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METHOD FOR DETECTI ON OF ALKYLATED CYTOSI NE | N DNA
FI ELD OFTHE | NVENTI ON The present invention relates to
woreiolkoassf or det ecti ng al kyl ated cytosi ne i n DNAI/AU2004/000900
Met hods of the invention enploy enzynes that
differentially nodify al kyl ated cytosi ne and cytosi ne.
The presence of al kyl ated cytiosine in DNA is
deternmi ned by evaluating the | evel of enzymatic
Modi {1 CRIETHR FoRETERAY DF MK ATES VD SHIE A DA
DNA with at |east one such enzyne. The detection of
al kyl ated cytosine in DNA is useful for diagnostic and
HEﬂfhﬁﬁTgH F8FoNBACKGROUND OF THE | NVENTI ON At | east
seven different coval ent base nodifications have been
identified in prokaryotic, eukaryotic, bacteriophage
Thegpragent inventipn grdateniognethpds for drfeghes alkylated qyinsiieynLBNA.
o B e Y bl lated cytosine
anddiyhesihes Fheqeresentd offvdlsyliged ny toyipe i BN As isdletdrained by evaluating the

leveg%% QXZ' %At?cnmgc%%igzgeu{?rﬂsof %ltea%N% foﬂlo i \gg?m%on of the DNA with at least
ranseri ption, Xchronosone | nacti I'on, genom ¢
one stph entying , Thead dtedtioh o alkplatest dyoosienid DNAvsInsef@fesdiggnostic and

héﬁ%' The abnormal phenotype of cancer cells is due to
otheh PRSI ve and /or quantitative change.

Sequence- based qualitative changes (genetic mnutations)
BAGKGROUBDOFTHEIINVENBIONENONM ¢ DNA and this has

facilitated their detection and characterisation. The

i nheritance of info tion,.en.the,basis o ene. .
Al et el Bt Bt iions beveiogp funefiRg in prokaryotic
eul@y}fqdbﬁ:j E@t@ﬁ»‘p%Sgé dndYee hRhlogeacirds ¢IaN IrEIfﬁi%héﬁ oréipd @gdaﬁ}tdtés the most

i nheritance by altering expression o epes an .
abundghsovalentn o st Ryraeiaiptedpred frip ggrresain CpC
dinfE¥bSARN 1t KB BE&K hfthisha Vet ReQRyIhfiGAPARIchy piah aWbletif gene

har bour both genetic and epi-genetic nutations. o
trangegplier t dremiopemeinagivaiinaogasiop pmprdting gl diffegentiation and

?Qg dthes relating to nethylation patterns. They
tu re%gﬁétl%@'have bot h wi despread genom c

hyponet hyl ati on as well as nore regional areas of
Théahpermmet phydratyipsref cancer @Egisdi torguehiatise ped/ ayfquantitative ghange.
t . i .M i er .
sediBELOAEHEERE | AhA Bl BT S OB o pmic DA
and thés lbsviacilitetpd their datedfort dvel daracksisetioh. ithegaheitafite of information

ernethyl ation can ,serve as.an alteynative nmechanis .
on BT B S BR R Eu oo Sen bR P8 Bases in
nucleic acid can effect epigenetic inheritance by altering expression of genes and by
transmission of DNA methylation patterns through cell division. Cancer cells have been

frequently shown to harbour both genetic and epi-genetic mutations.

Neoplastic cells simultaneously harbour multiple abnormalities relating to methylation
patterns. They frequently have both widespread genomic hypomethylation as well as
more regional areas of hypermethylation (1). Regional methylation of normally
unmethylated CpG islands located within promoter regions of genes has been shown to be
correlated with the down regulation of the corresponding gene. This hypermethylation
can serve as an alternative mechanism to coding region mutations for the inactivation of
tumour suppressor genes. Examples of genes which have CpG island hypermethylation in

association with human tumours include p16 (lung, breast, colon, prostate, renal, liver,
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tunour suppressor genes. Exanpl es of genes which have
CpG i sl and hypernethyl ation in association with human

wo 003381 ncl ude pl 6 (lung, breast, col on, proRCEAB2004/000900
renal, |iver, bladder, and head and neck tunours),
E- cadhen (breast, prostate, colon, bladder, |iver
tunmours), the von Hippel Lindau (VHL)gene (renal cell
t unour s (breast tunours), pl5 (Ieukem as

blagsigrkand I)1¢aylm@|dm¢als Sumemn)E-qagbemnbreas prestetastolor; blagder, liver
mn#défr%%[ {h‘é%Hﬁrﬁg?Eﬁ'\ﬁ%ﬂ ?ﬁ)lL) ghg(reﬁﬁrcéﬂ %m%@?%‘]@@& ALt

tunmou t tuno (prostate

tuntammeup ) (JeuBBmbASMF Ukt Hinmphamas) hdILHT (xjotnrt),cER tbreast, colon, lung

carci nonma, .| ' and |.adder
ran 2 Gl dried ElhAEToR e e Shear HPR Blpabt tumours),
GSMQpﬁJ@tét%JM@Q(DEMUMdT(th tndde) elititdrtn (@Rtifidhat e

to neopl astic pr essi on For i nstance, the urokinase
leuksgay 'élllcbﬁbl’ovﬁéblﬂﬂgﬁﬁéumemﬁé (Ih§hermet hyl ated in early

stage, non-netastatic breast tunmour cells but was

Thd O RQERE Btk Alothak AIsBIHLEEM Y @E@%mrwy @ﬁ@%%oﬁiéfﬂ%ﬂlaﬂb%'lé fhought

Simlarly, hyporrethylatlon of ifon within the

to qﬁe%rélﬂt%@ @oab%@;mgwmsmoﬁmgétﬁewn&@ Ltre asfefe frdasidzwas found
to b% Qﬁn&ﬁ A i %Iﬁl tIQgQ %oﬂ%%tgﬁgﬁcotfl‘ebﬁ t&:ﬁbglncells but was

ocarc noma ce nes ast el g
hypiqrm«!rthyletw inbightydmetaatatin rasst tamse geltsd#). \ﬁamnlaltly,dw@omethylatlon of

are lo::?o 1tﬁlglq‘égﬁ{e?arsl¥a%%h§g‘@ma%d %00@%@(&@ lﬁe%h%?g&% %%cﬁésetﬂe

ases
medtdnisnt meanmivadnosaﬂ\z@lnn ademcamirtopran@lldfnes (fci ficity,
resolution, sensitivity and potential artefacts. The

At %g%t%}%lﬁt Lhﬁcfge rﬂé}h?%ﬁ yI:OIn C o %?I%li v%réa%ogﬁs %?va g%¥ac§ar1satlon of 5-
meﬂiﬁﬁﬂy&?ﬁﬂe&ﬁ'&ela&ﬂtrﬁ@dlﬁétﬂ] buee al DN_Aoger@m (Bt Baeh hgthodriths

then fr ati ng and ana the ositjion b .
advapganiaf ﬁl@f SoLge Al Gt 6 éfsgi%ff%pﬁms’é@etg 2| gotential
artdFh@h pressure liquid chromat ogr aphy) Thi s approach

quantifi es the anount of nodified bases present in the

enone, but does not give any information on whi %
Theptgﬁ%l ngfleicipgiddhase FRMPRLIQ) fg $eaPMp cADBE flptegmined by hydrolysing

DNI;A UL c%ﬁ&ﬁtﬁ@n&ﬁf&%ﬁﬂ&d erﬂhéi“&HerchﬁW EN&Y,y Al cAIB), and then
det er m ned ai};ynear est - nei ghbour anal ysi's, but again

fraqtipngtingetbenabysieiibe sowppsitipn hy sand gtheds (chromatography,

led PRI 08 1R re Al VRS Gn B LI 1 8 ti
oo BB PPl Ry TR SR 5 BRROAR pevts
amyiuntue esodafiiet] bﬁshsepremgtp&teﬁnom, dobm g;‘oe anysh@amahgn on
sul t Mre Speci NRENQ X
WG B G P B BB R a0 SRPode Y
frequency can be determmed by nearest—ne1ghbour analysis, but again this method
produces only limited sequence information. Neither of these methods are genome

specific, and contamination of samples by DNA from viruses and other endoparasites can

lead to misleading results.

More specific methods exist which can provide data on exactly where in the sequence of
the genome modified bases exist. Genomic DNA can be analysed by restriction enzymes
that are sensitive to methylation. With this method, however, the number of sites that can
be examined is limited by the number of sequences recognized by methylation sensitive

restriction enzymes. Sequencing would provide sequence-specific information, but
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the genone nodified bases exist. Genom c DNA can be

anal ysed by restriction enzynes that are sensitive to
woretokpbasi on. Wth this method, however, the nREiyapD20#/000900

sites that can be examined is limted by the nunber of

sequences recogni zed by nethyl ation sensitive

restriction enzynes. Sequenci3ng woul d provi de

sequence-specific information, butnethylation patterns

methylatioptrapiersare et rIgservRy PoROFCRALheD RekarpetieDINAsiagplified
in ARk fh.ed hl&ug@%; 1cguﬁé;r ough nol ecul ar cloning. It is

necessary to erentially nodify the bases, in a
nmet hyl ati on specific manner, to produce a nodified
It isseagersacyetowkiderentiHky rnethﬁxt}@tha@em inpevethyttioh apeiic manner, to

proglﬁ%é’?% ﬁ}%ﬁl Lélh gtgenség %%geo h@%eﬁ%ﬁg{f& yﬁec:lﬁ-lehc%r ﬁ%e% e reftamed during

r ot on ana
seqdérﬁcﬁm pmmc@ls ld"éxs&: arp dwfremﬂgt these. prétdcole fthattlirely@nmnsalysxscaalf s

. vie nmodi f tion,of |nd ced chem cal
it T B 4R BO B RS PRS2t B RLP S PoeBheE oFRAA
indaegUgheRmitd Glean it of MWAHSIHW&W iy i MEché DN AB&huence.

bisulfite (HSG3 ) all differentially nodify cytosine
Hybesgr (NoHgE petangdaNated®hedyd), agd bisulthe (HEDAY hlatifffentially modify
status of the cytosine base. %dr azine has a | ower .
cytpsinglpgses ingeppmic BNdedependipg sy the metafatign siatay pbihegtosine base.
thym ne. After incubation of DNA with hydrazine the

Hy %ﬂeshaﬁ HMowét réa %g{ 51-91 eyt CRRPALL SR Sftoénl{@or thymine.
hydrazi ne-treated treated w th ot her

Aftprigeubpsioniof P&NA weih Wa@neﬁv@‘éAe@mn@j SeqHENGNS §¢lh £omparison
of tﬁ§ g?&@%ﬁxe Qieawa dﬁ%ﬁﬁ Dkl\?A g{%gt%ﬁ %1&?5’(‘11&1 Bhse- -specific chemical

azinetreate
clesrage tcbmpmytdssaillewe lmet @quemog oé dq:tléN Ago ;be siuetarmnmdp o hyldmzme-

ence
e B B SR BBt S e e S RSP PR P imbsence
or Ieﬂuéeelqutemt;n@f bagds toropsredl It@theg:@fmme&na?l‘d&tosﬂ:f&u&hghiadme specific
zi ne rot ocol pr oduces a atjve.r t .that
laddfp bt eadig oS e genreie 8. RBYR ety Eiprbrotocd
prodifadshi (@i ative ded@tHat taddlhesiwith the pREMEGY S%étHﬁcytosme

requires the generation of a positive_signal
UH?IBP%H@PS idlentaficriinn ghemsthylgtpsne Fﬁﬁuﬁéﬁﬂﬁg@aﬁraéﬁn Pb? Posiive

sighdl eﬁtﬁfmgmlb&ﬂraﬂf gé of HF&JQMEQ W R34 A8 oh Sorlth&ldeMBilftion of 5-

tenrp ate I's reéqui red. Potassium permmanganate, at
metbefbiytqslrm‘ﬁ that upf @mplaft@ EANA ésmsquizedir e, react s
preferentially wth thym ne and 5-net hyl cyt osi ne, and

h .
FoBBLES L YRS SRR U e gty
with éIqm;mlang 5geethy@wpmea aoiordy wehldy pathneriotnainsd guadte dkfter

1nc tlon otf BI\B—Q@% eart‘n%g natce t g%ﬁz& 1sb1a %eonsap h%%c%n%&ﬁnb%mpanson

savage conmpour he ‘sequence
of the pd@lﬁﬂigmldtedreaﬁerNAgaﬂaDNA treated with other base-specific chemical
cleavage compounds allows the sequence of the DNA to be determined. Permanganate
oxidation of DNA can therefore be used to discriminate between cytosine and 5-
methylcytosine (6). Although the permanganate protocol produces a positive result, and
thus has an advantage over the hydrazine protocol, permanganate does react weakly with
cytosine and hence discrimination of cytosine versus 5-methylcytosine depends on a
difference in the intensities of their bands on the sequencing gel. A further disadvantage of

permanganate modification is that ug of template DNA is again required.
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oxi dation of DNA can therefore be used to discrimnate
bet ween cytosine and 5- nethyl cytosine (6). Although
wa b@spessanganat e protocol produces a positi vePCEAULRG4/000900
and thus has an advantage over the hydrazi ne protocol,
per manganat e does react weakly with cytosi ne and hence
di scrim nation of cytosine vérsus 5-nethyl cytosine
depends on a difference in the intensities of their
BisWfitedseatmentns gerepuisdNAglegatinates ynupethplatedi eyiepinaheageandhe nucleic
. . | "
aci BE IR WAL eIy Rk Db il 1d SR Cor foutte has
littlel ectiviityatneytasimesiahsd iatdedblystresdeeDbes arsd $angarioenindotitde stranded

idte ate to aci l,, whe - et hyl cyt psi IS qp ..
DNAGs PrergRbh s abnd T st BRI, TR Benfd b8 Rodification
profiebl ek MCQBatMilﬁﬁll{hﬁ (Nag)@ﬁ) tb detkif dbu?)ler s’iié)h(iheléc(ij DINAA aﬂdr&gle
S nom oupl e . stranded DNA is prefera .denature
strange L PAGH ) PR Ie Ao DNARSs Reloni NG W P bines have to

achi®d Efcbﬁl?wrﬁﬁe BEQIeRR ComPRBS daGHiEIr Sl c?tcﬁ,hjtéadnid i ation of
to denature double stranded DNA to S|n% e stranded DNA

DN¢pfter gmgineybpione Sretaerlefor Sipudie modificopy ugpg range of incubation
timéd) %%&Q@ngﬂgoﬁﬂ%% RBUEs ihQuRARBA GYBis@LEL TP O se bet ween

conpl et eam nation of all cytosine and fragnentation

of DNA after |ong incubations. Protocols for bisulfite

Grumgdief a8k stedied sptimupmerysliinmsiforckipdfiteonediatpssleamination of
cyt: el fbxm{i E}%@h ‘fﬁoﬁ%. 1%%.\1@381[1 3t 553ELAJL b&p d'ggﬁ?qg{ra%\% bF Eﬁosine, but

unau eta studi ed optinmum conditi‘on
under thesé rdrelitiediSdtte 867 @4 thelalNAomasodegradeds Fadecig ridl deifod
that 4 .h ' bat i t. 55 99 i nat i f
st B S A B O G BT AR e
cytdsith. Was exteqyplache rate efldeintigatydredfdemeibylcytisiegi 601C is 1.5 times

. steps. _Further, 5-pethylcytasine is deam pated by heat
highir e habote asinedo] RasoeAtson ABUIAS ol BRER Freerpiesdag tee
fragherf QI STADNAMDUO theinbEsafivh Eiicd haetote &fdideli $o 1 B 20 hours to

times higher than that of Cﬁ$03|ne (9).Incubations in

achigve flf desgnigptionyolest tasiepePlsulitemod Eigaten radgiRefrRIPXigHtely 10 ng
of[%gA%%HéqodeH?aﬂ%Mﬂ RipaBS! fesgds.o be extended to

to 20 hours to achieve full deam nation of
cytosines. Bisulfite nodification requires o
Theappdibizd PB4 B§nse ena g fsepatrppgs Breés@%i]@hbls‘dﬁéﬂ ggdidication are no
| - . J
o B Ty o ob i P Sy e Ryt performed
with peinress thehayerdesigned tenieratang spedific thet ief the prisadys awgigemplementary
[hficatio r.f or. i j .
to B, kS Ql el ARl W PEARRE SRR N PHHBR B segion of
intepedt texmspliied bydM R, emedil (@rovidislyedtduite) ihenveded toettly swmesand 5-

trapd. or. the fied.anti-se strand., Wien the
el Biiris PV ETRLIo PESS - TB0 gy DI P e ore) Ganbe
subbdueMtl P sdlysed\HyQtiriard DSIA ependifgl(7) or biteAPAR- 1Bl fchniques
that produce sequence information such as methylation-specific PCR (10) or REMS-PCR

(36), and analysis with restriction enzymes (3) or methylation-specific probes (11).

Although the bisulfite method has advantages in terms of ease of use and sensitivity over
other existing protocols, potential artefacts can arise from the experimental protocol (2)
namely not all cytosines are converted to uracil, a small percentage of 5-methylcytosine is
converted to thymidine (12) (DNA polymerases do not distinguish between uracil and
thymine) and there can be a loss of DNA from fragmentation caused by the long
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met hyl cytosine is converted to cytosine (7). The
PCRpr oducts (anplicons) can be subsequently anal ysed
whgoosveassar d DNA sequenci ng (7)or ot her PCR- baB&€rdAU2004/000900
techni ques that produce sequence information such as
nmet hyl ati on-speci fic PCR (10)or REMS-PCR (36), and
analysis with restriction ensynes (3)or
nmet hyl ati on-speci fic probes (11). Althou?h t he
incidiagigh$ pndnerep molhalsaletmf@m reguised (8)+ Bhavisllgfrotngelds Ising and

lab&¥Sts | ﬁgiltz) &X oPh&hiph atﬂl%k Sé 'ag’{ ﬁ&% 8 r28tf1881%| of 11i1cubat10n in

pot ent | rte 3Ocan"&ri'se from the exper i nent
b1s1pif1tﬁhmiuzrle résd)ts am’r&ityn&d}t Tlad ﬂatec}ymttsigrse@ iaral epigenetit g¢ddiesis

uraC|I snaJ neth ytosine is

o0t pifiof doreRr BERE Fos tisio bRl ases. do not

di sti ngui sh between uracil and thym ne) and there can
DNBeexarakied Sropi ma¥p tf s e@l’dﬂfé @Wﬁlﬁ&lh%gmmeerNhMr tissue,

| ongi nc i.ons and S i ca ffe s required
R VL b SR A R
abei—’rahﬂy el ste@EediRALRUsRH tBA caiiBination 8@Sikulfitel tfealBeiUtdSanalysis

i hcubation in bisulfite before results are
Y%@B@Pﬁ@dnﬂ$H€S@aF% #-miting step in all epigenetic

studies is sanple preparation using the bisulfite

A vEREHfof 6RLInR WitIOHHRCH ity BNAe SRR &Y Rire HABRSRRY bbBS cribed.
of § eC|nens |nclud|ng normal and”tunour tissue,

Cytislina PraminaseEqufe 4 6)) sonreasts cxgdinglte uriding|and iawidaly diskribwted in
proﬂ%?o{%@ GRd %Hga}é'gotTeQ PR RE DAk dsaid 5,581, ?é’drﬁ%_ﬁg tosine to uracil.

uences u conbi nation of bisulfite tr a ment
Decxydytading Psmslrbye @@-‘8 BAadéy corererto dsoxyaytidiBe td dyoxyaridine and

Deoxgif%t%ﬁ/ateo%%as glét ac\s(;)élv (e %éoa(g s}ﬂlbcil% g)ﬁh%%ha?atm d%%egurldlne—S-

phdsphiBe 5THesb ejm;omseghbsr differetii degrh@a af sulokitrage gredificdy depkeldyng on
distriputed in ot ukar yot es

the faifie RS Spaehs Te Bl by Blne BeyRiiin g GrHaaminase to

disdPRakM E\Hetwlbdhes- ﬂ@&g‘l@@ﬂﬁie(aﬁ%—ﬁe&ryﬂcgec)sm\tﬂr&l&r unmethylated
deoxycyti di ne oxycytldllate

0X i di ne and
anafSgat RLESEURY BRI CRERRy & SiRacts AReHi f{gdighng Tdeqnpinase from

hurgﬁ%)%)éH ISt Rt wi BI\RSPAR e cicH P SRENEYIB i dPMO¥¥rivatives including
di fferent degrees of " substrate speci ficity dependi ng

cytesing Heoxgeytidine ahdihaetbylayhidine tHe 1@k idyitesinePeanyinpst frem
PR S YL 8 LR PESRL e BLORE by s o
only Iaee Wt@ﬂmmmv@sfedeaﬁatccgw@eaasn@a ity ’drteésngus Aspergillus

fu 1{;.3 ec& Jc th eI 2 S gé(l:l’ll It?’gh %ecﬁtﬁ‘lvl%ytog’}ﬁte a8h subsl?"rea%enzlg al%?

