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%shs_!ﬁ ) %ﬁgﬁ%@e order of tens of kilobases

(Kramer and Sinden, 1997, Blochem ” Efﬁ?ﬁ% ly, using 3C technology (capturing
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 é!lrlve 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 agams?—mggglﬁuggestmg that engaged RNA polymerase functions as ties of chromatin
loops. Iri the y&usteysroet detivenruschptiorodods apptard Cambeédmporedraor the formation of

"gene loops", Jeag rangednterastionsthatlink the b andid segionsofastive genessAnsari and
Fkﬂnpsey,Zoggéggg%g %%%g%gggg_revealed a non-histone scaffold forming
radial loops (Earnshaw and Laemmli, 1983, J Cell Bio 96,
84-93) . Unrestrained negative superhelicity in mammalian
15 éenomas suggeéts chromosome “domain” sizes on ﬁhe order of
tens of kilobaseé {Kramer and Sinden, 1897, Biochem 36,
315&—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



2978, O'Sullivan at al, 2004, Nat Genet 36, 1014-1018; Singh and Hampsey, 2007, Mol Cell 27,
806-816;). Chromatin 15 immunoprecipitation (ChIP) demonstrates the presence of TFIIB and the

phosphorylgigshiesnyefsRNAPII on both promoters and terminators. Morepyeigiinatianail FIIB is
required to form these long range interactions (Singh and Hampsey, 2007, Mol Cell 27, 806-816).
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 DFER (Martianov et a/, 2007, Nature 445, 666-670).
High levels of non-coding RNA transcribed throeugheut 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 8, 413-423; Selinger at a/, 2000, Proc
Natl Acad ScPESA 103P4192 F19¥R IR vH0 &likaryoté8 P malioftesesfans&ipte®are never destined
for translatiorsinto pratein@ncsome amk targeted Tekeresome=mesiatetbdegradation by the TRAMP

complex (Bickel .and Morris, 2006 Mol Cell 22, 309-316). In yeast the ryptic unstable transcripts
(CUTSs) are dgteefcefé:g %cf‘%sro?nhﬁé?sl ?ée%%ltgtaraetde %O%%?%'esnes %W%%?&é%i&ggavis and Ares,
2006, Proc Nag#dad Sei USA A3l 3262- 153287 ) SitMinteigeaic iagiBn8Nivyers at a/, 2005, Cell 121,
725-737)sand;antisense thagenes (amblongat ak 200 % Cell &34 #0674 175 Uhler et al, 2007, Proc
Natl Ac_ad__SCingﬁb}OéaE‘%li%%]ﬁs)- Detgil?d2 _ ergfggt%ﬁgo_fgipg Ii&glﬁéis1 frgxr_n S. Ig:erevisiae 10 using
genomic tiling arraysﬁwave Shown that ranscription occurs-in v.|rtuaffy all'parts 8ﬁheg yeast genome
(Perocchi et #92007 tNuelEiéAGUITRES 35 128 tSahuraatRIA2006 YPede Matl Acad Sci USA 103,

4192-4197; Miur-et ahat ab 2006, RNAS: 103 478460355851; Hongay at al, 2006, Cell 15 127,
735-745; David at al 20%6, Proc Natl Acad Sci USA 103, 5320-5325;: H viléos et al, 2005, BMC

Genomics 6,-93). Tﬁélsé: M es oS Rticatd that be RER 00 Shds génattare transcribed at
least pattially i Beth dieetiorstprioeuciig sfabieaidlpadenyltaed sehseraid ahtisgnse 20 transcripts.
Many of thes%Qﬁ@@Si@{@eé%ﬁqﬁﬁ@rﬁ%@egink the 5’ and 3’ regions of
active genes (Ansari and Hémpsey, 2005 Genes Dev 19, 2969-
2978, 0O*Sullivan et él, 2004, Nat Genet 36, 1014-1018;-
Singh and Hampsey, 2007, Mol Cell 27, 806-816;). Chromatin
15 immunoprecipitation (ChIP) demonstrates the presence of
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



The current inventors have used the GAL locus as a model system in which to compare induced and
repressed states and observe differences in antisense transcript and epigenetic regulation. The

inventors show,ihalthege are 25 antisense transcripts controlling both theipgrgsshais sepressed

states at the GAL locus, and that these transcripts differ in size, position and abundance. Highly
abundant antisense transcripts at the induced locus are associated with the production of the sense
transcript from 30 the GAL10 promoter. Moreover, the levels of antisense transcripts strongly correlate
with levels of Hdal associated with the locus but aot with- histone acetylation 4 itself. The inventors
also identify that Hdal appears to be required for long range interactions at the repressed GAL locus,

suggesting a link between the antisense transcripts, epigenetic modifications and higher order 5
chromatin stréfirls T #fe répRéstil stefté L Change$tinthe’ confbrmatidftofthgS®cus upon switching
from the repressed ia-the duced statediavg:beendadestifiegavide treptieaticn of antisense RNA in
controling this, The.cuitentiiveryion isbased gpghe discaenythat geng, 10 gepression is a proactive
state of regulation w ich involves prod%ction'o antisense transcription and specific epigenetic
changes the RYi5S Suinerg a5 ABBBrdiRGI® A'fitst Attt T thBShisdB3ure &fdre is provided a
method of maenitoring epigeneatic;ehargesdi canditionat dorg range ohvemaseomalinteractions at at
least one chrg%o_sgg%zj\l Iocgsavrvlrggrseeglg@rggt cggfeosfm@g%)slgf Ioneqtr%glge interactions are associated
with a change In oné or 50 ére gene pro Ucts associated witlt a condition selected from amongst
cancer, cardiévdscaf disbtderdLlintiagimatoryathtitiSas sintiiding@fofshfehdisorders and
inflammatory regporsas t@ mfectious diseases, and inherited genetic disorders modulated by
epigenetic mechanisms, said method, 25 comprisipg.the s of- (i) in,vitro crosslinking of said long
Ao ChTomosoma M b S Breat B ot A nE Ikt oL dbral SELEY (1} Elating the cross
linked DNA frosi saicdieh@rhosoiidingcasr3ys have shown that transcription

"occurs in virtually all parts of the yeast genome (Perocchi
et al, 2007, Nucleic Acids Res 35, e128; Samanta et ai,
2006, Proc Nati Acad Sci USa 103, 4192-419%7; Miura et al et
al, 2006, PNAS 103, 17846-17851; Hongay et al, 2006, Cell

15 127, 735-745; David et al, 2006, Proc Natl Acad Sci USA

-103, 5320-5325; Havilioc et al, 2005, BMC Genomics 6, 93).
These analysés alsc indicate that between 100 and 370 genes
are transcribed at least partially in both directions
producing stable polyadenylated sense and antisense

20 trangcripts. Many of these genes are actively transcribed.

| The current inventors have used the GAL locus as a
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



- 5 - (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 loops; (v) identifying the presence of DNA loops; wherein the presence of DNA loops
indicates the presence of a specific long range chremosomal interaction and wherein the long range
chromosonal interactions are not long range interactions between genes and their regulatory
elements. A second aspect provides a method of monitoring conditional long range chromosomal
interactions atidtdeadt-on&eRrdmvsshatal Joedswhereiidrent kanfdifraticiirsAbRgtange

interactions argassogiated with 2 congdjtionassociated with ehange inthe level-ekexpression of one or
more genes or a change in one or more gene products, said method comprising the step of identifying
5 for humite oF g

a change in th€ize SR pS&FST5ndRr hu Sfs8hse RN IrARSEASts expressed from the at
least one chromoesomalilptes. Afhgdraspect providésamatizodof diegiesingaddisorder associated

with at least ong gpigenetic.change.in a sybieel. saich methad comprising idenfifying;in a sample

previously isolated from the subject a change in one or more long range chromosomal interactions at
at least one cHrBFOSOHaMBRHS AssBEIABE Wil S&id'disBrder wWheram daig™metiod comprises the

method as defingd-abeve. Sa Adeurth@aspest pravidesameathed of identifyingtheitranscription status
of a chromosomal locus compri ing}%q% glglespes g&id%rllltifgiongtthgﬁntise sHe. RNA %[gnscript profile

expressed frorﬁm%ié %%F&rcr}l%s%méﬁ OCus; and comparing Said proﬁﬁ:‘ng the antisense RNA transcript

profile of said chromosorial fotusin d knbasestater IEhd Bé srriegstooththiat genéitional long range

chromosppal ﬁg@&é@y&wiﬂ@w sdhe-presentin chromatingltmil be fugtherunderstood that these
interactions are dynamic and will change depending on the status of the region of the chromosome,

i.e. if it is being FARSEABed T FepresSedh RpOAEE6 chEMYRGRIRE IRy St gRE Cohdftions As used
herein,the termcoaéditionat lengrange interaciions.refers to interactions between distal regions of a
locus on a chromosome, said 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 céfofidaons of long range chromosomal interactions which may be present at a given

chromospmal locus-H:will he,updersteeddbgtas descrbed abavedbese interastiqns are dynamic, with
various long range interactions forming_or breaking depending on the status of the locus. - 6 - It will

further be und&rtS4 HatHEIbRgTaRG e ChronTUsorTalRtsiactions cah B &fosslinked by any
suitable meanscindd piefesied.emb odiment cthedongaaage Snckhromosomal #tteractibassare

crosslinked using. formaldelyde. it yall be igriber ugdepstood.that the DNA logps preseqt,

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



may be indicative of transcription or repression of said 10 chromosomal 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, method described in relation ta this locus can be adapted to be used at any
other locu$ Where ISHG P& Tge-Thterathiors arcert%%ﬁgh?ltjo@%%ér. Theke 168ps taR bedeté&Rd using
techniqued kmewniinrtheratttsueh asrthed3C (CEapturing: 20 £&hrdmasamerCenfarmation) eissay (Dekker,
2006, Nat Methods 3, 17-21; Dekker et al, 2002, Science 295, 1306-1311; O'Sullivan et a/, 2004, Nat
Genet 36, 14e-—i18f8). The skined person wilP’5& aivare of numerous restriction 25 enzymes which can
be used td tut thé DiNA withinghe ¢hromaseomaliokes! ofddtesestdlt DiEbesapharens thatthe particular
enzyme ugﬁﬂvxillé g end upon the locus studied and the sequence of the DNA located therein. 30 The
current disclosure is based on the surprising discovery by the inventors that conditional long range
chromosofval intéeactiohy g atbay Ppresentat & §ivieRA-7iloops on the chromosome and that the

profile of itional r int ion pendin t ctual status of
the regiorﬁ%&?\%t)&ggd heg %ﬁi%%ﬂ%%? ggnd%c%%?i.gﬁtﬁ%gp%ggegnc%eﬂgr gb%%%%é% a%particular

long rangé ingraetd will prodderamgrdicativnod dwmsthtus of ez segion. Morkowére theiimventors
have discoygred &b coasistentwitheatlier.genelic dataipesa cogdilongl longdapag 1 ghromosomal

interactions may overlap and include the regions of chromosomes shown to encode relevant or
undescribbB R batisy ey TRE) be SR frite yehiCRgjioh st aBHa i furthet drearsied that the
inventors have discovered that long range interactions 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:retfiGi?Bfla paRRTTarkjerielisested At totuS and Ay iintergaric Fegions. 20 It will
further bellg}gjgrstg%%g the-skilleghrerson thatthe term: epigeneticrefers to Reritable changes in gene

function within a cell which are caused by changes other than changes to the underlying DNA

sequenceSTHEEBIRIREs ey e caliseicforbxahfienty efvhdsheatal fietoro DNAZBImethylation,
non-codingsanfisenserRNALFANSEHBES, RO 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
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.



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-codig RNA transcriptional units within the region of
interest. -8 It will be understood that the epigenetic changes.may be caused.hy changes to the
underlyiné\‘ nu%vl%?i%:rgad s%aﬁgﬁce, \/ﬁﬁgﬁﬁgggrﬁsel%s %%tr?b?%ireé/ y eﬁ%&%g%&ﬁ%du@%r the mode
of gene expression; ptidlvohangesusaylie for blexampensNP Savithin aathprdetsite aflibe genes,
and genegl,ésiogs ar%(:!/ori elgggr%s (:)Lfninte %nicag A:S It ng f%er@g e}{:)garrgnt that th% t(irm specific
physiologlca?goncﬁtlo’n refers 0 aﬁy ¢ONndition i which 10 there is a c‘—ﬁanﬁe |ﬁ>¥hepdféf|nled@
physiologeapstatiss:df thercrll. Fhisimayhberthysaocldngédaa the leweldf exprpssidnof @re.dr more

genes, o ange in, ong f ore;gene produck xamples ofsuch candions inglude, gancer - benign
or malignant growth, cardiovascular |sord%rs, 15 In Iammgtory cgndit?ons, mc‘?udmg autoimmune
disorders @mdanfiemmatod/aesponsesitokthewevetoping infectious diseases, inherited genetic
disorders modulated by epigenetic mechanisms and neurodegenerative diseases. 20 Preferably, the
presence of the DNA loops is identified using PR techniques. It will be understood that the presence of

a loop maythe imdiééte_d by thepréserrecsich PCRajfoduconithiigaddent ipth@ absemgeof DNA
loop or vieg,yerzas iyl alsq pe updersiaad thagthe size of ga.he PGR pragductpraduced may be

indicative of the specific DNA loop present and may therefore be used to identify the status of the

locus. IFBREETRERFred emBédinteht ltheliftesdnebbfa DNAUSOBSIPPdicaidsbn aibRsE

transcription:statendicative.ofa spegifiephysinlogicah gonditions o Iaa.erendprefgrreg,gmbodiment,
the absence of a DNA loop indicates an altered transcription state indicative of a specific physiological

condition SE&HFSe &fparehtto XK€ RMtedPperdoifthathkeRRARBE accbrding to #fe fikst adsect can be

used not eRly:{e manites the prasence ptaspecilig |Qﬁ9 eogs shsamesomakipteractionala
chromosomal locus, but equally to monitor the absence of a specific long range chromosomal 10

interactior BY 8410 @S0 ANGEES R %vill be understood that in any aspect of the present
disclosure the changes in the conditional long range chromosomal interactions of a sample may be

monitored by 15 comparing the conformation of long range chromosomal - : _
As used herein, the term conditional leng range

interactions refers to interactions between distal regions
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.



