METHODS FOR PRODUCI NG UNI QUELY SPECI FI C NUCLEI C ACI D PROBES CROSS REFERENCE
TO RELATED APPLI CATI ON 5This clainms the benefit of U S. Provisional

Appl i cat iwo 2bioi/0s60B291, 750, fil ed Decenber 31, 2009, ane#cUuS201P0624851 onal
Application No. 61/314,654, filed March 17, 2010, both of which are

i ncorporated herein by reference in their entirety. FIELD 10This discl osure
relates to the field of nolecular detection of nucleic acid target
sequences (e.g., genomic DNA or RNA). More specifically, this disclosure
relates to nethods of producing nucleic acid probes that include uniquely

speci fi ¢ nucl e O@i‘?ﬂ(ﬁﬁﬁ@i@?ﬁ%ﬁ)%iﬁ@ QNTQU‘E?I@%PES‘?&@H%CQET@ Ac he

hapl oi d genone an organism a probesTgenerat e I scl osed
met hods. 15 BACKGROUND Mol ecul arPR@B&ESenet i ¢ t echni ques, such as
fluorescence in situ hybridization (FISH), chronpbgenic in situ

hybridi zation (CISH) and silver in situ hybridization (SISH), conbine

vi sual eval uation of EINOESOREARENEEPOVREEATTED XPPOICATIONO nol ecul ar
t echni ques. Mol ecul ar cytogenetics nmethods are based on hybridi zation of a

nucl ei ¢ adi d pr obelhipclamss the hpheditehtay. Pronusibridl A pptication Nén al/29 1801 filed pr obe

for a specific chro regi will recognize and i ts
Comp! emont ar PeErhEneR 200 4nfa S hiistorn SR RaRS SR G R ERod el s
nucl eus (for jgxanm, Boihibfaviitis s encoapiRhied helRidBesfdiane iRar Gavayoped for a
vari ety of diagnostic and 25 research purposes. For exanple, certain probes

produce a chronosone banding pattern that mmcs traditional cytogenetic
stai ning procedures and permts identi fFiI gjon of individual chronosones
for karyotypic analysis. Qher probes are derived froma single chronosone
and when 10abel ed CcHiis tieclusige rdses ©hhe fivklaienqieduldrsietetion cfemicidiyadpeci fic
chronmosones within a cell. Yet other probes identify 30particular
chronpsone stifiget GHBICES (feth, F8oMmiDEEhe BMEY-e Mase SRebifisir dbis il mos ones.

Addi tional preRes (yRiHAY %Fplf%ﬁucﬁhg'%&ei{%%iﬁ S%%W%Iéi‘ﬁlgf?{ | Eficl i C

chronmosomal region or gene. ese are the probes used to y the
critical chrowkonald seggemmes ehidene rapssontedbeky atict m e hypldidogepone of andi t i on

of interest. On netaphase chronos , such probes hybridize to each
chromati d, us%%‘ml%}n’gqp“gipﬁ‘g)ets\%ﬁnesr?fﬁ‘ﬁg?%}zﬁ@%‘ﬁ%ﬁegnéfiﬂ@‘?fiﬁl s per chronosone.
SHybri di zati on of such chronpsomal or gene-specific probes has made

possi bl e detection of chronosomal abnormalities associated with numerous
di seases BACKGROUND

Molecular cytogenetic techniques, such as fluorescence in situ hybridization

(FISH), chromogenic in situ hybridization (CISH) and silver in situ hybridization
(SISH), combine visual evaluation of chromosomes (karyotypic analysis) with

20  molecular techniques. Molecular cytogenetics methods are based on hybridization
of a nucleic acid probe to its complementary nucleic acid within a cell. A probe for
a specific chromosomal region will recognize and hybridize to its complementary
sequence on a metaphase chromosome or within an interphase nucleus (for example
in a tissue sample). Probes have been developed for a variety of diagnostic and

25  research purposes. For example, certain probes produce a chromosome banding
pattern that mimics traditional cytogenetic staining procedures and permits
identification of individual chromosomes for karyotypic analysis. Other probes are
derived from a single chromosome and when labeled can be used as “chromosome
paints” to identify specific chromosomes within a cell. Yet other probes identify

30  particular chromosome structures, such as the centromeres or telomeres of

chromosomes. Additional probes hybridize to single copy DNA sequences in a
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and syndrones, including constitutive genetic anonalies, such as

m cr odel eti on syndrones, chronosone translocations, gene anplification and
aneupl oi dyogyndiseayes, neopl astic di seases, as wel |l as pachageonoiosfseEt i ons.
Most commonly 10t hese techni ques are applied to standard cytogenetic
preparations on mcroscope slides. In addition, these procedures can be
used on slides of formalin-fixed tissue, blood or bone marrow snears, and
directly fixed cells or other nuclear isolates. Chronosonal or
gene-specific probes can also be used in conparative genom c hybridization

(CGE) to det esg)géiﬂg c%%s&ﬂayregiBH%Fgcﬂen TheSEHL e I{){%ﬁérsh%e Fd; @gt}fgfthémpy

organi sns contains repetitive nucl & ¢ aclid sequences, series of
nucl eot i des tdnaitalatheomeypesat egioruditdept essbcined, widf 4 mdiramd ancbaditenrodys. The

presence of such repetitiye seqguences in robe results in _increased
background staffithgDRmEaPhRn TR R asueb IS BRE B TRAELF AL
hybr'dlzat'Oﬂmu&ﬁﬁgﬁﬁ%1®6%ﬁﬁnP&§9&§sﬂﬁhﬁﬁm&@%%m@%ﬁﬁarepet'F'VG sequences
are often generat'ed (for 20 exanpl e using a conputer algorithm to reduce

this probbem Howddhridizien of susheshtoniesental pr ginespeatjiaprodes has made of

substantial apoupts, of .blocking DNA.in order to reduce.backqground staining
Co accept abl SordDk et R el pBadh Rl LRSS Fif BEH AeReR

nucl ei ¢ aci d Jptebesoded if@bdAg SorsBlutlvb@bfictktSRomAdePERUUGIHieRddeItHSN di scl osed
probes have reduced or elimnated background S|gnal whi | e reduci ng or

el i m nating tadigges.chrenewrieHRNTINAAERRS | g ByIptiflgatioatangd aneyploidpme exanpl es,
probes are pr h LA j.Ql.AlLng at jrst

bi ndi ng regi osg{g%&%%%g’%g@gnd} %?‘%&%shggWé%%)ﬁgiﬁ(?lgégqlﬁ{%@%o e(%sgr@(r?n&lﬁn%g{ order and
ori entatilon, tidvenahniqubeartiappliedtondindgrdroggigenctanae@estivmd ohinfidioagppeegi on ar e
conpl enmentary to unggualy specific nuclejc acid sequences, -2- ~wherein the
uni quel y speciifift IRFEREPR. Beseracsques casbarwdaptideesfifegny i atsvsn a

genone of an i i - ingl i e second
B ndimg- 1 eql ol e Aot TAERE b P b Bl A AT 0 gl e 1 7ok

16% 15% 14%hréd@gordd%y gdddspetGRgprOds c88mlsd bg usdd insompdtgiv8eenodde 1% or

l ess) of a5 eBo 'c.ta&gﬁﬁ n%gleic acid nolecule.. In sone exanples, the

first bi ndi ng PROTEHOISE EhE BN BIRaPRY VRN R XA Tle about  10% or

| ess of gsgenomic T@Fg@ﬁém@%@hﬁh? o?g%hfld&bﬁfaﬁis%pe‘tiﬁv@ﬁﬁélbi@lékﬁrseéﬁ%%m,eS, t he

bi ndi ng regi ons ("uniquely 5ﬁe0|f|c bi ndi ng regions"”) are conplenentary to
e

non- cont i guoushiplbarteisones gfnucleetidasribatiace teasjed mulipleiimeneifidn i andone

GBI TP RN R e S T
background staining and requires the use of blocking DNA during hybridization.
“Repeat-free” probes which lack such repetitive sequences are often generated (for
20  example using a computer algorithm) to reduce this problem. However, even
“repeat-free” probes require the use of substantial amounts of blocking DNA in

order to reduce background staining to acceptable levels.

SUMMARY
25 Disclosed herein are uniquely specific nucleic acid probes and methods for
their use and production. The disclosed probes have reduced or eliminated
background signal while reducing or eliminating the use of blocking DNA during
hybridization. In some examples, probes are produced by a method that includes
joining at least a first binding region and a second binding region in a pre-
30  determined order and orientation, wherein the first binding region and second

binding region are complementary to uniquely specific nucleic acid sequences,
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100 bp). In sone exanples, the genomc target nucleic acid is froma
eukaryotic genone (such as a mammual i an genone, for exanple a human genone).
I n parti cowbanignsbdydi ments, the uni quely specific bindi ngCTAS2@O96HBE
generated by one or nore of the follow ng: separating the genom c target
nucleic 15 acid into a plurality of segnents (for exanple, separating the
genom ¢ nucl eic acid sequence into segnents, such as in silico); conparing
each segnent with a genone including the genomic target nucleic acid (for
exanpl e, using a conmputer algorithm such as BLAT); selecting at |east two
segnents whi . I i fi.c:to.: ] L.cacid
(o0ch a8 At o e i R b e oy mna cach
i n the genomgnbme gétn nigahismcandovlebraio itheectirlsehinding megiomgnd thp etdonid bendDIA

sequences from.the gepom c ef nucleic acid ( | e, usi a
compat ot al oarEPR TSR Aros I B Bele S S hie S P AP 16adt% mo
segnent s havijg, a3¢C 1nucheql 10e, 5anRanyzbetueen 4804k, 2%2"4%,!1}#1&3%% n ot her

enbodi ments, the uniquely specific binding regions are generated by 25one
or nore of teenéwid targiechguclaiepeid madleryle. o sgemenrwplearthefirshbideigoegiond i nto a

plurality of segnents (f.aor. exanpl e, separati the nom c.nucl ei c .aci d
Pequence. i nt & adurasond bR B freuRRB folat KEFTRI Bt TP GRE) o
nucl ei ¢ aci d grROMBRESE. & paEAIAGLARISYINE BafiiZerd g (‘@hiduglytipeditic! ei ¢ aci d
segnents to an array; hybridizing the array with total genonmic DNA and

bl ocki ng DNA;birdingeagiang” Jsare Femplemepgr B3Oseyraontisucisinerions of thei sgnemic specific
to the genom . | ej Cl C . . Y) that are
each represe nt ? rgé@l%%?e;l/c gﬁ%’eﬁie%gﬂe %X%rr{pfiéeg %8 E‘g}%%?}{s??%{é% B}Qﬁb% Iggllé Hg?zrleél d

nol ecul e)ID r demy augt 2@ pedel fairy €bDNAlehguEncsampic) abdth85@0dpi cuchak gedut
nucleic acid <0f or exanple, using a conputer algorithm such as .

Repeat Masker ):00m Bejoma §xamplas: the genompigdargsigine isagidiisi fryn & cexarmeidd eot i de
content bet weeR,ALeUh 30 YRR cerbiRe SO B AHATR hESan LB quel y specific
bi ndi ng regi nsoarg gener at ec'n y sent[ﬁee’sig?xnag a p:hurg]ilgtynl(r)%J nucleic acid
segnent s i ncl udi ndnipheiculr gebodiereats, thervagjuely, spatitiabhidng teRens yret hesi zed
plurality of nucleic acid segnments _to an array, hybridizing the array with
Dotal genom EBRACTY BF GERIHLO LA PN g eiting he ey ulic emskinant s
whi ch ar g5uniguehi SPaelhy 6f @R (ERRRIMSle! b SatinPHe! RhémachdldOigych as
at least two segnents that are each represented on one each in the
genoni ¢ t ar geequanct gite segenattsicdalie yilico); Compilrmgsf@n% segtagmd had, a geheme
pre-determ neigdorider anedoorié eapte%icgl iasidg Onerartneg bg{ tarllg foItI roé\}/}vi grgt'h
ordering t he SeFEREHY SCHRINELP BT ATTAGP g ond P8P protace "a"
candi dat e nuclueh & BEAT);peRbengd itQEase kAW gthenBrigith AE unitpieRespebifio 1® grmal
order and 15orientation); separating the candidate nucleic acid probe into
a plural ity cene@inargesnydeie agdasishas aslepdiue pemmantethaene pich rapieraied aci d
sequence »iynt Q . . il o I with a
genone i nzlc(:) I udjln??g%gdgheﬁlg%g er?oglrugg%rgéﬁudg Ffe%%ccacgcg&g?ef ’fﬂ%?’ @gﬁﬁ? g‘%ﬁﬁghg a
conmput er al gddbNAhsyuesiuehfraa ti gehpmis elrge hucigicatid @Easixampk, osidets and

orientation of the selected segnents that is uniquely specific to
computer algorithm, such gs RepeatMasker); and sele%gng ?1/‘[ legst two segments

having a GC nucleotide content between about 30% and 70%.
In other embodiments, the uniquely specific binding regions are generated by
25  one or more of the following: separating the genomic target nucleic acid into a
plurality of segments (for example, separating the genomic nucleic acid sequence
into segments, such as in silico); synthesizing the plurality of nucleic acid segments;
attaching the synthesized plurality of nucleic acid segments to an array; hybridizing
the array with total genomic DNA and blocking DNA; selecting at least two
30  segments which are uniquely specific to the genomic target nucleic acid (such as at

least two segments that are each represented only once each in the genomic target
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20t he genom c target nucleic acid (for exanple, does not include any
sequence represented nore than once in the genone of the organism; and

j 0i ni ng twe 2eralmse19ed uni quel y specific binding regi ons iPaTiUS2019@bH8% ed
order and orientation. In other exanples, the pre-determ ned order and
orientation is generated by ordering the selected uniquely specific binding
regions to produce a nucleic acid probe (for 25exanple in the chronpbsomal
order and/or orientation) and joining the selected uniquely specific
binding regions in the selected order and orientation. Met hods of

using the di Srﬁllc %&1§&g%ﬁle QE&UQB;Q eﬁt%'h%gééﬁg?ﬂ(l: Qﬁéeg%h[‘@leg@ﬂ&lnfc” Some

exanpl es quantifying) a genomc ta |d sequenc For exanpl e,
t he net hod canenmkhdemndﬂbanmm@cUhﬁ@ﬁi@an&@dﬂgmﬁhﬁSmmhmh a sanple

30contai nin ucl ej c, aci d .mol ecul es under condi tions sufficien ernlt
o ot 1 o Rk P dea i SRty WE L Sl e gogient

plurality of pefcheibsu@sod aiPr@rul es of the probe. Resulting hybrldlzatlon
is detected, wherein the presence of hybridization indicates the presence

(and in sénme exanpheeme ehamplaarhe vyijuady spasdicgEnding Gegl@rrsg?eQ gengedted by aci d
sequence. . Kits incl di the robes .a ents for producing
o st ng ¢ he YPBEgnE 3PS ot BORies B ReReRS iRRHRY yagRRTi ek of her
features W | lrefi6fQMMCHIRE eherPRMESREd PluRAM bendcRid £ @@nﬁlﬁﬁs’s‘tbbﬂ@rﬂ%scr i ption,
whi ch proceeds with reference to the accogpanyln g figures. 10BR

DESCRI PTI ON ch;'bmiienmhwmwﬂh total gengmic| Daosisl bipckinabpice 26¢ sdegimetaton of a

Met proto- Onﬁ%gsepar Q&?&%&%b@% ﬂgg%@ﬁ'd‘?@ﬁl%ﬁ%gﬁ%c ptg]igl’\‘ﬁmc}élc hogt is

enunerated a Rent I've sequence is
repl aced 19 t R(stich"as af ta:httowede@yerrteﬂiaaaem repfesérhied oniploae eath inntiess by their

nunerical value. For exanple, there were 38 "n"s that 15were repl aced by
"*38*" jn théﬁpﬁﬁgt@@ﬁé@é&““é@énKWWUE) FIG 2A shows BLAT results for a

non- uni quely SpeC'IstE}méQQarﬁ es, Ide%r?qﬂ&éﬁﬂﬂd&%%ﬁéﬂg@o&s fgeﬂerated"B_kyG 2B
shows BLAT results for a unique specific 100 bp segment o uman

chronpsone 7.the following: ordering the selected uniquely specific binding regions to produce a

candidate nucleic acid probe (for example, ordering in the chromosomal order and

15  orientation); separating the candidate nucleic acid probe into a plurality of segments
(for example, separating the genomic nucleic acid sequence into segments, such as
in silico); comparing each segment with a genome including the genomic target
nucleic acid (for example, using a computer algorithm, such as BLAT); selecting at
least one order and orientation of the selected segments that is uniquely specific to

20  the genomic target nucleic acid (for example, does not include any sequence
represented more than once in the genome of the organism); and joining the selected
uniquely specific binding regions in the selected order and orientation. In other
examples, the pre-determined order and orientation is generated by ordering the
selected uniquely specific binding regions to produce a nucleic acid probe (for

25  example in the chromosomal order and/or orientation) and joining the selected
uniquely specific binding regions in the selected order and orientation.

Methods of using the disclosed probes include, for example, detecting (and
in some examples quantifying) a genomic target nucleic acid sequence. For
example, the method can include contacting the disclosed probes with a sample

30  containing nucleic acid molecules under conditions sufficient to permit

hybridization between the nucleic acid molecules in the sample and the plurality of
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20FIG 3 is adigital imge of a dot blot of selected segnments 185 to 271
of an exenplary Met proto-oncogene (MET) probe in the formof 100 bp

ol i gonuclwotndems2i9anobi | i zed on a nenbrane and hybri di zedTwistéromstagan DNA
probe. The three spots in the bottomright of the menbrane correspond to
human DNA controls (1 ng, 10 ng, and 100 ng). 25FIG 4A is a digital inmage
of MDA-361 cells conparing | SH using a repeat- free MET probe nade using
prior methods (human placental bl ocking DNA was included during

hybri di zation) to I SH using a uniquely specific MET probe of the present

di scl osure. SRR B ' S d : ' : | specific
probe hybri d:}glgitél on; 8\5\&3@%5‘92%&%\%§&e’ﬁ%‘ﬂ%%ﬁ%ﬁ%tg%%ggg&% t eéin
30hybri di zat itbeipteserco ofihgrratizativadkdjcoesttie piesehicegaraf inomeexemples.dbe t o

non- nucl ei ¢ aci d.reaétﬁ?i on conponents, .for exanple. Detection was via SISH

col ori met ri c WARE ploe genomictarggtaucleie acd seayenger o) mage of MDA-361 cells

conparing | SH usi ngit@intRABRBIUNS p188ed {AaldR rBIRRR FREIBIMSANS: Rl Lihe PRIJROAS
(human pl acental bl ocki ng was i ncluded during hybridization) to I SH

usi ng a ufdi qued gisgdiscliopddc | GF1R probe of the present disclosure. Human

pl acental bl ockin m ni mal .amunts c ared to 5 the repeat-free probe
hybr 1 di sat i on) - andearen el s RN T TBRROGE A e A b Eri R icquer y

speci fic prolgslsyhieideiazad H@s&npm{,e;mi&}olf&oms Viifh rSfefiTice @ M iab®Infipadying

det ecti on. . FIG 5A is a pair of digital inmages show ng ISI)—Il

per formed wi tilRueH quel y specific | GFIR probes to | GFIR target nucleic acids
in a lung cancer tissue sanple 10with (left) and without (right) human

pl acent al bl ocki ng DNA. FIG 5B is a pair of digital imges show ng

| SH perfadomed w th uni QUBIRIEFIRESCRIPTEON OPSTHE ®RAWING®t nucl ei ¢ aci ds
in a lung cancer tissue sanple with (left) and wi thout (right) human

pl acent al bl ocki nd IENAshgyEn eample gf Hpgrion pf M5t PEALOOReRESEE SHARRIAG | SH
performed wt ol O / t. .. = ar get
nucl ei ¢ aci dsﬁic}r%mag?ﬁagneéucanggrEQt%E%Tétgﬁgﬁggﬁgm&%ﬁ@laél? ts‘?ﬁagﬁg@\%\nﬂ ?E@ﬁ?}g
(right) hunmarfrggneaentThe ropaicike neubh. is replaced R “n5follswad pgireplafemdngoeft al

i mges showing IS erformed. with uni que ecifi RAS probes .t o KRAS
{arget nucl el Be BEMBE g g oamearToplby EBEGiptele s YEert ) AR w  hout
(right) hyman,gk agenkakybkogki non O 1:89& GooBA is a plot of signal from
hybri di zati on of sequencCes targeting the CCND1 gene anal yzed using a

Ni mbl eGen array. Rd6&s2AahpweBliAdr teauliseioea agn-abiquelysdediic | R bpsigmenaoseri es
of positive a}lrllld arrllecgatnings% %gn rols and using the data to establish
threshol ds fol CUtOITL°BI’G 6B is a pl ot of signal from hybridization of

sequences targeti rgGt bB sBSwEBKA TURR@tsaBah MZigHely Spét@fial 0 BicptrAt &f I ay.
Pass/ Fail criteria were established by including a series of positive and

negative conthugag C&an%@mﬁdt he data to establish thresholds for cutoffs.
E/lyt? 6C iy a plot Qf §i@Daleihl iRMLYPE bl ABL 4110k SEMMERE B HL24%FLRY the
exemplary Met proto-oncogene (MET) probe in the form of 100 bp oligonucleotides
immobilized on a membrane and hybridized with a human DNA probe. The three
spots in the bottom right of the membrane correspond to human DNA controls (1 ng,
10 ng, and 100 ng).
25 FIG. 4A is a digital image of MDA-361 cells comparing ISH using a repeat-
free MET probe made using prior methods (human placental blocking DNA was
included during hybridization) to ISH using a uniquely specific MET probe of the
present disclosure. No human blocking DNA was included during the uniquely
specific probe hybridization; however salmon sperm DNA was included in the

30  hybridization to counteract background binding of nucleic acids to non-nucleic acid

reaction components, for example. Detection was via SISH colorimetric detection.
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gene anal yzed using a N nbl eGen array. Pass/Fail criteria were established
by 30including a series of positive and negative controls and using the
data to espablimskshreshol ds for cutoffs. FIG 7A is apdirgistab/osrmse
showing | SH performed with a uniquely specific CCNDL probe in a lung cancer
ti ssue sanple w thout human placental blocking DNA. FIG 7B is a digital

i mge showi ng | SH performed with uniquely specific 5 CDK4 probe in a lung
cancer tissue sanple wi thout human placental blocking DNA. FIG 7Cis a
digital image showing | SH perforned with uniquely specific Myb probe in a

Iung cancer ti ssuq:@aﬁgllgameggt?%lrﬂ{wéd IR R|3%‘i%@f1§% L6 'I§ &:IE{)&' 8is a

digital image showing ISH p a uni que sp CI probe in
a |l ung cancerfrdeil64U8 mabmhedwmmlhg)pmorhnﬂhodsghamelmphlcertbdﬂdﬂda(qkmgg ]DNA y@and

detected with tyramde signal amplification. SEQUENCE_L ucl ei c
e 0 and o T e T A FTB e L Bl A g R PR G LS HD SH RS Mg uence
listing are %J?@ééﬁt M&l@ﬁr&ﬁﬂﬂ@ﬁ Qlakéﬁt!ﬁﬂoé&lﬂg ]@N‘Aa@dnﬁﬁﬁalfaﬁ{ouﬁé%ﬁﬂ ﬁfé'&i't@le
bases, and three letter code f am no aci defined in 37 8

1.822. In5at therpratsoreeprebsedridoakipnond sgknmampem‘l Do weniipickided du;mmg

by ‘any ret or SeE b eCedi GPE bTERRY, Dl ViR H AR T g <

submtted as RrcASE!I | text file in the formof the 20 file naned
Sequence_Listing.txt, which was created on Decenber 28, 2010, and is 2,017
bytes, which is i fd6r pArias edr b dictnlmageeshesrie H performedmah winwly 1 i s an

CRTD Y ST S A RSP Fh A AL PRSPPI B50 BB QRS o, o
| . 1 ntroduét i owith (left) and without (right) human placental blocking DNA.

FIG. 5B is a pair of digital images showing ISH performed with uniquely
specific TS probes to TS target nucleic acids in a lung cancer tissue sample with
(left) and without (right) human placental blocking DNA.

FIG. 5C is a pair of digital images showing ISH performed with uniquely

15  specific MET probes to Met proto-oncogene target nucleic acids in a lung cancer
tissue sample with (left) and without (right) human placental blocking DNA.

FIG. 5D is a pair of digital images showing ISH performed with uniquely
specific KRAS probes to KRAS target nucleic acids in a lung cancer tissue sample
with (left) and without (right) human placental blocking DNA.

20 FIG. 6A is a plot of signal from hybridization of sequences targeting the
CCNDI gene analyzed using a NimbleGen array. Pass/Fail criteria were established
by including a series of positive and negative controls and using the data to establish
thresholds for cutoffs.

FIG. 6B is a plot of signal from hybridization of sequences targeting the

25 CDK4 gene analyzed using a NimbleGen array. Pass/Fail criteria were established
by including a series of positive and negative controls and using the data to establish
thresholds for cutoffs.

FIG. 6C is a plot of signal from hybridization of sequences targeting the Myb
gene analyzed using a NimbleGen array. Pass/Fail criteria were established by

30  including a series of positive and negative controls and using the data to establish

thresholds for cutoffs.
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Production of probes corresponding to selected target nucleic acid
sequences (e.g., genom c target nucleic acid sequences) for nol ecul ar

anal ysi s wanohesenapl i cated by the presence of undesire@#Csageenoestss n t he
probe that can potentially 30 increase the anobunt of background signal.
Exanpl es of undesired sequences include, but are not limted to,
interspersed repetitive nucleic acid elenents present throughout
eukaryotic (e.g., human) genonmes and nucleic aci d sequences that are
present nore than once in a genone (e.g. a "non-uni que" sequence)

H storically, the t: ieal t he
strength of a tar&gﬁlggéégpﬁg&éﬁé a?ﬁggggggﬁr%ibﬁ%%€§FB%UE E%E%ﬁ iC
background. ROCNDBéxpachsl ie a limeg gmesn toigse mm@whommmasqﬂmmahgloaklpg obe
corresponding. tg a target, signal is generally maxim zed by increasing the
sequence cont “of the probe. However, as the sequence content of a probe
(e.g., for genon‘qqéaﬁﬁﬁéaﬁﬂﬁ&ﬁmﬁaé@h&m@%qyﬁ@kﬁ%ﬂn&ﬁ@ﬁﬁﬁﬁﬁﬁdy%ﬁagﬁ@s the
amount of undesired (e.qg., repetitive an non- uni que) nucleic acid
sequence nclCldBd prebetihe IprabecerAtssenynyle withewhease pldsentaDelpedang DNA.y of

Phe inclusi on of DU S aRehe! vt “RafRe 4P ridfofian SRGEs Stbedthe 0 "' ©

sequences t havlyeyiobk il dngaBedritii®fe safhpleh@itlgRn aiRaf blacaitargsdkild DNAexanpl e,
t he human genone Such probes can contain sequences that are present

numerous tines (fcﬁIGeﬁamdleltaluglaeesllmngéﬂiﬂvP ed; yiith panigaplyrecciic\Wien t he

probe is |ab eé@lgR &])gjlb%g\lg % lhgd %&@%&r?s% %{Ililed\%{tﬁ&}t %'Bhﬁﬂ gpatcgﬁtm’ bl é’lﬁ BR A

f I uor ophore, such as a can be

i ndi rect |1y demedeedwbaa&dyamnbéﬁgmﬂgnqmﬁcdﬁnect|on of addltlonal
conponents), the undesired (e.g., repetitive and/ or non-unique) nucleic
aci d sequence elenents are |l abeled along with the target-specific el enents

wi thin the target sequence. Dur'Qﬁﬂgﬁhﬁkﬁﬁiﬁs Q¢ 20bi nding of the |abeled
undesired (e.g., repetitive and/or on-unlque? nucl ei ¢ aci d sequences

results in a di spe%memlcﬂrackgdeudldmsiogmm seqmttiochhsiadlhemmfcuumdle

interpretation, for exa m@en nuneyical .or @ %%% tat e dat a uch as
copy numnber c?FC%{nBaé‘dH‘e%rFS “‘w’d’rc SR HETBRYD BiiRg SFRTS et é?“.“@té% i's

desi red. 1RedufiieBfidObasbaak@uRENR U db FoiRinb dLiadlds ABfiRdd inaIet e R T epet itive
or other 25undesired nucleic acid sequences in the probe has typlcally been

acconpl i shed lb&22add|ah@aiﬂsomk|€h@8mh’ eee girand o eadhalusttie e séquenes IDNA, such
as Cot-1TM or a n_reaciion,
oresent i sol 9eure SR BRI Saghtad § %l Mt G dD b RabeR o

backgr ound shg@akpnyaia@nahe presence of repetitive or other unde5|red
(e.g. non- The Sequence Listing is submitted as an ASCII text file in the form of the
20  file named Sequence_Listing.txt, which was created on December 28, 2010, and is
2,017 bytes, which is incorporated by reference herein.

SEQ ID NO: 1 is an exemplary enumerated and separated Met proto-

oncogene genomic sequence wherein repetitive sequences are replaced with “n.”

25 DETAILED DESCRIPTION
I. Introduction
Production of probes corresponding to selected target nucleic acid sequences
(e.g., genomic target nucleic acid sequences) for molecular analysis can be
complicated by the presence of undesired sequences in the probe that can potentially
30  increase the amount of background signal. Examples of undesired sequences

include, but are not limited to, interspersed repetitive nucleic acid elements present
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30uni que) nucleic acid sequences in a probe. In particular, the present

di scl osure provi des probes and net hods of produci ng probes that have
reduced owoebimisemBed background signal while reduci ng ecraiseemmetsshg t he
use of bl ocking DNA (such as human bl ocki ng DNA, for exanple, human

pl acental DNA) and net hods for produci ng such probes. Sonme exenpl ary probes
di scl osed herein are substantially or entirely free of repetitive or other
non- uni que nucl eic acid sequences, such as 5probes that include
substantially only uniquely specific nucleic acid sequences (for exanple,
sequences th [ IoTolaec . vi.ations
aCGH. array ?%ﬁ%%@g#?@%ﬁ g%g%g%lﬁ$%??glzatf%ﬁh%ggﬁﬁ%%mﬁ%]g%@Fl g“g I gnnent
tool bp: basergantifisie ttGNDice ioygenomdle. £LRKhon-aepcjuehsa@paregdent ki nase 4 CGH:
conpar ati ve genom ¢ hybridi zatjon 15CI SH: chro enic i i tu _hybridization
EGFR  epi dor mal _griGHIHOR G H6rcleabal PpropTs<ppIcal iaue i balgeg i ptrength

hybri di zati onyt |a%§%5¥ spefigidlsighal dsBMeWR] bR Opedific BaEIRSind, FHdr 1N Situ
hybri di zati on 20MET: Met prot o-oncogene (al so known as hepat ocyte growh
fact or refeptasrinpBl BHpregichymethods,gitten shigeting prabé oprrésppndiTe tastapStnl ess

ot herw se noteoIIf techniﬁal terns ﬁre used ccorduﬁg Lo Qog@ﬁnti nal usage.
Definitions ofeRbRSASERY TN AHbPLEGTAF RIS Sy iy O Be b NP PR Benj ami n
Lewi n, Genes NwevePuRlhesegterey coxbard agrodetesd ¥r i@fc 1a2@0udlboBdd

sequences) increases, so does the amount of undesired (e.g., repetitive and/or non-

unique) nucleic acid sequence included in the probe. Attempts to increase the

10 specificity of probes by decreasing the sequence content of the probe does not
eliminate the inclusion of DNA sequences that maintain non-unique nucleic acid
sequences that exist multiple times in the genome of interest (for example, the
human genome). Such probes can contain sequences that are present numerous
times (for example, up to 150-200 times) in the genome.

15 When the probe is labeled (either directly with a detectable moiety, such as a
fluorophore, or indirectly with a moiety such as a hapten, which can be indirectly
detected based on binding and detection of additional components), the undesired
(e.g., repetitive and/or non-unique) nucleic acid sequence elements are labeled along
with the target-specific elements within the target sequence. During hybridization,

20  binding of the labeled undesired (e.g., repetitive and/or non-unique) nucleic acid
sequences results in a dispersed background signal, which can confound
interpretation, for example when numerical or quantitative data (such as copy
number of a sequence or copy number difference between genomes) is desired.
Reduction of background due to hybridization of labeled repetitive or other

25  undesired nucleic acid sequences in the probe has typically been accomplished by
adding blocking DNA (e.g., unlabeled repetitive DNA, such as Cot-1"™ DNA or
total genomic DNA) to the hybridization reaction.

The present disclosure provides an approach to reducing or eliminating
background signal due to the presence of repetitive or other undesired (e.g. non-

30  unique) nucleic acid sequences in a probe. In particular, the present disclosure

provides probes and methods of producing probes that have reduced or eliminated
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019879276X); Kendrew et al. (eds.), The Encycl opedia of Ml ecul ar Bi ol ogy,
publ i shed by Bl ackwel |l Publishers, 1994 (|1 SBN 0632021829); Robert A Meyers
30(ed.), Wbletwis2293Bi ol ogy and Bi ot echnol ogy: a Conpr ehen3ivseoiDesiass

Ref erence, published by Wley, John & Sons, Inc., 1995 (1 SBN 0471186341);
and Ceorge P. Redei, Encyclopedic Dictionary of Cenetics, Genom cs, and

Proteom cs, 2nd Edition, 2003 (ISBN. 0-471-26821-6). The
foll owi ng expl anati ons of ternms and nethods are provided to better
35describe the present disclosure and to guide those of ordinary skiII in

the art to prlﬁ‘él%%r‘él‘?n& ﬁ&a‘?'&xﬁﬁl@@éd&i Cdr%ﬁﬁ{u’?at gﬁfr‘e ééer!ﬂ%!lcfékm (s@ch as an,

and "the" refer To one or nore th a one, ss the conte clearly
di ct at es ot hémmaneblodkorg BNAYPdreexambpke, hmnam plaoamalimﬂhgamd metlhbds foncl udes
single or plural cells an |s consi dered equi val o t he F‘f%ase

"conprisi ng dCYUEHE SUGharedE | Some feemRlpy prahos dise OéF ?r81naar% fatghenent of
stated alter rlﬁfehﬁl%lﬁfré‘é@ﬂ’éfetﬁfve%r caEbh&atihighe Rﬁcl&%cfélrse(ﬁ@h@eseklf‘dﬁea@t S,

unl ess the 5 context clearly indicates otherw se. As used herein,
"conprises” rmeebes thithedludtewbstamtinlly, Onhcumgmqlx spﬁglfm Imcleﬂr acidreeguences i udi ng
A B, or A and B.; wthout .exclu onal All

publ i cations exﬁlgpgb fquep'lﬂﬁeig (t:haatt ar&{gprege&? rﬂlsa geg%la‘ec?flﬁ' Ornc‘l;)ef erences nentioned
herein are incorporated by reference in their entirety for all purposes.
Al sequences 10 associated with the GenBank Accession Nos. nentioned
herein are i ddor pcrbhrediatipns ef erence in their enti rety as were present on

Decenber 31, 2009 tha?ra %&%tﬂaa% ?&ﬁﬂl%ﬁbﬁ ;ﬁfbrﬁl i cabl e rul es and/ or

law. In Gase of cdy £ on, including explanations

of ternms, Wil co aﬁ%lfnﬁ %nd rraterials simlar or
equi val ent to tho ‘c’:Pi“B 15 her ei n can be used to practice or test the
di scl osed technol U|CtY§L rret hods and materials are descri bed bel ow.

