CHROVATI N STRUCTURE DETECTI ON CROSS- REFERENCE TO RELATED PATENT

APPLI CATI ONS [ 0001] The present application clainms benefit of priority to

US Provi sworalo/desieent Application No. 61/1 19, 280, fil es#cDarseob@s4425 2008,
which is incorporated by reference for all purposes. BACKGROUND OF THE

| NVENTI ON [ 0002] Most DNA in a cell is packaged around a group of histone

proteins in a structure known as a nucl eosone. This nucl eosomal DNA can be

further packaged i ntCHRROMAFINGETRUCTURE DEREGTIONact the DNA. This

tight packaging can Iimt the access of DNA to transcription factors and
the transcriptional machinery. Genom c DNA packaged in this way is

main aroups. cucHFONATERS E A BERRA TS PO SR P PRLIGATIGNS Lecessi bi o and
et of ochlommt 1. wher o Lhe DNA Ls. 1 Laht |y packagnd. | naceessi bl e and
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thestr ?‘Rﬁ}i)ﬁd:aﬁl?n Ret ¥Ee 0 b8E $hed MRckHP TBEA0R, Shathas iﬂc%r&ﬁt&?ﬂf?éf&%nqe%?r € are
two mai n epigenetic events: DNA nethylation and hi stone nodification. These

event s @f puposehow t he DNA i s packaged and whether the DNA is active or
silent with respect to transcription. BRIEF SUMVARY OF THE | NVENTI ON [ 0005]

The present invention pr®AdeEsROUNDEORQUE INOVERTaONzI ng chronbsonal DNA,
including but not limted to, determning the accessibility of a DNA region
on a chronosone to a DNA nodi fying agent, optionally correlating the

accessi[pob2]t Y MRt DNOIBL édl i§ phakabéd Srouhda SRTD STHRRHS P Blefhs i Bridti0d
conprises: a. sinultaneously:i . perneabilizing or di sruRtl ng a cell

merbr anienogin as awicleoseme This nuelepsadl AYNA lsan befurthar packag@NAtetdigdi ng or
rmdl'Of yl %%c@g%%haﬁl{%%[ﬁr g%&%g)g%ttthg\%aﬁ.%ﬁls Eig\%t a&l@%%in eaﬂtlin%t g;?vag esShf H&%{ Io' es

t he ‘gen gindi ren gl ons € genom c DNA

are cl epusérigionactiofd £d th®transdiipfieiag AacExESN Gyl BNag padkagddi@rnkibyway

generating cleaved and i ntact DNA regions, or nodified and unnodified DNA
is sometimes referred to as chromatin.

[0003] Chromatin is classified into two main groups, euchromatin, where the DNA is
loosely packaged, accessible and generally, but not always, transcriptionally competent, and
15  heterochromatin, where the DNA is tightly packaged, inaccessible and generally, but not

always, transcriptionally silent.

[0004] What controls the transition between these two chromatin states is epigenetics.
There are two main epigenetic events: DNA methylation and histone modification. These
events affect how the DNA is packaged and whether the DNA is active or silent with respect

20  to transcription.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention provides for methods for analyzing chromosomal DNA,
including but not limited to, determining the accessibility of a DNA region on a chromosome
25 to a DNA modifying agent, optionally correlating the accessibility to chromatin structure. In

some embodiments, the method comprises:

a. simultaneously:



regions; and b. detecting a physical characteristic or quantity of at |east
one intact or unnodified or nodified DNA region or cloning, isolating, or
nucl eot i cwoegusssbng at | east one intact or unnodifi edPor/useaofbaads DNA
region. [0006] In sone enbodinents, the nethod further conprises

correl ating the creamedtilzingocdisopting A cell mgotbuane abfa ceHeandNA regi on in the
cell. [0007] In sone enbodi nents, the nethod conprises detecting a physical

characteristig. orcogthihg thé cefl vath 4 BABY clgavihg 6t medif@aAD 8 gk inddtcasditiOfs
unnodi fied or nodified rg‘gfj on and the second chronpbsonal intact or

unnodi fsuel thet thep@paticlesvena pedifienthe gaaomisipAiin dha ¢edl, photsincdifferent
h teristi Nt first. ' 0008] |
s erbBihebEeeMARDIK o dbaedld bR ARERAEn e gt 7 2L 11

copises théreby fedesdtinglulcaved ambintdINBN A gigiohsantnadised amtluhsdiffes Dkl DNA

regi on, thereby assessing the relative accessibility of the first and
second IB&anﬁé‘ﬁaons to the DNA cl eaving agent. [0009] In sone enbodi nents,
the genonmic DNA is isolated after the contacting step and before the

det ect img st egetedtid@rQihybioalsdimceniidcomnprangty dffaeleas! dns istre qpenmedifiediored and

contacted. W e DNA cleaving . or nodifying agent while the cells are

di rect |‘§‘O%‘¥\lﬂe<§ ﬁcﬂ‘? éf‘&‘?‘yo%d%%d?di‘t&lgaﬂf AT ’%Eis uepeiPg arlgad gpe FF 0011] In
sone enhegidiB S mbdBePONERRI]. 2i Ng step conprises contacting the cell

wi th an agent that perneabilizes the cell nenbrane. In some enbodi nents,

t he .ag hat perneabilizes the cell nbrane is a lysolipid. .In sone
enti9a0 i0ned b R ERR by el PRI RP AP Ras el B it e o e
enbodi reéBatid SiticReE BEARIIIN AirBgoRlin e SEMPti Ng Step conprises disrupting the
cell menbrane with a nonionic detergent. In sonme enbodi nents, the nonionic

deterg IS RE t 8 0 ' -1 OO,
{00737 T00LE B ibditERd Ve el cBlneblicterchE oM 08 il sty
agent, qundtityhe aDNAstel feravdhrgmagiend] intactan vemoyified of GQlidjed DNaoBEgioamhd dienent s,
the cell is contacted . with a DNA modifyi nfg agent, and the DNA nodifying
agent i %$°Q¥} deemasamal fteror gpmepified s riadifisg BNAgegephandcomperiag f¥e and a

15  physical characteristic or quantity of the first and second DNA regions.

[0008] In some embodiments, the method comprises quantifying the number of intact
copies of a first chromosomal DNA region and a second chromosomal DNA region, thereby
assessing the relative accessibility of the first and second DNA regions to the DNA cleaving

agent.

20 [0009] In some embodiments, the genomic DNA is isolated after the contacting step and

before the detecting step.

[0010] In some embodiments, the cells are permeabilized and contacted with the DNA
cleaving or modifying agent while the cells are directly or indirectly adherent to an artificial

culture surface.

25 [0011] In some embodiments, the permeabilizing step comprises contacting the cell with an
agent that permeabilizes the cell membrane. In some embodiments, the agent that
permeabilizes the cell membrane is a lysolipid. In some embodiments, the lysolipid is

lysophosphatidylcholine.



DNA nodi fying chem cal. In some enbodi nents, the DNA cleaving agent is a
DNA cl eaving enzyne; the nodifications in the genom c DNA are cl eavage
sites; amdothw/@ereecti ng step conprises quantifying thePamasea9nbidht act
copies of a DNA region after cleavage. In sone enbodi nents, the detecting
step cdiffi?lseln spueeranmbagimenss.ahppérineabilizing or disrepsimg steptrodipmsent &srupting
quantitati ve anplification.is select fromthe . gro consi. st.i of a
quant | 10 eHEBERuRer AR hibic PEGERRE I BRE bR RISHE ST Hlatin

quant i tigtsénaed oAt the Browpdf AFed, PRbaPeragamhakniooeact i on (optional |y

real -tine). [0015] In some enbodi nents, the DNA cl eaving agent is selected

o 1yi 03B oo ERRCh M EE Thoral B SR SRR Sl RO 51 o

on & nubNepdlesléng apeat Rualeapyrhele sequence that woul d not be methyl ated by
the native nethylation enzynmes of the cell; and the detecting step

conpr i 5914 M Rtk SodlEhel] RO BRESERGEHY DRASEBARYRE abdlf and the

nodi fication n sone I'ments, nmet hyl t r ansf er ase
met hyl t Dhdshedidgeg agoht idselegtedrftanh yiengyogt emssonp of s estlgllemsiongsetané anodi f i ed

DNA w t restrictjon enzyne that recogniz . sequence hyl ated b
pant et HOP asieriag Sheicfl 8 e Sbptitirarn Le 1ING SR Pans A e adds.
et hyl deietd & yh@; G¥hesdifi&siohinhE é’rﬂgni%!m&%ee&&%ﬁge SiteRParkPRP bR E3ng

cleaving the nodified DNA with a nmethyl ation-specificC restriction enzyne
andiOor steeamprises heantibying tecaniiiat of inkacbeeies oftadDNPOG LB aftar doamage. In

enbodi nents, th ifying agent is a cul e vi.n teric hindrance
Corort Ve emieEnatts, Mottt onst: ARl afal BN TR, o A hA
nodi f yi dihédi@ehs ajuantitati SOabplefidaeieh eRlet tedtfien BN proBsitdnsistigg ohgn cal s
selected fromthe group consisting of dinethyl sulfate and hydrazi ne.
[0017] quRnYEHREe pplyerase fhan rqaqteoxagcmél@mlbgreélr@@eb@mW@gtaauaﬁgatm ng at

| east gmg%feaﬁgpﬁef%etcﬁgﬁg%?@%ﬁ(ﬁ&%@%ﬁgﬁﬁﬁh{)east a portion of a control

DNA r egi on, n the contr I on conprises a sequence that is

eitheri . accessible in essentially all cells of an animal  or ii.
i naJéce;s@gOB?Je %S%@Ml@gn@rmﬁ@% Fleaying ggentiis selegfadhrmaLXipsg and 2
access! Ritctivn SRR Reh ROk G8E DN ncliigiomoeitel b IBEransf GBI 1 1

some enbodi nents,” the control DNA region is quantitatively anplitied using
each of thepradafcagion et mpthiyhrgroapohiafriuckebiidningf nuelquside sequenée thhewowdnoobe DNA

region }ng%gllageo Sy tplgtnati\pecrlnlejt?x?lation enzymes of the cell; and the detecting step comprises a
method of detecting the presence or absence of the modification. In some embodiments, the
20  methyltransferase is DAM methyltransferase and the quantifying step comprises cleaving the
modified DNA with a restriction enzyme that recognizes a DNA sequence methylated by
DAM methyltransferase. In some embodiments, the methyltransferase adds methyl moieties
to cytosines in DNA and the detecting step comprises cleaving the modified DNA with a

methylation-specific restriction enzyme and/or treating the modified DNA with bisulfite.

25 [0016] Insome embodiments, the DNA modifying agent is a molecule having steric
hindrance relative to chromatin structure, wherein the molecule is linked to a DNA modifying
chemical. In some embodiments, the DNA modifying chemical is selected from the group

consisting of dimethyl sulfate and hydrazine.

[0017] In some embodiments, the detecting step comprises quantifying at least a portion of
30 atarget DNA region and at least a portion of a control DNA region, wherein the control DNA

region comprises a sequence that is either



a potential nodification site of the DNA nodifying agent; and primners that
prime anplification of a portion of the control DNA region that does

i ncl ude awolewstsswre potential nodification site of thePDRASawdiobishg
agent. [0019] In sone enbodi ments, the physical characteristic is DNA

met hyl at i on. 4c0@2b]e inressmnelly alh oelisndranspisalegr a. conpri ses contacting the
DNA with a DNA cl eaving agent, and step b. conprises contacting the intact

DNA wi G bi Sulnhick@ibll @bl cells SPAPafiFARYE Tent s, the method fur ther
conprises determning the melting tenperature of the bisulfite-treated DNA

oxtont BT DN TRVRGHE 1Ry BB T & Shb et G ng e tuspSfoBREi T se

prepari n& a library of: intact DNA regions; or m)dlfled DNA regi ons; or
unnodi @8] DNA seaicarhodimans dhe ¢antrobRe As Fegi 1ﬁﬂﬁ@r§1tat§teéparaplef&¢pw@es
con acth? at | east one intact or unnodified or nodified DNA region to a

| i brar fac pol ynucl eoti des under conditions to allow for hybridization of

the DNA region to one qor. nore nenbers of the lihrary . an&adgtec in
hybr i d|PZJé@qf®HIabelmﬁéﬁlBNﬁ04té&| Gr# ROBHeS th gOmFOl Y rrEf Bk o qsrtoggﬁtélde

embod! el PEalrdREGH Yo o 8 BAIN AipdiooRedgBicuger Tay. [0024] In sore

enbodi ste rises anpli east one intact or unnodified

or nodifjed r.egi on 0025]. In so b co

nucl eotATHRETS ga'\bﬁe%@g ﬁglpatlL g AGr o e el dfRaPT S ona

region. leisgg@%otgﬁtﬁalﬁfoﬁﬁ%hoﬁ GBS thODNA SRRy Lese. for kits for det erm ni ng
the accessi bi |ty of a locus on a chronmpbsone to a DNA nodifying agent. In

o SPup DAL g mesiipAbal AR AR AL R TR BRLER PSRy “ DNA moai fyi ng

agent . LOOZ?] In sone enbodi nents, the cell nenbranelgerneab|I|2|ng or
di st uptPAPlagbrromerrinbodémenss.siapc F@Iﬁpéﬁfﬁéta@tﬁngjhﬁw Math HDNfecleafipe

cont a nece g, 5T BT Sk 03l BRI AFRAGNEN <, the cel | rormr ane

per meabi®l'I zi ng e restri ctl on enzyme or DNase are
|n separ ate cont ai ners. [0029 In so enbodl ment the kit further
conpr i JPALIp; Eysone; eanbadispats, t}"’n ﬁ%&PWé’ﬁ‘tS%S fe{“ﬁ@“?@flg the p Ulﬂgg conpri ses

a pri meLBaifurd 8f (@ PRulflh GRb{eA '?DI@A afld correlating the melting temperature to the

15  presence, or absence, or extent of DNA methylation.

[0022] In some embodiments, step b comprises preparing a library of: intact DNA regions;

or modified DNA regions; or unmodified DNA regions.

[0023] In some embodiments, step b comprises contacting at least one intact or unmodified
or modified DNA region to a library of polynucleotides under conditions to allow for

20  hybridization of the DNA region to one or more members of the library and detecting
hybridization of the DNA region to the one or more members. In some embodiments, the

library is organized on a microarray.

[0024] In some embodiments, step b comprises amplifying at least one intact or unmodified

or modified DNA region.

25 [0025] Insome embodiments, step b comprises nucleotide sequencing at least one intact or

unmodified or modified DNA region.

[0026] The present invention also provides for kits for determining the accessibility of a

locus on a chromosome to a DNA modifying agent. In some embodiments, the kit comprises



regi on of genom c DNA of a eukaryote. [0031] In sonme enbodi ments, the kit
further conprises a. priners that prinme anplification of a portion of a

control DNA20wgiesas6t hat does not include a potential no@criusatvomagst e of
the DNA nodi fying agent; and/or b. primers that prinme anplification of a
port i ora ezl recrolonane mrnamllzeguomudlstMmgmge@, eshpresgistign enzyayy, adidaspalent i al

nodi fic ite.of the nodi fyi ng agent. [0032] In sone enbodi nents,
the ki t%&%mg%%dl m%ﬁgeﬁa\@ that prinme anplification of a portion of a

control DNA region that is not accessible to the nodifying agent; and/or b.
pri mer iomit Trsoms erhsidimentsitthoeellonembrsge pewreabilizan s lisraptinangerteyidon t hat

IS aCC%ﬁe I Cltlgﬁ e}x Bﬁ'ré%?rq})&%enage ?rgt%ntsamL Q?xﬁ?rhe&qgé S ?I?jtgﬂfe?‘a nts of the

i nvention Wil roma rea € Tremal nder t hi s docunent.
DEFI.NI TI ONS [0034] "Permeabiljzin a menrane, as used herein,
r ef ér s [PB28] ed@cﬁoﬁﬁ qnpRodimentgyrthe el elé‘bta@F [Perr’i%‘?‘f‘B’rl&H@ lisEpPiRg 38Rt Wt ry of a

nodi fyltﬂgre% ?iaﬂné {}e%ﬁgge% zireﬁn%gﬁllaté’\écﬁl'fm perneabilized cell nmenbrane

Wil genera y re rane such that the ceII S structure
remai ns stanti al I i ntact . trast, ."disrupting” a cell nenbrane, as
used he[f)é#kﬁ ﬁ@\o QP@‘@EFH&‘WQQ‘E ﬁ‘éﬁ ChEGPILE E’fs E‘t‘éel | menbrane such t hat
the cell's structure does not remain intact. For exanple, contacti n19 a cell
menbr ar[@osm]t hInesomeningbridimelsss.chey kit furtier composes agnianespadifesanpliicatipepf a

menbr ane reb cess of a nodifying agent to genom c DNA t hat
r et ai nsreg’ton gﬁ%‘fc}/“%l&lié\?)gnﬁ?g%g “structure. [0035] A "DNA nodifying
agent," as used herein, refers to a nolecule that alters DNAin a

det1@ct 40031 raFrseme exkadinents, the kit firgher comgrisascl ude DNA ni cking or cl eavage
or introduction or renmoval of chem cal noieties fromthe DNA. DNA nodifying
agent s 4 hat dpnmets thz&qmlnhe aniplEvAtich 68w ageioh e b edetrollDINAaegondiat Hoesittoed t o,
DNAnet hyl ases. A "DNA region,"” as used herein, 8[efers to a target

sequencBclyfle p pp F‘%@‘tmwlleﬂthgfétﬁ Sfrhe TNA m IWC,H&@P can be of any

| ength that is of interest and that is accessible by the DNA nodifying
agent bei ng upedhersithatyomee snplditiarembsa potien ORA corigoldPNAaagionthatdeesa si ngl e

base pair, but analsobeas rt. se equence Wi thin genom c DNA
P comprise at least one potential modification s ?the%NZ o 1? ying a\gen{-| 9

15 [0032] Insome embodiments, the kit comprises

a. primers that prime amplification of a portion of a control DNA region that is not

accessible to the modifying agent; and/or

b. primers that prime amplification of a portion of a control DNA region that is

accessible to the modifying agent.

20 [0033] Other embodiments of the invention will be clear from a reading of the remainder of

this document.

DEFINITIONS

[0034] “Permeabilizing,” a cell membrane, as used herein, refers to reducing the integrity
of a cell membrane to allow for entry of a modifying agent into the cell. A cell with a

25  permeabilized cell membrane will generally retain the cell membrane such that the cell’s
structure remains substantially intact. In contrast, “disrupting” a cell membrane, as used
herein, refers to reducing the integrity of a cell membrane such that the cell’s structure does

not remain intact. For example, contacting a cell membrane with a nonionic detergent will



(e.g., 2-100, 2-500, 50-500 bp) or a larger segnent (e.g., 100-10, 000,

100- 1000, or 1000- 5000 bp. The anpbunt of DNA in a DNA region is sonetines
det er m newiol10itss26anount of sequence to be anplified i nPaTRSRW®ass on. For
exanmpl e, standard PCR reactions generally can anplify between about 35 to
5000 bas@oparrdor Jigobr]a wlldnembriaaptherelxt dlpwing pcaepdoffa Badifvpsagdf it s to a
differ e%%o{ﬂ%@ﬁ[& thaGEHRs 21 arstféo?ﬁé c%ﬁémSJodE?Mdt%%Acop' es of one or nmore DNA
reglonég etween sanples or Betwesn two or nor e regions in one or nore
sanpl es. For exanple, if 100 copies of two DNA regions (designated for
convenil8A3Y ad "DNAymdlifxingagant’y asgiseh heyein. sfers &2 ofraalsdhtt alRrsdAN 6B fonal
DNA in X i b catd LiE; t would be if
10 copi %é&%,fbher Iggli[ﬁloeﬁ' g%ﬁlgﬂfnrg I 3 |Céﬂl m%%?g%iﬁy% rg%%?gépgka%g iggn B were
nmodisf i ddtrof@i38 pr e viabofheinidal gaiieiek Goti the' DMA. DO yroddlyengtageat$ thaat do
"nucl ei c aci d" jnterchangeabl efer to.a poly of noners that can be
corres ﬂ@ﬁé‘éﬂﬂﬂ%bﬁ‘} F]ﬁ?)‘éa@g h‘i!ﬁ?‘il%q Eu%? aotﬁ%%)d Sr Bﬁéﬁ?ﬁp%ﬁée nucl ei ¢ acid
(DNA) polynmer, or analog thereof. This includes polynmers of nucleotides
such ad06861 aAdTIDNAregen,ves hsedermaliréfiersdofadangst sehugnse of interpstivdehimuc| ei ¢

i ds (PNAs d | ei i L , i ke, . A
oo B DI DY b B LN s bl el S
MDNOMEThyt 9 ENA enllifyid2Qiebn d Didfssitbetibd Bmeh@OBODNM Regededae acid is

typi cal I'y single-stranded or doubl e-stranded and will generally contain
phd$¥phodflede asinglsrhdse pail. hibeaphalimbesoshoricgsment efsegisnre wekingepamic DNde| ei ¢

acid anal o C t ter i di , f
oxanp! 82 WL RO pOE0 ol Ein 1Ry WAl £ T 0 O 1800860, dr 1BHEL)S "
Tet r ahesh0ombpd Aht Arioudh O DN ACnta BN Aat gib e RCesndtites eerrminet diy nigeam¢ik®60) J .
Org. Chem 35:3800; Sprinzl et al. (1977) Eur. J . Biochem  81:579;

Let si ngéAusice & be ppplaiyd iupdiCR agqetien- e cxaumpples gigndard gl reaqtions generghi) chem
Lett. 8%?3%?&%&%&%0@55tég(gég%ﬁ%gﬁirﬁm Chem Soc. 110:4470; and Pauwel s

et al. em ca Scripta , phosphorot hioate (Mag et al. (1991)

Nucl ei ¢ Aci ds . 19:1437 and U_S. Pat.. No. 5, 644,6048), phosphoropdithioate
Crise OO ATEBeremt et SHBafiiSion: 1efeo3aa fiere plitr BRORROTEEREL t o

| i nkagess hé&diksd 8dfles S dng QP UREPIN A i&@%eﬁ%h@aﬁ?}%_‘s ofbdia&t ivicbr ber oach,
Oxford University Press (1992)), and peptide nucleic acid backbones and

| i nkagedNPEgBmnm dargoR)mdre spmplechEon exgowle, if1D0199Bs ol @PNet regions( 1992)
Chem Int.. Ed.,Engl. 31:1008. N elsen (1993) Nature .365:566; sson
ot cal . Crygieq R Spavedhptontsre o A il peRill BB R n RPN SR o Rl b
ref er enOEA a1, anet=2epleOEmBHFication to a different extent would be if 10 copies of

20  region A were modified whereas 70 copies of region B were modified.