interactions at a locus at different time points in the same tissue or cell type or by comparison to a
sample corresponding to a known physiological state. 20 FurtheLmore, it should be understood that
the long range chromosomal interactions of the present disclosure do not relate to long range
interactions between genes and their regulatory-elements such as previously described by 25 30 - 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 interactions within a particular locus as an indication of
a switch in theractivity: ofa gener Assonding-toran embedimant of she cusrent invention there is
provided a method of moniioring cond'gion% I%ré%r%r%g%gggosmﬁ%@géirger%c%ions at at least one
chromosomal To¢US Whera différent conformations o long range interactivons afe associated with a
condition asscuoidtesbwithreeehsnge Imtive foved of expresdion ohone, ortmore gehesiddE change in one
or more gene prodyets.said method comprising dhe step of ideniifying:a;,change in the size, start
position, and/or number of antisense RNA transcripts. It will be understood by the skilled person that
the phenomendit BRIHEBSHirction of antisense RNA transcripts at repressed loci on chromosomes is
known. However, the inventors have surprisingly discovered that the profile of antisense RNA
transcribed from a chromosamal Jocus ¢hanges depending g whether the lagus s induced or
repressed and that the antisense RNA transcripts produced play a central role in controlling
transcription ofdlie BensBRNAL 11 SFaksemstieRita ParfcularREESErid e efRyEhetic conditions at
that locugg incluging.thedeng rangeasinteractions.-According toapathesembagiment of the current
disclosure there is provided a method of diagnosing a diso(gii'ler associated with at least one epigenetic

change in a sGHjESE SRR HTSHOH compri§hgdeRfiRiing Féhande wone or more long range

chromosomal interactions at at least one chromosomal locus associated with said disorder in a sample

isolated from the sybject wherein said method comprises the;methqd ot gspect two. Preferably, the
S

epigenetic change results in altered transcription from the chromosomal locus. It will be understood
that the alteredl¢fsiisrpfionsiemiBe RpLAaGuIE&F eptassibh, sPprédtictiorFdFan alfternative transcript
with a changeg startisiterand{or {erspipatientsites of lesphice vanmafsuch: Huwilkbe apparent that the

epigenetic change causes a change.in the expression of at least one gene and/gr transcriptional unit
within the non{ncegcg?ﬁg p%éerfc’ Sf tlﬂcéefj%r%cr)lmre(.e rg%é)r%bi:? t%fé11 |sofrag}llss s%lré(??éad ﬁgﬁ?gﬁ%ngst cancer,
cardiovasculatdisordes infiameratonceenditionssinehsding kengimiwune dissriars biebimflammatory

responses to infectioys, digeases..and, inheriigd genetic disarders medylated By epiggnetic
mechanisms. Any other condition which results in a change in at least one long range
technigues known in the art such as the 3C (Capturing
20 Chromosome Conformation) assay (Dekker, 2006, Nat Methods
3, 17-21; Dekker et al, 2002, Science 295, 1306-1311;

0'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



- 12 - chromosomal interaction may also be diagnosed by the currents methods. 5 10 15 20 25 30 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 front s@id-chromosomal locus; and comparing said profile
with the antisense RNA transcript profile of said chromosomal 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 iNvolV&FiFaSpetiic FRFSTBRTIES CHMlitdlR bt WAkbB ettt thatdald-edfidition can be
any condition asgecipiedwitthanepigenatic ehangefosexamplegeaneersnatdigvasculae disorders,
inflammatory conditions includin% atuéoimmune disgrd,ers agd.in{lgmrgg'ﬁ)rgﬁgsponses to infectious

r

diseases, andiinhented Egﬁgﬁ‘c Qiso 3rsrﬁ%lc?urfétedtby e%|g%ln%tic mechanisms. Preferably, said

method is per@nm@&@@ﬁ@@F&@h@h@Wc@oﬁdo@b@ iHisstgeckthat fedtards deSéribed in relation
to one aSBectﬁiya%&ﬁ%@sq%?%%@meg%&%g ajiathepaspeets afithe disclosure.

Furthermore, where a number of features are indicated as options, each individual feature is

contemplated H_BERGEPhIRAbE MdiaaaRy OF iff LBMBIf&IGH with any other feature described in the
application. - 14 -

Moreover, the inventors have discovered that consistent
with earlier genetic data these conditional long range

10 chromosomal interactions may overlap and include the
regions of chromosomes shown to encode relevant or
undescribed genes, but sgually may be in intergenic
regions. It should further be noted that the inventors
have discovered that long range interactions in all regions

15 are egually important in determining the status of the
chromoszomal locus. Thege 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 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.



The invention 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 with
sense and antisense specific probes at GAL10. A, B. Strain BY4741 was culture in galactose (lane 1),
washed (lane 2) and transferred to medium contai@ing glucose for 15 minutes (lane 3), 60 minutes
(lane 4), 120 minutes (lane 5), 180 minutes (lane 10 6) or 360 minutes (lane 7). Two exposures of the
antisense signal in B are shown. The position of the rRNA bands is indicated. The left panel in B and
panel A were ékp¥ddd fEEtHESaRe RAS. ARa5 rhfifutés 1HE2S DERL HRPERF22KHD BAL10 AS (see Fig.
32) are both detectable-as dhe.sydich 15 fiom Hhiriastiye g the tepressedsiate-goetise C. Yeast
cultured overni%ht |£1 %%Iacto e Wer%washeddand trt sferred t%fresh %gdiunggggéainjrng the sugar
indicated. In tt‘ﬁslecxperln(?@rsit? Yﬁlev%l?%?théé%_ and GA 16-'??u3|oﬁ¥ranscr|p?are evident in
galactose with:thee eqdivatentZdantsense ranscrigtss IThelgersseexposire i§R2096 of the antisense.
Twice as much,RNA-is loaded dn Jane, 2% 518 Figute 2 Reverse transcription LRT)RER mapping
transcripts at the GAL locus A Position of RT primers for reverse transcription (RT) of the sense (S) or
antisense (ASY S FipRARdHedad S pRmrers for BER 8RTHHTicANEN. Each set of primers is designed
to amplify a region about 200-300bp at the sites shown at the GAL locus. B Mapping sense and
antisense transcripts, in total RNA in three carbon c cross GA AL10. The control
lacking RTasgfﬁ)rPfﬁzgﬁﬁrfﬁ %?e%gre%%%adﬁ%%scﬁ %géh%?v% irt? ?sa%le %{?gccail\Lﬂr}ng%ing antisense transcripts
at GAL? and GAY2bdhasisd RNAIEpated front etlis GRowRYn ¢hacssel Cortroléihelide omitting the

RT step and apRsitive gontroh for RCRprimer efficiangy ontotal IRNAmot showr. 45 Figure 3.
Mapping transcripts at the GAL locus with strand-specific probes. A Auto&adi graphs of total RNA
prepared fromBY49%1 (tane 1}, W3DS-BdRe 2) Sﬂﬁ%ﬁl—ﬁhf%%né%‘j%ult% ed in 20 glucose,

raffinose or gatagtosesainchhybiridizeddo siogle stesrst specifie probegd -7 {altckesignedteedetect
antisense transcrjpts.yith fespectio, GA10) Ehe pasiiansotha RNAS (RRNZS AN RON18) and
ed wi

tRNA are marked with black lines across the autoradiographs, whic
benign cr malignant growth, cardiovascular disorders,

15 inflammatory conditions, including autcoimmune disorders and
inflammatory responges to the developing infectious
diseases, inherited genetic disorders modulated by

epigenetic mechanisms and neurcdegenerative diseases.

20 Preferably, the presence of the DNA loops i1s identified
using PCR techniques. It will be understood that the
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.



25 were exposed for 24 hours. B Summary of data in Fig. 2 and Fig. 3A showing transcripts at
repressed (glucose) or induced (galactose) locus. Figure 4. Sequences at the 3' end of GAL10 are
required 30 for induction of the sense transcript. A Schematic showing the position of the major
transcripts at repressed or induced GAL10 (WT) afdd-a derivative of GAL10 containing a - 16 -
pTEF:KanMX:TEFter (Nut) insertion creating a deletion of 554bp at the 3' end of GAL10. B and C

Northern blots of total RNA from the strains shown cultured in the carbon sources indicated. In B the
position of theFRIRAE$§ FIAJREREG WiftPdEHEGFHREHNd §8Rs&aRE aftisehs? SPEtiftCPFobes were

used. The autpragdiegraphswese expeaedfanequivatentdines.ch Crauttses wereinduced and
samples prepared at 10 r%';rr;ut%so lanter.vcaIi after CL{

lat, tes intervals aff a%féenr from raffinose (lane 1) to galactose (lanes 2-6).
10 Figure 5. HAaT ahd Eaf3 association with GALTO 13 related to levels of antisense transcript.

Immunoprecipitation of chromatin prepared from cells cultured overnight in galactose and transferred
to fresh medium cpmainnNg %M@%@S@@r@lgcg&%m&o puputes and detecteddising real time PCR

at GAL10. A Hdal-myc normalized to the untagged control. B Eaf3 normalized to the untagged control.

C H3K18ac néMigiZed H HIKABR Shtthef Fi&ohe PR 350 Bi§ites B3EMWith ifimunoprecipitation at
the repressed#zAL doeusha Map ofDpnlbrestrietien sités (Leticalines) showingstheariumber, position
and orientation of primers (arrows YOH) and the -approximate position ¢ Induced sense transcripts
and the antise%l%teéifgﬁgclrFé% aa'EOtth%1 Zgjrre)fo%ce}ggg(% Jficuos.uB 30 with Ié%l%l%%htop %reel panels, Myc
bottom panel)ifthekaenesshéwn (BPEFZ4L BatRgrd Ui} 3t tRESRBSSRBIRAted. C Controls for the

standard reactjor forinciuding nosformaldehyde srasslinkings(-Form), no digestion (-dig), no DNA
ligase, no ATP (-hg). On the gel 30 is a 30 product (-IP step) and the standard 30 with

immunoprecipitation (Expt). POP products for the long range interaction at GAL10 are shown. All other
- 17 - interactians shoWetksmitir depentlertaies (motsshoversEr8CowithiR (Riypdemtthe strains shown

(BY4741bacKQﬂQ&Ti%@gQefﬂgﬁ%ggwgggdin the conditional long range
chromogomal interactions of a sample may be monitored by
15 comparing the conformation of leng range chromosomal
interactions at a locus at different time points in the
same tissue 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



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 carlmmsaureesindicated. G 3CAP(Rbpl) overGab10-7rand FMP27 i the-Wabstraie (BY4741

background)_grown in three differ, rban sources. D A model for 15 dynamic long ran
interactior?éa?éﬁqcthe%preﬁgéd Io&%&%@ an@%@ﬁ{sng f'r%rﬁfsﬁcriﬁ:[g from GAL7 éﬁg"?ﬁigGALi‘g%nd other
non-codingetikriscripts @ ahe intergénic regamss togeilverhweith. thedddal ard Faflysineaieacetylases
are propo eatg_an enviro nt syi rlong ran Q interactions. In glucose, interactions
across GA%%%O&G%L?%% G L?é]%]l eacre e%?tgé%uagn% a mo %%t%saccgr%moagfé |sif§n§1%wn. Given
their asso€RABASAhIRNARE aha iF|IBAUg%E|0A Ferge Inieragtionstappear top@ptesent axpoised but
repressed; sfajgswitlnoactive, apseripiion gkthe 23 jacusy E fmadgl fog conditipnal lang range
interactions at the GAL locus. As at the repressed locus, long range interactions appear to represent a
poised noA%tiive state over the genes. An increase in dynamic switching involving long range
interactions at GAL10 and GAL7 when glucose 30 repression is removed (i.e. in raffinose) would lead
to loss of the Iong range interaction over GAL10-7. The onset of active transcription would contribute
to dynamic P& SEicifg BEwEBRAAPIERE 8Ad feltessidStatts. FREPbHRBtoR BT ERe antisense
transcriptd at the-dndubed lecusds aavsaged it playdwonglessiedaciitate prodystion-efithe sense
transcriptgﬂgégg)su haliaf?) an 5 Hgal togorime thg rg%ion t1_ior represlsr}ion and the formation of long
range inteFactiona when the gene 1s ot attively xpressaat Fighte & th RO ETEE-depentent
transcriptiehalrsystém 2e térfhe integrated Lulciferasefre pbotey genercontainsttbeavilditype 90 bp
CTCF-bingi ' -M -MycLuc wt) or.a mutant deficient for CTCE.bindin N-MycLuc wt), in
place of t#e%rcﬁ%%%%g#%léﬁaﬁge%)orﬁgﬁ%}fﬁ%le %?esg?gtleadtgodr]sﬁﬁg with eg%lgsefti&r% of the
primers inditatd® EiImers forpESHPuassays attheN-Myersitesere shownan méthage déscribed
previously, 13 Ryimers,al the. 5larg degicted in brows, attbe 3 ends,nllue; primers used jn 30 and 40
assays are indicated in green. These primers are described under Materials and Methods’in the
0n4"m386ﬁbbh*§ﬂ?#ﬁ@in9 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



20 relevant Tagl restriction sites are shown as pale blue triangles; their positions are marked in
relation to the Luciferase 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, CTCF and Pol Il are bound to the N-Myc site in
- pN-MycLicwtisoeit hptin gistdviyclaic mat; abcshbsn byl GhiR assayiwithike indidatedantibodies. e,
Treatment,with alphasamanitin legds to di§ggq§tjon oijEé)j_llde%%not GICF fi%rﬁgthe I}léM%% site, as 30
shown by ChIP assay with the indicated antibodies. In panels "d” and "e", primers used 1or the
analysis arBsib&n5hTEF in Figure Ib and described earlier 13. - 19 - Figure 9. Chromatin
Conformation Capture (3C) and ChIP assays. a, The 5' and 3' ends (green arrows in Figure Ib) are
juxtaposeg in pN=MycLuc wt (Lane 3), but not jn N-MycLuc 5 mut (Lane 4) as revealed by the 3C
assay. La%gclgig%g %o;%ﬁve%:%onif%f}?%r %%%I%ajfén %\épr/np?a e,tL%awe 45 “fr‘?é)‘ 1Lr_‘legc-laejfiir:'/gajﬁ((f]gh%r? control.
Primers us8&¥6r thé AnalysizvardaiesciibedahdedMatefialsiarrbesious inahe dadineBupplement.
b, The 5" . ane3)anads3" (Lane.S) sites af+10 Myslucwt duk £t BN-Mygclticmut (Langs 4 and 6),
are occupie%}‘s;y Pol 1, as revealed by the ChIP gssay with the anti-Pol Il antibody. Lane 1 - input,
Lane 2 - GTATRGRe SERU. CTHER (CRTDS] ARES: (AT S) oS! PNMIGRER WE: biEfot
pN-MycLucrmup ficaneésdganth b arebroupiedhy 1 S5i@TEFa baneds iaputatane2 s preinemune
serum. InpangisoDsRRd “Eothed Badspecificpripers ate sRown da pepwn apd the.3send.specific
primers are shown in blue. Figure 10. The 4C assay (combination of ChIP and 3C assay) 20 with the
anti-Pol I8 FeE ahtisttietlprimEtfE forthe BRdlysi§ Al sHBRRYreefMREI§E= b and
describedttrdendaiedalsfantkiethodsia the on-line Supplement. a, Pol 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). treatment with alpha-amanitin leads to the disappearance of Pol Il from the high order
chromatirFatficdiis by pN-MyELucspiEREs) ®, CTemIgpresencuithe juxdaposiibhesfate 5' and 3'
sites of thepl¥rdbel ye WL anes) dud net ebthespMyalaeput (Lane 4). CTCF is 30 still
associated with the high order chromatin structure in pN-MycLuc wt following treatment with
alpha-amanitin (Lane - 20 - Figure 11. A model showing how CTCF can link transcription with the
high-ordek thremiatinkstructutes sd, CCBCE Horid stioewa Isite s 4l therBliremcl-3 mintsrof daerpNeMycLuc wt.
b, The 5 high ol stucye is,esiablisbedbetwsen,jhe &, and 3 enls ofhe.pNyclaic ut via CTCF

c, Pol Il binds to CTCF and Initiatés transcription; d oIIowm%}Se inhibition of transcription and

removal of PAFfidkéPeEmaiifng structGrPeas il Bedfetec®lidue B'7¢ 88sotigtin MhierCF.

site, or a splice variant of such.

