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FIELD OF THE INVENTION

The present invention relates to purified and isolated DNA sequences having protein
production increasing activity and more specifically to the use of matrix attachment
regions (MARs) for increasing protein production activity in a eukaryotic cell. Also
disclosed is a method for the identification of said active regions, in particujar MAR

10  nucleotide sequences, and the use of these characterized active MAR sequences in a
new multiple transfection method.

BACKGROUND OF THE INVENTION

15 Nowadays, the model of loop domain organization of eukaryotic chromosomes is well
accepted (Boulikas T, “Nature of DNA sequences at the attachment regions of genes to
the nuclear matrix”, J. Cell Biochem., 52:14-22, 1993). According to this mode!
chromatin is organized in loops that span 50-100 kb attached to the nuclear matrix, a
proteinaceous network made up of RNPs and other nonhistone proteins (Bode J,

20  Stengert-lber M, Kay V, Schalke T and Dietz-Pfeilstetter A, Crit. Rev. Euk. Gene Exp.,
6:115-138, 1996).

The DNA regions attached ta the nuclear matrix are termed SAR or MAR for
respectively scaffold {during metaphase) or matrix (interphase) attachment regions

25  (Hart C and Laemmli U (1998), “Facilitation of chromatin dynamics by SARs” Curr Opin
Genet Dev 8, 5198-525)

As such, these regions may define boundaries of independent chromatin domains,
such that only the encompassing cis-regulatory elerments control the expression of the
30 genes within the domain.

However, their ability to fully shield a chromosomal locus from nearby chromatin _
~ elements, and thus confer position-independent gene expression, has not been seen in
stably transfected cells (Polijak 1, Seum C, Mattioni T and Laemmli U. (1994) “SARs
35 stimulate but do not confer position independent gene expression”, Nucleic Acids Res
22, 4386-4324). On the other hand, MAR (or S/MAR) sequences have been shown to
interact with enhancers to increase local chromatin accessibility (Jenuwein T, Forrester
W, Fernandez-Herrero L, Laible G, Dull M, and Grossched! R. (1997) “Extension of
chromatin accessibility by nuclear mairix attachment regicns” Nafure 385, 269-272).
40  Specifically, MAR elements can enhance expression of heterologous genes in cell
culture lines {Kalos M and Fournier R (1995) "Position-independent transgene
expression mediated by boundary elements from the apolipoprotein B chromatin
domain” Mol Cell Biol 15,198-207), transgenic mice {Castilla J, Pintado B, Sola, i,
Sanchez-Morgado J, and Enjuanes L {1998) “Engineering passive immunity in
45  transgenic mice secreting virus-neutralizing antibodies in milk” Nat Biotechnoi 16, 349-
354) and plants (Alien G, Hall GJ, Michalowski S, Newman W, Spiker S, Weissinger A,
and Thompson W (1996) “High- Jevel transgene expression in plant cells effects of a
strong scaffold attachment region from tobacco” Plant Celf 8, 899-913). The utility of
MAR sequences for developing improved vectors for gene therapy is also re cognized
50 (Agarwal M, Austin T, Morel F, Chen ., Bohnlein E, and Plavec ! (1898), “Scaffoid
attachment region-mediated enhancement of retroviral vector expression in primary T
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10  MARSs flanking the transgene expression cassette, as well as when constructs are co-
transfected with the MAR on a separate plasmid. However, expression levels upon co-
transfection with MARs were not as high as those observed for a construct in which two
MARs delimit the transgene expression unit. A third and preferable process was shown
to be the transfection of transgenes with MARs both linked to the transgene and on a

15  separate plasmid (Girod et al., submitted for publication). However, one persisting
limitation of this technique is the quantity of DNA that can be transfected per ceil.

Many multiples transfection protocois have been developed in order to achieve a high
- transfection efficiency to characterize the function of genes of interest. The protocol
applied by Yamamoto et al, 1999 (“High efficiency gene transfer by multiple transfection

20 protocol”, Histochem. J. 31(4), 241-243) leads to a transfection efficiency of about 80 %
after 5 transfections events, whereas the conventional transfection protocol only
achieved a rate of <40%. While this technigue may be useful when one wishes fo
increase the proportion of expressing cells, it does not lead to cells with a higher
intrinsic productivity. Therefore, it cannot be used to generate high producer

25 monoclonal cell lines. Hence, the previously described technigque has fwo major
drawbacks:

i) this technigue does not generate a homogenous population of transfected
cells, since it cannot favour the integration of further gene copy, nor does it
direct the transgenes to favorable chromosomai loci,

30 i) the use of the same selectable marker in multiple transfection events does

not permit the selection of doubly or triply transfected cells.

065;

In patent application W002/074969, the utility of MARs for the development of stable
eukaryotic cell lines has also been demonstrated. However, this application does not

35 disclose neither any conserved homology for MAR DNA element nor any technigue for
predicting the ahility for a DNA sequence to be a MAR sequence.

In fact no clear-cut MAR consensus seguence has been found (Boulikas T, “Nature of
DNA sequences at the attachment regions of genes to the nuclear matrix”, J. Celf

40  Biochem., 52:14-22, 1993) but evolutionarily, the structure of these sequences seem to
be functionally conserved in eukaryotic genomes, since animal MARs can bind to plant
nuclear scaffolds and vice versa (Mielke C, Kohwi Y, Kohwi-Shigematsu T and Bode J,
“Hierarchical binding of DNA fragments derived from scaffold-attached regions:
correlation of properties in vitro and function in vivo”, Biochemistry, 29:7475-7485,

45  1990).

The identification of MARs by biochemical studies is a long and unpredictable process;
various results can be obtained depending on the assay (Razin SV, “Functional
architecture of chromosomal DNA domains”, Crit Rev Eukaryot Gene Expr., 6:247-269,

50  1996). Considefing the huge number of expected MARs in a eukaryotic genome and
the amount of sequences issued from genome projects, a tool able to filter potential
MARS in order te perform targeted experiments would be greatly useful.
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on the frequency of MAR motifs (MRS criterion;Van Drunen CM et al. "A bipartite
sequence element associated with matnxlscaffold attachment reglons Nucleic Acids
20 Res, 27:2924-2930, 1999), (ChrClass; Glazko GV et al., “Comparative study and
prediction of DNA fragments associated with various elements of the nuclear matrix’,
Biochim. Biophys. Acta, 1517:351-356, 2001) or based on the identification of sites of
stress-induced DNA duplex (SIDD; Benham C and al., “Stress-induced duplex DNA
destabilization in scaffold/matrix attachment regions”, J. Mol. Biol., 274:181-196, 1997).
25 However, their suitability to analyze complete genome sequences remains unknown,
and whether these tools may allow the identification of protein preduction-increasing
sequences has not been reported.

Furthermore, due to the relatively poor specificity of these softwares (Frisch M, Frech K,

30 Klingenhoff A, Cartharius K, Liebich I and Werner T, “In silico prediction of
scaffold/matrix attachment regicns in large gencmic sequences”, Genome Research,
12:349-354, 2001), the amount of hypothetical MARSs identified in genomes rapidly gets
unmanageable when doing large scale analyses, especially if most of these have no or
poor activity in practice. Thus, having no way to increase prediction specificity to

35 restrain the number of hypothetical MARs, many of the available programs become
almost useless to identify potent genetic elements in view of efficiently increasing
recombinant pretein production. '

Since all the above available predictive methods have some drawbacks that prevent

40 large-scale analyses of genomes to identify reliabfy novel and potent MARs, the object
of this invention is to 1) understand the functional features of MARSs that allow improved
recombinant protein expression; 2) get a new Bioinformatic tool compifing MAR
structural features as a prediction of function, in order to 3) perform large scale
analyses of genomes to identify novel and more potent MARs, and, finally 4) to

45  demonstrate improved efficiency to increase the production of recombinant proteins
from eukaryetic celis or organisms when using the newly identified MAR sequences.

SUMMARY OF THE INVENTION

50
This object has been achieved by providing an improved and reliable methed for the
identification of DNA sequences having protein production increasing activity, in

3



cells" I vim 72, 3720-3728). Recently, it has been shown thatch

romati n-structure nodifyi ng sequences including MARs, as exenplified by the
chicken lysozyne 5° MAR is able to significantly enhance 5 reporter
expression in pools of stable Chinese Hanster Ovary (CHO cells (Zahn-Zabal

M et al., "Devel opnent of stable cell lines for production or regulated
expr essi of MéuIQQMﬁRtrﬁUdfecﬂfdb% UBhdes! 86 eHesuselofBhadcesitatteriZ@Pactive MAR: p.
29-42). FUPEEPRIE MeNdsultisie ahefebnﬁfﬁn@%dttb%d@émoﬂhblwad@énohuﬁh produci ng
cl ones, t@égn{b%pb%,hgﬁ, ticQfeg! ones that need to be screened. These
benefits have been observed both for constructs with 10 MARs fl anking the
transgene expression casset Fat§E ﬂTl@t@OWﬁ@ FURESr ucts are cotransfect ed
with the MAR on a separate asm vvever expressi on IeveI S upon
cotransfegti VA not t truct
e e Tk b mé*fn R e ke

or ot or oy 5 Ca %ﬁﬁ Ef”é gfaffe b Win e
bot h {lnk Y)e FFPeTa ?F’%r g

subni |she\gﬂ."a ? degal *ng ? e BT OT R 22

§ ed?9'g %ﬁ
t echni que®dNOFRY: quantity of DNA that can be transfect ed per cell. Mny
mul tiples_transfection protocols have been devel oped' in order to achieve a
hi gh t r ansiBed ehews ér«aﬁtep@tfcg the Tewygifferest ¢riteria Heed e MAdhSeanGanddhe
i nt er est . ATHenignNbwik SLMasNARE fiopn SMPEHHD et al, 1999 ("High efficiency
gene tTansfer by nultiple transfection 20prot ocol ", H stochem 1. 31(4),

241-243) Figadishows the diakibtiéan plots fiMABiIsenugnass ysveanign. MAR sequences
from SMARt DB of other organisms were retrieved and analyzed. The MAR sequences

density distributions for the mouse, the chicken, the sorghum bicolor and the human
are plotted jointly.

20
Fig. 4 shows SMAR Scan® predictions on human chromosome 22 and on shuffled
chromosome 22, Top plot : Average number of hits obtained by SMAR Scan® with five:
rubbled, scrambled, shuffled within nonoverlapping windows of 10 bp, order 1 Markov
chains model and with the native chromosome 22, Bottom plot: Average number of

25 MARs predicted by SMAR Scan® in five: rubbled, scrambled, shuffled within non-
overlapping windows of 10 bp, order 1 Markov chains model and with the native
chromosome 22.

Fig. 5 shows the dissection of the ability of the chicken lysozyme gene 5-MAR to

30  stimulate transgene expression in CHO-DG44 cells. Fragments B, K and F show the
highest ability to stimulate transgene expression. The indicated relative strength of the
elements was based on the number of high-expressor cells.

Fig. 6 shows the effect of serial-deletions of the 5-end (upper part) and the 3'-end
35 (lower part) of the 5’-MAR on the loss of ability to stimulate transgene expression. The
transition from increased to decreased activity coincide with B-, K- and F-fragments.

Fig. 7 shows that portions of the F fragment significantly stimulate transgene
expression. The F fragment regions indicated by the light grey arrow were multimerized,
40  inserted in pGEGFP Control and transfected in CHO cells. The element that displays
the highest activity is located in the central part of the element and corresponds to
fragment Flll {black bar labelled minimal MAR). [n addition, an enhancer activity is
located in the 3'-flanking part of the Flil fragment (dark grey bar labelled MAR
enhancer).
43 .
- Fig. 8 shows a map of locations for various DNA sequence motifs within the cLysMAR.
Fig. 8 (B) represents a Map of locations for various DNA sequence motifs within the
cLysMAR. Vertical lines represent the position of the computer-predicted sites or
sequence motifs along the 3034 base pairs of the cLysMAR and its active regions, as
50 presented in Fig. 5. The putative transcription factor sites, (MEF2 05, Oct-1, USF-02,
GATA, NFAT) for activators and (CDP, SATB1, CTCF, ARBP/MeCP2) for repressors of
transcription, were identified using Matlnspector (Genomatix}, and CpG islands were
identifed with CPGPLOT. Motifs previously associated with MAR elements are labelled

4
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the middle and bottom curves show MARFinder-predicted potential for MAR actlwty and
10 for bent DNA structures respectively.

Fig. 9 shows the correlation of DNA physico-chemical properties with MAR activity. Fig.
9(A), represents the DNA meiting temperature, double helix bending, major groove
depth and minor groove width profiles of the 5'-MAR and were determined using the

15  algorithms of Levitsky et al {Levitsky VG, Ponomarenko MP, Ponomarenko JV, Frolov
AS, Kolchanov NA “Nucieosomal DNA property database”, Bioinformatics, 15; 582592,
1999). The most active B, K and F fragments depicted at the top are as shown as in
Figure 1. Fig. 9(B), represents the enlargement of the data presented in panel A to
display the F fragment map aligned with the tracings corresponding to the melting

20 temperature (top curve) and DNA bending (bottom curve). The position of the most
active FIB fragment and protein binding site for specific transcription factors are as
indicated.

Fig. 10 shows the distribution of putative transcription factor binding sites within the 5'-
25 - cLysMAR, Large arrows indicate the position of the CUE elements as identified with
SMAR Scan®.

Fig. 11 shows the scheme of assembly of various portions of the MAR. The indicated
portions of the cLysMAR were amplified by PCR, introducing Bgltl-BamHI linker

30 etements at each extremity, and assembled to generate the depicted composite
elements. For instance, the top construct consists of the assembly of all CUE and
flanking sequences at their original location except that Bgil-BamHI| linker sequences
separate each element.

35 Fig. 12 represents the plasmid maps.

Fig. 13 shows the effect of re-transfecting primary transfectants on GFP expression.
Cells (CHO-DG44) were co-transfected with pSV40EGFP (left tube) or pMAR-
SV40EGFP (central tube) and pSVneo as resistance plasmid. Cells transfected with
40 pMAR-SV40EGFP were re-transfected 24 hours later with the same plasmid and a
different selection plasmid, pSVpuro (right tube). After two weeks selection, the
phenotype of the stably transfected cell population was analysed by FACS.

Fig. 14 shows the effect of multiple load of MAR-containing plasmid. The pMAR-

45  SV40EGFP/ pMAR-SV40EGFP secondary transfectants were used in a third cycle of
transfection at the end of the selection process. The tertiary transfection was
accomplished with pMAR or pMAR-SV40EGFP to give tertiary transfectants. After 24
hours, ceils were transfected again with either plasmid, resulting in the quaternary
transfectants (see Table 4).

50
Fig. 15 shows comparative performance of SMAR prediction algorithms exemplified by
region WP18A10A7. (A) SMAR Scan® analysis was performed with default settings.
(B) SIDD analysis (top curve and left-hand side scale), and the attachment of several

5
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potential MARS in order to performtargeted experinents would be greatly
useful . Fig. 17 represents the scatterplot for the 1757 S/MAR sequences of the AT (top) and

TA (bottom) dinuclectide percentages versus the predicted DNA bending as computed
by SMAR Scan®.

15
Fig. 18 represents the dinucleotide percentage distribution plots over the 1757 non-

S/MARs sequences.

20  Fig.19 shows the effect of various S/MAR elements on the production of recombinant
green fluorescent protein (GFP). Poputations of CHO cells transfected with a GFP
expression vector containing or a MAR e!ement as indicated, were analyzed by a
fluorescence-activated cell sorter (FACS® ), and typical profiles are shown. The profiles
display the celt number counts as a function of the GFP fluorescence levels.

25
Fig. 20 depicts the effect of the induction of hematocrit in mice injected by MAR-
network.
30 DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to a purified and isolated DNA sequence having protein
production increasing activity characterized in that said DNA sequence comprises at
least one bent DNA element, and at least one binding site for a DNA binding protein.
35

Certain sequences of DNA are known to form a relatively "static curve”, where the DNA

foliows a particular 3-dimensional path. Thus, instead of just being in the normal B-

DNA conformation {("straight"}, the piece of DNA can form a flat, planar curve also

defined as bent DNA (Marini, ef al., 1982 "Bent helical structure in kinetoptast DNA",
40  Proc. Natl. Acad. Sci. USA, 79: 7664-7664).

Surprisingly, Applicants have shown that the bent DNA element of a purified and
isotated DNA sequence having protein production increasing activity of the present
invention usually contains at least 10% of dinucleotide TA, and/or at least 12% of

45 dinuclectide AT on a stretch of 100 contiguous base pairs. Preferably, the bent DNA
element contains at least 33% of dinucleotide TA, and/or at least 33% of dinucleotide
AT on a stretch of 100 contiguous base pairs. These data have been obtained by the
method described further,

50  According to the present invention, the purified and isolated DNA sequence usually
comprises a MAR nucieotide sequence selected from the group comprising the
sequences SEQ ID Nos 1 to 27 or a cLysMAR element or a fragment thereof,
Preferably, the purified and isolated DNA sequence is a MAR nucieotide sequence

B



Currently two different predictive tools for MARs are avail able via the
Internet. The fist one, MAR Finder (http://futuresoft.org/ MarFinder; Singh
@B, Kraner JA and Krawetz SA, "Mathematical nodel to predict regions of
chromatin attachnment to the nuclear matrix", Nucleic Acid Research,
25:1419- 1425, 1997) is based on set of 5Spatterns identified within several
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I nternet, tabsaanges sharingatleaste’ 15 supieatidasdnilength with the respective sequence
of the SEQ ID Nos 1 to 27. These sequences can be used as long as they exhibit the

15  same properties as the native sequence from which they derive, Preferably these
sequences share more than 80%, in particular more than 20% nucleotides in length
with the respective sequence of the SEQ D Nos 1 to 27.

The present invention also includes variants of the aforementioned sequences SEQ ID

20 Nos 110 27 and the cLysMAR element or fragment, that is nuclectide sequences that
vary from the reference sequence by conservative nuclectide substitutions, whereby
one or more nucleotides are substituted by another with same characteristics.

The sequences SEQ ID Nos 1 fo 23 have been identified by scanning human

25  chromosome 1 and 2 using SMAR Scan®, showing that the identification of novel MAR
sequences is feasible using the tools reported thereafter whereas SEQ ID No 24 to 27
have been identified by scanning the complete human genome using the combined
SMAR Scan® method.

3C In a first step, the complete chromosome 1 and 2 were screened to identify bent DNA
element as region corresponding to the highest bent, major groove depth, minor groove
width and lowest melting temperature as shown in figure 3. In a second step, this
collection of sequence was scanned for binding sites of regulatory proteins such as
SATB1, GATA, etc. as shown in the figure 8B) vielding sequences SEQ ID 1-23.

35  Furthermore, sequences 21-23 were further shown to be located next to known gene
from the Human Genome Data Base,

With regard to SEQ ID No 24 to 27 these sequences have been yielded by scanning
the human genome according to the combined method and were selected as
40 examples among 1757 MAR elements 50 detected.

Molecular chimera of MAR sequences are also considered in the present invention. By
molecular chimera is intended a nuclecotide sequence that may include a functional

45  poertion of a MAR element and that will be obtained by molecular biology methods
known by those skilled in the art.

Particular combinations of MAR elements or fragments or sub-portions thereof are also

considered in the present invention. These fragments can be prepared by a variety of
50 methods known in the art. These methods include, but are not limited to, digestion with

restriction enzymes and recovery of the fragments, chemical synthesis or polymerase

chain reactions (PCR}.

Therefore, particular combinations of elements or fragments of the sequences SEQ [D
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on the frequency of MAR notifs (MRS criterion;Van Drunen CMet al., "A
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consisting of natural MAR element and/or fragments. The fragments are preferably

assembled by linker sequences. Preferred linkers are Bglil-BamH)| linker.

“Protein production increasing activity” refers to an activity of the purified and isolated
20 DNA sequence defined as follows: after having been introduced under suitable
conditions into a eukaryotic host cell, the sequence is capable of increasing protein -

- production levels in cell culture as compared to a culture of cell fransfected without said
DNA sequence. Usually the increase is 1.5 to 10 fold, preferably 4 to 10 fold. This
corresponds to a production rate or a specific celfular productivity of at least 10 pg per

25 cell per day {(see Example 11 and Fig.13).

As used herein, the following definitions are supplied in order to facilitate the
understanding of this invention.

30 "Chromatin" is the protein and nucleic acid material constituting the chromosomes of a
eukaryotic cell, and refers to DNA, RNA and associated proteins.

A "chromatin element" means a nucleic acid sequence on a chromosome having the
property to modify the chromatine structure when integrated into that chromosome.

35
"Cis" refers to the placement of two or more elements (such as chromatin efements) on
the same nucleic acid molecule (such as the same vector, plasmid or chromosome).

"Trans" refers to the placement of two or more elements {such as chromatin elements)
40  on two or more different nhucleic acid molecules {(such as on two vectors or two
chromosomes).

Chramatin modifying elements that are potentially capable of overcoming position
effects, and hence are of interest for the development of stable cell lines, inciude

45  boundary elements (BEs), matrix attachment regions (MARs), locus control regions
(LCRs}, and universal chromatin opening elements (UCOEs).

Boundary elements ("BEs"}, or insulator elements, define boundaries in chromatin in
many cases (Bell A and Felsenfeld G. 1999; “Stopped at the border: boundaries and

50 insulators, Curr Opin Genet Dev 8, 191-198) and may play a role in defining a
transcriptional domain in vive. BEs lack intrinsic promoter/fenhancer activity, but rather
are thought to protect genes from the transcriptional influence of regulatory elements in
the surrounding chromatin. The enhancer-block assay is commonly used to identify

8
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locus control regions ("LCRs"} are cis-reguiatory elements required for the initial
chromatin activation of a locus and subsequent gene transcription in their native
locations (Grosveld, F. 1899, “Activation by locus control regions?” Curr Opin Genet
Dev 9, 152-157). The activating function of LCRs alsc allows the expression of a
coupled transgene in the appropriate tissue in transgenic mice, irrespective of the site
of integration in the host genome. While LCRs generally confer tissue-specific levels of
expression on linked genes, efficient expression in nearly all tissues in transgenic mice
has been reported for a truncated human T-cell receptor LCR and a rat LAP LCR. The
most extensively characterized LCR is that of the globin [ocus. Its use in vectors for the
gene therapy of sickle cell disease and (3-thalassemias is currently being evaiuated.

“MARs", according fo a well-accepted moedel, may mediate the anchorage of specific
DNA sequence 1o the nuclear matrix, generating chromatin loop domains that extend
outwards from the hetercchromatin cores. While MARs do not contain any cbvious
consensus of recognizable sequence, their most consistent feature appears to be an
overall high A/T content, and C bases predominating on one strand (Bode J, Schlake T,
RiosRamirez M, Mielke C, Stengart M, Kay V and KlehrWirth D, “Scaffold/matrix-
attached regions: structural propreties creating transcriptionally active loci”, Structural
and Functional Qrganization of the Nuclear Matrix: International Review of Citology,
162A:389453, 1995). These regions have a propensity to form bent secondary
structures that may be prone to strand separation. They are often referred to as base-
unpairing regions {(BURs), and they contain a core-unwinding element (CUE) that might
represent the nucleation point of strand separation (Benham C and al., Stress induced
duplex DNA destabilization in scaffold/matrix attachment regions, J. Mol. Biol., 274:181-
196, 1997). Several simple AT-rich sequence motifs have often been found within MAR
seqguences, but for the most part, their functional importance and potential mode of
action remain unclear. These include the A-box (AATAAAYAAA), the T-box
(TTWTWTTWTT), DNA unwinding motifs (AATATATT, AATATT), SATB1 binding sites
(H-box, A/T/C25) and consensus Topoisomerase [ sites for vertebrates
(RNYNNCNNGYNGKTNYNY) or Drosophila (GTNWAYATTNATNNR).

Ubiquitous chromatin opening eifements ("UCOEs", also known as "ubiquitously-acting
chromatin opening elements") have been reported in WC 00/05393.

An "enhancer” is a nucteotide sequence that acts to potentiate the transcription of
genes independent of the identity of the gene, the position of the seguence in relation
to the gene, or the orientation of the sequence. The vectors of the present invention
optionally include enhancers.

A "gene" is a deoxyribonucleotide {DNA) sequence coding for a given mature protein.
As used herein, the term "gene" shall not include untranslated flanking regions such as

. RNA transcription initiation signals, polyadenylation addition sites, promoters or
enhancers.

A "product gene” is a gene that encodes a protein product having desirable
characteristics such as diagnostic or therapeutic utility. A product gene includes, e. g.,
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particul ar MAR nucl eoti de sequences, and the use of these characterized
active MAR sequences in a new nultiple transfection nethod to increase the
production of reconbinant proteins in eukaryotic cells. 5BRI EF DESCRI PTI ON
OF THE FIGURES Fig 1 shows the distribution plots of MARs and non- MARS
sequences. Hi stograns are density plots (relative frequency divided by the

bin w dth Bkt he observed paraneter. The density
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are plotted jointly. 20
A "regulatory gene" refers to a gene that encodes a regulatory protein. Examples of

10  regulatory proteins include, but are not limited to, transcription factors, hormones,
growth factors, cytokines, signal transduction molecules, oncogenes, proto-oncogenes,
transmembrane receptors, and protein kinases.

"Orientation™ refers to the order of nucleotides in a given DNA sequence. For example,
15  an inverted orientation of a DNA sequence is one in which the 5' to 3' order of the
sequence in refation to another sequence is reversed when compared to a point of
reference in the DNA from which the sequence was obtained. Such reference points
can include the direction of transeription of other specified DNA sequences in the
source DNA and/or the origin of replication of replicable vectors containing the
20 sequence.

"Eukaryotic cell" refers to any mammalian or non-mammalian cell from a eukaryotic
organism. By way of non-limiting example, any eukaryotic cell that is capable of being
maintained under cell culture conditions and subsequently transfected would be

25 included in this invention. Especially preferable cell types include, e. g., stem cells,
embryonic stem cells, Chinese hamster ovary cells (CHO), COS, BHK21, NIH3T3,
Hela, C2C12, cancer cells, and primary differentiated or undifferentiated cells. Other
suitable host cells are known to those skilled in the art. '

30 The terms "host cell" and "recombinant host cell” are used interchangeably herein to
indicate a eukaryatic cell into which one or more vectors of the invention have been
introduced. It is understood that such terms refer not only to the particular subject cel!
but also to the progeny or potential progeny of such a cell. Because certain
modifications may occur in succeeding generations due to either mutation or

35 environmental influences, such progeny may not, in fact, be identical to the parent cell,
but are still included within the scope of the term as used herein.

The terms “introducing a purified DNA into a eukaryotic host cell" or "transfection”
dencte any process wherein an extracellular DNA, with or without accompanying

40 material, enters a host cell. The term "cell transfected” or "transfected cell' means the
ceil into which the extracellular DNA has been introduced and thus harbours the
extracellular DNA. The DNA might be introduced into the cell so that the nucleic acid is
replicable either as a chromosomal integrant or as an extra chromosomal element.

45  "Promoter" as used herein refers to a nucleic acid sequence that regulates expression
of a gene,

"Co-fransfection” means the process of transfecting a eukaryotic cell with more than

one exogenous gene, or vector, or plasmid, foreign to the cell, one of which may confer
50 a selectable phenoctype on the celi.

10



Fig. 4 shows SMAR Scan(r) predictions on human chronosone 22 and on Shuffl ed
chronosone 22. Top plot : Average nunber of hits obtained by SMAR Scan(r)
with five: rubbled, scranbled, shuffled wthin nonoverl appi ng wi ndows of 10
bp, order 1 Markov chains nodel and with the native chronosone 22. Bottom
pl ot: Average nunber of 25MARs predicted by SMAR Scan(r) in five r ubbl ed,
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i ndi cat edM ZHéctmlaﬁuﬁg'ﬂeijiR&r MM Mele BrF02nBech2d; DP CR3, Cdxe, OX2,
HFL, HP1, Myc, PBX, Pax3, TEF, VBP, XFD3, Brn2, COMP1, Evil, FOXP3, GATA4,

HFEN1, Lhx3, NKX3A, POU1F1, Pax8, TFIlA or a combination of two or more of these
- transcription factors are preferred. Most preferred are SATB1, NMP4, MEF2 and

15 polyQpolyP domain proteins.

SATB1, NMP4 and MEF2, for example, are known to regulate the development and/or
tissue-specific gene expression in mammals. These transcription factors have the
capacity to alter DNA geometry, and reciprocaily, binding to DNA as an allosteric ligand

20 maodifies their structure. Recently, SATB1 was found to form a cage-like structure
circumscribing heterochromatin (Cai S, Han HJ , and Kohwi-Shigematsu T, "Tissue-
specific nuclear architecture and gene expression regulated by SATB1" Nat Genet,
2D03. 34(1): p. 42-51).

25 Yet another object of the present invention is to provide a purified and isolated
cLysMAR element and/or fragment, a sequence complementary thereof, a part thereof
sharing at least 70% nucleotides in length, a molecular chimera thereof, a comb!natlon

thereof and variants.

30 More preferably, the cLysMAR element and/or fragment are consisting of at least one
nucleotide sequence selected from the B, K and F regions.

. A further object of the present invention is to provide a synthetic MAR sequence
comnprising natural MAR element and/or fragments assembled between linker
35  sequences.

Preferably, the synthetic MAR sequence comprises a cLysMAR element and/or

fragment a sequence complementary thereof, a part thereof sharing at least 70%

nuclectides in length, a molecular chimera thereof, a combination thereof and variants.
40  Also preferably, linker sequences are Bglil-BamH] linker.

An other aspect of the invention is to provide a method for identifying a MAR sequence
using a Bioinformatic tool comprising the computing of vaiues of one or more DNA
sequence features corresponding to DNA bending, major groove depth and minor

45 groove width potentials and melting temperature, Preferably, the identification of one or
maore DNA sequence features further comprises a further DNA sequence feature
corresponding to binding sites for DNA binding proteins, which is also computed with
this method.

50  Preferably, profiles or weight-matrices of said bioinformatic tooi are based on
dinucleatide recognition.
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40i nserted in pGEGFP Control and transfected in CHO cells. The el enent that
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i ncl ude to handle the hits, the first (called "profile-like™) simply returns all hit positions on the

query sequence and their correspondmg values for the different criteria chosen. The

15  second mode (cailed "contiguous hits ") returns only the positions of several
contiguous hits and their corresponding sequence. For this mode, the minimum number
of contiguous hits is another cut-off value that can be set, again with a tunable window
size. This second mode is the default mode of SMAR Scan®. Indeed, from a semantic
point of view, a hit is considered as a core-unwinding element {CUE), and a cluster of

20  CUEs accompanied by clusters of binding sites for relevant proteins is considered as a
MAR. Thus, SMAR Scan® considers only several contiguous hits as a potential MAR.

To tune the default cut-off values for the four theoretical structural criteria,
experimentally validated MARs from SMARt DB (http./Aransfac.gbf.de/- SMARt DB)

25  were used. All the human MAR sequences from the database were retrieved and
analyzed with SMAR Scan® using the "profile-like" mode with the four criteria and with
no set cut-off value. This allowed the setling of each function for every position of the
sequences. The distribution for each criterion was then computed according io these
data {see Fig. 1 and 3).

30
The default cut-off values of SMAR Scan® for the bend, the major groove depth and
the minor groove width were set at the average of the 75th quantile and the median.

- For the melting temperature, the default cut-off value should be set at the 75th quantile.
The minimum length for the “contiguous-hits” mode should be set to 300 because it is

35  assumed to be the minimum length of a MAR (see Fig. 8 and 9). However, one skilled
in the art would be able to determine the cut-off values for the above-mentioned criteria
for a given organism with minimal experimentation.

40  Preferably, DNA bending values are comprised between 3 to 5 ° (radial degree). Most
preferably they are situated between 3.8 to 4.4 °, corresponding to the smallest peak of
Fig. 1.

Preferably the major groove depth values are comprised between 8.910 9.3 A

45 (Angstrom) and minor groove width values between 5.2 to 5.8 A, Most preferably the
major groove depth values are comprised between 9.0 to 9.2 A and minor groove width
values between 5.4 to 5.7 A.

Preferably the melting temperature is comprised between 55 to 75 ° C {Celsius degree).
90  Most preferably, the melting temperature is comprised between 55 to 62 ° C.

The DNA binding protein of which values can be computed by the method is usually a
transcription factor preferably a polyQpolyP domain or a transcription factor selected

12



5nucl eosone- bi ndi ng and nucl eosone di sfavouring sites and a notif thought to
relieve the superhelicai strand of DNA. Fig. 8(A) represents the conparison
of the ability of portions of the cLysMAR to activate transcription with MAR
prediction score profiles with MarFinder. The top diagram shows the MAR
fragment activity as in Fig. 5, while the mddle and bottom curves show
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(bottom curve). The position of the nost active FIB fragment and protein

bi nding site for specific transcription factors are as indi cat ed. Fig. 10
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i dent15 i edNfidinding sites for DNA transcription factors in order to reduce the computation. -

The principle of this method combines SMAR Scan® to compute the structural features
as described above and a filter, such as for example, the pfsearch, (from the pftools
package as described in Bucher P, Karplus K, Moeri N, and Hofmann K, “A flexible

20  search technigue based on generalized profiles”, Computers and Chemistry , 20:324,
1996} to predict the binding of some transcription factors.

Examples of filters comprise, but are not limited to, pfsearch, Matinspector, RMatch
Professional and TRANSFAC Professional

25
This combined method uses the structural features of SMAR Scan® and the predicted
binding of specific transcription factors of the filter that can be applied sequentially in
any order to select MARs, therefore, depending on the filter is appiied at the beginning
or at the end of the method.

30

The first level selects sequences out of the primary input sequence and the second
level, consisting in the filter, may be used to restrain among the selected sequences
those which satisfy the criteria used by the filter.

35 In this combined method the filter detects clusters of DNA binding sites using profiles or
- weightmatrices from, for example, Matinspector (Quandt K, Frech K, Karas H,
Wingender E, Werner T, "Matind and Matlnspector New fast and versatile tools for
detection of consensus matches in nucleotide sequence data”, Nucleic Acids Research
, 23, 48784884, 1995.). The filter can also detect densities of clusters of DNA binding
40  sites.

The combined method is actually a "wrapper” written in Perl for SMAR Scan® and, in
case the pfsearch is used as a filter, from the pftools. The combined method performs a
twolevel processing using at each level one of these tools (SMAR Scan® or fi ilter) as a

45  potential “filtter”, each filter being optional and possible to be used to compute the
predicted features without doing any filtering.

If SMAR Scan® is used in the first level to filter subsequences, it has to be used with
the "all the contiguous hits” mode in order to retumn sequences. If the pfsearch is used
50 in the first level as first filter, it has to be used with only one profile and a distance in
nuclectide needs to be provided. This distance is used to group together pfsearch hits
that are located at a distance inferior to the distance provided in order to return
sequences,; The combined method faunches pfsearch, parses its output and returns

13



SMAR Scan(r). Fig. 11 shows the schene of assenbly of various portions of
the MAR The indicated portions of the cLysMAR were anplified by PCR,

i ntroducing Bglll-BanH |inker 30el enents at each extremty, and assenbl ed
to generate the depicted conposite elements. For instance, the top construct
consists of the assenbly of all CUE and fl anki ng sequences at their original
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PMAR- SVAOEGFP to give tertiary transfectants. After 24

Another concern of the present invention is also to provide a method for identifying a

MAR sequence comprising at least one filter detecting clusters of DNA binding sites

using profiles or weightmatrices. Preferably, this method comprises two levels of filters

16 and in this case, SMAR Scan® is totally absent from said method. Usually, the two

levels consist in pfsearch,

Also embraced by the present invention is a purified and isolated MAR DNA sequence
identifiable according to the method for identifying a MAR sequence using the

20 described bicinformatic tool, the combined method or the method comprising at least
one filter.
Analysis by the combined method of the whole human genome yielded a total of 1757
putative MAARSs representing a total of 1 065 305 base paires. In order to reduce the
number of results, a dinucleotide analysis was performed on these 1757 MARs,

25 computing each of the 16 possible dinucleotide percentage for each sequence
considering both strands in the 5’ to 3' direction.

Surprisingly, Applicants have shown that all of the “super” MARs detected with the
combined method contain at least 10% of dinucleotide TA on a stretch of 100

30 contiguous base pairs. Preferably, these sequences contain at least 33% of
dinucleoticle TA on a stretch of 100 contiguous base pairs.

Applicants have also shown that these same sequences further contain at least 12% of
dinuclectide AT on a stretch of 100 contiguous base pairs. Preferably, they contain at
35 least 33% of dinucleotide AT on a stretch of 100 contiguous base pairs. :

An other aspect of the invention is to provide a purified and isolated MAR DNA
sequence of any of the preceding described MARSs, comprising a sequence selected
from the sequences SEQ ID Nos 1 to 27, a sequence complementary thereof, a part
40 thereof sharing at least 70% nucieotides in length, a molecular chimera thereof, a
combination thereof and variants.
Preferably, said purified and isolated MAR DNA sequence comprises a sequence
selected from the sequences SEQ ID Nos 24 to 27, a sequence complementary
thereof, a part thereof sharing at ieast 70% nucleotides in length, a molecular chimera
45 thereof, @ combination thereof and variants. These sequences 24 to 27 correspond to
those detected by the combined method and show a higher protein production
increasing activity over sequences 1 o 23,

The present invention alsc encompasses the use of a purified and isolated DNA
50 sequence comprising a first isolated matrix attachment region (MAR) nucleotide
sequence which is a MAR nucieoctide sequence selected from the group comprising
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hours, cells were transfected again with either plasmd, resulting in the
quaternary transfectants (see Table 4). 50 Fig. 15 shows conparative
performance of SMAR prediction algorithnms exenplified by regi on VWP18A10A7
(A) SMAR Scan analysis was perfornmed with default settings. (B) SIDD

anal ysis (top curve and left-hand side scale), and the attachnent of several
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assembled between linker sequences,

10  asequence complementary thereof, a part thereof sharing at least 70% nucleotides in
length, a molecular chimera thereof, a combination thereof and variants or a MAR
nuclectide sequence of a cLysMAR element and/or fragment, a sequence |
complementary thereof, a part thereof sharing at least 70% nucleotides in length, a
molecular chimera thereof, a combination thereof and variants for increasing protein

15  production activity in a eukaryotic host cell.

Said purified and isolated DNA sequence usually further comprises one or more
regulatory sequences, as known in the art e.g. a promoter and/or an enhancer,
polyadenylation sites and splice junctions usually employed for the expression of the
20 protein or may optionally encode a selectable marker. Preferably said purified and
isolated DNA sequence comprises a promoter which is operably linked to a gene of

interest.

The DNA sequences of this invention can be isolated according to standard PCR
25  protocols and methods well known in the art.

Promoters which can be used provided that such promoters are compatible with the
host cell are, for example, promoters obtained from the genomes of viruses such as
polyoma virus, adenovirus (such as Adenovirus 2), papilloma virus (such as bovine

30 papilloma virus), avian sarcoma virus, cytomegalovirus {such as murine or human
cytomegalovirus immediate early promoter), a retrovirus, hepatitis-B virus, and Simijan
Virus 40 (such as SV 40 early and late promoters) or promoters obtained from .
heterologous mammalian promoters, such as the actin promoter or an immunoglobulin
promoter or heat shock promoters. Such regulatory sequences direct constitutive

35  expression.

Furthermore, the purified and isolated DNA sequence might further comprise regutatory
sequences which are capable of directing expressian of the nucleic acid preferentially in
a particular cell type {(e. g., tissue-specific regulatory elements are used to express the

40  nucleic acid). Tissue-specific regulatory elements are known in the art. Non-limiting
examples of suitable tissue-specific promoters include the albumin promater (liver-
specific; Pinkert,et al., 1987. Genes Dev.1: 268-277), lymphoid-specific promoters
(Calame and Eaton, 1988. Adv. Immunol. 43: 235-275), in particular promoters of T cell
receptors (Yinoto and Baltimore, 1989, EMBOJ. 8; 729-733) and immunoglobulins

45 (Banerji, etal., 1983. Cell 33: 729-740; Queen and Baltimore, 1983. Cell 33:741-748),
neuron-specific promoters (e. g., the neurofilament promoter;Byrne and Ruddle, 1989.
Proc.Natl. Acad. Sci. USA 86: 5473-5477), pancreas-specific promoters (Edlund, et al.,
1985. Science 230: 912-816), and mammary gland-specific promoters (e. g., milk whey
promoter; . 5. Pat. No. 4,873,318 and European Application No. 264,166).

50
Developmentally-regulated promoters are also encompassed. Examples of such
promoters include, e.g., the murine hox promoters (Kessel and Gruss, 1990, Science
249: 374-379) and thea-fetoprotein promoter (Campes and Tilghman, 1989. Genes
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10group” is still at values higher (65% than normal hematocrit |evels
(45-559% . Fig. 17 represents the scatterplot for the 1757 S/ MAR sequences of
the AT (top) and TA (bottom dinucl eoti de percentages versus the predicted
DNA bendi ng as conputed by SMAR Scan(r). 15 Fig. 18 represents the

di nucl eoti de percentage distribution plots over the 1757 nonS/ MARs sequences
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DESCRIPTI Methodsq‘i{!iﬂ(m)r 387 Qé ewandoski, 2001, Nat. Rev, Genet 2 (10): 743-55; Legrand-

Poels et al., 1998, J. F’hotochem Photobiol. B. 45: 18: Guo et al., 1996, FEBS Lett. 390
10 (2) 191-5; Wang et al., PNAS USA, 1999,96 (15): 84838)
However, one skilled in the art would be able to determine other kinds of promoters that

are suitable in carrying out the present invention.

Enhancers can be optionally included in the purified DNA sequence of the invention
15  then belonging to the regulatory sequence, e.g. the promoter.

The “gene of interest” or “transgene” preferably encodes a protein (structural or
regulatory protein). As used herein “protein” refers generally to peptides and
polypeptides having more than about ten amino acids. The proteins may be

20 “"homclogous” to the host (i.e., endogenous to the host cell being utilized), or
“heterologous,” (i.e., foreign to the host cell being utilized), such as a human protein
produced by yeast. The protein may be produced as an insoluble aggregate or as a
soluble protein in the periplasmic space or cytoplasm of the cell, or in the extraceliular
medium. Examples of proteins include hormones such as growth hermone or

25  erythropoietin (EPQ), growth factors such as epidermal growth factor, analgesic
substances like enkephatlin, enzymes like chymotrypsin, receptors to hormones or
growth factors, antibodies and include as well proteins usually used as a visualizing
marker e.g. green fluorescent protein.

30 Preferably the purified DNA sequence further comprises at least a second isolated
matrix attachment region {MAR) nucleotide sequence selected from the group
comprising

- a purified and isolated DNA sequence having protein preduction increasing
activity,

35 - apurified and isolated MAR DNA sequence identifiable according to the method
for identifying a MAR sequence using the described bioinformatic tool, the
combined method or the method comprising at least one filter,

- the sequences SEQ ID Nos 1 to 27,
- apurified and isolated cLysMAR element and/or fragment,

40 - asynthetic MAR sequence comprising natural MAR element and/or fragments
assembled betwaeaen linker sequences,

a sequence complementary thereof, a part thereof sharing at least 70% nucleotides in
length, a molecular chrimera thereof, a combination thereof and variants. The isolated
matrix attachment region {MAR) nucleotide sequence might be identical or different.

45  Alternatively, a first and a second identical MAR nucleotide sequence are used.

Preferably, the MAR nucleotide sequences are located at both the 5’ and the 3’ ends of
the sequence containing the promoter and the gene of interest. But the invention also
envisions the fact that said first and or at least second MAR nucleotide sequences are

50 located on a sequence distinct from the one containing the promoter and the gene of
interest.
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The present invention relates to a purified and isol ated DNA sequence havi ng
protein production increasing activity characterized in that said DNA
sequence conprises at |east one bent DNA el enent, and at |east one binding
site for a DNA binding protein. 35 Certain sequences of DNA are known to
forma relatively "static curve", where the DNA follows a particular
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sequence gsslégbe ce complementary thereof, a part thereof sharing at least 70% nucleotides in

iength, a molecular chimera thereof, a combination thereof and variants that can be

15  used for increasing protein production activity in a eukaryotic host cell by introducing
the purified and isolated DNA seguence into a eukaryotic host cell according to well
known protocols. Usually applied methods for introducing DNA into eukaryotic host cells
applied are e.g. direct introduction of cloned DNA by microinjection or microparticle
bombardment: electrotransfer ;use of viral vectors; encapsulation within a carrier

20 system; and use of transfecting reagents such as calcium phosphate, diethylaminoethyl
(DEAE) —~dextran or commercial transfection systems like the Lipofect-AMINE 2000
(Invitrogen). Preferably, the transfection method used to introduce the purified DNA
sequence into a eukaryotic host cell is the method for transfecting a eukaryotic cell as
described below.

25
The purified and isolated DNA sequence can be used in the form of a circular vector.
Preferably, the purified and isclated DNA sequence is used in the form of a linear DNA
sequence as vector.

30  As used herein, "plasmid" and "vector" are used interchangeably, as the plasmid is the
most commonly used vector form. However, the invention is intended to include such
other forms of expression vectors, including, but not limited to, viral vectors (e. g.,
replication defective retroviruses, adenoviruses and adeno-associated viruses), which

35 serve equivalent functions.

The present invention further encompasses a method for transfecting a eukaryotic host
cell, said method comptising

a} Introducing into said eukaryotic host cell at least one purified DNA sequence
comprising at least one DNA sequence of interest and/or at least one purified

40 and isolated DNA sequence comprising a MAR nucleotide sequence or other

chromatin modifying elements,

b) subjecting within a defined time said transfected eukaryotic host cel! to at least
one additional transfection step with at least one purified DNA sequence
comprising at least one DNA sequence of interest and/or with at least one

45 purified and isolated DNA sequence comprising a MAR nucleotide sequence or

other chromatin modifying elements

c) selecting said transfected eukaryotic host celf.

Preferably at least two up to four transfecting steps are applied in step b).

50
In order to select the successful transfected cells, a gene that encodes a selectable
marker (e. g., resistance to antibiotics) is generally infroduced into the host cells along
with the gene of interest. The gene that encodes a selectable marker might be located
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conprises a MAR nucl eoti de sequence selected fromthe group conprising the
sequences SEC) ID Nos 1 to 27 or a cLYysMAR el enent or a fragnment thereof,
Preferably, the purified and isol ated DNA sequence is a MAR nucl eoti de
sequence 6 selected fromthe group conprising the sequences SEQ ID Nos Ito
27, more preferably the sequences SEO ID Nos 24 to 27. Enconpassed by the

present IQNW ﬁl ATNAS nce CEIRb G4TRH hEleYsiSaBNAesequientd ef mterest and/or

above- menf o |‘ﬁ88%§g§%@té@ A sbaliond canibtihg T oL WA AR ctident  or
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IS a cons
t DNA
i e e AT

el enent o ers to sequences s ar i n | east 70% nucl eotides in

e
Lenath v b tP fESP | Y8 380URGR L A DESERLRANY theBietfanid hifiers
ﬁ:ﬁrsz‘fzb e %f TSR e
10 ans orme c:e'lﬁ that are "mu 19%nsformed“ by usi e two different
antibiotic selections.

Any eukaryot:c host cell capable of protein production and lacking a celt wall can be
used in the methods of the invention, Examples of useful mammalian host cell lines

15 include human celis such as human embryonic kidney line (293 or 293 cells subcloned
for growth in suspension culture, Graham et al., J. Gen Virol 36, 59 (1977)), human
cervical carcinoma cells (HELA, ATCC CCL 2), human lung cells (W138, ATCC CCL
75), human liver celis (Hep G2, HB 8085}; rodent cells such as baby hamster kidney
cells (BHK, ATCC CCL 10), Chinese hamster ovary cells/-DHFR (CHO, Urlaub and

20 Chasin, Proc. Natl. Acad. Sci. USA, 77, 4218 (1980)), mouse sertoli cells (TM4, Mather,
Biol. Reprod 23, 243-251 (1980)), mouse mammary tumor (MMT 060562, ATCC
CCL51); and cells from other mammals such as monkey kidney CV1 line transformed
by SV40 (COS-7, ATCC CRL 1851); monkey kidney cells {(CV1 ATCC CCL 70); African
green monkey kidney cells (VERO-76, ATCC CRL-1587); canine kidney celis (MDCK,

25 ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); myeloma (e.g. NSO}

- Ihybridoma cells.

Preferably, the selected transfected eukaryotic host cells are high protein producer cells
with a production rate of atleast 10 pg per cell per day.
Most preferred for uses herein are mammatian cells, more preferred are CHO cells.

30
The DNA sequence of interest of the purified and isolated DNA sequence is usually a
gene of interest preferably encoding a protein operably linked to a promoter as
described above. The purified and isclated DNA sequence comprising at least one DNA
sequence of interest might cormprise additionally to the DNA sequence of interest MAR

35 nucleotide sequence or other chromatin modifying elements.

Purified and isolated DNA sequence comptising a MAR nucleotide sequence are for
example selected from the group comprising the sequences SEQ ID Nos 1 to 27 and/or
particular elements of the cLysMAR e.g. the B, K and F regions as well as fragment and

40  elements and combinations thereof as described above. Other chromatin modifying
elements are for example boundary elements (BEs), locus control regions (LCRs), and
universal chromatin opening elements (UCOEs) (see Zahn-Zabai et al. already cited).
An example of multipie transfections of host cells is shown in Exampie 12 (Table 3).
The first transfecting step (primary transfection) is carried out with the gene of interest

45 (SV40EGFP) alone, with a MAR nuclectide sequence (MAR) alone or with the gene of
interest and a MAR nucleotide sequence (MAR-SV40EGFP). The second transfecting
step (secondary transfection) is carried out with the gene of interest (SV40EGFP)
alone, with a MAR nucleotide sequence (MAR) alone or with the gene of interest and a
MAR nuclectide sequence (MAR-SV40EGFP}, in all possible combinations resuiting

50 from the first fransfecting step.

Preferably the eukaryotic host cell is transfected by:
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sequences share nore than 80% in particular nore than 90% nucl eotides in
|l ength with the respective sequence of the SEOID Nos 1 to 27. The present
i nvention al so includes variants of the aforenentioned sequences SEQ I D 20
Nos 1 to 27 and the cLysMAR el enent or fragment, that is nucleotide
sequences that vary fromthe reference sequence by conservative nucleotide
substituti é’)nﬁrtro\ﬁ'ﬁ&ﬁ@mbu‘ﬁﬂ@d mwmeauéwsl mfﬁgoaﬁ@mpbgéqaeﬂc@dafwe@@%mr
with sane chapagb r?JII %tMﬁRnu | QI Nos 1 to 23 have been
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si tes 16f regul atoH rotel ns such as SATB1, GATA eb as shown in the
figure 8B) yi eP@HH fisgguence identifiable according to the method

for ldentlfymg a MAR sequence using the described bicinformatic tooi, the
combined method or the method comprising at least one filter,
- the sequences SEQ ID Nos 110 27,
15 - a purified and isolated cLysMAR element and/or fragment,
a synthetic MAR sequence comprising natural MAR element and/or fragments
assembled between linker sequences,
a sequence complementary thereof, a part thereof sharing at least 70% nucleotides in
length, a molecular chimera thereof, a combination thereof and variants.
20 .
Surprisingly, a synergy betweaen the first and second transfection has been observed. A
particular synergy has been observed when MAR elements are present at one or both
of the transfection steps. Mulitiple transfections of the cells with pMAR alone orin
combination with various expression plasmids, using the method described above have
25 been carried out. For example, Table 3 shows that transfecting the cells twice with the
pPMAR-SVA0EGFP pliasmid gave the highest expression of GFP and the highest degree
of enhancement of all conditions (4.3 fold). In contrast, transfecting twice the vector
without MAR gave little or no enhancement, 2.8-fold, instead of the expected two-fold
increase. This proves that the presence of MAR elements at each transfection step is of
30  particular interest to achieve the maximal protein synthesis.
As a particular example of the transfection method, said purified DNA sequence
comprising at least one DNA sequence of interest can be introduced in form of multiple
unlinked plasmids, comprising a gene of interest operably linked to a promoter, a
selectable marker gene, and/or protein production increasing elements such as MAR
35  seqguences.

The ratio of the first and subsequent DNA sequences may be adapted as required for
the use of specific cell types, and is routine experimentation to one ordmary skilled in
the art.
40
The defined time for additional transformations of the primary transformed cells is
tightly dependent on the cell cycle and on its duration. Usually the defined time
carresponds to intervals related to the cell division cycle.
- Therefore this precise timing may be adapted as required for the use of specific cell
45  types, and is routine experimentation tc one ordinary skilled in the art.
Preferably the defined time is the moment the host cell just has entered into the same
phase of a second or a further celi division cycle, preferably the second cycle.
This time is usually sifuated between 6h and 48 h, preferably between 20h and 24h
after the previous transfecting event.
50
Also encompassed by the present invention is a method for transfecting a eukaryotic
host cell, said method comprising co-transfecting into said eukaryotic host cell at least
one first purified and isolated DNA sequence comprising at least one DNA sequence of
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35 Furthernore, sequences 21-23 were further shown to be |ocated next to
known gene fromthe Human Genone Data Base. Wth regard to SEQID No 24 to
27 these sequences have been yielded by scanning the human genonme accordi ng
to the conbi ned nmet hod and were selected as 40 exanpl es anong 1757 MAR

el ements so detected. Ml ecular chinmera of MAR sequences are al so considered

in the pr s.%%t 'aHM%'He'cB pﬁuré@bwbafq ﬁah@ﬁf@agﬁoﬁ@mﬁgc@om@éé@étgét i

sequence fhat g%ywdﬂ unctlon 45portion of a el enent an
will be obtaln e in the
art . Particul ag | na %gllrallgédo %&iqeﬁ%mégﬁg:jﬂ rag%gygﬁﬁl Kﬁll) sl rtions

h I b
e o Bd by g é d %séﬂffs ggow;eégdue bi\éc?é?ﬁ.‘n B E%S&ﬁ% ’ pg:f%@ngg e
but are not I| gﬁ m %I dc A fe‘!on 80 fg% recovery of
t he fragrrents the Se I i B We?saét Chdi r? r'eact i ons (PCR) .
quences

a purified and isolated cLysMAR element and/or fragment,
10 - a synthetic MAR sequence comprising natural MAR element and/or fragments
assembied between linker sequences,
a sequence complementary thereof, a part thereof sharing at least 70% nuclectides in
length, a molecular chimera thereof, a combination thereof and variants.
Said first purified and isolated DNA sequence can also comprise at least one MAR
15 nucleotide as described above.
Also envisioned is a process for the production of a protein wherein a eukaryotic host
cell is transfected according to the transfection methods as defined in the present
invention and is cultured in a culture medium under conditions suitable for expression of
the protein. Said protein is finally recovered according to any recovering process known
20  tothe skilled in the art.

Given as an example, the following process for protein production might be used.
The eukaryotic host cell transfected with the transfection method of the present
invention is used in a process for the production of a protein by culturing said cell under

25 . conditions suitable for expression of said protein and recovering said protein. Suitable
cuilture conditions are those conventionaily used for in vitro cultivation of eukaryotic
cells as described e.g. in WO 96/39488. The protein can be isolated from the cell
culture by conventional separation {echniques such as e.g. fractionation on
immunoaffinity or ion-exchange columns; precipitation; reverse phase HPLC;

30 chromatography; chromatofocusing; SDS-PAGE; gel filtration. One skilled in the art will
appreciate that purification methods suitable for the polypeptide of interest may require
modification to account for changes in the character of the polypeptide upon expression
in recombinant cell culture.

35 The proteins that are produced according to this invention can be iested for
functionality by a variety of methods. For example, the presence of antigenic epitopes
and ability of the proteins to bind ligands can be determined by Western blof assays,
fluorescence cell sorting assays, immunoprecipitation, immunochemical assays and/or
competitive binding assays, as well as any other assay which measures specific binding

40 activity.

The proteins of this invention can be used in a number of practical applications
including, but not limited to:
1. immunization with recombinant host protein antigen as a viral/pathogen antagonist.
45 - 2 Production of membrane proteins for diagnostic or screening assays.
3. Production of membrane proteins for biochemical studies.
4. Production of membrane protein for structural studies.
5. Antigen production for generation of antibodies for immuno-histochemical mapping,
including mapping of orphan receptors and ion channels.
50
Also provided by the present invention is a eukaryotic host cell fransfected according to
any of the preceding transfection methods. Preferably, the eukaryotic host cell is a
mammalian host cell line,

20



Therefore, particular conbinations of elenents or fragnents of the sequences
SEQID Nos 1 to 27 and cLysMAR el enents or fragnents are also envisioned in
the present invention, depending on the functional results to be obtai ned.
El ements of the cLysMAR are e.g. the B, K and F regions as described in WO
02/ 074969, the disclosure of which is hereby incorporated herein by
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Most preferred for uses herein are CHO cells.

15
The present invention also provides for a cell transfection mixture or Kit comprising at
least one purified and isolated DNA sequence according to the invention.

The invention further comprises a transgenic organism wherein at least some of its cells
20  have stably incorporated at least one DNA sequence of
- apurified and isolated DNA sequence having protein production increasing
activity,
- apurified and isolated MAR DNA sequence identifiable according to the method
for identifying a MAR sequence using the described bioinformatic tool, the
25 combined method or the method comyprising at least one filter,
- the sequences SEQ ID Nos 1 to 27,
- apurified and isolated cLysMAR element and/or fragment,
a synthetic MAR sequence comprising natural MAR element and/or fragments
assembled between linker sequences,
30 asequence complementary thereof, a part thereof sharing at least 70% nucleotides in
length, a molecular chimera thereof, a combination thereof and variants.
Preferably, some of the cells of the transgenic crganisms have been transfected
according the methods described herein.

35 Alsoc envisioned in the present invention is a transgenic organism wherein its genome
has stably incorporated at least one DNA sequence of
- apurified and isolated DNA sequence having protein production increasing
activity,
- apurified and isolated MAR DNA sequence identifiable according to the method
40 for identifying a MAR sequence using the described bicinformatic tool, the
combined method or the method comprising at least one fiiter,
the sequences SEQ ID Nos 1 to 27,
a purified and isolated cLysMAR element and/or fragment,
- a synthetic MAR seguence comprising natural MAR element and/or fragments
45 assemblied between finker sequences,
a sequence complementary thereof, a part thereof sharing at least 70% nucleotides in
length, a molecular chimera thereof, a combination thereof and variants.

50  Transgenic eukaryotic organisms which can be useful for the present invention are for
example selected form the group comprising mammals (mouse, human, monkey etc)
and in particular laboratory animals such as rodents in general, insects (drosophila,
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"Protein production increasing activity" refers to an activity of the
purified and isol ated 20DNA sequence defined as follows: after having been
i ntroduced under suitable conditions into a eukaryotic host cell, the
sequence i s capable of increasing protein production levels in cell culture
as conpared to a culture of cell transfected wi thout said DNA sequence.

Usual |y th@tcL'ﬁQiﬁ&a&Sbr‘asﬂs% atch )0 arBhiblrb (fidigs! ﬁé@p'ei/c 4 ah8 otfer @indier Thi s
cor r espondgyg Hls%spé&‘ﬂwué%% Gda%fseyé%fst%t\%pec' fic celldl'ar productivity of at
| east 10 pg per 25cel | per see Exanple 11 and Fig.13). As used herein,
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0 DNA RNA an assom a pro h h eI ement " rreans a nucl eic

acid seCer-Pj_,e fo?ggg?ngcdescon on will aeVmGI% tturﬂy understood with reference to thé following

Examples. Such Examples, are, however, exemplary of methods of practising the
10 present invention and are not intended to fimit the scope of the invention.
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property to nodify the chromatine structure when integrated into that
chronosone. 35 "Cis" refers to the placenent of two or nore elenents (such
as chromatin el enents) on the sane nucleic acid nolecule (such as the sane
vector, plasm d or chronosone). "Trans" refers to the placenent of two or
nore el ements (such as chromatin el enents) 40on two or nore different

nucl eic acid nol ecul es (such as on two vectors or two chronosones).
Chromatin nodi fying elenents that arBxsawiestially capable of overcom ng

posi tion effects, and hence are of interest for the devel opnent of

stabl e c%ﬂa%gjg% SMAR sedRernRPNAFesdqpiREBNt s (BEs), matrix attachment
regi ons ( : rol reglons ), and universal chronatin
openi ng &{ E&F%@h (! an oBONAGRE ¥arRd GEERLSe byBiRily2indExpdtthéib Ry dehfigEnt s,
define b AR ERs'dha rn%ﬁh' s'.?eq'u@nces. As MAR sequences, the previous results from

the analysis of human MARs from SMARt Db were used to plot a density histogram for

each criterion as shown in Fig. 1. Similarly, non-MAR sequences were also analyzed

10 and plotted. As non-MAR sequences, all Ref-Seq-contigs from the chromosome 22
were used, considering that this latter was big enough to contain a negligible part of

MAR sequences regarding the part of non-MAR sequences.

The density distributions shown in Fig. 1 are all skewed with a tong tail. For the highest
15  bend, the highest major groove depth and the highest minor groove width, the

distributions are right skewed. For the lowest melting temperature, the distributions are

left-skewed which is natural given the inverse correspondence of this criterion regarding

the three others. For the MAR sequences, biphasic distributions with a second weak

peak, are actually apparent. And between MAR and non-MAR sequences distributions,
20 aclear shift is also visible in each plot.

Among all human MAR sequences used, in average only about 70% of them have a
value greater than the 75th quantile of human MARs distribution, this for the four
different criteria. Similarly concerning the second weak peak of each human MARs

25 distribution, only 15% of the human MAR sequences are responsible of these outlying
values. Among these 15% of human MAR sequences, most are very well documented
MARSs, used to insulate transgene from position effects, such as the interferon locus
MAR, the beta-globin locus MAR (Ramezani A, Hawley TS, Hawley RG, “Performance-
and safety-enhanced lentiviral vectors containing the human interferon-beta scaffold

30 attachment region and the chicken beta-globin insulator”, Blood, 101:4717-4724, 2003}, or the
apolipoprotein MAR {Namciu, S, Blochinger KB, Fournier REK, “Human matrix
attachment regions in-sulate transgene expression from chromosomal position effects
in Drosophila melanogaster”, Mol. Cell. Biol., 18:2382-2391, 1998),
Always with the same data, human MAR sequences were also used to determine the

35 association between the four thearetical structural properties computed and the AT-
content, Fig. 2 represents the scafterplot and the corresponding corretation coefficient r

~ for every pair of criteria.

Example 2: Distribution plots of MAR sequences by organism

40
MAR sequences from SMARt DB of other organisms were also retrieved and analyzed
similarly as explained previously. The MAR sequences density distriputions for the
mouse, the chicken, the sorghum bicolor and the human are plotted jointly in Fig. 3.

