1 H GH THROUGHPUT ASSAY SYSTEM This application is a
C.T.P. of US Application-Serial Nunber 09/337, 325,
filed on June 21, 1999, which is a CI.P. of US.
Application Serial Nunmber 09/218,166, filed on
Decenber 22, 1998, which is a C.1.P. of US.
Application Serial Nunmber 09/109,076, filed on-July
-2, 1998. This application glainms priority of
provi sional application 60/068,291, filed Decenber 19,
1997 Field O The Invention This invention relates,

t rrmﬁF "I‘ﬂlﬁ? hods usef ul
for coﬁcﬁ?rent ! perform ng w?’f‘m ]k‘)mﬁl ogi cal or

chem cal assays, using repeated arrays of probes.

Bnchbr hiiater 64 CHE 0B arghesior Sefl o %?0@253«3557%ed

onbtuﬁdmct199mwmchhsm<@nfm*t¢§% catﬁﬂ@%n&l%ﬁﬂﬁe?b%l@ 66, filed

portion which is speci f or | east one of
ondifetrobes 23nkPI8, viuektis o €. Ivlih pﬂd’ S. Applmano:bSersambImnfocKD%l@e 046,

R A s e R T

somg,egglm@‘dmeﬁberlmtgga_ct specifically with the probes.
Thei nvention rel ates to diverse fields di sti ngui shed

by the nature of the nolecular interaction, including
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molecules which interact speciﬁdally with the probes. The'invention relates to diverse fields
distinguished by the nature of the molecular interaction, inciuding but not limited to
pharmaceutical drug discovery, molecular biology, biochemistry, pharmacology and medical

diagnostic technology.

Background Of The Invention

Pluralities of molecular probes arranged on surfaces or “chips” have been used in a
variety of biological and chemical assays. 'Assays are performed to determine if target
molecules of intefcst interact with any of the probes. After exposing the probes to target
molecules under selected test conditions, detection devices determine whether a target

molecule has interacted with a given probe.
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These systens are useful in a variety of screening
procedures for obtaining information about either the
probes or the target nol ecul es. For exanple, they have
been wused to screen for peptides or potential drugs
which bind to a receptor of interest, anong others;
to screen sanples for the presence of, for exanple,
genetic nutations, allelic2variants in a popul ation,
or a particular pathogen or strain of pathogen, anong
many others; to study gene expression, for exanple to
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determine whether a target is contained in a sample irrespective of whether it is or is not
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detected.) This array comprises generic “anchors,” each in association with a bifunctional
linker molecule which has a first portion that is specific for the anchor and a second portion

that comprises a probe which is specific for at least one of the target(s). The combination of



optionally react wwth a detector nolecule(s), and is
then interrogated by a detection device which detects
reacti ons between target nol ecul es and probes in the
test regions, thereby generating results of the
assay. The invention provides nethods and conpositions
particularly useful for high throughput biol ogica
assays. In especially preferred enbodi nents, the

i nvention can be used for high throughput screening
for drug discovery. For exanple, a high throughput
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be spotted onto the surface of every well of every plate to serve as anchors. The anchors can
be covalently attached to the derivatized polystyrene, and the same 36 anchors can be used
for all screening assays. For any particulaf assay, a given set of linkers can be used to

program the surface of each well to be specific for as many as 36 different targets or assay



pl ate. The sanme set of anchors can be used nmultiple
times to re-programthe surface of the wells for

ot her targets and assays of interest, or it can be
re-used multiple times with the sane set of |inkers.
This flexibility and reusability represent further
advant ages, of the invention. One-enbodi nent of the
invention is a conbinationg4useful for the detection of
one or nore target(s) in a sanple, which conprises,
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Another embodiment of the invention is a method for detecting at'least one target,

which comprises contacting a sample which may comprise the target(s) with 2 combination
as described above, under conditions effective for said target(s) to bind to said combination.
Another embodiment is a2 method for determining an RNA -expression pattern, which
comprises incubating a sample which comprises as target(s) at least two RNA molecules
with a combination as described above, wherein at least one probe of the combination is a

nuqleic acid (e.g., oligonucleotide) which is specific (i.e. selective) for at least one of the



target(s) to the probe(s). Another enbodinment is a

nmet hod for identifying an agent (or condition(s))

t hat nodul ates an RNA expression pattern, which is the
met hod descri bed above for determ ning an RNA
expression pattern, further conprising conparing the
RNA expression pattern produced in the presence of
said agent (or condition(s);s to the RNA expression
pattern produced under a different set of conditions.
By way of exanple, Figures 1 and 2 illustrate a
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incubated under conditions effective for hybridization of the probe and the target. In order to
determine if mRNA 1 is present in a sample, a detection device which can recognize

patterns, and/or can interrogate specific locations within each region for the presence of a



are |abeled in vivo with a tag, and if nRNA 1 is
present in a sanple, the detector wll detect a

signal emanating fromthe tagged nRNA at the | ocation
defi ned by anchor/probe conplex 1. Alternatively, the
MRNA can be directly labeled in vitro, before or after
being added to the regions (wells). Alternatively, as
is illustrated in Fig. 1, mRNA can be tagged
indirectly, before or after it has hybridized to the
probe, e. g. by incubating the RNA with a tagged
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like); substrates for enzymes; peptides; cofactors; lectins; sugars; polysaccharides; cells
(which can include cell surface antigens); cellular membranes; organelles; etc., as well as

other such molecules or other substances which can exist in complexed, covalently bonded



acid and oligonticleotide are interchangeable. Targets

can also be referred to as anti-probes. As used

herein, a "Probe" is a substance, e.g., a nolecule,

that can be specifically recognized by a particular

target. The types of potential probe/target or

target/ probe binding partners include
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example, a glass microscope slide or a glass cover slip; paper, such as filter paper; diazotized

cellulose; nitrocellulose filters; nylon membrane; or polyacrylamide or other type of gel pad,



including a film which is prepared by drying of a wet
gel by any of a variety of routine, conventional
nmet hods. Substrates that are transparent to |ight are
useful when the nethod of perform ng an assay
i nvol ves optical detection. The surface can be of any
t hi ckness or opacity which is conpatible with, e.qg.,
conventional methods of degection. For exanple, the
surface can be a thick bottom clearplate, or an
opaque plate. In a preferred enbodi nent, the surface
i | FSie U | ki | ¢. .e-thihl h&BUE soli
egéi? 5}8%:1{& :dﬁb%?aocdr E%agg%ﬁlféa&og%l‘f W]b&ﬂs g5 2hig %g lid,
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cor e et S ke A I e R R e o

perﬁﬁ’:ﬂm@%n 2895 Wofe€ Bpifial Bet@iBn! YR sQffacebah 36 QF afly fhickness or
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op asmwhdh soothpatible vaﬂg £.g., vintventional myitlzogts pEdetsgiion. For tﬁca@ple the

Cro e of th
surfipf o Fioebofishy, g R mfheateiid e ffuReniRingy pe
surfiee @ tf&‘i)‘lb%ﬁ@surfa@&éﬁ"iﬂlﬁlﬁwew le oG ikt Gultide diSh)fyestaspleh28€96-,
or a three di nensional surface such as a bead,
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Eﬂp{l erred enbodi ment, the regions can be wells of a
tub FPRSTGSI4 (e.g., tissue culture) dish, for exanple a
24-The9Qirface? 8inprisdd fegions GtrictO bre siaﬁt%l'y\/ﬁkdret@aﬁd @ddressable or
Alternatively, a surface such as_a %hass surface can
ideptéfiablec Fach waton comprses 2 setfod pnchsranfpw, thegrsgiops arg separated, their
di s n C
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I ons. a surface can al read { npri'se
lsmelbplam!\ﬁemam\a%s aeuirfam sibras 2 gkass surfatéran astshﬁﬂi cat ledave,
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bl ank, aces on the surface in which there are
paper, and md1v1dua regions can further be defined by overlaying a structure (e.g,. apiece of

plastic or glass) which delineates the separate regions. Optionally, a surface can already
comprise one or more arrays of anchors, or anchors associated with linkers, before the

individual regions are delineated. In another embodiment, arrays of anchors within each



no anchors, or by chem cal boundaries,. such as wax or
silicones, to prevent spreading of droplets. In yet
anot her enbodi nent, the regions can be defined as
tubes or fluid control channels, e.g., designed for
fl owthrough assays, as disclosed, for exanple, in
Beattie et al (1995). din. Chem 4, 700-706. Tubes
can be of any size, e.g., Gapillaries or wider bore
tubes; can allow the flow of |iquids; or can be
partially or conpletely filled with a gel, e.g.,
regiga tate separddel fivacons aasthelehy ik @paabs wfthesurRodiporicisthea fre
be transported ﬁgassed t hrough,  fl owed through,
nOARABATS OF RY Shsghgal beungariespsnch ae wax ep¥ibisonss &0 prsyenhapraading of
m@ﬂ@ge filling matrix of channels, e.g., of l|inear
annel s, as described, e.g., in Albota et al. (1998).
Sci dmyet a:hSﬂlcr eniddineh She regiomp sirobe définall as (b3 By ﬂml&'EHontrol
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tulygai dan @HOW the ﬂlowbaé liquids; or aarbe ahrsiallyorfcbmpletelyafilbadawithya gel, .g.,

efe n tube i.s filled with a or
ag%fage @ Poppgy erﬂaﬁ heﬁgofa%qunssrcag & HESPOTLSY %S?Paamu&h
flowed &b ghab@ebell erodgh}? el By bl@&rc?ﬁoﬁéﬁ& RO%Rh a @ﬁh‘ée filling matrix of
di fferent anchors "are paSsed rough sequentially

chepnelswe- &g of linear dhemnglsi endeséritgd.aag. almrﬁsl'yotéetcd (1998). Scnma?-_,

I hor and,lin
1635183 QgBORIEEE (URD e R S5k AP el B 2
Cmpsayl emaly (1999). Named 39825164, & dichanrpicefilling etk U.Iﬁcﬁﬂid ind/or
an be performed in a single tube.

F
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trip re-used, or’reprog
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ciifons RSP ot rASELrovgh syl e o atef e % e,
a 19Rad @7 of ihcﬁor@lvdﬁhﬂ thé loﬁnci Hz@é‘é Pa?éé?sabt'a' paiskd fr8th in

arrays. The anchors an anc or/ |n er assocl atrons 1n
suqcgesiany Fhe aggrmpdbedingaro?- or Belimensionaldescri bed el se\/\,here,

her i n ce n-.
o Bufhoalie a0 Ml Binlh « Bhfe ule PR RERRER YR
of muns] @of mchbxaiﬁ dsSocitibh H0tR ligkdis, G0Afabe &@ bp 8d-tded (Sg. [@ﬁi@
g ified or derivatized pl astlc whi ch_can serve,;

Teqhsed, 9 Tepragesnmey) in Segueatialiassapnvish ths prseq 9 ditfergns samples. In
SRR, Sopdl) TEOAFMAIS S8 I7, Roplecrn

angyzed i mplurality of tubes containing different arrays. The anchors and anchor/hnker

associations in the tubes can be any of the types described elsewhere herein.
Regions within or on, etc. a surface canalso be defined by modification of the surface
itself. For example, a plastic surface can comprise portions made of modified or derivatized

plastic, which can serve; e.g., as sites for the addition of speciﬁé types of polymers (e.g.,



groups, doubl e bonds, al dehydes, and the like).
Alternatively, a plastic surface can conprise nolded
structures such as protrusions or bunps, which can
serve as platfornms for the addition of anchors. In
anot her enbodi ment, regions can be gel pads, e.g.,

pol yacryl am de gel pads or aeropads, which are
arrayed in a desired pattet®h on a surface such as,
e.g., glass, or are sandw ched between two surfaces,
such as, e.g., glass and a quartz plate. Anchors,

PHG oS ttaddbe to £59lyshRerle FHABRE hhZ Beh @éhvh%d%&foathﬁ for amino
such pads, or can be inbedded within them A variety
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and/TBe spafidllyskiscrateneaipnsod hslieseation argprpspntin mudiplagopies. Thatis,
thérgﬁ‘g ta{ lgiglt M@?re?%?ogy ?ggagfetplelétgeoggglg%¥ 21%(111?94 %R ;9%%25%;3 84, 864,
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art will recognize that not all of the regions on a

acepyianeg avithn By inventina. s@@fsfqrm$ alm pssertiatly | af phrtgoﬁmnieon, ie.,
her'. oF anpl e [
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Of course, one of skill in the art will recognize that not all of the regions on a surface

need to be substantially identical to one another. For example, if two different sets of arrays

are to be tested in parallel, it might be advantageous to include both sets of arrays on a single



patterns, to facilitate conpari son between them In
anot her enbodi nent, the practitioner my w sh to

i ncl ude regions which can be detected in a

di stingui shabl e manner fromthe other regions on the
surface and can thereby be used as a "registration
region(s)." For exanple, a registration region can
conpri se oligonucl eotides dr peptides which display a
di stinctive pattern of fluorescent nolecules that can
be recogni zed by a scanning detection device as a

surfaded Fbit ex@mple] At twof dfferdhtisetd b irald\inlbe @Akl g tn Mernbhigs striped
regions on a surface. The size and physical spacing, of
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areas involved. In a preferred enmhodi nent, the
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are included. The regid
0.5 tolrdhpwti Scewd apart; and wiztrogmely selected depemtingorstheiatdas mvelved. Ina
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ropghilecitshlar gnpds ofj anchone whish aeh #hent 100amiceagpets ihdiametesang 500

ml\éfo et s&éleﬁq'e %%Jﬂ Jvm% %{r ef %o%u{’ae%) n'tﬂ'iﬁnl?%ér sﬁ \‘%g%ggi qﬁ&er and

er we
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nchors) 1nto each desi nated space
dlmplzeF@fexumgle the mmsber oﬁauadmswgs Gnlotegioss) it a mgm calm ramm fnpm

itatin detec f tar ets whi ch
bR o E0d eihint Bk 07 EEhodiBr A LRI SHRHP bt of e
1586#e1l Rish@aRBY figihes §%dee§ S lsRAKE wéﬂs,ge g., BBYuea b @hout 900,
which is associated with ébcffp” i nmobi | 1 zed on, or
M

preferably Hbq¥t & torabput 36 veelle thershydprming amarray of wekmwithinfwsils. See
F 1% hg %H(!h d.?&fh ée%r%%‘!eg gerdth?egﬁheg&ege{ngg re%(llrédjﬁ pﬁ&’s‘iéaﬁﬁ f)lacmg a
smgle anchor (or group of anchors) into each designated space (locus), and the size of the
areas containing anchors is more uniform, thereby facilitating the detection of targets which
~ bind to the probe.

The term “anchor” as used herein refers to any entity or substance, e.g., molecule,

which is associated with (e.g., immobilized on, or attached either covalently or non-



pl astic surface), and which can undergo specific

interaction or association with a linker or other

substance as described herein. The portion of an

anchor which associates wth, e.g., a |inker

nol ecul e, can be associated with the surface directly,

or the anchor can conprise an internedi ate "spacer”

noi ety. Such a spacer can b2z of any material, e.g.,

any of a variety of materials which are conventional

in the art. In one enbodinent, the spacer is a |linear
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P I%ﬁgg’gfa%b)s X‘}f‘?ﬁ | @%i‘ng% EQjSP(SE} 12 g{{?ﬁépﬁgg gsglécgaggtg with a linker or
oth® §staNESas AL BVIHE R &E g@&mﬁvﬁf &'&1%? @h[qlﬁtasso&iﬁgse%ﬁlg eg.,a

“specific interaction or assocr at
linkerwkelecule cachd apsocifited wtithartim stmﬁaoehhrccﬂ}am ths eldshbﬂl’aﬁ icBmprise an

.ta_ S%b efer t,0 a rspu'g of substantially .identical
infEiEaGRifte SPaggR molety) SUCR SpApes o4 b oK mateRn 6. &H P varioty of
mACHISFIEEH & SorlvBifHondl GO R, GRORE drdAtnedt, dﬁ?s‘éﬁ&fﬁaﬁxﬁm bon

and C), each of which is present in mil 'e copies
melpgula Reving, ermeauowazo G% pre&ralén@bougtzaﬂp Ipnciher lsmbediinsnt, the

b TGP B kP64 W RSV B L0

unaerg@epeslﬂlcsntbramoh@ﬂa@mmobmmhygI & Bhkes BldfkhR Nt S
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nucl ei c acid hybridization. In a pre
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tid t DNA,
v SAgon B BB o RN o Ra or o™
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substi t ut ed nmprising non naturally occurrin
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R T B S e
(e.£8dh @fgoﬂlfclé%mle) oEHBE (b 2GR, REACPIRA dBCR Yokt b RNA or

I nventl o
DNA moleculc) The nucleic acid can be modified or substituted (e.g., comprising non

naturally occurring nucleotides such as, e.g., inosine; joined via various known linkages
such as sulfamate, sulfamide, phosphorothionate, methylphosphonate, carbamzite, etc.; ora
semisynthetic molecule such as a DNA-streptavidin conjugate, etc.). Single stranded nucleic

acids are preferred.



For exanple, the anchor can be an oligonucl eoti de,

rangi ng fromabout 8 to about 50 nucleotides in

| ength, preferably about 10, 15, 20, 25 or 30

nucl eoti des. In another enbodi ment, the anchor can be

as |l ong as about 50 to about 300 nucl eotides in

| ength, or ||onger or shorter, preferably about 200 to

about 250 nucl eoti des. Forizexanpl e, an anchor can

conpri se about 150 to about 200 nucl eoti des of

"spacer" nucleic acid, as described above, and,
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anchors comprising spacers, the anchors at a given locus can readily bind to a plurality of

different linker molecules without being physically constrained by adjacent anchor



locus is that it allows for the detection of an
i ncreased nunber of targets at a particular locus. In
one enbodi nent, the plurality of Iinkers bound at a
gi ven | ocus have probes which are specific for
different portions of the same target nucleic acid of
interest (e.g., to different oligonucleotide
sequences wWithin the nucleyg acid). This allows for
anplified detection of the target conpared to
detection with a single probe. In another enbodi nent,
m&l@&ﬂd@' Hh a&\ﬂaﬁt‘égé%ff bm!dhx@‘ﬁ%hﬁalﬁ??!ﬂnﬂ%@ﬁ@cﬁ@cum kPl AcBors at a given
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region can range from being relatively GC rich (i.e., greater than 50% G+C), to having equal
amounts of G, C, A and T, to being relatively AT rich (i.e., greater than 50% A+T). Inone

embodimeﬁt, the anchors are randomly generated, e.g., in a manner such that no constraints



Anchors conprising a nucleic acid spacer and one or
nore |linker-specific portions are unlikely to conform
to any particul ar constraints on base conpostion. For
exanple, if the anchors |located at different loci in
a region have spacers which are substantially
identical, e.g., a substantially identical 25-nmer or
a 200-ner, but each anchorjsas a different |inker-
specific noiety (e.g., a 25-ner), even if the
i nker-specific noieties neet specific requirenents
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enfb A G0 P 8 Mol b TR Gl 4014 ol f ik opios
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f'ormed integrally into the )
bean, Phaseolus, wheat germ, etc.) which is specific for a particular carbohydrate. In another

embodiment, the anchor can comprise an organic molecule, such as a modified or
derivatized plastic polymer which can serve, e.g., as the stage for specific solid phase

chemical synthesis of an oligonucleotide. In this case, the derivatized plastic can be



pl astic surface of a conbination during the
manuf acturing process. |In another enbodi nent, the
anchor can take advantage of specific or preferential
bi ndi ng between netal ions, e.g., N, Zn, Ca, M,
etc. and particular proteins or chelating, agents. For
exanpl e, the anchor can be polyhistidine, and the
anchor-specific portion ofig he Iinker can be nickel,
which is attached via a nickel chelating agent to a
target-specific probe. Alternatively, the chelating
disBeRRh a‘§§ﬂ arrBPoft BiScretd, Cc[bﬂ(/atﬁe&' 1641 SvHa B ifSrided itegrhii into the
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spacer as described above. In one enbodi nent, a
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base noi ety can conpri se | i near _carbon spacer
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about 25 nucleotides; and the second moiety of the duplex can comprise a sequence which is

complementary to at least a portion of the base moiety, (e.g., to the terminal about 40
nucleotides), followed by an optional spacer (e.g., about 5-15, preferably about 10

nucleotides), followed by a linker-specific sequence (e.g., a sequence of about 8 to about 50



nucl eotides in length). The relative | engths and base
conposi tions of the conplenentary portions of an
anchor duplex and of its |inker-specific sequence(s)
can be varied to suit the needs of an assay, using
opti m zati on procedures which are conventional in the
art. For exanple, sequences can be sel ected such that
| i nkers can be dissociatedsfrom(e.g., nelted apart
from dupl ex anchor nol ecul es under conditions in
whi ch the duplex anchors, thenselves, remain intact.
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~ for the detection of an.increased nunber of
linker, or for one target, only). See, e.g., Figure 7. In another embodunent a plurality of

different anchors, having specificities for a plurality of different linkers and/or for a plurality
of different targets, can be present at a given locus, called a “mixed locus,” e.g., a plurality of

about 2 to about 100, for example at least about 2, at least about 4 or at least about 10. An



different targets at a particular |ocus. In one
enbodi nent, each m xed | ocus contains one anchor
which is the sane in every, or at |east several, |oci
For instance, an anchor which is the sane in nore
than one | ocus can be used for quality assurance

and/ or control or for signal normalization. O
course, "mxed loci" are algso advant ageous for
surfaces having only a single (non- repeated) region.
The anchors in each of the loci of such a single
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onfé?% gq&lzet Orsﬂ}%ﬁg%rb be arranged in a two-dinensional

ri enta | on S a square, rectangul ar, hexagonal
Or The physical spacing and relative orientation of the anchors (i.e., groups of anchors at

individual loci) in or on a test region are not limiting. Typically, the distance between the
anchors is about 0.003 to about 5 mm or less, preferably between about 0.03 and about 1.
Larger and smaller anchor spacings (and areas) are included. The anchors can be arranged in

any orientation relative to one another and to the boundaries of the region. For example, they



other array, or a circular array with anchors

emanating fromthe center in radial |ines or
concentric rings. The anchors can al so be arranged in
a one-dinensional, linear array. For exanple,

ol i gonucl eoti des can be hybridized to specific
positions along a DNA or RNA sequence to forma
supranol ecul ar array, or ima |linear arrangenment in a
flow through gel, or on the surface of a flow through
device or structures within a flow through device
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pattern of anchors, then each assay point will test the sample for that assay pesition for all of



The anchors do not need to be arranged in a strict’ or
even fixed pattern within each test region. For
exanpl e, each anchor can be attached to a particle,
bead, or the like, which assunes. a random position
within a test region. The |ocation of each anchor can
be determned by the use, e.g., of a detectable tag.
For exanple, the |inker nobgcule specific for each
type of anchor can be labeled with a different
fluorescent, lum nescent etc. tag, and the position
I I
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one another sufficiently that the intended assay can be conducted. By the terms “specific” or

C

“specifically”, it is meant herein that two components (e.g., anchor and anchor-specific
region of a linker, a probe and its target, or a target and a target-specific reporter) bind
selectively to each other and, in the absence of any protection technique, not generally to

other components unintended for binding to the subject components. The parameters



For nucleic acids, for exanple, one of skill in the
art can determ ne experinentally the features (such
as | ength, base conposition, and degree of
conplenentarity) that will enable a nucleic acid
(e.g., an oligonucleotide anchor) to hybridize to
anot her nucleic acid (e.g., the anchor-specific
portion of a linker) under2iconditions of selected
stringency, while mnimzing non-specific
hybri di zati on to ot her substances or nol ecules (e.g
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95%a ple@srablly e5dut QNQW 180K indRaRS c@&lpleineméﬂ@&(fd)anntwuwéneesa the
Acid Hybridization, IL Press; Davis et al.
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hybri di zed to a bindi ng partner (e.g
added to a test region (e.g., a well of a multiwell plate - in a preferred embodiment, a 96 or

384 or greater well plate), in a volume ranging from about 0.1 to about 100 or more pl (ina
preferred embodiment, about 1 to about 50 pl, most preferably about 40 pl), at a

concentration ranging from about 0.01 to about 5 pM (in a preferred embodiment, about 0.1



ol i gonucl eoti de anchor on the surface) for between
about 10 m nutes and about at least 3 hours (in a
preferred enbodi nent, at |east about 15 m nutes) at a
tenperature ranging from about 4 C. to about 37 C
(in a preferred enbodi nent, at about room
tenperature). Conditions can be chosen to allow high
t hroughput. I n one enbodi nent of the invention, the
reaction conditions can approxi mate physi ol ogi ca
conditions. The design of other types of substances or
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384 or greater well confains, as anchors,
regiied o arkigye mmﬁbsnmqte@samnh thirt bibdiolg @erthes,care routine and

bod d b
cof SR B Thc R Ne RS N GO e 8 22,
55006839% FddoRer! (11966 UTSe Hater® MR OSI5 TEIV0; PinaRslbs ol(1992) a8 Ubatent

50 |, mmst preferably about 40 I) at _a concentration
N 2ridi ef)- 1 AmpngBsuncatetipnparemeips e DOfennsali epogentration, pH,

r f uch
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anfibotss eéiﬁn beaédd@d taﬁtmfbﬁhﬁg ? a&ﬁi%@:% & %G&Pg}wﬁc g%coﬁ&ry

about C. (in a prefte pbodi ment
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frond 4bbutt1D@M t8abd® 16 SG R afpréferR@lebodin@ht, AHowt EAVIY, BEIMAE sieh
linker to_substantially the sane degree as do .t he 23
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a su stantl uni formarra
embhdimerfitoat daqastplboxhem minutes), at a temperature ranging from about 4° C. to about

45° C. (in a preferred embodiment, about 4° C.). For peptide anchors, a length of about 5 to
about 20 amino acids is preferred.
In some embodiments of the invention, each anchor in an array can interact with the

anchor-specific portion of its corresponding linker to substantially the same degree as do the



The anchors (i. e., groups of anchors at individua
loci) within a test region can be a "generic" set,
each anchor of which can interact with one or nore of
a variety of different |inkers, each having a portion
specific to such anchor but with differing "probe”
portions; thus, a single array of generic anchors can
be used to programor defipe a varied set of probes.
The flexible nature of such a generic assay of anchors
can be iIIustrated with reference to Figures 1 and 2.
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anchors to ogram a e variety of probe arrays is
substignia ega aiakpe 2,o#h1¢H1hJse linkeeh t:ompnsem pdurtmghatuMe@ﬁcr@r anchor

| l.ustrate

1, B rormn s aoR nopflth s BefBh i Bufbe BROHE? BuBpagprareet

mRNA1d Tahs tncher 114:5@5% 1sed 19/sP&Hi 3 {BrPhogddmh, dY defifne, @k Bbdrmine) probes
probes, for exanple receptor proteins (see
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“sandwiched” or “piggybacked” probes such as protein/antibody combinations. For example,
in one embodiment a generic set of anchors can be associated (covalently or non-covalently)

with a set of linkers to form a modified array of “conjugated” anchors, as is described in



thus, a generic set of anchors can be re-used to
program a varied set of probes. For exanple, an
ol i gonucl eoti de anchor can be separated fromthe
ol i gonucl eotide portion of a linker by, for exanple,
a heating step that causes the two ol igonucleotides to
di ssoci ate, and can then be rebound to a second
linker. The ability to re-4ge anchor arrays, which can
be expensive, tine-consum ng and/or physically
difficult to make, is another advantage of the
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nchors with which it interacts. For exanple, if the
88 is an ol i gonucl eotide, the portion of the
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(e%“%@ e.g., 25 inosine; joined via various known
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efficiently and specifically to it under selected stringent hybridization conditions. The
nucleic acid can be, e.g., an oligonucleotide, DNA, RNA, PNA, PCR product, or substituted

or modified nucleic acid (e.g., comprising non naturally-occurring nucleotides such as, e.g.,



speci fic for an oligonucl eoti de anchor can range from
about 8 to about 50-nucleotides in Ilength, preferably
about 15, 20, 25 or 30 nucleotides. If the anchor is
an anti body, the portion of the |linker which
interacts with it can be, e.g., an anti-antibody, an
antigen, or a snmaller fragnent of one of those

nol ecul es, which can intera2gt specifically with the
anchor. Substances or nol ecul es which interact
specifically with the other types of anchors descri bed
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hybridization of an oligonucleotide probe to an RNA can be determined routinely, using art-

recognizeéd procedures (e.g., see above). For example, target RNA [e.g., total RNA or



above) in a buffer such as 6X SSPE-T or others,

optionally contai ning an agent to reduce non-specific

bi nding (e.g., about 0.5 ng/m degraded herring or

sal nron sperm DNA, or yeast RNA), and incubated at an

enpirically determ ned tenperature for a period
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hours (in a preferred enbodignent, about 3 hours). The
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ph{rAl ol 1RORABbE Bilerd IBRECRe alfspec gﬁ@fo?gﬁﬁﬁ&ﬂ&@ﬁgéb tbF ﬁte?égg%tgh ‘?hey

target-specific portions o
arespeq e fee differantitastins bfa single DRNA vfintesdsy ondre spwﬂlc dortnuclease

| i o k S, e nature of
Qo BAEREE oo RATR r PR R Baopbr g s for
mqr&asedmnsﬂum@@f hryas@zfy folhe tggetalk., a target which is presentin a sample at
low abundance. The number of probes on a linker can be, e.g., about 2- 50, preferably about
2,40r10.

