WO 03/ 004704 PCT/ NLO2/ 00390 Title: DNA sequences conprising gene
transcription regulatory qualities and nethods for detecting and using such
DNA sequences. 5 The invention relates to the fields of nedicine and
cellular biology. The invention in particular relates to nmeans and net hods
for regul ation of gene transcription. The invention further relates to
nmeans and\ay&%aga‘for ~determ ni ng whether a DNA sequepsRLHAMGI Ses a gene
transcription nodulating quality and/or a gene transcription repressing
quality. 10 Wth the progression of the various genone projects, sequences
of entire organismal genones have becone avail able. The fl ood of data has

rai sed the mpipber eHNAiseqinted HrugHidiGREaIrafS0bpHbn témlamrequditicseabl e
di scoveries was the observation that the human genone does not code for

significantly nore apshaetheds fondatectiag gahomps §RC PR} 2aegsis sns 1 ke the
fruit fly. The focus of many investigators is now shifting fromthe
identification of genes to the determ nation of gene expression and gene
function. Exanples of such technologies are DNA mcroarrays, functional

genom cs applications and roteoni cs. .These,.t.echnql ogies,have in conmon
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t he understandi ng o ow the _e,)l)fﬁpressmn of the genes is regulated is
linmting thetramdckiptipntThedppéntianhiusthes pelatey to megneand meth kdge. This is
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es I'catirons foreign nucleic acid is

typically i %6muﬁﬁ€qhﬂit9 2@dldra dedie GRindbpti®XpRpessingrywallitg.odi ng sequences.
Oten integration of the foreign nucleic acid into the genone of the cell
is requi ted for prolonged function of the introduced sequences. However,

integration of s ' : ; R (gg;n cdadtehiiby of
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observation that the human genome does not code for significantly more genes

15  than the genome of simple organisms like the fruit fly. The focus of many
investigators is now shifting from the identification of genes to the
determination of gene expression and gene function. Examples of such
technologies are DNA microarrays, functional genomics applications and
proteomics. These technologies have in common that they are centered around

20  the function and expression of coding sequences. However, while our
knowledge of genes increases dramatically, the understanding of how the
expression of the genes is regulated is limiting the ability to apply this rapidly
increasing knowledge. This is for instance the case in the generation of
transgenic plants and animals and in human gene therapy. In these

25 applications foreign nucleic acid is typically introduced into cells to obtain
expression of coding sequences. Often integration of the foreign nucleic acid
into the genome of the cell is required for prolonged function of the introduced
sequences. However, integration of sequences into the genome leads to
unpredictability of expression because the surrounding DNA influences the

30  transcription of the integrated sequences. This unpredictability is in part due

to the fact that introduced sequences cannot be provided yet with sufficient



genetic information to functionally isolate the integrated sequences from
the transcription influencing effects of the surrounding DNA. |n another
part this 1is due to the fact that not enough is known about the
transcription influencing effects of surrounding DNA. 5 The present
invention is concerned with DNA sequences that conprise a capacity to

i nfluence ¢g @ansebd Ption of genes in cis. Typically, abbhRuehnet
necessarily, the I nvesti gated sequences do not code by thenselves for a

functional protein. Various sequence ebenments with the capacity to affect
gene 10 transcription in cis, have been identified. These el enents range
from pronoters, enhancers, and silencers to boundary elenents and matri x

attachnent gegdtiriaforbaciohas furctiaialyoisolatythdiiffegratad sémasescﬁom ebcul atory
i tha very easy to
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and error. s quite often possible to obtain sone kind of expression of
a foreign geffects of surr@amgletg BNAL or its progeny. However, very often it is
difficult to predict wwth any kind of accuracy the |evel of expression or
t he pers?stence of expression that an 20 expression cassette can display in

a target cell. T preg&fhvdntioant taiteic@\WitleD NI BeRici@hst dbRitseand nmet hods
for detecting and 1solating new transcription regulatory elements. A nmethod
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transcription’s -conpr|5|ng vectors, said
vectors corrrﬁmmsmngl proten. Vahcnmaquemce Ialemegmithrthe\sapaqtmtmaffec&pgeass| ng

quality, and ii)  a. pronot irectin NScr.i tlon of reporter gene, t he
met hod fidrt I’i’é\ns%ﬁﬁ%‘?q 4 Gy aﬁ%g 'ﬁ’?’ﬁ'@g‘%ﬁt ’srg?%c‘%l? ROisTapes ﬁ"o@al d transcription
systemin 0 %Pﬁ R defy aﬁ@sﬁéﬂc@r%oﬁﬁ@é&?@@cﬁné’ﬂ&ﬁ nd hfrigene

transcripti n ating quality. I'n a WO 037004704 PCT/ NLO2/ 00390 3

preferred embadhiment regwind. f ragnents are | ocated bet ween |) said element with
@ gene-transcri Bl of f BRLS55!09 MIALL Bpoflideblihiif s8uRRIPLE, khect | ng

discovered gives the impression that it is very easy to design effective

15  expression cassettes. However, quite the contrary is true. The designing of

expression cassettes is still often driven by trial and error. It is quite often

possible to obtain some kind of expression of a foreign gene in a target cell or

its progeny. However, very often it is difficult to predict with any kind of

accuracy the level of expression or the persistence of expression that an

20  expression cassette can display in a target cell.

The present invention provides among others means and methods for
detecting and isolating new transcription regulatory elements. A method of
detecting, and optionally selecting, a DNA sequence with a gene transcription-

25 modulating quality is provided, comprising providing a transcription system
with a variety of a fragment-comprising vectors, said vectors comprising i) an
element with a gene-transcription repressing quality, and ii) a promoter
directing transcription of a reporter gene, the method further comprising
performing a selection step in said transcription system in order to identify

30  said DNA sequence with said gene transcription modulating quality. In a



transcription of said reporter gene. RNA polynerase initiates the
transcription process after binding to a specific sequence, called the
pronoter, that signals 5 where RNA synthesis should begin. A nodul ating
quality can enhance transcription fromsaid pronoter in cis, in a given
cell type and/or a given pronoter. The same DNA sequence can conprise an

enhanci ng ggaddolixsi n one type of cell or with one typRQfLoPfePt er, whereas
it can conprise another or no gene transcription nodul ating quali ty in

anot her cell or with another type of 1?‘ pronoter. Transcription can be
i nfluenced through a direct effect of tthe regulatory elenment (or the
protein(s) binding to it) on the transcription of a particular prompter.

Transcri pti QRofe@8d Qﬁ‘%&ﬁ%{ent LR B dndd h1eaDGRED Bytwaln 1) 6d ERReneRi@Cct . for
i nstance because the regulatory elenent affects the function of one or nore

ot her regul atg@nytmlnempmtul reprepsing quakifs end pi) soid pmmgteatdmgtmg qual ity can

al so conprise a st.abl e transcri ual it meant
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exanpl es 20, n%c t%}?ﬂsﬂ'sal ok 13RS, ﬁif@gfvén%aﬁ ereﬁﬁﬁ% . Very

often, intro expressi o cassettes tion y after
i ncreasing rpmnhﬁes Tife samlel DNAI seqsermasamcommsetamenlmncmg quypditeiragtieons. I n a

preferred enbodi t abl e ality conpris a_C| t 0 nai nt ain gene
transcripti (.WP‘W#%EBE@ é’ﬁ’tetyﬁ"e% %Frs }g%)re%s ﬁﬁéﬂ%@ fige ﬁ¥‘§h?r Yr%ni mal . O
course in Cagge ﬁéﬂé&fp%ioﬁ%cﬁﬂ@&ng @@Hlﬁyhlﬁn&ﬁmdcé]l}@wﬁu aBOMHRF typeDft he quality
to maintain inducibility of gressmn in subse uent@tgpgneratlons of a

transgenioc premetenrTranscription crp bg deftrenged @IXWQB% tact efieet ef the op dramatical |y
with increasjn ns t the invention
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it is posmbf’% tio hat is
capabl e of @hrﬂl@ﬁ@tprbmomr T1a3rsemﬁmin a?ag }Sﬂrefvéhe atﬁoajéahﬂﬁembéd)bylaﬂ transcription
| evel s with ipcreasi ng. nunbers of cell WO 03/004704 P(t;éﬁ gZI 00390 4

di vi si ons. Eect eét Prmstancy becayse Fhesisguialory element:4 ?B‘F}C&‘ﬁnnodul ating

qual ity CONMBFIRES rRors Bt iSre@@Rfory LRRRGE. Mgéﬂa t8M@lcHbYon Blddldeingl v, fragnents
conprising a DNA sequence wth said stable gene transcription quality can be

15 quality can also comprise a stable gene transcription quality. With stable 1s
meant that the observed transcription level is not significantly changed over at
least 30 cell divisions. A stable quality is useful in situations wherein
expression characteristics should be predictable over many cell divisions.
Typical examples are cell lines transfected with foreign genes. Other examples

20 are transgenic animals and plants and gene therapies. Very often, introduced
expression cassettes function differently after increasing numbers of cell
divisions or plant or animal generations. In a preferred embodiment a stable
quality comprises a capacity to maintain gene transcription in subsequent
generations of a transgenic plant or animal. Of course in case expression is

25  inducible said quality comprises the quality to maintain inducibility of
expression in subsequent generations of a transgenic plant or animal.
Frequently, expression levels drop dramatically with increasing numbers of
cell divisions. With a method of the invention it is possible t(; detect and
optionally select a DNA sequence that is capable of at least in part preventing

30 the dramatic drop in transcription levels with increasing numbers of cell



detected and optionally selected wwth a method of the invention, in spite of
the 5 fact that said nethod does not necessarily neasure long termstability
of transcription. In a preferred enbodi nent of the invention said gene
transcription nodul ating quality conprises a stable gene transcription
enhancing quality. It has been observed that incorporation of a DNA sequence

with a gengohy@nesription nodulating quality in an exXpcgaghfdssgector with a
1o gene of Interest, results in a higher Ievel of transcription of said gene

of interest, upon integration of the expression vector in the genone of a
cell and noreover that said higher gerie expression |level is also nore
stable than in the absence of said DNA sequence with a gene transcription

nmodul ati ng giadibtsy ThhOEX pRITEENE S bESaNSHd bond fHhhediitbnameRileting i nt er est
into the genonme 15 of a cell and to obtain expressjion of said gene of

i nterest, tRuvalitylcomprisep hatablegean teanserintian quality.ctjaikmaly 1P d gene of

i nterest al - i . t Lk L i quality
was 1 nt r oduiSaErintap s TORASRGRnBE bk BiPGIR L ALRERLALIAN SRILEWBE Tan &
certai n anodetectefl agpdnetipiadijusiectdd wih d mghod obtheiintesrtent jn shterofithen sai d DNA
sequence was not intyodyc together 20 with sajd gene of .interest. Thus the
present Pnv that sai ’Be‘gﬁogao%.‘ﬁéleﬁ‘éﬁsmﬁ’ m?%ﬂrﬁ?esgw ﬁgabﬂ]ﬁté( unber of cells
expressi ng g MREEptidhath 2 pe&irdd Bmb6¥iglenfbf the iSRAGIOR AGMEdneOf a gene of

i nterest upon providing Said gene of interest to the genone of said cells,

conpri si ng praosériiting medwatded Huality lsompDibes sefqblerscne trmspripdomg a gene
transcription nodul atin ality together with said n 5 interest.
The chanceseg?ar&gfge%%aihﬁ Igﬁ ?g%%leorh% grv‘\’/fe ﬁh‘%{: Hglceorligorta }L’lglﬁg’g?iq)plﬁégﬁ-uer%%ul ating
qual ity var with 4 ferdelt@ariotiption hfodma\nmgeimaﬁheinfarrﬁ@mwssoxﬁveﬂtorgﬁm yed. f
Typically, there.is no prior know edge of the presence qr absence o
fragment’® weene dapigreptaieslfs iny %h%%%v%h#m@&“%‘fys@g&@%ﬁfs will- not 30

conprise a q 1 J - tg ity. In WO
0311604704 P LD DB o A e e o DN

sequences wmomeavar thadsaidi tighérsgene nkprestioevellikatsoingordtable phaeingdbei on
sai d r opor t BregEhE S AN SRR s h bt PR Bievongar il EaRiRs ance, sai d
gene product naynieRpsieBeihds @REREEETLRIRAUG® £AMRI0f interest into the genome
15  of a cell and to obtain expression of said gene of interest, the following has
been observed. If together with said gene of interest also a DNA sequence with
a gene transcription modulating quality was introduced, more clones could be
detected that expressed more than a certain amount of gene product of said
gene of interest, than when said DNA sequence was not introduced together
20  with said gene of interest. Thus the present invention also provides a method
for increasing the number of cells expressing a more than a certain level of a
gene product of a gene of interest upon providing said gene of interest to the
genome of said cells, comprising providing said cell with a DNA sequence
comprising a gene transcription modulating quality together with said gene of
25  interest.
The chances of detecting a fragment with a gene transcription-
modulating quality vary with the source from which the fragments are
derived. Typically, there is no prior knowledge of the presence or absence of
fragments with said quality. In those situations many fragments will not

30 comprise a DNA sequence with a gene transcription-modulating quality. In



5 deposit (e.g. green fluorescent protein and derivatives, |luciferase, or

al kal i ne phosphatase) or confer antibiotic resistance or induce apoptosis
and cell death. A nethod of the invention is particularly suited for
detecting and optionally selecting a DNA sequence conprising a gene
transcription- enhancing quality. It has been observed that at |east sone of
the sel ectygd JiBy, 10 sequences, when incorporated int@-aRLexRieSSI on vect or
conprising a gene of interest, can dramatically increase gene transcription
of said gene of interest in a host cell even when the vector does not
conprise an elenent with a gene- transtription repressing quality. This gene
transcription enhancing quality is very useful in cell lines transfected

with forei gihegeRes tRnsiaFobh NSRS sRPIFTFPDRA sbquéitds Rithasd qeits is _
transcription systemcan be a cell free in vitro transcription_ system Wth

t he curr entingsodueadi. $his in dane byrseléationsgctarcesmprisiepsaig sequesceamthie” accurate
and qui ck. However, for the e t.jnvention said tr LRk I system
preferably %ﬁﬁ)?f?asfggt%‘éé’fa@éﬂugt.s&nﬁg‘}%rﬁpﬂ%%ﬁ ] sa(ij"V\c/f’éIr1 fgg%fﬁgét? %g{%%fo fragments
are det ect eghaandl. PR ingtidlcd YsasBene hesHust ayasducéifluordsderndlor s.coln el ement with
a gene transcription repressing quality wll, in ﬁ§,nethod ?f t he inventi on,
repress Bratepopit & g.arveen Sroresisabpistein and deriativesafsiferase Brilkdltem used.

Sai d repress] a0, 8ae5 Iy ARKELB:L RASLAR HRIEIEChANLE SR LETLAR, | evel s.

| nportant i erence I n expression el's in the absence or
presence of repremsitod dof sheletventiabispaanclagy sanal foy deteetiegandl e. In a

preferred enhodi nent. gene- scription repression in said vectors results
in gene-tra Wawﬁ%gf%?yﬁﬁeﬂ%ﬁ?eompfﬁ?ﬂgi%g‘?r}ﬁ@a’bﬁggpgf)?'ed enbodi nent
DNA sequencgshbaihgRRiatiey. 96 hesheca tBsRbd 2ok YoasEbakd 60the Ralectad DNAapabl e of
at least in part counteracting the formation of gene-transcription 30

repressilfig tHaenees; Wihen imcorneraledite an cRIASH Y VeqiekcomnFinnga 8enael | east in

part VIO 03/ 004704 RETLINAZLA0IAR, BeOHRLELAGHING a6 SLIBF AR

gene-transcription repressing chro I'h~conprises a stable gene

transcri ptina Hosleell yver when pliesfeetor ddesitd @onpeist ah blemdnbldvitteggemsce | nvol ved

in gene-transcription repressiaon i s a DNA sequence hat, i s rﬁcg.gni zed by a
sai d

protein conPBSCIRHANFRRICSTIAE JHR1HYt T SERS FRPETRHPS SORABCIRE FHATY,
conpl ex. Pr&fenbhyis@iditRTPifleckAWith §28ich LRELEHOAGREAIBEAR animals
15 and plants.

Said transcription system can be a cell free in vitro transcription
system. With the current expertise in automation such cell free systems can be
accurate and quick. However, for the present invention said transcription
system preferably comprises host cells. Using host cells warrants that

20 fragments are detected and optionally selected with activity in cells.

An element with a gene transcription repressing quality will, in a
method of the invention, repress transcription from a promoter in the
transcription system used. Said repression does not have to lead to
undetectable expression levels. Important is that the difference in expression

25 levels in the absence or presence of repression is detectable and optionally
selectable. In a preferred embodiment gene-transcription repression in said
vectors results in gene-transcription repressing chromatin. In this preferred
embodiment DNA sequences can be detected, and optionally selected that are
capable of at least in part counteracting the formation of gene-transcription

30 repressing chromatin. In one aspect a DNA sequence capable of at least in part



bi ndi ng protein conprising HP1, a Pol yconb-group (Pc-G protein, a histone
deacetyl ase activity or MeCP2 (nethyl-CpG binding protein). Many organi sns
conprise one or nore of these proteins. These proteins frequently exhibit
activity in other species as well. Said conplex can thus al so conprise
proteins 10 fromtwo or nore species. The nentioned set of known

chromati n-@assopiAal €d protein conplexes are able to coeyRyoddseg-range
repressi on over many base pairs. The conpl exes are also involved in stably

transferring the repressed status of agnes to daughter cells upon cel
di vi sion. Sequences selected in this y are able to convey | ong-range
anti-repression over nmany base pairs (van 15 der Vliag et al., 2000). The

vector used gARtdGctMYIhNEEREtid\Hgehs tidbdrAR]id &Ffessihlgrehﬁgn@w and that can
be used in a transcription system Wen host cells are used it is preferred

that the vectamprises antaipe sormirhyscrippion qualitigly e preferred ambnilimensyhe ef fects
due to diff °h tseal%lé]r?cse ir%%l{r&f %ﬁée?l%-'tlg s?x]éptfi)({ﬁelieﬁ?é‘\srs%rn i§HHRAQE fee DNA 20

el enents fl anking e vector e Sl egratton can have effects on
the |evel ofhatiaRsedmifpdd 9 pfotéiieomplexaing wissteintdadd elayisoription sgfteact s of

fragnents conprising DNA sequences with a gene transcrjption nodul ating
quality. Pn EmRIHES éfi‘lf‘i.éﬂ%f?é‘oﬁ s lyssé’il‘g"c\%g?’_éf‘m?:%ﬁﬁsi %fé‘ge’?i’cﬂr@ﬁal%é’at i on
origin from 0QinERGtl Ryridisin¥ 'I%Pi? F(P%@me%bx% @r@b Frobdif] £REtABL i gen

(EBNA-1). Such vectors 25 are capable of replicating in many types of
eukaryoti c céédcstytasd aaiwidyrbt MeilCRRdmethyl-Giphthindingduoteapp Mamyioaganigroadi t i ons.

I n anot her aspect the inventjgn provi.desya DNA sequence conpri.sing i) a DNA
sequence isofcg?%ﬁefop&?f 29f gjf]ﬁlegé)p(pé‘?lp%gﬁhg?eeprog mﬁlglieflv%?th% Bihereof, or 30
i) a synthehitgritphA oBlRHUBEEs B wolES L@ BsHhlbe tadtHNs dBadenisegestetnsc WO

03/ 004704 PCTI NLO2/ 00390 7 engineering, which DNA sequence is a

repr essi dA- i fAMEVOiof gnore graiese Thp memtiongd set gEkpewy m shromatby aispgated t he
present invepi € |0, I d. In
anot her aspeg%%gﬂg&?ﬁ$2§ ?@%gg%ggfﬁggygﬁ%ﬁﬁfgggﬁgﬁ%gh“g%ﬂﬁﬁni%%?ﬂ) a DNA
sequence i sopaitedht campkexpd aret aler invelvedhr sthkbly toansferdimgi thatrepressed her eof , or

ii) a syntheti sequence, or e constr.uct.ed nmeans. of .genetic
engi neeri ng, S%ﬁlfs SPRER é%&@h‘i% cplls wponell diyisign, %ﬂ‘@ﬂceéﬁalecﬁﬂg? 8l 1y cl oned
by means of B¢ areiH1ot &nvbPorigaps hetlrefPe RIS AR Yn&B Bhse pairs (van

15  der Vlag et al., 2000).

The vector used can be any vector that is suitable for cloning DNA and
that can be used in a transcription system. When host cells are used it is
preferred that the vector is an episomally replicating vector. In this way,
effects due to different sites of integration of the vector are avoided. DNA

20  elements flanking the vector at the site of integration can have effects on the
level of transcription of the promoter and thereby mimic effects of fragments
comprising DNA sequences with a gene transcription modulating quality. In a
preferred embodiment said vector comprises a replication origin from the
Epstein-Barr virus (EBV), OriP, and a nuclear antigen (EBNA-1). Such vectors

25  are capable of replicating in many types of eukaryotic cells and assemble into

chromatin under appropriate conditions.

In another aspect the invention provides a DNA sequence comprising i)
a DNA sequence isolated from a plant or vertebrate, or derivatives thereof, or

30  1i) a synthetic DNA sequence or one constructed by means of genetic



DNA sequence conpri ses a sequence as depicted in Table 4A or a functional
honol ogue thereof. A functional honol ogue of a sequence as depicted in Table
10 4 is a sequence derived with the information given in Table 4 (be it
table 4A or table 4B). For instance, a sequence that can be derived froma
sequence in Table 4 by deleting, nodifying and/or inserting bases in or
froma seqysptfsnd i sted in Table 4, wherein said deriyegnepfppce conprises
the sane activity in kind, not necessarily in anpbunt, of a sequence as
depicted in Table 4. A 15 functional hgnologue is further a sequence
conprising a part fromtwo or nore sequences depicted in Table 4. A
synthetic DNA sequence is a sequence that is not derived directly or

i ndirectly Sﬁggﬁéé‘}i GHSCENR LR Hce i8a 2EhrOdEHinhiBitife kequleRed #AEH, @ Sequence

conprising a drosophila scs or 'scs' sequence is not a synthetic sequence,
even when t bgtlscmethodscardmgdodnepresas iavetritfoirmiaalble;demmagéa@le@eédndI n one

aspect the invention i oncerned with increasing.kno e of higher order
gene regul aff W%&T%eafﬁ‘r?é’g ré‘ﬁﬁ"%ﬁ%ﬁﬁﬁ“‘f‘?ﬂ p{&%} eﬁﬁyﬁg&%ﬁﬂg‘encﬁnovﬂ edge.
Wer eas el emﬁsingg%nm@h@&ﬁeq@laﬁa&wgmr@@ﬂy&mmﬁgm, 25 have been
characterized that direct and regul ate transcription of SI&%LE genes,

hi gher op defenieajireathergofeprivemssnthetin DYdvasanencaor goneonsinstadrivpt i on
capabilitie f ir . 0 : ROH RIS ecel ittle
ctronti on, - Bggas il SRABTREGTR ARSI Bk A SERMENL L comes
fromthe sbtptdynadlly choried \beaesadsiof theDuethod oétheriyiogeives Peefemblpsdiécone

commtted t 03/ 004704 PCT/ NLO2/0039Q 8 different deve] opnental pathways.
Once conmi tﬁ@gg SRAMPPE® FORIREISGS B REMGER ﬁ%g"rplctf}%fré ?ﬁé\ﬁénore?f %“@Ftl?l%ﬂany cel |

di visions. |t,BRSuDECRNE AMAERAANHNIGHRAT al Baterdh 8s Feailled ihTBRM Ssi on of
cell type specific gene transcription patterns is not dependent on the

cont ext 10f 4iSapequentederitediwitls thenisfeavhtivadivendad Taplech dregesaliladfoe structure
of the DNA gﬁﬁﬂ 4§f§oci.atted pr ot ei ns tgrmag ghr.o in. CGene re ul ation at
the chronosEHRe 4B SWESHAReS] 4 8eaUsRe ek 31 B deraye G NE Ry ation),

hi st ones, (@able 4 Be@SIMidd, ndifgiil Qid/srehiertiak bases,in 3f érolnDf gequRAGE

i nteractions between distant chronpsomal el enents. 10 The chrqomatin

tenpl ate i Shﬁteﬁp@ H]aple(fb ﬁ‘d@?@@éa@djf?ﬁlvéi sgffueppgrcomprises the same activity in

kind, not necessarily in amount, of a sequence as depicted in Table 4. A

15  functional homologue is further a sequence comprising a part from two or more
sequences depicted in Table 4. A synthetic DNA sequence is a sequence that is
not derived directly or indirectly from a sequence present in an organism. For
instance a sequence comprising a drosophila scs or scs’ sequence is not a
synthetic sequence, even when the scs or scs’ sequence was artificially

20 generated.

In one aspect the invention is concerned with increasing knowledge of
higher order gene regulation and with means and methods for utilizing this
knowledge. Whereas elements, such as classical promoters and enhancers,

25  have been characterized that direct and regulate transcription of single genes,
higher order regulatory elements that govern the gene transcription
capabilities of entire chromosome regions have as yet received little attention.
Much of our knowledge regarding such higher order elements comes from the

study of embryogenesis. During embryogenesis cells become committed to



hi stones, and non-hi stone proteins, which is able to package the entire
genone into the nucleus and sinultaneously allow the appropriate
transcription of specific genes. The eukaryotic chronmosone is not a uniform
tenplate for the activation of gene transcription. Different types of
chromatin and chromatin 15 regi ons can be distingui shed, which

di fferent ia%tr\yo ahfect gene transcription. The so-cal lggnpglgsspchr omatin
regi ons iden |f0y cl osed’ chromatin structures whereas euchromatin is
associated wth a nore diffuse and ‘opgn' chromatin structure. The
euchromatin region can be subject to structural changes, resulting in nore
or | ess condensed structures, referred to as facultative 20 heterochromatin
and euchro b [0 ; agite i j thei

het er ochr o%ﬂegénlt:sﬁg %}F%\%c?u? %h%gg'esen%%%&ﬁﬁ’ﬁpﬁgﬁy %g gn}iles% of
chromat i n- nedéabedh gitsremneyudlhdivsionskeepi ng genes in an active or a
repressed stat in a cell type specifi n .In all.eu tes several
chromati n- assoc ﬁgbéﬁbw&eépﬂe%§ﬂ%1V§§é‘§ E}ILP;\;EQB S%ﬁ%ggﬂs?ﬁéwp i°¥ ?éé]#)ypﬁ at are

i nvol ved i nsﬁe@ﬁic?h@%ﬁ%@&qﬁi&f £8drhs Ise dspadeht 64 the con®i® obh Which is the
Pol yconb group (PcQ conplex. I1’he PcG conplex is involved in the stable

repressi 6n pfongdersdut isnngiead masiaiad by changen iothet strnctuiergisha PAARR pel i eved
to play an inpartant rele. S m : : i3s, naned the
trithorax g?%ﬁaf rpéf’{,el Saéerb%eerealnéhl% e% Ill'ligl’ezlg%tg ﬁglta f gﬁgg}g%%hé%g%@iat]he action of
the PcG prol®bhgavolvesanpdificatioss @DNA (/g metylamioh) diddeh &3 (04704

PCT/ NL0O2/ 00390 9 nmai nt enance of. %ene gene tran%criqg)ti n. Based on their
respective Addatign and/or mekhylptios)afifl PResranes pieractionshetweer P8Etsent a

cel lular meppiv S¥SieRmbR@t is inportant for the heritable transm ssion of
gene transcription patterns. How PcG and TrG conpl exes are associated with
their tawget gerfds chformstistemplatmisladaghlyGondeansed sempliessf BAVe characteri zed

ci s-acting regul ator seqguences, t hat i.ntain transcriptional |y inactive
states of géﬁg .eS'T‘h"éiyn 'ﬁgﬁ%eﬁéo%ﬁi whi l%ﬁglfeﬁg%c gg_thg??tgée gregérﬁlf’at ory
sequences i gtd EREREBETs A sibligtaReQSBNRvOfhel dppebpridtakrfAeEripicd 6 ns, and
hence these sequences have been terned PcG response el enents (PRES),

Sequences henesitisezses- ddwteukpetic shxompgote & Rehaowwisdm yermiaefeithst ed
o ot LogRgésﬁ@gi% (5 zlaﬂr}s,gwg\ﬁfcs@giaggjggfé%nt thbed of BRfmAME] LEPERbESLAT Pl ants)
15 regions can be distinguished, which differentially affect gene transcription.
The so-called heterochromatin regions identify ‘closed’ chromatin structures
whereas euchromatin is associated with a more diffuse and ‘open’ chromatin
structure. The euchromatin region can be subject to structural changes,
resulting in more or less condensed structures, referred to as facultative
20  heterochromatin and euchromatin. The formation of facultative euchromatin
or heterochromatin is believed to represent the underlying mechanism of
chromatin-mediated gene regulation, keeping genes in an active or a repressed
state, in a cell type specific manner.
In all eukaryotes several chromatin-associated protein complexes have
25 been identified that are involved in the maintenance of cell type specificity,
one of which is the Polycomb group (PcG) complex. The PcG complex is
involved in the stable repression of genes, in which changes in chromatin
structure are believed to play an important role. Similarly, a second class of
proteins, named the trithorax group (TrG), has been identified that

30 counteracts the action of the PcG proteins. TrG proteins are involved in the



information required to nmedi ate repression of chromatin have not been found.
In addition, it has, as yet, not been possible to study sequences with |ong
range repression capabilities in a coherent way. This is for a |large part

15 due to the inability to systematically screen for such | ong-range acting
sequences. In one aspect the invention provides nmeans and nethods for
systemati qa), gﬁ;ectlng such sequences in DNA. I n ongcgrippstpsgent the

i nvention prOV| es a nethod for identifying a DNA sequence with a gene
transcription repressing quality conprlélng, 20 - providing a collection of
test nucleic acids, - generating a coll&ction of expression vectors
conprising test nucleic acids and a first reporter gene under

transcriptio ntgﬂmc'é%k %en@rtpa{ﬂ%ﬁﬁm 1. Baﬁé?i"érgt}féﬂ' 1“e§f>éc§1v\$"n§cﬂe§9f d

collection o expreSS|o tors, - Select I'ng a cell ‘or vector-contai ning
progeny ther acﬂiqn Rh(éraadI‘I‘rGZ;ﬁotenmlﬂmrefqmmmpreeﬁnt@aaebluiarrmemme’mstwr gene is

repressed, a | denti ai,d t . nucleic a

dont T1ed ¢ % Rant KA Heplne bBeSpRete 2 atnd i iupPacteoth g
promoter function apgwiPuesand PR chBERxes 4€ASsdcld8E withPiheRtafRPEQSS NY
quality. Preferably, said identified test nucleic acid is also retreived

and cl oned. $aitdl Walrt‘i}el@@lﬂﬁtﬂ@é%hwe qhazacterized35-graing, regWataspacity to
d t he | { 3/ 004704
reduce the gfjﬁfﬂ&s thiBRR r{t’a‘?xl ﬂlr%%ec%ﬁaﬁ eﬁsjgrzxga&{x%@ ek oi’"g Gk M) O

PCT/ NLO2/ 003 physica pronot er onpared to the |evel
in the abSen@ﬂer&fnghh&ha@%y%qwac‘i@acmgﬂégﬁlﬁtcdy@u@ldnhys isldependeneber r ed
enbodi nent said gene anscri ﬁ)ﬁl on repres L aI i ty co él ses a gene
transcripti ohhd REFRSR Pigncpna) mgli Tl "f/ eche ShRSHBEREeS BRYe Pe8uct i on of

the level of (L LARTCHIREAARE bI%rr@nW?’HE’s? Lseglu&{ceg haw@éénrm@mﬁmhat gene
transcription repressing configurati his configuration preferably

enconpassiés s igvelvehiot BeG medigsedrepressionsf dhromativodsiviet bowener, Gai d

configuratio nco ses ance i ke t ereb at least in part
i nacti vat i ngB‘ftﬁ1 Vef@?@%sr?rpﬁ F%Wygoﬁﬁp;lﬁci% ecrofné)&mb%aZS?(H‘eéﬁ%ancer on said
pronoter. | nigo@dtionG¥laired tomediats RYra3sibndf cRomasiai KhviolNt besifease 10 with a

gene transcription repr essin chr onatin quality conprises a polyconb-
group- | i ke responsi fbadditigant haggis gt DRebHRPESIRE0 isEHBUsREeREE Vil |

possible to fo%tg hﬁé’eereﬁf'e\égiroﬁlcapab111t1es in a coherent way. This is for a large part
15  due to the inability to systematically screen for such long-range acting
sequences. In one aspect the invention provides means and methods for
systematically detecting such sequences in DNA. In one embodiment the
invention provides a method for identifying a DNA sequence with a gene
transcription repressing quality comprising,
20 - providing a collection of test nucleic acids,
- generating a collection of expression vectors comprising test nucleic
acids and a first reporter gene under transcriptional control of a promoter,
- providing cells with said collection of expression vectors,
- selecting a cell or vector-containing progeny thereof, wherein
25  transcription of said first reporter gene is repressed, and
E identifying said test nucleic acid in said cell. Said identified test
nucleic acid comprises the capacity to repress said promoter function and thus
comprises a gene transcription repressing quality. Preferably, said identified
test nucleic acid is also retreived and cloned. Said quality comprises at least in

30 part, the capacity to reduce the level of transcription from said promoter when



nucl ei ¢ aci d sequences conprising the capacity to reduce the level of 15
transcription froma pronoter and thus nucleic acid sequences conprising a
gene transcription repressing quality. Sequences wth anal ogous function can
be conpared with each other for sequence simlarities such that one or nore
consensus sequences for elenents with a gene transcription repressing

quality s‘gg%@%opol yconb-group-1ike responsive el enenicgnibadisdge deduced.
Mor eover , considering that entire sequences of organi smal genones are

known and nore wll follow shortly, it is possible to screen these genones
or parts thereof, and predict the occtiPrence of these sequences in the
genone. Knowl edge of the occurrence and |ocalization of DNA seqguences

conpri si ng %%9?1051&353‘113&5 d tBtsiaQﬂSroﬂR%l @cﬁﬂé{}ge(g{:@metléx%§ PPl Hse BRI the

transcription’repressing qualitres Int 5 genone w Il greatly increase
our know edd@NAfsedpiegiee withr chéd quadipyl It 4 prefatedmmieodimeninsdd gpd on in t he

genone. A Pal yconb-group response elenent is _an el ement that is capable of
repressing ttﬁ%“%wﬁﬂg%F?pﬁ?ﬁs&gpqm PIRFS ABE P ﬁra]nggrg%chosrbrep oFHE di rect
and/ or 30 i ngidB&tin hRLSKALE vHRréh BEreAtcti® & theleveDeftraMseHptiph &4 ei NS wi th
said elenent. WO 03/004704 11 PCT/ NLO2/ 00390 A pol ycomb-group-1I.i ke response

el enent is dhPoéspdiorfishymemaiin hasing agene frapsgsiptioprrepleseing seniargtion. | s an

el ement capahl.e of. repressi t.he tr i Dty a 3 on the
di rect and/o fﬁ%ﬂfggﬁ&‘?%r@gg%w gﬁcogﬁﬁ %%ges sglﬁd I('r?rltérn{e%ft%r' Iéltog’iregég’)tlw tahbgsai d
el ement, whejoeiiblesah s eorfiguidtich §icomhsiss dn enbindoebotig lile theeeky

Pol yconb- group, but wherein as a result, of saLd i,nteractjon

transcripti ot leastip E%@iiwt"é’ﬂ?]%ﬁﬁhq Hanscripgepephansy _eé%o ?alggg E‘(‘a’iﬁe{)t eins are
chromatin- ao?lss%fd ﬁ‘lto‘iﬂ%&r & BB B8 LERGOLRARRL édgleJN’A @édﬂetnéé‘ipl)

(Ei senberg et al. 90) Anot her chronmati n-associ ated protein that

repr esse® gemich agehe ttansariptionetpueksi@p Chiviradionguagity tanprisdsQpuyondn et al .,
1997). In a refFLred 10.enqodinent a pol yconb-group-1ike responsive el enent
of the i nverdPUH K EHBPRLLCP & apacity to repress transcription of a
pronoter over |ong distances, preferably over nore than 2000 base pairs

(van der Vliag et al., 2000). A collection of test_nucleic¢c acids can be
generated in nany Wasisg the above mentioned method it is possible to retrieve several

nucleic acid sequences comprising the capacity to reduce the level of

15 transcription from a promoter and thus nucleic acid sequences comprising a
gene transcription repressing quality. Sequences with analogous function can
be compared with each other for sequence similarities such that one or more
consensus sequences for elements with a gene transcription repressing quality
such as polycomb-group-like responsive elements, can be deduced. Moreover,

20 considering that entire sequences of organismal genomes are known and more
will follow shortly, it is possible to screen these genomes or parts thereof, and
predict the occurrence of these sequences in the genome. Knowledge of the
occurrence and localization of DNA sequences comprising gene transcription-
modulating qualities and/or gene transcription repressing qualities in the

25  genome will greatly increase our knowledge of higher order regulation of gene

transcription in the genome.

A Polycomb-group response element is an element that is capable of
repressing the transcription from a promoter in response to the direct and/or

30 indirect interaction of one or more Polycomb group proteins with said element.



15 Using artificial sequences as test nucleic acids it is possible to obtain
a consensus sequence for a gene transcription repressing quality. D fferent
gqualities can conprise different consensus sequences. Preferably said
collection is generated fromchronosomal DNA. In this way a gene
transcription repressing quality conprising a sequence occurring naturally
in 20 the ? pspme is found. This has the advant age pichaioddiso! ocation of
these qualities In the chronosone can be determ ned whereupon their

i nfluence on higher order gene transcertion in said |location can be
resolved. A reporter gene is a gene ené di ng an expression product of which
the presence can be detected directly or indirectly in a cell. In nmethods
for 25 det ect biifkanl g, IRNAGIBE LIBReh SRIPA Ak spohicelbmept er of an
expressi on o a cel to e pressi o said reporter

gene. However alternatively it iesh eleureh&capahkeld 1e:;ua§mngdm ragemiptionahscri pti on

repressing quality, s a rou esponsi ve el ement

expr essi on vﬂeroﬁéup%Qlé“sglé%Ftlaﬁﬁg’ﬁr@m %&terﬁﬁté? é’ﬁ(ﬁlcﬁﬁ PEGEER at Ieast in
part redUCG%@Pf%a%ﬁn%ht%h%i&sdl@eﬂé bethore3Ro@eRedo Thihdiesi8Rke or absence
of a nucleic acid capable of repressing WO 03/004704 PCT/NLO2/ 00390 12

transcripti cﬁvlmmsbaﬂrdumrknm}@reléalﬁ atrRgitt pfesaifbindenastion geproiranicringiosa; d
expr essi on pfod gﬁl (S 't &Shimed REAA Pésro %ﬁe}go@%segfe'cﬂ?oxﬂétllﬂ'o det ection

i ndi cat es thgpre nce h géne trans |on repressing quali A

reporter gei%@oc@aﬁad pma@@ sﬁc}i hslhéteﬁ)@mmaltmgﬁbt@nl ﬂﬁBl)e(Ementhaﬂ expr essi on
can then be 5 det ected by fl uor omettré)c mean?l for instance ;tn a.flow
£

cytonet er. G0sAnefhepshpRdinmsseriated Rrateindhal tepResseE BHNeASt Y i%d using a
fluorescence, agli ¥ qﬂndﬁl 'p'r?t%ﬁ{ M’JCP'%QNah@‘E aﬁxm%%oe[‘ Megtay and/or the

test nucl ei c aci d I nstance by nmeans of an anplification
reactionio Pre&lﬁlmdabduyc a paychuih- gmupdépwesmnswgehme@d)nf)thegaser&w@eI ect abl e
reporter pressi 0 irect indirectly provides
sara cer 1 O phoiees BEREREH Babheell Lt SR o rhmdBrdEREE | Xof eost ng or
expressi ng | @vahessepeef@hbBaivdr fdok&thah@000 bese PERL(vah et ¥hgSetwlier e DNA
sequences with a gene-transcription repressing quality are screened for,

expression o#008hi d first reporter gene is, preferably, directly or

indirectly toxic tg cél?écﬁoﬁ%ﬂesagﬁ)&ell: bhd bd}gbeegél{é%t%ﬁ iff inaGhyR, L OXi C

expressi on product is ricin or toxic varian ereo | n “anot her
exanpl e, 1sai Usihg astificiglzenheticeg antesenedeie acids it is possible to obtain a

consensus sequence for a gene transcription repressing quality. Different
qualities can comprise different consensus sequences. Preferably said
collection is generated from chromosomal DNA. In this way a gene
transcription repressing quality comprising a sequence occurring naturally in

20 the chromosome is found. This has the advantage that the location of these
qualities in the chromosome can be determined whereupon their influence on
higher order gene transcription in said location can be resolved.

A reporter gene is a gene encoding an expression product of which

the presence can be detected directly or indirectly in a cell. In methods for

25  detecting a gene transcription/repressing quality, the transfer of an expression
vector into a cell will lead to expression of said reporter gene. However, in case
test nucleic acid comprises a gene transcription repressing quality, such as a
polycomb-group-like responsive element, expression will be repressed in said
cell thereby leading to an at least in part reduced expression of said reporter

30 gene. The presence or absence of a nucleic acid capable of repressing



apoptosi s inducing gene product. Preferably said apoptosis inducing gene
product conprises adenovirus 13S E1A or a functional equival ent thereof
(Breckenridge and Shore, 2000). In another enbodi nent said apoptosis

i nduci ng gene product conprises apoptin or a functional equival ent thereof
20 (Pietersen and Noteborn, 2000). Another exanple is a gene encoding a

so-cal |l ed v%l'%ﬂ'og& product such as the herpes sinplexpgpibsobdym di ne ki nase
(HSV-tk). Addition of gancyclovir to cultures of cells expressing HSV-tk

wWill result in the formation of a toxi gz substance in these cells and
therefore kill these cells. In a particularly 25 preferred enbodi nent said
sui ci de gene conprises cytosi ne deam nase. Cytosine deam nase converts

cyt osi ne t ot AGkpton dTsBidseTeeraahithid Ve dstedtod bg detebting o&idr yot es and | ower
eukaryotes, but is absent i n_hlq%ger eukar‘i&)t es. The genﬁ is.used as a
met abol i ¢ se@kptegsioyprrsurhinssitheadlamiherebyireuced detseden ofne deterdeht ocyt osi ne

(5-FC) . Cytesi:n 1 I . 180X} = WO
037004704 PETREB2 T00I80  1s0f P Crpfes R R Hbnrp D N redtrtes (O,

di srupting [bke samhénvedd & flubleeceid yepdrtdrggeteim Redpedteapiassiohlchh éherebe al . |

1992; Wei and Huber, _ 1996). A pronpter controlling transcyiption of said
first redor datectrdrhy fé%or_nﬁ@wamgmﬁ?%ms@m% Hut flow ¢ E’t"i‘%&&%{llscan be activated
in said cellSp Bins 8 BF lhBudtesc@ndah feoRted RERFG! BloresdentSadtRa&idl € to
sel ect a gene transcription repressing quality such as a pol yconb-group-1ike

responsi ve etlksemer aabiisleaprsision sprtesandier the dess aucleid amd eblaged,dopar ti cul ar
pronmoter. In_this way it .S _possidl i {d: cifically
Fepross i he iiaad gl o5t on sorcREh iobra e b fuleiBhodBEC 1) T2
preferred egbadtdepitisesal @ldgatabidiepbriddgaeiid S@sessioprofmitier divéctiyturch t he
activity can be induced upon providing a cell conprising said pronoter with
a si gnal 10 Sdrdireshlyinyenidegiasd ﬁﬁb?fﬁhé‘rt legst éﬁé?“étg‘l %‘S%ﬁﬁﬁ%é’é’e’é‘*’g}éﬂoécycl i ne
responsive : i 18 oP&HD Lk NGy cad0XWRMe! | Ne and
equi val ent %g 1%3%11?1; gr I%ﬁ‘g%“g%]%r&oltgg%gogaﬁ gfsgg%c%g&ég&a%t edca1 or tetracycline,

r esponsi vend@NA isaquenker wyivh iageoelttans¢riptionetepedssing 19@Bjy arescRreombfer s and

transacting nol ecul es 2 gl %vaai I gbl e t hat (—‘Ig t Efr I ndﬁijce or,. [ f ess
expressi on : r ents
SFPEESaR AT SUDBRTTCRROTIRTACPE Sh PEHERERN, 4EGERY FeriroR iH ent
t her eof . to said cell. Non-limiting examples of such a toxic expression product is ricin or
15  toxic variants thereof . In another example, said first reporter gene encodes an
apoptosis inducing gene product. Preferably said apoptosis inducing gene
product comprises adenovirus 135S E1A or a functional equivalent thereof
(Breckenridge and Shore, 2000). In another embodiment said apoptosis
inducing gene product comprises apoptin or a functional equivalent thereof

20 (Pietersen and Noteborn, 2000).

Another example is a gene encoding a so-called suicide product such as
the herpes simplex virus thymidine kinase (HSV-tk). Addition of gancyclovir to
cultures of cells expressing HSV-tk will result in the formation of a toxic
substance in these cells and therefore kill these cells. In a particularly

25  preferred embodiment said suicide gene comprises cytosine deaminase.
Cytosine deaminase converts cytosine to uracil. This enzyme activity is found
in prokaryotes and lower eukaryotes, but is absent in higher eukaryotes. The
gene is used as a metabolic suicide gene in combination with the prodrug 5-

fluorocytosine (5-FC). Cytosine deaminase is able to convert the non-toxic 5-FC



Cells transfected with an expression vector of the invention can, 20 with a
typically I ow frequency and for reasons not associated wth the presence of
a DNA sequence with a gene transcription repressing quality, not express
det ect abl e anounts of expression product of said first reporter gene. This
can for instance be due to a reconbination event disrupting the coding
sequence %003@@¥4fi rst reporter gene. In a preferredppgheglogRpt of the

i nvention sal col l ection of expression vectors further conprises a
second reporter gene. Expression of id second reporter gene is preferably
under the control of a second pronoter. Methods for the detection of
expression of an expression product of said second reporter gene can be

used to Con{gﬁé DB EXAT SRSEIRIls LBN 9SSk APtAGIDNAlyniHesBAiBrélBSt nucl ei ¢
acid, thereby at least in part reduci ng\g{ t he nunber of cells falsely not
, ¥We

expr essi ng Eajgdrihgrpoptosis en gletle.19P Vg bBErbe4 1996)PCT/ NLO2/ 00390 14
preferred enbodi megt Sal gerscgﬁt?@ﬂrelé?ﬁﬁgﬂﬁrﬁ{ti&%aiﬁ#ﬁ&&@r g&lxee&tn for cells

conpri sing an expr SPOR Casse S , cells not Conprising said
expr essi on passepiotrdanthadss dgivberdas begativkedd i sait kelds. Bydekeaiiog expr essi on

product of said second reporter gene preferably conprises a positive
donmi nant 55 B@lt@li‘]faéb’lr‘émim@ﬁditﬂse?osa‘gﬁg? S&re%tfaegeé’c?l %?n¥g33£)‘055‘§1r?? doni nant

sel ectabl e {ERQGLIEE a9 REIRAGELES AR BN Aotdiphpleapabl e of
conferring resistance t n otherw se toxic conpound. Non-limting exanples

are (418 r esdpstsigetrandriphipgodsaid particuddrgromoter. rothGowey ias pagsihlpat a gene
transcription repressin alit an su es transcriptign it is preferred
that in thi Eosé’_ﬁwgdgﬂ}‘%étﬁ‘fsg@%gé&eﬁ]’%g@( 8??1'9/%@%‘8?13&8? ﬁ{QIHErOE%S%@i ses at |east one
DNA sequencgaMichihrd &b riheRAgetd. Pi h phefel¥od bindbdingenl yaid grymoteapabl e of
counteracting transcription repressing effects of a DNA sequence with a

gene tr dfiscedmppyiss anprets of i hihe @yt.lVi‘fSh@Ib]l’%’(?@Hé?ﬁ]t P03 RFPVISHIER
transcriptl ?aﬁl c?o?@(}%s%%%ih%%rﬁ&?%ﬂ% d él%aﬁ%@&f%r?ﬁﬁl‘u@i%}é’ﬁ%ﬁﬂfeﬂ s preferably

such that it e interteres w a reducing erfect of said gene
transcri pti preferaplyessipripes aabtiraoyclimutedpdreive onmbter. They signalfhere heiwer i pti on of

said second reparter, gene. In a preferred enbpdinent said DNA sequence with
a gene tral¥taFpti% ﬂo’%ﬁﬂﬁf%ﬁ iq%eqﬁggﬁﬁn@oxm%%qﬁohg& g,roggﬁ%fﬁ §tR&%Phe
gx p][ ess'b ?n BQa&%%&fot&étrswénhb_%sﬂ&sﬁ@én@sé il stkadlicails (R eOAH, T9eprter gene.
rerera , Sal
15y Promoters and transacting molecules are available that either induce or
repress expression of a gene, upon the addition of tetracycline or equivalents

thereof.

Cells transfected with an expression vector of the invention can,

20 with a typically low frequency and for reasons not associated with the presence
of a DNA sequence with a gene transcription repressing quality, not express
detectable amounts of expression product of said first reporter gene. This can
for instance be due to a recombination event disrupting the coding sequence of
said first reporter gene. In a preferred embodiment of the invention said

25 collection of expression vectors further comprises a second reporter gene.
Expression of said second reporter gene is preferably under the control of a
second promoter. Methods for the detection of expression of an expression
product of said second reporter gene can be used to confirm the expression
repressing activity of said test nucleic acid, thereby at least in part reducing

30 the number of cells falsely not expressing said first reporter gene. In a



second reporter gene (and pronoter controlling transcription of said second
reporter gene) is flanked by DNA sequences with a gene transcription

nodul ating quality. Exanples of DNA sequences with a gene transcription
nodul ating quality are the so-called STAR elenents listed in Tables 1 and 2.
25 Methods of the invention result in the cloning and identification of a
nunber of wbesMies conprising a gene transcription mQeAlHR@sfnd/ or a gene
transcription repressing quality. Such an elenent nmay contalin irrel evant
nucleic acid that is not instrunental ﬁn perform ng said quality, for

i nstance 30 not involved in the fornat'%n of gene-transcription repressing
chromatin. WO 03/004704 PCT/ NLO2/00390 15 Functional sequences in such

el enents can,berdeliiheainthtayiVatoiepsmiRas is KA select Recdlst . 1 n one
enbodi nent del etions and/or substitutions are made in a DNA sequence with a
gene t r anscroiopprismenRRPaESSing cepsehtegbndis wansels pet comnrepngspd ng qual ity.
DNA that is di f.i i.n . e f tLVIiEy: i n a nmethod of
the inventi (f%l%%lfgg%éas’ﬁtt%g&gg%elwﬁ&s’% dﬁ%réggrg?c%g?%téﬁggﬁfs %@db#lfc Sledlnc acid or by
gener ati ng grodick efdsidBedohd resirted gehepefaaahlg compoiEy 4 positivedonginantli f i ed
nucl ei ¢ aci d. Elgcidation of %%gct' nal, . sequencges, mﬁtg%n ggm sequences of
the i nverlt i GHlegtRaln 1ROt ARENey BrieiaPiin st PeBHR e RSl Eant spleetabledergtere| ement s
with a gene gteh?,@ﬁ&ﬁéspéﬁ %ﬁ?&éﬂ Alolda& cﬁﬁ&lﬂ%f Sn8&td g Y8siklaARS S drPt | ON _
repressing quality. Considering that there are several polyconb- group-like
conpl exes t dkerwasetoxio epmpsend!iNondiniingfexamplasrrat (418 gesisfdnceask essi on
patterns, it,_is antici Ps%t e% that nore than one type of consensus seqguence
is found w twgﬁonﬁ%frh%e& 5f"®he i nvention. Anal ogously it is anticipated that
nore than one type of consensus sequence is found for an el enent 15

conprising a gene transcription nodulating quality. The invention thus
further BYovi desCensidasing habp geuefransyipiqn reprepund ARARY AN FUBPEPT aci ds

compri sing GeENRLEASIPR'S BldrARed BN A0 OmBRMlfRE: ARA8pIdERA GELH | ON
repressing quafl Ies such as polyconb-group-Iike regponse el ements. In one
enbodi nent fedher dondpraey at apt ired3NAsed wineel walthcd genertegsthiptiomt nucl ei ¢ aci ds

i Si 20 . | f d .enbadi t id
[ Thrary | ot A R R P B e enfeb S @R e SN | orar y

can be used g DNA sequence with a gene transcription repressing quality. The placement

15  of said transcription counteracting element in the expression vector is
preferably such that it effectively interferes with a reducing effect of said gene
transcription repressing quality could have on the level of transcription of said
second reporter gene. In a preferred embodiment said DNA sequence with a
gene transcription modulating quality functionally separates the expression

20  cassettes comprising said first and said second reporter gene. Preferably, said
second reporter gene (and promoter controlling transcription of said second
reporter gene) is flanked by DNA sequences with a gene transcription
modulating quality. Examples of DNA sequences with a gene transcription
modulating quality are the so-called STAR elements listed in Tables 1 and 2.