45 Example 3: MAR prediction of the whole chromosome 22

All RefSeq contigs from the chromosome 22 were analyzed by SMAR Scan® using the
default settings this time. The result is that SMAR Scan® predicted a total of 803
MARs, their average length being 446 bp, which means an average of one MAR

50 predicted per 42 777 bp. The total length of the predicted MARS corresponds o 1% of
the chromosome 22 length. The AT-content of the predicted regions ranged from

23



many cases (Bell A and Felsenfeld G 1999; "Stopped at the border:
boundari es and 50i nsulators, Curt Opin Genet Bev 9, 191-198) and may play a
role in defining a transcriptional domain in vivo. BEs lack intrinsic
pronot er/ enhancer activity, but rather are thought to protect genes fromthe
transcriptional influence of regulatory elements in the surrounding
chromat i ngs hetLIBNC te MNade ATDRYIENS ofANMMBEE YedidAE bemd TRBY. Mhus] nsul at or
el ement s. pleidibd MARESRAre A TSIcK iiiTBAd EhrohREBIe 23 sh@aedibeisEen Am) enhancer
and a prormter and enhancer-activated transcription is neasured. Boundary
el enent s kg Raefas W de) tBear@nh@tﬁé)wﬁ&efcﬁfémggé\hbmztéfﬁﬁéﬁ@me%m Jggpor ter
genes agapfrst cmﬁaétém &it hG&taeidhgth RSRGALL Bp ERASenfiRg anbvdRdgBHf GHe cel | 's.
aney. havengls Tg F:W Bp) I R - H?oﬂh%&%&*c%a PIRS QripBhgs 8 ce
W th i ndughblEnk AR ﬂw&%@r@&%@ﬁ]all MARSs predicted by the two softwares, 154

predicted MARSs are found by both programs, which represents respectively 19% and

11% of SMAR Scan® and SMARTest predicted MARSs. Given predicted MARs mean

10 length for SMAR Scan® and SMARTest, the prokability to have by chance an
overlapping between SMAR Scan® and SMARTest predictions is 0.0027% per
prediction.

To evaluate the specificity of SMAR Scan® predictions, SMAR Scan® analyses were

15 performed on randomly shuffted sequences of the chromosome 22 (Fig. 4). Shuffied
sequences were generated using 4 different methods: by a segmentation of the
chromosome 22 into ndnoverlapping windows of 10 bp and by separately shuffling the
nucleotides in each window; by "scrambling” which means a permutation of all
nuclectides of the chromosome; by "rubbling” which means a segmentation of the chro-

20  mosome in fragments of 10 bp and a random assembling of these fragments and finally
by order 1 Markov chains, the different states being the all the different DNA
dinucleotides and the transition probabilities between these states being based on the

- chromosome 22 scan. For each shuffling method, five shuffled chromosome 22 were

generated and analyzed by SMAR Scan® using the default settings. Concerning the

25  number hits, an average of 3 519 170 hits {sd: 18 353) was found for the permutated
chromosome 22 within nonoverlapping windows of 10 bp, 171 836,4 hits (sd: 2 859,04 )
for the scrambled sequences and 24 708,2 hits (sd: 1 191,59} for the rubbled
chromosome 22 and 2 282 hits in average (sd: 334,7) for the chromosomes generated
according to order 1 Markov chaing models of the chromosome 22, which respectively

30  represents 185% (sd: 0.5% of the mean), 9% (sd: 1.5%}), 1% (sd: 5%) and 0.1% (sd:
15%) of the number of hits found with the native chromosome 22. For the number of
MARs predicted, which thus means contiguous hits of length greater than 300, 1 997
MARs were predicted with the shuffled chromosoeme 22 within windows of 10 bp (sd:
31.2), only 2.4 MARs candidates were found in scrambled sequences (sd: 0.96) and

35 none for the rubbled and for the sequences generated according to Markov chains
model, which respectively represents 249% and less than 0.3% of the number of
predicted MARs found with the native chromosome 22. These data provide indications
that SMAR Scan® detects specific DNA elements which organization is lost when the

40 ONA sequences are shuffled .

Example 4: Analysis of khnown matrix attachment regions in the Interferon locus
with SMAR Scan®

45  The relevance of MAR prediction by SMAR Scan® was investigated by analyzing the
recently published MAR regions of the human interferon gene cluster on the short arm
of chromosome 9 (8p22). Goetze et al. (already cited) reported an exhaustive analysis
of the WP18A10A7 locus to analyze the suspected correlation between BURs (termed
in this case stress-induced duplex destabilization or SIDD) and jn vifro binding to the

90  nuclear matrix (Fig. 9, lower part). Three of the SIDD peaks were in agreement with the
in vitro binding assay, while others did not match matrix attachment sites. Inspection of
the interferon focus with SMAR Scan® (Fig. 9, top part) indicated that three maijors
peaks accompanied by clusters of SATB1, NMP4 and MEFZ regulators binding sites
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Locus control regions ("LCRs") are cis-regulatory elenents required for the
initial chromatin activation of a focus and subsequent gene transcription in
their native 10l ocations (G osveld, F. 1999, "Activation by |locus control

regions'?" Curr Opin Genet Dev 9, 152-157). The activating function of LCRs
al so all ows the expression of a coupled transgene in the appropriate tissue

in transgeiidatddems Wit BeRRGld VAR ThBRisk! Re @bnéiDi8tHAtthebcbirbh& host

GERE e e
e R 0

15 has be rat LAP

LCR The m) {Erle[ﬁgg ggl ﬁ%ﬁg’#g eril zed . Telrg%%at(ﬁggg ﬁ ﬁl n Focus Its

use in veewn légrAéaﬁag B?Smgﬁ¥n®f_ |

(3- thalas@ iEBvd foo € 0 a
red—rmdel—"rray medi at e the anchor age of speC| fic 20DNA sequence to

wel | -acce

the nucl eq T I RRALID SO 7RD4 8RR < %Pg&x heﬁéé&ﬁbq\@%ﬂ"ards
e B Eag p‘?@&éﬁe‘% i *?\%f v ol
(Bode 3vee@[§|§> A edrt@s ?ﬁ %R%qlﬁfé\n il QR - Fanice 0

Kl ehr Wrtf eqiantrag|ddnrag: hyman Wﬁ% @bles t8 IZIng % naqpofﬁr eties

creating BXeREEglyideiacd HARs iThe regisfor SARdest and MAR- Fmder ‘
16 7 come from a previous comparison (Frisch M, Frech K, Klingenhoff A, Cartharius K,

Liehich | and Werner T, In silico pre-diction of scaffold/matrix attachment regions in
large genomic sequences, Genome Research, 12:349-354, 2001.).
MAR-Finder has been used with the default parameters excepted for the threshold
that has been set to 0.4 and for the analysis of the protamine locus, the AT-richness

20 rule has been excluded (to detect the non AT-rich MARs as was done for the protamine
locus).
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and Functi onal

Organi zation of the Nucl ear
Citol ogy, 162A: 389453, 1995).
secondary structures that may be prone to strand separation.
referred to as baseunpairing regions (BURs),

Mat r

i X: inter

nati onal

Revi ew of

These regions have a propensity to form bent
They are often
and they contain a

core-unw nding el ement (CUE) that mght 30represent the nucleation point of

strand sepatsg Bfermest | SHERTEH ummrﬁﬁb‘fmﬁ‘
destabiliz 'rahﬂﬂmbnpscaf fo d/ mat|r alix deibdda c pradinton rlegicoia®n  J. pritbctioBi ol .,
274:181- 196, 1997), Several sinplt&RAT-1ichlicgequense™hoti PSIMAYe (of t en been
found within MAR sequences, but| f8#"°Phe| npst part, theig functional
i nportanceiand potential pho af agt.ion n \unchear. i Thege i nc¢l ude the
A[nt:))ox ( AAT/ ’\’\V’\FA)A\ —tho T &5 VAvAE Tm "“@m&#ﬂ%i fs
( AATATATT, T PUST R B ng, 1 bhbax,| Af17C25) and condensus
Topoi soner ask’ {1°s{¥&s tor vert|ebfat gs° RWHMJ\NQXWM NY)s. @f¢ Drlosophi | a
( GTNVWVAYATTIS A tam. Ubi qui tous chtopatizn openi ng el enents (' ' UCCEs' ',
al so known aJ&DF‘]-UJ&po]MMHOUS y-acti ng:49s chriesds.e n dpsnb.ag | elieddhes') have been
reported i hiMDBOAOSBE3. An "enhanédd.” | S%&-2hticl c88i2fé <,ecﬁjeﬁ'1%?e that acts to
potenti at e| W&tk Bhscript| on of| genes indé %E} en “tgfz fhe | gg‘g%h of the
gene, the position of thel sequence in rel; |7§3ﬁ tdj‘ir?}:jé ene, he
orientation of the sequence. The vectors ‘?ﬁ_gt-'léle i nventi on
450pti onal Iyt ee RaneRTs | o0Ts - -
gunesa prraphapho- 7187 - - 7.4-7.7
refage subarit SHE 24.3-21.9 - 21.5-21.5
MADPH-depsidant 22.4-247 22.9-24.0 23.2.242 22.9-23.2
racduratse A1 genrs - - 23.6-24.0
FAFC10283, [4] 2TI2TE | 260275 27.3-276
22,5-33.7 - - 13.4-33.9
41.6-42.3 - - -
Sorglum hicolor BAT 75,195 RMORY -
clone 110K5 «.5.8 - - -
[AE 124045, [27] ~B.3 - - -
03 - - -
~15.0 15.1-15.8 - -
~18.5 -
~21.9 21.7-22.0 21.4-21.9
~23.3 - -
285 . -
<291 - - 20,2-29.5
w346 - -
- . 39.0-40.0
441 44.1-44 5 -
<85 47.9-49.5 | 47.9.40.4 48.1-48.8
- - 48.8-40.3
<578 i - - -
~62.9 63.1-63.7 - -
~67.1 - - -
~ 737 74.3.74.7 . 74.3-74.6
Haman alpha-T-antitry- | 30481 7BA3 5.5.8.0 3.0-3.2 54-538
s ang corticasierafd - 51.G.0 -
hinding globulin 22.0-304 25.7.26.2 24.9-25.3 258-26.4
intergenis regisn 27.5.27.8 25.5-25.8 t
(&F 1565457, [33] - 26.2.26.4 -
- 27.5-28.2 -
Hrurman protamine focus T 55,060 BE-97 - #£.0-8.9° -
(L5422, [24] 32.6-338 33.9-34.9¢ -
47.2-30.4 - 33.9-34.9° -
51,9530 - :
Humian Teta-glolbin 75 U5E T.8-3.0 - - 2320
locips 16.8-12.0 18.0-18.4 15.5-16,0 15.3-15.6
(L01317), [24] - 12.0-18.4 -
34349 - -
44,7827 - 50.6.50,1 -
53.6-57.1 56.5-57.2 -
60.0-700 | 59.8.60,3 | 58.1-58,5 $2.6-69.1
65.6-66.0 | 63.0-63.6 -
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A "gene"
pr ot ein.

I s a deoxyribcnucl eoti de (DNA) sequence coding for a given mature
As used herein, the term"gene" shall not include untranslated

flanki ng regions such as RNA transcription initiation signals,
pol yadenyl ation addition sites, pronoters or 50 enhancers. A "product gene"
Is a gene that encodes a protein product having desirabl e characteristics

such as diagnostic or therapeutic utility. ct | cdtﬁ

structural g¢nes and reguliory g nes. A’ sg gjgjtogd%alﬁegeeﬁg" retéers tg a gene
t hat etnclo_dejs St aral PS— G StHuctwat—geneggnet ;Jde but
are no i m 5ol Témrq, 3 P I [=e;e=§ ] |L|=i=64?§4‘:—"=ﬂiad = ##Faﬁ'&p#é ; ei nis
enzymes, nucleal. ﬁem&p;ei ns and nudl eaf spla];@o Rk @i Ns, 4 @& channel's
and transport e, tractill e proteins, ahd chaperjones. Preferred stiructural

genes encode fﬁg,r_,@,ntgipg.qibneé or antibody fragnents.; Aztrgguliat oryqgene”
refers to a genepdikatslgncodes a riegul atory protein. Exanpl gs of
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defined MAR found]
False positives Y 3 5
False reqatives 23 2% 23
Sperificity 19/08= G8% | 20025=80% | 17 22=77%
Sanshhiby 14557= 38% | 12/37= 32% | 14/37= 38% |

Table 1; Evaluation of SMAR Scan® accuracy

- Six different genomic sequences, three plant and three human sequences, for which

experimentally defined MARs are known, were analyzed with MAR-Finder, SMARTest
and SMAR Scan®. True positive matches are printed in bold, minus (-) indicates false
negative matches. Some of the longer experimentally defined MARSs contained more
than one in silico prediction, each of them was counted as true positive match.
Therefore, the number of true in silico predictions is higher than the number of
experimentally defined MARS found. Specificity is defined as the ratio of true positive
predictions, whereas sensitivity is defined as the ratio of experimentally defined MARs
found. * AT-rich rule excluded using MAR-Finder.

SMARTest predicted 28 regions as MARs, 19 {true positives) of these correlate with
experimentally defined MARs (specificity: 68%) whereas 9 (32%) are !ocated in non-
MARs (false positives). As some of the longest experimentally determined

MARs contains more than one in silico prediction, the 19 true positives correspond
actually to 14 different experimentally defined MARs {sensitivity: 38%). MARFinder
predicted 25 regions as MARs, 20 {specificity: 80%) of these correlate with
experimentally defined MARs corresponding to 12 different experimentally defined
MARs (sensitivity: 32%). SMAR Scan® predicted 22 regicns, 17 being true positives
{specificity: 77%) matching 14 different experimentally defined MARSs (sensitivity: 38%).

- As another example, the same analysis has been applied to human chromosomes 1

and 2 and lead to the determination of 23 MARs sequences (SEQ D N° 1 to 23). These
seguences are listed in Annex 1in ST25 format.

Example 6: Analyses of the whole genome using the combined method (SMAR
Scan®-pfsearch)

In order to test the potential correlation between the structural features computed by
SMAR Scan® and the S/MAR functional activity, the whole human genome has been
analyzed with the combined method with very stringent parameters, in order to get
sequences with the highest values for the thecretical structural features computed,
which are calted "super” S/IMARs below. This was done with the hape to obtain
predicted MAR elements with a very potential to increase transgene expression and
recombinant protein production. The putative S/MARs hence harvested were first
analyzed from the bicinformatics perpective in an attempt to characterize and classify
them.
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10regul atory proteins include, but are not limted to, transcription
factors, hornones, growh factors, cytokines, signal transduction nol ecul es,
oncogenes, proto-oncogenes, transmenbrane receptors, and protein Kkinases.
"Orientation” refers to the order of nucleotides in a given DNA sequence.
For exanple, 15an inverted orientation of a DNA sequence is one in which the
5 103 & flenssks bREISEANSAIRe hahSlAriRthaanpiddempauence s Tever sed
when conpared to a point of reference in the from whi ch the sequence was
obt ai ned. Such reference points can include the direction of transcription
of other gpagidié BdmENYcsemeeraasnda) all hamzoRaBedidatiord Qentdrdoror i gi n of
replicati @otefhrody IAPNatiaE CtherlsCBOMrRibobk infehestR Betiespdan®D): NEtidraaly ot i ¢
cel 1" pef eitfalyQf MBHidTRETES), T3t Thapls- 1M THBIReferentd Be&ﬂ@rﬁﬁeﬁ(@&‘&&ﬁ)ﬂ?bﬂ@ct,
or gani sm 2By \\RyaiiahleTastn hitBiAvREnd AIRGG/emrie/RiskafcyPidbeBesks) doRfdgs | S
capabl e ofhejsAG) PRIALIENSM HRSEFe LR tHeombifePBREHId, @BmgBMAR Rep®@ast | y
transf ect g MR whiRElIevel processing, employing default settings except for the highest bend

cutoff value, whereas a stringent threshold of 4.0 degrees (instead of 3.202 degrees)

10 has been used for the DNA bending criterion.

In the second level processing, predicted transcription factors binding have been
sought in the sequences selected from the previous step without doing any filtering on
these sequences.

15
The analysis by the combined method of the whole human genome came up with a
fotal of 1757 putative "super” S/IMARs representing a total of 1 065 305 bp {0.35% of
the whole human genome}. Table 2 shows for each chromosome: its size, its number of
genes, its number of $/MARs predicted, its S/MARs density per gene and its kb per

20  S/MAR. This table shows that there are very various gene densities per S/IMAR '

- predicted for the different chromosomes (standard deviation represents more than 50%
of the mean of the density of genes per S/IMAR predicted and the fold difference
between the higher and the lower density of genes per S/MAR is 6,5). Table 2 also
shows that the kb per S/MAR varies less that the density of genes per S/MAR (standard

25  deviation represents 25% of the mean of kb per S/MAR and the fold difference between
the higher and the lower kb per S/MAR is 3.2).

30

Chromasgme Number of Size of the Number of Density of Kb per
genes per chromosome S/MARs genes SAMAR !
chromosome {millions bp} predicied per S/MAR
1 2544 230 : 85 ' 2949 2703
2 , 1772 241 143 123 . 1688
' 1406 198 1ol 139 | 1960
4 103 19¢ 118 . 3.7 1610
3 1233 : 180 116 0.6 1551
| 6 1247 70 o4 13.2 1808
7 1383 160 179 7.7 : 1754
2 943 143 77 12.2 1583
9 1100 119 48 229 2479
10 1443 £33 71 14.1 1873
Sl 1682 ' 132 67 252 1970
12 1278 13l : 8 163 ' 1679
13 506 97 H T2 138}
14 1168 &8 38 iz4 2444
1S 835 43 33 255 2371
16 1107 81 41 27 1978
|17 1221 83 37 384 2162
i 15 g X 75 51 7.7 . 1470
19 1621 36 36 43.02 1555
20 724 &0 28 238 2142
2] 358 34 18 : 19.7 1888
21 7 34 23 252 1214
X 1158 ' 154 170 a8 ons
Y 231 25 3 30 8.3 ! 833 |
© Sum 26055 3050 1757 457 43312
i Mean [ 123 127 73 19 1 804 X
Sd 510 728 a5 30 462 |

Table 2: Number of S/MARs predicted per chromosome. The number of genes per chromosome
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25included in this invention. Especially preferable cell types include, e.
g., stemcells, enbryonic stemcells, Chinese hanster ovary cells (CHO,

COs, 8HK21, NI H373, HelLa, 02012, cancer cells, and primary differentiated or
undifferentiated cells. Oher suitable host cells are known to those skilled

in the art. 30The terns "host cell"” and "reconbi nant host cel I " are used

i nt er chan eabl her |nd| cate a eukar

vectors d¢f™t 7 #?th?il? JTC%F ?Ege[rcié%
terms refBPCHBP08h OI{DB“P ESB) geny
or potentM%ﬁlc“Eﬁ'ﬂp% f-hepfen Be "'IBE‘E? e‘tcérf{ R4 occur
in succedBthdligerfaraptsRd gpyeEnt: @]e{yﬁggl" TERPFDNbaEFd 35e AiF “‘ms

i nf uéncé?slmrstaﬁ@mpsi@géﬁg/ thtayurRotf, the reofrggnondipg HugentReddeq ﬁsattqﬁél Eéfl"é‘/ﬁtfo"cel |,
but are dhibtethnplegy idesmation. Hiba NG headhpek Otetristl. Bethesda MDY iatisarl i ifrarTpe
terns "i itledddurc{UR), Gcpdihapteed’, DNk Referonce Bagkency dReSedoRinjeck 2002 dAvailable

"t r ansf edtanomtp:dewenebiailygprates guanhfep Elb-Brokextetcaased)lcahtéy leids wi th or

wi t hout acconpanyi ng 40material, enters a host cell. The term "cell
transfected" or "transfected cell” neans the cell into which the

ext r agel 180 gioiidndtas ahagsis gTt' sRuChd REVAr trByserbaoPtts Bilngskagcel | ul ar
DNA. The DNA m ght be introduced into the cell so that the nucleic acid is
repli Cab'T‘?]ee‘iﬁSWEHreﬁéteé ’&W&WQMNRE sé:ﬁl‘ieﬁﬁ:%é‘%btéﬁﬁe@&re%u@!’?ﬁy%MﬂRW'

el ement . were then analyzed for potentlal transcription factors binding sites. This has been

achieved using RMatch ' Professional (Kel AE, Gossling E, Reuter |, Cheremushkin E,
15 KelMargoulis OV, Wingender E, MATCH: A tool for searching transcription factor
hinding sites in DNA sequences, Nucleic Acids Res. 31(13):35769, 2003}, a weight
matrixbased tool based on TRANSFAC (Wingender E, Chen X, Fricke E, Geffers R,
Hehl R, Liebich I, Krull M, Matys V, Michael H, Ohnhauser R, Pruss M, Schacherer F,
Thiele S, Urbach S, The TRANSFAC system on gene expression regulation, Nucleic

20  Acids Research , 29(1):2813, 20019 Match 2 0 Professional has been used with

most of the default settings Match analysis was based on TRANSFAC Professional,
release 8.2 (20040630). The sums of all transcrlption factors binding prediction on the

1757 sequences analyzed according to Match  are in Table 3. Based on this table,.
. only the transcription factors totalizing at least 20 hits over the 1757 sequences
25 analyzed were considered for further analyses.

Hereafter are some of the human transcription factors that are the most often
predicted to bind on the 1757 putative S/IMAR sequences and their Match
description: Cdc5 (cell division control protein 5) a transcriptional

30 regulatorfrepressor, Nkx3A a homeodomain protein regulated by androgen,
POU1F1 (pituitaryspecific positive transcription factor 1) which is specific to the
pituitary and stimulates cells proliferation. Thus, in addition to SATB1, NMP4 and
MEF2, other transcription factors can participate in the activity of MARs.

| AP AR 2| Bach2 1| Brn2
C/ERP 20 ’CfFBPoamma 5/CDPCR3 1| COMPl 2|
ICRLBH 34 | Cdes 858 | Cdx2 35 | Evil 472 |
FOX 78 | FOXD3 79 | FOXJ2 244 | FOXP3 29 |
Treac? 272 | GATAL 2 | GATA3 142 | GATA4 125
| HFLL 12 | 1iFH3 1| HLF 275 HNF1 337
| ENF3alpha 23 | IINF3beta 71 | HP1 2 | Lhx3 22‘
 MEI2 114 | MRF2 57 | Myc 18 | NKX34 849!
[ Nkx25 2 | Octl 191 | PBX 51 POUIF1 483
POU3F2 11 | POUSF1 29 | Pax3 3 | Pax6 20
| Pitl 505 | SRF 8 | TEF 2852 | TFIIA 14
' TTF1 1| VEMTATA B 4, VBP 53 Vmw63 1
| XFD1 65 | XFD2 118 | XFD3 2| ]
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45" Pronoter” as used herein refers to a nucleic acid sequence that regul ates
expressi on of a gene. "Co-transfection"” neans the process of transfecting
a eukaryotic cell with nore than one exogenous gene, or vector, or plasmd,
foreign to the cell, one of which nmay confer 50a sel ectabl e phenotype on the
cell. The purified and isol ated DNA sequence having protein production
I ncreasing activity al so conpri ses, besides one or nore bent DNA el errpn'é., at
| east one di r ks i ndi n
Birfdt R0, ShikRakyObs ?l %opbt@ fﬂ&fngsb‘?%a?d%‘?reélcﬁ&yg%Iagznﬁlgggt@g{frg‘sg?ar < tﬁe

protein is olefonatﬂ?ﬁﬁ?%%t]l{l% aﬁgéﬁ%ﬁonm n proteins. iﬂif;gr exanpl e of a

group conpri
transcrji pt t o LS, a tran | N fa S e h oup
compr 1 < n RO R BB Sl RS f%ﬁ%fbc%aﬁée Fﬁféue

Bri ght, I\/SX AP1, C/ EBP CR‘BPl FOX, Freac7, HFHl, HNF

Poung pi Ydriousppmputeranglysigvere R OtERLe e%@m%”% ﬁﬁpe Hﬁ@%@%t
MRF2, Cct ﬁEQp@ﬁﬁ:ﬂJSfF@:@ﬂ er@wﬁf@r@n t Lldebe igsntifigev ng;d)@gng HFL

HP1, these, apii;pycleplite agaipsis yasPeriarmed opdie] 75 Egyper §°mﬁhlm HFN1,
Lhx3, '\%kxaaﬂachm@hm p%@t@e diriolentige pereastadgear $arh SIIUBRBS 6PNHBPELIOt hese
transcri ptsteands atiherds >aY @irpetidrer red. Most preferred are SATBL, NVP4, NEF2

and A summary {min., max., median, mean, 25th percentile and 75th percentile) as well as
the histograms of each dinucleotide percentage over the 1757 S/MAR sequences are
respectively presented in Table 4. A similar analysis was performed on randomly
15 selected sequences from the human genome, representing randomiy selected non-
S/MAR sequences {which might however contain some MARs). Table 5 represents
respectively a summary of the dinucleotide content analysis for these sequences.

Table 4: Dinucleotide percentages over the 1757 S/MAR seguences

20 .

[ AN ACY% AG % AT%
Minimun 0.000 0.0000 T0.0000 18.50
25th percentile 4.234 0.9372 01408 3211
Median 7.843 2.2408 04777 34.68
Meen 7.184 32117 1.0865 34.32
75th percentite 10,110 47718 1.5096 36.94
J};iaximum 17.290 118479 5.1230 V]

i CA% CC% CG % CT%
AfErimur 0.0000 0.00000 0.0000 T 0.0000

"1 25tk percentite 0.9695 .00000 .0000 0.1408
Median : 1.9776 0.00000 0.0000 0.4777
Mean ; 2.6977 014123 0.2709 1.0865
75th percentile : 3.7543 (109422 1.1256 1.5096
Maximum ) 10,4081 4,24837 7.4410 21230

i : GA % GC % GG % GT %

i Minimum ; 4.00000 0.0000 0.00000 0.0000

© 25th percentile 008686 00000 0.00000 D032

. Median i 0.32616 0.0000 0.00000 2.2408
Mean : 0.63347 0.2104 0.14123 32117

_ 75th percentile i 0.83333 0.1814 0.05422 47718

_ Maximum 577889 9.8795 424837 12.9479

TA % - TC % TG Y% T %

| Minimum ’ 28.63 3.06000 0.0000 h 0.000
25th percentile 33.4% 0.08696 0.9695 4,234
Median 1522 : 0.32616 1.9776 7.843
Mean 3539 - 0.63347 2.6977 7.184

| 75th percentile : 37.14 : £.83333 3.7543 16,110

© Maximum , 50.00 : 5.77889 10,4061 17.290

Considering the results of the predicted S/MAR elements and of the nonS/MAR se-
quences in the summary tables, noticeable differences can be noticed in the AT et TA
25 dinucleotide contents between these two groups of sequences. AT and TA represent
respectively at least 18,5 % and 28.6 % of the dinucleotide content of the predicted
S/MAR sequences, whereas the minimum percentages for the same dinucleotides in
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15 pol yQpol yP domai n proteins. SATBl1, NMP4 and MEF2, for exanple, are known
to regul ate the devel opnent and/or tissue-specific gene expression in
manmal s. These transcription factors have the capacity to alter DNA
geonetry, and reciprocally, binding to DNA as an allosteric |igand 20

nodi fies their structure. Recently, SATBl was found to forma cage-like

Struct ur e, cidGlURs QsQFetr%E é’ﬁKJQ ér%?lo% iy the maR CC and
Kohwi - Shi éésdnc?o%? ﬁﬁdunig B %U‘R’ ﬁé}'ﬁl ::8? g??ﬁ@zzn Yet

expressi o %ﬁao
anot her o%‘?rg% g%"% u|Cnve’rd1 |on g row de a purlfled and

i solated Pﬁé/éé\q%%tﬁin%awbeﬁw &Md TA agmaﬁbnd@ ér%@h‘%@@@ aR@Thé BNkighystt her eof
a partg t hesopls ShHaskBe pyisMERScan®%e aéﬁb@@tm #85 170l BRYrBdicRdMMARI ar

g*L“ygerL\gt WBREes &h mfr-tr "1EtfbtotﬂetnBﬁSWAR%@Huéfr?cre'saﬁ'ﬁé&]th rh\fgcstté}b%f@@abé ?/aet he
Sequence 28 e r%ﬁ?c?e%g §|WA ﬁl%t%wzdd%éﬁgg“%"ﬁ g%ﬁe?@%gj% ot he

pr esent |nvent|on |s to prow de a synthetic MAR sequence conprising natural
MAR ei[grrent and/ or fragnments assenbl ed between |inker 35 sequences.
Preferably, the synthetic MAR sequence conprises a cLysMAR el enent and/ or

fragment a uence conpl ementa t here ar reof sharin | east
70%?nuc| eotf%cg%%l H'ﬂUé}?gBﬂ? pﬁmﬁﬂ{%@ﬁ%‘?” ﬁlqé?%oﬂﬁwggfsqueewuﬁgp?%ﬁ

t hereof and vari ants.

J ' C O AAY% AC % AGY AT %
T Minimum 0.000 1.735 1512 | 03257
i 25th percentile 7.098 4.5886 ! 5.466 5.1433
' Median : 5.106 5.016 7.279 6.8693
Mean 4976 5.054 7184 7.0108
75th percentise 10.939 5.494 7.969 87913
Maximum {7922 ! 13.816 12.232 23.1788
| CA% ; CC% : CG % : CT%
~ Mimmum 3571 0.827% L 00000 1512
25th percentile 6.763 41077 0.4727 6.466
Median 7.410 : 55556 (.8430 7279
Mean 7411 58088 1,277 . 7.184
7510 percentile 8.010 7.2460 1.5760 i 7.969
Maximum 15,714 208405 12.6074 12,232
T T GA% - GC% : GG % T %
Minimum 1319 04967 0.8278 1.735
25th percentile 3.495 3.2615 41077 4.586
Median 6.032 44092 5.5556 5016
¢ Mean 6.065 47408 5.9048 5.054
75th percentile 6.602 i 5.8824 : 7.2460 5494
Maximum 11,423 16,0000 ) 20.8415 13816 _
TA % TC % H TG % TT %
Minimum 0.060 1.31¢ 3.571 0.600
25h percentile 3.870 5.495 6.765 T.096
Median 5.625 6.032 7.410 9146
Mean 2774 6.065 | 7411 : 8.976
7Sth pereentie 7.464 6.602 | 8.01¢C k 10939
'| Maxiinum 24338 10423 | 15.714 b 17.922

Four of the novel super MARS were randomly picked and analyzed for AT and TA
15  dinuclectide content, and compared with the previcusly known chicken lysMAR,
considering windows of 100 base pairs (Table 6).

Surprinsigly, Applicants have shown that all of the super MARSs have AT dinucleotide

frequencies greater then 12%, and TA dinuclectides greater than 10% of the total

dinucleotides analysed in a window of 100base pairs of DNA. The most efficient MARs
20 display values arcund 34% of the two dinuciectide pairs.

Table 6. Summary of %AT and TA dinucleotide frequencies of experimentally verified

MARSs

25 ,
CLysMAR (average of CUES) AT% :12.03 [TA%: 10.29 [SEQID No
P1 68 _ |AT%:33.78 |TA%:33.93 (SEQID No
P16 AT% : 3467 [TA% :34.38 |SEQID No
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40 Al so preferably, |inker sequences are Bglll-BanH |inker. An other aspect
of the invention is to provide a nethod for identifying a MAR sequence usi ng
a Bioinformatic tool conprising the conputing of values of one or nore DNA
sequence features corresponding to DNA bendi ng, major groove depth and m nor
45 groove width potentials and nelting tenperature. Preferably, the .
identificlaidn of one or nore DNA sequen&E%f €365 es| TAYt: 8552 0 nPEQIBSNA
further DWeseghentre of @arianesgesidaRend] AD%-@43Ndi A% 13552 of DNA bindin

prot ei ns, WEHCILS foraR PUARIFHOredARSt N T TASTEL Dpd. PReET 87abl y, profiles or
wei ght - matrices of sald bioinformatic tool are based on di n Ucl eoti de

recognition. The bioinformatic tool used for the present nethod is

preferabl y zgﬁb@?grr 9 Ftﬁé!og%f% nscé@:ﬁ& ?é;ﬁ@?r}ﬂﬁ[rﬁér@ﬁd ARYSs 9BRSmBY Cene

Express (ht bion

bi n/ tz2-e FEATURES S| sed. on LeV| ts 999. These

al go\rNig hmgn Pgékﬁhggt d 8‘9H }@Eé) %Ejg qlﬁ‘@ﬁ‘ %g,-rgwgy 9% tolffﬁgg'n?n to

conput e t D e eno es have 'een ana yse w se used s

composed of 87 pairs of complete orthologous mtergemc regions from the human and

mouse genomes (Shabalina SA, Ogurtsov AY, Kondrashov VA, Kondrashov AS,

Selective constraint in intergenic regions of human and mouse genomes, Trends

10 Genet, 17(7):3736, 2001) (average length ~12 000 bp) located on 12 human and on 12
mouse chromosomes, the synteny of these sequences was confirmed by pairwise
sequence alignment and consideration of the annotations of the fianking genes
(experimental or predicted).

15 Analysis of the 87 human and mouse orthologous intergenic sequences have been
analysed with SMAR Scan® using its default settings. Analysis of the human :
. sequences yielded a total of 12 S/MARs predicted (representing a total length of 4 750
bp), located on & different intergenic sequences,

20 Among the three human intergenic sequences predicted to contain a "super" S/IMAR
using SMAR Scan® stringent settings, one of the corresponding mouse orthologous
intergenic sequence is also predicted to contain a S/MAR (human EMBL ID: Z9605C,
position 28 010 to 76 951 othologous to mouse EMBL ID: AC015932, positions 59 884
to 89 963). When a local alignement of these two orthologous intergenic sequences is

25 performed, the best local alignement of these two big regions correspond to the regions
predicted by SMAR Scan® fo be S/MAR element. A manual search for the mouse
orthologs of the two other human intergenic sequences predicted to contain a "super”
S/MAR was performed using the Ensemb! Genome Browser (htip://ensembl.org). The
mouse orthologous intergenic sequences of these two human seguences were

30 retrieved using Ensembl orthologue predictions (based on gene names), searching the
orthologous mouse genes for the pairs of human genes flanking these intergenic
regions.

Because SMAR Scan® has been tuned for human sequences and consequently vields
35 little "super"MARs with mouse genomic sequences, its default cutoff vaiues were
slightly relaxed for the minimum size of contiguous hits to be considered as S/MAR
. (using 200 bp instead of 300 bp). Analysis by SMAR Scan® of these mouse sequences
predicted several 5/MARs having high values for the different computed structural
features. This finding suggests that the human MAR elements are conserved across
40 species.

Example 7 : Dissection of the chicken lysozyme gene 5’- MAR

The 3000 base pair 5-MAR was dissected into smaller fragments that were monitored
45  for effect on transgene expression in Chinese hamster ovary (CHO) cells. To do so,
seven fragments of ~400 bp were generated by polymerase chain reaction (PCR).
These PCR-amplified fragments were contiguous and cover the entire MAR sequence
when placed end-to-end. Four copies of each of these fragments were ligated in a
head-to-tail orientation, to obtain a length corresponding to approximately half of that of
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5t heoretical values for conformational and physi cochem cal properties of
DNA. Preferably, SMAR Scan(r) uses the four theoretical criteria also

desi gnat ed as DNA sequence features corresponding to DNA bendi ng, major
groove depth and m nor groove width potentials, nelting tenperature in all
possi bl e combi nation, .using scanni ng 10w ndows of vari abl e size (see Fi g.

For h fu as t o ram
returns a Q:S'Wtbzeet? B%E ‘a%é%fe 5]’ rg gvethe
set cut-o rc? aamlod le %’hf PP qi % are
avail abl e Wiﬂgg&ge ‘3\4 gras rQ?F‘PI rg

| 8750 g

returng alfc §‘:i"'f‘| f ”3"3'59

val ues >f oft chkF‘ée%IP@ fN&r%ﬁe—teﬂﬁieétﬁdaw'éhﬁeéﬁswfﬂﬁee m@ge%ﬁ VRBAH ¢

" cont i guo@8lissing kipotestAming 2090\ Invitogsakas Irandedondesgen) a%BWff(P s h| ts

and t hei r PeyiquslydéRanHgbsk fliepict., "Friclanment whaiablet orl lmemfthwmﬂ rorof

cont i guousgegsiated pxprapsion esinguRatox Rttechmentregions'ad Bisfegnc), 2694i ﬁTWJtm a

t unabl e wi2Adi@y. Sftereselatiion o dovaatibiatite G-418)hesistafibeslls, poldelond) BNVAR Scan(r) .

| ndeed f populatigsnegreianayeedtbyFAGS owEGFMfltorescanoasi dered as a

core-unwi nding el ement (CUE), and a cluster of 20CUEs acconpani ed by

cl ust er s dfarsigenk axpressies wasrexprdsegd at therperedntie ofhigloazprass@aells, definBR.

Thus, SVARs Seacd)s whidnBumescenosllgveteeareralleasda tordrre w$ naghiudes highpothantthal

MAR To t unerapd@udrebeetide afitelofrbnsfettee svithahe pBEGRRE oAt oeetb withottMARL ur al

critenba, FexBpehowe midlrmyitivatizatbetragmdMBR, id e SARIndaRransgene expression,

(http://t degstcaneig bhorts/sizeSMESmB¥IEd to the original MAR sequence. [n contrast, other
fragments are poorly active or fully inactive.

Example 8 : Specificity of B, K and F regions in_the MAR context

20
The 5’-MAR was serially deleted from the 5'-end (Fig.6, upper part) or the 3'-end (Fig.6,
lower part), respectively. The effect of the truncated elements was monitored in an
assay similar to that described in the previous section. Figure 6 shows that the loss of
ability to stimulate transgene expression in CHO cells was not evenly distributed.

25

In this deletion study, the loss of MAR activity coincided with discrete regicns of
transition which overlap with the 5-MAR B-, K- and F-fragment, respectively. in 5’
deletions, activity was mostly lost when fragment K and F were removed. 3' deletions
that removed the F and b elements had the most pronounced effects. In contrast,

30 flanking regions A, D, E and G that have little or no ability to stimulate transgene
expression on their own (Fig. 5}, correspondingly did not contribute to the MAR activity
in the 5'- and 3-end deletion studies (Fig. 6}.

Example 9:Structure of the F element

35
The 465 bp F fragment was further dissected into smaller sub-fragments of 234, 243,
213 bp and 122, 125 and 121 bp, respectively. Fragments of the former group were
octamerized (8 copies) in a head-to-tail orientation, while those of the latter group were
simitarly hexa-decamerized (16 copies), to maintain a constant length of MAR

40 sequence. These elements were cloned in pGEGFPControl vector and their effects
were assayed in CHO cells as described previously. Interestingly, fragment Flll retained
most of the activity of the full-length F fragment whereas fragment Fll, which contains
the right-hand side part of fragment FllI, lost all the ability to stimulate transgene
expression (Fig. 7). This points to an active region comprised between nt 132 and nt

45 . 221 inthe FIB fragment. Consistently, multiple copies of fragments Fl and FiB, which
encompass this region, displayed similar activity. FI!A on its own has no activity.
However, when added to FIB, resulting in Flli, it enhances the activity of the former.
Therefore FIIA appears to contain an auxiliary sequence that has littie activity on its
own, but that strengthens the activity of the minimal domain tocated in FIB.

50
Analysis of the distributicn of individual motifs within the lysozyme gene 5-MAR is
shown in Fig. 8 A, along with some additional motifs that we added to the analysis.
Most of these motifs were found to be dispersed throughout the MAR element, and not
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25were used. Al the human MAR sequences fromthe database were retrieved
and anal yzed with SMAR Scan(r) using the "profile-like" node with the four
criteria and with no set cut-off value. This allowed the setting of each
function for every position of the sequences. The distribution for each
criterion was then conputed according to these data (see Fig. 1 and 3). 30
The def aulpegifidalpbbsotidtoe wvifthENEReSamatidns). Fopinstdneepiedindihg sited of gr oove
dept h and tiaRScriptine fadidre Anel dthélt Mote titat Bale Bbeh BesGifeAYMANMARB vefEhbt
quantil e apsfeichfaifBgiaRed Pthe AtEvarldidrRg itrRRRASPbekrLpropbSedlgfatubiivecMAROT f
val ue 5ho‘éétﬁ’ué?%e§%ayaéon%fé@ﬁ§érhblﬁé'@md)f'&tmﬁhﬁnoﬂ?sn'{%@% eaaplitel BrogrABs
rconti QUOWAW Ifiﬁderngﬂﬁl:\sli‘lé%‘t' SHDPEd X $tapidy h%@é@?répbﬂba tSRAFEHMAREC be
the minimy %Se . a%%sééﬁ% HBtheth G'na‘% b Th#é V@msuatwoa%%ul dned in the
th u

art would Fz[e@ ’Br@@ef f{!&; Be r g rﬁgfgeﬁg%ﬁﬁ%égpf

criteria -
DNA bendi ggg% ﬁsasma g@ A R % ith Es
d
ddn

refe
I[s)mall I g@ aﬁ tSBa %aa% ? it f%
conpri sed mat hac «po I0n, a8'tor instance hé'B
fr agment is quste ac:twe in vwo but scores negatwe thh MAR Finder {Fig. 8B, compare
the top and middle panels). Bent DNA structures, as predicted by this program, did not
correlate well either with activity (Fig. 8B, compare the top and bottom panels}. Similar
15  results were obtained with the other avai!able programs (data not shown).

The motifs identified by available MAR prediction computer methods are therefore
unlikely to be the main determinants of the ability of the cLysMAR to increase gene
expression. Therefore, a number of other computer tools were tested. Surprisingly,

20 predicted nucleosome binding sequences and nucleosome disfavouring sequences
were found to be arranged in repetitively interspersed clusters over the MAR, with the
nucleosome favouring sites overlapping the active B, K and F regions. Nucleosome
positioning sequences were proposed to consist of DNA sfretches that can easily wrap
around the nucleosomal histones, and they had not been previously associated with

25  MAR sequences,

Nucleosome-favouring sequences may be modelled by a collection of DNA features
that include moderately repeated sequences and other physico-chemical parameters
that may allow the correct phasing and orientation of the DNA over the curved histone
30 . surface. ldentification of many of these DNA properties may be computerized, and up
to 38 different such properties have been used to predict potential nucleosome
positions. Therefore, we sef up to determine if specific components of nuclecsome
prediction programs might correlate with MAR activity, with the objective to construct a
tool ailowing the identification of novel and possibly more potent MARs from genomic
35 sequences.

To determine whether any aspects of DNA primary sequence might distinguish the
active B, K and F regions from the surrounding MAR sequence, we analyzed the 5'-
MAR with MAR Scan®. Of the 38 nucleosomal array prediction tools, three were found

40  to correlate with the focation of the active MAR sub-domains (Fig. 9A). Location of the
MAR B, K and F regions ceincides with maxima for DNA bending, major groove depth
and minor groove width. A weaker correlation was also noted with minima of the DNA
melting temperature, as determined by the GC content. Refined mapping over the MAR
F fragment indicated that the melting temperature valley and DNA bending summit

45 indeed correspond the FiB sub-fragment that contains the MAR minimal domain (Fig.
9B). Thus active MAR portions may correspond to regions predicted as curved DNA
regions by this program, and we will refer to these regions as CUE-B, CUE-K and CUE-
F in the text below. Nevertheless, whether these regions correspond to actual bent DNA
and base-pair unwinding regions is unknown, as they do not correspond to bent DNA

50 - as predicted by MAR Wiz (Fig.9B).

Example 10 : Imprints of other requlatory elements in the F fragment
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45( Angstron) and m nor groove wi dth val ues between 5.2 to 5.8 A Most
preferably the major groove depth values are conprised between 9.0 to 9.2 A
and m nor groove wi dth val ues between 5.4 to 5.7 A Preferably the
melting tenperature is conprised between 55 to 75 C (Cel sius degree).
SOMost preferably, the nelting tenperature is conprised between 55 to 62 C.

The DNA bindin r ot ei.n_of hod S
usually a I\fllr‘% %@Bi %tf? HQCF U? ?Pﬁ%gllf) b egeq ﬁ’wg %lgﬁ?m?}qﬁj gﬁ
transcri pty® t:#'& \ ?rﬁo El NVP4,
MEF2, 58, ?“ @EC '51“ tﬁf '” c% .
CREBP1, F eB% ﬁle €g aRﬁk‘ﬁl df LN
C/ EBPg BO iepydpr rogram enoma |‘x) we searche for
transcruptlon factor bmdmg snte wnt scores hlgher than 0.92 and found DNA binding
sequences for the NMP4 and MEF2 proteins in the 3’ part of the F fragment (Fig. 8B).
To determine whether any of these franscription factor-binding sites might localize close
to the B and K active regions, the entire 5-MAR sequence was analyzed for binding by
10 NMP4 and MEF2 and proteins reported to bind to single-stranded or double-stranded
form of BURs. Among those, SATB1 {special AT-rich binding protein 1) belongs to a
class of DNA-binding transcription factor that can either activate or repress the
expression of nearby genes. This study indicated that specific proteins such as SATB1,
NMP4 (nuclear matrix protein 4) and MEF2 (myogenic enhancer factor 2), have a
15 - specific distribution and form a framework around the minimal MAR domains of
cl.ysMAR (Fig. 10}. The cccurrence of several of these NMP4 and SATB1 binding sites
has been confirmed experimentally by the EMSA analysis of purified recombinant
proteins {data not shown).

20 Example 11 : Construction of artificial MARs by combining defined genetic
elements

To further assess the relative roles of the various MAR components, the cLysMAR was
deleted of all three CUE regions (Fig. 11, middle part), which resulted in the loss of part

25 ofits activity when compared to the complete MAR sequence similarly assembled from
alt of its components as a control {(Fig. 11, fop part}. Consistently, one copy of each
CUE alone, or one copy of each of the three CUEs assembled head-to-tail, had little
activity in the absence of the flanking sequences. These results strengthen the
conclusion that optimal transcriptional activity requires the combination of CUEs with of

30 flanking sequences. Interestingly, the complete MAR sequence generated from each of
its components, but containing also Bgill-BamH| linker sequences (AGATCC) used to
assemble each DNA fragment, displayed high transcriptional activity (6 fold activation)
as compared to the 4.8 fold noted for the original MAR element in this series of assays
(see Fig. 5).

35
We next investigated whether the potentially curved DNA regions may also be active in
an environment different from that found in their natural MAR context. Therefore, we set
up to swap the CUE-F, CUE-B and CUE-K elements, keeping the flanking sequences
unchanged. The sequences flanking the CUE-F element were amplified by PCR and

40 assembled to bracket the various CUES, keeping their original orientation and distance,
or without @ CUE. These engineered ~1.8 kb MARs were then assayed for their ability
to enhance transgene expression as above, All three CUE were active in this context,
and therefore there action is not restricted ta one given set of flanking sequences.
Interestingly, the CUE-K element was even more active than CUE-F when inserted

45  between the CUE-F fianking sequences, and the former composite construct exhibited
an activity as high as that observed for the complete natural MAR (4.8 fold activation).
What distinguishes the CUE-K element from CUE-F and CUE-B is the presence of
overlapping binding sites for the MEF-2 and SatB1 proteins, in addition to its CUE
feature. Therefore, fusing CUE-B with CUE-F-flanking domain results in a higher

50  density of all three binding sites, which is likely explanation to the increased activity.
These results indicate that assemblies of CUEs with sequences containing binding sites
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beta, MRF2, Cctl, POU6F1, SRF, V$MIATA B, XFD2, Bach2, CDP CR3, Cdx2, 5
FOXJ2, HFL, HP1, Myc, PBX, Pax3, TEE, VBP, XFD3, Brn2, COW1, Evil, FOXP3,
GATA4, HFN1, Lhx3, NKX3A, PQUl1F1l, Pax6, THI A or a combination of two or nore
of these transcription factors. However, one skilled in the art would
be able to determ ne other kinds of transcription 10factors in order to

carry out gh o@ﬁéﬂaﬁh%cm@unmetmzt@ﬁanrmaﬁpduwm%tems cbRsmage SVAR

Scan(r) Jegp,rgg for exanple, large scale analysis, then,
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predicti n%)ga 91@:_ |E%cft(9'rs DNA transcription factors in order to
d h . d
Lo computel "rﬁge“%% ?%%%'r Eﬁgeﬁat CEP SR ot B oy E*V%f‘é;*%@*e%ﬁﬁe%ﬁ: SR L
f h ft d B h
P Kar pl UL RS rw@gﬁgg; Cam %Fg Bwv%?&.' fr‘%f@gsé o Sc“ﬁsz ggﬁieﬁr
I
O o S i i Do B et o o o150 2

corrprﬁ@e, but are not limted to, gfsearch I\/atlnspect or, Rlatch
Pr of essi orfirsmifiP@RANEHAG oPasmetREYAREGEB) Tente! isonderieivaef isPEbds 1 he

st r uct ur alconéatvgetes (BronsaaRinsrbicl the kisterepe yphe geetedgetiasdiass r@PlaggééVf ic
transcri ptthe EGFicaanesseguenerefonm the pEGRE-Nd arcioe (Glppleacen Theqienei REEGFPn any
order to gudsswd 'REbpt herefore, depending on the filter is applied at the
begi nribng or at the end of the nethod.

Plasmid pUbCEGFP control is a derivative of the pGL3 wit an Ubiquitin promoter.

Plasmid pPAGO1GFP (also named pMAR-SV40EGFP) is a derivative of pGEGFP with
the 5'-Lys MAR element cloned in the MCS located just upstream of the SV40 '
20 ' promoter. The size of the pPAGO1EGF plasmid is 7285bp.

Example 13 ; Effect of the additional transfection of primary transfectant cells on
transgene expression

25  One day before transfectlon cells were plated in a 24-well plate, in growth medium at a
density of 1.35 x 10° cells/welt for CHO-DG44 cells. 16 hours post-inoculum, cells were
transfected when they reached 30-40% confluence, using Lipofect-AMINE 2000
{hereinafter LF2000), according to the manufacturer’s instructions (invitrogen). Twenty-
seven micraliters of serum free medium (Opti-MEM; Invitrogen) containing 1.4 pi of

30 LF2000 were mixed with 27 pl of Opti-MEM containing 830 ng of linear plasmid DNA.
The antibiotic selection plasmid (pSVnea) amounted to one tenth of the reporter
plasmid bearing the GFP transgene. The mix was incubated at room temperature for 20
min, to allow the DNA-LFZ2000 complexes to form. The mixture was diluted with 300 pl
of Opti-MEM and poured into previously emptied celi-containing wells. Foliowing 3

35 hours incubation of the cells with the DNA mix at 37°C in a CO; incubator, one ml of
DMEM-based medium was added to each well. The cells were further incubated for 24
hours in a CO; incubator at 37°C. The cells were then transfected a second time
according to the method described above, except that the resistance plasmid carried

~ another resistance gene (pSVpuro). Twenty-four hours after the secand transfection,

40  cells were passaged and expanded into a T-75 flask containing selection medium
supplemented with 500 pg/ml G-418 and 5 pg/mi puromycin. After a two week selection
period, stably transfected cells were cultured in 6-well plates. Alternatively, the call
population was transfected again using the same method, but pTKhygro (Clontech) and
pSVdhir as resistance plasmids. The expression of GFP was analysed with

45  Fluorescence-activated cell sarter (FACS) and with a Fluarascan.

Fig.13 shows that the phenotype of the twice-transfected cells (hereafier calied
secondary transfectants) not only was strongly coloured, such that special bulb and
fitter were not required to visualize the green color from the GFP protein, but also

50 contained a majarity of producing cells (bottom right-hand side FACS histogram) as
compared to the parental population (ceniral histogram). This level of fluorescence
corresponds to specific celiular productivities of at least 10 pg per cell per day. Indeed,
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30 The first |eve
t he second | evel ,

consisting in the filter,

sel ects sequences out of the primary input sequence and
may be used to restrain anong

t he sel ected sequences those which satisfy the criteria used by the filter.
35In this conbined nethod the filter detects clusters of DNA binding sites

using profiles or wei ghtmatrices from for exanple,
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than the expected two-fold increase. Indeed, the results shown in Table 2 mdlcatet at
the secondary transfectants exhibited, on average, more than the two-fold increase of
GFP expected if two sets of sequences, one at each successive transfection, would
have been integrated independently and with similar efficiencies. Interestingly, this was
not dependent on the promoter sequence driving the reporter gene as both viral and
cellular promoter-containing vectors gave a similar GFP enhancement (compare lane 1
and 2). However, the effect was particularly marked for the MAR-containing vector as
compared to plasmids without MAR- {lane 3}, where the two consecutive transfections
resulted in a 5.3 and 4.6 fold increase in expression, in two distinct experiments.

mpe of plasmids
|

pUbCEGFP
DSVA0EGFP ]
pMAR-SVADEGFP |

EGFP fluorescence |
transfection Fold mcrease J
14'334 B

127237 ,,_ }
36748

EGFP fluorescence
Fold increase
2.5

26 ]
4.6 B

] Primary Secondary
_ transfection |

4992
4'324
6'9906

Secondary
_transfection

Primary |
transfection
6452 15'794
4'433 ! 11735

8116 37'475

Type of plasmids

pUbCEGFP
[ DSV40EGFP -.
|pPMAR-SV4A0EGFP |

l

Table 7, Effect of re-transfecting primary transfectants at 24 hours interval on GFP
expression. Two independent experiments are shown. The resistance plasmid
pSVneo was co-transfected with various GFP expression vectors. One day post-
transfection, cells were re-transfected with the same plasmids with the difference
that the resistance piasmid was changed for pSVpuro. Cells carrying both resistance
genes were selected on 500 pg/ml G-418 and Spg/mi puromycin and the expression
of the reporter gene marker was guantified by Fluoroscan. The fold increases
correspond to the ratio of fluorescence obtained from two consecutive fransfections
as compared fo the sum of fluorescence obtained from the corresponding
independent {ransfections. The fold increases that were judged significantly higher
are shown in bold, and correspond to fluorescence values that are consistently over
2-fold higher than the addition of those obtained from the independent transfections.

The increase in the level of GFP expression in multiply tranfected cells was not
expected from current knowledge, and this effect had not been observed previously.

Taken together, the data presented here support the idea that the plasmid sequences
that primarily integrated info the host genome would facilitate integration of other
plasmids by homologous recombination with the second incoming set of plasmid
molecules. Plasmid recombination events occur within a 1-h interval after the plasmid
DNA has reached the nucleus and the frequency of homaologous recombination
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I f SMAR Scan(r) is used in the first level to filter subsequences, it has to
be used with the "all the contiguous hits" node in order to return
sequences. |If the pfsearch is used 50in the first level as first filter, it
has to be used with only one profile and a distance in nucl eotide needs to
be provided. This distance is used to group together pfsearch hits that are

| ocated at ISt | \. urn
coctenco POYBER ERNSEREOLS 89 fea nlio?eéd“{‘?ﬂ cm%fa ?%aégﬁ%gw&gg etn Lot
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filtered s@@@m@égfaﬂn Af galis seealving PINA odbe emrst § Y hemag oK et Kfh Eolges s of
SMAR Scan( MR deriasehipHighdretvency Fsgetingnfiagnasio speaifi siteg Iothe mesunaligguences.
lithe seco@\@?dn@éle“oﬂ 08 i Ped. H-BOY Thesubedesisiigheindigate thehde MAR eri a
consi d&¢ edelement $urpeisingly actsito premotetsush irestmbing ereevards. BéARs swiutterbttal i | t er
out those medifieiheesgdsizaioni «f. gepe3 in Vvmtandpossiblyeaiso aflow AdNAprapdeationiinvent i on
i s al so t ocqmjunitide wethrarahDNAf sequesisast biiytheyg mayiéd aeicpseDNA recompbinafioy  at
| east one fighdier detecting clusters of DNA binding sites using profiles or
wei ghtmatrices. Preferably, this nethod conprises two levels of filters

15 Example 14 : MARs mediaie the unexpectediy high levels of expression in

multiply transfected cells

If MAR-driven recombination events were fo occur in the multiple transfections process,
we expect that the synergy between the primary and secondary plasmid DNA would be

20 affected by the presence of MAR elements at one or both of the transfection steps. We
examined this possibility by multiply transfections of the cells with pMAR alone or in
combination with various expression plasmids, using the method described previously.
Table 3 shows that transfecting the cells twice with the pMAR-SV40EGFP plasmid gave
the highest expression of GFP and the highest degree of enhancement of all conditions

25 (4.3 fold). In confrast, transfecting twice the vector without MAR gave little or no
enhancement, 2.8-fold, instead of the expected two-fold increase. We conclude that the
presence of MAR elements at each {ransfection step is necessary to achieve the
maximal protein synthesis.

Table §
Primary transfection Secondary transfection ]

Type of plasmid |  EGFP- Type of plasmid EGFP- Fold

~ fluorescence | fluorescence | increase
pPMAR 0 pPMAR 0 0

pSVA0EGFP 15'437 2.3-2.5

i pMAR-SV40EGFP 30'488 2.6-2.7
pMAR-SV4DEGFP 11’278 pMAR-SV40EGFP 47'027 4,353
| pPMAR 12319 1.0-1.1
pSV40EGFP 6’114 pSVACEGFP 17'200 , 2.8
L PMAR . 11169 1.8-2.3

30

Interestingly, when cells were first transfected with pMAR alone, and then re-
transfected with pSV40EGFP or pMAR-SV40EGFP, the GFP ievels were mare than
doubled as compared to those resulting from the single transfection of the lates
35 plasmids (2.5 and 2.7 fold respectively, instead of the expected 1-fold). This indicates
that the prior transfection of the MAR can increase the expression of the plasmid used
in the second transfection procedure. Because MARSs act only locally on chromatin
- structure and gene expression, this implies that the two types of DNA may have
integrated at a similar chromosomal locus. In contrast, transfecting the GFP expression
40 vectors alone, followed by the MAR element in the second step, yielded little or no
improvement of the GFP levels. This indicates that the order of plasmid
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15 and in this case, SMAR Scan(r) is totally absent from said nethod.
Usually, the two levels consist in pfsearch. Al so enbraced by the present
invention is a purified and isol ated MAR DNA sequence identifiable according
to the nmethod for identifying a MAR sequence using the 20 descri bed

bi oi nformatic tool, the conmbi ned nmethod or the nethod conprising at |east
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base paires. In order to reduce”the nunber of results, a dinucleotide
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100 contlgPﬁ‘Su’@’f @ s8/lylay ghsomppamer HIF (tegrated NARIRINA may issuefayoy 396 of

di nucl eot iMedeAintegrations of eosmpigsmidsodeiing thgseaans ligesfasiionsprocedure, at the
same or at a nearby chromosomal focus.

15~ Example 15 : MARs as long term DNA transfer facilitators

If integrated MARs mediated a persisten{ recombination-permissive chromosomal
structure, one would expect high levels of expression even if the second transfection
was performed long afier the first one, at a time when most of the transiently introduced

20 episomal DNA has been eliminated. To address this possibility, the cells from Table 3,
selected for antibiotic resistance for three weeks, were transfected again once or twice
and selecied for the incorporation of additiocnal DNA resistance markers. The tertiary, or
the tertiary and quaternary transfection cycles, were performed with combinations of
pMAR or pMAR-SV40EGFP, and analyzed for GFP expression as before.

25
Table 9
-’— Terhary transfection Quaternary transfection |
ﬁ' ype of ptasmid l EGFP- | Fold |Typeof plasmid | EGFP- Foid |
fluorescence | increase increas
J | fluorescence o
[ — - I |
pMAR 18368 | pMAR 43186 2.4 /
: pMAR- 140°000 7.6 |
B SVAOEGFP B
pMAR-S\MOEGFr 16544 . 2.0 |pMAR- 91'000 5.5 I
| | | SVADEGFP |
x 1 ‘ PMAR 33814 20

30  Table 9. MARs act as facilitator of DNA integration.

The pMAR-SV40EGFP/ pMAR-SV40EGFP secondary transfectants were used in a
third cycle of transfection at the end of the selection process. The tertiary transfection
was accomplished with pMAR or pMAR-SVA0EGFP, and pTKhygro as selection
35 piasmid, to give tertiary transfectants. After 24 hours, cells were transfected again with
either plasmid and pSVdhfr, resulting in the quaternary transfectants which were
selected in growth medium containing 500 ug/ml G-418 and 5ug/ml puromycin, 300
ug/ml hygromycin B and 5pM methotrexate. The secondary transfectants initially
exhibited a GFP fluorescence of 8300. The fold increases correspond to the ratio of
40 fluorescence obtained from two consecutive transfections as compared to the sum of
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An ot her aspect of the invention is to provide a purified and isolated MAR
DNA sequence of any of the precedi ng descri bed MARs, conprising a seguence
selected fromthe sequences SEC) ID Nos 1 to 27, a sequence conpl enmentary
thereof, a part 40thereof sharing at !east 70% nucl eotides in length, a
nol ecul ar chinera thereof, a conbi nati on thereof and variants. Pr eferabl Y,

sai d puri bl sdcalle %hé@ﬁtﬁﬁ@f@&?&ﬁe jed
R

45 thereo o
corres oandtQB ? é afa 8(‘:?r5ﬁ by the conbi ned method and show a hi gher
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ﬁ1'5t he
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group conBPNHFA @t with gurhyppthgsisiibat reyyiu indigdpred BPUENGEY MY IMEgtale At

produd®i ofg Hue@aspma! transgene locus by homologous recombination and thereby further
increase transgene expression.

When the cells were transfected a third and fourth time with the pMAR-SV40EGFP
plasmid, GFP activity further increased, once again to levels not expected from the

15 addition of the fluorescence levels obtained from independent transfections. GFP
expression reached levels that resulted in cells visibly glowing green in day light
(Fig.14). These results further indicate that the efficiency of the quaternary transfection
was much higher than that expected from the efficacy of the third DNA fransfer, _
indicating that proper timing between transfections is crucial to obtain the optimal gene

20  expression increase, one day being preferred over a three weeks period.

We believe that MAR elements favour secondary integration events in increasing
recombination frequency at their site of chromosomal integration by relaxing closed
chromatin structure, as they mediate a local increase of histone acetylation (Yasui, D.,
et al., SATB1 targets chromatin remodelling to regulate genes over long distances.

25  Nature, 2002, 419(6907): p. 641-5.]. Alternatively, or concomitantly, MARs potentially
relocate nearby genes to subnuclear focations thought to be enriched in trans-acting
factors, including proteins that can participate in recombination events such as
topoisomerases. This can resuit in a locus in which the MAR sequences can bracket
the pSVACEGFP repeats, efficiently shielding the transgenes from chromatin-mediated

30 silencing effects.

Example 186 : Use of MARSs identified with SMAR Scan® |l to increase the
expression of a recombinant protein.

35 Four MAR elements were randomly selected from the sequences obtained from the
analysis of the complete human genome sequence with SMAR Scan® or the
combined method. These are termed 1_6,1 42, 1_68, (where the first number
represents the chromosome from which the sequence originates, and the second

. number is specific to the predicted MAR along this chromosome) and X_S$29, a “super”

40 MAR identified on chromosome X. These predicted MARS were inserted into the
pGEGFPControl vector upstream of the §V40 promoter and enhancer driving the
expression of the green fluorescent protein and these plasmids were transfected into
cultured CHO cells, as described previously {Zahn-Zabal, M., et al., Development of
sfable cell lines for production or regulated expression using matrix attachment regions.

