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Serial No. 08/784,747, f£iled on January 16, 1997.

10 FIELD OF THE INVENTION

This invention relates in general to methods and
apparatus for nucleic acid analysis, and, in particular, to

methods and apparati for nucleic acid analysis.

15 BACKGROUND

The rate of determining the sequence of the four
nucleotides in nucleic acid samples is a major technical
obstacle for further advancement of molecular biology,
medicine, and biotechnology. Nucleic acid sequencing methods

20 which involve separation of nucleic acid molecules in a gel
have been in use since 1978. The other proven method for

sequencing nucleic acids is sequencing by hybridization (SBH).

The traditional method of determining a sequence of
nucleotides ( i.e., the order of the A, G, Cand T
25 nucleotides in a sample) is performed by preparing a mixture
of randomly-terminated, differentially labelled nucleic acid
fragments by degradation at specific nucleotides, or by

dideoxy chain termination of replicating strands. Resulting



J
__.f’/r agnents by degradation at specific nucl eotides, or by di deoxy chain
termnation of replicating strands. Resulting

2 nucl eiwoaghfhsgragnments in the range of 1 to 500 bp ar pctessicor0s
separated on a gel to produce a | adder of 2bands wherein the adj acent
sanples differ in Il ength by one nucleotide. The array-based

approach of gRth doesc et er SGMAes i UrR0kangassrr esed LAY mreeara i on.
degradati on, synthesis or imaging of a nucleic acid nolecule. Using
msmatch  sepdiratednonasigel hybpmiduat anlefidshorf kandmmharsdm dds K

bases in_length, lists of, constituent K-per oligonucleotides may be
det er m ned P@ﬁaﬁﬁﬁﬁeﬁaﬁﬂ%?%i%4 %ilnsgﬁﬁgﬁgeg§oPn?hﬂuéi#?ﬁﬁée'10 nuci ei ¢
acid may be assenbl ed by uniquely overl appi hg scored ol i gonucl eot i des.

There are several app@ﬂécéffaﬁy@eléé&b'a%ptx%a%ﬁhbevsw doeS EEBtEe N it ey
hybridi zation. In a process called SBH Format 1, nucl ei ¢ acid sanpl es

are arrayedgingliel Bhekedepobbesomrin sEparaliiodi zdgnhdat e, swymihesis
Replica nenbranes with the sang | sets of sanple puclejc acids may be
used for paeal LergéngrPhiga nuclefc agid Molecyhes YRHAS MW may be

I tipl d...Nucl, ei, . i d. . i di
! on' momr GABEYLRLg e  ABEHFFER S TR eB:8' pRIRSREN MG K Bae e

reused 20 FRNYehbERS. 1E8E8B6f lodsttitnagitald-yweel bLigentclest bdec may be
processing | arge nunbers of sanples. . In SBH Format 2, probes
are arrayeddaternéaefiofieroharget nnahfidt Acddahi SRILBRFRSPIRLRD Garget

ti. , , .and | abel | ei i . i
yoridi Wa PaoLRSe 3548 Fay e proRasslth B cutalels SuffiipSld PTRRa 0

about a o1fiERgIBALcFRYeRe determined in a sinultaneous hybridization

There are several approaches available to achieve

sequencing by hybridization. In a process called SBH Format 1,
nucleic acid samples are arrayed, and labeled probes are

15 hybridized with the samples. Replica membranes with the same
gets of sample nucleic acids may be used for parallel scoring
of several probes and/oé probes may be multiplexed. Nucleic
acid samples may be arrayed and hybridized on nylon membranes
or other suitable supports. Each membrane array may bé reused

20 many times. Format 1 is especially efficient for batch

processing large numbers of samples.

In SBH Format 2, probes are arrayed at locations on
a subsrate which correspond to their respective sequences, and
a labelled nucleic acid sample fragment is hybridized to the
25 arrayed probes. In this case, sequence information about a
fragment may be determined in a simultaneous hybridization
reaction with all of the arrayed probes. For sequencing other

nucleic acid fragments, the same oligonucleotide array may be



reaction with all of the arrayed probes. For sequencing ot her nucl ei c
acid fragnents, the sane oligonucl eoti'de array may be

3 reused ogBipgsear rays nmay be produced by spotting or bypdriusesbdies

synt hesi s of probes. In Férmat 3 SBH, two sets of probes are
used. In one enbodi nent, a set may be in the formof arrays of probes
5 wi th knowaupeait TB8Saraags anay s  prahirldetysepoiBingeost Byedn situin
multiwell plates. In this case, target nucleic acid need not be

| abel | ed. BangbesagcPEi Praked- and one or nore | abell ed probes are
added to the arrayed sets of probes. If one attached probe and one

| abel | ed probe both E}ﬁbﬁbghéat eéé)Bﬁorgdioq%e%%l %5gpggpgat§£geﬁsggpl e;&gl aci d,

they are covalently producing a Sequence’ eq to

the sum of griae embodifBath af sébemdy 05 6th HHRbESrmTBE REPEPSSofl peyBes OF
sequenC|ng | ong nucleic aci d fragnents, e.g. a conplete bacteri al

genone, mAwmmum:knownepcsabmqn5ub@m¢nnnq;he1us&abpéaedlaeplmeysbe stored
In the present inyen

)i to the
|dent|f|caFPoWu%ﬁ&w§éa ﬁﬁFﬁﬁ o?na$ﬁ§§H°§ﬁﬁwatﬁﬁgF§|Bu°£elca§FHds%%%?es The
procedure Bas gRNY.RRRhLGA! I SR éE‘ ﬁu&a& acid af@l dndi agnms£é0§abe11ed

forensi cs, and gene mappi ng. It also may be 20 used to identify nutations
respon5|bI@rbbbsgametaddddsbodehs arrayshdeatisheff prabes, t bfaesess

bi odi versity and to produce nany other types of data dependent on
nucl ei ¢ aciPdtacheenpgobe and onrg)hplped pkir bxpridize The

Cpeci o8 nérniiggonays paocis FEAtREE fﬂde&%%%éﬁ‘“aﬁ%y 3Bkttt Y e o
a substratalga@ea producing a detected sequence equal to the sum of the
length of the ligated probes. The process allows for
sequencing long nucleic acid fragments, e.g. a complete
bacterial genome, without nucleic acid subcloning in smaller

15 pieces.

In the present invention, SBH is applied to the
efficient identification and sequencing of one or more nucleic
acid samples. The procedure has many applications in nucleic
acid diagnostics, forensics, and gene mapping. It also may be

20 used to identify mutations responsible for genetic disorders
and other traits, to assess biodiversity and to produce many

other types of data dependent on nucleic acid sequence.

SUMMARY OF THE INVENTION

25 The present invention provides a method for
detecting a target nucleic acid species including the steps of
providing an array of probes affixed to a substrate and a
plurality of labeled probes wherein each labeled probe is

selected to have a first nucleic acid sequence which is



pldrality of | abel ed probes wherein each | abel ed probe is selected to
have a first nucleic acid sequence which is

4 conpl%wgg?§§%;to a first portion of a target nucleic pei/fisig704 ,
wherein the nucleic acid sequence of at |#ast one probe affi xed to the

substrate is conplenentary to a second portion ~of the nucleic acid
sequence of LA QS e S4G934 BektieR of abeirgetdiverdiic taridiard r st

portion; aﬁ%% ng a target nucleic acid to the array under suitable
condi ti ons Rerdydrile anidlmic acidokepuebeesefjuancksasty eamrahent ary

sequences; introducing a | abel ed probe to the array; hybridizing a
probe af fi xafifixvedhec the iﬂhﬁﬁqﬁﬁﬁelFOCPWEEPQFBE?rﬂﬁE?e%g?%§54é Fﬁ?ﬁ?&ﬁ*zing

the | abeled _1 ro. o, the cl.ei cid, I X obe
to  an a‘af' a%é%fﬂ?%%’b? i%%z%?%&%@%%i %%t %?a??g%{hn%ﬁ%eétée%%ﬁtgﬁi%&{

| abel ed propgia§f hapacémx the yHelF rist poetdonayapplyingiagdrget nucleic
preferred nethods of the invention the array of probes_affixed _. fo the
substrate caqﬁdiSestheuﬁtNQysﬂndﬁﬁﬂsu@¢a6ﬂ6b§§ndlESOnﬁmgﬁﬁcﬁ¥ﬁf¥q}%ﬁqﬁﬁn

preferred aspects, of the invention at. |east t ffixed
to the subsPfaPECRSf PREUTRETT ahi TP emen%gﬁgeﬁggégg?g%héﬂﬁggge ﬁﬁgfiic
aci d sequenge,andqMBEbe to PR GivalY Y 1briedstingWe pfobdeatpbeld acb pnebes

defi ne over [ appl ng sequenceszg§‘the target nucleic acid sequnces. 20
Still furthsubseeabedtogthe taugdtemuadpdet acfids hbybnidhzing the labedadod

S roviged Lo del ety g, e tanact el el a0t Gho the RUTASHRNES,

S eybr | FFSPEL BT A e e 38 ARGk, Sag asbmig e

capabl e of gppelbHCprobe &Fbiket zad itdre wirtdbediiff ehenarpayt i ohscafding dco

target nUC|;;gferred methods of the invention the array of probes affixed
to the substrate comprises a universal set of probes.

15 According to other preferred aspects of the invention at least
two of the probes affixed to the substrate define overlapping
sequences of the target nucleic acid sequence and more
preferrably at least two of the labelled probes define
overlapping sequences of the target nucleic acid sequences.

20 Still further, according to another aspect of the invention a
method is provided for detecting a target nucleic acid of
known sequence comprising the steps of: contacting a nucleic
acid sample with a set of immobilized oligonucleotide probes
attached to a solid substrate under hybridizing conditions

25 wherein the imﬁobiliied probes are capable of specific
hybridization with different portions of said target nucleic
acid sequence; contacting the target nucleic acid with a set
of labelled oligonucleotide probes in solution under
hybridizing conditions wherein the labeled probes are capable

30 of specific hybridization with different portions of said

target nucleic acid sequence adjacent to the immobilized



aci d sequence; contacting the target nucleic acid with a set of

| abel | ed ol i gonucl eoti de probes in solution under hybri di zi ng
condi tions whebsigsd he | abel ed probes are capable 30 of spegéfiz§esnored
hybri di zation with different portions of Said target nucleic acid
sequence adjacent to the immbilized

5 pr obhgEobedy ARt lent18i (?!dl@xih@e thENDRhbh 7B PRsbded tphaldedd eq
probes that are i mMedi ately adjacent to the i mmobilized probe on the
target sequeyekes cthpt asig Hinniegdesplyr sdvacent iy the immobiliigade priokee! | ed
pr obes; , detecH&nq}thgggresence of, the 5 tgL et qucleic acid by detecting
the presenc® ofPR A IeibaqMence (epgopeWith &0 RS Az ed

probes. TheniveiddQay aldR11ed pRoBkdedefelBiiod i HalRIN ression
of a nmenber of lgfﬁ set of epa tially o? conp te]%{/ seC]S(t:erer{r?gg get%’)ég in a
cell ty@e, targeta nuclaiec acia bysseeentihygrehe Payseridy dihaadidefabefiled
defining 10 pairs of fixed and |abeled probes specific for the sequenced

gene; hybriRFORS PR @ thE dmmohilizedprebesd The igwentdeonailse

| abel ed pr [ X . - form ng_.cqoval ent
bonds bet n&é%?eaége%ﬁtﬁtﬁ;gﬁ Efiggﬁgh%ﬁége%%sns&% %gg%prmc?g"%)s?;r r%é“: Vi ng
unl i gated psedest ﬁautianaweixercmngnagewesw qa‘net&e.rﬁgq'd:@ne@y?,er)e by
detection of | abel ed probes bound to prespecified |ocations in. the

array. a |pissyr aiery dd semsodiirgune ootmphisingpgde sifepshefi:ndeftindng t he

target jucleigc aciﬂ il id i tpe resence of . .an I nf ecti ous agent.
20 0% 1! Fafediof Mxqa, S gebbr A pBRBRE okt G oo ctisn smuspted” Gy
ol i gonucl eﬁé&@; RHANS 1GARY Li1ABedeY hAR1 8B @NE sdple aairal ity of
subarrays of oligonucl eotide probes on the nylon
corresponding labeled probes to one or more arrays of fixed
probes; forming covalent bonds between adjacent hybridized
labeled and fixed probes; removing unligated probes; and

15 determining the presence of the sequenced gene by detection of

labeled probes bound to prespecified locations in the array.

20 'Further, the present invention provides for an array
of oligonucleotide probes comprising a nylon membrane; a
plurality of subarrays of oligonucleotide probes on the nylon
membrane, the subarrays comprising a plurality of individual
spots wherein each spot is comprised of a plurality of

25 oligonucleotide probes of the same sequence; and a plurality
of hydrophobic barriers located between the subarrays on the
nylon membrane, whereby the plurality of hyydrophobic barriers

prevents cross contamination between adjacent subarrays.

Still further, the present invention provides a

30 method for sequencing a repetitive sequence, having a first



menbrane, the subarrays conprising a plurality of individual spot s
wherein each spot is conprised of a plurality of 25 oligonucleotide probes

of the sanme wegsssse; and a plurality of hydrophobi ¢ bag¢jgssmpbfgat ed
bet ween the subarrays on the nyl on nefbrane, whereby the plurality of
hyydr ophobi c barriers prevents cross contam nation between adj acent

subarrays. end and a second &nd,| ihugt hakget hguPlE&seMcid \WndrARiRgOhdes a
30 nethod for sequencing a repetitive sequence, having a first

6 end 8kePa @Btofd) @Pviding Rapdurahityedt spacexr origidagiucgeciiddes
steps of: (a rovidi a_ plurality of,spacer oligonucleotide of
varying | ength a%%?%?%?%%ssﬁgﬁfﬁx& ig:IBSnﬁBflﬁ%{i%:g onucw%se the
repetitive ésgﬁﬁﬂgé;tﬁé)réﬁéﬁﬁ!tqlv@ seqhkhst; fgﬁ) %f&%ﬂf?& ifdegdehat is
known to be adjacent to the first en of the repetitive sequence; (c)
provi di g achigemucigotpide thatsdsohdowhi gonbel adjackst dre tife \fireh iend

adj acent to the se end of the rgpetitive sequence, wherein the

plurality of the C%Qr:]% '_ oie GHTERSSE cﬁ@ P§°Yh%3er!‘%cf’} Rinralisai @tzi ng t he
first 10 an?e&&?d PO Sdddon ti%%%ogﬂeobfgﬁgi'?ll: eps 'tﬂﬁﬁac?%'ﬁg t%n%h%; gfe%%nd( &)

plurality of spacer ofigonucleotides to t arge

ligating thendybf i the erbmiti igrvecisequictles; ¢herein tSePaFlaidandthi et ed

ol i gonucl eoti des_from unl i gat ed , oligonucleotides; and (g) detecting
| abel in theerep@t@idonugliacidnies d6t labsled; (d) hybridizing jthe ffdmsiter,
the pr nt_J1Aav, [ ' : f seguenci ng, a_branch, poi nt
sequengrt?,e h%{l/‘?ntgﬂ% ﬂ‘l‘}%ﬂ\gﬁ%%e%& cgﬁgngiggg%%gi%%%i’]&%s” aargiaroé'l& ChubtEi ¢

aci d conpripi@gaiiey of shrits &fligoancResvidédord dhid Harjdtoonaleget i de
that is 20 coq&lenentary to a first EO(t[on of the branch point sequence
wherei n theag¢idst ) goiaptliag ithe dybeadizedopd igenydlentigiess; (£)of the

branch poi nt y_at | east Leotige: (b)., i di
ol rali by oTeBEERnirg iashed SltoeBucinar dre £om uilanrnd are” -
conpl enent a5yi §Gndc BERABHENOHADON 9T aERECLInd! BASN PG MhesSadughey Wherein

the plurality of second ol i gonucl eoti des” extend fromthe second end of
t he br alfch oligonucleotides.

Still further, the present invention provides a
method for sequencing a branch point sequence, having a first
end and a second end, in a target nucleic acid comprising the
steps of: (a) providing a first oligonucleotide that is

20 complementary to a first portion of the branch point sequence
wherein the first oligonucleotide extends from the first end
of the branch point sequence by at least one nucleotide; (b)
providing a plurality of second oligonucleotides that are
labeled, and are complementary to a second portion of the

25 Dbranch point sequence wherein the plurality of second
oligonucleotides extend from the second end of the branch
point sequence by at least one nucleotide, and wherein the
portion of the second oligonucleotides that extend from the
second end of the branch point sequence comprise sequences

30 that are complementary to a plurality of sequences that arise.



poi nt sequence by at | east one nucl eotide, and wherein the portion of

t he second oligonucl eotides that extend fromthe second end of the
branch poi nt y&eeEtRKEe conprise sequences 30 that are conpl enghfasodnbed
plurality of sequences that arise 7

7 fromthe branch point sequence; (c) hybridizing the first

ol i gonucl eotd d f whherp hly. O sgﬁgﬁg ! i ngOkh80Rt oti des
to the targg?gﬁkﬁgﬂi5?%ﬁfga?%ﬂgtt%gé@éﬁéyhy%?i I"ze déﬁ%ggng%geg??égs; (e)
separ at i ng ldigajomthcleotlideonanticone def therpliudaldatyedfokiegondc! eot i des; and
(f) . detecting |l abel in the |igated oligonuc]eoqtides.

Still furth@ligonacdeeddfes; Aoekhe ofr el iy d) 1igasiRgdth8r confirming

a_sequence B usidlg i Q998NN o8 fes, ALPUHAAiQGPE BagAL ve for the

target nucl acl equence of "a targ confirmed by
hybri di zkng dihigonucleorides Bueheusl gated olipruragatives;panless) o

confirmthat t hese %robgs do not formperfect matches with the target
nucl ei ¢ aci dletecting label ingthe| ligrteroligrnuslessddernvention provi des
a 15 nmethod for analyzing a nucleic acid using oligonucleotide pr obes

7, ) O R R, R

mul tiplexed in a hybri tio qﬁence

i nformati on Wderpa fd @neAtmPhgPESsé@iénce by didilgy prbbeabehatsarthat
hybri di zati on of the different probes 20 to the target can be
di sti ngui sheedilated foefoer nedative fobotherdrargethavcdledcsagid. The

di oi , fl t . I | es, . el h
mass | a0l 5 SRRl 3 CORPEF o P ol enHI TS e UPFEER &10P) EPabel od
ol i gonucl eotifest nudqreﬁaegcaaeteseﬁe! ‘héﬁt{&e&e"' 2Rl tanéofm)&mpkﬁaer obes

(more 25 thantwo, with one probe being e imobilized probe) are

| i gat ed t ogatheare probes do not form perfect matches with the target

nucleic acid.

Still further, the present invention provides a

15 method for analyzing a nucleic acid using oligonucleotide
probes that are complexed with different labels so that the
probes may be multiplexed in a hybridization reaction without
a loss of sequence information (i.e., different probes have
different labels so that hybridization of the different probes

20  to the target can be distinguished). 1In a preferred
embodiment, the labels are radioisotopes, or floursecent
molecules, or enzymes, or electrophore mass labels. In a more
preferred embodiment, the differently labeled oligonucleotides
probes are used in format III SBH, and multiple probes (more

25 than two, with one probe being the immobilized probe) are

ligated together.

Still further, the present invention provides a
method for detecting the presence of a target nucleic acid

having a known sequence when the target is present in very



Still further, the present invention provides a met hod for detecting
the presence of a target nucleic acid- havi ng a known sequence when the

target is pye9ssiss N very _ o PCT/US98/607045
smal | amounts conpared to honol ogous nucBeic acids in a sanple. In a

preferred enbodi nent, the target nucleic acid is an allele present at

very | ow fgRaUENENowAL R %d R @S logousHEE BL £c gk 8 f{rpr%]a | arge
nunber of sources. In an alternative preferred enbodi ment, the target

nucl ei ¢ acsambhs. In a pnafHmedsembodiesnandths paegentnutledssr yadiavis
frequency mﬁihin a sanple of nycleic acids. |, Stil
further, tRB PteSERtPTERATHL it Sy ilQ¥s fxequencyein R $3RPkiahilae t he

sequence oﬁuelagggéi&ycégr& écﬂa@ggénmmg%i BE sbhgbsPasi agl seauenci ng

Primers for single pass g@ uenci ng are derived om t he segeunce
obt ai néfl by16Bthatide prefdihest gubodimenal, etHeetardgets e it SefigEhas
sequenci ng reactions to provide gel sequence information for the
target nucfefitated gRIUENCEhe AWy dénEEesENEI ABAVEYY slon| Eremeengel

sequenci ng, iS.,..15 the 0 red.t t% .3BH derived sequence to confirmthe
sequence. within®a Saébférggﬁ(ﬁc¥é%%: %ﬁﬁsfhe present invention provides a

nmet hod for solving branch points by using single pass gel sequenci ng.

Primers for the singsei PasfugtersettRnpregentOifpast ionsppspiddendified
fromthe ends of the Sfs pbt@ined after a first round of.SBH_
sequenci ngtebhadt fes ecconftmrincnitdie sequengei af se abeitget Smgfeeic apishding

o nt s i PRERETHLA51EPage oL HARRMEI T ChEThe B A0 TeR s Pate H
ISgggtelr , ;queqaéﬂgigg‘% 48 t&éﬁﬁé& F@h the BEBGACROLBESidad L SHIS, tdéhd
these primers are used in standard Sanger sequencing reactions
to provide gel sequence information for the target nucleic

acid. The sequence obtained by single pass gel sequencing is

15 then éompared to the SBH derived sequence to confirm the

sequence.

Still further, the present invention provides a
method for solving branch points by using single pass gel
sequencing. Primers for the single pass gel sequencing

20 reactions are identified from the ends of thé Sfs obtained
after a first round of SBH sequencing, and these primers are
used in standard Sanger-sequencing reactions to provide gel
se%uencing information through the branch points of the Sfs.
Sfé are then aligned by comparing the Sanger-sequencing

25 results through the branch points to the Sfs to identify

adjoining Sfs.

Still further, the present invention provides for a
method of preparing a sample containing target nucleic acids

by PCR, without purifying the PCR products prior to the SBH



adj oi ning Sfs. Still further, the present invention

provi des for a nmet hod of preparing a sanple containing target nucleic
aci ds Wwo #3836 t hout purifying the PCR products pri orp¢gusdseodBH

9 reactions. In Format | SBH, crudé PCR products are applied to a
substrate wi thout prior purification, and the substrate may be washed

prior to iebeeduakionIaf FobRatabesBd, pF@lRs PCR products are aPpllikdf tbt her,
the present invention provides a 5 method and an apparatus for analyzing a
target nu@ subsirpge withoyheprpphrRuLit keafianseandnsher pubstsatausaki c

' L xed . th ired.tineg. f d
abodi monS PRENRGCPRLETaEPGRF FORRE AT (9o i ayboarl probefaberea. in

nore preferred enbodinment, a material is 10 disposed between the two

arrays and this matetial phevRets the presert Xnkenefionupkeigaagi s in the
arrays. Wen this material is renoved, or rendered perneable, the

nucl ei & acie¢hodn andeanwepparatusrf9r analydiog a bgegker nucheda atidrnative

preferred enbodi ment . the nucleic acids in one.,array_.are, target

el of ¢ T SPRETATHE, FEMRELFER cEUg | UHYP e DHEHE1 CaPCLOR] CORBCREBL I de
probes. | g i3iet hegeRhekehtedn8NBosi FENtiddle clepreteidaai N _both
arrays are oligonucl eotide probes. In another preferred enbodi nment
t he nucl eiembadidenitn the ancagiaracibds gonumlecatfi dhe arragsobee and tar get

nucl ei c acids, and nucleic acids_in the 20 other array are oligonucl eotide
pr obes. I&agﬁGF%er pPefelPE] prefe%ﬁﬁékﬁmﬁﬂﬂ%mQHﬁe ARuPpEFE1adi 48 in both

g;;aﬁggﬁg igPoF%gi%@EH%EEOEthtﬂé0§f§éj§“¥&§?ﬂﬁ¥é RuekeiG126kdYents the
present i1nvention using the
mixing of nucleic acids in the arrays. When this material is
removed, or rendered permeable, the nucleic acids in the two
arrays are mixed together. 1In an alternative preferred
embodiment, the nucleic acids in one array are target nucleic
15 acids and the nucleic acids in the other are oligonucleotide
probes. In another preferred embodiment, the nucleic acids in
both arrays are oligonucleotide probes. In another preferred
embodiment, the nucleic acids in one array are oligonucleotide
probes and target nucleic acids, and nucleic acids in the
20 other array are oligonucleotide probes. In another preferred
embodiment, the nucleic acids in both arrays are

oligonucleotide probes and target nucleic acids.

One method of the present invention using the
apparatus described above comprises the steps of providing an
25 array of nucleic acids fixed to a substrate, providing a
second array of nucleic acids, providing conditions that allow
the nucleic acids in the second array to come into contact
with the nucleic acids of the fixed array wherein one of the
arrays of nucleic acids are target nucleic acids and the other

30 array is oligonucleotide probes, and analyzing the



appar atus described above conprises the steps of providing an 25 array of
nucleic acids fixed to a substrate, providing a second array of nucleic
aci ds, provwoiosgiszenditions that allow t he nucl ei ¢ aci geTiugsd/dagessecond
array to come into contact with the hcleic acids of the fixed array
wherein one of the arrays of nucleic acids are target nucleic acids
and the ot hgbr3fiaatayni seshigonucired igle firekasembodinent yzthg fireed

10 hybridization results. In a preferred enbodi ment, the fixed

array is targey agctargebichychair taridanshdher ﬁayoné aBbRE| b9 lableled

ol i gonucl eg n_aore preferred enb

ooy P GeaR R idn PReBhe B A i, BL P ey R emb font, find

nucl ei c aca@,s aUfbkcbrihe 8BES658d BSWRAPPER @wo arraySnNERiebREFdmabPl e to
t he nucleic acids In a second nmet hod of the present

i nventi®dn odixigg of theenuppatatacidesmtiiled hebvaterbapris esendredtaps of

provi di ng two arra of nucleic acid probe provi ding conditions that
10 al | ow FRBEREDPP EaBi eprd g@ § Scontact with each

ot her and a target nucleic acid, Ilgatlng together probes t hat are

adj acent on the targep Quéééé&datﬁé%ocﬁ'?ﬁf 3l &b@gnﬁhfnventlér?%iﬁg In a
preferred enmbodinent, the probes in one array are fixed and the probes

in the ot heheaapgy.ratesl désteibed mbovel&:mﬂspeethereﬂepﬂb@ﬂlmldiﬂgar e
is a material disposed between the two arrays,that prevents m xi ng of

t he probestwo arﬁﬁﬁ’?l of nBUFheEF i 2F 19 ProhRs e @YV IALRderRUI IR R 0 t he
pr0beS 19 340, PETA LED PESCRL P} QLT s REREERRED EMACRLENRRS cach

For mat I'S appropriate tor t si mul taneous
other and a target nucleic acid, ligating together probes that

are adjacent on the target nucleic acid, and analyzing the
results. In a preferred embodiment, the probes in one array
are fixed and the probes in the other array are labeled. 1In a
15 more preferred embodiment, there is a material disposed
between the two arrays that prevents mixing of the probes

until the material is removed or rendered permeable to the

probes.

20

Format 1 SBH is appropriate for the simultaneous
analysis of a large set of samples. Parallel scoring o£
thousands of samples on large arrays may be performed in
thousands of independent hybridization reactions using small

25 pieces of membranes. The identification of DNA may involve
1-20 probes per reaction and the identification of mutations
may in some cases involve more than 1000 probes specifically
selected or designed for each sample. For identification of

the nature of the mutated DNA segments, specific probes may be



anal ysis of a large set of sanples. Parallel scoring of t housands of
sanples on large arrays may be perfornmed in t housands of i ndependent

hybri di zat i owggagdsgons usi ng smal |l 25 pieces of nenbranes. pEifseseo704
identification of DNA may involve 1- 201 pr obes per reaction and the

i dentification of nutations may in sone cases involve nore than 1000

probes specCighintMelst zed o¥€b8LEEHA! £ AL At i1P9ACREABBLEE. ifO0Fhe
i dentification of the nature of the nutated DNA segnents, specific

probes may Werst round of hybridizations. 11 synt hesi zed
or selected for each nutation detected in the first round of
arrays

hybri di zat i ons. DNA s | es ma e _pre ed in small

whi ch may be sepgy_gt EamB%eip‘B%g?r%Daﬁ%epédéggrl& Sgﬁgﬁ‘vﬁffﬂyﬁa Jo%h 5
si ul taneoua&{ay RS sepatatBAPHPPEspsehLLdted JP=@ra,SahdoOhhich may be

ol i gonucl eoti des which nmay be arrayed in nultiwell plates. mal | arrays
may consbst sdfmudteneousdyeteabpliewitiDraleyplsedected fnowaghsebebf array
may i nclude nmuytants _or i .ndividu saml es of, a seqguence. Consecutive
Sl | ar 2y S TP 1B ARES A B A DY gYest i TULORAORL | B ERS ar  ays
may i ncl ude lyi | I r BY piRC rays
of sanpl es ggﬁal %qg:a?%eﬁr%xt C%ﬁiiggagﬁe%és@Amﬁevgr&ggpeggt D§$ %)ro %aé;‘é

i ncl udes in s@ich emedll probgsmap fmalyde rartdas st vagdedti vithl psaspbes f | ed
preci sion, eaé%. with respect to the redundancy of reading each 15  base
pair ("bp") OfTRe SEWENSeafONFeFEBEVeIRA Ly FIE@YEhERYaPE Organigedsiaty for

one speGhfi G f AQIE XFUt ¥p! gﬁ%ﬁr A . L ggcepsary
for tes?Pngqfﬁrusangéé 'DN%Bsanp§%§€P fs(ﬂ%ﬁfé@ggpageggggégéglgg 5
DNA or al |l elthe demic isn@dlli afrapdon dapoieshide 22ra9gUeRCEAGpPESCESS My
i nclude the steps of: 1) Sel ection of a subset of probes froma
dedi cat ed, different DNA frpgusbhsatd venigrenadly éefalisprobeshinaivdedi zed
W th sufficient probes to analyze a DNA fragment with prespecified
precision, e.g. with respect to the redundancy of reading each
15 Dbase pair ("bp"). These sets may include more probes than are
necessary for one specific fragment, but may include fewer
probes than are necessary for testing thousands of DNA samples

of different sequence.

DNA or allele identification and a diagnostic
20 sequencing process may include the steps of:

1) Selection of a subset of probes from a dedicated,
representative or universal set to be hybridized with
each of a plurality of small arrays;

2) .Adding a first probe to each subarray on each of the

25 arrays to be analyzed in parallel;

3) Performing hybridization and scoring of the
hybridization results;

4) Stripping off previously used probes;

5) Repeating hybridizaton, scoring and stripping steps

30 for the remaining probes which are to be scored;



each of a plurality of small arrays; 2) Adding a first probe to
each subarray on each of the 25 arrays to be analyzed in
parallel; wo0098/318363) Perform ng hybridi zati on and scori npcusdsinerod
hybri di zati on results; 4) Strilgi ng of f previously used probes;
5) Repeati ng hybridi zaton, scoring and stripping steps 30 for
t he remai ni ng probes mivadssdng thebebsaiMeadl;results to obtain a fihal

12 5) Processing the obtained results to obtain a fina

anal ysis or to deter A YA@ OFohal dpEerring @dddtional probes to Bayr| di zed;
6) Perform ng addit, | 52 ridizations for certain 5

subarrays; and hfﬂg%dfﬁé rocessi ng conplete sets of data and obt ai ni ng
a 6f | NapeFBUMRIGS additional hybridikAt$oABPFEACKe LM des fast
i dentification and sequenci ng of .a small nunber of nucleic acid
sanpl es Sof one 10 typabgnxays;DRAd RNA), and al so provi des parall el

| ysi f | e. ' he f f b b '
or syt hesi zed S O PTORIT CHERAGESLTE: S| o daPhoand CBLRLFHN DS have

been conbi ned to prodggsannghilisskent and versatile process for the
determ nation of DNA identity, "for .15 DNA diagnostics, and for
i dentification of nutations. For the identification of known

sequences, a smal|l  ThiseppfoastioprevigesbEzstuidéent iffichtiipmplansk of a

| onger uni que robe. In thi.s approach, althpugh there be nore
orobes to BeaugacLigrgh 2 prinhl sllBeRIGE B bi0ERC iR A S GRod o
20 covgy fﬁ;p%yggegf 19000 ol @18BPhRovRaly! bastl1 &l idBisis of

i ncl udes o probes, and a conpleté set o nmers | ncl udes only
16, 384 probesny sample types inFulHe fequendci sgbatraydNy fusigrerd nay be
per f or med with two levels of hybridization. One level is hybridization

25 of a suPF?%Y’éH‘e%Jé%e‘?)f?% SeProbee ObvErnageid il Siret TWast once.
For this p”£88§8acﬁe§FH§4J'Bééﬁ”tdﬁbi%éabﬁé B?Xd@gé an efficient and

versatile process for the determination of DNA identity, for

15 DNA diagnostics, and for identification of mutations.

For the identification of known sequences, a small
set of shorter probes may be used in place of a longer unique
probe. In this approach, although there may be more probes to
be scored, a universal set of probes may be synthesized to

20 cover any type of sequence. For example, a full set of 6-mers
includes only 4,096 probes, and a complete set of 7-mers

includes only 16,384 probes.

Full sequencing of a DNA fragment may be performed
with two levels of hybridization. One level is hybridization
25 of a sufficient set of probes that cover every base at least
once. For this purpose, a specific set of probes may be
synthesized for a standard sample. The results of
hybridization with such a set of probes reveal whether and

where mutations (differences) occur in non-standard samples.



synt hesi zed for a standard sanple. The results of hybri di zation with

such a set of probes reveal whether and where nutations (differences)
occur in norygbeRgs d sanpl es. PCT/US98/60704 13
Further, this set of probes may include "3egative" probes to confirmthe
hybri di zation results of the "positive" probes. To determ ne the
identity ofpihen&hangss Adide @RrabesPREYT ifcludd M ahrfatBie D iiped diozed to
the sanple. This additional set 5 of probes will have both "positive" (the

mut ant sequencE)rmanthe hybridjaeitioh peebéts afdcheneprsjitdmed cirahgss wil |
orobes. 10 deternine e iienit Byh bR R RenPhaietE p PHAL W SRROLdFoa
pr obes. nt-, r sa
set may be ‘mdy WU Eialaisel eb PhabgsmBld OVSristOTddy £ iHha10fsed
relatively éﬁ%%gn%%@er \gg;pr gt}es per sarrp%e ?n a two stelp Sr ocsess

wi t hout %an ofdeselied|vel X fenve thotd dpobiitrkveThéthe muttarl istiquednicsn pmdcess
may i nvol ve successuye probings, in a first st§§ of, conput.ing an,

opt i mal fstjb‘é%?g%ﬂ‘ﬁgltﬁ%@%?'bind theh?SﬁPﬁEE%dC’Hrl(‘)é ;aﬁdl et At 1fHed |
asis o 0 [ . r q . i iona
probes to b 1?111@ @%oréei}ef rpg‘% aetr?sor?éﬁt %gggglﬂégeﬁﬁi v%rgg%a{sge?éﬁ%ﬁ%sstéts of
probes have "negative" probes that confirmthe positive probes in the
set. Further, the sedquenastteat erbodimennedabbyptdiess frome aovifersad in a
spearate step by hybridizing the sample with 20 a set of 'negative"
probes i dens¢timay froraaaredSpHA agdveysal set of probes gllgys

nbl Kz1 ol] | ' i
' agmonts dtb 2 o i T S, mympet oE " pR66UR SELRAY bl £ L0 AT

_ ( ance ( I'C: ason speci al
consi derati8fep proddsd hefthdut ke agdiebieablei akpen@itwfe Jfeltinesel yriwal |
25 fragnments of DNA may be fully assenbled in as nuch as every base

pair is readybeidizatiommrocess may involve| gue@esgbemgbigigselid ivel y
onger 11 0BILe v en SHOLINAALIS TR cBE B ok OE SR B gV enee
hybridized first and, then, on the basis of the obtained
15 results, a second step of determining additiomnal probes to be
scored from amohg those in a universal set. Both sets of
probes have "negative" probes that confirm the positive probes
in the set. Further, the sequence that is obtained may then
be confirmed in a spearate step by hybridizing the sample with

20 a set of “negative” probes identified from the SBH results.

In SBH sequence assembly, K -1 oligonucleotides
which occur repeatedly in analyzed DNA fragments due to chance
or biological reasons may be subject to special consideration.
If there is no additional information, relatively small

25 fragments of DNA may be fully assembled in as much as every

base pair is read several times.

In the assembly of relatively longer fragments,
ambiguities may arise due to the repeated occurrence in a set

of positively-scored probes of a K-1 sequence (i.e., a



14 sequence shorter than the length of the probe). This problem

does not exist if nutated or simlar sequences have to be det er m ned
(i.e., the RWQsng/3Nce is not identically repeat ed). lpemiedgennef one
sequence may be used as a tenplate 5 toléorrectly assenble a sequence
known to be simlar (e.g. by Its presence in a database) by arraying
the positiveeqrenties shortiear thhe thkndengSkENIR trdbeIp! hikhgrBBIER it on
t he tenpl ate. The use of an array of sanple avoids

consecut i velARP Ny %Y S5 iﬁ“aﬁ‘;‘/‘tér—?éoﬁﬁc$%‘&i1&i@§me§10§isngla§esanpbe or on a
st | sel. ofeoamlan W apRLORCh gllGuE L e, Seqring gl gy - pr obes

I n parallel ni pul atiiod of only OnR rays of
DNA sanpl esrefiird) | Kdoangdaendy bRe seqe@StenERA dehuadehekhat LVeb¥pshest
period of tinme. If the sanples 15 are spotted at 50 subarrays in gn array
and t hedar rey qarrectly @ssepbdels seavencsimqumlites beagibélaroredg. | by
screening f e _ocgcurrence, of mut ati on, enough probes may be used
to govl(e{{s é’arc%geo See thite gag Fhage flI by aa]FﬁﬁYeniitnf‘-’o r'f?'ﬁeg Pﬁgég?g’ﬁ? , P‘s’%@@? al
covering prefeshd Wnikkewal keghetce THE &'J?EPPJY | HeO R Qgtagﬂu[:%%obatsge

Identity of negative probes may map the nutation with a

preci si on. tRwpl@tes a singl e base nutation mapped in this way, an

addi tional 15 probes nay be enpl oyed. These probes cover any base

conbi nation for two estionahl e ositions (assunmi ng that deletions and
i nsertions are not 25°% H¥&l 954572 %ﬂ’é%é ‘bé(ﬂ?é‘&’lﬁa?"ﬁéd%(ﬁ%eﬁtbﬁ% cycle

.on 50 10  SHIBHAKE WRhGN o0t 95bALE] Soti JED o?far%HSQn hg LD ig%%”&&“%t hon
of a multiple | abel colof scheme (i.e., nultiplexi ﬁg , FWB T o ST X
probes, eacimaldvisey afdishiplent Thbelappidads ad 1wkt €henkcoring! 80r@sEENt
dye, may be used gs a go&l, t her eby, reducjing the ' .

15 nu &5 Ry PRral2sti BY BRirslaiers efr cadyngnenehyegoahci ng

Mt at ons SPIoSer SrBaETekR B DR BB A o BB apeThfabRinar oo, © O
exanpl e, aseyuendedséni aseeladively dlo0lpLdod b E4me. 1fPERPESamdiEs MOSt
conpll%gte%I%?%%%tEg% gg ?gp§3§§?§§;§“§n an array and the array is
reprobed 10 times, 500 probes may be scored. In screening for
the occurrence of a mutation, enough probes may be used to
cover each base three times. If a mutation is present, several
covering probes will be affected. The use of information about
20 the identity of negative probes may map the mutation with a
two base precision. To solve a single base mutation mapped in
this way, an additional 15 probes may be employed. These
probes cover any base combination for two guestionable
pozitions (assuming that deletions and insertions are not
25 involved). These probes may be scored in one cycle on 50
subarrays which contain a given sample. In the implementation
of a multiple label color scheme (i.e., multiplexing), two to

six probes, each having a different label such as.a different

fluorescent dye, may be used as a pool, thereby reducing the



several steps of hybridization, and the selecting of a new set of
probes on the basis of results of previous hybridizations.

| f subarraysydesdesgnal yzed i nclude tens or hundreds 10 of 58%%%@ f one
&

type, then several of them may be found t1G contain one © hanges
(nutations, insertions, or del etions). For each segnent where nutation
occurs, a sparbdr Cof hySeidifatiiRPes TRY S i O
probes to be score% for a type%(§)’f samgﬂe{% %%/ enl-s%gegr%t aér?ﬁirg%rgg:g‘gg The
15 scoring pfocespdi ca arrays in parallel facilitates scoring of

hundreds of probes in a relatively small nunber of cycles. In addi tion,

conpati bl e probes may_ be pool ed. _.Positive ybridi zati ons nmay be

' h
assigned to the probe® ]%ectcé’(ﬁ“p_tl&"@ﬁ@ékcésespatF}EEF‘Eﬁul“éﬁfY (%A taey pese
because t heggr SCORN S Ustktl ol sl | %e?roit%gg%g%ﬁdltélf' ejtt%o%%é:'e})§§§%gbases'

By using a |arger set of |onger probes; targets na Fyzed.

These t & gefor neyamele eserthrepeobasefl insertiagneay DUl e Maehs gaf exon
cl ones. A specific hybridization scoring nmethod may be 25

enpl oyed t&%‘é@?%e_?hﬁe_“ﬁﬂ%mléFaﬁﬁ@aﬁ@%% May geh@rrroachedsbyment to be
The sequencifelal SLdld SEIURINTRAcIEY; T tne, AR L B S ng: gt

t he sequence Trom one “cnrono r

sequence froMpishdl B the Va@RECSENLEsAlESVLAMY AR iold hybridi3hRions.
chronmpsomes cont ai n new, 78

but different nutants. In both cases, the scanning step designed to map
changes gives a maxi il Sikg¥aRYS tpebenaralyzed inakndeoiténst orhéumdrads

positiomp Furt t 0 n used to identif ich alleles of a
gene a?@ cac?gr i%ﬁﬁ%lye%%%%@ngﬁl dugﬁeﬁnﬁem"’l#e‘# &ﬁlﬁ“h&?la*ymﬁagc’}"gd to
honmozygous &¥ntain heieeicd” w@ees chahgbBaim@€€ions, insertions, 8¢ NG
two-fold signal differences required in the first case nay be achieved

ef fici ent | ydehetciomsdr. #pr eachcsegespbmdhene siuretiomiddeulrenoay gpasiang
het er ozygous . 10. controls. . This aggroa}(lzh all ows determ nation of a
rel ative Set Of probes may be scored. The total number of probes to be
scored for a type of sample may be several hundreds. The
15 scoring of replica arrays in parallel facilitates scoring of
hundreds of probes in a relatively small number of cycles. In
addition, compatible probes may be pooled. Positive
hybridizations may be assigned to the probes selected to check

particular DNA segments because these segments usually differ

20 in 75% of their constituent bases.

By using a'larger set of longer probes, longer
targets may be analyzed. These targets may represent pools of

fragments such as pools of exon clones.

A specific hybridization scoring method may be
25 employed to define the presence of mutants in a genomic
segment to be sequenced from a diploid chromosomal set. Two
variations are where: i) the sequence from one chromosome
represents a known allele and the sequence from the other

represents a new mutant; or, ii) both chromosomes contain new,



reduction in the hybridization signal for each particul ar probe in a

given sanple. This is significant because hybri di zation efficiency may
vary nore t zfold for a particul ar probe hybridiz |

di fferent nuc 3%%3% d 15 fragnents haviyg the sane full rrg E%%@”é“é’t. In
addi tion, different nutant sites may affect nore than one probe

depending upgn abpeOuIRE malafld SOMCheAt dacBbobeRe LESHEATP stepO! Lhe

signal for our consecutl've probes produtes a i ficant

i ndi cation gbksagAudand wap echdiefas tod viery abaax2flalheidral byiffetémge v h
smal | sets' of selected probes anong = which one or few probes selected to
give a full twat&nldj ghathe mutgdntcpasstd@nay eFugEher ghtbe onethed Faferbe han

t he signals com,ng, from.m t.ch-~caont ai ni n u X .
PartitioneduﬁﬁﬁbFané_e@f%%ﬁv%P%éﬁ%%% HhiCs 59 Pga%%gaﬁs%ﬁﬂ%ﬁ'%&ﬁﬁ}inents
to accommdaha;i{ehahi Vehd WG theiMdiRAGRal iEAHBRESYGERS esenting a

gi ven sequence type, or nmany different types of sanples represented

with rel ati hekpremggbus for murbergensf. sanpl es. A range of 4-256 sanples can
be handl ed with particular efficiency. Subarrays within this range of

30 mb f d be desi . h it fi ' d
17 "Gl 2o of St ancRFRT IS (TURTIOL AR Ak 6 FBF SRroP RuRPS ih the

| abel i ng olei; gapuchggt hdgShe ih fived WUriRE hhy bpYSomBirdey  adjusted

for different nunber of Sanples, or a few standard subarray sizes may
be used. |f ceklrespoptitsgofignalperidth faimozZygbus mndoheteunbzygeys additi onal

subarrays or nenbranes_may be us and processed.with_the sane, probes.
In addi t¥ oncopfrols. {81 PRFIAHN rﬂ%ﬂﬁ%‘fs (ﬂ%tt%ﬁlllfl@’é%of’o?f e'%tcﬁeﬁ%‘b%ﬁ?‘? ay,
the time . redli8tiBRMRhCLAO iled SN {d:F AIAAI0L2CAUEACHAP: DEQEEPS MBY be
varied. 10 AsS us erein, internedi ate fragnent”™ nmeans an

ol i gonucl eopirdbebehnwaecgibennsardflld. pisias iisn digndfhcanndbecauge ef er abl y
between 10 and 40 bp in length, In Format 3, a first set of
ol i gonucl eohy®zigigpsion effirienguinaseircaore thabEve2Ealdnfar sal i d

support und%%rticular probe hybridized with different nucleic acid

15 fragments having the same full match target. In addition,
different mutant sites may affect more than one probe
depending upon the number of oligonucleotide probes. Decrease
of the signal for two to four consecutive probes produces a
more significant indication of a mutant site. Results may be

20 checked by testing with small sets of selected probes among
which one or few probes selected to give a full match signal
which is on average eight-fold stronger than the signals

coming from mismatch-containing duplexes.

Partitioned membranes allow a very flexible
25 organization of experiments to accommodate relatively larger
numbers of samples representing a given sequence type, or many
different types of samples represented with relatively small
numbers of samples. A range of 4-256 samples can be handled
with particular efficiency. Subarrays within this range of

30..numbers of dots may be designed to match the configuration and



15 conditions which permt themto hybridize wth nucleic acids havi ng
respectively conpl enentary sequences. A | abel ed, second set of

ol i gonucl eot {ygsogRig¥ges is provided in solution. Bot h W gd¥infsoki@roset s
and between the sets the probes may be 170f the same |ength or of
different lengths. A nucleic acid to 20 be sequenced or internediate

fragments tRerLROLMaY aR8a2BPMLeHiwell t1ddes fidedt £30t s@brREghERG! N
doubl e- stranded form (especially ere a recA protein iS present to

perm t Rdireldiingt cdngondeleabhdeznatThe rgi z=o0fi thenspbaorays may be

singl e-stranded form _and under conditions ich_permt hyhrids 25 of
ehe e

different d@gpMsrest LoFPLeheneari Py Rehrok 8amnles uRdef few g5ARARFBNs
whi ch al | ow j i1 i b f t n SQ~PA|

M st ch hylasy ek iy 6 688 e T SarlCe of artYRRcESEARE .
fragment § t Hanedhn e babapphiyedadditiondhesdbarviaysebrofmepbohassbabgr be

after or sinultaneously with 30 the second set of probes. Probes that bind
to adj acent ugede@nd processed with the same probes. In addiggon, bygnp the

atrget are bound LGeLREr (Gl oFY SAEKIG., JLPLARLLORS OFLyBY g,Li oase

or other ne using m ca for 0N bé e "adj acent

probes). Aftfyr completioht bfdiddhaseNtapispes: tseqieneangdprbtegeenby Bad
probes 5 which are not immobilized to the surface by chem cal bondi ng

to a nenber wvritelde first set of probe are washed away, for exanpl e,
using a high tenperature (up to 100 degrees C) wash sol uti on which

melts hyRrids. The boynd prgbes fromthe second set nay ,then_be
detecte Busing npans_éﬁpPgsaig?geig'thelQEFrW%ﬁiﬁ%e¢§%P§y§E¥(wﬁF@ﬁsnﬁﬁ, for
exanpl e, be (heErhidTicbRse@Nbetweenf § USHE@SLRIY bdRE QACHWGLHENAYERL i C,
densitonetric, “or el ectrophore mass | abel s). Her ei n,

nucl eot i de lpesdferapdycbetveear 80 and 2¢opp|snem@tyl. if they forma stable

dupl ex by hydrogen 15 bonding under specified conditions. For exanple.
under conditions ¢O nly,egpl oyed in hybridization ass . adeni ne
("A') matches thynine PH$BTW¥BU rn%tgbﬁ%ﬁiﬁéé(Qéééﬁ%§°n8§?8§?ﬁ§e_Pr° E=c) .
Simlarly, GRS sequlttbeN®t MmAbbillifddesn RAERAid supporh Whkerhydrogen
bond in |l ess specific flashion, such as 20 inosine or the Universal Base
("M badé, MNaiddltscsms ahichopsymit thewrtothydrinidief widhbasedeisuekids
met hyl at ed hases, for .erane are co | enentary to 5@ s€ Raggs for
whi ch t hey ving respectively' cofiplementary sequences. abeled,
second set of oligonucleotide probes is provided in solution.
Both within the sets and between the sets the probes may be
of the same length or -of different lengths. A nucleic acid to
20 be sequenced or intermediate fragments thereof may be applied
to the first set of probes in double-stranded form
(especially where a recA protein is present to permit
hybridization under non-denaturing conditions), or in
single-stranded form and under conditions which permit hybrids
25 of different degrees of complementarity (for example, under
conditions which allow discriminatation between full match and
one base pair mismatch hybrids). The nucleic acid to be
sequenced or intermediate fragments thereof may be applied to

the first set of probes before, after or simultaneously with

30 the second set of probes. Probes that bind to adjacent sites



a stabl e dupl ex under specified conditions. A probe is said to be
"perfectly conplenentary” or is said to be a "perfect 25 match" if each

base in theﬁ%}_ﬁsjsorns a dupl ex by hydrogen bondi ng t op@risaRotod t he
nucl ei ¢ aci 0 be sequenced according to the Watson and Crick base
paring rules (i.e., absent any surroundi ng sequence effects,the duplex
formed has | pTal f i ; obe). 30
pertect |y Foriitmnia e g R ERREAy Fe. 8 PO Sl dtdy

19 t 0 ERESrRaSTony ahe oy didaaec oanakhgs veam®diff | athusing

nucl eoti des. A "perfect match" for _an anal ogeor nodi fi ed nucl eotide is

j udged accorbi¢nicab kengdarmat ian betwges: the adjacent RFIRGS)-hat B8 og or

nodi fied nucleotide (e e | ndi I hat é}@é, | {3l JUHEE Ng
energy for Beﬁrﬁ?'{:eﬁrféaa}(gjacet&ar‘tr)aﬁ%(])agetyo;&%rr%%i Rglelgdhnﬁaeot | dee%‘?gﬂgg#lya%e in a
probe that yhichdges et freidbid ikedliteg thel sugtaoe dbygchemidedl "bandisly i s

sai d to be a "msmatch” under the specified hybridization
condi ti ons. to18 member of the |fismstofselr Sfedrabs BES MaEhRf &Faherf Gt each

pr obe is a perfeci match tq the nucleic acid_to e .

probes on tﬁ?‘@mpf§t walq %n%@q’aﬁaﬁnﬁpzeé‘"&ttugeoﬁﬁgrtighleé)n&ic?\ee&éé]‘gcﬁéxivgr%ﬁ‘
overlap faspj &l ehid Nk BaAcCCcamRl beligd Piobes freMPAId Ng a
first probegégﬂgééﬁc‘g?gt he ot he% obes on the 15 ﬁjlji st to determ ne which
probe has asdcorddsahimdy hasen e detedtadyustingegeans cappropiciate dentihe
to the sequence_of bases .at the 5 end of 1a sgcongl l.Fer:gbe. The f.irst
and secthd prbpdsemployegy (y By 9% FFEEP 150 dPE NE PP e R SR He
repeat ed by ri {veNd R mlie cSeaend: pomderi®, the 3' end of
all 20 of fgﬁgr?%gﬁgﬁ%f ngg%iro etgl‘geﬁ'd by corrpgr'i ng the 3 rend of the

first probeewetBrbprobe wass ofaldls)of the renmaining probes.

