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HIGH EFFICIENCY GENE TRANSFER AND EXPRESSION IN MA
d A . MMALIAN CELLS BY A
MULTIPLE TRANSFECTION PROCEDURE OF MATRIX ATTACHMENT REGION SEQUENCES

FIELD OF THE INVENTION

The present invention relates to purified and isolated DNA sequences having protein
production increasing activity and more specifically 1o 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 particular MAR
nucleotide sequences, and the use of these characterized active MAR sequences in a
new multiple transfection method.

BACKGROUND OF THE INVENTION

Nowadays, the mode! 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., $2:14-22, 1993). According to this model
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,
Stengert-lber M, Kay V, Schalke T and Dietz-Pfeilstetter A, Cni. Rev. Euk. Gene Exp.,
6:115-138, 1996).

The DNA regions attached to the nuclear matrix are termed SAR or MAR for
respectively scaffold (during metaphase) or matrix (interphase) attachment regions
{Hart C and Laemmli U (1998), “Facilitation of chromatin dynamics by SARs” Curr Opin
Genet Dev 8, 519-525.)

As such, these regions may define boundaries of independent chromatin domains,
such that only the encompassing cis-regulatory elements control the expression of the
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 (Poljak L, Seum C, Mattioni T and Laemmli U. (1984) "SARs
stimulate but do not confer position independent gene expression’, Nucleic Acids Res
22, 4386-4394). 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. (1897) "Extenision of
chromatin accessibility by nuclear matrix attachment regions” Nature 385, 269-272).
Specifically, MAR elements can enhance expression of heterojogous genes in celt
culture lines {Kalos M and Fournier R (1995) "Position-independent transgene
expression mediated by boundary elements from the apolipoprotein B chromatin
domain” Moi Cell Bio} 15,198-207), transgenic mice {Castilla J, Pintado B, Sola, |,
Sanchez-Meorgado J, and Enjuanes L {1828) "Engineering passive immunity in
transgenic mice secreting virus-neutralizing antibodies in milk” Nat Biotechno! 18, 348-
354) and plants (Allen G, Hall GJ, Michalowski S, Newman W, Spiker S, Weissinger A,
and Thompson W {1896), “High-level transgene expression in plant cells: effects of a
strong scaffold attachment region from tobacco” Plant Cell 8, 898-913). The ultility of
MAR seguences for developing improved vectors for gene therapy is also re cognized
(Agarwal M, Austin T, Morel F, Chen J, Bohnlein E, and Plavec } (1998), "Scaffold
attachment region-mediated enhancement of retroviral vector expression in primary T
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celis” J Virof 72, 3720-3728).

Recently, it has been shown thatchromatin-structure modifying sequences including
MARs, as exemplified by the chicken lysozyme 5' MAR is able to significantly enhance
reporter expression in pools of stable Chinese Hamster Ovary (CHO) cells (Zahn-Zabal
M, et al., “Development of stable cell fines for production or regulated expression using
matrix attachment regions” J Biotechnol, 2001, 87(1): p. 29-42). This property was used
to increase the proportion of high-producing clones, thus reducing the number of clones
that need to be screened. These benefits have been observed both for constructs with
MARs 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 MARSs both linked to the transgene and on a
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 cell.

Many multiples transfection protocois have been developed'in order fo 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
protocoi®, 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 technique may be useful when one wishes to
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
monoclonal cell lines. Hence, the previously described technique has two major
drawbacks:

i) this technique 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 chromosomail loci,

iy the use of the same selectable marker in multiple fransfection events does
not permit the selection of doubly or triply {ransfected cells.

In patent application WO02/074969, the utitity of MARs for the development of stable
eukaryotic cell lines has also been demonstrated. Howaver, this application does not
disclose neither any conserved homology for MAR DNA element nor any technigue for
predicting the ability for a DNA sequence o be a MAR sequence.

In fact no clear-cut MAR consensus sequence has been found (Boulikas T, “Nature of
DNA sequences at the attachment regions of genes to the nuclear matrix”, J. Cell
Biachem., 52:14-22, 1993} but evoiutionarily, 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:
corre;ation of properties in vitro and function in vivo”, Biochemistry, 29:7475-7485,
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,
1996). Considering the huge number of expected MARSs in a eukaryotic genome and
the amount of sequences issued from genome projects, a tool able to filter potential
MARS in order to perform targeted experiments would be greatly useful.
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Currently two different predictive tools for MARs are available via the Internet.

The fist one, MAR-Finder (http://futuresoft.orgMarFinder; Singh GB, Kramer JA and
Krawetz SA, “Mathematical model to predict regions of chromatin attachment to the
nuclear matrix", Nucleic Acid Research, 25:1419-1425, 1897) is based on set of
patterns identified within several MARs and a statistical analysis of the co-occurrence of
these patterns. MAR-Finder predictions are dependent of the sequence context,
meaning that predicted MARs depend on the context of the submitted sequence. The
other predictive software, SMARTest {http://www. genomatix.de; Frisch M, Frech K,
Klingenhoff A, Cartharius K, Liebich | and Werner T, “In silico prediction of
scaffold/matrix attachment regisns in large genomic sequences’, Genome Research,
12:349-354, 2001), use weight-matrices derived from experimentally identified MARSs,
SMARTest is said to be suitable to perform large-scale analyses. But actually aside its
relative poor specificity, the amount of hypothetical MARs rapidly gets huge when doing
large scale analyses with it, and in having no way to increase its specificity to restrain
the number of hypothetical MARs, SMARTest becomes almost useless to screen for
potent MARs form [arge DNA sequences.

Some other softwares, not available via the Internet, also exists; they are based as well
on the frequency of MAR motifs (MRS criterion;Van Drunen CM et al., “A bipartite
sequence element associated with matrix/scaffold attachment regions”, Nucleic Acids
Res, 27:2924-2930, 1999), (ChrCiass; Glazko GV et al., “Comparative study and
prediction of DNA fragments associated with various elements of the nuclear matrix”,
Biochim. Biophys. Acta, 1517:351-358, 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. Mof. Biol., 274:181-196, 1997).
However, their suitability to analyze complete genome sequences remains unknown,
and whether these tools may allow the identification of protein production-increasing
sequences has not been reported.

Furthermore, due to the relatively poor specificity of these softwares {Frisch M, Frech K,
Klingenhoff A, Cartharius K, Liebich | and Werner T, “In sitico prediction of
scaffold/matrix attachment regions in large genomic sequences”, Genome Research,
12:349-354, 2001), the amount of hypothetical MARs identified in genomes rapidly gets
unmanageable when doing large scale analyses, especially if most of these have nc or
poor activity in practice, Thus, having no way to increase prediction specificity to
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 protein production. ’

Since all the above available predictive methods have some drawbacks that prevent
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 MARs that allow improved
recombinant protein expression; 2) get a new Bioinformatic tool compiling MAR
structural features as a prediction of function, in order to 3) perform large scale
analyses of genomes o identify navel and more potent MARS, and, finally 4) to
demonstrate improved efficiency to increase the production of recombinant proteins
from eukaryotic cells or organisms when using the newly identified MAR sequences.

SUMMARY OF THE INVENTION

This object has been achieved by providing an improved and reliable method for the
identification of DNA sequences having protein preduction increasing activity, in
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particular MAR nucleotide sequences, and the use of these characterized active MAR
sequences in a new multiple transfection method to increase the production of
recombinant proteins in eukaryotic cells.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 shows the distribution plots of MARs and non-MARs sequences. Histograms are
density plots {relative frequency divided by the bin width) relative to the score of the
observed parameter. The density histogram for human MARs in the SMARt DB
database is shown in black, while the density histogram for the human chromosome 22
are in grey.

Fig. 2 shows Scatterplots of the four different criteria used by SMAR Scan® and the
AT-content with human MARs from SMARt DB.

Fig. 3 shows the distribution plots of MAR sequences by organism. 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.

Fig. 4 shows SMAR Scan® predictions on human chromosome 22 and on shuffled
chremosome 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 madel and with the native chromosome 22, Bottom plot: Average number of
MARs predicted by SMAR Scan® in five: rubbled, scrambled, shuffled within non-
overlapping windows of 10 bp, order 1 Markov chains medel and with the native
chromosome 22,

Fig. 5 shows the dissection of the ability of the chicken lysozyme gene 5'-MAR fo
stimulate transgene expression in CHO-DG44 cells. Fragments B, K and F show the
highest ability to stimulate transgene expression. The indicated relative sirength 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
(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 mulfimerized,
inserted in pPGEGFP 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 Fll] {black bar fabelled minimal MAR). In addition, an enhancer activity is
located in the 3'-flanking part of the Flil fragment (dark grey bar labelled MAR
enhancer).

. Fig. 8 shows a map of {ocations 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
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 Matinspector (Genomatix), and CpG islands were
identifed with CPGPLOT. Motifs previously associated with MAR elements are labelled
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in black and include CpG dinucleotides and CpG islands, unwinding motifs (AATATATT
and AATATT), poly As and Ts, poly Gs and Cs, Drosophila topoisomerase I binding
sites (GTNWAYATTNATTNATNNR} which had idertity to the & bp core and High
mobility group } (HMG-17Y) protein binding sites. Other structural motifs include
nucleosome-binding and nucleosome disfavouring sites and a motif thought to relieve
the superhelical strand of DNA. Fig. 8(A) represents the comparison 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 middle and bottom curves show MARFinder-predicted potential for MAR activity and
for bent DNA structures respectively.

Fig. @ shows the correlation of DNA physico-chemical properties with MAR activity. Fig.
9(A), represents the DNA melting temperature, double helix bending, major groove
depth and minor groove width profiles of the 5°-MAR and were determined using the
algorithms of Levitsky et al (L.evitsky VG, Ponomarenko MP, Ponomarenko JV, Frolov
AS, Kolchanov NA “Nucleosomal 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
temperature (top curve) and DNA bending (bottom curve). The position of the most
active FIB fragment and protein binding site for specific franscription factors are as
indicated.

Fig. 10 shows the distribution of putative transcription factor binding sites within the 5'-

- 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 Bglfl-BamHl! linker
elements 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 originat [ccation except that Bgii-BamHI| linker sequences
separate each element.

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 pSV4CEGEP (left tube) or pMAR-
SV40EGFP (central tube) and pSVneo as resistance plasmid. Cells transfected with
pPMAR-SV40EGFP were re-transfected 24 hours fater with the same plasmid and a
different selection plasmid, pSVpure (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-
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, cells were transfected again with either plasmid, resulting in the quaternary
transfectants (see Table 4).

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
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DNA fragments to the nuclear matrix in vitro (bar-graph, right-hand side scale) was
taken from Goetze et al ( Goetze S, Gluch A, Benham C, Bode J, “Computational and
in vitro analysis of destabitized DNA regions in the interferon gene cluster: potential of
predicting functional gene domains.” Biochemistry, 42:154-166, 2003).

Fig. 16 represents the results of a a gene therapy-like protocol using MARs.

The group of mice injected by MAR-network, induced from 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, hematocrits in "MAR-containing -
group” is stilt at values higher (65%) than normal hematocrit leveis (45-55%).

Fig. 17 represents the scatterplot for the 1757 S/IMAR sequences of the AT (top} and
TA (bottom) dinuclectide percentages versus the predicted DNA bending as computed
by SMAR Scan®.

Fig. 18 represents the dinucleotide percentage distribution plots over the 1757 non-
S/MARs sequences.

Fig.19 shows the effect of various SIMAR elements on the production of recombinant
green fluorescent protein {GFP). Populations of CHO cells fransfecied with a GFP
expression vector containing or a MAR element, as indicated, were analyzed by a
fluorescence-activated cell sorter (FACS®), and typical profiles are shown. The profiles
display the celf number counts as a function of the GFP fluorescence levels.

Fig. 20 depicts the effect of the induction of hematocrit in mice injected by MAR-
network.

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.

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

defined as bent DNA (Marini, ef al., 1982 "Bent helical structure in kinetoplast DNA",
Proc. Nall. 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
dinucleotide 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.

According to the present invention, the purified and isolated DNA sequence usually
comprises a MAR nucleotide 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 nucleotide sequence
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selected from the group comprising the sequences SEQ ID Nos 1 to 27, more
preferably the sequences SEQ ID Nos 24 to 27.

Encompassed by the present invention are as well complementary sequences of the
above-mentioned sequences SEQ ID Nos 1 o 27 and the cLysMAR element or
fragment, which can be produced by using PCR or other means.

An "element” is a conserved nuclectide sequences that bears common functional
properties (i.e. binding sites for transcription factors) or structural (i.e. bent DNA
sequence) features.

A part of sequences SEQ ID Nos 1 fo 27 and the cLysMAR element or fragment refers
to sequences sharing at least 70% nucleofides in length with the respective sequence
of the SEQ ID Nos 1 to 27. These sequences can be used as long as they exhibit the
same properties as the native sequence from which they derive. Preferably these
sequences share more than 80%, in particular mere than 90% nucleotides in length
with the respective sequence of the SEQ ID Nos 1 to 27.