@

The materials, net : caplin-dspeppeddingse4i | | ustrative only and not intended

to be limting. CGH: Wnimatwﬁtgan@nméwbéwzatﬁort he various enbodi nents of

t hi s di sdbosure, tGEBH:othromiopeniexplianatbridiratiaf specific terns are provi ded:

20Array: An arrandé@BRt «pidenmbhleguvesfaceuedeepsr bi ol ogi cal nmacr onol ecul es

(such as peptides mmmﬁ&b@emhdltﬁnymk;@)}l or biological sanples (such as

ti ssue sections), ]IGFﬁ(iCiﬁﬁﬁﬁqme%rJ)Qgﬁiabt@f@r&@ @F In a substrate. A

bm croarray” is ansg: r%l%ﬁjgn&&atmnm aturi zed so as to require or be aided
y M Ccrosgopi c ex t e sonetines

26 T3 R iﬁ}o&‘é Lﬂéa(%lsg ﬁ%n8fvg%8ﬁée[¥a§(%q§?e QBGV%}}’EW@E .

call ed chi'ps or bi 98 M)? ray o tures makes it
possi ble to car ry § v % rhglg .nunber of anal yses on a sanple at one
time. In certain )| BVEY HeZohpre ol ecul es (such as a nucl eic
acid nolecule) will occur on the array a plurality of tinmes (such as
twice), for ifjptangguio provide internal controls. The nunber of
addressabl e I ocations on the array can vary, for exanple fromat |east one,
to at | edst 302, tlonlats dtlmsise&oteﬂotea]hmtaia@’msmﬁ; ust] aceading20 comtentiemst 30,
at | east 50, at (Sal?sfl Z | east 100, at ea 3% 1150 atb Ifea t. 200, at
| east 300, at"SPEh Eb%onslo égp%er%ml%‘ﬁ%“t“% plogy may be Siind
Benjamin Lewin, Genes VII, published by Oxford University Press, 2000 (ISBN
019879276X); Kendrew et al. (eds.), The Encyclopedia of Molecular Biology,
published by Blackwell Publishers, 1994 (ISBN 0632021829); Robert A. Meyers
30  (ed.), Molecular Biology and Biotechnology: a Comprehensive Desk Reference,
published by Wiley, John & Sons, Inc., 1995 (ISBN 0471186341); and George P.
Rédei, Encyclopedic Dictionary of Genetics, Genomics, and Proteomics, 2nd
Edition, 2003 (ISBN: 0-471-26821-6).
The following explanations of terms and methods are provided to better

35  describe the present disclosure and to guide those of ordinary skill in the art to

(13 2% <<

practice the present disclosure. The singular forms “a,” “an,” and “the” refer to one
-9.-



| east 800, at |east 1000, at |east 10,000, or nore. In particul ar exanples,
an array includes nucleic acid nol ecules, such as nucleic acid nol ecul es

t hat are WO 20820822920 nucl eotides in | ength, such as aboRCTAB2&H0062485

nucl eotides in length. In particular exanples, an array includes nucleic
acid nol ecul es generated by separating a 5genomc target nucleic acid into
a plurality of segnents, for exanple using the nethods provided herein.
Wthin an array, each arrayed sanple is addressable, in that its |ocation
can be reliably and consistently determ ned within at Ieast two di nensi ons

of the array., Hige ft}%ﬂto%eurﬁ&@'ﬂ?eC&)tn'té%'E‘cﬂe%ﬁ‘&fc?&@es%hé’i‘@ns%r %g&‘t})é ,%gésme

di fferent shapes. For exanpl e he array can be regular
arranged i n ueini Scomprowe aamﬂl”anﬂlurtms)nghfr o1 pimnagcﬂl]arand Tdmmsldemd@quﬁ@aledt arrays

the | ocation of each sa e .ls assi ned 0 e sa ,e at the. t when it
C appl | ed ¢ oK A BN ARE g P b T BRdH fele o Srglecar Tt o
each | ocati onyrWakdy d1REaBRPERRIhAR atc%ﬂﬁ{au@ﬁ of 8BRS & rﬁo&%?érﬁérf?ﬁ unfekd @B,
ordered arrays are arranged in a symetri cal grld pattern, but sanpl es

coul d 15bé arqoamedefirly ntlisetes ptheteiseis A gspslheagin ‘igomadsesl Imyeags sinelvgest’ ed

| i nes, spiral nes, ar aorder d cl ust.er ssabl arr S Usy are
conmput er r eaddbie Rt REe 8 Bo i Hilmgd o GorRmER” pURS RSy
parti cul ar adﬂﬂﬁﬁﬁapﬂmﬁ&ﬁsarray with informati on about the sanple at that
position (such as ﬁbrldlzatlon or binding data, including for instance
signal int en5| ty).A ﬁu@mowaﬁw@@pb«iﬁat@amfﬁ@% prchethey refepgices mantéonedhe

| ndi vi dual e}%}éfﬁ%fe ellrlé‘orfx\s\kﬁteﬁrb%é(fe nte A hEfd {i’r (ﬁ%&’hﬁ@h osésorAl %ﬂﬂ&?a%? in a

Cartesian gri can be correl ess’in ion by a
conput er .10 associamedSWftE tlex@enBaak AdchsicarX ey niendbnedid®rgin atetinv@poaridrgl s,
negative controls, or both, for exanple nucleic acid molecul es speC|f|c for

known repeti tiFizEeNSE éh%‘ﬁtf§n81iet32§n‘ﬁ@?@rfi§e%qnd3??ﬁp’é’€hf’bé’-og%ée|ﬂfq Sy an
unr el at ed gegﬁﬁﬁm%l&r !1§£Ble e ORR/ EXATPLLeast Bﬁccﬁﬁlﬁ&ythb?f:ésl:’ﬂes 1 to 100

controls, to 20 controls. ng or stable
bi ndi ng: Thesm&sﬁauamlmmhﬁagmnwhmhmesﬁbsnanwﬂbammDhDIecules such as the

hybri di zati on of | ei c mol ecul. e bi ndj e ) to
anot her (or itsel ff?‘e‘toélgﬁ meﬂéo &P BREEE blsra?ﬁ%ﬂu% e@ﬁ?lth S%JRSCﬂlPEEm c acid
30nl ecul1g ( Hégdin 8 Be ReD W PRAcHQUrAB): (R NS0 (&hablbo¥y, bs'uﬂgﬁe hRtldds ahget
nucleic acid nolecule if a sufficient anount of the nucleic acid nolecul e

forms base panatsrids anesiewﬁxeddwlp@d The matsriglarmgethodm endexampdésrerdlvsgaive t o
permt detecti Blndlng can be detected by any

|
procedure knomﬁy?% %ﬁ %R?F%h %HHFW% art, such as by physical or
functional propertTetciotaté heidvabomt vetiagdi dihgz)ordﬁﬁérﬁfloﬂt(hfénﬁﬁ:)losure, the

following explanations of specific terms are provided:

20 Array: An arrangement of molecules, such as biological macromolecules
(such as peptides or nucleic acid molecules) or biological samples (such as tissue
sections), in addressable locations on or in a substrate. A “microarray” is an array
that is miniaturized so as to require or be aided by microscopic examination for
evaluation or analysis. Arrays are sometimes called chips or biochips.

25 The array of molecules (“features™) makes it possible to carry out a very
large number of analyses on a sample at one time. In certain example arrays, one or
more molecules (such as a nucleic acid molecule) will occur on the array a plurality
of times (such as twice), for instance to provide internal controls. The number of
addressable locations on the array can vary, for example from at least one, to at least

30 2, toatleast 5, to at least 10, at least 20, at least 30, at least 50, at least 75, at least
100, at least 150, at least 200, at least 300, at least 500, least 550, at least 600, at
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5Physi cal nethods of detecting the binding of conplenentary strands of

nucl eic acid nolecules include, but are not limted to, such nethods as
DNase | owochamsemB footprinting, gel shift and affinitypycrlisaviage4assays,
Northern blotting, dot blotting and |ight absorption detection procedures.

I n anot her exanple, the nethod involves detecting a signal, such as a
detectabl e | abel, present on one or both nucleic acid 10nol ecules (e.g., a
| abel associated with the binding region). Bi ndi ng region: A segnent
or portion of a target nucleic acid nolecule (for exanple, at |east 20 bp,
such as abou %@8@%9& [Rst 1%0,%4?%& 1:'(9&)0?8) m%ﬁatln'pﬁrtféglaggﬂrﬂ 1§Q%ﬁ'af‘ng§. to the
t ar get nDIeche. e nucleic acid séequénce of a binding re%|on and’its

cor r espondi ngntladegyetuckeicdodd mokcilds,motleauheldiavad snflédubds elmdt areuatleisc2@ci d
sequence 15 conpl enentarity sych that the two. are jncubated under

S onr i ate HYBRPHISHE sty shch 11 one. 20 AL m b aedrah wh RS o se o
form a det ectahigles ORRAEX - indAud@deleid Wt RbfecAlel dedPPAEEHY Sepafting@nt ai n

mul tiple different binding regions, such as at [east 10, at |east 50, at

| east 100, atgchemsttare@oycleie a¢idartp ajdoolityrof vograeninitoiexabipheisieg thegi ons. I n
particul ar exar[FI(?s adbciﬂdi.ng region is 20 approximately 20 to 500 bp in

| engt h. Wen BHt'd Srﬁr(ﬁ\él B %flelrlulg regions froma target nucleic acid sequence,
the target sequencwitBmnl@ra9béarhagdyddsahiple RAUENEsabR! M thik i& 16&dton cBiCh as a
mammal ian cell, or in a cloned form(e.g., in a vector). Conplenentary: A
nucl ei ¢ aci d hegeléahly and eonsisfegtly detseminadniidiresitleasytwa dimeasiophelrthaagrei ¢ aci d
nol ecule if t I.CI | ement ary
nuc oot | des 10 eV rEpatiol doPh fn dn by S EbmB U R R dhosk BT G
(hybridi 26) tezxamprhthetanay cai be rexximueh by aifrareed iguMbdraoiowsrang koluhioegst een,
or reverse Hoogsteen base pairs. Stable bindi n% occurs when a nucleic acid
nol ecul e (e. Prireeuli Jdupyn spsesd areays the lerdtioa Gt §ashp1aamls s )Rsvighed tashe
detectably b : i i g ag]g\ég,qﬁg aucl ei ¢

aci d) under %‘ﬁ@gﬁ%gﬁ%ﬂég@%pﬁ% s}féd%%'&:}%r?%ﬁ%gnaenﬁt arrty f};é?\ﬁgﬁ cégirjee to

whi ch bases iardarie coudhteicactalocatianolvele theeppmpgate targptr @featnregiositionaci d

T o e oSGt bR B ey oS . B Sy et
conveni entl y Wlesahbhed derPe&aN a6 as Ihadially dist{iRidaNaRer dpianifk, or o
nucl eoti des that form base pairs between two nolecules or within a specific
regi on or dormderedflustars).mbddicsdable, arfys usselparesonifutargeadableet thales of a 15
cont i guous nucl eoéi de {éegri on of %& 5 grptge nUﬁI eli C c1%ci d | ecul e f.orm base
pairs with a CAPYE “HURT RIS REPE IRCUEHE? PRSI KET SR OB T HEYSY dbe nucl ei ¢
acid mol ecul anfosma@draiodt he\empl. £ M4 povipdberat &/ liybyidiZatibmer biadi@etdanucl ei c
acid nolecule. In the present disclosure, "sufficient conplenentarity"
means that a i8elpdingferipstanpestgnabitansie). Jaiseme exansplepel sopenvtgneadablel ei ¢ aci d
ol ecul € fr 1&OhAY ORARGARA rkAHENRe Arinl8UhYREEILAS (B AGhAA hGaT o)
and a target nucléic aci d sequence (e.g., genom‘ot target’’'nuclerc acid
sequence) to Gatesian @ridgheanabhiehkhnbe ogreldted rosdoueh itfomadtivartty of t he
gqualitative and quantitative considerations involved in establishing

bi ndi ng condiCPPNEi s provided by Beltz et al. Methods Enzynol .

100: 266- 285, 1983’In"'s‘&giel@)(aéﬁl@?ftﬁ’@é‘rré?in@lludes(}ﬁ)qitﬂw_cyﬁ’llrﬁg,qle Eti\g dtrB8: o
Laboratory 15Manual, 2nd ed., vol. I-3, Cold Spring Harbor Laboratory
Press, Col d Smth,rdigr example nucleic acid molecules specific for known repetitive elements or

25  nucleic acid molecules specific for an unrelated genome or organism. In one
example, the array includes 1 to 100 controls, such as 1 to 60 or 1 to 20 controls.
Binding or stable binding: The association between two substances or
molecules, such as the hybridization of one nucleic acid molecule (e.g., a binding
region) to another (or itself) (e.g., a target nucleic acid molecule). A nucleic acid

30  molecule (such as a binding region) binds or stably binds to a target nucleic acid

-11 -



Har bor, NY, 1989. Conput er inplenmented algorithm An algorithmor
program (set of executable code in a conputer readable nedium that is

per f or redwonoexsessed by a conputing device at the conmmend/ustoi@/oosies. | n
the context of the present disclosure, 20conputer inplenmented al gorithns
can be used to facilitate (e.g., automate) selection of polynucl eotide
sequences with particular characteristics, such as identification of

uni quely specific nucleic acid sequences of a target nucleic acid sequence.
Typically, a user initiates execution of the algorithmby inputting a
comand, and SGELIDE R IEn MRictnSSH RERAARC SEhfIbIe T b GRARUE L, whi ch
i's capable of accessi ng 25a sequence dat abase. e sequence t abase can be
enconpassed wahdnedhens@q&&gmﬂﬂedmdnn@émﬂﬁ&nnmmﬁuk&rﬁ@uoﬁ&mﬂhemsgored

remotely and acce . via F 8onne¥£|on bet ween the co ke% a storage
medi um at a nearb 18 ing Sab PEIFEIE] PHANX PILOGHHTT KR O Q”? éihet .

Fol | owi ng i nidubREd BYp1dfsicaler Rh&Hal f¥betiBoBthe @IrbdiiHMdfe RIRG ®MP1sk. execut ed
by the conputer, e.g.,” to conpare one or nore segnents of a 30target

nucleic adid Rhysﬂqakmethgesrafrﬁete@bm)theémmgng h%cqr@plgecntmuycsltrendﬁ efaiudlerricet ul e.
Most commonl y ris

|
rorsers Tor "o bl fRtios buP i SRERRL &St (NGRS 9 OT @
medi um . foot@ﬁhﬁ@é %@1 @iflt aR€hffinfy CRAPOIENEs K, N&Mﬁbldttﬂig Hbﬂiloﬂtlﬁg

conjugated directly or indirectly to another nolecule (such as a uniquely
speci fi ¢ nucl a@ﬁélghb@mowpe clateeyort prosgdaiegs iln gnethejexampleo thegnethehinvabrecul e.

Speci fi c, NOMNye écp—h%la @%nﬁlf QJUB' B2 cf% ec a_%gql‘ﬁel ﬂ% e'ﬂ?gn Hléj&r lfo%l? S{J](;lel?ggld

quorogenlc nol e onbgeni ¢ noi et , and
radi oact ilge imsdtapese. gThelalbeﬂlaedocmaaahbﬁldieﬂﬁmlﬂlgre@&inect abl e (e g., optically

detectabl e) or |nd|rectly detectable (for exanple, via interaction with one
or nore additi onalBingingdgeton: 1 se2mans of portign AT yéretmaeris)acidnelesyls (§pr| abel s

|0 Lne _10cont ol of B PO 8RSScHL SRl RPeA RG] & A06 ARG MRS BELAY

Met hods for Iab I hg nuc acl gUI nce in the choice
useful for vapeaotistpthe pznrgesnolacmée dTbEEmKﬂ;@d acig sg]qencmOfSabIbdmg keaodakussel | ,

in Ml ecular .doning: A Laborator rd Ed Har bor
Labor atory  PrBSonPIOBE e Rae s T R madieulc e cifieisa mstSF B Redfehee

Mol ecul ar5Bi Qlogf¥em&AtGR ) Sudiihi WhimNbe ASS €1 iRl BAteaRAIW pB¥op ribRl Nt er sci ences
(1987, and including updates). DNA bl ocki ng reagent A preparation of

genomi ¢ DNA (lytredlzatsorhmmmoglertbm\eo mkcu}eerwﬂéhammee touieEm a;.dleet:@‘@h cal DNA)
that Is inclydedin @Dyl derall ARoleaethon d o, deahsasiblading,  f or
exanpl e, hybriPQIPIEY i &M eSS ErRIes dF §UD r g an PR THRIS LT GEP I ei ¢ aci ds
(e.g., repetirtiivas, Bud ik laaci M), aelqabetsoea&)leasm(a) 20=admben, at RascaFBO@Xanpl es,
a bl ocking reagent is unl abel ed repetitive DNA, for exanple, Cot-117\4 DNA.

Bl ocki ng DNA Mmeredinigue r‘?@lﬂl%@élqﬂﬁ off Rareylarexprles subiRdiag regiPirisn sper m DNA or

e 2 o Pl 105300 G, I8 DY R R 0 e e

exanpl e, a t uheleicsddidiequamiebthang getpeqiaice caroie oithiaed moins- mutiet Eren @ci d

component cell, such as a mammalian cell, or in a cloned form (e.g., in a vector).

Complementary: A nucleic acid molecule is said to be complementary with

another nucleic acid molecule if the two molecules share a sufficient number of

25  complementary nucleotides to form a stable duplex or triplex when the strands bind
(hybridize) to each other, for example by forming Watson-Crick, Hoogsteen, or
reverse Hoogsteen base pairs. Stable binding occurs when a nucleic acid molecule
(e.g., a uniquely specific nucleic acid molecule) remains detectably bound to a target
nucleic acid (e.g., genomic target nucleic acid) under the required conditions.

30 Complementarity is the degree to which bases in one nucleic acid molecule

(e.g., a probe nucleic acid molecule) base pair with the bases in a second nucleic
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25t hat a probe contacts during experinental handling). Genone: The
total genetic constituents of an organism In the case of eukaryotic

or gani snmewotzha/ogeavene i s contained in a haploid set of ebrarsesomesisdl a
cell. The genome of an organi sm may al so include non-chronosonmal DNA, such
as mtochondrial DNA or chloroplast DNA. In particular exanples, a genone
is a 30 manmal i an genone (for exanple, a human genone). Hybridization: To
form base pairs between conpl enentary regions of two strands of DNA, RNA,
or between DNA and RNA, thereby form ng a dupl ex nolecule. Hybridization

conditions r I L agt| i 1 1

dependi ng upgﬁﬂphggggkg?g’g%k%ﬂg@ﬁ§%?@%§§§??£%%%%?%ggﬁgﬁgm%ﬁgmﬁn%osition
5and | engt h afontdmetlylesditediby pauehiie, thatiig tikepropoties of Gerlestaleb yhat t he
tenperature of hybridization and the jonic.strength (such asg the +
Conbant at | orlPTBPNEHEADERCD A8 MIAEHliT R PG § TICH S R of RS RRncy of
hybri di zati onpolffiePres %Q&rﬁ%@f if 30 G0EREb Rk oPRI16 Qoﬂ@oﬁ@ﬁ@eﬁe&iﬂ@r&gbﬂ athon

(such as formamide) in the hybridization buffer wil also determne the
stringency (Sadiunusiciahcid mplecBledioun bag: [Birz-vgg ta1@8ajcleit @Gl reelkatle.dha

di hybri.di ' diti f t.t aj.ni ticul d f
R L e S N
second editi Qhe tat@dt duSpiciaoml iglebge. Laboratory, Plainview, NY (chapters 9

and 11). Hybridization conditions for |SH are al so di scussed in Landegent
et al., Hum Genetln tierprsewt dipgosurag pufficicaneemnplementarity” Hogans G at .

80: 224- 234, : ' al . - '

85: 9138- 9142,]S%ﬁ%eél.%%m%EIn &?Js?%‘?g‘%lfgsaﬁ?“sﬁ??g&ireglg P%‘lf\gﬁadle%?%?g%‘?lgﬁ‘:le %o @SHe nt
(such as 18 nubéreofo(sach @ anliQEly ecificdiisding regiong @hd ) tdras noekeit ®itbst anti al |y
separated or purified away from ot her bi ol ogi cal conponents in the cell of
the organi smSCBYeNERE-Br FARMEGH et Brfleiciagidgefieance e agﬁﬁﬁ%ﬁ@?ﬁta%bwﬁwg}- y
occurs, such r : COEOImRE RNA,

pr ot ei ns and‘%grﬁégﬁﬁﬁg é?g%§CI uﬁnﬁggﬁﬁggﬁgﬁﬁgg?gselns9t 5?Eﬁﬁygﬂg%en
"isol at ed" i rstablishimgibinding cacditionwvis peaids] yndelpr ataéiMahodr Brizvedl. by st andar d

purification net , te | sp _epbraces nucl ei id nmolecul es and

pr ot ei ns preb@ﬁég%géﬁrggghﬁ?%gi a@ﬁﬁ?ggé?gﬁﬁﬂnxéﬂﬁﬁév%ggﬂﬁgagi«@rv“z&
chem cal iy symthesizaddnyel. elt catd 9pii! BeBbEBaRRGoB) P&, 091d SRy ned or
joining: Physically connected or linked. In particular exanples, the

bi ndi ng regi dhab¢rsDoh 1889.uni quel y specific binding regions) described
herein are joined or |inked together, ta . produce a.uniquely specif.ic probe.
Typical |y the bi nd HEPPEST BRI ebByfhd A ESe Ml f tho2atigate 1 2

| i gati on reacGixkQnablEoyRVia M, cobipthr iéhdbIBE inAsure PiRattik perfOenddair reebuediesyi £al |y,
for exanple, by 30incorporating appropriate nodified nucl eotides (as
descri bed i n OBINUHARJaVies atdhe compmandpica wer.d5 the sonted: of fireiprggent digggsurgpt t es

and Sei t 5y Gb%mpute??m&enégépgbrithms can be used to facilitate (e.g., automate) selection

of polynucleotide sequences with particular characteristics, such as identification of

uniquely specific nucleic acid sequences of a target nucleic acid sequence.
Typically, a user initiates execution of the algorithm by inputting a command, and
setting one or more selection criteria, into a computer, which is capable of accessing
25  asequence database. The sequence database can be encompassed within the storage
medium of the computer or can be stored remotely and accessed via a connection
between the computer and a storage medium at a nearby or remote location via an
intranet or the internet. Following initiation of the algorithm, the algorithm or
program is executed by the computer, e.g., to compare one or more segments of a

30  target nucleic acid with the genome comprising the target nucleic acid molecule.
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2051, 2001; Mattes and Seitz, Agnew. Chem Int. 40:3178-81, 2001; Ficht et
al., J. Am Chem Soc. 126:9970-81, 2004) or by chem cal synthesis of the
pol ynucl ewbi2da/a8ex9Budi ng t he bi ndi ng regions. Alternatiperus2amostashdi ng
regions can be joined in an anplification reaction, or using a reconbi nase.
S5Nucl ei ¢ acid: A deoxyribonucl eotide or ribonucl eotide polyner in either
single or double stranded form and unless otherwise |imted, enconpassing
anal ogs of natural nucleotides that hybridize to nucleic acids in a manner
simlar to naturally occurring nucl eotides. The term "nucl eotide" includes,
but is not |iyf r i ncy

pyri m di ne, p%%tggmg%né rﬁ%?% Oaf%a oogsIQI %8%%3#@%??%?#\%3%@‘6 %ﬁélasscfjegeg)r (such
as ribose, dewmoytpulted &.or ingprmtdueformatamahtgscimpreutidabrmedibase | i nked to

an am no acid, as | eptide nucleic acid (PNA). A nucleotide is one
mononer i a potyraaBedebeR Mgy decSateuhbRr Epytred Rt fence
of bases in eincﬂi?écﬂw&h&%ér%lg:&lé‘?ﬁl:l?h@a agitely /AN ucldiS adld SHHIRQUD) iton or
subsequence of a target nucleic 15acid nol ecu?,e A nucl eic acid segnment can

be derived hyfpdtitet desestioy of thaaoroleabley Specific ananalimisingrenainples oflabels ol ecul e
in a variety .of s. Far e l e, a segpent, of a t.arget.nucleic acid

mol ecul e (sudicads digeicsin Ao iRgen i BrEie” SuPmoReHE LTI dBRE ot ai ned
by di gesti on affikify QBE 208 rAméRtLEBbIJpES. | P 18PAYHE e HReAlyQbtetbie Ruc! ei ¢ aci d
segnent that is a restriction fr a%rrent. Nucl ei ¢ acid segnents can al so be
20 produced fapdiatlly degcidle)mienditestindptactable éoncrample avip iieagtan wih opgy

hybr i di zat i on, (£ JGATR ol SHRLTARGIE (MDILEARDT P0LmplYy ABLLE 2!
synthesi s, or by any other procedure that produces one 8 hore  nucl ei ¢

aci ds thdl caohespofittle probsediselngel Hegeim ateadeg@ibedbel ogv. cMathiods fapllgelihe.
Nucl ei ¢ acid segnents may al so be produced in siljco, for exanple using a
conput er - i np|r@ﬁ%r& @édSang%gmfiW inthsghpice Qf kabels wastp) for SRS PRRASERAEE aci d
segnent is a pindi-pg. | egi i | aj i cyl i s capable
of hybri di zi ndééc\?\nggteﬁ’ ek girgieﬁl%brﬁﬁlg?;g %&asgy,gh%{zggﬁaﬂgc ’?2’”8 4 LS’QI%@%“ ¢ target
nucl ei ¢ aci d Moedd" efd.aGdld Spnien Huyborildibeedory ®resh€200d) gat Auswbetepdbire of

being detected either direc of indirectly. T .prqbes. perm he

ot ot on. _ardvta d5eces Grboles s Moy Sar s FUSbhiBE RASASIBHIIE c aci o
ol ecul e.151 N RREIRBEAT 9K ANB IRSudife PFRRE).Ii ncl udes at | east two binding
regi ons, such as two or nore bindi ng regi ons conplenentary to uni quely

speci fic nucl ei c RNAdleddng neagentif Aprepurajion of genaiie RVAdsupblasbumenand are

t hus capable of s ifically hybridizing t l.east. a, portion of the
target nuol oisraBicongr KPR pRay AR LR IR e g regi on
or portion ofhydribiza@bM@actee tolebtdsse(batiing EBRESIpld) W btidizZ@sh) b0 a hii€eicar get

nucl eic acid nol ecul e other portions of the probe 5may (but need not) be
physi cal | y cowistrabhedarigrachyisleie peidh & orepefae elses acpbsaduensss) i8dgnat e

R e e s N
present in thgappeb€ocah’ DN Blocking DA tihdiktinduinhed &opl ¢afiyierTONAI (guedl asf r om
the probe. salmon sperm DNA or herring sperm DNA), which is included in a hybridization

reaction to reduce non-specific binding of a probe to non-nucleic acid components

(for example, a tube, slide, membrane, protein, or other non-nucleic acid component

25  that a probe contacts during experimental handling).
Genome: The total genetic constituents of an organism. In the case of
eukaryotic organisms, the genome is contained in a haploid set of chromosomes of a
cell. The genome of an organism may also include non-chromosomal DNA, such as

mitochondrial DNA or chloroplast DNA. In particular examples, a genome is a

30  mammalian genome (for example, a human genome).
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A probe can be referred to as a "labeled nucleic acid probe,” indicating
that the 10probe is coupled directly or indirectly to a detectable noiety
or "l abelwb 2wtiioskeosenders the probe detect abl e. Repeatustoie@esiesjuence:
A nucleic acid that does not include an appreci abl e anmount of repetitive
nucleic acid (e.g., DNA) sequences or "repeats." However, in some exanples,
"repeat-free" sequences may still include one or nore nucleic acid
15segnments including repetitive nucleic acid sequences or havi ng honol ogy
or sequence identity to nultiple portions of the genonme. Repetitive nucleic

aci d sequences ar %M&ﬁb&mﬁ%g f&%ﬂ%@%@ﬁm&éﬁ/%{‘ccﬂn Bab&LG r'algloﬁs éﬁ%h as a

genone, for exanple a nmamualian genone enconpass a‘se
nucl eoti des wiracds cirleN AeRdat, ed bemieyn DINYesnd BNt thereb yt fandismaatupéexs . The

repetitive nuclei uence 20 can .occur i.n_a nuclei¢ acid seqyence
(oo o ramiprle o BuBHE TR S 6 RuBE Bsbating e erees of viioess S R ods
of thousands \gfy &&ﬁh&%guﬁ&gﬂﬁ%ﬁuﬂ@opﬂk$&§ﬁﬁgmﬁﬁ1m@&@&ﬁ&f&%%gmﬁﬂmQGE or nore
chr onosones throug out "a genone. In sone exanples, the presence of

si gni fi cafAt r@éé@ngtth vlethabgbrdizingoideragivereqesncen @ermraibeﬂwatnmp@r@mg%
background si Repetitive.nyclejc eguences .i ncl but are not
T fed to 2aPBRoadiERY thh By 6 B R PR e 0 Rb ber 1 o r epeat s,
m crosat el | i tigbrigpe@éSbuffdrMildeelhineehd apsSNS oAhybﬂcﬁmhs ,Thbprefs@ﬁ%tfs

Al pha satellite DNA and satellite 1, H and repeats. A

bi ol ogi cal spediml Wéamhadeﬁmq@esmhrl@l%tﬁowmﬂséong@n@ﬁi i@ tlmaqbrlcmmon

| ud fr,
Sosub ect © moash o8 8ty PR BIRRL (Rabd 000, RLLRER 2L 0%,
pr epar at ilons,Cparatipne redardih @ bghridizdtioa ,coﬁcahmmfor hitdsing paitephy deguesgfcal

speci nen, bone marrow, _ammiocentesis sanple and autgﬁsy naterlal In one
exanpl e, a séﬁrmg@n?wr@%gssaéﬁbﬁerebwewln@%ﬁ%lvé@l onipgesesithl e is a

cytogeneti c RGRA AblGprir i HATRIRWA! RIRAR, ey RlAGRA O £ 05coPe

slides. In particular sanpl es are use |re y, or can be
nani pul at ed piytidizationsendifiors fex Eitphie,aldoydifduxiedgn Lendpgentsusl. n@mfzo@emdt.l n).

Sequence identjity:, The identit r Iarl b nucl ei c
aci d sequenc&?#(é'gb ﬁ%@i@tﬂyﬁfrﬂ f’Heé ﬁtoél?ezﬁlfﬁ‘y\?g& §V\%P {mﬁbet ween
the sequeRCesp, SEUMENCEL] HENIA ¥5:0818- bmmmr ed in ternms of percentage
identity; the higher the percentage, the nore identical the sequences are.

Sequence simi | ari tlyolated: 0bé ispletad UIbiotbgical tempencof (Speh @%mnlatﬁlc géidilarity

(v ch ks LSRR o PRI SLYRLL 5, 0 0 30 BB R e
other biological components in the cell of the organism, or the organism itself, in
which the component naturally occurs, such as other chromosomal and extra-

20  chromosomal DNA and RNA, proteins and cells. Nucleic acid molecules and
proteins that have been “isolated” include nucleic acid molecules and proteins
purified by standard purification methods. The term also embraces nucleic acid
molecules and proteins prepared by recombinant expression in a host cell as well as
chemically synthesized nucleic acid molecules and proteins.

25 Joined or joining: Physically connected or linked. In particular examples,
the binding regions (such as uniquely specific binding regions) described herein are
joined or linked together to produce a uniquely specific probe. Typically the
binding regions are joined enzymatically by a ligase in a ligation reaction.

However, binding regions can also be joined chemically, for example, by

30  incorporating appropriate modified nucleotides (as described in Dolinnaya et al.,

Nucleic Acids Res. 16:3721-38, 1988; Mattes and Seitz, Chem.. Commun. 2050-
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Met hods of alignnment of sequences for conparison are well known in the art.
Various prograns and alignnent algorithns are described in: Smth &

Wat er man, woO20Adh82298ppl . Math. 2: 482, 1981; Needl eman & WImask)10d624861 .

Bi ol . 48:443, 1970; Pearson & Lipman, Proc. Natl. Acad. Sci. USA 85: 2444,
1988; Hi ggins & Sharp, Cene, 73:237-44, 1988; Higgins & Sharp, CABICS
5:151-3, 1989; Corpet et al., Nuc. Acids Res. 16:10881-90, 1988; Huang et
al . Conmputer Appls. in the Biosciences 8, 155-65, 1992; and Pearson et al.
Meth. Mol. Bio. 24:307-31, 1994. Altschul et al. . 20Mol. Biol.

215: 403-10, 1899, 2d@)ﬁe§/ﬁl%§?rﬁ1 sletahLes, ¢onsi ﬂﬁh@thg of 2648 {iﬁgﬁﬁ i gnment

met hods and honol ogy’ cal cul ati ons. asi Cc I gnrrent
Search Tool (BLASien. (9Akt1§6tﬂ9l70{8t1 2004) odby Mndmlcasghtheﬁ%f the PolydpcledeB) i s

avai | abl e fram sever al urces, in Iud|n t he Natj onal. Center .for

31 ot echinol oy WIRGBE HeTBRETE LT S asr b B PR SBF P H DSdoredBbm 25
8N805, Bet hesflgun VA28 A N oPikid e rdcBIBIAGL., for use in connection with
the sequence anal'ysis progranms blastp, blastn, blastx, tblastn and tblastx.

Addi ti onal i nf or rEYudeic agid: b‘éde@wmdtoamclqdﬁ@emcebowbeo@ﬁ@ golymer in eitheBl. ASTN

Compare. am no i 0 Qeglicende R " FlTBRRu Rl o ioRERE SBk Rt 10

homol ogy, t hejt nhhigal G@sleaildls Qﬁht(h?b@&lke fd h1an hdidPimes@minet HiasRir ECfit@RTy Of
honol ogy as al i gned sequences f the two conpared sequences do not share

honol ogy, t hesceag daslegidasedhe tarpuinugliepedayiingludgst byiesetdimisd tgned

sequences. (ﬁhﬁ!) used to
conpar e nucl erfl%noélg}zhkgégéﬁdﬁ%g?g %h(?mgeéé%ﬁnlgalfeé Oégg%{ tgthcsz%fg BLAT
is avail dbl e tﬁére@mhabes/cbtroaal SugOUGeEsas ritose Uﬂdbﬂgﬁé@dﬂbr dyntlerioahalogs méianf)a Cruz,
CA) and on the Internet (genone.ucsc.edu) Once, al i gned, the nunber

of mat ches |s°r&é’taéf‘rlﬁliﬂ??éld° BY 20MAGIh g ﬂIh%P‘FREWBéIPC]SF a5 PN Dnd irdetidan
i dentical nugl 6! jdRoRE mﬁ%&ﬁ%@u&@%q&uaeb%deosgla@gﬁrs ?&eﬂs% %tsggé&qyences

The percent sequence | den determ ned I ng the nunber of
10mat ches ei tdidasdsyn hpelyneclgitideof t he sequence set forth in the identified
sequence, or by an articul a th (sych .as 10 conseg(gftlve nucl eoti des

ed |
or ‘anino aci d 1 esiRuLlel sk Soegmenky g BBROTIGY O SOSHN irh A feebBCIeIC
sequence))s followedcly. Mudcldd ¥didge fgnh&t eSS ddr@d ¥ighdiBetk¥illF BPactlrAly exanpl e,

a nucleic acid sequence that has 1 tches when aligned" with a’test
sequence havifrgnm mwgemlemmchwlchlem a(yalpetb’ oEmtays.dEertdxeaiplel Bisegmndng of est

seqguence (1166+15 00 7a 31 Ih{e per.cent seq%‘? e |1dent]|f1§¥ vaI1 e is
rounded to thearr%a? lcfm {1 1CHST CBILRGT &SNOPEC BT A S g 75. 14
are rounded dﬁ%tdlﬁbd@ digestloh Math/énel® mof & rékfrictith eﬁZmes&o %BOduaéld né8leit9 are

rounded up to
acid segment that is a restriction fragment. Nucleic acid segments can also be

20  produced from a target nucleic acid molecule by amplification, by hybridization (for
example, subtractive hybridization), by artificial synthesis, or by any other
procedure that produces one or more nucleic acids that correspond in sequence to a
target nucleic acid molecule. Nucleic acid segments may also be produced in silico,
for example using a computer-implemented algorithm. A particular example of a

25  nucleic acid segment is a binding region.