[0038] The terms “oligonucleotide” or “polynucleotide” or “nucleic acid” interchangeably
refer to a polymer of monomers that can be corresponded to a ribose nucleic acid (RNA) or
deoxyribose nucleic acid (DNA) polymer, or analog thereof. This includes polymers of
nucleotides such as RNA and DNA, as well as modified forms thereof, peptide nucleic acids
25  (PNAs), locked nucleic acids (LNATM), and the like. In certain applications, the nucleic acid

can be a polymer that includes multiple monomer types, e.g., both RNA and DNA subunits.

[0039] A nucleic acid is typically single-stranded or double-stranded and will generally
contain phosphodiester bonds, although in some cases, as outlined herein, nucleic acid
analogs are included that may have alternate backbones, including, for example and without
30  limitation, phosphoramide (Beaucage et al. (1993) Tetrahedron 49(10):1925 and the
references therein; Letsinger (1970) J. Org. Chem. 35:3800; Sprinzl et al. (1977) Eur. J.
Biochem. 81:579; Letsinger et al. (1986) Nucl. Acids Res. 14: 3487; Sawai et al. (1984)



acids include those with positively charged backbones (Denpcy et al. (1995)
Proc. Natl. Acad. Sci. USA 92:6097); non-ionic backbones (U S. Pat. Nos.

5, 386, 023y02pB8@65884, 5, 602, 240, 5,216, 141 and 4, 469, 86BCTAISQ@W 064291 )

Chem Intl. Ed. En%lish 30: 423; Letsinger et al. (1988) J . Am Chem Soc.
110: 447Chemdiati. Bg&rLastinger et {110948) Ndioh LdyingSog. Nt ardﬂePweis‘fsm- Chapters

2 and 3 ; ri r.b rate atl 0 Anti sense
Resear cﬂgﬁ\é)gahséﬁy Crl@%ﬁgﬁf}f&)aﬁg"sﬁhor(@ﬂ %’)ﬁﬂagﬁ}b ?r@lg%e)r elc d(5 4)

Bi oor gam:¢43y Madi si Pal Nehs8a4,048)t pho@E ho¥8&ithidat (Briett 4l (.198Q)%9A)fn.bhem.

Bi onol ecul ar NVR 34:17; Tetrahedron Lett. 37:743 (‘1996)) and non ri bose

backbon®ec. 1il h2BAli Agnethpkpbophoseamisie linkages Eicksigin, nudeaglss gyl and

5,0 5 te
Voot oatigf: TR RSN, Dns R orRiRRPPR B0 PP RV 5T,
whi ch rbﬁdﬁbmaﬁd anmgeacﬁghommm)amdl byiemes &r. ane:g39yMtiet & ahqil 932)
contai nihng one or _nore. carbaocyc ars are also included within the

def i ni t FBFMONtAide Fagle 3 kdPefs ]\(ISJé?Fkilr?93 atgre 3@ s pndfargsorgkal. @eyo)
pp! 69- 1IZI§turé'\§5% 7&Swh1'8H g&g@ﬁ@és%ge Bynigdd %&%@%érgf@% E@lOtﬂé{Cdnﬁlo% el

anal ogs are al so descri News Jun. 1997 page
35, whi mdlds imclude mopowah@GSMyelwehmrgembmkbwmss@enmy efuatdl@%)sl?rcm‘ Nate

ial | oA RE S0 G na oaboac R o Ui Bt NoF- S aBr PRy abi 1ty

and hal  gbd b£0,0f 2 1BUCh a'ﬁH|4QQ§9|8%§ hg myﬁm? egtaainie Ryl EYMEARDS423; 0040] In
addition to naturally occurring he%erocyc ic bases that are typically found

i n nucl betsinged edgl. (B288) J. AdeRherm, Sepud h:A¢T0; tlistsmigee et aly(tlégfi)ri‘éud%mdieb&am 1),
| ei id. i ncl havi |
net er ochiregid % PRT: BhadeikRerts a8 SR Sehra o e BeriEed. o °

ot her wi MR difefaBbfisiel AfiseRteRedséarch’ nEaaYt $ Singhvi aRBIPY Daf r@o@at Ml’eﬁhhékef)@tc‘dlr ring
bases are described further in, Seela et al. (199 Helv. Chim Acta

74: 115790(19®4)3Bwowanw&1\(1q®9n91 @ie@brlgtt #e295; @f’@rﬁt aLéH94)A ipmotezglar AR See| g
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act as meEUIS. rgt. Nes e 3, 83eand 534050l indChapacre 6aptli7o A8 S'ympstrsiunmlselmd%or
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propyny ey, rei@fé?l@é’snéfé 8% m@ér‘POI)atedad;q'efe%cla.' K&icleReRidsCeobtainikl She HidhoreNO
5,990,303, entitled "SYNTHESIS OF 7- DEAZA-2' - DEOXYGUANOSI NUCLEOTI DES, "

whi 20 i sarbedyciowugastare 2B09ndladcSeritkin thedetinitin afmuolepoacatsd dentiynsreghler ence.

Qther ?l%bgféﬁérgt éo\éeRQ\? tp%lif%c y’% W%I(B]alss ?r?cor;l)’lo(%atléc(li %y refel%nbe) Several nucleic acid
analogs are also described in, e.g., Rawls, C & E News Jun. 2, 1997 page 35, which is
incorporated by reference. These modifications of the ribose-phosphate backbone may be
done to facilitate the addition of additional moieties such as labeling moieties, or to alter the

25  stability and half-life of such molecules in physiological environments.

[0040] In addition to naturally occurring heterocyclic bases that are typically found in
nucleic acids (e.g., adenine, guanine, thymine, cytosine, and uracil), nucleic acid analogs also
include those having non-naturally occurring heterocyclic or other modified bases, many of
which are described, or otherwise referred to, herein. In particular, many non-naturally

30  occurring bases are described further in, e.g., Seela et al. (1991) Helv. Chim. Acta 74:1790,
Grein et al. (1994) Bioorg. Med. Chem. Lett. 4:971-976, and Seela et al. (1999) Helv. Chim.
Acta 82:1640, which are each incorporated by reference. To further illustrate, certain bases

used in nucleotides that act as melting temperature (Tm) modifiers are optionally included.



hypoxant hi ne, inosine, xanthine; 8-aza derivatives of 2-am nopuri ne,

2, 6-di am nopurine, 2- am no-6-chloropurine, hypoxanthine, inosine and
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Exenpl ary Ty S restriction enzynes include, but are not limted to,
MR, FodthynydundciBilSaprop BRIlERCIDESCRhTkeON OF THE DRAW NGS [ 0043] Figure 1
illustrates a schematic representation of the chromatin. Eukaryotic DNA can

be cl asgiolipdhBRsibiiy ISNEDRIA BERNES a TRVARQITBiddagent) @t @sddnRrdiNAefess

| oosel y packaged, accessible and transcriptionally conpetent and

het er octortberability, ofigrpartécul rdDDNAegionin gRRhIopngsamr £§agell fnkecensasiasi adand

tr criptionally silent [ of | - . -t n these
oot ARy el AR ARRY SRl AR E hOS BRI ' he
funct i omabntiaNgegbEReed tiat @Ripgatalar cheveltinstitRdAdontpripitigeth? DN A usfiomt es a
schematic representation_of the assay. The cul tlﬁre nedj a :Ns aets@ rated and a
per meabWill affect i/ adila of p EINA madilyingsaggatiodnodrhicths Retticdee DA Feedds §%t o the
cell, e C ' A6 SRk QR R thePHlayiHARE CESSI bl €
chronat%]a?r{r%é@%%ﬁ@sﬁﬁﬁkﬁwﬁe towardse%trhe nbottom gf taf}'u’e Figure) is
not di ga&litshal nucleosomal structure that prevents, or reduces access of, the DNA modifying

20  agent to the DNA region of interest.

[0042] A “Type II-S restriction enzyme” is used with its usual meaning the art and refers to
a restriction enzyme that recognizes a particular recognition sequence in DNA and then
cleaves the DNA molecule outside of that recognition sequence. Exemplary Type II-S

restriction enzymes include, but are not limited to, Mnll, Fokl, and Alwl.

25 BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Figure 1 illustrates a schematic representation of the chromatin. Eukaryotic DNA
can be classified into two general states, euchromatin, where the DNA is loosely packaged,
accessible and transcriptionally competent and heterochromatin, where the DNA is tightly
packaged, inaccessible and transcriptionally silent. Epigenetics controls the transition

30 between these two states. The assay described herein can assess chromatin structure, the

functional consequence of epigenetic events.



[0045] Figure 3 illustrates a schematic representati on of an exenplary

wor kfl ow. [0046] Figure 4 illustrates an anal ytic approach to assess the
dat a genewated/oshma Ml 1 is used as a probe. Two DNA saoplusgocanessahal yzed
in each assay, one DNA sanple is a control that is isolated fromcells that
are trdaost ighrellilletratbud sainamtau«:; twentauMOMhesssasarﬁﬁe@uitsrel IBth%ttsed from

cells trea th buf .nucl eas Bot are,.

real - t.aﬁ@lr@e&g@ %ﬂerf%gf%% diesstep iy léﬁﬂd%iafﬂ%ﬁt“&eﬁs ?an%eF%t& heY (A) DOt
(uncut )cellserﬁé}Js ?ﬁél Iﬁicfégls BMd a1k ﬁ&,te'sﬂgle'cﬂf(ﬁ‘l@ettm%utflﬁ%bisﬂﬂ@bhr@inaﬁﬁ| ng the
control DNA sanple data. ( DGt (cut) is cal cul at ed by subtracting intact

t fror(rctpmsahted:tas adhickylinhowandd tha bettem eathed ipNe) sawpiligeded-a. Genes that are
accessible are cut at the Mill site, have less intact DNA and a | arger DCt

(cut) t[peds]i SFiglre?s PROAELR sdhentalle réprésentation ofiip@shiptary angkfl@l| ect s great er
chromatin accessibility. The anmpbunt of inaccessible or "l ocked-down" DNA is
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i ndi cated. GAPDH i s a housekeepi ng gene IS ex res ed in nost. cell
| i nes dhet ip isolatpsblzpagellpthgpare rt\rea'i‘?géi‘@@elé“sfft%l gt I?fh‘i“tﬁll%s es‘t’ﬁhﬁrcstamp £ is
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pr ost atbgesting infagd 8§0mlt@9¥6t wing thgsonteldNAemple dpgt Gard¥d (@HalSyzed and
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only anplify DNA strands that are not cut at these sites. [0049] Figure 7

provi de@aas supreRestionfto sreeaxyesit of dizegjiommndreiests grpateringmalinressiRlly-
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housekeeping gene that is expressed in most cell lines and is expected to be in an accessible

20  chromatin structure. Hemoglobin beta chain (HBB) is silenced in most cells and is expected
to be in an inaccessible chromatin structure. Glutathione-s-transferase pi (GSTP1) is
epigenetically inactivated in prostate cancer it is expressed in non-cancerous RWPE-1

prostate cells, but is silenced in cancerous LNCaP prostate cells.

[0048] Figure 6 illustrates the target genes analyzed and the location of primer sets. All
25  genes are analyzed with a total primer set that does not cross any Mnll I sites and will
amplify all DNA strands, as well as an intact primer set that crosses two to four MnlI sites

and will only amplify DNA strands that are not cut at these sites.

[0049] Figure 7 provides a summary of analysis of gDNA integrity using agarose gel
electrophoresis. Hela cells were treated with permeabilization/digestion buffer that lacked
30 nuclease (M, Mnll; D, DNase I), permeabilization/digestion buffer that lacked lysolecithin, or

permeabilization/digestion buffer that contains both nuclease and lysolecithin. gDNA was



treated Hela cells. Hela cells were treated as indicated. gDNA was i sol ated
and analyzed with priners that anplify the HBB gene. The C val ues of the
conpl et e woaotwmwhs6(+, X) are simlar to the control re&CTiuse@onhans usi ng
the HBB intact primer set. This inplies that HBB is in an inaccessible

chr omatisolatedafd gual ped diy agarokie pel ebeetiophorpO95Mhe fekytsrindiate that bothateksase

fluorescence as.a function.of. cycle er. for GAPDH in Mnhll treated Hela
cell s. qqgnésoéeé?lltp’é‘ e FEutr &fé&ﬂifgcainhgﬁﬁzt@a‘?sﬂam was isol ated and anal yzed
with primers that anplify the GAPDH gene. The Ct values of the conplete
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treated Hela cells. Hela cells were treated as indicated, gDNA was isol ated
and anafigratowhe epnsiol rRagtdonstyaenansisg thy HbFeingsTpimgeses. Thrhianpties fhat BB of t he

conpl etigtiﬁe%?lﬁl%&%%%blgEhr&ﬂatﬁrcgmfl%%a&urk{“ﬁ&atcgﬁ.Cont rol reactions (the curves

are shi g when usin rntact prinmer set. This inplies
that GSTPL is_in an _accessible chromatin configuration in Hela cells.
[ 0053] [BOFUr eFigwrg 9 illysiratas Huoresranepas WRCHMEOHNF e AUmUAT F‘%&%‘?BH(IHE@,H GAPDH,

and GSTEL)ed felh @mﬁlﬁgfﬁ ngs;\éﬁrg ﬁgy&e% i ,gbﬁé\ A% g%&a%agﬁalgiedt otal DNA

I
t hat was 1 naccessi gure 12 11l uStrates orescenceé as a
f un®t i owitbprimgcsl thatramyliefy tHedBAPBH geme Mht (Gt @aluedoftho sompletecehdtons [ X)ot h
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or 1 mor GEH1ge) RS g Gipifa) R iR s CGEY G SFRRErIR Uiy B FEmIg

primer Sel fi%ther BRI Bhik MRbIQShANGAPDRES S arl fcBikib1aseamsh R aRAIERI N
configuration in RAPE-1 and I

LNCaP cells. [0055] Figure 13 ilTustrates
fl uor esdelacellas a function of cycle nunber for GAPDH in Ml ltreated
prostate cells. In both cell lines, the C values of the + enzyne reaction

usi ng tloesFAPRIRuid i Gllus@ittdBliorsfendeds Afugctiingifeycletnigbetifor @gnldtreatsdi f t ed
right) than the + enzyne reaction using the GAPDH total prinmer set (0).
Thil$ i nidtlieeslly. hiela clipmrere geated anindicaied sgPNA wasrisptaied ane apalyzgdaih on in

RWPE- | ar P 1..FLg i I n S a
Funct | off s S Rty e Gl ochb AHE Cphis S3hE B cle HINEREENSE o ° o
cel | s thighdetithatadhe @omtfol trbeetioneizy creveseae thifind vight) vhich @siGShd GEHP Aattagr i mer

set (x) is higher (the curves are shifted right) than fhe + e reaction
usi n(g )primer seg This gmplies that GSTP1 is in an accessible %Ero)matin con%iguratlon I Plela celfs

[0053] Figure 11 illustrates the data of the three DNA regions (HBB, GAPDH, and GSTP1)

20  in table form, with output calculated as percentage of total DNA that was inaccessible.

[0054] Figure 12 illustrates fluorescence as a function of cycle number for HBB in MnllI-

treated prostate cells. In both cell lines, the Ct values of the + enzyme reaction using the HBB

intact primer set (X) is similar to the + enzyme reaction using the HBB total primer set (0).

This implies that HBB is in an inaccessible chromatin configuration in RWPE-1 and LNCaP
25  cells.

[0055] Figure 13 illustrates fluorescence as a function of cycle number for GAPDH in Mnll-

treated prostate cells. In both cell lines, the Ct values of the + enzyme reaction using the

GAPDH intact primer set (X) are higher (the curves are shifted right) than the + enzyme

reaction using the GAPDH total primer set (o). This implies that GAPDH is in an accessible
30 chromatin configuration in RWPE-1 and LNCaP cells.

10



the GSTPl total prinmer set (o). This inplies that GSTPI is in an accessible
chromatin configuration in RAPE-I cells. In contrast, in LNCaP cells the C
val ues ofwoOhe10#68288y e reacti on using the GSTPl intact PCIIASROA644eX) i S
simlar to the + enzyne reaction using the GSTPl total priner set (0). This
i npl i ed005Gt BRI 14 dustratarflionescemssis bifenation ofeyéle nomhéin iguGATP bin Mul-L NCaP
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each assay, one DNA sanple is a control that is isolated fromcells that

are tre@@"@ﬂ tojial primer feéo)bUikis iwpheschads¥Plihia astinegeessahip claromatins ol at ed from
cells tre tl}()\flirﬂ]ﬁ%ﬁ%guand nucl ease. Both sanpl es are anal yzed by

real -ti rre rimer set that anplifies an inaccessible reference
gene (HBB DCt represents the extent of nucl eaﬁg di gesti on_ of

f
i nacces90BTle E%Pgﬁr'rgi l?uﬁs%%"éﬁ 9 sunpaRy A dewdrasy PEastts sRlsi Age PREerRESsoci at ed
\(I:Muil\@)et h]%&&% JMETRER 625 'dﬁl&?la{e'a%g‘dhﬁ?ibg irPthe g?altéfa‘fﬁjaﬁﬂ rhg't biesedrsichigase

arget) represents the extent nucl ease |gest|on of the
t ar get nelsulcsrmdmaite mleg lrolmthnell lisescidBBUS ait @inhgcessitie chomatig stroetu@ andssoci at ed

with th ucl ease curve fromthe C ted th..the + X
ot ve  GABDER T S8 S tecf it Chtdarinogriong. SRIGT IS e AoktId Gt iT o T ne
target QonEs-i SeltPnauh ah GthcB¥sibRecHOhA dr’tlePit LNCabken Pt (target)).

[0059] Figure 17 is a diagramof the target genes analyzed and the |ocation

f h bed | ack
reot onsttreh Biebs P ulLATLRRRET I SntrS BBl PERSRP LA DR Ly &7

[ 00B0] iKivged & alalrbﬂlbmitf@tﬁe pidbeO MBECHNGEsad e atwa@enym ifkadtyskay, ouerber for
HBB i n DNase |Itreated cell Ilnes In all cell lines, the C values of the +

nucl easeNegEnlo s girelthpy lﬁé%))‘at?%ffgmrﬁeﬂfal?hai getrsatedaviupyfEea Bt R act i ons
Con 1 gub SRRSOt fftq SRl Rt peBeB it JRFEF IR et PO ocence
as a f ugm;ﬂm’are)ﬁnaly'zceﬂ@yrrembﬁne PGR xﬁﬁPﬁ)phmar set that amplifies an inaccessible
reference gene (HBB). ACt (ref) represents the extent of nuclease digestion of inaccessible
20  chromatin and is calculated by subtracting the Ct associated with the no nuclease curve from
the Ct associated with the + nuclease curve. ACt (target) represents the extent of nuclease
digestion of the target chromatin region and is calculated by subtracting the Ct associated
with the no nuclease curve from the Ct associated with the + nuclease curve. The amount of

inaccessible or “locked-down” DNA associated with the target gene is calculated by the

25  formula 2M(ACt (ref)- ACt (target)).

[0059] Figure 17 is a diagram of the target genes analyzed and the location of primer sets.
The gray area represents the transcribed region. The black regions with arrows represent the

location and direction of each primers.

[0060] Figure 18 illustrates fluorescence as a function of cycle number for HBB in DNase I-
30 treated cell lines. In all cell lines, the Ct values of the + nuclease reactions (grey lines) is
similar to the no nuclease reactions (black lines). This implies that HBB is in an inaccessible

chromatin configuration in all cell lines.
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DNase | -treated cell lines. In all cell lines, the Ct values of the +

nucl ease reactions (grey lines) are significantly higher than the C val ues
of the nowouolomsmer eacti ons (black lines). This inplie®CTRsR00GARPRE IS in
an accessible chromatin configuration in all cell lines. [0062] Figure 20

i |lustraded fFigoreddtngmiaslmrésaaneiasn fofctopof eydlanbemberf for GB8PH ini n DNase

| -treat cell Ijnes. serve cell-line dependent difference.in,the
b Goveps ket Fies £ A1 S eentnd B ahr o Toaeime SRS R b cat f ng
that GREPLighi$ichkt] PR cRGIRASTHE IR vaRBS bOUE abinflchdd rbiteidAs @Ak llde)esthid N LNCaP
cells DCt gGSTPI) iS small indicating that GSTPI is in inaccessible

chr omatimplies thaPGAPRHIi$ i aGicc¢ssdTPrhromatn genfigwratioradialcell iggue i ndi cati ng
that GSTPI is in a partially accessible chromatin structure. These results

ar e shi qo0§2]c oRighfel Zillu iy flltgedcn@! as @ffufesibRlof n@xPeeHsGTPdatmeised in
the different cell lines (see Figure 21). [0063] Figure 2 1 illustrates a
sunmmar \I-teshted atlhlifes.OMe phesresdpesl-hemdependdns giifomgnse in theAG EIEdavalne-doruct ure

P oo o Haf RE LTSRN, 86 LGRS lestintnr e RS B RS 3r e SRR e "
cal cul %ﬁﬁﬁ%ﬁéﬂ‘g{ ﬂﬁéé'e.’&gﬁﬁ%'é Th ;‘lﬁl@aﬁﬁééufs nem&sep @'jhifs §RRRMdiERInk thdt RESTHY

gRT- PCR. e results 1 ndicate at target gene chromatin structure

corr el at e@sinaedeksiblietchrdnfginl BVRC3 ofllst ACYES TR N Baeapihessiedinte vEhiesndiopiiges t hat
the assay described is a useful tool to assess epigenetic effects on Eene

r edQl atthef3S DETAIR EDASRETRFEIEI chromatiy staKgtke  diesq 5w g Righbrrasisiesh
AL 2 Lo RNB B Bis3bn GERIRDORSbh UEkLES P PRI AL BeOfidlh SR O

el I menbranes and nodi nom ¢ In cell's and then quantiftying the

extent of dification in various locj. The extent. of nodification at a
oar 1 cUPRFIN oFigure o Hgsyates 4 wapayadidia et i PREMeRS o Mg PIRe (RS &

chrono chﬁ'@m%t% §thfct1ﬁ@ gfdcb\é' M%e ggﬁ:@ﬁtagéafjinﬁé&%iﬁl@ ek tviaschRuBtAtR defcrive

chromatin. [0065] One advantage of "the present invention is the discovery
t hat onie Kigne pér babdlativedesal of MRPE and G 1 FN Sreapiensipm wge balculated by

si myl t anepusl . ont.act.| ells with ut-fer that .inclyudes a

pereab?¥? yféﬂ%'y %ﬁﬁfgﬁﬂlﬁpe}érfgorﬁgm%%afﬁ# s &y qglqgggfihgﬂ%beéﬁ S Ingigaig taéﬁl ows

for extmgivpbinelARIHatGeRRICA 80k rdhtes 881 Wit thEWVehSf targdehiéherRpRogor | THR nat es
cunbersone and potentially artifact-inducing steps such as isolation of

nucl ei ,imglies thaggherasepyidesiitied is@pgeful tool to assess epigenetic effects on gene

regulation.