The present invention also includes variants of the aferementioned sequences SEQ ID
Nos 1 to 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 to 23 have been identified by scanning human
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,

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
SATBH1, GATA, etc. as shown in the figure 8B) yielding sequences SEQ ID 1-23.
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
examples among 1757 MAR elements so detected.

Molecular chimera of MAR sequences are also considered in the prasent invention. By
molecular chimera is intended a nucleotide sequence that may include a functional
portion of a MAR element and that will be obtained by molecular biology metheds
known by those skilled in the art.

Particutar 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
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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Nos 1 to 27 and cLysMAR elements or fragments are also envisioned in the present

- invention, depending on the functional results fo be obtained. Elements 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 reference, in its entirety. The preferred elements of the
cLysMAR used in the present invention are the B, K and F regions. Only one element
might be used or multiple copies of the same or distinct elements (multimerized

elements) might be used {see Fig. 8 A)).

By fragment is intended a portion of the respective nucleotide sequence. Fragments of
a MAR nucleotide sequence may retain biclogical activity and hence bind to purified
nuclear matrices and/or alter the expression patterns of coding sequences operably
linked to a promoter. Fragments of 2 MAR nucieotide sequence may range from at
least about 100 to 1000 bp, preferably from about 200 to 700 bp, more preferably from
about 300 to 500 bp nucleotides. Also envisioned are any combinations of fragments,
which have the same number of nuclectides present In a synthetic MAR seguence
consisting of natural MAR element and/or fragments. The fragments are preferably
assembied by linker sequences. Preferred linkers are Bglil-BamHlI linker.

“Protein production increasing activity” refers to an activity of the purified and isolated
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 transfected without said

DNA sequence. Usually the increase is 1.5 to 10 fold, preferably 4 to 10 fold. This
corresponds te a production rate or a specific celiular productivity of at least 10 pg per
cell per day (see Example 11 and Fig.13).

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

"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.

"Cis" refers to the placement of two or more elements (such as chrematin elements) 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)
on two or more different nucleic acid molecules {such as on two vectors or two
chromosomes).

Chromatin modifying etements that are potentially capable of overcoming position
effects, and hence are of interest for the development of stable cell lines, inciude
boundary elements {BEs), matrix attachment regions (MARSs), 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
insulators, Curr Opin Genef Dev 9, 191-198) and may play a role in defining a
transcriptional domain in vivo. BEs lack intrinsic promoter/enhancer 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
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insulator elements. In this assay, the chromatin element is placed between an enhancer
and a promoter, and enhancer-activated transcription is measured. Boundary elements
have been shown to be able to protect stably transfected reporter genes against
position effects in Drosophila, yeast and in mammalian celis. They have also been
shown to increase the proportion of transgenic mice with inducible transgene
expression.

Locus control regions ("LCRs") are cis-regulatory elements required for the initial
chromatin activation of a locus and subsequent gene transcription in their native
locations (Grosveld, F. 1999, “Activation by locus control regions?” Curr Opin Genet
Dev 9, 152-157). The activating function of LCRs also 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 locus. Its use in vectors for the
gene therapy of sickle cell disease and (3-thalassemias is currently being evaiuvated.

"MARSs", according to a well-accepted model, may mediate the anchorage of specific
DNA sequence io the nuclear matrix, generating chromatin foop domains that extend
outwards from the heterochromatin cores. While MARs do not contain any obvious
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 Organization 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, 1897). Several simple AT-rich sequence motifs have often been found within MAR
sequences, 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 (ARATATATT, AATATT), SATB1 binding sites
(H-box, A/T/C25} and consensus Topoisomerase {l sites for vertebrates
(RNYNNCNNGYNGKTNYNY) or Drosophila (GTNWAYATTNATNNR).

Ubiquitous chromatin opening elements ("UCOESs", also known as "ubiquitously-acting
chramatin opening elements") have been reported in WO 00/05393.

An "enhancer” is a nucleotide sequence that acts to potentiate the transcription of
genes independent of the identity of the gene, the position of the sequence 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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structural genes and regulatory genes.

A "structural gene" refers o a gene that encodes a structural protein. Examples of
structural genes include but are not limited to, cytoskeletal proteins, extracellular matrix
proteins, enzymes, nuclear pore proteins and nuclear scaffold proteins, ion channels
and transporters, contractile proteins, and chaperones, Preferred structural genes
encode for antibodies or antibody fragments.

A "regulatory gene” refers to a gene that encodes a regulatory protein. Examples of
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,
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 transcription of other specified DNA sequences in the
source DNA and/or the origin of replication of replicable vectors containing the
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
incfuded 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 celis. Other
suitable host cells are known to those skilled in the art. '

The terms "host cell" and "recombinant host ceill” are used interchangeably herein to
indicate a eukaryotic 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 cell
but alsao to the progeny or potential progeny of such a cell. Because certain
modifications may occur in succeeding generations due to either mutation or
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”
denote any process wherein an extracellular DNA, with or without accompanying
material, enters g host cell. The term "cell transfected” or "transfected cell' means the
cell into which the extracellular DNA has been introduced and thus harbours the
extracellular DNA. The DNA might be infroduced info the cell so that the nucleic acid is
replicable either as a chromosomal integrant or as an extra chromosomal efement.

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

"Co-transfection” 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
a selectable phenotype on the cell.
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The purified and isolated DNA sequence having protein production increasing activity
also comprises, besides one or more bent DNA element, at least one binding site for a

DNA binding protein.

Usually the DNA binding protein is a transcription factor. Examples of transcription
factors are the group cemprising the polyQpolyP domain proteins.

Another example of a franscription factor is a transcription factor selected from the
group comprising SATB1, NMP4, MEF2, S8, DLX1, FREAC7, BRN2, GATA 1/3, TATA,
Bright, MSX, AP1, C/EBP, CREBP1, FOX, Freac?7, HFH1, HNF3alpha, Nkx25,
POUS3F2, Pit1, TTF1, XFD1, AR, C/EBPgamma, Cdc5, FOXD3, HFH3, HNF3 beta,
MRF2, Oct1, POUBF1, SRF, VSMTATA_B, XFD2, Bach2, CDP CR3, Cdx2, FOXJ2,
HFL, HP1, Myc, PBX, Pax3, TEF, VBP, XFD3, Brn2, COMP1, Evi}, FOXP3, GATA4,
HFN1, Lhx3, NKX3A, POU1F1, Pax8, TFIIA or a combination of two or more of these

" transcription factors are preferred. Most preferred are SATB1, NMP4, MEF2 and

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 reciprocally, binding to DNA as an allosteric ligand
madifies 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).

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 combination

thereof and variants. :

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

comprising natural MAR element and/or fragments assembled between linker
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,
Also preferably, linker sequences are Bglll-BamHl tinker.

An other aspect of the invention is to provide a method for identifying a MAR sequence
using a Bicinformatic tool comprising the computing of vaiues of one or more DNA
sequence features corresponding to DNA bending, major groove depth and minor
groove width potentials and melting temperature, Preferably, the identification of one or
more 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. '

Preferably, profiles or weight-matrices of said bioinformatic too!l are based on
dinucleotide recognition.
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The bioinformatic tool used for the present method is preferably, SMAR Scan®, which
contains algorithms developed by Gene Express (hitp://srs6.bionet.nsc.ru/srsébin/cgi-
binfwgetz?-e+[FEATURES-SitelD:'nR’]) and based on Levitsky ef a/,, 1999. These
algorithms recognise profiles, based on dinucleotides weight-matrices, to compute the
theoretical values for conformational and physicochemical properties of DNA.

Preferably, SMAR Scan® uses the four theoretical criteria also designated as DNA
sequence features corresponding to DNA bending, major groove depth and minor
groove width potentials, melting temperature in all possible combination, using scanning
windows of variable size (see Fig. 3). For each function used, a cut-off value has to be
set. The program returns a hit every time the computed score of a given region is above
the set cut-off value for alt of the chosen criteria. Two data output modes are available

* to handle the hits, the first (called "profile-like") simply returns all hit positions on the

guery sequence and their corresponding values for the different criteria chosen. The
second mode (called "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
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:/transfac.gbf.de/- SMARt DB)
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 setting of each function for every position of the
sequences. The distribution for each criterion was then computed according to these
dala (see Fig. 1 and 3).

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
assumed to be the minimum length of a MAR (see Fig. 8 and 8). 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.

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 8.9 10 9.3 A
{Angstrém) and minor groove width values between 5.2 to 5.8 A, Most preferably the
majar groove depth values are comprised between 9.0 to 9.2 A and minor groove width
valugs between 5.4 to 5.7 A, '

Preferably the melting temperature is comprised between 55 to 75 © C (Celsius degree).
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
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from the group comprising SATB1, NMP4, MEF2, §8, DLX1, FREAC7, BRNZ, GATA
113, TATA, Bright, MSX, AP1, C/EBP, CREBP1, FOX, Freac7, HFH1, HNF3alpha,
Nkx25, PQU3F2, Pit1, TTF1, XFD1, AR, C/EBPgamma, Cdc5, FOXD3, HFHS, HNF3
beta, MRF2, Qct1, POUSF1, SRF, VSMTATA_B, XFD2, Bach2, CDP CR3, Cdx2,
FOXJ2, HFL, HP1, Myc, PBX, Pax3, TEF, VBP, XFD3, Brn2, COMP1, Evil, FOXP3,
GATA4, HFEN1, Lhx3, NKX3A, POU1F1, Pax8, TFHIA or a combination of two or more of

these transcription factors.

However, one skilled in the art would be able to determine other kinds of transcription
factors in order to carry out the method according to the present invention.

In case SMAR Scan® is envisaged to perform, for example, large scale analysis, then,
preferably, the above-mentioned method further comprises at least one filter predicting
DNA binding 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
search technique 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 fo, pfsearch, Matinspector, RMatch
Professional and TRANSFAC Professional

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.

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 sequerces
those which satisfy the criteria used by the filter.

In this combined method the filter detects clusters of DNA binding sites using profiles or

- weightmatrices from, for example, Matlnspector (Quandt K, Frech K, Karas H,

Wingender E, Werner T, “Matind and MatInspector New fast and versatile tools for
detection of consensus matches in nuclectide sequence data”, Nucleic Acids Research
. 23, 487384884, 1995.). The filter can also detect densities of clusters of DNA binding
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 filter) as a
potential “fitter”, 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” made in order to return sequences. If the pfsearch is used
in the first level as first filter, it has fo 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 iocated at a distance inferior to the distance provided in order to return
sequences; The combined method launches pfsearch, parses its cutput and returns
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sequences corresponding to pfsearch hits that are grouped together according to the
distance provided. Then whatever the tool used in the first level, the length of the sub-
sequences thus selected can be systematically extended at both ends according to a
parameter called "hits extension”.

The second and optionai level can be used to filter out sequences (already filtered
sequences or unfiltered input sequences) or to get the results of SMAR Scan® and/or
pfsearch without doing any filtering on these sequences. If the second level of
combined method is used to filter, for each criteria considered cutoff values (hit per
nucleotide)need to be provided to filter out those sequences (see Fig. 20},

Another concern of the present invention is aiso to provide a method for identifying a
MAR sequence comprising at {east one filter detecting clusters of DNA binding sites
using profiles or weightmatrices, Preferably, this method comprises two levels of filters
and in this case, SMAR Scan® is totally absent from said method. Usually, the fwo

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
described bioinformatic tool, the combined method or the method comprising at least
one filter.

Analysis by the combined method of the whole human genome vyielded a total of 1757
putative MARs 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,
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
contiguous base pairs. Preferably, these sequences contain at least 33% of
dinuclectide TA on a stretch of 100 contiguous base pairs. '

Apglicants have also shown that these same sequences further contain at least 12% of
dinucleotide AT on a stretch of 100 contiguous base pairs. Preferably, they contain at
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 14 to 27, a sequence complementary thereof, a part
thereof sharing at least 70% nucleotides in length, a molecular chimera therecf, 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 least 70% nucleotides in length, a motecular chimera
thereof, a combination thereof and variants. These seguences 24 to 27 correspond to
those detected by the combined method and show a higher protein production
increasing activity over sequences 1 to 23,

The present invention alsc encompasses the use of a purified and isolated DNA
sequence comprising a first isolated matrix attachment region (MAR) nuclectide
sequence which is a MAR nucleotide sequence selected from the group comprising
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- a purified and isolated DNA sequence having protein production increasing
activity,

a puri%ed and isolated MAR DNA sequence identifiable according to the method
for identifying 2 MAR sequence using the described bicinformatic tool, the
combined method or the method comprising at least one filter,

- the seguences SEQ ID Nos 1 to 27,

- apurified and isolated cLysMAR element and/or fragment,

a synthetic MAR sequence comprising natural MAR element andfor 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 or a MAR
nucleotide 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

production activity in a eukaryotic host cell.