Probe: A nucleic acid molecule that is capable of hybridizing with a target
nucleic acid molecule (e.g., genomic target nucleic acid molecule) and, when
hybridized to the target, is capable of being detected either directly or indirectly.
Thus probes permit the detection, and in some examples quantification, of a target

30 nucleic acid molecule. In particular examples, a probe includes at least two binding

regions, such as two or more binding regions complementary to uniquely specific
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75.2. The length value will always be an integer. In another exanple, a
target sequence containing a 20-nucleotide region that aligns with 15
consecut iwe 280mseivsot i des froman identified sequence agcCralscavwmenient ai ns a
region that shares 75 percent sequence identity to that identified sequence
(that is, 15+20*100=75). Subject: Any nulti-cellular vertebrate
organi sm such as human and nonhuman mammals (e.g., veterinary subjects).
Target nucl eic acid sequence or nolecule: A defined region or particular 25
portion of a nucleic acid nolecule, for exanple a portion of a genone (such
as a gene or elchOlAilRlicARIBRL IR SGARM i MRIEABLAD BeuckadaulE off
interest). In an exanple where t target nuclelrc acid sequence is a target
genom ¢ sequepcaficalydtybadizargyetat teast dyprded ointhd tdyyetinusleppasid molecaln. a

chronosone (e.g., .jn a normal cell), for exanple, according.to cytogenetic
momencl at ur s G apSiadD g are i (R 3 SRR CGUG B B CHDBHE: by
reference to {fhginkPe@iidofRd e 1R tSPElUcRifBRd mdYedu R RhEMBHIR A typebhet i cal
or assenbled contig;” by its specific sequence or function; by its gene or

pr ot ei n name;may (bpyneedynopitieephysmealhscansampinechfrqueiypridgengt tofthess otherf r om anong
ot her genetic_seguences, qf enone., In s exampl.es, t.he target nucleic
2t d sequencd T Earrar<HinGap SR e it E e T B s pr bR HE M Shnom ¢
sequence) . | niiSMrEr o 8R! @gnatdbindil RS hoher ! AhGelucRUCIRI MoRells Sequence
(e.g., 5genom c nucleic acid sequence) are "associated with" a di sease or

condi ti on. THagsepkin thpisbe combipd te pree angthpstthpyanplifyingsignak Bgmdhe araban be
used to infer i res »t i or

condi tion. Fol? b@%ﬁ%@é??@(fﬁ%ﬁftgr ggf Jlaﬁ)ﬁlgfigllﬁglegcca}%&? éré){&%e%@:ag"‘égﬁzﬁﬁ in two
(or nore)l0di girotgivicsinged eiréddlyrs inditectly tdwadetectible stoidtponilabely elbldties Wi t h
absence of a disease or condition and a second (or different) form
10corr el at es R4k thR@ecslstdleof the di sease or condition. The two

different forns c ; | i.v.el St j e :
pol ynucl eoti de po@e rgfoﬁlllégrsr%dl?egllﬁ%/ é%/m{ék%é %d\?\gwcﬁl??%r@m&y%?r?g%ggﬁcﬁge
guant i t at i velanaiing bfi regetitplealnklejc ®utte. asDBY) sérpencayive f reptate.d pileseat, inhe

target nucleic acid sequence that are present in cell. Uniquely specific
sequence: A MOECEN AL d TSEAUERS S Brenshy TRENGH HREOTF of TS RtEneS BNt y one

time in gsgengpBedt iRMudiPRBEGNe dulled R td@EARE oEKANRY BoméloBPbfuel y
specific nuclerc acid sequence is a nucleic acid sequence froma target

nucl ei ¢ aci d seqesnch entiy0ooddple pewions ehthetegnavne. hRepetitivernysleiqadtlei ¢ aci d
and has no sisgni ficant id ity to an her n|1|cl el ﬁéachd seguences present

' the speci FaoesRORs pRER ddrooBaley nabIEH oBU5 fofi (REhds RaPHTHE Bre
exanpl es, uniegd@ble SP&GKTalien genome) which encompass a series of nucleotides which are
repeated many times, often in tandem arrays. The repetitive nucleic acid sequences
20  can occur in a nucleic acid sequence (e.g., a mammalian genome) in multiple copies
ranging from two to hundreds of thousands of copies, and can be clustered or
interspersed on one or more chromosomes throughout a genome. In some examples,
the presence of significant repetitive nucleic acid sequences in a probe can increase
background signal. Repetitive nucleic acid sequences include, but are not limited to
25  for example in humans, telomere repeats, subtelomeric repeats, microsatellite
repeats, minisatellite repeats, Alu repeats, L1 repeats, Alpha satellite DNA, and
satellite 1, H, and III repeats.
Sample: A biological specimen containing DNA (for example, genomic
DNA), RNA (including mRNA), protein, or combinations thereof, obtained from a
30  subject. Examples include, but are not limited to, chromosomal preparations,

peripheral blood, urine, saliva, tissue biopsy, surgical specimen, bone marrow,
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20 nucleic acid sequences can be identified using a conputer-inplenented
algorithm for exanple, BLAT. In other exanples, uniquely specific nucleic
aci d sequeoces/sa93be identified enpirically, for exanplPel/usao10962485
hybri di zati on to nucl eic acid sequences on an array. Vector: Any nucleic
acid that acts as a carrier for other ("foreign") nucleic 25acid sequences
that are not native to the vector. Wen introduced into an appropriate host
cell a vector nay replicate itself (and, thereby, the foreign nucleic acid
sequence) or express at least a portion of the foreign nucleic acid
sequence. | N QfifoCARE hmpfs 8L opk S ridral! Rlonlexfihbfelh i eﬂcﬂ&ag aci d
into which a nucleic achd sequence of Interest is Introduc or exanpl e,
cl oned) for tg@eoqnwr]mme lofsol@@erphpleatthosan{pde §.a cypreedetct proparationd far

mani pul ati on usin ndard reconbi nant nuclei c acid.techni ues
oot Picti on ARGBER SR el U Pt R a1 g B eNEBES: hat

permt it to a&@QéeﬁQﬁ%@ﬂ& Rr BalBS makiPhlatedPHR 1R Gse@fbrRkAEpIR, lS‘Jﬁh%g'(& at' on. A
vector can also include one or nore sel ectabl e marker genes an

genetic ebenening fkroslm)i n the art. Cbnnnn vectors include, for exanple,

PAc. 5t wao) SRy ARRE o bl P NS OPER o P s B o

these types akidRghéHcss is Bxpresldliy terﬁhs‘éﬁﬂfeQﬂeﬂtiﬁbiﬂﬁﬁﬁlaﬁﬁﬂ)e@xfzedﬁQhﬁ uni que
restriction sites (and in sonme cases a nultl-clonlng site) to facilitate
B

insertion of saqlﬂee@r:@setSeﬁu@Ceu@enaei erncheqnesseied in ﬁsr@ﬁe s@a%m idenfetyistBed
herein, two qf HE?'E}% C&g&gpggi 9§deég g;{épéeg g eg EQq&éH&eqéiﬁnpén?cheaﬁ' fic

nucl eic acid se guence uce I'n"a vec such as a
pl asm d do arbeaﬁéasﬁnedlnatenmhbbpme@me(@mgamtyw/aﬁm taltek lidtb at@unctvmeemsive, Pl
based artificial chronosone, bacter] al art|f|C|aI chronpsone (BAC)). 15 IV
Met hods for PHERAFIAGURsitiRes) thsugherithe psrespiage. the morgainkl dheseapingeiuci ng
nucl ei c acid probes including binding regions that are conplenentary to

uni quel y specific nucleic acid sequences of a target nucleic acid nolecule
are disclosed her é¥lethodnofpdighinend Eirsegueang fes comperisne titvossll kmsyugbeth¢ aitni ng

at least a first bindin i.on and a second

o1 e ot er mi neVTIPAEIOS DIt RHEA FanT TN arer T B Nainge Lafere ar e
conpl ementar yAhOApm Skl L. 43080041 NeBUEmeh & AainseS §aMBN$Es1. 44043 axapp! e,
sequences that are represented only once in a genone of an organism and

t he bi ndi ng rRegisonsk LipstandBrabdutl. 2086 5¢i. US4 85044, P8Rotiaginsak $barpaucl ei ¢

acid mol ecul &;,,, 73.937.44. 1988; Higgins & Sharp, CABIOS 5:151-3, 1989; Corpet et al., Nuc.

Acids Res. 16:10881-90, 1988; Huang et al. Computer Appls. in the Biosciences 8,
155-65, 1992; and Pearson et al., Meth. Mol. Bio. 24:307-31, 1994. Altschul et al., J.
20  Mol. Biol. 215:403-10, 1990, presents a detailed consideration of sequence alignment
methods and homology calculations.
The NCBI Basic Local Alignment Search Tool (BLAST) (Altschul et al., J.
Mol. Biol. 215:403-10, 1990) is available from several sources, including the National
Center for Biotechnology (NCBI, National Library of Medicine, Building 38A, Room
25  8N8O05, Bethesda, MD 20894) and on the Internet, for use in connection with the
sequence analysis programs blastp, blastn, blastx, tblastn and tblastx. Additional
information can be found at the NCBI web site.
BLASTN may be used to compare nucleic acid sequences, while BLASTP
may be used to compare amino acid sequences. If the two compared sequences

30  share homology, then the designated output file will present those regions of
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In one exanple, at least two uniquely specific binding regions (such as at
25 |least 5, 10, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000,
1200, 15080 208082292000, 2500, 3000, or nore bindi ng regiPomd)S2@0@6i48E| uded
in a nucleic acid probe. In particular exanples, about 200 to 3000 (such as
about 300 to 600, about 350 to 550, about 500 to 600, or about 500 to 3000,
about 500 to 2000, or about 2000 to 3000) uniquely specific binding regions
are included in a nucleic acid probe. 30The nmethod di scl osed herein

provi des for generation of a nucleic acid probe that includes at |east two

bi ndi ng reqi g Ny i.fq i L.d seguences.
I'ndrng regl %ﬁ&@&%s%gﬁgﬁ%f‘%egu&&ey erﬂaeﬁ“Yo ér?g@gkédaé‘egﬁ%?é 8 foldhihd sequ

Much of the genone~o nism (for exa yoti1c organi sm such
as a mammul , lenplogya thennendescaned sugpud filemenk nmipepsehtyaligpatiehuencasicl ei ¢ aci d

Than once. 1 tho- gBigHe)S THbF LSRG Qoo HoADY SBBrTTOR BF SHEGHRNT an genome
that consi st s Rfeid REEIdqubNRs FRANENER M SRES [2:888-864 100DF BIPRTEXAVERLELY
40-50% (e.g., Lander et al., Nature 409:860-921, 2001). Thus, the portion

of a genod c fran geterdyelees inedidingBkretdofeemptiest (Sprta (g ied yandpadhé i c wil | be

only a fracth& Qf Qpe taE%gg ucleic acid nol ecule. There are al so
r egi onal di ffé 8hé8§“&ﬁ€ﬁl 'd@”ones, for exanple the human genone. For

exanmpl e, regional dediikh&s, BRCRENKD IPMatBedlisideRiANee DyRetBRNhE alihbaMer i C
DNA, teloneric DNA, etc. In sone exanples, the binding regions selected for

the probe ar efghitieanyheyasnddearer] ucigpiedaoraanting aeié desidhedtigirotnted ebogenoni ¢
target nucleig aci.d rplecul.g se'qper&%ri&é igl f%rdef&‘rgﬂ}%h% didill Qﬁé‘ﬂirﬁ%ﬁoﬁg' ons
conpl ement ary ) uni quely specitic Aucl & ¢ aci sequence fepresen ess

t han aboul 2GPHat¢isseithashyl s feniothast thd eddfne@%et H8in 1&YlertHitd %equknge, 02 5%
14% 13% 12% 119% 10% 9% 8% 7% 6% 5% 4% 3% 2% 1% aor even |ess)
of the genomi®y atnaﬁf@@tlatﬁ%lﬂné?hc(sw 3 1P8icepisretivepyiclealidesframipe acid rerifuss

regi ons conplg&ignt %n%@sé’c‘ gl 4 i8RRGHEh s %JEH&%,%%%M %ﬁﬂfﬁggﬁg they
represent about 1-20% (such as about 15-20% about 10-1%@6 about 2-8%
about 3- 6% rosuligowriu2bB990. dforteh@nplenomideit acigetquencd thiachaclildo moltades| e. 20

A. ldentifying Uniquely.Specific Sequence he discl os met hods i ncl] ude
Cdent  Tyi ng (VTG Gt KR ARG PSR S Bat o AT s LA PESERY SSSBEL 11 ¢o
a target j8ucliite @&l sdquefcdiigye] 3543 PEEI75I05. THE belcentaBh nsE ARG S alu i@

nucl eic acid sequence of at |east 20 bp (such as at |east 20 25bp, 30 bp,
40 bp, 50 bp,rosaledpo thegrebysst ©athh For egniple, 76010, Bp.12.0f5.- ored 7 hdierd s present

P AGRL R R h T I B A M

exanpl e, a umisqethe 18pasivhiue wilalwedys baahdnts &g eh etotEaexb@pR, Augtei ¢ acid
sequence froma region of the target nucleic acid that has 100% sequence
identity wi tIFegupaee epigmedr20-pecleodidgaegion that aligns with 15 consecutive

20  nucleotides from an identified sequence as follows contains a region that shares 75
percent sequence identity to that identified sequence (that is, 15+20%100=75).
Subject: Any multi-cellular vertebrate organism, such as human and non-
human mammals (e.g., veterinary subjects).
Target nucleic acid sequence or molecule: A defined region or particular
25  portion of a nucleic acid molecule, for example a portion of a genome (such as a
gene or a region of mammalian genomic DNA containing a gene of interest). In an
example where the target nucleic acid sequence is a target genomic sequence, such a
target can be defined by its position on a chromosome (e.g., in a normal cell), for
example, according to cytogenetic nomenclature by reference to a particular location
30  on achromosome; by reference to its location on a genetic map; by reference to a

hypothetical or assembled contig; by its specific sequence or function; by its gene or

-19-



30nucleic acid and has no significant identity to any other nucleic acid
sequence in the genone which includes the target nucleic acid nol ecul e.

I n partiowbaniigns2aypl es, a genomi c target nucleic acid meCceask@omb248hnt er est
is selected (such as one or nore of those discussed in Section V, below).
The nucleic acid sequence of the genom c target nucleic acid is obtained,
for exanple, by in silico nethods (such as from a database) or by direct
sequenci ng. In sonme 5exanples, the genom c target nucleic acid (for
exanpl e, a eukaryotic gene target) includes at |east about 10,000 bp, such
as at |east ghouh, 20000y %3, Q80 8000 ung{gel?rqgentﬂ?gg {400 agle ORR;

500, 000, 600,000, 700,000, 800,000, 900,000, 1,000, 000, 1,500,%00,

2, 000, 000, 3,40&dEquenteOO0y SO0 NEP,In somepx@ENlesy ¢lie agecanuaeit acid sedqueaomsone

or even an entire none). 10Fol | ow sel ection of a.genom c target

Ucl 61 ¢ aci 4 ' BEOETIEN BB S YOS UUBHEUEE A B BroBHa Pt ect od and

remved from the SRGUABESmbI, SBRGSHART Gfhet RSYic QCiaSHARhANLd Al |y al |
ntially

repetitive nucleic acid sequences (for exanple, substa y all known
repeat se§uergsasmicoructeheaqid sequended pregasmerledawich’| adinedse pecongritbn: eftpved from

t he sequence.. FE xa e, repetjtive, sequences,(su as. 15 tel onere
orent arens biis e ROPhE 1ark 8 ld A6 SEMRASER b BUHlo Mot e PR oS
repeats, Alu sﬁﬁﬁ?mbﬁh rdspedt @P@@ldsseadd Phandiabel Foit &abipfe, tandresahi@idit bh@dl, H,

and Il repeats) can be identified using a conputer inplenmented al gorithm
Such al gori t HEBUCRER CHNBK 1R HVQ (1 nagre) Gipfenguirbpllg oranst sushrteatadpptfesni ons such

as Repeat Mas i . r i . I g) and
CENSOR (Kohari%%hgga?e\éﬁ){.’l,h{a%\%c%) fEiQ%slen oérrcr%g |lg§n \‘ﬁ\q‘?ﬁ&%@@%ﬁ%ﬁﬁ%ﬁ on the
VWrld Wdé Waorratategiwithihit pregeieens olid disdex opduymfitionn Thepab Wiffarb@rfoexsadpl e,
Repeat Masker is used to identi f%);repeti tive sequences. Once repetitive

sequences ar @%Yalpfiyslydistinggshables sycims\hyPolyggieoies pRINBRIRM YR dod/Ohucl ei ¢
aci d_sequencepe Rlo JRRKE Lok bEY R Eveh s RARRYLIE WGP EINEAE Gulfibe: De
replaced with a non- nﬁéél eor{nl(S e cﬁgr act eIrV,e JSIESCLI%ES 25 "N or ﬁlthua nunber

i ndi cati ng t hd copiebef thefarganseleint dcubsdgaseeplyitrase prhsint ar €callasked) . Sone
conputer algorithms for idenfifying repetifive.nucleic acid, sequences al so
“rask" the repeti tovang herb s ec-cRainsle i RafEaery IRatBRSoR)
Thi s gengrat g3eanceHI$ baOtindlih ¥ ckeREAbE I §8aGAOM & phiditdat etiGI€lc acid
sequence. 30To facilitate the automation of sequence selection for DNA
probes, in onaighhplelfictneleraicabiegdenye noaiecleiargdtsequenrefromaciatges equence
(such as a substanti al,l r at -free.genom arget  nucl.ei ¢ .aci, € sequence)
o enuner at od B Ransaflog) e IFREEIRbSRE AR LB et MY S afip 360 B ae
segnents of ahalificadOrdelltyltp ahy 6thex@dt cid 30RIdhcPredoht inphe gleoiic 75- 250 bp,
about 100-200 bp, about 250-500 bp, or about 35-50 bp). In a particular
exanpl e, the &sagnehas ingludes herapouiclerpacigpn spge @agm)lmnv@qway geacififucl ei ¢
aci d sequgnc ed | n- 11DQ.

onseout e SHt#a SER R A R o PR S I RPL i,

exanpl e, overtbagpinyde, BLAT. Ireathér camphaseigpaily spesifthuakidaci®@seqaencks 5, 10,
15, 20, 50, or nore bp). In one exanple, the genom c target nucleic acid
sequence is ﬁﬁ&?éffeé‘&}ﬁ?%?‘@%%?ﬁﬁiééé{ ?W%Hﬁlé‘gg]b’ﬁa?o‘ﬁi‘tﬁ%jl POl bai r
segment s (f OregxaPR! & aPasfS 1-100, 10101-200, 201-300 of the genom c
target nucleic acid sequence, and so on). In another exanple, the genomc
target nucl ei ¢ aciVdect@guény sudlsic seiddhataed ab atcarreo fiwathdri(Verel ©0') badeicpai r
segnents jthat overlap by at |east. one _base i such as, over| ap of 99, 98,
57206, o35 i wauctBe thalire o PO TR e Ry Wneb iU 81 Hhebs 1 100,
2-101, 3- 102,apfropPidedivd; &M ORictR mBASHTale kO (aft, WGebyl frelibRioAdise on; or
15bases 1-100, 10-110, 20-120 of the genomic target nucleic acid sequence,
and so on. acid sequence) or express at least a portion of the foreign nucleic acid sequence. In

one context, a vector is a linear or circular nucleic acid into which a nucleic acid
sequence of interest is introduced (for example, cloned) for the purpose of
30  replication (e.g., production) and/or manipulation using standard recombinant

nucleic acid techniques (e.g., restriction digestion). A vector can include nucleic
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In a particul ar exanple, the genom c target nucleic acid sequence is
separated into consecutive 100 base pair segnents that overlap by at |east
ten base weiwsl/083296h as bases 1-100, 10-110, 20-120, 30rL3@sediobmsgyenom c
target nucleic acid sequence, and so on. 200ne of skill in the art can

sel ect the anount of sequence overlap used in the disclosed nethods, for
exanpl e, based on the size of the target sequence or the anpunt of
non-repetitive and/ or uni que sequence present in the target. In sone
exanples, if the target sequence is relatively small or includes a high
nunber of re , plL&nt a |l arger
overl ap (forQ%%Hﬁgyéméﬁggggﬁﬁglggbe ntgyﬁﬁgﬁggéng 8‘§§H§?gfé§§t 99, 98,
97, 96, 95, 9dplic@Bon.93,vedlby car al9Pinbhsle opabr sipre sleitectﬂbl"eemaﬁxagq:ﬂeesnd if the

t ar get sequence is rel t|veI Iar or contains a lown r of repetitive
sequences. o CHIERHRGIUPEL G TaRaApt b omTEY YECeBBHE SOt AT er | ap by

10, 9, 8, 7 p@asnﬁds 4:0sr§1ds 2phagé é}iaagﬁﬁﬁs R fiGal c‘l’lforﬂ&oﬁié@@ ?PBK@X pag utilized.
In sone exanples a selec nber of uniquely specific sequences
30from a §endii\€, Yé@end he@ndﬁrthatsnmporemfamea Oﬁmons @aapam pf;tdlbmtymﬁeﬁ | ap,
the overlap anpunt Z qré pb? % | pue

speci fic sequehcly TFYP(B‘F% ]t‘/haevegc Hol e °P5é¥ H}Oé%}l%lﬁ“? %65618 ar ﬁlé‘%i ancimn

ot her exanpl Gh%metda%sﬁr}ﬁﬂﬁf@émﬁ?s@d)% sepaseiteRridfof SafuenaRei@i@d car I ed out
using a conputer inplenmented algorithm (for exanple, a nmacro-enbedded word
5 processi ng SEA¥E¥E- 1 n one exanpl e, the MATLAB@ progranmm ng Ianguage

(version 7.9.0.52 , is used to
devel op an aIgori?H%ﬁ%ggl ]ﬁF}P&“Q?P$¥¥% %8%&§Kﬂmﬁﬁh%&%u) hat are tiled
(over| ap)lOby m@inplaasitargneuhigsdy ppediﬁc( m&ac a&daéqdeee@tarelmtrzdu&d ahd 5, 10,

15, 20, 50, or nore base pairs). In another exanple t he enuneration and
separati on offcRligissrie ége?ter é‘é‘fl‘r fsepplaumid g ap grtiicaglichiampsemer-§d 8685 eadi ng
frame where eYerdaRasshilomhce PANERAGDHcid ARITELAR. bedtiabiuRh as 20- 500
bp) is analyzed for any given target nucleic acid sequence. In sone
exanpl es, thehmmdsene B(@).segnments are about 100 bp. For exanple, segnments
of about 20-500 bp can be used for the disclosed nethods. Commonly used

nmet hods for probe | abeling (such as nick translation) result in | abel ed

15f ragments qfy, apmviehods té! P’rohﬁ@m%qg)maﬁely-gﬂé&ﬁcrﬁﬁbw uni quely specific
segnents of greater than about 50 may not i nprove probe signal

strength. In addi tMOtﬂiOd&J@qua@Ell‘!g'n@Cﬂfa@mléGrqhes)b@hfdnlmgmdms r%‘l@nsqbateiml |y

| onger than the eci,fic nucle

fragnent may COMarMR e FRRE, et e RS0 S RSO T o ARt ERM puic i
acid sequencemol&fule aldiissed Rere. AR @afticaBirerdbple t}?&hemlmimlalfuﬁehcdﬁm t her eby
i ncreasing the signal strength of the probe. Having uniquely speC|f|c
segnents of athéust sEhindig regigpangd 1 sigend himdpregBaion én pereseyteradnesierdever t he

| arger tapget, ﬁﬁgg

unlquely%@peéﬁﬁlc §%§%@qnggﬁg%§g%§P%%%%a§ ﬁﬁﬁm Jﬁﬁmﬁgﬁgﬁ%sggcabout

Igogogobgo(() S lémhleaSacacL qu{a&?gé gﬂgewgag%ﬂg, s5q>udih6f.khtbax, arah:pmseﬁt@ﬂ)eﬂl‘_y dh@é)lnbz_p, abpgt
- 10, p, or ou in the oni ¢ rget nucleic aci

I'n parti cul argCQQ@ﬁB?e%org@WéH%éP Beddn ’Pﬂ frgiany 1 @.r%@% Foput i‘le”/ REESC

?gp;g?thggegﬁﬁnggkt%éépgk%ucgggq&ﬂ&egaby about 1500- 2500 bp in the genomi ¢

In one example, at least two uniquely specific binding regions (such as at

25  least 5, 10, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1200, 1500, 1800,

2000, 2500, 3000, or more binding regions) are included in a nucleic acid probe. In
particular examples, about 200 to 3000 (such as about 300 to 600, about 350 to 550,
about 500 to 600, or about 500 to 3000, about 500 to 2000, or about 2000 to 3000)
uniquely specific binding regions are included in a nucleic acid probe.

30 The method disclosed herein provides for generation of a nucleic acid probe

that includes at least two binding regions complementary to uniquely specific
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The segnents of the selected genom c target nucleic acid sequence are
optionally screened for G C nucl eotide content (for exanple, percentage of
bases i n WOaonusk®3c aci d sequence that are either guaniPo®/useolopsnssine). In
sone exanpl es, the selected segnments included in the probe hybridize to the
genom c target nucleic acid wunder simlar hybridization conditions. In
addition to potentially maintaining nore honbgeneous probe fragnent-target
hybri di zati on, probe G C content bel ow 65% can facilitate chem cal
synthesis of the DNA. Therefore, segnents having a G C nucl eoti de content
of ,Tor €.t han ARt! a B AbndoeS Rk BR 1RARHE3 BYAN SHARisASSRAGpRd Ban about
70% or 80% or | ess rEi1 out 30% suc | ess an about 20% or 15% may
be renoved. Mekinydsc biganidet ewaliasiangarBhd, aigc ladoimade casnteofinoofundgebquence
are known in the_art. In sone exanp | es, (IE/C content may be cal cul ated using
the formula [PEHC &)1‘71%1&%*?#6@6?0%:5 L PHTPIE-RAMF STHEATR SR Fods f or

det erm ni ng % e%’%&ﬁére'tﬁﬁlé&f&%ﬁﬂﬁ%ﬁé&@i Bd¥Rk Rl @d pRdRRdd &M such as
O igoCalc (Kibbe, 10 Nucl. Acids Res. 35:Wi3-46, 2007; available on the
Vorid Wdé Whammabeasganomsrthiieessies nf @@at/itb\reoieqmn@ismqsgmwddo hem ) or a

ot ogr amm ng. aRGRAGR DAY e kgt BEREH S R sPo I ARl of

sequence. Theos@g®H Sendid fagxes BhAEIE qdldgﬁa@mle tHaBls@RiqueCipetitic Gl desequence
are 15optionally screened for endonucl ease restriction sites (such as type

|1 restricti olgf fragtions fthetasgps nucleingeid/malegule. ghlgre apsie) reg@sal | Bt gzl ,
Aarl, and Sap dbéffreﬁ’ée%%ﬁgﬁffgéﬁo lé%rﬁ Q‘E}?e% ggé%%ﬁg%f%;& tl@?%%lgn %”d/ or

subsequent subclonin icu | m nat sequen es a
wi der varliet wlﬂéreﬁl%coh@ﬂsm@lff@mnbmtwa'diﬁdeﬁfromemc DIN/s,asflermexia N £sstc.SBgment s
including one or nore type |l restriction 20sites selected from AscI/PacI
Bbsl, BsnBl, ssglgwxa@?ljzn e pinding rggignssighictedifor theRsoRscrre RpRKeRfizupyy and/or

determnlngt re . In some
aE@d @{rﬁbﬁ%qgreoﬁglll(]ﬁ%’; I%l’%{)é&%fn‘?@ta? eTt fecl&k %J&Qﬂéﬂ&dl@. ﬁlﬁﬂfga]rﬁcrd}éara

exanpl es, restriction enzyne sites
conmput er i rrpleaampteedhangdmgtlhgnonscmhplamemﬁactunmmuem\i@miﬁnghalni;t aBidoLabs,
| pswi ch, MA; available on the intern

t ool s. neb. corPREEBETIPESSF IRtdRah o gt?(?téﬁlcgé‘&&nﬁ'éﬁ&lﬁ&a??‘)‘t V&ré%edi& corp. ,

Ann Arboris Mg 1189086 18%aMRYe$2% LIRS fP%, dHeyi i g, 1€S8al o4 on
sites utilize the MATLAB(r) progranm ng | anguage and software. A

skill ed arti sl&h oxieven hﬁpﬁroédi%ge@ommmrgwbmlmzaﬁimﬁem we@rexampleobe and t hat
of a target sDelergtHenge epe ge n.a numh ec1 ncie’ Ceg;ardl ecssmof whet her
the probe 30 e KEE Cars nég&a leﬁgq%rl%vli) SUS Y UKA o Fet'Rods {(Such as a
"repeat-fr ee"relmrsmehbcﬁﬁ 16201%'1(s(iw1€h$/a‘tﬁ3}ﬁ€¢5 0%, ppatea 0af5%, hBoresenibout 3-

di scl osure. For exanple, honol ogy between a nucleic acid probe and its
target sequerfde arabpuisosFant thegehgipici tagetaryclic acid molecule.

20
A. Identifying Uniquely Specific Sequences
The disclosed methods include identifying two or more nucleic acid
segments that are uniquely specific to a target nucleic acid. A uniquely specific
nucleic acid sequence is a nucleic acid sequence of at least 20 bp (such as at least 20
25  bp, 30 bp, 40 bp, 50 bp, 60 bp, 70 bp, 80 bp, 90 bp, 100 bp, or more) that is present
only one time in the genome of the organism in which the target nucleic acid is
present or from which the target nucleic acid is derived. For example, a uniquely
specific nucleic acid sequence can be a nucleic acid sequence from a region of the
target nucleic acid that has 100% sequence identity with that region of the target
30 nucleic acid and has no significant identity to any other nucleic acid sequence in the

genome which includes the target nucleic acid molecule.
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ki netics, as are hybridization conditions, which can vary according to

i ndi vidual applications. For exanple, the stringency of hybridization
condi ti ons0 20m3ise®3 etc., such as those typically enpl oped/useoione48s

m croarray analysis may require different 5@ C content to preserve
probe/target hybridizations than, for exanple, hybridization conditions
typically utilized for in situ hybridization on tissue sanples. As such,
the G C content of a probe useful in maintaining probe/target
hybri di zati ons may vary from application to application. For exanple, if

the probe is int erIgZ)grtfcﬁflf’ar H;’%a‘?neﬂltg%? hodclt eﬁﬂi&héi&@éi{i%{b‘iecuﬁee&*fﬁ fes favi ng a

G C nucl eoti de content of nor 10 about 60% or |ess than about 30%
(such as nor esclkeh@d (atobus 06684 ma3B%f these Q¥ sed ireSesctivhah balveut TBOWUpclsiach as

| ess t han about 6 20% or % may. be renoved. In other anpl es,  segnents
havi ng a & C HUEEERaS! BEeBRD ORShohe 51 SRS IR SERAY dr o t han
about 55% 6Q%.0QhetRO) (s@1Eas TRIPY A8ab %) BF BPEFect MRLPASGH: f B sotRe 1N o
mcroarray applications. 15 1.In silico Identification of Uniquely Specific
Segnents 5  examnplesghe gensoditargettnsiclefcoididitpneraswle ateubaryofic grngdaiget) t ar get

nucleic acid.s en opti o epeat. maski S I i n egnent s of
the sel ected lf@ﬁgﬁs ??dgﬁtad%(gﬁ m%qbpgé?%lgaﬁiaz& a%%boﬁé%@?@’@P?’&fg%c@ht ent
and/ or presemnpe00af 16EHE: 2800805891000 C400:0D0S 7TG®S60, 8000¥0,d08l008 00BN, (such
as 100 base pair segnen are screened in silico to identify segnents

t
whi ch have a s¥§U¥Re 8,09%3%)04%OQWQQHQJOQO,QBQEPNY&HQ@l(l%ﬁhééalii epfitesent ed only
once in the Qﬁﬂgﬁ%ﬁﬁ%ﬁ%Q€ﬂ9&gaﬂhg&%FF%SQnentS that are uniquely specific

are sel ected as regl ons, are then joined (for exanple,

| i gated dO | i nked)Fdllowiigoadilseeoi bea dasintie thrpetingukeicdyacspeguénce, rpetittiec aci d
25pr obe. In sonme exanpl es, each segnent is conpared to the genomc
nucl ei ¢ aci d SSev¥Resicae gptiemdy delgsir apd renetwedtionn thersd@ro mncsoMer get nucl ei ¢

aci d sequence.dapRe! £64 e\ HRRRLAONI (bRl RXARMIC I8 SAHEAGE daleiimbly) Wi th

the target nucleic acid sequence, as any non-target nuclelc acid
sequence i n tsobstgemdyrlliknovdeepdaf seqdei®30§ farthepatiplley;, gedbsp) ayedensisicd

sequence alignment). In a particul ar, exa e, hanol o wth the genone of
Theor gt smind hied ford bt S SATE repee SRletist Grchy ot L BLAT
(Bl ast - Lijke AsRnéad @pdRQlsubRiteric GERANREMRESsatclRic 8RO Athisd# QAR repeats, =~ BLAT

is an alignnment tool which conpares an input sequence to an index derived
from an ent i r&lugeprotse Laseneats! xlphpiieBitnPNde@pd saipllitnbdk avdAdirepcasycaf 5 al |

non-over |l appi,ng,11--nmers. of an entir en i n..random access nmenpr except
for those. ar Ao iEalSind po2Melh g R s Dpb T R G EE Rl s cans
through the iifpht ars@QLiaOIGEe Ed.ft\if/airsdp?l[c@ﬁ@nsoiuc]@ﬁ@R@;ﬁHaﬁV[ka@D{a@gﬂablé’\Bﬁﬂi& are
then | oaded into nenDR% for a detailed aliénnent. DNA BLAT is designed to
find sequence¥odd Vg Welatgereatraasker. o) aiid CENSPR &vbeany o51/phB4Es or nore. |t

may MM SS H0r €,d], VELE8NE 7994, 2006; available on the World Wide Web at

girinst.org/censor/index.php). In a particular example, RepeatMasker is used to
identify repetitive sequences. Once repetitive sequences are identified, they are
removed from the genomic target nucleic acid sequence, or “masked” (for example,
the repetitive sequence may be replaced with a non-nucleotide character, such as

25  “N” or with a number indicating the number of consecutive base pairs that are
masked). Some computer algorithms for identifying repetitive nucleic acid
sequences also “mask” the repetitive sequences (for example, RepeatMasker and
CENSOR). This generates a substantially repeat-free genomic target nucleic acid
sequence.

30 To facilitate the automation of sequence selection for DNA probes, in one

example, the selected genomic target nucleic acid sequence (such as a substantially
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10 shorter sequence alignnments; however, BLAT will find perfect sequence
mat ches of as few as 20-25 bases. In sone exanples, any segnents i ncl uding
a perfectweequerse®w3mat ch of nore than about 20 bp (suchpra3/ud)102424822, 23,
24, 25 bp, or nore) are elimnated. In contrast, BLAST is an alignnment tool
whi ch conpares an input sequence 15to0 a database of GenBank sequences
(Altschul et al., J. M. Biol. 215:403-410, 1990; Altschul et al., Nucl.
Aci ds Res. 25:3389-3402, 1997). BLAST builds an index fromthe input
sequence and scans linearly through the database. BLAST is |ess sensitive

than BLAT foreel et bt 88! McRRERIE I&uBE) R hudth b PRANBORET aid! 2

genom c target nucleic aci equence. Due to al gorithm used 1 n BLAST,
20sensi ti vi t wepmasaddr sifice edo fapmenpeadh das hegnBlitASTabdet 20-600 ks (fobestmle.t " and

wi Il not generate uniquely specjfic nuclej i d sequences.. For exanpl e,
BLAST wi 11 pribatic-7a e afplr S ribwh risn hGaBT bb. RRdh e ubn deinice.
segment as oCHUSF biVd 199 bYrtRIRr EidiEple Mhé REnGaROHE each®bE: BloAD. WHel 1dentify
nmul ti pl e areas of 'honology in the genone to the same sequence segnent).

Ther ef ore BlgaSimicstaggeheucddit gcidsequeBeuingpbé endraeratgd @nd separmedatiionds

descri bed hengiq. o J@qf%g%egtﬁgcei?ringki n fo%>ingludi%@:%séﬁgnent in
a uni quel y spé@f?$% %r8%§‘?§’a g 8 ot "That gpggﬁﬁié 1{3@@; 04 ni quel y
specific nUC|e&hﬁ1p&§b%rﬁi9ﬁiﬂ@"b(§'€ax leabtChe 33 scPpa3€ GiINds 1t had, 4, S, hmTe| ZHGUSot 0 one
and only one region of the genone (for exanple, the genom c target nucleic
aci d ol ecul eporeRp).abicesteeamyleg hegengoicdaigeyritelaeagd sgsusasey seragateh” or a
"uni quely specgif] i.ndi ) _on” k j l.ei 1¢hd probe
produced by (hS SOrAeae Htstelehink PRSI HERE doPeRyEn B BROE B
(for exarnpl e, 101200020130t the ganmhibedrgaanueiceidwguesd, iebstonabaut 20- 25
consecutive bp) to nore than one region of the genone fails the acceptance
criterion, arfdother HeMAle¢he,gagnic tardrd nHelgicactd ssETACh ivIsearaie i3opr obe t ar get

d Lo . o . . Tt
area does no coe%&hﬁvee%% p&ﬁgég%éﬁtétm%\iehgg pyal ghd oﬁ%bé’seiﬁﬂl{%%led% 1 can

be 5suppl enment W th c acid segnents that 1nclude sonme nucleotides
(for exanpl e,ovatlguof 25 98r971, 86595, 00285, &0 dasedmaintsj aell sotam),rfor exanide bass 1Fegi on

(such as 10 or. | ex le, 2, 3, 4 , or, 10 regi ons) of
t he genone n&&obgﬁﬁﬁf$g@%é”ﬁﬁepﬁéoﬁpoﬂgwmﬁhﬁagﬁfﬁﬂg%igﬂﬁPdnﬁﬁﬁépnﬁgregions
sel ect ed 1¥si n@sdshe1dd 181110C20-MBG bods (dRARR GhkBaRRONGI TRYeRRL hRN diy be
tested enpirically for the presence of repetitive or other non-unique
sequences ( sush pagiquteasgkagupleythageeiumicitirigeichuckspeadid pegueresds sapordd infn sone
exanpl es, the sele i ndi n ar e

o tgonual eot (ABey L e BRSNS EnRR A Sl b FRRE SR o
from the organak&m-¢0)tial NONZD-1DE 39erBorifehd @ngtiic Mg aldeir@lid. seliyddice,di zat i on
and so on.
20 One of skill in the art can select the amount of sequence overlap used in the
disclosed methods, for example, based on the size of the target sequence or the
amount of non-repetitive and/or unique sequence present in the target. In some
examples, if the target sequence is relatively small or includes a high number of
repetitive sequences, it may be desirable to utilize a larger overlap (for example, 100
25  bp segments that overlap by at least 99, 98, 97, 96, 95, 94, 93, 92, 91, or 90 base
pairs). In other examples, if the target sequence is relatively large or contains a low
number of repetitive sequences, a smaller overlap (for example, 100 bp segments
that overlap by 10,9, 8,7, 6, 5, 4, 3, 2, or 1 base pairs) or no overlap may be
utilized. In some examples, if a selected number of uniquely specific sequences

30  from a genomic target region is not obtained with a particular overlap, the overlap
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15 nmet hods are well known in the art, such as nenbrane-based hybridi zation
techni ques (for exanple, Southern blot, slot-blot, or dot-blot). In a
parti cul avoeramsk®3 hybri di zation is tested by dot - bl ot PcmgiS26ioneBREANDI €,

t he sequence segnments can be synthesized as oligonucl eoti des, spotted onto
a nmenbrane, and hybridized with | abel ed genom c DNA probe. If there is no
hybri di zation (for 20 exanple, no detectable hybridization) to the genomc
DNA probe, the segnent is confirmed to be a uniquely specific binding
region and may be selected for inclusion in a nucleic acid probe produced

by the met hOda}d?fn?fs' e AGhEl e désflrehfﬂ%ﬁ)ef Q{ehﬁiczs ﬁéﬁ@es(tfr

exanpl e, any tecta e hybridi zation) to t nonl r obe,
segnent may bhegmmhudemgmmqumheﬂmnmkblc aC|d probe 25In ot her exanples, a

m croarray includi the sel.ected bindin ions. is pre ared. In sone
exanpl es, the arra1§} 8}5’{ FHHRIFY ﬂi‘%‘dﬁ“&t?é%ﬂogc?élﬁg?%a%‘%’i‘oo NEYLLF AT EHTIFDI .