45  J Biotechnof, 2001. 87(1). p. 29-42). Expression of the transgene was then analyzed in
the total population of stably fransfected cells using a fluorescent cell sorter (FACS)
machine. As can be seen from Fig. 19, all of these newly identified MARs increased the
expression of the fransgene significantly above the expression driven by the chicken
lyscsyme MAR, the “super” MAR X_S29 being the most potent of all of the newly

50  identified MARs.
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activity, a purified and isolated MAR DNA sequence identifiable according to
the nmethod for identifying a MAR sequence using the described bioinformtic
tool, the 5conbined nmethod or the nethod conprising at |east one filter, the
sequences SEQ ID Nos 1 to 27, a purified and isolated cLysMAR el enent and/ or
fragnent, a synthetic MAR sequence conprising natural MAR el enent and/or
fragnments assenbl ed between |inker sequences, 10 a sequence conplenentary

t her eof, ?gﬁ%ﬁié 42 ERRL SR HehoBlit SEAVIvd BXbRISIGPbE AfEpd By | enoth, a
le 47; 1 . {
nol ecul ar E%%ﬁggué . o) plté iy 'll";él'Wil Ulut?% YAMAR($-68], @ MAR

nucl eoti d agnernt, Ja sequence:
conpl enentary thereof, a part, t f sharing,at |east 700 otides in
| engt h? aL@SﬁE‘%@P WG9 %fﬁé@&? ?erggﬁf%m t'ﬂ&tﬁ”o'?{”ﬂ%%‘re “% ;ﬂ qﬁﬂhiari ants for
 ner easi ndfBHORBIG, A0SV AL aH St 1 Peged {PaETng spUtilc dseielf
inducible promoter, in a gene switch system described previously calléd below the
Network system (Imhof, M. O., Chatellard, P., and Mermod, N. (2000}. A regulatory
network for efficient control of transgene expression. J. Gene. Med. 2, 107-1186.). The
10 EPO and regulatory genes are then injected in the muscle of mice using an in vivo
slectroporation procedure termed the electrotransfer, so that the genes are transferred
to the nuclei of the muscle fibers. When the doxycycline antibiotic is added to the
drinking water of the mice, this compound is expected to induce the expression of EPO,
which will lead to the elevation of the hematocrit level, due to the increase in red blood
15  cell counts mediated by the high levels of circulating EPO. Thus, if the MAR improved
expression of EPO, higher levels of hematocrit would be expected.

In vivo experiments were carried out on 5 week-old C57BL6 female mice (Iffa Credo-
Charles River, France). 30ug of plasmid DNA in normal satine solution was delivered by

20 trans-cutaneous injections in the tibialis anterior muscle. All injections were carried out
under Ketamino! (75 mg/kg) and Narcoxyl (10 mg/kg) anesthesia. Following the
intramuscular injection of DNA, an electrical field was applied to the muscle. A voltage
of 200 V/cm was applied in 8 ms pulses at 1Hz (Bettan M, Darteil R, Caiflaud JM,
Soubrier F, Delaere P, Branelec D, Mahfoudi A, Duverger N, Scherman D. 2000. “High-

25 level protein secretion into blood circulation after electric pulse-mediated gene transfer
into skeletal muscle”. Mol Ther, 2. 204-10).

16 mice were injected by the Network system expressing EPO without the 1_88 MAR
and 16 other mice were injected with the Network system incorporating the MAR in 5’ of

30 the promoter/fenhancer sequences driving the expression of the activator and EPO
genes, In each group, half of the mice were submitted to doxycycline in drinking water
from the beginning of the experiment (day 0 — the day of electrotransfer) and in the
other half, doxycycline was put in drinking water starting at day 21.

35 Blood samples were collected using heparinated capillaries by retro-orbital punction at
different times after the injection of plasmids. Capillaries were centrifugated 10 minutes
at 5000 rpm at room temperature and the volumetric fraction of blood cells is assessed
in comparison to the total blood volume and expressed as a percentile, determining the
hematocrit level,

40
As can be deduced from Fig. 16 The group of mice injected by MAR-network, induced
fram the beginning of the experiment, display a better induction of the hematocrit in
comparison of mice injected by original network without MAR. After 2 months,

- haematocrits in "MAR-containing group” is still at values higher (65%) than normal

45  hematocrit levels (45-55%).

More importantly, late induction (day 21} is possibie only in presence of MAR but not

from mice where the Network wwas injected without the MAR. Thus the MAR likely

protects the transgenes from silencing and allows induction of its expression even after
50  prolong peried in non-inducing conditions.
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Said purified and isol ated DNA sequence usually further conprises one or
nore regul atory sequences, as known in the art e.g. a pronoter and/or an
enhancer, pol yadenyl ation sites and splice junctions usually enpl oyed for
the expression of the 20protein or may optionally encode a sel ectable

mar ker. Preferably said purified and isol ated DNA sequence conprises a

promot er \@vefdl iHe MARIAEHEN ik RlRbtotifcraage e xbrdsaicpr &he therapelﬁi&?egél&éas

sequences d@fecfehli fonh Y Gt ROy sRfodiG A& DA E ABRAELt0 St andar
25protocol s and nethods well known 1n the art. Pronoters which can be used

provi ded that such pronoters are conpatible with the host cell are, for
exanpl e, pronoters obtained fromthe genones of viruses such as pol yoma
virus, adenovirus (such as Adenovirus 2), papilloma virus (such as bovine
30papi |l l oma virus), avian sarcoma virus, cytonegalovirus (such as mnurine or
human cyt omegal ovirus i mmedi ate early pronoter), a retrovirus, hepatitis-B
virus, and Siman Virus 40 (such as SV 40 early and |l ate pronoters) or
pronot ers obtai ned from het erol ogous mammal i an pronoters, such as the actin
pronoter or an inmunogl obulin pronoter or heat shock pronoters. Such

regul atory sequences direct constitutive 35expression,
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Furthernore, the purified and isol ated DNA sequence m ght further
conpri se regul atory sequences which are capable of directing
expression of the nucleic acid preferentially in a particular cell
type (e. g., tissue-specific regulatory elenents are used to express
the 40nucleic acid). Tissue-specific regulatory elenments are known in
the art cLNes i mting exanpl es of suitable tissue-specific pronoters
I ncl ude the al bum n pronoter (liver-specific; Pinkert,et al., 1987.
Genes Devi: 268-277), |ynphoid-specific pronmoters (Cal ane and Eat on,

1988. Aqv. | R1Bip@bd ahd: lscﬁé’{édm seﬁtﬁbr&%rﬁdv%g]ﬁbté?ﬁ ?I‘BHL@F i6n Merdasi®) |

receptors (VVinoto and Baltinore 29733) and
i mmunogholityi charastefizes i ihpt said AINA se@@mceoMprises ay ableastonepertn and
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also enconpassed. Exanpl es of such pronoters include, e.g., -the
nur i ne AGRAyeIEOEWRRINKEsREhermdf A& uss, 1990, Science 249: 374-379)

anq ¢ heg<bGhaneOh&irly Bf BID: R (deRARitRESd Ve BBRRNSEERBS NG S6 and 27.

2. The purified and isolated sequence of claims 1, characterized in that said

DNA binding protein is a transcription factor.

15 3. The purified and isolated sequence of claim 2, characterized in that the
transcription factor is selected from the group comprising the polyQpolyF domain

proteins.

4, The purified and isolated sequence of claim 2, characterized in that the

20 transcription factor is selected from the group comprising SATB1, NMP4, MEF2, S8,
DLX1, FREAC7, BRN2, GATA 1/3, TATA, Bright, MSX, AP1, C/EBP, CREBP1,
FOX, Freac7, HFH1, HNF3alpha, Nkx25, POU3F2, Pit1, TTF1, XFD1, AR,
C/EBPgamma, Cdc5, FOXD3, HFH3, HNF3 beta, MRF2, Oct1, POUGF1, SRF,
V$MTATA_B, XFD2, Bach2, CDP CR3, Cdx2, FOXJ2, HFL, HP1, Myc, PBX, Pax3,

25 TEF, VBP, XFD3, Brn2, COMP1, Evil, FOXP3, GATA4, HFN1, Lhx3, NKX3A,
POU1F1, Pax6, TFIIA and Vmw65 or a combination of two or more of these

transcription factors.

5. The use of a purified and isolated DNA sequence comprising a first isolated
30 matrix attachment region (MAR) nucleotide sequence which is a MAR nucleotide

sequence selected from the group comprising:
- a purified and isolated DNA sequence of any of claims 1 to 4,

- the sequence SEQ IDS No 24, 26 and 27,
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Dev. 3. 537-546). Regul at abl e gene expression pronoters are well
known in the art, and include, by way of non-limting exanple, any
pronoter that nodul ates expression of a gene encoding a 5 desired
protein by binding an exogenous nol ecul e, such as the CRE/LOX system
the TET system the doxycycline system the NFkappaB/ UV |ight system
t he Leu&péimpenwbmbmmﬁmmoém intre@sivppGikh wrpduction(@digitein g. ,
Sauer, ? {Vbh ot 14 (4): 381-92 ; Lewandoski, 2001, Nat. Rev,
Genet 2 CPKRYOUGHRSEGRI | ooy andPoel s et al ., 1998, J. Phot ochem

Phot obi ol . B. 45: 18 @Quo et al., 1996, FEBS Lett. 390 10(2): 191- 5
Wang et al ., PNAS USA, 1999,96 (\15): 84838). However, one skilled
the art Swoul he&sasf e pHrifiedans iselatad eNA seaHeNes OfF@iroe. é'r*'@rﬁm%ft'z

sui tabl ﬁf)r;%lt %@P %@ggd QKK IWeQrEﬁ@l?gé%u'\ﬂl YRRLHRE compriseEHRBRRAS, can be

optiona In the purifie sequence of the |nvent|on 15
t hen bebpemgbhyinkedtthe gangudfanterast.sequence, e.g. the pronoter. The
"gene of interest” or ''transgene" preferably encodes a protein
(structural or regulatory protein). As used herein "protein" refers

general ry tOTn@pkédemeamuf@dlamesmm@esamxsbqgem@f dldims Ea@o@;t ten
am no acjds. The pr S (5) ous to the host (i

endogen6laTacisrizas M S%'Qlﬂunﬁﬁ ﬁ@du?tq'fl‘t? gﬁ\? sgauencefd %?rcf@m'ses at
(1180, [dR&fhQ8c Jm &B@twﬁm@trs@ét{ach%mrég@ﬁ nmt) nuauérué@e@ehumlch

protein produce east . rotei n may be produced as an
i nsol ubisea biddr evgde@tl S%BIGHC%(SB pled fppradiee araup qomePr$#19: pl asni ¢ space

or cytoplas I m Exanpl es of
proteins i ng%l ﬁggﬁ%?ﬁ%#eoisatgig asg@reg\)%ﬁ?%@ hg%lgfr%{?% 4
- the sequence SEQ IDS No 24, 26 and 27,
or a sequence complementary thereof, for increasing protein production activity in a

15 eukaryotic host cell.

8. The use of the purified and isolated DNA sequence of claim 7, characterized
in that said first and at least second MAR sequences are located at both the 5’ and
the 3' ends of the sequence containing the promoter and the gene of interest.

20
9, The use of the purified and isolated DNA sequence of claim 7, characterized
in that said first and/or at least second MAR sequences are located on a sequence

distinct from the one containing the promoter and the gene of interest.

25 10. The use of the purified and isolated DNA sequence of any of claims 5 to 9,
characterized in that said purified and isolated DNA sequence is in the form of a

linear DNA sequence as vector.

11. A method for transfecting a eukaryotic host cell, said method comprising
30 a)introducing into said eukaryotic host cell at least one purified DNA sequence
comprising at least one purified and isolated DNA sequence consisting of a MAR
nucleotide sequence of any of claims 1 to 4, b) subjecting within a defined time said
transfected eukaryotic host cell to at least one additional transfection step with at
least one purified DNA sequence comprising at least one DNA sequence of interest
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25erythropoietin (EPO, growth factors such as epidernal growth
factor, anal gesic substances |ike enkephalin, enzynes |ike
chynotrypsin, receptors to hornones or growmh factors, antibodi es and
include as well proteins usually used as a visualizing narker e.qg.
green fluorescent protein. 30Preferably the purified DNA sequence

f urt her ap@PWithes |aist baapurified end tudldted Dhifesequence coasistingobaMARgi on

(MAR) nucl eoti de sequence sel ected. from,t.he | Sl .
puri 11 eBUeRRNqe Beatiedis KRS FRERT R TR IRING FERTHS ATGHG B INg said
i ncr eas{rQﬁf.@&tteb‘édkﬁryo%é%ogyéélf.i ed and isol ated MAR DNA sequence

identifiable accordi'ng to the method for identifying a MAR sequence
usi ng. the described bioinformatic tool, the conbined nmethod or the

t hod S I ' .
T 8T e Hoba s Bl e ghaabRieed Iy L AATI08 sTHAR dffclod
is a gene of interest coding for a protein operably linked to a promoter.

13. The method of claims 11 or 12, characterized in that the selected transfected
eukaryotic host cells are high protein producer cells with a production rate of at least

10 10 pg per cell per day.

14.  The method of any of claims 11 to 13, characterized in that the MAR

nucleotide sequence is selected from the group comprising:
- a purified and isolated DNA sequence of any of claims 1 to 4,
15 - the sequence SEQ IDS No 24, 26 and 27,

or a sequence complementary thereof.

15.  The method of any of claims 11 to 14, characterized in that the MAR
nucleotide is a purified and isolated sequence according to any of claims 1 to 4, or

20 a sequence complementary thereof.

16. The method of any of claims 11 to 15, characterized in that the defined time

corresponds to intervals related to the cell division cycle.

25 17. The method of claim 16, characterized in that the defined time is the moment

the host cell just has entered into a second cell division cycle.

18. A method for transfecting a eukaryotic host cell, said method comprising co-
transfecting into said eukaryotic host cell at least one first purified and isolated DNA

30 sequence comprising at least one DNA sequence of interest, and a second and

isolated purified DNA comprising at least one MAR nucleotide selected from the

group comprising:

45



40a synthetic MAR sequence conprising natural MAR el enent and/ or
fragnents assenbl ed between |inker sequences, a sequence
conplenentary thereof, a part thereof sharing at |east 70%

nucl eotides in length, a nolecular chinera thereof, a conbination
t hereof and variants. The isolated matrix attachnment region (MAR)
nucl eoti de sagusafietand iHofatbe DNFes¢queaiceat ady bf clabgns 1 {43,

Alternatively, a first d C i deptical MAR nucl eoti de sequence
grthSﬁd. 'Pr%‘@eﬁ%lﬂ???e IS% miﬁé‘ﬂg’@t?’&gt’equences are located at

oth t ' &om @%5&5 Pisors@guence containing the pronoter
and thesaénsgﬁguf@nlkgt er e@t. utr)]t; he i %v'enti on al so envisions the fact

that said first and or at | east second MAR nucl eoti de sequences are
50l ocated on a sequence distinct fromthe aone contaiping the 1%%m)ter
EXE

and % he1@eneAdirorasef@isthe PEaAGisoby RIAESIE I elT 21 R ost
helger e > Pt _ t N

fH \rlgtn ;g%gl Ko gi‘erf:&soﬁbi%%%ﬂ. uEr“IQfSIhﬁ?eEdﬂ‘f'ly %é&?%h%ﬁfﬁr&%iﬁe&s”fﬂrc? @Z%E%@'Iéeng :

which is an VAR AR @AditionS ERIENE ST oF Rxpre&hrl be BuidSrERH S BYRGIF! NI

protein is recovered.

10 20. A eukaryotic host cell transfected according to any one of claims 11 to 18.

21. A cell transfection mixture or kit comprising at least one DNA sequence

according to any of claims 1 to 4.

15 22. Atransgenic non-human organism characterized in that at least some of its
cells have stably incorporated at least one DNA sequence of any of claims 1 to 4.

23.  Atransgenic non-human organism characterized in that its genome has stably
incorporated at least one DNA sequence of any of claims 1 to 4.

20
24.  The transgenic non-human organism of claims 22 or 23 characterized in that

some of its cells have been transfected according to the method of any of claims 11

to 18.

25 25. A eukaryotic host cell transfected with at least one DNA sequence according

to any of claims 1 to 4.
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- a purified and isol ated DNA sequence having protein production increasing
Sactivity, a purified and isol ated MAR DNA sequence identifiable according
to the method for identifying a MAR sequence using the described

bi oi nformatic tool, the combi ned nethod or the nethod conprising at |east
one filter, the sequences SEQ ID Nos 1 to 27, 10a purified and isol ated
cLysMAR el enent and/or fragnent, a synthetic MAR sequence conpri sing natural
MAR el enent and/or fragnments assenbl ed_between |inker sequences, a sequence
conpl ementary thereof, a part thetfdoPCIHE2 %t | east 70% nucl eotides in

|l ength, a nol ecul a$E(QIUE'é'I%dE LEINEF . a combination thereof and variants that
can be 15used for increasing protein production activity in a eukaryotic
host cell by introducing the purified and isol ated DNA sequence into a

eukaryotic host cell according to well
<110> Selexis S.A.

<120> HIGH EFFICIENCY GENE TRANSFER AND EXPRESSION IN MAMMALIAN
CELLS BY AMULTIPLE TRANSFECTION PROCEDURE OF MAR SEQUENCES

<130> SEL PCT 012

<150> US 60/513,574

<151> 2003-10-24

<150> EP 04 002 722.9

<151> 2004-02-06
<160> 241
<170> Patentln versicn 3.1

<210> 1
<211> 320
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding
Seite 1



known protocols. Usually applied nethods for introducing DNA into eukaryotic
host cells applied are e.g. direct introduction of cloned DNA by

m croinjection or mcroparticle bonbardnent; electrotransfer ;use of viral
vectors; encapsulation within a carrier 20 system and use of transfecfing
reagents such as cal ci um phosphate, diethylam noethyl (DEAE) -dextran or
commercial transfection systens |ike the Lipofect-AM NE 2000 (I nvitrogen).

Preferably, the transfection nethqd to.introduce the purified DNA
sequence into a eukaryotic host Feﬁﬂlzﬁgréét hod for transfecting a
eukaryotic cell as described below. 25 The purified and isol ated DNA
sequené&®anipb2d@ed in the formof a circular vector. Preferably, the
purified and isol ated DNA sequence is used in the formof a |inear DNA
sequence2ds MAR b humem gromssameet, dit from PHEEOoP7088d “vector” are used

i nterchangeably, as the plasmd is the nost comonly used vector form
However, the invention is intended to include such other forns of expression
vectors, including, but not limted to, viral vectors (e, g,, replication
def ect kg20 et rovi ruses, adenovi ruses and adeno-associ ated viruses), which
serve equi val ent functions. 35 The present invention further enconpasses a
met hod <ppf1> tiigh) Bhredihgng a eukaryotic host cell, said nmethod conprising

<222> (1)..(320)
<223> MAR of human chromosome 1, genomic contig; 36686 to 37008

<400> 1
ttatattatg ttgttatata taitatatia tgttattaga Hatattatg ttgttatatt 60

atataataat aftatattat atattatata ttatattata taatatataa taatattata 120
taattatata ttacattata taatatataa taatattata taattatata itacattata 180
taatatataa taatattata taataatata taattatata atatataata atattatata 240
atattatata atattatata atatataaat atataataat atatattata ttatataata 300

gtatataata tiatataata 320

<210> 2
211> 709
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(709)

<223> MAR of human chromoesome 1, nt from 142276 to 142684
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a) introducing into said eukaryotic host cell at |east one purified DNA
sequence conprising at | east one DNA sequence of interest and/or at |east
one purified 40and isol ated DNA sequence conprising a MAR nucl eoti de
sequence or other chromatin nodifying elenents, b) subjecting within a
defined tine said transfected eukaryotic host cell to at |east one
additional transfection step with at |east one purified DNA sequence

conprising at |east one DNA sequgpqecpiibdemsest and/or with at | east one

45purified and isol ated DNA sequence conprising a MAR nucl eoti de sequence or
other ¢ matin nodi fying el ements c) selecting said transfected eukaryotic
host cell. Preferably at least two up to four transfecting steps are applied

'n stepdy, & pinding
<222> (1)..(709)
<-223> MAR of human chrpmosome 1, genomic contig; 142276 to 142984

<400> 2
tacaatatat ttictattat atatattttg tattatatat aatatacaat atattticia 60

ttatatataa tatatitigt attatatata ttacaatata ttttgtatta tataatatat 120
aatacaatat ataatatati gtaitatata ttatataata caatatatta tatattgtat 180
tatatattat atataatact atataatata tigtattata tattatatat aatactatat 240
aatatatttt attatatatt atatataata caatatataa tatattgtat tataatacaa 300
igtattataa tgtattatat tgtattatat attatatata atacaatata taataatata 360
ftataatata taataataat ataatataat aataatatat attgtattat atattatata 420
atacaatata taatafatty tattatatat atittattac atataatata taatacatia 480
tataatatal ittgtattat atataatata tittattatg tattatagat aatatatttt 540
attatataft atatataata caatatataa tatatttigt atigtatata atatataata 600
caatatataa tatatigtat tatatataat attaatatat ttigtattat atatttatat 660

tttatattat aattatgttt tgcattatat atticatatt atatatacc 709

<210> 3
<211> 409
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding
Seife 3



In order to select the successful transfected cells, a gene that encodes a
sel ectable marker (e. g., resistance to antibiotics) is generally introduced
into the host cells along with the gene of interest. The gene that encodes a
sel ectabl e marker mi ght be |ocated on the purified DNA sequence conpri sing
at | east one DNA sequence of interest and/or at !east one purified and

i sol ated DNA sequence consisting of a MAR nucl eoti de sequence or ot her

chromatin nodi fying el enents or QELQFB(ET bi |y be co-introduced in
separate forme.g on a plasm d. Various selectable markers include those

that co r resistance to drugs, such as 0418, hygronycin and
et k 2 as o

met hot 1 anount of the drug can be adapted as desired in order to

i ncreas r tivit ual | 0 no l.ect rkers are used.
Pref er égﬁ& %Q’Ké OééF@éP%f%"ﬁé?@@?ﬁ ”8@85‘ {ﬁe@gﬁodggbﬁﬁ? transfection steps
are different. This allows selecting the 10 transforned cells that are
"multi-transfornmed” by using for exanple two different antibiotic
sel ections. Any eukaryotic host cell capable of protein production and
| acki ng2d80tel | wal| can be used in the nethods of the invention, Exanples of
useful manmalian host cell |ines 15include human cells such as human
enbr yosR221kimise\pindimg (293 01 293 cells subci oned

<222> (1)..(409)

<223> MAR of human chromosome 1, genomic contig; 1368659 to 1369067

<400> 3
tacacataaa tacatatgca tatatattat gtatatatac ataaatacat atgcatatac 60

attatgtata tatacataaa tacatatgca tatacattat gtatatatac ataaatacat 120
atgcatatac attafgtata tatacataaa tacatatgca tatacattat gtatatatac 180
ataaatacat atgcatatac attatgtata tatacataaa tacatatgca tatacattat 240
gtatatatac ataaatacat atgcatatat tatatacata aattatatta tatacataat 300
acatatacat atattatgtg tatatataca taaatacata tacatatatt atgtgtatat 360

atacatgata catatacata tattatgtat atatatacat aaatacata 409

<210> 4
<211> 394
<212> DNA

<213> Homo sapiens

«<220>
<221> misc_binding
<222> (1)..(394)

<223> MAR of human chromosome 1, genomic contig; 2839089 to 2839482
Seite 4



for growmh in suspension culture, Gahamet al., J. Gen Virol 36, 59
(1977)), human cervical carcinoma cells (HELP., ATCC CCL 2), human | ung
cells (W38, ATCC CCL 75), human liver cells (Hep &, HB 8065); rodent cells
such as baby hanster kidney cells (BE-k, ATCC CCL 10), Chinese hanster ovary
cells/-DHFR (CHO, Urlaub and 20Chasin, Proc. Natl. Acad. Sci, USA, 77, 4216
(1980)), nouse sertoli cells (TM4, Mather, Biol. Reprod 23, 243-251 (1980)),

nouse mammary tunor (MM 060562,.AT, ,= and cells from ot her mammal s
such as nonkey kidney CV1 line tsénéﬁgr%ﬁégﬁ)zf Sv40 (COs-7, ATCC CRL 1651);

nmonkey kidney cells (Cvl ATCC CCL 70); African green nonkey kidney cells

(VERO 76, ATCC CRL-1587); canine kidney cells (MDCK, 25 ATCC CCL 34);

buffalo rat liver cells (BRL 3A, ATCC CRL 1442); nyeloma (e.g. NSO

/ hybri §6R% &l 1s. Preferabl é’q the sel ected trar;g{ect e&ogukar yotic host cells
I

are hi {Hatataie Boacpsalaidaiataia sacagatels tetaipegiadetagnataat %t at | east 10 pg per
cell per day. Most preferred for uses herein are mammalian cells, nore
pr ef er taacanaca Gimatain cotataptoiriaplcacagaiatela tacoidt@r <0 of the purified and
i sol ated DNA sequence is usually a gene of interest preferably encoding a
prot ei tatgiptatatdopchiata dgtatadacy tatatmtaia tatatacaes criataiataabd®@. The purified and
i sol ated DNA sequence conprising at | east one DNA sequence of interest m ght
conpr i ssgtathda tdcanatdty tdtatathey Dititatgtg tatatasacd caigtgiatest ZHAR

tatatataca catatgtata tatgtatata tacacacata tgtatatatg tgtatgtata 300

tatacacaca tatgtatata tacacatata tatgtatata tacacacata cttatatata 360

cacatatata tgtatatata cacatatgta taca 394

<210> 5
<211> 832
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(832)

<223> MAR of human chromosome 1, genomic contig; 1452269 to 1453100

<400> 5
tatattacta tatatacaat atacatatta ctatatatac catgtattac tatatatatc 60

tactatatat attactatat atacaaaata tatattacta tatatacaat atacatatta 120
ctatatatac catatattac tatatatatc tactatatat attactatat atacaaaata 180
tatattacta tatatactat atattactgt atatacaata tatattacta tatatatact 240

atatattact atatatacac tatatattac tatatataca caatatatat attactatat 300
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35 nucl eoti de sequence or other chromatin nodifying elenents. Purified and
i sol ated DNA sequence conprising a MAR nucl eoti de sequence are for exanple
selected fromthe group conprising the sequences SEQ ID Nos Ito 27 and/or
particul ar elenents of the cLysMAR e.g. the B, K and F regions as well as
fragment and 40 el enents and conbi nati ons thereof as descri bed above. O her
chromatin nodifying el enents are for exanpl e boundary el ements (BEs), |ocus

control regions (LCRs), and unl _lcﬂ#)g&é n openi ng el enents (UCCES)
(see Zahn-Zabal et al. already %f | e of It| pl e transfections
of hostaigetqaaly igtalhaia ?ﬁtaéﬁ@rﬂiﬁt@ﬂ ateippetadptatatiac 8 Qt transfecting step

(primary transfection) is carried out with the gene of interest 45

( SVAOECRRratachaiglatigct pateiapraniatatata fctaéa%’c@weﬁf@éatavARbﬂhl one or with the
gene of interest and a MAR nucl eoti de sequence ( MAR- SVA0EGFP). The second
t r ansf dettangtatacipatatrttaniatata taciatatat dattolaiat acsatatatai etBbut with t he gene of
i nterest (SVA0EGFP) al one, with a MAR nucl eoti de sequence (MAR) al one or
wi t h t hactpesta Ecacadtet alattactaidataliabARan detataiait detasatgtaenddC( MAR- SVAOEGFP), in
all possible conbinations resulting 50fromthe first transfecting step.
Pr ef er afzlcyttitheatgabkiatat @tdcachea tataglttad Sitdia@as fcaatagstaly - 600

ctatatatac acagtataca tattactata tatacacaat atatatatta ctatatatac 660

actatatatt actatatata cacaataiat attactctat gtatacacta tatatattac 720

tatatataca gaatatatat aactatatat acactatatt aciatatata ctatatatta 780

ctatatgtac tatatatatt actatatata ctatatatta ctatatatac ac 832

<210> 6
<211> 350
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(350)

<223> MAR of human chromosome 1, genomic contig; 831495 to 831844

<400> B
aatatataat atataaatat taatatgtat tatataatat atattaatat attatattat 60

attactatat aaataatatt aatatattat attasaatat taataaatat atcatattaa 120
atattatatt aattaaatat taataaatat attatattaa tataittata tattaaacct 180
ataacatatg catatactta tttatatata acalgcatgt acttatitat atatacaata 240
tatatttata tattatataa tatattatat gtatttatat attatatate atatattata 300
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a) introducing a purified DNA sequence conprising one DNA sequence of
interest and additionally a MAR nucl eoti de sequence, U subjecting within
a defined tine said transfected eukaryotic host cell to at |east one
additional transfection step with the sanme purified DNA sequence conpri sing
one DNA 5sequence of interest and additionally a MAR nucl eoti de sequence of
step a). Also preferably, the MAR nucl eoti de sequence of the of the purified

and isol ated DNA sequence is sekggtmsr Hopmtiae group conprising

a puri ﬁ@%@%ﬂ@@#%@%ﬁ%tﬁwmﬁﬁw ng progghn production increasing

10act i puri sol ate R DNA sequence identifiable according
to the nethod for identifying a MAR sequence using the described

bi oi nf g th tool, the conbi ned nethod or the nmethod conprising at |east
one fif?ﬁ%: the sequences SEQ ID Nos 1 to 27, 15a purified and isol ated
cLysMAR el enent and/or fragnment, a synthetic MAR sequence conpri sing natural
MAR el &fbht 38Rd/ or fragments assenbl ed between |inker sequences, a sequence
conpl ementary thereof, a part thereof sharing at |east 70% nucl eotides in

| engt h=2&ndIN&ul ar chimera thereof, a conbination thereof and variants.

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..(386)

<223> MAR of human chromasome 1, genomic contig; 1447225 to 1447610

<4Q0> 7
acatttaatt taattatata ctgctatata taattaaatc tatatatcta tataacttat 60

aatttattit aétttaatta tatatactat atagttatat atacatatat gtaattatat 120
atagtataat tatagtatat atgtatatat aatgtaagta aatatatagt atatatttat 180
atatactata tatttataca tatgtctita tatatactaa tatatataca catatgtaat 240
atgtacatat ggcatatalt ttatagtgta tatatacata tatgtaatat atatagtaat 300
atgtaaatat atagtacata tttaattats iggtaatata tacacatata tgtaatatgt 360

gtattatagt acatatttta tagtat 386

<210> 8
<211> 585
<212> DNA

<213> Homo sapiens

<220>
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20 Surprisingly, a synergy between the first and second transfection has
been observed. A particular synergy has been observed when MAR el enents are
present at one or both of the transfection steps. Miltiple transfections of
the cells with pMAR al one or in conbination with various expression

pl asm ds, using the nethod descri bed above have 25been carried out. For
exanpl e, Table 3 shows that transfecting the cells twice with the

PMAR- SVA0EGFP pl asmi d gave the $rghestoexgregsi on of GFP and the hi ghest
degree of enhancenent of all conditions (4.3 fold). In contrast,

transf egtjng. twiece.the vector without MAR gave little or no enhancenent,
2.8-fol gﬂ i g@%dgggﬁéﬁd]t he expected two-fold increase. This proves that the

preseng??_%);c (gAEgB%blenents at each transfection step is of 30particul ar
interes o‘achieve the maximal protein synthesis. As a particul ar exanple

one. DRI BimAReBst i Rl B Barl e PRE oy i A7 MAET | pie-unl | nked

pl asm ds, conprising a gene of interest operably linked to a pronoter, a
sel ect abl e marker gene, and/or protein production increasing elenments such
as MAR 355e%uences.

<400>

atacacacat atacacatat gtacgtatat atactatata tacacacata tacacatatg 60

tacgtatata tactatatat acacacatat acacatatgt acgtatatat actatatata 120

cacacatata cacatatgta cgtatatata ctatatatac acacatatac acatatgtac 180

gtatatatac tatatataca cacatataca catatgtacg tatatattat atatacacac 240

atatacacat atgtacgtat atatactata tatacacaca tatacacata tgtacgtata 300

tatactatat atacacacat atacacatat gtacgtatat atactatata tacacacata 360

tacacatatg tacgtatata tactatatat acacacatat acacatatgt acgtatatat 420

actatatata cacacatata cacatatgta cgtatatata ctatatatac acacatatac 480

acatatgtac gtatatatac tatatataca cacatataca catatgtacg tatatatact 540

atatatacce atacacatac gtatatacgt acatatatat acgta 585

<210> 9
<211> 772
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(772)

<223> MAR of human chromosome 1, genomic contig; 5871862 to 5972633
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The ratio of the first and subsequent DNA sequences nay be adapted as
required for the use of specific cell types, and is routine experinentation
to one ordinary skilled in the art. 40 The defined tine for additional
transformations of the primary transformed cells is tightly dependent on the
cell cycle and on its duration. Usually the defined tinme corresponds to
intervals related to the cell division cycle. Therefore this precise

timng may be adapted as requirgd fipiT e g3 of specific cell 45types, and
is routi ne experl mentation to one ordinary skilled in the art. Preferably
t he def| |rre is the nonment the host cell just has entered into the sane

oo ol o S U Bt oo secend
Gl S T b
east | GIRAPRIGGR AR AP A 2P B A e B BRR AR oo b Si ng at | east one
PNA Sect];tgtg?aeta %Iatatatag taaatatata tatagtatat atatagtaaa tatatatata 240 |

gtatatatat agtaaatata tatatagtat atatatagta aatatatata tagtatatat 300

_. agtaaatata tatagtatat atatagtaaa tatatatata gtatatatat agtaaatata” 360

tatatagtat atatatagta aatatatata tagtatatat atagtaaata tatatagtat 420

atatatagta aatatatata giatatatat agtaaatata tatagtatat atatagtaaa 480

tatatataca ctgtatatat atagtaaata tatatacact gtatatatat agtaaatata 540

tatacactgt atatatatag taaatatata tacactgtat atatatagta aatatatata 600

cactgtatat acatagtaaa tatatataca ctgtatatac atagtaaata tatatacact 660

gtatatacat agtaaatata tatacactgt atatacatag taaatatata tacagigtat 720

atacatagta aatatatata cagtgtatat acatagtaaa tatatataca gt 772

<210> 10
<211> 304
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
- <222> (1)..{304)

<223> MAR of human chromosome 1, genomic contig: 6221897 to 6222200

<400> 10
Seite 9



interest, and a second purified DNA conprising at |east one MAR nucl eoti de
selected fromthe group conprising: a purified and isol ated DNA sequence
havi ng protein production increasing activity, a purified and isolated MAR
DNA sequence identifiable according to the nmethod for identifying a MAR
sequence using the described bioinformatic tool, the conbi ned nmethod or the
nmet hod conprising at | east one filter, the sequences SEQ ID Nos Ito 27, a

purified and isol ated cLysMAR R'Ig’é J’ fragnent 10a synthetic MAR
ts assenbl ed between

sequence co si ng, nat ur al agnen
| i nker ag@é@f‘ég%éé?taagt%%ﬁféﬁ’é@a%%tﬁ%ﬂépﬂ‘%?@a¥ %téf ”§ part thereof sharing
at |l east 70% nucl eotides in cul ar Chl nera thereof, a

conbi nHeiataas aiataiat %{W@t@;ﬂ’qagwgtat fatatattaa atatatatta 120

tatatataat atatattata taftaaatat atattatata tataatatat attatatata 180

atatatataa tatatattat atatatatta tatattatat atatatatta tatatatata 240

atatatataa tatatattat atataatata tattatatat atataatata tataatatat 300

atta 304

<210> 11
<211> 311
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1).(311)

<223> MAR of human chromosome 1, genomic contig; 9418531 to 9418841

<400> 11
tatatataat atttatatat aatattcatg tatttatata taaatattta tatatttata 60

tataaatatt tatatatita tatataaata tttatatatt tatatataat atttatacat 120
tatatataat atttatatat tatatataat atttatatat aatatttata tattatatat 180
aatatttata tatttatatg tataatatat aftttatata tgtatgtata atatatattt 240
tatatatgta tgtataatat atittatata tgtatgtata atatattatt atatataata 300

tataatitat a 311

<210> 12

<211> 302
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Said first purified and isol ated DNA sequence can al so conprise at |east one
MAR 15nucl eoti de as descri bed above. Al so envisioned is a process for the
production of a protein wherein a eukaryotic host cell is transfected
according to the transfection nmethods as defined in the present invention
and is cultured in a culture nmediumunder conditions suitable for expression
of the protein. Said proteinis finally recovered according to any

recovering process known 20to té@,_ ?‘biTlddf’EdS"f'z‘Bthe art. Gven as an exanpl e,
the follow ng process for protein production m ght be used. The eukaryotic

host ce i transfected with the transfection nethod of the present invention
is used?ld Q%%rocess for the production of a protein by culturing said cell
under 25condjtions suitable for expression of said protein and recovering
sai d protE AOMSFaREI% cul ture conditions are those conventional ly used for
invitro cultivation of eukaryotic cells as described e.g. in W 96/ 39488.
The protein can be isolated fromthe cell culture by conventional separation
techni ques such as e, g, fractionation on i munoaffinity or ion-exchange
col umsZ2@r eci pitation; reverse phase HPLC,

<221> misc_binding

<222> {1)..(302)

<223> MAR of human chromosome 1, genomic contig; 15088789 to 15089090

<400> 12
atataatata tatattatat atataaatat atataaatat ataacatata tatitatatat 60

aaatatatat aaatatataa catatatatt atatatataa atatatataa atatataaca 120
tatatattat atatataaat atatataaat atataacata tatattatat atataaatat 180
atattatata titatatata taatatatat aaatatataa tatatatita tatatataat 240
atatataaat atataatata tatatitata tataatatat ataaatatat aatatataat 300

at 302

<210> 13
<211> 461
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(461)

<223> MAR of human chromosome 1, genomic contig; 6791827 to 6792287
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30 chromat ogr aphy; chromat of ocusi ng; SOS- PAGE; gel filtration. One skilled
inthe art will appreciate that purification nmethods suitable for the

pol ypeptide of interest may require nodification to account for changes in
the character of the polypeptide upon expression in reconbi nant cel

culture. 35The proteins that are produced according to this invention can be
tested for functionality by a variety of nethods. For exanple, the presence

of antigenic epitopes and abili eins to bind |igands can be
determ ned by Western blot assa Lghﬁélﬁeﬁ%%ce cell sorting assays,

i rrrrunopr tat| on, i nmmunochem cal assays and/ or conpetitive binding
assays as  any oth ) whi c res spegi fic binding
40actltﬂt@t93 ﬂ@ttE%@ GR&a aiﬁﬁ?f@ﬁ%h@éﬂ? 381"\ C@ ai@é‘tusgﬁ in a nunber of
practi cal pI i cations including, not limted to; 1. I nmuni zation

with ré@&ﬁ’iﬁ hinacarata tagaadatat att%atﬁiag@a?aéaa@ Afptdetidatégen ant agoni st. 45 2.
Production of nmenbrane proteins for diagnostic or screening assays. . 3.
Pr oductatatacasia tataaataheiapaietaianacateln tarlectielintalntaceudi®3. 4. Production of
menbrane protein for structural studies. 5. Antigen production for
gener atatetatadt atataitdtedatesadaia tatantatad attastaie banaddtamaddd ng, i ncl udi ng mappi ng
of orphan receptors and i on channels.

atatataita tatatacaca tatgtaatat atattataca cacacatata atatatatta 300

tatacacata tataatatat attatatata catatataat atatattata tatacacata 360

tataatatat attatatata cacatatata atatatatla tatatacaca tataatatat 420

aatatataca cataiataat afatataita tatatgcaca t 4561

<210> 14
<211> 8§72
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(572)

<223> MAR of human chromosome 1, genomic contig; 163530 to 164101

<400> 14
atattataat tatatataft atatataatt atataaaata tatattataa ttatatatat 60

titatataat atatatatta taatiaatat attatatata atatatatat tatatataat 120
atatatatta tatatattat atataatata tataatatat ataatatata atataatata 180
tatattatat ataatatata atatatataa tatattataa tataatatat ataatatata 240
atataatata tataatatat aatataatat ataatatata atatatataa tatataatat 300
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50 Al so provided by the present invention is a eukaryotic host cel
transfected according to any of the preceding transfection nethods.
Preferably, the eukaryotic host cell is a manmalian host cell line. As

al ready described, exanple of useful mamralian host cell lines include human
cells such as human enbryonic kidney line (293 or 293 cells subcl oned for
growm h in suspension culture, Gahamet al. . Gen Viroi 36, 59 (1977)),

human cervi cal carcinonma cells g@%@ 2) human lung cells (W 38,
ATCC CCL. 75 hunman |iv 65) odent cells such as
baby héﬁﬁt%t)ﬁaﬁ(fi’t H’é@ﬂr{a&qtﬁgagﬁﬂét )tta ﬁes anster ovary
cells/-DHFR (CHO, Url in, Proc Aca Sc!. USA, 77, 4216
(1980) )a’fa’fﬁ*@@efa%?atéi @até@ﬁt@ atatﬂiﬁatﬁ\}ﬁﬁt?é@taa E?faiaatfﬁae 23, 243-251 (1980)),
nouse manmmary tunmor (MMI 060562, ATCC CCL61); and cells from other mammal s
such agtaitaatajatitaiiarciattietia iataliat patatataahatatasiatavABoio (cos-7, ATOC CRL
1651); nonkey kidney cells (Cvl ATOC CCL 70); African green m)nkey ki dney
cells @ttm:baVtataa«sznmtatuaiatn?amyatataﬁﬂttﬁ@maiwaatt@él 1540( MDOK, ATCC CCL 34);
buffalo rat liver cells (BRL 3A, ATCC CRL 1442); nyeloma (e.g. NSO
/ hybr i dettatatat kdtstatadh tttagtetfiat red for uses heéf@i n are CHO cel | s.

<210> 15

<211> 357

<212> DNA

<213> Homo sapiens

<220>
<2271> misc_binding
<222> (1)..(357)

<«223> MAR of human chromosome 1, genomic contig; 1842332 to 1842688

<400> 15
tatatctata tatatctata tatatataat atagataata tctatatata taatatagat 60

aatattatct atatataata tagataatat tatctatata taatatagat aatattatct 120
atatataaaa ttatattata tctatatata ftatatatat aaaattatat tatatctata 180
tataatatag ataatatcta tatataaata gataatatct atatatataa tatagatait 240
atctatatta tagatataga taatattatc tatattatag atattatcta tatataatat 300

agataatait atctatatta tatatataat atatctatat tatctataat attatct 357

<210> 16
<211> 399

<212> DNA
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15 The present invention also provides for a cell transfection m xture or
Kit conprising at | east one purified and isol ated DNA sequence according to
t he inventi on. The invention further conprises a transgenic organi sm
wherein at | east sonme of its cells 20 have stably incorporated at |east one
DNA sequence of a purified and isol ated DNA sequence having protein
production increasing activity, a purified and isolated MAR DNA sequence

identifiable according to the h for identifying a MAR
sequence using the described blngltrlTﬁ%%TrrgngT?gol t he 25conbi ned net hod or
at least one filter, the sequences SEQ ID Nos Ito 27,

t he nmet risi n
a purifi Egg C‘%@RP%P& 84 cLysMAR el enent and/or fragnent,

<220>

<221> misc_binding

<222> {1)..(399)

<223> MAR of human chromosome 1, genomic contig; 2309560 to 2309958

<400> 16
altatatata atatatatta tatattatat atatcaagca gcagatataa tatataatat 860

atataatata tataatatat attgtatatt atataatata taatatatat aatatatatt 120
glataitata {aatatataa tatatataat atatatigta tattatataa tatataatat 180
atataatata tatigtatat tatataatat ataatatatg taatatatta tgtaatatat 240
tatataatat atattatata ttatatataa tatatattat atataatata tattacataa 300
tatattacat atattacgta atatatgita tatattacat ataatatata acatatatta 360

cgtaatatat gtaatatatt acatataata tatacatta 399

<210> 17
<211> 384
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<2225 (1).{394)

<223> MAR of human chromosome 1, genomic contig; 2231759 to 2232152
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a synthetic MAR sequence conprising natural MAR el enent and/or fragnents
assenbl ed between |inker sequences, 30a sequence conpl enentary thereof, a
part thereof sharing at |east 70% nucl eotides in |length, a nolecular chinera
t hereof, a conbination thereof and variants. Preferably, sone of the cells
of the transgenic, organi sns have been transfected accordi ng the nethods
descri bed herein. 35Also envisioned in the present invention is a transgenic

organi smwherein its genone hasgst i orated at | east one DNA
Sk B RS Ees

sequence of a purified and is Sequence having protein production

I ncreasi 3 tivity, a purified and isolated MAR DNA sequence identifiable
accordi‘ﬁ%l t he met hod, 40f or | ent{tf%{?ng ? I\@Rprgeﬂﬁence usi ng the descri bed
bi oi nf 8lafaiesttatagattatadaEtataiagp arctigia@ch Atatpi@cliet Add comprising at | east

one filter,
ataaattata tacttatata tacttataaa ttatatactt atatatactt ataaattata 120

tacttatata tacttataaa ttatatactt atatatactt ataaattata tacttatata 180
tacttataaa ttatatactt atatataatt ataaattata tacttatata taattataaa 240
ttatatactt atatataatt ataaattata tacttatata taattataaa ttatatactt 300
atatataatt ataaattata tacatatata taattataaa ttatatacat atataattat 360

azattatata catatataat tataaattat atac 394

<210> 18
<211> 387
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(387)

<223> MAR of human chromosome 1, genomic contig; 7406524 to 7406910

<400> 18
tatattatat ataatatata ttatatataa tataaataat atatattata tataatatat 60

aaataatata taatatataa ataatatata alatataata tataaataat atataatata 120
taacatataa ataatatata taatatataa ataatatata taatatataa ataatatata 180
taatatataa aaatatataa tatataatac atatataaat aatatattat attatataty 240
atacataata tattatatat aatatattat atgatacata atatattata tagaatatat 300
tatatgatac ataatatatt atatagaata tattataiga tacataatat attatatgat 360
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- the sequences 8EO ID Nos Ito 27, a purified and isolated cLysMAR el enent
and/ or fragnent, a synthetic MAR sequence conprising natural MAR
el enent and/or fragnents 45assenbl ed between |inker sequences, a sequence
conpl ementary thereof, a part thereof sharing at |east 70% nucl eotides in

| ength, a nol ecul ar chinera thereof, a conbination thereof and variants. 60
Transgenl ¢ eukaryotic organi sns which can be useful for the present
invention are for exanple sel egmdpforAptdiesgr oup conprising nammal s (nouse,
human, , npnkay tﬁﬁé’c%t %@&ahﬁ particul ar | aboraggry animals such as rodents in
gener azi' I nsec gr osophi | etc), fishes (zebra fish, etc.), anphibians
(frogs, newt, etc..) and ot her si nper organi sns such as 0, el egans, yeast,

etc. 1}5 gnot her obj ect of the present invention is to provide a conputer
r eadab 2e 21

<211> 370

<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(370)

<223> MAR of human chromosome 1, genomic contig; 9399572 to 9399941

<400> 19
catatataca tatatacaca tatatacaca tatatataca catacatatg tacacatata 60

tatacacata tgtatacaca tatatacaca tatatacaca catatataca catatataca 120
cacatatata cacataiata cacatatata cacatataca catatataca catatataca 180
tatatacaca tatatataat atacacacat atatatacac atatatacac acatatatac 240
acatatatac acatatatat acacatatat acacatatat acatatatac acatatatat 300
acatatatac acatatatac atatatacac atatatacat atatacacac atatatacac 360

atacatatac 370

<210> 20
<211> 377
<212> DNA

<213> Homo sapiens

<220>
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5conpri sing conput er-executable instructions for performng the nmethod for
I dentifying a MAR sequence as described in the present invention, The

foregoi ng description will be nore fully understood with reference to the
fol |l owi ng Exanpl es.
of practising the 10present invention and are not intended to limt the

scope of the invention.

5

<221> misc_binding

<222> (1).(377)

Such Exanpl es, are, however, exenplary of nethods

EXAMPLES Exanple 1: SMAR Scan(r) and MAR sequences
SEL PCT 012.5T25

<223> MAR of human chromosome 1, genomic contig; 12417411 to 12417787

<400> 20

attatatata atacatataa ttatatattt atatataaat tataataaat acatataatt 60

atatatitat atataaatta tatataataa atacatataa ttacatatat ttataaatta 120

taataaatac atataattac atataittat atatgaatta tatataataa atacatataa 180

ttatatatat ttatatgtag attatatata aatatatata atttatatat ataataatat 240

atataattta tatatataat tatatatata ataaatatat ataatitata tatataatta 300

tatatataat aaatatataa taatatatat aatttatata tataattata tatataataa 360

atatatataa titatat

<210> 21
<211> 1524
<212> DNA

<213> Homo sapigens

<220>
<221> misc_binding

<222> (1)..(1524)

377

<223> MAR of human chromosome 1, genomic contig: 1643307 to 1644830

<400> 21

tataaatata tataaatata taaatatata taaatatata aatatatata aatatatata 60

aatatataaa aatatataaa tatatataaa tatatataaa tatataaaaa cataaaaata 120
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A first rough evaluation of SN AR Scan(r) was done by anal yzi ng

experinental ly defined human MARs and non- MAR sequences, As MAR sequences,
the previous results fromthe analysis of human MARs from SMARt Db were used
to plot a density histogramfor each criterion as showmn in Fig. 1.

Simlarly, non-MAR sequences were al so analyzed 10 and plotted. As non- MAR
sequences, all Ref-Seqg-contigs fromthe chronobsone 22 were used, considering

that this latter was big enough_to ¢ a_negligible part of MAR
sequences regardi ng the part of SEB#&R@Q gences, The densi ty distributions

shown iaiatrpgta tataéaa@t%ltata%&@k@éﬂtmtﬁtaéa@%iﬁ@t@ araatatesa t HéD hi ghest 15 bend,
the hi ghest maj or groove depth and the highest m nor groove wi dth, the
di st ri batetainga wixacatyeatalkinie aatakiatataatathione setatetatd n%‘lﬂenper ature, the
distributions are | eft-skewed which is natural given the inverse

cor r es pantdagetatdiatzbndaipiatbes talatateegdadiampabietatdieae @A0ers. For the MAR
sequences, biphasic distributions wiwth a second weak peak, are actually

appar etitatadad thiabuesta thldk2atd tanomidaRasstaaenteatathst r gt i ons, 20a cl ear
shift is also visible in each plot. Among all human MAR sequences used, in

aver aggaiaftt¥aba4tatda) bt ath HS MthaiRadatetldat BteRint t B2 the 75th quantile
of human MARs distribution, this for the four different criteria. Simlarly

ConcerQtawaéélea@ag%ﬂatﬁ%@éﬁtﬂeﬁba&ma@aséiaﬁwa%t&@b stribution, only 15%
of the human MAR sequences are responsible of these outlying val ues. Anmong

these 1agfabialuaman PR, SEUAEER IR R RlBl dopUented MARS, used

to insu e tr gene trom position ects, such as the interferon |OCUS

'l'vjéeRr f E)rggt %&aﬁgﬁgfgggt@t&ggﬁ% % %ﬁ%{%\%?é gaeaﬁ%tgcon aymn?%gRtGhe human
: Etsﬁ{ ;fa%%?atgtglt ata ald ol t%ga%gta fé%tg{%% g??ﬁéganﬁ?fggtatage 8&5 cken beta-gl obin

tatatataaa tatataaata tataaatata talaaatata tataaatata taaatatata 720

aatataaata tatagatata tataaatata tataaatata taaatatata taaatatata 780

taaatatata taaatatata taaatatata aatatatata aatatatata tagatatata 840

taaatatata aatatataaa tatataaaaa taiataacaa tatataaata tatataaaaa 900

tatataacaa tatataaata taaatatata taaaaatata taacaatata taaatataaa 9860

tatatataaa tatataaata taaatataaa aagtatatat aaatatataa atatatataa 1020

atatataaat gtataaatat atataaaaat atataacaat atataaatat ataaatatat 1080

aacaatatat aaatatataa aaatatataa caatatataa atataaatat atataaaaat 1140

atataacaat atataaatat aaatatatat ataaatatat aaatataaat ataaaaaata 1200

tétataaata tataaatata tatataaata tatataaata tataaatgta taaatatata 1260

taaatatata aatatataaa aatatataaa tatatataaa tatatataaa tatatagata 1320

taaalatata aatatatata aatatataaa tataaatata taaacatata taaatatata 1380

tanataaaca tatataaaga tatataaaga tataaagata tataaatata taaatatata 1440

aagatatata aatatataaa gatatataaa fatataaaga tatataaata tataaagata 1500

lataaatata atatataaat atat 1524

<210> 22
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apol f poprotein MAR (Nantiu, S, Blochinger KB, Fournier REK "Human matrix
attachnent regions in-sulate transgene expression from chronosomal position
effects in Drosophila nelanogaster”, Mt. Cell Biol., 18:2382-2391, 1998),
Always with the sanme data, human MAR sequences were al so used to determ ne
the 35 associ ati on between the four theoretical structural properties
conputed and the AT content, Fig. 2 represents the scatterplot and the

correspondi ng correl ati on coeffjgcj }%’ very pair of criteria. Exanple
2: Distribution plots of MAR se%EL%é gt?gani sm 40 MAR sequences from

SMARt DB of other organisns were also retrieved and analyzed simlarly as
expl ai A881PMBEYGi ously. The MAR sequences density distributions for the nouse,
t he chi cken, the sorghum bicolor and the hunman are plotted jointly in Fig.
3. 45 EX&mI0GNAB: MAR prediction of the whole chrompsome 22 Al Ref Seq
contigs fromthe chronmosone 22 were anal yzed by SMAR Scan(r) using the
def aul ¥2%%t tHamyssagiesstine. The result is that SMAR Scan(r) predicted a
total of 803 MARs, their average |length being 946 bp, which nmeans an average
of one MAR

<220>

<221> misc_binding

<222> (1)..(664)

<223> MAR of human chromosome 1, genomic contig; 1398763 to 1399426

<400> 22
acacatatat atataaaata tatatatata cacacatata tataaaatat atatatatac 60

acacatatat ataaaatata tatatacaca catatatata aaatatatat atacacacat 120
atatataaaa tatatatata cacacatata tataaaatat atatatacac acatatatat 180
aaaatatata tatacacaca tatatataaa atatatatat acacacatat atataaaata 240
tatatataca cacatatata taaaatatat atatacacac atatatataa aatatatata 300
tacacacata tatataaaat atatatatac acacatatat aaaatatata tatacacaca 360
tatataaaat atatatatac acatatatat aaaatatata tatacacata tatataaaat 420
atatatacac acatatatat aaaatatata tatacacaca tatatataaa atatatatat 480
acacatatat ataaaatata tatatacaca tatatataaa atatatatat atacacatat 540
atataaaata tatatacaca catatatata aagtatatat atacacacat atatataaaa 600
tatatatata cacatatata taaaatatat atatacacat atatataaaa tatatatata €60

caca 664

<210> 23
<211> 1428

<212> DNA
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50 predicted per 42 777 bp. The total length of the predicted MARsS
corresponds to 1% of the chronosone 22 | ength. The AT-content of the

predi cted regions ranged from 65,1%to 93.3% the average AT-content of all
t hese regions being 73.5% Thus, predicted MARsS were AT-rich, whereas
chronmosone 22 is not AT-rich (52.1% AT). SMARTest was al so used to anal yze
t he whol e chronbsone 22 and obtai ned 1387 5 MAR candi dates, their average

| engt h being 494 bp representin f one MAR predicted per 24 765
bp. The total length of the pregF@?vag’%ggrresponds to 2% of the

chronosgne 22. Between all MARs predicted by the two softwares, 154
predi cCEUSMVAIRN2PRPIEBind by bot h programs, which represents respectively 19%
and 11% of SMAR Scan(r) and SMARTest predicted MARs. G ven predicted MARs
mean 10 |l ength for SMAR Scan(r) and SMARTest, the probability to have by
chance an overl appi ng between SMAR Scan(r) and SMARTest predictions is
0. 0027%2p@r prediction. To evaluate the specificity of SMAR Scan(r)
predi ctions, SMAR Scan(r) anal yses were

<221> misc_binding

<222> (1)..{1428)

<223> MAR of human chromosome 2, genomic contig; 17840365 to 17841792

<400> 23
aatttattat atattatata ttatatatat tatatatatt atatattata tatattatat 60

atattatata ttatatatat tatatattat atatitatat ataatatata tctaatatat 120
atattagata taatatatat ctaatatata tatattttat atatataata tatctctaat 180
atatatatit tatatgtata taatatatct ctaatatata tatatttiat atgtatataa 240
tatatctcta ataiatataf tttttatata taatatatct ctaatatata tattitatat 300
atataatata tatctaatat atataatata tatattagat atatataaaa tatatatgat 360
ataittatta fatatataat atataatata taatatatat attatatiat atacatatat 420
attatataca atatatatta tatatattit atatacatta tatattatat atattitata 480
tacaatatat attatatatt ttatatacaa tatataitat atatattita tatttttata 540
tacaatatat attatatata ttttatatat aatatatatt atatatattt tatataatat 600
atattatata taitttatat ataatatata ttatataaaf tatatataat atatattata 660
ataaaftata atatttiita tatatataat atgtatttta tatataatat attataatat 720
atatittata tataatatat tataatatat attitatata taatatatta taatatatat 780
titatatiat aatatattat aatatatatt ttatatataa tatattataa tatatattit 840
atatataata tattataata tatattitat atataatata ttataatata tatattataa 900
tatatatttt atatataata tattatcata tatatattaa atatatattt tatatataat 960
atattataat atatatatta taatatatat tttatatata atatattata atatatatat 1020
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15 perforned on randomy shuffled sequences of the chronosonme 22 (Fig. 4).
Shuffl ed sequences were generated using 4 different nethods: by a

segnentati on of the chronosonme 22 into ncinoverl appi ng wi ndows of 10 bp and
by separately shuffling the nucleotides in each wi ndow, by "scranbling"

whi ch means a pernutation of all nucleotides of the chronosone; by
"rubbling” which neans a segnentation of the chro- 20 nosone in fragnents of
10 bp and a random assenbl i ng é@ Ee e fr %nts and finally by order 1

Mar kov chains, the different st le C all the different DNA

di nuclTééﬁﬁt@éga’fﬂw@fﬁH%a"ﬁ?aéﬁﬁ‘stﬁ@‘iaiﬁﬁaﬁﬂt%ﬂ?%ﬁi RlatatadapdPBRen these states being
based on the chronosone 22 scan. For-each shuffling nmethod, five shuffled
chr onpalaiagati 2ataiataat géqitataatadatatitia iatalegtat aatjatain1¥¢an (r) using the default
settings. Concerning the 25 nunber hits, an average of 3 519 170 hits (sd:
18 353jataiatad tetatidtdaotatathittt patataatattetiatebtadatditiae 22000 t hi n nonover | appi ng

w ndows of 10 bp, 171 936,4 hits (sd: 2 859,04 ) for the scranbl ed sequences
and 24xt8Gatthithimalzd tatitthOd, H9tafatirathidtetataititdtatht che®frosone 22 and 2 282 hits
in average (sd: 334,7) for the chronosones generated according to order 1

Mar kovafhtatiasadimdelisiabtatdetfdif-0a@ aatBite diatiBaeh 7aeepectively 30 represents
185% (sd: 0.5% of the nean), 9% (sd: 1.5%, 1% (sd: 5% and 0.1% (sd: 15%

of thecaﬁé'tﬁ?%rta%fttttat étﬁtéa@étaQta‘éttéﬁ'atttﬁ%aﬁﬁitéﬂé%ttﬁﬁrQG@QOWE 22. For the number of
MARs predi cted, which thus nmeans contiguous hits of |ength greater than 300,

1 997 f | ed chr,gggsone 22 within w ndows of
10 bp @%&ga&é&%?&&%ﬂ%%%%%gﬁggﬁﬁﬂ at es mere ound in scranbl ed sequences
(sd: O. 96) and 35 none for the rubbfed and for the sequences generated
accorQﬁﬂ% tQ Mar kov chai ns nodel, which respectively represents 249% and

| ess t %960f t he nunber of predicted MARs found with the native
chronns:@q%Nés?:Je These data provide indications that SMAR Scant detects
speC|f| 4 ement's whi ch organi zation is | ost when the DNA sequences are
shufflgﬂ ggﬁnple 4: Analysis of known matrix attachnment regions in the

I nterfén P wi th SMAR Scan(r) 45 The rel evance of MAR prediction by
SVAR Scan(r% was investigated by analyzing the recently published MAR

regi on16f HA@OH@RIEASI nterferon gene cluster on the short arm of chronosone
9 (9p22), Coetze et al. (already cited) reported an exhaustive anal ysis of
t he VWP18A10A7 | ocus to anal yze the suspected correl ati on between BURs
(termed in this case stress-induced duplex destabilization or SIDD) and in
vitro ¥¥2Adi ng to the 50nucl ear matrix (Fig. 9, lower part). Three of the

SI DD peaks were in agreement with the in vitro binding assay, while others
di d not22fratrciscnieinding att achment sites. |nspection of

<222> (1)..(4624)