Herein, nucleotide bases "match" or are

"complementary" if they form a stable duplex by hydrogen

15 bonding under specified conditions. For example. under
conditions commonly employed in hybridization assays, adenine
("A") matches thymine ("T"), but not guanine ("G") or cytosine
(rc"). Similarly, G matches C, but not A or T. Other bases
which will hydrogen bond in less specific fashion, such as

20 inosine or the Universal Base ("M" base, Nichols et al 1994),

or other modified bases, such as methylated bases, for

example, are complementary to those bases for which they form

a stable duplex under specified conditions. A _probe ig said

25

30



The process may be continued until there are no probes on the | i st

whi ch have not been overlapped with other probes. Al ternatively, nore
than one prepgodysge sel ected fromthe 25 list of positiyeyp m@m and
nore than one set of overl apped prohes ("sequence nucl eus § be
generated in parallel. The Irst of probes for either such process of
sequence a ’ 3 ; ; ﬁﬁJﬂQﬁﬁﬁﬁﬁie perfectly
conplenentary“ “the nucielc acid to be sequen'eo of nay be 30 any subset
t her eof . nucleotides \ rfec A% or an adlloc . i The 5
and 3' ends of the orobes nay be overlapped to generate Ionger

stret ches OCRGERREH YAbsless 2 285 ReBleH BAt A IS | nues
until an anpjgui ' [
repeated inmthe ,
or

anbi guities are referred to as fraonent os a subclone sequence (st)
Wher e anbi gatales o iredifieduslestidednh| Badhchas p-2_prooa,diaghi ity
of alternati ve P, over l.aps,.w t h_probes 10 h brrdr;atron th |_qnger
probes spanftrg—t : Y oveEr-tap = e At : e maLl

hybri di zat i gl pé feh® unddhd ehRakihxe } _“',*f

spanning the site anbi gui ty or srng e pass gel analysis (to provide
an unantemgdibcisome der i ng of Sfs) may be used. 15 By

enpl oyi ng the above procedures, one nmay obtain any desired | evel of

seduenchy Lrom 2 el e - BN L RL S D R sgttelatsd
identifyingig a pdPfedUGhfich ad @h%ambﬁlelEOaQY&rﬂ:@% N RlertUd OV aieaPpi Ng

probes on this list may then be analyzed to order them in
maximal overlap fashion. Such ordering may be accomplished by
comparing a first probe to each of the other probes on the

15 1list to determine which probe has a 3' end which has the
longest sequence of bases identical to the sequence of bases
at the 5' end of a second probe. The first and second probes
may then be overlapped, and the process may be repeated by
comparing the 5' end of the second probe to the 3' end of all

20 of the remaining probes and by comparing the 3' end of the
first probe with the 5' end of all of the remaining probes.
The process may be continued until there are no probes on the
list which have not been overlapped with other probes.
Alternatively, more than one probe may be selected from the

25 list of positive probes, and more than one set of overlapped
probes ("sequence nucleus") may be generated in parallel. The
list of probes for either such process of sequence assembly
may be the list of all probes which are perfectly
complementary to the nucleic acid to be sequenced or may be

30 any subset thereof.



20 probes up through assenbled Sfs and on to conpl ete sequence for an
I nternmedi ate fragnent or an entire source DNA nol ecul e (e.g. a

chr onosone) . Sequenci ng may generally conpri QﬁmB | owi ng
steps: 25 WO /31836 (a) contacting an zgray of inmobili zggwh %
ol i gonucl eoti de probes with a nucleic acid fragnment under condi ti ons

effective to aIIOM/thfhérggqﬁm& §£)J4a§nd% Qh%g@gég%%ema§cggﬂ5v%f@éﬂbéa1

i mobi |i zed probe having a conplenentary

21 _to geneth}eChohget | figrdtilespiofmaeyuenspl exTh ¢ hprocais &
| abel ed ol i gonucl eotide probes in solution _under conditions effective
to al | ow t haspemhaipgchrPPex FNtiBiasdiunsitdo aphamblgulity irkgeskasause

t her eby form.n ecaondary. co rel f ' ybri di zed
W th both st AnBBERNTcRS M bt diray L& Tepeplfd Py, g FrdanenY, (c)
renovi ngs f r gabar $8¢0803EuERE®S Elortl 138l @fe probs Pher ttuliiod
hybri di zed adjacent to an i nmobili zed probe; 10 : (d)

det ecti ng t begpentencEhef stgchemtof sinsuemcgnbetweenyanybeve mgrichud ins
detecting the presence_of the |abel; a rmning a

- 3 W
nucl eoti de 8&Gu&R grppdi he as fraguant Qs B sUbRheRE; AGTYERC%Kn sequence
of the i mmﬁhlekéegmbigu%g{/@%g&hf%@Qrprs%%%nceléssembly due tdhepdi zation

and washi ng condition sel ected to detect” substantially perfect
mat ch hybri deaf3abhlasyt dbsealternattioreipropee bragheps with prodieedyybri di ze
at six out of seven | . . .
hybridization with longer probes spanning the site of overlap
alternatives, competitive hybridization, ligation of
alternative end to end pairs of probes spanning the site of
ambiguity or single pass gel analysis (to provide an

unambiguous ordering of Sfs) may be used.

15 By employing the above procedures, one may obtain
any desired level of sequence, from a pattern of
hybridization (which may be correlated with the identity of a
nucleic acid sample to serve as a signature for identifying
the nucleic acid sample} to overlapping or non-overlapping

20 probes up through assembled Sfs and on to complete sequence
for an intermediate fragment or an entire source DNA molecule

(e.g. a chromosome).

Seqﬁencing may generally comprise the following

steps:

25 - (&) contacting an array of immobilized
oligonucleotide probes with a nucleic acid fragment under
conditions effective to allow the fragment to form a primary
complex with an immobilized probe having a complementary

sequence;



positions), may be selected to allow differentiation of perf ect
mat ches and one base pair m smatches, or may be 20 selected to permt

detection on{v}sggj%ﬁ?rfect mat ch hybri ds. Sui tpg:t]J{[fS 8/00704
| P SHI%M on

hybri di zati on “con ions may be routinelyz1 determ ned by
procedures or pilot studies. Such procedures and studies are routinely

ducted by th Ki L0 L i
e Tabor ot ory See dP1X! LREEALEIAQTHS JlrBSh AdoRBleR! B 0i0a%stRl oS 11

Mol ecul ar Bi@hegyd ¥ikgohudledobde iitshesk 0 10t989) uinder Sefiliooénet al .,
Mol ecul ar G oning A Laboratory Manual, 2nd Ed., Vols. 1-3, Cold Springs
Har bor Presefifeggdye sadaldavathe primary complex to hybridize to the

22 et agl_., | ecul ar oning: ;A Laboratory., Manual . . Col d rin

i bor Labor AR o8, FREPRRY berr i, SsiiedfgnpoyReg, R riy, th
are incosporsaizethelt Haf ayBReQi Bedelith At 1L X3 Ethobilize@0pdbbeoaadsHCh as
tenperature, concentration of conponents, 5 hybridization and washi ng

ti mes, buffdabededopenbs,; and their pH and ionic strength nay be
vari ed. I n enbodi ments wherein the | abel ed and i mmbilized

50 o 00, DI, TR Bk d S S A B a5

sol ely on washing ste

condi ti ons, AdiacenPhaBeRoRaNpl el Aas et Mt do an 1fhbLELEYeReCAUSE Of

stacki ng i nteractions between the adj acent probes. Conditions may be

vari.ed to oproleze the process as descri bed above. I'n

enbodi nents wherein the imobilized and | abeled 15 probes are |igated,

ligation may be inple ted by a,cheni cal ligati agent ée..

wat er - séPubi e carbodiﬂﬁSdeg8F¥E§éﬂ%g pres?ﬂ%ﬁﬁa%e?agﬁFgﬁtli Qggegniﬁﬁe,

such as the HGlsa V3l ' y yegd sThe
u%ﬁ%%%l%h hgxﬁgﬁ 2 g%%@@%fh 4N ldaase BRY che ?HBES, 9na

washi ng conditio ected to di'stinguish between adj acent

(e) determining a nucleotide sequence of the
fragment by connecting the known sequence of the immobilized

and labeled probes.

15 Hybridization and washing conditions may be selected
to detect substantially perfect match hybrids (such as those
wherein the fragment and probe hybridize at six out of seven
positions), may be selected to allow differentiation of
perfect matches and one base pair mismatches, or may be

20 selected to permit detection only of perfect match hybrids.

Suitable h&bridization conditions may be routinely
determined by optimization procedures or pilot studies. Such
procedures and studies are routinely conducted by those
skilled in the art to establish protocols for use in a

25 laboratory. See e.g., Ausubel et al., Current Protocols in
Molecular Biology, Vol. 1-2, John Wiley & Sons (1989);
Sambrook et al., Molecular Cloning A Laboratory Manual, 2nd
Ed., Vols. 1-3, Cold Springs Harbor Press (1989); and Maniatis



20 versus nonadj acent | abel ed and i mobilized probes exploiting t he

difference in stability for adjacent probes versus nonadj acent probes.
a |gonucleogwd Pegbes may be labeled with fl uorescent ﬂ?gﬁ mW74

chem | um nescen systens radi oactive lalks 25 (e.g., [err err
[err]P or [err]P) or with isotopes detectable by mass spectronetry

Where a nucl.ei ¢, aci J%H&kno Iqﬂg sédgq?, bout
45 or 50 bp%“t('a le trol gcu +e may fé;n agngtléggyg%g%ﬁt%ealsequence %a
fragment s dgiebst Nesbofdagedalid Gpring Harbor, New York (1982), all of

23 may be acconplished by restriction enzyme digestion, shearing
or NaCH. Fregheht aremintnrpagaies &y b’?fﬁf?écee gredy. gdior example,

e ectfophOfeS'altigngbé@éwaas Rlrenhed. b 208R0La L PN b e compdifiitls | eD 1

forty bps eotl y a Stumber
81 80PN 410 éﬂ@%s&ﬁlﬂd edmed, tBﬂfﬁéi‘,c&ht%hék&_s, and their
Iaser-actlv ed phot odeprotection at t achnent t hrough a phosphat e group

usi ng r eagepHEsasdchombc sstuerigidsimdyy be vaghedphoranmidite or a nucl eosi de
hydr ogen phosphorate. G ass, 10 nylon, silicon and fluorocarbon supports

b d. d d ,
gﬁé © utsﬁese arrays mﬂ#&#%&%nfvj’%s%%h gﬁggfglgq:bf%q? a(:,'b‘flze i rito ed"®
gi ven |engt 08%655{' %%aaf1ys%lze%@ﬁhb§m§hfmked a-éﬁtéwwplnvay

partitions use to separate probes or 15 subarrays of probes.
Arrays may belgesogebﬁ drorwastringusteps oéppbntablba& geringerenpi ndindsar ti al

sequencj n sequenci pg, of targeted ns fo
TRNA. SoHlienEnRY GARL Cichey GAEAIE CEqrecrrYy. LACSHARRT RLTHTS hay be
designed to_be; ;¢ HEdlEa &Sk ts%a%mrgt 10t hPBhL OB DV 1R RETd dh 2

probes. Conditions may be varied to optimize the process as

described above.

In embodiments wherein the immobilized and labeled
15 probes are ligated, ligation may be implemented by a chemical
ligating agent (e.g. water-soluble carbodiimide or cyanogen
bromide), or a ligase enzyme, such as the commercially
available T, DNA ligase may be employed. The washing
conditions may be selected to distinguish between adjacent
20 versus nonadjacent labeled and immobilized probes exploiting
the difference in stability for adjacent probes versus

nonadjacent probes.

Oligonucleotide probes may be labeled with
fluorescent dyes, chemiluminescent systems, radioactive labels

25 (e-g~: 3581.

3 32

H, P or ¥p) or with isotopes detectable by mass

spectrometry.

Where a nucleic acid molecule of unknown sequence is
longexr than about 45 oxr 50 bp, the molecule may be fragmented

and the sequences of the fragments determined. Fragmentation



20 conbi nation and arrangenent of probes on a substrate.

For exanple, 1024 immobilized probe arrays of all ol i gonucl eoti de
probes 5 bageyssizssength (each array cont ai ni ng 1024 dpgtiRedoofiaobes)
may be constructed. The probes in th®3® exanple are 5-ners in an

I nformati onal sense 25 (they may actually be | onger probes). A second set

of 1024 5- pay beMBEcBREREShERYbPErdsthal@dondBdzphe @fgeacibn ab.ﬁlé@h&rg)be

may be applled to an array of immobilized probes along with a
fragnent torb¥a®HquEnaguents may sbeamnalratezﬂow aizaybée vpullsy gel be

conbined in_a large su rray,, or, "superchip."” In those 24

i nst ances %@FéraghPﬁﬁg f SR P aar?&’e(gﬁggﬁﬁ fraoremel pIth 9 obes
hybridi ze to-end_ a cleic acid fragnment. the two probes
are joi ned@lgglolrt g)%gng?ekﬁge)(?ogﬁwl on, and, after rermvi ng unbound

| abel , 10-mers conpl enentary to the sarrpl e 5 fragnment are detected by the
correlajion of the pOésgonecréoﬁndes madyabel iamohipbzed, by an munksr af/i ng
an i mobilized probe o known sequence to which was applied a | abel ed

probe of kﬁ‘G%HOdS kn@@ﬂu%ﬂc‘ého%eg}‘é‘éc}@né@ &het REC safpFR 3% agnent is sinply
the QSQCSCQFVLFﬁd WA&%%%%%%] EQEEEHHE& {ié%\fgk? quence 10 of

t he Iabele probe I'ON PoSSI O nmers may

be tested buoaptagbi gabaplaélmqe&afenﬂy @mcﬁnaboaSnucleo@me/ 5-ners and
whi ch thus invol ves one thousandth of the anount of effort for

ol i gonucl ephrgpheyankhditg. or a nucleoside hxdmgemphg%mpm e Alndm
sequeng&d ated (for (gnple by the

gp¥ he s glfragn9§t€§ho octhervmse trg

use of Y 88A) tor&08 A% A @Rb&%?HPPSF gt '3h 1?‘?‘0‘1’1? ‘tondary

structure in the sanple. The sanple nmay be fragnented by, for exanpl e,

digestion with a respligbhedleszydds WM oS oghndked into arrays, and
these arrays may include all or a subset of all probes of a
given length, or sets of probes of selected lengths.
Hydrophobic partitions may be used to separate probes or

15 subarrays of probes. Arrays may be designed for various

applications (e.g. mapping, partial sequencing, sequencing of
targeted regions for diagnostic purposes, mRNA sequencing and
large scale sequencing). A specific chip may be designed to be

dedicated to a particular application by selecting a

20 combination and arrangement of probes on a substrate.

For example, 1024 immobilized probe arrays of all
oligonucleoti@e probes 5 bases in length (each array
containing 1024 distinct probes) may be constructed. The
probes in this example are 5-mers in an informational sense

25 (they may actually be longer probes). A second set of 1024 5-
mer probes may be labeled, and one of each labeled probe may
be applied to an array of immobilized probes along with a
fragment to be sequenced. In this example, 1024 arrays would

be combined in a large superarray, or “superchip.” In those



physi cal shearing (e.g. by ultrasound ), or by NaOH treatnent. 20 The

resulting fragnents may be separated by gel el ectrophoresis and
fragments of waywspfasopri ate | ength, such as between aboycrhékeBgg7and
about 40 bp, may be extracted from t A& gel . A reusabl e

Format 3 SBH array may be produced by 25 introducing a cleavabl e bond

bet ween t he ifigtethc¥ad whaltel afl immoPpibbesd aftbdeerand one b theslhbaleafter
a round of Format 3 analyziz is finished. The |abel ed probes may be

ri bonucl eot |Rn§8>969r hybriigdgec] evdi deoneyd bealengy aaéultﬂﬂélf’oﬁﬁilﬁgfragmﬁaée, | n

e I B, MO RO R WA e B Ao

25 I e@dnBAiing %&4@% i bBal MENY -mdFs a&sixtﬁlléa@mta%d%optaeussﬂpra

chemi cal ligation nay be selectlvely cl eaved
vari ati ofis ifirdgmentt laeeusletettaﬂdbfn thie corre:ilatg@m@Ife@hedpsesenmcoéaae
specificity or efficiency,

£C|In%y brjdi zati,ons tﬁ érease thg
hybrldlzatlc%?hﬁ%yﬁﬂ a p°1ntf6P 8 aﬁﬁ¥ Veg ShiligoRindBRAIPESPE o cycle

under qggg; %§§? g I C oL & t
set of | abel ed probe %%Flgﬁe ﬁ%ﬁ%?%ﬁ t.éﬁ?.ﬁé Tel bggg%ngf ¥%%§ﬁ
optimal |y seierfiierstef.or Taeseeqndneet obfth@lﬁr@iel&ragmhes is Shinplg the

reading frane may be determned by using m xtures (preferably m xtures
of equi nol arsm)ofof tbeow@oblllz%ow@bq rp@etéwugﬂ fRethguFeduenest i de

bases A’lpe d o% E%:Q'xe C.:i.‘abeled 81roa fraIn Bé]{ﬂ"& %%ﬁ' rét %guﬁlﬁligghg#o%sfﬁl S tO

the ord sequence the sequence orna

is 15 det erlmm&yna%lde eekhea: b{rl a &&ﬁlﬂlﬂa&&&i‘ﬂaﬂn@'frbceS'EHGthBaéﬁploys
gel sequenC|n%-at a fraction of the cost of conplete gel
y 5-mers and which thus involves one thousandth of the

amount of effort for oligonucleotide synthesis.

A nucleic acid sample to be sequenced may be

15 fragmented or otherwise treated (for example, by the use of
recA) to avoid hindrance to hybridization from secondary
structure in the sample. The sample may be fragmented by, for
example, digestion with a restriction enzyme such as Cvi JI,
physical shearing (e.g. by ultrasound ), or by NaOH treatment.

20 The resulting fragments may be separated by gel
electrophoresis and fragments of an appropriate length, such
as between about 10 bp and about 40 bp, may be extracted from

the gel.

A reusable Format 3 SBH array may be produced by
25 introducing a cleavable bond between the fixed and labeled
probes and then cleaving this bond after a round of Format 3
analyziz is finished. The labeled probes may be
ribonucleotides or a ribonucleotide may be used as the joining
base in the labeled probe so that this probe may subsequently
30 be removed, e.g., by RNAse or uracil-DNA glycosylate



sequencing; or (ii) conparison to related sequences, may be used to
order hybridization data where such anbiguities ("branch p0|nts
occur. Pri 958?83§i ngl e pass gel 20 sequencing through P 611(
poi nts are identl |ed fromthe SBH srgjuence |nfornat|on or rom known
vect or sequences the flanki ng sequences to the vector insert
site. and s S%ﬂgg eREAYERE NG r 14T he
sanpl e %ggggﬁgngéi e sequence ob?gi%egakggﬁ1t%§%&§|éf§e péggpge
25 sequencbngmueamompgaeﬂomOmaymbéﬁsehémmaveegdcleamednd out of t he
branch points to identify the order of the Sfs. Al ternatively, the
Sfs may be ordered by conparln t he sequence of the Sfs to_related
sequences and orderi ngthes wWixlations dnglyggcEhg ugguehcBOfREred s cl osest

to the relateggggggfg§€%des to }ncrégée SB§§ﬁ§l°1tXe°fsQFﬁ9a %ﬁ&g the

nunber of tg& mrepetrtrve nuc et fragment
nmay be det eegenedgbiiybridsifgl enPass ﬁﬁire&%&uehél Agbr 81t et e & Bpeat S
occur rarely in protein-encoding portions of a gene, the

gel - sequenciEny sxapple hYIPeb%Q%EWKbrﬁedW@Wﬂﬁlﬂﬁéhoén@Yelet¢@%%rnoncod|ng

O L oePRaAESPRE L Foe stk S%t"‘freqagp't‘i‘r’ﬂ'ai‘iv SERRA LT A RS on
about the dggkes£Ofi abeled yhohak 2881 1@eRX i r‘l&ﬁ.zétﬁ@ﬁ @haepl y about

200 10 oligonucl eotides probes (about 5% o0 t e effort required for
conpl ete seqoadatmgysdeptnm@lkyLﬂﬁkpnteﬁgﬁm&tarseobnéashtgeﬁe labeledid may

b d t t DNAs f | th
!?b?:?yléonng §g23|§ﬂgfgscﬁ%|Eé?{E I#§ o a “be Gﬁh%rmﬁﬁgéﬂgh %?U%gtures
identical, g{iml3bsangdrblfQEBPimixdtirdS caihe1dLshhaght sheds dhtbbes

i nvent ori ed
ending in each of the four nucleotide bases A, T, C and G.

Branch points produce ambiguities as to the ordered

sequence of a fragment. Although the sequence information is

15 determined by SBH, either: (i) long read length, single-pass
gel sequencing at a fraction of the cost of complete gel

sequencing; or (ii) comparison to related sequences, may be

used to order hybridization data where such ambiguities

(*branch points”) occur. Primers for gingle pass gel

20

25




Nucl ei ¢ acids and nethods for isolating, cloning and sequenci ng nucleic
acids are well known to those of skill in the art. See e.g., Ausubel

et al., Curr cols in Mol ecul ar Bi ol ogy, Vol. 1- ey &
Sons (1989); %gt?l%ﬁ&%o Sanbrook et al., MRecular C oning A Lg%%ltr}%dtg@?’)ﬁ
Manual , 2nd Ed., Vols. 1-3, Cold Springs Harbor Press (1989), both of
uhi ch ar e I ncor por at eq Dy 4agk §keNCenBChGhBer of tandem repePdiive Bubdklic
devel oped technol ogy that may be practiced by a nunmbér of nethods known
to those skiddirll dayndits 2 ar tar§pecfragathy, mdye denidptesnricledt & t 0
sequenci ng by, hybri dizati on of the follow ng docunents is incorporated
by r ef er&¥El ertasish gy FEANENSLNGL . | AY) RNgRN KAPERES Dosyy, ¥3rely in

(Rer by | GRS L SLPLERGHRT 510} goh g i nciencins 8

Dr manac et nom Cs, mana
27 ad ., wBraeedidrroraled bRl whenl dhel of Goidse HRRiddiploRYions is
Super conputi ng Human Genone Cantor et al. eds, Wrld Scientific Pub.

Co., Singapordenti£izgl @E0®pingDofapartéculpr interestlejlende, 360it16449am652
(1993); Lehrach et a]clj.f Geln me 5 Analysis: Cenetic and Physical Mapping,
1, 39-81 (199H°T Yy regu a%ﬁFiYnﬁeﬁléPB t Laboratory.Press; Drmanac et al.,
Nucl . Aci ds "Res., 4691 (1986); Stevanovic et al., Gene, 79, 139

(1989); Panusku fotdlinin¥blinfBifkht 164 Okboutl 1) BdGHAW)ot N zetic et
al., Nucl. Acids Res., 19, 182 (1991); Drnmanac et al., J. 10 Bionol.

Struct. Dyn.hylridiss icroexhibtigied fer atsat.of awly about @9, 4, 125-132
(1991); ﬁire oska et_ al ., Proc. Sci Q%EA , 88, 10089

. Nat ' | cgg
(1991) : 15 mepIRuGHect iges Prﬂgﬁﬁs<ab°éE & of e =Tt $EBU TS P8 manac
et al., Int. Jnpl@ W RquenciBey- de¥ined-{%hi@9)signature of each gene
and may be used for sorting the cDNAs from a library to
determine if the library contains multiple copies of the same

gene. By such signatures, identical, similar and different

15 ¢DNAs can be distinguished and inventoried.

Nucleic acids and methods for isolating, cloning and
sequencing nucleic acids are well known to those of skill in
the art. See e.g., Ausubel et al., Current Protocols in
Molecular Biology, Vol. 1-2, John Wiley & Sons (1989); and

20 Sambrook et al., Molecular Cloning A Laboratory Manual, 2nd
Ed., Vols. 1-3, Cold Springs Harbor Press (1989), both of

which are incorporated by reference herein.

@

SBH is a well developed technology that may be
practiced by a number of methods known to those skilled in the

25 art. Specifically, techniques related to sequencing by
hybridization of the following documents is incorporated by
reference herein: Drmanac et al., U.S. Patent No. 5,202,231
(hereby incorporated by reference herein) - Issued April 13,

1993; Drmanac et al., Genomics, 4, 114-128 (1989); Drmanac et



15 The present invention is illustrated in the

fol | owi ng exanpl es. Upon consideration of the present di scl osure, one
of skill inyidwsgds Wi || appreciate that many ot her ergeqgidsBid7es and
variations may be nmade in the scope of 2@ the present invention.
Accordingly, it is intended that the br oader aspects of the present

i nvention ngt b%ﬂdd@éﬁ%b%@%he Flrgtsfﬁ@GPrQ:'dHftEQechEbBWoBGSiéaWW es.
Preparation of Séets of Probes Two types of universal sets
of probes rmg:éle:omputlmgelﬂamed GEheméleamton eet @drrpledlse Worl@or at least a
nonconpl enent ary subset}D rel ativel short a ie al |
4096 (or afSHEEEEhEMLC ofPl enEMBSERITS- e 991)' BFT“aEBC%‘&n}g r » about
8, 000 non- comy e%ﬁﬂ?nb%%y)1%459&352F?%§93) irach et al., Genome

28 noncomnpl emgnt ary subsei's” of mer's an onger probes are | ess

conveni §nt AMaSrBIGT ateneey ci aadudRy32cAD Wappiny,e 1pr gvesl (1990), Cold A
second type of probe set is selected as a snall subset of probes still

suffici ent swmgemrrb@re@@b?rapom abyess; Juqanace ok @ -at NHedst AGEER one

probe. For anp 1 diners are sufficie bset for
D ers, 5. M and T GSRE1S Prvalolin P ot €kt A D RR) be
about 30001Panuskul%t:0@q angolQ, 8961 Pr okes, , respct i(Meloy) ; Nizetic et
Sets of probes may al so be selected to |dent|fy a 10 target nucleic acid

of known seduendéiclandyaddst BeisdeniPfyl82 (1331 edrornggt &t 8lof d-t ar get

nuel of GgRCi U N SN Dy, SEIUEEE (D P RflesderPhESR, OB S
Gen., 4, 125-132 (1991); Strezoska et al., Proc. Nat'l. Acad.
Sci. (USA), 88, 10089 (1991); Drmanac et al., Nucl. Acids
Res., 19, 5839 (1991); and Drmanac et al., Int. J. Genome

Res., 1, 59-79 (1992).
15

The present invention is illustrated in the
following examples. Upon consideration of the present
disclosure, one of skill in the art will appreciate that many
other embodiments and variations may be made in the scope of

20 the present invention. Accordingly, it is intended that the
broader aspects of the present invention not be limited to the
disclosure of the following examples.

EX2MPLE 1
Breparation of Sets of Probes

25 Two types of universal sets of probes may be
prepared. The first is a complete set (or at least a
noncomplementary subset) of relatively short probes, for
example all 4096 (or about 2000 non-complementary) 6-mers, or

all 16,384 (or about 8,000 non-complementary) 7-mers. Full



that every nucl eotide position of the target nucleic acid is read at

| east once. Alleles or nutants are identified by the 15 |[|oss of binding
of one of t . LLive" probes. The specific seqguence S00504
alleles or ﬁﬁ?gﬁﬁéﬁ%s then determ ned by 28 interrogatinSEPHE taﬁbet
nucleic acid with sets of probes that contain every possible :

nucl eoti de change an | gty f eler-Ty £s ob sjddons.
20 nonﬁggtgggrq%%gggg %é%%é;trée)cf’ fusal ng st gﬁga?éngﬁe Et ry \;e\ﬁl 1’?% one
to three nogpapesibhedifigbmneshad,. thapdifdlude G2i,060S6r more prolges M base
or inosine) bases at the ends. If radiolabelling I's used, probes may
have an OH group at the 5 end for ki nasi ng by radi ol abel | ed

phosphor ous groups. ARt eeaendveyRe of prolife S9taB6 FRYCGFER %2 cHipati bl e

system such as fluofresc Y, y__he ty.pe.
probes, suclfuPset,9TpRAC ﬁ%o$€%%9p§§ﬁ%ﬂgﬁaﬁﬁas§0%®§§ggg§£€§%¥a?ﬁiﬁ%q£ﬂY
modi fieds geqduases whtAhathaagst dubtierormd gyiduetl.y Faksexamyldpe usest 16
29 Probes may be stored in bar-coded nultiwell plates.

For smal| ndibers efrepsubéicient weh|spikl esnhagr Berudewersor8-mer amd 000 or
nore probes, storage in 384- or 864-well pl at ' referre acks
of 5 to 50 pIrieEs PéléﬁgﬂﬁﬂcfﬂgsgéﬁéﬁéﬂTé%§§4§;0P§§.mﬁ%pﬁ%x?ﬁﬁy%ﬁioégbg of
a probe My 15e bl Ghal 881 006" probedlybidapdctiivaiydi th one DNA sanple. Thus,
froma snall synt hesi s d? about 50 ng per probe, ten mllion sanples
may be anal yzed. If each probe

each sanple is 1000 bgeLs
genones) nay be sequenced by

is used for every third sanple, and if
£ 80 3k Isiclllectadbioeld 202 human

Havi ng di 2@ G-lgoritrctebtrde eot i des
may be intrqg ' hyQe propriate
conditions "I5 TN T ¢

Clerr] - posi tgeofnemmye

read at least once. Alleles orxr mutants are identified bv the

15 losgs of binding of one of the “positive” probes. The gpecific

20 Probes may be prepared using standard chemistry with
one to three non-specified (mixed A,T,C and G) or universal
(e.g. M base or inosine) bases at the ends. If radiolabelling
is used, probes may have an OH group at the 5' end for
kinasing by radiolabelled phosphorous groups. Alternatively,

25 probes labelled with any compatible system, such as
fluorescent dyes, may be employed. Other types of probes, such
as PNA (Protein Nucleic Acids)or probes containing modified

bases which change duplex stability also may be used.



I nfl uenci ng base stacking. 2,6-diam nopurine may be used to provi de a

third hydrogen bond in base pairing with thym ne, thereby thermally
stabi | i zi ngwNagHy exes. Using 20 2, 5-di am nopurine may pd@i®assosupl ex
stability to allow nore stringent cewditions for annealing, thereby

I nproving the specificity of duplex formation, suppressing background

probl ems and permtti {Iﬁ e Hef s%BQEHein%éQQE@déd multiwell plates!he
synthesis of the trip ate“versions of these 25 nodified nucleotides is

di scl osed byoﬂoéméls:elm&\}:bmmprobes(, 19999:ell plates may be @sedrraﬁoa‘l o)
use the non-discrimnatory base ue, or unj vers

desi gned by“P\h @4®| Qr gpoxg ‘probes f@@l?geTﬁ s3Bdw ShA e lip(q’z"teﬁe&)?y

0 s | BEESERISNesidr 9Py Soephdesiopil chlon s rener gl

probl eng t hgtobés sEAPSrox ietidlly o pghefdagpﬁebaqyayafbe suf fiiled egendorc code,
or when only fragmentary peptide sequence 5 data are available. This
anal ogue mmhrzészétmmlwmflee DNA samphpni Thwg. hEER®derfmsdddi ng

i nteracti ons thout steric IS in % I

The M nucl eﬁgﬁ’m@é egh% bR ahs %"e%ﬂ l?g% gﬁgkl efi‘ J?OL}P %50 les may be
interacti Onéné'ﬂ/ﬂgdapfﬁtéé‘ckpcﬁﬂibesliléshlshbleﬁbi év fd:hﬁﬂi é:m;ﬂ%t erR@@ QFatic
rings, enhancing intra- and inter-strand stacking interactions to

| essen the eatk sampielrig)er0 Wb ngl lengthn bhew-we¥ i Iy kidddion dases

Ni chol s, et 1994) favored 3-nit | e 2 -deo I d
becauselbf ?%g }(‘uman)sfﬁ‘??f%/f?‘?ﬁe)almaé’n |S§1<,IPF58E¥' g@i@n‘fﬁ%ﬁ%éy% O&)cbnuc ey
p- ni t roani IM

Modified oligonucleotides may be introduced into

hybridization probes and used under appropriate conditions

15 therefor. For example, pyrimidines with a halogen at the
C’-position may be used to improve duplex stability by
influencing base stacking. 2,6-diaminopurine may be used to
provide a third hydrogen bond in base pairing with thymine,
thereby thermally stabilizing DNA-duplexes. Using

20 2,5-diaminopurine may increase duplex stability to allow more
stringent conditions for annealing, thereby improving the
specificity of duplex formation, suppressing background

problems and permitting the use of shorter oligomers.

The synthesis of the triphosphate versions of these
25 modified nucleotides is disclosed by Hoheisel & Lehrach
(1990) .

One may also use the non-discriminatory base
analogue, or universal base, as designed by Nichols et al.

(1994). This new analogue, 1-(2 -deoxy-



15 derivatives are anong the smallest known intercaltors of
doubl e- st randed DNA. The di met hoxytrityl-protected

phosphoraniQthmﬁhﬁ nucl eoside Mis al so available for FE?Rkﬂﬁh%hion-
eotlées us ynerase 20

into nuc ed as primers for3gequenci ng and po

chain reaction (PCR). N chols et al. (1994) showed that a subst anti al
nunber of nugl ephEdesnGap Pes LN xkE}ie'V'(‘@eEQQH%Ated M{ PSQ%Q“ EhélEed
specificity. A uniq property 0 Isits a |I?ty to

repl ace fbegngset Lhngbigdnueldstgida probelscanddpginatissfot| sylelnh 25
functional sequencing Eriners. Sequences with_three, six and ni ne M
substit uti oAssShanePEPPleBentRRY ALIRE 38 G wesudidabl Bhe degerexrekidh

| adders, and,PCR wifh_t diff t [ Nl | per esul ted
i nampi | £ o SPEoReBrteReoRify ot Bihionty YaBiRbRiry peP} ¥  Sedignie
31 5 data ardéhgvabibble. of Tididd=0RgiieOmaxtanEas NeHdcking while
oligonucleotides to function as priners strongly suggests that a

dupl ex strusinieiging hydnegen toertine idirenagtionanWsthout sigprieally her nal
profiles obtained for t | i ucleotide 5 pairs d(5
-C[err]-T[eFiF]S?‘FFEFP?CfngWF-%@?OP%U d(5 - C2A5YA5G2-3 ) (where X and Y

can be A C G Tor M were reported to fit the nornal si gnoi dal
pattern observed for the WNEDABE Rid urid 1R %E%aaési%nedtﬁé‘ﬁﬁéii@ﬂae The
Tm val ues of the oligonucl eotides contai ni ng X M base pairs (where X
was A, C, Gstrckingninverastnsersing Gpnogicr pedarosubstitiliénts t himked
3[err]C:6an e (Nichols et _al.,,6 1994). , EXAMPLE 3 , Sel ection_ and
Label i n Br fpLeroaromatic rings,ycuhancing dptra-saBdr 1a4er TEE R uced,

the sets of gtacking interactions to lessen the role of hydrogen bonding

in base-pairing specificity. Nichols et al. (1994) favored

3-nitropyrrole 2 -deoxyribonucleoside because of its

structural and electronic resemblance to p-nitroaniline, whose
15§ derivatives are among.the smallest known intercaltors of

double-stranded DNA.

The dimethoxytrityl-protected phosphoramidite of
nucleoside M is also available for incorporation into
nucleotides used as primers for sequencing and polymerase

20 chain reaction (PCR). Nichols et al. (1994) showed that a
substantial number of nucleotides can be replaced by M without

loss of primer specificity.

A unique property of M is its ability to replace
long strings of contiguous nucleosides and still yield
25 functional sequencing primers. Sequences with three, six and
nine M substitutions have all been reported to give readable
séquencing ladders, and PCR with three different M-containing
primers all resulﬁed in amplification of the correct product

{(Nichols et al., 1994).



probes to be hybridized in each of the hybridization cycles on 15 each of
the subarrays is defined. For exanple, a set of 384 pr obes nmay be

sel ect ed fr o bdraassgi versal set, and 96 probi ngs may bep@gutssnond i n
each of 4 cycles. Probes selected to be 31 hybridized in one cycle
preferably have simlar G+C contents. Sel ected probes for
each cycle are transfeid ehitld 5y 8¢ 396ivebpypréle-estitdiigihegr e | abel | ed by
ki nasi ng or by ot her | abel'l i ng procedures if they are not |abelled
(e.g. wth oligeshatilectides dsrduncljen) aBepvirersestrongly Guggests that

On the basis of the first round of _hybridjzatio a ew set of probes
may be defiﬂe%u? FX P FUEH S §P¥5y§1¥§rcaﬁﬁféﬁﬁﬂﬁﬁﬁ%uﬁkﬁiﬁazés. Sone of
the arrays i Heed d iAEat BEr Ciied eSliduceymlae if only
8 of 64 pat?%%%gggnp es ﬁéggﬁqga:ogtﬁﬁgg?ion and 8 pfgggs are scored
first f& epabrs d(INHE-TERT;QR2N) adnd 63 Pr-dhAsyAB2-Be) s¢whedei X am@ Yycl e
and 32 subarrays are not used. These unused subarrays ma Eaﬁn be

32 tre@@Rdb@iRn Gwiffi & 2 Mn &R ERPPEERT € “Hr%}f%d‘%’lm e

filters.  .:cmoidal ttgfrp%%e%%db?oFe{:ﬁheﬁﬁﬁ & d NG Séiq{glgag il s by
any convenlﬁﬁ?mapprod%%, such as a single channel pipetting evice, or a
robotic statiffsisieh. asrise BeckmneBi ofekha000igonuc]dsriden domtaimienf s,
Ful lerton, California) or a Mega Two robot (Meganation, Law enceville,
New Jersey)X M bapotpzirs (wharg ifowagad b€ i Gt efrht RPGY Wamitl HeHSsi s

70°% nplh & FePoBhedoro il s T vEratL oy 2 SRlerlE & 53, OgBeApY, ¢

I np ot1c’s I ONS. eS"may be
retrieved oggangnga and added to subarrays covered by hybridi zati on
buffer. It retrieved probes be placed in a new plate

I's preferred t hat

Arle eI 8 e b2 0,0 62 &4

When an array of subarrays is produced, the sets of
probes to be hybridized in each of the hybridization cycles on
15 each of the subarrays is defined. For example, a set of 384
probes may be selected from the universal set, and 96 probings
may be performed in each of 4 cycles. Probes selected to be

hybridized in one cycle preferably have similar G+C contents.

Selected probes for each cycle are transferred to a
20 96-well plate and then are labelled by kinasing or by other
labelling procedures if they are not labelled (e.g. with

stable fluorescent dyes) before they are stored.

On the basis of the first round of hybridizations, é
new set of probes may be defined for each of the subarrays for
25 additional cycles. Some of the arrays may not be used in some
of the cycles. For example, if only 8 of 64 patient samples
exhibit a mutation and 8 probes are scored first for each
mutation, then all 64 probes may be scored in one cycle and 32

subarréys are not used. These unused subarrays may then be



m xed wth hybridization buffer. The preferred nethod of 15 retrieval is
by accessing stored plates one by one and pi petting (or transferring

by metal pingpoegrareedficient anmount of each sel ected progerféRBHAZCH
plate to specific wells in an intermi ary plate. An array of

I ndi vidual | y addressabl e pi pettes or pins may be used to speed up the

retrieval  2PeaPE@CRSEh hybridD@Mlda bufferPEEPBr&AN By ilrP e G Y obes
The ol i gonucl eoti de probes may be prepared by aut omat ed synt hesi s,

which is ro@ilnerso those of skill in the 25 art, for exanple, using and
Appl i ed Bi osystens system Al ternatively, probes may be prepared using

Conosys B otechnohogh &8 ddlf vd'HelRq2ved Plon' BE e BrtY Fi2eld 1Y

Qi gonucl eophgecghPbg e Yadird2E! @ BB af Bingle &i&%fﬂélepi]@% QR i ve
| abels ([err]S, [err]p, [err]p, and preferably, Terr]P) or arrays
wi th 1005 208eviter 400 40tbatmc Eitat;ion, surbnasaali Badtmare Hisntekpav00
(Jacobsen et _al . 19902 or ophores_(Brunbaugh et al., 1988).

, ; S fl ]
Al such | abBFFkgRn In_%‘@%ﬁf&?raﬁé* tPe FRLLFRTRAY), K seXagd TWoed by
the rel evanionor (REGdhAN n%%%ﬁ?fgggﬁ&l‘fﬁ%?g“d % dgdeier

ref erences such” as Schubert et al . m et al. (1991) and
Cate et al.std094n,may |barintdgsted ndthpdatii anklysisl priciaamoraiged herein
by reference. . In regard to radiolabelling, the comon

net hods ar eProbe BRRRIHME RIRPLFHISHg OREPPERY Afictkets qragnamse may Miegh

SpeCIflﬁ) inputs for one or more robotic stations.

Probes may be retrieved one by one and added to
subarrays covered by hybridization buffer. It is preferred
that retrieved probes be placed in a new plate and labelled or
mixed with hybridization buffer. The preferred method of

15 retrieval is by accessing stored plates one by one and
pipetting (or transferring by metal pins) a sufficient amount
of each selected probe from each plate to specific wells in an
intermediary plate. An array of individually addressable
pipettes or pins may be used to speed up the retrieval

20 process.

EXAMPLE 4
Preparation of Labeled Probes

= The oligonucleotide probes may be prepared by
automated synthesis, which is routine to those of skill in the
25 art, for example, using and Applied Biosystems system.
Alternatively, probes may be prepared using Genosys
Biotechnologies Inc. Methods using stacks of porous Teflon

wafers.



activity labeling using Klenow or even T7 pol ynerase. These are
described as follows. 15 Synt hetic oligonucl eotides are

synt hesi zed wé bsigis a phosphate group at their 5 termg ,ﬁgbjg ﬁ"ffo‘?
therefore easily | abel ed by transfer3af the _[err]p or i-;krrerr {8 rom |
-[err] Pl ATP or | -[err] P] ATP using the enzyne bacteri ophage T4
polynucleotide lgiafshudiecthBer 886bEOMAy KR HrRA Ul ekl i gbgnt 1y, the
20 specificity activity of such probes can be as high as the specific
activity ofexdmple, [radioaritAiTR drbels| ¢S} PI*PATPH,t seldf preFaeably, Peaction
descri bed bel ow i s desi gcgle to_|label 10 {)rml es of an ol i gonucl eoti de

to high spec?¥ i \)"fjfc ogﬁgloionﬁmo‘?r 00743¢ eterfPAfount s of .

ol gonuc! eqidler fifbaasive 188t8EMECYIEcOYser ol YT CaSdYR) G gecr easing the
size of the reaction, keeping the concentratidns of 4l P conponent s
constants. fluorophores (BrAmbeaghi eb aif xj uressypoul dlle stickaladelishgg 1. 0 ul

of ol i gonucl eotide (10 pnoles/ul); 2.0 ul of 10 x bacteriophage T4
pol ynucl eotMefradshaie matdne gnothe art| ag axquulifiedoby] the relevant

34 - 33P] ATP : 0 ¢/ o d0 | M dn ueou

sol ution) ( plr%’fﬂ)"; %@r%%%eg a?fm\k\g?segrj. a’}% & é(’é’)t%%r"fi Fsieren"??l ul)
of bacteri ophagaas bdminsiecleeorilde (kboare nsradiad 41021, (158¢)rgagti on

m xture, and incubated for 45 mnutes at 37[err]C. 5 The reaction is

heat ed for Qareriqfutdds di1983)er rRLC avtinbes ibeaing tdpecificaligt eri ophage T4
pol ynu%oeot.i de Kkina e efficiency of transfer of [err]p

. . Th
or [errlp tldq‘f(?fémra%%doIhieé'gﬁﬁcpgof?ﬁ%r%‘be1' ts specific activity is then

det er m ned. If the specific activity of the probe is acceptable, it is

10 purified. If the spegiebaraachi ¥adVolsbd POidP Wi AN Ao RBRhods ar8

units of enzyme is added and incubated for a further 30
end-labeling using T4 polynucleotide kinase or high specific

activity labeling using Klenow or even T7 polymerase. These

are described as follows.

15 Synthetic oligonucleotides are synthesized without a
phosphate group at their 5 termini and are therefore easily
labeled by transfer of the -*?P or -**p from [ -?P]JATP or [
-**p]ATP using the enzyme bacteriophage T4 polynucleotide
kinase. 1If the reaction is carried out efficiently, the

20 specificity activity of such probes can be as high as the
specific activity of the [ -*?P]JATP or [ -**P)ATP itself. The
reaction described below is designed to label 10 pmoles of an
oligonucleotide to high specific activity. Labeling of
different amounts of oligonucleotide can easily be achieved by

25 increasing or decreasing the size of the reaction, keeping the

concentrations of all components constant.

A reaction mixture would be created using 1.0 ul of
oligonucleotide (10 pmoles/ul); 2.0 ul of 10 x bacteriophage
T4 polynucleotide kinase buffer; 5.0 ul of [ -*P]ATP or [



m nutes at 37[err]C before heating the reaction for 10 m nutes at

68[err]C to inactivate the enzyne. Purification of

radi ol abel egygdsgizggggucl eoti des can be 15 achi eved by, e.g.,paxresspdioati on
wi th ethanol; precipitation wi th ceB¢l pyridini um broni de; by

chr omat ogr aphy t hrough bi o-gel P-60; or by chromat ography on a Sep- Pak

C18 col um,-3tp1aTP (dYy. PRtyasopoarigdemgie ; el @chCDMbriasisRueous
Probes of higher specific activities can be obtained 20 usi na t he Kl enow
fragnent ofscRutdem). (BRAPFORgEYraded| 1l ul ofsWateasi zEigh§t A§AJUBLEENA

| h het | | ] l.eot.i.de. . pri '
hybri di zed v aip) Ot BhRrazibbhage; BE PR ENncE, AoRld ie"R0ER L3
conpl ement Gfe reactlid®d dexkGed,r aghol RbebLtedrfdie 45T e niitiedEati $78MEN

extended 25 using the Kl enow T’ragrrent of E. coli DNA polynerase | to
[err]P 5 The rdastrijom is heatedpbeant &0 [mim}teiNpLs 6§ C[to imciyhmFee i they

t enpl at e-di_r ect ed nner._ After the reaction, the tenplate and product
are separ at@dm(ipﬂ’ﬁ‘élg&r 2t BREVBPFEW\BHI § K1nasg.octrophoresis through a
pol yacryl am de gel under denaturing

35 condi tions. WholeliisiBREDOLs tiahSrd0sH BHE 410 3¥BNes atie
ol i gonucl eoti de probes that contain several radioactive atons per

mol ecul e ofoldlgagnmilcotdidedeand its specific adwiwidy tils $hest determieedoul d
mx in a mcrofuge 5 tube the cal cul ated ampunts of [a-32P] dNTPs  or

[ a- 33P] ANTASE the specdfdgr potdvatKi efetheePtRRs &y c1a§’3-‘3<':\ct1itvi1{="'y and
sufficient to. .all C | ete A i |, & t hen
add to 1'?’he b 1?-%% a(gg'rjggltrei g é%?ﬁ)én EE%YE%Y 1%;1%:3&2}%50“ ape%]ag?g%Bﬁ}s,
wi th the prd naiitheidiy dnzyidr ée- alded and incubated for a further 30
minutes at 37°C before heating the reaction for 10 minutes at

68°C to inactivate the enzyme.

Purification of radiolabeled oligonucleotides can be
15 achieved by, e.g., precipitation with ethanol; precipitation
with cetylpyridinium bromide; by chromatography through
bio-gel P-60; or by chromatography on a Sep-Pak C;3 column, or

by polyacrylamide gel electrophoresis.

Probes of higher specific activities can be obtained

20 using the Klenow fragment of E. coli. DNA polymerase I to
synthesize a strand of DNA complementary to the synthetic
oligonucleotide. A short primer is hybridized to an
oiigonucleotide template whose sequence is the complement of
the desired radiolabeled probe. The primer is then extended

25 using the Klenow fragment of E. coli DNA polymerase I to
incorporate [ -3?p] aNTPs or [ -*’P] ANTPs in a
template-directed manner. After the reaction, the template
and product are separated by denaturation followed by

electrophoresis through a polyacrylamide gei under denaturing



10 tenfold nolar excess over the tenplate. 0.1 volune of 10

x Kl enow buffer would then be added. : and m xed well. 2-4 units of the
Kl enow fr agngjefosiissk Ol i DNA pol ynmerase | would then b glo 5 ul
of reaction voFune, m xed and i ncubaged for 2-3 haurs 21 4 errf@g | f

desired, 15 the process of the reaction may be nonitored by renoving snal
(0.1 ul) ali 'S 4 e I g ority : adi.o LML t hat
has becone 6%%&%%% %%%Fe aﬁgh ?gbéhﬁééﬁééﬁtﬁﬁ g%b%%gfﬁglgcgg ?%%E??E¥

The reacti opliridnthcleotdibet pdobes ht vt espreda ivplsevera20 ratiigabtlioadatgms

buffer, heated to 8 err]C for 3 mnutes, and then the entire sanple

| oaded on aREEhAHECHG epBEy aéigPanTirROtde - Fol | owi ng el ect rophoresis,
t he gel is autoradi ographed, all owing the probe to be localized and
removed fromthe gel. agi od I cent .p l'ing
are also 25 avaiIabIe?oeysg,EB?%ﬁggﬁgﬂgbﬁngf"%%%§g§§ag§b?i@gg?ﬁggeg

synt hesi § oftubel@heseantchiat aichwcumts ref s[a -3 20aNIPsi dirnda-33PRARTPY Wi th
a primary amne "linker arm of 12 atons attached at G5 is

synt hesi zed neSpasaay] $oorchhevanthe fedirsdiapesrific agedvigyi 2ndg 2

- deoxyuri di ne rqugh org met al | i .36 l.nt e lates to
give 3" (et RHE haSatog ) 23 08 cBRpmTets ymenesitiof a1l bapR RS 7S U

di met hoxyt ridvared .or TéenphadUEsSthdube tHOHpTRPIdRE AmodhhEBt Bexytrityl
adduct. The nethyl ester is hydrol yzed, activated, and reacted with an

appr opri at elprinememdatempiletie aDRAs$, dvih ridie Atiserpbeingcani shreeheto
resulta I.nker _arm nucl eosi des_.are converted to nucl eosi de anal ogs
it t i A0y ot RN TO L5 GORGER Ot Het 18 ot ege -

A igonucl eotides would then be nade that include one or two |inker arm
bases by using nmodifiediphespherbeliie Ak Putter! ¥R 130kUEROBeOhda8a.

nmol of the |inker arm
and mixed well. 2-4 units of the Klenow fragment of E.coli
DNA polymerase I would then be added per 5 ul of reaction
volume, mixed and incubated for 2-3 hours at 4°C. If desired,
15 the process of the reaction may be monitored by removing small
(0.1 ul) aliquots and measuring the proportion of

radiocactivity that has become precipitable with 10%

trichloroacetic acid (TCA).

The reaction would be diluted with an equal volume

20 of gel-loading buffer, heated to 80oC for 3 minutes, and then
the entire sample loaded on a denaturing polyacrylamide gel.
Following electrophoresis, the gel is autoradiographed,
allowing the probe to be localized and removed from the gel.
Various methods for fluorescent probe labeling are also

25 available, e.g., Brumbaugh et al. (1988) describe the
synthesis of fluorescently labeled primers. A deoxyuridine
analog with a primary amine “linker arm” of 12 atoms attached
at C-5 1is synthesized. Synthesis of the analog consists of

derivatizing 2 -deoxyuridine through organometallic



ol i gonucl eotide in 25 ul of 500 nmM sodi um bi ocar bonate (pH 9.4) is
added 20 ul of 300 mM FITC in dinethyl sulfoxide. The mxture is

agitated at gHRPspAgEperature for 6 hrs. The ol i gonucl eotgdQudodino7
separated fromfree FITC by elution formaé 15 1 x 30 cm Sep ade%?%/g?g%

colum w th 20 mM amoni um acetate (pH 6), combining fractions in the
first W- ab%&ama&gﬁlést to give 5 (methil )Igféﬁér&iyl)f-buaﬁ%%?&ﬁ%iﬁii%@.' ng of
e a

an ol i gonucl eot | its 5 -end initially involved two Steps.

First, a N Rexecied vdrinddmerhogybzphyi achliorsdal@roducese the 20 added to
the 5 -end of an oligonucl eotj de ggri ng,au onaeléed nucl %Lq@ acid
synthesis. AIRFeSRARAVAG & -Simebhgrettinyl addygtyypdhe et EStexr &f an
appropriate t ' o ' - A ver ni ght
fol |l oned by ﬁ}kﬂq{o Il |’ceﬁ%?£§r‘{|a§fedt'hgn agg%gge%?f%%ﬁt% eag{ii Sgr?r%g%ayﬁe excess
of 25 dy& ushdrpddxeterl plkyd dRbfine . PAGFter purification,Sthebeebudtaak.

(1990) described the synthesis of a phosphoram dite that enabl es

ol i gonucl eot}igeeen A3@ awdjieosides prgofes¥kerted FdaYHiePsice anailrgs
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Mur akani et & ﬁy%]seo%tf%sgﬂeg‘égatlhglﬁggﬁg %??%%deofsynthesﬁstjrescei n- | abel ed
ol i gonucl eot i des. Cate et al. (1991) describe the use of

ol i gonucl eoti de probepidigericlecteeEdrbelid! thert kil indRle ThRROSPRALASE ohe
conmbi nation with a direct chem | um nescent substrate (AMPPD) to all ow

probe det ectémrtwo linker arm basegbbyedsprgbeediibiad] phesmhoyiddtgur chased
synt hosi Ded SRty T G BE P AR 5P AIhET | e R FcAetn serve as
oligonucleotide in 25 ul of 500 mM sodium biocarbonate (pH
9.4) is added 20 ul of 300 mM FITC in dimethyl sulfoxide. The
mixture is agitated at room temperature for 6 hrs. The
oligonucleotide is separated from free FITC by elution form a
15 1 x 30 cm Sephadex G-25 column with 20 mM ammonium acetate (pH

6), combining fractions in the first UV-absorbing peak.

In general, fluorescent labeling of an
oligonucleotide at its 5'-end initially involved two steps.
First, a N-protected aminoalkyl phosphoramidite derivative is

20 added to the 5'-end of an oligonucleotide during automated
nucleic acid synthesis. After removal of all protecting
groups, the NHS ester of an appropriate fluorescent dye is
coupled to the 5'-amino group overnight followed by
purification of the labeled oligonucleotide from the excess of

25 dye using reverse phase HPLC or PAGE.