Positive C0nkﬁ@h§n§§@oh@§kﬂﬁﬁ@éﬁ9ﬁk&Bkﬁﬁ&%ﬁ@HF&&nﬁ@ﬂ%ﬁﬁ&ﬁ@enﬁk@&&ﬁ&mﬁo the
exanpl es gi ven above, for exanple Alul al pha satellite (such as D177Z1),

LI NE el enént I(rsmf@hnaﬁl@ai[m?ne exadpds; theeMMéJrA@eagxemue@ l(asglmeéserswn

pHUR93Tel 0) . r |ncI mc S& es froman
unr el at ed orga Eﬁ??@%ﬁﬁb§QHFI@g%Vf dﬁ%#%e@ﬂgﬁaﬂé g gﬂ%wlas t hose
comonl y usedigiitk@rEeicatifl mylt [p&ypool egmeﬁtrs a8 hre th18d BovRARD) K‘W;it aasexRNpl e,
the mcroarray is probed with ['abeled total enonlc DNA (such as human

total genoni ARy eHeh reldeast] rledetiy il Vel DRA 1% aemossbaseparm Bha)othe sone
exanpl es, t heexﬁ%h%’ t}{esenglfn}gg?lggﬁhm 5&@1%8%? Lé’qg‘é’hée@ {&?né@&ﬁ'usﬂlg'ﬁosﬁ?dﬁlrgm and
S, tWO separat e,

the repetitive ays are
probed, doe wihBow headigs fahmeeneor e@re@%sabté sequeenvé bha tdiectecelprgtht(buch abNA.

Data is collected and analyzed by standard nethods and software (for
exanpl e, Ni mA%eBO0P) dottaherd forRgy 9eveRy tRisPEyisiflC aqlﬁius%%lﬁ’éceexarrpl es, selection

criteria are estahlighed.if 1§§:rtﬁeeﬁhctlafa(!1§%%grﬁ§ﬂé"ﬁ@%@§uttl§0%?r i} E'>9anf?%é' near
ences and 10decre

regression of all the p oIt Ve contro asing t
| i near regressgmmﬁbyfdmen§®éﬁﬂbpdmﬂb@uaﬂﬂbnmcHnmhddimwﬁmdst@emnumbnun1hunan

enom c score f om.t ositive .co uch as the Al .ul sitive
Sontror sy s Fneds el R e BR Db D e el kdBhBon DR W BERL | 1 ve ova

probe (sugh qeagﬁ%ts olfﬁg})mahﬁata@t@blso@fb%d TS5 qadin '&T@Jely%%bﬂﬁ'c‘é@grﬁ&ﬁ rol
cutoffs. The cutoff for negative controls is establlshed by using the nean

of the total demamdr¢hadNRogcyebpiBay n@thelpm@@azrpbeemg@wtrmgﬂsehpw@dw@, Such
cutoffs diff ei)regzg}sle %eelaf)qud IE%IBE: rg:gr%g‘nts are generally longer than the uniquely specific

nucleic acid sequences, each labeled fragment may contain multiple non-contiguous
portions of the target nucleic acid sequence. This allows the probe fragments to
20  form scaffolds, thereby increasing the signal strength of the probe. Having uniquely
specific segments of about 20-500 bp also allows the probe to be spread out over the
larger target nucleic acid sequence. In some examples, the selected uniquely
specific segments are separated by at least about 100 bp to about 70,000 bp (such as
at least about 200-50,000 bp, about 500-25,000 bp, about 1000-10,000 bp, or about
25  500-5000 bp) in the genomic target nucleic acid. In particular examples, the
selected uniquely specific segments are noncontiguous, for example, separated by
about 1500-2500 bp in the genomic target nucleic acid.
The segments of the selected genomic target nucleic acid sequence are
optionally screened for G/C nucleotide content (for example, percentage of bases in
30  anucleic acid sequence that are either guanine or cytosine). In some examples, the

selected segments included in the probe hybridize to the genomic target nucleic acid
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intensities of a subset of test sequences, such that the sequences that
performnore simlar to the positive and negative controls are segregated.
Sequenceswohat/dadoB within the selection criteria are i rcra$eaoioedshe
probe, whereas sequences that fall outside of the selection criteria are
elimnated. In sonme exanples, sequences that 20fall wthin the selection
criteria are considered to be uniquely specific sequences (such as
sequences that occur only once in the genone of the organism. One skilled
in the art of array data analysis will understand that many different

statistical MELBOGSIGANURRIMAEH bRAGH! 15 aaBAM RAlHnGYY b RahfitimsRn be

used to exclude test sequences. 25 2. Enpiric ldentification of
Uni quel y Spediomagesagapribs fragment-tanged hiplenidieativadproba 6C cempntrbetow 65§%i ng of

enuner ated sequence is utilized to identjfy uniquely specific binding
Feqt one. - Enpica SedatesarEich e ot NG b febfertc et s C or
exanmpl e, BLAT,RRali¥Stshkent @EHEd BEA abdlit B85 d1QBss kndPRRUEI0% IQUCA a8 BFRe
exanpl es, follow ng selection of genom c target nucleic acid sequence,

opti onal Pepehan shwyki g, or §8fFacrdesdsdhan aboot F&gnwak gs bhs thhe abait@btee 158ngt h,

and optional screenin o} ucl eoti de tent and/ o resence of

ol eored r astPiei ded e ot Py LR e GATH iR Blen DA RER S e b
segnments, fora€kadil B thd Q. DasEnd@&anpI@JTRD ESte BayShnédiasiEeosinntheat t ached
to an array. Any nunber of individual segnents for testlgg (such as at

| east 10, 50,fomroda [EHo C)E00, THH00C)15400- %onherm@mp@wpetb for dgerminmgo,
4000, 5000, 0, , : -

attached o he copdy At dtolbiier MicRioR e b i O DLENG HE K R
posi ti ve 1@nd MmegatdidseRa0BE:Wd3s46, RPOST tavukattoot thel WoddaWidadWetde repetitive
el ement sequences, for ex | al pha satellite (such as D17Z1), LINE

le Al
el enent (suc H)aé.lg-ns&lmyS,tera%gﬁ@fowgfahé%a@@@ﬁl@r?cl@%cr@sea&ed%%d speradikfRb3Tel o) .
e o ; .
In particu arfﬂ@.Xﬁ{m{o%%F eﬁrﬁﬁ%,‘ tht K@A?ERB@%rg?ﬁmﬁnﬁgq@g% Winthd RedpOWN copy

nunber in the genone e organi smi ncl ng t genom c sequence.
I n some exanpinelyze therpegani GA canemolf aissqueneandoni zed sequence, such as a

sequence that has Jittle to honol to the genpoe of the organi sm
Negatve cont rol s Tareangy phiedaE LA T SEEURNEEL 1TOMB Gl ar od

or gani smj5sucdtidfally RecePtRRhddmicleqlec @AM Esitek (&R as BRRUBFk@ctioyi ral, or
yeast genone. The arrays of the present disclosure can be prepared by

a variety of sdppromaeple, AscldrasLdXshydden Bl Beile BegZ ciarlniddapDe Prepence

synt hesi zed separately and then attached.to solid support .(see.U.

parent No. 6. B raokEyeelCyt Bk Ak SEGR! S Eb iSRRI S AREYP,

synt hesi zed dindethdiyatidRtsocH fegqueitpporchtet © wad& Wiatlery2FeA desiideshtidns.ay (see
U S. Patent No. 5,554,501). Suitable nethods for covalentlﬁ coupling

nucl ei ¢ aci dsthesefaresisl somnesxpmples. wamenEindnding pngospaersrd Hirgfdri¢tiod nucl ei ¢

20  sites selected from Ascl/Pacl, Bbsl, BsmBI, Bsal, BtgZlI, Aarl, and Sapl are
removed. Methods for determining the presence of restriction sites are known in the
art. In some examples, methods for identifying restriction enzyme sites include a
computer implemented algorithm, such as NEBcutter (New England BioLabs,
Ipswich, MA; available on the internet at tools.neb.com/NEBcutter2/index.php) or

25  Sequencher® (Gene Codes Corp., Ann Arbor, MI). In other examples, methods for
identifying restriction sites utilize the MATLAB® programming language and
software.

A skilled artisan will appreciate that hybridization between a probe and that

of a target sequence depends on a number of factors, regardless of whether the probe

30  1is a probe produced using previously known methods (such as a “repeat-free” probe)

or a uniquely specific probe of the present disclosure. For example, homology
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acids onto the support are known to those working in the field; a summary
of suitable nethods can be found in Matson et al., Anal. Biochem

217: 306- WO 200942298Bn one exanpl e, the nucleic acid nol epalras2@0062485

synt hesi zed onto the support using 25conventi onal chem cal techniques for
preparing oligonucl eotides on solid supports (such as PCT applications WO
85/01051 and WD 89/10977, or U S. Patent No. 5,554,501). The solid support
of the array can be forned froman organic polyner. Suitable materials for
the solid support include, but are not limted to: pol ypr opyl ene,

pol yet hyl ene, . i I er Ml soprene,
polyvinylpyrﬁgpg%¥%§?¥%% %?%ng Fﬁ?gg%ﬁéﬁgﬁﬁ?ﬂgé¥§€@ﬁ§?ﬁ eggﬁg? tlégride,
pol yf | uor oet Hyhawe-as aoplyybenlézatipo tyretitigsewbichregh valyaobating to individual

pol ymet hyl pent epe,. pol ychol orotri fl uoroet hyl ene, pol ysul.fornes,

yclf oxyl at 6 ABPASISRTyFarramp EatssiigeBpy Haner Al GH ML, VAR < ent ed
pol ypropyl engyctt i @bt §ficRilRXinploy¥d @R h R LAVRAQRY heRgeqldvitenRgacrylic
acid, thylene nethacrylic acid, and bl ends of Copolyners t%ereof (see U. S
Pat ent Nos5 5,@85mET) to Hrsersoprebeseags hebridizdongitanotor eagmpls, nyboiderdtion t h

| abel ed | _genoni fr. . or.ganism of i d | abel ed
apet i tive. DIRRPGA CRE DL REREGPErEAPhET e o043 tiiEw &7 ichots e,
human total geOEHn€enPPa profle GodAiTiM kWrarig HSBE tarddl h%@zﬁi@@ﬂia@&aaﬁ he

array is probed sequentially with the tota ‘genonlc‘ NA and the repetitive
DNA. In ot herfr@mhélcég?n tagppsepnathier exatame, it Hie preferigyifended fapussipbed, one

with the total. 1 i Lk WERY Dat.ands
col l ected an gﬁ%ﬁ%?é@ﬁﬁ%ﬁgﬁggﬁﬁﬁﬁﬂﬁ%ﬁﬂg%ﬁég%§&§%t#kéﬁg EKS} exg%% e,

Ni nbl eScdln saibbwed(sh oReehdraiNabdlt 8Q&N)such as moreltiansabivet @dayTl% sar 80/ quel y
specific sequences are sel ected by deriviqgﬁa | i near regression of

I
hybri di zati or®$dBedbont 34%1 rch gelishihan BRI tafld #1 bcki Rty PNEMS&fd IS el ecti ng
sequences f a'dthé}gxxm}ém,f&eg?&t%am t% ggg%@ﬁegﬁ&\@ Q5ieknt UE RbfeSthad Bhsi@3B%

exanpl es, selection criteria are e ished to screen the test sequences

by derivi ng dswdhnsamore dgmedbsutdrd %af60&.lor bheh) prsietmoved troptotek igegled iaes and
decreasing the linear r%gre sion by one standard deviation. In addition,

t he nininun1Hﬁﬁﬁhmﬁgﬂ%ﬁ1éﬁ@@ﬁpgnﬁron1a positive control (such as an Al ul
positivejgontrol), and a predeterm ned 20val ue (such as 11, 12, 13, or 14,
for exanple, 12) for the bl ocking DNA (such as the Cot- 1Tm DNA) are

establ i shed as addi-t i orfalsilpodidentificatiomt of diniquelySpecifitidegmentst f f or negati ve
controls can be eﬁiablish%p b gs%qﬂ)the n OE the.t?tau hugan nom c
DNA score of the nBgatfVaPESiEy IdRgidnedetion l gRisHE UL ¥t i ate t he
hybri di zat i Ol’l;ei;llﬁﬁneél,iifpﬁbﬁaﬁ r€feafmatiISE sepiratiodShtoSREMEens 85 thesulebtel Maigtt, he

sequences that 25performnore simlarly to the positive and negative
control s wi | land@pgerpl seraenine fosdy(anelestidneantemnd apd/gr pigpence REsadedtedtt i on

criteria,gre Ijeﬂﬁ!:téf%es‘iiteg,Qn&ib%luBlrs%ﬁ%{ent%"?&{cﬁ%? 16@8&&%&%&%@8& f Lchéh%gi de of
the selection criterira’are el mhbated. Tn sonme exanples, s€quences that
fall w thin tihegilgeltetlehofy segintets mdidrewve ansqudacethat 8 ungyualyi spudftiy (spkci fic

sequences (such as sequences that occur |y once in, the genone 300f the
organi sn. Ofé TSRFIRiEd P 216 TAfe SHomE ngﬁe&é@%{n%@%?@@nww fder st and

that uniquely specific are selected as binding regions, which are then joined (for
example, ligated or linked) to produce the desired uniquely specific nucleic acid
25  probe.

In some examples, each segment is compared to the genomic nucleic acid
sequence of the organism from which the genomic target nucleic acid sequence is
selected. Homology (for example, sequence identity) with the target nucleic acid
sequence, as well as any non-target nucleic acid sequence in the genome is identified

30  (for example, displayed as a sequence alignment). In a particular example,

homology with the genome of the organism is identified and displayed using the
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many different statistical nethods can be used to derive neaningful cutoffs
that can be used to exclude/include test sequences. In further exanples,

i f the arwaypodasz29aot i nclude positive and negative conPColts20me248Rquence
selection criteria is the distance fromthe popul ation origin of the nean
of all sequences included in the array. In this case, a defined nunber of
sequences are chosen with respect to their radial distance 5fromthis
origin, which can be established hierarchically. In some enbodi nents,
t he uni quely specific sequences selected using the criteria described above

are Pl aced | b el HROLENIRLIIGR: AL 3088 KABGARRURA NALOR- geno ¢

target. In other exa eterm’ning an ord

orientation dfd4t Péd23el ect ed sequences in the probe can include those

met hods 10describ%§ﬁ%f Part. |V, Sec B elow . B. Deterniniﬁ%1crder and
Orientation of Uni Al @p@t%nfr}e&‘t §8£W ]r‘féé?g {HYESTUFRYEP AP HE S des

determ ni ng aRQEARbmAMNENAFd &hboRfel Ry ! DNASBL%qtlé‘éép?hrﬂﬂdeQcér?s%tﬁQ%f
conpl ementary to uniquely specific nucleic acid sequences, 15prior to

joining the mllrrmnrrg/eﬂ@mn@gnélmrg@ﬁmqmee gmmmolr@id@rra@ﬂcclssm@b@ry( éxteptt i fyi ng

et ons are dor eraiens aeadb el G Rty S M. FBSE oy MRS

it is possibltge fipat seq@ehcd b GHEhdeas PEFiODAIe RGIBLRICG, WEiCH a&&ﬁé&ﬁ]ﬁb@@edlﬁt&h_ as a
nucl eic acid sequence that is represented nore t an once in the hagI0|d

genome, for eR&RpIyLOr Hdetaibest 3lignpent PNARAEds desigieeit BaY seayerces 0AP r get
nucleic acid I t b|nd|n
P ons 5 e ARG AFREIELEIIAER LS oL 5E) FAThANAI SRRELLS, 2 o
gener at ed 0f r oibaersequmioe aligrinadntd; holvedes BRA Tov il firaparfegt Jeqgémen nlmthwef\ t vvo

or nore bindin% reglons (such as at the site where two uniquely specific
sequences ar éSi®V aed-2 ‘Pﬁ%—ﬁseﬂ%ﬁ‘éne PEMERe PRY teeaent ipeludias adgtfetice can be

25anal yzed t%eémué Faghdhd hdie 1GRNGEA R PLakEIaes 1 ot 2ol ddgpngn- uni quel y

specific nuclerc acid sequences probe contai ns non-uni gquely
speci fi ¢ nuclmeoe) aeietdmsegetbnce, the order and/or orientation of the binding

regions in the pr be IS C and .r e- anal Determ ning the order and
o entati on o ¢ hangehEhair RS, o s rRa e DR SPEMEH B TR HE € re

sel ect ed 14ni QH%ld)ita%%cdff(}&lﬁahleQécﬁgncre@gARﬂ?nul B ANJI MbL a1 Dryers-and
orientation. In sonme exa e binding regions utilized to produce that

initial orde®9nsltsehel ¢ qﬁuNbeerorﬁlS By @ﬁél3§9§|§@bl 99%). BBldiS hguilégyirons t hat

ﬂ]g}’hgg gnso{“’&“' 20t kOBl SEAHROESd @RIk Rear}MirchiZh Ble REIUENGH ASPH N can

less sensitive than BLAT for detecting uniquely specific nucleic acid sequences in a
genomic target nucleic acid sequence. Due to the algorithm used in BLAST,

20  sensitivity is sacrificed for speed, thus BLAST determines “best fit” and will not
generate uniquely specific nucleic acid sequences. For example, BLAST will
produce false positives (for example, identify a sequence segment as occurring only
one time in the genome, where BLAT will identify multiple areas of homology in
the genome to the same sequence segment). Therefore, BLAST is generally not

25  suitable for use in the methods described herein.

The acceptance criterion for including a segment in a uniquely specific probe
is a segment that is complementary to a uniquely specific nucleic acid sequence,
such as a segment that is homologous to one and only one region of the genome (for
example, the genomic target nucleic acid molecule). An accepted segment

30  (designated a “binding region” or a “uniquely specific binding region”) may be
included in a nucleic acid probe produced by the methods disclosed herein. Any
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that can be included in a vector (such as a plasm d, cosm d, bacteri al
artificial chronosone or yeast artificial chronpbsone), including, but not
limted twoavilmwams 51000 bp, at | east 10,000 bp, at | east/IRN1006248H, at

| east 50, 000 bp, for exanple about 1000 bp to about 60,000 bp (for exanple,
about 1000 bp, 2000 bp, 3000 bp, 4000 bp, 4500 bp, 5000 bp, 5500 bp, 6000
bp, 7000 bp, 8000 bp, 10,000 bp, 20, 000 bp, 30,000 bp, 40,000 bp, 50,000
bp, or 60,000 bp) total Iength of uniquely specific binding regions. In
sonme exanples, the total size of the selected uniquely specific 10 binding
regions from 1 i gquence
angth t hat ey bs anae Ab@Shep L L imae I REALARS Sl e Re Rral e

exanpl es, thdasewmnnéﬂQﬁmpqufhvwsmﬁaohumeﬁmmdnﬂggnngﬁbhsgmnmﬁhhﬂdﬂmlded
into groups, such that. each roug &7 (ﬂ tal . e%ﬂgp%g Iength sui tabl e
for inserti orfSFPLYIcq SHteHPN (AR NGnglugly %‘rﬂl%lnu TS Afid Profsetle? PLPEAFETY i ci al
chronpsome oryyedseh ndf Jikldieabadh &BQ&ETPW)O nuRiNa GO IR ueXRAPk & bd he T niti al
ordering of the selected uniquely specif bi ndi ng regions nay be in the
order that t ksgppinmqmtedwl@pwleﬁq @Kbsergmqngs th@tgndn@e mmmuqlwtlﬂh‘e(fglenom c

| ocated most SARPK EHBTGRRoMD CUAGoReRGS B BoRad PETSERBLAIT b o n ¢ he
initial or derlbg%gforfssaédlﬂ%@ﬂ 3y, 3, Be7s8loest ﬁﬁre@ldﬁ@) XQhE SERL Ibpbe Refldesd next
in the genom c 20t ar get nucl ei ¢ acid noving in a5 to 3 direction, and so

on, until thdngkmebed binding region that is |ocated nost 3' in the

genom ¢ target ”“ﬁgﬁg&ebfg%p‘llﬁéblﬁhlﬁg?%&& teec@:dgnlg%ﬁ t{)..lhﬁz's?z'zco%é’tﬁlidisng In

addi ti on, each of regi same orientation in
the initilgl afed@iticdgbas ity optbanaly ba tdsted egepideilly foathg @tesainte irepesicivel .

Al ternatively, each of the bindin gi ons may be placed in reverse

ori entation ZSiOel RaN{URIGP é‘Fq“SP%fégi“’UﬁB a8 §T§V{oYs dml%eruﬂﬁleii FPeH@Yoni ¢ tar get

nucl ei ¢ acid, 8e W d.RPRdd HEMu! hLi Rt DBt y be used.
| n anot her efﬁﬁ%n éT |éﬁ%%gﬁ9 grfng OP tﬁgﬁ%éﬁécte ﬁ?que y specific
bi ndi ng regi mxamp’a:yoytrdlgeuecrlyotfﬂe slynﬂhBSn@I ang tesegl ﬁonhyla*shzdmey vathcganomic t he
genom c targ Ielc acid, where

Lot exanph o ONA TFafh et eaBup BT R b edh o5 aariucisic SRy AYTEBI ndi ng

region, %er Yndihbdschrd ReB&hEHN P NiaRY st B FbmITHRS- Yasb@HYbAuisfloact ed bi ndi ng
region, every fifth selected binding region, and so on. The initial

ordering of ﬂhémSEEeGbedwmmﬂqdﬁmﬂwgpbbtﬁk&bbﬁndkh@bkégﬂ@msmmuwkalso i ncl ude

t he reverse order o rde aceurs in th non ¢ target
el 61 ¢ act d gy FrfaftonTt hed hy WBEHoRFE: ok Patrdfs "B SR Fre™ L har ng

regi ons nay Q@gﬂn@nt& ben B¢ $y@iiesize@Bs @1@ﬁlu&16@tyde@cspufted ontb hengamand, and ar get
nucl eic acid, the reverse 5orientation, E%hbe random | n other

exanpl es, t hélybﬁﬂtZP%Wlt@rlﬂ@ﬂqdrﬁjnemlct P@As@loéét pisirehxprislivatipi {fer bi ndi ng
r egl ons gy t?a?( geéﬁec tgﬁa@r'é ggg)rlcﬁl&zﬁmnb} PVnE @@Xorﬂ%%ﬁA' p@ol;eb ﬂlegsggﬁgﬁ is Or may

be in a randonf
confirmed to be a uniquely specific binding region and may be selected for inclusion

in a nucleic acid probe produced by the methods disclosed herein. If there is any
hybridization (for example, any detectable hybridization) to the genomic DNA
probe, the segment may be excluded from the nucleic acid probe.

25 In other examples, a microarray including the selected binding regions is
prepared. In some examples, the array optionally includes positive and negative
controls. Positive controls can include repetitive element sequences, similar to the
examples given above, for example Alul alpha satellite (such as D17Z1), LINE
element (such as Sau3), and/or telomeric sequences (such as pHuR93Telo).

30  Negative controls can include genomic sequences from an unrelated organism (such

as rice), or randomized sequences (such as those commonly used on commercially
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Following the initial ordering of the binding regions, the resulting
sequence is analyzed for the de novo generation of any non-uni quely

speci fi c woebhaims2mei d 10sequence. This is perfornmed as ®esarstoencfses t he
sel ection of uniquely specific segnents (Section IV, Part A, above). In
sonme exanples, the initial order and orientation of the binding regions
does not include any non-uni quely specific nucleic acid sequences. In such
an exanple, the initial ordering is the same order and orientation sel ected
for linking the binding regions to generate the probe (the "pre-

15det er mi ned",, 94 48 ﬁﬁg thﬁ&% 18 xample. the thidrdiREH BOPLeR1.Hhg i nitia
order and orfghtaté%n o? {he ?%Alngaggé?oﬁs ggnergf%é%at ea§} one
non- uni quel y tefabgdénoimic Békresuth ad hurhiretotaligenahicd?NA) amblabepdrepeesvat | east
one non-uni quyely specific t, the order ang orientatiqn of the
sel ect ed binﬂfﬂé‘ﬁ@@ﬁﬁﬁ%ﬁﬂgﬁgﬁfgéﬂédowﬁe?ﬁ@ﬁ?ﬁﬂ € AP REPENnd ori ent ati on

that consi st ;d0RfneHINIFIUEIhYhSRERIcbhdmBYUSN &iafd A @pSRAMENGEKS In bihepNE
exanpl e, the binding region that resulted in the ?ornatlon of a

non- uni quél y expaplehi ttvorpgpireiecidantichl. segueme@robedt oree with thegptabgahoniiag i s

noved to an of the o red pi.ndi regions . (for exanple, th ' .end or
the o' end ofD ¢ hengile i B ReelitRERo g Mkl p R R RL LY gl nai ng
region that rpgHbdemdisbftivie FaTeRambRINGhbRSEMNoftRRrd RogheNImSIBES)f i C
nucl ei ¢ acid sequence may remain in the sane order, but be placed in the

opposi te ori ent at ilBrome examplgnpelsetignotrHenbye ¢steblidgd éngfresn thesor der ed

opposi t e ori TPl Heripveds e & N
the bi ndi ng. 1edrane TR i G RARRRE B AN onded BARHEEL o ©

speci fi c 10ucldeceasiag chedimguieregessiay b enestandadedeviidtonm. tthadditiomahe I n a furt her
exanple, all of the selected 30 bindingﬁregjpns may be re-ordered, for
exanpl e by cHBBENHY hyngneereaistseaiedirm Hsdrostive crtirlatsueh as digeHULROS ths e

descri bed ab%ﬁu&gi ahdg gkéaueirﬁinee Wﬁ%i(ﬂﬁh a1p§> ﬁ?@@ﬁﬁﬁg@ﬁ@@%@&&msﬁ t he

adjusted or re-ordered segnents is then anal yzed VO generation
of any non- unisdiee! 1M speesthblcshedied @lditiaal possteguengel culdfifs The queotf tmmed as

described for the sel ecti.on of. unj quel ecific se nts (.S jon 1V, Part
A above). SIEdbesaRar eublihE Hivis B Hpacl tRIHRbRTERtA N SO ¢ he

bi ndi ng rggi WFshRQELROEontdE bdddBnRBY SR cuibrr U elednBR@ thd hybrfauGtish c aci d
sequences. I n such an exanple, the adjusted order and orientation is the

order and or iietensitiesorf aswbest vétest wugrsenisheh thhethbisertienepstieayiperisrnt mogener at e
t he probe (the égre-get i ent at I n oth annples,

: S I to the oe{tr{fiene "neortf\Iferc r?t?(ﬂ Ole' se gati %nﬁé unellced that falf 5
t he adj usted or r!ﬁg aherat S B ERLTODAY HeTE T0u ﬁhu%?y spé%lflc
segment. |f thighindhakeleetonEdierih B iGE0&sEinaBe flobk BflsdreRREqURABes that fall
outside of the selection criteria are eliminated. In some examples, sequences that
20  fall within the selection criteria are considered to be uniquely specific sequences
(such as sequences that occur only once in the genome of the organism). One
skilled in the art of array data analysis will understand that many different statistical

methods can be used to derive meaningful cutoffs that can be used to

exclude/include test sequences.

25
2. Empiric Identification of Uniquely Specific Segments
In other embodiments, empiric testing of enumerated sequence is utilized to
identify uniquely specific binding regions. Empiric analysis may be used in place of
in silico methods (for example, BLAT analysis), described in section 1 (above).
30 In some examples, following selection of genomic target nucleic acid

sequence, optional repeat masking, separation into segments of the selected length,
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uni quely specific segnent, the order and orientation of the selected
binding regions is re-adjusted to identify an order and orientation that
consi sts wh 20ni/gemByY specific nucleic acid sequences, agcCuaseriobenisabove.
This process is repeated as nany tinmes as necessary to identify an order
and orientation of the selected binding regions that 15does not include any

non-uni quely specific nucleic acid sequences. Once an order and
orientation of the uniquely specific binding regions is determ ned, the
bi nding regions are joined (e.g., ligated or linked) in the predeterm ned

order and O“a‘ﬁatog%l?ﬂ cr%:éhiﬁgfﬂ? c%q{mk,%ad &cﬁlﬁedt'&ﬁ&/& Pﬁé’éne@'of* 18ed €91 ON
sequences are pr duced (for exanpl e by 6f|gonuc eotl de synthesis or by
20anpl i f i cat iresiriciont fies,Sedjurinekesghenmn(tdet agehdfD dateqragete gmants gioc aci d) and
j oi ned together i i@g sel ected or%er and orient tioE. I n ot her exanpl es,
the nucleic aFé‘F“a‘PE’r basg Paif SPHRYN St thesized préatiched fofBfiyedtPVdes (such

as i ndivi dual,@ljeganualve@lal sesnpis RPRUTinZQuaP AMast YAIsh1 6, 800, Booed
toget her. For exanple, the binding regions may b oined or ligated to one

e J
anot her efzy @i 2&.1690,(10g800, 380.ng08, ZH; 4¥eO0G=EP0GHAMONI0.80tdi ng
regi ons can | Ol in a blunt-end ligatjon or at.a restriction site. In
it hor - examo@®pafhdd, B Bolli RCatsd o sl Rewl e Rk leb B cnent ary
nucl ei ¢ aci d DMEPALESIy(i6¢16HesdDsve hE@EEgafive chitr DY EPRiang)conadReah ed, and

joined to one another, for exanple with a |igase. Chem cal ligation and
anpl i fi cati oringdade wpeyiselesery seqepesntop 'Pﬁfumglg Alelbglphpssatallitedgieh asxanpl es,

t he 30bi ndi n i t I r l e, the
entire nucle?%fgg?’ %g%%gm?ﬁgﬁ%%f§§apﬁghgg é%ﬁ@ﬁgﬁfn@%%ggVégﬁgﬁg in the
sel ect ed 10r dgrHuERIB Telo) et pdriiauiari exampyent hpsitrectoandl isheefiendd nithradgioans ar e
directly joined during sgnthe5|s. In particular, exanples, the plurality of
joined (e.g., coPy §amBer 181thg geneas)of theeficarSmdrglBhag Hed /5 EPRYC Pgiencs-

pl asm d vect QP sbfe %&Anﬁ%{e&ra%g%\ie%n&rﬂ i Q‘?aﬂﬂéﬁi?é.cf:segﬁéé{ée RfeR Es g ¥eq%Eﬁ&dar d

nol ecul ar bi ol ogy techniques.” 5 V. Target Nuclelc A Sequences
Tar get nucl eitbatdeb dttkgquehoe®lagy totheegnbms of tied ardaigen diegativoantrals get
sequences. Nu Iei&» cid nol ecul es including at, least a first binding region

and a second BiHAFHEE FLIER SEBRRTCS Fom & WFBIRrERT, WERas kPR aRldttei ¢ aci d

sequences 510Gad} REmPRNAES! Bt taMal, GiaL OF L &3P nfe0 essentially any genomic
target sequence. In sone exanples, a target sequence is selected that is

associ ated with a Tieswageobihe pursdittdisphosutaran betpatpatist ca vaietodf
hybri di zati on_can be uysed to infer Jinformtjo such as .di agnostic or

oY ognost ¢+ MBS ol it Pl ekl AR Bt R BE AP u e
relating to tihen sltasBas® a0oli@ 8nshdri @8s Ul PatesPE6] 6,0 £3, 2809 gnotlidte genomni ¢
15target nucleic acid sequence is selected froma target genone such as a
eukar yoti c gevample, pegleis peigpneecuespapridithesized divecHy oo ge sagPYt HUFARdgenone.

The di sclgs ed[hélgé:s;ﬂlég ha Es%& U.#.%‘t‘éﬁ? he! §,5§&,i59%)m§u?tﬁbﬁle%§etﬁ;@dg fQﬁo%fé‘ﬁﬁ ted
whi ch correspon o essentrallTy any genom’c target sequence at 1 ntl udes
at | east a paouplp @fcldabddeioyn spidcuppat NAor Foectigxanibdzing e et
target sequence, can be ) ) .
acids onto the support are known to those working in the field; a summary of
suitable methods can be found in Matson ef al., Anal. Biochem. 217:306-10, 1994.
In one example, the nucleic acid molecules are synthesized onto the support using
25  conventional chemical techniques for preparing oligonucleotides on solid supports
(such as PCT applications WO 85/01051 and WO 89/10977, or U.S. Patent No.
5,554,501). The solid support of the array can be formed from an organic polymer.
Suitable materials for the solid support include, but are not limited to:
polypropylene, polyethylene, polybutylene, polyisobutylene, polybutadiene,
30  polyisoprene, polyvinylpyrrolidine, polytetrafluroethylene, polyvinylidene
difluoride, polyfluoroethylene-propylene, polyethylenevinyl alcohol,
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20 a portion of a eukaryotic genome, such as a manmmalian (e.g., human)
genone. The uni quely specific nucleic acid nolecules and probes i ncl uding
such nol ewol2es/ms2293correspond to one or nore individual pgeEs3010i0EBudI Ng
codi ng and/ or non-codi ng portions of genes), regions of one or nore
chronosones (e.g., a region that includes one or nore genes of interest or
i ncl udes no known genes) or even one or nore 25 entire chronosones. The
target nucleic acid sequence (e.g., genom c target nucleic acid sequence)
can span any nunber of base pairs. In one exanple, such as a genom c target
nucl eic acid : ' ith
ki A AR A

substanti al i'ntersperse exanpl e, a
human genomne)biaxiléy @ingadgetlypropylencs amdiattdsteapielhcerispahsolggroppdasd, 100, 000

bp. In specifjc ex les, a target nucleic acid sequence (e.g., genam c
Chrget. naol eitbokEEbBug i Adeyed 85lupopats SuRes S BoSo00n eI CheHoAD a

| east about 150, QRPb1cARQ0PelyERR A8Ror BOOUBarchPR090sS5 898, 000, 900, 000,
1, 000, 000, 1,500,000, 2,000,080, 3, 000, 000, 4,000,000 bp, or nore (such as

an entireSchr onosdmsdme eramsplesithd migtomrdyi ifrprabag wathd alpslesstotad ggeamoimiliNA ar get

nucl ei ¢ aci d sequence 5associated w th neopl a f.or exanpl e cancer)
' el ectod. UM ERP SRELahE SuhbPisd PETRL ERA POl S 2FRuRe peEe ons
and ot her reafsangeMeN Farti&;ﬂalt@dahfpa’é, h@mah a5v %'ehb@aibnm arfrCételrstion) have
been identified in neoplastic cells, especially in cancer cells, such as B

cell and T celr¢ usedy b porae exqmilerh Siversrayly pigbed segnertrallycpithvihe defplcganomic

neur ol ogi cal C yke. i npl | east

a portion ofI@ﬁ%‘@%ﬁgigsﬁﬁgﬁéyghagP§H§£§%§ﬁ§g%%29gagﬁgéggﬁﬁgy%g?agg&%ucleic
aci d sequencerobesl, ot ph ileabed gatonde DN £dnd dnatvith @askepaitBedBen. @atcel IS in

a sanple. Transl ocations involvinggoncogenes are known for several human

mal i gnanci es.COHgftedadgabyzed Ry sitpdunarethods apd seféwuakor exdraple; NinklpeagyT

gene 15 | ocat@fwip RAENPRNERKPQINt region of chrompsome 18qgll. 2 are common
anong synovi al sarc¢oma soft t7sSue tunors. The t(18qgll.2) translocation can
be identified, forlnexamekanplasiungjuplyoipesifinistquededsfaer edctdddipedesivirigwe fir st

probe includes uni quel.y specific .nucleic acid nolec erate om a
Parget nucl el Beder aresutfuah brhaion e e bedonye PP RhBoeshE DS and
the second prRQelefEl idgserddd AUa]VwSIREGhE bE mERNMel&@E eniALd ELtdMd. epUbeR

generated froma target nucleic acid sequence that extends 3' or proxinal

to the SYT gewempighesslostiobesterapreessmbhstieddo saeerids ¢est saqyencen by detivingei d
seavences, (v AR of ALOSROMNE L AL AARIRREE TR °0 D,
SYT gene regig@resseitbypbiie dRlafdiSvaiohd BN A thymitubMumhabehsmin cl ose
proximty) sl s%graelffo’m a positive control (such as an Alul positive control), and a predetermined
20 value (such as 11, 12, 13, or 14, for example, 12) for the blocking DNA (such as the
Cot-1™ DNA) are established as additional positive control cutoffs. The cutoff for
negative controls can be established by using the mean of the total human genomic
DNA score of the negative control sequences. Such cutoffs differentiate the
hybridization intensities of a subset of test sequences, such that the sequences that
25  perform more similarly to the positive and negative controls will be segregated.
Sequences that fall within the selection criteria are included in the probe, whereas
sequences that fall outside of the selection criteria are eliminated. In some
examples, sequences that fall within the selection criteria are considered to be
uniquely specific sequences (such as sequences that occur only once in the genome

30  of the organism). One skilled in the art of array data analysis will understand that

many different statistical methods can be used to derive meaningful cutoffs that can
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25refl ecting the two intact copies of SYT. Abnormal cells with a t(18qll. 2)
exhi bit a single fusion signal. Numer ous exanpl es of reduplication of
genes (alwo 2knosm9as gene anplification) involved in neepraskeln/ 062485
transformati on have been observed, and can be detected cytogenetically by
in situ hybridization using the disclosed probes. In one 30exanple, the
genom c target nucleic acid sequence is selected to include a gene (e.qg.,
an oncogene) that is reduplicated in one or nore nalignancies (e.g., a
human nmal i gnancy). For exanple, HER2, also known as c-erbB2 or HER2/ neu,

is a gene t haJe L\E!i@b@exghfdg}lﬁclﬁ& tEQ%e(iueegHésatIh ?lﬂﬂfé]} ek lesg HONL Iarrg does not

representative human genom c sequence IS provi ‘at  GENBANKTM
Accessi on hbinﬂn&ﬂﬂﬁﬂm%andmcgaomunesomsm@?@ﬁ@n@ﬁEBﬁﬁdmgmwﬁhstgedsumoﬂes for

a 185 kD tra ane, cel | 55urf ce rec or that er of
PO L R U et il R R SR SR AR

gastric, and &Eé"%rdeﬁﬁélpﬁﬁﬁber-gb Ec%fé:ﬁ’é' areacﬂdgé:r?wﬁﬁ R&péQlio thelr@MiAMNiShnce
chrompbsome 17 that includes a H ene) can be used as a genomnic target

nucl ei ¢ aéid fg@qdemlegmowg@h@mab@eqfoatdbb@d lalhaitrclilmlhyude uni quely specific

bi ndi ng regions f HER2 r exa enom ¢ ucl ei c
aci'd sequence s dbragrempRatrl M wiBEE e S dEP e TR B e e e oo
(lost) in nmaldriggrandes&@ddabot®ire a@irﬁan draer mbiborieagition tHat RedsuBdynecBOR1 749,
D9S1747, pl6(1NK4A), pld(ARF) S1748, pl5(1 NK4B), and D9S1752) | ocated on

chr onosone 9pPa genonie raég%d Iy ﬁthé@mamnlﬁsmhamhoct,saﬁ detesningie Breydenmd

Cthat - oncommadieland bhthe sk oA L EBHAR 18 Ine! A hot M b ALmGRL OTOPO™®
SHGC- 1322, amlcrmeeupeam‘emmnﬁna((belroagj on (e.g., 19p13- 19q13) of

chronmosone 19 (that enconpasses, for exanple, MAN2Bl, ZNF443, ZNF44, CRX,
GLTSCR2, and G.TSCR1) ) are characteristic nolecular features of certain

types of solid turgr eRb e $HHeE aha RHiRNoF KL RIGueACIHIRIIR YRR oned

exanpl es are provide y for pur pose o ustr t|o not
i ntended to be HIﬁhaH@ﬂm¢@MﬁwoushMBh¢ﬁmmynmgan@hkmaa@nnmﬂm&mt@hhethat

| at th t t f t d/ to th
of Ski 1111 CRSEPIE GAR PGP 6 Ut e SHE B S OHave. been
correl at g8 Wiy, '&9}6@1@? tHeDidi AR RlRHTRS Fé}férﬁ@%evﬁﬁ'cfélft a"é'i@ge @hﬁkntiﬁhntgrhe

di scl osed nethods and 25whi ch di sclosed probes can prepareéd, al so
i ncl ude t he BEEFRetganimed Qpij_ag anceomgentation). The uniquely specific binding regions are

selected as described in Section IV, Part A (above). However, it is possible that
non-uniquely specific nucleic acid sequence (such as a nucleic acid sequence that is
represented more than once in the haploid genome, for example, a repetitive

20  sequence or homology to a non-target nucleic acid) may be generated when the
selected uniquely specific binding regions are joined. For example, a non-uniquely
specific sequence may be generated from a sequence that includes an overlapping
region between two or more binding regions (such as at the site where two uniquely
specific sequences are joined). Therefore, the nucleic acid probe sequence can be

25  analyzed to assure that the generated probe does not include non-uniquely specific
nucleic acid sequences. If the probe contains non-uniquely specific nucleic acid
sequence, the order and/or orientation of the binding regions in the probe is changed
and re-analyzed.

