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‘structures; METHRES OEHETEGETING ON

METHODS OF DETECTI NG LONG RANGE CHROMOSOVAL
| NTERACTI ONS Field of I nvention The current invention

wo edoatiessé o net hods of nonitoring epigenetic chemgsd2009/001377

di agnosi ng speci fic physiol ogical conditions and the
use of antisense RNA for the treatnent of
physi ol ogi cal conditions. Background The eukaryotic
genome i s organi zed i nto conpl ex higher or der
MRANGEr aphs of
extract ed chr on@HROM@SOMALJIINTERACHOMSone scaf f ol d
formng radial |oops (Earnshaw and Laenm i, 1983, J

~Cell Bio 96, 84-93). Unrestrai ned negative

superheI|C|ty i n mamral i an genonmes suggests chronosone

[ the order of tens of kil obases
: df 1ege1 n, 1997, Biochem 36, 3151-3158) .

N ecuraeentt Lyyeusiony 3Cateshhol mgtyhc(dmmfu mopgtoring
&ﬁfi&?&%‘e cﬁgﬁ%é’é ey %ﬂ) s*lh% ?P 19{%1%{ ghg,%%;té{i@@al
ractions Ve' beetr stra XI'S a w de
yend gt yonef apdkahy otes dinehtdeagsS RNA droevitbeabr¢Dakdker
Q24 NG .%§§% 1306-1311), fly (Blanton et
f 5ﬂ%ﬁﬁ§% éEnes %EJEHV, 564-675) , mouse (Tol huis et
al , 2002, Mol Cell 10, 1453-1465) and human (Carr ol
1 1@l - 5una095: Cell 122, 33-43) cells, generally
g#%g%ases-ln size. In manmmalian cells, association of
EMhan&emyotlbogenpm&nﬁswdrgaegkedsimﬁdttam@ﬂbxehygher
res%rucgugeg hasipe n de nst%qggg Quthe ba QQ$
? ol huis et “afs# 200 48R fﬁggf nd
éktm&uﬁadvehpomaeumlKdﬁaaledtaahonzﬁﬁﬁtodﬂuebetﬁondlfbrmlng
Baec?ia?is’lo%%%l (égnzflr?ghalwogrf %’temm!lL af'94300’3l] %%1309 h;é:'
84-93) . . Unrestrained negative superhelicity in mammalian
genomes suggeéts chromosome “domain” sizes on the order of
tens of kilobases (Kramer and Sinden, 1997, Biochem 36,
3151-3158) . More recently, using 3C technology (capturing
chromosome conformation) higher order long range
interactions have been demonstrated to exist in a wide
variety of eukarYotes ihcluding 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 (Carroll et al, 2005, Cell
122, 33-43) cells, generally kilobases in size. 1In
mammalian cells, association of enhancer or locus 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 et al, 2007, Nucleic
Acids Res 35, 5511-5519) loci, as well as looping together

of recombining immunoglobulin genes (Skok et al, 2007; Nat
Immunol 8, 378-387). In mammalian cells, ongoing

transcription is proposed to drive genome organization and
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of reconbi ni ng i nmunogl obulin genes (Skok et al ,
2007, Nat Immunol 8 , 378-387). In manmalian cells,

WOr@oilmT3s8é r anscri ption i s proposed to drive gePGNEB2009/001377

or gani zati on andgene | oopi ng (Chakal ova et al, 2005

Nat Rev Genet 6 , 669- 677; Marenduzzo et al , 2007,

Trends Genet 23, 126-133 and references therein) but
recent anal yses suggest that, at |least for the

b- gl obin |l ocus, sone |long range DNA interactions are
mai ntai ned after transcription is inhibited (Palstra

g?éné’i'l’oo%ggé PeR A7 a3 e 8l 6649 0 ANngH RGv28aHOET 6 MOME) S

gesti n% that engaged RNA pol ynerase functions as
QWes MsfreaHRBRAt ¢ %oé@oﬂ nT:f y é@etgedond26 akid vaad
S ANSRILRL LB A0S ARPEBECHD DFad VIR 1ABeLOr cAde ac
formation of "gene |oops”, |long range interactions
Yerat [fomk thaeB Salokimg 1gcusy egPohsl B9 aeroeePYenes
{;insard 1and FROmsey, 2008 Gepes ey 9. 2969- 5 2978,

O Sullivan et al, 2004, Nai Cenet 36, 1014-1018; Singh
Hrm%sé?alm et\vigil, CéPPBZPfLO%OE\IEBﬁG pl6Cht omegyimg

t I ce
A Qplgnggg . 'ﬁﬁégc%gép orE?/1 or ml&% EBQE%?%%]bot h
fpmmto@ﬁsaan@ll¢%rcrﬁ méltr@mstlmlm/%r functional TFIIB

{5 e, Lol UIMRES Sl 900 LAE) B SEACHO0 S pear

tiFIbeB impor apabl @Iofthawtfemetuwg ofi t"'gemenloodéhg RN

PA}%Q Qi%e?‘;ﬂf&@ QMR DY the pon-c % ?%@m ¢ eads

0SS © range i nteraction at riianov
attigle ,ge.‘@eeﬂAmaatlur endi4 Bampséy 672005, GHngh Pevel 8, of969-

B, u&(é@.h@%@l{* & 35!1505'0920'31&?{ RUgNQUL; hgo%”

transcripts anfiseh o open réadi ng ?r anes.
Sihegh fapdt Heepsey bdtdP7eulal yeell 2hd goeolascyodt i cChromatin
immunoprecipitation (ChIP) demonstrates the presence of

TFIIB and 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, 806-816). TFIIB is capable of
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
the genome include transcripts antisense to open reading
frames. They feature in both eukaryotic and prokaryotic
genomes (Johnsoh et al, 2005, Trends Genet 21, 93-102,
Kapranov et al; 2007, Nat Rev Gehet 8, 413-423;.Se1inger et
al, 2000, Proc Natl Acad Sci USA 103, 4192-4197). 1In
eukaryotes, many of these transcripts are never destined
for translation into protein and some are targeted for

exosome-mediated degradation by the TRAMP complex (Bickel
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genones (Johnson et al, 2005, Trends Cenet 21, 93-102,
Kapranov et al , 2007, Nat Rev CGenet 8 , 413-423;
weedoongsse et al, 2000, Proc Natl Acad Sci USA BOBGB2009/001377

4192-4197) . In eukaryotes, many of these transcripts

are never destined for translation into protein and -

sone are targeted for exosone -nedi ated degradati on by
the TRAMP conpl ex (Bickel.and_-Morris, 2006 Mol Cell 22,
309-316) . In yeast these cryptic unstable transcripts
(CUTs) are detected at pronoters (Berretta et al,

D Xoreenes206y A, @12- 626 3 1% )and 1A §8as200kse
Proc Natl Acad Sci USA 103, 3262- 3267) , in

| GRSiGeHRetrlelf i PRFéPEsSef Clls), axgogdetested 13
pheRotall ABEr AMdSeNISQ 1t 02860 cddeaBbong et s 622007
Cel | 131, 706-717; Unler et al , 2007, Proc Natl Acad
Dgpiisysnd1dres A0 FePC. Npet dhqaet SetpEPRnefEs 3262-

eoh,| iR0: 1 QMr8g: oRET WS AR USING2 86H0BLL1 121,
tili ng arrays have shown that” transcription_occurs in
1A 73l | §nal antpeangeotor Aengeatianpdradect Pet octHi7 &ell

A1, 20Q771Nuchgi & A A3, Re§0BD P2 Rar PARBRG B &l WA
2006, Proc Natl Acad Sci USA 103, 4192-4197; Mura et

14,8031 7892006, PNAS 103, 17846-17851; Hongay et al,

ZOOGDegghheéZJx égg%é%%é; E@Fifhﬁg HﬁAs;ngQGS.FEé¥éJ*§ﬂae
Acad Sci USA 103, 5320-5325; Havilio et al , 2005, BMC

- WEmenigesoBic 9Bhing PaEsEsahaly sewval $barndreaseritidon
Mﬂ%epinlggr@@gl 1%7%19‘359_%1:@& ttfk%n%ﬁlspegeﬁtf)mé e&%rocchi
partially I'n both directions producCing stable : .
gfolafad@AYl at ek kdips @cadd Basi sonsd 28rafstpinpa st Many

Lod NS ORNES AL Ackl ﬁ@ky1§§',arhsl<‘9rzi_2§97,- Tﬁfufyrgtergl_ et

I nventors have used the GAL [ ocus as a nodel systemin
ahhi eR0be EBMNPat@3.i Ad@éedlapul r epmasyedtsadt e30nd Cell

pheenve di bt e ncesd n1anbhsenssdd #8¢  hbbaadd vsa
‘103, 5320-5325; Havilio et al, 2005, BMC Genomics 6, 93).
These analyses also indicate that between 100 and 370 genes
are transcribed at least partially in both directions
producing stable polyadenylated sense and antisense |
transcripts. Many of these genes are actively transcribed.
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 that there are
antisense transcripts controlling 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
the GAL10 promoter. Moreover, the levels of antisense
transcripts Strongly correlate with levels of Hdal

associated with the locus but not with histone acetylation
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epi genetic regul ation. The inventors show that there
are antisense transcripts controlling both the induced

wananepsessed states at the GAL | ocus, and t hetT/GBe®e/001377

transcripts differ in size, position and abundance.
Hi.ghl y abundant antisense transcripts at the induced
| ocus are associated with the production of the sense
transcript fromthe GALI O pronoter. Moreover, the

| evel s of antisense transcripts strongly correlate
with levels of Hdal associated with the |ocus but not

ﬂﬂéélfhiS@Q@eiﬁﬁéﬂaﬁr%tEQBbt§§é$tiﬂ§“%HaEVﬁHE@f§p X% to
identify that Hdal appears to be required for 1ong

heafGaUi AESr 5% | GHY dRNOReIPEpFRASPGAL Fbeyserressed

GAY 4@ NIs@gdd S RELWe €Ak t Ber U, SeRSant88s4d i pts,
epi genetic nodjfications and hi gher order chromatin
SHANFCE PRS- | P 1IRNtESr BedREl St @S erdngeshen ufer

SR TR! R A uldde hoeHs Pé?%bé@@é‘gﬁhﬂg.fréﬁﬁﬁ s in
repressed to the induced state have been identitied
e Korgprreat e fofthgnt PSenseP RNE YT choREr BTPT ridie hi s.

TR cGUERePS éﬂé”ﬂﬂdd%%di§tQ§éeEB&H1Hé@% dhSAOYE &4 that
géne repression is a proactive state of regulation

M ldiFarnoB| Yo rTpriceneti BNAoin afrTitsedddngr Bhser i pilicon
ANd-caReChi b £ &%%%%%d%ﬁ”&f?é diNRNBGYSthad y

According to a first aspect of the invention there is
IRRyEiseéanal vred opastivenktak e ref epigyéréipre ehitiyes
GBS BOoARN 1] 1520 26R2006Se 11 £0041 L8R 2l Ppecific
range chronosomal interactions at at |east one

erhiasmes ofafhangas thisedecue spectrum of | ong range
interaction is associated with a specific

physi ol ogi cal condition, said nethod conprising.the

Smmegyof -

According to a first aspect of the invention there is
provided a method of monitoring epigenetic changes
comprising monitoring changes in conditional long range
chromosomal interactions at at least one chromosomal locus
where the spectrum of long range interaction is associated
with a specific physiological condition, said method
comprising the steps of:-

(1) in vitro crosslinking of.said'long range. chromosomal .
interactioﬁé present at the at least one chromosomal locus;
(ii) isolating 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 loops; |

(v) identifying the presence of DNA loops;
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(i) in vitro crosslinking of said |ong range
chronbosomal interactions present at the at | east one

we booomesesal | ocus; (ii) isolating the cross |PakeB20bA01377

fromsaid chronmosomal |ocus; (iii) subjecting said
cross linked DNA to restriction digestion with an
enzyne that cuts at |east once within the at |east one
chromosomal | ocus,- (iv) Jdisgating said cross |inked

cl eaved DNA ends to form DNA | oops; (v) identifying

t he presence of DNA | oops; wherein the presence of DNA
WQORS i RECBEESete i BREANCEoPE BrBiReGIL enbOPE-£aNgGE of
chronosomal interaction. It wll be understood that

2 oRAHiEdRal OPS NERI %N GETORPEABIb I L ILACEA QB | ons wi | |

al ways be present in chromatin. It wll be further
under stood that these interactions are dynam c and

T 1Wildhdrgendepemihhes caeditians dorghsapggi on of

¢RIV RERS ORBe rd c t8iorls! wh§1'§1xp§§}§‘g>et L2asehibed or
repressed in response to change of the physi ol ogi cal

Forfiatiiens At swikledehdpather t Wederataodondipti Baese | ong

18008 deibakagtd %arnﬁfceléﬁdt Qlii‘th{afi‘m%‘é %ﬁeﬁ&iﬁ\&e& the
di stal regions of ‘a |locus on a chronosone, said

statersafi 6Rs PRIV Gfn&hecchremesqus ﬁgedepeﬁdihglmpon
B S abUS Pindfey ;peesgédtﬂ? LSO chdhFe UEGhe

heré€in, the tern1spec rum of ong range i nteraction
phsfssiiad ogé cphecendiftdioast conf or mat i ons  of | ong range
chronosomal interactions which may be present at a

gi ven chronosonal locus. It will be understood that as
Resmgdégraboyethchdsem apedacidwrs lamg dpnasic, with
fﬁyéfggiibﬁggrefers 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 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 various long
raﬁge interactions forming or breaking depending on the

status of the locus.

It will further be understood that the long.range
chromosomal interactions can be cross linked by any
suitable means. In a preferred embodiment, the long range
chromosomal interactions are crosslinked using

formaldehyde.
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w0 bab/141386 | ong range chronosonal
~cross linked by anysuitable neans. In a preferred

range i nteractions formng or breaking dependi ng on
the status of the locus. It wll further be understood

enbodi ment, the long range chronpsomal interactions
are crossllnked usi ng formal dehyde. It will be further
understood that the DNA l.ogps present may be

i ndicative of transcription or repression of said
chronosomal |ocus, or alternatively, expression of an

fﬂtWETdeEerHQEefrdHHé%@t@o@hEEQ@SQﬂ?hnﬁ@QH§psTﬁ%ésent
presence of the DNA | oops can be identified as

s O BRdiR_FEYR DelGRTISATEREAeR I TEPERESERE PhHciAld

diroMdsbmBe 168ads ] YoraRRREeRAt i Pelne Slgrladones ot t hat
t he met hod described in relation to this | ocus can be
HdgeddPredpet uSen f2ignghepResonadc U9WWher e | ong range
interactions are thought to occur. These | oops can be
detected using techni ques known in the art such as the

- Be pcgsenfrengt ChlioMPodecrsntar ke ilseptasiad ¢Pekker,

008, phat hMeL Dedse By ih7relar Rekkey 8l ahr, 18002, 1t
Sci ence 295, 1306-1311; O Sullivan et al , 2004, Nat

Geldete3geadpiv-appientThe kel sled Insk 6Hsanl Fhak Hitare

ﬁHtHB&“%EQH§1B§§t{A‘%éﬂQElgﬂzygﬁéhﬂ!“ﬂHEu%aBaHebéséﬁéﬁééd
cut the DNA within the chronosonal |ocus of iInterest.

4q b MseBeahppry eriharhdocrhevhprire i lQHdaragagy bt etk ions
atliée! e deBaRde ypon- e eeus sty ed ARl LRe.SEeOyance L

he DNA"l ocated therein. The current invention is
trdhed aua st keowyr bt itdiengrdi seovers the BRe (CAnewt 1S

1Rk ccoRdi ELRRG L ONGy)" 2RES, CP{F&H&%O”‘%'oo'sntﬁéé‘%é%s
ar e almays present at a glven ocus on
3, 17-21; Dekker et al, 2002, Science 295, 1306-1311;

O'Sullivan et al, 2004, Nat Genet 36, 1014-1018).

The skilled person will be aware of numerous restriction
enzymes which can be used to cut the DNA within the
chromosomal locus of interest. It will be apparent that
the particular enzyme used will depend upon the locus

studied and the sequence of the DNA located therein.

The current invention is based on the surprising discovery
by the inventors that conditional long range chromosomal
interactions are always present at a given locus on the
chromosome and that the profile of conditional long range
chromosomal interactions change depending on the actual
status of the region, it's activity and the physiological
conditions, i.e. the presence or absence of a particular
long range interaction will provide an indication of the

status of that region.

i nt eracti ons P@IIGB2009/001377
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w@edonak73se at us of the region,

chronosone and that the profile of conditional |ong
range chronosomal interactions change dependi ng on the

physi ol ogi cal conditions, i.e. the presence or absence
of a particular long range interaction wll provide an
i ndi cation of the status of that regi on. Mbreover, the
i nventors have di scovered t/hat consistent with earlier
genetic data these conditional |ong range chronosoma
interactions may overlap and include the regions of

MA¥ QRSO MEBe ShoWh Ha s REOEedi 8t S¥aq @hatiNdeserdhed
genes, but e qual |y ggé be in intergenic _regions. It
@ﬂﬁﬂﬂ%?rﬁ&?¥kﬁﬁnqﬁ991 é FH%FGtTRPQ£$h9ﬁP6réoﬁ%v%?nge'
SHhshReened 1hadrd ANGnkange bVéLTAS EndNSnkMudd | ciegi ons
are equally inportant in determ ning the status of the

G ENSs Bhaf LT PARPTESTRESUT| bR LREATHfe HEAEERRAEL NS are

e NGB8 AGINds | Multhe otadl PondLHON OfinRePGLAicul ar
gene | ocated at the |locus and may be in intergenic

reHiss . IFtshguld dyrther Be iR She6dthy HEeRIQNS ed

REFS @ skBat rd e HaBT Mogh 9§H§é I ﬁlieexfa%rtaohg hﬁrailah.ie%mns
changes _in gene function within a cell which are

USSPy Y CHERRIERATG Hir d?ﬁaﬁmkméélet §tekes Willdmeyi ng

ANARRBRENCEocidIes errelangeag MByn e ﬁ%lé%ggtl&% are not
exanpl e, by environnental factors, DNA nethylation,

Irﬁﬂﬁsé;@ﬁﬂﬁlg Hntihe mediRNATEE APR P it PATHSAUARYE BRI C

ARG ENERe Nl REQN %n@ogh? Bé‘ti@ Night SREANBL L&y ions .
renodel | i ng and specific Tocal |ong range

interactions all of which have been inplicated in

ﬁi%@hﬂﬂ9u§E%%%f5é3dﬂ@é&%@BH&nﬁ féﬂe‘&%?l@@g person that
transcrlptlonal activity on t%e genes or non- codlng

¢@@Rqﬂrﬂn§ﬁig?ﬁﬁﬁﬂﬂﬂre@ﬁﬁﬁstﬂﬁb¢ﬁ¥ﬁqhi§ F@QP@ﬁSoﬁn gene
fdﬁé% i®% within a cell which are caused by changes other

than changes to the underlying DNA sequence, these changes
may be caused, for example, by environmeﬁtal factors, DNA
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
environment for defined transcriptional activity on the
genes or non-coding RNA transcriptional units within the

region of interest.

It will be understood that the epigenetic changes may be
caused by changes to the underlying nucleic acid sequence,

which themselves do not directly effect a gene product or

the mode of geﬁe expression, such changes may be for

example, SNP's within and/or outside of the genes, and gene

fusions and/or deletions of. intergenic DNA.

it's activity anect/as82009/001377
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It wll be understood that the epigenetic changes nay
be caused by changes to the underlying nucleic acid

weemuasse; Which thensel ves do not directly efP@rGBa009/001377

gene product or the node of gene expressi on, such
changes may be for exanple, SNP-'s w thin and/or
outsi de of the genes, and gene fusions and/or

del etions of. intergenic_DyA-It will further be
apparent that the term specific physiol ogica
condition refers to any condition in which there is a

rhange idrther ded ined rehy st R odialt Stakgscofid he
cell. This may be by a change in the |evel of

Wﬁ@égsaﬁabfc%%@%ﬁée@%n% angr cendhshgR 1 YBHE or
AR deng PhredCtin Exanpbesndd U Aepdibhi ogsadicldsde

cancer - benign or malignant growth, cardi ovascul ar

tdiss Geddr s, TR | BsiREOPY 8 oPlRtgoRd HhscLaueheet

ea@ar@s@mneoél SO A5 $1c2BUgeAdd AaNBAIOINLEEPOASESe It tRige
dével opi ng i nfectious di Seases, inheritéd genetic
E’(ﬁ%eo@éféfigcﬁoduIF%%“é&eﬁyOépﬁ’g%étqrtfllr’?é@ﬁﬁn%ﬁ%u%&ancer -

H@ﬁrg%dggemsméﬁa&& dr38RBeSca R £l alRbhv,r Bheopiesence
the DNA 1oops is identified using PCR technlques

Jlncflmmrat@éym%cilsttl@@@ t hasledinpregeiseuse aisesiprrpnd
fﬁ%ﬂd%*a@%&?hrgy JJB%spkgsgﬂéedéqef%png EE@QHGIO&!“ chis

absent in sence of DNA | oop or "vice versa. It
diissiasgiss ol pee iRt sepstiichdisertens Medyflatad PCR

éﬂl%%&&%h@rﬁgé'ﬁ&gléﬁ%y ahg h@gf&@é%ééfer%ftl‘%zged%@&ééé ¢ DNA

I"oop present and nmay therefore be used to identify the
status of the locus. In one preferred enbodi nent, the

V8360880 ¢ Re dPOR bRALLAUSE ARy t%"seﬁdentlfled
transcrlpflon state i1 ndicative of a Specif

Yhysi §C8greahntomii-ti 6h. wihl abesemsrﬁp@ﬂeth@@ the
ﬁygggycgegk'atﬂﬁx?QE§ngg Qﬁdfbiygﬁlﬂy”%he presence of a

PCR product which is absent in the absence of DNA loop or
vice versa. It will also be understood that the size of

the PCR product produced may be indicatiﬁe 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
indicates an altered transcription state indicative of a

specific physiological condition.