QAT
eff|C|ency nunerous cytldlne derlvatlves i ncl udi ng
Apco:ly;thllso’uam B ohRd¥Ay Eitting E‘I&yrr&r(ApBBR@hhﬁieccynﬁrdl cnmp(oih&;tbﬁi hn RNA

ed11;§s'¥w§ tvﬂ}ﬂse gﬁ%sg?lﬂ%m?elf?g% ?Reél Jtc%lgy 3 aag? g'&cgéczflrbex}aase at position
#6660 bLthe GPoBARNA to uracil in gastromtestmal tissues creating a premature stop
codon (20, 21). The catalytic component with cytidine deaminase activity is called
Apolipoprotein B mRNA Editing Enzyme Catalytic Polypeptide 1 (APOBEC1). Although
mRNA is the physiological substrate of this enzyme there is some evidence that it has
activity on DNA in vivo. Misexpression of Apolipoprotein B mRNA Editing Enzyme in
transgenic mice predisposes to cancer (22) and expression of human Apolipoprotein B
mRNA Editing Enzyme in E. coli results in a mutator phenotype where there is a several

1000-fold enhanced mutation frequency seen at various loci in UNG-deficient strains.
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only use cytosine as a substrate. Cytosine Deam nase

fromthe fungus Aspergillus fum gatus and the yeast
we@pwgoes3san utilise 5-nethyl cytosi ne as a subsPCEAB2004/000900

(18, 19). Apolipoprotein BnRNA Editing Enzyne

(ApoBRe)i s the central conponent of an RNA editsone

whose physiol ogical role is gpecifically to deam nate

t he cytosine base at position #66660of the apoBnRNA to
UNerig eh jengyneyaelvet im g epair of U&me%n@@tcawdé)y spontaneous

x‘?s%;@éa C t

cyt&‘ﬁ gr{nﬁal n°a91 e%%%%gé%%atg%ﬁ%}lz}/r};g ?g&}% cé%é ﬁoﬁquﬁﬂﬁg
deaApndithb o]mosma in tReR{EndEd (281 @e&nm C@@HAwhbwed that mutations
Wel‘e%lég F e(*s',/i\g%ﬁ ttgesn‘(lj r?CSl’ élrléﬁlgs T%\F]re aé)pe%rsg% be some
con@axit ﬁkm&ffﬁlty Iilathelst'ndli%re&!hm of IDMA(BﬂudENﬂ\m thisnnwdel (23) with a

req RSB GBS £V B Gp S06L FEPEREIc B3] gy tonme base

(#6666D ERG SRl ﬁhfrgé’téulfﬁﬁ RBRIin ABOR YR ranEyIﬁBMhE@hwm 1ca1 RNA
Enzyme in E. coliresults in a_nutator phenoty

SUbP‘ﬁetFéla? & 5'flankipg pyring (artsneging- Qﬁﬁg\%&nrﬁﬁ%ﬁoﬁlaﬁsw 5’ﬂankmg

{h REMEBGYA RO Ateit H RME E@iGihg HAZ ﬂe 8 1
Py A nS9UI\I§IGﬁ?S arEelenzyne  Botiting TLzyiieTns plal ractgrsnc?’csupp ied

in the neflienedel.caused by spont aneous cytosine deam nati on
and deficiency in this enzyne prevents cells from

ReckfPRb H}Q’e@&@éﬂ Nehatk: N hgéljﬁ'gle@él ﬂve %bfedQﬁ@ Qég?m&;g’an act1v1ty of

Sequenci‘'ng of DNA showed at nutati ons were triggered
ApdlipapoeteierBin®N A Ediingdgizymetin vifraen PNAsubkateFhEhey found no

s SRl B P RSELLS o 3 DR STB ce
strandqdl Dﬂ\é‘kremﬁstrfatﬂs weerd rdaldidp Idiemglrpyerd withl 578 .dedinirsmtios of three cytosine
basg N gL FYRTG® PP B BT ALET AT BYOFTH o TERey T ohhe

enzyhe a@by&e@ ltco'@ SightlRMgl e hﬁHeh aﬁeﬁtehaﬁlt}ﬁRﬁaﬁé amké aghors calculated
thag@“ ne lﬁ sine). Deamination. of cytosines wit

e TaplRs P?lfﬁ%ﬂrﬂf@én B irRAYs B e i crEE? xtEagt could

deaBNAMER sIBYe &6k ask BEL HetniBAly sFHRREL&sihPlelsB8nd:d DNA
coZ?nodel”. Recent vvorkbé Petersen Mahrt &Neuber ger

subgtpatp imi@einujes dthey lntirifatedithisslovhraie el deapynasion to the fact that their
ass Ld R Qs b%%l E¢hdsi JHRAWIR th Bhaih % & &Her?%mg required

strates. eyfound no activity on e str
for m&litydhatonre sphexpoessed ini the dherfi lnst, Itlyatglymhthesm gegyme might not
tha a re rea
profA9KEs 3 GRNFALERE SURRL LR, Ik SR IR
reqi2&dion attbdtyokonldaihbe supplistd by the &r avdidhosiXt r act of
enzyme. The activity of the enzyne appeared to be

R S B B BT A i
protebh.t Eirgeﬁfmmdhnaﬁchelﬂdtﬁédldﬁhdmé DeainieBe isth pre-requisite to class-
switch recombination, a process mediating isotype switching of immunoglobulin, and
somatic hypermutation, which involves the introduction of many point mutations into the
immunoglobulin variable region genes. The mode of action of Activation-Induced
Cytidine Deaminase is unknown. Current theories focus on the fact that Activation-
Induced Cytidine Deaminase has sequence motif homology with Apolipoprotein B mRNA-
Editing Enzyme and Cytidine Deaminase.
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deam nate a single cytosine base in a chemcally

synt hesi sed single stranded DNA substrate in 10
worzewanessst They attributed this slow rate of deRei/AHE2G081000900

to the fact that their assay was |likely to be

sub-optimal. This was attributed to the | ack of other

factors required for activity that were not expressed

in the B. colihost, that the human enzyne m ght not

Angaidp gheoyy prothe mefle ofection el Fiivmsion-Tagieret ey tidirg Desrainase

{ .
Suggg%{?%)?ﬁt/ tﬂv\o H%téfts&glei% %%hlf“lgtfﬁrgéﬁ%? ﬁgﬂ% eﬁrﬁgﬁnte %‘gght be involved in
edifdeg mRiNAothat mmde gradying dssaletxa[bémnlw&smt@k neembirsatidhPndsomatic

hypﬁ ]%.D @én[ol or’l}“ﬁ % cel | Sla/erﬁc!)%l Spdh o;%ﬂ ﬁgggo rs&%sfe's%‘%h& Activation-
Indpret Ceiddine Dbamthe hastsnd 4sclDNecspebifio aytidine daarpinase Skhis model

sugBetn ok A R S R i ACTiRaes hits AR Basesn

sonﬁﬁhcﬂﬁgyrrﬂ@bﬂbn Hbﬁsp&ﬂ s@@ﬁeﬂc@é 1® prb@uder@UNABhHBdHeb Bnd that these are
vari abl e region genes. rlwrmde of actlon of

diffgpantighly re@ﬂl"F% tuetiagt espatin hyweredintinn seClpss syrfchaggpmbination (25).
EV1@e!r§creQ81t thk ‘Fﬁ@[‘ 't}?e%r}t HeHRle? Hietstﬂlgéésﬁgh thft8bmAGE h rerl@atlon is

| nduced Cytidi ne Deam nase h nce notit honol og
initigtechbyng mmm@pﬁm@fmm jiang rﬁlgat%mry trea fstipoyeeiof hmermutahon
n

B e R e
Cytidige Dy:pmﬂae%t@we Ry@dmd ldteam@aéwzmnvutp ondINAh é\l]emicmahed work on
Actlva%torel—lrrl]cguceeg\séj lﬁ;/daergel narr%gla teahsag f%cvl\llllé%we?c po de ?ec orﬁ;gm%@e m VlVﬁ) &ubstrate
to Eﬂilﬂ]mte thelrylearf it eﬁz!ym& in Shreatihiegreymutdtionmgtisotype switching of
. erirtental support suggests that Activation- |nduced
1m1f‘35}$ "Peamni nase functions as a DNA-specific

cyti d| ne deam nase. This nodel suggests that
Resé@rtch%gtvaﬂaud labiaeictyihs sHonedRharRuiaEeA eeaitioRdh@sced Cytidine

c t OslI neé}gases in somatic %per% tation hots

PRSI FIREIS FH N tﬂgf)?%%"% butpet on

- sin bfs{r%dae@ltRIQAl(% p2)S A ety bp Aefif ffoh-BAARI Cytidine Deaminase on

‘E%per mutation or class Switch reconbinati‘on (25).
douhis-sfeandedii At el tigrtedie SRYA cpiatled istranssriBtigRyfstorp it has

beeh%goﬁl?%d tFng%f%ﬁsEﬂgﬁ%{ élgﬂAtzs! ahﬁhglticéltcﬁ H)éle%n% PPN by

ere I's a first p ase o
gemmmmamtmaﬂw ’d’xai:,pmwda sireglé-yirarategddé subsigades sieh as
r S Uk e ACt | nduc
safigH1Sops el B (B0, S Sty BB R R i viroby
proAliting bbbblsd) ed lcwps lof oentﬁedlyl lo@técomercothpbetlerByryi rdginas of DNA,

whigh PRl e et e s TR E RO e OB o feranded DN
Actsemehiledinen Q'Iyﬁidlr&t]])éwmﬁﬁué deaflinyd1es SHdstreliimgudfbubbles. The
efflélg%no%%legrgyr{alhgn depends on the length of the single stranded bubble. Bransteitter
et al. (27) measured the percent of a chemically synthesised double stranded DNA
substrate deaminated in 5 minutes of incubation and showed that substrates with 1
nucleotide bubbles were not deaminated, 3 nucleotide bubbles showed 5% deamination, 4

nucleotide bubbles showed 8 % deamination, 5 nucleotide bubbles showed 35 %

deamination and 9 nucleotide bubbles showed 56 % deamination.

It has been hypothesised that Activation-Induced Cytidine Deaminase activity would be
restricted to the physiological target (the immunoglobulin loci) because rampant DNA
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Research by various | aboratories has showed that human
Activation-1nduced Cytidi ne Deam nase can deam nate

W@ 2106903381 on single stranded DNA in vitro (26-2C)/AU2004/000900
not on single stranded RNA (26,27). Activity of
Activation-Induced Cytidi ne Deam nase on
doubl e-stranded DNA in vitroiss |imted to DNA coupl ed
to transcription factors. It has been hypothesi sed

deanpigpserachivid piopld lmhaimfelie tarest: fhereda sone gegagsiéon that the
deathinARARH NG &&i&ﬁeﬁggaa&a SR MniRhdUS %}éﬁé@ﬁcet gfigc (30),

rovi de singl e-stranded DNA“substrates suc s st
ancRit isdypothasiged thamAlcioatonc8)cediGpiding Beamitsusy would show greatest
t S m.cked, in.vitrab cin
sty ANE gy e T BB P e SRR R P elilence commonty
muteded onpe easaiilaregioredf the meiin&Ab ulivhg@te). WwBkdnshsttaiargl. €7)

t ded, . . I t.al. i ons of doubl.e
s A R A OB o AL EYT T LS Enately three-fold
higHe@dttinRy 68 toY hosipit Sedunsdsbmpaltd with ndhdoebpdtee es.
of deam.nati on d?&%gds on. t he | ength of the single
Congger &gﬁﬁ%‘l & al. (96) frang) thatdhe dearginageactiity of Asivatipg-Induced

CyR@h6 BRhm@{aséwab 6 eitd spesiViB IR That e dAPBPLR ush R £ th
yDI\IA subrgt raeslt e dgée?m nat%’g in 5 m nut egb%of %ﬁcuba?ggﬁemew the

variahlp regioned theismunpsiehdinaenaihas haveneesbeardeund bbbemutated in
Vv EretRbnHEAN &ﬂiaggyegloe{gg%%g (;ﬁleég%gsg gﬁmg g-&g O hot-spot

5%deam nat i on,
sequgizeaivest deaminged atddybaderowbblegesshowed 35 %

deam nation and 9 nucl eoti de bubbl es showed 56

ST I A PR B ERLE R DRE i o

deapsinate s fosivk ddseds an vite yoinysa bkgrgiingle strandpett DXAHemplate. In these
' bul i n | oci t, DNAdeani
PRI R P A T S oA e B FE A DL Bt

corsalfiggA30mutleatidd taega @ftheTasR: ragdrtatistyuedice as part of a 365-
Actjvati n-In%léJ(ged C,%/cfl dji ne. Deani nase i s sequenc

nucg%lélieis}ncg tnded garped fegiony fasybricns ueere eagried out With 500 ng of the

douté-bi¥@tdedphb PSR s Dbtrali iigh Peauidlnagesyoidrdy#13GNa 10 mM TRIS
. f’?ﬂrﬁeat est actrvity on the somatic hypermnutation
u

{PESD vabglrait EDRGvandal mdbdichiethreisehen 81 frn2Gminttess The
8 LIPS EDRLS o it
lighablueplaquse) infrlUbéeadgjdiendifh eolDevaih swhseukaitsequencing of clones.
Unﬁm[ug @s{'@o‘fﬁkt}/ong I?J[sgc?ﬂfe%egnumc?%%gra @\%é’ N A%ivgﬁoﬁ-ﬂ@duced Cytidine

Ot - Spot sequences conpared W th non-Hot - Spot
Deansigaeneasfouid by earyerijh sdguekercontexgtndthe (126)rk bypothedisdd that

t he deam na ctivity of Activation-Ilnduced t.i di ne,
thel 3R AR B rATRv AP Bolsgie kP Spav el G Ainated
cytSsditiebkesled Batid eingRstahdéhPNwar i abl e regi on of the |

i mmunogl obul i n gene that have never been found to be

PP B S ST e UL L L 25y o
Activation-Induced Cytidine Deaminase in a trancriptionally active version of their Phage
substrate. Incubations were carried out with 30 nM of the double-stranded phage DNA
substrate in a 50 mM HEPES buffer (pH 7.5) with 1 mM EDTA and 10 mM MgCl2 at 37°C
for 30 minutes. The incubations included T7 RNA polymerase and rNTPs to produce
transcriptionally active DNA which is a more accessible substrate for the Activation-
Induced Cytidine Deaminase (27). These incubations showed that deamination mediated

by Activation-Induced Cytidine Deaminase on the non-transcribed strand required RNA
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sequences were deam nated at only background | evel s.

Wrk by Phamet al. (31) tested the ability of
wa\etoswe38on- | nduced Cyti di ne Deami nase to deanPCEAB2004/000900

cytosine bases in vitro using a | arge single stranded

DNA tenplate. In these experinents, the single

stranded DNA tenpl ate was a phage circul ar DNA

substrate containing a 230-nucl eoti de target of the
Polyrae@ae fechor tr@mscgp‘q@gmé that deaminasfonprdbs trapsseibed sirend,

e
BRSPS PR DDA e T
incubioss hisd> demenstiatéd ﬁvd@reﬂ@ledma@eﬂscafrr@mﬂﬂ&spohn@tlfs
10mM TRI' S buffer (pH 8 O)Wi th 1mM EDTA and 1mM

it 0
Mon%l{;. gﬁ(t) rhvo? ec op1 S%Xé3§%sgléan of %[cpxé%té n— Iulg]%J l?(%{l g)realﬁunase in vivo
sho(/\ﬂ\ﬂintﬁllgegaal\,@tc\eﬁhetc&aﬁﬁndtio@hthabisldiéa@ﬁrﬂbﬁ&)f gemds@ther than the variable

UNG-.def.i ci ent coli t h subseguent sequenc
regOR G b O s BRI h A T e e e Cafidine
Deathiinkdd dxprddbed Gt E. vak viiicH SstHe@dly ¥kd e henl@amni@®eloMSin target
found to vary with sequence context, and the authors

BenRy RO HERSIceRg Xt TAFifiE HEAPinaleRs ingeserpgesned farmauiaionsfa0). The

readVFoAtHIDRINk St M B Al onRl AGR? ekatkinkd deam nat ed
cytosine nolecules in the single stranded DNA. Pham

etal. (31) also described_a protocol for _ neasuring the

Bragetgitien péali (@A ra@,epﬂwwbéifed/kéwaylawafﬁhm%@wd Sytidiierfdeaminase
W1@Wl@%§g chémfall ?ﬁ'ﬁlﬁéspzteﬂ%ﬂ@ﬂeicyacﬁpédbgﬁa%gﬂﬂa% @his work showed

heir ge substrate. I ncubations were carried out
thatuint nvay sihple mérkel dotivhdosindurde £y g dBninasaescapable of

dea_lEB 20 stlnl;eﬁg%u%{tﬁ g%@&ld_lhz %#ﬁi&%ﬁ%&éﬁ?ﬁl&etbﬂcytwme

basés C]rhekdﬁ@kieTYrRNkzqdohw’canag e\canmmiSIﬁlasced)Cpdedel Oeaminase with

cheipilyerpPerEiburyiaiendia VA Reeryan il o MRiiraags nocteotiaes

mcl@ﬁﬂgdéltﬁ‘@r D@ﬁlﬂ:ﬁ@ﬁﬁe 0263, willhs eorh plidbigtatyOD B ASé‘rﬁa&ﬁlqarbét&t These
deam nation nedi ated b ctivation-1l nduced C%;lg)
e 1d excess of

artipgighfubglaated wergrresrahin gh sensepatian, 14haM &y
M@ﬁlmﬁ@&aﬁ/hﬁﬁgﬂ)yﬁnﬁﬁs’%ﬂ ThE aBdikPH) A&R}%ﬁbﬂﬂﬁduc_ed Cytldlne

deam nation on the transcribed strand, "protected"
Deaawnw@nﬁerﬁ%arﬂiy@onwé aytesine bases Epiiagikivith B gr ll@Lefaéql‘G’fY on 5-

me fost t & hReyRal QH IISQALSIRASH £ Qﬁ individual where
s e

ure eam ati1on occu OtS ot noti
thetdrde b snulhiplicifyrof ohage-bast fymmer@x pmé@gmghlpimty of dlfferent sequence

conte>{ts ofacg&o%gxelbgde%%vel%\ g’%elsgns%e 9%8%?%3%%&? \éhl‘é%xs? t?:y}llds present

0S| ne deani nation am na
wa@ﬁaﬁﬁﬂ&ﬁ@d&h@bmkhﬁﬂaihe vari abl e region of the
innunoglobulin gene. For exanple, human

g R o % RO AER BBe 10
phdnaﬁﬂ@blme, a strong chelator, but not by EDTA, a weaker chelator This suggests that
Activation-Induced Cytidine Deaminase requires a tightly bound metal ion, possibly zinc,
for deaminase activity (27, 29). Activation-Induced Cytidine Deaminase retains deaminase
activity over salt levels of 50 to 150 mM, can tolerate moderate levels of EDTA (5 to 10
mM), works at a wide range of pH (from 7.6 to 9.0 were tested) and works with varying
efficiencies from room temperature to 37°C (26). These conditions are conducive to
retaining the integrity of genomic DNA without fragmentation. Activation-Induced