25

Methods of the invention result in the cloning and identification of a
number of elements comprising a gene transcription modulating and/or a gene
transcription repressing quality. Such an element may contain irrelevant
nucleic acid that is not instrumental in performing said quality, for instance

30  not involved in the formation of gene-transcription repressing chromatin.



for instance for determ ning whether a given DNA nol ecul e conprises a DNA
nodul ating quality. In a preferred enbodinent said |ibrary conprises
essentially all elenents with a gene transcription enhancing function, 25

el ements conprising a stable gene transcription quality and/or elenments with
a gene transcription repressing quality such as pol yconb-group-1|ike response
el ements, ph oﬁooﬁm onosone. Together with know edge onjpihgibResbi on of these
el enents on a chronosone this allows a person skilled in the art to generate
a prediction for higher order regula;%gn of gene expression of genes
naturally 30 present on said chronpso and for genes (foreign nucleic acid)
i ntroduced WO 03/004704 PCT/ NLO2/ 00390 16 into said chronosone by

r econbi nant : Cog cel et a
gg?gg‘fﬂeal %{@En@es Rh %q}:}f:élbgl@gﬁacﬁn be quBRchted BY vEXSHPIMEtHols

suitable ca tion on sai ronosone for the insertion of foreign
DNA. A sui t &bben itk drorincee ebodinhavaleletione apdot substidutivens aypawddei cal | y

expressed in a tain cell. cell type.and/or.tissue. Preferably, said 5
chr onosone Hbﬁrﬁ?ﬁ}%é@%ﬂ?eo%é&%n%? créﬁ?%g%%‘%?%f)r PR°8° particularly
preferred ephedirifRiin @blestA R8RS DIES tH:d IPmbaifidd iR sGENL walyAiRI6dtePt | on

nmodul ating or a gene transcription repressing quality in a cell, are in the
li brary. 51 nferficEvisyna meshed effthe inventian gEie pin bafonsaisinga sigle t he prediction
of a suita . i . i . b i.d.i.brary has been
70 gener at ofh AT R fid BER} bttratfly RONGHRON R budALelds P Y, 228
human. In dohpesiepkaidehddifiedesclandtidr Ekpriation ofifunctivealtsepuaices ns (or

protei n conpl.exe capable of interacting wth equences wWith a gene
transcripti 6A 1R z%\l‘ééé"éfuﬁﬁce&lﬁ’glﬂ?e[?;’ewqq en@gleéib‘? E&h@@?loaé’gﬁ?qsf’wsi n different
DNA ‘el ement geMehbes f8r A6MEn{sAlE &g RE hf&ﬂscrrﬁal‘?foﬁsiﬁéd’iﬂlat(ﬂﬁl@bhcﬂ?dra%ﬁ@ larly

different proteins that 15 interact directly or indirectly with DNA
sequenced cbmmsirgitin rprpesiag quakitys Congiderire thad there iang seygatlinojyoampt  be

expr essed. Tﬁ%e ! glfil?erc%mt Eegigggl};a {e%gh Qtlgnéﬁ)rti&edi%f&rgﬁgf%cjciﬁn (ls_:;r}/do e dependent and

dependent off pres evant proteins. is'1s also the case
wi t h pol ycoshpigsisippaitdi@s e spaititpated e mnidre than silRltybs ofeqsesssed in cel |

type one, el ements depending on HP1 wil| 20 be detect ?d_ by nethod of
i nvention. Ffauapge isdousk with grraeidad of thedarantioppAnalggouslyiipaticipatedvent i on
wi 1 not deggegtnfR8h&l 6IPRhe bPdnsbatisREAR kSIS HRY LR bhWRm&R! | type one.
15 comprising a gene transcription modulating quality. The invention thus
further provides a library of isolated and/or recombinant nucleic acids
comprising gene transcription modulating and/or gene transcription repressing
qualities such as polycomb-group-like response elements. In one embodiment
said library comprises isolated and/or recombinant nucleic acids comprising
20  the same consensus sequence. In a preferred embodiment said library
comprises more than one type of consensus sequence. Said library can be used
for instance for determining whether a given DNA molecule comprises a DNA
modulating quality. In a preferred embodiment said library comprises
essentially all elements with a gene transcription enhancing function,
25  elements comprising a stable gene transcription quality and/or elements with
a gene transcription repressing quality such as polycomb-group-like response
elements, of a chromosome. Together with knowledge on the location of these
elements on a chromosome this allows a person skilled in the art to generate a
prediction for higher order regulation of gene expression of genes naturally

30 present on said chromosome and for genes (foreign nucleic acid) introduced



In one aspect of the invention said library conprises at |east one el enent
capable of at least in part counteracting the formation of gene 25
transcription repressing chromatin. Together with know edge of the | ocation
of DNA sequences with a gene transcription repressing quality on a
chronmosone or genone, know edge of the | ocation of such counteracting

el ements gl lows,,,more accurate prediction of higher opgpfyfnmeihati on of gene
transcription oﬁ‘ (inserted) genes in said chronosone or genonme. Preferably
said library further 30 conprises other transcription regulatory elenents
such as enhancers and WO 03/ 004704 PCT¥NL02/ 00390 .17 silencers. Al though
such sequences have |limted influence on higher order gene regul ation,
information.gn the,location of such oth S Lurt herny | .1 ngreases the
accuracy of l%ﬂéa CBETERTOBT e YRR or%:sés ?%’ﬁg%?%dléth%l Jg&glr;boerrlgss@ or the
expressi on @y ck@hmPied sSRALILBERSh1E Blrdadhite fdatie brisaid cArehesoatel fyr theai d | brary
5 conprises essentially all_ DNA sequences co ri@gi ng. aéagg%r}g (L{ nscription
nmodul ati ng ésartianoffensiay DAIA. Asuitableleqationcap pe &Qi’g}%‘ e oM ompsone.
Consi der i g ohDateafth LEALYsR 1} QIRSOTR, LaPlBB Lol BASIS Photbabspusiarl | Lens of

m | lions of "bases, i's preferre t e information that the library 10
can gi ve sonchiogtvesme caeprigesndromopainatdlom cheomesome S In egartiavdadn at | east

partially autoqnmated tem er use of a librar f the j.nvention is the
generat i on Bf'e(% 16%?@3?4%%‘6 aﬁﬁﬁ{[&a%@ppe&cpmrlgfnggaeﬁ eotﬁf%%sﬁrlp Jfal Jet ed

modi fi cati opy @ R8GURNCENQRansBrifiiOFIR SRR g SlHality 1194 cell)iaghiy ther der

regul atory sequences are nutated. For 15 instance, qne or no

re.
pol yconb- gr bibpeyi kethisepbodimeat Bleembine genpme ¢pn be wapd ey e pradistion obt her
regul atory el S..QR. ;Sal 1o : : : LS, 1S expected to
change the rsgﬁggieicﬁgglg%?% %\C/%f & g?%@g@%gﬁ% %ﬁ?mgarerg hla%-lg% ?:he vicinity of
t he pol ymonigegyratad-ihidiffereas pdlisnes of gleeive nasgiag dioar plantreto huexqr. dssi on
nodul ati ng 20 Yet anot herﬁééjse of

i nvention i glf?qqg{]tt%}lémeétapéﬁr SReCHE TSR i’i‘)%@? g£ F{gﬁrwﬁyﬁ‘%’%ﬁ (r)rLt 21[] ieons in
tranaor | Bt S B e B oan i ndi cate
t he presenceerfssieag qualityuwdl baexpressed, iregplting imdifforent THNA elompanda®tth s usef ul
for inst ancg gielrlle lcrlawsélllpr]:gor} r%%rerégiqlg%ﬂlaﬁgy. Similarly different proteins that
15  interact directly or indirectly with DNA sequences comprising a gene
transcription modulating quality will be expressed. Therefore the make-up of
the library is cell-type dependent and dependent on the presence of the
relevant proteins. This is also the case with polycomb-group-like respoﬂse
elements. If HP1 is expressed in cell type one, elements depending on HP1 will
20  be detected by method of invention. If HP1 is not expressed in cell type two,
method of invention will not detect the element that has been retrieved from
cell type one.
In one aspect of the invention said library comprises at least one
element capable of at least in part counteracting the formation of gene-
25  transcription repressing chromatin. Together with knowledge of the location of
DNA sequences with a gene transcription repressing quality on a chromosome
or genome, knowledge of the location of such counteracting elements allows
more accurate prediction of higher order regulation of gene transcription of

(inserted) genes in said chromosome or genome. Preferably said library further

30 comprises other transcription regulatory elements such as enhancers and



25 sequences or proteins to be tested in a diagnostic assay. This is
particularly inportant in mcroarray approaches because in these approaches
t he nunber of expressed sequences to be tested for, is limted by the
nunber of sequences that an array can nmaximally hold. Wth neans and

met hods of the invention it 1is possible tolimt the nunber of sequences to

be tested yfmhpoarray 30 approaches. WO 03/004704 PedrNLiZA6HP390 18 Yet

anot her use 01( a systemor library of the invention is the discovery of
drug targets. Regul atory elements, be they "higher order" elements or not,
function because of the protein (conpléexes) that can bind to them A system
of 5 the invention can be used to determ ne whether targeting of drugs to

interfere wilkhcekAlthongh BGclDseqenesihane Binitad paflidnedbarhighertoeder ( conpl ex)

hol ds promi se for _the alteration Qf expressio OL a parti CL){.J aL gene. The

i nvention f UEeRREIBUALER, &Efgrn&awlbﬁ'&d@%’@n@gﬁw&! YPFISAQUGRIE O anscri pti on
repressing QHéﬂgb%m&@&&w lo¢ tmn%ﬁdmtoﬂ 0 sQftab18GodaB¥RE 1 B pehBmd forPr €f erred

enmbodi nent sal sequence conprising a gene-transcription repressing
qual ity is dbeievedssiooot fareisr seglopades intfroducpd drereinVBreferabdf, spmldibrary sai d DNA

sequence conprising a gene-t cription repressin ality .conprises a
sequence BcdOPEMS etsﬁer?”é?gﬁ'ealilﬁ ) %erqggncreﬁﬁ?fﬁ?rdﬂgg at%ﬁgllégadﬁgﬁ{’%%} eof. 15 It is
al so possi bl godi0ath OYiARy anBIYAall GBisdrrdgilatbiry BeucbbA stecihenassoade. t he
invention, or to nodify such a DNA sequence. In a preferred enbodi nent a

DNA construct is providid conprising a pronoter operably linked with a

nucl eic acid of i nt@d'nt%ﬁéeginprtﬁ;?%l?%%éar %}%@Mﬁgﬁ%?%ﬁﬁ%%ggvepﬂquaI ity of

said DNA sequence W ene ng an repressing
qual ity, 20 tess clapdissndf basest tids prafemédthad theoinfemadidiNAas gopuliaey | N sai d
construct conpared to sai.d pronoter . Preferabl ai.d gene transcription
modul ati My EREGOY 61‘%‘”3@?1‘"9&1\9&‘??@9@’%lsdﬁﬁgﬁﬂré‘ﬁ?‘fﬁﬁola éltgeraé ence of a

si gnal . Prefenabhyautosliél §/s8ial conprises a DNA binding protein.
Preferably, said signal conprises a human i nmuno-deficiency virus TAT

protein. 25 One of Aimshersess offa libritwofdbejinwasidon sribeigshenptigngéne
transori pti on. .ipdul atl.ng Guel. dre0ls ol T L ARSEHRELEOR: LERLASSHRT qual ity
a chromosome such that “higher order” regulatory sequences are mutated. For

15  instance, one or more polycomb-group-like responsive elements of the
invention, and/or other regulatory elements on said chromosome can be
mutated. This is expected to change the transcription levels of the genes that
are in the vicinity of the polycomb-group-like responsive elements and/or other
expression modulating elements.

20 Yet another use of a library or system of the invention is the
prediction of gene expression resulting from mutations in the genome. In cases
where a mutation results in altered gene transcription, detection of such
altered gene transcription can indicate the presence of said naturally occurring
mutation. This approach is useful for instance in limiting the number of

25  sequences or proteins to be tested in a diagnostic assay. This is particularly
important in microarray approaches because in these approaches the number
of expressed sequences to be tested for, is limited by the number of sequences
that an array can maximally hold. With means and methods of the invention it

is possible to limit the number of sequences to be tested in microarray

30 approaches.



regul ation of transcription of a gene of interest. Transcription of a gene
of interest can be altered by altering sequences in the vicinity of said
gene such so that a DNA sequence with said quality is provided or renoved.
Specific WD 03/004704 PCT/ NLO2/ 00390 19 expression characteristics can be
desi gned by conbining (parts of) DNA sequences with a gene transcription

nodul at i nqvgpwo% a gene transcription repressing qualiriyexdsp | Nstance,
duplication of a sequence with a stable gene transcription quality in an

expression vector will lead to |rrproveg stability of 5 expression in a
target cell or progeny upon introducti § of said vector in said t ar get
cell. By conbining DNA sequences with gene transcription nodul ati ng
qualities altered gene transcription nodulating qualities can be generated
either in kind or anount or both. 10 It is al so possible to design DNA
sequences Wi t h aYeitematbei xgserwéa syatamsmhbmny@ﬁtmaﬁmwgs thpdisspvesy gkne

transcrlptl It L r with other
proteins and rgg ugﬁ@ggy l&%ﬁflg\lﬁ nﬁ (&C %Q&Bk& gtergsﬁence It is
possi bl e t0mmefntbe@m@semftwm@ﬁwnmmhmat cdmmamgtﬁm Aepstenads into a
DNA sequence with a quality. By allow ng 15 binding of the binding

protei n($) ithe invepbignicn be peed tadererayiee Whether Gﬁrg@ﬁ“il%%fi Irugs o mtﬁﬁziﬁet y t hus
al | owi n the er f is of
o1 O8N, DS ENRT LD NSRRI b ARSI boliPbi B | 1o

wi th a part ithebherggpneficranrsden pid particokulgend.ng and/ or a gene transcription
repressing quality thereby altering the quality of the resulting 20 DNA
sequences. The conbi nation of addition and renoval is al so possible.

Particul ar gene fhapsehtibh ﬁﬁﬂaerfwwlaég @nmaneén@%& i is@iSE éritl 1 On
repressing qualities can be selected f by tuni ng detection nethods

descri bet i rtratrtserlpbmeS@iressmﬁmlltbﬁbtamabﬂ%byf omethost of tbe inveationl Ia g o
synthesi ze %r\l?pf erred Us f%%é’}‘}ttsald ﬁﬁg%%h\g%mag&f}ﬁﬁﬁg%%ﬁh&}én%?n gyl ating

and/ or gene epressing ahce i ncl udi ng

TAT- bi ndi ng 1eﬂ)@aaﬁg$1uantyals QbAvalefioe RCe rtebedtp bf & phgit AMgengrefarablycr i pti on
repressing quality, it is possible to at least in part in ctl vate the

gene-t ranscrsﬁiﬁit]PHﬁ* FeEPPREE SPRPTIFREI5 §ope{tFAnSCIHR QN %ﬁﬁ}nﬁ UYAT. Simlarly
there are Wéﬁgklegg DG leALEA RS aei! tﬁpfeel B f@ta faﬁbermm ﬂgmtoﬁ)gua kot ar get
n sence or ng

sequence i presence of a Si gna
15 It is also possible to provide a DNA construct w1th a DNA sequence of the
invention, or to modify such a DNA sequence. In a preferred embodiment a
DNA construct is providid comprising a promoter operably linked with a
nucleic acid of interest. Preferably, the amount of activity of a quality of said
DNA sequence with a gene transcription modulating and/or repressing quality,
20 is dependent on the orientation of said DNA sequence in said construct,
compared to said promoter. Preferably said gene transcription modulating
and/or repressing quality is dependent on the presence of a signal. Preferably,
said signal comprises a DNA binding protein. Preferably, said signal comprises
a human immuno-deficiency virus TAT protein.
25
One of the uses of a DNA sequence comprising a gene transcription
modulating quality or a gene transcription repressing quality is of course the
regulation of transcription of a gene of interest. Transcription of a gene of
interest can be altered by altering sequences in the vicinity of said gene such

30 that a DNA sequence with said quality is provided or removed. Specific



30 exanpl es of such proteins are the TET-repressor and the various nutations
WO 03/004704 PCT/ NLO2/ 00390 20 thereof, the | ac-repressor, steroid hornone
receptors, the retinoic acid receptor, and derivatives. It is possible for

i nstance to design a DNA sequence with a cell type specific gene
transcription nodul ati ng and/ or gene transcription repressing quality. For
instance,Vhpmﬁgg& of the above nentioned TAT exanpl e. pbr&hRnbpéerred to DNA
sequence can be nade specific for HV infected cells that express TAT.

Al ternatively, The DNA seguence can qunade specific for a protien conpl ex
that is expressed in a cell type specitic fashion. Expression constructs
conprising a DNA sequence conprising a gene 10 transcription nodul ating

and/ or  genegt aRs dhakd @ErisiRRIcas bb ﬂ@si?dé@'ﬁytdbnﬂﬁﬁnél@éﬁbbﬁm obt ai ni ng
expression fromsaid construct in cells conprising nore than one copy of
sai d expr essiqueneesmath agene pnecrintion nadalatingrankoronganstEansgEption s present in

h f sai . . . i on.: i
the genome ofoui@hl f8ky 305,830 WIADLRCPXRIARSLORIBISAL Bohs  pr esent

in nore thahtPoHa &0 sai reover, they even wo
i ntegrated imh&riphensgiettpnsint expredsionvector Wik beaslte imppyved Istabdlifyroéf er r ed

enbodi nent of the invention ﬁai d DNA sequenc \A%Eh%tla .(gen t.r ansdcri ption
modul ati Ag BPAPSSIOR IBGhisH Beberell 9T BEPSERY Py UL S VHFET ASH™ Repr essi on)

sequence. ArliiRefleByeltibiniie BNl 8ERbIwiEI RS thMsaribivh mdQuisaagence
conprising oné or nore of the nentioned gene transcription nodul ating

qual ities. Gealiicalaliertdhgat® taamscription mbflelating qnelities carcbesenerated sequence
identifiers . }flrorrg(gl&tan‘i I ¥ xgtf % sequences sharing a certain common
feature. Suffirersn BV Yt ers can subsequently be used to identify
sequences that share one or nore identifiers. Sequences sharing such one or

nore identifiers are likely to be menber of the sape famly of sequences,
i.e are Wikely thlss%l%H@SS’cbIl\‘étoc‘&% ’éé?‘lﬁeé‘c‘%ﬁw’ctﬂé $e§1¥le11§‘?nel n the present

appl i cat | Ontﬁn%&{@ggr}uﬁgﬁeiga?ﬂg an®BY BSSa b RBLibS eém&@mt%ybm (so-call ed

STAR sequences 0 30 obtain sequence identifiérs (patterns) which
are char act bindstg profeins ®eegthenseth o030 dus7o PYA fdgo2n@s de@raineconpr i si ng

STAR activi agélit-ilég%? ?hep BNAeéerc]l%eI?c%nItqg pcl)Js%ﬁ) e oqnggrtc %{1@1 b glo\llc\(@(‘)atthtallga Ir)ro%ein

binding DNA sequences into a DNA sequence with a quality. By allowing

15 binding of the binding protein(s) it is possible to interfere with, or direct, the
quality, thus allowing the generation of DNA sequences with designer
qualities. It is of course also possible to remove protein binding sites from a
DNA sequence with a particular gene transcription modulating and/or a gene
transcription repressing quality thereby altering the quality of the resulting

20 DNA sequences. The combination of addition and removal is also possible.
Particular gene transcription modulating and/or gene transcription repressing
qualities can be selected for by tuning detection methods deseribed in the
present invention. It is for instance possible to synthesize DNA sequences with
inducible gene transcription modulating and/or gene transcription repressing

25 qualities. By for instance including TAT-binding elements in a DNA sequence
comprising a gene-transcription repressing quality, it is possible to at least in
part inactivate the gene-transcription repressing quality in a cell comprising
TAT. Similarly there are DNA binding proteins available that only bind to
their target sequence in the absence or presence of a signal. Non-limiting

30 examples of such proteins are the TET-repressor and the various mutations



test sequence is likely to contain STAR activity. In one aspect the
invention thus provides a nethod for detecting the presence of a STAR
sequence within a nucleic acid sequence of about 50-5000 base pairs,
conprising determning the 5 frequency of occurrence in said sequence of at
| east one sequence pattern and determning that said frequency of

occurr enceyg g ol esentative of the frequency of occyppRpgReRh said at

| east one sequence pattern in at | east one sequence conprising a STAR
sequence. In principle any nethod is suited for determ ning whether a
sequence pattern is representative of #0STAR sequence. 10 Many different
net hods are available in the art. In a preferred enbodi nent of the

| nventi on t o8l pR@iacleb B iBthil A8 SR e EGA! IR16ANDE abAREETRAL AL ve of
the frequency of ‘occurrence of sald at [east one sequence pattern in at

| east one saglidntativesdt isgiosgible (BTt agee) tredesigncoPPIA sspienekewidh@ ni ng t hat
the frequency.of occurrence of said at st _one sequence pat.tern

si gni ficant| %‘u UYBE EReCiiGBeng LARSCHP R, %ozhﬁg@%%q %%e%giﬂﬁlsggaﬁ%%ce and at

| east one Coppr&kingSRAUBNTBr idsbarte] MHCdaBd & tBO¥bSIARbAtiGRATAT EfanigiBce i s

di scrim native for the resence of a STAR se%uence. However, in a

parti cul a¥ | yThe efferredtp DNArednensacan he nfade gpasiiofon HI¥ defeciediselds Bratsai d at
Pe <t ot PR . . ! et
east one Se&lr‘p%'s%eléﬂg Aé%%\%‘té y S.’L‘h%%lﬁk%@@iel&(e gﬁdxglsbeﬁnahg' 86%%1%1 3} 5! €ast one

sequence conprisin sequence conpar é 0 sal east one control
sequence. A potishdenplek ehatlishesresdedirngueld tge spodific fashivm.a STAR sequence have
been identified in the present invention. It is possible to use these

sequences to test how efficient a pattern is in discrimnating between a

control sequence pRPhsion SEHUARELOHTNIASH DN Pscqhbic3ReNGE: a EBANY So-cal | ed
discrimnant analysis 25 it is possible to determ ne on the basis of any set

of STAR $equieanesiption aodyppdirigeand/qrigenebemsaiptiongepissivgigwalitt 4¢e sequence
patterns or conbinatian. .thereof. Thus, ef erabl.y, at | east. e of said
Pt torne o SERRIEh bR Rinihg Skiehor By saRl ERMERR s oot s BRing BORE oor e
di scri m nat i hank@k \ee8ofsaidlegiessRasbnstons. AesWABE Ehe Ofiresssd@natrSdtAR
sequence and a control sequence. A desired WO 03/004704 PCT/ NLO2/ 00390 22

di scri ni nat i BPresgAt Bethg seaemaphsaid gl prb atoa Teadhe eXRRSHER S2BEMAAY h t he
pattern througlBh alodl AR gc?%y {'sAd BEIE VSrb R STRY B B Rbrk Whed T €GUENCY OF

occurrence of a sequence patt
15 integrated into the same position in more than one copy.

In a preferred embodiment of the invention said DNA sequence with a
gene transcription modulating quality comprises a so-called STAR (Stabilizing
Anti-Repression) sequence. A STAR sequence as used herein refers to a DNA

20  sequence comprising one or more of the mentioned gene transcription

modulating qualities.

Several methods are available in the art to extract sequence identifiers
from a family of DNA sequences sharing a certain common feature. Such
25  sequence identifiers can subsequently be used to identify sequences that share
one or more identifiers. Sequences sharing such one or more identifiers are
likely to be a member of the same family of sequences, i.e are likely to share
the common feature of the family. In the present application a large number of
sequences comprising STAR activity (so-called STAR sequences) were used to

30 obtain sequence identifiers ( patterns) which are characteristic for sequences



in atest nucleic acid is conpared with the frequency of occurrence in a5
sequence known to contain a STAR sequence. In this case a pattern is
considered representative for a sequence conprising a STAR sequence if the
frequenci es of occurrence are simlar. In a preferred enbodi ment anot her
criterion is used. The frequency of occurrence of a pattern in a sequence

conpri si nq},(?%%‘gﬁm sequence is conpared to the frequen%h@hz%?ﬁhlrrence of
said 1o pattern in a control sequence. By conparing the two frequencies it

is possible to determ ne for each pattern thus anal ysed, whether the
frequency in the sequence conprising #he STAR sequence is significantly
different fromthe frequency in the control sequence. In this enbodi nent a

sequence pattern . s si.dered to he representative of a ce

conpr 1t ng. SrEhEng SRR RUNENT Pues? miie PR IR A1 Sl RPN E e bt ern
in at |east taneefeaveRkePiohEinGTAR HTARy SRt GPedtShe pRhiibgant | y
different fromthe frequency of occurrence of the sanme pattern.in a control
sequence. Byhwispiayidespgesthad fosdetectdne thegrasrnss of a AN sepency “S%QR dsequence

t he nunber t [ .S | S Liter :

establi shedgﬁﬁlg?eaté:g{e%%u%ﬁfsd@hﬁgr% ﬁigﬁtHﬁgé h%g%ec? gilf“g‘ ﬂ% g(%ﬁgﬁiglsqﬁ %r whi ch

t he frequendéyeqoénoyaducaueranee irssaid progusece aftait Yenst one seqmeneegrattern @odpri si ng a

STAR sequence, Preferably.said frequency of .occurrence i representative of
the fr equengﬁt%?““&}%ﬁﬁ?t_e%ﬁ‘i%&‘ﬂue?ﬁﬁ' gy%fmf\;‘é’é“ftls SFRFeSeREYRS that ¢ ern in at
least 2 sequRpassy©?TRiurfinds ofsarll AHe8QUAC REQuendP hELtEMORaPAY oné N at | east 5
sequences conprising a STAR seauence. More preferably in at 25 | east 10

sequences ceaprenst cNEiSTAR venceNby pripeipleanyshsthod i spiteflfejuency of
occurrence 'dgterr%?ﬂi%%%vr}{e?ﬁérvaese% ﬁchg)a& 85 q]é%‘@éyesglflt D& o L SR s%éuesxﬁ' d at
at at T 38T 20 Skqiend a ST

| east one sequéence ern in es conprirsin AR
sequencel | Manypdiffétetitibithytdspire heditabit @nihe At Eft prafetrell eathodingantof

occurrence js. representative of the frequency of occurrence of s{a\i d at
| east one s&ppBIERtIADtREStERP qtﬁnaflmget&gt sajfh OGUATRDAR BTeRERTRRtEVR Gt a STAR

sequence. V%@ﬁé%&ﬂ?%f?ﬂﬂé‘h%ﬁ%@ A 16234 SHE sRplh&d ﬁbgtérﬂ% aBldBsi Qb cative

for a sequence conprising a S sequence are also dependent on the type of
control nuckejweneccanmssdg aHTAR seqeewdfe comprised, deteeqireng éhatsthd i s preferably
sel ected on_t he basi.s of the 1ﬁsegiuenl%e in which the reseg‘ce Pf a STAR
sequence i s eGURRY PEOErEsRCe phrall T lashions GewiRnSY PRERD Lemifjcantly

15  differs between said at least one STAR sequence and at least one control
sequence. In principle any significant difference is discriminative for the
presence of a STAR sequence. However, in a particularly preferred
embodiment the frequency of occurrence of said at least one sequence pattern
is significantly higher in said at least one sequence comprising a STAR

20 sequence compared to said at least one control sequence.

A considerable number of sequences comprising a STAR sequence have been
identified in the present invention. It is possible to use these sequences to test
how efficient a pattern is in discriminating between a control sequence and a
sequence comprising a STAR sequence. Using éo-called discriminant analysis

25 it is possible to determine on the basis of any set of STAR sequences in a
species, the most optimal discriminative sequence patterns or combination
thereof. Thus, preferably, at least one of said patterns is selected on the basis
of a desired, and preferably an optimal discrimination between said at least

one sequence comprising a STAR sequence and a control sequence. A desired



control sequence conprises a random sequence conprising a simlar AT/ CG
content as said at |east one sequence conprising a STAR sequence. |n another
preferred enmbodi nent the control sequence is derived fromthe sanme species
as said sequence conprising said STAR sequence. For instance, if a test
sequence is scrutinized for the presence of a STAR sequence, active in a

plant cell, Eﬂﬁpmlo preferably the control sequence i$c@/ngf@spi ved froma
pl ant ceII mlarly, for testing for STAR activity in a human cell, the

control nucleic acid is preferably also derived froma hunman genone. In a
preferred enbodi nent the control sequéfice conprises between 50% and 150% of
the bases of said at |east one sequence conprising a STAR sequence. In a

parti cul ar | YaiQl-fliahGee cdb ARAGN RN Ao fa%%ra%oaﬁgu%ﬂa@th%ggp{ bkpes bet ween

90% and 1100 Bases of said east one sequence co sing a STAR
sequence. Miheoughrbédiefoatnlayics.bet ween 95% and 105% A pattern can conprise any

nunber of b es I r th . Preferabl st one seguence pattern
conpri ses at %rge% llﬁﬁéftéﬁaf’fﬂqyew Ofé%%lfre@cﬁﬁfa HERBENC PR geﬁ'Bt her

embodi ment  at, J @aStucHiea S8 WERGHrBRiIBtHe BRFREAFDE odlurliREina 8 bases. In a
preferred enmbodi nent said at |east one sequence pattern conprises a pattern

| i sted irdtadehuerge kpawarto cabpin a4 §TAR spanenes-dnthis casmgipattest isa  consecuti ve

| ntorrupt od SRETRE e st RuBE IS S RaliR, BolhRIR S TR B e %00, ) 25

partly di scriréquentiey/ef. océ\mamdelaye dinsitrl I o picforeedambodisnend anothst ance
i ndicated as . a . purine ,ﬁ?rﬁe&er ably, the pr esggce of STAR activity is
verified usi@§eron 1$riset aguency of agerEenee ohRPABAEN B} 8 SBHUSEEHt ed herein to

det erm ne W”c% Fsirfy 2 SUURMeGuerfc dnﬁfﬁe(ﬁfm& g;'ugflr%ygof é)?aﬁ%rﬁg biHigy 1

confirmed if e sequence IS capa e 30 of per | east one of the
fol | owi ngo f m&ttammsa cht)co]aeqhmtBy mqnmrtng\memﬁbmmnmmmw@m&st)%o 24
|nh|b|t|ngt ffect 0

cloment of {RGCTRUGH B A2 PAC BHQARY o BLRHE ot RPAGErcy i " T ePressing

chronati n- aS@qaéxﬁb @6mpFiciig@hs SAAR delyliénce & sib@idishn il diFdrénttrat kherg activity
of an enhancer, (iv) conferring wupon an operably |inked nucleic acid

encodi ng a tireEeaey it thesontpk segBeRsar bdthispimpadimedlaprseqHearePRItHRIEY al one.
(iv-a) a hi ghak; BRadh 6 %ﬂrjeée}r%aﬂée (Sfraaéaaﬁgdcgtc&ﬁgnsl 'g a STAR sequence, if

15  the frequency of occurrence of the pattern in at least one sequence comprising
a STAR sequence is significantly different from the frequency of occurrence of
the same pattern in a control sequence. By using larger numbers of sequences
comprising a STAR sequence the number of patterns for which a statistical
difference can be established increases, thus enlarging the number of patterns

20  for which the frequency of occurrence is representative for a sequence
comprising a STAR sequence. Preferably said frequency of occurrence is
representative of the frequency of occurrence of said at least one sequence
pattern in at least 2 sequences comprising a STAR sequence, more preferably
in at least 5 sequences comprising a STAR sequence. More preferably in at

25  least 10 sequences comprising a STAR sequence. More preferably, said
frequency of occurrence is representative of the frequency of occurrence of said
at least one sequence pattern in at least 20 sequences comprising a STAR
sequence. In a particularly preferred embodiment said frequency of occurrence
is representative of the frequency of occurrence of said at least one sequence

30 pattern in at least 50 sequences comprising a STAR sequence.



b) a higher transcription, and/or (iv-c) a higher stability of transcription
over tine. The | arge nunber of sequences conprising STAR activity
identified in the present invention opens up a wide variety of
possibilities to generate and to identify sequences conprising the sanme
activity in kind not necessarily in anmount. For instance, it is well within
the reach skilled person to alter the sequences pi-denilfigd in the

pr esent in‘f/)(fé?lﬁoon and test the altered sequences for ? AR éctglﬁvi ty. Such

al tered sequences are therefore al so pgét of the present invention.

Al teration can include deletion, insertfon and nutation of one or 15 nore
bases in the sequences. Sequences conprising STAR activity were identified
in stret chesnpfy A0 DBBE Are inldRUBVE Tor d éeqhénc%?&eﬁ9£i§ﬂ,gté1sTAR%E%@dce of these
400 bases are required to r%;fln STAR(Ectllv.lty][.rd Nbagﬁfs to éellg;}lt t he
sequences t hlat abordependant en the typp obgpatio) nuceleic acidrusg e Hipelobcondemh 400 and
5000 bases are well knpown.. T m,ni,mal 20 .sequ e | ength. of, .a fyfagnment
conpri si ng ﬁ%ﬁ%ﬁ?ﬁﬁ?frffgra@& F%cﬂ:g%oq g}l%bé‘sgaoggﬁ% et %eslélswhlfléﬁiee 9 and
table 10 |i girepatd 67 NSTAR s6q A6 S foltRtdebrval. Degpréforad eihobfnaitehid
represented in nucleic acid nol ecul es conprising STAR acL|V|H§. Thi s over

r epr esentfat icoRtrpksegyere ¢amptisesA N doBpiedYRfe £OMPESIMgra gdipn A @@uence. The
25 tables r ] in9 G - Irohidihgy tables
can be ge\rllgp g?%ﬁ%%%??? }l%gg?lgerr%eggbd}ll (%éfcgirngﬁi?m et ojsﬁg%{ﬁ%%gg'qae%%aés,@{ or froma
smal | er or drafeged eadodmienSThRcatcpleapence & deaived fmom thersapreaspecieads ve for a
ceqUence noPRHPIEIREPHS SR AR LS Lt MoPRF-o 5 AL G SEence,
sequence not [ : : a Sequence.
However, to i§9crﬁﬁﬁiz@@@m%h@%frbséﬁée%f%rETm 3SquechfiE aBIRFLRNC F1a006A, tRéNY & STAR
sequence is WO 03/004704 PCT/ NLO2/00390 25 referably cogggred to a genone
or a sigii f irseferaldnthe ontnobssfquengeds atatsleyived rgmrroplenbtelh Similedpriare or

pl ant, nore .pre : . i anj fq . . one is
For i hst ancdPH o RDEE YRRy SHARIE: oef il Rlsul s REis BLosabTT

sequence andlsadedived fitoirDh hagaueRaemar b dpfefared embbddimenttiel ®htrobci d of the

sane species. The nore STAR sequences_are used for the determ nation of the
fr equeﬁcy ofsequence comprises betweecill 50% and 150% o? ﬁle bases of said at least one

sequence comprising a STAR sequence. In a particularly preferred

15 embodiment said control sequence comprises between 90% and 110% of the .
bases of said at least one sequence comprising a STAR sequence. More
preferably, between 95% and 105%.
A pattern can comprise any number of bases larger than two. Preferably, at
least one sequence pattern comprises at least 5, more preferably at least 6

20 bases. In another embodiment at least one sequence pattern comprises at least
8 bases. In a preferred embodiment said at least one sequence pattern
comprises a pattern listed in table 9 and/or table 10. A pattern may consist of a
consecutive list of bases. However, the pattern may also comprise bases that
are interrupted one or more times by a number of bases that are not or only

25  partly discriminative. A partly discriminative base is for instance indicated as
a purine.
Preferably, the presence of STAR activity is verified using a functional assay.
Several methods are presented herein to determine whether a sequence
comprises STAR activity. STAR activity is confirmed if the sequence is capable

30  of performing at least one of the following functions: (i) at least in part



occurrence of sequence patterns, the nore representative for STARs the
patterns are that are over- or under-represented. Considering that nmany of
the functional features that can be expressed by nucleic acids, are

medi ated by 10 protei naceous nol ecules binding to it, it is preferred that
the representative pattern is over-represented in the STAR sequences. Such

over -represgi@shos Pattern can be, part of, a binding sichRLiMwsguch a
prot ei naceous nol ecule. Preferably said frequency of occurrence is

representative of the frequency of occurrence of said at | east one sequence
pattern in at |east 2 sequences 15 con%f’ri sing a STAR sequence, nore
preferably in at |east 5 sequences conprising a STAR sequence. Mire

preferably ik GASbirdd oP SBAGERmptRIRI Sl inaBlipfot fipeRGE, MoT e

preferably, sal requency of” occurrence s’ representative o e frequency
of occurrenekneht shihd iavedtims (i) abéaseopsrt blockiagtcbramatin-agsotietestt 20

sequences conprising.a STAR sequence.. In . a.20 particul ar}. referred
enbodi nent § rasqune_gHiﬁaPagfm&%ﬁﬁ&?&ﬂﬁ%a?tyl%'r%fp&ne%ﬁfl&?i {',%) c(%f"{eefﬂﬁgfrequency
of occurrenggoPhin $érdbBl Lihl@ASTucRRE FEOHNBAEE a RahdcBipbioh kindicohPasdd 0
sequences conprising a STAR. Preferably, said sequences conprising a STAR

sequence 5cobl sasesnydleir agidtalentve (ivR) & héghes pradistabdity ebiransaiptioanfiGure 26. 25
STAR tivi b S f - Sk . i j i 26.
ST o S S RPN 2,

sequence. |times very well possible that different identifiers exist.

I dentifiers y. confer_ this conmon featur to.a fra n{.containing it,
though this The'lagge we‘é%rgéﬁ?wn%.comrwg@@@&%%twgﬁef%% 90 26 By
using nore $EANENGESNEATHdnSRG wilbRaRety ofipb¥sibiBitied & SirtkatbRgqt he frequency

of occurrence of a sequence pattern or patterns, it iS possible to select
pat t er nsiot hidensifiesquviencasfcomprisingrihe sarae sctpritsiarking nohiberesgarilnicsuch a STAR

requentiy SuahbreEinisbrieb e Rt fosrkih BER LB R SBEERE over or
under repr es@ifeacksiadiiefigtisinahe prasegt invéetion 410l {edeitel dlperedspdiugindee fTAR
sequences in test sets. Another way of using a set of over or under
repr esent ed STAR activity. Such altered sequences are therefore also part of the present
invention. Alteration can include deletion, insertion and mutation of one or
15 more bases in the sequences.
Sequences comprising STAR activity were identified in stretches of 400 bases.
However, it is expected that not all of these 400 bases are required to retain
STAR activity. Methods to delimit the sequences that confer a certain property
to a fragment of between 400 and 5000 bases are well known. The minimal
20 sequence length of a fragment comprising STAR activity is estimated to be
about 50 bases.
Table 9 and table 10 list patterns of 6 bases that have béen found to be over
represented in nucleic acid molecules comprising STAR activity. This over
representation is considered to be representative for a STAR sequence. The
25 tables were generated for a family of 65 STAR sequences. Similar tables can be
generated starting from a different set of STAR sequences, or from a smaller or
larger set of STAR sequences. A pattern is representative for a STAR sequence
if it is over represented in said STAR sequence compared to a sequence not
comprising a STAR element. This can be a random sequence. However, to

30 exclude a non relevant bias, the sequence comprising a STAR sequence is



patterns is to determ ne which pattern or conbination of patterns is best
suited to identify a STAR in a sequence. Using so-called discrimnative 10
statistics we have identified a set of patterns which perforns best in
identifying a sequence conprising a STAR elenent. In a preferred enbodi nent
at | east one of said sequence patterns for detecting a STAR sequence
conprises gypnce pattern GGACCC, CCCTGC, AAGCCC, pEENEsZboppd/ or AGCACC.

I n anot her enbo ment at | east one of said sequence patterns for detecting a
15 STAR sequence conprises a sequence 1g_galttern CCCN{ 16} AGC, GGCN{ 9} GAC,

CACN{ 13} AGG, CTGN{4} GCC. A list of STAR sequences can al so be used to
determ ne one or nore consensus sequences therein. The invention therefore

2l S0 Provi deseBrbANSAIMIS] SPAUBNAR: of PLichESEAR 8 ammalr PRIbEHGansensus

sequence ca cour e used to | candi date STAR elenents in a
t est sequen@nomboﬁowmtebratwemaxgeqmemmefec@hipra}sumgnaem%l ement has been
neans hge honol ogy to

identified in rg te it ca@ ¢ ﬁ¥0 ans, efsra%i’

i dentify secf’b%ﬁf& r?ﬁﬁlggfl?@eés TAR 3&08%} OSOBEREFOIEBE0 %E bel onging to
vertebrate. sBg@hnesalthpricinfBBTIR ssusdARndegiteaserdl Se(uﬁa@.de ae deeivedn for STAR
sequences 25 in qther manmalian species. Simlarly, once a STAR sequence

has been 5 i deare pieleig apid of the same syssieSes it can be used to screen for
honol ogous sggyery %%@A%Aééqgeﬁéeg] &éi{lsefd e%tér&ﬁﬁ%oﬂh@'ﬁeqﬁ%'o@s The

i nvention in one aspec rovides a se uence tal nabl'e by a nmet hod
according t mcmheencmésuqmemce pafterhd)eéhe momme;iwentsatnzecfmd PEARs the of STAR

sequences. ferabl sai d STAR 30,sequence isS.a rte e or ant STAR
sequence. eb‘}se“}%?{]é B 3re ogl- §r dRdgs- ]%@96@%664%51%@1‘7%\5%@5%%9 hf? sequence
i s a mamal ifgRctRhARSRAES DGR R b@@xﬁ@@e@%?%h@le(&%&cﬁ% mS&akedasy rice or

di cot such as Arabidopsis). Mre preferab said STAR sequence is a

pri mat e %d/mtemmmsmemémeﬁ@e to 8, i i$ p@tfermd Hed b eepseseativiesi ng STAR
activity a?t%uy?s gelt e%'f:e{H gechg@ %ege%&cggﬁlﬁcgﬁg%f&%ﬁsﬁﬁ rises a STAR

ca
el ement. There are, 17 one s for using
such a |i st patterd bursbqopaﬁnﬁ"ea binidirgg sﬁfe&ﬁ]es{u’cﬁdl pretdisaticoeninotebelei nvent i on
provi des a ?Bgifar for .determni ng whet her a nucl.eic quer}ce of about

ac| id se
50- 5000 bas rSaLeRcy P g@me@gﬁﬁgﬁ%sentamve of the frequency

occurrence of said at least one sequence pattern in at least 2 sequences

15 comprising a STAR sequence, more preferably in at least 5 sequences
comprising a STAR sequence. More preferably in at least 10 sequences
comprising a STAR sequence. More preferably, said frequency of occurrence is
representative of the frequency of occurrence of said at least one sequence
pattern in at least 20 sequences comprising a STAR sequence. In a

20  particularly preferred embodiment said frequency of occurrence is
representative of the frequency of occurrence of said at least one sequence
pattern in at least 50 sequences comprising a STAR. Preferably, said
sequences comprising a STAR sequence comprises at least one of the
sequences depicted in figure 26.

25  STAR activity is feature shared by the sequences listed in figure 26. However,
this does not mean that they must all share the same identifier sequence. It is
very well possible that different identifiers exist. Identifiers may confer this
common feature onto a fragment containing it, though this is not necessarily
S0.

30



lo said nmethod conprising, generating a first table of sequence patterns
conprising the frequency of occurrence of said patterns in a collection of
STAR sequences of the invention, generating a second table of said patterns
conprising the frequency of occurrence of said patterns in at |east one
reference sequence, selecting at |east one pattern of which said frequency
of 15 occugéeipeosi ffers between the two tables, det e thin said
nucl ei ¢ acid sequence of about 50-5000 base pairs, the frequency of
occurrence of at |east one of said sehgfted patterns, and determ ning

whet her the occurrence in said test n eic acid is representative of the
occurrence of said selected pattern in said collection of STAR sequences. 20

Al ternati velpy, sl flofledeghbhdal RanFotRE BTAR HAeVAY Hriicbdnyifighde the frequency
of occurrence in said test nucleic acid is representative of the frequency
of occur r efitcquericydoetuseanee eferiseqaenesrnatienn supattersk. ib i pasaibls toSTAR

seduences.  SHESRLARLYRTg, HRLDGLT HLENBE AR SRRl AR g Vet her

sai d candi da ranscription no at1tng quality using

a met hod of STAR Lgubiieet tHowaPitek @oeibly to find dattednsebai o veky STARS conpri ses
sequence as  depicted in figure 26. I n another aspect the jnvention provides
an i sol abed ABPHHY Oves OB BASTARPraseRled iR SAARBeGUNsEh Cac TR WRhEF a STAR

sequence obtainable Qhikk R iR LA NP AHFH04704
PCT/NLOZ/OOng 285A§Q%%ﬁ$%g%g%§%%g@g,:% Tgﬁ seg%encé can exert its activity

in a directeprakesiaytestisets. Amother vay ofiesisg deebéf avaeorf wadprespreseniedi ni ng it
than to the reover, .STAR acti vi t1¥ﬂ?can. be lifi.ed i,.n amount by

her.. ,
Tt oyt e vl s e O B G bR BoR Bt SRt iShedt ™ AT n STAR

el ement may su@DRY idetiHNESPAR i b Be QA T in€ Sa1EHlled idk@riBfARIAET | Vi ty. Anot her
way of identifying a sequence capable of conferring STAR activity on a

fragmentl0 cefatisties Wg have idempiipd asebelinasterpigvhich mee{onres besimt e or pl ant
sequence, —a éd%@%ﬁ%?%&egﬁmg oShdsind AR 0k bidhiots 304 er‘e%égfe\Hl%%i her

sequences 1 e se ed®sequence are corserved in another
speci es. Suahleasbosesfisaill deljasice pgtiengUiendesctingea BTARIsgqtiencheotyprisds onal
sequences. | n one

sequences. |1 one s 35BS GHIBAHRAGR ARGEELOEERAN ASTE: AOTEAET O

In another embodiment at least one of said sequence patterns for detecting a

15 STAR sequence comprises a sequence pattern CCCN{16}AGC, GGCN{9}GAC,
CACN{13}AGG, CTGN{4}GCC.
A list of STAR sequences can also be used to determine one or more consensus
sequences therein. The invention therefore also provides a consensus sequence
for a STAR element. This consensus sequence can of course be used to identify

20 candidate STAR elements in a test sequence.
Moreover, once a sequence comprising a STAR element has been identified in a
vertebrate it can be used by means of sequence homology to identify sequences
comprising a STAR element in other species belonging to vertebrate.
Preferably a mammalian STAR sequence is used to screen for STAR sequences

25  inother mammalian species. Similarly, once a STAR sequence has been
identified in a plant species it can be used to screen for homologous sequences
with similar function in other plant species. The invention in one aspect
provides a STAR sequence obtainable by a method according to the invention.
Further provided is a collection of STAR sequences. Preferably said STAR

30  sequence is a vertebrate or plant STAR sequence. More preferably, said STAR



conprising a STAR el enent conprising selecting a sequence of about 50 to
5000 base pairs froma vertebrate or plant species conprising a STAR el enent
15 and identifying whet her sequences fl anking said sel ected sequence in said
species are conserved in at |east one other species. The invention therefore
further provides a nethod for detecting the presence of a STAR sequence

W thin a Qughfhsoaci d sequence of about 50-5000 base RakABe0eRHPr i Sing
identifying a sequence conprising a STAR sequence in a part of a chronosone
20 of a cell of a species and detectigﬂésignificant honol ogy bet ween sai d
sequence and a sequence of a chronos of a different species. Preferably,
said species conprises a plant or vertebrate species, preferably a

manmel i an SpeGR®:-is ANBambNRRIIINR &lgvend/R®WndegicpsRh (@endcot, sted &£t ing the
presence of a STAR elenent w thin a nucleic acid sequence of about 50-5000
base pairs oife or dieettsabh as drabidomsis)) Mare pypleraldy, sagbapARsIeavencaént i f yi ng

whet her a fl anki i ucl ei c acid sequence is conserved in
at | east ongngghggnggggﬁggsSﬁ?&?%m?%%%?tant to note that nethods of the
invention for detecting the presence of a sequence conprising a STAR

sequence using bjoinformatical. 3Q j.nforyation. are jtecative i ture. The
nore seqden _éSté PP%‘ieﬁéoﬁpgﬁWﬁ%@{t%Xfﬁﬁbpé??ili%é?atﬁﬁﬁ@e “g@g}g%quence are
i dentified wildh sgt%li@?xwgﬂn&fisets@esT&N%l%hieﬁf!_’l‘}ﬁ?eH&rﬁsﬁ?etn‘tf%h@d;al?cfv%, found to be

di scrimnative between a sequence conprising a STAR sequence and a control
sequence. Usiamy differset methods foumsthglivsh railist frartthiseoyraoseeims prferred sequences

conprising a STAR sequence can be.jdentifi ich.i.n turn 5 enlarges the
set of patt &M lfnﬁg‘? %eawva?té?f‘}???ivfgﬁfg“é?ﬁgoig’r\g%{.er 88 u[ée?}éptriave aspect is
an i npor t anhudsieeid Rusmievddboirsoviode Basdpdifecopiprivesh ITARguence The term

quality in relation to a sequence refers to an activity of said sequence.

The t er MOSTARA msthed euppiasing %Pewaéiréhﬁ%ﬂ% of:seqpencg MiEeBIh, 10 refers to a

DNA sequenc 0Lk $il NS, . i ption

nodul ati ng g%lgﬁlﬁqﬁggﬁ&gﬁ@%%gfg %PﬁN elg{e otglpﬁgﬁgp%?rent dzgﬁ{éi@%%&eg el ow refers

to a DNA seeqepraesod hipr invenigor penanting aee@hdtthble v saidqaddrgene

transcription rq(;:“gre Si g ualifies. The .term " DNA sequen e" as used herein

does, unl es&™R P e oy p QpeuRoe oEpaf PR A A GPe speci fic

or dle_r It ng _OI ﬁéf‘éreﬁ@é%u@fﬂée, EAbARIg dtQedst PAYPAtEdn d¥haich 8fid BNQuerytofanscri ption
ual i Wi

g Y 15 occurrence differs between the two tables,

determining, within said nucleic acid sequence of about 50-5000 base pairs,
the frequency of occurrence of at least one of said selected patterns, and
determining whether the occurrence in said test nucleic acid is representative
of the occurrence of said selected pattern in said collection of STAR sequences.

20  Alternatively, said determining comprises determining whether the frequency
of occurrence in said test nucleic acid is representative of the frequency of
occurrence of said selected pattern in said collection of STAR sequences.
Preferably said method further comprises determining whether said candidate
STAR comprises a gene transcription modulating quality using a method of

25  the invention. Preferably, said collection of STARS comprises sequence as

depicted in figure 26.

In another aspect the invention provides an isolated and/or
recombinant nucleic acid sequence comprising a STAR sequence obtainable by

30 a method of the invention.



reference to a DNA sequence refers to an effect that said DNA sequence has
on transcription of a gene of interest. "Quality" as used herein refers to
detectable properties or attributes of a nucleic acid or protein in a
transcription system 20 Exanples Exanple 1. Methods to isolate STAR and
SING el ements Materials and nethods Plasm ds and strains. The selection
vect or fogwgq707ﬁ{enents, pSel ect - SV40- 25 zeo ("pSel gefnpoduhBhre 1) is
constructed as tollows: the pREP4 vector (Invitrogen VO04-50) is used as
the plasm d backbone. It provides the Epstein Barr oriP origin of
replication and EBNA-1 nucl ear antige@%cw hi gh-copy episomal replication
in primate cell lines; the hygronycin resistance gene with the thym dine
ki nase pronoter and pol yadenyl ation site, for selection in 30 nanmalian
cells; and the anpicillin resistance gene and col El origin of WO 03/004704
PCT/ NL02/ 00390 3G megidnedtbove, A GTARsayuenceman ekert Bseiesivityhha col i . The

t tains. f ive L t ites. b | and Nhel
{est 1 ot 1 ontpeiseal FalARoRounts 4 TG Shine Foesn: RHERIET SECHISACt o LexA
operators agghet Noredie! SPARclifit@cdPby hmphdd e Eitibyanaltiplyiag ted | owi ng

restriction sites: Hindll1 5 Ascl-BanH -Ascl-H ndlll. Between the Nhel site
and a Safl shmberef R clements. The datsarsnesesteihat wiIAR plensymayr onot er and

pol yadenyl af, | .site, derj SV4 vt 20); this is
the sel ecta (}@&rlr%rc{?eror?%of ¢ gﬁgeng%@pgg}’%gggﬁ@%&gﬁ&#@gg@ﬁéﬁg gure 2) is
const r uct edideatifyahg awsquehbecdpablefof cansferriep@TAR nctidify geadrdgnomt pG_3- Cont r ol

(Promega E1741).is anplified by . PCR and inserted .into Sacll/BanHl -di gested
pUHD10- 3 (cﬁog%ww&g%ap%%e&,se%@% frofy gerighXpiEOr Blanh $ARSYE: inder control of

the Tet- O f s QR RHARS @mpraft YPER @A PAnd fRn whRelh¢adeqiehadd on_signal .
Mul tiple cloning sites are introduced by PCR, ~upstreamof the Tet-Of

pr onot erl0 ( Mishkinglibd selested guRiceSae cnsgried 15 agetilas spasian Shck he
ore const r et p) TRl oah st PEER K prdR i Ptisies TP er purt 11 e
f rom pl acenhgectdeiheahtionFhbrelore roviddsrs Bethod fhadesifyald £hequeBA&C/ PAC)
artificial gohr;q?rqsoirslg g%%ARTQSmErﬁCéo%Cris%g Qe gcti%ggts%ilﬂergc%%? T;t)gut 50 to
5000 base pairs from a vertebrate or plant species comprising a STAR element
15 and identifying whether sequences flanking said selected sequence in said
species are conserved in at least one other species. The invention therefore
further provides a method for detecting the presence of a STAR sequence
within a nucleic acid sequence of about 50-5000 base pairs, comprising
identifying a sequence comprising a STAR sequence in a part of a chromosome
20  of a cell of a species and detecting significant homology between said sequence
and a sequence of a chromosome of a different species. Preferably, said species
comprises a plant or vertebrate species, preferably a mammalian species. The
invention also provides a method for detecting the presence of a STAR element
within a nucleic acid sequence of about 50-5000 base pairs of a vertebrate or

25 plant species, comprising identifying whether a flanking sequence of said

nucleic acid sequence is conserved in at least one other species.

It is important to note that methods of the invention for detecting the
presence of a sequence comprising a STAR sequence using bioinformatical

30 information are iterative in nature. The more sequences comprising a STAR



DNA fromthe 1gl12 cytogenetic region (clones RP1154H19 and RP3328E19) or 20
fromthe HOX cluster of honeotic genes (clones RP1167F23, RP1170019, and
RP11387A1). The DNAs are size-fractionated, and the 0.5 - 2 kb size fraction
is ligated into BanH -di gested pSel ect vector, by standard techni ques
(Sanbrook et al., 1989). The construction of the host strains has been
descri bed Viag et al., 25 2000). Briefly, t sed on the
U2 GCs hun\gﬁ@%oé)?@f)sarcona cell Iine (American Type Qqﬁfﬁ;igﬁo&%?l ection
HTB-96). U2 OSis stably transfected with the pTet-Of plasmd (C ontech
K1620- A), encoding a protein chinera nsisting of the Tet-repressor DNA
bi ndi ng domain and the VP16 transactivation domain. The cell line is
subsequent | ¥, 5{aBd Yrd HBRSHSEHRH aWhdtRodOf M%@éht%%@lnibrg?a&arﬂé%aal hing the
LexA DNA bi nding domain, and the codi ng WO 03/004704 PCT/ NLO2/ 00390 31

regi ons of durddp beiscoymippiive batweerDa eBishice ernmpiisivg AP Tbegaupnest ei ns t hat
repress gene_expr n 1 L exA- genes are
under cont rglnﬁgfcogﬁ@ %gltu)-g%%f %ﬁ%&gé@ﬂ’ﬁ%ﬁ%%ﬁé&%ﬁ%@ g%rﬁéé é%@%@% Sssen and
Buj ard, 1992}quencds dorrisiisgs SEARBggwende CaAb fleatifind whlidr imctiueti i zat i on. The
gene libraries in pSelect are %;ansf cted. into the U—i . i

OS/ Tet - OFf / eRlaagesdhe selefpagterns thafeaiscorumingte and pe,anhdhis itprativei t ati on

(G aham and o : : oxEhded by the
suppl i er of aﬁégt %re%nn@%oggaﬁlgﬁs?éﬁlg%ﬁ%th?ﬁ? ?%W1(¥géﬁég% 813?%3’2 ?lgTr ansfected cells
are cultured under hygronycin selection (25 10 g/m) and tetracycline

repression (doxygycline, 10 ng/ for 1 week 0% confl uencge)... Then the
doxycycl i ne concEfft FAY; W}Hg%“gﬁg%j%)@&otaoseﬁg?cﬁdjﬁ%s ﬁooan ?%J(Y#é'é’?f%fg

LexA-r epr es §8ductied @he tard SANR STARARY Gerc8 08 STARSc1afldRH ak As@bRereing/ M . The
cells are cultured for a further 4-5 weeks, until the control cultures

(transf et edelra te adhPyseguence somprpiagene PREoKs of the mandionpd genp

Zeoci n-r esi . oni : he, | i i r ated, and
oo d onalrEa P ANATaLEE Tt ThE Birth SIAPBH BENL et RARR0S aes

( Sanmbr ook ebelalv. refer9 893 DNA eequanati cdatpeisBiBAR eairan@rtof themehidoedpeuned DNA ar e

anal yzed by restriction endonucl.eas i [ Sanbrook et al., .1989), DNA
sequence anTAPSFTIPIOSIEHEGSSIE QYR Fleﬁg"%lg?gfghﬁgN TR Q%P?e\?lilwe‘(‘zeoci n

~ does, unless otherwise specified, not refer to a listing of specific ordering of
15 bases but rather to a physical piece of DNA. A transcription quality with
reference to a DNA sequence refers to an effect that said DNA sequence has on
transcription of a gene of interest. “Quality” as used herein refers to detectable

properties or attributes of a nucleic acid or protein in a transcription system.
20 Examples

Example 1. Methods to isolate STAR and SINC elements
Materials and methods

Plasmids and strains. The selection vector for STAR elements, pSelect-SV40-

25  zeo ("pSelect”, Figure 1) is constructed as follows: the pREP4 vector
(Invitrogen V004-50) is used as the plasmid backbone. It provides the Epstein
Baurr oriP origin of replication and EBNA-1 nuclear antigen for high-copy
episomal replication in primate cell lines; the hygromycin resistance gene with
the thymidine kinase promoter and polyadenylation site, for selection in

30 mammalian cells; and the ampicillin resistance gene and colE1 origin of



20 resistance) after re-transfection to U-2 OS/ Tet-Of/LexA-repressor and
| oneri ng the doxycycline concentration. Candi date STAR el enents that have
DNA sequence corresponding to known sequence in the hunan genone are
identified by BLAST searches (Altschul et all., 1990) of the human genone
dat abase 25 (http://ww. ncbi.nl mnih.gov/genone/seq/ HsBl ast. html 20 June

2001) . Theyg gdphppPsonel |ocations of the elenents arepbgﬁg&qﬁgo along with
t he proport| on of repetitive DNA and the identity of adjacent genes. Those

candi dates that show STAR activity up re-transfection are characterized
further by subcloning the STAR fragnment into the pSDH 30 plasm d and stable
integration in U-2 OS chronosonmal DNA. pSDH plasm ds WO 031004704

PCT/ NLO2/ 003@%@0%1%@‘xda@nﬁehgﬁb%flﬁ%@léerwhwco% PhEPe@6t bcntitink FouR BABE- pur o
(Morgensternand Land, 1990), and selected for puronycin resistance. Per

STAR el enentqnspoyive Ak nperatir siws tbesor aent ey 280 Nhed resteiodon gifesnes are

i sol ated an | tur The erio I a luci ferase
activity ac@%‘i’% ﬁ@nfglqﬁgor}éhg%a%tegﬁ &b ?egls %uIlf:e%!‘Acr%P %tglgs %ncartf 669893) .
Resul ts STARnel apEBh pt)w]ﬁﬂ;lepEtaimﬁ@oacmeefoummgqastrﬂstxenssﬁecemadnt human

genomi ¢ DNA and of the HOX and 1gl2 | oci |eI ded 17 _bona fide STAR
el enent s5 THecl-ByilbApdd- féW@HtIhB‘tt“(eﬂl thenhel] sifeeandse dpd sitayethegppmact i vity

upon re-tr apessgs%gﬁce %Qn%?flﬁ%f thtg @7(4163)31)88%& Bas ?ﬁlgﬁh Sidd'Lige, WBRvaPSt U2 08

human ost eosarcona “cé Ica e anti-repressor activity
expressed |fromfp5\141®mebalnvsﬁbmnv5(§ 2()) ’émrmsdlhspeiectﬁb]e maken(itr theie to

artef act ual nges in the host cells); (2) the elenents contain DNA
sequence t hg A ®f®s sequence in the human genone sequence dat abase

(i ndi cati ngThbaspHNRCGL PPRUOSSs @%stﬁﬁfgdadsrfom e Naditddfse rbporfdA sequence,

frome.g. bacterial or vector sources). The STAR el enents are sub-cl oned
i nto theopSBredreas NG@SdEmltrQh(]é@mmgecElﬂﬂl)ds ampdified by R an@m@#'é Expr essi on

dermnst ot ertp e SRR SER R0 BRI 0T Bugrar AR Pt PR nes r r om
si | enci ng afdcﬁérals@hﬂ@r&:bhﬁﬂl &ftthe S8l O p2Ombiek Caridrepsgrsaairef thEI§V&ROpr ovi des
information (1)_ on the propartion of clones
polyadenylation signal. Multiple cloning sites are introduced by PCR,
upstream of the Tet-Off promoter (MCSI, Xhol-Notl-EcoRI-Sall) and
15 downstream of the polyadenylation signal (MCSII, Nhel-BglII-EcoRV-HindIII).
Gene libraries are constructed by Sau3AI digestion of human genomic DNA,
either purified from placenta (Clontech 6550-1) or carried in bacterial/P1
(BAC/PAC) artificial chromosomes. The BAC/PAC clones contain genomic
DNA from the 1q12 cytogenetic region (clones RP1154H19 and RP3328E19) or
20 from the HOX cluster of homeotic genes (clones RP1167F23, RP1170019, and
RP11387A1). The DNAs are size-fractionated, and the 0.5 - 2 kb size fraction is
ligated into BamHI-digested pSelect vector, by standard techniques (Sambrook
et al., 1989).
The construction of the host strains has been described (van der Vlag et al.,
25  2000). Briefly, they are based on the U-2 OS human osteosarcoma cell line
(American Type Culture Collection HTB-96). U-2 OS is stably transfected with
the pTet-Off plasmid (Clontech K1620-A), encoding a protein chimera
consisting of the Tet-repressor DNA binding domain and the VP16
transactivation domain. The cell line is subsequently stably transfected with

30 fusion protein genes containing the LexA DNA binding domain, and the coding



whi ch di splay high expression, and (2) on the degree of over-expression
elicited by the STAR el enents. Expression of the luciferase reporter gene
by a clone is considered significant if it is two-fold above the average

| evel for the plasm ds containing no STAR 25 elenments (the reference |evel).
For all plasmds a distribution in expression |level is observed anong the
clones: fr, 3%947§%pr ession to expression significantbyrRPAXEseh he reference
| evel , an romfew over-expressers to nmany over-expressers. Superior STAR
activity is mani fested by plasm ds tha,j;, result in many over-expressing

cl ones, including some highly over-exp ]essi ng cl ones. WD 03/004704

PCT/ NLO2/ 00390 33 Results froma representative experinent are shown in
Table 1, angeéﬁéhs':df@wh@ﬁHP@ or HEC2T@R0 D284bphila POHic6@ab @rddipprotdifs tHaTaN STAR
el ements which are tested yield a nuch higher proportion of over-expressing
cl ones t hanremessigape Grprsssan Fhee pephered tg&l\gé)- dhe LavAreprspi08 BegeiATe pr ot ect ed
by the Drosgphil a | l.um a . rthernore, the
degree of o&gcrl?re‘j)?pnr%esgftglgr{%?fbffttfgégsngBng%%qaéﬁggoqm%glgﬁggfggg a%nr om t he

STAR- pr ot ecBaghrdepewder gene than the unprotected or SCS-protected
reporter. STAR el enent, seq omc positign data, Table 2 lists the
1opchr OnB's 0 AT AL BEAEGTHAS 20 lementichanastezagion @F’Fe%ﬁnse,ahbé%n@\%}ni as the

i dentity of,coRay ¥ tBER&RtANHid e U-Q%/Téﬂ@ﬁ/L@MrS@%&&%eMin&"B? el ements.
The STAR elenents are distributed over a nunber of chronbsonmeS. They are

di verse in ctlhieinr phosphate IRApiatiore((ive hamcandapet der Bhe 1918 Wigleretinl., and

di splay vari deqgr ees of,,associ at.i on.w th nei ghborin nes. 15 SING

el enent scréfg?g) WP%’WQF%‘%%P&%%FW@‘?f{nﬁﬂepﬁr%%%mfl&?agag%g@?ﬁ'\lG screen,

PSI NC- Sel ectreghridbiseies) Fri@uERctod cdlls are @R LifddGiRidr BfgrbplycRielectibg (ZHEP4 vect or
(I'nvitrogen VO04-50) is used as the plasm d backbone. It _ provides the

Epst ei n Bar g/mh apd detragyeliog repegssionddoxyayding, Hongmllabn 1nvrekda0%ant i gen f or
hi gh-copy epi SA[@Le) | gatq e i : i - ot onycin
resi stance ge)ene W ?)h@ﬁ#e%h%?g?cg:c Pﬁ%&%nlgggstgatg@oﬂrsrﬁ? %‘#C@gﬁ%o'lgg%@g%nyl ation
site, for saldetithaLexA-penresbr genesedddsy ftearddddys @eaippiscidded o 250 p

g/ml. The cells are cultured for a further 4-5 weeks, until the control cultures

(transfected with empty pSelect) are killed by the zeocin.