In a second preferred embodiment, the absence of a DNA loop
indicates an altered transcription state indicative of a

specific physiological condition.

It will be apparent to the skilled person that the method
according to the first aspect can be used not only to

monitor the presence of a specific long range chromosomal
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indicates an altered transcription state indicative of
a specific physiological condition. It will be

wappanenssto the skilled person that the nethoPCT/GB2009/001377

according to the first aspect can be used not only to
noni tor the presence of a specific |ong range
chronosonal i nteraction at a chronosomal | ocus, but
equally to nonitor the ahsence of a specific |ong
range chronmosomal interaction at said chronbsoma

| ocus. Preferably, the physiological condition is

Sleegtedoh  HM Ao s6RRE el bRl HuRVaghHI 8 to monitor
di sorders, inflammtory condi ti ons, |nclud|ng
es to

% GPRRATAR o soriRecd TaRd1PRg | BaReR Ghyorespem

ifte@bL oS £ SRASETh-BRdsbhRerid&ed genetic disorders
nmodul at ed by epi genetic mechani sms. Any ot her

condition which results in a change in at |east one

B¥3rhBgE @@5Qﬂﬁéﬁ%ﬁbghegﬁréﬁﬁdfﬂloQHXSagéfbé%%d from
identified by the currénts nethods . It w

JFRREF St BRRCEhatcaniigny saypet tdiFondeaspr é@éh@mmamﬁém i on

d1€08RgeSi A dd1eC AndbE hpRad dl%gdgﬁggsn&hfﬁmm@ory
interactions of a sanple may be nonitored by conparing

REFOBEAS of A AT tdPUSoAgSPRATRL. GMdoAbbendted genetic
dl%to%é%'r%&la&te% |b?/C@F> ?énéi&ﬁ &cRMhint GAE, POALLY SoHy

the sanme tissue or Cel e or y conparlson to a
AP éor or i edlp drediud§ st @naa kmmaep Hysiabl bgaetalong diaag

r%'i'lrgreh@flgptﬁgsorﬁél S_L%Qlélrgcpgoﬂqgﬁy Séh%%dbghﬂlertltbﬁ 'lé?ipg)y the

range chronbsonal 1 nteractions of the present
qurrentFonetdrddt relate to | ong range i nt eracti ons
bet ween genes and their regul atory el enents such. as
previ ously descri bed by Chanbeyron et al ., (2004),
Icuwd 10pbe Bidgrstoed 2BBL2ER; anie dsperterfathe KXGGI0

fgvé9€98ﬁnﬁhéf%haﬁ5%s &ﬁ7iﬁégéoﬁﬂ¥{ional long range
chromosomal interactions of a sample may be monitored by
comparing the conformation of long 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 physiological state.

Furthermore, it should be understood that the long range
chromosomal interactions of the present invention do not
relate to long range interactions between genes and their
regulatory elements such as previously described by
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 invention relates to conditional changes
in the long range interactions within a particular locus as

an indication of a switch in the activity of a gene.
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Dekker, (2003), J . Trends Biochem Sci. 28, 277-280.
Rat her the present invention relates to conditiona

web@angessé n the | ong range interactions w thi nPEI/GB2009/001377

particular | ocus as an indication of a switch in the
activity of a gene.According to a second aspect of the
current invention there is provided a nethod of '
noni tori ng epi genetic changgs_conpri sing nonitoring
changes in conditional |ong range chronbsona

‘interactions at at | east one chronpsonmal | ocus where

A&%ﬁﬁ%@;‘ Edmy Oéeécﬁﬂﬂ alsRge bit ehacti QRS 1ﬁ§§19§i<§ﬁ ec‘iuere
with a specific <§%Slo ogi cal condition, said nethod

rﬁﬁqvéldﬁé fheeghas off meaeher 199 r@pleae@ﬁéﬁsecwnq%

AN SeNse B%P&Oﬂ‘ﬂd %h%BEQSJS_Sdcéﬂ&@fd?ﬁlaﬁoh&aﬂn
chronosomal | ocus . be apparent to the ski Ied

?hﬁQﬂ9$0mﬁét1PF@F%ﬂﬁ%ﬂ$§ ﬁﬁ @hel%ﬂ%¢5§w3@hRRmp®@mﬁl|k9cus
R DGR EBBOOA ot 8nS] 28ng8! Ao RRYIibEOR: A Dateq
umber of antisense RNATtranscripts.
wnrfdbrastsmels;/ctmefsg@lloeeqabecg@@wm tshedpm@hmﬁbnon
B N& iR gogHété@éb s %Eh%?@??n&*’% dHARRCEHPLSe at
repressed | oci on chronosomes is known.” However, the
FHiaenses RNAvVer &flirlsr iexprigegedi Scov drhed athaeasheone
éﬁ#gddé%mgﬁ @F&ﬁgense RNA transcribed froma

ronosomal [ocus changes dependi ng on whet her the

‘locus is induced or repressed and that the antisense

1HaRSCL | u I e 4
AT PRCbpAca aead BLRY 2 SR HEgLELAS change
¥ drhea aplaritsiacﬂqr aiNA peedidadmenebep gdweniecivopi tdioes

@aé@%l sli RES, érﬂf/’ gdhﬂ&bébe Jfﬁoé‘r%ce 1 13% hﬁke{iéﬁé&ﬁﬁats.

According to at aspect o current invent
there is provided a nethod of diagnosing a disorder

ﬂ?%ﬂﬁha%%dunderstood by the skilled person that the
phenomenon of the production 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 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
transcript from a particular locus and the epigenetic
conditions at that locus, including the long range |

interactions.

According to a third aspect of the current invention there
is provided a method of diagnosing a disorder associated
with at least'one epigenetic change in a subject, said
method comprising identifying a change in one or more long
range chromosomal interactions at at least one chromosomal

locus associated with said disorder in a sample isolated
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with at | east one epigenetic change in a subject, said
met hod conprising identifying a change in one or nore
wo o0vg/14BBge chronosomal interactions at at | eaBCT/GB2009/001377
chronosomal | ocus associated with said disorder in a
sanpl e i sol atedfromthe subject; wherein said nethod
conprises the nethod of either of aspects one or two.
Preferably, the epigeneticichange results in altered
transcription fromthe chronmosomal locus. It wll be
understood that the altered transcription can be up
#RGUI AL Qb £EPr 63 @A n QL AT RAULd MBn@ki8Bs the method
alternative transcript with a changed Start site
dn@isherePhi AMMTHT SINCeOT0FYQA- splice variant of such.
1t wll be apparent that the epigenetic change causes
a change in the expression of at |east one %ene and/ or
Ptrr%f@gé%ﬂmu Bl cRirdeneRilchFhardre TR teodnnglpared of
118908 Bon PF&L 8Pl ¥rohbEfi B fiels 15 sel ected from
anongst ~cancer, cardi ovascul ar di'sorders, inflammatory
condi ti ons, |nclud|ng aut oi mmune dlsorders and
§152ATBLOL Y 14 £ @hat OchOT SO QU aﬁ§e§§§tl&9dcan be
I nherited genetic disorders nodu ate by epigenetic
Ure cleghil s s on Angernassyi opondl t v ordudtiicn oésaht aliernative
GAGE1 LR Btch easinORed 8- g% o CRIAQRS QBB nat ion
|nterac Ion may |agnose the currents
Tigteho@s. aAspbi ek Iprtieng b6U$¢©haspect of the current
invention there is provided a nmethod of regul ating
transcription of at |east one gene in a patient
Buffiddi hg fpparentditdatdehe aspimirattdd whehgal caveek gene
Sal3%5§509heségékéggﬂa%do%oggwééﬂégl6%% L3t §LaNG - O

pati ent an anti sense
transcriptional unit within the non-coding part of the

genome .

Preferably, the disorder is selected from amongst cancer,
cardioyascular‘disorders, inflammatory conditions,
including autoimmune disorders and inflammatory responses
to infectious diseases, and inherited genetic disorders
modulated by epigenetic mechanisms. Any other condition
which results in a change in at least one long range
chromosomal interaction may also be diagnosed by the

currents methods.

According to a fourth aspect of the current invention there
is provided a method of regulating transcription of at
least one gene in a patient suffering from a disorder
associated with altered gene expression, said method
comprising administering to said patient an antisense RNA
in an amount effectivé to alter transcription of said at

least one gene.
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in an anount effective to alter transcription of said
at | east one gene.ln one enbodi nent, the disorder

wo e®mohi¥ssd r om over expression of said at | eastPONEB2009/001377

gene. It will be apparent to the skilled person that
the disorder can equally result fromrepression of
said at | east one gene, or from production of an
altered gene product fromsaid at | east one gene.
Preferably, the disorder is selected from anongst
cancer, cardi ovascul ar disorders, inflammtory
condi ti ons, including autoi mune di sorders and

i nfl ammatory responses to infectious di seases, and

© Theee eBRogERRR ¢ tdies filgerderorAHited ThgmepYgenet i c

RESHBor | fh A Ritefienkedog {ent, said antisense
RNA targets at | east one CTCF binding site. CICF is a

mul tifunctional factor, which as discussed belowis
1tTR)ihgabedahh Astakld $hkngk affe daiditahnt R9: high ordfiger
chromatin structures . In a further preferred
EfbcgrAR Y, TRt hifsomarrBRC 8P iemiaf antdsehskeddA one
d&sul 13 EPoﬂmﬁggéﬁdﬂyanogfFgﬁ(éfﬁggggsﬁenghﬁf&ﬁﬁ%t_from
acetylation i's known to be involved W th nhodul ation of
$3igh&r LpRForeng t99®s been suggested that this
nodul-ation is also controlled via anti sense RNA. HDAC
enzynmes are classified into four classes depending on
Rredeanbdyi dere idiscnérdemabal ortrmifzan amongst gcancer,

ey LB ,Sal 6 LS ted from
&gx%l% gagROdy i ers? %F%Qna ﬂ&%%ﬁu??&?&,

ass i-1v HDAC enzynme . ss | enzynmes

- insdiuddag HOAGH i mymiC2l i soHBACs 3andHOAEE amBRASBY | FeHMGes

E%“%%%g%@&é UglEs G, 4 anaHBARr 1 RN e HPEC £ o ) ARG 9

modulated by epigenetic mechanisms.

In a preferred embodiment, said antisense RNA targets at

least one CTCF binding site.

CTCF is a multifunctional factor, which as discussed below
is implicated in establishing and maintainingvhigh order

chromatin structures.

In a further preferred embodiment, administration of said

antisense RNA results in modulation of HDAC enzymes.

Histone acetylation is known to be involved with modulation
of transcription. It has been suggested that this

modulation is also controlled via antisense RNA.

"HDAC enzymes are classified into four classes depending on

sequence idéntity and domain organization. In a preferred
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Cass Il HDAC enzynes include honologs of Sir2 in the
yeast Saccharonyces cerevisiae, and sirtuins in

worowalssq SI RTI, SIRT2, SIRT3, SIRT4 , SIRT5, BIRG82009/001377

SIRT7); Cass |V HDAC enzynes include HDACI | .
According to a fifth aspect of the current invention
there is provided a nethod of regulating transcription
of at |east one gene in a patient suffering forma
di sorder associated with altered gene expression, said
met hod conprising adm nistering to said patient

driiA k@bt Ngs RN rerpleenentat y é@l@élé@"tflr%ﬁn§ecﬂ% i-iv
nol ecul e inplicated in fodul ati on of said gene.

R#A9 pévEpparent to the skilled person that the

di sorder can result from over expression or repression
of said at | east one gene, or from production of an
Qﬂ%ﬁﬁ'édHBéﬁee%ﬁxﬁﬁﬁnlnpﬂeﬁ?s%P%P%m HI243t HRBCYerDACS;

drienablipact HigWHaonden s SSACE! ehaldsOMBABAISinACTA,

cancer, cardiovascul ar disorders,’ inflamatory’
s tﬁBﬁ@lofncludlng aut oi nune di sorders and

dlrgfasarmt fhMc r&meint:gu&l@fﬁ&ﬁc%l% dirs8ases; 4N

i nherited genetic disorders nodul atted by epigenetic
YRacHafasABar Aecendliargere saasi xane asigdatingf 1n earmualsent

iéﬁé‘%ﬂ“@ﬁ!m%heﬁ 3 R dedr g | sensg RNApLey . the

reat ment o I'sor eraSSOC|ated Wth'a ered gene
Egrsedyi BRAC whrawias dacdudat FRAPGKEe RNA regul at es
transcription of said gene. According to a seventh
aspect there is provided the use of -antisense RNA in
Adweorndandf bet arkifofh aspedicafietie fornens tneanpion tdfers

‘V%n %@%ﬁeés Qfd Al o9 Egﬁﬁiét‘?{ %%c% EESS! O ar

reln Sal anti1 sense reg ates tra crlptlon of
ewist gemegene in a patient suffering form a disorder

associated with altered gene expression, said method
comprising administering to said patient interfering RNA
complementary to an antisense RNA molecule implicated in

modulation of said gene.

It will be apparent to the skilled person that the disorder
can result from over expression or repression of said at
least one gene, or from production of an altered gene

product from said at least one gene.

Preferably, the disorder is selected from amongst cancer,
cardiovascular disorders, inflammatory conditionms,
including autoimmune disorders and inflammatory responses .
to infections diseases, and inherited genetic disorders

modulated by epigenetic mechanisms.

According to a sixth aspect of the current invention, there -

is provided antisense RNA for the treatment of a disorder
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- conditions such as pH, osnolarity, tas

Preferably, the disorder according to the fifth or
sixth aspect is selected from anongst a cancer,

w@eaoditonssccul ar di sorders, inflammatory condi t POTIE€B2009/001377

i ncl udi ng aut oi mune di sorders and infl ammatory
responses to infectious di seases, and inherited
genetic disorders nodul ated by epi genetic nmechani sns.
In a first preferred enbodijgrent, said RNA represses

“ . transcription of said gene. In a second preferred

enbodi nent, said RNA induces transcription of said
HeNR 1 R sawPERT Tl £ ﬂglgfgfesssl%nd %Eké?ﬂséafﬁ\m
targets at | east one CF binding site. In a further
Frieeneed RERDBRT WSS $apasahipsas @ fRRALApdeRat es
HDAC enzynes . It will be apparent to the skilled
person that the above nedi caments may be fornul ated
Aoy ddmar kaceussaaithdesaget f ohrers isogerNéAedi the use of
St {Rble RRArIRGaI 'n&?ahkxcgsg§p$@b4 FieBALLhERS. £ SHTh
diluents, fillers, ers,stabilizers,
%ﬁﬂaﬂmemts@fsa @ﬂ%prdﬁﬁeaéégag@t¢dnmeMaylc@n€él96@@her

Geut | gALLY AGGR! Bk e exal m@nﬁgﬁ%tg@d' fying

e, Vviscosity,

tetagysdriipyioni poptaild geng,. solubility etc. Suitable
dosage forns include solid dosage forns, for exanple,
tabl ets, capsul es, powders, dispersible granules,
Rezflvatad lan dt ke ppiosinderi escordvtaidingheustidrhedr relgdse

I, - {
A e g g e
HotdrdersngietlamatByi cabliet soid d igaindéng awdoimmune
&?Séﬂﬁe?gt§n8rfhéﬁﬁkﬂéikk¥ ggéﬁghéék % el% Ec@gguénC|Ude’

€.g. nmagne
diseases, and 1nher1ted genetic disorders modulated by

epigenetic mechanisms.

In a first preferred embodiment, said RNA represses

‘transcription of said gene.

In a second preferred embodiment, said RNA induces

transcription of said gene.

In a preferred embodiment, said antisense RNA targets at

least one CTCF binding site.

In a further preferred embodiment, said antisense RNA

modulates HDAC enzymes.

It will be apparent to the skilled person that the above
medicaments may be formulated into pharmaceutical dosage
forms, together with suitable pharmaceutically acceptable:

carriers, such as diluents, fillers, salts, buffers,
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we ovapizes dosage forns for oral

carbonate, magnesium stearate, talc, sugar, |actose,
etc. Tablets, powders, cachets and capsul es are al

dosage forns include sol utions, suspensions and
emul sions. Liquid form preparations may be
adm ni stered by intravenous, intracerebral,
intraperitoneal, parenterajsar intramuscular injection
or infusion. Sterile injectable formulations nmay
conprise a sterile solution or suspension of the
PGV 2298 Nt s b1 INQRy st 0XEE, PRA MReGUL! £81h Ymay
acceptabl e dil uent or sol vent. Suitable diluents and
%Rﬂﬁﬁéﬁt§thﬁélERR?@%Q%WtPéa%hYe?ccqmqﬂyéﬁ'§X§bP%ﬁ¢?ﬁ1ﬁ9ﬁd
dﬁﬁf@@hﬁ 8064 1 &Y %%bﬂea§oﬁ#t'é§hoI%E9t Li gyice dosage
forms al'so include solutions or sprays ? i ntranasa
HERACRLEYr astonl11itAer d4BPPRE bkt @@éuéwﬂtébl%ﬁqfn
i nhal ati on may include solutions and solids in powder
form which may be conbined with a pharnaceutically

- addeptlabfesage riems dochude %\@ﬂx%waéénﬁ%@%edfcg%\s

eA@qeenegﬁP@ééecta%rs%légsagswé@m i %e&é@ﬁg%ﬂﬂules,

adm ni stration, incl udlng Creans, Iotlons aerosol s
casliess andl sipResithYdss, d@%@b‘éilfflﬂ wsmynb@ Tergagfe@nd

délatyreé ngggéé@é Mnﬁﬁ%%rl%st hép QR dylsX aﬂﬁ Egﬁfé&@'vhll

type, are generally known in the art
gai@rrﬁééarut:@rmrlsm dpamagbont Waytda@b@@ﬁvéﬁ% emtwve

R edein %abci%sggmogg}? rdigng, L oo sd andar.d
p or mul a

ures o arnmaceuti c tion. e quantity
gﬁhea@ﬂﬂvekn@wwoundipEﬁranandduydiwhy begvana@eesium _
c?aﬁ:%g)ngltgg %{%@gfs%grgﬁet hes At g acompaund.and Jhe
Tablets, powders cachets and capsules are all suitable

dosage forms for oral administration.

Liquid dosage forms include solutions, suspensions and
emulsions. Liquid form preparations may be administered by
intravenous, intracerebral, intraperitoneal, parenteral or
intramuscular injection or infusion. Sterile injectable
formulations may comprise a sterile solution or suspension
of the active agent in a non-toxic, pharmaceutically
acceptable diluent or solvent. Suitable diluents and
solvents include sterile water, Ringer’s solution and
isotonic sodium chloride solution, etc. Liquid dosage
forms also include solutions or sprays for intranasal

administration.

Aerosol preparations suitable for inhalation may include
solutions and solids in powder form, which may be combined
with a pharmaceutically acceptable carriér, such as an .

inert compressed gas.

adm ni st rati onPCL/GGR08/001377
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The active agents are to be adm nistered to human
subjects in "therapeutically effective anounts”, which

WO 200bakses t 0 mean a dosage sufficient to proviEer/aB2009/001377

medi cal ly desirable result in the patient. The exact
dosage and frequency of adm nistration of a
therapeutically effective anobunt of active agent wl|
vary, depending on such fagtars as the nature of the
active substance, the dosage form and route of.

adm ni stration. According to a eighth aspect -of the
current invention there is provided a nethod of
identifying the transcription status of a chronosonal

AMgusncerpastrd Hod CoRpERsEANe Hestapgsgermal

dHentiisk ¥E G0k hei rntis 6BS e r 8V t IS OhnsPt 2R+ QEd1€ and/or
expressed from said chronosonal |ocus; and conparing
e ignst i | Bhefe askecahprse sy RIRA incdndedi ot profil e

garﬁ@e@mgbrmlofl Qﬁgsmé&ﬂ{ W%sé‘f@&)?r Pt!ﬁi@,r %Mi)éh
sai d chronosomal | ocus conprises at | east one gene .
Freefaengbpyly Jaargdmeths argene known or suspected of
bei ng i nvolved in a specific physiological condition.

It will be understood that said condition can be any
Rirdiacevhieas quisiead thwPnh By dpf gemeené eahingeredagied in

EXAHTRIG ag&aﬁ&ﬁﬁ; (?“c%!‘o‘!id%@,s%”étfcfuﬂia%‘&r ¢b8edures of

I nflanmatory conditions, ~including autoinmune -
Rliaygedensient forfudmtapory TFls pprgds tyoof niektveous

HBrfRASES pe BN Y iy 0P0YLL L sicehengodll dled by
eplgeneth mechani sis.  Prefera y, said nethod is
padrer mEdthe adtive. chopouné anvditdendetefdddudnsadet i s
Slated that features described in relation to one
aspect of the invention are equally applicable to al

ot her aspects of the invention.-

The active agents are to be administered to human subjects
in “therapeutically effective amounts”, which is taken to
mean a dosage sufficient to provide a medically desirable
result in the patient. The exact dosage and frequency of
administration of a therapeutically effective amount of
active agent will vary, depending on such factors as the
nature of the active substance, the dosage form and route

of administration.