DETAILED DESCRIPTION

20 L Introduction
[0064] The invention allows for analysis of chromatin structure by permeabilizing or
disrupting cell membranes and modifying genomic DNA in cells and then quantifying the
extent of modification in various loci. The extent of modification at a particular locus reflects
the accessibility of that portion of the chromosome to the modifying agent, and thus reflects

25  the state of the chromatin.

[0065] One advantage of the present invention is the discovery that one can permeabilize

and modify intact chromatin in cell simultaneously, e.g., by contacting cells with one buffer

that includes a permeabilization agent and a DNA modifying or cleaving agent. This allows

for extremely rapid generation of results. Further, this method eliminates cumbersome and
30 potentially artifact-inducing steps such as isolation of nuclei, etc., as required in some

previous methods of chromatin analysis.
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previ ous nethods of chromatin analysis.//. CGeneral nethod [0066] The

nmet hods of the invention involve sinultaneous perneabilization of a cell
and cont awoi2ag/ashsecel | with a DNA nodi fyi ng agent undelPCtarsdio0iooss such
that genomic DNA in the cell has varying accessibility to the nodifying
agent (due to differences in chromatin structure) and then quantifying the
anmount of nodification in a DNA region. The varying accessibility of the
DNA caryr ef | @&leritupbmggomal structure of the genomic DNA. For exanple, in
sonme enpbodi nents, DNA regions that are nore accessible to DNA nodifying
agent s [80€6]l i Kt meihodsof the inveoger invhiversemniltansoysupsrmeadslizationeyp cal gt i ety of

eukaryotic cel].s can.pe d in the present inyention, ./n sSone dji nent s,
The- curcoetasfige tiichliviee P phival AhBIEHy st Sn il SRR TR o4
NONShURE cel "BAYWRLYiAS a&cRbdisilityNShd BTy ing nEedti( e ©alifferehdis ivei@oldtin ar e not
limted to, prindate cells, nouse cells, rat cells l\ié?c:rci_ne cells, and
bovi ne st@riuge) and thesrguaniyens the aneunt ffenedificationip a HNA regien.| Ehe GYIRE can be,
for exanple.,..cul tur ri I i ' | Iig,.or can be
from a Brony st HSRyB alitest Rucifasshll Rtk BEe b DER 1 Bren To
di vi de dxaiple ilnsmayatbodiukiity) BN ACREIoas dtanakendd astssiblesd MN A mciiflympent
prior to and/or during the perneabilization and/or DNA nodification steps.
Cel | s caggniyare ikphy Hnmaee 199se’'s clyemagn sEYGtESs- et c. For exanple, the cells can
be froma tunor biopsy. [0068] The present nethods can include correlating
acdessi[BDéT]t y AofariatylNAukagoincdls chin ba sead iptthaoprefeno mvehtain. Slarsemeegi on. | n
sonme enbodi nents, experinents are perfornmed to.determne a correlation
bet wee anél_E%léQ%‘?t%i the F‘gﬁéﬁ%arﬁgﬁéceé§pﬂ%8@9fn§ ‘%Hﬂ&é‘ﬂ‘ﬁ%‘gﬁgh‘mlf‘%i 0588%%‘5?18?’! ity of
a DNA rpginfiiifg caBeMNont RirarPRhihGthR bl RNA 6 EIbRArE At 188itddS8 dprirRatt bagk, Ct
transcription fromthe DNA region. In some enbodinents, transcription from
a DNA rmegisrcelndataciegeiding ¢dlls, afd hdvate qellgi brsones ehodimeantsthaeclgent s are
bot h det.erm ped wi de variety of .methods for,,measur.i tr cription are
enonn S RET uaein B P Rt oy TR Rk S CERG ke GRARERPL on
RT-1BCR. cah®RGRIm bbisRY®r e dimple! Spticnaky BiAre®idiydtatuleed & divik tefora regi on
can be correlated with accessibility of a DNA region to the DNA nodifying
agent . asmysénéulintsddeepanshe iaspenenpion s adhesens prPbiorARd/of JuEBg Bteni ne a
correl atj Lol ldd v t hyhate i t.on:.and
subseqdsrrs TRUEEdnBEF PIA RO R BcEh FORE: A 1B i adihal DGuEE Bi6peS

etc. For example, the cells can be from a tumor biopsy.

[0068] The present methods can include correlating accessibility of a DNA region to

20  transcription from that same region. In some embodiments, experiments are performed to
determine a correlation between accessibility and gene expression and subsequently
accessibility of a DNA modifying agent to a particular DNA region can be used to predict
transcription from the DNA region. In some embodiments, transcription from a DNA region
and accessibility of that region to DNA modifying agents are both determined. A wide

25  variety of methods for measuring transcription are known and include but are not limited to,

the use of northern blots and RT-PCR.

[0069] In some embodiments, the DNA methylation status of a region can be correlated
with accessibility of a DNA region to the DNA modifying agent. In some embodiments,
experiments are performed to determine a correlation between accessibility and DNA

30 methylation in the region and subsequently accessibility of a DNA modifying agent to a
particular DNA region can be used to predict DNA methylation from the DNA region. In

some embodiments, methylation of a DNA region and accessibility of that region to DNA
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particul ar DNA region can be used to predict DNA nethylation fromthe DNA
region. In sonme enbodi nents, nethylation of a DNA regi on and accessibility
of that rwgi2on/asse6éBNATDdi fyi ng agents are both det er m nedT/Us2000d6e442Rr i ety
of methods for neasuring DNA nethyl ati on are known and include but are not
l'i m t ednddifyingapensarobothidsuithinee. Aewige vaiiety&émmdmdbﬂgmwﬂﬂ@mg DiNAconbi nati on
w th net h%y ation-sensitive restriction_ en see ’?‘ées Eads et al.

Nucl ei ENARYIAOTRES KBPWA a‘?@{”@}““@ﬁ?”@?@b@)“)é%% ﬂF’H@e R Bﬁu Gr&tifon melt
assay (stﬁ%ﬁi%g%ﬁq/oﬁlﬁcomﬁmgloﬁ%ﬂ?he glau'BlH%Eﬂlt?\/fﬁ%&tﬁéﬂ(ﬁ?éﬁ?ﬁl%b(é@(e6 edl

(2007)) he 1 nvention provi |'owi ng per reabi | i zat'i on/ DNA
modi f i dzids etgl., Monfear AcdnBesefircR&(R)i EY2 2000} ed t}ngygln cablughameditassdyst i ¢ of a

Al 1 81 nd RN e Wodlher i it e et DLt OB o1 her physi ca

characteristic of the first DNA regi on | n two different cells. For exanple,
t he t wd0QH]| sTlmialmveréwque\ndesoﬁosefalé@wnarpdrrlméllchyore’@Nz%m@ﬁilftCia%@TUes

different cell t t st ev i ncl not

li mit edf© P@%ﬁ%%ﬁl“’f@%?r sl chate "“QfPC 8ch%§;§’%£ °“u‘ggfﬁ ‘%’ Elmst hods
of the (HhRKeBELAM 2B&I §§&1<5iﬁ>é eglrerflitiVely, P GegdditiorG bhosat dompite quahtityeorbet ween
cells and/or determne relative chromatin structures between two_or nore

DNA r egqthmsvhy@.c@.cbar@etﬁ@st)c ofithenfirst BARA eagion injtyyoslifderentaislls.ofer cxamplfethér i ne
t helOef ft\ew%tce ca% r%i)rtégent f&ﬁgg‘geﬁ %lnd Héalt% fl?&@@ﬁ@sl fh?fe%ﬁ'ﬂ l:éi?t)@gi ?lﬁ?er I}f{r omatin
strdcture Of a regron in esarre célls or In ent cells.

I'1'l. Petageabi Jiévél({g)g'ﬁﬂﬂd(lﬁhlﬁdiln@bung)t(]:miﬂed[tG@tElﬂ cefle bt progatircanels)cein Hhus,
perneabilized or disrupted in any way kno i.n the art%rﬁ‘ilt(]:n Elal ned

her ei n,b3tusingthe sstho H@d@vqnﬁ%lo%c%ﬁlﬁt% Hrgenore ingdt Wfior to
' sol at i )i, of, &{1§ F@@O@%ﬁﬂy@m RR& R s%etﬁﬁe@lweiweéh R0 OF nfdkSDNR | Ng t he

el |l menbrane w Isrupt the structure of the genom c DNA of the cell
such t hagionsi@. go@mma)lwidnn@hc oetht Inradditionconer @nidstedmatertoy effiect Pf)@dlzl]g In sone

di men t he cel els contacted wth a
per %e N%Fplicé’é Ob‘Fan‘iogFﬁBiagb vz ap Fheﬁ:é‘ﬁ?{P%fH’eSt“’fbg%PF%P%gcg?r reﬁ’r?né él?wpl ary
cl ass afanRQent §r iatrefr doBgbi | i ze cel | menbranes. Exenplary |ysolipids
i nclude, but are not limted to, |ysophosphatidylcholine (also known in the

art as lysolecithin) or nonopal mtoyl phosphati dyl choline. A variety of
| ysol i pids are al so described in, e.g., W)Y 2003/052095.

III.  Permeabilizing and disrupting cells

[0071] Cell membranes can be permeabilized or disrupted in any way known in the art. As
20  explained herein, the present methods involve contacting the genomic DNA prior to isolation

of the DNA and thus methods of permeabilizing or disrupting the cell membrane will not

disrupt the structure of the genomic DNA of the cell such that nucleosomal or chromatin

structure is destroyed.

[0072] In some embodiments, the cell membrane is contacted with an agent that

25  permeabilizes or disrupts the cell membrane. Lysolipids are an exemplary class of agents
that permeabilize cell membranes. Exemplary lysolipids include, but are not limited to,
lysophosphatidylcholine (also known in the art as lysolecithin) or
monopalmitoylphosphatidylcholine. A variety of lysolipids are also described in, e.g.,

WO0/2003/052095.

30 [0073] Non ionic detergents are an exemplary class of agents that disrupt cell membranes.
Exemplary nonionic detergents, include but are not limited to, NP40, Tween 20 and Triton X-

100.

14



[0073] Non ionic detergents are an exenplary class of agents that disrupt
cell nmenbranes. Exenplary nonionic detergents, include but are not limted
to, NP40,wOwesmé62d6and Triton X- 100.[0074] One advant ageTafS2e0bmeqaeesent
invention is the sinultaneous delivery of the perrneabilization agent and
t he DNA00T4avOngadraniéofitdipiesentgnageion. is fihwsnuliancasnelizetyaditreent s, a

buffer conprising both agents is. contac to e cell he buffer should
be adapttd Efbélﬂzaﬁgp ABSH ﬁP‘gg’eJ@ﬁﬁliwln@forhﬁgﬁ% e ?ﬁ_ﬁf‘f‘e EHSi B8P ng t he

struct Wighdimé1e QRifeHbéthpSHhOP&hiaBentt RALbatacRl k& tHRREIY ThY bufft@mbulRRr at i on
or biolistic nmethods can %e used to perneabilize a cell nenbrane such that

a DNA rldptegifergnaigeiting sctivity ob Hothegents while menintainingthe sicagiuietof sheceshivliet t he
gen%m' C DNA.t. A wide variety of electroporation nethods are well known and
can-be WEYPEY for delivery of DNA nodifying agents as described herein.

Exenpl ary el ectroporati on nmethods include, but are not limted to, those
descri H8873In MredvipElEsspPoBiien Pukipstivemetbads Gapdeyded toueraebiligsta ¢allyi t ed
to those scrib ' P : " . LE i nts
[0076] Bl PRt RE Tk RS o R nbReesr it fofld e R ML MRS, o
(e. 0., teremgnieDNCAr apwidatvatiety@f eltofrbpgatisiciubhbiofre widknpemmamdlobh bzi ng
agent), a DNA nodifying agent is introduced such that_the agent contacts

t he gem@dmdwwmégwgﬁ@%@mﬁ aggniseaescERed BFEIN: HAGMPIEY DNA. A wi de

varjget Yelgétro%%? gx}em'd.d'g ARG £E8RAFN GOhALRSE A WHBRPDRBSSSS.

. @b

i nvention. n sone enbodi nents, the DNA nodifying agents are

cont actBwblistic mbopemoimdbblii e docléhitad fochbsewiesgyitred Ul Pavént Noe 5,179,022,
perneabi li zi ng agent, optionally with a change of the buffer.
Alternatively, in sone preferred enbodi nents, the DNA nodi fying agent is
contacted to the genom c DNA wi thout one or nore intervening steps (e.g.,

w t hout .an e ange..af buffers, washing of the cells, etc.). As noted
above, pﬁl s &R'gg‘?@ﬁ’ﬁgﬁ%ﬂﬁs can be convenient for reducing the anount of

| abor afed76) MEOIMGEIAS PBiicadiZabis @r bRiiasodlyP0itE péinddabBianiae(eqf, ditihgr and
contam nation in the assay. [0078] The xan_ti ty of DNA nodifying agent
useld, adleqirsIpprasion R dugngrmcypationeviteprmednliging A2enik a DA mefifinadeeatsnt wil |

depend ski Ll :d th(ﬁggg W &F%?&%&'iﬁ% ow to
adj ust 121% R gﬁ%flgﬁs %‘B@g gig%ngggﬁg?tgtehea% &ellr)l{mdulggé’ n%'rﬂg‘fri)%ﬁ the clo n%ﬁr{gons
into the DNA. A wide variety of DNA modifying agents can be used according to the present

invention.

[0077] In some embodiments, the DNA modifying agents are contacted to the

20  permeabilized cells following removal of the permeabilizing agent, optionally with a change
of the buffer. Alternatively, in some preferred embodiments, the DNA modifying agent is
contacted to the genomic DNA without one or more intervening steps (e.g., without an
exchange of buffers, washing of the cells, etc.). As noted above, this latter approach can be
convenient for reducing the amount of labor and time necessary and also removes a potential

25  source of error and contamination in the assay.

[0078] The quantity of DNA modifying agent used, as well as the time of the reaction with
the DNA modifying agent will depend on the agent used. Those of skill in the art will
appreciate how to adjust conditions depending on the agent used. Generally, the conditions
of the DNA modifying step are adjusted such that a “complete” digestion is not achieved.

30  Thus, for example, in some embodiments, the conditions of the modifying step is set such

that the positive control — i.e., the control where modification is accessible and occurs —
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of the DNA nodifying step are adjusted such that a "conplete" digestion is
not achi eved. Thus, for exanple, in sone enbodi nents, the conditions of the
nodi f yi ngwetep/ies2éset such that the positive control - PCE&/US20000640H1 r ol
where nodification is accessible and occurs -occurs at a high |evel but

| ess t HepsuBROYhigh lgvel bpklessciban 800%504., BEWge/S0-95%9 8649960 36470, K08 %A,

Restri cétéon enzynes [0079] In sone enbodi nents, the DNA nodi fying agent is
a restriction enzynme. Thus, in these enbodi nents, the nodification
introduced into the genomc DNA is a sequencespecific single-stranded
(e.g., a nick) or double-stranded cl eavage event. A w de variety of
restriction epzy Q?W? nd can be used in the present invention.

[ 0080] Any ty%’e (r)?ésrtlgéﬁ(r"{l(c |one§enzyma can be used. Type | enzymes cut DNA
at randomfar_fromtheir recognition sequences. Type.ll enzymes_cut, K DNA at
def i5ned386%li ¢ IS raipents iR FodHaing aﬂ%@d@ﬁi“?sfr&ﬁlogéa%ﬂ% e5MUssine Type
|1 enzyges r%:'%%%mffa& infrollREA ML IhOBrdRAL DRGSR a EYRECEE S enzynes
cl eave out s@&%ﬁgﬁet ieir recoan(lg}ﬁnorrcl) sequence %o one si de.aST e tChi rd maj or
ki nd ofspegifie sinigleesizapded] (enpy ®nipk opeatouplersfapdedededvagasvent.y pevidy varigy obve
outside of. their recognition sequences.. For exanpl e, .those that recognize
Sont i nUBHSCLNYTAEES Adngvn R G DEVRAARLPERPLIBENQR L one si de; t hose
that recogni ze di scontinuous sequences (e.g., Bcgl: CGANNNNNNTGC) cleave on
bot h sil@080]r ePassynefacstnetian enggameean bebedailiypa d erdyenassubghiA itgandsszuence.

Ty I | eave outsi.de of thejr.re nition ences. r.equire such
o8 ctas bR BEb RS Regrb s TR BRI P B ARRAn AT ol e 18
acconpl érshitiih @avageognlit@dSkhudites. nsdhoUspOIl ehbgmésviee DNAGaiReheadapt ed f or

use with any type of restriction enzynme or other DNA cleaving enzynme. In
sone enf§eRANMENM sequenses. e hyReni-Si anzymes eleayenussidnak their secpenitio SeRucted ¥ cl ose
(e.g., w.thin i f it » Such
enzyrres(yMce grqdebeﬁlgftﬂlg%frﬁog ﬁ%(fgﬁgggﬁne Bg%%gyrfl%]}ga%éﬁg&gﬁeﬁeggbr ?JSS? re as the

span ofcl&Na outside afitbdir treogidties siqubrces 0 Factkaenpde, chist itheg récoghiae gentimban t he

recogni ti on sequence i f and thus may inyvpolve a w der span of DNA that

i s Mot §eAueRoet {ght Cl&h?iﬁ%‘wﬁ) g‘@?\mw Yong siie des _@a&mgf&?ﬁr SHBET N

eNZy MeSseGAkhcRy &vg.ﬁﬁﬁn@m}mwwwakwe SEdth kRled ﬂ:le_%fng DECAUS Lt 1 ol s

based on 't he sane region can be designed as described herein (e.g., in

t he Exaplasing thimesognithen segndnee. diype 81 aleawnehitsiigebthett recyghisonsagquebecsior e

accurately . . . . . .
and’require two such sequences in opposite orientations within the same DNA molecule to

accomplish cleavage.

20 [0081] The methods of the invention can be adapted for use with any type of restriction
enzyme or other DNA cleaving enzyme. In some embodiments, the enzyme is one or more
that cleaves relatively close (e.g., within 5, 10, or 20 base pairs) of the recognition sequence.
Such enzymes can be of particular use in assaying chromatin structure as the span of DNA
that must be accessible to achieve cutting is larger than the recognition sequence itself and

25  thus may involve a wider span of DNA that is not in a “tight” chromatin structure.
Sequence—specific restriction enzymes can provide improved quantitative results in part
because controls based on the same DNA region can be designed as described herein (e.g., in
the Examples). Thus, the number of total and digested copies can be more accurately
determined compared to, e.g., digestion with sequence non-specific endonucleases

30 (“DNases”). Unlike DNase I, cleavage by Typell-S restriction enzymes can be sensitive to

the binding of histones to the DNA region(s) of interest. Exemplary enzymes that cut outside
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determ ned conpared to, e.g., digestion with sequence non-specific

endonucl eases ("DNases"). Unlike DNase |, cleavage by Typell-S restriction
enzymes Ca02bw/®82%si tive to the binding of histones to rh@/ushmInegedn(s) of
interest. Exenplary enzymes that cut outsidetheir recognition sequence

i ncl udebeir excggnitity peuen, intlyges, £igl, Tyandl-FyBwel U, exd fypeslV anzyees.| Sype 1I-

restri d Fokl d Alw .
[0082] ) FoihE" BBt Le SEe nPhEmEhie (L Fo Qg AT cer Four etcr)
restriction enzynes are used. Conbinations of enzynmes can i nvol ve

conbi na{ﬂggzsig stm@n@silmﬂmts,fm@rmtbmeone;Kpé ,6WO chiFpehEOUR S BTCHICHPH f er ent
types nt d d
cuant; (T anHeunEE GBS Yh Hn SHERIPHER, SR EPF Bl gk MRS °C.0"

be det ayﬂatyﬁaora@n@esm&e@achlffexrem@pes[.0084] In some enbodi nents, the
perneabi |l i zi ng or nenbrane di srupting agent is added prior to the

restri G e t tJ
por meati¥PFS) nfaT oy el DR TR SERGRY (R sobifel RS Rl e | )
wi t h apprmoit ioéireadouhd/er sjt.copieenf & DNYotdgi@yemtte deteeminet] as dedcridbd heremnt act ed

to a cell at the sane nonent, one can still achieve sinultaneous
per neabjigpggat hp%n?enéjm ek, e P&n?ea%dgqﬂlrﬁahmn@&%bu@gg $8 added
per neabi | | Zat1 on can an ongol ng process. Thus, for exanple, addition of

a per me@iirlto dienvgstaig@ort erfzgtﬂeoﬂnedom@cmbadltr@nts( thefrestictporengybe hidat i on i s
sub tantial |v.conplete) wWth a ent can _he.consi dered

L Bt B FisBlhuibk perh gremgen B B e By M P R A a
modl fyi meRgeMven 1M b%éﬂfke(ﬁé' S0t RN cOAtatidl & ¥ el AGheBPHbalehQbie QGCUr
(including but not limted to change of buffer, centrifugation, etc.)

bet weerstibrthiave sinpfltanpeusmsrmesbibiizaiion and pomad Wit PNAnEOdHERE 22710 OBGIISY n

700 oM R Ston g el R GG bRl S cion et Aol e ¥R By e P
r est ri cideanfoglompdRporbdfeer (sefre ﬂeﬁnsﬂﬁﬁzﬁﬁbd)dwbemhﬁall}(boaﬁﬁ’etbywhh a(DNAu n

% 50 MM NaCl, 10 mM Tri s- HQ pH 7.4, 10 mM Cl2, 1nmM DIT, é%()u/
BSAl ndMQIEPnE aaFt sAmbe fpfsiderest SHPH]éﬁneP'é%Y rPemeabilipng g ronagtingdhgreell n some

enbodi 5 hi« b 7.4,
To vt e e NGO Becrt ylkdon® el AR mtery Mo Rribhd ol
restri c(uncdmdleg\bymm)t liamieedus eblangk of boffer, eardofigaeon, sfc. )ll%iwmdémdnmfmhe( wv),

50 mM Nad , 4, 10 mM MyC12, 1nM DTT, 100 ug/m BSA and
0- 800 URFTIER lzmﬂnlanéd?(l;éé%yﬁggragﬁégtrl ction enzyne) are used.