-

Said purified and isolated DNA sequence usually further comprises ane 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
protein or may optionally encode a selectable marker. Preferably said purified and
isolated DNA sequence comprises a promoter which is operably linked fo a gene of

interest,

The DNA sequences of this invention can be isolated according to standard PCR
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
papilloma virus), avian sarcoma virus, cytomegalovirus (such as murine or human
cytomegalovirus immediate early promoter), a retrovirus, hepatitis-B virus, and Simian
Virus 40 (such as SV 40 early and late promoters) or promoters obtained from .
heterclogous mammalian promoters, such as the actin promoter or an immunoglobulin
promotgr or heat shock promoters. Such regulatory sequences direct constitutive
expression,

Furthermore, the purified and isclated DNA sequence might further comprise regutatory
sequences which are capable of directing expression of the nucleic acid preferentially in
a particular cell type (e. g., tissue-specific regulatory elements are used to express the
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, 1888. Adv. Immunol. 43: 235-275), in particular promoters of T cell
receptors (Winoto and Baltimore, 1989. EMBOJ. 8: 729-733) and immunoglobulins
(Banerji, etal., 1983. Cell 33: 729-740; Queen and Baltimore, 1983. Cell 33:741-748),
neuron-specific promoters (e. g., the neurofilament promoter;Byrme and Ruddle, 1989.
Proc.Natl. Acad. Sci. USA 86: 5473-5477), pancreas-specific promoters (Edlund, et al.,
1985. Science 230: 912-916), and mammary gland-specific promoters (e. g., milk whey
promoter; U. S. Pat. No. 4,873,316 and European Application No. 264,1686).

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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Dev. 3: 537-548).

Regulatable gene expression promoters are well known in the art, and include, by way
of non-limiting example, any promoter that modulates expression of a gene encoding a
desired protein by binding an exogenous molecule, such as the CRE/LOX system, the
TET system, the doxycycline system, the NFkappaB/UV light system, the
Leu3p/isopropymalate system, and theGLVPc/GAL4 system {See e. g., Sauer, 1998,
Methods 14 (4): 381-92 ; Lewandoski, 2001, Nat. Rev. Genet 2 (10): 743-55; Legrand-
Poels et al., 1998, J. Photochem. Photobiol. B. 45: 18; Guo et al., 1996, FEBS Lett. 390
(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
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 fo peptides and
polypeptides having more than about ten amino acids. The proteins may be
"homologous” 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 yeasl. The protein may be produced as an insoluble aggregate or as a
soluble protein in the peripiasmic space or cytoplasm of the cell, or in the exfraceliular
medium. Examples of proteins include hormones such as growth hormone or
erythropoietin (EPQ), growth factors such as epidemmal growth factor, analgesic
substances like enkephalin, enzymes like chymotrypsin, receptors to hormones or
growth factors, antibodies and include as weil proteins usuatlly used as a visualizing
marker e.g. green fluorescent protein.

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

- apurified and isolated DNA sequence having protein production increasing
activity,

- apurified and isolated MAR DNA sequence identifiable according fo the method
for identifying & MAR sequence using the described bioinformatic tool, the
combined method or the method comprising at least one fiiter,

- theseguences SEQ ID Nos 1 to 27,

- apurified and isolated cLysMAR element and/or fragment,

- asynthetic 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 chrimera thereof, a combination thereof and variants. The isolated
matrix atfachment region {MAR) nucleotide sequence might be identical or different.
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
Iocatedt on a sequence distinct from the one containing the promoter and the gene of
interest.
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Embraced by the scope of the present invention is aiso the purified and isolated DNA
sequence comprising a first isolated matrix attachment region (MAR) nucleotide
sequence which is a MAR nucleofide sequence sefected from the group comprising

- apurified and isolated DNA sequence having protein production increasing
activity,

- a purified 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 {o 27,

- a purified and isolated cL.ysMAR element and/or fragment,

- asynthetic MAR sequence comprising natural MAR efement and/or fragments
assembled between linker séquences,

a sequence complementary thereof, a part thereof sharing at least 70% nucleotides in
fength, a molecular chimera thereof, a combination thereof and variants that can be
used for increasing protein production activity in a eukaryotic host cell by introducing
the purified and isolated DNA sequence into a eukaryotic host cell according to well
known protocols. Usually applied methods for intreducing 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
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
seguence into a eukaryotic host cell is the method for transfecting a eukaryotic cell as
described below.

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

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, vira! vectors (e. g.,
replication defective retroviruses, adenoviruses and adeno-associated viruses), which
serve equivalent functions.

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

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
and isolated DNA sequence comprising a MAR nucleotide sequence or other
chromatin medifying elements,

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
comptising at least one DNA sequence of interest and/or with at least one
purified and isolated DNA sequence comprising a MAR nucleotide sequence or
other chromatin modifying elements

c) selecting said transfected eukaryotic host cell,

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

In order to select the successful fransfected cells, a gene that encodes a selectable
marker (e. g., resistance to antibiotics) is generally introduced into the host cells along
with the gene of interest. The gene that encodes a selectable marker might be located
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on the purified DNA sequence comprising at least one DNA sequence of interest and/or
at least one purified and isolated DNA sequence consisting of a MAR nucleotide _
sequence or other chromatin modifying elements or might optionally be co-introduced in
separate form e.g. on a plasmid. Various selectable markers include those that confer
resistance 1o drugs, such as G418, hygromycin and methotrexate. The amount of the
drug can be adapted as desired in order to increase productivity

Usually, one or more selectable markers are used. Preferably, the selectable markers
used in each distinct transfection steps are different. This allows selecting the
transformed cefls that are “muiti-transformed” by using for example two different

antibiotic selections.

Any eukaryotic host cell capable of protein production and lacking a cell wall can be
used in the methods of the invention. Examples of useful mammalian host cell lines
include human celis such as human embryonic kidney line (283 or 293 cells subcloned
for growth in suspension culture, Graham et al., J. Gen Virol 36, 58 (1877)), human
cervical carcinoma cells (HELA, ATCC CCL 2), human lung cells (W138, ATCC CCL
75), human liver cells (Hep G2, HB 8065); rodent cells such as baby hamster kidney
cells (BHK, ATCC CCL 10), Chinese hamster ovary cells/-DHFR (CHO, Urlaub and
Chasin, Proc. Natl, Acad. Sci. {J/SA, 77, 4216 (1980)), mouse sertoli cefls (TM4, Mather,
Biol. Reprod 23, 243-251 {198 0)), 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 1651); monkey kidney cells {CV1 ATCC CCL 70); African
green monkey kidney cells (VERO-76, ATCC CRL-1587); canine kidney cells (MDCK,
ATCC CCL 34); buffale rat liver cells (BRL 3A, ATCC CRL 1442); myeloma (e.g. NS0}

* /hybridoma cells,

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

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 isolated DNA sequence comprising at least one DNA
sequence of interest might comprise additionally to the DNA sequence of interest MAR
nucleotide sequence or other chromatin modifying elements.

Purified and isolated DNA sequence comprising a MAR nucleotide sequence are for
example seiected from the group comprising the sequences SEQ ID Nos 1 fo 27 and/or
particular elements of the cLysMAR e.g. the B, K and F regions as well as fragment and
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 (UCOESs) (see Zahn-Zabai et al. already cited).
An example of multiple transfections of host cells is shown in Example 12 (Table 3).
The first transfecting step (primary transfection) is carried out with the gene of interest
(S8VA0EGFP) alone, with a MAR nuclectide sequence (MAR) alone or with the gene 'of
interest and a MAR nucleotide sequence (MAR-SVA0EGFP). 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 nucleotide sequence (MAR-SV40EGFP), in all possible combinations resuiting
from the first transfecting step.

Preferably the eukaryotic host cell is transfected by:
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a) introducing a purified DNA sequence comprising one DNA sequence of interest and
additionally a MAR nucleotide sequence,

b) subjecting within a defined time said transfected eukaryotic host cell to at least one

additional transfection step with the same purified DNA sequence comprising one DNA

- sequence of interest and additionally a MAR nucleotide sequence of step a).

Also preferably, the MAR nucleotide sequence of the of the purified and isclated DNA
sequence is selected form the group comprising

- apurified and isclated DNA segquence having protein production increasing
activity,

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

- the sequences SEQ 1D Nos 110 27,

- a purified and isolated cLysMAR element and/or fragment,

- asynthetic 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.

Surptisingly, a synergy between 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. Multiple transfections of the cells with pMAR alone or in
combination with varicus expression plasmids, using the method described above have
been carried out. For example, Table 3 shows that transfecting the cells twice with the
PMAR-SV4A0EGFP plasmid gave the highest expression of GFP and the highest degree
of enhancement of all conditions (4.3 fold). In contrast, transfecting twice the vecior
without MAR gave little or no enhancement, 2.8-fold, instead of the expected two-fold
increase. This proves that the presence of MAR eiements at each transfection step is of
particular interest to achieve the maximal protein synthesis.

As a particular example of the transfection method, said purified ONA sequence
comprising at least one DNA sequence of interest ¢an 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
sequUences,

The ratio of the first and subsequent DNA sequences may be adapted as required for
the use of specific cell typas, and is routine experimentation to one ordinary skilled in
the art. :

The defined time for additional transformations of the primary transformed cells is
tightly dependent on the ceill cycle and on its duration. Usually the defined time
corresponds to intervals related to the cell division cycle.

Therefore this precise timing may be adapted as required for the use of specific cell

~ fypes, and is routine experimentation to 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 cell division cycle, preferably the second cycle.

This time is usually situated between 6h and 48 h, preferably between 20h and 24h
after the previous transfecting event.

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 sequenca comprising at least one DNA sequence of
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interest, and a second purified DNA comprising at least one MAR nucleotide selected
from the group comprising:

- apurified and isclated DNA sequence having protein production increasing
activity, :

- a purified 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 110 27,

- a purified and isclated 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 ieast 70% nucleotides 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
nucleotide as described above.

Also envisioned is a process for the production of a protein wherein a eukaryotic host
cell is fransfected 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
to the 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
conditions suitable for expression of said protein and recovering said protein. Suitable
cuiture 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 techniques such as e.g. fractionation on
immunoaffinity or ion-exchange columns; precipitation; reverse phase HPLC;
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,

The proteins that are produced according fo this invention can be tested 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,
flucrescence cell sorting assays, immunoprecipitation, immunochemical assays andfor
competitive binding assays, as well as any other assay which measures specific binding
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.

- 2. Praduction 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.

Also provided by the present invention is a eukaryotic host cell transfected according to
any of the preceding transfection methods. Preferably, the eukaryotic host cell is a
mammalian haost cel! line.
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As aiready described, example of useful marmmalian host cell lines include human cells
such as human embryonic kidney line {293 or 293 cells subcloned for growth in
suspension culture, Graham et al., 4. Gen Viroi 36, 59 (1977)), human cervical
carcinoma cells (HELA, ATCC CCL 2), human tung cells (W138, ATCC CCL 75),
human liver cells (Hep G2, HB 8065); rodent cells such as baby hamster kidney cells
(BHK, ATCC CCL 10), Chinese hamster ovary cells/-DHFR (CHO, Urlaub and Chasin,
Proc. Naff. Acad. Sci. USA, 77, 4216 (1980)}, mouse sertoli cetls (TM4, Mather, Biot.

- Reprod 23, 243-251 (1980)), mouse mammary tumor (MMT 080562, ATCC CCL51);

and cells from other mammals such as monkey kidney CV1 line transformed by SV40
(COS-7, ATCC CRL 1651); monkey kidney cells (CV1 ATCC CCL 70); African green
monkey kidney cells (VERQO-76, ATCC CRL-1587); canine kidney cells (MDCK, ATCC
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); myeloma (e.g. NS0}

fhybridoma cells.
Most preferred for uses herein are CHO cells.

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
have stabiy incorporated at least one DNA sequence of

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

- a purified 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 isclated cLysMAR element and/er 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.

Preferably, some of the cells of the transgenic organisms have been transfected
according the methods described herein.

Also envisioned in the present invention is a transgenic organism wherein its genome
has stably incorporated at least one DNA sequence of

- a purified 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 biocinformatic tool, the
combined method or the method comprising at least one fiiter,

- the sequences SEQ D Nos 1 to 27,

- apurified and isolated cLysMAR element and/or fragment,

- asynthetic MAR sequence comprising natural MAR element and/or fragments
assembied 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.

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,

21



10

etc), fishes (zebra fish, etc.), amphibians (frogs, newt, etc..) and other simpler
organisms such as c. elegans, yeast, etc....

Yet another object of the present invention is to provide a computer readable medium
comprising computer-executable instructions for performing the method for identifying a
MAR sequence as described in the present invention.