According to a eighth aspect of the current invention there
is provided a method of ideﬁtifying the transcription
status of a chromosomal locus, said method comprising the
steps of; identifying the antisense RNA transcript profile
expressed from said chromosomal locus; énd comparing said
profile‘with the antisense RNA transcript profile of said

chromosomal locus in a known state.
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Furt hernore, where a nunber of features are indicated
as options, each individual feature is contenpl ated as

weiong4appl i cabl e i ndividually or in conbi natipeT/eBR®9/ 001377

any other feature described in the application. The
invention will now be further described with reference
to the follow ng exanples and figures in which: - :
Figure 1 . Conditional antif$ense transcripts at GALI O
Northern blots of total RNA probed with sense and

anti sense specific probes at GALIO A, B . Strain

@@f?e%b\a@s cHE & U drib b act 98€s (é&rben%)es washedsd lanpe

2 ) and transferred to nedi um containing glucose for
A9%yi nutes (lane 3 ) , 60 mnutes (lane 4), 120 '
m nutes (lane 5), 180 mnutes (lane 6 ) or 360 m nutes
(lane 7 ) . Two exposures of the antisensesignal in B
Rrefestbde . Thed poiia ii6n 2ogepf KRRNA Fasdsppsted of being

ipdicaledn zhgpe@{flcp?ﬁ§g15905&@%%’dyﬂ3ytlénmere

exposed for the sane At 15 mnutes the 2 . 25kb
and the 2.4kb GALI O AS (see Fig. 3B) are both

fietgethable yaget e aWidhah £L oA thes actdny @ahopt hgny

repressed state occurs. C . Yeast cultured over it ght
¢endjdlisst asecnbreedvasifvéd aan@pwe?@ﬂ@r cég@nge . f fesh

i, C%Ehéé?' n%ﬁ&h%v%‘éggﬁat &%‘ its, dlngf%[:uﬁoma_tt:?ory

exper| rrent evels o : .
¢®511¢nom|sansa¢lm1rw @ugeigente | ¢i graidessogadwinhlaeatory

J?é’éﬂ l.ent _a SNSG | Lpts, o £] e I e
IS ZO\Cf)l%A)e%f ttto hgﬁfa%t [ senséﬁgérgvlg%:g a%ndnlt}%ﬁl%?fl\ligd é?ﬁ’éﬂd&
dypdrgisars2mogpgared 2y eRagensel¢ regwmiismson ( RT) - PCR
mappi ng transcripts at the G AL | ocus A Position of RT
prinmers for reverse transcription (RT) of the sense
{1®fegrabdnt | sehdendtAB)I tisanscfeprednd vésted priners

Ifogxr a&?a@@%éﬁé&a&é Eac% f% O%cgpt%;dt 'E‘EE% ké?gx‘flsésg”ed

i fy a region out e Si
described in relation to one aspect of the invention are

equally applicable to all other aspects of the invention.
Furthermore, where a number of features are indicated as
options, each individual. feature is contemplated as being
applicable individually or in combination with any other

feature described in the application.

The invention will now be further described with reference

to the following examples and figures in which:-

Figure 1. Conditional antisense transcripts at GALI10
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 containing glucose for 15 minutes (lane 3), 60
minutes (lane 4), 120 minutes (lane 5), 180 minutes (lane

6) or 360 minutes (lane 7). Two exposures of the antisense



10

shown at the GAL | ocus. B Mappi ng sense and anti sense
transcripts in total RNA in three carbon sources

w@eo0as73@AL 7 and GALI O The control | acki ng Ri@eeBR@p/001377

the RNA prepared in glucose is showmn in lane 7 . C
Mappi ng antisense transcripts at GALI and GALI O in
total RNA prepared fromcells grown in glucose. '
Controls include omtting {he. RT step and a positive
control for PCR prinmer efficiency on total DNA (not -
shown) . Figure 3 . Mapping transcripts at the GAL
$0aS Wt B 88 amhwPeciThieCpBL OPESH o AWLOL-AGA OGLARNS s
of total RNA prepared fron1BY4741 (lane 1), WB03-la
ndir@ tedy aﬁHeYNHTAI@ﬁeénéHBB)a%QHH%ﬂeédAlHeﬁﬁu%%ﬁﬂﬁed
£ f2088mar + gal aCt&SQSaﬂ\Qnﬁlé’é idized Haxpi BEh iRl rAnGy
specific probes 1-7 (all designed to detect antisense

FAlds A6 pEsewWridh- riddpéce betioai¢gctablgeaposhe | Hwis- Gf
£hen rcRNAS 1 RPN2S, angd %%g)ss@@dséwo%(:%rgar k@d Yaddt
bl ack lines across the autoradi ographs, which were
eaxlgoged PyerRigiours gaBasuararyerd wishaedi angi grapsfanged -
3 Gredf a@emgcsﬁtam%lgp&ﬁeaéugaeprﬁ%%%gt&el ucg%%:.%f
I nduced (gal actose) locus. Figure 4 . Sequences at the
Fperdngns. f el | Beale oéqtheedAb? anddGALL6N7 ofusimmn
n | e f
R B r anab I R rdpraddediar HhS B3 el
E(IWIi)SG@ﬁé ardes¢vimtise FheGaghe® comamiuriengsapTEFOL KdreviX
(MJ at . n l;et of, 554bp
e ek SRR RS R e Bt ot
total RNA fromthe strains shown cultured in the
carbon sources indicated. In B the position of the
rRNAs is indicated wth dotted |ines and sense and
anti sense .
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specific probes were used. The autoradi ographs were
exposed for equivalent tines. In C cultures were

wo noaeds@nd sanpl es prepared at 10 m nutes i NPET/GBR®I/001377

after transfer fromraffinose (lane 1 ) to gal actose
(lanes 2-6) . Figure 5 . Hdal and Eaf3 associ ation
with GALIOis related to |l evels of antisense
transcript. | mrunoprecipitgdion of chromatin prepared
fromcells cultured overnight in galactose and
transferred to fresh nmedi um contai ni ng gal act ose or

Bigiese . f ORevlr 48 NiHa83 c20Pt {164 eGi®d fel Rdp tine
PCR at GALI eO Hdal - rr;;c ﬁor mal 1 zed to theﬁﬁﬁétI agged

CARSCAHPLS Eﬁf@%%l@‘z‘éﬁ to the untagged control. C
A‘@&%&%ﬁoﬁ%ﬁaﬂw 264 rfe@ sHBK1 B8R fdich d ft%nabﬂgaformm of

Figure 6 . 3C with inmmunoprecipitation at
thepsegsed ( @ALOIF FAd sepsRRPADF DpHISCHiPst pRétietted tes

dM&ltdsCaby| b SInANeW-ag; bhe %H@? setPQ8l b oReANd o
"OH) and the

orientation of priners (arrows 3 .
Ggpigsedmhe eapRki 1Y @n reploheahoitu P -S38Qbe &t aik rdipes

St he @HE'@EE‘Sl%ctur ansgripls Ay (e e ea&a%&&é&ss B
3Cwith 1P (Rbpl top three panels, Myc bottom panel)

tirrﬁrtsweflm:ﬁai@st%qﬁdmﬁNeBm7mr¢ea@gﬁhgmn@pua@e$ h?ECISJStSeS
d;z{}ﬁ;' Galeear o ContH g§n2951tf£cﬂr@1%fa@ef %Et r§é‘

I ncl udi ng no_ formal ehyde crosslinking (-
Rtigpegeidoan (SHigHse A6 BNAWL| faskanad ATP (’lappg}g 01

thﬁs@%lse' §r§n§cqt g{%dlé(ﬁt l7F>a é%@Ll@q 98t§1 rd 3C

I nMunopr eci pi tation products for the
nnﬂp@rﬁéngéom neesr e Giremnain GAme@%ﬂ e Shownoldl include

é?#{ecr h@f %Eé‘ iy \?ﬁ%ﬁ’s 'Aﬁ‘é'e%b%{;?léﬂfe %%%Qgﬁngb§§%él{;\%trlmer

I'P( I'n the strains
G(WM!}Cba@kgtrQﬂﬁidPNat (hbe shews 4 ndicated. Figure 7 .
Conditional |long range interactions at the GAL

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

A Autoradiographs of total RNA prepared from BY4741 (lane
1), W303-la (lane 2) and YMH147 (lane 3) cultured in
glucose, raffinose or galactose and hybridized to single
strand specific probes 1-7 (all designed to detect
antisense transcripts with respect to GAL10). The
positions of the rRNAs (RDN25 and RDN18) and tRNA are
marked with black lines across the autoradiographs, which
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 GALl0 are required
for induction of the sense transcript. A Schematic showing
the position of the major transcripts at repressed or

induced GAL10 (WT) and a derivative of GALI10 containing a
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| ocus. A Map of Dpnll restriction sites (vertical
lines) showi ng the nunber, position and orientation of

w@eroonesBsq arrows 3' OH) and the approxi mat e pospP¢T/GB2@D/001377

the i nduced sense transcripts and the antisense
transcript at the repressed |locus. B 3CIP (Rbpl)
products at the sites indicated fromchromatin

i sol ated from BY4741 celLs;grown in the carbon sources
indicated. C 3CIP (Ropl) over GAhI Ol and FMP27 in
the WI strain (BY4741 background) grown in three

i KRk - GREDOR GRMNCEBse b fodmdelathiay gyaémz&érpraﬂf

range i nteractions at the repressed | oCus.

flPs éfis 68 r Ahsttd (s CARdMh B anq %Mherwlﬁ%mf

fQAaar rRRANE L6 ﬂge tsﬁ:%%%%' Qﬁéwf'f‘tcdlbc%ﬂeﬁt ‘:‘Eﬁg‘é‘ﬂé Ccarbon
regions, together with the Eaf 3 | ysi ne

parcesyadesated prispBsslct BO%théa?th o&n tBAVF REMPrekt

| SHHilakka {9En! ANG JPAYBLNLEE aé:éﬂs(én%ndl QnQLH&Q&?

interactions across GALI O GAL7 and GALIO -7 are
shecaétigbpeche® wenfodekedt o Bee orthsdardd cBlRBhE sweown.

e@p‘é%rédt BELT 335001l @AmiLt h RNAPId 130de IFLER: 1fficeq

ong range 1 nteractions appear to represent a p0|sed
g seoplessererarace ali £A honwiked Vaterypder fpteontzansier

4N lrg%ﬁnoEeAggtaﬂe:'l op gondiddnal Jlang,range

I nteractions L locus. A's at the repressed
| ocus, long range interactions appear to represent a

ﬂ%‘u%%dsnonné&i'%f‘d Ha25€a0 8«514 oriIGRR caflol IST SR eq

I n ynan1c sw tch I Ng |nvo VI Nng ong range I nteractions
tet 1exel® afida sengectrghacoiet + e dimawiiophe Pk emtivaad of

éﬂré%athﬂ é?&%&ﬂ&?%ﬂtﬂpuégt%d@ﬂg&ﬂ$% %%e9£1&%? i&ng

range interaction over e onset active
qarlawg@shpan@ntmfdar@@dt Epbfresh medyimanicoshpiTingg

Jéfel ‘é‘%%@ee gféceodsea%rr B’ f‘é‘?ttde{ta tde?ﬂ-gtlggegr@éjl%gt ey
The an nse transcripts a he 1 nduce

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

H3K1l8ac normalized to H3K18R and then histone H3

Figure 6. 3C with immunoprecipitation at the repressed GAL
locus. A Map of Dpnll restriction sites (vertical lines)
showing the number, position and orientation of primers
(arrows 3'0OH) and the approximate position of the induced
sense transcripts and the antisense transcript at the
repressed locus. B 3C with IP (Rbpl top three panels, Myc
bottom panel) in the strains shown (BY4741 background) at
the sites indicated.. C Controls for the standard reaction
for including no formaldehyde crosslinking (-Form), no
digestion (-dig), no DNA ligase, no ATP (-lig). On the gel
is a 3C product (-IP step) and the standard 3C with
immunoprecipitation (Expt). PCR products for the long

range interaction at GALIO are shown. 'All other
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| ocus is envisaged to play two roles: to facilitate
production of the sense transcript and through Eaf3

w@anuotieabe t o prine the region for repressi on apdr/GBen0y/ 001377

formati on of |ong range interactions when the gene is
not actively expressed. Figure 8 . Jn vivo CTCF

- dependent transcriptional system a , The integrated
Luci f erase reporter gene gpntains the wild type 90 bp
CTCF-binding site NNMyc (pN~-MycLuc w) or .a mutant
deficient for CTCF binding (pN-MycLuc wt) , in place

K dr3@tRHABDEREWSB sinfl 1ar TREpERAS GRE NBBLOENERE) . D 3C
| nte rated construct with the positions of the priners

&t d8PPPt | Herdh T GiETerrp 8By s(Batt e PREREC WISt
@H@ ngg\gnthlégge@nd descri bed previously 13 . Priners
at the 5 ' are depicted in brown, at the 3 ' ends in
bl ue; priners used in 3C and 4C assays are indicated
FIHLON.  EBRSEL W IIng" %ﬁ&é%@%%@dﬁ& Mot edd aday,
and Methods in the on-1ine Supplenent. The rel evant
eayts -r edt Mpet PHrPR ey egt &1 hboh Sazstq@a|<§e51ta@al lines)
gﬂam@l fhe hifbd: POYLiIGB 218 JRIARL:iBar BFALLOM LD

Ldcif erase transcription start site. c Presence
bﬁrrm@ Wi’ PH) t e TWRCRPPIrREiigteiReslits oqupfi ghenindyred

-dijae t&Qﬁs@%%@é%rﬁi‘a @ Lueife é@s&a'r{éc P‘p%&t‘:%hé/"t ;

t r eat ment amani tin rarratl ca reduces the
%ﬁnnaﬁsw dpcugici fB & dde . (REPL) ONCRiygie RSl the ateehound

Jy%eH'@¥8mséﬁfbﬂ ﬂy“'ggg%ﬁf%ygroJN§Y49Q% %ﬁ%ls grown

p M/c uc nut, assay Wt
imdibeacedbant M@mee?s m@llcaTm@at n@rC vﬁPt HRbpl) over

%%I?ll?%:lﬁgﬁ %Mpztelqgschteo Wil gppgiat| ng%om%t

. c Site, as s mn assay
s tlnethn@le c@l%ﬁﬁraiﬂtl sedbes. soyr gsanel Q Adtogel flar

RAMRIS 198§ de thE ARLYEHS AL &Rl LEsL8% ocus.

The antisense transcripts from GAL7 (shown), GAL10 and
other non-coding transcripts at the intergenic regions,
together with the Hdal and Eaf3 lysine deacetylases are
proposed to create an environment suitable for long range
interactions. In glucose, interactions across GAL10, 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 repressed state with no active transcription at the
locus. E A model for conditional long range interactions
at the GAL 1bcus. As at the repressed locus, long range
interactions appear to represent a poised non-active state
over the genes. An increase in dynamic switching involving
long range interactions at GAL10 and GAL7 when glucose
repression is removed (i.e. in raffinose) would lead to
loss of the long range interaction over GAL10-7. The onset

of active transcription would contribute to dynamic-
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in Figure Ib and described earlier 13 .Figure 9 .
Chromatin Conformation Capture (3C) and Chl P assays. a

wWQ 200ba4B86 and 3 ' ends (green arrows in Fi gurect/GB2@pe01377
j uxt aposed in pN-MycLuc wt (Lane 3 ) , but not in .
N-MycLuc nmut (Lane 4 ) as reveal ed by the 3C assay.
Lane 1 is the positive control for the |igated
tenplate, Lane 2 is the negative ligation control.
Primers used for the analysis are described. under
Materials and Methods in the on-line Supplenment. b

smﬂiéilng(béﬂﬁééh)exyﬁésged éﬁdﬂ%%ﬁ%ésé@dt@%a@éspNNMﬁ¥UC
wt, but not pN MycLuc nmut (Lanes 4 and L are
e

RRQsitd anpgE Pt ANt Lgenegy BRI R HPEhE tChPP HadRdi t h

12kl eRPt sddedtld Qqey thd@NBotles: itRP¥hcitangL -
prei mune serum ¢ , The 5 ' (Lane 3 and 3 ' (Lane 5

Iar%%UFééoaf O%ﬁ%&%%r%wrm d Mpeeughnir £ 123k s
HiANE Bplime H e FeBhedobYr&IldaslcdN@nd thér¥B¥matE@Qﬁ

2 - preimune serum In panels "b" and "c" the 5 '-end
 FpeErei E3peT e TRCE 1OREWRRE T HrW@ERENnd St ﬁ@t FRctigifdy
k@ priners are shown in blue. Figure 10. The 4C
assay (conblnatlon of ChlP and 3C assay) with the
anti - Pol and CTCF anti bodies. Prinmers used for the

PRRIALS 89 a&s SR TIcE - QB BERAG LAY @&Hs%rhgtﬁagaﬁea%ehﬁd a,
under Materials and Methods in the on-line Supplenent.

Bhe ipspgrated prdderpsat reper ik 2epesiconbaing thre wi1d
the %O }\)/E EBSr %J«ﬁ%gpé'i%%%w p(l\l'—%%Lg):’wtthorn% leftant

cLuc mut (Lane treatnent
%ﬁfgwaeaﬁaﬁw i Q}Tq%é?é@dﬂégt h@NdYbs%iweafrténcénoplm qf| the

ﬁxrd?r{@t*e@}em' 99 O'I"H'é?rerPler%'éﬁt hBpSLE U@l‘iéﬂlﬁ‘:&e'g’%al%'aw&lfé&

(lane IS present at the
"P{Dbt abssppsbwcms tOIfetSe' paHiess lrsim@sedf t feimers for

CHM%EH9SV\$t (tJ:}ﬁen%I %Q/c QHEeréré)f é‘lchﬁﬂ Eh" E@& %'Hétsgrlbed
(Lane I's still assoclate t e high or
Rﬁﬂﬂ;@gﬁﬂm StruEILmQ¥Slﬁt the 5’ are depicted in brown,
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-line Supplement. The
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; treatmént with alpha-amanitin
dramatically reduces the activity of Luciferase. d, CTCF 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 -site, as
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 3.
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pN- MycLuc vt followi ng treatnment with al pha-amanitin
(Lane 5 ) .Figure 11. A nodel show ng how CTCF can

wo 2ovk/1¥138nscri ption with the high-order chronaedTIGB2009/001377

structures. a , CICF binds to two sites in the 5 ' and
3 ' ends of the pN-MycLuc vt . b , The high order
structure i's established between the 5 ' and 3 ' ends
of the pN-MycLuc wt via CT4F._c , Pol Il binds to CTCF
and initiates transcription; d , Follow ng the

~inhibition of transcription and renmoval of Pol Il the

remai ning structure can still be detected due to its: _
association wth CTCF. Exanple 1 Epigenetic control of

Rigureap - | o REo@Yrdl (Gopharnant ¢ st ureandet i prd GrIP
Q. Addi #h0Ns 0fy gl HEOSRAL Ot L8 af 1ﬁef‘ig$ure 1b)
growing in galactose results in rapld i nhi bition of
ATeanSEEPpeFen. 1A iV -dypéecedt (hat ) 15bRFnDeesinfN-MycLuc
RAdi han 9f gl ucose lavelscpl hoththe 2;2hkb GALIQ.
transcript and the longer 4.1kb GALIO-7 fusion

rasaitseri pent@edarr ahe Pisweeddiemprilegs, Ephe J iy the
n%%l:1vé7919§£10n]%t§gq Da]\:‘fﬁneljsq%'ed‘] fwl ﬁéoénall%/?sls are

drop dramatically (Fig. 1A) . An antlsense

| @ers@rﬁ@ﬁdptmﬁ% Nred@r ied gorn@Metthadse inephessedl @4 | O

8 cMBREOCCH Ble %'- éLg9973) NUG &i.c (ﬁghgs_sﬁeél@és of PN
el 28 Samanta et al 006, Proc Natl Acad Sci USA 103,

M1II2cA ¥97; bDaviierk v -YlycLRo0osut PrigmeNat| apdadl) ScareUSA

20-5 P 1 .
Tyt R g U 1 EheBlea BN hzp Waay yich che
aniii-PeAsélt aanseydipt sLane 3 gelarwd, fleatuke- gpreimmune
éégdﬁa geneTﬁQdB'lfLéﬂ% ﬁvhgﬂdtﬁesﬁ£$fa@§cgipéé @PR%ﬁ cLuc

I'n 1 nduced cultures, ree antisense transcripts
vwhséuredot FPN- MycB)uc rrw,o (banewhi £ gk €)si nrréacpccpmpmdz@y

éf&ﬁaheLane 1 - input, Lane 2 - preimmune serum. In panels
“b” and “c” the 5'-end specific primers are shown in brown

and the 3’-end specific primers are shown in blue.