Determining the order and orientation of the binding regions in the probe
30  includes placing the selected uniquely specific binding regions in an initial order and

orientation. In some examples, the binding regions utilized to produce that initial
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GENBANKTM Accessi on No. NC 000007, nucl eotides 55054219-55242525), the MET
gene (7931; e.g., CGENBANKTM Accession No. NC 000007, nucl eotides
116099695w02622B8548) , t he C- MYC gene (8g24.21; e.g., CERBANKIM0AGE8SSI ON
No. NC_000008, nucl eotides 128817498-128822856), |GF1R (15926.3; e.g., 30
GENBANKTM Accessi on No. NC 000015, nucl eotides 97010284-97325282), D5S271
(5pl15.2), KRAS (12pl2.1; e.g. GENBANKTM Accession No. NC 000012,

conpl ement, nucl eoti des 25249447-25295121), TYMS (18pll.32; e.g., GENBANKTM
Accession No. NC 000018, nucl eotides 647651-663492), CDK4 (12q14; e.g.,
CENBANKTM ACqaaiitydn 30000 custant bomABIAAORA pagidcIos,
conpl enent), CCND1 ?11q13 GENBA ccessli on % 011, nucl eotides
69455873- 6946924ignt M scGade tgRgth. m&m@mm&mmmﬂ\mlumammgm

nucl eoti des 135502453- 40311 roteln [ L 8p22
e.g., GENBANK CA’&PE%‘?&‘%?’%g%a VRi)éObéﬁb a pladnidot HB b(fétgﬂ 5&9@%68050),
RBL (13q14; %h%mos%ﬁ!%%ﬂﬂaﬁﬁ&%%h%wm&ﬁ%%ut Rstalrsedd t@%%least

47775884-47954027), p537°(17pl3.1; e. Accession 10
NG, 0000175 c oD drresitioashibP&bbp. @ek;amﬂzm@@pwswz@,powwm mpaﬂc

oot 1660TRRp Yo Mhess NpeRS Ry MR IE R sor 2. 204 %mbpﬁ&geoomz,
conpl ement, rHpchsm b @@0(561&95666% SER0 7000%300(16@111)(2)0 , 90,0 BANKTM

Accessi on No. NC 000016, nucl eotl des 31098954-31110601 15 FKHR ( 3p14
e.g., GENBANKIMORdwede, p@@mbNoSO 008 @@%@%Oo%bﬁ?ﬁp@h@ngth Qﬁﬂélqeiélt‘/l sgegific

40027817-401 KTM
Accessi on Nosoq@%f%g%fw ede ]f,:s nuc élg I%ég\gééhéggééid ﬁmgge%%%

heavy chaion, HOENRY rdeidhy Iﬂ),m e ggnqmlaﬁ‘ﬂ@é\l‘ﬂlﬁ'fl\éﬁoﬁm@&slluaﬁtehbay é‘i@e&D@Qﬂqﬁence

nucl eoti des 69165054-69178423), BCL2 20 (.18qg21. .,. GENBANKTM Accessi on
No. NC_000018S&R Hisf BR¥NE COW(?@F%W%@@S@AP%gn%mcé%ég)gw’g@ﬂﬁlpé%q@?

e.g., CGENBANKI ' t

188921859- 1889%%?%9 KR %B‘éyﬁ& gl%él? @@h%%%ﬁn%%‘g% g%%i%at

NC 000001, cceaph glrmpunclmrtes lagathl @qserﬁ;@mgﬁssl}lablﬁasmsgmofrmm(tqu@maz2;

.g., GENBANKT 017 | t tid
35708321. 358 e‘;sl‘?s?!ﬁ% af‘f%‘z"‘ét CI5‘1eC omosé%ﬁm%gﬁg&@g}@%%%%
NC_00002%;5 CO”D' erfﬁ@éme @'xl&h%l@& 'tﬁ&ﬁltﬁlzﬁﬁﬁﬁébﬁﬁé%ﬁé@h ung RS y(spdaBe- 3; e.g.,

GENBANKTM Accessi on No. NC 000021, conpl enént, nucl eoti des '
38675671- 38955%8& regEW’lna(YTq@Zﬂl RicS Oréelgthat EENBANKY ipAebisiing IpgonNEc000007,

conpl enent , ny | eot i des 30 1.379- 1 9528 NBANKTM
rotbsston No MR BB RS R ARISE A T30 Beie R Rty Rae feidh ma

(11g24. 1- q24.13¢at& Gost 5’ GEMB M@@g&&ﬁbnﬁtd\d@dlsmﬁ:ﬁ&e@@ﬁﬁm tHeugitiapt i des
128069199- 128187521), PAX3 (2q35-q37; e.g.,  GENBANKTM Accessi on No.
NC_000002, ccﬂfﬁqrm@fﬁllowwd@w&ﬁ jedretedABNgIN2 S QpRBICEgBAIEX! ARG genomic

5;838057&ﬁggﬁéﬁgg&ieﬂ,cr@%g@ng@wa%m NEHO00t uelegh i des

binding region that is located most 3’ in the genomic target nucleic acid is placed

last in the initial ordering. In addition, each of the binding regions is placed in the
same orientation in the initial ordering as it occurs in the genomic target nucleic
acid. Alternatively, each of the binding regions may be placed in reverse orientation

25  in the initial ordering as it occurs in the genomic target nucleic acid, or a mixture of
forward and reverse orientations may be used.

In another example, the initial ordering of the selected uniquely specific
binding regions may be every 1+ n binding regions as they occur in the genomic
target nucleic acid, wherenis 1,2,3,4,5,6,7, 8,9, or 10. For example, the initial

30  ordering could be every second selected binding region, every third selected binding

region, every fourth selected binding region, every fifth selected binding region, and
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5 GENBANKTM Accessi on No. NC 000010, nucl eotides 89613175-89718512), AKT2
(19913.1-913.2; e.g., GENBANKTM Accessi on No. NC 000019, conpl enent,

nucl eot i dwe 24BABR3PE4- 45483105), MYCL1 (1p34.2; e.g., CERBANKIMoAGHI8SSI On
No. NC_000001, conplenent, nucl eotides 40133685-40140274), REL (2pl3-pl2;
e.g., GENBANKTM Accessi on 10No. NC 000002, nucl eotides 60962256-61003682)
and CSF1R (5033-035; e.g., CGENBANKTM Accession No. NC 000005, conplenent,
nucl eoti des 149413051-149473128). A discl osed probe or nethod may include a
region of the respective human chronbsone containing at |east a portion of
any one (or r@rg, 13 iARR! &ML Rl sdilifed i GRS RGh4yRI N
enbodi nents, the proﬁe spébé?#§ forst éageﬁ mTc grget ﬁﬂ%?%&% ac%g

nol ecul e i s adwaypeddd ihe reveesesads torthesordelf thatrtbey odsut inatha lkogouis taaempl €) in
conmbi nation wt o r obe t t ovi.des ap indi.cation of. chronosone
mrber - such el i oRbca et a! Riec ety SR wiigr SRR R GR

exanmpl e, a prRAg tfRGEntdien Rl 1y’ ReNOR 1ef &Bﬁﬁ’m%g&rﬁuél&c%@ﬂt flenbigsaat | east
uni quely specific 20 nucleic acid sequences of the HER2 gene (a HER2 probe)
can be uséd iatieowhbiramiayrbesiandor. EE@hquXpmpb'é tﬂlhamtlaimd@rmgz@ghq o the al pha
satellite DNA 11.1).
el usi on of FhecteBihpega® BNLRTRRGR e B O B P ks ORERBL IS T he
HER2 gene to deewdaties fandeR}; o@hy BXaidtaddoi gévécteaaﬁrwres will have a

HER2/ CEP17 ratio of |ess than 2, whereas 2 anples in which the HER2 gene
i s reduplicated wilollowineeths inErxrdEpEpfites bl@dmg regieng, ﬂ}erﬁﬁ&%ngseguence
Simlarly, CRP a&a%?z‘ d%féh@ dQ%B%egen%P 1%8%?99;gh&9uﬁ1 uélrQ? & é}c Qligany other
sel ected genom ¢ uence can al so % |na ion with a

probe forl0a uegwnee.t Ahiged p@fbrinh&a§def§énb@i’foat}dﬂ sefeeti@ndf) urdduedyrgoifie. VI .
Det ect abl e Label s and Met hods of Labeling The nucl eic acid probes

gener at ed by SE&BHS 629cHeR Y N O d¥Povsh Lnﬁemﬁ&éalaﬁlés ghe pafiad ordgpand | for
exanpl e to Peffthiatifdf bEHe bAUIRS ¢ @rde@stnd%%h?deca gfoﬁ rgﬁpciu%w%gﬁ%l Ngelhe

di scl osed probes. In various aS% |cat|ons such I i zation
5procedures zauhuqh@mcsammddpmmbenmﬁahhdemxdohkheg1(@cgmneanueamttabIe

| abel ). A "detectable |a ule ar material hat C be used to
broduse a detbEragPe rgHalordnEi fbeaRede fie BretttRtahopont ABentras on o
t he probegs( pafetdrmitledr bydel Bed B9sHglidan. hybri di zed probe) in a sanple. Thus, a
| abel ed nucl ei ¢ acid nol ecul e provides an indicator of the presence or

concentration of eIntoshegeKarnpl@t ¢hecingisl drdeosmheremeaionef e bigdinpnégonsar get
nucleic acid se u uni g i.c_ nucleic acid
ol ecul e 5 EEITACOA Rgtenar ok s&dfip et i ieRBE i "ot °| F it ed
to the use ofgeﬁatatds @uleagt oh@h@ﬂl—%mq@éﬁyh?b@ﬁc SopRiEdk,8Be @fder pidotededion of the A

| abel associated with one or nore nucleic acid nolecules (such as a probe

gener at ed by selsetedbsndingsisgions isrsisfediandanaifiven edeeanderianetionithas congstor
i ndirectly Aquagdn st%eé‘iﬁé‘ Pa.AGLRGE §9en@¥s ﬂg%ngg%ﬂ 18 Y6 ncﬁrﬁg @gloﬂ Iﬁqovefed

nechanlsn1|n sorp I on, & ssi on and/or scatterin
(i ncl udi ng raﬁmﬂwﬂﬁmqmén@mnmnkﬁammaumuﬁﬁgqmeﬂﬁynudlkﬁﬁkeﬂqﬁﬁequemey

vi si bl e frequenc nd ultra-violet freqguency photons) ect abl e | abel s
i ncl ude col orléﬂlay?rﬁ%l?@éd’%‘?ﬂe d1pABS ge@%edamaélpamaa%ééqﬂexw@c%es and

mat eri al s, qu@£d§}§w@8&ﬁﬁﬂﬁﬁeg&%%ﬁﬁﬁ&hﬁ ﬁ%uﬁg nvert 20one substance into

anot her substance to provide a detectabl® difference (such as by
In other examples, the binding region that resulted in the formation of a non-

25  uniquely specific nucleic acid sequence may remain in the same order, but be placed
in the opposite orientation, or it may be both moved to an end of the ordered binding
region and placed in the opposite orientation. In another example, the binding
region that resulted in the formation of a non-uniquely specific nucleic acid
sequence may be excluded from the probe. In a further example, all of the selected

30  binding regions may be re-ordered, for example by choosing a different order and/or

orientation, such as those described above for the initial ordering. The sequence
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converting a col orless substance into a col ored substance or vice versa, or
by producing a precipitate or increasing sanple turbidity), haptens that
can be devecvadskgianti body bi nding interactions, and pacamsgnensnsand
magnetic nol ecul es or materials. 25Particul ar exanpl es of detectable |abels
i ncl ude fluorescent nolecules (or fluorochromes). Nunerous fl uorochrones
are known to those of skill in the art, and can be selected, for exanple
fromLife Technol ogies (formerly Invitrogen), e.g., see, The Handbook - A
Qui de to Fluorescent Probes and Labeling Technol ogi es). Exanpl es of
particul ar fl 'QBQP e g&?&g ; em ly
30conjugatedf%?% a Hﬁ?ﬁ%%@ﬁig?%ﬂﬁgﬁggﬁﬁe sugﬁgggmgmgﬁ?%ﬁ%?gﬁggzgﬁ iC

bi ndi ng regi qeheatien pf owi adiniquely SecPrtrmnteidNgid &q866e3dhistio phidaarcdiso et
al ., such as 4-acetam do- = 4’ -isothi ocyanat.ostil bene-2,2' di sul fonic acid,
Sor i no. and dragh SR PGS seeitionad AP G RS o SRS ORI BB anat o

5-(2' - am noetfpyldyam nonapht hal ene- 1- sul foni c acid (EDANS),

4- am no- N-[ 3-vi nyl sul fonyl ) phenyl | napht hal i m de-3,5 di sul fonate (Lucifer
Yel | ow VSP, N-(4- dnisbinaexémplaphbdydjysied eide and, orentationnf therhieting Bgidosi ant 5
Yel | ow, coungfin nd]dgrivatiyes §#ch ag.cou rin 7-anino-4-nEthyIcounarin
(AVC, Counar i TWo1390) T P QM2 TS Y UoF ’r?é}“ﬁ&?%%%‘i‘ S PICC CBUHE PR 151) ;
cyanosi ne; 4'ex Pie@fﬂ'erhid isi@-otddpagaylibneedeis (RARYYL adl orientation selected for

5" -di bronopyr ogal | ol sul f onepht hal ei n (Bronopyrogal | ol Red);

[

7- di et hyl ami neingwythe bindisREieny Eneaneiskeing PYabs (st Bye-dseimingdy:order and

di et hyl enetri am e 4 A - . ]

1001 1 Sot i ooy SnaL 8T hyALRECEr TR B SUusisdoppring sengiic a leas one non

4, 4" - di i 90t hivmigyehadpesificlsbanert. f tRe adjustad baletiag @enddates at least one non-

5-[di met hyl am no] napht hal ene- 1-sul fonyl chloride (DNS, dansyl chloride);

4- (4' - di met hylnigHehoRey 1sa2BsHeths rder aed argnipavatyhe splected binding regions

di met hyl am napRenyaZPRNBANHS 4n ol @O LI BHAIRAMANAIORLTCLE uRYSHY AR
derivatives such as eosin and eosin isot I ocyanat e; erytﬁr SI n
derivatives suckiaxidsegubmams,as dit&iibaddbarey tThiomioress soepéadalyanadmey, tire¢hi di um

fluorescein and derivatiyves.such as 5- .carbox uor.escej .n . (FAM.,

5 (4 6ol ol GPGETSCSY B2 TR AUt 08 PEERBIT P OPARIScied binding tedibns tha

2' 7' - di mashoxyednd induGhhar EmbuR@idi 6|10 @RGEhd (lBoes | | UOT escei n,

fl uorescein isothiocyanatée (FITC), and QFI TC (XRITC), 2', o

7' -di f 1 uor of | uor eRrderan(COREGON OGREENIDYT: the pnignels spedifiebiniRe4agion 3446,

Mal achite Ge i sothjocyanat e: . 4- 20nmet hyl unpel | i f ergne:. art ho

er eoo pht hal G GE BT Beiofh s BRI nDEk e R g ThE DR

B- phycoer yt hrdefrmareghtididladil alig@bysle; InpyierReadpEs dBE indatidwe sindliphegidnpyr ene,
pyrene butyrate and succi ni m dyl 1-p¥;ene‘butyrate; Reactive Red 4

(Ci bacr on Brisefiieages e arogivees) (forrqxgmpra heolsgparueleptideaynihesis eubh as

6-car bOXyOX;: La{&ggﬁgg{i‘&l § L equln GRERMME NRAAMI NG o RRBleic hdigPAM Bfe hodam ne

B sul fon
together in the selected order and orientation. In other examples, the nucleic acid

probe is synthesized as a series of oligonucleotides (such as individual
oligonucleotides of about 20-500 bp), which are joined together. For example, the
binding regions may be joined or ligated to one another enzymatically (e.g., using a

25 ligase). For example, binding regions can be joined in a blunt-end ligation or at a
restriction site. In another example, the binding regions may be synthesized with
complementary nucleic acid overhangs (such as at least a 3 bp overhang), annealed,
and joined to one another, for example with a ligase. Chemical ligation and
amplification can also be used to join binding regions. In some examples, the

30  binding regions are separated by linkers. In another example, the entire nucleic acid

probe including the selected binding regions in the selected order and orientation is
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25 rhodam ne (Rhod), rhodam ne B, rhodam ne 123, rhodam ne X

i sot hi ocyanate, rhodam ne green, sulforhodam ne B, sulforhodam ne 101 and
sul f onyl wbl2oriide2sderi vati ve of sul forhodam ne 101 ( Tex®€TRSA)10/062485

N, NN, N -tetranmet hyl- 6- carboxyrhodam ne (TAMRA); tetranethyl rhodam ne;
tetramet hyl rhodam ne isothiocyanate (TRITC); riboflavin; rosolic acid and
terbium chel ate derivatives. 30O her suitable fluorophores include
thiol-reactive europiumchelates which emt at approxinmately 617 nm ( Heyduk
and Heyduk, Analyt. Biochem 248:216-27, 1997; J. Biol. Chem 274:3315-22,
1999), as wel escein
chlorotriazi n;l}/'fl@lésﬁ%lpatnﬁ%?g%?]gg %\ﬂﬁnéjé@hi}%l chp%?gilrdﬁﬂé ﬂ%ﬂrl]ées S;g xant hene
(as descri beQ)artmulaerarﬁp]Eenhe Plorality 800j1286e.£0 lipsted of luaited) bmddlgcteguomatl ves

t hereof. Qther fl uorophores own to those akille i earé nalso be
used, for exa%’i‘i)}“éerttﬂr?o‘g@aa a?nfl BICELF FO Y Prodyd It ‘i“é? ¢ i IPfOrS

Mol ecul ar Pr Q%gaﬁﬁﬁgl@aﬁar%%y%ﬁnﬂﬁ@g udi ng the ALEXA FLUOR(r) serl es of
dyes (for exanple, as described in Pat ent Nos. 5,696,157, 6,130,101

and 6, 716, 979) t he BODI PY series of dyes (dipyrronetheneboron difluoride
dyes, for ex e As d{aﬁcal b&’f{j .é&e Sn Pat ent Nos. 4,774,339, 5,187, 288,
5, 248, 782, 105 274 Argst NUCIBIe AAS pedUCTILEY "663 and 5, 433, 896), Cascade Bl ue

(an anine reactiverd tinielkic\Rid¥eqlidiRe St thoralledinphide Rendiris PN Reslgbtn U. S.
Patent No. 5,132,432) and Marina Blue (U S. Patent No. 5, 830, 912) In

addition to tsseuenceforNveteioasd npleeqsiegludinggleay affirsidrindipe Fgionaddia can be a

QUANTUM 15 DOTHRR it Rt g B b S| e AR Bl s ol Cunot
Cor p, | nviOt r age be Namostey swhidh c'Bemkpnmldog essntidlygaeentic; taﬁgeEseqh&ﬁp Th S.

Patent Nos. 6, 815, 064; 6, 682596; and 6,649, 138). Sem conductor nanocrystals
are micr oscoW@eﬁéﬁmpkwsta%?%ae%qez%sed%%@éw ageeiated| WishyAorasectct r i cal

properties. VWgn;semcR Sét%tldiﬁad}‘h BMc‘ﬁ RAlich &h%e'dséd’(&ﬁf%% ﬁffor}’éﬁ&tf&n%s&ﬁl' nary

energy source, a 20secondary em SSI energy occurs o equency t hat
corresponds ta didzeosiarugagenobtid iméorsemm tordbe tujeatrfiber whdm tlsechmphe tshe
sem conduct or nag%ﬁré%stal . Th| S em ssion cag[ be detected as col ored |ight

of a specific g G0 fiEE SEEMELIoNs Rt SBdilie M MEBE BT ™E s wit h

di f f er enty 5spaglobAhucth@h@s t&fueadd iS Seldéted HERC 1aRRH obddrnf Gich ala Suk A RNt No.
6, 602, 671. Sem conductor nanocrystals that can be coupled to 25a variety of

bi ol ogi cal nmee@mbefgr (:xamplm mgmdmﬂlfﬁsg%mmeoﬁuqlim@ ladiupnaagedeie.or substrat es
by techni ques des r.uchez ence

281 2013 9016, - 1008t BarkirphShelS BIRIEnuPGE 05 G Eoflen FEEMEse U s
Patent No. 6,vwiéh B&Sespond to essentlaﬁpa;(n}agdn@m@farg&mmﬂ@ﬂmwhcmm naestal s of
various conpositions are 30discl ose q U S. Patent Nos. 6,927, 069;
6, 914, 256; 6,BEHYANIGERODeYLG DRAGEOr 398IDl6, (BOLLHRATC A2CIOFJUPEE: Can be

6,225,198 6 azﬁohg&%f gulgagy%tlgignorﬁe,%ﬂéi 86 tmammalian (e.g., human) genome. The

uniquely specific nucleic acid molecules and probes including such molecules can
correspond to one or more individual genes (including coding and/or non-coding
portions of genes), regions of one or more chromosomes (e.g., a region that includes
one or more genes of interest or includes no known genes) or even one or more

25  entire chromosomes.

The target nucleic acid sequence (e.g., genomic target nucleic acid sequence)
can span any number of base pairs. In one example, such as a genomic target
nucleic acid sequence selected from a mammalian or other genome with substantial
interspersed repetitive nucleic acid sequence (for example, a human genome), the

30  target nucleic acid sequence spans at least 100,000 bp. In specific examples, a target

nucleic acid sequence (e.g., genomic target nucleic acid sequence) is at least about
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5,990, 479; 5,690,807; 5,571,018; 5,505,928; 5,262,357 and in U. S. Patent
Publ i cati on No. 2003/0165951 as well|l as PCT Publication No. 99/26299

(publ i shewtolB1/@B72931999) . Separate popul ati ons of sem ceQdIS2E0/062485
nanocrystals can be produced that are identifiable based on their different
spectral characteristics. For 5exanple, sem conductor nanocrystals can be
produced that emt |light of different colors based on their conposition,
size or size and conposition. For exanple, quantumdots that emt |ight at
di fferent wavel engt hs based on size (565 nm 655 nm 705 nm or 800 nm

em ssi on wavejl ) L i u hA the
probes dISC|§g@ Eg?é?ﬁﬂg%ghgégﬁF&g136?Pgé?@ﬁ¥@ %ﬁcano@@%nggP%gPP%bad,
10CA) . SRAMNI0D; Y000l 41960.900,ncFAN00, 2600020, 000adi060.660 bpes (such as
3H), nmetal chel ates such as Dgggnand TA chel ates of radi oactive or
paranagnetlc‘ﬂ@?éﬁm#8ﬁ§nFP%@ OS8H§’1 i posomes. Detectabl e | abel s that can
be used with nucl g4g &ﬁﬁ@n&phﬁﬁﬂhﬁ§mﬁéﬂ%hagémﬁnéﬁngﬁ%ﬁﬂcﬂﬁﬁﬁfﬁhﬁgm@y the

di scl osed net hods) Fso i ncl ude enzynmes, for exanpl e horseradish

per oxi dasé, a!smmtfrﬂewph@glphldtam éfor amr@plprmpm asselecgludoswrawi dase, O-
galact05|das E%Iuc on| t he detectable

Pabel included SRS 1t v SR RS RS st R B R, o hegen ¢

conpound can r@@;ﬂﬁ@@bﬂ AnPARBATAY bPdelidn) hakebRNZYdRifTed iDRAPIALE cls,
det ect abl e signal (numerous of 20 such conpounds are commercially

avai |l abl e, f o¥pesi@bypheangef pHsypych ayEctpilcinddli eadl ledenmiah Amplomyas, braa&tu cul ar
exanpl es of b ),

4- n|trophenyf%h%%g%ﬁﬂg%?gﬁfﬁ§ﬂge %ﬂ&%gQQPQd?QHﬂB qﬂé?%%%?ﬁ%@?%.ndo|y|
phosphat d0( BExkhplenj dtlenstd patibebf memzlugwnu(cNB:Taqd RGUBPMdSRE. ¢., APnéningeet AP

bl ue, tetranethélben2|d|ne g %g) 2' -azi no-di-[3- 25et hyl benzot hi azol i ne
sul phonat e] (WEfFS) acidseqanged isqediplicated g 6‘?16fﬁébfh%tH645t'(‘&utéRg/0f cells in a

ni trophenyl- ]ng{.}[egal act opyranosi de (ONPG), o-phenyl enedi am ne (OPD),

5- br ono4- chl or o- 3-i ndol y1- 13- gal act opyr anosi de (X-Gal),

met hyl unbel |'i fer yIFrmsl@atlgwd iagolomeramoginde aicNMoo@alfdr; several human

p- ni trophenyl ala pyra 05|d PNP - bronmp-4-c donI 0
POl uer ont BT o YRR R S b R Ko B (B E el B

i odoni trgiet raZeld hd B'M]}pmﬁt%glaﬁ of bBmbhdige 1t24rE 38Rl JABnG! et .
Al ternatively, an enzyne can be used in a netal |l ographi c detection schene.

For exanpl e, synoxiarsaraemssoff ttsylmtlumomtTh@rt(l(SgllSﬂ) trmmmme@bmivlomtif@d,
met al | ogr aphig, detect i on schenes, cPFfer néel tﬁé”‘hrs%g G hogallzatjon of a
hybri di zed gefRofi glpt 08 PRORET S AP BB HEG T RRIRF SV S R E Gt ect i on

nmet hods i ncl ugecitis hﬂ@elamcﬁnﬁwmleﬁgdn@ﬁt@%r@hIaahﬂgeﬁq@t&smtaﬁlemcd tRat
conbination with a water-soluble nmetal ion and a redox-i nactive substrate

of the enzyneeXtCFﬁéd§t§‘H§tff0al‘ti thej SY'E gefige prdede perond paehsxngedgsmiqgbhipepifict he

dt t t
eroye. a6 BRI B e PREIL PR NP L AUPLIG Ly O
Publ i cati on I\I@pr@ﬁﬂﬁl’ Q1BOSYE, ccRETWRhIpi stet komesNondiae BEheAT e mndeit). S,

Pat ent 10Application Publication No. 2004/ 0265922). WMet al | ogr aphi ¢
det ecti on metAEHSIRTSES (el SFAISTNSIAFRG! BHCIGK A6 SPRUREE AL Wk i fstieh as

hor seradi sh A8 EroBlRING ndirhil c@llé"@&}ﬁ‘éh Bek 'a'?('ltggﬁei)% Py TRRpOX1 di Zi ng

agent and a reducing agent, again to forma detectable precipitate. (See,
for exanpl e, rkkiSn, dézattetrtt\xzol\ﬂbS1oﬁ,(£e7161;ancﬁ:§9y thé two bibelsiimtlosepgrosicainpl semalsnucl ei ¢

acid pr Ol}%S (rg gcfgm he t\XPOrl(I)IPa%t oep?eesro?'tselpl". banormal cells with a t(18q11.2) exhibit a
single fusion signal.

Numerous examples of reduplication of genes (also known as gene
amplification) involved in neoplastic transformation have been observed, and can be
detected cytogenetically by in situ hybridization using the disclosed probes. In one

30  example, the genomic target nucleic acid sequence is selected to include a gene

(e.g., an oncogene) that is reduplicated in one or more malignancies (e.g., a human
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15t he di scl osed nethods) are | abeled with dNTPs covalently attached to

hapt en nol ecul es (such as a nitro-aromatic conpound (e.qg., dinitrophenyl
(DNP) ), bwotanrijostisgaor escei n, di goxi genin, etc.). Mt hodecrars2ecionyugati ng
hapt ens and ot her |abels to dNTPs (e.g., to facilitate incorporation into

| abel ed probes) are well known in the art. For exanples of procedures, see,
e.g., US. Patent Nos. 5,258,507, 4,772,691, 205,328,824, and 4, 711, 955.

| ndeed, nunerous | abel ed dNTPs are avail able commercially, for exanple from
Li fe Technol ogi es (Mol ecul ar Probes, Eugene, OR). A |label can be directly

. d. | d 1 .
or 1ndirect %néﬁgtng{fé}g. g%’p@’?d”ﬂjﬁ 2, 3% KnB& Ak Qb LIGERNIRY, 1§id§@n S a

phosphate (e.g., p phate) or a sugar. Detection of bel ed
nucl ei ¢ aci d tholpégyslagsledathdregalatonpl dedlipedwiiny(acemt®atating htunen M&iR2en- 25

| abel ed nucl eic acid nol ecul es. boun nomi.c r ence with a
primary anti -%BWWCQH?WCBW.O_V]@H Bh(gE]g%éﬁ#[%eh?gf‘FFé“B?:ﬁ\%\ag@t—gﬁ&?ﬁhapt en
anti body (suGhicRetides305%0 @043 13828P1)e ThaRbADQRE) fdrs 1851ES trhknlcaftphiRten th an
enzyme. | n anot her exanple, a secondary anti-antibody (such as a goat

anti - nousé | gGfage iepepdyr) thatdn p mepambed of thedyrosing ytingsé milye dER? issingpidied
anplification, . In ClSH a chronpgeni ¢ 30substrate.is added, r SISH, silver
"ons. g ot nd? hBarbies S PR PR bR, ThE Rt AR LR Rat i ons
are added.  region of LirofRREMEX AL BRludds RHERR dche| adedcadedys 4 BaEOr at i ng
one or nore Ia%el ed dNTPs using an enzymatic (polynerization) reaction. For

exanpl e, the tAigel mickeigeqid sgsrehes toLgatiatgPrehes thad dnclydgomigrelueiegifispeci fi ¢

bi ndi ng reqgi . I porated into a plasm d vector) can be | abel ed
by ni ck trangﬁgc%lfl%%%gb&gﬁ%ﬂgﬁﬁggr exanpl e, biotin, 52,4-dinitrophenol,

di goxi genion, et c. )In@thebyxampldgm genomizrtaxt @uddio dcidiséduehay iviselatted traADBS er ase
(e.g., 3 end tailing). In some exanples, the nucleic probe is |abeled by a
nodi fied nickd TMQKSIRPIGSSPr Fe88hat Srdelfiet dosthid malignantgrellpNECTFIRYRIS: e 1t o

deoxyri bonucl 8as€sibn ((INASE D '1974?1;99' 1788 1@ Rie negahephot ag 100% of
the starting pﬁgt et %Igl. I'n 6ar9tgi cular Eiexan’p‘f gémtﬁgﬁﬁ}g? t r)’ang$ at irgbn
reacti on i nclpdd8NKAA, 4GHodylBLakeatet on Dhasesbmatdpal rsatelavedoin cattaineast about

800: 1, such t | east 00:1, at least .4000:1,  at. |least 8000:1, at |east
10, 000: 1. _at bt efaeinoh homaionddi oy Gy e e LE o animgB Ao
24, 000: 1 13nd drRErdn@R6I AN tHa® e f@MPa8&s A6} c NGO IHECS T3, eras(grLY, or about
16-22 hours) at a substantially isothermal tenperature, for exanple, at

about 16C t o 2B, (ANCKTAS, sndcyhlGeEnFaR atend ). peSeentrameyic, regjod (e.45PPhA- si onal

Pat ent Application . 61/291,.741, entitled ' Methods an i,t4ons for
Nict el ¢ et d el NG e R el sl Bf, o R MR ET B 06
i ncor por at ed A1¢F4£4, CRY, GIETSTRANGRd GLTSCR1)f) adidéhanatedrdtic nagéchiprahacs oel udes

multiple plasmds (such as 2, 3, 4, 5, 6, 7, 8, 9, 10, or nore plasmds),
the pl asm ds SSE§NEEPAFOKk selid s elhacentinl aprvent $5tept-i or

20 The aforementioned examples are provided solely for purpose of illustration
and are not intended to be limiting. Numerous other cytogenetic abnormalities that
correlate with neoplastic transformation and/or growth are known to those of skill in
the art. Genomic target nucleic acid sequences, which have been correlated with
neoplastic transformation and which are useful in the disclosed methods and for

25  which disclosed probes can be prepared, also include the EGFR gene (7p12; e.g.,
GENBANK™ Accession No. NC_000007, nucleotides 55054219-55242525), the
MET gene (7q31; e.g., GENBANK™ Accession No. NC_000007, nucleotides
116099695-116225676), the C-MYC gene (8q24.21; e.g., GENBANK™ Accession
No. NC_000008, nucleotides 128817498-128822856), IGF1R (15926.3; e.g.,

30 GENBANK™ Accession No. NC_000015, nucleotides 97010284-97325282),
D5S271 (5p15.2), KRAS (12p12.1; e.g. GENBANK™ Accession No. NC_000012,
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20 to performng the | abeling reaction (such as nick translation or

nodi fied nick translation), to insure that all binding regions are equally
abundant wWol2bnvdseay3| abel i ng. I n ot her exanpl es, clremiusadioloedass i ng
procedures can al so be enpl oyed. Numerous reagents (including hapten,

fl uorophore, and other |abeled nucleotides) 25and other kits are
commercially avail able for enzymatic | abeling of nucleic acids, including
nucl eic acid probes produced by the nmethods disclosed herein. As will be
apparent to those of skill in the art, any of the |abels and detection

procedur es i el ch: ARRIEE 3 2R0Y 7 %ﬁ%lm TR ORLeKs20f | abel ing a

probe, e.qg. use inin sit zation reac exanple, t he
Anmer sham MULTGERBREK ™ Odvks30h NbeNCn@O(XMQt mleovides 6)47565$f666492)cCDKdgent s and

kits avail abl from r obes/ Life C ie her
simlar r eagéﬁ% ﬁ@&ﬁéﬁ%ﬁ %%CSEF“? aﬁéi—&db%ﬁgnmfetoﬂg %T%g%%(? “aci ds
di scl osed herﬁ'lﬂéldﬂc&ﬁ?l‘éhﬁﬂﬂ)%Cﬁmfﬂ?hﬁ% GEF@&NK@M%%%Q%RMN’@S can be
directly or i ndirectl abel ed apten, and, a fluorescent

moi ety (edg. ,N@_Gq00bt Oplhbp‘ed@r69é5§?e7r$r@%ﬁ@&4ﬁ)oM%ff@@2y§ﬁaGFNBa\N,KF%rmgenl C

Can b’ art acreaerohSRiiSE codRbe iRl LESO AL RN iRl
biotin). (LPPASIgé el (@ﬁm &@etd;ENBANIatM Aadesfien NpeN( oo@misehud@édﬁaes nucl ei c
acid nol ecules are provid in US. Application Pub. No. 2005/ 0158770. VI 1.