[0085] In some embodiments, 0.5% lysolecithin (w/v), 50 mM NaCl, 10 mM Tris-HCI pH

20 7.4,10 mM MgCI2, 1 mM DTT, 100 ug/ml BSA and 0-500 units/ml MnlI (or other
restriction enzyme) are used. In some embodiments, 0.25% lysolecithin (w/v), 50 mM NaCl,
10 mM Tris-HCI1 pH 7.4, 10 mM MgCl12, 1 mM DTT, 100 ug/ml BSA and 0-500 units/ml
Mnll (or other restriction enzyme) are used. In some embodiments, 0.75% lysolecithin (w/v),
50 mM NaCl, 10 mM Tris-HCI pH 7.4, 10 mM MgCi2, 1 mM DTT, 100 ug/ml BSA and 0-

25 500 units/ml Mnll (or other restriction enzyme) are used. In some embodiments, 1%
lysolecithin (w/v), 50 mM NaCl, 10 mM Tris-HCl pH 7.4, 10 mM MgCl2, 1 mM DTT, 100
ug/ml BSA and 0-800 units/ml MnlI (or other restriction enzyme) are used.

[0086] Following permeabilization and digestion, the digestion optionally is stopped and

the cells are lysed, optionally by simultaneous addition of a lysis/stop buffer and/or increased
30 temperature. Exemplary lysis/stop buffers can include sufficient chelator and detergent to

stop the reaction and to lyse the cells. For example, in some embodiments, the lysis/stop

buffer comprises 100 mM Tris-HCl pH 8, 100 mM NaCl, 100 mM EDTA, 5% SDS (w/v)
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[ 0086] Fol | owm ng perneabilization and digestion, the digestion optionally
is stopped and the cells are |lysed, optionally by sinultaneous addition of
a | ysi s/ swopotwfefms and/ or i ncreased tenperature. ExenplPamyuskemioss42s op
buffers can include sufficient chelator and detergent to stop the reaction
and t o dndsSeng/nd peetkingse Koin somanphisodimants otive lysisxtot prffer spmptises| P0ing¥st op

(o vy arkrap . S8t e o0 TP fa. LAsua biv et ¥Rl bo@etse X i rer
CoNpr i S@snekPthodithehié, $hd1GkisRidpDu P oriPplidacbo mMariRVIEAS, 106 aNENawl,v) and

3 ng/mM proteinase K 1n sone enbodi nents, the |ysis/stop buffer conprises
200 M SD0isMHEDT AHS %, S (wivivenid Timg/BOproptimaEBDRA, 5% SDS (w/' v) and 5 ng/
protei nase K. B. DNases [0087] In sone enbodi nents, an enzyme that cuts or
nicks DNA in a sequence non specific manner is used as a DNA nodifying
agent. Thus, in sonme enbodi nents, the DNA nodi fying agent is a sequence
non-specific ﬁndqﬁﬁgiegase (also referred to herein as a "DNase"). [0088]
Any sequence non-Specific endonucl ease (e.g., any of DNase I, |1, 1, 1V,

VvV, VI, VI I_) can be used according to the present_invention. For exanple,
any DNA8887]i nby somerrgnindimenss, anjezymag thapcutpRERieky DRghinfesegue§e BRases used

can in [ : N AN
R e A S M T R R SR Ty

mut at i ansdifyiag agenk Gva fequerichypespadifiv eidphudnabegabe rdfarrar tarbemin &x&npl ary

Dl\la es, dnclyde but are not limted, to Bovine Pancreatic DNase |

(avai | abt'@frlom e.g., New Engl and Biol abs. [0089] Intact DNA can
subsequent|ly be separately detected and quantified and the nunber of intact
and/ or [0088]c opingseqienee MiAspeeificendorusidase @ed. canyiof éiNass LdddslEl [YeY, Wbr ei n.

0090] di h . i Lz di 0t i
[0050) 1) S0/ STGRALTRIL S LI RS FAPEL 08 LRIV ERGR, S SpURIR 20en

per meahidtiliziird t6rDNhseTWA bB 8s@) aDNaseE ascidda dn@udanddaRp usduyrifeDWaseswis t h
appropriate buffers). In sone enbodi nents, the perneabilization/digestion
buf f er w@h@?m@@eéﬁéwf}-yé@pé@nplﬁiofiaerwde/f)\qd BYyasene FURBQEN3sei(Ambion), 5 mv

MyGl2, IS - it i ts, th
oranny Tt HARTRARS dr How2br B NISE chasaif BISRITE, ERBRBIEFT) S "y
Tri s- HODNpdds /indlud2 bt aitvhdbiEhited, o Bowilnk Ratkid@atmnoNeseAqBvaiablestarh, DbhaNewl . | n

sone enbodi nents, the
England Biolabs.

[0089] Intact DNA can subsequently be separately detected and quantified and the number

of intact and/or cut copies of a DNA region can be determined as described herein.

20 [0090] In some embodiments, the permeabilizing or membrane disrupting agent is added
prior to the DNase. In some embodiments, the DNase and permeabilizing or disrupting agent
are added simultaneously (e.g., with appropriate buffers). In some embodiments, the
permeabilization/digestion buffer comprises 0.25% lysolecithin (w/v), 10 mM Tris-HCl pH
7.4, 2.5 mM MgCl,, 0.5 mM CaCl2 and 0-200 units/ml DNase I. In some embodiments, the

25  permeabilization/digestion buffer comprises 0.5% lysolecithin (w/v), 10 mM Tris-HCl pH
7.4, 2.5 mM MgCl,, 0.5 mM CaCl2 and 0-200 units/ml DNase I. In some embodiments, the
permeabilization/digestion buffer comprises 0.75% lysolecithin (w/v), 10 mM Tris-HCl pH
7.4,2.5 mM MgCl,, 0.5 mM CaCl2 and 0-500 units/ml DNase I. In some embodiments, the
permeabilization/digestion buffer comprises 0.25% lysolecithin (w/v), 10 mM Tris-HCI pH

30  7.4,2.5 mM MgCl,, 0.5 mM CaCl2 and 0-500 units/ml DNase I. Permeabilization and lysis

can be stopped, for example, as described above for restriction enzymes.
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per meabi | i zati on/ di gestion buffer conprises 0.75%lysolecithin (wv), 10 nmM
Tris-HO pH 7.4, 2.5 MM Md 2, 0.5 nM CaCl2 and 0-500 units/m DNase |. In
sonme enmboaDreR®s266he per neabi | i zat i on/ di gesti on buf f er PCOMSRI9BE4405 25%

| ysolecithin (wv), 10 M Tris-HO pH 7.4, 2.5 MM MCd 2, 0.5 nmM CaCl2 and

0- 500 UADAH/ ni\s Disasseed elseviterermabof 4 PAsoor aihet depsiasDidncloevisg agspeern f or

exanpl e, as descri bed above for. restri.ction enz s. [.0091 di scussed

el sevmg%eeﬁnﬁﬁ%céa gV né?nﬁﬂﬁg%e’thnto(ffﬁieiaV%nbee&‘ﬁ?en[ﬁlk%@ac{élﬁgreg Qﬁ?\ lgghong’e
enhancegelpyindRfd a8k MR SRtr Rfincd PAVRARIhEhUEES Berall edslyd Medditié oF ent
DNA regi ons, one being the target, and the other being a DNA region that is

gener alib gersrallya waycigsesetsitle ot anysofgbn esagangitingalisamplge eesish 18PResiae any of

the .test. conditions. .Exanpl es of such e e di herein
andar ec{l%r% eﬁf Wgﬁrﬁ hﬁ?‘%‘ﬁ?ﬁegf’%‘ﬁp 0&8?% eexlarer%ffg?dq Iﬁ%&lé?%gﬁ(%%ﬁg%g&nggssi ng

' housel@%&hﬁ&!'singen@ﬁseme@n@eggeﬁ@l dry g@leva@lsalweperstditde. Theretaivatmeentesfount
of remaining target conpared to the control can then be used to determ ne
rel at | viemehmrearsehcarmpased orthe genti) san teg de uppdatordetsirpine relatiyp plypmatin

transfesrtl%§&§ &tqggg‘%%e\lt/%bzﬁggg%%{rbodi ments of the invention, the DNA nodifying

agent generates a dification to the DNA. For exanple, in sone
enbodi nents, the DNA nodifying agents of the invention are

nmet hyl transferases. [0093] A variety of nethyltransferases are known in the
art and can be used in the invention. In sone enbodinents, the

metliyl t r ansf eCaseMethgdradfisasesnet hyl noi ety to adenosine in DNA. Exanpl es
of such nethyltransferases include, but are not limted to, DAM

net hyl togos elrpsfne BRI SLMRTANALbS, tRODNIRhivyifingdiebit RHkateyatic cells,
the presence of a nethylated adenosine in a particular DNA region jndicates

that a @AMenemhdificatinnstbahaDBA. oForsxampleyin soptea srabrstimerishePNA g1odifying
activit was ..able to acces he tre)’\f‘ egi on. Adenosi ne nethyl ation can be
det ect € ,enrrs(g)?tlg:%gwué),n aﬂesrlnﬁglygrarn%sfrs?g(’iti on enzynme whose recognition
sequence includes a nethyl ated adenosjne. An exanple of such an enzymne

i ncl ude09%lut A wrigbrofimethylEansierasaysat koqyn 1 thg 2B ¢nd fan besseiiR fifon enzyme
can 4 hen be: QUantshl Cfi lefadd \REd AR PBihy RSy i1t act  DNA
i snlastrrpl ﬁra??rggﬁbg{ﬂ%cr&% @%k&ﬁ%ﬁﬁs&%?ﬁ%?ﬁﬁr&ﬁgaLM PCR, to arrgl i fye%(,:ut DNA but
not i ntakhoddAin IPNAI 4ixahiplesarfBucimnetdiyvenssrasehiacimde, oyl areanes tisried ¢o,

! DB BT s (0 0g SN Pe = Sahe g iVt Ui Rt er ases
presence of a methylated adenosine in a particular DNA region indicates that a DAM
methyltransferase (or other methyltransferase with similar activity) was able to access the

20 DNA region. Adenosine methylation can be detected, for example, using a restriction
enzyme whose recognition sequence includes a methylated adenosine. An example of such
an enzyme includes, but is not limited to, Dpnl. Cutting by the restriction enzyme can then
be quantified as described herein (for example, where intact DNA is amplified but cut DNA
is not — or using LM-PCR, to amplify cut DNA but not intact DNA.

25 [0094] Insome embodiments, the methyltransferase methylates cytosines in GC sequences.
Examples of such methyltransferases include but are not limited to MCViPL See, e.g., Xu et
al., Nuc. Acids Res. 26(17): 3961-3966 (1998). Because GC sequences are not methylated in
eukaryotic cells, the presence of a methylated GC sequence in a particular DNA region
indicates that the DNA modifying agent (i.e., a methyltransferase that methylates cytosines in

30  GC sequences) was able to access the DNA region. Methylated GC sequences can be
identified using any number of techniques. In some embodiments, the method for detecting

methylated GC sequences comprises bisulfite conversion. Bisulfite conversion involves
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ah, Nuc. Acids Res. 26(17): 3961-3966 (1998). Because GC sequences are not
net hyl ated in eukaryotic cells, the presence of a nethylated GC sequence in
a particuwerodieszeegi on i ndi cates that the DNA nodi fyi n@Cagsnaoo0s44es, a
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access dongciNAtheddV Arwithvesuflibizhean@t o biselficen warebenigdiiteiedi epsush ng any

mber of t ' | di t he net hod for det ectd

ot hy! db ekt Muftiae sxbaBRpredn B eare Tae VR reran Sl E e

conver SkegfiercB¥M NESGRMALHItRE nidiy PN fhdeltha r%éét{l%lia&is eplosiapmrGCof bisulfite
y
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but notnuclesfidesequencing andbmethads HYQLYARCPHYCTAFEIHORS MEIMEHPaTed APl IcAHst

ext ensi r [ - ' / [WaY o RN

est 1 HRAR IR RS AR SR L B R AL p AR abitPe

bi sul f i ¢fer ianfierdoaderted(@ (egg., MEBNBEEMSVER MethiMtishty highghsolutiinghelt esadysig;i on
melt anal ysis; pyroseguencin etc.). See, e.g., Frag et

Bi d¥ec HMITBIFEECISNIEG 8ES,). §9% ¢ L 286! 6149&?”26162?'?“@13:492@18%’ apgl %@“%&p Med Bi ol
544: 197 . @2 c h ; . 2003) G 23288l i nan,
Hum Nblaégéé'??%g%é%gé&%ﬂ@ %%XS%%)QO%%%%%]L%?Q ]gome e%odi ments, the
met hyl t26m@0e3)asel Gelfing, dies Moy (GrsemidsSpea NeG -RAGSO KRN as " CpG')
sequences. Exanples of such nethyltransferases include but are not |imted

to M SsglogsiUs & @mssabodibiy the ansl @i aesasihéthgerecibbiviedd ¢Gralked to use
for those regions that are not typically nmethylated. This is because CG

sequenclemvar & ‘Eiddyeenyestep. maamplesoésudhrmethiaayeeiasesdasipde BHARTE ARfs it i s
t | ible t h : ' th
rock Py et oREl e e a BRI BT B R e B B RGO T OE

DNA r egbBIrsrentii ehaeieoh afpi@illyieth@ard. Abisiobedalss€Gueqoases aret hyl ati on of
CG sequences can be detected by any nunber of nethods incI,Lidi ngﬁm&t hods
i nvol vi eRyloBerQusk methylaieddn snlgyotrs celipand iy &t i ppiogepeialy $ORIDIE S 8P HENt s,

the DNAtthQEby e@%ﬂ?g zs?xtélet?lg][ggé{d; @gﬂe ?%dr?gﬁg?lir[?%eflé’liaﬂﬁr ARENh cRliogeiSudToSt  DNA

nodi fying ¢ en‘gl conpared to chromati n,
methyltransferase except in such DNA regions where methylation is rare. As for GC

20  sequences, methylation of CG sequences can be detected by any number of methods,

including methods involving bisulfite conversion.

D. Chemicals

[0096] In some embodiments, the DNA modifying agent comprises a DNA modifying
25  chemical. As most DNA modifying chemicals are relatively small compared to chromatin,
use of DNA modifying chemicals without a fusion partner may not be effective in some
circumstances as there will be little if any difference in the extent of accessibility of different
DNA regions. Therefore, in some embodiments, the DNA modifying agent comprises a
molecule having steric hindrance linked to a DNA modifying chemical. The molecule having
30 steric hindrance can be any protein or other molecule that results in differential accessibility

of the DNA modifying agent depending on chromatin structure. This can be tested, for
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use of DNA nodi fying chem cals without a fusion partner may not be
effective in sone circunstances as there will be little if any difference
in the exwoenploafsmecessi bility of different DNA regi ons PCThiSe@bos#25i n sone
enbodi ments, the DNA nodifying agent conprises a nolecule having steric

hi ndr arexemiplen kg domparingidfulrsaditiose mging hddNasalor rebhrectionleezyheasdesemigdst er i ¢

hi ndrance .can be any protein or other nolecule that results in differential
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¢
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t he pr aﬁmtgsddnﬂemhe@ﬂe@arbem,l inked directly to the nol ecul e haV| ng steric
hi ndrance or via a linker. A variety of honpb and hetero bifunctional

| i nker Kk f G DNA
S L R G e R R
derlOvatmulesult heviegkterie hindrares odemczrlurtked Arvahtyrif homoetndadieterd biturstibngy and

Applie armacol o 27() 1994 %, and dinethyl sulfate. In sone
embodi ﬂé’ﬂ‘te%s arg Y% ?ﬁ‘éca}r’rﬁeiﬁﬁié dh PHERC% | groups to guanosines in DNA or
ot herwi se danages DNA. I n sone enbodi nents, dinethyl sulfate nethylates
guani ne0099)r eEwémplaiynDNhembdidring phernichls lmlmﬁwg aregiot djaigil he hydrapra(ang

modi 1 TR B ERAC 0P PO RECL ReNm i - HRR A ST o of Da

nodi fi Cﬁﬁdrﬁi&cbf@%} 1DREHY 5-98 [ R E@deliediyNBitate. IhQ;oﬂl%teﬁibbdﬂhdﬂ&I Rydrasiut f at e
fication the DNAis treated with E peridi ne at high

or hydrazine no
rﬂp)/er aintrpduqes @ nethyl BreUpDIASnOsies B DNAeorqtheawie gerolaNA: dBtsP®R and t he

br eaks d%%e @ta%@%%lﬁga&é*@gﬁgmg%g@ﬁm@%r RGeS Re B%ktsi?%‘%?i? Siedelesied as

descrlb erein ns to I nprove yl ng agent s
[0101] guanBere DN oG iromotisg thehimiddlens pydsag inguadieavage agents of the
i nvention are

[0100] Detection of modifications by DNA modifying chemical will depend on the type of
DNA modification that occurs. In some embodiments, to detect dimethyl sulfate or

20  hydrazine modification the DNA is treated with piperidine at high temperature (90° C). The
DNA breaks at the site of DNA modification and the breaks can be detected in the same ways

as nuclease cutting is detected as described herein.

E. DNA binding domains to improve DNA modifying agents

25 [0101] In some embodiments, the DNA modifying or cleavage agents of the invention are
fused or otherwise linked to a double-stranded sequence-non-specific nucleic acid binding
domain (e.g., a DNA binding domain). In cases where the DNA modifying agent is a
polypeptide, the double-stranded sequence-non-specific nucleic acid binding domain can be
synthesized, for example, as a protein fusion with the DNA modifying agent via recombinant

30 DNA technology. A double-stranded sequence-non-specific nucleic acid binding domain is a

protein or defined region of a protein that binds to double-stranded nucleic acid in a
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fused or otherw se linked to a doubl e-stranded sequence-non-specific
nucl ei ¢ acid binding domain (e.g., a DNA binding donain). In cases where
t he DNA muoi2byioegeagent is a pol ypeptide, the doubl e- st PamASA009/064425
sequence- non-speci fic nucl eic acid binding domain can be synthesized, for
exanpl ecqesnce-iplepermient masien . ani tildin g doddat extdbit wignegys agderenaei far & econbi nant

DNA t echnol ogy. A doupl e-stranded sequence-non-specific, nucleic acid

bl i g UOEREnGS DR FraoTar s A NGB Ur g e St b P ROPR TGS € 0
doubl e-achivaingd eslfdld et Bisherdtifity for ASERILRNGSIINARRE SRl s IR ucldic &ids. P ndi ng
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nucPet e s oL ¥uo hen B e PR SE Pt R g MEAEERALIRAT S orve
embodi reRicDIOA ViltEng pioedihd at7aRed SEETIBEL akl, ©holbea ) Biscmhiggh proteins
include, but are not limted to, the Archaeal small basic DNA bindin

pr ot ei nEoEasiTa Actaid 5 RI2Q% d888;Baymanmiebih, Stuctral Bipl. 4 308181021 4; &Kbghysi ca
Act a 950Q; X t l,..Biol.. 1,808-819, .1994;
ond Cac i 1 Wil IR PR STRE 0, 1305y, SO B AE o ueind 10 R Sl

pr ot ei ns al.sk&olec. Riol. BRIZTLDROXK1906;, Sahdmb kegl., (Binel150:265-208,/19248 and 996,
San man(g& %lg Gene 150: 207-208, 1994), and PCNA honol o&s %see, e.C?., Cann
et 181 . PGNARQEIAREs(F g4 81 §r0B 504k, d5Bacierigagy 186300470 | % Shamogand : 99,

155- 16650i1,999;;-doe 1 &eh i . N I i @l 1,4 4%- X 1 d
Zhang et elaI’., Igagc?;n‘?éétqrg%é%}1?%)117%%%’7?%0[%9?512%%éyé?’s?%ﬂ%g%ggan at ent
128387 5Bl f Bioclkaistry o4 10HI30t07HR| 95 .e§ar dsanBuidibarbPatelit 198 BRYSBilfsr Sso7d and
Sac7d [0102] .Sso7d.and Sac7 re.smal |, (about 7,000 kd MAN, basic

chr ono 1(’]“619 BT o8, Qgﬂ%ﬁﬁaﬂ‘é‘ggﬁgi’ il i c archaeabacteria Sul fol obus
sol fataricus and S. acidocal darius, respectively. These proteins are

| ysine-rich and have high thermal, acid and chem cal stability. They bind

sina sequencgg-si gger%ggadc t manner and when bound, increase the TM of DNA
by Up to 40 C un ar /s 8e Edfdi ti ons (McAfee et al., Biochemstry 34: 10063-

10077, [096%) . SsBTE8d BadldEird Sman daboll £7,000 RABIWY Sbadic @ htdtRdselal prokehd yad to
be involved in stabilizing genom ¢ DNA at el evated tenperatures. HWVF-1ike

pr ot ei ri&e prpespromephiligarchaerbactirisy wlfnbobys eoligierasand §i ecdrredlarivgt share
honol ogy L4 TR O 3 (e r u | ryotic H4
horol o8 % B8 S SEERST Rl T HA o M s
stability. They bind DNA in a sequence-independent manner and when bound, increase the
20  Twm of DNA by up to 40° C under some conditions (McAfee et al., Biochemistry 34:10063-
10077, 1995). These proteins and their homologs are typically believed to be involved in

stabilizing genomic DNA at elevated temperatures.

