mer ohgonucleotldehawng an
25 | ahphatrc ammo group. Thus, a known 4-mer oligonucleotide is in 64 different nearby
o channels. Each of the 256 possxble 4-mers occurs in one of the 256 channel groups.
| oonce and only once. The next step isto deposxt 64 drﬁ'erent 4-mer ohgonucleondes |
separately into each of 64 channels 1n one group and bmd it chemlcally with the ﬁrst

4-mer ohgonucleotxde. On one disk, all of these second 4-mer ohgonucleotrd_es can .
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15 stanp that was used to pri nt splral channel s is used aggj se

t he bottonWOBF#HE channels. Oxygen etching is used to reno?ecq‘é'?t%s}r?%%?dual

. resist fremthe channels. The surface.is coated ‘with amno groups by .~
~ammoni a pl asma. The resi st | ayer is renoved fromthe ridges. Polyethylene
gl ycol spacers having, for instance, isothiocyanato groups on both ends are
attached to tﬂnvamersmngltsrmﬁmlntﬂeotgleaforexamﬂe, A Afterdbursthaménally differendne end
will bind with the surface and the other can be used to bind

ol j gonucl eot i dlisksiaea/fabricated, aldlaligenmalentidasi(Hn & Gcanérﬁ)r@ap@retﬁsmmh@%monal |
channel s (16,384) are preferably in_256 groups of 64 ghannels (256 x 64 =
16, 384). Thes onding disk. M@Eﬁlﬂ%@@@sé different gg‘?PPisrﬁ@"ﬁ‘ Qgﬂ’ﬁlse“é’&a“v‘&?rent met hod

be d de h '
0 T OB AR S e B T BB U,
“different h. th f.
DS e e e AP oA N, 7,

different 4- &Hlﬂﬁﬂa c ERaR QBd@éte&Elﬁﬂl elag; i n one |
group and bi n It c emﬂcgﬁ%ﬁbhgﬁﬁﬁﬁgﬁaéfﬁor st -rrer ol i Sonulcl eoti d On one
di sk, all of tdaasee6Keal sﬁﬁraxolrh@qtmbsetemls adtd-(abidut 0.6 mmY¥Pifd/ 37238
PCT/ U898/ 03362 have the sa?re term.nal. nucl eo?l de 59for-(exarrpl e, X@After

- four chemi cal | shashidls. eDsedpirdl cHannelie5Ba.m widd. eChanatls cad bghydrophdlic, wiile thed, C,
G and T) appear at termnal positions:on one disk. Because there are 256 -

~di fferent grolgwes batweén ishydrophatic cAfleriwetting withgligouuclestide selutign, lonkyghear 256
times on the sanme di sk. The second 4-ner 5 oli onucleotldes can_be

printed orifo sghannaivestain ﬁ@éti’lu@ﬁss wehighyisnartially drapsfenred afjerthe eontachwithdhe on,

h ol | ept. d h b t th ded d t .
Pock oxact P;C st Rnty melbed B it piop i SERHEE o e R ahhe, o ral
>h | 5-8
chamel S e il A A A o
.ol i gonucl eot i dg, 'Mhll&g:x spﬁérxs Wh?chwe 9&{% hﬁtcahaetagec Ui 1)0rhewhi ch-

is partially transferre ter 'the con act Wit h the substrate. Another

method is to eéhahnélyﬁélﬁﬁhgﬂtdphsml dol that allfolutioh és feetificdin die sphereehmsgms

which in this case are hydrophobic (Fig. 10). Preferably these cavities are
15  better control of the amount of the solution and the location of the solution both in the

"stamp and on the substrate. The spheres are chemically bonded onto the stamp usmg -
conventional binding chemistr'y in a manner suitable for latex splreres for example,
o usmg an amide bond between the spacer and the latex Sphere Optlonally the latex |
sphere is located in a dent on the stamp to get stronger bmdmg
'20 . Also, ohgonucleotlde analogs can be substituted for the ohgonucleotxdes
“above. This s especxally apphcable in the complementary stamp, because some |
ohgonucleotlde analogs are easier to eouple in water solutmn than ohgonucleotrdes
.For mstance using water soluble carbodnmlde 4-mers conta.tmng an amino group can
- be coupled thh another 4-rner containing a carboxylic group. Moreover, some -
25 ~ oligonucleotide analogs giye s_tronger hybritiization than oligonucleotides themselves

and are useful in the complementary stamp and in the final oligonucle‘ot_ide array.

FABRICATING A BIO-COMPACT DISK
. Inthe following descnptmn it is assumed that all stamps have already been
made. At first lower side-arm ohg_onucleot1des are pnnted_. A co_rnplete rmxture of 8_-
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‘chem stry in a R&FAEPERYE

.coat ed Wi t Wﬁpheres whi ch a':r'e porous hydroph| I ic and ﬁl;ﬁgggsgogéﬂ g.. .
~11). The channel” 1tself is hydrophobic, so that all solutionis retained in-

t he .spheres. Thi's gives 15 better control ‘of the anmount: of .the sol ution
and the | ocation of the solution both in the stanp and on the substrate. _
The spheres are.chem cal Ig bonded ont.o the stanp usi 39 convent i onal _ bindi ng

abhesyghesisds nstﬁsmsé @ that the 3'-end afithe o laerm&oaﬁes
de bond bet th th, Ia the J
here o1 oot B gomemd RS bofe segqem %é%w%éha%w oo the ™

Sbove. “Thio" Ve S8R, ORS8N b %8“?%282{1325

oF gonucl ot deaesiRs #L6GRngoF W@f@%ﬁ%‘%?ﬁa&ﬂ il

-

~hybri di zati on- tm@ﬁg&aﬂmbﬁmﬂsﬁaﬁ:

contai ni ng an Wﬂ@c&hﬂéﬁrﬁﬁ;ﬂn@& 1584 RS BinWitd hvelh QbRI(F f% MRippePRAdiofieT) B
carboxylic group. Moreover, . sone 25 ol i gonucl eotide ana ogs gi ve stronger.

tﬂeemhmehgaﬁho@éoodeeﬁéuh thewhileofa
conpl enmentary stanp and.in the fi nal ol i gonucl eotide array. FABRICATING A - .
Bl O- COVPACT- DI Sgfobwe ﬁ:laelsflqld:dup‘@lgie&sConmveoonlptemmtaﬁpmmrg).t Afteral | stanps -
have al ready been nade. ‘At first |ower side-arm oligonucl eotides- are :

printed. A conphdvidizatien theeexogss@f ohgmcleonmlsm:way Thewetstarnp is -

PCT/ US98/ 03362 ners .is prepared. The synthesis per forne &F t hat the :
3'-end of the oPFEEAR eaasegﬁeﬁ% b b melepmi olsm"yé@h |pyea thepEg)

ngﬁgrcan @1 has at ILL n0u§P her@sgmi}}Altérnaél Ve'g,x\éyaﬁecaﬁ}?ég

e groupth%qaa&‘%lﬁ%nydﬁv\e a-sS 8?&&{:@%@&' Eppe?’l‘%efa% % cl%nrpl oe

m xture-is.used as an

one .configurati leEaQéﬁkhﬁgéﬁxﬁ:‘i@bﬁd&d‘&dﬁe%’v@ﬁi&&lﬁaﬁoh%ﬁ%ﬁ@&%ﬂetﬁe ﬁﬁﬁvﬂﬂ:rt he' L

‘wal I's of a groove that is'1 [err]mdeep (Fig. 8 Concave" conpl enentary -

printing). Aft efaybiyishested By imidroarves®t b9 Bifratd fidiagion o #bohi chRSminateafHaed
‘away. The wet 'stanp is pressed firmy against the BCD, which has maleinido .

groups at the Iohgnnuphohdesfamn&eaaﬁﬁmpamwm'hmmnhﬁnﬁgedmdﬁwl IAncoupI e
-very f ast Wisth the mal ei m do groups. Because of

oligonucleotide can diffuse 1 pm in one second and 8 pm in one minute. Due toan.
excess of the malenmdo groups, all thiol denvatlzed ohgonucleotldes w111 be bound
- : efﬁcxently 'I'he printing step 1s completed and the stamp can be removed The -
, cleavable-spacer molecules now have a complete lower side-arm. The_protectwe_
5 group is removed from the up_p'er side-arm location: and t'he_. pnntmg step isnow..
o 20 repeated to'insert the upper side-arm oligonucl'eotides' (Fig. 7. Stamp mupper right -
| -corner). Inthis case the 5'-end of the ohgonucleotxde is connected with the

E _polyethyleneglycol spacer After washmg and drymg the BCD i is ready for use.