Schubert et al. (1990) described the synthesis of a
phosphoramidite that enables oligonucleotides labeled with

fluorescein to be produced during automated DNA synthesis.



specific binding nenbers to a | abel ed anti body, chem | um nescers,

enzynes, anti bodi es which can serve as a speci fic binding pair nmenber
for a | abel egyd dgphagyg. and the like. A wide variety of | ghg been
enpl oyed in 15 I mmunoassays which can readily be enpl oyed. Stﬂﬁ? ot her

| abel s include antigens, groups with specific reactivity, and

el ectrochem cal |y det gghbaRbaimeel h1¢Salso described theb%rﬁ@ﬁ@ﬁ@hon'ébe|'ng
of nucleic acids with el ectrophore mass | abels ("EM.") is described,
for exanpl e ,fliurezteiXi+ labedked, cligGhuchadoidesphy 764: 95- 102 (1997).

El ect rophores are conpounds that can be detected wth high sensitivity

by el ectron capture nmass spect r EG.MS)... EMLs can be attached
to a probe using chem“@Fy h&g'i§£§g¥f %?éﬁ%?991ﬁqﬁause O%art f or

reversibly r&ﬁi;gdﬁdeﬂe%nala%' 82bbde §Er8ct1yebinfiiMe?Nuakaatihde synthesis
chem stry teaches a variety of nethods for Tattaching nol ecules to

nucl eot i es mrogpioitacts g goobpaption wibhsa atiradst ediesd lusiingsaentiri ety of
wel I known el ectron capture nmass spectronetry devices (e.g., devices
sol d by subatizghe dSMEEPAt Fenpllew, Prebe dekaftiiffes that may be used

38 in the detection of EM.s include, for exanple, fast atomc

bonmbar dnent mass speckr, y . Bi dica
Environ. Mass Spec. 1&?%%%%?1€§?§§§7§§?1%I%%%%ﬁd’Qkh 5%?3?589 Egg@ 2

spect r onet r Waxaleast 1oFs poryherenapr apursee, ifdchuding RENSER, ahthed. tRbysS.

Chem 88:4451-59 (198ﬂ2, PCT Appl n. No. WD 90/14148, Smith et al.,
Anal . Chem ntderiged. (1990)); and matri x-assisted | aser
desorption/ionization (H Il enkanp; et al., "Matrix Assisted UV-Laser

Desorpthgn/lonizationb e@eWééggéoﬁﬁglﬁﬁehﬁﬁi T ﬁﬁggﬁg%@ﬁ ggﬁgégg%?rge

Bi onol ecul es, " Bi ol ogi cal Mass Spectronetry oskey,
eds.), El sedmiciTiceniadiuy nehbess Aosheldbeed antgiboddd- 60, 1990);
Hut h- Fehre et al., "Matrix Assisted Laser . Desorption Mass Spectronetry
of O i godeo GhRSHidiWRiNeSCAESds enzymes, Rapt thedigf Whia 638 S§rVRs3s 2

Che EMs ar POk Y DRz, Blubey for 1 JAk S 1IRER, “RRATEREN

EM _ pr o y a cova af_ls lrght
sensitive. ThkeéEM A svide vaelieagedff LabelBchdromat teaiplldyld dnzation with
a target

15 immunoassays which can readily be employed. Still other
labels include antigens, groups with specific reactivity, and

electrochemically detectable moeities.

In general, labeling of nucleic acids with

electrophore mass labels ("EML") is described, for example, in

20 Xu et al., J. Chromatography 764:95-102 (1997). Electrophores
are compounds that can be detectéd with high sensitivity by
electron capture mass spectrometry (EC-MS). EMLs can be
attached to a probe using chemistry that is well known in the
art for reversibly modifying a nucleotide (e.g., well known

25 nucleotide synthesis chemistry teaches a variety of methods
for attaching molecules to nucleotides as protecting groups).
EMLs are detected using a variety of well known electron
capture mass spectrometry devices (e.g., devices sold by

Finnigan Corporation). Further, techniques that may be used



nucleic acid by a |l aser or other light source emtting the desired
wavel ength of light. The EM. is then fed into a GC-M5 20 (gas

chr omat ogr phwosggsisfgpect ronmeter) or ot her appropiate d perassos/ddtds
identified by its mass. Preparati on38f Segenci ng Chips and Arrays

A basic exanple is using 6-nmers attached to 50 25 mcron surfaces to give

a chip with 4 mBRSISRficR HEIEME incEEN LN HRnpAhi Radet arohye an
array of 20 x 20 cm Anot her exanple 1s using 9-ier oligonucl eotides
attached t o bbimbarthent maissr epecsuphateyt (sex cat.qy.a Kosterckitpalwth

di mensions of 5 x_, 5 mm 4000 units of such chips ma¥ ?8 us«id to create
a 30 x 30 Fiomadicady Envixon, MpegySPRCwnt4nliL 946 t(d988) deoPlaFMgochi ps

39 ' . :CQl ' f
Cubes, as ol AR erbde S R tEEREERY ol R AP el o (e

sequenci §g kdlg., Fenn et al., JThehgst aghemn)B&al4sapdoat(adsphysbcal |y from
each 5 other or by hydrophobic surfaces. One possible way to utilize

the hydr ophdwrdnst Mop HpI0AA1LdA8) sSmbthysettabhndedy SHER-a§2:882¢H8

lso-Gid Mc ol Ne]s)Y stem.produ y. Labor I €S . Tqoront o,
Canada. _(1%0%' _an%&%ﬁ%osgéggg?‘g %‘r% l?acgeesc%itﬂ tlggglfﬁé@?flﬁéve been
10 in use im@AnAnKdnAal dtoad .M euabi ok OBYs{ e iRt agegecade wher e

t hey exhi bit unique attractions of extended nuneri cal range and

aut omat ed c@eddnpfich/doindziagdon@nd New Approasicitd Massy Speablromgtiry ©§

| SO-GRIQerr] from, aborat ori eg Ltd. (Toronto, Canada)_which

consi ot 0ot Lersin AHEnEF 188, 1 ELotagith] TR RS o B BL AT
Tuf fryn HT- A30y MLAEKRY, € eds.) S B8beflebEibce Bub1liahedsh! ARktrerdam,
hydr ophobic 1nk grid consisting of 1600 (40 x 40) square cells. HGW
have pr epp ousl A6 heardionoc HuaheBehre hebaal er i "Matispdssiiesnedblaser
vacuum filtration and incubated on the differentjal or 2Q iel ecti ge nmedi a
of choi ce. Desorption Mass Spectrometry of Oligodeoxythymidylic Acids,"

Rapid Communications in Mass Spectrometry, 6:209-13 (1992)).

15 In preferred embodmients, the EMLs are attached to a
probe by a covalent bond that is light sensitive. The EML is
released from the probe after hybridization with a target
nucleic acid by a laser or other light source emitting the
desired wavelength of light. The EML is then fed into a GC-MS

20 (gas chromatogrph -mass spectrometer) or other appropiate

device, and identified by its mass.

A basic example is using 6-mers attached to 50
25 micron surfaces to give a chip with dimensions of 3 x 3 mm
which can be combined to give an array of 20 x 20 cm. Another
example is using 9-mer oligonucleotides attached to 10 x 10
microns surface to create a 9-mer chip, with dimensions of 5 x
5 mm. 4000 units of such chips may be used to create a 30 x

30 30 cm array. In an array in which 4,000 to 16,000 oligochips



Because the microbial gromh is confined to grid cells of known
position and size on the nenbrane, the HGQW functions nore |ike an MPN

appar at us twgﬁslﬁﬁnventional pl ate or nmenbrane filterpciigéogiolion et
al. (1987) reported that 25 these HGWs @&&n be used to propagate and store

genom c |'i braries when used with a HGW replicator. One such

i NSt rument %fé)l éﬁa&ﬁ&e@rﬂygg’u af rsaghggcgrggyt hep £elds Fllectidnhef

| SO GRI D and enabl es” many copies of the master HGW to be made
(Peterkin etulbes, d98)so depicted, may be packaged with the array as4(Q
Sharpe et al. (1989) also used | SO,GRI D HGW form QA Laboratori es and
an aut omat eeRFEME chmte8ayacingokit. | nterpreter) and RP-100 Repli cator.
They reported a technique for maintaining and screening nany m crobi al

I . ' | hod
for & scrgeni ng U\R‘%rﬁgllea?skl ngtghgghggggé@ PR Al HoRe SatHTe N0

for 0 usi ydr ophobi‘c grid-menbr ane

filter (Petgekép &t By hydfihobithesefauthor sOnepmssible wayriichods lfize
effective colony hybridization directly on HGWs. Pr evi ousl

resul ts hadthechydbephoRir R it SERATREROBNAS 180 1% i SRPRQLSES! tg}/"c@P%t%Le
| f L. 4 ' Hayevar, . Ret er ki
or a1 *(108EnEr LB efd MLohidibay, systeh Bra5GREs Y h MMR Mo, 2] 1 1

menbr ane Wagorontol "PARNE@S. by treating the replicated and incubated HGW
with pol yet hyl enei mi ne, "a pol ycation, prior to contact with DNA. 15
Al t hough this early work uses cellular DNA attachnent, and has a
di fferent objective tBydrephokiqegridnpenbrane fhtters (HEMRo Ay peen

descri b‘? may be readi | dapted. f Faor ? : I n order
to i denf fylés’éf’ﬁl _“%e?ﬁﬁ%ln’(:a\iejs ﬁla%ocﬂ%,ml_crg%ﬁ’g 8?5:1%0&&%?@ (?LQ%eQ 2% ed
radi ol abel egynlasphgy Dhih {5 DM urdluey atic@ustebapest aagk ésd@ thudierical
specificity agai nst ¥he DNA on
range and automated counting of colonies. One
commercially-available grid is ISO-GRID™ from QA Laboratories
Ltd. (Toronto, Canada) which consists of a square (60 x 60
15 cm) of polysulfone polymer (Gelman Tuffryn HT-450, 0.45u pore
size) on which is printed a black hydrophobic ink grid
consisting of 1600 (40 x 40) square cells. HGMF have
previously been inoculated with bacterial suspensions by

vacuum filtration and incubated on the differential or

20 selective media of choice.

Because the microbial growth is confined to grid
cells of known position and size on the membrane, the HGMF
functions more like an MPN apparatus than a conventional plate
or membrane filter. Peterkin et al. (1987) reported that

‘25 these HGMFs can be used to propagate and store genomic
libraries when used with a HGMF replicator. One such
instrument replicates growth from each of the 1600 cells of
the ISO-GRID and enables many copies of the master HGMF to be

1 made (Peterkin et al., 1987).



the prepared HGWs. In this way, DNA from reconbi nant pl asm ds was

rapi dly screened by col ony hybridi zati on agai nst 100 organi snms on HGW
replicates ' be easily and reproduci bly prepared, 5

Mani pul atio\gmv)\ng &gglnall (2-3 nm) chips, amg parallel exgﬁﬂpﬁéﬁ%‘}‘

t housands of the reactions. The solution of the I nvention is to keep

chi ps containing. | IR0 6 Wk o SRR FABRIGER P00 ke T

the form 1aboratories and an automated HGMF countdd (MI-10d 8 x 8 nM
pl ates (15 uM oli gonucl eoti de, Pease et al., 1994) arrayed in 8 x 12

format (96 Ehtprprerehn) aand MR grdb\Replicator. beThey wepycined aarmaczi'ddﬁg;e .
ei t her by | tichannel pipette or . in.array, ope prope on one chip. To
score al| 4595 Benreintad GAd reanind afonfioBl L BTG AR i ng.

di fferent ones, - or by reusing one set of chip arrays several tines.
In the apove case, USpéledin aaid i@110a0086! e @lscribed NE L FHdLON,
F=9; P=6; and F + P = 15. Chips may havé probes of formula BxNn, where

X is a nunbecreéningcPNA qirdkereusing Bheahgdnopkokbiagmiet-mdmemespeci fi ed
bases, so t dn=11to 4. To achieve nore efficient

hybri di zat | g%{‘tér:(é%%%ﬂﬁf aR/‘El)? potS8®) a1 FREFeCHEIHS HRpaRisshr N
oL oo A6 PR N STy SR 1
EXAMPLE6  PrevPiepslw imosomofreduiper hadobednCbbgained elitd des the low DNA
10 binding capacity of the epoxysulfone polymef on which the
HGMFs are printed. However, Peterkin et al. (1989) reported
that the binding of DNA to the surface of the membrane was
improved by treating the replicated and incubated HGMF with
polyethyleneimine, a polycation, prior to contact with DNA,
15 Although this early work uses cellular DNA attachment, and has
a different objective to the present invention, the

methodology described may be readily adapted for Format 3 SBH.

In order to identify useful sequences rapidly,
Peterkin et al. (1989) used radiolabeled plasmid DNA from
20 various clones and tested ité specificity against the DNA on
the prepared HGMFs. 1In this way, DNA from recombinant
plasmids was rapidly screened by colony hybridization against
100 organisms on HGMF replicates which can be easily and

reproducibly prepared.

25 Manipulation with small (2-3 mm) chips, and parallel
execution of thousands of the reactions. The solution of the
invention is to keep the chips and the probes in the
corresponding arrays. In one example, chips containing

250,000 9-mers are synthesized on a silicon wafer in the form



A igonucleotides, i.e., small nucleic acid segnents, may be readily
prepared by, for exanple, directly synthesizing 20 the oligonucleotide by

chem cal means, as _is comonly practiced using an automated
ol i gonucl eot V@I8BIR3F hesi zer . a1 Support bound BFTEEMIOIYoti des
may be prepared by any of the methods known to those of skill in the

art using any suitable su rt ch as gl ass,, polystyrene or Te n.
25 One straPégf ?‘sst'BMp?iﬁF§%l 510§d84/§ H%ﬁgﬁgﬁ?ﬁﬁesﬁé"ﬁ%k@%i%d’ lgg‘ﬂby
standard sy LACES. Ignp@i | | O : aghigved ' nassive
adsorption ?%Qg%\é %LﬁH%n o0, 1%%120[?# ugﬁi(’?\?hl ) %Eﬁi gh:tL ?%a%%%‘ygétﬂgl -
1985; Dahl ebegiveah., PH8Bes Mire iajdedl eithe@oblyi naltifBénnel mipethelent

bi ndi ng of base nodified DNA ) 42
(Kel l er et ®in argsy; 90EIProkg |on gng &hdds bdPn§cepecrit AiqQ 6-mers,

0 00 8 o4 NS serays, Have o, ke, LS HLEALE N HEE e LG AIP) oy

is the u ong brotln-stréptav on as a Ii'nker.
For 5 exanpkepyBiraugdengt oné . sétl W )cHigs eiridag st Bevesgl of idi®! i nyl at ed
probes, although these are duplex probes, that are i mobilized on
streptavi di n-coat ed magneti c beads. Streptavidin-coated beads may be

pur chased from Dynal , T@sthe @poverare., Ufingsshe earlier momgpekatnrg df i s
appl i cabl e coatin ny_suLface, wt streptayidi g, . Biotinylated
probes may %g‘epﬁPBFiégsglg?bl#’g’ ep‘://ga‘r %&?ﬁg Fsgu?cés:ilgSucﬁh’a%? .7 Ger on
Technol ogi egrofeamBgasormula GNn, where x is a nbBErlePospé@IfREd bases
(Naperville, IL) is also selling
10 B; and n is a number of non-specified bases, so that x = 4 to

10 and n = 1 to 4. To achieve more efficient hybridization,

and to avoid potential influence of any support

oligonucleotides, the specified bases can be surrounded by

unspecified bases, thus represented by a formula such as

15 (N)nBx(N)m (FIG.4),.

Oligonucleotides, i.e., small nucleic acid segments,
may be readily prepared by, for example, directly synthesizing
20 the oligonucleotide by chemical means, as is commonly

practiced using an automated oligonucleotide synthesizer.

Support bound oligonucleotides may be prepared by
any of the methods known to those of skill in the art using
any suitable support such as glass, polystyrene or Teflon.

25 One strategy is to precisely spot oligonucleotides synthesized
by standard synthesizers. Immobilization can be achieved
using passive adsorption (Inouye & Hondo, 1990); using UV
light (Nagata et al., 1985; Dahlen et al., 1987; Morriey &
Collins, 1989) or by covalent binding of base modified DNA



suitable material that could be used. Nunc Laboratories have 15 devel oped

a nethod by which DNA can be covalently bound to the m crowel | surface
termed Coval | CovaLink NHis a pol ystyrene surf W th
secondary aninosgrogps (>NH) that segpye as bridge-headgﬁﬁg%£gﬁiﬁﬂ
coval ent coupli ng. CovalLi nk Modul es nmay be purchased from Nunc
Laboratorles | ec t | clL.usi.yel t he
5'-end §N§ﬁ6§%hgﬁ gbﬁé ggﬁépﬁa| v;%ﬁféﬁgg'%g g%é oﬁ5§F¥§%¥3fiY
than 1 pnnli@hd@ﬁgrggggnﬁggganet al ., 1991). The use of
CovaLink NH strips for coval ent binding of DNA nol ecul es at the 5'-end
has been descri bed (Rasnmussen 25 et al., 1991). 1In this technology, a

phosphor ani dat e bond Another ekprbgey %hanxmﬂywﬁe empdeypd fEi thesuse of
benefi ci al a single caoval ent, bond

S erorrod the sprohi BickiflPRebBb el dnd, UdMd R RV E' TRER0S Fix i

secondary angdReyAlduRFculdal edr alpoﬁég@ﬁe&ésﬁrﬂHEt?ﬁdu%E of Biotinylated
43 spacer armnms covalently grafted onto the pol ystyrene surface

through a 2prnbasu;&Mﬁhﬂ@ghathesﬁoatenhmﬂﬁxﬂpqmmunlehatder901mmobtbyaednk
NH via an phosphoran1date bon he ol i gonycl epti de t er.m nus gt have

d
a 5 -end ph&¥pRETERAYIGLn-coptbed BagnekL i QAT pSSLPRravigingFBRFadt o be
coval ently Qﬂ%ﬂﬂ;%@qﬁﬂ%N%hQ%hased EPQT %&H&%t Eﬁv'@En Bﬁ%getotpigeséﬁg

pr obes. re specifica I 'nkage met ho

di ssol vi ng DNAKimgrahemictry ﬂg/applﬁwmblkﬁﬁﬁluuau;ngoanyOsurﬁace wiBh
95[err]C and cooling on ice for 10 mn. Ice-cold 0.
1- met hy H0ni ﬁmx@avm@m -0 BiokAPKWiaEeq, Hrokes mayh b&d@éacbasadf fram

G spensed | NS O SN RA < EPPRSee 75 8T o 0t Ansing BLEE" (pgmeda.,

Carbodiimdex).2 M 15 1-ethyl-3-(3- dlnethylan1nopropyl) carbodllnlde
(EDC),

Nunc Laboratories (Naperville, IL) is also selling

suitable material that could be used. Nunc Laboratories have

15 developed a method by which DNA can be covalently bound to the
microwell surface termed Covalink NH. Covalink NH is a
polystyrene surface grafted with secondary amino groups (>NH)
that serve as bridge-heads for further covalent coupling.
Covalink Modules may be purchased from Nunc Laboratories. DNA

20 molecules may be bound to CovalLink exclusively at the 5'-end
by a phosphoramidate bond, allowing immobilization of more

than 1 pmol of DNA (Rasmussen et al., 1991).

The use of Covalink NH strips for covalent binding
"of DNA molecules at the 5'-end has been described (Rasmussen
25 et al., 19%1). 1In this technology, a phosphoramidate bond is
employed (Chu et al., 1983). This is beneficial as
immobilization using only a single covalent bond is preferred.
The phosphoramidate bond joins the DNA to the Covalink NH

secondary amino groups that are positioned at the end of



dissolved in 10 MM 1-Melnferr], is nmade fresh and 25 ul added per wel | .

The strips are incubated for 5 hours at 50[err]C After i ncubation the
strips are Qﬁﬂﬁﬂﬁing’ e.d., Nunc-Inmuno Wash; first are
washed 3 ti\rﬁas, en they are soaked 2043M th washing sol u%&cefﬂgg P%g

and finally they are washed 3 tinmes (where in the washing solution |s

Sont rmr ar apaGer s VA Y, bRt Ref] BhES the polvaryrene Airesde

i nvention Iéhw@éhd@%rﬂancbdgw dpatezdarRat enb ARk | £td DiyoMAYRIR2 to

(Sout hern & Maskos) i ncorporated herein by reference. This method of
preparing aﬁovablnk|@ﬁnumﬂe§n|ph95Dh0mdmudaaesbp@®rtthennﬂlgﬂnunhamﬂmd@g a

nucl eosi de 3' -r eagent throu s ate rou b .coval ent
phosphodlesF%¥m}Fﬁ§ TYFENW?) h?&g gPSB PREDs rodp” It ify Perhapsyrjeq

by the syppggin g@ssﬂ&wqfw'ﬁ%ﬁetbsbteheavalentfm&ﬁ?a 788 CUvagx

supported nuc de and protecting groups renoved fromthe synthetlc
oI|gonucleoandethéﬂjmtxsthV1d1n uskednder bindnthe i prsbédat do not cl eave the
ol i gonucl eotide 5 fromthe support. Suitable reagents include nucl eosi de

phosphor ami di te and nucle05|de ydr n hosphor at e.

on-chip strategy for Noke FRssEdcaS Bﬁwi%?%ﬁﬁ@ mEthQQquqﬁ¥qﬁFEparatlon
of DNA probg. n EO %éﬁb

| aser-acti vg%%%é%% m}?(;qtrg%tgﬁeﬁayg ﬁg{gl) enp oyergil n ?{?e em ca

synthesi s o&tobsYnind eobildag on 1cdlf@ﬁt1@ltﬂma glcessoddr baceM as
descri bed bg Fodor_et al. i ncorporated herein by reference.
r

Probes Hhy hrsetpyglimidazaifhin Ze@ Sh-Npi®n sufpdhes addgdstri Befibglvan
NESS et a1 _peen (A0 O 10 thed el op i Lot Liog oL Bycan &

15 Cavali er erences 4" speci i NCorporat ed

herein. dispensed it |Gdﬂ§m&komggﬁﬁfib§0‘(17§l€uiméilny|élﬂirﬁim@ordn as
described by Van Ness et al. (1991), requires activation of t he nyl on

surface vi aleekyl ati on and sel ective activation of
Carbodiimide 0.2 M

15 1-ethyl-3-(3-dimethylaminopropyl) -carbodiimide (EDC),
dissolved in 10 mM 1-MeIm,, is made fresh and 25 ul added per
well. The strips are incubated for 5 hours at 50°C. After
incubation the strips are washed using, e.g., Nunc-Immuno
Wash; first the wells are washed 3 times, then they are socaked

20 with washing solution for 5 min., and finally they are washed
3 times (where in the washing solution is 0.4 N NaOH, 0.25%
SDS heated to 50°C).

It is contemplated that a further suitable method
for use with the present invention is that described in PCT
25 Patent Application WO 90/03382 (Southern & Maskos),
incorporated herein by reference. This method of preparing an
oligonucleotide bound to a support involves attaching a
nucleoside 3'-reagent through the phosphate group by a
covalent phosphodiester link to aliphatic hydroxyl groups



20 the 5 -amne of oligonucleotides with cyanuric chloride.

One particular way to prepare support bound ol i gonucl eotides is to
utilize the Iy : erated synt hesis descri bed by Pease %ﬁ*ﬂ 1994,
incorporatedvhgggyh y reference). Theise aut hors used cﬂ?# n tmwﬁ

phot ol i t hographic 25 techniques to generate arrays of inmmobilized

ol i gonucl eot j : r #Eg%gﬂﬂ A%k olhESH befse i Mhdgh light is
used to b%?fé%? ?ﬁeegiﬁ?iesis of oligongélgg¥%de ﬁ?obe;ﬂ%%

hi gh- densi t ysynthéed zed zed he ayupparttield nacpbosbiabah@ protétt motemiwb
N-acyl - deoxynucl eosi de phosphoram dites, surface | .

45 | | nkEemeviedi 5¥oy e imthatice oddapnHal eet ke sghr e sarder

strategi es. naLr i . tiyald ydefin el C ' Ny obes
wny b gener Sraaer Y fradREIRE Ry Hol bk ETeR0L B SRR co IS
Format 3 $eqeeski fBe SSpHeSES | md daylel feagbnts include MlicTevstds one

coul d easily purchase a_DNA chjp, .such as one of the |ight-activated
chi ps describhdsphevaniditrnand micleepddei Avdsedee cPhesPhorate egard, one
may cont act Affymetrix of Santa Cl ara, CA 95051, and Beckman.

EXAMPLE 7 10 Prepar atir?nor?jccf%;seébr%%%gfg&agﬂgn{)fﬂ;aration of DNA .p¥obe

nucl eic acids to be sequence I ned om any appropritate

source, suchggds eRbAsre@idiicn RY¥ADNA probeoaRsayB! mdN e Néifp DEy&SCtms
chronmosone bands, cosm d or YAC inserts, and RNA, including nRNA

W t hout any expiplécaaddressliedaserpacsiabed, Planddepkorection (mppgde

descri bes, t hree rot.ocol,s f.or .the isolation of.high | ecul ar wei ght
DNA fro 0 empin¥ed atf el CHMLCRY FYgthepis O? OLgOIguCirg‘_’tl'Ja#j"g%t nucl ei c
aci d fragnengs, gay1PeoR’ £RAI £k aurface,Ch@N88stPiBES. bp! BsdbA & dpnbda
vectors and/or prepared 20 directly from genom c DNA or cDNA by PCR or

ot her anmLpplrat incormetakd Meagilnebynergfbrepcepar Booles diasyp eassul ben

mul tiwell plates. B Abouf 100-1000 ng of DNA s | es y, be repared, in
2500 of 1FRabt bbPEen Shese ae qebctiped by van ndssPEL %1,
(1991) ; or linked to Teflon using the method of Duncan &
15 Cavalier (1988); all references being specifically

incorporated herein.

To link an oligonucleotide to a nylon support, as
described by Van Ness et al. (1991), requires activation of
the nylon surface via alkylation and selective activation of

20 the 5'-amine of oligonucleotides with cyanuric chloride.

One particular way to prepare support bound
oligonucleoﬁides is to utilize the light-generated synthesis
deficribed by Pease et al., {1994, incorporated herein by
reference). These authors used current photolithographic

25 techniques to generate arrays of immobilized oligonucleotide
probes (DNA chips). These methods, in which light is used to
direct the synthesis of oligonucleotide probes in |
high-density, miniaturized arrays, utilize photolabile

5'-protected N-acyl-deoxynucleoside phosphoramidites, surface



prepared by PCR may be directly applied to a substrate for 25 Format | SBH

W thout purification. Once the target nucleic acids are fixed to the
substrat e, %ﬁga trate may be washed or directly ann ] .

pr obes. sﬁﬁﬁ% The nucl eic aci dsgyoul d then be fraéﬁéﬁﬁ%ﬁhﬁgtany of
t he nethods known to those of skill in the art including, for

46 examl i S d 459. 28 of
Sanbr ook e %ﬁi?r(f§§8f5%§&eg§§ngg § d%%%%gﬁgﬁﬁj%gcﬁghtﬁe feat nent .

Low pressurd yieayile’d i & ahaelﬁp@fom agFat 86l 1P dedaned bedgbyuStbetefier et
al . (1990, incorporated herein by reference). In this method, DNA

sanpl es ar @mmmanmb@ugnnaratedsm ¢hi:$ ararmey enslutheseppedt in vheiety of
low to interpediate - §res? 5 A | ever deV|e§cah% §§ congﬁolled
appl i cat i ofDRANLATEORF £ er nRaTRE s A SE8FIPRE BEFFL0The results

of 10 these studies indicate that | ow pressure shearing is a useful

al ternaki ve to soni Co%n@oﬁﬁ}élémibhé DU A r e} Purehadet ROPRA chi

One particularly suitable way for fragnenting DNA is cont enp ated to
be that’ usisurh les tone lodst&heetdght tachivated ethigsudesszdbedvabovedeteonbed

by Fitzgerald et al 1992 15_ These aut hors descri bed pproach for
the rapid 2 Cqmmﬁﬁﬁ%ﬁﬁa§98 C&nd FRak +%n5?$?ﬁé«ﬁOQﬁw&thF8 QFglcular si zes
that they AL @aheaSeihak! ech Or o 5WE UL BeRihignand

sequenci ng. e present inventor envisions that this wll al so be
particul ar |gxayeefeul7 for generating random but 20 relatively small
fragnments of DNA for use in the present sequenC|ng t echnol ogy.

The r eépr i 3 Ox)e X aa ~r:m2l b L on x % A dod =yuy

The nucleic acids to be sequenced may be obtained
from any appropriate source, such as cDNAs, genomic DNA,
chromosomal DNA, microdissected chromosome bands, cosmid or
YAC inserts, and RNA, including mRNA without any amplification

15 steps. For example, Sambrook et al. (1989) describes three
protocols for the isolation of high molecular weight DNA from

mammalian cells (p. 9.14-9.23).

Target nucleic acid fragments may be prepared as

clones in M13, plasmid or lambda vectors and/or prepared

20 directly from genomic DNA or cDNA by PCR or other
amplification methods. Samples may be prepared or dispensed in
multiwell plates. About 100-1000 ng of DNA samples may be
prepared in 2-500 ml of final volume. Target nucleic acids
prepared by PCR may be directly applied to a substrate for

25 'Format I SBH without purification. Once the target nucleic
acids are fixed to the substrate, the substrate may be washed

or directly amnnealed with probes.

The nucleic acids would then be fragmented by any of

the methods known to those of skill in the art including, for



the recognition sequence PuGCPy between the G and C to |eave bl unt
ends. Atypical reaction conditions, which alter the 25 specificity of

this enzyme (CviJl**), yield a quasi-random di stribution of DNA
fragment s forwowbkeisssmal | nol ecul e pUCL9 (2688 base pai PEYUSEA0FYer al d
et al. (1992) quantitatively eval uat 88 the randommess of this
fragnmentati on strategy, using a CviJdl** digest of pUCL9 that was size

fracti onat edelsgmple, using restriction enzymes as described at42.24—9.%%”ﬂ d
gel filtration nmethod and difectly i gated. . w thout : | to a
lac Z minus RE3SE ’ﬁ?% ?/‘éc?j;)‘r.hgﬁc?&éngéeanng fﬁa:ﬁ;}glgggg}m‘%a%%éﬁéedslqshowed

that CviJl** restpbfts pyGCPy and PuGCPu, in addition to PuGCPy sites,
and that new sequence 5 data is accumulated at a rate consistent wth
random fragnment ati on. As reported in the literature,

advantages of this — Lowipresfureisardadt b5 sHfic AOPERPEAETgatdse gel
fracti Onaé' gﬁefggiaé?%gﬁ%él}xrsfgééxeretagﬁ‘fngf?é’cg, DR %g%@gl-i' ﬁ&f’e%&-@yp- 5 ug

10 instea EWEr st eps ar nvolve preligation,

end repair, chewireakepXxtractilois mthadar DRR gatples arel passeghthesugh and
elution are needed). These advantages are calso fproposed,to be of use
when prepar i mqpaDUAFrench cpgesuyrR) cell afyarpRRRty3.0 lpy to intermediate

Irrespective of the mann i .n_whi th ej ' d Safl e
obt ai ned or FFESEPEES-it ijlseY%oé (ualncte t%(])'%% ¢ e%aqil(t}reg taﬁgfl%%%\g?gﬁg?%e
singl e strandeq; Res¢ateaMadl abd eofeisures to the cell. The results of

10 these studies indicate that low-pressure shearing is a useful

alternative to sonic and enzymatic DNA fragmentation methods.

One particularly suitable way for fragmenting DNA is
contemplated to be that using the two base recognition
endonuclease, CviJI, described by Fitzgerald et al. (1992).

15 These authors described an approach for the rapid
fragmentation and fractionation of DNA into particular sizes
that they contemplated to be suitable for shotgun cloning and
sequencing. The present inventor envisions that this will
also be particularly useful for generating random, but

20 relatively small, fragments of DNA for use in the present

sequencing technology.

The restriction endonuclease CviJI normally cleaves
the recognition sequence PuGCPy between the G and C to leave
blunt ends. Atypical reaction conditions, which alter the

25 specificity of this enzyme (CviJI**), yield a quasi-random
distribution of DNA fragments form the small molecule pUCl9
(2688 base pairs). Fitzgerald et al. (1992) quantitatively
evaluated the randomness of this fragmentation strategy, using

a CviJI** digest of pUC19 that was size fractionated by a



hybri di zati on. This is achieved by incubating the DNA solution for 2-5
m nutes at 80-90[err]C. The solution is then 20 cooled quickly to 2[err]C
to prevent renaturation of the DNA fragnents before they are contacted
with the chi JYOR¥SHhat e gr oups rrust | so be renoved fPSHUSASNBIAC DNA,
as described in Exarrpl e V. LE 8 25 Preparation of DNA

Arrays rays, may be prepared by spotting DNA sanples on a

support such¥apig ﬁﬂ-of’ll gt meshgt ARG FeSP B YoerPaFRdd Byrhout &1 ng
arrays of ne NSy Lt r nd an array of
wel I}s/ in a m&%ka{g iLft etr:& ? Epfsz tédl?%%eglég"‘@pﬂlﬁé’ YT Sequeﬁ&e

48 t ranahaayeﬁsabf)u'ls 2 arlesoishawBllAt Bat uCTIT **0 rashyl ots nEeydtRnand

By offset printing, a depnsjty of -dots higher than the density of the
wel I's i s achF&FEED: ohR ?%dlﬁ'}%tt? RHGCRY attefmadis &fat newnsq_qqﬁﬁc'&r]

dependi ngson ghhg Elép?c%mdﬂ)c?ééi ‘é&e‘é rE¥e UG M NMnt 5:1%1%10{551!1@&:1' n sone

presel ected nunber rows and col ums, separate subsets (subarrays)
may be fornedraGasptesiom. one subarray may be the sane genom c segnent
of DNA (or the sane gene) fromdifferent individuals, or may be

di fferent, over | apped genonj ¢ cl one Each of the subarra

r epr esent repllca’gg Qg ra)fmt ﬁg‘ if‘r’é e iices 24 ﬁnBﬁ%e%%gjfsrpﬂ?[S

sel ect ed gen‘a ppeaaE! cORYa & aeaolgom%qtiaﬂ%% Rpfrigzat §elFPfactlon£@1(3h

patient, the rrpll I ed gene segnent may be in orie 96-wel plate (all

96 wel | s contiacdudg:t hemabier saatqmlne)s oA PNAtzrd ocrequlredeathem 5 hey 64

patlentslbs QL% argdofSX us'é} and ggrdggéég are involved (no
preligation, end repair, chemical extraction, or agarose gel
electrophoresis and elution are needed). These advantages are
also proposed to be of use when preparing DNA for sequencing

by Format 3.

15 Irrespective of the manner in which the nucleic acid
fragments are obtained or prepared, it is important to
denature the DNA to give single stranded pieces available for
hybridization. This is achieved by incubating the DNA
solution for 2-5 minutes at 80-90°C. The solution is then

20 cooled quickly to 2°C to prevent renaturation of the DNA
fragments before they are contacted with the chip. Phosphate
groups must also be removed from genomic DNA, as described in
Example VI.

EXRMPLE 8
25 Preparation of DNA Arrays

Arrays may be prepared by spotting DNA samples on a
support such as a nylon membrane. Spotting may be performed by
using arrays of metal pins (the positions of which correspond

to an array of wells in a microtiter plate) to repeated by



15 all sanples may be spotted on one 8 x 12 cm nmenbr ane. Subarrays
may contain 64 sanples, one fromeach patient. Were the 96 subarrays
are identical, the dot span may be 1 M2 and there may be a 1 nm space
bet ween subarWV@§&31836 Anot her, capproach is to uBEUH#HPAhes or
plates 20 (available from NUNC, Naperville, Illinois) which may be
partitioned by physical spacers e.g. a plastic grid nolded over the

menbrane, t h&rgrFdeBePhgaBPRt 128 1o ofhd SBR(Sfution teeanp¥hen PRl 0
the bottom ofg k%b@@lbﬁ?é?%@?é&?%fgsith¥gr&@MQQY e’ kRSn éhé'&?#%&ty

physi cal spacér s not r 1 magi ng by exposure to
phosphor - st orcFge hecivekhs D$ achieved.ayOhel t1e.25 dotlEXAEW BeSaccommodated

Hybri di zati on and Sgoring Proces Label edbgrobes‘ may be

m xed with hylrildi®at | P IR Pgr thadt R &l d@bepr Bpedan®y IPIAING channel

pi pettes, st Oesﬁ)ottingu i n4Jome %{%Jé?ﬁ%'ﬂgarﬁ%er T e Rha Ly Rgn el the

pr obes betwe arrays ere are no hydrophobic strips or

physi cal deiariages sibpet ot efhbarrialys ) mMeaprsanciormedeosaappendingons asti c,
metal or ceram c grid nmay be firmy pressed to the nenbrane. 5 Also, the
vol une of thSUWnFEeY ey Be FRR| Rl 6naBbGtSagmantyef DNA ((eisthersamg err] .

The concentrafdan ¢l hngy PEQPGS & %QXB L9l zal) Ry pe o8 @g' Lhens used may
be as descriggﬁlgrevPousfy exceptq% aft ?ﬁe ' magﬁﬁng %u ?er ey be
qui ckly pour esreqiappbliegansmyc aflones. EHBRI6BYhd Gulardaybamby diépitéantof
probes and thus prevent
10 replica spotting of the same samples. In one example, a
selected gene segment may be amplified from 64 patients. For
each patient, the amplified gene segment may be in one 96-well
plate (all 96 wells containing the same sample). A plate for
each of the 64 patients is prepared. By using a 96-pin device,
15 all samples may be spotted on one 8 x 12 cm membrane.
Subarrays may contain 64 samples, one from each patient. Where
the 96 subarrays are identical, the dot span may be 1 mm’ and

there may be a 1 mm space between subarrays.

Another approach is to use membranes or plates
20 (available from NUNC, Naperville, Illinois) which may be
partitioned by physical spacers e.g. a plastic grid molded
over the membrane, the grid being similar to the sort of
membrane applied to the bottom of multiwell plates, or
hydrophobic strips. A fixed physical spacer is not preferred

25 for imaging by exposure to flat phosphor-storage screens or

%x-ray films.

Labeled probes may be mixed with hybridization

30 buffer and pipetted, preférably by multichannel pipettes, to



10 significant cross-hybridization. For the sane reason, a m ni mal
concentration of the probes may be used and hybri di zation tinme extended
to the maxi mal practical |evel. For DNA detection and sequencin

know edge of VO S8{¥1836al sequence al |l oyg the use of the S804
stacking interaction 15 phenonenon to inciease the signal. In addition to

the | abel | ed robe, additional unl abelled probes. which hybridi ze back
to back thet RUBATERET | &P AFEVRRY BeXiRQRf itﬁ“et I’ﬁ’é'OH?ﬁr?%?‘ﬁg?’? on

reaction. The, gipugh, of:f Nedpdihd BBYNPE:bPEAORS L riBKCHRl physicdi es. The
probes may be conne tedl y ligation. This 0 approach may be inportant for
resol vi ng DNPBategepsasifprintey in theompmbsanens'a corresponding plastide
case of radiol abell ed probes, ima filters gﬁ% be .obt ai ned,

es of the
preferably bjesRésphofe¥yityerid c}%ﬁo%bﬁ%}l.y AE5SESC Eﬂ_t HRFEPTARE e
scored bys %%%f,“‘v‘&ﬁé,voﬂﬁn&%ﬁ QR HTEEELSHAPYod reRBBEES Cabdil Of dRY d10

properly Sca and rntegrate data fromdifferent hybridization
experi ments, less paw snynahe avecentnatigredbikedpoobedearairdyiiric zegiget

in each dot. Differences in the anount of target er_dot. may

be correct ed PBAiE}oRE VRRAJEY fFaleS &sgﬁthe%r%égﬁvswegﬁeﬁle?%% HYnal
for all prob e d h £

50 norn§%F§§§5s?Bﬁ§T§q§§§qﬁéqéggféﬁ,pﬁ%ﬁ%J|§7ﬁﬁw§nfl?fﬁ%¥ ?o

conpar e dat a subafrdiysf e el lex fiastmedlstishsof prokeschnd thusuprevent
several contraol DNAs may be used t.o determ ne an average backgr ound

si gnal iﬁothGé@nééﬁﬁPEEIVﬁﬁiﬁfhk?ﬁﬁﬁ?zaﬁleﬁnp%ﬁ?\%P%lﬂaﬂenﬁF ftar@et. For
sanpl es bt alned £1oRLALBhOI Lt 10n ol RALYBLOLE) BEPIRS uakEMRRHOOLIC controls

may be used t0 & recognition of " heterozygotes in the sanpl es.
hybridization time extended to the maximal practical level.

For DNA detection and sequencing, knowledge of a "normal"
sequence allows the use of the continuous stacking interaction

15 phenomenon to increase the signal. In addition to the labelled
probe, additional unlabelled probes which hybridize back to
back with a labelled one may be added in the hybridization
reaction. The amount of the hybrid may be increased several
times. The probes may be connected by ligation. This

20 approach may be important for resolving DNA regions forming

"compressions".

In the case of radiolabelled probes, images of the
filters may be obtained, preferably by phosphorstorage
technology. Fluorescent labels may be scored by CCD cameras,

25 confocal microscopy or otherwise. In order to properly scale
and integrate data from different hybridization experiments,
raw signals are normalized based on the amount of target in
each dot. Differences in the amount of target DNA per dot may
be corrected for by dividing signals of each probe by an

30 average signal for all probes scored on one dot. The



Hybridi zati on Wth Qi gonucl eoti des 10 A i gonucl eoti des were
ei ther purchased from Genosys Inc., Houston, Texas or nade on an

Appl i ed Bi osystens 381A DNA synt hesi zer. Most of the probes used were
not purifiedWRs8B1836 Hp C or gel el ectroppgresis. For exanpt@UPBBHEL were
designed to have both a single perfectly Conplenentary target 15 in- .
Interferon, a ML3_clone containing a 921 bp Eco RI- human Bl -

( , Bal 11
interferon fPRAGHBRREZEOFHIME TRNgPEcRFaleosually %EPT“.J'A{:%I'. Ri. 74
4370-4374 (1 t i G&lnew t haapoeng, b m smat ch
in ML3 vect orggﬂ%élé?ﬁgtg fé&ﬁ%lﬁ%entE%}éﬁﬁbel It\iglng %f ng [ g%nﬁ%e%ot | des was
performed assuBlrragscséeverh] MomtabilsDEAs ahay Hédblusedl ao devaermine sn

Laborat ory Manual] , Cold Spring Harbor, Laboratqry Col d Spring Harbor,

New Yor R“’E{Qgi)l]’a?]Fﬁli@"}ﬁo sigRedi Anghase mm‘i&a EBFFBe‘QRl%‘g"se (5

units Anegsh eLr 10 'a%[gqr h ' : : and

ol i gonucl éot ?ggt?%kpﬁll i%ﬁ%@s%é% it(': %%Iﬁ s\/| tl g? gg\:?%ggdg?&%% elSOlvdve?r e

2.5-5 X 10 9 (ppypMid) scores, homoz$yopie cdramdedmBiMAbDE2useddcariallowd. 5

NaOH, 1.5 M NaCl) was spotted on a Gene Screen nenbrane wetted with

t he same *§6PEREBHON t Pl HeharazyIREre HRUEINISFRACEN 0. 05 M

Na[ err] HPJ e 6.5, baked in an oven at 80[err]C for 60 mn. and W
i}klgmz,z_ﬁ'. | o )

i rradi at ed for 1 mn.
Then, the fi ByBefidieseiomatiltht ofligominluatdideat i on solution (0.5 M
Na[err]HP err] pH 7.2, 7% sodi um | auroyl sarcosine for 5 mn at room

drop of Hbr i zat | on QOISR CIGoRE, vout ol RIFEPAPRRCEEPRICTIOND, 706
sodi um | aur oyl -sar cR§h 8EIn WMidkad b2 hBe on an Applied Biosystems 381A

DNA synthesizer. Most of the probes used were not purified by

HPLC or gel electrophoresis. For example, probes were

designed to have both a single perfectly complementary target

15 in interferon, a M13 clone containing a 921 bp Eco RI-Bgl II
human Bl - interferon fragment (Ohno and Tangiuchi, Proc.
Natl. Acad. Sci. 74: 4370-4374 (1981)]), and at least one

target with an end base mismatch in M13 vector itself.

End labelling of oligonucleotides was performed as

20 described [Maniatis et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Cold Spring Harbor, New
York (1982)] in 10 ml containing T4-polynucleotide kinase (5
units Amersham), g>°®-ATP (3.3 pM, 10 mCi Amersham 3000 Ci/mM)
and oligonucleotide (4 pM, 10 ng). Specific activities of the

25 probes were 2.5-5 X 10 92 cpm/nM.

Single stranded DNA (2 to 4 ml in 0.5 NaOH, 1.5 M
NaCl) was spotted on a Gene Screen membrane wetted with the
same solution, the filters were neutralized in 0.05 M Na,HPO,

PH 6.5, baked in an oven at 80°C for 60 min. and UV irradiated



end- | abel ed ol i gomer probe at 4 nM concentrati on was pl aced over 1-6
dots per filter, overlaid with a square piece of pol yet hyl ene
(approximately 1 X 1 cm), and incubated in a noi st chanber at the

i ndi cated terWes8BWes for 3 hr. 10 Hybridization was st oBFE¥SHMOMMaci ng
the filter in 6X SSC washing solutionfor 3 X5 mnute at O[err]Cto
renove unhybri di zed

_ be.. The fil _either dri f
washed or LHET 1 mifngi ARG ST LARES! KAPe: HIATEE oAl AUPLr 3t B dbhed.

For di s¢riym [ nt t-he deks re8d hge 15
dried fiIterg&ggkgghagg6?2%?%%@gghy%ﬁg72%658%0?ﬁ§gg?e%£i (N%%ggﬁ%are

Dynanirf, Surptv &l einCati foomitdmpexatheeussd] placed phnatbe enrfacgief a
scintillation cocktail and_counted. .The uncorrected ratjo of for
'F and M3 dl@stdcqPoRladis. & arop of hybmydizabigm SBALCIEROl TR
herein al low Ixbiy 2o 0 3021 14 yfilundhatkopl | omcdieall datnbyt “gnsur e
di scrim nations etween mat ched and mi smat ched ol i gonucl eot i des t hat
are (Xﬂnﬂéﬂﬁﬂﬂd@éﬂeﬁOoBﬂgomémﬂpﬁbheeabiBanOCQndenﬁyﬂtinOCWeECpb£¢@ﬁ
Factors which influence the effjcient detection, of hybr i di zat L on of

speci fic shoravereduénBetspRsedt bifathe cyeglasd Bt FREEPHEEFORS (D)

bet ween a perfectl I g&g} 2 takgget ' Ys
conplenentar%xﬁaﬁﬁéyﬁ%ﬁ?h%a |é§ﬁ%§tel¥ 1n?s%a?@ﬂpﬁ%ﬁ¥%gﬁﬁ§%§?%ha%2 %efined.

| n experi mentpidteshamber atiothdlintdilvglrelddzapeatufest Womt 3- bkght pr obes

that were 6 to 8 = nucleotides in |ength t I d
30 ol i gorlc| dbtrdes-Zzp5aRA T3S nErRRREk oY g’tléFig &%%ﬁgg}:ég%&? oee
ggl ow The prifGip €318086h 8ot e £ PaANTRAL 3 FIOEBULYERSVAN En 1S zed

probe. The filter was either dried, or further washed for the
indicated times and temperatures, and autoradiographed. For
discrimination measurements, the dots were excised from the

15 dried filters after autoradiography [a phosphoimager
(Molecular Dynamics, Sunnyvale, California) may be used]
placed in liquid scintillation cocktail and counted. The

uncorrected ratio of cpms for IF and M13 dots is given as D.

The conditions reported herein allow hybridization
20 with very short oligonucleotides but ensure discriminations
between matched and mismatched oligonucleotides that are
complementary to and therefore bind to a target nucleic acid.
Factors which influence the efficient detection of
hybridization of specific short sequences based on the degree
25 of discriminations (D) between a perfectly complementary
target and an imperfectly complementary target with a single
mismatch in the hybrid are defined. In experimental tests,
dot blot hybridization of twenty-eight probes that were 6 to 8
nucleotides in length to two M13 clones or to model

30 oligonucleotides bound to membrane filters was accomplished.



A i gonucl eotide hybridization to filter bound target nucl ei ¢ aci ds
only a few nucl eotides |onger than the probe in 5 conditions of probe

excess is a pseudo-first order reaction with respect to target
concentrati onWO¥/M836eaction is defined by: S[ err] / SIEUSIp00784 -
[err] [OP] t Wherein St and S[err] are target sequence concentrations

at tinet 10 and to, respectively. (OP) is probe concentration and t is
t enper at ure. T princizdest Suiding WD rePrdmeRERONPTRFLAUreS F3e F4FEF onl y
slightly in tgello‘% to 30[err] C range (Porschke and " Eigen, J. MI.
Biol. 62: 361°(1971); Craig et al., J. Ml. Biol. 62: 383 (1971)].
Hybrid nelting is a first order 15 reaction with respect to hybrid
concentration (here repldgetucleotbye Magridieatdohi to efi bmmmbcimad epraet
shown in: Herrl]/Herr] = e-[err] ) In this equation,
Herr] and H®Ri¢ieks @qifs cBl¥ofcEaY riGisRtides lagpger nelan tHhey Rober fin
(espect VA Y cSl@tlode it LabBecaRalantid of peBdaBY P TALNG UGBy ©
dependent “on (ferrperature and salt concentrati on kuta et al., Ruct .
Aci ds Res. 15¢itM7rdsk®E) to targ®orsaiddes rantdohi.geThid. rdddtiddi dls 62: 361

(1971); Craig et al., J. Ml. Biol. 62: 303 (1971)]. During

hybri di zat i ondefined Byi:ich is a strand association process, the back,

mel ting, or 35/Sst rang i ssoei ati on, reaction takes place as well. Thus,
t he anount’ 8f hybrid fornmed in tine is result of forward and back

reactions. Thehefgtid if)r ahéh sRaree tapyet seywre Ryheedtratiohoramttione hy
I ncreasi ng probe concentration, and/ or decreasing t enper ature. However,
duri ng wakhi iP}yiel-e§eFREFRIVRIX 0l LIRPY 180PBPPS FIRFEntHRE 108 ARAgEr &8cti on

i's dom nant a@é’mﬁ&eam The rate constant for hybrid formation, ky
increases only slightly in the 0°C to 30°C range (Porschke and
Eigen, J. Mol. Biol. 62: 361 (1971); Craig et al., J. Mol.
Biol. 62: 383 (1971)]. Hybrid melting is a first order
15 reaction with respect to hybrid concentration (here replaced
by mass due to filter bound state) as shown in:

HJ/H, = e

~kmt

In this equation, H, and H, are hybrid concentrations

at times t and t,, respectively; k, is a rate constant for

20 hybrid melting which is dependent on temperature and salt
concentration [Ikuta et al., Nucl. Acids Res. 15: 797 (1987);
Porsclike and Eigen, J. Mol., Biol. §2: 361 (1971); Craig et
al., J. Mol. Biol. 62: 303 (1971)]1. During hybridization,
wﬁich igs a strand association process, the back, melting, or

25 strand dissociation, reaction takes place as well. Thus, the
amount of hybrid formed in time is result of forward and back
reactions. The equilibrium may be moved towards hybrid
formation by increasing probe concentration and/or decreasing
temperature. However, during washing cycles in large volumes

30 of buffer, the melting reaction is dominant and the back



53 reaction hybridization is insignificant, since the probe is
absent. This analysis indicates workable Short O igonucl eotide

Hybri di zati on (SOH) conditions call be varied for probe concentration
or tenper at W@ 98/318% D or discrimnation is defi REWUSIBAZM4at i on
four: D=Herr] (t[err]) / Herr] P?[err]) Herr]

(t[err] ) and Herr] (t[err]) are the amounts hybrids remainin after

a washi ng t rpectiperhybridizatien deninebynifinaits gince theepreks |48 and
i nperfectly_go engnt ar X, [ ivel. .1 r ~a. gi .

t enper at ur 5250RBEti BorY RRATESY SERSREEE Yiehss Snoke! ofighleotide
washi ng ti mgyapddigaeias (S8 Mpendativas ueavhaie Wpefiel for prole Which is

equation five. The background, B, represents the | owest
hybri di zat i censeghast Hen it figmpeiratilie. system Since any 15 further
decrease of Herr] may not be exam ned, D increases upon “cont i nued
WASTI G- 5 "ASHLNO Pash ol Slideditihalech eps (et hRld bn' BhALEYS, sour! 0 B and
is seen as a decrease in D. e optimal washing e, err], for

| nper f ect hybeiq?,uigoﬂ1mguagjon t hree and equation five is: 20
t[err] =-In (B Herr] (t[err]))/ Kkl[err],i Since Herr] is
bei ng washed for the sane t{err ... combi ni ng e%gations“ one obtains the
optimal discrimnatidfe fitactizpd e (tu) arg the gpepntg Jjyoudds, repainieg

Herr](to) %ggﬁr a washing time,TEe,QﬂﬁPQﬁmPEdQnﬁﬁcélf At ofof T is
| mpor t ant ecause 0 he choi &e of an optimal washing tenperature. It
perfectly and imperfectly complementary duplex, respectively.
10 For a given temperature, the discrimination D changes with the
10 length of washing time and reaches the maximal value when H;

= B which is equation five.