The foregoing description will be more fully understoad with reference to thé foilowing

Examples. Such Examples, are, however, exemplary of methods of practising the
present invention and are not intended to limit the scope of the invention.
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EXAMPLES

Example 1: SMAR Scan® and MAR sequences

A first rough evaluation of SMAR Scan® was done ly analyzing experimentally defined
human MARs and non-MAR sequences. 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
and plotted. As non-MAR sequences, ali 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 long tail. For the highest
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,
a clear shift is alse 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
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
MARs, 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
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 ip-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
association between the four theoretical structural properties computed and the AT-
content. Fig. 2 represents the scatterplot and the corresponding corretation coefficient r

~ for every pair of criteria.

Example 2: Distribution plots of MAR sequences by organism

MAR sequences from SMARt DB of other organismis 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.

Example 3: MAR prediction of the whole chromosome 22

All RefSeq contigs from the chromosome 22 were analyzed by SMAR Scan® using the
defauit 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
predicted per 42 777 bp. The total length of the predicted MARS corresponds to 1% of
the chromosome 22 length. The AT-centent of the predicted regions ranged from
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65,1% to 93.3%; the average AT-content of all these regions being 73.5%. Thus,

predicted MARs were AT-rich, whereas chromosome 22 is not AT-rich (52.1% AT).

SMARTest was also used to analyze the whole chromosome 22 and obtained 1387
MAR candidates, their average length being 494 bp representing an average of one
MAR predicted per 24 765 bp. The total iength of the predicted MARs corresponds to -
2% of the chromosome 22, Between all MARs 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 MARs. Given predicted MARs mean
jength for SMAR Scan® and SMARTest, the probability 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
performed on randomly shuffled sequences of the chromosome 22 (Fig. 4). Shuffled
sequences were generated using 4 different methods: by a segmentation of the
chromosome 22 into nohoveriapping windows of 10 bp and by separately shuffling the
nucleotides in each window; by "scrambling” which means a permutation of al!
nucleotides of the chromosome; by "rubbling” which means a segmentation of the chro-
mosome in fragments of 10 bp and a random assempbiing of these fragments and finaily
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
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, 171 936,4 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 chains models of the chromosome 22, which respectively
represents 185% (sd: 0.5% of the mean}, 8% (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
MARSs predicted, which thus means contiguous hits of length greater than 300, 1 997
MARs were predicted with the shuffled chromoseme 22 within windows of 10 bp (sd:
31.2), only 2.4 MARs candidates were found in scrambled sequences (sd: 0.96) and
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
DNA sequences are shuffled .

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

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 8 (9p22). 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 /n vifre binding to the
nuclear matrix (Fig. 9, lower part). Three of the SIDD peaks were in agreement with the
in vitro binding assay, while others did not maich matrix attachment sites. Inspection of
the interferon locus with SMAR Scan® (Fig. 9, top part) indicated that three majors
peaks accompanied by clusters of SATB1, NMP4 and MEF2 regulators binding sites
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correlated well with the active MARs. Therefore, we conclude that the occurrence of
predicted CUEs and binding sites for these transcription factors is not restricted to the
cLysMAR but may be a general property of ali MARs. These results aiso imply that the
SMAR Scan® program efficiently detects MAR elements from genomic sequences.

Example 5: Accuracy of SMAR Scan® prediction and comparison with other

~ predictive tools

The accuracy of SMAR Scan® was evaluated using six genomic sequences for which
experimentally determined MARS have been mapped. In order to perfarm a comparison
with other predictive teols, the sequences analyzed are the same with the sequences
previously used to compare MAR-Finder and SMARTest. These genomic sequences
are three plant and three human sequences (Table 1) totalizing 310 151 bp and 37
experimentally defined MARs. The results for SMARTest and MAR-Finder in Table 1
come from a previous comparison (Frisch M, Frech K, Klingenhoff A, Cartharius K,
Liebich | and Werner T, In silico pre-diction of scaffold/matrix attachment regions in
large genomic sequences, Genome Research, 12:348-354, 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
rute has been excluded (to detect the non AT-rich MARs as was done for the protamine

locus).
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[TSEUSncE, descnpliar [ength | Experimant- | SkiaRTest | MAR-Fider | SMAN Sean
and reference ally definad | prediction | prediction precliction
MARs positions posifions positions
positions
' {lib) (ko) (kh) {kb) kb) |
Thryza Sativa putative 30,034 0.0-1.2 - - -
ADF-glucose pyra- 5.4-7.4 6.5-7.6 - -
phesphanylase subunit 132157 | 15.7-168 15.8-16
SH2 and putative 162-16.6 - -
NADPH dependart 17,3-185 17.6-18.3 17.5-18.4 17.6-18.2
recluctase A1 genes 20.0-23.1 19.6-20.1 19.8-20.4 21.6-22
(7o), [4] 207213 { 21.3:215 .
226239 | 239242 234235
2580.264 24.7-25.1 -
27.5-27.1R - -
Sarghum bicalor ADP- | 42 446 0.0-1.5 - - -
ghinosa purcphoysho- 7187 - - 7A-1.7
ryase suburit SHZ, 243-21.9 - 215-21.8
MADPH-depeidant 224247 22.9-24.0 | 23.2:242 22.%.23.2
reducatee Al-lr genns - N 23.6-24.0
{AFO102824, (4] 2FAIT6 | 268-278 2?.3-27.6
3R.5-337 - - 33.4-33.9
41.6-42.3 - - -
[ Sorghum bicelor PAC | 75,195 09 - - -
clans 1]0K5 ~3.8 - - -
18F 124045y, [27) ~B3 - - -
“O1 - - -
~18.0 15.1-15.9 - -
~ 18,5 - - -
~21.9 217220 214-219
~23.3 - -
~ 288 - -
~29.1 - - 29,2-205
346 - -
- . 39.0-40.0
4.1 44.1-44.5 -
~A8.5 47.9-49.6 | 47.9-0.4 | 48.1-48.8
- - 48.8.-490.3
~57.8 . - :
~62.9 63.1-63.7 - -
~67.1 - - -
~52.3 - - -
~73,7 74.3.74.7 - 74.3-74.6
Haman alpha-t-antiry- [ 30,461 2583 5.5-0.0 3.0.32 54-58
sin andd sonlicasteraid - 5.4-6.0 -
hincling globulin 22.0-304 25.7-26.2 24.9-25.3 25.8-26.4 !
intergenis region 27.5.27.8 25.5-25.8 t
(&F 1565451, [33] - 26.2.26.4
- 27.5-28.2 -
Hurdan protanine Jocus | 53.0p0 V07 - g8 | -
(L5422, [24f 32.6-338 - 33.9-34.8* -
37.2.304 - 33.8-34.8¢ -
51.8530 - - -
Human Teta-globin 7455 T.e-3.0 - - 23-25
locs 16.6-120 18.0184 | 15.5-16.0 15.3-15.6
(Lo 1317), [21] . 18.0-18.4 -
34.4-34.9 - -
44 7527 - 50.6-50.2 -
566-57.1 56.5-57.2 -
60.0-70.0 59.8-60.3 | 58.1.548,5 £2.8-63.1
656-66.0 | 63.0-8%6 -
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67.6-67.9 68.7-69.3 66.3-G6.7
68.8-69.1 - -
Su( k] 310.151 | atleast 56.1 14.5 13.8 95
[ Total pumbers © 37 28 75 22
Arerage [d predicted 11.076 12.408 14087
WAR
True posifives [number 19014) 20412) 17[14)
of experimentally
defingd MAR found)
False positives a 8 5
False rieqatives 23 23 23
Specificity 10126=68% | 20/25= 80% | 17/22= 77%
Sensitivity 14/37= 38% [ 12/37= 32% | 14/37=33%

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 {rue in silico predictions is higher than the number of
experimentally defined MARs found. Specificity is defined as the ratio of {rue 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, 12 (true positives) of these correlate with
experimentally defined MARs (specificity: 68%) whereas 9 (32%) are located 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
MARSs (sensitivity: 32%). SMAR Scan® predicted 22 regions, 17 being true positives
{specificity: 77%) matching 14 different experimentally defined MARs (sensitivity: 38%).

As another example, the same analysis has been applied to human chromosomes 1
and 2 and {ead 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 Scar® and the S/MAR functional activity, the whoie human genome has been
analyzed with the combined method with very stringent parameters, in order to get
sequences with the highest values for the theoretical structural features computed,
which are calted "super" S/IMARSs below. This was done with the hope fo 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.

27



5

10

15

25

As whole human genome sequence, all human RefSeq (National Center for
Biotechnology Information, The NCBI handbook [Internet]. Bethesda (MD): National

6.1 S/IMARs predicted from the analysis of the whole human genome

Library of Medicine {US), Oct. Chapter 17, The Reference Sequence (RefSeq) Project,
2002 (Available from http:/Awww.ncbi.nih.gov/entrez/query.fegi?db=Books) cantigs
(release 5) were used and analyzed with the combined method, using SMAR Scan® as
filter in the first level processing, employing default settings except for the highest bbend

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

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 fiftering on

these sequences,

The analysis by the combined method of the whole human genome came up with a
total of 1757 putative "super” S/MARs 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 S/MARs predicted, its S/MARs density per gene and its kb per

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/MAR predicted and the foid difference
between the higher and the lower density of genes per S/IMAR is 6,5). Table 2 also
shows that the kb per S/MAR varies less that the density of genes per S/IMAR (standard

deviation represents 25% of the mean of kb par S/MAR and the fold difference between
the higher and the lower kb per SIMAR s 3.2).
Chromasgme Number of Size of the i Number of Density of Kb pex
genes per chromosome SMARs genes SMAR
) chromosome {millions bp}) predicted per SIMAR
i 2544 239 &5 299 2705
2 1771 241 143 123 1685
1406 198 ] 139 1960
4 1036 190 118 8.7 1610
P 5 1233 180 116 10,6 1551
| 6 1247 (70 94 13.2 1808
7 1383 160 179 2.7 1754
8 943 145 7 122 1883
9 1100 119 48 229 2479
10 1003 133 71 14.1 1873
1 1692 132 &7 252 1970
12 1278 131 7 163 1679
13 506 97 7 7.2 1385
i 1168 28 36 324 2444
15 895 83 35 255 2371
16 107 81 41 27 1978
17 1421 80 37 38.4 2162
. 18 396 75 | 77 1470
e 1621 56 36 45.02 1555
20 124 0 28 253 2142
23 55 3 18 19,7 1883
2 W 34 28 252 1214
X 1168 154 170 68 905
Y 251 25 30 23 833
: Sum 26 955 3050 1757 457 43312
Mean 1123 127 7 19 1804 )
Sd 510 72.8 [ 45 10 462 J

30  Table 2; Number of 8/MARs predicted per chromosome. The number of genes per chromoscme
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corresponds to the NCBI human genome statistics (Build 34 Version 3) (Natiopal Center for
Biotechnology luformation, The NCBI handbook [Internet]. Bethesda (MD): National Library of
Medicine (US), Oct, Chapter 17, The Reference Sequence (RefSeq) Project, 2002 (Available
from htip://www.nebinih.gov/entrez/query.fegi?db=Books) based on GenBank anmotations.
Chromosome sizes are the sum of the corresponding human RefSeq (Natiomal Center for
Biotechnology Information, The NCBI handbook [Internet]. Bethesda (MD): National Library of
Medicine (US), Oct. Chapter 17, The Reference Sequence (RefSeq) Project, 2002 (Available
from http://www.nebi.nib. gov/entrez/query.fegi?db=Books) (release 5) contig lengths

6.2 Bioinformafics analysis of “super” MARS for transcripfion factor binding sites

The 1757 predicted "super” S/MARs sequences obtained previously by SMAR Scan®
were then analyzed for gﬁtential transcription factors binding sites. This has been
achieved using RMatch  Professional (Kei AE, Gossling E, Reuter |, Cheremushkin E,
Kelttargoulis OV, Wingender E, MATCH: A tool for searching transcription factor
binding sites in DNA sequences, Nucleic Acids Res. 31(13):35769, 2003), a weight
matrixbased ool based on TRANSFAC (Wingender E, Chen X, Fricke E, Geffers R,
Heh! R, Liebich 1, Krull M, Matys V, Michael H, Ohnhauser R, Pruss M, Schacherer F,
Thiele S Urbach S, The TRANSFAC system on gene expression regulation, Nucleic

Acids Research , 29(1):2813, 20011) Match 2 0 Professional has been used with

most of the default settings Mafch analysis was based on TRANSFAC Professional,
release 8.2 {20040630). The sums of all transcn})tion 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 sequernces

analyzed were considared 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
regulatorfrepresscr, Nkx3A a homeodomain protein regulated by androgen,
POU1F1 {pituitaryspecific positive transcription factor 1) which is specific to the
pituitary and stimulates ceils proliferation. Thus, in addition fo SATB1, NMP4 and
MEF2, other transcription factors can participate in the activity of MARs.

| APL 1 [AR 2 | Bach2 1 [ Bm2 1
C/EDP 20 | C/RBPgamma  § | CDP CR3 1{CcomMPl 2
CREBPI 34 | Cdcs 858 | Cdx2 35 | Evil 472 |
FOX 78 | FOXD3 79 | FOXJ2 244 | FOXP3 29|
Treac? 272 | GATAL 2| GATA3 142 | GATA4 125
HEFHI 12 | HFH3 1 HLF 275 | HNF1 337
HNF3alpha 23 | IINF3beta 71 | HP1 2 | Lhx3 22
_ MEF2 114 | MRF2 57 | Myc 18 | NKX34A 849 !
| Nkx25 2 | Octl 191 ! PBX 51 POUIF1 483
POUIE2 11 | POUGFI 20 | Pax3 3 | Pax6 20
Pirl 505 | SRF 8 | TEF 2852 | TFIA 14
' TTF1 1| VSMTATA B 4, VBP 53¢ Vmw6s 1
. XFDI 65 | XFD2 418 | XFD3 2 ]
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Table 3 is a summary of all transcription factors binding prediction (totalizing 20 hits or
more) on the 1757 sequences analyzed.

