METHODS OF DETECTING LONG RANGE CHROMOSOMAL INTERACTIONS Field of Invention
The current invention relates to methods of monitoring 5 epigenetic changes, diagnosing specific

physiologicg}&engitignssand the use of antisense RNA for the treatment gigahysinlegicadconditions.
Background 10 The eukaryotic genome is organized into complex higher order structures; in fact,

early electron micrographs of extracted chromatin revealed a non-histone scaffold forming radial loops
(Earnshaw and Laemmli, 1983, J Cell Bio 96, 84-93). Unrestrained negative superhelicity in

mammalian 15 genomes sugg%s'tﬁﬁ ) ’ llrbﬁg(ﬁA rge order of tens of kilobases
(Kramer and Si.nd-en, 19.97, B'_OChE'E-‘? Mg% - Efﬁ?ﬁ%lb’ using 3C technology (captgring
chromosome conformation) higher order long range interactions have been demonstrated to exist in a

wide 20 variety of eukaryotes including S. cerevisiae (Dekker et al, 2002, Science 295, 1306-1311), fly
(Blanton et al, 2003 Genes Dev 17, 664-675), mouse (Tolhuis et al, 2002, Mol Cell 10, 1453-1465) and

human (Carr%liee?%lﬁ, g__pOPﬂ Cell 122, 33-43) cells, generally kilobases in size. In 25 mammalian cells,

association o ' itrol regions with actively expressed genes has been
demonstrated"R#EHEPIFBBI TFGIRGISCBt AF DOo2s M6 Ceftherls A3 mpagscaidL-reactive protein
(Choi et &, 2QQA.Nueleie Adidadras, 35.195h1:H510)dpet asiwePiasslnoniag sagether 30 of recombining
mmunoglobul genes (Skaket 2l 2007, Nt Immunol 8, 376:37) Inmammalign,cells. ongoing
transcription iS proposed to (l:?nve genome organizafion and - 2 - gene feoopmg Chakalova et a/, 2005
Nat Rev Genét6 pgs16¥7g Marknepgsetas2007, Trends Genet 23, 126-133 and references
therein) but recent analyses suggest that, at least for the p-globin locus, some long range DNA 5
interactions are rﬂaintaingd after transcription is inhibited (Palstra at al, 2008 PLoS ONE 3, e1661)

. . Bac 1111 . . . .
arguing agalns?mggglﬁuggestmg that engaged RNA polymerase functions as ties of chromatin
loops. Iri the y&usteysoet detivenruschiptiorodods apptard CCrybeédmporermTor the formation of

"gene loops", Jeag rangednterastionsthatlink the b andid segionsiofastive genessAnsari and
Hampsey, 2005 Genes&)%éela 2969- 2978, O'gullivan z_a%zill,tZOM, Natf(gef tg6, 1014-1018; Singh
and Hampsey™ 20067 Mol CEIPI7 806 B16 ChiromafiR 15 rmtnopraciptation (ChiBy demonstrates
the presence oidH IB krebthe(Bhosphe|aed forsmol RNAPADN Hofle ptombrerdsand terminators.

Moreover, fungfions) TFHB s requited to fairm these long rarge dateractions tainghand Hampsey,
2007, Mol Cell 27, 806-816). TFIIB is capable of 20 interacting with non-coding, RNA and loss of TFIIB
promotetPby FEPABRTSHAGHINA [SAHRIBIBEE of 16HG HangE At allion Xt ﬁﬁgéﬁr(l\ﬂgrtianov et al,

2007, Nature 44%; 666-670ptdiggsle(ElsiobnoamsbdingRNA ttaadcribedtheoudgttout
' 3151-3158) . More :eéently, using 3C technology {capturing
chromosome conformation) higher order long rangé
interactioﬁs have been demonstréted to exist in a wide
20 variety of eukarYotes.ihcluding 5. cerevisiae (Dekker et
al, 2002, Science 285, 1306-1311), fly (Blanton et al, 2003
Genes Dev 17, 664-675), mouse (Tolhuis et al, 2002, Mol
Cell 10, 1453;1465) and human (Carroll et al, 2005, Cell
122; 33-43) cells, generally kilobases in size. 1In
25 mammalian cells, association of enhancer or loéus control
regions with actively expressed genes has been demonstrated
in the B-globin (Tolhuis et al, 2002, Mol Cell 10, 1453-
- 1465) and C—reactivefprotein {Choi ét al, 2007, Nuclelc
Acids Res 35, 5511-5519) 1oci} as well as looping togethef
30 of recombining immunoglcobulin genes (Skok et al, 2007, Nat
Immunol 8, 378—385). Iﬁ mammalian cells, ongeing

transcription is proposed to drive genome organization and



25 the genome include transcripts antisense to open reading frames. They feature in both eukaryotic
and prokaryotic genomes (Johnson at a/, 2005, Trends Genet 21, 93-102, Kapranov et al, 2007, Nat
Rev Genet §fHndofdd;isgelinger at a/, 2000, Proc Natl Acad Sci USA 103pd1R4:4b9/6013m30
eukaryotes, many of these transcripts are never destined for translation into protein and some are
targeted for exosome-mediated degradation by the TRAMP complex (Bickel and Morris, 2006 Mol
Cell 22, 309-316). In yeast these cryptic unstable transcripts (CUTs) are detected at promoters
(Berretta at a/, 2008, Genes Dev 22, 615-626;-Davis and Ares, 2006, Proc Nati Acad Sci USA 103,
3262- 5 3267), in intergenic regions (Wyers at a/, 2005, Cell 121, 725-737) and antisense to genes
(Camblong at al, 2007 Cell 131, 706-717; Uhler etal, 2007, Proc Natl Acad Sci USA 104, 8011-8016).
Detailed expetRenipRIMmg RS Hori 2 eetévistadd 1 0Nasin§geritimittiling &Pys have shown that
transcription gooursvardiaally allqarks of the yeast geaontefReraxhi et ad,12004nNucleic Acids Res
35, el28, Samanta et al, 2006, Proc Natl Acad Sci USA 103, 4192-4197; Miura et al at a/, 2006, PNAS
103, 17846-1’?%%?[’;‘%%%%%?5]?”iHo?i“éﬁ%e 7 38 G Dgélﬁg%ﬁi%all,\t%%(%& Bron Nt Acad S
USA 103, 532653255 Havilis &t 212005, BRACGeR6Rfics 81937 THEséBhalyses also indicate that
between 400 ang-340 genes aretranssihed-al leastpadiadlydnhigib directions producing stable
polyadenylated sense and antisense 20 transcripts. Many se are_actively transcribed. The
current inventlonrgjh%:k/%eeée(g Eﬂ;g%ﬁL gcﬁg hs%aé%&oﬁg'ﬁgys%%h %’W%%?% cgﬁgpuaf'r%%duced and
repressed stares bpeltopssisteditieransss g aktisbnsedparstriplfanePe greretR regulation. The

inventors showthat thate ate 2b-antisense-Hanscrpteegatrolling both the induced and repressed
states at the GAL locus, and that these transcrigtsigiffer in siz%i% sition and abundance. Highly

. . t Transc 10 Oces appear
abundant antisense FaiS&ipE R thenduced 16c0S are associatad with the prodtction of the sense

transcriptofrorh S(pthel GirtGprofotet v ofauwat tien |ofelS e mmtisepse transeripts strongly correlate

with levels of Hdal asspeiatedrwith shelaeus bt notwith histane acetyatign 4stself. The inventors
also identify that Hdal appears to be re u.ifgd for lon ragge' in(tj%ractiogg @t }ge r%gé%s:sed GAL locus,

suggesting a fifik bEtweeh e ‘ARTSeHse HanseMBEs epiglnatic msdifications and Righer order 5
chromatin straétuges @i fue. ieprasset sthte 2ChangéstinGhaadoniérmatién ofthe locus upon switching

from the repressed,tqthe W§ta§g davaeenddentfied yith iapligation-at-gntisense RNA in
OO R e e e On S sy L ile iy Nat gene e o
TFIIB aﬁd the phosphorylated form of RNAPII on both
promoters‘and terminators. Moreover, functional TFIIB is
- required to form these long range interactions (Singh and
Hampsey, 2007, Mol Cell 27, B05-816). TFIIB is capable of
20 interacting with non-coding RNA and loss of TFIIB promoted
by the non-coding RNA leads to loss of long. range
interaction at DFHR (Martianov et al, 2007, Nature 445,
666-670) . '
High levels of non-coding RNA transcribed throughout
25 the genome include transcripts antisense to open reading
frames. They feature in both eukaryotic and prokaryotic
genomes (Johnsoﬁ et al, 2005, Trends Genet 21, 93-102,
Kapranov et al; 2007, Nat Rev Genet 8, 413-423;'Se1inger et
al, 2000, Proc ﬂatl Acad Bci UBA 103, 41%2-4197). In
30 eukaryotes, many of these transcripts are never destined
for translation into protein and some are tézgeted for

exogsome-mediated degradation by the TRAMP complex (Bickel



10 repression is a proactive state of regulation which involves production of antisense transcription
and specific epigenetic changes the locus. Summary 15 According to a first aspect of the disclosure
there is proyideg @ /msthod of monitoring epigenetic changes in conditiongldprg; fangR Ghyomosomal
interactions at at least one chromosomal locus where different conformations of long range
interactions are associated with a change in one or 20 more gene products associated with a condition
selected from amongst cancer, cardiovascular disorders, . inflammatory conditions, including
autoimmune disorders and inflammatory respenges-to infectious diseases, and inherited genetic
disorders modulated by epigenetic mechanisms, said method 25 comprising the steps of:- (i) in vitro
crosslinking of said long range chromosomal interactions present at the at least one chromosomal
locus; (ii) isofthd"Feéfossiiiée DN A%omSaid thiomidsomalBcy@asd £B25%ii) subjecting said
cross linked RiAtO; kesiFetian thgestionswittbas enzyme thakcudtscaideast aace within the at least one
chromosomal locus; (iv) ligatin id cross.lin le DNA ends to form Aloops; (v)
identifying thé rp?egggr%gegotg%ﬁ%g?)gs? v%h‘aélrléirl%etﬁ%%ﬁriasge%%sé!\(%BNgA? [ooggs% |(I§Iaites the presence of a
specific long Patge chrsmbsemaldffaacisranttivherértithecforidFrantfe®chfsthdsonal interactions are
not long kangeJsteractans hetwesn genes ang-theiraulatory elements. Aserongigspect provides a
method of m?%ifgo_ri;%t;ondgiogr?tllosrégéaen% chromospmal interactions At af Iegst.one chromosomal
locus where différerit Conformations o ong ra%ge interactions dre associafed with a condition
associated with Ehahgfe-inlthe [Eveesf 8kprdssigh bf orREBE Mbrelgésas of aicédige in one or more
gene products pgaidsmethed comprising the step of identifying a change in the size, start position,
and/or number of a%tistenﬁcta (Ii?NA tr%nsﬁg:erirg)éss ex r%sisle% fro&g@e it I(rana one gggglrggggmal locus. A
third aspect providesea e %odeécpglabnosmg Biaisorderassodiated With at 164t 6né epigenetic
change 3§ a subjext, sairpbriethod \dormprsieyiedrtiffngiaamsaniie Previotshrisotated from the
subject a chaggepHNe, of Meresong rnge,shiamgsonal intesactigas ahat leastene chromosomal
locus associated wjth gaiéj,?disordﬁr; wherej sa;Ld metglod ¢9 prig,es thg melt:ho ‘as defined above. 5a
A fourth aspegf pfovida€s mé\{%deé’rcld%ﬁﬁgﬁng?ﬁe Franstiption SEatis 3f 8cHiomosomal locus
comprising thet$tepsifoilefifyintcen Satisditde RNA thdristript Profillexpressedifremn said
chromosomal.lpcusyapd eamparipg said gy efile;with theapfisense RNA frasscript profile of said
chromosomal locus in a known state. It will be understood that cgnditional long range chromosomal
interactibhs witf aiwdys b&*greddhtif cRfofin® 1Ol BEFGrNaF un%%?éito%ﬁltr?é%hese' interactions are
dynamic and Wil charge-depéndiigvon the statas ofahesre ity ctehercheomdsoie,-i.e. if it is being
transcribed or{ppressedindesponse t@ﬁ?&%%&pﬂé@@%&i@bﬁog%b@w?éﬁsg herein,the term

conditional long range interactions refers to interactions between distal regions of a locus on a

chromosome 2&5id5hiRtachioREbéihg WAEmMRAA G AlEYint d E5ERAMGEGESH TRE status of the region of
the chromosagraedAs irsedshelsin, thel ferdespeetredn sfierg sadgeimtesactien refers to the different

conformagions pf long range chrgmpsomatinteractions which,may.g present.atagiven chromosomal

locus. It will be understood that as described above these interactions are dynamic, with various long
range interactions faTHiinGoF Bréakify TeEmifg Bh tReetdtig ditheloeys 25 @

model system in which te compare induced and repressed
states and opserve differences in antisense transcript and
‘epigenetic regulation. The inventors show that there are
25 antisense transcripts contrdlling both the induced and
repressed states at the GAL locus, and that these
transcripts differ in size, position and abundance. Highly
abundant antisense transcripts at the induced locus are
associéted with the production of the sense transcript from
30 the GAL10 promoter. Moreover, the levels of antisense
transcripts étrongly correlate with levels of Hdal

associated with the locus but not with histone acetylation



- 6 - It will further be understood that the long range chromosomal interactions can be cross linked by
any suitable means. In a preferred embodiment, the long range 5 chromosomal interactions are
crosslinked using formaldehyde. It will be further understood that the DNA loops present may be
indicative of transcription or repression of said 10 eghremosomal locus, or alternatively, expression of
an altered product from said chromosomal locus. The presence of the DNA loops can be identified as
described herein below in relation to the GAL locus. It 15 will be readily apparent to the skilled person
that the methott@esdribedCiterelaicn (o Misddass éanbelddaptadtiolse UseaRa Ay Sther locus where
long range intgyactigns aredhedght tohgceur Jhesgdaeps canhe detagied tishig techniques known in
the art such as the 3C (Capturing 20 Chromaospme Conformation) assay (Dekker, 2006, Nat Methods
3, 17-21; Dekk&ter4l° 02,%8%%%%%,313166“-%3?%%&"\9 R €ta7 5005 Nat Genet 36,
1014-1018). Thez=skited persorewilbbe stwarerafdiumerdusrestractiom 25enzymes which can be used
to cut the (iN%WﬁQHE@E%C@@fﬂ%%'P& logys-efdnierest JLwil be apparept that the particular enzyme

used will depend upon the locus studied and the sequence of the DNA located therein. 30 The current
disclosure is baB8d G ¥aipting Hisdevery By theRRve MBis Rt Ndiftehd 16ng range

chromosomal indgraskions are alwaysHuesent stagivenvd Ipsus ondhecclmossae and that the
profile of COI’]dIIIOﬂfﬂ Iontgiran%e chrqcmosomal ﬁr%%r%%logg h%qgﬁ gepgggﬂlsng 0%@6 actual status of

the region, it's e |V|th/j And the E)‘:hfsrllol%)sg?glﬁecon itions, Pe. the presethe or absence of a 5 particular

long range interactionwilljprevidecan indibatied obtha btatds of tharredida.tMoeesver, the inventors

have disegvered that.congsistent with earliergenetic data thegeconditionallong,range 10 chromosomal
interactions may overlap and include the regions of chromosomes shown to encode relevant or

undescribed gef¥8 HGtefEaR ATy Be A iftBigetid FegibhRRShduid farthS oéRidted Hat the
inventors have=gisgeverec-thatdong sange intecaetions in all regions 15 are equally important in
determining the status of the chromosomal locus. These long range interactions are not necessarily in
the coding region of a particular gene located at the locus and may be in intergenic regions. 20 It will
further be undérstagd by the skilled person that the term epigenetic refers to heritable changes in gene

function withina.eell- which ase catsedby.changes ethaldhan changesdodtheunderlying DNA
sequence, these changes may be caused, for example, by environmental factors, DNA 25 methylation,

non-coding anBSEHIEPNA (PR HIS MGIPnicoring epigenetic changes in

conditiconal long range chromcosomal interactions at at least
one chromosomal locus where different conformaticns of long
range interactions are associated with a change in one or
20 more gene products asgssociated with a& condition selected
from amongst cancer, cardiovascular disorders, inflammatory
conditions, including autoimmunes disorders and inflammatory
responses to infectious diseases, and inherited genetic
disorders modulated by epigenetic mechanisms, said method
25 comprising the steps of:-
(i) in vitro crosslinking of said long range chromosomal
interactions present at the at least one chromosomal locus;
(i1} isolating the cross linked DNA from said chromoscomal
locus;

30



mutagenic carcinogens, histone modifications, chromatin remodelling and specific local long range
DNA interactions all of which have been implicated in creating specific environment for defined
transcriptional activity on the 30 genes or non-coding-RNA transcriptional units within the region of
interest. -8.It will be understqod that the.epigenetic ctgan es.may_.be caused by changes to the
underlyingfgﬁﬁélzeic 854 $85G8REE, wﬁ%ﬁthe‘?ﬁ%’éﬁ@es %rh%)?gire W efidQ a 5%%’3590 tPBr the mode
of gene exiressiohosuchi changes enayhe fatmexampke, SNPlswithincandfordutsige of ae genes,
and gene;lésigg%agdgﬁ de!:%'gtirog%géérg&g geﬂ'}%BSNA It will further be apparent that the term specific
physiological condition refers to any condition in"which 10 there is a change in the defined
physiologitavstatus gf thengellsZhid neayolse byla chandgecihdhe tel/e Dolzexpression of die-er more
genes, orgN%h e in one or more gene product. Examples of such conditions include cancer - benign
or malignant growtﬁ? cardiovascular disorders, 15 inflammatory conditions, including autoimmune
disorders émdl inflammblonyrespbrsastteshe develbpiithiniestipas diseases, inherited genetic
disorders d eq!g%g? ic.me isms ur ive.dis . 20 Preferably, the
presence @%%%%A%gps IS idéﬁﬁ!l‘?e(ﬁﬁﬁzé%gt%%ﬁr%q%%gg%?\%ﬁ%te ﬁﬁée%rgé%%et%g?th%gpresence of
a loop may bepedicated byane preseace sitarPUREplct WwHiehr is-ahisent mrttie absereinof DNA
loop or vigg,versa it will Al b%HPQﬁ@%%ﬁhaM@e%%eiaiéhea%%ﬂgdti%&%om may be
indicative of the specific DNA loop present and may therefore be used to identi e status of the
locus. If-BREPRETeieBTRSdIRRAt AhEPTeselitetdic DNECIBopBNHicalesran aitered
transcription state indicative of a specific physiological condition. 9 In a second preferred embodiment,
the absence of a DNA loop indicates an altered transcription state indicative of a specific physiological
condition At R dpFerBftio the ke DersdiriHaPthethetfodldcebidifg tomifirspasgect can be
used not q@»&#o mpgitgethe prespncseAfA spegificdeng kange chrgmosgmal interaction ata

o]

chromosomal locus, but equally to monitor the absence of a specific long range chromosomal 10

interactior 3F SHIBSPFGhosoRAHfocUHE ARl rldidersivbd thabFrampradsues of ife piegunt

disclosure-thesehangesdiathe €opditional Jang range-ehrgmasomalinteractions of 3 sampig may be
monitored by 15 comparing the conformation of long range chromosomal interactions at a locus at

different tiH7e oA FhE & iR oride thse gr@b’f? oRPafSHH f5°8 sahphf caF&sgomding to a

known physielogieahstate, 20 fushakpere it sbaeldbe undeestepdhthapthedang sangeghiomosomal
interactions of the present disclosure do not relate to long range interactions between genes and their

regulatory"SieREht ST A priotBy dB5ERbedhy Sty ifying & change in “the

size, start position, and/or number of antisense RNA
transcripts expressed from the at least one c¢hromosomal

locus.

A third aspect provides a method of diagnosing a disorder
asgociated with at least one epigenetic change 1in a
subject, said method comprising identifving in a sample
previously isolated from the subject a c¢hange in one or
more long range chromosomall interactions at at least one
chromosomal locus assoclated with sd4id disorder; wherein

sald method comprigeg the method as definsd above.