Of course, linkers which comprise such a plurality of different probes are also

advantageous for use with surfaces that contain only a single (non-repeated) region.



i nternedi ate nol ecule. I n one enbodi nent, in which
both portions of the linker are oligonucleotides,
they can be joined by coval ent |inkages such as
phosphodi ester bonds to forma single, colinear
nucl ei c acid. In another enbodi nent, in which the
anchor-specific portion is an oligonucleotide and the
target-specific portion isym receptor, for exanple a
receptor protein, the two portions can be joined via
the interaction of biotin and streptavidin nolecul es,

an %@@&Iﬁr—@éecmi &1 the torkdtiSdoiS feHibiy 5t 8 -1infer MBDY joined
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mQalck 3Bl BoliREE il Bl DS, AR BREER, s intapes e
knoww (e.pr steelNizmeyar qped {1904). plaRs2B 558015639). akltethatiogly, the two -
thers), to. forma conplex, (such as, e.g.,. . an )
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substances (e.g., linkers), using-conditions which are

mebranerronpanent maiani apadd fontt or ladipicattasbmerti dvi¢thads ta firinommsh
intact. but.tg remove non-specifically. baou oy -
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a variety of types of sandw“ches of anchors
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oot LN S, B e lte oI B Frih R ep et (&b washed) o
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One of skill in the art will recognize that a variety of types of sandwiches of anchors
and linkers can be generated. For example, to an array of anchors-(e.g., anchors having

substantially identical sequences), one can attach a first set of linkers, each of which has a



different set of specificities, of "conjugated"
anchors. The various sets of linkers and anchors can
be associ ated to one another covalently or

non-coval ently, as desired. The conbinations of this

i nvention can be manufactured routinely, using.
conventional technol ogy. Sone of the surfaces which
can be used in the invention are readily avail able
from conmmercial suppliers. In a preferred enbodi nent,

the surface is a 96-, 384- or 1536-wel | _m'crotiter
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iof R B8 - BYAEr 6 Tt amitc B Qe o P ST b pdin
th@ﬁérm of a screen or fine meshwork. The base can be a flat piece of material, e.g., glass,
in, for example, the shape of the lower portion of a typical microplate used for a biochemical
assay. The tdp surface of the base can be flat, as illustrated in Fig. S¢, or can be formed with

indentations that will align with the subdivider shape to provide full subdivisions, or wells,



i gati ng together subfragnents that have been so

synt hesi zed. Nucleic acids which are too 1long to be

confortably synthesized by such nethods can be

generated by anplification procedures, e.g., PCR

usi ng conventional procedures. |In one enbodi nent of

the invention, preformed nucleic acid anchors, such

as ol i gonucl eotide anchors29can be situated on or

within the surface of a test region by any of a

variety of conventional techniques, including
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(1996). U.S. Patent No. 5,545,531;. Fodor et al (1996).
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oo e 38 Gl G0, G LUt R e cTintrat e

conbtigneitlya giatoR Q1! n&dieﬁamﬂaﬁmpwnbmc( By galqngadiwqrsadia‘ﬁ&g onto
in a “buf fer such as 50 mM phosphate buffer,
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ol R s 68 e ke SRR £ R
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evaporation, it may be required to control the humidity in the wells during preparation. In
another embodiment, oligonucleotide anchors can be synthesized directly on the surface of a

test region, using conventional methods such as, e.g., light-activated deproteciion of growing



enbodi nent, oligonucl eoti de anchors are attached to
the surface via the 3' ends of the oligonucl eotides,
usi ng conventional methodol ogy. Peptides, proteins,
| ectins, chelation enbodinents, plastics and ot her
types of anchors or linker noieties can al so be
routinely generated, and anchors can be situated on or
within surfaces, using apggopriate avail abl e
technol ogy (see, e.g., Fodor eta[] (1996). U S. Patent
No. 5,510,270; Pirrung et at (1992). U. S. Patent No.
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whi PEptﬂé@Ptb‘E@xﬁ Tetins [ch&lat B SRAYSLiAERS bﬁﬁtﬁ@dnct\&ﬁ’e%‘r@ésro@ta@hors
or MAPS plates. The conmponent s of reacti on m xture,

or élélseaylmeaps cpg else b Frytipely sandieted, @dr@n@i@rs cg8 be Alated o AT wiflyin
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NARRINOsko0fs3gpt ecting at |east one target, conprising
a) contacting a sanple which nmay conprise said

t ar Qmom)emhoﬂhn@tsmfﬂhﬂmVamnmlﬂle disclésed combinktidna sreaised in a
bort ion t is

valigi of s Shine Fradefiie bR RS houlBISEL GRS or

strdbu® Bf thSpidPQ Gk fa'_r%‘et i‘nereaﬁ@sl Such@és géa(x@’r)ermém%'h A5RDBlatd RRSn
effective to obtain a first hybridization product
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in solution and then contacted with the anchors.

One embodiment of the invention relates to a method of detecting at least one target,
comprising - |

a) contacting a sample which may comprise said target(s) with a bifunctional
linker which has a first portion that is specific for an oligonucleotidé anchor and a second
portion that comprises a probe which is specific for said target(s), under conditions effective

to obtain a first hybridization product between said target(s) and said linker,



1) a surface conprising nultiple spatially discrete

regions, at least two of which are substantially,

i dentical, each region conprising 2) at |east 8

di fferent oligonucl eotide anchors, c¢) contacting said

first hybridization product or said second

hybri di zation product with a | abel ed detector probe,

and d) detecting said detegfion probe. Each of the

assays or procedures descri bed bel ow can be perforned

in a high throughput manner, in which a |arge nunber

of r’r‘pl . . 5 . .11 . \

2028 or . coniclng]sud ML ROMIRALER Mbarb it D Mok e
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rapi dl.y .and concurrently. Further, man l.ates or . .
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menber of) a cemfaceadmprsilg roHepte satially distieteaegions siifehst 8o of

variants aof .snpal l. | ecul.es, peptides,
whyy aé%ﬁ{?ﬂa%ﬂly %gt}cago *OtREPT SURtH¥ces),  can be added
to separ@te radonsdigbredt ARBRIMRLIOCMRSs descri bed or
can be added to biological = or biochem cal sanples
t haf) ar econielingasire dirtt Grybrdiastion prodigh onsaidfsecond hybridization
prc?c%t iﬂ_?.haggfed&&g?ﬁé%gys aed wi th probe arrays | ocated

e regions; Ssdays can be perforned on each of
thed) sadactisg sallf dekectibiepiobgent advent and conti nui ng
devel gpnent of hi gh-densi t(?/ mcroplates, DNA spotting
t ooFacBafdthe pssays: proprecesieen dgsoribeds below ean b| Rsgfpropest in a high

- Y
P LI Erg vl L B0 nliibg of LOMIRNED, AERE as sbours6s, 1036
1530 B0k 53irimoed, éepending @cthe mumisy sfregisnsin the dahbinatuni gre AEsayed on
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in which the probes are oligonucl eotides, "'t he assay

sargplps, edrh campisiemd dig sandiddte (e, cecinemioar of e lcymbinkieval dhemistry

: bi.ndi na, or__ot her ..ass .of a 32 large
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canvteradddd to separate repidre o f Sconthifhtion adtiRkatibed §ivas B&added to biological
eci fic¢c nmutations associated wi th di seases such as

or g@&%ﬁf@@iswﬁsﬁ that ggdhen added to sqpaatesregiong of @ pogrbjnation, and

o s dth S 05 B v Whrmed oneagh o
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.Of .
mlc(:)roplates, DNA spotting tools and of methods such as laser technology to generate and

collect data from even denser microplates, robqtics, improved dispensers, sophisticated
detection systems and data-management software, the methods of this invention can be used
to screen or analyze thousands or tens of thousands or more of compounds per day.

For example, in embodiments in which the probes are oligonucleotides, the assay can

be a diagnostic nucleic acid or polynucleotide screen (e.g., a binding or other assay) of a



plants), or nRNA transcription patterns which are

di agnostic of particular physiol ogical states or

di seases. Nucleic acid probe arrays conprising

portions of ESTs. (including full-. |ength copies)

can be used to evaluate transcription patterns

produced by cells fromwhich the ESTs were derived

(or others). Nucleic acid gyobes can al so detect

pepti des, proteins, or protein domains which bind

specifically to particular nucleic acid sequences (and
[

largé ciﬁmbgrz ; z a%awpl%h Mot ‘gllﬁén %resls:ﬂ: {i—bg%ﬂ‘@ ru(aﬁatjld?ls W GlFedih Qe. g,

pobrnior;ihmhseﬁ)speciﬂ@enmﬂ:&ayassmathﬁwﬂl disgaemudhas cysit fibrokis. See,

e gt o5l ool el B Hgp DB QN aithegehe aphoms
(suféh 28 Bcerfa0 Oftidel, O3 ﬁmﬁ%a, Whdll hosthrd 4hiBale) hoidthg hude, or.

l'ustrations of t es of nol ecu I ch Can
planED &muﬂﬂ\TAltmnmpuhepattem odiiaeane diagivetic offrrtiaiar physiadégical
i,nvent can, .be used to manitor m.cal ..
stafed SE PR MRS ala Dipog ey ompats Brrtionrol HTH i duding fu-

ledgth“doﬁieQ c@ﬁ bélfised 30B/aluafdRaB &b B pattSins f)ﬂ%@tuiekl ‘6? cellsif¥m which
exanpl € the efficiency or specificity of eractions

theFif Taensre @nv¢ct;(en@hm)dNudnm atid ghiobes cap ﬂls@tﬂetercémpde@r motems or
pro(texﬂgpgﬁzs)%v 051;%1(15 ﬁeﬁfy tg I,Pa%cu gg gl(lf’] écfo éc‘?ig rks)gq%grgces ?amci vme-

veld)l agoni sts; or of enzyrres (such as proteases or
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For exa , .1o scre | es for presence
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biochemira) geaciiens sudhsis,reagt, éstereptinns b1 protkins, nuclels apids twaldwmolsfules,
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proteases Xa and VIIa), the samples can be assayed on combinations in which the probes are

fluorogenic substrates specific for each protease of interest. If a target protease binds to and
cleaves a substrate, the substrate will fluoresce, usually as a result, e.g., of cleavage and

separation between two energy transfer pairs, and the signal can be detected. In another



sanpl es can be incubated with the array of substrates,
in an appropriate buffer and with the necessary
cofactors, for an enpirically determ ned period of
time. (In some assays, e.g., for Dbiochem cal studies
of factors that regulate the activity of kinases of
interest, the concentration of each kinase can be
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the amount of target bound to probe. Any of the heretofore-mentioned types of targets can



m xture, one can "shift the sensitivity" of the
reaction in order to allow even such | arge anounts of
target to be quantitated. In another enbodi nent,
conmbi nations of the invention can be used to screen
for agents which nodulate the interaction of a target
and a given probe. An agent can nodul ate the
target/probe interaction by4interacting directly or
indirectly with either the probe, the target, or a
compl ex formed by the target plus the probe. The
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domains and phosphorylated peptides.
In another embodiment, the combiriations of the invention can be used to screen for

agents which modulate a pattern of gene expression. Arrays of oligonucleotides can be used,



physi ol ogi cal condition of a cell, but not necessarily
that the expression of a given RNA is responsible for
or is causative of a particular physiological state.
For exanple, a small subset of nMRNAs can be
identified which are expressed, upconverted and/ or
downconverted in cells which serve as a nodel for a
particul ar di sease state; ghis altered pattern of
expression as conpared to that in a nornal cell

whi ch does not exhi bit a pathol ogi cal phenotype, can
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The mpgl?lgﬂpp%p? t}ae invention can be used to screen for such agents. For example, a
- series of cells (e.g., from a disease model) can be contacted with a series of agents (e.g., fora
period of time ranging from about 10 minutes to about 48 hours or more) and, using routine,

art-recognized methods (e.g., commercially‘available kits), total RNA or mRNA extracts can



i dentical arrays which conprise probes for appropriate
i ndi cat or RNAs, and those agents which are associ at ed
with a change in the indicator expression pattern can
be identified. Exanple 15 describes a high throughput
assay to screen for conmpounds which nay alter the
expression of genes that are correlative with a

di sease state. Simlarly, ents can be identified

whi ch nodul at e expressi on patterns associated wth
particular physiological states or devel opnent al
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probe which is specific for at least one of said target(s).



the anchors are oligonucl eotides, the instructions can
i ncl ude the sequence of each anchor, from which a
practitioner can design conpl enmentary anchor-specific
noi eties of linkers to interact. specifically.
with.(e.g.,. hybridize to). the anchors; if the
anchors are peptides, the instructions can convey

i nformation about, e.g., aptibodies which will

interact specifically wth the peptides. The

i nstructions can al so include a protocol for
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many times. This flexibility and reusability constitute further advantages of the invention.



mapped are distributed in separate regions (e.g.,
wells) of a surface; in the illustrated exanple, the
surface of the conbination conprises 16 wells, each of
whi ch contains an array of 16 different EST-specific
ol i gonucl eoti des, nunbered 1-16. An ol igonucl eotide
which "corresponds to" an EST (is "EST-specific") is
one that is sufficiently cygmplenentary to an EST such
that, under selected stringent hybridization
conditions, the oligonucleotide will hybridize
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In a subsequent step, an aliquot of a sample comprising a mixture of nucleic acids (e.g.,

mRNA or single stranded or denatured cDNA), which may contain sequences that are
complementary to one or more of the oligonucleotide probes, is added to each of the regions

(wells) which comprises a probe array; the mixture is then incubated under routinely



ol i gonucl eoti de, so that the probe and the detector
ol i gonucl eoti des do not interfere with one another.
Consi der, for exanple, the ESTs depicted in Figure 21,
whi ch correspond to ESTs 1, 2 and 6 of Figures 18-20.
Figure 21 indicates that ESTs #1 and #2 were both
obtained fromgene X (they are "linked"), whereas EST
#6 was obtained froma difgerent, unrelated gene. If
aliquots of a sanple containing a m xture of nRNAs,
i ncludi ng one generated from gene X, are incubated
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methods of detection, and the like are discussed elsewhere in this application with regard to
other MAPS assays. In order to confirm the linkage data obtained by the MAPS assay, one

could perform PCR reactions psing pairs of EST-specific oligonucleotide probes as sense



whi ch corresponds to each of said ESTs, with a test
sanpl e which may contain said given nucleic acid, to
obtain a hybridization product between said

ol i gonucl eoti de probes and said nucleic acid, b)

I ncubating said hybridization product with a detector
ol i gonucl eoti de, which corresponds to an EST to which
one of said oligonucleotidg probes corresponds, but
which is specific for a different portion of the EST
than is said oligonucl eotide probe, and c) detecting

aksl
snff Socs bEARKTBALY fiorRAPESTY Bl il L FUR Bl TGl T
thie &Jalﬁ#msgBORGése actulddt& rerfolest to Setenmindlihiiazedircotly withay)i usmg the
of a__conbination, wherein, said cqonbi nation Coﬁﬁf

Linkage MARS 258%; BOVRIFT Biapyreactioanioriddee requied.apd oo Srpiiner
w‘i’.]%(fﬁ{'\%t 'bessggcﬁ%gﬁﬁ 'a@lgb%eéegst%%%g issehsE GRS, FOAHR!iisRated

e nu each region
exapipr 189isnch @ctianswortdbe wiuickdf f er ent anchor s equal to

t he_nunber o ESTs.to be studi ..an

S BRSO ROl Qi el SR riRE VLSS <Aty of
ESTslafd coRPldn iy Bl deﬁnﬁ&@i@h&@1ﬂ%o§®hsi§1§'e anchor, and a

second portion that conprises an oli onucleotlde pr obe

whi eh coincalstiog as innootatized ey obeligopycleotigs prolrsTal leashone of

ot her aspect ent. on r.ekat ho .
WA SeRRr B ittt e B B T b Sl B R iven
nuSRlcAciaieloBlam AbidizA06 pitlaedt Bt eepdatt dlﬂ‘go@ﬁledhd_efﬁf&cs and said

conprises two 41 dlfferent ollgonucleotlde sequences,

nucleis apids st of which defines an ol i gonucl eoti de probe

cor rbﬁ Spo qg&d’lﬂ?ﬂﬂgg&lﬁ ﬁ%qqld%EO Q Qucﬁ' gﬁh §g&&&9 %%onfé@éo%ﬁe which

defi or I'gonu eot| corres
co&ﬁspdndé?ba' an B§Mowischoge ofis)aidcm.cbmmlebmr@ panbssmrpbsp onvsj whwhich is

| ecul f_sa |
SoFRIT B AT POHOTLAT G B BR REHHPEaE B G on

Comq ' Seﬁet@&m@vﬂﬁ‘éﬁ Qigohd&Rns plobed bfigid RESOLE labdled by said
| east one of Wwhich corresponds to each of said ESTs,

detn):tornhgdmaclbwtgiesal d sanple with sai d regi on,

bi o R BT et L Brsespeat R dnld URLEHE o bt

covbirfatlom wherein said combination comprises

1) asurface comprising a number of spatially discrete, substantially identical, regions
equal to the number of ESTs to be studied, each region comprising

2) anumber of different anchors equal to the number of ESTs to be studied, each
anchor in association with

3) abifunctional linker which has a first portion that is specific for the anchor, and a
second portion that comprises an oligonucleotide probe which corresponds to at least one of
said ESTs.

In another aspect, the invention relates to a method as above, wherein ofsaid ESTs

may be complementary to said nucleic acid, and wherein each of said ESTs comprises two



conpl enmentary to portions of said nucleic acid, c)

i ncubating said region conprising nolecules of said

nucl eic acid bound to one or nore of said

EST- correspondi ng ol i gonucl eoti de probes with a

detector oligonucl eotide which corresponds to an EST
to which a given one of the oligonucl eotide probes of
said array corresponds, thejeby binding detector

ol i gonucl eotides to nucleic acid nol ecul es which have
bound to said given oligonucl eotide probe or to other
A O pELOEE soioE B D S SRR SRR e proe
catesmoiiog tolshid BRT; lard thedesond tolﬁesr}mdhyddfﬂwi détystongoligadmiatdotide
EST- c rresgﬁaggfg ol i,gonucl eoti de probes of said array
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bin to i) I

or OB, mé*?%%m% e S e L
leesh nyd regiem biéerqombmasm d/hgaemcsmxd megidrsiompaisssdn minayrof oligonsaéotide

of oligo | eoti de, probes bilized on a
pﬁoéff %trleaétf ong oggrﬁtyﬁﬁgqrqsggpds Eﬁh F}s‘a“g:a > conbi nat i on
co ”’FH) | sesnchbatthgShil bAGTe GRANTNA 1%?169, EBYBRLittRE molecules of said
|dent|cal regi ons

spa |aII¥ di screte, substantiall

@Sﬁé@lacldo 0t hindntenbd BST- -EFFEponding eolgoumlmde exaelies relfclo rare
C ' jfferent anchors equal to

comp én? ; o%t\itﬁs%.? 551"%’5{0}53 C acyt -

e nuw udi ed, each anchor in

assayi at imbitrigliaid2egion camtpln‘smg aidlaiRs of sakerclaickhbdiag to
a first portion_that is specific for the _anchor, and -
ong Sb6JBAE phrseido ES%?wavese@w;wg sdigomislestide prehes cbith e detector

:@g{ﬂﬂffeo\f‘@h%ch%gﬁ& o an %gsfﬂla?g vgrpgneocff tﬁe%l%omgéeonde

e Conpon i'Nng assay C
pxab&s@Médrayrno&agpoﬂdsdﬁbneb)ﬂmndmg damnd)mhgbﬂnmleandﬂsm ®ucleic acid

Ts can, be assenbl ed entj al |
S e e M S b kS et
proSRWHIG e chRfleRGitAS RAIRIRMlelchcROl ution and then added
to the anchors. In another aspect, the invention

rel @es deteelingdhenoesende Odaéqumrm@gmcbhu@s thereby identifying

\ 819 g%lfc gggsgpogcli:‘ﬁgsoh%m%cﬁgt% rgﬁegs %r %ag# lag%% Ven Pemen?ary to

pdeiidnd e aimbielc Bid @rithein@otol @Rl divdkalgontdl@eiut EST cSﬁé‘sbondmg

probe, thereby identifying which ESTs are complementary to said given nucleic acid wherein
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said array of oligonucleotide probes is immobilized on a region of a combination, wherein
said-.combination comprises

1) a surface comprising a number of spatially discrete, substantially

1dentical regions equal to the numbér of ESTSs to be studied, each region comprising

2) a number of different anchors equal to the number of ESTs.to be

studied, each anchor in association with



of which conprises a first portion which is a probe
that corresponds to at | east one of said ESTs, and a
second portion which, is specific for an anchor

ol i gonucl eotide, with a test sanple which may contain
said given nucleic acid, to obtain a first
hybri di zati on product between said oligonucl eotide
probes and said nucleic acd, b) incubating said first
hybri di zati on product with an i mobilized array of
anchor ol igonucl eoti des, wherein each anchor

ol | gonuch eot iy GiohASRRAAHH el BErd BB et RAGAdTor the
portion of at |east one of sald r nol ecul es,

f or anchors endredsdeyi pottizathad rcompns;ad Lant oligonmeleatida gn@m Whlch

anchors onugl l.de probes and said nucleic
aci PTreshg %§° ﬁtﬁ%ﬂﬁﬁ?f’%%gégﬂger said first or said
secondodiniohbas 82hd PAT %éﬁgilﬂgtaséé&( fehh Be afd8hBIGA B any order. For
ol i gonucleoti de, which corresponds to an EST to which

exaypge, éhe asdnozs, bnkegsmd ESEatande assgnwb@@qumualébpohd@rs apgESTs,
S adffere |on of, .t he
in Y3 fiShmc® Bt p et et e RPlso B Sl ep Bk e
anoMotsch ol i gonucl eot| de probes of sai d array are | abel ed
by said detector oligonucleotide, wherein said array

- of Enwiether atpegfohedneastipr elatesstoj W@pﬁ,oﬁ@etegﬁm@gr@g%ﬁfa
Rk R e i

di sey et dpcubatiss cdotlédtioh yfblﬁiﬂﬁionﬂahoonneigomﬂamﬂc@ qu:l:ulés;Jeach
nunmber of. ESTs to pbe.studie eac
of &fgﬁﬁ CPTEPIHGS 3 Peftipm ihich s acnr??eé?aé ﬁ?n%%g% a@a%ﬁs?netos said

ESTHemdYWesnd (infortﬁﬁ-r@hlélpls@geﬁﬁd@ir & anédor %ﬁgﬁnﬁgleoﬁcﬁewﬁp QUEL

met hods f or mappi ng ESTS can be used to map test
sarsple whith ey cortam saidmivepmucleisariddosptaims firsh hybrrmmtlm product

acid o For one, can determne if

betyfen %}JW%}‘ iﬁ%ﬁ%%f%ﬁ&“ﬁag@%%?% % cDNAs nep to the
sanp) gengdibatidd\bid Bri€ RytRidiRiSC HROWIE vt hd 1rﬁﬂn5b1hiddfarray of
exanple, in the structural elucidation of Ion

an@eﬁglpa@;eucg@tpégs, whereig eagh mch@rolmw@ptld%meémdﬂ@ttb? #Hcher-
spés? eﬁcif@ﬁtéogx;omnge%sfogxl 'tog %Q&I %%ersfgﬁgc%ﬂg e%l\ﬁfm g&g%&ﬁg hybridization
prcrdlatt&bm'pnmg' said ahirg shid ohg@ﬂcleétnfe peckesphdsaid mickic acid, and

gnostic test to djstingui bet ween, a nornal, and a
di sé ase BGHRAIRE SHbR NS & S%@E Bygridizatipy, product with

det@étfnf cﬁfg@:ﬁfcle@ﬁdes Bhicg b%sﬂﬁfd& R RESTVIMicBbASSS said oligonucleotide
applications of the mappi
probes corresponds, but which is specific for a different portion of the EST than is said
oligonucleotide probe, and
d) detecting which oligonucleotide probes of said array are labeled by said
detector oligonucleotide,
wherein said array of anchor oligonucleotides is immobilized on a region of a

combination, wherein said combination comprises



method will be evident to one of skill in the art. In

anot her aspect, the invention relates to a nethod of

deternmining which of a plurality of polynucleotides

are conplenentary to a given nucleic acid, wherein one

or nore of said polynucl eoti des maybe conpl enentary to

said nucleic acid, and wherein each of said

pol ynucl eoti des conprises gy different

ol i gonucl eoti de sequences, the first of which defines

an ol i gonucl eoti de probe corresponding to said

p 0 | i . 3 | i . .

ot G oy Sl P R icd regions
eqpal to/the clueber af @S Te orbe sfudiedggackajegonrbmptising a sanpl e

whi ‘conpri ses. hol ecul es o ai d nucl gi cid w.th at
2] s BEDS: o5 Bt e e A R 5 ALY SR8 on
COMPIFle5&e, Bt aBEVeNetiids RrntOpME FRPS bhe uBIdAD &Ry 163 sequences
| east one of which corresponds to each of said

(e.pobyiruslemtidésiens aty)nucleiidosltaf igeresii Bbr svamyle; ong ¢an deteindine if

w5 B bRY DR b OAVEPbE th B Bl BRlfePRRL S
pré¥eti&te Borl 8ia} foflékaPpRIIA $he/ineiraBbiBcid ARARE RAR RbAPMx kéhes. Ina
portions of said nucleic acid, c) incubating. said

simiday meRnr s cisdetrgming [fone prBore fplisad et sesurrtesorgediag ssavmeaes
or fa S@i ti ' .

e A0SR 190030, PALVBNELER G 08§ JHIE R0 i

-diggnogio Mast BOotistgzuishi tetwear 4 aspad dmdt © diseqse| sonditibe ottiicte are
to which a _given one, of the _oligonucleotide probes .

cheypcteized bé(rdrl%?feret@} PRI G agems. , Magh pthsr ﬁmhﬁ@tmaépg tegpapping

m Jdgg‘ﬂ%legﬁggq%ne Jfgkip‘ﬁ‘fhﬁiaﬁ- aci d nol ecul es which have

oun

to sal d given oligonucl eotide probe or to other
ol i oanmherctspat thr mbesionhtletes & e nuatingl efhdatdrainng whishiod a
nucl ei.c .aci d, .. det ecting, the presence of,,said
o1l B Bl et e lrmbtbilg ABbFR FRe R0 ng whi ch
POl wihefelsieiof Rofedf ERSPORAICRE Qs N9 BE 6drBSleh siRarp (A RISwekic

said array are cor Iementalr.({eé to portions of a nucleic
acigle prfl wherel 98tih @B saicopadwivglegiiaes womprisns rive [deEreng eligonucleotide

Lynugl eot i de- r ondj 4 r . .
ALY SO BRI O g o
pobaucleotifie)ad thruedoad 6f vetdtioefinkser deteotos ali gbnadi¢otiyie @bresponding to

ol i gonycl eoti de probes is inmobilized on a region of a
Sa@dﬁ%@ﬂﬁ?ﬁ@ﬁﬁ“ﬁﬁ@ﬂ%&n sai d conbi nation conprises

a) contacting a sample which comprises molecules of said nucleic acid with at
least one region of a combination, wherein said region comprises an array of oligonucleotide
probes, at least one of which corresponds to each of said polynucleotides,

b) incubating said sample with said region, thereby permitting molecules of said
nucleic acid to bind to said polynucleotide-corresponding oligonucleotide probes which are
complementary to portions of said nucleic acid,

c) incubaﬁng, said region comprising molecules of said nucleic acid bound to

one or more of said polynucleotide-corrcsponding oligonucleotide probes with a detector



1) a surface conprising a nunber of spatially

di screte, substantially identical, regions equal to
t he nunber of pol ynucl eotides to be studied, each
regi on conprising 2) a nunber of different anchors
equal to the nunber of pol ynucleotides to be studied,
each anchor in association with . 3) a bifunctiona

I i nker which has a first pagtion that is specific for
the anchor, and a. second portion that conprises an
ol i gonucl eoti de probe which corresponds to at | east

olg3Rucotid$ Q(‘Iﬁjcrll'xp SRtk e 8 iad;%?ynu!:l@ot?c%%hﬁﬁicﬁsao t%]ne r@ﬁe. b fhe

I'nvention, the above nethods to map ESTs or
oligonyolagt Heprobes@f sdidartay eorrespmnds, itswehydiming tyteatobaigenucleotides

B 08 plertB R R B at el St S HenpleefgRerobefg aptie
oligefue1dotide prab&@aiifcidire bathRéBstary & @id nucl¥RMWid, or ot her
types of RNA) are converted into cDNAs by reverse
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w b bRt comtBokuhd o iR G HoeF ot b M plemaptary

torgaiiidhs af @ nptleRaickidwhitlpBin@eld Sidgivén sBtRGc1asidd PsEhdrREde-
herein. Reverse transcriptase and ol i gonucl eoti de )
CogiesNoBEIEE DISPS fheaghy idspiifyngivichgolnpele are gemplpra@yasy fo said

gi@gnqmglgg%ﬁdded to the RNA sanple, and, using
art-recogni zed conditions and 45 procedures, which can

be mdwetaimediy adey ef wiipeaiclastidle qpobesiiz émdmobilieed on atregion of a

strands of cDNAs are .generated. The term "specific"”
coHaP V@‘F@f%saféz°°8ﬁ’émf1%éﬁ°nfp§sgﬁjf ficiently |
Con) eRBRca ESmbrRifh nuibids éﬁgﬁdﬂghﬁ&%&f subQarPia M ddr¥icdt fregions

under sel ected stringent hybridization condi'tions and
equel to the swgpherad gobypualesiidesde be studisd; caghtragion chingriswigi ch

doe Q ind undesired nucleic acid (se boye
for 21 0t 8r bieHpe Ehord st BeCn@ies o a5 dRHE oo
stalidd] ek asghecinfassociaybn wilh zat i on) . Resi dual RNA --

MRNAs whj ch were not recogni zed by the specific

pri e RSifunghgna finker jdich hesafist pertiondhat ispesifiq farfheauaboriand a.

. - - - d
sephaEONof thl @iprts 4461 N Blopt WlEn cor B & RERUSSbE
sapimotyadeledsies.such as treatnment with alkali, |eaving

behind the singl trand. cDNA, which i s subse tly

o1 adb g0t B i oo eisopre GithaR 3y mepi esr gher
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merensihesiges.t o degradati on by nucl eases and thus

In another embodiment of the invention, one or more RNA targets of interest (e.g.,
mRNA, or other types of RNA) are converted into cDNAs by reverse transcriptase, and these
cDNAs are thén hybridized to a probe array. This type of assay is illustrated schematically in
Figure 8. RNA extracts (or purified mRNA) are prepared from cells or tissues as described
herein. Reverse transcriptase and oligonucleotide primers which are specific for the RNAs

of interest are then added to the RNA sample, and, using art-recognized conditions and



difficult to work with. Furthernore, the additiona
specificity engendered by the specific reverse
transcriptase priners inparts an added | ayer of
specificity to the assay. Optionally, the cDNAs
descri bed above can be anplified before hybridization
to the probe array to increase the signal strength.
The ol i gonucl eoti de reversgstranscriptase priners
descri bed above can conprise, at their 5 ends,
sequences (which can be about 22-27 nucleotides |ong)
NPTy : _
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cxtensivetanchBe o ESVA, MU o B SeRBivS Flesritign P Mg asts and s

| . L. . e
R s
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generating oligonucleotides conprising such chem cal
desodbddi davé oamscaanmise,calttheie Sagngds.ceavaaes; h gag hepbout 22-27

art .. A PCR pbroduct . conprisi A i
g 100 Bt R ol P G B Rkt i 807, T8 or 572
p6Rhkfiss UpPeike). &n the, exhtfipteishovar inViligurs 80f TA pronmtaytseduence has

well, a bead (e.g., a non-magnetic or ma%net'l C be%gc) ,
bean addgd tofthe Igeersa pascriptase B S RYEITERHCRRNAT e pycomes
ixﬁzgxg)%?a? d intB e DNA g@fan 8R0 a8 % LRcAhitdh IR BuBiple rounds of

su pori‘%e%ore a

reaction is imtiated. Several
traysehiptbontly tHRGRpropatRNA @plyaersk (i wihotensaipsibi, 0gTVEL Optionaly,

| f D i er, that  th LLi
R BE S ERAF AL e SERBAP 3 BB S A Rt Al e
cPNAS HEETE Rin 1 soditp iR | ProB&lures for transcription and PCR are routine and

well-known in the art.