5 6.3 Bioinformatics analysis of predicted “super” MARs for dinuclectide frequencies

Various computer analysis were performed in order to easily identify "super’ S/MAR
sequences Using an explicit criterion that could be identified without computing. Among
those, a di-nucleotide analysis was performed on the 1757 superMARs, computing

10 each of the 16 possible dinucleotide percentage for each sequence considering both
strands in the 5' > 3’ direction.

A summary {min., max., median, mean, 25th percentile and 75th percentile) as well as
the histogramms of each dinucleotide percentage over the 1757 S/IMAR 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 @ summary of the dinucleotide content analysis for these sequences.

Table 4: Dinuclectide percentages cver the 1757 S/IMAR sequences

20 } N
AA % AC% AG % AT%
Minimum 0.000 0.0000 $.0000 18.50
251h pergentile 4.234 09372 . 0.1408 32,11
tedian 7,843 22408 ~8.4727 34.68
Meen 7.184 32117 1,0865 34.32
75th percentife 10,110 47718 15096 36.94
Maximum 17.290¢ 129479 8.1230 500
CA% CC% CG% CT %
Minimum 0.0000 0.00000 0.0000 0.0000
| 25tk percentite 0.9695 0.00000 0.0000 0.1408
Median ; 19776 0.00000 0.0000 0.4777
Mean i 2.6977 0.24123 0.2709 1.0865
751k perventite : 3.7543 0.09422 .1256 1.5096
Maximum ) 10,4061 4,24837 7.4410 8.1230
i GA% Gl % GG % GT%
1 Minimum ; 1.00000 0.0000 0.00000 {.0000
¢ 25th percentite _ 0.08696 0,0000 0.00000 09372
. Median i 0.32616 0.0000 0.00000 22408
Mean : 0.63347 0.2104 0.14123 33117
. 75th percentile i 0.83333 0.1814 0.09422 47718
_Maximum 371889 9.8795 424337 12.9479
TA% ’ TC % TG % TT%
] Minkmun: 28.63 Q.00000 0.0000 ’ 0.000
25th pergentile 33.48 0.08696 0.9655 4234
Median 3822 : 0.32616 1.9776 7.843
Mean 3529 . 0.63347 26977 7.184
75th pereentile ' 37.14 : 0.83333 3.7543 10.110
* Meximum . 50.00 ; 5.77889 10.4061 17.290

Considering the results of the predicted S/MAR elements and of the nonS/MAR se-
guences in the summary tables, noficeable 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 dinuclectide content of the predicted
SIMAR sequences, whereas the minimum percentages for the same dinucleotides in
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nonS/MAR sequences are respectively 0.3 % and 0%. Similarly, the maximum CC and
GG content in S/MAR sequences is 4.2 %, whereas in nonS/MAR sequences the
percentages for these two dinucleotides can amount up to 20.8 %.

The correlation between AT and TA dinuclectide percentages and the DNA highest
bend as computed by SMAR Scan® is depicted in Fig. 17 for the predicted S/IMAR
sequences and in Fig.18 for the nonS/MAR sequences. The different scatterplots of
these figures show that the TA percentage correlates well with the predicted DNA bend
as predicted by SMAR Scan®.

Table 5. Dinucleotide percentages over the 1757 nonS/MAR sequences summary

ALY ACH AGY% !‘ AT %
T Minimum 0.000 1.713§ 1.512 H 03257
i 25th percentile 7.096 4.586 ! 6.46¢ $5.1033
Median 8.106 5.016 7.279 6.8695
Mean 8.976 5.054 7.184 7.0108
75th pereentice 10.939 5494 7.969 8.7913
Maximuny 17.922 13.816 12.232 23.1788
! CA % 3 CC% CG% i CT%
"Mimmum : 3571 0.8278 " 0.0000 1513
25th percentile 6.763 41077 0.4727 6.466
Median 1.410 : 5.5556 0.8439 7279
Mean 74N 3.9088 1.2707 7.184
75th pescentile 8.610 7.2460 1.5760 7.969
Maximum B 15.714 , 20,8415 12,6074 12.232
GA% GC% : GG % GT %
Minimum 1319 0.4967 0.8278 1.735
251t percentile 5.495 3.2615 41077 4.586
Median 6032 4.4092 5.5556 ! 5.016
Meun 6.065 4.7408 5.9088 5.054
75th pereentile 6.602 : S.8824 - 7.2460 . 5.494
NMaximusm . 10.423 16,0000 | 20.8415 13.816 :
TA% TC % j TG % TT % T
Minimuir, 0.000 1.319 3571 0.000
25t pereentile 3876 5.495 6.7658 7.096
Median 5.625 6.032 7.410 9.106
Mean 577 6.065 . 7411 ! 8.976
?5th pereentice 7.464 6.602 | 8.01¢ } 10.939
| Maximn 24338 10.423 ! 1574 | 17922

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

Surprinsigly, Applicants have shown that all of the super MARs have AT dinucleotide
frequencies greater then 12%, and TA dinucleotides greater than 10% of the total
dinucleotides analysed in a window of 100base pairs of DNA. The most efficient MARs
display values around 34% of the two dinucleotide pairs.

Table 8. Summary of %AT and TA dinucleotide frequencies of experimentally verified
MARSs

CLysMAR (average of CUES) AT%  12.05_|TA%: 1029 |SEQID No
P1 68 —JAT%:33.78 | TA%: 33.93 |SEQ ID No
P16 AT% 3467 | TA% :34.38 |SEQ ID No
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TP1 42 AT% 3585  TAY% -35.52 TSEQIDNo

Mean value for all human “super"MARs  |AT%:34.32 | TA%: 35.29

-Mean value for all human non-MARSs AT% : 7.01 TA% 1 5.77

6.4 Analysis of orthologous intergenic regions of human and mouse genomes

In order to get an insight on S/MAR evolution, orthologous intergenic regions of human
and mouse genomes have been analysed with SMAR Scan®. The data set used is
composed of 87 pairs of complete orthologous intergenic regions from the human and
mouse genomes {Shabalina SA, Ogurtsov AY, Kondrashov VA, Kondrashov AS,
Selective consfraint in intergenic regions of human and mouse genomes, Trends
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 atignment and consideration of the annotations of the flanking genes
(experimental or predicted).

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 vielded a total of 12 S/MARs predicted (representing a total length of 4 750

bp}, located on & different intergenic sequences,

Among the threg 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/IMAR (human EMBL (D: Z9605G,
position 28 010 ta 76 951 othologous to mouse EMBL 1D: AC(15932, positions 59 884
to 89 863). When a local alignement of these two orthologous intergenic sequences is
performed, the best local alignement of these two big regions correspond to the regions
predicted by SMAR Scan® {o be S/IMAR element. A manual search for the mouse
orthologs of the two other human intergenic sequencss predicted to contain a “super”
S/MAR was performed using the Ensembl Genome Browser (hitp://ensembl.org). The
mouse orthologous intergenic sequences of these two human sequences were
retrieved using Ensembl orthclogue 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 yields
little “super"MARs with mouse genomic sequences, its default cutoff values were
slightly relaxed for the minimum size of contiguous hits to be considered as S/IMAR

. (using 200 bp instead of 300 bp). Analysis by SMAR Scan® of these mouse sequences

predicted several S/MARs having high values for the different computed structural
features. This finding suggests that the human MAR elements are conserved across
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
for effect on transgene expression in Chinese hamster ovary (CHQ) celis. To do so,
seven fragments of ~400 bp were generated by polymerase ¢hain 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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the natural MAR. The teframers were inserted upstream of the SV40 promoter in
pGEGFPControl, a modified version of the pGL3Control vector (Promega). The plasmid
pGEGFPControl was created by exchanging the luciferase gene of pGL3Control for the
EGFP gene from pEGFP-N1T (Clontech). The §-MAR-fragment-containing plasmids
thus created were co-transfected with the resistance plasmid pSVneo in CHO-DG44

" cells using LipofectAmine 2000 (Invitrogen) as transfection reagent, as performed

previously (Zahn-Zabal, M., et al., “Development of stable cell lines for production or
regulated expression using matrix attachment regions” J Biotechnol, 2001. 87(1): p.
29-42.). After selection of the antibiotic (G-418) resistant cells, polyclonal cell
populations were anatyzed by FACS for EGFP fluorescence.

Transgene expression was expressed at the percentile of high expressor cells, defined
as the cells which fluorescence levels are at [east 4 orders of magnitude higher than the
average fluorescence of cells transfected with the pGEGFPControl vector without MAR.
Fig. 5 shows that muitimerized fragments B, K and F enhance transgeng expression,
despite their shorter size as compared to the original MAR sequence. [n confrast, other
fragments are poorly active or fully inactive.

Example 8 ; Specificity of B, K and F regions in the MAR context

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.

" In this deletion study, the loss of MAR activity coincided with discrete regions of

transition which overlap with the §-MAR B-, K- and F-fragment, respectively. In 5'
deletions, aclivity was mostly lost when fragment K and F were removed. 3' deletions
that removed the F and b elements had the most pronounced effects. [n contrast,
flanking regions A, D, E and G that have ittle or no ability to stimulate transgene
expression on their own (Fig. 5), correspondingly did not contribute to the MAR activity
in the §'- and 3-end deletion studies (Fig. 6).

Example 8:Structure of the F element

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-{ail orientation, while those of the latter group were
simifarly hexa~decamerized (16 copies), to maintain a constant length of MAR
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 Fil, which contains
the right-hand side part of fragment Fill, lost all the ability to stimulate transgene
expression (Fig. 7). This points to an active region comprised between nt 132 and nt
221 in the FIB fragment. Consistently, multiple copies of fragments Fi and FiB, which
encompass this region, dispiayed simitar activity. FIIA 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 fittle activity on its
own, but that strengthens the activity of the minimal domain located in FIB.

Analysis of the distribution of individual motifs within the lysozyme gene &-MAR is
shown in Fig. 8 A, along with some additionai 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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specifically associated with the active portions. For instance, the binding sites of
transcription factors and other motifs that have been associated with MARs were not
preferentially localized in the active regions. it has also been proposed that active MAR
sequences may consist of combination of distinct motifs. Several computer programs
(MAR Finder, SMARTest, SIDD duplex stability) have been reported to ideritify MARSs
as regions of DNA that associate with the DNA matrix. They are usually based on
algorithms that utilizes a predefined series of sequence-~specific patterns that have
previously been suggested as containing MAR activity, as exemplified by MAR Finder,
now known as MAR Wiz. The output of these programs did not correlate well with the
transcriptionally active portions of the cLysMAR. For instance, peaks of activity obtained
with MAR Finder did not clearly match active MAR sub-portion, as for instance the B
fragment is quite active in vivo but scores negative with MAR Finder (Fig. 8B, compare
the top and middle panels), Bent DNA structures, as predicted by this program, did not
correlate weli either with activity (Fig. 88, compare the top and bottom panels). Simitar
results were obtained with the other available programs (data not shown).

The motifs identified by available MAR prediction computer methods are therefore
uniikely o be the main determinants of the ability of the cLysMAR to increase gene
expression. Therefore, a number of other computer tools were tested. Surprisingly,
predicted nucleosome binding sequences and nucfeosome disfavouring sequences
were found to be arranged i 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 strefches that can easily wrap
around the nucleosomal histones, and they had not been previcusly associated with
MAR sequences.

Nucleosome-favouring sequences may be modelled by a collection 6f DNA features
that include moderatety repeated sequences and other physico-chemical parameters
that may allow the correct phasing and orientation of the DNA over the curved histone

. surface. Identification of many of these DNA properties may be computetized, and up

to 38 different such properties have been used to predict potential nucleosome
positions. Therefore, we set up to determine if specific components of nuclegsome
prediction programs might correlate with MAR activity, with the objective to construct a
tool allowing the identification of novel and possibly more potent MARs from genomic
sequences.