- 10 - Chambeyron et al., (2004), Curr Opin Biol. 16, 256-262; de Laat et al.,(20030 Chromosome res.
11, 447-459; and Dekker, (2003), J. Trends Biochem. Sci. 28, 277-280. Rather the present disclosure
relates to conditional changes in the long range iateractions within a particular locus as an indication of
a switch igth activity of a gene. According to an embo%i ent of the cuyrent ,ir%ve.ntion there is
provided a me Red o moan“ci;%?ﬁ coﬁﬁﬁ%ﬁ%?%ngaranag ﬁ]o‘?nos? malifteractions & at fésst one
chromosomaliecusi whersndiferenticordarnzations ofitntgntahgd steractangoaresassgciated with a
condition ggseocéateg with &ed?:% eiin thecgeé/elaof ex r%ssséo one or more. genes or clhange in one
or more gene%rooﬁjcts, said me dn&)mprlsingnt e s?ep of i e%ifylna‘ & Change if the §‘|zg, start
position, andfoessmderfofantisenseé RNKdransonpts. |fLlwitiixe; unstedstaoshipy thienskilled jorson that
the phenqg r%'%%’lgf tpﬁ ﬁgod%tionagt%nstgggge Eﬁf tEarnagﬁri ts.at represse Ié')cioofn cshgo osomes is
known. However, the inventors have surprisingly iScovered that the ﬁoﬁle of antisense RNA
transcribetkfromce cimamdsemva |Idcusschranges depending on whether the locus is induced or
repressed and that the antisense RNA transcripts produced play a central role in controlling

transcription of the sense RNA - 11 - transcript from a particular locus and the epigenetic conditions at
that locusT thclutiihgthe lbRg rawgasmetactibns. Wetordingciackriotheaadmbotiment of gregeurrent

disclosure.there is.pravided gﬂgg@ggg&j%gno%@gf disg_rlq\%[yaoss_oc@ed \%iyégg@gst ong epigenetic

change in a subject, said method comprising identifying a charige in one or'more long range
chromosoridldReEadtions at BE ledst bhe difomBssivatbcuyadsssiaretvitirBaid dishe@sin a sample

isolated frﬁ%%@@%%wa@@inﬁﬁ%ﬁmh%@ww the.method Hf aspeaiiwanPrejerably, the
ra

epigenetic change results in altered transcription from the chromosomal locus. [t will be understood
that the aR&REIFanS&riplidi® caftse 8F regtilafid® reprEssiens Bicproduction of &f alidralive transcript

with a changeestart siHe @RI derninalion site,of %%P'@@é’ﬁﬂﬁ@%‘)ft%lc@hﬁrg@z bg appagent that the
epigenetic change causes a change in the expression of at least one gene and/or transcriptional unit
within theRTorReGHiRg baftloftREGERERRS Preferably, the disorder is selected from amongst cancer,
cardiovascular disorders, inflammatory conditions, including autoimmune disorders and inflammatory
responses to infectious diseases, and inherited genetic disorders modulated by epigenetic

mechanishfs. AryP6ther cBRETOA whickPesultdmd chafigd harigdéone fRgFangEaREs -
chromosomaldnteractionsma alse de chagnesed by thecyrreriswaethods. so 40 152 2530

of a locus on a chromosome, sald interactions being dynamic
and altering depending upon the status of the region of the

chromosome .

As used herein, the term spectrum of long range interaction
refers to the different conformations of long range
chromosomal interactions which may be present at a given
chromosomal locus. It will be understood that as described
above these interactions are dynamic, with wvarious long
range interactions forming or breaking depending on the

status of the locus.



13 According to another embodiment of the current disclosure there is provided a method of identifying
the transcription status of a chromosomal locus, said method comprising the steps of; identifying the
antisense RNA transcript profile expressed from said chromosomal locus; and comparing said profile
with the antisense RNA transcript profile of said-clfromosomal locus in a known state. Preferably, said
chromosomal locus comprises at least one gene. Preferably, said gene is a gene known or suspected
of being involved in a specific physiological condition. It will be understood that said condition can be
any condition associated with an epigenetic change, for example, cancer, cardiovascular disorders,
inflammatory gendlitions rinehiding wetolaauneddisorders angkinflamymatarysesponses to infectious
diseases, and iﬁherited erl1etjc gislpa[ggriso msodcua!%t deb% Iegi&erleit;%{mﬁcgangsrgns. Preferably, said
method is perf:orjr”hoéné) i vitro. For the avoidance of dou t, It'is stated that featutes described in relation
to one aspect viitheklisclosaresare éguallyapphealsié tordiostheeraspettofthieddiselstre.
Furthermare, whete aJaumber of features ate indicatestas oplions eagh individual feature is
contemplated as being applicable individually or in combination with any other feature described in the
application. - Jarreheshvétftion will now be further described with reference to the following examples
and figures in which:- Figure 1. Conditional antisense transcripts at GAL10 5 Northern blots of total

RNA probed wifh seqse andansense,specile prabes l GALLOA BoSlrain ISz was culture in
galactose (lane 1), washed (lane 2) and transferred to medium containing glucose for 15 minutes (lane
3), 60 minutesigain®a) i 190 MiRtTSs JankRI80 RABS PFAnESET 8F O I60FhIFRES (lane 7). Two

exposures of the.anlisense: sigpal:y, Bareshawn.The positianehthesRINAJFands is indicated. The left
panel in B an%eganel A were exposed for the same time. At S{ninutes the 2. 25kb and the 2.4kb
GAL10 AS (s&-ERf %2)R8Bith detSttabie s e SRt Ts fiom the active to the repressed state

occurs. C. Yeast cultured overnight in galactose were washed and transferred to fresh medium

containing theﬁl@%ggg%%dgg this.expariment. high levelsof the GALE0.and GAL10-7 fusion

transcript are evident in galactose with the equivalent 20 antisense transcripts. The sense exposure is
2096 of the arfiRerseLTHIEE B3 MUtk FYAYE 165d6d 1P Tarde 2 e 182 Figfire 2: ReVerse transcription

(RT)-PCRsmapping tsanseripts Bt theAklecus AdResitioniofRiT priraeis fonsevetse transcription (RT)

of the sense (S) or antisense (AS) transcript and nested.5. primers for PCR am i%ific tign. Each set of
primers is des%ente{lc? % §%%ﬁﬁ§?égﬁ)% éﬁgﬁ? iSB—%bgphﬁ thqgosclyess gﬁgv;&ﬁeat%) %pgi locus. B

Mapping sensecaric antisense transcriptssin totalRNwhisthrd@earbGm s uiceseas®ssGAL7 and
GAL10. The nggolc&@&!%}gcR!@sséeﬁme RNAJD prepareddn ghicose isshawndn fane 7. C Mapping

antisense transcripts at GAL? and GAL10 in total RNA ,
technigues known in the art such as the 3C (Capturing

20 Chromosome Conformation) assay (Dekker, 2006, Nat Methods
2, 17-21; Dekker et al, 2002, Science 2985, 1306-1311;
O'Sullivan et al, 2004, Nat Genet 36, 1014-1018).

The skilled person will be aware of numerous restriction
25 enzymes which can be used to cut the DNA within the

chromosomal locus of interest. It will ke apparent that

the particular enzyme used will depend upon the locus

studied and the seguence of the DNA located therein.

30 The current disclosure is based on the surprising discovery
by the inventors that conditicnal long range chromosomal

interactions are always present at a given



prepared from cells grown in glucose. Controls include omitting the RT step and a positive control for
PCR primer efficiency on total DNA (not shown). 15 Figure 3. Mapping transcripts at the GAL locus
with strand-specific probes. A Autoradiographs of total RNA prepared from BY4741 (lane 1), W303-la
(lane 2) and YMH147 (lane 3) cultured in 20 glucose; raffinose or galactose and hybridized to single
strand specific probes 1-7 (all designed to detect antisense transcripts with respect to GAL10). The
positions of the rRNAs (RDN25 and RDN18) and tRNA are marked with black lines across the
autoradiograph8CihicH 258 e A ERPESS forPA nblirs Btuimmaly b data PRy 2'8RE Fig. 3A

showing transcepts atrepressed{glicase) on tduced: (galacinseyloclisp Eiglinet cSequences at the 3'
end of GAL10 are reiquired 3% for indgction of the sepse trar)ssjprii)t. A Sc@ecrplgtic showing the position

of the major tr%ﬁgléral‘ptss%‘ rte%re(sjéfeg or induced GALLG (\ﬁ/ci“ a\'rrldtg derivative of GAL10 containing a -
16 - pTEF:KamWxsTERter (Nut) hesetiibhwieating @-déletion of S5a4bp atrthedasrtoPEAL10. Band C

Northern lotsaf fotal RNA from,the, sirainsshown culiyred im the.carben sgurces indicated. In B the

position of the rRNAs is 5 indicated with dotted lines and sense and antisense specific probes were
used. The autbFadiGgrRigRs Reré Bxpd5aGYSr BquivaiéntiiieS in C cultures were induced and

samples prepared at 10 minutes intervals after transfer from raffinose (lane 1) to galactose (lanes 2-6).

10 Fiaure 5. Heay and cafd agsacialion Wth A Gelelaiendg Ieyels ofanlibepsedranscript
Immunoprecipitation o c’h|romat|n prepared from cells cu tureg overnight in galactose and transferred
to fresh mediuf Eontainidg: 15 Hlactese BrGuEHSE Forr20 ARl and ¢Rfed@Bd%sing real time PCR

at GAL1QoA Hdalmye swsmalized-ta dhe sptagged seatrokB &af3 normalizedrte the untagged control.
C H3K18ac normalized to H3K18R and then histone 1-13 20 Figﬁur 6. 3C with immunoprecipitation at

the repressed GALI8EUS A VS B TPHIPrédtiidtion Sits8 (0aticaP e &h&Wing the number, position
and orientatiomodesimeiss@rows: ¥ OM)ianddhe dpprogimate position of eerinduced sense transcripts

and the antisepag fyanscrint at e 2y eptessed 195, £. 30 Wi IP (RBpLiga.thiee.panels, Myc

bottom panel) in the strains shown (BY4741 background) at the sites indicated. C Controls for the

standard reacti6iT foSihBRINIAY 716 foPaialderte BREE iMRIFEEB AR Sha- BigestiohsEdid}no DNA
ligase, NnoATR: -hg)Qathe galRl-issa 80iproghict (1R step) and the standard IGwith

immunoprecipitgtion (EX%Q:L P§)P 1E)rodu%ctg efgcre tile leong%g%n e intgra}%iog.at GAlilg %retshown. All other
- 17 - interactiond SHoWed simifar dge'pen encies (not s ov%. [BRctoaviiy jlsrtl?lbplf) in the strains shown

(BY4741 backgeswrdipatithe sitetindiczddng region of a particular gene

located at the locus and may be in intergenic regions.

20 It will further be understood by the skilled person that
the term epigenetic refers to heritable changes in gene
function within a c¢ell which are caused by changes other
than changes to the underlying DNA sequence, these changes
may be caused, for example, by environmental factors, DNA

25 methylation, non-coding antisense RNA transcripts, non
mutagenic carcinogens, histone modifications, chromatin
remodelling and specific local long range DNA interactions
all of which have been implicated in creating specific
envirenment for defined transcriptional activity on the

30" genes or non-coding RNA transcriptional units within the

region of interest.



5 Figure 7. Conditional long range interactions at the GAL locus. A Map of Dpnll restriction sites
(vertical lines) showing the number, position and orientation of primers (arrows 3'0H) and the
approximate position of the induced sense transcripts and the antisense transcript at the 10 repressed
locus. B 3CIP (Rbpl) products at the sites indicated from chromatin isolated from BY4741 cells grown
in the carbon sources indicated. C 3C IP (Rbpl) over GAL10-7 and FMP27 in the WT strain (BY4741
background) grown in three different carbon sources. D A model for 15 dynamic long range
interactions atithe*tepte8§e dISEHISS T artisen e fafBstE o GARZIERoRAY, BAL10 and other
non-coding transesipds By thewintgegenie regionsningathenwithibedddad anal Eatdilysing deacetylases
are proposed tgé;r atghan enyironment suj%agl.e focr: é%%q lange ZOeaint%rggtiogsalnc%l]uggse, interactions
across GAL10?T GAL7 ahd GALL0-7 4re tetectable and a model to atcormmodats this is shown. Given
their associatiohawvitle RN AP | lcene: TEAB: ¢the 1omy ravgé inepgimsappéd thaepresent a poised but
represse%stamfé%l@ aglive trapscription a4 ihe- 254ocusE & madel darcanditionallong range
interactions at the GAL locus. As at the repressed locus, long range interactions appear to represent a
poised non-activeitafe 80&Y e genes AR nGEasBiAtRaMC hing involving long range
interactions at GAL10 and GAL7 when glucose 30 repression is removed (i.e. in raffinose) would lead
to loss of the Iﬁgg ‘glaggeggg:eégggo% over Gae‘:lé]fath The onset of r%ctglfet&@ggiption would contribute
to dynamic - 18 - switching between expressed a grepressed states. The production of the antisense
transcripts at thievintiotedisads eAvisaged e Hay twe refes: ¢oReeifithd ptod Hétichof the sense

transcript @nd through Eaf3 andp/Hdahta pimethe.regignfan kenrgssion and thesfermation of long
range interactions when the gene is not actively exiressed._ Fi% re 8. In vivo CTCF-dependent

transcriptional SYStEMt & 107THE iMRYratedLUAETHEE F8psrter-(ené ToRtaiRs the wild type 90 bp
CTCF-bindingesite-NsMicr{ phE Myred ucwijare pritast, deficienttorr@ECEbindigopMdMycLuc wt), in

place of the promate Ad b, Ihe eolayged map of ing, nisgraled GosinCL WD the-pesiions of the

primers indicated. Primers for 15 ChIP assays at the N-Myc sites are shown in red and described
previously 13 ¥Eirhers aF tie bl greaepEal itbrGifa Jariees erids ifiaéedphhers used in 30 and 40
assays are indieateshingreen. Jhesedarbners are-deseribed underiateriatssand Methods in the
on-line Supplem%(t. ThetZO relevant Tagl retstrigg[ongites are shown ?scptalelll:)éue triangles; their
positions are marked I relation 16 17é tudiferase eranseéfnep]t%lgl%rtla &.C, Présence of the wild type
CTCF bindingitesissstficienhto- dive therwxpiassions of dexiferastiirppRaMyELuc wt; treatment with

a'Dha-amaf?iti%’%?’%@EQ%@@%@JEQHJ@S%*‘%@&“ME&P&&Q&QE@%%QYQE@A&%BQ' Il are bound to the
N-Myc site in pN-MycLuc wt, but not in pN-MycLuc mut, as shown by ChIP assay with the indicated

antibodies. e, Treatment with alpha-amanitin leads to dissociation of Pol I, but not CTCF from the
N-Myc site, ast3@ shewri by GhiP assayewith the indicatedhantiopdiess|n fanelst'déand "e", primers

used for the analysis a/esnown.in fed In Figure Joand desribed ariendd. cne
presence of a loop may be indicated by the presence of a
PCR product which is absent in the absence of DNA lcop or
vice versa. It will also be understood that the size of
25 the PCR product produced may be indicative of the specific
DNA loop present and may therefore be used to identify the

status of the locus.

In one preferred embodiment, the presence of a DNA loop
30  indicates an sltered transcription state indicative of a

specific physiclogical condition.



- 19 - Figure 9. Chromatin Conformation Capture (3C) and ChIP assays. a, The 5" and 3' ends (green
arrows in Figure Ib) are juxtaposed in pN-MycLuc wt (Lane 3), but not in N-MycLuc 5 mut (Lane 4) as
revealed by the 3C assay. Lane 1 is the positive control for the ligated template, Lane 2 is the negative
ligation control. Primers used for the analysis are described under Materials and Methods in the
on-line Supplement. b, The 5' (Lane 3) and 3' (Lane 5) sites of pN- 10 MycLuc wt, but not pN-MycLuc
mut (Lanes 4 and 6), are occupied by Pol Il, as revealed by the ChIP assay with the anti-Pol Il
antibody. Lané? AinpREeh@Peisehifm GieSeimine Thes' WaFE 3T antl 3 (Pfhes)Stes of
pPN-MycLuc wt hut aot &N-Myclucrud (Laaes 4-ard 6prarereccupied by=15 I GIE. kane 1 - input,
Lane 2 - preimmunefs.erunk Ig},peinoel%;g" aggé'g'i%hieOS'-end specific primers are shown in brown and
the 3'-end spesc%leccﬁrlrjh%r are shown %Iue. igure 10. The 4C assay (combination of ChIP and 3C
assay) 20 with the anti-Pol Il and CTCF antibodies. Primers used for the analysis are shown in green
in Figure lb and dgseribed under Materials apd Methods4nthe onsling Supplementa, 401 Il is present
at the juxtaposition of the 5' and 3' sites of the pN-MycLuc wt (Lane 3), but not of the pN-MycLuc mut
25(Lane 4). tr@&FR&RtWith Sofrdantanifih 18588 15 18IS pEatanEe bof PUH r6m the high order
chromatin strusttresdn piNdMpelegent {lane 3). p£TEEdS presentatdhejuxtapositicriof the 5 and 3'
sies of the PN Myclucwt.(Lane ). bl ot ol b pINycLug L (30e 4. GTEE 139 st
associated with the high“order chromatin structure in pN-MycLuc ollowing treatment with
alpha-amanitift fean&s=pge Rgure $PeAhodel SHOWIRIEEWETETCEQ RAK transcription with the
high-ordeg chromatin. structures. a-.Gd Ch.bingsdotwo sites,in the 5" and 3' ends of the pN-MycLuc wt.
b, The 5 high order structure is established between the 5' and 3' ends of the pN-MycLuc wt via CTCF.
¢, Pol Il binds to CTCF and initiates transcription; d, Following the inhibition of transcription and
removal of PolH the Iénizeningdstnsmtareicahastill e detecteghdoe todtsassaoiattemwith CTCF. 10
Example 1 Epjgenetic_contrql,of tgﬁaﬁéééoﬁﬂs gggdé%%&rgﬁggs%{%n%%% at GAL10. Addition of

glucose to a culture of cells growing in"galactose results in rapid inhibition of transcription. As 15
expected, witfi15RRTiesS of HeRIFGT 6PGRICHSeAeTRIF G GRThBS PSRE ESAEE0 Franscript and the

longer 4;11kb GARLG tusiembranssript-{Gareger and Proudfeah 098 Fombechd?, 4771-4779; St. John
and Dawvis, 1981, J MoItBiol 152 285-31512 drog (Jﬁl{ag#filticall‘}/ (Fig. 1A). Aﬁrkantlj%en eEZO transcript has
been reportedlé}ttﬁgargp%’éjélsseanAal_ljooﬁers1e? efocchi et al, . NUcieic°Acids Rés 35, e128:;
Samanta et als2066tissue or cell type or by comparison to a sample

corresponding to a known physicloglcal state.

20 Furthermore, it should be understood that the long range
chromosomal interactiong of the present disclosure do not
relate to long range interactions between genes and thelr

regulatory elements such as previously descriked by

25

30



Proc Natl Acad Sci USA 103, 4192-4197; David et al, 2006, Proc Natl Acad Sci USA 103, 5320-5325;
Miura et a/, 2006, PNAS 103,17846-17851). The inventors have 25 investigated whether antisense
transcripts are a general feature of the GAL10 gene and, if so, when these transcripts appear. In
induced cultures, three antisense transcripts WheFé)oﬁserved(Fig. 13), two of which are similar in size
to the 30 Z2Rakbapddhe 4:kh sense transgripteatkthedpducediGAL locss (Bige 1Ak sThedhird
detectable antisense transcript i ller, about 1.5kb. The autoradiographs in figure IA - 21 - and 1B
were hyb%ﬁi%cd toepgrob%rgs'o‘f sini%?ﬁ?p%cif%gfc?ﬁl )‘7’ AN Werr%SeXpo_SL%d for%%r%ﬂég I%ngt@ time
suggestinBahateat the detve GALL10 genérantisensk trarisenipts nake up assjgnificant peaportion of the
total Rather the present disclosure relates to conditicnal
changes in the long range interactions within a particular
locus as an indication of a switch in the activity of =a

gene.

According to an ewmbodiment of the current invention there
is provided a method of monitoring conditional long range
chromosomal interactions at at least one chromosomal locus
where different conformations of long range interactions
are associated with a condition associated with a change in
the level of expression of one or more genesg or a change in
one or more gene products, said method comprising the step
of identifying a change in the size, start position, and/or

number of antisense RNA transcripts.

It will be understood by the skilled person that the
phenomenon of the production of antisense RNA transcripts
at repressed ldci on chromosomes 1s known. However, the
inventors have surprisingly discovered that the profile of
antisense RNA transcribed from a chromosomal locus changes
depending on whether the locus is induced or repressed and
that the antisense RNA transcripts produced play a central

role in controlling transcription of the sense RNA



5 RNA. Moreover, even the endogenous 4.1kb GAL10-7 transcript, extended over both genes (Fig.
1A, C) is matched by an equivalent antisense transcript (Fig. 113, C). During glucose repression,
the abundance of the GAL10 antisense transcripts drops considerably (Fig. 1B). As a 10 result, two
exposures of the northern blot in figure 113 are’s i for clarity. The data in figure 1 demonstrates
_that the sizeaf s aptisenSecmansgriptsattheuépresséddotts alsd chahges. éinetinstudies indicate
that 15 minutes; afier.additiop of glugose tgcggggylturgn% ﬂyggtgl&S is.Rserved from the 4 1kb, 2.25kb
and 1.5kb antisense transcripts to three transcripts, about 3.5kb; 2.4kb and 1.5kb. Both the 2.25kb and
the 2.4kb trAnSEAGTTCHRSe detected 15 minutes after glucose addition. Thus the abundance and size
of the antisense transcripts at GAL10 20 reflects whether the gene is induced or repressed raising the
interestin ssihility that the antisense transcripts might play.regulatory roles at the GAL locus in both
condition% %%Olﬁgﬁf)}ll%g %hoe t%?\%?ﬁ% S a‘”rz'o%dgr?g ét&izri% ugiﬁg élf‘e-aPé:ﬂf.r g%\l}é_‘rseC? ﬁ%ﬁ?&.sp%% (RT) with
strand sp&&ifie primefs cauped &2 PCRwWage5E0 % determikbateobitbn of theldemsuiand antisense

transcripts arnthedh 104A eells autured leglucese. raffinase-and galactase(Fig. 2)4The 30 strategy
used here %glglo ed RT J[igmers, s%%cific for detection, of either sense (S) or antisense (AS) transcripts

and nested ﬁé/ptﬂmgr% VisHE BrSH U  Rp proxittatefy S5 2 St p Trig 2RT FirsttHéS 25kb
GAL10 semsenranscdptandritsigguivalentasiisense ware smatyseds Théseadrelretativelyrabundant
transcripts amenabls,iomapaing by RIRCR (40 ¢B). The.GAL L] sense ranseript cap be detected 5

with primer sets 6S to 8S located across the GAL10 coding region only in samples prepared from cells
cultured it GRS (FGOT5, Hie 25 URIRIMEF frdfh pRifiER setd BASBIBIRS, desSiBREd%6 Feverse
transcribecard amplifcaniiSensed@nscripts, is also evident only when the cells 10 are cultured in
galactose (Fig. 25, lane 5). This suggests that the sense and antisense transcripts at induced GAL10
extend over the same regions. In glucose and raffinose, however, were detected signals with the
antisense feEficptiiver set17ZAS aRd BAS 15Dut AOERITE GASeamFof ckuivateht prieters for the

sense transeliptckRis is iragreement withrtbeglohal microgergy mapping which shows the transcript
arising within the GAL10 coding region about 500bp from the 3' end in repressing conditions (Perocchi

et a/, 2007, Nucleic 20 Acids Res 35, el28; David et a/, 2006, Proc Natl Acad Sci USA 103,
5320-5325}). Thisidudygestsifers arstiva-tistindtlamtiséiserednsorigts: overs®AbLO carredponding to

the induceg, and gepressedstate, i 1he 2:4ib antisense franscript atfhe repressed lgcus sarts within

the GAL10 25 coding region it is likely to extend into the GAL10-1 intergenic region, confirmed with
signals frém3ier'sets datd 10 FiGeERed SHGRAS forfplifer BS ahGSRS136d4Bd over the
GAL10-7 mtergenieregiciy bfe auchrweakerssfiggasting that 30 the majority of the sense and
antisense transcripts terminate or initiate, respectively, within this region. It was noted that sense and

antisense specific primer sets
It will be apparent that the epilgenetic change causes a

change 1in the expression of at least one gene and/or
transcriptional unit within the non-coding part of the

genome.