Figure 10. The 4C assay (combination of ChIP and 3C assay)
with the anti-Pol II énd 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
(Lane 4); treatment with alpha-amanitin leads to the
disappearance of Pol II from the high order chromatin
structures in pN-MycLuc wt (lane 5). b, CICF 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 (Lane 4). CTCF is
still associated with the high order chromatin structure in
pN-MycLuc wt following treatment with alpha-amanitin (Lane

5) .
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- EREERg L4k ucd SePdp redeuiiad, hevieC
- wilth $8BSBi gk aNSddd RS oHkeRs SORSIARabl Va( Fi @rct BindsAto

2.25kb and the 4.1kb sense transcripts at the induced
GAL locus (Fig. IA) . The third detectable antisense

wo e@paenspt is smaller, about 1.5kb. The PCT/GB2009/001377

aut or adi ographs in figure IAand I B were hybridized to
probes of simlar specific activity and were exposed
for simlar lengths of tinme suggesting that at the
active GALI O gene, antisense transcripts make up - a
significant proportion of the total RNA. Mreover,
even the endogenous 4. 1kb GALI O -7 transcri pt,
extended over both genes (Fig. |IA C) is matched by

an equi val ent antisense transcri . %Bt c) . "
%ﬁﬁﬁﬁﬁh énpf YRS amtGon

s a result, two exposures of the northern blot in

Y FrECFBLAr BNS HoWR™C0P ' cPBAF 1L CHfe PHaMECLRC fWigur -1 The

IRIDBSHERL 88ridalrd NG b28bPlsAdIE HNLALERNERe 57 and 3
transcrlgts at the repressed | ocus al so_changes.

dtet PE SheadPeIYHFCHeVERaETAS: nichuPed aftlinds to CICF

Adiihi 0. 0k s o MGORE | %celbhe Ul B 18w idgSWhEChnthSoition of
observed fromthe 4. 2.25kb and 1.75kb anti sense

qq%%%§éﬁpb¥§nt%ﬁqiﬁﬂﬂ?vﬁﬂaﬁgc?@bt%ﬁ thisogem3iBkpg stmygyure
caé?fj s%:@!ﬁbbe aﬁ)éaeétha% %u%SlﬁQ ii@éj :ng%c%a%lignt %@@ﬁ‘c@f(ﬁi

can be detected 15 mnutes after glucose addition.
Thus the abundance and size of the antisense

énfa%ier h PESi fndAld Qohtbbects Mietdier 1bBgsgene is

i nduced or repressed raising the interesting
Grasditipppl yarfibgendee tarnsseaRes tatarddiOpt s mi ght pl ay

;a0 e G 0 i{ions .
ARRSIEHOEY SRS B OU A RO

Repetoeet ragistrs piti eapERTInM b sty afdtspreffirgtion. As
ég&gg@?:éghc\g?ﬁltlﬁg 10 ﬁ%t%soysggdf&oqle%%r gilﬂgoégelevels
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 Davis, 1981, J Mol Biol 152,
285-315) drop dramatically (Fig. 1A). An antisense
transcript has been reported at the repressed GAL10 gene
(Perocchi et al, 2007, Nucleic Acids Res 35, el28; Samanta
et.al, 2006, Proc Natl Acad Sci-USA 103, 4192-4197; David
et ai, 2006, Proc Natl Acad Sci USA 103, 5320-5325; Miura
et al, 2006, PNAS 103, 17846-17851). The inventors have
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 where
observed(Fig. 1B), two of which are similar in size to the
2.25kb and the 4.1kb sense transcripts at the induced GAL
locus (Fig. 1A). The third detectable antisense transcript

is smaller, about 1.5kb. The autoradiographs in figure 1A
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sense and antisense transcripts around GALIO in cells
cultured in glucose, raffinose and gal actose (Fig. 2 )

WO 200ba4B86 at egy used here enpl oyed RT pri ners, PEpPesR0pO01377

for detection of either sense (S) or antisense (AS)
transcripts and nested PCR prinmers to yield products
appr oxi mat el y200bp (Fig. 2A). First the 2.25kb GALI O
sense transcript and its_egtlival ent anti sense were
anal ysed. These are relatively abundant transcripts
amenabl e to mapping by RTPCR (Fig 2B) . The GALIO
SAN98 LWeaBskyhPlaicrRy Be gebsst edk Wit 1Rk BBE-Sels 6S
to 85 located across the GALI O coding region only in
NP1y pREpETERI PROFCEfPE eimitated Snatal aktiobe
s.(t%gsstgﬁg LROE Z )he ActigBabali®mgdd, 'Tﬁht§§é§se§A3 to
designed to reverse transcribe and anplify
ERTISSERBE St Fali® Gl Bt $19n4TAFart eviQRemtion! 9 vkles tat@l
0@ | S mkeoGut ! Wrh ithe08has5086.d H 9x2Barhane S5 )
This suggests that the sense and antisense transcripts
Hfansrdieéd SN0k cary boek d¢resafEgredPons) .19 n
o LGR3E bPNdn F 12088 DAVBYES e wa%s@%aget @ﬁlg%' gﬁsal
with the antisense specific primer sets 7AS and
but r%lfrl%gt%lweorre@WSé#O@qut‘rh/%uaénltndp\rlpﬁe@% tﬂtﬁ* CiAiéO
a?r?ﬂ%%ntsgeag§§ﬁécm1ptgh'd§o%§ SLY (WiLh 1he. glebal
m croarray na ows t transcript arising
W&%tn the mcmgr@@dpﬁgthegm@htmtbl@@%p frome NS 3re
£hd i n 0 I pnse {Paroge
%bc eF%QAgﬁgé es %E% H?E% Q%EEFgﬁgtﬁaﬁémgéﬁgiaE%pQLat
@hﬁIS%&@aéfSEhelﬁgxxﬁ©gsessz@namm§9ts afhitbesugpestsd
lt s € 2358 E %ds"“tl %‘H’le@ I:' §€15]c§1e§ £ %%E&Qt §h:9t§’§f5

LI O correspo ng to t e I nduced a repr esse

_mﬂnﬂh@s prfteheaddigiillonanti génsese riangdye pulaturé hea switch

{LRERES6Ma! PEUP HALL 31l 1D Dol & @] Gkp antisense
transcripts to three transcripts, about 3.5kb, 2.4kb and
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 tranécripts at GAL10
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.

Mapping the transcripts around GAL1O 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 arbund GAL10 in cells
cultured in glucose, raffinose and galactose (Fig. 2). The
strategy used here employed RT primers, specific for
detection of either sense (S) or antisense (AS) transcripts

and nested PCR primers to yield products approximately
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coding region it is likely to extend into the GALI O |
intergenic region, confirmed with signals from priner

weedos/19738nd 10 (Fig. 2C) . Signals for priner Bet/€BB9/001377

and 5AS, |ocated over the GALIO I intergenic region,

~are nmuch weaker suggesting that the mpjority of the

sense and antisense transcripts termnate or initiate,
respectively, within this gegion. It was noted that
sense -and anti sense specific priner setsfor the GAL7Y
regi on al so reveal ed evidence for sense and antisense
ddp qiEiBt S2AFl 9. r2@: thkn2t BéiS C@8fo %%h&@ft§§$§b£¥§t
and 3AS, spanning the end of the ORF and the 3

Iy i®, epiEa Bl 3y igeneet veFR JEHIESGrandBeFptaiut

A0l iRR 19N L8 RASS: %91%%%.%;99 diadiie t%nhagsn§§ by RT-
transcript is pronoted her upstream The

RGRdi [FdCe 2Bhat e FAdifsEPnpestminripe ephske dpterted
vhecﬁp‘;fﬁilmgg Qggs a@é)té%?rBS thét?’e&%dé@e‘%hEh@hL%%cgﬁ{bd

GAL7 produce both sense and antisense transcripts when

_ R ijon @PéY|hﬁu%@ﬂpxﬁﬂ:@rgﬁPEQ@o%%@%uﬂ#hlﬁa?uﬂhéred in

J1NRYeP (F1§" €281 Ml oh N SA Z8; o MAPRLRG, F??mé?téé@é‘%%s
ranscripts around GALIO usi ng nor t her n ots

%r&%r fepiened wie reyiergadt speedfike pndbesphefe used
rft il AL fc¥a598r?;ﬁ°i 0%IsMaY €, pé’éi&éﬁ Ryt Qﬁeﬁnéﬂlé &8 s

transcrl ts In ce cultured I n cose, raf f1 nose
Rl cg@lta@?ésenagmogau Oler oMt Hra@ea i) .f efbhs sHggssks

égg;&‘;%%%“%gﬁ EFL Gy a%)tls'gﬁgenx‘?{él]ﬂ&{ﬂlﬂ(}' OLE BAYE-L eG’ALlO

nt age o being able to corr the size o
extapscovptr thehsdns negdnBon at the GAL | ocus. Probes

2 ang3 &gHEEQeé%d %C}f‘ﬁﬂo&gorhﬂy%férd' ALk OHe%EF L {i gh
backgrogn signal's nmaking the ridization to Tong
signals with the antisense spec1f1c primer sets 7AS and B8AS
but not with 6AS or any of equivalent primers for the sense
trahscript. This is in.agreement with the global
microarray mapping which shows the transcript arising
within the GAL10 coding region about 500bp from the 3’ end
in repressing conditions (Perocchi et’él, 2007, Nucleic
Acids Res 35, el28; David et al, 2006,>Proc Natl Acad Sci
USA 103, 5320-5325). This suggests there are two distinct
antisense transcripts over GALIO corresponding to the
induced and repressed state. If the 2.4kb antisense
transcript at the repressed locus starts within the GALI1O
coding region it is likely to extend into the GAL1O0-1
intergenic region, confirmed with signals from primer‘sets
9 and 10 (Fig. 2C).

Signals for primer sets 5S and 5AS, located over the
GAL10-7 intergenic region, are much weaker suggesting that
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
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transcripts hard to discern. In induced culture high
| evel s of antisense RNA to GALI and GALI O are evi dent

w@ proohess® and 4 ) confirm ng the RT-PCR data PaT/GBRuw®01377

2 . The 2.25kb antisense at induced GALI O shows slight
hybri di zati on with probe 3 but none wth probe 5
suggesting that it is confined mainly to the GALI O ORF
region. Probe 6 hybridizesyyo. the GALI sense
transcript as GALI is on the Watson strand. Two other
transcripts are only produced in induced cells. These
ROt iRl icag 7W-dd oh GAldo @@de%é@r@bl%ntcaefé@@@néé rafd
t hrought he GALT terminator and into FUR4 .
IR EESEEPPE T3S Pt ki (Fdsel 9C$5kb1faﬁdlllshéa§éco?rﬁlﬁ‘%r sets
1BIGhd ahger spdih IRPresSedacyk t e orF RBa2 Ak ( G Qh,
antisense transcript showed strong hybridization to a
WHOY 2Pprobe dptete UGS ISEnFe| hTRPYEHIPE PEgi BAC aflke | ess
éﬁifgaw ¥ tQu@gé%%indJE%g% th@ gﬂ%&ééyséaEEQHsEfﬁé
probes 1S seen with RNA prepared fromcells cultured
prPnpdiedc fvsehee giitseam: winh dde PORirappi Regt tiF g.
é%anégylﬁtéuﬂ %x;Q&fgéklgaéﬂtf kﬁagﬁgréﬁgtﬁgr
the repressed | ocus arises about 500bp fromthe 3
J’eﬁnc#SoﬁOflﬁéU@@l@@PSAd#@ ardefdis?” gredurhebcpl | @nse and
Ar&tl%regl%@' EréSQéPﬂTté WhnSkEAL1 Mg }ﬁ’n ey PPOE gD actose
antisense GALI O transcript also ows strong
4Tybrqh@|tzaheohraresqm@ spf@bésmsl@rgesm isAgeit al so
extends across the GALI Ol intergenic region and into
GALI (Fig. 3A) . Four small non coding transcripts are
Maprdagt the ertisensd thnasgcrmpbotdrquast G35 Aguaint

AoMuRIRgpegpgi tions (Fig 3A) . Notably, these

transcripts occur predom nantly over the intergenic
r egi diesthernhel dtoe wsl.thTherand sspesifdd kljobes were used

to identify the approximate position of the antisense
transcripts in cells cultured in glucose, raffinose and
galactose around GALI10 from three different strain
backgrounds (Fig. 3). The northern blots have the
advantage of being able to.correlate the size of a
transcript with its position at the GAL locus. Probes 2

and 3 routinely showed poor hybridization with high

.background signals making the hybridization to long

transcripts hard to discern.

In induced culture high levels of antisense RNA to

GAL7 and GAL10 are evident (probes 2 and 4) confirming the

RT-PCR data in figure 2. The 2.25kb antisense at induced
GALlOIéhows 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 GALl1l sense
transcript as GALI is on the Watson strand. Two other
transcripts are only produced in induced cells. These both

arise within GALl and extend on the sense strand through
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WO e®paedsd o t he GALI O and GALI

transcript detectable at the GALI'-10 intergenic
region with a probe in the antisense orientation with

The second is a transcript of approxi mtely 600bp that
hybridizes with a sense orientation probe to the GALI
termnator (Probe 7 ) . The third transcript is about
1. 7kb and extends antisensggfromthe 5 ' region of .
KAP104 and through the GALI -term nator region (Probe 1
) . The fourth is about 1.5kb and initiates within

GAL| G rand «oxt £0ES 13160 1hhe FAkk O loddtehagpi epf egi on -
(Probe 5) . In this analysis, RNA was prepared from

IPR B IFREREY ent kIS 1308 FhBaBREPRENES MUThe 1BYEFE1 (| ane 1

) and\\8Q3yLach ang t2irksSt EAL NS Q&Pd(%QQOZ' Qhwéense
profiles in allthree carbon sources. In t

ST iptafBosyd $fewage hybExpE easiah tef at ﬁéOG-\LPIrQi@Jsm

@R@Q@z{ﬂd 9 Qﬁté’%&ﬂr@%g%hnaﬁ@ffés@%ﬁ‘:roé%;l?o{@ a GAL1
regions, the transcript profile in this rain is

Rifdteer edio hpbrhdizatiogl Geoskesr RhEst dSeseennpalite MGy

& 'f%ﬁscélﬁi‘qzu%th?ehhfnté‘éffc&ﬁfeboﬁoﬁ%é@&& %th
ybridized with Probes 3 , 7). A'summary of the

%pﬁ% T@RPANY f oA ik -gar esTlll%)SLF%eﬁ’F@vwﬁhﬁnGFLQO 3B.
1 fer@fe® tkﬁﬁgﬁr{k&f %]h&' %1;1@% Sesddf dLus! a!r?fséé‘eabout
atively hig eve ant1sense transcripts :
%%R,hp dfromhehg eh'seend @ffs thepEAL WA IR einds eaten@ﬁd@}@eﬁ the

c‘!lﬁﬂbQLa'l%‘EfngSn{%ngnGN—Enaé‘ds Elgie daQ way, ShOSE, KR

anti sense transcripts at the I n appear
P paitriegnandGdyhertgiassceipThel secombs strhegchange in

5800006 AP BISEel QIO UL B e
aqrgdsattihen GARYO t brlmtnza“geomc sre@boratar@AlinGe FALE d(Hig
}Zb)e. presence of

Four small non coding transcripts are evident in cells
cultured in both repressing and inducing conditions (Fig
34). Notably, these transcripts occur predominantly over
the intergenic regions at the locus. The first is a 1kb
transcript detectable at the GAL7-10 intergenic region with
a probe in the antisense orientation with respect to the
GAL10 and GAL7 transcripts (Probe 3). The second is a
transcript of approximately 600bp that hybridizes with a
sense orientation probe to the GAL1 terminator (Probe 7).
The third transcript is about 1.7kb and extends antisense
from the 5’ region of KAP104 and through the GAL7
terminator region (Probe 1). The fourth is about 1.5kb and
initiates within GALI0O and extends into the GAL10-1
intergenic region (Probe 5).

In this analysis, RNA was prepared from three

-different strain backgrounds. The BY4741 (lane 1) and

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

transcripts (PreteGB2009/001377
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transcripts over the intergenic regions (GAL7
termnator; GALIO | intergenic region; GALI O

WO nioengmssé ¢ regi on; GALI termi nator) at the bopdT/GB2009/001377

repressed and induced | ocus. Sequences at the 3
region of GALI O are required for .induction of the
sense transcript. The data suggests that the position
of antisense transcripts_oyger. at GALI O reflect whet her
the gene is repressed or induced. These transcripts
are likely to be initiated at different sites (Fig.
Akee cdbBohNYESMQS desi GRSy @R £XReLABN 140 i fentify
sequences required for induced antisense transcription
Raverery evPBesskomclothRe8hl t REW '2PPRakRi By Requences
d&&éﬁ%%%gldenSﬁaﬁﬁfﬂdsﬁg the é%me'&%@a%heg Eﬁ&'é%hﬁééyﬁpt
the main gene. This construct allowed testing for
Rmfatlﬁvénp%h%t%trraat@d iexaif Fritson tef thesetn e@tuqmse or
gﬂ%%g@n fmee FRRSexhhBADS CTddds 1534BP3 bel wagh hases
2453 and were deleted |eaving 92bp at the 3 ' end
bPP?eS@AEF@? F g idheed with fvlobs§ Seqbemeds?) -
intact. The deleted region was al so replaced by an
expression cassette in the sane direction as GALIO
expr ésshpnarRNX i pepparegdddtaonifeem siguresired)i s

- dildd BgSp; gndig I angly ?U Qget&)gé?e! &tt%ﬁef Bé%&t@%andrh@eo

m nut es, suff|C|ent or stron uction o e sense
ftlrr&ﬁsem phe ar@lqw&&wpéaghnb@%& afthentpdeeee 2 @Bidrripts

%%glsgft BOSEL{ U t&QnEQ%ﬁ!\ié %}e@’@%&&g | 9re 4B 400G S
e insertion at en of O1s
@m géﬂeﬂtos@ Al niGaé 7expt €& idh 70f b8ehse hand . 4kb

s%ﬁ St d&g @&Jt@ apt Eﬁ@”fr?c}dée@“%%het ?‘éé@i‘

nes [ 'npor tant vVery
arsd anénsmmmlamq heShke ssaqriras 1weﬂ:éeobh@mg/@du( Fibgp

$iBe o?”?ﬁe 6,200 & Je trlﬁgérlgtess%r{ ‘%eE;QSsBEQHDEﬁ{

Fegion tor sense transcri
glucose) coupled to changes in the predlcted initiation and

termination sites at GAL10. Third is the presence of
transcripts over the intergenic regions (GAL7 términator;
GAL10-7 intergenic region;'GALlo—l intergenic region; GALI1

terminator) at the both the repressed and induced locus.

Sequences at the 37 region. of GAL10 are required for
induction of the sense transcript.

The data suggests that the position of antisense
franscripts over at GAL10 reflect whether the gene is
repressed or induced. These transcripts are likely to be
initiated at different sites (Fig. 4A). The inventors
designedvan experiment to identify sequences required for
induced antisense transcription (likely to arise at or near
the 3’ flanking sequences of GAL10) by separating the 3’
flanking region from the main gene. This construct allowed

testing for a putative promoter and examination of its
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i ntact production of the sense RNA is conpronised in
the strain with the insertion at 3 "end of GALIO This

WO 2003a8738¢e possibility that the antisense traPSDGBpi09/001377

is required for transcription fromthe GALI O pronoter.
The induction profiles at GAL7 and GALI (Fig. 40 were
al so examned in the nutant strain. No obvious effect
on the repressed levels atzghe GAL cluster was
observed. In addition, there was little effect of this
insertion on induction of transcripts at GAL7 or GALI.

JitEtS@AUERERST Aln td¥e t3e’ sBAfe Of r LN Pparl e E il N ween

for the production of the induced antisSense transcri pt
Riich 44831 And P I T Msitiec deéated BFViciceARbPr ahskErs pt'i ewd

&f dlRe dandyCeRly SENF & Hel AMSEL bRk nd HePueHBE8SiStact . The
coordi nation of events between the 5" and 3 ' ends of
e taddueedonerrs Bequarpescat PheB expregs b ofaGatte

B & O ah8OME FEG {1 2BNHASEDSExS FANSICHI PLRRA @ds L hE
repressed | ocus. At the repressed |ocus, the antisense
pYSRTSEd promarel 14 lallyurgd kit Faffelinpsea agif feargfierred .

tf@%}atlia%@o%t Pé.n_n quean@AIGlOOmg%Etéé:,i %uf%ﬁ‘):iegbefépsoed'xtdn%n
at the 3 "end of GALIO allowed us to ask whether
HidHdtaense§uehe exenace tragarr et fand ahei sppsarance of the

%ﬁm@r bpgkezaBﬂigé}%er epLasserd Oﬁﬁh@s Wl lt@;pé ngueed.

ocus (Fig Surprisingly, only a smal red.uctlo'n
45 e §i ardof) t hThawd ngarrsenst 1y @mslc PE pFBLI G ishe

Mﬂ%&@@@@&ﬁ&&%&%g@éﬁw et LIhe Fﬁge}. .84%51%(1

the relative size di etween the [ong an
Wiror3t- Skt FAEhE eantdireinged tvangesiptid dFigo4Bhokangs & land

é/)?l'_. Eh\?grtﬁgggf;,t %f%{}a.tlo_ﬁreggsgfﬁso@t e iecgr%J?gé ipt in
transcripts nor mal Initrate have been del eted "or
ieeuseadlby véree PdPseangdi (Bew t4Bn lamdst Ragndod h. Thus,
&ééﬂ¥%§rkﬁésp§6£%éé¥‘Qeﬁﬁhﬁgféi géﬁgéNtranscription being
intact production of the sense RNA is compromised in the
strain with the insertion at 3’end of GALI10. This raises
the possibility that the antisense transcript is required
for transcription from the GAL10 promoter. The induction
profiles at GAL7 and GALI1I (Fig. 4C) were also examined in
the mutant strain. No obvious 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 GALI. V

Thus sequences at the 3’ end of GAL10 are required for
the production of the induced antisense transcript which is
in turn implicated in efficient transcription of the
induced sense transcript. This suggests coordination of

events between the 5’ and 3’ ends of the induced gene.

Sequences at the 3’ region of GALlO are not required for

antisense transcription at the repressed locus.
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wa@eoen43b@at their normal

site, slightly closer to the 5 ' region of GALIO This
rai ses question of how these transcripts are pronoted,

renoved. One explanation is the sequences in the

i nserted expression cassette. However, as these new
transcripts are not present in the induced conditions,
it is unlikely that they_-ate pronoted from sequences
within the inserted cassette. Thus there are dlfferent
sequence requirenments for the induced anti sense

Ad aeChkple3nEd thaNt k8eNsEt Adeddte t&%ﬁ%@%%?ﬁis | DS .
Hdal recruitment to GALI O reflects |levels of antisense

3t1rk£3r§fcrthtmb’a%atrFotatl—I@KfBéE?r%% RAfete OFs WE FBHR f Ry 0

)38 e(F@g | sgNse fHansGerPloRr fduced mhen GALEAY.16 diNowed

t he i nduced conpared to the repressed state,

WK Y BBt Be e aSEarilain SEEUERIEE S FEeoarari sad afOALI O

defilRels %k&Hé%rfﬂB%oh€¥%|tHé Al SanRse 18NAs 04 s whetdher

exEreSS|on of the gene IS induced or repressed were
aRefus HiBl S -mA®) as s SBFRY 1 DRANiYt/h oBAY| ©nagall

AsaRsSed by G %1%% %@ EHéofﬂ%'a[htFifs%Ql%%e@rgﬁ%&iﬂt@(‘i%d

or repressed cel g Eaf 3, a conponent of
st H‘WtﬁétRE@E@#%%ltﬁet éaUEtW%wt@ﬁd t RBeNLRYe } s/ sinde

t_ar%etﬂéjlta&égéf s?fé?@ﬁf(félrleﬁfzg l?étx?el:en t11%990n§'v§191 ‘]sl'gd?bt

5108- 5119) was used as a control. StrainS |acking
TfiFesFewr Angne e wery 6f1hi3¥ ofre fé@@teyllat Fba WE- t Adis

sﬂ[g%@%tt%r tﬂQQ %&m&etshﬁt‘:é?ﬂi&g &?‘egéeo'ir‘%sg‘:‘i‘ﬁt?s 'r(b%trr%ﬁ‘i

the normal profile in which levels are high at the
th@r have kewp dedethd evdiirurdigidol®y shggestsmdy a

{FPsle%l%fhf enh Ofad %%%h%r?rﬁ&@r&?cé *LereRHﬁ@lQE’{'ﬁP &% 1 new
particular (Reid et al , 2004,” Mol Bi ol 2%,
sq;p.7@4}ghtly closer to the 5’ region of GAL10. This
raises question of how these transcripts are promoted,
given that their normal initiation site has been removed.
One explanation is the sequences in the inserted expression
cassette. However, as these new transcripts are not
present in the induced conditions, it is unlikely that they
are promoted from sequences within the inserted cassette.
Thus there are different sequence requirements for the

induced antisense transcript and the antisense at the

repressed locus.