Cytidine Deaminase is still active after being heated at 65°C for 30 minutes (26).
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gene, produces context specific deam nations in genes

screened for nmutations (30). The reason for this
weonwsexIssspeci fi ¢ deam nati on was not exam nedPCT/AU2004/000900

Bransteitter etal. (27)recently incubated hunan

Activation-Induced Cytidine Deam nase with a variety

of chemcally synthesized nugdeic acid substrates in

vitro. This work showed that, in _a very sinple nodel,

Mujgsitiforans o SnEYTHERCSE Ript 1rmaﬁ1erer§éanal}¢as waijgrds pachfopme agping from in
Vzvg%t'fi'l Cb Blgca%eoﬁﬁpﬁ lga%ﬁér %{ hM%.@\ofdg lf& %h&gﬁflg zﬂ;]uécant proteins

specl activit | 'cyt osi ne %ases.
are ﬁondwh m tveodry 69). Mutdm@ns o 1)} lm:arhﬁaally) genenated eithafoliaiving a rational

apw rLn:)lll zlcagl‘/\égetll%n g}?e%l Cal l a(ﬁ Sg %%%ZC%‘S C?ele l e o‘?tacri I%l%lel(sj are
gerierated)air Hgeyadah ibe I.’rarﬂdc@ﬂily%eﬁgtbféﬂl ael M&h@@tant/ﬁohh olﬁ the protein tested
‘ @_clm(gl i n&nt% DNA strand present. These artificial
or ffeesref B8 ¥AEr e present in high concentration, 100nM

in a tw-fold excess of Activation-Induced Cytidine

End)eadsivitasiemodiire mbAlrquurecﬁrﬂy\a Fdw abmrinduwu@edPMdddieaﬁcuon
Deamtnase tqQ differ erﬁ |y convert cyt, os ne bases t
enzymes; fpr exgomie fedigre ¢ %@uﬁw}l{)}qt{% ig Igppgma conditions to fully cleave

douBit bydfetiosiae Brdr@teﬁt&%’@) e%) MeXdutt @99, SRNEYIH o@%osme to
extracted froman indi vidual where there are a

uragil; by iAstiv eliaryngtcergrtiding Pepmingse it s chgmipally synthesized single-
strzﬂMleH '[ﬁ‘lIA %hﬁéfra@é 1nd1'6frfub h?égt arm% IESISV% %H}l g%( Oé?lf\e touracilina

cytosine bases with sense an ntary
sy, C§eh§eat@mthmcﬁsmpql@$léa Blngmtmede%bubhle sﬁe‘di rnmrutes This is thus

» SERBUAR oy E AT TARF S Blerent o op g b
shoqurﬂiﬂhat piigda i dfraodhiendgallg sylhﬂhesngectdlﬁglaBﬂanddddDNAcﬂubktyate
a weaker chel ato Thi s..s ts that,. . )
cOnFID R S P B P8 o S EE B S AL U ' ibgtion with
Activgidhiid hedTh HieieDedifasdl@8)si bl y zinc, for dean nase
activity (27,29). Activation-Induced Cytidine

j ns deam nase activity over salt levels
SUW‘%}Q%} i‘&o‘ﬁﬁﬁm@!ﬂ Niol erate noderate |evels of EDTA( 5
to 10 mV), works at a wide range of pH (from7.6 to

In ¢heQiopect of B8 tpeehenifdevibnkbediis brdu(faiédl Deioblif6d @EdtRE the
fromr mteg;pf q%ure to 37C ( These condi tions
8%

pregnie £y BXaFiRT i FAF BROPEG ooPiigdingial double

strd2ldBd WN A @im bk AQITRALAL 1HeRnethSd EARbISRAG:! nduced Cyti dine
Deani nase is still active after bej ng heated at 65C

for 30 mnutes (26). Mutant forns of enzymes can exi st
i n FapbtrEiRga @am%lre |0érhecdqwhlq siipndeh A4 ffPWstha indiyidyal;

fromin vivo nutations) or can be

ar t iuh) b&dval ik %ﬂ%s%r@reﬁfgﬁtd? eisd e SLRAREATING té'%ih@l@tstranded

roteins are known in the art (39). Miutations can
DNd¥tificially generated either following a rational
approach, such as where specificamno acid

Subgy fetalf'tﬁﬂgoyérg& %g@&ﬁ Hide %ﬁg%%ahh@@ﬁ)l\ﬁ‘( from step (b) with at least

one enzyme, the enzyme differentially modifying alkylated cytosine and cytosine; and

(d) determining the level of enzymatic modification of the target region by the

enzyme.

Generally, the reaction conditions under which the enzyme is used will be such that the

enzyme reacts substantially only with either alkylated cytosine or cytosine but not both.
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generated, or they can be randomy generated, and the
mut ant formof the protein tested for the desired
W@ewseoI3yg1 Enzynmes which nodi fy DNA requi re onP@T/autmwo00900
hours incubation. Purified restriction enzynes, for
exanple, require only 1 hour incubation in optinal
conditions to fully cleave dbubl e stranded DNA
Bransteitter etal. (27)nmeasured 95%onversi on
Prefeyabh itheenzymerwid be dapable of reactingsubsiantielly @) |0aerfe,ne of alkylated
cyt(Qﬁ‘RerBrQ 88ideN @ chemically synthesized singlestranded
strate in 16 m nutes, and 56%onversi on of
yt05| ne to uracil in a synthetlc substrate with a 9

Preferadilpdhe cmveisigy o the reginteef thedonlde afrardeddONAiasigle stranded
DN:&hvkzﬁl éo?n};rﬂg At {t%%?harllsasgéérgpn% MG rantiO do Eyatl%}l Q)E the strands
groups, Wth |

er en n conditlons, “have
may foatinsdaricy b @@Inév@l Tyhlesat dahd’tgrasiyn phée N4 withghe of strand

s ST LS CHOE R O 0 U S o

enz\niahic &éﬁdtt\ﬁathbﬂ of thedieeBld sGyuhiled DaI AT mathed @24) also comprlse

UMVARY NVENTI ect of e
PHNgAINS ntgh e fvgo W?%S&g helonbid e D@\E‘? é@aeefr‘?g opffgthey
havRLeSERPRrAE] ¢ ioefughta@é acRbds Yo BletflroeY iR St thélsidgle 3FRhEJIDNA by
genom ¢ or mtochondrial double stranded DNA from an

the Epgli™e-dual , the net hod conprising: (a) obtaining a
sanpl e of the doubl e stranded DNA from the i ndividual;

Ond @m@fb‘}%‘%’ﬁés‘ c@?a‘@l& of ﬁflgfdlﬁﬂg Wit %m&tlvé B@ariPdth€double stranded

st randed 0 sSin stranded (c)reacting a

DN@amgebe plgedrio inhikig emsqahgg ef hesapriagd piands: J¥hen eplurslity of
f I
profi e Shed, BSro 0D SR MR 1GR AR UK e AR By obe o more o
the getbes mam hy@ntlhse widvele shfand mnyl riae remammdgﬁvmiaetqrqmotom Withethe
othtra&% region by the enzyne. Generally, the reaction
ions under which the enzyne is used will be such

that the enzyme reacts substantially only wth either

Acatdiyibigt @chethddosfitheinoentiyrt may Aethienicomptise hybridising at least one

R TR Y AT U ST R —

inhibYi DS bl BroQSf they$taFids (Bogé:H{e@ fafd didriby fabiit-t@a3cedsTb et tafget region of
the regiqn_of the |l e stranded DNA to single

the smgledeadesiRNG Py l‘t?cﬁ%Y%e at |east partially

separating the two strands. Separation of the strands
The or each probe will normally be an oligonucleotide and may be selected from the group

consisting of sense probes, looping probes for forming a loop in the single stranded DNA
for access of the enzyme to the target region, antisense probes, and combinations thereof.
More generally, a probe may hybridise with a single contiguous region of a strand of the
double stranded DNA, or separate discrete upstream and downstream regions of the
strand which flank the target region of the strand being evaluated for the presence or level

of alkylated cytosine.

In the former instance, at least two such probes may be utilised, wherein one of the probes
hybridises with a region of the strand downstream of the target region, and a further of the
probes hybridises with the strand upstream of the target region such that hybridisation of
the other strand of the double stranded DNA to the target region is inhibited.



10

15

20

25

30

utilising %P\TOG?SSt“h\é)l‘é’PSé}h%HH’SW%‘BPQE RrERers Fy

may for instance be achieved by heat denaturation of

the DNA or the use of strand di splacenent probes.
w@xdvenozechni ques that may be enpl oyed i ncl udepciiamaaioo9oo

or enzymatic denaturation of the double stranded DNA

The method may al so conprise inhibiting annealing of

the two strands of the doubl & stranded DNA toget her

once they have been separated to facilitate access to

In the latteningtance, dlyt prebemayhave k seduense suchdbat voer hypridised with the

di o )

e o G p PR e RS ARARL R s Ll iR 8 Ak toward

eachibtHer f@chibgalovip drittubblenezith ingoforsteetledpaeategivn. The probe may
strands. Wen lurality.of, pr.obes are used, .th .

for BRtRER B3 S aRPORy B T Bl R it i 0 AR ganiddle

regioh of ﬁgnQbm@iHneerﬂirytsh@@lE@ﬂﬁs gﬁ&yndﬂ Yl[i)b]iki)dﬁisé aziwr’]chh ’;}a@gﬁ region of
stra nd the rengninin robe, or_ probes wtk e

the el Sacfy i Lome SBPRbIEMybPersHinaBh e rREon R LI

hyb¥Rlsativh b Bie FHREREAE ohiRIdotbRisBanaéd DBESvittRe Ri@Rfegion is
with a strand of the doubl e stranded DNA f ol L}ovvl‘n i

thezebp anbibitesh st fagikiate the femnativasofthe lopniopPrbkipieanyide sggion of

AN g
e O OB AR N AR G AR L orcston

of theypyalpe witthidestraedch probe will normally be an
ol i gonucl eoti de and nay be selected fromthe group

[ I 4 :
To AOPRL b0 R o SR AIOMER: AR, B ARE L O o AR
stragdey NA oeacted widlh getenzpmedhe tagetireging evi tyybendly berrnplified and
the e catiiRrte) S8t b SRS T Bt tagRe RiGRE 3By e seymatie
modificatien cfahbtaegattregionbg tHaNhzyole. $kpas, atreetlod of thieénvention may
pstream and downstream regi ons of the strand which
fur"?‘fe%tfﬂ{nlfliﬁsé’:tar get region of the strand bei ng eval uated
for the presence or |level of alkylated cytosine. In
t hearhplififelg the $drgataegionlf HRagigld wearsled DA ebetedith B& enzyme
utilised, wherern one of _.the propes hybk{i,di ses j_tg a
o tmam}ﬁ%}e Ip,roduct;
and@nNd a further of the probes hybridises with the strand
upstream of the target region such that hybridisation
of the other strand of the double stranded DNA to_i‘h
t ar Fedysingging amipditied Rroduckpr seAueREe Yaations Fopsisind with the

preE’J_rQ:@ Bf Hﬁylaﬂﬁvcﬁtcﬁir%q{q Weakyed A dthe Wﬁglg shvRad obsed

wth the strand the spaced apart upstream and
downstream regi ons of the strand are drawn toward each

Detgrimatipn phihadevel pirdieylaied syiopine mii kerpchicved peinapey tachrique
cap%ﬁl@%?ﬁe{e&%goélqugrt@ RS RREHBRY such as point mutations. Such techniques
include, but are not limited to, nucleic acid sequencing and polymerase chain reaction
(PCR) techniques, restriction enzyme digests, and techniques involving the use of probes
that bind to specific nucleic acid sequences. The determination may comprise quantitative
and/ or qualitative analysis of the alkylated cytosine content of the target region of the
single stranded DNA. In particular, hypermethylation or hypomethylation may be
detected by a method of the invention and more particularly, patterns of cytosine

alkylation in the DNA.

The DNA evaluated may comprise a gene or a region thereof and preferably, a regulatory

non-coding region of a gene such as a 5" non-coding region. The 5" non-coding region may
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for instance have opposite end regions which hybridise
wth the strand and a m ddl e regi on of
wmorvsoaspl enent ary sequence that does not hybrPdi/a2004/000900
with the target region of the strand such that a | oop
or bubbl e incorporating the target region is forned
and hybridisation of the othe$ strand of the double
stranded DNA with the target region is thereb
compiieshe Etpmqt@r erpiopiatenregionef f gengat Tyavicadly, ﬁhhé%ubl@ gtrended DNA
A ddl e region of the probe may incorporate
.Wﬂyﬁgg%?gl repeats that hybridi se together follow ng
hybri di sation of the probe with the strand. To detect
Acqondinglye searssheraspeny of t%efpr%slemyihaer@tbrdineméis pevidedtdmethod for

det 1"[%de gge%émcte o(r)flever gei’k}?%lﬁg oitom%n? ?sam% ero? g&%)o%%c \Bﬁg from an

Jndan@ﬁMI&edmahdihhﬁpmﬂﬁglt|ng anpllcon(s) anal ysed for
sequence nodi fications arising fromthe enzynatic
atlon of the_.target on .t he
rerb oS P SRR DRSS R Corpr i se:
anpllfylng the target region of the single stranded

DNAb) earoteeithgattléast buse regiown thi gdniosiiaDNA fir siagls stranded DNA;
invoIving thernncycling and prinmers to obtain an

fied pr and naJ t.h i fi rLodyct
Forbisa it B e PR AR SR e T PR e e B Rt ot st
onem‘nzgtiﬂéyﬂhateﬁﬂyrﬁy tiffeirdrialln n’(d?fﬁ?fyir@ gRylated@lyRinefantik@tosine; and
singl e stranded DNA. Determ nation of the |evel of

al k ted cyto be a h|ev si ng,.a t echni
e ot RS beg Bedfoed Bty e O BdesEireie B the
enzp@ient mnut ations. Such technlques i ncl ude, but are not
imted to, nucleic acid sequencing and polynerase

eacti on (.PCR)t echni ques restrlc n enzy
In aoﬁ@efgf T 35P6°H ég?ﬁi?l)ﬁiffé‘é“}"ﬁ%%fh‘?@e Biotided Bmeihes the
diabRéis dF arH?isetaQe Sh@pldftidn iR uf idiGiddel 1@L.v§l%ﬁ%gedﬂ§€c%ng-m@presence or
eterm nation may conprise quantitative and /

leve) ph pliytated & tasieg ot F@Hﬁﬁe efgengprg/ Phtefomthe g}dﬁedeéntfeﬁneﬂwd
ﬁ?négﬁ target region of the single stranded DNA. In
articul ar, hypernethylation or hyponethylation may be
det ect ed by a nmet hod of the invention and nore
par &) eltrayinga spapleof genootic PNA&ionethelirdivisiabn in the

DNA. The DNA eval uated may conprise a gene or a region

the@?@én@ Lﬁ%&@&f&ﬁ@t@ﬁégloﬁ o@g&gge%ﬁﬁefnmvfo 3 '1@9@&%@&@51\1,4;

a gene s as a non ng region.
non codi ng regi on mayconprise the pronotor or pronntor

r egicbreastinga tpegrs regigppicthk bipglersyanded/ PINA fopaietedh) Diith at least

one enzyme, the enzyme differentially modifying alkylated cytosine and cytosine; and

(d) determining the level of enzymatic modification of the target region by the

enzyme.

Typically, the enzyme used in a method of the invention will be a deaminase enzyme. The
alkylated cytosine detected will generally be 5-alkylcytosine and usually, 5-methylcytosine.
The presence of 5-methylcytosine is a useful marker in many conditions and disease states,
and for upregulated or downregulated gene expression. Detection of the presence of 5-

methylcytosine is also useful in mutation and epigenetic polymorphism analysis.
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wi |l be genom c DNA. Accordingly, in another aspect of

the present invention there is provided a nethod for
wa@ledsnei3sy t he presence or | evel of al kyl at ed PgT/av200€/000900

in a sanple of genom cDNA from an individual, the

met hod conprising: (a) obtaining a sanple of

genom cDNA fromthe individudl; (b) converting at

| east one region of the genomc DNA to single stranded
Accprdinglycthe datertionyof-mathytaytasing isPN A hep sigsifisgntediagnostic and other
appﬁ% nded DNA fromstep (b)with at |east one enzyne,

e enzyne differentially nodifying al kyl ated cyt osi ne

and cytosine; and (d) determining the |evel of

In yehanpitledriaspenb ther¢ sarvddeda kitlier wsariyg etmath@d ofrthp jnvention, wherein

the Elt cgm Tise I notn% o% tnllolre rgau rlintlé"f:“ T d)e%f%?mir%%[ c?c{lgﬁcglﬂgtruchons for use.

rnvention there IS PPovi I agnos
The@tagentioseagentomag (ﬁandnﬁtam Herselented ichinv thzkwallzyma,\/lnifﬁem grimers for

R U s N S

nmet hod conpr|5|ng (a) obt ai ning a sanpl e of
The@@rﬁh@ IMha o]’ rastd Bedeitlis Vo Beltlken (iDihe®esadest seng @id is intended to

) ast .one re n of _the ge DNA to single.strand
inclp i ) YO AR PEFGB ] BT DTG e T5 EgEd yeask fingi and
virakd anded DNA from step (b)MAth at | east one enzyne,

the enzyne differentially nodifying al kyl ated cytosi ne

and cytosine; and (d) detern1n|n the |l evel of
All exaé%éww%%a diPssHicatien ?"égf&é?m iegTRIAtsY by geference. Any
dis &4 YN Ef deﬁPdéf'@d hts, thierifE 2R ed) 26614 brahdBtNWHicRhad P&n

i nvention will be a deam nase enzyme. The al kyl at ed

inclygedbisi the Pé@?@iﬁpé@ﬁ%’qom igiealely 4p1 the parmsaPkyIoridins p fentext for the
pre%ﬂgmq’%“?{):xll Vit 1T DY kit 254 eﬁiml-gtr;lgn L §ﬁg‘8§alpf)f ese matters form

tosine 1s a usefu condi tions
parmfdhdpsela&@bsaea;ir edheragmanion gglpqre]gg‘loa\tle@gegn the field relevant to the

ul at e expy es [ Detect qn of
prefLeuREo bt £ Rt AYT RYERErRR: FETRE) HsRphchfiaim of e
applidtRin. on and epi genetic pol ynor phi sm
anaIyS|s Accordlngly, the detection of

t 0si he DNA ,has SI nifican oSt |
The R S TP O e Rong oo ‘R Ahet® R AS PEPISes” or
"corf ﬂbihg e eiR bk iuhdér@food 3€ irhplyah&BichRtbradf atshited Elé@Bhi, Diteger or step,

eln the it conpri se one re re ent
or gHR &%Iﬁ@ntﬁlﬁa’w&@is R et of Hek oS Py deger clément, integer,

or step, or group of elements, integers or steps.

The features and advantages of methods falling within the scope of the present invention
will become further apparent from the following description of preferred embodiments of

the invention.
BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

Figure 1: lllustrates methodology for creating synthetic internal control DNA for use in an

embodiment of a method of the invention.