15 Zeocin-resistant colonies from the library transfection are propagated, and
plasmid DNA is isolated and rescued into E. coli by standard techniques
(Sambrook et al., 1989). The candidate STAR elements in the rescued DNA are
analyzed by restriction endonuclease mapping (Sambrook et al., 1989), DNA
sequence analysis (Sanger et al., 1977), and for STAR activity (zeocin

20 resistance) after re-transfection to U-2 OS/Tet-Off/LexA-repressor and
lowering the doxycycline concentration.

Candidate STAR elements that have DNA sequence corresponding to known
sequence in the human genome are identified by BLAST searches (Altschul et
al., 1990) of the human genome database

25  (http://www.ncbi.nlm.nih.gov/genome/seq/HsBlast.html 20 June 2001). The
chromosomal locations of the elements are recorded, along with the proportion
of repetitive DNA and the identity of adjacent genes.

Those candidates that show STAR activity upon re-transfection are
characterized further by subcloning the STAR fragment into the pSDH

30 plasmid and stable integration in U-2 OS chromosomal DNA. pSDH plasmids



resi stance gene and col El origin of replication for maintenance in
Escherichia coli. The vector contains a Tet-Of pronoter, consisting of
tandem Tet 25 Responsive El enents (TREs) from plasm d pUDH10-3 (Gossen and
Bujard, 1992), for regulation by the Tet-Of transcriptional regulatory
system The TREs regul ate expression of the codA::upp gene encoding a
fusion protgisResdCyot sine deam nase/ uraci | phosphorl bp@i,ykyz,@@gj erase;

| nvi vogen porf- codaupp). This is a so-called "suicide gene"; the activity
of the codA::upp 30 enzyne converts a pro-drug 5-fl uorocyt osi ne (5-FC) to a
toxic drug, 5 WO 03/004704 PCT1NL02100390 34 fluorouracil (5-FU), thereby
causi ng apoptosis and cell death (Miullen et al. 1992; Tiraby et al., 1998;
Vei and Hubgg, cclﬂgﬁéfectgewo%mdg&mmﬁa JeABSduro (M&*E@h%rﬁ sn@LBaY, |
restriction site for cloning Sau3Al-di gested genomi ¢ DNA for screening. The
PREP4 DNA |519§@)panésddctfed&nnumnmmmstawamﬂTﬁR@lﬂmeIdep@@h@lW STAR
elements in Qrder to nt.. s ssent i.al elepents in the
pREP4 conpor‘?gﬁPerm&?tgk’ fiﬂl’éu@?gﬁﬁﬁg © 15&%@#‘8 Cﬂﬁxp%d?m dloP?%ggr y of BAC

cl ones conprgesiviigaliy! my&hfo@ RSO e %Ztlvni)} RAtbding B theeseaifattutsanret i cs

96010-22) is partial I ested with Sau3Al and ligated into Bglll-digested
pSS ( Santr odRSté‘ECt’éPFlS g}% 98B |ibrary of 10 reconbinant plasmids is
transfected Re@% sthe U-2 OS/ Tet-Of cell line by calcium phosphate
precipitation aham and van der Eb, 1973; Wgler et al. 1978) as

recomended SHAR bﬂemup f)incenna:lfchalfwtelnzaheﬂ &Bel spreeme a@bummg Igemanic

g and « AVAGHENS HE HER SRR AR e iR SRR RRREl i oo, Them
515 FCis %@féﬁ@a bR &a@@ﬂ‘%ﬁ@él@ﬁ%b&{uﬁgﬁaﬁedﬁm@E‘t@vﬁﬁﬁ’p&ﬁﬂe'—t&a@f&tﬁ)w tured for

a further 3 weeks to select for el enents. Candi date Sl NC-contai ni ng
col oni esllar of hlze Redectdaaericlonss dntiorthe hog| Y23 bumagiegteasareerea cedhlig t h priners

PORand PORg, it 2 &ﬁa@%hie Al reBan st a;%ggfeizg%{(ﬁ{egseélghg@?sln‘iﬂaﬂ&{bxﬁ'ﬁ ndill and

Xhol restriction eéndonucl eases uescrip SK( +)
( St r at agene p2d<22id-Bpedific aﬂmnetrﬂuectnalrtetfmmkniichum@s it Shosdekll9f 2pthe 1989). The

i)gl??sequenc of t he canﬂg@q{ge SI NC el erre e arg detﬁ%ﬂ' ned géSan er et al.,
), and ECOTRUERSRIAHY aree that ‘Pﬁ@ %Wﬁ KRR RUPANERBAIFf | ed by
BLAST sear chggudntb datdbabe Bhditdting th3% e Qénd dRes not contain contaminating
15 DNA sequence, from e.g. bacterial or vector sources).
The STAR elements are sub-cloned into the pSDH plasmid and integrated into
the host cell genome. Expression of the reporter genes is assayed in
populations of stable transfectants to demonstrate the ability of the STAR
elements to protect reporter genes from silencing after integration at random
20  into the genome. This provides information (1) on the proportion of clones
which display high expression, and (2) on the degree of over-expression elicited
by the STAR elements.
Expression of the luciferase reporter gene by a clone is considered significant if
it is two-fold above the average level for the plasmids containing no STAR
25 elements (the reference level). For all plasmids a distribution in expression
level is observed among the clones: from no expression to expression
significantly above the reference level, and from few over-expressers to many
over-expressers. Superior STAR activity is manifested by plasmids that result

in many over-expressing clones, including some highly over-expressing clones.



human genone dat abase 25

(http://ww. ncbi.nl mnih.gov/genone/ seq/ HsBl ast. ht M 20 June 2001). The
chronmosomal | ocations of the elenents are recorded, along with the
proportion of repetitive DNA and the identity of adjacent genes. Results
At the end of the selection period no colonies are evident in the control

cultures Beod@ipiy PSS), and a nunber of colonies ar @cexignioni n the
cul tures containing WO 03/004704 PCT/ NLO2/ 00390 35 pSS w th genom c DNA.

These surviving clones contain candi daigte SING elenents. The elenents are
recovered by PCR and subcl oned into a Standard cloning vector, pBluescript.
The DNA sequences of the elenents are determ ned, and conpared wth the

human genonR.sQHUBHRES repafabBtadive ekpbrahdnt Brs 858 id DavIs QMHENEEMgRIMENt S are
found on chronosone 22, as expected. Exanple 2. Expression characteristics

of the transgéne that are due to the STAR the SINC, or the conbined

STAR/ SI NG B round:. .silg- I.fd i k i precisely
Cemmve.  het dRGragSaeTRe e et SFan SRAM Bl ok TS el P
routinely cafuchéfichedplroguytionef oferiexmresyisg domes thae the anpetedl nase and | oxP

target of bacteriophage P1 (Feng et al., 1999), or the reconbi nase and
FRT (FLP5 r &erpiist gene of é\lﬁg’é%PPrtﬁ’F g%ﬁf’teEWé’Vé ey O%’P}KL aling)l?m?rﬁ t hese
systens, a i ( I | b . 3 d/or a

sel ect abl e r Jen?)aﬁ??cﬂﬁlénﬁez #lﬁt}%ﬁg%?ﬁ%%s%% gy %E%pllgg%%%? FRT target.
The acti vit yhet pldsenids moondhi gasterthventhesi AR pegedthe repoeter genethainsi on of t he

DNA region fromthe hr one. . The reconbi nase resolves its two

recogni t i on%’éﬁ%ﬁ@é?ﬁt%gﬁgﬁ%ﬁ@?wr °I-del eting the sequence between them
Thus, a spamTaR dAeRiielubice2tdfdeatisRbobiyioh AageTadid Boistsahbe subsequent |y
deleted in vivo upon introduction or _activation of reconbi nase (Schwenk et

al ., 1998, phrasecremallooajonspheach of thd7 SEAR elereentsi araueld ag thedrgntaty
econ rat | SRR A7 RS LALE e MABRALS muASHRGE! 0 DY 1
1985). The lexRnseqgueligeibusedovAACTTGBEAT chamdoddnees2ThésRaresiieprenne i S
T T AT A E I TR seucted and Teponine TNA Shitent, 3nd Hsplnrvaicual €t 2! -
1989), a repeRit af q p ) play
degrees of association with neighboring genes.
15  SINC element screen
Materials and methods
The plasmid for the SINC screen, pSINC-Select ("pSS", Figure 6) is
constructed as follows: the pREP4 vector (Invitrogen V004-50) is used as the
plasmid backbone. It provides the Epstein Barr oriP origin of replication and
20 EBNA-1 nuclear antigen for high-copy episomal replication in primate cell
lines; the hygromycin resistance gene with the thymidine kinase promoter and
polyadenylation site, for selection in mammalian cells; and the ampicillin
resistance gene and colE1 origin of replication for maintenance in Escherichia
coli. The vector contains a Tet-Off promoter, consisting of tandem Tet
25  Responsive Elements (TREs) from plasmid pUDH10-3 (Gossen and Bujard,
1992), for regulation by the Tet-Off transcriptional regulatory system. The
TRESs regulate expression of the codA::upp gene encoding a fusion protein
(cyotsine deaminase/uracil phosphoribosyltransferase; Invivogen porf-

codaupp). This is a so-called "suicide gene"; the activity of the codA::upp

30 enzyme converts a pro-drug 5-fluorocytosine (5-FC) to a toxic drug, 5-



gene (encoding a reporter protein, for exanple green fluorescent protein
(GFP) (Bierhuizen et al., 1997) or luciferase (H nmes and Shannon, 2000) is
30 constructed that is flanked in a plasmd by a pair of STAR el enents, by a
pai r WO 03/ 004704 PCT/NLO2/00390 36 of SING el ements, or by a pair of

STAR/ SI NG conbi nation el enents. In each case, the elenents are thensel ves

fl anked byyéegih] nase target sites. One elenment is HLaRked ?y a pair of
| oxP sites, gﬁ[’g tLe other is flanked by a pair of FRT g/lﬂtesO Figure 1).

Upon transfection the plasm d integrat into the host 5 chronpbsone in a
smal | percentage of cells, and the integrants are selected by antibiotic
resistance. Simlar constructs are made for each of the three test elenents

(STAR, S| NGfluSiradl (8Q'U), thedreley caRipipoptvals dndaknidasds(Myllenugtel Fect
Transfecti on Reagent Handbook." Q {ﬁgen, I\Ioveg]g)er, 1997) these plasmds are
transf ect ed 1PAg:olrahy aiad, E898) Heh ard AHubet. J996k Mpsieamifrom the TetaQf sel ect ed
for hygronycgi E r QIB.G\ = I N e plasmd
stably int eé?éa}fl{ét? ?Sflé ?eriﬁeégﬁ%%éﬁg%q%ﬂ%%g?I%taﬁ?}r\lleai%lg%ﬁgaﬁ Ié%}g}éql)lglgl ates are
propagat ed ifsr seedenimguThepREPASINA LS sapadated éroexiheessomiz DNAtqwel t r ansgeni ¢

reporter gene | s ass r exanpl flow cytonmetry (Stujl et al.,
2000) . - 18 TREIrsions AP BRAS 1 CETHA T BERSEL SIHCPELBRItEl hor none
stinul ationkyasplil@lesicts & ihs YRS ORI AIVGRUSINEALRAn O as to introduce
or activate reconbinase activity. This is done sequentially, such that for

exanpl e t he Gememi¢ BRdnfsomadibract ¢fBA clonestompaisingdeinpoehwmEParRLZ and
subsequent | é@gv%??%r %%%%H Behefite ééﬁhb&zggé Zalr?{%ﬁf%%és%le 5t S&i‘iuﬁ%% The

t
| evel of ex S e réporter se " Ce S assayed and

the val ue copaylddtoBEIN-diBested pSS(SRMLIrovlabiigl., AD8Y)NThe dibedryaf,
STAR- cont ai ni ng i sol at e. Sequence anal ysi s of STARs;

Exanmple 3. St :
det er mi nidt i deroatbipaninlesmids dnansdectedsbde Biecd-2r @/ Tat-Offesel] lingrdt i on; sequence
conservati o . i t rﬁ(,,&,lﬂ% tiple
el enent s Bagi%%%?gp%%ﬂ@%%ﬂ?% &%[gﬁ% gﬁpﬁfdn%a%g#%@bbﬁgg%N e eeqrr]é?it s are
i sol ated by9G®nestreconsebrdedibyrthe siiplidroé theSehedectiorirgagent (uifor pSS (Fi gure

char act or 3¢ HOUBNED 51 e klEn cal P e HLE PrEgRC T HAPIREL S STAR or
SI NG act i Vi tg¥n]) and tetracycline repression (doxycycline, 10 ng/ml) for 3 weeks. Then 5-
15  FC is added to a concentration of 1 pg/ml and the cells are cultured for a
further 3 weeks to select for SINC elements.
Candidate SINC-containing colonies are harvested and used in a polymerase
chain reaction with primers PCR1 and PCR2 (Figure 6); the PCR products are
digested with HindIIl and Xhol restriction endonucleases and cloned into
20 pBluescript IT SK(+) (Stratagene 212207) by conventional techniques
(Sambrook et al., 1989). The DNA sequences of the candidate SINC elements
are determined (Sanger et al., 1977), and corresponding sequences in the
human genome are identified by BLAST searches (Altschul et al., 1990) of the
human genome database
25  (http://www.ncbi.nlm.nih.gov/genome/seq/HsBlast.html 20 June 2001). The
chromosomal locations of the elements are recorded, along with the proportion
of repetitive DNA and the identity of adjacent genes.
Results
At the end of the selection period no colonies are evident in the control cultures

30 (empty pSS), and a number of colonies are evident in the cultures containing



WO 03/ 004704 PCT/ NLO2/ 00390 37 Protocols: DNA sequence: digonucleotides are
desi gned based on the sequence of the pSelect and pSS sel ection plasm ds
for sequencing the DNA fragnments. The 5 fragnments are sequenced using the

di deoxy chain term nation technique (Sanger et al., 1977). DNA squences are
then |l ocalized to chronposone position using the public human genone

sequence OghahasRs (http://www. ncbi. nlmnih. gov: 80/ cgi
bi n/ Entrez/ hum srch?chr =hum chr . i nf &uery). Genes and Sg/rl%méoé}%ggi ty in the

10 vicinity of the fragnent sequence a,?@ recorded fromthe genonme sequence
annotation. Transcriptional activity of" those genes is determ ned from
public databases of DNA m croarray

(http://arrays winckabalit ONLAHXENPHNS S d1otkes BhHin cAHdIAGENCSeri al Anal ysi's
of CGene Expression; http:/1bioinfo.anc.uva. nl/HTMbin/index.eqgi)_ data. 15

Once posi ti eleatentsnflbe etaments ore STXRresy B Rendsybdpeedintea siempprded, t he

data are an in.t i es. Consensus
sequences o?ﬂo%{l?lgg’(?g%t’fﬁg&ggssc? %B(L;ﬂ%;eié Iﬁﬁisgglg’%g&?%ﬁ%ﬁ%?%ch in particular
nucl eoti de detshhitrid] ondcorpared withhthe huaarn@nGnbasesinca(Bakde8etn ed usi ng
simlarity search algorith such as clustalw (H ggins et al., 1996) and 20
bl osum si’ni F%ﬁeﬁitfge Setenset %EBAP“FEY?W? ?%’i‘éloé Fom %gézn Aﬁ)?xfffﬁ{férl yi ng
consensuses or trends found are then used to identify other potential STARs
on a genone scale by perform ng BLAST searches (Al tschul et al., 1990).
Previ ous refsample hdixpretsivnicharattariséins of thp ttiansgene gtz deetoghet ei ns t hat

bind to kn i Qs rs.and boun nts (Gaszner et al., 1999;
Ger asi nova %’ﬁgn 1e&ﬁ:@so,rt @5%?%ln?cg§i‘%%%&§gri bed exanples, the protein
binding sites coincide with DNase | hypersensitive sites which are

essential for insulator or  _boundary functign. The hypothesis that STAR
el enent sl0ar Baghegennh giterspeeifigrasombination iy wed 1o PERCECHSTS VB x ani ned by

(bt pr 1 e s ARSI AR thopklo PR L RGRIT AL O Binely carcied 1 (e
STAR el enentst bySepughee sputinssthe leeet reeomebinesmard lrBrigrgehef WO 03/ 004704
PCT/ NLO2/ 00399 1ishage P1 (Feng et al., 1999), or the FLP recombinase and FRT (FLP
recombinase target) of yeast (Wigley et al., 1994). In these systems, a DNA
15  region (usually containing a reporter gene and/or a selectable marker) is
flanked in the chromosome by the loxP or FRT target. The activity of the
recombinase then catalyzes the precise excision of the DNA region from the
chromosome. The recombinase resolves its two recognition sequences to a
single site, deleting the sequence between them. Thus, a span of DNA must be
20 flanked by target sites to be subsequently deleted in vivo upon introduction or
activation of recombinase (Schwenk et al., 1995; Dymecki, 1996). The Cre and
Flp recombinases catalyze recombination between two 13-base-pair inverted
repeats, separated by a spacer with a minimum of 6 (1oxP) or 8 (FRT) base
pairs (Senecoff et al., 1985). The loxP sequence is ATAACTTCGTATA and the
25 FRT sequence is GAAGTTCCTATAC.

Protocol: Using conventional DNA cloning (Sambrook et al., 1989), a reporter
gene (encoding a reporter protein, for example green fluorescent protein (GFP)
(Bierhuizen et al., 1997) or luciferase (Himes and Shannon, 2000) is

30  constructed that is flanked in a plasmid by a pair of STAR elements, by a pair



menbers of the STAR or SING collections are indicators that the
corresponding transcription factor binds to that elenent. Mniml essential
sequence: Using this sequence know edge STAR (or SING 5 elenents are
truncated and tested for functionality. This is done using the pol ynerase
chain reaction (PCR) to clone sub-fragnents of the STAR- or SINC- containing

fragnment s g@ispofee! ect or pSS by standard techni ques (cSpRPLAMIEL al .,
1989). The plasm ds containing the sub-fragnments are transfected into U2

OS cells and tested for functionality i assaying for antibiotic resistance
io (STAR el enents) or pro-drug resistance (SING el enents). Directionality:
The STAR and SINC elenents are tested for their directionality wusing the

pSel ect and pSNOLRKFES or b REALINGTIAR/SING caxAiRtion elehfen®i. T8644ION Of  STAR
el enents isolated by the pSel éct screen is referred to as 5 3 orientation.

15 The ori epasst therelohentherethemsatves dankedchysweeombinasmipaael Biea OR®conbi nant
DNA_ techni gucs, ( Sapbrogk. ol al .r10d989); 08I 68U 1 MGBhBST g & ©

transfected Ae and expression o € ‘reporter gene
i's assayed (RTeditedi(EROre Bt Upbn trahSftétiorthvasasamd ibtegnates intd@ROhost The | evel of
expression fromthe plasmd wth th% rfver%ﬁ{qri entation ellgérrggt IS

conpar ed5t OCEW&OSW?FP gﬁ@a@i;@meg@agﬂq spHsapng Hhe ipfearpRts adg 8¢leeeGPY ent at i on
plasm d has aﬁfimoki@'[:r?s?%/mﬁ%gg Rilar @¥Eriets abdBRAL B 2T Bleq iRt tefloeS NoOt

di splay directiona Inatitons and nmultiples of elenents: To determ ne
whet her STARenengsTAR, SINCabTARISINGInction in nixed pairs, different

ol aem d by UsBrerig tisnal E8batat dihumfHieel TRa ot BeRRTH IRl : T hes)
by reconbi n@ifgcaNNovdBI6dN1 9B $hdsSPIANIAK al tr@dsfectdPBY thelle2 O8sul ti ng

pl asm ds are transfected, and the ex&réessi on of the reporter gene is
assayed 10Bi Bpmangsteostreena cell bog.andigelpsted fprchyShemyea resiggdye: the results are

e . Ny RO R G o AR S R B B B0, & ST
for the twogtypesofthe pélbkine.dadividiend isolatesarenopagdeddl inhell cditiifeer ent STAR
el enments do n%t interfere with egﬁg ot her.. The stren(gth of sipgle STAR or

SI NC el emenf¥%iElc P EEPIRHSEAR PLHIGFANSERIE BPOT IS SERE ARSI s is done by
concat amer i 2adihFIR 1o tomtéRy Etull &l 2000).

15  Then using conventional techniques (transfection, or hormone stimulation),
the stable isolates from above are treated so as to introduce or activate
recombinase activity. This is done sequentially, such that for example the cre
recombinase activity catalyzes excision of STAR1, and subsequently FLP
recombinase activity catalyzes excision of STAR2. The level of expression of

20  the reporter gene in these cells is assayed and the value compared with the

reference value of the parental, STAR-containing isolate.

Example 3. Sequence analysis of STARs; determination of minimal essential
sequence for element function; sequence conservation among elements; and

25 properties of tandem and multiple elements

Background: DNA fragments containing STAR or SINC elements are isolated
by genetic selection using the pSelect (Figure 1) or pSS (Figure 6) plasmids,
respectively. This section describes the approach to characterize the DNA

80  sequences within those fragments that have STAR or SINC activity.



5 elenments of interest with DNA |igase and insertion of the ligation product
into the pSDH or pSS plasm ds by reconbi nant DNA techni ques (Sanbrook et
al., 1989). The resulting plasm ds are transfected into U2 OS cells, and
the expression of the reporter gene is assayed (Bierhuizen et al., 1997;

Hi mes and Shannon, 2000); the results are conpared with the expression from

plasm ds 10y GRMe ning single STAR or SINC el enents. BxaPlR0s
Determ nati1 on of the distance over which a STAR, a SINC, or a conbination

t hereof functions. 15 Background: STAR}"{Zl enents are used to optim ze
expression of single and nultiple transgenes. To determne if a single pair
of STAR elenents can protect large or nultiple transgenes fromsilencing it
I's necessarybQcdetermne the range over which STAR el enents act. Simlar
information is determned for SINC el enents and STAR/ SI NC conbi nati ons. 20
Protocol : STAR and SINC el enents are tested for their functionality over

di stance usi derivatiye pl i 0 0 r ctively, as
foll ows. A IW‘?’&?%}J‘%}F e.ngh o%a%ﬁ}fgf% ragfgfﬁr%sg%nseﬁfb?igﬁ %Bﬁpgeﬁgé%&?gﬁ?eg assenbl ed
by st andar d pBdRcica @D S sélecivni plasesidé Harsbqaakigt tha[DNA 1id88entdThgnent s are 25

selected fromthis library that do nQt possess STAR or SINC activity, by
testing ifn CIREMSOES arerseqRencpdasipe Abefeonychagy barmipaionyschniaee), STAR

el ements an ' i ' ed bet ween

t he cl oni ng@%@?ﬁ’g%i\'ﬁh@@mﬁt&%@%ﬁ %‘}%gﬁg‘é%‘%fi‘%@?&%?ﬁ@’r“?"ﬁbg‘ﬁgbgﬁg?opri ate
pSel ect pl aswing thEipgblie hiijnanBhnens edquehcepdasgimsds is transfected into the U2
CS 30 cel | I%%e_, and_expr. ess'bon .g@asur ed as described above. The strength of
reporter WOBBPHHIFORBENNEBBPHEYS9 40 gene expression is correlated with

the I ength gfin/ERereraneD srdENhrEn g B infesRBAN)aGE G didgzead ABnsityelithe from t he
pronoter. SING el enents are assessed in an_anal ogous fashi on: random DNA

fragment ¥ arvécinits ef thedrasmend spauenee ais eordedfrar tha §ENQUAR SYSRR er of t he
PP 0P 1 B PP B P e PR P FECL o o7
Use of a natdat#takys efdeNArmieepaflafG el ement in the genetic
(http://arrays.rockefeller.edu/xenopus/links.html) and SAGE (Serial Analysis
of Gene Expression; http://bioinfo.amec.uva.nl/HTM-bin/index.cgi) data.
15 Once positional information on STAR and SINC sequences is compiled, the
data are analysed in terms of underlying consensus sequences. Consensus
se quences or trends (understood by this are local areas rich in particular
nucleotide combinations, e.g. rich in C and G bases) are detected using’
similarity search algorithms such as clustalw (Higgins et al., 1996) and
20 blosum similarity scoring (Altschul and Gish, 1996). Any underlying
consensuses or trends found are then used to identify other potential STARs
on a genome scale by performing BLAST searches (Altschul et al., 1990).
Previous research has identified transcriptional regulatory proteins that bind
to known insulators and boundary elements (Gaszner et al., 1999; Gerasimova
25 and Corces, 1998). In the described examples, the protein binding sites
coincide with DNase I hypersensitive sites which are essential for insulator or
boundary function. The hypothesis that STAR elements are also bound by
known regulatory proteins is examined by searching the TRANSFAC database
of transcription factors (http://transfac.gbf.de/TRANSFAC/) for sequence motifs

30 that occur in the STAR elements. Sequence motifs that are common among the



selection for STAR el enments. 10 Background: The current screens for STAR

el ements use chineric | exA-PcG proteins to provide repression of the

sel ectable marker in the selection plasmd. By repeating the selection
using naturally occurring SING el ements, STAR elenents are identified that
are specific to the repressive activity due to 15 these naturally occurring
SINC el e . SINC el enment screen is based on th i Ao of genetic
selectiozﬁg%é%ygﬁfify random 'y generated fragnents o?cgg%%w?%ODNA that are
able to silence a "tet- off' pronoter and bl ock the expression of the
codA: : upp suicide gene. The SING 20 eB&nents recovered fromthis selection
represent a random sanpling of genomc silencing elenents, and different

classes of el eiENtS, ALEH EOYEROE o dRhnd oS BALREBlay shitese di verse SING

el enents ar ¢°¢f8 0o recove eren ASSES 0 el enents than those

recover ed i reotfegpcatitizesremdcripeion fdabindcto thasedmeat.ect i ons. 25 Protocol :
SINC el enments fromthe current selection are characterized and sorted into
cl asses on the basis of of functional and DNA sequence features (functional

features i nc\iige ,pldengtine fel{cgmﬁﬁé kR s?qg@gz)steﬂﬁ&vﬂa&eé STER (hSIN¢Ese

identifiable conserved notifs; see exanple . Representative el enments from
each cl ass alenersedrd punegkdead tésted fox Aotipmlity. Thisés dome uding P¥8el ect pl asmi d

via 30 standard DNA gl oning.te pgue Sapbr ook et al ., 9 gene bank
i's WO 03/ 004POPE %%f?f%?%ﬁ@ﬂ%@" 5 ngeaa%ghen‘iﬁﬁhgééﬁﬁg#&ilﬁgm ds, and
used to i derdohfaining\acRlets BREESEL& or PTARBy etaTmRnd SechnidlRs (Sdliadok van der

Vlag et al., 200&%}. This is_done wth whole genomc DNA, and wi_ith DNA from

the BAC cl ord- A% Breplagwifsciontaining tharwicragmppisarp sranglegieddntod) £xanpl e 5
batkor ound: SIS R T Maer B o b A ARG BITT e using 10
t he pSel ert ETARmlanenth) @lprogirdg resistande (GENIO rlecedh®). f r agnents | ess than 2
kb. However, these m ght be portions of a nore extended STAR el enent.
Directionality: The STAR and SINC elements are tested for their directionality
using the pSelect and pSS plasmids, respectively. For example, the direction of
STAR elements isolated by the pSelect screen is referred to as 5’3’ orientation.
15  The orientation of the element is reversed by conventional recombinant DNA
techniques (Sambrook et al., 1989). The resulting plasmids are transfected into
the U-2 OS cell line and expression of the reporter gene is assayed (Bierhuizen
et al., 1997; Himes and Shannon, 2000). The level of expression from the
plasmid with the reverse-orientation element is compared to that with the 5'3'
20  orientation. If the reverse-orientation plasmid has similar expression levels,

then the STAR element does not display directionality.

Combinations and multiples of elements: To determine whether STAR
elements are able to function in mixed pairs, different elements are combined
25 and tested. The analysis is performed in the pSDH plasmid by inserting one
STAR element in MCSI and a different STAR in MCSII by recombinant DNA
techniques (Sambrook et al., 1989). The resulting plasmids are transfected,
and the expression of the reporter gene is assayed (Bierhuizen et al., 1997;
Himes and Shannon, 2000); the results are compared with the expression from

30 plasmids containing the same element at MCSI and MCSII; if the expression



Ext ended STAR activity is exam ned by the foll owi ng experinents. Protocol:
STAR el enments cloned in pSel ect are mapped to the human genone sequence. In
order to determine if they are portions of a nore extended STAR 15 el enent,
regions of 4 kb that enconpass the clones are anplified by PCR and cl oned
into the pSel ect and/or pSDH plasm d by standard reconbi nant DNA techni ques

( Sanbr ook 9§ ofdosms 1989) . The resulting plasmds are tr&gﬁg&k)% into U2 GCS
cells and assayed for reporter gene expression as described above; plasm ds

containing the original 2 kb STAR el ement are included as a control. 20
Three possible results can be expect ed.39(1) simlar expression by the
control and extended STAR isol ates, denonstrating that the STAR el enent is

confined t i?éiﬂﬁla‘?rf&gﬂh@%vo%y Qo%mgﬁ?%t, thefndl id AWBLAEK ARG DY t he

ext ended ST I sol ates, suggesting that the STAR el enent 1s contained
within the 3TAR elbmagisetutnohmiterfereswitbeaccatherf.f ecti vel y over a di stance or

that the extended 25 fra ontai.ns.a SILNC el eneng ; . hi gher expression
by the exte ﬁ%re§¢§:ﬁ9fji’s§%r{§$t ™ 0% @setl‘?q‘legnt? Fﬁa‘fonﬁlﬁ?ée%%ti‘g%%elaegi on cont ai ns
a nore conplgidits T8 MELS is ddhehRob@SLmBFizdt@nWf thd 8T ARIJ¥SIBXEr Cise s

reiterated with a larger PCR fragrrent of 6 kb. A STAR el enent may al so be a

conposi t & ofelesnands of interpsteritly BN/oligaseeadénsestionof the Agativn dredust 8160 ar ge DNA

fragnents w i VLY. I gl Mitsi R / PCT] NLO2/ 00390
42 into smaltt“gpﬁgr a&%egr%ﬁéh%ﬁx&dgggf%ﬁ;h}é %A\%%Rf gcg\eq%euggég%gg%k egﬁé’rrent s that
are great en9oghaifhe rédultateplhen g rire @@ nafectsd ARodJ-2r@Stedls, ind tiey still di spl ay

STAR activity after _truncation to |l ess than 2 kb (inc i by ipnternal
del etion). S¥Eseatpr af B IRRATHRFIZAPE SrAssppdPLrBhiEen el Ja‘#ﬁoﬁ%??%"i‘ of STAR

el ements, §@1§'§n§&,%@@gﬁ $he REulEOMRI BAHL AISwith ehedipraditbrfroth Bagdtidgcent
transgenes. Background: The regul atory properties of STAR and SINC el enents

are assloci atwdinng kingleeSTAR at SEVC eleatents. st ruct ure, which is deternined by
the to DNA itself and by DNA-associ ated proteins. Changes in chronmatin
structure that are associated with changes in gene expression are often
produced by Exaggingdadatermiaiafios af therisstohcetdver wahan®TARYA SENCeseci al |y

nmet hyl ati on of  DNA or aceé}é/llﬁati on of histone proteins. ldentifying the
secondary meRmbinaLen Shrreoty HeRSg at STAR and SINC el enents and at adj acent
transgenes provi des

15 Background: STAR elements are used to optimize expression of single and
multiple transgenes. To determine if a single pair of STAR elements can
protect large or multiple transgenes from silencing it is necessary to determine
the range over which STAR elements act. Similar information is determined
for SINC elements and STAR/SINC combinations.

20
Protocol: STAR and SINC elements are tested for their functionality over
distance using derivative plasmids based on pSelect or pSS respectively, as
follows. A library of random DNA fragments from 500bp to 10kb is assembled
by standard DNA cloning techniques (Sambrook et al., 1989). Fragments are

25  selected from this library that do not possess STAR or SINC activity, by
testing in the pSelect and pSS plasmids as described above. For STAR
elements and STAR/SINC combinations, these fragments are inserted between
the cloning site and the promoter of the reporter gene in the appropriate
pSelect plasmid (Figure 1). This set of plasmids is transfected into the U-2 OS

30 cell line, and expression measured as described above. The strength of reporter



15 hal I marks for these elenents. Protocol: DNA nethylation: STAR or SINC

el ements or conbinations thereof are cloned into the pSelect plasm d by
standard techni ques (Sanbrook et al., 1989). U2 OS cells are stably
transfected with these plasmds, and with 20 pSel ect |acking a STAR or SINC
el ement as a control to determ ne basal DNA nethylation at the reporter
gene. Cel l\go fRsfpr vested and the chromatin purifiedppynshapdard procedures
(Thomas, 1998). The DNA is digested with the Hpall and Mspl restriction

endonucl eases in separate reactions (Sapbrook et al., 1989). Both of these
restriction enzynes are able to cut the& non-nethylated 25 sequence CCGG
When the external Cis nethylated, both Mspl and Hpall cannot cl eave.

However , Unl%ﬁege:!g%%sion iVeptre BN &itﬁ@l‘{@leﬁﬁgcﬁ"‘%‘ﬂé@mm& entnternal Cis

met hyl at ed. I's subjected to Sout n blotting and the blot is
anal yzed by seputatieg thes${BARabashdnt dropPeeipromoter 1GING elgmentomg psseagedy  control ,
t he correspondi ng pSel ect, .pl asm.d ked, unmet.hyl at LS 30 al so cut
with the dedtpT ARAOR S AvSa Ao Bagmenisiiie in reﬁ%%%t“%gt.hbm 03/ 004704
PCT/ NLO2/ 0039R C4RrkartRad the hréthotehef e hppropribtespEeplacinid,hadBRA fragment s
reveal s whether the DNA is nethylated i.n vivo or ,n}gt. L—iji séog% acetyl ation:
The sanme % r 4ageeof waression qfithererqeeremes pageel th theien )i s are used
for these expeyi ﬂ{?ﬁ'ﬁgﬁ@n{m hod descri bed below yields a 5 high

the

resolution nmap o stone acetylation pattern on the STAR and SI NG
el ements and the reporter gene (Litt et al., 2001). M crococcal nucl ease

digests of npuclei_are fractionated on su radj-ent,s, and purified
nucl eosone Eﬁ‘ﬁﬁ‘@ﬁ‘ﬁgagﬁﬁe | pgtaral ye“%‘ﬁﬁ“@fségﬁf%lgmﬁﬁ P&{hﬁtggaeq;hci stones by
i mrunopr eci Rklk&idnOBr Wrhlk Ashbndcet yl hi stone antibodi es. The nucl eosone 1o

fraction and i munopreci pitates are subjected to analysis, for exanple by
real -tin® PCR (Jung et al., 2000) using priners and a Taqman probe that

anneal to t Iﬁﬁﬁ%&%&el‘hée%\?\lngxﬁe&g\%;vcr%?ntht'ﬁS’E%ﬁ‘lg]I%er}% Ngé g:#imtle)EAQPé@rel d 0.2 kb

products, w novin ate I ncrease of the Tagman
probe fl uor esaeint tsprpvade bprdsagniohtheReRciabe mhrkes ipthgselédtional to the 15

abundance of _the_t | at e i .he sanple) |s then red. The ratio of
t he abundan@g‘sﬁlfld‘tlﬁ'gpecpéﬁ%?g% EISR?&EIP% uflﬂg%ﬁﬂi}‘?gg%‘ﬁ‘éﬂf‘g%iﬁﬁ St he
STAR elements are identified that are specific to the repressive activity due to

15  these naturally occurring SINC elements.

The SINC element screen is based on the ability of genetic selection to identify
randomly generated fragments of genomic DNA that are able to silence a "tet-
off" promoter and block the expression of the codA::upp suicide gene. The SINC

20 elements recovered from this selection represent a random sampling of
genomic silencing elements, and different classes of elements are recovered.
For this protocol, these diverse SINC elements are used to recover different
classes of STAR elements than those recovered in the aforementioned lexA-
PcG based selections.

25  Protocol: SINC elements from the current selection are characterized and
sorted into classes on the basis of of functional and DNA sequence features
(functional features include strength of repression; sequence features include
identifiable conserved motifs; see example 3). Representative elements from
each class are used to replace the lexA binding sites in the pSelect plasmid via

30 standard DNA cloning techniques (Sambrook et al., 1989). A gene bank is



I mmunopreci pitates provides a fine-map of the pattern of histone acetylation
for each 0.1 kb on the reporter gene and STAR or SING el enent (or on the
reporter gene in the absence of an elenent). 20 Exanple 7. In vivo

Nucl eosome positioning and DNAse | hypersensitive sites Background:
Chromatin is conprised of DNA, histones, and non-histone proteins. The

hi st ones g Moy 0re particle that is wapped by -150pppnplob 25 to nmake a
nucl eosonme. Nucl eosones are separated by 50-75 bp of linker DNA. Stably

posi ti oned nucl eosones on chronosomnal repress gene expression, and
factors that exclude nucl eosones or otfierwi se renodel chromatin can
overcone this repression. The positioning of nucleosones in a chronosonal

region is aﬂﬁa]éie;’vsgﬁ% %P%fﬁ{e@@‘ﬂ@ﬁ%llaéﬁ‘ﬁg %%%sémﬁ%hmﬂﬁw siMdasRcFdt s 30

chromatin pre Inthe'linker DNA. Simlarly, sone areas of DNA are
WD 03/ 004708 TABEehoRs @@ de@ribad ComsdartWleg etelly 200QPoThis is domowithi st one

01 o- act g eGPy Tt Ghe wmhNA B o BAN AR RE eb oSunts P " ©

hyper sensi tSYNCteQbIﬁjéIg%{ﬂngge@y the enzyne DNase |I. 5 Protocol: To determ ne
the position of nucl eosonmes on the reporter gene and on either the STAR or
SI NG el efrents, MNase is used (Saluz and Jost, 1993). Nuclei are purified

from cul turg? %ﬂg%’e %% rﬁuﬁlgltglo ddfguﬁéﬁr%%axﬂ’hlt P i STAR aAESEGEbeEd above

(hi stone ac Search for ersensitive fo sites in the
STAR and Sl B@nmtn&irrents or the reporter gene, purified nuclei are treated
with DNase | at an appropriate concentration (e.g. 100 g/m genomc DNA and
20-100 U DNasel), as described (Wallrath et al., 1998). Naked DNA is

di gested W BR ENGeRI: ISTAR @eﬁ@ﬂﬁsr&b clofied a®Bhbmb G A DN Secoldtd uei@r t er  gene
and STAR or SING el ements are fine-mapped using prinmer extension or 15

i ndi r ectl0enthd p¥sdedt phagmah dvigolisdane Wit gedomjc DA Hagmentsdgsythanaka et al .
0 oo ot o DaRBHONAR Shedl sienf B PhurictiDe NARRE oARAA SEURM By 2700 OF

di screte ba autor ram correspon e positions of

nucl eosones Eqtenidbé ST&RPthwrty&?é MNanginedrein tise ibﬂoxtrimg exp@omieats. gene. DNase |

hypersensit i)rotocol tSeTAlg elements cloned in pSelect are mapped to the human genome
sequence. In order to determine if they are portions of a more extended STAR

15 element, regions of 4 kb that encompass the clones are amplified by PCR and
cloned into the pSelect and/or pSDH plasmid by standard recombinant DNA
techniques (Sambrook et al., 1989). The resulting plasmids are transfected into
U-2 OS cells and assayed for reporter gene expression as described above;
plasmids containing the original 2 kb STAR element are included as a control.

20  Three possible results can be expected: (1) similar expression by the control
and extended STAR isolates, demonstrating that the STAR element is confined
to the original 2 kb fragment; (2) lower expression by the extended STAR
isolates, suggesting that the STAR element is contained within the 2 kb
fragment and does not act effectively over a distance or that the extended

25  fragment contains a SINC element; (3) higher expression by the extended
STAR isolates, suggesting that the extended region contains a more complete
STAR element. In the case of result (3), the exercise is reiterated with a larger
PCR fragment of 6 kb.

A STAR element may also be a composite of sites to which various proteins

30  bind. Therefore large DNA fragments with STAR activity could be divisible



mani f ested as discrete bands in the resulting autoradi ogramthat are absent
or 20 less promnent in the naked DNA control. Exanple 8. Cell-type, tissue
dependence, and pronoter dependence of STAR and SING el ements. 25
Background: It has been reported that sone insulators or boundary el enents
may display tissue specificity (Takada et al., 2000). STAR el enents have
many featys gsig, common with insulators and boundary pgbRiBhse Both

prom scuous anJ'tlssue speci fic STAR and SI NG elenents ave

bi ot echnol ogi cal value in transgenic applications. The assay descri bed
below is perforned to assess cell 30 t%pe dependence. Cell and tissue
specificity of the elements are exam ned WO 03/004704 45 PCT/ NLO2/ 00390

further by gxamaiogsh &ﬁ%&%ﬁgg AlivAP 188 ekhmbos)ViRLtY AL khe e ement s

in the human genone, Osin fat'a m croarray
(http://arr gmtamhhaf?dﬂd e mchghmedlapBE‘AlRlaimemmdfﬁhewstﬂl@Mﬂas( SBARal Anal ysi s

of Gene Express,i http:/]bioin nl./ HTM bi n/ i x.cqQi) data. 5
Prot ocol : SIHRB] rf‘tr%m%%t’émtt%LBF gha}r{;’;}{ﬁgmﬁlgm%l?ya@ﬁq rga ﬂi‘ﬁ@@ﬁNG el enents
in the pSS plasmd. Three cell lines are transfected using standard

protocols: the human U-2 OS osteosarcoma cell line (Heldin et al., 1986),
t he Ver o 5ceBExampla Me@ﬁa&fmlaﬂéﬁllﬁbe%ﬁceﬁﬂﬁkwsmteméﬁ A elemgntss at, 1967),

and the CHO, | .10 line fr S t 0 Puck, 1968).
El enent s ab?@%b elenl“ifhté’torc 0 %1 f}hr%@gglo‘?rﬂ%e X@ageélﬁelﬁaaglgg&%orl zed as
prom scuous. Those only di spl ay| ng activity in one or two of the cell-lines

are catagorized as restricted in their cell-ty f ionality. Pronoter
specfi ci ty: Bataground enesulaborg pRrapesties Q%"@r’flr“é?@wggé@é&% ISR " 15 tested in

the context ,0fo.fs ?&Fﬁitﬁr%hg“lécﬁl {06 B R TREL e, &m@hwét&%lnsamﬁ@al % rus

(CW) pronoter o e Tetracycline Response El'ement and m ni nal
pr onot er10(| DN mselh and by DMAhssomatetdrpxotalmﬂhanges iorvhiromatin strattewrd . To assess

pronot er cificity,. STAR.and SING function are te ot her conmmonl y
Gsed viral® BRUMSEerPeaTahE g TAE met VRt ey e Hon 26 LeAB car 1y and
| at e prondt g&@ndiRyan AEPAYI s tHelha @0tholMBIIRE, dspb@ally methylation of DNA

or acetylation of histone proteins. Identifying the secondary modifications

occurring at STAR and SINC elements and at adjacent transgenes provides

15 hallmarks for these elements.

Protocol: DNA methylation: STAR or SINC elements or combinations thereof
are cloned into the pSelect plasmid by standard techniques (Sambrook et al.,
1989). U-2 OS cells are stably transfected with these plasmids, and with

20  pSelect lacking a STAR or SINC element as a control to determine basal DNA
methylation at the reporter gene. Cells are harvested and the chromatin
purified by standard procedures (Thomas, 1998). The DNA is digested with the
Hpall and Mspl restriction endonucleases in separate reactions (Sambrook et
al., 1989). Both of these restriction enzymes are able to cut the non-methylated

25 sequence CCGG. When the external C is methylated, both Mspl and Hpall
cannot cleave. However, unlike Hpall, Mspl can cleave the sequence when the
internal C is methylated. The DNA is subjected to Southern blotting and the
blot is analyzed by indirect end-labeling (Pazin and Kadonaga, 1998). As a
control, the corresponding pSelect plasmid as naked, unmethylated DNA, is

30 also cut with the described enzymes and subjected to Southern blotting.



pronoters, and the Rous sarcoma virus (RSV) long term nal repeat (Doll et
al., 1996; Smth et al., 2000; Waver and Kadan, 2000; Xu et al., 1995).
Each of these pronoters are cloned separately into the pSel ect and pSS

pl asm ds by standard techni ques (Sanbrook et al., 1989) along with STAR or
SING 25 el enents, respectively. The resulting plasm ds are transfected into
the U- 2 i ne and assayed for reporter gene e I as descri bed
above. T@O%}H?{y of SINC elenments to silence these)ﬁ;e)?@lri}%{ogj}g, or STAR

el enments to protect against silencing, is determ ned by conparison with

pl asm ds | acking STAR or SINC el ements. 30 WD 03/ 004704 PCT/ NLO2/ 00390 46
Exanpl e 9. Methods for inprovenent of STAR and SINC el enents Background:

| npr oved STéBn?QHsoﬁldﬁ%@aﬂaFéﬁt%iz%g%fﬁﬁmﬂmgmentmmm&ﬁemhsl d increased
strength of anti-repressive or repressive 5 activity, and elenents with

i nduci bl e aBi4 isgeaibylgfrslcinfvivo erondtvi ty. These inprovenents are nmade by a

conbi nat i on,of, t echni aues .~ Protocol s r : 0 b} QRr ELT .one PCR
(Cherry et s.t?neﬁf@g};l&ﬁ%nnEgeasﬁgle%%r}sﬁesc{:%ecggglfl %%f&gegf)fo?;'b I\lrjsxen(f%%gq’l% roduce an

aver age of gnflytioatevsefdbintheddexpatiatdne Thp edetRdEd@otibed belowitdgeni zed

el enents are screened usi n? pSel ect (or pSS) plasm. ds_ contai %@gg

r epor t er 5 sehigdrassleioramre of thedhishonp aegtlafien patteny on BiephAR apd scence
activated c rii t ik at:i.c.resd t; 1998).
Subsequent FEa !t PbrR selb Bkt o AT MRROBEM Shblea B ailete 7]
derive el enefivileiatefrctidnaged amgpreoose peadients,amacpurdfiednudésdiandem and

het er ol ogous conbi nat.i ons: As descri ped ove,. tandem and heterol ogous
conbi nat | on?OB?m%qS@ﬁgr@?@eﬁ?%rete&Fgﬁd E)BEC%QFFP\%! higtopgs En%npari son wth the

si ngl e el enBRfSNER¥APRABoBWith IRi-A@kAhisvRie 320D RS eTIR nizldo@ad Sl NG
elenents is tested on a case by case basis. It is used to test the strength

of an ellemefectisnorndexunprepresipitaten ey ShiRtedo agpbsisian foriexampli hrant to a
ko, 4TRSS R AL LS bR LY o' L8 T
cell type-, ahhad teethe roporpeioivnt o 16 iR TAR oi SINK slzment to yield 0.2 kb
products, with a moving window of 0.1 kb. The rate of increase of the Taqgman
probe fluorescent signal during the PCR (which is proportional to the
15 abundance of the template DNA in the sample) is then measured. The ratio of
the abundance of the template DNA in the nucleosome fraction and the
immunoprecipitates provides a fine-map of the pattern of histone acetylation
for each 0.1 kb on the reporter gene and STAR or SINC element (or on the
reporter gene in the absence of an element).
20

Example 7. In vivo Nucleosome positioning and DNAse I hypersensitive sites

Background: Chromatin is comprised of DNA, histones, and non-histone
proteins. The histones form a core particle that is wrapped by ~150 bp of DNA

25  to make a nucleosome. Nucleosomes are separated by 50-75 bp of linker DNA.
Stably positioned nucleosomes on chromosomal DNA repress gene expression,
and factors that exclude nucleosomes or otherwise remodel chromatin can
overcome this repression. The positioning of nucleosomes in a chromosomal
region is analyzed by micrococcal nuclease (MNase) assay; MNase cuts

30 chromatin preferentially in the linker DNA. Similarly, some areas of DNA are



consi dered (exanple 8). The dom nance test utilizes the pSelect plasmd,
with individual SINC el enents placed upstream of individual STAR el enents
by 25 standard reconbi nant DNA t echni ques (Sanbrook et al., 1989). The
plasmds are transfected to U-2 OS cells and reporter gene expression is
assayed. SING dom nance is manifested by | ower expression than the plasmd
Wi th only yagoxpdPf €l enment, while STAR domi nance is nm%%@ﬁ;z% LRy hi gher
expression than the plasmid with only a SING el enent 004704

PCT/ NLO2/ 00390 47 Introduction of bindjng sites for other DNA-binding
proteins to STAR and SING elenents to ‘add novel characteristics (e.g.
inducibility, tissue specificity) Background: Regul atable STAR and SI NG
el enents ar gueti@tiRdy B3poseutdi dnrgstohb @rotuink hard ﬂhdi;erm*esﬂ'dtﬁSnﬂ@r

si gnal - dependent DNA binding proteins. Inh one 5 ex?ng{ HHaS woul d i nvol ve
j uxt aposi t i TrEUEORY ISEIRS ore- SNV pre SEARRtigE mesulatorp fackars bindand a

gl ucocorti cegi {%&r% ocorticoid
stinulati onE%‘ ﬁ%rﬁ@%ﬂg?th%% e 1&1&? EI)S\?\%% ‘ééP) %%%ﬁ% %(ﬁgg}td#?bed Upon
stinmul ati onDNaeInatural ly occurring glucocorticoid receptor binds to the
GRE and interferes with STAR or SING function. 10 Protocol: Using

conventi 8nal DNA cl oni ng (Sanbrook et al., 1989), a GRE is introduced into

t he pSel ect P?Jto&ﬁﬁ‘d’&%ﬁﬁm@%@ﬁ(%ﬂioﬂ&' At RBsesInNEe @650 HgBne ahgspeCt i Vel y.
The plasmd is transfected into U-2 OS cells as described above. Cells are

di vi ded i nt eithenshe HTAR esSINSnelements; MeVasg isvised (§rlye sadrdopic dPA3) 10 M .
Expressi 0” fei‘sr de&oxﬂ%&%uﬂeﬁtﬁfgﬁs%eﬁi@r gltﬁgdlge%f@a%ﬁﬁ@% &0 the two 15

cul tures. Fet 8hdes 11 expression demns e abi o regul ate STAR
and SI NG fuﬂ@&ichbéld bbrovathsmmmfzet&laﬁtlogmdToad&ﬂhrdeDNaEH\IP\hbperdmsgnw ot ein.

Char act 691 SEFRIORY GGG B ISR aF ' FAGF R Fo P A GUS e | ong ter m

cul tivati Ontl%sela%h AP G b a ﬁéoﬁﬁat@&néﬁfemne@ ¢8160'dg /&@)gem?:amExanpl e 10.
STAR and SI NC el enents obvi ate need for continuous Selection for

mei nt enanceD)A ik 26- ﬂé&i@thNadek@rdeambedlm’atllzrahhﬂ@heéi?%) Nekédance on
sel ecton magkersyhas, {0, A8 AURAGKS; - LOP FSehaR!baNiARE tnd Sphitkp! 1Y

expensi ve a
gene and STAR or SINC elements are fine-mapped using primer extension or

15 indirect end-labelling and Southern blotting, as described (Tanaka et al., 1996;

van der Vlag et al., 2000). The MNase assay reveals a ladder of discrete bands
on an autoradiogram corresponding to the positions of nucleosomes on the
STAR or SINC elements or the reporter gene. DNase I hypersensitive sites are
manifested as discrete bands in the resulting autoradiogram that are absent or

20  less prominent in the naked DNA control.

Example 8. Cell-type, tissue dependence, and promoter dependence of STAR
and SINC elements.

25  Background: It has been reported that some insulators or boundary elements
may display tissue specificity (Takada et al., 2000). STAR elements have many
features in common with insulators and boundary elements. Both promiscuous
and tissue-specific STAR and SINC elements have biotechnological value in
transgenic applications. The assay described below is performed to assess cell-

30 type dependence. Cell and tissue specificity of the elements are examined



25 cost to the cells, and there are regulatory and ethical objections to

i ncludi ng selectable markers in transgenic applications, especially if the
transgene itself is in the product (e.g. crop plants, gene therapy
vectors). STAR and SING elenents reduce or elimnate the need to maintain
selection after establishing the transgenic isolate. Consequently, the
resi st anceyggiifsoan be renoved from WO 03/ 004704 PCT/ qgﬁg&%ﬁg 48 the
transgeni c genone by site-specific reconbination with dimnished | oss of
transgene expression. Protocol: Stably transfected U-2 OS cell |ines
contai ning chronosonal | y- integrated STAR el enents fl anking reporter genes
are produced by co 5 transfection of the pSDH plasmd with a trans-acting

anti bi oti c REShSUHANGAmiMNESAb dxPesiaSadeRainahe VainiTi6f thY RRimeM®$in i Nvol ves
testing the stability of the reporter gene %égre33|on | evel in these cel
| i nes duri néhehwhangerepns-usin ipylaiahpsash ONh migropHay absence of sel ecti on.

This i wth ST ' | dlCd
genes in ST SRy ek T R Rod A M 1 MEORTSARE Mae oa by

const r uct i ngf @eneRpiressionrhttplEsaiothohaseal/BTMVpiEHhdéxncehdatsh t he anti biotic
selection marker is flanked by reconbinase target sites. The sel ectable
mar ker i 9 subsequently excised by reconbinase activity, as described above

(exanpl e 2) pydigede SlehdenEs £it64t8P1 iHYp N p¥ds8lidl AdESINDEIeMRHLDY _
application of STAR elenents In expression systens STAR el enents function

to bl ock thén Bfefsist plosmid. Sthsex deftlinenate treprfeded vsingGtandardipresesslson transgene
expressi on yil el VAR GRLRERHEN L LURRGRE, 600 B85 0HS Vo hgi or ochr ot in

("position e , or to acent copies of the

transgene (lihepeat AfritduGeeer0RbskesyiRi@is (SfmizuGal.y 1987),eind the CHA84B) ) . Two of
the benefits of STAR elenents for heterol ogqus gro ein production are
i ncreased phagfiemabhimesshamnster aviry §Kan apd Bugs d9 $)ngle&9%?k}lei$ r econbi nant

hostcel | s, randoh B LRaRRA ot 8l AWt {Ge M LEUE A CNOPhosl AGRE  Denef i ts

are illustrate IS exanp t S an
displaying activity in one or two of the cell-lines are catagorized as restricted

in their cell-type functionality.
Promoter specficity: STAR and SINC elements are currently selected and

15  tested in the context of function with two promoters, the entire
cytomegalovirus (CMV) promoter or the Tetracycline Response Element and
minimal CMV promoter (in combination with the tTA transcriptional
activator). To assess promoter specificity, STAR and SINC function are tested
with other commonly used viral promoters, namely the simian virus type 40

20  (SV40) early and late promoters, the adenoviral E1A and major late
promoters, and the Rous sarcoma virus (RSV) long terminal repeat (Doll et al.,
1996; Smith et al., 2000; Weaver and Kadan, 2000; Xu et al., 1995). Each of
these promoters are cloned separately into the pSelect and pSS plasmids by
standard techniques (Sambrook et al., 1989) along with STAR or SINC

25 elements, respectively. The resulting plasmids are transfected into the U-2 OS
cell line and assayed for reporter gene expression, as described above. The
ability of SINC elements to silence these promoters, or STAR elements to
protect against silencing, is determined by comparison with plasmids lacking
STAR or SINC elements.

30



Construction of the pSDH vectors and STAR-contai ning derivatives: The 30
pSDH Tet vector was constructed by pol ynerase chain reaction anplification
WO 03/ 004704 PCT/ NLO2/ 00390 49 (PCR) of the luciferase open reading franme
fromplasm d pREP4- HSF- Luc (van der Vliag et al., 2000) using prinmers C67
and C68 (all PCR primers and nutagenic oligonucleotides are listed in Table
5), and i RggsldbPey of the Sacll/BanmH fragnment into Saet/hiBapid - di gested
pUHD10- 3 (CGossen & 5 Bujard, 1992). The l|uciferase expression unit was
re-anplified with primers G665 and C66,, and re-inserted into pUHD10.3 in
order to flank it with two. wltiple%ﬁoni ng sites (MCSI and MCSII). An
Asel site was then introduced into MCSI by digestion with EcoRl and

i nsertion ofxambplek eth6@MBF i SibvehenttdTSTARSEh DEINOBlEghads | des DO3 and D94).
The CW pronoter was anplified to fromplasm d pCW-Bsd (I nvitrogen K510-01)
with primers D90 and D91, and wused to replace the Tet-Of pronoter in

pSDH Tet by i i i I vect or pSDH CW.
The | uci fergggﬁ%j%‘?ﬁ&lrlgggév%g%ﬁ‘& gvn%&lpgn}u?uF%ﬁ}e\&}gég%%ﬁie&/éalgﬁ%(gpl aced by SEAP
(Secreted AlkativameRizos¢lidahassedasrehgth d\amti-repestive op BieSié was di gest ed

with Sacll and BanH and nmade hlunt. the 15 SEAP opep reagding frame was

i sol at ed®fr Bfrﬁlh“ﬂgEﬂp‘ﬁ Sggieélt“( Ehipdutdlgga pfﬁueb‘ipem@@&ﬁ{}y %Fﬁeﬁggesti on, made
blunt and | igatREmbMtsArd Slade GYM dotmtih LA Y@EhRJues PSDH CS. The puronycin
resi stance gene under control "of the SV40 pronoter was isolated from

pl asm d pBalbfeotPepd® (Mbrgenstern & Land, 1990) by PCR using primers C81 and

C82. This | i ed i.nto vect - I a ite renoved)
(Promega Eﬁﬁﬁ(}ehg?%ggw%gi r\(/gv? ]t%roﬂgglc?%glfﬁgg })Efg’rleélgt%éﬁgbféggﬁro, pGL3- puro was
di gest ed w BariBghddet SEH9P) isoused 6d AfteodubeaS¥iRagaiofonedasitsbaome gene, which
was made blunt and ligated into Nnhel digested, blunt-ended g}é CS. The
resul ting vaatatonsyspelemsmt. The mutrgsnizad eleryents ayejscraegad yging gg_%t wer e
carried out 1 : i r i [ urers of
e e L e e e L R S g

1989). STARewximepleflusraseamee ianigerted dell sorting/sl antibioMCsedistiance (Bensetéps, by

di gest i t TAR el t and the pSDH tor.with an. i at
reStri cti ontt BbRE) SFBTRBRRL OB PTG A GHEAE bAATERAR of erant s

in out to derive elements with further improvements in activity.