The flexibility of PCR allows for many variations in the methods of the invention. In
one embodiment, cne or both of the PCR primers which are used to amplify a target can

comprise a chemical modification which allows the resulting PCR product to attach,



target sequence to a support can facilitate the

washing (or purification) of the target, either

before it is contacted with (e.g., hybridized to) a

surface conprising anchors and/or linkers, or after

it has been contacted wth and then rel eased from such

a surface. In another enbodi nent, one or both of the

PCR prinmers used to anplifyp a target can conprise one

or nore restriction enzyne sites, allow ng the

introduction of restriction sites adjacent to either
Rl o B bLATLAG o By A SRIRISEARLA e o
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sequence and em cal nodification which

noamagndﬁw@nmamnab@dp powy of the types of surfaceredesdnibed lmw CPf@erse
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cyaadbfbemmﬁ begpand winont washawatwia ar dxeess effouhErimer, so that
s) adj acent to the targht sequence, therehy

TR rﬁai?rﬁéu%m@a attachedfaihe support. dhg aﬂaomn@r&rrogarzﬁsnph@d

target 5 ﬁc?lq? gglll E}i facifita EeecE% ggﬁﬁfé (%)ﬂﬂﬂlﬁc%%ﬁ gﬁhé bet, either

befbesicis |ch1ﬂebtab\mﬂe(e g8 hgmd1md pla [alsmdaevxbmmhmmmclhms aidéoalinlckrs,
b specific t ease, ther conponent whi ch

or g8y T Brengomatish b tariusleattd BYm SRR RAFECC c heni cal

or  of ABther RMAfment, Bn St BbINIF RIS B use@ BBl fPOlaftetan
the PCR priners used to anplify a target can’ conprise

COMPEBPHE AIBOIEwsIrEHOR gzzmn: siteecpllowingithg/injspdustien ofirgstridhien sites

adj Pgengf%te}thgrh e%& o}' geﬁ%&n' t%{gep i(eguenc%@f 1nérelsg %iegﬁtlgfps?tgé éancoe

ofter or a-’

ad@d@w e sieplifiad e get by POR kithe GeforCa tafterishas aonthted (8.6 hybridized
together in. any . desired combination, and can be added

tO)taéuréwe 5%%%9@@6&%@9@{ linjfersa RystEptiggeite(s) llawda%eégyﬂns manner

“Sever aﬂ})e%.%acne pri rrta(r%ﬂ:}r%gb?f-t ?L%c P@gﬁé&&% Eri bdggg %igxgegesﬁes
wheidheflank dior targeteteqebnban tRestioticingites tarealsd facitjinte the purification of an

amplified sequence. For example, one or more restriction sites can be placed in a PCR
primer between a target specific sequence and ‘2 chemical modification which allows
attachment to a support. After a target has been PCR amplified, using the modified PCR
primer, and has bound to a support via the chemical modification, it can be washed and then
cleaved at the restriction site(s) adjacent to the target sequence, thereby releasing the washed

target. See, e.g., Figure 23.



The above-descri bed nmethods, in which nRNA targets are
converted to cDNA wth reverse transcriptase and/or
are anplified by PCR before assayi ng on MAPS pl at es,
can be wused instead of the standard MAPS assay
procedure for any of the RNA-based assays descri bed
above. Nucleic acids used in the nethods of the
invention, e.g., targets, gitigonucleotides involved

in the detection of a target, or nucl ease protection
fragments (described el sewhere herein) can be
amprthied, H¥av§ﬁl¥ si¥ds oﬁueYﬁEuh ﬁﬁtﬁctﬂfn e‘ﬁ%‘! A db O4halso be used in the
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enbodi nent of the invention, one or nore nucleic acid
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are hybridized to specific polynucleotide protection fragments and subjected to a nuclease

protection procedure, and those protection fragments which have hybridized to the target(s)
of interest are assayed on MAPS plates. Of course, such “MAPS plates” can contain anchors
which are not associated with linkers (e.g., which can be associated directly with a target or

nuclease protection fragment of interest); the advantages of muclease protection as used in



probe array are oligonucl eotides of the sane
:strandedness as the nucleic acid targets of
interest, rather than being conplenentary to them as
in a standard MAPS assay. One exanple of an NPA- MAPS
assay is schematically represented in Figure 9. In an
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fragment, it is meant a polynucleotide which is sufficiently complementary to its intended
binding partner to bind to it under selected stringent conditions, but which will not bind to

other, unintended nucleic acids. A protection fragment can be at least 10 nucleotides in



RNAse A, Ribonucl ease Ti, Exonuclease |11, Exonucl ease

VI, RNAse CLB, RNAsePhyM RNAse U2, or the liKke,

dependi ng on the nature of the hybridized conpl exes

and of the wundesirable nucleic acids present in the

sanpl e. RNAse H can be particularly useful for

di gesting residual RNA bound to a DNA protection

fragnent. Reaction conditigns for these enzynes are
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enpirically. Also, chem cal procedures can be used,
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protection, followed by an (optional) procedure to inactivate nucleases, are placed in contact

with a MAPS probe array and the usual steps of a MAPS assay are carried out. Bound
protection fragments can be detected by, e.g., hybridization to labeled target-specific



standard(s). Methods of adjusting the signal |evels
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of the protection fragnment, itself, can-be |abeled,
In a preferred embodiment, the protectmn fragment is directly labeled, e.g., rather

than being labeled by hybridization to a target-specific reporter. For example, the reporter is
bound to the protection fragment through a ligand-antiligand interaction, e.g., a streptavidin

enzyme complex is added to a biotinylated protection oligonucleotide. In another example,



coval ently or non-covalently, with a detectable

"Mol ecule. This control can be perforned before the
sanple is placed in contact with the probe array, or
as apart of the MAPS assay, itself. An exanpl e-of
such a control assay is described in Exanple 15. O
course, because different |abels can be easily

di stinguished (e.g., fluorsiwith different absorption
spectra), several differently |abel ed

ol i gonucl eoti des can be included in a single assay.
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absent in plants).
After detection of targets, the detection probe (e.g., HRP-labeled) signal can be
eliminated (e.g. denatured, killed, quenched, suppressed, blocked), plates washed to remove

any resulting reagents, agents, or buffers which might interfere in the next step (eg.,



specific" protection fragnment is nmeant in this context
a protection fragnent which conprises the altered
base of the SNP or, if an nRNA is to be anal yzed, the
reverse conplenment of such a sequence. The sanple is
then treated with one or nore appropriate nucl eases
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spdo¥fic for a sequence of the protection fragment. Nucleic acids which do not comprise the
SNP will be cleaved at the site of the mismatch between the SNP-specific protection
fragment and the corresponding wild type sequence in the nucleic acid. If desired, a portion
of the protection fragment which lies either distal to or proximal to the site of clea\I/age can

be removed, using conventional methods (e.g., heat denaturation, enzymatic cleavage, etc.)



In one enbodi nent of the invention, different types of
targets in a sanple, e.g., various conbinations of
DNA, RNA, intracellular proteins and secreted
proteins, can be assayed with a single probe array.
See Figures 40 and 41 for exanples of such assays.
NPA- MAPS assays can be used to inplenent any of the
met hods descri bed above thkat use standard MAPS
assays. In a preferred enbodi nent, the pol ynucl eotide
protection fragnments are neasuredby the nass

g P .

AR B B Sl i o W e LD 7 ol PSR il o
bitnbiohidkdra ot swahet sichicizavedsndlemiles avémid e pattion thgrebfignds to a linker,
hybridizatio r nucl ease digestion steps. After .
willy BPY &7 o<k, b¥ ARRIPPRAISE eﬁl&?ﬁg*e{ﬁe@%wpnb BTE gPa fefgction
olit%ﬁﬁ’ucleotlbfe. Ek'ﬁl%ﬁ@??%n&’ i R¥esCALHACH itfubtBAd, RN [tBat ds@BY oPthe
e protection fragment  in direct proportion to ow
inventibn fanaigivetrtsidgiecbakrnismateh i di expryssed SNBr aampte 32 (Figure 41)
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hybridized target and the protection fragment, to be further analyzed. The samples to be
analyzed are separated from the rest of the hybridization and nuclease mixture (for example

by ethanol precipitation or by adsorption or affinity chromatography, etc.), eluted or



derivatized) wth chem cal nvieties designed to give
cl ear unique signals. For exanple each protection
fragnent can be derivatized with a different natura
or unnatural am no acid attached through an am de
bond to the oligonucl eotide strand at one or nore
positions along the hybridizing portion of the
strand. Wth a nass spectreqoeter of appropriate
energy, fragnentation occurs at the am de bonds,

rel easing a characteristic proportion of the am no
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salt (such as, e.g., 2-4-dithenyl, 6-ethyl pyrylium tetrafluoroborate, or many others) with an

amine to form a pyridinium salt; any of a number of other enhancing agents can be used to

form other positively charged functional groups (see, e.g., Quirke et al (1994). Analytical



spectronetry, the intensity and profile cannot be
predicted with accuracy. The tendency of the nolecule
to be ionized, the sensitivity of all chem cal bonds
within the nolecule to fragnentation, the degree to
whi ch each fragnent is multiply charged or singly
charged, are all too conplex to be predicted.
However, for a given instrggment with fixed energy and
sanpl e handling characteristics the intensity and
profile of the signal is very reproducible. Hence for
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duplex molecules, or the protected nucleic acid, or the protection fragment, with mass
spectrometry.

Methods of analyzing nucleic acids by mass spectrometry are well-known in the art.

See, e.g., Alper et al (1998). Science 279, 2044-2045 and Koster, U.S. Pat. No. 5,605,798.



agents which nodul ate the expression of a set of
correlative genes for a disease. As an interna
normal i zati on control for variables such as the

nuiri ber of cells |lysed for each sanple, the recovery
of nRNA, or the hybridization efficiency, a probe
array can conprise probes which are specific for one
or nore basal |evel or congfitutive house-keeping
genes, such as structural genes (e.g., actin .
tubulin, or others) or DNA binding. proteins (e.g.,
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Other control probes can be included in an array to “fine tune” the sensitivity of an
assay. For example, consider an assay for an agent which modulates the production of

mRNAs associated with a particular disease state. If previous analyses have indicated that



formof the signaling entity. The term "signaling

entity," as used herein, refers to a | abel, tag,

nol ecul e, or any substance which emts a detectable

signal or is capable of generating such a signal,

e.g., a fluorescent nol ecule, |um nescence enzyne, or

any of the variety of signaling entities which are

di sclosed herein). 'In ansgspecially preferred

enbodi ment, the "fine tuning" can be done at the step

of contacting a target-containing conplex with a
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washed) to renove unbound target, using conditions
which are determned enpirically to |eave. specific
interactions intact, but to renove non-specifically
bound material. For exanple, sanples can be washed
bet ween about one and ten tines or nore tinder the
sane or sonewhat nore stringent conditions than those
used to achi eve the probe/4garget binding. Sanples
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RNA or total RNA, can be prepared by any of a variety
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conmbi nation with one or nore other agents, can act as
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Cells are incubated in the aqueous solution until the cells become permeabilized

and/or lysed, and DNA and/or mRINA is released from the cells into the aqueous medinm.

Cells are incubated in the aqueous medium for an empirically determinable period of time



cells, or is unavailable to a probe by virtue of its
doubl e-stranded nature, or is released from the
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Following preparation of a nucleic acid of interest by the above procedure, the sample'

can be diluted, in the appropriate volume, so that the aqueous medium does not inhibit the
function of exogenously added proteins such as, e.g., nucleases (e.g., S1 nuclease),
polymerases (e.g., polymerases required for PCR reactions), or binding proteins (e.g.,

streptavidin). The amounts of dilution, and the identity and amounts of the components to be



wavel ength (e.g., visible light). Because upconverting
phosphores absorb at a | onger wavel ength than do nost
potentially interfering materials present in a typica
sanple to be analyzed, upconverting phosphores all ow
a reduction in interference caused by material in the
sanpl e, conpared to phosphores which absorb at a | ower
wavel engt h. The narrow enasS|on spectrum of nost
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of an oxysulfide salt. As many as 80 or more independently detectable upconverting

phosphores have been described. (See, e.g., Biological Agent Detection and Identification,
April 27-30, 1999, DARPA, Biological Warfare Défense, Defense Sciences Office. The

phosphores can optionally be attached to any surface, e.g., to a microsphere or a latex bead.



enpl oyed. For exanple, a target can be hybridized to a
bi finctional nolecule containing a first noiety which
is specific for the target and a second noi ety which
can be recognized by a comon (i.e., the sane)
reporter reagent, e.g., a |labeled pol ynucleotide,
anti body or the |like. 'The bifinctional nol ecul es can
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linker”) containing a first moiety that is specific for the target and a second moiety that is

specific for a “reporterreagent.” The term “specific for” has the meaning as used herein with
respect to the interactions of; e.g., probes and targets. The term “reporter reagent,” as used

herein, refers to a labeled polynucleotide, antibody or any of the general types of molecules



any fashion on a surface, e.g., as described above for
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of the nuclease protection fragments at the start 'of an assay. If, as desired, the control
overhang sequence has been cleaved from a nuclease protection fragment during a nuclease

protection reaction, the target-specific moiety of the detection linker will hybridize to the



Nurmer ous ot her variations of sandw ch detection

procedures will be evident to one of skill in the

art. Methods by which targets can be incubated with a

target-specific reporter(s), or target/detection
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reagents, under conditions effective for achieving
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are determined empirically to leave specific interactions intact, but to remove non-



for a particular anchor locus (Fig. 7 shows 3 typica
anchor | oci, each conprising a plurality of
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capacity of each locus of the array to bind target, for purposes of normalizing signals), serves

as a basis for quantitation of the amount of bound target, aids in localization of the anchor



defined by a single group of (substantially identical)
anchors. That is, a set of linkers can be wused, each
of which has an anchor-specific portion specific for
the same anchor plus a target- specific portion
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type of anchor is distributed, not at a single locus but evenly, or in any desired fashion, on a

solid surface such as, e.g., abead or a flow through apparatus; and other aspects such asbead



rel ati ve nunber of linkers corresponding to different

portions of the two NMRNAs can be adjusted so that.

the relative intensities of the signals corresponding

to each nRNA. are substantially the sane. That is,

the signal intensities can be adjusted so that the

signal corresponding to the first nRNA does not swanp

out the signal correspondigig to the second nRNA. In

this manner, one can adjust an assay to allow for

si mul taneous detection of a plurality of nmRNAs which
R R R
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plufrdfty efanRNAy whigh hregreassnt thesidelp diffetent aamunia ara sampb,dxalaneng the

st detect reporter reagent or
swa@g@gqspwowsgﬂpélu}g 0 bé‘ﬁéﬁ conbi nati on as above,

gut Inl %noth‘ér BRbodiREm \6¢ %eoﬁ'lvéﬂﬁaﬁt ds\iMdsefbtdaedheve al dienSI8aRNEn
etection

‘comprise linkers which are specific for a plurality of unrelated or different targets or
protection fragments, allowing for the detection of a greatly increased number of targets or
protection fragments with a single array of anchors. If, for example, each locus of an array of

350 anchors comprises linkers specific for 10 different targets, then the array can be used to.



i nker/reporter reagent or detection probe is added..
In this enbodi nent, the anount of signa
corresponding to the second target can be determ ned
by subtracting out the amount of signal corresponding
to the first target. In another enbodi nent, the first
and second detection |inker/reporter reagents or
detection probes are addedgg o the conbi nati ons as
above, substantially simultaneously, and are detected
individually, e.g., using differentially detectable
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cotBinatl £hbosbubf i€l abeein6eedt indtyivatd Befvrs thekscond detection
rocedur es, which are routine and conventional in

the
li @r{rep(ogtgrgea@n@r detegiipnprobe isgideds fubis emppdimentpihe amaygt of 51gna1

cog'?s?i%i’ﬂrgg ;thepécr e‘f gaéi%e dété%@gg'g bty yub%’ﬁ% gu%tggm}oggt of signal
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A SR AR SRR B r hRRE 5 ome o o

dii(féré}ﬁ kdpditérteagents. For example, if four targets are associated with the linkers at a

given locus, the detection linkers specific for each of the four targets can each comprise a
‘moiety specific for a different reporter reagent. Therefore, after the set of all fouf detection

linkers is hybridized to the targets, the targets can be detected sequentially or simultaneously,



chem | um nescence or el ectrol um nescence), and

detection of |ight scatter from e.g., mcroscopic

particles used as tags. Also, fluorescent |abels can

be detected, e.g., by imaging wth a charge-coupl ed

device (CCD) or fluorescence mcroscopy (e.qg.,

scanni ng or confocal fluorescence m croscopy), or by

coupling a scanning systemggith a CCD array or

photonmul ti plier tube, or by using array-based

technol ogy for detection (e.g., surface potential of -
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N@%Os%ﬁp%ﬁi@ B IQ@? 0.9, 84t NBGS @53943‘95 Hell d(199;§.d1?.§fﬁawo.

di ensional arrays afe routinel’y generate
5,881 cibakdry eavidi(L28).eU(Pa. Nos&eb7R30% ekipshiuty 20 %6)(1995).

U.S. Pat ent ymDe D45, 5 . »ANnot.h et j&h .
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endogenous or conj ugat ed fluorochrones of conponent s
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be detected by energy transfer to (or modulation by) the label on a linker, target or reporter.

Among the host of fluorescence-based detection systems are fluorescence intensity,

fluorescence polarization (FP), time-resolved fluorescence, fluorescence resonance energy



or weak interactions by the array. Methods of making
and using the arrays of this invention, including
preparing surfaces or regions such as those descri bed
herein, synthesizing or purifying and attaching or
assenbl i ng substances such as those ofthe anchors,
linkers'. probe~ -and detector probes described

her ei n, and detecting and agal yzing | abel ed or tagged
subst ances as descri bed herein, are well known and
conventional technology. In addltlon to nethods
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Figs. 5a, 5b and Sc illustrate three pieces from which
a surface such as that shown in Fig. 4 can be
assenbl ed. Fig. 5a represents a well separator; Fig.
5b represents a subdivider; and Fig. 5c represents a
base. .Fig. 6 represents two test regions, each of
whi ch conprises a linear array of probes (or anchors)
which are in a "bar-code"-7]1ike formation. Fig. 7
schenatically represents a test region conprising 3
anchors (A, B and CD each of which is present in
Foll & P19 OPlifse 364, 5591586 ) . The | ocation of each
group of anchors is ternmed a "locus." Fig. 8
illustrates an assay in which cDNA(s) generated by

B ”Ifl% re $$av transcrlptase are assayed on MAPS
L PMMUSHM es an assay which uses a
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ansdﬁ LABSEER ?ﬁ&{ﬁ%legt‘fc?er hangi ng portions: sequences
I'guous conpl enentary sequence but not

c 0 mFige ﬂrémtsaatys the degipg of 2 liditee fgrraqe@tor BmdingpgsBNinswidtlethe
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i & nefire Al SR Tgronihe TRARIE. Yop dgscont ibdling

m@é&te%@tadhe@td‘mag@ﬁd i's hydr olyzed as is the
overhanglng non-"hybri di zed portion of bound protection
t

fr afigethillustratgs a hcebtfhlm;rmhwéélte@yreglgm, eachrof which is further
N b ease H and or by
Su% ?mjiﬁoelg%ﬁ%leég%qddg éons %ul%?’?l ng is a collection of

cl eaipedasraind St [1Btrdte tesFpltcss Horawhited hefite h@Was thatGlovad in
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e
Fig. 4ken beiepgmbledt Bigt§ %ﬁpfeﬁeﬂﬁgﬁ@ﬂ papargias; E’f&é@am@ﬁ%a albmdsr

ay. Fig. 10 illustrates hybridi zation
m@gguﬁ @@@ehg:rabqyl 4APS assay.

'Fig. 6 represents two test regions, each of which comprises a linear array of probes

(or anchors) which are in a “bar-code"- like formation.

Fig. 7 schematically represents a test region comprising 3 anchors (A, B and C), each
of which is present in multiple copies (a “group”). The location of each group of anchors is
termed a “locus.”

Fig. 8 illustrates an assay in which ¢cDNA(s) generated by specific reverse

transcriptase are assayed on MAPS plates.



Fig. 11, illustrates binding kinetics of an anchor to
a linker. Fig. 12 illustrates a MAPS assay of two

ol i gonucl eotide targets. Fig. 13 illustrates the
quantification of a sensitivity shift. Fig. 14
illustrates' nielting tenperature determ nations for
four oligonucleotide I|inker/anchor conbinations. Fig.
15 illustrates an nRNA assqy by NPA-MAPS. Fig. 16
illustrates a dilution curve with NPA-MAPS. 73 Fig. 17
illustrates an assay to detect peptides containing
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Fig. 12 illustrates a MAPS assay of two oligonucleotide targets.
Fig. 13 illustrates the quantification of a sensitivity shift.
. Fig, 14 illustrates” melting temperature determinations for four oligonucleotide
linker/aﬁchor combinations.
Fig. 15 illustrates an mRNA assay by NPA-MAPS.
Fig. 16 illustrates a dilution curve with NPA—MAPS..



in the figure. That is, the detector oligonucleotide
W th sequences conplenentary to the first EST is
added to the first well, and so on. Fig. 20a and b
illustrate the results of the assay to map ESTs shown
in Figs. 18 and 19. After hybridization of detector
ol i gonucl eoti des and washing with appropriate
conditions of stringency,;4he 16 wells of the
mcroplate are imaged with a CCD based fl uorescence

I mger, for exanple. Fig. 20a shows stylized results.
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cDN¥Eor ERRAIRA ShitRisis e IFRR 1BE3TRSqued€ds&itl BE assembled at the locus
ol i gonucl eoti des and ESTs #1, 2 and 6 shown in Figures

whege iggomplegentapy prphasaspdaced a hi gh t hr oughput assay.
Fi gg: ie tes. i £ |
BT ¥ S8 18 BTSSR AT
oligbritkietisdeantd the PRIAPST pRgentEach wdllgof e ipldiciSécemeea detector
use of multiple flours. Fig. 26 iIIustb%ates Ei h
p gq% detector
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Fig..29 illustrates an as ' [ ‘genqmni and.
olgileRas® PAGRP ERE o ot et s St Ahaing RO Pt
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normal i zation control. The left panel depicts the

ESFecan betabendiat 81c spatimeone; the right panel

After washing, a single detector oligonucleotide is added to each well, as numbered
in the figure. That is, the detector oligonucleotide with sequences complementary to the first
EST is added to the first well, and so on.

Fig. 20a and b illustrate the results of the assay to map ESTs shown in Figs. 18 and
19. After hybridization of detector oligonucleotides and washing with appropriate conditions
of stringency, the 16 wells of the microplate are imaged with a CCD-based fluorescence
imager, for example. Fig. 20a shows stylized results. It is expected that each EST-specific
detector oligonucleotide should label the mRNA. or cDNA held down by the corresponding



depi cts the neasurenent of both the DNA and GAPDH RNA
(nmeasured in each conmer of- the array). Figs. 30 and

3l illustrate the detection of expressed. SNPs. Figs.
32 - 35 illustrate the sensitivity and reproducibility
of an assay. Fig. 36 illustrates sone types of assay

configurations enconpassed by the invention. Fig. 37
illustrates nucl ease prote@téion fragnment anplification
by. PCR. Fig. 38 illustrates nucl ease protection
fragnent anplification by Ligase. 75 Fig. 39

ESTJs iflcptdds. RelCdxampe, 151-6@6 ?stb:ﬂlﬁles‘ﬁlaﬁmﬁﬁtormAfcbxﬁ&hin@mhe
cl ease Protection., Fi . 40 and 41 illustrate

S BST sarmcutirbloces, o the fHbiidiclor chspmvecRCashoVAalsapduidize to
th% %ﬂﬁ{e o%rmlﬁ’ﬁg Sarﬁ 15> &ﬁﬁl i€ the c?&fforzltﬁ%ée shjﬁgécf @a‘iz? %nth each

nucl ease pro [ on gnrent anp
dmﬂnymreli@a@cleoﬁﬂe laaaltﬂgl tnfaﬁmiﬁmné p:robé hTa adﬁtlemtthd)ﬁrsdbreSNE%Sctor
is il lustrated. Hybri dj zati on

oligompsleqtidesiepely laked CBNéLﬁrénlilﬁ& hﬂldglewe .bV Hefmgidhnse BroBes,showing
thY AEGE &f@% #é 'aﬁ)gﬁ "ﬁ{%e aﬁx}ég@ﬁe o S, ?ﬁe la%trﬁve%ﬂlé% 5>ear to be

system esl a ogi es, rvine
lidked NThelinkdgadssigmdd frpmi thewf dafalfe pmsehied gra@hlhally/mlﬂig @obb.a

mecrqtiter Iate ucl re has

fr oo e therelaivnsbis Ahe Pre%n%f?ﬁcwr gﬁgoez}&é?eméwﬂggSTs
#, blaﬁdﬂsﬁ&vgym% 1di2pf erent ol i gonucl eoti de anchors

were di spensed within each well in the pattern shown

as tHig 2RaNustrites a high theoughputiassafi gure) .. Each

o e Pt B SRR £ ot i ng

500 mp2aedlistaredhrsaladit didclorblined add riybE& bpedt® t he
wel IFggﬂof aSDNA Bi nglbj9 pl atec(Cor ni ng Cgsg?ar}éeand

al | dugpdStidusimates a apq ofmtipladhwent , wel |'s were bl ocked

Wi t ol | gonucl eot i de t hat
had%ﬁg% lgmni-g n%lhﬁéﬁrp};@ﬁgtag P%nt he surface was washed
awayripi2ty nil1strhfés $leSpatiat beanpéfterd of feies for thetIHP-Wedhddong with
pl at e fluorescentlr | abel ed | i nker ollgonucleotldes

%@PH&G’&P Apta (selgeied fiom ¥ig 20)bri di ze in 6x SSPE wit h.
1%1@2'8%?13%&1’%9%%5 @g@%ﬁ?ﬁggﬂ&[@{oﬁre for thirty

m nut 'S 1S a col for attachnment
of |Higke ilkstratéseanlabsakmrwloth @nmm andespressed RNA are measured

from the same sample in the same well, e.g., in which genomic DNA serves as a

normalization control. The left panel depicts the measurement of DNA alone; the right panel
‘ depicts the measurement of both the DNA and GAPDH RNA (measured in each comer of -
the array). _
Figs. 30 and 31 illustrate the detection of expressed.SNPs.
Figs. 32 - 35 illustrate the sensitivity and reproducibility of an assay.
Fig. 36 illustrates some types of assay configurations encompassed by the invention.
Fig. 37 illustrates nuclease protection fragment amplification by PCR.
Fig. 38 illustrates nuclease protection fragment amplification by Ligase.



were cy5-derivatized during synthesis, and were

conpl enentary in 25 base-pair segnents to specific
anchoring oligonucl eoti des. The sequences of the seven
anchors and |linkers were as follows (all shown 5 to

3'"): #l Anchor": SEQ ID:l TCCACGTGAGGACCGGACGECGTCC

Li nker" SEQ ID:2 76

GTCGTTTCCATCTTTGCAGT CATAGGHT ACT GAGT GGACGCCGT CCGGTCCTCA
CGTGGA RNA mim c(nouse C jun): SEQID: 3
CTATGACTGCAAAGAT GGAAACGACGATACTGAGT TGGACCTAACATTCGATCT

CATF{A39 MDatiegdsaticlédsé wolttindagmera ithpliffseiidn b Naclease Protection.
TGAATGAGATCGAATGITA CCA #2 Anchor*: SEQ
@EKNA are assayed

mc?mmmm@@@w@onwmﬂe e, 1eptein) apd

GGAGT CTGCAGOGCACGT GCTCAGCCGTAGTG
togehiet %%%A%? TR p.2): SEQ 1D 7

AGA@T WEWMWWWM .
Det ect or é‘%onucl oeotide*** SEQ ID: 8

apﬂmﬁxoxﬁm@s@#@smcfﬁ yeAlsiEstednchor ;. SEQ I D 9

GITCAGITAGCCTTGCCTTTGITCAG Li nker** SEQ ED: 10

ACCATGTAGT TGAGGT CAATGAAGGECGECT CCCACAACGCT CGACCEECG
EW c (nouse GAPDH): SEQ ID: 11

T TTGACCT CAACT ACAT GGAGAAACCTGCCAAGTAT

Examopint H G%’c&f‘r‘g@'** SEQ ID: 12

GTO%\T&IMWJSE%&d by using an inkjet dispenser, the Pixus system
(Cartesian Technologies, Inc., Irvine, CA) to form an identical grid of DNA within each
well of a microtiter plate. All oligonucleotides were purchased from Biosource Intemaﬁonal :
(Camarillo, CA). For this plate, seven different oligonucleotide anchors were dispensed
within each well in the pattern shown as the Key (left side of the figure). Each
oligonucleotide was dispensed as a 10 nanoliter droplet to two spots, from a 2 uM solution
containing 500 mM sodium phosphate pH 8.5and 1 mM EDTA to the Iwells of aDNA Bind
plate (Coming Costar), and allowed to dry. After attachment, wells were blocked with 50
mM Tris pH 8, and then oligonucleotide that haci not covalently attached to the surface was
washed away with 0.1% SDS in 5x SSP buffer.