SEQUEN CIN G S'I‘RATEGY
| Instead of trying to sequence the whole genome at one time, ch:omosomes
: .25 ' may be sepa.rated and the two strands of each chromosome may be separated Only
. one strand of each chromosome needs to be sequenced the sequencmg of the other
one is optlonal and serves asa double check For sequencmg purposes it is lmportant
to know what is the probablhty for an n-mer that is already known tobein the
_ _chromosome to occur a second txme. : _The longer the charactenzed oligohucleotide, |
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the relatively I,OQQ% distance, only a few couplings may take place at this
stage. To rWOS88823he ol i gonucl eotides and to drive the reactBHAUTIR/OF62
conpletion, the thin water |ayer is heated by microwaves or by infrared -
radiation for about one minute. The oligonucleotides are rel eased fromthe
stanp and are then free to diffuse. An 15 oligonucleotide can diffuse 1
[err]min one scanalen et pRoladility M6 will eBer twicel (I order & dchievd reliabRIBqWencinge
mal ei m do groups, all thiol derivatized oligonucleotides wll be bound
efficiently. Thhisprobabilitgstoukibe so sneabithattoharacterzedaligonusigotidan odrur pulywneel .
.The cl eavabl e spacer nol ecul es now have a congl ete | ower side-arm_The

protective grouptheschramespas, f.e.cthisirebabilissshaild be smablardaam4*dA” aklose he

D | Gonual eot | ddasmepian ofhe ERonpB TR ealssaH Ipf ZrmemIhRerbabiy BHFOEREe ( he
5'-end of the oligonuycl.eatjdes S.caonnected with the pol. l e l wcol
spacer. Aftar JESATHgIH ﬁ#ﬂ@ %}?%‘%ﬁ%@%ﬁ&?@ﬁ’?ﬁh%ﬁ&ﬁﬁ&m@
STRATEGY | nst eag .of - L& Vi sequence . gt AN -
ohrompsones. 25 Whigh iiloklethat SR AHENrtd Fu- MUK G SR TRicRy bt kelBiome,

may be separat 0*,,‘-&)%@8_ fsaé?ﬁa'rﬁ" y SRR : nced;
't he sequenci ng ous*tqﬁ{e ot erﬁltg_ne 'S E)eg'??gﬁgf%qu ser’vgﬁggﬁagggg?%fégﬁgﬁ. '
For sequenci ng mighPRe®H dnibif§itibdTPor tant to know what is the probability for
~an n-mer that.is already known to be in the chronbsone to occur a second

time. The |onger- t heThehedra abait 68 €10 Diffgent28-aets. din artay contdifing 8l 6888 _
PCT/ US98/.03362 .t he smal | er the probability it will occur twice. In order to -
achi eve r elliabldigoneplenticesigoultiivave au aisa bf 130 acresipovidedatanenligbhucidndide '
characterized ol i gonucl eotidegs occur only gnce in the chronosone, .

this probabilitgFcupietomly 3@ rayeThisrkindef arey 1o plesrly imprasical tomanufaciuse, of the
Tabl e 2B |'s that 28- t hj api lity is.bel ow the.5 :
-ZZZU?& Sfe[ .re]rvne? Rracers andyend. 05 e ergkiﬂﬁf%%a‘ﬁ@d‘ya# S e Hia e fity is

. 4* , I : a 2 - S, ' ur
twice in the cm}%‘?rgéf%%‘ﬁ?’?g@d’{:%%wﬁ?iﬁ %Er)gﬁg‘g'%fg#‘g%%ﬁ?’gﬁéﬂ%

sequencing, Wi deBirRbIOfrbffa Frbig BRAELAYciHSE viEWD s s 8ach frin 7B, bighten 14-

15  mer is ot found at all with the probability of 0.393 and can be found twice and three

‘times with the probabilities of _0.173 and 0.050, respectively. Because of the
occurrence of repetitive sequences, these prqbébilities a_:e_higher and correspondiﬂg_ly
the number of different 14-mers is lower; and leés than half of all possible 14-mers ate
- likely to be found in a cﬁiémosome. ‘However this is much too high a probability for
20 useful sequencing and 14_-mers are too sﬁbrt to be useful in the seqﬁencin_g of the
whole chrqxﬁosomé at one time. o | | | |
16-mers may be the shortest 61igon_ucleotides that giw)e’ enogg__h infbrmétibr_x for
-de novo sequencing and are still vvitf_xin practical limit of BCDs. The sequencing
strategy is based on the use of the BCDs that are preparéd as described above. The
.2'5 (8,{0},8)¥fecogniti9xi is usgd:ﬁ'rst.l Thls giveé information about éll I6-_mers_ that are
part of the chromosomé_; A ISngf.that is already once in a chromosome can occur
~ witha pi'bbability 0f0.028 also a séc_ond time. Taking into accouﬁt the size of thle'.'
ch:omosorﬁe,_ this p_robaBili‘_cSt _indicates that up to one nﬁllion 16-mers can occur twice

in a_c'hromos_dme. Each of these leads to a branching. poini:_in the s_cquenc:e

. -18-



Ther_e_arle awgm@% Oferr] dlfferent 28-mers. An array cont ai ptf,gjsgd,dsgjﬂese
10 ol i'gonucl eotides woul d have an area of 130 acres provided that one

ol'i gonucl eoti de occupies only 10 [err] nferr]. This kind of array is clearly
inpractical to manufacture, process and read. On the other hand, -Table 4
i ndi cates that all 14-ner biobits can fit onto a srngle BCD (BCD area =
4.2% 10[err] miafermaton. frhisisdepizted inFigyRi whess ongnd 8 deroteiamivingseguancenang

J f S f le 2A 4- 15
Ter 14 hot Bﬁ%aﬁ?'%n%a%ﬁ”wqﬂrm B9 FAAR 268 el g

ospect 1 vel y. - CERIEE Pt AR o t#hessﬁsegr L R

probabilities [ &5@9

14-nmers is. Iowg’ mngrh%égstg&gm ?’Pwk§%¥nos&{}pm)%le %I[%lgﬁ’e ﬂ'el y to
be found. insa %ﬁ%%@ﬁ%ncéﬂ%ﬁﬂﬁéséﬁh&hﬁﬁg;ﬂﬁ@c&&& Heridbedan P-FYOb&lBﬂd Ly for -
20 - useful sequenci.ng and 14-ners are too short to be useful in'the _
sequenci-ng of tahd prhgl-es criirﬁ)n?scmﬁFlgtmr@ﬂymofﬂﬁsmwsmbﬂhksbemlﬂcemhlortest,
ol i gonucleotides that give enough information for de novo sequencing and
are still wi thichrgmesomec Jlhelsequetcey: oBins, of Thurse,dy bethaif thens twhileegoh oEthbased
on the use of the BCDs that are prepared as described abgve. The 25

(8,.{0}, 8)-r ecogtharisegnenges .4ud prstoccmrsuoghgwes’l‘hmerlﬁﬁuﬁ'lswnmﬁnd@tnfthe .
16-nmers that are part of the chronosonme. A 16-ner. that is ane in a
chr onpsone  can S83¥RFE & Th— B?%h'é’b"?llﬁwﬁpa‘@c "IHP%‘SS%‘%e@HWdﬁ

Cint f..th babi | t hat -
ot o a0eot o, B sRiiased it S e plemic st i B eioReg THem %ﬂ%cfﬁaaﬁ%g@ eads
R e ag Rl by %S@%ﬁ’e %@%%&3%34@% el ghadebieshi, g
-[err] denote arrivi nﬂxe%‘éﬁ!'feﬂ%ﬁ%f%ﬂonﬂ&& BP%&HQI&EHEJ sheea%%L lcidtides in

sequences froma certain 16-bp sequence dentical branching occurs

.at some ot her pailérttoigt 4 MiqeeRyBIRE walhbai asthiny soik@y Betduseblis BippiGbalRg -
points are drawn, a network pattern.rather than-a sequence is obtained. 5
Possi bl e sequenngmsmblerother@etegteanmhtb@xdr One possibility 1slme£&,{[.b},82 '
-[err]- [errl]5 [err]- [err] [err] and [err]-[err] [err] '
[err]-[err]5 eregognifion asgmn 2 tmat}vet,wbetﬁ{ltlﬂn@s@otmsmp Pﬁetmmepéll-meméheeal

chronmposonme. The sequence occurs, ur in th of .t -whi | e . each
" of the = - sample is prepa}/ed as earlier except tgat 257-mers are e target leng%'nm The sample -