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



10 Example 1 Epigenetic control of the GAL locus Conditional antisense transcripts at GAL10. 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 of glucose levels of both the 2.25kb GAL10 transcript and the
longer 4.1kb GAL10-7 fusion transcript (Greger-and Proudfoot, 1998, Embo J 17, 4771-4779; St. John
and Dawvis, 1981, J Mol Biol 152, 285-315) drop dramatically (Fig. 1A). An antisense 20 transcript has
been reported at the repressed GAL10 gene (Perocchi et al, 2007, Nucleic Acids Res 35, €128;
Samanta et alcROOBOPEIE NathAgaE Sci WSRO 4392041 §720R7RESt &Y 2808, Proc Natl Acad Sci

USA 103, 5328:5325;:Miachods .
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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 wheteg observed(Fig. 13), 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
detectablé GRfE&TR % ranScr REGREIT RS IED. Phe Libradibhramts irgﬁﬁﬁ A4L21 - and 1B
were hybrigized ta propes-of Giwdlas speeifie activity ianshwere,exppseddonsiaaclengthisoef time
suggesting that at the active GAL10 gene, antisense transcripts make up a significant proportion of the
total 5 Rl\l%:.ai\;lblrséo?%r, Sveh the %ﬁﬁ%&?ﬁou@%fﬁd Giﬁf&?zﬂ%%%g 88??8%&5’&8‘9&%?1 genes
(Fig. 1A, Grispnatslied hyantentivatent entisenseiranscdptHFy. 113r€xripDusing pllicose
repressioréﬁ‘:thgeasbsuggageocr%f the g;aALl gntisense ianfcri%ts _dr%ps considerably (Fig. 1B). As a 10
result, twS 8RPOSUTES of the hortRa biotin ighra I3 areShovin for Slafiy T hs data indigare 1
demonstratesiihatthe size of e antisénse: transtfiptstat e caprpssegddocus alse ehanges. Kinetic

studies indgl:ate that 15.minutes after adqj:tion of %Igc%se to the culture, a switch 15 is observed from
TOWI

1 . .
the 4.1kb,c DBkb and 1.5k antisense ranscripts 1o three transcripts, about 3.5kb, 2.4kb and

Preferably, said chromosomal locus comprises at least one

gene.

Preferably, said gene is a gene known or suspected of being

invelved in a specific physioclogical conditiomn.

It will be understcocod that said condition can be any
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.



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 GAL10 20 reflects whether the gene is
induced or repressed raising the interesting possibility that the antisense transcripts might play
regulatory roles at the GAL locus in both conditions, 25 Mapping the transcripts around GAL10 using
RT-PCR. Reverse transcription (RT) with strand specific primers coupled to PCR was used to
determine the position of the sense and antisense transcripts around GAL10 in cells cultured in
glucose, raffindse dndrgalactoser{Riy. 29T e 3Dostrateyydsed-hérede mptdy etk RITprigrers, specific for
detection of either.sense (S).9F aRtiseNss (A3) ggg]sggj%w nestad: PCR primers to yield products
approximately - 22 - 200bp (Fig. 2A). First the 2.25kb GAL10 sense transcript and its equivalent
antisense were analysed. These are relatively abundant transcripts amenable to mapping by RTPCR
(Fig 2B). The &Ahdf:sense transtepbaan bendatastad Surithpeirigrsets ©Frd. 88 located across the
CAL10 coding feaion only it samples preparedramsells cultred n gaiacigee (fia Zn,dane 2)- A
signal from primer Sets t0 BAS, designed to Teverse transcribe and amplﬁly antisense transcripts,
is also evidenEoslyifhen pheeels 40 &elddlturedl infyalGEfseFRY. 2% Jahe $)CTFhissitggests that the

sense and antisense Yanseriptsatiaduged (ALLG extenpd oyer thessamedegions.dnigiucose and
raffinose, however, were detected signals with the antisense specific $rimer sets 7AS and BAS 15 but

not with GAS BF &nyof SfiaIBAT BriferS 15 the Serise TraRSERSt. THIS % it agfeement with the global
microarray mapjing sdhich shews)theiteanscnpt@rising avithin the AL 0 codiyg régior about 500bp

from the 3 end in repressing ition rogehi , ic.20.Acid [28; David et
al, 2006,1 roc l\)llatcf ipcggdésqé%l%%%%%loé,%352%%325?%53@5;&% th(grge ti?e%tvééﬁdqis%[%%?gntisense

transcripts overi@aLl 0igoResEhdiR§ S the TRGUESE AR TR pPdsSetrstatef BiE 9P antisense
transcript at therrepressed locrisestadsivitlindne:G Ak 1625 gadwy wgierd islikehbeto extend into the
GAL10-1 inte;genic reﬁgion, confirmed with signals from prti:rlyl}ergetsz%@d 1(()]1 (F'}ge. 22C)4kb Signals for
primer sets E 3hd'S, S,Sfﬁ%%tgé%%‘er thé G; L%f?li?]?g’rgen?c region, aré much weaker suggesting
that 30 the majaityofithe cerserfand ahlisense tiariseripts-tertribate esinifietesragpactively, within this

region. It was pofed that sense and anligense SpeclicPripgEself-curs.  ¢. veast

cultured overnight in galactose were washed and transferred
te fresh medium containing the sugar indicated. In this
experiment, high levels of the GALIO and GALIO-7 fusion
transcript are evident in galactose with the eguivalent

20 antisense transcripts. The sense exposure is 20% of the

antisenge. Twice as much RNA is loaded in lane 2%.



- 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 ardiiHPEAL20 uSRESTcth SRR EE MdiRE (Bibts Rih #trmRigFecific probes were used
15 to identify theaprexipateapositien@{thesnlisense transcripts in cells cultured in glucose, raffinose
and galactoseAaroundtGALloffr%l;P three differ n;tf stzrgin bggk%rrognsdg %lleti%i?QﬁThP?qurt ern blots have
the advantage®of BEING SBle 15 Corrdiate thesiz8 of 4 30 HANSCrpt-With fts position 4t the GAL locus.
Probes 2 and 8hreutieebesHéwedpaor thdreidizaticrewithiigh dackgreumd siggtadsimaking the

hybridization tg long franscripts-hard 1 discern s ininduged culiure high lengls of aptisense 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 itftFENEGALID 8REWS Shight R§BraR bRt pPobe 8ButtHore With probe 5 suggesting
that it is confinggbmainly tortbe GAL10QRFE regiomndiabe 6hybedizes tartheEAE4 sense 30
transcript as GAL1 is on the Watson strand. Two other transcripts are only produced in induced cells.
These both arf:sreavr\}ﬁﬁﬁlg%_l %I}ljc éj?(%%ﬁindﬂ(%r% thlens%t%g Eétri%lanlc"llgt 1?0115(5)}%1 I-C%fo- e SAL1 terminator and
into FUR4. On@kdnsedptddabproxifigtefipBkb ahd-thessesbril semuthdatget. RNVAIn repressed

cultures,the Zﬁ%g@@gl@l aptisense transerpl,shewedsstrong hybrigizationdo 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 prept e8RSttt it galadtdse, GofsiSnt it tHe®PER R4bping in Fig. 2. This

suggests the GALEAred from cells grown in glucose. Controls include

omitting the RT step and a positive contrel for PCR primer
efficiency on total DNA (not shown).

15
Figure 3. Mapping transcripts at the GAL locus with
strand-specific probes.
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



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. 458A)- Four small non coding transcripts are evident in
cells 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 inter§ & iRl Wit 2 ProbEf thé BRESEASE dffepatictPwithdekpeepto fle GAL10 and

GAL7 transcripts4isobe 3)-dhe secandsis atranscripsobapproximately 600bpsthat hybridizes with a
sense orientation gfobe to Ehe GAEthetermlnator (Pl,rlobe QUQ%h% The. thjrd tr%rés%rg)r%ggbout 1.7kb and

extends antiseHe from the & Tagion of KAPTHA Shd HrsUb the GALY feiminator t8gion (Probe 1),

The fourth is aboet dsBkb adddpitiedes wWithi® GAlEl Gandtextands intbetheRBAE 1051 intergenic region
(Probe 5)30In this analysis; RNAwas.prepated from three. diffgrant strainhackgrounds. The BY4741

(lane 1) and W303-1a (lane 2) strains produced similar profiles in all - 25 - three carbon sources. In
the YMH147 stRfTHahe D PofveFréxpretdion ofthe B RIELSHBES s 16 T derepressed in
raffinose. At semedeginig;thedranscript prafileds thisisirainds Different i@ thatiindiaedse or 5

galactose (corgplgresforg gxam le lanes 4 ggd 0in the hreSe ca§bon sggrc?%:% h\g[bridiz%g ith Probes

3,6and 7). A summgr)Pofeﬁ'u rrr%l%%lrr?g data (from |élurees 13 ?sr\sfﬁown% B-Yhere are three

notable pointsfThe IG:filstic fte (dlativel high |evdlesTtarfiisenseittanseripts for each of the sense
transcripis;when cells are induced with galactose (GAL10, GAL7 and GAL10-7). Sense and antisense

transcripts at the induced locus appear to be paired and synergistic. The se¢ond is the ghange in the
Figure 5. Hdal and Eaf3 associatidon with GALIO is relate

to levels of antisense transeript. Immunoprecipitation of
chromatin prepared from cells cultured overnight in
galactose and transferred to fresh medium containing

15 galactose or glucose for 20 minutes and detected using real
time PCR at GALIQ. A Hdal-myc normalized to the untagged
control. B Eaf3 normalized to the untagged controi. C

H3K18ac normalized to H3KI1I8R and then histone H2

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 size of the antisense transcripts on repression (in glucose) coupled to changes in the predicted
initiation and termination 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. Sequénces at the 3' region of GAL10 are required for
induction of the sense transcript. The data suggests that the position of antisense 25 transcripts over
at GAL10 reflect whether the gene is repressed or induced. These transcripts are likely to be initiated

at different site$'{EiG2 4R} OTHe HASINOrS HosikiHe 4R BXPERREH té1@énty38uencRsFequired for
induced antisepsertranscrigion (likely teadse at 95 neas39 thevd flanking seauenees 9f GAL10) by

separating the % fIankin% re%l n fromc_gthe main gene. This construct allowed testing for a putative
promoter and &X&mination of 1 258 % ‘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 in'ggl, Jhe deletosipgiononas Ashipiased by ALEXRIasSIAN £assle &ip the same

direction as GAL10 expression. RNA was prepared from cells cultured in raffinose and transferred to
galactose for £2°GR8 60 iR SuRRtedt f6F SHohghhalctdn of tHe SERsERranstRHpE And the
appearance ofshevingdyced 2. 3khieetisepse transerighin thel wildsypeAFige -4kdase 5 and 7). The
insertion at 3' (?nd of GA%;L&'E suff%i%%teto con:ggromise expression of hoth the.2.4kb acpd the 3.5kb

; . T b a L
GAL10 antlsensaerf:rg"r‘igcnpts (F|§1 g , aneS B8and éﬁnalrﬁp rtant y%%erff ow [6vels o?%eénse transcript Iin

these sampless&efe obsenaat FigY4Rdnes® and ByeTHEs LIS Reepitethatprohfoter region for sense

transcriptign being-intactproguetion of the senseRNA iscompramised-indhe steain with the insertion
at 3' end of GAL10. This raises the possibility that the antisense transcript is required for transcription

from the GALLEASTAGERT. ThEIndGERSR 20 profifdSAEE AT ANG AL T (ERE 40) Wét&also examined
in the mutant strainhNocehvious effect on thedepressed levelstatrthe &ALl cluster-was observed. In

addition, there?v]xﬁ little effect.of this '!.quseﬁil%n induction %gg.pg%riﬁgs&%?é%]dgr.GALl. 25Thus

sequences at the 3' end of GAL10 are required for the production of the in antisense transcript
which is in tur@iaphcdtedir etficiehf fangepien BPthEMuied sefsétrBRSeApE This suggests

coordinafign ofgughtsbetwaen-thes’ and S-ends &fthe induged-ggpres3@d 1locus.

The antisense transcripts from GAL7 (shown), GALICO and
other non-coding transcripts at the intergenic regions,
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



Sequences at the 3' region of GAL10 are not required for antisense transcription at the repressed
locus. - 27 - At the repressed locus, the antisense transcripts are likely to initiate at a different position.
within the GAL10 ORF (Fig. 4A). The insertion at the 3' end of GAL10 allowed us to ask whether
similar sequences are required for 5 antisense tramgcription at the repressed locus as at the induced
locus (Fig. 4B). Surprisingly, only a small reduction in the size of the two antisense transcripts in the
mutant compared to the WT was noted. The levels and the relative size difference between the long
and short 10 aswtisenbergnizned sergsimiastecthase imthe $WFeThig-stiggestsThat sequences at
which these trg@gg@@@i@{n@éIytiggiaatlgplag/grgeeeQgg@gq%@srg{;t%t@yﬁggﬁggd insertion and that
€. : ¢

both transcripts are initiating at a new site, slightly closer to the 5' region of GAL10. This 15 raises
question of howPHEse Fafdiiipte &g grontted, giventhatfheit RofMakihitidtich site has been
removed. Oneexplanation istheRequences irthesiesertedexprersiontassette. Hawever, as these
new transgript% &g&n&t} present ighthe induced ggditionrs it is unligleila/ tcki%te ﬂ%%)éégta{g 1rpromoted from

. Yim [S e o1 re 2105
sequences within the ms%rtledecasset{e.gllhus there arg cﬁf?erent sequence requirements for the

induced antiseriseltpadsariptnd-tHe antse s aviirdpressed focus. 25 Haalr itz bifment to GAL10
reflects levels g aptisgase transcript but not H31C18ac. As there is significantly more antisense
transcript produced when GAL10 is in the induced compared to the repressed state, experiments to
ascertain if Hdal 30 association at GAL10 reflects either the level of antisense RNA or whether
expression of #igggere és inducedi oorapreBsdepesréantdertaiest: Hadlimye hsspsiagion with GAL10 -

28 - Wasz%sseﬁ%gtg%ﬁ%@gggé@%91!9%%@%&;89&% Jaducen.gr iepressed caiedFig. 5). Eafd

a component o 3S lysine deacetylase and the"NuA4 lysine acetyltransferase (Allard et al,
1999, EMBO J ¥82520808 5109 wastised a4 eotiidy Straiisfaeking B3 sHod Higttfevels of
histone acetylation at the-praoterand wihim ine eadingdegionef gengsgnsteadaf thesrormal profile
in which levels are high,atthe gromgter and drgp in the coding reaion suagesting,  malor effect of
with the positions of the primers indicated. Primers for
15 ChIP assays at the N-Myc sites 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 *°.