To the washed plate fluorescently labeled linker oligonucleotides were added and
allowed to hybridize in 6x SSPE with. 0.1% Triton X-100 at room temperature for thirty
minutes. This is a preferred protocol for attachment of linkers. The linker oligonucleotides
were cy5-derivatized during synthesis, and were complementary in 25 base-pair segments to
specific anchoring oligonucleotides. The sequences of the s.even anchors and linkers were as

follows (all shown 5’ to 3'):

#1Anchor: SEQ ID:1
ngACGTGAGGACCGGACGGCGTCC
Linker SEQID:2



#4 Anchor*: SEQ]1): 13 GAACCGCTCGCGIGITCTACAGCCA
- Linker" SEQ I D: 14
CTACCGAGCAAACTGGAAATGAAATTGGCTGTAGAACACGCGAGCGGTTC
RNA mimc (nmouse L32 protein): SEQID: 15
ATTTCATTTCCAGI TTGCTCGGTAGGATACT GAGT GAGT CACCAATCCCAACGC
CAGECT Detector A igonucl oeotide*** SEQ I D: 16
AGCCTGGECGTTGGGATTGGTGACTC #5 Anchor*: SEQ ID: 17
CTCGTTCCGCGTCCGTGECTGCCAG Li nker™ SEQ 1 D: 18
CTGGCAGCCACGGACGCGGAACGAG  #6 Anchor*: SEQ I D: 19
CCGHUGBIATGOTACCAAATCETHETGA TAL HRAGTGGAEGLCANC2GGTCCTCACGTGGA
BSAGAGT i EGIACEAN CCCGASEQ IDB #7 Anchor*: SVQ | D 21
GCGCCXIC@OHEEWG&TM@AGﬂW&@ETCGATCTCAHCA
DERAGAOUIREATANECGEOGEEg BrAchor s wer e synt hesi zed
W t IGRATGAPICerATRTITAGaNCCle at the 5 end Linkers were
synthesi zed with Cy5 attached at the 5 end
*** t.ec or (] [ gonucl eotides were synthesized with
at the 5' end To each well either one

I | ngé? %%%Tﬁﬁﬁ?‘%ﬁcér CT§hker s (as indi cat ed in the

IX4ded in bulk. (To the wel n&égﬁg all"
mﬁy Jatde ,q:n%sa g G&r’*G FtG SﬂA‘F‘?Trﬁ?é“FéG‘i Bwi ng
ggé:ﬁ A ToAc }ér{@i‘a E@EAGGCTAACT
fll)gtécﬁc%r higonucloeotide Cgﬁ% ﬁrqpf?g%lr{} ° e
GTCAGTTAGCCITGCCTTTGITCAG

#3 Anchor: SEQID:9

GTCAGTTAGCCTTGCCTTTGTITCAG

Linker~ SEQID:10
ACCATGTAGTTGAGGTCAATGAAGGGCGCTCCCACAACGCTCGACCGGCG

RNA mimic (mouse GAPDH): SEQID:11
CCTTCATTGACCTCAACTACATGGTGATACTGAGTGGAGAAACCTGCCAAGTATGATGAC

Detector Oligonucloeotide™  SEQ ID:12
GTCATCATACTTGGCAGGTTTCTCC

#4 Anchor: SEQID:13

GAACCGCTCGCGTGTTCTACAGCCA

Linker” SEQID:14
CTACCGAGCAAACTGGAAATGAAATTGGCTGTAGAACACGCGAGCGGTTIC

RNA mimic (mouse_L32 protein): SEQID:15
ATTTCATTTCCAGTTTGCTCGGTAGGATACTGAGTGAGTCACCAATCCCAACGCCAGGCT

Detector Oligonucloeotide™  SEQ ID:16
AGCCTGGCGTTGGGATTGGTGACTC

#5 Anchor: SEQID:17
CTCGTTCCGCGTCCGTGGCTGCCAG

Linker” SEQID:18
CTGGCAGCCACGGACGCGGAACGAG

#6 Anchor': SEQID:19
CGGTCGGCATGGTACCACAGTCCGC

Linker SEQID:20
GCGGACTGTGGTACCATGCCGACCG



portion of the figure was taken with a Tundra i mager
(HU, St. Catherines, Ontario). As can be seen, the
linkers self-assenbled to the surface, by specifically
associating with their conplenentary anchors. This
process i s repeated except that eight different
anchors are dispersed in each well and |inkers
subsequent|ly preferential I3 associ ated therewith. The
entire process is repeated wth 36, 64 etc. different
anchors in each well of a 24, 96, 384, 864 or 1536
#7Wehdhop| agEQ mksanpl e 2 Binding Kinetics (see Figure 11)
The graetecaucetydrccdireedrraa of Cy5-derivatized |inker
nuigke!” 1SEQ@ID:LE conpl enentary attached anchor is
showseaAGasATECAT RA@IUGGCooe®Nt rat i ons of |inker. The
generic MAPS plate was prepared as for figure 1,
except apchor 1 was attached at four spots pe vvelg%
| ncubat i dvshorsers sysbrsizad With 617 61 ith yipide pingy eBGP
wi th 0.1 Dinkewewere2pythesiabd withSiye alisbedad e Y eifes with
5x SSP, amttdownOiigucieotides marsynthesizes with biatin apached at the 5'
fl ueicescence picture of the plate was taken with the
Tundra, and background was subtracted and the

integrated intensity of each  spot within }S_gﬁ; \Sell
T(Wé%h well @Glﬁmnéé!ﬂmrpha%mﬁ &t Bersfay ipdicppdin tr figuge) tgg added
t

in BYEL POCHE VR rBLRRCR T AHE b bl of Rl BE) SBllowing
mdﬁbﬁﬁdn@@tie,vaslmg [rSSx 3SP Extamgs) the 31115iemn®s;nante sihowk on thefright

eneric MAPS plate |s roduced e anch% A
PO }qn@émﬁe‘igér@twaa?k%rbm% Aupdga g ﬁtB?mBé» QT As can
be (SESHJ tﬁe"“f?nk'éﬁ"&@l)f—*afs%mﬁﬂgtt@ fReurf&d by %‘t%iﬁcalflyo Wds0di RS )il their

6 Spots per [ ower two rows according to the
con@tehmd'@rychnslmmsed above To each vveII conpl enent ary,

flugrescently | abel ed i,nk

or oA B R rRsaR et bt BER e PR dbpl M cecnen
andV@ i ibéeqeentll plféfdi‘ﬁﬁlﬁmﬂﬁsdﬁaﬁédtth&e@i&h tThe epfirapcéss 1strqbeated

with the Tundra. The “amount of f| uor es ence ngﬁBfa&e

wighh¥y 64 elgahifieren gnsbetsdn eqciallidfaar. 16 e 6 e 39

to hybridize to target. The anpunt of signal detected
at repeated spots is highly reproducible. Exanpl e 4
E:BlnqﬂémgBﬁdmgGﬁneﬂds GéeFiphatld) prepared as described in

le 3, .1s.added rent entrati.ons of
IO R RN S S N
atidched %&Bﬁg sHoRAL 1B} diBferdnt261deREtiS RV BAGE The generic MAPS plate was

prepared as for figure 1, except anchor 1 was attached at four spots per well. Incubations

were done at room temperature in 5x SSP with 0.1% tween-20, wells were washed 3 times
with 5x SSP, and bound fluorescence was measured. A fluorescence picture of the plate was
taken with the Tundra, and background was subtracted and the integrated intensity of each
spot within e:ach w;all was calculated with Tundra sefiware. Plotted is the average and
standard deviation for the integrated intensity for the four spots within éach of two duplicate

wells.



conplenentary to a portion of the target. The target
is added in 5x SS Cwith 0.05%SDS in a total vol une
of either 30 or 100 microliters, and the plate is
covered and i ncubated at 50 C overnight. Follow ng
hybri di zati on of the target to the attached |inker,
the target is visualized by a preferred protoco
usi ng chem | um nescence. Ardiotinyl ated detector
oligoniicleotide, containing a 25-nmer sequence

conpl ementary to a separate portion of the target (not

Ex‘hﬂxp‘lé’@ FRATEcORTeR. conpl ementary to ||nker) i s added
nM Brotinylated detector canbe added or 30

m nm gemerit MAPSpah iSrPgOdaWﬂyWTéb( erssancheringoligprs! %%%?Pﬁed to
B A IR Sl B by R B v
(lover ShRLrOwEEccold to the fn‘eal@&s discuweed Hele! Td eaeh well tonfplenSBGry,
._once with ix SSP containing 0.1% ' Tween- gi—%ﬁ/ IFG
sty labsles liakar isgRoB R he i B PIORS0] (RGFraEs FRRagios 1
<R LIRS RS g hrud s o

amDi 6T fadordsoaite at eavh epa trefosts h\MI thechafuactivaghlitker isuavailable to
tiimes with PTP, and.wa, nce ubat
hypRidiRe o (B BT §§@ﬂa¢unwti8+@alr£5§@3@t T("P’?%“r%é@‘;‘]‘s PR AL
m nut es, pictures of |um nescence are collected with
t he Tundra i mager, e.g., the picture can accumnul ate
Exaidpé 4 _Bjy;gmwgay for five mnutes. Low | evels of

t t b .

condBity By ARt s BrafiE 2 afhdR Bigftol @hEhatonsof
a t8fgeSo1aAkcIGRIAe e Ik QEA MBS béeh tabdodiand cahtais b 25@edr sequence

concentration of -10"10 M The anpunt of signal

coiplesentary ta e peripr of thetarsploThe tregetis aled in X SHCoud 457SDS ina
-tot%xjo 1%015%8‘3% 33%3066 ?éloer;[l 15§ S J]t#ig hﬁ%tlk %iférgﬁ%ﬁ(gmﬁl fzégt%’ﬁ SOOI:

ovfazsﬁg&y MH%m?g hj?t&xdﬁzra&érﬁrfﬂ&darlgalt@me ect:tdcheﬁi lmkexs&etargatb@\mslahzed
or two | erent ta et oll Gl e

PGP PP Wg i ainseients A PRy St aslsdhde,
cofi d DHm@Y de éwgm&cé ﬁ@iénﬁéﬁ&:ﬁ%@gﬁa@&& b&eof Ofthe tatde @St to the

I'n each t he secon fourth- anchor,
Same Hmtlemldmentm kginkerpisiaddedati0add. Bietinylated detector can be added

nto th f .

5} G0 SERL PRl oL e IRt T LA s ong e

taﬁg%tcfgg{h'eléﬁfgﬁl dfahEaehhi h&brﬂﬁza@i@ﬁ Folibeihg attishnienidfldateetdr, the
a over ni

ht e amount of each target attach
surfecs iy Wadad rv@_@@wr%lwhi&(h@mewgth&x&s?ﬁymam 13’@?@6%‘@?“8?%
ng lﬁlgc% {86,068 kb G256 ﬁg/ﬁﬁ‘ﬁiarsre LG8 po O ihRYESh;Béted to
Streptavidin (HRP:SA, from Pierce, Rockford, IlL.) is added for 5 hours in SSPTP at room’
temperature. Wells are washed four times with SSPTP, and washed once and then incubated
with Super Signal Ultra reagent (Pierce). After a few minutes, pictures of luminescence are

collected with the Tundra imager, e.g., the picture can accumulate within the CCD array for

five minutes. Low levels of target can be visualized in some wells at a target concentration



chem | um nescence i magi ng as described. In the | ower
panel the intensity of the image is quantified.
Software that is part of the Tundra | mager package was
used to scan the intensity of the inmages along |ines
between the arrows shown in the upper panel. At the
| owest concentration of target, 1.1 pM the scanned
i mges show wel | -defi ned g#ussi an peaks at each spot,
while there are no di scernabl e background peaks seen
in the left-nost sanple, at O concentration of
of adlifiRlas ~SXFPING tBe RRABStlF ¥ighdl pohdrdlly Pedofee eatirhigd ala ladget
A NMAPS hybrldlzatlon assay can be used for nmeasuring
cotdeatration ®Enlpt MonTid amownt tof eignal aletegted et repsatied epots Eyhighly
blndlng themto a surface and | abeling them This
weblere| | for those ol i gonucl eoti des which are at
nodest or | ow concentration. Two sanpl es can be
di stingui shed in such a case because if one sanple
Exaaipled Assayof Tvwel Qlifpnucleatides deee Migure18) |1 bind. On the

ot her, .hand, if the concent i.opn.of targeted
o | BRIy et ALY IDBROEHIOD o g ths pigforred
prdtgco'l E),sbtﬁseia' MBVERRUGD &ifferBR AP Bn&ﬁé%ﬁ&é’égls $héwS)A generic

hen It the concentration goeées up no nore can bind,
MABS plate V\anpn@pared:wrﬂm Gtur idferentenghazisg omweondes keshigpotigil ﬁglr

curyv g an be .shi.f b ddi n nl abel
tingel iR realh RIS For et S Ioir R Bl R fiker
oligdbdukbR611RE weels@lRRdehEIed bxﬂ@thte firget & deddribe@Twdthighis were added

saturate the surface (i.e. reach maxi mal bindin

at the gepieeyragonsshovByin4f mlwghtenﬁ tggel w@@ll asdspaybed-and mcy %aleeéét %’
© banfily gt 25l Ao RO EA 2 b ARG Bk
deeouiunermga{ubmudeam@e@ﬁe foevehchatta:gkti dhlleeddu rha/c iHRP:SA and

?urs is nmpved tip. n_ add congﬁtltl
B GORHETES IT S aﬁ&ﬁscnéal;ln s gter Bl enignaof fggimsee i

qué’rﬂﬁ‘ie&r Softithrs ﬂ?atﬂisg'élg of tlﬁgT uﬂ?il?daﬁér}ﬁhéléég@&zastdgé‘d t%%éﬁﬂl@ﬂtleﬁhty

for targets hi s way ol 1 gonucl eoti d
of thzer igmpes adngulimbe bytweei fifecamomss sbonc énthe amp@mzandaﬁt e lowest

nmeasur ed.wi t hi e assay wel | f th ative.anp
coffentgion gt ikeh dot Fle B et meets RuF- ettt SRR
ea€HLpOY wmeaﬁera&e Q¥ BlsedriBk LABQYRn péakt Bn Bi tA€lleRGndsf saRBR, at 0 -

of "t ol i gonucl eoti de targets. Figure 13 shows
COQEﬁﬁﬂkmafmuﬁty that including conpetitive

ol i gonucl eotide in the assay shifts the binding curve

used to assay for this target to higher
Exaaiplet t Sentitioivg Shifting (see Figure 13)

A MAPS hybridization assay can be used for measuring the concentration of a set of

oligonucleotides, by binding them to a surface and labeling them. This works well for those
oligonucleotides which are at modest or low concentration. Two samples can be
distinguished in such a case because if one sample contains more oligonucleotide, more will
bind. On the other hand, if the conceﬁtration of targeted oligonucleotide is saturating for the

surface (i.e. ifit is high enough to occupy all binding sites), then if the concentration goesup |



Exanple 7 Melting Tenperature of Four Probes (see
Figure 14) The anmount of four different fluorescent

| abel ed |inker oligonucleotides specifically
hybri di zed to anchor ol igonucl eoti des by the MAPS
assay is plotted as the tenperature is' raised. The
four oligonucleotides were first allowed to hybridize
at 50 C for 1 hour at 300 8mM Then the wells were
washed with SSC wi t hout probes, and the anobunt bound
was neasured as above by fluorescence (50 C point).

noHlﬁ@cén'b%dS&Htﬁ@ﬁﬁmﬂ&ﬁ@nﬂ&@b‘ﬁl@ﬁs@fhdaﬂo@&reﬁthefbﬁfdu@&m oflaft@get
and the fl uor escence bound neasured, and so on for all

cae bmﬁgﬂwqﬂ@nggp@h@qﬁt@mpe@@@p@ 8 Detection Methods
gdubcflg &At&’ eno%ﬁaﬂl%g Yor' 5%{& B8 ?goggclg)lhﬁﬁ ’f‘a‘fée}'s all 8f ¥hich

our I gonuc e anc

saﬁfa&@ﬁi&&dﬁa&ﬁ(ﬂh r&dch fneittmal ﬂﬂ‘tcl‘ing?at rcwgh]ly 3 nMeBﬁddi’mg initbeled
ol i gonucl eotides 81 to each well, wth nﬁp#\udl n

competﬁwt@a%tw afi ey edmding q%?kﬁbélﬁglo%son%?%d%ﬁ‘ Phgagess
ds%{fh IOV%E‘ tr-l;ﬁgn gﬁ)d th{: ey a?%fcﬂ%z?cuﬂg@nsd%m%mﬂeé up. One

descry or view ng and neasuremnent  of
cah Etﬁi(fohipeﬁte&mgénub]lcdsﬁths for, B tadgetsil bndd hut sot@moé4. This shifts the

ScERIORY o4 Fe AL L 66 AR 047 (B HS TP St Al ey
diffRE éohé&?&ﬁ.ﬁx? B&foeSHOSHE@ Within 18 a§éa9 Rl Sif&l%&aat?ﬁ%o@hﬁof

rough e same nagni tude. However, for
olgemwﬁotlﬁe ufpe@tbcblsnlmqwmpl ates, which contain walls

3200 SO kb S0 R8PS0 % RS B o o e

- ol Qz'mciéoﬂ@é Q&G&QCF1glu‘Eag§Sshoﬁ§mcpﬁﬁHt§§veﬂ)ﬂttmf1ﬁ61&d‘iﬁ§ dofhpetitive -
ata interpretation em | um nescence
olgommeeotde e peasbiic Srabiudin s e B eSO Firdg e e bigher
oo eg_ 0at es for horse radi shperoxi dase can be conpared
BETHEY%E i on procedures for the MAPS assay. A MAPS

plate is prepared as for Exanple 8, and incubated

with biotinylat ed Ilnker oI i gonucl eqt i de Then ei t her
-E’éﬂﬂkﬂih Melting Lempaxatung of Fawr Brobes, ( S;fﬁ" &Wdi n

o dﬁﬁgg&oéﬁhf f% erﬁlﬁubz%sgfjl%’eledf lﬁx!klex‘b\ﬁ?&nugbéotld’é@ﬁfbbiﬁgally

tlono either CDP-Star (Tropix) to the wel
hyhiidizedMol anétoo shgmmdcotEQ_by ke MMAPS asshpis\pidtted asphe kgmperature is’

S e B ERRELERS, B
nMS'PhénrlhE B! e wiheaeRHIe BSC hitdost pribe@s andt the afiaunt \bﬁhﬂd was

measured as above by fluorescence (50° C point). Then the surface was incubated at 55° C

for 30 minutes and the fluorescence bound measured, and so on for all temperatures

presented.

Example 8 Detection Methods
Two detection methods can be compared directly. To a MAPS plate with four

oligonucleotide anchors attached, each at four spots per well, are added two oligonucleotides



ot her avail abl e substrates) can both be used to assess
ol i gonucl eoti de hybridi zation to MAPS pl ates. Exanple
10 Resolution at 0.6 nm The resolution of the current
system for MAPS assay is tested by preparing a MAPS
plate wwth four different oligonucleotide anchors per
wel | each spotted four tlnes per mell wth a pitch
(center-to-center spacing)®lof 0.6 'nm Then either
cy5-derivatized linkers or biotinylated |inkers are

hybri di zed and detected and scanned as above. For the
to @ph welf, mﬂ;rbeﬁnmimbngmsalexémmchedmﬁ medatiy erbotusontaning gbietin

ﬂlil‘%o couldllkel%qg eg%. léor.%fgg_. . d
E%%e ﬁ% CETENER R EAT o IEFF 5’88 2 IRSTRRb &Y i hgrme an
meaRiednfenféhd Wiord Ok The RERMIRh8Fencd me@tenihts bld bérformed

b{;am ng i ndividual peaks may be resol ved unanbi gSeAZUS| y

Joerthe dEABR\assayt nung sEbsgasnt additivesef RBEINWasad a
che?ﬁl tultu. mﬁtske%ce dl[b%ﬁgof‘ s#g%ﬁl?@en%? %&V 2901 gg.ﬁ; tﬁfg{: aHg%agmmde
Hot;véeaa,tfhrﬁme geolniry bithe m&&m&wm&@tmﬂn WIllsmépHrmgéach vl and

Nucl ease Protection Assay kit from Ambion,  (Austin,
ocepgqped hubbles o€ Bepid o agnipiseug ef %‘BMPﬂqCB%m"BEfH“ﬂ“@e%?ﬁ%Fe 1mages

oo e PP 2R, Doy i zatfon Buf for

(Ambion); Hyb Buff 2 is 75% Hybridi zati on Buffer and

25% Hybri di.zation Dilutjon Buffer (Anbion); and Hyb
XB'E}P%’ é@%@%—&i—@#&g—m O0-mer ol i gonucl eoti de that
COMwb Podflls £RAAIRhentiRIFhRBBRE AMb¥ird@ fé b8 1?adi3ﬁi5\é‘fmh§ase
synt hesi zed (Bi osource International, Camarillo, CA)

calehwompab@ hsedtaglionproesduras @hthe MPd?Seeg@%'» A M@%plefﬁ ma@d@s

e

h heﬂ?zf k Yeoupled k@ elréptdvidin gn@m :SA)SordHRPIS i added) fdubmd b
P % 25 Isul(s)lf TE b lf?‘?éﬁ ?o rTMSTrl}zo vl EIIDTA y

waghing ad afldition of piher,€BE; (Staa Eropia) rq;mhy W@B@JW&H AﬂlﬁPhP%\%A or ECL-

W@ wefé%éié}é giP%fA i?l%hﬂg(vfﬂl ISKS& Ilﬁgd gﬂzﬁ& %ﬁsggrltratgs is as

sugpested lgsthamaﬂﬁfadﬁwstfbr Be hﬂﬁiibhhg bfiwesterg blota Thtse tved (as Wl as
©osour ee. Psor orescein i s remved..by.
oA S ST P B Pl TPt B PR g0 APS

plafafPDH anti-sense nNRNA, prepared from antisense plasnid
(pTRI - GAPDH- Mbuse anti sense Control Tenplate from
Anmbi on) using T7 pronoter and

Example 10 Resolution at 0.6 mm.,

The resolution of the current system for MAPS assay is tested by preparing a MAPS
plate with four different oligonucleotide anchors per well each spotted four times per well,
with a pitch (center-to-center spacing) of 0.6 ‘mm. Then either cy5-derivatized linkers or
biotinylated linkers are hybridized and detected and scanned as above. For the epi-
fluorescence measurement the resolution is higher (and pitch could likely be reduced). For

the chemiluminescence detection procedure neighboring spots are not completely separated,



the Maxi Script kit (Ambion). The short protection

fragnment is the 60-nmer conplenentary portion

synt hesi zed separately and simlarly |abeled. The

sequences of the protection fragnments are as follows:

Full length protection fragnment: SEQ ID: 23

CGAGAAATATGACAACTCACTCAAGATTGT CAGCAATGCATCCTGCACCACCAA

CTGCTTGCTTGT CTAA Short p8otection fragnent: SEQ I D

24

CGAGAAATATGACAACT CACTCAAGATTGT CAGCAATGCATCCTGCACCACCAA
yeChERHT sBairdgy BidividuaRpeadd Smay ®e dogbved yurainbigugusly by emimpater

fragments at 20 nM and GAPDH nRNA at 60 nMin 10 Is
deganyalutioel ume for two hours at 22 Cor 37 C.

Fol  owi ng hybridization, 200 i is of a m xture of

nucl eases i s added according to instructions fromthe
ExX¥Bipld BC Tet Nucleh N MropotidhPtate®E Protection Kit, 1: 200

di lution of nuclease m xture) and jngcubated agal n

t he Irs@raésatf&fﬁﬂéfoam@pe%lnﬁkﬁen@bO%fW@ff@%dMWamW pase F%amnt
fo?%m%ﬁfé W CF%P drétb&i! 8N maéebeot Qtrﬂ? Rudal it from Ambion
( [ on? pe r1

gonucl eot'i des are eted and washed
(Awstin) TExds)amoised ﬂcOpﬂomde;fcohdmon@ebuffetsomm angysBest fEeght samples are

et o e s e Bl S DN R diae LA R CRRRRRR e

Bt £s @75% ﬁ;@ﬁdé&{mﬁlm%ﬁérd WY R A atIndoilition Bl it:Q Adibibn); and

I maged w't Tundra using fluorescein filters for
HybeBefft 3 g 5@%0@& edcho nAa?\Q}mmOQStmmleotimv@Ia*e AepidBs 6fyesidues

| 2
comBlheplsar FATEOEh B ied (P bl Rt g Bhaltbr ans
laHgyda R fPs&aléﬁ-ﬂB&esc@nOQSchl&chbtbanBLEchueSl HMeeds) NID) fdllowing the

these sanples no detectable full-length protectiaqgn
Protpeg) REWESSF e fr Haeling AP SOT el 9 R ATIRERD, BriedVproigoion Tagment
is [ﬁﬂftéd 8930 Qé/mﬁ R]%f li’%j FTERGRL ’ﬁ‘fst { g EDag g%ﬂ%) BYile@for 10

I ze appa e 'Sane as short protection
mlfrmtag mﬂapmlyeozﬂetb]moeWOar ﬂ.l2 of'ﬁﬂm\g/ﬂsﬂ §a>]altryﬂmmc¢mﬁ$)MF

o 50, e Sl i A 25 R P35 n

wév@ﬁﬁétﬂw softcBIHdd Pstogalént@v?o?esgé?ﬁ' %rrbrﬁ@@dk? el¥AABh Rith daturated

Ten Sanples were run for the assay cont ai ned the
busrmnke ThmBNtA wkd 1srféAPermh-smsc= BN As ipeapeted dropy astisqnss plasmid

@%&ﬁﬁgﬁ?gﬁg%{é{?ﬁ{e 0 trﬁf?%x%{lae ﬂm%g}»%gﬁNAT7 gfomoter and

the MaxiScript kit (Ambion). The short protection fragment is the 60-mer cornplementary

portion synthesized separately and similarly labeled. The sequences of the protection

fragménts are as follows:

Full length protechon fragment: SEQ D: 23
CGAGAAATATGACAACTCACTCAAGATTGTCAGCAATGCATCCTGCACCACCAACTGCTTGCTTGT
CTAA

Short protection fragment:  SEQ ID: 24
CGAGAAATATGACAACTCACTCAAGATTGTCAGCAATGCATCCTGCACCACCAACTGCTT



Buffer and 5 0% Di | uti on Buffer containing 0.08 ng/m
Yeast RNA (Anbion) were heated to 90 C for 6

m nutes, briefly centrifuged, heated to 70 C for 5

m nutes,. and allowed to cool to 19 C and incubated
for 19 hours. 200 |I's of nucl ease m xture was then
added to each sanple for 30 mnutes at 19 C 60 ills
was aliquoted fromeach sd3ple for the MAPS assay. 2
| of 10 N NaCH and 2 | of 0.5 M EDTAwas added, and the
sanple heated to 90 C for '"15 mnutes, 37 C for 15

HybitidizHtiess arddchedly h@ﬂi@%jprbtﬂct&intfragtneﬁt@ @motxﬁ{mﬁmm}hnRN[A 260
m nutes. _Then

es were_neutraljzed Wltg of 1&)
nMynH@is fghivotyme for BTOIEIBB’(S atdg’ Qcm@a fi-Agllovina xhnﬁ e, 3
wls'of ﬁ%g(qlrgg ﬁ%agés% L, il Eafle e ‘ﬁ{sﬂ{mtfblné %Hlutﬁé ﬁ%\hﬁ@mrer

speci rotection fragnment was added al ong
(Ambioh Nilclphse Bfotebﬁ% Eﬁ;& 2(Bditpicasof medesarnixeuk) alvbiatubeted again at

80 C for es, - ang. t 35 |, ali.qu af. each ... ..
theééfﬁﬁtﬂ@ﬂﬁ@fﬂé Tiowloh SRS Faphst f?ltfféikﬁézjﬁ%%?%mbﬂwn
Bul SR l&?cﬁ’mél@étid%s are?éwa&d%wama i CRABATO T 30 lsQ:!f'lx

he” MAPS pl at e had been prepared as
GekL@dnhgrBi:ﬂbﬂ@&ﬁpom)umﬂdbd angi dligomuelcotidessearoparateddba 15% TBE-

der d|l speci,f L.t he protecti
wrep el FBi €50 il Th g e il Syl 2 A Bsiomip ape
1m§§ég wC R At radlsing OFlordaeith Hiltedt for adlektidle teRéitation arkémission
I'um nescence performed as described. In the |ast

wayelensths, Thedmageis @fagm%lamép@tha@@éharw@rﬂgnmlﬁ@s Besi gpdifigngare
t
e B sk Pt BOPRRR A R SRR 8O iy e
smﬂﬁledd@elefeb@bne eall-leﬁ@h proteciicn ﬁa}gmnaﬁm(ms andsifnifiedt dAmountsefa
for the top.row of wells is nted. The
PR 4k e smet PrAIRUSEFERRERE o 7o PR o CRHAES 16 short

%Hén ch duplicate well after allquotlng to
pmtt%ﬁo pate?éaisllstedlntheflgure The

ol i gonucl eotides used for the MAPS pl ates were as

ExfE{%:H C or %E PABVIA?P % GCGTTGTGGGAGCGC

CT T@&GWKM Aotddel %‘&IM@E@@@@WE%
CCGECG Protection fragnent (conplenentar

nuglease teaimentsiniar foghosedgsored igExample 13:/Ten s%/mples “r/rgg run for the
o AT AT AT AR AT B

different amounts of GAPDH mRNA. Hybridization samples in 10 pls in 50% Hybridization
Buffer and 50% Dilution Buffer containing 0.08 mg/ml Yeast RNA (Ambion) were heated to

'-b

90° C for 6 minutes, briefly centrifuged, heated to 70° C for 5 minutes, and allowed to cool
to 19° C and incubated for 19 hours. 200 pls of nuclease mixture was then added to each

sample for 30 minutes at 19° C. 60 pls was aliquoted from each sample for the MAPS assay.
| 2 plof 10 N'NaOH and 2 pl of 0.5 M EDTA was added, and the sample heated to 90° C for
‘15 minutes, 37 ° C for 15 minutes, and allowed to sit at room temperaturé for 20 minutes.