Preferably, the discorder 1is selected from amongst cancer,
cardiovascular disorders, inflammatory conditions,
including autoimmune disorders and inflammatory responses
to iInfectious diseases, and inherited genetic disorders
modulated by epigenetié mechanisms. Any other condition

which results in a change in at least one long range



- 23 - for the GALY region also revealed evidence for sense and antisense transcripts (Fig. 2C). In this
case, primer sets 33 and 3A3, spanning the end of the ORF and the 3' region, were able to detect the
sense transcript but not the 5 antisense, suggesting that the antisense transcript is promoted further
upstream. The data indicate that the transcripts-might-be offset with respect to one another. It is
concluded that GAL10 and GAL7 produce both sense and antisense transcripts when cells are
induced with galactose 10 and that the transcripts are similar in size. Mapping the antisense
transcripts arctiePGRE AP sihg ToriTErHoB ofs N Grifer sl ofs. aethstfah PEpé&&ific probes were used
15 to identify thg.approximate pasition of the antisense transcripts in cells cultured in glucose, raffinose
and galactose around GAL10 from three different strain backgrounds (Fig. 3). The northern blots have
the advantage of being able to correlate the size of a 20 transcript with its position at the GAL locus.
Probes 2 and 3 routinely showed poor hybridization with high background signals making the
hybridization to long transcripts hard to discern. In induced culture high levels of antisense RNA to 25
GAL7 and GAL10 are evident (probes 2 and 4) confirming the RT-PCR data in figure 2. The 2.25kb
antisense at induced GAL10 shows slight hybridization with probe 3 but none with probe 5 suggesting
that it is confined mainly to the GAL10 ORF region. Probe 6 hybridizes to the GAL1 sense 30
transcript as GALL1 is on the Watson strand. Two other transcripts are only produced in induced cells.
These both arise within GALI and extend on the sense strand through - 24 - the GAL1 terminator and
into FUR4. One transcript is approximately 5kb and the second is much larger. In repressed
cultures, the 2.4kb (GAL10) antisense transcript showed strong hybridization to a short probe in 5 the
GAL10-1 intergenic region and less strongly to a GAL1 probe. No hybridization to these probes is seen
with RNA prepared from cells cultured in galactose, consistent with the PCR mapping in Fig. 2. This
suggests the GAL10 antisense transcript at the repressed locus arises about 10 500bp from the 3' end
of the GAL10 ORF and extends over the GAL10-1 intergenic region. In a similar way, the longer 3. 5kb
antisense GAL10 transcript also shows strong hybridization to these probes suggesting it also extends
across the GAL10-1 intergenic region and into GAL1 (Fig. 153A). Four small non coding transcripts
are evident in cells

20

25

30



cultured in both repressing and inducing conditions (Fig 3A). Notably, these transcripts occur
predominantly over the intergenic regions at the locus. The first is a Ikb 20 transcript detectable at the
GAL7-10 intergenic region with a probe in the antisense orientation with respect to the GAL10 and
GALY7 transcripts (Probe 3). The second is a transcript of approximately 600bp_that hybridizes with a
sense ori@fﬁgg&‘? Fshe 6 th%r'(?ﬁh?’ferﬁ{ﬂ%ﬁgrlwge PF 25 Hfe tHirdFRTscAES HBBUE €. 7kb and
extends antiserse: fsompiibe baregion afdtABA04 and daoughie GALTdetprinatarregiondfrobe 1).

The fourthg etl__bout 1.tSKb anq_‘:iznitiates within GAL10 and eétends Into.the GAL10-1 intergenic region
(Probe 5)5361RHis Ghalsis BNA WAL Breparedirom tites dferait SR Backgrdtihds Mhe BY4741
(lane 1) and&4303b1a (lane 2} stainspraduced:simiampefilesin allr-aRbethiee garba seurces. In
the YMH147 str%gé@n%% howev%r, %ﬁpression of _ILhe GAL locus appears to be derepressed in

raffinose. RISbRe regions the TaRScript protie s st diffdtent (5 W in §RicS6r 5
galactoser(tompase for ekample lanesikand8 ikife threercarbdp soywees al bybsitlized ivth Probes
3, 6 and Qhéosumsrgia?r?y of tQS rgapipin% dﬁt%grorggi%gres 1-3) is shown in Fig. 3B. There are three
notable pomts.ni'%e %rs%ls the ralative yrhlgﬁlleve 6F antisense transcripts for each of the sense
transcripts when cells are induced with galactose (GAL10, GAL7 and GAL10-7). Sense and antisense

wanscripts, pL e induiced locusanneardo bepaired and synergisti. The second s e ghange in the
15 size of the antisense transcripts on repression (in glucosefc up eg to changes in the predicted
initiation aFfel¥ermination sites at GAL10. Third is the presence of transcripts over the intergenic
regions (GAL7 terminator; GAL10-7 intergenic region; GAL10-1 intergenic region; GALI 20 terminator)
at the both the repressed and induced locus. Sequences at the 3' region of GAL10 are required for

induction Bf gecgensbitrariselipt. Teecdats sag@ests thaaepesitiGinepantisehse R 5kednseripts over
at GAL10ygllegtyubether thegene isrepiassed of laduced. These frapgeripts are likely to be initiated

at different sites (Fig. 4A). The inventors deSigned ah experiment to identify sequences required for
induced antisense transcription (likely to arise at or near 30 the 3' flanking sequences of GAL10) by

separating the 3; flanking regigrdram thesmain gene Thig consryetaligyved. testingfor g, puitative
promoter and examination of its - 26 -
condition associated with an epigenetic change, for
example, cancer, cardiovascular disorders, inflammatory
conditions, including autoimmune disorders and inflammatory

responses to infectious diseases, and inherited genetic

disorders modulated by epigenetic mechanisms.

Preferably, saild method is performed in vitro.

For the avoidance of doubt, it is stated that features
described in relation to one aspect of the disclosure are
equally applicable to all other aspects of the disclosure.
Furthermcre, where a number of features are indicated as
options, each individual feature ig contemplated as being
applicable individually or in combination with any other

feature described in the application.



effect on induction of the sense transcript. 554bp between bases 2453 and 3007 were deleted leaving
92bp at the 3' end of the GAL10 ORF and the 3' flanking sequences intact. The deleted region was
also replaced by an expression cassette 5 in the same direction as GAL10 expression. RNA was
prepared from cells cultured in raffinose and transferred to galactose for 15 and 60 minutes, sufficient
for strong induction of the sense transcript and the appearance of the induced 2.3kb antisense
transcript in the wild-type (Fig. 10 4E lane 5 and 7). The insertion at 3' end of GAL10 is sufficient to
compromise expeessivawf both e 2.4kbahd ther3:.Bkly Gakto artidenssirarsteipesi(Big 4B, lanes 6
and 8). Importagtly, very loyylevels of sense transgript in these;samplesiwere observed (Fig 4E, lanes
6 and 8). Thus, 15 despite the promoter region for sense transcription being intact production of the
sense RNA is compromised in the strain with the insertion at 3' end of GAL10. This raises the
possibility thatsthguariisensectbadseripiria Teguired das wansanaiton from e GAl1k0 promoter. The
induction 20 profiles at GAL7 and L1 (Rig.40) were alsq examined. in the.mutant strain. No obvious
effect on t%e réﬁﬁ"etsgseel&qlek\j/g%tgt t??e%iigc us egf was. o%ésé?ve%%. IR %%?tigrl{l,c%h%fleg J\ivsagsnllstﬁe effect of
this insertion crPirriuEtionreftrETscHptSAb GALT br GALE P5THUSESEUfeh ce%ssatthet3ehd of GAL10
are required far.theproductian of the induced aptisense franseriphwhichisdndurr implicated in efficient
transcription of the induced sense transcript. This suggests coordination of events between the 5' and
3' ends of the el GERE 36 SEGEHEERSS the 3 TeglbiPSFEAL LI AR Aot réylired for antisense
transcription at e represseddoens. 127 wAhtheerepiessed focus) Slterantisense tianseripts are likely
to initiate pt a ifferent posifion within the GAL 10 ORE(Fig, 48) The insertion at the &, nd of GAL10
allowed is to ask whether similar sequences are required for 5 antisense transcription at the
repressed loc§s @8t the iFddeed Beeis(Fig T4B) PSirprisiiyl§ forfiya S regfidfionn the size of the
two antisense fransesiptsin thenmutant-cempared o #he MT wasnotedsdhe levelsand the relative
size difference_between the long and short 1(% antisense regpained ge%simiéartt}g thé)sg]gg the WT. This
suggests that g@ﬁu%ﬁ@eg AWHICT tesd™ ﬁaﬁscﬁ%%uﬁoergfnatl yein?tl"ate%ave Sert deléted or disrupted by
the 3' end insettion @rfbthas dotlr transelptsare utidtink: aeatrew site sslightlyselbserto the 5' region
of GAL1QThig 15.r8iges guestin of howethese ranserints are piemoted. gvenybat their normal

initiation site has been removed. One explanation is the sequences in the inserted expression
cassette. HowgVek HetheSeeravidrinsetite 576 ot prasém iNRBFAIEESY chbRBROTS s unlikely
that they 20 are-proragteddsanusequenceswithinthe nsesedieasseiteed husithet@ age different
sequence requirements far the .induced antisense.transcript and th i eps at.the repressed locus.
25 Hdal recruitmient f‘om&%L’l fe ?éc?fs? Ve%%?s %? a%lﬁger@s% tgrgn%%ﬁp? ut ré?ot Hgﬁ%lloélac. As there is
significantly mbreaatisénse wramserpproducedwhentGAE 1945 n the irdiydetésitpared to the

repressegl;state, experiments 1o ascegain if Hdal 3Q.association &t A1 seflegtsither the level of
antisense RNA or whether ex%re,ssion of the gene is induced._or_repressed were undertaken. Hdal-myc

association Wiﬁ‘}ié%ﬁ_%e' wice as much RENA i1s loaded in lane 2



- 28 - was assessed by ChlIP using chromatin prepared from induced or repressed cells (Fig. 5A).
Eaf3, a component of both the Rpd3S lysine deacetylase and the NuA4 lysine acetyltransferase
(Allard et al, 1999, EMBO J 18, 5108- 5 5119) was used as a control. Strains lacking Eaf3 show high
levels of histone acetylation at the promoter and wviithin the coding region of genes instead of the
normal profile in which levels are high at the promoter and drop in the coding region, suggesting a
major effect of loss of 10 Eaf3 on the Rpd3S complex in particular (Reid et a/, 2004, Mol Cell Biol 24,
757-764).  Higakmyt-is RIOeRAEd WiTBEH Rid Stand The BCRediBRRIZIALLO in induced cells. The
signal for Hdak pyte=dronscabaut & feld@rtheseapressed chromatin. This 15 difference is not due to
differences in theplev.eés of Hdg]ﬁ éc in the c§llsr C%Iéuredsin regée%%etil oggnéj#cir%% )coggitions (data
not shown). This"G4ta 18 Tongistant Rith the presence of high levels of ahtisense transeript in induced
cells and high téxelssofddddlacross GALE@nEaf3( 26 ishows asimitar botlessgprerounced trend
showing lgwer Jevels af agsociation at both the promoterand the 3.end of (GAL10 on repression (Fig.

5B). To identify if there is a relationship between Hdal association and histone acetylation at
repressed and’25 1dGCed & AMET HEK P H koW Btibstiate 10 HBafwasExamined. Levels of
H3K18ac at therreptessed genearellown; similar taleyvelsrinsan HBKIER straigeceenrsistent with active
deacetylation ? Hdal..In induce cellihl%g_\!s Prfl I—&I%leSac ar%éi%nificantlé/ higggg géan in repressed

cells, 30 despi é%ﬁlgsﬁfel\%ss of H a?tlzr?t e nduced stran (ﬁéf rhis difference is present even

when nucleoséieossdh&taéfompanfessastivictrahaeriptioh BESAL P15 takenRVR9 - into account

and the HgK18ae signal ig hogmadized ta H3lewgls. ;Thissugoests aopgirget ggrrelation between Hdal
association and H3K18ac at GAL10, If Hdal activitg/ is related to antisense transcripts as proposed by

Camblong at 58F FH5FE el P91 7067 7 2 thé Righ 18065 b3k TS o the induced gene,
particularly at the=banegiori rean beleplainedrby theshistore acetydatior tratiaccomipanies
ranscriptional aefivation and.elopaaion ofhesepse: ragscriny, The balancs of agetylation and
deacetylation 10 would be shifted fo result in a nat gain of H3K18ac on the induced gene. Long-range
chromatin intefddtichscacthecB AtCler s PidngtaRgéiBmatin interactions, also known as gene 15
loops, have been described at a limited number of active yeast genes (Ansari and Hampsey, 2005,
Genes Dev 19, 2969- 2978; O'Sullivan at al, 2004tNattGetq_let S’GGALI 4-1018;.§'ngh and Hampsey,
2007, Mol CeIFﬁ}’g&G-%16)%3@%3%@?5&?0%%1%psreas*ent JU‘)E(taposi 161 Of the 5and 3' 20 regions of
yeast genes ant@sdsgoeisiédavitir&MAPRII, TFIIB and the CPF transcription termination machinery.

2 Autoradiographs of total RNA prepared from BY4741 (lane
1}, W3C¢2-1la (lane 2} and YMH147 (lane 3) cultured in

20 glucose, raffinose or galacteose and hybridized to single
strand specific probes 1-7 (all designed to detect
antisense transcripts with respect to GALIO}. The
positions of the rRNAs {(RDN25 and RDN18; and tRNA are
marked with bklack lines across the autoradiographs, which

25 were exposed for 24 hours. B Summary of data in Fig. 2 and
Fig. 3A showing transcripis at repressed (glucose) or

induced (galactose) locus.

Figure 4. Sequences at the 3’ end of GALIO are required
30 for induction of the sense tramscript. A Schematic showing
the position of the major transcripts at repressed or

induced GALIO (WT) and a derivative of GALIO ccntaining a



Given the data showing active antisense transcription at the repressed GAL locus and 3'to 5' end
communication at the induced GAL locus, investigation to ascertain if long- 25 range interactions are
implicated in antisense regulation of GAL expression was undertaken. The GAL locus was analysed
for the presence of long range interactions and,-by. éncluding an immunoprecipitation step, whether
these interactions are associated with RNAPII and TFIIB. 30 Interactions between the GAL10 5' and 3'
regions, the GAL7 5' and 3' region and the 5' region of GAL10 with the 3’ region of GAL7 from cells
cultured in gluB3EE AEFBSE EF3G T andugdlatitRetvére nidifitréBUsing @ imbdffed30 (capturing
chromosome eonfepmation).technigueg (Bekkar, 2006, Nat-Methods-3nt 721 Rekkeret al, 2002,
Science 295, %306-11311; (E'Sulli\é%n et g\é 2004, Nat Gene *§6k181i'h10t]1% 5(3&':' . 6A). As a control
the previously d¥t8cted JongTaRge tterathion at ENB37 “Which & addbciated with BNAPII and is
present in all tarew geowtinddrditiods wasiuBed fsep g t2CR 1T Lbhg raRf@dnteactions at the
repressed:GAL logus, L.oNq kangeintetactions are detectable oves GAL1Q.GAL7 and between the 5
region of GAL10 and the 3' region of GAL7 (GAL10-7) in cells cultured in glucose (Fig. 6B). Moreover,
these interactiSAg aké HsJotrited Wit RNEPH as TH¥h& SerhctacisAB 2an e fimmunoprecipitated
with antibodiesipRbpl Eontrelg:fordheGAL10@nd thenGALAO Zuntetactions showdbhat the PCR
products are specific and depend on formaldehyde crosslinking, digestion of the chromatin with Dpnll,
the ligation rea‘%%f%nsgﬁng addition of 58%ef%pl§t% t%ltﬁlé%lg&Pl%%cﬁé%ﬁ i(ja'. 69 ?I?lcrs%ﬁ?%eractions more
than one POPsroductRassiservéanThése FOPPrddtetsweréistiatedtttom gels and the
sequenceg over the Dpnll junctions were analyzed. This revealed, for example, that the Dpnll site
abutting primer set 6 at the GAL10-1 25 intergenic region is partially protected in the craoss- linked
chromatin prefaiios, Pesulfiig in 2k FRib? o EBSGT BEOB if mufiffoH & the 28658 Pr8duct expected
for the long range lrteedcticre ovet CfevsSimitananalists at thenthrgerdengrangeiinterattion sites
confl!rmed egcghqj(%p g&%ﬂ?x@ﬁé‘%@%@f’&?%‘é‘ﬂ?,Qﬁ@ﬁﬂggat 8@%‘%@@@@@9‘9 crosslinking and is
consistent with vall ?ong rangeé Interaction showing juxtaposition of distant sequences. - 31 - The
limited numbePaf BsHgPEh G MtErEREIDAS Tereribeditbdate M halE b et s Bderad on actively
transcribegl glegﬁaghsiet%@cgm&Q@égcrﬁa@d here peede at aﬂ@ca%zt@%thtiéldeagqﬁﬁgdr@ﬁAL |
expression althqugh 5 the presence of antisense transcripts suggests the locus is transcriptionally
active. The neXt &%eva%gs%B e%AaLrﬁiglé whethe? ﬁg%?ecr:]ﬁé%%rfnlgfgl\%ntéciogiﬁ?o}znggﬁgﬂ%% repressed loci
is similar to thatcattastive g@nés.flongrange Frdrdotionscarevedyeed inenstrain-carfying the sua7-1 10
allele, expressipg.ayersion of TRUB with, an-E62K (glytamic acig: 62 10 lysige) substitution (Singh and
Hampsey, 2007, Mol Cell 27, 806-816). This mutation is defective in interactions at the 3' region but
not at the 5' region of active genes. In repressed conditions, the

20 Figure 6. 3C with immunoprecipitation at the repressed GAL

locus. A Map of DpnIl restriction gites {vertical lines)
showing the number, position and orientation of primers
{arrows 37 JH} and the approximate position of the induced
senge transcripts and the antisense transcript at the

25 repressed locug. B 3C with IP (Rbpl top three panels, Myc
bottom panel) in the strains shown (BY4741 background) at
the sitesg indicated. C Controls for the standard reaction
for including no formaldehyde crosslinking {-Form), no
digestion {-dig), no DNA ligase, no ATP (-1lig). ©On the gel

30 is a 3C product (-IP step) and the standard 3C with
immunoprecipitation (Expt). PCR products for the long

range interaction at GALIQ are shown. All other



15 GAL10, GAL7, GAL10-7 and the control FMP27 long range interactions all showed dependence on
functional TFIIB suggesting that loops on repressed loci have the same requirements as those on
active genes (Fig. 6D). In addition, the GAL10 and the GAL7 long range interactions, 20 but not that
GAL10-7, can be enriched in immunoprecipitates from a strain expressing TFIIB-myc compared to an
untagged strain (Fig. 6B). This suggests that TFIIB-myc is closely associated with the chromatin
regions that show long range interactions at GAL10 and GAL7. The reason for the 25 inability to detect
TFIIB associated-®ith theé 10fig $RAYE IntetacticH atRRYGALID A d TAL ZIEHEY cleaP @ functional
TFIIB is requirgddar the intefaction. Qme pessibility isthakthempitope tagdsnatacgessible at this
interaction. Thus long range interactions can be 30 detected at the repressed GAL locus and these
interactions show tﬁgggﬁwelingqﬁ%rﬁ fts as gene loops on active genes. - 32 - A conditional long
range interaction at the GAL locus. Long range interactions for GAL10 and GAL7 are also observed in
raffinose, a repigssing growt,mediym, 2ndiiB.galaciose when fhe gengs ale epessed (Figs. 72). In

both 5 cases, the interaction is associated with RNAPII. The long range interaction between the 5'
region of GALIOERI the”3MiiT oP K7 FEAPLOSF) Mowever S ddpends Dhkthe’d4iBon source in the
growth mediumsHEig.né3, tGr Masisrporiarily, 1bis lang rangerinteraetion s lost weinduced 10
conditions (galgctosg{sargd gven when }%Iﬁucose re}prgg%ign IS rg_@gggd@(}n [ ffinosghc'lé@s, it is unlikely

that disruption of the ong ran eellﬁ}tergctlor? %gﬁ%elexplairjtgeod‘S simply by the e|gf11nlevels of sense

transcription witels aré obserridbadanihdisingebhditions. Reahes thet S2¢oridigonality of the