15 Tandem and heterologous combinations: As described above, tandem and
heterologous combinations of elements are tested for activity in comparison
with the single elements (example 3).

The relative dominance of STAR and SINC elements is tested on a case by case
basis. It is used to test the strength of an element; for example, if a new STAR

20 element is dominant to a known, strong SINC element, then the STAR is
classified as very strong. The possibility that the dominance relationship
between a STAR and a SINC is cell type-, tissue-, or promoter-specific is also
considered (example 8). The dominance test utilizes the pSelect plasmid, with
individual SINC elements placed upstream of individual STAR elements by

25  standard recombinant DNA techniques (Sambrook et al., 1989). The plasmids
are transfected to U-2 OS cells and reporter gene expression is assayed. SINC
dominance is manifested by lower expression than the plasmid with only a
STAR element, while STAR dominance is manifested by higher expression
than the plasmid with only a SINC element.



30 reconbi nant pSDH vectors was determ ned by restriction mappi ng. The WO
03/ 004704 PCT/ NLO2/ 00390 50 identity and orientation of the inserts were
verified by DNA sequence anal ysis. Sequencing was performed by the di deoxy
met hod (Sanger et al., 1977) using a Beckman CEQ000 aut omated DNA
sequencer, according to the manufacturer's instructions. Briefly, DNA was
purified fyy@mheL0li using 5 Q Aprep Spin Mniprep apgdrRidngs Mdi Kits
(Q AGEN 27106 and 12145, respectively). Cycle sequencing was carried out
usi ng custom ol i gonucl eoti des C85, E2 and E42 (Table 5), in the presence
of dye term nators (CEQ Dye Term natot’ Cycle Sequencing Kit, Beckman
608000). io Transfection and culture of CHO cells with pSDH pl asm ds: The
Chi nese  Hapgl 6luct¥A LY bit@idg diteB for ORI DNAM EENE Broteihl WRTARMAQr ed i n

HAMS- F12  nmedi um + 10% Fetal Calf Serum cont ai ni n_%. 2 mMglutamne, 100 U ni
peni ci | |i n, SENG ele@@ents to add nowsl cHaractenghicsiegi mdacibdity disue epezifids) | s wer e

transfectedwith the pS P tar, its _derivatiyv .at nji ng STARE
15 0r StameBirietnRad Hhagtiveelr SRR i AR el e P SR 12,50,
t he manuf actile kvithBsih@fng)sites ®rlsna®depsndestEINNGDhif ding Wieteitets Bebike and gr own

overnight to 70-90% confl uence. SuperFect reagent was conbi neﬁggth pl asm d
DNA (| i néar pyaxaplehisiyeuld inwebledurippenitien of HR AR SBNG or SRABSING 0 of 6

mcroliters . 0 . f.qr ipeli j cr @gr ans DNA
and 20 120 %&gir;lo |1§ %?g@%ﬁ@&%&lf %185?1 Oé%déeigqntg %F {CLRe Cgf]fl}se.z%ﬁg?tléeér&over ni ght

i ncubati on ghieecotriienié tEmiul ativnnihz STAR s N(egbmeertiwanlidfuficteshasredi um and t he
transfected, cell re incubated further. After overnj.ght cultivation, 5

i crogr ams/ fir?scr‘lﬁﬁ‘io% ﬁ"jfl_ @?ﬁa’&ga.naﬁfﬁﬁwﬁ‘i“ﬁﬂgéﬁ P‘f%hgﬂé\sec@B lete in 2
weeks, aftepindshh el GRIBad ddtetfedbtodith WTARY6H SINGaIgtignt CHO pSDH CSP cl ones
were 25 isolated at random and cul tured further. Secreted Al kaline

Phosphat4s e Peepagb) Using sgnvegtiomal RNA lonjng Gembpapokeat 24 1989)188RE isent horn et
al ., 1988, Kali 97, .Y i t U i of
a0 psors coberisdd iy GRS oFbss viAR b SRR NINCRELURY |

(Cd ont ech GrepecthetyA\Ahckilismid2dGahsleded aftb Y-2 0% @llls gy dbsibe@bodd. 004704

PCTI NLO2/ 00390 51 . . . , _ L
Cells are divided into two cultures; one is treated with glucocorticoid (10 pM).

Expression of the reporter gene is measured and compared between the two

15 cultures. Differences in expression demonstrate the ability to regulate STAR
and SINC function by action of a signal-dependent DNA-binding protein.
Promiscuous STAR and SINC elements: Testing or enhancing these
characteristics involves cultivation in different cell lines, and long term
cultivation without antibiotic selection (examples 8 and 10).

20
Example 10. STAR and SINC elements obviate the need for continuous
selection for maintenance of the transgene.
Background: In transgenesis, reliance on selection markers has two
drawbacks: the selection agent is usually expensive and carries a metabolic

25  cost to the cells, and there are regulatory and ethical objections to including
selectable markers in transgenic applications, especially if the transgene itself
is in the product (e.g. crop plants, gene therapy vectors). STAR and SINC
elements reduce or eliminate the need to maintain selection after establishing

the transgenic isolate. Consequently, the resistance gene can be removed from



medi um was heat inactivated at 65 C, then conbined with assay buffer and
CSPD chem | um nescent substrate and i ncubated at roomtenperature for 10

m nutes. The rate of substrate conversion was then determned in a

| um nometer (Turner 20/20TD). Cell density was determ ned by counting 5
trypsinized cells in a Coulter ACT10 cell counter. Transfection and culture

of U2 OS&bdedsd th pSDH pl asm ds: The human ost eosapeRBobsd OS5 cell line
(ATCC #HTB-96) was cultured in Dul becco's Modified Eagle Medium + 10% Fet al
Cal f Serum contai ni ng gl utam ne, 10 penl cillin, and st reptorrym n (supra) at

37 C/5% C02. Cells were co-transfectedwith the pSDH CW vector, and its
derivatives containing STARE or STAR8 in I\/CSI and MCSII, (along with

pl asti d_pBates PUE O nHSNgm SR ECSL il AR B Hrva&yﬁhﬁanm'e&%sg% vas

conplete in ual puromycin resistant U2
OS/ pSDH- CW tedmspe expreasionol at ed at 15 random and cultured further.

resuspended LRt Bl RIRC et kOB el Lot seteingie URengemg e o
nmanuf act ur efinteERRShSTARGRERA s MUBkING rEpdrtt¥igeRERARProdidead)y 80/ 20TD) . Tot al
cellular protein concentration was determ ned by the bicinchoninic acid

met hod 20 actms&ph@l eigbe pSDHh plasmdd withra ganmactingcantahieti¢ Sisiptence- 9643), and

used to nor i a cell clones
cont ai ni ng e sml %f‘—@%%ﬁlbg(gc gJe %‘ﬁe Q%E%géﬁ%&esltggﬁn e%gl% arning STARE or
STAR49 (Tabltke @porwﬂgﬁle@ﬂp&wsm lfaﬂall iBtheee kil llné@thlrﬁ@ﬁﬁohﬁltgedl 3§ in the

cul ture supernatants was then det er , expressed on the basis of
cel | nunber Mtk %‘}tlvaﬁ?ndéﬁﬁ%é L6 0 %?fe(‘ih 1?!‘? tesgpdpwigh g%ﬁts in the

eXPr eSSi O Nl L fih 8 $hhReladBb: BHPERG Bub Ol SITNEMBEAP activity

t han cl ones whose expression units do not |'ude STAR 30 enent s.
Fur t her nior e Thelzatihigbio eesisfanSTgdReds m@raowdrbg constn’esmgrmt emm V\D 03/ 004704

PCT/ NLO2/ 00390 5 t he naxi mal of the
ETAR s obummunt ased i IS io'wBiky ofe ASC MR R ARG T | o
exceed the hbygb@sihin8EARr Rk Bites The Relettableen HEBIisGoBs6d RNES- exc1sed by

recombinase activity, as described above (example 2).

15
Example 11
Predictability and yield are improved by application of STAR elements in
expression systems
STAR elements function to block the effect of transcriptional repression
20 influences on transgene expression units. These repression influences can be
due to heterochromatin (“position effects”, (Boivin & Dura, 1998)) or to
adjacent copies of the transgene (“repeat-induced gene silencing”, (Garrick et
al., 1998)). Two of the benefits of STAR elements for heterologous protein
production are increased predictability of finding high-expressing primary
25 recombinant host cells, and increased yield during production cycles. These

benefits are illustrated in this example.

Materials and Methods
Construction of the pSDH vectors and STAR-containing derivatives: The

30 pSDH-Tet vector was constructed by polymerase chain reaction amplification



5 Reconbinant U-2 OS cell clones containing the pSDH CW vector, or pSDH
CW plasm ds contai ning STAR6 or STARS (Table 6), were cultured for 3

weeks. The luciferase activity in the host cells was then determ ned, and is
expressed as relative luciferase units (FIG9), nornmalized to total cell
protein. The reconbinant U-2 OS clones with STAR el enents fl anking the

expressi ogolBobBit S had higher yields than the STAR-| gsgngchfes: the highest
expressi on oi)served from STARS cl ones was 2-3 fold higher than the

expression from STAR-|ess clones. STARS cl ones had maxi mal expression
| evels 5 fold higher than the STAR-1eSs clones. The STAR el enents conferred
greater predictability as well: for both STAR el enents, 15 to 20% of the

cl ones 15 d%@S@RﬁM&ﬁe hitGlef 6 d56n AXMANRSHAAS fdin plavialSpREPRASIbLE: (vanor gr eat er
than the STAR-less clone with the hl@?eSt expression |level. These results

denonst r at e deh¥iag ahsén 2R dsing primare Coff oA S ENpll idhpigers ar AR el enrent s
| nerease thg, wthghfle PlieAGHELRIRUGURATh TBR &) did HELARE Rk 20 SEAP) . Al
) el'e ed I n thi

three of th nts 1 ntroduc exanpl e provide el evated
yi el ds. The SheldBxasdifrapedntcinabbddl/Pamdlifdgeseal PyHDAO-BAsan &nents i s

mani f est ed .the I roportion of .the.cl ones wi. ields.equal to or
gr eat er ?ha%{‘ﬂfﬁg’ hé%%g@%épw&raie ?tﬁp?iﬁsclﬁ?elal_lbyaf ﬁeéagﬁ\%g%l& H?F’B%‘és. 25
Exanpl e 12 BEARA GAEALS ré-TREAYE idtD@UHILG-B ik Yrdaf td S aanieh expr essi on
During cultivation of recombi nant host cells, it is conmon practice to

maintain  amulbipltdlening biges MGST apdi MCSED) An Aadsitetersghen énfroducediscr i pti onal

silencing of_t ransae . estr he genone by
orocesses st AGSTey BPORASHT S BRSSPI R R8Tt P hever i
i's undesi ral@hﬁesﬂ@% olgsmtidlebiidss 093 iri]nﬁiBQ@)I. wg@a:gAfom@bﬂwasﬁmphﬁe@urrber gf
reasons. First, the antjihigtjcs that e used are quite ex ive, an
contri bute QO@PW@%P&VQ/%gSCi &EVW?H g@é@-%}thﬁé’rﬂ?%faﬁlﬁio.ar@'gﬁgﬁ&}ﬁ for

bi ophar maceuyti£a relfflee thd BetRD @b Rl tBH & p FSHARRBY ShIA I BYEGionYddh NO S

traces of the antibiotic in the product. One advantage of STAR el enents for
het er ol ogougdigption & creptecwaior pSRH-€MVh dthe liaferaompen readiht framepndkisi on on

S T R e

vector pSDH-CMYV was digested with Sacll and BamHI and made blunt; the

15 SEAP open reading frame was isolated from pSEAP-basic (Clontech 6037-1) by
EcoRI/Sall digestion, made blunt and ligated into pSDH-CMYV to create vector
pSDH-CS. The puromycin resistance gene under control of the SV40 promoter
was isolated from plasmid pBabe-Puro (Morgenstern & Land, 1990) by PCR,
using primers C81 and C82. This was ligated into vector pGL3-control (BamHI

20  site removed) (Promega E1741) digested with Ncol/Xbal, to create pGL3-puro.
pGL3-puro was digested with Bglll/Sall to isolate the SV40-puro resistance
gene, which was made blunt and ligated into Nhel digested, blunt-ended
pSDH-CS. The resulting vector, pSDH-CSP, is shown in FIG 7. All cloning
steps were carried out following the instructions provided by the

25 manufacturers of the reagents, according to methods known in the art
(Sambrook et al., 1989).
STAR elements were inserted into MCSI and MCSII in two steps, by digestion
of the STAR element and the pSDH-CSP vector with an appropriate restriction
enzyme, followed by ligation. The orientation of STAR elements in

30 recombinant pSDH vectors was determined by restriction mapping. The



to Materials and Methods The U-2 OS cell line was transfected with the

pl asm d pSDH Tet - STARE and cultivated as described in Exanple 11.

I ndi vi dual puronycin-resistant clones were isolated and cultivated further
in the absence of doxycycline. At weekly intervals the cells were
transferred to fresh culture vessels at a dilution of 15 1:20. Luciferase

activity wagoimassred at periodic intervals as descri hegnipofsyanpl e 11.
After 15 weeks the cultures were divided into two replicates; one replicate

continued to receive puronycin, while the other replicate received no
antibiotic for the remainder of the experinent (25 weeks total). 20 Results
Table 7 presents the data on |uciferase expression by an expression unit

flanked wit Hdgﬁéﬁﬁna%heﬁgatwnodfw{agﬁqeﬁé QUtdvettrol IHDNARRMBhARLRL I C. AS

can be seen €’ expressi on € reporter tran gene, erasSe, renmins
stable in tf&qhéxﬂzn@vh@ﬁmfmaiddsbyfthe dtdeex;dme’étadc(ﬂamgertehal e178) usiepta. After

the 25 cult |d i nt treatnents (.plus, antibiotic and

wi t hout anﬁ%ﬁ’&??é&(’g ?I@%@ﬁﬁﬁgﬁeweﬁfewegﬂﬁg O thesent i al | y stable in
the absence fyuradthidsQhiiSudRIng CBH&T, Dm Fad pUBASY FALEE. dolteusaly | ity of STAR
el ements to protect transgenes fromsilencing or |oss during prolonged

cul ti vat ion.QlApren %mndémmgpraaﬂé’da&rmétMndthtS;é HEEN2T106ianddgéHlent of
anti b1 ot 1 o Selcgiy o0, (V9,93 004104, RETLNL 0290850, 86, Tos s e BLoTucti on of

het er ol ogous I ncurr t he

anti biotic ci]85pE25ll ddd cag (Tﬁ%swtﬁammﬁ@aﬂﬂylgeﬁmatﬂre(om5)yM ni mal
essential seguences of SIAR el e STAR el enents are isolated fromthe
genetic scr SERmERder FHae Spateng E%Ckm?ﬂéoé%(?@en uses libraries
constructed with human genom c DNA that was size- fractionated to
approximately 0.5 - 2 kil obases (supra). The STAR el enents 10 range from 500
to 2361 basdrpadfecionFaldl @l@)e of €HDzell§ Wéilhw&Dﬂiplasmids ﬁﬁinﬁhiﬂesehe STAR

DNA 11 agrent PR PRESTR IS T g0 br TGl CorehbYwrSeiBRaEis BAMY 2 T or i ne
these m ni myBdidagEI% E‘étaﬁ&}‘alﬁMhm&b@taﬁﬁag tph ¥l glﬁfzarmliwf@(ﬂmnuw ty,
penicillin, and 100 micrograms/ml streptomcyin at 37 C/5% CO2. Cells were
transfected with the pSDH-CSP vector, and its derivatives containing STARG
15 or STAR49 in MCSI and MCSII, using SuperFect (QIAGEN) as described by
the manufacturer. Briefly, cells were seeded to culture vessels and grown
overnight to 70-90% confluence. SuperFect reagent was combined with
plasmid DNA (linearized in this example by digestion with Pvul) at a ratio of 6
microliters per microgram (e.g. for a 10 cm Petri dish, 20 micrograms DNA and
20 120 microliters SuperFect) and added to the cells. After overnight incubation
the transfection mixture was replaced with fresh medium, and the transfected
cells were incubated further. After overnight cultivation, 5 micrograms/ml
puromycin was added. Puromycin selection was complete in 2 weeks, after
which time individual puromyecin resistant CHO/pSDH-CSP clones were

25 isolated at random and cultured further.

Secreted Alkaline Phosphatase (SEAP) assay: SEAP activity (Berger et al.,
1988, Henthorn et al., 1988, Kain, 1997, Yang et al., 1997) in the culture
medium of CHO/pSDH-CSP clones was determined as described by the

30 manufacturer (Clontech Great EscAPe kit #K2041). Briefly, an aliquot of



for two reasons. First, smaller functional STAR el enents would be 15
advant ageous in the design of conpact expression vectors, since snaller
vectors transfect host cells with higher efficiency. Second, determ ning
m ni mum essenti al STAR sequences permts the nodification of those
sequences for enhanced functionality. Two STAR el enents have been fine-

mapped t o ge4:mhdkhne their mnimal essential sequencesy-2R tehials and
Met hods: gﬁ’sﬁ@o 1167 base pairs) and STAR27 (1520 bage%plé%s have been

fine- mapped. They have been anplified hy PCR to yield sub-fragnents of
approximately equal length (FIG 10 |l egénd). For initial testing, these have
25 been cloned into the pSel ect vector at the BanmH site, and transfected

into U2 OShdghmfhhé hextAniiRivatal dtS6526, tHes 64thadd withFacaap baffdr aif t er

sel ection for hygronycin resistance, LexA-HP1 was induced by |owering the
doxycycl i ne C8BRcheminminnscertsabsitatetand isaibptedgdreomterperabuisaordOwi t h

zeocin to test the ,abilit f. the STAR fra nt o_.pretect the SV40-Zeo
expressi on ulﬁﬁut?? grheéééer"é%}-‘g%é%tSﬁ"%"&éSl?IbWEggE@-“ﬁf‘?férb’?lﬁﬁlgrlfgs WO 03/ 004704
PCT/ NLO2/ 00319hiabmERS UliiBer ROV20TDE CRXARALGEWLs Stbiththedty GlARng7 confer good
protection against gene silencin as expected (FIG 10). This is manifested
by robust5 gr@¥esnized eqlls IBad?(é%‘@ﬁégjﬁp coB6QYMer-Of the 3 STARLO sub-fragments,
10A (-400 base pairs) confers on transfected cells vigorous growth in the
presence of zeocin, exceeding that of the full- Ilength STAR elenent. Cells

t ransf ect ed TitansfepSed end cudonstof Ue ©Sxelit withipSPH basmodhidthehwudn f r agnent s do

pai r C10A 11 stHERbAD e dheaT e LR YIRS ERAPLE e el Sk T or he
anti - r epr esspegifia@ Hagld Me@umSF AL ot A TARRIraaNdodt Sinfiddugdiing) OWM h in zeocin
to transfected cells in this experinent (FIG 10). One of the sub-fragnments

of this SrAReniiliing agdstreptemycinpurtp) apdt tidlsChakely vonerrodransictetbst cel | s
;2 . .Zs.otci, n ofC Qpﬁﬁgﬂgwyﬁeﬁ% %{}i s FHEAERES cdiBhid 'STAR or 'SERTRSS! ON

in MCSI and MCSII, (along with plasmid pBabe-Puro) using SuperFect

(supra). Puromycin selection was complete in 2 weeks, after which time

"individual puromycin resistant U-2 OS/pSDH-CMV clones were isolated at
15 random and cultured further.

Luciferase assay: Luciferase activity (Himes & Shannon, 2000) was assayed in

resuspended cells according to the instructions of thé assay kit manufacturer

(Roche 1669893), using a luminometer (Turner 20/20TD). Total cellular

protein concentration was determined by the bicinchoninic acid method

20  according to the manufacturer’s instructions (Sigma B-9643), and used to

normalize the luciferase data.

Results

Recombinant CHO cell clones containing the pSDH-CSP vector, or pSDH-CSP
25  plasmids containing STARG or STAR49 (Table 6), were cultured for 3 weeks.

The SEAP activity in the culture supernatants was then determined, and is

expressed on the basis of cell number (FIG 8). As can be seen, clones with

STAR elements in the expression units were isolated that express 2-3 fold

higher SEAP activity than clones whose expression units do not include STAR

30 elements. Furthermore, the number of STAR-containing clones that express



| ocal i zed on sub-fragnent 27B, but full activity requires sequences from 27A
and/ or 27C (each - 500 base pairs) as well. Exanple 14 20 STAR el enents
function in diverse strains of cultured mammualian cells The choice of host
cell Iine for heterol ogous protein expression is a critical paraneter for
the quality, yield, and unit cost of the protein. Considerations such as
post - trans&gﬁ @hgl nodifications, secretory pathway capagidesegnd cell 25
line immortality dictate the appropriate cell line for a particul ar

bi ophar maceuti cal production system For this reason, the advantages

provi ded by STAR el enents in terns of ﬁ@eld, predictability, and stability

shoul d be obtainable in diverse cell lines. This was tested by conparing the
function of originally
30 ol oned, a%&n ftﬁcﬁ% C%"H%Wthle'la gﬁhaﬁlﬁéélwﬂ S&nb BT gpp -fels ban %t echnol ogy’

WD 03/ 004704t ghe25%te40ih df tHetITATS clof[dneopenlqtteonsrmcﬁed trhé hl’fg&wspl e 11 are

referred to. CT/ NLQ2/ 9 The expression of the SEAP reporter
gene in C}K)%§$F§XP§$%P%§§&? §§ﬁﬁgﬁkﬁigws t he expression of the |uciferase
reporter gene in U-2 GS cells is presented in FIG9. By conparison of the
results of these two experinents, it is apparent 10 that the STAR6 el enent

i s functionakedombiest (E81QS ¢elledenes confeiniog tfg?enfd) SiVesstiosrorgedHor e
predi ctabl e C&%ﬁp%?m?d W%@m%@%AﬁG QE A§€8 dﬁggom ,SJSerel duﬂ%recijif’o? gl ayed hi gher

yi el ds, when report sition ects by STARG.

These two cekébelsi ’Ilbéhﬁff@ra@eattvﬁdr inrthehdstf e Bs eas tlﬁq@ﬁ&dteﬁnm(eiimmhsand hanst er)
and different tiss

pes (bgne and oyary reflecting he broad range
of host cel | ¥PTess P%i‘?%%qlﬁeslu Rseei”élﬁ%ﬁ(}c%’rp%élah}??‘i Foz"@éﬁicﬁ PESHovi ng
het er ol ogousypy fétcS’ﬁan%PUe?@S%neE&ﬁ} PAR BT AR BNE RO bRkt i on i n the

context of various transcriptiona ronoters
10 units had higher y1elds than the STAR less clones: the highest expression

observed from STARS clones was 2-3 fold higher than the expression from
STAR-less clones. STARS clones had maximal expression levels 5 fold higher
than the STAR-less clones. The STAR elements conferred greater
predictability as well: for both STAR elements, 15 to 20% of the clones

15  displayed luciferase expression at levels comparable to or greater than the

STAR-less clone with the highest expression level.

These results demonstrate that, when used with the strong CMV promoter,
STAR elements increase the yield of heterologous proteins (luciferase and

20 SEAP). All three of the STAR elements introduced in this example provide
elevated yields. The increased predictability conferred by the STAR elements
is manifested by the large proportion of the clones with yields equal to or
greater than the highest yields displayed by the STAR-less clones.

25  Example 12

STAR elements improve the stability of transgene expression
During cultivation of recombinant host cells, it is common practice to maintain
antibiotic selection. This is intended to prevent transcriptional silencing of the

30 transgene, or loss of the transgene from the genome by processes such as



Transgene transcription is achieved by placing the transgene open readi ng
frame under control of an exogenous pronoter. The choice of pronoter is

i nfluenced by the nature of the heterol ogous protein and the production
system In nost cases, strong constitutive pronoters are preferred because
of 25 the high yields they can provide. Sonme viral pronoters have these

properti esyoodddfofr oot er/ enhancer of the cytonegal ovipkpgidHpREi ate early
gene ("CW pronoter") is generally regarded as the strongest pronoter in

common bi ot echnol ogi cal use (Boshart et al., 1985, Doll et al., 1996,
Foecking & Hofstetter, 1986). The sirfi3an virus SV40 promoter is al so
noderately strong 30 (Boshart et al., 1985, Foecking & Hofstetter, 1986) and

is frequently used,for.\WD 03/.0047Q4 .P [, expression in
mammal i an cé ?“@%%%%PsﬂbWﬁgﬂfgg}E@?mgﬁ%%g%gﬁ&ﬁg%ggRgé@ﬁ%ﬁ%ﬁhghe pronoter is
repressed i protdifs,[f6:28 anaded bf teaiona CHiest] tie aitibietictihdt arenised bt quite
(doxycycline is commonly used) . in, cell-lines which_ express the tTA plasmd
(d ont ech KYEEOSiKY, andonirabfo signyicapHy to Hie wribeqst of thepppdu trf? ond,
transcripti bopt j u & mkt be ddAonstiAIP pireSwBUIRN d. 1992,
lzum & G fbggr%p?lg%ggu?%%g%’ %mg .e, Ii1999)e. Mat esri al sﬁar?d Met hods: 10 The
const r ucti otracds dftike pSibiofiein theprpBoH GMadreatagesofliST Adbdemebtsdoi n Exanpl e

11. pSDH SV40 S constructe P lificati of the SV40 pronoter
(pri for o DAEeEHT poy b Biuditede Rditbey et S0 Selelipr 1) ™ ol | owe
by di gesti ofra@bgcne dRERg REAIOREH cWitivatiSaCdven R ShSabdencel branpibidticCAW vect or
was digested with Sacll and Sall to renove the CW pronoter, and the 15

vector and SNewion; Huserpeweris demepsteaded Bydiheramplecr eat e pSDH SV40. STAR6
was cloned into MCSI and MCSI| as described in Exanple 11. The pl asm ds
pSDH- Tet, pSDH- Tet - STARG6, pSDH- Tet - STAR7, pSDH SV40 and pSDH SV40- STAR6
wer e co-r aNgftedilednwiMdthpdBabe- Puro into U-2 OS using SuperFect as

descri bed by, t nuf act urer. || cultiyvatjon, Cl sel ection, and
| uci f erase i@% E@% %@%wr‘?"i‘seﬁa‘%i“%{gwﬁh&? Pj(?éﬂl_lﬁi EQ%@\%@G a’ﬁés ults FIGS
9, 11, and &Q:icaERaLAENDHANRTRERDPRM OIndidRubYshiodlRELrd:RPA I ®InegeNe from
25 3 different pronoters: two strong and constitutive viral pronoters (CW
and were isolated and cultivated further in the absence of doxycycline. At weekly

intervals the cells were transferred to fresh culture vessels at a dilution of

15 1:20. Luciferase activity was measured at periodic intervals as described in
Example 11. After 15 weeks the cultures were divided into two replicates; one

replicate continued to receive puromycin, while the other replicate received no

antibiotic for the remainder of the experiment (25 weeks total).

20 Results
Table 7 presents the data on luciferase expression by an expression unit
flanked with STAR6 during prolonged growth with or without antibiotic. As
can be seen, the expression of the reporter transgene, luciferase, remains
stable in the U-2 OS host cells for the duration of the experiment. After the

25  cultures were divided into two treatments (plus antibiotic and without
antibiotic) the expression of luciferase was essentially stable in the absence of
antibiotic selection. This demonstrates the ability of STAR elements to protect
transgenes from silencing or loss during prolonged cultivation. It also

demonstrates that this property is independent of antibiotic selection.



Sv40), and the inducible Tet-Of pronoter. Al three pronoters were tested
in the context of the STARG elenent in U2 OS cells. The results
denonstrate that the yield and predictability fromall 3 pronoters are

i ncreased by STAR6. As described in Exanples 11 and 14, STAR6 is beneficial
in the context of the 30 CW pronmoter (FIG9). Simlar inprovenents are seen
in the coRfgshodls the WO 03/004704 PCTINLO2/ 00390 58 pMARidheepter (FIG 11):
the yield fromthe highest-expressing STAR6 clone is 2-3 fold greater than
t he best pSDH SV40 clones, and 6 STAR 4ones (20% of the popul ation) have
yi el ds higher than the best STAR-less clones. In the context of the Tet-Of
pronoter under inducing (low doxycycline) 5 concentrations, STARE al so

I nproves t h@hyie®rd pasidic6eof ldtakildgdoty pRteihs BResbR witkpitdasueingthd G 12): the
hi ghest - expressi ng STAR6 clone_has_a_20-fold higher vyield than the best
pSDH- Tet c|ecrﬁés,/ofatgeiagtﬂgvmr@ﬁ@#@ylf(mmammoceﬁaﬁal ation) have vyields

hi gher than the best STAR-less clone. It is concluded that this STAR
elenent is versatile in its transgene-protecting properties, 10 since it
functi ons i Exkm@lecknt ext of various biotechnol ogically useful pronoters of
transcription. Exanple 16 15 STAR el enent function can be directional Wile
short nuél eic acid sequences can be symretrical (e.g. palindronic), |onger

nat ur al | y- ogaH{Hd1Rgscae@y fccalof ST dahéntsasymetrical . As a result, the
information content of nucleic acid sequences is directional, and the

sequences t RdAFalumente are iselagedsiomyde soietls spiespdescribdiindixample hnd 3' ends.
The 20 diregi} %&\%ﬁ %%es?{brgﬁ%% %glﬁ%rﬁﬁﬁ%ﬁ“ﬁ%mﬁ Eéﬂbfn%rc WA%?%&G&& the

arrangenent i n €co ecu are asse ed using standard
cl oni ng tedhpiiciesd torupppotimatdle O+ 2 kSadse0@kped). Bhe STARRIYmerBI AR el ement s

are long, asymmetrical sequences,. ,and._hay. irectional [ty based on

the ori'ént ams*rfrqnh5@@%53%%9%%?@%‘%1%@@@3&%%&8 fP’.hmF‘PrEOto | ect vector.
In the 25 exenRl @smoity eRatARRYDebS ddthté NS TARARRGTE B rtelrBd BPRH vectors, this
directionality was preserved. This orientation iS described as the native or

5' -3 ori esmallewbBNArfed gméntdhan thhmitidbriselatedslarealice vgelbtq see FIG 13). In
i s eXATDI §ecohtoe B AGSnOha b EL QRN ¥ 00 TR LR S L osted
for two reasons. First, smaller functional STAR elements would be
15 advantageous in the design of compact expression vectors, since smaller
vectors transfect host cells with higher efficiency. Second, determining
minimum essential STAR sequences permits the modification of those
sequences for enhanced functionality. Two STAR elements have been fine-
mapped to determine their minimal essential sequences.
20
Materials and Methods:
STAR10 (1167 base pairs) and STAR27 (1520 base pairs) have been fine-
mapped. They have been amplified by PCR to yield sub-fragments of
approximately equal length (FIG 10 legend). For initial testing, these have
25  been cloned into the pSelect vector at the BamHI site, and transfected into U-2
0S/Tet-Off/LexA-HP1 cells as described in Example 1. After selection for
hygromycin resistance, LexA-HP1 was induced by lowering the doxycycline
concentration. Transfected cells were then incubated with zeocin to test the
ability of the STAR fragments to protect the SV40-Zeo expression unit from
30 repression due to LexA-HP1 binding.



vector. Since the reporter genes in the pSDH vectors are flanked on both
sides 30 by copies of the STAR el enent of interest, the orientation of each
STAR copy WO 03/004704 PCT/ NLO2/ 00390 59 nust be considered. This exanple
conpares the native orientation with the opposite orientation (FIG 13).
Materials and Methods: 5 The STARG66 el ement was cloned into pSDH Tet as

descri bedj el e 11, U2 CS cells were co-transfgefgdypshyy Pl asm ds
pSDH- Tet - STARG6- nat i ve and pSDH- Tet - STAR66- opposi te, and cultivated as
described in Exanple 11. Individual clones were isolated and cultivated;

the level of luciferase expression wa2® det er ni ned as descri bed (supra). 10
Results The results of the conparison of STAR66 activity in the native
orientation and the opposite orientation are shown in FIG 14. \Wen STAR66
is in the opposite orientation, the yield of only one clone is reasonably
high (60 | uBlebeltase units). 15 In contrast, the yield of the

hi ghest - expre cI one ori ent t| on i

consi der abl Qnﬁﬁ FEPEXRAPE W*@?‘rﬁ{@%ﬁ?{ cfn%eﬁﬁao(ﬁ%gkec P%&%’Pﬁ FICt y | s much
hi gher as welibncidg, Gk@Rpsct@f (FIGEONAHIY B-rR4hietall hyoRbuaRuvel irdthe( 30%) express
| uci ferase above the level of the highest-expressing clone fromthe

opposi t eSor ipeereaed drrepdpul ati on, and 15 of the clones in the 20

native-orie Fe 0] i | ative

| uci ferase t@nfﬂl 8 g?lelblf%?oe %‘Ae@l@ g%n%ﬁg%%g)%{l{?g@%ﬁi&ggyfnﬁn ({dgn is

di recti onal celﬂé(ﬁgﬂil]oﬁs wovx% xi[rtbe‘@geesm:eeﬁmoehs exnredingthet afahé &dl- of STAR

el ements is_ cop nt Transgene, ex ion units, fo

het er ol ogous® %ﬁ@%@ﬁ%‘? T&Péfeg@ﬂ@ag’f §/§e‘{% %%’F%F%ﬁ’rlit?}flﬂlgtqi‘@ genone of
the host celthd® sQiBsﬁlﬁﬁnéﬂt@lab ﬁoﬂﬁbﬁﬂhltﬁap@ééﬁ&%fz&senf:qmeséife\éhﬁg on.
Integration can result in one or |tiple copies of the expression WO

03/ 004708 POGIymifp shoo48uDbase pair 10A fragment as encompassing the DNA sequence
responsible for the anti-repression activity of STAR10.

STAR27 confers moderate growth in zeocin to transfected cells in this
experiment (FIG 10). One of the sub-fragments of this STAR, 27B (~500 base
pairs), permits weak growth of the host célls in zeocin-containing medium.

15  This suggests that the anti-repression activity of this STAR is partially
localized on sub-fragment 27B, but full activity requires sequences from 27A
and/or 27C (each ~ 500 base pairs) as well.

Example 14
20
STAR elements function in diverse strains of cultured mammalian cells
The choice of host cell line for heterologous protein expression is a critical
parameter for the quality, yield, and unit cost of the protein. Considerations
such as post-translational modifications, secretory pathway capacity, and cell
25 line immortality dictate the appropriate cell line for a particular
biopharmaceutical production system. For this reason, the advantages
provided by STAR elements in terms of yield, predictability, and stability
should be obtainable in diverse cell lines. This was tested by comparing the
function of STARG in the human U-2 OS cell line in which it was originally
30 cloned, and the CHO cell line which is widely applied in biotechnology.



60 unit being inserted into the genone; nultiple copies my or may not be
present as tandem arrays. The increased yield denonstrated for transgenes
protected by STAR el enents (supra) suggests that STAR elenents are able to
permt the transgene expression units to function independently of
influences 5 on transcription associated with the site of integration in the

genone (iwgenpppdence fromposition effects (Boivin & PyhgoynhDas)) . It
suggests further that the STAR elenents permt each expression unit to

function independently of neighboring copies of the expression unit when
they are integrated as a tandem array®{i ndependence from repeat-induced
gene silencing (Garrick et 10 al., 1998)). Copy nunber-dependence is

determ ned fromthe relationship between transgene expression |evels and
copy nunber, as described in the exanple below Mterials and Methods: 15
U2 OS cel | MaterielscordtMethoflect ed wi t h pSDH- Tet - STARLO and cul tivated under
puronycin sel ection as described (supra). Eight individual clones were
isolated and cultivated further. Then cells were harvested, and one portion

was  assayedbQkpdiiabhRIATRaAGld Vi 1% rardaser i bed (supra). The renaining
cells were |ysed and the genomi c DNA purified using the DNeasy Tissue Kit

(Q AGEN 20 69504) as described by the nmanufacturer. DNA sanples were
guantitated }géultsuv spectrophotonetry. Three micrograns of each genom c DNA
sanpl e were Igested with Pvull and Xhol overnight as described by the

manuf act ur erThe kews&oabatie AP adyw)ter garek indHGOwells ypragatebm Gkt 8;
el ectrophoresis. DNA fragoents were transferred fo nyl on nbr ane as
descri bed (§§Wp66§§1%’c Of?ge g‘l“ac.l 1886 ePOTie] BENGIY i?dg)%é‘fﬁﬁ%stme%n@di“oacti vel y

| abel | ed prghg & Bytcbfiplaﬂgé)r{ 6128 SesulB BEtHekS B AL S5k rim &l BardHppeagit! - di gest ed
pSDH- Tet). The bl ot was washed as descri bed anbrook et al., 1989) and

exposed o &hgiiths SHdRGrementsis ferationglfabetinedll Iios: raposiRadyne The resul ting
el ot ve o PmgtToLF A AR s A EET bt SERRh AN R AEEITE T
transgene cdpyldyddibesher Y1834 TRl rdpoiftbNgdld WASelddd Besiipdsition
effects by STARG. These two cell lines are derived from different species
(human and hamster) and different tissue types (bone and ovary), reflecting
15 the broad range of host cells in which this STAR element can be utilized in

improving heterologous protein expression.
Example 15

20 STAR elements function in the context of various transcriptional promoters
Transgene transcription is achieved by placing the transgene open reading
frame under control of an exogenous promoter. The choice of promoter is
influenced by the nature of the heterologous protein and the production
system. In most cases, strong constitutive promoters are preferred because of

25  the high yields they can provide. Some viral promoters have these properties;
the promoter/enhancer of the cytomegalovirus immediate early gene (“CMV
promoter”) is generally regarded as the strongest promoter in common
biotechnological use (Boshart et al., 1985, Doll et al., 1996, Foecking &
Hofstetter, 1986). The simian virus SV40 promoter is also moderately strong

30 (Boshart et al., 1985, Foecking & Hofstetter, 1986) and is frequently used for



The enzyne activities and copy nunbers (DNA band intensities) of luciferase
in the clones fromthe pSDH Tet- STARLO cl one popul ation is shown in FIG 16.
5 The transgene copy nunber is highly correlated with the | evel of

| uci ferase expression in these pSDH Tet- STAR1O clones (r = 0.86). This
suggests that STARLO confers copy nunber-dependence on the transgene
expressi onyy M dodos MaKIi NG transgene expression i ndepe?g@ﬂim%”@t her
transgene copies I n tandem arrays, and i ndependent of gene-silencing
influences at the site of integration. 10 Exanple 18 STAR el enents function
as enhancer bl ockers but not enhancers®&ene pronoters are subject to both
positive and negative influences on their 15 ability to initiate

transcri pti Qo i PROIHAR m ShA8EAL keI PhATRR! Phd NEHOMYEEhoropRS! i ve

i nfl uences are enhancers. Enhancers are characteristically able to affect
pronot ers evietuablernthielpeymatee i4 mpatseet] fahe avespn¢mefitptraiychibasergdateds) from

the pronoter. Negatiye influences that t b et erochromati n. f.qrymati on
(e.g. Pol ycoar?ﬁlbbqgﬁ’ﬁéaloﬁ‘?@fci’inﬁéﬁ cm@%a@e?ﬁa%g%l}-ﬂgg%wggg\;gpregﬁgmet ﬂ*égse are the
20 target of IRIAR (BFkitddhiN162008), Rh@ediedviataft theasitididtRireulbaimcer function and
for heterochromatin formation is fundanentally simlar, since they both

i nvol ve i ridansgripfiomaldnduationy(Bewnqhle etiabr E3%s Eopsen; & Buisrdy 1%4% 13Wniget er mi ne
whet her ST e abl e it ock positive influences as well as
negative i ﬁglcﬁiebﬁggg%@%’yng%%t %?8@) to shield transgenes from genonic
enhancers in the 25 vicinity of the site of integration. The ability to
shield transgenes_from enhancer activity ensures stable and predictable
per f or mance fltefﬂraéﬁ*r%‘tjﬂe%ghq bi ot echnol ogi cal applications. This exanple
exam nes the performance of STAR elenments in an enhancer-Dbl ocki ng assay.

Anot her feature of STAR activity that is inportant to their function is the
30 i ncr easedlld @hetrution ddhé eBDORT¢traad PGEFEEM Exestptsais Hejeribed ARs ar e

maintai n b HABIBIE BTN sheatitat ry R SRR len dBSTR o °

prot ei ns ar eprogdid (RdindeLDE] bad DAG) fan dldaiia pSERR-S¥HeTro (Bxantlglh),expr essi on
is predicted to occur because STARs are anti cicEat ed t[o 1lj)l O§I§-It Hﬁ spread of
het er ochr onefPllereditodigpsionad th PERmredut Hith padll and Sall. The pSDH-

vector was digested with Sacll and Sall to remove the CMV promoter, and the
15 vector and SV40 fragment were ligated together to create pSDH-SV40. STARG
was cloned into MCSI and MCSII as described in Example 11. The plasmids
pSDH-Tet, pSDH-Tet-STARS, pSDH-Tet-STAR7, pSDH-SV40 and pSDH-
SV40-STARG were co-transfected with pBabe-Puro into U-2 OS using

SuperFect as described by the manufacturer. Cell cultivation, puromycin

20  selection, and luciferase assays were carried out as described in Example 11.

Results

FIGS 9, 11, and 12 compare the expression of the luciferase reporter gene from
25 3 different promoters: two strong and constitutive viral promoters (CMV and
SV40), and the inducible Tet-Off promoter. All three promoters were tested in
the context of the STARG6 element in U-2 OS cells. The results demonstrate
that the yield and predictability from all 83 promoters are increased by STARG.
As described in Examples 11 and 14, STARS is beneficial in the context of the

30 CMV promoter (FIG 9). Similar improvements are seen in the context of the



5 However, a second scenario is that the DNA fragnments in zeocin-resistant
cl ones contain enhancers. Enhancers have been denonstrated to have the
ability to overcone the repressive effects of Polyconb-group proteins such
as those used in the nethod of the STAR screen (Zink & Paro, 1995).
Enhancers isolated by this phenonenon woul d be considered fal se positives,
since 10 gih@peess do not have the properties clai medpBgkEofoioo STARS. |In
order to denonstrate that STAR el enents are not enhancers, they have been
tested in an enhancer assay. The enhancer-bl ocki ng assay and the enhancer
assay are nethodol ogically and concegﬂhally simlar. The assays are shown
schematically in FIG 17. The 15 ability of STAR elenents to bl ock enhancers
is perforne 7 § r i:n s able
to hotiva oy HopRndSEaah Tl e b RIAGE R SHS! SiDrochil ng‘f“%ﬂéﬁ"n&lﬁox DNA
sequence | ogdtfelil gmatenehai ﬂlerhestS]bH &Vﬁ@s@ms oandtﬁaS'EAB@lmeg (%% af ., 2002).

E47 is norngl | d in requlati y
differenti gﬁ? O%Opfl?if ﬁ‘g% aye %?MS%%@ fﬁa’b qet% ?@‘g%g?sé c}leﬁtcj%f@ﬁcti on in
di verse cel bodtyaas thhest-GHprasses ufedrdnil €hd ?o&ﬁ@iﬁ:&&ﬁﬁﬁ) et al. 2002). The

E-box is a palindrom c DNA sequence, CANNTG (Knofl er et al. 002) In the
enhancer 5bl BRIEERHgaEesa P TARR aﬂ_sonmpw‘@sﬁh%\wéhi %Fkﬁs@rﬁélﬁﬁﬁh}htya(’f tFRRSEPRS ase

reporter ge ctor.
i oni ng si't Sipera @ HACI ANENIR R UBRS AR B, BXPR BT AeNEC! O
pronot er. TheldhanphebestrpSDH- E‘atddmed aad 95 B R®cldngsl (@5%idf thdhe assay is

performed by transf ctln E47 and the_| uci ferase expression
vect or intog@E#Pan %#PBPQ?%HE §h%§$$§5ggdﬁﬁﬁﬁmﬁ?ﬁg§‘P88Pﬁ§FE-box, and
the EA7/E- boxt tRRBI AKX elefhedblsSetftA€ in ﬁ§tx@ﬂs@'ﬂ@%@&@5tmé’\gﬁi§)e§tﬂ% | uci ferase
expressi on vector does not contain a STAR el enent, the E47/E-box conplex 30
enhanced?| uginfeitfaactionsie shs contexEptyarions bittechmologieally usefid pramotirsel enent s WO
03/ 004704 Pﬁﬁ&g&%@%@g 90 63 are inserted between the E-box and the pronoter,
their abili the enhancer is denonstrated by reduced expression
of luciferase activity (FIG 17A, situation 2); if STARs cannot bl ock
enhancers, |uciferase expression is activated (FIG 17A, situation 3). 5 The
ability of FARPE ¥hents to act as enhancers utilizes the same |uciferase

15  STAR element function can be directional
While short nucleic acid sequences can be symmetrical (e.g. palindromic),
longer naturally-occurring sequences are typically asymmetrical. As a result,
the information content of nucleic acid sequences is directional, and the
sequences themselves can be described with respect to their 5’ and 3’ ends. The

20  directionality of nucleic acid sequence information affects the arrangement in
which recombinant DNA molecules are assembled using standard cloning
techniques known in the art (Sambrook et al., 1989). STAR elements are long,
asymmetrical DNA sequences, and have a directionality based on the
orientation in which they were originally cloned in the pSelect vector. In the

25  examples given above,using two STAR elements in pSDH vectors, this
directionality was preserved. This orientation is described as the native or 5°-3’
orientation, relative to the zeocin resistance gene (see FIG 13). In this example
the importance of directionality for STAR function is tested in the pSDH-Tet
vector. Since the reporter genes in the pSDH vectors are flanked on both sides

30 by copies of the STAR element of interest, the orientation of each STAR copy



expression vector. In the absence of E47, the E-box itself does not affect
transcription. Instead, enhancer behavi our by STAR elenments will result in
activation of luciferase transcription. The assay is performed by
transfecting the luciferase expression vector w thout the E47 plasm d. Wen
t he expression 10 vector does not contain STAR el enents, |uciferase
expressi ojyd &by (FIG 17B, situation 1). If STAR el gapRis o6, Not have
enhancer properties, luciferase expression is |ow when a STAR elenent is
present in the vector (FIG 17B, situg@ion 2). If STAR el ements do have
enhancer properties, luciferase expression will be activated in the
STAR-contai ning vectors (FIG 17B, 15 situation 3). Materials and Met hods:

The | uci f er age KXQMSRSHRN THRAMpIAGRRSE thd (laede BYiehRh WifltHhe E- box and
a human al kal i ne phosphat ase m ni mal "pronmoter from plasm d nu- E5+E2x6- 20

cat (x) (Rueanposityowentation (HEH13). upstream of the luciferase gene in plasnid
pG.3-basic (Pronmega E1751), to create pGE.3-E-box-luciferase (gift of W
Ronmanow). The E47 expression plasnmd contains the E47 open reading frane
under cont r platéialaah@Viethedst n pronoter in the pHBAPr-I-neo plasmd; E47 in

constitutively expressed fromthis plasmd (gift of . Romanqw),. 25 STAR

el ement s 51, The S@A%@(S eleanent jvas cpneg jpfo Q%ﬂkﬂ@%ﬁ PHe C’éﬁ’%%’é&?’i%‘%ﬁe zlﬁe

| uci f erase i t i Re il el enent
and | £ he. ch e B e B 25 Tl uded
as positivpSRHATatITARGhenposite alnd owltiviatedod soldsciebdtaincEragypladd. t o have no

intrinsic nhancer .propertie u t .al. 99 ellum & Schel |, 1992)),
and the 30 MY@“@J&?D%" ras e lsé’}%ﬁé‘ggré({]‘gﬂﬁ%%t@g’ot eﬁ%vse%%fglﬁlf?rﬁé? uded as a
negative copigrdsionNlhs PeBB13Q44A4schbdd up2{)00390 64 assays were perforned
using the U-2 OGS cell line. In the enhancer-bl ocking assay, the E47 plasmd

was co-tlPansfected with the |uciferase expression vectors (enpty vector, or
cont ai ni ng RIAR 0T positive-control elenents). In the enhancer assay, the
E47 plasm d was co-transfected with STAR ess luciferase 5 expression vector
as a positi The exnlis of tHearonmpahiaoe eff SBRG6vadtivitydh lthohhidve edanphatéen andcei ved a

ook P aSm 6 g, Sertanstecti on, T A RISenord snslscted, el I s vere

orientation, the yield of only one clone is reasonably high (60 luciferase units).

15 In contrast, the yield of the highest-expressing clone when STARG66 is in the
native orientation is considerably higher (100 luciferase units), and the
predictability is much higher as well: 7 clones of the native-orientation
population (30%) express luciferase above the level of the highest-expressing
clone from the opposite-orientation population, and 15 of the clones in the

20 native-orientation population (60%) express luciferase above 10 relative
luciferase units. Therefore it is demonstrated that STARG6 function is

directional.

Example 17

25
Transgene expression in the context of STAR elements is copy number-
dependent
Transgene expression units for heterologous protein expression are generally
integrated into the genome of the host cell to ensure stable retention during

30 cell division. Integration can result in one or multiple copies of the expression



(supra). The luciferase activity expressed froma plasm d containing no
E-box or STAR/ control elenments was subtracted, and the |uciferase
activities were 10 nornalized to protein content as described (supra).
Results FIG 18 shows the results of the enhancer-bl ocking assay. In the
absence of STAR elenents (or the known enhancer-bl ocking el enents scs and

HS4) , the W odkdbhE£ box enhancer conpl ex activates exppegri@noR) | uciferase
("vector"); this enhanced | evel of expression has been normalized to 100.

Enhancer activity is blocked by all S%OAR el enments tested. Enhancer activity
is also blocked by the HS4 and scs elenents, as expected (Bell et al.,
2001, Gerasinova & Corces, 2001). These results denonstrate that in

addi tion touhh8jeingARidrtddintOtHel RabmbhBuBhis BpeadhfPoPhalymbber i ptional
silencing (negative influences), STAR elenents are able to block the action
of enhancer prespobis tapden pirayentlessincraape yisldsdeanonstrated fos tlansgepes t he enhancer

assay. The wiBle®by SR S1A8R, GIHRERRROR U STCADARARIBALoo! e

E47/ E- box c ex i conparison, none of the STAR
el enent s br ppgnidbbeltragsgne bkp@adiomahity &d funttidbindépdndentigroéadlexpysessi on. As
expected, the scs and HS4 el enents al so Ogo not . bring about activation of
the repoPt ePh JEAREcTIRtRY aspefated pviths thegnle) of tptgerakign i fhie genogie ( he tested STAR

el enents doy; $h &S D ' VW3 .03/P04704
BT ML 03) 0088 nBRERE ok BOARERENRRS é&ls??eﬁg%’ggp %ﬁd%%iug%smr e (SI NO)

el enent  Matleati thk STAReldpents peritiieagl perassidrewtit teBingfion helegementlyr een have

been described .ipn Exanple 1 and sone aspects.,of it.are recapitul ated here.
One version® ?elgﬁkéor%g%vg%f) b fhessXREeSHIOp gt ltgvgl?eé‘e%eﬂ&res}n&ﬁgrgfeedﬁ%sﬁ%s in genomc
DNA i s pSS- ¢astdm &Ry (ibhépeddince fdm eepeat-aiduca gdeasilsytiap d@agfketexpr essi on
unit, flanked by twg STAR6 el enents. The expression unit, consisting of the
codA: : up s@i-cl@))g@ﬁléy pgber-depandesice iy detemppingd fropy thegelptomghip i s downst r eam

of a Bglll 'i)gﬁﬁéfeh(ﬁ'z;rgg%l%i %x?ﬁ?égioﬁqg%éja?&/ %?in%%b%g: A%hﬁes@dviﬁ%@ r, pSS- hrGepP

(FIG 21), was create acenment o one ment wth STAR8, and
repl acement egdmplecbedui.ci de gene with the

Materials and Methods:

15 U-2 OS cells were co-transfected with pSDH-Tet-STAR10 and cultivated under
puromycin selection as described (supra). Eight individual clones were isolated
and cultivated further. Then cells were harvested, and one portion was
assayed for luciferase activity as described (supra). The remaining cells were
lysed and the genomic DNA purified using the DNeasy Tissue Kit (QIAGEN

20  69504) as described by the manufacturer. DNA samples were quantitated by
UV spectrophotometry. Three micrograms of each genomic DNA sample were
digested with Pvull and Xhol overnight as described by the manufacturer
(New England Biolabs), and resolved by agarose gel electrophoresis. DNA
fragments were transferred to a nylon membrane as described (Sambrook et

25 al., 1989), and hybridized with a radioactively labelled probe to the luciferase
gene (isolated from BamHI/Sacll-digested pSDH-Tet). The blot was washed as
described (Sambrook et al., 1989) and exposed to a phosphorimager screen
(Personal F/X, BioRad). The resulting autoradiogram (FIG 15) was analyzed
by densitometry to determine the relative strength of the luciferase DNA

30 bands, which represents the transgene copy number.



hr G-P gene, encodi ng green fluorescent protein (Stratagene 240059). Human
genoi nic DNA from chronosone 22 (Research Cenetics 96010-22) was partially
digested with Sau3Al and size fractionated. The 0.5 - 10 kil obase- pair
fraction was ligated into the Bglll site of pSS-codA: :upp. This library 15
represented -20, 000 independent clones with an average insert size of 1.2

ki | obase | he |ibrary was anplified in Escherichj ko THe purified
DNA fromt egsg)%ﬁ;lfied library was transfected into U?Eﬂg%?@&quf cells

(van der Vliag et al., 2000) by standard techni ques (cal cium phosphate; Life
Technol ogi es 18306-019). A control trdtsfection was carried out usi ng enpty
20 pSS-codA: :upp vector DNA, vyielding 2400 hygromycin resistant col onies.
Transfected cells were selected for hygronycin resistance (25 ng/nl) over a
3 week period at high doxycycline (10 ng/m ), and 1800 hygronyci n-resistant
col oni es weResuliscovered fromthe library transfection. These col onies were

then incubgted with the.pro-drug 5-fl uo osin 5-FC) .at..1 /m, with a
boost of 25'8° ApFyREe ?%}Vlt&g QOPQPUQEGW?E\@KF’?W%mz%#&téﬁsﬁogﬁfcgwag? 10 ng/m .
After 3 weekSthoddnedHom3thess H-Taf-smmoem_bgebulﬁabﬂw SowhlihaRTef gt ed with
enpty pSS- codA: :upp) had died; 58 of the library-transfected col onies

survi veds Tiikstransgsinertopy nwerber iglbighii dorrelatedcwive the legeh ghdeciigrasg t r eat nent,

and cultivated further. T inS i sal - I ted, the
ool 1 o ver o Piasriotn ke JSFHOTSTIR0R AR, (5 B ISl DRNAD O
anpl i ficati SMARI0 Behibfd dvpy Hrubder-asyeknéhd@ dn(04 Tidvhs ROIE dMipO610A3IMNsH6 D51 to

recover the SINC el enents. The PCR product rom si x 5-FC-r.esi st ant
col oni es weP@kHIEIARRP5RE GBS EHLIAPRRACERE ‘fr?(ﬁ}f“}%?n%??%g‘)pﬂﬁs IEARARIR i pt | |

SK(+) pl as %§§%éﬁﬁ@éﬂéﬁd@r¥o@QZr)e-Q)énGﬁ?‘lﬁ@ﬁé&@@At Rt iftSanbiback et al .,

1989). The sequenceés of the candidate SINC el ements were determned 5 as
descri bad (supra) using comercially available priners for the pBluescript
vect or (Str@t alﬁep 300301 and 300302). The sequences of these SINC el enents
are present 8 TR°Tabl e 4B. The 6 candidate SINC el enents were cloned into
plasmd pSS-hrG-P in their native orientations, and the resulting plasmds
were transfected into U-2 io OS/Tet-Of cells. After selection for

hygromyci n PEARAlements fupdionss grhansnllogkers hubnpl @PNIRC t r ansfect ants were

cultivated éb’ﬁé B'l%lino%rsaarg isQ@je&Qé%G%%dsRﬁre and negative influences on their

15  ability to initiate transcription. An important class of elements that exert
positive influences are enhancers. Enhancers are characteristically able to
affect promoters even when they are located far away (many kilobase pairs)
from the promoter. Negative influences that act by heterochromatin formation
(e.g. Polycomb group proteins) have been described above, and these are the

20 target of STAR activity. The biochemical basis for enhancer function and for
heterochromatin formation is fundamentally similar, since they both involve
binding of proteins to DNA. Therefore it is important to determine whether
STAR elements are able to block positive influences as well as negative
influences, in other words, to shield transgenes from genomic enhancers in the

25 vicinity of the site of integration. The ability to shield transgenes from
enhancer activity ensures stable and predictable performance of transgenes in
biotechnological applications. This example examines the performance of
STAR elements in an enhancer-blocking assay.