<223> MAR 1_6 of chromosome 1

<400> 24
ggatctiaaa tctattttat ttatitattt ttcatgtgge caataccetc caccecctte 60

ttetgtetct ttcaacttat tgtggttace tigaggetac ctgagacagt aggettgggt 120
ggggaagtat gcatictaag tgtaaagttt gatgagcttt gacaaatgtc aacccatgta 180
ccagaacatt ttcatcacce ataaaatclc cettgtgtea cttgecagte agtgtctatt 240
ctagtatcca actcctgget ccaagaaace aftgaactgt ttictgteac tataaattag 300
atttgtcttt tctagagttt catgtaaatg gaatcataca ctaagtacte tttgtgectg 360
gcttctgete ageataatgt tittgagaat cattcatget getgeatgtt ticagtagtt 420
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the interferon locus with SMAR Scan(r) (Fig. 9, top part) indicated that
three maj ors peaks acconpanied by clusters of SATB1, NWP4 and MEF2

regul a

tors binding sites correlated well with the active

MARs. Ther ef ore,

we concl ude that the occurrence of predicted CUEs and binding sites for
transcription factors is not restricted to the cLysMAR but may be a

| property of all MARs. These results also inply that the SMAR Scan(r)
programefficiently detects MAR el enents from geriom ¢ sequences. 5 Exanple
5: Accuracy of SMAR Scan(r) prefEc®QnCtHh8T2Snpari son with other predictive
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Li ebic
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g ARG esires Bef tuhadh Bty ARuBlali 20 5,
caacacttgg tgcttgitag ttttatittc attgtittca tgttatgte igtgaggcag 780
cattgatgtg catgtetetg agtgteatct tageggtgat getgageatc agttcacgtc 840
cttataggcec gtttgtatat ctgctitgty aaatgtctgt tcaaatcttt tgectatttt 900
aaattgagtt gtgttcgtct tcttaggatt aagtaatgag ttaaaaatat ttctgataca 960
aatctttcat tatatatttc taatgctttc tcatctatag tttattttct cataticttt 1020
aactgtatct titgaagagc aaattttact tttgattatg cccaatttat caagtittta 1080
tatggctctt tigattatge ccataatcac attagacttt gcctaaccea agtttgcaga 1140
gattitttct titatgctit tatctagaaa tttgtagtt ttaggtitia aaaaagtita 1200
atftatttat ttgagacagg gtatigctct ttacatatac tggagtgcag tgatgeaatc 1260
atggctcact gcagecetcaa ccicttggge tcaageggtt cteccatcte agagtectga 1320
ptagctggee aggtgcatge cagcttcaat gigtttttca tttgcatttc cctgataatt 1380
attgacgttg agcatittit tcatatatca gttagctatt tgtacgtctt citttgagaa 1440
acatctattc gggtctittg cccaitttaa agtcagatgg ttgttigtc agctattgag 1500
tigtttgagt tecttgtata ttctggatat taccatetty tcagatgeac agtttgcaaa 1560
ttittttttt ctatittgta ggtigtctet tictetgtig ttecicegg tatgcagaag 1620
ttitttagtg tgatgtaatt tcatttgtcet gitttigett ttgttgectg tactttctta 1680
ticttatcca aaaaatcttt atctagatca atgtcacgaa gagtttctec ictgttitct 1740
tcgagtagtt ttttataatt ttgggtatac atttaagtct ttaatctatt tggaattgat 1800
ttttgcatat ggtgagagat cagagtctaa tttcatactt ttggatgtgg aaagctagtt 1860
ttitcagcac catttattga agagactgtc tctictceaa tgtgtgttet tgtgectic 1920
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MAR- Fi nder has been used with the default paraneters excepted for the
threshold that has been set to 0,4 and for the analysis of the protam ne

| ocus, the AT-richness 20 rule has been excluded (to detect the non AT-rich
MARs as was done for the protamine locus). O ei ri ti enc e, 1e2 ript ion
and reference, Length (143) Experinent- aliy defined MA Re

SEL PCT 012.8T25
gtcaaaaatc agitggetgt gegtggatit atttetgigt tetctatttt gticcattgg 1980

tctagtttta gecttaaatt taggtctgea atittitttt tittgtatat ggtgtgaagt 2040
aagagtcaaa gttcattatt tticatatgg atatgtaatt actccagtac catcafttag 2100
tttgaatgga ctgtcectttc tecatggaat tacatgggea tetittgtct gaaaccaatt 2160
atgtatgtit acgtatgtgt atgtitatge atatgttata ggtttaatat atattaatat 2220
atataatata taatatataa atattaatat gtattatata atatatatta atatatiata 2280
ttatattact atataaataa tattaatata ttatattaaa atattaataa atatatcata 2340
ttaaatatta tattaattaa atattaataa aiaiattata ttaatatatt tatatattaa 2400
acctataaca tatgcatata cttattiata tataacatgc atgtacttat ttatatatac 2460
aatatatatt tatatattat ataatatatt atatgtatit atatattata tatcatatat 2520
tatatgtatt tatatattat atatcatata atatatatat ttatattata tatattatat 2580
gatatataat attatataat gtattaatat atattaaacc tatatttata attctggact 2840
cactattttg fttcattggt gtctgtgigt atctaaccct atgecaataa tgtactatct 2700
taattaccat agctitatag taagctttga aatcagatag tgtatltitt atcatigttt 2780
tttaaaataa tagtttatcet ttttattiga atttgtaatc agetagteag tttetgcaaa 2820
aagcttactg ggaftttgct iggaafttatg ttacatctgt agcatgtact atccaatatt 2880
ctagccttta tccacatgty getatiaagg titaaattaa ftaaattaaa atttaattaa 2940
ttaaaattaa aacttaataa ttggticcte aticacacta ccatatgtca agtgticaat 3000
agccacatat ggicaatgtc ttggaaaagt caatacagta catttecatt attgcagtaa 3060
gtictgtcaa acagcactat cgtagaccga ttaggagaga actgacttaa cagtattgga 3120
tgctccagtc aatgaacatc tittittitt tcatttattt cagtagtctc tgecagtatat 3180
tétagatttc agtttacata tittgcatat attttattaa atgtataacg gtagaagtac 3240
tattattgga tgatgigtic tatagatgta ttttaggtca agttigttga tagtgttgtt 3300
taaatctegt atacctcttg atttttitat ttacttgttc tttgaattac tgagacagga 3360
atgttataic cttaactata titgtgaatt tattcacttc ttccttcagt tetgttaact 3420
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positions (14)1,1 SHARI est prediction p psi bons (kb) Isil Ak-Fincler
predi ction posifons

SEL PCT 012.8T25
tttgcttagg tgcittttaa aaatgaaact ttcaatctcet gectittaat tgtageaitt 3480

agaccattia cattcaatgt aattatcaat atcagtttat ttaagtctga agttgtgcaa 3540
ttittcetet acctatatia taaatctttc tatatacaaa acacatgcta tgtttictge 3600
atatgtttta aatgacaccc ggaaagcatt gacactattt ttgctitagg ttatctitca 3660
aagatgitaa aaatgagaaa gaaatattct geatttatce atacactiat tatttgcaaa 3720
ggttttitta aatacctitg tgtagattic agttaccaac tigtattice ticagetiga 3780
agaacttaca atitcttgta ggacaggtct ctgacaacaa attatctcag citttcttty 3840
tctaaaaaag tattgectt tatitttaaa atatatttic actggatatt gaatittagg 3900
tgataatctt tittttttg ttagcactit aaatatgtct tctaatgtce tettgettic 3960
atagtttctg atgagaagte tactgttatt agtatctctt tgigtgigte teteittttt 4020
ccctetctge tattatgget attttititt tttttttitt ttttggteac tggtgtcage 4080
aatttaatta tggtgtgcct tggtatgtit tgtgtgtgtg tatgtgtoty tatotgtgtg 4140
tgtgtgtgtg tagctgatgt ictttgagcet ttagaatcetg tgagttigta gtittcatca 4200
attatttitt cttttcattc ctittattta ctcatgttcg tgttttatit tatattitta 4260

agaatitigt gcgtatttgt aataactgtt taaatgtcat tigtgaattc cattgettct 4320
aggtaggatt ctattgacag atattftttc cctgacgaga ggtcatactt tccttatict 4380
tcatgtatct agtggttitt ggtigaatac tggatatttt gaatittatg ggagtgctga 4440
attctacaat attccttaaa aatgigtigg atttigtitt agcagatage tatcttactt 4500

gaagatcaat ticatatitt ttgatgttca tittticatt tattaaagaa taggtccatg 4560
gtagagtita ctgatatcaa ccfttctggt gtctetaata aatgcaacat attcaataag 4620

atcc 4624

<2105 25
211> 3616
<212> DNA

<213> Homo sapiens
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(IdA SfvlAl-1 Scan prediction persitions (kb) Oryia 014112a pUtative 3D. 034
0.0-1.2

SEL PCT 012.8T25

<220>
<221> misc_binding
<222> (1)..(3616)

<223> MAR 1 68 of chromosome 1

<400> 25
gactctagat tataccaacc {cataaaata agagcatata taaaagcaaa tgctcttatc 60

ttgcagatce ctgaactgag gaggcaagat cagtitggca gttgaagceag ctggaatetg 120
caaticagag aaictaagaa aagacaaccc tgaagagaga gacccagaaa cctagcagga 180
gittctccaa acattcaagg ctgagggata aatgttacat gcacagggtg agectccaga 240
ggcttgtcca ttagcaactg ctacagtttc attatctcag ggatcacaga ttgtgetace 300
tattgcctac catctgaaaa cagttgetic clatattica tccagtitaa fatitattta 360
aaccaagaag gitaatctgg caccagctat fccgttgtga gtggatgtga aagtaccaat 420
tccattetgt tttactatta actatcclit gocttaatat gtatcagtag gtggcttgtt 480

gctaggaaat attaaatgaa tggcatgttt cataggttat gtttaaagtt gitttttgag 540

tfaaatcttt cittaataat acttictgat gicaaaaaca cttagaagtc atggtgttga 600
acatctatat agggttggat ctaaaatage ficttaacct ticctaacca ctgttttigt 660

ttgtitgttt ttaactaage atccagtitg ggaaattctg aattagggga atcataaaag 720
gtttcattit agetgggeca cataaggaaa gtaagatate aaatigtaaa aatcgitaag 780
aacttctate ccatctgaag tgtgggtiag gigectettc tetgtgetec cttaacatce 840

tattttatct gtatatatat atattcticc aaataiccat gcatgggaaa aaaaatctga 900
tcataaaaat attttaggct gggagtgatg getcacgect gtaatcccag cactitggga 960
ggctgaggtg ggcggatcat gaggtcaaga gatcgagacc atcctgacca atatggtgaa 1020 |
accecaicic tactaaagat acaaaactat tagetggacg tggtggcacy fgcctgtagt 1080
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- - 4DP-111. 1r.o0se 111Yrcit 5.47.4 C.5-7.0 - phosphor/lase stihunit

SEL PCT 012.8T25
cecagetact cgggaggetg aggcaggaga acggceitgaa cccaggaggt ggaggttgea 1140

gtgagctgag atcgegecac tgeactccag cetgggegac agagegagac ictgietcaa 1200
aaaaaaaata tatatatata tatatataca catatatata taaaatatat atatatacac 1260
acatatatat ataaaatata tatatataca cacatatata taaaatatat atatatacac 1320
acatatatat aaaatatata tatacacaca tatatataaa atatatatat acacacatat 1380
atataaaata tatatataca cacatatata taaaatatat atatacacac atatatataa 1440
aatatatata tacacacata tatataaaat atatatatac acacatatat ataaaatata 1500
tatatacaca catatatata aaatatatat atacacacat atatataaaa tatatatata 1560
cacacatata tataaaatat atatatacac acatatataa aatatatata tacacacata 1620
tataaaatat atatatacac atatatataa aatatatata tacacatata tataaaatat 1680
atatacacac atatatataa aatatatata tacacacata tatataaaat atatatatac 1740
acatatatat aaaatatata tatacacata tatataaaat atatatatat acacatatat 1800
ataaaatata tatacacaca tatatataaa gtatatatat acacacatat atatagaata 1860
tatatataca catatatata aaatatatat atacacatat atataaaata tatatataca 1920
catatatata aaaatatata tatatatttt ttaaaatatt ccaattgtct cactttgtgg 1980
atgagaaaaa gaagtagtta gaggtcaagt aacttggect acatctittc tcaagattgt 2040
aaactcctag tgagcaataa ccacatctic atttictitg tataaaacaa gaaagittag 2100
catgaaaaag gtactcaatt acaaatgtgt tggattgaat tgaagaccet tggaagggga 2160
tittgtacct gaggatctct ttcttttgge catattgtic aatggacaaa atttagectt 2220
cgaaggcagyg ccgatttgag gttaatacta cctttaccac ttgatageta tgtgaccttg 2280
gccatgtggt ttcaacagte tgaaccicat ttictetgty tatgtgtggt cctecttaca 2340
agttigtgaa aaatgtgaag tccttagcca tgatagecca atataacagg ctaaatgata 2400
ataggtttat gtictittce tttatattct cagataagea ctgtccaagt tigaggtgtt 2460
tigaggtctc gectgatttg gatigtitga gittatgcta ttctitgaat tetttgaget 2520
gttctgaagc agigtatcat gaacaaaaac atccccagtt cagtccaaac cectggttac 2580
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15.2-15.7 15.7-159 15 6-16 SH 2 anti putative -10.2-10 6

SEL PCT 012.8T25
atatcattct tatgccatgt tataaccagt ttgagagtgt tccctetgtt attgeattta 2640

agtitcagce tcacacagaa attcagoagce caatttctaa gecctaagea taaaatctgg 2700
ggtggggagg ggggatggec tgaagageag cattatgaat agcaccatta taattaatga 2760
tctctcagga agatitacaa tcacaggtag cagataaaac aaatagtact gettetgcac 2820
ttccectect tttattcget atgaaattit atgggaaatc agtccagtga aaaatgtaag 2880
ctcttaatct ticccagaaa tectacctca tttgatgaat actttgaggg aatgaattag 2940
agceatttitt tcttttatag tctacttcge atttacgaag tgaggacggt agcettagget 3000
gccetggecaa ctgaigagaa ggtcagagge atttitagag acctetgttg tctttcattc 3060
atgticattt tccacaaggc aagtaatttc caacaaatca gigtcticat tagtaataag 3120
attaitaaca acaataatag fcatagtaac taticagtga gagtccatta tatatcagge 3180
attctacaag gtactttata tacatctgag taaacctcac acaattctac agggaggtat 3240
tictatccce atttaacaaa taaggaaacg aagiccaagt aaattaactt gcccaaggte 3300
acacagatag tacctggcag aacaggaatt taaacctaaa tttgtccaac tccaaaagea 3360
gecttotatt tgttataaat getgectetc attatcacat attitattat taacaacaac 3420
aaacatacca atiagctiaa gatacaatac aaccagataa tcatgatgac aacagtaatt 3480
gttataciat tataataaaa tagatgtitt gtatgttact ataatcttga atttgaatag 3540
aaatttgcat tictgaaage atgttcctgt catctaatat gattetgtat ctattaaaat 3600

agtactacat ctagag 3616

<210> 26
<211> 4660
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding
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- - NADPH dependant 17,3-18.5 17.6-18.3 17.5-18.4 17.6-18.2 reductase. Al
genes

SEL PCT 012.8T25
<222> (1)..(4860)

<223> MAR 1_42 of chromosome 1

<400> 26
gatcccttga ggtcagtagt ttaagaccag cctgaccaac atggtgaaac ceatctctac 60

taaaaataca aaaattagcc aggcegtggty gegagggcect gtaaccccag ctactcagga 120
ggctgaggcea caagaatctc ttgaaccegg gaggeggagg ftgcagtgag ctgagattgt 180
gtcactgecac tccagectgg geaacagtgce cagactetge citaaaaaaa aaaaaaaaaa 240
aaaaaaggcc gggegeggtg getgacgect gtaatcceag cacttiggga ggecgaggeg 300
ggtggatcat gaggtcagga gatcgagacc acagtgaaac ccogtctcaa ctaaaaatac 360
aaaaaattag ccgggcgegg tggigggege tigtagtece agetactcag gaggcetgagg 420
caggagaatg gcgtgaacct gggaggcegga gettgcagtyg ageegagatg gcaccactge 480
actccagect gggcgaaaga gtgagacicc gictcaaaaa aaaaaaaaaa ttagetgggt 540
étggtggtgc gtgcctgtaa teccagcetac tcgggagget gaggeaggag aatcectiga 600
acctgggagg cggagattge agtgatetge cateotgtca ctgcatcact acactecage 660
ctgggtgaca gagcgagact ctgtctcaaa aaaaaaaaaa aaaaaaaaag ctgggtgtgg 720
tggtatgcac cagcetgtagt cccagctact tgggaggety agtigggggg attgectgag 780
ccagggaggt cgaggetica gggageceatg attatgecac tgcactecag cetgggecac 840
agagtgaaac ctictgtcaa aaacaaaaaa acaaaaaaac acagtgtgtt agatcttget 900
agacttggtg atataatiaa gaggccatta tgggcagaac tgtgcecect tccaaaattc 960
atatataaat atatataaat atatataaat atataaatat atataaatat ataaatatat 1020
ataaatatat aaatatatat aaatatataa atatatataa atatatataa atatataaaa 1080
atatataaat atatataaat atatataaat atataaaaac ataaaaatat atataaatat 1140
étataaatat ataaaaatat ataaatatat aaatatataa aaatatacaa atatataaat 1200
atatacataa atatatataa atatatataa atalataaaa atatatataa atatataaat 1260
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20.0-23.1 19.6-201 19.8-20.4 21..6-22 (1J70541). Hi 20,7-21.3

SEL PCT012.5T25
atatataaat atatataaat atatataaat atataaaaat atatataaat atataaatat 1320

ataaaaatat atataaatat ataaatatat aaatatatat aaatatataa atatataaat 1380
aaatataagt atttatgaat atatatgaat atataaatat ataaaaaata tatataaata 1440
tataaatata tataaatata taaatatata catatataca tatataaata aataaatata 1500
agtatttatg aatatatatg aatatataaa tatataaaaa atatatataa atatataaat 1560
atatataaat ataaatatat anaaatatat aaaaatatat ataaatatat aaatatatat 1620
aaatatataa atatatataa atatatataa atatataaat atatataaat atatataaat 1680
atataaatat ataaatatat ataaatatat ataaatatat aaatatataa atataaatat 1740
ataaatatat ataaatatat ataaatatat aaatafatat aaatatatat aaatatatat 1800
aaatatatat aaatatataa atatatataa atatatatat aaatatatat aaatatataa 1860
atatataaat atataaaaat atataacaat atataaatat atataaaaat atataacaat 1920
atataaatat aaatatatat aaaaatatat aacaatatat aaatataaat atatataaat 1980
atataaatat aaatataaaa aatatatata aatatataaa tatatataaa tatataaatg 2040
tataaatata tataaaaata tataacaata tataaatata taaatatata acaatatata 2100
aatatataaa aatatataac aatatataaa tataaatata tataaaaata tataacaata 2160
tataaatata aatatatata taaatatata aatataaata taaaaaatat atataaatat 2220
ataaatatat atataaatat atataaatat ataaatgtat aaatatatat aaatatataa 2280
atatataaaa atatataaat atatataaat atatataaat atataaataf aaatatataa 2340
atatatataa atatataaat ataaatatat aaacatatat aaatatatat aaataaacat 2400
atataaagat atataaagat ataaagatat ataaatatat aaatatataa agatatataa 2460
alatataaag atatataaat atataaagat atataaatat ataaagatat ataaatataa 2520
tatataaata tataaagata tataaatata atataaaaat atataaatat atattaaaaa 2580
tatatacata taaatatatg tatatttttt {gagatgggg tctegetcag ccacccacge 2640
tggagtgcag tggcacgage tcggcetcact gcaaccactg tetetegggt ccaageaatt 2700
ctgtetcage cloccaagta getgggatta caggeacctg ccatcatgee cggetaattt 2760
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21.3-21.5 - 23.0-23 9 23,9-U.2 23.4-23.8

SEL PCT 012.5T25
ttgtatttia gtagagatgg agtttcacca tgttggecag gttggteteg aattcctgac 2820

ctcaggtgat ctgceggect cggectecea gtgetgggat tacaggcatg agicaccacg 2880
cceggeccta tatatatitt tgagacaage tetgigtete ccaggetgga gigcageage 2940
atgatcatga ctcactgtag cctagaccic cagggcetcaa gtgattetce cacctcagee 3000
tcccaagtag ctgggattac aggcatgcac caccacacce agotaatttt tgttttgttt 3060
tgttttggag acagaatctc tctctgtcac cecaggotgga gtgeagtggt gtgatetcag 3120
ctcagtgcaa ceiccaccte ctgggttcaa gtgattctea tgcctecagec tectgagtag 3180
ctgggactac aggegtgagc caccacgcecce tgataaattt tgtatttttt ttttcagatg 3240
gagtctcact ctgtcatact caggcetggag tgcagiggeg tgaittiggt ttattgcaac 3300
ctetgettee tgggttecaag cgatteteet gectcagect ccagagtage tgggattaca 3360
ggcgcctgec accatgecca cctagetaac ttftttttt tiititttga gatagagtct 3420
cacicigtca cccaggcetgg agtgeaatgg ggcgatattg getcactaca acctccacct 3480
cccaggtfca agegaticic ctgectcage cfcctgagta getgggatta caggtgggtg 3540
ccaccacgcce agactaatat tigtattatt agtagagacg gggtticace acatiggteca 3600
ggctggtitc gaactcctgg cctcaggtga tetgecetigece teggecteee aaagtgetgg 3660
gattacaggc atgagccact gcggcetggece caatttitge atttitttgg tagagacggg 3720
gatitcacta fgcttcccag getggtetca aactcetgga cicaagegat ctgectgtet 3780
cagcctcoca aagtgcaggg attacagtca tgagccaccea ctgcacggec ccaaaatita 3840
tttattttat taitattatt atttittaga tggagtctee tictgitgee agattggaat 3900

geagtgccac gatcicaget cactgeaacc tceeccteet gggatcaagt gatteitttt 3960
ftittaagac fctgtctcaa aaaaaaagaa aaaaaaaaaa aatatatata tatatatata 4020
tatacacgaa ttttgggcca ggcacagtgg cttatgcctg taatcccage actttgggag 4080
ggccgaggtg gatggatcac aaggtcagga gtttgagacc agectggeca atatggtgaa 4140
acccigtcic tactaaaaaa tacaaaaatt agetgggegt ggtggeacga gectgtaatc 4200
ctggctactc tggaggctaa ggcaggagaa tegettgaac cggggaggea gagatigcag 4260
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25.0-25,4 24,7-25.1 - 2T5:77.9

SEL PCT 012.5725
tgagccagga fegeatcact geactecage cigggtaaca gagcaagact ctgtcicaaa 4320

aaacaaacaa aacaaaacaa aacaaaataa ataacggigc aaaattgaat atgectttit 4380
gactctctaa atgectcaga tecatttace ctggggattt giccttteta gecccaccac 4440
catctcecct ctggaagact getgacctat aaggataaag accagactct tgagcaggca 4500
cttagggtct tcctgeccat cectatecoe aactcoecct cagtaatitt ggetactagt 4560
atttctccac atctgaggct atcgtgggte teecttcagt ggteatgaag gacaaggttg 4620

gagaagtttg ccctegtgag tetgatgagg gattggatgg 4660

<210> 27
<211> 3354
<212> DNA

<213> Homo sapiens

<220~
<221> misc_binding
<222> (1)..(3354)

<223> MAR X_$29 of chromosome X

<400> 27
gatcccitia taaaaccaca atataatgga gtgctataat ttcaaacagt gtttggtctg 60

ctggeagagt ggteattcta acageagtea cagtagagta gaaataagac tgcagtatat 120
ctaaggcaaa aagctgaggt ttcaggaget tgaaggtaaa gaggaagaaa gaaatgggaa 180
tgggaattgg aaagacaaat atcgitaaga gaaaattgct tttaggagag gggaaagaat 240
clatgtgtac ttaagactat ggaatcaatc ccatttaage tgggaaacta gtticatata 300
taactaataa attitattta cagaatatct atttacctga tctaggcttc aagccaaagg 360
gactgtgtga aaaaccatca gttctgtcat attectaaaa aaaaattaaa aagttaaaaa 420
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- Sorghum Itiooloi ADP- 424413 0.0-1.5 . . - gniéi ne pro pliori [1 ci-

SEL PCT 012.8T25
taaataaata ataaaactic ttitctitca aaataatcaa ggtgettatt cacatccatt 480

ccaatttggg gaaatactta ttticctaty attagcgaag agaaaagtaa citgeatitc 540
aaticaaglt gatacatgtc acttttaaga ggtcaactaa tatttgctag ttgagctaac 600
catétaggct ttaaatactt tcatagtaga aagaaaatga aaatcattag tgaactgtat 660
aaaatagatc atactittty aaagaatcag actgaagtit ccgaaaaaaa gaagtaaget 720
tcaatgaaaa ggtaagtgaa tttagcattt actcagcate tactatggac ttaacaccta 780
acagtagata atclgaaggc aaacatattt gtatagggac tgcagaatga tagatgataa 840
atatcatctc tictattiga atgaatattt titcaaatct ticacacaca gtggttiget 900
atggaaagat tigtagtaca ttaaacaaat ctgaagatgg agttagaaag cttaggctat 960
gitttgagca caacatataa tttctctgtg attgtttctt catctttcaa atgaggttac 1020
tgtgaagatt aaatgagata actaaatgat gataaaataa tgtaalctta gcagcacctt 1080
atitaatctg tgcaacaact ctgtgaagtg agtagggctc agcticagtc actictetge 1140
catttattaa ctaagatagt tiggaaagit acccatctct tcagctgtaa aatgatgagg 1200
atcataccta tttatgggy ctgcttitag gtacaaatat acaggcaage actitgttaa 1260
tactaaagca ttacaccaat tagitttact citticcatt cacacatgaa attaatgtaa 1320
tcagaatict gtagattacc taaatctict gttaacacgt gatatgcagt tcaggttaaa 1380
tgtcagitga gttaccaaag cacatacata ctcaccaccc tatccaaatc tacaagecte 1440
ccagittgtc ttcactattt tggttaaatt aatatgaatt cctagatgaa aatttcacty 1500
atccaaatga aataaaaaat atattacaaa actcacacct gtaatctcaa catttiggga 1560
ggccaaggea ggtagatcac ttgaggccag gagttcaaga ccagcectgat caacatggtg 1620
aaaccctgtc tctactaaaa atacaaaaat tagccaggty tagtggcatg fgectgtagt 1680
cctacctact cgggagycty aggcacaaga atcgettgaa tgtgggaggt ggaggttgeca 1740
gtgacctgag ategtgecac {gecactccag cetaggcaac agagtgagat catgigtcat 1800
atatatatat atatatatat atatatatat atatatatac acacacacac acatatatat 1860
atacacatat atatacgtat atatatatat gtatatatat acatatatat acatatatat 1920
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7 1-0.7 - 7 A-- 7.7 ryinse subunit SH2.  21.3-21.9

SEL PCT 012.8T25
atatacgtat atatatacgt atatatatat caatgtaaat tatttgggaa attiggtatg 1980

aatagtcttc cctgtgaaca cagatcataa aatcatatat caagecagaca aataagtagt 2040
agtcacttat atgcttatac ttgtaactta aagtaaaaga attacaaaag catatgacaa 2100
agactaattt taagatatcc taatitaaat tgfttictaa aagigtgtat accatittac 2160
ctatcataty aataatttag aaacatgttt ataaaattaa tgtccaaatc cattcaaaag 2220
t{ttgtaatg cagatcaccc acaacaacaa agaatcctag cclattaaaa aagcaacace 2280
acctacatat aatgaaatat tagcagcatc tatgtaacca aagttacaca gitgaatttgg 2340
gccatccaac actttgagca aagtgttgaa ticatcaaat gaatgigtaa teatttactt 2400
actaatgcca atacacitta aggtaatcit aagtagaaga gatagagttt agaafitttt 2460
aaatitatct ctigtigtaa agcaatagac ttgaataaat aaattagaag aatcagtcat 2520
tcaagccacc agagtatitg atcgagattt cacaaactct aacttictga tacccattct 2580
cccaaaaacy tgtaacctece tgicgatagg aacaacccac tgcagggatg ttctegtgg 2640
aaaaaggaaa ttictttigc attggttica gacctaactg gitacaagaa aaaccaaagg 2700
ccatigcaca atgctgaagt actittitca aatttaaaat tigaaagttg ticttaaaat 2760
ctatcatita ititaaaata cggatgaaty agaaagcata gatttgataa agtgaatict 2820
tftctgcaat ctacagacac ttccaaaaat cactacagac actacagaca ctacagaaaa 2880
tcataaataa acaagtgcta gtatcaatat ttftaccaaa aaatggcatt cttagaattt 2940
tttataggct agaaggtitg tacaaactaa tctgecacyg atttfaaaat atgagtgaat 3000
aaattatatt gcaaaaaaaa tcaggttaca gagaactgge aaggaagact cttatgtaaa 3060
acacagaaaa catacaaaac glatiittaa gacaaataaa aacagaacit gtacctcaga 3120
tgatactgga gattgtgtig acatattagc attatcactg {ctigctaaa acataaaaat 3180
aaaaagatgg aagatgaaat tacaatacaa atgatgatit aaacatataa aaggaaaata 3240
aaaattgtic tgaccaacta ctaaaggaag acctactaaa gatatgccat ccagcacatt 3300
gceactctac atgtggtcty taaaccagea geatagggat ceictageta gagt 3354

<210> 28
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21.5-21. 8 NADFH depenclant 22 _4-24.7 22, 9-24. 0 23.2- 24 2 22.9-23.2
recluceitse Al -1- |, genes

SEL PCT 012.8T25
<211> 677
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> {1}.(677)

<223> MAR of chromosome 1 genomic contig; 12803267..12803943

<400> 28
ttatatagta tatataatag tatatatiat atagtataca taatagtata tattatatag 60

tatacataat agtatatatt ataatataca taattgtata tatcatatag tatacattat 120
agtatatatc atatagtata cattatagta tatatcatat agtatacatt atatagtata 180
tatcatatag tatacattat agtatatatc atatagtata cattatagta tatatcatat 240
agtatacgta atagtatata tcatatagta tacgtaatag tatatatcat atagtatacg 300
taatagtata tatcatatag tatacgtaat agtatatatc atatagtata cgtaatagta 360
tatatcatat agtatacgta atagtatata tcatatagta tacgtaatag tatatatcat 420
atagtatacg taatagtata tatcatatag tatacgtaat agtatatatc atatagtata 480
tattatatag tatatatcat atagtatata Htatatagta tatatcatat agtatatatt 540
atatagtata tatcatatag tatataitat atagtatata tcatatagta tatataatag 600
tatatatcat atagtatata taatagtata tatcatatag tatatatact atactatatt 660

atatatagta tacataa 877

<210> 29
<211> 332

<212> DNA
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- _23.G 24,0 AP. F. 102831 [41 27 3-27.6

SEL PCT 012.5T25

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(332)

<223> MAR of chromosome 1 genomic contig; 13079684..13080015

<400> 29
ttaatiatat tatatatatt atataattat atattaatat atattaatta tattatatat 60

attatataat tatatattaa tatatattaa ftatattata tatattatat aattatatat 120
téatatatat taattatatt atafatatta tataattata tattaatata tattaatiat 180
attatatata ttatatatta {aattatata ttatataait ataatatata tgttaatata 240
atatatataa ttaatatata aitaaaacta tttaattata tgtatattat atataatatg 300

tattatttaa ataataaata tattatttat at 332

<210> 30
<211> 479
<212> DNA

<213> Homo sapiens

<220>
<221> misc_hinding
<222> (1)..(479)

<223> MAr of chromosome 1 genomic contig; 15682286..15682774

<400> 30
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20,9-27.5 27.3-27.6 32.5-333 - 33.4-319

SEL PCT 012.8T25
acaagtacat atatatatag tatatatata caagtacata tatatagtat atatatatat 60

acaagtacat atatatagta tatatatata tacaagtaca tatatatagt atatatatat 120
acaagtacat atatatagta tatatatata caagtacata tatatatagt atatatatat 180
acaagtacat atatatagta tatatatata caagtacata tatatatagt atatatatat 240
acaagtacat atatatagta tatatatata caagtacata tatatatagt atatatatat 300
acaagtacat atatatatag tatatatata tacaagtaca tatatatata gtatatatat 360
atacaagtac atatatatag tatatataca tatatacaag tacatatata tagtgtatat 420

atatatatac aagtacatat atatacttgt attagtatat atatatatat atacaagta 479

<210> 31
<211> 531
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<2225 (1}..(531)

<223> MAr of chromosome 1 genomic contig; 15694611..15695141

<400> 31
tataatatat ataatacata atagatatat tatattaiat aglagatata taattataaa 60

cataataata tataatgaat ataatataaa ataaatataa taaaatatat aatatatcta 120
ttaigtatta tatattatat atgtttatat ataatataat tatatatgtt tatatataat 180
ataattatat atgittatat ataatataat tatatatfat atattataga tataatatat 240
aatatactat atattataga tataatatat aatatactat atattataga tataatatat 300
aatatactat atattataga tataatatat aatatactat atatiataga tataatatat 360
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41.6-42.9 - boriifriiimhicolor BAL migs

SEL PCT 012.8T25
aatatactat atattataga tataatatat aatatatatt atatattata gatataatat 420

ataatatatt atatattata tctatatata atatattgta tattatatat aatatatigt 480

atattatata taatatatty tatattatat ataatatatt gtatattata t 531

<210> 32
<211> 378
<212> DNA

<243> Homo sapiens

<220>
<221> misc_hinding
<222> (1)..(378)

<223> MAR of chromosome 1 genomic contig; 886276..886653

<400> 32
tt_atattata tatcttacat aaattatata tatatattac ataaattata tacaatataa 60

attatataca atataatita tatataaaat ataaattata taaataatit atatataaaa 120
tataaattat ataaataatt tatatataaa atataaatta tgtataaaat tfatatataa 180
aatataaatt gigtataaaa ttatatataa aatataaatt gtgtataaaa ttatatata 240

aaatataaat tatatataaf ttatatatta taatataaat tatatataat atatatcata 300
agatataaat tatatataat atatatcata agatataaat tatatataat atatatcata 360

agatataaaa tatataat 378

<210> 33
<211> 595
<212> DNA

<213> Homo sapiens
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- ¢ Hne 1101<5 - 1 AR 1240451, Fri

SEL PCT 012.5T25

<220>
<221> misc_binding
<222> (1)..(595)

<223> MAR of chromoseme 1 genemic contig; 3326732..3327326

<400> 33
aaaatatata aatatatata aaaatatata aaaatatata aatatatata aaaatatata 60

aatatatata aatatatata aaaatatata aatatatata aatatatata agatatataa 120
atatatataa aatatatata aatatatata aatatatata aaaatataaa tatatataaa 180
aalataaata tatataaata tatataaaaa tatasatata tataaatata tataaatata 240
tanalatata taaatatata taaatatata aatatatata aatatatata aatatatata 300
aatatataaa tatataaaaa tatatataaa tatataaata tatataaata tataaatata 360
taaaaatata tataaatata taaatatata taaatatata taaatatata tataaatata 420
tataaatata tatatatata aatatatata aatatatata taaatatata taaatatata 480
tatatatata taaatatata taaatatata taaatatata {ataaatata tataaatata 540

tataaatata tatataaata tatataaata tatatataaa tatatataaa tatat 595

<210> 34
<211> 738
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding

<222> (1)..(738)
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, 3.3 -

LO, 3 -

SEL PCT 012.8T25

<223> MAR of chromosome 1 genomic contig; 4485716..4486453

<400> 34
ataatagata atatatatta tatgatagat atataatata ttatataata tataatatat 60

tatatatcta tcatataata tatataatat ataatatatt atatatctat catataatat 120
aatatatata atatataata tatatcatat tatattgtat ataatatata tcatattata 180
tigtatataa tatatatcat attatatigt atataatata tatcatatta taitgtatat 240
aatatatatc ataftatatt gtatataata tatatcatat tatatigtat ataatatata 300
tcatattata ttgtatataa tatatatcat attatatigt atataatata tatcatatta 360
tattgtatat aatatatatc atattatatt gtatataata tatatcatat tatattgtat 420
ataatatata tcatattata tigtatataa tatatatcaf attatatigt atataatata 480
tatcatatta tatigtatat aatatatatc atatattatc tattatattg tatataatat 540
atattatata ttatctatta taitgtatat aatatatatt atatattatc tattatattg 600
tatataatat atattatata ttatctatta tatigtatat aatatataat aaatatagta 660
tatataatag ataatatata gtatatatga tatattatat atactatata ttatatatca 720

tatatactat atactata 738

<210> 35
<21 1> 386
<212> DNA

<21 3> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(386)

<223> MAR of chromosome 1 genomic contig; 5423067..5423452
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1.5 .01 15.1-15,8

SEL PCT 012.8T25

<400> 35
taaatatata aaaatatata taaaaatata aaaatattta {ataaatata taaaaatatt 60

tatataaata 1ataaatata taaatatata tttatataaa tatataaata tataaatata 120
taaatatata tttatataaa tatataaata tatatitata taaatatata aatatatata 180
aaatatataa atatatattt atataaatat ataaatatat ataaaatata taaatatata 240
tattttatat aaatatataa atatatataa aaiatataaa tatatatatt ttatataaat 300
atataaatat atataaaata tataaatata tatattitat atafttatat atataaatac 360

atatattica tatatcacat atatga 386

<210> 38
<211> 584
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(584)

<223> MAR of chromosome 1 genomic contig; 5805559..5806142

<400> 36
taaatatttt taaaatatat atattitata atatataatt tatattataa tgtgtacata 60

atatatatta taatataata tatataatac tgtatattat attatatata ttataatata 120
taftaltata tattatatta tatataatat aatatatatt ataatatatt atattataca 180
tattataatg tattataata tatattatat tatatattat aatatatatt atattatata 240
ttataatata tattatatta tatattataa tatatattat aitatattat atatattata 300
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L18.5 - 21,7-22.0

SEL PCT 012.8T25
atacatatta taatacatat tatataatat attataatat gtattataat acatattata 360

taatatatta taatataita tatataataa tatatiataa tacatattat atataatata 420
tattatgtat attatatata atatatatta caatgtatat tatgtatatt atatatatta 480
tatatcatat aatatatatt atatataata tgatatataa tatatattat ataatatatt 540

atatgatata tataataigt attacatgta atatataica taat 584

<210> 37
<211> 345
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..(345)

<223> MAR of chromosome 1 genomic contig; 10802644..10802988

<400> 37
tgtatatata tactatatat atactatata tatagigtat atatatacta tatatatact 60

atatatatag tgtatatata tactatatat atagtatata gtatatatag taatatatat 120
atatagtata tatatacact atatatagta tatatagtat atatatattg tgtatatagt 180
atatatatag {gtatatata gtatatatat attgtatata tagtatatat attgtgtata 240

tatagtatat atatagtata tatagtatat atagtatata tatagtatat atatactata 300

tatatagtat atatatattg tatatatata ctatatatat agtat 345

<210> 38
<211> 474

<Z212> DNA
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21,4-21:9 -..123.3 - -

SEL PCT 012.5T25

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(474}

<223> MAR of chromosome 1 genomic contig; 13496468..13496941

<400> 38
atatiatata taatataatt ataictataa ttatatatta tatataatat aattatatat 60

ctataattat atattatata taatatatat tatatataat atataattat atataattta 120
iataatataa tatataatat ataattatat ataattatat aatataatat ataatatata 180
gttatatata atttatataa tataatatat aatatataat tatatatatt tatataatat 240
aattatatat aatatataat tatatataat ttatataata taattatata taatatataa 300
tiatatataa titatataat ataattatat ataattatat attatatata atttatataa 360
tataattata tataatatat aattatatat aatatataat tatatataat tatatataat 420°

atataattat atataattta tataatataa ttatatatta tatatattat atat 474

<210> 39
<211> 483
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..{483)

<223> MAR of chromasome 1 genomic contig; 2509163..2509645
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SEL PCT 012.8T25

<400> 39
caaaatacat aatatataat agtaitatat aatagtatgt atagtiataa tatatagtat 60

aattacaata tatgatatgg tttatataft atatatagta taatataata taacataata 120
ctaftataat atataaacta tataatatat actattataa tatatgaact attataatat 180

ataaactata tataatatat aatatgtact attataatat ataaactatt ataatataat 240
atataaacta ttataataca taaactatta taatatatat aatactatgt atacatatat 300
tacattatgt acatactaca ttatgtatta tgtatgtata tatacacaaa atacataata 360
tataatagta ttatataata gtatatatag ttataatata tagtataatt acaatatata 420

atatggttta tataftatat atagtataat acaatataac ataatactat tatatataaa 480

cta 483

<210> 40
<211> 641
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(641)

<223> MAR of chromosome 1 genomic contig; 2776349,.2776989

<4Q}0> 40
tgitatatat atataacata gatattatat atacatgtta tatatataac atagatatta 60

tatatacatg ttatatatat aacatagata ttatatatat aacatagata ttatatatac 120
atgtiatata taacafagat attatatata catgttatat ataacagata ttatatatac 180
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2t2-29.5 - -

SEL PCT 012.5T25
atgttatata taacatagat aftatatatg tatgttatat ataacataga tattatatat 240

gtttatataa tatataacat atgtttaaca tatataatat ataacatgtt tatataatat 300
ataacataat tatatgttat atatgatata aaacatatat attatatacg ttatatgtaa 360
tatataacat atatigtata cgttatatgt aatatataac atatatigta tacgttatat 420
gtaatatata acatatattg tatacgttat atgtaatata taacatatat tgcatacgtt 480
atatgtaata tataacatat attgtatacg ttatatgtaa taigtaacat atattgtata 540
cgttatatgt aatatgtaat atataataca tataacatgt atatataaca tataigtata 600

taacatatat ataacatata taacatatat gttataitat a 641

<210> 41
<211> 745
<212> DNA

<213> Homo sapienhs

<220>
<221> misc_binding
<222> (1)..{745)

<223> MAR of chromosome 1 genomic contig; 2858703..2859447

<400> 41
atatttatat atgtaataat atataatata tttatatgta ttigtatatg taataatata 60

tatataataa aatatgtaat aatatataat atatttatat ataaatatat tatattatat 120
atatattatt atatitataa tataatatat atttatatta tatattataa atatatatta 180
tataatatat attataaata tatattatat aatatatatt ataaatatat attatattat 240
atattataaa tatatattat ataatatata ttataaatat atattatata atatatatta 300
{aaatatata ttatatitat aatatatatt titgtatatt atatattata tattataaat 360
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9g. 0-40.0 14t 44.1-443

SEL PCT 012.8T25
attattatat ttataatata ttatataif tatatataat atatgatata tattataaat 420

atatcttata aatatatata tttatatata tatattataa atatataaat ataaatatat 480
aatataatat aatataatat aataaatata atatataata tatataatat ataataaata 540
taataaatat aaatatatca tataaatata aatataaata taaatatatc atataaatat 600
atatatttat atgatatatt atagtatata taaatatatt tatatatiat aaaatattta 660
tataatatat aaltataata tatttatata tataaattaa ctaatatata taaactaata 720

taatatataa tgtaataata tagta 745

<210> 42
<211> 307
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..(307)

<223> MAR of chromosome 1 genomic contig; 945522..945828

<400> 42
catatataat atatattacc tatgtiatat aggtcatata taacataaat atattacata 60

tatgtaatat atattaaata taaatatata acatatatgt gtaactatat atgtaaatat 120
gtacatatac atatatgtaa atatataata tatatttaca ttatattata taatatatat 180
ttacattata tatttatata tacattatat atatttacat tataaatatt tatataatat 240
atatttacat tatattacat tatataaaat acaatatatt acattataat acattataac 300
agataaa 307

<210> 43
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47.9-49.5 47.9-49.4 4al-48S

SEL PCT D12.5T25
<211> 357
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(357)

<223> MAR of chromosome 1 genomic contig; 3402743..3403099

<400> 43
aatattatat taaatataat atattaatat ttaatatatt taatataata ttaaatagat 60

atattataaa taaatiataa tatataaata tatattaigt atttatgtat aatatataaa 120
aatiatatat aatatatata tttttataaa tatataaata tataataaat aaatatatta 180
aataaataat aatatattaa atattaatat attaaatait atatattaaa tataatatgt 240
aatatgaaat atattaaata ttatatatta aatataatat ataatgtgaa atatattaaa 300

tattatatat taaatataat atataatatg aaatatatta aatattatat attaaat 357

<210> 44
<211> 323
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(323)

<223> MAR of chromosome 1 genomic contig; 3485830.,3486152
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4132-49. 3 -

SEL PCT 012.5T25

<400> 44
atatttatag actatatatt tatatattta gtgtafttgt atactatata tttatatagt 60

tagtatatit gtatactata tatttatata tttagtatat tigtatacta tatatttata 120
tatttagaat atttgtatac tatatatita tatatttagt atattigtat actatatatt 180
tagtatatit gtatactata tatttatata tttagtatat tigtatacta tatatttata 240
tatitagtat atttatatac tatatactta tatatttagt atatttatat actatatact 300

tatatattta gtatatttat ata 323

<210> 45
<211> 498
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..(498}

<223> MAR of chromosome 1 genomic contig; 3548336..3548833

<400> 45
aattattact ataitgttaa tataattait atataatata atataattat atcactatta 60

ttatattata gtattaatat aatagtgtat aacattaata taatatagta ttaatataat 120
agcgtataac attaatataa tatagtatta atataatagc gtataacatt aatataatat 180
agtattaata taatagtgta tattaatata atatagtatt aatatataat attaatataa 240
tatatcaata taalagtata taatataata taatatatca atataatagt atataatata 300
atataatata tcaatataat agtatataat ataatataat atatcaatat aatagtatat 360
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63.1-63.7

SELPCT 012.8T25
aatattaata taatataata tcaatataat agtatataat attaatatat taatataata 420

gtatataata ttaatgtaat ataatattaa cataatgtat ataataatat aatagtatat 480

aatactaata taatataa 498

<210> 46
<211> 400
<212> DNA

<213> Homo sapiens

<220~
<221> misc_hinding
<222> (1)..(400)

<223> MAr of chromosome 1 genomic contig; 4595109..4595508

<400> 46
aaatalatia tattatatat tatatattat tcaatatact ataatatata ttatatatgt 60

ttaatacaat atataatatt tacatatatt cccattiatt tatataacat atattatatg 120
atattatata ttactccata taatataata {attatacat aatatatiac tcagtataat 180
acataatata tataatatat tactcggtat aatatataat attatatgtt atgcaatata 240
atatataata ttatatataa tacattattc aatataatat ataatattat atataataca 300
ttattcaata taatatataa tacactatic aatataatat acaatattat atataataca 360

ftattcaata taatatatat tatataatat atatattiat 400

<210> 47
<211> 403
<212> DNA

<213> Homo sapiens
Seite 48
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SEL PCT 012.5T25

<220>

<221> misc_hinding

<222> (1)..(403)

<223> MAr of chromosome 1 genomic contig; 7205509..7205911

<400> 47
agtatatata tgigtatata tatgagtata tatatgtgia tatatatgag tatatatatg 60

tgtatatata tgagtatata tatgtgtata tatatgagta tatatatgtg tatatatatg 120
agtatatata tgigtatata tatgagtata {atatgtgta tatatatgag tatatatatg 180
tgtatatata {gagtatata tatgtgtata tatgagtata tatatgigta tatatgagta 240
tatatatatg tgtatatatg tgagtatata tatgtgtata tatatgagta tata'tgtgta 300
tatatatgag tatacatatg tgtatatata tgagcatata tgtgtatata tatgagtata 360

tatatgtgta tatatatgag tatatatgtg tatatatatg agt 403

<210> 48
<211> 309
<212> DNA

<213> Homo sapiens

<220>
<221> misc_hinding
<222> (1).(309)

<223> MAR of chromosome 1 genomic contig; 7507280..7507588

<400> 48
Seite 49



-73,7 74.3-74.7 . 74.3-74.0 Human d]pliet--1-entitric-

SEL PCT 012.8T25
tataaaatat atattatita tatattatat ataaaatata tattatatta tatattatag 60

atataataaa taaataatat ataatatalt atataattat ttatacataa ttatatataa 120
ttatatgtaa tigtacaatt atatataatt atatacaatt atacacataa ttatatacaa 180
ttatacaatt atatacataa itatatatat aatatacata attatatatt aattatacaa 240

ttatatacat aaitatatat aattatacaa ttatatacat aattattaty tatattatat 300

tatataata 309

<210> 49
<211> 516
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(516)

<223> MAR of chromosome 1 genomic contig; 3581085..3581600

<400> 49
atatatatat atatatatat atttatatat atatatatta atatatatia tatataaaaa 60

tatataaaat ttatatatat aaifiatata tataaaaata tataaaattt atatatataa 120
tttatatata taaaaatata taaaatttat atatataatt tatatatata aaaatatata 180
aaatttatat atataattta tatatataaa aatatataaa atitatatat ataatttata 240
tatataaaaa tatataaaat ttatatatat aatttatata tataaaaata tataaaattt 300
atatatataa titatatata taaaatatat aaattatata tataattata tatataatat 360
aaaattalat atataattat atatataata taaaattata tatataatta tatatataat 420
ataaaattat atatatatly tatatatata aaatatacaa aatitatata tataaaatat 480
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30.461 2.0-6.3 5.5-6.0 10-3.2 54-5.8 sin and corfiodsterdid - 5.1-3,0

SEL PCT 012.8T25
agaatataca taaaaataaa tatatataat ttatat 516

<210> 50
<211> 534

<212> DNA

<213> Homo sapiens

<220>
<221> misc_hinding
<222> {1)..(534)

<223> MAR of chromosome 1 genomic contig; 3084851..3085334

<400> 50
atataatata tatgactata tattitatat tatattctat t{caataaaa fatttatatt 60

Hattatata ttataatata taattatata tgtaataata tataatatat aatatatatt 120
ttataitata tittatattt attttiatat fitatattat attttattat atatattata 180
atatataatlt atatatgcaa taatatatta tatattataa tatataatta tatatgcaat 240
aatatattat atattataat atafaattat atatgcaata atatattata gattataata 300
tataattata tatgcaataa tatattatat attatatatt agataatata ttaatatata 360
tiataacata taatatataa cataiaatat ataatatatt aictaatata taatataaca 420
tataatatat aatatattat ataatatatt attacatata taatatatig taatatataa 480

tattacatat atcticaaaa agagtiatgt gtatataata catatatata ccat 534

<210> 51
<211> 583
<212> DNA

<213>» Homo sapiens
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- binding globulin 22.0-30.4 251-26.2 24.9-25.3 25.0-26.4 interdeni o region
27.5-27.8

SEL PCT 012.8T25

<220>

<221> misc_binding

<222> (1)..(583)

<223> MAR cof chromosome 1 genomic contig; 160087..160669

<400> 51
tatitatata aaatatataa aatatattat atataaatat attatatata atatatttat 60

atattataca atatatttat atattatata taatatatft tataiaatat acataatata 120
tittatatat tatatataat atattttata tataatgtac aatatattit atatattata 180
tétaatatat tttatatata ctatacaata tattitatat attatatatt ttatatatat 240
tittcatgta acatatatat titatatata atatatatac catatataat atattttata 300
tataatatat ataccatata taatatatit tatatataat atgtatatca tatatagtat 360
attitatata taataggtat accatatata atatatitta tatataatag gtataacata 420
tataatatat tttatatata atatgtatac catatataat atattttata tattatagat 480
accataigta atatacttta tatataatat agataccata tgtaatatac tttatatata 540

atatagatac catatgtaat atactttata tataatatag ata 583

<210> 52
<211> 314
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding

<222> (1)..(314)
Seite 52



25.5-252 (API56545:i, [3.5J - 26.2-264

SEL PCT 012.5T25

<223> MAR of chromosome 1 genomic contig; 4350424..4350737

<400> 52
tatgtgtata taaatatatg tatatatgtg tatataaata tatataaata tatgtatata 60

tgtatatata catatattta tatataaata tatgcatata titatatata aaatatatge 120

atatatgtat atatataaaa tatatacata tatgtatata tataaaatat atacatatat 180
gtatatatat aaaatatata catatatgta tatatataaa atatatacat atatgtatat 240
atataaaata tatacatata tgtatatata tanaaiatat acatatatit atatatataa 300

aataccaagt ctta 314

<210> 53
«211> 828
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(828)

<223> MAR of chromosome 1 genomic contig; 8443267..8444094

<400> 53
tattatataa ttatatatac tatataatta tataatatat agttatatag tatatataat 60

atatataata tatactatag tatatataat atatataata tatactatag tatatataat 120
atataattat atataatata tataatatag tatatattat atatatatta tatatatata 180

atatatatat aatatatata atatagtata tataatatat aattatatat aatatataat 240
atagtatata taatatataa tatatatata attatatact ataatatata taatatataa 300
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- 27-5-282 }-1,nbn prolanmine IGC LIS -W5)3-9.7 8.0-9.9"

SEL PCT 012.8725
itatatatta tatactatag tatatattat taiatataat agatataata tatataatta 360

ttatataata tagtatatat aatatataat tatataiaat agatataata taatataatt 420
atatataata tagiatatat aatatataat tatattatat tatatataat atataattat 480
aatatataat {atattatat aatataiata atatataatt atattatata attatattat 540
alaatatata taatatataa ttatattata taatatatat aatatataat tatattatat 600G
éatatatata atatataatt atattatata atatatataa tatataatta tattatataa 660
tatatataat atataattat atattatata taatatagta tatataatat gtaattatat 720
atcatataat atataacatt gtatataata tataattaca tattatataa tgtatataat 780

atataattat atacattata taatatagta fataattata tattaigt 828

<210> 54
<211> 5§73
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..(573)

<223> MAR of chromasome 1 genomic contig; 8703190..8703762

<400> 54
tatattatat ataaaatata catataatat acciataata tacatataat atataatata 60

tattatgtac atataatata catataatat atataatata taatgtacat ataatataca 120
tataatatat gitatatatt atatataaaa tataggatat atataatata gaatatatat 180
actatattgt atatataaga tatataatat atagtatata tactatataa tatataatat 240
atagtatata taatatataa tatagaatat atatacaata tataatatag aatataggat 300
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LI 15122). 1241 32.3-33.6 33.9-31.81 37.2-394

SELPCT 012.8T25
atatatagaa tatacatata taatatgtat atattatata ttatattata tattatataa 360

aaatatataa tatataatat aaaaatatat tatatattat ataatataaa atataftata 420
tatiatatat tatataatat aaaatatatt atatattata tattatatat azaatatatt 480
atatatiata tattatatat aaaaatatat tatatattat atattatata taaaaatata 540

tiatataita tatataaaaa tatatattat tac 573

<210> 55
<211> 597
=212> DNA

<213> Homo sapiens

<220>
<2271> misc_binding
<222> (1)..(697)

<223> MAR of chromosome 1 genomic contig; 8819076..8819672

<400> 55
acatatctta tatataaaat atataaatat acacatatit tatatataat atatattata 60

tatatgaaat atacacatat ttttatatat ataatatata tattatatat aatatatgca 120
tatattatat ataaaatata tatattatat ataaaatatg catatatiat atataatata 180
tataatataa aatatataat atatatiaia tattatatat aatatatatt atatataata 240
catatatata atatataata tatataaaat ataatatata tattatataa tatatatata 300
aatatatata atatatatat aatatatata ttatatataa aatataiatt atatgtaaaa 360
tatataatat atataatata tatatiatat gtaaaatata tattatatat aaaatatata 420
atatataaaa tatatattat atataaaata tataatatat aaaatatata atatatataa 480
aatatataat atatataaat atataitata tataaaatat ataatatata taaatatata 540
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33.4-34.3 - 51.8-532 - Human beta-gl obin 79551.0-3.0

SEL PCT 012.8T25
ttatatataa aatatataat atatataaat atatattata tataaaatat atattat 597

<210> 56
<211> 6486

<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(646)

<223> MAr of chromosome 1 genomic contig; 759619..760264

<400> 56
taatatatat aatatatatt atataataat atataatata tattatatta taatatataa 60

tatattatat aataatatat attatataat atataataat atatataata catattattt 120
aataatatat aatatatatt atataataat atataatata taitatataa taatatacat 180
tatattatat aatatataat atatataata tatattatat aataatatat aatatatatt 240
atagaatgat atattagata ttatataatt atatatataa tattatatat tatataataa 300
tatataatat atattatata attatatata taatattata tattatataa ttatatataa 360
tatattatat aattatatat ataatatiat atattatata aitatatata atatatatta 420
tataatiata tatataatac tatatattat ataattatat ataatactat atattatata 480
atitatataa ttatatatat tatatattat ataattatat atattatata ttatataata 540
acatatatat tatatattat ataataacat atatattata tattatataa tacatatata 600

ftatatatta tataatacat tattatataa tatataatat atatta 546

<210> 57

<211> 752
Seijte 56



| oci no 15.3-19.0 18.0-18.4 15.5-16.0 163-15.6

SEL PCT 012.8T25

<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..{752)

<223> MAR of chromasome 1 genomic contig; 1226710..1227461

<400> 57
taaacatata tataaatata tataaatata tatatazala tatataaata tataaatata 60

taaatatata tgaatatata aatatatata aatatatatg aatatataaa tatatatata 120
aatatatata aatatatata taaatatata taaatatata taaatatata taaatatata 180
taaataaata tataaatata tataaatata taaatatata tataaatatg taaataaata 240
tatataaata tataaatata tataaatata tataaatata tatagaaata tatatagaaa 300
tatatataaa tatatataga aatatataga aatatatata gaaatatata taaatatata 360
taaatataga aatatatata aatatatata aatatatata gaaatatata atatatataa 420
atatatataa atatataaat atatatataa atatatatat aaatatatat aaatatatat 480
aaatatatat aaatatatat aaatatatat attaatatat aaatctatat taatatatat 540
taatatataa atctataita atatatatta atatatatat taatatatat taatatataa 600
atatatatat taatatataa atatatataa atatatatlgt aaatatatat ataaatatat 660
ataaatatat atataaatac atataaatat atatataaat atatataaat atatatataa 720

atatatataa atatatatat aaatatatat aa 752

<210> 58
<211> 300

<212> DNA
Seite 57



1, L101'3"17. [711 - 19 0-18.4 - 34 4-349 _

SEL PCT 012.8T25

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..{300)

<223> MAR of chromosome 1 genomic contig; 1119049..1119348

<4(0> 58
taatatacat tttatataat atatgtaata tatatttiat atatatgtaa tatatatttt 60

atataatata tgtaatatat atttiatata tatgtaatat atattttata taatatatgt 120
aatatatatt t{atataata tatgtaatat atatfttata taatatatgt aatatatatt 180
ttatataata tatgtaatat atatittata taatatatgt aatatatatt ttatataata 240

tatgtaatat atattttata taatatatgt aatatatatt ttatatatat gtaatacata 300

<210> 59
<211> 817
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(617)

<223> MAR of chromosome 1 genomic contig; 3603613..3604229

<400> 59
aaaatataat atatataata tataatatat ataatatatt atatataaaa tatatagtat 60

Seite 58



44.7-52.7 - 50.6.50.9 - 53.6-57.1 56.5-57.2

SEL PCT 012.8T25
ataatatata taataaaata tacataatat ataatgtata ataaaatata cataatatat 120

aatatataat aaatatataa tatataatat ataataaaat atataatata taatatataa 180
taaaatatat aatatattat atataataaa atatataata tattatatat aataaaatat 240
ataatatatt atatataata aaatatataa tatattatat ataataaaat atataatata 300
ttatatataa taaaatatat aatatattat atataataaa atatataata tataatatat 360
aataatatat ataatatata atatatataa taaaatatat ataatatata atatatataa 420
taaaatatat aatatataat atatataata aaatafatat gatatataat atatataata 480
éaatatatga tatataatat atataataaa atatataata tataatataa tatataatat 540
atatactaaa aaatatataa tatataataa aaaatatata atatataata tatataatat 600

ataataaaat atataia 6817

<210> 80
211> 674
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(674)

<223> MAR of chromosome 1 genomic contig; 2592480..2593133

<400> 60
taagcttata tatatatata agcttatata tatatatata agcttatata tatatagaaa 60

gcttatatat atatagaaag citatatata taagaagctt atatataaaa gettatgtat 120
aaatatatat aaatatattt atttatgctt atagatacat atataaatat atttatttat 180
atttatatat aaacatatat ttatatatat ttatataata tttatttatt atataaataa 240
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60. 0-70,0 59.2.60.3 59.1-59.5 622-63.1 65. 6-66.0

SEL PCT 012.5T25
atatataata aataataaat atatataata tatitattgt attatttata taaatttatt 300

aatataatat alaataaaat aataattata taaatatata aatatctata aatatatata 360
aatatatata atatctataa atatatataa atataaatat atataatatc tataaatata 420
gataaatata aatatatata atatctataa atatagataa atataaaiat atataactat 480
atataaatat atataactat atataaatat atatataaat atatataact atatatataa 540
ctatatatat aaatatatat aactatatat ataaatatat atalaaatat atataactat 600
atatataaat atatataact atatataaat atatatataa atatatataa ctatatatat 660

aaatatatat ataa 674

<210> 61
<211> 1604
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..(1694)

<223> MAR of .chromosome 1 genomic contig; 2891680..2893373

<400> 61
atatgtaata catatattat atatgcatat atacatgcat atgtatatac atatattata 60

tatgcatata tacatgcata tgtatataca tatataaagt atgattatat ataatatata 120
catgtatatg tatatacatg tatatattat attatatatt atttatacat attattatgt 180
ctatatataa tataatatat acatattaat aatataatac ataatataat ataatatatt 240
atataataca taatataata taatatatta tataatacat aatataatat aatatattat 300
aigatacata atataatata atataitata tgatacataa fataatataa tacatattaa 360

Seite 60



63.0-63.6 - 67.6,67.9 08.8-69.1 613.7,-69.3

SEL PCT 012.57T25
taatatatta ttattattaa tataatatat acatattaat atacatacat atatattata 420

ttatatataa tatacatata atataatatg taatattata tataatataa tacataatat 480
aatacatatt aataatatat tattaataag ataatatata tgtatctata atatatacat 540
atatgtatat gtatgtatat attatagata tacaigtita tacatgtata taitatagat 600
atatacatgt atatacatgt atatattata gatatataca tgtatatacg tatatattat 660
agafatacat gtatatatgt atatatatta tagatataat atatacaaga atataagaat 720
atatataaia taatatataa tacacataat acgtatatat tatatataca tgtatattat 780
atalgtacat atatacatgt ataitatata tacatgtata ttatatatac aigcataita 840
tatatattit tatatataat atccatgtat atiatgtata titgtgtata ttatatatac 900
atgtatatta tatatacatg catattatat atatttitat atataatatc catatatatt 960
atgtatatit gigtatatta tatatacaca iataitatat atacatggat attatatata 1020
cacatatatt atatatacat atatattata tatacacata {attatatat acatgtatat 1080
tatatataca cgtatattat atatacacac gtatattata tatacacgta tattatatat 1140
acacacgtat attatatata cacgtaiatt atatatacac acgtatatta tatatacacg 1200
tatattatat atacacacgt atattatata tacacgtata tiatatatac acacgtatat 1260
tatatataca cgtatattat atatacacac gtatattata tatacacgta tattatatat 1320
acacacgtat attatatata cacgtatait atatatacac acgtatatta tatatacaty 1380
tatattatat atacatgtat attatatata cacatgtata ttatatatac atgtatatta 1440
tatatacaca tgtatatiat ataigcatgt atattatata tacacatgta tattatatat 1500
acacatgtat attatatata catatatatt atatatacat gtatattatg tatacatata 1560
tattatatat acatgtatat tatagataca tatatattaa atatacatgt atattatgta 1620
tacatatata ttaaatatac atgtatattg tatatacata tatattatat acatgtatat 1680

tacatgiata cata 1694

<210> 62

<211> 587
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66 .16e .7 Sun( kiLi 310.151 at 'east 55.1 14,8 13.8 9.5 Tcital nunbers :

SEL PCT 012.8T25

<212> DNA

<213> Homo sapiens

<220>

<221>» misc_binding

<222> (1)..(587)