GAL10-7 long Fapge integagtion appearstorbe related tgjoss ot glucoserdeprassien. - 33 - Long range
interactions at the GAL locus are influenced by lysine deacetylases. Non-coding transcripts and long

range interactionS 8 (esERP Bt e R ideusIRHoth Fepregtify AAdtinGhchG SE6HTitions. The
presence of nan:codig-trahseriptsisaelatédda the dahg rangeinteraGtions)was énvestigated. The

antisense transcripts aye_assogjated with glp% Hdal lysine depcetylases 'éﬁgg?%& amblong et al, 2007
Cell 131, 706-717). At the repressed and induced GAL10 locus, 10 the levél of chromatin associated

Hdal correlate§¥ittilel| bRaffisensé Hapizeript TPRAsTIEIEFif HPaPaRed=df3%a® required for the

long range intefagtigns at the GAkdacys,and 2t HMB27a Loss of Haalhas-a dramatic effect on the long
range 15 interactions over GAL10, GAL7 and GAL10-7 in repr%ssed cells (Fi%. 6B), The effect on

FMP27 is much18s8drafiztie” By Gottrast Eard ioTeqtired o7 thETdng Fange ifteraction at FMP27
and GAL10, butthere isa-lessénequirensentifor shistfactor atrGALZoriGAL20:0rSome loci,

together with the Hdal and EZaf3 lysine deacetylases are
proposed to create an environment suitable for long range

20 interactions. In glucose, interactions across GALIO, GAL7
and GAL10-7 are detectable and a model to accommodate this
is shown. Given their association with RNAPII and TFIIB,
the long range interactions appear to represent a poised
but repregsed state with no active transcription at the

25 locus. E A model for conditional long range interactions
at the GAL locus. 2as at the repressed locus, long range
interactions appear to represent a polsed non-active state
over the geneg. An increase in dynamic switching involving
long range interactions at GAL10 and GAL7 when glucose

30 repression 1s removed (i.e. in raffincse) would lead to
logg of the long range interaction over GALIO-7. The onset

of active transcription would contribute to dynamic



20 such as FMP27 and GAL7 show specificity for one or the other complex, while loci such as GAL10
appear to require both activities. This data implicate the lysine deacetylases, Hdal and Rpd3S, directly .
or indirectly, in the formation a long range interactions and suggest that 25 this may be linked to
antisense transcripts. Discussion The inventors-have used the GAL locus as a model system in which
to compare the induced and repressed states and 30 observe differences in antisense transcript and
epigenetic regulation. They show that gene repression is a proactive state involving the regulated
production of antiseriseng JdeLiranscepistiasssdciatibrwith epigenetiatkange§ta the locus. The
non-coding transcApbMmamab e AL locpsds complex andicpnditional, I he-presegce of relative short

5 transcripts over the intergenic regions is reminiscent of promoter associated transcripts associated

with yeast geneltich-SERY (Maftenstat & 2804 Preric&enkt 25292611332 IMD2, LEU4 (Davis
and Ares, 2006 Bae: NathAead Sci USA 403; 3262-3261) and Tyh{Berrettaetal 22008 Genes Dev 22,
10 615-6256) of, mam alian,%ensﬁlsuch as %HLER (Martianov. et 07, ure 445b666-670). As

al, 2 N
a h a#
these are presen‘vf1 at both the induced ar ?epre%ée‘éeé}&ﬁééﬁél thélé) a1r:e Un |l(<jelrf}%lhaz%/e regulatory

functions related té zrgivatbaandeprassioprdireti§ bithagsifiudic@etherdsiest vf locus 15
topology. The size-and position of the non-coding antisense transcripts at GAL10 change with
growth conditions. At the induced locus, there is one abundant antisense transcript whose levels rise
and fall synergistically with the sense 20 transcript. The data suggests that sequences at the 3'
flanking regiorrafyGe. 10. arerrequired GTpRoideteaxdsmessioraobtisg trahsoapt. sgrstkdition 0 binding

sites for ihe Galregulalor s 'egion Alsg contalps Jhe promplerial G L) thele areiso Rebl

binding sites in this region. As 25 this Is a conditional transcript, a dual role for Gal4 in activating both

the GAL7 tran5&mst &td fie GXIFTe antsersEispodsitiies HRNeVRCTHE iffenttEs Rale &$6 mapped a
high level antispirse-transcriph-arsiog al the 31sedign-ofindueed: GAL 1 angithese are fieeGald binding

sites in this 30 region. Givgn that loss of the GAL10 antisense transcript is associated with low levels
gn % fﬁ ? Q %h@ 1n£%§fa %P Il o

of the GAL10 gé:nseoﬁgﬁscrl‘pt, ahd the demonstration of Pong range - Interactions between the 3'

and 5' region of iGAL tDamb&AliLran alfeniativerpossilsilityig that promotsriseruentes play a role in
achanngy1U@@ﬁﬁh%ggg§gn§%t@g@qﬁpgyc gsltes are shown in red and described

previously .

Primers at the % are depicted Iin brown, at
the 3 ends in blue; primers used in 3C and 4C assays are
indicated in green. These primers are described under
Materials and Methods in the on-1line Supplement. The

20 relevant Tagl restriction sites are shown as pale blue
triangles; their positions are marked in relationm to the
Luciliferase transcription start site. ¢, Presence of the wild
type CTCF binding site is sufficient to drive the expression
of Luciferase in pN-MycLuc wt; treatment with alpha-amanitin

25 dramatically reduces the activity of Luciferase. d, CICF and
Pol II are bound to the N-Myc site in pN-MycLuc wt, but not
in pN-MycLuc mut, as shown by ChIP assay with the indicated
antibodies. e, Treatment with alpha-amanitin leads to
dissociation of Pol II, but not CTCF from the N-Myc gite, as

30 shown by ChIP assay with the indicated antibodies. In panels
“d"” and “e”, primers used for the analysis are shown in red

in Figure 1b and described earlier *°.



5The antisense transcripts at induced GAL10 share properties with two genes previously shown to be
associated with antisense RNA. Like PHOS5 (Uhler et a/, 2007, Proc Natl Acad Sci USA 104,
8011-8016), the antisense transcript at induced GAL10 is linked to transcription of the sense 10
transcript. The GAL10 transcript is different from that at PHOS as it does not appear to extend into the
promoter region and thus is unlikely to function in the way proposed for P1105 by remodeling promoter
chromatin. Like P11084 (Camblong et a/, 2007 Cell 131, 706-717), the presence of 15 antisense
transcript correlates with the association of the Hdal lysine deacetylase (KDAC) with chromatin.
Although lysing;idracetyasesargassogiaied mith hethactvalion-andsepressiorgf gene expression
(Bernstein et al, 2000, Proc Natl Acad Sci USA 97, 13708-13713), at P11084. Hdal Z%IBJnctions with
the antisense TraR¥fipt treprESs the &8fsé prSHﬁaos[er( BE&TDIGHG 8t &/, 2067 E&i®131°706-717).
Paradoxically,shigh{evelsof H43K 18apmreynamtained Ovendhe active GAbLO gene-syggesting that
acetylatiop associated with sense transcription shifts the dy ¢ 25 acetylation.
Underlying this ?gc a g?%aﬁd@tafégof g&?\?ei%é%)r%%s:%%@thggjﬁg[?ACsEa%ﬁé.‘acﬁis%gvnigganscripts. The
inventors sugdgest ihattiseronad sfre isrepresented i paR IR the fetiFrahgeSintéractions over

GAL10 and GALZ{Fig-«/B): &2 thisimedekther longrange:30 interactions: akkhedghasseciated with
RNAPII and TFEIIB, wauld represent a poised not active transcription as previously envisaged (Ansari
and Hampsey,d%ﬁﬁlé?éﬂe]é%gg -Mfé‘?ﬁj!f‘% 25978~ %@fﬁli\%ﬂ% %I,gib_éi Nat Genet 36, 1014-

1018; Singh afaddidmpsey,. 2007, Mok Cell 27,2806-8163.046 yastLiies dnd midmmals nidhy genes

exist in qlgtab{@agqjﬁgdﬂateb\mh engaged BNARII and the associated $ gpigenetic modifications at
the promoter (Guenther at al, 2007, Cell 130, 77-88; Radonjic at al, 2005, Mol Cell 18, 171-18;
Zeitlinger at al°2007: Rat tyerfst'3d 15 B2 153855 L e teihauttd ‘G A 62U dritiseRSe transcription

extends over thg:same penerakregionas thesense 10 trapseriptiensOn repsessiondhere is a switch in
the initiation site and a chan%%(j:n ghe ??g%rg %f}the sdecgJenggas I{(equjregitg e%rogpteﬁ%?fgﬂfg
r [ fires of Northern

transcription. Noreover the antisense fransciipt becomes dominant. Long expost
blots, howeverstevéaltveryjomiiedeislofcl Sreguilsiasty dizedbense RARSEHSISZLIRAGERYng that the

relationship betwegen sense.and anfisgnse teapseription js maintajnedaven.on areprgssed gene. This .
reinforces the idea of "active" repression and supports the repressed state being a variation of the

events that ocClir o2 aétivation. OrERALFRF EondEqRends bF dBRfinACARtisehsE f¥Rscripts is
active repressipmnithtough’KRAGS shiehi @3 Hdat aneti=at3- dt istinteresting that.at the repressed locus
the antisense transcripts extend over the GAL10-1 intergenic region in a similar way to the exosome
regulated 25 antisense transcript at P13084 (Camblong et al, 2007, Cell 131, 706-717769).
Deacetylation B¥artifis giondifd bfhersftergéRiieigion htay pfombid ofRthbifze /iRy range

interactions atthe jocus; fanexample ihe interaction ayeriGAedds’. primers used for

the analysis are shown in green in Figure 1b and described
under Materials and Methods in the on-line Supplement. a,
Pol II is present at the juxtaposition of the 5 and 3’ sites
of the pN-MycLuc wt (Lane 3), but not of the pN-MycLuc mut

25 (Lane 4). treatment with alpha-amanitin leads to the
disappearance of Pol II from the high order chromatin
gtructures in pN-MycLuc wt {lane 5). b, CICF is present at
the Juxtaposition of the % and 3’ sites of the pN-MyclLuc wt
{Lane 3}, but not of the pN-MycLuc mut (Lane 4). CICF is

30 8till associated with the high order chromatin structure in
pN-MycLuc wt following treatment with alpha-amanitin (Lane

5).



30Also prominent on the map are long transcripts extending from one gene to another. These
transcripts are conditional, for example the GAL1:FURA4 long transcript at - 37 - the induced locus or
the GAL10-1 antisense transcript at the repressed locus. Long non-coding transcripts are observed at
the p-globin locus in mammalian cells and may-beinvolved in conditional switches (Gribnau et a/,
2000, 5 Mol Cell 5, 377-386). In yeast, these transcripts may simply reflect poor transcript processing.
Alternatively, they may be the first indication of two different types of transcription event (repressive or
activating) driving or breaking higher orders of organization of yeast genes. 10 Experimental

Procedures Strains-Ehree diffgrept.atrainhackgrounds were used inithis studysd5:3¥4 ¢4l (IVIATa
his3.61 1eu240 metl5,60 ura3.60), W303-1a (MATA, ura3-52, leu2-3-112,ade2-1, can1-100, trp142)

and YMH14 (AT, E78-5008° e9E 7567, UaeTs5 B us YT 5 E5H2). The stiaT JididSs i¥ the YMH14
background (Rinto etiak 4994, drBiobChemd 289, 30569=30573). Straiys, L2 including,epittpe tagged
derivatives, truncations .and gene deletions, we Struc ingle step.gene replacement using
PCR-gen('agrated]L % Ao ﬁ%%?negrﬁgu(fdgﬁaﬁné Set%{gf%%%%éi% ]%%%?%9%%11)% A? pTaEnl(:fI%anMX:TEFter was
inserted into tf&35redidn P16 ANTHYESHENGGN168s B Fesidués 2883 J5 aRésto * withTeSpect to the

ATG. Transcrigtign of the selactablemarkerisdn tha same directign aseGAlHO-sensatrapscription.
SUA7 was tagged at the C terminus with the myc epitope in BY4741. hdalL and eaf34 deletions were
constructed inGhEBYATET bRAKBFBURE S0 = 08 T MSdia and BEIGFA SbRATorE: GoWHA media were
prepared using stardartlimethetds rrY Edsupplenvented wite 294 ghuoosey iaffindSeMor galactose as
required, Yeast were taken from fresh plates and grown to 5 an OD 600 of 0.6 to 0.8 in 50 to 100 ml.

Yeast were harvested by centrifugation and washed in H20 before transfer to fresh medium.
Chromatin imBtABBretigitARHITpRABEG| control of the GAL locus

Conditional antisense transcripts at GAL1O.
Addition of glucose to a culture of cells growing in
galactose results in rapid inhibition of transcription. As
15 expected, within 15 minutes of addition cf glucose levels
of both the 2.25kb GALIO transcript and the longer 4.1kb
GAL10-7 fusion transcript (Greger and Proudfoot, 13838, Embo-
J 17, 4771-4779; St. John and Davis, 1981, J Mol Biol 152,
285-315} drop dramatically (Fig. 1A). An antisense
20 transcript has been reported at the repressed GALIO gene
(Perocchi et al, 2007, Nucleic Acids Res 35, e128; Samanta
et al, 2006, Proc Natl Acad Sci USA 103, 4192-4197; David
et al, 2006, Proc Natl Acad Sci USA 103, 5320-5325; Miura
et al, 2006, PNAS 103, 17846-17851). The inventors have
25  investigated whether antisense transcripts are a general
feature of the GALIC gene and, 1f go, when these
transcripts appear.
In induced cultures, three antisense transcripts where
obgerved(Fig. 1B), two of which are similar in size to the
30  2.25kb and the 4.1kb sense transcripts at the Induced GAL
locus (Fig. 1A). The third detectable antisense transcript

is gmaller, about 1.5kb. The autoradiographs in figure 1A



10 Chromatin immunoprecipitation was performed as described (Meluh and Broach, 1999, Nature 445,
666-670; Morillon et a/, 2005, Mol Cell 18, 723-734). In summary, ChIP was done using 50 ml cultures
fixed with 1% formaldehyde for 15 minutes followed by addition of glycine at 0.25mM final. 15 Yeast
cells were broken using glass beads on a Magnalzyser (Roche) and fixed chromatin sheared by
sonication using a bioruptor (Diagenode). Average DNA fragment lengths were 150 to 300bp. After
centrifugation (30 min 10K, 40C), the soluble chromatin was incubated with antibody to the 20
following epitopes; Sp1vwsfie3pbra) Byl bbHIKESHE (Upstate) 20perifEdf84Abcam), 10p of Y80
(Santa Cruz) apd 10111 of-myg&sigraa)inl smelsilicanised Eppandarts at-4€.fak 15 to 20 hours and

immunoprecipitated with protein A sepharose for 90 minutes at room temperature. After 25 washing,

the chromatin WEIERtédFrorifie HeadSatBse 16r SG it utss Trahini& Rere reversed by
incubation at 6hGHer6ip 20 halks and freaied iith-proteaseandRMasefA tBAlA-waslpurified using
Qiagen PCR minj-colymns and eluted in 04.1 water. 1P sgrgplﬁg,ba gntrals e.g. no antibody, 30 no
tag, Were%selggl%at w ?ﬁéeéjovnet;':dl DNAs (%nf)eut) Wer%edélcﬂ%ed aé:c(?rding y. Samples were subject to real
time PCR usingraGotbettRofF§EREShPSBr BreBnIAESefBifnix 14 391 Qifantace). Real time

PCR was used i@ amplifyyegionscoriesponding e shese shownsat-GAL 10rDataiwas ealculated
(IP-No antibody)/TOT and expressed as a Egercenta e of input. Egor bars %efl ct th tabndard
deviation of the 5 avBFgé Sighat 6BEin&a CPEFi o f?%l

JtReER diffsrént s perlmé:n so(n: 0 4)."Generation of
strand-specifiaprobesAcl T promotenwas drcgrp oratestiooathevendrofspééific 1rregion of DNA

using PCR. T7.RNA polymerase was,used.to genetate single stranded,prohes withspecificity for the
sense or antisense strand of DNA using 32P aUTP and the Ambion MAXIscriptKit (Cat

#AM1308-AM 328} N6¥h&reBlbttihg 1545 R6Ptotal RNA [fFepafEdABRT LIS Bsieitot

phenol:chloroferm and glass kerdsiwas separateg-eir i p%: formajdehyde gels:aad transferred to
Magna nylon membranes anq_tkbaked at 8QC for.2 hours.then hybridized for overnight in PerfectHyb
i i B2xE8C. 0

Plus (Sigma) a BAC, Washed twice in 20 X&SET00, %@ﬁg twice in .1%SDS for 20
minutes each washt dembranesviéis typically ekposed f6r24 Hours Linkess othetwideebtated. Levels

of total RNA loaded was.manifored by, the rRNA spesies, which aresegualagrasssamples unless
indicated. 25 Reverse transcription-PCR. For each of the ten positions across GAL10-7 in figure 2,

there is an RTREF fofthe dehddiaRspt@EGiHRishectis e direthon f BRLE§Lxpression), an

RT primer 1.5kb. Both the 2.25kb and the 2.4kb transcript can be
detected 15 minutes after glucose addition. Thus the
abundance and size of the antisense transcripts at GALIO

20 reflects whether the gene is induced or repressed raising
the interesting pogsgibility that the antisense transcripts
might play regulatory rcleg at the GAL locus in both

conditions.

25 Mapping the transcripts around GALIO using RT-PCR.
Reverge transcription {(RT) with strand specific primers
coupled to PCR was used to determine the position of the
sense and antisense transcripts around GALIQO in cells
cultured in glucose, raffinose and galactose (Fig. 2). The
30 strategy uséa here employed RT primerg, specific for
detection of either sense (8) or antisense (AS) transcripts

and nested PCR primers to yield products approximately:



30 for the antisense transcript, two alternative primers for the first round PCR and two alternative
nested primers for the amplification. Details of the primers are given in - 40 - supplementary table 1.
First strand synthesis was done using the ABgene Verso cDNA kit with primers specific for the sense
or antisense transcripts. A standard reaction was set up with 2ul of RNA; primer (25 /AM) 1g1; H20
9p1, heating to 70C for 5 min to remove any secondary structure and place on ice immediately. Then
buffer 4g1, dNTP 2g1, RT 1g1 and RT enhancer 1g1 were added and the reaction incubated at 52C
for 50 min, thexofdr iR @t 950. In R contiohaelebSélrafaditasensas horasidetito the 10
reactions. PCR amplification; wag &, pegted reaction.using JakaRa. BNA polymergse in the following
reactions: 2X buf]%rtl, 2@?}%{ ;I%jgl\lT%a(gZﬁ?EM), 8 gI;‘cgtls\lgA, Zgl;HF:][rimgrs (25/AM), Z%W%%d lgl, Reverse
14; TakaRa LA Satf pdfymiedsel 08, HIG12 54a04E <5 mift, 24 cJekisof*04¢ -1 min, 15 55C -
45 sec , 72C -BfkseeanhB2C - TmincEon thesseeend raund 2144 efdherstieotmd prbduct was used
with the nested primers.in a reaction as.above: 94C - 5.min, the 18 cycl at 94C -.45 sec, 54C - 30
sec, 72C g 20 ‘é’é%}ér%r ﬁr?aelﬁ/ gﬁ%ﬁc&gati:o%o§{t§7£8{:-a§?nﬂ?%o€asptﬁ%1g C rorgmcs%rﬁe%sonformation
with im_munopﬁ@éi@ﬁti(ﬂz}%m N@@I@Tg@réméd froph 109 E S?‘ééﬁéﬁﬂﬁyé@s cerevisiae culture
grown in apprepriatedyediumtg optical density A600:23 =01 Formaldehvide- was-added:to 1% (2.44
ml of 4196) and shaken for 10 minutes. The formaldehyde was quenched by adding glycine to 0.125M
(5m1 of 2.5M) =Pl FERHINES WaSHET RVies irr MR Bafer %ﬁ?f |\7’i‘WH1¥64/KH2P04 (35:65 ratio),
5mM MgC12, phic6 S9reswd resuspeniteddn 3G:spherpastiwnbufied (1.2Mesoriital <B00E3 yeast lytic
enzyme apd ZQ%MCQE%;Q@AQ%Q%QJ%;Q Tifgges 28 oo eraperatiie; Sphgigpiasts were
washed once in MES buffer - 41 -70.1M MES, 1.2M sorbitol, 1mM EDTA, 0.5mM MgCI2 adjusted to
pH 6.4 using NABH) &t C aftre3iSpanidéd 1 10nE MESHYEE Ditfer (DM MESAAM EDTA,

0.5mM MgC1ZpH6.4). Fha-spheroplastsmweraslysed using 10 strokes with a hand held 5 homogeniser.
The lysate was layered or1t8 a sucrose %rap%ergo 5m1 1.8M sucrose, 10r§1 1.1&4 gucrose in MES lysis

in a Corex tube) andIsnep%\ra ed Eyac%ntrlf‘ﬁga ion Tor 1BOr‘r'1Jfaﬁvaetr10,‘6f)6eR N fB&2kman JA-17 rotor.