Figures 2A-2C: [llustrate a primer extension assay for enzyme mediated deamination in E-
cadherin DNA.
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The reagent or reagents may for instance be sel ected
fromthe enzyne, buffers, prinmers for PCR and probes
wo eosmeesar at i ng the strands of the doubl e strandBEdUBNA000900
utilised. The term "individual” as used herein is to
be taken in the broadest sense and is intended to
include within its scope hun@h bei ngs and non- hunman
. animals, bacterja, yeast, fungi and viruses. All )
FigaratA:-dBestenies ansheme farasing PNiAsoligeauflpetidesilenpiag@robes) which are
@ 4 .
con e e RO By hel e I RE R o eoR AT b ePlepion of
gerlej ke whi ch has been included in the present
specification is solely for the purpose of providing a

. t r nt. i t] | - -
N N LT M A
are rompiepamtargfto theenqpr tacget srquebhaste loop wtergionoofitba target gene by

. general knowl edge in the field relevant to the present

bmgwgﬂg?eocﬁmg’ 4 8%%@83 055# ere before the priority

date of each claimof the application. Throughout this
Figapes(: flileadatasrthé Heoiwofdestdaioprdragines @y proaldeatieoing: digedion with

as ‘'compri.ses” or "conprisjng" i1 1. be understood to :
ExqRfplegoei Hot FArRRrSIgHet o it 84 B gl ermB RIom i aegineg surrounding
posSE@PH97QNGERBHMR AdceRlRIENIAS45). Nt egers or steps, but not

t he exclusion of any other elenent, integer, or step,

r..gr of elenments,. in ers or steps. The features
by RESRRles il 5 el whBMIRHT G Wi chin the scope of
the present invention will becone further apparent

Gehdrally, th€ed Al Qe @h § afeHdddtithdpRberRigf@tibR il have cytidine or
enbodi nrents of the invention. %RIEF DESCRI PTI ON Og'THE
cytogr ARSANTRNE CBRANARES e pPigP deaminate @itesinelasprsinigsaemisgyNA to

urae® witHoB 8 b BN B@érhi‘ﬁaﬁ% 458U FION EF1O4in O B thEBAIA NThe
an enbodi nent of” a net hod of” the i'nvention. Figures

enzymexgaay b¢ g therepostablesyiidine oegytesist dearainesgddriyied e

|t | nati on i n Ecadhen DNA. Fi gure 3A
ﬂwﬁﬁﬁ%@%gg{ gggLschene for using DNA ol igonucleotides

(1 oopi ng probes) which are conplenentary to the target
Th&:,ng\ygmeay tor itidtawp iba geledied fromgh divatiof-Indhecetl 4ygidine Deaminase

TSR IR ol PR £ i B
seqaerceGHNID |06 BEAL1rGy tidind Neannianset (alsg &howage €ytidinedArthimopydrolase
EC%%gAé),egglt%Qi%e ealt'nri]r%ste ?Jlg)elgnog\?xp aes (Pytosine Aminohydrolase EC 3.5.4.1),
Deoxycytidine Deaminase (also known as Deoxycytidine Aminohydrolase EC 3.5.4.14),
Deoxycytidilate Deaminase (also known as Deoxycytidilate Aminohydrolase),
Apolipoprotein B mRNA Editing Enzyme (ApoBRe) and catalytic fragments, homologues
and variants thereof. By catalytic fragment is meant an enzyme fragment possessing some
or all of the catalytic activity of the complete enzyme. Generally, a catalytic fragment
utilised in a method of the invention will have substantially the same catalytic activity as
the complete enzyme. Catalytic fragments of ApoBRe include APOBEC] (Catalytic
Polypeptide 1, transcript variant 1: GenBank human mRINA Ref. Sequence #NM_001644,
Genbank human protein sequence #NP_001635.1; Catalytic Polypeptide 1, transcript
variant 2: GenBank human mRNA Ref. Sequence #NM_005889, Genbank human protein
sequence #NP_005880.1). Homologues of APOBEC1 include APOBEC2 and APOBEC3A

to APOBECS3G, and one or more of such homologues may also be utilised in a method
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bi nding to the conplenentary strand of DNA. Figure 3C

Illustrates the choice of restriction enzynes to
w@e@siasssel ecti ve digestion with Exonucl ease PCT/ATL004/000900

the non-target strand of the E-cadherin pronoter

sequence surroundi ng position #972 (GenBank Accession

# L34545). DETAI LED DESCRI PTi&ON OFTHE | NVENTI ON

Cenerally, the enzyne used in a nethod at the present
desicribechhgrein efiterisa datadgrt thesatoraplogyasds ilse pulelighy aeaslable from the

Ge%ﬂkﬁ%&bﬁ%&%aﬁ@é q:eIIfBr ﬁx%@e‘&ﬂ&%g ﬁ%’f{)ﬁ%@ﬁ, R@ﬁgzﬁlé Islke,
genom C to uracﬂ W t hout su ¥an rally
Bettesalai MA&Y, iU\ GAROBECE: CeyBayk lnshae mRi$A Ref. SeqiamcOKNM 106789,

el TRatE S i pr e o Cher s AT Oy S B ppam meva

RefebatyiRed vYM_045699, T @ibagk hemag peste@tefiti@ite #NP_663745.1;

AP B bt s U Ao e 00 M S, et puiman
prof@éif b&judnse ANENERSHN? AFTTBHBCL Gt hhldhiiBaPRRN A RRE Sequence
#N&?_!QSO known as_Cytidi ne. Am nohydrol ase EC

14p08) Geyrapk hyenaperaiesauertesidk Sewidd dsAEPPESPReGenBank
hufgh BEOVA rl@tf.%gug'ge FNM 453406, @@Mmrﬁdﬂqﬁro@?x@ggqﬂ@ﬁ&

al so known as Deoxycyti di ne Am nohydrol‘ase E
#NB_6394390 1 APQRISFe (pehBardkdhen Deadia Ref. Sadusnck AN 082331

PRSP\, R A5 e OO AR
profsmeépynes {HRM6084]. 2 AROBRESG: GenBiyk barhah yRNA fRef Gagunnce

R Fd s Y

Generally, a catalytic fragnent utilised in a nethod
Theoénzyhe utilisediragralssibela hataat Sunsifanth aillyypdenzgaee or catalytic

catagl ytjc tivity, the.conplete enzyne. Catal yti
fragf e PO B o BREH VIR ABOREBE e E4TaiRgts actvity. Such mutant
endyeley peRtbed ol dted oA Bt r fabIaddH byliatiGRA B2 Rk dbaBiutation

MRNA Ref . Sequence #NM 001644, Genbank human protein

profecglsdmonninphoart 638 ste Eayaapty- M- BetoppapaitddNA and molecular
clo%ﬁ&%r%%@gg%mﬁﬁ IARRbned h@@l@&ﬁ%iﬁlﬁb@?ﬂA R3NAsEREferenfd W8O8 Scientific

, Genbank human protei equence

Publisheig5Bted (7). MghnichguesnionzppeEnis havinaiie desired activity may

p . r e 1
N T
metietivedddedilicbgu ohermebinati@epd diftwentanaymhes withélsedesired activity
nd RSB E3 s B8Pl L b 8L B L GRS,
motliffedranEtrh@iant feek \ankll cetaBitkcdragBainethdaof. MD, USA
( APOBEC2: GenBank human nRNA Ref. Sequence #NM 006789,

Enzymes with cytosine deamination activity can be purified from a number of sources
including B-cell lymphocytes and transduced expression systems, such as E-coli and insect
cells. AID for instance may be expressed as a GST fusion protein in a baculovirus system in

insect cells and affinity column purified (Bransteitter 2003. PNAS 100:4102).

Genomic DNA will usually be utilised in a method of the invention and may be extracted
from any cells or biological samples deemed appropriate. Genomic DNA extracted by
standard protocols is fragmented to varying degrees and is largely double stranded.
Activation-Induced Cytidine Deaminase, and other enzymes with cytidine deaminase

activity, typically have highest activity on single stranded DNA, or on regions of single
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Genbank human protein sequence #NP_006780. 1;

APOBEC3A: GenBank human nRNA Ref. Sequence #NM 145699,
w@eebamsdshuman protei n sequence #NP_663745. 1; PCT/AU2004/000900

APOBEC3B: GenBank human nmRNA Ref. Sequence

#NM 004900, Genbank human protein sequence

#NP_004891. 3; APOBEC3C. GenBattk human nRNA Ref .

SeqUence_#NM 014508, Genbank human protei n sequence )
strappipd bups A3doubipemEcro REABANK Doykterstreriizd RMA cadif rapdesingle-

st b0 30 A Rl e e R Bhgpical denaturation
protGH DR RR4nd AROBECSE aGéviBaarid hrynafithesRitkhRefues Sey e mtidsed.
#NM 145298, Genbank human protein sequence

60341..2: APOBE(C3G nk _hunan f; - ne .
Hed 551 AR it R or iy R Ls e DR AHE R foed n
pro#ddbes3m8h 94 PCR. Chhmiehdgtnturation irsetegtrycubhi$en imechamicals such as

00 PSR LN SRS 1 £ L i D

such b 9&&@1@0&@@%’@' TS B prdftetny(an SUGIACATHE 8tns@I BNEPLotéMBY destabilise
be jsolated fromnpature or generated by ratignal

the Idaﬁhls%el%ﬁpéﬁr@miﬁ%%e%q‘ TedpRRRasConarh T IGHErep .39.34>§ dpzymatic

denhWHBSh BrMIseC@rRiNANinPMeaARE SBYB6H @gred ¥n™ one strand of
Chapter 24. In: Advanced Ml ecul ar” Bi o]l ogy: A Conci se

dovhls ramdied DIBA bsSesbatipn wathrypnidensesssuch ap Exenyclayg I from B coli

| thapt f i desi -
U5 Bl SAOURL TS 40 5SS it of ol
DN¥b rieoveleaselliias feen asezytnprapaye singlatstrandetiDNA substrates (bee

. deschi her.ein or conbiation f diff t
S e e T s i i Ry
spettdoscopp (3B awd vihgld-stryppé cemfaynason polgmeaplii@antaaalysis (32).

honol ogues, nodified and nutant forms, and catal ytic

fr nts thereof. .En ith. ihe amni ipon , .
Nt R el S eP G e AL A AT B! EafrLRueRR Acids
(LNAShitditd Eoiﬁ-IﬁeNan[ém{XQﬁﬂ{ laugha@@@ws}ﬁm&ﬁ a%él faffﬁﬁ@l The

st ens Su as -CQl.l .an I.nsect cells. 0
anafdgae THvA dﬂa&xa%m@;zep%t@%lg dan AN AT R s ﬁnﬁﬁﬁs%}%[q()ﬁdapmbes
con%‘ﬁﬂ% BQULIeHSd SHl b Parl NSESHstAR] dudind ik Ridnl grbpettief| RbFBxample,
purified (Bransteitter 2003. PNAS 100: 4102). nomc
PN fymachgsihave gheability einyede feghie piandedd?NAdhisughiihe generation of a

stat1&'¥ tZ:bN]A @@@ﬁgﬁ% s&f&fgﬁgﬁ gfré)o%étgéﬂ mv&%%h?%ﬁ%\}ﬁase pairing)

bi ol ogi cal es “deene ppropri at e. nom
andesitand clispdadeinest. dMdApdolyss dewoobtsate stititydptle ir-edra (single nucleotide

potffb i AERHART B0 Bel o Pl AR RS RIRAR B such oo T7 RVA
polpmeznasess trandchiptiyhal drtiventicde dadtora s@icleases, restriction enzymes and
methylases (41)). Accordingly, strand displacing probes, complementary to the antisense
strand of interest (ie. the same sequence as the target sense strand) may render the target
sense strand single stranded and therefore available as a target for cytosine deaminase

activity.

Strand displacement probes can be designed to bind via duplex, triplex invasion or non-
invasive triplex formations (42, 43) and their use can render the prior-DNA denaturation
step redundant. The binding kinetics and specificity of strand displacement probes may be
improved/ altered by reaction conditions and modifications to their design. The design of

strand displacing probes can include mono-PNAs, bis-PNAs (which form P-loops when
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activity, typically have highest activity on single

stranded DNA, or on regions of singlestranded | oops in
waleowbioes3st r anded DNA (27). Doubl e stranded DNAPCEHADZ004/000900

made singl estranded by a variety of nethods including

heat denaturation, chem cal denaturation, protein

bi ndi ng and exonucl ease activ$ty and any of these

technj gues may be utilised. Heat denaturation_is )
boymshistsNAvs TG ogenras B e addilipr okeatianigaesidnes safas lysine
and e ¥8@HpdALBK BE §8§is§éﬁ&il%s(t]-_|8%%s) EBEHGRE, the invention expressly

denaturation involves i'ncubation 1n chemcals such as
extefidedp ithe 7se of Ayiclic atidranalrigye ey comprsibgior oensisiting of nucleotide

' [ t0gl.es 2d;.DNA such .as

sl e R IRR o] LR RutangRe LRy RHF aBlns srpgoona.

of this protein) destabilise the double helix of
Profesventtised Bvdydomiglisieglwitb she snglediraydst DN ganesatédBBy Sparation of

I.£ denat.u \on. ¢an, al so be. us i nvol
the SHFAIT e EFRPNAERIA BRiP e e dnSind 8 the Pt rands anc
theﬁhby?llewﬁtg #oaeks Iebf DiAnRymie Ifﬁ@t}te&hﬂg@ﬂrélgidnl'vt\l)ff@mﬁfh@f; lvxﬂllageﬁerally be
u s Exonucl ease Il fromB. coli i.ch catal yses
syl gl Baret el duates 8F PHUHAGE B PEUE BB rSrs A Gy the or
each @idBethapbe HHdebendebtiha INABIbRESEr] drlald3as RGBS suSiess APRNA,
prepare singl e-stranded substrates (see Figures

PNaaonlaNfigirobe @& 81T segeis el fgalogyy perbesempsisigameios gnore
dsdtiag alBbDhesT i i bage

T e o RN A

prohe(s) wgyibs seletiedhiram seass prabesnartisense probess l(opig) prahes, and

e MELSL SR S R s v

beingieiterles ONMgRER eXhe wober eilkgametailytHeaho@NA ks indergsh, usually

NG e i e .
berRth 20 A8 SO S o PR P BB g et g bases n
lengitr Fexeaviet, dongeNArqbics besndo axduddiarabinhy by utedl foRyadeating a

doubl g strand t hy ough .t he ration of a stahle
R AR ST S CR R UK
facialisgRbactoh Ok taseyRawith gl tcsifk hRMg thé &W@é@[ﬂ%mres 3A -
PNA probes denonstrate utility both in-vitro (single
3Chucl eot i de pol ynmor phi sm det ecti on (40))and in-vivo
(bl ocking access to enzynes such as T7 RNA
Nu88btyBirRfR%ies Whthshiy Rhd Qﬁﬁéﬁgﬁés\{ﬁ'@lﬁ@é) biB&le NoP limited to, the
nucl eases, restricti'on enzynmes and net hyl ases (41)).

anajeeiss i thglfgllovang istd di spl aci ng probes, conpl enentary

Aﬂb‘l’e\}i&f’bn‘i”l SEeTTS :‘Nai'rfedl'd of /T nterest—(ie—the Same

qoEquenceas—the Y ORI ASRST strand)—may—render—the

chitBICt SeTSeStTER BEIB & R Rty t herefore

Crgvart abtreas=a %@_ﬁeﬂ]wéww%leum re—deantnase—actvity-

oryirhg8Iy Ui Sptace It dnORER IR RSl O b via

D UUprex, trrprex BV ST o

Fm 2-O-methylpseudouridine
Galg B, D-galactosylqueosine
am 2-O-methylguanosine

I Inosine

iba Né-isopentenyladenosine
mla 1-methyladenosine

mlf 1-methylpseudouridine
mig 1-methy(guanosine

mi1 1-methvlinosine

m22g 2,2-dimethylguanosine
m2a 2-methyladenosine

m2g 2-methylguanosine
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invasive triplex formations (42,43) and their use can

render the prior-DNA denaturation step redundant. The
whredioe3ski neti cs and specificity of strand  PCT/AU2004/000900

di spl acenent probes may be inproved /altered by

reaction conditions and nodifications to their design.

The design of strand displacithg probes can incl ude

nono- PNAs, bis-PNAs (which form P-1oops whenbound to

| M3SDNA) . bi s- PNA| peaieyleytioing) t he addition of cationic

My®esi dues such a*&W@ihY\@Y’ﬂﬁimﬁP the incorporation of

m4sseudoi socyt osi hbofiethdadenosipes)  Hence, the invention

m ressly exten &maihylgeonesiseof  nucl eic acid_anal ague

meifehes conpri si pgmgthdemtosiaimdirieinenucl eot i de

memdegues such hEMERROwaAMmNapethyr2-thioulidaat partially

m&har at | ng doubl B BcangsdngiAuridinebes utilised for

MePPRUdi si ng wi t hSeshexyaglosnyimeimdaigimaNA gener at ed by

m@fébar ation_of themathexyddding t he genom ¢ DNA t o

mMP[i bit t he anneafmeiiayiio- N%éowﬁ@lﬁ\é@@@%mﬁands and

m¥Pfeer eby al | owi n Nd@c(b@@of@mnpwdﬂmejb%lqmnmqrrégyt)qarbamow)‘rhreomne

mipagi on_of i nt er ENH(O-Ruilpelugeastraling-on@NapeihieaqripamoyDthreonine

mvl i gonucl eot i de| Pidine-§-oxyacaiislasidmetiviestenal ogue
o5dr ohes. Mor e par Hiiding-foxyccatigecigt Mach probe may be

osywidependent |y _a| WMAUIX@#e or an anal ague thereof such

La.s_an_RNA,_BNA,._Bﬁe_QRWQWQ)hP or _ather nucleic acid

d anal ogue prabe @h*ﬁ@filraﬁ ng one or nmore nucl eotide

$2@nal agues conpr 2ithieciidinéansi st | ng _of nucleotide

s2ianal ogues l\/hr pﬁﬁﬁhe‘*h‘fl'ﬁﬁhlﬁwmﬂﬁq s) may bhe selected from

2¢ense probes aw?imi@l#f@ﬂ%r ohes, Innni ng probes__and

s8¢ onhi nat i ons thaﬂﬂM@U”dﬂﬁ i call v t he nr aobes will bhe

t i ncapable of ac ﬁaﬁTh‘Auwr]em:rq and._hei ng ext ended

to@ur i ng PCR The gr(%g T fqro y]l@\drg]q—(yylpy‘@rka%gyl)ﬂirgomnefm
bhases in length rQﬂ)ﬂTmX}'5ﬁBﬁPf didingout 10 and 50 bases

um n | ength r—md pt 3fomﬂ‘mDXW“qFﬂ9 about 17 to_about 30bases
YW n | ength Hn\/\p /Wﬁ/bUTQQ'ﬁﬂpr nrobes are not excluded and

X may he used f or | AR hEORONYRIPRYNUIGINS(OLBANS or

ar@dibhl es al ong t hB D-EIMANESAt the DNA strand to be

a@ksayed for fac Bj[?ﬁfqhiﬂfﬁ'mparti aon of the enzyne with

mul ti ple sites along the strand (see Figures 3A - 30).
Nucl eot i de anal ogues whi ch find use in probes
Incpprtiondd thertinglg seandnd AR Withi3e eaRENS Yiibis prgfergraial ability

to cge%gﬂélg% F%;/)%llhg farﬁ(é ﬁ?ﬁ ﬁ%ﬂ%ﬁéﬂ&lmlﬁqﬁ% sequence with uracil in place

of &ytqstrriesityesfeit avigh maﬂwlmwm yesidgas substamiinlly aghanged elhe
optimum reaction conditions for reaction of the DNA with the selected deaminase enzyme

may be determined by altering one or more reaction conditions utilised.