Met hods of Ush9ﬁ60&6r20b‘%3§9@_ﬁbr68é§13?ddee &s ORNBANKY Sercesian NetHod¥00eh be
used for nuclgl f%oﬁ?ésqhﬁ%?s%u%zto %ﬁ]yﬁﬁmp{)%béﬂN%ﬂ@Atc%%ﬁ' €

fl uorescence 1 n si bridi zat'i on genic in si
hybri di zali orNg. CBW@H])OOGHU csinlpledtient, muslebuddsyhnﬁdﬁﬁz'aﬁa l6m2), SFEHQ (2p24; e.g.,

conparative enom o i di zation &CGI—8 mpl ary uses are di scussed
bel ow. 15 A %NgﬁNK%%?qeaﬁ%NpoN 00 002| ‘FPI%E?IFIE}eIHy’E)‘Fq Atigst i on (1 SH)
| nvol ves contaght 101 fgdsRY) (CRO @b %j??ﬁt"t BRBANHEheALRGh4 sequence (e.g.,

genom c target nucleic acid sequenc e context of a netaphase or
i nt er phase ch¥eMsSd80p2, e:pmtpktrmezmn niusleohdeas 6496385620056 skleS sHrppll €;

20mounted on a s a | abe ecific ri i e or
specific for 4% bﬁg%ﬁk LErEssEon Od]\@reéﬁg e NEgeY! esé ' 'ﬁﬁ@g)’nucl eic
aci d sequencexHRNE3HI4 Qgs CGHNB ARKITONRdcb ki g /6 et @018, @mpldedienove
paraffin or other materials that can interfere with unlform hybri di zat i on.

The chr onosomeckatigesel08AE 70 138010, atreclbat, Fortexempled ALfKo2peXampl e by
heating to denalphR ke dUblens! (RN EGbBYGSliEmaG! ds- The
nucleotides 29269144-29997936), 1g heavy chain, CCND1 (11ql3; e.g.,
GENBANK™ Accession No. NC_000011, nucleotides 69165054-69178423), BCL2
20  (18921.3; e.g., GENBANK™ Accession No. NC_000018, complement, nucleotides
58941559-59137593), BCL6 (3927; e.g., GENBANK™ Accession No. NC_000003,
complement, nucleotides 188921859-188946169), AP1 (1p32-p31; e.g.,
GENBANK™ Accession No. NC_000001, complement, nucleotides
59019051-59022373), TOP2A (17q21-q22; e.g., GENBANK™ Accession
25  No. NC_000017, complement, nucleotides 35798321-35827695), TMPRSS
(21922.3; e.g., GENBANK™ Accession No. NC_000021, complement, nucleotides
41758351-41801948), ERG (21922.3; e.g., GENBANK™ Accession
No. NC_000021, complement, nucleotides 38675671-38955488); ETV1 (7p21.3;
e.g., GENBANK™ Accession No. NC_000007, complement, nucleotides
30 13897379-13995289), EWS (22q12.2; e.g., GENBANK™ Accession
No. NC_000022, nucleotides 27994017-28026515); FLI1 (11q24.1-q24.3; e.g.,
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25 probe (formulated in a suitable hybridization buffer) and the sanple are
conbi ned, under conditions and for sufficient tinme to permt hybridization
to occur WOypilomkisg to reach equilibriun). The chronosoreTISe@AanN6d48HN | S
washed to renove excess probe, and detection of specific |abeling of the
chronosone target is performed using standard techni ques. 30For exanple, a
bi oti nyl at ed probe can be detected using fluorescein-|abeled avidin or

avi di n-al kal i ne phosphat ase. For fluorochrone detection, the fluorochrone
can be detected directly, or the sanples can be incubated, for exanple,

wi th 1 uor esqekqpiaathi RExa08H Rol RETRIIAINMARKRE, Pohibo-AmlshSi gat i on of

the FITC signal can be effected, necessary, by incubation w
bi ot i n- conj ugA X8 (YB@atq3ant.g-> SENBANKAY i Avodisem, Nova$t (i§oahd o pbaacond

sampl o5 can. BECIRENBAS a8 LEHE PAX hlrSD PeRttalt dith CEMERBE S noubat ed
wi th biotin- conkugst RE. RCK@dJ00E, RlRSAIAL @%@oo%fﬁ%@z?@ggﬁmft% 23.3;e.g.,

pre-equilibrated (e.g., in alkaline phosphatase (AP) er). The enzyne

reacti on éan GeNBaMNorhiecestion Nor NEXHPRII18, nysfedbides 890 18bNT-89'Midag2INBT/ BCl P

and st opped by, on.in 2 : ener idtion of in situ
10hybri di zati%lﬁ‘fgﬂéééﬂé&f%lé;%&ef&@?géf‘ﬁw%? 4PN &?—6@5%8 278.

Numer ous pr oc@ehpl@serft afuclebiitks 4uSkho4aushsSh G, M&ECIKD(J%MDW@DG art. For
exanpl e, procedures for performng FISH are described in U S. Patent Nos.

5, 447, 841; 5,AENBANK ™ aneressiapiNooN: 0G0 1f exmplemey) suclgaiides nkel et al .,

o o661 20 BASa0s¥ ko BRI ARAL AT E0BY. FECKEIISA Blecrsifif 00, Nat1 - Acad

85: 9664- 9668,Nd. MN88.000D&H niusledieds 160DETL 56 1003682) aldOSEN REFq3B-q35; Am, J.
Pat hol . 157:1467-1472mI2000‘and U S. Patent No. 6,942,970. Additional
det ecti on metFRIBARNE preser e NonNG-40008gt erpplrgentenuateptigsy.  Numer ous

reagents and 1d@a?§dsi131m9a%ﬂ9@ﬁ$1x%m&@dgm&:w%tﬂda RAMINERAE L ORig DY thp FI SH,

Cl SH, and SI SH procedures to i nprove sensitivity, resolution,” or other
desi rabl e pr opgetiieshunis dircoossedoaboneg apleat @ poltaimaifady wne forfrhareyaphor es

(i ncluding fluore nt. dyes and ANTUM DOTSI O) can be directly optically
det ect ed mheﬁmBgWiﬁﬁﬁ%Hﬁxgﬁgﬂmgﬁﬁ%%?nativer, the probe can be | abeled with

a non-flygrescent ARLRSH Bibodsh AthebrBRARBifICFHCHe 38ndie tf9bd Rivieng
non-limting 25exanpl es: biotin, digoxigenin, DNP, and various oxazol es,
pyrrazol es, tdsidamoleewe is assayed (in the same or a different but analogous sample) in
combination with a second probe that provides an indication of chromosome
number, such as a chromosome specific (e.g., centromere) probe. For example, a
probe specific for a region of chromosome 17 containing at least uniquely specific
20  nucleic acid sequences of the HER2 gene (a HER2 probe) can be used in
combination with a CEP 17 probe that hybridizes to the alpha satellite DNA located
at the centromere of chromosome 17 (17p11.1-q11.1). Inclusion of the CEP 17
probe allows for the relative copy number of the HER2 gene to be determined. For
example, normal samples will have a HER2/CEP17 ratio of less than 2, whereas
25  samples in which the HER2 gene is reduplicated will have a HER2/CEP17 ratio of
greater than 2.0. Similarly, CEP centromere probes corresponding to the location of

any other selected genomic target sequence can also be used in combination with a

probe for a unique target on the same (or a different) chromosome.
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nitroaryls, benzofurazans, triterpenes, ureas, thioureas, rotenones,
coumarin, courmarin-based conpounds, Podophyl | otoxin, Podophyl | ot oxi n-based
conpoundswoand/mse2ybi nati ons thereof), |igand or other i rdirnsealopenies ect abl e
noi ety. Probes | abeled with such non-fluorescent nol ecules (and the target
nucl eic acid sequences 30to which they bind) can then be detected by
contacting the sanple (e.g., the cell or tissue sanple to which the probe
is bound) with a | abel ed detection reagent, such as - 49 - an antibody (or
receptor, or other specific binding partner) specific for the chosen hapten
or ligand. Thgy det L r I ith a fluorophore (e.g.,
QUANTUM DOTI ?)fl'or I?m&tgﬁgglﬁgfe'ﬁ%&r%nrfd??gct yﬁg‘gbg@}%ﬂbl e noiety, or can be
contacted wi th onélternueizieacidipiiobeogmlerasquety the disbionell mgthadecdnsin¢ledgone
secondary or 5 s eif’ié?HC ant i bodi es%, .Whi ch. can in turn be l].f?be ed with a

f 1 uor ophor e. BRIBHRCISyLOr CREMPYELR BEIHT LP1LigRIO! p LrgetWEIIPH PREEEY to the
anti body, reGgpfoQhe (RFIOMINBELEPES v hliGusRippREAOn RGREY ds- inAlk BYBAdiLMRNY, the
detectabl e |l abel” is attached to the binding agent via a |ihker, such as a
hydr azi de 5t hipgbcedivrek g nuckeipatig erdbelingiedaglafeldl (¢.2-nkdetectobledaheloter 1 exi bl e
attachnment i et j t onparabl e reacti.vities. ,For anple, a 10 cific
bi ndi ng. agent cerahleqib oAb AR s PRl Gon el harPARE e GRRE
avidin, or thedal et makake teptadeand biycomdeitiatiefl oMHelprébe (phigicoRNOkIR (or ot her
| abel ) via a heterobifunctional polyal kyl enegl ycol |inker such as a

het er obi f unctioypdpr hhiridizedyarehes ¢t § sanple PEGYs. hilaetad nusleiacad aisiaculsct i onal

i nker combi ries, 500, Gh i GLPBE mE PAREILS SbRURTASE] GO fber Rudsic aEOM 3

car bonyl -reactive group, an am ne- reactive group, ol -reactive group
and a phdoo- reequincy €. g1 ganpmid hegdt nndeicatiddeyedncal t@shies tholabéled uaigatlyand

t he second of which attaches to the specific, binding agent. , | n ot her
exanpl es, t hePRriEpauclgic agidapoleside b hognd gt Byitizedd frhswaplan Thndisggtie e. g. |
a primary ant RodinidA6aRE Bl BpalicEk LIBLAAIG RN ERIpILSyrk BRI, Wi th an
enzynme that is capa]b e of converti ng a fluorogenic or chr nogeni ¢
conposition into aA Rbdeissadtiabd evithloneoe seentyclaohad eablequlest(hehvis sigprobe

det ect abl e si gnal .0,, .S in depositio f detectahl e tal .particgles in
Sshy  as i et iy 6% BEDGR conl fueif] Sl te PR tyREhy. &

i ndirectlyy Vijgbedchl Bk&ftedi& bgny IBIRMAE yePIORES RovERH @fdch M sth 8RIENhe

Exanpl es of suitable reagents (‘e.g., bi'nding reagents) and chem stries

(e.g., |inkerabsergtion teadsmenanddhepttringo$ ) photeondwskdinggddiodragu@icyPat ent
Application Publicat ifon 25Nosf 2%(%6/ 0246524ib 2006/ 02465(?31,[ _an(ﬂ ¢

2007/ 0117153. MR ¥ AR TN aipREs T gn S RBP4 At TOR e ASld i s
utilized, forfrexaflhotdm).i Dacaalsie l&eRShéludd tdloel, litgede@bshoshRop@ehi cul ar
exanpl es, signal anplification is utilized with probes of about 5000 bp or
| ess (such asngdbwninesgopmolesulgs anrhpaterials opital 3o Guclpsomzymgoghatspeert 1000,

900. 800’207000ne§919s’tan%99nt0 0%herBstat@%o p%vi&eog dQQ(?table difference (such as by

converting a colorless substance into a colored substance or vice versa, or by
producing a precipitate or increasing sample turbidity), haptens that can be detected
by antibody binding interactions, and paramagnetic and magnetic molecules or
materials.

25 Particular examples of detectable labels include fluorescent molecules (or
fluorochromes). Numerous fluorochromes are known to those of skill in the art, and
can be selected, for example from Life Technologies (formerly Invitrogen), e.g., see,
The Handbook — A Guide to Fluorescent Probes and Labeling Technologies).
Examples of particular fluorophores that can be attached (for example, chemically

30  conjugated) to a nucleic acid molecule (such as a uniquely specific binding region)

are provided in U.S. Patent No. 5,866,366 to Nazarenko ef al., such as 4-acetamido-

-42 -



300ne of skill in the art can select probes for which signal anplification
is appropriate. For exanple, CAtalyzed Reporter Deposition (CARD), also
known as worani/e293Si gnal Anplification (TSATm) nay be ®CiIrhiS2zed/063485 one
variation of this nmethod a biotinylated nucleic acid probe detects the
presence of a target by binding thereto. Next a streptavidin-peroxidase
conjugate is added. The streptavidin binds to the biotin. A substrate of
biotinylated tyram de (tyramine is 4-(2- am noethyl)phenol) is 5 used,
whi ch presumably becones a free radical when interacting with the

peroxi dase engYinioMifiaR0GMohd Sof@difRlc JRLACAGAE R QAL bk i L he
surrounding material, thus depositing or fixing biotinin the vicinity.
Thi s process acadmepedhaitibyispthoondyeinatg SR -emsndestiyl atrendraplathaleyd-atsetfonic

by ot 1 n- abposi ¥4 (LS AGuhp P&t Pl B linbentingbhBaelies’ d8in iofe cont
mol ecul e. Al t@La& WeloV VSﬂW—Wiiiﬁé—@%a@%@%b@lagﬁﬁgﬁ dnteaniAgiddes gEhed W th

avi di n- per oxi dase conplex, that is then , 3' - di am nobenzi dine to
produce aSbr ovwlloyolconmarin atthderbetvesfsodngs ¢dvanaringy-amige4anethdhedmarm

fluorescent I es als ve. as strates. for the.enzyme hus
ISR E Vit D AR e S R T ot R
si gnal anpl i fdyaadsinen 4medi@dnidiid-2pasnyinase 1BA PDNA’ S ghislondpldghllgiat i on. 1 n
sone exanpl es, tar %et -specific oligonucl eotides (label extenders and

capture ext erfdépaophghatein (romapyegallplikedyi GHicdvlamgercit t o t he tar get

nucl ei ¢ aci d.. Ca Jer i g 1. di t he 4 arget and
to capture prléq@gfcw\%}@ﬁ&g{l}gﬁa qtﬂg’g ()él%ga?gl’ Q%%%S%‘Hﬂ‘%k éﬁaeécgﬁ?%bgﬁ ext enders
ar e 20dedignetiisbthideyratetizgird-otitbend-2 gt-disalfoigiacids 4 dhdiifehibayapetoslbend- o

provi de sequences for hybridjzation of a preanplifier oligonuc|eotide.

Si gnal anpl i f4-€ PPt pelfimsthyiamngl paiiialsner srulingbed oRdamiNS zi ng to

| abel ext ende{faﬁ%%ﬁn@é)‘ﬁ%:-g{gﬁé ylm{rfasghé}gﬁ&z%?deﬁzmQéihquﬂdYL

gl t
hybridi zes to t | acent ext enders. her regions on t%g
preanplifier dmethgbsiigopdnylozdphbnyldi’ 2eothiocyanhte (PIASB DN ccampndfdeavatmes ecul es
25t hat create al?branche st.ruct%e. Fi nal l&% .al ﬁcgl i ne .Qhosp at as .
(AP) - | abel ed 81 gbvith W6t Go0@s SORRF Ly EVEBRIN BREHTARY V0 BRSPS R i er
sequencess bimghd &yiH6siP RV sRheas il YRl dbZRbh®BeriviiCe L agsgnal s
t he chem | um nescent product oOf the AP reaction See, e.g., Tsongalis,

M crobi ol . | rfarboRyHuore@IMEFAMB 3, (4Zodiehloretsazipdtyl)angnofluaegeinsBIAZ0! n

further exanpl,es,. the si l,. | i.fication netho iizes. neri.zed
o Dot a2 7 Sl B0 AicATRb b B A ANOY oAS S ROTRLHRS
primary antijbaBipcymaten®IT@pehd QFUDD (RRIED); 2N17i-diBuG BluoaRtdin BDREGUN body) .

The primary anti bo% is detected by a polynerized secondary antibody (such
as a pol yner iGREEN ;f&wwgawdl%b%h% . Mdachisa{irenn isethispyansiey dgat ed
secondar &oa”tm‘%%ﬂglﬁhrbeﬂi?&oﬁé‘ﬂ tc%e% foaG R hiPdty FEinQY afr&%?anln%fed%h&ﬁlt he
formati on of strong si.-nal’s at_Bdan be visualzed Tt w be

appreci at ed Bed: Bogscodrysikint b-phthatdigdetnyides fyatndundajepv apress atichl o Bedrect i ng
| abel ed probe-specific binding -agcglnt pairs, nultjiplex detection schenes can

be produced tRY"fECIUY R qUHCHURHGH T eRs RIPRE: Repcdae Reté (EiRace d
sequences (e i, 4R A A0 AUAheUEH AE: SRAUSBLAR. K tratlaithe assay

(e.g., on a single ce or tissue sanple or on nore than one cell or

ti ssue sanpl dROX5ob-cerbarpihedarainki(R6E), lissamine rhodamine B sulfonyl chloride,

25  rhodamine (Rhod), rhodamine B, rhodamine 123, rhodamine X isothiocyanate,
rhodamine green, sulforhodamine B, sulforhodamine 101 and sulfonyl chloride
derivative of sulforhodamine 101 (Texas Red); N,N,N’,N’-tetramethyl-6-
carboxyrhodamine (TAMRA); tetramethyl rhodamine; tetramethyl rhodamine
isothiocyanate (TRITC); riboflavin; rosolic acid and terbium chelate derivatives.

30 Other suitable fluorophores include thiol-reactive europium chelates which

emit at approximately 617 nm (Heyduk and Heyduk, Analyt. Biochem. 248:216-27,
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probe that corresponds to a first target sequence can be |abeled with a
first hapten, such as biotin, while a second probe that corresponds to a
second t avgebiigsepsence can be | abel ed with a second haptremussuolcrnss DNP.

Fol | owi ng exposure of the sanple to the probes, the bound probes can be
detected by contacting the sanple 15with a first specific binding agent (in
this case avidin |abeled wwth a first fluorophore, for exanple, a first
spectrally distinct QUANTUM DOT(r), e.g., that emts at 585 nn) and a
second specific binding agent (in this case an anti-DNP anti body, or

anti body fra t igt _Se I Rhep xanpl e, a second
spectral ly dlglsm? ?n%tél&gh Ul\%lvéé?(l ?)2?2 Z@%@g atstvﬁfm'%em tglé{aﬁﬁne& nmn .

20Addi ti onal dietbpesinmicodnmgn, dyerdtscegaicheraeazibd, agpddoftuorestrn, Tt i pl ex

et et o0 ST 48t SRECH RSB LS, P Sprel g e
envi sioned, &l PindM¥-G B R Bhetbibit @hé‘r ﬂd@)r&ﬁh%ré%%b%tto afost bene aeheaqd

probes and assays. Additional details regarding certain detection nethods,
e.g., as Otildaneloiba ve&l, GhrSampte tSDsHVpﬂdd@ﬂurreIslfe Eenhnbl@gfe@lﬁhndltrqgenzour ne,

The Handbook \gf, | oper oxi das

Cor por ati on, ]\ggﬂﬁflé E @g@g S ﬂ%ﬁ%ﬁ?@%ﬁ@ﬁf@éﬁ%ﬁ rative
genoni ¢ hybr i ez @b @fhnﬁﬂﬁd)s dbﬁ:n@ecm}i @@JP%H@N&QQEH%UBG, éresdiosl fqre,t he
anal ysi s of copy nunber changes q%al n/1oss) in the DNA content of cells.

The contri buﬂlér978} tapeRORBP X tSeriRst Al daps (ﬂa@yra%m%hﬁmbomuﬁlﬁlpoaidgéa%f@rs f ound
in rare genorgxgmgiesa?s d%? n%e&fi U. €L Ros. | 4H7§10§§!é 21g7 Egsﬁ%eiars%z" Syndr ome)
and a broad ran

seases such’as’genhet 1 ¢ di’'séasés, autism
schi zophriéni &,2ances 338 85@, Sactﬁlotiﬁﬁmmﬂé @m&&scdd& Bme(&mnﬁpdz ecactivte net hod
is based on the 5hybridization of differently f| uor escently | abel ed sanpl e

DNA (for exarfisfigatiVedheylignatd pyisae dstcaiPed H H S Palsat Norwhi2- A or
exanpl e, |ab%§ﬁ’né"fsﬁﬁ( h %@(g}zpﬁoofg Sg@gﬁﬁ red) to normal human met aphase
net ho e

preparations. Using nown 1nt art, such as epifluorescence
m croscopy and qudntaddm)nvcetherfa@eacarcahqssiesqriheégbmh flaiofelseame habelscanrbet he

fl uorescence rati o of sanpl e versus control. DNA can be .detec d used
For T Gencl T yibateBh rRn st ot B § RN ESHslor aorierertg: ¢ BUMNOLRL

unbal anced C@@m@mﬁn@?&&%m@%u%nﬁﬁfé ”ﬂé‘dhﬁ@]%gle@ éQQﬁﬁﬁrﬁ@%?CbrgJ DNA copy
nunber). See, e.g., Kallioniem et al., Science 818-821 92: U.S.

Pat. Nos. 5, d68iiBaen Naebcbysral Teoldlogiem EreeneDAR) c&@pyﬂsnuﬁiﬁe PamyNgs so be
determ ned by6,§1r5r,(?6¥1; %25936?9@ 6,649,138). Semiconductor nanocrystals are microscopic

particles having size-dependent optical and/or electrical properties. When
semiconductor nanocrystals are illuminated with a primary energy source, a

20  secondary emission of energy occurs of a frequency that corresponds to the bandgap
of the semiconductor material used in the semiconductor nanocrystal. This emission
can be detected as colored light of a specific wavelength or fluorescence.
Semiconductor nanocrystals with different spectral characteristics are described in
e.g., U.S. patent No. 6,602,671. Semiconductor nanocrystals that can be coupled to

25  avariety of biological molecules (including dNTPs and/or nucleic acids) or
substrates by techniques described in, for example, Bruchez et al., Science
281:2013-2016, 1998; Chan et al., Science 281:2016-2018, 1998; and U.S. Patent
No. 6,274,323,

Formation of semiconductor nanocrystals of various compositions are

30  disclosed in, e.g., U.S. Patent Nos. 6,927,069; 6,914,256; 6,855,202; 6,709,929;

6,689,338; 6,500,622; 6,306,736; 6,225,198; 6,207,392; 6,114,038; 6,048,616;
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15See, e.g., Pinkel and Al bertson, Nat. Genet. 37:S11-S17, 2005; Pinkel et
al ., Nat. Genet. 20:207-211, 1998; Pollack et al., Nat. Genet. 23:41-46,
1999. Si mwbanimws2®Bandard CGH, sanpl e and ref erence DNAparasdibfersenti al |y
| abel ed and m xed. However, for aCGH, the DNA mixture is hybridized to a
slide containing hundreds or thousands of defined DNA probes (such as
probes that specifically hybridize to a 20genom c target nucleic acid of
interest). The fluorescence intensity ratio at each probe in the array is
used to evaluate regions of DNA gain or loss in the sanple, which can be

d i fi | ] ) i 1 whi ch
mepped i1 11 nevoipiablooban £8H.0Rasedsons! hecpat LRULALSPRABRS v ¢

exhibit alte rescence intensity. [n general, aC@) does not
provi de i nf orfnblicgionaso.t2008/0¢0E¥dcts wal as liePuldicacapNesOWBL6289dputilisbed ar

genom ¢ DNA qr. chro omal region., Instead,. rovides information on the
Jelati ve copyRLTbaTBgr el Eaht R R an b PSRRI Rdpar ed ¢ o
anot her (such,asuctd ik 8fcaaGRifRBIMYaSed dPthe RUATRLR sBedRNchdrii®stie ! ForOr

ti ssue sanple). Thus, CGH is nost useful to determ ne whether genom c DNA

copy nunbér ofampteasqeicomivetosingnereystals san brcpredisred tioat eoeidrgha sbdittaseng0

conpared to a reference sanmple (such.as a.non-tunor cell _or tissue sanple)
Chepaled oy Gl PhER B PR s B A B s i B RS Sar
sanpl e rel at ig@ntudh @t§ Bhesansiehsampiaent Wavelengﬂls®amrdni seAdl (365 BT €,
probes generated using the nethods di sclosed herein (for exanple, a probe

i ncl udi ng unitelly napeE BPY ampinmietion warrjeraias)f Woinh sitesugrblrgs Bugierdnyi dual
genes (includhng, ¢qfl ﬁ%b?ﬁ&%&()seﬁ%féh?gfe%%jlﬁ?@ogé b BRSLifd T&%Hgl%gies g@gﬂsﬁﬁd,”‘” €
regi ons of a chronoso e.g., regions include one or nore genes o

i nterest 10r MAknown genes) or even one or nore entire chronosones) may be

utilized for aCGH A For exanpl e, an unl abel ed probe prepared,utilizing the
met hods descri bed MHeenp! gl peclpdpmbtiiexpppls. picdsadenes Sushat ddk Medtich ~ as

ni trocel I ul 0sfelafls0h adH@FH: an@lql%lﬂ‘A Chases 8?1%?65&&%0& FnfnbfiOhexanpl e,

pol yet hyl ene, po yprqpylene, or ystyrene paper, ceramvcs, netals, and
the like). Mibhods Gd™j amidipokérmésng nucl ei ¢ acids on a solid surface are

well known in the art e .9., Bischaoff. et al., .Anal.. Bi ochem

164: 336- 344, 1987;3?%?%%@%&58]? (B ean g e aiRucigic 1cid 03RS > fog7) . As
di scussed sabqyene dinbfRIRE hY dfsk LIELHEMBEYYidoaRAlEersIRRY SoPMAN{fiOr 15
exanple, labeled with fluorescein-FITC) and referencé DNA (for exanple,

| abel ed wi t h honsgaihmerovidasexadkalinedhosphatayb acidi phesphtatase Fdugeso bridases By and
g onal O SR UG AR SERERRY Rl PR E VR TRRE 0,
cel | genone. dnenapaé hedthrexesaml Suortdaédt ebyipSRRIC bf iumi@cbg'egﬁ_rv@bﬁiéﬁgﬁdl eken ty obe
nucl ei ¢ aci ds 20desi gned as descri bed herein are synthesized in situ on a
sol i d surf aceisgd iicgpnzgnation with the enzyme to generate a detectable signal (numerous of

20  such compounds are commercially available, for example, from Life Technologies,
Carlsbad, CA). Particular examples of chromogenic compounds include
diaminobenzidine (DAB), 4-nitrophenylphosphate (pNPP), fast red, fast blue,
bromochloroindolyl phosphate (BCIP), nitro blue tetrazolium (NBT), BCIP/NBT,

AP Orange, AP blue, tetramethylbenzidine (TMB), 2,2°-azino-di-[3-

25  ethylbenzothiazoline sulphonate] (ABTS), o-dianisidine, 4-chloronaphthol (4-CN),
nitrophenyl-B-D-galactopyranoside (ONPG), o-phenylenediamine (OPD), 5-bromo-
4-chloro-3-indolyl-pf—galactopyranoside (X-Gal), methylumbelliferyl-p-D-
galactopyranoside (MU-Gal), p-nitrophenyl-a-D-galactopyranoside (PNP), 5-
bromo-4-chloro-3-indolyl-  —D-glucuronide (X-Gluc), 3-amino-9-ethyl carbazol

30 (AECQ), fuchsin, iodonitrotetrazolium (INT), tetrazolium blue and tetrazolium violet.
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nitrocel |l ul ose, nylon, glass, cellulose acetate, plastics (for exanple,
pol yet hyl ene, pol ypropyl ene, or pol ystyrene), paper, ceramcs, netals, and
t he |i ke)woRor1/sxmapl e, uni quely specific segnents defi Reu/ussIY6148E

met hods described herein are utilized for printing, in situ, the

ol i gonucl eoti de probes on a solid support utilizing conputer 25based

m croarray printing nethodol ogi es, such as those described in U S. Pat.
Nos. 6, 315, 958; 6,444,175; and 7,083,975 and U.S. Pat. Application Nos.
2002/ 0041420, 2004/0126757, 2007/0037274, and 2007/ 0140906. In sone
exanpl es, using a i i .

ol i gonucl eoti des synt %§?§%gﬁFﬁ%g%%%hgﬁ%¥ﬁ%ﬁ%?%%gggggemg?gkﬁﬁgg¥hgg?1mare
control resulHaregamplej idevinduralhlyyridiastoniSi¥d) procaduses3fhasechemhlogtaghic

particul ar negds .of an inyestigator. The nymber of uniquely specific

b1 gonuc! eot | LSy HIREED E 0T K LPF L F 0 sty SR e Wedsent | y
anywher e fromuef2i0R8d §Quénck. WidthilWagHiO8&Sotion MmMREdsAHAuGONih DM &zyRRS, can
be synthesized on a single mcroarray slide (for exanple, Roche N mbieGen
CGH ni cr odr r aypsh goalkaing phpepha8gs, ingombimadomivithiaovatersotemgrab ivesindrar ay) .

Uni quel y specific. aligonucleotides probe.se nces are t hesi zed. .eit her
T ety by iR RSO b A Fp BRa TH SR SEfE RieBhoigh MReleiatt
phot ol i t hogr aBitthyaé BRAMASndgs Géddxesttive akénBreddads thiafetal Ponl é3ushdit to
5,424,186; 5,405,783; and 5,445,934. Uilizing the disclosed uniquely

speci fi c probesnpgetegiabledaedipifata pidier-dar feweple.dJ Aokatentinphigatinn t hei r et hod
of manuf act ur . Ki i i : j L | ods of
creating m crfgfg}lgggl)sﬁ\\;\?t%ddgﬁﬁ (S)ggf%ﬁ?ge%\%h:c% %Hdﬁg'%(@gﬁ)ggﬁd%ﬂd%%r’ gg@sﬁh

t her eon tlbat AgpdicegeraPiblicagpql Noatl0d/02669220 x Maudlygraphidt detéctiah nisgidie disoof
spotting nucleic acid sequences onto solid supports are al so contenpl at ed,
such that hi dBEPACHIINg QY IHP-SeycRiTEEYRICAeyY J9herssdishderapaeledony

uni quel'y speqji £ waler 990bE! R4 08 aﬂr&ﬂﬁﬁngﬁgéﬁ%ﬁ&w&ﬂcfﬁgrﬁéﬁh a%%?ﬂt%r dl ess of
nmet hod used to place probes on a mcroarray, the uniquely specific
ol i gonucl eot ifdem pdeteewmblegmedipitais ehet ol Staampe tU.S ntatart Np1ogp7QudBei ¢ aci d

sanpl es, either individually or agn the sanme array. i cations of. uni quel
Shoni f1e probes ndnagaitnd peiilis. pHaeRATD PROE surha il Sgrfa vy 9uelY

ot her wi sqs5i MBOHIsEIBRY BBhAdIYTafd 18BE1ERY iR INAPs €8Pa18R 1y Htlabhetd hhptenaCCH as
wel | as other mcroarray based genom c target enrichment applications such

as those deson¢lpades (udh, 88 a Pap-ar@udsid ewatpfoond Nog . digophoyd4PNP)), biotin,

2008/ 0194414, . 202009/ 0203540 n 9/,0221438. Uti,Jizin ni ecific
oot or L miapaR AEGR, JOF, REBROETEO M sateibfes? Sud @ Rbel ©F

i nprovenent s dVEFs (!, 1€ Picilithte iR pcytid i@Relabasd giddes)hed wek anplein tee of
uni quely specific probes allows for nore specific binding of target

sequences as %oripaesamples elprresturgs si5es 8- Uherfatet ofot 2 s ay 7908bes ar e
recied_peh | 98 7| PoSenLUREL AR Fugen Reraidermeseopiure
commercially, for example from Life Technologies (Molecular Probes, Eugene,
OR). A label can be directly or indirectly attached to a dNTP at any location on the
dNTP, such as a phosphate (e.g., a, B or y phosphate) or a sugar. Detection of
labeled nucleic acid molecules can be accomplished by contacting the hapten-
25  labeled nucleic acid molecules bound to the genomic target sequence with a primary
anti-hapten antibody. In one example, the primary anti-hapten antibody (such as a
mouse anti-hapten antibody) is directly labeled with an enzyme. In another
example, a secondary anti-antibody (such as a goat anti-mouse IgG antibody)
conjugated to an enzyme is used for signal amplification. In CISH a chromogenic

30  substrate is added, for SISH, silver ions and other reagents as outlined in the

referenced patents/applications are added.
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1TM DNA) typically utilized in mcroarray experinents is reduced or

el imnated when utilizing uniquely specific oligonucl eotide probes. For CGH
appl i cat iwooittogpissal | y both target and reference genonPCTiN201a062485

hybri di zed on one array for conparison on one microarray substrate. The CGH
30 Analysis User's Cuide (version 5.1, Roche Ni nbleGen, Mudison, W;

avail able on the Wrld Wde Wb at ni nbl egen. con) descri bes nethods for
performng CGH - 55 - analysis utilizing mcroarrays. In general, two
genom ¢ DNA sanples, a target sanple and a reference sanple, are fragrrent ed

and | abeled with S
fl uorescent noi et ﬁgs)ﬁé%ﬁémﬁlﬁ e‘ﬁ;r% rTaysegetrcripl egé(grpgraﬁ‘lﬁged anrg%-lgo&%dzed to
a mcroarray cﬁ‘ﬂfﬂmrsmg anmnzymstmambfrmrrmno@acemmnSEom)«arrmlmghwuc&p]ehcyd

specific oli ti de probes, .and the mcrparra bse uentl assayed
Tor bot b det dEPRCHGHEN FB P GHELH HEF ey S el wh AnTCHBPEE on dat a
captured, forj n%d%ct%@%@ﬁfb@%&le@tﬁ/rrﬁﬁi {rﬁiéléﬂoh*@uﬁn%'eéﬁ S@hlp®Y broki@nner
(for exanple, a 200 M croarray Scannér; Roche N nbl i11) data is

anal yzed 0si rigd-dimalrgmiesols difgowgrain( §/00 oehjarqnﬂem mrmmee@ann wWRbheninal

Ni nbl eGen). 10 et, euencedtalsc d.to.t

Nt or enee) andrpiATse Bt BETEThS, IF SREPREREES A ERIRREE it RabiBpy.a

t hereby char agé@fibd 8idk trii@atiy 1984t cAENVR heTREMSNORR sAmbAse fLr exanpl e,
fromtargeted region(s) of one or nore chronosone(s), one whole chronosone,

or the total ctgeﬁmh%lueléﬁssllémﬁe biis mediicgamprasuee eicaiex dapll 80%0f dhikar yot i ¢
genome, such

For genonic ent i @%Hﬁ{%ﬁl( alﬁibgﬂﬁtﬂ?aﬁl%x%ré& séJﬂgeelﬁég@Egzgsq%t?on%g%t%n%agﬁ)DNA

genom ¢ danplmlymserhyedirtb dNad [ada mumo(fraoaasrtayo&tﬂ@par suchaiak leastrmj)Ot)ﬂl; get ed
sequence speC|f| CWE)robes for specific tar&et enrichnment prior to downstream

appl i cat i ons,leBttPPhl 2 kgeteiPfPgat It 168G%d ndtdeash bt-HP& Lk dsass1 6%k
(version 3. LsuB?Qsh O%Psé\% p@@ﬁ@blama{eee{c%ﬁ@s &)‘n&{e&ﬁ 088G hteelf b1 N) .
descri bes net hods or ormn enom c enrichnment. In general, a genomc

DNA sanpl e i sexpm@bafcedbbmrMh%lnmmwzaaa|suimsta;rmmy modleuaalrtaylp@ump@rfm inthis
case a microarray, conpri sj t he, 's osed uni quel cific

ol i gonucl eot ied‘émé]reo?)t OHteL(Jiggﬁgggtcg Sl‘}gtbﬁfr%mttg?’g B%e) %%ﬁe%egsr rom a
genom ¢ §3nPl@/oiSfonSNPatnld MpRlicatibAN S 310N §d 1 G81KERH EVRERIUE REEE oPaliforshen
eluted fromthe mcroarray support and sequenced or used for other

appl i cati ons fOG\TUBb@o%ld@aEﬂmg and Amplif@atione fléqﬁe(m Peeenticod ki WI9DNA (such as

hunman DNA, orCO rr’q% e}ﬁr of refgronckéunan pl acental DNA or Cot-i TM DNA) is
usual l'y incl JaedPyA g yeﬂ)l%l%ll zation solution (such as for in situ

hybri di zati on or QS duelefddiid FSBe RichlRs MuMiplépBsihiddnsuch as 2, 3, 4, 5, 6, 7,

8, 9, 10, or more plasmids), the plasmids may be mixed in an equal molar ratio prior

20  to performing the labeling reaction (such as nick translation or modified nick
translation), to insure that all binding regions are equally abundant following
labeling.