<223> MAR of chromosome 1 genomic contig; 3432560..3433146

<400> 62
gaattatata tatatagctg aattatatac atatataata tatacaatat atattatata 60

titatatatg atatatacaa tatatattac atattatata tacaatatat aatatataat 120
atataatatt atatattata tatigtatat aatatatatt atataacait atataatata 180
taatattata tattatatat tgtatataat atatattata taacattata taatatatac 240
tattatatat tataatatat aatatataat aatatataat agtatatatt atatatatty 300
tatataitat atataaatat ataatatata atatatatta tataatatat attatataat 360
atatattatt atatattata tatitatata taatatatat tatatatatt atattttata 420
tataaatata taatatataa taatatataa tttaatatat ataatatata{ caatatataa 480
tatataatat attaatatat ataatatata caatatataa tatataatat ataatatata 540

atataaatta tiatatataa tatatatlat atatagctga attatat 587

<210> 63
<211> 313
<212> DNA

<213> Homo sapiens

<220>
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7- 23 25 22 Averace kb 1pr9.tlicted 11. 076 12. 406

SEL PCT 012.5T25
<221> misc_binding
<222> (1)..(313)

<223> MAR of chromosome 1 genomic contig; 3805392..3805704

<400> 63
tatataatat gtatattatg taatattita tatagcatat atgtatatta tatataatct 60

tttatatata gtatataata tgtatattat atattatata attatataat tatgtattat 120
ataaaatata tatataata tataattata tattttitga aatatagatt atatataata 180
tatatggcag tgagcigaga tataatatat attatctata ctatataata tatattatat 240
atactctata ttatatatgt atatattata tataatatat acatatataa tgtgtatata 300

ttatatataa taa 313

<210> 64
<211> 3489
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(349)

<223> MAR of chromoscme 1 genomic contig; 4521378..4521726

<400> B4
ttatatacac tatataatat gtatttatat atacttatat acactatata tgtatttata 60

tataattata tacactatat aatatgtatt tatatataat tatatacact atataatatg 120
tatttatata taattatata cactatataa tatgtattta tatataattg tatacactat 180
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14. 097 MAR True... posttives [nunber ef eypeiiirnentally defined
littl AR featindi

SEL PCT 012.5T25
ataaigtata tttatatata attgtataca ctatataatg tatatttatg tataatigta 240

tacactatat aatgtatatt tatgtataat tgtatacact atataatgta tatttatgta 300

taattgtata taccatataa igtatatita igtataattg tatatacca 349

<210> 65
<211> 500
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(500)

<223> MAR of chromosome 1 genomic contig; 3240166..3240665

<400> 65
ftaatatata atatataita tataittata tatiaatata taatatatat ttatatataa 60

tatatattat atatttatat tacatatatt tatatgttaa tatatatttt atatatttat 120
atatittata tatitatata ttatatattt atatattata tttatatatt atatatttat 180

attatatatt tatatattat atttatatat tatatatiia tattatatat tiatatatty 240
tatatitata ttatatattt atatattgia tttatatatt atatatttat atactatata 300
tatttatata tattatatat ttatatatta tatatattta tatatattat atatttatat 360
attatatata titatatata ttatatatit atatattata {atatttata tatattatat 420
étatttatat atatfatata titatatata atatatatia tatatittat ctatatattt 480

atataitaat atatattata 500

<210> 66

<211> 866
Seite 64



19[ 14]

2[ 11 2] 17[14] Fal se positives F5

SEL PCT 012.8T25
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(866)

<223> MAR of chromosome 1 genomic contig; 409429..410294

<400> 66
atatatataa tatattatat atattatata ttataiatat aatacatata ttatatatat 60

aatatataat acatatatia tatatattat atattatata taatatataa tacatatatt 120
atatataata fataatatat aatatattat ataatataat tatataatta tataatataa 180
tataatatat aatattatat aattatataa tatatataat tatattatat attataaata 240
ttatataata tatatattac aaatatatat tatatatait ataaatatta tataacatat 300
ataitatata afaiatataa tataiaatat atataaaaat ataatatata agatatatat 360
aatatatgat atatatgata tataatatat gatatatatg atatatataa tatatgatat 420
afatgatata tatgatatat ataatatatg atatatatga tatatatgat atatgatata 480
tatgatatat gatatatatg atatatatga tatatgatat atatgatata tatgatatat 540
gatatatatg atatatatga tatatgatat gatatatata atatatgata tgatatatat 600
aatatatgat atatatgata tatgatatgt aatatatatg atatattata tataatatat 660
aatatataca taatatataa tatataatat ataatatata taatatgtga tatatataat 720
atatgatata tgatatatga tatatattat ataatatata taatatatat tatatataat 780
atatattata taatatatat gatatatatt atatataata tataagatat aagatataat 840
atatataata tataatatat ataata 866

<210> 67
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5 Fal se neciativr'is 23 25 23 Specificity

SEL PCT 012.8T725
<211> 335
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(335)

<223> MAR of chromosome 1 genomic contig; 614754..615088

<400> 67
acccaatata tgtgtatata tgtatgtata tatacatata catacataca tatatgtaca 60

tacatatata catacataca tatatatgta catacatata tacatacata catatataca 120
tataacatat atacacacat atatacagat atacatatat acatacatat atacatataa 180
catatataca tacatatata catataacac atacatacat acatatatac atacaacata 240
tatacataca tatatacata tgtatacata catatatgta tacatatatg tatacatata 300

tgtatacata tatgtatata tatattgtta tatat 335

<210> B8
<211> 455
<212> DNA

<213> Homo sapiens

<220>
<221> mis¢_binding
<222> (1)..(455)

<223> MAR of chromosome 1 genomic contig; 1299520..1299974
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19. 128- 38% 20125= 60% 17122- 77% Seilliitivity 1447= 36% 12137- 32%

SEL PCT 012.5T25

<400> 68
ggatatatat attattagtt gttatatiat tatatattat atatattatt atatataata 60

tattatatca tatatattat tatatataat atattataic atatatatla ttatataata 120
taitatatca tatatattat tatatataat atatattata tatattatta tatataatat 180
atattatata tattattatg tataatatat atattatata ttatitatat atatataaat 240
tatataataa tatataatia aftatacata tatacatata taagtataca tataatatat 300
ttatatagta tatataaata tatatacaat atatttatat attatatatt atatataaat 360
atatacaata tatttatatc atatatttta tatatgatac atataatata tattatatat 420

gatatataat atatatcata tatgatatat aacat 455

<210> 68
<211> 404
<212> DNA

<213> Homo sapiens

<220>
<221> misc_kinding
<222> (1)..(404)

<223> MAR of chromosome 1 genomic contig; 1870778..1971181

<400> 69
atatataata tgtataatat ataatatata tcatatatig tictatgtat attacatata 60

atatgcatta tatattatat attgcatata atatgcatta tatattatat attgcatata 120
ataigcatta tatattatat attgcatata atatgcatta tatattatat attgcatata 180
atatgcatta tatattatat attgcatata atatgcatta tatattatat attgcatata 240
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14/ 37= 38% Table 1: Evaluation of SMAR Scar(r) accuracy 5 Six different
genom ¢ sequences, three plant and three human sequences, for which
experinmental ly defined MARs are known, were analyzed with MAR- Fi nder,
SMARTest and SMAR Scan(r). True positive matches are printed in bold, mnus
(-) indicates fal se negative matches. Sonme of the |onger experinentally
defined MARs contained nore than one in silica prediction, each of them was

counted as true positive natch. TB@;‘I’ﬁ@@TZé he nunmber of true in silico
predi ctions |s,higher than the nu [ oXper | nent ally defined MARs found.
Speci fiﬂtia{]%?a{t% t%@&%ﬁtﬂ“ﬁ%@“ﬁe@%@? ?81;3???’[@%?%8@(’1‘? vgio redi ctions, whereas
sensitivity is defined as the rati f e rimental.ly defined MARs found.
* AT-ri clftataifta C@;raﬁaag@tt@ﬁaﬁatqtmt%?qﬁ@t?4@%@%&@5@ predi cted 28 regions as
MARs, 19 (true positives) of these correlate with experinentally defined
MARs ( spleiatataciaiatatebogtaliielndiaiatataedatl)y are | ocal®d in nonMARs (fal se
positives). As sone of the | ongest experinentally determ ned MARsS contains
nore than one in silica prediction, the 19 true positives correspond
actual | y2tl» I8 different experinmentally defined MARs (sensitivity: 38%.
MARFi nder 20predicted 25 regions as MARs, 20 (specificity: 80% of these
correl ak21 605

<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..(605)

<223> MAR of chromosome 1 genomic contig; 3562918..3563522

<400> 70
tatatatata agatacatat atatiatata tattatatat aatacatata ttatatatta 60

tatataatac acgtatataa tatataatat ataatacata taatatatat gatatataat 120
acatataata tatatgatat ataatacata tataatatat atgatatata atacatatat 180
aatatatatt atatataata catatataat atatattata tataatacat atataatata 240
tattatatat aatacatata taatatatat tatatataat acatatataa tatatatiat 300
ataatacatia tataatatat attatataat acatgtatat aatatatatt atatataata 360
catatatatt atataataca tgtatataat atatattata tataatacat atatattata 420
tattatatat taatataitt atataatagt aatatataat attaatatat tatatatatt 480
aatattatat ataatacata tattatatat aatataaata tatataatac atatataata 540
cacatattat atataataca tatattatat ataatatata {attatatat aatatatatg 600
taata 605
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experinmental |y defined MARs corresponding to 12 different experinentally
defined MARs (sensitivity: 32% . SMAR Scan(r) predicted 22 regions, 17 being
true positives (specificity: 77% matching 14 different experinentally
defined MARs (sensitivity: 38%. 25 As another exanple, the same anal ysis
has been applied to human chronosones 1 and 2 and |l ead to the determ nation
of 23 MARs sequences (SEQID NI 1 to 23). These sequences are listed in
Annex 1 in ST25 fornmat. Exayl po%g1Angtasses of the whol e genone using

t he conbi ned nethod (SMAR 30 Scane-pfsearch) |In order to test the
potentigﬂa1 goH]el ation between the structural features conputed by SMAR
Scan(r) rq e S/MAR functional activity, the whole human genone has been
anal yze v;rl tH _}he conbi ned method with very stringent paraneters, in order
to get %@q Ehces with the hi ghest values for the theoretical structural
features conmputed, which are called "super S/ MARs bel ow. This was done with
t he hop‘é?1t?6 Mlai n predi cted MAR el enents with a very potential to increase
t ransgene expression and reconbi nant protein production. The putative S/ MARs
hence h&MestleRo@Pensi rst anal yzed fromthe bioinformatics perpective in an
attenpt to characterize and classify 40 them

<220>

<221> misc_binding

<222> (1)..{317}

<223> MAR of chromosome 1 genomic contig; 189743..190059

<400> 71
tatttittat atitatatat tatatatatt tttatatgta atatatiata tataaaatta 60

tataattita ctacatataa tatataaaat tatataattt tactacatat aatatataaa 120
attatataat tttactatat ataatatata aaattatata attttatata taatatatat 180
tataatatat aftatatgca atatatatta tatattatat tataatatat tgtatatttt 240
tgtatataaa atatataata tataatatat {tatagacaa taatatataa tataatatat 300

aaaattitat atataaa 317

<210> 72
<211> 522
<212> DNA

<213> Homo sapiens

<220>
<224> misc_binding

<222> (1)..(522)
Seite 69



6.1 S/IWARs predicted fromthe analysis of the whole human genone As whol e
human genonme sequence, all human Ref Seq (National Center for Biotechnol ogy
I nformati on, The NCB' handbook [Internet]. Bethesda (MD): National 5Library
of Medicine (US), Oct. Chapter 17, The Reference Sequence (RefSeq) Project,
2002 (Available fromhttp://ww. ncbtni h. gov/ entrez/ query. fcgi 2db=Books)

contigs (release 5) were used and analyzed with the conbi ned nethod, using

SMAR Scan(r) as filter in the first |evel essi ng, enpl oying default
settings except for the highest %é%gcec‘rﬁ@%gél ue, whereas a stringent
threshold of 4.0 degrees (instead of 02 deg ees 10 has been used for the
DNA ben®#y MAR &f P'Efﬁmoﬁﬁnlehbg%’%‘ﬁ&‘)[‘@/@ op# 3Ry, predicted
transcription factors binding have been sought in the sequences sel ected
fromthe previous step without doing any filtering on these sequences. 15
The anal ysis by the conbined nethod of the whol e human genone cane up wth a
total of400F572putative "super"” S/ MARs representing a total of ‘1 065 305 bp
(0. 35% gdtatala WihathiataismangafahaimtptitaTatatanaga shtatatttd or 6@ach chronosone: its
size, its nunber of

tatatataaa agatatatat tatttatata tataaaagat atatatttat atatatgata 120

tatattatit atatatataa aagatatata titatatata tgatatatat tatttatata 180

taaaagatat atataaaaga tatatattat ttatatatat aaaagatata tatataaaag 240

atatatatta ittatatata taaatgatat atattattta tatataaaag atatatatta 300

tttatatata aaagatatat attatttata tatataaaag atatacatat aaaagatata 360

tatttatata taaaagatat atatatitat atataaaaga tacatatatt tatatatata 420

aaagatatat atattittat atataaaata tatattatat atataaaaga fatatataaa 480

tatatatatc tittatatat aaaagatata tataaatata ta 522

<210> 73
<Z211>= 1110
<212> DNA

<213> Homo sapiens

<220>
<221> misc_hinding
<222> (1)..{1110)

<223> MAR of chromosome 1 genomic contig; 1138030..1139139

<400> 73
tatgtatgta tacataatat attatatatg tatattatgt atacataata tattatatat 60

gtatattatg tatacataat ataftatata tgtatattat gtatacataa tatattatat 120
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genes, its nunber of S/MARs predicted, its S/MARs density per gene and its
kb per 20 S/MAR. This table shows that there are very various gene densities
per S/ MAR predicted for the different chronpbsonmes (standard deviation
represents nore than 50% of the nean of the density of genes per S/ MAR
predicted and the fold difference between the higher and the | ower density
of genes per SIMMR is 6,5). Table 2 also shows that the kb per S/MAR varies

I eoss that the density of genes (ﬁ dard 25 deviation represents
o e et VB el e S, oL e arer
chr Omsgaqgtattai atattatatg tatattatgt atacataata tattatatat tatatgtata 240

ttatgtatac ataatatatt atatattata tgtatattat gtatacataa tataitatat 300

attatatgta tattatgtat acataatata ttatatatia tatgtatatt atgtatacat 360

aataiattat atattatatg tataftatgt atacataata tattatatat tatatgtata 420

tiatgtatac ataatatatt atatattata tgtatattat giatacataa tatattatat 480

attatatgta tattatgtat acataatatt tatatattat atgtatatta igtatacata 540

atatattata {aitatatgt ataftatgta tacataatat gtacacataa tatttatata 600

tfatatgtat aftatgtata cataatattt atatattata tgtatattat gtatacataa 660

tatttatata ttatatgtat attatgtata cataatatit atatatiata tgtatattat 720

gtatacataa {atitatata ttatatgtat attatgtata cataatatat tatataitat 780

atgtatatta tgtatacata atatattata tattatatgt ataltaigta tacataatat 840

attatatatt atatgtatat tatgtataca taatatttat atatiatatg tatattatgt 900

atacataata tatfatatat tatatgtata ttatgtatac ataatatatt atatattata 960

tgtatattat gtatacataa tatattatat attatatatg tatattatgt atacataata 1020

tattatatat fatatatgta tattatgtat tatattatat attatgtata ttatagatta 1080

tgtatgcata cataatatgt attgtatatt 1110

<210> 74
<211> 521
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding

<222> (1)..(521)
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Si ze of the chronosone (mllions bp) Nunmber of STIVIARs predicted Density of
genes per SfMAR

SEL PCT 012.5T25

<223> MAR of chromosome 1 genomic contig; 2863407..2863927

<400> 74
aatatatala aatatataaa tatatataaa tatatataca tataaatata taaatatata 60

tatgtaaata tatgtaaata tatgtaaata tatgtatatg tatatataig taaatgtatg 120
tanatatata taaatatatg taaatatata taaatatacg taaatataia aatatatata 180
aciatatata aatatatata aatataaata tataaatata tataaatata tataaatata 240
taaataaata catataaata tataaataaa tacatataaa tatatataaa tatataaaaa 300
- {atatataaa tatatatata aatatataaa catatataaa tatataaata tatataaata 360
tataaataca taaaatatat aaatatatat aaatatataa atatatataa atatagataa 420
atatagataa atatataaat atatataaat atataaatat agataaatat ataaatatat 480

aaatataaat atataaaaat atatataaat atataaaaat a 521

<210> 75
<211> 560
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(560)

<223> MAR of chromosome 1 genomic contig; 5712303..5712869

<400> 75
atataattat atatatatta tatattatat ataattatat attatatata atgtataatt 60

atatatiata tataatatat ataaatatat atatttiita tataaatata ttatatattt 120
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Kb per

SNAR 1 2544 23085 29.9 2705 2 1772

SEL PCT012.8T25
atatattata tataaaitta tatatataaa ttittatata ttatatatat ftatatatta 180

tatattgtat atatttatat attacatatt gtatatattt atatattata taftatatat 240
ttatatatta {atattatat atitatatat tatatattat atatatttat atattatata 300
taaaftattt atatataata tataaatata tattatataa tataaatitg tatatataat 360
atatatttat attatatata aaatatttat attalatata aaatataata taaatatata 420
catataatat atatattata tatttataat tatatattat atataataca tataatatat 480
aatatataat acatatatat catatatgaa atatatatca tatattatac atattatata 540

taacatatat attatatatc 560

<210> 78
<211> 479
<Z212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(479)

<223> MAR of chromosome 1 genomic contig; 8578812..8579290

<400> 78
tatggtatac atatagtata tatggggtac atatatggta tatatatggg ttatatatat 60

gatatatatt atatatgtat atggtatata tatggtatat atattataca tgcatatggt 120
atgtatatgg tatatatatg atatatacat atggtgtata tatatgttat atatgatata 180
tataaggtat atatatggta tatataaggt atatatagta tatatatggt atatataagg 240
tatatattgt atatatatgg tatatataag gtatatatat tgtatatatg gtatatatat 300
ggtttatata tatggtgtgt atatatggtyg titatataca cactttatat actatatatt 360
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291 141 1221685 1406 198 10 t 13.9 1960

SEL PCT 012.8T25
atatacacac tatatataat atatattata tatagttaaa tatatggtat atgcaattag 420

atatatggta tatgtaatta tatatatggt atatagatgg tgtatatatg gtatatata 479

<210> 77
<211> 477
<212> DNA

<213> Homo sapiens

<220~
<221> misc_hinding
<222> (1).(477)

<223> MAR of chromosome 1 genomic contig; 8579294..8579770

<400> 77
tatagtatat atacacacta taggtaatat actacatatt atatacacac tataaataaa 60

atatataata tataatattt {(ctatatagt atatattata tattgtatat actatatata 120
atatatacta tagacagtag atactt{ata tactatagac agtatatact atatactgta 180
tacactatag acagtatata ctatatactg tatacagtat atgtagtgta tatgtagtgt 240
atataatata tagtatatat tatctatact atatacagta tatatagtgt atacataata 300
tatattatat attatatata ctatatacag tatacatagt glatatgtag tgtataatat 360
atataatgtg tatataaaat atatatacta tatataatat atallatata taatatatac 420

actatatata ctatagatac actatatatt cactatatat actatatata ctatata 477

<210> 78
<211> 331
<212> DNA

<213> Homo sapiens
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4 1036 190 II1 8.7 1610 5 1233 180

SEL PCT 012.8T25

<220>
<221> misc_binding
<222> {1)..(331)

<223> MAR of chromosome 1 genomic contig; 8580024..8580354

<400> 78
actatatgtt atatacataa gatatagtat ataccatata ttatatacat tatatatagt 60

gtatactata tataatgtat ataatatata gtatatatac actatatata ctatgtatat 120
atacactata tatactatgt atatatacac tatatatact atgtatatat acactatata 180
tactatgtat atatacacta tatatactat gtatatatac actatatata ctatgtatat 240
atacactata fatactatgt atatatacac tatatatact atgtatatat agigtatata 300

tactgtatat gttatagtgt atatatagta t 331

<210> 79
<211> 410
<212> DNA

<213> Home sapiens

<220>
<221> misc_pinding
<222> {1)..(410)

<223> MAR of chromosome 1 genomic contig; 8580705..8581114

<400> 79
tatagtctat attatataca gictatataa tatatagtat atactatata tactittcct 60
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115 10.6 1551 6 124717094 13.2 18018 7 1381

_ SELPCT012.8T25
cattctgact atatactata tatatactat atatagtata tgtagtgtat atatacacca 120

tatatactat atatagtata cataccatat atagtatact atacatacca tatatagtat 180
acataccgta tatagtatac tatacttacc atatatagta tacatactat atataatata 240
tctggtgtat atatacacta tatatactat atatactata tatagtatat gtacactatt 300
tatagtatit atagtatata tactgtatat atagtatgta gtatatatac tatatattat 360

gtagactata tataatatag actatgtgta gagtatatat actatatata 410

<210> 80
<211> 433
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..(433)

<223> MAR of chromosome 1 genomic contig; 12979167..12979599

<400> 80
atatataata tatatatgic ctatatataa aatatatcat atatataaat atatatgata 60

tattttatat attaaatata taattatata taaatatata tttatatata aatatattat 120
ticaatatat ataaatatat ttaaatatat ttaaatagaa tattaaatat ataaatatat 180
aattatatit aatatataaa tatatattaa atatataatt atatttaata tatataaata 240
tatattaaat atataattat atatttatat atttattata tataaatata tafttgttct 300
aaataaatat ataftctaaa tatataatat tttatattat ataatatata atataaaata 360
tataataaat atataatata faaataaata aatatitatt ataaaataca tataaatatt 420
aaatatatat taa 433

Seite 76



160 179 72 1754 g 942 145 77 12.21883

SELPCT 012.5725%
<210> 81
<211> 388§
%212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(385)

<223> MAR of chromosome 1 genomic contig; 16336644..16337028

<400> 81
tttatataaa taictatata aataaatata taaatatata aatataaata tatataaata 60

tataaataaa tatataaata tatataaata taaatatata tataactatg aatttatatt 120
tatataaata tatatctata tgaatataaa tatatatita tataaatata aatatatata 180
taaatatata tatttajata gatataaata tatatataaa tatatatatt tatatagata 240
taaatatata tctatatatg aatatatatc tataggaata taaatatata tctatataaa 300
tataaatata tataagtata aatatatata aatatatatc tatataaata taaatatata 360

tataaatata aatatatata taaat 385

<210> 82
<211> 383
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding
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9 1100 119 48 22.92479 10 1003 133 71

SEL PCT 012.8T25

<222> (1)..{363)
<223> MAR of chromosome 1 genomic contig; 20624448..20624810

<400> 82
tatatatata gttatatata tatttatata tatagttata tatatattit tatatagtta 60

tatatatagt tatatatata gttatatata tatagttaia tatatagtta tatatatagt 120
tatatatata tagttatata tatagttata tatatagtta tatatatagt tatatatata 180
tagttatata tatagttata tatatatagt tatatatata gitatatata tatagitata 240
tatatagtta tatatatagt tatatatata gttatatata tagttatata tatatagtta 300
tatatatata gttatatata tatagttata tatatagtta tatatatata gitatatata 360

tag 363

<210> 83
<211> 310
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(310)

<223> MAR of chromosome 1 genomic contig; 566025..566334

<400> 83
tatatataat atatattgta tatattatat atigtatata taatatatat tgtatatatt 60

atatatigta tatataatat atattgtata tattatatat tgtatatata atatatatat 120
tgtatatatt atatattgta tatataatat atatatigta tatattatat attgtatata 180
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14. 11873 11 869213267 25.21970 12 1278 13178 163 1679

SELPCT 012.5T25
taatatatat attgtatata ttatatattg tatatataat atatatattg tatatattat 240

atattgtata tataatatat atattgtata tattatatat agtatatatt atatatagta 300

tatataatat 310

<210> 84
<211> 1236
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1238)

<223> MAR of chromosome 1 genomic contig; 1171429..1172664

<400> 84
aaagtattat atgtattata tgtatatgta ttatatatta catatgtatt atatataata 60

tatattatat attattatat attatatatt atatattatt atttatataa igtattatat 120
attatatagt atatatagta tatataatgt attatatatt atatagtata tatagtatat 180
ataatgtatt atatatagta tatataatgt attatatagt atatatacta tataatgtat 240
tacatattat gtatagtiata tgtaatgtat tatatattat atagtatatg taatgtaita 300
tatgtattat atagtatata ttatatatga tgtattattt agtatatata atatatatga 360
tgtattatat aacatatata atatatatga tgtattatat agcatgtata gtatatatga 420
tgtattatat agcatgtata gtatatatga tgtattatat atagcatgta tagtatatat 480
gatgtatiat atatagcatg tatagtatat atgatgtatt atatatagca tgtatagtat 540
atatgatgta ttatatatag cafgtatagt atatatgatg tattatatat agcatgtata 600
gtatatatga tgtaitatat atagcatgta tagtatatat gatgtattat atatagcatg 660
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13 506 97 70 77 1365 14 1168 88

SEL PCT 012.5T25
tatagtatat atgatgtatt atatatagca tgtatagtat atatgatgta ttatatatag 720

catgtatagt atatatgatg tattatatat agcatgtata gtatatatga tgtattatat 780
attatatatg gtatatatga tgtattatat aitatatatg gtatatatga tgtatiatat 840
attatatatg glatatatga tgtattatat attatatata atatatatga tgtattatat 900
attatatata atatatatga tgtattatat atgatgtatt atatataata tatatgatgt 960
attatatata ttattatcta ttatatacga tgtattatat gcaagttatt atgtataata 1020
tataatgtat tatatattat ataatgtata atatataaat atataaatat ataattatgt 1080
ataaatatag aaatatatac aftatacatt atatacatta taatgtataa tatataaata 1140
tattatatat aaatgtatac attatatata aatatatiat atacattata tataaaatat 1200

gtafatagit attatacctt atatatacta aacagt 1236

<210> 85
<211> 309
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(309)

<223> MAR of chromosome 1 genomic contig; 1925173..1925481

<400> 85
atatatttat atanatatat tttatataaa tatatattat ataatattat aatatatgtt 60

atattatata tattttatac aatatataat atatattata tatattttat acaatatata 120
atatatatta tatatatitt atataatata taatatatat tatatatatt ttatacaata 180
tataatatat attatatatt atataatata tattatatat atittatata atatataata 240
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tatattttat acaatatata atgtatatca ttatattata taatgtatat catattatat 300

aatgtatat 309

<210> 86
<211> 312
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(312)

<223> MAR of chromasome 1 genomic contig; 4396756..4397067

<400> 86
cacagtgial atatagtata tatactgtat atatactgig tatatacact gtatatacac 60

agtgtatata cagtatatat actatatata cactgtgtat atatagtata tataaattct 120
aggaatatat atactatata tatactatat atataaattc taggaatata tacacactat 180
atatacacta tatatacaca tatatacact atatatatta tacacatata ttatatatat 240
acactafata tacacgagat atataacata tacactatat actatacata acatatatac 300

tatatatact at 312

<210> 87
<Z211> 398
<212> DNA

<213> Homo sapiens

<220>
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<221> misc_binding
<222> (1)..{398)

<223> MAR of chromosome 1 genomic contig; 56057..56454

<400> 87
atatatatta catattatat atataataia tattaiataa tatatattat aftatataat 60

atataatata aatataatat aaattatatt atataalata taatataaat ataatataaa 120
ttatataaat ataatatata ttitattata taatataata tatattatat aaatataata 180
tataaattat ataatataat atatattata taatataata tatttiatta tataaatata 240
tattatatta tataatatat attitattat ataatatata ttatatattt atagaatata 300
atatatattt tattatataa tatatattat ataatatata ttatatttat atataacata 360

tattaltata taaaatatgt ataatatata ttatataa 398

<210> 88
<211> 391
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(391)

<223> MAR of chromosome 1 genomic contig; 56984.,57374

<400> 88
tactataata catattatat ataatattat atactatata ttactatatt attatattat 80

atataatiaa actatattat agtatataat atataatata tactatatgt aatattacta 120
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tgatactgat attatattat atataattaa attatattat attaatatat aaattatata 180

taatacataa tatataaatt atattatait aittatatat aatgtatgcc atataattta 240
tatataatgc attatatata atltatatat aatgcattaa atataaatia tatataatgc 300

altatatata attatatata atgcattata tataaittat atttaatata taaatttata 360

{itaatatat ttatatatta {atataataa a 391

<210> 89
<211> 309
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(309)

<223> MAR of chrdmosome 1 genomic contig; 469547..469855

<400> 89
atatatatgt aatatatatg ttatatatgt aatatatatg ttatgttata tatgttatat 60

atatgttata tataatatat atgttatata tacgttatat gitatatata tgttatatat 120
aatatatgtt atatatacgt tatatgttat atatgttata tataatatat gttatatata 180
atatatgita tatatgttat atataatata tgttatatat attatatata atatatgtta 240
tatatattat atataatata taatatatgt gatatataat ataaaatata fgtgatatat 300

attatatat 309

<210> 90
<211> 441

<212> DNA
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<213> Homo sapiens

<220>
<221> misc_binding
<222> (1).(441)

<223> MAR of chromosome 1 genomic contig; 546190..546630

<400> 90
atacacaaca tatgtgtata tatatagtat atatacacaa catatgigta tatatatagt 60

atatatacac aatatatgtg tatatatata gtatatatac acaatatatg tgtatatata 120
gtataaatat atactatata tagtatatat agtataaata tatactatat atagtatata 180

catagtataa atatatacta tatatagtat atacatagta taaatatata ctatatatag 240
fatatacata gtataaatat atactatata tagtatatac atagtataaa tatatactat 300
atatagtata tacatagtat aaatatatac tatatatagt atatacatag tataaatata 380
tactatatat agtatataca tagtataaat atatactata {atagtatat acatagtata 420

aatatatact atatatagta t 441

<210> 91
<21t> 1367
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1367)

<223> MAR of chromosome 1 genomic contig; 124643..126009
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<400> 91
atatttatat gatatataat atatataata ttatatataa tattatatat gatatataac 60

attatataat attatatatg atatatatta tatatattat atatgatata taatatatat 120
aatattatat atgatattat atatcatata taatatataa aatattatat atgatatata 180
atatatataa tattatatat attatatata ttatatatca tatataatat tctaaatata 240
taatattata tgatatataa gattatatac attatatata atatataata ttatatatga 300
tatataatat tatatacatt atatataata tataaftgtat ataatattat atattatata 360
titatattat atacaatgta tataatatta tatatcatat atatttatat tatatacaat 420
gtatataata {tatatatca taiataatat tatatacaat gtatataata tatattatat 480
atatttatat tatatacaat gtatataata tatattatat atatttatat tatatacaat 540
gtatataata tatattatat atatttatat tatatacaat gtatacaata ttatatatta 600
tatattatat alttatatta tatacaatgt atatattata tattatatat ttatattata 660
tacaatgtat atattatata ttatatattt atattatata caatgtatat attatatatt 720
atataittat attatataca atgtatatat tatatattat atatttatat tatatacaat 780
gtatatatta tatattatat atitatatta tatataatgt atgtaatatt atatattata 840
tatttatatt atatataatg tatgtaatat tatatattat atatttatat tatatataat 900
gtatgtaata ttatatatta tatattiata {tatatataa tgtatgtaat attafatatt 960
atatatital attatatata atgtatgtaa tattatatat tatatattia tattatatat 1020
aafgtaigta atatiatata ttatatattt atattatata taaigtatgt aatattatat 1080
attatatatt tataitatat ataatgtatg taatattata tattatatat ttatattata 1140
tataatgtat gtaatattat atattatata tttatattat atataatgta tgtaatatta 1200
tatattatat atttatatta tatataatgt atataatatt atatattata tatttatatt 1260
gtatataata ttatatatta tatatttata ttgtatataa tatatattat atatttatat 1320
tgtatataat attatatatt atatatitat attatatata atgtata 1367
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<210> 92
<211> 458
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..(458)

<223> MAR of chromosome 1 genomic contig; 58908..59365

<400> 92
tatatgatat atatgatata tatgggatat atatgatata tatgatatat atggtatata 60

tatgatatat agtatatatg atatatatgg tatatatatg atatatagta tatatgatat 120
atatggtata tatgatatat agtatatatg atatatatgg tatatatggt atatatatga 180
tétatgatat atatgatata tatgatatat gatatatatg atatatatga tatataiggt 240
atatatgata tatatggtat atatggtata tatatgatat atatgatata tatggtatat 300
atatgatata tatgatatat atggtatata tatgatatat atgatatata tggtatatat 360
atgatatata tgatatatat ggtatatata tgatatatat gatatatatc atatatatgg 420

tatatatatg afatatatga tatatatcat atatatgg 458

<210> 93
<211> 330
<212> DNA

<213> Homo sapiens

<220>
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<221> misc_binding
<222> (1)..(330)

<223> MAR of chromosome 1 genomic contig; 306867..307196

<400> 63
ataatatata aatatatatg atatataict atatatatca tatataaata tatatgatat 60

atatctatat atatcatata taaatatata tgatatataa atatatatga fatatatcta 120
tatatatcat atataaatat atatgatata taaatatata igafatatat ctatatatat 180
catatataaa tatatatgat atatatctat atatcatata taaatatata tgatatatat 240
ctatatatat catatataaa tatatatgat atctatctat atatatcata tataaatata 300

tatgatatct atctatatat atcatatata 330

<210> ¢4
<211> 353
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(353)

<223> MAR of chromosome 1 genomic contig; 636899..637251

<400> 94
tatgtataca tatacacata tacgtatata tatacatata tacacatata cgtatatata 60

tacgtataca tacatatgta tatgtatacg tatacacaca tatgtatatg tatacgtata 120
cacacatata cgtatatatg tatacgtata cacacatata cgtatatgta tacatatata 180
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tgtgtacata tacgtatata cgtatatgta tacatatata cgtttatgta tatatacgta 240

tatacgtata tatgtatatg tatacatata tacatatatg tgtatatacg tatatacgta 300

tatgtgtata tatacaatat acatacatgc acatatatgt gtatatgcac ata 353

<210> 95
<211> 345
<212> DNA

<213> Hommo sapiens

<220>
<221> misc_binding
<222> {1)..(345)

<223> MAR of chromosome 1 genomic contig; 1435510.,1435854

<400> 95
atcatatata ttatatatca tatatatgat atataaaaat tatatatcat atatatgata 60

tataaaaatt atatatatca tatataatat atataatata ttatatatat aaattatata 120
taatatatat aaattatata tatcatatat atgatatata atftatatat catatatatg 180
atatatataa tatattattt atatataata tattatatat tatataatat gtaatatata 240

ttatatatta catattatat {atttataaa taatattita taatatatat aatattatat 300

aatatagaat attatatatt atatattaca tattatataa tatat 345

<210> 96
<211> 521
<212> DNA

<213> Homo sapiens
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45 10 462 corresponds to the NCBI human genonme statistics (Build 34 Version
3) (National Center for Biotechnology Information, The NCBI handbook
[Internet]. Bethesda (MD): National Library of Medicine (US), Cct, Chapter
17, The Reference Sequence (RefSeq) Project, 2002 (Avail able from
http://ww. ncbi m h. govi entrez7query. fcgi ?db- Books) based on Geri Bank
annot ations. 5 Chronposone sizes are the sum of the cot-respondi ng human
Ref Seq (National Center for Biotechnolo | nf ormati on, The NCBI handbook
[Internet]. Bethesda (MD): Nati onzfFlL Eioa?[i?%/s'éﬁ Medi ci ne (US), Oct. Chapter
17, The Reference Sequence (RefSeq) Project, 2002 (Available fromhttp
govi ent r<é2@xuery. f cgi ?db- Books) (release 5) contig lengths 10 6.2
Bi oi nformati cs anal ysis of "super"” MARS for transcription factor binding
sites Tha21¥5Wispr bidotced super' S/ MARs sequences obtai ned previously by SMAR
Scan(r) were then analyzed for potential transcription factors binding
sites. ¥hp®-hds.Beén achi eved using Rvatch Professional (Kel AE, Gossling E,
Reuter I, Cheremnushkin E,

<223> MAR of chromosame 1 genomic contig; 39695..40215

<400> 96
tatatatata atagatatia tatatctatt atatatctat tatatatata atagatatta 60

tatatctatt atatatataa tagatattat atatctatta tatatataat agatattata 120
tatctattat atataatata tatctattat atattatata tctattatat ataatatata 180
tctattatat atattatata tctattatat atataataga tattatatat ctattatata 240
taatatatat ctattatata ttatatatct attatatata tgtatctatt atatatatta 300
tgtatctatt atatataata tatatctatt atatatatat tatatataat atatattata 360
tataftatat aictattata tataatatat aictattata tatattatat atctattata 420
tatattatat atctattata tataatatat atctattata tatattatat atctattata 480

tataatatat attatatata tattatatat tgtatatcta t 521

<210> 97
<211> 484
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(484)

<223> MAR of chromosome 1 genomic contig; 1286007..1286480
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15Kel Margoul I s OV, Wngender E, MATCH A too; for searching transcription
factor binding sites in DNA sequences, Nucleic Acids Res. 31(13):35769,
2003), a weight matrixbased tool based on TRANSFAC (W ngender E, Chen X,
Fricke E, Geffers R, Hehl R Liebich I, Krull M Mtys V, M chael H,
Ohnhauser R, PRISS M Schacherer F, Thiele S, Ubach S, The TRANSFAC system
on gene expression regul ation, Nucleic 20 Acids Research , 29(1):2813,

2001). Match 2.0 Professional has_be with nost of the default
settings Match manal ysis was base%lEB%%'ﬂuRiféﬁl@Pr of essional, rel ease 8.2
(20040630 : The sums of all transccifition factors binding prediction on the
1757 se 7 anal yzed according to Match are in Table 3. Based on this

t abl e, mya&ateetattata iceatptatalg aﬁ%t@ta@ﬁg atigtaipicAtalgtaiga | e€@St 20 hits over the
1757 sequences 25anal yzed were considered for further analyses. Hereafter
ar e sondatafatddmtidiatabat catatmdaatighatetaatd tattadatst athaattatae 12{e nost often
predicted to bind on the 1757 putative S/ MAR sequences and their Match

descr i ptthtantati@datataaest htathityvach fatmtgacd! atdagitatd @iteaca)ata 18Gnscri ptional 30
regul ator/repressor, Nkx3A a honmeodormain protein regul ated by androgen,

POULF1 (amgattuuataa\émaﬂ@eéi dacat@afy dtalRadtt RiGEfdaphia®atgfact 2401) which is specific
to the pituitary and stinulates cells prollferatlon Thus, in addition to

SATEL, %@é’ctt@f‘&a%ﬁ&a tatditatat AaaGtA Rid2Bth datfatdtacanoparticipate in the
activity of MARs.

atatattatt tatatataat atattatata ttatataata tgtaatatat attatatatt 360

atataatatg taatatatat tatatattac atattatatt atttataaat aatattttat 420

aatatatata atattatata atatagaata ttatatatta tatattacat attatataat 480

atat ' 484

<210> 98
<211> 244
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(244)

<223> MAR of chromosome 1 genomic contig; 73556.,73879

<400> 98
attatatatt atattatata atatataata atatiatata attatatatt acattatata 60

atatataata atattatata ataatatata attatataat atataataat attatataat 120
altatataat attatataat atataaatat ataataatat atattatatt atataatagt 180
atatattata ttatataata tatgttatia tattatataa tataaactat tatataatat 240
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aata 244

<210> 99
<211> 463
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..(463)

<223> MAR of chromosome 1 genomic contig; 179038..179500

<400> 99
tacaatatat tttctattat atatatitig tattatatat aatatacaat atattttcta 60

ttatatataa tatattttgt attatatata ttacaatata tittgtatta tataatatat 120
aatacaatat aatataitgt attatataat atataatact atataatata ttgtattata 180
taitatatat aatactatat aatatatttt attatatatt atatataata ctatataata 240
téttttatta tatattatat ataatacaat atataatata tigtattata atacaatgta 300
ttataatgta ttatatataa tatataatac aatatataat attatatata tttatatata 360

tatatatitt gtatiatata ttttgtatta tatatattit gtattatata tttatatttt 420

atattataat tatgttitgc attatatatt tcatattata tat 463

<210> 100
«<211> 3090
<212> DNA

<213> Homo sapiens
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SEL PCT 012.8T25
<220>
<224%> misc_binding
<222> (1)..(390)

<223> MAR of chromosome 1 genomic contig; $5617..56006

<400> 100
tgtataatat atatactita tatataatat atatacttta tatatatact atatactaat 60

atatataata tatacfatat ataatatata ctaatatata taatatatac actatatata 120
atatatacta atatatatta tatatacttt atataatata tactaatata tataatatat 180
afacitiata tataatatat actaatatat ataatgtata tactttatat ataatatata 240
ctagtatata atatatatac titatatata atatatacta atatatatta tatatacttt 300
atatatataa tatatactta tatattatat atgcttatat ataatatata cactaatata 360

taatatatat actttatata ttatattita 390

<210> 101
<211> 582
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(582)

<223> MAR of chromosome 2 genomic contig; 1157405..1157986

<400> 101
tgtatatgta tatatacaca tacgcacata tatgiatatg tatatataca catacgcaca 60
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tatatgtata tgtatatata cacatacgca catatatgta tatgtatatg tatatgtata 120

tatacacata tacacatata tgtatatgta tatatacaca tatacacata tatgtatatg 180
tatatataca catatacaca tatatgtata igtatatata cacatacaca tatatgtata 240
tgtatatgta tatatacaca tacacatata tgtatatgta tatgtatata tacacatata 300
cacatatata catatatgta tacatatatg tgtatatata tacacatata tatacatata 360
tgtatacata tatgtgtata tatacacata tatatacata tatacatata catatatatg 420
tgtatgtata tatacacata tacatatata tgtatatgtg tatatatatt agacagatat 480
atatgtacat atacatatat atgtatatgt atatgtatat gtataigtat atgtatatgt 540

atatgcatat ataatataca tatacatata tgtatatgta ta 582

<210> 102
<211> 322
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(322)

<223> MAR of chromosome 2 genomic contig; 1858638..1858858

<400> 102
acaccatata tacaccatat atatacatac catatatata ccatatatat acataccata G0

tatataccat atatatacat accatatata caccatatat atacatacca tatatataca 120
ccatatatat acataccata tatataccat atatatacat accatatata taccatatat 180
atacatacca tatatataca ccatatatat acataccata tatatacacc atatatatac 240
ataccatata tataccatat atacaccata tatatacacc atatatacac accatatata 300
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SELPCT012.87T25
ccatatatat acaccatata ta 322

<210> 103
<211> 914
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(914)

<223> MAR of chromosome 2 genomic contig; 5712196..5713109

<400> 103
aaatatatat tctatatata gaaaatatat atictatata tatagaatat atatagaata 60

tatattctat atataticta tatatataga atatatatat aaaacatata tictatatat 120
aaaatatata tictatatat ataaaatata taitctatat atatagaatg tatataaaat 180
atatattcta tatatataga atgtatataa aatatatatt ctatatatat agaatgtata 240
taaaatatat attctatata tatagaatgt atataaaata tatattctat atatatagaa 300
tatatataac atatatatga aatatatata aaatatatat aaatacatat ttctatatat 360
aaatatatat aaatacatat tictatatat aaatatatal caatacatat tictatatat 420
aaatatatat aaatatatat tcatatatat aaaaatatat aaatatatat tcatatatat 480
aaaatatata igaatatata ttctctatat ataaaatata tataatatat aftatatata 540
taaaatatat ataatatata ttatatatat aaaatatata taatatatat tcatatatat 600
aaaltatata taaatatata ttcatatata taatatatat aaatatttat ttcatatata 660
aaatatatit aaatatatat ttciatatag aatatatatt ctatatataa aatatatata 720
taaatatatt tictatatag aaatatatat gaaatatata gaatatatat aaatatatat 780
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tatatatact atatatacaa iatatattat atataaaata tatatacaat atatattcta 840

tatattaata tatagaatat atattaacat atatttcaat atattaatat atgaaatata 900

tataaatatt tcat 914

<210> 104
211> 370
«212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(370}

<223> MAR of chromosome 2 genomic contig; 5713613..5713982

<400> 104
tatttcatat ataatatata tataaaatat atatttcata tacataatat atataatata 60

aataaaatat atatftcata tatataatat atatzaatata tataaaacat atatticata 120
tataatatat ataaactata tatticatat ataatatata taaactatat atttcatata 180
cataatatat ataatatata titcattiat attatatata taatatatat ticatatata 240
taatatataa aatagatata aatatatata aatatatatt fcatatataa tatatataaa 300
atatatatta atatatattt tatatataat atatatattt catatataaa tataaaaaaa 360

tatatatttc 370

<210> 105
<211> 442
<212> DNA

<213> Homo sapiens
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<220>
<221> misc_binding
<222> (1)..(442)

<223> MAR of chromosome 2 genomic contig; 7481647..7482088

<400> 105
atataaatta tataatatgt tatataatat ataaatatat tatataacat gttatataat 60

atataacaty ttatataata tataacatgt tatataatat ataacatgtt atataatata 120
taacatgfta tataatatat tatgtaatat gttatataat atataatata ttatataaca 180
tgttatataa tatataacat gitatataat atgttatata atatataaat atattaiatt 240
atatgttata taatatataa atatatiata ttatatgita tataatatat aaatatatta 300
tattatatgt tatataatat ataaatatat tatattgtat gttatataat atataaatat 360
attatattgt atgttatata atatataaat atattatatt gtatgttata taatatataa 420

atatattata ttatatatgt ta 4472

<210> 106
<211> 338
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1).(338)

<223> MAR of chromosome 2 genomic contig; 9594557..9594894
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<400> 106
tatataaata tataccatat atataaatat atataticca tatataaata tatatattcc 60

atatatataa atatatatat tccatatata aatatatata ttccatatat ataaatatat 120
atataaatat atatattcca tatatataaa tatatatata aatatatata ttcatatata 180
aatatatata tattccatat ataaaaatat atatatattc catatataaa aatatatata 240
tattccatat atataaatat atatatattc catatatata aatatatata tattccatat 300

atataaatat atatatattc catatatata aatatata 338

<210> 107
<211> 364
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(364)

<223> MAR of chromosome 2 genomic contig; 10519720..10520083

<400> 107
ttatatatat ttataataat atatataagc tatatatatt tatatataat atattatata 60

tattagctat atatatitat ataataatat attatatatt agctatatat atttatatat 120
aataatatat ataagctata tatftatata tattatatat tagctatata tatttatata 180
taatatatta tatattagct atatatitat atataataaa taatatatat attagctata 240
tatatttata tataataata tatataagct atatatttat atataatata ttatatatta 300
gotatatata titatatata ataatatatt atatattagc tatatatatt tatatataat 360
atat 264
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SELPCT 012.8T25
<210> 108
<241> 342
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(342)

<223> MAR of chromosome 2 genomic contig; 11481943..11482284

<400=> 108
tacatataat atataatiat atataatata tattatatat tacatatata atatatatat 60

tacatatgta atatatatat tatatatgta atatatatta tatatgtaat atatatatta 120
tatatgtaat atatattata tatatgtaat atatatatta tatatgtaat atatatatta 180
taigtaatat atatatgtaa tatatatata atatatatgt aatatatata taatatatat 240
gtaatatata tataatatat atgtaatata tatattatat atatgtaata tatatcatat 300

atatgiaata tataicatat atatgtaata tatatcatat at 342

<210> 109
<211> 415
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding

<222> (1)..(415) 5
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SELPCT 012.5T25

<223> MAR of chromosome 2 genomic contig; 13489598..13500012

<400> 109
tatatatata tatatatata atataatata atatatatat aaatatatat aatataaait 60

tatatatata tatttatata tacatatata aatatatatt tatatttata tataaatata 120
tataaatata tataaatata tatttatata tacatatata aatatatatg ttcatataaa 180
tatatatgta tatatacata tataaatata tattatatat gtatatatat aatataatat 240
ataataataa tataatatat attatataaa tataatatat tatatataat atatataata 300
tataatatat aatatataat atataatata tattatatat tatataatat ataaaatata 360

tattatataa tatatataca taatatatat aaataaatat atataaagat ataaa 415

<210> 110
<211> 330
<212> DNA

<213> Homo sapiens

<220>
<221> misc_hinding
<222> (1)..(330)

<223> MAR of chromosome 2 genomic contig; 16370976..16371305

<400> 110
catttacata tgtatgtata agtatgtata ttacatactt atacatacat acttataaat 60

atataagtat aatacataca tacttataaa tatataagta taatacatac atacttatac 120
atatataagt ataatacata catacttata catatataag tataatacat acatacttat 180
acatataiaa gtataataca tacatactta tacatataag tataatacat acatacttat 240
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. SEL PCT 012.8T725

acatatataa gtataataca tacatactta tacatatata agtataatac atacttatta 300
catatgtata taagtatait acatactiat 330

<210> 111

<211> 702

<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(702)

<223> MAR of chromosome 2 genomic contig; 626641..627342

<400> 111
tatatataca catatacata tataatatat atacatatac atatatatta tatatacata 60

tatattacat atatcatata tacaiatata ttatatatac atatatatta tatatatcat 120
atalacatat atatattata tattatatat atcatatata catatatatt atatatatta 180
tatatatcat atatacatat atattatata tattatatat acatatatat tatatatatc 240
atalaaacat atatattata tatatcatat atacatatat attatatata tiatatatat 300
catatataca tatatattat atatatcata tataatatat attatataia ttatatataa 360
tatatattat atatacatat atattatata tacatatata ttatatatac atatatatta 420
tétatacata tataftatat atacatatat atiatatata tacatatata ttatatatac 480
atatatatta tatatacata tattatatat acatatatat tatatataca tatattatat 540
atatacatat atattatata tacatatatt atatatatac atatatatta tatatacata 600
tattatatat atacatatat attatatata catatattat atatacatat atattatata 660
tacatatata tittatatat atataatata tatittatat at 702
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SEL PCT 012.5T25
<210> 112
<211> 679
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(679)

<223> MAR of chromosome 2 gencmic contig; 3196047..3196725

<400> 112
atatattata tattcatata tcataaatat atatattata tattcatata ttatatatet 60

atatatttat atattcatat attatatatc tatatattta tatattcata tattatatat 120
clatttatat attcatatat tatatatcta tatatittat ataticgtat attatatatc 180
tatatattat ataticgtat attatatatc tatatattat gtattcatat atatctatat 240
attatatata ticatatata ttataaatia taticatata gtatatatct attataaatg 300
tatattcata tagtatatat ciatatatta taaatataca tatattatat atttatatat 360
tatatatica tatagatcta tatatiatat ataticatat atgaatatat atattatatg 420
tatatatatt ataaatatat ttatatagta tagatattat atagtatatg catatttata 480
ttataaataa tttacatagt atatgtatat ttataaatta tatataitta catattacat 540
gtatatttat atattataaa tacatatita cataftataa atatatttat atattatgaa 600
tataatttat atattatiac alaittacat atatgcatag ttatatatta taaatatgca 660

tttatgtaaa tatatattt 679

<210> 113

<211> 728
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X.FD3 2 35 Table 3 is a summary of all transcription factors binding
prediction (totalizing 20 hits or nore) on the 1757 sequences anal yzed. 5
6.3 Bloinforrnatics analysis of predicted "super” MARs for dinucleotide
frequenci es

SEL PCT 012.8T25

<212> DNA

<213> Homo sapiens

<220>
<221> mis¢_binding
<222> (1)..(728)

<223> MAR of chromosome 2 genomic contig; 3196778..3197505

<400> 113
tacataaata tatatttaca atatgtaaat atctgatatg taaatatgta tttataatat 60

ataaatatac atataatatg taaatatata aatatacata iactatgiaa atatatgita 120
tatatacata tactatataa atatagaata tataaatata catatactat ataaatatgt 180
aatatataaa tatatactat ataaatatac atatactata taaatgtatt tataatatat 240
aaatatacat atactatata aaticatata tgaatatata atatataaat atatataata 300
tatgaatata tacicatata taaatatata tgaatatata tttataatat atagatataa 360
tétgaatata tatttataat atatagatat atattatatg aatatatatt tataatatat 420
agataiatac catatgaata tatattatac actataigaa tatatattta taatatataa 480
atagatatat actatatgaa tatataatat atatactcta tgaatatata atatatatac 540
tatatgaata tattatatac tglatgaata tataatatat agatgtatac tatatgaata 600
tataatatat agatatatat actatatgaa tatatatagt atatagatat atactatatg 660
aatatatatg atatatagat atatactata tgaatatata atatatagat atatatttat 720

gatatatg 728

<210> 114
<211> 413

<212> DNA
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Various conputer analysis were perforned in order to easily identify "super"”
S/ MAR sequences using an explicit criterion that could be identified w thout
conmputing. Anong those, a di-nucleotide analysis was performed on the 1757
super MARs, conputing '10 each of the 15 possi bl e dinucl eotide percentage for
each sequence considering both strands in the 5° > 3" direction. A sunmary
(mn., max., nedian, nmean, 25th percentile and 75th percentile) as well as
t he hlstograns of each di nucl eotdgde ?Qﬂ over the 1757 S/ MAR sequences
Pl |

are respectively presented in T ar anal ysis was performed on
random y, ﬁ? el ect ed sequences from the hunan genone, representing randomnly
selected:2 on PNM%?%P ences (whi ch m ght however contain sone MARs). Table 5
represents respectively a summary of the dinucleotide content analysis for
t hese sequences Table 4: Dinucl eotide percentages over the 1757 S/ MAR
sequences 20 AA % AC %

<220>

<229> misc_binding

<222> (1)..4413)

<223> MAR of chromosome 2 genomic contig; 2560638..2561050

<400> 114
atataaatat atatttatat attttatata aatatatata titatatatt tttatataaa 60

tatatatatt tatatatatt tafataaata tatatattta tatatattta tataaatata 120
taaatatata {atttatata aatatataaa atatataaat atatttatat aaatatataa 180
aatatataaa tatatttata taaatatata aaatatataa atatfatftat atataaatat 240
ataaaatata taaatatctt talatataaa tatataaaat atataaatat ctitatatat 300
azatatataa aatatataaa {atatitata tataaatata taaaatatat aaatatattt 360

atatacaaat atataaaata tataaatata tttatatata aatatataaa ata 413

<210> 115
<211> 361
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(361)

<223> MAR of chromosome 2 genomic contig; 4965309. 4965669
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AO % AT % M nium 1 0.000 0.0000 O 0000 18.50 25th percentik 4.234

SEL PCT 012.5T25

<400> 115
tatacgtata tatacatata tatacgtata tatatacata tatatacgta tajatacata 60

tgtatatatg tgtgtacatg tatatatata catatgtaca tatatatgta cacatatata 120
tatacatata tatgtacaca tatacatata tatgtacaca tatacatata catatataty 180
tacacatata tatacatata tatgtacaca catatatata catatatatg tacacacata 240
tatacgtata tatgtacaca catatatacg tatatatatg tacacacata tatacgtata 300
tatatgtaca cacatatata tacgtatata tatgtacaca tatatatata cgtatatata 360

t 361

<210> 116
<211> 325
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(325)

<223> MAR of chromosome 2 genomic contig, 5258150..5258474

<400> 118
tacacacaca tatacatata tacatatata cgigtatacg tatacgtata tacgtatata 60

tacatatatg tatacgtata cgtatatacg tatatataca tatatgtata cgtatacgta 120
tatacgtata tatacatata tgtatacgta tacgtatata cgtatatata catatatgta 180
tacgtatacg tatatacgta tatatacata catatgtata cgtatacgta tatatgtata 240
tatacgtata igtatacgta tacatatata cgtatatata cgtatatgta tatgtatata 300
cgtatatgia tatatgtaca tatac 325
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0.9372 0. 1408 32.11 Median 7.843 2.2408 0.4777 34_68 Mean

SEL PCT 012.8T25
<210> 117
<211> 1508
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1508)

<223> MAR of chromosome 2 genomic contig; 6057499..6058006

<400> 117
atataaiata tataaattat ataatatata aaaattaata tataatatat ataaattata 60

taatatataa attaattata taatatatat aaattatata atatataaat taattatata 120
atatatataa attatataat acatataaat taattatata atatataaat tatataatat 180
atacaaatta tatactatat taattatata ttatataatt aattatataa tatatataaa 240
ttatatatta ttaaattaat tatataatat ataaattata taatatataa attaattata 300
taatatataa attalataat atataaatta aftatataat atataaatta tataatatat 360
aaattaattg tataatatat aaattaatta tataatatat aatatataat taataaataa 420
{tatatatta attatataat taataaataa ataataaata tatataatta atatataata 480
tacatcatat atatcacata tagattatat aatagttata tattatataa taaattatat 540
ataatatata atanacatat ataacatatg ttatatatta cataatatag tataatatat 600
aacatafgtt atatattaca taatatagta taatatataa catgttatat attacataat 660
atagtataat atataacata tgttatatat tacataatat agtataatat ataacatatg 720
ttatatatta cataatatag tataatatat aacatatgtt atatattaca taatatagta 780
taatatataa cataigtiat atattacata atatagtata atatataaca tatgttatat 840
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7.184 3.2117 1.0865 34.32 75th percentile 10.110 4.7718 1.5096 36.94

SEL PCT 012.8725
attacataat atagtataat atataacata tgttatatat tacataatat agtataatat 900

ataacatatg ttatatatta cataatatag tataatatat aacatatgit atatattaca 960
taatatagta taatatataa catatgttat atattacata atatagtata atatataaca 1020
tatgttatai attacataat atagtataat atataacata igttatatat tacataatat 1080
agtataatat ataacatatg ttatatatta cataatatag tataatatat aacatatgit 1140
atatattaca taatatagta taatatataa cafgttatat attacataat atagtataat 1200
atataacata tgctatatat tacataatat agtataatat atatgttata tattacataa 1260
tatagtataa tatataacat atgttatata ttacatatia tagtataata tatatgttat 1320
atattatata atatagiata atatataatg tatgttatat attatataat atagtataat 1380
atataacatg ttatatatta tataatatag tataatatat atgttatata ttatataata 1440
tagtataata tataatatat gttatatatt atataatata gtataatata tatgttatat 1500

attatata 1508

<210> 118
<211> 415
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..(415)

<223> MAR of chromosome 2 genomic contig; 7996866. 7997280

<400> 118
caattatata atatacatat tatataattg tataaattat acaatcatat aattatatta 60

tatataatat acataiaata taattatata taattatata attttataat ataattatat 120
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Maxi mum 17. 290 12.9479 8.1230 50.00 CA % CC % CO %

SELPCT 12.8T25
ataatiatat aattatatat aatatatatt ataattatat atataatata tatattatat 180

atattatata taatatataa ataatatata taatatatat ataattatat ataataatat 240
atgtaatata tataatatat atataatata ttatttataa tiatatatta tatatatatt 300
ataatatata taattataaa taatatatat tataatatat ataataatat atatataatt 360

atatataata atatatatta taatiatata taataatata tataatttat ataat 415

210> 119
<211> 526
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(526)

<223> MAR of chromosome 2 genomic contig; 8300930..8301455

<400> 119
tatatcatat gatatattat acaatata{c atataatatg atatattata tgatatatty 60

tacaatatat catatgatat atgatatatt atacaatata tcatataagg tatatattat 120
atcatatata atatataata taatatatga tataatatat gatatatgat atataatata 180
tgatatatga tatatgatat ataatatatg atatatgata tatgatatat aatatatgat 240
atatgatata tgatatataa tatatgatat atgatatatg ataigatata tgatatatga 300
tataatatal gatataatat atgatatata ttatatgata tataatatat gatataattt 360
atatgatata taatatatga tatataatat ataatatatg atatgatata tattatatca 420
tatataatat ataatataat atatgatata tattatatat ttitatacat tatatatata 480
aactatataa caatataaca tattatgtgt ataatatata ttacat 526
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SEL PCT 012.8T25
<210> 120
<211> 402
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(402)

<223> MAR of chromosome 2 genomic contig; 8576553..8576954

<400> 120
atgtatatta tatacaatat agtatatcat atatagtata tattatatag taatgtatta 60

tatataaigt ataatgtata aatataiaat atatactaca tactatacta ttatatatac 120
tatatattat atatgataca tatactatat aatatgctat atattatact atataatatg 180
ctatatatta tactatataa tatgctatat attatactat ataatatgct atatattata 240
ctatataata tgctatatat tatactatat aatatactat ataatatgct atatattata 300
ctatataata tactatatat tatactatat aatatactat ataacatact atatattata 360

tatgatacat atactatatt acatatataa tatatatata ta 402

<210> 121
<211> 477
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding
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SEL PCT 012.8725
<222> {1)..4477)
<223> MAR of chromosome 2 genomic contig; 8785649..8786125

<400> 121
{atitatata tatatttata tatatattia tatatatita tatatatatt tatatatata 60

tttatatata tatttatata ttiatatata tatattttta tatatitata tatatafita 120
tatatitata tatatttata tttatatata tatttatata tatitatata tatttatata 180
tatatattta tatatattta tatatatata tttatatata tttatatata tttatatata 240
tatttatata tatatitata tatatatica tatatattta tatatatatt catatatatt 300
tatatatata ticatatata tttatatata tatttatata tatatttata tatatftata 360
tatalttata tatatattia tatatatatt tatatatata tatttatata tatatttata 420

tatatalatt tatatatata tifatatata tatatitata tatatatita tatatat 477

210> 122
<211> 773
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1).{773)

<223> MAR of chromosome 2 genomic contig; 10064737..10065509

<400> 122
atattatata tattacatat atattatatt gtatataata tatatattat attgtatata 60

atatatatat tatattgtat ataatatata tattatattg tatataatat atatattata 120
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1. 0865 75th percentil e3. 7543 0.09422 0.1256 1.5096 Maxi nmunil0O. 4061 4.24837
7.4410 8. 8230

SEL PCT 012.8T25
tiglatataa tatattatat tgtatatatt atatigtata tattatattg tatacaatat 180

atattatatt gtatacaata tatattatat tgtatataat atattatait gtatataata 240
téttatattg tatatattat atigtatata atatattata ttgtatataa tatattatat 300
tgtatatatt ataitgtata taatatatta tatgtatata atatagtgta tactatatta 360
tataatatat attatataca atatataata tattgtatat catatatgat atattgtata 420
taatatataa tatatgatat attgtatata atatattata tatgatatat tgtatattat 480
ataftatata tgatatattg tatattatat attatatatt gtatatigta tattatatat 540
tatatattgt atataatatg ttatatattg tatataatat gttatatatt atatattgta 600
tatatgttat atattatgta tigtatataa tatgttatat attatatatt gtatataatg 660
tattatatat tatatatatt atatatigta tataatgtat tatatatigt atattatata 720

ttatatattg tatataatat attatataca ttatattata tattatatat tgt 773

<210> 123
<211> 1554
<212> DONA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1554)