- olxgonucleotxdes are apphed onto the s1m11ar set of the BCDs as was used earher -

- 'After hybnd1zat10n a complete mixture of 1 1-mers i 1s added In some cases there isa
just. sufﬁclent space left for an 11-mer to also hybridize. After hganon all other ones
20 " are removed by mxld heatmg and washmg._ It will not known wh;ch 11-mer used this:
- space, but ‘ooth .terminal 84mers will be known 'Ih Fig.9is shown only one possible
) hybndlzatmn All possxble hybndwatlons i.e. shifted by +1,+2, + +3 etc. nucleotxdes, - .
are observed The combmatmn of these 8-mers carries enough mfonnatxon to deduce
the sequence almost in unequwocal way (Flg 9B) |
'_ 25 (8,{11}, 8)-Recogmt10n is substantlally equwalent to the compete recogmtxon _ -
- | | of 27-mers. Although only 16 nucleondes are recogmzed by each assay element ie.,
.- each partxcular spacer molecule havmg 8-mer s:deaxms, this recogmtlon pattern
.' _prov1des more informatien than _reeogmzmg 16-mer s_trands of the DNA. This is
illustrated in Figs. 12 and 13, wheie for simplicity, a comparison (4,4)- and (4,{5}4)-
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ot her sequences [err] or [err] occurs only once. Thus, it i t to
find out i VQ %‘?quence [err] or [err]isin a partlcul ar - chrormgsg%ﬁﬁ-_
I nmedi atel y it can 10. be deduced which of the others is also in this
chrompsonme. The nethod that is used will find out both si rrultaneously SO
that the other can be used as-a double check. The total |ength of:
_stationary ol |1gcogmﬂ1mismdedsnssah@uhrdplbelﬁﬁc@®m&meemqudw deprs fratise in eget a
“uni que sequence Wit hout branching points. Because this is pracH&call -

i mpossi bl e, ot BNA, ig:.heiFig gm0 aéems@eovmsmesmmﬂ Co
Somsl ot 6 M xt AHEBHORDYS e Wa'%hm%# gxensé”ﬂf;kié}aé% G e%sz%lsa that
Chest i ar 22% enggeasepul; Thids BEaRedF b%?ci‘”%%%?@%e'c‘%ﬁﬁsiéfzaﬁ%ﬁe°“t °
gﬁm‘): glt 2n'[n spac &% ﬁ&?%}l?éﬂ%ﬁc @T%ﬁe%gwwzgﬂ%ﬁgﬁﬁeingt ﬂl%l gation all -

other ones 20 g %eraﬁWeeéTéG%\hegch‘?w ey A Y&REh#Y; inlalsinMlad matdler, knOwWn |

whi ch 11-ner us I S space, erm nal” 8-ners will be known. In
Fig. 9 is showpnd&huld @Rq8H2 dpsﬁle&giﬂﬁudﬁtmeﬁmng ADY-njep 36dnkdne without the
hybrldlzatlons i.e. shifted by 1, 2 etc. nucleotides, ‘are observed..
The -conbi nat i onsensf (8/8%-sexofhnition, aﬂthalgh oencmnmangluse of mthistgirefarable tdebtwethehe
sequence al nost in unequivocal way (Fig.” 9B). (8,
{11}, 8) - Recognmosmmamls&bslpamblal |y equi val ent to the conpéte recognition
of 27-ners. Although only 16 nucl eoti des are r ‘(;Fosg |z d by each’ ass_a\g/
element, il@. , eachlppmetice,sexerakbigreompash digks %cq%Ph?lsB@éﬁnﬁ’é‘ °fhi's

[ecogniiTo " EZ“ iogetoR 18 § Brefeiie bR BRe %r” bakt oSl iy b fp's-
~sinpliei ty, a &%?Bﬂé&@%ﬁo&é‘e é&ean? %ng%et{;ehnégﬁh ofjt?e two enﬁ@o?ﬂe%égc’éﬁ '

'PCT/ US9/ 03362 recog as an exa a certarn -
~ Sequence: 0CCUT $djdhufeardthd !Slea@yésuee Al os‘siblé)seqﬁéﬂ:es dPthe BWRerdllighhitddrides
overall . sequences are possible- meve? I n an anal ogous case, (A4 + A4) as
i 11ustrated inafd @predehted i thébdidehims. e’cmmcitidmrbfreadwﬂmpmluamm gaip of
result. This is because the subsequences preceding and follow ng the 5
degener acylﬁomsequencﬁsrattmhedmtherspaaenmo(eaubepnﬂlmirﬁaﬁﬁlsldgteml@? lithe. | the
TATT -

manufacturing process S0 that the presence or absence of any partlcular sequence can
| be detected In practxce, each disk may contam known subsets of all p0551ble |
| _'sequences in order to have a blo-compact disk of reasonable size that can be uuhzed :
thh commonly available mstrumentatlon Prior to contacting the assay element, ie.,
| 20  the surface having the above-descnbed spacer molecules attached at the |
- predetermxned locations, a mixture of _s_oluble 11-mer ohgonucleondes having all
 possible sequences is added to the' sample to be tested, and the resultant solution is
apphed to the surface of the blo-compact dlsks Respectlve sequences of the sample
_ ohgonucleotlde fragment bind to complementary sequences on the spacer molecules
""25  and the bound segments are hgated The respectlve sequences are then determined as
~ has been described prevxously For economy and time efﬁ01enc1es, the foregomg
' method can be repeated in parallel for all 27-mer segments. The collectlon of
mformatxon from the 27-mer segments is then utilized to determine the enure

: sequence of the g_enome_ by known met_hods. While the above desc_nptlon is directed - B
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sequence angyd bgi7a3gsc sequence, respectively. Accordingly, inparaissibsez
mannér, -one could use (8,{11),8)-recognition for sequencing a 27-ner =
segnment w thout the use of (8,8)-recognition, although conconitant use of
both is preferable to obtain the nost certain results possible. 10.

| tice, | bi.0scompact di sks. sed for t | et
of [he genome. PG BRIRE DD anBeRaaon: HRaeneE b PR P B (B e e~
ith-two 8- j | ' ' : : . [ & _ end '
L O ooreoPbb AN SRS llican TR p 350 PEYEERE SRS sl B>
8- mer ol 1 gonucl £90i06 ma SavERESRR} 696'aRd (PRY) dR3NBPexcdlF3d MRS Of
each of the possrb1 e. 8- ner pal-lg.of 15 sequences attached to'the spacer

nol ecul es on t haivattageisly 60. 6l QeReralffiprefericd ehatyred el 41 iph BeBiRe BeSsoRidld hat
the presence or absence of any particular sequence can be detected. In . '
practice, . edch diginueagtideqgrdi (q) sivakhbssdstwnglydiouad khapitisnhdtl detaghed oaake i N
order.to have a bio-conpact disk of reasonabl e size that can be utilized
wi.th commonl y asamplebligonudsotiderhming hybridizatidnowith statanarppiobesyptand rhdtsiay
element, i.e., 20  the surface_ having the above-described spacer nol ecul es
attached at t hereghigekthat g pe Thisgnsyt 2lsmbe agcomplishadbygmsingsoms seluble ner

L S U bl A SR R b 1
bi o- conpact disks. Respective sequences of the.s .e oligonucleotide .
ragmant bi nd +SRRENG: EHERTF o S ieRaetme R § M RSt

t he bound. s hearesnect | are Aot
dotermined 2o nagWERrok MR repl il SIRERA RIS BEMER EATTRG Vel e
efficiencies, t&RidiayagQk ame%h&n@beﬁﬁdbfodgep@a%eeghdﬂgmgﬁ'l for all
27-mer segnents. The collection of information Tromthe 27-mer segnments is
then utilized to detBomsnil gehemesurid for segeusingeindfviddabhgnaogeedyr fioapdlof
met hods. Wi le the above description is directed -20 - WO 98/ 37238
PCT/ US98/ 03362 ganes pe1rsé, anl (=89 {siadeq@ite.nby thiseassprietdiskis endughrfor thed i s
applicable to (p,{q}.r)-mer recognition in general, wherein where p, g and
r are integers ¥PRRAME from the integers 4-10,000, nost advantageously.
6- 26 and (p1+5q'+r) doe’_f not exceed 30,000, nmost . el N

o R . 0 measure repeat sequences’ that comprise a large part of the human genome,