Hdal recruitment to GALl10 reflects levels of antisense
transcript but not H3Kl1l8ac.

As there is significantly more antisense transcript
produced when GALIO is in the induced compared to the
repressed state, experiments to ascertain if Hdal
association at GALIO reflects either the level of antisense
RNA or whether expression of the gene is induced or

repressed were undertaken. Hdal-myc association with GALIO0

initiation site has bPenGB2009/001377
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Hdal -nyc is associated with both the 5 "' and the 3
region of GALIO in induced cells. The signal for

woldmbAmass dr ops about 5 fold on the repressed PCT/GB2009/001377

chromatin. This difference is not due to differences
in the levels of Hdalnmyc in the cells cultured in
repressed or inducing conditions (data not shown)

This data is consistent wiih the presence of high

| evel s of antisense transcript in induced cells and
hi gh I evel s of Hdal across GALI O Eaf3 shows a simlar
W 883 sRHOB U&H¥¥jd§1%ﬁdcﬁ96HA{Eh'ﬁ%%?%rESVﬁkémofnduced
association at both the pronoter and the 3 ' end of
CANeDreRSEepFeLss off igFi §2) 5B)Eaffo § gempphgnt fof Heytd
i &dadkati,ensdi fhelvaen.Hiah @aserinat uggiﬁ@d hi stone
acetylation at repressed and 1 nduced GALIO H3Kl1l8ac, a
Jarowi teabsteaeee f drl Jaddl efiag! exbifiheMBPevel §, 03108~
43K6183¢ sal sLie & epressed) gens A&, d %{ck%g‘ E2E3 tohow

[ evel s 1n an H3K18R strain, consistent wmth active
hfedr deykasi oh bistalw acehyladieedtcdblespirepeter ofnd

; P gnif ] t ' s i Ner
R EnR Codl L S RN LY SLAOpiiidiata Re EALRSSER

pafdile (R ghisiC)levellsi ardi hieh erfcdhies pprasear avdrdrop

n o] S 1) '
ey P aEa Pl 0 B PR W AR SETEHE o oas of
B4ER1®ac thegRad3 $ scovplenl irepatolidyd dre@edd Fhisl, 2004,
g tssnQ dipe ornel ati on bet ween Hdal . -
D%?S%%ﬁéthgla%%’ﬁgﬂgggégét GALI O If Hdal activity is
rel at &datompnt i serm®cingpdcvipt o whepbsedndythe 3’

{ere s Eruih it R eRflined Dsne opae ron Y 0
drvgsh abopegh ofwldam kdeexpbae szl hrichethnst oRels

&Cﬁt e Eieogst%% é&ec%gpgm‘f%r% rcaenssclrni leieoﬁ_]g\lfels of Hdal-
activatli on an elongatlon (0] %e sense

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
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 relationship between Hdal
association and histone acetylation at repressed and
induced GALIO H3Kl18ac, a known substrate fof Hdal was
exémined. Levels of H3KlBac at the repressed gene are low,
similar to levels in an H3K18R strain, consistent with
active deacetylation by Hdal. In induced cells levels of
H3K1l8ac are significantly higher than in repressed cells,
despite high levels of Hdal in the induced strain (Fig.

5C). This difference is present even when nucleosome loss

that accompanies active transcription at GALIO is taken
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wobkoobi3KB8@c on the induced gene .

transcript. The bal ance of acetylation and
deacetyl ati on would be shifted to result in a net gain

interactions at the GAL | ocus. Long-range chromatin

i nteractions, also known as gene | oops, have been
described at a limted nunber of active yeast genes
(Ansari and Hanpsey, 2005, 3§enes Dev 19, 2969- 2978;

O Sullivan et al, 2004, Nat Genet 36, 1014-1018, -

Si ngh and Hanpsey, 2007, Ml Cell 21, 806-816) . These

it erREbLARSah@PHIaS enlk 1jsU%t 8Pgst i N Rhkhez51" cangs 3
' regions of yeast genes and are associated with

ySiS-, FRLEF BS‘éEFﬁF%% nepRir pahser T tliadd orePat iegr difal

ABCAYiRRAYn Shyamikivadakacahew Nor AGidate .80ty Sepsts
transcription at the repressed GAL |locus and 3" to 5

B (EImrEnAR Bt F RSttt RS CrABTE e @AIOHosEdsby Camblong et

dNVeslo7gabh 0n: § 9, aaferhal, Nchin| ONONARGE 1L0L 8L a6t 1190181 sac
are inplicated in antisense regul ati on of GAL
@k s dREHC R sIRRIe FEgIkdRUlTREY G thec G4 wagiemal Spgede

:851 4iR@ APLGSERE & D JrRNA L RDYL: 1 ] &Rt IaeeémamleM
i ncluding an inmunoprecipitation step, whether these

§ FRNSCAPE HAB2 hrac Hsddiont eAdwe tPRIRNARI oAnEhaFFemEe
ﬂfgﬂ§8¥§ EonSTQ§tH§¥§ﬁd%h%fcﬁégg§fﬁt16H“3n§ deé@gﬁ§ﬁg%

the GALI 5 ' and " region and t regl on of

W dobg ehifhed sto yesgilen 1@fa@e¢¢ gaflmnoéeHBgl%%n: tay ddre
{ildcgage . raffinoseand gal actose were nonitored
using a nodi fied 3C (capturing chronosone
conformation) techni que (Dekker, 2006, Nat Methods 3 ,

sgzjxvanggkgﬁfoﬁg tﬁl J:n t%Q'Q%t:L §ﬁ.§ ede eth?eg %AL]@Q@ 1311;
[livan et al , 4, Nat Genet 36, 1014- 1018)

Iqqﬂig;.ra@,g)a Chmsatautdmtle@ﬂacm@n@r ea/lmécmwue@@m@rda | ong
12008 hOLeracth ok EYE2Le UNIAfidch 2RRBELALL LA
yeast genes (Ansari and Hampsey, 2005, Genes Dev 19, 2969-
2978; 0O'Sullivan et al, 2004, Nat Genet 36, 1014-1018;
Singh and Hampsey, 2007, Mol Cell 27, 806-816). These
interactions represent juxtaposition of the 5’ and 3’
regions of yeast genes and are associated with RNAPII,
TFIIB and the CPF transcription termination machinery.
Given the data showing active antisense transcription at
the repressed GAL locus and 3’ to 5’ eﬁd communication at
the induced GAL locus, investigation to ascertain if long-
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
intefactions are associated with RNAPII and TFIIB.
Interactions between the GALIO0 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

Long-range cPCDGBRI0D/001377
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is present in all three growmh conditions was used
(see Fig. 7C) . Long range interactions at the

wo epoassed GAL | ocus. Long range interactions BCBEGB2009/001377
det ect abl e over GALI O GALI and between the 5 ' region
of GALIO and the 3 ' region of GALI {GAL10-7) in cells
cultured in glucose (Fig. 6B) . Mreover, these
interactions are associategywth RNAPII as the 3C
i nteractions can be i munoprecipitated with antibodi es
to Ropl . Controls for the GALI O and the GALI O |

| dd¥ efzaetkgps whewiihat t-bg E&gorap%@tﬁléa%ép&cagtlu%mg

and depend on formal dehyde crosslinking, digestion of
IHEOTORPBRREPRE WM LOPAI Fechmays g@%elkéfﬁrrr eda?% oNaind

Mddidaison, of 7t eIl et0khgs P%dzea%tclleﬁcéFw5 6Go6-
In some reactions nore than one PCR product was
loser Padul Thexe FCRI1pr 880¢t NaterGenedoB4tr ed04 o 1gel s

t Se r
e R e R e e

igitegagbioni aly PfRdter whaeh 61 gtagsns ighedowi th NRIEA RN jagd

rsegﬁ%@ehé Parii aldnyeRr gEe6t e hdihtNensr R5s! Lok dsee
chromatin preparation, ‘resulting in a product of about

BEobFC)n addition to t he 260bp product- expected for
the long range interaction over GALIO Simlar

anal yses at the three long range interaction sites
Ienyf renge édaterasftione PERERe ctRRASS SIS 6Abedofys.

dependent %é%&@'o g ggg §LOSSI I UGe@NEat$0, aL7 ana

consistent wt val i ong range |1 nt eracti on S’hOWI ng
Hapwegposhei bh 1sigiding PANEABEGUENE TR FigiordhGRISr

Ar9019) T 2195111 e1ackE0RS; destidde 4 902y, have

een observed on active ytra en .  The
Mareevact i bheselaegdeirbetihes eane @ﬂsoallaaeﬁowush tBNRPIIs as

rRPhes SRl FOL: Qs XA B35 AT NP tated with
antibodies to Rbpl. Controls for the GAL10 and the GAL10-7
interactions show that the PCR products are specific and
depend on formaldehyde crosslinking, digestion of the
chromatin with DpnII, 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 DpnII
junctions were analyzedl This revealed? for example, that
the DpnII site abutting primer set 6 at the GAL10-1
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 GAL10. 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 juxtaposition of distant sequences.
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the presence of antisense transcripts suggests the
| ocus is transcriptionally active. The next step was

w0 o00exnemssane whet her the mechani smdriving | 00pPCT/GB2009/001377

formation at repressed loci is simlar to that at
active genes. Long range interactions are reduced in a
strain carrying the sua.7-1 allele, expressing a
version of TFIIB with an-E§2K (glutamc acid 62 to

| ysine) substitution (Singh and Hanpsey, 2007, Mol

Cell 27, 806-816). This nmutation is defective in

Cintermet 19RScad Al®d 'off €8heNrdie NGt b cthenS

regi on of active genes. In repressed conditions, the

- FR9rAbe@AL?, dape 1 M3V g ePhebeReBICTFRPEEVESKg r ange

{ ARG beANge AL . Shaned ndependenese QixdiBell RBaL J&ddB

suggesti ng that Ioops on repressed | oci have the sane
equiltsheEntsahsis hme@ﬁeécfwe%%rﬁe@r@ﬁsgonse}thowh
@digrie@ancther G Qand Eggng@%%éié(gﬂﬁg%éﬂgethe locus is

i nteéracti ons, but not that -7, €an be enriched
ﬁwq%ﬁéap@eiwt%ﬁt@yq -r ORPE BE¥lai I e@x pirés§pngxamine

Wi HB M 6 CRBPRL £ &R 1 HAt w&ﬁdfo%tnra@lgn( g\:grel?%ssed

This suggests that TFIIB-nyc is closely associa
W aih isheleht aret? rtiadgiadnacthae I9ss | ohgnaangede

iftaactbaesaal Ml LQand GALt Aaidl %J&aﬁgntﬁerswﬁ.

inability to detect TFIIB aSSOC|ated wi'th™the | ong
Flafde i sreragsien acirsdoaApf OTRWEB @ALL s R62Kcl ear,

Jeupgtd ge_% dEIB 1y%15t%ﬂugﬁﬁ9tfa{tito%e ('b%gfaggﬁaon-

e possibility is e epitope tag Is .
Hpeseyi bRE0Zt Mol C4lit é7acBPon8lahus Thasgmpaageon is

dégéﬂfqg%'QﬂslﬁégEJE%fgﬂée%Eegh@t 1 f%BT%ﬁ%eHoéyﬁt the

| ocus and these .interactions shom1 e sane
T¥'eqeioienent sagsirergenesops Innrertd sﬁ@dg epagdinions, the

sondj tignal  Lang,rangg i gee%iﬁ%n ztéﬂg gé;rgﬁ

Long range i nteractions
interactions all showed dependence on functlonal TFIIB

suggesting that loops on repressed loci have the same
requirements as those on active genes (Fig. 6D). 1In
addition, the GAL10 and the GAL7 long range interactions,
but not that GAL10-7, can.be enriched in immunoprecipitates
from a strain expressing.TFIIB—myc:compared to an untagged
strain (Fig. 6B). This suggests that TFIIB-myc is closely
associated with the chromatin regions that show long range
interactions at GALI10 and GAL7. The reason for the
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 interactions can be
detected at the repressed GAL locus and these interactions

show the same requirements as gene loops on active genes.



observed in raffinose, a repressing growth nmedium and
i n gal actose when the genes are expressed (Figs. 7B)
WO poobosi3scases, the interaction is associ at ed RET/B2009/001377
RNAPI | . The |long range interaction between the 5
region of GALIO and the 3 ' region of GALI (GALIO -7 )
, however, depends on the carbon source in the growh
medium (Fig. 7B, C) . Ms{ inportantly, this |ong
range interaction is lost in induced conditions
(gal act ose) and even when gl ucose repression is
A e ibhi1 rférfg r}%@)e intBPSceidn 1% ¢AL myléa?g
di sruption of the l.ong range interaction can
lonsl arned Sripiactdpnshéoni gall @wasids Gé\Wsengealso
éﬂs%%%ﬁ'ﬁ'% o, aLe-gps i 9 and_i
condi t1 ons. % * n%%%/l i %ho‘?g?ﬁ%ﬁﬁdc}lﬁ
, ad@@tpaﬁg@h@mtém@em@ﬁ appe@xgremsd@e (Fépat etBt o |Imsdboth
egluge i.an. Lo a Catnthe
> CgASL ogué ggtgeoﬁranf Sil?gln%gdggf’/é ysi ne véggcgl% gﬁes T.hel\gr?flg
m@iengnt:ﬁam@rqrptbgtmdnl bhg ¥angwiont efaGhlbhsaral ¢he 3’
ﬁg%%ngf a&Af,pe (z%:l'lol %ushbﬁe\b@f h d’eg)%'hﬁéséaﬂ dﬁgdcarbon
uci ng cond| I ons. The presence non- co
Stmgcnnptlselssrqvmhamedltlm theg | oy CangeMosit er acti ons
e | Se 4 CLLPp r .
RO AERY S el A S ERE AU L P Ge B gapeps
10 C(O@&irrbllong &yaldctozed7aadl évaﬁlwhe?O@-lﬁiwe mpltdfrfslon'is
JERLessedl and dnduesd CALLO ocus, (LhgLeyel,
%r omatin associ ated Hd cortelat s eve
dirstriupense ¢f ariscrliopd. rbtlgwammmqte@nl f:afrldlaé @quaEanea
required .f.or the Long.range |nteract| ons_ at
LB oB HEn S st S 9 0 SRR e Mt e
cm‘sfeemedonnddme imotug ingngendit srract | RashevertlALl O GALI
15 con i %%91Zt§rbf'%%feéﬁigo 7 long range interaction

appears to be related to loss of glucose repression.
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cells (Fig. 6B) . The effect on FMP27 is nuch | ess
dramatic. By contrast, Eaf3 is required for the | ong

WO 200ga473ed er acti on at FMP27 and GALI O, but t hePer/GB2@9/001377

| esser requirenent for this factor at GAL7 or GAL10-7
Sone | oci, such as FMP27 and GAL7 show specificity
for one or the other conplex, while loci such as GALI O
appear to require both activities. This data inplicate
the |ysine deacetyl ases, Hdal and Rpd3S, directly or
indirectly, in the formation a-long range interactions

Bty S4agestint8Aicdiuns aRY the EAMKRSEUO 228t [ 8eNSnced by
transcripts. Discussion The inventors have used the

Rineydgecstyiaffifttel systemin which to.conpare the

NHlUeRd nandri epkasted aghiai £5g achpbserve dt { 85 ences
in antisense transcript and epigenetic regul ation.

PrifEEEh8W Fhat CRfede@ckEpiBsketh Tepressiogc Bnd el riugiag

&Jﬁ&ﬁﬂibﬁg.thﬁhé‘ﬁ%@s@h@@ Qfoﬁgﬁjééaldgftranscripts is
ant| sensetranscri pt S in association™w th epl genetl C

tpothdel st y@nge Thet ARt e g st Aanserigrtadap

Ble e iGhhst OCHs d S 1608PLeX andb condiat LORA! end Neian
presence of relative short transcripts over the

ifi@egdRrec et tfs (F3or ehl niGxEnonst gbr At 2007 Cell
A$S0GiogL ¢y | I angCripRtl §e?§§9§éc§taﬁgi Wil o8k I8 MRS s,
such SER3 §Martens et al, 2004, Trends Genet 23,
13]1@6—13?3’3_)1, of MpZrontls APROE Satedl Hilads coz@ebatee gl that |
AR 61 M AL 32629207) o Y cLBRSERtLA Bhandlan
2008 Cenes Dev 22, 615-6 or mammal’i an genes such as
HHPRagrhredahnsd dioralthe2007g Nender € 1445ackbens 7)) theAs

é}{pqgc@geagﬁeg,@%wﬁ%bot-h the induced and repressed
GAL | ocus they are unlikely to have regul atory

f unciosasof efidalediaso 2adranatioreffirgt on the long range
interactions over GAL10, GAL7 and GAL10-7 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 GAL10, but there is a lesser
requirement for this factor at GAL7 or GALIO-7. Some loci,
such as FMP27 and GAL7 show specificity for one or the
other complex, while loci such as GAL10 appear to require
both activities. This data -implicate the 1ysine
deacetylases, Hdal and.de3S,‘directly or indirectly, in
the formation a long range interactions and suggest that

this may be linked to antisense transcripts.

Discussion

The inventors havé used the GAL locus as a model system in
which to compare the induced and repressed states and
observe differences in antisense transcript and epigenetic
regulation. They show that gene repression is a proactive

state involving the regulated production of antisense
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repression directly but may influence other aspect of
| ocus topology. The size and position of the non-
w@Eomvngr3sant i sense transcripts at GALI O change ®»EC1/G6B2009/001377

growm h conditions. At the induced |ocus, there is one
abundant anti sense transcript whose Ievels ri se and

fall synergistically with the sense transcript. The

dat a suggests that sequencss at the 3 ' flanking

region of GALIO are required to pronote expression of

this transcript. In addition to binding sites for the

t@alnd chegub at Oradddiisith egi PNl §H LoBtaLNShi e PryTRLRS
for GALI) there are also Rebl binding sites in this

*on. As this is a conditional transcript, a dua

rol ether n&al dod hpeltrbMatinge bih acthenGABhLt T SASE Pt
and_the GAL|I O antisense i s possible. However, the

GHTPe fit 0B HerAs el 188 3kappERE IR e PEl rahtfSghehort

tria@ReChhPE dSithE ahcebPgedic JRAIRAB 95 Faduced ALls
and there are no Gal4 binding sites in _this region.