Another feature of STAR activity that is important to their function is the

30 increased yield they confer on transgenes (Example 11). STARs are isolated on



concentration (10 ng/m ). Total cellular RNA was extracted using the RNeasy
Mni Kit (Q AGEN 74104) as described by the manufacturer. Northern bl ot
anal ysis of GFP nRNA abundance in these popul ati ons was assessed using 15
standard techni ques (Sanbrook et al., 1989). The G-P probe was a BanHl -
EcoRl fragment enconpassi ng base pairs 690 to 1419 in phrG-P-1. The blots

wer e al so \ph efRehef or hygronycin nRNA as a control for sRpRi b Hsh- deri ved
pl asm d copy nunber, and for beta-actin as a control for genom cally-encoded

MRNA quantity. The hygronycin probe wag, an Sful-Sal | fragment extending 20
from 8219-10144 in pREP4 (Invitrogen), %md the beta-actin probe was from
Cl ontech, #9800-1. After hybridi zati on and washing, the blots were exposed

to phosphorhBEGE oSEERAMSlity 2D thdiRRik BIEhOARId dfeesdif BRbfes¥Bh Ghehsual i zed and
guantitated using a Bi oRad gersonal F/ phosPhorl mager. 25 Results SINC
J

el ement s cl dwtstocapmebnifonnping peoteiP are pot afenktafiel capdidgéeaSEARenci ng  of
M iy Ao o
gencs. - Accdie aiIEEh Beb@Riont rabieod Boof bERel STATELP b BRp e 0%

genes. Accurate nea es adv age his fact
by det erm b bipck biee Sxpadesfieteroctirotdafinrietostht veodiwetgresgupurssi on of two

reference 3q_genes, rather than, sjnply uring, absol ute GFP expression.
One 1 ef erenc&WAEFH 3/SOWAP0X Y] Whgy @Gw%?gﬂ@g‘és ’lnszef’ﬂ@rﬁ%‘iaﬂﬁym n
respstance gehgs b igifenmgﬁgé}g.ﬁfﬁlﬂﬁé%rﬂade g%ﬁt@n@&mm@e% gofRkngef i ned by the

STAR el enent s; the other is the genomc eta-actin gene. SINC
activity is ahilamtto bvezcbnips tiRNApHssive affedty of Bolypomd -gredp ptrotemsisuch e rati o of

the GFP signal to the, hygr (of eta-agtin sig . Among the

candi dat e S:%ﬁfifee S%éﬂa‘h'ihf Iﬂﬁ@fqgﬁg@n@ams%ﬁ%@ﬁﬂ%&%& {@@-rﬁé”%ﬂ& Pay a

si gni ficant j§2htl by €hik @UUEshOTbN WolddPhe doasi8eret Fhlis®Positifel, giice Ng t hat t hese
DNAs are able_to induce fornmation of silent_ chromatin. The SINC35 el enent

(I abel | et PSPREESSS dqnotdive tappropastiesiteimed bpgeler SEefisvin et tor hese
candi dat es. dbbnoBid-A9SnAPOMAR B SEG I ARadddyd, R FRIMBR RG] i T AL T 0. and

to a 75% reduction int beta-actin signa strength of SINC
activity inantdnbandehessay. candi dates described in the original application,

SRR R T A RS G W
Theref ore SlchN(3ptuAAS similar. The assays are shown schematically in FIG 17. The
15  ability of STAR elements to block enhancers is performed using the E47/E-box
enhancer system. The E47 protein is able to activate transcription by
promoters when it is bound to an E-box DNA sequence located in the vicinity
of those promoters (Quong et al., 2002). E47 is normally involved in regulation
of B and T lymphocyte differentiation (Quong et al., 2002), but it is able to
20 function in diverse cell types when expressed ectopically (Petersson et al.,
2002). The E-box is a palindromic DNA sequence, CANNTG (Knofler et al.,
2002). In the enhancer-blocking assay, an E-box is placed upstream of a
luciferase reporter gene (including a minimal promoter) in an expression
vector. A cloning site for STAR elements is placed between the E-box and the
25  promoter. The E47 protein is encoded on a second plasmid. The assay is
performed by transfecting both the E47 plasmid and the luciferase expression
vector into cells; the E47 protein is expressed and binds to the E-box, and the
E47/E-box complex is able to act as an enhancer. When the luciferase
expression vector does not contain a STAR element, the E47/E-box complex

30 enhances luciferase expression (FIG 174, situation 1). When STAR elements



superior performance as a potent genetic elenment for induction of silent 15
chromatin in diverse biotechnol ogi cal applications. Exanple 20 STAR el enents
are conserved between nouse and hunman 20 BLAT anal ysis of the STAR DNA
sequence agai nst the human genone dat abase
(http://genone. ucsc. edu/ cgi - bi n/ hgGat eway) reveal s that sone of these
sequences WisysRodhOh sequence conservation with other peghPRRePRs the human
genonme. These duplicated regions are candi date STAR elenents; if they do
show STAR activity, they would be consé?ered par al ogs of the cloned 25 STARs
(two genes or genetic elenents are sait®to be paralogous if they are

derived froma duplication event (Li, 1997)). BLAST analysis of the human

STARs agai ngte i€ t8PHSG 85 BV E-box and the promoter, their ability to block the _
(http://ww. ensenbl . org/ Mus_nuscul us/ bl astview) al so reveal s regions of high

sequence comskancat isgleniyestveted hyoedecedredptessian of IThiferage getévitse(Ffonser vat i on 30
has been sh f.or fr of 15 t,of . the 65 human STAR .el nts. The WO
03/ 004704 eg%ﬁﬁﬁ’c?ﬁ%ggggg@éﬁ%‘é‘}‘\?%‘%ﬁn?‘%rh"ﬁé%?‘fcr’%ﬁs@fa}?’f%s@%%mover

| engt hs of 4dlvdas 108l 745 sitQai9flP3). base pairs (Table 8). These degrees of

sequence conservation are remarkable and suggest that these DNA sequences
may confér SiarbEsY ofSTHRwlannts thect apsphancgenwihizeashoerpe lusifrraset the
Sequences T EaieL URYGEIANM OB oF rATNATERNL 1A, ol Rl DE SLrTctly
defined as orthologs WO genes or genetic  elenments are said to be

or t hol ogous tiahstiygyonalestetat; exleahcbr behavispbyiSitARelements will( tekult 1997) ) . For

exampl e, STA i.s between the SLCBA1l d HAAO genes i ot h. the hunman and
€ o ABIAr e Lage bty i ke et e Seammadly Bndet, " Thi ot he
human genonmghe RidHeriabs o QbSO chA SvikIRRN thogm %fa%ﬁ@d.WhérﬂtHe}t@{ﬁf&Uﬁ)ﬁ genone.

For exanple, STAR3a is a fragment of the 15gl regi on of human chronosone
15. Thi slor egpeser dessagt Wbtme“}%EAPeeJlem(epm tucifgense pxprgpsion i lomAFIG dgRent  at
5033.3 on h . OFRSH i i . 1N in gene.
These humng%&gpar e aﬁiﬁ?%%eﬁ%%h?&gﬁ% %%%@? i Hyo%j\?g\ﬁ %éﬁq" 1ialll%#lr;la(?‘flg}3r<n3nt of the
11B2 regi Oneopressiois s 10RwaERSOSEAR blemidie islirededdan thageaeant (FI& 18Bso near the
(mouse) | ngi%uét%neé)l. ﬁl%A'h e %%%hts-r oelgae\)ce%%ﬁancer properties, luciferase

expression will be activated in the STAR-containing vectors (FIG 17B,

15  situation 3).

Materials and Methods:
The luciferase expression vector was constructed by inserting the E-box and a
human alkaline phosphatase minimal promoter from plasmid mu-E5+E2x6-

20 cat(x) (Ruezinsky et al., 1991) upstream of the luciferase gene in plasmid
pGL3-basic (Promega E1751), to create pGL3-E-box-luciferase ( gift of W.
Romanow). The E47 expression plasmid contains the E47 open reading frame
under control of a beta-actin promoter in the pHBAPr-1-neo plasmid; E47 in
constitutively expressed from this plasmid (gift of W. Romanow).

25 STAR elements 1, 2, 3, 6, 10, 11, 18, and 27 have been cloned into the
luciferase expression vector. Clones containing the Drosophila scs element and
the chicken beta-globin HS4-6x core (“HS4”) element have been included as
positive controls (they are known to block enhancers, and to have no intrinsic
enhancer properties (Chung et al., 1993, Kellum & Schedl, 1992)), and the

30 empty luciferase expression vector has been included as a negative control. All



STAR3a and the nouse 11B2 fragnent can be strictly defined as paral ogs. In
order to test the hypothesis that STAR activity is shared between regi ons of
hi gh sequence conservation in the nouse and hunan genome, one of the human
STARs with a conserved sequence in nouse, STAR18, has been 20 analyzed in
greater detail. The sequence conservation in the nouse genone detected with
the origi 8 clone extends leftward on human 2 for about
500 base gﬁé%ﬁﬁk |G 22; left and right relate to the 9g?gﬁ%aﬁ@%@description
of the arnms of chronosone 2). In this gxanple we exam ne whet her the region
of sequence conservation defines a "na ﬁrally 25 occurring"” STAR elenent in
human that is nore extensive in length than the original clone. W also

exam ne whethedystiige §Iﬂ5§rﬁéﬁ‘ﬁ§iﬁ%€bhélﬁ-2t@$ SelSIAR Ineth@@ﬁmncblsbl@@]ﬂﬁgrved bet ween
nmouse and human. Materials and t hods WD 03/ 004704 PCT/ NLO2/ 00390 69 The

regi on of noAssay HemBiA7 slegen oves cotraasipeted snthavheUnel fezaagexpgesii®® recovered

from hunman -3 y - A0} LEd:6ad Lol e agnents:
the entire %gﬁogén@?l gjrtﬁé%tgl’%gggnén%@, ttg&%lgg‘% \l;\(g{r% ?Iﬁgﬁ#&%%ﬁnn{e}{es E93 and
E92), and t hmhahghtassayd thaE47 plasiikwss &bizansfdctEdAith FAARBschrcifasmpgondi ng
fragnents fromthe honol ogous . uset%ﬁ?ion wer e rﬁggver from BAC cl one

RP23- 400HL7 SFRIGSHANYAGHRT f52RPHHYE FIOtTALfU CREBNCE RCREEY; lodhersAMey ~ and E97

and E98, respgeidadvehiblk pRlshid HAAREEHS. Wt &id. TREdrdnlicdtlyReanshegdect vect or
and transfected into a 6-2 OS/ Tet-Of/LexA-HP1 cell liné (supra). Follow ng

transf ect i orcellhygreompeyed Helwifeiase aotirgtycsd hawd adier plasmid frapsfegiorf or
transfected cells..The .LexA- H?1. protein s induced by, |L.oweri t he
doxycyel i ne COREERA AT B gt P p HESE BierBiE BN M s ¢

W thstand tdreSTAR/tdital elerZ@@sivas fibtimresl bid Ohe EAEY a6 httvitiyd wels assessed
by nonitoring cell growth. 15 Results_The original STAR18 cl one was

i sol at ed1¢ r giArsalized fogrgedy é@tﬁ%?érﬁeﬁﬁ@?edl@‘ﬁ%ﬁgd into the pSel ect vector on
the basis of its ability to prevent silencing of a zeocin resistance gene.
Al'ignment of the human STAR18 cl one (497 base pairs) with the nobuse genone
reveal ed hi ghessbBguence similarity (72%

FIG 18 shows the results of the enhancer-blocking assay. In the absence of
STAR elements (or the known enhancer-blocking elements scs and HS4), the
15 E47/E-box enhancer complex activates expression of luciferase (“vector”); this
enhanced level of expression has been normalized to 100. Enhancer activity is
blocked by all STAR elements tested. Enhancer activity is also blocked by the
HS4 and scs elements, as expected (Bell et al., 2001, Gerasimova & Corces,
2001). These results demonstrate that in addition to their ability to block the
20 spreading of transcriptional silencing (negative influences), STAR elements
are able to block the action of enhancers (positive influences).
FIG 19 shows the results of the enhancer assay. The level of luciferase
expression due to enhancement by the E47/E-box complex is set at 100 (“E47”).
By comparison, none of the STAR elements bring about significant activation
25  of luciferase expression. As expected, the scs and HS4 elements also do not
bring about activation of the reporter gene. Therefore it is concluded that at

least the tested STAR elements do not possess enhancer properties.

Example 19
30



20 between the orthol ogous human and nouse STAR18 regions. It also uncovered
high simlarity (73% in the region extending for 488 base pairs immedi ately
| eftwards of the Sau3Al site that defines the |eft end of the cloned region
(FIG 22). Qutside these regions the sequence simlarity between human and
nouse DNA drops bel ow 60% 25 As indicated in FIG 22, both the human and

t he nouse,glARLS €l enents confer survival on zeocin f&Qshosse! | s

expressi ng tﬁe | exA-HP1 repressor protein. The original 497 base pair
STAR18 cl one and its nouse orthol og b%fih confer the ability to grow (FIG
22, a and d). The adjacent 488 base palr regions of high simlarity from
both genones al so confer the ability to grow, and in fact 30 their growth

phenotype i gy0R-6Whaek Ots siibging NatucRl dematihgsnet) A8 WO 03/ 004704
PCT/ NLO2/ 00390 70 clone (FIG 22, b and e). Wien the entire region of

sequence si Matenials pnddethedsst ed, these DNAs from both mouse and human conf er

Qi1 ragmonties g DR EITIRL KSC RO AR, (e s

activity of ;hee®Re SIARLSS itsard réc@apaalatedihin. Ohsvarsiohafahe pESwedtorise. The high
sequence conservation between these orthol o&ou,s regi Qns IS(@@%Q‘}CN arly

not ewor t y Beasaigs ecreqidye BHNC slpments Bt ganATEol ﬁg‘@@écﬁ? S¥PP g to the
concl usi on )&/@%ﬁlsitsﬁ%\f tﬁ@gftﬁﬁgg%ﬁ SRUNAHAY, BUAELd Bt dBTaRB IR ENt ed Tt hei T

evol uti onar ivergence t tation. anal ysi s denonstrates
t hat cl onedTEd ARprebsioremis, dodeisting piihe logdA:hep suidids geade wuleeednitra ofr ogr am may

i t tial STAR el ts,.and th lysis of th
Genon ¢ DNACRT L REHIET 4t BnsDiaael BT ToasiEPn s CotaBnede wt h st ronger
STAR acti Vi t¥psichof EXEpTH fectdr, SIARreFRNEIG 91 Ak 3idht6d By 867l 8dehteht 6f DNA

sequence notifs STAR el enents are isolated on the basis of their

anti - r epPessnofTARE slempane with PRARSspderlegemenired flomeuieidsgens Waih thehi s
- ! o o . it "
foqul ate ohiraf %ﬁg‘?%?era"%ﬁ%%fe\!?ﬁﬁc‘ﬁresge%g%q%(gt%ga%&l?%%g@a D oloronts,

regul ate chroma aré associa STAR el enent s.
These pr ocedResamagenotypD DA frymshepmesiome 22{Redehidh @Gabtios 98D10-RR2)owmaspr ot ei n

binding or DNy dSabi it NadaRt §98 S b0 mated. The 0.5 — 10 kilobase-

pair fraction was ligated into the BgllI site of pSS-codA::upp. This library

15 represented ~20,000 independent clones with an average insert size of 1.2
kilobase pairs. The library was amplified in Escherichia coli. The purified
DNA from the amplified library was transfected into U-2 OS/Tet-Off cells (van
der Vlag et al., 2000) by standard techniques (calcium phosphate; Life
Technologies 18306-019). A control transfection was carried out using empty

20  pSS-codA::upp vector DNA, yielding 2400 hygromycin resistant colonies.
Transfected cells were selected for hygromycin resistance (25 mg/ml) over a 3
week period at high doxycycline (10 ng/ml), and 1800 hygromycin-resistant
colonies were recovered from the library transfection. These colonies were then
incubated with the pro-drug 5-fluorocytosine (5-FC) at 1 mg/ml, with a boost of

25 5 mg/ml for 4 days, at a doxycycline concentration of 10 ng/ml. After 3 weeks
all but 3 weakly-growing control colonies (transfected with empty pSS-
codA::upp) had died; 58 of the library-transfected colonies survived. These
colonies were allowed to recover from pro-drug treatment, and cultivated
further. The 5-FC-resistant isolates were harvested, the cells were lysed, and a

30 portion of the DNA was subjected to PCR amplification using primers D30 and



STAR elenents will share DNA sequence simlarity. ldentification of sequence

simlarity anong STAR elenents will provide sequence notifs that are 25
characteristic of the elenents that have already been identified by
functional screens and tests. The sequence notifs will also be useful to

recogni ze and cl ai m new STAR el enents whose functions conformto the clains
of this Rad&Mber0sThe functions include inproved yield g,ggL@;O@ plity of

t ransgenes expressed in eukaryotic host cells. WO 03}1 704 PCT/ NLO2/ 00390
71 O her benefits of identifying sequepnce notifs that characterize STAR

el ements include: (1) provision of search notifs for prediction and
identification of new STAR elenents in genone databases, (2) provision of a
rational e fB%il@PgécHéi‘anthb@TN@felélﬂéht@lﬂ{m}% pr@d"iféts(ﬁam%bpyml‘éﬁls%nt' nformation
for functional 5 analysis of STAR activity. Using bio-informatics, sequence
simlariti eeolmmgelesimd&eéwm@eﬁﬁvéﬂbée@thlaﬁltt@smf@@luqsbt@pfrﬂsul ts are

presented i round.
Regul at ory DR aeEeSbeS B P12y T B Enthie B AR SRR D
sequence- Sp@%g‘)lThdJBlebsdtheﬂ@spfmeeaﬁ&ldaﬁl SIN@e]eﬂfeﬁtméﬂe(ﬂeeé’rahy@i s of DNA

el ements such _as STAR el enents whose regul tory prog;rtl es have been
i dentifiéd, afbéQSCWh%f%@l‘Pﬁ%)é}S&t&qoﬁﬁn%F’ép&aﬁ% ahle Primess i the pElpeperay

statistical , g %% s*oggm hid S@isoon m@ SGEHHRECE tHDLe SINC dBinn fsan be

achi eved by a rre etects short equence patterns that are
over-repr eseret;adsemeéns’@ableleBr egul atory DNA el ements (e.g. the STAR

enons) . Thihe AERRGAA e Rk REE e HHDBH H0p POUSHAPSa g (ORIReFed

occur r encesngfivd HientRAbLEHRAE thdre@ak o R hidb AfeYe BlaaBRAkd idtody-RU rrber of
expected occurrences is calculated fromthe nunber of observed occurrences

of each Bat OSITetiQHf ealls. After aelediivn fakjizapmecin zesigiqacoiize Beadiems ofat t er ns can
be ol i gonucggg_thlrgg,\g é’[ﬁ%@t&hé’t%{iahﬁ%?m iy te%ﬁt&g%’??h@@o&&g 531 Qn&he si npl est

anal ysi s, ase pair olrgonuc of the four
nucl eot i de5cc(n6entﬁ£at1@; (lahdg/fﬁ)) ﬁ‘bnat ee]laul & RlNﬁ wasA38fa cthdsisimcthe RINéaggnucl eot i des

(al ] combi ngl 99 (£ QLA LouTTTLEN ubf 16,10 RLQRL20, " of o7 ence
analysis of GFP mRNA abundance in these populations was assessed using
15 standard techniques (Sambrook et al., 1989). The GFP probe was a BamHI-
EcoRI fragment encompassing base pairs 690 to 1419 in phrGFP-1. The blots

were also probed for hygromycin mRNA as a control for PSS-hrGFP-derived
plasmid copy number, and for beta-actin as a control for genomically-encoded
mRNA quantity. The hygromycin probe was an Sful-Sal I fragment extending
20 from 8219-10144 in pREP4 (Invitrogen), and the beta-actin probe was from
Clontech, #9800-1. After hybridization and washing, the blots were exposed to
phosphorimager screens, and the radioactive signals were visualized and

quantitated using a BioRad Personal F/X phosphorimager.

25  Results
SINC elements cloned adjacent to the GFP reporter gene will induce silencing
of reporter gene transcription, but will not affect transcription of other genes.
Accurate measurement of SINC activity takes advantage of this fact by
determining the expression of GFP relative to the expression of two reference

30 genes, rather than simply measuring absolute GFP expression. One reference



25 proportions of the A/ C, G and T nucleotides, then the expected
frequency of each hexaner woul d be 1/4096 (-0.00024). However, the actual
frequency of each hexanmer in the reference sequence is typically different
than this due to biases in the content of G C base pairs, etc. Therefore

t he frequency of each oligonucleotide in the reference sequence is

det er m nedy@pRbibeal |y by 3o counting, to create a ?gwg&%”g,abl e" for the
patterns. WO 03/004704 72 PCT/ NL0O2/ 00390 The pattern frequency table of the

reference sequence is then used to cal culate the expected frequency of
occurrence of each pattern in the reguﬁ%tory el ement set. The expected
frequencies are conpared wth the observed frequencies of occurrence of the

patterns. PeLiLiARe hiiRbulb reElet EMERANE BAS IO 1SR Bhfids drdent | 11 ed:

for exanpl e, S expecte to ocC imes in
ki | obase paldomam‘ dfmqdépche SHAR dleamaiisgfelll)i andihewthdbisttherpenontien | t is

three-fold over-repres Ten .of the ences of that hexaneric
sequence pag?f@rar? ]\ﬂ(ﬁﬁpﬁeﬂi\ﬁ?ﬁgw ) é@f‘%’&mﬁl‘#ﬁ{yﬁ}g&%&aﬁﬁ %H%Y%} S8 8nents if the

el enent s hasie&daaoﬁa{rﬁmh%armhec@@efgnm gbrthaaygmnﬁm hh@baanees. Once the 10
over-represented patterns are identified, a statistical test is applied to

det er mi né whignhlsr Amlag ﬁhQ)Qﬁé}dldaéﬁseNGﬂi%ﬁnéﬁthaé bavghedn eharecterizedray be due to
e, Ot Rk i B L SRAGEIRIS K I Bonedefiuifl GlaALSE Tor each

pattern. caRce 1 ndex s Ive
occurrence @lﬁatebhed@ DYAS ted fible whirmluce SHoreativmred satbnbyhﬂmbatnnmhalsmcsm i bution.

The probabiljity takes 15 into acc t n er of possible terns (4096
f or hexaner §§emevﬁéla?ﬁ1§ﬁé?s§1m§ﬁ3gr’ 1pg[|“agksﬂggyaé§ RAdoREs st AETHPY t g‘%ﬁér r epr esent ed
ol i gonucl eorcérgg&at(aé/ QEbll-ﬁ%g%but%tGQ% re’dug:t?(glaﬂl thle @W/Wéx’oﬁ@l:mtﬁhgsand

ol i gonucl eot1 des wt >= are considered as over-repr esented. A
pattern i t b Pgreductoni in the (6 R/beta-apen @lgeaL hp steegtheof SINGkadtivityhmnce once

(=10"0O in the set,.of ul at or. uen at sig >= 1
a pattern iihee ?8%“#%%%%%%% $ {r% ‘@338316%3%108 ?3“%‘0 ‘r(‘n%‘biﬂ sequence
sets, sig>= oﬂotﬁeﬁ:@rﬂdmawemeb%nzéntse}m:eﬂaeeb@eelt1s@1amtd0andTélﬁrméxﬁ@ﬁns that are
Si gnlfl cantly over-represented in the regulatory elenent _set are used to

devel op a nbdseqRPY te palyaiseion of that aaﬁhcaﬁwedﬁsée%ﬁhefefcrre&éNQBé|h9s el ement
sequences. IR S #TRHONSa eSS Jht AR HenfNBYEb St fof itRictiBh bf&lent

15 chromatin in diverse biotechnological applications.
Example 20

STAR elements are conserved between mouse and human
20  BLAT analysis of the STAR DNA sequence against the human genome
database (http://genome.ucsc.edu/cgi-bin/hgGateway) reveals that some of
these sequences have high sequence conservation with other regions of the
human genome. These duplicated regions are candidate STAR elements; if
they do show STAR activity, they would be considered paralogs of the cloned
25  STARs (two genes or genetic elements are said to be paralogous if they are
derived from a duplication event (Li, 1997)).
BLAST analysis of the human STARs against the mouse genome
(http://www.ensembl.org/Mus_musculus/blastview) also reveals regions of high
sequence conservation between mouse and human. This sequence conservation

30 has been shown for fragments of 15 out of the 65 human STAR elements. The



25 "supervised" nethod of statistical classification known to one of
ordinary skill in the art (Huberty, 1994). In Di scrimnant Analysis, sets
of known or «classified itens (e.g. STAR elenents) are used to "train" a
nodel to recognize those itens on the basis of specific variables (e.g.
sequence patterns such as hexanmers). The trained nodel is then used to

predi ct whed hgdoaet her itens 30 should be classified agchRiding to the set
of known itens (e.g. is a DNA WD 03/004704 PCT/ NLO2/ 00390 /3 sequence a STAR

elenment). In this exanple, the known iéirrs in the training set are STAR
el ements (positive training set). They are contrasted with sequences that
are randomy selected fromthe genone (negative training set) which have

the same | engtddr@gidn@npdd Yok l62%RBIED%, BhexQEhdthoani41Anak Yairs to9e$t abl i shes
criteria for discrimnating positives fromnegatives based on a set of

vari abl es t lhase pHist (Tagle HhTheve dpgreies plasgyerica condesvasioarpe gematkabler i abl es are

of Cover-r epradshvedt Bt BReaNE SRR RhL Pt raRB AL BRY (15 Mg
set, the no@gduseghdhdes@sB. Sunasefdhebelecsd\fym theinbustgandw@hadO training is

circunvented by applying a forward stepw se selection of variables

(Huberty,? 1@91491?95‘[14%%( %j%%fg coyld ge éHWt@ée%P§‘i A$ ﬂ’!'thalﬁgs @W&Igﬁgfssori gsngiac sel ect the
m ni mum numer, Oof s YAr La0tEs c;rkpﬂotlog%'hg\fftﬂ_@? afgad%rméglﬁg)h?ysb 1@d QRnbet ween

t he positives and negatives. e nodel 1s trained by evaluating variabl es
one- by- one (Lipd99Nkilor abatpleySTARG iopdwken tHedHsTFAL anbHiAMEhgerien in he positive

and 15 negative,trainin ets. This is done until addition w vari abl es
to the nod Pt\i’d%’&h"r%?n g?‘g??loﬁecgfﬁf’ws'i%ﬁco?}é scésetshécﬁﬁaéﬁmglaﬁﬁge tive power
(i.e. until hat H%aﬁil@%&ﬁﬂ‘ﬂiﬁ@td A& ko hd its ofihdlogieteen Tdeinsifiept i M zed

nodel is then used or testing, in order to predict whether "new' itens are
posi tived oin Hegaonspezenome Beraxgmpin §FAR30s p draggmenhpkthentdal h2¢| assi fi cati on

oottt oo S SRR TR AL e SERUEERRS A0 ) o < ©
negatives), wathth Dovrefrapnibet st 53313 Inegat thventosahabnghiebtis nedxd thebe _
classt {169 o APSILINGS, (LA 30 PORLLLYGR, Nhen 2 LiLnet gyl (s appliod
ggtc?;r n2]§r L%etgﬁa Qi 4 RRPRERL df¢haBIBD e HRSGT MBRSE HBbRosde11. TRt Step,
15 1B2 fragment is also near the (mouse) IL12B interleukin gene. Therefore
STARS3a and the mouse 11B2 fragment can be strictly defined as paralogs.
In order to test the hypothesis that STAR activity is shared between regions of
high sequence conservation in the mouse and human genome, one of the
human STARs with a conserved sequence in mouse, STAR18, has been
20 analyzed in greater detail. The sequence conservation in the mouse genome
detected with the original STAR18 clone extends leftward on human
chromosome 2 for about 500 base pairs (FIG 22; left and right relate to the
standard description of the arms of chromosome 2). In this example we
examine whether the region of sequence conservation defines a “naturally
25 occurring” STAR element in human that is more extensive in length than the

original clone. We also examine whether the STAR function of this STAR

element is conserved between mouse and human.

Materials and Methods



anal ysis, reduces a |l arge set of sequence patterns (e.g. all 4096 hexaners)
to a smaller set of significantly over-represented patterns (e.g. 100
hexaners); in the second step, Stepw se Discrimnt Analysis reduces the set
of over- represented patterns to the subset of those patterns that have

maxi mal 30 discrimnative power (e.g. 5-10 hexaners). Therefore this
approach proufigiesy WO 03/004704 PCT/ NLO2/ 00390 74 si nphepRiBsapust criteria
for |dent|fy|ng regul atory DNA el enents such as STAR el enents. DNA-bi ndi ng
proteins can be distinguished on the basis of the type of binding site they
occupy. Sone recogni ze contiguous seq@@nces; for this type of protein, 5
patterns that are oligonucleotides of length 6 base pairs (hexaners) are

fruftrul f ombl gk Oldmb ey a8k al e (HADrA ISR Gl ShaR ThIRR) . O her

proteins bind o sequence contact is na etween pairs of highly
conserved tecovevel ﬁmhlldmsarsBAé)rdxmed%Rm %mar’nydﬂhkempédlcah@ omtlokef i xed wi dth

Uhat. mmy. botagReRaepiny iR oy BPbRed Rt e RISHE) AHAPYERE was ol o

conduct ed fps3 hiH Boo) w&tmn@wa@amm Erstiy SREEDMHYTREt Ween the two
trinucleotides was varied fromO to 20 (i.e. XXXN{0-20} XXX where X's are

speci f i c5 nueireespindens Fogpeonisiypm thﬁehqmqlmls awtisel segiomwgraresovgrad r andom
nuc eot i desy . O 0. 3B0ABELRALL Bl fnl ENALDY i 0 FiGPHLY BeOlrelyac

frequency anarysis‘are algo used i near scrini nan ysis as
descri bed aﬁmi/E% Mhﬂ@madlﬁimgjrb@temd@usn lﬁ@gmatma@tdlmeﬂanm&he described in

th i gi | t ent t t
P o N TR R R G L

(Tabl e 6). -Et]ﬁtaﬁ q‘o%@n‘(@ﬁ‘aﬁﬁﬁétgfn”ﬁg%l@ﬂly&ﬁ@@lekhm ok 88r rle‘aQﬁ% td 4d@d by Sau3Al
di gesti on o ufman genom c urified from placenta (C ontech

6550- 1) 1br bammmdadndcdénﬂéeﬂ&kAﬂiPIEM$MEw@m1admmﬂmcdawenmmﬂ@nnsones The

BAC/ PAC cl ones c nt ai n m r ns QDS Al (cl ones
oL 1646 oReREal BtefEaRmh arlthe bR bR s AR TR AEERaLC O ones
RP1167F23, RRELIBOIR, zesdd (A?Eﬂa&s’i&ZAM;TARracﬁmwwiwm@&s@arbssmmngz (Research
CGenetics 96010- 222 The DNAs were size- fractionated, and the 0.5 - 2 kb

size fracti &H et tigated i nto BanHl - di gest ed

15  Results
The original STAR18 clone was isolated from Sau3AI digested human DNA
ligated into the pSelect vector on the basis of its ability to prevent silencing of
a zeocin resistance gene. Alignment of the human STAR18 clone (497 base
pairs) with the mouse genome revealed high sequence similarity (72%)

20  between the orthologous human and mouse STAR18 regions. It also uncovered
high similarity (73%) in the region extending for 488 base pairs immediately
leftwards of the Sau3Al site that defines the left end of the cloned region (FIG
22). Outside these regions the sequence similarity between human and mouse
DNA drops below 60%.

25 Asindicated in FIG 22, both the human and the mouse STAR18 elements
confer survival on zeocin to host cells expressing the lexA-HP1 repressor
protein. The original 497 base pair STAR18 clone and its mouse ortholog both
confer the ability to grow (FIG 22, a and d). The adjacent 488 base pair i'egions
of high similarity from both genomes also confer the ability to grow, and in fact

30  their growth phenotype is more vigorous than that of the original STAR18



pSel ect vector, by standard techniques (Sanbrook et al., 1989). pSel ect

pl asm ds contai ni ng hunman genom ¢ DNA that conferred resistance to zeocin 30
at | ow doxycycline concentrations were isolated and propagated in
Escherichia WO 03/004704 PCT/NLO2/00390 75 coli. The screens that yielded
the STAR el enents of Table 6 have assayed approximtely 1-2% of the human
genone. TR& Rede genomic DNA inserts in these 66 pl agptRBf0e Ssequenced by
the dideoxy nethod (Sanger et al., 1977) using a Becknan CEQ000 automated
5 DNA sequencer, using the nmanufactur <=7r0' s instructions. Briefly, DNA was
purified fromE coli using Q Aprep Spin Mniprep and Plasmd Mdi Kits

(Q AGEN 27106 and 12145, respectively). Cycle sequencing was carried out

usi ng cust oghed (FIENUC b @Ak ieH SBh GPEHESRRE ddiéh §fQeliidhch SEhaht or (priners
D89 and DO5, Table 5), in the presence of dye term nators (CEQ Dye to

Ter ni nat or @ytadetissey i feyn kpth mBessarshhwoBoomfer AWk ANddhSTAR DNA

sequences ] 4 : i and
Decenber 28%‘%%%???1%& éA][%récﬁgglmcé octgﬁﬂﬁ?bﬁogéﬁﬁ’fﬁ%g?%gﬁ?ﬁzoggg;

ht t p: / / genofyeThess eeadis/degionbirateh CatlevEBAR Tetblity @human JP4REGat e, t he

conmbi ned STAR sequences conpr.i se 85.6 kil ohase pairs, with an average 15
length of 193SRiVF EégéOHgPngfmS@eﬁlﬂé?f‘pg&‘F’rﬁﬂg LU CHPWV?'@QR%%W%R el enent s
Wi thi n humag,gepaRbegdd¥AegitRE {%ﬂagﬁmlbfl}'%gtMrMy%‘ebﬂS%rtﬁ@} hfe @pal ysis using a
two-step procedure, as follows (see FIG 23 for a schematic diagram. The
anal ysi s hasrotein-codipgisequiatess ading(td)the bachinstbgtitheydmvefsomhe STAR el enent s
( STARL- STARG65,20 re.used., Table 6). ,and .t he DNA sequen f the human
Genone (excotiapa i R ool S e et i SR M8k e due 1o
its | arge smagatidr dyad anal ysis a random subset of human genom ¢ DNA
sequence (-27. Md)_ was used). Pattern Frequency Analysis, The first step in
t he anal§si Shiseaalyssdemypstaates shaiygloned L4 meaf%ﬁ nigfed BrER Anal ysi s
Tools; http:l. MCE l:hi0l nf.or i - . references
(van Hel den&é%&wg%?%&%%%{o ﬁ/agﬁnp‘ Ilgesgfngtcg%lb??ﬂﬂ%g%%?ﬁ\%%oﬂ‘e%en et al.,

2000)) to detmenisnend Het ahalylsswif tlge garfoorioBNAOm: wiith théyearereathedded es of al |

dyads and h?axnairﬁgﬂi!i% sequences with stronger STAR activity.

15  Example 21

STAR elements contain characteristic DNA sequence motifs
STAR elements are isolated on the basis of their anti-repression phenotype
with respect to transgene expression. This anti-repression phenotype reflects
20 underlying biochemical processes that regulate chromatin formation which are
associated with the STAR elements. These processes are typically sequence-
specific and result from protein binding or DNA structure. This suggests that
STAR elements will share DNA sequence similarity. Identification of sequence
similarity among STAR elements will provide sequence motifs that are
25  characteristic of the elements that have already been identified by functional
screens and tests. The sequence motifs will also be useful to recognize and
claim new STAR elements whose functions conform to the claims of this
patent. The functions include improved yield and stability of transgenes

expressed in eukaryotic host cells.



ol i gonucl eotides in the human genone; (2) the frequencies of the 30

ol i gonucl eoti des and dyads in the 65 STAR el enents; and (3) the significance
WO 03/ 004704 PCT/ NLO2/ 00390 76 indices of those oligonucl eotides and dyads
that are over-represented in the STAR elenents conpared to the genone. A
control analysis was done with 65 sequences that were selected at random

fromthe W(ﬂ&rb gpome (i.e. from 2689 x 1073 Kil obasgcpRidmdeh Nat match the
| ength of t e/%‘%AJF]Z el enents of 5 Table 6. Discrimnant Analysis. The

over-represented oligonucl eoti des and dyads were wused to train nodels for
prediction of STAR elements by Linear B scriminant Analysis (Huberty,
1994). A pre-selection of variables was perfornmed by selecting the 50

patterns wi é%eggggﬁtg ReRfenti yﬁ%éeqﬂd cedh Gt %Q@éh%&é’ctm%’@%%@% tetg he

over-represe gos or ads ‘of the frequency analy se pre-
sel ect ed vainchidked) pewvisithefiseasbdndtids forpdedictismamd wgntificatidst dfmeivse Li near

Di scri m nan alysis to sel ect the t di.scrininant conpbination of

vari abl es %%Aﬁékec‘%n%i%ﬁﬁn.on\?a‘ia\t%ll?ﬂsﬁsr’rgglpéBYIF’(S’H %gaﬁggaglﬁ ®n mininizing the
cl assi fi cat j,gific8i 806 thalfnl @RS, Gan YR Rkioh JF s RRARd foe fdctisaall | cations).
In addition, the 15 expected error rate was estimted béé&ppl yi ng the sane

di scri m hananapps obThAR petivite Wsang bislinbenabes, senions saglaeiies $0omEni m zi ng
t he percent of fal i thve. cl ifigati . di ctive nodel s
fromthe tr |§F r?%e’%%naté g’a‘ééjg%nslgér/nlecﬁégan lﬁ%lgﬁyérggb%\%\seernggﬁtn&gfsed in two ways.
First, the &baARplel ements and random sequences that were 20 used to generate
the nodel (the trainjng sets) ,WFre classjfied. Secand, sequences.in a

KR

col l ection B?O'lilf?r@&ﬁ’ﬂiat’}&tséatsqt gﬁ‘éﬁgé?ﬂ@_- BF%@@FRWP 8"?é‘l‘f_n$§/typi"é‘&¥ in
ol ement o ar g Rgf L R AARNE S R PR A IR BMERNRE: T ¢ equency
anal ysi sowasfperdtoranedysw ¢ffDIRSAlcTpotssuph 28 ST emehénehtss, regadatgyt he human
GenTe e L eabSSIE B BUAT L DU s B ©
el ement s ( SidgRireOh staigpREEsbproachifer idphiifi@tidandseyehadheti®) Thdkahhe nost
SN ANt Y iovod by method that dotSsis short DNA Sequonse patierss that are - |
over-represented in a set of regulatory DNA elements (e.g. the STAR elements)
15 compared to a reference sequence (e.g. the complete human genome). The
method determines the number of observed and expected occurrences of the
patterns in each regulatory element. The number of expected occurrences is
calculated from the number of observed occurrences of each pattern in the
reference sequence.
20 The DNA sequence patterns can be oligonucleotides of a given length, e.g. six
base pairs. In the simplest analysis, for a 6 base pair oligonucleotide (hexamer)
composed of the four nucleotides (A, C, G, and T) there are 476 = 4096 distinct
oligonucleotides (all combinations from AAAAAA to TTTTTT). If the
regulatory and reference sequences were completely random and had equal
25 proportions of the A, C, G, and T nucleotides, then the expected frequency of
each hexamer would be 1/4096 (~0.00024). However, the actual frequency of
each hexamer in the reference sequence is typically different than this due to
biases in the content of G:C base pairs, etc. Therefore the frequency of each

oligonucleotide in the reference sequence is determined empirically by

30 counting, to create a “frequency table” for the patterns.



WO 03/ 004704 PCT/ NLO2/00390 77 tinmes anong the 65 STAR el enents, but is
expected to occur only 49 times. It has a significance coefficient of 8.76;
in other words, the probability that its over-representation is due to
random chance is 1 / 10"8.76, i.e. less than one in 500 mllion. 5

Ni nety-five of the oligonucleotides have a significance coefficient greater

than 1, apdosoeoes herefore highly over-represented i nPElg;;,LéWﬂel enent s.
Anong the over-represented oligonucl eotides, their observed and expected

occurrences, respectively, range from$ and 1 (for oligo 163, CGCGAA, sig =
0.02) to 133 and 95 (for oligo 120, CCCAGG sig = 0.49). The differences in
expected 10 occurrences reflect factors such as the G C content of the human
genone. Thé&hefpattern freqwdint{ eatde obiheanfaranct bayuehtgaribeh @std Wewldutate hei r

nunber of occurrences is less inportant than their over-representation; for
exanpl e, ol iﬂéf’oe"p?"ffg“ﬁééﬁﬁjcyi og@Iryenge 91!1%—"#‘8? e’a\/]é’rt_heéﬁ? @ﬁ?&@me&%. ch has a
probabi | i ty sof ThDekGtedUfedu@ntid SRBoaANEEY A tREosePvdd fhddheltibd bon (sig =

7.75). 15 Table 9 also presents the number of STAR el ements in whi ch each
over - repr esentedcodfthe pattenst Pdieins thauard. ‘ovegrrepseaemiied’ int the spbare

significant.,oli.gonucl eotide, .ol 1. urs 107 times,. but is
found i n%onll(ymé]f%&)’ A‘?%a,m?lg’el.ft enh%gtg}eégm%gc%xr%ggbgg%? \%%Z%tg&%g%s 1Ber STAR.
The | east algndebdse palrs @05dipleaed, bdeis obssrhed toldzbul HATGES) theadeisr s on aver age
as a single copy .20 per STAR (thi rtfe n_Qccurrences gn gl even, STARS);

si ngl e- copy thtee A qesrasprasentedotompt e dq gemtrapceseffaat RFFamarly t he

| ower - abundanaenpl p405n Wiuld 06t 1 B@kcte Xl (IRMBeuRkdrg Rléhét8EHE) occurs on
average 3 tines In those STARs in which 1t is found (37 STARs). The nopst

wi despread elengobuicd detbieisdmei lexameb eomy@dion(8GEAGGH e génate. neetle on 58 STARS

(on average twi ce per ST and.t he..25 | east, .wi,despread. al i gonucl eotide is

nunber 142 PW@%%?”K‘?\EP%%%@&? é&edﬁlﬁegha} éaés@la,&%&(l%lﬁﬁ&b% ®verage only once

per STAR). Regvhink wetB¥aghelr ReaG¥scabiNSE Sighlifeadt, W@ nayheldd ® 10. Seven

hundred thirty (7301‘. d%ads were found to be over-represented in the set of
15

STAR el enentkanes; pr this togt, asianaficace trdene sigofie relavlateseipnembenatia. nost
L R O ERT 8 Aty ARt P o arons
pattern, which is estimated by a binomial distribution. The probability takes
15  into account the number of possible patterns (4096 for hexamers). The highest
sig values corespond to the most overrepresented oligonucleotides (van Helden
et al., 1998). In practical terms, oligonucleotides with sig >= 0 are considered
as over-represented. A pattern with sig >= 0 is likely to be over-represented
due to chance once (=1070) in the set of regulatory element sequences.
20 However, at sig >= 1 a pattern is expected to be over-represented once in ten
(=1071) sequence sets, sig >= 2 once in 100 (=102) sequence sets, etc.
The patterns that are significantly over-represented in the regulatory element
set are used to develop a model for classification and prediction of regulatory
element sequences. This employs Discriminant Analysis, a so-called
25 “supervised” method of statistical classification known to one of ordinary skill
in the art (Huberty, 1994). In Discriminant Analysis, sets of known or
classified items (e.g. STAR elements) are used to “train” a model to recognize
those items on the basis of specific variables (e.g. sequence patterns such as
hexamers). The trained model is then used to predict whether other items

30  should be classified as belonging to the set of known items (e.g. is a DNA



78 elenments, but is expected to occur only 7 tines. It has a significance
coefficient of 9.31; in other words, the probability that its
over-representation is due to chance is 1/ 1079.31, i.e. less than one in
2 billion. Three hundred ni nety-seven of the dyads have a significance
coefficient 5 greater than 1, and are therefore highly over-represented in

the STAR ghgmephs- Anong the over-represented dyads, P&,p/ Mm&@erved and
expected occurrences, respectively, range from9 and ? I ve dyads

(nunbers 380, 435, 493 640, and 665)7) to 118 and 63 (for nunber 30
(AGAN{2} G33), sig = 4.44). 10 The ol iJonucl eoti des and dyads found to be
over-represented in STAR el enents by pattern frequency anal ysis were tested

for Cherr CLRSELI DSTANSIAQIRL B Vuic 5T BRI RARS if VRl Whoig

Di scrim nan were 'trai ectlon of t
conbi nat i onsarmmﬁTNReel&ﬁemtBs(posm\&dmmrrmt) They gmmontmeiteddetl( TabI e 9) or

dyad (Table 10) erns e nod Chl ved 15 tinal error tes after
i ncor por at i Wuﬁ?‘%ﬁ %ﬂ@%&&)ra{i ongly & F‘?B ﬁ*ﬁrﬁeenoaﬁegg‘?%’%ﬂvﬁﬁﬁlw &74Vi abl es from

ol i go anal yghihas8e MHEBEHE 1ehdih &Obhe%AmalameafsdDlsbﬁemﬁzamﬁay&)s those from
dyad anal ysis are nunbers 73, 194, 419, and 497 (Table 10). The

di scri m hanestablirdies cuitarn fondncriminating Rosiiyes fipm prgabveSRIGNEMSht s in 20

the tral ni nge sel. andiLNgltin8390Rl A S0 EaNAAMSSANBIC R, vIhGIPAR! uSing

ol i gonucl eoti vari abl es c Hafent's as STAR

el ements (tthessigaficdrtiseser- réﬂ’iésedyaﬂpafmiﬁb (ecg.dzameed 49 of the STAR el ements
as true po tives. In copbination, the m)del #ass 59 of .the 65 STAR

el ement s hex ARe BrEbER P V@Ql%‘e?lﬂln@ dpptteryhis high g ?)%‘éfitt?%e 528 s (random

sequences Z{hectkﬁﬁ%é ée%dth@%(ﬁ-gﬁ!g%)d E‘@c‘bﬁlezna(s‘éﬂ dubgo VRdraRde. Over-for the
ol i gonucl eoti1 de nodel for the conbined predictions of the two

nmodel s (1c2o%ralnTnelﬁmmnven@ﬁéma@pbﬂng atﬁdlwaﬁd steawispeselechon ovaamdidsi ed as

STARs by L re S These eI s di spl ay
st abi | i zi ngég’ﬁ} 1@% @69 585%???“% s lé’taing%&é‘fdygls?s}sy%se ‘gg%‘ﬁe fact that
they are nomigihass nhin®dr abvaobARs tHE &Miﬂeéﬂﬁﬁiﬂ?ﬁﬁ/dﬁ&ﬁﬁi&@ﬁ@@béﬁvd@n LDA

suggests that they represent angther _class. (or classes) of STAR
the positives and negatives. The model is trained by evaluating variables one-

by-one for their ability to properly classify the items in the positive and

15 negative training sets. This is done until addition of new variables to the
model does not significantly increase the model’s predictive power (i.e. until
the classification error rate is minimized). This optimized model is then used
for testing, in order to predict whether “new” items are positives or negatives
(Huberty, 1994).

20 It is inherent in classification statistics that for complex items such as DNA
sequences, some elements of the positive training set will be classified as
negatives (false negatives), and some members of the negative training set will
be classified as positives (false positives). When a trained model is applied to
testing new items, the same types of misclassifications are expected to occur.

26  In the bio-informatic method described here, the first step, pattern frequency
analysis, reduces a large set of sequence patterns (e.g. all 4096 hexamers) to a
smaller set of significantly over-represented patterns (e.g. 100 hexamers); in
the second step, Stepwise Discrimant Analysis reduces the set of over-
represented patterns to the subset of those patterns that have maximal

30  discriminative power (e.g. 5-10 hexamers). Therefore this approach provides



el ements. The nodels were then used to classify the 19 candi date STAR
elenments in the testing set listed in Table 11. The dyad nodel classifies
12 of these candidate 5 STARs as STAR el enents, and the oligonucleotide
nodel classifies 14 as STARs. The conbi ned nunber of the candidates that are
classified as STAR elenents is 15 (79%. This is a |lower rate of

cl assificatdgnobhan obtained with the training set obcBRLANNGS: this is
expected for two reasons. First, the discrimnant nodels were trained with

the 65 STARs of Table 6, and 10 discriJy native vari abl es based on this
training set may be less well represented in the testing set. Second, the
candi dat e STAR sequences in the testing set have not yet been fully

characteri Z§i‘i‘qﬂ1@aﬁ@fdﬁs%riﬂe@ia%f/ﬂeﬁﬂiﬂﬁ{_ﬁi@Qulatcﬁ' DNAYdRtygeehelsement s wi th
only weak anti-repression properties. This analysis denonstrates the power

of a statisbiléRlelemppitsach to bio 15 informatic classification of STAR
elements. T TAR. se nce ong.al. . ric

ol i gonucl eo?hl(?\T dqeg'b 16?%%@%%%%%&%&elgésn?%u%?hfe?t:ég& F;gélggg?grtggggﬁ;g%ﬁe in

conpari son wité thelyhecupynBoamg esmnprizasomigubgd @qudhmesefor fait tyrend pratying epr esent

bi nding sites for protei 51_5 th?t g‘iﬁonf elr STAR acti_vitm/; in any case they form
a set of 5seﬁﬁt‘§ﬁ‘@ét qre oligpmcleotideef E%H_Gtttﬁls? BEUHNIE R 20 el enent
sequences. s} 53 %nREhk BE Ball As REAKINEL AT 9oL LTRRLSyrbteind SCTT mi nant
Anal ysis, a high proportion o he ‘el enents obtained by the genetic screen
of the invehinddn seqremce dyddectonthadssinilebetwsespaRs of ighly eoasdreed s under | yi ng

sequence and.functi,onal sim.harities anmong these .el emenfs. A |portant
nepact of -t REmSOHIRn Sepaa P e e eb P Jon Cah el RS £ 511 ovied
by Discrim ga4l, 200maly side) té lehtigl selgheaibSTAR el @lte dhatfrody lexanpl e, by
including the 19 candidate STAR el enents of Table 11 with the 66 STAR

el enent si¥of byl by dyadihipdingreoiers fpaipngeanalisis wasabrednanded orthiint nodel
can be trai -ofggﬁ!tém %JKBF&Mf‘eds qaﬁg'b t%%%slttﬁ{&n&ﬁiﬁl& t1d@s Gh@vakidy ot her
candi date redul atory 30 elenents a g . Large-scale in vivo screening of
genoni ¢ seqience® s i(ing XXNEANE/2DPLXH 4 hPETX Mo 62412080 18 otiles qretphsigdgof t he

invention, conbined with reiteration of the.bia-infor ic analysis, wll
brovi de_a i SGEeal it AR ALt P edRour Eidte S go 2Bt pafiin
length). The results of dyad frequency analysis are also used for Linear

15  Discriminant Analysis as described above.

Materials and Methods
Using the genetic screen described in the original patent application, sixty-six
(66) STAR elements were initially isolated from human genomic DNA and

20  characterized in detail (Table 6). The screen was performed on gene libraries
constructed by Sau3AI digestion of human genomic DNA, either purified from
placenta (Clontech 6550-1) or carried in bacterial/P1 (BAC/PAC) artificial
chromosomes. The BAC/PAC clones contain genomic DNA from regions of
chromosome 1 (clones RP1154H19 and RP3328E19), from the HOX cluster of

25  homeotic genes (clones RP1167F23, RP1170019, and RP11387A1), or from
human chromosome 22 (Research Genetics 96010-22). The DNAs were size-
fractionated, and the 0.5 - 2 kb size fraction was ligated into BamHI-digested
pSelect vector, by standard techniques (Sambrook et al., 1989). pSelect
plasmids containing human genomic DNA that conferred resistance to zeocin

30  at low doxycycline concentrations were isolated and propagated in Escherichia



asynptotically approaches 100% recognition and prediction of elenments as the
genone is screened in its entirety. These stringent and conprehensive 5
predi ctions of STAR function will ensure that all human STAR el enents are
recogni zed, and are available for use in inproving transgene expression.
Exampl e 22 10 C oning and characterization of STAR el enents from Arabi dopsi s

thaliana J§ansggne silencing occurs in transgenic plaphRi@foddpt h the
transcriptional and post-transcriptional |evels (Myer, 2000, Vance &

Vaucheret, 2001). In either case, th esired result of transgene
expression can be conprom sed by silencing; the | ow expression and
instability of the transgene results in poor 15 expression of desirable

traits (e.geolpd%e serR8hS AN gRlddd the STAR ebdsnigfof Teblerohaa@rdssayedot ei ns. |t
also results in poor predictability: the proportion of transgenic plants
that expr es@Ppiesmpatglyslyehef He i geniiogi cal |y useful levels is |ow,

whi ch. necesei alaoyl AROLIQYRATNC-RXRANSLNE REGRREWe AlauehBRBhofed

i ndi vidual s for those wth beneficial expression characteristi'cs. This
exanpl e 20 dekoxy metholl{Bangeokhtl. AP 76] uSTAR Petlenen CEQ200Maubenatedone of t he

di cot pl ant abi dopsi s .thgliana for use in prevept.i nscriptional
transgené sﬂl\g“nﬁ?%.ngqlnusﬂ?% d&ﬁ’i“bga ﬁué?‘ﬁssl.nStA}l‘gﬁ’in&_ ls‘f}@gvéalgg%sen for this
exanpl e becgusified frokSE &oliWeldg GlApHee 8p0dalip@p AN PMmidMIBKigs conpact
genone, it Is anenable to genetl c and_reconbi nant DNA mani pul ati ons, and

its genome HREAGENR7266 aedil eespeivaly) eycld sequenygng weprarpdiops 2000,

Mei nke et al_,. . 'IXEE i { : 1 [B[};A( i.sol ated from
Ar abi dopsi shflﬁlgljclﬁ%ﬁgl 0e11 0 ycgéedt@g?ﬁ%&g@éﬁ@ﬁé&fﬁﬂ%&?& am \gfﬁﬁ% ., 1998) and
partial |y diD$0sindd %, Thblstip|in thé eredegesif dge tePidnatass EELpDyeacti onated to 0.5
- 2 kil base, pairs by agatose gel 30._electr resis a ifheation from
the gel ol RURER LT At ion ki Bockier b e DOR drspareneiAbBso 81 o Acen
28706), fol ls&j%ﬁc&ywérb%hte@ﬂn'tﬁé Auini@ geRehe dat MGk BhLilAS UREASt-and Tr ansf ecti on
into the U2 / Tet-OfF f/ LexA-HP1 cell 1ine and selection for zeocin

resi stance decénoherddycytng BeAddResintloealirdignwest Beolf(Benb@088); descri bed
(sura). . PSR ey AR P B8] Tl e o
combined STAR sequences comprise 85.6 kilobase pairs, with an average
15 length of 1.3 kilobase pairs.
Sequence motifs that distinguish STAR elements within human genomic DNA
were identified by bio-informatic analysis using a two-step procedure, as
follows (see FIG 23 for a schematic diagram). The analysis has two input
datasets: (1) the DNA sequences of the STAR elements (STAR1 — STARG5
20  were used; Table 6); and (2) the DNA sequence of the human genome (except
for chromosome 1, which was not feasible to include due to its large size; for
dyad analysis a random subset of human genomic DNA sequence (~27 Mb)
was used).
Pattern Frequency Analysis. The first step in the analysis uses RSA-Tools
25 software (Regulatory Sequence Analysis Tools;
http://www.ucmb.ulb.ac.be/bioinformatics/rsa-tools/ ; references (van Helden et
al., 1998, van Helden et al., 2000, van Helden et al., 2000)) to determine the
following information: (1) the frequencies of all dyads and hexameric
oligonucleotides in the human genome; (2) the frequencies of the

30 oligonucleotides and dyads in the 65 STAR elements; and (3) the significance



Sequenci ng of Arabi dopsis genom c DNA fragnents that conferred zeocin

resi stance upon re-transfection was perfornmed as described (supra). The DNA
sequences were conpared to the sequence of the Arabi dopsis genone by BLAST
analysis ((Altschul et al., 1990); URL 10

http: //ww. nebi . nl m ni h. gov/ bl ast/Bl ast). STAR activity was tested further

by nmeasur | l evel s for the hygronycin- and zeogifrSaisaf ance genes in
r econbi nant ﬁost cells by reverse transcription PCR (RT-PCR). Cells of the
U2 OS/Tet-Of/lexA-HPl cell line were transfected with pSel ect plasmds

cont ai ni ng Arabi dopsi s STAR 15 el ement’®, the Drosophila scs el enent, or
containing no insert (supra). These were cultivated on hygromnycin for 2

weeks at hi%ﬁg@%é{ﬁ%@%hﬁ G ORGERL Rl 9Rds e8P BNE. 290 UGHEL Lgeconcent rat i on

was | ower ed to1n essor protein. After 10
days, total S’RAAe\lrmen'tsod»rapatddbytlte@noﬁhbﬁswmlmnakysis \(/Q hEENVITH 604) as

descri bed by the uf act ur First, 20, str (o eS| S was carried
out using t UERSPS %‘Hell‘—elsfe&e taFéﬂHlomc%RRtgﬁg’t“H@é’l ’(?\/éTOHFermant as

1622) usi ngggdd Qo6 BMilchaBE baBE) tAS mEREGhE Ry tleftth@%T!m{‘élEﬁ_thcﬂr_ An al i quot
of the cDNA was used as the tenplate in a PCR reaction using priners D58

and D80 ¢fofahlpé. zeocin marker), and D70 and D71 (for the hygromycin
mar ker),

oL yHEr ase P h i condi tions
were' 15- ZOBéscjf;lg‘é%alg ‘gna&g%sf ot %1 re&’ {s%”%g%&fg% &%Ortﬁd-r%uggz,i ﬁg%%# ‘g%& for 90
seconds. Thes‘ea tGquihTmollI@E fof pﬁedictmn of 8TARREAfierte balivngDigrheinagen i nput RNA
and PCR product DNA. products we f{ye reiﬁol ved b%émggéose gel
el ect rophoré’é?]é’s’lséﬁélb?%é %ébﬁpléﬁalec%‘%ﬁ eSOt Re T {Bned 88t ect ed by
Sout hern bl CR
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82 pl asnind e Wenpépaesntémdlgoavr dyastfs of thee fzmmalnmf andly#epgThesp pirer si gnal s
corresponds evel of t £ zeog_&{l% ene. Results

5 The 1T br afgt KA BoBera e NG BRI e Bk BRI S dbHF conpr | sed
69, 000 pri nBisyriediRM@sAhdlyds t&gelléct tI0M0 €2 disWpingina fBEIh A Hatisibeivagiablege aver age
e et & C(Eberh 268! VRNShY seloction vas basad on minimizing the classihcation
represents (Huberty, 1994) g
error rate (percentage of false negative classifications). In addition, the
15 expected error rate was estimated by applying the same discriminant approach
to the control set of random sequences (minimizing the percentage of false
positive classifications).
The predictive models from the training phase of Discriminant Analysis were
tested in two ways. First, the STAR elements and random sequences that were
20 used to generate the model (the training sets) were classified. Second,
sequences in a collection of 19 candidate STAR elements (recently cloned by
zeocin selection as described above) were classified. These candidate STAR

elements are listed in Table 11 (SEQ ID:67-84).