HMF-like proteins
25 [0103] The HMf-like proteins are archaeal histones that share homology both in amino acid
sequences and in structure with eukaryotic H4 histones, which are thought to interact directly
with DNA. The HMf family of proteins form stable dimers in solution, and several HMf
homologs have been identified from thermostable species (e.g., Methanothermus fervidus and
Pyrococcus strain GB-3a). The HMf family of proteins, once joined to Taq DNA polymerase
30 or any DNA modifying enzyme with a low intrinsic processivity, can enhance the ability of
the enzyme to slide along the DNA substrate and thus increase its processivity. For example,

the dimeric HMf-like protein can be covalently linked to the N terminus of Taqg DNA
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with DNA. The HM famly of proteins formstable diners in solution, and
several HM honol ogs have been identified fromthernostable species (e.g.,
Met hanot hworB/f68266i dus and Pyrococcus strain GB-3a). TireTHISRobAm4Ly of
proteins, once joined to Taq DNA pol ynerase or any DNA nodi fyi ng enzyne
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term nus of Taqg DNApol ynerase, e.g., via chem cal nodification, and thus
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enbodi nents, follow ng the DNA nodification/cleavage step, genomc DNA is
isolated fromthe cells according to any nethod avail able. Essentially any
DNA purification procedure can be used so long as it results in DNA of
acceptable purity for the_subsequent quantification step(s). For exanple,

Y, . I
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colum), if desired. [0106] Optionall ée genonic DNA is anplified or
ot her w sibsadstecedtifitiation step(sh.r Bon exhepise biandayd aelblynistrheagntsaan bavegdiedi at e

er w sb it apehindye ael il
Cnmoai 1ot Ba0pLorai i d BRTURERY BRI g PhFThes PEALEREL . one or

nor e spPENIAf daé beRédgibd froRtthé inBfkureds i RABGH T @ age quenaeeinbodiaehat ed and/ or
cloned. Alternatively, a sanple having intact, nodified, or unnodified DNA

r egi onsphegolehderofasmxaaetians 414 w5 apg thedPIN Arfal be SPbssaeentydyedméried Ktsact DNA,

f ol |:ow e alg%cgﬁy . LAY twias, | ess
acclesgsilé}ﬁeetﬁ%g&ﬁ%}g p\eel%lrgﬁ?'. I mﬁ%r y&%ﬁrgﬁ%ﬁlﬁ%&l lgd&%\ﬁawgﬁ% ow n(tge!kgo“r/llt act with
a DNA nRNhdeyirrvgttagent a DéAmpasi@nition ehema) dfelesirddl. e DNA. Conversely, nodified
DNA represents DNA that was nore accessible to

[0106] Optionally, genomic DNA is amplified or otherwise detected directly from the cell

lysate without an intermediate purification step.

[0107] In some embodiments, intact, modified or unmodified DNA is isolated and cloned
20 into a library. In some cases, one or more specific intact, modified, or unmodified sequence
is isolated and/or cloned. Alternatively, a sample having intact, modified, or unmodified
DNA regions is used to prepare a library enriched for such regions. Intact DNA, following
contact with a DNA cleavage agent, represents DNA that was less accessible to the agent.
Similarly, unmodified DNA, following contact with a DNA modifying agent, represents less
25  accessible DNA. Conversely, modified DNA represents DNA that was more accessible to
the modifying agent. In some of the above embodiments, intact DNA is purified (e.g.,
separated) from cleaved DNA and/or modified DNA is purified from unmodified DNA prior
to cloning, thereby enriching the cloning pool for one class of DNA. Enriching for
modified/unmodified DNA will vary depending on the nature of the modification. In some
30 embodiments, an affinity agent that specifically binds to modified (or unmodified DNA) is

used to separate modified from unmodified DNA.
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the nodi fying agent. In sonme of the above enbodi nents, intact DNA is
purified (e.g., separated) from cleaved DNA and/or nodified DNA is purified
from unnmowlOf20d)6ENA prior to cloning, thereby enri chi ngPChasedons43gs pool
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characteristics of DNA can be detected follow ng contact of the cell with a
DNA nodi fying or DNA cl eavi ng agent. Physical characteristics include, but
are not limted to, DNA nethylation, nelting tenperature, GC content,
nucliteot i de se@uenDetectimglPhimitaltCharacteyisticsdDf €he ®NA pol ynucl eoti de. A
variety of nethods are known for detecting such characteristics and can be
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characteristic is DNA nethylation. For exanple, once relatively a%cessi bl e

DNA Shasdeteding spebschamasyisicone @pdsemmiovege it sosembadimests; tllowWingthe e mai ni ng
i nt act i i 3 . df
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DNA, e.g., using gPCR, does not involve DNA footprinting.

20 [0110] In some embodiments, the physical characteristic is DNA methylation. For
example, once relatively accessible DNA has been cleaved by a DNA cleaving agent, one can
isolate the remaining intact DNA (representing less accessible DNA) and can then be
analyzed for methylation status. A large variety of DNA methylation detection methods are
known. In some embodiments, following contact with the DNA modifying or cleavage

25  agent, the DNA is contacted with bisulfite, thereby converting unmethylated cytosines to
uracils in the DNA. The methylation of a particular DNA region can then be determined by
any number of methylation detection methods, including those discussed herein. In some
embodiments, a high resolution melt assay (HRM) is employed to detect methylation status
following bisulfite conversion. In this method, a DNA region is amplified following bisulfite

30 conversion and the resulting amplicon’s melting temperature is determined. Because the

melting temperature will differ depending on whether the cytosines were converted by
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uracils in the DNA. The nethylation of a particular DNA region can then be
determ ned by any nunber of nethylation detection nethods, including those
di scussedwbensiass2sbn sone enbodi ments, a high resol uti orCraistoransays (HRM
is enployed to detect nmethylation status followi ng bisulfite conversion. In
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the resul ti n@l nﬁkll con .S el tbl ng rg%ierat S det‘ m ned. Because the

mel t i ndCPRFARFSPRE ARPlifon A H&% W?e‘ioﬂ "t he cyt osi nes were
converted bybisulfite (and subsequently copied as "T's" in the
anplification reaction), nelting tenperature of the anplicon can be
correlated to nethylation content. V. Target DNA regions [0111] A DNA region

is a t gr.get mqupymr@gwhﬁterest Wi thin genom c DNA Any DNA sequence in
genomi c DNA of a cell can be evaluated for DNA nodi fyi glgwagent

accéssilBl1il yAJaNaaegipn beltarast siyenIONA inglsotihia gangrRicddNbe ety P4 dent i fy
a DNA r f ferent
el tyEaete B e B e B R e e o

or enviasapseeideahesin. MINASegions be&ilvmreened toeidemtifgl adDNAasg'dn bf Bsarest tHaor

exanpl e, Thus, in sone enbodi nents, the nmethods of the i venégg1 are used

to |derﬂ@ﬁi%b’séhmmraéﬁ?séﬁ’ﬂ\‘fmé%élf@‘Fé‘r‘iQ%u ey beesn pinfregigd glisan mar ker for

di sease, &)Qgedltgﬁ fcc}tl or@ﬁ@ff@ﬁrﬁ&%al@ﬂ%ﬁﬁ%e%r béteafiforbiMl aftl @sd¥Qéa | i mi ted
to cance A nu genes have been deséribed that have altered DNA
metlBy| atssum fcam;t/amrplec h}i‘musainisnmstemboﬂun@ts thecaeibeds ofght mveniqeare dsadgo

i 11 or GRETAY PSR 2EET e BRI Con TS “aioce ATUThr HEORPBR MR S ate

of a paptisy! E&el‘ﬁﬁiaky dllséhséi"i%éﬁld@ shogde MBNliGited RecaiBirH OASuafbet bEzddESEBRL
i nvention can be used as a :-Bﬁnostl c or pr OgnOStI c tool. Ome a di agnOSI S

or pr odresidsscribed drabivestietd 3N Agnethilatien irster drompfin HRACBHE ITFRICe elyi men
of treatnent £an beC ecsetraegl shed or an existing reginmen of treatnent can be
al t er ed T HARREW B e GFagnosi s or prognosis. For instance, detection of a

cancer cell according to the nethods of the |nvent| on can_lead to the
adridni S[Pilb%]l ohl S@Im iReRiaFBe DA Egach 1§ kaawn & be diftesantighy peresiPle ndi vi dual

from 156%94 br YRR10 ﬁﬁfeﬁﬁﬂ §te o[fgg%ﬁ cufhr V&l | ﬁ;t:ﬁe&fen%nﬁ&ﬂi ons can

be detec e or resear ch purposes and/or as a control DNA r egl on to
confirnhe hmthotdbef tt&qgmhmnmrtmnpmnfoemaédm mag)qsecbeprogﬁasrtlcm:’rﬂne¢ ain sone
enbodi nents, . a DNA r egl on i assa}/ed that, i s ?%cesm le in esser}t ially all
cel | s ghagypsis or prognosis is established using the methods of the invention, a regimen o
treatment can be established or an existing regimen of treatment can be altered in view of the
20  diagnosis or prognosis. For instance, detection of a cancer cell according to the methods of
the invention can lead to the administration of chemotherapeutic agents and/or radiation to an

individual from whom the cancer cell was detected.

[0113] A variety of DNA regions can be detected either for research purposes and/or as a
control DNA region to confirm that the reagents were performing as expected. For example,
25  in some embodiments, a DNA region is assayed that is accessible in essentially all cells of an
animal. Such DNA regions are useful, for example, as positive controls for accessibility.
Such DNA regions can be found, for example, within or adjacent to genes that are
constitutive or nearly constitutive. Such genes include those generally referred to as
“housekeeping” genes, i.e., genes whose expression are required to maintain basic cellular
30 function. Examples of such genes include, but are not limited to glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and beta actin (ACTB). DNA regions can include all or a portion

of such genes, optionally including at least a portion of the promoter.
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animal . Such DNA regions are useful, for exanple, as positive controls for
accessibility. Such DNA regions can be found, for exanple, within or

adj acent wo2qmes266hat are constitutive or nearly constwtmnmvmmmsuah genes
include those generally referred to as "housekeepi ng" genes, i ,. genes
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pronoter.[0114] In sone enbodi nents, a DNA region conprises at |east a
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"1 naccessi 'S 56 ers t regions ose copies are
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Exanpl es of such gene, sequences inc¢lude those gen rec d, as
"het ar dERRORRRTER" SBESHIS e oRle Femelary genes dhat a&ﬂeye@ﬁ %@Cg%sal% N g‘r

speci f 'ejg(cg Hn (;f3§ &5fié Ee1Dt pes‘%ﬂlﬁﬁ%s 86k drfnét (hR&HS, REmSY 1 SARbeREGBhn (‘HBB)
fashi on ry genes that aré generally inaccessible (wth th

except|mmimmmsmgkmﬁhmhgmkmamyp@paCKH@Iude but are not limted to,
henogl obi n-beta chain (HBB) and inmunogl obulin I'ight chain kappa (1&X).

[0L35] [or1S10ME SMROLdhERIMSats [the DR \rdpfst i0R defie feqieneR WIS BRCRIfWMahch has

di fferent acce55|b|I|ty dependlng on the disease state of the cell or
ot her wi asecsyibilety igpéndin somihe dischisi stite 9f degelhar eigenyise Jaye veriatle pragsybiligy owt h

I
envi rondg%;nd%g (f))rrslt etom%eﬁ"s o zc%ma %]lv?r%nr%%gt G0 ek e‘%)l? éoﬁﬁé‘ﬁ@ﬁsirg gg?érgi Shes Wit h

non-can ut are n cancer cC

vari abliga@ess’sis idhdi-tahcenedlly Gat are ageessibleUh ahttieoodss Eb(amprS ef gaes pmh( GSTPI ).
[0116] In sone enbodinents, a DNA region of the |nvent|on is selected from
a gene waighlerseess®ilgy inchudes 6&0@\“3@#&@@0@%‘)5@?%@1 §4eTBL- nore of the
foll ow ng genes cadherin 1 type 1 (E-Cadherin), Cytochrome P450-1A1

( CYBl Al [01163as nsswcembodimento DN A @gidnyof lthe ﬁlm&ﬁﬁlis\}qleqmd:cﬁfroqnl aﬁgenE)eat h

associ ated protein kinase 1 %%??5) Adenomat o 03|s | on
(APC) , ﬁ@?éﬁgn?ﬂéowr joap QRIS O8 ST )fol 18&@?%@:5& Gene
( BRCA 1) QEhi\édHemE)Oéw&chﬂo&eSMB@ eabady PEAL S Rad ARG (ﬁghémaraﬂfmel ect ed

é“i‘
randoﬁl for example;, to identify regions that have differentia
ac cessi GﬁA$SFy1 Ayep U er6ddéatie assneiaicdiproteparase di(PPEFnA densmasiteysdintypasisr mal

vs. di 58? %ﬁe Co[%nI (i’P(S,t ﬁfethylguanine—DNA Methyltransferase (MGMT), Breast Cancer 1
20  Gene (BRCA1) and hMLH.

[0117] In some embodiments, the DNA regions are selected at random, for example, to
identify regions that have differential accessibility between different cell types, different

conditions, normal vs. diseased cells, etc.

25 VI.  Quantifying copies of the target locus
[0118] The method for quantifying DNA modifications will depend on the type of DNA
modification introduced into the genomic DNA. For example, double stranded DNA
cleavage events (e.g., as introduced by a restriction enzyme or DNase or introduced following
modification, e.g., by a methylation—sensitive or —dependent restriction enzyme following

30  methyltransferase treatment, or following modification by a DNA modifying chemical as
described herein) can be conveniently detected using an amplification reaction designed to

generate an amplicon that comprises a DNA region of interest. In the case of cleavage events
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VI. Quantifying copies of the target |ocus [0118] The nethod for
quantifying DNA nodifications will depend on the type of DNA nodification
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DNA can ng a set of prinersthat
anmpl i f yregioa oDNAaﬂoemm{IASSgloﬁ e Eaﬁa:tf icteavagEhdvents anindeteagina@\sgds, shdr

exanpl e, by designing pringers that do not an a ntial .cl eavage,site,
ei thier 4 YhAOR RORSegueegR BFfalis Bflese, SPeh 7o DNGRER uEa eGP ohan PRCCH® :alsg of
cl eavageroupn ggneghdum@é ﬁf:é?pelaatté?l a%,lahqﬁterrfaye&m when a non

sequence-specitic nucl ease, "such is used, the use of an

i nacces e referenc n ho i orat erpal control.
0130 MDY ASUBLERES iFEPE %@qlﬁ?q‘?mzemf%ausﬁwfﬁf%yg"%mc 98 & i on

(i ncl udinehpld RhI-BaMRIRS th&BbdstdlIee BEReBihiesisofahé awohmrof dab@rcopieabf an of
t he anpunt of intact copies of a DNA region, and when used wth various

cont r ol DNearegise, arbaheronsed mfnanious pentiody ean heaisadrindRieraTing the selativsna
?18 ' edrgct)lgntto? it c??ﬁ\&/% @?&B&rﬁg % tht%q(?['a ﬁzr OIP? 1%84 o thd BE1.aF k?eu&ltua@Er relative

er or ‘coples or ative to the
nunber &ﬂatﬂ%(ﬁufrib@ﬂ(ecg’ ranrm@ltd‘ ﬂh@&)t@l&ﬁlnﬁﬁ:r of c@memakdum thegumhar aff m)dl fied
or unnodi fied copies _of the DNA region can thu be. cal cul at 01205 In
S b ediedisopeo bt

some enbodified ot snpdified crpigent 2 #5004 RN TRERIY ObPORHCkqragmO

region gp I@;SH@% ﬁpth% beEhlMaefOr exanple, restriction enzyne cl eavage
can also b etected and quantitied, for exanple, by detecting specific

0ot OIS s GBS S i P S b o BLEAT10
20 region are determined directly. For example, restriction enzyme cleavage can also be
detected and quantified, for example, by detecting specific ligation events, for example, that
will occur only in the presence of specific sticky or blunt ends. For example, nucleic acid
adaptors comprising sticky ends that are complementary to sticky ends generated by a
restriction enzyme can be ligated to the cleaved genomic DNA. The number of ligation

25  events can then be detected and quantified (e.g., by a quantitative amplification method).

[0121] In some embodiments, ligation mediated PCR (LM-PCR) is employed to quantify
the number of cleaved copies of a DNA region. Methods of LM-PCR are known in the art
and were initially described in Pfeifer ez al., Science 246: 810-813 (1989). LM-PCR can be

performed in real-time for quantitative results if desired.

30 [0122] Quantitative amplification methods (e.g., quantitative PCR or quantitative linear
amplification) involve amplification of an nucleic acid template, directly or indirectly (e.g.,

determining a Ct value) determining the amount of amplified DNA, and then calculating the
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adaptors conprising sticky ends that are conplenentary to sticky ends
generated by a restriction enzyne can be ligated to the cleaved genom c
DNA. The worthsrossfeol i gati on events can then be det ect edPamaSquastisbs ed
(e.g., by a quantitative amplification nethod). [0121] In sone enbodi nents,
|i gat i amomedofanidl fRERI4t bhse@iRh thesnemiprof egcleooibanamplificative. dunglgicatén

cl eaved copi es of a DNA r.egion. t hod P a art and
Cora T or et R Jodsatmenustions prisiigong e U ssHhENEs Gt TR Badlsi 3 5gds,

LM PCRP‘S’}? PROTRRFHLS: r@@;wmbg 8| METHR DS ANIYAPPI IGATYONE @Bl & ai. fed§68I red.
[0122] antitative anplification nethods (e.g., quantitative PCR or

quant i t1800) eTyicrdlyr PERES feddataimphfy DiNfotewplates Howey et bernativeanethodd &fi ¢ aci d

| at e, |rectl i ndir. det rm n| determ ni ng
mﬁ’HH’th 16¢4 WF%F%dW ecg?ﬁv.‘ii %ﬂ@%oégle Ahg gﬂ%gs%lﬁnﬁg}ﬂsgl i ti al
terfp' atRetRGREh Iy ISt DNRES a Gleatet ekRft Bifin tHREMEADIS zfmmﬁsz icleaveddDNIALf i cati on
a DNA | ocus 'using reactions is well known (see U S, Pat. Nos. 4,683,195

and 4, Bdgthodwof RamiteRETOIIEtian axg diclgsed Ve PHEDS SARE: NopL9, BORAINS (1 nni s et
P Ho
o) ¢ or et e BT EROE Ayt oy RSt B AReshike RpGeqhalEbaY 601, OWETCr

enpl oy ql99@SDEGRE A%t hiBidletRiigndsiMel) Mo s 1 25R0G3y; ]DelhamtB BNAL, thdola

greater extent than the methods arrgl i fy cleaved DNA, ods pf
qudft i tRiplegnokmO(Dr 16Batq GROA): Arpl ‘Faé‘é)@%ic?%be ‘é‘oﬁ‘tore@JHS re 4me- Nos.
6, 180, 349; 6, 033,854; and 5,972,602, as well as in, e.g., Gbson et al.,

CGenone [Rexﬁarm'soﬁie%ﬁ)oﬂﬂﬁdnté lﬁlﬁﬁ)taumﬁlpﬁfwﬁoeﬁs laised OIBtmtre@hm‘iqg eftR4( 1) :
106-10, . 112-5 ( 2003) ; E et al eCh 6}%% f163- 79
(2002) . SigaRh{6§ f&‘é&fﬁ%?ﬁgc * BeORSARELIERS F?Plesr at"é i ‘)'ﬂo 1 sone
enbodi ’?x@ﬁlﬁmaﬂ?&?@t 1BERY R, 1 Thiteatabi@n c&cﬁe@@ﬁﬁé’P@R hh@ryﬁ@ﬂ'lsﬁg?ﬁal Rg of the

si gnal uor escence of a probe) representing copies of the tenplate
in cyclasenvéd hecaaspihe nawity oﬁtl(eemg)hconP@R)nedeiaes nrsuppait @ Msasudtle signdycl es

g];‘rpllt |h g&?‘%‘ﬁf%\éﬁ’&ﬁ?yn sfltegglbeplg}tfal g}p‘ﬁgg\égﬁgbegag}?gfn% rgeg?ﬁﬁlﬁéohlggnfeﬁ%e assay.

Af ter tiesighhltih@hsiBYiatRasesdS a lt@s@ABIY MveDind RacTRY a@[fmd:auclﬁ Natengickasden t he
si gnal |nten5|ty i ncreases to a nmeasurable |l evel and reaches a plateau in

| ater cipePER autep intpe npeiogasitanis phasc Hrawsh 2 Bighpt the Henaliniasity W?w h a
plot of, t enusnllb%gaﬂle ﬁgﬁsé};c}é A Sidva {C‘jnla?si,ugé'nl%% ﬁgﬂ%@%@ﬁtam@ﬁ' EronP@EPCRE cycle at

whi ch a&asit sl e S o al ne reacti on can be deduced
and use@adtidnlvag ke @adhmaa ah@ uiddeopualntiltylaefthd eanticy oftthe begabefarhtestar t  of

the PCR The nunber of theseC|f|c es that eterm t hj
netdod ¢fshe PERe éﬁhewumber of the specific cyc(fgs tLats‘is determ1|n<§,d g this me&log %/plca l?

referred to as the cycle threshold (Ct). Exemplary methods are described in, e.g., Heid et al.
Genome Methods 6:986-94 (1996) with reference to hydrolysis probes.

[0124] One method for detection of amplification products is the 5'-3' exonuclease
"hydrolysis" PCR assay (also referred to as the TagMan™ assay) (U.S. Pat. Nos. 5,210,015
25  and 5,487,972; Holland et al., PNAS USA 88: 7276-7280 (1991); Lee et al., Nucleic Acids
Res. 21: 3761-3766 (1993)). This assay detects the accumulation of a specific PCR product
by hybridization and cleavage of a doubly labeled fluorogenic probe (the "TagMan™ probe)
during the amplification reaction. The fluorogenic probe consists of an oligonucleotide
labeled with both a fluorescent reporter dye and a quencher dye. During PCR, this probe is
30 cleaved by the 5'-exonuclease activity of DNA polymerase if, and only if, it hybridizes to the
segment being amplified. Cleavage of the probe generates an increase in the fluorescence

intensity of the reporter dye.
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referred to as the cycle threshold (Q&). Exenplary nmethods are descri bed
in, e.g., Heid et al. Genone Methods 6:986-94 (1996) with reference to
hydr ol ysiwopnoues266] 0124] One nmethod for detection of ampiridSe@asans
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the fluorescence intensity of the reporter dye.[0125] Another nethod of
det ect iangepaorphoitiydatiqoenghen duat is thetpstenter abserbe anerde releascd by Eisedogyr. Ovhinsf er

is the "beacon probe’ nethod. described by Tyagi K . re Biotech.
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f I uor opRBRE yrdvbddised #pl Bot flipoessea ST vaghand KEMEAHHTS @"’feﬁz’ﬁoii f%gﬁ§(3gposed)
conf or rfgé%é? é&gqes{}lﬂtyﬁfe %%%Pf:@f ord REn QMR iné kAR BRI BolrE ofIPERGISELCt Wien
enpl oyed 1 1" PCR, the nol ecul ar beacon probe, which hybridizes to one of the
3 t rlandsinafe(a;\%eb,eanﬂmlmmﬂh@usedias aimeastie of plerprogreoefithe POR. arhgse pldkilbdcence i s
etected, i.le those that remgin uphybr.idized w.ll.not fluore Tyagi
and Kr dhertt il ferognise dat offigp et .Sogﬁ‘é“fi‘@gwf fg@gl ?tlo,&sar%alrsggml a?gl%t geya?r:)unt
of fluorescence will increase as the anount of PCR product increases, and
t Eus ma[yllbiﬂl u¥edoessotherrteehmiquss &ir nerferpinggluentitagye applifmatio n phd8eClgiE skill in
the art_w recogni ze-t hat ot her i IV (fication are
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anpl i f i gatonafletided ti atetit@caReédsicAriet alcaadennfinordseimce isagenbmiedseiren the

met hodol ogi es enpl oy one or nore probe = |
20  oligonucleotide(s) is hybridized to a target nucleic acid. For example, one such method

involves is a dual fluorophore approach that exploits fluorescence resonance energy transfer
(FRET), e.g., LightCycler™ hybridization probes, where two oligo probes anneal to the
amplicon. The oligonucleotides are designed to hybridize in a head-to-tail orientation with
the fluorophores separated at a distance that is compatible with efficient energy transfer.