The background, B, represents the lowest
hybridization signal detectable in the system. Since any
15 further decrease of H; may not be examined, D increases upon
continued washing. Washing past t, just decreases H, relative
to B, and is seen as a decrease in D. The optimal washing
time, t,, for imperfect hybrids, from equation three and
equation five is:

20 tw = -1ln (B / Hi (to))/ kﬂ.i

Since H, is being washed for the same t,, combining
equations, one obtains the optimal discrimination function:

D=e 1o (B/Hi (£0)) km,p /km i Hy(t,) / B

The change of D as a function, of T is important
25 because of the choice of an optimal washing temperature. It
is obtained by substituting the Arhenius equation which is:

K- =Ae-Ea/RT

into the previous equation to form the final equation:



I s obtained by substituting the Arhenius equation which is: K- = Ae -
[err] [/ [err] into the previous equation to formthe final equation:

54 D=Herr]((to)/B X (B/H (to)) (Ap/ A) e (E[err] - Eerr])/[err]
Wierein B is Wes834836n Herr] (t[err]). 54 Si n?,%l'f@?ﬁé/“‘l%“
activation energy for perfect hybrids, E[err] and the activation

energy for inperfect hybrids, err].. can,hg . Seeitbhar equal, or Eferr]
| ess than E| reTBrT B{o éﬁp%ré?{%' (to)) independzéh'tl, ordd®creases with

i ncreasing tenperature, respectively. This result inplies that the

search for stringeptetESPe 3lungsgopais ingefor good discrimnation in
SOH is unjustified. By washing at | ower tenperatures, one 10 obtains equal

or better discrimnation, but the tine of washi ng exponentially
i ncreases with the decrgimee dthe activappen sengrgy Hogcpenfactihybriis E.p

LTS o0 7588 WA adesvarion bty AL LSRR RChERE s ol Y e
(tforr) T o T Ty ey L e B o be hat 11 1
better to obtahdepesdéht ci@ntdecreasgganith yingtfragsdng] tempenetwysy i di zati on
regardl ess of the , I scri.vi nation _that. can he achieved in this step.
nerrer o Caregperriueion LA RERODS SORLFSE TR FASHPRATR FOE L he 20
hi gher anount gt of ngeht eCdmpriitiedlcba¥s FPE8s tidte Jo¥id discrdhihst 2oH i sl
nmelting to show an effgct._ Simlarly, using | arger amounts of target
nucl ei ¢ aci d 8CHetessnjystifiefl.scBynivaghina atanidwerobempacateyes, wieh snal |

d|fferenc?& obtains equal or better discrimination, but the time of

washing exponentially increases with the decrease of
temperature. Discrimination more strongly decreases with T,

if H;(t,) increases relative to H; (t,).

D at lower temperatures depends to a higher degree
15 on the H, (t;)/B ratio than on the H, (ty) / H; (t,) ratio.
This result indicates that it is better to obtain a sufficient
quantity of H, in the hybridization regardless of the
discrimination that can be achieved in this step. Better
discrimination can then be obtained by washing, since the
20 higher amounts of perfect hybrid allow more time for
differential melting to show an effect. Similarly, using
larger amounts of target nucleic acid a necessary
discrimination can be obtained even with small differences

between K, , and K, ;.

25 Extrapolated to a more complex situation than
covered in this simple model, the result is that washing at
lower temperatures is even more important for obtaining
discrimination in the case of hybridization of a probe having

many end-mismatches within a given nucleic acid target.



between K[[err],[err] and Klerr],. 25 Extrapolated to a nore
conpl ex situation than covered in this sinple nodel, the result is

t hat washi ng at | ower tenperatures is even nore inportant for

obt ai ni ng WO 9b/3g3si mi nation in the case_of hybridizati on péTresgsnois

havi ng many end- ni smatches within a gP¥en nucleic acid target.

55 Usi ng the described theoretical principles as a

gui de for experinents'Uskngzﬁheedhybrihedanhﬂnneth&aé Déé@ciples(ﬂﬁzﬁ ned with

probes six to e nucl eot.i de erinents were

er for med i SHELE TR PP HTROEFe SRLLEPLS MytIAdrRGTaT R Desh

hybri di zati og,eQi#éd %@pf@s&%ﬁe@e skl E@relght nubest PAOS PN Berif WS ATAXI Bl
reduction in the anount o robe, and thus reduced | abel costs in dot

bl ot hybxpdrmmmsvefﬁw@emfghmed nebth ratiloaténgsplizstd ¢ ahest
sarcosi ne_i nstead.pf so ulfate in.the hat ,

hybr i d: zat i oRTBVFERS déd\%lé“ &%Mﬁbafﬁﬁt+%{h&018ﬁlf”$oﬂ$$ rﬁehe Hicer.
tenperature @py8 pRodedifd 1a310WsMmbRihY1 FdicAi®nXiRSthe 146 EADIGEM

| aur oyl sarcosine buffer allows hybridization at tenperatures as | ow
as 2[err]C. Phebdetandartug wredueced babélbreosts ﬂ@rdgbthlntng tol erabl e

back d wit to 40 nM it rat f bel
ool ot ey hlr bR et Cne o, 18R R hufng Yt 108, pBpfoa i HfRERy
ol i gonucl eot jdgc-hybid dshwesglelresBhned péh%;CyTl sulEé@éOif{p@x@CﬁlﬁI@h%é h 50%

G+C content, i.e. probe of sequence The theoretical
expect at 1®n hgbrhdizatdion prudliferi gllows @mrgmgh@hEessastm efxst areems. Its

transition eQéQgéPytdéé down to 12°C, Similarly, the 4-6 X SSC, 10% sodium

lauroyl sarcosine buffer allows hybridization at temperatures
as low as 2°C. The detergent in these buffers is for obtaining
tolerable background with up to 40 nM concentrations of

15 1labelled probe. Prelimiﬁary characterization of the thermal
stability of short oligonucleotide hybrids was determined on a
prototype octamer with 50% G+C content, i.e. probe of sequence
TGCTCATG. The theoretical expectation is that this probe is
among the less stable octamers. 1Its transition enthalpy is

20 similar to those of more stable heptamers or, even to probes 6
nucleotides in length (Bresslauer et al., Proc. Natl. Acad.
Sci, U.S.A. 83: 3746 (1986)). Parameter T4, the temperature at
which 50% of the hybrid is melted in unit time of a minute is
18°C. The result shows that T, is 15°C lower for the 8 bp

25 hybrid than for an 11 bp duplex [Wallace et al., Nucleic Acids
Res. §: 3543 (1979)].

In addition to experiments with model
oligonucleotides, an M13 vector was chosen as a system for a
practical demonstration of short oligonucleotide

30 hybridization. The main aim was to show useful end-mismatch



20 simlar to those of nore stable heptaners or, even to probes 6

nucl eotides in length (Bresslauer et al., Proc. Natl. Acad. Sci .

U S A 83: 3746 (1986)). Paraneter Td, the tenperature at whi ch 50% of
the hybrid i swosgBedsin unit time of a m eis 18] er rACT/USTHW¢M4es ul t
shows that Td is 15[ err]C lower for the 8%6:) 25 hybrid than for an 11 bp

duplex [Wall ace et al., Nucleic Acids Res. 6: 3543 (1979)]. .

In addition tdisxpedinesdon with avrrget simdlagoR@ctietqnfss Whdsiirallebeor

O e o alepapec O Y RTINS SO

ol i gonucl eot i ¢&F e ai'm was show us

end-m smat ch 51 igonucleotide probes for the M13 model wexx chosed dar sorhagi on
with a target simlar to the ones which will be used in various
appl i cati ons wdy ttietmstheo M13f venror nkgrlifogontaing) teprd S¥EMdéBrBbes for

the ML3 nodel. were chosen i_n suc , that Ctf hi.S
cont a! ns the %?r?f-m S\Pﬁﬂ ec}%’Saflglgg%.re‘i?e:fcﬁg%igrag?F,cg%ﬁaM%Q/:aco 1i %gn?unan
contai ning a 92dePetuHRne insbht £réLntie0eiaglaspetfecdly ineschiedgl e

perfectly matched target. .-Thus, IF has either the identical or a
hi gher nunbertarget of THusvatlfhbast atyeas the dGepaiFabrPrE @ tHENRE: NYERES

i tself. , Usj I . I L4
Sut 1 of ent i #F PARSCHSR, [OGBHP 50| SHIRErS et 2 QR AN 0% L B3 ioon

tie dot containing the perfect and the m smat ched targets and the dot

containing the m smat chaddnget se@péyature cobdisivas amdieddtorblide,6- mer
ol igonucleotides and was al so true for the 7 and 8-qer .
ol i gonuc| tt i geEfhyirntdididderencre iarlpdbrid zatignasignsl e I9Rta 186,

between tie dot containing the perfect and the mismatched
targets and the dot containing the mismatched targets only.
This was true for the 6-mer oligonucleotides and was also true

for the 7 and 8-mer oligonucleotides hybridized to the large

15 IF-M13 pair of nucleic acids.

The hybridization signal depends on the amount of

target available on the filter for reaction with the probe. A
necessary control is to show that the difference in sign
intensity is not a reflection of varying amounts of nucleic

20 acid in the two dots. Hybridization with a probe that has the
same number and kind of targets in both IF and M13 shows that
there is an equal amount of DNA in the dots. Since the
efficiency of hybrid formation increases with hybrid length,
the signal for a duplex having six nucleotides was best

25 detected with a high mass of oligonucleotide target bound to
the filter. Due to their lower molecular weight, a larger
number of oligonucleotide target molecules can be bound to a
given surface area when compared to large molecules of nucleic

acid that serves as target.



The hybridi zati on signal depends on the anount of target avail able on
the filter for reaction with the probe. A necessary control is to show
that the difference in sign intensity is not a reflection of varying
amounts of nusv@$s31880 acid in the two dots. Hybridizati on vwdiussspsobe
that has the same nunber and kind of ®hrgets in both IF and M3 shows
t hat there is an equal anmount of DNA in the dots. Since the

efficiency of hybrid fdrmmtaatsnrentheasasswntvrittyybﬁi detegiidn with the

| f dupl | eot i det ected w
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nol ecul es can ound gi ven surface area when conpared to | arge

mol ecul es of autimen As la.(ntdet hat 58 eni/Esicrs unpngéfied phage Contalnlng

57 neasure the_s Itivity of detection w.t
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the filter andy beééﬁgf%¥¥ﬂﬂﬁ:Qfatﬁgréiofi|éﬁ%ﬁo&%@leot1d@cﬁfﬁﬁﬂdlz§ilbhit|e
|

as 50 mllion unpuriftied phage containing 5™ho nore than 5 ng of DNA
gave a det ect mbthodi gmadufifiidiieati.ngReactiarhdtineedsi shorty addirge tohdhe

ol i gonucl eotide h brl d| zatlon nmethod is sufficient. Reaction tine is
short, addi ngP¥8cth “practicality: As nmentioned in the

theoretical sect ion above, the 10 equilibriumyield of hybrid depends oil
probe concentration  ag ¥e¥tQbnk@TRE! BhalIMEhedretgaal i 88ct I dtiieanede the

stgnal 10 equilibrium yield of hybrid depends oil probe concentration
and/or temperature of reaction. For instance, the signal
level for the same amount of target with 4 nM octamer at 13°C
is 3 times lower than with a probe concentration of 40 nM, and

is decreased 4.5-times by raising the hybridization

15 temperature to 25°C.

The utility of the low temperature wash for
achieving maximal discrimination is demonstrated. To make the
phenomenon visually obvious, 50 times more DNA was put in the
M13 dot than in the IF dot using hybridization with a vector

20 specific probe. 1In this way, the signal after the
hybridization step with the actual probe was made stronger in
the, mismatched that in the matched case. The H, /H; ratio was
1:4. Inversion of signal intensities after prolonged washing
at 7°C was achieved without a massive loss of perfect hybrid,

25 resulting in a ratio of 2:1. In contrast, it is impossible to
achieve any discrimination at 25°C, since the matched target
signal is already brought down to the background level with 2
minute washing; at the same time, the signal from the
mismatched hybrid is still detectable. The loss of

30 discrimination at 13°C compared to 7°C is not so great but is



| evel for the sanme anobunt of target with 4 nMoctanmer at 13[err]C is 3
times lower than with a probe concentration of 40 nM and I s decreased
4.5-tinmes by raising the hybridization 15 tenperature to 25[err]C.

The utility wfO9smasldsow t enperature wash for achi evi ng PeDUSY8A0704
discrinmination is denpnstrated. To make t?® phenomenon visual |y
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signal after_the bridi zati,on stepowith the actual probe.was. nade
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achi eve ?y | scrimnation at 25%errJeC. si nce tge mat ¢
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washing; at &he; AR f4UB trike rakoRat, MR coursdi sFaindieddngarid is
still detectable. The Loss of 30 discrimnation at 13[err]C conpared to
7[err] C is noiseoimimtidnwiith washing of the same amount of starting 58

clearly visiple. . If o considers the 90 m.,nute _point at 7[err and
Che 15" m nut BYBbHh PP FEMBRERE TSR Ut BRnLA0Bs Moinal B ghal i s
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the respective conditions, it is obvious 5 that the anobunt of several
times grtht echangd[ef 1) Fitthateapetdfere |adid the Fatid| oftamauntishicf fuluet her,

the tine course of the ange | scrim nati wi t h washing of the sane
anmount of st 5¥Pi hgpes oﬁg’é’g’%dda?ttﬁ‘éet%)arfte%eggﬁuwﬁgh‘s%v%tet%w‘e hi gher
maxi mal D at - the lower tenperature. These results confirmthe trend in
the 10 change of D with JxeReEat Yhéw itk ideeralli ot of i gpsmttheofsHore

two types of hybrid at the start of the washing step.
oligonucleotide hybridization conditions, we have looked
hybridization of 4 heptamers, 10 octamers and an additional 14

15 probes up to 12 nucleotides in length in our simple M13
system. These include-the nonamer GTTTTTTAA and octamer
GGCAGGCG representing the two extremes of GC content.

Although GC content and sequence are expected to influence the
stability of short hybrids [Bresslauer et al., Proc. Natl.

20 Acad. Sci. U.S.A. 83: 3746 (1986)], the low temperature
short oligonucleotide conditions were applicable to all tested
probes in achieving sufficient discrimination. Since the best
discrimination value obtained with probes 13 nucleotides in
k2ngth was 20, a several fold drop due to sequence variation

25 is easily tolerated.

The M13 system has the advantage of showing the
effects of target DNA complexity on the levels of
discrimination. For two octamers having either none or five
mismatched targets and differing in only one GC pair the

30 observed discriminations were 18.3 and 1.7, respectively.



In order to show the general utility of the short ol i gonucl eoti de

hybri di zati on conditions, we have | ooked hybri di zati on of 4 heptaners,
10 octaners and an additional 14 15 probes up to 12 nucleotides in length
in our sinpl eVP8B1836 system These include-the nonamer GTTPCTUAISANCH

oct amer GGCAGECG representing the two extrenmes of GC content.

Al t hough GC content and sequence are expected to influence the
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15 occurred if the appropriate targets were present in the

clones.

Thermal stability curves for very short
oligonucleotide hybrids that are 6-8 nucleotides in length are
at least 15°C lower than for hybrids 11-12 nucleotides in

20 length [Fig. 1 and Wallace et al., Nucleic Acids Res. §:
3543-3557 (1979)]). However, performing the hybridization
reaction at a low temperature and with a very practical 0.4-40
nM concentration of oligonucleotide probe allows the detection
of complementary sequence in a known or unknown nucleic acid

25 target. To determine an unknown nucleic acid sequence
completely, an entire set containing 65,535 8-mer probes may
be used. Sufficient amounts of nucleic acid for this purpose
are present in convenient biological samples such as a few

microliters of M13 culture, a plasmid prep from 10 ml of



15 occurred if the appropriate targets were present in the cl ones.
Thermal stability curves for very short ol i gonucl eoti de hybrids that
are 6-8 nucleotides in length are at least 15[err]C | ower than for
hybrids 11-12WeW8B#36i des in 20 length [Fig. 1 and \Wal | ace RET/USPE/G070ucl ei
Aci ds Res. 6: 3543- 3557 (1979)]. Ho er, performng the hybridization
reaction at a low tenperature and with a very practical 0.4-40 nM
concent r at i orbasftestiiajogudtusei e Hrupelal cohenyhef dad@nign or legs than

conpl ement ary, sequence in K Qr__unknown nucleic acid 25 target. To
det er ni ne an %ﬁﬁ%éﬁﬂanﬁéﬁgggrgc%%lggﬁﬁgﬁgg' conpletely, an entire set

cont ai ni ng 65,535 8-ner probes may be used. Sufficient anmounts of
nucleic acid for this gubpeseligonudliedtikdesest 10 muclasiideat 1bhgl ggireéal
sanpl es such as a few mcroliters of M3 culture, a plasmd prep from
10 M of excellent discrimination. The relative gipcreasepimt ByPsidcul ture
or a single cal.aqny .qQf eLi I . : a rd PCR
reaction. 5° é)taom)il%y Q&%Eh%rgin |eg§§1362|‘“§%@|g58‘§ (o i%ltgnau%lfreg [ g‘eggf@ong gi ve
excel | ent di spérigemnairiobes . TResibtatwith dter easamén TodTdaTe Suppabt! thyswi th
a single end msmatch is greater t han for | onger probes. Results with
the octaner TEEFGARGOIuppaRt thejexperimeashe| tEeobarget e e @p6/TneRtds, the
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ol i gonucl eot irgesmatth Ssdicher ndbtadti bl eadlfi aYdotBet heysan®fas or
greater than an internal G T msmatch in a 19 base paired dupl ex
greater tifan ehigamuelegtideT nTRimtdpcriminayipnagfieved is the same as

or greater than an internal G/T mismatch in a 19 base paired
duplex greater than an internal G/T mismatch in a 19 paired
duplex [Ikuta et al., Nucl. Acids res. 15: 797 (1987)].
Exploiting these discrimination properties using the described

15 hybridization conditions for short oligonucleotide
hybridization allows a very precise determination of
oligonucleotide targets. In contrast to the ease of detecting
discrimination between perfect and imperfect hybrids, a
problem that may exist with using very short oligonucleotides

20 is the preparation of sufficient amounts of hybrids. 1In
practice, the need to discriminate Hy, and H; is aided by
increasing the amount of DNA in the dot and/or the probe
concentration, or by decreasing the hybridization temperature.
However, higher probe concentrations usually increase

25 Dbackground. Moreover, there are limits to the amounts of
target nucleic acid that are practical to use. This problems
was solved by the higher concentration of the detergent
Sarcosyl which gave an effective background with 4 nM of
probe. Further improvements may be effected either in the use

30 of competitors for unspecific binding of probe to filter, or



duplex [l kuta et al., Nucl. Acids res. 15: 797 (1987)]. Expl oi ting
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either in the use 30 of conpetitors for unspecific binding of probe to
filter, or oligonucleotide hybridization using low temmpratureshgiw¥gangi ng

the hybridization support .material. reaver, fo rabes.havi.ng E[err]
| ess T han 4oRESHy TR RREShs Thor 'S REhent8h anq BIAREE plB 07 ¢
hexamers, noghhitesd 0|ﬂrﬁ06ﬁg&eﬁfié'@§>ﬁd/qmlachievi@é Qursi ¥ thy Bl d
[Asseline, et al., Proc. Nat'l Acad. Sci. 5 81: 3297 (1984)] than their
unnodi fi B coykridigation copditiongfigy difderent cepmuananss igeddyibed in
this invention for short .ol jgonucl eat.i d ybri di zatign,using | ow

t enper at ur es™HFVES® lnbgFFE%nﬁis%r|r#%éﬂiﬂiEUESQ g?ﬂ“%éﬁhé%tgg%%ﬁd dupl ex
hybri d AEPRHEingT 2 @RkY sBahisfcdAl Mdrieoeh eYhGvab iy Wilng an 56
hybri di zation conditions for different sequences is an I ncrease in
washi ng ti mefdrthemineduesdt byupecreasinmhe salt geprendinariom.t he sequence.
Mor eover, the washing tinme can be

Although there is excellent discrimination of one
.15 matched hybrid over a mismatched hybrids, in short
oligonucleotide hybridization, signals from mismatched hybrids
exist, with the majority of the mismatch hybrids resulting
from end mismatch. This may limit insert sizes that may be

effectively examined by a probe of a certain length.

20 The influence of sequence complexity on
discrimination cannot be ignored. However, ;he complexity
effects are more significant when defining sequence
information by short oligonucleotide hybridization for
specific, nonrandom sequences, and can be overcome by using an

25 appropriate probe to target length ratio. The length ratio is
chosen to make unlikely, on statistical grounds, the
occurrence of specific sequences which have a number of
end-mismatches which would be able to eliminate or falsely
invert discrimination. Results suggest the use of

30 oligonucleotides 6, 7, and 8 nucleotides in length on target



further reduced by decreasing the salt concentration.

Al t hough there is excellent discrimnation of one .15 matched hybrid over a
m smat ched hybrids, in short ol i gonucl eoti de hybridi zati on, signals
from m smat chawo bs/kussed s exist, with the mgjority of the RCHUSES®ON704
hybrids resul ting fromend msmtch. PRis may linit insert sizes that
may be effectively exam ned by a probe of a certain length. 20

The infl uencenotlséquant@ tmsgrtexishprsar thanf ser i2viSnagnénlBakihot be

i gnored. However, the conmplexity effects are nore significant when
defini ng sequéREBSCLIVeLHformation by short ol i gonucl eotide hybri di zation

for specgk%ﬁg%ggﬂiandon1sequences, and can be overcone by using an 25
appropriate probe to target length ratio. The length ratio is chosen

to make unli k@Ng, Sequanadngti cal grounds, the occurrence of specific
sequences whi ch have a nunber of end- m smat ches which woul d be able to

elimnate gr fal sely %|€%%% ocg s iam%rggtgi %)ir}l?“éRsﬁStt%t o%rﬁ#gggﬁ the use of

30 ol igonutl eotides 6, nucl eo arge

62 _nucl eis%qﬁéhéih%%@fté S @ett BaNsAmPled . dxrraed 18 khe form of
respectively. EXAMPLE 11 DNA Sequencing 5 An array. of
subarrays al | oepliicntedf subawnays; Foreguampitg ©f sampdgsl mg¥t befarxeayRds

arrayed in the for f replicate bgrr ays:, For exanpl 64 sanpl e
may be arrayed® 2 g]gnsam% §W§Bﬁ%9538§r§§yga% ﬁ%?%ffﬁyssﬁﬁ rssyge ﬁg%gsé
replicated opn @n18 #52X &8 rdRUTRMR #1€hW § hnd WHHMSHRACSRBCBESWEEE aiRh t he
10 subarrays. Several replica nenbranes may be made. For exanpl e,

probes frdth asubarezayal Sevexrdl tnepddcahpambnanesvean e wgde. For example,

probes from a universal set of three thousand seventy-two
7-mers may be divided in thirty-two 96-well plates and
labelled by kinasing. Four membranes may be processed in
parallel during one hybridization cycle. On each membrane, 384
15 probes may be scored. All probes may be scored in two
hybridization cycles. Hybridization intensities may be scored

and the sequence assembled as described below.

If a single sample subarray or subarrays contains
several unknowns, especially when similar samples are used, a
20 smaller number of probes may be sufficient if they are
intelligently selected on the basis of results of previously
scored probes. Forxr example, if probe AAARAAA is not positive,
there is a small chance that any of 8 overlapping probes are
positive. If AAAAAAA is positive, then two probes are usually
25 positive. The sequencing process in this case consists of
first hybridizing a subset of minimally overlapped probes to
define positive anchors and then to successively select probes
which confirms one of the most likely hypotheses about the
order of anchors and size and type of gaps between them. In

30 this second phase, pools of 2-10 probes may be used where each



7-mers may be divided in thirty-two 96-wel| plates and | abel | ed by
ki nasi ng. Four nenbranes may be processed in paral l el during one
hybri di zati on cycle. On each nenbrane, 384 15 probes may be scored. All
probes nmay bev@8837183% i n t wo hybri di z EI on cycl es. Hybr PETASIVCHF04
Intensities may be scored and the seg ence assenbl ed as descri bed
bel ow. If a single sanpl e subarray or subarrays contajns

several unknBupks ESpiiedted keeResPAFLEEVRaifhloBdyapee BRAY, s3mple) whidh er
number of proheg; FRY %{&ﬂéﬂ TNk f él&geé(x A& ed tob g&égﬁ%"y | ected

on the basi s of Tesul revi ous cored exanpl e

probe AAAAAAAthérnpioKEEHﬂﬁﬁwethe poollhere is a snall chance t hat any of 8
over | appi ng probes are positive. If AAAAAAA is positive, then two

probes are usually 25 positive. The sequencing prqcess in this case
con5|sts of first Tﬂﬂwﬁqh%frﬁg §PRLBER %ﬁlé%snF%EFF}eBEerlapped probes

f d
mhlch con$|L%@pgﬁééﬁﬁyﬁﬂ%p%%gfﬁF%EeF§m§€%%eheses ag ?b¥ﬂsﬁigﬁés cggr of
anchors and girdbe atdopent iafin gapathatveenstawiing of3probes) sae sl yiase,

pool s of 2-10 probes may be used where each
63 pr obBTRBCEING RXRPkeRe PESPE] VEOT I iAAtogn et DRAUR LT 82 lufeth of

is different % B&t{'ﬁ' S@éHueefﬁ:ee)&gggﬂlsggfhér@{zba{?rp%ett@fﬁl}%gh anﬁl:i.dﬂé-'er

pr obes from Phe poo array approac

efficient 5Sgegptrtensuiragrenter dBEsEonpRdt ttlen f@whekaase@knmpb@s)sm,

pr obe coo&eratlon (contj nuous stacking of probes) in sol br anchi ng
pr obl ens! Afﬁéﬁlﬁy%méﬁ|a&ﬁqnmﬁﬁﬁpnahaﬁuver%%up¥9¥9d@# (fr°ﬁr%ﬁ%§1%?2?§equence

assenbl y proggaﬂgggégrg@fﬁﬁi<§yy$ﬁQQEs, similar sequences, single pass gel

sequences, or from other hybridization or restriction mapping
data). Primers for single pass gel sequencing through the
branch points are identified from the SBH sequence information

15 or from known vector sequences, e.g., the flanking sequences
to the vector insert site, and standard Sanger-sequencing
reactions are performed on the sample DNA. The sequence
obtained from this single pass gel sequencing is compared to
the Sfs that read into and out of the branch points to

20 identify the order of the Sfs. Further, singel pass gel
sequencing may be combined with SBH to de novo seguence or re-

sequence a nucleic acid.

Competitive hybridization and continuous stacking
interactions can also be used to assemble Sfs. These
25 approaches are of limited commercial value for sequencing of
large numbers of samples by SBH wherein a labelled probe is
applied to a sample affixed to an array if a uniform array is
used. Fortunately, analysis of small numbers of samples using
replica subarrays allows efficient implementation of both

30 approaches. On each of the replica subarrays, one branching



sequence subfragnments (SFs). For the further assenbly of SFs, 10
additional information has to be provided (from overl apped sequences
of DNA fragnments, simlar sequences, single pass gel sequences, or
from ot her hyWOP8RIB3& i on or restriction n%aping dat a) . PRRUSENGY7®Or

si ngl e pass gel sequencing through the branch points are identified
fromthe SBH sequence information 15 or from known vector sequences, e.d.,

the flanki ngPoéitera¥sbe tested thor pper 6F MoLRANASAEPLEFduSIBARIYLS of
sanger - sequensids sit&i?.g:@%'aﬁg'six?.rs%lgﬁﬁ O&H@&fd‘ ddifaeh2eB! ¢n OBy e G
sequence obtai hed from thi s single pass gel sequencing I's conpared to

the Sfs that gaepdeknbpoasdd ol tte tdamebsabsbrpi (He tabovad.i dentify the
order of the Sfs. Further, singel pass gel sequenci ng may be conbi ned
with SBH to de novo sequence or re- sequence a _nucl.eic_acid.

Conpetitive hybridi zat FBntBPEbRE §dogemBles KisrRFribed int ERLE PEHP I8N

al so be uged S Senal h rs f b
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wherei n a | akelallgdedr dhepasallel iapplaichdstibarrsgnihemnfbti 1edstosam array if
a uniformarray is used. Fortunately, analysis of small nunbers of

sanpl es usi nFubarrayepreings BRivey 814 PEarches | il Mmeprenthth fon Hie
bot h 30 ; t ls . '
2 appr 9%9Be%8sg?e§?§%n?%s 41f arcﬁﬁlt:%ﬁaf‘[‘)ﬁﬁd gﬁ%lg?%e (36gnchi-ag

6 poi nt” ‘may Dbe r one or nore usi ng pool s of
probes sim | afpyogedl. N Moty ipuefanailed sequehsieindan atief eednfor one sanpl es
spotted in the sane subarray (see above). I n each of 64

: . ) | f
sanpl es d8schreaghingt RPinexanki £he SubpErayarFafRAllese BRERchi ng points,
and if 8 Sarr%'d%itﬂ)ﬁal probings are used. For example, if subarrays

consist of 16 samples, 200 additional probings may be scored
(6%). By using 7-mer probes (N, ,B,N,,) and competitive or
collaborative branching solving approaches or both, fragments
15 of about 1000 bp fragments may be assembled by about 4000
probings. Furthermore, using 8-mer probes (NB,N)} 4 kb or
longer fragments may be assembled with 12,000 probings.
Gapped probes, for example, NB,NB;N or NB,NB,N may be used to

reduce the number of branching points.

20

Oligonucleotide probes having an informative length
25 of four to 40 bases are synthesized by standard chemistry and
stored in tubes or in multiwell plates. Specific sets of
probes comprising one to 10,000 probes are arrayed by
deposition or in situ synthesis on separate supports or

distinct sections of a larger support. In the last case,



anal yzed in parallel in each subarray, then at |east 800 subarray
probi ngs solve all branches. This neans that for the 3072 basic

probi ngs an additi onal 800 probings (25% are enpl oyed. More
preferably, W®9%¥18¥ ngs are used for one__10 branchi ng poPGRUSISNG704 he
subarrays are smaller,-|ess addi ti on&P probi ngs are used. For exanpl e,
I f subarrays consi st of 16 sanples, 200 additional probings may be

scor ed €6%10n8y°1£|sﬁ%‘-’ﬁam§r mﬁYo’B%sS%Nr@ftre}i— PErPhEF 93] @ err]) and

conpetitive e n QEE:
fragnents 1§yd ?ph J%%%tﬁg'r% f?gggé%%s Qagp%%qﬁg y gghgp gOOO
probi ngs. Fugtber spiithesis NG &aﬁipﬂ.epoﬂe:Sf (é}l@[x@p&l&lﬁ:e%m afs hybrildizegdr

fragnents nay be assenbled with 12, 000 probings Gapped probes for
exanpl e, NB[ ¥LERNBRRroT NMQHe NBF@##}NB?%?#X#V YhEaWREEE tBRY be reduce t he
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a i gonucl eot ywéehpd obpsrdiay isupaatraysf oi thin whd engpbre5 shiulmatecus140 bases
are synthesized by standard chenistry and stored_in tubes or in
nmul tiwel | pluwith. tlspe@amplce S subpequent by olfe $18gAr bl eth PP 97060
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65 sect b@ﬂ&cﬁédS&thﬁrlra’:).iéilmy;)bebéeFlWl:&il@izbybab)jSﬁ:@adsad)d.’ on the
hydr ophobi ¢ barriers. The probe arrags may be Eared by in situ
synt hesi $0 AP@@%%?@GQFG¥Xﬁt%§§§FOBPl5 e %ﬁ@ﬂiq:? h?ﬂl%%ﬁillgatQQ th one or

o e SPeci i BeALLAKS.e VBN SATNILGS.IRY BE éeaga&@ar BYaEE0 ASiAPY Sa8bat he

same subarrays or'in
from the probe.

This procedure is a variant of the described DNA
analysis process in which DNA samples are not permanently
15 attached to the support. Transient attachment is provided by
probes fixed to the support. In this case there is no need for
a target DNA arraying process. In addition, ligation allows
detection of longer oligonucleotide sequences by combining

short labelled probes with short fixed probes.

20 The process has several unique features. Basically,
the transient attachment of the target allows its reuse. After
ligation occur the target may be released and the label will
stay covalently attached to the support. This feature allows
cycling the target and production of detectable signal with a

25 small quantity of the target. Under optimal conditions,
targets do not need to be amplified, e.g. natural sources of
the DNA samples may be directly used for diagnostics and
sequencing purposes. Targets may be released by cycling the
temperature between efficient hybridization and efficient

30 melting of duplexes. More preferablly, there is no cycling.



with different subarrays within one support. Sinultaneously wth the

sanpl e or subsequently, a single |abelled probe or a pool of |abelled
probes is added on each of the subarrays. I|f attached and | abel | ed
probes hybri cwo@sB#3& to back on the 10 c | enent ary t ar gePCTRISWNE704anpl e
DNA they are |igated. Cccurrence of eﬂgatlon w || be nmeasured by

detecting a | abel fromthe probe. Thi s procedure Is a
variant of thedésopesaguprand cowtygrzsoaﬁoe’és%omwmt@hmm Sanples are

not per m‘:mentAeyf rﬁ%o%tgtsgcggda &I{Qh RoAVTe]elolg LFU-';% | 4 Cagégg_%rrgﬂg S

provi ded by f'ke e suappor ere is no need

for a t alRfetiNBndelaii 1Y WANERES at! abadei $0 osn& |lieg@tli,olnat hbwscase
detection of |onger oligonucleotide sequences b conbi ni n short
| abel | ed probdeng tis §hgpntim&@RF[ﬂﬁﬂﬁ§§t1°n29f igated Prg%ﬁ§tﬁro€%§s has

several unl 0ue 4 SaLLeR BO3hG W deerens oIf1LHANGH e 1 AGUTBAL s 01, e

target all I 'gatmonoccur

rel eased and the | abel wll stay covalently attached to the support.
This feature all ows An 6Yyé&ttiir tiielidamaet bandsed ochcdriamcef tdegettabé e

signal with a 25 small quantity of the target. Under optinal condltlons

targets do ndit rtdwed begipaiagpl 3 fhagizantgl ﬁ&?&?aPu%%Hﬁté§F9ﬁn eachi he DNA
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Targets may 5% by C nper at ur I clent
hybri di zati ormaruiu@‘ fohaisent théOedf(ﬁl]t:lbig.um\f 1dumbed@stovhﬂ'da hybefidr abl | vy,

there is no cycling. 6

ormation, and unlabelled probes may be used. After a target
sorting phase, an appropriate washing (which may be helped by
a vertical electric field for restricting movement of the
samples) may be performed. Several cycles of discriminative
hybrid melting, target harvesting by hybridization and

15 1ligation and removing of unused targets may be introduced to
increase specificity. In the next step, labelled probes are
added and vertical electrical pulses may be applied. By
increasing temperature, an optimal free and hybridized target

ratio may be achieved. The vertical electric field prevents

20 diffusion of the sorted targets.

The subarrays of fixed probes and sets of labelled
probés (specially designed or selected from a universal probe
set) may be arranged in various ways to allow an efficient and
flexible sequencing and diagnostics process. For example, if a

25 short fragment (about 100-500 bp) of a bacterial genome is to
be partially or completely sequenced, small arrays of probes
(5-30 bases in length) designed on the bases of known sequence
may be used. If interrogated with a different pool of 10
labelled probes per subarray, an array of 10 subarrays each

30 having 10 probes, allows checking of 200 bases, assuming that



The tenperature and concentrations of conponents may be defined to have

an equilibriumbetween free targets and targets entered in hybrids at
about 50:50% level. In this case there is a continuous production of
ligated prodW@88s18¥r 5 different purposg ? di fferent equil| PEFUS$PWE| os
are optimal . An electric field may be used to enhance target
use. At the beginning, a horizqgntal_field pulsin vm%(ﬁ hi n each
subarray mayOB&Y WP BASES COPREFERE Pyrligation f‘“&?g%‘?o’é 'qudeer thé this

phase, the egyhbi O N irie-P 8 dnboUALS d00diderifihat S8l Lpfbudiithu tidbel | ed

probes may bé use ter a target sorting phase, an appropriate
washi ng (whi ahbaed, herdim=patybpe dlsp]aam thycalbrel tbaniond gk ftur cover

restricting novenent of the Sr%ﬁ. rfor nmed. Several cycles
of di scr.i m nppyeonger Wtdwﬂ'ﬁr‘tf: d’é%/“bﬁﬁr sPFrREDy BY 18 1% at i on
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I ncrease specifrcity. e neXt step, |abelled probes are added and

vertical el eaﬁ‘plﬁﬁicaﬂc&es:mﬁpobatappl froh the rest oﬁchmSJ.rng:hearqa@rmeJre,
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t

vertical el eBlfPc $PEERHIAFLSES ™ @5 B?f?%yﬁ?dof(sF % dry&ane
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desi gned or se om a uni versal pro e arranged in
vari ous waySotouftémye aof ef hutiaeédbnalidr a pat:‘HogJenb)I,eaééqtmmhgmuicb of

di agnostlcs process. Far exarg[o If a 25 shaort fragrrent%éabout 100- 500
bp) of al®acPerbaf BEAdR Used 5O detggtqu &% Fhe, mibaht R ESced,

smal | arrays,ef Qéﬂéfén Th:Ls( 33@ Basesabie |RAGLRL dEstRd &aegéwlcmes of
known seqguence be used. If iInterrogated with a different pool of

10 | abel ey peodaasy pra:fs’tswfaﬁelcayveann arpeyvent ive éu@gmcpsws vdete IMmly

havi ng 10 probes,_al]lows chec ggtof 200, bases, tegs

a small fraction o ients is expec nge an infection

or mutation.

15 In the processes described in the examples, various
detection methods may be used, for example, radiolabels,
fluorescent labels, enzymes or antibodies (chemiluminescence),

large molecules or particles detectable by light scattering or

interferometric procedures.

20

Data resulting from the hybridization of octamer and
nonamer oligonucleotides shows that sequencing by
hybridization provides an extremely high degree of accuracy.

25 1In this experiment, a known sequence was used to predict a
series of contiguous overlapping component octamer and nonamer

oligonucleotides.

In addition to the perfectly matching

oligonucleotides, mismatch oligonucleotides, mismatch



only two bases connected by ligation are scored. Under the condi tions

where m smatches are discrimnated throughout the hybrid, probes may
be di spl aced bg nore than one base to cover the longer target with the
same nunber oVOFPS. By using 5 Iong prggpes, the target ﬁﬁgﬂ%@mmﬂu
interrogated directly w thout anplification or isolation fromthe rest

of DNA in the.,sanple . .. Also. several targets e _analyze screened
for) in one OIlggggﬁﬁfgté?ﬁﬁl?%ﬁggﬁéﬁfgeFPaéh%rpIggﬁﬁg a%ggﬁ tggféﬁi%%te
occurrence oftya mfgﬁtebcoﬁofﬁéd%}ﬁaiﬂko@ﬁﬁbonﬁdﬂéétm@bﬂm&&ﬁ ehrgdf wesdes
may be used to detect type of the nutation or subtype of pat hogen. This

i s a desirablexamdaiedre &h theseransdyseshi the lowesmpracticn) cenperaterei ve
in preventive diagnasis where. onl c...a.small fraction atients is
expoct od 1o NP TS hPeBRraR e Myesidigasipgnroriagon’ HashBh' RS, |
processes sdesdddapd ikBeliNgt xR otalbAe temperltineld @d ERbhigds may be
used, for exanple, radiol abel s, fluorescent | abels, enzynes or

anti bodi es ( clestiimadnidiescémirdtion by n&ddézimd cthe areateyadipgbesation
detectabl e by |ight. scattering or pbnterferonetric. edures. 20
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Data resul ti T}%Bczri‘amzfahgoﬁybrTE’ésZeﬁtddﬂaiQﬁoﬁét aPEIslidth to beN@pplBEable to
ol i gonucl eoti des shows that sequencing by hybri di zati on provi des an

extremel y hi gilldegauengesasttheugh thesapgointe kybridimationayiimddnisequence

g@faﬁzsdéhg E%ﬁ%ﬁﬁ%oabe seq&ggééﬁhégéﬁa%gktguous over | appi ng conmponent

The least destabilizing mismatch that can be
postulated 1is é simple end mismatch, so that the test of
sequencing by hybridization is the ability to discriminate
perfectly matched oligonucleotide/target duplexes from

15 end-mismatched oligohucleotide/target duplexes.

The discriminative values for 102 of 105 hybridizing
oligonucleotides in a dot blot format were greater than 2
allowing a highly accurate generation of the sequence. This
system also allowed an analysis of the effect of sequence on

20 hybridization formation and hybridization instability.

One hundred base pairs of a known portion of a
human-interferon genes prepared by PCR, i.e. a 100 bp target
seguence, was generated with data resulting from the
hybridization of 105 oligonucleotides probes of known sequence

25 to the target nucleic acid. The oligonucleotide probes used
included 72 octamer and 21 nonamer oligonucleotides whose
sequence was perfectly complementary to the target. The set
of 93 probes provided consecutive overlapping frames of the

target sequence e displaced by one or two bases.



ol i gonucl eot i des. In addition to the perfectly matching
ol i gonucl eoti des, m smatch ol i gonucl eot.i des, m smatch

ol i gonucl eoti des wherein internal or end m smatches occur in t he
dupl ex formedV@9URB ol i gonucl eotide and ghe target were PCTESRHWWEY. |n
t hese anal yses, the | owest practical tenperature was used to maxi m ze

hybri di zation formati on. Washes were acconpl i.shed at_the.sa Qr. .l ower
tenperatures to ensure® V3 iﬁar'{lﬁi%%ef i r??tgf“@jﬁmﬁ cRTT1i zyl'bnrdraelﬁé—’ltglroglater
di ssoci ati ong,g exdfifedliedd 99LEHIVESSAS dRivelednat | gomici et ideleakget
hybri di zati on. These conditions are shown to be applicable to al |
sequences al bheughd trvssmeeisdl whenhbipbr tdizad ¢ yhel Y00 sbp lestsHawgeto be

sequence dependent. The l.east .destabjlizing .m smatch t can
e " poot PANEICR s AMFEEEERAAE ST VO S0 ERREof HeE ST Probld

R he"tes

sequenci ”?_ by,; By be b fhZatd il rismbhBenali b tfouro oBheer EEhEPSE nucleiReidcad | y
mat ched ol i gonucl eotTde/target duplexes from 15 end-m snmat ched
ol i gonucl eot sdghencgmtichhgaresgs that the 12 oligonWhéedtides niormed/e val ues

for 102 of 105 hybridizin | i gonuc] oti.gs'n dot bl.ot .f t were
great er thanPEIfZCthél'l‘ éiuﬁgﬁﬁl 65?1%’6’0 3t %géhsrg?‘i"énc?ﬂt’f%eg Uence.
This .Sy%ggﬂ, al 50 RBOUBG R oANBE Y Shtefall he shht 8Réd Of erfR IR Ra 20
hybri di zati on tormati on and hybridization instability. One
hundred baseapdi psrféctl kmanehedr diphexfpairs of kdsgAnielertidomngenes
preparedlgy Egﬁgeé'séréié§§£4§%e%a%ggteach oligonucleotide used in the
experiment. The effect of absolute DNA target concentration on
the hybridization with the test octamer and nonamer
oligonucleotides was determined by defining target DNA
concentration by detecting hybridization of a different
15 oligonucleotide probe to a single occurrence non- target site

within the co-amplified plasmid DNA.

The results of this experiment showed that all
oligonucleotides containing perfect matching complementary
sequence to the target or control DNA hybridized more strongly

20 than those oligonucleotides having mismatches. To come to
this conclusion, we examined H, and D values for each probe.
H, defines the amount of hybrid duplex formed between a test
target and an oligdnucleotide probe.. By assigning values of
between 0 and 10 to the hybridization obtained for the 105

25 ©probes, it was apparent that 68.5% of the 105 probes had an Hy

greater than 2.

Discrimination (D) values were obtained where D was
defined as the ratio of signal intensities between 1) the dot
containing a perfect matched duplex formed between test

30 oligonucleotide and target or control nucleic acid and 2) the



sequence, was generated with data resulting fromthe hybri di zati on of
105 ol i gonucl eoti des probes of known sequence 25 to the target nucleic

acid. The oligonucl eotide probes used i ncluded 72 octaner and 21
nonaner ol | gWMW8BE3Ei des whose sequepce was perfect|y FEOHPEMEM ary to
the target. The set of 93 probes provided consecutive overl appi ng

frames of the target sequence _e di Ia ed e ar bases.

6 9 dot Cont?énévalﬁaT%?Tqﬁ?QﬂqW? °ﬁ$§§&ﬁ%§ﬁ§?n %ﬁ%rﬁﬁ?gation

was exam ”edoflﬁ.{/qb Qﬁz?] P oS ehat sﬁeét@iaﬂdu alhd @ashet orone end
m smat ch when |ze the 100 bp test target sequence. Al so tested

}Nas th?hhybrdcdit&&TJJ @l&cfhélt:vxed:ilé prizheEstibngi th the gallal@frrpsﬁfmséhéd to
our other control nucleic acid se en chos the 1
oI|gonrcleotﬁﬁﬂﬁsqkﬁhﬁ5d1) periarhaidqns 8dh¥ﬁﬁﬂé;?%%ﬁﬂﬁ 8§fﬁffﬁn%¥e four "
contro

. h 11R3WE: i 0Ga Y. ﬂfar;%;f g aslla&@frwé rouRached, 2)
end-n1sng?@%%&3h 2 Ber %ct y mat ched up ex paIH§%§ ollgonucleotlde

and 10 targes wypéaoﬁvmhuaaedhffmunﬂuﬂeuﬂeegohheIE@ﬁn(ﬂimgggucﬂﬁothée

experinment. The effect of absol ut t
hybrldlzatlo#P@Mﬁh?tqﬂggﬁés? %ﬁ?:ﬁ:&a %ﬁgﬁﬁg %ﬁgéﬁﬁéﬁgﬁggpldgég§as

det erm ned by deldiNUAs8Cko P02 of HHRNGRE! Bﬁig&m@'ediﬂtd%cb'r&ﬁes

hybrldlzatlon er ent ol i gonucl eotide probe to a single
occurrence nggamirmgdiet wlt:alatlonsvl a¢fhin ftdxethe gnpup feed g asmi d DNA
The results of this experlnent showed t

at oI| ucle
cont ai ni Ky peligenuaheatiidss &8npl EhRlf weld | thgeﬁﬂ%ﬁ%% c)Wﬁ?eqka get or
control DNA hybridized nore strongly

There were 20 cases where oligonucleotide/target
duplexes exhibited an end-mismatch. In five of these, D was
greater than 10. The large D value in these cases is most
likely due to hybridization destabilization caused by other

15 than the most stable (G/T and G/A) end mismatches. The other
possibility is there was an error in the sequence of either

the oligonucleotides or the target.

Error in the target for probes with low H, was

exclu&ed as a possibility because such an error would have

20 affected the hybridization of each of the other eight
overlapping oligonucleotides. There was no apparent
instability due to sequence mismatch for the other overlapping
oligonucleotides, indicating the target sequence was correct.
Eiror in the oligonucleotide sequence was excluded as a

25 possibility after the hybridization of seven newly synthesized
oligonucleotides was re-examined. Only 1 of the seven
oligonucleotides resulted in é better D value. Low hybrid
formation values may result from hybrid instability or from an
inability to form hybrid duplex. An inability to form hybrid

30 duplexes would result from either 1) self complementarity of



20 than those oligonucl eotides having m smatches. To cone to this

concl usion, we exam ned Herr] and D val ues for each probe. H err]
defines the anmount of hybrid duplex fornmed between a test target and
an ol i gonucl e¥0H¥B§fobe. By assigning valpes of bet weerPGITESIS00704 t o

t he hybridi zati on obtained for the 105 25" probes, it was apparent that
68. 5% of the 105 probes had an H err reat er an 2.., ,

Di scrimnati &rhe( Eﬁ"%&l"g@_&'o%r‘éro )cat'r"‘lr&ft\/ﬁ’f@%geb ﬁ%%é my%l_‘ldiéfqaﬁéﬂ’nas t he
ratio of signay;diRnsbtias/Beiyeancidotie dablex FEARMGIdH Rbya pRET f ect
mat ched dupl ex f'orned between test 30 oligonucleotide and target or

control nucl efaveacd caed 2)igbeucleotide/target hybrid duplex formation if 70

dot containing a m smatch duplex foyned between.the sane
ol i gonucl eot T 4t F LR CQTR LR | nBiT o ReY ot argetd SATHGE

nucl ei ¢ agl d., MadaliQAS nh) bECryRbHY Gl PHeCtltbet wad rom either 1)
perturbations 1n the hybridization efficiency 5 which all ows

vi sual i zat i orselff <icgpdlemenearpack gnayurfibrmoinernal pakindmmamesf. nilanmat ch
found between the test oligonucleqtjde, .and t he tarqq&t' The D yal ues

obtained in tHAUBEIEG FERPCWRPRSIDILitfasedf; Was RPRRFSYr THOP BFOPRe 105
ol i gonucl eot i de ﬁ@@z QRS yBQ of 102
10 ol i gonucl e%ﬁl%%@zs%hgtmﬁglé:&% ome%r%hle@g\%te)%gged%ém%g %9%41% 4 .
There were 2Gviddsaeheniselwesl i gdorvedent,i dey exagéting thelypinbdutibnbpfed an
end-m smatch. In five of these, .D was , reater than 10. The | arge
value in Ohe.s'@%&tairgeﬁogi’gridlzﬁ]t@'y lc'fugaﬁo RyBFTdieh Gy one o¥°the
dest abi | i zat | Al 43URB1RY 021 §8Auceot AN drid®eBORTLA @& ((HF ARG eGhAY), end
m smat ches. 1e ot her possibility is"there was an error in the seQquence
of either witthewd dgdfiecertt Ps amtidimingr gbe. same target. The low

probability that two different DNAs have a self-complementary
region for the same target sequence leads to the conclusion
15 that target/target hybridization did not contribute to low
hybridization formation. Thus, these results indicate that
hybrid instability and not the inability to form hybrids was
the cause of the low hybrid formation observed for specific
oligonucleotides. The results also indicate that low hybrid
20 formation is due to the specific sequences of certain
oligonucleotides. Moreover, the results indicate that
reliable results may be obtained to generate sequences if

octamer and nonamer oligonucleotides are used.

These results show that usiﬁg the methods described
25 1long sequences of any specific target nucleic acid may be
generated by maximal and unigue overlap of constituent
oligonucleotides. Such sequencing methods are dependent on
the content of the individual component oligomers regardless

of their frequency and their position.



Error in the target for probes with low Herr] was excluded as a
possi bility because such an error would have 20 affected the hybridization

of each of the other eight over | appi ng ol i gonucl eoti des. There was no
appar ent WO i ty due to sequence ghsmatch for the RFRYSBIYS apping
ol i gonucl eoti des, indicating the target sequence was correct. Error in

t he ol i gonucl eoti de sequence was exc|uded as a 5.possibility ter e
hybri di zation of severf \ﬂ?@u§9ﬁﬁh¥§+§hxfs geqﬁrFSSEugfé%ﬁi%E% %ég?éatﬂﬂ1
re-exam ned. g i‘i%e&’fbéﬂb‘%: §8VER high Plda0e! eahdgsgsLbtid atbldrardet ter
D val ue. Low hybri formation values may result from hybrid
instability ealéeoppsitive sigakilbi fyomotherhydnildizatiopl @xts A8 ikfbility to

f hybrid 30_dupl L d It f i ther 1 | | tarity of

7 e TR Rreo B e f Sthr bt | Fer IS SPPER PR (P S iE 108 1Y ©

d i gonucl got ggslf?éi%%ﬁﬁ{ el de , duRk &) [ TRidPENBY 1888 relidsdered over
e ar ge

ol i gonucleot | g ybrid duplex formation if the probe was
sel f - conpl enealaey, Wwsridardert .t afhés/ fdebity iR sequenaingrbymy be favored

if the target was . sel f-conpl ement ay r may _form.internal | i.ndrones.
In o aval T AL s Gl For FBS R T \eR PERsar BARSFESM o ot 0TS
anal ysi s thafeﬁl)ﬁggnﬂ&'féét@ﬂ@mﬁrﬂﬁ%%igﬁdaﬂ@?tﬁ&ﬂi‘f'ﬁ)ébéhéé in duplidab

:

t hensel ves. over, 'I1n examning the contribution of 10 target/target
hybri di zat i ostabilivg deiterarimdéd beaveencpexffedtdy matchedsduphexss and

0§ LS BL2RES DI A2E oL LD W LI NG ST A
different DNéﬁdh@ﬁg—ﬂiéﬁ%édmuﬁﬁﬁﬁEgrYncreasééegvii@.'h Beerthsi sqndup pxget
sequence | eads to the conclu3|oq 15 t hat targe;/target.hgbrldlzat]on did
not contri butenyohl ovMoreoveybiididiagi enefay medreasebhwitht decreaatngdts
| ndicate thaEi.uplex length resulting in a lower hybridization efficiency.
However, the results provided show that octamer hybridization
15 allows the balancing of the factors affecting duplex stability
and discrimination to produce a highly accurate method of
sequencing by hybridization. Results presented in other
examples show that oligonucleotides that are 6, 7, or 8
nucleotides can be effectively used to generate reliable
20 sequence on targets that are 0.5 kb (for hexamers) 2 kb (for
septamers) and 6kb (for octamers). The sequence of long
fragments may be overlapped to generate a complete genome
sequence.