Genomic DNA from the colorectal cancer cell line SW480 shows complete 5-methylation of
the cytosines present in CpG sites in the CpG island in the promoter region of the p76
gene. The DNA in this region of the gene also contains unmethylated cytosines. Genomic
DNA from this cell line therefore provides a model substrate on which to test reaction
variables to determine the optimum conditions for maximum discrimination between
cytosine and 5-methylcytosine incorporated into DNA as substrates for deamination by

enzymes with cytidine deaminase activity.
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cmnbs2u 5- car boxynet hyl am nonet hyl thiouridine D

di hydrouridi ne Fm 2- O net hyl pseudouri di ne Gal g b,
wr@abesssosyl queosi ne gnn 2' - O et hyl guanosi nePCT/AU2004/000900

| nosine ia N-isopentenyl adenosine m a

1- net hyl adenosi ne m f 1-net hyl pseudouridine mg

1- met hy(guanosi ne m | 1-nethydi nosi ne n22g

2, 2-di et hyl guanosi ne nRa 2- et hyl adenosi ne nRg
Forzieﬁsgpﬁgimg PRABYINM EepgEorBeansk tigfiscganiostin PN ean be extracted from the
SW@S(FFPHIQ Mgf;frléts'ta%dgﬁi ﬁ@ﬁﬁdgefﬂé/bl\ﬁgﬁgﬁﬁ%g elfyzgth%ir}%sé\;@f{e%b single

anosi ne m u 5-met hyl am nonet hyl uridi ne manbs2u
strefdgd TR OAypraferatdyrey hydt-dentivirgion. diheee-aanepling of the separated strands

mennasyl net hyl.uri di.ne . s2U 5;met hoxyc . .
cor A LAY TP S CRGHI S B En ALY B O Hrsio of the £-caderin
ger; whichybhiairg-thtee i(}iﬂbﬁﬁhldm %Mithadﬁlﬁi@isd OpG B @AnMdoGe used to

b-ri bof ur anosyl ~- met t hi opuri ne- )
OPHIEE SN SR S FF AESEIRE CLEYBET 5B £ ATD and other deaminase

enzHARS YUtk i@ methdd M thef¥htién.ar bannoyl ) t hr eoni ne nmv
ri di ne-5-oxyacetic acid nethyl ester o5u

Theugaipgci:i{]yec;f5a_noe)§1%§arr%e (t](t) Lli%fe?grltiqaﬂél \r/r)lodci)fsyya\i\ég{\gtgg tC}ci)t)é)gi%ie re]lgd cytosine can be
tested by adding it to the single stranded DNA and incubating under a range of variables
selected from for instance; the concentration of DNA, the concentration of enzyme, the time
of incubation, the temperature of incubation, the composition and concentration of the
buffering ion (commonly used buffers include TRIS, HEPES, MOPS & imidazole), the pH
of the buffer (from pH 4.0 to 10.0), the concentration and type of salt (commonly used salts
include sodium chloride, sodium acetate, potassium chloride, potassium acetate, salts of
sulphate and salts of ammonium), the concentration of various cationic metal ions (for
example magnesium, manganese, lead, and calcium), the concentration of various protein
stabilisers if any (for example reducing agents such as dithiothreitol (DTT), other proteins
(such as bovine serum albumin (BSA)), sugars (such as sucrose, maltose, glucose, trehalose,
glycerol and fructose), detergents (such as Triton®X-100 and Tween-20), and co-solvents
(such as proline, betaine, formamide, DMSO, alcohols and polyols). The degree of
discrimination between cytosine and 5-methylcytosine achieved using different
combinations of these variables can then be assessed by protocols as further described
below. Those skilled in the art will appreciate that the above list of reaction condition
variables is not exclusive and further examples of reagents and conditions that alter or
enhance substrate specificity and rates of reaction of enzymes can be found in publicly

available literature.

Besides PCR product and genomic DNA, chemically synthesized oligonucleotides can be
utilised for determining optimum reaction conditions for the selected enzyme, and may be
produced with and without 5-MeC bases. Such chemically synthesized oligonucleotides
can provide substrates for the enzyme as single stranded DNA or double stranded DNA
(annealed to a chemically synthesized antisense strand). The latter are useful for
optimising methods and reaction conditions to render double stranded substrates single

stranded for maximising accessibility to deaminase enzymes such as AID which require
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P Pseudouri di ne q Queosi ne s2c 2-thiocytidine s2t
5-nmet hyl - 2-thi ouri di ne s2u 2-thiouridi ne s4u
wa2adokfoassi di ne + 5-nethyluridine ta PCT/AU2004/000900
N-((9-Db-D-ri bof uranosyl puri ne-
-yl ) car banmoyl ) t hr eoni net m 2- O net hyl - 5- net hyl uri di ne
um 2- O net hyl uri di ne yw Whbugbsi ne X

3- (3-am no- 3-car boxypropyl)uridine, (acp3)u arau b,
single siramdedaepbtrate & gyeatestaetiibiva d‘éyﬂeovwc%asm@mu@wtﬁ% in PCR

pro‘a'uE'thaﬁ b§H§F}q§%d% 135[{b%t1§2'§&m1‘_{¥e{1 lt@.ﬂm DZBIE érM%sI which

preferentia nat'e cy 0Sl ne an
recégniessayt oydtbglates cytesink irsthesequeneg e i@. wb't indiHpell] which

mefy BB el ST Ry bR hoeh R RB- B P Al
line @A dbtmﬂnﬁlrﬁ@fddméanmdferde’bs S%&gragéd falr ?ﬁlﬁnﬁ;ﬁ{geﬁ{ZQﬂxe-
mefhaieg PR GATLBHAR TORG Db SR s o R Aleph e i any of

thetabgvecéﬂbgtrr%& @:heﬁiﬁ:@ﬁ? Eytﬁﬁbﬂlzéd' g o&M&Qﬁﬂa@VFCI@% 1@t & genomic
nmet hyl ati on_of the cytosines present in sites 1n

DNtPﬁéa@b@ssg%a% émswnfihr@ mm%\al @M%m@dlmhw angbspguencing
methd8s.DNA in this region of the gene al so contains

unrret hyl at ed cytosines. Genomic DNA fromthis cell

line therefore provides a nodel substrate on which to
Foliavging liféalbtﬂii@h()fvtg? fesbPBRA withdleg @rzmrreetheﬁérg@bteigmﬁf interest in the

S R .
DNGOOHL bRy b ardRAEAT TS ot ! (DR P A bE KR Hefitured
befereltbe rameenfamertd @aﬂlerl%&R dWsiby thernyditied MNA ag y térgplate in PCR
resglg ﬁ%q a{ﬁ?ain?n%lafcedl s\élgt é/nceF %{Bglgggﬁf Bfé’cﬂ tgﬁ}“lacl%lel %lijﬁ rg%anf}%‘}!dc%nof cytosine in
theSr¥%E0AE eéqlﬁncesaﬂmcysmmdarpﬂamf BatighyliytesibblAAtdoadinglye the

cells is then.,converted.to.single styanded DNA, . ,
cor P SR RO o SE g PO/ FUICR ey (@R Ersipn e thymine

EH&Q’@@ RALaBIs Q0N Sdifida BN A dRtHR héﬂble b,lﬁffe@élndég; h&9cipfeai@sh [335

descr i bed above. The pronot or Ielgl on of the E-cadherin

methylation status of the cytosmes in the original DNA template.

These sequence variations can be detected using any protocol which can discriminate
between thymidine and cytosine bases, including techniques such as direct sequencing of
the region (e.g. see Herman et a/(10)), digestion of the PCR amplicon with restriction
enzymes, methylation-specific PCR (10), Restriction Endonuclease Mediated Selective PCR
(REMS-PCR) (eg.(37); International Patent Application No. PCT/AU96/00213) and
hybridisation with methylation-specific probes (11). Methylation-specific PCR relies on
primers that take advantage of the sequence differences between methylated and non-
methylated regions after conversion by the enzyme. All of these methods will give
information on the methylation status of cytosines in the target region of the test DNA

being assayed.

The selective nature of amplification by REMS-PCR means that it is well suited for analysis
of rare genetic variations such as tumour sequences in a background of normal sequences,
or foetal sequences in a background of maternal sequences. Accordingly, a method of the

invention may form the basis of minimally invasive assays in which body fluids are
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gene, which contains three CpoGislands with multiple

CpG sites can also be used to optim se reaction
w@edioeizens or for assessing enzynes such as APCI/anezho4/000900

ot her deam nase enzynes for use in a nmethod of the

i nvention. The capacity of an enzyne to differentially

nodi fy al kyl ated cytosi ne an2k cytosi ne can be tested

by adding it to the single stranded DNA and incubatin
anafjisgd fordhe prRgencefof varianfispeuenses charasterisedbhy plgered A5 plasra

Cﬁ‘%ﬁ“@?ﬁéﬁ@%ﬁ?ﬂt ;Oof DNA, the concentration of enzyne,

incubati on, the tenperature of incubation,

t he conposition and concentration of the buffering ion
The(rsethnd nf thepsesgnbind tation inay beideedRIdS ddERAR e Slated sequences

&l m I H . ! S frompH 4.
witfy o BERSe so bR F e 8 AR b Rl i oo for
exampig hgpdrirethylationde tboGpGrislahd edthttethegddigane poaiatre,
ot assi um chl.ori de ot.assium acet . Salts of .

Hy SRR S8 FEEGors et e 1 Rl Bishcs Bestis g and
necN,JebeBlg6af dodH, Curl¥bdral lived Bsncef & des %@haal £ o8 g0assr eamples of

manganese, | ead, d calciym, the concentration of
geng%wg{gg apy &p lﬂag$§5p¢rpg9éb)§aﬁlqn 1BFSQabPn @R hfrgan tumours
inclt: 86 Wagﬂe&g®%a§t, %k@slﬁaté‘,%oﬂi'nt, Ploi &y shd H‘J/er(t%-g)lré?,tthg Yon Hippel

proteins (such bovi ne_serum al bumi n (BSA)), sugars

Linday 0 ksesg élieeelg::zﬂ iremewisd BRETATbEast tumetiag)ag & (leukemias, Burkitt
lym%h}fﬁl%),o RE (gélUﬁtt@rﬁSﬁrs),‘i&t()gf&gﬂj gﬁoﬁ,slﬁﬁq tfiRours, and lﬁukemias),

riton(r)X-100 and Tween- 20 and co-sofvents (such as
HIGQir(btdiméredse tcaioneand wenatenirceys) MBG1 (bteashioh®uas)dGST-n (prostate

ol yo degr ee of, discrimnation between .
o) o RN TS, S GRITeR OB 16l K hie) apd oD
(bladidBbiunatur)(s, 3f these variables can then be assessed

by protocols as further described bel ow. Those skilled

in the art will appreciate that .the _above |ist of .
A meded Fffouiaitior S CoRpar B © R AL G By argethylation
such b§ 38Ins K BYpdRSthfatibR agetihtedatith ¢RMetNkEdRforiahadtivalibesf genes,
or enhance sSubstrate specificity and rates of reaction

for grfamgloppkingsePrd0¢AticFaneerpubl i cly avail abl e
literature. Besides PCR product and genom c DNA,

AccRREALIG I eYe SMRIHYER AGS HRHIRNHE] @QH A Bfark@s oPRimour cells.
utiliSed for determ ning opti'numreaction conditions

Spefifie applicasienvietilisingsichmearkers dndhede for expmarlaceininpliningagve
scre\é'}-d:n Q)lllteaﬁ}'f EI’E% 53S E8umaEd ok ﬁgér%%elﬁéétiéﬁ( B; Ipl?c?blﬁl@gstaﬁc or

ol I gonucl eot ’des can provi de substrates for the enzyne
metastali¢ digease &t lyarhenbdoplAletectidn obiuaresdctesiidawbubils at tumour margins

nnea em nt f%% ' get i €. .

o ISR 3 OB 8 L AR AE, LSRR g
pati@nt dfGanéthohyeindibhscans diseretgaetic olhhebstiscandadnarker for

SPBIS\]Iratc?S Si ngle _ o
foeta A or disease states such as fragile X syndrome and altered gene imprinting states.
The presence of 5-methylcytosine may also provide a marker of endogenous or exogenous
DNA associated with viruses, bacteria or other such microorganisms or pathogens, and so
provide a means for indicating infection by the pathogen, or microorganisms, or of

identifying the pathogen or microorganism.

Optimisation of buffer, ionic strength, pH and other reaction conditions for rendering DNA
single stranded and combinations of difference enzymes, may allow essentially total
deamination of the target bases in the DNA to be reached. However, total deamination is

not an absolute requirement for methylation analysis. For example, the presence of
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stranded for maxi m sing accessibility to deam nase

enzynes such as Al D which requiresingle stranded
wGeupsverse for greatest activity. Mreover, CyPOFALZ004/000900

nucl eoti des in PCR product can be nethyl ated by

i ncubation in nethyltransferases such as Msssl, which

recogni zes and net hyl ates cy&®sine in the sequence 5'.

3', and Hpall, which nmethylates the internal

me@vﬂ%%# fiEosine can be detgstyd b ycorspar%qééwgt hexatefexientiod
dedrhi®AtGE a thfg@@&té)e[ 20RE IR In B A ERD Of}% 15%918@ cofttrA&hY Be a site

as substrates for optl m si ng enzynene cyt osi ne
withiseganesti¢ BAA thagisrkeony tatbe ommetlgtiated ofr itypapbe Hyinthehc

f t
UL 055 10 0 0PI L SR
deaDNAti areat them&eg&teﬂeﬂyargéimmdantérm IMG:PdSl) fiag |for 1nstance be

R s U A T R SRR GHCEH AR (o Aghrotocols, by

confipisbA bg&ie ﬁee@hfﬂge Qfeail:{g‘gﬁﬁ g?’RBRAéaec‘hsE i adl@lb\ler ‘!‘)?1 Egmgﬁlgilor?e of band

. .typicall fied
lntWS%esB’és%/fé’ﬁFm&%lgﬁiﬁﬁ?ed before the comencenent of the
PCR Using the nodified DNA as a tenplate in PCR

Oné ﬁﬁaﬂ{d@thhﬂnaﬁ b {iRdd tolcecht SLHHANAR thRARI c&RP0] iMITubtrated in Figure 1.
ym di ne residues | n | ace of cyt05| ne in the

Mogg Pfgflﬁ%lﬁr ¥da pesrage Hiednteprabsprerli an ipregeal fspment of genomic DNA
te ﬂ@is‘% ¥e‘a%1{91? grlur gCI HE:QJeW tetrxtx\ﬁn% % ?&\Bg%n%ltary with the

yt osi n ases t the enzyne,
germnnv@NsA ami hon-téwypienentayy Sftegﬂm, The gam@ﬁlcaDmdst ﬂieﬁ dmplified

b OY S BB L ST e ey DaT ROy b P gt amplity the

intdohl coRMPI fedgenent (B)S SirB RAHIE HISEintehdl abh QOIS &paRer? & amplified using
dets\;{gt ed usi g an pr ot ocol V\,hl ch can djscrimnate

Primgis iaahifre ﬁ‘m tifprethg rrfer erntint fragweat andiéq nefiaplify the genomic
DNte@hni ques such as direct sequencing of the region
(e.g. see Herman etaJ(10)), digestion of the PCR
rrpl icon wWwth restriction enzynes,
AltersatyalwtrBiok saie Pe incsepartq reagtiores For instenee, gerionia SN sway be

anaM%gH g gﬂ)ﬁ% &&aﬁ‘fu‘fﬁlx}: R (tﬁr:é\'ﬁspgghéﬁgibé%r%ove@rg three standards

I'nt er nat ironal Patent Application No
curpGxp8ytapriechyding Ulsslém tmatwl triethydathy Bendroin [¥PAEM dtandards),

b1sw.ﬁf1&bt?e%t% t?(gtpéd ﬁ&‘?\cqﬂ ?t %C?r Sl dittrefid unmethylated

priner a e o e sedquence
gendirfif BNen (¥ standbmise nA m&tt]hy&hfaﬁremdam o N oaa tthe lad e\di:ulated as

Mie I P Lopr e Tt et e ok AraryPaam e percentage of

DN&\t (%W;Mchqy h&sdoR@SrtdfrbMeC oAl 8¢ biduErab ﬁ@at%entt t8e b&&round)
DNA bei ng{ assayed. The sel ective nature of

calgyhpied g BWY +dh+ &W REVBIDRREBaRach df e YalugssMiwEaind VM iateeegtimated
for fiRted @ﬁh)(%érﬁple with reference to the respective standard curves (46). To remove

the background from the %MI the following calculation can be employed: %MI (minus
background) = %MI x (1 - (%W = 100)). This formula, therefore, allows an estimate of the
true amount of methylated cytosine in the genomic DNA test sequence analysed where

conversion of cytosine to uracil was less than 100%.

Control DNA sequence of known cytosine methylation status for optimising reaction

conditions or assessing the efficacy of the enzymatic modification includes controls include

plasmids, PCR fragments generated by replacing dCTP with methy5_4CTP (38), and
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of rare genetic variations such as tunour sequences in
a background of nornmal sequences, or foetal sequences
w0 poog/oisskgr ound of mat ernal sequences. Accor dP@IyAY2008/000900
nmet hod of the invention nmay formthe basis of
m nimal ly i nvasive assays in which body fluids
areanal ysed for the presence2bf variant sequences
characterised by altered or aberrant cytosine
comppmersjalytaveiiabla hvman genamis th%itlﬁQaL‘bﬂnWh@aBY exgiiptlated for all genes

B NN YN L —

ad dEEA,CeR 1ih@ IDNM, tektrB i@ froktlfalU res Svithhh Iafovi PN adHin®tatus may be
:gernethylatlon in the CpGisland within the pl 6 gene

use|51‘\r/ FBeBEVe Mpaealy higamitdlo oM eRIPIe dog GACIERuGRaEdes in the CpG
t I I

isl @R @Eee&ohfbtcg gﬁ of t}@’rfﬂgﬁne gastifiy ﬁretﬂé@ﬁgd ﬁpﬁeglgx%(%an&er cell

0eso ha eal , ['i ver” cancer as de

linggdd VB2, @demﬂnwhyiﬁtegen g luhg canchneall lgpsH249 andi H209 (10).

e e T —

artand |iver tunmours), the von Hi ppel Lindau (VHL)gene
(renal cell tunours), BRCAI (breast tunours),

‘ En%yh%a‘rf{cln%lchﬁ%s%%l 1of B o{;glng i)asleg @éﬁ%%% beQ Mélng agsaﬁlag Win generally be

URg t unou
cartiediketnisas) the Hhﬁimt(rbrlmubahbm pasdd deohainecassdryr erahieve

mo#ﬁm o S%f &%@ﬁﬁ%&%ﬁﬂ ti-l Eﬁ\hléﬁf?ygye exgg?xzﬁ(@tg%? an% in conditions

tha{ a@hsﬂ leim exBébsive tﬂﬂﬁgmeaha,uoar@ﬂﬂmm@ (Alvadeageotdlyyahe Stotocol will
t hod as de crlbed erein can also be used

typieglly gsﬁﬂsrergf Psidipel B \rrEqn BRPtocolidmoyg in the art
regi ons of hyponethylatlon ass00|ated with the

In éridengef tRtafRabf 8@ freyééh’c PReRortRREBe ridRé cl@XHMBh@rstood,
ur okj nase or S100A4din cancer. Accordingly, altered

prefistadydonms Brerephval naY hedeseribedsndh eferpnradertse foflopingypgn-limiting
exd LS. Specific applications utilising such markers
clude for exanple, mnimally invasive screening or
early di agnosi s of tunours or cancers, detection of
ExamplednErzysnatic conpersinn ofgenpmic BNSeusing thmlm@é Cytidine

Deg&lﬁl%ﬁ l.f&nthgfde Sf;{h%qn&tﬂgﬂﬁ{)n%&ltﬁsf% 0?1 tgj'&)pr 1 1 3hB$romoter

or ot reS| dlsease or as a Ictin
OfH!GI}dﬁs(éNKﬂﬁ adeh tion, differences in patterns of
5- nethylcytosine bases at discreet genetic loci may be

Geﬁ'&ﬁ [ﬂ%AE}s cte%lr frérﬂ%tb?t% d oL C?%e g&ﬁﬁ@ﬁ%n?ﬁi@tlﬁcﬁv@ﬁgﬁusmg a

ragi | syn drone an ene

stas«ﬂa‘d@straéﬁme reeseivevarfinfhemt. hyﬁlmcgnwencrﬁNAa Iusxversally
§§IV|de a_mar ker_ of end nous or exaogenous

meghyd

e el sanes{Cpenems, ivgrsplly Methyated Dé%h is used as a
podfiiFd QRGP ABRRn HRRREBNS tost v RN the CpG island in the promoter of

the p76 gene.