REOFeRer hatsSPoisit 6 LrRESECALPES aftsosdasedt vhks creast iggnes

RRIOGEAL vyt idhd QW lLevebgoof ztﬁé@ld%gﬁlege@:se 126-133),
transcript, and the denonstration of

ng
MERgelAVer FRaVicherdepReen 20053 Pro&nHa'él AeaioH &SA

1ALl 9:a0d;3 £ éhdaﬁy§|R§éP§€ﬂé§3éQ0%§'bhbbéybéﬁééfﬁgﬁ 22,
ronot er sequences piay a role in acfivating in trans

1re 68A1 | SBEMEMAdFSc BEPES Sudthe@ sadfFSedertranmst Hipad

o7, NHNEEHe GALE Os3lRakgopr OPL RS LED YO O8NER poth
preV|ousIg shown to be associated wth antisense RNA
(

tihiek anprpsd (Al alensesgpd, GRBOPCURr heNapFe Adaki ks USA
nQ4, régﬁa@@éﬁ)functtasngnzéfm dd aR$ L L Pl otadgnduced

GALIOis linKed to transcription of the sense
nepaRse i PPt dirmu: IGAbLO ma‘ansra:ﬂlmnqes oahefe@@ﬂctf ragmlocus

é&%%ﬁo@&

The size and position of the non-coding antisense
transcripts at GAL10 change with growth conditions. At the
induced locus, there is one abundant antisense transcript
whose levels rise and fall synergistiéally with the sense
transcript. The data suggests that sequences at the 3’
flanking region of GALIO are required 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
this is a conditional transcript, a dual role for Gal4 in
activating both the GAL7 transcript and the GALIO antisense
is possible. However, the inventors have also mapped a
high level antisense transcript arising at the 3/ region of
induced GAL7 and there are no Gal4 binding sites in this
region. Given that loss of the GAL10 antisense transcript
is associated with low levels of the GAL10 sense

transcript, and the demonstration of long range
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PHO5 as it does not appear to extend into the pronoter
region and thus is unlikely to function in the way

w@empassss f or PHO5 by renodel i ng pronoter chr opet/GB2009/001377

Li ke PHOB4 (Canblong et al, 2007 Cell 131, 706-717) ,
the presence of antisense transcript correlates with
the associ ation of the Hdal |ysine deacetyl ase (KDAC)
with chromatin. Although_lysine deacetyl ases are

associ ated with both activation and repression of gene
expression (Bernstein et al , 2000, Proc Natl -Acad Sci -

1541kt 183408 thdidk3)che 8t RS8B4 Hda)i JuBet EaNSo Wdd

t he antisense transcript to repress the sense pronoter
CEalrbPEn gl Ee TR T1VREPSEAPE118Y iy gl pyomoter sequences
paadoxbeal by, adiohdievelis efahBkifaGnakg-A8E Nt ai ned

over the active GALI O gene suggesting that acetylation
HSIHGTaPEd- wi t h sense transcription shifts the dynanic

bal ange LAWRLHSsAGatYsathBhs MNABIdWHA0GaRS diSar
ground state of active repression through KDACs and

REANSSEASE ViERSEIG pegesTRESY hoehtbrshosiggeshe targodikited

WHaUnRgrSkah e | SnA EPR8RENDAREs I (PRt Y siheshong prapge
i nteractions over GALI O and GALI  (Fig. 7E) . Inthis

¥ajdePopReSFoNEEA diftfe iBREEr BR1¢ bnhealrphéaghsassreisardpt
2 1 BNARI bapng 1By woub d F eI 8SeRt o8 BRI S6d NBfce
active transcription as previously envisaged (Ansari
e sdarpS ey, TROOBL ICe fegnPevint G Ltig7ent G Ithpgnat
ﬁﬁoéa%s’igogéesrﬁgt %Ersgo é&géhd.%gkg;t§%n§£bﬁggér
Hanpsey, 2007, Mol Il 27, 806-816). In yeast, flies
zasd opaangl Shwams geddsedyi 50 functismabhetpei v potomposed
' gaged-RNARL S ' epj eb ‘
T P ope ot T Bronorer COLcARer oro5f P,
Canblesg, ey 7a88;2RIAERL LI 38t W6-712005hvbprasicel ®f

%%%Ef_%gfg?¥£$éégkﬂf %%r?glathQZitﬁ¢¥hecgg§gcgg%ion 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 PHO84 Hdal
functions with the antisense transcript to repress the
sense promoter (Camblong et al, 2007 Cell 131, 706-717).
Paradoxically, high levels of H3K1B8ac are maintained over
the active GAL10 gene suggesting that acetylation _
associated with sense transcription shifts the dynamic
balance towards acetylation. Underlying this is a ground
state of active repression through KDACs and antisense
transcripts. The inventors suggest that this ground state
is represented in part by the long range interactions over
GAL10 and GAL7 (Fig. 7E). In this model the long range
interactions, although associated with RNAPII and TFIIB,
would represent a poised not active transcription as

previously envisaged (Ansari and Hampsey, 2005, Genes Dev
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At the induced GAL | ocus, antisense transcription
extends over the sane general region as the sense

WO e@paenBspti on. On repression there is a sw t chCT/GBRVR/001377

initiation site and a change in the nature of the
sequences required to pronote anti sense transcription.
Mor eover, the antisense transcript becones dom nant.
Long exposures of Northermgplots, however, reveal very
| ow | evel s of equivalently sized sense transcripts
suggesting that the relationship between sense:-and
2Ot i29RRSeol g aNSIUINtvAR bE BB M@jdeda@VeBnen &, 1014-
repressed gene. This reinforces the idea of "active"
Tefresdrgh amd FATRSGY Y s2PRé riEdy éxddd St aBRé blflg aln
Yefdrat if@ReQf st N enAWRN LS mb ARt gOEE QR caGHI ¥ati Qe One
natural consequence of dom nant antisense transcripts
Rl =4ch israt e et tes SngiR3eHr BUYRI Koacs thechsaeciresd and
Filgtnechit hdal M&ENEShsNdct AL oo qRLESERL | OCUS
the antisense transcripts extend over the GALI G|
IH%er ferilclPRgi BiT 881 Badphiiaretweadd t 800Re ¥Rbserel 18,
Tegulgat ed; anihsenss Lnansept ptyat J2HA84 36Camd] Hnos )Y |
al’, 2007, Cell” 131, 706-717769). Deacetyl ation over
t hi s Ategheningierast KL LAFes gedi el saiFicof TARFC PRSI or
Shabiddl 26k onte FARAC LALELACHLPNS, Als LhE Logbs. for
exanpl e the Interactiion over GALI O-7. Al so prom nent
orensse ipaponar e PomgrregAsen i Prere e ddisHgtE£h olm o
J?fﬁrt%att‘loﬁngib fandT%e%%a%%énf&férE& S8 CBRALLL O yences
or exanple the GAL1l.-FUR4 long transcript atthe
Tqmhiced kFocpsomrte RatGARher | tmandadpsdonr anderegiermt the
e GUS 4 nen- g s
R R R R A A P
Nrpcheeni hvotsednaweveondirevombl veni tloved el s bpau et

é&uiv%qggtly sized sense transcripts suggesting that the

relationship between sense and antisense transcription is

maintained even on a repressed gene. This reinforces the

idea of “active” repression and supports the'répressed
state being a variation of the events that occur on
activation. One natural consequence of dominant antisense
transcripts is active repression through KDACs such as Hdal
and Eaf3. It is interesting that at the repressed locus
the antisense transcripts extend over the GAL10-1
intergenic region in a similar way to the exosome reguléted
antisense transcript at PH084Y(Camb16ng et al, 2007, Cell
131, 706-717769). Deacetylation over this region and other
intergenic region may promote or stabilize long range
interactions at the locus, for example the interactibnbover
GAL10-7.

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

conditional, for example the GALl:FUR4 long transcript at
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Mol Cell 5, 377-386) . In yeast, these transcripts
may sinply reflect poor transcript processing.

w@bdoensmassé vel y, they may be the first indicatipor/eB2a0001377

di fferent types of transcription event (repressive or
activating) driving or breaking higher orders of

organi zati on of yeast genes. Experinental Procedures
Strains Three different stgain backgrounds were used
in this study: BY4741 (MATa his3 D | eu2D0 nmetl DO
ura3D0 ) , WB03-la (MATa, ura3-52, |eu2-3-112,

S Irdduceadedelis &ﬁrﬂl'rel@@z[,lb[‘@l@?tn)se%%@ ¥%ﬂ§cfi\&-raatl
cycl -5000, cycl - ura3-52, |eu2-3-112, cg h.2) . The
té*t?a‘,relprﬁlslsé}iel?%uﬁﬂ tLWéngWPﬂﬂC%@égrtG@ﬁéCFPPﬁf ;& al,
IMved Brobnfhermizddn 30869 303 atna136hak8%1s and ma

i ncl udi_.ng epitope tagged derivatives, truncations an

Rferid@v@aVEd pRsCoRG i icrrdt FrtEdr Dy (EiikgRre 8t epl getfP o,

M&PlRaaMeNt 3651 Hig >PCR¢916265§£ ed I NA fraguepPiscs ma
(Longtine et al , 1998 east 14, 953- 961) A pTEF
Swaﬂwreﬁﬁf:‘érpm GUSECEEHT | PERFRSFA N - Aéee?érhatblfvely, :
?ew £hBY | fsd q%%legtigél&l@%@ﬁ%feggntso%éfg L5
respec to the ATG Transcription of the select
RIS IPS 1PR e s alePdrpEEYE 0P @ tdAREdngendeiving or

ﬁxféwéi%@ RiLRDr S -des Lagged.&li INerCyLeLm Huse M th

‘the nmyC epitope I n BY4741. "hdal D and eaf 3D del eti ons

were constructed in the BY4741 background. Medi a and

B d U neQRdbLb O0fur{d OW h medi a were prepared using
st'andard nethods in YE supplenented with 2% gl ucose,
raf fi nose or gal actose as required. Yeast were taken
deQmfsyesh plates and grown to an OD 600 of 0.6 to 0.8
In 50 to 100 mM . Yeast were harvested by

Tame idldgereon afchwadaclgroupdO wsafeoriged in this study:

BY4741 (MATa his3Al1 leu2A0 metl5A0 ura3A0), W303-la (MATa,

. ura3-52, leu2-3-112, his3-11, ade2-1, canl-100, trplA2) and

YMH14 (MATa, cycl-5000, cyc7-67, ura3-52, leu2-3-112,
cyh2).. The sua7-1 allele is in the YMH14 background (Pinto
et al, 1994, J Biol Chem 269, 30569-30573). Strains,
including epitope tagged derivatives, truncations and gene
deletions were constructed by single step gene replacement
using PCR-generated DNA fragments (Longtine et al, 1998,
Yeast 14, 953-961). A pTEF:KanMX:TEFter was inserted into
the 3’ region of GAL10 resulting in loss of residues 2453
and 3007 with respect to the ATG. Transcription of the
selectable marker is in the same direction as GALIO sense
transcription. SUA7 was ﬁagged at-the C terminus with the
myc epitope in BY4741. hdalA and eaf34 deletions were
constructed in the BY4741 background.
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transfer to fresh nmedium Chromatin
i munopr eci pitation protocol Chromatin

WO povnepseci pitati on was performed as descri beplct/Bkaob/001377

and Broach, 1999, Nature 445, 666-670; Mrillon et al,
2005, Mol Cell 18, 723-734) . In summary, ChlP was
done using 50 mM cultures fixed wth 1% f or mal dehyde
for 15 mnutes foll owed bygaddition of glycine at
0.25mM final. Yeast cells were broken using gl ass
beads on a MagnalLyser (Roche) and fixed chromatin

Béea esabyuseomt& aldli tisheg a bioruptor (D agenode)

- Average DNA fragnent |engths were 150 to 300bp. After |

TRttt Mggari var€ raRayeforsing) standpedsetbpds in YE

%ﬁ@khee&ﬁﬁﬂmcﬁb@l@ﬂ:o\é’bt hraptiRody Loghhec-fokd o ng.
epi topes; 5m of (Abean) , 5m of H3KI8ac é‘Upst at e)
re%@rﬁedof Eagst (W}’éaarﬁakenl Erref L v8th PSants ErdZJrafid to

erQBD Qloomye 6Sé Ao ign 14 81 s8I {deani sedEppepdasfs at
for 15 to 20 hours and i mmunoprecipitated with

lpalmecﬁtﬁdAbze%ﬁamsfelqa@rlogo apfl N e chtin Hopnbefore
temsiat uper Al gfedi@shi ng, the chromatin was el uted
fromthe beads at 65C for 30 minutes. Cross- |inks
were reversed by incubation at 65C for 6 to 20 hours
Al Steal Sflmih St iQi833E cANPrENGSSH A . DNA was
purified using Qagen PCR mni -colums and eluted in
Tlgama tiat emmum@mlé@taﬁa vantpoiformed. apodesey iy,
e 180 an¥eh Eokisied ﬁ%@t ‘Nalthﬁe%%f%e% (MQPHﬁoﬁNeefte

di T'uted accordi ngl'y I'es were subject 'to real tine
PCRWlSngMalcﬁﬁ!b]etl& R@t3or7§éhe abl Syearg; e€hlpiwes done

&&1&%@@ ¥ Qg 28 fn@%agﬂchn?f nw%eggsg EQr o

regi ons corresponding to those shown at
IDatlaiaﬁa§Oéé©‘€%Fﬂ dvecdaikiNg ahtghoye ATOV . @M final.
PAUC2384 5 A5 Ao RELGEN %%?.n@f 100U e S QL RaSqf &f) £
the standard deviation hd ,
(Roche) and fixed chromatin sheared by sonication 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

following epitopes; 5ul of H3 (Abcam), 5ul of H3Kl8ac
(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 immunoprecipitated with protein A
sepharosé for 90 minutes at room temperature. After
washing, the chromatin was eluted from the beads at 65°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,
no tag, were used neat while control DNAs (input) were
diluted accordingly. Samples were subject to real time PCR

using a Corbett Rotorgene and Sybr Green mix (Sensymix,
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aver age signal obtained between different experinents
(n=2 to 4 ) . Ceneration of strand- specific probes A
wdZoopneomsed er was i ncorporated onto the end of BEECBRI08/001377
regi on of DNA using PCR T7 RNA pol ynerase was used to
generate single stranded probes with specificity for
- the sense or antisense strand of DNA using 32P aUTP
and the Anbion MAXIscript fy)- Kit (Cat #AML3 08- AML3
26) . Northern blotting 15ng of total RNA, prepared
fromcells using hot phenol :chloroformand gl ass

Redscenas 1@&9@&51%%%@13 Was dls/écf Qg Qﬁhyger@o%sand
transferred to Magna né on nenbranes and baked at 80C
e

qo&rreﬁpﬁﬁéFggt%rFWBrﬁ v § drAldver nP@ﬁ{i yas calculated

R ieC L b bh d}')s/'fb% 9HB) e Rbrflleg MRS e% YLEEdd of
TXSSC 00, 10808, twi 6 i n D 2XSSC. 0. 196DS Tor 20

imorH- esEsaeh heish TeBADE afes W@T@atr@pﬁ@ﬁﬁﬁyl@kptﬁsé@e
Jv%rra%% QQ%ﬁél WH S50 BEFW S HiliHe@ldn e LEXSL 51 filn 0 ﬁ|=2

Foaded was nonitored by the rRNA species, which
te‘Pré>equaI across sanpl es unless indicated. Reverse
“transcription- PCR For each of the ten positions
across GAL10-7 in figure 2 , there is an RT priner for
Genergsagn of aftxanidpepeat f4c rmha?t to the direction of

2 DeBHBLES AN oo RoRde B (IR, A LR APlamel:

tran Crlpt two alterhative prinmers for t
negiod PERDBAd1tiRg &CRer ndl i RN mesvedrpeemeas dsad tte

gae'H%'xJaft caty ry&?’g%‘d%é Bﬁoii_&e v&réhm“ég%a'i‘fs?c %br the

nsupp enen e 1 st”str synt fresi s was
stose 03| AQtisrnsEBgemenyers ONDNA kit *3F R TPr Angérshe

A%Eﬁ% a%ﬁ&ér{&e@%ﬁl%e(%t NSRS A 5 IBFCT I PLS. A

react
NOrthern blotting

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 80°C for 2 hours then hybridized for overnight
in PerfectHyb Plus (Sigma) at 64°C, washed twice in
1X8SC/00.1%SDS, twice in 0.2XSSC. O.l%SDS for 20 minutes
each wash. Membranes were typically exposed for 24 hours
unless otherwise.stated. Levels of total RNA 1oaded was
monitored by the rRNA species, which are equal across

samples unless indicated.

Re&erse transcription-PCR.

For each of the ten positions across GAL10-7 in figure 2,
there is an RT primer for the sense transcript (with
respect to the direction of GAL1O expression), an RT primer
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
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was set up with 2ul of RNA; prinmer (25 M) Iml ; H20
9m, heating to 700C for 5 mn to renove any secondary

weroovassse and place on ice i medi ately. Then buf/G8r009/001377

4m , dNTP 2ml , RT Im and RT enhancer | m were added
and the reaction incubated at 52C for 50 mn, then for
2 mnat 95 0 C. In RT control, reverse transcriptase
was not added to the reactipns. PCR anplification was
a nested reaction using TakaRa DNA pol ynerase in the

' followi ng reactions: 2X buffer I , 25m ; dNTP

driaMenc Bl a0 TNA, 2 ror PLLARIS shdcBEl) wa& QiR d
, Reverse Im ; TakaRa LA Taq pol ymnerase, 0.5nm ;

L}%glﬁhesﬁﬂﬁﬂe%% GHSQ HNR Rit ol tdy rddegs grecific rﬁ‘ﬂf
RCsenda 8§8Cant idlnse 3Qa586r 8Pk 72@ tAnAkPa FOLcdim

second round 2m of the first round product was used
Wiist FethePnBstle b iHe A nPAI P ctZSomMas Tabovii0 g2leC

heaﬁ: IE‘ilgntot hgod8: Ly d @r?inaﬁ:ogffgnovél%rﬁle%ecéﬁ@aryés&ﬁﬁ;%ure

20 sec and finally an incubation at 72

' arﬁchple&ﬁt BRi hge ISRy conframmirifésrwith, dNTP 2ul,

HIYAORKECKRP! LAkd R { 3Gh Pre NIC RledVein® XL AE4EG 4 OM
100m Saccharonyces cerevisiae culture grown in

appesetate PRUF UTRL G Oopifcatheredsin ¢ MED0RE 92°C. In
FordRl-dehy de. ass added (o 126 2. wAaAs 'Ho't 9hadd Ao Ak

shaken for 10 mnutes. The fornal dehyde was quenched
WCM@Pﬁg gPGRi 3epkid igat25M (&hia glestedMreaghior elging
iﬁ% l $@§$@¥L§éMfieth@ %@if&JEHEIQEaGQ1&nQA 2X buffer
K2HPO4/ KH2%O4 (35:65 ratio), 5nmM MyCl2, pH 6.5) and
TeS53Pend¥EP| 2 spbr.of #dti ﬁ@NZb:ufZUé{ (Prlmwrgofwubﬂlf
B Rt | ML e ADATs A0adgM TEE WML DU T,
for 15 mniutes at room’t enperat ur e opl ast's were
Hr@shed orice dth NES bubfeif0.2BMcyESes 10PM 4T bi tloming mv

FEDTA. Qs 3o0M MyCI2- adjsysted 194 72°c - 5 min. For the

second round 2pl of the first round product was used with
the nested primers in a reaction as above: 94°C - 5 min,
the 18 cycles at 94°C - 45 sec, 54°C - 30 sec, 72°C - 20

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

Capturing chromosome conformation with immunoprecipitation
(3CIP) '

Nuclei were extracted from 100ml Saccharomyces cerevisiae
culture grown in appropriate medium to optical density A600
= 0.2. Formaldehyde was added to 1% (2.44 ml of 41%) . and
shaken for 10 minutes. The formaldehyde was quenched 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
spheroplastiﬁg buffer (1.2M sorbitol, 500U yeast lytic
enzyme and 25mM DTT in Mg/K buffer) for 15 minﬁtes at room

temperature. Spheroplasts were washed once in MES buffer
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pH 6.4 using NaOH) at 4C and resuspended in 10m NMES
lysis buffer (0.1M MES, |nM EDTA, 0 .5nM MyCl2 pH6. 4).

wabmoapises opl asts were | ysed using 10 strokes ®»Ct/aB2009/001377

hand hel d honogeni ser. The |ysate was | ayered onto a
sucrose gradient (5m 1 .8Msucrose, 10m 1 .IM '
sucrose in MES lysis in a Corex tube) and separated by
centrifugation for 10 min g 10,000 RPM in Beckman JA-
17 rotor. The nuclei pellet was |ocated at .the

interface on the glass wall. The pellet at the bottom

of . ivhekube 3w Jamved  usindesraatesemfcentdhdjusted to
di scarded. The nucl ei pellet was washed of the gl ass

RAf th “CORIBafGH)( Nl | r30eRRRSaer b el OmIloMaS lysis
IRIRES, (3TMMIER 2.1 v MHEET A - O %ackiiiot @t Xa 100, 70 M
| eupeptin, 1:1000 AEBSF) at 4C, washed agal n and
TRsuSpénded verq Myset EsKngulf evtrmkes| @ithfarhamgl held
HBUe8S s0P . | Chhe TR RUCLEE YEI& - hEldnebed and-ald but
~100 m of the supernatant renoved. 40mM 5M NaC was
%@ﬁﬁé@n&ndmhcyb%“t @dlcrreﬁe101ﬁmh briM cecrohe it s ysis
LR %@eyé@?ulgé )I Lgn%d s\@b‘é?’agegrﬂ) @t‘lﬁi’%ﬂ%hp?&ymﬁﬁf Eiq)d%qn
and the m xture rotated at 40alovern| ght. ~40m of
37 dt%ei0OR ORBY pharfes&many Fpyl ] 20030 Ghepruadbyi viessl et

r y ' icCe i n it f
e e o tiaah borraroCec 1r TR FELL gy pener

A ORY RaCEom 1ghWhey Cubp) 1anternevand Usigat Romater 2660 and

am_f 3 mynt I hecc i) .
e e AR B L R S e Be GBI v
Qe bydads €It Nad by 306mY r s fares o OaM ROBES r AmM or

AN, (Washerh 3 4 IsTes W ER £M o8 esty WEEQB%%%{‘, buf {8l
rotate at 4C for m n and spl nni ng at rpmfor
IFERHM. akOafC ofvas@xdbadgétr @&d r$@Uspesded cin dmlewiyABK
ﬁﬂg%é@agﬁﬁ ié&é‘%%ﬁ 2%”%i£ﬂ§e§h£ﬁ”§ﬁé.” The nuclei were
pelleted and all but‘~100p1 of the supernatant removed.
40pl 5M NaCl was added and incubated for 10 min on ice.
The viscous mixture was diluted with 1.2ml H,O. Antibody
was added and the mixture rotated at 4°C overnight. ~40ul
of protein G-sepharose slurry‘(20—30p1 of beads) was
prepared by washing twice in H;O and once with 1ml of
restriction wash buffer (50mM Tris-HC1l (pH = 8.1), 100mM
NaCl, 10mM MgCl;) and centrifugatioﬂ at 2000 rpm for 3 min
to collect the beads. . The chromatin mixture was incubated

with rotation for 60 minutes and the beads collected by

centrifugation at 1000 rpm for 3 min, washed 3 times with

lml 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 100ul and the chromatin

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 insensitive enzymes such as CviQI were removed by
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WeE pmymer3sdleat

di gested overni ght at 37C overnight for Dpnll, or 25C
for CviQ, then at 65C for 10 mn to kill restriction

renoved bywashing the beads twice with restriction
wash buffer. The nmixture was diluted and ligated with
410 m of H20, 60m of 1OX Iigation buffer 30m (12000
U) T4 ligase and incubategsat 16C for 4 hrs . The

m xture was incubated overnight at 65C to
de-crosslink. Im of 1 ng/mM RNAase A was added and

wdgubat edeabe 3 tfvﬁrce3Q71thrégéffﬂ/@&i)nbma@g%upfego The

nmg/ M Proteinase K and i ncubated at 42C for one hour.
T UpRAYRasdbkired ted d3pageeohih el of cHR@r SFBrlmoL