To determine whether any aspecis of DNA primary sequence might distinguish the
acfive 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
fo correlate with the focation of the active MAR sub-domains (Fig. 8A). Location of the
MAR B, K and F regions coincides with maxima for DNA bending, major groove depth
anhd minor groove width. A weaker correlation was also neted 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-
indeed correspond the FIB sub-fragment that containg the MAR minimal domain (Fig.
9B8). Thus active MAR portions may cotrespond 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 benf DNA
as predicted by MAR Wiz (Fig.9B).

Example 40 : Imprints of other requlatory elements in the F fragment
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Nucleosome positioning features may be considered as one of the many specific
chromatin codes contained in genomic DNA. Although this particular code may
contribute to the activity of the F region, it is unlikely to determine MAR activity alone,

as the 3’ part of the F region enhanced activity- of the minimal MAR demain contained in
the FIB portion. Using the Matlnspector program (Genomatix), we searched for
transcription factor binding sites with scores higher than 0.82 and found DNA binding
seguences for the NMP4 and MEF2 proteins in the 3’ part of the F fragment (Fig. 8B).
To determine whether any of these transcription factor-binding sites might localize close
io the B and K active regions, the entire 5'-MAR sequence was analyzed for binding by
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
specific distribution and form a framework around the minimal MAR domains of
cL.ysMAR (Fig. 10). The occurrence of several of these NMP4 and SATB1 binding sites
has been confirmed experimentally by the EMSA analysis of purified recombinant
proteins {data not shown).

Exampie 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
of its activity when compared to the complete MAR sequence simitarly assembled from
ali of its components as a control (Fig. 11, top 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
flanking sequences. Interestingly, the complete MAR sequence generated from each of
its components, but containing also Bgili-BamHI 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).

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 ampilified by PCR and
assembled ta 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 to one given set of flanking sequences.
Interestingly, the CUE-K element was even more active than CUE-F when inserted
between the CUE-F flanking sequences, and the former composite construct exhibited
an activity as high as that ohserved 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
density of all three binding sites, which is fikely explanation to the increased acfivity.
These results indicate that assemblies of CUEs with sequences containing binding sites
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| for proteins such as NMP4, MEF-2, SatB1, and/or polyPpolyQ proteins constitute

potent artificial MAR sequences.

Example 12 ;: Expression vectors

Three expression vectors according to the present invention are represented on Figure
12,

Plasmid pPAGO01 is a 5640 bp pUC19 derivative. It contains a 2960 bp chicken DNA
fragment claned in Bami{1 and Xba/ restriction sites. The insert comes from the border
of the 5'-end of the chicken lyzozyme locus and has a high A/T~content.

Plasmid pGEGFP (also named pSV40EGFP) control is a derivative of the pGL3-
contro} vector {Promega) in which the luciferase gene sequence has been replaced by
the EGFP gene sequence form the pEGFP-N1 vector (Clontech). The size of pGEGFP
plasmid js 4334bp., :

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

Plasmid pPAG01GFP (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 '

" promoter, The size of the pPAGIT1EGF plasmid is 7285bp.

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

One day hefore transfection, cells were plated in a 24-well plate, in growth medium at a
density of 1.35 x 10° cellsfwel! for CHO-DG44 cells. 16 hours post-inoculum, cells were
transfected when they reached 30-40% conflugnce, using Lipofect-AMINE 2000
(hereinafter LF2000), according to the manufacturer's instructions (Invitrogen). Twenty-
seven microliters of serum free medium (Opti-MEM; invitrogen) containing 1.4 pi of
LF2000 were mixed with 27 pl of Opti-MEM containing 830 ng of linear plasmid DNA.
The antibiatic selection plasmid (pSVYnea) amounted to one tenth of the reporter
plasmid bearing the GFP transgene. The mix was incubated at rocom temperature for 20
min, to allow the DNA-LF2000 complexes to form. The mixture was diluted with 300 p!
of Opti-MEM and poured inta previously emptied cell-containing wells. Folfowing 3
hours incubation of the ceils 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 fo the methad described above, except that the resistance plasmid cartied
another resjstance gene (pSVpuro). Twenty-four hours after the secand transfection,
cells wers passaged and expanded into a T-75 flask containing sefection medium
supplemented with 500 pg/ml G-418 and § 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 (Clantech} and
pSVdhfr as resistance plasmids. The expression of GFP was analysed with
Fluorescence-activated cell sorter (FACS) and with a Fluaroscan.

Fig.13 shows that the phenotype of the twice-trapsfected cells (hereafter called
secondary transfectants) not anly was strongly coloured, such that special bulb and
filter were not required to visualize the green calfor fram the GFP pratein, but alsa
contained a majority of producing cells (bottom right-hand side FACS histogram) as
compared to the parental population {central histogram). This leve! of fluorescence
carresponds to specific celiufar proguctivities of at least 10 pg per cell per day. Indeed,
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cells transfected only one time (primary transfectants) that did not express the marker
protein were almost totally absent from the cell populatson after re-transfection. Bars
below 10" units of GFP fluorescence amounted 30% in the central histogram and less
than 5% in the right histogram, This suggested that additional cells had been

- transfected and successfully expressed GFP.

Strikingly, the amount of fluorescence exhibited by re-transfecied cells suggested that
the subpopulation of cells having incorporated DNA twice expressed much more GFP
than the expected two-fold increase. Indeed, the resuits shown in Table 2 indicate that
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
celiular 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 {o 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.

[ Type of plasmids Primary Secondary | EGFP fluorescence |
transfection transfection Fold increase
pUbCEGFP 4'992 14'334 2.8
pSV40EGFP 4324 12237 2.8
pMAR-SV40EGFP 6'996 36'748 53 |
Typeof plasmids |  Primary ! Secondary |EGFP fluorescence
transfection | transfection |  Fold increase
pUbCEGFP 6452 i 15794 2.5
SVA0EGFP 4433 1 11735 26
pMAR-SV40EGFP 8'116 | 37'475 4.6

Table 7, Effect of re-transfecting primary transfectants at 24 hours intervai 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 plasmid was changed for pSVpuro. Cells carrying both resistance
genes were selected on 500 pg/m! 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 transfections
as compared {o the sum of filuorescence obtained from the corresponding
independent transfections. 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 into 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 freguency of homologous recombination
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between co-injected plasmid molecules in cultured mammalian cells has been shown to
be extremely high, approaching unity (Folger, K.R., K. Thomas, and M.R. Capecchi,
Nonreciprocal exchanges of information between DNA duplexes coinjected into
mammalian cell nuclel. Mol Cell Biol, 1985. 5(1): p. 59-69], explaining the integration of
muttiple plasmid copies. However, homologous recombination between newly
introduced DNA and its chromosomal homoiog normally occurs very rarely, ata
frequency of 1 in 10° cells receiving DNA to the most [ Thomas, K.R., K.R. Folger, and
M.R. Capecchi, High frequency targeting of genes to specific sites in the mammalian
genome. Cell, 1886. 44(3): p. 419-28.1. Thus, the results might indicate that the MAR

- element surprisingly acts to promote such recombination events. MARs would not only

modify the organization of genes in vivo, and possibly also allow DNA replication in
conjunction with viral DNA sequences, but they may also act as DNA recombination

signals.

Example 14 : MARs mediate the unexpectedly high levels of expression in
multiply transfected cells

If MAR-driven recombination events were to occur in the multiple transfections process,
we expect that the synergy between the primary and secondary plasmid DNA would be
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 alt conditions
(4.3 fold). In contrast, transfecting twice the vector without MAR gave liitle or no
enhancement, 2.8-fold, instead of the expected two-foid increase. We conclude thaf the
presence of MAR elements at each transfection step is necessary to achleve the
maximal protein synthesis.

Table 8
Primary transfection Secondary transfection
Type of piasmid ; EGFP- [ Type of plasmid EGFP- Fold
P fluorescence | fluorescence | increase
pMAR 0 pMAR 0 0
pSVA0EGFP 18'437 2.3-2.5
' pMAR-SV40EGFP 30'488 2.6-2.7
pMAR-SV40EGFP 11'278 PMAR-SVA0EGFP 47027 4.3-5.3
pMAR 12'319 1.0-1.1
pSVADEGFP 6’114 pSV40EGFP 17'200 2.8
- pMAR : 11169 1.8-2.3

Interestingly, when cells were fiyst transfected with pMAR alone, and then re-
transfected with pSV40EGFP ar pMAR-SV40EGFP, the GFP levels were more than
doubled as compared to those resulting from the single transfection of the later
plasmids (2.5 and 2.7 fold respectively, instead of the expected 1-foid). This indicates
that the prior transfection of the MAR can increase the expression of the plasmid used
in the secand transfection procedure. Because MARs act only locally on chromatin |
structure and gene expression, this implies that the two types of DNA may have

" integrated at a similar chromasomat locus. in cantrast, transfecting the GFP expression

vectors alone, followed by the MAR element in the second step, yielded fittle or no
improvement of the GFP levels. This indicates that the order of plasmid
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transfection is important, and that the first transfection event should contain a MAR
element to allow significantly higher levels of transgene expression.

If MAR elements favoured the homologous recombination of the plasmids remaining in
episomal forms from the first and second transfection procedures, followed by their co-
integration at one chromosomal locus, one would expect that the order of plasmid
fransfection would not affect GFP levels. However, the above findings indicate that it is
more favourable to transfect the MAR element in the first rather than in the second
transfection event. This suggests the following molecular mechanism: during the first
fransfection procedure, the MAR elements may concatemerize and integrate, at least in
pari, in the cellular chromosome. This integrated MAR DNA may in turn favour the
further integration of more plasmids, during the second transfection procedure, at the
same or at a nearby chromosomal locus.

- Example 15 : MARs as [ong term DNA transfer facilitators

if integrated MARs mediated a persistent recombination-permissive chromosomal
structure, one would expect high fevels of expression even if the second transfection
was perfermed long after the first one, at a time when most of the transiently introduced
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 selected for the incorporation of additional 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.

Table 9
! Tertiary transfection Quaternary transfection
Type of piasmid | EGFP- | Fold [Type ofplasmid | EGEP- Fold
: ! fluorescence | increase f increas
L ! uorescence e
| PMAR 18368 2.2 pMAR 43’186 2.4
- PMAR- 140000 7.6
SV40EGFP
PMAR-SV40EGF 16544 i 2.0 pMAR- 91000 55
| SVAOEGFP |
N L PMAR 33814 20

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-SV40EGFP, and pTKhygro as selection
plasmid, 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 Sug/ml puromycin, 300
pg/m! hygromycin B and 5uM methotrexate. The secondary transfectants initially
exhibited 2 GFP fluorescence of 8300. The fold increases correspond to the ratio of
fluorescence obtained from two consecutive transfections as compared to the sum of
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fluorescence obtained from the corresponding independent transfections. The fold
increases that were judged significantly higher are shown in bold, and correspond to
fluorescence values that are 2-fold higher than the addition of those obtained from the
independent transfections, :

These resulis show that loading more copies of pMAR or pMAR-SV40EGFP resulted in
similar 2-fold enhancements of total celi fluorescence. Loading even more of the MAR
in the quaternary transfection further enhanced this activity by another 2.4-fold. This is
consistent with our hypothesis that newly introduced MAR sequences may integrate at
the chromosomal 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 leveis not expected from the
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 resulis further indicate that the efficiency of the quaternary transfection
was much higher than that expected from the efficacy of the third DNA transfer, .
indicating that proper timing between transfections is crucial to obtain the optimal gene
expression increase, one day being preferred over a three weeks period,

We befieve that MAR elements favour secondary integration events in increasing
recombination frequency at their site of chremosomal integration by relaxing closed
chromatin structure, as they mediate a iocal increase of histone acetylation {Yasui, D.,
et al., SATB1 targets chromatin remodslling to regulate genes over long distances.
Nature, 2002. 419(6907): p. 641-5.]. Alternatively, or concomitantly, MARs potentiaily
relocate nearby genes to subnuclear locations thought to be enriched in trans-acting
factors, including proteins that can participate in recombination events such as
topoisomerases. This can result in a Jocus in which the MAR sequences can bracket
the pSVA0EGFP repeats, efficiently shielding the transgenes from chromatin-mediated
silencing effects,

Example 16 : Use of MARSs identified with SMAR Scan® il to increase the
expression of a recombinant protein.