10 Eaf3 on the Rpd3S complex in particular (Reid et a/, 2004, Mol Cell Biol 24, 757-764).

Hdal-myc is associated with both the 5" and the 3' region of GAL10 in induced cells. The signal for
Hdal-myc drops about 5 fold on the repressed chromatin. This 15 difference is not due to differences in
the levels of Hdal- myc 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 GAL10. Eaf3 20 shows a similar but less pronounced trend showing lower levels
of association at both the promoter and the 3' end of GAL10 on repression (Fig. 5B). To identify if

there is a relatignship between;Hdal assegsiationand bistene agetylatien alxepressed and 25 induced
GAL10 H3K18ac, a known substrate for Hdal was examined. Levels of H3K18ac at the repressed

gene are low, 3ffifdFto ledelstitan HIRTBR st Scoriigteht With Adtive dEad&t fation' by Hdal. In
induced cells levelsiotdd3Kd8aa are significantly higheirthaa iarepressatbcelis; 30-despitehigh levels
of Hdal in the induced strain (Fig, 5C). This differe i present even when.nucleagame loss that
accompar?ties gé%ve?ggﬁgcﬁ[})tig% a%e(%v,&lﬂl(% ﬂ% %g(e{?]ﬁg 29 - into ;)(f:ec':ount andlthe_ H3K18ac signal is
normalized to Pf3sleveles THig suggesarnsifrebt eofrefatiotibefiicen Hekt a$sofiafibf and H3K18ac at

GAL10. If Hdal-agctivityds related 4o antisense transeripts-aspseposed byHcamblong at S5sale 2007 Cell
131, 706-717, then the high levels of H3K18ac Onéhﬁ ir%glu%ed genehgart;g}ﬂ%rllﬁéat the 5' region, can
be explained K fier ktche BeEE Ao Hidt At comipanics tahscriptional activah

on and elongation of
the sense trandcript. Sitmnbalariee Gfracetylativnrand deaséetylatio-209vduldie shifted ©Mresult in a net

gain of H3K18a6 an.the induged gene. hong:range ghromatip Jatesactions:at the GAL locus.

Long-range chromatin interactions, also known as gene 15 loops, have been described at a limited

number of activeF it §emesiBhsati-aid Haisey 2805, ‘Gened Be\P16§27986-- 29 F8°0 Sullivan at
al, 2004, Nat Genret-36,11014-4048:&ingh anghidampseyn2Q07, MalLell 27p806:846)eThese
interactions represent juxtapgsition, of the 5' and 3' 20 regions of yeast genes aind are, giggated with
RNAPIL TRIE S The GPF ﬁ%ﬁsgriptf?ﬁ?eerrﬁsna%% réack?iﬂ%?ﬁ SRR i)
wt, but not pN-MycLuc mut {(Lanes 4 and 6), are occupied by
15 CTCF. Lane 1 - input, Lane 2 - prelmmune serum. In panels
b7 and “¢” the 5 -end specific primers are shown in brown

and the 3 -end sgpecific primers are shown in blue.

Figure 10. The 4C assay (combination of ChIP and 3C assay)

20 with the anti-Pol II and CTCF antibodies. 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).



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 gncluding 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 glucose, raffinose - 30 - and galactose were monitored using a modified 30 (capturing

chromosome gqnrfepoaiion) techpigue (Rekkenh 2004, Natdvlethods 3,1 7+24: {dekketetal, 2002,
Science 295, 1306- 1311; O'Sullivan et a/, 2004, Nat Genet 36, 1014-1018) 5 (Fig, 6A). As a control

the previously"Héchllé}éelohb%’n@ﬁqﬁfér%ﬁ%@aﬁ%irM555?%’?1‘1’&16%'as&ciat ith RiIAAPFand is
present in all three gtowth canditiens’'was:used (see ~igf7Chel PleMgaangevnterabtionTatthe

repressed.GA .Io%us. ng ran e;:meractié)ns %rgbqet gag)l over GAL1Q, GAL/ n%,between the 5'
region of GAL b%ncf)t)ﬁeeég r%g%ﬁo?&%f? ((%)%\Llo-%)glﬁn cel secmtueredlcln glucosaen%Fig. 6B). Moreover,

these interactiBRgaredssoemtel WinrRNAPR 45 25%REB0 inferakfiénd EahiBe fmAfurioprécipitated

with antibodies @ Rhpl -€optrals-faithe GAL10andither6AL AR Adnteractions shewdhabthe PCR
products are specific and depend on formald;hggoe crgsslinkinge, di%estion of the chrogmatin with Dpnll,
the ligation reactioH &hda B 20 TBRate’o the POP Feheton iy -66). TH 56 Féactions more
than one POPgprodsict Wasiebstrvedt FhedePOP produetsweie isalatedifrtbntgels .and the
sequencesg 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 cross- linked
chromatin preFERIHME résHRAG RO RRE bF abotit 558B8pdAadtRfdifto the 260bp product expected
for the long rapgaditeiaciian axet sfMeStniasanralysesa¢ thathmee long range interaction sites
confirmed eachoJﬁ%Q the EPP Productstobserve%s depggldggtﬁrsl formaldehyde crosslinking and is

consistent with'va ch()jrlflg ran@e Hieraction ghgle}lngl’ljﬁitaposmon of distant gecﬁlences.

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



-31- The limited number of long range interactions described to date, have been observed on
actively transcribed genes. The interactions described here occur at a locus that is repressed for GAL
expression although 5 the presence of antisense transcripts suggests the locus is transcriptionally
active. The next step was to examine whether thezmechanism driving loop formation at repressed loci
is similar to that at active genes. Long range interactions are reduced in a strain carrying the sua7-1 10
allele, expressing a version of TFIIB with an E62K (glutamic acid 62 to lysine) substitution (Singh and
Hampsey, 206h:MaECet 27, 1806:8 86 ) <this mpretlonss defectivel mrintmeclibhs at the 3' region but

not at the 5' regien of astive gepese. In.repressed sonditians, the 4 2,6A- 10 GALZ, GAL10-7 and the
control FMP27 long range interactions all showed dependence on functional TFIIB suggesting that

loops on repreS$BAABELAAVE BRE sBme" RSy tfemEfitsCad tHosE B adtive gisHie(Fig. 6D). In addition,
the GAL10 and+the£sALgdengsangeinteracions; 2&:hut patihat GARLQ7, Can heeatiched in

immunopreci es frgm a strain exgr%sscigg TEIB-myc gmgaiﬁgt An,untagged strain (Fig. 6B).
This suggi’:st?%tﬁéf TFI %rr%?/\é% ’clgseeiy assoc%r%é%% §1e cHro’ma':%n régions that show long range
interactions at/‘GARS0rEmE G AT SIS fe 35T fOTAhE ZBTiHabilit] 16 detéet THIIB=associated with the

long range intgractinBAGPSs . GCALLY AndkGALIisnkclear asfupetional (FEHB isxequired for the
interaction. One possibility is that the epitope tag.is not accessible at this ir%te{ ction. Thus long range

S .
interactions can be éﬁlaé%ie%té’& ArHE répi Eiéglé’ﬁl_ I56Gs ARGHBEE SnidractisnS shdW the same
requirements asgeserseps omactiviegendsop 82-oAGaiwitdrial I0Rgyandéjinteraetien at the GAL

locus. Long rapge,jateractians INGALA0 and GAL fare alsg,cbsepvedin allinose Lapressing

growth medium, and in galactose when the genes are expressed (Figs. 72). In both 5 cases, the
interaction is a43otatéawith RNAPH. Thedoh§ rangB ihte¥acifort befiiEET thé 5= fedibh ‘of GAL10 and
the 3' region of GAlcZ £6ALA0:-R) howeaver, dependson-thecatbon-seurcegndbegiowth medium (Fig.

73, C). Most Wng{ltangx,stglscl?anIg range ter&?“ons‘%& stin mdt&ced %%e(i;yr%%Q§s (galactose) and

= . 25 ) S L 1. Ca .
even when glucoserepression 1s Temove l(llln Faffingse .J‘ﬁws,l?t isun isruption of the long

range interactmireere beaiptainedsimphy: by thehigh sevels of senseliranseriptiopwihich are observed
undermq%unggoegg@¥§egayygﬁtQ%e 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 2.4kbh transcript can be
detected 15 minutes after glucose addition. Thus the
abundance and size of the antisense trangcripts at GALID

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:



15 conditionality of the GAL10-7 long range interaction appears to be related to loss of glucose
repression. - 33 - Long range interactions at the GAL locus are influenced by lysine deacetylases.
Non-coding transcripts and long range interactions are present at the GAL locus in both repressing
and inducing 5 conditions. The presence of non-coding transcripts is related to the long range
interactions was investigated. The antisense transcripts are associated with the Hdal lysine
deacetylases (Fig. 5) (Camblong et al, 2007 Cell 131, 706-717). At the repressed and induced GAL10
locus, 10 the levékef dirtbmatid assoélated Hoat correfates Wit [evet o antisenss rramiscript. It was

queried if Hdal,and Eaf3 are required forthelong range interactians at e GAL, locus and at FMP27.
Loss of Hdal has a dramatic effect on the long range 15 interactions over GAL10, GAL7 and GAL10-7

in repressed cEfis TEi BB). FAEERES orF BRVASS? RS R3S i anfatlte By Cohtras R Eaf3 is required
for the long rapge interactien at FiR2 tandoGAd:A8; bt dhereris lesser veqdicementfor this factor at
GAL7 or %ALlO-?. Some loci, 2 Ssuécg %%F%P%Z)gar)g g-AL7 show GCE[%EB_/JOEQ e.or the other

! :

WAL 5 £ .
complex, whilé’ foclrll SUch as GALT0 appear to require Both activities. ata imp icate the lysine

deacetylases, FHlandPRPd38] ditstily ot indreediedntheforfaten aléhyFafgétinteractions and

suggest that 23 this-maye:be finked i@ antisgase transcripts,Riscessiansthe.inventers have used the
GAL locus as a model system in which to compare the induced and re&%efﬁjzgd states and 30 observe

differences in fti€&fse HamseRptand epigetatc régiatidn Fhaynd Yene repression is a
proactive stateximviobdngdheregalatég psoducticrl ebantiserse -3 v traénstriptseincassiociation with

epigenetiG,changes (0,1, 19gu$,, The Non-cading:Afansgipt map atihe GAL 1aCURifyes s
that the sense and antisense transcripts at induced GALIO
extend over the same regions.

In gluccse and raffinose, however, were detected
signalg with the antisense specific primer sets 7AS and BAS
15 but not with 6AS cor any of eguivalent primers for the sense
trangcript. This is in agreement with the globkal
microarray mapping which shows the transcript arising
‘within the GALIO coding reglon about 500bp from the 3 end
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



- complex and conditional. The presence of relative short 5 transcripts over the intergenic regions is
reminiscent of promoter associated transcripts associated with yeast genes such SER3 (Martens at a/,
2004, Trends Genet 23, 126-133), IMD2, LEU4 (Davis and Ares, 2006, Proc Natl Acad Sci USA 103,
3262-3267) and Tyl (Berretta et al, 2008 Genes.Dgy 22, 10 615-626) or mammalian genes such as
DHFR (Martianov et a/, 2007, Nature 445, 666-670). As these are present at both the induced and
repressed GAL locus they are unlikely to have regulatory functions related to activation and repression
directly but maicinfldenceézgthieragpect efllocus d&pofogy iderkite Size avmposhion of the

non-coding anfisense franscrpis, L GAI10 shange with grgwihgandifiaas. Attheinduced locus, there

is one abundant antisense transcript whose levels rise and fall synergistically with the sense 20
transcript. The’fat'Sugdests thatsédtetcss aithe®d' fidiking region FEAE10%@ Fquired to
promote expressien gblhis tansetiptdnadditen e binding sitesdobthe a4 tegulator (this region also

contains the prorygoternfor G%%? thsegeﬁret I%(% R&pel ginéjin Islistes {rﬂrtmgéggiog. f\Ss 25 thisis a
conditional traﬁ%cr]if)ste,2 A GualTore Tor Gat4in activatlng%ojfh & GA ?transcﬁpt and the GAL10
antisense is possible: ¢doWevaiehe UpFEdtershave kisciatap patia $hgls |6vEt antisense transcript
arising at the 3'yegion obindugegriALZ and-thare,arema Gald binding sitesndhisc30 region. Given

that loss of the GAL10 antisense transcript is associated with low levels of the GAL10 sense transcript,

and the demontratior? ST oty fth &2 352 it 8r RO N BetwWREH the™3 4Hd 5 58li6h BFGAL10 and
GALY7, an altemnati/espassihbiibnisdhab peombter seguenceseplayduroid ivactivatiig attraas the
antisens ranscr'ptc. 5Thehantgsrens§ tra ¢rints atinduced GAL1Q share properties with two genes
previous‘IEy{}shozfll\xllr%!i to 3tas%o%iatear\l/vi?h a{%\%sensé3 RNA. L%e PHO5 (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 trangedipls hge £pALA0dranscspt is-difterenponuthnial RIAODms:E flges not appear to

extend into the rorﬂoter region and thus is unlikely to function in the way proposed
northern bYfots.

Northern blots with strand specific probes were used
15 to identify the approximate position of the antisense
transcripts in cells cultured in glucose, raffinose and
galacteose around GALIO from three different strain
backgrounds (Fig. 3)}). The northern klots have the
advantage of being able to 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



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 lysine deacetylases are associated with both activation and
repression of gene expression (Bernstein et al,-2000, Proc Natl Acad Sci USA 97, 13708-13713), at
P11084 Hdal 20 functions with the antisense transcript to repress the sense promoter (Camblong et a/,
2007 Cell 131, 706-717). Paradoxically, high levels of H3K18ac are maintained over the active GAL10
gene suggestingethataéetigatomasssciatetl Withosdrig&étranSEpiciFBRFERE dyhamic 25 balance

towards acetylation. Undarlying thigds aaround glate phactivarepressienthrough KDACs and
antisense transcripts. The inventors suglgf_est that this grouérlf‘crj%)stgte isl ripresgnted in part by the long
range interactions over GRS GALT (FigS 7E) fh thid oder tha 18ng

arjfgséa 30%nteractions,
although associated avitlp RNABHah s TEHBg wotlid tépresehtma poised giotidctivedrgnsoription as

previously envisages ksarl And Hiampsey. 2008, Genes B8y =38arl3,2909 2948; &' Sullvan et al
2004 Nat Genet 36, 1014- 1018; Singh and Hampsey, 2007, Mol Cell 27, 806-816). In yeast, flies and

mammals maiy §efes Gt sl pbed-statd Hith EFGRGEd FNAPR it fie 8¥8ociated 5
epigenetic moglifigations attbe premaier(Gueanther at aja200¢sell 130 77=88;-Radanjc at al, 2005,
Mol Cell 18, 171-18; Zeitlinger at al, 2007, Nat Gepet 39, 1512-151 induced GAL locus,
antisense tran%%l:lﬁpﬁsgr%Q extends ovar' t%glgam%e'ger?é%rjéf resé“}gﬂefit t SQ géans%% %g}ﬁanscription. On
repression theze tis assweitcH: irpthrcinitidticrt sitdqiandepchangd il tsepatressithalxsaguences required

to promqtg antisense kanscrption. Moreover, the apfisense tanseHpLRecomes deminant. Long
exposures of Northern blots, however, reveal very low levels of 15 equivalently sized sense transcripts

suggesting th&tAhé tefatiohshily BBiTe&T 3eABe and aftiSense fFantemptidi'fs HaAi%Eined even on a
repressed gersxd his: teinfarges the idea phnactive’ Tepiessicha@nd supports the repressed state being

a variation of the events that occur Qn 20 activation. One natural canse ce of inant antisense
transcripts is ;Qc%}e/glrcglﬁﬁggsjigﬁ tcﬁroogcg 'KDACS }éﬁgh %égﬁ%%ﬁtg%g ELa S%igin%e%gst%% that at the
repressed loc@sHwsantisens&irafséripitenent iover e GARLD- 1 itterdehic rddios in a similar way
to the expsomeregulated 25 antisense transcript at P13084 (Camblong et al, 2007, Cell 131,
706-717769). Deacetylation over this region, and other intergenic region%'g%%gromote oisstabilize long

range interactions attRB 0TS for BRAMPIEHHE interaSion-Bvér SAL 1077 in cel

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



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-bemvelved 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) drivihger breakirg ligher ordersiof drefani2tioh’ofjeastyeedia 0*Experimental