Single stranded DNA is generated from the double stranded genomic DNA by heat
denaturation. The resulting single-stranded DNA is subsequently incubated with
Activation-Induced Cytidine Deaminase in conditions that promote deamination of
cytosine bases in the DNA, but not 5-methylcytosine bases. Activation-Induced Cytidine
Deaminase can be prepared in a number of ways including as a crude extract from

activated B-cells (28), and expression of a fusion protein to facilitate purification (26, 27).
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provide a neans for indicating infection by the

pat hogen, or m croorgani sns, or of identifying the
W@2a08/008381 or i croorgani sm QOptim sati on of bubPdBAD2004/000900

ionic strength, pH and other reaction conditions for

rendering DNA single stranded and conbi nati ons of

di fference enzymes, may allo® essentially total

deami nation of the target bases in the DNA to be

The arge pbiateregswearmd the §ip&] islaad of Hetplgpromoten{GenBaak fsressien No.
Xod189Hk Wpﬂf&ﬁl qﬁ&%‘ BlneR S0alsh %1 rebtns ngelbrsot hdfiylation

presence o cyt osi ne can etecte
hotesppsao |r@0hn:e thlet mﬂvﬂtty of efficien¢yect ampl)ficafion being dapéraienaon
Lol .. The

r nst an internal, cont
mefhd R ikt S BPR A e Bl AR Pl Bh Bl nRpah (19 The
PCR?pr&(dl’LﬁJNlﬁoﬁt&nb dqmmﬁtdbdsad wHere Qmmethytwcrl] lRetosine Eﬁ@ﬁed@n the
nmet at t hat nto, the reactio
te“éi%tﬁtgﬁ PRI q&% Ypsine 4%61511 e SR SAaYIFEiRsiRE Dpics Ciiisd in the
tendhtd @bnSthicTINAL Ghe eletlRylahidétRuB 3F tHe@PC RlahdRYhd Somoter region
i nstance be achieved using real tine quantitative

of the PHg Bens it thegaeegssadcusiera w@b}e Rry@cqle«)s depgihsdbave by
corﬁﬁéﬂ%@ﬁ % 91%‘91]:1 réf@t%n@geﬁﬁéﬁégﬁet@étﬁﬁvﬁ%thﬁa@%@§t§ﬁ1¥§ce5 within

by conparison of band intensities on
the%@l@dng thpgpromcgyr. regian ofipd frody b asednana m)erhsrs efitunpurs of

sev! a?@%nglrﬁﬁ]gﬁgfhk@oléﬂ rlﬂ' st Cg,(%@ttﬂc,qkeaﬁsand é) %%aﬁ] colon,

partlc 0 preparet it |n
lungamﬂuveﬂ an internal fragrrent of genom c DNA tenpl ate
IS arrplifi ed with primers that have 3" term ni which
0 ntary W.th . 4
Bxaiipte 26 RE PO, Sinfelioy of tekiE B uali Attatinpindogefi Gyticine
Deamnjrlasé tocfdcilisata getyatlen of)fherméiﬁylalmah statas sfpheiihdividual CpG

dinnpEaflie in 6 P Enddefie o Sehine Fp NichiBent o1 na

control fragnent is anpllfled using priners that are
As isrpEm'rﬁple 1f genotReDINA Brfirst extracted élonf 4 blgoe ot tisvud sa@phdiom the

o ST e e SRR i G
o 5L SR A T B o
useclos stpogitive domtsqalrfgr dbetsa]dolhlf dlf é-methﬂgﬁldsmla Mh’g}iimﬂ‘liegi}gﬁ isbamiddn the
PG ¢ DR G0 USRIy SR EaPER D ALE Ry APy 94159

genom ¢ DNA (Wst andar ds) A nethyl ation i ndex (%M)
Specdit atdasiof the (?:pﬂ Gldndtie Cﬂh@pro%dteer thd prddenk ald@rgeTdiefoddhzymatic

o S RS RERL ESR R B ASSEA 8 LEESERL A e
withiagdab bf énple@ehaEn} alotihe thaCkgkediRdle to be analysed such that
hybridization of the DNA probe produces a central loop of single stranded DNA
cohtaining the CpG sequence, or sequences, to be analysed. The DNA probe is hybridized
to the genomic DNA by mixing the probe and the genomic DNA together, then heat
denaturing the genomic DNA and cooling the solution to a temperature lower than the
melting-temperature of the probe. In a variation of this technique, a plurality of such DNA
probes may be hybridised with the genomic DNA to target a number of regions of interest
in the genomic DNA. In a further variation of this technique, the probes may contain
modified DNA bases such as PNA or LNA.
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cal culated as W =W (W+M + U x 100. Each of the

values M U and Ware estimated for the test DNA
w@200pl0e338i t h reference to the respective standeeTAU2004/000900

curves (46). To renove the background fromthe %Mt he

foll ow ng cal cul ati on can be enpl oyed: %M (m nus

background) = %M x (1 - (W 200)). This fornul a,

therefore, allows _an estimate of the true anount of )
Thegengrnis ONA vt RINA prebedudsidiser o tigsuhsequendlyirgydated with

F S - £ a5 . .
ABEELR S B AROYRS 0 B AR, b, AR 5 ngon o
cytpging hasgs irothe genemis DA hyphe nzsiong bubacit5-orathybaythstriedrases.

or assessing the efficacy of the enzymatic

T , . i | asri -
P ok R Aol B R e P B AR By by P

Th¢ BCRpwodmat il kdntaznithiyiadihe bingsramegpanonethylabet cyitsifaN&isted in the

unicversal | vy net ted.for .al enes . :
oo X BB Rl abnf i YA B 5P o Y it g bseo exited
in Geng@aplite deabmiNONAS7BZIhethilatiad diatus@f theo@pE idlamBinBhpromoter
ext rff}gz‘éed fromcell [i pes V\f'Ft h a known net hyl ation
reglqnof RI6ishep assgeed o &t EXBRR!ilve and negative control s.
As an exanple, the CpG di nucleotides in the CpG island
Mettliy 14t -§pe6ifio PER el GiNpAinetsithatthke gRRAAtagE ©f tHelsedfuence differences
nethylated in the | ung cancer cell |ines HL57 and
betyypym metiylgfedd Pﬁm%hygateg FESEPRS AR EPTVARRQS D@ pegnt piach as
bistil#d) T tddPR dpkddinutle6t JQNATeted P IHUREIC Q&We"i‘éibﬁg%z ﬁxctivation
e

fromthe cell l'ines by standard protocCols known in th
Indyced Crhdipgdlepminasg uping angthylation epecidisiPiR, epsiadation-spesific primers
areld@sion NG BEI Agioassayed will generally be carried out

usi g the m nfmum i ncubati on peri od deenmed necessary

to achieve nodification of the cytosine bases in the
ExabijAe ByAlDanahatedeytasine deathinatich ofisingladirnndes DNAat do

not | ead to excessive fragnentation of the DNA.

Advant ageousl he protocol will typically be faster
A thd eB%‘%\?fgﬂtof%'h%ﬁt{r nodi fi cati on protocols known in

the art. In order that the nature of the present
Aniunwettisiland Aéhp dlégomrleotide@chdB0)nthidhdiae tltk sapicadieldotide sequence

fo t here i | ow, be_ descr.i bed with referepc o
a5 TUREOR G PEtEE AN oPT B B Tt aHpP o B s Cenbartk Actession
HLIU5EB) 7 BBdil e € 5W BNBIn®G0 ndl1 IGATIO ThE sdPNRn S FFad80 is as follows: 5’ cge
Activation-Induced Cytidi ne Deam nase for the
t2C 1A {18 8El EHEo61BET M8 LERIRFICALT ¢ 1tess &8 (B8 SEHEcEaTts Sgagq tea cct gg
3. NicleB8dOPHARTBL in s saaphd (ﬁ%ﬂﬂ:ﬁéeg@ﬂ)@as eRRABA HitANRe bSmer
ood o

first extracted froma bl r tissue_sanple fromthe
BEGA1 1R g kg cyisls sgguencing primer extension assay described below in D, and

corresponds to base #972 of E-cadherin promoter region (GenBank Accession # 1.34545).
B. Trap DNA annealing

Complementary oligonucleotides AA1 (tgt ttt ggg tgt gta tgg ttt ggg tgt) and AA2 (aca ccc
aaa cca tac aca ccc aaa aca) were diluted to 30 uM each in 20 mM NaCl and the mixture was
heated to 95°C for 5 min, and cooled slowly to room temperature to allow annealing of the
complementary strands. The resulting double stranded "TRAP DNA" template was used

as a decoy for exonuclease activity in the following 20 yL AID reaction mixture.
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standard extraction protocol known in the art. Human
genom ¢ DNA, universally nethylated for all genes
w@ gpSeesse” M Uni versal |y Methyl ated DNA), is UBEHAES008/000900
positive control for detection of 5-nethylcytosine
within the CpGisland in the pronoter of the pl6 gene.
Single stranded DNA is generdted fromthe double
stranded genom ¢ DNA by heat denaturation. The
resul ting single-stranded DNA i s subsequently
Cj ncﬁ%ﬂtﬁgh#@ Rytidine dgaminatiogdardioneyt i di ne Deani nase
in conditions that pronote deam nation_of cytosine
They{lyds Al reagiiomixtur gontrineds aivhidepsa pid 7V Fel B &XLT, 10mM MgCl,
r
2 Dy A K e O P £ 100
wildtyrie VdDe h@enzyimesmp@@e veasdnasbatedsa B8 afd stoppesi after 15 minutes by
' . Faci Li it ion .
<o L5101 LRG| 8 BHELI BRI 0N R5 L 38 ) e
aqueGenflaask cdataindssy the shbstraxOwasSddpasatéd romathp phénadhloyoform phase

i RTT O oL oot ket s PRLCROLBEBoF B phe agueous
phat a6 f@iset pakifiePlyiefuitiyt the Sargle iirodgh BIsIEMRRo Bio-spin 6

nmet hyl atjon status. Suitable prinmer sequences are
Chygmacdgaehy LA oAt 37%&-320950). The PCR product

contai ns thym di ne bases where unnet hyl at ed cyt osi ne

D. €Xi $dr@&hihg ATDEM b&TAR] dodyCosH @diintinbih agldezél@fBéc[lﬁenbﬁ%qgr primer
where 5-net hyl cyt osi ne bases existed in the tenpl ate

extensi¥hi ¢ DNA. The nethyl ation status of the CpG i sl and
in the pronmoter region of the pl6 gene is then
ssessed usi.ng a suitable pro | ;as described above
Cygly SeauRpaRs BESE S RGN B rPe-l_tﬁ@@ﬁsé BUEIFE @?OV_@S%S@CIPFWG of the
degRbe SRYMERIRIMERE B WMRRSRaHM SAUdA bhEsifREnta3hi@RE C # the DNA
he pronoter region of pI" maybe used as a marker ~of
subsini it eonebtanb yeedeaminaios of RpHiiTh is Hescpbediiramore detail below

'WHP&9@§§megﬂ§1hE@z head and neck, oesophageal, col on
ung or liver. Exanple 2: Enzymatic conversion of

enom ¢ DNA using Activation-Induced Cytidine '
In t%@@n‘iemges, ol efA D madidied evkstratowanimpliedrasing h aydlosequencing

prefeph et o it MRS T i oute
(USB)fiphiés df ThgenoseqoeNA(USB)f 67 sV “@x¢ndalababbdfpromersBEGIATRA Db (5
or tissue sanple,fr the, i hdiyi bng .a nd
o8G5 B AR B oy oo e 9 Tl <R R Aot
mirfldNA, oilUTh/prisat SEC AP tydcaded bagr#9ap in GeadiepopransitMegion
Uni versal |, thyl ated DNA). is used as. ltjve,
(GepB Brctean ddCEdS BrE5PE: ReUhgH e 488 e RN Rseglngs were
the@ﬁ&y‘cl%kl%‘@ éﬁlefs € (95°C for 30 s, 55°C for 45 s, 72°C for 5 min). Reactions were
stopped with 10 L stop solution containing 95 % formamide, 10 mM EDTA, 0.1% xylene
cyanol and 0.1% bromophenol blue, denatured at 95°C for at least 2 minutes and placed
immediately on ice. Products were separated on a 20% polyacylamide gel which was run
for 3 hours at 60W prior to being dried. Quantitation of the band intensities provides an
estimate of the percentage of target template that has been deaminated at position #972.

E. Interpretation of polyacrylamide results

The resulting banding pattern on the polyacrylamide gel represents the sequence of the

template of the cycle sequencing assay. AID-induced deamination of cytosine at position
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pronoter of the pl 6gene (also called the CDKN2 gene,
GenBank Accession No. X94154). Specific areas of the
w@p@Bsieizand in the pronoter of thep | geneaxeP@r/geE2m®a/000900
for enzymatic conversion by Activation |Induced
Cyti di ne Deam nase by using a synthetic DNA probe with
areas of conplenentarity aroghd the CpG sequence to be
anal ysed_such that hybridization of the DNA probe )
#978 ol abesthg degiee phincpmepatisin ofidddt i the primss gxtengion assay with the
I, - I s b
res B s A R W B MR o s o AID, the
temipiNde baquencd regnatrtsenchaigeddRigutdid PgenomThisDndultsoy ¢hdT8r-labelled

P ehestiing S AT U BRES Soomfird A0S e Pad i

profi®itdrisegudreginBhhk & cedssibh & [3abdfeor gositanvisiREtai800fAID-

his technique, a plurality of i ropes may he
m%tﬂdi ff@@@e&ﬁt&mﬁ ﬂtwtﬁé}?dmpesw%{dﬁy Pa%éffag%ﬁrﬂﬁﬁwn%?r
seql18He O Ritioh M52 € BEads, thRQIrS&NRM eskN inkdtpardieh UABHA at this
variation of this technique, the é)t‘ obes may contain
r

sitepiséradda aprAPpHE B RenedFigyrePhRaghb andiCirnldhigyerpsifive” brad
corttsbdhdsfie o BhiUPN PR ol kiR deh & i fhr SHRREAMANLL Ydds two

I ncubated wth AcC |\_/at|on-lnd§ped Cytidine Deam nase
extraridess te theipritnehextertsiam prodne) whitbarmha asten an dife pelyasylamide gel.

TheARERe} P b0 OpARRT Bnlh B iy SRl A Sotipre
(Mdlbal@iBriastienWSa) ahé eompprepnattotherintessityhefralldmapts fbowd

by PCR. e PCR product .w |l contain.thym dine bases
e a R T B b TR R OF Bl iRk deg g ing template
uncbﬁﬁ@ﬂteﬁlale sije nern) én%)hﬁ{kludiﬂgi titybasi. mai’si;ﬁse&taglh eéresents the

5- et hyl cyt.osi ne bases existed in the t ate genom ¢
pergqipiage i éY%é*Pﬁ;ﬂ AR e W%SFH*@ ‘%we? hef begn derimitheed to a
uraBil tr region ofpl is then assessed as in Exanple 1.

Methyl ati on-specific PCR relies on prinmers that take

advant age of the sequence differences between
E netRipeasian and unnet hyl at ed regi ons after conversion

by an agent such as bisulfite. To detect the CpG

Theddym_é%le?\s&nicﬁ?&eéc%ﬁeﬁcﬁéqtéwaﬁﬂnyﬁﬁaia@ecp@&mh%&nomppmximatdy
AcCtivation I'nduced Cytidi ne Deam nase using

377nek thy FHEFBR SpRAEG ZPéﬂij, e Beedf) pesiain @ppaeyred s descrbedin

par%ﬁgﬂ %%99951 ThO coftk S rEREULR Qri\ih%ﬁﬁm %e&bﬁétpit&egbﬂgg)und level of
cytosi ne deam nati on of single stranded DNA A.

“poprtivpaband offds. Bhibseuldibe asesultrofeithed ackgrogod deamination or

il BRI L SRR Rt ThelBRe nB VR e aldifio

acchisrgan Hernsgayoesilesrbyr siptractinigGha Bartkol Aeartiss ifiom the test reaction.

Table 1: AID-mediated cytosine deamination of single-stranded

chemically synthesized DNA substrate

Reaction % AID-mediated cytosine deamination

Control (minus AID) 4

Test (plus AID) 37
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#L34545) ,was diluted to 4 mMin 50mMWaC . The sequence

of EcaddG s as follows: 5 cgc tgc tga ttg get gtg
w@emgnes3ayg tga ace etc agecaa tea gcg gta Cggp@mau®g/000900

gtg etc eggggctea cct gg 3. Nucl eotide base #52 in

this sequence (upper case C) was screened with the

prinmer 3ECADIIb in the cycl e2sequenci ng pri ner

ext ensi on assay described belowin D, and corresponds
Examgplp 45 A1 diszrigfingtiembefareep momsthylatedgindrm ¢ty tosine

Accession # L34545). B. TrapDNA anneal i ng
A. Conpla gq%%ﬂusﬁ)ﬂ,gtg@%]ucl eotides AAl (tgt ttt ggg tgt

gta tgg ttt ggg tgt) and AA2 (aca ccc aaa cca tac aca

ccc aaa aca) were diluted to 30 nM each in 20nmM NaCl
DNgneliganeclgptidesreergaherhisallegyntlesggdmgth Bedlinwing dequsore dge tge

ik R G S e e A R

cct ST RARDAX 'wisstilentemodisied {Bchd88 - all dgosiye)fays’-metnicitesse(5 -MeC)
t vt Viohikot he fol | i Al ti
o 05, BB R TR B SR Feesfons

werBiH1u2éd tol4 Qi tha Peésenicedf $0 uid Nal).ai ned 50 nmM Hepes
pH 7.5, 1nM DTT, 10vvwvgd 2, 24 pnole Trap DNA (AAl/
AAZ} | e ad80 substrate, 200 ng RNase A, and
B: 100 WP/IW;&D&%E&% D. The enzyne mixture was i ncubat ed
at 37C and stopped after 15 m nutes by addition of
Copbnaintary ot gon ddotidboT1 (atthdtottobartat t2 2a2éht dta AT s 841) and T2 (att

0883- 100 . The agueous phase, caontaini ng
tot B o bae FEaparheeh Wb i tisd 1D HOHYIAOH G PrsstiRce of 20mM
Na@h dheselisticbeudiries ofcte RiraRd k6 tlncteh 68 TRARIRSA 2k dgétibed in
0.5m Cat. #0032 005.004). The aqueous phase was
Exqmgple fer purified by eluting the sanple through Bi oRad
Mcro Bio-spin 6 Chromatography Col ums (Cat.
C: #7381520 iate Dy SEim@ MRhMTh Ao reRdicaked cytosine _
deam nation using cycle sequencing by prinmer extension
cl e _sequencing prinmer extension with a 32P-1ablelled

A 23#%%@ ISReRAndBETYre yEsdpRAred coianineqlaeMoerspabgHe>, 1 mM

b prov e yroEt e
DTYHIAEON, 24 SRORAKADNN (1Y T A ol o ok RO AR RUBL A, and

| . substrate is consistent w
100g@Md iIRa Reariions were igcubatqthplis37P6 ferdSaningéas- i n nore
detail below with reference to Figure 2. In these

p:'e féfllé’g%]ueﬂ.ci PRimé&! BB | €d substrate was

anp usi ng"a cycl e sequenci ng protocol.
Specifically, cycle sequencing reactions contained 1 x
Therygensiens girsa peéomediasin Eysppled hygiugingdhe following thermocycling

congwg @54 RPLnt, 58 R2RB0EHT¢ ARGINGS PUIl AT )amide gel

was run for 3 hours at 60W and dried for 1 hour before analysis.
E: Results

The results demonstrate decreased AID-mediated cytosine deamination of methylated
cytosine (see Table 2). After 15 minutes reaction time, AID deaminated 35 % of base #52 in
Ecad80 compared with only 5 % of base #52 in Ecad80M3.
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age ccc gga gca ccg ccc 3'), 80 nmM each of ddATP,

dGIP, dCTP and dTTP, and 20 nL mineral oil. The prinmer
WQRHGADII3RL screens base #972 in the E-cadhen pre@mAB2004/000900

regi on (GenBank Accession # L34545)of genom c DNA or

base #52 in Ecad80. Reactions were thernocycled for 7

cycles of (95C for 30 s, 55C3for 45 s, 72C for 5 mn).

Reactions were stopped with 10 nL stop sol ution

contai ning 95 9% ormam de, 10 mM EDTA, 0. 1%yl ene

cyanol and 0. 1%br onophenol bl ue, denatured at 95C for

at least 2 mnutes and placed i nmediately on ice.

Pr oducTablge; AIR cthomstless deqminatimpefi methyladed esdogjae

whi ch l’l@&c@’tﬁ%iﬂeﬂr 3 hours at 60Wrior to being dried.