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_86, 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 alang this chromosome) and X_829, a "sup.er”

MAR identified on chromosome X, These predicted MARs were inserted into the
pGEGFPControf vector upstream of the SV40 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
stable cell lines for production or regulated expression using matrix attachment regions.
J Biotechnol, 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 transgene significantly above the expression driven by the chicken
lysosyme MAR, the “super” MAR X_S529 being the most potent of all of the newly
identified MARSs,

40



10

15

25

30

35

40

45

50

Example 17: Effect on hematocrit of in vivo expression of mEpo by

electrotransfer of Network system with and without Human MAR (1-68).

The therapeutic gene encodes EPO (erythropoietin), an hormone used for the
treatment of anemia. The EPO gene is placed under the controf of a doxycycline
inducible promoter, in a gene switch system described previously called below the
Network system (Imhof, M. O., Chatellard, P., and Mermod, N. (2000). A regulatory
network for efficient controf of transgene expression. J. Gene, Med. 2, 107-116.). The
EPO and regulatory genes are then injected in the muscle of mice using an in vivo
electroporation 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
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 C57BL86 female mice (Iffa Credo-
Charles River, France). 30ug of plasmid DNA in normal saline solution was delivered by
trans-cutaneous injections in the tibialis anterior muscle. All injections were carried out
under Ketaminol (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, Caillaud JM, .
Soubrier F, Delaere P, Branelec D, Mahfoudi A, Duverger N, Scherman D. 2000. "High-
level protein secretion into blood circulation after electric pulse-mediated gene fransfer
into skeletal muscle”. Mof Ther. 2: 204-10). - :

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

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 tpm 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.

As can be deduced from Fig. 16 The group of mice injected by MAR-network, induced
from 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

hematocrit levels (45-55%).

More importantly, late induction (day 21) is possible 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
prolong period in non-inducing conditions.
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Overall, the MAR element is able to increase the expression of the therapeutic gene as
detected from its increased physiological effect on the hematocrit.
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CLAIMS

1. A purified and isolated DNA sequence having protein production increasing
activity, characterized in that said DNA sequence comprises a) at [east one bent
DNA element, wherein the bent DNA element contains at jeast 33% of dinucleotide
TA and/or at least 33% of dinucleotide AT on a stretch of 100 contiguous base pairs,
b) at least one binding site for a DNA binding protein, ¢) and that it is

a MAR nucleotide sequence with the sequence SEQ 1D No 26,

a sequence complimentary thereof, or
a sequence having at least 90% identity with said sequence SEQ ID No 26.

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

DNA binding protein is a transcription factor.

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

proteins.

4. The purified and isolated sequence of claim 2, characterized in that the
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,
VS$MTATA_B, XFD2, Bach2, CDP CR3, Cdx2, FOXJ2, HFL, HP1, Myc, PBX, Pax3,
TEF, VBP, XFD3, Brn2, COMP1, Evil, FOXP3, GATA4, HFN1, Lhx3, NKX3A,
POU1F1, Paxg, 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
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 D No 26,
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or a sequence complementary thereof, for increasing protein production activity in a

eukaryotic host cell.

8. The use of the purified and isoclated DNA sequence of claim 5, characterized
in that said purified and isolated DNA sequence further comprises a promoter

operably linked to a gene of interest.

7. The use of the purified and isolated DNA sequence of claims 5 or 6,
characterized in that said purified and iéolated DNA sequence further comprises at
least a second isolated 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 SEQID No 26,
or a sequence complementary thereof, for increasing protein production activity in a

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 &' and
the 3' ends of the sequence containing the promoter and the gene of interest.

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.

10.  The use of the purified and isolated DNA segquence 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

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 fo at least one additional transfection step with at

least one purified DNA sequence comprising at Jeast one DNA sequence of interest
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and/or with at least one purified and isolated DNA sequence consisting of a MAR
nucleotide sequence or other chromatin medifying elements, and ¢) selecting said

transfected eukaryotic host celi.

12. The method of claim 11, characterized in that sald DNA sequence of interest

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 [east

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 o 4,
- thesequence SEQID No 26,

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

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.

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

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

18, A method for transfecting a eukaryotic host cell, said method comprising co-

transfecting info said eukaryotic host cell at least one first purified and isolated DNA
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:
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- a purified and Isolated DNA sequence of any of claims 1 {o 4,
- the sequence SEQID No 26,
or a sequence complementary thereof.

19. A process for the production of a protein wherein a) a eukaryotic host

cell transfected according to any of claims 11 to 18 is cuitured in a culture
medium under conditions suitable for expression of said protein and b) said

protein is recovered.
20. A eukaryotic host cell transfected according to any one of claims 11 {0 18.

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

according to any of claims 1 to 4.

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

23. A transgenic non-human organism characterized in that its genome has stably
incorporated at least one DNA sequence of any of claims 1 {0 4.

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

to any of claims 1 10 4.
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=180> VP (04 302 722.0
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160> 241

-
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<2772> ONA

<213> Homo sapiens

<220

«<227> msc_binding
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SEL PCT 012.5T25
<222> {1)..1320)

<223> MAR of human cromosome 1, it frem 266896 tc 37008

220>
<221> miss_binding
222> {1)..i320)

<223> MAR of human chromcsome 1, genomic certig; 38686 to 37008

<400> 1
ttatattatg ttottatata tattatatta tgttattaga ttatattatg ttgttatatt 60

atataataal aitatattat atattataia ttatattata taatatataa taatattata 120
taaltatata tiacattata taatatataa tastattats taattatata ttacattata 180
taatatataa taatattata taataatata taattatata atatataata atattatata 240
atattatata atattatata atatataaat atataataat atatattata ttatataata 300

gta‘ataata tatataata 320

<210>» 2
<211> 734

<212> DNA

<213> Hemro sapiens

<220>
221> misz pinding
<222> {11709

<223> KMAR of human chromosome 1. nt from 142276 1o 142684
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SEL PCT 012.8725
<220>
<221> misc_pinding
<222> (1)..(709)

223> MAR of human chromosome 1, genomic contig: 142276 to 142984

<400> 2
‘acaatat-: ttictattat atatattty tattatatat aatatacaat atattitcia 60

tlatataiaa tatatitigt attatatata itacaatata ttttgtatta tataatatar 120
aatacaata; ataatatatt gtaitatata ttatataata caatatatta tatattgtat 180
tatatatta’ atataatact atataatata ttytatiata tattatatat aatactatat 240
aatatatitt attatatatt atatataata caatatataa tatatigtat tataatacaa 300
tgtattataa tgtaitatat tgtattatat attatatata atacaatata taataatata 360
itataatata taataataat ataatataat aataatatat attgtatiat atattatata 420
atacaataia taatataitg tattatatat attttattac atataatata taatacatta 480
tataatata! ttigtatiaf atataatata tittattatg tattatagat aatatatttt 540
attatatalt atatataata caatatataa tatattttgt attgtatata atatataata 600
caaiatatan tatattgtat tatatataat attaatatat titgtattat atatttatat 660

tatattat asitaigttt tgeattatat atitcatatt atatatacc 708

210> 2
<211> £34
«<212> [DNA

<213> Homo sapicns

«220>

<221> misc_binding
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SEL PCT 012.8T25
«222> {1%.{409)

<223> MAR of human chromosome 1. nt from 1368659 to 1369067

<220
«<221> mist_binding
<222 %1.{408)

<223> MAR of human chromosome 1, genomic contlg; 1368659 to *368067

<400~ 3
tacacataaa tacatatgca tatatattat gtatatatac ataaatacat atgcatatac 60

attaigtata tatacataaa tacatatgca tatacattat gtatatatac ataaatacat 120
atgcaratas zitaigtata latacataaa tacataigca tatacattat giatatatac 180
ataaatacat atgcatatac atiatgtata tatacataaa tacaiatgca tatacattat 240
giatalatac ainaatacal atgcatetat talatacata aattatatia tatacataat 300
acatetaca’ atattaigty tatatataca taaatacata tacatatatt atgtgtatat 360

atacatnata catatacata tattatgtat atatatacat aaatacata 409

210> 4
<211» 204
<212> ONA

«213> Homo sapiens

«<221> misc_birding

R 3

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



SEL PCT 012.ST25

<400 4
:atgtatata tacazacata tgtatatata cacacatalg tatatacgta tatatgtata 80

tatacacaca tatgtatata cgtatatatg tatatataca cacatatgta tatacgtata 120
tatgtatata tacacacata ‘gtatatacg tatatatgia tatatacaca catatgtata 180
tatgtatata tacacacata igtatatacg tatatatgta tatatacaca catgtgtata 240
tatatataca catatgiata tatgtatata tacacacata tgtatatatg tgtatgtata 300

tatacacaca fatgtatata tacacatata tatgtatata facacacata cltatatata 360

cacataiata (otatatata cacatatyta taca 3¢4

<240~ 5
<211~ 832
12> DNA

<213> Hcmo sapiens

<221> misc _hinding
<222> 111..1832)

<223> #AAR of human chromosome 1. genomic contig; 1452269 to 1453100

<4&00> A

ARVEY]

tatatiacta tatatacaat atacatatta ctatatatac catgtattac tatatatatc 60
tactalatat at:actatal atacaaaata tatattacta tatatacaat atacatatta 120
ctatatafac catatattac talatatatc tactatatat attactatat atacaaaata 180
taiatacta alatactat ataitactgt atatacaata tatattacta tatatatact 240
ata‘altaci atatatacac taiatattac tatatataca caatatatat attactatat 300
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a'acacaa:q taiataacta tatatacaat ataiattact atatatacia tatatattac 360

taracatast atazattact ctatatatac aatatatata ttacaatata taciacatat 42C
tastacata: actitataia ttaclatata taciatatat tactgiatat acaatatata 480
t‘actaaata tacacaatat atatlactat atalacacaa tatatatatt actatatata 54C
cacatiatat atnactaial atanacacta tatatattac tatatataca caatatataa 600
ciatatatac acagtatasa tatractata tatacacaat atatatatta ctatatatac 660
astataiatt actatata’a cacaataia® attac'ctat gtatacacta ratatattac 720
tatatataza Jaatatatat aactataiat acactatatt actatatata clatatatta 720

Staiatgiac tatatatatt actatataia cratatatta ctatatatac ac Br32

270~ 5
<211 350
<212: DNA

<272> [fomn satiens

<7Z7> misc vinding
02225 (i 20U

<223 MAR ¢f Bunvan chrarcsome 1, genomic contig; 831495 to R31R44

<409 i

aatatalaat atataaaiat taatatgtat tatataatat atattaatat attatattat 60
a‘taciatat aaataatatt aatataiat attaasatat taataaatat atcatattaa 120
atatta‘alt caltaaalat 1aataaatat attatattaa tataittata tattaaacct 180
aiaacaiaty ca:atactia ttulatata acatqcatgt acttatita? atatacaaa 240
watatttata tattatataa tatattatat glatttatat attatatate atatattata 200
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SELPCT 012.9T258
tatatitata ta:tatatat catataatat atatatitat attatatata 350
210> 7
<217> 38E
<212> DNA

<213~ Homoe sapiers

<221> m'sc binding
<222> (1)..{386)

<223> MAR of auman chromosome 1, genomic contig;, 1447225 to 1447610

<400~ 7
acatitantt taatiatala ctgctatata taattaaatce tatatateta tataacttat 50

aatttattit aatitaatta tatatactat atagttatat atacatatat gtaattatat 120
atagrataat tatagtatat atgtatatat 2atqtaagta aatatatagt atatatttat 120
atatactata taittataca tatgtcttta tatatactaa atatataca catatgtaat 240
atgiacatat ggcatatalt ttatagtgta tatatacata tatgtaatat atatagtaat 300
aigtaaatat amagtacata tttaattata tggtaatata tacacatata tgtaatatgt 360

gtat:atagt acatattita tag:at 386

<219> &
<211> 585
“212> DNA

<213» Hom? sagiens

«220>



221>
22>

223>

<400

SEL PCT 012.8T25
misc_binding
(1)..(585)

AR ot human chromosome 1, genomic contig; 4255365 to 4955949

A

atacacacat atacacatat gtacgtatat atactataia tacacacata tacacatatg 60

tacgtatata tactatatat acacacatat acacatatgt acytaiatat actatatata 120

cacacalata casatatgia calatatata clatatatas acacatatac acatatgtac 180

gtatatatac tatutataca cacatataca catatqtacg tatatattal atatacacac 240

atatacacat atgtacgtat atatactata tatacacaca tatacacata tgtacgtata 300

tatactatat atacacacat atacacatat gtacgtatat atactatata tacacacata 360

‘acacataty tacutatata tactatatat acacacatat acacatatgt acatatatat 420

actatata’a cacacatata cacatatgta cotatatala clatalatac acacatatac 480

acatatgtac glatatatac tatatalaca racatataca catatgtacg tatatatact 540

aiatataccc atacacatac gtatatacgt acatatatat acgta 585

<210»

e A4
RN g

772

2> UNA

~le,mo sapiens

misc_birding
{10.(772)