Procedures Staips, Ehreedifferant: siraiphackgreunds ware ugeskinthis stugly: 15 3Y4741 (IvIATa
his3.61 1eu240 metl5,60 ura3.60), W303-1a (MATA, ura3-52, leu2-3-112,ade2-1, can1-100, trp142)

and YMH14 (REFEPEEBH00 tye 7567 1113%:52 A6us81 155 EVRBY The'Sus 7 5&855 in the YMH14
background (Rintetet al, 1:994% I=Bist Chienn 2691 305698e30573). Strains 2@ inctediagoepitope tagged

derlvatives, trficationsand gene.daletiogs werg-onsiuicled by.single stapgene feplacement Lsing
PCR-generated DNA fragments (Longtine et al, 1998, Yeast 14, 953-961). A pTEF:KanMX:TEFter was

inserted into tif&BPRsYISAWFGALED reERringYiRI6sy oF Fedidaes 2453 55 and 3007 with respect to the
ATG. Transcription of the selectable marker is in the same direction as GAL10 sense transcription.
SUA7 was tagged at the C terminuE w('%gh the nk]})éc epgo;ge in( Y4741. hdalL ap_dﬁaf:%g deletions were
constructed in the B@A?ETYB%ICKQ?OW? SggieppLng aata itrom tigures *

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



- 38 - 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 100 ml. Yeast were harvested by centrifugation and
washed in H20 before transfer to fresh medium-: Clgomatin immunoprecipitation protocol 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% formaldehg@égei15mirutes fslswed byl hifiohs of GRARTE Bt P25mRF fiREl. ASCYESS cells were

broken using glass beads:0n aMagnalysee(Recke)and fixed chromatinsheareddy semication using
a bioruptor (Diagenode). Average DNA fragment lengths, were 150 to SOOQp. After centrifugation (30

in 10K, 40CH EnBASI 6 L S s Houbateu i AptBoay TR 2 lloning LEopes. 5o o
H3 (Abcam),5p& iof 3K 18gc ¢dpstate i 120p IrebEai3: (Abcam)y, Eop ot ¥8O-fSartasGiuzy and 10111 of

myc (Sigraa) in, . 5L slicpoised. Eppegdorfs atAG for15 1o 20;haurs andimmuinoprecipitated with

protein A sepharose for 90 minutes at room temperature. After 25 washing, the chromatin was eluted
from the beadB BB forfaPifitites CossHike Wire rdvetsed byrmtubafion Bt B58for 6 to 20
hours and treatedywith: proteaseand RNase Ao DNAwas:puiied usingh@iagen PGR:mini-columns and
eluted in 104.1 wéalter. 1P sar‘?pL seand controls e.g. no ntib%dyd 30 no tag, were usgdtr}leeat while

control DNAs fiﬁphlﬁ%g% difute acsc%%ﬁwg?faélamﬁgs were suBJeecE%%) real ime PCR using a Corbett

Rotorgene and St Greerditix (SeAsymbe £BonQuantace) Real ithePCRwasiised to amplify

regions gorrespenging tasthgse shownat GAL1Q. Data was calsylateg (IBxhmyantibody)/TOT and
expressed as a percentage of input. Error bars reflect the standard devilgltion 041; }g%e gn%verage signal

obtained betw8Eh diffd i@t XPerHBIESTNE tordjr ession of both the 2.

the 3.5kb GALI(0 antisense transcripts (Fig 4B, lanes 6 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 3 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.



Generation of strand-specific probes A T7 promoter was 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 32P aUTP and the Ambion MAXIscriptKit
(Cat #AM1308-AM1326). Northern blotting 15 15ug of total RNA, prepared from cells using hot
phenol:chloroform and glass beads, was separated on 1. 1% formaldehyde gels and transferred to
Magna nylon membranes and baked at 80C for 2 hours then hybridized for overnight in PerfectHyb
Plus (Sigma) at:64Gewashedstaice kr20sLXSEE/00.1968DS: tWicenifnicO. ZXSE5Gre.1%SDS for 20

minutes each wash; Membranes yiere typically exppsed far 24hous unless otherwise stated. Levels
of total RNA loaded was monitored by the rRNA species, which are equal across samples unless

indicated. 25 RB¥erS&ifanédriptioPERESFEAER of thé ién Pogitdrifadiosd GALT6XEM figure 2,
there is an RTyprimer feithersanse-transctpt-(withrtespect ta the directiondf £3AL10 expression), an

RT primer.30 {of the antisense ianscript (wo altemative pmers,far e rsLIQUA RCR and two
alternative neSted primers for the amplification. Details of the primers are given in - 40 -

supplementary-teblect Fisstwtraioisynthesis was e isiagtheABYeRe WErsé cDNA kit with primers

specific for the-ggnse prantisepse tanscripts. A standardreastign was-sakup withs2ud of RNA; primer
(25 /AM) 1g1; H20 9p1, heating to 70C for 5 min to remove any secondar. strli;tur%gnd place on ice

immediately. THER BUfePag T BRTF g1 RT Tgl antF BT &SHiahcer TH1 Wer& add®d and the reaction
incubated at 52t:far<Bminethehzfer 2imie a¢95€ . hr tREeontro réversextrdnstriptase was not added

to the 10,pactigns LeRampllisalion wasa fspied feaeiaf Uging: TakaRaiiA polymerase n the
following reactions: 2X buffer I, 25g1; dNTP (2.5mM), 8 gl; cDNA, 2g1; Primers (25/AM{, Forward Igl,
Reverse 14; TaRaRESEA T pofpierases® 54, 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



H20 12. 54 at 94C - 5 min, 24 cycles of 94C - 1 min, 15 55C - 45 sec, 72C - 30 sec and 72C - 5 min.
For the second round 2111 of the first round product was used with the nested primers in a reaction as
above: 94C - 5 min, the 18 cycles at 94C - 45 sec, 54C - 30 sec, 72C - 20 sec and finally an incubation
at 72C - 5 min. 20 Capturing chromosome conforgwation with immunoprecipitation (3CIP) Nuclei were
extracted from 100m1 Saccharomyces cerevisiae culture grown in appropriate medium to optical
density A600 25 = 0.2. Formaldehyde was added to 1% (2.44 ml of 4196) and shaken for 10 minutes.
The formaldehyde asscagsertchind BB disg gl ciie 0025 MyShr 6f2 By TisleekPellet was

washed twice ip Mg/ butfer(Q.1M K2HPOA/KE2PO4{35:65.ratio) ,5e MaE12.pH 6.5) and
resuspended in 30 spheroplasting buffer (1.2M sorbitol, 50013 yeast lytic enzyme and 25mM DTT in

Mg/K buffer) f6PEsFRmTed Bt 1omtemnseratars ShHeropfastsitereYiashed once in MES buffer - 41
- (0.1M MES, a2 sarbiak: AemMsEDTA, hbmM MgCl2 adpsteErpHI6.48usiagNaOH) at 4C and

resuspenged in 17 MES, ysis bufer (0 AMMES, Loy ERTA, QA MgC12.H5.4). The
spheroplasts were lysed using 10 strokes with a handlhe 5 homogeniser. The lysate was layered
onto a sucros& tFadiesY ¢5m 1oL, 9 sherss e A 1 AL LRPs Rro58 $n IMEBAYSi iR Corex tube) and

separated by ¢ertrifugation fordko.minat 16,000 RRM: Beckraan JA:-1¢netatoFheinuclei pellet was
located at the interface on th%glass wall. The pellet 10 at the bottom of the tube.is.removed using a

water wash aitf isthfddd. e Fucks Petiet s wadtied of e grisSwith CERDGHEE(100mM NaC1,
300mM sucrose, 10mMAIRES, BracMgCGLydbmM. EG PA @594 Teitde X100, 10M |edpeptin, 1:1000

AEBSF) 4t 4Cwashed againand resuspended in 1n1.0f CSK_15 buffer.and left fon 39 minutes on ice.
The nuclel were pelleted and all but -100p1 of the supernatant removed. 40p1 5M NaC1l was added

and incubatedfot 16°min Bhdde “Fhe Viscolkirixture was diluted with 1.2m1 1120. Antibody was
added and the mixturedatated at 4€ averight: «:40p1 20 efqueteinGsephatosa sy (20-301il of

beads) was prepared by washing twice in.H20.and once with Iml of restriction s?_buffer (50mM
Tris-HC1 (pH E%ﬁnl m%%%é%fﬁolrﬁﬁlﬁ%dcff)?a{]ﬁd ce%%ﬁuééﬁgﬁsgt%%ﬁog%rln for'3 min to collect
the beads. Théchpenmtivmidufeohasancubatec:2s svgerbtalioeTeicé® mintitdsand the beads

collected, by centrifugation. at 1000+ payfor3 min wasbgd Jitimeswith gl tastristiomuash 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 WAf6r {6*16651 G -the EHrontatn 3B digBSREFSRrRightat 837G Bvernight for Dpnll, or

25C for CviQl dhef:atiahs fori0animto kilsestrictiontenzydse sHeat inseasiiverenzyimés such as

CVKQIME”eregﬁgng@éence 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



- 42 - washing the beads twice with restriction wash buffer. The mixture was diluted and ligated with
410111 of H20, 60111 of 10X ligation buffer Hp' (12000 U) T4 ligase and incubated at 16C for 4 hrs.
The mixture was incubated overnight at 5 65C to de-crosslink. Ipl of 1 mg/ml RNAase A was added
and incubated at 37C for 30 min followed by 60plzef 20 mg/ml Proteinase K and incubated at 42C for
one hour. The DNA was extracted using 660111 phenol:chloroform:isoamyl alcohol and precipitated
with 30111 of 5M NacCl, 0.5p1 10 10mg/m1 glycogen and Iml cold ethanol and incubated at -80C for
one hour. Theipélietavaseoliected, Washbekaic festispend etsinZope Lo I Hecfdfidwing controls

were included;in-the protegol asgeggaunended fPekker,2006 NatiMethods, 347213 The
immunoprecipitation step was 15 excluded to do a straight 3C grocedure., For both the 3C and the 3C
f

with IP, RNAaSESH Prtemast trdafments fer&idilided tef6ré the* iJation ¢telto demonstrate
dependence areRa2:dr proteirt. e protocahwas iqons ucte ghommuciel isglatediwlithautdiie

ormaldetyde LPAgiRg) SRy [ 20 I7HRURQRreqiilalionslappiet dang alierderiilon and
ligation step using a standard ChIP protocol (see above). The products of the reaction were detected
using nested PCREGSing FalkaRa Polfmerase-intd 50141 @achiof. Prinférsteeks WeteZ5pM. The first

reaction containgd 25pd OfeCdndferi2hh Bl dNIP seltiontid-25mbt eaghh ipktemplate, 10_ of
each primer, 13.5p1 1420, 0.5,4 TakaRa DNAyPOIXQer se %5U/-p%,? for 25 (:é/cles 94C 5 min - [94C
10 e Tio

45s, 60C 30s, %%ETP%@%%%?F%H&‘%econ faction contained 5tp}3L of GC buffer [, 8111 ANTP

solution (1.25mMeach) 2111 Braplk:ié 30fomithechirsy tedction, apof éaghgirimer, 15p1 1420,
0.5p1 TakaRa RNA;palymerase (UL for 18 cycles (AC Smin - {946 ABS, £1C,308,22C 20s] - 72C

5 min). As - 43 - there are four possible products for each long range interaction, all combinations of
primers, exceptTorvar:f5itfard, were included in the initial analysis. Only data with one primer
combination is shown. The primer 5 orientation (forward F; reverse R) is given relative to the direction

of ORB. Each set is nested with an inner (i) and outer (Q) primer (see. T . PCR reactions were
controlled by c?rﬁﬁﬁﬁéﬁ ?gﬁl%lzft}ér&nﬁlgﬁpo y%eﬁggléf%é?%p gtr&gj t%() c?égrﬁro c%‘%lrg%r'imer efficiency were
prepared by ILong-range chromatin interacticns, also known as gene
15 loops, have been described at a limited number of active
veast genes (Ansari and Hampsey, 2005, Genes Dev 192, 2969%-
2978; O'Sullivan 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 ¥
20 regiong of veast genes and are associated with RNAPII,
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-
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 including an immunoprecipitation step, whether these
interactiong are asgsociated with RNAPIT and TFIIB.
30 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



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. INFLIGAL7 3. INF2GAL7 4. SICAL7 S.INFIGAL16 6. SIGAL10 7. S2GAL10 8. S3GAL10 9.
S4GAL10 10. INF1GAL1 Specific primers CTGTAAAAGAGTTGC CTGCAACATCCAAT
AAGGACCACTCTTAC CATGTGAAACCAAC CTACTTTACCAAACG CAAGGTTACACAATC
CTTCACCAGEAGITIECAAS ATRAG CRANACCTFAGETCT ACCACAT TG T TARCARGAGG

iRy

1=

20

25

30

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.



- 44 - RT Anti Sense Gene Specific primers 1. INR1GAL7 2. INR2GAL7 5 3.AS2GAL7 4. AS1GAL7
5. INR1GAL10 6. AS1GAL10 7. AS2GAL10 10 8.AS3GAL10 9. INR1GAL1 10. SIGAL1
CAAGGCTCATTGTC ACGGAGTGACAATA CTTGGTTGGTTTTG TGGTGCTTAGAATC
CTACAGATTTTCCTG AGGTGATCTATTGGT-GEGAAGATTTGTGAC GTTTTGGTTACAGG
GTGAAGACGAGGAC CAATCACTTCTTCTG First round PCR Primers 15 1Fwd. 1Rev. 2Fwd. 2Rev.
3Fwd.

The limited number of long range interactions
described to date, have been observed on actively
transcribed genes. The interactions described here occur
at a locus that is repressed for GAL expression although

5 the presence of antisense transcripts suggests the locus is
transcriptionally active. The next step was to examine
~whether the mechanism driving loop formation at repressed
loci is similar to that at active genes. Long range
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 GALI10, GAL7, GALI(O-7 and the control FMP27 long range
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.