<223> MAR of chromosome 2 genomic contig; 1039775,.1041328

<400> 123
ataatatatt aaatgtatat ataatatatt aaatataaat atatttataa tatataaata 80

titatataaa tataaaatat atattaaata taaatatata taaaatatat attaaatata 120

taaaatataa atatatatta aatatatatt aaatatataa aatataaata tatattaaat 180
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SEL PCT 012.5T25
atattttaaa tatataaaat ataaatatat attaaatata ttttaaatat attaaatata 240

aatatatatt aaatatattt taaatatait aaatataaat acatatatta aatatatatt 300
atatatataa aatatataaa atataaatat atattaaata tatataaaat atatatgtta 360
aatatataaa agatatataa aatataaata tatattaaat atatataaaa tatatatata 420
tinaatatat atattaaata taaatatata taaaatataa atatatgtat taaatatata 480
tattaaatat aaatatatgt attaaatata tatiaaatat gaatatatgt attaaatata 540
tattaaatat aaatatatgt attatatata tagaatataa atataigtat taaatatagt 600
atattaaata taaatatata taaaatatat attaaatatg aatatatata aaatatatat 660
attaaaaata tatataatat aaatatatat aaaatatata tattaaaaat atatataata 720
tanatatata taaaatatat ataltaaaaa tatatataaa atatatatat taaaaatata 780
tataaaatat atatattaaa aatatatata aaatatatat attaaaaata tatattaaat 840
ataaatatat atattaaaaa tatatattaa atataactat atattaaata tatattaaat 900
ataactatat attaaatata tattaaatat aactatatat taaatatata ttaaatataa 960
ctatatatta aatatatatt aaatataact atatattaaa tatatattaa atataactat 1020
atattaaata tatattaaat ataactatat attaaatata tattaaatat aactatatat 1080
taaatatata tgaaatataa ctatatatta aatatatatt aaatataact atatgtatta 1140
aatataaata tatgicttaa atatatatta aatataaata tatgtattaa atatatatta 1200
aatataaata tgtgtattaa atatatatia aatataaata tgtgtattaa atatatatta 1260
aatataaata tgigtattaa atatatatta aatataaata igtgtattaa atatctatat 1320
taaatataaa tataigtatt aaatatatat taaatataaa tatatattaa atatatatat 1380
taaatataaa tatatattaa atataaatat atatattaaa tatatatatt aaatataaat 1440
atatataaaa tatatatatt aaatataaat ataaatataa aatatatatt aaatataaat 1500

acatatatta aatatatgta ttaaatatat atataaaata tatgtattaa atat 1554

<210> 124

<211= 650
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SEL PCT 012.5T25
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(650)

<223> MAR of chromosome 2 genomic contig; 3944813..3945462

<400> 124
catgatatat tatgtataat atatattata gattacatat aaattatata tataatatat 60

aattatataa tatataatat tatataatat attatatata ttatacaatt atataatata 120
tataatatac aattatataa tatataatat acaattatat aatatataat acaatataat 180
atatatttaa tatattatat aatacatatt taatatatta tatatiatat gttatatact 240
aaatatataa tatgtattta atatatacta itatatatgt aatatattat ataatttatg 300
taacatatta tatattatat atgcaatata ttacatgtta catatatatt acatataata 360
tatgtaatat ataatataca ctatattatt atagtatata atatactata ttatgtaatt 420
atataatata gtatattata cactatatta tattatcata taattatata ttatatacta 480
tattacatat atattatgta atataatatg caatatgtta catatataat atataigtat 540
tatatagtat atatactata gtatatataa aatatatgct ataatatata ttitatatat 600

tatataatac atataatgta tcatatatta tatataatat attttataat 650

<210> 125
<211> 441
<212> DNA

<213> Homo sapiens
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0.2104 0 14123 3.2117 75111 percentile 0.83333 0.1914 0.09422 41718
Mari i nucl

SEL PCT 012.8T25
<220>
<221> misc_binding
«222> (1)..(441)

<223> MAR of chromosome 2 genomic contig; 5314265. 5314705

<400> 125
tataaatata tatgaaatat atataaatla tatataattt atatatacat atataaatta 60

tatataaatt atatataaat tatatataca tatataaatt atatattata tataaaatty 120
tatatatita tatataaatt gtatatataa tttatatata aatigtatat ataatttata 180
tatacaatgt atatattaat ttatatatac attgtatata taatttatat atacatigta 240
tatacaatit atatatacat igtatataca attiatatat acattgtata tacaatttat 300
ataiaaatia fattatttat atatagtata tataaatata tatactatat ataaattata 360
tatitattta tatatialat tatttatata taaattatat attatttata tatacattat 420

atataaatta tatattatit a 441

<210> 126
<211> 1168
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1169)

<223> MAR of chromosome 2 genomic contig; 5953971..5955139

<400> 126
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5.77889 9.8795 4.24837 12.9479 TA % TC % TO % 7T%

SEL PCT 012.87T25
atgiaticat attatatatt tatatataaa taatatacat tcatattata tatttatata 60

taaataatat ataticatat tatatattta tatataaata tataatatat ttatgtataa 120
ataatatata tattcatatt atatattict atataaataa tatatatatt catattatat 180
afttatatat aaatatataa tatatttata tataaatata taatatattt atatataata 240
tatatattca tattatatat t{atatataa atatataata tatttatata taaataatat 300
atatattcat attatatatt tatatataaa taatatatat tcatattata tatttatata 360
taaataatat atattcatat tatatactia tatataaata atatatatic atattatata 420
cttatatata aataatatat attcatatta tatatttata taaaaataat atataticat 480
attatatatt tatatataat atatatattc atattatata tttatatatt ctatatatic 540
atattatata ittatatata aataatgiat attcatatta tatattfata tataaataat 600
gtataticat attatatatt tatatataaa tatatatica tattatatat tiatatataa 660
atatatattc atattatata fttatatata aatatatati catattatat atttatataa 720
aatatatata ttcatattat atttatatat aaatatatat attcatatat atatttatat 780
ataatatata tattcatatt atatatitat atataatata tatattcata ttatatattt 840
atatataaat aatatatata itcatattat atatttatat ataaataatg tatattcata 900
ttatatatit atatataaat aatgtatatt catattatat atitatatat aaatatatat 960
attcatatta tatattigta tataaatata tattcatait atatattigt atatatattc 1020
atatatattt atatataaat atataatatt catattatat ataaatatat atattcatat 1080
tatatattia tatatataaa {aatatatat tcatattatt tatatatata aataatatat 1140

attcatatta ttlatatata taaataaia 1169

<210> 127
<211> 653
<212> DNA

<213> Homo sapiens
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M ni rum 2g 63 0. 00000 0. 0000 0.000 254, pacentile 33.48 0.08696 09695

SEL PCT 012.3T25
<220>
<221> misc_binding
<222> (1)..(653)

<223> MAR of chromosome 2 genomic contig; 6427669..6428321

<400> 127
tatatatgta tacatatatg tatataigtg tatatatgta tacatatatg tatatatgtg 60

tatataigta tacatatatg tatatatgtg tatatatgta tacatatatg tatatatgtg 120
tatatatgta tacatatatg tatatatgtg tatatatgta tacatatatg tatatatgty 180
tatatatgta tacatatatg tatatatgtg tatatatgia tacatatatg tatacatgtg 240
tacatgtgia tacatatatg tatacatgtg tacatgtgta tacatatatg tatacaigty 300
tacatgtgta tacatatatg tatatatgig tatacatata tgtatatatg tgtatatatg 360
tatacatata tgtatataag tgtatatatg tgtataigta tataagtgta tatatgtgta 420
tatgtatata agtgtatata tgtgtatatg tatataagtg tatatatgtg tatatatgta 480
técatatatg tatatatgtg tatatatgtg tatatgtata taagtgtata tatgtgtata 540
tatgtataca tatatatgtg tatatatgta tacatatatg tatatatgig tatatatgta 8600

tacatatatg taaataigty tatatatgtg tatatgtata taagtgtata tat 653

<210> 128
<211> 414
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding

<222> (1)..(414)
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4.234 Medi an 25.220 32616 1.9776 7.843 Mean 35.290. 63347 2.6977 7.184

SEL PCT 012.8T25

<223> MAR of chromosome 2 genomic contig, 10890453..10890866

<400> 128
tatatttigt aaatatatat atagtaaata tatgtaaata tatatatttt gtaaatatat 60

atatatittg taaatatatg taaatatata tattttgtaa atatatgtaa atatatatat 120
titgtaaata tatgtaaata tatatatttt gtaaatatat gtaaatatat atalittgta 180
datatatgta aatatatata tttigtaaat ttatgtaaat atatatattt tgtaaatata 240
igtaaatata tatataittt gtaaatatat atacatatat attttgtaaa tatataaaca 300
tatatattit ataaatatat ttataaatat atatattgta aatatattta taaatatatt 360

tataatatat atattgtaaa tatgtttata aatatatata ttgtatatat aaat 414

<210> 129
<211> 496
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(496)

<223> MAR of chromosome 2 genomic contig; 13952568..13953063

<400> 129
taatatacat attatatatt atatatigta tatataatat acatattata tattatatat 60

tgtatatata atatacatat tatatattat atatigtata tataatatac atattatata 120
ttatatattg tatatataat atacatatta tatattatat attgtatata taatatacat 180
attatatait atatattgta tatataatat acatattata tattatatat tgtatatata 240
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75th percentile 37_140.83333 3. 7543 10. 110 Maxi nunb0. 005. 77889 10. 4061
17.290 Considering the results of the predicted S/ MAR el enents and of the
nonS/ MAR sequences in the summary tables, noticeable differences can be
noticed in the AT et TA

SEL PCT 012.5T25
atatacatat tatatattat atattgtata tataatatac atattatata ttatatatty 300

tatatataat atacatatta tatattatat atigtatata taatatacat attatataitt 360
atatattgta tatataatat acatatiata fattatatat {gtatatata atatacatat 420
tatatattat atattgtata tataatatac atattatata ttatatattg tatatataat 480

atacatatta tatatt 496

<210> 130
<211> 317
<212> DNA

<213> Homo sapiens

<220>
<221> misc_hinding
<222> (1)..(317)

<223> MAR of chromosome 2 genomic contig; 16942865..16943181

<400> 130
tcteotagta gttatatata tatatatgtg tatatatata tatcctagta gatatatata 60

tatatatatc ctagtagata tatatatata fatatcctag tagatatata tatatatata 120
tcctagtagt tatatatata tatatatcet aacagttata tatatatata fectagtagt 180
tatatatata tatatcctag tagtiatata tatatatata tcctagtagt tatatatata 240
tatatcctag tagttatata tatatatatc ctagtagtta tatatatata ttatatatta 300

tataatatat atataat 317

<210> 131
<211> 464

<212> DNA
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25 di nucl eotide contents between these two groups of sequences. AT and TA

represent respectively at

| east 18,5 % and 28, 6% of the di nucl eoti de cont ent

of the predicted S/ MAR sequences, whereas the m ni mum percentages for the

sane di nucleotides in

nonS/ MAR sequences are respectively 0.3 "1/0 and 0%

Simlarly, the maxi mum CC and GG content in 3/ MAR sequences is 4.2 %
whereas in nonS/ MAR sequences the percentages for these two di nucl eoti des
can anount up to 20.8 % ?7? The C§%l[9 d'),péjsl?%meen AT and TA di nucl eoti de

per cent ages and the DNA hi ghest 5
depicted _Lp Fig.
nonS/ MAR%&?TU(&&’@&?EI

as conputed by SMAR Scan(r) is

17 for the predicted 8/ MAR sequences and in Fig.18 for the

PIFE different scatterplots of these figures show that

the TA percentage correlates well with the predicted DNA bend as predicted

by SMAR Scan(r).
<220>

<221> misc_binding

<222> (1)..(464)

10

<223> MAR of chromosome 2 genomic contig; 17217049..17217512

<400> 131

acatactata tatatacaca tactatatat actatataca gtatatagta tacatatact 60

atacatatac atatactata catatacata tacatatact aagtatacgt atatacagta 120

catagtatat gtatactata tagtatgtat atatagcata tagtatgcgt atactctata 180

tagcatatag tatgcatata cgctatatag catatagtat gcatatacta tatatagtat 240

agagtatgcg tatactatat atatagtata gagtatgegt atactatata tatagtatag 300

agtatgcgta tactatatat atagtataga gtatgcgtat actatatata tagtatagag 360

tatgcgtata ctatatatat agtatagagt atgcgtatac tatatatata gtatagagta 420

tgcgtatact atatatatag tatagagtat gtatatatat agta 464

<210> 132
<211> 430

<212> DNA

<213> Homo sapiens

<220

<221> misc_binding

<222> (1)..(430)

<223> MAR of chremosome 2 genomic contig; 19647266..19647695
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Tabl e 5: Dinucl eoti de percentages over the 1757 nonS/ MAR sequences sunmary
AA % A0% A3 A AT % M ni mum 0, 000 !. 735

SEL PCT 012.8T25

<4Q0> 132
tgtaaatata tgtaaatata tatttatatt atatatiata taaaaatata atatataata 60

tataatatat aaactatata ttaatataat atatataaac tattatataa atacatatta 120
aatatattat atttttaata titatatatt aaatataata tatatitaat atttatatat 180
taaatatata atatatttaa tatttatata atatatagca tattttatat ttatattata 240
tataacattt tatatttata ttiatattta tatatatita atftatattt atattatatt 300
fatattiata tlatatataa cataattata tatattttca tattgtatat aataaagaaa 360
tgtatatitg ttatatataa {atatatiat ataatttatt atatattata taatatatat 420

tatataatat 430

<210> 133
<211> 2131
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(2131)

<223> MAR of chromosome 2 genomic contig; 20481223..20483353

<400> 133
tatatataaa tatatttata titaatatat atttatataa atataitttt atataaatat 60

atafttaata taaataictt tatatttaat atatatttaa tataaatatc tttatatita 120
atatatattt atatataaat atatatttat atttaatata taftaatatt taatatacgt 180

ttatatttaa tatatatttc tatataaata tatttatatt aacatatatt tatatataaa 2490
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1.512 0 3257 25th percentile 7.046 4.586 6 466 5.1033 Medi an 9. 106

SEL PCT 012.8T25
tatatttata tttaatatat ftacatataa atatatttat atgtaatata ittacatata 300

aatatattta tatttaatat atatgcatat gtaaatatat ttatatttaa taatatttat 360
atataaatat atttatattt aataatattt atatataaat atatttatat ttaatatata 420
ttaaatatat atttatattt aatatatatt aataittaat atatatttat atttaatata 480
tattatatat aaacatatat itatatitaa tatatattat atataaacat atatttatat 540
ttaatatata ttatatataa acatatattt atatttaata tatatttata tttaatatat 600
tatatataaa catataitia tatttaatat atatitatat taaatatata ttatatataa 660
acatatattt atatitaata {atatttaia ttaaatatat atttatattt aatatatata 720
tattaaatat atatitatat ttaatatata tttatattaa atatatattt atattaaata 780
tafttatatt taatatatat ttatattaaa tatatatiaa atattiaata tatatttata 840
tttaatatat acatatatat ttatattiaa tatatacata tatatttata tttaatatat 900
acatatatat ttatatttaa tatatacata tatatttata tttaatatat aaatttatat 960
titatatata taaaaatata taittatatt taatatatat aaatatatat ttatatttaa 1020
tatatatatt tatattgaat atatacataa atatatattt atatttaata tataaacata 1080
tattiatat! tatatatiaa atatataitt atatttaata tataaatata tatttatatt 1140
taatatattt atatatacta atatatttat atitaatata {ttatatata gatatattta 1200
tétttaatat atttatgtgt attaatatat ttatatttaa tatatttata tattaatata 1260
ttiatatitt ataittatat attaatatat ttatatttia tatttatatt ttatatattt 1320
atatattaat atatttatat ttatatatat tttiatatat taataaattt atattttata 1380
tatitatata ttaataaait tatattitat acagttatat aaatatattt atattttata 1440
cagtiatata aatatatiia tatittatag ttatataaat atatttatat titatacagt 1500
tatataaata tatttatatt tiatacagtt atataaatat alttatatit tatacagtta 1560
tataaatata tftatatitt atacagttat ataaatatat ttatattita tacagttata 1620
taaatatait tatattttat acagttatat aaatatattt atattttata cagttatata 1680
aatatattta tattttatac agttatataa atatatitat attttataca gttatataaa 1740
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4016 7.279 6.8695 Mem 8 976 5.054 7.184 7,0108 75th prreenthe

SEL PCT 012.8T25
tatatttatg ttttatacat ttatataaat atattiatat tttatacatt tgtatttaat 1800

atatatttat atataaatat attttatatt taatatattt atatataaat atatattgat 1860
atttaatata tatttatata taaatatata tigatatita atatgfttat atataaatat 1920
atatttatat itaatatata tgttiatata tcaatatata titatattta atatatattt 1980
acatataaat atatatftat atttgatata tatttatait tgatatatat titatatata 2040
ttaatatatt tacatttgat atatatttta tatatattaa tatatttaca ittgatatat 2100

atttiatata tattaatata tttacattig a 2131

<210> 134
<211> 842
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(842)

<223> MAR of chromosome 2 genomic contig; 20483478..20484319

<400> 134
tatatattta tgtttaatat atatttatag ataaatatat atttacgttt aatatatatt 60

tatagataaa tatatattta cgtttaatat atatttatct ataaatatat ttacgtttaa 120
tatatattta tatattaata tatttatgtt taatatatat ttatatatat taatatattt 180
atgtttaata tatatttata tattaatata ittatgtita atatatttat atatattaat 240
atatttatgt t{aatatata ttiatatgtt aatatattta ggtatatata tatttatatg 300
ttaatatala titatattaa tatattatat ttatatataa aagtatatat aatatataaa 360
tattatataa attattatat agtattitta tatatatita tatataaatt tiatatatit 420
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10.939 5 494 7.969 8.7913 Maxi num 17 922 13. 816 12.232 |23.1788

SEL PCT 012.8T25
iatatatata aataiatatt {atatataca tittatatat aaatatatat ttatatatac 480

atiatatata taaatatata tatitatatt ttatatataa atatatatat ttatatatac 540
attttatata ttitatatat gtaaatatat atataaattt tatatattgt atatatattt 600
ataaafttita tatatatatt tatatatata atatatataa tatatataaa itttatatat 660
attatatata tttatafttt atatattata tatttattia tatatatita tatgttatat 720
atatttatat ttatatitat tttitattia tatattttat atatatattt atatatgtat 780
attatatata ttatatatta tataatatat tatatatait atattatata titatattat 840

at 842

<210> 135
<211> 645
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..(645)

<223> MAR of chromosome 2 genomic contig; 20897566..20898210

<400> 135
giataittat attatatait atataatata tattatatat taatagafta tatataatat 60

antatatatg tatatifata tttatgtiat aatatacata taattatata tgtatgtata 120
catgtataca tatacgtaia tgtgtataig tatacatata ggtatatgtg tacatgtata 180
catataggta tatgtatatg tatacatgta tacatataat ataattacat atgtatgtat 240
acatacatat giaattatat tatafatgta tatgtatatt tatataatat ataatatgta 300
t{atatatta tacatgcata tttatatgta tattatatat acacatataa tataattata 360
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CA VDCO % CO % CT % M ni mum 3, 5710. 8278 0. 0000 1.512 25th percentile

SEL PCT 012.8T25
tatgtatgta tatatacaca tatatatita tattatatat gtatattata tacatatatt 420

tatattatat atgtatatat atttatcata tttataigta atatgcaigt gtaataaata 480
atatacacat tiatatatgt atattatata catatattia tatigtatat gtatatatat 540
ttatatatat ttgtatatca tatattiata tattgtatat tiatgtataf tatatatita 600

tatattatat atgtattata taatatatat gtaaatatat attat 645

<210> 136
<211> 722
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(722)

<223> MAR of chromosome 2 genomic contig; 21664541..21665262

<400> 136
tataaiatat attatatict atataatatg taaaatatat attatattct atataatgta 60

ttatatatag aatataatat atictaigta tictataatc tatataatac atattatata 120
ttatatagaa tattataaat aatatatict atattatata tagaatatat tctatatgtt 180
tatatictat atattatata tgaaatagta tataaaatat atataatata tataaaatat 240
gatatataat atatataaaa taatatataa tgtataatat ataaaataat atataatgta 300
taataiataa aataatatat aatgtataat atataaaata atatataatg tatattatat 360
aaaataatat ataatgtata ttatatataa aataatatat aatgtatatt atatataaaa 420
taatatataa tgiatataaa ataatatata atatattata tataaaataa tatataatat 480
aftatatata aaataatata tattatatat aaaataatat ataatatatt atatataaaa 540
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6. 7654. 1077 0.4727 6.466 Median 7.4195.5556 0.8439 7.279 Mean 7.4115.9088

SEL PCT 012.8725
taatatatat tatatataaa ataatatata atatattata tataaaataa tatatattat 500

atataaaata atatatatta tatataaaat aatataatat atattatata taaaataata 860
tataatatat tatataaaaa tataaatata ttatataaaa atataaaata taaaatatta 720

ca 722

<210> 137
<211> 205
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(305)

<223> MAR of chromosome 2 genomic contig; 22834991..22835295

<400> 137
aatataaaat atatgatata taatacgtat tatatatgta taatacgtat tatatattaa 60

tatataatat ataatacata ttatatatgt atataatata tactaatata tataatgtat 120
acattatata titacataat atataataca taatatagaa ttataattat atataataca 180
taatatataa ttatatatat tattatatat gtatttatat tatatataat atattatata 240
taatatatat tatataatta tataagtata taattatgtt atatacataa taatatataa 300

tatat 305

<210> 138
<211> 382
<212> DNA

<213> Homo sapiens
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1.2707 7.184 75th percentile 8.0107.2460 1.5769 7.969 Maxi num 15, 71420. 8415
12. 6074

SEL PCT 012.5725

<220>
<221> misc_binding
<2225 (1)..(352)

<223> MAR of chromosome 2 genomic contig; 25277762..25278113

<400> 138
taatatatat aatatattat atattatata taatatattt tataatatat aaaatatatt 60

atatataata tataatataf tttataatat atataataia ttatatataa tatataatat 120
attitataat atatataata taitatatat attatafalt tatatttatt tatatatica 180
taaatatata tttatatata atatatttta taatatatia tatataatat ataatatatt 240
ttataatata ttataatata taatatataa tatatfitat aatatatata atatataata 300

tattatatat ttatatttat ttatatattc ataaatatat atatitatat ta 352

<210> 139
<211> 342
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(342)

<223> MAR of chromosome 2 genomic contig; 25378452..25378793

<400> 139
tatgtacata tatatfitat atattatata taatatatat tatatgatat atataatata 60
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12. 232 GA% CC % 00% (3T% M ni ram 1. 319 04967

SEL PCT 012.5T25
ttatataata taatatataa aatatatata atatatatta tattatataa attatattat 120

atatatcata taatatatit tatatattat ataatatata ttatattata tatattitat 180
atattatatt atatattata tataicatat aatatatatt atattatata ttitatatat 240
tatataatat atattatata tttttatata ttatataata {atattatat attitatata 300

ttatataata catatattat atataatata atatatatta ta 342

<210> 140
<211> 663
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(663)

<223> MAR of chromosome 2 genomic contig; 30209437..3021009¢

<400> 140
aatatatalt acatattgta tatatagtat atgtaatgta tataatatag tatatictat 60

attgtataat agtaatatat agtatatgat atactatata ttacttatca tatatacaat 120
atatattata tcgtatattg tatattatat attgtatata tgtaatatat gataigtaca 180
tatgttatat atgtatataa tatactatat tatatatigt atattatata catatataac 240
actattatac aatatataat atagcatatt atatacaata tagcatatac aatatataat 300
atagcalatt atatataata tagtaiatta tatacaatat ataatatagc atattatata 360
taatataata tagtatatta tatacaatat ataatatage atatacaata tagtatacaa 420
tatataatat agcatataca atatagtata ttatatataa tatataatat agcatgtaca 480
atatagtatg ttatatacaa tatataatat agcatataca atatagtata ttatatacaa 540

Seite 126



0,8278 1.735 26111 percentile 3.495 3.2615 4,1077 4.586 Mdi an 6032

SEL PCT 012.8T25
tatataatat agcatataca atatattata ttatatacaa tatataatat agcatataca 600

atatagtata ftatatacaa tatataatac agcatataca atatagtata ttacatacag 660

tat 663

<210> 141
<211> 1200
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1200)

<223> MAR of chromosome 2 genomic contig; 31725089..31726288

<400> 141
tgtacttata tattataatg tatatataaa gtatatactt tatatatact tatatattat 60

aatgtatatt attgtatata agtatatatc ataatatata ctiacatatg ctcacatata 120
ttataatgta tattgtatat attatataca tattatatat gtataatgta tatatacatt 180
atataigtat aatgtatata tacattatat atgtataatg tatatataca ttatatatgt 240
ataatgtata taatatatac aatatatgta taatatataa tatatacaat atatgtataa 300
tatacaatat aigtataata tacaatatat gtatagtata taatatatat tatatatgta 360
tagtatatta tatattatat atgtatagta tataatatgt ataatgtata tattataata 420
tattatatat aatatctata acaatataat ataftgtata tattatatat aatatatatt 480
tatataatat atattataia taatatatta {gtatitatt {atatiatat ataatataaa 540
tatatataat ataaataata tttattatat atfaatataa atatttatat taatatatat 600
ttattatata taaataatat ctatgatata aataatatat aatatacatg tatatgttat 660
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4.4092 5.5556 5 016 Mean 6. 065 4. 74685. 9068 5, 054 75th percentile
6. 6025_88247. 2460

SEL PCT 012.5725
aatatataca tataatatac atgtgtatat atactataca tgtatatata acatgtatat 720

atatacatgt atatatatta tgtatacatg tatagtatat atécafgtét atatatacat 780
atatactata caigtatata tacatgtata tatatacata tatactatac atgtatatat 840
acatgtatat atacacatat atactataca tgtatatata catgtatata tatacatgta 900
tgttatatac attaitataa tatacatata tagtatacat tatatacatt atataataty 960
cattattata atataatata cattattata atatacatta ttataatata atatacatta 1020
ttataatata cattattata atatacafta taataatata cattattata atatacatta 1080
taatatigaa gtatatatac tataatatat gtatatatia taatgtatat aatatacatt 1140

attatatata agtatgtatt atatataagt atatattata atatatgtat atacatatat 1200

<210> 142
<211> 325
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(325)

<223> MAR of chromosome 2 genomic contig; 32147252..32147576

<400> 142
aaatacaaat afttatitat atataatata taatataata tatttattia tatataatat 60

ataatttata attatataaa tatataatat atitatatat aatatataat titattatat 120
attaattata tatataataa atatatataa tatataattt tattatatat taattatata 180
tataataaat atatataata tataataata ttatatacat tatatataaa tataaatatt 240
tatataatat ataatataat atafttattt atatataaat atataatata taattatata 300
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5. 494 Maxi mum 10. 42316, 0000201415 13.815 TA % TC 36TO % TT % M ni num

SEL PCT 012.8T25
aatatataat atatttatat ataac 325
<210> 143
<211> 507
<212> DNA

<213> Homo sapiens

<220>
<221> misc_ binding
<222> (1).(507)

<223> MAR of chromosome 2 genomic contig; 32312662..32313168

<400> 143
attattiaia taaatattat atttatatta tttatataaa tattatattt atattattta 60

tataaatatt atatttatat tatttatata aatattatat ttatattatt tatataaata 120
ttatatitat attatttata taaatattat atttatatta tttatataaa tattatattt 180
atattattta tataaatatt atatttatat tatttatata aatattatat ttataftait 240
tatataaata ttatatitat aftatitata taaatattta {ttatattat ttatataaat 300
attatatita {afiatttat ataaatattt atitatatta tttatataaa fatttattta 360
tatitatata aataatatat aaataaatat tttataigta tataaatatt atitatatta 420
titatitaaa taaataatat aaattaatat aaatattaat attatitatt ttattataaa 480

taatataaat attataitta tatttat 507

<210> 144
<211> 339
<212> DNA

<213> Homo sapiens
Seite 129



0.000 1.319 3.571 0.000 25th percentile 3.876 5,495 6,765 7.496

SEL PCT 012.5725

<220>
<221> misc_binding
<222> (1)..{(339)

<223> MAR of chromosome 2 genomic contig; 33651118..336851456

<400> 144
aaatataata tattatttat atataatata aatgatatat tatgtatata taaaatataa 60

ataatatatt atgtatatat aaaatataaa tattatttat atataaaata taaataatat 120
itatatataa aatataaata ttatattatt tatatataaa atataaataa tatattattt 180
atatataaaa tataaataat atattattta tatataaata atatataaaa tataaatata 240
tattatatat aaataaaata tatatattat atatataaat ttatatataa tatataaaat 300

ataatatata tatitaatat ttattatata atatataat 339

<210> 145
<211> 461
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(461)

<223> MAR of chromosome 2 genomic contig; 45073053..45073513

<400> 145
tgtgtataca tatatacgtg tacatataca tatatacatg tgtatatata tacgtgtaca 60
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Medi an 5.625 6.032 7.410 9.106 Mean 5.774 6.06517.411 8.976

SEL PCT 012.8T25
tatacatata tacatgtgia tatatatgta catatacata tatacatgtg tatacataca 120

tatatacatg tacatataca tatatacatg igtatacata catatataca tgtacatata 180
catatataca tgigtatact tacatatata catgtacata tacatatata catgtgtata 240

fatacatata tacacgtaca tatacatata tacaigtaca tatatacatg tatacatata 300
tacatgtaca tatgtacata tatacatgta tacatatata catgtacata tgtacatata 360
tacatgtata catatataca tgtacatatg tacatatata catgtataca tatatacata 420

tgtacatacg cacagataga catatataca tatgtacata ¢ 461

<210> 1486
<211> 1162
<212> DNA

<213> Homo sapiens

<220>
<221> misc_hinding
<222> (1)..(11182}

<223> MAR of chromosome 2 genomic contig; 45487691..45488852

<400> 146
attatattat ctatataaat ctattatatc tattatatta tctatataat atctattata 60

tatatiatat tatctatata aatctattat atatattata ttatctatat aaatctatta 120
tatatattat attatctata tatctatiat atattatatt atattatatt atatataata 180
tctattatat atattatatt atattatatt atatataatia tctattatat atattatatt 240
atctatataa tatctattat atattatata ttatattata tataatatct aftatatata 300
ttatattata tiatatataa tatctattat aictattata tatattatat atatctatta 360
tatctattat atatattata tataaxtatct attatatcta ttatatatat tatatataat 420
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75th pereenti:e 7.464 6.6028.01010. 939 Maxi mum 24 338 10, 42315. 71417, 922

Four of the novel super MARs were randomly picked and anal yzed for AT and TA
15 di nudeoti de content, and conpared with the previously known chicken

| ysMAR, considering wi ndows of 100 base pairs (Table 6). Surprinsigly,

Appl i cants have shown that all of the super MARs have AT dinucl eoti de
frequencies greater then 12% and TA dinucl eotides greater than 10% of the
total dinucleotides analysed in asg\ﬁp,%%{)gs.wgbase pairs of DNA. The nopst

efficl e”ﬁctattata tctattatat tatattatat ataatatcta ttatatctat tatatatatt 480
atatatatct attatatcta ttatatatat tatatataat atctattata tctattatat 540
atattatata taatatctat tatatctatt atatattata tatataatat ctattatatc 600
tattatatat tatatatata atatctatta tatctattat afctattata tatatatcta 660
ttatatctat tatatatatt atatacataa tatctattat atctattata tatattatat 720
atataatafc tattatatct attatatata tactatctat tatatctatt atatatatta 780
tatatgtact atctattata tctattatat ctattatata tatactatct attatatcta 840
ttatatatat tatatatata ctatctatta tatctattat atatattata tatatactat 900
ctattatata tctattatat atattatitt atattatata tagtaictat tacatatait 960
atattatatt atatataata tctattatat atattatatt atattataaa taatatatat 1020
aatatctglt atatataata gatattatat ataatatata atatatataa tagatattat 1080
atatattata ttatataata tataatatat aatataatta atataaaata tatataatat 1140

ataattaata taatatgtaa ta 1162

<210> 147
<211> 662
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(562)

<223> MAR of chromosome 2 genomic contig; 45516233..45516794

<400> 147
acatattata tatattatat ataatatata ttatatatac atattatata tattatatat 60
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20di spl ay val ues around 34% of the two dinucl eotide pairs.

of

CLysMAR (aveag _eof CUES) AT% 12.03 TA% 10.29 SEQ ID No

SEL PCT 012.8T25
aatatatait atatatacat attatatata ttatatatac atatatatat tgtatataat 120

atatacatat tatatatatt atatatacat aftatatatt atatataata tatacatatt 180
atatattata tataaatait atatatiata tataaatatt atatatataa atattatata 240
ttataiataa atattatata icttatatat aaatataata tataatatat ataatattta 300
tatattatat ataaatatta tatatattat ajaatattat atataatata taaatatata 360
tattatataa atattgtata tattatataa atattatata tattatatat aaatattata 420
tatattatat aaatatatat aaatatataa aatatataaa tatgtaaaat ttatatitat 480
aaatatataa tataaatata taaatataaa tataaattat atataatata taatatatta 540

tacataatat atactatata ta 562

<210> 148
<211> 801
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(8C1)

<223> MAR of chromosome 2 genomic contig; 45727251..45728051

<400> 143
atatatatat ataatatata catatataga atatatatat tattatattc tatatataga 60

atatatatat agaatatata tatatagaat atatatatag aatatatata tagaatatat 120
atatagaata tatatataga atatatatat atagaatata tatatagaat atatatatat 180
égaatatata tatatagaat atatatatat agaatatata tatatagaat atatatatag 240
aatatatata tagaatatat atatatagaa tatatatata gaatatatat atatagaata 300
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%AT and TA di nuol eotide frequencies of experinentally verified MARs 25



P168 AT% : 33.78 TA%: 33.93 SEQID No P1 6 AT% : 34.67

SEL PCT 012.8T725
tatatataga atatatatat atagaatata tatatagaat atatatatat agaatatata 360

tatagaatat atatatatag aatatatata tagaatatat atatatagaa tatatatata 420
gaatatatat atatagaata tatatataga atatatatat atagaatata tatatagaat 480
atatatatat agaatatata tatagaatat atatatatag aatatatata tagaatatat 540
atatatagaa tatatatata gaatatatat atatagaata {atatataga atatatatat 600
atagaatata tatatagaat atatatatat agtatatata gaatatatat atatagtata 660
tatagaatat atatatatag aatatatata tagaatatat atatatagaa tatatatata 720
gaatatatat atatagaata tatatataga atatatatat atatagaata tatatataga 780

atatatatat atatatagaa t 801

<210> 149
<211> 346
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(348)

<223> MAR of chromosome 2 genomic contig; 50937238..50937583

<400> 149
taaaattata tatattatat ataatatata atatattata tataatatat attataatat 60

atataatata tatiatataa aatatatict atagaatata tatictatta tataatatat 120
attctattat aatatatatt atatataata tatattctat tataatatat attatatata 180
atataticta ftatgatata tattatatat aataacatat attatatata atatatattc 240
taitatataa aatatatatt atataaaata tatattctat fatataaaat atatattata 300
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TA% : 34.38 SEQ I D No r-Pl1 42 AT% : 35.65 TA% :

SEL PCT 012.8T25
fagaatatat attatattat atagaatata tattatacta tatata 346
<210> 150
<211> 482
<212> DNA

<213> Homqo sapiens

<220>
<221> misc_binding
<222> (1)..(462)

<223> MAR of chromosome 2 genomic contig; 55672627..55673088

<400> 150
taaatatata ttatataita tattatatat aatatatita tatitatata tactataait 60

tatatataat atatattata tatataatat atttataata tatatcatat aaataatata 120
tatttataat atatatcata taaataatat atatttataa tagatatcat ataaataata 180
tatattlata atagatatca tataaataat atatatitat aatagatatc atataaataa 240
tatatatita taatagatat catataaata atatatatti ataatatata tcatataaat 300
aatatatatt tataatatat aicatataaa taatatatat ttataatata tatcatataa 360
ataatatata titataatag atatcatata aataatatat atttataata gatatcatat 420

aaataatata tatitataat agatatcata taaataatat at 462

<210> 151
<211> 401
<212> DNA

<213> Homo sapiens
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35.52 SEQ ID No Mean value for all human "super"MARs AT% : 34.32 TA%: 35, 29
Mean value for all human non- MARs

SELPCT 012.8T25
<220>
<221> misc_binding
<222> (1)..(401)

<223> MAR of chromosome 2 genomic contig; 56081352..56081752

<400> 151
tatacatigta tgtattcgta tatgtatglt atatatgtat aigtgttata tacatataca 60

tatatacatg tatatgtgit atatacatat acatatatac atgtatatgt gttatataca 120
tatacatata tacatgtata tgtgitatat acatatacat atatacatgt atatgtgtta 180
tatacatgtg tatgtgtata tgtatatata catatatgtg tatgtgcatg tgtatatata 240
catatatgta tatgtgtata {gtatatata catatalgta tatgtgtatg tgtatacgta 300
tatatacata tatgtgtatg tgtatgtgta tacgtatata tatacatata tgtgtatgty 360

tatacgtaca tatacatata tgtgtatgtg tatacgtaca t 401

<210> 152
<211> 765
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..(765)

<223> MAR of chromosome 2 genomic contig; 56404208..56404972

<400> 152
tatattatat anngaatata tattatataa tatgtaaaga atatatatta tataatatgt 60
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AT%: 7.01 TA%: 5.77 6.4 Anal ysis of orthol ogous intergenic regions of
human and nouse genones 5In order to get an insight on S/ MAR evol ution,

ort hol ogous i ntergeni c regions of hunan and nouse genones have been anal ysed
with SMAR Scan(r). The data set used is

SEL PCT 012.5T25
aaagaatata tattatatat tatgfaaaga atatatatta tatataatat ataaagaata 120

tatattatat aatatatzaa gaatatatat tatatatiat ataaagaata tatattatat 180
ataatatata aagaatatat aatatataat atataaagaa tatatattat atataatata 240
taaagaatat ataftatata taatatataa agaatatata ttatatatta tataaagaat 300
acatatatat aatatataaa gaatatatat tatatataat atataaagaa tatatattat 360
atataatata taaagaatat atattatata taatatataa agaatatata ttatatataa 420
tatataaaga atatatatta tatataatat ataaagaata tatattatat ataitatata 480
aagaatatita tatatiatat aaagaatata tattatatat aatatataaa gaataaacat 540
atatactata tataaagaat atacattata fatactatat ataaagaata tacattatat 600
atactatata taaagaatat atataatata taaagaatat acatlatata taatatataa 660
agaatatatt atatatfala taaagaatac attataatat aaagaataca ttatatataa 720

tataaagaat acattataat atataaagaa tatatataat atata 765

<210> 153
<211> 443
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(443)}

<223> MAR of chromosome 2 genomic contig; 61953416..61953858

<400> 153
fttatatatt atagataaaa itataitata ttacaigtaa tatataatat gtaaaatata 60

ttatatiaca tatataatat ataatatgta aaatatatta tattacatat ataatatata 120
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conposed of 87 pairs of conplete orthol ogous intergenic regions fromthe
human and nouse genones (Shabalina SA, QOgurtsov AY, Kondrashov VA,
Kondrashov AS, Sel ective constraint in intergenic regions of human and nouse
genones, Trends 10 Genet, 17(7)1736, 2001) (average |length -12 000 bp)

| ocated on 12 human and on 12 nouse chronpbsones, the synteny of these
sequences was confirnmed by pairw se sequence alignnent and consi deration of
t he annotations of the flankingsgemesT (experisnental or predicted). 15

Anal ysigtatgthad Mt Aat AUBBA aftisl afRAERLS Hh OB EOMSatiticer 980i ¢ sequences have
been anal ysed with SMAR Scan(r) using its default settings. Analysis of the

human SegUEREeslE deslaticl Sdlorah sk MYBRGRIag ot (Tepresenting a total

| engt h cated on 5 different Intergenic sequences. 20 Anong

e ?Rérﬁﬁﬁ‘%ﬁ'&%ﬁ £l FemE %3%?"9%%‘?&9?% o8 espondi i;p;erél)s?’ hM“R
. | | ek ndi ng_mous,
ENBL ?%’t%%é%t'a%t,%%%?%‘f%tféﬁa‘?%%“f%%}bfaﬁ%%ﬁs@%%#%aog?ﬁgc? o mouse e | o
AC015932, it 59,8 9.963) . [
or t ho! GSiRB Ry BAa At e BB TRigRat 142 best | ocal af | gnemont

of these two big r%?i ons correspond to the regi ons predicted by SMAR Scan(r)
to be Slatpaipezpattai?id a8 nanual search for tH%3nouse orthol ogs of the two
ot her human intergeni c sequences predicted to contain a "super” S/ MAR was

performed using the Ensenbl Genonme Browser (http://ensenbtorg). The nouse
or t hol 68d¥%s 15t er geni ¢ sequences of these two human sequences were

<211> 372
<212> DNA

<213> Homo sapiens

<220~
<221> misc_binding
<222> (1)..(372)

<223> MAR of chromosome 2 genomic contig; 62076211..62076582

<400> 154
tatatataat tatatatgta attatatatc agtatatata attatatata attatcaata 60

tatataatta tatataatta tcaatatata taattatcaa tagatatata taattatata 120
tataattata tataattata tatcagtata tatacitata taattatata tatgtatata 180
taattatatg tataaattat ctataagtat atataactat aatatatatc aattatatat 240
acttatgtat aattatatat actgatatat aattatacat aattatatat atcaattata 300
tataattatg tataattata tatacatata tataattata tatataaatt atatgtaatt 360
atataattac ac 372

<210> 155
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30retrieved using Ensenbl orthol ogue predictions (based on gene nanes),
searching the orthol ogous nouse genes for the pairs of human genes fl anking
t hese intergenic regions. Because SMAR Scan(r) has been tuned for human
sequences and consequently yields 35 little "superMARS with nouse genom c
sequences, its default cutoff values were slightly relaxed for the m ni num
size of contiguous hits to be considered as S/ MAR (using 200 bp instead of

300 bp). Analysis by SMAR Scan(r)_,0 se sequences predicted several
S/ MARs havi ng hi gh val ues for t%%%?#@éﬁ%ﬁ%nput ed structural features.

This finding ggests that the human MAR el enents are conserved across
405peci%7s1.1>E§1§$rpl e 7 . Dissection of the chicken |ysozyne gene 5 - MAR The
3000 base pair 5 -MAR was dissected into smaller fragnments that were
noni t or el Z50MNgy effect on transgene expression in Chinese hanster ovary
(CHO) cells. To do so, seven fragments of -400 bp were generated by

pol ynere&i@>chlame sagistsi on ( PCR) .

<220>
<221> misc_binding
<222> (1)..{484)

<223> MAR of chromosome 2 genomic contig, 62158581..62159064

<400> 155
atlatatata atatagaagat tatacatatt attttattat atattatata cataatatat 60

atatttcata tataatatat attatatata atataaaata tatattaigt ataattatat 120
ataaaatata ttatataatt atatataaca taaaatatat ataatatata attatatata 180
atataaaata tatatataat ataaaatata tattatatgt aattatatat aatataaaat 240
atatatataa tataaaatat atattatata taattataat ataaaatata tattatatag 300
tatatattat ataaaatata tattatatat aatiatatat tatataaaat atatattata 360
tataattata taatataaaa tatatattgt atataattat atataatata aaatatatat 420
aatatatgaa ataagatata tactatatat aatatatata atttacatat aagatatata 480

fcat 484

<210> 156
<211> 644
<212> DNA

<213> Homo sapiens

<220>
Seite 139



These PCR-anplified fragnents were conti guous and cover the entire MAR
sequence when pl aced end-to-end. Four copies of each of these fragnents were
ligated in a head-to-tail orientation, to obtain a |length corresponding to
approximately half of that of the natural MAR The tetramers were inserted
upstream of the 3V40 pronoter in pGEG-PControl, a nodified version of the
pa3Control vector (Pronega). The plasm d pGEG-PControl was created by

exchangi ng the | uciferase gene p t for the EGFP gene from
pEGFP-N1 (C ontech). The 5' - MAR- E%m@c% %i ning plasmds 5 thus created

wer e co-%fnsf.ectbed_vw th the resistance plasmd pSvneo in CHO 044 cells
usi ng LT 4oFe8tsmPM&™000 (I nvitrogen) as transfection reagent, as perfornmed
previ ously (Zahn-Zabal, M, et al., "Devel opnment of stable cell lines for
pr oduct F&#2 0k Dr-&9d) at ed expressi on using matrix attachment regions" J
Bi ot echnol, 2001. 87(1): p. 29-42.). After selection of the antibiotic
(G 418) <2431 Ao eupMmesomel 3 gensair ceslia: 5804936188 1458<%er e anal yzed by
FACS for EGFP fluorescence. Transgene expression was expressed at the
percentile of high expressor cells, defined as the cells which fluorescence
| evel s are at |east 4 orders of magnitude higher than the average
fluoresediile166 cells transfected with the pGEG-PControl vector w thout MAR
15 Fi g, tabatstatmstahtaédtg tadtafated tatzatadath ctapi@atastaly cthataandB0F enhance transgene
expression, despite their shorter size as conpared to the original MAR
sequenc@iadtatat MHta R aatataiedt diatagne aisatitd earditat actigve or fully inactive.

atataaatat ataatataaa tatatataat atatactata tiatatatia tgtataacat 180

ataatacata tttgttatat ataatatata tattatatgt tatatattat atattatata 240

taatataaca atatattita tatattatat gttatatatt atatattata tataatataa 300

cataatatat aatatatait atattatata ttacatatat tagcaatatt atatataaaa 380

tatatataat atatataaaa {atatataaa aatataaaat atatatcaaa atataaacta 420

tataatatat aaaaatatat tatatataat atataaaaat ataaactata taatatataa 480

aaatatatta tatataatat ataaaaatat aitatatatt atatataaaa atatatiata 540

tataatatat aaaaatatat ataaaatata aaaaatatat ataaaatata aaaaatatat 600

aaaataatat aaaatataia atatataata atataatata taat 644

<210> 157
<211> 530
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..{530)

<223> MAR of chrocmosome 2 genomic contig; 71257289..71257818
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Exanple 8 : Specificity of B, Kand F regions in the MAR context 20 The

5 -MAR was serially deleted fromthe 5 -end (Fig.6, upper part) or the
3'-end (Fig.6, lower part), respectively. The effect of the truncated

el ements was nonitored in an assay simlar to that described in the previous
section. Figure 6 shows that the loss of ability to stinmulate transgene
expression in CHO cells was not evenly distributed. 25 In this deletion
study, the loss of MAR activityggopadg gedsyes h di screte regi ons of
transition which overlap with the 51-MAR B-, K- and F-fragnent,
respectively. In 5 deletions, activity was nostly |ost when fragnent K and
F were renoved. 3' deletions that renoved the F and b el enents had the nost
pronougg&ﬂ,qg ects. In contrast, 30flanking regions AL D, E and G that have

Httle Qe ARladd ot Ratih' HAALS ot ARSEM G ata 60

taaatiatat ctattatat! tatatacitt atataaatta tatctattat atttatatac 120
tttatataaa ttatatctat tataittata tacittatat aaattatatc tattatattt 180
atatacttta {ataaatata {aattatalt tatatacttt atataaatat aattataaat 240
atatttatat actttatata aatataatta taaatatatt tatatacttt atataaatat 300
aatftataaat atatttatat actttaiata aatataatta taaatatatt tatatacttt 360
ataattatat gtiatatita taattatatt tatataattc ataattatat acattatgtt 420
tatagtiata taatttataa tiatatacat tatatitata fttataiaat ttataattat 480

ataaattata taaattatat aaattatctt taatttatat tatataatct 530

<210> 158
<211> 337
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(337)

<223> MAR of chromosome 2 genomic contig; 73413615..73413951

<400> 158
acttatatta tatataacta tatiaitgta tattaatata aattaatgat atataatata 60

ttaattatat attaftatat gtgatataaa atacttatat ttatactgta tatatgtata 120
tacacacata tatgtatata tgtatatata cacatatgta tatatgiata tgtatatatg 180
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expression on their own (Fig. 5), correspondingly did not contribute to the
MAR activity in the 5 - and 3'-end deletion studies (Fig. 6). Exanple
9:Structure of the F elenment 35 The 465 bp F fragnent was further dissected
into small er sub-fragnments of 234, 243, 213 bp and 122, 125 and 121 bp,
respectively. Fragnents of the former group were octanerized (8 copies) in a
head-to-tail orientation, while those of the latter group were simlarly
hexa- decaneri zed (16 copies), t ZE; onstant | ength of MAR 40

sequence These el ements we vector and their
ef f ect PigRgtal %@@?@Baf’%a@ﬁ@t@@% |aE?é9Itcg"Fev 88sl'y. Interestingly,

fragment Fill retained nost of the act|V|ty of the full-length F fragnent
wher eatftatptaimiatatargta tﬂﬁpéﬁt%tﬂﬂi%@tﬁécqwtﬁﬁgdﬁﬁtaﬁﬁﬁﬁ s?ee part of fragnent
Fill, lost all the ability to stinulate transgene expression (Fig. 7), This

poOi nt satatattiak Aeaata@artafagiatidatapai sed bet ween 39 132 and nt 45221 in the FIB
fragnment. Consistently, nmultiple copies of fragnents FI and FI B, which
enconpass this region, displayed simlar activity. FHA on its own has no
activi €y10-Hadever, when added to FIB, resulting in Fill, it enhances the
activity of the fornmer. Therefore Fli A appears to contain an auxiliary
sequenegit-hatapas little activity on its own, but that strengthens the
activity of the mnimal domain |ocated in FIB.

<212> DNA

| <213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1340)

<223> MAR of chromosome 2 genomic contig; 77011049..77012388

<400> 159
atgtatttta tatagtatat attatgtatt atattgatat aattatataa caattatita 60

tatatagaat aacaaataaa tatataaaat aataaatata tatliattat taaataataa 120
atatatattt attattaaat aataaatata taaagtaata aatatatatt tatatattaa 180
ataaticata tatatttata taftaaataa ttcatatata tttaaataat taatacatat 240
ttaaataatt aatatatatt tatataatat atatttatat attaaataat taatatatat 300
ttatagatta aattaatata tattiatata ttaaatiaaa tttaatatat tatatattta 360
tataatitaa atttaataat ttatataat! taatitaatt taatataatt aaaatatatt 420
aaacatiata taatatataa tatatitaat atataatata tatttaatat ataatatatt 480
taatatataa tatatttaat atataatata tatttaatat ataatatatt taatatataa 540
tatatitaat atataatata tatttaatat ataatatatt taatatataa tatatatita 600
atatataata tatttaatat ataatatata tttaatatat aatatattta atatataata 660
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50 Analysis of the distribution of individual notifs within the |ysozyne
gene 5'-MAR is showmn in Fig. BA along wth sone additional notifs that we
added to the analysis. Mst of these notifs were found to be dispersed

t hroughout the MAR el enent, and not specifically associated with the active
portions. For instance, the binding sites of transcription factors and ot her
notifs that have been associated with MARs were not preferentially localized
in the active regions. It has sed that active MAR sequences

TRy COpgd ﬁéa@ﬁ%@%?%@%aﬂ?aﬁﬂa@@g%ﬁ?ttj? Pevgpal computer programs 5

( MAR F|n ex s ave een reported to identify

- B R Y gétstta%%agﬂtﬁts@méap 9@ getrix. They are usually

based on a or’l I'zes a serles of sequence-specific

pattern Vi.0 ining MAR activity, as
exerrpl até%%&at@%t@aﬁ %?h%%gﬁ%ﬁf#%gﬁﬁwﬁg\ﬂ?%t ‘Ieoaout put of these
progra t corr nscr |onaIIy active portions
of the? t@ttf’ﬁefm% aiatatﬁ ﬁ%ggt?}@ﬁéaqﬁtﬁ ? t?‘Q ned with MAR Finder did
not clearly match active MAR sub-portion, as for |nstance the B fragnent is
qui te @Eﬁtﬁ%*ét ?Waﬂ%t%ﬁtaﬁ%39%@3’5%@@"?@@3\?ﬁ’i?‘ﬁ'aWR Ei'i'f-?ronder (Fig. 86, conpare
the top and m ddl e panel s). Bent DNA structures, 8red| cted by this
pr ogr adtattigass ?ﬁéﬂat@tﬁi Haatatdsa akatatalii Qa’t@tﬁtaﬂfﬁfﬁﬁé@tﬁvﬁﬂg (Fig. 86, conpare the
top and bottom panels). Simlar 15results were obtained with the other
avai | atataatpiabgitigataiq thatataitiaatathtash ptatatiga tadetettta i A% i fi ed by avail able MAR
predi ction conputer nethods are therefore unlikely to be the main
det er natatmaataddtatttyat atatdataip thdatbtae aslayjdbRatatatazcr eele gene expressi on.
Therefore, a nunber of other conputer tools were tested. Surprisingly,
tatatttaat atataatata tatttgatat ataatatatt taatatataa tatatattty 1200
atatataata tatitaatat ataatatata ttigatatat aatatatita atatataata 1260
tatatttgat atataatata ttticttatt aattatttat atataatata taaatatata 1320

ttaattaatt atatattaaa 1340

<210> 1860
<211> 937
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(937)

<223> MAR of chromosome 2 genomic contig; 78226855..78227791

<400> 160
tgtgtatata tacatatatg tgtatctatlg tgtatatata cataigtgta tatatacata 60

tatgtgtata tatacatatg tgtatatatg tgtatatatg tgtatatata catatatgig 120
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20 predicted nucl eosone bi ndi ng sequences and nucl eosone di sfavouri ng
sequences were found to be arranged in repetitively interspersed clusters
over the MAR, with the nucl eosone favouring sites overl apping the active 6,
K and F regions. Nucl eosone positioning sequences were proposed to consi st
of DNA stretches that can easily wap around the nucl eosormal histones, and
they had not been previously associated with 25 MAR sequences.