Then samples were neutralized with 2 ! of 10 M HCI, and 12 pls of 20x SSC containing 2



GCTTGICTAA Detector A igonucl oeotide*** - |abel ed at

5" end with biotin SEQ ID:. 28

AAGCAGT TGGTGGTGCAGGATGCAT Anchors were synt hesi zed
with Cl2 spacer with anmide at the 5 end Linkers were
synt hesi zed wth Cy5 attached at the 5 end
***Detector digonucl eotides were synthesized wth
biotin attached at the 5 @&nd 85 Exanple 13 Dilution
Curve, NPA-MAPS (see Figure 16) The data discussed in
Exanpl e 12 and shown in Figure 15 were quantified and

MHREREPHAES and 200tV bidiahMRd dEReton\WEEGmeleatide siecifiddbidthe
deviations for all eight spots of the two duplicate

preteqtion fragraens was added slong \@&thul@ém% DB et auentesorerpariad, heated to

sol T ol B SA RS i b B AElre
MABS bhe (sEcki saddple v 8 lphtaﬁ tvedndrrad {roduplibateoi thErMBBSI plitel) The
t he anount bound | i gand concentrati on,

t he
platehed jbgen a@p@%@érfw stendsrd HEARS @mﬁ@p%twmuselﬁ aiSﬁ@bled Evs-

deﬁg%%d lgfgerr %géigg{oﬁ' the ﬁ?&t{gh&i ﬁ%’f& ﬁﬂgﬂ% atth\%Ectl Eﬂé ]X%;S%lafte was
covgrb&mddﬁcﬂbé?ﬁﬂ) at=50. Qo femmipitnadaisteation aidelhmheswn@dmrfonned as
] 5 S 2 L ST Bt
viifdedfl 8 gﬁﬁ&%ﬁ‘ﬁ gﬂent ARSI Gy BPvHIRA; MABS lower

assay an lution curve is made. Total” RNA from
portimséthe figere, theinfensifyacedasmalizpddy Giedmager) for the topmpw plyvells is

oRaEL % AR T A BB G DN 560 oo
dui;h&tmélparﬁ& Bl6dub By foIROMAPE 31-5&) s Iptedtie el fited. r agment

added is an oligonucleotide 70 bases |ong, 60 bases
~of which are conplenentary to nouse GAPDH Either a

JIRNA i's used
qupﬁg&;{a&te %Hm e?whgmli{%ﬁeﬁe conpl emsnt of the
safthericeSEQ IDsEd as a negative control ("antisense
fr agnemG’I)CGAENAT’HmnGGaGSGW th protection fragnents are
heaked to 90 C f orSER) M:n6t es, and
CTTGAGTGAGTTGTCATATTTCTCGGATACTGAGTGCGCTCCCACAACGCTCGACCGGCG
Protection fragment (complementary to mouse antisense mRNA for GAPDH)
SEQID: 27
CGAGAAATATGACAACTCACTCAAGATTGTCAGCAATGCATCCTGCACCACCAACTGCTT
GCTTGTCTAA

Detector Oligonucloeotide™ - labeled at 5’ end with biotin SEQ ID: 28
AAGCAGTTGGTGGTGCAGGATGCAT

D.

* Anchors were synthesized with C12 spacer with amide at the 5” end

""Linkers were synthesized with Cy5 attached at the 5’ end

***Detector Oligonucleotides were synthesized with biotin attached at the 5°
end




hybri di zati ons are done by bringing sanples to 70 C
and allowing themto cool slowly to roomtenperature
over night. Si nuclease (Promega) at 1:10 dilution is
added in 30 1s of Ix S 1 Nuclease Buffer (Pronega) for
30 mnutes at 19 C, and stopped by 1.6 Is of 10 N
NaOH and 2.7 |Is of 0.5 M EDTA. Sanples are heated to
90 C for 15 mnutes and th&h 37 C for 15 mnutes to
denature and destroy RNA, neutralized with 1.6 |s of
10 M HCl, and incubated on MAPS pl ates overnight in
ExarxaphS( Vﬂ)ihhioﬂ.@ﬁr%,w Qmﬂitgm}e}l\ﬁ)t hd200 86 mvi
HEP pH 7.5 to, whic 0. nM biotinyl ate et ection
ol i Sgﬁéetﬁélm%l HEWEdL2 a‘%“g%ﬁ?”ﬁg}ﬂg%“vigﬂ’&’fei Paptifsg and
Pl e T o AR B e 08 SR Pt o
duphinatee WA afes piotted Joit Badhu dencEifdfatidy Gbf HRNA. SA wndifg Suryg is
of . tot'a| use RNA, Two control sanples are included
SuRWF%hoﬁge 4 nucl ease is added. Signal is seen
onl covml 5= ion fragment. di
gonﬁ%‘ggﬁlﬁé}@g used:B&l%fgrﬂA%(t]ipé?rfgg't)Control (sane
whetd MeonBaind it thelmaximemfbonndst satwkion] Piaction Rowirdis the argeit badnd

o R AP CACHPETCAT T Col R REAH RN B e

BothdISREf of VIt B&ind OThelcliig IAbwA SQBDIRIRNhE diré, ArafBUkdth abest -
antisense nRNA for GAPDH) SEQ ID: 27

fit ginepilfssT GAdponalss rdabtadin AREUAAT GCAT CCT GCACCACCAA
CTGCTT GCTTGICTAA Detector. digonucl oeotide*** SEQ
I D 28 AAGCCAGITGGTGGTGCAGGATGCAT For Sense GAPDH nRNA
Exagipid BS NPAAVIAPS assayDEGAHDH HRINA in a total mouse liver RNA extract

CGAGCGITGTGEGAGCGC  Linker** - SEQ I D 2
A total mouse RNA extract is assayed for GAPDH mRNA(gvith an N’%A-MAPS

assay and a dilution curve is made. Total RNA from mouse liver is prepared using a Qiagen

kit. RNA is precipitated in 70% EtOH with 0.5 M Mg-Acetate, and resuspended in 10 pls of
5x SSC with 0.05% SDS with 1.8 nM protection fragment. The protection fragment added is

an oligonucleotide 70 bases long, 60 bases of which are complementary to mouse GAPDH.

Either a fragment complementary to mouse GAPDH mRNA is used (“protection fragment”),
or the complement of the sequence is used as a negative control

(“antisense fragment”).

RNA samples with protection fragments are heated to 90° C for 5 minutes, and
hybridizations are done by bringing. samples to 70° C and allowing them to cool slowly to
room temperature over night. S1 nuclease (Promega) at 1:10 dilution is added in 30 ulsof 1x
S1 Nuclease Buffer (Promega) for 30 minutes at 19° C, and stopped by 1.6 pls of 10 N
NaOH and 2.7 uls £ 0.5 M EDTA. Samples are heated to 90° C for 15 minutes and then 37°
- C for 15 minutes to denature and destroy RNA, neutralized with 1.6 pls of 10 M HCI, and
incubated on MAPS plates overnight in 5x SSC with 0.05% SDS supplemented with 200



ATGCATCCTGCACCACCAACT GCTTGATACT GAGT GCGCTCCCACAACGCTCGA
CCGECG Protection fragnent (conplenentary to nouse
nMRNA for GAPDH): SEQ ID: 30

AAGCAGT TGGTGGT GCAGGATGCATTGCTGACAATCTTGAGT GAGT TGTCATAT
TTCTCG GCTTGICTAA Detector digonucl eotide*** SEQ I D:
31 CGAGAAATATGACAACTCACTCAAG *Anchors were

synt hesi zed with Cl2 spacegg Wi th am de at the 5 end
**Linkers were synthesized with Cy5 attached at the 5
end ***Probes were synthesized with biotin attached

t I. .
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Wshing rand ndsualizatien ssthp$ AR isodone as piesdrrbedterheemnt phkilgyal

d npl
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5, m'fe% A RIGRITRY mmr% York@1 SERipRR a@‘hﬁ’@édiedft@m?mpsl%cﬁée

angi ng nucl eotides at 'the 3' end of
is ﬁdcagnrﬁmnalm mh onlydorrilet compimpientapnprateptionofragment. ar get .
After hybridization and nucl ease digestion the
remai ni ng protection fragnment is hybridized to a MAPS
Olisb@lcRof8esivdgli: cat ed i n Exanpl e 14, except that two
i fferent oligonucl eotide detection  fragnents are
Foy4eiisepss Q%ﬁrébémﬂﬁ@lgomﬁﬁ@hﬂ%zaé drgxemplettebn fragment .
Gmehatet eSEQ 8): ¥ agment i s conpl enentary to the
GAPQEPW&G&GGGWTE}GQhG@iCthe protection fragnment, and
tliekest her, a conSEQIIP:26 conpl enentary to .the 15
bas@W&TﬁéﬁﬁT@@AHHECTQGQAﬁéCWA&TW%EWWACE@@EG
dRsotectiandregiealyremplementary tumonse ditiseascanRNASp! G4BPE)
sanPEQID(27e., in different wells), so that both
det é&@&hﬁfm&gﬁﬁmwmmmGM(EDMWGSHT@G‘I@CQ»@@@CAACTGCTT
det 6ETTTRTABl ecul g, I n the present exanple both
ﬂeﬁgi@e@ﬂlgmﬂw@eu&bel ed SEQEDHI8P. Wt hout the addition
of AEPAGSECTSEHHRACSATEGMA bot h of - t he detection
fragnents are seen; whereas, when nucl ease digestion
is perfornmed only the S|gnal corresponding to the
Fo3mBHOSERibmBRi\ maplebe det ect ed. The anmount of GAPDH-
sﬁmmof: cSEQ@ALS i s reduced relative to that observed
i n COECGOTOSACEGTIGTAGCAGE®: di gestion, because the
drnkteeCt-i SEQIDABPrent is added at excess relative to the
amHFECATCCRAROISARRNETGRTERFACTGAIGEGETUOWEAAGRE TEGAHBGCG
dirot@ARDHragRiedt (canpleméritary td mouse mRM¥é fpr@ARRH): v SEQ ID: 30
AAGCAGTTGGTGGTGCAGGATGCATTGCTGACAATCTTGAGTGAGTTGTCATATTTCTCG
GCTTGTCTAA
Detector Oligonucleotide™  SEQ ID: 31
CGAGA.AATATGACAACTCACTCAAG

Anchors were synthesized with C12 spacer with amide at the 5’ end
Lmkers were synthesized with Cy5 attached at the 5’ end
" Probes were synthesized with biotin attached at the 5’ end



hybri di zati on, so that the anount of doubl e-stranded
hybrid fornmed (and therefore the anount of protection
fragnent that is protected fromthe nucl ease) reflects
the ambunt of nRNA. When no nRNA is included in the
reaction m xture, neither signal can be detected when
nucl eases are added. The above findi ngs denonstrate
that the hybridization andg7 di gesti on steps of the
assay occurred as desired. Wen protection fragnents
corresponding to a variety of targets are included in
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whi ch the genes are the  instructions. A transcri

frageenty arguged Q@e%@wwewh%mrc&@ﬁ@%ﬁ%ﬂb&m&e a@eaff neatls
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a“‘nucl ease protection p at es
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six normal (constitutive, "housekeeping") genes.
bod:‘roﬁnqgmmtd srefiabeled ayith FERP. &¥ithwut therdgitiontobnuglease,sigrals fton@o hof

o i RERRGRRRE om st s Sl QRN i Refef b e e
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are grown for 2 days until thea cover the ? ‘Eiace of
specifihsigral is refined gelatije|tp $hap pbssrieh iy fhgrabsenes, af pudqese djggstion,
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erent em cal conpound 1S
pregdate dTlse atlévag tltermncemf eﬁ GAPDH mRNA e be dimibing te theantotective

I
biogions . et ariophoen bl HTE de o trid St (B g e
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| s "are harvested f
mRNA When no mRNA is mcluded in the reaction mixture, neither signal can be detected

when nucleases are added. The above findings demonstrate that the hybridization and
digestion steps of the assay occurred as desired.

When protection fragments corresponding to a variefy of targets are included in a
given assay, each of the protection fragments can comprise the same 15 base overhang
portion; This allows for one detection fragment to be used to test for remaining overhang for

all samples.




assay. The cells in each plate are treated according
to the instructions for preparing RNA in sanples from
96-wel | plates (for exanple according to the Q agen
RNeasy 96 kit). After the RNA is prepared, the anount
of each of 36 different nMRNA species is quantified by
the NPA-MAPS approach, including the 30 correlative
genes and 6 normal "housekggepi ng” genes. 36 DNA

ol i gonucl eoti de protection fragnments, each
~corresponding to one of the genes of interest, are
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g R TPAEBNAESIRoRICRRAAS frotebti SHRAgneAlsS eacE%@ﬂes@Sﬁdibg to one of the

genes of interest, are added to each well and allowed to hybridize under selected stringent

conditions to their target mRNA sequences. Then S1 nuclease is added to destroy excess
unhybridized DNA, and the samples are treated chemicalty to destroy the RNA as well. Left
is the oligonucleotide protection fragment for each of the 36 genes in proportion to how



wel | contained three sets of duplicate |oci,
corresponding to the three genes descri bed above.
Each | ocus contai ned an anchor, bound to a |inker
conprising a probe which was conplenentary to
a-protection fragnment corresponding to one of the
three genes. A nuclease protection MAPS assay was
performed essentially as dé&cribed in Figure 12, and
the imges were collected and scanned as descri bed.
Shown are the raw i mage data coll ected and the

midhtnERIS A thid BEARFest@fin Qe Rbdt€Pdefls Yo lehéh sam) EleeaCh of the
three nRNA targets. The nunbers over t scan |ines

ar e Qnsdupdred §-wel alajenteashsofiwhidnemensisenan astay nfuplyrality of 36
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difhrawdihker stizdasdeoctioa! Eﬁésﬁnlﬁfs &Q" absemtl® byl thensuffﬁb% of each well,
i nfected sanple that was not ‘statistical
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enonstr e WO gene cjun,
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nfect i

ared to,a ¢ r ol nstlt tively.
Th ) RS ieltpige SOMELe RBReSiF 8 306 AR Aes S Alged o, a
coltbdpBdthgierell Of the @wm 14RatA RS hg&r!dmééﬁbﬁ( uﬁcfehsé%cted stringent
tyr03|ne or serine ses see I gure 17 Ki nases
coaqh@or@nzylntegwmr@tgomcteam far pawspgett\mth ® chmmtmmcenwawme

< 4T3 & el it o PR TBrn R et TR oty much

mKNPl&S@Been Fogént fthe QliplekARPSE Rt SbwRdRLRE Bmbihts FSbrrelative
whet her the ki nases are involved in pathology and, if

genes Withqogéeton e ChorsetlierringRNAY a5e Méwresing T e@siRouady added fo
th@@eﬁ?k&%% ;er%r Sﬁf @!l@L gm&gg,gpfﬁs (aé‘yv&ﬂﬁ) an‘é'tﬁlﬁér%%eﬁtb at

are I ng
regulatlng the inflamatory response are src, |ck,

}/r@,l?)éa and Each ki nase has substrates that
Ex3 tMML&W X pepti des that

CONRN AMwas ﬁrM;Sa?&! &ntiabQ%E dQkribd¥en h@x&ﬁﬁ% 12{1@&1 fre Gﬁ'v«t:rh 8Bmice
overl a hat different kinases osphoryl ate

eitbermet 1p§phed (I &oniee]{)ak bne hourtafier infecgoryf T@f@teé’ﬁtby adlelnywruSFéﬁ ngs

R RN L s oy
weilReftainkd ihtde@sts oL Aulidaty16ki Qsdrrgﬁmﬂ&ihé toRhethRS gehe€debGBEA above.
each wel | conprises 36 generic_ oliganucleotide

Eaghclrepsscontnad; #1k anchorbeinst Eparlidkex somprnjag @ prohs which was
koo PP 35Sl n ARG L e

- pratediion VAR assayevas parfdnnsd aseshtiaiylas described in Figure 12, and the images

were collected and scanned as described. Shown are the raw image data collected and the

intensity scans for duplicate wells for each of the three mRNA targets. The numbers over the
scan lines are the integrated intensity-values and standard deviations for each condition (n=

4). The house-keeping gene, GAPDH, not expected to éhange, showed a modest increase of



each is- attached coval ently through an am de bond,
for exanple, to an oligonucl eotide containing a 5'

am no group. The oligonucl eoti des contain seguences
that hybridize specifically to the anchors. The
peptide/oligo linkers are self assenbled on the
surface by adding themto all wells of the MAPS
plates. For screening, theyfive kinases at appropriate
concentrations (so that the rates of phosphorylation
of the substrates. are bal anced as nmuch as possi bl e)

L
2 ah€efiedyds dicréabei 4 arfd16-fobd, kdspactively. dTeee fitdingsnieinbngtratetibat two

i sol ated enzynes, . The anpunt of phosphorylation af . ..
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reduction in some of the phospho-tyrosine spots but
pf‘gﬁf fpot? ?rgvlnt:;e§gb%;idSrn"oupds ihaﬁibﬁ
viSin POk RimELCGH KEulIMDI tor's of some of the -

. che of the assay is shown in

t heKineges preatynus theak gitack a piosplieteteipradeing Nlanybaye been shown to

.nol ecul e.is, pr red. in Lch a 25 bha aj . o 1
stiftef el SR ToOR ol Bl HEges e B PRt peeifighipese
(bilt SotGl @ESdes Hat e id2d & tBQMhegier tBAIER4sEPdreinfblved Inyhtslopeand, if

phosphoki nase enzyne. The ,chineric oligo-peptide )
50,49 mwts@rtwppmé@éémmgce@mabdedﬁbaw&y Fgy example, five tyrosine
. - e : .
i S 46 RO EE L OEAGh R Ao TR (AN 8 1RREA Ry
respérise aret i Icke iy @apTipand yesn Bash &inkseied shisstrates tebdre paftelly
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idegified, gﬁsh@@p%ﬂ%{mpﬁ:ﬁ%ﬁ&@% o8 ?Jf e kinase specificities overlap
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o B b e R A prefontally
Forths fiye kinases; O psaptide sibsatbsaneselooted dlat shiviver spectrum of specific and
honmobi f unctional crosslinker, DSS (Pierce), was used
°V?'pHP¥§¥ﬁﬁ?ﬁ§&5' ami no group of an oligonucl eotide
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wi th a phosphorylated tyrosine. The sequence of  the
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eaghHs Lftachbd tovGilkently thtbegh dmarnide dond, dotpeatripls, iy amyliganhgleaide
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CORIBISIFo Py FRIR ERHP- p AP CHEPICiIRle SMBI fegrenges et lyaridize

spBHi B oRBe Wih6rs SRl pepBRARb ik QO self assembled on the surface by

adding them to all wells of the MAPS plates.

For screening, the five kinases at appropriate concentrations (so that the rates of
phosphorylation of the substrates are balanced as much as possible) are added to each well

along with one of 8800 different compounds to be tested. The compounds are tested for their



conpl ementary anchor nol ecules within a MAPS pl ate at
the concentrations shown for one hour. After washing
and bl ocking the wells with 0.3% BSA in SSPTP

ant i phosphot yrosi ne anti body crosslinked to HRP
(anti body 4G1l0 from Upstate Bi otechnol ogy, Lake
Placid, NY) was added at a 1:3000 dilution in SSPTP
for one hour, and the anmpugt of antibody attached
detected with chem | um nescence substrate, Super

Si gnal Bl aze. The image shown was accunul ated on the
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onigielh e B ke e blas AP P Sl Bizppiiel Bedbors the
kirta9&/ éﬂz?ﬁ‘ﬁa liyusad E&;ISH% obfate Blel (RO RGN SFaRe chifhGraP@fat AfHe the

noieties are ected for the|r ability to bind to a

engymesugsadion is elllce?d diel pStegedp thstamonst ofphesphionitation of éim/RﬂPtlde is
oofEREbh v oy PP &R Db AR BB Ren ABE S bt

defé@t@dﬂﬂl@rdﬂherelotgmyﬁhs are generated. The protel ns are
i sol at ed and | abel ed with, for exanple,
f1 udhedesehit of thel assay| @° shovminidhe 1{°EY°%E?”§Erf“1®o‘F°m°b1ﬁm°“°nal

crdsQUi} b@rsgl;]@xfce) W& Lé&l:_(?toqﬁ ", S'E{ilﬁyg%lﬂﬁg%ﬂd d¥Bonucleotide linker

I nteract| he group protéins is
to ﬂxédétdrmlnusaﬁ(alpemmle symtiesizhdwith 0 pRBphveylhteNRBinsl Hiessqueaeaof

h | di f f t ' dded...
thq Rt LR e e e B TSR R NS PO athepBY
relbré’éeﬁtrs ?E&dpﬁ&yz@gmé H8e ShidieRivedsRithé uddd direbthdrifirst brought to pH 14 .

opéptide ligands is tested. The assay is to
om@h@mutes fitherder to prdiskbeldeolye thophnsplstperpimfremibe tyrosine. The

phﬁ%)?xgé}la?etd%g P%{\Alglﬁl d\%@?]ogph Ete@gb%ﬁ? &9916&8&%95—‘ eﬁf a@é%ﬁ{bled onte

uce uorescence
coﬁ@lﬁf&nﬁb}i anchv® tnotdchles\pﬁlﬁlﬁ a MARS Iﬂé)tﬂ‘attbléntnedﬂ&ﬂom a]libvhﬁfor one
further tested as a putative selective lP BI bi.t or
hour. After washing and blocking the wells with 0.3% BSA in SS T ant1phosphotyros1ne
antibody crosslinked to HRP (antibody 4G10 from Upstate Biotechnology, Lake Placid, NY)

was added at a 1:3000 dilution in SSPTP for one hour, and the amount of antibody attached

detected with chemiluminescence substrate, Super Signal Blaze. The image shown was
acc_mﬂulated on the CCD array for 1 minute. As expected a difference was seen in the

amount of phosphate attached to the oligo-peptide. This difference is the basis for an assay



SH2 docki ng. Exanple 20 H gh Throughput Screening (see
Figure 22) Shown is a high throughput MAPS pl ate
denonstrating the detection of signal from 96 wells
in a single experinent. Hybridization to the sane
ol i gonucl eoti de was neasured wth 16 replicates in 80
wells. As shown, the reproducibility of the 1280
hybri di zati on 93 assays wa® very high. The |eft-nost
and right-nost columms served as controls to
standardi ze the signal for different concentrations of
megﬁﬁpg hb 9&%' 288lidsd8 inhdds B vﬁieH‘trla%Ed {88 BirRFent ﬂ&mble inhibitors.
[ rent ol igonucleotides can be tested in each well,
and the test repeated in the 80 different wells of
t he plat .
Exgmpled o ddinding e : ik ledni
bethiEh ng'dﬁ?m%ﬁ@gé g@grﬁﬁteaﬁ@g@@ in each well, and
ny €S can be tested sinultaneously (e.g., 100
pl abH2 domamh serve gndogking submhitsr aftsome igrqyrth ressjatorypreteingr dae
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assayed sinultaneousl g:, inthe latter case,
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reaction vessel) .via a chem cal ?rflcatl ntha11 %
selpgechSHA PrbenR eah%&ml%eﬁecosveﬂt @Pﬁ%@ PlatRR I pliptpg with ligands
sp&Lﬂcgfaf‘ﬂl\Q lg?cﬁlg FEH2 HiGeiRs. | 11806 GRIPYIAPS Dlatey beﬁﬁhg&he ligah@s ae

em ca ification, a restriction  enzyme site, and
geacraed liﬁnqarouehmtam sokatadrmné rahetedrwith, ofon exampeta eid fluorescent
|ntFrest (e.g., a cDNA copy of an nRNA of interest).
% ar get |s anplified by PCR, using as PCR priners
th ehﬂrﬁ&@@ﬁ‘i‘gen Eéﬂ it ded 6T e 918 ddnbdid/ BRésphypptideihtetaction, the

conprises, 5 3',"a sequence that is sEemflc for a
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r f e
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individuAlyHni the eterhétiogexf tHANFHI prommhadl their lphnmh@ep‘oxdbdmds is
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tesado i BF F55HS A TBRoHAG Bhe TpRIFeRPer 3§?lmd§5ﬁd>ﬁ°t81ﬁ£§ﬁﬁ%ated with each
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fired” primer is thus released into the |iquid
: nopddh&pets tfih eompoundraddedrean befritber testedasautabiye sedgstiprinhibitor of

SH2 docking.

~ Example 20 High Throughput Screening (see Figure 22
Shown isahigh throughput MAPS plate demonstrating the detection of signal from
96 wells in a single experiment. Hybridization to the same oligonucleotide was measured

with 16 replicates in 80 wells. As shown, the reproducibility of the 1280 hybridization




used to deactivate the restriction enzyne and to
denature the doubl e stranded DNA product. The
rel eased, single stranded DNA target nol ecul es can
then be contacted with a surface conprising anchors
and/or linkers, and the target can be detected using
detector ol igonucl eotides conplenentary to the
det ect or-speci fi c sequenceg3zof Priner Two. 94 Exanple
22 Preparation of anmplified target A PCR priner
(Primer One) is attached to a solid support (e.g., a
asB8 GvadveRy hRAC! T&n efiBSR Sl 1Y éthﬁnﬁstcéb@t[ﬂnﬁ“@berved as_controls o
modi f i cat’i o t hat as been introduced into the 5
standandiza the sighalt fhediffprehtnionceptratipos ot the ohgomécleqttd@ p rimer

th i fi
O S e At 1S S L s Rles By A Bt o e
te@REbeited BOME BE Qiffktnt WensSomaplla@rrmtc&we taf efen fr84t@atunmdiEr of
i nterest (e.g., a cDNA cop an nRNA of in erest).
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I e
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miREIR iR pRES The &tgddumatntcafemyb vitichicheb&gtrfothn&lupeachisampls (e.g.,
denat ured and éo ptionally) washed, |eaving behind a

inghedattes case.ahord B0 fibtercat aseyakand His duee wimberof sepplss Muich papbe
|
asx%ﬁgggglé&%gﬁy@%jy{@r i { &s? %‘%{t ?ﬁ R 186 ot o6&y ﬁﬁ'eﬂﬂfjsamples)

an approprla e
prpvidésfrswe)y higinthraghpurict ed with a surface conprising
anchors and/or |inkers. Alternatively, the strand of

the anplified target which is released follow ng
ERHAL Y 2bleBia48R oPEmBAMAGHEA (e lHipd:Bagpur f ace

conpri sing anchors andr or nkers.” In €ither case,
onl A BER pamex(Rdmsf On¢)ds awphqdm eeblidsppport (¢.2., 8 beads g esaction

ver D ER B gk B e oy B SO Wbl Ot Blimer

oliaRtdldoti@s] TharGRber icGmphides) 3136 8Y theahemizalchgdificaidn) ﬁrestnctlon
reduced. Linkers can be designed to be _specific

engyrpgite, ang e sespyierce that isicpmplemepRivity slgrackoldwerestils. &n%l‘éDNA copy

ot IR o) hobich) R AR AP Ca MR 5o PO prR R e
Prirhérédme plusiaPrisned Teo] which comprises 5 bta$e, apeqieact thainis specific fora
oo S AR % el it et g o1 0B paron of e
‘tafBRt ﬁ&ﬁ’thﬁ'b?Pﬁm%POﬁé %11@ Ngwmnmﬁsﬁm hB @Plifisa tB@bt DNA is

conpl enentary to the nR | owi ng nucl ease
wehhgbtgtmrmve emgs 1gention mateueleanﬁw@eamdq feonythe splidiseppertdy ¢leayage

desj d S il rats
i el B epBie o dhg lRit R0 ol et O e e
prith&gsthesheleasediifito the liquid phase. Thermal and/or chemical procedures can be
used to deactivate the restriction enzyme and to denature the double stranded DNA product.