20 3Rev. 4Fwd. 4Rev. 5Fwd. 5Rev. 25 6Fwd. 6Rev. 7Fwd. 7Rev. 8Fwd. 30 8Rev. 9Fwd. 9Rev.
FKAP1041 RKAP1041 FGAL71 RGAL71 FGAL73 RGAL73 FGAL75 RGAL75 FGAL101 RGAL101
FGAL103 RGAL103 FG10AS2 RGIOAS2 FGAL105 RGAL105 FGAL107 RGAL107
ATAGTCTTCGGCGGGCTTC CGATGGAAATCCTHGCACCTA
CGTAATAAACTTCAACAGAGCCTAAA TTCTAGTTATGTAAGAGTGGTCCTTTC
TTGTCACTCCGTTCAAGTCG GCCTCAAAGAGATTTAACTTCG ACCAGTCGCATTCAAAGGAG
TGAAGTTTCEGRACAATREA ARGCGEPRCEEAATAG PRGAL T T CABCPFAETATCCTTCTTG

CATCAATGTATGTAGRASGGICAAAATI GACTEGIGGIGASGE ATTTIGAATGATGGGTCCC
AGATTTCAAGCCACGTTTGC TGGCGTATTTCGTATGACCA TGTTGCTGATAA CTGTCGAA

TGGATGGACEERAAKEARE THEECTUECCoETFIETANT G OH5 THRWEGAIY 1" T02ev.RGAL1L
Nested PCR primners-2d&whEK APE042 12evaeARE042 2fanld BEGALT72 ZR2ev. 2 GALT2tBFwWd.FGAL74
10 32ev. %GAL?A' 4qu:EGAi|T1Z:Geractlon is associated with RNAPII. The long '

range interaction between the 5 region of GALIO and the ¥

regicn of GAL7 (GAL10-7), however, depends on the carbon

source in the growth medium {Fig. 7R, C). Most

importantly, this long range interacticn is lost in induced

10 conditions (galactose) and even when glucose repression is

removed {in raffinose). Thus, it is unlikely that

disruption of the long range interaction can be explained

simply by the high levels of sense transcription which are

ochserved under inducing conditicns. Rather, the

15 conditionality of the GALIO-7 long range interaction

appears to be related to loss of glucose repression.



42ev.RGAL76 5Fwd.FGAL102 52ev.2GAL102 15 6Fwd.FGAL104 62ev.2GAL104 7Fwd.FG10AS1
72ev.2G10AS1 8Fwd.FGAL106 20 82ev.2GAL106 9Fwd.FGAL108 92ev.RGAL108 10Fwd.FGAL12
102ev.RGAL12 25 CGAATCAAATTAACAACCATAGGA AATACAAACTGAAAATGTTGAAAGT
AAAACCAAAGACTGCGGAAT TCCGGGTTATAGAGTTTTGCTT
TGTCAATAAAGTGGAAATGTGTCA GAATTTTAGGAATACAATGCAGCTT
GAAACCAGGCAGTTAATAGAAAAA GCTGCTGAAAAACTAAGAAA TTAAAATCGAGGCGAGGTC
TGATTTGTTIGEL GATTA GBI CRCEIEGTE CRATEHT APTIST BET GRATARTBA T TTATGC
CCAGCAGAGAAGAANLCAGS TREGAGGGTACGGAGATTATGG ATTAACGCCGTTATTAACG
TTCTTGGCTATGAAAATGAGG GGGAATCTCGTAGCATCACC TGTGTGACCGAAAAGGTCTG
TGTTGTGGARATE PARKG AGE CEARTCABT ACTT AREESL FATF act ions are
TTTTTAGCCTEAFFIC ERGGE TAN AXGTE GRTATEGCASGFEEICE adb inducing

5 conditions. The presence of non-coding transcripts is
related to the long range interactions was investigated.
The antisense transcripts are associated with the Hdal
lysine deacetylases (Fig. 5) (Camblong et al, 2007 Cell
131, 706-717). At the repressed and induced GALIO locus,
10 the level of chromatin associated Hdal correlates with
level of antisense transcript. It was gueried if Hdal and
Eaf3 are reguired for the long range interactione at the
GAL lcocus and at FMP27.
Loss of Hdal has a dramatic effect on the long range
15 interactions over GALIQ, GAL7 and GALI0O-7 in repressed
cells (Fig. 6B). The effect on FMP27 is much less
dramatic. By contrast, Eaf3 is required for the long range
interaction at FMP27 and GALi0, but there is a lesser
requirement for this factor at GAL7 or GALIO-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



Table 2 Primers for 3C analysis Primer designation 1 GAL7 terminator R(0) 1 GAL7 terminator R(i) 2
GAL7 terminator F(0) 2 GAL7 terminator F(i) 3 GAL10-7 intergenic R(0) 3 GAL10-7 intergenic R(i) 4
GAL10-7 intergenic F(0) 4 GAL10-7 intergenic F(i) 5 GAL10 promoter R(0) 5 GAL10 promoter R(i) 6
GAL10 promoter F(0o) 6 GAL10 promoter F(i) 7 FMR27 promoter F(o) 7 FMP27 promoter F(i) 8 FMP27
terminator F(0) Sequence (5'-3') GCTCATTGTCGGTGTCGTTA CGATGGAAATCCTGCACCTA
TTGTCACTCCGTTCAAGTCG TCCGAAGTTAAATCTCTTTGAGG TTGCTTTGCCTCTCCTTTTG
CGTTTGGTAAAGEAGAGE GEGTA GGEACCATNAT EPEBSFALC CGCITTACCAGCAGTCAAT
GGGCCTACTAATCCGTATGGT TCCCAGAAGAATGTCCCTTAG GAGGAAAAATTGGCAGTAACCT
GCCCCACAAACCTTCAAAT ATCAAAGCCACGCCAAAC CCTACACGCAAAGGAACTAGAGA
AGCAAACCGAACATEARREE L IH8n i X PRATH FHir S 486 25+ 3 3 ™36 ¥ dRtédt long range 5
interactions across (AL 20Privespais2ay, 3+ihangdadence of relative short

5 transcripts over the intergenic regions is reminiscent of
promoter assoclated transcripts associated with yeast genes
such SER3 (Martens et al, 2004, Trends Genet 23, 126-133},
IMD2, LEU4 (pavig and Areg, 2006, Proc Natl Acad Sci USA
103, 32&2-3267) and Tyl (Berretta et al, 2008 Genes Dev 22,

10 615-626) or mammalian genes such as DHFR (Martianov et al,
2007, Nature 445, 666-670). As these are present at both
the induced and repressed GAL locus they are unlikely to
have regulatory functions related to activation and
repression directly 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 associlated with low leveles of the GALIC sense

transcript, and the demonstration of long range



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 regiasof-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 2 ahe:Galti®régbas it plififters’ of Rew3 (27208128 7f afd RéWw3(278016-19) will be

used. If interagtions atather yegionsiisdoha 5 1penitered; othercombinations atprimerswill be used.
Table 3 Organism Chromosgme Number Primer start position Primer stop position Strand Yeast
play a role in activating in trans the antisense
transcripts.

5 The antigense tfranscripts at induced GALIO share
properties with two genes previously shown to be associated
with antisense RNA. Like PHOS5 (Uhler et al, 2007, Proc
Natl Acad S¢i USA 104, 8011-8016), the antisense transcript
at induced GALIO is linked to transcription of the sense

10 transcript. The GALIO transcript is different from that at
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
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19, 2%69-2978; O'Sullivan et al, 2004, Nat Genet 36, 1014-
1018; Singh and Hampsey, 2007, Mol Cell 27, 806-8l6). In
veast, flilies and mammals many genes exist in a stable
poised state with engaged RNAPII and the associated
epigenetic modifications at the promoter (Guenther et al,
2007, Ceil 130, 77-88; Radonjic et al, 2005, Mol Cell 18,
171-18; Zeitlinger et al, 2007, Nat Genet 39, 1512-15186) .

At the induced GAL locus, antisense transcription
extends over the same general region as the sense
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
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
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
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.

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
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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
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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,



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 particular physiological condition. - 48 - Example 1l 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 provide a link
between thes&prosesses. ExaraglesineluBéRhedsasic aanseription i&ctorESERPBSvhich was shown to

organize loopipng.ofsgyerakgenes in thesyeastnl Gell27,:806-16 and.kanseription fagiors EKLF,
GATA-1 and FOG-1 responsible 10 for long -range DNA interactions in the Z-glohin gene (Drissen et
al, 2004, Gened BalP 1319UW8R%50 / FakoG et £¥BBHBESRIDI TRIP L US3E2F€ °FThe inventors have

identified CCCEG@uhinding pratetra (G TCH) as-anather canditiate tapertadivthese fuhetions 15
genome-wide. CIEL e Inplicated bl kansenpiional reguliation and farmatian, of high-order

conformafional intragnd Fnjtgflzé romosomal structures (Klenova, 2002, Semin Cancer Biol, 12,
399-414; Kurukati‘et al, 2006, Proc Natl Acad Sci USA, 103, 10684-9; Zhao et a/, 2006, Nat Genet, 38,
1341-7; 20 Splinter et a/, 2006, Genes Dev, 20, 2349-54). It is estimated that there are >15,000 of

CTCF-binding sites in the genome (Kim et al, 2(%07, Cell, 128, 1231-45), however it is likely that the
real number oPSEET JEESRF0GG{TRIHTRS 5t 5/ BIIRETAnal Biochem, 354, 85-93). In transcription,

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



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 4kis-possibility (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 inveBRg&RRewWhatheritbak mechdristcalfF-iAtthesiBtiTativhs Gt higlPBfder chromosomal
structures andsanscription massiblysia dsassociationwith Rol ke investigate-this minimal in vivo
transcription cell systems based Qn two &eneticallg mogified V}%IHS%%éellgngga{}Ca%/eO%een used. These
lines carry stablFint&gtated exphesdion Vectors tontaming 10the CTCE Binding site and its mutated
variant deficieng fors@TClrbimtliriy, fused foitheé promoter-lessa udiferase repefte? gene (pN-MycLuc wt
and pN-MycLuc muit, Figures 88 by, sTheild type-single,site. Jutnetits mutantvariant, was
sufficient to drive expression from the reporter 15 Luciferase gene (Figure 8c) (Chernukhin et al, 2007,
Mol Cell Biol, 229183248)°Bolit CFEE=&ha Bol il W&%%&Bﬁ?ﬁ?t%%ﬂd#é@ Béftinot the mutant
CTCF bindingrsiter (Fig 28d), thus suppoding the eatteranddel that CTHEF hedps terecruit Pol 1l in the
absence of the endogenqus promoter. 20Ip this.system transcription pracesses may pe linked with the
formation of hﬁ;%cgﬁjdge$%§vi£1rg%éref§ in Qp%r{?ciﬁ/ér %%]teﬁegr%%h% 5(:%Tl 3ﬁdagc' rgggioélg ofit)lk?e integrated
DNA pN-MyclRie werkiighlordes contermiaaonalstaiagres'éan betmaisfed-By #8€ Chromosomal

Conformagion Canture,(3C) 25 @ssayy Mhich detests clesespraxdimity ofdhe distant siteg on the
chromosomal DNA in vivo. The inventors have applied the 3C an :%/sis‘to the inte ra%ed BN-MycLuc wit
[

a
and pN-MycLIEHRR o WP 4irds a8 fife 5 podifioh And 3 PdkifiGA (iU 8b3 Wértitgntified as
juxtaposed in the 3€.assayimepN2 36:dMycLac wit,; batniat, in2pN-Myclime mrut (Figdte, 9a). On the basis

of the earlier wark on the, ¢ CF Infgragtion, and coglogalization, with pohil-thednveniors
HyO 12. 5pl at 94°C - 5 min, 24 cycles of 94°C - 1 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



- 50 - hypothesised that CTCF and Pal Il may be linked to the formation of high-order structures on the
transcribed pNMycLuc wt gene. To investigate this, work has been undertaken to identify whether both
factors are present at 5 the newly identified juxtaposed sites (Fig. 9a). Chromatin immunaprecipitatian
(ChIP) assay revealed that indeed both CTCF and Pat Il are present at the 5' - and 3’ sites, identified
as juxtaposed, in pN-MycLuc wt, but not in pNMycLuc mut (Figure 9b, c). 10The N-Myc is a known
CTCEF target site and the characteristic features of the sequences within N-Myc involved in CTCF
binding were grévidusiEmvestigidte® tEhEfukhiftet BP2007 MENCEIBidl, 2] 4831M48L utz et al,
2003, EmllflodJPQZesrl]Wa&BgTh@bi@)h frequency-of 15 ecerenes of £ TGR bingingisiessin the
genomes led us tg hypathesize that there may be another tia] CTCF target site at the 3' end of
the Luciferase &éﬁ?@ tZ&raIIDequpﬁ@My%mcE\/\?t%éf—"lg.095%51\/%%;%]’ il{u%t'éc); predict CTCF binding from the
sequence, Elestiophorétic mobilitysshift 203assayE MS A tarvd: footprinting amafhysiseias used to

investigate if GT¢ELan directly bind tq the ideptified seouences. Indeed, the hinding was

demonstrated by EMSA with the labelled probe containing the 3' sequences and recombinant CTCF.

Footprint anal§&idbithis sétftferice®s Fe¢E288 theTayion prbt8LEPicn PNFR Laigettion by
recombinant GECE. Thusxtakepdpgetiiethe-ChtREMS A andfootpritinshdatercanfinmithat CTCF
indeed can b_ir‘licjC tolBheog' site, Therefore it is canceivable that twg,CTCE | gliecuéqfiggund_ to the two
sites can be involved i the formation of 30 thé juxtaposition. o further conifirm the involvement
of CTCF and Pakll e tiee-establishirentrofatigasrderstrbetugé s sthedd lassafhe 53¢ 1(GHIP assays

with eithep antisPol Honanti-GT Cl antibodigs-followed by, the 39) were parfarmed.cthe el Il 40 and
CTCF 40 analyses demonstrated the presence of Pol Il and CTCF at the 5" and 3' sites during

juxtaposition i pREREE e wE But ot PRIMGELIETnIBERG 6%, 5 BrEtrFesE dtperiments it
was concluded thatthefestablishmentatthe potapositions betweenmthe 5°and theB8' regions of the

wild type activg gonstrugh pPNMYCLYC 1. wasASSoEiagd Wit thp PLEgRIAELR CTCFogRd Pol I at the
identified sites and also with the

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



10 wild type status of the construct. Further analysed dependency of the observed phenomenon
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 nut (Fig. 8c)
and led to the disappearance of Pol II, but not CT&E from the N- myc site (Fig. 8e). The Pol 1l 40
assay performed with the anti- Pol 1l antibody on treated cells did not reveal the presence of Pol Il at
the juxtaposition between the 5' and 3' sites. However this 20 juxtaposition was detected with the
anti-CTCF antilzety (Bigt h0apbadEhe 80@natysis ofoells traated witls alghdaimanitin@enfirmed the

existence of the strycture (Eig, 9a) The inveniors.alsq tested whetherfheresombinant,ETCF mixed in
vitro with the linearised naked gl‘jasmld DNA, pN- 25 MycLuc wt, could be sufficient to form

juxtapositions Hetedtb@rin \ito ~USiRe a A0rassEy A CH Plasday int6ambifdtbmRith s ructures
similar to the structyres fohkimediinsvivomrerendetecied iz His basic systeav<Sighificantly weaker
signals were observed with the pN-MyclLuc 30, nut.construct as a contral thus jndicating that the
detected SStruc%reés vii’/greci eﬁéﬁéé%tl g{rﬁm twoj?ﬁ%ac? %Eﬁcrﬁgs/i;%isj.sﬁg @5 Sel'k?é E’)\rraesseangc‘geéo%;j CTCF binding in
the pN-MycLuew, asibeifidned by CRIE @ssay ol bofirdlams 3’ bite$.CFakerf tagether the data

suggest that transcriptionakRrocesses seguire the fewnatien pbhigh ordenstruetures, hewever high
order structures, in the reported case dependent on CTCF, exist without the ongoing transcription.