2 p.qandr fnay be very large, about 10_0—10,000. Centrifugal or electromagnétic force
'. may be:lused to measure the binding- sirengﬂl._ Ligation xﬁé,y be used optionally to |
| chgck the presence or absence-bf gaps m the double helix. |
Gene ekpression le.ve.ls-"may be measured by tlus systerh. Often it 1s prefér_ablé |
. 20 | to-use verj large ﬁ'agménts fo_r' reéogrﬁtiézi, Thls savés space. Mlsmatchmg isnota |
 serious problem in the study bf gene ekpreésion and thus, use of smaller pro.bé

oligonucleotides does not provide a great advantage.
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dvantageousl Is generally preferred t hat p =r and use
the soIublé”ggmgﬁppgonucleotlde ‘probe (qg) should be so strongF%"ﬁbﬁéﬁaﬁhat
it is not detached fromthe sanple ol i gonucl eotide during hybridization _
with stationary probes (p and 1), it is required that q > p. This may al so
be acconplished by using sonme sol ubl e ol'i gonucl eotide anal ogs, such as
peptide ol i gonucl eoti des, which hybridize very strongly. To achieve a
const ant t enpeFRACTIONATION OF BHESAMPLE shoul d be equal . 10  However,
for, the same reason _the oligonucteotide probes containing very little
cytidine or guani di féestpplegonteininairligooneeotidedragmentsipayisappiehdirasdy omts -

smal | genones and f uenC|n I ndi vi dual nes genes
p =r =7, and fﬁbe:slrtoagsa Lt ﬁPWeYeﬁa lslscpasferagﬁzfﬂﬁqﬁ%w eﬁ%gﬁgwﬁl &th
sequenci ng. 15

_ ..~ To su eat uences orls .a _lar

part of the hurlr%afl“é‘eon‘beﬁ'é“n%‘%alass ﬁ@%? etl ad’go o
Centrlfugal or ggasﬂl '
~strength. Li gattiﬁ)éoﬁeya e @éleegsx%%flﬁgandwlﬁf f‘ﬁﬁﬂgﬁﬁ? p%@géi%ce orghtﬂ sence

of gaps in the gaubhgy B ¢ EXRERRSH ERE Qﬁnmagg doy this
system Oten it is prefﬂgﬁl)al&e?% Fg use ver;lﬁl(arge ragment s fcl?ﬂé
recognition. ler(speﬂgves space. Msmatching is not a serious problemin-the
study of gene expression and thus, ~use of snaller probe oligonucl eotides
does not provide a Msaiatcadigambﬂgﬁthe ibrst problen(3 iARKSTRDE cllgonucleotlde arrays.
'PCT/ US98/ 03362 ' FRACTI ONATI ON OF THE SAMPLE The sanpl e containing - '
ol i gonucl eot i dMﬁm@hmlsmmyﬂmemm@gpMWpdmﬂm differ enly fmene of the

‘BCD. However Eeeeferabl e that the sanple is fragtionated at |east
i nto certailfl sau&leas Despite this masyiobiemisle 9eﬁ‘§aﬁsc?€eafabE€%e‘l)?ﬁlBata certain

area on 5 - the BED surface incteasin he obablllt f bridization
“and decreasing ¥ B, Ag ol %#FE V"Pﬁ& ‘leac/ng gﬁi‘ﬁ?‘?@ﬁ“ B%d the.
BCD patterning ﬁ&d&%%ﬂ%ﬁr@%e% lﬁl 8fll4e5all§§sc$}ldf‘§achﬁn£ﬁﬁ s%texlr?&al!‘@&n%lm
problenms in th se of © onuc e arr

: ' : anohgonucleoude subclass in which all oligonucleotides are d1ﬁ‘erent1nat least two

. base pairs. This procedure may be extended to create a subarray, where each
N 15 oligonucleotide has at least three dxfferent nucleotxdes when compared w1th any other -
S _ohgonucleoude in that subarray "
To guarantee thatina certam subclass of olxgonucleotlde n-mers each .
-ohgonucleotxde differs from any other by at least two nucleotldes, this subclass should
_ “be constructed by choosing n/2 quartets of dimeric oh_gonucleotldes from ’_I_‘_able 5. 1t
20 s supposed ‘that n is divisible by 2. As ,en'ej:ampl'e;'a-stchl_a'ss of tetrameric |
_. ollgonucleotides (n¥4)_is generated by choosiné two _(4/2¥2) quartets of dimers, for
example, quartets 1. and 3. Six'.t.een't'etrameric oligonucleotides may Be_ generate'd by
combinlng one dimer from Quartet 1 with another dimer from quartet 3. These sixteea
' tetramers are shown in Tal)'le. 6. The t_eu'aruers in one row differ by two nucleotides,
25 asdo tlle tetramers in one column;. Two tetramers taken from two diff‘erent rcws and -
| columns dlffer by four nucleotldes All together sixteen subclasses of tetramenc
: ohgonucleoudes may be generated by using Table 5. Each subclass contains sxxteen
| oligonucleotides and thus all 256 (16 x 16 =256) tetramenc ohgonucleotldes will be
, generated and each is a member of one and only one _subclass “Similarly, all - |
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M srat chr ng“@ z{B’r‘iis f requent bet ween ol i gonucl eotides that di l)&?ﬁrsﬁrﬂés%si n
one 10 - nucl eoti de. Despite this, many oli gonucl eotide arrays are

fabri. cat ed so that nei ghborl ng oli gonucl eotide ‘$i-t'es di ffer only by one
nucl eoti de. The fol | ow ng procedure al l ows the fabrication of the arrays _
and fractionation systems that contain an_oligonucleotide subclass in. which
al | ol i gonucl eSligemisclestide nimers (whare pijis exen) E‘&¥g e dijpidediuto syhelasses. Thhesnumber

D Paonie ot Ot ISRS L el Subei P Ryel BES 50 B s hanita i o1

any “ot her ol 99 %hggtlde in that subarray To guarantee that in a certain
subclass. of oli g eoti'de n-mers each oligonucl eotide differs from any

other by at |east t 451‘?19 &FJCE ﬂ%&ﬁ?f;m&fp &.@% Eélgld by'
choosing n/ 2 quartelﬁlgl Q:Pﬁ rr{éérulggfg%l gg(?rlﬁc eql es from & é&lcg
supposed t hat '%ntﬁsﬂllthﬁhtlﬂxﬁorpthegemﬁssyﬁﬂleﬁsmhﬁ?b@p&t‘f&%ﬁﬁﬁtﬂ?m&@&rﬁ “C
ol i gonucl eotides (n=4) is generated by choosing two (4/2=2) quartets o

dimers, for. exalifpksc, ef&lﬁﬁéledtﬁeﬂeﬂ%v%saﬁydeﬁ&l’be&elséﬁml Howlevgpdingdreot i des
may be generated by conbining one:direr fromguartet 1 with another dimer -

from quart et 3prd'hdeﬂ:esmostpmnuea%mrfmr&eaymheslxnﬁnhem@alﬂbsgﬁedﬁﬁhg'faﬂeﬁrrers
in one row differ by two nucleotides, 25 .. as do the tetraners in one -

col utm. Two tet ramrﬁqsammcmgmmdadmomm(ﬁ#)emrs(&dlt}r,@r by

four nucl eotides. Al] together sixteen subclasses of tetraneric

“ol'i gonucl.eot i dé'ECWOBé’fg@r@FM%y’ f theserg Thesampleo 1@&’@#'3%&?&%55%@% ai ns

t | t d 16 .=256) t et . |
3: f(ggﬁscl)eg i d I "3‘@@?@5&%8“3??85 %?8?\8??’ ?‘Wﬁ%é"rq o éﬁﬁ fy one
‘subcl ass. Sim qu hXh o% leotg » Each\gpth%gc% %%bél?agses is further ionated into,256

PCT/ US98/ 03362 o |go e n-ners re nis even) nay be divided into
subcl asses. Theuaaat%et bésl: oR e aéxaeoreaa 6“%%5 &leé’dlté qaﬁtt a&egétﬁernﬂ (65, saa)l
oligonucleotides, i.e., the total is.4[err] as.it shoul ’d bé.

construction ofsubtlagesaelobfiinede PackBf thede SubivldisePEcntiins ﬁr(B)S)@ligﬁlﬂmedﬁhe 5
and i no limtation on the actual synthesis that may be perforned using

nmonomeri-c, di meraiss, Oetseubclassmht:om ablexti02 mwes 028 nirs oddlsrBCDed el sewher e.
: Hovvev er d 1r§er 5 In order to get 43 subclasses on thelr proper sites on the dtsk the sample must
be fractlonated This task can also be performed by a closed BCD QDlsklab) asis
_descnb_ed in the followmg for the (4,4)-recogmt10n case._ Short ohgonucle_otlde_s are
‘used as an example to simp'l_ify.'ﬁ.g_ures._ Now both the first and SeCOnd'recogrxltion |
. ollgonucleotides can be divided into 4* (=16) subclasses, i.c., there are 16x 16 (—.256)-'
.20 combmatlons This example can be generahzed in an obvious way to longer '
o ohgonucleotxdes | 5 | | o .