The released, single stranded DNA. target molecules can then be contacted with a surface
comprising anchors and/or linkers, and the target can be detected using detector

oligonucleotides complementary to the detector-specific sequences of Primer Two.



illustrated in the right portion of the figure. The
resul ti ng nucl ease protection fragnents are
hybri di zed to a detection |Iinker, which conprises a
target-specific noiety and a contro

over hang-specific noiety. In the assay shown in the

| eft part of the figure, the control 95 overhang

noi ety of the detection |ipker remai ns unhybridi zed;
by contrast, in the assay shown in the right part of
the figure, the control overhang noiety of the

gtzg Opréplqp{{ﬁﬁ of BIificl ﬁgé‘tt o the residual control
ove sequence o protection fragnent. In a
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ecause the co eneh sequenc are not avail able

support. Hpﬂmwvadhezlaattadmd, mmieawh: cgi tjpambe ql&valsmd cileasedde.gv hyhretah@nt

| ex f the ass this inventi
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JitHefsS erteﬂnE‘tlv%lyd PRLGHh@dF Ithe eBplifidAOfarged thcﬁ ds tfleaed foIlowmg
sequence specific for a control overhang. Exanple_ 24
demamtatlph eaﬂeuomtsct(@em the guface @Er)pn&ngegqhors apd/aplinkeisn & either

caé% r?B],y o§18 gfraéld og‘th F@P@%qﬁr\é%d%m&facgg ngl%gcg \Jﬁ%calﬁ%ker SO

cdnsREtibiC Rk hybmiahyetidh, froaithe @?ﬁosﬂe strafd ofrme mhﬂlmmhgms dhiminated
| ocus A are hybridized four different, t

and haplegraund dsrednoed. Liplersrar bagnsigaedto e mspific r§51éféqq=f beth; ofthe
I skwever, each of the anchors conprises a
grae:ﬁ? target-specific noiety: for targets 1, 2, 3

or 4. Therefore, after hybridi zatlon of targets to the

g{}lgporgélolsker, Q elx . t ar Slr’r23 (g?e urealq)

d' ffgrsem %letcﬂﬁﬁﬁmﬁg an mRNADBﬁh&ré‘sﬂ& dwjraae&tozaenﬁ&eah@pm&cnon
B. Each linker conprises a noiety specific for anchor
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Fallowifgntk]dabe digeetidngthe edrroloveRAn@inolegds be cleaved off, as desired, as
is illustrated in the left portion of the figure; or the overhang can fail to be digested, as is

illustrated in the ri ght portion of the figure. The resulting nuclease protection fragments are
hybridized to a detection linker, which comprises a target-specific moiety and a control

overhang-specific moiety. In the assay shown in the left part of the figure, the control



E. If each of these targets is |abeled, either

directly or indirectly., with a different,

i ndependently detectable fluor, such as, e.g., an
upconvertabl e phosphore, one can 96 i ndependently

detect all 20 targets at the five indicated | oci.
Exanpl e 25 An Assay in H gh Throughput Format In this
exanpl e, a transcription aggay of the invention is

used to detect and quantify changes in a gene
expression pattern, in a format ready for high
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di'éfémntrg&nmfdilﬁs@nﬁmly ipentit £ afidhors, zlirrch@ﬁ' BNE. "Tohé ﬁhhc{»:;‘»] atlocus A
tected.in.the assay, Control _experinments in i C
arp o0 fquégggﬁar pesiolanlsreotask pf WHOK pompRrRt Bmoipy Spectko for
arlcRGUPatIB e tddciRohO Qzﬁh&ﬁ B&hprises & fofeiéﬁ?}afg%ﬂg;{]e%&}c moiety: for

over hang sequence show that 'substanti al
‘targstyd e Sex 4 s Phaefreg affeohybiridizatidRA targatsiottiss aptharftinlear eghplexes,

e gt B 4 PP R s P S0 B giggent pes ot
lifkeR\eas Bgbrid&zedeRLHSM! - Bach linker comprises a moiety specific for anchor B, but

the target-specific moieties are specific for targets 5, 6, 7 or 8. In a similar fashion, targets 9-

-

.12 can become associated with locus C, targets 13-16 at locus D, and targets 17-20 at locus
E. If each of these targets is labeled, either directly or indirectly, with a different,

independently detectable fluor, such as, e.g., an upconvertable phosphore, one can



97 Surfaces are prepared according to the nethods of
the invention. In each well of a 96-well DNA Bind
Plate is placed an array of sixteen different 25-ner
ol i gonucl eoti de anchors. Fourteen different anchor
speci es are used. One anchor species is used at three
of the four corners of the array,. and 13 different
anchor species are used, gg each at the renalnlng

| ocations in the array. Thé anchors are then
hybri di zed, in a defined orthogonal pattern, to

0- mer_.oli.gon otid ker ch of which
]‘“g n$ Q}éga&gallf?b)%ﬁge,tsagt die I:egﬁ?"éspondi ng to one of
the thirteen targets of |nterest a 10-ner spacer, and

a 25-nmer specific for one of the anchors. Thus, in
Eﬁmﬂeﬁéﬂlié_mmw_ﬂﬂspot arrays, each of

h K |
dor T 538PIe SAERiag e St Al Gy sl ¥elef i gl
cHaBges da gdnb résdioh PALRA, i H @d}m&ﬁeﬂiyttﬁﬂﬁgmﬁﬂrm@xﬁlﬂ}écreenmg All

Li nkers corresponding to GAPDH, a constitutively

stepépin dbes eseryhya pererssiigbeisally. wRpwineswashing sigps are not explicitly
SIS BB A S BB 350 B
art mdilce deseribddtersihe |inkers, as well as the protection

fra nL and detector ollgonucleotldes used i.n the
exp pman, FRPRYESS RHeSXqWE 1 efrWeh SbPotien tf%l"m@ﬁhﬁlla@% with

5(9(%%&'1% GMcEI'Ib%véﬁ :}‘h%éi% eztﬁé}%ﬁ@e%&a%gérg&fﬂfe yﬁr idéh harbol

fragnments prepare escri bed above are h
12-ayrikiete d Brciaetate (FIviAgfor é&hcmyssfoll@aﬂtﬂyastmhﬁom withllifopolysaccharide

O e oot B St e e o S SRt S isotSeyanate

arid' fR2EE it nddde@AMRN A GUsbtdifed 3R sﬁ‘@ﬁtﬁﬁ&ﬁ%aﬁl/nagnetlc gartlcles to
hybri di zation to | abel ed detec ol i gonucl eot i

whigh tsibaend bigdinRredndl . i &@mﬁwelarmwfsﬁs ahtained byaxtreeiion with tri-
b SSHSHAREE O6 SN0 S Sh e bR

RNAraged sobjeciéibto afodledse p:foteﬁh@mibceaﬁre ARkIY ab DNASprbtRctlon fragments a
proce sed and nornalized to the control

Tt @neen@-ra%rﬁalg@&#amdrféw@w@owﬁr%\almef %lvleh ‘qupélﬁ‘?jrﬁ to3’,
a iﬁﬁlﬂ' S?ﬂ{l o A 8o ee‘f‘ﬁir%et@&f mt&est?@ﬁ;@ir)?g 10! gﬁ\ﬁr & Qathepsin

from ependent experi nments
Gmokﬁewyle}m—ZdammthLD%ﬂrWﬁ o8 o&tdfo@ontﬁi fithrombaeg]obin angietensin
hirteen transcripts.in one e [ '

OR R, S RSP R A3 PGB 0§ PR SRS eoetd doctof o
arfded | Si¥eédmmon control overhang sequence. mRNA is thereby converted into a

stochiometric amount of “corresponding DNA protection fragment,” which is detected in the

assay. Contro] experiments in which these corresponding DNA protection fragments are
incubated with a probe specific for the control overhang sequence show, that substantially
only sequences specific for the mRNA targets of interest are present in the corresponding

protection fragments, as expected if nuclease digestion has occurred as desired.



Gene Control Induce Ratio Average CV(n=16) Average CV
(n=16) GAPDH101107998339% ). 97 1L-152736%812438%15. 40
TNF22935%224936%9. 80 GAPDH9591119%1003117%. 05

Cat hepsi n GL03943194964846% . 89 COX- 241539%355725%8. 58
Cyclin-21728239%296025%. 71

Vi ment i n2564125%107420%. 77 LD78129839%1343720%4.0. 35
HMG 17828619%240520%0. 29

Ost eopont i n5604429%4905346%3. 40

Thr onbogl obul i n-533176123%100

fﬁg ?%‘%g?%%?b%@ %ﬁ%&bwﬂhods of the invention. In each well of a

96Aedll DNAYBihd 73Rd B0 &30 6kn Afray lof sintepd 0FRRAt BScarep blegadbeleotide
er Alggrithmfor antification of Miltipl

m&roqg_gii%owgan@%%a%anchowa@ L% GO EHEPRSCIRGLS et three of

thd® St Ebﬁ@rs%ﬁ’ iy Jna?,gﬁdsl?yf @ ffeRnVRRENpaLi& RO dsed, one each at the

autonatically ca ates a best-fit estimate of the
remaipingtiosdtionsfin thh erray. Jrielandhors axathbn bigbiridizpd ime defined orthogonal

Preferably, .the algorjthmis.inml.enqented by.a c er
PeffBfPrhmd olgdrislpde Lk ohir ot VGoR ROy fad b 23 s
coftEptRdiiOYo ofeOdtithl MiMcntth@ets BF Rtsredtya YOeL spdcereafidI 2 25-mer

pi xel (picture elenment) of the |m§1%e that 1 nciudes the
spédifisfor owelof the andherse Xbus, meech of the ndtiplywspeatefl ) Aepat amaysiraeh of

B

Figure 18 for an illustration of such an orthogonal array. Linkers corresponding to GAPDH,

0

a constitutively expresséd housekeeping gene which serves as an internal normalization -
control, are represented at three loci within each array. Control experiments indicate that the
linkers, as well as the protection fragments and detector oligonucleotides used in the
experiment, exhibit the desired specificity.

Samples comprising the mixtures of corresponding protection fragments prepared as
described above are hybridized to the anchor/linker arrays. Samples derive& from either
untreated or induced cultures are used. The presence and amount of hybridized protection
fragments at each locus is then detected by hybridization to labeled detector
oligonucleotides. In order to normalize the amount of sigpal at each locus, the detector
oligonucleotides are diluted with appropriate amounts of blocked oligomers, as descri’t;ed
herein. The amount of signal at each locus is processed and normalized to the control
GAPDH signals. The data obtained are reproducible in eight replicate samples, as well as in
samples prepared from three independent experimeﬁts, performed on different days. A
summary of the relative abundance of the thirteen transcripts in one experiment is shown in
the Table below.



The anplitudes of each of 13 different mcroarray
spots (that is, how bright are the real signals at
each position of the DNA array). There are 13 of these
for the 4x4 (=16) spots within each well because sone
ofthe 16 spots are duplicates of the sane target. The
x offset and the y offset defining the exact position
of the 4x4 array of spots ggithin this particular well
The background intensity o? the picture within the
wel |l . The function for each pixel position calcul ates
the di stance betweenglRenRip@lcagigy each spot, and
adds up the contribution that each spot nakes to the
&Rtensity observed at that phgd , by nul tiplyi ngd he
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Example 26 Computer Algorithm for Quantification of Multipl¢ Array Plate Data
A preferred algorithm finds the position of atl spots for a MAPS plate and

automatically calculates a best-fit estimate of the amplftude of the signal for each data point.

Preferably, the algorithm is implemented by a computer program.

1 - Select a small part of the image data, a 40x40 box, containing the intensity value of each
pixel (picture element) of the image that includes the first well to be examined.

2 - Define a function that calculates the intensity expected at each pixel position, using 16



6 - Wth the inproved estimate of position, define a
smal l er box of image for the next well, noving to a
30x3& box of pixels. This makes the fitting proceed
nore quickly. Go back to step 2 and repeat for each
wel | . Exanple 27 Hi gh Throughput Screening (See
Figures 26 and 27) Figure 26 illustrates raw i mage
data for an assay using deggection linkers and a single
reporter reagent. The assay tests the expression of 13
nati ve nRNA species from96 different cell sanples.

a I -well plate contains 105 THP-1 cells
rééﬂgd “'Oe s'%g'ahalf of the figure), or induced to
NDNOrhstaeplinidesofiehdh ol diffefent micglatrajnsgots) (thafischopetirightrane the

of expression changes consi st y. IL-1, TN X-

Vi ment i n rea&w s at Gﬁ%‘é’@fi@?ﬂ qf Fbﬁ%{% apy) LThPFﬁaéﬁg%‘ch@Bﬁ%F fhe
are indu =} ebAlisP sonkd\iPttk 4 6 8k are duplicates
Angi otengl n(are tur n{hgl%l}wp&PDﬁ glond Actin are P
unchangedf theisgue rg2? presents the spati al arrangerrent
of enesforthe TH cells an wi th

wel 'hegfoffpgt apd(iagy ATERS #PEFCL B Hon ;e i iR
in this xRS miBRRRuEFRel i Sted bel'ow. For sone

targets, the intensity of signal is reduced by
di | UEHerbgckghemd dttensity ofthb piakuwe wigliin ﬁleavﬁlh nconpl et e

B el o e el i PR FRobE BB HePl e b i gy

spe0 BhdBAdAk P th@OnERALEH £t GENEIcE FRRESH)thé ﬁltdnbﬁy observed at that
reporter.reagent. These inconplete oligos _ar
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td f
dlggn%g eﬂ}]or 'rtlﬁea{rﬂ ggs Qed ttlpaglmr ﬁi@'le Tespd gﬁ ﬁﬁ%ﬁ% %ﬂdﬁﬁ?&]}’ | gﬂﬁrﬁ ofa
Gﬁ@h&rﬁandra&,og{nmm c&nﬁprbpm onstant)@adiinel | pl at es at an

average of 105 cells/well, the nu cel |
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d BIcaie th@heoa%%gé ﬂxag%teﬁétyg&‘l%‘?eg@ns%?ﬁﬁ% chﬁ& W&r&"ﬂ'l@ots are

r'oughput from smal sanpl es..
enpemdl to deoButdiacteah mf&ph@omsmg lé;evqr@g@ara@ﬂ@c@m ﬁleesiﬂf@me by a

ot b R TIRE 5o ey T s

tolmatcAfup there sp@é witkhees ampith&s tFoBbﬁBﬁdkgidxﬁ@&d@d’et@ naglany sahll
froma variety of related cell types, such as U 937
nygterss., The | arge differences seen between the Control

¢ arh&’l‘ﬂr :

S EOBADIR IO P8 16 R B 9 bl oo

liskat legst squares algorithm with Marquadt procedure for linearizing the fitting functlon

fitting 16 unknowns to 40x40 = 1600 equations (although of course not all equations are
linearly independent). |

5-Use the x,y offset as fitted for the current well to estimate with improved precision where
the grid will be for the next well of the microplate. It is expected to be 9 millimeters offset
relative to the next neighbor well (converted to distance in the number of pixels by the

magnification factor of the imaging system). Since the distance between wells is small



linkers, allowing for only one species of reporter
reagent hel ps to reduce the background for the assay.
This is because the total concentration of HRP
-containing reporter reagent is mnuch reduced. 102
Table 1. Rel ative Abundance (RNA Ml ecul es per cell)
MAPS 96- 16 Format, 105 Cel | s/ Vel
CGeneControl I nducedLi terat ypg GAPDH30' *79@80 t 14%No
Change ILI-beta**nd684 t 14% ncrease TNF3.0 409214
23% ncrease Cat hepsi n-G3 8%mdDecrease COX-2nd8. 3

GRS SR e MR gr A M

6 -Hivith 1hé3mProv&laBEmatd 3PAR k1o AREn & Bintdiptisvixiof imide8 forZiAset well,
Reported Thrombogl obul i nnd66 15% ncr ea

e
moving 18 @ SAXIOHOX 9f pixels¢Y his maless Mtt%méwomﬁq’% 79%3
t 219%\o Change +Estimated val ues, assum ng GAPDH was
at 30/cell *%CV (Std Dev/ Mean as a % (n=48) **nd=not
Gaolexick of sidpl Pandbepeat fopmsh wekkd i n Exanple 27 with
detection linkers and a single probe are: Fixed Probe:
CACCTCCAAACAGTGAAGGAGAGCA (conjugated to HRP) (SEQ I D:

Ex%ﬁg)lér B gﬁhﬁ‘h;roﬁﬂpm 48RP Idde ERGes2E3d 24mchor :
-l engt h=25

Figure 26 illustrates raw image data for an assay using detection linkers and a single

reporter reagent. The assay tests the expression of 13 native mRNA species from 96
different cell samples. Each well of a 96-well plate contains 10° THP-1 cells untreated (left
half of the figure), or induced to monocytes with PMA and LPS (right half).

. The pattern of expression changes consistently. IL-1, TNF, COX-2, Vimentin, LD78,
Osteopontin, and beta-Thromboglobulin are induced. Cathepsin-G, Cyclin-b, HMG-17 and
Angiotensin are turned off. GAPDH and Actin are unchanged.

Figure 27 presents the spatial arrangement of genes for the THP-1 cells, along with
two sample wells of data (selected from Fig. 26).

The oligos used in this experiments are listed below. For some targets, the intensity
of signal is reduced by diluting the detection linker with an incompléte detection linker
oligonucleotide, containing the 25 bases complementary to the protec'tion fragment but not
containing the sequence camplementary to the reporter,.reagent. These incomplete oligos are
referred to as “attenuation factors.”

Table 1 presents guantiﬁcation of the raw data presented above. This screening assay
is done in high throughput fashion. Cells are grown and treated in 96-well plates at an
average of 10° cells/weli, the number of cells that can be conveniently handled in
microplates. An expression pattern for 13 genes is measured in high throughput format,

from small cell samples. The results obtained using assay corroborate and extend the

literature, as summarized in Table 1. The assay can detect less than one copy per cell. The



CGCCGGTCGAGCGTTGTGGGAGCGC (SEQ ID: 34) Target: -

l ength = 60

TGAGAAGTATGACAACAGCCT CAAGATCATCAGCAATGCCTCCTGCACCACC

AACTGCTT (SEQ I D: 35) Linker: -length= 60

ATGCCTCCTGCACCACCAACTGCTTGATACT GAGT GCGCTCCCACAACCCTCG

ACCGECG (SEQ I D 36) Protection Fragnent: - length =

75 101

AAGCAGT TGGTGGTGCAGGAGGCATTGCTGATGATCTTGAGCCTGT TGTCAT

103 ACTTCTCAGCTTGICTAAGICTG (SEQ I D 37)

ht%%?fe&'e%hcéé 1‘35% observlaf?&gtagcmlﬁged from a variety of related cell types,
TTGGAGGT GGATACT GAGT TGAGAAGTATGACAACA

such BAT-GANGEI. SEK@largm diffgpncesseer hetweenthe Congtoband Indusedponeitions

s S A e e i TH B eson
%Wmﬁgp&@@aﬁﬁt héﬁ?s)to re-éﬁ’ddl@ébackgrmmd for -

engt
th%&CMMEMMBWMMFW@A@QN 18
AACT (SEQ ID: 41) Linker: - length = 60
m CGATCACTGAACTb CACGATACT GAGT GGACGCCGT CCGGT CCT
CACGTGCA (SEQ ID: 42) Protection Fragnent: - length =
75
GTGCAGT TCAGT GATCGTACAGGT GCATCGT GCACATAAGCCTCGTTATCCCA



TGTGTCGGCTTGICTAAGICTG (SEQ | D: 43) Det ecti on-Li nker:

| ength 60

TGCTCTCCTTCACTGI TTGGAGGT GGATACT GAGT CGACACATGGEGATAACG

A GGCTTAT (SEQ I D: 44)

25 CGACACATGGGATAACGAGGCTTAT (SEQ I D: 45) Tar get #3;

| D. MLOO88TNF

CACTACGGCTGAGCACGTGCGCTGG (oSEQ | D 46)

-1 engt h= 60

(780-721) An

Attenuation Factor: -I|ength=
chor: -length= 25
Tar get :

CGGAACCCAAGCTTAGAACT TTAAGCAACAAGACCACCACT TCGAAACCTGG

GATTCA
ACCACTT gc%%}é‘#% 8?:%& GCTCAG
CCGTAGIG (SEQ | cT|on ragme - length =
75104
Gé;gT GAATCCCAQGT TTGEiYeT GGT QGTCT TeddETTAANGT TCRAAGKE 1' T
SSH-EEEaSTFETFETAAGTETGSEQ+D—49) '
GAEDHCt i on- Li pker 30’z *7%ngt h| = 600 = 14% ) No Change
ILTS&ECT CCTTCALCT GT T FREaAGGT GGAT AGREAGIIEGAACCCAAREGEISAGAA
6l TTAAG (SEQ I D: 3, Q)40%tenuat ion Fappor: |- | elgedte= 25
TTA SEQ | g 51) Tar getpidiease
W 51GAP g sa of Or Tar gefioidsh
Cy ?r t #5; NI6}% Eheps n- g2§%2 14) No Change
Vimentin 37 £ 33% Increase
LD78-b nd 3360 +28% Increase
HMG-17 336 + 5% 33 £ 23% Decrease
Osteopontin nd 18 + 23% Not Reported
Thromboglobulin nd 66 +15% Increase
Angiotensin 0.5+ 18% 0.1 + 66% Not Reported
Actin 79 £ 1% 43 £ 21% No Change

+Estimated values, assuming GAPDH was at 30/cell
*24CV (Std Dev/Mean as a %) (n=48)

**¥nd=not

detectable

The oligos used in Example 27 with detection linkers and a single probe are:

Fixed Probe: CACCTCCAAACAGTGAAGGAGAGCA. (conjugated to HRP) (SEQID:

' 33)

Target#l; ID:MI7851GAPDH (572-513)

Anchor: -length=25

CGCCGGTCGAGCGTTGTGGGAGCGC (SEQID: 34)

Target: - length = 60

TGAGAAGTATGACAACAGCCTCAAGATCATCAGCAATGCCTCCTGCACCACC
AACTGCTT (SEQID: 35)

Linker: -length= 60

ATGCCTCCTGCACCACCAACTGCTTGATACTGAGTGCGCTCCCACAACGCTCG
ACCGGCG (SEQID: 36)

Protection Fragment:

- length =75

AAGCAGTTGGTGGTGCAGGAGGCATTGCTGATGATCTTGAGGCTGTTGTCAT



Anchor: -1length= 25 GAACCGCTCGCGTGTTCTACAGCCA ( SEQ I D
52) Target: -length= 60

GCGGACCATCCAGAATGACATCATGT TATTGCAGCT GAGCAGAAGAGT CAGA
CGGAATCG (SEQ I D: 53) Linker: -length= 60
TGAGCAGAAGAGT CAGACGGAAT CGGATACT GAGT TGGCTGTAGAACACGC
GAGCGGTITC (SEQ I D: 54) Protection Fragnent: - length =

75 103
CGATTCCGTCTGACTCTTCTGCTCAGCTGCAATAACATGATGTCATTCTGGAT

GGTCCGCCCTTGTCTAAGICTG (SEQ I D 55) Detection-Linker:

ACTT@'P@HG@TTG@‘@TAAGTCT% &/]P 3 c)r
Det CTCCT TA GAGTGCGGACOATCOAGAATGA

MI(S D: 56) Attenuation Factor length =

i e

GGCTGCCAG (SEQ I D: 58) Target: -
CCT @A@Gh(SEQs@ 38)
AttpOtRaEiCTA PSTRIFCAGT GTGGGAT T TGACCAGTATAAGT GCGATTGTACC
TGAGEAGAT GSEACBGENCAAGKSER IDt 3%)gt h= 60 105
ATAAGTGCGATTGTACCCGGACAGGGATACT GAGT CTGGCAGCCACGGACGC

Targagld; S0 M 15880 1Lt Beta (dgo2 4g3b et on Fragment: - Tength = |

Anchort et R9T ACAATCGCACT TATACT GGTCAAATCCCACACTCATACATAC
TCCACGTGAGGACCGGACGGCGTCC (SEQ ID: 40)

Target: - length = 60
CGACACATGGGATAACGAGGCTTATGTGCACGATGCACCTGTACGATCACTG
AACTGCAC (SEQID: 41)

Linker: - length = 60 "
CACCTGTACGATCACTGAACTGCACGATACTGAGTGGACGCCGTCCGGTCCT
CACGTGGA (SEQID: 42)

Protection Fragment: - length =75

GTGCAGTTCAGTGATCGTACAGGTGCATCGTGCACATAAGCCTCGTTATCCCA
TGTGTCGGCTTGTCTAAGTCTG (SEQID: 43)
Detection-Linker: - length = 60

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCGACACATGGGATAACG
A .

GGCTTAT (SEQ ID: 44)

Attenuation Factor: -length= 25 .

CGACACATGGGATAACGAGGCTTAT (SEQ ID: 45)

Target#3; ID:MIQ988TNF (780-721)

Anchor: -length=25

CACTACGGCTGAGCACGTGCGCTGC (SEQ ID: 46)

Target: -length= 60
CGGAACCCAAGCTTAGAACTTTAAGCAACAAGACCACCACTTCGAAACCTGG
GATTCAGG (SEQID: 47)

Linker: -length= 60 '
ACCACTTCGAAACCTGGGATTCAGGGATACTGAGTGCAGCGCACGTIGCTCAG
"~ CCGTAGTG (SEQID: 48)

Protection Fragment: - length =75



ACCTCGECCTTGICTAAGTICTG (SEQ I D: 61) Detection-Linker:
-l engt h= 60
TGCTCTCCTTCACTGT TTGGAGGT GGATACT GAGT CCGAGGTGTATGTATGAG
TGTGGEA (SEQ I D: 62) Attenuation Factor: -length= 25
CCGAGGTGTATGTATGAGTIGTGGGA (SEQ I D: 63) Target #7; 1D
M74091 cyclin (932-873) Anchor: -length= 25
CGGTCGGCATGGTACCACAGTCCGC1445EQ | D 64)  Target::

-1 engt h= 60

CACCTCCAAACAGT GAAGGAGAGCAGGGT CCAAATGGAAGT CAGAACTCTA
GCTACAGCC (SEQ | D 65) Li nker: -1ength= 60

R Rt

DCW@%TA@E@W@GACTTCCATTTGGACCCTGCTUCCTTCACTGTTT
G GAGGTGGCTTGTCTAAGTCTG S}SE% ID: 67) Detection-Linke
TGCTCGGIRCACEGTTTGGAGGTGGATACTGAGT GOAACCCAAGCTTAGAA
CTTCARGT (SEQTAGET TTGGAGGT GGATACT GAGT CACCT CCAAACAGT GAAG
AtieA6E PacloSEQghi =68) Attenuati on*Factor:- length = 25

COCAATECARGCHBRGMARABAGEH (SSBADI BY) 69) Tar get #8;
| D: M 4144vimentin (1338-1279) Anchor: -length= 25
GCGOGCOGCGTTATGCATCTCTTCG (SEQ 111 70)  Target: -
Taigetést TR MI7861 GAPDH (572-513)

CHBEAS GRJRIEENAINGGAACCAAT GAGT CCCT GGAACGCCAGATGCGT GAAA

Target#5; ID:MI6117Cathepsin-G (373-314)

Anchor: -length=25

GAACCGCTCGCGTGTTCTACAGCCA (SEQID: 52)

Target: -length= 60
GCGGACCATCCAGAATGACATCATGTTATTGCAGCTGAGCAGAAGAGTCAGA
CGGAATCG (SEQID: 53)

Linker: -length= 60
TGAGCAGAAGAGTCAGACGGAATCGGATACTGAGTTGGCTGTAGAACACGC
GAGCGGTTC (SEQID: 54)

Protection Fragment: - length =75
CGATTCCGTCTGACTCTTCTGCTCAGCTGCAATAACATGATGTCATTCTGGAT
GGTCCGCGCTITGTCTAAGTICTG (SEQID: 55)

Detection-Linker: - length =60

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTGCGGACCATCCAGAATGA
CATCATG (SEQID: 56)

Attenuation Factor length =25

GCGGACCATCCAGAATGACATCATG (SEQID: 57)

"Target#6; ID:M90100COX-2 (240-181)

Anchor: -length= 25

CTCGTTCCGCGTCCGTGGCTGCCAG (SEQID: 58)

Target: - length = 60
CCGAGGTGTATGTATGAGTGTGGGATTTGACCAGTATAAGTGCGATTGTACC
CGGACAGG (SEQID: 59)

Linker: -length= 60



TGGAAGAG (SEQ I D: 71) Linker: - length = 60
ACGCCAGATGCCGT GAAAT GGAAGAGGATACT GAGT CGAAGAGATGCATAAC
106 GCGECECEC (SEQ ID: 72) Protection Fragnment: -

l ength = 75

CTCTTCCATTTCACGCATCTGECGT TCCAGGGACTCATTGGT TCCTTTAAGEG
CATCCACGCTTGTCTAAGICTG (SEQ I D: 73) Detection-Linker:

- length = 60 105

TGCTCTCCTTCACTGT TTGGAGGT GGATACT GAGT GTGGATGCCCTTAAAGGA

ACCAATG (SEQ I.D: 74) Attenuation Factor: - length =
e AARABE X

25
@G&jﬁ%ﬂ&@fﬁeéé%@ﬁcﬁé’%h@ec
C OC%;ACCGG (SEQ ID: 76) Target:

FEECACAEATAS YOG Rt CRAA A ERAEAC
AC&W@?@E@‘WTﬁTﬁ (SEQE:61) | engt h= 60
DetaGimcAn@EAGAEEAGTAGCCAGT GGATACT GAGT CCGGT GTGGTGACACGT

ATGCTAAC (SEQ ID: - 78) Protection Fragnent: - length =
TGTTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCCGAGGTGTATGTATGAG
CAAAGTAGTCAGCTATGAAATTCTGTGGAATCTGTCG

TW
At BdokT- @1’1 AAGTCTG (SEQ I D 79) Detection-Linker:

C@é%@?ﬁﬁi L RS RER PR Er caccTooomacacaTTCe
ACAGAAT (SEQ I D: 80)

Target #7; ID: M74091 cyclin (932-873)

Anchor: -length=25

CGGTCGGCATGGTACCACAGTCCGC (SEQ ID: 64)

Target: -length= 60
CACCTCCAAACAGTGAAGGAGAGCAGGGTCCAAATGGAAGTCAGAACTCTA
GCTACAGCC (SEQID: 65)

Linker: -length=60 -
GGAAGTCAGAACTCTAGCTACAGCCGATACTGAGTGCGGACTGTGGTACCAT
GCCGACCG (SEQID: 66)

Protection Fragment: - length =75

GGCTGTAGCTAGAGTTCTGACTTCCATTTGGACCCTGCTCTCCTTCACTGTTT
G GAGGTGGCTTGTCTAAGTCTG (SEQ ID: 67)
Detection-Linker: - length = 60

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCACCTCCAAACAGTGAAG
GAGAGCA (SEQID: 68)

Attenuation Factor: - length = 25

CACCTCCAAACAGTGAAGGAGAGCA (SEQID: 69)

Target#8; ID:MI4144vimentin (1338-1279)

Anchor: -length= 25

" GCGCGCCGCGTTATGCATCTCITCG (SEQID: 70)

Target: - length =60
GTGGATGCCCTTAAAGGAACCAATGAGTCCCTGGAACGCCAGATGCGTGAAA
TGGAAGAG (SEQID: 71)

Linker: - length = 60
ACGCCAGATGCGTGAAATGGAAGAGGATACTGAGTCGAAGAGATGCATAAC



Attenuation Factor: -length= 25
CACCTCCCGACAGATTCCACAGAAT (SEQ I D: 81) Target #10; ID:
X13546 HMG 17 ML2623- mRNA (191-132) Anchor: -length=
25 CGTCAGTCCGTCGGCCAGCTCTTCC (SEQ I D 82) Target: -

| ength = 60
CAAAGGT GAAGGACGAACCACAGAGAAGATCCGCGAGGT TGTCTGCTAAAC
CTCGCTCCTC (SEQ ID: 83) Linggr: - length = 66

AGGTTGTCTGCTAAACCTGCTCCTCGATACT GAGT GGAAGAGCTGGCCGACG
GACTGACG (SEQ I D: 84) 107 Protection Fragnent: -
GCAGGTTTAGCAGACAACCTCGC

G

Protéh Cof CCTTC  ACCTTTGGCTTGICTAAGICTG ( SEQ

c %@%M@%@w%
on Factor: -length= 25

: 'd@@iﬁ@:@@@@(smlo 87) Target #11; |D:
X13694 st eopont| n (783-724) Anchor: -length= 25

TN TGS m@GA(MIG@GTQQpGAT&}(‘g@GTTAAAGGA
Acopemg@ r(SEQcJ:D 74)

Attt 6REAAEGACHE F AT GAAACGAGT CAGCT GGATGACCAGAGT GCTGA

GTOREAXACECT L BERGTA ACOAARGNSEQ ID:I78Ngt h= 60
ATGACCAGAGT GCTGAAACCCACAGGATA GAGTGGTACTAGCATGTGGTT

Target #9; ID: D90145 LD78-b (2049—1990)

Anchor: - length =25

GTTAGCATACGTGTCACCACACCGG (SEQID 76)

Target: -length= 60 ,
CACCTCCCGACAGATTCCACAGAATTTCATAGCTGACTACTTTGAGACGAGC
AGCCAGTG (SEQID: 77)

Linker: -length= 60 »