1os<.oqr11élat%ﬁo®@£fan@ lerlthL@bé@t@)d ﬂ tih 530 aQIi ﬁMJﬁ@ed
0.5m 10mg/ m_ gl ycogen and ‘col d et’hanol

dthd@bat Ber & hr80C Fbe Wmmasmecp]@ﬂ%@ cvwmght at
&0ld ect gd. -washed;and 1{&8%919'}999 1 RAQEL K20Ls iR

followi ng controls were included 1n the protocol as
arr@cemhééad(@'ek%ﬁ fopoy ma foBidpwed By 6 Qi 2f) 20

1l WBEQ@!&&& F}tta%fd' RcabePeyas GXCLUbSH L0 %& The
rai ght 3C procedure. For both the 3C and the 3C with

DNA WRRAgZEraet e otsdinga §6 0K t Penyiemby oxef erinneseried
a%fo% ﬁ the {;f&@i;&%&t%heglw FRPR 3t %a@gpeadgpfe on

pr oteln rot ocol was conducted on nucl ei
l@m/mlealwpﬂ@mtartdwénﬂopﬂﬁﬁ dethatelt megt Feaubstep.atThgo"C

ﬁ%phgﬁkp' tAld Q15LEPFa e di;e%&% fﬁgﬁ‘shéﬁsérﬁ ction

Igation stepusing a stan prot ocol (see
W@)endedhen p* @dudk8 - of Theh & dldawtingncort xo detwerted

fﬁ%ﬂ%&eﬁeﬁheghéxgiéEﬁc%g ng %?ééﬁ%@ﬂ@ﬁ%ﬁ%% kgra 5%%@ Nat

reaction. Pri st ocks wer | rst reaction
Msdfodisnéd 2%n21)of TBE hmfnfrepreci@idatdNTiPssepuva®n

dk18p €8ch) o 1Y atigg%gge%n{.éﬂd&fe .ea%g&p%{-ﬁ?rthé’[%‘é

) . aka ol ynmer ase _

and the 3C with IP, RNAase or Proteinase K treatments were
included before the ligation step to demonstrate dependence
on RNA or protein. The protocol was conducted on nuclei
isolated without the formaldehyde treatment step. The
immunoprecipitation steps were done after restriction and
ligation step using a standard ChIP protocol (see above) .
The products of the reaction were detected using nested PCR
using TakaRa polymeraée in a 50pl reaction. Primer stocks
were 25uM. The first reaction contained 25ul of GC buffer
I, 8ul ANTP solution (1.25mM each), 1ul template, 1ul of
each primer, 13.5ul H;0, 0.5ul TakaRa DNA polymerase (5U/nl)
for 25 cycles (94°C 5 min - [94°C 45s, 60°C 30s, 72°C 20s] -
72°C 5 min). The second reaction contained 25ul of GC
buffer I, 8ul dANTP solution (1.25mM each), 2ul template
from the first reaction, 1p of each primer, 12.5ul H,0,
0.5ul TakaRa DNA polymerase (5U/ul) for 18 cycles (94°C
Smin - [94°C 45s, 61°C 30s,. 72°C 20s] - 72°C 5 min). As

i nsensitive enzynes such as Cvi QCTEB2009/001377
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for 25 cycles (94C 5 mn - [94C 45s, 600C 30s, 72C
20s] - 72C 5 mn) . The second reaction contained 25n

w@toosT438d fer | , 8m dNTP sol ution (1.25mM earti)/GB2000/001377

tenplate fromthe first reaction, I mof each priner

12 .5m H20, 0.5m TakaRa DNA pol ynerase (5Um ) for
18 cycles (94C 5min - [94C 45s, 61C 30s, 72C 20s] -

72C 5 mn) . A sthere are fpur possible products for
each |l ong range interaction, all conbinations of
primers, except forward: forward, were included in the
dHa el é&eaﬁéu}’sééssl@i'ey dahgc v tﬂbxo%%cﬂrwﬁ& range

conmbi nation i s shown. % prinmer orientation (formard
imterpgfépge R ) q%rlbglméhonél%iumémeé% exdeplecti on of
%arﬁa‘fgr\§§fd' %&%Stlﬁgl%&@ ﬂp tIh%ngEIlQ!LglaQHa%l%r

(o) primer (see T 2) CR reactions were

Qeont dekhedity tptflﬁ‘&rt éwplpm%tlmn BRAshovy rerBise primer
okapkat syt e bORLILly T Ly BELLTY i LELEACYe YR fre to the
prepared by ligating Dpnll restrict genom ¢ DNA. The
dagctspnt ehpPRE es Fasdh egpel meaftsld wekpl anesnngr e(i) and
otdtterrat(gsj %Pllﬁjg e(égen%aglj]g ﬁ’ neaErCI{ %g@tggns were
anplification,- only one equival ent product on this
qoatgelisdshypwniftdringat kmphapt cor TABI polyPeiase s for

b AR T 2 P RGBT Prdbared by

G TECAACATOTAAT: €35 t.r icNE2 GACTOMAGENBCACTEF TeGhdrol S1GALY

b Pl R A IAC o i e HEL AL LA TILOE LR & o

determine the linear range of amplification; only one

equivalent product on this range is shown for each sample.

Table 1-

Primers for RT-PCR analysis

RT Sense Gene Specific primers

5/ 3[

1. S1KAP104 - CTGTAAAAGAGTTGC
2. INF1GAL7 CTGCAACATCCAAT :
3. INF2GAL7 AAGGACCACTCTTAC
4. S1GAL7 CATGTGAAACCAAC
5. INFIGAL1O CTACTTTACCAAACG
6. S1GAL10 CAAGGTTACACAATC
7. S2GAL10 | CTTCACCAGCAGTC
8. S3GAL10 GCAAGATAGCAAAC
9.

S4GAL10 TTAGCTCTACCACAG

10. INF1GAL1 TGGTTATGAAGAGG



7 . S2GAL10 CTTCACCAGCAGIC 8 . S3GAL10 GCAAGATAGCAAAC
9 . S4GAL10 TTAGCTCTACCACAG 10 | NFl GALI
WA HBITHBBAAGAGGRT Anti Sense CGene Specific priper/€B1009/001377
| NRLGAL7 CAAGGCTCATTGIC 2 . | NR2GAL7 ACGGAGTGACAATA 3
AS2GAL7 CTTGGTTGGITTTG 4 . ASI GAL7 TGGTGCTTAGAATC 5
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. | NRI GALI O CTACAGATTTTCCTG 6 . AS| GALI O
AGGTGATCTATTGGT 7 . AS2GAL19 GCAAGATTTGIGAC 8 .
AS3GAL10 GITTTGGTTACAGG 9 . | NRl GALI GIGAAGACGAGGAC
10. Sl GALI CAATCACTTCTTCTG First round PCR Priners .

RKAP1041

CGT AATAAACTTCAACAGAGCCT AAA 2Rev. RGAL 71
1 TCTAGQRISAGT AAGAGT GakdetTEer3End. FGAL73
TTGICACTCCGTTCAAGICG 3Rev. RGAL 73
HCCTCARAGAEAT TTAACTIEEASERACARTERL 75
ACCAGEGERAT TCAAACAG 1438 o TREAS 75

- TGAAGTTTCGCAAGAATTGAAA 5Fwd. FGALI A
TCCCCPPEERRATAGTTCT BIRFFCTRAARAEF
J TCCGARGEAAET ATCCT ehFzcaimtircEtALl 03

- CATCAATGTATCTACCAGCCTCA 6Rev. RGALI 03
AAAT PEAGHEET GGTGAAGECEERI CTREICERAS2
ATTTEABAEAS CCGT COgcpncaTTTGTGAC
8. AS3GAL10 GTTTTGGTTACAGG
9. INR1GALl GTGAAGACGAGGAC
10. S1GAL1 CAATCACTTCTTCTG
First round PCR Primers |
1Fwd. FKAP1041 ATAGTCTTCGGCGGGCTTC
1Rev. RKAP1041 » CGATGGAAATCCTGCACCTA _
2Fwd. FGAL71 . CGTAATAAACTTCAACAGAGCCTAAA
2Rev. RGAL71 TTCTAGTTATGTAAGAGTGGTCCTTTC
3Fwd. FGAL73 TTGTCACTCCGTTCAAGTCG
3Rev. RGAL73 ‘ GCCTCAAAGAGATTTAACTTCG
4Fwd. FGAL75 : ACCAGTCGCATTCAAAGGAG
4Rev. RGAL75 TGAAGTTTCGCAAGAATTGAAA
5Fwd. FGAL10l1 GCGCTTCGCAATAGTTGT
SReV. RGALlOl TTGCCAGCTTACTATCCTTCTTG
6Fwd. FGAL103 CATCAATGTATCTACCAGGCTCA
6Rev.  RGAL103 AAATTGACTGCTGGTGAAGC
7Fwd. FG10AS2 ATTTTGAATGATGGGTCCC
TRev. RG10AS2 : AGATTTCAAGCCACGTTTGC
8Fwd. FGAL105 : TGGCGTATTTCGTATGACCA
8Rev. RGAL105 TGTTGCTGATAACCTGTCGAA
9Fwd. FGAL107 TGGATGGACGCAAAGAAGTT

SRev. RGAL107 GCTCGGCGGCTTCTAATC
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7Rev .

wa BNIBITBEATAACCTGTCGAA 9Fwd. FGALI 07

RGLOAS2 AGATTTCAAGCCACGITTGC 8Fwd. FGALI 05
TGGCGTATTTCGTATGACCA 8Rev . RGALI 05

PCT/GB2009/001377

TGGATGGACGCAAAGAAGTIT 9Rev. RGALI 07

GCTCGECGECTTCTAATA OFwd. FGALIT
CGAATCAAATTAACAACCATAGCGA | ORev. RGALI |
AATACAAACTGAAAATGTTGAAAGT Nested PCR primers | Fwd.
FKAP1042 AAAACCAAAGACTGCGGAAT | Rev . RKAP1042
TCCGGGTTATAGAGITTTCGCTT 2Fwd. FGAL 72
10BUAATARSKIT (TEAAAT GT GT CégRARvan Atadla cAR coaTacaa
GAATTTTAGGAATACAATGCAGCTT 3Fwd. FGAL 74
1EREXCCACEAGTT AATAGAAAARA BIRAAAIGARAPA GTTGAAAGT
GCTGCTGAAAAACTAAGAAA 4Fwd. FGAL 76 TTAAAATCGAGGCGAGGIC

4Rev.

RGAL 76 TGATTTGITTGCCGATTACG 5Fwd. FGALI 2
T 5Rev. RGALI &2 :

iEW@CTGﬁ@iﬁfgzz§KTTTTATGI%&%ﬂEbAAﬂ@%dTG@&GAAT
CCAGCAGACAAGAAATCACC 6Rev . RGALI 04 -

RREAGGORAENGATTATGG 7FECCHIAGAGAGTTTICCTT
ALBAACCEETTATTAACG 7Re¥GTC£X¥A2%§TGGAAATGTGTCA '
TTCTTGGCTATGAAAATGAGG 8Fwd. FGALI
JBEEAAT GRS ARCCAT CACL. 8FGRA T FRAGGAAGR CAATGCAGTTT
3EGEGT GAGGAANAAGGTCTG 9F@QAA&%%&dCAQ%TAATAGAAAAA
TGITTGTGCGGAAATGTAAAGAGCC 9Rev .

3BEAATGARCAGTH AAGCGTATT G@T—@WG@@Q@CEAGAAA

aFL BT TAGREA TS TTCTGCCCTAfTA A B0M-q AR ndE T
AAGTGGTTATGCAGCTTTTCCTabl e 2 Prinmers for 3C anal ysis

4Rev.

5Fwd.
5Rev.
6Fwd.
6Rev.
7Fwd.
TRev.
8Fwd.
8Rev.
9Fwd.
SRev.

10Fwd.
10Rev .

RGAL76

FGAL102
RGAL102
FGAL104

RGAL104
- FG10AS1

RG10AS1
FGAL106
RGAL106
FGAL108
RGAL108

FGAL12

RGAL12

TGATTTGTTTGCCGATTACG
GCGGCTCGTGCTATATTCTT
TTGCTGTATAACGAATTTTATGC
CCAGCAGACAAGAAATCACC
TTGAGGGTACGGAGATTATGG
ATTAACGCCGTTATTAACG
TTCTTGGCTATGAAAATGAGG
GGGAATCTCGTAGCATCACC
TGTGTGACCGAAAAGGTCTG
TGTTGTGGAAATGTAAAGAGC
GCAATGAGCAGTTAAGCGTATT

- TTTTTAGCCTTATTTCTGGGGTAA

AAGTGGTTATGCAGCTTTTCC
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Primer designation Sequence (5 -3 ') 1 GALY
term nator R(0) GCTCATTGICGGTGICGITA 1 GAL7 term nator

WORE10p/10B8T GGAAATCCTGCACCTA 2 GAL7 term nator FO)/GB2009/001377

TTGTCACTCCGTITCAAGICG 2 GAL7 termi nator F(i)
TCCGAAGTTAAATCTCTTTGAGG 3 GAL10-7 intergenic R(0)
TTGCTTTGCCTCTCCTTTTG 3 GALIO -7 intergenic R(i)
CGTTTGGTAAAGTAGAGGGGGTA 4 EAL10-7 intergenic F(0)
CGCACCATAATCTCCGTACC 4 GALIO -7 intergenic F(i)
CGCTTCACCAGCAGTICAAT 5 GALI.O pronoter R(0)
FXFFLCTPACTAATCCGTATGGT 5 GALI O pronoter R(i)
“TCCCAGAAGAATGTCCCTTAG 6 GALI O pronoter F(o0)
GAGGAAAAATTGGCAGTAACCT 6 GALI O pronoter F(i)
COCEACAIACGT TEAM /& FIP2T promoter F(o)
MP2 7 pronoter F(i) . h
RIGTRCACSEABPESNATTAGAGA 8 BRRRZneerhf mat’dr - F( o)
SAANE Donl | goREhMRETRBIFSrcAifn S5+3 and
3+6 wi |l detect long range interactions across GALI O
PiGAEr tpamisapay RGW1 and CEATGRAMATRATEIACCARer act i ons
25 £8Pl nat BF 1 7RS) Pal rsﬁé@cﬁ@ﬁ'c(‘f‘_tﬁlr ABErLES W |
detect interactions across GAL10-7 . For the anal yses
ZHRMY itermiigakrer 5F Ohl y t he TCESAAGT TAART QIIATHEBAGG '
£ohAY 9oLy £AGN )Nt SLAEET Rl prgabl e 3
shows potential chronosonal positions across the Gal
3 GBI OnAeiptevERNIARYE )i nt 66AETEERRAARTACACEGEGTROr
£35h,1789 QHté’ﬁ%&!ﬂf gﬁh(oc?rmsg:%ﬁc@msﬂT@fcd‘%%rd and
reverse prinmer ong range interaction at
4 KRIGAl- 7| éeusrg@n:m)rﬁ(tldr ed COFTBCACRRIGAITCABEt ween t he

DI roSB%!nQESP 1 Qf) each r%&bgg %ée?&zgl:cn&&l%ﬁo”e- For

exanpl e, to nonitor interactl and Gal
5 GALe§i pmemoter R(i) TCCCAGAAGAATGTCCCTTAG

6 GAL10 promoter F(o) GAGGAAAAATTGGCAGTAACCT

6 GAL10 promoter F(i) GCCCCACAAACCTTCAAAT

7 FMP27 promoter F (o) ATCAAAGCCACGCCAAAC

7 FMP27 promoter F (i) CCTACACGCAAAGGAACTAGAGA

8 FMP27 terminator F(o) AGCAAACCGAACATCAAACC

DpnIl: Primer pairs 4+6, 5+3 and 3+6 will detect long range
interactions.across GAL10. Primer pairs 2+4, 3+1 and 1+4
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 oﬁly the last of the

primer combinations for each interaction is shown.

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

locus is monitored by 3C analysis between the primers
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the primers of Row 3 (274081-87) and Row 5 (278016-19)
wll be used. If interactions at other regions is to

wheoonn#i3sor ed, ot her conbinations of primnmers wdeT/GB2009/001377

used. Table 3 This systemis equally applicable to any
ot her chronosomal | ocus where | ong range chronosonal
interactions are thought to occur. Once the region is
identified, primers can bestesigned to identify the
presence or absence of a specified | ong range
interaction indicating a particul ar physiol ogica
NGO Ro EXAAH &-elgli oGOBET Bhe OfndiRBma@NTCFor example,
interactions by CICF Several transcription factors
YrarerpEer SHRIPAT o BftHeeBl @hot RTdhCehel P ofRPiEnge
PNArAheractt ansy and2buaBscsy Ptd LN R st hes ef 08 € d1BYi11
be good candi dates to provide a |link between these

b dcedsesIt BaRAES IPRE| BHeCH IR FRFIONEr ARsER iR i on
fk8eq TR R MUK 1WAS 1 SOV 1D 1GaNLZ 81 | QORL g Of
several genes in the yeast Ml Cell, 27, 806-16, and
transcription factors EKLF, GATA-I and FOG I _

FH5R0Rsi ble for long -range DNA interactions in the
Dh-giobin gene (Drissen et al, 2004, Genes Dev, 1

2485- 90; | Vakeeosate pl PLingg0stanb| | CePrimer7 ste§3- 62) .

5 _anot her _chndidate to perforimthese functions

}E‘Cg%f'&?é/rg“ Ok e | dendddied,CCCIC - Esiogﬁ't{]&n prot @R ang
gefearss- W de. TTCF ik i mAA730a6ed bpth iA73043 +

trAnserptiong regptatipongpd—formatigyypf s high-order
conformati onal intrpand 1 nter chrnnosonaﬁ s?ructures

(KWexzava 20027 Sem n Cave®slBi ol | 12, 2399874 14; +

ot Al 200 Dy o~ Nat | A d Cr LICA a)

Wi ailenit ey 1NA
13%%%19; Zhao' bt al : 26%%?3 t Ganet,§§§§§€é4l S

Sptdadter (et at1 200p, GaweibBev, PO, 2348eb4) . It Is

Yeast .11 278022 278022 +
Yeast ' 11 278025 , 278026 +
Yeast II 279321 279331 +
Yeast I1 279952 - 279962 +
Yeast II 281268 281284 +
Yeast II 279941 279959 ) -
Yeast - II 279595 279595 -

“Yeast T 274080 274084 n
Yeast II 273684 273694 -

This system is equally applicable to any other chromosomal
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.
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estimated that there are >15,000 of CTCF-binding sites

in the genone (Kimet al, 2007, Cell, 128, 1231-45),
whowenensét is |likely that the real nunber of BOEGB2009/001377

sites >30,000 (Vetchinova et al, 2006, Anal Bi ochem

354, 85-93) . In transcription, CTCF can act as a

classical transcription factor; a recent report

denonstrates that CTCF maysgontrol transcription

directly through it's interaction with RNA Pol ynerase

Il (Pol 11) (Chernukhin et al, 2007, Mol Cell Biol,

Exampi@3¥148bntr&I1 Gr 10Rg! rhhgéOindLeitiizaki By efct he
transcription start sites (TSS) of active genes
genonme-w de further strengthens this possibility

dBidraaY tebndtrid0Qh £aNRbYE Bha v HheefO218H8) to ;Ela@al | ¥o1e
CTCF can form di ners which may be inportant :

H¥toigakigat Ph GRIBRAPND opat §sitioes apd, tpppeEcrighiion
48 |th@'r@|forg4ma}ﬁ'4%7 5084) canHiHUE RIOpehEgs 91 GKCF

have pronpted the inventors to investigate whether it
RedivesBc RBAFS t PERAGSPERI nkEXHEP Y57 idmGlodeofhai ke 16t der

AR E@anﬁa[&f&zl” Q@I@ﬁdwﬁfa@%@ RhbLA t@0§§g£{%ew a
its assomaﬂon wi t h Pol To investigate this

Tfopiime of nseYS%RY 9amser Fpt‘i%ﬁh ¥eASt $pdt eABl baded 9% -16,

4o t&%ﬁ%EkQﬁHHn ndichi-gd MAEBTI G0l ) LhResobave NeRRsible
used. These lines carry stably integrated expression

faxcflors coHAREE My e reFcrons ridi iidiesPrelapdn igene
MHiaked warkantrdaf i abapt $&F, GECF RigRdbRY. viused d:0 47,

the pronoter-"less 'Lucif erase reporter gene
9 MYeLu€eht - aith PR3Myeluc nmut, Figures 8a, . The

Wi | dhype,singl & it laeﬁtfﬂea et aBEnHﬁ&% agﬁtcte%s

sufficient to drive expression fromthe repor Luci f
€iTs%e genan¢rhemraangidfat€hee mektfiarmethgbe leqml

égHJmeBhghe 2 CTéﬁxi% éﬁgllc%¥gé]bégg a@gaﬁ@ér%%%ﬁéﬁaﬁe

present at the wl not the nutant
gm&aﬁgog|§@d($@qpatlon of high-order conformational intra-

and inter chromosomal structures (Klenova, 2002, Semin Cancer
Biol, 12, 399-414; Kurukuti et al, 2006, Proc Natl Acad Sci
usa, 103, 10684-9; 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
genome (Kim et al, 2007, Cell, 128, 1231-45), however it is
likely that the real numbérvof such sites >30,000 (Vetchinova
et al, 2006, Anal Biochem, 354, 85-93). 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 (TSS) of active genes genome-wide further strengthens
this possibility (Birney et al, 2007, Nature, 447, 799-816).