The fractlonanon drsk consists of two separate dlsks whxch are clamped
together so that they can be detached when needed. The overall structure of the other
half is depxcted in Fig. 14 A The structure of the dlSk is descnbed starting from

S 2;5' inside and movmg outward The smallest cxrcle in the center is a hole that is optlonal
- for handlmg and rotating. The unstructured area between two c1rc_les isa contame_r_ for
- an elution buffer. The area that ls.dlvided into sixteen comp'art_rnent.s.by partral double

walls is a circular fractionation ‘colu_mn’.' The first fractionation is performed in this
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provi de t he. rmst ractrcal way for the synt hesis of the arrays d
- usi ng ‘Tabl ewﬁ) Sequencing i.s perforned advant ageously by ’ﬁ%‘s&g?%)

or (8,{11},8)- recognition or the conbination of these. The sarrple :
oligonucl eotides may be first 10 “fractionated into 4[err] (256) subclasses
based on the 8-neric sequence in the 3'-end of each oligonucleotide. Each
of these subcl q&steﬁhe%n&tﬁhkbﬁﬂ chagifels mapbedsedih thedecordbrtiogdion sktpse on t he
5'-end of each oligonucleotide. Thus, altogether 4[err] (65 536) subclasses
‘ar e, obt ai ned. E&uﬂl}othdmuecmdbohmspmetensasmo&pﬁcot}vaste

(8, 8) ol i gonucl eotide pairs. One subclass will cover about 25 mm X 0 25

mmon the BCD. 15 Ontop ofithe fnstidisk isplaged aspeand)disk (Big. Aé@ééhasrsqont@rimﬁr oper
sites on the disk the,sanmpl e, nust be fractrondtoed Thi,s,.task can, al sp be '

pﬁrfor med by a %%@I@ewlmdew@hsswotba%ef B e mbralhrs ;PWF’GWC sr-*o'lr

4 4) -
tffs.(npr :)f;%?gai‘#»s' °W§<&pﬁ§h&c‘éh¢:&r 5 Bt 5T PE Gk RY o B 2P ©
orelsaus oot %%%%%ﬁ #ﬁa{ﬂ%ﬂ%"w@#ﬁr échaxﬁnae#p%ﬁ%%%* st e Basalgere
obvious way to thoNEekifthy E%Lgﬁ%%n ﬁtﬁafef&%k&ﬁﬂéémnﬁée%'% opdeg! sts of

two separate disks whi c1 are cl anpe er so that they. can be detached

when needed. Thehafingds,adHickbdre Hokd!s &@r@naﬁl? callddapiliatiés, whehl 84 GisRelart Blafped 14 |

A. The structure of the disk is scri bed startrngfrom25 i nsi-de and
nmovi ng out war d. togdsthexsrﬁg 11497 depiidts b eopview bfthe epératioriat disk hOhly érieaiubélass zone
optional for handling and rotating. ‘The unstructured area between two
circles is & coashowrto provideclagty.Thisizdnefas do all Dither fifteen zdnss initersett ol diatbeit nt 0
sr xt een corrpartrrenis byefartr al double walls:is a circular fracti-onation. '
“col urm' . The f$aptiaries.afltoasther thefe 318 256 intersertions i thisiegnhodiment of thap 98/ 37238
- PCT/ US98/ 03362 part,. The sixteen spiral channels may be used in the second .
fractionation. s gpntlogr nal |y, the unstructured outer perimeter is used to

Il On 4 B) -
tC '(rjlat efts \(/:vgzt gd Wi tthois)lrlx‘{egen *rogﬁ\eu@#f&?{%g%s%@gasse%@%%@ h‘? %’:sm )
the spiralline &e%sbg rnqhaerweaﬂg,l. mam&mmemkée&bﬁme&m&&%asay

col l ector disk. col I ector may be flat or -
15 packed solid support coated with certain subclass of 8-menc ohgonucleotxdes One 4-

-meric end, for example 3’-end, of these ohgonucleotxdes is formed according to Table
: 5 . The other 4—mé‘ric_ end (5 ’Qend) eentains all possible 4-meric eombihations. Each
. of the sixteen 4-meric 3’-end sribclaéses oecurs in one and only in one chamber. The .
sanrple is circulated in an optinral téinper’atme by pumping. The pump may be
20  external or internal. After an equiﬁbrium is reached, the unbound saniple is removed -
anc_l the solid support is. washed to'_r.emove'unbound' and loosely bound
oligonucleotides. The disk is heated, for example, by IR-radiation to denature the
hybridized oligonucleotides, and rOiat'ed very fast, for example 200 - 50,000 rpm, so
that the valves are opened due to centrifugal foree. The fractionation unit can also be
25 a module that can be rotéte'd relative to the rest of the disk so that all 32 valves will |
open simultaneously. In this case the QalVes can be simply holes that are covered in
one position and are open in another posiﬁon. Elution buffer 'w._ill carry the denatured
_'oliéonucleotides into the capillaries each ef which have sixteen 8-me;i¢

_oligonucleotide subclasses zonewise in ﬂle_ir one wall. In this case each 8-meric
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- mechani cal |, ;@i,% ggned. In any case the channel:s-in the firspogivibsssdss be
seal ed so Jt“)r%t ‘the eluting buffer and DNA fragnents are. not ggg}ﬁ%gsé%% -
between covered channel s, which are nore appropriately called capillaries,
when two di sks are cl anped together, Fig. 14 C depicts a topview of the |
operational disk. Only one sub¥lass zone 10 is shown to provide-clarity.
This zone as o®bglaps iscpmpletly farmed aeneeding t e Jable 53| Thus; sach efithespiteana i es.

Al together thefe are i.ntersections jn this . enmbqgi ment of . the invention. .
The central paﬁ??twwﬁzgaﬁg&wf %dteé%?é!’ﬁt&en?i?@“%sr esq alf fractionmpayhe onat i on
zone i s -depi ct in.mpre detail i.n Fig. 15 FEach of the gixteen chanbers
contains | oo'se?‘}%cli%d%-m celoy @%@aﬁaéﬁm%siﬁw-#Pﬁ%Mai n- subcl ass of
8-neric oligonucl eoty £Lne. 4 I;IE 1% GRS of tha" .a- 8 «cend, hese
‘ol i gonucl eoti des i 2@%‘?‘%@%@%@}# ngeht%gﬂggf{}e@ge%ﬁgﬂg?ﬁgrm éjrl]%%art%negnd .
(5' -end) cont aiditogd 1'-pq'ﬁé}ésbﬁﬁ6ﬁmkse§eﬁah @lsk 39 SencAG bstinot Aeedailygen
~4-neric 3-end subc%%gg)s{es. occurs I n.one and o%lyS i né%nr?e chamglgr. 'ie'he'- sanpl e
i 5. circul at ed mackBighér thidin the 65k disk, by punpi ng.” The punp nmay be 20
.external or internal. After an equilibriumis reached, the unbound sanple.
is renoved and the The putpsseufatiis fiastionatioe thethadrietnsonceriatexight &imd dfoosel y- .
bound ol i gonucl.eot’i des. The di sk is heated, for exanple, by IR-radiation to
denat ur e t he hseguenties eldsotoi thein cerhplementary, prabeiolignnucledtidesy Wsingsopstantr '

exanpl e 200 - 50,000 rpm. so that_ the val ves are opened due to centrifugal S

force: The fralengtypligoaycientides thiyfragtionation i Burtherimaprored. aany gasethismathads o

relative to. the rest of the disk spo t all .32, val.ves will, open - .
st mil t aneolfby vesty Thgrpases the eonirptegim ek e bt A FEpplepEnclpasitef hfre ghey can

- covered in on-ebggéLL on and are -open.in anot her position. Elution buffer

ki O |

“will carry the denatured oligonucleotides into-the capillaries each of.

1.

wall. In thi's case 8-neric -24 - WD 98/ 372

whi.ch have sixteen. _gggﬁrthﬁ irWéhﬂ&(‘H&'lﬁ@ﬁh%ﬁEMﬁ%&ﬁG&ﬁ%'ﬁﬁcfﬂ% .t hei. r o_ne

PCT/ US98/:03362embbdilRas, it & wideitoddehat micdifildioac tefato agl duivaatskad e 5.