The nuclei pelket gves. booated: at tiee ateifaceon theeglassavall iflver peterl (a8 thedoltd#n of the tube

Is removed using.a yyqtey, wash.aad %%gegfw%mqﬁi&ﬁd'egﬂ%\e@sbsg qfifbe glass with CSK
buffer (100mM NaC1, 300mM sucrose, 10mM PIPES, 3mM MgC12, 1ImM EGTA, 0.5% Triton X-100,
10.M leupeptirt PREOHREBSF it 4G, Swadh&F 55 anF ahdestispefidéd Pl of CSK 15 buffer and left

for 20 minutesngn-iees e nusleb vese yelleted aadsaltbat 100pd-afithe superhatant removed. 40pl
S AL vas e 00 s 0 i an e Lo VSt s i 12ma
in repressing conditions (Perocchi et al, 2007, Nucleic
20 Acids Res 35, e128; David et al, 2006, Proc Natl Acad Sci
USA 103, 5320-3325). This suggests there are two distinct
antisense transcripts over GALIO corresponding to the
induced and repressed state. If the 2.4kb antisense
trangcript at the repressed locus starts within the GALIC
25 coding region it is likely to extend inte the GALIO-1
intergenic region, confirmed with signals from primer sets
9 and 10 (Fig. 2C).
Signals for primer sets 58S and 5AS, located over the
GAL10-7 intergenic region, are much weaker suggesting that
30 the majority of the sense and antisense transcripts
terminate or initiate, respectively, within this region.

It was noted that sense and antisense specific primer sets



20 of protein G-sepharose slurry (20-301i1 of beads) was prepared by washing twice in H20 and once
with Iml of restriction wash buffer (50mM Tris-HC1 (pH = 8.1), 200mM NaC1, 10mM MgC12) and
centrifugation at 2000 rpm for 3 min to collect the beads. The chromatin mixture was incubated 25 with
rotation for 60 minutes and the beads collected.by:gentrifugation at 1000 rpm for 3 min, washed 3
times with Iml restriction wash buffer by rotate at 4C for 5 min and spinning at 2000 rpm for 3 min.
10p1 of 10X buffer 3, 5003 restriction enzyme and water to 100p1 and the chromatin 30 digested
overnight at 37CwoverRightior Ppmilkor 268>for«@wl cthesvatieBC ok 20 ragnteckifiréstriction enzyme.
Heat insensitivg, enzymes such,as GylQL ware removed by 42 ; washiag the bradsdwice with
restriction wash buffer. The mixture was diluted and ligated with 410111 of H20, 60111 of 10X ligation
buffer Hp' (12660 V)T #fijasé 2ferintabatst &P E6€ FoF 2SR Thaixtlife was if€dbated overnight at
5 65C to de-crpsslinkHpkotd mgtaldiNAasesAnkas addedandincubatedat 3%€ for 30 min followed
by 60p1 of 20 m%/ml Proteingge Iég ngdncggggedt%teﬂgggr one hqijrr. ng DN@ was extracted using
660111 pﬁeno“il:rcl: fororori:iso yl alcofol an preapﬁatedswﬂﬁ%o 1 6f BN aaﬁ, 0.5p1 10 10mg/m1
glycogen and trrbosidesthanokasd inguiatedrat -s00fofdme Rogh THeepéifetwaseollected, washed

and resuspended,in 20p1 420, The fellowingcantipls weredpeludedndhe ptaeal as recommended
(Dekker, 2006, Nat Methods 3, 17-21): The immunoprecipitation step was 15 excluded to do a straight

3C procedure Eor-BoffPtet3E4hd e 3EAWIH IBPRNAAe BF PHfem&sE K (FEAeAtdere included
before the ligatinnisiepde demassirdtecdepérdence 0n RMA drgieteid. Whelprotéeal was conducted

on nucleii{}solaé%%wci@é)gt ]EE{% fg&rgg}&igpygg ér%q_lgzﬁlgﬁ%.gq% 20.immunoprecipitation steps were
[ ar

done after restriction and ligation step using a stan ChIP protocol (see above). The products of the
reaction were detected using nested PCR using TakaRa polymerase in a 50111 reaction. Primer

stocks were 25Me The fist reaction-seataines, 26p10f e dudfer 2k Bplehtg solution (1.25mM
each), Ipl template, 10 o%gach primer, 13.5p1 1420, 0.5,4 TakaRa DNA polymerase (5U/p1) for 25

cycles (94C S%ﬁﬁqﬁﬁﬁ% E,téoc 30s, 72C 20s] - 72C 5 min). The second reaction contained 25p1 of
GC buffer I, 8111 dNJ& sbkation-(1o25miv. eack);12Ek] template S0droethevfiseresctidn, Ip of each

primer. 12,591, 1420, 504, TekaRa DA Bolyeerase (Uil o da.ouss (G Smin - 94C 45s, 61C

30s, 72C 20s] - 72C 5 min). As - 43 - there are four possible products for each long range interaction,
all combinatiors 8PBFFi&TSS exBeperohfafdtioraeRe, Werd IMdaaed ik #é ifarafaysis. Only data with
one primer comgiinaiiorsis showndT ba primerswrientatori forwaehE; severse R) is given relative to
e o QR raEs | Anesist wihap Iner 0,409 oy (gt oce Table 2. PR

y omittig template or polymerase. Templates to control for primer
efficiency Wer@ﬁm@g}eby)f being able tc correlate the size of a

20 transcript with its posgition at the GAL locus. Probes 2
and 3 routinely showed poor hybridization with high
background signals making the hybridization to long
transcripts hard to discern.

In induced culture high levels of antisense RNA to

25  GAL7 and GALIO are evident (probes 2 and 4) confirming the
RT-PCR data in figure 2. The 2.25kb antisense at induced
GAL10 shows slight hybridization with probe 3 but none with
probe 5 suggesting that it is confined mainly to the GALIO
ORF region. Probe 6 hybridizes to the GALI sense

30 transcript as GALI ig on the Watson strand. Two other
transcripts are only produced in induced cells. These both

arise within GALI and extehd on the sense strand through



10 ligating Dpnll restricted genomic DNA. The control templates and experimental templates were
titrated to determine the linear range of amplification; only one equivalent product on this range is
shown for each sample. 15 Table 1 Primers for RT-PCR analysis 20 25 RT Sense Gene 1. SIKAP104
2. INF1GAL7 3. INF2GALTY 4. SICAL7 S.INFIGAL18 6. SIGAL10 7. S2GAL10 8. S3GAL10 9.
S4GAL10 10. INF1GAL1 Specific primers CTGTAAAAGAGTTGC CTGCAACATCCAAT
AAGGACCACTCTTAC CATGTGAAACCAAC CTACTTTACCAAACG CAAGGTTACACAATC
CTTCACCAGURGFELE CARGRFACT ARACITTRGETETACBACAG TCETTATGAAGAGG - 44 - RT

Anti Sense Gepg ppecificcrrinpersil INRLGAL 7Tsecond is much larger.

In repressed cultures, the 2.4kb (GALIO) antisense

transcript showed strong hybridization to a short probe in

5 the GALIO-1 intergenic region and less strongly to a GALI
probe. No hybridization to these probes is seen with RNA
prepared from cells cultured in galactose, consistent with
the PCR mapping in Fig. 2. Thig suggests the GALIO
antisense transcript at the repressed locus arises about

10 500bp from the 3’ end of the GALIO ORF and extends over the
GAL10-1 intergenic region. In a similar way, the longer 3.
5kb antisense GALIQ transcript also shows strong
hybridization to these probes suggesting it alsc extends
across the GALI0-1 intergenic region and into GALI (Fig.

15 34).

Four small non coding trangcripts are evident in cells
cultured in both repressing and inducing conditions (Fig
3A). Notably, these transcripts bccur predominantly over
the intergenic regions at the locus. The first is a 1kb

20 transcript detectable at the GAL7-10 intergenic region with
a probe in the antisgense orientation with respect to the
GAL10 and GAL7 transcripts {(Probe 3). The second is a
transcript of approximately 600bp that hybridizes with a
sense drientation probe to the GALI terminator (Prcbhe 7).

25 The third transcript is about 1.7kb and extends antisense
from the 5 region of KAPI04 and through the GAL7
terminator region (Prcbe 1). The fourth is about 1.5kb and
initiates within GAL10 and extends into the GALIO-I
intergenic region (Probe 5;.

30 In this analysis, RNA was prepared from three
different gtrain backgrounds. The BY4741 (lane 1) and

W303-1la (lane 2) strains produced similar profiles in all



2. INR2GAL7 5 3.AS2GAL7 4. AS1IGAL7 5. INR1GAL10 6. AS1GAL10 7. AS2GAL10 10 8.AS3GAL10
9. INR1GAL1 10. SIGAL1 CAAGGCTCATTGTC ACGGAGTGACAATA CTTGGTTGGTTTTG
TGGTGCTTAGAATC CTACAGATTTTCCTG AGGTGATCTATTGGT GCAAGATTTGTGAC
GTTTTGGTTACAGG GTGAAGACGAGGAC CAAECACTTCTTCTG First round PCR Primers 15
1Fwd. 1Rev. 2Fwd. 2Rev. 3Fwd. 20 3Rev. 4Fwd. 4Rev. 5Fwd. 5Rev. 25 6Fwd. 6Rev. 7Fwd. 7Rev.
8Fwd. 30 8Rev. 9Fwd. 9Rev. FKAP1041 RKAP1041 FGAL71 RGAL71 FGAL73 RGAL73 FGAL75
RGAL75 FGALL:02 RGATHND1 FOAIIDS3 RGAL 08 FEGTIAS2 RGIOASLIEGALIDE RGAL105 FGAL107

RGAL107 ATAGLGITCGEGGEREEATECOATCEAALIGLIGIACETA be
CGTAATAAACTTCAACAGAGCCTAAA TTCTAGTTATGTAAGAGTGGTICCTTTC

TTGTCACTCEEFRE AR C & G T EARECACAT T RAC TP ER ACCRE TCER LK TTRAAAGGAG
TGAAGTTTCEEAAGAATT GALA GEECTIGGOAATAGETGT FRECCAGOTFAETAECCTTCTTG

CATCAAéGTA!?J&%%@%%&“%%@%F%%% CIGRICAGE ATTITGAATGAIGGGTCCC

AGATTTCAAGCCACGTTTGC TGGCGTATTTCGTATGACCA TGTTGCTGATAACCTGTCGAA
TGGATGGACGCARAGRAGTT GETEOCEE AT T TEFA AT Pes5 2, 6 and 7).

A summary of the mapping data (from figures 1-3) is

shown in Fig. 3B. There are three notable points. The

10 Ffirst ig the relatively high level of antisense transcripts
for each of the sense transcripts when cells are induced
with galactose (GALI1I0, GAL7 and GALIO-7). Sense and
antigense transcripts at the induced locus appear to be
paired and synergistic. The second is the change in the

15 size of the antisense transcripts on repression (in
gluceose) coupled to changes in the predicted initiation and
termination sites at GALI0. Third is the presence of
transcripts over the intergenic regions (GAL? terminator;
GAL10-7 intergenic region; GALIO-1 intergenic region; GALI

20 terminatcer) at the both the repressed and induced locus.

Sequences at the 3’ region of GALIO are regquired for
induction of the gense transcript.
The data suggests that the position of antisense
25 transcriptsg over at GAL1C reflect whether the gene is
repressed or induced. These transcripts are likely to be
initiated at different siteg (Fig. 4A). The inventors
designed an experiment to identify sequences required for
induced antisense transcription (likely to arise at or near
30 the 3 flanking sequences cof GALI1C) by separating the 3
flanking region from the main gene. This construct allowed

testing for a putative promoter and examination of its



10Fwd.FGAL11 102ev.RGAL11 Nested PCR primers 5 1Fwd.FKAP1042 12ev.2KAP1042
2FwWd.FGAL72 22ev.2GAL72 3Fwd.FGAL74 10 32ev.RGAL74 4Fwd.FGAL76 42ev.RGAL76
5Fwd.FGAL102 52ev.2GAL102 15 6Fwd.FGAL104 62ev.2GAL104 7Fwd.FG10AS1 72ev.2G10AS1
ggwd.FGALlO6 20 82ev.2GAL106 9Fwd.FGAL10892ev.RGAL108 10Fwd.FGAL12 102ev.RGAL12

effect on induction of the sense transcript. 554bp between

bases 2453 and 3007 were deleted leaving 92bp at the 37 end

of the GAL10 ORF and the 3’ flanking seqguences intact. The

deleted region was also replaced by an expression cassette

5 in the same direction as GAL1O expression. RNA was

prepared from cells cultured in raffincse and transferred

to galactose for 15 and 60 minutes, sufficient for strong

induction of the sense transcript and the appearance of the

induced 2.3kb antisense transcript in the wild-type (Fig.

10 4B lane 5 and 7). The insertion at 3 end of GALIO is
sufficient to compromise expression of both the 2.4kb and
the 3.5kb GALI1(0 antisense transcripts (Fig 4R, lanes & and
8). Importantly, very low levels of sense transcript in
these gamples were observed (Fig 4B, lanes 6 and 8). Thus,

15 despite the promoter region for sense transcription being
intact productiocn of the sense RNA is compromised in the
strain with the insertion at 2 end of GAL10. This raises
the possgibility that the antisense transcript is required
for transcription from the GALIQ promoter. The induction

20 profiles at GAL7 and GALI (Fig. 4C) were also examined in
rhe mutant strain. Neo cbvious effect on the repressed
levels at the GAL cluster was observed. In addition, there
was little effect of this insertion on induction of
transcripts at GAL7 or GALIL.

25 Thus sequences at the 3 end of GALIO are required for
the production ¢f the induced antisense transcript which is
in turn implicated in efficient transcription of the
induced sense transcript. This suggests coordination of
events between the % and 3 ends of the induced gene. |

30
Segquences at the 3’ region of GALIO are not required for

antisense transcription at the repressed locus.



CGAATCAAATTAACAACCATAGGA AATACAAACTGAAAATGTTGAAAGT
AAAACCAAAGACTGCGGAAT TCCGGGTTATAGAGTTTTGCTT
TGTCAATAAAGTGGAAATGTGTCA GAATTTTAGGAATACAATGCAGCTT
GAAACCAGGCAGTTAATAGAAAAA GCTGCTGAAAAACTAAGAAA TTAAAATCGAGGCGAGGTC
TGATTTGTTTGCCGATTACG GCGGCTCGTGCTATATTCTT TTGCTGTATAACGAATTTTATGC
CCAGCAGACAAGAAATCACC TTGAGGGTACGGAGATTATGG ATTAACGCCGTTATTAACG
TTCTTGGCTATGARAATIGASE GCCCANTCTBGC TAGGATEACCTFGTGEGACOBAAAAGGTCTG

TGTTGTGCAMIGTAMGAGRG GCAAT GAGGAGTIAAGLG I within the GaLio
TTTTTAGCCTTATTTCTGGGGTAA AAGTGGTTATGCAGCTTTTCC -46 - Table 2 Primers for 3C

analysis Prim8RBesigriatioh™ GAE? termimatiRl0PE GALT tefmitatdr K2 GALT8Rflinator F(0) 2
GAL7 terminatoy k) 3 SAWR-Thistergenia R(oyx345aAhi0s/ intergenic R{HU &AL 10-7 intergenic F(0) 4
GAL10-7 intergenic F(i) 5 GAL10 promater R(0) 5. GAL10 promoter R(i 6 GAL10 promoter F(o) 6
GAL10p r(g;m o%élrgﬁ(?)e%‘)ﬁﬂ%ﬁnpﬁgrrnl(%% %?ofg (5256;}33 r%p?ngostgé FE(i? (?(BQF MB27 ]"[Ce r‘rgn%rel ator F(0)
Sequence (5' BPCEGTFCATTGTCHEGETGIEGT TAUGATCGARATEEYTGE ACETA

TTGTCACTCCLILIEAAG TGGRE CEAAGETAMA RGECIIT GAGE: THRELITGEETGICCTTTTG
CGTTTGGTAAAGTAGAGGGGGTA CGCACCATAATCTCCGTACC,CG %%%ACCAGCAGTCAAT

GGGCCTACTARTEEGTATEERFEE CAGRACAATEFCCTPrAG CAG AATTSGCAGTAACCT
GCCCCACAAAGCTICAALT ATCAAAGCEACGCOAALEICCTACAEE GAAASBAACTAGAGA

AGCAARGCCAACATCAARCE 1  RPOU, brimernairs ¢£6, 553 and 38 willdeteqt|ong range 5
interactions across GAL10.Primer pairs 2+4, 3+1 and 1+4
suggests that seguences at which these transcripts normally

initiate have been deleted or disrupted by the 3 end
insertion and that both transcripte are initiating at a new
site, slightly closer to the 5 region of GALIO. This

15 raises guestion of how these transcripts are promoted,
given that their normal initiation site has been removed.
One explanation isg the seguences in the inserted expression
cassette. However, as these new transcripts are not
present in the induced conditions, it is unlikely that they

20 are promoted from seguences within the inserted cassette.
Thus there are different seguence reguirements for the
induced antisense transcript and the antisense at the

represgsed locus.

25 Hdal recruitment to GAL1l0 reflects levels of antisense
transcript but not H3Kl8ac.
As there isg significantly more antisense transcript
produced when GALl10 is in the induced compared to the
repressed state, experiments to ascertain if Hdal

30  association at GALIC reflectsg either the level cof antisense
RNA or whether expression of the gene is induced or

repressed were undertaken. Hdal-myc assoclation with GALIOQ



will detect interactions across GAL7. Primer pairs 6+2 and 5+1 and 1+6 will detect interactions across
GAL10-7. For the analyses shown in Figure 5 only the last of the primer combinations for each
interaction is shown. 10 Table 3 shows potential chromosomal positions across the Gal locus where
long range interactions may occur. For each regigrgof the chromosome, a set of forward and reverse
primers is designed. Long range interaction at the gal 15 locus is monitored by 30 analysis between
the primers - 47 - designed for each region of the chromosome. For example, to monitor interaction
between Gal FandGakt@FdglansTiie pririers offRewss- (27 4088 7} andREWB.2TE0 6-19) will be

used. If intefﬁ%@%g&@&%%fdeagm%is(t@i@e, Sgnenitogads Dther combinationssef prmers will be used.
Table 3 Organism Chromosome Number Primer start position Primer stop position Strand Yeast I
273036 273043'¢ V&53S lysine deacetylase and the Nuad lysine

acetyltransferage (Allard et al, 1989, EMBO J 18, 5108-

5 5119) was used as a control. Strains lacking Eaf3 show
high levels of histone acetylation at the promoter and
within the coding region of genes instead of the normal
profile in which levels are high at the promoter and drop
in the coding region, suggesting a major effect of loss of

10 Eaf3 on the Rpd3s complex in particular (Reid et al, 2004,
Mol Cell Biol 24, 757-764).

Hdal-myc is associated with both the 5 and the ¥
region of GALIC in induced cells. The signal for Hdal-myc
drops about 5 fold on the repressed chromatin. Thisg

15 difference is not due to differences in the levels of Hdal-
mye in the cells cultured in repressed or inducing _
conditions {(data not shown). This data is consistent with
the presence of high levels of antisense transcript in
induced cells and high levels of Hdal across GALIO. Eaf3

20 shows a similar but less pronounced trend showing lower
levels of association at both the prometer and the 37 end
of GALI0 on repression (Fig. 5B).

To identify 1f there is a relationship between Hdal
association and histone acetylation at repressed and

25  induced GAL10 H3Kl8ac, a known substrate for Hdal was
examined. Levels of H3Klg8ac at the repressed gene ars low,
similar to levels in an H3K18R strain, consistent with
active deacetyvlation by Hdal. In induced cells levels of
H3Kl8ac are significantly higher than in repressed cells,

30 despite high levels of Hdal in the induced strain (Fig.
5C). This difference is present even when nucleosome lcss

that accompanies active transcription at GALIO is taken



1273126 2731301 + Yeast Il 274081 274087 + Yeast || 274838 274852 Yeast Il 278017 278019
Yeast Il 278022 278022 Yeast
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into account and the H3Klg8ac signal is normalized tc H3
levels. Thig suggestis no direct correlation between Hdal
assccliation and H3KiBac at GALI0. If Hdal activity is
related to antisense transcripts ag propesed by Camblong et
al, 2007 Cell 131, 706-717, then the high levels of H3KlBac
cn the induced gene, particularly at the 5 region, can be
explained by the histone acetylation that accompanies
transcriptional activation and elongation of the sense
transcript. The balance cf acetylation and deacetylation
would be shifted to result in a net gain of H3K1B8ac on the

induced gene.