EXaMPLE 14
25 Analyzing the Data Obtained

Ima§e files are analyzed by an image analysis
program, like DOTS program (Drmanac et al., 1993), and scaled
and evaluated by statistical functions included, e.g., in
SCORES program (Drmanac et al. 1994). From the distribution

30 of the signals an optimal threshold is determined for



hybrid instability and not the inability to form hybrids was t he cause
of the | ow hybrid formati on observed for specific ol i gonucl eot i des.
The results also indicate that low hybrid 20 formation is due to the
speci fi c sedW@A8BBIGf certain ol i gopycl eot i des. Mor eoPEFVUSHH Mesy) t s
I ndi cate that reliable results may be obtained to generate sequences

i f oct aner and nonangr a] i gonucl,eoti des are,_use - These
resul ts shoWrRREECHBIRG ?+QP%LH%5§%+Aé58?F%%%' %gomlgﬁﬁ RRaiEiRR LS

equéences  of any

specific tangel1nyelgbfedli# MY MR1eotidSCRNARE DY roRXLHE! £ Aagmemt SlUe
overlap of constituent ol i gonucl eoti des. Such sequenci ng net hods are
dependent oOmrould behdetemtimed dfy tdosbindingi the knowmp §eanenses gofekke

regardl ess of _theiir freguency, and, their positin.
Thg sequencéﬂﬁﬁﬁéﬂiﬁ§dg%ﬂéri%héh%ﬁnpﬁﬁbﬁﬁeC%T%%ﬁﬁqqﬁ%ng todgggr%%%%ﬁﬁ%IOM/is
of high &ideljfiysohhe abgoriddpidid ehdlesc acid Herfuepesl birVsegughats from

the hybridization dots as is I ndi cated fromthe fact the sequence
gener at ed f reubfiriagméAbs 5f tiydrouviigimpilomolatwuks, suehclsi achudad four | ess

reliable val ues, was correct. This fidelity.in uenci b

hybri di zat | GHEOROFGRESy oWPHi »Gien ﬁ&ﬁ&mg#t?‘ie ‘f%‘ésc SNSF?gppxng F+P

ol i gonucl eot] rigdi2ahi R8q ALtk shENCRduttdidrl.ex stability

t hat existsi%%ﬁﬁﬁéﬁ ggr%g%tﬁy 2§?che uduplexes and 10 m smat ched dupl exes.
The ratio of duplex stability of matched and end-m-smat ched dupl exes

i ncreases with decreaSnagogtupbexis to tirangfarm\eykaghdiizatopdpagnaher gy

decreasgﬁ)vmé];uqe%%%%gg?ginto +/- output during the sequence assembly

process. In this case, assembly will start with a F + P
sequence with a vefy high score, for example F + P sequence
AAAAAATTTTTT . Scores of all four possible overlapping probes
AAAAATTTTTTA , AAAAATTTTTT , AAAAATTTTTTC and AAAAATTTTTTG

15 and three additional probes that are different at the
beginning (TAAAAATTTTTT, ; CAAAAATTTTTT, ; GAAAAATTTTIT, are
compared and three outcomes defined: (i) only the starting
probe and only one of the four overlapping proves have scores
that are significantly positive relatively to the other six

20 probes, in this case the ARAAAATTTTTT sequence will be
extended for one nucleotide to the right; (ii) no one probe
except the starting probe has a significantly positive score,
assembly will stop, e.g., the AAAAAATTTTT sequence is at the
end of the DNA molecule that is sequenced; (iii) more than one

25 significantly positive probe among the overlapped and/or other
three probes is found; assembly is stopped because of the

error or branching (Drmanac et al., 1989).

The processes of computational deduction would

employ computer programs using existing algorithms (see,



duplex length resulting in a | ower hybridization efficiency. However ,
the results provided show that octaner hybridization 15 allows the

bal anci ng of the factors affecting duplex stability and di scrim nation
to produce a WP§HI¥&ccurate nethod of 44 sequencing by hybFPHESLI on.
Results presented in other exanpl es show t hat ol i gonucl eoti des t hat

are 6, 7, or 8 nucl eotj des can be_effect] vel se rat e
reliable 20%s8queREBE2RTE 1 a?r%?t;s @mng?eeg.%i’k'b 15(61‘9([‘1)!( ﬁ%é%}'rers; 1%inz‘agh—ﬂ(cf'or
sept aner s) ag%@%%&&ﬁ&:%é@&&ka hbee $8 Qb NEsF edfenkeny fragnents may
be overl apped to generate a conpl ete genone sequence. 25 Anal yzi ng-
the Data (bt ai ned Image files are anal yzed by an i nage

angl ysi Is progr am Ifi ki RGPS tippgkant (Brimifadspacy 1) P1993§sPagR] scal ed
and eval uate tatisti funct.i L, gl . SERES
progr am ( Dr ngr}l?é gt(sg?ge 1@ 2)°F rg%g?%ehglﬁs%{rjelegduett?ggungg’ IS gnal s an

opti mal tjreghahdpesugedefdina@dH @1l data sets to correct potential

73 transformng signal into [err]/- output. Fromthe position of the
| abel det ect egroEs+oP hacseid ddes SaGuatEan{yhare HbereagfeftRranching)| d be

determ ned by c I ni.ng the known sequenges, of . nail i Lyzed qand

| abel ed pr pbi’§°@ggpleéﬁgﬁdi%gg‘t’o ﬁlgnggbg?egl'i% pr()bggi,t Pgﬁg. eé%b’rrgj[ et e

nucl ei ¢ aci d c3@4UeREBrEbrESGRIn by gdbérégreNts of the original

nol ecul e, such as a hunman chronosone, would then be assenbled fromthe

overl appi ng EXAMPLE 15 sequence determ ned by conputational deduction.
One opti%ist%transfrmh rid'z | ON,,Si_gRa
I & 2 b adsd D E3CITRERE, ele & » * Y bt ek =

Following the certain examples to describe the
execution of the sequencing methodology contemplated by the
inventor. First, the whole chip would be hybridized with
mixture of DNA as complex as 100 million of bp (one human

15 chromosome). Guidelines for conducting hybridization can be
found in papers such as Drmanac et al. (1990); Khrapko et al.
(1991) ; and Broude et al. (1994). These articles teach the
ranges of hybridization temperatures, buffers and washing
steps that are appropriate for use in the initial steps of

20 Format 3 SBH.

The present inventor particularly contemplates that
hybridization is to be carried out for up to several hours in
high salt concentrations at a low temperature (-2°C to 5°C)
because of a relatively low concentration of target DNA that

25 can be provided. For thie purpose, SSC buffer is used instead
of sodium phosphate buffer (Drmanac et al, 1990), which
precipitates at 10°C. Washing does not have to be extensive (a
few minutes) because of the second step, and can be completely

eliminated when the hybridization cycling is used for the



10 e.g., scores, into +/- output during the sequence assenbly

process. In this case, assenbly wll start with a F + P sequence w th
a very high score, for exanple F + P sequence AAAAAATTTTTT . Scores of
all four possWBIfBWI&r| appi ng probes " TTTTTTA, AAARCT/USISIUD704
AAAAATTTTTTC and AAAAATTTTTTG 15 and thrée additional probes that are
different .at the . beginning (TAAAAATTTTTT, ;. CAAAAATTTTIT, ; )
GAAAAATTTTTT Seguencing eb ity SOFPLRXeBD IEUES -deffPRedame; Pubify ithe

starting . usBiORE Ao Uy, ANNer0hnkNGal filly WURIHARE BY REYSEoNAVE scor es

that are signiticantly positive relatively t©0 the other six 20 probes, in
this case t heocARAAAATWITH Tthes eguuende hybridbeation etepndéthf babehed

nucl eotide to the right; (ii) no one probe except the starting probe
has a signi f PE®REPy positive score, assenbly will stop, e.g., the
AAAAAATTTTT sequence is at the end of the DNA nolecule that is

sequenceds (iii) nmore 3pag: QG nedS washdhyf hSaMY Y AARDIE ¥sba£996amaé the

over | apped and/ or ot her three probes™is found; assenbly Is stoppe
because of tla eachearpayprely.gne@hisng @Dnmeamiayet cmle. 1lab8d8d, probe,

The processes of conputational, deduction would . enpl oy, copputer
programs usi §g9exi 8t ﬁ@eﬁidﬁ?¥¥%ﬁ? FQQ@S' A 96-tip or 6'¥1n dbvice

74 €. g. Zper 8P e FdraNAG €hidlin 4PUpera@BBhsandaft fBNAE,
1993; each iﬁggggoggt%%éﬁbag?n by T ferénc%g. e N géf, in
addition to FahgP, oF {ipacinilaRory copditions cdild be( epptey8iP as F(space
4P are dgternined, algorithns .5 w be,used to_match all data sets to

g ) I .
correct pBt eREEypously é%??ﬁ%?qﬂ'lPothI9%1?Wﬁ9§ﬁQl£%FP6ﬂtHﬁ§re there is a
br anchi ng probl em (see, e.g., Drmanac et al., 1989; Bains et al.,

1988; The present inventor particularly contemplates the
use of the following conditions. First, after adding labeled
probes and incubating for several minutes only (because of the
high concentration of added oligonucleotides) at a low

15 temperature (0-5°C), the temperature is increased to 3-10°C,
depending on F + P length, and the washing buffer is added.
At this time, the washing buffer used is one compatible with
any ligation reaction (e.g., 100 mM salt concentration range).
After adding ligase, the temperate is increased again to

20 15-37°C to allow fast ligation (less than 30 min) and further

discrimination of full match and mismatch hybrids.

The use of cationic detergents is also contemplated
for use in Format 3 SBH, as described by Pontius & Berg (1991,
incorporated herein by reference). These authors describe the
25 use of two simple cationic detergents, dodecy- and
cetyltrimethylammonium bromide (DTAB and CTAB) in DNA

renaturation.

DTAB and CTAB are variants of the quaternary amine

tetramethylammonium bromide (TMAB) in which one of the methyl



each incorporated herein by reference). EXAMPLE 15 10 Conducting
Sequencing by Two Step Hybridization Fol l owing the certain
exanpl es to describe the execution of the sequencing nethodol ogy

cont enpl at edW28{34836 inventor, First, the whole chip wadmiusego7os
hybri di zed with m xture of DNA as co?*ﬁal ex as 100 million of bp (one
human 15 chronosone). Quidelines for conducting hybridization can be
found i n papBf¥RfLdf FePhrABARY titdier @980 Farkem aff¥iARIt cal 2 16-caghésl) ;

and Broude clcle) C994) e TiEoe Ald Yo RpkeRElntBE aac JpARHES O

hybri di zati on era uf fers and was hat are

appropri at e feframthylamienithtion, o eRageht d8ed FM Mic12i8BHcia ,
The present inventor particularly contenplates that hybr i d|_zat ion is
to be carri PTRRUIBGHAOHpSKPEEEIRRE Yo Glesrease théiGitC swintentnbéasrafi ons

at a lowge ’ - 5C e e of a relatively |ow
- concentrat| Jﬁ%]ﬂ#gﬁ'& t%EﬁéQf"‘F%épe ’25)DTégna8§ gf%% .5+ gf"‘rt ff's pur pose,
SSC buffer igrisgdiriensbeaddium dedessadisumrabespssse, ufthekneDr manac et al,
1990), which precipitates at 10[err]C. Washi ng does not have to be

ext ensi ve (&eplacemeRptnPiutls)negaived yochanged cewlintst of, Saﬁdbga? be )
conpl etely el.irna n .the hybridization_.cycli I,S use r the
75 se(fuoesn%lﬁ)g@l %f Eﬁ?ﬁ%@ %‘%p réé%’“%&ﬁm es’ Lﬁe%g’ar’rﬁ 587"1“_8’?](')?5 _
used for hyhidedi Zat h9braadzaesdh N6 FHeRRS thor88udd| fordsdecificCBRhEPHE W th
the second hybridization step with | abel ed pr obes.

10 and inhibit nucleases, it does not greatly affect the rate of

renaturation.

When using a ligation process, the enzyme could be
added with the labeled probes or after the proper washing step
to reduce the background. Although not previously proposed

15 for use in any SBH method, ligase technology is well
established within the field of molecular biology. For
example, Hood and colleagues described a ligase-mediated gene
detection technique (Landegren et al., 1988), the methodology
of which can be readily adapted for use in Format 3 SBH. Wu

20 & Wallace also describe the use of bacteriophage T4 DNA ligase
to join two adjacent, short synthetic olignucleotides. Their
oligo ligation reactions were carried out in 50 mM Tris HC1l pH
7.6, 10 mM MgCl,, 1 mM ATP, 1 mM DTT, and 5% PEG. Ligation
reactions were heated to 100°C for 5-10 min followed by cooling

25 to 0°C prior to the addition of T4 DNA ligase (1 unit; Bethesda
Reseéarch Laboratory). Most ligation reactions were carried

out at 30°C and terminated by heating to 100°C for 5 min.

Final washing appropriate for discriminating
detection of hybridized adjacent, or ligated, oligonucleotides

30 of length (F + P), is then performed. This washing step is



5 After proper washing using a sinple robotic device on

each array, e.g., a 8 x 8 nmarray, one |abel ed, probe, e.g., a 6-ner,
woul d be added. A 96-tip or 96-pin device woul d be used, performng
this in 42 op¥Pa831§¥s. Again, a rangg.of di scrim nat or PCEBSAOTMNS
could be enployed, as 10 previously described in the scientific

literature. The present inventor partigularly contenplates

t he usedenet ke YBFEBW Py ROMFdRLi BABULES Al 40460:F BRFIRP IAelddd i
o U S bating. e .
probes and 1 il ﬁgéggaégfeéei’aﬁ:;‘%gﬂggfg?éé?%d la(ﬁe%%gx%?t g%g%gﬁnds, e 9

concentration of a I gonuc ow 1 rature
(0-5[err] O, makemhedperafuce backgrouadsedBéeadsel ferthkCcovalentEpebcimd on
F + P length, and the_washing buffer is added. At this time, the
washi ng buf f d@bgded piigpmu &5l edgFeRtion i, Bimpldfipen (ibagees ot

(e.g., 10 | {.cancent [ {%} addi ng |ligase, the
tenperategiQM%%%rgéggdg§5a§§§té?kég?gg§é§3$?%ﬁ% Lnft?sg'allowfast | i gation
(less than 30 m n) and further di scrimnation of full match and

m smat ch hybri ds. Depending ornlhkeudabel wsdd,ordimagdatepfenhs t¢hipd sis

cont enpl at ed for use in Format 3 SBH, _as described by Pontius & Berg
(1991, ARBSr Pak Bt duf Feritn aRparatdr ent®y .rapicestiyensrbedgscri be t he

25 use of t %is LJ? s 1‘9 . tdzee%r @e}xﬁo]c%%ﬁ Eﬁ%% horImager as
cetyltrinetﬁ%Panggnlum rcé%gz ( %ﬁ% an ) 1N P Fenatura ion.
DTAB and CTABcaneevamapnbs wied hitfojeatitanabynamiidss SunnyialleaneAhyl anmoni um
brom de ggwﬁ%h,in whi ch one of the nethyl 7 6
ips are put in a cassette and covered by a phosphorous
screen. After 1-4 hours of exposure, the screen is scanned
and the image file stored at a computer hard disc. For the
detection of fluorescent labels, CCD cameras and
epifluorescent or confocal microscopy are used. For the chips
15 generated directly on the pixels of a CCD camera, detection

can be performed as described by Eggers et al. (1994,

incorporated herein by reference).

Charge-coupled device (CCD) detectors serve as
active solid supports that gquantitatively detect and image the
20 distribution of labeled target molecules in probe-based
assays. These devices use the inherent characteristics of
" microelectronics that accommodate highly parallel assays,
ultrasensitive detection, high throughput, integrated data
acquisition and computation. Eggers et al. (1994) describe
25 CCDs for use with probe-based assays, such as Format 3 SBH of
the present invention, that allow quantitative assessment
within seconds due to the high sensitivity and direct coupling

employed.



groups is replaced by either a 12-carbon (DTAB) or a 16-carbon ( CTAB)
al kyl group. TMAB is the brom de salt of the t et ranet hyl amoni um i on
a reagent used in nucleic acid renat uration experinments to decrease

t he G C cont emo0 $33a8360f 5 the nelting tenperature. DTAB momussdé@Boar e
sinilar in structure to sodi um dodecyl®sulfate (SDS), with the

repl acenment of the negatively charged sulfate of SDS by a positively
charged quaternary am fhe \WEegrsDsi i GCR glategtyon appxeagh ienaiptiesi heat i on
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using a |igatygn; @IPcRieratld SNEVHRIGI ] pattasdathad nigaellabel ed

probes or after  the proper washing step to reduce the background.

Al t hough not ¢havachedtizesr Gpesedmpls. flor tiee spacihyc SR nadtilond ofl thease

t echnol ogy, i s_wel | stablished within.the field of nol.ecul ar Dbiol ogy.
For O et PR TR B PF oAg RS sy aach PlofReltanereBaegare
det ection t echphdpel {ddaGeep1 Pt ol the 18&Ns bReanBEHABIOIREY be attabnwhi ch
can be readily adapted for use 1n Format 3 SBH. Wi 20 & Wallace also

descri be t he tsea didpsadleophuge Ui ddegaop the CER jwifieceno Fbeacent,
short synthetic o]ignucleqtides.. Thejr ol.igo ligation reactions were
carried out iﬁa@%ﬁh‘#ﬁ?qﬁélcﬁﬁ beeiab/e.léid T’(}tﬂwﬁ)ﬁgﬁ”[%‘%‘ﬁ?e'l m ATP, 1 mM
DTT, and 5% PEGnilisidideent or fg@&g%tvv%ﬁsbeat ed to 100[err]C for 5-10
mn followed by cooling 25 to OC prior to the addition of T4 DNA |igase

(1 unit; Bethesda Research Laboratory). Mst |igation reactions were
carried 10 out at 30[Umor] exmagurered rdiedanplretei Hrp t4-DrdBsed: peober 5
31etn écti on of %%?X'digz: o %gxgng%g'ﬁ??i%fgrt?&;;e't ?&%agl%lg’%% %{slegl ﬁ%g%?qgﬁ egf af"engt h
(F + P), is thes potdonmedeidhbSwhesdite HatPlieShas bound, in the case of
Format 3, to two complementary probes. In turn, electron-hole
pairs are generated in the silicon when the charged particles,
15 or radiation from the labeled sample, are incident on the CCD
gates. Electrons are then collected beneath adjacent CCD
gates and sequentially read out on a display module. The
number of photoelectrons generated at each pixel is directly
proportional to the number of molecular binding events in such
20 proximity. Consequently, molecular binding can be

guantitatively determined (Eggers et al., 1994).

By placing the imaging array. in proximity to the
sample, the collection efficiency is improved by a factor of
at least 10 over lens-based techniques such as those found in

25 conventional CCD cameras. That is, the sample (emitter) is in
near contact with the detector (imaging array), and this
eliminates conventional imaging optics such as lenses and

mirrors.



77 done in water for several mnutes at 40-60[err]C to wash out all

the non-ligated | abel ed probes, and all other conpounds, to maxi mal |y
reduce background. Because of the coval ently bound | abel ed

ol i gonucl eot i JEBM®/H&ection is sinplified {Jt does not 5 hBGEUNBHETOANd
| ow t enperature constrains). Dependi ng on the | abel used,

I mging of the chips is gone wth different %gfarati. For radi oactive
| abel s, phosphor ¥b§RagadLet3PRIE TS BEYASR Rfb SFRNEREgSF OB o
scanner nmay chf'ed C m RAY : . [ are put
in a cassettg&an cc?\(?g?gg E%géc%%%'ph%%gggﬂle g%tglrcefe%? a,Aﬁ‘etlgreg%l-cggﬁours of

exposur e, theSeswrrean riepostanngdoups tlatd efié pangicled eofStvargdngt a
conputer hard disc. For the detecti.Qqn of ,fluorescent .| abels, CCD
caneras and SReTrESK Fegt?@ﬂts‘é?c%‘%ﬁé"(}g% Uri L3 BRI e used. For the
chips 15 sger}ﬁfcgéoe-% HieGkEY agté@&ﬂ,xeﬂrmqai Gep caper ¥g deteghjorsy,
can be perfornmed as described by Eggers et al. (1994, I ncor por at ed
herein by refrhencrher energy particlesGhaugd- asuften 3y meoyi@@D)theet ect or s

serve as active sqolid_supports that quantitatively detect and i mage
the 20 di st RGN "oF-erRbaF ede e gan ﬁtﬂ%‘?&EF"ééFYn_"Hf%‘E?@so lower
assays. Theseergfquﬁg'}%fﬁigltage éﬂgﬁrﬂtﬁwp%‘%t ?)glkﬁgaésb&f_ter resolution.

m croel ectronics accommbdat e hi ghl'y paral assays,
ul trasensiti vitentet edie echpibegaft tineughiiai sotnpegrapextalataan be taddorsdti on

and conputation. Eggers et al. (1994 escribe 25 CCDs faqr use with
pr obe- tr)rgs]é)d a%%é’;ﬁ‘él%%sr&éh aQnﬁ%rf(w’é? lg@%ﬁ“ﬁ‘ﬁr radicisotope label is

selected, the detection performance can be predicted by
calculating the signal-to-noise ration (SNR), as described by

Eggers et al. (1994).

An alternative luminescent detection procedure

15 involves the use of fluorescent or chemiluminescent reporter
groups attached to the target molecules. The fluorescent
labels can be attached covalently or through interaction.
Fluorescent dyes, such as ethidium bromide, with intense
absorption bands in the near UV (300-350 nm) range and

20 principal emission bands in the visible (500-650 nm) range,
are most suited for the CCD devices employed since the quantum
efficiency is several orders of magnitude lower at the
excitation wavelength then at the fluorescent signal

wavelength.

25 From the perspective of detecting luminescence, the
polysilicon CCD gates have the built-in capacity to filter
away the contribution of incident light in the UV range, yet
are very sensitive to the visible luminescence generated by
the fluorescent reporter groups. Such inherently large

30 discrimination against UV excitation enables large SNRs



the present invention, that allow quantitative assessnent W t hin
seconds due to the high sensitivity and direct coupling enpl oyed.

7 8 The integrated CCD detection approach enabl es the

det ecti on of W@P&#¥8¥ar bi nding events on gﬁl ps. The det ect oPCT/USI8/00Z081 dl vy
generates a two-di nensional pattern that I quel y characterizes the
sanple. In the specific operation of the 5 CCD based nol ecul ar detector,

di stinct biollggeater pekasesi e to be Fﬁhb%‘mﬂizk@tjt@ﬁr €6Ppyagnfermulatad drof a
CCD or can bghgt Egég%?ra ‘1&}% %rd §§Qr$ %Lovae_;Lr §EFE4EI.ape_ci on the CCD

surface. The &8s el éd adi oi sot ope,

chem | um nescent or fl uorescent tags. 10 Upon exposure of the
sanpl e to the CCD baserbprpdade immoBilb¥at drotcansher deadcbospt ope decay
products are enmtted at t he pixel |ocations where the sanple has bound,

in the case berldlz%*%t‘“aé:rltCGSt RBY cBAPPEIRACS PRp A BBEBSNFHVE LFHD:
el ectron- gol ‘iy fors %Hcfﬁ? g %%%%Eﬁﬁ@ﬂ %g %%Et:e% ldnC QR MIEREL DS c;{la(_r&ed

particles; romt sanple, are 1ncrd on the
CCD gat egD Ebm:cbwn@ mBiridieatiohl end edi-fignreat Ithad] seenat GD
gates and sequentially read out on a display nodule. The nunber of

phot oel ect r oR§OBEREFRtBY ShficdeRtpriare| Shejipdmidizationpefpehe i¥hIig o the
nunber of m)l 0 Jar
mol ecul ar bi i ?ﬁgg%%‘% %ﬁj l%)&\é%t%%? ?a%}&@,? fedesgggﬁv#e%y?’Egger gli? @Evhﬁg
1994) . reuse of thaynqﬁea@bdpgnbheelomldtg;@tro&y | A1peoxaritely,0 tHee
sanple, the collection efficiency is inproved by a factor of

10 probes can be immobilized directly on the CCD to create a

dedicated probe matrix.

To immobilize probes upon the SiQ, coating, a uniform
epoxide layer is linked to the film surface, employing an
epoxy-silane reagent and standard SiO, modification chemistry.

15 Amine—modified oligonucleotide probes are then linked to the
Si0, surface by means of secondary amine formation with the
epoxide ring. The resulting linkage provides 17 rotatable
bonds of separation between the 3 base of the oligonucleotide
and the SiO, surface. To ensure complete amine deprotonation

20 and to minimize secondary structure formation during coupling,
the reaction is performed in 0.1 M KOH and incubated at 37°C

for 6 hours.

In Format 3 SBH in general, signals are scored per
each of billion points. It would not be necessary to
25  hybridize all arrays, e.g., 4000 5 x 5 mm, at a time and the

successive use of smaller number of arrays is possible.

Cycling hybridizations are one possible method for
increasing the hybridization signal. 1In one cycle, most of

the fixed probes will hybridize with DNA fragments with tail



at | east 10 over |ens-based techni ques such as those found in 25
conventional CCD caneras. That |js, the sanple (emtter) is in near
contact with the detector (imging array), and this el i m nat es
convent i onal WO®B/18%§ opti cs such as | enses_and m r r or SPCT/US98/00704

When radi oi sotopes are attached as report%? groups to the target

nol ecul es, energetic particles are detected. Several reporter groups
that enit paalnostesahsfoluieybrgause pomiigives shfee besh havecenoughl y utilized
with the 5 mcro-fabricated, detectors, including [err]p, [err]p, [err]S,
[err]C and [&t9941s © bﬁ‘rﬁ‘ ﬁiaaﬁg?'energy particles, such as from 32p,

provi de the hi ghest nol ecul ar detection sensitivity, whereas the | ower
energy particles, such ggurthem hedrifiiticndldeabesherig asohige ehips  Hence
the choice of the radioisotope reporter can be tailored 10 as required.
Once the parcortdining@-dlyspropes| wbeh ¥ Peing fepBct P 4 he FEOSEL CHAPS
performance ¢ be predicted . calgculatin Si | -t Q- nNnQi tion
(SN, a3 deSCionarpnce Teadtpy b G ft4di, frhnts ™' CiRls U938 b8

al ternative 4eHi HRSEBY WANGChppRoPF DEES et slof laNeled@pridiesusr bbth F
fluorescent or chem | um nescent reporter groups attached to the target
nol ecul es. Taed fP pralsemould hpypesene amapecatiad herd RAaltdemsy (8r et hr ough

i nteraction. F uorescent dves.,such as et hidi ]d it h_intense
absorption bEAWE FHIHE A agfed}lflébo-%%géﬁrﬁcwénggﬂg\zép% %ﬁs\#& B‘S‘b’n

eni ssi on bangssd bd Nanplicyieldl as( pRLL 656 HMinkeRY€o join Alke Prwbesuicied for
the CCD devices enployed since the quantum efficiency is several orders
of magni 1Qided¢bimed mequence toekbet 8@l ivh suwppersngt Fhindmkas tthe Predeescent
si gnal wavel engt h. , .25 R = el 10 p [ t i.ng

| um nescence‘?of%ea@aﬁap%eyst’lo I ngﬁl%%ﬁ?(}lesatnh%z\‘?gﬁ%%egﬁ%i%l?%ﬁqunru%gpg%ytey to
filter aweyblde coNty idrdbieORadf s ipadsientonlel gy, | .4 he Udé mange, yet

are very sensitive to the visible |umnescence generated by t he

fl uorescent wepoexerl drasess assachinkeer 8kG.y 4arge 30 discrimnation

agai nst W EM enabl es | arge SNRs

15

Sequence assembly may be interrupted where ever a
given overlapping (N-1) mer is duplicated two or more times.
Then either of the two N-mers differing in the last nucleotide
may be used in extending the sequence. This branching point

20 limits unambiguous assembly of sequence.

Reassembling the sequence of known oligonucleotides
that hybridize to the target nucleic acid to generate the
cbmplete sequence of the taréet nucleic acid may not be -
accomplished in some cases. This is because some information

25 may be lost if the target nucleic acid is not in fragments of
appropriate size in relation to the size of oligonucleotide
that is used for hybridizing. The quantity of information

lost is proportional to the length of a target being



80 (greater than 100) to be achieved by the CCDs as fornmulated in

t he i ncorporated paper by Eggers et al. (1994). For probe

i rmobi |ization on the detector, hybri di zati on matri ces may be produced
on inexpensi WOS/PIwrr] 5 wafers, which gre subsequent | y pPETUsPsOH704 he
surface of the CCD fol |l owi ng hybri di ation and drying. This format is
economcally efficient since the hybridization of the DNA is conduct ed
on i nexpensi seqdenped atfevesteq],eif] swhf betentlushartoprrgets arg aipad.of the
nor e expensiﬁﬁFCCD detector. AlLternatjvel robes can be

. he, .10
i nobi | zed GPPEEL PHTRTTHAECHS: 318 Fadusty %etégg,?rég ed probe matri x.

To i mmobilize probes upon the SiJerr] coating, a uniform epoxi de

|l ayer is linked to therid |gpciablacEreguigh®yiciy daplicatedpseguaidemnaehagagent
and standard Siq%efr nmodi fication chem stry. 15 Am ne-nodjfied
ol i gonucl eot WaBlgr pkariare idh ppAReRCe RegRmbly whieh| 5 rdiakributedy

f ' f | | t ' ' . N
osul ting’1 | ARGRa 3 ov el ARl b Y e calBIRLRLL DBiE Dot ween

the 3 base ofietheablogorepliaeid dhe introdiedivm SEOLRer desimiitaiosn ofo aensure
conpl ete am ne deprotonation 20 and to m nimze secondary structure
f ormati on duPpEgMEBEPH|paing to dohwithagequandes opgarpsEaeioRrn e M KOH and

i ncubated at S%Sréé Csubfr @Qr%znr@ ng?ea%hseo egllcleI subfrég%%:x% %S%U%Bdlﬂ.fi n

general , sigﬁs re score € ion po S. not

be necessaryah9 pabt hybrit zedlencar 68ys, tfedpt, nQ08id Xcbd r@Barmis and e
and the successive use of smaller nunber of arrays is possible.

Cycling Wbr PEAZaviBRsatr BTdn@esosBrbl &S EanraderoEwo Orj pe¥edsingp t he
hybr'dlzatloaiéﬁgﬂaéhelghfgg% %%%h@anPStTﬁHs, subfragments are sequences

generated between two points of branching in the process of
assembly of the sequences in the method of the invention. The
sum of all subfragments is longer than the actual target

15 nucleic acid because of overlapping short ends. Generally,
subfragments may not be assembled in a linear order without
additional information since they have shared (N-1)mers at
their ends and starts. Different numbers of subfragments are
obtained for each nucleic acid target depending on the number

20 of its repeated (N-1) mers. The number depends on the value

of N-1 and the length of the target.

Probability calculations can estimate the
interrelationship of the two factors. If the ordering of
positive N-mers is accomplished by using overlapping sequences

25 of length N-1 or at an average distance of A,, the N-l of a
fragment Lf bases long is given by equation one:

Ne=1+A, X KX P (K, L¢ )

Where K greater than or = 2, and P (K, L¢) represents

the probability of an N-mer occurring K-times on a fragment L



the fixed probes will hybridize with DNA fragments with tai

82 al nost absol ute because positive sites nust have enough

si gnal s of both | abel s. A further and additional variant is
to use chi ps WO9B18¥nt ai ni ng BxNy probes wjth y being from BCHESHW0MYhose
chips 5 allow sequence reading in different frames. This can also be

achi eved by usi ng appropriate sets of |abel ed pr bes, or hot and P
probes coul P ‘§Eﬁe @ﬁ§8ec?f?%ﬂp¥ﬁﬁf[Rﬁ99?a8n§ AR anife t%ﬂ%ﬂgmelenent

of term nal Q@g%@&ﬁas £28IV hS 3o BSAS Y -mersdtSP by eqy%@qaéneart

of alinker to joih the probes of 10 defined sequence to sol
support. Thiss nddeasribded] pedbe in Example dBail able to hybrldlzatlon and
makes the construct nore stable. If a probe has 5 bases, one may,

e.g., use 3 uni ver.sal bases as |nkert ncregses wit EXAVPLE 16 15
Det er m ni ng Sequence f PF dPL aF 1O 3R heddifence

assenbly gray; herédd£rdinltdtWBese ¥ imehts fordhVEivey el RE Piobk . Mer
is duplicated two or nore fines. Then either of the two N-ners

di ffering i nObbeihedtsuhfolagoente may ncvta;bebemugedl}'noze@weewua@nghe

sequence. ThIS br ch| n 20 limt yousass .Of se uence.
Reassenbl i ngtR @thokﬁgmﬁobl? g?hggs %HéFy ze to
the target wgé@ap ot %dre,agseﬁat Sedilénce anatheaﬁdsawqm&g%ttlba
target nucleic acid may not be acconplished in some cases. This is
because someof nfunctsiiorad se§usnge behdvattenistiiest ar Jeis nupeiaf acid is not
'n fragnﬁptsiggormation may be called partial sequence. Another way of
obtaining partial sequence is the use of only a subset of

oligonucleotide probes of a given length.

There may be relatively good agreement between

predicted sequence according to theory and a computer

15 simulation for a random DNA sequence. For instance, for N-1 =
7, [using an 8-mer or groups of sixteen 10-mers of type 5'
(A, T,C,G) By (A, T,C,G) 3'] a target nucleic acid of 200 bases
will have an average of three subfragments. However, because
of the dispersion around the mean, a library of target nucleic

20 acid should have inserts of 500 bp so that less than 1 in 2000
targets have more than three subfragments. Thus, in an ideal
case of sequence determination of a long nucleic acid of
random sequence, a representative library with sufficiently
short insgrté of target nucleic acid may be used. For such

25 inserts, it is possible to reconstruct the individual target
by the method of the invention. The entire sequence of a
large nucleic acid is then obtained by overlapping of the

defined individual insert sequences.



appropriate size in relation to the size of oligonucleotide that is

used for hybridizing. The quantity of information | ost is proportional
to the length of a target being

83 sequeMai3186wever, if sufficiently short targets arrCTIES9sH0704
their sequence nsy be unanbi guously det er m”ned. The probabl e
frequency of duplicated sequences that woul d interfere with sequence

assenbly which is distRFpbueddce he megdaforrvery shany FregmpNAsiag. de 50

cal cul ated. This erivatiaon requres_the introductiqn qf .th

ot ni 11 on obases for EeRRE bk Hed * 10 TpbSEp i el 4h B0t on: ¢ e
sequence subfgagTRRbe(SE aghesEs yaReRnEURL @gaBPtrdrifod DNA Eragmentayidar t
of the sequence of "a target nucleic acid starts and 10 ends with an

(N-1) ner thatpriccesspdakedcioning, my eandapsPCR is wadd.n ieisapgee
sequence. _Thus, s nment s_.ar nerated between two

f .
poi nt s of5br5ﬁ§ﬁ?ﬁge{ﬁgtngp?%%ﬁ%zﬁg%%g%gspg¥§%ﬁ%fﬁnb e #5&Huences in the

met hod of the i wRnkis0n- Ushey 8-merBrOh 1ahbrsubikag ents s tongprni han
the actual target 15 nucleic acid because of over|apping short ends. -
General ly, T, Gulsfiagnbarssemientimghd megahdsed instead edaneeding wit hout

additional informatiqn,sipce th have sh d (N-J1)ners at . . _their ends
and starts. [éqﬁig%eé Hgngﬁ?%m%ﬁ %ﬂﬂﬁiyagﬁghﬁsséwgggs areoﬁ?ﬁfﬁgae?gr each
nucl ei ¢ aci d frargehmdeRendhsfson dheovuraatdon2 1 dilchesendaked (N-1) ners.

The nunber depends on the val ue of NN\l and the length of the target.
Pr obabi | il0y dadlbarat i ohd5eapoeks igfat2d chenes of 500 bp (subfragments

ordering library) and 150 clones from jumping (or similar)
library. The developed algorithm (see Example 18) regenerates
sequence using hybridization data of these described samples.
EXAMPLE 17

15 2algoxithm

This example describes an algorithm for generation
of a long sequence written in a four letter alphabet from
constituent k-tuple words in a minimal number of separate,
randomly defined fragments of a starting nucleic acid sequence

20 where K is the length of an oligonucleotide probe. The
algorithm is primarily intended for use in the sequencing by
hybridization (SBH) process. The algorithm is based on
subfragments (SF), informative fragments (IF) and the
possibility of using pools of physical nucleic sequences for

25 defining informative fragments.

As described, subfragments may be caused by branch
points - in the assembly process resulting from the repetition
of a K-1 oligomer sequence in a target nucleic acid.
Subfragments are sequence fragments found between any two

30 repetitive words of the length K-1 that occur in a sequence.



interrelationship of the two factors. If the ordering of positive
N-nmers i s acconplished by using overl appi ng sequences 25 of length N-1 or

at an average distance of Alerr], the N1 of a fragnent Lf bases |ong
is given by ¥e¥ilgxé one: N err] =l +A§ rr] X K X P (PQA/USB/BI7HE )
Where K greater thanor = 2, and P (K, Lf) represents the probability

of an N-nmer occurring K-tinmes on a fragnent Lf

84 baseMibniplenassursensapueErKpk HpTds ekat the caise of form
subfragnments, fromthe conte . Yofi SRAUSNGS, kg
descri bed betBwFiH l:ft)r%rlplra’téS %figh%r@{é JV(érrl%ﬁ%g %ﬁ‘r;r%er of sul:?f rpggrc;entss
i ncreases W bh fdQuered Remeeaeioh. | engirsrupt ibnaemds std ar seqyienee | engt h

of probe. ot ai ned subfragnents may_ not be uni guel y qrdered am)élgg
t hemsel ves. Yenabuipg rgt thenipeneot t RITagmentsr i oht1e, unamb §l for

conparatiye sequence .anal ysi bl Of g f LinQR@ke1
sequence ha?%%?%%%tkfec%sv{éé%h;ﬁggﬁglﬁég fﬁ % I %grgreraﬁ:%enr Ty Ee cal :algd Y
partial sequgBESrmif¥DidiRy caaledf sequen@dtsaibfiragmpatsi al sequence is the
use of only a subset of ol i gonucl eoti de probes of a given | ength.

There may be rel ativel ood agreenent between . redi ct ed sequence
according to theory ar%'1 r(‘!@ﬁﬁ?f?e ragment s, are fiﬁﬁl??)& %sr%?cﬁﬂﬁ“%%&& a
sequence. For_in reNadtErmined 'by U GedPe St BRGS0 OIRHR Pped
si xteen 10- n%?éu%%g%]%ea%%m dét?i’,n'll'?%, CS]L B[ err]e (%\, TC G 39] a tarag%t
nucl ei ¢ aci dppfs 2041 hasprence frabhenbave an average of three subfragnents.

However, because of the dispersion around the nean, a |ibrary of

target nucleic 20 acid shoyld have inserts ,of 500 bp so that .| ess than 1
in 2000 10 targets HaREGHGE PHQhe¥h?€epr§(f&ﬁa§gg§ﬁg‘§§ntﬁJ§y e é’r?oltlﬁgal

without losing the possibility of defining informative

fragments. The total length of randomly pooled fragments
depends on the length of k-tuples that are used in the

sequencing process.

15 The algorithm consists of two main units. The first
part is used for generation of subfragments from the set of
k-tuples contained in a sequence. Subfragments may be
generated within the coding region of physical nucleic acid
sequence of certain sizes, or within the informative fragments

20 defined within long nucleic acid sequences. Both types of
fragments are members of the basic library. This algorithm
does not describe the determination of the content of the
k-tuples of the informative fragments of the basic library,
i.e. the step of preparation of informative fragments to be

25 used in the sequence generation process.

The second part of the algorithm determines the
linear order of obtained subfragments with the purpose of
regenerating the complete sequence of the nucleic acid

fragments of the basic library. For this purpose a second,



case of sequence determ nation of a |ong nucleic acid of random
sequence, a representative library with sufficiently short inserts of
target nucleic acid may be used. For such 25 inserts, it is possible to
reconstruct t N8BS dual target by the nethod of the »CWusssiems4 The
entire sequence of a | arge nucleic acit’ i s then obtai ned by overl appi ng
of the defined individual insert sequences.

85 orderiny Addresyt he weed fmadeyefyrandenly reapies fragmgntgoot
bases for 8-ner pr.obes. The informati.on ntarped.jin t . e pped
fragnents pr e@é%tsﬁafﬁel\?gr fefagﬁrdg%‘ﬁ DI@ef raggﬁ%g#gﬁi %Jﬁé]s Injei:pr ongélélg\él HZ%

cloning, or rang9BPCRubinisgdsediendesi|oF0badiposfadihentsd ties @epeaksadl
short physical nucleic acid fragnents. Using 8-ners or 1l-ners like 5

(A, T, C, O i eantliyes megabage plugsseguense.sefabhdnaly be megeprdéshedst ead

of needin . .20,,000 .50, bp_fragpent s ly 2 l.es._ar tficiken
This number %t eofh%GBPaﬂgo%Pa}éWq%l g’ﬁegﬁgg‘%%?’? ll%r!%'lxﬁlr g’#&fh 1%5%
pool s of 20 ghanesnifsi®@0fbp §6EbHiRINRN S agment Oféiedtdtdidn.brary) and 150
clones fromjunping (or simlar) | i brary. The devel oped al gorithm (see

Exanpl e 18) rikfeemnagtioely, itseayidm aaesnedifhedi aften igamegatdosf ofhese

descri bed sanpl es. MPLE 17 Al gorithm. . Thi s
exanpl e Qesc;?%%%er%fr?saloggé?ﬁ me?%sr %tnge}.lreg%fa rJicnllk_’r%lfy e{ayl' &r?&ssg&ggjﬁ%tém_“’
witten in a {9iHg |Rldreth FoPheheir fdviRlap, baeBatbh UeHd geeseplce werds in a

m ni mal nunber of separate, random y defined fragnents of a starting
nucl ei ¢ aldl d cepEhEnd-2@auRBFesK is the | ength of an ol i gonucl eotide
probe. The algorithmis primarily intended for use in the sequencing
by The algorithm requires neither knowledge of the

number of appearances of a given k-tuple in a nucleic acid
sequence of the basic and ordering libraries, nor does it
require the information of which k-tuple words are present on

15 the ends of a fragment. The algorithm operates with the mixed
content of k-tuples of various length. The concept of the
algorithm enables operations with the k-tuple sets that
contain false positive and false negative k- tuples. Only in
specific cases does the content of the false k-tuples

20 primarily influence the completeness and correctness of the
generated sequence. The algorithm may be used for
optimization of parameters in simulation experiments, as well
as for sequence generation in the actual SBH experiments e.g.
generation of the genomic DNA sequence. In optimization of

25 parameters, the choice of the oligonucleotide probes
(k-tuples) for practical and convenient fragments and/or the
choice of the optimal lengths and the number of fragments for

the defined probes are especially important.

This part of the algorithm has a central role in the

30 process of the generation of the sequence from the content of



hybridi zati on (SBH) process. The algorithmis based on - | subfragnent s

(SF), informative fragnents (I F) and the possibility of using pools of
physi cal nucl ei c sequences for 25 defining informative fragnents.

As described, WOB#8¥nents may be caused b‘%/ branch poi nPETURSIA4
assenbly process resul-ting fromthe repeti § on of a K-1 oligoner
sequence in a target nucleic acid, Subfragnments are sequence fragnents
f ound bet weerkamgpgltewo 36 depbased ven il andueherderiidh & ktp@lescByr in

a sequence. . . - %\&Jg L.pLe
occurrences ofc Kol o\/‘\"/orm glgﬁ% ?H%r](‘:%l%’se Tg*e maLn; ﬁ%%?arl%p Son S %gg%'l ng the
overlap of K-ye&iskation Aeepepeessic repatedigentengeseimd ifHlse poeittpei on
| eads to a sequence remai ning_in the formof subfragnments. Thus, the

unanbi guous &EYMAERtiFewEehuBtafichiTie FdmneE Whbs PIFH&L ithenot
L ™
uni quet y 7 f?g%‘f&ertt'ﬂm”‘i% %rgg?ﬁéégﬁg%%%%ﬂ%%ﬁﬂg{r&gﬂ”&é‘t&e longest

| nf or mat i nent's are I ne ragnents sequence that are
det erm ned bypédieiBlRARBEraglanos, OVl ajiedct seqipdlySde CathiSEPaeRCOE the
fragnents. 10 A certain nunber of physical fragments may be
pool ed wrigstitt o siong iehe PEsMDiRFHHF oPNEeFEREFRL i G Hdt iSkeps. A

fragments. Theyd llod 90L00" 1L 2000 RPQ G EBRENN SincormalaBENdancn

the |l ength of 11 upges that "are use ncrng proc

The al gorit hmps ansdB tonlgf afverngenerat ich ofThelf prdhary subiffdgmentesed for
generation of subfragnents fromthe set of

10 The main problem of sequence generation is obtaining
a repeated sequence from word contents that by definition do
not carry information on the number of occurrences of the
particular k-tuples. The concept of the entire algorithm
depends on the basis on which this problem is solved. 1In

15 principle, there are two opposite approaches: 1) repeated
sequences may be obtained at the beginning, in the process of
generation of pSFs, or 2) repeated sequences can be obtained
later, in the process of the final ordering of the
subfragments. In the first case, pSFs contain an excess of

20 sequences and in the second case, they contain a deficit of
sequences. The first approach requires elimination of the
excess sequences generated, and the second requires permitting
multiple use of some of the subfragments in the process of the

final assembling of the sequence.

25 The difference in the two approaches in the degree
of strictness of the rule of unique overlap of k-tuples. The
less severe rule is: k-tuple X is unambiguously maximally
overlapped with k-tuple Y if and only if, the rightmost k-1

end of k-tuple X is present only on the leftmost end of



k-tupl es contained in a sequence. Subfragnments may be generated wi thin
the codi ng regi on of physical nucleic acid sequence of certain sizes,
or within thwoogdieserati ve fragnents 20 defined wi thin | ongpetygssiegreaci d
sequences. Both types of fragments &% nenbers of the basic library.
This algorithm does not describe the determ nation of the content of

t he K-#Uplsise of. t Mhiisnfranenbiliewsr ageegésedt idie dfYepdtiibhiaey,

i.e. the step of preparation of informative fragments to be 25 used in the
sequence geFRIuURNGHRE wkdhe formation of surghes SRPIRNGREt of the

al gorithm determ nes the | i near order of obtained subfragnents with

t he purpose of ﬁgqﬁﬁgkggkng Egeyﬁﬁgnlﬁ%gué&ﬂqu%%gp%é%@%ﬂng%EQBQCﬂcid

fragments of the basic brary. "Fo p 0Se a secon
87 or deyd ngh ldduiarion Tawead: nrdeupler2ni®ninanicheis1iagERING1Q
the starting sequence. The al gorithm does not include the step o

conbi ni g sexrekapredwilds ke tipdgnEnt§ endremknetfat che rightmesti Kel
megabase pl us.sequence.., Thi s may be acconpl i shed sing the |Iink-up of
fragnents dind f%ggﬁ'gi‘ipllq Ber afy FSHgi %mg‘? on tetber e]rsee%iﬂoﬁ(%t @”gor °Enf ormative
fragment generlidns and ifAthRr Nakkmeky xli &8y & aceqpld shed abker

gener ati on of sequences of fragnents of the basic library by this

al gorithm presentsiary tdeandlighttoosthend ofeahwypothessddtupliche (Mhesence of

10 common end-sequences. , The al gorithm_requires neither

know edge Gl9eithm bagedhan GheaSpEarhRtetut? 1 et &% 1Bn a nucleic
acid Sﬁﬂ“ﬁ? f asic and ordering libraries, nor does it
requiréothe I'n o?ﬁ% ﬁg%n% ‘whi ch k-tuple words are present on

The process of elongation of a given subfragment is
stopped when the right k-1 end of the last k-tuple included is
not present on the left end of any k-tuple or is present on
two or more k-tuples. If it is present on only one k-tuple the

15 second part of the rule is tested. If in addition there is a
k-tuple which differs from the previously included one, the
assembly of the given subfragment is terminated only on the
first leftmost position. If this additional k-tuple does not
exist, the conditions are met for unique k-1 overlap and a

20 given subfragment is extended to the right by one element.

Beside the basic rule, a supplementary one is used
to allow the usage of k-tuples of different lengths. The
maximal overlap is-the length of k-1 of the shorter k-tuple of
the overlapping pair. Generation of the pSFs is performed

25 starting from the first k-tuple from the file in which
k-tuples are displayed randomly and independently from their
order in a nucleic acid sequence. Thus, the first k-tuple in
the file is not necessarily on the beginning of the sequence,

nor on the start of the particular subfragment. The process



15 the ends of a fragnent. The al gorithmoperates with the m xed
content of k-tuples of various |ength. The concept of the al gorithm

enabl es opeﬁééhgﬂ%6mﬁth the k-tuple sets that containdﬁggiﬁﬁa&ﬁitive

and fal se negdtirve k- tuples. Only in 90 sSpecific cases € cont ent
of the false k-tuples 20 primarily influence the conpl eteness and

Cort 20 105 b mer SEARLBL Lo M SIEEr o e BOBLLLRI e Uscd o

optim zati I'n- s experi me as for

sequence genehlied by mehfsasEuahi Gl xPETdpERiEch ds defingd@nkyathen of

t he genom c sequence. In optimzation of 25 paraneters, the_choice of
the ol i gonuidsstitgs prudees Each yredptteupld gs mrasedc sromngheofidni- ent
fragnments and/ qr the choice of the optimal_ | engt and_the n of
fragnents for the pQH¥§_&@FPngheﬁ?05£§ %?égﬂg &i&rﬁ393%60PPSW?F9“3HBE9
This past Qf,dieRi9Qf kikm Pas 2agenthal ikOladd) e baQiBnagesg of the
generation of thé sequence fromthe content of

88 k- taijffasagnienti dsbasrdinateficandi the wrideupngfofnkthepl pSFbys

means of maxi mal overlap. The main obstacles, in se%%eg ener,ati on

. c
are speci f igtaFsht e F188§uTREBERLHEN T OF s? TREGHI e uEﬁHPQPeﬁESagP9§
k-tupl es. | 1.0f S : ord ' 0 t qi 1 ni mal
nunber of }ﬂgiﬁ%%ggéﬁ&%h'tg%é%igFéﬁggb??%gﬁghfg%ﬁa%i eco ggcgkgegggﬁgg.
This part ofo tdie k-tupdlg@iilehandoasé stonofdareal kasiac longdrskvenpllecont rol
steps. A t wo- st age process is necessary since certain infornation can
be usedOonlAnattheyr pessdbddiisy 88 HPI Lprnneubimamientgnerisg ingboth

The mai n pré)ibzl'eec i%fnss %%%n%%eg%@gg’ggh(g)%l Stl?pbfea.l N3 process ends when
further overlap, i.e. the extension of any of the

subfragments, is not possible.

A

The pSFs can be divided in three groups: 1)

15 Subfragments of the maximal length and correct sequence in
cases of exact k-tuple set; 2) short subfragments, formed
due to the used of the maximal and unambiguous overlap rule on
the incomplete set, and/or the set with some false positive
k-tuples; and 3) pSFs of an incorrect sequence. The

20 incompleteness of the set in 2) 1is caused by false negative
results of a hybridization experiment, as well as by using an
incorrect set of k-tuples. These are formed due to the false
positive and false negative k-tuples and can be : a)
misconnected subfragments; b) subfragments with the wrong

25 end; and c¢) false positive k-tuples which appears as false

minimal subfragments.

Considering false positive k—tuples, there is the
possibility for the presence of a k- tuple containing more
than one wrong base or containing one wrong base somewhere in

30 the middle, as well as the possibility for a k-tuple with a



a repeated sequence fromword contents that by definition do not carry

I nformati on on t he nunber of occurrences of the particular k-tuples.
The concept Eﬁ 3%ntl re algorithm depends on the ba5| %\L th| S
problemis solve 15 principle, thergiare two opposite apprgac es:
repeat ed sequences may be obtained at the beginning, in the process of
generation ) & p ed bt ater, in
t he processgéfgéF%aflnaﬁ egﬁﬁg of the Q§1Q§ﬂg ?ggne%?geﬂeﬁu?hgéflrst
case, pSFs Qﬁ&b@mme@meéxS&bfragmeﬁﬂsSEﬂUﬂﬂﬁﬂﬂiaﬂdtha iheteeckntushs®, they
contain a deficit of sequences. The first approach requires

el i mi nati on T&fe t%éuplese?ée§§es§ﬁﬁ‘§%el§"’%éﬁé’fd§t &§PrEAENENETIRE OPRF S Wit} es
pern1tt|ng_ gt%ygt hetgs? ?&gfgnféégFﬁtua subfragnents in the process of

t he f| asse |ng o] Sequ The difference
in the two approaches in the degree of strlctness of the rule of

uni que ogerlap of k-tupl ege ¢hee of oneFalsrRyelegatiie kstupiéppleskeisre
unanbi guousl y maxinal 'y overl apped with k-tuple Y if and only if, the

ri ght rmst kgeneratednipegpupet gl the lmpqaaidddil tynof @axmellgverrb@mpm of

89 Y. This ru all ows t he generati.on of etifiy

sequences aﬁ%‘?ﬁ@ F@FﬁaPFOEESfpgﬁ?%?ﬂ%‘yg ?%&se p081g9ve kt tuP%FéY+?%ter
rule which i Usednghvhbe saceopd mm or righthodl additjHenscaveat:
k-tuple X is unanbi guously maximally 5 overl apped with h k- uple Y if and
only if, thegeneghatedsbeckuge of thﬁmnmpoasnhnﬂu£yXofsupaabeguoma|y on the

| ef t noS

end of . k-tuple Y a | f_the | eftnost K- nd of k tuple Y is
not tIBreQéff‘?F16‘15’13t‘~i"i@-ri %Fﬂo@ n]%n’%f”cﬁe RRP e 3Rt %Biée nggative
k-tuples with a common k-1 sequence are present in the file,
pSFs are generated, and one of these pSFs contains the wrong

k-tuple at the relevant end.