- Thus, each of the sixteen fractions wll be further divided into sixteen
fractions. Thesariations fhesof wilh berappaomt & orecskiltedvin the arbandcayé igerided talbsind hat
is separated fromthe other disk. ' ' _' S

are included within the scope of the clmms appended hexfe‘to—.. '

o o-2s-



The coIIector disk is placed on top of the se uenci ng dISk t
- . patterned wowa?ﬂogougl y. The resolution in '?he sequenci ng ‘E’?‘ts’ﬁéﬁ"”’“’
’generally, but not necessarlly, much. hlgher than in the collector disk. The
purpose of this fractionation nethod is to concentrate right kind of
sequences close to their conplenentary pr:obe ollgonucleotldes Usi ng
constant |ength oligonucleotides this fractionation is further i mproved. In
any case this nethod 10 vastly increases the concentration of the tight
kind of .oligonucl eoti des where they can be detected. Wile this invention
“has been described with respect to. sone specific enbodinents, it is
under st ood that nodifications thereto and éﬁhﬁ&hlents and vari ations
thereof will be apparent to one skilled in the art d are i nt ended. t 0
and 15 areincluded within the scope of t Ial g‘?"ﬂ %?%eachZS -
Fal ngf ohg

WD 98/ 37238 Weight of all n-mers 888/ 03362
- Tabl € 1 Average no. of copi es of each 5 L Vi ght of all

n-mers (my) . oligonucleotide in 1? rrers . axyqt - 34.3 %

10[ err] %Kg’ o 3*10[err4gg . S 3*10 33 2*10[err]

3*10[err] 26 nRd-mers o 352*1110[err] - o 3M0 180 10

28-ners - 0.86 57%10% B 180 31-nmers.

71.3 15 TabI e %%« eﬁ1e probability of not findi ng at all- ﬁr finding: once

twice or thee2d s a given n-- rrepsén- 14, 16, 17, 18 or'19) in a -

chronosone. 203L4nd#®r - 16-ner 713 17-mer .18 mer - 1 9-ner p(O)

0.393 ~ 0.943. - 0.986 __0 996 Q.999_= o o _

15
TablezA

The probabﬂlty of not fmdmg at all or finding once, twice or three times a ngen n-.
. mer (n— 14,16,17,18 or 19) in achromosome o _

_'14—met  16mer  17-mer  18mer  19-mer
p(0) . 0393 0943 098 0996 099
o 0.366 554107 . 14¥10°  3.6%10° . 9.1%10%
25 p@) - 0173 - 16*10%. | 1.0*10*  6.6*10°  4.1*107
p3) 0050 3.1%10° 51*107 . 8.0%10°  13*107°
Lp23)y 0397 28%107  73*10°  18%10°  46*10%
p(L3) ) SRR
Totalmo.of 60*10° ~ 7.0%10°  18%10°  045¥10° ~ 0.11%10°
30 - oligonucleotides o . - : - :
_havingfreq.>l
35
Table 2B.

.26



"1.4*10[ err]

3. 6* IOFEUSISIIIEL
1. 6% 10[err] '

i 5*10 err] .
1*1o[err‘}"°_z‘_’§g%6( 2) 0. [173 ] -

. 1. 0*10[ err]

' 6_6_*10[err] 1*10[err] .p(3) 0.050° .. - 3.1*10[err] '
5.1%10[err] 8. 0%*10[err] - 1.3*10[&err] 2(2.3) 0. 397

2.8*10[err] ~  7.3*10[err] ~ 1.8*10[erfr] 6*10[ e %r ( t no.
‘of  60*10[ er r | The proba ty@[fﬁnﬂpgonce,WfaFEF??mesaé“’&é*‘fﬁ P ]1503")1 59 ﬁ
0.11*10[err] 3% 28)é& * QUAMOSABE-| des haV| ng freq >1 35 Table 2B. -26- WO

198/ 37238 - _ PCT/'US98/ 03362 |

'_The probab| lity of findi IIgpce tz\!_ﬁ@ror thrzgm‘er mes Z-meven n-2femefn=. 20,

- 21,.22, 24 r 2@ inac Qfﬂ).some a®frer go*107  22-35¥107 '

24-mer % _ %ﬂO[err *10‘° 5. jglﬁ{wrr] 0*10¢
339*11

1.4*10[err P(Zé 9*10 e rr £10] e —_

1. 6’,‘-10{er-r} p(3) 1.0* [10¥Q 19 er]r] F 0[&?21&;)(3% ‘551‘10 B
- 2.0%10[err] | M*lO[el’l[.]l*].O" 42.8* 1 err] Wz + 1044719 B er
p(2.3) O[err] 2.8*10[err] 7 1*10[err] 4. 4*10[ err]
1. 7*10[errl p(E 10 Total of - 8*10[err] 7.1*10[err] - S L
-10[err] :

r on des. fr >1 15 l e 3.
| ipor t ant factg‘°§’6n° of 2§31(%1|g Vgll*?@tl Ra¥ii00 1 ef b

e chronbsone contai'ns on maxinmm 250 * - B
10[err] base p "ﬁgﬁpﬂf%sone 1) Nurber . of 400 [err]r‘r{err] dot s/ BCD is
"10[err] o

s . .
-  Table3.
Importantfacts ' _ |
20 One chromosome contains on maxlmum 250 * 10° base pairs (chromosome 1) -
ST Number of 400 pm” dots/BCD is 10s
AreaoftheBCD1542"‘104
25
. Tab1e4
Number of n-mers and the total area of biobits:
30. S S o Dotcontammgalln— _ _
o ' ' - P _ mersaleOum ; o o
n . Y _ ohgop1xels . Dots/BCD
4 256 o I
' ] S12¢4 - - . oy atnS
35 .6 4096 04mm* ~  10%10°
T 16100 Lémm? 0 25*10°
8 65*10° © 65mm’ - 62%10°
9 260%10° - 26mm* L6*10°-
10 CLO*MI0Y 100 mrs®
40 11 . 42*10° . 400 mm’
12  16.8*10° - 1.6*10° mm?
- 13 - 67.1*10° 6.4%10° mm®
14 - 268*10° 26*10° mm’
15 11%10° '
45 16

- 43*10°

o -27-



-Area of thg

the total area 8?§%
- Dot. containi'ng all
ol i-gopi xel s -
1024 35 6
1.0*10[err] 7

-2 5*10[err] 8
' 6.2*10[err]: 9
1.6*10[err] 10
all

16.8*10[err]
67.1*10[ errqg
-268*10[ err] _
1.1*10[err] 45 16

4 2* 10[err] nn{err]
i'obits. '

n- mers as 100[err]n{err] n-

_DOtS/BCD 4
' 4096
16*10[err]
65*10[.ery].
260*10 3
F°“li q‘?r%’[ @

1.6%10[ oFP cl%rﬁfs of ﬁlxg_ol_%ucleo
6.4*10[err] merr] 14
26*10[err] nn{err] 15 .

2. 4-3*10[egr]

25“Tab|e54;

-27-

Nunber gépasiESzand

- _ 4
2565
- 0.4 mierr]
. 1.6 mjerr]
6.5 mjerr]
26mmi err]

efic ohgonL.lgf’ecrﬁ.]ideS W %e us]ed I%Qorm@lf’ r] 40‘:_ |

4 WO 98/37238

l A
PCT/'US98/ 03362 Tabl e 5 Four quartets of dimeric ollgonucleotldes that can

be used to construct subcl assga of oligagucl eoti de& 5 1
' AT CC .

3. 4 AA

cT - A
15
20

AC AG
cc . e cT
. GG.. . GT  GA
CTT TA . TC .
Table 6

AT 2
- G
CA
. GC

TG

" One subclass. of sncteen tetrameric olxgonucleondes generated by usmg

quartets 1 and 3 from Table 5.