Long-range chromatin interactions at the GAL locus.
Long-range chromatin interactions, also known as gene
loops, have been described at a limited number of active
veast genes (Ansari and Hampsey, 2005, Genes Dev 192, 2969%-
2978; O'suilivan et al, 2004, Nat Genet 36, 1014-1018;
Singh and Hampsey, 2007, Mol Cell 27, 806-816). These
interactions represent juxtaposition of the 3 and ¥
regiong of veast genes and are associated with RNAPIIT,
TFIIB and the CPF transcription termination machinery.
Given the data showing active antisense transcripticon at
the repressed GAL locus and 3 to 5 end communication at
the induced GAL locus, investigation to ascertain if long-
range interacticns are implicated in antisense regulation
of GAL expression was undertaken. The GAL locus was
analysed for the presence of long range interactions and,
by including an immunoprecipitation step, whether these
interactiong are asgsociated with RNAPIT and TFIIB.
Interactions between the GALIC 5 and 3’ regions, the
GAL7 % and 3’ region and the % region of GALIO with the

3 region of GAL7 from cells cultured in glucose, raffinose



1 278025 278026 + Yeast Il 279321 279331+ Yeast Il 279952 279962 + Yeast || 281268 281284
Yeast Il 279941 279959 Yeast Il
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and galactose were monitored using a modified 3C (capturing
chromosome conformation) technique (Dekker, 2006, Nat
Methods 32, 17-21; Pekker et al, 2002, Science 295, 1306-
1311; O'Sullivan et al, 2004, Nat Genet 36, 1014-1018)

(Fig. 6L). As a control the previously detected long range
interaction at FMP27, which is associated with RNAPITI and
ig present in all three growth conditions was used (see

Fig. 7C).

Long range interactions at the represged GAL locus.

Long range interactions are detectable over GALIO, GAL7 and
between the % region of GALIQ and the 3 region of GAL7
{GAL1O-7) in cells cultured in glucose (Fig. &B).

Moregover, these interactions are assoclated with RNAPIL as
the 3C interactions can be immunoprecipitated with
antibodies to Rbpl. Contrels for the GALIO and the GALIO-7
interactiong show that the PCR products are specific and
depend on formaldehyde crosslinking, digestion of the
chromatin with DpnlII, the ligation reaction and addition of
template to the PCR reaction (Fig. 6C}. In some reactions
more than one PCR product was observed. These PCR products
were isolated from gels and the sequences over the Dpnll
junctions were analyzed. This revealed, for example, that
the DpnIl site abutting primer set 6 at the GALIO0-I1
intergenic region is partially protected in the cross-
linked chromatin preparation, resulting in a product of
about 550bp in addition to the 260bp product expected for
the long range interaction over GALIC. Similar analyses at
the three long range interaction sites confirmed each of
the PCR products observed is dependent on formaldehyde
crosslinking and is consistent with valid long range

interaction showing Jjuxtaposition of distant segquences.



279595 279595 Yeast Il 274080 274084 Yeast Il 273684 273694 This system is equally applicable
to any other chromosomal 10 locus where long range chromosomal interactions are thought to occur.
Once the region is identified, primers can be designed to identify the presence or absence of a
specified long range interaction indicating a partickifar-physiological condition. - 48 - Example Il
Control of long range interactions by CTCE Several transcription factors have been shown to play a
role both in the long -range DNA interactions and transcription 5 and therefore may be good
candidates to providEReliik BeEREeRHESE pPdcesues. FadawplbaifemdbtRBDasic transcription factor,

TFIIB which wasshow §0 esgagize loaping efesavesakgenes intheyeastvipl Cell, 27, 806-16, and
transcription factors EKLF, GATA-1 and FOG-1 responsible 10 for I0r113 Jange DNA interactions in the
Z-globin gene (FHsE6R &1, 8603 GenesDal" %Eélé)-@f); akoc, @ a/%ﬁ\ﬁ%&ell, 17, 453-62).
The inventors dave itlentifiedIGECTE windiwpspotdiny CFCFrasawthercaddidate o perfolm these

functions 15 gepome-wide CTGF isimplicated poth in irapscriptionalregulatiom aad forration of

high-order conformational intraand inter chromosomal structures (Klenova, 2002, Semin Cancer Biol,
12, 399-414; KERREEERH 12006, Préc Ralicacad Sei UBK, FISPLOBEA-8° Zad"etd@, 2006, Nat Genet,
38, 1341-7; 2Q,5plinter etiad, 2006 2Genaesdlev,i2Q;, A349-54)rtis eéstimated thatdheeel are >15,000 of

CTCF-binding.sites in thei enome (Kim. et ala%OQY Cell, 128, 1231-&52%h%\%gvgr it is likely that the

real number o%gﬁéh site§ > ,860 Ve c}h&fﬁova et 37,12\7(?06?6&% ‘Bioche 49: 85-93). In transcription,

interactions are reduced in a strain carrying the sua?-1

10 allele, expressing a version of TFIIB with an E62K
(glutamic acid 62 to lysine) substitution (Singh and
Hampsey, 2007, Mol Cell 27, 806-816). This mutation is
defective in interactions at the 3 region but not at the
5 region of active genes. In repressed conditions, the

15 @GAL10, GAL7, GALI0-7 and the control FMP27 long rangs
interactions all showed dependence on functional TFIIB
suggesting that loops on repressed loci have the same
regquirements as those on active genes (Fig. 6D). In
addition, the GALIO and the GAL7 long range interactions,

20 Dbut not that GALI(-7, can be enriched in immunoprecipitates
from a strain expressing TFIIB-myc compared to an untagged
strain {(Fig. 6B). This suggests that TFIIB-myc is closely
agcsociated with the chromatin regicons that show long range
interactions at GALIQ and GAL7. The reason for the

25 inability to detect TFIIB associated with the long range
interaction across GALIO and GAL7 is not clear, as
functional TFIIB is required for the interaction. One
possibility is that the epitope tag is not accessible at
this interaction. Thus long range interactiocns can be

30 detected at the repressed GAL locus and these interactions

show the same regquirements as gene loops on active genes.



25 CTCF can act as a classical transcription factor; a recent report demonstrates that CTCF may
control transcription directly through its interaction with RNA Polymerase Il (Pol Il) (Chernukhin et al,
2007, Mol Cell Biol, 27, 1631-48). CTCF - Pol Il co-localization at the transcription start 30 sites (TSS)
of active genes genome-wide further strengthens thispossibility (Birney et a/, 2007, Nature, 447,
799-816). Finally, CTCF can form dimers which may be important for - 49 - organization of DNA loops
(Pant et a/, 2004, Mol Cell Biol, 24, 3497-504).  ‘Unique properties of CTCF have prompted the
inventors to inkestigsietwhptHerlipaan TaogigadiBticagridieth e foridity of PyF order chromosomal
structures and franscripfion, passibly v its asseckationwith Patdl 7 investigate this minimal in vivo
transcription cell systems based on two genetically modified NIH3T3 cell lines have heen used. These
lines carry staBRSHteGiAEd exprESSioR Yectors Tontanimy 181HE CTEEBiRling Site aRd its mutated
variant deficieakior £ € hinding, fusedste the promoter:lessd udifeyase 7&portergebetpN-MycLuc wt
and pN-MycLuc mut, Figures 8a, b)... . _The wi .Sl ite.b its m t variant, was :
sufficient tfo drﬁ/aésgfﬁre%é?onlf%ﬁ”lr%% %gﬁlorie%v%%%/ﬁg%rea%g ?é%g (%%%%%%h) ?é%h%r\r%{(f%ﬂ] et al, 2007,
Mol Cell Biol, 2772831-%8)r BotH,cQTCEa/6 POHIE werefiesent af tHe*wdid t9pe, Biinot the mutant
CTCF binding sife: (g 8d)zihis suppering the,eadies modekibat €T6GF hiedps-ta-reeruit Pol Il in the
absence of the endogenouskgromoter. 20In this system tr%scricgtion processes may be linked with the
formation of higRdrafer DNA SirEives’ iR paiCliar betwedn tie 5' and 3 regions of the integrated
DNA pN-MycLueowt-tHighigrder iconfdmmatioral structtiresacani be onitorsd by tha@hremosomal
Conformagion Captyte; (3G) i@ﬁ?@%y@iC@Hgt%ﬁl%@eargﬁr@gwg the,distant sites on the
chromosomal DNA in vivo. The inventors have applied the 3C analysis to the integrated pN-MycLuc wt
and pN-MycL Uit 6. Thorsitdd PR 5' pditidn ahld 35o¥HdR TEIGurEBD) were identified as
juxtaposed in thes3Gassay iIBHPNH30Myel uendebutnetiadaNMyeluc Fuitdkigurera). On the basis
of the earlier work an the CQ'CF inteﬁacltioneﬁnd jo -Igcggzat_iq:n ﬁvétgrPokll,O@ev}ﬂ\:l{%gtoa@e- 50 -
hypothesised fiaticrc Yan(il E’a]ilﬁ%nayebve inked to the formation of ﬁigllﬂl-order structures on the
transcribed pNMyelvewt geter Toibvestigateothis, viorkchas Beehaunddrigken to identify whether both
factors aje presgnt at Sihenewlyjeeptiieditpdangsed sifes {Fig. 9a): Chsematin immunaprecipitatian

(ChIP) assay revealed that indeed both CTCF and Pal Il are present at the 5' - and 3' sites,
appears to be related to loss of glucose repression.



identified as juxtaposed, in pN-MycLuc wt, but not in pNMycLuc mut (Figure 9b, c). 10The N-Myc is a
known CTCF target site and the characteristic features of the sequences within N-Myc involved in
CTCF binding were previously investigated (Chernukhin et al, 2007, Mal Cell Biol, 27, 1631-48; Lutz et
al, 2003, Embo J, 22, 1579-87).The high frequengzof-15 occurrence of CTCF binding sites in the
genomes led us to hypathesize that there may be another potential CTCF target site at the 3' end of
the Luciferase gene integrated pNMycLuc wt (Fig. 9c). As it is difficult to predict CTCF binding from the
sequence, Elcetrphorage nichikgastif 2osaséayHEVEH) derbiphatidg ahegrsedd®used to

investigate if GG Lansdirgctly b to the identified sequences. Indeed, the binding was
demonstrated by EMSA with the labelled probe containing the 3' sequences and recombinant CTCF.

Footprint anallf&8 HFIAE e qiemEr 55 RETeaRY the TR gidh Brotetiet G BRAsE Fdigestion by
recombinant GkeEefhus:taken mgrtherine ChiRdEMSAandSootprinting datduconfam that CTCF

indeed ca,g bind to.the 3' ssite. E@l%refore iérilscgo%%ei}{ggl_eqtgggl\got(igggép%e(’céjlq_ss bound to the two
i Lt .

. . COTdIpions. . pre )
sites can Be involved in the formation of 30 the juxtaposition. o further confirm the involvement
of CTCF and P&l e the estabtishafehticiHigh ot el sfliérmes ke 4CER%ay2253%-(ChIP assays

with either anti-Bol H.arianth6J Gk antibediasfallowed-by the 804 wererpearfermeth iThe Pol 1l 40 and
CTCF 40 analyses demonstrated the presence of Pol Il and CTCFE at the 5' and 3' sites during
juxtaposition |r¥¥)ﬁﬂ)ﬁ/éﬁ%c\ﬁf Sféeﬁ%fﬁlgN-laﬁch%@ “n‘;%u Wy Tod ). lz—?(?r% t F‘ég% experiments it
was concluded. #1at thecestablishmant ohthe pxtagesitionsbetwdenthie G2ahd thed'$egions of the

wild type, active,constiuct, RN-Myehie wt, was associaledyiii the, presenceof, GTLF and Pol Il at the

identified sites and also with the 10 wild type status of the construct. = Further analysed
dependency o B bbsénRf pRERGMERERPST s cription Wk GHEEMEKen FFEPfts plfbose cells
were treated witfrthesiphibitofafteansesiption. alpharamanitin i the treaimend abolished the activity of
pN-MycLuc Wt&r}:d QNI}SS M g_lr_ug %}(?59 8c) and led to the disappearance of Pol Il, but not CTCF
from the N- mycC Sité ?Iglg. 8aeI§(. fie PoI‘IT 40 assay performed with the anti- Pol 1l antibody on treated
cells did not reveal thepresencélefiPbkH at tHe uaaposiidhdsstweaen-tre 3'cnt 3&sigss. However this

20 juxtapgsitionwas detected with the anti,CTEE antibedy;drige 192, h) rEhe 30analysis of cells
treated with alphaamanitin confirmed the existence of the structure (Fig. 9a) The inventors also tested

whether the reSBrisindft ETCH mixed 7 VitFd With thie Iifearised™ plaehfid DNA, pN- 25 MycLuc
wt, could be suffigient 1@ formejuxtaposiions detéstetkinvvoidsihgfadO-assay(GhiPaassay in

comblnathn wgpltBﬁol)aséq:uj%%reascswy@ 10 ath s&rﬁiggsﬁf&#rggg 0 vivo weye detected in this basic
system. Significantly weaker signals were observed with the pN-MycLuc ,

requirement for this factor at GAL7 or GALIG-7. Some loci,

20 such as FMP2Z7 and GAL7 show specificity for one or the

other complex, while loci such as GALIO appear to reguire

both activities. This data implicate the lysine

deacetylases, Hdal and Rpd3S, directly or indirectly, in

the formation a long range interactions and suggest that

25 this may be linked to antisense transcripts.

Discussion
The inventors have used the GAL locus as a model system in
which to compare the induced and repressed statess and

30 observe differences in antigense transcript and epigenetic
regulation. They show that gene repression is a proactive

gtate involving the regulated producticn of antisense



30 nut construct used as a control thus indicating that the detected structures were dependent on two
intact CTCF sites. - 52 - The presence of CTCF binding in the pN-MycLuc wt, was confirmed by ChIP
assay for both 5' and 3' sites. Taken together the data suggest that transcriptional processes require
the formation of high order structures, 5 however high-order structures, in the reported case dependent
on CTCF, exist without the ongoing transcription. These findings support observations that long-range
DNA interactions in the p-globin gene are maintained after inhibition of transcription (Palstra et al,
2008, PLoS ONERBsd0&n661)n asFhelpventory propesd asmotiel: inidick thé estdisishment of the
high order structure;between the 5' and 3' ends of the pN-MycLuc wt is CTCF-dependent (Fig. 11). In
this model, interaction between two CTCF molecules 15 positioned at two distant sites leads to

formation of CTCF diligr BRB A8 EStabIiSHEARE SPthe BR A oo KIERGVART AT, 2605, Cell Cycle, 4,
96-101). Transerigiional pracessesicdrpbelinitiated aftes Hwe estaldlishalenticfdhisheanfiguration.
Followingghe 'nhaltbiéiog ioféganosﬂgeriptigﬂear}% Eenrmval. f Pgl 20 |1 N th j%xe;[rangg%d Structure can still be
detected most ﬁ(é?y duetto its association With CTC (ﬁggiﬁl This exampﬁe makes use of a very
simple transcriptiotrsypste Af 0 s tSAtEre BraPsEHp o HPT tHE promibibr-a3atudfirasSe construct

was driven by GIEGF datesacting 25-with £l 1| thrguah the GEGFhinding:site, N-4Mye {Chernukhin et
a/, 2007, Mol Cell Biol, 27, 1631-48). It was discovered that the tran?gcriptiongro,cess relied on the

juxtaposition EfRBentiE s Ry aREIEF end"Hhe LTHeriss Gehe?the Sécbid cTCF binding
site was 30 identiied wdthirs e juxtaposad. 3'(@ed ik iz eorciudéd that AufrereasBmnsiknt interactions

take placg, confinuously between, CTGE maleculeshound to BiNA ingis a8d..-,33 s frans, Stabilisation

of such quasi- stable high order chromosomal associations may be a regulated process; poly

ADP-ribosylattoh°df CFERfay e iniffed TP Such 2égafisR (RiénaEeeak 20057 el Cycle, 4,

96-101; Yu et ghed 2084 chat Hsenete36. 2306- 1)1, One-okthereytcomes: af the-foymation of high order
struc‘tures. ma g%initiatioango%ﬁtraQS%ri ti%%al projchg S4 toUgiggia ar{nt_‘i_[gionljlal tr%nscriptipn system it
was identified that CTCE is involved inl thé Bstablishnient and maintenance 10 of the high-order
chromatin structgresswhich fittentaig but may influence other aspect of locus
15 topology.
The gize and pogition of the non-coding antisense
transcripts at GAL10 change with growth conditions. At the
induced locus, there is one abundant antigense transcript
whose levelsg rise and fall synergistically with the sense
20 transcript. The data suggests that seguences at the I/
flanking reglon of GALIQ are reguired to promote expression
of this transcript. In addition to binding sites for the
Gal4 regulator (this region also contains the promoter for
GAL7) there are also Rebl binding sites in this region. As
25 this is a conditional transcript, a dual role for Gal4 in
activating both the GAL7 transcript and the GALIC antisense
is possikble. However, the inventors have alsc mapped a
high level antisense transcript arising at the 37 region of
induced GAL7 and there are no Gald binding sites in this
30 region. Given that loss of the GALIO antisense transcript

is associated with low levels of the GALIG sense

transcript, and the demonstration of long range



required for ongoing transcription by RNA Polymerase Il. All references cited herein are incorporated
in their entirety. 54 Claims 1. A method of monitoring epigenetic changes in conditional long range
chromosomal interactions at at 5 least one chromosomal locus where different conformations of long
range interactions are associated with a change in the level of expression of one or more genes or a
change in one or more gene products associated with a condition selected from amongst cancer,
cardiovascular 10 disorders, inflammatory conditions, including autoimmune disorders and
inflammatory responses 16fdetibus disddses) anthihherited genetie Hiserbéfs Astlulated by

epigenetic meghanisms, said method.comprsing thersteps of:ld () invitrorcrasslinking:of said long
range chromosomal interactions present at the at least one chromosomal locus; (ii) isolating the cross

linked DNA frét84id chfomosBntst todie: St Subfétting S5 d ¥r6<E fitREd DNA to restriction

digestion with areeszympibat cuts at least once within the at least one chromosomal locus; (iv)

ligating saijd cross linked QE@X@QP&E%%%%&%%DM logps. 25(w)identifying the presence of said
I =2

DNA loops; wherein the presence of DNA loops indicates the presence of a specific long range
chromosomal #iteP&ctior&nd WhereifP Y RIRJE-CRdRToSRERinterdetioRS e 175t36ng range
interactions befweengenesand thei 30 raqdatary elements: 2:The method, aceessling to claim 1,
wherein the presgfcgcog ighg DNA Igo% 4a[tre é%ﬂt_ifé%% u ing PCR techni(?)ues. 55 3. The method

. a Lol U , nctilsense transcript ..
accordlng to Cwalm 1°0f Claim é w%ereln he presence fa IS}RFA ?(')Op in |ca?tes an al?ere% transcription

state indicative of arspauific 5AgHBGIdlegicaticenditior: ranAgnéthotbsf mbniforingsstwitional long
range chrgmosomal itefactionsat atleast ene.chromgsomaldogus where difigrent confermations of
long range PHO5 as it doess not appear to extend into the prometer
region and thus is unlikely to function in the way proposed
for PHOS by remodeling promoter chromatin. Like PHOS4
(Camblong et al, 2007 Cell 131, 706-717), the presence cf
15 antisense transcript correlates with the association of the
Hdal lysine deacetylase (KDAC) with chromatin. Although
lysine deacetylases are associated with both activation and
repregsion of géne expression {Bernstein et al, 2000, Proc
Natl Acad Sci USA 97, 13708—13713}, at PHO84 Hdal
20 functions with the antisense transcript to repress the
gense promoter (Camblong et al, 2087 Cell 131, 706-717).
Paradoxically, high levels of H3X1B8ac are maintained over
the active GALI0 gene guggesting that acetylation
associated with sense transcription shifts the dynamic
25 balance towards acetylation. Uanderlying this is a ground
state of active repression through KDACs and antisense
transcripts. The inventorg suggsst that this ground state
is represented in part by the long range interactions over
GAL10 and GAL7 {Fig. 7E). In this mocdel the long rangs
30 interactions, although associated with RNAPII and TFIIB,
would represent a poisged not active transcription as

previously envisaged (Ansarili and Hampsey, 2005, Genes Dev



10 interactions are associated with a condition associated with change in the level of expression of
one or more genes or a change in one or more gene products, said method comprising the step of
identifying a change in the size, start position, and/or number of antisense RNA 15 transcripts
expressed from the at least one chromosomal leces. 5. A method of diagnosing a disorder associated
with at least one epigenetic change in a subject, said method 20 comprising identifying in a sample

previously isolated from the subject a change in one or more long range chromosomal interactions at
at least one cHrBmeésGhakctis asstieiatedawitle Sart disobddr; WitdreltesaE methdd €dmprises the

method of claify 4 25¢ %gﬁeﬁgth@n@g@q’di@@@q claigm 5 cwherein the @pigenstic change results in
altered transcription from the chromosomal locus. 30 7.The method accordig%%%claim 5, wherein the

change in the BR&F&d trahsEApEH IS OFTTRGTIAEH répReSicR o produRish ot ah alternative
transcript. 56 8-Ibednethodeaccordingntongayl orereficlamms! Sto</ . amberein thke epigenetic change

causes a changs, n {1, expression atatlsast goe.gane, 5.4 methad af identiying e transciptior

status of a chromosomal locus comprising the steps of; identifying the antisense RNA transcript profile
expressed fromP$did cHromosdinalldcas; ak@d eormparing s&it profife witictheSritlselde RNA transcript
profile of said ghramesomal 40ilgsus ira kown state. 18cThe:meathod of tlaim 95 wherein said method

is perfolied in vitro. RgTé%E 591 %ge lG L7 {ocus, antisensgse transcription

extends over the same general region as the sense

10 trangcription. On repression there is a switch in the
initiation site and a change in the nature of the sequences
required to promote antisense transcription. Moreover, the
antisense transcript becomes deminant. Long exposures of
Northern bleots, however, reveal very low levels of

i5 e@uivalehtly sized senge transcripts suggesting that the
relationsghip between sensge and antisense transcription is
maintained even on a repressed gene. This reinforces the
idea of “active” repression and supports the repressed
state being a variation of the events that occur on

20 activation. One natural congequence of dominant antisense
transcripts is active repression through KDACs such as Hdal
and Eaf2. It is interesting that at the repressed locus
the antisense transcripte extend over the GALIO-1
intergenic region in a similar way to the exosome regulated

25 antisense transcript at PHO&4 (Camblong et al, 2007, Cell
131, 706-717769). Deacetylation over this regicn and cother
intergenic region may promote or stakbilize long range
interactions at the locus, for example the interaction over
GAL10-7.