Nucl eosone-f avouri ng sequences ngy| ke p¢ekired by a collection of DNA

feature i t d ot her
physiucoifsaéﬁtlér&ﬁ}q Eﬁﬁa%gﬁgﬁ ttS L%%tb%agg%@g@vﬁﬁgébﬁfr%g phasi ng and

i t at | { L.at . ldentifi ti f
many o SRR B S A B OB SO o 58 i Frerent

?EZEJ oPRSElS i%?t%%%a?%fﬂvéﬁéﬁﬁ%af@gﬁﬁ%@btﬁ%ﬁa‘?%t Dot 'seﬁi OHECFEELELS”S'
Const r ubtO S BTG e e RO EUaR BladleiAcgriagyaPland possi bly more

potent MARs from genom c 35 sequences, To determ ne whet her any aspects of
DNA pri Hipatade iAo tatafptata caiaigisitatptacasa satatatgtas, 4k0and F regions from
t he surroundi ng MAR sequence, we analyzed the 5 - MAR with MAR Scan(r). O
the 38 HiEREHE BiePtasATARIGFBIABCAAR (DR (deaitaedB0f ound

tacatatatg tgiatatatg tgtatatata catatatgtg tatacataca tataigtgta 540

tatatgtgta tatatacata taigtgtata catacatata tgtgtatata tgtgtataca 600
tacatatatg tgtatacata catatatgig tgtatatgtg tatacataca tatatgtgty 660
tatatatgtg tatacatatg tgtgtatatg {gtatatata catatatgig tgtatatatg 720
tgtatatata catatatgtg tgtatatatg tgtatatata catatatgtg tgtatatatg 780
{gtatatata catatatgtg tgtatatatg tgtatatata catatatgtg tgtatatatg 840
tgtatatata catafatgtg tgtatatatg tgtatatata catatatgtg tgtatatatg 900

tgtatatata catatatgtg {gtatatatg tgtatat 937

<210> 161
<211> 1350
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1350)

<223> MAR of chromosome 2 genomic contig; 79287748..79289097

<400> 161
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40 to correlate with the | ocation of the active MAR sub-donmains (Fig. 9A).
Location of the MAR B, K and F regions coincides with nmaxi ma for DNA

bendi ng, nmj or groove depth and m nor groove wi dth. A weaker correlation was
al so noted with mnima of the DNA nelting tenperature, as determ ned by the
GC content. Refined mapping over the MAR F fragnent indicated that the
nmelting tenperature valley and DNA bendi ng sunmt 45 i ndeed correspond the

FI B sub-fragnment that contains e% 34) | domain (Fig. 9B) Thus active
MAR portions correspo to.regio O@? ted curved DNA regions by
this prtﬂﬁ'?ag?ﬁt %a%@ W&&&eﬁt@atﬁ tejiie t?é&%ﬁ’s CUE-B, CUE-K and CUE-F
in the text bel ow, Nevert%ehes , \A@gtggr theaae regli 8ns correspond to actual
bent DNAlalAE! Bidlatyitatatialaly aiakiias Riatikiat attaiaRthowd? as they do not
correspond to bent DNA 50 as predicted by MAR Wz (Fig.913). Exanple 10 :

| npr i nttaatetatigitplatatiaé glataatata tiatpiateiiataigtzatiatattatater adfnt  Nucl eosone
positioning features may be considered as one of the many specific chromatin
codes daftataigneatatgttajaiaiatiataiicaatalol ieigiattatatgcpatat i &40 ar code may contribute
to the activity of the Fregion, it is unlikely to determ ne MAR activity

al one, taathtaéaBatafpmatatathttotedataatatgl ginaidibatatatatect 300ty of the mini mal MAR
domain contained in 5 the FIB portion, Using the Matlnspector program

( Genonstatatytaavietciisat atieididgio atdtaitata datafthtapgiabiatdtor 3B0ndi ng sites with scores
hi gher than 0.92 and found DNA bi ndi ng sequences for the NW4 and MEF2

pr ot ei ngatatattaheigiiat@aittatabtt bietgfats LeERAk tdtkisttat 8820 To det er ni ne whet her
any of these transcription factor-binding sites mght |ocalize close to the

8 and Kigahiavfitaiagh@naitatkif aAtithiat RatgfAl GebsnBace48ps anal yzed for binding
by 10 NVP4 and MEF2 and proteins reported to bind to single-stranded or

doubl e-tgeinsleflat:Raf BlanBldibiacdiRACat iaRAa 13ATRY: (SpgCi al AT rich binding

protein 1) belongs to a class of DNA-binding transcription factor that can

ei t her ACRHAL il eR:RRa1L DR 10k BRRLAR gladiads Dsggenes. Thi's study

i ndi cate at specitic proterns su
tatgtaatat attatatgta ttatatgtaa tatattatat gtattatatg tattatatgt 660

aatatattat atgtattata tgtaatatat tatatattat atgtaattat attatatgta 720
atatattata ttatatatta tatatattat atgtaatata ttatattata tattatatat 780
attatatgta atatattata ttatatatta tatatattat atgtaatata ttatattata 840
tattatatat attatatgta atatattata {tatatatta tatatattat atgtaatata 900
ttatattata tattatatat attatatgta atatattata ttatatatta tatatattat 960
atgtaatata ttatattata tattatatat attatatgta atatattata ttatatatta 1020
tatatattat atgtaatata ttatattata tattatatat attatatgta atatattata 1080
ttatatatta tatatattat atgtaatata ttatattata tattatatat attatatgta 1140
atatattata ttatatatta tatatattat atgtaatata tittatatta tatatattat 1200
attatatatt atatgtaata tattatatta tttattatat attatatatt atatgtaata 1260
tattatatta tttattatat atattatatt atttattata tataatatat tatattatat 1320

atattatatt atatatattt ctgtictaat 1350

<210> 162

<211> 332
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NVP4 (nuclear matrix protein 4) and MEF2 (nyogeni c enhancer factor 2), have
a 15 - specific distribution and forma framework around the m ni mal MAR
dormai ns of cLysMAR (Fig. 10). The occurrence of several of these NWP4 and
SATB1 bi nding sites has been confirmed experinentally by the EMSA anal ysis
of purified reconbinant proteins (data not shown). 20 Exanple 11:
Construction of artificial MARs by conbi ning defined genetic elenents To
further assess the relative rol Fous MAR conponents, the
cLysi WAR was del eted of all thrgg['(gggp%igggg (Fig. 11, mddle part), which
resultg%%ﬁ&h@g | oss of part 25 of its activity when conpared to the

te

conpl e sequence simlarly assenbled fromall of its conponents as a
cont rol i 11, top_part). Consistently, one copy of each CUE al one, or
one coﬁggg? q'lzoe{%b%?'eﬁﬁe three CUEs assenbl ed head-to-tail, had little

activity in the absence of the flanking sequences. These results strengthen
the conclusion that optiml transcriptional activity requires the

conbi nation of CUEs with of 30 flanking sequences. Interestingly, the

conpl efé20mRr sequence generated fromeach of its conponents, but containing
al so Bglll-BanH |inker sequences (AGATCC) used to assenbl e each DNA

f r agmeng21zlirgiptadjéereRFyh transcriptional activity (6 fold activation) as
conpared to the 4.8 fold noted for the original MAR elenment in this series
of assay82f 4ép.(533). 5). 35

<223> MAR of chromosome 2 genomic contig; 81142998..81143329

<400> 162
ctatgtatat aactatatat aactattata taacttaata agatatataa claftatata 60

acttaataaq italataiaa clatiatata taactiaata agitatatat aactatiata 120
taacttaata agttatatat aactattata taacttatta agttatatat aactatatat 180

aacttaataa gttatatata actattatat aacttaataa gttatatata actattatat 240
aacttaataa gitatatata actattatat aacttaataa gttatatata actatatata 300

actiatatac aacttattaa gctatatata ta 332

<210> 183
<211> 327
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(327)

<223> MAR of chromosome 2 genomic contig; 84019536.,.84019862
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W next investigated whether the potentially curved DNA regi ons may al so be
active in an environnment different fromthat found in their natural MR
context, Therefore, we set up to swap the CUE-F, CUE-B and CUE-K el enents,
keepi ng the flanki ng sequences unchanged. The sequences flanking the CUE-F
el ement were anplified by PCR and 40assenbl ed to bracket the various CUEs,
keeping their original orientation and distance, or without a CUE. These

engi neered -1.8 kb MARs were th their ability to enhance
SBH IR E sugh

transgene expression as above, were active in this context,
and therefore there action is not restricted to one given set of flanking
sequencéBl> |183Berestingly, the CUE-K el ement was even npre active than CUE-F

when i AskRcaga isatretglcatatataiac agiigtal catdtpergt dgjadstes 6tind the for mer
conposite construct exhibited an activity as high as that observed for the
conpl etatacagtatrgibtaMyRa {afatstatotagtatotatastataiaja tafgradtati stdthgui shes the CUE-K

el emrent from CUE-F and CUE-B is the presence of overl apping binding sites
for thegtVadgt@ padciSta Blatplatitatagigiata tatatdtiat agigtatadai t BBOCUE f eat ure. Therefore,
fusing CUE-8 with CUE-F-flanking domain results in a higher 50density of all
t hree hitavhiapataithtegt getytatia fasgtyicketagatpdtataitatace t @40he i ncreased activity.
These results indicate that assenblies of CUEs with sequences contai ning

bi ndi ngataédtas cacaatatgt atatgtatta tatgtattca tatacatata tgtatatgta 300

taatatatgt atacatataa tacacat 327

<210> 164
<211> 407
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..{407)

<223> MAR of chromosome 2 genomic contig; 1448030..1448436

<400> 164
tatataatat atattacata tatattatat ctatattati tatattacat atgtaatata 60

tattatattt atattattia tataatatat tatatatatt atattattta tatgtaatat 120
atttatattg titatatata ttatatttat attatttata tataatacat attatattta 180
tattatttat atataatata tataataaat atataatata tataaaaata tatatatita 240
atatatctat aatatatatt atatatatta tatataatat atataaitgt acatatattt 300
attatatata ttatafatat aatatatatt ataaatataa tatataaata tatttataaa 360
tatatataaa tattatattt atacattata tttatataca tattata 407
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for proteins such as NWP4, MEF-2, SatBl, and/or pol yPpol yQ proteins

consti

tute potent artificial MAR sequences. Exanple 12 :

Expressi on vectors

5 Three expression vectors according to the present invention are
represented on Figure 12. Plasmd pPAGOL is a 5640 bp pliCl9 derivative. It

contains a 2960 bp chi cken DNA fragnment cloned in BarnFil

restri

naned
i n whi
sequen

and Xbal

ction sites. The insert conmes fromthe border of the 5 -end of the
chicken lyzozyne | ocus and has @-hipglt Nb gpp¢ ent. 10 Pl asm d pGEGFP (al so
pSVA40EGFP) control is a derivative of the pG.Scontrol vector (Pronega)

ce

g@1q>hq65uci ferase gene sequence has been replaced by the EGFP gene
ormthe pEGFP-N1 vector (C ontech). The size of pGEGFP plasmd is

4334bp., PLasm d pUbCEGFP control is a derivative of the pA3 wit an
(P horion

Ubi qui

t r

ter. Plasm c' pPAGOLGFP (al so naned pMAR- SVA0EGFP) is a

derivat | f . PGEGFP with the 5 -Lys MAR el enent cloned in the MCS | ocated
AEER S

just u

f the SVv40

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..(1959)

<223> MAR of chromoscme 2 genomic contig; 2117630..2119588

<400> 165
tatacaigtt atagtgtata tagtatacta atatataatg tatgtatgtg tatacatata 60

cacatataat atacacatat ataatatata tagtatataa taatgtataa tatataatat 120
ataatalaaa aigtaiagta tactacatat ttatatatag tatatagtat gcatagtaca 180
tatafactat atatgiagta tactatagtig tatatatagt acaccatata tagtataaat 240
atactatata gtatatgtac tatatatata ctatatagta 1atacagtat acatatatag 300
tatacctata ctatatagta tatatagtgt gegtatacta tatagtatat atagtgigcg 360
tatactatat agtatatata gtgtgegtat actatatagt atatatagty tgegtatact 420
atatagtata tatagigtgc gtatactata tagtatatat agtatacata tatagtgtgc 480
gtatactata tagtatatat agtatacata tatagtatgc gtatactata tatagtatac 540
atatatagta tatctagagt atatgtagta tgtatagtat atatagicta catactgtat 600
atacagtata tatatactct atagtatact atacagtata gtatactata tagtatacaa 660
tatatgtata ciatagaaac acactatata tagtatacta tatatactat atactatata 720
ctatatatag tatactatat atactacata ctatatatag igtatgtata gtatatataa 780
actatatata gtgtatatag tatatatalt atatataata tatattatat tatattatac 840
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20 pronoter. The size of the pPAL1 FCE plasmd is 7285bp. Exanple 13 Effect
of the additional transfection of primary transfectant cells on transgene
expressi on 250ne day before transfection, cells were plated in a 24-wel |
plate, in growh mediumat a density of 1.35 x 105 cells/well for CHO D044
cells. 16 hours post-inoculum cells were transfected when they reached
30-40% confl uence, using Lipofect-AM NE 2000 (herei nafter LF2000), according
to the manuf acturer S instructi Spél-l- Twenty- seven mcroliters

S%rée?a“%ﬁ ! s"?étéﬁag%ﬁ%wﬁﬁq@%@a%ng' 9 i 1 o2 R
T LA A RN o o oneterth of the

t enper at ur e for LF2000 conpl exes to form The
mi xt ur 2Aajait %ﬁaﬁt@ﬁ%at W%ﬂ?t%aﬁlna@fat@&m  qiEinaiala ﬂ@gBed into previously
enptied cell-containing wells. Follow ng 3 35hours incubation of the cells
with twtw’farﬁ%tafmat3?%t@ﬁﬁtfdﬂmtﬁtrﬁ,ﬁlﬂfﬁ@*@rtaﬂ%iﬁéa@d 1880 DVEM based medi um was
added to each well. The cells were further incubated for 24 hours in a CO2
i ncubastetaaatat at@latFTh ataleltdte talsgatasatataatahgttaietag 414@cond tinme according to
the nmet hod descri bed above, except that the resistance plasmd carried
anot hestcttatacisitartatgratettafaSuptytatat atintatdcy afadatagiyourZtaf ter the second
transfection,

tatatagtgt atactatagt gtatatagtg tatactatag tgtatatagt gtatactata 1260

tacactgtat atagtagtgt atactatata cactgtatat agtagtgtat actatataca 1320
ctgtatatag tagigtatac tatatacact gtatatagta gtgtatacta tatacactgt 1380
atatagtagt giatactata tacactgtat atagtagtgt atactatata cactgtatat 1440
agtagigtat actatataca ctgtatatag tagtgtatac tatatacact gtatatagta 1500
gigtatacta tatacacigt atatatagta tattatatat actatatatg tatatatagt 1560
atacatatat aitatatata cagtatatat agtatatata ctatgtagta tatatagtat 1620
atatactata tagtatgtat agtatactat atagtatata tagtatatta tatagtatat 1680
atactatata gtatatatag tatattgtat atatagtata tatactatat agtatatata 1740
gtatatigta tatatagtat attgiatata tagtatacat agtatgtata tatagtatat 1800
atagtataca tatatagtat gtacacagta tatatagict atatgtatac tacatatagt 1860
atacatgtat actatactac aiatagtata catgtatact atactacata tagtatacat 1920

gtatagtata ctacatatac tatacatgta tagaatact 1959

<210> 166
<211> B20
<212> DNA

<213> Homo sapiens

<220>
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40 cells were passaged and expanded into a T-75 flask containing selection
medi um suppl enented with 500 pgim 6-418 and 5 pg/m puronycin. After a two
week sel ection period, stably transfected cells were cultured in 6-well

pl ates. Alternatively, the cell popul ation was transfected again using the
sanme net hod, but pTKhygro (C ontech) and pSVdhfr as resistance plasm ds. The
expression of GFP was anal ysed with 45Fl uorescence-activated cell sorter
(FAGS) and with a Fluoroscan. Fi at the phenotype of the

tw ce-transfected cells (hereaf tsglr'%aﬂﬂe%\@srggondary transfectants) not only
was stg{gg%ly col our.ed, such that special bulb and filter were not required
to visuafi ﬁ@"@ﬁ“@%n color fromthe GFP protein, but also 50 contained a

maj orit f pr ing cells (bottomright-hand side FAGS histogran) as
conpar éézf% (E)nzg%ﬁr ental population (central histogran). This |evel of
fl uorescence corresponds to specific cellular productivities of at |east 10
pg per <%t MRR of ahromesgeai? gesemicscantigngt 9882 b#13P3%ne tine (primary
transfectants) that did not express the marker protein were alnost totally
absent fromthe cell population after re-transfection. Bars below 101 units
of GFP fluorescence amounted 30%in the central histogramand | ess than 5%
i n the<AD@ht166i stogram This suggested that additional cells had been 5
t r ansf esfytathcanchisiacaesiatagtdty tetaiytatgcatbgtdids atatatacag 60

tatatatagt atgcategta tacatacagt atactataia tacagtatat acagtatact 120

atatatacag tatatacagt aiactatata tacagtatat acagtatact gtatatacag 180

tatatacagt atatatagta tactataiat acagtatata tactatgtat tctatatata 240

gtatagtgia catagtatac atatagtata cactatacta tatatagtat actatatata 300

cictatatag tatatatagt atactatata tagtatatat gtatactata tatagtgtat 360

atatatacta tatatagtgt atatatatac tatatatagt atatatatac actatatatt 420

gtatagtata gtgtatatat agtatagtat atgtatatat acacatgtat acatgtatat 480

aigtatacia atatatacta atatatgtat aaatatatat 520

<210> 167
<211> 954
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..(954)

<223> MAR of chromosome 2 genomic contig; 2578285..2579238

<400> 187
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Strikingly, the anmount of fluorescence exhibited by re-transfected cells
suggested that the subpopul ation of cells having i ncorporated DNA tw ce
expressed nuch nore GFP than the expected two-fold increase. |ndeed, the
results shown in Table 2 indicate that 10 the secondary transfectants

exhi bited, on average, nore than the two-fold increase of G-P expected if
two sets of sequences, one at each successive transfection, would have been
integrated independently and wig §|C|en0|es Interestingly, this

OB e By ORI B e P gereas ol
oGRS et B s B o] o0 e particular
(Lo Bk o bR R S, R Lo 00 2 93 o .
Pri mry_t1ansf ection Secondar y franslestion EGbn f bgr eseence !

ataatatata itatatataa ctitataata tataatatat attatatata actttataat 300

atataatata tattatatat aactitataa tatataatat atattatata taactttata 360

atatataata tatattatat actatatata atatataact ttataatata taatatatat 420

tatatactat atataacttt ataatatata atatatatta tatattatat ataactttat 480

aatatataat atatattata tataacttia taatatataa tgtatattat atattatata 540

ttatatatta tatataactt tataatatat aatgtatatt atatattata tataacttta 8600

taatatataa tatataatat aatatataac tttataatat atatatcata tattatatat 660

aactttataa tatatatcat atattatata taactataat atatatatca tatattatat 720

ataactataa tatatatatc atataitata tataacttta taatatatat aicatatatt 780

atatataact ttataatata tatcatatat tatatataac tttataatat atatcatata 840

ttatatataa ctttataata tatattatat ataactttat aatatatatc atatattata 900

tataacttta taatatatat catatattat atataacttt ataatatata tcat 954

<210> 168
<211> 452
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(452)

<223> MAR of chromosome 2 genomic contig; 3836217..3836668
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Fol d increase pUbCEGFP 4992 14334 2.8 pSV40EGFP 4324 12' 237 2.8

SEL PCT 012.8T25

<400> 168
{itatatata aatatataic ttatatatat ttatatataa tacatatata tcttatatat 60

ataaaafata tatacatait tatatataaa atacatatgt attatataca tttatatata 120
atacatatgt attatataca attatataat acatatgtat tatatacaat tatataatac 180
alatitataa atatatatat ttatatttat atatat{tat atataaataa atatatattt 240
atagatttat ttatataaat atatatitat ataaatatat atftatatat atttatataa 300
atatatatt atatatattt ctatatatat atataaatat atgtataaat atatatattt 360
atacatatat {catataaat atatatatit atacatgtat ttatatgaat atatatttat 420

acaigtaaft atatgaatat atatttatac at 452

<Z210> 169
<211> 417
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(417)

<223> MAR of chromosome 2 genomic contig; 3837666..3838082

<400> 169
gatatatata titatataaa tatatatata aagagatata tttatatatt tatttatata 60

aatataittc tftatataaa gatatatgta aatatattta titatataaa tatatttata 120
tatgtaaata tatatttata tatttatata tttatatatt tatttatata aatatatata 180
titatatatt tatttatata tataaaaata tataaatata aatatatata aatatatata 240
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pl VI AR- SVAOEGFP 6996 36748 5.3 J Type of plasmds Primary transfection
Secondary

SEL PCT 012.8T25
attataaata tagaaataaa tataaatata aatatataaa tatatataaa tataaatata 300

tataaatata aatatatata aatataaata tataaatgta taaatatata aatataaata 360

tétataaata tgtataaata tataaatata taaatatata aaaatatata taaatac 417

<210> 170
<211> 1197
<212> DNA

<213> Homo sapiens

<220~
<221> misc_binding
<222> (1)..(1197)

<223> MAR of chromosome 2 genomic contig; 6294846,.6296042

<400> 170
tatatactaa taigtatata taaatatata aatatatata cacgtgtata tataaatata 60

tatgtatata taaatatata tacatatatg tatataaaaa {atatacgta tatacgtata 120
tacgtatata tagatatata cgtatatacg tatatacgta tatatagata tatacgtata 1380
tacgtatata tagatatata cgtatatacg tatatacgta tacatgigta tatacgtata 240
tacacatata cgtatacatg tgtatatacg tatatgtata cattatatat acgtatatat 300
acatatatgt atacatgtat atataaatat atacatatat gtatatatta tacatatatg 380
tatatataat atatatatta {atataatat atatattata tataatatat atattatata 420
taatatatat attatatata atatattata tattatatat aatatataca tatataatat 480
attatatatg tacatatgta cataatgtat ataigtatat atataatata tatgcacatg 540
tatatataat atatgtatat tatatataca tatgtatata fgtacatatt atataigtat 600
atatgtacct attatatata catatgiata tatgtaccta tiatatatac atatgtatat 660
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transfection EGFP fluorescence Fold increase pUbCEG-P 6452 15'794 2.5
pSVAOEG-P 4' 433

SEL PCT 012.8T25
atgtacatat tatatataca tatgtatata tgtacatatt atatatacat atgtatatat 720

gigcatgcat atataatata taatatatta tagaitataa tattatatac atatcatata 780
ttatatactt atatatacat gtataiatta tatacatatt atatattata tacatataat 840
atatgtatat aatatataca tatattatat attatatata atacattatg ttatatatta 900
tottatataa tatatattat ataatataca tatattatat ataatatata catatataat 9860
aaataatata taattatata tataatatat gcatataaat atgtaatata tittatatta 1020
tatatgatca tatataatat gacatattat atatgattat atatatgata tattatatat 1080
gattatatat attatatata aatatatgat tatatataat catatatata aatatatgat 1140

tatatgatta tatataaata tatatatatg attatatgat tatatataat tgattat 1197

<210> 171
<211> 362
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(362)

<223> MAR of chromosome 2 genomic contig; 6506971..6507332

<400> 171
tatatatagt gtatactata tatacgctat atgcacacat aaactatata tacagtatat 60

aatatgcgta tactatatac acagtatata ctacatgtat actatatata gtatataaga 120
tatatactat gtatataata tatatactag gtatatatat ccatatatat actatatact 180
atagtatata catatatatg tacgtatata tgtatatgta catatatatg tagtatgtat 240
atatatacat atatacacac tatagtatat acatatatat actatatata ccctatatag 300
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11' 735 2.6 pMAR- SVA0EGFP 8' 116 37'475 4.6 20 Table 7. Effect of
re-transfecting primary transfectants at 24 hours interval on GFP
expression. Two i ndependent experinents are shown. The resistance plasmd
pSVneo was co-transfected with various GFP expression vectors. One day post-

SEL PCT 012.8T25
agtatattat atacagtata ctatatatac tatatatacc ctatatagag catgtctaig 360
ct 362
<210> 172
<211> 2578
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(2578)

<223> MAR of chromosome 2 genomic contig; 6507395..6509972

<400> 172
ggtatactat atatactata gagtatactt tatagtatat atacctatat tatatatata 60

tacatacact gtatagtata tatggtatat atactatata tggcatatat agtttatata 120
tatactatat aiggtatata tagtitatat atatactata tatggtatat atagtttata 18C
tataccatat atggtatata tagtttatat agtacatata giatatatac acactgtata 240
gtatatatta tgtagtatat atactatata tactgtatat atagtataaa tactatatat 300
agtatacact atatactata cactatatat actatatact atatactata tatagtatac 360
tatatagtat atagtatact ctatatgtac tatagagtat actatatata ctatacataa 420
aatattttta tatatagtac agcgtatact atatactata tatagtatac tctatatgta 480
ctatagagtg tagtatatac tatacagtat actciatata tactatacag tacactatat 540
atactatata tagtatattt tatatatagt acagtatata cagtatatat attatactat €00
atgiagtaca tatatagttt agtatatata gtatatatac tatactatat gtactacata 660
tataatagta tatatagtat atatactata ctatatgtag tacatatata gtttagtata 720
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25transfection, cells were re-transfected with the sane plasmds with the
difference that the resistance plasm d was changed for pSVpuro. Cells
carrying both resistance genes were selected on 500 pg/m G 418 and 5pg/ m
puromycin and the expression of the reporter gene marker was quantified by
Fl uoroscan. The fold increases correspond to the ratio of fluorescence
obt ai ned fromtwo consecutive transfections 30 as conpared to the sum of

fluorescence obtained fromthe cgﬁéﬁaﬁf géfﬁ?%ndependent transfections. The
fold increases that re judged, signi hi gher are shown in bold, and
cor r espliacieg Firgeiale drntiele ariala bk e bt GiEtteh: 11P0over 2-fol d hi gher
than the addition of those obtained fromthe independent transfections,
35The | Galataiaet atatatgmda tatgiactal plagoatata sistalada dafatasagtl 8Bl y tranfected cells
was not expected from current know edge, and this effect had not been
obser veatatatagta idatpgcatlaiaataig dathetiilo atatacatacdatataseght &80her e support the
I dea that the plasm d sequences that primarily integrated into the host
genone waathidgiieidtatigt ataratabay atatetacofjiatatheac adatatged %O by honol ogous
reconbi nation with the second incom ng set of plasmd nolecules. Plasmd
r econbi agithlantachaertiastad atacagista titagtacde fatdctdter asdgtathtaer 16202 pl asmi d DNA has
reached the nucl eus and the frequency of honol ogous reconbi nati on

tagtatacag tacactatac tatatacatt atatatagta tatattatac atagtatata 1080

gtatataaai agtatatata gtatatacag tatatatata gcatactita tatagtatac 1140

acagtatata gatactatat atgctatata tagtatctat atactgtata ttatatatac 1200

téatatagta tatatgtata tatatactgt atatataata tatacatata tagtatatat 1260

actatacata cacactatac atatgtatat atactataca tactatatac tatatatect 1320

atatatacta tatagtatat tatatatcct atatatacta tatagtatat tatatatcet 1380

atatatacta tatagtatat tatatatact atataccata tatactatat atactgtata 1440

gtatactata tatactatat agtatactgt atatactata tagtatactg tatatactat 1500

atagtatact gtatatacta tatagtatac tgtatatact atatagtata ctgtatatac 1560

tatatagtat actgtatata ctatatatac tatatagtat actgtatata ctatatagta 1620

tactatatat actatatacc atatatacta tgtatatact atatatagta tatactatgt 1680

atatgctata tatagtatat atagtatata tgctatatat agtatatata gtatatatge 1740

tatatataca gtctatatat agtatatata ctatatagac tatatatata gcatatatac 1800

tatatatact atatataata tatatggtat atacatagta tctatatgta gtatctatat 1860

atagtaccta tatatactat atataggtac tatatatagt atatatactt tatatagata 1920

ctatatatag tatatatact ttatatagta tatatagtat aigtagcata tatagtatat 1580

atagtatata tagtatatag tatgtatagt atatatagat tatattgtat atacagtata 2040

tatactgtat atactatata aatagtacat acagtatata cagtatatat gtactatata 2100

tagtatatac agiatataca gtatatatgt accatatata gtatatacag tatatacagt 216G

atatatgcac tataigttat atacagtata tacagtatat atgtactata taaatagaat 2220
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bet ween co-injected plasm d nolecules in cultured mamualian cells has been
shown to be extrenely high, approaching unity (Folger, KR, K Thomas, and
M R Capecchi, Nonreciprocal exchanges of information between DNA dupl exes
coinjected into manmalian cell nuclei, Ml Cell Biol, 1985. 5(1): p. 59-697,
explaining the integration of 5 nultiple plasm d copies. However, honol ogous
reconbi nati on between newy introduced DNA and its chronosomal honol og

normal |y occurs very rarely, atl% ig&lﬂléj %f 1 in 103 cells receiving DNA
to the nost {Thomas {Q@I@l R. @Be%(‘zg , High frequency

t ar get ARFIGHR ad@ﬁ%@af%a%%@?ﬁt@aétﬁf §°Fﬁa a nome, Cell, 1986.
44(3): p.419-2 . the results mght indicate that the MAR 10 el enent
Surpri é@ﬁ@ﬂﬁﬁ%@iﬁgtaﬁ@iarﬁaéﬁiﬂt@ §G‘@Fﬁt?’@(§6ﬁtﬁf’°\’ﬁ%ﬁ {atafae’ddntS40MARs woul d not only
nodi fy the organi zati on of genes in vivo, and possibly al so all ow DNA

repl i catateradta tateggtantata@mtgats tatagagtal atma@eqaiegtﬁé@t, 00 t hey may al so act
as DNA reconbi nation signals. 15 Exanple 14: |1VIARs nedi ate the unexpectedly
hi gh | ecadiastadd igraptatstsaiogiatata cadtatgddtygtactalasd ggtaddtacel 4460 | f MAR-dri ven
reconbi nation events were to occur in the nultiple transfections process, we
expect atlg{’m@tatd'h@cwatet gytabeaosegatdtingt pethiataty gtangdtasegord20y pl asmi d DNA woul d
be 20 affected by the presence of MAR el enents at one or both of the

t r ansf egdthedyt StRBGca¥bateradflt AeHa tAUts tasRhRidtathiggby 2878t i ply transfections
of the cells with pMAR al one or in conmbination wth various expression

pl asm ds u5| ng the nethod described previously. Table 3 shows that

transf egyphngiie cells twice with the pMAR SVAOEGFP pl asmi d gave the highest
expre55| on ojf GFP and the hi ghest degree of enhancenment of ell conditions
25(4. 3 th én contrast, transfecting twice the vector w thout MAR gave
little Or no enhancerrent 2.8-fold, instead of the expected two-fold
mcrease2 We%@ ncI ude that the presence of MAR el enents at each transfection
step is H% ary to achieve the maxi mal protein synthesis.

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(598)

<223> MAR of chromosome 2 genomic contig; 7770400..7770997

<400> 173
gtgtattgta tatacatata cgtatctacg tatatacata tatgtattgt atatacatat 60

atglattgta tatacatata tgtatatacg tatatacata tatgtatigt atatacatat 120
atgtatatac gtatatacat atatgtatal acgtatatag atatacatat atatgtattg 180
tatatacata fatgtatata catatataca tatatattga tatacatata tatgtatigt 240
atatacatat acaatatatg tatatataca tatacatata caatatatgt atatacatat 300
atatgtattg tatatacata tatatgtatt gtatatacat atattgatat acatatatgt 360
atatatacat atatgcatat atgtatatat acatatatgc atatatgtat atatacatat 420
atacatatgt acatatatac atatatacat atatgtatat atacatatat acatatgtac 480
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Table 8 Primary transfecti on Secondary transfection Type of plasm dEG-P-
fluorescence Type of plasm d EG-P- fluorescence Fold

SEL PCT 012.5T25
atatatacat atatacatat gtacatatiat acatatatac atatgtacat atatacatat 540

atagatatat atacacatat atagatatac ttatatgtat atatacatac atacatat 598

<210> 174
<211> 1048
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1}..(1048)

<223> MAR of chromosome 2 genomic contig; 8332422..8333469

<400> 174
caltatatat aatatataat atattattat atataatata tataacatta tatatagtat 60

atatgacata tataacatat attatatata acatatataa aatataacat attatatata 120
acatatataa aatataacat atattatata taacatatat aaaatataac atatattata 180
{ataacatgt ataaaatata acatatatta tatataacat gtataaaata taacatatat 240
tatataacat gtataaacia taacatatat tatatataaa atatattata tgttatatat 300
tatagataaa atatattata tgttatatat tataacatat tatataaata atatataata 360
tataacatat attatataaa taatatataa catatattat ataaataata tataacataa 420
catatattat ataacatata acatataaca tatattatat ataacatata acatataaca 480
tatattalat ataacatata acatataaca tatattatat ataacatata acatatatta 540
tattatatat aacatataac atatattata ttatatataa catataacat atattatatt 600
atatataaca tataacatat atiatattat atataacata taacatatat tatattatat 660
ataatatata acatatatat tatatataat atataacata taacatatat tatatataat 720
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I ncrease pMAR 0 pMAR pSV40EGFP pMAR- SVAOEGFP 0 15437 30488 0

SEL PCT012.8T25
ataatatata acatatatta tatataatat aatatataac atatattata tataatataa 780

tatataacat atattatata taatataata tataacatat attatétata atataatata 840
taacatatat tatatataat ataatatata acatatatia tatataatat aatatataac 900
atatattata tataatataa {atataacat atataatata taacatatag catatataat 960
atataacata taacatatat tatatataac atataacata tattatatat aacatataac 1020

dtatataata {gtaacatta tatataac 1048

<210> 175
<211> 375
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(375)

<_223> MAR of chromosome 2 genomic contig; 8908678..8910052

<400> 175
tatatacaca tatatacgta tgaatatata tacacatata cgtatgaata tatataccca 60

tatacgtatg aatatacaca {atatatacg tacgtatata tatacacata tatacgtacg 120
tatatatata cacatatata cgtacgtata tatatacaca tatatacgta cgaatatata 180
tacacatata tacgtacgaa tatatataca catatatacg tacgaatata tatacacata 240
tatacgtacg aatatatata cacatatata cgtacgaata tatatacaca tatatacgta 300
cgaatatata tacacatata tacgtacgaa tatatataca catatatacg tacgaatata 360
tatacacata tatac 375

<210> 176
Seite 159



2.3-2.6 2.6-2.7 pMAR- SVA0EGFP 11' 278 pMAR- SVA0EG-P pMAR 47027 12' 319 4.3-6.3
1.0-1.1

SELPCT 012.8T25
<211> 563
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..{563)

<223> MAR of chromosome 2 genomic contig; 10572503..10573065

<400> 176
atttataata tatatgtata aatatatgta tatatttata tttaaatata tgtatatata 60

titatattta aatatacgta tatatattia tatttaaata tacgtgtata tatttatatt 120
taaatatacg tgtatatatt tatatttaaa tatacgigta tatatttata tttaaatata 180
cgtgtatata tttatattta aatatacgtg tatatattta tatttaaata tacgtgtata 240
tatttatatt taaatatacg tgtatatatt tatatttaaa tatacgtgta fatttatatt 300
taaatatacg tgtatattta tatttaaata tatgtatgta tttataaata tatatttaaa 360
gtatatattt ataaaigtat acatgtatat ataaatatat atattttaaa tatatattta 420
tatatatat! tatatatita tataagtata tatatattta aatatatgta tatatttata 480
tatttatata agtatatata ittaaatata tgtatatalt tataatatat aftttaaata 540

tatatttata tatttattat ata 583

<210=> 177
<211> 595
<212> DNA

<213> Homo sapiens
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pSVA0EGFP L 6114 | pSV40EGFP pMAR 17200 11'139 2.8 1.8-2,3

SEL PCT 012.8725
<220>
<221> misc_binding
<222> (1)..(595)

<223> MAR of chromosome 2 genomic contig; 11609694..11610288

<400> 177
tataaatact atatatagta tatataatat tatatatact atatataaat ataigtagta 60

taaataatat ataatataga tatataatat aatataatat gttataaata taaatatatt 120
tatataatit aatttataat atataatata taatatataa tttaatttta taatatataa 180
tatataatit aatittataa tatataatat ataatatgta aattatatat aatttaatat 240
étctaaatta tataatttaa atataaatat aatataaata taictaacat aatatacata 300
acataaatat atatagtata tatagtacat ataaatatat atagtacata {agtatatat 360
aaatatatag tatatataaa tatagtatat ataaatatat agtatatata tagtatatat 420
aaatatatag tatatataaa tatatatagt atatataaat aatatatagt atataaataa 480
tatatatiat taaatataat aataatttat tatatatact atatattatt atgtattata 540

ttatatatat tattttatat ttaatatata ttattttata tatiatattt aatat 595

<210> 178
<211> 662
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(662)

<223> MAR of chromosome 2 genomic contig; 12699804,,12700465
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30 Interestingly, when cells were first transfected with pMAR al one, and
then retransfocted wth p5VA40EG-P or pMAR- SVA0EGFP, the OFF | evels were nore
t han doubl ed as conpared to those resulting fromthe single transfection of
the later 35plasmids (2.5 and 2.7 fold respectively, instead of the expected
1-fold), This indicates that the prior transfection of the MAR can increase
the expression of the plasm d used in the second transfection procedure,
Because MARs act only locally af Whlgﬁ@tructure and gene expression,
this inplies that the two types oLT ave integrated at a simlar
chronmosomal |ocus. In contrast, transfecting the OFF expression 40vectors

al one, foIIovved by the MAR el errent in the second step, yielded little or no

i nprov f the GFP |l evels. This indicates that the order of plasmd
t r anst important, and that the first trangfectlon event shoul d
cont a‘]tﬁtaéamﬁ@?”é‘@ﬁttgﬁtﬂtaéﬁ F%Wagqtgﬁﬁtﬁiawtg@aﬁ@he Ol evel s of transgene

expressi on.
atatatatat atggtgtata tatatatata tggtgtatat atatatatgc tgtatatata 120

tatggtatat atataiggia tatatatatt tgctatatat atagcagatc tgctatatat 180
atatatttgc tatatatata gcagatetge tatatatatt igctatatat atgctatata 240
tatgctacat atatgctata tatatgctat atatatgceta tatatatgcet atatatatge 300
tatatatatg ctacatatat gctatatata tgctacatat atgctatata tatgctatat 360
atatatgcta tatatatgct atatatatat gctatatata tgctatatat atatgctata 420
tatatgctat atatatatgc {atatatatg ctatatatat gctatatata tageatatat 480
atatagctat atataigcta tatatatagce ftatatatat gctatatatg ctatatatat 540
gctatatata tagctatata tatgctatat atagctatat atatgctaca tatatgctat 600
atatatgccea tatgtatgcet atatatatgc tatatatata tgctatatat atgctatata 660

ta 662

<210> 179
<211> 849
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(649)

<223> MAR of chromosome 2 genomic contig; 12821804,.12822552

<400> 179
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If MAR el ements favoured the honol ogous reconbi nati on of the plasm ds
remai ni ng in 5episomal fornms fromthe first and second transtection
procedures, followed by their co- integration at one chronosomal |ocus, one
woul d expect that the order of plasm d transfection would not affect OFF

| evel s. However, the above findings indicate that it is nore favourable to
transfect the MAR elenent in the first rather than in the second

transfection event. This sugge E [fl %ﬁ ng nol ecul ar mechani sm duri ng
é@a &

the firs t ransf ect Ierren nmay concatenerize and
int egFaatE_%'a%agtt tpgagg’qa Ei‘#ag%?{){a 1519 ﬂ?%rm ne. yThi s integrated MAR

turn favour the further ratlon of npre plasmds, during the

DNA may in

secongaiqt%%?a@@iqt%ﬁﬁ‘ Friziatjatatagatt ?Wé”‘ #ealgiotagt a14earby chronosonal | ocus.
15 Exanple 15 MARs as long termDNA transfer facilitators If integrated MARS
medi aﬁﬁataéatﬁéﬁtﬁia§tf@trﬂtaﬂ@fé©mtﬁ’@amiﬁatﬁbﬁiﬁﬁﬁ§§@El/f@t%thr oB®sonal structure, one
woul d expect high | evels of expression even if the second transfection was
per f opttethchtmigtaifaiairatatgeatta tajattatae atateteata atalatseen 243t of the transiently

i ntroduced 20epi sonal DNA has been elimnated. To address this possibility,

t he ctbidatta arafpdtaatHataed abtotzdatf etacaiatat@abata@mia esiGOt ance for t hree weeks,
were transfected again once or twice and selected for the incorporation of

addi t bafialatdiacesits tataetaraaktaista ftacitat dlaatatataor 36he tertiary and
quaternary transfection cycles, were performed with conbinations of pMAR or
PMAR- 4R Ritatntdtarab smaed atRiatttaticasstatintas bgipre. 25

tataaatiat atattataca tatataatat atataaatia tatattatac atatataata 480

tatataaatt atatattata catatataat atatataaat tatatattat acatatataa 540

tatatataaa ttatatatia tacatatata atatatataa attatatati atacatatat 600

aatatatata aattatatat tatacatata taatatatat aaattatat 649

<210> 180
<211> 3191
<212> DNA

<213> Home sapiens

<220>
<221> misc_binding
<222> (1}..(3191)

<223> MAR of chromosome 2 genomic contig; 153568893..15360079

<400> 180
tacaattata tataactata aatataatat aatatatatt atctatatta catattaata 60

tataatatat attacctatt aatatataat ataatatata taatatatat tacctatiaa 120
taiataatat aatatatata atatatatia cctatiaata lataataaas tatatataat 180
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Table 9 I-Tertiary transfection Quaternary transfection Type of plasmd
EG-P- fluorescence Fold increase Type of plasmd

SEL PCT 012.8T25
atatattaca tatlattata taatatatat tatataacat atataacata tactatatat 240

tatataacat atataattgt atatgtatta tatatattat atatacttat acataatata 300
tanataatta aatatatgtt ataaatataa caaatatata acatatataa catatataac 360
atatatataa ttacataaaa tatataatac ataatatata ttatgcaaca tattatataa 420
tatataacat ataatgtata ttatattata tcatatataa tacataatat ataatataty 480
atataatata atatattata tatgatataa tataatatat tatatatgtt ataatataat 540
atatatiata tataggatat attataacat attacatatg atataataaa tittaictta 600
tatataggat atattataat atatcacata tagcatatat taaaatatat tacatatagt 860
atattatata tactatatgt atatatacat atagtatatt atagtatatt atacagtata 720
tatiatatat actatatata gtagtataca gtatatatta tatataciat atatagtagt 780
atacagtata tattatacag tatatattat atacactata ttatatatta igtataatat 840
atactatata tagtatatta tgtagtatat attaaacata atagatatat agtatatact 900
atagataata gatattatat agtatatagt atatattata tataatatat ataatatata 960
ttatatacat atatgatata tgatatatta tatataatat atataatata taatatatgt 1020
aatataatac atattatata taatatatgt aatataatat aatatataat atatgtaata 1080
taataatata tattatataa tataacatat ataaatataa taatatatat tatatgatat 1140
aacatacata aatataataa catatataat atatattata tattatattg tatatatgat 1200
atactatata ttacacatta tacattattt ataatatata attaatatat aacatatatt 1260
agataacata taattatatc tgtaacatat ataagatata attacatata taacatatat 1320
aattatatat atatttatct aattatatat gaaattatat atgacatata aaattatata 1380
ttatatatgt tatatgtatt atatattata tatgttatat atgttatata taacatatat 1440
aacatatata acacacacat ataacatata taacatatat tacatatata acatatataa 1500
cacatatata attatctaac atagataata tatataatat ataatataac atatatatta 1560
tatattatac actctattat attatatata ttatacataa tatataatat atatgatata 1620
atataataca ttgtatatac gatataatat atattgtaca tagiataata tacatatata 1680
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EGFP- fluorescence Fold ;.ncreas e pMAR 18368 2.2 pMAR

SEL PCT 012.5T25
gtatatiatg tataacataa tatatagtat attatgtata acataatata tagtatatta 1740

tgtataacat aatatatagt atattatgta taacataata tatagtatat tatgtataac 1800
ataatatata gtatattatg tataacataa tatatagtat attatgtata acataatata 1860
tagtatatta tgtataacat aatatatagt atattatgta taacataata tatagtatat 1920
tatgtataac ataatatata gtataitatg tataacataa tatatagtat attatgtata 1880
tataatatac atattatata gtatattatg tatatataat atacataita tatagtatat 2040
tatgiatata taatatacat attatatagt atattatgtia tatataatat acatattata 2100
tagtatatta tgiatatata atatacatat tatatagtat attatgtata tataatatac 2160
atattatata gtatattatg tatatataat atacatatta tatagtatat tatgtatata 2220
taatatacat aitatatagt atattatgta tatataatat acatatiata tagtatatta 2280
tgtatatata atatacatat tatatagtat attatgtata tataatatac atattatata 2340
gtatattaig tatatataat atacatgita tgtagtatat tatgtatata taatatacat 2400
gttatgtagt atatiatgta tatataatat acatgttatg tagtatatta tgtatatata 2460
atatatataa ggtgtatata tattatgtat atataatata taaggtatat atattatgta 2520
tatataatat atataaggtg tttatataat gtatatataa tatataaggt atgtatatta 2580
tgtatatata atatgtatat tatatataat atatattatt tatatacatt atgtatctat 2640
ataatatata ttatgtatat attaggtatc tatataatat atattatgta tatatattat 2700
gtatctatat aatatataia ttatgtatat atattatgta tctatataat atatatatta 2760
tatgtatatt atgtatctat ataatatata taatgtatat agatatatta tatattatgt 2820
atatatatta tgtatctatt ttatatataa tgtatataga tatacaatat atattatgta 2880
tatattatgt atctatataa tatatattat ttata'tagat atatatatta tgtatatata 2940
cataatatat tacatattat gtatatatac ataatatata atatattatg tatatataca 3000
taatatataa tatattatat attacatata ttatatataa tatattatat tatgtatata 3060
tattaigtat atataatgta tatataatat ataaagtgta tatatattgt gtatatataa 312¢
tgtatatata ttacatatat taigigtata tatatiatac ataatatata tactacatta 318C
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pMAR- SVA0EGFP 43186 140000 2.4 7.6 pMAR- SVA0EGF 16544 2,0 pMAR- SVA40EGFP
pMAR

SEL PCT 012.5T25
tacataatat g 3191
<210> 181
<211> 314
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(314)

<223> MAR of chromosome 2 genomic contig; 728676..728989

<400> 181
tgtgtatata tgtatatata atatatatia tataatatgc ataigtataa aatatgtata 60

tt:atatatgt atattttata tatatgtata tattatatgt atattttata tatgtatatt 120

ttatatatat gtatatatta tatatgtata ttitatatat atgtatatat tatatgtata 180
tittatatat atgtatatat tatatatgta tatittatat atatgtatat attatatatg 240
tatattitat atatatgtat attttatata tatgtatatc atatatatgt atatattata 300

tatatgtata tctt 314

<210> 182
<211> 423
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding
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91' 000 33'814 5.5 2.0 30Table 9. MARs act as facilitator of DNA

I ntegration. The pMAR- SVA0EGFP/ pMAR- SVA0EGFP secondary transfectants were
used in a third cycle of transfection at the end of the sel ection process.
The tertiary transfection was acconplished with pMAR or pMAR- SVA0EGFP, and
pTKhygro as sel ection

SEL PCT 012.8T25
<222> (1)..(423)

<223> MAR of chromosome 2 genomic contig; 737493..737915

<400> 182
ataatatata gtgfcittta tattatctaa tatgtaatat aatgtattit atatiaigta 60

ttitatatta tataatatat aatataatgt attttatatt atatgitata taatatatag 120
tgcaitatat attaigttat attatatata ttttatitat ataaattata tattatatgt 180
tatittatat atattatata acatataata taacaatgca ttatatatta taaaatatat 240
aatacattac atatatiata taatatataa tacatiacat atattatata atatataata 300
cattatcata tattacaaat attacattag tataatagta attataatat aatatattat 360
atattacata tattatatta atgtaatagt aattataata taatatatat tatattitat 420

att 423

<210> 183
<211> 724
<212> DNA

<213> Homo sapiens

<220>
<Z221> misc_binding
<222> (1)..(724)

<223> MAR of chromosome 2 genomic contig; 1060556..1070279

<400> 183
tattataata tattatatac attatattgt atatatacta tatatggtat atatagtata 60

cataatataa aalgtatatt gltaatataca ttatatatat acatagtgta cattatataa 120
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35 plasmd, to give tertiary transfectants. After 24 hours, ceils were
transfected again with either plasmd and pSvdhfr, resulting in the

guat ernary transfectants which were selected in growh nmedi um cont ai ni ng 500
4/ mL 0-418 and 5pg/ nl puronycin, 300 ug/nml hygronycin B and j M net hotrexat e.
The secondary transfectants initially exhibited a OFF fluorescence of 8300.
The fold increases correspond to the ratio of 40 fluorescence obtained from
two consecutive transfections as % he sum of fl uorescence

2
obt ai n . transfectjgons. The fold
i ncr eagtg aﬁiﬁ? qri@}agt% '533 ag{%%?ffa.t%ag%tegp aqﬁbgtgfaqagtg sh]@d]vm in bold, and
correspo t.0 0 C val hat  are f ol r than the addition
of thos@ pag%qtg Eﬁéﬁ {qaiﬁfaﬁﬁ’g @W&% &atqqtgﬁsqagt@{qﬂg These results show
that | oadin agt nor e CO{)I es of pMAR- SVA0EGFP resulted insimlar 2-fold
enhanc datigtaitagptatgeia) alggtataty @I@%@eﬁ@at%ééﬁ@&a@ve@%re of the MMR in the
quaternary transfection further enhanced this activi t%/ by anot her 2.4-fold.

Thi s i daediatat soanataipagiatattaigiasiaiat ploataiaat araliriacant $@uced MAR sequences

may integrate at 10 the chronpbsomal transgene | ocus by honol ogous
r econbi tagadtaiat aakgtatad raidipgtalg tataatgtarciacaliziac atauiaeaie 48y essi on. When the
cells were transfected a third and fourth tine with the pMAR- SVA0EGFP
pl asm chagtRPiataataiatip thatatdten tatacatta sdattatamtopatatmdta 1480 evel s not expected
fromthe

tatigtatat atactatata taatgtatat acaattatat ataattgtat atatacatgt 540

atatgtatat gtatatatac atgtatatgt atgtgtatat atacatatat gtatatgtat 600

gtgtatatat gtatatgtat atatgtatat gtatacgtat ataigtatat acaatgtata 660

tataatgtat ataaaaatat ataatatata caatatgtat ataatgtata taattatata 720

atat 724

<210> 184
<211> 383
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(383)

<223> MAR of chromosome 2 genomic contig; 2718818..2720300

<400> 184
atatttatat titatatatt atitatatat agatatatat ttatatttta tatattatit 60

atatataaat atatattiat attitatata ttatiiatat ataaatatat atttataift 120
tatatattat ftatatataa atatafaitt atattttata tattatitat atataaatat 180
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15addition of the fluorescence |evels obtained fromindependent
transfections. GFP expression reached |levels that resulted in cells visibly
glowing green in day light (Fig 14). These results further indicate that the
efficiency of the quaternary transfection was nuch higher than that expected
fromthe efficacy of the third DNA transfer, indicating that proper timng
between transfections is crucial to obtain the optimal gene 20 expression

i ncrease, one day bei ng preferr gl:l. wgﬁ_zﬁ weeks period. W believe that
MAR el enents. favour secondar% l@ﬂé ts_in increasing reconbination
f r equeRétiaiat tatatatt af ttla?tﬁ ag fatatashHaltta Fﬂt%tﬁﬁtﬁt i by rel axi ng cl osed

chromatin structure, mediate a |l ocal increase of histone acetylation

( Yasui ata_fﬁtaaé&ata1atﬂat9mtﬂéba@%ta§t iatadiaia fatatiatiodéPPi ng to regul ate genes
over long distances. 25Nature. 2002, 419(6907): p. 641-5.1. Alternatively,
or conﬁaﬂﬁﬂgmﬂﬁat%’iam‘w%qﬁt@atﬂaﬂiﬂajam@tttﬁ@m@tﬁa@arﬁﬁ@ genes to subnucfear
| ocati ons thought to be enriched in trans-acting factors, including proteins
t hat categaantat aigadateta anar econbi nati on events HBch as t opoi sonerases. This
can result in a locus in which the MAR sequences can bracket the pSV40EG-P
repeats, efficiently shielding the transgenes from chromati n-nedi at ed
30si | er@ilirg €F5f ect s.

<211> 309

<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(309)

<223> MAR of chromosome 2 genomic contig; 4994249, 4994557

<400> 185
tataatatat aattgttata acattataac aattatatat tatatataat acaaftatat 60

aatatatatt atataatigt aatatataat ataatiatat aatatatatt atataatata 120
atatataata tatcatatat gitatatatt tiattatata atatatatta tatataatat 180
tatatataat atatattata tataatatta tatataatat atattatata taatatattt 240
atatatatta tatataatat atattatata ttaaatatta tatatataat atatataaca 300

ttattgtta 309

<210> 186
<211> 740
<212> DNA

<213> Homo sapiens
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Exanpl e 16: Use of PAARs identified with SPAAR Scan(r) Il to increase the
expression of a reconbinant protein. 35 Four MAR el enents were randomy
sel ected fromthe sequences obtained fromthe analysis of the conplete human
genone sequence with SMAR Scan(r) or the conbined nethod. These are terned
16, 1 42, 1 68, (where the first nunber represents the chronosone from which
t he sequence originates, and the second . nunber is specific to the
predi cted MAR al ong this chronoggﬁg?c§qﬁ "super" 40 MAR identified
on chronmosone X. These predicte RS "were |nserted into the pGEG-PContr ol
vector upstream of the 8V40 pronoter and enhancer driving the expression of
the green fluorescent protein and these plasm ds were transfected into
cultureg%q?t CHO cel |l s, as described previously (Zahn-Zabal, M, et al.,
Develoﬁ of stable cell lines for production or regul ated expression
using matri x attachment regions. 45J Bi oteohnol, 2001. 87(1): p. 29-42).
Expr es§£6l dlist thinditchnsgene was then anal yzed in the total popul ation of
stably transfected cells using a fluorescent cell sorter (FACS) machi ne. As
can be<@z®n (th.0M0Fi g. 19, all of these newly identified MARs increased the
expression of the transgene significantly above the expression driven by the
chi cker223rs d4ARref bR ModeEnd ugemomid/bentis 29346@1hPpU3HhE5Hpst potent of all of
the newly 60identified MARs. Exanple 17: Effect on hematocrit of in vivo
expression of nmEpo by electrotransfer of Network systemw th and w t hout
Human MAR 11 -68).

<400> 186

{ttatatata aaatattata tataatatta tatataatat ttictatata aaatgtgtat 80

ataattatat ataattatat aaaatataat atagaatatc taataatgta taatatataa 120
catataaaaa taatattatt taatatataa tattftatat ataatattt! tatatataat 180
ataatatata ttttatatat a attattaat tatataatta atatataata tatatittat 240
acataattat taattatata taattaatat ataatatatc ttatacataa ttatcaatta 300
tatataatta atatataata tatattitat acataattat taattatata taattaatat 360
ataatatatc ttatacataa tatatataaa tatattatat ataatatata ttatatataa 420
tattatatat aatatatatt atatatataa aatttatata taatattata tataatatta 480
taiattitat atacaatalg atatataata taatttatat attatatata tttatatata 540
attattatat aaattatata aatataaatt atatatttat atataattat tatataaatc 600
atiatataat tattataatt ataatatata atataatata atattatata taatatatag 660
tatictatat aaataatata acatatattt tatatagaat attatatata atataatata 720

tattttatat agaatattat 740

<210> 187
211> 847
<212> DNA

<213> Homo sapiens
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5 The therapeutic gene encodes EPO (erythropoietin), an hornone used for the
treatnent of anem a. The ERG gene is placed under the control of a
doxycycline inducible pronoter, in a gene switch system described previously
call ed bel ow the Network system (I nhof, M 0., Chatellard, P., and Mernod,
N. (2000). A regulatory network for efficient control of transgene
expression. J. Gene. Med. 2, 107-116.). The 10 EPO and regul atory genes are
then injected in the nuscle of ngep A4St B &TokN Vi vo ei ectroporation
procedure ternmed the electrotransfer, so that the genes are transferred to
t he nuclgj,,0f the muscle fibers. V\hen t he doxycycline antibiotic is added to
the drinking water of the mce, this conpound is expected to induce the
expre55| of EPE‘n which will lead to the elevation of the hernatocrit
| evel , tg"sth A9 ease in red bl ood 15cel| counts mediated by the high
| evel s of ci r?ul a%l)eng EPO. Thus, if the MAR i nproved expression of EPQ,
hi gher T44al € ) df4hemat ocri t vvoul d be expected. In vivo experinents were
carried out on 5 week-old C57BL6 female mce (Iffa Credo-Charles River,
Fr ance)<223pj MAR fchprasspmeshaenemisoiansn; 8¥4678..667224%n was del i vered by
20t rans-cut aneous injections in the tibialis ant erior nuscle. Al injections
were carried out under Ketam nol (75 ng/kg) and Narcoxyl (10 ng/kg)
anest hesia, Following the intramuscular injection of DNA an electrical
field waiOappdi ed to the nmuscle. A voltage

aatatagaca taaatatata tgcataaata tatatatgca taaatatata taaaaatata 60

tataaatata tacataaata tatataaata tatacaaaaa tatatataaa tatataaaaa 120
aatatataaa tatatataca catatataaa tatatataca tacaiatata aacatatata 180
cataaatata tatgtataaa tatatataca cataaatata tgtatgaata tatatacata 240
aatatatatg tataaatata tatacataaa tafataaaga tatatacata aatatatata 300
aatatatata cataaatata tataaatata tataaataga tatataaata {atatataaa 360
t{atataaata tatatataaa tatataaata tataaaaata gatatataaa tatatatata 420
aatatataaa tatatatata aatalatata aatatataaa tatatatata aatatatata 480
aatatataaa tatatataaa tatataaata tatatataaa tatatataaa tatataaata 540
tatataaata tatataaata tataaatata tatataaata tatataaata tataaatata 600
tatataaata tataaatata taaatatata tataaatata taaatatata taaatatata 660
taaatatata aatatatata aatatatata aatatataaa tatatataaa tatatataaa 720
tatatataza tatataaata tatataaata tatataaata tatataaata tatataaata 780
tataaatata tatataaata taaatatata taaatatata aatatatata taaatatata 840

taaatat 847

<210> 188
<211> 784
<212> DNA

<213> Homo sapiens
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of 200 VVcmwas applied in B ns pulses at 1Hz (Bettan M Darien R Caiil aud
JM Soubrier F, Delaere P, Branelec U, Mhfoudi A, Duverger N, Schernman D.
2000. "High- 25l evel protein secretion into blood circulation after electric
pul se- nedi at ed gene transfer into skeletal nuscle”. Mt Thor. 2: 204-10). 16
mce were injected by the Network system expressing EPO wi thout the 1_68 MAR
and 16 other mce were injected with the Network systemincorporating the

MAR in 5 of 30 the prom)ter/e@ﬁ %ﬁ%es driving the expression of
the activator and EPO genes, In eggﬁ group, half of the mce were submtted

to doxycycline in drinking water fromthe beginning of the experinent (day O
- the day of electrotransfer) and in the other half, doxycycline was put in
drinkiﬁg wat er starting at day 21. 35Bl ood sanples were coll ected using
heparl ¥ed capillaries by retro-orbital punction at different tinmes after
the infection of plasmds. Capillaries were centrifugated 10 m nutes at 5000
rpm at2¢ bomip %G ure and the volunmetric fraction of blood cells is
assessed in co arlson to the total blood volune and expressed as a

per ceng2®e (1éf®)m ning the hematocrit level. 40

<223> MAR of chromosome 2 genomic contig; 6108986..6109769

<400> 188
atttatitat atatttaata tataaaatat atatttaata tataaaatgt atatatatac 60

atatattata tataatacaa tatatattat atataatata tattatatat aatattatat 120
attalattat aatataatat atattatata faatataata tatattatat attattatat 180
ataatataat atatattata tattattata tataatataa tatatattat atattaitat 240
atataatata atatatatta tatattatta tatataatat aatatatatt atatatatat 300
tttatatata taatatataa tatatatatt atatatatat ittatatata taatatataa 360
tatatataft atatatatat titatatata taatatataa tatatatatt atatatatat 420
tttatatgta taatatataa tatatatatt ataatatatat tatatatata taatatgtaa 480
tatatatatt atatatatat tatatatata atatatatta tacataaaat atatattata 540
tataatatat ataatatata ttatatataa a atatatttt atgtataata tatattatat 600
ataatatata atgtatattt atatataaaa tatatatita tatacaatgt atatttatat 660
ataaaatata tatttatata caatgtatat ttatataaat aigtgtitaa tatatgaaat 720
atatattiat atataatata tatttaatct alaaaatata tattaaatat atatttatat 780

ttaa 784

<210> 189
<211> 381
<212> DNA

<213> Homo sapiens
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As can be deduced fromFig. 16 The group of mce injected by MAR-network,

i nduced fromthe beginning of the experinent, display a better induction of
the hematocrit in conparison of mce injected by original network wthout
MAR. After 2 nonths, haematocrits in "MAR-containing group” is still at

val ues hi gher (65% than normal 45hematocrit |evels (45-55%. More
inportantly, late induction (day 21) is possible only in presence of MAR but
not frommce where the hbtmorkgEL¢qu?§§§T@gthout the MAR Thus the MAR
likely protects the transgenes fromsilencing and allows induction of its
expression even after 50prolong period in non-inducing conditions.

<220>
<221> misc_binding
<222> (1)..(381)

<223> MAR of chromosome 2 genomic contig; 10389032..10389412

<400> 189
tatacacata tagagtatat agagtatata tagagtatat ctatagagta tatatgtata 60

tagagtatat aatacagcct accatatata tagtatacat atatatatac tctatatact 120
atatatatag tgtgtatata tatagtatag accctaccat atatatatat aggagtatat 180
atatatacac actcctacta tatatagtat gtatatagag agtatataga gtatatatac 240
agtatatata cacagtatat atatgccata tatagtatct atatacttat atatagtatg 300
tatctatata cttatatata gtatgtatct atatactata tatagtatgt aictatatac 360

tatatagagt atatatgtat a 381

<210> 190
<211> 507
<212> DNA

<213> Homo sapiens

<220>
<221> misc_difference
<222> {1)..(507}

<223> MAR of chromosome 2 genomic contig; 11097807..11098313

<400=> 190
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Overall, the MAR elenent is able to increase the expression of the

t herapeutic gene as detected fromits increased physiological effect on the
hematocrit CLAIMS 1. A purified and isol ated DNA sequence having protein
production increasing activity, characterized in that said DNA sequence
conprises a) at |east one bent 5 DNA el enent, wherein the bent DNA el enent
contains at |east 33% of dinucleotide TA and/or at |east 33% of dinucl eotide

AT on a stretch of 100 conti gu%%‘%foqflﬁr?ﬁ b) at | east one binding site
for a bi ndi rat ei nd.t it nucl eoti de sequence with
t he Se%g@?g@%&it%ﬁﬂ%agﬁ,a?%g&aﬂaa atg fac, Bé'@qt%ce conpl i nentary thereof,
or 1 0 a,sequence havjng at Ig%ﬂﬁZO%identit ith id sequence SEQ I DS No
24, 263 RIAICH Araaliatal AECHRA faedal bl 4o oAt AR GRfent of ol ai s 1,

characterized in that said DNA bindi ng ?rotein is a transcription factor. 1

53. Thealptatatia @iptiatel saloptatcaatiai@elntalagiat atalpmiats B8 acterized in that the

tataatatat ataatatata taatatataa tatatattat ataatatata ttatatataa 240
tatatattat atataatata tattatatat aatatalaat atatataata tatataacat 300
ataataatat attatacata atttatatat aaittttata taattatata tatttatata 360
titttatata attatatata {ttatatatlt titatataat tatatatatt tatatatitt 420
tatataatia tatatataat ttitatataa atatatataa tittatataa ttitatataa 480

ttataaaata tataattata tataatt 507

<210> 191
<211> 329
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(329)

<223> MAR of chromosome 2 genomic contig; 11234628..11234956

<400> 191
ttatagttaa atatataaat ataaaatata cagttttata cagtatatat aaaatataca 60

atatataata cataatacat tagttatata tactatatat actatatata ctacacgtat 120
agtatatata tgaaactata tatatactat acgtgtagta tatatatgaa actatatata 180
tactatacgt giagtatata tatgaaacta tatactatac gtatagtata tatatgaaac 240
tatatatact atatatactt aactataatt gtatatagtt aaaaatataa atatagaata 300
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transcription factor is selected fromthe group conprising the pol yQool yP
domai n proteins. 4. The purified and isol ated sequence of claim 2,
characterized in that the 20 transcription factor is selected fromthe group
conprising SATB1, NwP4, MEF2, 38, DLX1, FREAC7, BRN2, GATA 1/3, TATA,
Bright, MSX, APl, C/ EBP, CREBP1l, FOX, Freac7, HFH1, HNF3al pha, Nkx25,
POU3F2, Pitl, TTF1l, XFDl, AR, C EBPganma, Cdc5, FOXD3, HFH3, HNF3 beta,
MRF2, Cctl, POU6Fl, SRF, V$SMIATA_B, h2, CDP CR3, Cdx2, FOXJ2, HFL,
WL Mo, PEX Pax3, 25 TEE vs%ﬁféﬁf%%ﬁﬁ?% 1, Evil, FOXP3, GATA4,
HENL, BRRgileaddriptiaalada@@iad! paxe, TFIIA and W65 or a conbination of two or
nore of these transcription factors. " 5. The use of a purified and
i sol ated DNA sequence conprising a first isolated 30 matrix attachnent
regi on<¢NBR)198ucl eoti de sequence which is a MAR nucl eoti de sequence sel ect ed
fromthe group conprising: a purified and isolated DNA sequence of any of
cl ai ne<a11t0584 the sequence SEQ IDS No 24, 26 and 27,

<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..(584)

<223> MAR of chromosome 2 genomic contig, 797844..798427

<400> 192
tattaittta tottataaat agataaaaat atatactaat atatatgtac ttatatatac GO

alcaatatat aatgtattat fttatactaa cgtatattat atatactagt atataatcta 120
tattattita tatgttataa atatataata aaatatataa atattitatg catatattaa 180
tatataatat atactaacat getaatitat atatacttat atataattta tatagtatat 240
aatatataaa tgtatataat acataattta tatatitata tattaatagt ttatatatta 300
gtatatatac taatittata tactaataaa taaattatat aatatataaa ttatataita 360
tagtacataa tatafattat atagttaaat aactatgtaa ctataatata taactatata 420
tgatatacag tlatatataa tataaatttt acatacagta tataaattat atactataca 480
titatataca tatggtatat aaattatata ctatacatit atatacatat ggtatataaa 540

ttgtatacta tataatgtgt attagtatat atactaatat atac 584

<210> 103
<211> 363

<212> DNA
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or a sequence conplenentary thereof, for increasing protein production
activity in a eukaryotic host cell. 6. The use of the purified and

i sol ated DNA sequence of claim5, characterized 5in that said purified and

i sol ated DNA sequence further conprises a pronoter operably |inked to a gene
of interest. 7. The use of the purified and isol ated DNA sequence of
claims 5 or 6, characterized in that said purified and isolated DNA sequence
further conprises at 10 | east asﬁﬁgpeq ?%§d matri x attachnent region

( MAR) nucleotlde sequence whi ch™'s eoti de sequence selected from

t he gro risin a purified and |solated DNA sequence of any of clains
1 to 4, ﬁe r&a&@H%QSSEQ IDS No 24, 26 and 27,

<220>
<221> misc_binding
<222> (1)..(363)

<223> MAR of chromosome 2 genomic contig; 1093824,.1094186

<400> 193
{atacacaca catatatata cacatatata tacacatata tatatacaca tatatataca 60

catatatata cacgtatata tgtatacaca tatatatgta tatatataca catatataca 120
cacatatata cgtgtatata cgtatatacg tacatatata cgtgtatata cgtatatigeg 180
tacatatata cgigtatata cgtatatgcg tacatatata cgtgtatata cgtatatgcg 240
tacatatata cgtgtatata cgtatatgcg tacatatata cgtgtatata cgtatatgeg 300
tacatatata cgtgtatata cgtatatgcg tacatatata cgtgtatata cgtatatgecg 360

tac 383

<210> 194
<211> 545
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(545)

<223> MAR of chromosome 2 genomic contig; 3456187..3456731
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or a sequence conplenentary thereof, for increasing protein production
activity in a 15eukaryotic host cell. 8. The use of the purified and

i sol ated DNA sequence of claim7, characterized in that said first and at

| east second MAR sequences are |ocated at both the 5° and the 3' ends of the
sequence containing-the pronoter and the gene of interest. 20 9. The use of
the purified and isol ated DNA sequence of claim 7, characterized in that

said first and/or at |east secg Emf%%ces are | ocated on a sequence
distinct fromthe one contai ni g e t¢r and the gene of interest.