25  Results
Pattern frequency analysis was performed with RSA-Tools on 65 STAR
elements, using the human genome as the reference sequence. One hundred
sixty-six (166) hexameric oligonucleotides were found to be over-represented in
the set of STAR elements (sig >= 0) compared to the entire genome (Table 9).
30 The most significantly over-represented oligonucleotide, CCCCAC, occurs 107



approxi mately 40% of the Arabidopsis genone. A portion of this library
(representing approximately 16% of the Arabi dopsis 1o genone) was
transfected into the U-2 OS/ Tet-Of/LexA-HP1 cell line. Hygromycin

sel ection was inposed to isolate transfectants, which resulted in 27,000
surviving colonies. These were then subjected to zeocin selection at |ow
doxycycl i Ry GRpGeNt ration. Putative STAR-contai ni ng pbadRidmnobs om 56 zeoci n-
resi stant colonies were rescued into E. coli and re-transfected into U2
OS/ Tet 15 O f/LexA-HP 1 cells. Forty-f,ppr of these plasm ds (79% of the

pl asm ds tested) conferred zeocin resistance on the host cells at |ow
doxycycline concentrations, denonstrating that the plasm ds carried STAR
el enents. Thinfesian@ng3h£85 STAR eltMnRIRkEE bxpefedad obdurtunipag Hmes Q6 cells is
highly efficient at detection of STAR elenents from plant genom c DNA. 20
The DNA seqbenseignificanerespefficipnt ah8i7BainstisT AR s dhe RrePahdity tg@‘tl& ni ned.

A abi Gopsi <V iiiEb Bar g Ercea B bR P AP G WRERRRTE LYY 1)

Four ot her ss00aiikiondentified as comng fromthe chl oropl ast genone, four
wer e chi mer of ~DNA fragnents fromtwo |ogi, and e was not found in the
Ar abi dopS$i s%g‘?)etéjé]r‘fﬁﬁ‘cet}@a&%&ﬁﬁ‘é_ ‘?Ot‘F{‘?é[}%ﬁ %ﬁ’@fﬁcﬁflcet W@%%ﬁ@ﬂe ?ratﬁ’iaﬂopsi s STAR
el enents wag j&p18FnhoRE B3I} Bebr-rkPREEntBD I IHeYSTAR RIRYENS, Ah@lpsthei pti onal
repression of the zeocin-resistance gene, using an RT-PCR assay. As a
control for oRNAebregentednbaenucleetidemphesobsetved andpapestedpcouaneares, of t he

hygromyci n-resi stance gene for_e STAR td Qn 3 sessed too.
Thi's anal ysr%spﬁégveﬁ'eg%r%gﬁ?%%@gafggr OI’EO&F&{%&%%%%@@P\Q%@%/ 004704 83
PCT/ NLO2/ 00398 95 TibRoIed TN CECATR, digsWl.4%. THel dufeRhcsteimaxpbdtad € t hat t he

Ar abi dopsis STAR elepents are superior to the Drosophila scs el enent
(positi V@ cefurisnyesgatieqt factorspyel ag e GiC ntopiof thelpymap gent®hirol ) in their

ability to L5 i1t : i ot ional
Fopr esii on. TREEEt IR RARE o b RIS AR AR L L ARSES | 4" gher
| evel s of zewuirmncesss dsamuporyamcthar thas svapireptehamtating; Hr sxahplrpeligo

(por et 20,58 R8T 31751 FRILG Bl LRl 558858 E7e MY

being due to random chance of one in fifty million (sig = 7.75).

15 Table 9 also presents the number of STAR elements in which each over-
represented oligonucleotide is found. For example, the most significant
oligonucleotide, oligo 1 (CCCCAC), occurs 107 times, but is found in only 51
STARs, i.e. on average it occurs as two copies per STAR. The least abundant
oligonucleotide, number 166 (AATCGG), occurs on average as a single copy

20 per STAR (thirteen occurrences on eleven STARSs); single-copy oligonucleotides
occur frequently, especially for the lower-abundance oligos. At the other
extreme, oligo 4 (CAGCCC) occurs on average 3 times in those STARs in which
it is found (37 STARs). The most widespread oligonucleotide is number 120
(CCCAGG), which occurs on 58 STARs (on average twice per STAR), and the

25 least widespread oligonucleotide is number 114 (CGTCGC), which occurs on
only 6 STARs (and on average only once per STAR).

Results of dyad frequency analysis are given in Table 10. Seven hundred thirty
(730) dyads were found to be over-represented in the set of STAR elements (sig
>= () compared to the reference sequence. The most significantly over-

30 represented dyad, CCCN{2}CGG, occurs 36 times among the 65 STAR



These results denonstrate that the nmethod of the invention can be
successfully applied to recovery of STAR el enments from genones of ot her
species than 10 human. Its successful application to STAR elenents froma

pl ant genome is particularly significant because it denonstrates the w de

t axonom ¢ range over which the nethod of the invention is applicable, and
because phaniwedhe an inportant target of biotechnolﬁ@bﬁﬂhmﬂgyelopnent 15
WO 03/ 004704 PCT/ NLO2/ 00390 84 Brief description of t raw ngs Figure 1.
The pSelect famly of plasm ds for selecting and characterizi ng STAR

el enents. A resistance marker (zeocin & puronycin) or reporter gene (GFP or
5 luciferase) under control of the prom scuous SV40 pronoter is adjacent to

a BanHl cleping, site AJA@@&&S@@@/CC@@%%F!G%H b §%an %{egag@yéof the

cloning site are’l'exA operators XA protéin can i ndi ng of
chimeric | ef(Q\BE’thynhm)N@’rdQLthe praifadility that 1tsimze®pqrmsm‘tatmmmhze toepr essi on of
t he marker r girt&( g fragnents . inserted at the cloning site

that bl ock £B21%ear 244PoR3LnE legehan e P8  per si st ent expressi on of the

mar ker or r%?éél@ﬁndlg@ﬂﬁxetﬁgﬁei?'oﬁﬁ{é‘ &aﬂ@ﬁhb&@%@ﬁlﬁﬁh@éﬂéfﬁdmtn cul tured
mammal i an cells due to he ori P segeunce. Figure 2. The ESDH famly of

pl asni ds 5f ograadert ihag ]SEFARaEEI idwrafors highly OV@JGre@mSBn@ﬂendh@ﬁ AR sites (MCSI and
MCSI 1) flank,ar rter gene (G-P or, l.ugcifer ) re on is driven
by an upstr &M ﬁ%%?%}g‘%éw *gfeSS?S‘Qdd%’ dséﬁlf ;7 5¢ ‘ﬁ%&% %gﬂ‘)g&t%g to be tested
are insert edcabrrddedy, 1ag‘pdctmﬁl |1ang'UE@xﬁ 9 GENt @hinfivendyade (hieabéris@80oN sites
(MCSI: Xhol, Notl H ndl | Bglll, and

E :
Nnel ). The 6%34%3@16%@@@&%0 214 844 PR et b LACGH B RNBNTER | ho genome
of manmmal i a @gl Figure 3. Proportion of clones over-expressing
| uci f er ase. OS human osteosarcoma cells were stably transfected with
pSDH pl asmi d‘he @hgmma;ilemtudgs anddydds dovrsl tade otvexpmptt:@enga@lrw Siifdeelements ol of the
tet-off pr oo

( 25 i ndi vi dua | 51 cl ones. wer e }. oI ated and
cul ti vat ed. K@é‘ t%”e’} §§‘éuen§¥<6}]%¥§1f6”r?r%e§t%3§’sﬁ} SdEHZHA T EROFY" Phe aver age
luci ferase exR@THbQInMMNt AhAPES. DREGM MM IIRE whbRtassd BpRldp(wikef er ence
| evel ") was det erm ned.
selection of the best combination among the 50 most discriminant
oligonucleotide (Table 9) or dyad (Table 10) patterns. The models achieved
15  optimal error rates after incorporation of 4 (dyad) or 5 variables. The
discriminative variables from oligo analysis are numbers 11, 30, 94, 122, and
160 (Tables 9); those from dyad analysis are numbers 73, 194, 419, and 497
(Table 10).
The discriminant models were then used to classify the 65 STAR elements in
20  the training set and their associated random sequences. The model using
oligonucleotide variables classifies 46 of the 65 STAR elements as STAR
elements (true positives); the dyad model classifies 49 of the STAR elements as
true positives. In combination, the models classify 59 of the 65 STAR elements
as STAR elements (91%; FIG 24). The false positive rates (random sequences
25  classified as STARs) were 7 for the dyad model, 8 for the oligonucleotide
model, and 13 for the combined predictions of the two models (20%). The STAR
elements of Table 6 that were not classified as STARs by LDA are STARs 7,
22, 35, 44, 46, and 65. These elements display stabilizing anti-repressor

activity in functional assays, so the fact that they are not classified as STARs



Clones fromthe sets for all plasm ds were scored as "over-expressing" if
their luciferase activity was nore than 2-fold higher than the reference
| evel . The 30 percentage of over-expressing clones in each plasmd set in
pl otted. WO 03/004704 PCT/ NLO2/ 00390 85 Figure 4. Fold over-expression by
over - expressi ng clones. The range of over- expression in STAR-containing

PSDH pl asigdgbfegrated into genomc DNA was det er mp@pdLd)osdd Vi di ng the
l uci ferase activities of each clone by the 5 reference | evel. For those

di spl ayi ng significant expression (norg than 2-fold above the reference
| evel ), the actual fold increases were“noted; the mninum and nedi an val ues
of these data are plotted for each plasmd. Figure 5. Fold over-expression

by over - exppeEDANG: 5&&&@@% thBerdpadigft MotR¥edlasskor AXReHTISTAR N
STAR-containing pSDH plasm ds integrated into genom ¢ DNA was determ ned by

di vi di ng t helemgaist erase activities of each clone by the reference |evel.

For those displ i rllts]@% ove the
reference | ’g@%m%%ltg%e% 9}?&{ +S%?@‘Ig dl%ﬁ@r egé}ggal\(}\g{?éﬁnéo el%n{rglltérjr%ixt?l%um val ues
of these dateatiap eetiistéd aoThlde 12dlie dyladsimidd] clhssifiegl & theseTdaadplas

(SI NG Sel ec | as fqQr sel ec nd character] C el ements. The
codA: : upp g%‘éﬁﬂés g@%@ “gﬁ‘t%’&l@s ’Hi%’%(??lg?rﬁl er?é’? é?lf‘gslfﬂq*?eﬂ?ﬁo drug
S5-fluorocyt gpARS. TR dooihQXhEmBrlHd the édnusmwﬁﬁr bre HRQMddEUSTARN by

| onered tetracycline concentration, host cel becone sensitive to the

pro- dr ug. zeie@@ntsrtstW j r’l‘ézgmaﬂ@wq‘amgéa@@hsatﬁcaﬁen thasnebigingfl Mt Bgl | | - Xhol )

and al tow P RREPBee By SRSl RE SR BERLERReSE el ot <) S0k the

sel ection a@m@m&smdalma‘é&mm@pmadh@g5 SfI‘ASsloéﬂ‘ﬁbld echaématin to the
functi onal corrponent s of the plasm d. The plasmd repl [ c?t es episomally in
cul t ur ed9 25disetimnatig vesiablesdaredon thigtraining set qainkeelessel 7. The pSDH CSP

pl asm d useg .o lLShithg ¢ gﬁg s@f?fsbéfd hythemﬁd{ﬁ%&r ST &R seqldidbd AGnEhOSphat ase

( SEAP) reporter gene i s un cont ro pronoter, and the
puronyci n riestisg aciceaveeaiog vt ilrer fublyr ﬁarac(tgruzeﬁ) inj tsrruml%m 3@ fywatieml of the
Sv40 promot er, L 20k B9 NR5E R o5t ML AL GhQRLAY VO 031004704
This analysis demonstrates the power of a statistical approach to bio-
15  informatic classification of STAR elements. The STAR sequences contain a
number of dyad and hexameric oligonucleotide patterns that are significantly
over-represented in comparison with the human genome as a whole. These
patterns may represent binding sites for proteins that confer STAR activity; in
any case they form a set of sequence motifs that can be used to recognize STAR
20 element sequences.
Using these patterns to recognize STAR elements by Discriminant Analysis, a
high proportion of the elements obtained by the genetic screen of the invention
are in fact classified as STARs. This reflects underlying sequence and
functional similarities among these elements. An important aspect of the
25 method described here (pattern frequency analysis followed by Discriminant
Analysis) is that it can be reiterated; for example, by including the 19
candidate STAR elements of Table 11 with the 66 STAR elements of Table 6
into one training set, an improved discriminant model can be trained. This

improved model can then be used to classify other candidate regulatory

30 elements as STARs. Large-scale in vivo screening of genomic sequences using



86 sites into which STAR el ements can be cloned. The plasm d al so has an
origin of replication (ori) and anpicillin resistance gene (anpR) for
propagation in Escherichia coli 5 FIG 8. STAR6 and STAR49 i nprove
predictability and yield of transgene expression. Expression of SEAP from
the CW pronoter by CHO cells transfected with pSDH CSP, pSDH CSP- STARG6, or
pSDH CSP- §Jé\V¥gses determ ned. The STAR- contai ni ng gep&kéueles confer
greater predictability and elevated yield relative to the pSDH CSP
construct alone. 10 FIG 9. STAR6 and SgéAR8 i nprove predictability and yield
of transgene expression. Expression of-luciferase fromthe CW pronoter by
U2 OScells transfected wth pSDH CW, pSDH CW- STAR6, or pSDH CW- STARS

was det er mipedhsinbac HARVERIS R IcBinBthed WL Felte kit tRE bBYB&irBiatic
predictability and 15 elevated yield relative to the pSDH CW construct

al one. FI G B@alyMsnivithprozideenmeans ofalinseimivating STARRIONERIE IBEAR27. Porti ons of

the STAR elenents. were anplifi by PCR STARLO..wWas il i th prinmers
E23 and E12 ""F%mﬁogll“%f% Sophches i@&f’ Hepitiion 24 1?‘%1\@@?%1?%@%‘%%%%%9105, and 20

E15 and E16 gefoné & sdrdehad et edfifety SRR Arivasntadnd dobipgdhasive priners EL7
and E18 to yield fragnent 27A, E19 and E20 to yield fragment 27B, and E21

and E22 tio yredigtimsggneAR nelomwdkensyrmtbel al heman SEAB clamandsiatent o t he

pSel ect vec ratr. eqhi j : 05/ - - HP1 cells, the
growt h of t:{gécgtrﬂ% %ttﬁjfaélg aﬁ%ﬁ? 126&%% g)géfﬁgge@%]#ﬁ%%itgﬁ\ﬁgéqgn%ﬁ?ﬁogd. G owth rates
25 varied fromvigorous (+++) to poor (+/-), while sonme cultures failed to
survive zeﬁi n tlrg?t ment (-) due to absence of STAR activity in the DNA
fragnent t 1 G 11. STAR el ement function in the context of the SV40
pronoter. pSDH 30 SV40 and pSDH SV40- STAR6 were transfected into the human
ost eosar coma,_ WO 03/ 004704 87 PCT/NLO2/00390 U-2 OS cell |ine, and expression
of | uci f ¥r addoniag and sharagtefizationpf AR slsmensy fsemArpbisopsis haj®a si | enci ng by

STARE in pur’l‘}g}{%eﬁé Ei?e%cﬁ{ga&%m%liﬁ Afiisgenic plants at both the transcriptional and
post-transcriptional levels (Meyer, 2000, Vance & Vaucheret, 2001). In either
case, the desired result of transgene expression can be compromised by
silencing; the low expression and instability of the transgene results in poor

15  expression of desirable traits (e.g. pest resistance) or low yields of recombinant
proteins. It also results in poor predictability: the proportion of transgenic
plants that express the transgene at biotechnologically useful levels is low,
which necessitates laborious and expensive screening of transformed
individuals for those with beneficial expression characteristics. This example

20  describes the isolation of STAR elements from the genome of the dicot plant
Arabidopsis thaliana for use in preventing transcriptional transgene silencing
in transgenic plants. Arabidopsis was chosen for this example because it is a
well-studied model organism: it has a compact genome, it is amenable to
genetic and recombinant DNA manipulations, and its genome has been

25  sequenced (Bevan et al., 2001, Initiative, 2000, Meinke et al., 1998).
Materials and Methods:
Genomic DNA was isolated from Arabidopsis thaliana ecotype Columbia as
described (Stam et al., 1998) and partially digested with Mbol. The digested
DNA was size-fractionated to 0.5 — 2 kilbase pairs by agarose gel

30 electrophoresis and purification from the gel (QIAquick Gel Extraction Kit,



FIG 12. STAR el enent function in the context of the Tet-Of pronoter. pSDH
5 Tet and pSDH Tet - STAR6 were transfected into the human osteosarcoma U 2
0S cell line, and expression of luciferase was assayed with or w thout
protection from gene silencing by STARE in puronycin-resistant clones. FIG
13. Schematic diagramof the orientation of STAR elenments as they are io

cloned inydh&opSel ect vector (panel A), as they are Cb@ﬂﬁﬂoz oo PSDH vectors
to preserve t(1e|r native orientation (panel B), and as ey are cloned into

pSDH vector in the opposite orientati N (panel Q FIG 14. Directionality of
STAR66 function. The STAR66 el ement was cloned 15 into pSDH Tet in either
the native (STAR66 native) or the opposite orientation (STARG6 opposite),

and ”anSfeQIR@EN‘QQYdé‘) 2foﬁ§véaed | atieH(ihioec'h@%SeE@ttx}e\étotrésdiﬁﬁ) assayed in
puromyci n resistant clones. nber - dependence of STAR functi on.

Sout hern bl atfamﬁfeczmnlln’m tiheﬂbg @%T@r@@@ewfmﬁ qedl line qg@mqlélitwn &TARI O,

integrated into

I b
used to det &% ﬂesmtanoe a%OW ?1 Prane eézﬁagceb%ﬁ%h\{faﬁé%g E&lgs ?lesé:lélg%{ 8I gn\g/as

whi ch was t i@pra) @il @drewsdlﬁltea fwmoswaﬁfnemwt 001351e5|aﬁdl:5~ Copy
nunber - dependence of STAR function L?gém number of pSDH Tet - STARLO
og

expr essi 6n dranstecied iptecthe Y- 319(;5@\% &, Hblyle phosphori magery, and

conpared w i expressed by
each cl one. s %1% (af%hf)ﬁdﬁ I\E /n{ dg%%ﬁggé%%&%&tﬁk ggéca?f%gllnocki ng and

enhancer as $@B}$an@h@dnuertfmséseomms psfpiomed asedasanilsedusepira). dPhet BN ng STARS

for enhancer - bl ocki n and eng ncer acti w&. & hown schematl cally. The
E- box bi ndi ﬁ@quselnfeeg‘?’ £ PHEa %%%88 ce ﬁlfee‘lgﬁ ? S’tfpgﬁ‘?’é‘ﬁ of a cloning

site for STM@@@];@S (Ransll E£AM 1900 mIRLSTAR 5 cloning site is the
| uci fer asen%ene under _control of a human al kal i ne phosphat ase m ni mal

pr onot erl0( mpytp:/irriew Hick Rigr- aikEor At Blast dhe expected outcomes for the three
oS ¢ BTGNS ARSI sy N Ay tgroer B ook o
Luci f er ase aygroagiro mnflrzemizresisiamel gengs mnetenbinanidledsit eellsddy teyetshe E47/ E- box
enhancer in e e pUR R PRI CELN drthe U-2 OS/Tet-OfflexA-HP1 cell line
were transfected with pSelgct plasmids containing Arabidopsis STAR
15  elements, the Drosophila scs element, or containing no insert (supra). These
were cultivated on hygromycin for 2 weeks at high doxycycline concentration,
then the doxycycline concentration was lowered to 0.1 ng/ml to induce the
lexA-HP1 repressor protein. After 10 days, total RNA was isolated by the
RNeasy mini kit (QIAGEN 74104) as described by the manufacturer. First-
20  strand cDNA synthesis was carried out using the RevertAid First Strand
cDNA Synthesis kit (MBI Fermentas 1622) using oligo(dT)18 primer as
described by the manufacturer. An aliquot of the cDNA was used as the
template in a PCR reaction using primers D58 and D80 (for the zeocin
marker), and D70 and D71 (for the hygromycin marker), and Tag DNA
25  polymerase (Promega M2661). The reaction conditions were 15-20 cycles of
94C for 1 minute, 54C for 1minute, and 72C for 90 seconds. These conditions
result in a linear relationship between input RNA and PCR product DNA. The
PCR products were resolved by agarose gel electrophoresis, and the zeocin and
hygromycin bands were detected by Southern blotting as described (Sambrook
30 etal, 1989), using PCR products produced as above with purified pSelect



I nsertion of enhancer-bl ockers (scs, HS4) or STAR el enents (STAR el enents

1, 2, 3, 6, 10, 11, 18, and 27) block luciferase activation by the E47/E-box
enhancer. 15 FI G 19. Enhancer assay. Luciferase expression froma m nimal
pronoter is activated by the E47/E-box enhancer in the enpty vector (E47).
Insertion of the scs and HS4 el enents or various STAR el enents (STARs 1, 2,

3, 6, 10, wolosoosk§ and 27) do not activate transcri pt L?HNQJZ,OBJIQ@ reporter
gene. 20 FIG 20. The pSS-codA::upp vector used for isolation of SINC

el enents. The codA::upp suicide gene @ycodes a protein that converts the
pro-drug 5- fluorocytosine to the toxic¢ drug 5-fluorouracil. Upon induction
by I owered doxycycline concentration, host cells becone sensitive to the

pro-drug. 2% ﬁ?ﬂ?@%%%ﬂ m%ﬂsafﬂh@%@aaﬁgn@hyyaﬁl dikngkoni ng site that
have silencing activ prevent expression of the suicide gene and

al l ow for rratcpnasmhdspta)thedromglaheesi expaassion d¢vehplede @%Rgen@rrent s flank the
sel ection conponents to prevent spreading of silenced chromatin to the
functional conponents of the plasmd. The plasmd is selected after
transfecti orpgstit® manmal i an ceI s with 30 the hygronycin-resistance gene,
and after transformation into E, coli_wth_ the WO 03/ 004704 PCT/ NLO2/ 00390
89 anpi cid | iTherldsrerefdeabidenss spronie PNt tbe rsleshregtescomprised t ur ed

Rl an G de pielbAdhE 10k &1@%@‘%%%&] QEALEIRERs BMhldlyde cOlT due to

t he on sequehce asmd Is 1dentical>to the
pSS- codA: : uppsept asemvds aplwocxamtefyolOOﬁévp!;eam&raamhe bbrarip éheyafoce nh@rmna with
hr G-P (encodi n g, @0 e rot e| and of STAR6 with STARS
downst r eam GfP ’t 4 /éB agéiﬁ G 22. STARIL8 sequence

conservati om M%ﬂt}ﬁpuﬁﬁa@gﬁbgmwﬁﬁng éﬁmom&@géms@é oft fhe ABLbEspEENoNe
contai ning 497 base pair STA i s shown (black boxes) t he el ement occurs

bet ween tthe geIOXDS vearotr HoEsted drve dhrol-2fepdst-OffLandidlR 1 ehil élmiﬁsorre 2. It is
.al ' gn_ed Wit L}gragggxfel?% sel}@&ﬁ%) WA 1%&({58&@0 1gﬁ%%ra$4}gétaﬁﬂ%% h7rg&./31tc‘e%qﬂence

identity. T man ¢
27,000 surviving colonies. These were then subjected to zeocin selection at low

doxycycline concentration. Putative STAR-containing plasmids from 56 zeocin-
resistant colonies were rescued into E. coli and re-transfected into U-2 OS/Tet-

15 Off/LexA-HP1 cells. Forty-four of these plasmids (79% of the plasmids tested)
conferred zeocin resistance on the host cells at low doxycycline concentrations,
demonstrating that the plasmids carried STAR elements. This indicates that
the pSelect screen in human U-2 OS cells is highly efficient at detection of
STAR elements from plant genomic DNA.

20 The DNA sequences of these 44 candidate STAR elements were determined.
Thirty-five of them were identified as single loci in the database of Arabidopsis
nuclear genomic sequence (Table 12; SEQ ID:85 — SEQ ID:119). Four others
were identified as coming from the chloroplast genome, four were chimeras of
DNA fragments from two loci, and one was not found in the Arabidopsis

25 genome database.

The strength of the cloned Arabidopsis STAR elements was tested by assessing
their ability to prevent transcriptional repression of the zeocin-resistance gene,
using an RT-PCR assay. As a control for RNA input among the samples, the

transcript levels of the hygromycin-resistance gene for each STAR transfection

30 were assessed too. This analysis has been performed for 12 of the Arabidopsis



15 imediately to the left of STARL8 is also highly conserved w th nouse
chronosone 2 (73% identity; gray boxes); beyond these region, the identity
drops bel ow 60% The ability of these regions from human and nouse, either
separately or in conbination, to confer growh on zeocin is indicated: -, no
growt h; +, noderate growth; ++, vigorous growh; +++, rapid growth. 20 FIG
23. Schemg}d gfiza0r am of bio-informatic analysis workgEPWo2ffd det ails, see
text. FIG 24. Results of discrimnant analysis on classification of the
training set of 25 65 STAR el enents. 8S%AR el ements that are correctly
classified as STARs by Stepw se Linear®Di scrimnant Analysis (LDA) are shown
in a Venn diagram The variables for LDA were selected fromfrequency

anal ysi s 1 egyiRS:1£,0Ents "ERATRAILS (FAG S AEmbEQEAtE$Bat(the! A d8RIopsi8REAROr dyads.
The diagramindicates the concordance of the two sets of variables in
correctly celasenfsamgustirRdo tBODvwopBilDexs lmeCTMiilR G089 ad theG 25. U 2
oS/ Tet-Of/l exA-HP1 ~>wer e .transf ect W t h.. candi dat Ar ahi dopsi s STAR
ol ements. andbh VovATed B o o B riEei hileh & Bt airae 2Bk *Run’ vas

i sol at ed angkstdihhRGead fiom flinfREPLiohAlerepRRsion dargaetipdadi STAR-@28%AG zeocin and
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10 human. Its successful application to STAR elements from a plant genome is

particularly significant because it demonstrates the wide taxonomic range over
which the method of the invention is applicable, and because plants are an

important target of biotechnological development.
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Figure 2. The pSDH family of plasmids for testing STAR elements. Two

15 multiple cloning sites (MCSI and MCSII) flank a reporter gene (GFP or
luciferase) whose expression is driven by an upstream promoter (CMV, Tet-off,
or SV40). STAR elements to be tested are inserted at MCSI and MCSII. These
contain unique restriction sites (MCSI: Xhol, Notl, EcoRI, and Sall; MCSII,
HindIII, EcoRV, Bglll, and Nhel). The plasmid replicates after integrating at

20 random in the genome of mammalian cells.

Figure 3. Proportion of clones over-expressing luciferase. U-2 OS human
osteosarcoma cells were stably transfected with pSDH plasmids (containing
the luciferase reporter gene under control of the tet-off promoter), and

25 individual transfected clones were isolated and cultivated. Luciferase
expression was measured enzymatically. The average luciferase expression by
clones containing the STARless pSDH ("reference level") was determined.
Clones from the sets for all plasmids were scored as "over-expressing" if their
luciferase activity was more than 2-fold higher than the reference level. The

30 percentage of over-expressing clones in each plasmid set in plotted.
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Figure 6. The pSS (SINC-Select) plasmid for selecting and characterizing
SINC elements. The codA::upp suicide gene encodes a protein that converts the
pro-drug 5-fluorocytosine to the toxic drug 5-fluorouracil. Upon induction by
lowered tetracycline concentration, host cells become sensitive to the pro-drug.
20 Genomic DNA fragments inserted at the cloning site (BglII-Xhol) that have
silencing activity will prevent expression of the suicide gene and allow
formation of pro-drug resistant colonies. STAR elements flank the selection
components to prevent spreading of silenced chromatin to the functional
components of the plasmid. The plasmid replicates episomally in cultured

25 mammalian cells due to the oriP seqeunce.

FIG 7. The pSDH-CSP plasmid used for testing STAR activity. The Secreted
Alkaline Phosphatase (SEAP) reporter gene is under control of the CMV
promoter, and the puromycin resistance selectable marker (puro) is under

30  control of the SV40 promoter. Flanking these two genes are multiple cloning
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transfected with pSDH-CMV, pSDH-CMV-STARS, or pSDH-CMV-STARS8 was
determined. The STAR-containing constructs confer greater predictability and
15 elevated yield relative to the pSDH-CMYV construct alone.

FIG 10. Minimal essential sequences of STAR10 and STAR27. Portions of the
STAR elements were amplified by PCR: STAR10 was amplified with primers
E23 and E12 to yield fragment 10A, E13 and E14 to yield fragment 10B, and

20 E165 and E16 to yield fragment 10C. STAR27 was amplified with primers E17
and E18 to yield fragment 27A, E19 and E20 to yield fragment 27B, and E21
and E22 to yield fragment 27C. These sub-fragments were cloned into the
pSelect vector. After transfection into U-2 OS/Tet-Off/LexA-HP1 cells, the
growth of the cultures in the presence of zeocin was monitored. Growth rates

25  varied from vigorous (+++) to poor (+/-), while some cultures failed to survive
zeocin treatment (-) due to absence of STAR activity in the DNA fragment
tested.

FIG 11. STAR element function in the context of the SV40 promoter. pSDH-
30 SV40 and pSDH-SV40-STAR6 were transfected into the human osteosarcoma
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FIG 14. Directionality of STAR66 function. The STARG6 element was cloned
15 into pSDH-Tet in either the native (STAR66 native) or the opposite orientation
(STARG6 opposite), and transfected into U-2 OS cells. Luciferase activity was

assayed in puromycin resistant clones.

FIG 15. Copy number-dependence of STAR function. Southern blot of

20 luciferase expression units in pSDH-Tet-STAR10, integrated into U-2 0S
genomic DNA. Radioactive luciferase DNA probe was used to detect the
amount of transgene DNA in the genome of each clone, which was then

quantified with a phosphorimager.

25 FIG 16. Copy number-dependence of STAR function. The copy number of
pSDH-Tet-STAR10 expression units in each clone was determined by
phosphorimagery, and compared with the activity of the luciferase reporter

enzyme expressed by each clone.
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promoter is activated by the E47/E-box enhancer in the empty vector (vector).
Insertion of enhancer-blockers (scs, HS4) or STAR elements (STAR elements
1,2, 3,6, 10, 11, 18, and 27) block luciferase activation by the E47/E-box
enhancer.

15
FIG 19. Enhancer assay. Luciferase expression from a minimal promoter is
activated by the E47/E-box enhancer in the empty vector (E47). Insertion of
the scs and HS4 elements or various STAR elements (STARs 1, 2, 3, 6, 10, 11,
18, and 27) do not activate transcription of the reporter gene.

20
FIG 20. The pSS-codA::upp vector used for isolation of SINC elements. The
codA::upp suicide gene encodes a protein that converts the pro-drug 5-
fluorocytosine to the toxic drug 5-fluorouracil. Upon induction by lowered
doxycycline concentration, host cells become sensitive to the pro-drug.

25  Genomic DNA fragments inserted at the BglII cloning site that have silencing
activity will prevent expression of the suicide gene and allow formation of pro-
drug resistant colonies. STAR elements flank the selection components to
prevent spreading of silenced chromatin to the functional components of the
plasmid. The plasmid is selected after transfection into mammalian cells with

30 the hygromycin-resistance gene, and after transformation into E. coli with the
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boxes); the element occurs between the HOXD8 and HOXD4 homeobox genes
on human chromosome 2. It is aligned with a region in mouse chromosome 2
that shares 72% sequence identity. The region of human chromosome 2

15 immediately to the left of STAR18 is also highly conserved with mouse
chromosome 2 (73% identity; gray boxes); beyond these region, the identity
drops below 60%. The ability of these regions from human and mouse, either
separately or in combination, to confer growth on zeocin is indicated: -, no
growth; +, moderate growth; ++, vigorous growth; +++, rapid growth.

20
FIG 23. Schematic diagram of bio-informatic analysis workflow. For details,

see text.

FIG 24. Results of discriminant analysis on classification of the training set of
25 65 STAR elements. STAR elements that are correctly classified as STARs by
Stepwise Linear Discriminant Analysis (LDA) are shown in a Venn diagram.
The variables for LDA were selected from frequency analysis results for
hexameric oligonucleotides (“oligos”) and for dyads. The diagram indicates the
concordance of the two sets of variables in correctly classifying STARs.
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GTACTGAAAT AGGAGT AAAT CT GAAGAGCAAATAAGAT GAGCCAGAAAAC
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i 0 AGATGATGGTGGTTCAGI TGGAATAGCAGIGCATGTGCTGTAACAACCTC
AGCTGCGGAAGCAGTATATGTIGECGI TATGACCT CAGCTGGAACAGCAATG

CATGTGGT GGTGTAATGACCCCAGCTGGGTAGGGTGCATGT GATGGAACA
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TGTTATGAGGGTAGI GCCATTAAATTTCTCCACAAATTGGTTGTCACGTAT 15
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AAGACCT CCCAGCCGGACT GTCCCTCGECCCCCAGAGGACACTCCACAGA 15
GATATGCCTAACTGGACT TGGAGACT GGCTCACACTCCAGAGAAAAGCATG
GAGCACGAGCGCACAGAGCANGGEGECCAAGGT CCCAGGGACNGAATGTCT

AGGAGGCGAGAT TGEGEGT GAGGGTANTCTGATGCAATTACTGNGCAGCTC
AACATTCAAGGGAGCCGAAGAAAGAAACNGT CCCTGTAAGTAAGTTGTNC
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15 STAR8 reverse GGATCCCGACTCTGCACCGCAAACTCTACGGECGECCCTGCAGGACGECEEC

CTCCTGCCGCT TGGACGCCAGNCAGGAGCT CCCCGGECAGCAGCAGAGCA

GAAAGAAGGAT GECCCCGCCCCACT TCECCT CCCEECEGICTCCCTCCCG 20

CCGGCTCACGGACATAGATGECTGCCTAGCT CCGGAAGCCTAGCTCTTGT

TCCGEGECATCCTAAGGAAGACACGGT TTTTCCTCCCGEEECCTCACCACA

TCTGCCGACT Wi febae T CGGACCTCTCTCCATTGAATGGI TGCCCGTTC  TedfAdaMds 25 STARL8

forward TGGATCCTGCCGCTCGCGICTTAGIGITTCTCCCTCAAGACTTTCCTTCTG

TTTTGITGTCTTGTGCAGTATTTTACAGCCCCTCTTGTIGITTTTCTTTATTT

CTCGTACACACACGCAGI TTTAAGGGT GATGTGTGTATAATTAAAAGGAC
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AAATATGITTT \PAECACACTE AR e S ECA T AT AL TRAAGTS)VBi 2 BLRRAT B4nsfer

PCT/ NLO2/ 00390 107 GGAGTTTTGGTCGGTAA CAAAACTAAAAGAAACCTCTGGGAGACT GGAA
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GCACTGTACGAAGT CTCTGAAATGTAATTAAAAGI TTTTATTGAGCCCCCG  AGCTTTGEC 20 WO

03/ 004704 PCT/ NLO2/ 00390 108 Table 4 B:

t he sequence of various sinc

el ements PSINKS 9 5 GATCAGGA TAATAAGTAC GCTGGGAAGA CAACAAAATG ATTTAAATCT
TAGACAAGTC ATTCTAGGTG TCTCCACTGT TTCAGITCTT GCATTCATTC TTGIGGTATC
TTTTCCCTTT TACCAATAAA AAAGCTCCCT GACATCACAT TGTGGCAGTC CCCATGGTTT
GCCGCAGT TAVESE I aGACT GAACGAAGGA le GGACGAATGA AGAAAT
AAAGGAGCTG  TTTAAAGAAG GGTCCAGGGAAGAAGAAGAG GGCTCCCAGC  TICTAGIGAG
CAAGGGCAGC AGCCCTGAGC TTCTACAGCC CTTCATATTT ATTGAGTAGA AAGAGCAGGG
AGCAGGAGGT AATGATTGGT CAGCTTCTCAATPEATCACA GGTTCACATT 15 ATTGCTAACA

GATTTCACAT GIGCCTAATC TCAAGAAACG CCGCECCTGG
TCCCTCTGEG TGGCAGACGC AGTTTGCCAA CATTCTGCAT
TTACTCATAT AACCTCCAGI GGTACACCGA GITGATC 20
TTTAATTCCC ATGICTATTT TGICTATTTT CAAGATTGAT

CAACCACTCGA CTTACATTGC-AGGITCTAAT GIAACCACTG

GGAAA

GGCATGACTG CCCTCAGCAT
TCATGAGAAC AGITTACTGT

PSI NKS 12 GATCTAA TTTCTCTGTA
TTACATTGCA GGITCCGATG 25

TCCTTFAACGA-GTAGCATAG

T

TTGITTCCTT CTC]
TATTCCTTA AGGA(

AAATGCACAT 30 7
PCT/ NLO2/ 00390

\C
\ CAGTAGITAG
04704

I CCA (3CA T TGT TGCCT AGGAAAGGCA ACAAATCT A
CAGTGGLR :eﬂnE_ Aﬁﬁ@ QERTRLE .E--, ;
I'CTG% asmi oA ngllz- GCTAACT%% oeeCrA CTT ﬁumber o]?’/ (
expressing expression clones
clones, % (range)
Empty 12 3-11 25
SCS (positive 24 3-160 21
control)
STAR-6 62 2-200 26
STAR-3 39 5-820 23
STAR-8 63 7-316 19
STAR-4 31 25-1500 13
STAR-1 57 5-80 23

Expression of the luciferase reporter gene is measured in cell lines containing
5 integrated pSDH plasmids, without ("empty," the negative control) or
containing STAR elements (including the positivie control element, SCS from
Drosophila). The mean expression level of the negative control is defined as
the reference level, and clones are considered over-expressing if their
expression level is >2-fold above the reference level. The percentage of over-

10

along with the number of clones analyzed for each plasmid.

expressing clones for each plasmid and the fold over-expression is reported,



109 AGAAGAAGGG GITCCAACAA GCCTTCTAGG TCATTCTGAT GCATGCTGGA GITTGAGAAT
CGATGCTCTA GGAAAAACAC CAGTACTAT CTACCATCAA CTTGACCACT CAAGTGTICAC
CATTCACTGA AGITTAACTA CAATGICCAG AGAATTAATT S5 GIGIACCAGG CACTATGCCGG
AAGCCTGAAT GCTGCCTCAC AATCCANAGT GGTATGIGIG TAAATGACTA AATAAAATGC

AAAATGGEGAT GACATG PSINKS 19 10 G ATCCTCCATC TGCTCCACCC ACTTCCATCT AAGIGATCCT

GOGCTGATCAY fohiCTCT CTAGACTTCG TTTCTTTTTT TTCTTTTTgdy,

CcT

CACTCTGICA CCCAGCTGCG AGIGCAGIGG TGAGATCTTG GCTCACTGCA ACCTCCACCT 15

CCTGGGITCA AGCAATTCTC CTGICTCAGC CTCCX
I AGT.

CCACCATACC

TAGCTAATTT

TTGITTTTI

GIA GATAGGACTA TAGGTGCACA
GATG GGGITTCACC ATATTGGICA

GCCTGITCTC AAACTCCTGA CCTCAGGTGA TCCACCCACC TCAGCCTCCC AAAGTCGCTGG
GATTACAGGT TablAETERACET A1 &adaCCCECCT GCCCTTCTCT GGACTTTGAT TTCCTCATCT

ATAAAACAGA_CAACAATCCC TACTATGACC ATCCAGAAGG  GT

TCTAT GCTTCATTGC

AATCCTAATC AAAKNRECCA | AEATTSIREEC CGT OSAGGETs GCCCAGATRIBea FENAGGAT
TATTTGGATGLGGAAAATAGT ICAAFmAAAGC TT 25 PSINKS 28 GAT _CATGGAGEG GAACAACC
AACCACACAC, STPBACTGGTCA MECCTGAAGT TCACAGCCAC TACCOTGTAG 30 AGGCCCLGAG
GTTGOOGGCA AGFAT-IACTFCCATCTWO-03/-004704—PCTH-NE02/-00390—410—NAACTCOCCT
TGCACCTGCT GITC 'é:’ACAATGA GCTGTAACAC GCACATCCAC ACCACACATC
ACCCACAGCA STAR-3 For 5¢33.3
Rev 10q22.2 Chr10 part in Histone.
Acetyltransferase gene
STAR-4 For 1p31.1 No genes within 10 kb 83% repetitive
Rev 14q24.1 Intron of Regulator of G- LINE2 & LTR
protein signalling ERV_Classl
STAR-5 For 3q13.1
Rev 10g22.1*
STAR-6 2p21 L5 kb Unknown putative 19% SINE (MIR)
kinase 29% LINE
R 20 kb Microtuble
associated protein
STAR-7 1g32.2 12% Alu 4% MIR
(SINE)
LINE1 2.5% L31CR1
11.5%
MER1 7% Low complex
2%
STAR-8 9q32 ZFP KRAB box containing 35% ERV_ClassI (LTR)
Zinc Finger Protein 2% simple repeat
STAR-9 See STAR4
STAR-10 N.d.
STAR-11 2p25.1 R 15 kb unknown DNA 12% Alu (SINE)
binding protein inhibitor 26% MalRs (LINE)
(Myc type)
STAR-12 5¢36.3 R 15 kb unknown ADAM 3% Low complexity
TS2 family metallo
proteinase
STAR-13 See STAR4
and 9
STAR-14 FNd.
R 20q13.33
STAR-15 1p36.36 L 6 kb Voltage-gated K 14% LTR (MaLRs)
channel subunit
R 4 kb unknown
STAR-16 F 8p23.1 No repeat on sequenced
R 8p22 etc. parts
STAR-17 2q31.1 L 6 kb BTEB1 transcription | 10% simple and low
factor complexity

R 40 kb HNRNP

1Chromosomal location is determined by BLAST search of DNA sequence data from the STAR
clones against the human genome database. The location is given according to standard




GGGGCAGGAG GCAGCTAAGC ATGGGCTTCA GAGTCCTCCC  ACCAGCAGCG CCTACCAGCT
ACAAGCCTGA CGTICTCTGIG 5 TGTGTGIGTA AATTTCACTA AATATTTCTT CTTTTGITTT
TTAAAAATTT ACATGAAATG CACATTTTTG CTGTGACAGA AGCATGTAAC TGTGATCCTA
ACACACCTAC TCCTCCGCCT TTTACTGCCG TCTGCTTCCC TCTCTTCTCC ACGCCCACTC
GACTGCAGTA TCGATGCCAA CAACATGATG TGTGTCCTTC i 0 CATGTTTCCC TGCTCATGCA
TTCGCATGT A ASi#faCOCA  CATGTCACTG TATGTACACA CAGGGGAT & NiGHRFRCAAT
GTTTTACAAG GATTACGTTA TACACCCTTT TCTGCAGTGA GTTTTTCCCA GGCAACCTCC
CAGGCCCCAT GGTGTAGCTC TGGGTCAATC CTTIITTTTT TTTTTGGAGA CAGAGTCTCA 15
CTCTGTCGCC CAGGCTGGAG TGCAGTGGTG CAATTTGGEC TCACTGCAAC CTCCGCCTCC
CGGGTTCAAG CGATTCTCCT GCCTCAGCCT CCTGAGTAGC TGACATTACA AGCGCGCACT
ACCACACCCG £t AATIT EEriaEATthd dlodésc T AGAPATAEA ch SEFbsACAd. 153T3THEHEE GALG
CTGGTCTTGA AGIBSTGEABENd 20he RETGADEPS] iKSf B sIBATEE - ABCHEEEEAG GACTCCCAAA
GTGCTGGGAT @8p: Wmm@@mr@gﬁgaﬁm@vmgmm@@@@@@mmammm foEFCTGATGG
OGN O T se EERNTGARISGCC

CATCTAGG@C PR esi-
TTCTGGGCTC t se %‘%ue T SERARAL
GAATGTGCAG G310 i“?b IT &T/ NLO2/ 00390 GCTCTTGAGT ACCCTGCTCA GGAGCTGGAG

GIGGGCTACC CTGCAAACTC CAGGCCATGA AGCCCAGGAA GATGICAGEC TGGICTTCCC
ATGCCCTTGT GTATCTGAGA CCAACTGICA CTAAATGITT CCTTTACGCC CTGGACACAC
AGCTAGACTC




5 TACTTCTCAG ATTCTCTTGA AATACAAGIC TTTAGCCAGA GCGGIGIGGAG GGAAATCCTG
TGTATCACTT TGAGGTTGAG GCCATCAAAG CCTCCCACAG GIGECCCCCT CTTTCTCTCC
CCACGTACTT ATGATGITGA TGCCCAAGEC AGCTTGAGTA CTACCTGCTG AAGGCAGGEC
CTCTGTCACC ATAGATC 10 PSI NKS 35 GATCCAC CTGCCTCGEC CTCCCAAAGT GCTGGGATTA 15
CAGGCATGAG CCACCATGCC TGGCCAAAAA CTTCTACCTG CTTGGAAAGT TGACTGGTCA
CACAGCCT A ooy CGT  TGCGATGTGG GATGTGCCTG GT TCCAATE L /kdHhdsbe! T TA
CTGITCCCAT AGGAGGTGGEG GACAGECCTC ACCCAGECGT CCAGCATCCT GCAGCTGAAT
CTTGAGCATT TCCATGGGAC 20 AGGTCACCAC GGCAC ATCCCAGCCC CACACCCGEC
AAGCATCTCC ATCTTCAGGT TCCGCTGCAT CCTA CAGGCGICAG GCTCCTTCAG
CCGCAGGCCA CAGCCCTECC CTGGIGCAGC TGCCCTCTTG TGAGAGEEEG ACTTTCCCTG
GATGGECACCC GI'GECTGCCA CTCACCCAGC TGGICAAGIC 25 ATCAGCTAGC CCTTAGGTGT
GGTCTCTGTA CGGACAGGGEG  ACTAAGITTA AAACAAAGCC TGCTAGGGAG GIAGCACCGC
ATGGAAGCTG AAACAGT GAC AGAGAAAACT ACCCAGACCA GGCGT TGree TTGATC 30 WO

03/ 004704 NCORGEARIL ok T Id 559 pol yner ase
chain reacti . o 1 S \ er
( ;A A FI"I'f"l\'l'l\Tf‘l\f"I\Tf“'I'
COSAA =i " SINC E?ﬁﬁ e ronnosoﬁfs:l\lI ~ " " "“Remarks
location!
psinks 9 700 22q11.21 Contains LTR; nearest.

gene ZNF 74, an RNA
binding protein. LTR
very repetitive.

psinks 12 | 750 22q12.3 Located in intron of
acetylglucosaminyl-
transferase-like protein
(664 kb) implicated in
tumour formation.
psinks 19 | 600 22q13.1 Located in intron of
calcium channel, almost
exclusively expressed in
brain.

psinks 28 | 950 22q13.31 Located in intron of
kidney protein of
unknown function.
Contains SINEelement

psinks 30 | 700 22q13.33 Contains part of SINE.

psinks 35 | 650 22q11.21 Covers exon for solute
carrier. (Nuclear gene for
mitochondrion).

5 1Chromosomal location is determined by BLAST search of DNA sequence data
from the STAR clones against the human genome database. The location is
given according to standard nomenclature referring to the cytogenetic
ideogram of each chromosome; e.g. 1p2.3 is the third cytogenetic sub-band of
the second cytogenetic band of the short arm of chromosome 1

10 (http://www.ncbi.nlm.nih.gov/Class/MLACourse/Genetics/chrombanding.html).



C66 AAACT CGAGCGGCCGCGAATTCGTCGACTTTACCACTCCCTAT CAGTGATAGAG
C6 7 AAACCGCGGCAT GGAAGACGCCAAAAACATAAAGAAAGG
C68TATGGATCCTAGAATTACACGGCGATCTTTCC C81AAACCAT GGCCGAGTACAAGCCCACGGTGCGCC
C82AAATCTAGAT CAGGCACCGGGCTTGCGGGTCATGC C85CATTTCCCCGAAAAGT GCCACC
D30TCACTGCTAGCGAGTGGTAAACTC D41 GAAGT CGACGAGGCAGGCAGAAGTATGC

D42 GAGCCGRgabhdiAiaT TCCTCACCTTGTCG D51 TCTGGAAGCT TTGCT GAAGAAS 00390
DS9GGGCAAGATGI CGTAGTCAGG DI0OAGGCCCATGGTCACCTCCATCGCTACTGIG
D91CTAATCACTCACTGTGTAAT DI93AATTACA D94 AATTGGCGCGCCTGT

D95 TGCTTTGCATACTTCTGCCTGCCTC E12TA TCCAAATGTTC E13CCTAAAAGAAGATCTTTAGC
E14AAGTGTTGGATCCACTTTGG E15TTTGAAGATCTACCAAATGG E16GTTCGGGATCCACCTGGCCG
E17TAGCCAAGR KL hGs En &l Gl AEI E ¥s@ACRE sErhA T TRENEAIROd fhiel CCAGTAT
E20AGAGT TCCGGAT GG E21CCAGGCAGACTCGGAACTCT E22TGGTGAAACCGGATCCCTAC

E2 3 AGGT CAGGATRTIT AGATTAeFoBECATTTTCGCTTCCTTAGCTCC WO 03/ 004704 113

PCT/ NLO2/ 00390

STAR3 forward ‘

5 ACGTNCTAAGNAAACCATTATTATCATGACATTAACCTATAAAAATAGGC
GTATCACGAGGCCCTTTCGTCTTCACTCGAGCGGCCAGCTTGGATCTCGA
GTACTGAAATAGGAGTAAATCTGAAGAGCAAATAAGATGAGCCAGAAAAC
CATGAAAAGAACAGGGACTACCAGTTGATTCCACAAGGACATTCCCAAGG
TGAGAAGGCCATATACCTCCACTACCTGAACCAATTCTCTGTATGCAGATT

10 TAGCAAGGTTATAAGGTAGCAAAAGATTAGACCCAAGAAAATAGAGAACT
TCCAATCCAGTAAAAATCATAGCAAATTTATTGATGATAACAATTGTCTCC
AAAGGAACCAGGCAGAGTCGTGCTAGCAGAGGAAGCACGTGAGCTGAAA
ACAGCCAAATCTGCTTTGTTTTCATGACACAGGAGCATAAAGTACACACCA
CCAACTGACCTATTAAGGCTGTGGTAAACCGATTCATAGAGAGAGGTTCT

15 AAATACATTGGTCCCTCATAGGCAAACCGCAGTTCACTCCGAACGTAGTC
CCTGGAAATTTGATGTCCAGNATAGAAAAGCANAGCAGNCNNNNNNTAT
ANATNNNGNTGANCCANATGNTNNCTGNNC

STAR3 reverse

20 GAGCTAGCGGCGCGCCAAGCTTGGATCCCGCCCCGCCCCCTCCGCCCTCG
AGCCCCGCCCCTTGCCCTAGAGGCCCTGCCGAGGGGCGGGGCCTGTCCC
TCCTCCCCTTTCCCCCGCCCCCTACCGTCACGCTCAGGGGCAGCCTGACC
CCGAGCGGCCCCGCGGTGACCCTCGCGCAGAGGCCTGTGGGAGGGGCGT
CGCAAGCCCCTGAATCCCCCCCCGTCTGTTCCCCCCTCCCGCCCAGTCTC

25 CTCCCCCTGGGAACGCGCGGGGTGGGTGACAGACCTGGCTGCGCGCCAC
CGCCACCGCGCCTGCCGGGGGCGCTGCCGCTGCCTGAGAAACTGCGGCT
GCCGCCTGGAGGAGGTGCCGTCGCCTCCGCCACCGCTGCCGCCGCCGLC
AGGGGTAGGAGCTAAGCCGCCGCCATTTTGTGTCCCCCTGTTGTTGTCGT
TGACATGAATCCGACATGACACTGATTACAGCCCAATGGAGTCTCATTAA

30 ACCCGAGTCGCGGTCCCGCCCCGCCGCTGCTCCATTGGAGGAGACCAAAG



E42CGATGTAACCCACTCGIGCACC E57AGAGATCTAGGATAATTTCG

E92 AGGCGCTAGCACGCGITCTACTCTTTTCCTACTCTG

E93GATCAAGCTTACGCGT CTAAAGCCATTTTATATAG

E94 AGGCGCTAGCACGCGT TCAGAGT TAGTGATCCAGG
E95GATCAAGCT TACGCGT CAGTAAAGGT TTCGTATGG

E96 AGCCCCT$#3A6dadGT TCTACTCTTTCATTACTCTG E97CGAGGAAGCT GCTG

E98 CAAGGGCCGCAGCTTACACATGITC D58CCAAGITGACCAGTIGCC D80 CACGACCTCCG
D70 TACAAGCCAACCACGECCT D7 1CGGAAGTGCTTGREATTGEG WO 03/ 004704 114

PCT/ NLO2/ 00390 Table 6. STAR el enents of the invention, including genomc

| ocati on and | ength STARLocation,Len h2 12931. 1750 27pl15. 2916 3315 11.2 and

10 22. 22132 AN AA GROCAE CTETIREE CTAZUIGT SPGB TGEZRIIAACTTACT342101

899321839 9410p15. 31936 10X 1131167 11208 11377 125035 31051, 1349q34. 31201

14422911, 22438 CACTCTGCAGCCCATTGGGGCAGGTTCCTGCCGGTCATNTCGOTTCC
AATAAACACACCCCTTCGACCCCATNATTCCCCCCCTTCGGGAACCACCC
CCGGGGGAGGGGTCCACTGGNCAATACCAATTNAANAGAACCGCTNGGG

5 TCCGCCTNTTTNCGGGCNCCCTATTGGGTT

STAR4 forward
GGGGAGGATTCTTTTGGCTGCTGAGTTGAGATTAGGTTGAGGGTAGTGAA
GGTAAAGGCAGTGAGACCACGTAGGGGTCATTGCAGTAATCCAGGCTGG

10 AGATGATGGTGGTTCAGTTGGAATAGCAGTGCATGTGCTGTAACAACCTC
AGCTGGGAAGCAGTATATGTGGCGTTATGACCTCAGCTGGAACAGCAATG
CATGTGGTGGTGTAATGACCCCAGCTGGGTAGGGTGCATGTGATGGAACA
ACCTCAGCTGGGTAGCAGTGTACTTGATAAAATGTTGGCATACTCTACATT
TGTTATGAGGGTAGTGCCATTAAATTTCTCCACAAATTGGTTGTCACGTAT

15  GAGTGAAAAGAGGAAGTGATGGAAGACTTCAGTGCTTTTGGCCTGAATAA
ATAGAAGACGTCATTTTCAGTAATGGAGACAGGGAAGACTAANGNAGGGT
GGATTCAGTAGAGCAGGTGTTCAGTTTTGAATATGATGAACTCTGAGAGA
GGAAAAACTTTTTCTACCTCTTAGTTTTTGNGNCTGGACTTAANATTAAAG
GACATANGACNGAGANCAGACCAAATNTGCGANGTTTTTATATTTTACTT

20 GCNGAGGGAATTTNCAAGAAAAAGAAGACCCAANANCCATTGGTCAAAA
CTATNTGCCTTTTAANAAAAAGANAATTACAATGGANANANAAGTGTTGN
CTNGGCAAAAATTGGG

STARA4 reverse
25  GGATTNGAGCTAGCGGCGCGCCAAGCTTGGATCTTAGAAGGACAGAGTG
GGGCATGGAAATGCACCACCAGGGCAGTGCAGCTTGGTCACTGCCAGCTC
CNCTCATGGGCAGAGGGCTGGCCTCTTGCAGCCGACCAGGCACTGAGCG
CCATCCCAGGGCCCTCGCCAGCCCTCAGCAGGGCCAGGACACACAAGCCT
TTGACTTCCTCCTGTCACTGCTGCTGCCATTCCTGTTTTGTGGTCATCACT
30 CCTTCCCTGTCCTCAGACTGCCCAGCACTCAAGGATGTCCTGTGGTGGCA



151 P36.311881 161p21.21282 172 31.1793 182q31. 3497 196p22. 11840 208p13. 3780
216q24. 2620 222g12. 21380 236p22. 11246 241 21.2948 2551 21. 31067 261q21. 1540
271 'q23. 11520 2822 11.23961 292g13. 312253 3022q12. 31851 319q34.11 and

22811. 211165 3221q22. 2771 WO 03/ 004704 115 PCT/ NLO2/ 00390 STARLocati on' Len
h2 3321q22. 21368 349q34. 14755 357q22. 31211 3621q22. 21712 3722 11. 231331 3822
111 and gagdgu iy 1000 3922 12.32331 4022911 211071 4kdAGMwILLA4 4222

11. 1735 4394594741231

105

TCAGACCATATGCCCCTGAANAGGAGTGAGTTGGTGTTTTTTGCCGCGCC

CANAGAGCTGCTGTCCCCTGAAAGATGCAAGTGGGAATGATGATGNTCAC

CATCNTCTGACACCAAGCCCTTTGGATAGAGGCCCCAACAGTGAGGATGG

GGCTGCACTGCATTGCCAAGGCAACTCTGTNNTGACTGCTACANGACANT
5 CCCAGGACCTGNGAAGNNCTATANATNTGATGCNAGGCACCT

STARG forward
CCACCACAGACATCCCCTCTGGCCTCCTGAGTGGTTTCTTCAGCACAGCTT
10 CCAGAGCCAAATTAAACGTTCACTCTATGTCTATAGACAAAAAGGGTTTTG
ACTAAACTCTGTGTTTTAGAGAGGGAGTTAAATGCTGTTAACTTTTTAGGG
GTGGGCGAGAGGAATGACAAATAACAACTTGTCTGAATGTTTTACATTTC
TCCCCACTGCCTCAAGAAGGTTCACAACGAGGTCATCCATGATAAGGAGT
AAGACCTCCCAGCCGGACTGTCCCTCGGCCCCCAGAGGACACTCCACAGA
15  GATATGCTAACTGGACTTGGAGACTGGCTCACACTCCAGAGAAAAGCATG
GAGCACGAGCGCACAGAGCANGGGCCAAGGTCCCAGGGACNGAATGTCT
AGGAGGGAGATTGGGGTGAGGGTANTCTGATGCAATTACTGNGCAGCTC
AACATTCAAGGGAGGGGAAGAAAGAAACNGTCCCTGTAAGTAAGTTGTNC
ANCAGAGATGGTAAGCTCCAAATTTNAACTTTGGCTGCTGGAAAGTTTNN
20 GGGCCNANANAANAAACANAAANATTTGAGGTTTANACCCACTAACCCN
TATNANTANTTATTAATACCCCTAATTANACCTTGGATANCCTTAAAATAT
CNTNTNAAACGGAACCCTCNTTCCCNTTTNNAAATNNNAAAGGCCATTN
NGNNCNAGTAAAAATCTNNNTTAAGNNNTGGGCCCNAACAAACNTNTTC
CNAGACACNTTTTTTNTCCNGGNATTTNTAATTTATTTCTAANCC
25
STARG reverse
ATCGTGTCCTTTCCAGGGACATGGATGAAGCTGGAAGCCATCATCCTCAG
CAAACTAACACAGGAACAGAAAACCAAATACCACATGTTCTCACTCATAAG
TGGGAGCTGAACAGTGAGAACACATGGACACAGGGAGGGGAACATCACA
30 CACCAAGGCCTGTCTGGTGTGGGGAGGGGAGGGAGAGCATCAGGACAAA



4422 11.11591 4522 11.211991 4622ql1l. 231871 4722 11.211082 4322ql1l. 221242
49Chr 12 random cl one, and 1015 326. 32 506p21. 312361 515¢21. 32289 527

15. 21200 53Xp1l. 31431 544 21.1981 55159g13. 1501 56i ncl udes 3p25. 3741
574935. 21371 5821ql1. 21401 5917 random cl one872 604 16.1 and 6272068
617pl4. 3 and 119251482 6214q24. 31011 6322q13. 31421 6417qll. 21414 657

21. 11=28. 433046420 13. 33 and 6ql4. 12800 WO 03/ 004704pHiodeddsd 00390 116

" Chronosonal |ocation is determ ned by BLAST search of DNA sequence data
fromthe STAR el enents agai nst the hqu genone dat abase. The location is
gi ven according to standard nonencl ature referring to the 5 cytogenetic

i deogram of each chronosone; e.g. 1p2.3 is the third cytogenetic sub-band

of the secomdRYHQUEREATGTOHGGOTTARA CHTAGA TG ACGGGTIGATRSGTECAG
CAATCCACTATGGACACATATACCTATGTAACAACCCNACCTTNTTGACAT
GTATCCCAGAACTTAAAGGAAAATAAAAATTAAAAAAAATTNCCCTGGAA
TAAAAAAGAGTGTGGACTTTGGTGAGATN

STARS forward
GGATCACCTCGAAGAGAGTCTAACGTCCGTAGGAACGCTCTCGGGTTCAC
AAGGATTGACCGAACCCCAGGATACGTCGCTCTCCATCTGAGGCTTGNTC
CAAATGGCCCTCCACTATTCCAGGCACGTGGGTGTCTCCCCTAACTCTCC

10 CTGCTCTCCTGAGCCCATGCTGCCTATCACCCATCGGTGCAGGTCCTTTCT
GAANAGCTCGGGTGGATTCTCTCCATCCCACTTCCTTTCCCAAGAAAGAA
GCCACCGTTCCAAGACACCCAATGGGACATTCCCNTTCCACCTCCTTNTC
NAAAGTTNGCCCAGGTGTTCNTAACAGGTTAGGGAGAGAANCCCCCAGG
TTTNAGTTNCAAGGCATAGGACGCTGGCTTGAACACACACACACNCTC

15
STARS reverse
GGATCCCGACTCTGCACCGCAAACTCTACGGCGCCCTGCAGGACGGCGGC
CTCCTGCCGCTTGGACGCCAGNCAGGAGCTCCCCGGCAGCAGCAGAGCA
GAAAGAAGGATGGCCCCGCCCCACTTCGCCTCCCGGCGGTCTCCCTCCCG

20 CCGGCTCACGGACATAGATGGCTGCCTAGCTCCGGAAGCCTAGCTCTTGT
TCCGGGCATCCTAAGGAAGACACGGTTTTTCCTCCCGGGGCCTCACCACA
TCTGGGACTTTGACGACTCGGACCTCTCTCCATTGAATGGTTGCGCGTTC
TCTGGGAAAG

25 STARI1S forward
TGGATCCTGCCGCTCGCGTCTTAGTGTTTCTCCCTCAAGACTTTCCTTCTG
TTTTGTTGTCTTGTGCAGTATTTTACAGCCCCTCTTGTGTTTTTCTTTATTT
CTCGTACACACACGCAGTTTTAAGGGTGATGTGTGTATAATTAAAAGGAC
CCTTGGCCCATACTTTCCTAATTCTTTAGGGACTGGGATTGGGTTTGACTG

30  AAATATGTTTTGGTGGGGATGGGACGGTGGACTTCCATTCTCCCTAAACT



(http://www. ncbi. nlm nih. gov/C ass/ MLACour se/ Geneti cs/ chronbandi ng. h
tm). In cases where the forward and reverse sequencing reaction 10
identified DNAs fromdifferent genomc loci, both |loci are shown. 2Precise

| engt hs are determ ned by DNA sequence anal ysis; approximate |engths are
determ ned by restriction mappi ng. 3Sequence and | ocati on of STAR3 has been
refined siyirBopsaenbly of Tables 2 and 4. 15 "' The SIARsLobishy t hese nunbers
in Tables 2 and 4 have been set aside (hereafter referred to as "ol dSTARS"
etc.) and their nunbers assigned to tgi STAR el enents shown in the DNA
sequence appendi x. In the case of O|& AR5, ol dSTAR14, and ol dSTAR16, the
cl oned DNAs were chinmeras fromnore than two chronosonal |ocations; in the
case of ol d@%@rmﬂe@me@mmmcmmwmmm@wmm to STAR4.