25  Other examples of labeled oligonucleotides that are structured to emit a signal when bound to
a nucleic acid or incorporated into an extension product include: Scorpions™ probes (e.g.,
Whitcombe et al., Nature Biotechnology 17:804-807, 1999, and U.S. Pat. No. 6,326,145),
Sunrise™ (or Amplifluor™) probes (e.g., Nazarenko et al., Nuc. Acids Res. 25:2516-2521,
1997, and U.S. Pat. No. 6,117,635), and probes that form a secondary structure that results in

30 reduced signal without a quencher and that emits increased signal when hybridized to a target

(e.g., Lux probes™).

[0127] In other embodiments, intercalating agents that produce a signal when intercalated

in double stranded DNA may be used. Exemplary agents include SYBR GREEN™, SYBR
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ol i gonucl eotides that are structured such that a change in fluorescence is
gener ated when the oligonucleotide(s) is hybridized to a target nucleic
aci d. Forwexamplesz66one such nmet hod i nvolves is a dual flPaoruspéonessappr oach
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that emts ncreased signa n hybridized to a target (e.g., Lux

pr obes( . [.0127] I.n of her, _enbodi nents, . intercal ati ng agents that produce
a si gna[_h%en P?’Rtgl‘cé%@%? Oﬂﬁﬁlegzﬂmngl%]ﬂf?%m m&omc‘%@“\%&@&he @H‘Ejl ary
agent s deigd dentRhRiEn GRERN Thprovd BRESbRE Eibod ks @@ﬁ‘ﬂgﬁ’;gle %_wst% these

ts; .
agents are not tenplate-specific, it 1s assuned fha the si
genér atabuna fegl, onometipedydus pebias iacatanpl peréensage ol mtifisd oanniedifiodf i r ned

by nonitoring.si | as a functio f . te rat.ure because nel t.ing. poi nt of
{ el at<oPEs QRIS A Eon gemErer ) tdoil SRR Gh 6 e G Brasp bl

pri ner -@iniRinsboddhénts [t RBtive AnRAREfRABAHEABNIENodiNE] dpadttdftoe TINA DNA
region is det ermi ned by nucl eoti de sequencing copies in a sanple and then

det er milgBing it eranpasedato; the nembeiy shedibehomperodyfiedenpics Hf lraosang (PHEOoEANe

sequen i\n_a. | e, i ficati i1 r j 1. ed) DNA
" egi ondoNensReRSom S e s SRkl By TBLLLS fEmbE PRATRIRLET
i N 1Somethe iaxikiermnduit obyodigied bFummbgified eopied aft dacke DN tgtio €antbe, firgt nor mal i zed
val ue such as aratio orggercentage% of nodified or unmodifjed copies of

the DNAFEglignt o dhpiarad aumber Heopise aF thedmierregipnc SYPREtisFly ( fatn QU#Bcd egi on.
I'n Sonefrméa%@aﬁlglé, Aesdfd %)(‘Cf)(ﬁ{rﬁmg% &h aggﬁ%eftgﬁ’cC{hQE?tégQMefb &)_p' pres

of one DNA region IS conpare e nunber of nodifie r unnodifre
copi es dfeach P&OrEgiqnas ronghéy) thEsdme egd dresefolenwhemeomepdrogi bebntes, twatoe n

R LN N RO G A

20  unmodified copies between each DNA region is determined without first normalizing each

value to the total number of copies.

[0130] In some embodiments, the actual or relative (e.g., relative to total DNA) amount of
modified or unmodified copies is compared to a control value. Control values can be
conveniently used, for example, where one wants to know whether the accessibility of a

25  particular DNA region exceeds or is under a particular value. For example, in the situation
where a particular DNA region is typically accessible in normal cells, but is inaccessible in
diseased cells (or vice versa), one may simply compare the actual or relative number of
modified or unmodified copies to a control value (e.g., greater or less than 20% modified or
unmodified, greater or less than 80% modified or unmodified, etc.). Alternatively, a control

30  value can represent past or expected data regarding a control DNA region. In these cases, the
actual or relative amount of a control DNA region are determined (optionally for a number of

times) and the resulting data is used to generate a control value that can be compared with
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normal i zed to the total nunber of copies of the DNA region. Alternatively,
when obtai ned fromthe sane sanple, in sone enbodi nents, one can assune
t hat t he wotalo/mweasber of copies of each DNA region is r@aghisgomwhessgaine and
t herefore, when conparing between two or nore DNA regions, the relative
anmount gcéuad or refdtiye matber efrmpdifiednt ageddiHied oapdésf degamonedunmo DINA exgiaopl es
bet ween each DNA region is determ ned without first normalizing each val ue
to the PRl nunber of copies. [0130] In some enbodi ments, the actual or
relative ., relative to total DNA) anount of nodified or unnodified

e.g
copi es [i0§,§Ho nbhe eddculgicms donthe olethogls describethherein caalinsdvecenmmeerdmnekeni ent | y

d, f | k wh h i bili f

par t1 o FERAP LB Thediis B PoF h GreblY BT PR SEPPRSF  eapt o,

in the ;&b%l}éﬁisitﬁm avdh&ieButablp &ktal %Hér@_f plD¥sel Reipateris§sténiRicatd o der@ssd bl e in
S

normal ce , but is inaccessible in diseased cells (or vice versa), one
may si npo§t conier e of senveatioeal devigh-e e hess compwier mey basenlfipedd grthunsdi f i ed
copi es {. r r. 9 Lfi

oo 19 BaRnERRLS Ok R o an 5P B ok iR AT L, bt

Al t er nak@ Meptyp, tableOP(C ahdhd vempaer, caPEE SefitstNRa] mainfiexpecsadddat a
regarding a control DNA region, In these cases, the_actual or relative

amount SFPRLIERHER ADRANIE: kspDesrds. diskelrivehddD ealer BA dyvasetnddbalikber of
ti n@s) @Rdhd {h%hfdeé.uwe&gthg% domplRe e n%&cﬂ&ﬂ%ra%gﬁy@rk?@x@%ﬁﬁec\ég%&ﬁ& pat can

be conpared w thactual or relative nunber of no ied or unnodified copies
det er m predidéd viazanPilitabdgyirarspoft niadiseeestwirdd) bptdal, Tdnd/ar aticldsatmedivg ahdrny he

met hods descri bed her.ein can. invo 0 t er-based cal cul ati ons .and tools.
The. t oo eElF SORHHEHGEBILTP! 5 bt HEAP RIS B! PORRIGH Eb SIS ST ams ¢ hai
ar e exefgdikaif Ydward 88!, AodBl PAREhct BAMAUNEE QYO! aMe hb&f @uipRebrinayherein as
a "host conputer") of conventional design. The host conputer nay be

conFi gurmpderpgnt Anyrahy veridty ef eperatingrsysiame, ivohdimgdNEX driduc vlichesoffade i n many

di nensi@ns, and, st yk.es (e.q., desktop PC |aptop, tablet PC, handheld
co%ut e@?&isogvrs\’/léfa?é\%?rkas yé)?li]%r?})er P%%%%%‘). St andard conmponents, such as
noni tors, keyboards, disk drives, CD and/or DVD drives, and the like, my

be i ncl@d&H. ~ Grewater prdefas implemppfing aspects of the RecgertdneenHep wayibe wigen in
. . . > ; | i red,
oy caid PR BE B S, bRRENY Sub! AbLOs ISRV IRE AAC oy

opti cal y sulta ni cati on protocol
(e.g., Otb#YscRpting dreprogamndogpuiesgethyt dan bk eeecusid dnathk @ostebwpiter ogthaar dwar e

e.g., node Et.hernet card, WFi card). The hos onput er _ )
(e.g canq)ergomptﬂeg to execute on theyﬁost comput)er. Coge may aﬁsocbergz)rliltten orrg%g{mbuted in
20  low level languages such as assembler languages or machine languages.

[0133] The host computer system advantageously provides an interface via which the user
controls operation of the tools. In the examples described herein, software tools are
implemented as scripts (e.g., using PERL), execution of which can be initiated by a user from
a standard command line interface of an operating system such as Linux or UNIX. Those

25  skilled in the art will appreciate that commands can be adapted to the operating system as
appropriate. In other embodiments, a graphical user interface may be provided, allowing the
user to control operations using a pointing device. Thus, the present invention is not limited

to any particular user interface.

[0134] Scripts or programs incorporating various features of the present invention may be
30 encoded on various computer readable media for storage and/or transmission. Examples of
suitable media include magnetic disk or tape, optical storage media such as compact disk

(CD) or DVD (digital versatile disk), flash memory, and carrier signals adapted for
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i npl enent any of a variety of operating systens, including UN X, Linux,

M crosoft Wndows, MacOS, or any other operating system [0132] Conputer
code for wopbswesisbng aspects of the present invention may/useooos44een in a
vari ety of |anguages, including PERL, C, C++, Java, JavaScript, VBScript,
AVK, ortr@ﬁlyliS@iOheflia woed,pipingl, ard/preigelessmiengorkanopfageing hat vedety b€ execut ed on
t he host X, hﬁtt can be conpiled to execute on the host conputer.
Code may°%F 18 u%ngttlgee DPdi stributed in | ow | evel |anguages such as
assenbl er | anguages or nachi ne | anguages. [0133] The host conputer system
advant ageously provides an interface via which the user controls operation
of the tools. In the exanples described herein, software tools are

i npl eneWviIed Ré&ckiok midtmrése. 9., using PERL), execution of which can be
initiated by a user froma standard conmand line interface of an operating
system 81" athq prespat Byverngnalsorpreyisles korirpaciion ik WeesnompRising capor ewraek t hat
conmman 0 t her
enbodi crllﬁa%feggelggeé?;ﬁ lge;(ij]ﬁegeslé:b%tf& erfaéggﬁaﬁkﬁggm &ﬁl&gl% Qﬁrf)&%ﬁ? rs]ta{é e user
to contto bk deanatipria susicrgbadipdnn, ItHbgteGi&ianﬁlxtuTéﬂkﬁ)mIirﬁe QE.£5 BNAI nvention
is not limted to an artjcular user interface. [0134] Scripts or prograns
i ncor pdPet e Wf&% 5? EeSriGHeR epAyma, & DVass ehmethylieansicsise RBY encoded on
vari ou npl es
o sui T 3 entiFag Rl £ cdlB e alihE AhaEFANILPibE ARATRR Aarie D U
as 18onmpalit Qﬂh@'kea(ﬁﬁ))s ag dedOuiDed bergint (@iclwding butidog lidiisl Yo bisbifisd) capeidope and
carrier. ﬁ (geﬁjfa f‘ ada t ed fortrg sm ssion via wred, optical, and/or wreless
net wor KBS0 W’?W@ QR IXJUrE 0L RS 1BYERiOBt ool s, including the Internet. Vil.
Reaction m xtures [0135] The present invention also provides for reaction
m xtures conprising one or nore of the reagents as described herein,
optionally with a eukaryotic cell (whose chromatin state is to be
determmﬂ) Kiksn some enbodi nents, the reaction m xtures corrpri se, e.g., a

DNA rmdif agent e g., a restriction enzynme, a DNase,

met hyl tPhifds gT%@eﬁn HVERUOHER Pipvidgs &H@fﬁr@arfyrralﬁa the %PSSI%@WWF Pf zi ng
andkor g nts as
degérl tggﬁbgﬁgérﬂé?%%??%gl ﬁ i ng bg?g%agpqﬁéﬁﬁl&é{/e lttgr(l) |r!élf1t Ogs 5:1&:%%?}19% so be

i ncl udeistiugtibie(ergeamtd CR-RONM arBVDY). K of twepreseaninvifitidn. calfiihcdude, e.g., a
DNA modifying agent and a cell permeabilizing and/or cell disrupting agent. DNA
modifying agents can include those described herein in detail, including, e.g., a restriction
enzyme, a DNase, a methyltransferase or a DNA modifying chemical. In some

20  embodiments, the DNA modifying agent is a Type II-S restriction enzyme, including but not
limited to, Mnll, Fokl and Alwl. Kits of the invention can comprise the permeabilizing agent
and the DNA modifying agent in the same vial/container (and thus in the same buffer).
Alternatively, the permeabilizing agent and the DNA modifying agent can be in separate

vials/containers.

25 [0137] The kits of the invention can also include one or more control cells and/or nucleic
acids. Exemplary control nucleic acids include, e.g., those comprising a gene sequence that
is either accessible in essentially all cells of an animal (e.g., a housekeeping gene sequence or
promoter thereof) or inaccessible in most cells of an animal. In some embodiments, the kits
include one or more sets of primers for amplifying such gene sequences (whether or not the

30  actually gene sequences or cells are included in the kits). For example, in some
embodiments, the kits include a DNA modifying agent, and a cell permeabilizing and/or cell

disrupting agent, and one or more primer sets for amplifying a control DNA region, and
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[0136] The present invention also provides kits for performng the
accessibility assays of the present invention. A kit can optionally include
witten iwetnuwaeswns or el ectronic instructions (e.g., @OTASCWIBRGNRHr DVD) .
Kits of the present invention can include, e.g., a DNA nodifying agent and
a cel | qpéiona@hbirei arinmge gridieosets &irlanghlifying & iseqpnd gBWA reddA ermdi sgehBNefgent s

can 1 L4l PS5 HSSET et RETIUE A SR AL LTELIOR B By By
chem cglrimdrReR PREDRIPRZIJHEAN e ihdhedBNOnEBHirkey st Gor@@lifying adoftyReofithes

restriction enzynme, including but not limted to, MiR Fokl' and Alwl. Kits
of t he DNdangioo that arcludsapt icas ontiée.pet.rdedbit 6te) pejerité aleavasd sitereofdhgn

nodifyi ng.agent in the sa ial./cont ai ner ¢and. thus.d4n the er).
AL 8 ndEROGH Crgie BT 1% PHeRa e Bhabeng Ui cYRsb M albian be
i N sepal RtEnd/prahér O AipEiFEng b?@ﬁ%h of g IWNASregfontti@ dosy/eRtincdidecay al so

i nclude one or nore control cells and/or nuclejic acids. Exenplary control
nucl ei cosstighcliaiere sices (e-2g usefuhivs salewaing Sieofabnurebes of eeiesice that is
either accessible in essentially all cells of an animal (e.g., a

housek op38idngeme eadadinnmes, tie Kitsafoliecihvéhnheoigpries oncacoessifithee i n nost
cells of . an, animal. In sone enbodi nents, the kits include one or nore sets
of pri fBHWing: anplifying such gene sequences (whether or not the actually

geng seguen L gﬁ%'@ﬁl chid t},{;ea kitks). For exanple, in some
emr)lgdi ﬁ@nts,caefe#ghi@t&lé ?Rc ugg a%cl\il)z %mr%f H%g agent, and a cell

per nealqii) i zi augstainddwenayele, DNase, wpbileg Diye ntodifing agest; or nore priner sets
for amplifying a,control DNA region,. andgptionally one or e priner sets
For angiry i SEBUR ol egtbrEntias Ges noapatio DR FupPghying heci
enbodi nent s Whaefifls thanONArd¥aeh hd/B8p@aRation 8f Audl&@s bEitield. M §iF Yoamndbr | east
two primer sets per DNA region can be included: One prinmer set for

anpl i f yrunidicatigroet gepamad DNAearkx remghv drof nhatDINAcompescis sUcB 48 compenepts, g. |, 1,

2, 3, 4.etc. ), .ential cleavage sites of the restriction enzynme (e.dg.,
useful C}foar Sgogl) égll%«g{f)?)ng t he nunber of unnodified copies), and at |east a

second @) MBkagdts oo PCRIGHCK WinPUficatioardf IDNA 0dptionell it megire Rohtmingddes not
i nclude any potential cleavage sites (e, % , useful for calculating the
total rfipnHoncRs neesssasy Yor HGR gpfor gRCRasidedrasn dhentemplate aéoripolanggpse he

i nventi CQ]ST‘BJIFJ- & 9%% rdel cell nmenbrane
permeabﬁep?zi ng %%%ﬁﬁgfﬁgﬁi?g%@m‘ﬁ&?ﬁoﬁw restrlg%% %%I%s’enzyrre, DNase, or
ot her DNA nodi fyi ng agent;

20 EXAMPLES

[0139] The following examples are offered to illustrate, but not to limit the claimed

invention.

Example 1: General approach
25 [0140] The present assay takes advantage of the difference of accessibility of a DNA
modifying agent to different parts of chromatin in a cell. As illustrated in Figure 2, DNA
modifying agents can access certain portions of chromatin more readily than other parts.
Figure 3 illustrates an exemplary workflow of the assay. Adherent cells were grown in 24-
well plates as starting material. In this embodiment, two wells are used for each experiment:
30  One well is treated with permeabilization buffer and no nuclease; the other well is treated
with permeabilization buffer with nuclease. The entire process, from cells to real-time PCR,

takes about three hours and results are available on the day of cell harvest.
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(iii) a "stop" solution capable of preventing further nodification by the
nodi fying agent; (iv) materials for the extraction and/or purification of
nucl ei c awod81(®52%6, a spin colum for purification of gemarse@oDd2mNd/ Or
renoval of non-DNA conponents such as components of a "stop” solution);
(vi) reagent sFikore PORSHRER sutpiafic fratanansiobf DNA isojataddah ksllsomeennvirtiur e

PRI Sl e R e T
speci fiG ARG YBRES: hE2elsOtS9ed 3L LR b ARG Iﬁ?ﬁgéx?gé@eﬁﬁ& fif ered

to illustrate, but not tolimt the clained invention. mle 1: ner al
appr oaciny[Mid djgeTtim gteesemreasbagthemkoseradisanagdeast ondMndisittefelse of
accessibility of a DNA di.fying agent to different rts.of chromatin in a
ol B AR ViLE e Pernra el B A Roar P o S ehe el e LS {ai n
por ti ongpRk aGIMGERY fréin HRfEpHB@NetsYant MAR sQbMBMap@s bitnilaFCOVEIRe, Jsiilllsusiedat es
an exenplary workfl ow of tIt)'ue assay. Adherent cells were grown in 24- well

pl at es iaFigtrart iefigranit erltiealelta G velhe §Tetpliodnines intagt ko) wEPets therdifferenes inor
each experinent: One well. is treated it N i.on.buffer and no
e s BEValE Bioreh Tyl ptie® s b SR O N R4 DR ARl ABLIARGT L or Ane

nucl ease. The entire process, fromcells to real-tinme_ PCR takes about

three HO3Z ahconiash incellp thaghave bepn eypd B Mal. agressiblq ganss showtd p9141)
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n Ml T 1'S usée In structure pro e assay | is case is
per f or niad DNA prariedule’(actinighas a meacuredol thaseil maitter of coplasd ajpd ihedit valitbusar e

used for each gene. One priner does not span a Mhi 1 djgesti ites,
wher eastefle g %‘&mlb?‘?frf@?afé‘%ﬁle%‘ﬁ Aa?r%f“'é’ Pﬁﬁ’ér R?ﬁ?%/pag?lf‘% at @yt oge &ﬂggt ed
with t ITBAIIHe 2B At th Ahpl RS BendiBSoH the eRichtidd

anpl i frsgg?%lnmgﬁg.Hg.a%gclttlb%gg%?ggﬂgﬁrﬁ %ﬁﬁcég%au%% %(%?th primer eseette's and t hus
shoul d digestioa, the Git value Gtill whilfirnd ingedsk iuptopattizg tp theRingenng ofidigession. dleliph. The

del ¢ val ue (Tot al m nus j.ntact ref s the. di rence i Ct
val Lo Gttt toeidisg pEraelt i Eh bRl EEL aghdfing PNEICRES o
pecul i aghid wRiSresdlOhbAleghtiveCRBBAS The bérc&RhdesSoftNIAN sh@viBateehatéesgibRds Wi t h
Whi |, accessible genes should be cleaved at the Mill site. The priner set

t hat doesdcuwlgsed By the equigan shopman figwre 4t i || anplify all the DNA nol ecul es
(acting as a nmeasure for the total nunmber of copies) and the & wll thus
[0143] Application of this technique to different types of DNA regions is illustrated in

Figures 5-6. Figure 5 shows representations of at least portions of the GAPDH, HBB, and

20  GSTP1 genes. Mnl I, the TATA box, promoter regions, and exons are shown. GAPDH was
used as a positive control. GAPDH is a housekeeping gene that is expressed in most cell lines
and should be accessible. The hemoglobin beta chain gene was chosen as a negative control.
Hemoglobin is not expressed in most cells, is epigenetically silenced, and is expected to be in
an inaccessible chromatin structure. Finally Glutathione-s-transferase pi, or GSTP1, which is

25  epigenetically inactivated in prostate cancer, was analyzed. Figure 6 shows the regions that
can be targeted for amplification. For each gene, a total primer set that does not span any Mnl
I sites and that will amplify all DNA strands is used. An “intact” primer set that spans at least
one (e.g., two to four) Mnll sites and that will only amplify DNA strands that are not cut at

these sites is also used.