2510 The us of the purified and isol ated DNA sequence of any of claims 5 to
9, chaf’ﬁ pUI’IfI d and i sol ated DNA sequence is in the

t hat
form g:ftaéaq(% %‘tﬂ tg%&{éﬁ:é%ta&gtt@t@@%qtatfyaj@amt%d for transfecting a

eukaryotic host cell, said nethod conpri si n%ws\o %JI ntroducing into said
eukar %@maawﬂi?ﬂate@ﬁatabﬁttat aalstatathatagglaat pdata ence conprising at |east

one purified and isol ated DNA sequence consisting of a MAR nucl eoti de
sequentetagtat aitgtatiat aataiatatt ataltattaf atyjatsatimtestatalg WiBGi n a defined tine said
transfected eukaryotic host cell to at | east one additional transfection
st ep Yatahtads tdteiadta tanbiapatratioiastaDidteatalq tetietattzonPaDsi ng at | east one DNA
sequence of interest

tatatatatt tatattataa tatatattat tatatattat atattataat ttatattata 300

ttacaatata tattataaat atatataita tattataaat atatattttt atattacaat 360

atatattata aatatatatt ttatattaca atatatatta taaatatata tattatatta 420

caatatalat tataaatata tattatatta caatatatat tatattataa tatataitta 480

tatatgatat attatattia atataitata taacataata tataatatat aatatattaa 540

tataa 545

¥

<210> 195
<211> 356
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1}..(356)

<223> MAR of chromosome 2 genomic contig: 5001567..5001922

<400> 195
tataaaatat atgttatata tataatatat atiatataat atataatata tataatatat 60

aaaatatata aaatatataa talataatat aatatataat atatataata tataaaatat 120
atataatata aaatatatat aatatataat atafataata tataatacat ataatatata 180
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and/or with at | east one purified and isol ated DNA sequence consisting of a
MAR nucl eoti de sequence or other chromatin nodifying el enents, and c)

selecting said transfected eukaryotic host cell. 512. The method of claim 11,
characterized in that said DNA sequence of interest is a gene of interest
coding for a protein operably linked to a pronoter. 13. The met hod of

clains 11 or 12, characterized in that the selected transfected eukaryotic
host cells are high protein proﬁ'EE?’@TC@*?ET‘QiSth a production rate of at

15, cndPhdedf BBae 1rdflad Baateen et lat B 02 L ol cctou T rom the
21 ai e Spaety 1 8hiagtat aaataley aft e BiaatE AR 0% 70 2 cequence

conpl epentary thereof.
P tacacacdta cacacacata tatgcatata tatacatata caigtgtaca tagata 356

<210> 196
<211> 321
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..(321)

<223> MAR of chromosome 2 genomic contig; 5457330..5457650

<400> 196
tatacaatat attataaatt atatataatt tatatataat atatattata tatagattat 60

atataatfta tataatatat aaattatata taatataaat tatatataat ttatataata 120
tataaattat atattatata aattaaatat aattiatalt atatataaat tatatttaat 180
ttatataata tataaattat afttaattta tatataatat aaattatatt tttatatatt 240

atgtataatt tatatattta facatatata cattataata taftgtatag tatatataat 300

atatagtata tataaagcat a 321

<210> 197
<211> 361
<212> DNA

<213> Homo sapiens
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15. The method of any of clains 11 to 14, characterized in that the MAR
nucl eotide is a purified and isol ated sequence according to any of clains 1
to 4, or 20 a sequence conplenentary thereof. 16. The nmethod of any of
claims 11 to 151 characterized in that the defined time corresponds to
intervals related to the cell division cycle. 2517. The nethod of claim 16,
characterized in that the defined tine is the nonent the host cell just has

entered into a second cell divisjgn cle. .A method for transfecting a
eukaryotic host cell, said met h?ftﬁc%%rmgisﬂé%co- transfecting into
sai d eukaryotic host cell at |least one first purified and isolated DNA 30
sequenc®26npri sing at | east one DNA sequence of interest, and a second and
i solated purified DNA conprising at | east one MAR nucl eoti de sel ected from
t he grotd2leomnci Bind a purified and isol ated DNA sequence of any of
clains 1 to 4,

<222> (1)..{361)

<223> MAR of chromosome 2 genomic contig; 8124469..8124829

<400> 197
tatatataat atatattata tatattatat aaattatata taatatgtaa tataaattit 60

gtaatataaa ttatatatat aaattatata taatatatat taatatatat aatataaatt 120
aatatatata atatataait atatataalt fatatgatat atataaatat atattatata 180
taaattatat atatcataaa ttatatatca tataaattat atataatata cattatgtac 240
ataatatatg atatataata tataatatat attatatata attatatata tataattata 300
taatatatat aaattataat atataatata tataaattat aatatataat atatataaat 360

t 361

<210> 198
<211> 418
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..(418)

<223> MAR of chromosome 2 genomic contig; 11151485..11151902

<400> 198
atgtaactat atatatagta tatatagtat atatatacta tatagigigt atatatagta 60
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t he sequence SEQ IDS No 24, 26 and 27, or a sequence conplenentary thereof.
5 19. A process for the production of a protein wherein a) a eukaryotic host
cell transfected according to any of clains 11 to 18 is cultured in a

cul ture nmedi umunder conditions suitable for expression of said protein and
b) said protein is recovered. 1020. A eukaryotic host cell transfected
according to any one of clains 11 to 18 21. A cell transfection m xture or

|]<-I gzgog\prlsmg at | east one DNA gg:-6¢ -lc,%*dl ngdto anK of clialms 1to 4. f
{ that at t

¢ ool € aﬁa@%‘?@?aﬁ@?@%@%8%5%‘*%%@?8?%%&%‘38 5 Buence of any of

clains 1

tataEactEﬁ atagtgtata tatagtatat gtagtatata tagtatatat agtatagtat 180
atatagtata tatagtgtat atatactgta tatatagtgt acatagtata ctatatagta 240
tacatatagt acactgtata giatatatag tatagfatat atagtataca tagtatacta 300
tatatagtat agtatacata gtatactata tagtatatag agtatatata cagtatacta 360

tatagtatat agagtatata tacagtatac tatatcgigt gtatagagta tatataca 418

<210> 199
<211> 394
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(394)

<223> MAR of chromosome 2 genomic contig; 13591477..13591870

<400> 199
ttatatatat tttatatata ttatatatat tatatata ttatatatat attatatata 60

téttatatat aattatatat aatatatatt aiatatatta tatataatta tatataatat 120
atattatata tattatatat ataatatata tataatatat atatittata tatgtattat 180
atatattita tatatattat atatattata tatatattit atatatatta tattitatat 240
atataatata acatatataa tatataatia tatattatat atatattata ttatatataa 300
tatatattat atataatata atatataatt atatatatta tatattttat atatttatat 380
aaaaatiatt ttatattatt tlatatataa atat 304

<210> 200
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23. A transgeni c non- human organi smcharacterized in that its genonme has
stably incorporated at | east one DNA sequence of any of clains 1 to 4. 20
24. The transgeni ¢ non-human organi sm of clainms 22 or 23 characterized in
that sonme of its cells have been transfected according to the nethod of any
of claims ii to 18. 25 25. A eukaryotic host cell transfected with at | east
one DNA sequence according to any of clains 1 to 4.
SEL PCT 012.51-25 SEQUENCE LI STENGpIt032 Saloexfs S A. <120> H GH EFFI Cl ENCY
GENE' TRANSFER AND EXPRESSI ON | N MAMMALI AN CELLS BY A MULTI PLE TRANSFECTI ON
PROCEDURE 1O /AR SEQUENCES

<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..(1194)

<223> MAR of chromosome 2 genomic contig; 14996824..14998017

<400> 200
taatatttat atatacatat anaattiata tataatatat aatatttata tatacatata 60

aaattiatat atatatataa {atttatata tacatataaa atttatatat aatatataat 120
atttatatat acatataaaa tttatatata atatataata tttatatata catataaaat 180
ttatatataa taaatattta tatatacata taaaatttat atataattta tatataacat 240
ataatattta tatataaaat tiatatataa catatattta tatataattt atatataaca 300
tataatattt atatataata tatatitatt tatacaattt atatataata tataatactt 360
atatatacat acataattta tatgatatat attatatata taatttatat gatatataat 420
atatctaata tatattatat atattatata tattatatat aatttatata atatatatta 480
tatatataat ttatataata tatatattat atatataatt tatataatat atatattata 540
tatataattt atataatata tattatatat ataatttata taatatatat tatatatata 600
atitatataa tatatattat atataattta tatataacat atittatata catatataat 660
ftatatataa tatatattta catatacata tataatitit atataatata aaatatfict 720
atatacatat ataatittta tataatataa aatatticta tatacatata taatttttat 780
ataatatata ittctatata catgictaat ttttatataa tatatattic tatatacata 840
tataattttt atataatata taatattttt atatacataa titttatata atatatattt 900
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<130> SEL PCT 012 <150> US 601513, 574 <151> 2003-10-24 <150> EP 04 002 722.9
<151> 2004-02-06 <160> 241 <170> Patentln version 3.1 <210> 1 <211> 320

SEL PCT 012.8T25
acatatacat atataattif tatataatat atatttatat atacatatat aatitttaca 960

taatatatat tatatataca tatataattt atatacaaca tataatatat acatatataa 1020
tttatataca acatataata tttatgtata catatataat gtatacacaa tatataatat 1080

ttatatatac atatataatt tatatgtaat atatacatat ataattiata tgtaatatat 1140

atacatgtat aatttatatg tagtatatat acatgtataa tttatatgta gtat 1194

<210> 201
<211> 487
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(487)

<223> MAR of chromosome 2 genomic contig; 14998429..14998915

<400> 201
tagtatacat ttacacatac atgtataatt atatgtaata tataatattt acatatataa 60

ttatagataa tatatatita catatacata tataattata tataatatat aatgtttaca 120
tatacataca taattatata taatatatat ttaaatatac atatacaatt atatataata 180
tatatitaca tatgcatata taattataga taatatatat ttacatatac atatataatt 240
atatataata tataatgttt acatatacat atataatiat atataatata tatttaaata 300
tacatataca attatatata atatatatit acatatgcat atataattat agataatata 360
tatttacata tacatatata attatatata atatataata tttacatata catatataat 420
gtatatataa tatataétat ttacatatac atatataatt tatatataat atatattata 480
tatatta 487
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<212> DNA <213> Honp sapi ens <220> <221> m sc_bind
<222> (1)..(320) <223> MAR of human chronosone 1,
<220>

SEL PCT 012.8T25
<210> 202
<211> 421
<212> DNA

<213> Homoc sapiens

<220>
<221> misc_binding

<222> (1)..(421)

ing SEL PCT 012.8T25
nt from 36686 to 37008

<223> MAR of chromosome 2 genomic contig; 16562490..16562910

<400> 202

tatatgaata tatatatgaa tatatacgta tatatgaata tatacatgta tgtatatatg 60

aatatatgta tatatatgaa tatatatgta tatatgaata tatgtatata taigaatata
tatgtatata tgtatatata tgaatatata {gtatatatg tatatatatg aatatatatg
tétatatgta fatatgtata tatatgaata tatatgtata tatgaatata tatgaatata
tatgtatata tatgaatata tatgaatata tgtgtatata tatgaatata fatgtatata
tatgaatata tgtatatata tatgaatata tatgtatata tgtatatatg aatatatatg
tgtatatgaa tatatatatg aatatatatg tgtatatgaa tatatatgaa tatatatgtg
t 421

<210> 203
<211> 479
<212> DNA

<213> Homo sapiens

<220>
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<221> m sc_bi nding <222> (1)..(320) <223> MAR of human chronosone 1, genomc
contig; 36686 to 37008 <400> 1 ttatattatg ttgttatata tattatatta tgttattaga
ttatattatg ttgttatatt60 atataataat attatattat atattatata ttatattata
taatatataa taatattata 120 taattatata ttacattata taatatataa taatattata
taattatata ttacattata 180 taatatataa taatattata taataatata taattatata
atatataata atattatata 240 atattatata atattatata atatataaat atataataat

?)}\lit attata ttatataata 300 gtat atgﬁ gctrtﬁtzgé%a 320 <210> 2 <211> 709 <212>

<221> mis¢_binding
<222> (1)..(479)

<223> MAR of chromosome 2 genomic contig; 21592301..21592779

<400> 203
tatatgtata cgtatataat atattatata ttatatacgt gtacgtatat atgtaatata 60

taatgtatat gtacacgtat ataatatata atatattata tacgtatacg tatacattat 120
atattacata tatacgtata tacgtatata aaatatatgt atatattata tatacgtata 180
taatatatat tatataafat ataatatata cgtatacata taatatatta tatatacata 240
ttatatatta tatatitaaa ttatatatta tatcatatat aatatatatg atataatata 300

taatatacat atattacata atatatatta tatacatata catatataat atataatata 360
itatatacat atacatatat aatatataat atattatata catatacata tataatatat 420

aatatattat atacatatac atatataata tataatatat tatatataca tattatata 479

<210> 204
<211> 870
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(870)

<223> MAR of chromosome 2 genomic contig; 22557584..22558453

<400> 204
tataatatat aatatacata atatgtatat titatacaca atataaataa tatacataac 60

Seite 184



<213> Hono sapi ens <220> <221> m sc_bi ndi ng <222> (1)..(709) <223> MAR of
human chrompsone 1, nt from 142276 to 142984 SEL PCT 012 ST25 <220> <221>
m sc_bi ndi ng

SEL PCT 012.8T25
atatatgtat attttatata tgtatatttt atatatattt {atatattit atatatatgt 120

atattitata tataatatat atattgtata taataatata taatatatta tattatatat 180
aatatatata atatatatat aaatatatat tatatataat atgtataata tataatattt 240
tatatataat atgtataata tatattttat atataataat algtacaata tataitttat 300
atataataat atgtacaata tatattitat atataataat atgtacaata tatattttat 360
glataatatg tataatatat atittatgta taatatatat tttatgtata atatatattt 420
tacgtatatt itatatataa tatataatat tttatatata atatataaca ftttatatat 480
aatatataat attatatata ttatatattt tatatataat atatataaat atatatattt 540
tatatataat atattttata tataatatat ataaatatat atattatata taatatattt 600
tatatataat ataititata tataatatat aatatatttt atatattata tataatatat 660
ta;tatattaf atataatata ttatatataa tatataatat ataatatatt atatataata 720
tataatatat aatatatiat atataatata taatatataa tatataatat attatatata 780
atatataata tgtaatatat aatattttat atataatata taatataata tataatattt 840

{atatataat atataatata taatatataa 870

<210> 205
<211> 1088
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1086)

<223> MAR of chromosome 2 genomic contig; 30591960..30593045

<400> 205
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<222> (1)..(709) <223> MAR of human chronpbsone 1, genom c contig; 142276 to
142984 <400> 2 tacaatatat fttctattat atatatttfg tattatatat aatatacaat
atattttctab0 ttatatataa tatattttgt attatatata ttacaatata ttttgtatta
tataatatat 120 aatacaatat ataatatatt gtattatata ttatataata caatatatta
tatattgtat 180 tatatattat atataatact atataatata figtattata tattatatat
aatactatat 240 aatatatttt attatataft atatataata caatatataa tatattgtat
tataatacaa 300 tgtattataa tgt até ,t_ia,fc-lt i ?éat aftatatata atacaatata

KARAT R R e T REE e e SR

att attac atataatata

ot at ap9eta alzpe %?afaf?@tatq@%%@&& 2o ﬁ; t @ittt attotatata

at at at aat a 600 caat at at aa tattﬁa;q %at tat tataat at{ atatat tttgtattat
at at t t Bdigfatisidelappiat: igiatatat 2ia tg qqtgqta@ala@téagata att®tatatt atatatacc709

<210> 3 <211> 409 <212> DNA <2 Hono sapi ens
atitctaata tatittatat ttataaatat tttatatata ttatatatit tatatatact 240

atatattata tattatatat tttatatata ctatatatta tatagtatat attttatata 300
tactatatat tatatattat atattttata tatactatat attatatatt atatatitta 360
tatatactat atactatfta ttatatattt tatatatact atatactatt tattatatat 420
tttatatata ctatatacta tttattatat atittatata tactatatat tatatattat 480
atattttata tataatatat atttattata tattitatat attatatata ttatatatta 540
tatatttata tattatataa tatatattat atatagaata tataatatat attatatata 600
atataatata atatatatta tataaaatat atataatata taaaatatat aatatatgat 660
atatataata tatattctat atttatacat atatatttaa tattatatta atatataatt 720
atatattatc atatgtaata atagatataa tatgtaatat ataaattata attatatatt 780
aatattatat attafttaat atgtatattt acacatatat taaftattaa atatatatat 840
ttaatatatt aaatattatg tattaaatat atataatata tttataaata ttttatatat 900
aatatataca tatattaaca tatatgtata tatgtatata ttatatataa cattatatat 960
attatgttac atatactata tittatatgt tacatatact atatattata tgttacatat 1020
aatatatata acatatatta taatatgtaa catattaiat ataacatata atatatagta 1080

tatata 1086

<210> 206
<211> 406
<212> DNA

<213> Homo sapiens

<220>
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<220> <221> m sc_binding SEL PCT 012.5125 <222> (1) (409) <223> MAR of
human chronosonme 1, nt from 1368659 to 1369067 <220> <221> m sc_Nndi ng <222>
(1)..(409)

SEL PCT 012.8725
<221> misc_binding
<222> {1)..(406)

<223> MAR of chromosome 2 genomic contig; 36233909..36234314

<400> 206
attataaata tatattatag atattagata ttatagatat aatatatata atatatatta 60

tagatatiat agatatagat ataatagata ttatagatat tatagatata atatatatta 120
tagatattat agatataata tatattatag ataitataga tataatatat attatagata 180
ttatagatat aatatatatt atagatataa tatatattat agatattata gatatagata 240
ttatagatat {atatatatt atagatataa tatatatiat agatattata gatatagata 300
ttatagatat aatatatatt atagatatta tagatataat atatattata gatattatag 360

atataatata tattatagat ataagatata ttatagatat tacaga 406

<210> 207
<211> 797
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> {1)..(797)

<223> MAR of chromosome 2 genomic contig; 36271745..36272541

<400> 207
atataaacat atacgtatat acacatatat acaaatacat atatacatat attatatata 60

fgtatatata ttatatiata catatattat atatatatta tattatacat atatacatac 120
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<223> MAR of human chronosone 1, genomic contig; 1368659 to 1369067 <400> 3

tacacataaa tacatatgca tatatattat gtatatatac ataaatacat atgcafatac
attatgtata tatacataaa tacatatgca tatacattat gtatatatac ataaatacat
atgcatatac attatgtata tatacataaa tacatatgca tatacattat gtatatatac
at aaat acat atgcatatac attatgtata tatacataaa tacatatgca tatacattat
gt at at at ac at aaat acat atgcatataf tatatacata aattatatta tatacataat
acatatacat atattatgtg tatatat acgE @@{@@a 25 acatatatt atgtgtatat

AU AT o3, 34 SR LALlbdh BhcRb bt aPatkabH e 210> 4 <211> 304

<212> ITD saplens <

atatacatac attatataia aatatatgta tataaaatgt acattatata tacatatata 240
ttatgtataa ataatatata aaataaacat aatatatatt tatagatatg atatatataa 300
tatatatgta tacatatata catatatgta {atataatgt acattataca tacataaaca 360
tcatatataa afgitatata tataatataa atatatataa tatataatat atactitata 420
téctatatat aatatatata atatgatata acatatacta tatatactat atataatata 480
tactatatat actgfatata atatataata taatatatac tatatatact aaatataata 540
tacataatat aatatatact atatataata tataatatat aatatagtat atatactata 600
tataataatt acatattata tatiatacat tatatattat ataaltatta tatataatta 660
tatattacat actttgtata taatgtaaat atacattaga atatataatg tatata{atg 720
tacatatata atgtatatat gtatacatia tataaactat atataaacat tatattatat 780

aaacattata tataaac 797

<210> 208
<211> 423
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(423)

<223> MAR of chromosome 2 genomic contig; 36498521.,36498943

<400> 208
tattatatia tatatttaat attatatatt taatatatta tatatttaat attatatatt 60

iaatatatta tatatttaat attatatatt taatatatta tatatitaat attatatata 120
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<221> m sc_bi nding <222> (1)..(394) <223> MAR of human chronosone 1,

genornic contig; 283089 to 2839482 Seite 4 SEL PCT 012.81.25 <400> 4
tatgtatata tacacacata tgtatatata cacacatatg tatatacgta tatatgtata 60
tatacacaca tatgtatata cgtatatatg tatatataca cacatatgta tatacgtata 120
tatgtatata tacacacata tgtatatacg tatatatgta tatatacaca catatgtata 180
tatgtatata tacacacata tgtatatacg tatatatgta tatatacaca catgigtata 240
tatatataca catatgtata tatgtatat g oegragalgyokgtatatatg tgtatgtata 300

taatatatta tatatttaat attatatata taatattata tatataatat tatatattta 180
atattatata tataatatta tatatataat atattatata tttagtatta tgtatttaat 240
atattatata titagtaita tgtatitaat atattattta tttagtatta tatatttaat 300
atattattta tttagtatta tatatttaat atattatata titaatatat tatatattta 360
ttatatattg tatatitaat atattatata tttattatat attatatata attatatatt 420

taa 423

<210> 209
<211> 304
<212> DNA

<213> Homao sapiens

<220>
<221> misc_binding
<222> (1}..(304)

<223> MAR of chromosome 2 genomic contig; 371796891..37180194

<400> 209
gtgtatatat atcatatata ttatatcata tatatgtgta tatatatcat atattatatc 60

atatatatgt giatatatat catatatata fcatataigt gtatatatca fatatattat 120
atatcatata tgtgtatata tatcatatat tatatatcat atataigtgt atatatcata 180
tatattatat atatctcata tgtgtatata tatcatatat aatatatatg tgtatatatc 240
atatatcata tataacatat atatgigtat atatcatata tataacatat atcatatatg 300

tgta 304

<210> 210

<211> 693
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tatacacaca tatgtatata tacacatata tatgtatata tacacacata cttatatata 360
cacatatata lgtatatata cacatatgta taca394 <210> 5 <211> 832 <212> DNA <213>
Hono sapi ens <220> <221> mi sc_bi ndi ng <222> (1)..(832) <223> MAR of human
chronosone 1, genomic contig; 1452269 to 1453100

SEL PCT 012.85T25
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(693)

<223> MAR of chromosome 2 genomic contig; 38440448,.38441140

<400> 210
tatatattct tttatatatt atatataata tatattctit tatatattat atatagtata 60

faticttita tataitatat atagtatata ticttttata taftatatat agtatatatt 120
cttttatata ttatatatag tatatattct titatatait atatatagta tatattcttt 180
tatatattat atatagtata tattctitta tatattatat alataatata tattctitta 240
tatatcatat ataatatata ticttitata tattatatat aatatatatt cttttatata 300
ttatatatca tgtatatata atatacaaaa tatatataga tittatatat agattattac 360
ataatagaat atattatata {tatatataa tatatacata atatataata ttatataiga 420
tataatatat atcatatata tcatataata tatattatat atcatatatt atatataata 480
atatatagat tatatataat tatatatata atatatataa ttatatatat tatctatata 540
tagataatat atataattat atataatata ttatatagat tatatataat tatattatat 600
acaaaatcta tatataatat atattatatt atatataata tacataacta tataaaaaat 660

ataatatata atatatataa tatataatat ata 693

<210> 211
<211> 471
<212> DNA

<213> Homao sapiens
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<400> 5 tatattacta tatatacaat atacatatta ctatatatac catgtattac tatatatatc 60
tactatatat attactatat atacaaaata tatattacta tatatacaat atacatatta 120
ciatatatac catatattac tatatatatc tactatatat attactatat atacaaaata 180
tatattacta tatatactat atattactgt atatacaata tatattacta tatatatact 240
atatattact atatatacac tatatattac tatatataca caatatatat attactatat 300 Seite
5 SEL PCT 012. ST25 atacacaatg tatataacta tatatacaat atatattact atatatacta
tatatattac 360 tatacat act atatagﬁﬁgﬁ-fbgégﬁgsac aatatatata ttacaatata
tactacatat 420 tactacatat actttatata ttactatata tactatatat tactgtatat
acaatatata 480 ttactaaata tacacaatat atattactat atatacacaa tatatatatt
actatatata 540 cacattatat atgactatat atacacacta tatatattac tatatataca
caatata?gg 600 ctatatatac acagtataca tattactata tatacacaat atatatatta
ctatata 660 actatatatt actatatata cacaatatat altactctat gtatacacta
tatatattac 720 tatatataca gaatatatat aactatatat acactatatt actatatata
ctataté@?i TE@CQW%.HSgtaC tatatatatt actatatata ctatatatta ctatatatac ac832

<210> 6
<222> (1)..(471)

<223> MAR of chromosome 2 genomic contig; 38887582..38888052

<400> 211
aacatatata ctatatatat tatatactat attatatatt atatatataa acatatatac 60

tatatataat atataaacat attatattat acatgatata gataaacata tatattatat 120
ataatataga taaaatatgt tatatataat ataatgtata gacatatatt atatatacat 180
atatfctaca tatattatat atatattcta cacatatiat aftatatata catatattct 240
acafatatta tatatacata tatictacat atattatata tacatatatt ctacatatac 300
atatatacat atattatata tacatatatt atagatatat aatatataaa catatataat 360
attaftatat ataatatata taataatatt atataatata taataatatt atatcttata 420

tataaataat atatatattt tatatatata atattatata tatataatat a 471

<210> 212
<211> 1221
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1221)

<223> MAR of chromosome 2 genomic contig; 43885944, 43887164
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<211> 350 <212> DNA <213> Honp sapi ens <220> <221> m sc_bi ndi ng <222>
(1)..(350) <223> MAR of human chronosone 1, genom c contig; 831495 to 831844
<400> 6 aatatataat atataaatat taatatgtat tatataatat atattaatat attatattat 60

SELPCT 012.8T25

<400> 212
catafagaca tatatfatat gtaacaiata aacatattat atgtaacata taatatataa 60

tatataaaca iatatittat atattatatg ttacatataa tatataatat ataaacatat 120
attatatatt atatgtaaca tataatatat aatatataaa catatattit atatataata 180
tataaacata tittatatat aatatataaa catatittat atataatata taaacatata 240
ttttatatat aatatataaa catattttat atataatata taaacatata ttttatataa 300
tatataaaca tataatatat ataatatata aaagtatata atataaatat atataatata 360
aacaiatata atataaatat atataaaata taaacatatg taatatataa acatatatta 420
tatataatat atagacatat attatacgta caatatataa acatatattg tacgtacaat 480
atataaacat atattatacg tacaatatat aaacatatat tatacgtaca atatataaac 540
atatattaia cgtacaatat ataaacatat aftatacgta caatatataa acatatatta 600
tacgtacaat atataaacat atattatacg tacaatatat aaacatatat tatacgtaca 660
atatataaac atatattata cgtacaatat ataaacatat attatacgta caataaacat 720
atattatacg tacaatatat aaacatatat tatacgtaca atatataaac atatattata 780
cgtacaatat ataaacatat atfgtacgta caatatataa acatatatta tatgtataat 840
atataaacat ataatatata atatatatta tatatatgtt tattatatat gtttatatat 900
tatatataac atatattatt atattatata tgtttatata tiatatatta tataatatat 960
atgtttatat attatatait alataatata tatgtitata tattatatat tatataatat 1020
atatgtitat ataitatata ttatataata tatatgttta tatattatat attatataat 1080
atatatgitt atatattata tattatataa tatatatgtt tatatattat atattatata 1140
atatatatgt ttatatatta tatattatat aatatatatg tttatatatt atataaataa 1200

taaacttaca tattttatta a 1221

<210> 213
<211> 543

<212> DNA
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attactatat aaataatatt aatatattat attaaaatat taataaatat atcatattaa 120
atattatatt aattaaatat taataaatat attatattaa tatatttata tattaaacct 180
ataacatatg catatactta tttatatata acatgcatgt acttatttat atatacaata 240
tatatttata tattatataa tatattatat gtatttatat attatatatc atatattata 300 Seite
6 SEL PCT 012 ,8125 tgtatttata tattatatat catataatat atatatttat
attatatata350 <210> 7 <211> 386 <212> DNA <213> Hono sapi ens

SEL PCT 012.8T25

«213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(543)

<223> MAR of chromosome 2 genomic contig; 45818200..45818742

<400> 213
tatgtatata tacatatata iftatacatg tatatatgta tatatacata tatatttata 60

catgtatata tatacatata tatitataca tgtatatata tacatatata tttatacatg 120
tatatatata catatatatt tatacatgta tgtatatata catatatatt tatacatgta 180
totatatata catatatatt tatacatgta tgtatatata catatatatt tatacaigta 240
togtatatata catatatatt tatacatgta tgtatatata catatatatt tatacatgta 300
tgtatatata catatatatt tatacatgta {gtatatata catatatatt tatacatgta 360
tgtatatata catatatatt tatacatgta tgtatatata catatatatt tatacatgta 420
tgtatatata catgtatatt tatacatgia tgtatatata catgtatatt tatacatgta 480
igtatatata catgtatatt tatacatgta tgtatatata catgtatatt tatacatgta 540

tac ' 543

<210> 214
<211> 463
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding
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<220> <221> m sc_bi ndi ng <222> (1), (386) <223> MAR of human chronosone 1,
genom c contig; 1447225 to 1447610 <400> 7 acatttaatt taattatata ctgctatata
taattaaatc tatatatcta tataacttat 60 aatttatrit aatttaatta tatatactat
atagttatat atacatatat gtaattatat 120 atagtataat tatagtatat atgtatatat
aatgtaagta aatatatagt atatatttat 180 atatactata tatttataca tatgtcttta
tatatact.aa tatatataca catatgtaat 240 atgtacatat ggcatatatt ttatagtgta
tatatacata tatgtaatat atatagtaat%_6 ? st atagtacata tttaattata
tggtaatata tacacatata tgtaatatgt 0 gta tatagt acatatttta tagtat386 <210> 8

<211> 5%2> (1)..(463)

<223> MAR of chromosome 2 genomic contig; 47055478..47055940

<400> 214
atacatacat atatacatat atacacatat atacatataa tacacacata tttacatata 60

tacacacata tatacatata tacatatata cacatatata catgcataca catatataca 120
tatatacaca catatacaca catatataca tatatacaca tatatacaca tatacacata 180
tatacacaca tatacatata tacacatata tacatatata catatataca cacatataca 240
catatataca tatacacata tatacacata tacatatata cacatatata cacatatata 300

catatataca catatataca tatatacaca tatatacaca catatacaca tatatacata 360
tatacatatg tatacacata tatacatatg tatacacata tatacacata tacatatata 420

catacacata tatacgtata tatgtgtata tatacacata tac 463

<210> 215
<211> 2482
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(2482}

<223> MAR of chromosome 2 genomic contig; 47492696..47495177

<400> 215
aatatatata aaatatatia tattctatgt aatatataga atatataaaa tatattctat 60

atattatata gaatatatat tttataatat atattattta tatatittta tatatttata 120
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<212> DNA <213> Honop sapi ens <220> SEL PCT 012.5-125 <221> m sc_bi ndi ng
<222> (1) .(585) <223> MAR of human chronbsone 1, genom c contig; 4955365 to
4955949 <400> 8

SEL PCT 012.8T25
itatttatat atttatatat aatttatata atttatacat ataatttata tataatttat 180

ataaattata tatataaltt atatataatt tatatataat ttatataaat tatatatata 240
atttatatat aatttatafg afttttatat ataatttata tataatttat ataatittta 300
tatataaltt atatataatf tatataattt {tatatataa titatataat atatatatat 360
aatttatata taatttatat aatttatata tataatifat atataattta tataatttat 420
atatataatt tatatataat ttatataatt tatatatata atttatatat aatttatata 480
atttatatat ataatttata cataatttat ataatttata tatataattt atataattta 540
tatatataat ttatatatat aatttatata atttatatat atgatttata taatttatat 600
atataatita tataatitat atatataaat tatatatata atitttatat aatttatata 660
tttataatt! atatatitat ataatitata tatttataat ttatatattt atataattta 720
tataittata atitatatat ttatataatt tatatataat tattcatata ittatataat 780
ttacatataa ttatitatat attcatatat aatttatata tttatatata atitatatat 840
aattatttac atatttatat atttatatat aatitatata tatttatata taatttataa 900
ataaaatata taatatataa tatataatat tataatagat aaaatatata ctatatatta 960
tatattttac attatattta atattatatg tataattita tatcatatat aatatatatg 1020
atatatataa ttttatatca tatataatat atatggtata tataattita tatcatatat 1080
aatatatatg glatatataa ttttatatca tatataatat atgatatata atttiatate 1140
atataatata tattatatat aattttatat ctacatatta tatattatat atacaaittt 1200
atatctatct ataatatata tiatatatac aattitatat ctatataata tatattatat 1260
atactittat at{atatata aaatgtatat tatatatact tttataitat atataaaatg 1320
tatat{atat ataattitat titatatata aaatgtatat tatatataat titatittat 1380
atataaaatg tatattatat ataattttat tttatatata aaatgtatat tatatataat 1440
titatittat atataaaatg tatattatat ataatittat tttatataaa aaatgtatat 1500
tatatataat titatattat atataataty tatattatat ataaitttat attatatata 1560
atatgiatat tatatataat tttatattat atataatatg tatattatat ataattttat 1620
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atacacacat atacacatat gtacgtatat atactatata tacacacata tacacatatg 60
tacgtatata tactatatat acacacatat acacatatgt acgtatatat actatatata 120
cacacatata cacatatgta cgtatatata ctatatatac acacatatac acatatgtac 180
gtatatatac tatatataca cacatataca catatgtacg tatatattat atatacacac 240
at at acacat atgtacgtat atatactata tatacacaca tatacacata tgtacgtata 300
tatactatat atacacacat atacacatat gtacgtatat atactatata tacacacata 360

tacacatatg tacgtatata tactatata 2%% acatatgt acgtatatat 420
S R A i g foocaL i 0
o st SR A SR T D T

tatattatat ataattttat attatatata atafgtatat {atatataat titatattat 1800

étataatatg tatattatat ataattitat attatatata aaatgtatat tatatataat 1860

titatattat atataatatg tatattatat ataattttat attatatata atatgtatat 1920

tatatataaf ttiatatiat atataaaatg tatattatat ataattttat attatatata 1980

aaatgtatat tatatatatt atatataaaa tgtatattat atatattata tataaaatgt 2040

atattatata tattatatat aaaatgtata tiatatatat tatatataaa atgtatatta 21CC

tgtataitat atataatgta tattatgtat attatatata atgtatatta tatataatat 2160

atattatata taaigtatat tatataatat atattatata ttataatata taatatacat 2220

tatatattac atattatata taatatafta tatattatat attacatatt atatataata 2280

tattatatat tatattaaat atatattita tatattatat attatatatt atataaaata 2340

tatatattat atattatata aaatatatat atatiatatt atatattata ttaaatatat 2400

éttttatata taatatatat aatatataat atataaaata {atattatat attatatata 2460

aéttatatat attatatata aa 2482

<210> 216
<211> 530
<212> DNA

<213> Homo sapiens

<220>
<221> misc_hinding
<222> (1)..(539)

<223> MAR of chyomosome 2 genomic contig; 47561068..47561607
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<223> MAR of human chronosone 1, genomi c contig; 5971862 to 5972633 SEL PCT
012.57-25 <400> 9 agtaaacata tatatagtaa atatatatag tgtatatata gtaaatat at
atagtgcata60 tatatagtgc atatatatag tgtatatata gtaaatatat agtgtatata
tatagtaaat 120 atatatagtg tatatatagt aaatatatat agtaaatata tatatactat
atatagtaaa 180 tatatatata ctatatatag taaatatata tatagtatat atatagtaaa
tatatatata 240 gtatatatat agtaaatata tatatagtat atatatagta aatatatata
tagtatatat 300 agtaaatata tatagt a tat atatata gtatatatat

agt aaatata 360 tatatagtat atat at%gl'ta%cgtg? g%%?a tagtat at at atagtaaata

t at at ag(f@h)j%ga atatatagta aatatatata gtatatatat agtaaatata tatagtatat

at at agt a tatat at a t gt at at at .at agt aagt a, t.at at agcact gt at at at at
agf aaat®Ca98a ?&@ﬁ%ﬁi?é’?ﬁa&?% %ﬁ%’?ﬁ@gttaéﬁﬁﬁﬁg{a&tqtﬁ ct @at at at at agt a
aat atatata 600 cactgsllat at acat agtaaa tatatataca ctgtatatac atagtaaata
t at at adalgicalis 9'yjatzeia baalntaly ttaalataiz alatalcaladasaatatid at'#fat ag taaatat ata

tacagtgtat 720 atacatagta aatatatata ca?t gtatat acat as%t aaa tatatataca gt 772
<210> Hataitaataelpaty atiatiafaatgteteat pelnslalaptaiadatca 1

atatatatta ctaatatata ataatatatc gttaatatat aatagatcat taatatataa 240
tgttaatata ttatgaétag ataatatatc agtatataat attaatatat taatatatta 300
tatattatit aataatatat aatatattaa taaataatta tatattaata tagcaatata 360
ttaatatatg actgtaitat attattaata tataacaata tatiatatat tatataataa 420
tttattatat aatatataat aatatatiat atattatata acatattaat aatacataat 480

aacattaata atatataata atgttaatat attattatat tatatattaa tatataata 539

<210> 217
<211> 336
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(336)

<223> MAR of chromosome 2 genomic contig; 52853648..52853983

<400> 217
tatatacata aaatatatat attttatata tatacataat atatatatgt atattttaty 60

tatatatcia taatatatat aatataataa aatatacata tatatittat atatatataa 120
tatacatata aaatatacat acataaaata tacatgtata tittatgtat atataatata 180
tatataaaat atac'atgtat atittatata tataatatac atgtataatt aatatacatg 240
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<220> <221> rnsc_bi ndi ng <222> (1) (304) <223> MAR of human chronosone 1,
genonic contig: 6221897 to 6222200 <400> 10 SEL PCT 012. ST25 atat at aata
tatataatta tattatatat aatatataat atatataatt atattatatab60 ttatatataa
tatattatat attatatata taatatatat tatatattaa atatatatta 120 tat at at aat
atatattata tattaaatat atattatata tataatatat attatatata 180 atat at ataa
tatatattat atatatatta tatattatat atatatatta tatatatata 240 atat at at aa
tatatattat atataatata tattatat a%ﬁt@e?%ggtﬁzt@t aatatat 300 atta 304

tatgttatat atattacatg tatattatat ataatataca tataaatttt aaatttagty 300

tatattacat gtatattata tataatatat gtatat 336

<210> 218
<214> 406
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(406)

<223> MAR of chromosome 2 genomic contig; 54866263..54366668

<400> 218
tacgtatata aaaatgtata ittacatata taaaataaat atittatata cgtatataaa 60

atatatattt aftttatata cgtatataaa atatttatit tatatatgta tataaaatat 120
ttattttata tacatgtata ttaaatatat atttatatat gtatataaaa atatatatta 180
tafacatgta tataaaatat atattatata tgtatataaa aatatatatg tatataaaat 240
atatatatta tatagatata taaaatatat attatataga tatataaaat atatatatta 300

tatagatata taaaatatat atattatata gatatataaa atatatatat tatatagata 360

tataaaatat atatattata tagatatata aaatatatat attata 406

<210> 218
<211> 1452
<212> DNA

<213> Hemo sapiens
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<210> 11 <211> 311 <212> DNA <213> Honp sapi ens <220> <221> m sc_bi ncl f ng
<222> (1)..(311) <223> MAR of human chronbsone 1, genom c contig; 9418631 to
9418841 <400> 11

SEL PCT 012.8T25
<220>
<221> misc_binding
<222> (1)..(1452)
<223> MAR of chromosome 2 genomic contig; 55113305..55114756

<400> 219
ataatatata atatatattg tatattatat tattatatat tatatattat taaatatata 60

tattatatta tatattatat aatatatatt atatataata atatagaata tataattata 120
tattataita tatattatat aatatatatt atataiaata atatagaata tataattata 180
taﬁatacta tatatiatat aatatatatt atatataata atatagaata tataattata 240
tattatataa fatgtgaata atgtaatata taattatatt atttacatat tatataatat 300
ataattatat tatataatat ataattatat tattigtata ttatatataa catatacatt 360
atattatata taatataatt atatataatt aattataaat taattatata taattatata 420
atataatata taatatacat aatatataat atataataca taatatacat aatataatat 480
atattatata taatataata tatataatat aatataatat aatgtataat ataattatat 540
attatatata atatataatg tiatataatt atattatatt atataattaa ttatatgtaa 600
ttaatataat ataattatta tatataattt ittatataat ataatatata attatataat 660
ataatataat tatattatat tatataatat atatatatta tataatataa tataattata 720
ttatataatt atataatata atataattat atattatatt atataataaa tataattata 780
taatataata {gattatata atatattatg tatattatat attatatait gtattatgta 840
tattatatat tatatattat gtatattata tattatgtat attatatatt atgtatatta 900
tatattatat attatattat gtataatata ttatgtatgt tatatataat ataaattata 960
ttatatatta tgtatattat atataaatta tattatatat tatgtatatt atatataata 1020
taaagiatat attatgtata ttatatataa tataaagtat atattatgta tattatatat 1080
aatataaagt atatattatg tataitatat ataatataaa gtatatatta tgtatattat 1140
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tatatataat atttatatat aatattcatg tatttatata taaatattta tatatttata60
tataaatatt tatatattta tatataaata tttatatatt tatatataat atttatacat 120
tatatataat atttatatat tatatataat atttatatat aatatttata tattatatat 180
aatatttata tatttatatg tataatatat attttatata tgtatgtata atatatattt 240
tatatatgta tgtataatat attttatata tgtatgtata atatattatt atatataata 300
tataatttat a 311 <210> 12 <211> 302 SEL PCT 012. ST25 <212> DNA <213> Hono

sapi ens <220> SEL PCT 012.5T25
atataatata aagtatatat taigtatatt atatataata taaagtatat attatgtata 1200

ttatatataa tataaagtat atattatgta tattatatat aatataaagt atatattatg 1260
tatattatat ataatataaa gtatatatta igtatattat atataatata aagtatatat 1320
tatgtatatt atatataata taaagtatat attaigtata ttatatataa tataaagtat 1380
atattatgta tattatatat aatataaagt atatattata tgttataaat tatatattgt 1440

tatatattat at 1452

<210> 220
<211> 502
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(602)

<223> MAR of chromosome 2 genomic contig; 56350637..56351138

<400> 220
atatattata gaaatataaa tatatagata tatctatata ttatagaaat ataaatatat 60

agatatatct atataitata gaaatataaa tatatagata tatctatata ttatagaaat 120
ataaatatat agatatacct atatattata gaaatataaa tatatagata tacctatata 180
ttatagaaat ataaatatat agatatacct atatattata gaaatataaa tatatagata 240
tatctatata ttatagaaat ataaatatat agatataict atatattata gaaatataaa 300
tatatagata tatctatata ttatagaaat ataaatatat agatataict atatattata 360
gaaatataaa tatatagata tatctatata ttatagaaat ataaatatat agatatatac 420
aacatatatg ttacataita tatattatat atctatatat ctatataaca ttatatatct 480
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<221> m sc_bi nding <222> (1). (302) <223> MAR of human chronosone 1, genomc
contig; 15088789 to 15089090 <400> 12 atataatata tatattatat atataaatat

at at aaatat ataacatata tattatatat 60 aaatatatat aaatatataa catatatatt
atatatataa atatatataa atatataaca 120 tatatattat atatataaat atatataaat
atataacata tatattatat atataaatat 180 atattatata tttatatata taatatatat
aaatatataa tatatattta tatatataat 240 atatataaat atataatata tatatttata

t at aat at at at aaat at at aat at at aatsépgcq-to’si%sﬁslo> 13 <211> 461

atatatctat ataacatata ta 502

<210> 221
<211> 794
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(794)

<223> MAR of chromosome 2 genomic contig; 57051633..57052426

<400> 221
aactatatat actatattat atagtiatac tatatatact atattatata gttatataac 60

tatt_atataa cigtattata tagttatata actattatat aactgtatta tatagttata 120
taactattat ataactgtat tatatagtta tataactata ttatataact gtgtiatata 180
gttatatalt atataactat attatataac igtattatat agttatatat tatataacta 240
téttatataa ctgtattata tagttatata ttatataact atattatata actgtattat 300
atagttatat attatataac tgtattatat agtiataaaa ctatattata taactgtatt 360
atatagttat aaaactacta tataactgta ttatataatt ataaaattat actatataac 420
tgtattatat agttataaaa ctatactata taactgtatt atatagttat aaaactatac 480
tatataactg tattatatag ttataaagct atactatata actgtattat atagttatat 540
aactatacta {ataactgia ttatatagtt ataaaactat actatataac tgtattatat 600
agttataaaa ttatattata taactgtatt atatagitat ataactatat tatataactg 660
tattatatag ttatataact atattatata agtgtattat atagttatat aactatatta 720
tataactgta ttatacagtt atataactat attatataac tgtattatat acftatataa 780
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<212> DNA <213> Honp sapi ens <220> <221> m sc_trinding <222> (1)..(461)
<223> MAR of human chronosone 1, genomi c contig; 6791827 to 6792287 SEL PCT
012. ST25 <400> 13

SEL PCT 012.8T25
ctatattata taac 794

<210> 222
<211> 300

<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(300)

<223> MAR of chromosome 2 genomic contig; 57069272..5706957 1

<400> 222
acacatacat atatgtatat atgcacacac atatatatgt atatatacac atacatatat 60

gtatatatac atatatgtat atacgcacat acatatatgt atatatacac gtacataiat 120
gtctctalat atacacatac acatatgtat atacatatat gtgtatatat acacaatcat 180
atatgtatat acatatatac acatatacac aaacatatat gtatatacat atatgtatat 240

acatatatac acatatacac aaacatatat gtatatacat atatgtatat acatacacaa 300

<210> 223
<211> 370
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding

<222> (1)..(370)
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tatataatat atattatata tacacatata taatatatat tatatataca catatataat 60
atatattata tatacacata tataatatat attatatata cacatatata atatatatta 120
tatatacaca tatataatat atattatata tacacatata taatatatat tatatataca 180
catatataat atatattata tatacacata tataatatat attatatata cacatatata 240
atatatatta tatatacaca tatgtaatat atattataca cacacatata atatatatta 300
tatacacata tataatatat attatatata catatataat atatattata tatacacata 360
tataatatat attatatata cacat at atgrptraRyat Eqofat at acaca tataatatat 420
aatatataca cat atataat atatatatta tatatgcaca t461 <210> 14 <211> 572 <212>

DNA <21873 HOIRR SR RhRITSosOftedZ g8rérhit. dBnkG; 872381 R s723850L) . - (572)

<400> 223
tatttttata tataactata tatattttat atataaatta tatatatgat catatatata 60

atcatatata taaicatata tgattatata tgatcatata tatatitata tatataatta 120
tatatactta tatataatta tatatatait tatatatata attatgtata cttatatata 180
tttatatata taattatata tacaatitat atatataatt atatataatt tatatataat 240
tatatatata aattatatat aagtatatat aattatatat atgtttatat ataattatat 300
atataaatga tatgtataat atataactat atataattat atataaatat atatatagat 360

tttatatata 370

<210> 224
<211> 306
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..{306)

<223> MAR of chromosome 2 genomic contig; 57693125..57693430

<400> 224
tacgtatata cacgtataaa tataaatata tacatgiata tacgtatata catgtataaa 60

tataaatata tatatgtata tacgtatata catgtataaa tatatatatg tatatacgta 120
tatacatgta taaatatata tatatgtata tacgtatata catgtataaa tatatataca 180
tgtatatacg tatgttgtgt atacatacaa atctgtacat atatacatat atgttgtgtg 240
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<223> MAR of human chronosone 1, genomic contig; 163530 to 164101 <400> 14
atattataat tatatatatt atatataatt atataaaata tatattataa ttatatatat 60
tttatataat atatatatta taattaatat attatatata atatatatat tatatataat 120
atatatatta tatatattat atataatata tataatataf ataatatata atataatata 180
tatattatat ataatatata atatatataa tatattataa tataatatat ataatatata 240
atataatata tataatatat aatataatat ataatatata atatatataa tatataatat 300 Seite
12 SEL PCT 012 ST25 aat at at aat o) @7 aap &Tpat aat at aa t at at aat at at ataatata

{1 at aaligh 300CAIAIEA Bifca! dlaaRbaligRtaka Abaabal shpat a taatatat aa

tatataatat 420 at at atttattaa“ttatttgtta tatatttatt aatatataat
at at aattﬂéﬁg 480 306

<210> 225
<211> 500
<212> DNA

<213> Homo sapiens

<220>
<221» misc_binding
<222> (1)..(500)

<223> MAR of chromosome 2 genomic contig; 59810331..59810830

<400> 225
tttattatat gtaatatata ttgtattatt atatatatta tatataatat atatigtatt 60

altatatata ttatatataa tatatattgt attattatat atattatata taatatatat 120
tgtattatta tatatattat atataatata tattgtatat tatatatatt atatattata 180
ttattatata ttatatatat tatattatta tatattatat attatatata tiatattata 240
tattatatat tatattatat atattatatt atatatiata tattatatta tatatattat 300
attatatatt atatattata ttatatatat tatattatat atattatata ttatatatta 360
tatatattat atattatata ttatatatat tatatattat atataatata tattatatta 420
latataata ttatatatta tatatattat atatiatata taatatatat tatattatta 480

tataatatta tatattatat 500

<210> 226
<211> HB5

<212> DNA
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tttaatatat tataactata tattatatta taattatata tattatatat atacaattat 540
aattatatat tatatatact tataatatat at572 <210> 15 <211> 357 <212> DNA <213>
Hono sapi ens <220> <221> mi sc_bi ndi ng <222> (1) (357) <223> MAR of hunan
chronosone 1, genomic contig; 1842332 to 1842686

SELPCT 012.8T25

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(565}

<223> MAR of chromosome 2 genomic contig; 59974589..59975163

<400> 226
atatatgtat aatatgtata tatgtatata ttatgtatat gttatatatg taatatatgt 60

atgtatatat tatatatcat atataatata taatgtgtat atatgtatat atgtatgtat 120
acatgtatat actatgtata tattgtatat attatatatg tatatataca tatacatata 180
taatatatac atatattata tacaatatat acaigtatat tatatacgat atatacatat 240
atattatata caatatatac atagtatata aatgtataca tacatacata tatacatatt 300
atatatgtat atatgtatac ataaatgtat atataatata tatacatata taaatgtata 360
catacgiaca tatacgtata tgtatatgca tatatgtata tatgtgcata catatatatg 420
tatatacata tatgtacata tgtacatata cgtatatatg tacatatgta catatacgta 480
tatatgtaca tatgtacata tacgtatata tgtacatatg tacatatacg tatatatgta 540

catatgtaca tatatacata fatat 565

<210> 227
<211> 427
<212> DNA

<213> Homa sapiens

<220>

<221> misc_binding
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<400> 15 tatatctata tatatctata tatatataat atagataata tctatatata taatatagat
60 aatattatct atatataata tagataatat tatctatata taatatagat aatattatct 120
atatataaaa ttatattata tctatatata ttatatatat aaaattatat tatatctata 180
tataatatag ataatatcta tatataaata gataatatct atatatataa tatagatatt 240
atctatatta tagatataga taatattatc tatattatag atattatcta tatataatat 300
agataatatt atctatatta tatatataat atatctatat tatctataat attatct357 <210> 16
<211> 399 <212> DNA SEL PCT 012.8T25

<222> (1)..(427)

<223> MAR of chromosome 2 genomic contig; 60605573..60605999

<400> 227
tatataatgt atataatgga tatagatata gatatagata tatattttat ataatatata 60

ttatatatta tatataatat atgttatata tatiatatat tttatataat atatatatta 120
tataaattat atatatataa tatataatat atatattata tatattttat ataatatata 180
tttaatatta {ctattatat attttatata atatatatit tatataatat ataatatata 240
atatatattt tacataatat ataatatata atacgtatta tatataatat ataatacgta 300
ttitatataa tatataatac gtattatata taatacgtat tatatattat ataatatata 360
atacgiatia tataatatac gtaattatat tttattataa tacgtatiat atattatata 420

atatata 427

<210> 228
<2171> 11499
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..{1199)

<223> MAR of chromosome 2 genomic contig; 61229949..61231147

<400> 228
gtatacatat ataaagtgta tatataatgt atatacatat atacatatat aaagtatata 60

tataatatat acatatataa agtatatata taatatatac atatataaag tatatataat 120
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SEL PCT 012.5T25
atatacatat ataaagtata tataatatat acatatataa agtatatata fcatatatac

atatataaag tatatatata atatatacat atatacatat ataaagtata tataacatat
atacatatat aaagtatata taacatatat acatatataa agtatatata taatatatac
atatatacat atataaagta tatataacat atatacatat atacagtata tataacatat
atacatatat acagtatata taacatatat acatatatac agtatatata acatatatac
atatatacag tatatataac atatatacat atatacatga agtatatata acatatatac
atatatacat gaagtatata taacatatat acatatatac atgaagtata tataacatat
atacatatat acatgaagta tatataacat atatacatat atacatatat aaagtatata
taacatatac atatatacat atataaagta taacatatac atatatacat atataaagta
tatataatat ataacatata catatataaa gtatatataa tatataacat atacatatat
aaagtatata taatatataa catatacata tataaagtat atataatata tacatatata
catatataaa gtatatataa {atatatata catatataaa gtatatataa tatatataca
tatatacata tataaagtat atataatata tatacatata taaagtatat ataatatata
tacatatata cataiataaa gtatatataa tatatataca tatatacata tataaagtat

atataatata tatacatata tacatatata aagtatatat aatatatata catatataca

180
240
300
360
420
480
540
600
660
720
780
840
800
960

1020

tatataaagt atatataata tatatacata tatacatata taaagtatat ataatatata 1080

tacatatata catatataaa gtataiataa tatgtataca tatatacata tataaagtat

atataatatg iatacatata tacatatata aagtatatat ataatatgta tacatatat 1

<210> 229
<211> 454
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding
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SEL PCT 012.8T25
<222> (1)..(454)

<223> MAR of chromosome 2 genomic contig; 62181058..62181511

<400> 229
tatatatcat atattatata tgatatatat tatgtatata atacatatta tatataataa 60

atatttatta tatatgatét atattatgta tataatacat attatatata ataaatatat 120
atfatattat atataataaa tatatattat attatatata atatatattt atatataaat 180
atattatata taaatatata ttatatataa aatatttata tattatatat aaatatatat 240
tatatataaa tatttatata tiatatataa atatttatat attatatata aatatttata 300
tattatatat aaaatatatt atatatatta tatatattat atattatata taatatattt 360
aatatataat atataaacat atattatata taatatataa acatatataa atatatttat 420

atataataga taaaaatata tataatatat ataa 454

<210> 230
<211> 658
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(658)

<223> MAR of chromesome 2 genomic contig; 62190919..62191576

<400> 230
tatatacaca actatatata taactatata tatacaacta tatatacaac tatatatata 60

actatatata taactatata taactatala tataactata tataactata tatataacta 120
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SEL PCT 012.8T25
tatatataac tatatataac tatatatata actatatata actatatata actatatata 180

taactatata tataactata tatataacta tatatataac tatatatact atatatataa 240
ctatatatat ataactatat atataactat atatatataa ctatatataa ctatatatat 300
ataactatat atataactat atatatataa ctatatatat aactatatat atataactat 360
atatataact atatatatat aactatatat aactatatat atataactat atatataact 420
atétatatat aactatatat ataactatat ataiataact atatatataa ctatatatat 480
ataactatat atataactat atatataact atatatataa ctatatatat ataactatat 540
atataactat atatatataa ctatatatat aactatatat ataactatat atataactat 600

atatatataa ctatatatat aactatatat atataactat atatataact atatatat 658

<210> 231
<211> 1486
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(1486)

<223> MAR of chromosome 2 genomic contig; 62384127..62385612

<400> 231
attatatcta atctattata tattatatct aatacatatt atatctaatc tatigtatat 60

tatatctaat atataatata ttatatataa tatattatat attatatatt atatacaata 120
tattatatat tatataatat ataatatatt atatataata tattatatct aatatattac 180
atattatatc taatctatta tagatataat aigtaatata ttatatatta tatctaatag 240
ata_ttagata taatatataa tataltatta atataatata ttagatataa tatataatat 300
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SEL PCT 012.8T25
aataatatat aatatatatt attggtaata tataatatat aaitaataat atatattata 360

tataattatt atgaataata tatcatatat aatatctagt atattatata ttaataacat 420
ataaatatta tattaataat aaataacata ttaatattat attaataata tataatatac 480
taatattata ttaataatat ataatatact aatattatat taataatata taatatacta 540
atattatatt aataatatat aatatactaa tattatatta ataatatata atatactaat 600
attatattaa taatatataa tatactaata tattaagaat atataatata ctaatatatt 660
aagaatatat aatatactaa tattatatta ataatatata tttatattaa taatatatta 720
attattatta attaatiatt aataattata taatattgat tatattaata ttatcaatit 780
aataatattg attatatatt atatattata tattatatat tatatattat atattatata 840
ttatatatta ataatatata ttagatataa tataatatat {aataatata taagatataa 900
tataatatat taataatata taltagatat aatataatat attaataata tatattagat 960
ataatataat atattaataa tatatattag atataaiata atatattaat aatatatatt 1020
agatgtaata taatatatta ataatatata ttagatgtaa tataatatat taataatata 1080
tattagatgt aatataatat attaataata tatattagat gtaatataat atattaataa 1140
tatatattag atgtaatata atatattaat aatatatatt agatgtaata taatatatta 1200
ataatatata ttagatgtaa tataatatat taatatatat tagatgtaat ataatatatt 1260
aataatatat attagatata atataatata ttaataatat attagatata atataatata 1320
ttaataatat ataagatata atataatata ttaataatat ataagatata atataatata 1380

ttaataatat ataagatata atataatata ttaataatat atattagata tataatatat 1440

taataatata tattagatat ctaatatcta ttagatatct aataga 1486

<210> 232
<211> 333
<212> DNA

<213> Homo sapiens
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SEL PCT 012.8T25
<220>
<221> misc_binding
<222> (1)..(333)

<223> MAR of chromosome 2 genomic contig; 62538649..62538981

<400> 232
tiatatatat tatatatata tattttatat atatattata tatatattit atatatatat 60

tatatatata {ittatatat atattatata tatattttat atatatatta tatatatatt 120
itatatatat tatatatata tittatatat attatatata tatittatat atatattata 180
tatatatttt atatatatat tatatatata ttftatatat atattatata tatattttat 240

atatatatta tatatatatt ttatatatat attatatata tattttatat atatattata 300

tatatattit atatatatat tatatatata ttt 333

<210> 233
<211> 480
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(480)

<223> MAR of chromosome 2 genomic contig; 63240325..63240804

<400> 233
tatatataaa atatatafit tttaaatata aaatatatat atattttaat attaatatat 60

atatatttta atatataata tatatattat ataftitata tataaaatat atatattata 120
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SEL PCT 012.8725
tattttatat ataaaatata tataitatat attttatata ttaaaatata taftttatat 180

attttaatta ttaaaatata tatattatat attitaaata taaaatatat atattatata 240
tittaatata taaaatatat atattatata ttttaatata taaaatatat atattttata 300
tttatatata taaatatata tattatatat titaatatat aaaatatata tattatatat 360
tttaatatat aaaatatata tattatatat titaatatat aaaatatata tattatatat 420

ttaatatat ataaaatata tatattatat attitatata tattaaatat atattttata 480

<210> 234
<211> 302
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(302)

<223> MAR of chromosome 2 genomic contig; 63935480..63935781

<400> 234
atatatataa atatatatat aattatatat agatatatat aattatatat agatatatat 60

atictatatt ctatatatat ataatatata atatataaat tatatataga atatatatta 120
tatataatat attatatata ttatatataa tatatatatt atatatatta tatataatat 180
atatattata tatattatat ataatttata tatattatat atagaatata tattatatat 240
agaatataga atatatataa tatatataga atacagaata tatatagaat atagaatata 300

ta 302

<210> 235

<211> 407
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SEL PCT 012.8T25
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(407)

<223> MAR of chromosome 2 genomic contig; 63935888..63536294

<400> 235
tataatatat taatataata tatagacagt atataatata atatacagac agtatataat 60

atacagacag tatataatat ataatattat atataatatt atatataata ttatataata 120
tattatatta tatatattat ataatatatt atattatata taatatatgt aatattatat 180
attatattat acataatata ttatatataa tatattatat ataatattat atatattata 240
tataatatat ataataataa {attataata tataatatat aatagtacag tatatattat 300
atatataatt ctatatataa tatatagaat tctatctatt tataatatat atagaattct 360

atatataaia tataatatac agaatictat atatattata tatagaa 407

<210> 236
<211> 302
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(302)

<223> MAR of chromosome 2 genomic contig; 66958350..66958651
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SEL PCT 012.8T725

<400> 236
tattatatat attgtatata tatgtatatt atatatattg tatatataat gtatattata 60

tatattatat atatatgtat attatatata tigtatatat atgtatatia tatatattgt 120
atatatgtat atgtatatat gtatgtgiat atatatacac atatacacat atatgtgtat 180
gtatatatat gtgtgtatat acgtatatat acatatatac aatitiigta tatatacata 240
tatacacata tatatgtgta tgtgtatata tatacacata tatgtgtgtg tatatacaca 300

ta 302

<210> 237
<211> 651
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding

<222> (1)..{651)

<223> MAR of chromosome 2 genomic contig; 68307125..68307775

<400> 237
gatattatat attgtatata ttatatatgt atataatata ctattatata ttatatatgt 60

atataatitt attaatatat atattatatt atattatata ttatattata ttataitata 120
tatataatat taatattata tattaitata tattatatta tattaatait atatatatat 180
aatatatata atatatataa tagtattata {ataatatat ataatagtat tafataftat 240
alatatataa tactattata tatatiatat ataatagtat tatatatatt atatatataa 300
tactattata tataatatat actattatat aatatatata atactatiat atatattata 360
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SEL PCT 012.5T25
{ataatacta ttatatataa tatatataat actattatat ataatatata taatactatt 420

atatataata taiataatac tattatatat aatatatata atactattat atataatata 480
tataatacta ttatatataa tatatatatt atatataatt atattaatat ataatagtat 540
catatataat aatagtatat ataatatata atatatatat tatatatatt ataatagtat 600

atataacata taatatagta tatatattat atattatata taaaataitt a 651

<210> 238
<211> 367
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(367)

<223> MAR of chromosome 2 genomic contig; 68308243..68308609

<400> 238
atatatatat atgagicaac catacacata tatatatata atgtttatat atataatgta 60

tatatataat gtttatatat aatgtatata tataafgtit atatatataa tgtatatata 120
taatgtttat atatataatg tatatatata atgtttatat atataatgtg tatatataat 180
gtitatatat ataatgtgta tatataatgt ttatatataa tgtgtatata taatgtttat 240
atatataatg tgtatatata atgtttatat atataatgtg tatatataat gtttatatat 300
ataatgigia {atatataat gtttatatat ataatgtgta tatatataat gtttatatat 360

ataatgt 367

<210> 239

<211> 499
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<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(499)

<223> MAR of chromosome 2 genomic contig; 410241..410739

<400> 239
ataatatgta tatatattat attatatatt atattacata ttatatatta tattacatat 60

tatatatita tatattacat attatatatt atatittata ttatatatta tatcatatat 120
atgttatgca ttatataata cataatatat tatatatgat ataatatata ttatatatta 180
itatatataa tataattaat atattatgta ttatataata {atattatgt tataatatat 240
aatafatatt atataattat ataatatatt atgtattata taatatatat tatgttataa 300
tatattatat tatatataﬁ atatatatat tatatatata atgtatatta tatataatac 360
ataatatatt atatattata tattatttta tataatatat tatataatgt gatatattat 420
ataatataft atataacata gtatattata taatatatta tataatgtaa tatattatat 480

attatataat atattgtat 499

<210> 240
<211> 402
<212> DNA

<213> Homo sapiens

<220>

<221> misc_binding
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<222> (1)..(402)

<223> MAR of chromosome 2 genomic contig; 31531..31932

<400> 240
cacattatat atataaacat tatatatata cacattatat atataaacat tatatatata 60

cacattatat atataaacat tatatataca cattatatat ataaacatta tatatacaca 120
ttatatatat aaacattata tatacaaatt atatatataa acattatata tacaaattat 180
atatataaac attatatata tacattatat atataaacat tatatatata cattatatat 240
ataaacatta tatatataca ttatatatat aaacattata tatatacatt atatatataa 300
acattatata tatacatiat atatataaac gttatatata tacattatat atataaacat 360

tatatgtata cattatatat ataaacatta tatatatatg tg 402

210> 241
<211> 421
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(421)

<223> MAR of chromosome 2 genomic contig; 32415..32835

<400> 241
ataaataitf tatatataat atataatata tatactatat tatatgttat atatactatt 60

ataatatata taatatatat attatatatt atatatacta ttatiatata tgatactatt 120
atatattaat ataattatat ataatatata taltatataa tatactatta tatattatat 180
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ataatagtat attatataat atatatatta tatataatag tattatatat actattatat 240

attatatata ttatatatat ataaaatata atataatata tataatatat aatattaata 300
itatatatat aatataatat aatatataat ataatataat atatatatta ataaaattat 360
attaaiatat aatatataat agtatattat atacatatat aatatataca atatataata 420

t 421

Seite 218