These findingd¥ipB6it ShEerd&tisis tHat18ng Fahge DRAhiTActions it the p§iBBh gene are
maintained after irfibitiomnef trarschption:Ralstraret Hp2008, PMoSONE 8,.10€1661). The

inventors proppse odel, in which tabl| e highor re,bet the 5" and
3'ends o Ethe ﬁf“?%ﬁu%eﬁ%ﬁ%gg-{%c?:m e'\ptzlr?dg%? (@.5{ ﬁf%})ltﬂl%L t%hm%q%ﬁgggcﬁgn t\)%?\flgen two
CTCF moleculesrl®poshtioned alfifo Bistaitsites|eteis 1B FofAatilA BIET €Fimer and the

establishment.of he,RDINAJqop(Kienovaiet a/, 2005,:Cell &ycle; 486-101) Teanscriptional processes

can be intiated after e estaflishment of hs configuration. Eolowing he Inpijon f ranseription

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 demongtrate dependence
on RNA or protein. The protoceol was conducted on nuclel
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



20 11, the juxtaposed structure can still be detected most likely due to its association with CTCF (Fig.
11). This example makes use of a very simple transcription system. In this system, transcription
from the promoter-less Luciferase construct was driven by CTCF interacting 25 with Pol Il through the
CTCF binding site, N-Myc (Chernukhin et a/, 20043 Mol Cell Biol, 27, 1631-48). It was discovered that
the transcription process relied on the juxtaposition between the 5 N-Myc and the 3' end of the
Luciferase gene; the second CTCF binding site was 30 identified within the juxtaposed 3' end. It is
concluded that hemterdts tFangieROtaiattoRSIEKE Pade EoRtivdodsip Hefwedn CTCF molecules

bound to DNA;iRGis ahd; 5,53 zlrans atabilisation-ofsugh ayasi: stabledygh order chromosomal
associations may be a regulated_process; pol)%ADP-ribos lation of CTCF may be involved in such

regulation (KIErOVEREF Al TOHET CelEyEler 2 Y820 Pu Btey B Db03 N B ENEE 36, 1105-10). One
of the outcomes: bf thie farmdtidn ofibighrdnder strudtires-fmay bes ingtiation of @tteanscriptional process.

Using a ninimal iascplian systefiiwes idenllied that G LCE: lbdavolypd in jhe estapjishment and
maintenance 10 of the high-order chromatin structures, which in turn are required for ongoing
transcription by RRACPBR/Mérdderl. AFPeferéfices EitB&Herdinvare ingbrpcratéd iﬁﬁhé‘if‘%mirety. 54

Claims 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 experimsental 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
2 INF2GALY ARGGACCACTCTTAC
4 S1GALT CATGTGAAACCAAC
5. INFIGALLC CTACTTTACCAAACG
6 S1GAL1OD CAAGGTTACACAATC
25 7 S2GAL1O CTTCACCAGCAGTC
8 S3GAL1O0 GCAAGATAGCAAMC
S S4GALLO TTAGCTCTACCACAG

10. INFLGALT TGETTATGAAGAGG



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 seleetedifrom amongst cancer, cardiovascular 10 disorders,
inflammatory conditions, including autoimmune disorders and inflammatory responses to infectious
diseases, and inherited genetic disorders modulated by epigenetic mechanisms, said method
comprising th& &t 6f S$BIH) ifS/ito TRESslinking LT

present at the at least one chromosomal locus; (ii) isolating the cross linked DNA from said
chromosomal |ocus;_20(iii) subjecting said crass Iinkeg DJ\IA to restriction digestion with an enzyme
that cuts at ledst once Withii-the at least Bné chrormosomal locus; (iv) ligating said cross linked
cleaved DNA ends taiaaaAaINA loops; 25Fiderifgnrgithe presence of said DNA loops; wherein the
presence of DNA logps;indicates the presenee-ofaspegcific long range chromosomal interaction and
wherein the long range chromosomal interactions are not long range interactions between genes and
their 30 reguldtory efei&hfs? 2. The metRBdaccordiiyto claim 1, wherein the presence of the DNA
loops are identified usirg BCRdechniquesaGi e arthod according to claim 1 or claim 2, wherein

the presence %f a Dlgéll%%gdicates aﬂ@é@éﬁ%é@@ﬁfﬁ@ﬁion state indicative of a specific 5

physiological condition. method of monitoring conditional long range chromosomal interactions at
at least one chromogéin@hlotis where GifieAlEEIeMations of long range

10 8. AS3GALLOC GTTTTGETTACAGG
9. INRIGALL GTCGAAGACGAGGAC
10. S1GALL CAATCACTTCTTCTG

First round PCR Primers

15 1Fwd. FKAP104% ATAGTCTTCGGCGGGCTTC
1Rev. RKAP1041 CGATGGAAATCCTGCACCTA
ZFwd. FGAL71 CGTAATAAACTTCAACAGAGCCTAAA
ZRev. RGALTL | TTCTAGTTATGTAAGAGTGGTCCTTTC
3Fwd. FGALT73 TTGTCACTCCETTCAAGTCG

20 3Rev. RGAL73 GCCTCAAAGAGATTTAACTTCG
4Fwd. FGALTS ACCAGTCGCATTCAAAGGAG
4Rev. RGAL7S5 TGARGTTTCGCAAGAATTGARA
5Fwd. FGAL101 GCGCTTCGCAATACGTTGT
5Rev. RGATLIOL TTGCCAGCTTACTATCCTTCTTG

25 &EFwd. FGALLO03 CATCAATGTATCTACCAGGCTCA
6Rev. RGALIC3 AARTTGACTGCTGETGAAGC
- 7Fwd. FG10AS2 ATTTTGAATCGATGGEGETCCC
TRev. RGLOAS2 AGATTTCAAGCCACGTTTIGC
BFwG. FGALLO5 TGGCCTATTTCGTATCACCA

30 8Rev. RGAL105 TGTTGCTGATAACCTGTCGAR
9Fwd. FGAL1O7 TGCATGGACGCAAAGAAGTT

9Rev. RGALIGY GCTCGGCEECTTCTAATC



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 locts. -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 chifii@somalfdetistassociated withaid-tidordés it 84ftPmethod comprises the
method of clam .25 6. ddermethod accordingte claintewhereintheepigenetic change results in
altered transcription from the chromosomal 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. 56:8:Fhednetitd acdorlitg to any one of claims 5 to 7, wherein the epigenetic change

causes aghange,in the gxpression of at least gne.genab QoA deifaghof identifying the transcription
status of a chromosomal locus comprising the steps of; identifyi% the antisense RNA transcript profile

expressed frorf&3id chrofisadthal locus; and Conipanng Sarthprofile With the antisense RNA transcript

profile of said gh@mosomalr.72 TGTCAATARAGTGGARATGTGTCA

2Rev. RGAL72 GAATTTTAGGAATACAATGCAGCTT
3Fwd. FGAL74 GAAACCAGGCAGTTAATAGAAAAA

10 3Rev. RGAL74 GCTGCTGAARAACTAAGARA
4Fwd. FGRL76 TTARAATCGAGGCGAGGTC
4Rev. RGALTS TGATTTCTTTGCCGATTACG
EEwd . FGAL102 GCGGCTCOTGCTATATTCTT
SRev. RGAL102 TTGCTGTATAACGAATTTTATGC

15 6Fwd. FGALL104 CCAGCAGRCARGAAATCACC
EReV. REGAL1C4 TTGAGGCTACGGAGATTATGGE
7Fwd. FG10AS1 ATTAACGCCETTATTAACG
7Rev. RG1OAS1 TTCTTGRCTATGARAATGAGE
8Fwd. FGAL106 GGGAATCTCCTAGCATCACC

20 8Rev. RGAL106 TGTGTGACCGAAAAGGTCTG
9Fwd. FGAL108  TGTTGTGGARATGCTAARGAGC
9Rev. RGAL108 GCAATGAGCAGTTAAGCGTATT
10Fwd. FGALL2 TTTTTAGCCTTATTTCTGGGGTAA
10RevV. RGAL12 RAGTEETTATGCAGCTTTTCC

25



10 locus in a known state. 10.The method of claim 9, wherein said method is perfolied in vitro.
PCT/GB 7009001377 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 3.54€210> 1 <211> 15 <212> DNA <213> Artificial
Sequence <220> <223> Primer <400> 1 ctgtaaaaga gttgc

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
5 interacticons across GALIC. 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.

10
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

15 locus is monitored by 3C analysis between the primers



<210> 2 <211> 14 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 2 ctgcaacatc
caat <210> 3 <211> 15 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 3
aaggaccact cttac <210> 4 <211> 14 <212> DNA <213> Artificial Sequence <220> <223> Primer

- 4'7 -

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.



<400> 4 catgtgaaac caac <210>5 PCI/60 7009/001 3\7 7 P037256W0 Sequence listing <211>
15 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 5 ctactttacc aaacg <210> 6
<211> 15 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 6 caaggttaca caatc
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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
and therefore may be good candidates to provide a limnk
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
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
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;
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,
CTCF can act as a classical transcription 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
sites (T8S) 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



<210> 7 <211> 14 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 7 cttcaccagc
agtc <210> 8 <211> 14 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 8
gcaagatagc aaac <210> 9 <211> 15 <212> DNA <213> Atrtificial Sequence <220> <223> Primer
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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
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
the CTCF binding site 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
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.

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)
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-
MycLuc wt, but not in pN-MyclLuc mut (Figure S%a).

On the basis of the earlier work on the CTCF

interaction and co-localization with Pol II, the inventors



<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> Avrtificial Sequence <220> <223> Primer <400> 11 caaggctcat tgtc
<210> 12 <211> 19 <212> DNA <213> Artificial Sgguence <220> <223> Primer <400> 12 acggagtgac
aata <210> 13 <211> 19 <212> DNA <213> Atrtificial Sequence
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



<220> <223> Primer <400> 13 cttggttggt tttg <210> 14 <211> 14 <212> DNA <213> Artificial
Sequence <220> <223> Primer <400> 14 tggtgcttag aatc <210> 15 <211> 15 <212> DNA <213>
Artificial Sequence <220> <223> Primer <400> 15 PCT/GB 2009/00 1 3 7 7 P037256W0 Sequence
listing ctacagattt tcctg <210> 16 <211> 15 <212>TINA <213> Artificial Sequence <220> <223> Primer
<400> 16 aggtgatcta ttggt <210> 17 <211> 14 <212> DNA <213> Artificial Sequence

(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.



<220> <223> Primer <400> 17 gcaagatttg tgac <210> 18 <211> 14 <212> DNA <213> Atrtificial
Sequence <220> <223> Primer <400> 18 gttttggtta cagg <210> 19 <211> 14 <212> DNA <213>
Artificial Sequence, <220> <223> Primer <400> 19 gtgaagacga ggac <210> 20 <211> 15 <212> DNA
<213> Artificial Sequence <220> <223> Primer-<4@0> 20 caatcacttc ttctg <210> 21

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



P037256W0 Sequence listing <211> 19 <212> DNA <213> Atrtificial Sequence <220> <223> Primer
<400> 21 atagtcttcg gcgggcttc19 <210> 22 <211> 20 <212> DNA <213> Artificial Sequence <220>
<223> Primer <400> 22 cgatggaaat cctgcaccta20 <210> 23 <211> 26 <212> DNA <213> Artificial
Sequence <220> <223> Primer <400> 23 cgtaatasm@c-ttcaacagag cctaaa26 <210> 24

trans. Stabilisation of such quasi- 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,

5 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
10 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.



<211> 27 <212> DNA <213> Artificial Sequence <320> <223> Prime <400> 24 ttctagttat gtaagagtgg
tcctttc27 <210> 25 <211> 20 <212> DNA <213> i\rtificial Sequence <220> <223> Primer <400> 25
ttgtcactcc gttcaagtcg20 <210> 26 <211> 22 <212> DNA <213> Artificial Sequence PCP% 2009t 0 1
37 7 P037256W0 Sequence listing <220> <223 Priger <400> 26
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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.



gcctcaaaga gatttaactt cg22 <210> 27 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223>
Primer <400> 27 accagtcgca ttcaaaggag20 <2103728 <211> 22 <212> DNA <213> Avrtificial Sequence
<220> <223> Primer <400> 28 tgaagtttcg caagaattga aa22 <210> 29 <211> 18 <212> DNA <213>
Artificial Sequence <220> <223> Prime <400> 29 gcgcttcgca atagttgtl8 <210> 30 <211> 23 <212>
DNA <213> Agt.lfICI%I%gqgg‘gggcfzazcocordlng 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.



<223> Primer <400> 30 ttgccagctt actatccttc ttg23 <210> 31 <211> 23 <212> DNA <213> Atrtificial
Sequence <220> <223> Primer <400> 31 P037 §6WO Sequence listing catcaatgta tctaccaggc tca23
<210> 32 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 32 aaattgactg
ctggtgaagc20s<210¥183 w2thad %ae2b28 DNAR B3y AstificialfSeqaence $220>7,

wherein the epigenetic change causes a change in the

expresgicn of at least one gene.

5 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

10 locus in a known state.

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

performed in vitro.