Finally, CTCF can form dimers which may be important for
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8d) , thus supporting the earlier nodel that CTCF
helps to recruit Pol Il in the absence of the

wenaogeneus pronoter. In this systemtranscri ppCDGB2009/001377

processes may be linked with the formation of high

order DNA structures, in particular between the 5

and 3 ' regions of the i ntegrated DNA pN- MycLuc wt

H gh-order confornmational structures can be nonitored

by the Chronpbsonmal Conformation Capture (3C) assay, -

whi ch detects close proximty of the distant sites on
e ABaofR! DiENA dopd U@ant her i sventodus hayecappldied ,
the 3C analysis to the integrated pN— I\/ycLuc wt and
%)‘N—W@Euéo t loci. Two sites at the 5 ' position and
3 LOPréfé A e 813 cbio@@ehw@rgﬂd‘n{p%edaehéwﬁ@&m@, to
in the C assay in pNMycLuc wt, but not MycLuc

e gtRggrevbalher Gt e 5‘8§h§nb?rt1tq‘f’élé’allppgr thwricmrtion
16 1GRCE Bk eERESh LN € PubPeAld ZR1d QQ’ansEpllg)@iorl I

the inventorshypothesised that CTCF and Pol may e
Posded vt §iehet$ rvaRqigTien High-Brlddd -st FGCPHY%%tkﬂﬁte

Eﬁhes tn{l%ri%&ﬁ' bgd, PM/VcCrla%%c%pg%‘@ cequ mﬁ?‘é@%ﬁ‘s@@&@ed hirs. two
wor k has been undertaken to identif et her

Jenatdicalayenpdbbiat MiH3{TRecad %llnetﬁeﬁ)talvﬁl beepuseposdipese
Bid&s LG 59%1% Svymten L ffC lv@cEaEé anx(t(;llrf’)ng

assay revealed t i ndeed both CTCF and Pol |1
e ddifE Ringdhes 5s1tear¢d1d3 itssivpleated dfemmfli:e@eésment for

d."ﬂﬁ:t %q(ﬂﬁggg, ' fh@é\& '\é’oc Itlill% omgtyér nlcgs ﬁu%'MéE&é‘& L[E'Horter

(Figure 9b; c 1s a known t ar get
ggnee @NdMVﬁéu@ h\atic amerHNsNiY@Lfleamﬁle§l@1Ur?ﬁe8§eqlm)ences

wi t hi I in g ;\uer [ |
i nves?lti]lleggty% % (grér/]SE}nllen sgtIgZI %2%{0671 \QN,%I ﬁu{?ﬁ%\f B\?%lsl,%t'
weis slg3ic4ent Lue dwmitvealexp2€68ioEnfyrm) the2 2epds7er 87)

ﬂﬁBﬁﬂQﬂ&EefQQH@eﬂﬁﬁbdﬁe 8c) (Chernukhin et al, 2007, Mol Cell
Biol, 27, 1631-48). Both, CTCF and Pol II, were ?resent at
the wild type, but not the mutant CTCF binding site (Fig.
8d), thus supporting the earlier model that CTCF helps to
recruit Pol II in the absence of the endogenous promoter.

In this system transcription processes may be linked

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 conformational structures can
be monitored by the Chromosomal Conformation Capture (3C)
assay, which detects close proximity of the distant sites on
the chremosomal DNA in vivo. The inventors have applied the
3C analysis to the integratéd pN-MycLuc wt and pN-MycLuc mut
loci. Two sites at the 5’ position and 3’ position (Figure
8b) were identified as juxtaposed in the 3C assay in pN- .
MycLuc wt, but not in pN-MycLuc mut (Figure 9a).

On the basis of the earlier work on the CTCF

interaction and co-localization with Pol II, the inventors
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WEIob/14B8Qet site at the 3 °

occurrence of CTCF binding sites in the genones |ed us
to hypot hesi ze that there nay be another potentia

end of the Lucif BCHEB2009/001377
gene integrated pNMycLuc wt (Fig. 9¢) . As it is
difficult to predict CTCF binding fromthe sequence,

El ectrophoretic nobility shift assay (EMSA) and
footprinting analysis was #ised to investigate if CTCF
can directly bind to the identified sequences. |ndeed,
t he binding was denonstrated by EMSA wth the | abelled

' r%fr&t@%eeggéal WA de 3nd BEOULNGRS, 3Rd 1k el Nate

Footgrlnt anal ysis of this sequence reveal ed t he

famash opr ® e}é%%ofrldﬁﬁﬁ DRESET YT (s tthen tbyns Ecidfist ®nt
MytEhic Thugend akemn tlggegegéawetm ProENBA 8Nk en

footprinting data confirmthat CF i ndeed can blnd to
ygergakes; e, idpndridorbether sb%fdhcf@c\mﬁrSeamanrqaﬁ@t at

tCHEC%eW?i eQ&'éI%?lﬂ%nqukgaf)QSecﬁ V@ltgéé Q%lga%?ﬁ ' Wo‘ﬁ%@1n

in the formation of "the Juxtaposition. To

- iewnmopre e el t ahiginy FBAP) of s ENCR siied 1P6| tmmwdq@ both

@rtrablhizsbgentt of Ni@hzandes: sty ur %ﬁd Ehesfé‘es

assay(Chl P assays with either anti-Pol or ant'i - CTCF
islenithédpdsas ol wowmpe sk t he BOMyme Mévfb@tmnpt'mmepﬁol

MJe14C agg %p @naE ses denonstrated the presence
JC B @J ur ¥he 5" and 3 ' sites during

Juxtaﬂ@ﬁ Nr MCthp$H%V@@U§T@F targethatitienapf MyelLuc

F 1E§F [ [
%ﬁﬁ%@egggéSéﬁate%hgrggtg I|S%Q§§{ thg?Fﬁé?éio tions
iperodeed theCHEF hmdingewgre pxgyxﬂu§luf1nh@SWW9ataﬁype

@er\ﬁﬁkBQHséfg‘?lt zgyv g& eﬁl pRS agsocialed gV th , ¢

presence at the identified
&t @9 0andEmbs of wi22h ﬂﬁé%\ﬂ)d tyril&lesﬁlagbsfmqu.dmry of

9—%%?: CHEE - oFWidien ;3R y st dengndency afnlhe oPser ved
phenomenon

hypothesize that there may be another potential CTCF target
site at the 3’ end of the Luciferase gene integrated pN-
MycLuc wt (Fig. 9c¢). As it is difficult to predict CTCF
binding from the sequence, Electrophoretic mobility shift
assay (EMSA) and footprinting analysis was used to
investigate i1f CTCF can directly 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
revealed the region protected from DNase I digestion by
recombinant CTCF. Thus, taken together the ChIP, EMSA and
footprinting data confirm that CTCF indeed can bind to the 3’
site. Therefore it is conceivable that two CTCF molecules
bound to the two sites can be involved in the formation of
the juxtaposition.

To further confirm the involvement of CTCF and Pol II

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



on transcription was undertaken. For this purpose
cells were treated with the inhibitor of

WO e@paensti on, al pha-amanitin. The treat nent BODGB3WeM01377
the activity of pN-MycLuc wt and pNMycLuc nut (Fig.
8c) and led to the di sappearance of Pol IIl, but not
CTCF fromthe N - nyc site (Fig. 8e) . The Pol Il 4C
assay perfornmed with the_agti- Pol 11 antibody on
treated cells did not reveal the presence of Pol 11 at
the juxtaposition between the 5 ' and 3 ' sites. ’

Havey @fs shhsSwi tiXt aRasit baRi Was1 det @Gt dieW-thckhgntivodies
anti-CTCF antibody (Fig. 10a, b ) . The 3C anal ysis of

e jowedr &3t BBewWtTh %ﬁrﬁh@&ﬁﬁﬁwﬁ% cOftfe Biged IThéC and CTCF

£Xi 38068 s0hehbies Sttt Whe ﬁEégen@)ofT%v @Yeaﬁ@r@m at
al so tésted whether the reconbi nant CTCF ni xed in

§ha r'd @Weh3( hel i eshehiriisegdJ nakerP Pl Har ¢ nDRE-Mpfivge Wio  but

WMo 1910E>INdM9@L§<':‘ftﬁd§' ﬁﬂtg tQO!aor}mJ U)gx%qp%'h(abgnéxperlments
detected in vivo. Using a 4C assay (ChlP assay in

Formsisnarnehudpd h-18t) theseptielp i ganeitidfatheo] eapositions
U gs £or oeg ﬂr{é \éhvs_lewﬁsd@f ecqiee%ua thihs Q@élv%

system Significantly weaker signals were obServed
GRS e  pRVMIYERRE Mt @8AseeeFiafsast wishathgnpyegence of

é’f&%s ArddiGat kg, ¢ rB’JHe H'&%ngﬂf&ﬁ e&t?ésf UGULESoVWRI & the

ependent on two intact CICF sites. The presence o
OG- thipsdshgtis eheheNchpetuecit , was confirmed by

Chl P QﬁffﬁhéEOEnQQ%%Fésde @eﬁc 8£t e 6%%8?%ehogﬁ££@menon

t he data suggest at t anscrl tional processes
oreduianscription meas omdefrthkegh. orfder Stisupngpese cells were

V& wfiltgh dﬁ(hl%)tLt%(ft HEGE%?JI{I 1{125 1o?1p05tlﬁga Cz?t§aq11tln

ependent on exi st wt ongoi ng
Theartsr@raqtmencnabdlm@df ithei agsivupporit pdbderiati ohsand pN-

;L%lé QY- r?&?ge A 8% éCEbOE‘ﬁe 'cﬂéa% eQrQhQQ'Qf 9&e 11,
mai nt ai ne t'er 1’ nhi'bifron of SCI‘I
KPRalrsitr TEF afrom 2068 N-PhgS ©ONEe 3(Eig. 8e). The Pol IT 4C

assay performed with the anti- Pol II antibody on treated
cells did not reveal the presence of Pol II at the '
juxtaposition between the 5’ and 3’ sites. However this
juxtaposition was detected with the anti-CTCF. antibody (Fig. -
10a, b). The 3C analysis of cells treated with alpha-
amanitin confirmed the existence of the structure (Fig. 9a)
The inventors also tested whether the recombinant CTCF
mixed in vitro with the linearised naked plasmid DNA, pN-
MycLuc wt, could be sufficient to form juxtapositions
detected in vivo. Using a 4C assay (ChIP assay in
combination with 3QC), structures similar to the structures
formed in vivo were detected in this basic system.
Significantly weaker signals were observed with the pN-MycLuc
mut construct used as a control thus indicating that the

detected structures were dependent on two intact CTCF sites.
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el 661) . The inventors propose a nodel, in which the

establ i shnment of the high order structure between the
w®k2009a8m388 ' ends of the pN-MycLuc wt is CICF -PepeBa@pino1377

(Fig. 11) . In this nodel, interaction between two

CTCF nol ecul es positioned at two distant sites | eads

to formati on of CTCF dimer and the establishment of -

the DNA [ oop (Kl enova et_algs 2005, Cell Cycle, 4 ,

96- 101). Transcri ptional processes can be initiated

after the establishnment of this configuration.

7l LouisBgcL her | WRisbitbaag 5. ranseid-plkenc apd rmaval
ol Il, the juxtaposed structure can stil

Cdafééfﬂéé FpsEh1g lesspydfiert Botl 5 ‘agsdcBat PoResM t h CTCF
(Fi 9. fhlkn tIQé@h@f(E\fH?J %a@k§§g§'§§c Qfhad \égﬁﬁséfﬂpéfonal

~transcription system In this System transcription
HhospsERe peawbterihes fornetrien safe ighsprder SkBueiungsn

HB&&?EQthgﬁeéfﬁéf'BlﬂNbEBré@' iﬂ EHH“}%QBrEQ& 5§gg:dependent
bi nding site, (Chernukhin et al, 2007, Mol

CB# 63|TCF27eX16131w1481)out Ehewasgelng Gvansdri bt on he These
rﬁ%@fs' Qﬁﬂ)&grtpr&fs%y%alﬁgbhgdt% Lig gJ Q?h?ﬁoﬁhz&' on

bet weén t . and the 3 e Luciferase
igéeaactipes see ol GTERobindyere sarlee maasthdeed | 1 et

ﬂMh %ﬁ@lgﬁeofugféﬁgyy§gt§on ?ﬁﬁhséfa|é% G ncbgg§d ﬁﬂgg ONE 3,

nunerous transient interactions take place
@l nuousl y betmeen CTCF nol ecul es bound to DNA in

Cis_angdls apSenShADILISAI0N Abastich AUy $hab! e hi gh

or der ronosoma I ati1ons rray regu
gtedbds shmput yoADRey |hbgsyba¢1¢no nstofuomi@é haywb@n i rheolSVednd

R e s B P e s I
tne obdehe olntoores ioh bhewéen natd GITCEf mblgtulrser
ﬁggl%ggﬂggSaE“%@é“%ﬂéyahkagEQQSOfeéﬁs to formation of CTCF
dimer and the establishment of the DNA loop (Klenova et al,
2005, Céll Cycle, 4, 96-101). Transcriptional processes can
be initiated after the establishment of this configuration.
Foliowing the inhibition of transcription and removal of Pol
II, 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, transcfiption from the promoter-
less Luciferase construct was driven by CTCF interacting
with Pol II through the CTCF binding site, N-Myc
(Chernukhin et al, 2007, 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
identified within the juxtaposed 3’ end. It is concluded
that numerous transient interactions take place

continuously between CTCF molecules bound to DNA in cis and



10

transcriptional process. Using a mninmal transcription
systemit was identified that CTCF is involved in the

we@sdoahyizshmrent and mai nt enance of the hi gh- or dBeT/GB2009/001377

chromatin structures, which in turn are required for
ongoi ng transcription by RNA Polynerase I1. Al
references cited herein are incorporated in their
entirety.Clainms 1 . A nmethegg of nonitoring epigenetic
changes conpri sing nonitoring changes in conditiona

| ong range chronosomal interactions at at |east one

ERENDS @Bb 1 | 06alsi Wheyre sbe §Resir WaHf1d aRghr 8RGS-
interaction is associated with a specific

PRSI c 8P SeGHRI- 1IN Ma¥abPl AT FGPISFAgSt ROLY
Sheps Rkylatibl &N MdR Qag B8SLARKI A O $8LH FeARation
range chronosonmal interactions present at the at | east

ORerAPoRbs 8fml 2§ Grusel I Crylesot atiqrd Oltie Yer 65521
30 KeQPNAHEOM Sl G 1GRILQEPSONBle | HCUS e Gukbdmes of the
subjecting said cross |inked DNA to restriction
HgEdtioan ol Rioarrrdery sEriRARTesitBRMtPd dastishten of a
wWdhidritheoah | gastegne chromosonal |ocus, - (iv)
ligating said cross |linked cleaved DNA ends to form
DNA [Uséps 2 pininalerhbanpichipt hen pPxsfant d tovagal demmNA ied
LRAPSTANEEeL By SN P1i6S @REC OF aPNEHRRS JhRdhS Al ESH I
fic long range chronosonal

presence of a Specl . ) -
Phttdreadipbnorder chweomagtinodt neconxkshg whd cdl apntyrn are

Y ; I are-i ifi _
b S R e L S M i R
claiml or claim2 , wherein

All references cited herein are incorporated in their

entirety.
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the presence of a DNA [ oop indicates an altered
transcription state indicative of a specific

w@bysiteizegi cal condition. 4 . The method accorPCTIgBR@®9/001377

any one of clainms 1 to 4 , wherein said physiologica

condition is selected from anongst cancer,

cardi ovascul ar di sorders, inflanmatoryconditions,

i ncl udi ng aut oi mune di sorglers and

i nfl ammat oryresponses to infectious di seases, and

i nherited genetic disorders nodul ated by epigenetic

mechanisnms. 5 . A nethod @f;imnitoring epigenetic

changes conpri sing nonitoring changes in conditiona

| ong range chronosomal interactions at at |east one

chronpgaprRbg! @ﬁ%n%%’i@ngh %Qalwnc%ngeg Oc bR ing.

interaction is associate t speci f

Bidiosliagi earngshdint cORA1saPrR heldnsd resapr FBT erepadval

SRRk i bAENL T NQ23+CBABIEHI dhd dMadNt bSERSERANA t ne

profile expressed fromthe at | east one chronosonal

IRFEFE UM ot Tprg maniged 18EebBREs P tie @sgemisted vigdrteian

45&&*1@93%,@{101@%% béﬁ@%&\m Ui enbs AoRbANged n
size start position, an d/ or nunber of antisense

q@%ASFﬁﬁﬁs@frpts 7 . A nethod of diagnosing a disorder

@556 3hedont 1oL AliheaS! oPNE, £PI QEALLLAGENEAMS I

subj ect, said nethod conprising identifying in a

Wa@tppéel prRtgnt @@I shedat r A gthensubheeroscrhangeus ;

| dﬂ)o'l%o%t é&ﬂ&%&os@ngﬁ?@& BIBS PPk 'sQ%ﬁWI t#sal gé—.\tl

| east one ronmosonmal T ocus assocl ate
kﬂ@%ﬂder, wherei n said nethod conprises the nethod of

@) 0R8LGECEL A ik E208s - 1 Paked RpMRLND AEEAL MG O
Q alny7 vV erein 1€ epl genetic change resu tS'In
Gllgesitagnt wahl cant mnizomef tbat t et £ latodessapntecwisthin the
at least one chromosomal locus;

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

(v) identifying the presence of said DNA loops;

wherein the presence of DNA loops indicates the presence of

a specific long range chromosomal interaction.

2. The method according to claim 1, wherein the presence -

of the DNA loops are identified using PCR techniques.

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

condition.

4. The method according to any one of claims 1 to 4,
wherein said physiological condition is selected from

amongst cancer, cardiovascular disorders, inflammatory
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9 . The nethod according to claim7 , wherein the
change in the altered transcription is up regul ation,

transcript.10. The nethod according to any one of
claims 7 to 9 , wherein the epigenetic change causes a
change in the expression of at |east one gene. 11. A
nmet hod of regulating transsgyiption of at |east one
gene in a patient suffering froma disorder associ ated
Wi th altered gene expression, said nethod conprising
atdifishel | NgeTh@isdl dupaihfile &1 seseNsLd RV IdhmdR ory
amount effective to alter transcription of said at
NEERSFSBRet Jett €2 CuPhel Al Hty &0CoraPRGL e Fenshif,
atkei-akhs Sabal IH S B9r epegehdisid hMIBhaneEmeXpr essi on. of
said gene. 13. The nethod according to claim11,

wherei n-said disorder results fromrepression of said

sgenea #édehdheomRiRedoassgr &b Ngedd i¢l ahahdds YhRSBiding

sai d disorder results fromproduction of an altered

MPEAEOPEBAUCRANIES 1PhECREE FP A PG AERER ArgPIRROTGH

- iGlkarABridnt oad bt WREEEI Bns btk HYSoRaNS EoRNA gLt cat

' east one CTCF binding site. 16. The nethod according
SPECERYToRe N ITAHE 1T EER AT OwHéEr 8PRCEHRT A Sttt ion
Pecsaid gy sensA BNACERSH 16h | BaTRdHkahb@ e HipHAG
enzymes . 17. Antisense RNA for use in the treatnment

toe gtapsof defenisifydrat adchiprde dint éhedageheeeserid¥si on,

pMaeh ek Ne gl & A irsensen&Ny regilates Lhadessdadi an ok .
sai d gene. 18. The antisense RNA according to claim17,
wherein said RNA represses transcription of said gene.

619. The RBLAGENRRRMNGCEOTdi N 50 Ghat8id hhdNGlBIR in
the antisense RNA profile is a_change in the size start

position, and/or number of antisense RNA transcripts.

7. A method of diagnosing a disorder associated with at
least one epigenetic change in a subject, said method

comprising identifying'in a sample previously isolated from

the subject a change in one or more long range chromosomal

interactions at at least one chromosomal locus associated
with said disorder; wherein said method comprises the

method of any one of claims 1 to 6.

8. The method according to claim 7, wherein the
epigenetic change results in altered transcription from the

chromosomal locus.

9. The method according to claim 7, wherein the change in
the altered transcription is up regulation, repression, or

production of an alternative transcript.

or production of an alternative PCT/GB2009/001377
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sai d RNA induces transcription of said gene. 20. A
nmet hod of identifying the transcription status of a

w@ booomesesal | ocus conprising the steps of; i deeit/GBI0DgO1377

the antisense RNA transcript profile expressed from
sai d chronmosomal | ocus,- and conparing said profile

Wi th the antisense RNA transcript profile of said
chronmpsonal |ocus in a knogm state . 21. The nethod of
claim 20, wherein said nethod is perforned in vitro.

i0. ' The methed according to any one of claims 7 to 9,

wherein the epigenetic change causes a change in the

expression of at least one gene.

11. A method of regulating transcription of at least
one gene in a patient suffering from a disorder associated
with altered gene expression, said method comprising

administering to said patiént an antisense RNA in an amount

effective to alter transcription of said at least one gene.

12. . The method according to claim 11, wherein said

disorder results from over expression of said gene.

130 The method according to claim 11, wherein said

disorder results from repression of said gene.

14. The method according to claim 11, wherein said
disorder results from production of an altered gene

product.

15. The method according to any one of claims 11 to
14, wherein said antisense RNA targets at least one CTCF

binding site.

16. The method according to any one of claims 11 to
15, wherein administration of said antisense RNA results in

modulation of HDAC enzymes.

17. Antisense RNA for use in the treatment of a
disorder associated with altered gene expression, wherein

said antisense RNA regulates tranécription of said gene.
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18. The antisense RNA according to claim 17, wherein

said RNA represées transcription of said gene.

19. The antisense RNA according to claim 17, wherein

said RNA induces transcription of said gene.

20. A method of identifying the transcription status
of a chromosomal locus comprising the steps of; identifying'
the antisense.RNA transcript profile expressed from said |
chromosomal locus; and comparing said profile with the
antisense RNA transcript profile of said chromosomal locus

in a known state.

21. The method of claim 20, wherein said method is

performed in vitro.