In other examples, chemical labeling procedures can also be employed.

Numerous reagents (including hapten, fluorophore, and other labeled nucleotides)

25  and other kits are commercially available for enzymatic labeling of nucleic acids,
including nucleic acid probes produced by the methods disclosed herein. As will be
apparent to those of skill in the art, any of the labels and detection procedures
disclosed above are applicable in the context of labeling a probe, e.g., for use in in
situ hybridization reactions. For example, the Amersham MULTIPRIME® DNA

30  labeling system, various specific reagents and kits available from Molecular

Probes/Life Technologies, or any other similar reagents or kits can be used to label
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to repetitive DNA sequences or to counteract probe hybridization to highly
honol ogous (frequently identical) off target sequences when a probe

conpl emrenvaryittos2@3hunman genom ¢ target nucl eic acid i sPariuscaeds248h
hybri di zati on with standard probes, in the absence of genone-specific

bl ocki ng DNA, an 5unacceptably high | evel of background staining (for
exanpl e, non-specific binding, such as hybridization to non-target nucleic
acid sequence) is usually present, even when a "repeat-free" probe is used.
Nucl ei ¢ acid probes produced by the nethods disclosed herein exhibit

reduced backghohidbalifo MR N1 ReASENGRA, BEORKING Acs L

particul ar exanpl es zati1 on solution |nclud|ng t 10 di scl osed
uni quel y spediefdiecty obmdn‘cm]s/ lnlndled with udwpigeohgnd peflndicecebt moletyn@. ONA (f or

exanpl e, tot hu n | acent al, DNA or Cot - DNA, if the probe is
conplenentarahFE “ﬁ%ﬂﬂﬁ?ﬁmf8?6@9“3%%?8%%“&@?@?n“#ﬁ?sgéhvantage is

derived f romrhé%lstUpQU?b]yex%ﬁﬁﬁé ftdiGnddd B eBig, iRElabAI IR be SRANBAN ELSudIdIE! Uded
in the nucleic acid probe; each |abel ed probe sequence binds only to the

cognat e ufi queldmglsedes vig alBdenerd. P equbietis). This results in dramatic

increases in signal .o n i se ratios for

el uding b ocki ng o mRiskF eSS &esei APRTPR ETTOATY Fasrutes,
addi tional unvepieticdas Uadl Appidhiedh Ba) NeODOS/B158570.0 background stai ni ng,
but it is also a costly conmponent of hybridization experinments. In sone

exanpl es, by 20utilizing uniquely specific probes generated using the

nmet hods of th@Hprqﬁgﬁ%d Ofﬁkléqg%bsgxperlnental variability, background
stai ning, and additional "experi nental cost can be bypassed. In somne

exanpl es 10he hybr iRtbEatmate usmlguha: oinclosad raethdds dandarusédefor DAeicraoi a

different organism (for exanple, salnon spermDNA or herring spermDNA, if
the 25genom detesHgtsuailey @%Prae@dquss(f%{ q’?ﬂﬂﬁ*ﬁ]ﬁ HuergrReace l&rsgéthymé%w aci d)

te or educe nonprgPeehbhio @;;.19% mu I}}‘Su&ﬁ &ﬁ@ﬁb%ﬁ@@ﬁv&'\%ﬁﬁﬁ Wridafioh f OF
npl e to reaction vessel's or s des net positive c arge whi ch
can non- speci@ISH) by cirpatatie gehlemmalysdmdmhyn C(B@ngﬂxq:mp]lasy BRare VIT1. Kits
discussed below.
15
A. In Situ Hybridization
In situ hybridization (ISH) involves contacting a sample containing target
nucleic acid sequence (e.g., genomic target nucleic acid sequence) in the context of a
metaphase or interphase chromosome preparation (such as a cell or tissue sample
20  mounted on a slide) with a labeled probe specifically hybridizable or specific for the
target nucleic acid sequence (e.g., genomic target nucleic acid sequence). The slides
are optionally pretreated, e.g., to remove paraffin or other materials that can interfere
with uniform hybridization. The chromosome sample and the probe are both
treated, for example by heating to denature the double stranded nucleic acids. The
25  probe (formulated in a suitable hybridization buffer) and the sample are combined,
under conditions and for sufficient time to permit hybridization to occur (typically to
reach equilibrium). The chromosome preparation is washed to remove excess
probe, and detection of specific labeling of the chromosome target is performed
using standard techniques.
30 For example, a biotinylated probe can be detected using fluorescein-labeled

avidin or avidin-alkaline phosphatase. For fluorochrome detection, the
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Kits including at |east one nucleic acid probe including at |east two

bi ndi ng regi ons conplenentary to uniquely specific nucleic acid sequences
gener at edwaxodeserdbed herein are also a feature of thi eciivseéiomonses For
exanple, kits for in situ 5 hybridization procedures such as FISH, Cl SH,
and/or SISH include at | east one probe (such as at |east two, at |east
three, at least five, or at |east 10 probes) as described herein. In

anot her exanple, kits for array CGH i nclude at | east one probe as descri bed
herein. Accordingly, kits can include one or nore nucleic acid probes

i ncl udi ng at j ndi ' - ' ific
] of ¢ 0aci Heaaienoed! Bt Egalr S UTATEN Ahbe R hrRas
The ki ts can wiltlsfuomgdeindieotbiveyaratan@il €Cy-eagegitad 4vadinp dmi@ifrvatign afthen si tu

hybri di zatio r, CGH assay,..or faor producin robe. For exanple, a kit
can i nci ude i TF SRR GREPATTEGisdt § nersei: vy etheBPE VAl WO eHu fasd eobt
popul ation ofaguciliRaARSRes, RhMe Mdsc@BE] REubRE WA FI8CSconj@aglged dNTPs,
a |l abeling enzynme (such as 15a pol ynerase), priners, nucleasé free water,

and i nst r act iayndnf ber ¢etestian by gnayrhawsivis, mples.can be incupatedfer eseamid.e, t he

kit includes one or nore uniquely specifi.c nucleic aci robes nl abel ed
or 1 abel edy &Y BRyRRR G Rare Sish SRR Feltieniey SRR SP Rt "ot &
hybri di zat i onyashed a@X@ail gre-dqhil®Red(e. gmhalmnhagmsgﬂatuw A8 Ihyffspeqhti ¢ 20
nucl eic acid probes are included in the kit, |la elhgg reagents can al so be
i ncl uded, al GHgYWE fdactpreednfhecpegioraed inp forggampls. ARPusteheentaiaimgdhg E/B(JP
performng an | i ol I S ficr et r eat nent
But for . prot cadar bt ey bblich3h2R0 380 P o SRR oy R,

hybri di zd0i orhybriflizetion pvasddubest feet ¢. ¢C QU RASIE Dond SB8,2MBuUNt i ng nmedi um or
conmbi nations thereof. In sone exanples, such kit 25conponents are present
in separate cont aiWapgrous procedurgigfoy FESTL £1SHnpRbREIH yreknprAdh thedet Jivs
control slid i i ' e]s f obe.

In certain e%%%p %%?&?ﬁgﬁtitgB%ﬁ%kﬁgéﬁgg?%Fﬁgggﬁ%?%ggﬁgg?k%ﬁgﬁgr receptors
(or other ant3,4478ndsiy2, 8¢t dndried 179320 med for enomele oih Ritleel detle ProoNadlgent s

(including a 30prj / t [ agent . and_optionally, .seco r tertiary
or additionaVﬁﬁgr%gﬁi%%gﬁégégnﬁgy’gpﬁfiﬁﬁlt@ﬁ?‘b@ﬂ“&%éﬁﬁ?e&ggﬁﬁ%ggmhapten
or fluorgghoreggsiei idfeser 4. PASENGRN cAY §-i085:C5NT4IY P6TY QISHR sone

i nstances, the detection reagents are |abeled with different detectable

moi et i es ( f ordessribeglim e-gii Tanareeitalf Huod obubait |9 b407- 58c 290 dngl U.S. Patent
di st ngut shae AN DT Pac S S SRL AP 808G 1 paf ol €. 2

kit can include eren unlqué¥y ecl Ic acid

Sprobes that gzmuespond to and are capable of hybridizing to different

genom c target nucleic acid sequences (for exanple, an%@of the target
B

sequences di scl os@WAEPEY Fepgenthandqetestiop sefisence 4an beemalogpd i GnfUNCHOR | r st
N T L T iy
third, fourt Resiratfi¢ propetties.) Asdizcixted alekgelobéstlhbaettiwith dlnatophores
(including fluorescent dyes and QUANTUM DOTS®) can be directly optically
detected when performing FISH. Alternatively, the probe can be labeled with a non-
fluorescent molecule, such as a hapten (such as the following non-limiting
25  examples: biotin, digoxigenin, DNP, and various oxazoles, pyrrazoles, thiazoles,
nitroaryls, benzofurazans, triterpenes, ureas, thioureas, rotenones, coumarin,
courmarin-based compounds, Podophyllotoxin, Podophyllotoxin-based compounds,
and combinations thereof), ligand or other indirectly detectable moiety. Probes
labeled with such non-fluorescent molecules (and the target nucleic acid sequences

30  to which they bind) can then be detected by contacting the sample (e.g., the cell or

tissue sample to which the probe is bound) with a labeled detection reagent, such as
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10det ectabl e | abel s. The first, second, and any subsequent probes can be

| abeled with different detectable |abels, although other detection schenes
are possiwbeoids219he probe(s) are | abel ed with indirectPgTdst@oedaBe

| abel s, such as haptens, the kits can include detection agents (such as

| abel ed avi din, antibodies or other specific binding agents) for sonme or
all of the probes. In one enbodinent, the kit includes probes 15and
detection reagents suitable for nultiplex |ISH In one exanple, the
kit also includes an anti body conjugate, such as an anti body conjugated to

a |label (e.g. . 5 b ; i . In
sone exanpleé?lﬁﬂg&gﬁggggﬁe%#gﬁggﬁ?ﬁgggggmﬁ%ﬂgEgﬁﬁgggfg?ﬁ?gﬁgﬁCg$ I nker
such as PEG Hjtchios ligaid. éftealeitatting rengent@3if be 2deledavidt H8noreplampl(eg., t he kit
i ncl udes one i |y specific nucleic aci robes affixed to a
solid suppor t(?%éﬁ[ﬁﬁ\gﬁf gﬂ@gfﬁl g%? aﬁ?%ﬁrgm r?‘iﬁly@%chéﬂlbg’ 'ﬁﬂ’ﬁtyof)ﬁ%arn Reagents for
perform ng CQdnraBRaIAM shel RmdraB&ditiBghl 3 peRtiEhiadH e GRS @cﬁg%&%y 8 so be

included, along with other reagents for perfornmng an a assay,
pr ehybr i dbzatspesifip afitiadieshydi¢tdéanan item bgddtfedad, witlas Alubrephere, Qptiondhhi nat i ons
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identified as uniquely specific nucleic acid sequences.
attaches to the label and the second of which attaches to the specific binding agent.

In other examples, the probe, or specific binding agent (such as an antibody,
e.g., a primary antibody, receptor or other binding agent) is labeled with an enzyme
that is capable of converting a fluorogenic or chromogenic composition into a

20  detectable fluorescent, colored or otherwise detectable signal (e.g., as in deposition
of detectable metal particles in SISH). As indicated above, the enzyme can be
attached directly or indirectly via a linker to the relevant probe or detection reagent.
Examples of suitable reagents (e.g., binding reagents) and chemistries (e.g., linker
and attachment chemistries) are described in U.S. Patent Application Publication

25  Nos. 2006/0246524; 2006/0246523, and 2007/0117153.

In further examples, a signal amplification method is utilized, for example, to
increase sensitivity of the probe. In particular examples, signal amplification is
utilized with probes of about 5000 bp or less (such as about 5000, 4500, 4000, 3500,
3000, 2500, 2000, 1500, 1000, 900. 800, 700, 600, 500, 400, 300, 200, or 100 bp).

30 One of skill in the art can select probes for which signal amplification is appropriate.

For example, CAtalyzed Reporter Deposition (CARD), also known as Tyramide
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For exanple, a 100 bp segnent (nucleotides 116103296-116103395 of
chronosone 7) had regi ons of sequence identity to sequences on chronbsones
3, 16, amao2011(d8k183 2A). Therefore, this sequence i s noPCa/USRIIQOEI49S
specific nucleic 20acid sequence and was not included in the uniquely
specific gene probe. In contrast, another 100 bp segnent (nucleotides
115809695- 115809794 of chronbsone 7) did not have any regi ons of sequence
identity to any other region of the human genone (FIG 2B). Therefore, this
sequence is a uniquely specific nucleic aci d sequence, which was included

in the uni qued;y, %9&% ﬂc%tl&’lagfs[?‘; iy ‘t%gltﬂ-ﬁ@él %%%e%ﬁg@dﬁﬁls%tw

specific MET pro quence ne Size o I nsert (Probe
Lengt h) | denthi¢tinyhtechmteic Zci@iprobe deecBtthe pre@hrce pf bparkstdbyChndnpgensd. Span
(bp span) NE-E\IeF;clt ?1SsQé}%a\;idgégego%ggsech%ugate is added. The streptavidin binds to the

biotin. A substrate of biotinylated tyramide (tyramine is 4-(2- aminoethyl)phenol) is

5 used, which presumably becomes a free radical when interacting with the peroxidase

enzyme. The phenolic radical then reacts quickly with the surrounding material,

thus depositing or fixing biotin in the vicinity. This process is repeated by providing

more substrate (biotinylated tyramide) and building up more localized biotin.

Finally, the “amplified” biotin deposit is detected with streptavidin attached to a

10 fluorescent molecule. Alternatively, the amplified biotin deposit can be detected
with avidin-peroxidase complex, that is then fed 3,3'-diaminobenzidine to produce a
brown color. It has been found that tyramide attached to fluorescent molecules also
serve as substrates for the enzyme, thus simplifying the procedure by eliminating
steps.

15 In other examples, the signal amplification method utilizes branched DNA
signal amplification. In some examples, target-specific oligonucleotides (label
extenders and capture extenders) are hybridized with high stringency to the target
nucleic acid. Capture extenders are designed to hybridize to the target and to
capture probes, which are attached to a microwell plate. Label extenders are

20  designed to hybridize to contiguous regions on the target and to provide sequences
for hybridization of a preamplifier oligonucleotide. Signal amplification then begins
with preamplifier probes hybridizing to label extenders. The preamplifier forms a
stable hybrid only if it hybridizes to two adjacent label extenders. Other regions on
the preamplifier are designed to hybridize to multiple bDNA amplifier molecules

25  that create a branched structure. Finally, alkaline phosphatase (AP)-labeled
oligonucleotides, which are complementary to bDNA amplifier sequences, bind to
the bDNA molecule by hybridization. The bDNA signal is the chemiluminescent
product of the AP reaction See, e.g., Tsongalis, Microbiol. Inf. Dis. 126:448-453,
2006; U.S. Pat. No. 7,033,758.

30 In further examples, the signal amplification method utilizes polymerized

antibodies. In some examples, the labeled probe is detected by using a privoary
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aptibody to the fabel {such as an anti-DIG or anti-DINP antibody). The primary
antibedy is detected by a polvmerized secondary antibody {such as a polymerized
HRP-conjugated secondary antibody or an AP-coniugated secondary antibody). .
The enzymatic reaction of AP or HRP leads to the formation of strong signals that
can be visualized.

It will be appreciated by those of skill in the art that by appropriately
selecting labeled probe-specific binding agent pairs, multiplex detection schemes
can be produced to facilitate detection of multiple target nucleic acid sequences
(e.g., genomic target nucleic acid sequences) in a single assay (e.g., on a single cell
or tissue sample or on more than one cell or tissue sample). For example, a first
probe that corresponds to a first target sequence can be labeled with a first hapten,
such as biotin, while a second probe that corresponds to a second target sequence
can be labeled with a second hapten, such as DNP. Following exposure of the
sample to the probes, the bound probes can be detected by contacting the sample
with a first specific binding agent (in this case avidin labeled with a first
fluorophore, for example, a first spectrally distinct QUANTUM DOT®, e.g., that
emits at 585 nm) and a second specific binding agent (in this case an anti-DNP
antibody, or antibody fragment, labeled with a second fluorophore (for example, a
second spectrally distinct QUANTUM DOT®, e.g., that emits at 705 nm).
Additional probes/binding agent pairs can be added to the multiplex detection
scheme using other spectrally distinct fluorophores. Numerous variations of direct,
and indirect (one step, two step or more) can be envisioned, all of which are suitable
in the context of the disclosed probes and assays.

Additional details regarding certain detection methods, e.g., as utilized in
CISH and SISH procedures, can be found in Bourne, The Handbook of
Immunoperoxidase Staining Methods, published by Dako Corporation, Santa
Barbara, CA.

B. Microarray Applications
Comparative genomic hybridization (CGH) is a molecular-cytogenetic

method for the analysis of copy number changes (gain/loss) in the DNA content of
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cells. The contribution of genome structural variation to human disease is found in
rare genomic disorders (for example, Trisomy 21, Prader-Willi Syndrome) and a
broad range of human diseases, such as genetic diseases, autism, schizophrenia,
cancers, and autoimmune diseases. In one example, the method is based on the
5 hybridization of differently fluorescently labeled sample DNA (for example, labeled
with fluorescein-FITC) and normal DNA (for example, labeled with rhodamine or
Texas red) to normal human metaphase preparations. Using methods known in the
art, such as epifluorescence microscopy and quantitative image analysis, regional
differences in the fluorescence ratio of sample versus control DNA can be detected
10 and used for identifying abnormal regions in the sample cell genome. CGH detects
unbalanced chromosomes changes (such as increase or decrease in DNA copy
number). See, e.g., Kallioniemi et al., Science 258:818-821, 1992; U.S. Pat. Nos.
5,665,549 and 5,721,098.
Genomic DNA copy number may also be determined by array CGH (aCGH).
15  See, e.g., Pinkel and Albertson, Nat. Genet. 37:S11-S17, 2005; Pinkel et al., Nat.
Genet. 20:207-211, 1998; Pollack et al., Nat. Genet. 23:41-46, 1999, Similar to
standard CGH, sample and reference DNA are differentially labeled and mixed.
However, for aCGH, the DNA mixture is hybridized to a slide containing hundreds
or thousands of defined DNA probes (such as probes that specifically hybridize to a
20  genomic target nucleic acid of interest). The fluorescence intensity ratio at each
probe in the array is used to evaluate regions of DNA gain or loss in the sample,
which can be mapped in finer detail than CGH, based on the particular probes which
exhibit altered fluorescence intensity.
In general, CGH (and aCGH) does not provide information as to the exact
25  number of copies of a particular genomic DNA or chromosomal region. Instead,
CGH provides information on the relative copy number of one sample (such as a
tumor sample) compared to another (such as a reference sample, for example a non-
tumor cell or tissue sample). Thus, CGH is most useful to determine whether
genomic DNA copy number of a target nucleic acid is increased or decreased as

30  compared to a reference sample (such as a non-tumor cell or tissue sample) thereby
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pllasm d cont aﬂepeqﬁl may be immobilized on a solid surface (such as nitrocellulose, nylon, glass,
10 cellulose acetate, plastics (for example, polyethylene, polypropylene, or
polystyrene), paper, ceramics, metals, and the like). Methods of immobilizing
nucleic acids on a solid surface are well known in the art (see, e.g., Bischoff et al.,
Anal. Biochem. 164:336-344, 1987; Kremsky et al., Nuc. Acids Res. 15:2891-2910,
1987). As discussed above, differently fluorescently labeled sample DNA (for
15  example, labeled with fluorescein-FITC) and reference DNA (for example, labeled
with rhodamine or Texas red) is hybridized to the probe array and regional
differences in the fluorescence ratio of sample versus reference DNA can be
detected and used for identifying abnormal regions in the sample cell genome.
In another example, uniquely specific oligonucleotide probe nucleic acids
20  designed as described herein are synthesized in sifu on a solid surface (such as
nitrocellulose, nylon, glass, cellulose acetate, plastics (for example, polyethylene,
polypropylene, or polystyrene), paper, ceramics, metals, and the like). For example,
uniquely specific segments defined using the methods described herein are utilized
for printing, in situ, the oligonucleotide probes on a solid support utilizing computer
25  based microarray printing methodologies, such as those described in U.S. Pat. Nos.
6,315,958; 6,444,175; and 7,083,975 and U.S. Pat. Application Nos. 2002/0041420,
2004/0126757, 2007/0037274, and 2007/0140906. In some examples, using a
maskless array synthesis (MAS) instrument, oligonucleotides synthesized in situ on
the microarray are under software control resulting in individually customized arrays
30  based on the particular needs of an investigator. The number of uniquely specific

oligonucleotides synthesized on a microarray varies, for example presently
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spotting nucleic acid sequences onto solid supports are also contemplated, such that
historically utilized nucleic acid probes are replaced by uniquely specific
oligonucleotide probes as described herein. Regardless of method used to place
probes on a microarray, the uniquely specific oligonucleotide probes can be used to
15  target one or more nucleic acid samples, either individually or on the same array.
Applications of uniquely specific probes as designed herein that are in situ
synthesized or otherwise immobilized on a microarray slide can be utilized for
aCGH as well as other microarray based genomic target enrichment applications
such as those described in U.S. Pat. Publication Nos. 2008/0194413, 2008/0194414,
20 2009/0203540, and 2009/0221438. Utilizing uniquely specific probes for generating
in situ synthesized microarrays provides many improvements over current
microarray probe designs. For example, use of uniquely specific probes allows for
more specific binding of target sequences as compared to current probes, therefore
not as many probes are needed per target and/or in conjunction more can be added to
25  capture additional targets. Further, the need for blocking DNA (for example, Cot-
I™ DNA) typically utilized in microarray experiments is reduced or eliminated
when utilizing uniquely specific oligonucleotide probes.
For CGH applications, typically both target and reference genomic DNA are
hybridized on one array for comparison on one microarray substrate. The CGH
30  Analysis User’s Guide (version 5.1, Roche NimbleGen, Madison, WI; available on
the World Wide Web at nimblegen.com) describes methods for performing CGH
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analysis utilizing microarrays. In general, two genomic DNA samples, a target
sample and a reference sample, are fragmented and labeled with different detection
moieties (for example, Cy-3 and Cy-5 fluorescent moieties). The two labeled
samples are mixed and hybridized to a microarray support, in this case a microarray
5 comprising uniquely specific oligonucleotide probes, and the microarray is

subsequently assayed for both detection moieties. The microarrays are scanned and
detection data captured, for example by scanning a microarray with a microarray
scanner (for example, a MS200 Microarray Scanner; Roche NimbleGen). The data
is analyzed using analysis software (for example, NimbleScan; Roche NimbleGen).

10 The target genomic sequence data is compared to the reference and DNA copy
number gains and losses in target samples are thereby characterized. The target
genomic sequences can be, for example, from targeted region(s) of one or more
chromosome(s), one whole chromosome, or the total genomic complement of an
organism (for example, a eukaryotic genome, such as a mammalian genome, for

15  example a human genome).

For genomic enrichment (also known as sequence capture), typically a
genomic sample is hybridized to a microarray support comprising targeted sequence
specific probes for specific target enrichment prior to downstream applications, such
as sequencing. The Sequence Capture User’s Guide (version 3.1, Roche

20  NimbleGen, incorporated by reference herein) describes methods for performing
genomic enrichment. In general, a genomic DNA sample is prepared for
hybridization to a microarray support, in this case a microarray comprising the
disclosed uniquely specific oligonucleotide probes designed to capture targeted
sequences from a genomic sample for enrichment. The captured genomic sequences

25  are then eluted from the microarray support and sequenced, or used for other

applications.

C. Blocking DNA
Genome-specific blocking DNA (such as human DNA, for example, total
30 human placental DNA or Cot-1™ DNA) is usually included in a hybridization

solution (such as for in situ hybridization or CGH) to suppress probe hybridization
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to repetitive DNA sequences or to counteract probe hybridization to highly
homologous (frequently identical) off target sequences when a probe
complementary to a human genomic target nucleic acid is utilized. In hybridization
with standard probes, in the absence of genome-specific blocking DNA, an
unacceptably high level of background staining (for example, non-specific binding,
such as hybridization to non-target nucleic acid sequence) is usually present, even
when a “repeat-free” probe is used. Nucleic acid probes produced by the methods
disclosed herein exhibit reduced background staining, even in the absence of
blocking DNA. In particular examples, the hybridization solution including the
disclosed uniquely specific probe does not include genome-specific blocking DNA
(for example, total human placental DNA or Cot-1™ DNA, if the probe is
complementary to a human genomic target nucleic acid). This advantage is derived
from the uniquely specific nature of the target sequences included in the nucleic acid
probe; each labeled probe sequence binds only to the cognate uniquely specific
genomic sequence. This results in dramatic increases in signal to noise ratios for
ISH and CGH techniques.

Including blocking DNA in hybridization experiments not only adds an
additional unwanted variable which can contribute to background staining, but it is
also a costly component of hybridization experiments. In some examples, by
utilizing uniquely specific probes generated using the methods of the present
disclosure, experimental variability, background staining, and additional
experimental cost can be bypassed.

In some examples the hybridization solution may contain carrier DNA from
a different organism (for example, salmon sperm DNA or herring sperm DNA, if the
genomic target nucleic acid is a human genomic target nucleic acid) to reduce non-
specific binding of the probe to non-DNA materials (for example to reaction vessels
or slides) with high net positive charge which can non-specifically bind to the

negatively charged probe DNA.
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VIII. Kits

Kits including at least one nucleic acid probe including at least two binding
regions complementary to uniquely specific nucleic acid sequences generated as
described herein are also a feature of this disclosure. For example, kits for in situ

5 hybridization procedures such as FISH, CISH, and/or SISH include at least one
probe (such as at least two, at least three, at least five, or at least 10 probes) as
described herein. In another example, kits for array CGH include at least one probe
as described herein. Accordingly, kits can include one or more nucleic acid probes
including at least two binding regions complementary to uniquely specific nucleic

10 acid sequences generated using the methods disclosed herein.

The kits can also include one or more reagents for performing an in situ
hybridization or CGH assay, or for producing a probe. For example, a kit can
include at least one uniquely specific nucleic acid probe (or population of such
probes), along with one or more buffers, labeled dNTPs, a labeling enzyme (such as

15  a polymerase), primers, nuclease free water, and instructions for producing a labeled
probe.

In one example, the kit includes one or more uniquely specific nucleic acid
probes (unlabeled or labeled) along with buffers and other reagents for performing
in situ hybridization. For example, if one or more unlabeled uniquely specific

20  nucleic acid probes are included in the kit, labeling reagents can also be included,
along with specific detection agents and other reagents for performing an in situ
hybridization assay, such as paraffin pretreatment buffer, protease(s) and protease
buffer, prehybridization buffer, hybridization buffer, wash buffer, counterstain(s),
mounting medium, or combinations thereof. In some examples, such kit

25  components are present in separate containers.

The kit can optionally further include control slides for assessing
hybridization and signal of the probe.

In certain examples, the kits include avidin, antibodies, and/or receptors (or
other anti-ligands). Optionally, one or more of the detection agents (including a

30  primary detection agent, and optionally, secondary, tertiary or additional detection

reagents) are labeled, for example, with a hapten or fluorophore (such as a
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fluorescent dye or QUANTUM DOT®). In some instances, the detection reagents
are labeled with different detectable moieties (for example, different fluorescent
dyes, spectrally distinguishable QUANTUM DOT®s, different haptens, efc.). For
example, a kit can include two or more different uniquely specific nucleic acid
probes that correspond to and are capable of hybridizing to different genomic target
nucleic acid sequences (for example, any of the target sequences disclosed herein).
The first probe can be labeled with a first detectable label (e.g., hapten, fluorophore,
etc.), the second probe can be labeled with a second detectable label, and any
additional probes (e.g., third, fourth, fifth, etc.) can be labeled with additional
detectable labels. The first, second, and any subsequent probes can be labeled with
different detectable labels, although other detection schemes are possible. If the
probe(s) are labeled with indirectly detectable labels, such as haptens, the kits can
include detection agents (such as labeled avidin, antibodies or other specific binding
agents) for some or all of the probes. In one embodiment, the kit includes probes
and detection reagents suitable for multiplex ISH.

In one example, the kit also includes an antibody conjugate, such as an
antibody conjugated to a label (e.g., an enzyme, fluorophore, or fluorescent
nanoparticle). In some examples, the antibody is conjugated to the label through a
linker, such as PEG, 6X-His, streptavidin, and GST.

In another example, the kit includes one or more uniquely specific nucleic
acid probes affixed to a solid support (such as an array) along with buffers and other
reagents for performing CGH. Reagents for labeling sample and control DNA can
also be included, along with other reagents for performing an aCGH assay,
prehybridization buffer, hybridization buffer, wash buffer, or combinations thereof.
The kit can optionally further include control slides for assessing hybridization and

signal of the labeled DNAs.

The disclosure is further illustrated by the following non-limiting Examples.
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EXAMPLES
Example 1
Generation of Uniquely Specific Gene Probes
This example describes the design and production of a gene probe consisting
5 of uniquely specific nucleic acid sequences.

To generate a uniquely specific gene probe, an approximately 700,000 bp
region of human chromosome 7q31.2 including the MET gene located between base
pairs 115809695-116513594 (using the March 2006 [hg18] build of the human
genome; UCSC Genome browser; genome.ucsc.edu) was selected. The sequence

10 was screened to identify repetitive nucleic acid sequences using RepeatMasker,
enumerated, and separated into 100 bp segments with the repetitive sequences
replaced by the number of bp within the repetitive element (FIG. 1). The repeat-free
100 bp segments within the region were then analyzed with BLAT (BLAST-Like
Alignment Tool). Segments that did not have any sequence identity to any other

15  region of chromosome 7 or any other human chromosome were identified as
uniquely specific nucleic acid sequences.

For example, a 100 bp segment (nucleotides 116103296-116103395 of
chromosome 7) had regions of sequence identity to sequences on chromosomes 3,
16, and 10 (FIG. 2A). Therefore, this sequence is not a uniquely specific nucleic

20  acid sequence and was not included in the uniquely specific gene probe. In contrast,
another 100 bp segment (nucleotides 115809695-115809794 of chromosome 7) did
not have any regions of sequence identity to any other region of the human genome
(FIG. 2B). Therefore, this sequence is a uniquely specific nucleic acid sequence,

which was included in the uniquely specific gene probe.

25

Table 1. Summary of uniquely specific MET probe sequences

Plasmid Name Size of Plasmid Identity Chr 7 bp Chr 7 bp Chromosomal
Insert (Probe with Chr 7 Start End Span (bp span)

Length)

MET Plasmid 1 5500 100.00% 115809695 | 116504794 695,099

MET Plasmid 2 5499 100.00% 115812695 | 116505594 692,899

MET Plasmid 3 5500 100.00% 115817594 | 116512994 695,400

MET Plasmid 4 5300 100.00% 115820094 | 116513194 692,500

MET Plasmid 5 5400 100.00% 115822495 | 116513594 691,099
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25045731 25261430 215, 700 KRAS Pl asm d5 5500 100. 00% 24886231 25042430
156, 200 KRAS Pl asm d6 5500 100. 00% 24788631 24885730 971, 00 TOTAL 33, 100

100. 00% WO 2011/082293 PCT/US2010/062485
Plasmid Name Size of Plasmid Identity Chr 7 bp Chr 7 bp Chromosomal
Insert (Probe with Chr 7 Start End Span (bp span)
Length)
TOTAL 27199 100.00 % 703,899

10

15

20

25

Following one pass of the 700,000 base pair region, 273 uniquely specific
100 bp sequences were identified. Each of the uniquely specific 100 bp sequences
was synthesized as an oligonucleotide. Each oligonucleotide was spotted on a
membrane (15 pg oligonucleotide per spot). The membrane was prehybridized for 2
hours at 42°C with a buffer containing 50% formamide and 1 mg/ml salmon sperm
DNA (Life Technologies, Carlsbad, CA). A nick-translated human placental DNA
probe (labeled with DNP-dCTP through nick-translation; Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 2" ed., Cold Spring Harbor Laboratory
Press, 1989, substituting hapten-labeled dCTP for **P-dNTP) was added at a final
concentration of 1 pg/ml, and incubated for 18 to 24 hours at 42°C. Following
probe hybridization, the membranes were washed three times in a buffer containing
2x SSC with 1% Brij 35 at 42°C. The probe hybridization was detected using the
CDP Star detection kit from Sigma-Aldrich (St. Louis, MO), using an alkaline
phosphatase conjugated mouse monoclonal anti-DNP antibody (Sigma-Aldrich, Cat.
No. 066K4842). The probe did not hybridize with any of the oligonucleotides (FIG.
3), indicating that all the identified sequences were uniquely specific to the human
genome.

The sequences were initially organized in five approximately 5500 bp
segments. The sequences were organized in the order that they occurred in the
target and then placed in the plasmids such that the first plasmid contained
sequences 1, 6, 11, 16, and so on; the second plasmid contained sequences 2, 7, 12,
17and so on; the third plasmid contained sequences 3, 8, 13, 18, and so on; the
fourth plasmid contained sequences 4, 9, 14, 19, and so on; and the fifth plasmid
contained sequences 5, 10, 15, 20, and so on. Each of the initially ordered 5500 bp
segments was analyzed using BLAT to determine if any non-uniquely specific
nucleic acid sequences were produced. One of the initial 5500 bp segments resulted
in a non-uniquely specific nucleic acid sequence. The 100 bp segment that produced

the non-uniquely specific nucleic acid sequence was moved to the 3’ end of the
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994,499 An approximately 1,000,000 bp region of human chronosone 18pll. 32
was 5 selected to generate a TS probe. Sequence anal ysis, dot-blotting, and
orderi ng wenelipsefer mned as descri bed for the MET probe. PChaspéiamnisds
generated are as shown in Table 4. Table 4. Summary of uniquely specific TS
probe sequences Plasm d Nanme Size of Plasmd Insert (Probe Length) Identity
with Chr. 18 Chr. 18 base pair Start Chr. 18 base pair End Chronosomal Span

(base pair

order; this placement resulted in a 5500 bp segment that consisted only of uniquely
specific nucleic acid sequence.

Each 5500 bp sequence was synthesized in vitro (GeneArt, Regensburg,
Germany) and inserted into a modified pUC plasmid backbone. Five plasmids

5 containing a total of 27,199 bp of sequence were generated. The plasmids were
pooled together in an equimolar ratio and labeled by nick translation for use for in
situ hybridization (see Example 2). The nick translation reaction included 8§ U DNA
polymerase I (Roche Applied Science) and 0.0025 U DNasel (Roche Applied
Science) per microgram of DNA, 3 mM MgCl,, and 2:1 DNP-dCTP:dCTP (66
10 uM:34 uM) and was incubated at 22°C for 17 hours.

An approximately 1,000,000 bp region of human chromosome 1526 was
selected to generate an IGFIR probe. Sequence analysis, dot-blotting, and ordering
were performed as described for the MET probe. The plasmids generated are as

shown in Table 2.