AAAG
act
AA-GA
e

- CC-AG
- ccCT
CCGA .
ccTC

.28

GG-AG
 GG-CT
| GGJh&'*

GG-TC

_TTJ“}
| TCT
- TT-GA
CTRTC



'TA“. 'Wo-ﬁ@gzs s mmmm’“lwllﬂfmg subcl ass of. Si xfggr?stgi?rsgzner.l.o."":.:'

ol'i gonucl eoti des- generat ed @Sl Rng quasrte*t s 1 and 3 from Table 5. 20
AA- AG ' CC- AG - GG AG TT- AG. AA- CT . CC-CT - o
GG CT TT-CT_AA-GA CC-GA 3 GG GA TTGAAA—TC
CC-TC : MMDJ!@ 28 - WD 98/37238 :
PCT/ US98/ 03362 WHAT IS CLAIMED IS: 1. A nethod of obt ai ni ng n- mer

I | eot f
Conaerar et & " B AR A Mo ARONE kRl daold GRiRLE
ol | eot attach d t th f f th
gulpggmjc ?(t;)lcj(ﬁlf,éan'f1 ?udefm eentggpma sugporta(r:egul t?ng ?rzlrjnrs?gg (()a) W|eth

t he sanpl e under C(’{Iasjltlﬁ ?%lgghgguﬂﬂaglﬁamglﬁlIgdsglgp,ruugbmédﬁqsnLo _
hybridi'ze with the conpl ementary n-ner -ol i gonucl eoti des on the solid

support; 16 . (¢) mers@fticked tohe shifacealfithe supppeey t resulting from step
(b) with a hydrolyzing agent; (d)  separating the unbound oligonucleotides
fromthe hybridi zedb)l i hmpthedehd an:pd_rt(res)ulnngl&omtsmpl(m)gmthﬂlehybrl di zed

n-ner ol i gonucl eoti des to obtain the 15
ol i gonucl-eotides of the samptﬁmdemmdetmsm%nawelsmﬂg@hg@@mgs r om the

- |ntegers 4- 10, 000, _nDst advant ageousl y 6-
_ . hybridize with the complementary n-mer ohgonucleotldes on

_ the sohd support, o _ o
. 10. o (c). . contactmg the sohd support resultmg from step (b) w1th a .

A . hydrolyzmg agent '

() _. separatmg the unbound ohgonucleotldes from the hybndxzed

| ohgonucleondes, and o "

- (e)  denaturing the hybndlzed n-mer ohgonucleotldes to obtain the-'
15 R - p-mer ohgonueleotu_les of the samp_le,. |
o -wherein n is an integer selected from_ the integers 4-10,000, most -

éduantageously 6-28.

2. A method of obtaining n-mer oﬁgonucleotides from a sample of
_ohgonucleoude ﬁ'agments compnsmg' | _ .' o ‘.
20 (@ contacting a solid support adapted to couple thh |
| ohgonucleotldes in the sample with at least a portxon of the _
_ sample, | S o I
(b)  contacting the SOIid support resulting from step (a) with .a':
" mixture of n'-mer'ol'igonucleotides fora tirne suﬂicient for the -
25 - - n-mer ohgonucleotxdes to hybndlze with the sample |
| o . ohgonucleotldes on the sohd support o |
i ) separatmg thehybndxzed n-mer ohgonucleotxdes from»{he
| unhybndlzed ohgonucleotldes

_._ 29-



. . A net bt ai ni n eot i des from a sari;@.rﬁ, '
oI i gonucl eo @Bg;gg rggment S ﬂmmmmm - (a) .contacting gl sofl d ... .-
support, adapted to couple @otides in the sanple, with at

| east a portion of the sample; (b) - contacting the solid support resul ting
fromstep (a) with a mxture of n-ner oligonucleotides for a tine -

~sufficient for the 8 denanmngthehybnmedm—mgodtgﬂnudmmbstqcbmnhedl ze with

‘the sanple oli gonucl eotides on the 'solid support; (c) separating the
hyhri di zed n-nmer ol | gonu@t%tqhﬂ@%uqiﬂmﬁtﬁét%ﬁH%Plleaieé@ﬁ"@I BWFE| eot i des;
- 29- WD 98/ 37238

PCT/ US98/ 03362 (d) den&t‘@?’}“ﬁ{?@%lﬂyﬁr*ﬂ’ﬂ%d n-mer ol i gontcl eoti des to

obtai-n the n- mey ucI t|d re con
"ol i gonucl eot i des epélﬁgg %ﬁ %&Bﬁ thgqﬁhel%g gteaﬂg%{%opﬁﬁ] t he

i ntegers 4-40, 990, nost advant ageously 6- 5 28. 3. A met hod of :

obt ai ning n=ner ol i gonucl eotides froma sarrpl e containi ng oligonucleoti de _
fragnents conprising: (a) contacting a solid support having-bound thereon
a plurality of 3s a”D'Aﬁm@ﬂxbﬂ%ﬂU&hﬁﬁ{g fithef bREHIRETESdYs ffonfa BAniple tontathing
plurality 10 - first k-mer-oligonucl eotides, each being
Wi t hout a freeohgdmhphd@ﬁagtﬁeﬁcéthsmgend thereof, and a plurality -of
~.second m ner oligonucl eotides, each being w thout a free phosphate group at
the 5'-end thereof; @b) comtaqmglang:hdlsupﬁonrlwmrhwuaémndplgtaht}'cnfeot|des
hybridized with 15 . the_sanpl e oligonucleotides on the solid
support resu| ting from Sp@ppl@g}lgonucleonde fragmentsvnthamlxtureofaplurahty _

- -_'~ 10 ' of first k-mer oligonucleotides, each being without a free o
| | hydroxyl group at the 3"-end thereof, and a plurahty of second. o
m-mei oligonucle'otides, each being without a free phosphate |
~ group at the 5'-end thereof; | .
. (b) 'ligating the first and second eligdnucleotides hybridized w1th
15 o the sample.oligonuel'ebtid_es on the solid support resulting ﬁont_
| step (a); | | | .'
(¢) removing the uniigated oligonucleotides from the solid euppon;
i _ _ o
| (d)  denaturing the hybridized n-mer oligonucleotides remaining on
20 | | the solid support to obtam the n-mer oligbhucleotides that are.
B complementary to the n-mer ohgonucleotldes that are present m
_ - the sample _ |
wherein k and m are each an mteger selected from the 1ntegers 4-10 000, most

- advantageously 6-28 with the provnso that k+m-'n

25 4. A method of obtaxmng n-mer ohgonucleotxdes from a sample contammg
ohgonucleotlde fragments compnsmg
- (@) - contactinga sohd support havmg bound thereto a plurahty of

- ohgonucleotlde_s_ from the sample with a mixture of a plurality

- -30-



(c) - renmowamgssiss unl i-gat es from t he sol i dPGmmsw0336ﬁnd I
(d) . denaturing the hybr|Imuucullﬁlmmmmllgnucl eoti des remaining on 20 = -
the-solid support to. obtairftlie h-ntr ®ligonucl eoti des that are -

conpl enentary to_the n-ner oligonucleotides that are present in t he sarrpl e; .

e ey o &S A bR SRR LA DRebBREBRYS o 1 000,
‘of obtaining n-ner ol i gopyeheod Lies -edcf()H}aﬁ:IﬁﬁSIBl'FMcPHléé’da sﬂgucf support

ol igonucl eoti de fragrrent S conpri sing cont act

havi ng bound thereto a FléaUliﬁlmh%llgdﬂ;k%g%ﬁld&thbﬂgl%uph@ﬂﬁbbhﬁn&ﬁl@' ewtha -

m xture of a plurality -30-
PCT/ US98/ 03362 .of h- ner. ﬁmgamupﬁmpnﬂegm&pﬁadhqﬂmmyaofgkmphate group at

both the 3' and 5'-end, a plurality of -ner oligonucleotides each having a

-hydroxyl, &mino or thi oIolggonuq:ieotideshavmgahyldtoayll;iammctca'rtlmhgloupkrmhphate _
group, and a plurality of j-mer 5 - : ollgonucleotldes havi-ng a -
‘hydr oxyI am no or thi oISMdmtcman@tha@mom termnal phosphate

group; (b) chem cal ly or enzymatically.| |i;at| ng, the oli gonucl eotides =
hybri di zed with the(®3 an’p‘F migal ’g{dl’i&ch 1 ?lheg liganyclgotidesr t resul ting

fromstep (a); 10 Vi n unI ed 0 cl eotides . -
fromthe solid support. @%hgﬁqeﬁd"&p% gg nuc A’eg‘glét uring the .
hybr i. di zed n-mer. ol i.gonu ggﬁ q_:goq! on the soI id support to obtain- '

the n-mer ol igonucl eotldéélgs?‘{% are rrpgwleggraght ary to the n-ner .

ol i gonucl eﬂl I des prﬁﬁentreh{ovldﬁhéﬁnhgated ohgonucleotlde§ﬁgﬂltﬁe solid support

L

|  resulting from step (b); and | -
{d) - .denatunng the hybndlzed n-mer ohgonucleotxdes remammg on
| |  the solid support to obtaln the n—mer ohgonucleotldes that are
complementary to the n-mer ohgonucleotldes present inthe
'1_5:' O sample; S
-  viherein h, iand j are each an mteger selected from the mtegers 4—10 000 most |

| advantageously 6-28 w1th the prowso that h +iH= n.