30 Also prominent on the map are long transcripts
extending from one gene to another. These transcripts are

conditional, for example the GALI:FUR4 long transcript at



P037256W0 Sequence listing SEQUENCE LISTING <110> Oxford BioDynamics Limited <120>
Method Of Diagnosis <130> P037256W0 <150> GB 0810051.3 <151> 2008-06-02 <160> 73 <170>
Patentln version 3.5 <210> 1 <211> 15 <212> DNA <213> Atrtificial Sequence <220> <223> Primer
<400> 1 ctgtaaaaga gttgc <210> 2 <211> 14 <212>» DNA <213> Atrtificial Sequence <220> <223>
Primer <400> 2 ctgcaacatc caat <210> 3 <211> 15 <212> DNA

the induced locus or the GALIO-1 antisense transcript at

the repressed locus. Long non-coding transcripts are

obgerved at the f-globin locus in mammalian cells and may

be involved in conditional switches {(Gribnau et al, 2000,

5 Mol Cell 5, 377-286). In yeast, these transcripts may

simply reflect poor transcript processing.. Alternatively,

they may be the first indication of twe different types of

transcfiption event (repressive or activating) driving or

breaking higher orders cf crganization of yeast genes.

10

BExperimental Procedures

Strains
Three different strain backgrounds were used in this study:

15  BY4741 (MATa his341 leu2A0 metl5A0 ura3A0), W3C3-la (MATa,
urai-s52, leuz2-3-112, his3-11, ade2-1, canl-100, trpli2) and
YMH14 (MATw, cyel-5000, cyc7-67, ura3-52, leuz-3-112,
cyh2). The sua7-1 allele is in the YMH14 background (Pinto
et al, 1994, J Biol Chem 269, 3056%-30573). Strains,

20 including epitope tagged derivatives, truncations and gene
deletions were constructed by single step gene replacement
using PCR-generated DNA fragments (Longtine er al, 1998,
Yeast 14, 953-961). A pTEF:KanMX:TEFfer was inserted into
the 3 region of GALIO resulting in loss of residues 2453

25 and 3007 with regpect to the ATG. Transcription of the
selectable marker is in the game direction as GALIO sense
transcription. SUA7 was tagged at the C terminus with the
myc epitope in BY4741. hdalAd and eaf3A deletions were
constructed in the BY4741 background.

30



<213> Artificial Sequence <220> <223> Primer <400> 3 aaggaccact cttac <210> 4 <211> 14 <212>
DNA <213> Artificial Sequence <220> <223> Primer <400> 4 catgtgaaac caac <210>5 PCI/60 7009 /
0013\77 P037256W0 Sequence listing <211> 15 <212> DNA <213> Atrtificial Sequence <220>
<223> Primer <400> 5 ctactttacc aaacg <210>6 g211> 15

Media and Culture conditions.

Growth media were prepared using standard methods in YE

supplemented with 2% glucose, raffinose or galactose as

required. Yeast were taken from fresh plates and grown to
5 an OD 600 of 0.6 to 0.8 in 50 to 160 ml. Yeast were

harvested by centrifugation and washed in H,0 before

trangfer to fresh medium.

Chromatin immunoprecipitation protocol

10 Chromatin immunoprecipitation was performed as described
(Meluh and Broach, 1899, Nature 445, 666-670; Morillon et
al, 2005, Mcl Cell 18, 723-734). In summary, ChIP was done
uging 50 ml cultures fixed with 1% formaldehyde for 15
minutes followed by addition of glycine at 0.25mM final.

15 Yeast cells were brcken using glass beads on a MagnalLyser
(Roche} and fixed chromatin sheared by sonicaticn using a
bioruptor.(Diagenode). Average DNA fragment lengths were
150 to 300bp. After centrifugation (30 min 10K, 4°C), the
soluble chromatin was incubated with antibody to the

20 following epitopes; 5ul of H3 (Abcam), 5pl of H3KlBac
(Upstate), 20ul of Eaf3 (Abcam), 10u of Y80 (Santa Cruz)
and 10ul of myc (Sigma) in 1.5ml siliconised Eppendorfs at
4°C for 15 to 20 hours and immunoprecipiltated with protein A
sepharose for 90 minutes at room temperature. After

25 washing, the chromatin was eluted from the beads at £5°C for
30 minutes. Cross-links were reversed by incubation at 65°C
for 6 to 20 hours and treated with protease and RNase A.

DNA was purified using Qiagen PCR mini-columns and eluted
in 100pl water. IP samples and controls e.g. no antibody,

30 no tag, were used neat while contrcl DNAs (input) were
diluted accordingly. Samples were subject to real time PCR

using a Corbett Rotorgene and Sybr Green mix (Sensymix,



<212> DNA <213> Artificial Sequence <220> <223> Primer <400> 6 caaggttaca caatc <210> 7 <211>
14 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 7 cttcaccagc agtc <210> 8
<211> 14 <212> DNA <213> Avrtificial Sequence <220> <223> Primer <400> 8 gcaagatagc aaac
<210> 9 <211> 15 <212> DNA <213> Artificial Seguence <220> <223> Primer

Quantace). Real time PCR was used to amplify regions
corresponding to those shown at GALI0. Data was calculated
{IP-No antibody) /TOT and expressed as a percentage of
input. Error bars reflect the standard deviation of the

5 average signal obtained between different experiments (n=2

to 4).

Generation of strand-specific probes
A T7 promoter wasg incorporated onto the end of specific

10 region of DNA using PCR. T7 RNA polymerase was used to
generate single stranded probes with specificity for the
sense or antisense strand of DNA using **P oUTP and the
Ambion MAXIscript @ Kit (Cat #AM1308-AM1326).
Northern blotting

15 15pg of total RNA, prepared from cells using hot
phencl:chloroform and glass beads, was separated on 1. 1%
formaldehyde gels and transferred to Magna nylon membranes
and baked at 80°C for 2 hours then hybridized for overnight
in PerfectHyb Plus (Sigma} at 64°C, washed twice in

20 1X88C/00.1%8DS, twice in 0.2Xs8s5C. 0.1%58D8 for 20 minutes
each wash. Membranes were typicallf exposed for 24 hours
unless otherwise stated. Levels of total RNA loaded was
monitored by the rRNA species, which are egual across
samples unless indicated.

25
Reverse transcription-PCR.
For each of the ten positions across GALIO-7 in figure 2,
there is an RT primer for the sense transcript (with
regpect to the direction of GALLO expression}, an RT primer

30 for the antisense transcript, two alternative primers for
the first round PCR and two alternative nested primers for

the amplification. Details of the primers are given in



<400> 9 ttagctctac cacag <210> 10 <211> 14 <212> DNA <213> Artificial Sequence PCT/GB 2009 /
01377 P037256W0 Sequence listing <220> <223> Primer <400> 10 tggttatgaa gagg <210> 11
<211> 19 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 11 caaggctcat tgtc
<210> 12 <211> 19 <212> DNA <213> Artificial Segquence <220> <223> Primer <400> 12 acggagtgac
aata <210> 13 <211> 19 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 13

cttggttggt tttg <210> 14 <211> 14 <212> DNA <213> Atrtificial Sequence <220>
supplementary table 1. First strand synthesis was done

uging the ABgene Verso c¢DNA kit with primers specific for
the sense or antisense transcripts. A standard reaction
was set up with 2ul of RNA; primer (25 uM} 1pl; HO 9ul,
5 heating to 70°C for 5 min to remove any secondary structure

and place on ice immediately. Then buffer 4ul, dNTP 2ul,
RT 1uxl and RT enhancer 1lpl were added and the reaction
incubated at 52°C for 50 min, then for 2 min at 95°C. 1In
RT control, reverse transcriptase was not added to the

10 reactions. PCR amplification was a nested reaction using
TakaRa DNA polymerase in the following reactions: 2X buffer
I, 25ul; ANTP (2.5mM), 8 ul; cDNA, 2upl; Primers (25uM),
Forward 1ul, Reverse 1pl; TakaRa LA Tag pelymerase, 0.5ul;
HxO 12. 5ul at %4°C - 5 min, 24 cycles of 94°C - i min,

15  55°C - 45 gec , 72°C - 30 sec and 72°C - 5 min. For the
second round 2Zpl of the first round product was used with
the nested primers in a reaction as above: $4°C - 5 min,
the 18 cycles at %4°C - 45 sec, 54°C - 30 sec, 72°C - 20

sec and finally an incubation at 72°C - 5 min.

20
Capturing chromosome conformation with immunoprecipitation
{3CIP)
Nuclei were extracted from 100ml Saccharomyces cerevisiae
culture grown in appropriate medium to optical density A600
25 = 0.2, Formaldehyde was added to 1% (2.44 ml of 41%) and

shaken for 10 minutes. The formaldehyde was gquenched by
adding glycine to 0.125M (5ml of 2.5M). The cell pellet
was washed twice in Mg/K buffer (0.1 M K2HPO4/KH2PO4 (35:65
ratio}, 5mM MgCl2, pH 6.5) and resuspended in

30 spheroplasting buffer (1.2M sorbitol, 500U yeast lytic
enzyme and 25wM DTT in Mg/K buffer) for 15 minutes at room

temperature. Spheroplasts were washed once in MES buffer



<223> Primer <400> 14 tggtgcttag aatc <210> 15 <211> 15 <212> DNA <213> Artificial Sequence
<220> <223> Primer <400> 15 PCT/GB 2009/001 37 7 P037256W0 Sequence listing ctacagattt
tcctg <210> 16 <211> 15 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 16
aggtgatcta ttggt <210> 17 <211> 14 <212> DNA <213> Atrtificial Sequence <220> <223> Primer
<400> 17 gcaagatttg tgac <210> 18 <211> 14 <212> DNA <213> Artificial Sequence <220> <223>

Primer <400> 18 gttttggtta cagg <210> 19 <211> 14 <212> DNA <213> Avrtificial Sequence,
{0.1M MES, 1.2M sorbitol, 1mM EDTA, 0.5mM MgCl2 adjusted to

PH 6.4 using NaCH) at 4°C and resuspended in 10ml MES lysis
buffer (£.1M MES, 1mM EDTA, 0.5mM MgCl2 pHé.4). The
spheroplasts were lysed using 10 strokes with a hand held

5 homogeniser. The lysate was layered onto a sucrose
gradient (5ml 1.8M sucrose, 10ml 1.1M sucrose in MES lysis
in a Corex tube) and geparated by centrifugation for 10 min
at 10,000 RPM in Beckman JA-17 rotor. The nuclei pellet
was located at the interface on the glass wall. The pellet

10 at the bottom of the tube ig removed using a water wash and
discarded. The nuclei pellet was washed of the glass with
CSK buffer {(100mM NaCl, 300mM sucrose, 10mM PIPES, 3mM
MgCl2, 1mM EGTA, 0.5% Triton ¥X-100, 10 M leupeptin, 1:1000
LEBSF) at 4°C, washed again and resuspended in 1ml of CSK

15 buffer and left for 20 minutes on ice. The nuclel were
pelleted and all but ~100ul of the supernatant removed.
40ul 5M NaCl was added and incubated for 10 min on ice.
The viscous mixture was diluted with 1.2ml H:0. Antibody
was added and the mixture rotated at 4°C cvernight. ~40ul

20 of protein G-sepharose slurry {20-30ul of beads) was
prepared by washing twice in H;0 and once with 1ml of
restriction wash buffer {(50mM Tris-HCL (pH = 8.1), 100mM
NaCl, 10mM MgCl,) and centrifugation at 2000 rpm for 3 min
to collect the beads. The chromatin mixture was incubated

25 with rotation for 60 minutes and the hkeads collected by
centrifugation at 1000 rpm for 3 min, washed 3 times with
iml restriction wash buffer by rotate at 4°C for 5 min and
spinning at 2000 rpm for 3 min. 10pl of 10X buffer 3, 50U
restriction enzyme and water to 100pl and the chromatin

30 digested overnight at 37°C overnight for DpnII, or 25°C for
CviQI, then at 65°C for 10 min to kill restriction enzyme.

Heat insengitive enzymes such as CviQI were removed by



<220> <223> Primer <400> 19 gtgaagacga ggac <210> 20 <211> 15 <212> DNA <213> Artificial
Sequence <220> <223> Primer <400> 20 caatcacttc ttctg <210> 21 P037256WO0 Sequence listing
<211> 19 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 21 atagtcttcg
gcgggcttcl9 <210> 22 <211> 20 <212> DNA <2132 Artificial Sequence <220> <223> Primer <400>
22 cgatggaaat cctgcaccta20 <210> 23 <211> 26 <212> DNA <213> Artificial Sequence
washing the beads twice with restriction wash buffer. The
mixture was diluted and ligated with 410pl of HZCO, 60ul of
10% ligation buffer 30upl (12000 U) T4 ligase and incubated
at 16°C for 4 hrs. The mixture was incubated overnight at
5 §5°C to de-crosslink. 1lul of 1 mg/ml RNhase A was added
and incubated at 37°C for 30 min followed by 60ul of 20
mg/ml Proteinase K and incubated at 42°C for one hour. The
DNA was extracted using 660ul phenol:chloroform:iscamyl
alcchol and precipitated with 30pl of 5M NaCl, C.5upl
10 10mg/ml glycogen and 1ml cold ethanol and incubated at -80°C
for one hour. The pellet was collected, washed and
resuspended in 20ul H,0. The following controls were
included in the protocol as recommended (Dekker, 2006, Nat
Methods 3, 17-21): The immunoprecipitation step was
153  excluded te do a straight 3C procedure. For both the 3C
and the 3C with IP, RNAzse or Proteinase K treatments were
included before the ligation step to demonstrate dependence
on RNA or protein. The protoccl was conduéted on nuclei
isolated without the formaldehyde treatment step. The
20 immunoprecipitation steps were done after restriction and
ligation step uging a standard ChIP protoccl (see above) .
The products of the reaction were detected using nested PCR
using TakaRa polymerase in a 50pl reaction. Primer stocks
were 25uM. The first reaction contained 25pul of GC buffer
25 I, Bul dNTP solution (1.25mM each), lul template, lpl of
each primer, 13.5ul H,0, 0.5pl TakaRa DNA polymerase {50/pl)
for 25 cycles (94°C 5 min - [94°C 45s, 60°C 30s, 72°C 208] -
72°C 5 min). The second reaction contained 25p1 of GC
buffer I, 8ul ANTP sclution (1.25mM each), Zul template
30 from the first reaction, 1lu of each primer, 12.5ul H.0,
0.5ul TakaRa DNA polymerase (5U0/ul) for 18 cycles (94°C
Smin - [94°C 45s, 61°C 30s, 72°C 20s] - 72°C 5 min}. As



<220> <223> Primer <400> 23 cgtaataaac ttcaacagag cctaaa26 <210> 24 <211> 27 <212> DNA
<213> Artificial Sequence <220> <223> Prime <400> 24 ttctagttat gtaagagtgg tcctttc27 <210> 25
<211> 20 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 25 ttgtcactcc
gttcaagtcg20 <210> 26 <211> 22 <212> DNA <213> Artificial Sequence PCP% 2009t01377
P037256W0 Sequence listing <220> <223> Primer <400> 26
there are four possible products for each long range
interacticon, all combinations cof primers, except
forward: forward, were included in the initisl analysis.
Only data with one primer combination is shown. The primer
5 orientation (forward F; reverse R) is gilven relative to the
direction of ORF. Each set is nested with an inner (i} and
outer (o) primer {(see Table 2). PCR reactions were
controlled by omitting template or DNA polymerase.
Templates to control for primer efficiency were prepared by
10 ligating DpnII restricted genomic DNA. The contrel
templates and experimental templates were titrated to
determine the linear range of amplification; conly one

eguivalent product on this range is shown for each sample.

15 Table 1

primerg for RT-PCR analysis

RT Sense Gene Specific primers

by 3
1. S1KAP104 CTGTAAAAGACGTTGC

20 2. INF1IGALY CTGCAACATCCAAT
3. INF2GALY ARGGACCACTCTTAC

4. S1GALT CATGTGAAACCAAC
5. INFIGALLC CTACTTTACCAAACG
6. S1GAL1OD CAAGGTTACACAATC

25 7. S2GAL1O CTTCACCAGCAGTC
8. S3GAL1O0 GCAAGATAGCAAMC
g. S4GALLO TTAGCTCTACCACAG

10. INFLGALT TGETTATGAAGAGG



gcctcaaaga gatttaactt cg22 <210> 27 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223>
Primer <400> 27 accagtcgca ttcaaaggag20 <210> 28 <211> 22 <212> DNA <213> Artificial Sequence
<220> <223> Primer <400> 28 tgaagtttcg caagaattga aa22 <210> 29 <211> 18 <212> DNA <213>
Artificial Sequence <220> <223> Prime <400> 2%gcgcttcgca atagttgtl8 <210> 30 <211> 23 <212>
DNA <213> Atrtificial Sequence <220> <223> Primer <400> 30 ttgccagctt actatccttc ttg23 <210> 31

<211> 23
RT Anti Sense CGene Specific primers

1. INRIGALY CAAGGCTCATTGTC
2. INR2GALY ACGGAGTGACRATA

5 3. AS2GALT CTTGGETTGETTTITGE
4. ASIGALY TGGETGCTTAGAATC
5. INRIGATIO CTACAGATTTTCCTG
5. AS1GALLC AGGTCGATCTATTGGT
R AS2GALIO0 GCAAGATTTGTGAC

10 8. AS3GALILO GTTTTGGTTACAGSG
S. INRIGALI GTCGAAGACGAGGAC
10. S1GALL CAATCACTTCTTCTG
First round PCR Primers

15 1Fwd. FEKAPLO041 ATAGTCTTCGEGCGEGGCTTC
1Rev. RKAP1041 CGATGGARAATCCTGCACCTA
2Fwd. FGAL71 CCTAATARACTTCANCAGAGCCTAAA
ZRev, RGALTL | TTCTAGTTATGTAAGAGTGGTCCTTTC
3FPwd. FGALT3 TTCTCACTCCGTTCAAGTCG

20 3Rev. RGAL73 GCCTCAAAGAGATTTAACTTCG
4Fwd. FGAL7S ACCAGTCGCATTCAAAGGAG
4Rev. RGAL7S5 TCGAAGTTTCGCAAGARATTGAAR
SFwd. FGAL101 GCGCTTCCGCAATACGTTGET
5Rev. RGALIOL TTGCCAGCTTACTATCCTTCTTG

25 s5Fwd. PGAL103 CATCAATGTATCTACCAGGCTCA
6Rev. RGALLIO3 AARATTGACTGCTGGETGAAGC
- TFwd. FG10ASZ ATTTTGAATCATGEGETCCC
TRev, RGLOASZ2 AGATTTCAAGCCACGTTITGC
BFwd . FGALLO05 TGGCETATTTCGTATGACCA

30 8Rev. RGAL105 TETTGCTGATAARCCTGTCGAR
9Fwd. FGAL1G7 TGEATGGACGCAAAGAAGTT

9Rev. RGALIGY GCTCGGCEECTTCTAATC



<212> DNA <213> Artificial Sequence <220> <223> Primer <400> 31 P037256WO0 Sequence listing
catcaatgta tctaccaggc tca23 <210> 32 <211> 20 <212> DNA <213> Artificial Sequence <220> <223>
Primer <400> 32 aaattgactg ctggtgaagc20 <210> 33 <211> 19 <212> DNA <213> Atrtificial Sequence
<220> <223> Primer <400> 33 attttgaatg atgggto¢&l9 <210> 34 <211> 20 <212> DNA <213> Artificial
Sequence <220> <223> Primer <400> 34 agatttcaag ccacgtttgc20 <210> 35 <211> 20 <212> DNA

<213> Artificial Sequence <220>
10Fwd. FGALL1 CGAATCARATTAACAACCATAGGA

10Rev. RGALIL AATACARAACTGAAAATGTTGARAGT

Nested PCR primers

5 1Fwd. FRAPL04Z2 ABBACCARAGACTGCGGAAT
1Rev. RKAP1042 TCCGGGETTATAGAGTTTTGCTT
Z2Fwd. FGAL72 TGTCAATARAGTGGAAATGTGTCA
Z2Rev. RGAL72 GAATTTTAGGAATACAATGCAGCTT
3Fwd. FGAL74 GRAAACCAGGCAGTTAATAGAAARA

10 3Rev. RGAL74 GCTGCTGARAAACTANGARMD
4Fwd. FGAL76 TTAAAATCGAGGCGAGGTC
4Rev. RGAL7E TEATTTGTTTGCCGRATTACG
BFwd. FGAL1G0Z GCGGCTCGTGCTATATTCTT
SRev. RGAL1OZ TTGCTGTATAACGAATTTTATGC

i5 6Fwd. FGAL1G4 CCAGCAGACAAGAAATCACC
6Rev. RGAL1G4 TTGAGGGTACGGAGATTATGG
7Fwd. FG10AS1 ATTRAACGCCGTTATTAACG

.7Rev. RG1LOASL TTCTTGECTATGAARATGAGG

8Fwd. FGALLOG GGGRATCTCGTAGCATCACC

20 BRev. RGAL106 TGTETGACCGARAAGGETCTG
SFwd. FGAL10S8 CTGTTETEEAAATGTAAAGAGC
9Rev. RGAL10S GCAATGAGCAGTTAAGCGTATT
1C0Fwd. FGALLZ TTTTTAGCCTTATTTCTGGGGTAA
1C0Rev. RGAL1Z2 DAGTGETTATGCAGCTTTTCC

25



<223> Primer <400> 35 tggcgtattt cgtatgacca20 <210> 36 <211> 21 <212> DNA <213> Atrtificial
Sequence <220> <223> Primer <400> 36 tgttgctgat aacctgtcga a2l <210> 37 ?CND 2009/001 3
7.7 P037256WO0 Sequence listing <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223>
Primer <400> 37 tggatggacg caaagaagtt20 <210>88-<211> 18 <212> DNA <213> Atrtificial Sequence
<220> <223> Primer

10

15

Table 2

Primers for 3C analysis

Primer designation Seguence (5 -3")

1 GAL7 terminator R{o) GCTCATTGTCGETGTCGTTA

1 GAL7 terminator R{1) CGATGGAAATCCTGCACCTA

2 GAL7 terminator F({o) TTETCACTCCGTTCAAGTCG

2 GAL7 terminator F({i) TCCGAMGTTAAATCTCTTTGAGS
3 GAL10-7 intergenic R{o) TTECTTTGCCTCTCCTTITG

3 GAL10-7 intergenic R({1) CGTTTGGTARAGTAGAGGEGGETA
4 GAL10-7 intergenic F (o) CACACCATARTCTCOGTACC

4 GALI0-7 intergenic F({i) CGCTTCACCAGCAGTCAAT

5 GAL1Q promoter R (o) GGGCCTACTRAATCCETATGGET

5 GAL1O preomoter R(1) TCCCAGAAGAATGTCCCTTAG

& GALLC promoter F (o)} GAGGAAAMMTTCGGCAGTAACCT
6 GAL1O promoter F (i) GCCCCACAAACCTTCAAAT

7 FMP27 promoter F(o) ATCAAAGCCACGCCAARC

7 FMP27 promoter F{i) CCTACACGCAARGCGAACTAGAGA
8 FMP27 terminatocr F(o) AGCARACCGAACATCABRACC

DpnIl: Primer pairs 4+6, 5+3 and 3+6 will detect long range
interactions across GALIOD. Primer palrs 2+4, 3+1 and 1+4
will detect interactions across GAL7. Primer pairs 6+2
and 541 and 1+6 will detect interactions across GALIO-7.
For the analyses shown in Figure 5 only the last of the

primer combinations for each interaction is shown.