Quantitation of the band intensities provides an

est i npte of the percentage of target—tenptatethat—has

been pehsinaie ed at posi i BrAERTRdiated dyhestrexteandnitomof

pol yacrylam de results The resulting banding pattern

on the ] gel represents e sequence of

t he teggﬁg¥§g%¥at §g§¥c|e sequenci ng ggsay.

Al D- i hduced—deaninatt+ontof—eytostne—at

posi t | Mettgiated (EcadBANB) t he degree of iHicorporation of

ddA iph the prinmer extension assay with the resulting

bandi ng pattern expl ained as foll ows. Wen the

reaction contains no AID, the tenplate sequence

remai ns unchanged (Fi'gure 2, Part A). This results in

2 . i.er A i NG | b | ane

R e G e ek T e g

pronot er sequence, GenBank Accession # L34545or
A: posPrepantins ©f gendinixd A asAlbsieate at ed deani nati on of

the cytosine in position #972 in the E-cadhen pronoter

. h L . ! 1

GG v e BITLA LB o fyhfin RET oo QLS oMalipd from
AmtegicasType TiemietGollettidra(iRaclfEilg MdE UBA)Rairtg tBe @14 ap. DNAIRlood

. i=h{ ¥e" band carresponds to a .smaller_fragnment
MinR2150) g e e B RROb A Fer? o e onf Pt SR congyeted
sho@veﬂr@]{lbmmNMrdh’ﬁéS WM&(i )IVeds LﬁTﬁtdﬂﬁ]%iaﬂéﬂ alp #mh - cabthleiA promoter

ru ster on.t acrylam de gel. The intensity
regig (RRBAIAFETIA %b’gtﬁ%%&awgﬁ@%&%%ﬁ@&tw%eﬂﬁaﬁé@%wd&
TheS@nowad BNAVYL € 61 RE ifYeAReer 1d30)ncApd. conpared with
the intensity of all bands above (representing PCR
ext ensi on _beyond this stop. point, and therefore
B: dendHimediatad cytopipe deaminntionrerdtions dor sanomighMNA  and
i ncluding this band. This percentage represents the
All peicE Y @aeifdd SyhNsHBgesal pH.S, 1088 DTPN0GAMMECI,, 24 pmole TRAP

supstrate which has been deaminated to_a uraC|I]£¥
DNA @ AH-ALS, pegpasedhs in Example 3), 5 ng genomic DNA, 200 ng RNase A and 200

nM AID. Reactions were incubated at 37°C for 15 minutes. Cycle sequencing primer

extension and polyacrylamide gel analysis was performed as described in Example 3.
C Results

The cycle sequencing results indicate 16% of genomic DNA was converted to uracil by

AID-mediated deamination compared with 5% in control reactions without AID.
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The cycl e sequencing reaction indicates that AID
nmedi at ed deam nati on of approximtely 37%f the
W@ 2106603381 i N position #52 of the Ecad Gsubstr aP@I/AU2004/000900
(nmeasured as described in paragraph E above). The
control reaction w thout AlID denonstrates a background
| evel of "positive" band of 4% This could be a result
of either background deam nation or m sincorporation
of ddA by the pol ynerase. The background | evel can be
taken into account in the assay results by subtracting
the control reactjion fromthe test reaction. Table
1: Al e Ameadiated dearaimakipn &f sepemic RNAg| e- st r anded
chemically synthesized DNA substrate Reaction
YAl D-gipdirated cytosine def‘%@ﬁb-ﬁ@df;{é@tc?ﬁsir{erﬂegﬁnﬁo@
4 Tgst (plus AID) 37Exanplie 4: AID di scrfm nation
bet ieenm unmet hylated—and—rethytated—cytosinme A
Pr epéﬁmﬁwgﬁbﬁt‘lﬁa&f@) DINA ol i gonucl eotd des were
chemically synthesized with the foll owi ng sequence:
cgc |t \ g¢cX ggc agg tgajace etc age
caa f%%méggg%%?ggﬁéégﬁggg gcg gtg etc eég ggc tea cct

') AWA L PN HE =] [ = PA¥a¥al [
gg, wirere AwWas crtner ummoarT et (=CatoU—ar 1

T

maydpe.dueta t8presenee all8d\VvBnawerteoikihgle edarided/DNMifiithis pheparation of

.50 wr Ba T | in o
SRR A0S B B SR A ot i i
straidedg@aocinidt Dbyt AD.AID leatbeemsitbwi? pfeaiduslyat atBeh difgle stranded

T INERT TN ST T T

stralded@reHem@EbNAes were anneal ed to function as TRAPDNA
as described in Exanple 3. C. Al D nediated cytidine
deam natLon,reacti ons A 20 nL AID reaction m xture was
ExIRBlSA ERhERsRE P o GoieHicHiopEs dFRIpRRTRTSDY YHAR{raping probes
and QB MEEpFobed fo RiFdeLsulisttdMheld strdnkiell, 4 prol e
substrate, 200 ng RNase A, and 100nMAI D. Reactions
were i ncubated at 37C for 15 mnutes. D. Cycle
A: geqbreRatatign ot SHRT &%t ensi on The ext ensi ons were
performed as in Exanple 3 but using the foll ow ng

Ecdd36 iR Gllkd @ 4 yM in 50 mM NaCl with three-fold excess of ASEcad80 which is

the antisense sequence of Ecad80 (ASEcad80 sequence: 5 cc agg tga gcc ccg gag cac cge cec
ccg tac cge tga ttg get gag ggt tea cct gee gge cac age caa teca gea geg 3°). Mixtures were

heated to 95°C for 5 minutes and cooled slowly to room temperature to allow annealing of

complementary strands.
B: Annealing of oligonucleotide looping probes and antisense probes

An excess of oligonucleotide probe, designed to anneal to the target strand and generate
single stranded loop at a target site, were added to the double stranded template prepared
as in step A of this Example. The following looping probe DNA sequences where

chemically synthesized:
LP10 -5 CGA CCG CCC CGA TTG GCT GAG G 3 (with 3’ phosphate);

LP26 - 5" GCC CCG GAG CGA GGG TTC ACC TG 3’ (with 3’ phosphate); and
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conditions: 15 cycles of (95Cfor 2mn, 55C for 30s,

72Cfor 2 mn). Polyacrylam de gel was run for 3 hours
w@eoosavesed dried for 1 hour before anal ysis. BPCRav2i08/800900

The results denonstrate decreased Al D nedi at ed

cytosi ne deam nation of nethylated cytosine (see Table

2). After 15 mnutes reaction2tine, Al D deam nated 35

%of base #52 in Ecad80 conpared with only 5 %of base
LP3652 - 511G AG80 /B G ARG ABACIDT SHUGA IR éwith ahplamsbhase). of

met hyl at ed cytosi ne than cytosi ne Substrate

Thééééllf?&%ﬁ%’f)%‘g@%@%&?ﬁ%lgge%ggﬁ%@%??% n%rcie%fﬁ %ases respectively.

LP2%t+blenvds ant supayadosicteetide anitdmealpbping girolgpe(modedinBiAudeotide) at the

opegsrmeé) cglitﬁ% LP%E&% ﬁ??evﬁ iy ﬁﬁ%@?@ﬁﬁ%ﬁ g[rh%ta%ﬁs%lgg gfigon%oggg AS26 5
AGBWRA(HI 2 8ralt eGredG Iy G (WaR B’ %Be/d%%h%gﬁn%h%c'\}ﬁmically

Col | ection (Rockville, M, USA) using t
synghestrgd MASRO wpnealsspith ful) commiymeantesitiorthe nen-target strand to produce a

26 BRB Pcfr%?:g&déeh’\g E%@%ﬁe%%g&rﬁixhﬁég BF H15BRL &fﬁ{%@%@‘%@é‘? Roved o 95°C

geno Owas unnethyl at e
for Breiadtes and pHored tr cookglpwly (oGenBaaplateesi on
#L34545) usi ng standard bisulfite and sequenci ng
. et R L sty was diluted in sterile water
C' to ‘?ggz?ﬁdgﬁga E: %I B—srreai ated cytosi ne deam nati on

reactions for genomic DNA Al reactions contained 50nmv
A 20 AdD geachph Tigture whORTEpatedriondiréh@ 50 M fepeeatfRAR.SDNGM DTT,

104 4fasho5 pRERPALE 108 Ay AR i DS s .
100imM WIR BehctonBwEaE iharballed atBAE fos 15 @)intites.sequenci ng

primer extension and pol yacryl am de gel analysis was
D: pefﬁEocﬁgEQ uae%dgles%{nilged ei rs1.oExarrpI e 3. C Results The
‘cyc ¥ sequenci ﬁé) P FD10i cat e 16%0f genom ¢ DNA
was converted to uracil by Al D nedi ated deani nation
Perfromeeérae th Bkanhpls % Polganmglamiide g etas owms foriStHoowd atS0D, Paiok & being

.3; Al Dynedjat ed deam nati on of genom ¢ DNA Substrate
dnqﬁﬁﬁgbﬁ?@}ﬁ %f%’&f‘%?ﬁt '%{Y&%Q-m nati on Genomi ¢ DNA (m nus
AlD) 5
E: Results

Incubation of the double-stranded DNA substrate with oligonucleotide probes designed to
create single stranded loops of different sizes (10, 26 or 26+1bp +/- 26bp antisense probe)

can increase AID-mediated cytosine deamination as indicated in Table 4.

Table 4: AID-mediated deamination of double stranded DNA substrate

incubated with looping probes and antisense probes

% AlID-mediated cytosine deamination

Looping probe LP10 LP26 LP26+1

Looping probe alone 17 22 22
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Genom c DNA (plus AID) 16 The | ow | evel of

Al D- nedi at ed cytosi ne deam nation on genom c DNA
waleownessat ed here may be due to the presence BPET/AT004/000900

amounts of single stranded DNA in this preparation of

genom c DNA or this may be the first denonstration of

deam nation of cytosine in deéubl estranded genom c DNA

by ALD. AlD has been shown previously to act on single

str anqeg)p%ﬁgggmoubl e strapgdedisubstrates (27)2,9wh| ch

expl ai ns't ow deam nation of doubl e strjanded

genpni 4nfdiAse psokapl ¢ 6: Enhanci ng Al D- medi at ed cyt osi ne

deam natlg ﬁé use of | ooping probes and anti sense

ren

probes to er substrates single stranded A
Pr eparatieonef——substrate—tead80—was—ditute +o—4—nM-n

50mWNaCl with three-fold excess of ASEcadSOwhich is
the anti sense sequence of Ecad O(ASEcad Osequence: 5'
CC agg tga gcc ccg gag cac cgc ccc ccg tac cgc tga ttg

Exapeple Jalmpotvitgealld-atedjated ggfosinacleaginativn Hyechaggimgdatffer ion and
COHS'% M xtures were heated to 95C for 5 m nutes and
EEUFALS | ow y to roomtenperature to all ow annealing
of conplenmentary strands. B: Annealing of
Thefollgeingedeotplawas aoplungd o dhbstahdwv asdciion n&eiiﬁomﬂms;r Be

onucl eot i obe, ..desi gne to an
oPHEEE el SRt ang e Rrb oL e B uiche bt POl igh and
cor@eritdtPp@torSAIIBmedRite] Sackatk deantihgtidoubl e str anded
tenpl ate prepared as in step A of this Exanple. The
foI oW n probe DNA sequences where chem cally
"ﬁB@‘i %a% CGA CCG CCC CGATTG GCT GAG G 3'
(W|th 3 phosphat e); LP26- 5 GCC CCG GAG CGA GGG

Ecaﬂgwegc'ﬁ@c%a tig\gdtfgt@gcc@geagﬁega@cc c&ﬁ@h%&dﬂ- cg gta (g8leee gcg gty
CCG GAG CGG ASBG C@( 3! phosphat e).
ctc §58%¢ REHBRG  prasslitest g 1%? ﬁll\é -anded | oops of
10, 26 and 26+1 bases respectively. LP26+1 | eaves an

B: UNPAID.Skediskeleplidie deRmiti@ionuIRuBsRE0be (underlined
nucl eotide) at the opening of the |oop to provide

i ncr eased flexibili ty The ant i sense qli %TP cl eoti de

Reaghops eontaupgsl FyeRss DRSS tYres andeoresaianes aroowpi 0 $) o 100 mM

of "JH'ECHQD ﬂe%)es,‘ﬁﬁes@ﬂ &Rl 22blebuS¥Ahp s Z Al re 48RS Wé&e@naucted atpH
h full onpl enentarity to t enontarﬁet strand to

7.5 swé dopteingd 3gn KL, 16 @Wé\ﬁg@h@‘lmﬁir Arap RNALAY/ T2, prepared as in
ExdMhpik 4f, 8$n1 BREPPSS00HRIRITARA AT S0 EATRE AR dedRoRSGere

incubated at 37°C for 15 minutes. Cycle sequencing primer extension and polyacrylamide

gel analysis were performed as described in Example 3.
C Cycle sequencing primer extension

The primer 3ECAD11b screens C in Ecad80 as indicated in step A of this Example. This is
the equivalent of nucleotide base #972 of the E-cadherin promoter region of genomic DNA.
The polyacrylamide gel was run for 9 hours at 9 W, before being dried for 1 hour and then

analysed.
D: Results

The species of buffer ion was found to alter the rate of AID-mediated cytosine

deamination. Decreasing ionic strength increases AID-mediated cytosine deamination as



10

15

for 5 mnutes and allowed to cool slowly to room
tenperature. C. AIDnodification of substrate A 20 ni
WQ@\R@s0exs8t i on ni xture was prepared contai ni ng BOMI2004/000900
Hepes at pH 7.5, 1nmM DTT, 10nmM MgCl 2, 24 pnole Trap
DNA (AAl /AA2), 4 pnole substrate, 200 ng RNase A, and
100 nM Al D. Reactions were iftubated at 37C for 15
_ mnutes. D cl e sequencing primer extension _
indpateddn fableddeiqy B PHIMM goncppirgtinsy Y s CleorgaptagdigharAID-
ey Al Pl lorq o B9 Py DEefe i e pri
(Table i Ehet tha tygeecdbf DMesup iy at welhis theddiigemergtle of theduffer, can be
I si.gned. t reat.e sinagl e stranded | qop
res 37 AR AOG G el G b8ng Bar e IR ET ol
probe) can increase Al D nedi ated cytosi ne deam nati on
as indicated in Table 4. Table 4: Al D-nedi at ed
deam nati on of doubl e strandedDNA substrate incubated
wi t h Tabb@5:nBuffexihe brandl @nierstestivn JffabeASINMlddiaedi at ed
cytosi pe.deam nation Loopi ng probe LPI O LP26 LP26+1
LoopiH Sb‘feo‘ge@nﬂflﬁtﬁ@ 17 22 22Loopi ng probe + Not tested

29 Antisenseprobe—(AS26}Exanple 7t rproviing
Al D{nedi at ed cytosi ne deamiiDahediatedyytikargieagikitbher
ion|and concentratiogn The foll ow ng exanpl e was
conducted t di catle ggw reaction cqdndi tions )

opt i|mi segof‘ sel gct p%zznel%lpﬁﬁwd tr}%é%?f’reec{ﬁ%fﬁ&
di f flerent—condi-tions-of buff j )ld-concentration |
on Al D-nedimiped cyt osi nes deam nagi on.| A: 2%r epar atgion
of gubstrate Ecad80 {(5 cgc tgc tga tjitg get gtg gec

ggc [agg tga_ace etc [age caa 1ea gcg gta Cgg 909 9co
gtgletc egg®fgc tea [cct 1gg 37) vvgs diflutéd to| 4 f#in
M NaCl . B: Al D ne

50 n diated ¢cytidine |deam natjon of
substrate g 45 33 43 -

Example 8: Enhancement of AID-mediated cytosine deamination by increasing reaction

time

A. Preparation of substrate

The substrate for this study was prepared as in Example 7.
B. AID-modification of substrate

The AID reaction mixture contained 10 mM Tris-HCI pH 7.5, 1 mM DTT, 10 mM MgCl,, 24
pmole Trap DNA (T1/T2 sequence, prepared as in Example 4), 4 pmol Ecad80, 200 ng
RNase A and 100 nM wildtype AID. The enzyme mixture was incubated at 37°C for 5 or 30
minutes. The cycle sequencing primer extension and polyacrylamide gel analysis was
performed as in Example 3 with the exception that the polyacrylamide gel was run for 9

hours at 9 W, and dried for 1 hour before analysis.



Reactions contained a range of buffer types and
concentration as follows: 10,50 or 100nmM of Tri s-HC
wopses)338 pes or | m dazol e buffering ions. Al |PCT/AU2004/000900
reacti ons were conducted at pH 7.5 and contained 1
mVDTT, 10nmM Mgdl 2, 24 pnole Trap DNA (Tl /T2, prepared
as in Exanple 4), 4 pnol Ecad50, 200ng RNase A and
100nM AID. The reactions were incubated at 37C for 15
m nutes. Cycl e sequencing priner extension and
C pol &8 ani de gel anal ysis were performed as
described in Exanple 3. C. Cycle sequencing priner

InceabRIBThOMchPLidRI B bf REGADI rbRtRAS %Q ﬁ)u(;ld' t8 nﬁ_‘?c@éég PheédBinount of
indicated in step A of this Exanple. This is

Alldgigdiaird sytogine dgaminstipaes maiyéitadgmiablre & fer axam;dhea\mmedlated
R R R I L
inchbatfordirde froerd wrifinyisetks. D Results The species of

buffer ion was found to alter the rate of Al D nediated
cytosi ne deam nation. Decreasing ionic strength
i ncreases Al D-nedi ated cytosine deamni nation

bel
oS! R T3Pl R PR TR R o"

deankmaunﬂmnconpared to i mdazol e, Plpes or Hepes at
t he_sane pH (Table 5). Thus the type of buffering i on,

as (wel | nLc stren H&@P tgﬁéQUffer can
t egt ed th i ong A CWW?E‘G&?B§P?HPH
degnrinase abt.v.ty of AHb—Fabl-e—5—Bufferi-ng—ion—and

corjcentrati on5af fects Al D-nmedi at ed cyt @gi ne

dedmi nati on %Al D- nedi at ed cytosi ne deanmi nation |on
(my) Hepes Plﬁfs I mdazolle Tris-HO 100_.5 3 25 31 50
17 |9 32 44 10°%5 33 43 - |Exanpl e 8: Enh&fcenent of

Al D—ediated—cytosine deanmination by increasing
reaction tinme A Preparationof substrate The substrate
for this study was prepared as in Exanple 7.

Example 9: Enhancing AID-mediated cytosine deamination by increasing the amount of

AID in reactions

A: Preparation of substrate

The substrate for this study was prepared as in Example 7.
B: AID-modification of substrate

The AID reaction mixture contained 10 mM Tris-HCl pH 7.5, 1 mM DTT, 10 mM MgCl,, 24
pmole Trap DNA (T1/T2 sequence, prepared as in Example 4), 4 pmol Ecad80, 200 ng
RNase A and 100 nM or 200 nM AID. The enzyme mixture was incubated at 37°C for 20 or
30 minutes. The cycle sequencing primer extension and polyacrylamide gel analysis was
performed as in Example 3 with the exception that the polyacrylamide gel was run for 9

hours at 9 W, and dried for 1 hour prior to analysis.
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B. AID-nodification of substrate The AID reaction

m xture contained 10mMIris-HO pH 7.5, 1nVDTT,
wQa o382, 24 pnole Trap DNA (Tl /T2 sequencePCT/AU2004/000900

prepared as in Exanple 4), 4 pnol Ecad80, 200ng RNase

A and 100 Mum | dtype AID. The enzyne m xture was

i ncubated at 370C for 5 or 3®6m nutes. The cycle

sequenci ng priner extension and pol yacryl am de gel

analysis was perfornmed as in Exanple 3 with the
CexcB8t4lbn that the pol yacryl amide gel was run for 9

hours at 9W and dried for 1 hour before analysis.C
IncReSidgtthe LOHERRSHHOAAI® WRACIRAH tOhtdaSR tHRfant it O RID-mediated

reactions was found to increase the anmount of
cytasipe deaminetien asindidated indaklerfat i on as indicated in

Tabl e 6. For exanple, AlID nediated cytosine

deam nation of Ecad80 was al nost doubled from24 to 44

%y extending the incubation time from5 to 30

m n . - f j [ .