30
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reflect the quantity of total copies of DNA. The other priner set (spanning
at least one WMhll site) will only be able to anplify uncut or intact
sequenceswoORepantiong on the extent of digestion, the C pealuseoogiobd42shi ft
and increase in proportion to the amount of digestion. Delta C can then be
cal cul ated by sulfxawgile AgDutatiesing Mnlk indikelnceldd C, and if the DNA is

accessi this. will result . in a negative n er.. The percentage of Ml

o Con M b Farulk SRefs e et SO EByoY e b SoRERRERARRSHR ! gur o
4. [0143kifanrbbeati on of this technique to different types of DNA regions
is illustrated in Figures 5-6. Figure 5 shows representations of at |east

portio R . d GSTPI genes. M1l 1, the TATA box, pronoter
regi onW%@@yW@PW was used as a positive control. GAPDH
i's 3 hqesgdieeohbRi@BNe-&N3tophdshaBt fIRE6Ihel (IysBREHhifFvhs pirdRse@fdnshoul d be

accessible. The henogl obin beta chain gene was chosen as a negﬁtive
cont r ol SigHeriddtichiMnll. P Naxe IeRpAcwd erotpinaseols wesepyrshased fropl Yevdinglaad| y

il " ' d i Q. [ i bl h ' :
Fi nal Pl a s ves braheref Dot Qoo ofICRERRR eV BB TRT

i nacti vated Qs YBRS 8@t BCRAd. Was anal yzed. Figure 6 shows the regions
that can be targeted for anplification. For each gene, a total prinmer set

that d ot i i i I ands is
uood. *ATHARD TRARRCRPY NG, cotdrfin N ARt 8Tl thlplendl T
M0 si90% cafthehbaThaichlturemhadiawnd adpiraiolang ti0G 0SS 4 pramealsiBzavoh/digdstiat t hese

sites is also used. Exanple 2: Data using Ml i la cells [0144] This
exanpl é”‘éf%méaslgﬁ'élﬁ]éﬁfgg@g?e Q?Q?-aF%‘é‘i?gﬁng%tﬁd%ﬁhﬂﬂll;ﬁﬁheexperi nment approach as

outlin J f#;r?b iehesaicali

L-a- Ly%ﬁﬁg%ﬁéﬁtﬁ%@%é | n‘jgﬂ?lcygs-g%_é%?{ #lgé\i)éé\l/\}/gs purléﬁgggo(lj ITMC%%IZ’ PTT,

Si gma- ABSAiaot Mivh| For deNmgreatéd wBBMNasd Ipheopainaaisbzdtiondligespom bfdered from New
Engl and Bi ol ab se A wa rchased fro j.agen.., Ti ssue .cul ture pl ates
wore pUrERRied IO T RS aHE0ES CRe b R N R b it RS Rt
celiss. ehliRuBAteM I79C34r WRbir. PbIE WIS WRUBatiSrE2S ﬁ%f‘l&‘ﬁsﬂstbﬂf? eylutigaclvean®0 %
confluence. The culture nedi a was asgl rated and 100 ul of a

per neabTti$-H&t ipbin/ ¢ PosnMoNaGlyf 6@ Tyerith W-lanipytsaerosine (&) c&) wgml For
cells t te it h | th bilizathon/di gest i Lsied of
lysol e Cl?ﬁ%,eng a@én}glyhlrl Pgo&%s{%%gddﬁ%% {h8 'ﬂeﬁiﬁ&gﬁfzaﬁ&vgﬁgtﬁ)‘h BuPfap hed
the cell lysates were incubated at 37°C 10 minutes.
[0147] Isolation of DNA. The cell lysates were collected and the DNA was isolated using a
20  commercial nucleic acid purification kit (Aurum, Bio-Rad) following standard procedures.
The DNA was eluted in 100 ul and the concentration of DNA was determined using a

NanoDrop 1000 spectrophotometer (Thermo Scientific). The samples were then diluted to a

concentration of 1-10 ng DNA per ul.

[0148] Genes analyzed. We analyzed the promoter region of three human genes:

25  glycealdehyde-3-phosphate dehydrogenase (GAPDH), hemoglobin, beta (HBB) and
glutathione-s-transferase © (GSTP1). GAPDH is a housekeeping gene; it is expressed in most
cells and is expected to have an accessible chromatin structure. HBB is not expressed in most
cells and is expected to have an inaccessible chromatin structure. GSTP1 is epigenetically
inactivated in prostate cancer. In the non-cancerous prostate cell line, RWPE-1, GSTP1 is in

30  an accessible chromatin structure and is expressed, in the cancerous prostate cell line LNCaP
GSTP1 is in an inaccessible chromatin structure and is not expressed (Okino, S.T., et al.,

Chromatin changes on the GSTPI promoter associated with its inactivation in prostate
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BSA and Mnhll. For cells treated with DNase | the perneabilization/digestion
buffer consisted of lysolecithin, Tris-HCO, Md 2, CaCl2 and DNase | . The
per meabi IWoedioowbies were then incubated at 37C for 1 ho®CT/USQM000GH4RT)

i ncubation 25 ul of |ysis/stop soluti 0636:(1100 mM Tris-HC pH 7.4, 100 nM
Nadl , 1@@cerVVEDTArCiBog RODAHOOM) sréd8<t 3 LIMRNgY ls@mhlgﬁm&weﬁseéﬂm 3

ng/ M protei na dded to e r i i,on/ di i ffer and
the cel PEFGLLPRIGE) LBA RS be RIS R R U ERNA B 8P SRUaP LY oF B
The celElppk(%@lb@;syH@f@ap@,hh@gigaa@ﬁdﬂmm,ms i sol ated using a comerci al
nucleic acid purification kit (Aurum Bio-Rad) foll ow ng standard

proced The L ed 1h 1 t [ was
deter m@g?]usgga%ﬁme@g%l% 1?331%@?@%5%@? %e?rlgt‘?r eegt%?%ﬁglrﬂr/rlgﬁéﬁ? ee%hl Ic). The
sanpl esusil €@ch heimedkdtih @ PTIH2@0 terntaryclat fined with h-Cdomg4 Bdikinpens ul . [ 0148]
Genes anal yzed. W anal yzed the gr onoter region of %Eee??&gunanggag S:

gl yceal Henjuenes. dorseps IR esedpk Sgehisaeiqnarpni) ul iny (FOnE ?Il]@B) and
gl ut at NiORRAS 5bG ﬁllolscgfee{aé‘ﬁgri ef ST Ql'ofqé%%gré’%n@%@ﬁﬁ)@%b%dg@@ It s
expressed in' nost cells and 1s expected to ve an accessible chromatin

st r uct uwonditldBB wese PEFC flox HO esses;i40 ayolss of 26ICsfoald secndx pe¢&E fool have an

i naccessi bl e chromatip structure. GSTPl s _epi Jicall ctivated in
pr ost at ‘é‘“&%‘?’iée‘?%nu}eﬁ a{ﬂ%ég}p&c%\éeeﬁr%?%ﬁgg? g&g@gﬁd 1“1?%%15 k&%ﬁ‘-glf?r TPl is
iN RN AL RESHIEPL TN A Qasibled fbli&l RO ckls RXREPFRRNAE I W AN auls
prostate cell line LNCaP GSTPl is in an inaccessible chromatin structure

and i s n6FX&%ReebTane PCRiDdcctionBysteat (Bip-Radhhsch reagtieh#iag e ubin ohenGSTP|

pronoter associ ated w i ipactivati.on in rci nog,
2007. 4 ‘t?)‘l?a“be.ad %%ga? 4%&’*’25@%&?%#5@&%%‘“‘5{( apd E(? gﬁ%@t@i %?%??@ﬁ@%eﬁe Hel a
and HCTdipetfild with ROX (Bib-Rdag I3 ceflitiorsi wige GSTPlorrRhAutes; 4Xpyckssddsat a

| evel approximately half that found in Hela and HCT15 cells, [0149

Real - t i /8 3Pereonprand A26] 95 1imigpist & anippiewiice) Csmek earvedram B GV 9° et e
anajyzeg sk g ERUNAAL 'S S8nds e cRT(Ep200 thermal cycler fitted with a

Chr ono4 " Cont'i nuous rescence detect orp'(MJ Research). Each reaction was

of 10 SHIROL Bt Staiin o fsranRaily 1wl Bperub BeiEie ObcPGes g0
720 mentief HEE Rl s Ao SRR, SRy ) MR o
at each(isfaeCt b1 Sanphesaniabalmgt BN Af isdmed étonscdlisebdtebradredieONite | wer e
anal yz egiglesgion/permeabilization buffer that lacked Mnll. ACt (cut) was calculated as (intact Ct-

20 total Ct) when analyzing DNA isolated from cells that were treated with Mnll The level of

inaccessible chromatin was calculated as 2 ~(ACt (uncut) - ACt (cut)) (see Figure 4).

[0151] To determine the level of inaccessible chromatin for GAPDH and GSTP1 using
DNase I we could not use the same calculations that we used when analyzing Mnll because
DNase I cuts within both the total and intact amplification regions in accessible chromatin.

25  We found that the HBB promoter is highly resistant to DNase I digestion, we used HBB ACt
as an internal reference standard that reflects the low level of digestion of inaccessible
chromatin (illustrated in Figure 16). ACt (ref) was calculated as (HBB + nuclease Ct - HBB
no nuclease Ct). ACt (target) was calculated as GAPDH/GSTP1 + nuclease Ct -
GAPDH/GSTP1 no nuclease Ct. The level of inaccessible chromatin of the GAPDH or

30 GSTP1 target genes was calculated as 2 MACt (ref) - ACt (target)).
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a CFX96 Real -Tinme PCR Detection System (Bi o-Rad). Each reaction was 20 ul
in volunme and contained 5 ng of DNA, 500 nM of each prinmer and 10 ul of

i Taq FastweYBR/@gs®men superm x with ROX (Bi o-Rad). PCR ceadiuscamscues e 95C
for 5 mnutes; 40 cycles of 950C for 30 seconds and 72C for 1 mnute; 5

m nut eRESULTS; nelt curve from 72C to 95C at 0.20C intervals holding for 5

second e step. [015 t a. .anal. si. eterm | of
inacceigﬁ%] a@a? ﬁ]&p‘f’ﬁ&d’é‘i b i PICL égﬁl}(?flgﬁgg%urtgf}en Wgasﬁérﬁ%sr%r?gd t he

f ol | owigre£daciabigdd l%l\lAecn@g (the Gk mBRSi1i£aob W8l aB® n{d1eds8,dr adompldiot al
Ct) when anal yzi ng isolated fromcells that were treated with

di gest idagespen |W1ﬂz]a’§<i>1©¢iﬂbmﬁlﬂ<bnuql¢?é@ (Mal ¥ oviNase b@PD(cut) was
calculated as (intact Cttotal C) when analyzing DNA isolated fromcells

t hat WgOES3]r e@éaniviDNA I@DNA)M@ tﬂl@wedﬂa@ﬁ ﬁidﬁameesm Mdaubhﬁtmmbiagamees
calculated as 2 L(DC (wuncut &lsee Figure 4 [0151] To
det er m%@belﬁﬁ@ﬂhéfﬁéls (esfe Figue s?h%ﬂ@aéﬂﬂd%ﬂﬁ%it'i At lyepleqpindihe NEgesE WES ng

Dhase | re(&q eE'to DNAE sdrg\f F]}?@?@mgfggﬁgdnoﬁgﬁ& 1t dedVYﬁ réh%ﬁgné’\ﬁflﬂ??nal yzing

Ml | bécause cut e tot Intact anplifrcation
r egi onither adyﬁﬁanthheomhe onaitdsn. T ihdivates thhain ceiepdiBBalpitiostbtyer i s hi ghly
reS|stant t o DNase | 10gestlon, we used HBB DCt as an. i nternal, reference

st andar¥sAgrahin. diaesiqnsofighEomay Piegndogefovd Yeleased 1S 1ot SieRUICARLEAPL chr omat i n
f ' llgUStnru@fegga BBt glLH’lg d%tmn%ffe@ ety nd’é@ﬁte? el @t 86 BSencEBBIyIolottligase O

HBB no nucl ease target) was cal cul ated as GAPDH GSTPl1 +

| | b
el S - R e o TS L Bl S S,
(ref) -ref¥dmé P@Rggmg)thgigﬁlﬂe?&ti &1hRlvnHe IFogeb] Aswab®n hrmsigbﬁatsedhd eggiitder :

di gestion buffer but” no nucl ease, digestion buffer that |acked IysoIeC|th|n
(the celontrplicaesitns khalszdddhe heragglabin beirchaincecag $whichyis sileagsiindiada grllsest i on

Dot MR RN O QIR AL M g PG 7 EPHch 159

Genom I'SO romthe cel mite

aganos eh@ehisgkfe tdotphisiaiag ifaeessblgitiroma)in sifiteudah Meladilcat ed t hat
| ysol ecithin and the nucl ease were required to digest gDNA. Only slight

gDNA d'[@?ﬁs]'eoﬁx.'gﬁ’?e? Ghetkshi fo?@?/ilj’ﬁﬁsﬁhla%Gﬁtlogcﬁitfd"'eﬁh@tt LyMaQlfegi thin or

t he nuclea I ndi cat es t in cells permeabilized by I|ysolecithin,

di gest i GAPDH whieaiati the kyne adonened or BB énthenepdiveaonsdlghutfdnapicagend t hat

ggggﬁggles g tﬁ% Egli[taéllé {l}erh?l% s%lt g? glrluﬁcr:]d ‘E)Ut fe(ra1l;ght 1ndS cart]1(1)1% leesrslgrletactttl?a% %gtlaf” ISIQAt he
This means that MnlI accessed and digested at its recognition sites in the GAPDH promoter.

20  We infer, therefore, that the GAPDH promoter was in accessible chromatin in Hela cells.

[0156] Figure 10 shows results from analysis of GST pi. GST pi is inactivated in prostate
cancer and is expressed in Hela cells. The Ct value of the complete reactions are right shifted
in the intact primer set reactions, but not in the total primer set reactions. This indicates that

GST pi is in an accessible chromatin structure in Hela cells.

25 [0157] Figure 11 summarizes the above-described data in a table. The calculated values
are the percentage of copies that were intact (and therefore inaccessible to the nuclease)

compared to the total number of copies as determined by the “total” primer set.

Example 3: Data using Mnll in prostate cancer cells
30 [0158] The methods described above were also applied to different cell types to determine

whether accessibility was related to expression for GSTP1. Two cell types were used:
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[ 0154] Subsequently, the DNA sanples isolated fromMlIl treated cells were
anal yzed by real-tinme PCR using the priner sets as shown in Figure 6. As
shown i n WOQoriese6t he negati ve control reactions anal yrea/ush@dlenog! obi n
beta chain gene (which is silenced in Hela cells). For both the total and
i nt act RWPHEeT cedBf whichhes @rivedlfivesnaecancabosbuhiepwatae, a%insvlilinhiﬁsa"t?és that

this gen gio si.ble chromatin structure in

[ 0155] lffﬁlgﬂhf ee"@’reéﬂ‘?fﬁé d Frg%ragscgﬁ S"r‘ﬁ’rar&é%ﬁ P8 CHHETYS “t?Brl?t‘?%*}e at*ﬁe a
val ues if, ofni @EPTP MY GlefRAWy diRns@ RoaSicaiAi ned for HBB in the negative
control, but arrpllflcatlon u |ng the "intact" prlrrer set was shlfted to the

right S ct t " hat

acgess thdrlda'h%‘eglg@ g ﬁ‘lt §1s Oéglbeﬁﬁfz?lfo‘ﬁergie%g@l?w t dgs %‘Feom)

i nfer, @6k MsontlBptcatitihs @ Or RietERIoBIobYRSereh m&&lbhﬁasthhé@m Cﬂ i n
Hela cells. [0156] Figure 10 shows results from analysis of GST pi. GST pi

is i nacnlth%t&a@dﬂétsmlﬁl 06 erAvECCun BleqUt Hishaims a8 Kpse S4dEnzimpe Therefre ghe dela ot
val ue O(atgtwrégeu% ngb c%ttﬁ%ctt O&tﬂs g%;tgwfag %ch‘e%plo e 1fi%oth eh;[ﬁt E ntact primer set

reacti o r'imer se I'S indicates that

GST pi is in an accessible chromatin structure in Hela cells. (g@g 1511 Fi gure
11 sumiié¥esFighee Lhdhows dhesierilisedd thpapasitive coniralgractionpanal wing gt GAPRH yes

a[)et Lge%elagr %glnlte?&ﬁ)ngfwﬁlg {xtEatSotWeetotap ltntaQ:f‘@% V@é}@ s R dpaccessi bl e

ucl ease e total er of coples as determ ned by
t hel0" t dlakévep) fonsactsats. W1Exaniph1e e idadtaCtushifred tdvitlelrighn ipdiosinettbatahereer cel | s

[ 0158] The net hods escr | so applied to di.fferent. cell
types tBadEERREHEN %h ?regéﬁg?éﬁﬁvéfA]?? ?‘@F&t %‘HaCtCSSSgQ?)FI%@Qta R for
GSTPI . Juweugce! ! types were used: RAPE-I cell s whi ch are derived from
non- cancerous human prostate, and in which GSTPI is hi ghly expressed; and

B N AN R R T E N

anal ysi RWaHE-1 s Bné, ehd ﬁltawcestﬁﬁé@t@tth@hgm iashdgesoncdefleralyaee In Eogtise id 2
shows the control reactions (i.e., for the henpgl obin gene). In both cell

|i s, thheanterqus LAYCaPcelldineghersitass Chilidnahshange yoran apRiccipRieexiehe Witre as
t h_ose nh@at%gﬁ}ﬁ%STyf% fu? :Caceg{)fﬁt qgtotn?z\tlglﬁ WPE[ 0 1@8% cgln 1'119(9:'6 Eng t hat

this ene e Mihaccess| b 1" nes ure shoms t he
resul tSCt@émtaﬂ‘heupDNCthellscont rol reactions analyzing the GAPDH gene. For
reactions w thout enzynme, both the total and intact Cs were about the

sane. I \ﬁg M ThERex & E %Q%ré’\ﬂeﬁ&t%%meg hg uftn@&} ofthe$Bduli 8 dnBwhhe

right, I'cati ng ere
in Figure 15, again w1th the percentage of copies that were inaccessible (or “locked”)

20  calculated.

Example 4: Data using DNase 1
[0163] This example shows data from use of the method where DNase I, rather than Mnll,
was the nuclease. In this example we analyzed four human cancer cell lines: Hela (cervical
25  cancer), PC3 (prostate cancer), LNCaP (prostate cancer) and HCT15 (colon cancer). We also
analyzed the same genes that we analyzed in the MnlI example: HBB, GAPDH and GSTP1.

[0164] Because DNase I does not digest DNA at defined sites we could not use the same

data analysis strategy we used as when MnlI was the chromatin structure probe. Instead we

utilized an epigenetically silenced reference gene (HBB) as an internal control that reflects
30 the extent of digestion of inaccessible chromatin. Using this strategy, the chromatin structure

of specific target genes can be determined as detailed in Figure 16. Figure 17 is a schematic
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was | ess intact DNA and therefore that the GAPDH gene was in an accessible
chromatin structure. [0161] Figure 14 shows data fromthe analysis of the
GST pi gewe.2olwnesise non-cancerous RWPE-I cell |ine, thePCmusee@s442hi fted
to the right in the presence of enzyme. In contrast, in the cancerous LNCaP
cel | | idepictitveof tht geiies@halgell amitthe heagen ofthepriagepr wed abissessxhematinThi s

i ndi cates that GSTPI was in accessible chromatin in RAPE-1 cells and in

i nacceS¥PHPE- chromatin in LNCaP cells. [0162] These experinments were
repeated four tines. A summary of the results are shown in Figure 15, again
with tHe1¢598r censtage iofFigopil 8sDNhst] dignet digest S8 ioneapposciablesesieen iy all

cal cul at ed. anpl e 4: Data usi,ng DNase 163 .S ex | e dat a
from yscgﬁgxpes%lée%?q%@s%@fg “ENS%& cprvep 3151\% OW{LWI B r,es‘slva[rgldf%ge@ﬁ%% ease.
In thi 788 R 8 MR caRd1Y aa8mhad to iR G cell @inks dddnesidateleltaudechravi cal

cancer), PC3 (prostate cancer), LNCaP (prostate cancer) and HCT15 (col on

cancer yrefertcapes cantibl ZBse rrsulssare alje saBectasecarseHRP yaRIIA; i nptfpRassad

exanpl e; HBB, , GAPDH and TPl... [ 0164] Because DNase | does not digest DNA
at def ilﬂéﬂygwjgsseﬁlﬁl@(%pﬁ%%q SB‘I';sv‘e’n‘he sane data anal ysis strategy we used

as when Ml was the chromatin structure probe. Instead we utilized an

epi gendP1e8| | Quisinabliised P SPERE sengehehriBm) Figdreds. Inallreldineg 8ist a8 Ve hat
refl ecttﬁattt{??e# %ﬁs&% fhvedk 9253159&99&%1&{&%&? RIS dRMHOREdaR cdded Agid hi s
y e chr ucture o

strategy, omatin's specific target genes can be

detior mingiicathad@ARDIED ih An kt@wsible throntkitputiacthye insallecefldinesma T hesd egriuls pen  of
the genes anal yzed and the |[ocatjon. of the priners used to asses cq omatin
st r uct rEeCtEagsapseAIARRENS 2 RORseherPang gen Sy qXpEﬁsﬁFdr}Btm?ﬂ’dgg‘ft aﬂBﬁ { o an
appr eCil%g??a%ﬁ‘&% \;vﬁr).all cell Iines (the no nuclease and + nucl ease curves
al nost overlap). Thi S result indicates that HBB is in an inaccessible

chr onat onf.| ation.in all cell..lin nd validates i.ts

ref er erfgg‘s-éené_bggLFP%ﬁA lsl'??gjsr%ss?(gﬁdl{fgmgﬁgvgf gbt\ﬁ %B%X%eed(sf eglelhnaeg'ﬁel%%%?mm i's
not expessseklistxprys RishbhRBAtsGEISTHINGRNAIPCE d208 esitew ) moddddib Gnobur

anal ysis of the PDH gene is shown in Figure 19. In all cell lines we

obslér v eaberthalfieé that fyverdablelacand ECTES eglighpnd b%lﬁ_fgil))?.elﬂﬁ @h’lﬂQ@ﬁPW? @ellBlive to
(1 o, HSLERER, G P 3aba, GOERALA g omsasto
structure is shown in Figure 20. In Hela and HCT15 cells we observe that the + nuclease
curve is significantly right-shift relative to the no nuclease curve implying that GSTP1 is in
an accessible chromatin structure. In PC3 cells we observe that the + nuclease curve is
20  moderately right-shift relative to the no nuclease curve implying that GSTP1 is in an a
partially accessible chromatin structure. Finally, in LNCaP cells we observe that the +
nuclease curve and the no nuclease curve almost overlap. This implies that GSTP1 is in an
inaccessible chromatin configuration in LNCaP cells. Significantly, we observe an excellent

correlation between GSTP1 chromatin structure and GSTP1 mRNA expression in all cell

25  lines analyzed.