ACT ACTTTGAGACGAGLAGCCAGTGGATACTGAGTCCGGTGTGGTGACACGT
ATGCTAAC (SEQID: 78)

Protection Fragment: - length =75

CACTGGCTGCTCGTCTCAAAGTAGTCAGCTATGAAATTCTGTGGAATCTGTCG
GGAGGTGGCTTGTCTAAGTCTG (SEQID: 79)
Detection-Linker: - length = 60

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCACCTCCCGACAGATTCC
ACAGAAT (SEQID: 80)

Attenuation Factor: -length= 25

CACCTCCCGACAGATTCCACAGAAT (SEQID: 81)

Target #10; ID: X13546 HMG-17 M12623-mRNA (191-132)

Anchor: -length= 25

CGTCAGTCCGTCGGCCAGCTCTTCC (SEQ ID: 82)

Target: - length = 60
CAAAGGTGAAGGACGAACCACAGAGA.AGATCGGCGAGGTTGTCTGCTAAAC
CTGCTCCTC (SEQ ID: 83)

Linker: - length = 60
AGGTTGTCTGCTAAACCTGCTCCTCGATACTGAGTGGAAGAGCTGGCCGACG
GACTGACG (SEQID: 84)



AACTGGAT (SEQ I D: 90) Protection Fragnent: - length =
75

CTGTGGGTTTCAGCACTCTGGT CATCCAGCTGACTCGT TTCATAACTGTCCTT
C CCACGECCTTGICTAAGICTG (SEQ I D: 91)

- Det ecti on-Li nker: -1ength= 60

TGCTCTCCTTCACTGI TTGGAGGT GGATACT GAGT CCGT GGGAAGGACAGTTA
TGAAACG (SEQ I D: 92) Attengation Factor: -length= 25
CCGTGGGAAGGACAGITATGAAACG (SEQ I D 93) Target #12;

| D: ML7017b-t hr ombogl obul i n(142-83) Anchor: -length=

Pr&%ﬁ},’ﬂ'ﬁ%@'HWTCATAGCC (SEQ ID: 94) Target.
-l engt h= 60

{sieacupl 5&@%@% LFETETER O AT et

(I; GAGTGGCFATGAACCTCGGCCA
Dejceiagnr ?ISE]Q“%" 6) Protection Fragment: - length =

T A\ A A ’,‘ A
CCP@NGAGA(S@@W@TAAGTCTG (SEQ | D: 97)
Atiemiatioh Facter: Hedgr=25- | ength = 60

CAKXTGTCAAKSALT GA A TOAAX ST SAGABRQIBAGTIGT GTAAACATGACTTCCA
AGCTGEC (SEQ ID: 98.) Attenuation Factor: - length =
25 GIGTAAACATGACTTCCAAGCTGEC (SEQ I D 99) Target #13;

Target #1117 85 PEACHHOS7oposti(783-724)

Anchor: -length= 25

ATCCAGTTAACCACATGCTAGTACC (SEQID: 88)

Target: -length= 60
CCGTGGGAAGGACAGTTATGAAACGAGTCAGCTGGATGACCAGAGTGCTGA
AACCCACAG (SEQID: 89)

Linker: -length= 60
ATGACCAGAGTGCTGAAACCCACAGGATACTGAGTGGTACTAGCATGTGGTT
AACTGGAT (SEQ ID: 90)

Protection Fragment: - length =75

CTGTGGGTTTCAGCACTCTGGTCATCCAGCTGACTCGTTTCATAACTGTCCTT

- C CCACGGGCTTGTCTAAGTCTG (SEQID: 91)

Detection-Linker: -length= 60
TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCCGTGGGAAGGACAGTTA
TGAAACG (SEQID:92)

Attenuation Factor: -length=25

CCGTGGGAAGGACAGTTATGAAACG (SEQID: 93)

Target#12; ID:MI7017b-thromboglobulin(142-83)

- Anchor: -length= 25

TTAGCGTTGGCCGAGGTTCATAGCC (SEQID: %4)

Target. -length= 60
GTGTAAACATGACTTCCAAGCTGGCCGTGGCTCTCTTGGCAGCCTTCCTGATT
TCTGCAG (SEQ ID: 95)

Linker: -length= 60
TTGGCAGCCTTCCTGATTICTGCAGGATACTGAGTGGCTATGAACCTCGGCCA
ACGCTAA (SEQID: 96)

Protection Fragment: - length = 75



( sane as for Target #1) Target #14; |ID. K02215

angi otensin (805-746) Anchor: - length = 25
CATTACGAGTGCATTCGCATCAAGG (SEQ I D: 100) Target:
-1 engt h= 60 '

CACCCTCTCTGGACTTCACAGAACTGGATGT TGCTGCTGAGAAGATTGACAG
GITCATGC (SEQ I D: 101) Linker: -length= 60
GCTGAGAAGATTGACAGGT TCATGCEMIACTGAGT CCTTGATGCGAATGCAC
TCGTAATG (SEQ I D: 102) Protection Fragnent: - length =

75
CTOGBAGHYCETCA GBAHCBTCARGTNIISICINGFSARTCA
T@T@A@@@G@ﬁr@ﬁm&m&s@@ |9tn 103)

Det@@ﬁo%%maé} LiepkgEgp- 1 ength =
CTCCTTCA GTTTGC—?AGGTGC—?ATACTGAGTCACCI:TCTCTCI—?ACTTCA

AN GROTE TR RTgAGTreRA

AL
'Y, (2627- 2568) Anchor: rlength= 25

; . (SEQERSy - 1 :
GTQTéﬁaﬁﬁ(ﬁATg@CTTI %%GAAi SEEE B0y - 106)  Target:

GAGT CCTGT GBCAT CCACGAAACTACCT TCAACT CCATCATGAAGT GTGACG
T T \ gi 109 Li nker: -1ength= 60
”nga‘?m@ G a CGATACTGAGT GCCACCGACCGAAGACT

Target #14; ID: K02215 angiotensin (805-746)

Anchor: - length =25

CATTACGAGTGCATTCGCATCAAGG (SEQ ID: 100)

Target: -length= 60
CACGCTCTCTGGACTTCACAGAACTGGATGITGCTGCTGAGAAGATTGACAG
GTTCATGC (SEQID: 101)

Linker: -length= 60
GCTGAGAAGATTGACAGGTTCATGCGATACTGAGTCCTTGATGCGAATGCAC
TCGTAATG (SEQ ID: 102) -
Protection Fragment: - length =75

GCATGAACCTGTCAATCTTCTCAGCAGCAACATCCAGTTCTGTGAAGTCCAG
A GAGCGTGGCTTGTCTAAGTCTG (SEQID: 103)
Detection-Linker: - length =60

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCACGCTCTCTGGACTTCA
- CAGAACT (SEQID: 104)

Attenuation Factor: -length=25

CACGCTCTCTGGACTTCACAGAACT (SEQID: 105)

Target#15; ID:MI0277Actin (2627-2568)

Anchor: flength=25

ATCATGTAAGTCTTCGGTCGGTGGC (SEQ ID:.106)

Target: -length= 60
GAGTCCTGTGGCATCCACGAAACTACCTTCAACTCCATCATGAAGTGTGACG
T :
GGACATC. (SEQID: 107)



TACATGAT (SEQ ID: 108) Protection Fragnent: - length =
75

GATGTCCACGTCACACTTCATGATGGAOT TGAAGGTAGT TTCGT GGATGCCA
C AGGACTCCGCTTGICTAAGICTG (SEQ I D: 109)

Det ection-Linker: - length = 60

TGCTCTCCTTCACTGI TTGGAGGT GGATACT GAGTGAGT CCTGTGGCATCCAC
GAAACTA (SEQ I D: 110) Attgpgati on Factor: -1ength=. 25,
GAGTCCTGTGGCATCCACGAAACTA (SEQ I D: 111) Target # 16;
(this spot is not used) Exanple 28 Sinultaneous
.Lqu;eg.h' 60f DNA and RNA (See Figure 29) THP-1. human

@m %%@%Eif&?ﬁ?%ﬁ&?&‘%@@#?%ﬁﬁ%%@%PACT
PC,( been differentiated with PMA or
I%E('tt’lo{}gfagaleﬁ'ﬁf nEﬁb re used, because the RNAs for
certain %enes e. Cox-2, LD78, Osteopontin and
GATBreogPabMGAD AT %TG@A@EEWGGTA%ETE@ITG@AEMCA

CAQ H’CEI,CMGIIETGr(sEQdDe&iOQ)n t he assay;
Depdetorehikérot kenghhlk 6nd RNA f or GAPDH are present and
TGCICNCEITCACTETTEGGA GETE G CTGAGTEAWI S TGT@ECATCCAC
Gaauevss(smedinim @) ysi s buffer), and nucl ease protection
Atlch@#iBE PhdorS NGk 5 for the targets of interest are
GA@?@TG@GG@%T'O@E@@&AAE?&L@S@%DGH?MM ed tenperature

rel eases DNA in a nmeasura orm ‘as well as RNA. For
t he measurenment of DNA, the-nucl ease protection
Tafget) hée {tilds gpdelBaotmised)t hose for |L-1, Cox-2, LD78,
Gsteopontin and Thronbogl obulin. For the nmeasurenent
of both DNA and RNA, the precedi ng nucl ease
EfongIeez%t Sﬂhltaﬁ%%%ﬂ%té%ﬁ?ﬁf DA Lanfl‘%l\%‘%e% @lﬁf@‘rg ?{5_’1 for
GAPDH, are : ons are
per THPrielthnian mémocyted dre gasnde §6rvi1dhle\d—bettsm\mieroﬁteh plates,nwith

30305 3D BFoefeglhorirt) b P pivbgol et Beralyt b PMA o
actblaRe ithePSiare B¥@HBa@sedlo RNIE IR ‘é&rta%‘gé?ltes ATV, EONAS, RNy,
i s done b% seri al hybri di zati on of det ect’ion i nKers.

Osteppaniin ard/ Brpabosietudin) areant)enemt imslebsi eells apdhtherefbeg onfyDNA is

oo 158140, S OB S AN QR R es

The cells are heated to 105" C in an aqueous medium (lysis buffer), and nuclease protection

fragments speciﬁc for the targets of interest are added ;co the lysates. Lysis at elevated
temperature releases DNA in a measurable form, as well as RNA. For the measurement of
DNA, thenuclease proteqtion,fragments added are those for IL-1, Cox-2, LD78, Osteopontin
and Thromboglobulin, For the measurement of both DNA and RNA, the pfeceding nuclease
protection fragments, as well as one specific for GAPDH, are added. Nuclease protection
'reactions are performed in the wells as described elsewhere herein.

The arrays are formed and the hybridization of protection fragments is performed
essentially as described in Example 27.- Detection of DNA vs DNA+RNA is done by serial
hybridization of detection linkers. Serial hybridization is performed here in order to balance



course, not a requirement for assays in which DNA and
RNA targets are detected together. In the first
round, detection linkers for IL-2, Cox-2, LD78,
OGsteopontin and Thronbogl obulin are added. In the
second round, the detection linker for GAPDH i s added.
Serial hybridization is perfornmed in order to inmge
the DNA signal, which is nedatively much weaker than
the RNA signal due to nuch | ower copy nunber per
sanple for a longer period of time in order to

§
AT AL JODNA 100k LGRS Lbl BB ot
coﬁr#eanotwlmluugmelﬂ rfm(assa&X\l@l velich IRNA snd RN tagelts atevletegted togetber.

in 3561 57 Gl SRASPR, Bkean 18 1o kL PatORigottn. and

Thﬁ‘ﬁﬂ)@l@ﬁdlﬁtaﬁe 4d8&d. ‘In a{e@e@ﬁ@mﬁﬁ@ 8felktebtibn lﬁaﬂi&rf@f@ﬂ?bﬁh%dded
the sane anpunts. That genom'c DNA is being nmeasured

Sexisl hybdchwtoads pgrforab ireortier tatiinege this GMA. signal, whick tmqlatwely

nt r. ol t he enes i s ,not det ct
R e o Rva Sl S BRI TR DR Bigh? b Shi S
periiRIGT iR G odder to AcdutiilatS RN l%imrs;gnmem@xposur etimeis
coll ected such that the nal is much weaker than

in Thﬁeresuéts are;pmsmted in&kewres2% A4e emp@neldmﬁatﬁﬁthmweaﬂ@wm
R BT SHEL DBl S ALl ) o3RS B

anthFm@ﬁﬁbngbulﬁn-dcdrhﬁl exdetecekat e npepropGACti, andi ®e present in
present at a nuch hi gqher | evel_than the contraqls. @y
apmaﬁl@ﬁe{yém FREna Freounts; et genomis A I%Pem%mg%%}red ifindigaged by

_Taglg1 ?,tv& éﬁh@&ﬂ 18 S%QB&?C& ‘Ew erReQ & rﬁ?&btectable The

a e the anount expr ess &4 per cel
righixangd] & @BicDbbthché DN AndERNAess Beas8Nds bitSemugh glmrtesmﬁge

NI TN DA 0 T C MRANINTSEA T K e

shdWs@hR GhéPONAA28 BRIN arb &aﬁﬁ&d%ﬁ%&ei theltyittdl derbnit @qtiddees can
regi on of an RNA contai ni ng SNP, in such a manner

be deg?tedwﬁ b@for&msatppm@lmonml@amﬁm@r@% angl the méﬂdwfnq -$APDH
- 1s%rege }&r}gghﬁ\&s?l %&cﬁi tﬂryoqﬂaﬂt{ta hd herela ?g%aéndpunts of

mgbﬁilethe (cbhﬁfcﬁs aridhige é:‘ﬁsl&)ssedﬂh&?]@ﬁ IRIA Vdrkelcare ba&aﬂz&e thie @mount of
nucl ease protection fragnent. In this exanple, the
E’FRT?SﬁﬁPRﬂé%lbed fragment cannot hybridi ze to the
array (e.g., due to the hybridization ill conditions
such as tenperature used). In other enbodi nents,

Ethbteiwi Detectton df Exiphesseak SNBs (BeaFigmes 3f anédl) a det ecti on
l I n §§én]% afblﬁaglll trta[ég 01(1:t=:i t?(gev oefd asgay%r expre%pedfsli\ﬁgnﬁgre a

nuclease protectlon fragment is designed to hybridize to the region of an RNA containing a

SNP, in such a manner that when an appropriate enzyme (e.g., RNAse H) is added, if the
nuclease protection fragment has hybridized to RNA for which there is a mis-matched base
(here, the SNP), the enzyme will cleave the nuclease protection ]?ragrnent. In this example,
the resulting cleaved fragment cannot hybridize to the array (e.g., due to the hybridization



hybri di zati on conditions such as tenperature used); or
the cl eavage occurs in such a way that the cleaved
protection fragnment cannot hybridi ze simultaneously to
the array and to a detection linker. Figure 31
illustrates the results of such an assay, perforned by
conventional nethods as described herein. WId type
actin is used as an interngl dontrol, and a protection
fragnent corresponding to GAPDH contai ni ng. an
engineered SNP is differentiated froma protection

coﬁ&ﬁ&ﬂ%ﬁh a8 %ﬁ}ﬁ?ﬂﬁ@ dieay) 1h Sthw éng)oﬁi)‘&%ts izatibre Hf addy can
depi cts the measurenent of nultiple sa

ocewrud R Asterdion linkes canmot kind tpilae c@ami:rahqch rg)&gmeytg(e gadudtathe

hybyigiteinf Bndihat tn a EirberRBfionyoripaiootbp oRfresinatcA s it
thed dleSled Qhotédtion fagiknt daABotO8BESEe E&ﬁﬂﬁhnééﬁsl he 1k SydyldnB to

depicts the array |ayout. Exanple 30 Hi gh Throughput
de@etn@émkprg (See Figures 32 - 35) Transcri pt| on assays

ar @ Bt R BERE R Mo A% BRSPPLRGALA B S A0RLG #Bhoas |

exce e anc ors

as fitsatiles hblatnh aVild tgperacB uStdwd apInfdn®s contiog aﬁ@ﬂproteaﬁmiﬁlfgﬁlent
described in Exanpl.e 27 are used, buf certain targets’

. coprpsppingdp GAPDH @%Mﬁ%@ﬂeﬂ@ﬁﬁﬁ%&?}? lscﬂaﬁfgreweedafwwroqegwn
SgRA dofkelRAGHE So G Rbbe BAPDHPHA 3P8Gs tRMlodblEficor

otfer targets neasur are ,
mdaplh sqm:m cGntaiting- eﬂhar@dmﬁpe GAPIOBRNd wilSTypeRrtin (el and

tef pina) Ao R or oBtane S, SAY Dibind wald fge pfii @ebt gqlpimi end
nggg}I?JnSl%? BloR-@5)e aht Q&tér?mpﬁle ERAUG UeBRtsAhE azgdy\’l%%ut

Approxi mately 30,000 cells are used per well
(not adjusted for continued proliferation of contro

Ex&aﬁ'lé) Pt33 reat nent of

#1 GAPDH (sane

.as ng@ipué&iass%}@ﬁﬁl p.%rt&ﬂed e'é'@h@ﬁly af aedchbédln(E&&ﬂple as except,
Target #2 Exanple 27) 112 Target #3 TNF-a  (sane
e.grdhgenchors ami?ﬁsﬂ énjrradiated plates Father then DWA Bipd plates 7')ic same

anf'}%?éqqegs_%bed iff %QL.IHPIB 2% Iéd%ﬂ&?&%%“ﬁ%%% cﬁﬁ%%,
namely, only one anchor is used to measure GAPDH, and Tubulin, actin, and LDH are
added. The other targets measured are IL-1, TNF-a, Cathepsin G, Cc;x-2, G-CSF, G_M-CSF,
GST- Pil, HMG-17, Cyclophilin, b-Thromboglobulin, TIMP-1, MMP-9; ' The array is

debi_cted in Figure 32 and the linker and nuclease protection fragment sequences are given

below. Approximately 30,000 cells are used per well (not adjusted for continued |
prdliferation of control cells duriﬁg the course of PMA and LDH treatment of the treated
cells).

Sequences:

Target #1 GAPDH (same as Target #1 example 27)
Target #2 IL-1b (same as Target #2 Example 27)



Target: - length = 60
GACGTGGTTCCCAAAGATGT CAATGCTGCCAT TGCCACCATCAAGACCAAGC

GTACCATC (SEQ ID: 113) Linker: - length = 60
CACCATCAAGACCAAGCGTACCATCGATACTGAGT CCACGTCCCTTCCTAGA
GACCCTTA (SEQ ID: 114) Protection Fragnent: - length =

75CGATGGTACCCTTGGTCTTGATGGTGGCAATGGCAGCATTGACATCTTTGGEG
AACCACGTCCCTTGICTAAGICTG (1$EQ | Dt
115) Det ecti on-Linker: - length = 60
TGCTCTCCTTCACTGI TTGGAGGT GGATACT GAGT GACGT GGTTCCCAAAGAT
GG ion Factor : - length =
Ta% GACG%’% C%%A%AGATGTC;A@(SEQ ID: 117) Target-#5
Cat hepsi n- G (sane as Target #5 Exanpl e 27) Target #6

g:;%? glrrlnn( E!:g%)gﬁml 27) Target #7 G CSF
}ifﬁ [1)12)118) Target: -
Tax hgtiength 560

G TG GCA
GTAMACIAICKREQ BEQIBD: 119) L| nker - Iength = 60

LifGefS -GS0\ CCT CCACT GTCACGATACT GAGT GCGGACT GTGGTACCAT
CABBXHACLEGABER A G GTA O ARCTHAAC TN GTECAEGTCCCTTITIAGA

GA@GCTTA SEQ ID: 11
() [T TCACACACAGGCCTGACATGATTCCTCCTGTCTG

% A GLPCETERC A TAEEA P HA CRTETFRGEG
AACCREETBGTTISTCTAAGTCTG (SEQ ID: 115)Détection-Linker: - length = 60
TGCTCTCCITCACTGTTTGGAGGTGGATACTGAGTGACGTGGTTCCCAAAGAT
GTCAATG (SEQ ID: 116)

Attenuation Factor : - length =25

GACGTGGTTCCCAAAGATGTCAATG (SEQ ID: 117)

Target #5 Cathepsin-G (same as Target #5 Example 27)
Target #6 Cox-2 (same as Target #6 Example 27)

Target #7 G-CSF (E01219)

Anchor: - length =25

CGGTCGGCATGGTACCACAGTCCGC (SEQ ID: 118)

Target: - length =60

GAGGGAGCAGACAGGAGGAATCAT GTCAGGCCTGTGTGTGAAAGGAAGCTC
CACTGTCAC (SEQID: 119)

Linker: - length =60
GTGTGAAAGGAAGCTCCACTGTCACGATACTGAGTGCGGACTGTGGTACCAT
GCCGACCG (SEQ ID: 120)

Protection Fragment: - length =75
GTGACAGTGGAGCTTCCTTTCACACACAGGCCTGACATGATTCCTCCTGTICTG
CTCCCTCGCTTGTCTAAGTCTG (SEQID: 121)

Detection-Linker: - length =60
TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTGAGGGAGCAGACAGGAG
GAATCATG (SEQID: 122)

Attenuation Factor : - length =25

GAGGGAGCAGACAGGAGGAATCATG (SEQ ID: 123)



TGCTCTCCTTCACTGI TTGGAGGT GGATACT GAGT GAGGGAGCAGACAGGAG

GAATCATG (SEQ I D 122) Attenuation Factor : - length =
25 GAGGGAGCAGACAGGAGGAATCATG (SEQ 1D 123) 113 Target
#8 GW CSF (EO02975) Anchor: - length = 25

GCGCGCCECGTTATGCATCTCTTCG (SEQ I D 124)  Target: -

l ength = 60

CACTACAAGCAGCACT GCCCTCCAAGGECGGAAACT TCCTGT GCAACCCAGA
TTATCACC (SEQ I D: 125) Linker: - length = 60

TTCCTGI GCAACCCAGATTATCACCGATACT GAGT CGAAGAGATGCATAACG
CGECECEC (SEQ I D 126) Protection Fragnent: -1ength=75
GGTGATAATCTGGGT TGCACAGGAAGT TTCCGGGEGT TGGAGGECAGTGCTGC

Tal; e@ﬁﬁ@iﬁ@@?ﬁfﬁ%ﬁGTCTG (SEQ I D 127)
WrLbhker: - length =

' ‘i@@?@?@?&ﬁg@ﬁ S actor - < tength <
CHICCARCACIERCETOCA (520 B 20 Ja1 ek

Th‘ﬂr@@ﬁfmﬂmmccee (SEQ ID: 130) Target: -

Lihkemgt length 660

TG RECEASGEAGIA T TG CACT TRCARSACG
CAGCGOGUESEQHD): L15) 131)

Protection Fragment: - length =75

GGTGATAATCTGGGTTGCACAGGAAGTTTCCGGGGTTGGAGGGCAGTGCTGC

TTGTAGTGGCTTGTCTAAGTCTG (SEQ ID: 127)

Detection-Linker: - length = 60

TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCACTACAAGCAGCACTGC

CCTCCAA (SEQ ID: 128)

Attenuation Factor : - length =25

CACTACAAGCAGCACTGCCCTCCAA (SEQID: 129)

Target #9 GST-PI1 X06547

Anchor: - length=25

GTTAGCATACGTGTCACCACACCGG (SEQ ID: 130)

Target: - length =60
CAGGGAGGCAAGACCTTCATTGTGGGAGACCAGATCTCCTTCGCTGACTACA

- ACCTGCTG (SEQ ID: 131)

Linker: - length = 60
CTCCTTCGCTGACTACAACCTGCTGGATACTGAGTCCGGTGTGGTGACACGTA
TGCTAAC (SEQ ID: 132)

Protection Fragment: - length =75
CAGCAGGTTGTAGTCAGCGAAGGAGATCTGGTCTCCCACAATGAAGGTCTTG
CCTCCCTGGCTTGTCTAAGTCTG (SEQ ID: 133)

Detection-Linker: - length =60
TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTCAGGGAGGCAAGACCTTC
ATTGTGG (SEQID: 134)

Attenuation Factor : - length=25

CAGGGAGGCAAGACCTTCATTGTGG (SEQ ID: 135)



Li nker: - length = 60
CTCCTTCGCTGACTACAACCTGCTGGATACT GAGT CCGGTGTGGTGACACGTA
TGCTAAC (SEQ I D: 132) Protection Fragnent: - length =
75

CAGCAGGT TGTAGT CAGCGAAGGAGATCTGGTCTCCCACAATGAAGGTCTTG
CCTCCCTGCCTTGTCTAAGICTG (SEQ I D 133)

Det ecti on-Linker: length 3140

TGCTCTCCTTCACTGT TTGGAGGT GGATACT GAGT CAGGGAGGCAAGACCTTC
ATTGTGG (SEQ I D 134) Attenuati on Factor : -Ilength=25

Ta{ﬁs ag% 135) 114 Target #10
17 sarre as Tar et #10 e 27) Target #11
Ta@t#ﬂ&ﬁhphﬂm&i%ﬁlAnchor - Iength = 25

TCCA% CATCCTAGTACC (SEQ I D: 136) Target: -
@é A AT BRI T AATGECACT GGTGGCA

Taﬁ@ﬁ‘cdﬂ’l@tg Q ID: 13@L| nker - length = 60

GGGART TAEA CHFRCALTSEATHGCA
AGICTAETASEGED 130}  138) Prot ectl on Fragment: - length =
Linksr: - length =60
TM@WTWMT@W@M@A@@A@MM@TT

GRMAGTCTG (SEQ I D 139)
Pr@ectti%ﬁtﬂr eJﬂHJ h =74 ength = 60

*fe‘%f
GA’@&& Qﬁ%’éﬁ%&%@%&émc
%@Tb AA TG (SEQ ID: 139)
Detection-Linker: - length = 60
. TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTGGGTTTATGTGTCAGGGT
GGTGACT (SEQ ID: 140)
Attenuation Factor : - length =25
GGGTTTATGTGTCAGGGTGGTGACT (SEQ ID: 141)

Target #12 b-Thromboglobulin (same as Target #12 Example 27)

Target#13 LDH X02152
Anchor: - length =25
TCTCGGTCTGGAACGCCCGGCAACT (SEQ ID: 142)

Target: - length =60
' GGTGGTTGAGAGTGCTTATGAGGTGATCAAACTCAA.AGGCTACACATCCTGG
GCTATTGG (SEQ ID: 143)
Linker: - length =60
AAGGCTACACATCCTGGGCTATTGGGATACTGAGTAGTTGCCGGGCGTTCCA
GACCGAGA (SEQID: 144)
Protection Fragment: - length=75 . _
CCAATAGCCCAGGATGTGTAGCCTTTGAGTTTGATCACCTCATAAGCACTCTC
AACCACCGCTTGTCTAAGTCTG (SEQ ID: 145)
Detection-Linker: - length = 60
TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTGGTGGTTGAGAGTGCITA
TGAGGTG (SEQ ID: 146)
Attenuation Factor : - length =25
GGTGGTTGAGAGTGCTTATGAGGTG (SEQ ID: 147)

Target #14 TIMP-1 X03124



Attenuation Factor : - length = 25
GGGTTTATGTGTCAGGGTGGTGACT (SEQ I D: 141) Target #12
b- Thr onmbogl obul i n (same as Target #12 Exanpl e 27)
Target #13 LDH X02152 Anchor: - length = 25
TCTCGGTCTGGAACGCCCECCAACT (SEQ I D: 142) Target: -

I ength = 60

GGTGGT TGAGAGT CCTTATGAGGT GATSAAACT CAAAGGCTACACATCCTGG
GCTATTGG (SEQ I D: 143) Linker: - length = 60

AAGGCT ACACATCCTGGGCTATTGGGATACTGAGTAGT TGCCGGGECGT TCCA

A m. ID: 144) Protection Fragnent: - |ength
A=

sg, M TR AT HERR T caccTeaTancoacTCTC
; AGERg %ﬁcﬂ&é’?&%&mﬁé‘&cﬁ%‘rﬁ‘ﬂﬁ%&d’fﬁm

RN TTGGAGGT GGATACT GAGT GGTGGTTGAGAGTGCTTA |

LinkepGAR@t SEQ) | D: 146) Attenuation Factor : - length =
C AT GTIICS TG CLATACGEAGPE TBEGT CCT TGA T CRAAECCALT
CGIAKTG (SEZI2450)15 Anchor: - length = 25

PrétéctibABLAMERICAThEBGATCAAGG (SEQ I D 148) Target: -

GG@MGGATA%%:AGGGAAEACACTG’L(gCATnggégéTG(SCﬁACAGgGTAEFG
. PP GTESES CCCTGTTT

;e A T$Egng&:=é%f9) L %er:’ -length = 60

TGC’I_‘CTCCTTCACTGTTTGGAGGTGGATACTGAGTCACCAAGACCTA’CACTG_T

TGGCTGT (SEQ ID: 152)

Attenuation, Factor : - length =25

CACCAAGACCTACACTGTTGGCTGT (SEQ ID: 153)

Target #15 MMP-9 J05070

Anchor: - length =25

ATCATGTAAGTCTTCGGTCGGTGGC (SEQ ID: 154)

Target: - length =60
GCA.ACGTGAACATCTTCGACGCCATCGCGGAGATTGGGAACCAGCTGTATTT
GTTCAAGG (SEQ ID: 155)

Linker: - length =60
GGGAACCAGCTGTATTTGTTCAAGGGATACTGAGTGCCACCGACCGAAGACT
TACATGAT (SEQ ID: 156)

Protection Fragment: - length =75
CCTTGAACAAATACAGCTGGTTCCCAATCTCCGCGATGGCGTCGAAGATGIT
CACGTTGCGCTTGTCTAAGTICTG (SEQ ID: 157)

Detection-Linker: - length = 60
TGCTCTCCTTCACTGTTTGGAGGTGGATACTGAGTGCAACGTGAACATCITCG
ACGCCAT (SEQ ID: 158)

Attenuation Factor : - length =25

GCAACGTGAACATCTTCGACGCCAT (SEQ ID: 159)

Target #16 Actin M10277

Anchor: - length =25

CTGAGTCCTCCGGTGCCTACGTGGC (SEQ ID: 160)

Target: - length =60
GAGTCCTGTGGCATCCACGAAACTACCTTCAACTCCATCATGAAGTGTGACG
TGGACATC (SEQ ID: 161)



CAGTGTTTCCCTGI TTATCCATCCCGATACTGAGT CCTTGATGCGAATGCACT
CGTAATG (SEQ ID: 150) Protection Fragnent: - length =
75

GGGATGGATAAACAGGGAAACACT GTGCATTCCTCACAGCCAACAGT GTAGG
TCTTGGTGCECTTGICTAAGICTG (SEQ I D 151)

Det ection-Linker: - length = 60

TGCTCTCCTTCACTGI TTGGAGGT Ggfg ACT GAGT CACCAAGACCTACACTGT
TGCCTGT (SEQ I D: 152) Attenuation, Factor : - length =
25 CACCAAGACCTACACTGITGCCTGT (SEQ I D: 153) Target #15
Wp0d® Anchor: - length = 25

FALATAGR XW%G%%@T’C%G’E@&&AOHA%CACCGGA
A3 (S

ﬁ)geo? TCGOGGAGAT TGGGAACCAGCTGTATTT

PN ANBEDIS Li nker : | ength = 60
GAZS A e M e AT TR e RATREA
CAM@@'CT@@T@G@W@E&@CWSn Fragment: - length =
Detpgtion-Linker: - length = 60

TGCTCTGRATAALTETATCASFFUCGAM AUTTIDEETAA GEBOGCTGHHEPATITAC

GAGXTIA GEGLII:GEOTAAGTCTG (SEQ | D 157)

Attbafatied Fatorki-ldggth=25 | ength = 60 -

GATFCT I ACAEECA EEAGKLT, G3 GRS CCAACGTGAACATCTTCG
ACGCCAT (SEQ I D: 158) Attenuation Factor : - length =
25 GCAACGTGAACATCTTCGACGCCAT (SEQ ID: 159) Target #16

Act FiBurYB9gh6ws that the reproducibility of the assay is high, providing a %CV range

of about 3% to 13% when 30,000 cells are analyzed.
Figure 34 shows that the sensitivity of the assay is high, e.g., the target mRNAs for
GAPDH can be detected when RNA from a sampte of as few as, or fewer than, 1,000 cells is

assayed.