The process of correcting subfragments with errors
15 in sequence and the linking of unambiguously connected pSF is
performed after subfragment generation and in the process of
subfragment ordering. The first step which consists of
cutting the misconnected pSF$ and obtaining the final
subfragments by unambiguous connection of pSFs is described

20 Dbelow.

There are two approaches for the formation of
misconnected subfragments. In the first a mistake occurs when
an ‘erroneous k-tuple appears on the points of assgsembly of the
repeated sequences of lengths k-1. In the second, the repeated

25 sequences are shorter than k-1. These situations can occur in
" two variants each. In the first variant, one of the repeated
sequences represents the end of a fragment. In the second
variant, the repeated sequence occurs at any position within

the fragment. For the first possibility, the absence of some



al gorithm based on the stricter rule is sinpler, and is 10 descri bed

her ei n. The process of elongation of a given subfragnent is
st opped wh j ght k-1 end of the last k-tuple includ j ot

pr esent onQ?%2§§¥§ﬁ: end of any k-tuple @2 is present on efhi@%ﬁ%“%?QHDre
k-tuples. If it is present on only one k-tuple the 15 second part of the
rule is .t%é-tzﬁgﬂéé 2o el iAo NE68stSndgat ivesy | U SetflicBadipfers from
t he previous I ncluded one, the asse y of the given subfragnment is

t er m nat edgexidwaten 4 helsconnekitish .| efhevs¢écqod igdsewibilfi tiyhireqaddieti bhel
k-tupl e does not exi st, .the conditions_are nmet fqr ,unique k-1 overlap

and a 20 BFefenesisih RprdhEalecepegntisnet 3nd Healsgy oSty iyke kekurdge. 1n

Besi de the S} ul .§ﬂ9p:%n@ a ' _ l.Low,t he usage
of k-tupl e%l?%fb?i]l‘%’f efceor{fsll engt hs. %h%xpg@ft%#sr??lj kO\}ersleg'gle?ls?Lt’ hté'hpengt h of
k-1 of 4 hejshieré®rondy Wplee kOftufple ishgus¥esi@ppivierpaiithegeeagaison of the

pSFs is performed 25 starting fromthe first k-tuple fromthe file in which
k-tupl es arepekted aynfeenn@idan y Tardlraleplnientdlsy nieeged Hoirr stricglder in a

nucl ei c acid_sequence. . Thus, the,first k-tuple in the file is not
necessariIﬁnQﬁFégkeﬁﬁﬁﬁQ#%ﬁﬁg'of% eTEBR0RNtE, that 9?%’%§¢ Pfe 3 FEAPSBFSt he
part'CU'arcéHb%éfﬁﬁﬁﬁﬁdefgaﬁi&&%&ﬁ%ﬁicall¥ as an endless linear array of

90 of subfragnent generation is performed by ordering the

k-tupl es bfahsansegdtive dueuplesl.apFroni the i Ssmidflieredhlap khd case"descri bed

rule. Each used k-tuple is erased fromthe fjle. At the . poi nt when
t here g’re WYUH%%H'%R%W%?W&HSFQBSUEIP? %’Iﬁfé’l’ RET R \Wﬁlﬁ he | ast one

ol uded, 0g, AL 0 B chree SLIRIPRE SR TIRERLANG S opgUI | dup of

anot her pSF fs starte e generation of a majority of subfragnents
does tofis hixgred f riimitsheieryadtkall ysthat sthddee widlmee m8e andyadded

cases which will be detected in a real experiment, the others

being much less frequent.

15 Recognition of the misconnected subfragments is more
strictly defined when a repeated sequence does not appear at
the end of the fragment. 1In this situation, one can detect
further two subfragments, one of which contains on its
leftmost, and the other on its rightmost end k-2 sequences

20 which are also present in the misconnected subfragment. When
the repeated sequence is on the end of the fragment, there is
only one subfragment which contains k-2 sequence causing the
mistake in subfragment formation on its leftmost or rightmost

end.

25 The removal of misconnected subframents by their
cutting is performed according to the common rule: If the
leftmost or rightmost sequence of the length of k-2 of any
subfragments is present in any other subfragment, the
subfragment is to be cut into two subfragments, each of them

30 containing k-2 sequence. This rule does not cover rarer



to the k-tuple file and are considered as a |onger k-tuple. 10 Another
possibility is to form subfragnments going in both directions fromthe

starting k- The process ends when further overl ' he
ext ensi on o"f"bgg’éﬁé? t he subfragnmentes, is not possi bl e?&mbss%ov&

The pSFs can be divided in three groups: 1) 15 Subfragnents of the naxi nal

| engt h andsfa%@fénsse&weaﬂ pefated eﬁ38@§e§ft§ ACla ke UL 38l ok Short

subfragnents, fornmed ueé to the use f e maxi mal and unanbi guous
overl ap ruf£l9an negativee k-tupiel enethet poant/ of témesnid W-t1h seguenteal.se
positive . k-tuples; and 3) pSFs of an incorrect sequence. The 20

i nconpl et Shbseorpeqtpd sUbLxagments pf kRS pind| Gan Ry disapgnized pPysylts of

a hybridi zat | er. . b | ' rect set of
-t ipl o, bR LR #eb e YrlPL AR Lraqldifl BE 32
negati e Kkihf@hestorel fagrimits @f bothnmtheobaetd eshd Widaagmgnts; b)
subfragments with the wong 25 end; and c) false positive k-tuples which
appears aslibraeies. mimiagditdgnir 4haenisconnected subfragmegiswdddi ng fal se
positive k-tuples, there is the gssibility for the presence of K-
tupl e cont’é?"ﬁ%r@ %?ré_%wo rhg‘ﬁrgnga\%tggnaegﬁé%v%_rk p%%laﬁsnioﬁfu&ng%vmggﬁg‘ base
somewher e 105 80i i WA Gomaivekheasdbhe; 8BSk |ddgudle @ Krhtiuplig With a
91 wr'ong base on the end. CGeneration of short, erroneous or

m sconnect eerygukdragienatic cdnsedibyrefeitestat leasipléespecificThe

k-tuples of the fornmer two Kinds.represent_ w on SFs wit | engt h equal
to kil crnba e tuistes " Al B8 ETBARI Biae’ AP dfe Sntedticach ey 6Ok t upl .
PSFs are  ppesgenghat é}ﬁ@l&%esgﬁukﬁéebm?s%k#éﬁw & dRXigTRlen

over | appi ng. I'n tthe case of t'he presence of one false positive k-tuple
W th t dbequencg) dras doeomhtias nedf bpostmbinat b nel tsenngeSFshareer

gener ated because of the inpossibility of unanbi guous _10 overl apping. Wen
both fal sethRi¥13eL20m the S8 efaPpfesubiragment’ and the start of

another.

15 By strict application of the described rule, some
completeness is lost to ensure the accuracy of the output.
Some of the subfragments will be cut although they are not
misconnected since they fit into the pattern of a misconnected
subfragment. There are several situations of this kind. For

20 example, a fragment, beside at least two identical k-1
sequences, contains any k-2 sequence from k-1 or a fragment
contains k-2 sequence repeated at least twice and at least omne
false negative k-tuple containing given k-2 sequence in the

middle, etc.

25 The aim of this part of the algorithm is to reduce
the number of pSFs to a minimal number of longer subfragments
with correct sequence. The generation of unique longer
subfragments or a complete sequence is possible in two
situations. The first situation concerns the specific order

30 of repeated k-1 words. There are cases in which some or all



k-tuples with a comon k-1 sequence are present in the file, pSFs are

generated, and one of these pSFs contains the wong k-tuple at the
rel evant engg 9s/31836 The process of correcting subfl,@ﬂ[@%)ﬁog i th
errors 15 i n sequence and the |inking ¢4 unanbi guously connected pSF is

performed after subfragnent generation and in the process of

subf ragnen, Q1 81 1 P exddifidd sErsSt @BV €8t CRShStSF Pors) &aff tidg the
m sconnect e% pSFs ‘and obtai ni'ng the final subf ragnment s by unanbi guous
connect i onuniqpsSEs oxxdedestsr i ok 2&apllew. in fragment There are two

approaches for the fornmatiaqn m'scoanect ed subfragnents, In the first

f
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assenbl y Oggggxgent J epgat dsecq%%C%g@&;&ﬁ@%&e@é&;ﬁsﬁgééﬁﬁewd, t he

r epeat ed quehces ar’e shorter tha ons can occur in

two var§ antgspaetivé nellhrddnietit v @andarll, afder2f atdetwefed aebquencerguences
represents the end of a fragnent. In the second variant, the repeated

sequence otbatsane taRAgeLy tyeReakiechi #ive subfragnenferpre geuaralas first

possibility, the abser SO0l o _

92 k-%(ﬁp#se]s ?foam_ ’eq{zl ?Der%'ale}ecneRg?at fr\}%sst FI':)S' I’QTCﬁJeIX’ &Y cl)oe

generat e acphsLOANESt W wahftf; I2EOF 19881 bEbihende HBIRS dN&G-R1- Presence
of both false negative and fal se positive k-tuples in the file.

Consi der i ng-Rhe-REepetR1E orn gforikrasteqdensefragrents widtdk tdfe gdme one
k-tuple,is sufficient_when either end is repeated internally. The |ack
of tvvoﬁ?s Heehel #o7 YRS repea%ie%[ é?ﬁ&?nﬁ%ﬁgt?&i%ﬁéerﬁé reason is that
the end of ARFPEALREES, i.e. CUR1G -gany-geref- kN oRdRd i Galdy gheaan endl ess
linear array o al se negative k-tuples. Fromthe "smaller than k-1
case", 10sequégcetieicke poatladiee@ldncabdfraghentend@tamgdlde Hf Which

requires two or three specifjc erroneg%s k-tugl es, wll be consi der ed.
It is verytVPReFIn PR TEFREN 3R] IOy @fEeynF)e process of generation of

pSFs. They represent the necessity for two steps in the

15 process of pSF generation. The second situation of generation
of false short subfragments on positions of nonrepeated k-1
sequences when the files contain false negative and /or

positive k-tuples is more important.

The solution for both pSF groups consists of two

20 parts. First, the false positive k- tuples appearing as the
nonexisting minimal subfragments are eliminated. All k-tuple
subfragments of length k which do not have an overlap on
either end, of the length of longer than k-a on one end and
longer than k-b on the other end, are eliminated to enable

25 formation of the maximal number of connections. In our
experiments, the values for a and b of 2 and 3, respectively,
appeared to be adequate to eliminate a sufficient number of

false positive k-tuples.

The merging of subfragments that can be uniquely

30 connected is accomplished in the second step. The rule for



cases which wll be detected in a real experinment, the others bei ng
much | ess frequent. 15 Recogni ti on of the m sconnected

subf r agment gyg 9/31886€ strictly defined when a repeated SReuRgEe7HPES not
appear at the end of the fragnent. % this situation, one can detect

further two subfragnments, one of which contains on its | eft rost, and

the other QRnnkttioahti@ghst tR8dsiblrafipiti ey B unhiBligabasayso present in
t he m sconnected subfragnent. When t he repeated sequence is on the

end of the donmgesed ifhepnadi only iHnltheomyvenligbpiggefedwaned abnthens k-2
sequence cau non its |eftnost

ing the Lstake_in subfragnment formati
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subf r ament St:}féy dei8i and/otUbhENgs | SnP SR 1ECe8mdhRY t0 the common rul e:
If the eftnost or rightnost seéquence of the length of k-2 of any

subfragnents is present in any other subfragnment, the subfragnment is to
be cut Bnto two subf Thgmemteptianshisfif mm Imbiregmenhni figok- Bheequence.
This rul e does ,not cover. .Situationg of _a repeated

. .93 .
end when' t TS erero e HnaRSoRke dentifal headaivg REAUBRE- onlh HEMBG,
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be recogni using the infornation fromthe overl apped fragments,

or 5 inforsudfinegmienzgminhsthé band éie prasientadd ehdefilg. Théihaimies.
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requi r 8 oSS The PhlinkBe fop o G eI RR UE; ERE SpEfabbing |
i ntroduced deQuuetice unilgitesEogUbhI Aok a 0N e GudEeagmehtbengt Bhértért he
grven than k-2, of it is k-2 or longer but an additional subfragment
exists with the overlapping sequence of any length longer than
k-4. Also, both the canonical ends of pSFs and the ends after
15 omitting one {(or few) last bases are considered as the

overlapping sequences.

After this step some false positive k-tuples (as
minimal subfragments) and some subfragments with a wrong end
may survive. In additiomn, in very rare occasions_ where a

20 certain numbexr of some specific false k-tuples are

simultaneously present, an erroneous connection may take
place. These cases will be detected and solved in the
subfragment ordering process, and in the additional control
steps along with the handling of uncut "misconnected"

25 subfragments.

The short subfragments that are obtained are of two
kinds. 1In the common case, these subfragments may be
unambiguously connected among themselves because of the

distribution of repeated k-1 sequences. This may be done



sequence can be obtai ned by conbi nati on of sequences shorter t han k-2

fromthe end of one subfragnment and the start of another. 15

By strict agpgdspagison of the described rule, sone conpceingdegsos S | ost
to ensure the accuracy of the output. 96 Some of the subfragnments will be
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S and E ar exdriesstelr® inantleendld@ien, as wéyYgmEEm-tuplebon 8RE éndle
different sequences specific to 5 respective subfragnents and Rl and R2
are two k- Cenapadricoss of shopht apfeeraerrRoNY (Qpadsegnnperteddubfragnents are

ener at,ed S-Rl1, Rl-a-R2, R2:-Db- -.C- and R-E)..Th nay be
grdere&a|1ﬁ%&?%%@%?kfhésofﬁaﬁﬁglb%e%%%ﬁ@%jé SéétSqu?RlzThe EYtuP¥es
C-R-b-Rl-a-d3 Ehd For@Rh’ #3hd kBpRebéddBingVigdrst RAtHANBNgth equal to
k- tuple length.

The aim of merging pSF part of the algorithm ig the

reduction of the number of pSFs to the minimal number of

15 1longer subfragments with the correct sequence. All k-tuple
subfragments that do not have an overlap on either end, of the
length of longer than k-a on one, and longer than k-b on the
other end, are eliminated to enable the maximal number of
connections. In this way, the majority of false positive

20 k-tuples are discarded. The rule for connection is: two
subfragments can be unambiguously connected if, and only if
the overlapping sequence of the relevant end or start of two
subfragments is not present on the start and/or end of any
other subfragment. The exception is a subfragment with the

25 identical beginning and end. In that case connection is
permitted, provided that there is another subfragment with the
same end present in the file. The main problem here is of
precise definition of overlapping sequence. The presence of
at least two specific false negative k- tuples on the points

30 of repetition of k-1 or k-2 sequences, as well as combining of



10 nunber and types of repeated sequences but ordered differently,

l.e. SR -a-R-b-Rc-RE, there is no other sequence whi ch incl udes
al | subfragweydsmisFexanpl es of this type can be recognigadygbyesft er
t he process of generation of pSFs. They represent the necessity for

two steps in the 15 process of pSF generation. The second situation of

generationthe faQfef posetrsbar andubdlsg Mt ik potiuplessmay aestepgadbed k-1
sequences when the files contain false negative and /or positive
k-tupl es i maskd iseper oyarlapping sequences apgk cayl RPEPEHCROARbOt h pSF

groups consi of two e pesi |ve K | es
appearing é(gl"‘\"ﬁ’é‘guous' g’HEx ?%’%g n%@ﬁﬁg%elfo L?%rpag%ent g%a reXF?Fﬂ %%?%d. Al
k-tuple fasaBat must benghérks Wid horfl adiunitave aRae¥feL3P Ofhe
ei t her end, of the length of |onger than k-a on one end and | onger

t han k-B orcqrmecdctilme:r isndotapereitmdnamred:ha) emthisegquensesf gshontevnthént he
maxi nal Egﬁh of cqnne |ons eri nts, the values for a

o B "k gnd dE02hel Bepsencd SEan e Fisl i ali SeHReBE e nat &
sufficient g ?rtﬂhn k-4 .7 alrge 89§fié ﬂq é%%g@%ces are defined fiOf

ner gi ng of s fragnents that can be uni‘que connected is acconplished
in the secah? =g ofThdéer pBPs{ oor omitting one, or few last bases.

95 connection is: two subfragments may be unanbi guously connect ed
if, and only if, the overla glng sequence at the %elevant end or start
of two subfragnents 8 L8 § E¥ehRrgsituatiqnsy; ithy SheoPresgnee ahyot her

subf raggenteertin nu fTESmEXQ%&EiPiE |5 1ide %% %H‘%r Qﬂﬁefélééom the
conS|dered palr as t e | entlcal egl nni ng and en
connect i on negyyapdve ki-edplegensome t dnels fragmeartet hdith the wrong end can
survive, some false positive k-tuples (as minimal
subfragments) can remain, or the erroneous connection can take
place. These cases are detected and solved in the
15 subfragments ordering process, and in the additional control

steps along with the handling of uncut, misconnected

subfragments.

The process of ordering of subfragments is similar

to the process of their generation. If one considers

20 subfragments as longer k-tuples, ordering is performed by
their unambiguous connection via overlapping ends. The
informational basis for unambiguous connection is the division
of“subfragments generated in fragments of the basic library
inéo groups representing segments of those fragments. The

25 method is analogous to the biochemical solution of this
problem based on hybridization with longer oligonucleotides
with relevant connecting sequence. The connecting sequences
are generated as subfragments using the k-tuple sets of the
appropriate segments of basic library fragments. Relevant

30 segments are defined by the fragments of the ordering library



subfragment with the sane end present in the file. The main probl em
here is the precise definition of overlapping 10 sequence. The connection

i's not pergiddsRgesst the overlapping sequence uni que fegrngdebmo7oe pair
of subfragments is shorter than k-28 of it is k-2 or |longer but an
addi ti onal subfragnent exists with the overl appi ng sequence of any
length | onggl (RaR1ap wikhdtheALEGpeboife thaiguner o& thadbasicpSFs and the

ends after 15 on1tt|ng one (or few) |ast bases are considered as the
over | appi rigllseqyenc@he shortest segmenﬁﬁta?etﬂnﬁ@rﬁﬁéﬁv§oﬁ§39§¢§§sp@§|tlve

k-t upl of
end " ehe erdRRIES TADEBEYe | ofbe| HoNRr iR 20es devanaLaneranbSr Spd O
certain nQﬂﬂﬁﬁm%&f%%m%riﬁﬁﬁhﬁbco£aEé@af 6+5¥f3b§¥ﬂ§ portishBubEaneous|y

present, dan erroneous connection may take | ace. These cases will be

detect ed aﬂﬁhgménuaﬂddrrbhpondlngubfrageemmderxng|an§ basdesd ibxadiea.t he
addi tional control steps along wth the handling of

"m sconneciedrdsr Sghresgpefesthe number of sepagaleg @F“Plgﬁbf %ﬁaﬁ’é‘ﬁPESt hat
are obtalqgﬂ re ofou\sq1191 llbrgk?d re'Paﬁ55¢l éaas%ndtQggeuﬁgaﬁéagnents

may be _ connec anong t el ves because of the

di stributi@pnd d&ﬁ%&ite(iskdktamuﬁades This may be done

96 after the process of generation of pSFs and is a good exanple

of the necessity for two steps in the process of_ pSF eneration. In the
case of using the flﬂkl@dﬂﬁaﬁihﬁnéﬂaﬁs@umber %sﬁ%%n&ﬁdg | se negative

oot SPRLLRS R SR BRES MR 4 ndprpiemed oL
more than P@&uwﬁgﬂ&r@&a&% @Qntaenmﬁmtﬂpgevxﬁwm of the k-1
sequences which are the reasons for generation of the
subfragments. Furthermére, longer segments, consisting of the
various regions of the given fragment of the basic library, do
15 not contain some of the repeated k-1 sequences. In every
segment a connecting sequence (a connecting subfragment) is
generated for a certain pair of the subfragments from the
given fragment. The process of ordering consists of three
steps: (1) generation of the k- tuple contents of each
20 segment; (2) generation of subfragments in each segment; and
(3) connection of the subfragments of the segments. Primary
segments are defined as significant intersections and
differences of k-tuple contents of a given fragment of the
basic library with the k-tuple contents of the pools of the
25 ordering library. Secondary (shorter) segments are defined as
intersections and differences of the k-tuple contents of the

primary segments.

There is a problem of accumulating both false
positive and negative k-tuples in both the differences and

30 intersections. The false negative k-tuples from starting



sonmewhere in the mddle), as well as k-tuple on the end. Gener ati on of
short and erroneous (or m sconnected) 10 subfragnents is caused by the

| atter k-tuplwedssidze k-tuples of the fornmer kind represeniusesisurgs pSFs
with length equal to k- tuple | engt®3 The ai m of
mergi ng pSF part of the algorithmis the reducti on of the nunber of

pSFs to t hesédniéneds nurimuladte im lthegenterbécagorat soweitTagping @arant) ,
sequence. All k-tuple subfragnments that do not have an qver|ap on
ei ther end,a®fwehk as falssRASIFAVIeoKgEHPLRENCRCREHHID FANGRTILY G4y
' n
19}

dotdhan
k-b h h 2| i.m f
b on (e corh AR, i 4 5 OIS UheoRabL bl Bl R

di scarded. Jfgef Uh&nd OrtKOMEDHiY oF fhlBe posibitds apEMteE iy RE the
unanbi guously connected if, and only if t he overl appi ng sequence of the

rel evantd engtartsngrsegiencgs is nofylsakggnent snte ietepsecicimnsn (Mdsst art
and/ or end of any t he ubf r. nt . he_exception i s a suhbfragnment
Wi he 2555 SRR TR FHS Feaiatan, of RPRErRtagEl SrieR haPt <
perm tted, pravifgdsi Pgéagsrnr&f@s by ¥BYLBCH nEHPhALIAR Erdh frddifents  Same

end present In the fi he main problem here is of preci se definition
of over| appovgr sapping evithhehpmesefbe dhlse k-atupkestatownsizas fic the se

negative k- _tuples on the points 30 of repetjtion of k-1 or k-2 sequences,
as well as € ¢§ﬁggfqﬁfor another ypagenz153ge set of false negatives

SR U1} hef,i.&hsfhé’oéﬂ 'iéf‘ala%c%@n%%g”%%t Eiﬂ?al‘%éa'ph?é fPYed D1 P4 s
mask" ‘some overlappi ng sequences and can produte an unanbl guous, but

wr ong conneftomnivfepsdcticks el ehie kkitSpf false oped B eres Fornitthdee

sacrificed on account of exactness: the 5 connection is not permtted on

the end- segfehéRrkesHrich aymmot includedajy thet Hetersankan &Y #7504 ra
over| appi N, Sgauenger,) oo A YIAYve A" chi? 1nl BEOYELLAPPI 11 ARAURAES Y ©
sequences contain 10% false negative data, the primary and
15 secondary intersections will contain 19% and 28% false
negative k- tuples, respectively. On the other hand, a
mathematical expectation of 77 false positives may be
predicted if the basic fragment and the pools have lengths of
500 bp and 10,000 bp, respectively. However, there is a
20 possibility of recovering most of the "lost" k-tuples and of

eliminating most of the false positive k-tuples.

First, one has to determine a basic content of the
k-tuples for a given segment as the intersection of a given
pair of the k-tuple contents. This is followed by including

25 all k- tuples of the starting k-tuple contents in the
intersection, which contain at one end k-1 and at the other
end k-+ sequences which occur at the ends of two k-tuples of
the basic sét. This is done before generation of the
differences thus preventing the accumulation of false

30 positives in that process. Following that, the same type of



the end of the pSFs, or omtting one, or few | ast bases. In
the very rare situations, with the presence of a 10 certain nunber of sone

specific falwggdgagdski ve and fal se negative k-tuples, seo@masudigapnents
with the wong end can survive, soneobal se positive k-tuples (as

m ni nmal subfragnments) can remain, or the erroneous connection can take

pl ace. Thes@nfé‘:??ém&'i@ gﬁtﬁﬁén?&l@%ﬁ(?L'sV%pre&h@o 19 St RUP RSP IRS | Ng
process, and in the additional control steps along with the handling of

uncut, m scdhattbedion thatubfhedmsmawing is from the iMfrrgrdciesss.of All
orderlng of subfragnents js siml t he process of their eration.
| f one consPgEFewe OksEﬁ?i%ﬁﬂﬁﬁﬁséi%?%qﬁﬁﬁgr%Eo?ubm%slnEﬁQﬁﬁq g%gﬁ??ornnd
by theiru ection via overlapping ends. The

|nfornat|onéF g§g$é9#8g§%néﬁﬂlguous connection is the division of
subfragments generated in fragnents of the basic library I nto groups

represen§i ng segnent sThé imomesdat@ignentise.Thes@b oftdwmhors kartalpigmys itso t he
bi ochem cal solution of this | problen1based on hybrkdlzatlon wi th | onger

ol i gonucl eofip@iéBed fof teackRAAR { acé’r"i’r’?éﬂl rgosentittela BROL & 4‘%1‘@‘-“9

sequences ene | e
appropriate 58859 ? baS|?§f g ary %h 1%?599 Eﬁgvantqg%%”' §u%$e
defi ned by meléregnsﬁgédohﬁ}het}m mgegnbgbtaws according Wo 9ﬁ£e31836

98 that overlap with the respective fragnents of the basic library.
The short es@eseyieadsrate. | nfhg mEtinaryr diffenencefset ig pbtainad hy

or 1 ot 210 ovBPPERRERERROR TR et tRa AR EnEar A RDSRIHIE Che orderi ng
and basic |ihterséstion sétf‘ Orofigs ﬂaasée%gawvéhﬁ- Se SERARIA ¢
sanpl es, fragments of the ordering library are randomy pool ed, and t he
uni que k- the difference set by borrowing from the intersection set
according to the described rule and, at the same time, removed
from the intersection set as false positive k-tuples. When
15 the basic fragment is longer than the pooled fragments, this
difference can represent the two separate segments which
somewhat reduces its utility in further steps. The primary
segments are all generated intersections and differences of
pairs (a basic fragment) X (a pool of ordering library)
20 containing the significant number of k-tuples. K-tuple sets
of secondary segments are obtained by comparison of k-tuple
sets of all possible pairs of primary segments. The two
differences are defined from each pair which produces the
intersection with the significant number of k-tuples. The
25 majority of available information from overlapped fragments is
recovered in this step so that there is little to be gained
from the third round of forming intersections. and

differences.



tuple content is determ ned. By using the |arge nunber of
fragnments in the 10 ordering library very short segnents are generated,

t hus r duesy3Igs6t he chance of the nultiple appearance ofpdinssoliectos
sequences which are the reasons for gend®tion of the subf ragnent s.
Furthernore, |onger segnents, consisting of the various regions of the

gi ven fragnment of thg2basGenkrataoy,oficchd subfiragmenasnofotkeofegents
repeated k-1 sequences. |n e\./er{ segnment a connecting sequence (a
connect i ng ifuperfgrmed) idgntical iy as Aekryited fogr thenfpapreptstpe the

subfragrrentbsa gi ven fragnent. The process of ordering consists

S té’@%(r ¥y g

of three eneration of the k- tuple contents of each 20
segnent; (2) generation of subfragnents in each segnment; and (3)
connection of the sulf:nagrhat aethod hef segimsdtionPofneupfragmergaent s are
defined as significant intersections and di fferences_of _k-tuple

cont ent § ofcansjisten offr sgausntbpliviedetermininia Yhepcoryeriiy Lhekedt upl e

Cogmont s ame i ooyt asents Fhaiy | Ok i ARneRE ER8Y R BRI L

contents ofpddi® libraR¥y FREYMEREWHISh have some overlappeB€eh8s@ prabl em of
accunul ati ng both fal se positive and negative k-tuples in both the

di f f erenceslencdG@ ioft dr sedeivant. subErdgnentmnedac wf whiahl eentabm tharti ng
99 sequences gccynul atg in the [ntersecti onsg&ov%%l agpi ng Barts),

as vel | as J30% PSHIENFe 2Rt GBP R BRI T £ A% &FHry SPRTBoRA

sequenggs, 1 d : I | h@n ot her
hand, ?ﬁeléggﬁltytb%a?g%sg%pgg??%% séﬁé%ﬂggﬁgﬁggg%% FﬁgﬁﬁEEEQFtiﬁﬁ
sequences igernedall @kareuporpeoti ahér3exte ononglhi o findscenrexanphespf the
reduction of experinmental errors from I ndi vi dual fragnments, by using

i nf or mat i orF e GRSeRGReREs the CORRRFt IR SRAUGNASS REnPaFHePRAFs&Sk- tupl es

accunulaleaéégééyain the subfragments generated from all primary and

secondary segments for a given basic fragment. The length and
15 the position of the connecting sequence are chosen to avoid
interference with sequences which occur by chance. They are
-k+2 or longer, and include at least one element 2 beside
overlapping sequence in both subfragments of a given pair.
The connection is permitted only if the two connecting
20 sequences are found and the remaining two do not exist. The
two linked subfragments replace former subfragments in the

file and the process is cyclically repeated.

Repeated sequences are generated in this step. This
means that some subfragments are included in linked
25 subfragments more than once. They will be recognized by
finding the relevant connecting sequence which engages one

subfragment in connection with two different subfragments.

The recognition of misconnected subfragments

generated in the processes of building pSFs and merging pSFs



di fferences for another reason. The set of false negatives 10 fromthe

ori gi nal sequences are enlarged for false positives fromintersections
and t he set widogfaabsme positives for those k-t upl es whi clrcEUSS800%04
included in the intersection by error, 102 j e. are false negative in the
intersection. If the starting sequences contain 10% fal se negative
data, the pmumlynaed shbfragnedasyisnbasadcdn aesting whethairnth8% and 28%
fal se negative k- tuples, respectively. On the qther hand, a

mat hemat i cACRIBNEASA O FUBETAIMERFS L FOR | § | FiieRpsie fragmspkqexigh iR the
basi f | .50 0 bp,
asi ¢ fragngu ﬁge%;e%%sf%gr gupgiéggénggg%) *(gesxgémted n%f Qh@psagﬁteﬁQs 98{ P

respectivel V. Ver, Ity of recovéring nost of the
"lost" k-t uHeFranphedt. TheebeGuonteésofr®btarpfindeereakde poahktved
k-tuples. ~ First, one has to deternine a basic content of the
k-tupl e§ f @ositgiorewiddgment basfened| hadicaingirhef misgopagcted pair of
the k-tuple contents. This is followed by including 25 all k- tuples of
the starti mPRFAFEEontents in the i ntersection, which contain at one
end k-1 and at the other end k-+ sequences which occur at the ends of

two k-tuples of ~ tHagiBastheS8bscAibad i tnnetRelone seaerahiyosrof the
differences thus preventing the accunul ation of false 30 positives in that
process. Fxﬁuhﬁmagyemm@t§omhea§dﬁ§i@g@b q@nt;ol steps_or steps applicable
50 e ST iy E1 i AL B RR Lo, e
posi 1 ugs. g IBAEES HERILhLE bILRRRE T S %ot of common k-tupl es.
i S defined for each pair (a basic fragment) X (a pool of ordering
library). If the nunfike detkrmipaesonnof hehiggt subfsiagmehicchafiongs tot is
enl arged Wv}hhicsmhesefgﬂe%% r{ggla)'éi]%glsfmggcgrg(imr‘] rtiosotnh%f contents of

k-tuples in segments and subfragments. Because of the errors

in the k-tuple contents (due to the primary error in pools and

15 statistical errors due to the frequency of occurrences of
k-tuples) the exact partitioning of subfragments is
impossible. Thus, instead of "all or none" partition, the
chance of coming from the given segment (P(sf,s)) is
determined for each subfragment. This possibility is the

20 function of the lengths of k-tuples, the lengths of
subfragments, the lengths of fragments of ordering library,
the size of the pocl, and of the percentage of false k-tuples
in the file:

P(sf,s)=(Ck-F) /Lsf,

25 where Lsf isg the length of subfragment, Ck is the number of
common k-tuples for a given subfragment/segment pair, and F is
the parameter that includes relations between lengths of
k-tuples, fragments of basic library, the size of the pool,

and the error percentage.



described rule. The primary difference set is obtained by 10 subtracting

froma given basic fragnment the obtained I ntersection set. The fal se
negative k-wopssmssare appended to thﬁ di fference set bPCBUSIHMNIMg from
the intersection set according to tA2 described rule and, at the sane

tinme, renoved fromthe intersection set as false positive k-tuples.
Wien 15 the basic f$upfreagments @tgaributed theappatebcylalyfganent [

di fference can represent the t separat e _segnent s _whi.ch S

reduces it5TBRFEALYS] ﬁe‘%‘t‘fr‘ ‘?’fétrvg}toé%s Ps%ﬁ”eaBSi ﬁﬁ?ysubmlt%%%r%%t%%go\g%tﬁ
generated Bl ghafetb0s Akl dd RILNCANOUer init PohTSE (dndtasiduddsgient ) X
(a pool of "ordering™lrbrary 20 containing the significant nunber of

k-tupl es. kohupkeisgt $s sliglflysetidiftaentségnehis caseobtingredithyis

conpari son of k-tuple sets of all ssi ble pairs, of prijmry, segnents.
The two5 basgpf per anpe’bab bl Hef ithaF 290R1BSi Y10 ﬁe#ﬁ gt he

It er Seotl QLA MLing! B! (he Ao Rorh Ay HD) OBesidis, 2omdmi o1ty O

avai l abl e rom ove fragnents is recovered in this

step so thakdpare bg LhbtbEyicudediidttdon is toatrohbed by df s Tilowliraf
formng intersections. and di fferences.

101 the connefRjoGenfrihi¢sm sybinegmemss: Agnekher ofegPrNEegnetter
is performed identically as described for the fragnept f . basi c
| Torary. the connectioh 55 SFEFtRRo AU Rcet Lot of "L Pt s g
consi si§ Ofsu%%%ﬁ%hels' Xrge&éfé@@'dlg%éﬂlﬁﬁors!h%‘ﬂ:bf kuBkesgments pai rs of
subfragments anong the subfraghments froma given basic library
fragnent wiinehudedewsohénolenfeppateermis dliminatedheandsthef rema Hinant
subfragnments, two of which contain the_, .

ones are submitted to the ordinary connecting process. If the

sequence is not regenerated completely, the process of

partition and connection of subfragments is repeated with the

15 same or less severe criterions of probability of belonging to

the particular segment, followed by unambiguous connection.

Using severe criteria for defining unambiguous
overlap, some information is not used. Instead of a complete
sequence, several subfragments that define a number of

20 possibilities for a given fragment are obtained. Using less
severe criteria an accurate and complete sequence is
generated. In a certain number of situations, e.g. an
erroneous connection, it is possible to generate a complete,
but an incorrect sequence, or to generate "monster"

25 subfragments with no connection among them . Thus, for each
fragment of the basic library one obtains: a) several possible
solutions where one is correct and b) the most probable
correct solution. Also, in a very small number of cases, due
to the mistake in the subfragment generation process or due to

30 the specific ratio of the probabilities of belonging, no



sanme begi nning and two having the sane end, there are 4 10 different pairs

of subfragnents that can be connected. In general 2 are correct and 2
are wong. wWoO9BBI18d6 correct ones, t he {)resence of the c®@CHASHS/GOF04
sequences of each pair is tested it he subfragments generated from

all primary and secondary segnents for a given basic fragnent. The

| engt h andudémbipuposiselotishn tise genanated nor senpuertdie ataste pyrebrble avoi d
interference.with seq?%ences whi ch occur by.chanlé‘_ilg.t Theey are k+% r

| onger, an8ClweioRe atReIA2S5Te TEMBHENES 21REIREE S BB S0piSTg %’%quence
n both subliagrenlss Ao idff P Bbkained by NEoMSARG itdiedes qutamikad only
I f the two connetii ng sequences are found and the remaining two do not
exi st. Theother, t ow@etialest sHrbigregptrents bepiackiomrger subfragnents in the
file and the process is cyclically repeated. Repeat ed
sequences are generated in this s

] tep. This nmeans that so
subfradghents are incT%é?ﬁ‘ﬁ“}h%éﬁg?ﬁ%BﬁfY’%ﬁn‘é‘?ﬁrse a[mr%m}é{ They
will be recogniz by, Walel t L t ) NG SEGHEN i ch
engages ongegeragg%fr%%rr]%%tgé é&%ﬁe%ﬁpgﬁhg\%ﬁﬁ %%r@c}?%dei%rﬁﬂsubf ftglgér/rments.

The recogniki 88n0Ent SE otHe ahiethrs Wehioagnents the mbddYeatpedt roft i ocesses
of building pSFs and nergi ng pSFs

102 i Bequenngevexebinsepiian yariongsddlonardsIeny) QikahdreRgttive
sequences of subfragnmepts fro | yen hasi r nt I Sd | ts
sequences 8?%6’8??3gn‘éﬁt§ %%trf’g‘]r ;Ieg}?\{"?h oghgbélé%rrénn% forir%( élmd]t & farnaglrr%t;nt.
The Seﬂyenggﬁrgr§ﬁka@x§éEEﬁéﬁ¥4|6hé“¥81@%%§ﬁg5op@§éﬁiéﬁbVWéferﬁﬁrﬂbtﬂdﬁJnd

i ndi cati ng the m sconnect ed subf ragnents. Besi de t he
descri bed tbrpeepaepsappropxisrtiegadfa. subfragnents sone additional
control steps or steps applicable to specific sequences wll be

necessary for the gegeﬁgéiégbﬁg of sixty 5 kb overlapping "clones" were

randomly defined, to simulate preparation of a basic library:

- Positions of one thousand 500 bp "clones" were

15 randomly determined to simulate making the ordering library.
These fragments were extracted from the sequence. Random
pools of 20 fragments were made, and k-tuple sets of pools
were determined and stored on the hard disk. These data are
used in the subfragment ordering phase: For the same density

20 of clones 4 million clones in basic library and 3 million
clones in ordering library are used for the entire human
genome. The total number of 7 million clones is several fold
smaller than the number of clones a few kb long for random
cloning of almost all -of genomic DNA and sequencing by a

25 gel-based method.

From the data on the starts and ends of 5 kb
fragments, 117 "informative fragments" were determined to be
in the sequence. This was followed by determination of sets

of overlapping k-tuples of which the single "informative



10 nore conpl ete sequence w t hout m stakes. The

determ nation of which subfragnent belongs to whi ch segnent is
per formed bweogpegssson of contents of k-tupl es i n segrertUsosigudios
subfragments. Because of the errors 10A the k-tuple contents (due to the

primary error in pools and 15 statistical errors due to the frequency of

occurrencesr@fment" kohspstes) drley ehactsupaeti bEokrtgpbés suafelaigrerea s is
i npossi bl e. Thus, instead of "all or none" partition, the chance of

comi ng froprefetgruined chhhtwans ¢fsed).) The listyepRrainRd §2F &lig¥s.

subfragnment . This possibilidy, 4 s ! 0 ' of ¢t

k-t upl es, %Hé Péﬂﬁ?ﬁs %1?3 5% lds}% ?":edfrrsént fs?%t%%?geﬁné&%@%‘lr %racgérre%dé of
ordering | Rbap¥geringt 88 SIBErLfndite ARl patdoehed hen peiesntdgen of fal se
k-tupl es in the Tile: (sf, s) = (Ck-F) /Lsf, 25 where Lsf is the

| ength of subfragnent, Ck is the nunmber of common k-tuples for a given
subfragfrent / segnent Fhéertesping ¢fs the algexishmawapepet frrmed o ddie

rel ati ons between | engths, of k-tupl es, fragnents basj i brary, the

si ze of thélﬁl\gﬁla}:_ed agt%nﬁntﬂﬁp TR &t agg? Bgudhed gﬁé%(&

Subf r agment s, sat bk Byk edrhGnénPathid & Wedfereh@iFedt waktR the 10ERi&S@sct

redundant short pSFs and are submtted to a process of unanbi guous

connect i ondathe seef i(oiveroR0 pfoUriembi gusliL6 infoomabiveofiragmentghtagout

different in this case, since jt robabi | i y# hat
n

[ 5b d
subf r agmentd . RioPh PBY e FE Bt NF faléezﬂﬂ'(téﬁp 55 0(8?% ngf‘ﬁé"ie consi der ed.

Beside§0 t%%gativ%CQHEQYY.Of unanbi guous connection is controlled by
fol |l owi ng the connection of these subfragnments in other segnents. After
the connection in different segnents, all of the obtained

In the first experiment, all subfragments were

correct and in only one out of 50 informative fragments the
sequence was not completely regenerated but remained in the
form of 5 subfragments. The analysis of positions of

15 overlapped fragments of ordering library has shown that they
lack the information for the unique ordering of the 5
subfragments. The subfragments may be connected in two ways
based on overlapping ends, 1-2-3-4-5 and 1-4-3-2-5. The only
difference is the exchange of positions of subfragments 2 and

20 4. Since subfragments 2, 3, and 4 are relatively short (total
of about 100 bp), the relatively greater chance existed, and
occurred in this case, that none of the fragments of ordering

library started or ended in the subfragment 3 region.

To simulate real sequencing, some false
25 ("hybri@ization") data was included as input in a number of
experiments. In oligomer hybridization experiments, under
proposed conditions, the only situation producing unreliable
data is the end mismatch versus full match hybridization.

Therefore, in simulation only those k-tuples differing in a



10 subfragnments are nerged together, shorter subfragnments I ncl uded
within |l onger ones are elimnated, and the renaining ones are
submitted twddssigssdi nary connecting process. If the SRERBSY8A0T0s Not
regenerated conpletely, the process of 106 partition and connection of
subfragments is repeated with the 15 sane or | ess severe criterions of
probabi | i t wigglbekdagens oA eithéheepdridanlltie zeglebhe wokeowbsbiered
unanbi guous connection. Usi ng severe criteria for defining
unambi guougo be falee| ppsitdvies; nfBreRe i %is§"n§?t§sé§? nadeead of a
conpl ete sequenge, , several , fr ts,that .define nunper of. 20
posei bi &1 £ 1PER o TR ERET PELRRHT AL edtbngR 4B sle RSt AfR
criteria aagmidhel €a28dpEaRPLEL £ SEALRNGRditive kIBAB1aECHre! Hadegertain
nunber of sitdations, e.g. an erroneous connection, it is possible to
gener at 8 aFadmwel ppeitive kutuplesm areovadetbysequndondy pickdngeackataple
"nonster" 25 subfragnents with, no connecti,on annngpthen1 Thus, for each

fragnent off¥OMe tH&sFEYY i BPRYYPIntt % e raPds 8vaH eghidpppR its

sol utions . ' rec d; b) I : rre

sol ution. %%?‘”?%Eab\%erggaé rra??gﬁuln%efré{ﬁov{:gg%f sggg%eu?g ?Eegmgé?sa % I n
t he subfragfest gandoaliyochpsencestplalie tIm Fisheagpebef scatdstbcallyhe
probabilities of belonging, no VO 98/ 31836 . .

104 un&APEGEEdsnYBPEE| Bf Fhe JEPRE AUWPIJcasRe cRAESNHSt IpRBKAbed in

| uti QR. | I .
cnanbi J0oud 3R, ERBTROEFERE D Rab i U SO REW RIEES g RoelPFg witn phe,

over | apped wiroageakse 6h bnei endil brary. 5 The descri bed

al gorithmwas tested on a randomy generated, 50 kb sequence,
containing 40% GC to_sinul ate the GC content of the hunman genorre. In
the middl e part of tRreductigpo@bntetyih® Seisescdessribad APRASaRE YBMe

ot e P %, g, ERQMSBRE Cin e LARIND SEcAORME tekcadE,
performed due & RheP258d8RAESH’ bARlEnSIEIA.of k-tuples to be copied,

15 altered, and erased. Nevertheless, this percentage 3-4 times
exceeds the amount of unreliable data in real hybridization
experiments. The introduced error of 10% leads to the two
fold increase in the number of subfragments both in fragments
of basic library (basic library informative fragments) and in

20 segments. About 10% of the final subfragments have a wrong
base at the end as expected for the k-tuple set which contains
false positives (see generation of primary subfragments).
Neither the cases of misconnection of subfragments nor
subfragments with the wfong sequence were observed. In 4

25 informative fragments out of 26 examined in the ordering
process the complete sequence was not regenerated. 1In all 4
cases the sequence was obtained in the form of several lenger
subfragments and several shorter subfragments contained in the

same segment. This result shows that the algorithmic



- Positions of sixty 5 kb overl apping "cl ones" were random y defi ned,
to sinulate preparation of a basic |ibrary: - Positions of
one thousanwo3861#3p "cl ones” were 15 randomy determ ned PCTAISp8MOANE

maki ng the ordering library. Thesellor7agrrents were extracted fromthe
sequence. Random pool s of 20 fragnents were nade, and k-tuple sets of
pool s pmneigdeer alhed wodksnorwitlore tleerdeapdrdeskagdhefefalbsa are

used in the subfragnment ordering phase: For the sane density 20 of clones
4 nillion @R&Aes in basic library and 3 mllion clones in ordering
library are used for the entire hunman genone. The total nunber of 7
mllion clones is seygpakyfQbés of txﬁfvgtérfaratth%ﬁ b@etﬁén‘é’bﬁﬁu@zfxc@% a few
kb 1ong for random cloning of alnost all of genomc and sequenci ng
by a 25 gelithakedupdthodntent may be descriibed tinetdana ofi ¢drepketenasand
ends of 5 kb fragnents, 117 "informative fragnents" were determned to
be 5i nande aseyaRYe. IR SRGRIIHIDRN ‘-:W‘e&éttgf’ﬁ? nSYP oPRpF L Sktar of

over | appi n%l%hta%e.lo&ﬁ: 8£nV\Qé gﬁ'ﬁzéﬁﬁ%@ r'ﬂl %S}Aen%)%%_qﬂ&ifvghe inf%rr}lqation is

105 fragment™ consrst. e subset o tupl es matching a
predet er m pE@gingt inetReugeflerdted | seduerniy  aibued oYk Rower where tRBO%
9-nmers, and 5% 10- 12-nmers. Processes of generation and the ordering of

subf r agmenegbiend tpest areeandnte Hesichidivgpe they belong, armfe2} esheng of the

al gorithm was perforned on the si myl.at.ed ta_in xperi ments. The
sequence ofregﬁgeragelgﬁ?gglﬁ%??%et %%glnség%bst%v\l/élse d??é’%ﬁeflg{:\g@avg\nc h-¥he 100%

correcig seqth@h2eS€romOWRIcR Ot R0 DpuplaN ot enktf ©6NBELYLatERINBRE St K@bout
10, 000 bp) with 10% fal se k-tuples (5% positive and 5% 10 negative ones).

In the firgtseaper capnnotabe detéckepentAsavariag the algorithm is
developed to its theoretical limits, as in the use of the
exact k-tuple sets, only the first situation can take place.
There the incompleteness results in a certain number of

15 subfragments that may not be ordered unambiguously and the
problem of determination of the exact length of monotonous

sequences, i.e. the number of perfect tandem repeats.

With false k-tuples, incorrect sequence may be

generated. The reason for mistakes does not lie in the

20 shortcomings of the algorithm, but in the fact that a given
content of k-tuples unambiguously represents the sequence that
differs from the original one. One may define three classes
of error, depending on the kind of the false k- tuples present
in the file. False negative k-tuples {(which are not

25 accompanied with the false positives) produce "deletions".
False positive k-tuples are producing "elongations (unequal
crossing over)". False positives accompanied with false
negatives are the reason for generation of "insertions", alone
or combined with "deletions". The deletions are produced when

30 all of the k-tuples (or their majority) between two possible



correct and in only one out of 50 informative fragnents the sequence
was not conpletely regenerated but remained in the formof 5
subf r agnent WO J#836nal ysi s of positions of 15 overl apped fprexussstos7oaf
ordering library has shown that they 10Back the information for the
uni que ordering of the 5 subfragments. The subfragnents may be
connect ed i atamoswafisthe subbfsagment were dppsagnegativds 2- 3Sinde ankry
1-4-3-2-5. The,onlx . difference,isgkgg eépgange of Egiitiqgf of

subf r agnent BO815AAN 3B Yhe HeAUENGH 1S, feddredoby R KndtuPLeR: rdiiti vel y
short (tota bout 0} : . el.at. t ?Pé‘& exi sted,
and occh??ggrlg%ctéhlag %%%e?gﬁtaltédr%r% gf tctb ﬁ@bgrgégngnlteésq% or?%ari ng

l'i brary st aebageotuttirdefal se tiegstibfasagngmtitl 16Yi ofi. the false negativi®

sinmul ate_real sequencing, sone false_ 25 ("hybridization') data was
i ncl uded asapApkedi nthipufbepapion takegelagenafter nevery aAsRert Sat i on

experinents,, undeg . DI 0PQS I s he.o S] ' duci ng
unreliable TPL® aéf’ga%g?hggeﬁ %q%céﬁ{ cl%r}%eelg]&slﬁgtf gﬁ,(n n‘Jﬁ% gﬁérhlg%lrf%?zat i on.
Therefore, gBnsinBUkagheic g Yusiyes erdirdond188rdiriE8T é68tanEng ten genome

106 singl e el ement on either end fromthe real one were considered
to be fal seegusivalents. These "fal se" sets are nmade as follows. On the
original set of a k-tuples of the informative fragnent, a subset of 5%

fal se positive k-tupl are_added Fal ositive k-tuples are .made by
randonty pi cking a K- ERBRESELo F fhe RECE R, LRBIFRITIe et dr T ng
nucl eotygle @R1EESpositiPEOk UPLES i L the HRletib babb ¥Ed Dispbigmpl) on of
a subset of 5% randomy chosen k-tuples. In this way the statistically
expect ed nusibhereofhéhendosf thmpieqmwee casebei sogehdereddas ntid eudless he

SARRTENERE TN W RGP S L
group of false positive k-tuples producing subfragments longer
than one k-tuple. Situations of this kind may be detected if

15 subfragments are generated in overlapped fragments, like
random physical fragments of the ordering library. An
insertion, or insertion in place of a deletion, can arise as a
result of specific combinations of false positive and false
negative k-tuples. 1In the first case, the number of

20 consecutive false negatives is smaller than k. Both cases
require several overlapping false positive k-tuples. The
insertions and deletions are mostly theoretical possibilities
without sizable practical repercussions since the requirements
in the number and specificity of falsé k-tuples are simply too

25 high.

In every other situation of not meeting the
theoretical requirement of the minimal number an the kind of
the false positive and/or negatives, mistakes in the k-tuples
content may produce only the lesser completeness of a

30 generated sequence.



to 10% of false data. This value varies fromcase to case, due to the
randommess of choice of k-tuples to be copied, 15 altered, and erased.

Nevert hel eswp 9831836 per cent age 3-4 tinmes exceeds the aPCHAISIRF0704
unreliable data in real hybridization 109experi ments. The introduced error
of 10% | eads to the two fold increase in the nunber of subfragnments

both in fragnents  SBHof abasinpléi bualgi¢ basid id meguencaflobyackpesing

fragnents) and in 20 segnents. About 10% of the final subfragnents have a
Wr ong thes SamPlen & % Ad SHEPEX habPy f%’?"kﬁé’&-ktr’t?&ne s§8PeREFcﬁn§oﬁt ai ns

fal se posi 1 es {565 HRNELALLARLE! 1A LORGY: SHP RS Lhe probbll ther (he

cases of mscomnnecti on ragnents nor subfragnments with the wong
sequence Wer ey s ary gtht doduéeds inbbothat miet dregife probest aofl 28mpeni ned in

t he ordering process the conpl ete sequence was_ not .regenerated. . In all
1 O s hathec Wt ethareNgs G BHPHBEE! AR o RO GRobe, rd: o Sageied

e i v

segnent . OWs gori

107 Pri{Cl Mbee ol i 1097 RiiRBedi bt Bhé asgeiqerafenihegdigbskal safter

dat a. The success of the gener ation of the sequence from
its k-tupl evasintrent ondy hegdsedilyedinked esurpert wawidk eadedabededn
accuracy. In the process of generation, two particular i tio can
be defi ned:PA9PHARFS ettetﬁtegin Y| %}’ r REEPBRC s°£ t%em?ls?sﬁer}&d‘l i’lrt%%%geggr at ed
sequencg, &%?%k{w%\@a@ﬁr'% R the sBPPbILLIbH@RI Probandtt @ which type

t hey bg]%ong%ﬁ%n ) the 1r<¥§;enera’?ed iggquence th;p': i s obtai ned does not

mat ch the PAdrseauncddgaamonhiichanherkayt uphé thmtidantisyyofetieed, but

t he m st ake can not be detected. Assum ng the algorithmi
devel oped tkabeked HIRRA i GIPILTHORS PEaEEPnS?&‘ée’&%% # e Sampﬁ?xﬁ‘@?’ RS upl e

sets, only égtee}rt\:[r?éd S‘%};nb%é gﬁe%%%cteagf?.r Bl 88Be1 at oSGt NG IaRC ARGt eness

results in a cértarn n subfragnments that ‘may not be ordered
unanbi guousdy @nFoiter witiprokiatplel ofethraenatbstratfe t hdnedkact Ichrgiclesof
nonot onous sequences, i.e. the nunber of perfect tandefm r%pe ts
15 not working are maximally overlapping sequences of all o the
ligated probe pairs, the sequence of the sample may be
reconstructed. Not of the sample to be seguenced may be a
nucleic acid fragment or oligonucleotide of ten base pairs
(*bp”). The sample is preferably four to one thousand bases

20 in length.

The length of the probe is a fragment less than ten
bases in length, and, preferably, is between four and nine
bases in length. In this way, arrays of support-bound probes
may include all oligonucleotides of a given length or may

25 include only oligonucleotides selected for a particular test.
Where all oligonucleotides of a given length are used, the
number of central oligonucleotides may be calculated by 4"

where N is the length of the probe.