5. An assay element compnsmg. _- o
| o a substrate havmg a surface mcludmg a plurahty of dlscrete areas on the
26 | surface adapted to attach toa spacer molecule, _
| . a plurahty of spacer molecules attached at a first end to sald surface in each of .
the discrete areas, each of said spacer molecules adapted to being attached at its
second end toa metalhc surface or a label, each of sa1d spacer molecules having a site
| between its ﬁrst end and its second end capable of bemg cleaved _
25 : | a ﬁrst n-mer ohgonucleotrde havmg a ﬁrst sequence attached to substantlally
all of the spacer molecules between the cleavage szte and the first end of the spacer
| molecule and _ _ | |
a second m-mer ohgonucleotrde having: a second sequence attached to '
' substa.ntrally all of the spacer molecules; | |
231




V\,herer n h,_i_andj are ea ected fromthe |nt 000
nost advanw 6- 28, mumwm”mgo that h + i + ﬁﬁs;h/é%
~assay el enent . corrprr sing a subs"t rdteshaving a surface [ ncI udi ng a pl uraI [ ty
of discrete areas on the 20 surface adapted to attach to a spacer

nol ecul e; a plurality of spacer nolecules attached at a first end to said .
surface in eacthenéintiandah aerintegerasederted foam thevitegersd- H0A0 moso| ecul es
adapted to bei ng attached at its second end to a netallic surface or a-
label , each ofadvantageopsly@r28ivl ecul es' having a site between its first end
and |ts second end capabl e of being cleaved; 25 ' a first n-nmer _
ol i gonucl eotrd having a first seq ce attac substanti al | of

t he spacer cul &3 Tisthadeaf determainmg 95‘?‘5@“%‘?%‘3}&%‘ THE PRt °g t he

spacer nol ecul e Peg 3 s.econd .mer_ol 1 gonuc .ot ide having a second -
sequence at t achERf E?Blslggfﬁs ‘?9S§PP° POPHE 8 pacer nol ecul es; -31-. WO

98/ 37238 e i nte ers
selected f rom t he |(nt egerogtaﬁn%angaggz(y %‘Q%gvaaﬁti\%g{e%%&fﬂngpgéﬂéé g
met hod of determi ning t hgnsegy anfunicRgvm (PR 5m§egg@§gmgfa€edgene -

suspected of being present I'n a sanpl e conprising _
contacting an assay el erfﬁagssyyérgmgﬁtﬂae&gtamaﬂd@]u@ﬁtya)fgpme sol ution
cont ai ni ng..an unknown (p+r)-mer segnent of a gene, the assay el ement having
~a surface and plurality mbleafjiestunded the siufacepihe spacepmbleculeshdvimga t he
spacer nol ecul es having a first end bound to the surface and a second end
bound to a 10 ' first endrbound tocthe swrfase @ndp second ped bound ta ac| eavage site

i ntermedi an ‘the first and second ends, the spacer nplecul es further having.

a first p-Yer oligonucl éB?@@éSW%@ﬁédaheh%@e%@EW% ipedbeige site -
and the first end and a érgCOGSecoanends thespacermoleculesfm'therhawnga '

 first p-mer ohgonucleotlde attached thereto between the
cleavage site and the ﬁrst end and a second r-mer
ohgonucleotxde attached thereto between the cleavage site and
15 - the second end, the combination of p-mers and r-mers including .
all combinations cf cligonucleoﬁde sequences ofa p—_mér and r-
mer oltgonucleoﬁde, or, optionally, a subset of all sh_ch
combinations, each particular combination of sequences of the
p-mer and r-mer o.ligcnucleotides being ata predetermine_d
.20 _ '_ ' Jocation on the surface; | | _
| b detectmg the presence or absence ofa partlcular sequence |
. combmatton of the hybndlzed ohgonucleotldes at eacn
-.-.qptedetennmed locatxo&en-the surface, and |
(c) processmg the sequence information obtamed from step (b to
25 deduce the sequ_ence' of the (p+r)-mer oligonucleoti_de present in
the sample' ' ' | o |
whereln P andr are integers selected from the mtegers 4-10, 000 ‘most advantageously

6-28, and (p+r) does not exceed 30,000, and most advantageously 60. R

.32



ol gonucl e%g@sﬁig ached t he cI eavage site aﬁé'rﬁ.ﬁgs,o3362 ol
" the second end, the conbi.n 'Immﬂ m Ii nd r-nmers including all R

- @0nDbi nat i ons of ol i gonucl e f ap-mer and r- mer. - .

- oligonucl eoti de, or, optionally, a subset of all such conbinations, each:

~ particular conpinatjon-o e enc f t he p-nmer and r-.ner ollgon cIeotldés“ff}'_:-;
_being at a prggetertﬁ ?‘S fclaim ercomp the teg,pf ligating the zes 3

S A S
surface; .and (fdfore RE0ARTRHE R ﬁ%o?%%ﬁ@&&d%%ﬂénﬂﬁ%ﬁ&x@@&&hﬂﬁ%éﬂ%éteF’ |

(b)~to 25 e sequence
- ol i gonucl eot i Ci?yb?fd%&@llgoﬂhclebﬁdma& e Riifedlogitfdn ondhEsurtcIer S :
selected fromthe integéers 4-10, 000, m)st advant ageousl y. 6-28, and (p+r)
does not ‘exceed 30,000, and most advant ageously 60. -32 - WD 98/ 37238 -
'PCT/ US98/ 033628.7. - Thelethod bhOLhiraf6 Wheielmst“eps (2)t(Hp4re perfixmiesl in @ataliel fot ep of
~lligating the resul tant hybridi zed ol i gonucl eotides attached to'the spacer = .
- mol ecul es resudllfﬁeragt,frthIpIsS@ne{momgenee detecting the presence or absence
of a particul ar sequence combi nation of the- hybr| dl zed ol i gonucl eoti des-at

each predeterm ned: l-ocation on the surface. 5 The method of Caimé6 -

‘wher ei n"'st eps $-a) - (4)m ed?felefesmmmss@reapmﬂa@dﬂmrmtréﬁemntqtmaem)|e
~segnments of a 8ene dgqf A net h.od of det erm ni ng the sequence of a .

(p+g+r) - mer. sé€ b&‘%@% PR YBEIMg present in a sanple = o
conprisin a) oI t Ie ure of ner

10rrp_ _ % ¢ ) @é)onucf@m%a g"l?g\??ng Jalﬁlpfegé)@m%&ea&se%gg‘ﬂn%es of aqq mer - -
_:__0'!_99nucT_eﬁ.'_.det _.Or Optmfgm{xaxou&ssmﬁgsu%ss%lésaiﬁeﬁbeeefﬁhtm@r sequences;

: ohgonucleotlde or, opttonally, a subset of all such posstble

. sequences; -
_ (b) _. ‘contactmg an assay element w1th at least a pomon of the
_ _ - solutton of step (a),- the assay element having : a surface and
l5 o - | plurahty of spacer molecules bound to the surface, the spacer
- : molecules having a ﬁrst end bound to the surfaCe and a second
end bound toa metalhc surface or a label and a cleavage site
intérmediate the ﬁrst and second ends, the spacer molecules
further havmg a ﬁrst p-mer ohgonucleotxde attached thereto :
20 a _ _' o } between the cleavage site and the firstendand a second r-mer
B | - oltgonucleottde attached thereto between the cleavage stte and
-~ the second end the combmatton of p-mers and r-mers mcludmg. ) ' ., N
all combmatlons of ohgonucleottde sequences of a p-merand r-
:mer ohgonucleottdes or optlonally, a subset of all such C
25 - o combinations, each parttcular combmatmn of sequences of the a
o | p-mer and r-mer ohgonucleotxdes being ata predetermmed

. locatton onthe surfaoe, _

-33-



¢ b) contactin n assa | east a portlon 0 |on
of step (¢ 6 % gssay emﬂm mmuurface and 15 {’C&Rﬁﬁ%w
umd

plurality of spacer nDIecﬂIes e surface, the spacer’ nDIecuIes
having a first end bound to the surface and a second end bound to a-

metal lic surface or a |label and a cleavage site internmediate the fi rst and
~second ends, the . sjcer deredtinguhepresencs bicabsérceiof'g particulas sequemoer
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