A Dot 7 Al Hinbiel Sk o coh FARKIGR JOATD O pR-megiaged

%Al Dytastfiesdeathinatiansi ne deami nation 5 24 30 43 Exanpl e

9: Enhancing AlD nedi ated cytosi ne deam nation by

i ngreasi ng the anount of AbD,i ' A .

Prepar at i gn of substrat ¢ T%Agé%ﬁé%%gﬂé?m? Hfzasmlsnf td%
wasprepared—as +nExanpte—+—B—ArD-rodif+eation—of
subst r Keeactibngind¢ @ningact | on Nl AIDont ai hed 20NIATD
Trils-HA pH 7.5, 1nVDTT] 10 ni M Mgd 2, 24| pnol e Trap
DNA (TI /T2 sgaquence, p epar ed i n Exanpl e 4) ,434
pmol Ecad O, "200ng RNase A and OnMor 200M Al D.*The
enzyfre—-xture—was—necubated—at—3+CHor—266+30
m nut es. The3@ycl e sequenci ng pddner extensi on &ad
pollyacryl am de gel analysis was perforned as in
Exanple 3 with the exception that the polyacryl am de
gel was run for 9 hours at 9W and dried for 1 hour
prior to analysis.C. Results Increasing the

Exag oﬁ%ﬁgé@%g%%g&ia@ﬁy%?ng 8<£_Jar1]19in21801i1 Qv%{heg§8BrE%gG?gv?ﬂ1t}trpe and
AID mutant R35E/R36D

U

Cytosine deaminase activity can be produced by native enzymes including AID and the
APOBEC homologues. Mutant versions of these proteins can also be produced, either by
random or rational mutation, and the mutants screened to find proteins with greater rates

of deamination and discrimination between cytosine and 5-methylcytosine.
A: Preparation of substrate

The substrate for this study was prepared as in Example 7.

B: Enzyme-modification of substrate

The AID reaction mixture contained 10 mM Tris-HCl pH 7.5, 1mM DTT, 10 mM MgCl,, 24
pmole Trap DNA (T1/T2 sequence, prepared as in Example 2), 4 pmol substrate, 500 ng
RNase A and either 100 nM wildtype AID, 100 nM APOBEC3G or 100 nM of AID mutant
R35E/R36D (provided by Prof. Myron Goodman, Dept. of Molecular Biology and
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cytosine deam nation as indicated in Table 7. Table 7:

Ef fects of increasing the concentration of AID on
wo\b@snesdsat ed cyt osi ne deam nati on %Al D- medi at BGI/AU2004/000900

cyt osi ne deam nation Reaction tine (mn) 100nMVAI D

20OnMAI D 20 34 43 30 44 54 Exanpl e 10: Enzynme- nedi at ed

cytosine deam nation with APGBEC3G wi | dtype and Al D

nmut ant_ R35E/ R36D C,tyhéom ne deani nase activity can be
Chemistie Baivsysityat SoetheryGalifernindiSdi Rgagtiops aete inlgebated at 37°C for
15 ARREChonol ogues. Miutant versions of these proteins

can al'so be produced, either by random or rational

nmut ati on, and the nutants screened to find proteins
C: wi t Gyde eaqteancm;u‘smelf exfamiomand polyaaslaide gehamdysion

bet ween cytosi ne and 5- rret hyl cytosi ne. A: Preparation

oL sSHBELARS T QA 0k B A R i

thefihecyalifg peatotdl:R0 cyiles uﬁ(@S €ofor Anmiedb52Qidd 3Dsiagd AZIC fokl2 min). The

M, DT 10
potfachy M el bt g PRroS b B gt K et gpg amatyced.
500 ng RNase A and either 100nMwi | dtype AID, 100 M
D. AP(Beadtsor 100 M of AID nutant R35E/ R36D (provi ded by
Prof. Myron Goodman, Dept. of Mbdlecular Biology

I

actiQjty ltbarswijdgpeiAID ip rdleamtnaﬁng ensleotidetitde #62 pHE/ABANATIR mutant

Si.S uenC|n primer e t ensi.on was
o oD el oAb TS 3 Bt Kb R Pe Protein
APOBBCBGGH6Ivead IGW 6t Eatrit o?. Byt63ifib B8arfinafi & &ttty Hultkther
55C for 30s and 72Cfor m n). The pol yacryl am de gel

optpaizatiom of igctpnfopdiions (Wf%éﬁmc@sﬁ&ff?g gReatafes, pH and
z?giér coBBhiABBhy$ef 1m&ov8@l§é4a§§of%ﬁ]@@3¢ Tofed?dio cYRngtbQﬂ

le 8 denpnstrate that the Al D nutant R35FE
deagmigpiéen. as Hapyple ﬁathempmoweatﬁ the juilifjeefrsseasing gnutants and

nat{Hh§ bgﬁéﬂtg 6t %ﬁwﬁ %hogytéﬁ?edfegmiﬂsg a%i%zm

Table 8: Enzyme mediated cytosine deamination

% AlID-mediated cytosine deamination

Wildtype AID 32
AID mutant R35E/R36D 60
APOBEC3G 22

Although the present invention has been described hereinbefore with reference to a
number of preferred embodiments, the skilled addressee will appreciate that numerous
changes and modifications are possible without departing from the spirit or scope of the
invention. The present embodiments described are, therefore, to be considered in all

respects as illustrative and not restrictive.
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R35E/ R36D deani nated al nost twi ce as nuch substrate as

the wildtype protein. APOBEC3Gshowed a | ower anount of

W@ 2106903381 deami nation activity but further optP@i/AERG081000900

of reaction conditions (eg buffer species, buffer
concentration, pH and enzyme concentration) may

i nprove the rate of APOBEC3G3tredi at ed cyt osi ne
deam nation. This exanple further denonstrates the
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quantitive methyl ation-specific polynerase chain
reacti on" Cancer Research 59, 3899-3903, 1999. CLAI V5:
wa2o0080e38hod for detecting the presence or | evetT/ai12004/000900
al kyl ated cytosine in a sanple of genom c or
m tochondri al doubl e stranded DNA from an i ndi vi dual ,
the nmethod conprising: (a) obBBaining a sanple of the
doubl e stranded DNA fromthe individual; (b)
gerting at | east one region of the double stranded
to single stranded DNA; (c)reacting a target
region of the single stranded DNA fromstep (b) with
1. at easthod e cﬁdﬁéc&iﬁ@ thd presé@iee yrrveli Jf hRtyedtéd @tbédne in a sample of
nodi fyi n ted cyt osi ne_and cytosine; "and (d)
BeBRIS PR GOe] By SR e o modnsir el she BFthotle
corthpFifiak: region by the enzyne. 2. A nethod according to
claim1 wherein the single stranded DNA is reacted
with the enzynme under, conditions such that the enzyne
r eak®) §biineg aﬁ%malem;ﬁ thrgpblg ttrandpe BAYA foky thetiedividual;
cytosine or cytosine in the single stranded DNA but
not () @biveridng A lEr:FsE bR B dhHGordie &kﬂid@i JDM@% Elhglets@r%nded
enzyme is capa e of reacting substantially wt
DNsve” of al kyl ated cytosine or cytosine in the single
stranded DNA. 4. A nmethod according to any one of
cla i V, ' .
ho by e s B bR SR RO LA Ko AP Rl at east
ongegnryries the eagyme differ gﬁraﬂlya@hcwfys@dkﬂatadgytdsmetamd cytosine; and
strands of the double stranded DNA. 5. A nethod

glcggil' g'gfé%rahg?%g‘gg%?e%ﬁaﬁc %hi%’atlgﬁ t}k%tt%%?{jrlegﬁnyby the

enzyspar ate the two strands of the doubl e stranded DNA
6. A nethod according to claim5 wherein the or each

2. O ANLALPRIABLHAR PHARE Lhet i ERUANGD RS HAFA SELch b8 with the

group consl ei ¢ acl ogu
enzl?m umiet amrrdm‘gquuoh &sa,t theNAzgmR tred ctd smbsﬂahﬁ;ﬁ@sonl?bwh either

e AR 5 Pl A i et Y A PR 6O et o

strands of the double stranded DNA toget her once they
3. hava rhethod sepatiag adclhitn { adieteid fe@nap@e sscabablt berdaatiget

regi.on by.the enz .8. A method according to claim
subp ity “’X%ﬁﬁf}.’ %ﬁgﬁvﬁ#i& FEPige 9 otestag i %Slﬁslﬁﬁganded DNA.

4. A method according to any one of claims 1 to 3 wherein the conversion of the

region of the double stranded DNA to the single stranded DNA comprises at least partially
separating the two strands of the double stranded DNA.

5. A method according to claim 4 wherein one or more strand displacing probes are

utilised to at least partially separate the two strands of the double stranded DNA.

6. A method according to claim 5 wherein the or each strand displacing probe is
independently selected from the group consisting of nucleic acid analogue probes, PNA

containing probes, LNA containing probes, PNA probes and LNA probes.

7. A method according to claim 4 further comprising inhibiting annealing of the two
strands of the double stranded DNA together once they have been separated to facilitate

access to the target region by the enzyme.
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with a strand of the double stranded DNA fol |l ow ng
separation of the two strands to thereby inhibit the
wa@anweabizsy of the two strands together. 9. A neCTIau2004/000900
according to claim8 wherein the at | east one probe is
i ndependently selected fromthe group consisting of
sense probes, | ooping probes44 anti sense probes and
m xtures thereof. 10. A nethod according to claim8
8. wh eri\@nq’qh@d aqcerging tondaisn] firfhes bersprising hybriilidinged leastne probe
with ASaAA B ePlou BILARAR B LADAR R Ry e Wtrands o
theckbyishibié #m afealives dfathgbto ste@dsmo@nhhra further of the
pr obes hybridisi ng vvith a region of the strand
upstre net ho Bcco
o {0 AR E et B It £ M b AR R Pedtney
seleated fetamtisd greapmcorgdtingsof ofnse peotsk laopingiprcesf draisénsk pobes and
.target region such that a | oop or bubble which
X gﬁﬁ&?‘gtes the target region is forned in the
strand. 12. A nethod according to claim@8 wherein the
10. pr oA endilydrt ahdéb W dldint heteirandet thb caid publiee are hybrldlsed with-

the Spmbor e Qgﬁﬂﬁam B3 O o110 £ EDD RSB egion ofthe

strah@HENHEE AR 1088 PRI GVRTd HhdtheWbt the Pasbes B BRHising with a
r eqgi on such that a | Qop or bubble incorporating the

regioarQféte stegrlotpsiream of Hedatsst tegierst rand. 13. A net hod
according to claim 12 wherein the mddle region of the

11.Pr ok %étﬁ&%&@f&ﬁg% dl&lﬁ{fg &zﬁgreh?&%%@bet Kgﬁ}nd?éég ki v?;%tream and
t oget her foll owng @3/ ri |sat|on of tHe probe wth

dovensizenmn regionk ef hegbhn tioniarget 4egign aeghHbat a 100p o bubble
B‘}r%?n;k&gteg ‘&xeacQ%’ge‘Pﬁ% ?C}Ie Ve+1%ke'f€ﬁn Ihd Qraha, Wherein the

et erninatiron o enzyrmtl ¢ nodification

of the single stranded DNA conpri ses anal ysing for

12. seqyemtlod/zachuting fesclaim &whgrefrr tbmpnrm Ieﬁzzgdm wgth the strand of the
dou':g? détI-a %l a%%ﬂ#ﬂ% s?denoifr tﬁ% Ear%_eggl 2 n eparé%eg l?e(xjs a mlc{dle region of
norc&mpteﬂnénﬁa@earequendehhaﬂi&jee hot h}&iriddm vmth ﬂieeaﬂget/&lgmﬁmfsuch that a

loof BE VTP PPTREr SRS CHE T aRHER R PO UL SN ot | on

process involving thernocycling and priners to obtain
13. an Apthdd fdojelingltocd ainmal v hdrainythe rgddle eegimp bf fhiegglobe

roduct, for sequence riations, 16 A met.h ccor di
incqrgorteyiy Rt REr At ot Repridisg tpgetheriol ngl?abv&q fabgn of the probe
witR H@Cifih d o B dibfe stiRIdeg DNW. t he anplified product to

a technique selected fromthe group

14. A method according to any one of claims 1 to 13 wherein the determination of the
level of enzymatic modification of the single stranded DNA comprises analysing for
sequence variations arising from the enzymatic modification of the target region of the

single stranded DNA by the enzyme.

15. A method according to claim 14 wherein the determination of the level of enzymatic
modification comprises subjecting the target region of the single stranded DNA to an
amplification process involving thermocycling and primers to obtain an amplified product,

and analysing the amplified product for sequence variations.
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consi sting of nucleic acid sequencing, polynerase
chain reaction techniques, restriction enzyne digests
w@pasoessBni ques i nvol ving the use of probes thedT/AUz®4/000900
to specific nucleic acid sequences. 17. A nethod
according to claim 16 wherein the analysis of the
anplified product conprises geabjecting the anplified
product to a polynmerase chain reaction technique. 18.
16.A mAuReiod eessrding do eloira Ay wheeein theginalysis of themplified product
(g . ' e l.at ed
o RS st et BT R R RO AR A Y £
consishigl of sueleindeid sBitencit®, pdlymetdse dhain cexctibn ¢echaiqaey rahéction

f cl.aj 1 18 wherein conbi natj on, of, .different .
en A Bk i SR et BT G g muclec
acidlséqyleatesd cyt osi ne and cytosine in the target region

20. A nmethod according to any one of clainms 1 to 19

wher,ei .each i s. i pdependent |
17 oah AL ErOYHBEGY AP A Bt e PR HBRE e srmalfed product
cothpiiges G@bjectingrtheampiiiéd pebduet 16 0ol kst ek Fatbfied Rfnique.

havi ng deam nase activity of the enzynme. 21. A nethod
18acc rdﬁgg to q&ain120,mhere'n the enzyne. i s se] ected

£ r o %P%b ipg o prf ?x}?gof anﬂf)&: /Wheyein aAbast one enzyme
dedihifnaret awﬁad%%@&in@& cyfosiFRliR @tk RESR E&HiRof e 3R¥1RENAEd DNA.

claims 1 to 21 conprisSing detecting the presence or
| evel o | kyl ated cytosine in a gene or a non-coding _
19.; eggdﬂetg‘?‘?éccﬁé‘g&‘? tornypone A ghame |ttt whereinpacombinatipmef different

sai@ eRBnkksge &QFBy@él B0 didfeC ORI &ldaty 3alakl PRkl and cytosine in the
presence or level of alkylated cytosine in a 5
targpieegiPR| at ed regi on of a gene. 24. A method according

to claim 23 wherein the |evel of alkylated cytosine

20.CONRIh SRS B&Bﬂiﬁgk&é{r{}%ﬂe‘ﬁg -cloagrﬁ% 1 %/ f@;%vggl%i%‘é OF b D%l Pme is

_ claim 23 wherein“the "l eve cytosine
indepensientr ¢ degpinmnee Bydyad ora @Glyti fmragrhed, eeerot, dongldgue, or a

[ ' 5. selected fromt rou
B R O D St T R A
hMH , ER H O, MDA, GST- p, O6- MAMI, cal citonin
21. ry oA Dyethak agvasting huicl SHOZMiheRin the eneyineds sebartrddirory thogroup

ne,ofn.¢l ai 1 26 ' detection of an
“ﬂgﬁﬁgggﬁA?g@§$9%?§g$&§ﬁgpgg£@§§§§?%%ﬁﬁn t he target
region of the single stranded DNA is a marker for a
22. A method according to any one of claims 1 to 21 comprising detecting the presence

or level of alkylated cytosine in a gene or a non-coding region of a gene, or a fragment
thereof.

23. A method according to claim 22 comprising detecting the presence or level of

alkylated cytosine in a 5" untranslated region of a gene.

24. A method according to claim 23 wherein the level of alkylated cytosine comprises
hypermethylation.
25. A method according to claim 23 wherein the level of alkylated cytosine comprises

hypomethylation.
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di sease or condition. 28. A nmethod according to claim
27 wherein the disease or condition is cancer. 29. A
woredosoeB3accor di ng to cl ai m 28 wherein the cancBCT/AB2004/000900
sel ected fromthe group consisting of |ung cancer,
breast cancer, colon cancer, bladder cancer, liver
cancer, head and neck tunoursf prostate cancer, rena
cel |l tupours, |eukenias, Burkitt |ynphonmas, brain
26t umbursthad @ceoadiog ie flaim 33 whareip theaeng évsstagieddrarn thagroup
cofinglof 108 K£ERIRP hE YLl BREH 1S EHI9ER, HICT MDG1, GST-
di aghost ng a di sease or é%n 1t on”in"t'he I ndrvidual on
7, ORI GMT) @ldtoninh enyprBsenkieagrartd81004%el of al kyl at ed
cytosine in the target region of the single stranded

DNA, .3 nmet hod  accor di t.o cl ai 0 wherejn the
7.1 saatghgd LG S FEEbi feRe ] 1 e st dirtipy gfn altered
levehef afjcydatpd eposing in the taigel refi@ned Heedingl 6@ASIedIANAEGE a marker for a
d.colon %ﬁﬂcer, bl adder cancer, |iver cancer, head and
ISRREIOT CORBEPS, prostate cancer, renal cell tunours,

‘| eukemi as, Burkitt |ynphomas, brain tunours and

28.car airhetad addrdifg e tiaRE 226 teFkh e distaddiyr @REitRIN i§ bRicES
1 to 23 wherein the presence or |evel of the alkylated

cyt gsi IS detected to_indicate the presence or
29, b SBERBT SFGETRE {PRAM 3 WARSR (e SAnSRE EOEIFCIRg (o HiBroup
corBREng bf Binl dAficel, BrOast 3aWBe bElbA chit@r M KLERP S OF, livEV&hc&f head
he al kyl ated cytosine is detected for indicating the

angekdHEOUEY PEdsER eancet renal ealk temeyry davdkemigsy Byitkith lymphomas,

bra3t Blfours4nd fAldBbird according to any one of clains 1
to 33 wherein the presence or |evel of the al kyl ated

cytosine is detected to indicate the presence or _
30.abs&reethed agropdina sy ene fithe daimpaniosihfugher campaistngdliagnosing
dRESRBHiti IHS, 0 el
o O D e BBy RS Heado bE A b NURLEL b MGl of glkared
cytagigoindha tprget regianof 86 siiple gianded ®Nat hyl at ed cyt osi ne
is 5- nmethylcytosine. 37. A nethod according to any

one ' . . Ln. the doubl e stranded DNA
o1 R EiRrdnh ® Rl WL B LA SR 8 hARRR Eomblite o
cangert selpcieddrdrh éhgyresp namsising lof alg ahcea) brphaicattes, Y blosicageer,

AP S o PSR R0 €t s

leukemias, Burkitt lymphomas, brain tumours and carcinoma.

32. A method according to any one of claims 1 to 23 wherein the presence or level of

the alkylated cytosine is detected to indicate the presence or absence of foetal DNA.

33. A method according to any one of claims 1 to 23 wherein the presence or level of
the alkylated cytosine is detected for indicating the presence or absence of an altered gene

imprinting state.

34. A method according to any one of claims 1 to 33 wherein the presence or level of
the alkylated cytosine is detected to indicate the presence or absence of a pathogen or

microorganism.

35. A method according to any one of claims 1 to 34 wherein the alkylated cytosine is

methylated cytosine.



in any one of clains 1 to 37,wherein the kit conprises
one or nore reagents for performng the nethod and
W0 p@®600838i ons for use. PCT/AU2004/000900

47

36. A method according to claim 35 wherein the methylated cytosine is 5-

methylcytosine.

37. A method according to any one of claims 1 to 36 wherein the double stranded
DNA is genomic DNA.

38. A kit for use in a method of detecting the presence or level of alkylated cytosine in
a sample of genomic or mitochondrial double stranded DNA from an individual as defined
in any one of claims 1 to 37, wherein the kit comprises one or more reagents for performing

the method and instructions for use.