5/ denti cal to Tabl e 4 "STAR18" 03/00 / NLO2/ 0039 ble 7.
STAR el enrentidCaRHVEDCGARAG 1A GYBA CARE GAATCAMUT e A BSLFERR ol

Luci Terase aBotsians @AEA@G@&W@T@M@A@A&@G@%@A@@M@W 60 23, 000
84 20, 000 108 16 00 STAR6 w thout 84 12,000 puronycind 108 15,000 144

12, 000 PIa@ﬁAﬁ?ﬁIﬁGGéﬁG@DmﬂTG%éAEGQAﬁW&ﬁAAAGTWETTATTGBGQEEC@G and

clones wer e L i i i S

cl ones e @ ool edo A g AR B BTN APR IR S BB
GCCTCGCCTCCCCGCTGNCCTCAGCTCCGATGACTTCCCCGCCCCceGece
TGCTCGGTGACAGACGTTCTACTGCTTCCAATCGGAGGCACCCTTCGCGG

STAR18 reverse

10 TGGATCCTGCCGCTCGCGTCTTAGTGTTTCTCCCTCAAGACTTTCCTTCTG
TTTTGTTGTCTTGTGCAGTATTTTACAGCCCCTCTTGTGTTTTTCTTTATTT
CTCGTACACACACGCAGTTTTAAGGGTGATGTGTGTATAATTAAAAGGAC
CCTTGGCCCATACTTTCCTAATTCTTTAGGGACTGGGATTGGGTTTGACTG
AAATATGTTTTGGTGGGGATGGGACGGTGGACTTCCATTCTCCCTAAACT

15  GGAGTTTTGGTCGGTAATCAAAACTAAAAGAAACCTCTGGGAGACTGGAA
ACCTGATTGGAGCACTGAGGAACAAGGGAATGAAAAGGCAGACTCTCTGA
ACGTTTGATGAAATGGACTCTTGTGAAAATTAACAGTGAATATTCACTGTT
GCACTGTACGAAGTCTCTGAAATGTAATTAAAAGTTTTTATTGAGCCCCCG
AGCTTTGGC

20



transferred to fresh culture vessels weekly at a dilution of 1:20. 2The
nunber of cell divisions is based on the estimation that in one week the
culture reaches cell confluence, which 10 represents -6 cell divisions.

3Luci ferase was assayed as described in Exanple 1. "After 60 cell divisions
the cells were transferred to two culture vessels; one was supplied with

cul ture ngeishsbodat contained puronycin, as for the gduaty/mocel
di visions, and the 15 second was supplied with culture nmedium | acki ng

antibiotic. WD 03/004704 118 PCT/ NLO2/ 00390 Tabl e 8. Human STAR el enents and
their putative nouse orthol ogs and pHal ogs

SEQ | DSTARHuman' Mouse2Sim larity3 112931. 12D600 b 69% 227 15. 26B3909 bp 89%
33a5(033. 311B2248 bp 83% 43b10g22. 214B1. 363 bp 89% 2. 163 by 86%

562p2l 17E4437 bp 78% 6125935. 311 bl . 3796 bp 66% 7139q934. 32A3753 by 77%
8182431. 32ENAAT4 B: TR%c0262bqT 2a A G168 pnE9I% 104022911, 16F11. 270 bp 75%
2. 309 b 70% 1. 451 bp 72% 11506p21. 3117B12. 188 bp 80% 3. 142 b 64%
12527p15. 26B31. 846 by 74% 2. 195 bp 71%

PSINKS 9
5 GATCAGGA TAATAAGTAC GCTGGGAAGA CAACAAAATG

ATTTAAATCT TAGACAAGTC ATTCTAGGTG TCTCCACTGT
TTCAGTTCTT GCATTCATTC TTGTGGTATC TTTTCCCTTT
TACCAATAAA AAAGCTCCCT GACATCACAT TGTGGCAGTC
CCCATGGTTT GCCGCAGTTA CTGCGGGACT GAACGAAGGA

10 GGACGAATGA AGAAATGAAA ACCAAGGAAA AAAGGAGCTG
TTTAAAGAAG GGTCCAGGGA AGAAGAAGAG GGCTCCCAGC
TTCTAGTGAG CAAGGGCAGC AGCCCTGAGC TTCTACAGCC
CTTCATATTT ATTGAGTAGA AAGAGCAGGG AGCAGGAGGT
AATGATTGGT CAGCTTCTCA ATTGATCACA GGTTCACATT

15 ATTGCTAACA GATTTCACAT GTGCCTAATC TCAAGAAACG
CCGCGCCTGG GGCATGACTG CCCTCAGCAT TCCCTCTGGG
TGGCAGACGC AGTTTGCCAA CATTCTGCAT TCATGAGAAC
AGTTTACTGT TTACTCATAT AACCTCCAGT GGTACACCGA
GTTGATC

20
PSINKS 12

GATCTAA TTTCTCTGTA TTTAATTCCC ATGTCTATTT
TGTCTATTTT CAAGATTGAT TTACATTGCA GGTTCCGATG
25 CAACCACTGA CTTACATTGC AGGTTCTAAT GTAACCACTG
TCCTTAACGA GTACATAGAT TTGTTTCCTT CTCTCCAGGA
GCATGAGATT TGTTGCCTCC AGGAAAGGCA ACAAATCTAC
TATTCCTTA AGGACAGTGG TTCTCAAAGG ATTGTCCTGG
GAACAGCAGC ATCACCTACA CAGTAGTTAG AAATGCACAT
30 TCTGAGGCCT CCCAAGACCT GCTAACTCAG ACACTTGGGG



1353Xpll. 3XA2364 by 64% 1. 174 bp 80% 145449g21. 15E32. 240 bp 73% 3. 141 bp
67% 4. 144 by 68% 1561a7 14.36B3188 by 68%5 ' Cytogenetic | ocation of STAR
el enent in the human genone. 2Cytogenetic |ocation of STAR el enent orthol og
in the nouse genone. 3Length of region(s) displaying high sequence
simlarity, and percentage simlarity. In sonme cases nore than one bl ock of

hi gh si m kgydsfedsz@dccurs; in those cases, each bl ock ipcfiRsshéaEd separately.
Simlarity <60%is not 1o considered significant. WO 03/004704 119

PCT/ NLO2/ 00390 Table 9. d i gonucl eot aﬂg patterns (6 base pairs)
over-represented in STAR el enents. patterns are ranked according to
significance coefficient. These were determ ned using RSA-Tools with the

sequence ofsdAlecRWIRIT B$TOTRAAAL FEITEFEINLEs TRl FRETGAThat conprise the nost
discrimnant variables in Linear D scrimnant Analysis are indicated with

an ast eri siGCATGGBEGA GTBEE AN TEL FATICLI G Ay aiGA Ndfber of Nunbereoti de

occurrent (o I -G t STARS
occurrent_ocgurLERRTCErABLANCAA SPAHRRRARFERRET 1 £
CATTCACTGA AGTTTAACTA CAATGTCCAG AGAATTAATT
5 GTGTACCAGG CACTATGCGG AAGGCTGAAT GCTGCCTCAC
AATCCANAGT GGTATGTGTG TAAATGACTA AATAAAATGC

AAAATGGGAT GACATG

PSINKS 19
10
G ATCCTCCATC TGCTCCACCC ACTTCCATGT AAGTGATCCT
GGGCTGATCA CTTCCTCTCT CTAGACTTCG TTTCTTTTTT
TTCTTTTTTA GACCGAGTCT CACTCTGTCA CCCAGGCTGG
AGTGCAGTGG TGAGATCTTG GCTCACTGCA ACCTCCACCT
15  CCTGGGTTCA AGCAATTCTC CTGTCTCAGC CTCCTGAGTA
GATAGGACTA TAGGTGCACA CCACCATACC TAGCTAATTT
TTGTTTTTTT AGTAGAGATG GGGTTTCACC ATATTGGTCA
GCCTGTTCTC AAACTCCTGA CCTCAGGTGA TCCACCCACC
TCAGCCTCCC AAAGTGCTGG GATTACAGGT GTGAGCCACC
20 GAGCCGGGCT GCCCTTCTCT GGACTTTGAT TTCCTCATCT
ATAAAACAGA CAACAATCCC TACTATGACC ATCCAGAAGG
GTTAATCTAT GCTTCATTGC AATCCTAATC AAAAATCCCA
ACATTTTGGC CGTGGAGCCT GCCCAGATGG TTCTAGGATT
TATTTGGATG GGAAAATAGT CAAGACAAGC TT
25
PSINKS 28

GAT CATGGAGGGA GAGAACAACC AACCACACAC
TGACTGGTCA CCCCTGAAGT TCACAGCCAC TACCCTGTAG
30 AGGCCCCGAG GTTGCCGGCA AGCCCAGTAT ACTTCCATCT



2CAGCGE3697. 7523 3GGECCCC74317. 2134 4CAGCCC103507. 1837 5GCCCCC70296. 9734
6CGEEECA0126. 9518 7CCCCGECA3136. 7922 8CGGCAG3596. 6418 9AGCCCCB83386. 5440
10CCAGGEG107546. 5243 11GGACCC *58236: 0435 12GCGGAC2035. 9414 13CCAGCG34105. 924
14GCAGCCI2455. 8443 15CCGECA2875. 6116 16AGCGGEC2775. 4517 17CAGEEEE6435. 0943
18CCGCCCA3155. 0218 19CCCCCG35114. 9120 20GCCGCC34104. 8818 21GCCGEC2254. 716
22 CCGACCL G4z fagiift 23CGCCAC35114. 6419 24CGCCAGR2884. 3118-paeshdisdc2984. 2920
26CAGCCG3210424 27CCCACG33113. 9726 28GCTGCC78403. 943 29CCCTCC106603. 8748
30CCCTGC *92503. 8342 31CACCCC77403. 75{1{.1) 32GCGCCA30103. 5823
33AGGGEC70353. 5534 WO 03/ 004704

AAACTCCCCT TGCACCTGCT CCTCCTGTTC CAGACAATGA

GCTGTAACAC GCACATCCAC ACCACACATC ACCCACAGCA

GGGGCAGGAG GCAGCTAAGC ATGGGCTTCA GAGTCCTCCC

ACCAGCAGCG CCTACCAGCT ACAAGCCTGA CGTCTCTGTG

5 TGTGTGTGTA AATTTCACTA AATATTTCTT CCTTTGTTTT

TTAAAAATTT ACATGAAATG CACATTTTTG CTGTGACAGA

AGCATGTAAC TGTGATCCTA ACACACCTAC TCCTCCGCCT

TTTACTGCCG TCTGCTTCCC TCTCTTCTCC ACGCCCACTC

GACTGCAGTA TCGATGCCAA CAACATGATG TGTGTCCTTC

10 CATGTTTCCC TGCTCATGCA TTCGCATGTA AGCCACCGCA

CATGTCACTG TATGTACACA CAGGGGATTC TGAGGCCAAT

GTTTTACAAG GATTACGTTA TACACCCTTT TCTGCAGTGA

GTTTTTCCCA GGCAACCTCC CAGGCCCCAT GGTGTAGCTC

TGGGTCAATC CTTTTTTTTT TTTTTGGAGA CAGAGTCTCA

15 CTCTGTCGCC CAGGCTGGAG TGCAGTGGTG CAATTTGGGC

TCACTGCAAC CTCCGCCTCC CGGGTTCAAG CGATTCTCCT

GCCTCAGCCT CCTGAGTAGC TGACATTACA AGCGCGCACT

ACCACACCCG GCTAATTTTT GTATTTTTAG TAGAGATACA

GTTTCACCAT GTTGGTCAGG CTGGTCTTGA ACTCCTGAGC

20 TCGTGATC
PSINKS 30

GATCC ACCCGCCTCG GACTCCCAAA GTGCTGGGAT
25 TACAGGTGTG AGCCACTGTG CTTGGCCCGA ATCAGGAATA
ATTCTGATGG CTAAGGAAGA CAGCTTCCGA GAGAGTAGGA
GAAAGGGCAC AGGATTCCAG GCAGAAGGCC CATCTAGGGC
AAAGGCGAAG GTGTGGCTCA GCCTGCCTCC TTTGGGGAAT
GGCGAGTGTG TTCTGGGCTC AGGGTTCTTG GTAAGGGACA
30 GAGAAGACTC GGGAAAGATC AGTTGAGCTG GAATGTGCAG



120 PCT/ NLO2/ 00390 34GAGGECEC66323. 540 35GCGAACL423. 3713 36CCGECGL743. 3312
37ACCCGGE34123. 2925 38GGAGCC67343. 2740 39CCCCAGL03603. 2351 40CCGECTC2473. 1919
41CCCCTCB1443. 1943 42CACCGC33123. 1422 43CTGCCCI6553. 0142 44GGEECCA68352. 9939
45CCCTAC2892. 8822 46CAGCGC2582. 7719 47CEECCC28102. 7319 48CCGCCGL1952. 569
49CCCCGEGE30112. 4117 50AGCCEC2372. 3417 51GCACCCS5272. 3138 52ACGGACCS54272. 2233

S53ACCECER2 4832 0348630H4 CAGEECE1472. 1842 55CCCGCCA5212. 1529(:?{@%6362. 0939
S7TAGCECC2162. 0918 58AGGECCC64342. 0832 59CCCACC101622. 055 CA2162. 0317

61AACGCE11. 969 62GCGECA2171. 9214 63A(I3551TCC49241. 8736 64CCGICA1961. 7814

GCTCTTGAGT ACCCTGCTCA GGAGCTGGAG GTGGGCTACC
CTGCAAACTC CAGGCCATGA AGCCCAGGAA GATGTCAGGC
TGGTCTTCCC ATGCCCTTGT GTATCTGAGA CCAACTGTCA
CTAAATGTTT CCTTTACGCC CTGGACACAC AGCTAGACTC
5 TACTTCTCAG ATTCTCTTGA AATACAAGTC TTTAGCCAGA

GGGTGTGGAG GGAAATGCTG TGTATCACTT TGAGGTTGAG
GCCATCAAAG CCTCCCACAG GTGGCCCCCT CTTTCTCTCC
CCACGTACTT ATGATGTTGA TGCCCAAGGC AGCTTGAGTA
CTACCTGCTG AAGGCAGGGC CTCTGTCACC ATAGATC

10
PSINKS 35

GATCCAC CTGCCTCGGC CTCCCAAAGT GCTGGGATTA

15 CAGGCATGAG CCACCATGCC TGGCCAAAAA CTTCTACCTG
CTTGGAAAGT TGACTGGTCA CACAGCCTAG CAAATGAGGT
TGGGATGTGG GATGTGCCTG GTTCCAATCC CAGCCCTTTA
CTGTTCCCAT AGGAGGTGGG GACAGGCCTC ACCCAGGCGT
CCAGCATCCT GCAGCTGAAT CTTGAGCATT TCCATGGGAC

20  AGGTCACCAC GACCTGGCAC ATCCCAGCCC CACACCCGGC
AAGCATCTCC ATCTTCAGGT TCCGCTGCAT CCTATGGGAA
CAGGCGTCAG GCTCCTTCAG CCGCAGGCCA CAGGCCTGCC
CTGGTGCAGC TGCCCTCTTG TGAGAGGGGG ACTTTCCCTG
GATGGCACCC GTGGCTGCCA CTCACCCAGC TGGTCAAGTC

25  ATCAGCTAGC CCTTAGGTGT GGTCTCTGTA CGGACAGGGG
ACTAAGTTTA AAACAAAGCC TGCTAGGGAG GTAGCACCGC
ATGGAAGCTG AAACAGTGAC AGAGAAAACT ACCCAGACCA
GGCGTTGTCC TTGATC

30



65CAGAGGL07681. 7747 66CCCGAG33141. 7722 67CCGAGE36161. 7625 6SCGCGGAL1121. 758
69CCACCC87531. 7145 70CCTCGC2381. 7120 71CAAGCC59321. 6940 72TCCGCA1851. 6817
73CGCCGC1851. 679 74GGGAACS5291. 6339 75CCAGARR3581. 5749 WD 03/004704 121
PCT/ NLO2/ 00390 76CGITCC1961. 5316 77CGAGGA2381. 519 78GGGACC4A8241. 4831
79CCGCGAL1021. 488 80CCTGCER491. 4517 81CTGCGC2381. 3214 82GACCCCAT7241. 3133
83CCTCCA6Qadhngp®? 84CGCCAC33151. 1921 85GCGGGA2391. 1718rRbfhided=A1861. 1515
87CTGCTC80491. 1450 88CAGACG2391. 1319 89CGAGAG2181. 0917 90CGEGIGC1861. 0616
91CTCCCCB84531. 0547 92GCGEECC2281. 0414 %%ZCGGCGC1441. 0413 94AAGCCC *60341. 0342

Table 5. Oligonucleotides used for polymerase chain reactions (PCR
primers) or DNA mutagenesis

Num Sequence
ber

C65 | AACAAGCTTGATATCAGATCTGCTAGCTTGGTCGAGCTGATAC
TTCCC

C66 | AAACTCGAGCGGCCGCGAATTCGTCGACTTTACCACTCCCTAT
CAGTGATAGAG

C67 | AAACCGCGGCATGGAAGACGCCAAAAACATAAAGAAAGG
C68 | TATGGATCCTAGAATTACACGGCGATCTTTCC
C81 | AAACCATGGCCGAGTACAAGCCCACGGTGCGCC
C82 | AAATCTAGATCAGGCACCGGGCTTGCGGGTCATGC
C85 | CATTTCCCCGAAAAGTGCCACC

D30 | TCACTGCTAGCGAGTGGTAAACTC

D41 | GAAGTCGACGAGGCAGGCAGAAGTATGC

D42 | GAGCCGCGGTTTAGTTCCTCACCTTGTCG

D51 | TCTGGAAGCTTTGCTGAAGAAAC

D89 | GGGCAAGATGTCGTAGTCAGG

D90 | AGGCCCATGGTCACCTCCATCGCTACTGTG

D91 | CTAATCACTCACTGTGTAAT

D93 | AATTACAGGCGCGCC

D94 | AATTGGCGCGCCTGT

D95 | TGCTTTGCATACTTCTGCCTGCCTC

E12 | TAGGGGGGATCCAAATGTTC

E13 | CCTAAAAGAAGATCTTTAGC

E14 | AAGTGTTGGATCCACTTTGG

E15 | TTTGAAGATCTACCAAATGG

E16 | GTTCGGGATCCACCTGGCCG

E17 | TAGGCAAGATCTTGGCCCTC

E18 | CCTCTCTAGGGATCCGACCC

E19 | CTAGAGAGATCTTCCAGTAT

E20 | AGAGTTCCGGATCCGCCTGG

E21 | CCAGGCAGACTCGGAACTCT

E22 | TGGTGAAACCGGATCCCTAC

E23 | AGGTCAGGAGATCTAGACCA

E25 | CCATTTTCGCTTCCTTAGCTCC




95CCGCAG491. 0317 96GCCCAC59340. 9535 97CACCCA92600. 9349 98GOGCCC27110. 9318
99ACOGGC1540. 9213 100CTCGCAL650. 8914 101ACGCTCL650. 8812 102CTGGAC58330. 8832
103GCCOCA67400. 8738 104ACCGTC1540. 8611 105CCCTCG2180. 818 106AGCCCG2280. 7914
107ACCOGAL650. 7813 108AGCAGC79500. 7541 109ACCGCGL440. 697 110CGAGGEC29130. 6924
111AGCTGC70430. 6436 112GGGGAC49270. 6434 113CCGCAALG50. 6412 114CGTCGC810. 626
1150GTGACKIAQn&7k5 116CGCCCA33160. 5622 117CTCTGCO7650,54¢mhMRyP3/ 004704 122
PCT/ NL02/ 00390 118AGCGAG2180. 5217 119ACCGCT1550. 511 120CUCAGA 33950, 4958
121CCCTCA71450. 4939 122C0CCCA *77490. 4942 123GE0GAALG50. 4814

1240GGCTC29130. 4719

E42 | CGATGTAACCCACTCGTGCACC

E57 | AGAGATCTAGGATAATTTCG

E92 | AGGCGCTAGCACGCGTTCTACTCTTTTCCTACTCTG
E93 | GATCAAGCTTACGCGTCTAAAGGCATTTTATATAG
E94 | AGGCGCTAGCACGCGTTCAGAGTTAGTGATCCAGG
E95 | GATCAAGCTTACGCGTCAGTAAAGGTTTCGTATGG
E96 | AGGCGCTAGCACGCGTTCTACTCTTTCATTACTCTG
E97 | CGAGGAAGCTGGAGAAGGAGAAGCTG

E98 | CAAGGGCCGCAGCTTACACATGTTC

D58 | CCAAGTTGACCAGTGCC

D80 | GTTCGTGGACACGACCTCCG

D70 | TACAAGCCAACCACGGCCT

D71 | CGGAAGTGCTTGACATTGGG




125CTCGCC2080. 4617 126CGGAGA2080. 4514 127TCCCCA95640. 4352

128GACACCA4240. 4233 129CTCCGAL1760. 4213 130CTCGTC1760. 4214 131CGACCA1340. 3911
132ATGACGL760. 3712 133CCATCGL760. 3713 134AGGEGEGA78510. 3644

135GCTGCA77500. 3543 136ACCCCA76490. 3340 137CGGAGC2190. 3316

138CCTCCG28130. 3219 139CGGEGACL660. 310 140CCTGGA88590. 345 141AGGCGAL870. 2917
142ACCOCTS43300,2836 143GCTCOC56340. 2736 144 CGTCACL660p@fk32/00390
145AGCGCAL1660. 2611 146GAAGCC62380. 2539 147GAGGECC79520. 2242

148ACCCTC54320. 2233 149CCCGGEC37200. 2151[. 150CGAGAA2080. 217

151CCATCGE29140. 1820 152ACTTCGL660. 171 %.53GATGAC48280. 1735

154ACGAGG23100. 1618 155CCGGAG2080. 1518 156ACCCAC60370. 1241
157CTGEEC105740ra1e@. STAR elements of the invention, including genomic

location and length

STAR Location! Length?

2q31.1 750
2 Tp15.2 916
3’ 15q11.2 and 10q22.2 2132
4 1p31.1 and 14g24.1 1625
5* 20q13.32 1571
6 2p21 1173
7 1q34 2101
8 9432 1839
9 10p15.3 1936
10 Xp11.3 1167
11 2p25.1 1377
12 5035.3 1051
13* 9934.3 1291
144 22q11.22 732
15 1p36.31 1881
16 1p21.2 1282
17 2931.1 793
18 2q31.3 497
19 6p22.1 1840
20 8p13.3 780
21 6q24.2 620
22 2q12.2 1380
23 6p22.1 1246
24 1q21.2 948
25° 1921.3 1067
26 1q21.1 540
27 1q23.1 1520
28 22q11.23 961
29 2q13.31 2953
30 22q12.3 1851
31 9934.11 and 22q11.21 1165
32 21922.2 771




158CCACGE3100. 0919 159CGGTCC1340. 0912 WO 03/ 004704 123 PCT/ NLO2/ 00390
160AGCACC *54330. 0940 161ACACCC53320. 0838 162AGGECC54330. 0830

163CCCGAAG10. 026 164GAGCCC58360. 0236 165CTGAGC71460. 0245 166AATCGGL340. 0211
Tabl e 10. Dyad patterns over-represented in STAR el enents. The patterns are
ranked according to significance coefficient. These were 5 determ ned using
RSA- Tool s Wy dsfdedsdde random sequence fromthe human gepefRL@BobES Er ence.
Patterns that conprise the nost discrimnant variables in Linear

Di scrimnant Anal ysis are indicated V\ﬁgﬂ an asterisk. Observ Expected

Si gni fi can Nunmber Dyad sequenceed occurrent ce occurre escoefficient noes
1CCCN{ 2} CGE3679. 31 2CCA\{ 6} CCC40107. 3 3CAGN 0} CGG3687. 13 4CGCN{ 15} CCC3486. 88

5CGAN{ 9} GCC337p. 8%y [ O} CGC358EOZ£H(Z&;CCN 1} CﬁGBﬁeqngﬁz
33 21q22.2 1368
34 9q34.14 755
35 7q22.3 1211
36 21q22.2 1712
37 22q11.23 1331
38 22q11.1 and 22q11.1 ~1000
39 22q12.3 2331
40 22q11.21 1071
41 22q11.21 1144
42 22q11.1 735
43 14q24.3 1231
44 22q11.1 1591
45 22q11.21 1991
46 22q11.23 1871
47 92q11.21 1082
48 29q11.22 1242
49 Chr 12 random clone, and 1015
3q26.32
50 6p21.31 2361
51 5q21.3 2289
52 Tp15.2 1200
53 Xpll.3 1431
54 4q21.1 981
55 15q13.1 501
56 includes 3p25.3 741
57 4435.2 1371
58 21q11.2 1401
59 17 random clone 872
60 4p16.1 and 6927 2068
61 7p14.3 and 11925 1482
62 14q24.3 1011
63 22q13.3 1421
64 17q11.2 1414
65 7q21.11=28.4 1310
66 20q13.33 and 6q14.1 ~2800




8CCCN{ O CAC103486. 61 9AGCN 16} CCG2965. 96 10CCCN{ 4} CGC3485. 8
11CGCN{ 13} GGA2655. 77 12GOGN{ 16} CCC3075. 74 13CGCN{ 5} GCA2555. 49 14CCON{ 14
CCC101495. 43 15CTGN 4} CGC3495. 41 16CCAN{ 12} GCG2865. 37 17CGGN 11} CAG36105. 25
18CCCN 5} GOC75334. 87 19GCCN 0} COC64264. 81 20CGCON{ 4} GACL934. 78

21CGGN{ 0} CAG3394. 76 22CCCN 3 CGC3284. 67 23CGCN{ 1} GAC2034. 58 WD 03/ 004704 124
PCTI NLO2/ QQ3300:2ACGCAN{ 2} GCC2974. 54 25CCCN{ 4 GOC76344. 531,26

1} CCC103524. 53 27CCGN 13} CAG3394. 5 28GCCN 4 GGAG4274. 48 29CCGN{ 3 GGA2664. 46
30AGGN{ 2} GGGL18634. 44 31CACN 5} GCGR244 42 320GCN( 17} CCA2764. 39 33CCCN

9} GG069304. 38 34CCTN 5 GCG2874. 37 35 0 GAC1934.32 36GCCN 0} GGCA074. 28
37GCGN 2 COC2664. 27

1Chromosomal location is determined by BLAST search of DNA sequence
data from the STAR elements against the human genome database. The
location is given according to standard nomenclature referring to the
5 cytogenetic ideogram of each chromosome; e.g. 1p2.3 is the third

cytogenetic sub-band of the second cytogenetic band of the short arm of
chromosome 1
(http://www.ncbi.nlm.nih.gov/Class/MLACourse/Genetics/chrombanding.h
tml). In cases where the forward and reverse sequencing reaction

10 identified DNAs from different genomic loci, both loci are shown.

2Precise lengths are determined by DNA sequence analysis; approximate
lengths are determined by restriction mapping.

3Sequence and location of STARS3 has been refined since assembly of
Tables 2 and 4.

15 4The STARs with these numbers in Tables 2 and 4 have been set aside
(hereafter referred to as “oldSTARS” etc.) and their numbers assigned to
the STAR elements shown in the DNA sequence appendix. In the case of
oldSTARSD5, oldSTAR14, and oldSTAR16, the cloned DNAs were chimeras
from more than two chromosomal locations; in the case of 0ldSTAR9 and

20 0ldSTAR13, the cloned DNAs were identical to STARA.

5Tdentical to Table 4 “STAR18".



38CCAN{ 11} COC3294. 17 39CCCN{ 8} TOG2354. 12 40CCGN 17) GCC3084. 12 41GGGN
5} GGA101524. 11 42GCCN 6} GGA71324. 1 43CCAN{ 4} COC96484. 1 44CCTN 14 CCG3294. 09
45GACN 12} GGCA5164. 07 46CGCN{ 13} COC3084. 04 47CAGN{ 16} CCC92464. 02

48AGCN{ 10} G3G75353. 94 49CGGN{ 13} GBGC3083. 93 50CGAN{ 1} GCC3083. 92

51AGCN{ 0} GGC2663. 9 52CCCN 16} GBC064283. 89 53GCTN 19} CCC67293. 87

54CCON{ 16)4@33#8343. 81 55CCCN 9} CGG3083. 77 56CCCN 10} CREBRB3R /0750

57CCAN{ 0} GOG3293. 75 58GCCN{ 17} } CGC2663. 74 59CCTN{ 6} CGC2773. 73 60GGAN{ 1
CCC63273. 71 61CGCN 18} CAC2453. 7 62 20} COG2143. 69 63COGN 0 GCA2663. 69
64CGCN - 20} COC2873. 69 65AGCN{ 15} CCC67303. 65 WO 03/ 004704 125 PCTI NLO2/ 00390
66CCTN 7} GG069313. 63 67GCCN 5 CGC3293. 61

Table 7. STAR elements convey stability over time on
transgene expression!

Cell Luciferase
Divisiong? Expression3
STARG plus 42 18,000
puromycin
60 23,000
84 20,000
108 16,000
STARG6 without 84 12,000
puromycin4
108 15,000
144 12,000

1Plasmid pSDH-Tet-STAR6 was transfected into U-2 OS
cells, and clones were isolated and cultivated in doxycycline-

5 free medium as described in Example 1. Cells were
transferred to fresh culture vessels weekly at a dilution of
1:20.

2The number of cell divisions is based on the estimation that
in one week the culture reaches cell confluence, which
10 represents ~6 cell divisions.

3Luciferase was assayed as described in Example 1.

4After 60 cell divisions the cells were transferred to two

culture vessels; one was supplied with culture medium that

contained puromyecin, as for the first 60 cell divisions, and the
15 second was supplied with culture medium lacking antibiotic.



68CGCCN 14' CCC2873. 59 69CAGN 11} CCC89453. 58 70GCGGN 16) GAC53213. 57
71GCCN{ 15} GCC&2563. 57 72CCCN{ 0} CGC37123. 54 73CCCN 16} AGC *67303. 54
7T4AGGE\{ 9} GEE6503. 52 75CCCN 12} CTC2873. 46 76CACN{ 8} CGC2353. 43 77CCAN{ 7
CCG3193. 42 78CGGN 1} GCA2563. 41 79CCCN{ 14, ' CCC2983. 4 80ACGCN 0} CCC76363. 4
81CGCN 13 GIC1833. 37 82CCA\ 3' } GCA2673. 35 83CGGAN{ 0} G3C34113. 35

84CCON{ 14 e faasdde3- 33 85ACCN{ 7} CGBC2143. 32 86AGGEN{ 7} CCs8a% 3 /06500 87 CCCN
16} CGA2253. 3 88CGCN{ 6} CAG3193. 29 89CAG\{ 11} GCG2983. 29 90CCGN 12} CCG 1943. 26

91GGGAN{ 18} CAG2773. 24 92CAGN 1 (3(3(38039%%1 93CGCN{ 0} CCC32103. 2 94GCAN( 18
GCC2673. 18 95CGAN{ 15} GEC2773. 15 96 5' AGG72343. 14 97ACGN 20} GCC&XR673. 14

98CGGN 5} CTC2673. 13 99TCCN{ 17} CGA2353. 12 100GCGA\{ 4} CCC3093. 08
Table 8. Human STAR elements and their putative mouse orthologs
"and paralogs

SEQ:ID STAR Human! Mouse? Similarity?
1 1 2q31.1 2D 600 bp 69%
2 2 Tplb.2 6B3 909 bp 89%
3 3a 5q33.3 11B2 248 bp 83%
4 3b 10q22.2 14B 1. 363 bp 89%
9. 163 bp 86%
5 6 9p21 17E4 437 bp 78%
6 12 5q35.3 11b1.3 796 bp 66%
7 13 9q34.3 2A3 753 bp 77%
8 18 2q31.3 2E1 497 bp 72%
9 36 21q22.2 16C4 166 bp 79%
10 40 22q11.1 6F1 1. 270 bp 75%
2. 309 bp 70%
11 50 6p21.31 17B1 1. 451 bp 72%
2. 188 bp 80%
3. 142 bp 64%
12 52 Tp15.2 6B3 1. 846 bp 74%
2. 195 bp 71%
13 53 Xpll.3 XA2 364 bp 64%
14 54 4q21.1 5E3 1. 174 bp 80%
2. 240 bp 73%
3. 141 bp 67%
4.144 bp 68%
15 6la Tp14.3 683 188 bp 68%

5 1Cytogenetic location of STAR element in the human genome.
2Cytogenetic location of STAR element ortholog in the mouse genome.

SLength of region(s) displaying high sequence similarity, and percentage
similarity. In some cases more than one block of high similarity occurs; in
those cases, each block is described separately. Similarity <60% is not

10  considered significant.



101CCCN{ 2} CGC3093. 07 102CGTN{ 3} CAG2883. 06 103CCGN 13} GAG2773. 05
104CTCN{ 6} CGC2883. 04 105CGCN 4} GAG2153. 03 106GCGN{ 5} GGA2463. 03

107CCGN{ 1} CAG2773. 01 WD 03/ 004704 126 PCT/ NL02/ 00390 108CGCN{ 11} CCGL832. 99
109GCGN 19) CCC2672. 98 110CGCN 18} GAA2152. 98 111GGGN 19) GGA78392. 95 112CCAN
1) CGG2462. 94 113CCON{ 7} GCG2562. 94 114AGAN{ 10} CCC84432. 92

115CCAN{ O/g@35R532- 88 116CAGN{ 10} CCC82412. 87 117CCGN . 86

118CCGN{ 18} G3C2672. 85 119CCCN 2} GOG462. 84 120CGCN 1 GEC2572. 83 121CCGN

5} GAC1942. 81 122GGAN 0 CCC52222. 8 123CCCN{ 1} COG2992. 78 124CCCN{ 15} ACG2362. 75
125AGCN{ 8} CCC66312. 73 126CCCN{ 3} GGCBUR72. 71 127AGGN{ 9} CGG31102. 7 128CCCN

14) CGC2782. 7 129CCGN{ 0} COGL942. 7 130CGCN 8 AGC2362. 69

Table 9. Oligonucleotide patterns (6 base pairs) over-represented in
STAR elements.
The patterns are ranked according to significance coefficient. These were
determined using RSA-Tools with the sequence of the human genome as
reference. Patterns that comprise the most discriminant variables in Linear
Discriminant Analysis are indicated with an asterisk.

Number | Oligonucl | Observed | Expected | Significan | Number of
eotide occurrenc | occurrenc ce matching
sequence es es coefficient | STARs

1 CCCCAC 107 49 8.76 51
2 CAGCGG 36 9 7.75 23
3 GGCCCC 74 31 7.21 34
4 CAGCCC 103 50 7.18 37
5 GCCCCC 70 29 6.97 34
6 CGGGGC 40 12 6.95 18
7 CCCCGC 43 13 6.79 22
8 CGGCAG 35 9 6.64 18
9 AGCCCC 83 38 6.54 40
10 CCAGGG 107 54 6.52 43
11 GGACCC * 58 23 6.04 35
12 GCGGAC 20 3 5.94 14
13 CCAGCG 34 10 5.9 24
14 GCAGCC 92 45 5.84 43
15 CCGGCA 28 7 5.61 16
16 AGCGGC 27 7 5.45 17
17 CAGGGG 86 43 5.09 43
18 CCGCCC 43 15 5.02 18
19 CCCCCG 35 11 4.91 20
20 GCCGCC 34 10 4.88 18
21 GCCGGC 22 5 4.7 16
22 CGGACC 19 4 4.68 14
23 CGCCCC 35 11 4.64 19
24 CGCCAG 28 8 4.31 19
25 CGCAGC 29 8 4.29 20
26 CAGCCG 32 10 4 24
27 CCCACG 33 11 3.97 26
28 GCTGCC 78 40 3.9 43
29 CCCTCC 106 60 3.87 48
30 CCCTGC * 92 50 3.83 42
31 CACCCC 77 40 3.75 40
32 GCGCCA 30 10 3.58 23
33 AGGGGC 70 35 3.55 34




131CGCN{ 19} ACC2152. 68 132GCGN{ 17} GACL1732. 66 133AGCN{ 1} GOG2462. 63
134C0GN{ 11} GBGC31102. 63 1350GGN 4 AGA2672. 63 136CGCN{ 14} COGL732. 62
137CCTN{ 20} GOG24, 62. 62 138CCAN{ 10} CGC2672. 61 139CCCN{ 20} CAC69332. 6
140CCGN{ 11} GOC2782. 6 141CGCN{ 18} CCC2672. 59 142CGGN{ 15} CGC1632. 57 143CGCN
16} GOC2462. 55 144CGCN 20} GGC2362. 54 145CGON{ 19} COGL842. 52 146CGGN

10} CCA2882, 5k odid7,CCCN{ 17} COC2672. 51 148CGCN{ 11} ACA236R0-f ihASGEAN

0} ACC1732. 03/ 004704 127 PCT/ NLO2/ 00390 150GCGN 10} GOC2462. 49 151GCOGN
81 GAC1732. 49 152CCCN{ 15} GGG84322. 44 153CGGN{ 16} GGC2782. 44

154CGGN{ 16} CCA2362. 42 155GOCN{ 3} CCCYRB62. 4 156CAGN 4} GGE94512. 4 157CCCN
6} GOG2362. 38 158CCGN{ 16} CGC1732. 38 159CCCN 17} GCA61282. 37

160CGCN{ 13} TOC2462. 37

34 GAGGGC 66 32 3.5 40
35 GCGAAC 14 2 3.37 13
36 CCGGCG 17 4 3.33 12
37 AGCCGG 34 12 3.29 25
38 GGAGCC 67 34 3.27 40
39 CCCCAG 103 60 3.23 51
40 CCGCTC 24 7 3.19 19
41 CCCCTC 81 44 3.19 43
42 CACCGC 33 12 3.14 22
43 CTGCCC 96 55 3.01 42
44 GGGCCA 68 35 2.99 39
45 CGCTGC 28 9 2.88 22
46 CAGCGC 25 8 2.71 19
47 CGGCCC 28 10 2.73 19
48 CCGCCG 19 5 2.56 9
49 CCCCGG 30 11 241 17
50 AGCCGC 23 7 2.34 17
51 GCACCC 55 27 2.31 38
52 AGGACC 54 27 2.22 33
53 AGGGCG 24 8 2.2 18
54 CAGGGC 81 47 2.18 42
55 CCCGCC 45 21 2.15 20
56 GCCAGC 66 36 2.09 39
57 AGCGCC 21 6 2.09 18
58 AGGCCC 64 34 2.08 32
59 CCCACC 101 62 2.05 54
60 CGCTCA 21 6 2.03 17
61 AACGCG 9 1 1.96 9
62 GCGGCA 21 7 1.92 14
63 AGGTCC 49 24 1.87 36
64 CCGTCA 19 6 1.78 14
65 CAGAGG 107 68 1.77 47
66 CCCGAG 33 14 1.77 22
67 CCGAGG 36 16 1.76 25
68 CGCGGA 11 2 1.75 8
69 CCACCC 87 53 1.71 45
70 CCTCGC 23 8 1.71 20
71 CAAGCC 59 32 1.69 40
72 TCCGCA 18 5 1.68 17
73 CGCCGC 18 5 1.67 9
{74 GGGAAC 55 29 1.63 39
75 CCAGAG 93 58 1.57 49




161GCCN 1} CGC2992. 36 162CCGN 19} GAG2672. 35 163GGAN{ 10 GGAB89482. 35 164CAGN 5
COG32112. 35 165CGON{ 3} AGA1942. 32 166GCCN{ 0} GOC2992. 32 167CCCN 8} GG061282. 31
168CCTN{ 6} GCG2262. 29 169GACN{ 6} COC48202. 29 170CGGN 1} CCC2682. 27

171CCCN{ 15} COG30102. 27 172CAGN{ 9} CCCB84442. 26 173CGGN{ 10} GBC2782. 26 174CGAN
10} ACG1012. 26 175GCGN 3} TCC2152. 26 176CCCN{ 3} GOC75382. 24 177GOGN

1} ACC1732 203 A7i86@00N{ 9} AGG2782. 23 179CGCN{ 16} CAG2682. RlrNLo2/00390

180GGON{ 0} CC062292. 22 181AGGN 121CCG2682. 19 182CCGN 0} GOG1632. 19

183CCGN{ 2' GOC30102. 18 184CCGN{ 11} GTC1942. 17 185CAGN{O}CC(388472 17

186CCON{ 5} CCG32112. 17 187GCCN{ 20} CCA86322. 15 188GACN 2} CGC1842. 14 189CGCN
6} CAC2362. 13 190AGGN 14} GOG2572. 1 191GACN{ 5} CGC1732. 1 WO 03/ 004704 128

76 CGTTCC 19 6 1.53 16
77 CGAGGA 23 8 1.5 19
78 GGGACC 48 24 1.48 31
79 CCGCGA 10 2 1.48 8
80 CCTGCG 24 9 1.45 17
81 CTGCGC 23 8 1.32 14
82 GACCCC 47 24 1.31 33
83 GCTCCA 66 38 1.25 39
84 CGCCAC 33 15 1.19 21
85 GCGGGA 23 9 1.17 18
86 CTGCGA 18 6 1.15 15
87 CTGCTC 80 49 1.14 50
88 CAGACG 23 9 1.13 19
89 CGAGAG 21 8 1.09 17
90 CGGTGC 18 6 1.06 16
91 CTCCCC 84 53 1.05 47
92 GCGGCC 22 8 1.04 14
93 CGGCGC 14 4 1.04 13
94 AAGCCC * 60 34 1.03 42
95 CCGCAG . 24 9 1.03 17
96 GCCCAC 59 34 0.95 35
97 CACCCA 92 60 0.93 49
98 GCGCCC 27 11 0.93 18
99 ACCGGC 15 4 0.92 13
100 CTCGCA 16 5 0.89 14
101 ACGCTC 16 5 0.88 12
102 CTGGAC 58 33 0.88 32
103 GCCCCA 67 40 0.87 38
104 ACCGTC 15 4 0.86 11
105 CCCTCG . 21 8 0.8 18
106 AGCCCG 22 8 0.79 14
107 ACCCGA 16 5 0.78 13
108 AGCAGC 79 50 0.75 41
109 ACCGCG 14 4 0.69 7
110 CGAGGC 29 13 0.69 24
111 AGCTGC 70 43 0.64 36
112 GGGGAC 49 27 0.64 34
113 CCGCAA 16 5 0.64 12
114 CGTCGC 8 1 0.62 6
115 CGTGAC 17 6 0.57 15
116 CGCCCA 33 16 0.56 22
117 CTCTGC 97 65 0.54 47




PCT/ NLO2/ 00390 192CCTN{ 19} CCG2992. 1 193CCCN 12} GGA2472. 08 194GECN 9} GAC
*44182. 08 195ACA\ 10 GGE4522. 07 196CCAN{ 10} GAG2572. 07 197CCCN 6} GGA2052. 06
198CGCN{ 7} AGC2362. 04 199CCAN{ 13 CGX2682. 03 200CGA\ 6} GGA2572. 03

201CGCN{ 19" , GCC2472. 03 202CCAN 12} CGC2472. 02 203CCAN{ 1} GGC41162. 02

204GCAN{ 3} CCA2572. 01 205AGGN 1' CEC2152 206CTCN{ 5} CGC2471. 98

207CCON OWACEAA

QL. 97 208CAG\{ 17} CCG2991. 96 209GCECN 4},%

JEIT o

210AGGN{ 8} GO&R2681. 96 211CTGN{ 1} CCC88481. 94 212CCCN{ 16
9} GAC1631. 93 214CAGN{ 6} COG2991. 92 2

216CTCN{ 7} GC069351. 92 217CGCN{ 19} T
219CAGN{ 13} CGG30101. 9 220CGCN 1' GOC2781. 9 221CGCN 17) CCGL741. 89

OGTN{ 12} CGC1111. 92
261. 92 218CCCON{ 7} GCC67331. 91

222AGCEN{4) £CC6331 1 A8TF2BAGCN{ 10} ?151. 89 8 0.52 17
119 ACCGCT 15 5 0.5 11
120 CCCAGG 133 95 0.49 58
121 CCCTCA 71 45 0.49 39
122 CCCCCA * 77 49 0.49 42
123 GGCGAA 16 5 0.48 14
124 CGGCTC 29 13 0.47 19
125 CTCGCC 20 8 0.46 17
126 CGGAGA 20 8 0.45 14
127 TCCCCA 95 64 0.43 52
128 GACACC 44 24 0.42 33
129 CTCCGA 17 6 0.42 13
130 CTCGTC 17 6 0.42 14
131 CGACCA 13 4 0.39 11
132 ATGACG 17 6 0.37 12
133 CCATCG 17 6 0.37 13
134 AGGGGA 78 51 0.36 44
135 GCTGCA 77 50 0.35 43
136 ACCCCA 76 49 0.33 40
137 CGGAGC 21 9 0.33 16
138 CCTCCG 28 13 0.32 19
139 CGGGAC 16 6 0.3 10
140 CCTGGA 88 59 0.3 45
141 AGGCGA 18 7 0.29 17
142 ACCCCT 54 32 0.28 36
143 GCTCCC 56 34 0.27 36
144 CGTCAC 16 6 0.27 156
145 AGCGCA 16 6 0.26 11
146 GAAGCC 62 38 0.25 39
147 GAGGCC 79 52 0.22 42
148 ACCCTC 54 32 0.22 33
149 CCCGGC 37 20 0.21 21
150 CGAGAA 20 8 0.2 17
151 CCACCG 29 14 0.18 20
152 ACTTCG 16 6 0.17 14
153 GATGAC 48 28 0.17 35
154 ACGAGG 23 10 0.16 18
155 CCGGAG 20 8 0.15 18
156 ACCCAC 60 37 0.12 41
157 CTGGGC 105 74 0.11 50
158 CCACGG 23 10 0.09 19
159 CGGTCC 13 4 0.09 12

213CGECN



224CCCN 11) CGG30101. 88 225CCCN{ 8} GCC75391. 86 226CCAN{ 1} CGE2231. 86
227CCCN{ 1} ACC71361. 85 228CGECN 0} CAG2571. 85 229CCCN 19} TGC2361. 82

230GCAN{ 4} CGA1221. 82 231CCG\ 19, GCC30101. 82 232CCAN{ 10} CCC85461. 81
233CAGN{ 13} GGE91511. 81 WO 03/ 004704 129 PCT/ NLO2/ 00390 234ACCN 18}
CG3E2361. 81 235CLAN 8} CGC1111. 81 236AGCN{ 4} CCC63311. 8 237CGGAN{ 6} CCC61301. 8
238CEEN{ 1joMifews3fal. 8 239ACCN{ 11} CGC1951. 79 240CCGN 12p&ArB8ds0¢’ 8

241CCCN{ 12} GGGr6291. 77 242CACN{ 17} ACR2261. 76 243CAGN{ 18} CCC82441. 76
244CGIN{ 10} GTC1951. 75 245CCCN 13} GCG2361. 75 246GCAN{ 1} CGC2051. 73

247TAGAN{ 4} CCG2471. 73 248CCGN 10} AGC2281. 72 249CCGCN 0} GGA1221. 72 250CGGN
4} GAC1741. 69 251CCCN{ 12} CEC2681. 68 252GCCN{ 15} CCC65331. 68

(}:(;N{ 1LTCC2051 _66

253 160 | AGCACC* 54 33 0.09 40
161 ACACCC 53 32 0.08 38
162 AGGGCC 54 33 0.08 30
163 CGCGAA 6 1 0.02 6
164 GAGCCC 58 36 0.02 36
165 CTGAGC 71 46 0.02 45
166 AATCGG 13 4 0.02 11

Table 10. Dyad patterns over-represented in STAR elements.
The patterns are ranked according to significance coefficient. These were

5 determined using RSA-Tools with the random sequence from the human
genome as reference. Patterns that comprise the most discriminant variables
in Linear Discriminant Analysis are indicated with an asterisk.