Table 3 shows potential chromosomal positions across the
Gzl locus where long range interactions may occur. For
each region of the chromoscme, a set of forward and reverse
primers is designed. Long range interaction at the gal

locus is monitored by 3C analysis between the primers



<400> 38 gctcggeggc ttctaatcl8 <210> 39 <211> 24 <212> DNA <213> Artificial Sequence <220>
<223> Primer <400> 39 cgaatcaaat taacaaccat agga24 <210> 40 <211> 25 <212> DNA <213>
Artificial Sequence <220> <223> Primer <400> 40 aatacaaact gaaaatgttg aaagt25 <210> 41 <211> 20
<212> DNA <213> Artificial Sequence <220> <228» Primer <400> 41 aaaaccaaag actgcggaat20
<210> 42 <211> 22 <212> DNA <213> Artificial Sequence P037256W0 Sequence listing <220>

<223> Primer <400> 42
designed for each region of the chromosome. For example,

to monitor interaction between Gal 7 and Gal 10 regions,
the primers of Row 3 (274081-87) and Row 5 (278016-19) will
be used. If interactionsg at other regions is to ke

5 monitored, other combinations of primers will be used.

Table 3
Chromosome | Primer start Primer stop

Organism Number position pesition Strand
Yeast IT 273036 273043 +
Yeast I 273126 273130 +
Yeast IT 274081 274087 +
Yeast IT 274838 274852 +
Yeast 1T 278017 278061¢ +
Yeasgt II 278022 278022 +
Yeast IT 278025 27802¢ +
Yeast 1T 275321 279331 +
Yeasgt IT 279952 279962 +
Yeast IT 281268 281284 +
Yeast 1T 279541 279959 -
Yeast IT 279585 278595 -
Yeast IT 2740890 274084 -
Yeast IT 273684 273694 -

This system is egually applicable to any cther chromosomal

10 locus where long range chromosomal interactions are thought
to occur. Once the region is identified, primers can be
designed to identify the presence or absence of a specified
long range interaction indicating a particular

phvsiclogical condition.



tccgggttat agagttttge tt22 <210> 43 <211> 24 <212> DNA <213> Artificial Sequence <220> <223>
Primer <400> 43 tgtcaataaa gtggaaatgt gtca24 <210> 44 <211> 25 <212> DNA <213>- Artificial
Sequence <220> <223> Primer <400> 44 gaattttagg aatacaatgc agctt25 <210> 45 <211> 24 <212>
DNA <213> Atrtificial Sequence <220> <223> Primer <400> 45 gaaaccaggc agttaataga aaaa24 <210>
46 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 46 gctgctgaaa

aactaagaaa20 <210> 47 <211> 19 <212> DNA <213> Atrtificial Sequence
Example II Control of long range interactions by CTCF

Several transcription factors have been shown to play a role
both in the long -range DNA interactions and transcription

5  and therefcre may be gocd candidates to provide a link
between these procegses. Examples include the basic
transcription factor, TFIIB which was shown to corganize
locping of several genes in the yeast Mol Cell, 27, 806-16,
and transcription factors EKLF, GATA-1 and FOG-1 responsible

10 for long ~range DNA interactions in the f-globin gene
(Drissen et al, 2004, Genes Dev, 18, 2485-90; Vakoc, et al,
2005, Mol Cell, 17, 453-82).

The inventors have identified CCCTC -binding protein
(CTCF) ag another candidate to perform these functions

15 genome-wide. CTCF is implicated both in transcriptional
regulation and formation of high-order conformaticnal intra-
and inter chromosomal structures (Klenova, 2002, Semin Cancer
Biol, 12, 399-414; Kurukuti et al, 2006, Proc Natl Acad Sci
USA, 103, 10684-%; Zhao et al, 2006, Nat Genet, 38, 1341-7;

20 Splinter et al, 2006, Genes Dev, 20, 2349-54). It is
estimated that there are 15,000 of CTCF-binding sites in the
gencme (Kim et al, 2007, Cell, 128, 1231-45), however it is
likely that the real number of such sites »30,000 (Vetchinova
et al, 2006, Anal Biochem, 354, 85-%3}). In transcription,

25 CTCF can act as a classical tramnscription factor; a recent
report demonstrates that CTCF.may control transcription
directly through it's interaction with RNA Polymerase II (Pol
II) {Chernukhin et al, 2007, Mol Cell Biol, 27, 1631-48).
CTCF - Pol II co-localization at the transcription start

30 sites (T8%8) of active genes genome-wide further strengthens
thig possibility (Birney et al, 2007, Nature, 447, 799-816).

Finally, CTCF can form dimers which may be impertant for



<220> <223> Primer <400> 47 P037256W0 Sequence listing ttaaaatcga ggcgaggtcl9 <210> 48
<211> 20 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 48 tgatttgttt
gccgattacg20 <210> 49 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400>
49 goggctcgtg ctatattctt20 <210> 50 <211> 23 <242>-DNA <213> Atrtificial Sequence <220> <223>
Primer <400> 50 ttgctgtata acgaatttta tgc23 <210> 51 <211> 20 <212> DNA <213> Avrtificial Sequence

<220> <223> Primer <400> 51
organization of DNA locps (Pant et al, 2004, Mol Cell Biol,

24, 3497-504).

Unique properties of CTCF have prompted the inventors to
investigate whether it can mechanigtically link the formation

5 of high order chromosomal structures and transcription,

posegibly via its associlation with Pol II. To investigate
thig minimal in vivo transcription cell systems based on two
genetically modified NIH3T3 cell lines have been used. These
lines carry stably integrated expression vectcors containing

10 the CTCF binding eite and its mutated variant deficient for
CTCF binding, fused to the promoter-less Luciferase reporter
gene (pN-MycLuc wt and pN-MycLuc mut, Figures 8a, b).

The wild type single site, but not its mutant variant,
was sufficient to drive expression from the reporter

15 Luciferase gene (Figure 8c) (Chernukhin et al, 2007, Mol Cell
Biol, 27, 16321-48). Both, CTCF and Pol II, were present at
the wild type, but not the mutant CTCF binding site (Fig.
g8d), thug gupporting the earlier model that CTCF helps to
recruit Pol II in the absence of the endogenous promoter.

20 In this gystem transcription processes may be iinked
with the formation of high order DNA structures, in
particular between the 5 and 3’ regions of the integrated
DNA pN-MycLuc wt. High-order conformaticnal structures can
be monitcred by the Chromosomal Conformation Capture (3C)

25 agsay, which detects close proximity of the distant sites on
the chromosomal DNA in vive. The inventors have applied the
3C analyesisg to the integrated pN-MycLuc wt and prMycLﬁc mut
loci. Two sites at the 5 position and 3 position (Figure
g8b) were identified as juxtaposed in the 3C assay in pN-

30 MycLuc wt, Dbut not in pN-Mycluc mut (Figure %a).

On the basis of the earlier work on the CTCF

interaction and co-localization with Pol II, the inventors



ccagcagaca agaaatcacc20 <210> 52 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>
Primer <400> 52 ttgagggtac ggagattatg g21 <210> 53 P037256W0 Sequence listing <211> 19 <212>
DNA <213> Atrtificial Sequence <220> <223> Primer <400> 53 attaacgccg ttattaacgl9 <210> 54
<211> 21 <212> DNA <213> Artificial Sequence 220> <223> Primer <400> 54 ttcttggcta tgaaaatgag
021 <210> 55 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 55
hypothesiged that CTCF and Pol II may be linked to the
formation of high-order structures on the transcribed pN-
MycLuc wt gene. To investigate this, work has been
undertaken to identify whether both factors are present at
5 the newly identified juxtaposed sitesg (Fig. %a). Chromatin
immunoprecipitation (ChIP) agsay revealed that indeed both
CTCF and Pol Il are present at the % - and 3’ sites,
identified as juxtaposed, in pN-MycLuc wt, but not in pN-
MycLuc mut (Figure Sb, c).
10 The N-Myc ig a known CTCF target site and the
characteristic features of the seguencesg within N-Myc
involved in CTCF binding were previously investigated
{Chernukhin et al, 2007, Mol Cell Biol, 27, 1631-48; Lutz et
al, 2003, BEmbo J, 22, 157%-87). The high frequency of
15 occurrence of CTCF binding sites in the genomes led us to
hypothesize that there may be another potential CTCF target
site at the 3 end of the Luciferase gene ihtegrated pN-
MycLuc wt (Fig. 8c}. As it is difficult to predict CICF
binding from the sequence, Electrophoretic mobility shift
20 assay (EMSA) and footprinting analysis was used to
investigate if CTCF can dirvectly bind to the identified
sequences. Indeed, the binding was demonstrated by EMSA with
the labelled probe containing the 3’ sequences and
recombinant CTCF. Footprint analysis of this sequence
25 revealed the region protected from DNase I digestion by
recombinant CTCF. Thus, taken together the ChIP, EMSA and
fecotprinting data confirm that CTCEF indeed can bind to the 3
gite, Thersfore it is conceivable that two CTCF molecules
bound to the two siteg can be involved in the formaticn of
30 the juxtaposition.
Te further confirm the involvement of CTCF and Pol II

in the establishment cof high-order structures, the 4C assay



gggaatctcg tagcatcacc20 <210> 56 <211> 20 <212> DNA <213> Artificial Sequence <220> <223>
Primer <400> 56 tgtgtgaccg aaaaggtctg20 <210> 57 <211> 21 <212> DNA <213> Artificial Sequence
<220> <223> Primer <400> 57 tgttgtggaa atgtaaagag c21 <210> 58 <211> 22 <212> DNA <213>
Artificial Sequence P037256W0 Sequence listingg«220> <223> Primer <400> 58 gcaatgagca
gttaagcgta tt22 <210> 59 <211> 24 <212> DNA <213> Artificial Sequence <220>

(ChIP assays with either anti-Pol II or anti-CTCF antibodies
followed by the 3C) were performed. The Pol II 4C and CTICF
4C analyses demonstrated the presence of Pol II and CICF at
the 5 and 2 sites during juxtaposition in pN-MycLuc wt, but
5 not in pN-MycLuc mut {Fig. 10a, b). From these experiments
it was concluded that the establishment of the juxtapcsitions
between the 5 and the 2 regions of the wild type active
construct, pN-MycLuc wt, was associated with the presence of
CTCF and Pol II at the identified sites and also with the

10  wild type status of the construct.

Further analysed dependency of the observed phenomencn
on transcription was undertaken. For this purpose cells were
treated with the inhibitor of transcription, alpha-amanitin.
The treatment abolished the activity of pN-MycLuc wt and pN-

15 MycLuc mut (Fig. 8c) and led to the disappearance of Pol II,
but not CTCF from the N- myc sgite (Fig. 8e). The Pol IT 4C
assgay performed with the anti- Pol IT antibody on treated
cells did not reveal the pregence of Pol II at the
juxtaposition between the 3 and 3’ sites. However this

20 juxtaposition was detected with the anti-CTCF antibody (Fig.
10a, b). The 3C analysis of c¢ells treated with alpha-
amanitin confirmed the existence of the structure (Fig. 2a)

The inventors also tested whether the recombinant CTCF
mixed in vitro with the linearised naked plasmid DNA, pN-

25 MycLuc wt, could be sufficient to form juxtapositions
detected in vive. Using a 4C assay (ChIP assay in
combination with 3C), structures similar to the structures
formed in vivo were detected in this basic system.
Significantly weaker signals were observed with the pN-MycLuc

30 mut construct used as a contrel thus indicating that the

detected structures were dependent on two intact CTCF sites.



<223> Primer <400> 59 tttttagcct tatttctggg gtaa24 <210> 60 <211> 21 <212> DNA <213> Artificial
Sequence <220> <223> Primer <400> 60 aagtggttat gcagcttttc c21. <210> 61 <211> 20 <212> DNA
<213> Artificial Sequence <220> <223> Primer <400> 61 gctcattgtc ggtgtcgtta20 <210> 62 <211> 23
<212> DNA <213> Artificial Sequence <220> <223> Primer <400> 62 tccgaagtta aatctctttg egg23
<210> 63 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 63 PUB 2009

/001377 P037256W0 Sequence listing
The presence of CTCF binding in the pN-MycLuc wt, was

confirmed by ChIP assay for both 5 and 3’ sites.
Taken together the data suggest that transcriptional
procesges require the formation of high order structures,

5 however high order structures, in the reported case dependent
on COTCF, exist without the ongoing transcripticn. These
findings support observations that long-range DNA
interactions in the B-glcbin gene are maintained after
inhibition of transcription (Palstra et al, 2008, PLoS ONE 3,

10 elssl).

The inventors proposge a model, in which the

astablishment of the high order structure between the 5 and
3 ends of the pN-MyclLuc wt is CTCF-dependent (Fig. 11). 1In
this model, interaction between twoe CTCF molecules

15 posgiticned at two distant sites leads to formation of CTCF
dimer and the establishment of the DNA'loop (Xlencva et al,
2005, Cell Cycle, 4, 96-101). Transcriptional proccesses can
be'initiated'after the establishment of this configuration.
Following the inhibition of transcription and removal of Pol

20 II, the juxtaposed structure can still be detected most
likely due to itsg association with CTCF (Fig. 11).

This example makes uge of a very simple transcription
system. In this system, transcription from the promoter-
less Luciferase construct was driven by CTCF interacting

25 with Pol II throuch the CTCF binding site, N-Myc
(Chernukhin et al, 2007, Mol Cell Biol, 27, 1631-48). It
was discovered that the transcripticon process relied.on the
juxtaposition between the 5 N-Myc and the 3 end of the
Luciferase gene; the second CICF binding site was

30 identified within the juxtaposed 37 end. It is concluded
that numerous transient interactions take place

continuously between CTCF moleculesg bound to DNA in cis and



ttgctttgcc tctecttttg20 <210> 64 <211> 23 <212> DNA <213> Artificial Sequence <220> <223> Primer
<400> 64 cgtttggtaa agtagagggg gta23 <210> 65 <211> 20 <212> DNA <213> Artificial Sequence
<220> <223> Primer <400> 65 cgcaccataa tctccgtacc20 <210> 66 <211> 19 <212> DNA <213>
Artificial Sequence <220> <223> Primer <400>-66 Tgettcacca gcagtcaatl9 <210> 67 <211> 21 <212>
DNA <213> Atrtificial Sequence <220> <223> Primer <400> 67 gggcctacta atccgtatgg t21 <210> 68
<211> 21 <212> DNA <213> Avrtificial Sequence <220>

10

trans. Stabkilisation of such qguasi- stable high order
chromosomal associlations may be a regulated process; poly
ADP-ribogylation of CTCF may be involved in such regulaticn
{(Klenova et al, 2005, Cell Cycle, 4, 96-101; Yu et al,
2004, Nat Genet, 26, 1105-10). One of the outcomes of the
formation of high ordeér structures may be initiation of a
transcriptional process.

Using a minimal transcription system it was identified
that CTCF ig involved in the establishment and maintenance
of the high-order chromatin structures, which in turn are

required for ongoing transcription by RNA Pclymerase II.

A1l references cited herein are incorporated in their

entirety.



<223> Primer <400> 68 tcccagaaga atgtccctta g%% <210> 69 P037256W0 Sequence listing <211> 22

<212> DNA <213> Artificial Sequence <220> <2

> Primer <400> 69 gaggaaaaat tggcagtaac ct

<210> 70 <211> 19 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 70 gccccacaaa
ccttcaaat <210> 71 <211> 18 <212> DNA <218»zArtHicial Sequence <220> <223> Primer <400> 71
atcaaagcca cgccaaac <210> 72 <211> 23 <212> DNA
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1. A method of monitoring epigenetic changes in
conditional long range chromosomal interactions at at
least one chromosomal locus where different conformations
of long range interactions are assoclated with a change
in the level of expression of cne or more genes or a
change in one or more gene products associated with a
condition selected from amongst cancer, cardiovascular
disorders, inflammatory conditions, including autoimmune
disorders and inflammatory responses to infectious
diseases, and inherited genetic disorders modulated by
epigenetic mechanisems, said method comprising the steps
of:-

(i} in vitro crosslinking of said long range chromosomal
interactions present at the at least cne chromosomal
locus;

(ii) isclating the cross linked DNA from said chromosomal
locus;

(iii) subjecting said cross linked DNA to restriction

digestion with an enzyme that cuts at least once within

the at least one chromosomal locus;

(iv) ligating said cross linked cleaved DNA ends to form
DNA locps;

(v) identifying the presence of said DNA lcops;

wherein the presence of DNA loops indicates the presence
of a specific long range chromogomal interaction and
wherein the long range chromosomal interactions are not
long range interactions between genes and their

regulatory elements.

2. The method according to claim 1, wherein the
presence of the DNA loops are identified using PCR

techniques.



<213> Artificial Sequence <220> <223> Primer <54OO> 72 cctacacgca aaggaactag aga <210> 73
<211> 20 <212> DNA <213> Artificial Sequence 2220> <223> Primer <400> 73 agcaaaccga
acatcaaacc

3. The method according to claim 1 or claim 2, wherein
the presence of a DNA loop indicates an altered
transcription state indicative of a specific

5 physiological condition.

4, A method of monitoring conditicnal long range
chromosomal interactions at at least one chromcsomal
locus where different conformations of long range

10 interactions are associated with a condition associated
with change in the level ¢f expression of one or more
genes or a change in one or more gene products, said
method comprising the step of identifyving a change in the
size, start position, and/or number of antisenge RNA

15 transcripts expressed from the at least one chromosomal

locus.

5. A method cof diagnosing a disorder agscclated with at
least one eplgenetic change in a subject, said method

20 comprising identifying in a sample previously isolated
from the subject & change in one or more long range
chromosomal interactions at at 1east one chromcsomal
locus associated with said disorder; wherein said method

comprises the method of claim 4.

25
6. The methed according to claim 5, wherein the
epigenetic change resulteg in altered trangcription from
the chromcosomal locus.

30 7. The method according to claim 5, wherein the change

in the altered transcription is up regulation,

repression, or production of an alternative transcript.
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8. The method according to any one of claims 5 to 7,
wherein the epigenetic change causes a change in the

expresgicn of at least one gene.

9. A method of identifying the transcription status of
a chromeosomal locus compriging the steps of; identifving
the antisensge RNA transcript profile expressed from saild
chromoscomal locus; and comparing said profile with the
antisense RNA transcript profile of said chromosomal

locus in a known state.

10. The method of claim 9, wherein said method is

performed in vitro.