[0168] Figure 21 shows a summary of results. The percentage of inaccessible DNA was
calculated as described in Figure 16 and is shown as “locked” chromatin. The relative level
of GAPDH and GSTP1 RNA expression was calculated by analyzing mRNA isolated from
the different cell lines by qRT-PCR by standard procedures. The results indicate that target

30  gene chromatin structure correlates well with the level of target gene expression. This implies
that the assay described represents a useful tool to assess epigenetic effects on gene

expression.
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expect ed because GAPDH i s a "housekeepi ng" gene that is expressed in nost,
if not all, cell lines (data not shown). [0167] GSTPI nRNA is expressed at
di f f er entwbevsl®sion t he anal yzed cell |ines. Hela and HETIAISec@bloss4eXpress

hi gh amounts of GSTPI nRNA, PC3 cells express a noderate anmount (about half
of t hatSumomady i n Hel a and HCT15 cells) and LNCaP cel I s do not expr ess GSTP

et omat RO - BRGFE P G P bl P S e e RPN ALR e

obser van chdred B&lst OWGk&FTfctddeVeral BdvenGiaed bR Bitey clirogitin Sﬁh(fttlreraeée@tl ve to
the no nuclease curve inplying that GSTPl is in an accessible chronatin

st r uct UPkino, §.TPG3 abeMPélems‘é(w &340 R8T Ofingt, 8els @ng Py W hidodkplfer at el y
ri t- t
O S LS £S5 B, ST,

obser ve16t7®t4419m503 (2003 Sa8 gore U A § eedl] Mdikod3 @ 1(B) (20262000 )y.eMaknost over | ap.

This inplies that GSTPI is in an inaccessible chromatin configuration in
LNCaP cégnificansly giiour peasequre Weeligss ghrpmalip inReraleplifigedesils dt 9pg 3P Betiteen

GSTPl  chyy 91?@'%%%1]&% rg@lfg I‘g.l %ﬁgﬁj%-gﬁlw ﬁff@sr S 1 Wby ﬁﬁo?c' tllmg &hd mbtdnes

anal yzed. OWs a su ry of resu is he percent age of
[ PaCﬁegﬁllbﬁestﬁNﬁgMeMI buhdalitheh, asr piéser sebdebigmrebilgune rﬁcﬁeamjlrats aghown as
ocke chromatin, The rel atlv | evel of PDH and GSTPI RNA expression
\Naslocalleifpé?tne‘!&oﬁ%‘io Maﬁsﬁﬁlﬁﬁm rqr%a&nffé%fsﬁﬁ?h the different cel IO | i nes by
gRT-PCR by standard procedures. The results indicate that target gene
chromatin structure correlates well with the I evel of target gene
expression. This inplies that the assay described represents a useful tool

to assess epi genegidgn dﬁtztse%ﬁaﬁéh GEDSesIIVASHétRylafpary [0169] Ve have
devel oped a rapid and sensitive assay that can assess chromatin structure

in cul tO1& cénpféler Qlicaiinaf the pepant suiparien isdadairimaigeshobb Bethlation, omat in
structure a I
i no, iy SRS SopiRlinse Bl DN RbpAiGh R 85 Bt Tose
Ealol,S S.of c@tosETth@kl& 5I pdiﬁiit&%ﬂ tlr? gg&lﬁg@;ﬁ;?}eéh%% Eymzinel DNV (rig)hyltida-iS03pl{ca@a1) ;

il gore, J. et al., t hods 32 (2007)). i tl i
our pr d@é%#@lq&egeaﬁ GEHLCHI SRETH %ﬁmﬁfé’lr?ré‘%‘i(f?riti’ééer&?% Fv?émi'm%ﬂwa %@g?ﬁfﬁ "
situ. QSQ&rxatQé Qﬁﬁ%‘dﬁﬁﬁ PBAE RHGh&fiE SREAL sARsMh Bl Tafbh &% mor e | abor,

nore tinme and
previously descnbed procedure is followed up to, but not including, the step of PCR

amplification. The purified genomic DNA is then modified by bisulfite, using standard

20  procedures, such that cytosines that are unmethylated are converted to uracil and 5-methyl
cytosines are unchanged. A primer set that targets a specific DNA region is then used to
amplify bisulfite-modified DNA purified from cells that have been treated with a nuclease.
Thus, only DNA that was originally in an inaccessible chromatin configuration, and thus not
cleaved by the DNA modifying agent, can be amplified. The amplified DNA is then

25  analyzed for DNA methylation by standard procedures such as melt curve analysis, high
resolution melt analysis, bisulfite-DNA sequencing, digital PCR, methylation-specific PCR,
pyrosequencing etc. Such analysis can determine the DNA methylation status of inaccessible
chromatin regions and can provide valuable information regarding specific patterns of DNA

methylation associated with epigenetic gene inactivation.
30

[0171] It is understood that the examples and embodiments described herein are for

illustrative purposes only and that various modifications or changes in light thereof will be
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cells as starting material. In addition, our prinmer set design results in a
nore accurate and internally controlled assessnent of chromatin

accessi biwptgro/dezmapl e 5: Variation to assess DNA net hylPariusro00044403

Anot her application of the present invention is to determ ne the DNA

met hyl asUggmteslttapensomf skilllesldo ¢lssarbhred zcrh rccmhamcmdﬁfé yiitbimsthe BpiAt amd pryvigwi &n

refers e natur nEt ation t t he 5-posit 0 generate
5ot hy S eyR G AB i ExgaPRaL T B e oy up BerionS B Ra i et ne

activi ta%’; H&ﬁiloﬁb&%m{e'réln Sk Hé@éWlﬁeoxﬁ&%ferdWreﬁ?éﬂcgErﬂﬁleﬁfen% feuhyl ation are
associ ated w th human pathol ogi es and specific disease states. In this

vari at ippmpaspe previ ously descri bed procedure is followed up to, but not

i ncluding, the step of PCR anplification. The purified genomc DNA is then
nodi fied by bisulfite, using standard procedures, such that cytosines that
are unnet hyl ated are converted to uracil and 5-nethyl cytosines are
unchanged. A priner set that targets a specific DNA region is then used to
anplify bisulfite-nodified DNA purified fromcells that have been treated
with a nucl ease. Thus, only DNA that was originally in an inaccessible
chromatin configuration, and thus not cleaved by the DNA nodifyi ng agent,
can be anplified. The anplified DNA is then anal yzed for DNA nethyl ati on by
standard procedures such as nelt curve analysis, high resolution nelt

anal ysis, bisulfite-DNA sequencing, digital PCR, nethylation-specific PCR
pyr osequenci ng etc. Such analysis can determ ne the DNA nethyl ation status
of inaccessible chromatin regions and can provide val uabl e i nformation
regardi ng specific patterns of DNA nmethyl ation associated with epigenetic
gene inactivation. [0171] It is understood that the exanples and

enbodi nents described herein are for illustrative purposes only and that
various nodifications or changes in light thereof will besuggested to
persons skilled in the art and are to be included within the spirit and
purvi ew of this application and scope of the appended clains. A
publications, patents, and patent applications cited herein are hereby

i ncorporated by reference in their entirety for all purposes. WHAT IS
CLAIMED IS: L A nethod for analyzing chronosomal DNA , the nethod
conprising, a. simultaneously: i. perneabilizing or disrupting a cel
menbrane of a cell; and ii. contacting the cell with a DNA cl eaving or

nodi fyi ng agent
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under conditions such that the agent cleaves or nodifies the genom c DNA in
the cell, wherein different regions of the genomic DNA are cl eaved or

nodi fi ed wo 2a10dicffeer ent extent by the agent, thereby gemeratseeng/ocisenved and
intact DNA regions, or nodified and unnodi fied DNA regions; and b.

det ect i WHAT dghaMAIMEI»IS:at | east one intact or unnodi fied or nodified DNA
region or cloning, isolating, or nucleotide sequencing at |east one intact

or unnodi fied or dified regi.on. 2. The t f claiml, conprising
correl ating the qﬁgntiéﬁn%gaﬁ%“Fgﬁg?n%ﬁ@DPﬁ§%g%J§$guﬁﬂ%ﬁ?&?ééogwns ified
DNAx egi on to chrgmatigmslthsteuslye of the DNA region in the cell. 3. The
met hod of claim 1, conprising detecting a quantity of at least a first

chr dnosonmal i ntact or unnodpdrineebibzingwd lsiuptinprack arpndnaneref 29¢8; sk ond
chrgmosomal intact or ynnodjfie [ if..e ]rﬁg' X . ing the
quarﬁi ty of the first 3ind sceoé%ancqn%f\]ﬂf%%ggvf%hngpwc eh%é{ﬁgglqgﬁ Q%B%l{tm 1,

cony i siit@r gotaitiodssuetgthahide ageteleatds drimi@lifiesahp g@sontit DNA i tie cehy omosonal
DNA regi on and a second chronosonmal DNA regi on, thereby assessing the

rel & i vehereediffpisni regipng pf thegepempistDNARre eleayed anpodifics oricditfgrephextenia

cl eayi : |, A J: 0t L,CiDNA s
s at ogy B ERen ek ROl o iy PAOS ki, QPnBFRRT b 67 The
met lfod edmedifiedDNA vdpgoe] andt he cel |s are permeabilized and contacted with

the DNA cl eaving or nodifyjng agent ilJe the.cells are. _directly. or

i eet |y adhereht ¢ otciFrRei Mg o GLieRuoae it st iodiprd Shandlior ol ai m
1, mﬂerﬁm; ﬁ)n%rciq?ﬁ?é, lidofdihg, SLRRILARP S ReRifORIALE bAbintReoL@ihoditd an
agent that perneabilizes the“cell nenbrane. 8.7 The method of claim?7,

whetlei not inedifigé MNA hegiomper neabi | i zes the cell nenbrane is a lysolipid. 9
The met hod of claim8, wherein the lysolipid is |ysophosphatidylcholine.

1 2. The method of claim 1, comprising correlating the quantity of at least
2 one intact or unmodified or modified DNA region to chromatin structure of the DNA region

3 in the cell.

1 3. The method of claim 1, comprising

2 detecting a quantity of at least a first chromosomal intact or unmodified or

3 modified DNA region and the second chromosomal intact or unmodified or modified DNA
4  region; and

5 comparing the quantity of the first and second DNA regions.

| 4. The method of claim 1, comprising quantifying the number of intact
2 copies of a first chromosomal DNA region and a second chromosomal DNA region, thereby
3 assessing the relative accessibility of the first and second DNA regions to the DNA cleaving
4  agent.

—

5. The method of claim 1, wherein the genomic DNA is isolated after the

2 contacting step and before the detecting step.

1 6. The method of claim 1, wherein the cells are permeabilized and
2 contacted with the DNA cleaving or modifying agent while the cells are directly or indirectly

3 adherent to an artificial culture surface.
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10. The method of claim1l, wherein the perneabilizing or disrupting step
conprises disrupting the cell nenbrane with a nonionic detergent. 11. The
met hod ofwol2aiomeifss wherein the nonionic detergent is seCeaSeaofosanst he
group of NP40, Tween20 and Triton X-100. 12. The nethod of claim1l, wherein
the cell is contacted with a DNA cl eaving agent, and the DNA cl eavi ng agent
is an enzynme. 13.7.The Thettasbobdf diai hnwhereih sheepenmephiliziag btep so@priseict ed wit h

a nodj fying agent, and t DNA ifyi,n ent. is selected fromthe
v oty conariad g 387 Vi sBegh Py R pu B e W AT 7V 1 mg e cal 14,
The met hod of claim 12, wherein the DNA cl eaving agent is a DNA cl eaving
enzyne, the nodi fg cat imRsnéthod beclganDiiteréhitheadg@nsihheserinbsibzdshike &INA has
been cl eaved; and the detecting step conprises quantifying the anount of

i nt dct reyphiase isfa lysamrd-r egi on after cleavage. 15. The method of claim 14,
wherein the detecting step conprises quantitative anplification. 16. The
met hod of cl ai m 45, whgl.ah AnGYaA iR WRralRld fiqRidan i s selected from the
group consisting of a quantitative polynerase al'n reaction and a

quant i tigédphespghagdglctantineedi at ed pol ynerase chain reaction.17. The nethod of
claim12, wherein the DNA cleaving agent is selected froma DNase and a
restriction enzyng. 1 The thqd of clai.m 13, wherein. the DNA npdifying
agedt is a nmethyltans ‘t—‘?ﬂﬁ%%‘%?ﬂ a‘r%&i‘ﬁ‘eé%ﬂpit%%p?rglegblﬁé’flﬁﬁ ng&)&gg%%pa
nucheotdagfrists @siiPGhEedlicdR nkQWBIANRCRIth RabnibRiel dtddgdntbe net hyl ated by the
native nethylation enzynes of the cell; and the detecting step conprises a
met hod of detecting the presence or absence of the nodification. 19. The
met Hod of clai m 18, whEteanethodef ¢lainn {.twhareip dharanionic dpigrsgat inyelestathst er ase

and t e, UL & LY BENBAG PrwaiBh biferifn®@Mopg the modified DNA with a

1 12. The method of claim 1, wherein the cell is contacted with a DNA

2 cleaving agent, and the DNA cleaving agent is an enzyme.

1 13. The method of claim 1, wherein the cell is contacted with a DNA
2 modifying agent, and the DNA modifying agent is selected from the group consisting of a

methyltransferase and a DNA modifying chemical.

1 14. The method of claim 12, wherein

2 the DNA cleaving agent is a DNA cleaving enzyme;

3 the modifications in the genomic DNA are sites where the DNA has been

4  cleaved; and

5 the detecting step comprises quantifying the amount of intact copies of a DNA
6  region after cleavage.

—

15.  The method of claim 14, wherein the detecting step comprises

2 quantitative amplification.

1 16.  The method of claim 15, wherein quantitative amplification is selected
2 from the group consisting of a quantitative polymerase chain reaction and a quantitative

3 ligation mediated polymerase chain reaction.
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restriction enzyne that recognizes a DNA sequence net hyl ated by DAM

nmet hyl transferase. 20. The nethod of claim 18, wherein the

met hyl t r anef2erzwe26adds net hyl noieties to cytosines in PRAVESaaI06S2S
detecting step conprises cleaving the nodified DNA with a

met hyl ati on-specific restriction enzyme and/or treating the npdified DNA
with bisulfite 27 TrBhemsethodiobelaion 52 rwhereinies BNA ¢lpryIINEeRDEISEGFRY agent
is 2 _nﬁlrecu[%s gr S&ﬂ toc hi ndrance relative to chromatin structure,
wherei i'tHé 85‘8?1 PHMMERE TS a DNA nodi fyi ng chenical . 22. The et hod
of claim2 1, wherein the DNA nodifying chemcal is selected fromthe group

congi sting of di m hyl Tisuhé@be obeidinhyslraizireie: 23. The met hod of claim 1,

wherein the detecti %ste conpri ses quantlfyl ng at least a portion of a
tardet DNA regi ortha RINAMAddyme agewds aithdralsieassi r ol DNA regi on, wherein

thescontrol DNA rtﬁg LR ff’c%ﬂ?ﬁ issaerﬁeﬁxagxgﬂg IBﬁ i%intuQEBtu'leSmQJ ﬁd&f‘erotllie seqEf@SSi bl e

in éssentially al cel't an ani I naccessi b In nost cells of
an dani raht w@dd ndtie methpadtddly the astivelnethilation nnztymesocﬁttteraall @NA region is

gquantitatively anplified using each of:primers that rlrre a flcat on of
a pértion of theE%ﬁ??ﬁanj@ ‘%’&?rbgﬁsﬁﬁﬁ'gh@g%i elesting Ipﬁ%fgn%f;n%c?{b@%’tcf;g
modigf i Ctﬁ&hf?)'&xf?da%@no‘c the DNA nodi fying agent; and priners that prinme
anpllflcatlon of a portion of the control DNA region that does include at

| east one potential nodification site of the DNA nodifying ent . 25 The
met Hod of cl ai m 119.whelld methhd oblaimd 8 hyhereinghe thwﬁéanﬁfqmsﬁéig?

ggh ' (Tﬂqﬁ gy][n%lgsfﬁ%g\e Q?&gl f y%):ga&\rﬁ c%?ﬂperlls%sncglgé\ﬁrrl_%ﬁl% Qno%%&?ﬂﬂ% v??lg éis

contzact jeRtgictihiCerdzyhRGhatBBd M el a DA |sé<}deﬁce Aéthylknel UEEDAM anhyd)tJralsfaréﬁG,
further conprising determning the ting terrperature of the

bisulfite-treated DNA and correl atln the nelting t?n;p }tatursI F
predence, absence?0.or g Bthodpf pym t‘f‘i?‘i’rﬁltnlt fmethyltransierase a ds methy

2 moieties to cytosines in DNA and the detecting step comprises cleaving the modified DNA
3 with a methylation-specific restriction enzyme and/or treating the modified DNA with

4  Dbisulfite.

1 21. The method of claim 1, wherein the DNA modifying agent is a
2 molecule having steric hindrance relative to chromatin structure, wherein the molecule is

3 linked to a DNA modifying chemical.

1 22.  The method of claim 21, wherein the DNA modifying chemical is

2 selected from the group consisting of dimethyl sulfate and hydrazine.

1 23. The method of claim 1, wherein

2 the detecting step comprises quantifying at least a portion of a target DNA
3 region and at least a portion of a control DNA region, wherein the control DNA region

4  comprises a sequence that is either

5 1. accessible in essentially all cells of an animal; or

6 ii. inaccessible in most cells of an animal.

—_

24.  The method of claim 1, wherein the control DNA region is

2 quantitatively amplified using each of:
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28. The nethod of claim 1, wherein step b conprises preparing a library of:
intact DNA regions; or nodified DNA regions; or unnodified DNA regions. 29.
The met howoabiodléadiom 1, wherein step b conprises contact Pag/uskodomesi2s one
intact or unnodified or nodified DNA region to a library of polynucleotides
und@r conditi ons primeas thanpfioe ahmtifibaiiomaifiaq:rmrtdxfn ¢ftibe Otrol ENoregian thate or

m)r menber s, of the | i brar detecting h of the regi on
ghe one SleHRt énﬂ’é Pt mﬁ Oﬁﬁé"aﬁgflﬁ’g%lo%ﬁlb’ ﬁ&(& M‘WF@P?\“ he I|brary

'S grgani zed on g e Hﬁf péhe adblififQiRon TRk Gf oﬁh@béﬂt?@l]ﬂm@k%c?h @hep b

conprises anplifying at |east one intact or unnodified or nodified DNA

regbon. 32. dpheinehidhatileast cnk potential mpdifieitionssite pf hed INApmerbfyingagenot i de
sequenci ng at Ieast one intact or unm)difi ed or nodified DNA region.33. A

kit . for determni acg hr 0 a DNA
rmdilfyi ng agent, he Ll]iei-{ tﬁ%@?@?lﬁ@ eé?lfl tﬁ%ﬁ@r‘g ane gartlr(%ea ﬁ\%@?} é\g or

di SQuptreg[gnm@rmI@dr estriction enzyne or a DNase. 34. The kit of claim 33,
wherein the cell nenbrane permeabilizing or disrupting agent and the

restrlctlon enzyne or DNase are in the same container in the same buffer.
35. 1The kit of cl% m e mptbe@phclpie2derhersd Msp dner PRy TR aBNAGUFRARE or

di spupt riGits te
contay nove. PER DN ek g B A b P Yr AR DIRAL 57, he
kit 3of badudfiter 33, further conprising a primer pair for anplification of a

regi on of genomc DNA of a eukaryote. 38. The kit of clai m 33, conprising:
a. priners that i i,on Mreglon
t hat does not in ude ?tgﬂ‘gpg?la%g%’ffa‘ég‘?r C8H1p§lis da'fer]inﬁlén%%&?gf yi ng
agent ; temperature of the bisulfite-treated DNA and correlating the melting temperature to the

3  presence, absence, or extent of DNA methylation.

28.  The method of claim 1, wherein step b comprises preparing a library
of:
intact DNA regions; or

modified DNA regions; or

N AW N e

unmodified DNA regions.

29.  The method of claim 1, wherein step b comprises contacting at least
one intact or unmodified or modified DNA region to a library of polynucleotides under

conditions to allow for hybridization of the DNA region to one or more members of the

S O N N

library and detecting hybridization of the DNA region to the one or more members.

1 30.  The method of claim 29, wherein the library is organized on a

2 microarray.

1 31. The method of claim 1, wherein step b comprises amplifying at least

2 one intact or unmodified or modified DNA region.

1 32. The method of claim 1, wherein step b comprises nucleotide

2 sequencing at least one intact or unmodified or modified DNA region.
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and/or b. prinmers that prinme anplification of a portion of a control DNA
regi on that does conprise at | east one potential nodification site of the
DNA nodi fwongieagszss. 39. The kit of claim 33, conprisi n@CTAIS2@wionErs t hat
prime anplification of a portion of a control DNA region that is not
accessible to the nodi fying agent; and/or b. prinmers that prine

anplli fi cation of 33.porAikdrfoofletarnpomigrthd adospsibikiyiadn lodvstoni aschaeoessieiba t o

the ZnFDdll){\ﬁ/AI rrrllgdf?%%g tagent, the kit comprising,

3 a cell membrane permeabilizing or disrupting agent;
4 a restriction enzyme or a DNase.
1 34.  The kit of claim 33, wherein the cell membrane permeabilizing or

2 disrupting agent and the restriction enzyme or DNase are in the same container in the same

3  buffer.

1 35.  The kit of claim 33, wherein the cell membrane permeabilizing or

2 disrupting agent and the restriction enzyme or DNase are in separate containers.
1 36.  The kit of claim 33, further comprising bisulfite.

1 37.  The kit of claim 33, further comprising a primer pair for amplification

of aregion of genomic DNA of a eukaryote.

1 38. The kit of claim 33, comprising:
2 a. primers that prime amplification of a portion of a control DNA region
3 that does not include a potential modification site of the DNA modifying agent;
4 and/or
5 b. primers that prime amplification of a portion of a control DNA region
6 that does comprise at least one potential modification site of the DNA modifying
7 agent.
1 39. The kit of claim 33, comprising:
a. primers that prime amplification of a portion of a control DNA region

that is not accessible to the modifying agent; and/or

b. primers that prime amplification of a portion of a control DNA region

(O B R VL

that is accessible to the modifying agent.
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