Wth fal se k-tuples, incorrect sequence may be generated. The reason
for m stakes does not lie in the 20 shortcom ngs of the algorithm but in
t he fact thayoagaigsen content of k-tuples unanmbi guousl ypipREGSRMsS t he
sequence t hat differs fromthe origi #8aP one. One may define three
cl asses of error, depending on the kind of the false k- tuples present
inthe file gative k-tuples (which are not 25 acconpanied with the
fal se positlveSE produce "del eti ons". Fal se positive k-tuples are
produci ng " ReaHgangofeqienaimm|Chips crossing over)". Fal se positives
acconpanied with fal se negatives are the reason for generation of
"insertions", alone or. conbj ned with "deletioFg%.§The del etions are

[

produced when 30 all 8Pe?h]elﬁi@tfh?ﬂelss (eg}plﬂ)f«?flrl ?/()Iu%ré?ﬁé%rplf%ess‘

possible  tnen the ordinary oligonucleotide chip &88not be Simhddifeihe
subfragnments are fal se negatives. Since every position in the sequence

i s defingd lreukeld- tUpkesnvéemtor contmmpliatescehaf thes dedethensvercane ommon
case requires k consecutive fal se negatives. (Wth 10% of the fal se
negatives 31 ¥AYIRUE Y8¥Ps.situation takes place after every 108

el ement s) . This situation is extrenely infrequent even in mamalian
genonme sequenci ng Usi Bfe AR 0k 1 BAF #iidehucABbRE 8L BIF &£ BE NG ELNnd probe,
equi val ent s. . El ongation of the end of the sequence “caused by
10 fal se popirbbeePk- saptksti shidepyecimely cabseqiietitbgebe i versdved by since
the end of the sequence can be considered as the endl ess | i near array

of fal se ne§NPEGetkeRLPERE: CHIASRFISATOESE, maY utilize RNR$e (A& positive

k-t upl esypr e I M * <) i i of
Chi o ki 0P S0UEE HRHEL EA0TTERS, | IS cat 1y ERABRE GLAYER Sec UMl IS
fragments, Bi keo pyrinhdades péysdwes dndagreatssothéhphospieatadlinkadyd to An

insertion, or insertion in place of a deletion, can arise as a _, result
of specifi ctbenBaiaceshsneeleatide posihs wadapyorlarse are pygHridina-3 upl es.

In the firstcace, cLhe, IUTRer Ol A GARPRNLEVE. Rl 351 "S0R i HERd S Sl ler

phosphates. RNAse A works in the absence of cofactors and

~

15 divalent cations.

To utilize an RNAse, one would generally incubate
the chip in any appropriate RNAse-containing buffer, as
described by Sambrook et al. (1989; incorporated herein by
reference). The use of 30-50 ul of RNAse-containing buffer

20 per 8 x 8 mm or 9 X 9 mm array at 37°C for between 10 and 60
minutes is appropriate. One would then wash with

hybridization buffer.

Although not widely applicable, one could also use
the uracil base, as described by Craig et al. (1989),

25 incorporated herein by reference, in specific embodiments.
Destruction of the ligated probe combination, to yield a
re-usable chip, would be achieved by digestion with the E.
Coli repair enzyme, uracil-DNA glycosylase which removes

uracil from DNA.



require several overlapping false positive k-tuples. The I nsertions and
del etions are nostly theoretical possibilities W t hout si zable
practical rgpesaiasi ons since the requirenents i n the porivsyscanek
specificity of false k-tuples are sinplyiloo 25 high. In
every other situation of not neeting the t heoretical requirenent of the

mini Ml nunber an thepki BELPE also ddierdalese ppectEveanby/ oleaedalé ves,
m stakes in the k-tuples content may produce onlﬁ the | esser
conpl et enedomd bet¥eegehbeaprobee@rthddien cleave the bond after

109 ., SBH_ a sanple nucleic acid i nged si ng

t he sanpl eqe(?e&t.slﬁﬁporpg’lﬁoﬁﬁgg?)f%bﬁcﬁs Wesgéll}g%géaaﬁg %ﬂé’mfé?'gbel ed
probe or prghes ;igy $@! HekePiLYAEHEVEHaddOW teR1., (Lbgapeang introduced
into the mxture of probes and sanple, 5 such that, wherever a support has

a boundspr gha ianGya lexballed (198p) pBeotlybrefivengesabring speribionlly he
sanple, the two probes W]l be chemcally |linked by the action of the
|i gase. Af tidicorporakgehpryeiBnPY FREFFEMSY | nked support-bound and

| abel ed probes are detected by the presence of the |abel ed probe. By

10 knowi ng the idenigyty 0byLhe SYPPO[1gPOUMLRZABR BhedcondeR3atibnl 8F
| ocation in an array, ana the 1dentity of the | abel ed probe, a portion

of the sequancRddoxyidbsanptiesnydée with cetmygemédomgdehaspaesence of a
| abel at a point in an array on a Format wi.th .a sagple, of three
substrat e. unilenstinehageas- 150 RBEIGOPRT SR CHARL Ral Hggﬁ{?éf’?appi ng

sequengés of all. of the ¢ el : b | engtowi+ t he
sanpl e(iﬁay roee‘."m-‘lcm’rEet SnsS %ggb{ég%ﬁg%@%? t F'gaﬂs%'sl“ﬁrr%ﬁéeh.i'(taogjggél'sequev{'r?b—“[ed may be
a nucl @i aEitd foPegnenén or wi igonueipaN da atetenibeske pbs radded.
("bp"). The sanple is preferably four to one thousand bases 20 in |ength.

Dolinnaya et al. (1988) show how to incorporate
phosphoramidiate and pyrophosphate internucleotide bonds in
DNA duplexes. They also use a chemical ligation method for

15 modification of the sugar phosphate backbone of DNA, with a
water-soluble carbodiimide (CDI) as a coupling agent. The
selective cleavagé of a phosphoamide bond involves contact
with 15% CH,COOH for 5 min at 95°c. The selective cleavage of
a pyrophosphate bond involves contact with a pyridine-water

20 mixture (9:1) and freshly distilled (CF,CO),0.

In a simple case, the goal may be to discover

whether selected, known mutations occur in a DNA segment. Less
25 than 12 probes may suffice for this purpose, for example, 5
probes positive for one allele, 5 positive for the other, and
2 negative for both. Because of the small number of probes to
be scored per sample, large numbers of samples may be analyzed

in parallel. For example, with 12 probes in 3 hybridization



The length of the probe is a fragnent |l ess than ten bases in | ength,

and, preferably, is between four and nine bases in length. In this
way, arrayswi egiigsort - bound probes may include all ol igepysdsReiph des. of
a given length or may 25 include only bt2gonucl eotides selected for a
particul ar test. Where all oligonucleotides of a given |length are used,

t he nu 16, contdiof fetdrorietloniti He8i by dehe aletperitad fnond|ear r |
where N is the length of the probe. ] o
110 Fetisnhrae Remiialyzesd @8 one 6 x 9 in memhyane |qoRdEisdngs 12

enpl oyed in_t sequenci n LOcess, h rdi nany. ol_i go | eoti de
chip cannotxbgfiﬂgﬁe A %J)c‘sh r“"el%zleg.4 ﬁiﬁggi ﬁ%{;\ oerr&clglrﬁ 31%5] EVRCES m this
may be Over§§§ﬁent from JAMPLAUSIAYSIn this example, SAMHIEY nRRPLRY :
ri bonucl eotides for the seg%nd probe, - probé)P, so that this probe may

subsequent | préparedoimedinty-fourNASeweldaphates . ANEe nlad® mayt may utilize
RNAse A an 10 endori bonucl ease t hat sgegifigfll att acks singl e- t%ggded
RNA 3 FEPTSFEM e RaAliSites 2@qcerBavetl ¢ 9k &e

the adj ace”bﬁqﬂ%é%rﬁ’éﬁ@ée-%é_ hse %Wz@ﬁ@?ﬁ‘ﬁe%&nfgﬂé Mg 1l € 43 1ate90hgraRN§<§g@tA es

and ol i gonucl eotides wth termnal pyrimdine phosphat es.

wor ks i n thgpatisedcin adfouwnfegldrcasang fobrdguattests caf itdres .same

To utilize an RNAse, one would generally incubate the chip in any
appr opr i at e"¢IRERO®ont ai ni ng buffer, as descri bed by Sanbrook et al.
(1989; incorporated herein by reference). The use of 30-50 ul of

bR’g'f*Sv\g'eﬁfU%a;mj”g Ob”f £7se b2 BrépdsHhy b e fedPBA WP iHg13! [Hahh&af o
pipetting or by a single pin transferring device (or by an
array of individually-controlled pipets or pins) for each of
the 96 segments, and the selected probes may be arrayed in
twelve 96-well plates. Probes may be labelled, if they are not

15 ©prelabelled, and then probes from four plates may be mixed
with hybridization buffer and added to the subarrays
preferentially by a 96-channel pipeting device. After one
hybridization cycle it is possible to strip off
previously-applied probes by incubating the membrane at 37° to

20 55°C in the preferably undiluted hybridization or washing

buffer.

The likelihood that probes positive for one allele
are positive and probes positive for the other allele are
negative may be used to determine which of the two alleles is

25 presént. In this redundant scoring scheme, some level (about
10%) of errors in hybridization of each probe may be

tolerated.

An incomplete set of probes may be used for scoring

most of the alleles, especially if the smaller redundancy is



m nutes is appropriate. One would then wash with hybri di zati on buffer.
Al t hough not w dely applicable, one could al so use the uracil base, as

descri bed byygsgdigzeet al . (1989), 25 incorporated herein bypépisaRimg: N
speci fic enbodi nents. Destruction oil13he |igated probe conbination, to

yield a re-usabl e chip, would be achieved by digestion with the E.

gﬁﬂa\i repai r s @ZYafentlf acld - [N Qer(E%Yb%SeEhxﬁli‘cﬁeﬁ% the ﬁﬁe%‘%!cef rdi“lmd
: e cou
al so gener atlesenspein fa canipieclofavalel ef thebbtwd dklevssh. tHoer poeivgsdeand t hen

cl eave the bond after detection. For exanple, this may be achi eved by
chemcal  "iFRgar$eh of RS apg §ﬁ§ﬁ§?g€%e’é? i 2 9(]f‘9§%an§r‘?d ofg

Dol i nnaya ef:aks. . ( I e LN | f

i ncor por at eglﬁéjr'% né‘g)i@}aesfée)%cgg sitive ﬁrQSé Em?sﬁa%)aé%\a/égl eyettwacl)l _al(l 1%5’18)
descri be t heogoandeasddnn adflected dbicgedetkyr i heomibd eotdete o fnigrhob@sanogen
brom de as a condensing agent. In their one step chemcal ligation 10
reaction, tHaYoPegeRiENRd & rafderEafel conbeplerand otiesnbiases dgol ed to
OC, then 1 10 Br i etonitrile is added. Dol i nnaya
et al. (198 esﬁ%gvmﬁ%%vﬂ\éoa#]pnl%gsr‘porate phosphoram di ate and
pyrophosphate internucl eotide bonds in DNA dupl exes. They al so use a

chem cal |igation nmethed fiorl Henemedigheaadihg) $énddanbpdd aaipIsFiale in
backbone of DNA, with a wat er - sol ubl e carbodiimde (CDI) as a coupling
agent. The an appxdpxiate munkeragd segaephssphotngaih maamaMvolas estc ot act

WU LS RSSO, A, REYbOaIle Spoll R tloaRte
(9:1) and frespiyiges! itnésdt flRle ey Laeht 9fy whetEWRIerD 15 a
Di agnostics - Scoring Known Mitations or Full léene Resequenci ng
mutation anywhere in the analyzed segments. Segments (i.e.,
subarrays which contain these segments) where one or more
mutated sites are detected may be hybridized with additional
15 probes to find the exact sequence at the mutated sites. If a
DNA sample is tested by every second 6-mexr, and a mutation is
localized at the position that is surrounded by positively
hybridized probes TGCAAA and TATTCC and covered by three
negative probes: CAAAAC, AAACTA and ACTATT, the mutated
20 nucleotides must be A and/or C occurring in the normal
sequence at that position. They may be changed by a single
base mutation, or by a one or two nucleotide deletion and/or

insertion between bases AA, AC or CT.

One approach is to select a probe that extends the
25 positively hybridized probe TGCAAA for one nucleotide to the
right, and which extends the probe TATTCC one nucleotide to
the left. With these 8 probes (GCAAAA, GCAAAT, GCARAC, GCAAAG
and ATATTC, TTATTC, CTATTC, GTATTC) two questionable

nucleotides are determined.



In a sinple case, the goal may be to discover whet her sel ected, known
mut ati ons occur in a DNA segnent. Less 25 than 12 probes may suffice for

t hi s purposewofgnigganpl e, 5 probes positive for one al lgdmysobomesi tive
for the other, and 2 negative for bot¥ Because of the small nunber of

probes to be scored per sanple, |arge nunbers of sanples may be
anal yzed i n paral lMle noet exaepiehypbthedPs plahins vhe Jwindviiocdi mali be
112 cycles, 96 different genomc |oci or_gene segnents from 64

pati ent may drterminstd Far ¥8TBlR, 0Aj is nfpprde RhitAted £» G. There,

subarrays each with 6 Qts representi the sane . ment from 64
patients. IrFﬁ%ﬁ%m%i% é?nﬁaﬁ%Féf%ﬁ%9n%% Qh%fiwﬁﬁégigfﬁ ﬁlgiggy-four

96-vel | pl atgspy1faciedt ¥ AR th ¢ i6CPRESENTy WM idinitheded igagh wel |

may represent one of the DNA segnents to be anal yzed. The sanples from
64 pl ate$ neddition tospditedhiangkoan iwpérithen axf fanme quembeary ofobaskhe sane
menbrane. 10 set qf 12 probes na e sel ected i ngl e
Channol " Beiyean imaylor A7 Samaragi 8 Bt Charta iR dovi 0 CHE ot
array of i ndjm { Y= d;Ri ReL st fye P fle e ot t he 96
segnents, an é[lﬂg%le elgg;?fgyg%esl mayéﬁg a?lro%l;;/@e%le icﬁf * twelfyveh&rsl-&ell

pl at es. Prohsiseditad eidsabdlyl @d, lehstheyeabeidging krohw elonpalilsdthg &he t hen
probes from four plates may be m xed with hybridization buffer and
added to t hensidfd Resition (BAELIAY i andywhih An@adddHnnalyidorckgsdevi ce.
After o ridj | 0 e khahS~P [ | ff
previougﬁy-a red é?gégghb3m%%§hbaFéﬁéé?h%E%E t@%ﬁ@ §¥ﬁggFngFT?gT20
S5[err] C in ¢dearrefer alerainge whag bybé'rddza?é | ] ewshi ng buffer.

The |i kel ihood that probes positive for one allele
mutation-solving probes.
In the case of diploid, particular comparisons of
scores for the test samples and homozygotic control may be
15 performed to identify heterozyéotes (see above). A few
consecutive probes are expected to have roughly twice smaller

signals if the segment covered by these probes is mutated on

one of the two chromosomes.

20

Using universal sets of longer probes (8-mers or
9-mers) on immobilized arrays of samples, DNA fragments as
25 1long as 5-20 kb may be sequenced without subcloning.
Furthermore, the speed of sequencing readily may be about 10
million bp/day/hybridization instrument. This performance
allows for resequencing a large fraction of human genes or the

human genome repeatedly from scientifically or medically



are positive and probes positive for the other allele are negative may
be used to determne which of the two alleles is 25 present. In this

redundant segplgsisseheme, sonme | evel (about 10) of err eerrsébiooos
hybri di zati on of each probe may be t 1 8r at ed. An
I nconpl ete set of probes may be used for scoring nost of the alleles,

espeC|a||y L LRC SR | Bla R BERA}C Yo $esequence 50% of the human genes,
11 sufficient, 'e.g. one or two probes which prove the presence or

absence in abeatrpl@o ohibhierofor He theckebel Ehat F!oayé@@rdﬂr@ in awith a set
of four thousand,K 8-pers there i 1%,chance of f.indi ng .at | east one
posi tive prdB a'f-bYegﬁeSk&ﬂrti t@ﬁ’\ﬁ(ﬁiagl%l gllg‘g atrap affordahds c'S%te‘ct ed | ocus.
The inconplete set of probes may be optimzed to reflect G+C cont ent

and other biases in rppig té}ﬁ:ﬁ@s\/ﬁ%_@egﬁgﬁlc@ﬁg capability may bd Usddililn
gene sequenci ng, genes may be anplifie an appropriate nunber of

segnent s5 Feeveash sagsretd ,idersdtfyofnuta@iopsobed/¢abyrneithalr ceoder 2- 4
bases) nmay be sel ected and hybri di zed. These probes may identify
whet her t heferjdigorders RE AN PEARFMERE SN Pﬁ%l‘é%a]r@'zéﬁu‘&%ﬁg nethich may

Segnent's (i bga?oxav%;ﬁéé‘bﬂ{t{@ cﬁ)ﬁﬂy)cgr%g\;b%gghz:gféf éf%ﬂaégt h%ra‘c'i%‘?{o‘?nl Qne or

nor e €s are tecte ridi ze I Ona

probes to fbhrA bhepexbeits afuangarat cuilarmiisbedess sy bd fused as DNA
sanple is tested by every second 6-ner, and a nutation is | ocal i zed at
t he posutuoatanmngsm%wfmﬂrﬂjed’w hesin: spurges of %u%ﬁxﬁaﬁtm (ﬁ?é’@STGCAAA
and TATT and covered atiye and
ACTATT. T 1O PERUTEE 7 2ot o SPPREDE L BEC AL ™Y i BFSHRE & ¢ he
nor nal e§€Hé'§nB§‘ alodite RdddueRs BReyy BN Ber£haged e igmgl e
base nutation, or a one or two nucl eotide del etion and/ or I nsertion
bet ween baspgo¢¢duresofoﬁ‘example by PCR). If cloning is used, the

minimal set of clones to be analyzed may be selected from the

libraries before sequencing. That may be done efficiently by

15  hybridization of a small number of probes, especially if a
small number of clones longer than 5 kb is to be sorted.
Cloning may increase the amount of hybridization data about

two times, but does not require tens of thousands of PCR

primers.

20 In one variant of the procedure, gene or genomic
fragments may be prepared by restriction cutting with enzymes
like Hga I which cuts DNA in following way:
GASGC(NS')/CTGCG(NIO'). Protruding ends of five bases are
different for different fragments. One enzyme produces

25 appropriate fragments for a certain number of‘genes. By
cutting cDNA or genomic DNA with several enzymes in separate
reactions, every gene of interest may be excised
appropriately. In one approach, the cut DNA is fractionated by
size. DNA fragments prepared in this way (and optionally

30 treated with Exonuclease III which individually removes



One approach is to select a probe that extends the 25 positively
hybri di zed probe TGCAAA for one nucleotide to the right, and which

ext ends t he wHosisIATTCC one nucl eotide to the left. VéthukdasmeS
probes (GCAAAA, GCAAAT, GCAAAC, GCAAAG 116 and ATATTC, TTATTC, CTATTC,

GTATTC) two questionabl e nucl eoti des are determ ned. 114

The nost | i kgkYebBYPatBesiomabigat3 t thdndhndl 166r8BYeHElength deider m ned. For
exanple, Ais found to be nutated to G There are two sol utions

sati sfied bppenéfécityubfstheiends) may beedigpensed &b Whetubes jar tive only
change or there,is_in .5 addition to that, change i nserti of , sqne
nunber of bﬁgéglweli BLEhR'n éﬁﬂ@)ﬁ(ﬁﬁ%ﬁiﬁWﬁ f %Fgﬂg ?he ?%ﬂéﬁ%ﬁ%ﬂfﬁ%eﬁﬁ= t he
resul t thNaPELARLAGBEORGS dry Al ¥ 1ENE26 PREL AP Sedi@Yof hen be
checked firgﬁkgyaa%bﬁggggpone brf%ging prgbe cogprisindﬂ?he ° nmut at ed
posi ti ons ( AApgbTApraatdeviéhgin, saddidimnrd] alaptebesmay 10e Creledt edCARAGT,
CAAAGC, CAAAGG and ACTATT, TCTATT, CCTATT, GCTA;T, | There %%f man
other ways e¥ez¥l gepe fragyent | hits 18RSy ter Begmplitied. These 3dRARGEFLase

of diploid, rti | OfLS: f ef.,f QL4 EMHEQ es and
honDzygotica%%n§%§gkﬁéyg§§pé%%§ perﬁg?ﬁgng%&?QeEYi?élﬁet%é% :Eotes (see
above). A fewom 1000N5858ptéve, N GRESL idre paXipechad¢ be denerdvahlymisvLe
smal | er signals if the segnent covered by these probes is nutated on
one of the midlépnodbEberent fragmeuivPrEY2be Bpecifénlly campbifisd denes

(NUtaFIﬂPS)tﬁgsggggkgégl cond{é{oé§”w¥€ﬁﬂg %%EQEEEaf”EaE%hS% ﬂ%f%éé%

complementary to the common end of the adapters.

If a DNA difference is found to be repeated in
several patients, and that sequence change is nonsense or can
change function of the corresponding protein, then the mutated

15 gene may be responsible for the disorder. By analyzing a
significant number of individuals with particular traits,
functional allelic variations of particular genes could be

associated by specific traits.

This approach may be used to eliminate the need for
20 very expensive genetic mapping on extensive pedigrees and has

special value when there is no such genetic data or material.

Techniques disclosed in this application are

25 appropriate for an efficient identification of genomic
fragments with single nucleotide polymorphisms (SNUPs). 1In 10
individuals by applying the described seguencing process on a
large number of genomic fragments of known sequence that may

be amplified by cloning or by in vitro amplification, a



Usi ng universal sets of |onger probes (8-mers or 9-mers) on
I mmobi | i zed arrays of sanples, DNA fragnents as 25 |long as 5-20 kb may be

sequenced wiwdeosisissaibcl oni ng. Furthernore, the speed opcseseswoning
readily may be about 10 mllion bp/d&¥7hybridization instrunment. This
per formance allows for resequencing a large fraction of human genes or

the hungwe Sedisre: mepeRiredty DNAcwesmeanki #icn! $yurs mmdimal |y
115 interesting individuals. To resequence 50% of the human genes,
about 100 nmidéenbhfisd| ThehRUa@morphdc Fapopenadnare further ugeg jage S hor t

period of ti at_an_affordahl e cost. . hi no S
resequenci n’&a”%}é%ﬁ I }R/serrénf rg(ee%l?s%%ei ﬁltgegevg?%?d lgl%‘;—]toolfsllg"en{élgf?r;

nut ations aggiee & thareRdthapped 52Esili orEiess iy B gy traits.
Basi cal | y, rrRl\tlgé (whi c lkrf%i/ bepgonverted into C%NAS fromparticul ar
ti ssues Sr genouglc the DNeafinmpirocedunet Heparibedikalalt sorders may be
used as starting materials. From both sources of DNA, separate genes

10 of genomic fragne of appropriate l.ength may be prepared ei t her
by cl oni ng procedure Psb)}“?ﬁl%ﬂ ST &M Ll gXSFYO%“glV1‘%'}%Cé"Ceﬁﬁ”bs (for
exanpl e by P&igévaﬁé[ £4R0 N ot 'ﬂ)%%@’latt:i_%ns by Sl B} ikeimHklonesy to be

anal yzed may be selected fromthe I brari es before sequenci ng. That nmay

be done effarrapihy tlyem lim thebrficdne @ifi aheofraaygnef | suharherysof Gubshmwmys
especially if a . smal | nunmher of clanes |onger than 5 kb is to be
sort ed. cenedingt iy ank 4 REPArdARE 6FORyBRE AN %R dat a about

10 o T B GRRERTIEL £SRUS ViR WiORReAe Bladifficice O MG,
prepared bymiestibgs) an ééﬂtdmg;” wirt NeeBzpreBes positive for one allele
and 6 or less probes positive for the other allele may be
selected and scored. From the significant association of one
or a group of the markers with the disorder, chromosomal
15 position of the responsible gene(s) may be determined. Because
of the high throughput and low cost, thousands of markers may
be scored for thousands of individuals. This amount of data
allows localization of a gene at a resolution level of less
than one million bp as well as localization of genes involved
20 in polygenic diseases. Localized genes may be identified by
sequencing particular regions from relevant normal and

affected individuals to score a mutation(s).

PCR is preferred for amplification of markers from
genomic DNA. Each of the markers require a specific pair of
25 primers. The existing markers may be convertible or new
markers may be defined which may be prepared by cutting
genomic DNA by Hga I type restriction enzymes, and by ligation

with a pair of adapters.



|ike Hga |I which cuts DNA in foll ow ng way: GACGC( N5' ) / CTGCE N1O ) .
Protrudi ng ends of five bases are different for different fragnents.
One enzyne MOoeBBag3s 25 appropriate fragnments for a cert airCTUSHBAE0700f
genes. By cutting cDNA or genonic §ith several enzynes in separate
reactions, every gene of interest nmay be excised appropriately. In one
approach, the cut DNSNWP fmeadkeirengendbpyamplifind or pRettedymsnpoopsesar ed
n e 3ugﬁy€,§ e P Mok 2 §782hetadh! A PIHEAARG actlbhs . 1n

nucl eot i destk{{%re%#?, GrordN Rl sl HeEeRESSed S o Gample SRBeh 4City of
the ends) may be dispensed’in the tubes or in mul tiwell plates. Froma
rel ativel y masitdrs aedreofpddledadad: epstted ontiR arepmnnen memktramesandhan

vari able protruding end of 5 appropriate length, a pair Qf adapters nay be
sel ect ed f #8 probas erl2 é@ﬁb"?#%ﬁﬁénWaYth ?EQ%Eﬁt%PI&aQMﬁ;qSPied. These
adapters ljgated and then PCR is perforned by universal priners.
From 1000 &%&%@gﬁ%?hg mllion pairs may be generated, thus a mllion
different fpaosmilicn Ml Yersfcestienldly IawEpltikiyeds i PNA 1frddigarith

conditions with a universal pair of priners conpl enentary to the
common end of the adapters. If a DNA difference is found to

be repeated in J&Nfefaggentengsnesatied oY RIS ftd hshg§Eing  nonsense

or can hange functi f X nelj ei h t ed
06 “atne o FORRE GGt D8] BT EELAEERINEL . BGHE e BSA Gl b
si gni fijgantidawbefied iMd \Uxghedlimentt h pasht Lfd Gt idrdinaS; be perifdetieanal

allelic variations of particular genes could be associ ated by specific
traits. by verifying the prgsencachinayDl2 hardl oo snganfist i@ge oneed for

20 very ex sive genetic mappi on_extensive pedi.qr.ees.and _ha .
speci al ~ val vﬁ‘?e%c%ﬁ??éo]ﬁef o é\ggﬁrﬂaﬁé}’? Y it aé)%erc ceﬂld‘lg.OnuﬁeOtlde

may be prepared and used to verify a DNA sample in question by

hybridization. The procedure developed here allows for more
15§ efficient identification of a large number of samples without
preparing a specific oligonucleotide for each fragment. A set
of positive and negative probes may be selected from the
universal set for each fragment on the basis of the known
sequences. Probes that.are selected to be positive usually are
20 able to form one or a few overlapping groups and negative

probes are spread over the whole insert.

This technology may be used for identification of
STSs in the process of their mapping on the YAC clones. Each
of the STSs may be tested on about 100 YAC clones or pools of
25 YAC clones. DNAs from these 100 reactions possibly are spotted
in one subarray. Different STSs may represent consecutive
subarrays. In several hybridization cycles, a signature may be
generated for each of the DNA samples, which signature proves
or disproves existence of the particular STS in the given YAC

30 clone with necessary confidence.



EXAMPLE- 21 Scoring Single Nucl eotide Polynorphisns in Genetic Mapping
Techni ques disclosed in this application are 25 appropriate for an

efficient igevisigsgati on of genom c fragments wi th si pgiraseseolent i de
pol ynor phi sms (SNUPs). In 10 i ndi vi 848l s by appl yi ng the descri bed
sequenci ng process on a | ar ge nunmber of genom c fragnments of known

sequence that may  Tobeeduipd i fhechumpert afi Agdepehgenn BCR roeactplods ot i on,
a ‘ 117 sufficient nunber of DNA
segnents wthe snobsrne§ bedependeniefigmiled LoResSBoFyHRY ph?%"?’F%gn%qFﬁ% are
further used_as SNUP, ., .. T rke [ W

previ ous| y "G¥or® a“‘Plé%%%F%{ﬁ@a%%%f% e% %a%%gg{ag?%s Pgﬂ?ct hey Tay. be
mapped 5 throuwghmtReascrespbogiwBEedyl erdesenbbedobel probes have to

SNUPs nmay be“scored in every individual from relevant famlies or

popul at fondebpcamphi pgr ngneeddier sSThndoolingapfafThy ifeinderendentored of the
array of subarrays, Subar

rays contain.the s mar k 'f'ﬁgf
the anal yz@®°1819; N&{Fi and ‘g"fw Y Ié%eccﬂ S rREE, eaggleﬁ ?ﬁegé?gggrﬁ#st*cs '01[ o
known fﬂitsa%'cg@ae 25SELpOLi S PF dtaSHdYiRResnbaskbvyeal oprepesal l el e
and 6 or |eéSs probes positive for the other allele may be sel ected and

scored. Frqadelded githi dafifenssocialdmn afe hybridized togeblhgrof the
markers with the disorder, chronosonal 15 position of the responsible
gene(s) may be deternin

ed. ,Because , of t.he hi gE t hr gu ut and | ow
cost, thousands of nﬁPkégglﬁﬁ‘?n to gRnEuRakt o Pty Bﬁsﬁﬁﬁggg C“i"n%hgv?dual s.
Thi s afpuniog (alfent 1ndh! Gifipl OCallE UM OLIADIANRP! ba EsEGhakEAN
| evel of | é€ss FRan one m ?lon bp as well as localization of genes
i nvol ved 2fkiiny peltypetttedi sasks. hylmciadizad ogenés semprbd separateed by
sequenci ng particular regions fromrel evant nornmal and , ,
probes or one or more pools of probes. By comparing obtained
intensities with intensities for control samples having a
known amount of DNA, the quantity of DNA in all spotted
15 samples is determined simultaneously. Because only a few
probes are necessary for identification of a DNA fragment, and
there are N possible probes that may be used for DNA N bases
long, this application does not require a large set of probes
to be sufficient for identification of any DNA segment. From

20 one thousand 8-mers, on average about 30 full matching probes

may be selected for a 1000 bp fragment.

25 DNA-based tests for the detection of viral,
bacterial, fungal and other parasitic organisms in patients
are usually more reliable and less expensive than
alternatives. The major advantage of DNA tests is to be able

to identify specific strains and mutants, and eventually be



affected individuals to score a nutation(s). PCR is
preferred for anplification of markers from genonm ¢ DNA. Each of the
mar kers reqwo ss/a83gpeci fic pair of 25 rimers. The exi stiFg/ossloEns nay
be convertible or new markers may bel#fined which may be prepared by
cutting genom c DNA by Hga | type restriction enzynes, and by ligation
with a pai raiofe atappply more effecti8e treatment. Two SR immtiens ezr be
anplified or spotted as pools to reduce the nunber of independent

anpl i fi cat i $pssEhRed -O% this case, nore probes are scored per one
sanpl e. \Wen 4 mar kers are pool ed and spotted on 12 replica nenbranes,
then 5 48 probes (12ngelorBudidle) ofBYaPRnSHATSM 181t 1O Gelistance YeNBEE 22
Det ecti on and Vbrlflcatlg% of entity o DNA Fragnent s DNA
fragments gemepadesrigl riasfaddionenmayt be ngested by |ampInd ydmg mheistr o
anplification (e.g. PCR) frequently nay be identified in_a experlnent

| denti f i‘atgeresmyThe FRlidiad Pmduﬁ'ffsng‘P‘F‘yq-% H%Fe‘-%’%t@sé\%’ebéf sRopk&Iband
of specific,si o) I tr I pecific

ol i gonucl eo%ﬁdéso &barra)gf an?e%%r e %Sﬁ %Iof | ag\b&%sglrr%%e in

question byrep eaifb’@rﬁéhrzailm ohha prﬁcmdum x@l@w&wdmﬂréa@hl gwsef on2nore
15 eff|C|ent identification of a |arge nunber of sanples w thout

preparing apscpb@a;fma:y dre phesitest ifae posibivd andgmraative seoring.of

positive a negariv r obes be .se e ted r ni versal set
for each fpgﬁﬂ%ﬂg' ?F% g%ypefﬁgrwﬁ $ CY%i%ﬁmﬁ%Eét%ﬁﬁ8b§S fat are
sel ectegh t oy brﬁuc?l?%rﬁéi’?ef‘%@é lof #x80e8 1§bxln83E 01 fHE 1Y U B v ifBWsal.
over | appi ng groups and negative probes are spréad over the whoie

i nsert. For example, THian teecetobdgpneayhbesasd® fuers,dem iafviecageod Oof

probes are positive in 1000 bp fragments, and 10 positive

probes are usually sufficient for a highly reliable

identification. As described in Example 9, several genes may
15 be amplified and/or spotted together and the amount of the

given DNA may be determined. The amount of amplified gene may

be used as an indicator of the level of infection.

Another example involves possible sequencing of one

gene or the whole genome of an HIV virus. Because of rapid

20 diversification, the virus poses many difficulties for
selection of an optimal therapy. DNA fragments may be
amplified from isolated viruses from up to 64 patients and
resequenced by the described procedure. On the basis of the
obtained sequence the optimal therapy may be selected. If

25 there is a mixture of two virus types of which one has the
basic sequence (similar to the case of heterozygotes), the
mutant may be identified by quantitative comparisons of its
hybridization scores with scores of other samples, especially
control samples containing the basic virus type only. Scores

30 twice as small may be obtained for three to four probes that



STSs in the process of their mapping on the YAC cl ones. Each of the
STSs may be tested on about 100 YAC cl ones or pools of 25 YAC cl ones. DNAs

from t hesewiDeB/3gssct i ons possibly are spotted I N one FOMIESIBAYI04
Different STSs may represent consecuti @l subarrays. |In several
hybri di zati on cycles, a signature may be generated for each of the DNA

sanpl es, ¢bielr shgnatiteemptaved in ome off yheotres exrssetygpesfptrésent
particular STS in the given YAC 30 clone with necessary confidence.

119 in the sampde g@ee2PPEhunber of independent PCR reactions or

t he nunbeﬁgﬁ#ﬁkgg%gendent sanpl es for spotting, several STSs may be
anplified ously in a reaction or PCR sanples may be m xed,
respecti vedopenkict Bha BHSenYE JenehEschiento 5 be scored per one dot.
The pooling of STSs is independent of ooling YACs and may be used on
singl e YACs or pools of YAGCs. This schene is especially attractive when
severaP probes SeEBEREE PPIYRFRhisRammaks ans1adevhgnuai qgoremigget her.

In additi to _caonfir IO . 1 he j.st.enc Q¥% r nt in a
sampl e, t _AéﬁﬁﬁﬁPeOf §%§& %Qe%ﬁgiggﬁélé% %Eﬁgﬁnégin en%i??e of the
hybri di zatd1en qf cge¥ekaliesCPRbRt £ crime BARRRS 208 eBRApAEisBHhEwPER! S Of

probes. By conparing obtained intensities with intensities for control
sanpl es h®ampes from gmimanakovswespettONA sufdigagnti nymberDNA in al |

spotted 15 _sanples is.determ ned sipmultaneously. Because only a few

pr obes aré#ﬂé@@§§§ﬁ§ ?6geFd@ﬁ?i??%£ﬁ$c#P(ﬁr° uﬁﬁAafPﬁbﬁBﬁt?lgﬂ%ture °fhere
are Njpossg @d%pﬂ%QbQ%HtR§§ SEYi D¢ 48k TOMmJIAnNCREEBEde polbﬁaﬁ?hiémé
application doés not require a large set of probes to be sufficient

for identitd gatodureosuahysbDidasegaent. From 20 one thousand 8-ners, on
average about 30 full matching probes

A set of DNA fragments (10-1000) may be amplified
from samples and suspects. DNAs from samples and suspects
representing one fragment are spotted in one or several

15 subarrays and each subarray may be replicated 4 times. In
three cycles, 12 probes may determine the presence of allele A
or B in each of the samples, including suspects, for each DNA
locus. Matching the patterns of samples and suspects may lead

to discovery of the suspect responsible for the crime.

20 The same procedure may be applicable to prove or
dispfove the identity of parents of a child. DNA may be
prepared and polymorphic loci amplified from the child and
aduits; patterns of.A or B alleles may be determined by
hybridization for each. Comparisons of the obtained patterns,

25 along with positive and negative controls, aide in the
determination of familial relationships. In this case, only a
significant portion of the alleles need match with one parent

for identification. Large numbers of scored loci allow for the



may be selected for a 1000 bp fragnent. EXAMPLE 23 I dentification
of Infectious D sease Organisns and Their Vari ants 25

DNA- based twetsg/3issé t he detection of viral, bact eri al , pcangesooaeyd ot her
parasitic organisns in patients are1@§ually nor e rellable and | ess
expensi ve than alternatives. The mgj or advantage of DNA tests is to be
abl e t avoddahctyofpetatist itakhiersrarsd imutthet proaadues eat uaf | wadieing

120 able to applé nore effectjve treatnent. Two applications are
descri bed GEE§KEES of de novo mutatipngy esence of 12 known anti biotic
re5|stancegﬁggfei!}??‘%5 in bacterial infections may be tested by anplifying
these 5 g anpllfled products fron1128 patlents may be spotted
in two subag ] 2116 ‘ o8 : repeat ed
probes may be
1Bdoilpgica : Ve S Bt & MRS di zati ons may be
performed in 3 cycles For these tests 10 a nuch smal | er set of probes
is nost likely to be universal. For exanple, froma set of one
t housand 8-ners, on average 30 probes are positive in 1000 bp
fragments, and 10 positive probes are usually sufficient for a highly
reliable i dent i Meaatuir@fng the dbSehiding iof Glaephie Qarsevesas @enes nay
15 Dbe anplified and/or otted together and the anount of the gi ven
DNA nay be sdetrerfmCﬁe& tmgeaneﬁntoet ey icaswlgeneeifayal genegd oXed as an
I ndi cat or t.he | eye

I nvol ves pﬁ??ﬁﬁﬁem éaﬁgﬁggﬁbafcﬁ%#kapeI“”&@hgegflPRQe%EoPgeéeﬁgﬁgg%? an HV

\é' ][ ]ys 1|Btecwsot>fr 2Bhe1udQond| Vaush fdS AddrNustiBa sV red8r2988St HB NYmpact
| I CU I es or
of the environment on the genotypes, history and evolution of

a population or its susceptibility to diseases or extinction,

and others. These assessments may be performed by testing

specific known alleles or by full resequencing of some loci to
15 Dbe able to define de novo mutations which may reveal fine

variations or presence of mutagens in the environment.

Additionally, biodiversity in the microbial world
may be surveyed by resequencing evolutionarily conserved DNA
sequences, such as the genes for ribosomal RNAs or genes for

20 highly conservative proteins. DNA may be prepared from the
environment and particular genes amplified using primers
corresponding to conservative sequences. DNA fragments may be
cloned preferentially in a plasmid vector (or diluted to the
level of one molecule per well in multiwell plates and than

25 amplified in vitro). Clones prepared this way may be
resequenced as described above. Two types of information are
obtained. First of all, a catalogue of different species may
be defined as well as the density of the individuals for each

species. Another segment of information may be used to measure



selection of an optinmal therapy. DNA fragnents may be anplified from

I sol ated viruses fromup to 64 patients and resequenced by the

descri bed pwoosdusse. On the basis of the obt ai ned sequaEIA@VEO70Ht i nal
t herapy nmay be selected. If 25 there i €23 mixture of two virus types of
whi ch one has the basi ¢ sequence (simlar to the case of

het er ozygotie) infheence ofrecmtogisalbddatems predobjutient PR dthee
conmparisons of its hybridiz%%toqgﬁﬁfres wi th _scores_of o}h {csqules,
especi al | yecosysEgRe r bF BaWpFeLeah g iiSTy SRS BREFESTi 718 T3P SRS

Scores 30 LW,Ge. 83, SPRL! apiabi- oLl Al nedl dihg! BeeiLe {oUE1pEebesatbat

121 cover the site nutated 1n one o he two virus types present
in the sanpletheepoalbovedn. The MAIVRIE 240 is BppémsablanfioPar ent al
Identification 5 Sequence pol ynor phi sns make an i ndi vi dua

genoni c5  seqpRAciRBqONAS TEYQM pke$8+LSanal ysis of bl ood or other body
fluids or tj oma crine scene and conparison with sanpl es from
crim nal s&@%@%ﬁgfgé suf ficient nunber of pol ynor phic sites are scored
to produce g tldaicd - O A 55 e 1@ FaNphbei OBt 8peadeby score single
nucl eoti de pol ynor phi sns to produce such signatures. A
set of DNA fragnents (10-1000A may be anplified froalsanglef,aagla
suspects. DNAs from DNApPEsRNAJSRERHRE (RAY be detsrtednaPHyIBARELFLGTeRY are
spotted in one or, several., 15 subar . e r y epli gat ed
4 times. | r?mpeloytlﬁlgeg 8§8P85?a1g %rl%g%s”?i?/a ndglt%gra %!é?igﬁt §§°§?e§£‘§%§ g{? &
allele1 gubdtrBtena8ach 2hbthedspprabesin inGdiditignsusphet speédesensp DNA

| ocus. Matching the patterns of sanples and suspects nmay | ead to
di scovery dfe tdetesredeandr gepohifbe@ Byrexprsuns e theounlabeled prohe same

rocedure may be applicable_t rove or di spr t identity of
Bar ents of jé‘yé:mq d’gpeﬁﬁﬂcﬁaﬁfbghg 93‘5?@%%r%‘a°ba%a“0“88|\i§ﬁ8?§hi c |loci yarrpl ified
fromthe C@ﬂ#iﬂ%an ,agdykt Ebr%%&i@ﬁ_ﬂéf ofn AserBed bebbe BRY1hgadebar ni ned

by hybri-di zati on for eac npari sons of the obtained patterns, 25
al ong wit h gtiid abelddnagdt uixdabehed gpsobaiate the shaple nucleic acid

15 Dbackbone is indicative of the presence of the species to be
detected. Thus, the presence of label at a specific point in
the array on the substrate after removing unligated labeled
probe indicates the presence of a sample species while the
quantity of label indicates the expression level of the

20 species.

Alternatively, one or more unlabeled probes may be
arrayed on a substrate as first members of pairs with one or
more labeled probes to be introduced in solution. According
to one method, multiplexing of the label on the array may be

25 carried out by using dyes which fluoresce at distinguishable
wavelengths. In this manner, a mixture of cDNAs applied to an
array with pairs of labeled and unlabeled probes specific for
species to be identified may be examined for the presence of
and expression level of cDNA species. According to a

30 preferred embodiment this approach may be carried out to



determnation of famlial relationships. In this case, only a

significant portion of the alleles need nmatch with one parent for

i denti fi cat wen98/318d6ge nunbers of scored |oci allow for the PCT/US98/00704

122 avoi dance of statistical errorst4®h the procedure or of masking
effects of de novo nutations. EXAMPLE 25 Assessing Cenetic
Diversity cledeepgeapostidons SfecP¥is by sekbdiigicogadais bfvendebglefl and

Ecl ogi cal 5%&? S . Measuring the frequency of ~allelic

vari ati ons eged ProbegnPRLESnFOMRTHEIND S BIENEFo M VE&rlep,al9h9genes
or ent iR HdReherduirah PR £67Ha tdedenelppment of different 10 types

of concl usions, such as concl usions regardi ng the inpact of the
envi ronnment on the genotypes, history and evol ution of a popul ation or
its susceptibility t®rdbesamey be selécidd cg detectamdheoplressencéhasd

assessnents may be perforned EX testi_(gge \ specific known alleles or by
full reseqifditigYorts PR tigular PAENPIenT LUGRISMSH RO RoP¥ nut at i ons

whi ch may r.eyv £ | AL ;a0ens ;|
envir onn'ent:&“-’%‘id'ldgn(?Ln the &a&gglg%leg%?ﬁﬂ gl odi(i)\‘?}é)(r%e i yrl?‘% IQﬁéb?n %?gg?gl
wor | d imedubisiatiencdnly basesgtescipurmadnild eraomey orgaacesmed DNA
sequences, such as the genes for ribosonmal RNAs or genes for 20 highly

conser vat i V& otlide noNAipgyeberphe Al IO Messsarilyehei peRREALCaNd

particul ar gen anpl i fi USI |er rre ndi_ng to_conseryative
sequences. %QfA reag}r%éc?ﬁog grr'elt)g ggagié%%%%“ée’p&%eeren |lg1a1t?/'°|nn_°§ B?‘gg?n d
vect or jpor il | Utsﬁ%itl%xllpﬁ in dee¥eting ONesdRlailgy RONAWS! it figHtt i wel |
plates and than 25 anplified in vitro). Cones prepared this way may be

r esequencedcsunidd@ti lbepaaibovularvprehpebs gfoti dfeospedidicader a cBNRapned.

First of all, a catal oque of .diffefrent i es be defi.ned as well
as the densqwro%m‘?eol%nﬁp\?ic&ﬁﬁl‘s %Yelé@g&ﬁ‘lcess' The presence’and

guantity of a particular species may be determined by a result
wherein a combination of selected probes situated at distinct
15 array locations is indicative of the presence of a particular

species.

An infectious agent with about 10kb or more of DNA
may be detected using a support-bound detection chip without
the use of polymerase chain reaction (PCR) or other target

20 amplification procedures. According to other methods, the
genomes of infectious agents including bacteria and viruses
are assayed by amplification of a single target nucleotide
sequence through PCR and detection of the presence of target
by hybridization of a labelled probe specific for the target .

25 sequence. Because such an assay is spécific for only a single
target sequence it therefore is necessary to amplify the gene
by methods such as PCR to provide sufficient target to provide

a detectable signal.



speci es. Anot her segnment of information nmay be used to neasure
123 the influence of ecol ogical factors or pollution on the
ecosystem o ggmyssgeveal whet her sone species are eradi cat gatT/US9S/0EM4

whet her the abundance ratios anmong specil® is altered due to the
pollution. The nmethod also is applicable for 5 sequencing DNAs from
fossils. EXAMPLE 26cordihgt eot this cexdmsle,i fanc Amboovefl Nethedcofci d
Speci es , DNA or RNA species may be detected_and_quanptified by
errEI oyi ng alemestdnganuclaer e ngeanenrt artanplegistirxel tptgctigus
substrate and | abel ed, pr.o ' S [ The s | : he
det ect ed aii¥ §h%%FPE§hb§ ggﬁ%%ﬁ?%—€%g%H%Qﬁﬁ?ggéﬁ%ggnggggayWh?ﬁe%ﬁea

presence ofgdihg |dhgleedepeebeonnehip 988 preparedSmidichi eatpyiseheahor mati on
of an extended probe by ligation of the | abel ed and unl abel ed probe on

t he sanpl e ammdeicf awildipls dpifrbent immebidiizad wdigpnupdepEdédenBECBESt he
species to be |, _. etected.. Thu t he_presence of _| abel at cifLc
poiBt in Spqqﬁ;¥%4iﬁf 5ﬁetﬁ8¥§ﬁg§?V§t%8%?Eeﬁ rESVE g'un ianggglg%%Ied
probe indi%@&* SPERRRERrEl 08 23AP! EnBASI S pMiied BRplemen@uapt Loy of
| abel i ndi cat slt edgfpressign IoeveIHgf rtlhe 20 specei es. s

Al ternativalhe tenegetr nmieicnbahbdl ednpenbestem\tise label gpegjédcohoaa
substrate as first nmenbers of pairs wt el ed probes to

. L] 'l
be i nt r oducREI PSS AtUOPEN LOKELSPH HB“?QYng&%ve‘%ﬁﬁg"é,rl%ﬁrﬁ?ii’p%% ng of
the |ahg ﬁﬁgﬁggegQﬁa%i%%éeb?rgﬁe EQB%ifH%PUtS&Ehlﬁﬂﬂﬁlﬁ@£e rWBeehmblugeesce
e ve n this nmanner,

at disting . engt hs. a mxture of c
applied to @& overlaippingiselqupaces of théetarbetnchuallenitélded spokasespeti fic
for species to be identified may be exam ned for the presence of
may also be non-overlapping sequences as well as non-adjacent.
Such probes preferably have a length of about 5 to 12

nucleotides.

15 A nucleic acid sample exposed to the probe array and
target sequences present in the sample will hybridize with the
multiple immobilized probes. A pool of multiple labeled
probes selected to specifically bind to the target sequences
adjacent to the immobilized probes is then applied with the

20 sample to an array of unlabeled oligonucleotide probe
mixtures. Ligase enzyme is then applied to the chip to ligate
the adjacent probes on the sample. The detection chip is then
washed to remove unhybridized and unligated probe and sample
nucleic acids and the presence of sample nucleic acid may be

25 determined by the presence or absence of label. This method
provides reliable sample detection with about a 1000-fold

reduction of molarity of the sample agent.

As a further aspect of the invention, the signal of
the labelled probes may be amplified by means such as

30 providing a common tail to the free probe which itself



and expression |evel of cDNA species. According to a 30 preferred

enbodi nent this approach nay be carried out to WO 98/ 31836

124 sa0esRs3porti ons of cDNAs by selecting pairs of *R6ETASWA4and .

| abel ed probes pairs conprising sequencégsmhich overlap al ong t he
sequence of a cDNA to be detected. Probes may be selected to

det ect thecpmpsiace wmitiplejwchundnogesicpaenzymahicpar hoaehPachivyaini sns
genone by includjpg ip the conposition,selected probe pairs ich
aopear ) leRedBnorrMRiGh DhITEATLE BBSERAPIBoER EoaEnENe BrofRd Y
Thus, whil g, RonslNghEnRr 0EnPAN: I N 4RATIBLY! YahE1968C! (14 this ddy, the
pat hogeni ¢ or gani sm genone, the conbination of pairs 10 is. Simlarly, in
det ecti ng ar seegrnaneougd cifAsigndl mmgiiti ficatioocumeyt bat carpiedieui ar probe
i's not be specific for a cDNA_ or othg&ltypg of species hbvqith | ess,
the prelenbabahgd or uplaheled REobes Y &§ ¥PeEpihi BsSREPBIARLI M ned by
a result reLk coppi | i edep ' d at distinct
15 array | B0 oear ot kS A tind BoRELTAPARRERESLALERR, &

Speci €s.  lengthy DNA safPléNFEEH inilk iggentlabelt mhgutedOkd D amre of DNA
may be detected using a_support-bound detection chip wthout t he use
of pol ymer Aserehaed awpiifoeatigr)infrerstiter signgét bebwaapl 16 eat1oh
procedures.. According to other nethods,, t-he. ; .. nfegti ous
agent s i ncfEQd n&kbﬁgtﬁ?Yarﬁﬁ%{9i+Qnﬁﬁsdtal ffgngésgﬁggggécgéﬁéﬁf?ﬁation of a
singl egar g%,%‘é' egtiade ThroudlRaaNGesd wpthQBPaaﬂsdeteﬁhwn of the
presence of target by hybridi zation of a | abell ed probe specific for

t he target exahipiequencéntBesityesiynal @prassdyatelypdépf PeOf feldnhgy a

single target sequence it_therefore i s _necessary to [ t he gene
by met hods 94Y€h3aBOBERIYS 5?%915&%@’?9%'@% ﬁ&gaggo\ﬁowbpﬁgﬁheﬂgvmg &

employ PCR or other amplification procedures.

According to a further aspect of the invention an

15 array or super array may be prepared which consists of a
complete set of probes, for example 4096 6-mer probes. Arrays
of this type are universal in a. sense that they can be used
for detection or partial to complete sequencing of any nucleic
acid species. 1Individual spots in an array may contain single

20 probe species or mixtures of probes, for example N(1-3) B(4-6)
N(1-3) type of mixtures that are synthesized in the single
reaction (N represents all four nucleotides, B one specific
nucleotide and where the associated numbers are a range of
numbers of bases i.e., 1-3 means "from one to three bases".)}

25 These mixtures provide stronger signal for a nucleic acid
species present at low concentration by collecting signal from
different parts of the same long nucleic acid species
molecule. The universal set-of probes may be subdivided in

many subsets which are spotted as unit arrays separated by



a detectable signal. 125 According to this

exanpl e, an i nproved nethod of detecti ng nucl eoti de sequences
char act eri stWO 98B1836f ect i ous agents iﬁ)ough a Fornmat 3- PEFAISHRIGNT04 ON i S
provi ded wherein a solid phase detec n chip is prepared which

conprises an 5 array of multiple different immobilized oligonucleotide
pr obes pacigrs that mreventespreadingenf hybridigaddon Audifey wight

conprising a mxture, aof ny, unl abel ed probes conplenentary to t he
target nucl 3P %ﬂ?F%gH%gﬁf¥5f§§%Fﬁ§?rabel specific to a speci es at
one | ocation thereby inproving sensitivity over 10 diffuse or single

probe labeling. SuchpdpilddtRic® iBhOBESaMBdcPEic acid HERIileBPRIRY SERUBAGES
of the target nucleotide sequence but may al so be non-overl appi ng

sequences asequiicaonweiadjcasewligonucl Sothderadmensest eonpini siage bath

| engt h about. 5 to nucl.eot i des. 15 |, . A nucleic acid
sanpl e po‘é‘é%a}?%l]t?f%%ﬁ%ieaé\%r&? &hr&g probes i (SUMGR88YpPEsent in the
sanmple w || 1 0§ ze (W t 'égg%ql' r S p of
mul tiple IS%QYé%&Qi' &ﬁﬂiﬁ?ﬁg?é%ngg?é ég%g?%lca ;h§%%ﬁg$%gt gr?grgg%
sequences presyfljlatiied @drpdetenmebiki 3€( Popbetanpld hanmagprl.i edhsi th the

20 sanple to an array of unlabel ed ol igonucl eotjde probe m Xt ures.
Li gase enzyhibeked murphaared addeghEocAppresrendidie unit graayg afefixgdobes

Szhggfi3??5%9-ﬁ%gﬁﬁgﬁggﬁ%%P%T§bé%a% gg%%?eand ﬂﬁ%ﬁ%ﬁe%%tggggﬁsi%d t he

presencw ofac%d&é@clrwqi}mﬁda.@ed tdRyhBeta2§etlesefuamed dueht kdapr agpence or
absence of |abel. This nethod provi des reliable sanple detection with
about a 1000dministraticedwdt ildgaset tbkaprehesfwille heameivelegsdy. bound.