15
Table 2. Summary of uniquely specific IGFIR probe sequences
Size of Plasmid Identity Chr. 15 Chr. 15 Chromosomal
Plasmid Name Insert (Probe with Chr. | base pair | base pair Span (base pair
Length) 15 Start End span)
IGFIR Plasmidl 5300 100.00% | 96661884 | 96826583 164,700
IGFIR Plasmid2 5303 100.00% | 96828084 | 97015583 187,500
IGF1R Plasmid3 5300 100.00% | 97016784 | 97107783 91,000
IGFIR Plasmid4 5300 100.00% | 97112884 | 97216783 103,900
IGF1R Plasmid5 5200 100.00% | 97216984 | 97309083 92,100
IGF1R Plasmid6 5000 100.00% | 97309584 | 97481983 172,400
IGFIR Plasmid7 5200 100.00% | 97482284 | 97674883 192,600
TOTAL 36,603 100.00 % 1,012,999

An approximately 1,000,000 bp region of human chromosome 12p12.1 was
selected to generate a KRAS probe. Sequence analysis, dot-blotting, and ordering
20  were performed as described for the MET probe. The plasmids generated are as

shown in Table 3.
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span) TS Plasmd 1 4858 100. 00% 649404 763303 113,900 TS Plasm d 2 4859
100. 00% 763304 895303 132,000 TS Plasm d 3 4859 100. 00% 896704 1040903

144, 200 TSORhuzsed3 4 PCT/US2010/062485

Table 3. Summary of uniquely specific KRAS probe sequences

Size of Plasmid Identity Chr. 12 Chr. 12 Chromosomal
Plasmid Name Insert (Probe with Chr. | base pair | base pair Span (base pair
Length) 12 Start End span)

KRAS Plasmidl 5300 100.00% | 25610831 | 25783130 172,300
KRAS Plasmid2 5600 100.00% | 25426731 | 25601430 174,700
KRAS Plasmid3 5500 100.00% | 25265931 | 25425430 159,500
KRAS Plasmid4 5500 100.00% | 25045731 | 25261430 215,700
KRAS Plasmid5 5500 100.00% | 24886231 | 25042430 156,200
KRAS Plasmid6 5500 100.00% | 24788631 | 24885730 971,00
TOTAL 33,100 100.00 % 994,499

An approximately 1,000,000 bp region of human chromosome 18p11.32 was
5 selected to generate a TS probe. Sequence analysis, dot-blotting, and ordering were
performed as described for the MET probe. The plasmids generated are as shown in

Table 4.

Table 4. Summary of uniquely specific TS probe sequences

Size of Plasmid Identity Chr. 18 Chr. 18 Chromosomal
Plasmid Name Insert (Probe with Chr. | base pair | base pair Span (base pair
Length) 18 Start End span)
TS Plasmid 1 4858 100.00% 649404 763303 113,900
TS Plasmid 2 4859 100.00% 763304 895303 132,000
TS Plasmid 3 4859 100.00% 896704 1040903 144,200
TS Plasmid 4 4855 100.00% 1063804 | 1294103 230,300
TS Plasmid 5 4855 100.00% 1294804 | 1480703 185,900
TS Plasmid 6 4460 100.00% 1490104 | 1642803 152,700
TOTAL 28,746 100.00% 993,399
10
Example 2
Comparison of Uniquely Specific Probes with Repeat-Free Probes
This example compares the performance of uniquely specific probes and
repeat-free probes for in situ hybridization.
15 The uniquely specific MET probe was prepared as described in Example 1.

The repeat-free MET probe was prepared by PCR amplifying 156 non-repetitive
DNA sequences within a 500,000 bp region of chromosome 7q31.2. The repeat free
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4855 100. 00% 1063804 1294103 230,300 TS Plasm d 5 4855 100. 00% 1294804
1480703 185,900 TS Plasm d 6 4460 100. 00% 1490104 1642803 152, 700 TOTAL
28, 746 10W0Q0£1082293 PCT/US2010/062485

MET probe has an overall coverage of approximately 425,000bp on chromosome 7
at 7q31.2, which includes the MET gene sequence. Following the PCR, the purified
amplicons were screened using a dot blot, as described in Example 1. The PCR
fragments that did not hybridize to the human DNA probe were pooled together at

5 anequal molar concentration, and randomly ligated together using DNA ligase. The
resulting ligated concatenated DNA product was amplified using Whole Genome
Amplification (Qiagen, Valencia, CA).

Both the uniquely specific probe and a repeat-free probe were used on the

Ventana BENCHMARK XT with silver in sifu hybridization (SISH) detection. The

10 probes were labeled with DNP-dCTP using nick-translation as described in Example
1. The repeat-free probe was used at a concentration of 10 pg/ml with 2 mg/ml
human placental blocking DNA (FIG. 4A, left panel). The uniquely specific probe
was used at a concentration of 20 ug/ml with 1 mg/ml sheared salmon sperm DNA
(Life Technologies) (FIG. 4A, right panel). Staining with the uniquely specific

15  probe was comparable to staining with the repeat-free probe, however human DNA
blocking reagent was not required.

The uniquely specific IGFIR probe was prepared as described in Example 1.
The repeat-free IGF1R probe was prepared by PCR amplifying 200 non-repetitive
DNA sequences within a 500,000 bp region of chromosome 15q26.3. Following the

20  PCR, the purified amplicons were screened using a dot blot, as described in
Example 1. The PCR fragments that did not hybridize to the human DNA probe
were pooled together at an equal molar concentration, and randomly ligated together
using DNA ligase. The resulting ligated, concatenated DNA product was amplified
using Whole Genome Amplification (Qiagen).

25 Both the uniquely specific IGF1R probe and the repeat-free IGF1R probe
were used on the Ventana BENCHMARK XT with silver in sifu hybridization
(SISH) detection. The probes were labeled with DNP-dCTP using nick-translation
as described in Example 1. The repeat-free IGF1R probe was used at a
concentration of 10 pg/ml with 2 mg/ml whole male placental human DNA (FIG.

30 4B, left panel). The uniquely specific IGF1R probe was used at a concentration of
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993,399 10 Exanmple 2 Conmpari son of Uniquely Specific Probes with
Repeat - Free Probes This exanpl e conpares the perfornmance of uniquely

speci fi c woabamsaayd repeat-free probes for in situ hybripdrambéions2485The

uni quely specific MET probe was prepared as described in Exanple 1. The
repeat-free MET probe was prepared by PCR anplifying 156 non-repetitive DNA
sequences within a 500,000 bp region of chronobsone 7q931.2. The repeat free
MET probe has an overall coverage of approximately 425, 000bp on chronosone
7 at 7931.2, which includes the MET gene sequence. Followi ng the PCR, the

purified a”p'j;%%%tl gﬁtglﬁ)a%—)c@g@ngglﬁl l&egﬁaﬁﬂﬁacﬁhg?gzﬁﬁn@ﬁg{%?&?s'é&réﬁxa”p' €

1. The PCR fr bridize to uman pr obe were
pool ed t oget halmat spsem DYAIAFIGralBarighigraoent r at i on, and randonly |i gated
together using DNA |igase. The resulting |igated concatenated DNA product
was anplified using Wwole Genonme Anplification (Q agen, Valencia, CA).
Both the uniquely specific probe and Exgﬁ,%f@j,-free probe were used on the
Vent ana BENCHVARK XT with silver in situ hybridization (SISH) detection.
The 10 prébes wefenpabigbedf Riralre Ijp-idizaton 3Yitly and dxithoutBloeking BN

descri bed in Exa e 1. The ,repeat-free praqbe s ..used c ntration
SEo50 oreg with Pl drantil el ERPa ekt aRedl Ao RS RiR i PlacRipk BWAR AL o)
The uni quel y ré@ﬁﬁadfw&nmsﬁig&havaﬁiqua?dp@ﬁﬁ@p@@m&mé ek daklod@reling/ ok Wi th 1

nmg/ M sheared sal non sperm DNA (Lite Technol ogies) (FIG 4A, right panel).
Stai ni ng w t HiybHéizaeguel y specific 15 probe was conparable to staining

wth the repeat-fr r ocki not
required. Th@ﬁéﬁfg%gfvpg%ggg? ?QH@%%%)@Q%@&&S%%%’%&descri bed
in Exanpll® 1.(RoblevilempBt Cht. &e. TEAL-ROp4 0 énigady ppezifar @dbdxyto RORT aldiH iR, yi ng
200 non-repetitive DNA sequences within_a 500,000 bp region of chronosone
15026. 3. Fol 160 Rgnchk> perarneitd 3 deiqribed imkmmeleds were screened using a

dot blot, as desc rﬂﬂﬁ%@ah&r slides were processed and stained on the BENCHMARK XT

system (Ventana Medical Systems) and detected by SISH detection. In situ
hybridizations were performed with 10 pg/ml of nick-labeled uniquely specific

15  probe DNA with or without 0.1 mg/ml human placental blocking DNA (hpDNA) in
the presence of carrier DNA (herring DNA at 1 mg/ml; Roche Diagnostics). As
seen in FIGS. 5A-D, when using the uniquely specific probes, there was no need for
blocking DNA during hybridization. In general, probe signal was equivalent, or
even better, when human blocking DNA was omitted.

20

Example 4
Generation of Uniquely Specific Probes Utilizing Empiric Selection
An approximately 1,000,000 bp region of human chromosome 11q31.2 was

selected to generate a CCND1 probe. MATLAB® software was used to separate the

25  acquired target sequence into 100 bp sequences, tiling by 10 bp. Following the
enumeration of all 100 bp candidate sequences, the percentage of guanosine and
cytosine was determined in MATLAB® and all sequences above 65% and below
35% were eliminated. The remaining candidate 100 bp sequences were printed on a
NimbleGen 2.1M CGH slide and probed simultaneously with a total human genomic

30  probe, and a Cot-1™ DNA probe according to NimbleGen processes. Positive
controls (positive DNA sequences were ALU1, D17Z1 alpha satellite, the Sau3
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Exanple 1. The PCR fragnents that did not hybridize to the human DNA probe
wer e pool ed together at an equal nolar concentration, and randomy |igated
t oget her weizog/@d3| i gase. The resulting |igated, concatrematseaoBb¥sproduct
was anplified using Wwole Genone Anplification (Q agen). 25Both the

uni quely specific I GF1IR probe and the repeat-free | GF1R probe were used on
t he Ventana BENCHVARK XT with silver in situ hybridization (SISH)
detection. The probes were | abel ed with DNP-dCTP using nick-translation as
described in Exanple 1. The repeat-free | GF1R probe was used at a

concentratio rLIng é&néﬂf{géﬂzi[lrtﬁ%ﬁm& 6 @3101’131@8# f‘eg@ﬁéi&‘e &éﬁ&ﬁg&ﬁm%%%@é’ DINA

(FIG 304B, left panel). e uni quely speci | GF1R probe used at a
concent r at i orvoofrols 3DNAuggqoinoss tiomth2 bicergéndmd) weasinoluelee nh die dtayaki ng DNA

and 1.75 nmg/ m ared..sal man sperm LFIG 4B, right panel). Exanple 3
SCompar 1 son GFBIIBAPbEr 4T B TGRSR IS B BRI TR T Thi s
exanpl e descrReRdHREELTRIBESMES TS bhiRd 2MO00, 6@ 1ol 1501 008) END-8 shdk,.

requi red when using the uniquely specific probes of the present disclosure

inin sitd hybathdiqatiiionsnd nammglizico evere provided Sy demitaGap. NAdédBRwas

obt ai ned from US Bi omax,, I4C. ckville, NMD, Cat. . TMA-T044) .

Ui quely specsii to Jsbgane S Eapudter & B foshuN Royeite olRuod MEREBLY
descri bed i n deiaimgl Ainkar regressiok 8N@1 GROLIIvE LbIRS s¥RilefcR! RTBSSeByand st ai ned
on t he BENCHVARK XT system (Ventana Medi cal Systens) and detected by SISH

det ecti on. | rilesieaging{lisrlingnizigeicorian e pee Pardapt awdatgn: Thegut off fo/tha of

ni ck-1 abel ed I.aue Lf & al PINA R . W [m  human
pl acental bl ont:é g%lt%é JB?W’??%@\RM %q? %Igclg%r eseﬁﬁggilg}eagg\ﬁﬂrsl}ngﬁﬂ%m%a%ﬂg%:i ng DNA
at 1 ng/ n0; Rowhkubhagmostic DINA sddse setha negative ContrdAedyenedre ITwis adujtidriae

uni quely specifi¢c probes, there was no need for bl ocking DNA durj nlg
hybri di zat i orfut PHs Yeiresreated by prie degpiaimyghuagniesagraistscors iy 81 Mebt er

when hunmen blaeking. DNA WaS QPbt fPthe GQ. BXapl GadsdPanes alicopapl Uni quely
Specific Probes Utilizing Empiric Selection An approxi nately

1, 000, 000 bp regi MAJGILAR®wAs cenarmbizedre ibedate 2 vedappsel @odiddtetsoqupanes at e a
CCND1 probe.&g\MT%Argg)cgg twar e was us&d tod.%e arate the 25acqui aed tar get
sequence i nt g {00" ) @%@‘é&‘}eww § BP0 BHIPOTY O A HE é‘Hﬁnerati on
of an 10Q;5bp @b EBLESRIIRRGRScesd IRGhPEUEEMRE AGSHRf oIHRNLRRIAR BRE: CYt OSi ne
was determ ned in MATLAB@ and an sequences above 65% and bel ow 35% wer e

el i minated. The S08fhprtqgnesindirddies syoDespedsiaqienteseRsr. Sl Rsdiclh a
N bl eGen 2. 14 G R fint) SR SREG R PHLLANERIS ., Wehlhidhhl b e
containing 5000 bp of sequences were synthesized.

An approximately 1,000,000 bp region of human chromosome 12q14.1 was

20  selected to generate a CDK4 probe. Sequence analysis, array analysis, and ordering
were performed as described for the CCND1 probe (FIG. 6B).

An approximately 1,000,000 bp region of human chromosome 6q23.3 was
selected to generate a Myb probe. Sequence analysis, array analysis, and ordering
were performed as described for the CCND1 probe (FIG. 6C).

25 Plasmid pooling, labeling and staining with each of the probes was
performed as described for the MET probe (Example 1). Each probe was hybridized

to a BioMax lung cancer array without use of human placental blocking DNA, and

detected using SISH (FIG. 7A-C).
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30 probe, and a Cot 1TM DNA probe according to N nbl eGen processes. Positive
controls (positive DNA sequences were ALUl, D17Z1 al pha satellite, the Sau3
LI NE el erwot2p11zosekoBhe pHuR93Tel o tel oneric repetitive elpemast)loapdshegati ve
controls (DNA sequences fromthe rice genone) were included on the array to
establish cutoffs for selection criteria. Fifty-eight rice genone sequences
were selected from chronosone 5 (base pairs 20,000,000 to 21, 000, 000) of
Oryza sativa. 5 Data acquisition and nornalization were provided by

Ni mbl eGen. MATLAB(r) was used to analyze the N nbl eGen data and establish
sequence selection criteria by derivi p ,31 \d pear regression of all the
positive control sequences, followed (Ii) creasing the linear regression by
one standard devi ati on. IiTkitu Hyﬂ)riﬂiiatfomrwntllna Sm@ail’lasmldd’ﬂrbbol S (rice DNA

sequences) was established b t he e of the 10 tot uman genonic
PNA score of the. rduseaEi buPOERR HETES bR BRRITEYURP LB f & wer e

created by usgReelh& ofHepitEHIE og@n%uenc%%ﬁﬁysi‘srﬁiﬂﬁiﬁﬁl Ulhgsequences,
and a hard cut of for the Cot- TM score was set "at 12 "(FlI 6A). MATLAB(r)

was then @ti ldrderehgtwere bmrfvmmdeasai@eqriba@ penthe 6@&1{1]) Ua@be é@mﬂ@ éx withi the

hundred 100 b eci f.i ate dinto
158000 b oot B boRbTEhe SofR By RESEREFHRAG s IRaR. ol RS o o
target. The 5000 BLSAGUENARSMEEE td bemmwhﬁg%a&eﬁaﬂ% With& R uk&enew z,

South Plainfield, and inserted into a nodrf pl asm d backbone.

Ten pl asm ds heapi paenal hllonlgng@wm tﬂmdoifetesequuemeéﬂiﬁmtefawylrwmdez ed.
An appr oxi mat el 0 r me .12914. 1 S
20sel ected td& &ﬁ“ﬁ%ﬁ’ggg h%fPr Hbo (P@qgéﬂogvedcb aﬁgg‘us tecpp §'§t W?S| s, and

or deri ng 19er eHQeRdcIRal aillﬁbé@ﬁ@dﬂﬂb@@edft@fl{RF“@:IGchl probe (FIG 6B).
An approxi mately 1,000,000 bp region of human chronosone 6g23.3 was

selected to generate a Myb probe. Sequence anal ysis, array analysis, and
ordering were performed as descri bed h CCND1 probe (FIG 60.

25PI asm d pooling, |abeling and st ai n| ng %?1 each of the probes was
performed as described for the MEMpioheal B@hpds 1). Each probe was
hybri di zed to a Bi giax | ung cancer array w thout use of human pl acent al

bl ocki ng DNA, and et e&imlc deerbessnebedsHpecomparing perfopnags|ob ugiquely

15  specific probes generated using the methods described herein with repeat-free
probes generated by previously utilized methods hybridized to a comparative
genomic hybridization (CGH) array.

A uniquely specific probe is generated as described in Example 1 or
Example 4 (for example, an epidermal growth factor receptor (EGFR) probe). A

20  repeat-free probe that hybridizes to the same target nucleic acid (such as EGFR) is
generated by methods previously known in the art (for example, the methods
described in Example 2). Individual binding regions (uniquely specific segments)
from the uniquely specific probe are printed on one CGH array. Individual repeat-
free segments from the repeat-free probe are printed on a second CGH array.

25 CGH is performed using routine methods (e.g., NimbleGen Array User’s
Guide, CGH Analysis version 4.0, Roche NimbleGen, Madison, WI). Genomic
DNA samples are prepared and labeled (for example, with Cy3 or CyS5). The
labeled genomic DNA is hybridized to each of the CGH arrays. Appropriate
stringency washes are performed following hybridization. The array is then scanned

30  (for example, using a GenePix 4000B scanner) and the data is analyzed (for
example, with NimbleScan software).
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In situ Hybridization with a Single Plasm d Probe An approxi mately
60, 000 bp region of human chronobsone 7pll.2 was selected to generate an
EGFR pr obwo 28a¢pservde anal ysis, array anal ysis, and 5 or @€miusgomosHss
performed as described for the CCNDL probe (Exanple 4), with the exception
that only a single 5000 bp plasm d was used as the probe. The EG-R probe (5
lig/ml) was hybridized to a BioMax | ung cancer array w thout use of human
pl acental bl ocki ng DNA, and detected using HRP activated tyram de

conj ugated to hydroxyqui noxaline (HQ, followed by SISH detection with an

anti- 10 HQ mnoc'l@%dlﬁﬁ%h %ﬁ%hggﬁ%ﬁﬁgggg&ﬂ@%o 0e v?f}t @co%araﬁﬁ:atgpl e 6

M croarray Methods ‘This exanple net aring performance
of uni quel y Ifybspeseiidn withtlerepeagérepatbedirtagi ng t he net hods descri bed herein
Wi th repeat-free probes generated by previously utilized nethods hybridized
to a conparative genom c hybridization (CGH) array. A uni quel y
specific probe is generated as descri mgnftp[b-ﬁxarrpl e 1 or Exanple 4 (for
exanpl e, an epidermal growth factor rece (EGFR) probe). A 20repeat-free
probe that hybridizes to the sarre Diiiggesthwbﬂmd@ acid (such as EGFR) is

descrbed i n Bxanpl B B RGBSR Bretrbeo-Bbuba® b QTR el

segment s) fr aiadndsis enpegabYs sp@ﬁibﬁdce (ERBEa AltFedd Rifht@Bc@Nu@Ngn hidbey I ay .
| ndi vi dual repeat-free segnents fromthe repeat-free probe are printed on a
second CGH argeavatezl@@dl# mstheds fescrbel hgeing Pﬁb‘(ﬁb’%é“‘?@ﬂﬂ%@ theag WillNi nbl eGen

Array User agdt&gfa’te t@ﬁ'ﬁn@tﬂéhsyt%htsde‘éﬁtéfr8& &ﬁ?sg B@QP%MO@L&%%@@#@Q”

W). Genomc are prepared exa h™ Cy3 or
Cy5). Thdol abml:@dsfgﬂﬁpmvodeu\iﬁagrﬁ)shyblpmgnbadofﬁ)slelgedm of the CGH arrays.
Appropriate stringency washes are perforned follomnn hybrldlzatlon The
array is then scaﬁ%éﬂﬂ@@($%ha%%&WHWéammgiHﬁ) he st sEisiifer ) and

the data is asagln&)ye%%iﬂeh;(&%{m@m@hemcmd A&B ﬁf&n%%iﬁ‘@éa%l digestion.

Hybri di zati on tht ni quely speci e array 1S conpara
hybri di zati on wt Hntoheexzﬁplda,tthé deengrio@fen mmoayfor Exangt.e ind Dinagnoshias

Met hods Thi s | e describ I ar ods, t hat c e used
For det er m ni HEPPS B L & BT BPBONSCIG. b S5 BB aeY CSUBA S M IS8 oot
with cangsr) bl hindibB%PH0E Sybridization in a tumor sample obtained from a subject.
For example, the sample, such as a tissue or cell sample present on a substrate (such
as a microscope slide) is incubated with a MET probe complementary to uniquely
specific nucleic acid sequence, such as a MET probe generated as described in
Example 1. The hybridization is carried out in the absence of human DNA blocking
20  reagent (for example, in the absence of Cot-1™ DNA). Hybridization of the MET
probe to the sample is detected, for example, using microscopy. The MET gene
copy number is determined by counting the number of MET signals per nucleus in
the sample and calculating an average MET gene copy number/cell. An increase in
MET gene copy number/cell in the tumor sample (such as a MET gene copy number
25  of more than 2, 3, 4, 5, 10, 20, or more) or an increase in MET gene copy number
relative to a control (such as a non-neoplastic sample or a reference value) indicates
a diagnosis of cancer (such as NSCLC). In contrast, no substantial change in MET
gene copy number (such as an MET gene copy number of about 2 or less) or no
substantial change in MET gene copy number relative to a control (such as a non-
30  neoplastic sample or a reference value) does not indicate a diagnosis of cancer (such

as the absence of NSCLC).
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generated by the nethods described herein. However, one skilled in the art
w Il appreciate that nethods that deviate fromthese specific nmethods can
al so be wweadotiwsiBsuccessfully provide a diagnosis or pPOGNIS3019/06548R

subj ect . A sanple, such as a tunor sanple, is obtained fromthe

subj ect. Tissue sanples are prepared for |SH, including deparaffinization
and protease digestion. In one exanple, the diagnosis of a tunor (for
exanple, a lung tunor, such as a non-snall cell lung carcinoma (NSCLC)) is
determ ned by determ ning MET gene 15 copy nunber by in situ hybridization
in a tunor sanple i j et r R gm , such as
a tissue or cell slg% eglg%gg{é)ﬁétpt%nag&soﬁ sotfraat'(tt?lglol(e uc ag%?l%Q%ulz oscog’pe slide)
i s incubat ed such s aNNVEL(P iotheercong ynadaitrariying dGHhR gard gopypectier by prucl ei ¢
aci d sequence, such as.a MET probe generat g as descrihed in nple 1. The
ybr i di 2at | orfi/dYEEAERISR DAY 141 BBIER T haHRiFF-DRA BREWE: A 20
reagent (for @xamkeoh ds thsbf AReARGEPRIpr&Rhe onld UMY (suM RS hdhigRkéspe of the
MET probe to the sanple is detected, for exanple, using mcroscopy. The MET
gene copy Snursbide) is sncdbated miithed G5 Rauaba ¢angpleimentagrtb eniquelyMpFei§ie gneeis per

nucl eus in the. sanpl e and cal ¢ tjng,an _average MET ne, co ulper/cel | .
A nor ease. HRGETRGSsa ER ST K PRoR e RERERES o ip el TR [ TRES 2%\er
gene copy nurfiefideati® iswafrRdtdaaih e aBsende ofShunddh DRA, bl6dkimDre@gern@{fodn

i ncrease in T gene copy nunber relative to a control (such as a

non- neopl ast iexa@alepinethe pbseneeelereindd RN AKeHypidizaitancf the Kitdldhpiobe tothecancer

(such as NS l. $ ! I nunber
(such as ancb%lplgeelﬁg&gg%é’af%%a@ﬁ) 1?5'#118 %%f%&%ﬁhﬁl‘e}%&}ﬁglﬁl\gﬁe g%@% an e%fal
change i NOVETs getaeniaedyy oeumbiap thiehmbber@f IOF ER eignils pbr (glel imtheaample-

30neopl astic sanple or a reference value) does not indicate a diagnosis of
cancer (such %4 cpiqelagpgamaverpge dRegopy number/cel}. An Histaass ingbdiHly genet he
prognosi s of i SRATRI ; i

det er mi ned byC%B%;d gfrﬂ?ﬁcﬁeﬁgml GleogganIgp%g%%htﬁg E(EFE‘?/%?}?%P Swﬁ%ﬁf [ graeti on
in a tunor sahgpl 2 381 Rille0.faromre) euljisataseFoIGEXAgplessopy membanplativesuch as
a tissue or cell sanple present o a.subsirate such aaf §1.n‘lcroscop

5slide) is inCaIPEY GHPHSE NOBPERP B SbRMPlnY BT REy S H‘r‘i‘i“ii‘EFélaﬁoé)gecific
nucleic asid p?@%‘l-b@ﬂ?ﬁych%b‘ﬁ@irﬁ?ea@@irﬂ fF LRI RR S 9aRRLASAhaSuesC i bed in
Exanpl e 1. The hybridization is carried out in the absence of human DNA

bl ocki ng r eagentragtfor substamtpdl eharigs or haleasaserio dGH1R @one copymubiay (such as

bridi zation e | GF1R probe the s e is detecte for exanpl e,
g o1 oecBdOr REeh FEAR RERRE of Sudlte AR §ilohuDTARED Efneti % “rount | no

t he nunber ofdebfldeRnIGHNRI Bn@PEspyHighta Selhtiveltb@ HAMBI (Cuching aGRInCidoplabtg an
average | GF1R copy nunber/cell. An increase in | GF1R gene copy nhunber/cell
in the tunor 8 @ yrefeeenca yalyp) indicarRs gPaer RIOPYOSHY rdras gfdegisate inb; 2, 3,

4, 5, 10’2020’lﬂﬁﬁhM&')SuWivzﬁ‘,nfo}‘Hl%rsﬁgi%gt.i n | GF1IR gene copy nunber relative to
a control (such as a non-neoplastic sanple or a reference value) indicates

a good 15prognosis, such as an increase in the |ikelihood of survival, for
the subject. In contrast, no substantial change or, ecrease in | G-F1R gene
copy number (such B1ehof @?mn@sé)ﬁ&s@s,sylbﬁﬁwéstewlaﬁb £ PEngPIes @58 or no
substanti al changedhafbdRGIRASE shdhid FRogfNG GAMHe NHIREGE] ERbadinERt O a
control (such as a non-neoplastic sanple or a reference value) 1 ndicates a
poor prognosiasg oslyechamples agtbgrosibeotiba t4ldee a2 Ohiitued thhcowpeaft tixuinveéntmin, f or t he

subj ect. 25  Rather, the scope of the invention is defined by the following claims. We therefore

claim as our invention all that comes within the scope and spirit of these claims.
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In view of the many possible enbodi nents to which the principles of the

di scl osure may be applied, it should be recognized that the illustrated
enbodi menwe 2arieseaBy exanpl es and shoul d not be taken a®cCriuseaiongdshe scope
of the invention. 25Rather, the scope of the invention is defined by the
followng clainms. W therefore claimas our invention all that cones within
the scope and spirit of these clains. W claim 1. A nethod for producing a
nucl eic acid probe, conprising: joining at |least a first binding region and
a second binding region in a pre- 5deternined order and orientation,

wherein the fygf,;Ri nding region and the second binding region are
conplenentary to uni quely specific nucleic acid sequences, wherein the

uni quely specific nucleic acid sequences are represented only once in a

genone of an orga rein th irst binding.region and the second
gl ng 1 g o cortb P dBROIE0E BUTE S PO G EROR T Ear ger. nuc oi o ol d
ol ecul e, 10t her et]MmB{gQQQ@dsﬂegflﬁshﬁlnﬁﬂfglr@glﬁn %ﬁdlgs&roﬁg%mdzn TReioAeh hpe-of claim
1, wherein the at 'l east first binding regi on and second %m nding region are

gener at ed Spy:determined order a(lé))ﬂs@pmramhqgalm the fgetrtondiog regigeandibe besiond aci d

sequence i nt ura 1t each segrrent
wth a genom CRp MM AY eRarBEREAE  drysty e e B B SRugfes. *and

(c) sel ecti ngyladreih @@shni§ Wy SRGTRMUSIMNAGH sefundédiafiliepis&R@LHHlY Gnécdintahe
genom c target nucleic acid nolecule, which segnents are the at |east first

bi ndi ng 20 r &§hone ghan SwaBIE. bmdmh?rgmrtbgiﬁb% binglings zientang theotecendahingding
wherein the %gloﬁfééﬁlpﬁéé a%% {')Q(ngo?gzs 895 g%h?%ﬂgéaﬁg%%@a[e a{& 1%81& lon are

gener at ed by ara nuc eic acid
sequenceIDntQhaf@&pmﬂhmhgﬂ&ﬁueﬁmumﬁépnma3|d segnent s; (b)
synthesi zing the plurality of nucleic acid segnents;
2. The method of claim 1, wherein the at least first binding region and second
binding region are generated by:
(a) separating the genomic target nucleic acid sequence into a plurality of
15  segments;
(b) comparing each segment with a genome comprising the genomic target
nucleic acid molecule; and
(c) selecting at least two segments which are uniquely specific to the
genomic target nucleic acid molecule, which segments are the at least first binding

20  region and second binding region.

3. The method of claim 1, wherein the at least first binding region and second
binding region are generated by:
(a) separating the genomic target nucleic acid sequence into a plurality of
25  nucleic acid segments;
(b) synthesizing the plurality of nucleic acid segments;
(c) attaching the synthesized plurality of nucleic acid segments on an array;
(d) hybridizing the array with total genomic DNA and blocking DNA; and
(e) selecting at least two segments which are uniquely specific to the
30  genomic target nucleic acid molecule, which segments are the at least first binding

region and second binding region.
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(c) attaching the synthesized plurality of nucleic acid segnents on an
array; (d) hybridizing the array with total genom c DNA and

bl ocki ng WblAp112082293 (e) selecting at | east two segmarstaombiseh are
uni quely specific to the 30genom c target nucleic acid nol ecul e, which
segnents are the at least first binding region and second binding region.
WO 2011/ 082293PCT/ US2010/ 062485 4. The net hod of any one of clains 1 to 3,
further conprising renoving repetitive DNA sequences fromthe genom c
target nucleic acid. 55.The nethod of any one of clainms 1 to 3, further
conpri si ng: determining a G C nucl eotide content of the plurality of
segnents; and selecting at |l east two segnents having G C nucl eoti de cont ent
bet ween about4.30% Eredndtdéd oflhyGanEhd chmiehhbdo dffuethgr conprisingabmbnmgl to 3,
wherein the pre-determ ned order and orientation of. the at |east first

bi ndi ng  egi GRPANEC LRLOREH PRI R BB St Brdtisdc By (3)
ordering the at least first binding region and second binding region to
produce at | east one candi date nucleic acid probe; 15(b) separating the
candi dat e Snudl. ei ¢ Hwimethedpleanyrne o cpiros alt¢ 8yfugherswgpeining; (c)

conparing each se nt.of t candi dat e nucl eic acid probe with the genone
conprising the geg‘%ﬁ‘%ﬂ@“}l% 8gfcﬁlﬂgllegil e?@?e&l?ﬂﬁhgg r%I,lyOfsegm (5‘3 agcil ecting at
| east one order andieefihEitiadst b @onteh® HOIRAL/EhiRRGIBOLStEMBEtWeen UBbGUE! Y

specific to the genom c target nucleic acid nolecule; and 20(e) joining the

sel ect ed segm¥% and H%he sel ected order and orientation. 7. The method of
claim®6, wherein the ordering is the order and orientation of the at |east
first binding region and second binding region of the genom c target
nucl ei ¢ d0i d.6.25 The nidtkodref digcbnefof ¢laaniml 2o 3 WhldreinnhepepRidrnghedacders egnent
wi th the genome conpr.i s%g&et he ge_nom’_c target nucleic acid nolecule

conpri ses usidig CHCBEHMY RhSPE e baRAIRg i8Ny afchsecond binding region is

generated by:
(a) ordering the at least first binding region and second binding region to
produce at least one candidate nucleic acid probe;
15 (b) separating the candidate nucleic acid probe into a plurality of segments;
(c) comparing each segment of the candidate nucleic acid probe with the
genome comprising the genomic target nucleic acid molecule;
(d) selecting at least one order and orientation of the selected segments that
is uniquely specific to the genomic target nucleic acid molecule; and

20 (e) joining the selected segments in the selected order and orientation.

7. The method of claim 6, wherein the ordering is the order and orientation of
the at least first binding region and second binding region of the genomic target
nucleic acid.

25
8. The method of claim 2, wherein comparing each segment with the genome
comprising the genomic target nucleic acid molecule comprises using a computer

implemented algorithm.
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WD 2011/ 082293PCT/ US2010/ 062485 9. The nmet hod of any one of clains 1 to 8,
wherein the uniquely specific nucleic acid sequences conprise about 5% or

| ess of twe 2gamseid target nucleic acid nol ecul e. 510. TireTrustho@eIBS any one
of claimse 1 to 9, wherein the nucleic acid probe hybridizes specifically to
the genomic target nucleic acid nolecule in the absence of a DNA bl ocking
reagent. 11. The nethod of any one of clains 1 to 10, further conprising

| abeling the 10nucleic acid probe. 12. The nethod of claim 11, wherein

| abel ing the nucleic acid probe uses nick translation. 1513. The met hod of
any one of claqins t yg%? [ ' [ id nol ecul e
is froma eukggr yotllghg Igg?]%drr%. 4&‘?’%&%&?%239 g%&%%gﬁ%ﬁél%@&&v%gk%cﬁa he
eukaryoti c gemokir acsd seqheman cgeposeaboR03% .of s pethe@dnahicamgeomelaf agldai ns 1
to 14, wherein th? at least first binding region and second binding region
are conpl emerP¥F$ %0 non- conti guous portions of the genomc target nucleic
acid nolecule. 16. The nethod of any one of clains 1 to 15, wherein the
nucl ei ¢ acid probe 25conprises at |least five binding regions. 17. The

met hod of Scl ali0m 16Thewhethed of antyeonaod ckiros a¢o 8 whasbie thompldic egd grobeeast fifty
bi ndi ng regiqgns..,3018. The met hod of any one of .clains, 1 1o 17, ~wherei.n the
ot "east 1t URHRE 5 TEATEle B aClelB B udleiChRL fRisholsn o EESY B,

nucl eoti des idDNAMbEking refent.

11. The method of any one of claims 1 to 10, further comprising labeling the

10 nucleic acid probe.

12. The method of claim 11, wherein labeling the nucleic acid probe uses nick
translation.
15 13. The method of any one of claims 1 to 12, wherein the genomic target nucleic

acid molecule is from a eukaryotic genome.

14. The method of claim 13, wherein the eukaryotic genome is a human genome.

20 15. The method of any one of claims 1 to 14, wherein the at least first binding
region and second binding region are complementary to non-contiguous portions of

the genomic target nucleic acid molecule.

16. The method of any one of claims 1 to 15, wherein the nucleic acid probe

25  comprises at least five binding regions.

17. The method of claim 16, wherein the nucleic acid probe comprises at least

fifty binding regions.

30 18. The method of any one of claims 1 to 17, wherein the at least first binding

region and second binding region are at least 50 nucleotides in length.
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WO 2011/ 082293PCT/ US2010/ 062485 19. The net hod of any one of clains 1 to 18,
wherein the at |east first binding region and second binding region are

i ncl uded wo 2a1vose198r . 520. The net hod of claim 19, wherePOTIUSR01M6148F IS a
pl asm d. 21. The nethod of claim3, wherein the array further conprises at

| east one positive control, at |east one negative control, or a conbination
thereof. 1022. The nethod of claim3 or claim 21, wherein selecting at |east
two segnments which are uniquely specific conprises deriving a linear
regression of hybridization scores of total genom c DNA and bl ocki ng DNA
and sel ecting sequences falling within a predeterm ned cutoff. 15 23. The
nmet hod of claim 22, wherein the predeterm ned cutoff conprises one or nore
of the |inearla egrBeshahoddf dyeonpad claine 1 cobf,vdierse theendest filecbiedsmed by one
st andard devi at.i on, ,nean Bf the total . gggglc DNA score of the negative

control sequédfg&d and,pecgnd Rindpedgeign af B Y858 ori gi n of the nean of
all sequences. 20 24. An isolated nucleic acid probe generated using the
met hod of any one of clainms 1 to 23. 25.A kit conprising one or nore
nucl ei ¢ aéi d 2% obekhegretbodviedains i hgvhehan thet yeowpr &f a playmigne of clainms 1 to
24. 25

21. The method of claim 3, wherein the array further comprises at least one

positive control, at least one negative control, or a combination thereof.

10 22 The method of claim 3 or claim 21, wherein selecting at least two segments
which are uniquely specific comprises deriving a linear regression of hybridization
scores of total genomic DNA and blocking DNA and selecting sequences falling

within a predetermined cutoff.

15 23. The method of claim 22, wherein the predetermined cutoft comprises one or
more of the linear regression of the positive control sequences decreased by one
standard deviation, mean of the total genomic DNA score of the negative control

sequences, or a selected distance from the origin of the mean of all sequences.

20 24 An isolated nucleic acid probe generated using the method of any one of

claims 1 to 23.

25. A kit comprising one or more nucleic acid probes generated using the
method of any one of claims 1 to 24.

25
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