Number | Dyad sequence | Observ | Expected | Significan
ed occurrenc ce
occurre es coefficient
nces

1 CCCN{2}CGG 36 7 9.31
2 CCGN{6}CCC 40 10 7.3
3 CAGN{0}CGG 36 8 7.13
4 CGCN{15}CCC 34 8 6.88
5 CGGN{9}GCC 33 7 6.82
6 CCCN{9}CGC 35 8 6.72
7 CCCN{1}GCG 34 8 6.64
8 CCCN{0}CAC 103 48 6.61
9 AGCN{16}CCG 29 6 5.96
10 CCCN{4}CGC 34 8 5.8
11 CGCN{13}GGA 26 5 5.77
12 GCGN{16}CCC 30 7 5.74
13 CGCN{5}GCA 25 5 5.49
14 CCCN{14}CCC 101 49 5.43
15 CTGN{4}CGC 34 9 5.41
16 CCAN{12}GCG 28 6 5.37
17 CGGN{11}CAG 36 10 5.25
18 CCCN{5}GCC 75 33 4.87
19 GCCN{0}CCC 64 26 4,81
20 CGCN{4}GAC 19 3 4.78
21 CGGN{0}CAG 33 9 4.76
22 CCCN{3}CGC 32 8 4.67
23 CGCN{1}GAC 20 3 4.58




2540GGN 3} CAG33121. 65 255CCCN{ 3} CCA88491. 65 256ACGCN 3, ' CCC59281. 65

257GGGN{ 16} GCAB65331. 65 258AGGN{ 8} COG2891. 64 259CCCN{ 0} COG29101. 64

260GCGN{ 5} GAC1631. 64 261CCCN 9} ACC60291. 64 262CTGN{ 5} CGC2581. 64

2630GCN{ 14} CTC2371. 64 264CGAN{ 14} GCA2371. 63 265CCGN{ 8} GOC2681. 62 266CCGN

7} CAC2371. 62 267ACGCN 8' GOGR2161. 61 268CGGN 16} GGA29101. 61

269CCAN{ 12/0.,SkeeR681. 61 270CGGN 2} CCC2681. 6 271CCAN{ 133 @mehdadde 6 272CCAN{ 15;
GCA2161. 6 273CGCN{ 9} GCA2051. 58 274CGGN{ 19} CCA2681. 58 275GGGN{ 15} CGA2051. 57
WD 03/ 004704 130 PCT/ NLO2/ 00390 276CCCN 10} CGC2681. 57 277CTCN{ 14} CGC2681. 55
278CACN{ 11} GOG2051. 55 279CCGN 2 GGC24%4. 55" 280CTGN{ | 8} CCC85471. 54 281GGGN
13} CAC58281. 54 282CCTN{ 15} GGC62311. 54 283CCCN{ 20} CGA2051. 54

24 GCGN{2}GCC 29 7 4.54
25 CCCN{4GCC 76 34 4.53
26 CCCN{1}CCC 103 52 453
97 CCGN{13]CAG 33 9 45
28 GCCN{4]GGA 64 27 4.48
29 CCGN{31GGA 26 6 4.46
30 AGGN{2)GGG 118 63 444
31 CACN{5}GCG 22 4 4.42
32 CGCN{17}CCA 27 6 4.39
33 CCCN{9IGGC 69 30 4.38
34 CCTN{5)GCG 28 7 4.37
35 GCGN{OIGAC 19 3 4.32
36 GCCN{0}GGC 40 7 4.28
37 GCGN{2}CCC 26 6 4.27
38 COGN{11}CCC 32 9 4.17
39 CCCN{8)TCG 23 5 412
40 CCGN{17)GCC 30 8 4.12
41 GGGN{5]GGA 101 52 4.11
42 GGCN{6IGGA 71 32 4.1
43 CCAN{4CCC 96 48 41
44 CCTN{14)CCG 32 9] 409
45 GACN{12)GGC 45 16 4.07
46 CGCN{13}CCC 30 8 4.04
47 CAGN{16/CCC 92 46 4.02
48 AGCN{10GGG 75 35 3.94
49 CGGN{13}GGC 30 8 3.93
50 CGGN{LJGCC 30 8 3.92
51 AGCN{0}GGC 26 6 3.9
52 CCCN{16)GGC 64 28 3.89
53 GCTN{19}CCC 67 29 3.87
54 CCCN{16}GGG 88 31 3.81
55 CCCN{9ICGG 30 8 3.77
56 CCCN{10}CGG 30 8 3.76
57 CCAN{0IGCG 32 9 3.75
58 GCCN{17/.CGC 26 6 3.74
59 CCTN{6)CGC X 7 3.73
60 GGAN{1)CCC 63 27 3.71
61 CGCN{18]CAC 24 5 3.7
62 CGCN{20}CCG 21 4 3.69
63 CCGN{0}GCA 26 6 3.69
64 CGCN{20}CCC 28 7 3.69
| 65 AGCN{15/CCC 67 30 3.65




284CCCN 8} CGA2051. 53 285GAGN 7} CC061301. 53 286CGCN 2} CCG2261. 53 287CCCN 0
TCC98571. 52 288AGCN{ 0} GCC2161. 52 289CCCN 2} TCC82451. 52 290CCGN{ 5} CCC30101. 52
291CGCN{ 13} CGC1631. 51 292CCCN{ 1} CGC2891. 51° 293GCCN 16} GCA53251. 51

294CCCN{ 16} CCA84461. 5 295CCGN{ 13} CGC1951. 5 296CCGN{ 17} CAG2891. 49

297CGGN{ 18} GBC2681. 49 298CCOGN{ 14} AGR371. 49 299CCCN{ 51 CGG2681. 49

300CCON{ 6},@HhER2R1. 49 301ACGN 2} COC2051. 49 302CCAN{ 9} fes@ini9dosé 303CCCN

19) CCA78421. 48 304CAGN{ 0} GGG77411. 48 305AGCN{ 1} CCC58281. 47

306GOGN{ 7} TCC2791. 46 307ACGN| 18}CCA25gé 46 308GCTN{ 14} COC61301. 46

309GOGN{ 14} COC2371. 46 310GCGN 19} AGC20%%. 45 311COGN{ 8} CAG29101. 45

312GCGN\{ 6} GOC2261. 45 313GOGN 10} GCA2051. 44 314CCTN{ 7} GCC69361. 44

315GCCN{ 13} 261, 22| SEaHREdd GJC63328g f2 31 3.63
67 GCCN{5}CGC 32 9 3.61
68 GCCN{14}CGC 28 7 3.59
69 CAGN{11}CCC 89 45 3.58
70 GGGN{16}GAC 53 21 3.57
71 CCCN{15}GCG 25 6 3.57
72 CCCN{0}CGC 37 12 3.54
73 CCCN{16}AGC * 67 30 3.54
74 AGGN{9}GGG 96 50 3.52
75 CGCN{12}CTC 28 7 3.46
76 CACN{8}CGC 23 5 3.43
77 CCAN{7}CCG 31 9 3.42
78 CGGN{1}GCA 25 6 3.41
79 CGCN{14;CCC 29 8 3.4
80 AGCN{0}CCC 76 36 3.4
81 CGCN{13}GTC 18 3 3.37
82 GCGN{3I1GCA 26 7 3.35
83 CGGN{0}GGC 34 11 3.35
84 GCCN{14jCCC 68 31 3.33
85 ACCN{7}CGC 21 4 3.32
86 AGGN{7}CGG 33 10 3.31
87 CCCN{16}CGA 22 5 3.3
88 CGCN{6ICAG 31 9 3.29
89 CAGN{11}GCG 29 8 3.29
90 CCGN{12}CCG - 19 4 3.26
91 CGCN{18}CAG 27 7 3.24
92 CAGN{1}GGG 80 39 3.21
93 CGCN{0}CCC 32 10 3.2
94 GCGN{18}GCC 26 7 3.18
95 CGGN{15}GGC 217 7 3.15
96 CCCN{15}AGG 72 34 3.14
97 AGGN{20}GCG 26 7 3.14
98 CGGN{5}CTC 26 7 3.13
99 TCCN{17;CGA 23 5] 3.12
100 GCGN{4}CCC 30 9 3.08
101 CCCN{2}CGC 30 9 3.07
102 CGTN{3ICAG 28 8 3.06
103 CCGN{13}GAG 27 7 3.05
104 CTCN{6}CGC 28 8 3.04
105 CGCN{4}GAG 21 5 3.03
106 GCGN{5}GGA 24 6 3.03
107 CCGN{1}CAG 27 7 3.01




317CCCN{ 15} CG&2681. 42 WO 03/ 004704 131 PCT/ NLO2/ 00390 318CCAN{ 13} CGC2371. 42
319AGCN 11} GEE67351. 41 320GGAN{ 0 GCCB4321. 4 321GCCN 3} TCO61301. 4
322CCTN{ 5} GCC69361. 39 323CGGN 18) r CCC2581. 39 324CCTN 3) f GBC59291. 38
325COGN{ 0} CTC2261. 38 326AGCN{ 17} GCGL951. 37 327ACGN{ 14} GEG2051. 37
328CGAN{ 12} GGC1951. 37 329CCCN{ 20} CGC2471. 37 330ACGN{ 12} CTG2471. 36
331COGM{ O}, 555a6H#1. 36 332CCGN 10' GGA2371. 36 333COCN{ JcgEahisn36
334GCGN\{ 14} C3C2231. 35 335CCGN 8} CGC1641. 35 336CGCN{ 10} ACA2261. 34
337CCCN{ 19} COG28101. 33 338CACN{ 14) 51. 32 339GACN{ 3} GGC46211. 32
340GAAN{ 7} CGC1951..32 341CGCN{ 16} GGC216%P. 31 342GGCN' 9) CCC64331. 31
343CCCN{ 9} GCO64331. 31 344CGCN{ 03 TGC2691. 3 345CCTN 8} GG067351. 3

346CCAN{ 8} CCCBZHBT. 29 [ CGCN{11}CCG 18 3 2.99
109 GCGN{19)CCC 26 7 2.98
110 CGCN{18}GAA 21 5 2.98
111 GGGN{19)GGA 78 39 2.95
112 CCAN{1}CGG 24 6 2.94
113 CCCN{7\GCG 25 6 2.94
114 AGGN{10}CCC 84 43 2.92
115 CCAN{0)GGG 97 52 2.88
116 CAGN{10}CCC 82 41 2.87
117 CCGN{18}CCG 19 4 2.86
118 CCGN{18}GGC 26 7 2.85
119 CCCN{2/GCG 24 6 2.84
120 CGCN{1}GGC 25 7 2.83
121 CCGN{5!GAC 19 4 2.81
122 GGAN{0}CCC 52 22 2.8
123 CCCN{1}CCG 29 9 2.78
124 CCCN{15/ACG 23 6 2.75
125 AGCN{8ICCC 66 31 2.73
126 CCCN{3)GGC 60 27 2.71
127 AGGN{9}CGG 31 10 2.7
128 CCCN{14}CGC 27 8 2.7
129 CCGN{0}CCG 19 4 2.7
130 CGCN{8IAGC 23 6 2.69
131 CGCN{19JACC 21 5 2.68
132 GCGN{17)GAC 17 3 2.66
133 AGCN{1}GCG 24 6 2.63
134 CCGN{11}GGC 31 10 2.63
135 CGGN{4}AGA 26 7 2.63
136 CGCN{14)CCG 17 3 2.62
137 CCTN{20}GCG 24 6 2.62
138 CCAN{10}CGC 26 7 2.61
139 CCCN{20}CAC 69 33 2.6
140 CCGN{11)GCC 27 8 2.6
141 CGCN{18\CCC 26 7 2.59
142 CGGN{15)CGC 16 3 2.57
143 CGCN{16!GCC 24 6 2.55
144 CGCN{20)GGC 23 6 2.54
145 CGCN{19}CCG 18 4 2.52
146 CGGN{10!CCA 28 8 2.51
147 "CGCN{17)CCC 26 7 2.51
148 CGCN{11}ACA 23 6 2.51
149 CGGN{0JACC 17 3 25




347GACN 2} CCC42181. 28 348GGECN 1} CCC54261. 27 349CGCN{ 0} AGC2471. 26

350AGGEN{ 4} GCG28101. 26 351CGGN 6} TCC2261. 25 352ACA\ 19' , GBC2051. 25

353CCCN{ 8} ACG2161. 24 354CCCN{ 18} GCC62311. 24 355GCCN{ 21CGA1951. 24 356CCCN

S} GC&28101. 23 357CCCN{ 0} CTC76411. 23 358GCCN{ 11} CGC2791. 22

359ACCN{ 9} CCC59291. 22 WO 03/ 004704 132 PCT/ NLO2/ 00390 360GCTN{ 0} GCC71381. 21
361CCCN 3lwdgidtds 21 362CCCN{ 2} CCC117721. 19 363CCCN{ 9},%8@%3393.9

364GCAN{ 19} CGC1951. 19 365CAGN{ 4} CGG32121. 18 366CAGN{ 2 0441. 17

367CGCCN{ 16} CCC67351. 16 368GAGN 5} CCCGg% 1.16 369CCTN{ 16} TCG2061. 16 370CCCN
2} G3C62321. 15 371GCAY 13} GGA2481. 15 3 17} GEC66251. 15

373CCCN{ 14} G3C58291. 14 374AGGEN{ 3} CCG31121. 14 375CACN{ 0} CGC32121. 14

376CGAEV 18; G£09101. 14 GeaN{ioigee 24 6 2.49
151 GCGN{8!GAC 17 3 2.49
152 CCCN{15)GGG 84 32 2.44
153 CGGN{16}GGC 27 8 2.44
154 CGCN{16}CCA 23 6 2.42
155 GCCN{3)CCC 73 36 2.4
156 CAGN{4}GGG 94 51 2.4
157 CCCN{6}GCG 23 6 2.38
158 CCGN{16}CGC 17 3 2.38
159 CCCN{17}GCA 61 28 2.37
160 CGCN{13)TCC 24 6 2.37
161 GCCN{1}CGC 29 9 2.36
162 CCGN{19'GAG 26 7 2.35
163 GGGN{10}GGA 89 48 2.35
164 CAGN{5}CCG 32 11 2.85
165 CGCN{3lAGA 19 4 2.82
166 GCCN{0}GCC 29 9 2.32
167 CCCN{8)GGC 61 28 2.31
168 CCTN{6!GCG 29 6 2.29
169 GACN{6}CCC 48 20 2.29
170 CGGN{1}CCC 26 8 2.27
171 CCCN{15}CCG 30 10 2.27
172 CAGN{9}CCC 84 44 2.26
173 CGGN{10}GGC 27 8 2.26
174 CGAN{10}ACG 10 1 2.26
175 GCGN{3}TCC 21 5 2.26
176 CCCN{3!GCC 75 38 2.94
177 GCGN{L}ACC 17 3 2.94
178 CCGN{9IAGG 27 8 2.23
179 CGCN{16!CAG 26 8 2.23
180 GGCN{0)CCC 62 29 2.22
181 AGGN{12}CCG 26 8 2.19
182 CCGN{0}GCG 16 3 2.19
183 CCGN{2}GCC 30 10 2.18
184 CCGN{11}GTC 19 4 2.17
185 CAGN{0}CCC 88 47 2.17
186 CCCN{5}CCG 392 11 2.17
187 GCCN{20}CCC 66 32 2.15
188 GACN{2)CGC 18 4 2.14
189 CGCN{6}CAC 23 6 2.13
190 AGGN{14}GCG 25 7 2.1
191 GACN{5)CGC 17 3 2.1




377AGCN{ 1} GCC57281. 13 378CGCN{ 18} GBC2371. 13 379CCCN{ 5} AGG64331. 11 380AACN
0} GCG11. 11 381CCCN 10} CCA88501. 09 382CGCN{ 13} GAG2061. 09
383CGCN{ 7} GCC2581. 08 384CCCN{ 9} CCG28101. 07 385CGCN{ 16} CCC2481. 05 386GAAN

13} CGC1851. 05 387GGCN{ 3} CCC49231. 03 388TCCN{ 11} CCA87501. 03 389CACN

0) CCC70381. 02 390CGCN{ 16} CCGL531. 02 391CGAN{ 15} AGC2161. 02

3920CCN{ 13lga5mdfil. 02 393CCCN 9} GAGE9301. 01 394CCCN 2p3TiaG2AGd 01 395CGCN

0} CGC1741. 01 396ATGN 7} CGG2061 397GGGN{ 201 GCA59301 398CGGN{ 4} GGC2690. 99
399CGGN 16} AGC2270. 99 400CGGN{5}GEC25§9 99 401GCGN{ 0} GGA2580. 98 WO 03/ 004704
133 PCT/ NL02/ 00390 402GGCN{ 20} CAC52250388 403CCON 9) f COC97580. 97
404ACCN{ 17} GGC44200. 97 405CCCN 6} CGA1850. 96 406AAGN 10} CGG2690. 96

192 CCTN{19/CCG 29 9 2.1
193 CCGN{12})GGA 24 7 2.08
194 GGCN{9)GAC * 44 18 2.08
195 AGGN{10}GGG 94 52 2.07
196 CCGN{10}GAG 25 7 2.07
197 CGCN{6)GGA 20 5 2.06
198 CGCN{TIAGC 23 6 2.04
199 CCAN{13}CGG 26 8 2.03
200 CGGN{6IGGA 25 7 2.03
201 CGCN{19}GCC 24 7 2.03
202 CCAN{12)CGC 24 7 2.02
203 CGGN{LIGGC 41 16 2.02
204 GCGN{3!CCA 25 7 2.01
205 AGGN{1JCGC 21 5 2
206 CTCN{5)CGC 24 7 1.98
207 CCCON{0!ACG 30 10 1.97
208 CAGN{17/CCG 29 9 1.96
209 GGCN{4}CCC 62 30 1.96
210 AGGN{8!GCG 26 8 1.96
211 CTGN{1}CCC 88 48 1.94
212 CCCN{16]CAG 85 46 1.94
213 CGCN{9}GAC 16 3 1.93
214 CAGN{6!CCG 29 9 1.92
215 CGTN{12/CGC 11 1 1.92
216 CTCN{7}GCC 69 35 1.92
217 CGCN{19ITCC 22 6 1.92
218 CCON{7}GCC 67 33 1.91
219 CAGN{13}CGG 30 10 19
220 CGCN{LJGCC 27 8 1.9
221 CGCN{17}CCG 17 4 1.89
222 AGGN{4CCC 63 31 1.89
223 AGCN{10}CGC 21 5 1.89
224 CCON{11)CGG 30 10 71.88
225 CCCON{8IGCC 75 39 1.86
226 CCGN{1ICGG 22 3 1.86
227 CCCN{LIACC 71 36 1.85
228 CGCN{0ICAG 25 7 1.85
229 CCGN{19TGC 23 6 1.82
230 GCGN{4}CGA 12 2 1.82
231 CCGN{19/GCC 30 10 1.82
232 CCAN{10}CCC 85 46 1.81
233 CAGN{13)GGG 91 51 1.81




407CCCN 17} CAC2160. 95 408CCCN 16} CGG2580. 94 409GACN{ 18} GGC39170. 94 410GGGN
15} GACA7220. 92 411GGCN 4 TCC66350. 92 412GGCN{ 15} CCC56280. 92 413CAGN

12} CGC2480. 92 414CCAN{ 3} GOG2270. 91 415CCGN 16} GAG2270. 9 416AGCN{ 2} C3C2480. 89
417GAGN 4} CCC54270. 89 418AGAN{ 3} CBC2370. 88 419CACN{ 13} AGG * 67360. 88
420CCCN{ 4} CAGB8510. 88 421CCON 2} GAA63330. 87 422CGON{ 19' r GAG2160. 87

423ACON 181@FA4A0. 87 424CCON 4' GEC62320. 87 425CGAN{ B GAGS4AG 86

426CCCN{ 3} G3366260. 86 427GAGN 4} GEC66350. 85 428CGCN 5} GAGL850. 84 429CCGN

20} AGG2480. 84 430CCCN{ 15} COC88510. 83 A31AGAN{ 17} CCG2580. 82 432AGEN

6} G3G89520. 82 433GGCN{ 20, CCC57290. 82 434GCAN{ 17} CGC1950. 82

435CGAN{ 11} ACGR10. 81 4360GCN{ 2} GGA1950. 81 437CTGN 5} CCC79450. 8

438TCON{ 20} CCAZFA30. 8 ARGONNS 2EaaCh9300. 5 6 1.81
235 CGAN{8}CGC 11 1 1.81
236 AGCN{4})CCC 63 31 1.8
237 GGAN{6}CCC 61 30 1.8
238 CGGN{13}AAG 23 6 1.8
239 ACCN{1LICGC 19 5 1.79
240 CCGN{12}CAG 28 9 1.78
241 CCCN{12/GGG 76 29 1.77
242 CACN{1TIACG 22 6 1.76
243 CAGN{18/CCC 82 44 1.76
244 CGTN{10}GTC 19 5 1.75
245 CCCON{13)GCG 23 6 175
246 GCAN{1}CGC 20 5 1.73
247 AGAN{4}CCG 24 7 1.73
248 GCGN{10}AGC 22 6 1.72
249 CGCN{0}GGA 12 2 1.72
250 CGGN{4}GAC 17 4 1.69
951 CCCN{12}CGC 26 8 1.68
252 GCCN{15}CCC 65 33 1.68
253 GCGN{6ITCC 20 5 1.66
254 CGGN{3}CAG 33 12 1.65
255 CCCN{31CCA 88 49 1.65
256 AGCN{3}CCC 59 28 1.65
257 GGGN{16}GCA 65 33 1.65
258 AGGN{8}CCG 28 9 1.64
259 CCCN{0}CCG 29 10 1.64
260 GCGN{EIGAC 16 3 1.64
261 | CCCN{9IACC 60 29 164
262 CTGN{5!CGC 25 8 1.64
263 CGCN{14}CTC 23 7 1.64
264 CGGN{14]GCA 23 7 1.63
265 CCGN{BIGCC 26 8 1.62
266 CCGN{7}CAC 23 7 1.62
267 AGCN{8/GCG 21 6 1.61
268 CGGN{16)GGA 29 10 1.61
269 CCAN{12}CCG 26 8 1.61
270 CGGN{2}CCC 26 8 1.6
271 CCAN{13|GGG 71 37 1.6
272 CGGN{15/GCA 21 6 1.6
273 CGCN{9}GCA 20 5 1.58
274 CGGN{19}CCA 26 8 1.58
275 GGGN{15/CGA 20 5 1.57




440CCGN11511G0GL430. 8 441CCAN{ 5} GBGE69380. 79 442CGAN 1} TGC2480. 79

443CCCN{ 14} GOG2160. 79 WD 03/ 004704 134 PCT/ NLO2/ 00390 444CAGN 0} CCG27100. 79
445GCCN 9} TCC60310. 78 446AGGN{ 20} CGC2270. 78 447CCCN{ 6} GAC42190. 77

4480GAN{ 11} CCA2370. 76 449GGGN{ 14} CAC57290. 75 450GCAN{ 15} CGC1950. 74 451CGCN
2} ACA2060. 74 452ACCN{ 9} CCC57290. 73 453GCCN{ 9} CGC2030. 73

A54CAGN{ 1@}, égo. 73 455CCON{ 18} GTC45210. 72 456GCON pireerdhg@. 72 457CGON
11} GCC238 %6% CCCN{ 1} CGG2480. 71 459GCCN{ 4} CCA70380. 71

4600CCN{ 4} C0G30120. 7 461CGTN{ 2} GCA216(), 7 462AGCN{ 7TCGL850. 69

463CCGN{ 15} GAA2060. 69 464ACCN{ 5} CCC62330. 69 465CCCN{ 14} GAGL950. 68

466CCCN{ 7} CGC30120. 68 467GAGN{ 12} CGC2160. 68 468GGECN{ 17} CCC58300. 67

469ACG\{ 11} CTCZ50. 65 T cCCN{10}CGC 26 8 1.57
277 CTCN{14/CGC 26 8 1.55
278 CACN{11}GCG 20 5 1.55
279 CCGN{2)GGC 24 7 1.55
280 CTGN({18/CCC 85 47 1.54
281 GGGN{13!CAC 58 28 1.54
282 CCTN{15)GGC 62 31 1.54
283 CCCN{20{CGA 20 | 5 1.54
284 CCCN{8}CGA 20 5 1.53
285 GAGN{7}CCC 61 30 1.53
286 CGCN{2)CCG 22 6 1.53
287 CCCN{0}TCC 98 57 1.52
288 AGCN{0}GCC 21 6 1.52
289 CCCN{2ITCC 82 45 1.52
290 CCGN{5}CCC 30 10 1.52
291 CGCN{13}CGC 16 3 1.51
292 CCCN{LICGC 28 9 1.51
293 GCCN{16)GCA 53 25 1.51
294 CCCN{16}CCA 84 46 15
295 CCGN{13}CGC 19 5 1.5
296 CCGN{17}CAG 28 9 1.49
297 CGGN{18}GGC 26 8 1.49
298 CCGN{14!IAGG 23 7 1.49
299 CCCN{5\CGG 26 8 1.49
300 CCCN{6)GGA 58 28 1.49
301 ACGN{2)CCC 20 5 1.49
302 CCAN{9}CCG 27 9 1.48
303 CCCN{19}CCA 78 42 1.48
304 CAGN{0}GGG 77 41 1.48
305 AGCN{1}CCC 58 28 1.47
306 GCGN{7}TCC 27 9 1.46
307 ACGN({18}CCA 25 8 1.46
308 GCTN{14}CCC 61 30 1.46
309 GCGN{14}CCC 23 7 1.46
310 GCGN{19]AGC 20 5 1.45
311 CCGN{8ICAG 29 10 1.45
312 GCGN{6!GCC 22 6 1.45
313 GCGN{10}GCA 20 5 1.44
314 CCTN{7}GCC 69 36 1.44
315 GCCN{13}GCC 54 26 142]
316 CCCN{14}GCC 63 32 1.42
317 CCCN{15)CGG 26 8 1.42




470ACAN{ 9} CGE2480. 65 471CTGN{ 7} CCC82470. 65 472CCCN{ 2} GCC72400. 65

473CGEGN{ 2) GCA2480. 64 474CCCN{ 0} TGC83480. 64 475CCCN{ 7} ACC1850. 63

476GCAN{ 2} GCC54270. 63 477GCAY 8} - 0CA2060. 63 478ACGCN{ 0} CGC2270. 63

479GCAY 2} GCA1850. 63 480CCAN{ 2} GIC1850. 62 481CCG\{ 3} ACA2170. 62

482ACAY{ 13} TGE2170. 62 483CCAN{ 8} CGC2380. 62 484CCGN 9} G3C2380. 61

485CCAN S\565%nr%q. 61 WO 03/ 004704 135 PCT/ NLO2/ 00390 gEaheidessy C3307590. 61
487CAGN 2} GGC/78450. 61 488CCCN{ 8} CAG31470. 61 489ACCN 5 CAGB0460. 6

490CCAN\ 16} GCC2270. 6 491GCGN 15} CCC2 .6 492CCCN{ 11} GCC59310. 59 493CGAN

2} ACGO10. 59 494CGGN\{ 4} GOC2270. 59 495 6} CGC1960. 59 496CGGN{ 5} ACGL120. 59
497CTGN 4}} GCC *66360. 59 498GGGN{ 18} CGA1850. 59 499CCTN{ 8} CGC2270. 59
318 CCAN{131CGC 23 7 1.42
319 AGCN{ILJGGG 67 35 1.41
320 GGAN{0}GCC 64 32 1.4
321 GCCN{3ITCC 61 30 1.4
322 CCTN{5}GCC 69 36 1.39
323 CGGN{18/CCC 25 8 1.39
324 CCTN{3GGC 59 29 1.38
325 CCGN{0}CTC 22 6 1.38
326 AGCN{1TIGCG 19 5 1.37
327 ACGN{14)GGG 20 5 1.37
328 CGAN{12}/GGC 19 5 1.37
329 CCCN{20,CGC 24 7 1.37
330 ACGN{12)CTG 24 7 1.36
331 CCGN{0}CCC 36 14 1.36
332 CCGN{10]GGA 23 7 1.36
333 CCCN{3]GCG 21 6 1.36
334 GCGN{14}CGC 29 3 1.35
335 CCGN{8ICGC 16 4 1.35
336 CGCN{10!ACA 22 6 1.34
337 CCCN{19}CCG 28 10 1.33
338 CACN{14/CGC 20 5 1.32
339 GACN{3IGGC 46 21 1.32
340 GAAN{T}CGC 19 5 1.32
341 CGCN{16]GGC 21 6 1.31
342 GGCN{9}CCC 64 33 1.31
343 CCCN{9)GCC 64 33 1.31
344 CGCN{0JTGC 26 9 1.3
345 CCTN{8)GGC 67 35 1.3
346 CCAN{8}CCC 82 46 1.29
347 GACN{2!CCC 42 18 1.28
348 GGCN{LiCCC 54 26 1.97
349 CGCN{0IAGC 24 7 1.26
350 AGGN{4GCG 28 10 1.26
351 CGGN{6TCC 22 6 1.25
352 ACGN{19/GGC 20 5 1.95
353 CCCN{8JACG 21 6 1.24
354 CCCN{18}GCC 62 31 1.24
355 GCCN{2}CGA 19 5 1.24
356 CCCN{8}GCG 28 10 1.23
357 CCCN{0}CTC 76 41 1.23
358 GCCN{11}CGC 27 9 1.22
359 AGCN{9)CCC 59 29 1.92




500GCCN 4} CC067370. 58 501CGGN 10} GOC2270. 58 502GCCN{ 5, GGA54270. 57 503ACCN
7} GCGL540. 57 504CCCN{ 8} CGC2480. 57 505CAGN{ 5} CCC77440. 56

506CACN{ 14} GGA63340. 56 507CCCN{ 1} GCC94570. 55 508CCCN 5} AGD67370. 55
509GGCN{ 5} GGA59310. 55 510CGAN{ 17} GAGL960. 55 511CGCN{ 7} ACA1850. 54

512CCAN{ 13} CCC87520. 54 513CGGN 20} G3C2480. 54 514CCCN{ 17} GOC58300. 53
515CCTN 1Qbo@skmaahk20. 53 516CCCN{ 8} CCG27100. 53 517 CCCM Ref@iGh866h 52

518CGCN{ 7} AAGL750. 51 519CGGN{ 11} GGA2380. 51 520CCGN\{ 15} CCGL540. 51

521COCN{ 3} GCA57300. 51 522CGGEN{ 2} CAG48Q. 5 523AGGN{ 2} CCG2480. 5

524CCCN{ 4} CAC69380. 5 525GGAN{ 19} CCC562%0. 49 526CCON{ 8} CAC68380. 49 527ACCN
6} CCGL850. 49 WD 03/ 004704 136 PCT/ NLO2/ 00390 528CCCN{ 6} GGC54280. 49

529CCaN{ 6} $56T0- 48] GCTN{0}GCC 71 38 1.21
361 CGCN{3/CCC 26 9 1.21
362 CCCN{21CCC 117 72 1.19
363 GCCN{9}CGC 23 7 1.19
364 GCAN{19}CGC 19 5 1.19
365 CAGNI{4CGG 32 12 1.18
366 CAGN{2!GGG 80 44 1.17
367 GCCN{16!CCC 67 35 1.16
368 GAGNI5/CCC 60 30 1.16
369 CCTN{16/TCG 20 6 1.16
370 CCCN{2)GGC 62 32 1.15
371 GCGN{13!GGA 24 8 1.15
379 GCCN{17/GGC 66 25 1.15
373 CCCN{141GGC 58 29 1.14
374 AGGN{3)CCG 31 12 1.14
375 CACN{0.CGC 32 12 1.14
376 CGGN{18|CAG 28 10 1.14
377 AGCN{1,GCC 57 28 1.13
378 CGCN{181GGC 23 7 1.13
379 CCON[GIAGE 64 33 1.11
380 AACN{0/GCG 9 1 1.11
381 CCCN{10}CCA 88 50 1.09
382 CGCN{13|GAG 20 6 1.09
383 CGCN{7IGCC 2 8 1.08
384 CCCN{9/CCG 28 10 1.07
385 CGCN{16.CCC 24 8 1.05
386 GAAN{13/CGC 18 5 1.05
387 GGCN{3]CCC 49 23 1.03
388 TCCN{11;CCA 87 50 1.03
389 CACNI{0}CCC 70 38 1.02
390 CGCN{16)CCG 15 3 1.02
391 CGGN{I5}AGC 21 6 1.02
392 CCCN{12)GCG 21 6 1.02
393 CCCN{9/GAG 59 30 1.01
394 CCGN{20)TCC 24 8 1.01
395 CGCNI{0ICGC 17 4 1.01
396 ATGN{7)CGG 20 6 1
397 GGGN{20/GCA 59 30 1
398 CGGN{AIGGC 26 9 0.99
399 CGGN{16}AGC " 92 7 0.99
400 CGGN{5IGGC 25 8 0.99
401 GCGN{0!GGA 25 8 0.98




530CCCN 14) GCC2690. 47 531CCGN 5} TCC2590. 46 532GCCN 6} GCC55280. 46 533CGGN
7} GGA2480. 45 534GGGN 6} GGA87520. 44 535GCCN 12, TCC60320. 44
536AGTN{ 16} COGL750. 44 537GGCN 19} GO068290. 44 538CCGN 3} COR2270. 44
539CCCN{ 8} ACC58310. 44 540CAGN{ 15} GOC77440. 44 541CCCN 17} CG&480. 44
542GOGN{ 1} CCA2270. 44 543CCCN 14} CAG79460. 44 544cxx»{8}C££39530 44

545ACAN 13)d35R380. 43 546AGGN| 4} CCG2380. 43 547GGCN 13;€§§§@@
548GAGN{ 2} CBC2380. 42 549CCCN{ 9} GOG2170. 42 550CGCN{ 17} A

551GOGN{ 17} CCA2380. 42 552AAGN{18}CCE2§§$ 42 553CGCN 1} GGA1850. 41 554CCAN

1} CCC90540. 41 555CGTN{ 18} TGC2060. 41 556TCCN{ 14} CGA1750. 41 557CACN

5} GEE56290. 4 558CCGN{ 12} GCA2170. 4 559CTGN{ 6} CCC77440. 4 560CGGN 8' GEC32130. 4

561CCAN{ 11} C-:G(ia?é§80.71 fDWﬁbM@Aﬁzl /0. gg 25 0.98
403 CCCN{9}CCC 97 58 0.97
404 ACCN{17T}GGC 44 20 0.97
405 CCCN{6,CGA 18 5 0.96
406 AAGN{10}CGG 26 9 0.96
407 CGCN{17}CAC 21 6 0.95
408 CCCN{16}CGG 25 8 0.94
409 GACN{18)GGC 39 17 0.94
410 GGGN{15)GAC 47 22 0.92
411 GCCN{4]TCC 66 35 0.92
412 GGCN{15)CCC 56 28 0.92
413 CAGN{12}CGC 24 8 0.92
414 CCAN{3/GCG 22 7 0.91
415 CCGN{16]GAG 22 7 0.9
416 AGCN{2!CGC 24 8 0.89
417 GAGN{4}CCC 54 27 0.89
418 AGGN{3)CGC 23 7 0.88
419 CACN{I3}AGG * 67 36 0.88
420 CCCN{4}CAG 88 51 0.88
421 CCCN{2IGAA 63 33 0.87
499 CGCN{19/GAG 21 6 0.87
423 ACGN{18/GGG 21 6 0.87
424 CCCN{4}GGC 62 32 0.87
425 CGGN{9)GAG 28 10 0.86
426 CCCN{3}GGG 66 26 0.86
427 GAGN{4}GGC 66 35 0.85
428 CGCN{5IGAG 18 5 0.84
429 CCGN{20}AGG 24 8 0.84
430 CCCN{15/CCC 88 51 0.83
431 AGGN{17)CCG 25 8 0.82
432 AGGN{6/GGG 89 52 0.82
433 GGCN{20}CCC 57 29 0.82
434 GCAN{17}CGC 19 5 0.82
435 CGAN{ILJACG 9 1 0.81
436 CGCN{2|GGA 19 5 0.81
437 CTGN{5!CCC 79 45 0.8
438 TCCN{20}CCA 77 43 0.8
439 CCAN{2)GGG 59 30 0.8
440 CCGN{15/GCG 14 3 0.8
441 CCAN{5IGGG 69 38 0.79
442 CGGN{1)TGC 24 8 0.79
443 CCCN{14]GCG 21 6 0.79




563GGGN 20} CCC72310. 39 564CGCN{ 3} CAG2380. 39 565AGCN 17} GGGE68310. 37 566CACN
20} CCG2170. 37 567ACGN 17) CAG2480. 37 568AGGN 1} CCC60320. 37 569CGTN

12} CAC2060. 37 WD 03/ 004704 137 PCT/ NLO2/ 00390 570CGGN{ 9} GGC2380. 37
571CGCN{ 10} GOGL830. 37 572CCCN 6} CTC80470. 36 573CCGN( 10} AGR2380. 36 574CCCN
18} CAG79460. 36 575AGCN 17} CO&R2170. 36 576AGCN 9} GOGL850. 36

577CCAN{ 3}6@562340. 36 578CCCN 11} GAC57300. 35 579ACGN Sh@AZABR, 35
580crx»51%}cn£2§§0.35 581CCCN 5} CCA91550. 35 582C££»{1}A@£22§%Q%4 583GCGN
10} GAC45220. 34 584CGCN{ 15} CCA2060. 34 585CCTN{ 19} CGC2270. 34 586CGTN

3} CGC1020. 33 587AGCN{ 14} CCG2170. 33 58§%ECN 2} CGA1750. 33
589CAG\{ 8} CCC79460. 33 590CCGN 2} GACL640. 33 591AGCN 19] AGG70400. 32

592CCTN{ 4} GECBARH0. 32 | CAGN{0}CCG 27 10 0.79
445 GCCN{9ITCC 60 31 0.78
446 AGGN{20}CGC 29 7 0.78
447 CCCN{6IGAC 42 19 0.77
448 CGGN{11}CCA 23 7 0.76
449 GGGN{14}CAC 57 29 0.75
450 GCAN{15:CGC 19 5 0.74
451 CGCN{2JACA 20 6 0.74
452 ACCN{9}CCC 57 29 0.73
453 GCGN{9}CGC 20 3 0.73
454 CAGN{15/GCG 23 7 0.73
455 CCCN{18}GTC 45 21 0.72
456 GCGN{3}CCC 24 8 0.72
457 CGGN{11!GCC 23 8 0.72
458 CCCN{1CGG 24 8 0.71
459 GCCN{4}CCA 70 38 0.71
460 CCCN{4}CCG 30 12 0.7
461 CGTN{2/GCA 21 6 0.7
462 AGCN{7)TCG 18 5 0.69
463 CCGN{15/GAA 20 6 0.69
464 ACCN{5}CCC 62 33| © 0.69
465 CGCN{14}GAG 19 5 0.68
466 CCCN{7!CGC 30 12 0.68
467 GAGN{12}CGC 21 6 0.68
468 GGCN{17}CCC 53 30 0.67
469 ACGN{11}CTC 21 7 0.65
470 ACAN{9}CGG 24 8 0.65
471 CTGN{7)CCC 82 47 0.65
472 CCCN{2!GCC 72 40 0.65
473 CGGN{2)GCA 24 8 0.64
474 CCCN{0JTGC 83 48 0.64
475 CGCN{T}IACC 18 5 0.63
476 GCAN{2iGCC 54 27 0.63
477 GCGN{8ICCA 20 6 0.63
478 AGCN{0}CGC 22 7 0.63
479 GCGN{2)GCA 18 5 0.63
480 CCGN{2)GTC 18 5 0.62
481 CCGN{3}ACA 21 7 0.62
482 ACGN{13TGG 21 7 0.62
483 CCAN{8!CGC 23 8 0.62
484 CCGN{9}GGC 23 8 0.61
485 CCAN{5}CCG 25 9 0.61




593CCAN{ 11} AGC2270. 32 594CACN{ 4} CGC1850. 32 595CCGN 1} CCC30120. 31 596CTGN
13} G3C73420. 31 597CGCN{ 16} ACC1540. 31 598CACN 18} CAGr9460. 31

599GCCN{ 8} GCC68290. 29 600GGAN{ 15} GGA78460. 29 601CCAN 16} GCC2270. 29 602CCAN
20} ACC1850. 29 603CGAN{ 7} CCC1750. 28 604CCGN 6 CTC2380. 28

605CGGEN{ 10} CTC2270. 28 606CAGN{ 16} CGC2380. 28 607CCAN 3} AGG/7450. 27

608CCCN{ 1§ o@5H0274 /0. 27 609CCCN{ 18} GGA1960. 26 610CCON rA)NF 403900 26

611ACAN{ 10} GCGL1750. 26 WD 03/ 004704 138 PCT/ NLO2/ 00390 61 2CGAN{ 5} CCC2590. 25
613CCCN{ 7} TCC75430. 25 614ACGAN{ 10} CGC1Q20. 25 615CCCN 3} TCC81480. 25 616CCAN{ 8

CGG2030. 24 617CCAN{ 15} CGG2270. 24 618 6} CCGL750. 24 619CAGN 3; GCG2590. 24
620GAG\{ 1 CCC62340. 24 621CCGN{ 18} TGC2270. 23 622CCCN{ 7' } CCA85510. 23
486 AGGN{3}GGG 97 59 0.61
487 CAGN{2}GGC 78 45 0.61
488 CCCN{8ICAG 81 47 0.61
489 AGCN{5ICAG 80 46 0.6
490 CGGN{16}GCC 22 7 0.6
491 GCGN{15}CCC 23 8 0.6
492 CCCN{11}GCC 59 31 0.59
493 CGAN{2!ACG 9 1 0.59
494 CGGN{4IGCC 22 7 0.59
495 CACN{6/CGC 19 6 0.59
496 CGGN{5}ACG 11 2 0.59
497 CTGN{4}GCC * 66 36 0.59
4983 GGGN{18!CGA 18 5 0.59
499 CCTN{8}CGC 22 7 0.59
500 GCCN{4}CCC 67 37 0.58
501 CGGN{10}GCC 22 7 0.58
502 GCCON{5}GGA 54 27 0.57
503 ACCN{7}GCG 15 4 0.57
504 CCCN{8ICGC 24 8 0.57
505 CAGN{5}CCC 77 44 0.56
506 CACN{14]GGA 63 34 0.56
507 CCCN{1}GCC 94 57 0.55
508 CCCN{5IAGC 67 37 0.55
509 GGCN{5GGA 59 31 0.55
510 CGAN{1T}GAG 19 6 0.55
511 CGCN{TIACA 18 5 0.54
512 CCAN({13}CCC 87 52 0.54
513 CGGN{20}GGC 24 8 0.54
514 CCCN{17}GCC 58 30 0.53
515 CCTN{10}CCG 30 12 0.53
516 CCCN{8ICCG 27 10 0.53
517 CGCN{3]GAG 18 5 0.52
518 CGCN{TJAAG 17 5 0.51
519 CGGN{11]GGA 23 8 0.51
520 CCGN{15,CCG 15 4 0.51
521 CCCN{3}GCA 57 30 0.51
522 CGGN{2|CAG 24 8 0.5
523 AGGN{2)CCG 24 8 05
524 CCCN{41CAC 69 38 0.5
525 GGAN{19}CCC 56 29 0.49
526 CCCN{8ICAC 68 38 0.49
527 ACCN{6ICCG 18 5 0.49




623CGGN 3} CCA2490. 23 624ACGN{ 1} CCC1850. 23 625CGGN 13} TGA2170. 22 626CTCN
6} GGC53280. 22 627GCGN{ 2} GACL540. 22 628GGGN{ 11} ACC49250. 22

629CGCN{ 4} GGAL750. 22 630CCCN{ 11} CCG27100. 22 631CCGN 19; GCA2060. 22 632GOGN

0} GCA2060. 21 633AGAN{ 7} CCC61330. 21 634CGGN 2' CCA2170. 21

635CCCN{ 7} COC89540. 21 636ACCN{ 4} GOGL540. 2 637CCTN{ 15} CGC2060. 2 638AGCN{ 9;
GTCA4210. 2,639 181 CTC74430. 2 640CGCN{ 18} CGA910. 19 GAkGEIMK151G0C62340. 18
642ACCN{ 11} GGCA5220. 18 643AGGN{ 15} CGC29120. 18 644GOGN 0} CCA27100. 18 645GCGN
9AGC1850. 17 646GGGN 18; GCA59320. 17 647CCCN{ 17 CAG77450. 17

648CCAN{ 8} CG&2280. 16 649CCGN{ 10} GAC217. 16 650GCAN{ 0} GCC76440. 16

651CAGN{ 2} CGC2060. 16 652CGCN{ 8} GGC1960. 16 653CTGN 17} GGU65360. 16 WO

03/ 004704 139528 CCCN{6/GGC 54 28 0.49
529 CCCN{6}CCG 29 11 0.48
530 CGCN{14GCC 26 9 0.47
531 CCGN{5}TCC 25 9 0.46
532 GCCN{6!GCC 55 28 0.46
533 CGGN{T'\GGA 24 8 0.45
534 GGGN{6)GGA 87 59 0.44
535 GCCN{12!TCC 60 32 0.44
536 AGTN{16}CCG 17 5 0.44
537 GGCN{19}GCC 68 29 0.44
538 CCGN{3}CCG 929 7 0.44
539 CCCN{8}ACC 58 31 0.44
540 CAGN{15/GCC 77 44 0.44
541 CCCN{17}CGG 24 8 0.44
549 GCGN{1}CCA 22 7 0.44
543 CCCN{14{CAG 79 46 0.44
544 CCCN{8ICCC 89 53 0.44
545 ACAN{12!GCG 23 8 0.43
546 AGGN{4}CCG 23 8 0.43
547 CGCN{13]GCC 23 8 0.43
548 GAGN{21CGC IEE 8 0.42
549 CCCN{9IGCG 21 7 0.42
550 CGCN{17}ACA 17 5 0.42
551 GCGN{17'CCA 23 8 0.42
559 AAGN{18!CCG 20 6 0.42
553 CGCN{1}GGA 18 5 0.41
554 CCAN{1}CCC 90 54 0.41
555 CGTN{18/TGC 20 6 0.41
556 TCCN{14!CGA 17 5 0.41
557 CACN{5IGGG 56 29 0.4
558 CCGN{12/GCA 21 7 0.4
559 CTGN{6}CCC 77 44 0.4
560 CGGN{8!GGC 32 13 0.4
561 CCAN{11}GGG 68 38 0.4
562 ACGN{19!CAA 21 7 0.39
563 GGGN{20}CCC 72 31 0.39
564 CGCN{3}CAG 23 8 0.39
565 AGCN{17}GGG 58 31 0.37
566 CACN{20!CCG 21 7 0.37
567 ACGN{17,CAG 24 8 0.37
568 AGGN{1}CCC 60 32 0.37
569 CGTN{12!CAC 20 6 0.37




PCT/ NL02/ 00390 654GGGN{ 14} } ACC46230. 16 655CCGN 1) f TGC2060. 16 656 CAGN

8} CGC2280. 15 657AAGN 11} CGC1750. 15 658CCGN{ 6} TCC2280. 14 659CCAN

18} CCC72420. 14 660CCAN 0} COC84510. 14 661GAGN 6' CCC53280. 14 662AGCN

20} GGC52270. 14 663CAGN{ O CGC2170. 14 664CCGN{ 12' CTC2280. 14

665CGCN{ 15} ACG910. 13 666GGCN{ 171CGA1540. 13 667CCGN{ 16} AAGL960. 13

668CCCN{ L4lTSmLSE0. 12 669AGGN{ 7} CGC2070. 12 670CCAN{ 7} feizs oz

671CGON{ 4, GCC34150. 12 672CGAN 6} CCC1750. 12 673CGCN 19} GGA60330. 11
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571 CGCN{10}GCG 18 3 0.37
572 CCCN{6}CTC 80 47 0.36
573 CCGN{10}AGG 23 8 0.36
574 CCCN{18!CAG 79 46 0.36
575 AGCN{17/CCG 21 7 0.36
576 AGCN{9)GCG 18 5 0.36
577 CCAN{3)GGC 62 34 0.36
578 CCCN{11}GGC 57 30 0.35
579 ACGN{5!GCA 23 8 0.35
580 CCCN{14)CGG 23 8 0.35
581 CCCN{5CCA 91 55 0.35
582 CCGN{1}AGG 22 7 0.34
583 GGGN{10]GAC 45 22 0.34
584 CGCN{15/CCA 20 6 0.34
585 CCTN{19}CGC 22 7 0.34
586 CGTN{3ICGC 10 2 0.33
587 AGCN{14]CCG 21 7 0.33
588 GGCN{2)CGA 17 5 0.33
589 CAGN{8ICCC 79 46 0.33
590 CCGN{2/GAC 16 4 0.33
591 AGCN{19]AGG 70 40 0.32
592 CCTN{4IGGC 64 35 0.32
593 CCGN{1LJAGC 22 7 0.32
594 CACN{4}CGC 18 5 0.32
595 CCGN{1}ICCC 30 12 0.31
596 CTGN{13)GGC 73 42 0.31
597 CGCN{16}ACC 15 4 0.31
508 CACN{18|CAG 79 46 0.31
599 GGCN{8}GCC 63 29 0.29
600 GGGN{15/GGA 78 46 0.29
601 CCGN{16}GCC 22 7 0.29
602 CCGN{20!ACC 18 5 0.29
603 CGAN{7\CCC 17 5 0.28
604 CCGN{6/CTC 23 8 0.28
605 CGGN{10}CTC 22 7 0.28
606 CAGN{16/CGC 23 8 0.28
607 CCAN{3]AGG 77 45 0.27
608 GCCN{18]GCC 52 27 0.27
609 CGCN{18!GGA 19 6 0.26
610 CCGN{20!GGC 22 7 0.26
611 ACAN{10}GCG 17 5 0.26




686ACCGNL1121CAG26100. 09 687CCGAN{ 191 CGC1440. 08 688CGGN 8} TGC1850. 08

689CCCN{ 1} GAGG5370. 07 690GCGN 19} TGA1860. 07 691GCECN 15} GCC70310. 07 692CCGN
7} CCC27110. 07 693ACAN 19} CCC63350. 07 694ACCN{ 16} GGA7240. 07

695AGAN{ 1} G3C64360. 07 WO 03/ 004704 140 PCT/ NLO2/ 00390 696GGGN 17} TGA64360. 06
697CAGN{ 5} GG383500. 06 698CGCCN 13} CGC2280. 06 699CGCG\{ 7} GGA1960. 06

700CAGY 14 hG5634280. 06 701CCGN 4 GIC1640. 06 702CCCN{ lpghixrezed3s 06 703CGCGN
14} ACC1540. 05 704CAGN\{ 20} GGE81490. 05 705CCA\f 4} CCC27110. 05 706CCCN

5' GBC1860. 05 707CCTN{ 6} GGC57310. 05 70 3} GEC67380. 05 709CGGN

11} CGC1440. 05 710CTGNf 18} GGA77460. 04 711CACN 17} CCA74430. 04
712CGCE\{ 3} GAG2280. 04 713CCCN 9} CCA82490. 03 714CCCN 1, ' ACG1860. 03

715CAGN{ 1' , GCCg2420. 03] CGGN{5ICCC 25 9 0.25
613 CCCN{7T\'TCC 75 43 0.25
614 ACGN({10}CGC 10 2 0.25
615 CCCN{3)TCC 81 48 0.25
616 CCGN{8}CGG 20 3 0.24
617 CCAN{15}CGG 22 7 0.24
618 - | CCGN{6}CCG 17 5 0.24
619 CAGN({3]GCG 25 9 0.24
620 GAGN{1}CCC 62 34 0.24
621 CCGN{18ITGC 22 7 0.23
622 CCCN{72:CCA 85 51 0.23
623 CGGN{31CCA 24 9 0.23
624 ACGN({1}CCC 18 5 0.23
625 CGGN{13}TGA 21| 7 0.22
626 CTCN{6}GGC 53 28 0.22
627 GCGN{2)GAC 15 4 0.22
628 GGGN{11}JACC 49 25 0.22
629 CGCN{4}GGA 17 5 0.22
630 CCCN{11}CCG 27 10 0.22
631 CCGN{19!GCA 20 6 0.22
632 GCGN{0}GCA 20 6 0.21
633 AGAN{7}CCC 61 33 0.21
634 CGGN{2]CCA 21 7 0.21
635 CCCN{7ICCC 89 54 0.21
636 ACCN{4}GCG 15 4 0.2
637 CCTN{15}CGC 20 6 0.2
638 AGCN{9IGTC 44 21 0.2
639 CCCN{18/CTC 74 43 0.2
640 CGCN{18/CGA 9 1 0.19
641 CCCN{15)GCC 62 34 0.18
642 ACCN{11}GGC 45 22 0.18
643 AGGN{15)CGC 29 12 0.18
644 GCGN{0ICCA 27 10 0.18
645 GCGN{9IAGC 18 5 0.17
646 GGGN{18!GCA 59 32 0.17
647 CCCN{17}CAG 77 45 0.17
648 CCAN{8!CGG 22 8 0.16
649 CCGN{10}GGC 21 7 0.16
650 GCAN{0}GCC 76 44 0.16
651 CAGN{2)CGC 20 6 0.16
652 CGCN{8}GGC 19 6 0.16
653 CTGN{17)GGC 65 36 0.16




716AGGN 6} CCG2380. 03 717AGCN{ 9} GBE67310. 03 718CCCN{ 7} GEC54290. 02

719CCTN{ 13} CCC88540. 02 720CCGAN{ 19} TTC2070. 02 721CCCN{ 7} CC&XR7110. 02 722CGAN
6} G3C1750. 01 723CGGN{ 4} CTC2170. 01 724CGGN 0} CGC1330. 01 725CCTN 13} ACG1960. 01
726CCAN{ 6} CAC53280. 01 727CCCN{ 16} CGC2170. 01 728CCCN{ 10~CTC76450

729CCCN{ 0} CAG2570 730GCCN{ 5} CCC65370 WO 03/004704 141 PCT/ NLO2/ 00390 Tabl e
11. Candi ¢at8oc2dAR el enents tested by Linear D scrimpdgloflad YSis

Candi dat e STARLocation' Length T2 F20 13. 332800 T2116 14.12800 T3 F15q122900
T3 R7q31.2-2900 T5 F9q34. 13ND2 T5 R9Q34, 13ND T722 12.3-1200 T9 F21g22. 21600
T9 R229g11. 22-1600 T10 F7qg22.2-1300 T1 ql4.1-1300 Tii F17 23.3-2000

654 GGGN{14ACC 46 23 0.16
655 CCGN{LJTGC 20 6 0.16
656 CAGN{8!CGC 22 8 0.15
657 AAGN{11}CGC 17 5 0.15
658 CCGN{6/TCC 22 8 0.14
659 CCAN{18}CCC 72 42 0.14
660 CCAN{0}CCC 84 51 0.14
661 GAGN{6}CCC 53 28 0.14
662 AGCN{20}GGC 52 27 0.14
663 CAGN{0}CGC 21 7 0.14
664 CCGN{12}CTC 22 8 0.14
665 CGCN{15/ACG 9 1 0.13
666 GGCN{17|CGA 15 4 0.13
667 CCGN{16/AAG 19 6 0.13
668 CGCN{14TCC 19 6 0.12
669 AGGN{7!CGC 20 7 0.12
670 CGGN{7)CCC 22 8 0.12
671 CGCN{4}GCC 34 15 0.12
672 CGAN{6}CCC 17 5 0.12
673 CCCN{19]GGA 60 33 0.11
674 CCCN{16}GCG 28 11 0.11
675 CCAN{7}CGC 20 7 0.11
676 CCCN{6)GCC 80 48 0.11
677 GCCN{14}TCC 55 29 0.11
678 AGGN{14)GCC 64 36 0.1
679 CGCN{11}GCC 20 7 0.1
630 TCCN{0}GCA 17 5 0.09
681 GCGN{8}CCC 27 11 0.09
682 CCAN{11}GCG 19 6 0.09
683 CACN{4/GGG 51 26 0.09
634 CGGN{7,TCC 20 7 0.09
685 GCGN{5)GCC 20 7 0.09
686 ACGN{12/CAG 26 10 0.09
687 CCGN{19!CGC 14 4 0.08
638 CGGN{8ITGC 18 5 0.08
689 CCCN{1IGAG 65 37 0.07
690 GCGN{19]TGA 18 6 0.07
691 GGCN{15!GCC 70 31 0.07
692 CCGN{7}CCC 27 11 0.07
693 ACAN{19]CCC 63 35 0.07
694 ACCN{16\GGG 47 24 0.07
695 AGAN{1}GGC 64 36 0.07




Tl R16823. 1-2000 T124p15.1-2100 T13 F20p13-1700 T13 R1p13.3-1700 T14
R119g25-1500 Ti ?2g31. 3ND T182g31. 1ND ' Chronosonal | ocation is determ ned by
BLAT search of DNA sequence data fromthe STAR el enents agai nst the human
genone dat abase. The 5 location is given according to standard nonencl ature
referring to the cytogenetic ideogramof each chronosone; e.g. 1p2.3 is the
third cy\RQsoRtdsc sub-band of the second cytogeneti cpdaid,afsof he short arm
of chronosone 1 (http://ww. nebi. nlm nih.

gov/ C ass/ MLACour se/ Geneti cs/ chr orrbangjldﬁg. h 10 tm). F, forward sequencing
reaction result; R reverse sequencin reaction result. Wien the forward
and reverse sequencing results mapped to different genom c | ocations, each

Zequen_ce \C/ivaE egbended o 1f7}_qidA Tengt hgpf the orgggi nal cp.op4 (afs ]
et erm ne trict hased n_seque I Nt or fon fromthe
human genom&*y igg;bqse. g%gg; \%’ggét Det elgg) Ted: qvu‘)r%e/ uu4/_uggé CT/ NLO2/ 00390
142 Table 12. abtadepsiEsS R—etempnts—o] Fre—tnventitom—Thackydi ng
chronosone | o;g\?a.aon an"'b’.tw @'PG w.AP\C‘h.rorm:% elen—h—kb—AH 1.'?’)7J 10.9 A310.9
A410.8 ASI 1.3/ 2601 4 APCAGNURECAY 8 A9l |9 D 53 0.06

701 CCGN{4}GTC 16 4 0.06

702 CCCN{13}CGC 22 8 0.06

703 GCGN{14}ACC 15 4 0.05

704 CAGN{20}GGG 81 49 0.05

705 CCGN{4}CCC 27 11 0.05

706 CGCN({5}GGC 18 6 0.05

707 CCTN{6}GGC 57 31 0.05

708 AGGN({3}GGC 67 38 0.056

709 CGGN({11;CGC 14 4 0.05

710 CTGN{18}GGA 77 46 0.04

711 CACN{17}CCA 74 43 0.04

712 CGGN{3lGAG 22 8 0.04

713 CCCN{9}CCA 82 49 0.03

714 CCCN{1JACG 18 6 0.08

715 CAGN{1}GCC 72 42 0.03

716 AGGN{6}CCG 23 8 0.08

717 AGCN{9}GGG 57 31 0.03

718 CCCN{7}GGC 54 29 0.02

719 CCTN{13}CCC 88 54 0.02

720 CCGN{19}TTC 20 7 0.02

721 CCCN{7}CCG 27 11 0.02

722 CGAN{6}GGC 17 5 0.01

723 CGGN{4}CTC 21 7 0.01

724 CGGN{0}CGC 13 3 0.01

725 CCTN{13JACG 19 6 0.01

726 GGGN{6}CAC 53 28 0.01

727 CCCN{16};CGC 21 7 0.01

728 CCCN{10}CTC 76 45 0

729 CCCN{0ICAG 92 57 0

730 GCCN{5}CCC 65 37 0
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construct conprising a pronoter operably linked with a nucleic acid
sequence Qf i lREest, characterized in that said considrghadosot her conprises
a sequence having anti-repressor
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Table 11. Candidate STAR elements tested by Linear
Discriminant Analysis

Candidate STAR Location! Length
T2 F 20q13.33 ~2800
T2R 6ql4.1 ~2800
T3 F 15q12 ~2900
T3 R 7q31.2 ~2900
T5 F 9q34.13 ND2
T5 R 9q34.13 ND
T7 22q12.3 ~1200
T9F 21q22.2 ~1600
T9R 22q11.22 ~1600
T10 F 7q22.2 ~1300
TI0R 6q14.1 ~1300
T11 F 17q23.3 ~2000
T11 R 16q23.1 ~2000
T12 4p15.1 ~2100
T13 F 20p13 ~1700
T13 R 1p13.3 ~1700
T14 R 1125 ~1500
T17 2q31.3 ND
T18 2q31.1 ND

IChromosomal location is determined by BLAT search of DNA sequence
data from the STAR elements against the human genome database. The

5 location is given according to standard nomenclature referring to the
cytogenetic ideogram of each chromosome; e.g. 1p2.3 is the third
cytogenetic sub-band of the second cytogenetic band of the short arm of
chromosome 1
(http://www.ncbi.nlm.nih.gov/Class/MLACourse/Genetics/chrombanding.h

10 tml). F, forward sequencing reaction result; R, reverse sequencing

reaction result. When the forward and reverse sequencing results mapped
to different genomic locations, each sequence was extended to the full
length of the original clone (as determined by restriction mapping) based
on sequence information from the human genome database.

15 2ND: Not Determined.
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cell with a DNA construct according to any one of clains 1-6. 8. A cell
conprising a DNA construct according to any one of clains 1-6. 9. A cel
according to claim8, conprising multiple copies of said DNA construct. 10.
A cell according to claim8 or 9, whichis a CHO cell. 11. A nethod for
produci ng a gene product in a cell conprising providing an expression
cassette BhhS4ng: i) a transgene encoding said genpepkflehe and ii) a
sequence having anti-repressor activity as defined in claim1l, and allow ng
transcription of said expression cass einacell. 12. A nethod according
to claim1l, wherein said cell is a cell. 13. A nethod according to
claim 1l or 12, wherein the expression cassette conprises in the follow ng
order: (i) a sk nce havi{g antl-reqressor acééllty as defined in claim1,

- 146 (ii) thertransgene—gonprisirg—a—profrpter—operably |inked to an open
readi ng frane Id gene pr duct and)9 ii) a sequence having
anti-repressor|{gggivity a Hdeflned in claiml. Li . A nethod according to any
one of clains TII-I3, wherein nultiple of Sald expression cassettes are
provi ded and transcription thereof is allowed in said cell, and expression
of said transgene is copy nunber-dependent. 15. Use of a sequence having
anti-repressor activity as defined in claiml, for regulating transcription
of a nucleic acid of interest.
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Claims

1. A recombinant DNA construct comprising a promoter operably linked with a
nucleic acid sequence of interest,
characterized in that said construct further comprises a sequence having anti-repressor
activity,
wherein said sequence having anti-repressor activity is selected from the group consisting
of:
(a) a sequence selected from the group consisting of SEQ.ID: 1-65 in Figure 26;
(b) a fragment of a sequence selected from the group consisting of SEQ ID: 1-65 in
Figure 26;
(c) a functional homologue or derivative of a sequence selected from the group
consisting of SEQ ID: 1-65 in Figure 26;
(d) a paralog or ortholog of a sequence selected from the group consisting of SEQ ID:
1-65 in Figure 26,
and wherein said sequence having anti-repressor activity confers to a human U-2 OS
osteosarcoma cell the ability to grow after 4-5 weeks of culturing in the presence of 250
ng/ml zeocin and 0.1 ng/ml doxycyclin, when said cell comprises a LexA-repressor
fusion protein containing the LexA DNA binding domain and a coding region of HP1 or
HPC2 under control of the Tet-Off transcriptional regulatory system, when said said
sequence having anti-repressor activity is cloned into a polylinker sequence in a plasmid,
said polylinker being positioned between four LexA operator sites and the SV40

promoter that controls the zeocin resistance gene, when the plasmid is present in said cell.

2. A DNA construct according to claim 1, wherein said nucleic acid sequence of

interest is a transgene open reading frame.

3. A DNA construct according to claim 2, wherein said promoter is an exogenous

promoter.

4, A DNA construct according to any one of claims 1-3, wherein said promoter is a
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strong constitutive promoter, preferably a viral promoter, or an inducible promoter.

5. A DNA construct according to any one of claims 1-4, wherein said promoter is a

CMYV promoter, a SV40 promoter or a Tet-Off promoter.

6. A DNA construct according to any one of claims 1-5, comprising in the following
order:

(1) a sequence having anti-repressor activity as defined in claim 1,

(ii) the promoter operably linked with the nucleic acid sequence of interest, and

(iii) a sequence having anti-repressor activity as defined in claim 1.

7. A method for obtaining a host cell, comprising the step of transfecting the host

cell with a DNA construct according to any one of claims 1-6.

8. A cell comprising a DNA construct according to any one of claims 1-6.

9. A cell according to claim 8, comprising multiple copies of said DNA construct.
10. A cell according to claim 8 or 9, which is a CHO cell.

11. A method for producing a gene product in a cell comprising providing an
expression cassette comprising:

i) a transgene encoding said gene product, and

i1) a sequence having anti-repressor activity as defined in claim 1,

and allowing transcription of said expression cassette in a cell.

12. A method according to claim 11, wherein said cell is a CHO cell.

13. A method according to claim 11 or 12, wherein the expression cassette comprises

in the following order:

(1) a sequence having anti-repressor activity as defined in claim 1,
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(i1) the transgene comprising a promoter operably linked to an open reading frame
encoding said gene product, and

(111) a sequence having anti-repressor activity as defined in claim 1.

14. A method according to any one of claims 11-13, wherein multiple of said
expression cassettes are provided and transcription thereof is allowed in said cell, and

expression of said transgene is copy number-dependent.

15.  Use of a sequence having anti-repressor activity as defined in claim 1, for

regulating transcription of a nucleic acid of interest.