As a further aspect of the invention, the signal of

If a unit array contains more than one fixed probe
(as separated spots or within the same spot) that are positive
in a given nucleic acid species all corresponding labeled
15 probes may be mixed and added to the same unit array. The
mixtures of labeled probes are even more important when
mixtures of nucleic acid species are tested. One example of a
complex mixture of nucleic acid species are mRNAs in one cell

or tissue.

20 According to one embodiment of the invention unit
arrays of fixed probes allow use of every possible immobilized
probe with cocktails of a relatively small number of labeled
prokes. More complex cocktails of labeled probes may be used
if a multiplex labeling scheme is implemented. Preferred

25 multiplexing methods may use different fluorescent dyes or

molecular tags that may be separated by mass spectroscopy.

Alternatively, according to a preferred embodiment
of the invention, relatively short fixed probes may be

selected which frequéntly hybridize to many nucleic acid



the | abell ed probes may be anplified by nmeans such as 30 providing a common
tail to the free probe which itself

126 conwioi 9838836Ul ti pl e chronpgenic, enzymatic or radi O@CUUSESs/00704

| abel s or which is itself susceptible totdpecific binding by a further
probe agent which is multiply labelled. In this way, a second round of
si gnal anpl $égeatdcen. nesudie sleont @ctobas aré teddl s czmnhjmaa:ljeinewiphobes may
be used in a second round of Lcation.. In this secon

anpl i fi catigackgail of | Lakpigd B é‘nrﬁ &CRi PRY Rf tRRANE SUE aFeé It-in

an i nc

fold which g’rﬁgggesugpi%%é aea(% ﬁﬂ%&%&%&éﬁ{a?%ﬁf& on o; OLE?'G% 000 fold.
Through thepusges! bpiéraspaticoditalilissare tREgEPLE, witith noties iofy thiegnal
approxrnate?y 100, 000 fold may give a positive result_ of probe-DNA

|i gati orb wi Labele@aprokes d:orrewd@y tpCrose Bhderongfixad arode -

pr ocedur es According to a further aspect of the invention

an 15 arra§35¥2%%ﬁ51 array may be prepared mhlch consists of a
conpl ete sej f ; i

Inter ) A Yoy s A hed HIY nAY :
type are universal In a sense t at they can be use for detection or
partial to posméese sequenci ng of any nucleic aci d species. |ndividual
spots in an array may contain single 20 probe speci es or m xtures of

probes, for exanple N(1-3 B(4 6 e m xtures that are
synthesized in the si I%ﬁls ex °5ny% gﬁéﬁ@i A1 FRFY ¥3& eot i des,
B one SR?C'%éﬁer?t%auaﬁwia? b rARREE (tehg ase&&éaé&deémmbefr $1are a range

of nunbers o ases i.e., 1-3 neans "fromone to three bases".) 25
These m xt upesspbbei beusd romyars sil@ral pbesmleupéxetm@m)d Thesm@@mdss-
present at IOM/concentratlon qi col lectin from different parts

of the same™eBngligenesieaicides ugeesynth gﬁi)? @u‘f’%thTEhe LA raP 'set - of
probes may ?@T%??gﬁﬁﬁgfd tﬁ'— all four bases A, C, G, T, at this step in

the synthesis equal molar amounts of all four bases are

15 added). These oligonucleotides were precisely spotted onto
the nylon membrane, the spots were allowed to dry, and the
oligonucleotides were immobilized by treating the dried spots
with UV light. Oligonucleotide densities of up to 18
oligonucleotides per square nanometer were obtained using this

20 method. After the UV treatment, the nylon membranes were
treated with a detergent containing buffer at 60-80°C. The
spots of oligonucleotides were gridded in subarrays of 10 by
10 spots, and each subarray has 64 5-mer spots and 36 control
spots. 16 subarrays give 1024 5-mers which encompasses all

25 possible S-mers.

The subarrays in the array were partitioned from
each other by physical barriers, e.g., a hydrophobic strip,
that allowed each subarray to be hybridized to a sample
without cross-contamination from adjacent subarrays. In a

30 preferred embodiment, the hydrophobic strip is made from a



many subsets which are spotted as unit arrays separated by WO

98/ 31836 127 barriers that prevent
spreadi ng ofWay#B183 zati on buffer with - sanpl e and | abePetusssmioends) .
For detection of a nucleic acid specie§%ﬁtkla.knomn sequence one of

nore ol i gonucl eoti de sequences conprising both 5 unlabelled fixed and

| abel ed pr cmdsitiionsolfusidncang ke.g., hewselnlsd silibenedgprebandaseal
synt hesi zed or selected fromthe ﬁres néﬂg@%ze cogglete seéi of , for
exanpl e, 7RASEE) fflean aPPFRBEfaHS POLET s EQVEESr PES pBRLT ngP O ¢
arrays of fi robes ;su | ' dika robes
will 10 éﬁ?ggghffggﬁyb??éézge%gb?%%a?gﬁtg%ﬂgg%tgﬁggaguéh ?ﬁg?gﬁgon

adm ni st r atbetwerin Ithgasebalreapsobesfaut | 1ires evtddlchnifyelpotihd. solvent

If a unit array contains nore than one fixed probe . (as separated spots
or withPn tevaRSEAEeSHECr BRabYdrePrhekicisierips sepRratingehh@ucedie- acid
species all corresponding |abeled 15 probes nay be nixed and added to the

sane unit array. Thg, ¢higMe¥ Hégsfff éiﬁmﬂ | Qm@b%gegrgreggﬂagyéﬁe

i mportant when m Xtures orf nuclelc aci species are teste

exanpl e of @onbow@plsexersxivare simthesied aditth Specheisadveé FRMNN-3Nn one
cell or tissue. 20 Accordi ng to one enbodi ment of the
i nvention utlN t= all fgurapases Rix€d $robes AN Shigsemppdineny ., pbhsi bree

i mobi | i zed. _ pr%ﬁ,b w th cacktall f a relativel gl nyaber of

| abel ed q’- &ed’ijges‘:i.n _ %Ih %8 %ﬁeé @‘_85%%{? sc%nﬁoll%aegeﬁg)ép%gg es rgrayg be used

i a mpti Pepsiakehiongeseh€t? beghaRt BN Sehovr Oivar keguéhcenbEt Lekexi ng

nmet hods may use different fluorescent dyes or nol ecul ar tags that may

be separ at dthasy Afakd .sp@6t kbsebpgouble stranded DNA is denatured into 40
kb of single-stranded DNA. This 40 kb of ss DNA hybridizes to
about 4% of all possible 10-mers. This low frequency of 10-
mer binding and the known target sequence allow the pooling of

15 free or solution (nonbound) S5-mers for treatment of each

subarray, without a loss of sequence information. 1In a
preferred embodiment, 16 probes are pooled for each subarray,
and all possible 5-mers are represented in 64 total pools of
free 5-mers. Thus, all possible 10-mers may be probed against

200 a DNA sample using 1024 subarrays (16 subarrays for each pool

of free 5-mers).

The target DNA in this embodiment represents two-600
bp segments of the HIV virus. These 600 bp segments are
represented by pools of 60 overlapping 30-mers {the 30-mers

25 overlap each adjacent 30 mer by 20 nucleotides). The pools of
30-mers mimic a target DNA that has been treated using
techniques well known in the art to shear, digest, and/or
random PCR the target DNA to produce a random pool of very

small fragments.



Al ternatively, according to a preferred enbodi nent of the invention,
relatively short fixed probes nay be sel ected which frequentl

hybri di ze tworsans3aucl ei ¢ aci d 3 PCT/US98/00704 123
sequences. Such short probes are used i #38ombi nation with a cockt ai

of | abel ed probes which may be prepared such that at | east_one | abel ed
probe corresponds toAsa@ﬁS@fibﬁg Faowed in theppyoeiouprEpepdted Eocktails are

those in which pone of the 5 |abel ed _prqbes,cqrr 0 . t han one
fixed probéxamPTeSExﬁRﬁL res -merslqﬁ%bﬁfggé |0H?g$ %%%hé§k€9%$ the HV
Virus WthiéékoﬁQé?'Bistin, £ QB dent dyes, etc. Thé libelexafipde f
Format |11 H “an array was 10 generated on nyl on nenbranes (e.g{.1 CGene

Screen) of makk are pheﬁihYErmeHﬂiEHNEEBWﬁ;@znhpobgﬂbdeSFE#W%uﬁﬁES.éThe
bound 5- mer ol i gonuc| eotides were synthesized with 5 tai ' -
TTTTTT- ANNERTIER DNAY Pang +igated. Alnc2 é/ref,eréﬁét ﬁﬁ“’%"é%‘&%n?ha%é’lo‘i%oz
synthesis o .‘ig'gsg%' §(430RUDLS Q4add Ied %n?%%%ieﬁghlt@hédﬁfgﬁdﬂ@@&n

ol i gonucl edt wer e~ precisely spotte e nylon nenbrane, the
spots were ahldawednkoweiy, worked hsut follahiiganthkeotadpingeref i timbil i zed
by treating the dried spots wth UV |ight. Gigonucleotige densities
of up to 1previousi gsauples:i deel wingJdiaatisnoantereReYal obt aFied usi ng

this 20 nethod. fter, the UV treat ; e
treated w ttﬁrgege gﬁg@ﬁfi CORTE? n#%%gt}{t?‘#gee’r' t(glti)1 %6%¥§8?e?§?%§£i%%\/\% spot s
of oliggnuglpetides Waee18EhEded o FBEIdRYYTrobeslQuBing théOtsphhigquend

each subarray has 64 5-ner spots and 36 control spots. 16 subarrays
gi ve 1024 Hemensibeid dh theoapawpies akovels possi bl e 5-ners.
The subarrays in the array were partitioned from each ot her by

brysical bartiers.  Cafie RoNIbRRNIAfertld IdE the caklt, 2hhaVEeRAbm
free and bound 5-mers in each subarray, predict which bound 5-
mers will be ligated to a labeled free 5-mer in each subarray.
15 The signal from 20 of these predicted dots were lost and 20
new signals were gained for each change in the target DNA from
the predicted sequence. The overlapping sequence of the bound

5-mers in these ten new dots identifies which free, labeled 5-

mer is bound in each new dot.

20 Using the described methods, arrays and pools of
free, labeled 5-mers, the test HIV DNA sequence was probed
with all possible 10-mers. Using this Format III approach, we
properly identified the "wild-type" sequence of the segments
tested, as well as several sequence "mutants" that were

25 introduced into these segments.

In one embodiment, repetitive DNA sequences in the

target DNA are sequenced with "spacer oligonucleotides" in a



W t hout cross-contam nation from adjacent subarrays. In a 30 preferred
enbodi nent, the hydrophobic strip is nmade froma

129 soWR P&H8¥ silicone (e.g., houjée]vhol d silicone gl UBCHHS98$0HM
paste) in an appropriate solvent (such s ents are well known in the
art). This solution of silicone grease is applied bet ween t he

subarrays twodidiimd Fesgakhildh appspache stacan oljgepusdestédescerias
hydr ophobi ¢_st r.i Format |1

s .separating.the S, s t hi
e oot Rl JRTRER, pR0chBCrEfotitive pv sequence (Wl MrBeROIRBL. ||
3" tails ofgudided'is identhfiedl bnfQUfibRseEBArUa) @relhybkidiBe8 to

enmbodi nrent, the free 5-mers and the bound 5-ners are conbined to
produce al Ithel Gapoeti PNA 230ongr withbra sEipethdinayma adjoinibB8A sequence of
| ess than 20 kb. 20 kb qf double_.stranded DNA is denatured_into 40

kb of sPngl¥LIRHEPERR 27i @ FBRBAJSNPEL DK BFTHPdPFeBoFEPLe  gpout 4%
of all possi-al hi, g4 fre ; l.adi t he
inown ¢ ar ool e BRI es a3 {0RLG SE ehd S of cHITERALEE 1RBUE
5-nmers for ffeatgienttielscedBH run) . sulhen ay , spaderoumatehliags thk deggehcerf

information. Ina | _ preferred enbodi nent, 16 probes_are pool ed for each
subarray, the rapetditivgoS¥PpPeIBeRE s BT idiiaese toedbrn t8XIebr akhBool s of

f 5- Thus, ' c Last DNA
el o el e (yacioe BIISLRLE1CAEIRLS CBY i IMGIREA ROALRR! gpafled,
5-mers)ly) 1If the first khoent alggbnitNPediiddiis Silxedi tont cepsezabks

t wo- 6Q0 bp segnents of the HI'V virus. These 600 bp segnents are
r epr esent edansy tiwolsecondsBnever PappPagilbe mkigquued esgiderds) 285 overl ap

each adj acent, 30 r 2 cleotide The. paol s _of 30-per,s mmeg a
t ar get JII)NA%[é}Paet%'qﬁg‘s? ab(?}’\éﬁngr ggggglﬁlgi B% duct tlé%aﬁﬂ s TREl Ila%ﬁg\%ﬂsﬁﬁcf’ﬁé art
to lshe?r, dififa] or@ds@ible oflageATrPESt {de(d)arigets A Gt @hRhOdUEBaBerandom
pool of very

of the proper length is hybridized to the target DNA.

In one embodiment, branch points in the target DNA
are sequenced using a third set of oligonucleotides and a
modified Format III approach. After a first SBH run, several
20 branch points may be identified when the sequence is compiled.
These can be solved by hybridizing oligonucleotide(s) that
overlap partially with one of the known sequences leading into
the branch point and then hybridizing to the target an
additional oligonucleotide that is labeled and corresponds to
25 one of the sequences that comes out of the branch point. When
the proper oligonucleotides are hybridized to the target DNA,
the labeled oligonucleotide can be ligated to the other(s).
In a preferred embodiment, a first oligonucleotide that is
offset by one to several nucleotides from the branch point is

30 gelected (so that it reads into one of the branch sequences),



smal | fragnents. WO 98/ 31836 130

As descri bed above in the previous Format |11 exanples, the free 5-ners
are | abel ed W 2881B3¥di oacti ve i sot ope_%, bi otin, fluoresdREEUMPEET0 et C.
The | abel ed free 5- mers are then hybridi zed along with the bound

5-nmers to the 5 target DNA, ang ligated. _In a_preferred Snbodinent,
300-1000 2@ s§fond SRigrgusdegkidedierfing (irem &ker FdnstTRBANYBFPAFESLi on
condi tions oyy g f ot hOUS
cxanpl co. - AU MOt SRt (0 b0 PR 103n 2 BEE RRAPREAC S ess
free probe,olitporididbtideas sayedcdoredfbribtey mille thike pbesablenbpénthbel ed
probes (using the techniques descri bed in the exanpl es above).

The known DBemusaesHedtdf anhevertaptof die tiranghomeint se@upeacgnby betfd
5-nmers i.n each subarray, predict which bound 5- rs wll be ligated
Coa | aBel &F el aneck B o HBae T ¥, she: STERR om 20 of Uhese
predi cted QotigdMRi dRSidednds28electedEW MidHalsd iwohacdabigdeboareach
change in the target DNA from t he predicted sequence. The overl appi ng
sequence ofhykmidiaed] to thestppgeti PNA heand tagd mdledshdrddent i fi es which

f , | abel ed, 5- [ di dot . 20 Usi
e uebr: 5 it e, w3eRoLRS hApSSE bRt Bent rac soaerlsBt ho
test H'V DNAGS mse\@a%eaeebeﬁ th?yfﬂ- ) AlilgRRRIiellgal P FBH 3 plsifget hi s

Format |11 approach, pr oper Identifi'ed the "wild-type" sequence

of the lfegreeritizyation product with the first and second oligonucleotides.

In this Example, sets of probes are labeled with
different labels so that each probe of a set can be
15 differentiated from the other probes in the set. Thus, the
set of probes may be contacted with target nucleic acid in a
single hybridization reaction without the loss of any probe
information. 1In preferred embodiments, the different labels
are different radioisotopes, or different flourescent labels,
20 or different EMLs. These sets of probes may be used in either

Format I, Format II or Format III SBH.

In Format I SBH, the set of differently lableled
probes are hybridized to target nucleic acid which is fixed to
a substrate under conditions that allow differentiation
25 Dbetween perfect matches one base-pair mismatches. Specific
probes which bind to the target nucleic acid are identified by
their different labels and perfect matches are determined, at

least in part, from this binding information.



tested, as well as several sequence "nutants" that were 25 introduced into
t hese segnents. EXAMPLE 28 Sequenci ng of Repetitive DNA Sequences
I n one enbodWik#R/318¥6epetiti ve DNA sequengsﬁ in the t ar gRET/UIBIS/0ATOS
sequenced with "spacer oligonucleotides” i7m a

131 modi fied Format |11 approach. Spacer oligonucleotides of

varyi ng | engths of thé&nrEBpshati ¥ $R S&piddd@ett Raciepeadfhgs are sequence

is identified,o fi.rst JSBH run re hybridized.t.Q the target DNA

i ong wi th d2PRieR KiRnaREFsFm e i 1Rl sERaeara' 4758805 kown.
or group of Re$RP! egpecifOki gORYEL aald e adidisnivAdchnBinghes ehde of the
spacer (known fromthe first SBH run). When a spacer matching the

| ength of probee eepetidentaf DA bygrmair idififerenti 2ebdels ahd perfett the

two adj agent ol igonucl eqtides,can be |jgated to the acer,., 10,1t the
st knSwn TBECGRRIBF oA HETPANF X AF 1 1FHPt i P4te, Z0TM  Ehig PHMGond
known or poss| sbgonucl eotide(s) is | abel ed, a bound ligation
pr oduct inc?%gpkga?he | abel ed second known or possible

ol i gonucl eotide(s) is forned when a spacer of the proper length is

hybri di zed to the tardet FOKAat 15I B8RPLIh2Bet of Séflemenndyy Thalbeldd Br anch
Points with Format |11 $SBH e enbodi nent, branch points

lno
in the targ®obRE and fé?‘édsgﬁ%}é%%e@r%shw]éﬂtz §os8t taroski geniRiot i des
and a I5f LeAFORBRA L bnadPPrRacty 1 Af sk hstcRB several 20
branch poin%%qgay%gg iéent%##eﬁ aﬁén ﬁ%% seéﬁ%ﬁcg IS cgnpglgghbe
10 differentiated from one base-pair mismatches. Labeled probes
that are adjacent, on the target, to a fixed probe are bound
to the fixed probe, and these products are detected and

differentiated by their different labels.

In a preferred embodiment, the different labels are
15 EMLs, which can be detected by electron capture mass
spectrometry (EC-MS). EMLs may be prepared from a variety of
backbone molecules, with certain aromatic backbones being
particularly preferred, e.g., see Xu et al., J. Chromatog.
764:95-102 (1997). The EML is attached to a probe in a
20 reversible and stable manner, and after the rpobe is
hybridized to target nucleic acid, the EML is reomved from the

probe and identified by standard EC-MS {(e.g., the EC-MS may be

done by a gas chromotograph-mass spectrometer) .

25

Format III SBH has sufficient discrimination power
to identify a sequence that is present in a sample at 1 part

to 99 parts of a similar sequence that differs by a single



These can be sol ved by hybridi zing oligonucl eotide(s) that overl ap
partially with one of the known sequences |eading into t he branch

poi nt and t WSS di zi ng to the targetjan . addi ti onalPHVYSEEPATE eot i de
that is | abel ed and corresponds to 25 one of the sequences that cones out
of the branch_point. \Wen t he praoper oligonu Ieotlges are hybridized
to the targeclprRaide. Thyg. | EgEpaly il G eBFFéetEaﬁ RE11)R ed to the
ot her(s). ; e [ , | | c [ t is
o fact by BRELELB. g Rt A G Y A b PEne R g A i e
(so that ibfreadsetint achae, oé.dhe dreamylesdeudredsfrom blood. WO 98/ 31836
132 a second ol igonucleotide reading fromthe first and into the
branch point sequence is al so se]ected, .and a set of third

ol i gonucl eot i des t hafRcBPE BRI TN G Ehen EWR0 SEAHLBCEF aRER fOr MRfkfhces
i th . f | f | eotid
with ansoverlap 9t hHE PhancloRohdls SEREACE DN QABR Sefby Bpf ey NUC! eoti des

(corres%on ng I'r gonucl eot i

) I's selected. These
ol i gonucl egleildeS oal 8f threbyhi¢IbaEiids. t IPrdbasgEbrDhile ewd ednyerdees t hird
ol i gonucl eotide with the proper branch sequence (that matches t he

branch seqwexee agf fohdowsy sprepeg ol iguisding thepdgdaeéon 1from witdti on
product with the first_and_secon |.igonucl ept.i .

Ml ti pl exi gD 8§5EE ?6?‘6 n&Py3i A é.itirla;ll:regfeta u g?%e Sfldwm@&@s Probe I'n
this Exanmplgg %%h&oﬁftBrgéﬁﬁ.ar@si?ﬁ“ﬂﬁébéMddﬁgets adldf peeBes, | elel s so that

each probe of a set can be 15 difterentiated fromthe other probes in the
set. TOusdelledion mutant could be detected with Format III SBH when it

was present at one part to ninety nine parts of the wild-type.

15 An apparatus for analyzing a nucleic acid can be
constructed with two arrays of nucleic acids, and an optional
material that prevents the nucleic acids of the two arrays
from mixing until such mixing is desired. The arrays of the
apparatus may be supported by a variety of substrates,

20 including but not limited to, nylon wmembranes, nitrocellulose
membranes, or other materials disclosed above. In preferred
embodiments, one of the substrate is a membrane separated into
sectors by hydrophobic strips, or a suitable support material
with wells which may contain a gel or sponge. 1In this

25 embodiment, probes are placed on a sector of the membrane, or
in the well, the gel, or sponge, and a solution (with or
without target nucleic acids) is added to the membrane or well
so that the probes are solubilized. The solution with the

solubilized probes is then allowed to contact the second array



set of probes may be contacted with target nucleic acid in a single
hybri di zation reaction without the | oss of any probe I nformation. In
preferred enBOUPEARISS, the different |abel are dif f er eRET/US8/00704
radi oi sotopes, or different flourescent Iéﬁ%ls, 20 or different EMSs.

These sets of probes may be used in either |~ Format |, Format |1 or
Format |11 S@Hnucleic acids. Thg RBFhaIC|2SHl® mMaye bset bYL aFFf BPENt |y

| abl el ed . _pr.o ar I, di s lei Ci kch i i xed
tor & O o IR R S AL BBE4 60 DRNELY, HCeBlareRe il BN o] o
bet ween perfgMd v Prebegnorbasegpti huslsi@t£diels mafpeel labeled. prhbes

which bind to the target nucleic _acid are identified by their
di fferent | ahslleism@qidst sey het dnbslad ewhlelh aany dadpelg conventdggalily part,

fromthis bindi i nfornat.i on, . 33 - .n.Format |
SEFt € he St arthd it IR 457 daRghading PRGNt difedyter FRate 15PERRE Sand
hybri di zed tQ AfFdEntONabels BrOBEsct SEEkbF Gnd<l A@belwc! ei ¢ aci ds which

bind to the probes are identified by their different |abels and
perfect 5 matches are determned, at least in part, formthis binding

i nf or mat i on. The materfisinwhich|pBBrentshanisdngoiofdithee nayrilleyc

| abel ed r.opes angF;i ed praobes. are hybridi zed to a.target nucleic
acid under GSHAIR MGHs Bon S SROFS BEFPEEE WRT CHIS AT 8 18 GiFPePelPVat ed

from one basgifaifndH $Ha! %Q%%rih§b§éegeﬁ6\9@§tsthe nudiddle A aadicacenk 4B

the target, to a fixed probe are bound o the fixed probe, and these

pr oduct d0ar eaxtetyec treick andretherdi f Thisnhateethbymayhdier ioh frher Eorm alfekes.
In a preferred enbodinent, the different |abels are ,
sheet, membrane, or other barrier, and this material may be
comprised of any material that prevents the mixing of the

nucleic acids.

This apparatus may be used in Format I SBH as

15 follows: a first array of the apparatus has target nucleic
acids that are fixed to the substrate, and a second array of
the apparatus has nucleic acid probes that are labeled and can
be removed to interrogate the target nucleic acid of the first
array. The two arrays are optionally separated by a sheet of

20 material that prevents the probes from contacting the target
nucleic acid, and when this sheet is removed the probes can
interrogate the target. After appropiate incubation and
(optionally) washing steps the array of targets may be "read"
to determine which probes formed perfect matches with the

25 target. This reading may be automated or can be done manually
(e.g., by eye with an autoradiogram). In Format II SBH, the
procedure followed would be similar to that described above

except that the target is labeled and the probes are fixed.



15 EM.s, which can be detected by el ectron capture nmass spectronetry

(ECG-M5). EM_s may be prepared froma variety of backbone nol ecul es,
with certai nWWAMBI6c backbones being particul arly prefRGI/ERISIO0QT04. |
see Xu et al., J. Chronatog. 764:95-f8£ (1997). The EM. is attached to

a probe in a 20 reversible and stable manner, and after the_rpobe is
hybri di zed to target AXEPERBLA¥EHY. ttHhe BRPITELUERF¥IPEr BARE hEn Formabpe

ahr oot ogr apt il SRotBHoREt ar vt fkayd M RicIR1BUe T probedAEe DY L 055

Frequency T#ugfledluehei aubtefé acid probes of Rathelr bkl bSBH &asapyfmagi ent
di scrim nati on power to identify a sequence that is present in a

sanpl e at 1headiebeled;,0agd paetef dthe aynaYamayelpgchiducdhbe HEe¢fers by a
single ' nucl eoti gde. Thus,

Format |f1 SHpstEatged T8 HERt RFJRYE are;ﬁﬁﬁ%ﬁﬁégécPH Br%ﬁ%ﬁ? Gt a very I ow

concentrati qadied 12152RBkeprevef s Nt Ghrory $orf mdxing. SARPFS-PLE i ¥£d from
bl ood. I n one enbodi nent, the two sequenhces are for cystic

5 fibrosisresdtiloa dequantiéstedfberaddiong exoigest heclbycaacid abefieti on of

t hree nucl eotides. Probes for the two sequences were,as fol] ows,
probes di st KEY@VEREN §hEnERERE e+ LR IRD ARG IRFOPeS tpyPaxEikh{eaEl eBher

These Lar eretantion aEast ( nerot Bl Tind EReAEHRE BEcoR dn B L)

t hese target’'s and pro etion nmutant et ect W th

Format Kol S$SRBHgetedret boundWesgPtlesENie af. Oy Pakk-teabkiRyyint&tapaidss of
the wld-type. EXAMPLE 32 Pol aroi d Apparatus and Met hod for
Anal yzi ng a%FabPyetoNadratéy joiming the backbgpesppapafusheoreswbiszarg a

nucl €1 ¢ 20! oS8 (B° aeeerhEAS IHELRDIEILL WA 18V 2n8" cHUGLE! Se 28hTReeR0
sites. When one set of probes is fixed to the substrate, the
fixed array can be read to determine which probes from the
15 other array are bound together with the fixed probes. As with
the above method, this reading may be automated (e.g., with an
ELISA reader) or can be done manually (e.g., by eye with an

autoradiogram) .

20 The present invention is not to be limited in scope
by the exemplified embodiments which are intended as
illustrations of single aspects of the invention, and
compositions and methods which are functionally equivalent are
within the scope of the invention. Indeed, numerous

25 modifications and variations in the practice of the invention
are expected to occur to those skilled in the art upon
‘consideration of the present preferred embodiments.

- Consequently, the only limitations which should be placed upon
the scope of the invention are those which appear in the

30 appended claims.



material that prevents the nucleic acids of the two arrays from m xi ng
until such mxing is desired. The arrays of the appar atus nmay be
supported byV@9%HBIety of substrates, 2Q__jincluding but notPdI/usIsmoioso, .
nyl on nmenbranes, nitrocellul ose me nes, or other materials disclosed
above. In preferred enbodi nents, one of the substrate is a nenbrane
separated into 334t sefeponageroitrsbiwitdtin phe bedy efii thél instaxpor t
mat eri al wi.th lLl.s whic contain a | .or sponge. Ip this, 25
enbodinentprF&§é§g§%8on58egen%%% %Eﬁﬂﬁﬁoﬁﬂggghgynﬁ PLfRCe ot thein (he
wel I, the @lir@kysponge, and a solution (wth or W t hout target

nucl eic acids) is added to the nenbrane or well so that the probes are
sol ubilized. The solution with the sol ubilized probes is then all owed
to contact the second array 135

of nucleic acids. The nucleic acids may be, but are not limted to,

ol i gonucl eoti de probes, or target nucleic acids, and the probes or
target nucleic acids nay be | abel ed. The nucl eic acids may be | abel ed
wi th any | abels conventionally 5 used in the art, including but not
limted to radi oi sotopes, flourscent |abels or electrophore nass

| abel s. The material which prevents m xing of the nucleic
acids may be di sposed between the two arrays in such a way t hat when
the material is removed the nucleic acids of the two 10 arrays m x
together. This material may be in the formof a sheet, menbrane, or
other barrier, and this material may be conprised of any material that
prevents the m xing of the nucl ei ¢ aci ds. Thi s
apparatus may be used in Format | SBH as 15 follows: a first array of the
apparatus has target nucleic acids that are fixed to the substrate,
and a second array of t he apparatus has nucleic acid probes that are

| abel ed and can be renoved to interrogate the target nucleic acid of
the first



array. The two arrays are optionally separated by a sheet of 20 nmaterial

that prevents the probes fromcontacting the target nucl ei ¢ acid, and
when this swe8/31836r enoved t he probes can i nterrogat e tREI/GNABHH04 After
appropi ate i ncubation and (optionaFP?) washi ng steps the array of
targets may be "read" to determ ne which probes fornmed perfect nmatches
with the bBarMarget. This reading nmay be automated or can be done

manual | y (e.g., by eye with an autoradiogram. In Format Il SBH, the
procedure foll owed would be simlar to that described above except that
the target is.| ahe . g probes are fixed. 136
AlternativgkéF ?Eehggﬁgggtﬁg may be used in Fornat 11 SBH as foll ows:
two arrays of nucleic acid probes are formed, the nucleic acid probes
of either or both arrays may be | abel ed, ,and one of.the arrgays may be
fixed tb its 5 subsirated THRRWF W CRRE A NG FERUERGIEY %?%Higﬁ'of

mat er i t hat prevent h bes. fromm xing. A Format 11 reaction is
initiated E?mggaﬁﬁagtgP%egt%égfgfb acid and renovi ng the sheet

al | owi ng the probes pprHiNiNgtd eopleridi@rom a naolelibeatid gedind’rSBBs
which bind to adjacent sites on the 10 target are bound together (e.g., by
base- stécki ng i nt er aétenhifyingr g8t @fv & Sy thatnRphe EPRPHRRKHOHSS), and

the results are read to determne i ch _pr u t et at
adj acen and e§.xa9\ﬁzx GREP T 1 0 Oe(s\thleg S\‘Q“ Bﬁgaggogfh;é}?% ulﬂ'g?#%‘gcg, t he
fixed agray8an be read to determ ne which probes fromthe 15 other array
are bound together with the fixed probes. As with t he above nethod,
this reading my be ayboidiriingetle puvhds &1 the Burlpicecadid )urderan be

done nagually (e”g'é gﬁagygl¥g&r%ﬁg]diffef§§é¥é qg%gg%n%érfect matches

condition
9 from one base mismatches;
10 confirming that the probes do not form perfect

11 matches with the nucleic acid.

2. The method of Claim 1, wherein the SBH is
2 format I SBH.

3. The method of Claim 1, wherein the SBH is

2 format III SBH.

4. The method of Claim 1, wherein the set of
2 probes are not exactly complementary to the sequence of the

nucleic acid.

5. A method for confirming sequencing results,
comprising the steps of:

obtaining a sequence from a nucleic acid using SBH;

HOW N

selecting at least one primer for the nucleic acid;



20 The present invention is not to be limted in scope by

the exenplified enbodi nents which are intended as il lustrations of
si ngl e aspeM&HM8%he invention, and ,,, conpositions and PEIbSKESOTMI Ch.
are functionally equivalent are Wi ??II n the scope of the invention.

| ndeed, nunerous 25 nodifjcations and variations in the practice of the
i nvent on are eRPRERAAD e pualeicnhasidswith cehe iPxiRemusinmn

consi der ati f nt preferred enbodi nents. Consequently, the
only Id?m' %??%ﬁss‘&ﬁ’?%‘ﬁé%ﬁ%'ul d be placed upon t he scope of the

i nventTon are thosecomparimprtsd seipichee38rapRensesl i id®id derived
137 Al references cited within the body of the instant

speci f§ cafrem SRR ®eriEhs semuanss ficxd the rutbebacacid dewived dindmet y.
WO 98/81836 138 CLAI M5 What is

cl ai med i g909%Y sedquencing. A nmethod for confirm ng sequencing results,
2 conprising the steps of: 3 obt ai ni ng a sequence froma nucleic
acid using SBH, 4 identifying a set of probes that are

conpl ehentary 5 an@. notA asetddd) foonpirdewingry phutdik seqmfergfs Frdmha
nucl eif 6 acgd; 7, hybri di zi r,lg the probes to the nucleic acid
under <8 BBRLPLF oRSLT BRIUNKY (IRUPHLEABEchRe 285eRF I perfect matches 9

from ope base m smethesiing the sequence from the nucleic acid using
4 SBH;
5 identifying a plurality of primers from the sequence
6 of the plurality of Sfs, whereby the primers can initiate a
7 replication reaction on the nucleic acid that will read
8 through a branch point;
9 sequencing the nucleic acid with the primers using
10 Sanger-sequencing;
11 comparing the sequence derived by Sanger-sequencing
12 of the nucleic acid around the branch point to the sequences

13 of the Sfs, whereby the order of the Sfs is determined.

1 7. A plurality of probes for analyzing a nucleic
2 acid wherein the plurality of probes are used to interrogate
3 the nucleic acid under conditions whereby the plurality of
4 probes can be differentiated from each other.
L2
1 8. The probes of Claim 7, wherein the nucleic acid

2 has a known sequence and probes are labeled with a label.

9. The plurality of probes of Claim 7, wherein the
2 plurality of probes are labeled with a plurality of different

T —



10 confirmng that the probes do not formperfect 11 matches

with the nucleic acid. 1 2. The nethod of Caiml, wherein
the SBH is Wdes3rsds | SBH. 1 3. The net hod of PCIEIIRAAT04 .
wherein the SBHis 2 format |11 SBH 140 4. The nethod of C ai m

1, wherein the set of 2 probes are not exactly conplenentary to the
sequente Qhabels, 3wharébjrcth\eipj:obesl can be diffErenti)ahgdhfmpm(ﬁaqh)nfi rm ng
sequenci ng results 2 congrlsin obtaining a

teps
sequente Ptdgra byykhei 81 5ESFRRS | égﬁﬁ tiaC%ed €3 the PERSHy at | east one
prinmer for the nucleic acid; 139 5 sequenci ng the
nucleic acid with the prinmer using 6 Sanger-sequencing;, 7
conparigng the sequenoe oA sée ¢fQdribmsadiot dmaﬁyedng8afnmuiéiwiacndhe
sequence for the nucleic acid derived from 9 Sanger sequencing.
6. A2nmetdeogprisingr aepangahlw LR%IHQ%lSofOfS%OPF"énWBerélﬂ ueeh cPort dls

fﬁguﬁ3§|e| e§£r|3|n ﬁéggggé éﬁclelc acid,. 3 d %?hghggg%n§lﬁfgff@fe from

primerg ffo@“ptx*&e%eaﬁnqsbeﬁe@fwiﬂe aplparxﬁﬂaltmyobfsas,ff%enebyawm primers
can |n|t|ate a 7 replication reaction on the nucleic acid that will read 8

through awiearetly hienprob@s in each paglarcibeg diffengaFéntedcf¥OMith the

prlner% LEE;L other by the different labels attached to the probes.

1 11. The set of probes in Claim 9, wherein the
2 plurality of different labels are a plurality of different

3 radioisotopes.

12. The set of probes of Claim 9, wherein the
2 plurality of different labels are a plurality of different

flourescent molecules.

13. The set of probes of Claim 9, wherein the
2 plurality of different labels are a plurality of different
3 EMLs.

1 14. The set of probes in Claim 10, wherein the
2 plurality of different labels are a plurality of different

3 radioisotopes.

15. The set of probes of Claim 10, wherein the
2 plurality of different labels are a plurality of different

3 flourescent molecules.
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10 Sanger-sequencing; 11 conparing the sequence derived by
Sanger-sequencing 12 of the nucleic acid around the branch point to the
sequences 1WO31836e Sfs, whereby the gr er of the Sfs is RIRVIPBHAEG4 1
7. A plurality of probes for analyzi 6 a nucleic 2 acid wherein the
plurality of probes are used to interrogate 3 the nucleic acid under
condi t} ons wher eby the pThe et PwPrebesoREsCLam bkl direrest ided from

h h . N f | | | ei
aeid D RIE kYL HHERCRe d easoa Ty, 8 Panr Ty, 4 U i My o1 €

9. The ppmpigal ity of probes of Caim7, wherein the 2 plurality of probes
are labeled with a plurality of different

140 3 | abels, whereby the probes can be differentiated fromeach 4 other
by the different |abels attache o the_probes. 1 . . 10. A set
of probes for analyzing & rﬁ?]%?‘é‘fc‘é%cia&algflggnﬁr?g?%ﬁl% ¥fifality of pools

of propes L0n6aFhe POPLpd Sof 3 used to interrogate a nucleic acid, and
vvhereioﬁn) tﬁéﬁg%g%gf?ty e4 oéf‘pprobes are labeled with a plurality of

differgnt |abels, Spwheidiygtdre prmheofi mldgohupbedt tde pmolkd f erenti at ed
from 6 each other by the different |abels at.tacheg to the probes. 1
11. The set of probBSTPRUEIng A FaWHE FUTLERE 2CHRUFQAIFRS FTNFferent

abelspare o puTalLhtigh 801Gy e S pRBSe o3 the areay | 12
are a gl upakiety cehddtibgserhad 41w atnediffelreavi#tion of perfect

7 matches from one base mismatches, ;

8 adding ligase to the array;

9 incubating the ligase, labeled probes, sample

10 nucleic acid and array probes under conditions whereby labeled

11 probe is ligated to array probes when the labeled probe is

12 adjacent to the array probe on the sample nucleic acid; and

13 detecting the labeled probes that have been ligated

14 to the array.

18. The method of Claim 17, further comprising the
2 step of removing unligated labeled probe after the incubation

step.

19. The method of Claim 18, wherein the nucleic
2 acid has a known sequence and plurality of probes are labeled

3 with a label.

1 ’ 20. The method of Claim 19, wherein the label is
2 selected from the group consisting of a radioisotope, a

3 flourescent molecule, and an EML.
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1

di fferent

13. The set of probes of CAaim9, wherein the 2 plurality of
| abels are a plurality of different 3 EM.s. 1 14.

The set of pwWot#88183A Cl ai m 10, wherein igg 2 plurality of diPCTaIS881%0704bel s
e

are a plurality of different 3 radioiso

S. 1 15. The set

of probes of daim10, wherein the 2 plurality of different |abels are a
pluralilty of differehk- 3 Thometdodnefnbilain &8, wherein the plurality

141 1

16, Th et. of. .prab of aiml erei h 2
plural ity BF BFFPEF cike (% SR 3 §?‘8F?%%%fg%i‘$%%€g]eﬁnet Jae.”
17.  Arethedrdsy anelpdpis datlbecs f@ekEnt 2a€OAPFish Nhdh @ tHAP B0l : 3
provi ding an array of oligonucl eotide probes; 4 I ntroduci ng a
sanpl e ductiee cdbtferent tlabeds aftacbed to the prebribng a plurality of
| abel ed probes to the array 6 under conditions that allow the
differentiation of perfect 7 matches from one base m smatches, ; 8

adding i gase to thearrapie hethod of clahficybatingrdiie dﬂ&%ﬁ%xéﬂ&ﬁefgby

pr obes,

sanple 10 nucleic acid and array probes under conditions

| abel e® lloprébEfesent gall & @rar raplprabésywhEndififerexitel ed probe is 12
adj acent to the array probe on the sanple nucleic acid; and 13

det ect ihg ¥TAdiPH$RIRRLHr obes that have been ligated 14 to the array. 1
18. The nethod of Claim17, further conprising the 2 step of renoving
unligated | abel ed probe after the incubation 3 step. 1 19.

The netihod of C ai m3$B. wites eigtHdde ofuciiaim 21 achklerdntn aHe PUursAqwgnce and
pl ural i?:ty of probes are | abeled 3 with a | abel.

3

O 60 3 & WL B W N

bomd sk peed pwnd b
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of different labels are a plurality of different flourescent

molecules.

24. The method of Claim 21, wherein the plurality
of different labels are a plurality of different EMLs.

25. A method for analyzing a plurality of nucleic
acids, comprising the steps of:

obtaining a sample comprising the plurality of
nucleic acids, wherein a target nucleic acid is present at
least in a ratio of one part to ninety nine parts of a nucleic
acid that is homologous to the target and differs by at least
one nucleotide from the target;

selecting a set of probes that will identify the
target nucleic acid;

mixing the sample and the probes under conditions
that allow the differentiation of perfect matches from one
base mismatches;

identifying whether the probes form a perfect match

with a nucleic acid in the sample.
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1 20. The nethod of Caim19, wherein the label is 2 selected
fromthe group consisting of a radioisotope, a 3 flourescent nolecule, and
an EM.. WO 98/31836 _ 142 1 PCT/US98/00704 The
met hod of Cl aim 18, wherein the plural ilt"y3 2 of probes are |abeled with a
plurality of different |abels, 3 whereby the probes can be differentiated
from edch other by 24.t hdndappartns febanalyzinchednuslehre prabes. 1

22. The nethod of Claim21l, wherein the plurality 2 of different |abels

are a Pl ureAmREAHPi f f er ent 3 radi oi sot opes. 1 23. The
met hod jof O ai m 21, whgtein tRguPberghéiyid fLhiglfferent labels are a
plurality of different tlourescent 3 nolecules. 1 24. The

met hod4of C ai m 21, avaewend breapl of ahutleid ofiddi;f ferent | abels are a
plurality of different EMs. 1 25. . A nmethod for analyzing a
plural Sty of nuclei @ m2tgaigd disppeed; hgtwern dthspdiget agd second
obt ai ning a_sanpl onpL Si : i Lis6 136l 45 pherein a
t ar get 6nuc?%‘i’a}§'rg;c%ba% ?rrperv%?g%t %gg Bgﬁigés%yi%tea nﬁ1ad[1|léo‘ic§fa (ﬁe part to ninety

ni ne part sgpfsd MG LinG t1d thel duthatci Sch@soiwghes dewdnide atraaget and
differs by at least 7 one nucleotide fromthe target; 8

selecting a set of probes that will identify the 9 target nucleic acid;
10 ' m Xin he .sampl e _and. t he_probe d I t.han . hat
al I ow tlhe different %’il orﬁ’@f ?@W@gflsr@i"c{ﬁg%”?r%épﬁ g"?lhee(:\t%q‘ql ‘el fubiell

2 acids in the second array are labeled oligonucleotide probes.

1 28. The apparatus of Claim 27, wherein the nucleic

2 acids in the first array are a plurality of sample nucleic

3 acids.

1 29. A method for analyzing a target nucleic acid,
2 comprising the steps of:

3 ' providing an array of bound probes of known sequence
4 fixed to a substrate;

5 providing an array of labeled probes of known

6 sequence;

7 providing a material disposed between the arrays of
8 bound and labeled probes that prevents the mixing of the

9 probes in the bound and labeled probe arrays;

10 adding the target nucleic acid to the labeled

11 probes;

12 removing the material between the bound and labeled

13 probes so that the labeled probes bound probes and target
14 nucleic acids are mixed together under conditions that allow
15 the differentiation of perfect matches from one base

16 mismatches;
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12 base m smatches; 13 I denti fyi ng whether the probes forma
perfect match 14 with a nucleic acid in the sanple.

* C L M WO9B/31836 143 1 26. An appar (PCINIS98/08704
analyzing a nucleic acid, 2 conprising?4% a first array of
nucleic acids; 4 a second array of nucleic acids; 4

a natdﬂial di sposed i&ﬁn&m@ntbﬁebbhndtaaddlahebadipﬁbbﬁ&zghaulame prevents

t he m f the n clelc aC|d i rst arra t.n the nucleic
aci ds i gﬁéﬁ%&é&ﬁﬁﬁl ot s2ebB%in Eg 35298 ai m 26,
\Ahere'l@ the nucleic &&@&5 ieBet ﬁﬁbé?&&”ﬁr@ﬁé%ﬁ thd ARl S0ined to

ol i gonucl eot i de probes The appar at us of alm 27,
mherem@tfth&uhbund:ﬁhﬂaca&rwwlthe flrst array are a plurality of sanple
nucleic 3 acids. 1 29. A nethod for analyzing a target
nucleic acid, 2 conprising the steps of : provi ding an array of

bound Hrobes of knogb ls:g\gﬁ% og_,l éﬁgkﬁglggs%b%f te;nuc_%.eif: acid,

provi di'ng an array pro es 0 uence,
provi dizng compttsind thepaspd bEtween the arrays of 8 bound and | abel ed
probes that prevents the m xing of the
3 providing an array of bound probes of known sequence
fixed to a substrate;

providing an array of labeled probes of known

4

5

6 sequence;
7 providing a material disposed between the arrays of
8 bound and labeled probes that prevents the mixing of the

9 probes in the bound and lébeled probe arrays;

10 removing the material between the bound and labeled
11 probes so that the labeled probes and bound probes are mixed
12 together;

13 adding the target nucleic acid to the labeled and

14 bound probes under conditions that allow the differentiation
15 of perfect matches from one base mismatches;

16 ligating the bound and labeled probes that are

17 hybridized to adjacent sites in the target nucleic acid;

18 detecting the labeled probe that has been ligated to
19 the bound probe array.

31. A method for analyzing a target nucleic acid,
comprising the steps of:

providing an array of bound probes of known sequence
fixed to a substrate, wherein some of the bound probes are

complementary to a plurality of first portions of the target

AN W R W e

nucleic acid:;
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9 probes in the bound and | abel ed probe arrays; 10 addi ng the
target nucleic acid to the |labeled 11 probes; 12 renovi ng the
mat eri al bet weesg/Agss bound and | abel ed 13  probes so that thetedebeds
probes bound probes and target 14 nucl&Pc acids are mi xed together under
conditions that allow 15 the differentiation of perfect matches from ane
base 167 m smat ches; providing an array of labeled probes of kribidh 17
joining the bound and | abel ed probes that_ are_18 hybridized to adjacent

sites ih tAequERgRr WReTelr sRNiq.of fde labeled proRes AT6FAMR:qWBHAY

probe that _ha ' edct ?t&%' ndep : ' :
30. Aér]ret ﬁ%dafgisgﬁjé%/ i(?]% %ecf%gig t nd‘c&%i gfaéﬁg?tgfzéa%:/on#pﬁjesllcn;?hde st eps
of: 3 10 and whepéONi ghégi Pl addhd boreiblspasbesdHedtowo speEifties 4
fixed to a substrate; 5 - provi ding an array of |abel ed probes of

known bl sééushceoryions; providing a material disposed between the
arrays,.0of 8 bound and | abel ed pr.o t ha r ] Xi N f.t 9
probe_s1 n the bound %ﬁ%vjr(gb% et “Eart(%gsaalrré%gigsgﬁggéé“’é&? tie arrgrrfa&/sl r?tgket he
nmateri gd bgbuRENahHe1 HOENEG bbb aliid brevBhebeshs anibiig tde dibel ed

probes and bound probes are mxed 12 together; 13 addi ng t he

t ar get lyucpedbesacid tbetheuhdbaiddabed edl probeuatray®bes under conditions

that alJow the differentiation 15 of perfect tches fr ne, base
i armt bhes: 16 - cadBig| HEE saretaubiaia antc Soart that are 17
hybri dijged t{.gpadiacent sites in the target nucleic acid; 18

detecting Phe abel ed probe that has been ligated to 19 the bound probe
array.17 1 re@dving thet hwatefdalabakyzengthe thowed and|lelelesd d, 2
Eggﬁ;lzéggg%ggegtggstg;é g%e labeled pr%%%glggggdagroréén%ég é§¥g2{ probes o

19 nucleic acids are mixed together under conditions that allow

20 the differentiation of perfect matches from one base

21 mismatches;

22 joining the bound and labeled probes that are bound

23 at the specific first and second portions in the target

24 nucleic acid;

25 detecting the labeled probe joined to the bound

26 probe array.

32. A method for analyzing a target nucleic acid,
comprising the steps of:

providing an array of bound probes of known sequence
fixed to a substrate, wherein some of the bound probes are
complementary to a plurality of first portions of the target
nucleic acid;

providing an array of labeled probes of known

sequence, wherein some of the labeled probes are complementary

O 0 NN N W hA W N s

to a plurality of second portions of the target nucleic acid
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4 fixed to a substrate, wherein sone of the bound probes are 5
conplenentary to a plurality of first portions of the target 6 nucleic
aci d; WO 98/318345 7 provi ding an array of | aRENeLP8Ibes of
known 8 sequence, wherein sone of t he 1*&bel ed probes are conpl enentary 9
to a plurality of second portions of the target nucleic acid 10 and

wher eild sped Whersdaosgepbdficosscend puiticons are sggacént 4d speeific
portions; 12 ) providing a materi al disposed between the arrays of
13 bélnd faF®Y PETd@nFriobes that prevents the nixing of the 14 probes in

the bgnd and | abel gdoRl 89Ra8 " fyterial disposed bBORLBA tHE 1ALQRL gwcleic

acid t he | abel ed probes renmovi ng the material between

t he begnd Lighd abkkl @dbel8d probes st hatevdnts ahel mdxpngbet tiveind probes
and target 19 nucleic acids are mxed together under conditions that allow
20 tHé dicfokesntimathenberngerrdctabgted s drdA¥Shase 21 mi snat ches; 22
j oini the bound and_| abel e r t 0 t e ific
first r]gnd second porrte’lmSF‘{émﬁnnge ?‘g‘?@%@fﬁ“ﬁ%c g:ﬂ% éé}lg& 3%& 188654

det ectjgng dhedAhe) ethapr ehe 18boeed tPrdlies haibodbd probesasraymixed
32. A met'hod for analyzing a target nucleic acid, 2 conprising the steps

of: 317 togethegwoviding an array of bound probes of known sequence 4
fixed to a substrate, wherein sone of t bound probes a
conpl d8entary to a RIS %eogam?%tmb%f?]icor?su tPhgﬁFa%’é’??%d ) ei c

acid; 16  pound prd¥ed’ RS BBnakt fns! chAD BbWeRCHiEckBA¥MaBion
sequence, Whereitn some of the |abel ed probes are conplenentary 9 to a

pl ural2oty of pachadt patichess fobnt bee t bagetmimmgdtaihesaci d
146 10 and wherein specific secon ortjqns e adjacepnt to specific 11
first Zdortions; 123joining the BPBdiglF\% Qk?‘?alteg ipa"‘lc’%l&issﬁgﬁdéﬁﬁt%‘éﬂét he
arraysysof 13 . bound and J #1¢kedapaobesohdqo Rl NS the Fhrbeg of the

23 nucleic acid; . '

24 detecting the labeled probe joined to the bound

25 probe array.

1 33. A method for analyzing a target nucleic acid,
2 comprising the steps of:

3 providing an array of bound target nucleic acids;
4 providing an array of labeled probes of known

5 sequence;

6 providing a material disposed between the arrays of
7 Dbound target and labeled probes that prevents the mixing of
8 the target nucleic acid and labeled probes;

9 removing the material between the bound target and
10 labeled probes so that the labeled probes and bound target
11  nucleic acids are mixed together under conditiéns that allow
12 the differentiation of perfect matches from one base

13 mismatches;
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14 probes in the bound and | abel ed probe arrays; 15 removi ng
the material between the bound and | abeled 16 probes so that the | abel ed
pr obes and pgobes are mxed 17 together; 18 PCT/G89806784 t he
target nucleic aC|3 to the | abel ed and1% bound probes under conditions
t hat aIIOM/the differentiation 20 of perfect matches from one base
nisna&ihes determihPhdiwigidihedveled prdbeabbied Promed pewied e

bound at the specific first and second portions in the target 23

nucl eiis a@adch24 with the taveeted®hg the | abel ed probe joined to the bound
25 probe array. 1 33. A method for analyzing a target

nucl eic acid, 2 conprising the steps of: 3 provi ding an array of
bound target nucleic acids; 4 provi ding an array of | abel ed
probes of known 5 sequence; 6 providing a materi al disposed

between the arrays of 7 bound target and | abel ed probes that prevents the
m xi ng of 8 the target nucleic acid and | abel ed probes; 9

renoving the nmaterial between the bound target and 10 | abel ed probes so
that the | abel ed probes and bound target 11 nucleic acids are m xed

t oget her under conditions that allow 12 the differentiation of perfect

mat ches from one base 13 m smat ches; 147 14

determ ni ng which | abel ed probes have forned perfect 15 matches with the
t arget DNA
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