<223> Primer <400> 33 attttgaatg atgggtoccl9 <210> 34 <211> 20 <212> DNA <213> Artificial
Sequepge <220> <223> Primer <400> 34 agatttcaag ccacgtttgc20 <210> 35%3@32%)9 g?g figl
<213 tificial Sequence <220> <223> Primer <400> 35 tggcgtattt cgtatgacca20 < 2
<212> DNA <213> Artificial Sequence <220> <223> Primer <400> 36

PO37256WO Sequence listing
SEQUENCE LISTING

<110> Oxford BicDynamics Limited
<120> Methed Of Diagnosis
<130> P037256W0

<150> GB 0810051.3
<15i> 200B-0&-02

<160> 73
<170> PatentIn version 3.5

<210> 1

<21i> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 1
ctgtaaaaga gttgc 15

<210> 2

<211> 14

<212> DNA

<213> Artificiasl Seguence

<220>
£223> Primer

<400> 2
ctgcaacatc caat ‘ 14

<210> 3

<211> 15

<212> DNA

<213> Artificial Seguence

<220>
<223>» Primer

<400> 3 .
aaggaccact cttac . 15

<210> 4

<211> 14

<212> DNA

<213> Artificial Seguence

<220>
«223> Primer

<400> 4

catgtgaaac caac 14

<210> 3
Page 1



tgttgctgat aacctgtcga a21 <210> 37 ?CND 2009/00 1 3 7.7 P037256W0 Sequence listing <211> 20
<212> DNA <213> Artificial Sequence <220> <223> Primer <400> 37 tggaffifpo ag
SR 3chec

<210> 211> 18 <212> DNA <213> Atrtificial Sequence <220> <223> Primer

ttctaatc18 <210> 39 <211> 24 <212> DNA <213> Artificial Sequence <220> <223> Primer

<211>

<212>

<213>

<220>
<223>

<4030>

15
DNA
Artificial Sequence

Primer

5

ctactttacs aasacyg

<210>
<211>
<212>
<Z21i3>

<220>
<223>

<400>

6

15

DNA-

Artificial Sequence

Primer

6

caaggttaca caatc

<210>
<211>
<212>
<Z213>

<220>
<223>

<400>

7
14

DNA

Artificial Seqguence

Primer

7

cttcaccage agtc

<Z210>
<211>
<Z2i2>
<213>

<220>
T <223>

<400>

8

14

DNA

Artificial Sequence

Primer

8

gcaagatage aaac

<210>
<21i>
<212>
<213>

<220>
<223>

<400>

8
15
DNA

Artificial Seguence

Primer

9

ttagctctac cacag

<210>
<211>
<212>
<213>

it

14

DNA

Artificial Seguence

PO37256WC Seguence listing
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<400> 39 cgaatcaaat taacaaccat agga24 <210> 40 <211> 25 <212> DNA <213> Artificial Sequence
<220> <223> Primer <400> 40 aatacaaact gaaaatgttg aaagt25 <210> 41 < 20 <212> DNA <213>
Artific&equence <220> <223> Primer <400> 41 aaaaccaaag actgcggaaté%ﬁg%g)ﬁg‘aﬂ Lt dF7
<212> DNA <213> Artificial Sequence P037256WO0 Sequence listing <220> <223> Primer <400> 42

PC37256W0O Sequence listing
<220>
<223> Primer

<400> 10
tggttatgaa gagg . 14

<210> 11

<211> 14

<212> DNA

<213> Artificial Sequence

<Z220>
<223> Primer

<400> 11
caaggctcat tgte 14

<210» 12

<21i> 14

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 12
acggagtgac aata 14

<210> 13

<211> 14

<Z212> DNA

<213> Artificial Seguence

<zZ20>
<223> Primer

<40Q0> 13
ctitggttggt tttg 14

<210> 14

<211> 14

<Z1Z2> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 14
tggtgcttag aatce . 14

<210> 15

<211> 15

<212> DNA

<Z13>» Artificial Seguence

<220>
<223> Primer

<400> 15
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tccgggttat agagttttge tt22 <210> 43 <211> 24 <212> DNA <213> Artificial Se ce <220> <223é>
Primer g400> 43 tgtcaataaa gtggaaatgt gtca24 <210> 44 <211> 25 <212>D ‘%217393 AdLid _7 1
Seque.e <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> Arti;i%%ss?w uence

Sequence listing
ctacagattt tectg 15

<210> 16

<211>»> 15

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 186
aggtgatcta ttggot c 15

<Z10> 17

<Z11> 14

<212> DNA

<213> Artificial Sequence’

<220>
<z223> Primer

<400> 17
gcaagatttg tgac . 14

<210> 18

<Z211> 14

<2izZ> DNA

<213> Artificial Segquence

<220>
<223> Primer

<400> 18
gttttggtta cagg 14

<210> 1%

<211> 14

<212> DNA

<213> Artificial Seguence-

<220>
<223> Primer

<400> 19
gtgaagacga ggac 14

<210> 20

<211> 15

<212> DNA

<213> Artificial Seguence

<Z20>
«223> Primer

<400> 20
caatcactic ttctg i3

<210> 21
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<220> <223> Primer <400> 46 gctgctgaaa aactaagaaa20.<210> 47 <211> 19 <212> DNA <213>
Artificigl.Sequence <220> <223> Primer <400> 47 P037256W0 Sequence Iimgt t
ggcga¥cl9 <210> 48 <211> 20 <212> DNA <213> Artificial Sequence <220> <22@6@£§Zﬂr L?Ogj
48 tgatttgttt gccgattacg20 <210> 49 <211> 20 <212> DNA <213> Artificial Sequence <220> <223>
Primer <400> 49

<21l> 19

<212Z> DNA
<213> Artificial Segquence

PG37256W0 Seguence listing

<Z2Z0>
<223>» Primer

<40Q0> 21
atagtcttcg gegggettc 158

<210> 22

<211> 29

<212> DNA

<213>» BArtificial Seguence

<220>
<223> Primer -

<400> 22
cgatggaaat cotgeaccta 20

<210> 23

<211l> 26

<21i2> DNA

<2313> Artificial Seguence

<220>
<223> Primer

<400> 23
cgtaataaac ttcaacagag cctaaa 26

<210> 24

<211> 27

<212> DNA

<213> bBrtificial Seguence

<220>
<223> Primer

<400> 24
ttctagttat gtaagagtgg tectttce 27

<210> 25

<211> 20

<212> DNA

<213> Artificial Seguence

<z220>
<223> Primexr

<400> 25
ttgtcactee gttcaagtcg 20

<210> 26

<211> 22

<212> DNR

<213> Artificial Seguence
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goggctcgtg ctatattctt20 <210> 50 <211> 23 <212> DNA <213> Artificial Sequence <220> <223>
Primer <400> 50 ttgctgtata acgaatttta tgc23 <210> 51 <211> 20 <212> DNW@%W@F@ng@qce
<220>‘23> Primer <400> 51 ccagcagaca agaaatcacc20 <210> 52 <211> 21 <2I2>DNA <213>
Artificial Sequence <220> <223> Primer <400> 52 ttgagggtac ggagattatg g21 <210> 53 P037256W0
Sequence listing <211> 19

<z220>
<223> Primer

P037256W0 Sequence listing

<400> 26
gcctcaaaga gatttaactt cg 22

<2i0> 27

<211> 20

<212> DNA

<213> Artificial Seguence

<Z220>
<223> Primer

<400> 27 :
accagtcgca ttcaaaggag 20

<210> 28

<211>» 22

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 28
tgaagtitcg caagaattga aa 22

<210> 29

<211> 18

<212> DNA

<Z13> Artificial Seguence

<220>
<223> Primer

<400> 29
gcgettegea atagttgt 18

<210> 30

<211> 23

<21i2> DNA

<213> Artificial Seguence

<220>
223> Primer

<400> 30
ttgeeagett actatectte ttg 23

<210> 31

<211> 23

<212> DNA

<213> Artificial Seqgquence

<Z20>
<223> Primer

<400> 31
Page 6



<212> DNA <213> Artificial Sequence <220> <223> Primer <400> 53 attaacgccg ttattaacgl9 <210>

54 <21]> 21 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <@§ﬁ6 ﬂtggt;ggcm{ 377
tgaaa g 921 <210> 55 <211> 20 <212> DNA <213> Atrtificial Sequence <220>< Primer
<400> 55 gggaatctcg tagcatcacc20 <210> 56 <211> 20 <212> DNA <213> Artificial Sequence <220>
<223> Primer <400> 56 PO37256W0 Sequence listing

catcaatgta tctaccagge tca 23

<210> 32

<211l> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 32
aaattgactg ctggtgaage 20

<210> 33

<211> 19

<212> DNA

«<213> Artificial Sequence

<220>
<223> Primer

<400> 33
attttgaatg atgagtcce 19

<210> 34

<211> 20

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 34 .
agatttcaag ccacgtttge 20

<210> 35

<21i> 20

<2iz2> DHNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 35
tggcgtattt cgtatgaccea 20

<zZ10> 36

<211l> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 36
tgttgetgat sacctgtega a 21

<210> 37
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tgtgtgaccg aaaaggtctg20 <210> 57 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>
Primerioo> 57 tgttgtggaa atgtaaagag c21 <210> 58 <211> 22 <212> DNA ?@p@?ﬁn@ﬂ@igln 1377
Seque P037256W0 Sequence listing <220> <223> Primer <400> 58 gcaatgagca gttaagcgta tt22
<210> 59 <211> 24 <212> DNA <213> Artificial Sequence <220>

P037256W0 Seguence listing
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 37
tggatgygacy caaagaagtt : 20

<210> 38

<211> 18

<212> DNB

<213> Artificial Seguence

<220>
<Z223>» Primer

<400> 38 - -
geteggagge ttctaate . 18

<210> 39

<Z11> 24

<212> DNA

<213> Artifiecial Seguence

<Z220>
<2232>» Primer

<400> 39
cgaatcaaat taacaaccat agga 24

<210> 40

<21l> 25

<212> DNA

<213> Artificial Seguence

<230> .
<223>» Primer

<400> 40
aatacaaact gaaaatgtitg aaagt .25

<210> 41

<21i1> 20

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 41
aaaaccaaaqg actgcggaat 20

<210> 42

<211> 22

<212> DNA

<213> Artificial Seguence
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<223> Primer <400> 59 tttttagcct tatttctggg gtaa24 <210> 60 <211> 21 <212> DNA <213> Artificial
Sequenge <220> <223> Primer <400> 60 aagtggttat gcagcttttc c21. <210> 61 <211> 20 <212> DNA
- <213> fiiificial Sequence <220> <223> Primer <400> 61 gctcattgtc ggtgtcgtBAGR 2008 pH¢113 23
<212> DNA <213> Artificial Sequence <220> <223> Primer <400> 62 tccgaagtta aatctctttg egg23

<210> 63 <211> 20 <212> DNA <213> Atrtificial Sequence <220>
PO37256WC Sequence listing
<2Z20>

<223> Primer

<400> 42
tceogggttat agagtitttge tt 22

<210> 43

<21i> 24

<Z212> DNA

<213> BArtificial Sequence

<220>
<223> Primer

<400> 43
tgtcaataaa gtggaaatgt gtca 24

<210> 44

<Z21l> 25

<212> DNA

<213>- Artificial Seguence

<220>
<223> Primer

<400> 44
gaattttagyg aatacaatgc agett . 25

<210> 45

<211> 24

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 45
gaaaccaggc agttaataga aaaa _ . 24

<210> 46

<211> 20

<2:iZ7> DNA

<213> Artificial Segquence

<Z220>
<223> Primer

<400> 46
gctgetgaaa aactaagaas 20

<210> 47

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 47
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<223> Primer <400> 63 PUB 2009/00 1 3 7 7 P037256W0 Sequence listing ttgctttgcc tctccttttg20
<210> @4 <211> 23 <212> DNA <213> Artificial Sequence <220> <223> Pri%@%ﬁq%@%npgt?ay
agtaga®yg gta23 <210> 65 <211> 20 <212> DNA <213> Atrtificial Sequence <220><223> Primer
<400> 65 cgcaccataa tctccgtacc20 <210> 66 <211> 19 <212> DNA <213> Artificial Sequence <220>
<223> Primer <400> 66 PO37256W0Q Sequence listing

ttazaaatcga ggegaggtc 19

<210> 48

<211i> 20

<Z1Z2> DNA

<213> Artificial Sequence

<Z220>
<223> Primer

<400> 48
tgatttgttt gccocgattacg 20

<210> 48

<211> 20

<Z1Z2> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 49
gcggetegtg ctatattett 20

<210> 530

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 50
ttgectgtata acgaatttta tge 23

<210> 51

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 51
ccaygcagaca agsaatcacc 20

<210> 52

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 52
ttgagggtac ggagattatg g 21

<z10> 53
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cgcttcacca gcagtcaatl9 <210> 67 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>
Primer 2400> 67 gggcctacta atccgtatgg t21 <210> 68 <211> 21 <212> DN%@%% rtificial ? ce
<220> 3> Primer <400> 68 tcccagaaga atgtccctta g21 <210> 69 P037 7 O'Z%@Me&@e |3?I‘z§1
<211> 22 <212> DNA <213> Artificial Sequence
PC37256W0O Sequence listing
<211> 1%

<21Z2> DNA
<213» Artificial Seguence

<220>

<223> Primer

<4G0> 53

attaacgeceyg ttattaacg 13
<210> 54

<211> 21

<212> DNA

<213> Artificial Seguence

<220>

<223> Primer

<400> 54

ttecttggeta tgaasatgag g ' 21
<210> 55

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<£00> 55

gggaatctey tagcatcace 20
<210> 56

<211> 20

<212> DHNA -

<213> Artificial Seguence

<220>

<Z223> Primer’

<400> 356

tgtgtgaccy assaggtctg 20
<210> 57

<«211> Z1

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 57

tgttgtggaa atgtaaagag c 21
<210> 58

<211> 22

<212> DNA

<213> Artificial Sequence
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<220> <223> Primer <400> 69 gaggaaaaat tggcagtaac ct <210> 70 <211> 19 <212> DNA <213>

Artificial Sequence <220> <223> Primer <400> 70 gccccacaaa ccttcaaat <21%ﬂ@<ﬁ@§7@8¢%§?
DNA <@@B> Artificial Sequence <220> <223> Primer <400> 71 atcaaagcca cgccaaac <2105 72'<, 11

23 <212> DNA <213> Artificial Sequence <220> <223> Primer <400> 72 cctacacgca aaggaactag aga

PO37256W0 Seguence ligting
<220>
<223> Primer

<400> 58
gcaatgagea gttaagegta tt 22

<210> 58

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 59 : '
tttttagoet tatttctggg gtaa : 24

<210> &0

<211>» 21

<Z21Z2> DNA

<213> BArtificial Seguence

<220>
«223>» Primer

<400> 60
aagtyggttat gecagctttte ¢ 21

<210> 6l

<211> 20

<212> DNA :

<213> Artificial Seguence

<220>
<223> Primer

<400> 61
gcteattgtc ggtgtegtta 20

<210> 82

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 62
tccgaagtta aatcteoettty agg 23

<210> 63

<z1li>» 20

<212> DNA

<Z13> Artificial Sequence

<220>
<223>» Primer

<400> 63
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<210> 73 <211> 20 <212> DNA <213> Atrtificial Sequence <220> <223> Primer <400> 73
agcaaagcga acatcaaacc

ttgeotttgee teotecectitttig

<210>
<21l>
<212>
<213>

<2Z20>
<223>

<400>

64

23

DNA

Artificial Sequence

Primer

€4

cgtttggtaa agtagagggg gta

<210>
<2i1>
<Z212>
<213>

<ZZ0>
<223>

<400>

€5

20

DNA

Artificial Seguence

Primer

65

cgeaccataa tcetecgtace

<210>
<211>
<212>
<213>

<220>
<223>

<400>

66

ie

DNA

Artificial Seguence

Primer

66

cgettecaces gecagtcaat

<210>
<211>
<zliz>
<213>

<220>
<223>

<400>

87

21

DNA

Artificial Seguence

Primer

&7

gggcctacta atccgtatgg t

<210>
<211>
<212>
<213>

<Z220>
<223>

<400>

68

21

DNA

hrtificial Seguence

Primer

68

tcecagaaga atgteecetta g

<210>

69

P037256W0 Seguence listing
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20

_ 23

20

18

2%

21



<211>
<Zl2>
<213>

<2Z0>
<223>

<400>

PO37256WO Seqguence listing
22
DNA
Artificial Sequence

Primer

69

gaggaaaaat tggcagtaac ct

<2i0>
<211>
<212>
<213>

<220>
<R23>

<400>

70

18

DNA

Brtificial Seguence

Primer

70

gccccacaaa ccttcaaat

<210>
<21il>
<212>
<213>

<220>
<R23>

<400>

71

18

DNA

Artificial Seguence

Primer

71

atcaaagcca cgecaaac

<210>
<211>
212>
<zZ13>

<220>
<223>

<400>

72

23

DNA

Artificial Sequence

Primer

12

cctacacgca aaggaactag aga

<210>
<Z1l>
<212>
<213>

<220>
<223>

<400>

73

20

DNA

Artificial Sequence

Primer

73

agcaaaccyga acatcaaace
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