Figure 35, performed using essentially the protocol of Example 25 and the array and
targets of Example 27, shows that many of the target mRNAs tested can be detected even
when RNA from a sample of as few as, or fewer than, 1000 cells is assayed,and all of the
t.argets, even those expressed at low abundance, can be detected when the RNA is from as

few as, or fewer than, 10,000 cells.

Example 31 Oligonuclectide Reagent Options (See Figure 36)

Figure 36 schematically shows several types of oligonucleotide reagents which can be
used in the methods of the invention.- The figure depicts assay schemes in which
oligonucleotide anchors are attached to a surfaée via either their 5° or their 3’ (“Inverted”)
termini, and in which oligonucleotides have two recognition moieties that are either adjacent
to each other ("Shortened”) or are separated by nucleic acid spacers. Each box represents 5

nucleotides.



Anchor: - length = 25 CTGAGTCCTCCGGTGCCTACGTGEC ( SEQ

ID: 160) Target: - length = 60
GAGTCCTGTGECATCCACGAAACTACCTTCAACTCCATCATGAAGTGTGACG
TGGACATC (SEQ I D: 161) 116 Linker: - length = 60
CATCATGAAGT GTGACGT GGACAT CGATACT GAGT GCCACGT AGGCACCGCGA
GGACTCAG (SEQ I D 162) Protection Fragnent: - length =
75

117
GATGTCCACGTCACACTTCATGATGGAGT TGAAGGTAGT TTCGT GGATGCCA
CAGGACTCGCTTGTCTAAGTCTG (SEQ I D 163Y

39@AAACT A (SEQ I Dt 164) Attenuat| on Factor Do Iength =
shoﬁb%um&gq?w@teﬁ BASRBP A (gggn g §§§%} ls" re >
LTI S e Gl e gln, .00,

selsa@mgiat as\aj 1ﬂjvasnfse¢1hmeam$ afithe 25 Huseywhich igligatadraba bindsge the array,

GAPDH be, det ect.ed when RNA f
rovvion ShncifEt B 6 381e 05 FBGR P ALY 5 Habl 25 B Spaence of
theASSRYRulesTth Bt %ﬁ&mﬁ%!&%w%ﬁﬁv&%ﬁﬁﬁ RidodifbymicBtide(s)

protocol of Exanple 25 and the arra nd targets of
in Eachirportionf thedinkopbinding rem@ny)f afandide téw gestesreRiizal disseiatign

de&,%yt{geehgag%ﬂécg?ﬁ re—a%?%fghea% froma sanple of as few

s assayed, and al | of

t he Figued getifustawe ﬁmt:h%epxekﬁﬁ@ﬁ SR gnédt dnﬁpﬁﬁaktwﬁdbyl Qﬁcleasc
can be detected when the RNA is from as

prateshion. (RNA. 2) f@ar@@em@&megtarméhépwil\éw@&sear?t@@marqua@ can
coft BRI fi Il Ritich mdﬂe%’l %e;’cgl)nperature than the (RNA a), or the (RNA

a) can be destroyed before (DNA a) is added. Likewise, the (Linker a) for (DNA a) can

contain modified nucleotides which allow hybridization at lower temperature than (Nuclease
Protection Fragment b), even if the (Linker a)/ (DNA 2) hybrid is 25 bases and the (DNA a)/
(Nuclease Protection Fragment b) is a 50 Baée hjbridization, especially when taken into
account experimentally is that the DNA strands in solution are dilute, and passing thorough a .
highly concentrated, essentially infinitely high concentration of (Linker A). The flow
through apparatus can be replaced with a plate comprising an array for capture. The linear
array can be replaced with a 2-D or 3-D array.

Figure 42 illustrates nuclease protection fragment amplification by polymerase. After
the nuclease protection reaction is complete and the nuclease protection fragment is
dissociated from the RNA, a primer (2") is added which contains a double stranded promoter
for an RNA polymerase (e.g., T7 polymerase) and a primer for extension along the nuclease
protection fragment template (e.g., extension by reverse transcriptase (RT) for the replication
ofthe RNA or DNA, or Taq polymerase for the replication of DNA), such that after binding
to the nuclease protection fragment (e.g., RT or Taq polymerase) will use this as a template



Figure 36 schematically shows several types of

ol i gonucl eoti de reagents which can be wused in the

nmet hods of the invention.. The figure depicts assay
schemes in which oligonucleotide anchors are attached
to a surface via either their 5 or their 3
("Inverted") termni, and in which oligonucleotides
have two recognition noietjhgs that are either adjacent
to each other ("Shortened”) or are separated by
nucl ei c acid spacers. Each box represents 5

o {5 00 e PRSI i LR R S G e oy
to the pndrofhe ruchedsd prbtectiondiagmenisedease Additioaof iigase milhtipsathe

anmplifi.cation b PCR Fjgure 38 i Iustrat ucle
Se%%ft@é‘fl Pgﬁi?e ProRg wttheawleaaeuoe%%qh%ﬁ the%srstbase

wa§ £hiaididiga SNp aaﬁd ﬁleljc?orp &xtn EQ&% rd?ééhox?xfeaétllaﬁ S3elipped off

bases which 1m Tigated a' a binds to the array,
thé phprotécted thagen bxgamtl willoms ligate the psehalen todthevimclbase iprgtection

sragipert Bt Gtk akiRted e I TR cFRE o DR s B soRartpio an
extefded®” atrifidhddrRiatig @haeﬁalwﬁés%)pmm&eﬁ@a hmpBfiédtien i }]grblf&d

| i nker binding region of a' .. If the cycles o
using apolyinerasse i aatli egntinepe sy diert ﬁv@ hd@h@e ofi RTcanmpe b'.  The

prorm(.eo't?af%QFe? déd%gg gﬁﬁ %urc]fé]asre é)é?%%ctk%ﬁ rfr%gg%?nt :;s! “8 ;@6 {)mtt.l Ecﬁhe arrayortoa
detBitindimger or [detedtivg ptdds. For Bbléctivh o$sNBnuﬁls¢19mdlﬁnieﬂ isaihmgeﬂ SO
the (Nucl ease Protection Fragment b) can, conta

thaﬁ%laﬁ SHe s arexippichnin theprddle Qﬁh%\%eqvmvse@ @ﬁ%@pétzawto the

AR e e Y DG i

pro(bE)\wybal):hzaam regiontodithe extnrhdéd mmblemsﬂ:pmtmimheprobm dods nat how to

incBfAhE Biserriiait (oe CEORPRTS Fiue 0 GABF CHFIRE aRglease
prcﬁéctlBﬂ Brobél cdn%v%ar%ﬁ%uﬂ%uig%oﬁ@%eﬁﬁa{'y hy()ﬂllﬂ‘z‘ét%%@quence in

Protection Fragnment b) is a 50 base hybridi zati on,
thedinjsers etaiN Jo venieltons aktatepictedoit isanot anssamttp bgaterbeforg |uls6y0ﬁ (eg.

7 884kt R Rl o e AOUon Bt o el e
posluiﬁmmg ﬂﬁl&l\]?hhghe aiddleot ﬂflat'secqman@fhybhmmhg fto A) andr inﬁng‘ rOSNP
ough apparat us. can _be replaced w
dete%waprogpw a%dﬁscgbﬁdag}seﬁvépre@émw s n%mw%@#“% thap szand,
buﬁﬁstéaﬁ@i'b@& rta% cn e @1@ ootk ?ﬁXed 16 g8k S8l Snded nuclease
ustrat s’ nucl ease pr tect|o ragnent ahplification
prdi)gctlpm fippreera §emittafpt the indicated RT extension, or alternative Taq polymerase

‘extension step depicted) to produce RNA.

From the foregoing description, one skilled in the art can easily ascertain the essential
characteristics of this invention, and without.departing from the spirit and scope thereof, can
make changes and modifications of the.invention to adapt it to various usage and conditions.

Without further elaboration, it is believed that one skilled in the art can, using the

preceding description, utilize the present invention to its fullest extent. The preceding



the nucl ease protection reaction is conplete and the

nucl ease protection fragnent is dissociated fromthe

RNA, a prinmer (a') is added which contains a double

stranded pronmoter for an RNA polynerase (e.g., T7

pol ynerase) and a priner for extension along the

nucl ease protection fragnent tenplate (e.qg.,

extensi on by reverse transgpi ptase (RT) for the

replication of the RNA or DNA, or Taqg pol ynerase for

the replication of DNA), such that after binding to
préf@ﬁedﬁﬂ@&ﬁ@&ﬁbd&[rﬁ?én%‘é}é ﬁ’x@reﬁ'cfré‘ 45 %nétﬁte@ as mgg—lg ‘ﬂ[usgﬁﬂ'e and not

pol ymerase) will use this as a tenpl a forma
hl@@ﬂ%ﬁ ef@ermrﬁm@mmm awwaywhﬁesodmbl e st randed

ro [ on 0 nd of, .t he nucg

D o 00k B R 35S iral s, Peerth e Gt agerand
mltheqs;gwesfafeqlere%?ﬁﬁ&goﬁteaw%f%néehe pronoter to the

nucl ease protection fragnment strand, unless the first

base was a m smatched SNP, and therefore during the
nucl ease protection reaction S 1 clipped off the
unprotected base. Ligase will not ligate the pronoter
to the nucl ease protection fragnment because of the.
ski pped base. In the case of ligation, the b strand is
converted to an extended b" strand incorporating the
pol ymerise pronoter and anplification can proceed
usi ng pol ynmerase, and continue as after the addition
of RT primer b'. The pronoter/extended end of the
nucl ease protection fragnent is used to bind to the
array or to a detection |inker or detection probe.
For detection of SNP, this hybridization is arranged
so that the SNP site is approximately in the mddle
of the sequence used for hybridization to the array
(detection |inker, or detection probe; etc.). The
array (detection linker, or detection probe)
hybri di zati on regi on of the extended nucl ease
protection probe does not have to include all the
bases at the end (sone of the bases at the end of the
ext ended nucl ease protection probe can overhang

wi t hout havi.ng a conpl enentary hybri di zati on sequence
in the linker, etc.). In variations not depicted, it
is not necessary to ligate before use of (e.g., T7)
pol ymerase, and therefore the SNP detection is
performed by selecting a sequence positioning the SNP
in the mddle of the sequence hybridizing to a', and
using an SNP detection protocol as described

el sewhere herein. It is not necessary to extend the a
strand, but instead RNA polynerise can use the
pronoter hybridized to the single stranded nucl ease
protection fragnment (omtting the indicated RT
extension, or alternative Taq pol ynerase



extension step depicted) to produce. RNA. Fromthe
foregoi ng description, one skilled in the art can
easily ascertain the essential characteristics of
this invention, and wi thout.departing fromthe spirit
and scope thereof, can nmake changes and nodifications
of the. invention to adapt it to various usage and
conditions. Wthout furtheppel aboration, it is
bel i eved that one skilled in the art can, using the
precedi ng description, utilize the present invention
“&ﬂkff CLH& Extent. The preceding 119 preferred
“Tﬂﬂﬂﬂgiﬂf—é¥§§%¥ﬂﬁnts are, therefore, to be construed
as ner el y mdthadsdfidetedting at kad onoiducldid avid aigely eonyirisirige
remai nder of the disclosure in any way whatsoever. The

ent by e didifdcBss b Samble MHiclARRY IcombHANGid RedeqB)t Wit Athuclease
publications, cited above and in the figures are

b
G TS BB il Al ol
S AT A SO EELAMR A SER 5 B

fragment (s) specific for and which binds to said )
resulipr stpply Widharesibingtiemwhich gpinprises myltiplg fybsyeqataining on their

effective to digest remaining single stranded nucleic
intedérel at leastitwohdifferentrioca of dnchors rpangediual linaartarrg g aplesst twa ¢f said

conbi nati on which conprises, nmultiple tubes containing

e beiRg bubstahidiBridetical,at | east two different |oci of
anchors arrangedin a |linear array, at |east two of

said tupg %né?lgtsr&geaéﬁ‘ﬁ@ﬁs%fngﬁi ds¥octadEItE Bifunctidial BHRER Which

at each locus belng In association wth bifunctiona

| i nke L gh, . haves. a-fi,rst porti.on t | L
nayd f 555 Bt B i< kBt e CnaRB e bt pe g i b »

rohQe which, js specifi¢c for one of said nucl ease

prfegtiecty s Sheoitodapeof e it R SHEREAG oot s ve f or

sai d nucl ease protection fragment(s) to bind to said

conbi nat Pesisr cqadifions effgetiveder spig nyelease protagHopiragmeai(s) fnbind to

fragnent(s). 2. The nethod of claim1, wherein said
saitlghmbinatien, embi | | ary tubes, and said anchors are bound

to the surface of said capillary tubes.
- b) detecting said bound protection fragment(s).

2. The method of claim 1, wherein said tubes are capillary tubes, and said

anchors are bound to the surtace of said capillary tubes.

3. The method of claim 2, wherein said tubes are capillary tubes, and said

anchors are bound to a substance located within said capillary tubes.



3. The method of claim2, wherein said tubes are
capillary tubes, and said anchors are bound to a
substance | ocated within said capillary tubes. 121 4.
The nmethod of claim3, wherein said substance is
agarose or polyacrylamde. 5. A nethod of detecting at
| east one nucleic acid target, conprising: a)
contacting a sanple whichippy conprise said target(s)
with a nuclease protection fragnent(s) specific for
and whi ch binds to said target(s), exposing the sanple
,an ¢ > . '
string o BrRCSEHER 4 el aRledE Rk P e i i
resultant sanple with a conbinati on which conpri ses,
[before the addition of said sanple,] i) a surface
conprising multiple spatially discrete regions, at
| ealt t wh msthodwhideiesting ot leasherieaeleisiacid tirgetneompaisingeach
region conprising ii) at least two different loci of
anc#jor s, contaetirgng anpde sthichambly bamptise saidhtangat(s) with a nuclease
association with iii) a bifunctional |inker which has

profectibl FAgnRME(E) spétifid 18t and svhidd@idstCsal dihrgb (), exporidpahc sadplt to
a second portion that conprlses a probe which is

a n?cﬁgacéé Lk vag{o dg%égt Bhaifif o ngmz:?z?t 1 £ ?ﬁd Bth Gontactmg the .

ragment er COI’] eCtIVG or said

0 B S5 TR B R i e

| ocated at a first | ocus of aregion are in

associ atl) 8rfusffoe somprseg waktiplk patially diceate ToBioR 2§ least.-two of

having different target specificities, and b)
whibbtagcgubstgntslly 'cﬂemmahdaqmrmi@mdnmnismgagnent (s). 122 6.

The nethod of claimb5, wherein at |east two of said

di f f er enif) doildastriad idiffeednt 1dci oR@icRors, the andtlofsiat sdch |laumsisach in

are specific for nuclease protection fragnments that
$@ﬁaﬁﬂ¥ﬁﬂflc for different portions of the same first

nucleic acid of interest. 7. The nethod of claim 5,

purther gouRs anegalméﬂ it B & 85, BT Bl Of Gk#RTor the

fragnent’s speci ers and

an e’tf’?ag :518%8 r obes Deégtﬁcroeb eneﬁ% V\g}(‘%@ g@p%;éfa ¢ for one of said

nuclease protection fragment(s),

under conditions effective for said nuclease protection ﬁ'agnient(s) tobind to
said combination,

wherein two or more of the anchors located at a first locus of a region are in
association with different bifunctional linkers, having different target specificities, and

b) detecting said bound protection fragment(s).



8. A nethod of detecting a nucleic acid which
conprises a SNP in a sanple, conprising: a)
i ncubating the sanple with a SNP-specific protection
fragnent under conditions which are effective for
hybri di zati on of said protection fragnent to said
nucleic acid, b) subjecting said sanple to treatnent
with one or nore nucleaseﬁszfective for digesting
substantially all polynucleotides other than the
protection fragnment which has hybridized to the
nuckei c [ s e e} .
nuchei o T i S5hadhtl e Wb by Hred ftunctions
lmlgﬁlrgeﬁ\é%lg %irs(i:i gfclu? éﬁ%&hg Ifcgﬁg I agﬁ Sﬁt'oéqtcg& Eilzgtrr?en?sftha% are specific for
_pol ynucl eoti des other than at |east a portion of said
d1f§w¥ pations! theseme fifsbwnclaicaapiefiintgredt. optional Iy, the
nucleic acid to which it has hybridized, thereby
providing a sanple which contains, as a target, the
SNP-specific protection fragnent or a portion
t hep eof , Thb2stibd of Q1Y HAY; hiirth8r sofdpHisHid MphrRliAQ thébdtha grofatish
target with a conbination which -conprises, before the
ol e B R Bl Bl AR, thorey pmeratip sl
| east.. t oi whi ch arelfubstantially i dentical, each
°°’F‘355?“8Wg3§ﬁ?)° o Faﬁ%nqc}e}c M%1 east two different
ol i gonucl eoti de anchors, each in association with
iii) a bifunctional linker which has a first - -portion
that is specific for the oligonucleotide anchor, and
a s&condA psthod ofideterting e ongeic seid vhighraomprisdsiadiVE ig 2 sample,
specific for said target(s), under conditions
compristigt i ve for said target to bind to said conbination
9. A nethod of detecting at |least two nucleic acid

target s,inWBSHR! the afbleStith & GRIP-shcifd pfid¥Ao® ffragment under
interest, and a secohd target is a nucleic acrd which

BB S R0 AR BB &y it e

ac.émontacting a sanple which may conprise said targets
Wi th a nucl ease

b) subjecting said sample to treatment with one or more nucleases effective for
digesting substantially all polynucleotides other than the protection fragment which has
hybridized to the nucleic acid of interest and the portion of said nucleic acid which has been
hybridized, and for cleaving duplex nucleic acid at the site of a mismatch,

c) removing substantially all polynucleotides other than at least a portion of said
hybridized protection fragment énd, optidnally, the nucleic acid to which it has hybridized,
thereby providing a sample which contains,. as a target, the SNP-specific protection fragment

or a portion thereof,



protection fragnments specific for and which bind to
said targets, .exposing the .sanple to a nuclease
effective to digest remai ning single strand nucl eic
acid, and then contacting the resultant sanple, which
conprises said nucl ease protection fragnents, with a
conbi nation which conprises, i) a surface conprising
mul tiple spatially discretgyregions, at |east two of
whi ch are substantially iéentical, each region
conprising 124 ii) at least two different |oci of
anchors, . {.ea (o o .
aosdet aicoBHE R R R o PR BB A B compimation aicn
a first_portion.that .is specific for the anchor, and
°°I%Pr§8%gﬁf6’?ep‘g? ?‘?J;?Pntq}éﬂld E"’é‘i‘*ﬁ?’i ses a probe which is
specific for one of said nuclease protection
fragmently, uBdgedace epennsingmaltipls etially diserefe rogipng at least two of
nucl ease protection fragnments to bind to said
which atx substarially idemtical, pach régiorsdompusingase pr ot ecti on
fragment specific for said nRNA and a second nucl ease
protectiipn f et dsReGk bligontiddotid@idhdisl ehdifassteiation with
which is expected to be present in the sanple in a
subst antjal | Y 1£A0S : : e
| oci inlyﬁe Xgéne %@gﬁgﬁﬂg?ﬁ%gﬁéﬁg%ﬁg@ﬁg%?gﬁ%%%ﬁgﬁgywhe
.detectin ai d bound nuc|.ease, protection fragnents.
oligpuCIgghde Aachiop dd R SeErnd PRTHON (ALSORISE APIEYS WaFESGPLss
dinkers conprises a plurality of probes which are
seidiEgetEh ¢ for different targets. 11. The method of
claim1, wherein one or nore of said linkers conprises
a pl ur aluntler condifienstssctivg fartsaidrtargstde binfl tesaidompirfation.ent
targets. 125 12. A nethod of detecting at |east one
nucl eic acid target, conprising: a) contacting a
sanpl e which may conprise said target(s) with a
nucy easex miih@l 8€8dteAngd 4taSHIERO (keI thrgéts,f or  and
whi ch binds to said target(s), exposing the sanple to-

a nucl eage. ol L 6Ll kel & RSNl GNR! A Gecdhtllght i3 AN

nucl ei ¢ aci a contacting

acid which is expected to be present in the sample in a substantially constant amount,
comprising
a) contacting a sample which may comprise said targets with a nuclease
protection fragments specific for and which bind to said targets, exposing the .sample to a
nuc;lease effective to digest remaining single strand nucleic acid, and then contacting the
resultant sample, which c;omprises said nuclease protection fragments, with a combination
which comprises,
i)  asurface comprising multiple spatially discrete regions, at least two of

which are substantially identical, each region comprising



resultant sanple with a conbinati on which conpri ses,
i) multiple discrete regions, at |east tw of which

are substantially identical, each region conprising
ii) at least two different |oci of anchors, the

anchors at each locus each in association with iii) a
bi functional |inker which has a first portion that is
specific for the anchor, d a second portion that

conprises a probe which is“specific for one' -of said
nucl ease protection fragnment(s), under conditions

effectiveg for_ said nugl ease.protection f.ragmeni{(s) tq.
bind- toDsar t EBr A rER 6 RERLRE LR B eshthin
tubes, and said loci of anchors are arranged in a
asgoriaBt Wl ray in said tubes, and b) detecting said
bound protection fragnent(s). 13. The nmethod of claim
3, wher eiii) sa Wivsctivatidinker wisctohaspus pbitlonithagisspeaifiofonthe
| i near channels. 126 14. The nethod of claimb5,
andHogr Rid §36ndS FobE thatScadipRiges’ € grddy wiichidaedific &gldns offaid
interest in an aqueous solution conprising 10-30%

mélsB Bl BoRRfnfetts] 10 PM of one or  nore nucl ease
protection fragnments. 15. The nmethod of claim 14,

wherein j eou | r ' 5
2 sac angeqo BBR AR ol qulehad o AR BB o bind 0
carrjed,out at 90-115 C. 16. The nmethod of claimb5,
SAlGGRMAMAIO | east one | ocus in | east one of said
regions conprises a plurality of different anchors,
each havvhgeia adisé apglease ppterien Gagment gnegific for said mRNA and 2
bi functional linker. 17. The method of claimb5,
seaché nedlense potecti@yiraymentf spedific foosdid nadleio acid whishiisegpected to e
at least two different oligonucleotide anchors, each
prdséht & R Ghufhle 9a Wibktantially kdnsant arbidint Rieftoned toaliférentileu &f the
which has a first portion that is specific for the

sa@é}%ﬁ?;@%k?g%&%%& §, and a second portion which is

specl a second bifuncti onal

b) detecting said bound nuclease protection fragments.

10.  The method of claim 5, wherein one or more of said linkers comprises a

plurality of probes which are specific for different targets.

11.  The method of claim 1, wherein one or more of said linkers comprises a

plurality of probes which are specific for different targets.



i nker, and iv) a second bifunctional |inker which has
a first portion that is specific for the first
bi functional |inker, and a second portion that
conprises a probe which is specific for said
target(s). 127 18. A nethod of detecting at |east one
nucleic acid target, conprising: contacting a sanple
whi ch may conprise said tapget(s) with a nucl ease
protection fragnment(s) specific for and which binds to
said target(s), exposing the sanple to a nucl ease
effegtiv | [ ] | i €., and
contgot | ARt o8By Rleaplel Sht ANARFpeM Bl Soihe, 710
whi ch conprises, before .the additi,on 0 said sanpl
)" B i PRt gRRR g e PP A G L AtcTease
regions, at |east two of which are substanti al

protendion fiegmentshenicifie fir anr wiphbindy ta gaifl taygel(s), prpasing 1¥1ws>ample to
di fferent loci of oligonucleotide anchors, each anchor

anunleaseeffodivatto digesirdniaiding gingle firahd natleioned, and thee contimtiogthe
has a first portion that i's specific for the .

reflthidt QEvES1E Rt ad BB REHEAT whidébrfprisgg ond portion t hat
conprises a probe which is speC|f|c for said nucl ease

protectign fr t{: it '
sai d nuc easeﬂgl:ﬁg{ge%%%%%enp%gogé’n%ﬂtg g;t‘!wt?g? tﬁée&?%b%ggfl%ﬂly
.d%ﬁn’qi naltgi on, wherein at | east one |ocus in at | east
U GHE oL B e PBHE i s a "ni xed I ocus,” which
conprises about 2 to _about 4 different anchors, each .
havi ng alispecitisegtitygdifigrentiocigf mebpris the achqrnat p4ch jogps cach in
linker, and wherein two or nore of said different
asgpnigtion withocated in said nmixed |ocus are each in
association with about 2 to about 4 different
bi functi fidal 4 bifilnetional liviket which hid sefirstiortidnethay ét specific for the
specificities, 128 hybridi zing said bound protecti.on
anfHoR0ARIN Secbhd PorBibe &laf comptees atprote Whibk & Specifié for one of said

nuclease protection fragment(s),
under conditions effective for said nuclease protection fragment(s) to bind

to said combination,

wherein said regions are tubes, and said loci of anchors are arranged in a
linear array in said tubes, and

b) detecting said bound protection fragment(s).

13.  The method of claim 3, wherein said substance is a space filling matrix of

- linear channels;



| east one of which is a "bl ocked" detection Iinker and
wherein at | east one of said detection linkers is
specific for a first protection fragnent which is
associated with a first of said about 2 to about 4

di fferent bifunctional |inkers, detecting said
detection linkers with a specific reporter reagent

whi ch conprises an enzynejdshat generates a
chem | um nescent signal, stopping said signal by
adjusting the pH of the reaction m xture, hybridizing

sai d4bounde PeBbE6LAA SI\FI?e%'{Eer%aJﬁ‘f)IE 1) \}\)ﬁﬁgﬁﬁlﬁag ﬁxgubating cells of

detection |inkers, at east one ‘of

L " _ on Link L, Wher ei.n t .one Of
g e S i S e
rotection fragpent which is associated wwth a second
m Fnlé‘j?‘ﬁep’é’ffﬁﬂ?n FEhout 4 di fferent bifunctional
i nkers, and detecting said detection linkers with a
specific reporter reagent which conprises an enzyne
that generates a chem | um nescent signal.

15.  Themethod of claim 14, wherein said aqueous solution further comprises 0.5-

-

2X SSC and 1 to 2 pg tRNA, and the incubation is carried out at 90-115° C.

16.  Themethod of claim 5, wherein at least one locus in least one of said regions
comprises a pluraiity of different anchors, each having a specificity for a different

bifunctional linker.

17.  Themethod of claim 5, wherein each region of the combination comprises:

i) at least two different oligonucleotide anchors, each in association with

| iii)  afirst bifunctional linker which has a first ponion that is specific for

the oligonucleotide anchor, and a second portion which is speciﬂc for a second bifunctional
linker, and

iv)  asecond bifunctional linker which has a first portion that is specific

for the first bifunctional linker, and a second portion fhat comprises a probe which is specific

for said target(s).
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18. A method of detecting at least one nucleic acid target, comprising:
contacting a sample which may comprise said target(s) with a nuclease protection
fragment(s) specific for and which binds to said target(s),
exposing the sample to a nuclease effective to digest single stranded nucleic acid, and
contacting the resuﬁant sample with a combination which comprises, before the addition of
said sample,
i} a surface comprising multiple spatially discrete regions, at least two of
which are substantially identical, each region comprising
ii) at least two different loci of qli gonucleotide anchors, each anchor in
association with
iii)  abifunctional linker which has a first portion that is specific for the
oligonucleotide anchor, and a second portion that comprises a probe which is specific for
said nuclease protection fragment(s),
under conditions effective for said nuclease protection fragment(s) to bind to
said combination,
wherein at least' one locusin at least one of said regions is a “mixed locus,”
which comprises about 2 to about 4 different anchors, each having a specificity for a
different bifunctional linker, and
wherein two or more of said different anchors located in said ﬁxed locus are
each in association with about 2 to about 4 different bifunctional linkers, having different

target specificities,
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hybridizing said bound protection fragments with specific detection linkers, at
least one of which is a “blocked” detection linker and wherein at least one of said detection
linkers is specific for a first protection fragment which is associated with a first of said about
2 to about 4 different bifunctional linkers,

detecting said detection linkers with a specific reporter reagent which
comprises an enzyme that generates a chemiluminescent signal,

stopping said signal by adjusting the p of the reaction mixture,

hybridizing said bound protection fragments with specific detection linkers, at
least one of which is a “blocked” detection linker and wherein at least one of said detection -
linkers is specific for a second protection fragment which is associated with a second of said
about 2 to about 4 different bifunctional linkers, and

detecting said detection linkers with a specific reporter reagent which

comprises an enzyme that generates a chemiluminescent signal.