FAAR of human chromosome 7, geromic contig; 5871862 to 59725833
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<400> 9
agtaaacaa fatatagtaa atatatatag tgtatataia gtaaalatat atagtgeata 60

tatatagigc afatatatag tgtatatata gtaaatatat agtgtatata tatagtaaat 126
ataiatagtg iatatatagt aaatatatat agtaaaata tatatactat atatagtaaa 182
tatatatata ctatatatag taaatatata tatagtatat atatagtaaa tatatatata 240
gtatatatal aglaaatata tatatagtat atatatagta aatatatata tagtatatat 300

_. agtaaatata tatagiatat atatagtaaa tatatatata gtatatatat agtaaatata 36C
tatatagiat atatatagta aatatatata tagiatatat atagtaaata tatatagtat 422
atatalagta aaafatata giatatatat agtaaatata tatagtatat atatagtaaa 480
tatalataca ctg:a'atat atagtaaata tatatacact gtalatatat agtaaatata 540
tatacactg: atatatatag taaatatata tacactgtat atatatagta aatatatata 600
cacigiatat acalagtaaa tatatataca ctgtatatac atagtaaata tatatacact €60
gtatatacat actaaatata tatacacigt atatacatag taaatatata tacagtigtat 720

atacatagia aataiatata cagigtatat acatagtaaa tatatataca gt 772

<210> 10

«211>

)

04
<212> DNA

«<215> Homo sapiens

<221> misc_binding
<222% 1 304,

<223~ MAR of human chromosome 1. genomic contig; 62218987 fo 62222C0
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atatataata ta‘ataatia ta’‘tatatat aaiatataat atatataatt atattatata 60

ttatatatas tatattatat atteiatata taalatatat tatatattaa atatatatta 120
tatatataat atatattata ‘aftaaatat atattatata tataatatat attatatata 180
atatatataa tatatattat atatatatta tatattatat atatatatta tatatatata 240
atatatataa tatatallat atataatata tattatatat atataatata tataatatat 300

ata 304

<210> 11
«<211> 371
<212> CNA

<213

v

Homo sapiens

«<223>
221> misc_binding
«222> {1)..{311)

«223>» MAR of humar chrorosome 1. genomic contig: 9418531 to 9418841

<43C> 11
tatataiaat atifatatat aatattcatg tatitatata taaatattta tatatttata 60

tataaa‘att tatatatita tatataaata tttatatatt talatataat atttatacal 120
latatataat atttataiat tatatataat atttatatat aatatttata tattatatat 180
aalaftiata tattazatg tataatatat atittatata tgtatgtata atatatattt 24C
tatatatgta tgtataatat atittatata tgtatgtata atatattatt atatataata 300

tataatitat a 311

240> 42

<2711> 302
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<212> DNA

<213> tHoma sapiens

21> rise tinding

7
N3
nN)

A
hY}
[\
N
/

2> {3, (202}

MAR of human chromosome 1, genomic contia; 15088789 to 15089090

A
N2
N
(@S]

\

<400> 12
a‘ataaia‘a talaltatat atataaatat atataaatat ataacatata tatiatatat 60

aaatataat aaatatatna catatatatl atatalataa atatatataa atatatmaca 120
tatataitat atatataaat atatataaat ataiaacata taiattatat atataaatat 180
alzttatata titatatata taatatatat aaatatataa tatatatita tatatataat 240
atatataaat atalaatata tatatitata tataatatat ataaatatat aatatataat 300

at 302

<210> 13
<Z11> 451
<212> DNA

<213> 'icmo saplers

<221> ~isc_binding
<222> {1, {461}

<223> MAR of human chromosome 1, genomic contig; 5791827 to 6782287
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<400> 13
tatataatat aiattatata tacacatata taatataiat tatatataca catatataat 50

atatattata tatacacata tataatatat attatatata cacatatata atatatatta 120

tatatacaca tatataatat atattatata tacacatata taatatatat iatatataca 180
ca‘atataat atataftata tatacacata tataatatat attatatata cacatatata 240
atatatatta tatatacaca tatgtaatat atattataca cacacatata atatatatta 2300
tatacacata tataatatat atiatatata catatataat atatattala tatacacata 380

lataatatat at-atatata cacatataa atatataila tatatacaca ‘ataatatat 426

aalatataca cataiataat a‘atalatta tatalgcaca t 431

210> 14
214> 572
212> [3NA

<213> Homo sapiens

<221> misc_pindng
222> (1}..(672}

«223> MAR of humar chromosome 4, genomic contig; 163530 to 164101

<400~ “4
ataltataat tatatatatt atatataatt atataaaata tatattataa ttatatatat 60

ttiatataat atatatatta taattaatat attatatata atatatatat tatetataat 120
atatatatia tatatattat atataatata tataatatat ataatatata atataatata 180
ataltatat ataatatata atatatataa ‘atattataa tataatatat ataatatata 240
a:ataatata {ataatalat aatataatat ataata’ata atatatataa *atataatat 200
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aalatataat atatataata ta‘aatataa tatataatat atataztata tataatata

et
o
[e)

atatatataa ‘a‘ataatal aatatatata atatataata taatatataa tatataatat 420
atatitaata ‘atitattaa ttattigtia atatttatt aatatataat atataatata 480
titag atat tataactata tattatalta *asttatata tattatatat atanaa‘tat 540

aattatatat tatatatact tataataiat at 572

<2127 2NA

<213+ Homo saplers

«227 misc_bindng
w222 i1 0357

<223 AR of human chromosome 1, genomic contig; 1842332 tc 1842688

<400:- 15
tatatctata latalctata “atatataatl a‘agataata ‘ctatatata taatatagat 50

aatattat:t alarataata tagataatat tatctalata taatatagat aatattatct 120
aratataa iy ttalatta’a t.la'atata tatalatat aaaatiatat tatatctata 160
tataatatay ateatat:ta talalaaala caaatatct atatatataa tatagatait 219
atctatatta tagataraga taatattatc ‘atattatag atattatcta tatataatat 300

agataatalt atctatatta tatatataat atatctatat tatctataat attatet 357

210> 14
<211 230

212> DINA
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SEL PCT ¢12.87125

<27 3» Homz sapiens

<22%> musc birding
«Z22> 1% 1 39%
«222> L1WR of human chromoesome 1. genarre centig. 230560 fo 23019688

P

«&i> 18

attatatara ata*atatia ta‘attatat atatcaayca gecagatataa tatataatat 60
a‘ataazata rataatatat atigtatatt atalaatata taatatatat aatatatatt 120
g.a:aitala taatatataa tatatataa’ atatatigta tattataaa tatataatat 180

atzlaataia lal'glatar tatataatat ataatatatg taatatatia tgtaatatat 240

A

taiataatat alatiatata ltatatataa tatatattat atataatata tattacataa 300

tatatraca’ atattacqgta atalatgtia tatattacat ataatatata acatatatta 360

al

cgtaa’atat gtaalatalt acatataata tatacaita 399

\

~ 20> 17

23> Homo sap'ens

<221> mec pindirg
“Zpdx (111394

«223> LVAR of human chromosume 1. ganomic contia; 2231759 to 2232152
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SEL PCT 0%2.8T45

<400 17
a‘atatactt a‘aaat:a‘a tacttatata taczataaa ttatatactt atatatactt 60

ataaattata tacttatata tacitataaa ttatatac atatatact ataaattata 120
taztiatata facttataaa ttatatactt atatatact: ataaattata tacttasata 180
iacttataan ttatatactt afaiaiaalt ataast'ata tactialata taattataaa 240
tta:atactt atatataat ataautiata tactiatata taattataaa ttatatactt 200
ata‘a‘aa’t ataaattata tacatatata taattataaa ‘tatatacat atataattat 360

asatatata caatataat ta*aaattat atac 294

<2115 287
<Z212%» ON#

<213> Homio sapiens

<22°> misz binding
224> )BT

<223> MAR cfhuman chremescme 1, genciric contig: 7408824 to 7406910

400> 1%
satatiatat ataaafata ttatatataa tatagataat atatattata tataatatat 60

anataAatala taaiatataa Ataatatata atatataata tataaataat atataaata 120
taacatataa ataaiatata taatatataa ataatatata taafatataa ataatatata 160
tastalalaa aaataataa tatalaatac atatataaa’ aatatazat attatataty 240
aacataata 'attataial aatatattat atgatacata atatattata tagaatatat 300
tatatgatac a'aataratl atatagaata taltataiga tacataatat attatatgat 360
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SEL PCT 012.8T25
acataatata ttatazataa tatatta 387
«<210> 19
<211> 3710
<212> DNA

<213» Homo sapians

<220>
<22 1> mis¢ pinding
<222> {77 370)

<223> AR cf human ckromosomea 1. genomic contig: 8399572 to 2306041

<400> 19
catata‘aca ‘atatacaca tatatacaca tatatataca catacatatg tacacatata GO

tatacacata tgtatacaca tataiacaca tatatacaca catatataca catatataca 120
cacatatata cacatatata cacatatata cacatataca catatataca catatataca 180
iatatacaca tatatataat atacacacat atatatacac atatatacac acatatatac  24C
acatatatac acalatatat acacatatat acacatatat acatatatac acatatata:  30C
acaiatatac acatataian atatatacac atalatacat atatacacac atatatacac 360

atacatatac 370

<2°0> 20
<211> 377
212> DNA

<213 Homa sapwns
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SEL PCT 012.5725
<221» migc_binding
<222> {11.(377}

<223> MAR of human chromosome 1. genomis centig; 12417411 t¢c 12417787

<400> 20
attatatata atacatataa ttatatatit atatataaat tataataaat acatataatt 60

aatatitat atatnaatia tatataataa atacatataa ttacatatat ttataaatta 120
faataaalac atataattac atatatttat atatgaatta tatataataa atacatataa 180
ttatatatat ttalatgtag attaiatata aatatatata atttatatat ataataatat 240
atataat'ia ta:atataat tatatatata ataaatatat ataatttata tatataatta 300
tatatataai aaatatataa taatatatat aatttatata tataattata tatataataa 360

atatatataa titatat 377

<210> 21
<21%> 1524
~2°2> DNA

<2413> Homo sapiens

«<221> misc hinding
<222> 01.17524%

=223> KMAR cf Fuman chromosome 1, genomic contig: 16433C7 to 1644830

<40Q0> 21
ia'aaaata ‘ataaatara taaatatata taaatatata aatatatata aatatatata 60

aatatataaa aatatataaa tatatataaa tatatataaa tatataaaaa cataaaaata 179
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SEL PCT 042,8T25
‘alatnaala tafataaa‘a tatanaaata tataaatata (@aatatata agaatataca 180

aatataiaaa tatatacata aatatatata aatatatata aatatataaa aatatatata 240
aataiataaa ta:atataaa taiatataaa tatatalaaa ‘atataaaaa tatatataaa 300
tatazaaa‘a tataaaaata tatataaata tataaatata taaatatata tagatatata  36C
aaiatataaa tanalatany tall'algaa iatatalgaa tatataaata (ataaaaaal 420
a‘atataaat a'staaatal atataaatat ataaalatat acatatatac ataiataaat 430
aaataaatat aagiattat gaatatatat gaatatataa alatataaaa aatatatata 540
aatatataaa tatatataaa ta'aaatata taaaaatata thaaaatata {ataaatata 500
aaatatata taaatatata aatatatata aatatatata aatataiaaa tatatatana 560
tatatataaa tatataaata ta'aaatata a'aaatata {olaaatata taaatatata 720
aatataaasa ta-aaatata ‘ataaatata tataaataia :aaatatata taaatatata 78C
taaatalaia tanatatata taaa:atata aatatatata aatatatata taaatatata 840
tagatataia aatatataan tatataaaaa talataacas taiatazata tatataanaa  2C0
-atataanaa *atataaata taaatatata taaaaatata tancaatata taaatataaa 050
talatataaa tatataaata taaatataaa aaataiatat aaatatataa atatatataa 102G
ata"a‘aaa g'ataaata: atataaaaat atataacaat atataaatat ataaatata® 1030
aacaaatat aaata‘ataa aaatatataa raatatataa alataaatat atataaaaat 1140
atataaraat atataaatat Aaaalatatat ataaatatat aaatataaat ataaaaaata 1200
atataaata :afasatata tatataaata tatataaata tataaatgta taaatalata 1260
taaatatata aatatataaa aatatataaa tatatatoaa tatatataaa tatataaata 132
inaaiatata aataiatata aatatataan ‘ataaatala {aaacatata faaatatata 1380
taaataaaca ta‘ataaaga tatataaaga tataaagaia tataaatata taaatatata  144C

aagatatdtg aatatataaa gatatataaa iatataaaga tatataaata tataaagata 1500

tataaarata a*atataaat ata: 1524
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SEL PCT 012.85T25

<212> homo sagiens

<221> misc_bi~diny
<022> {11 (B4

<223> MAR cf human chremesome 1. genomic contig; 13987€3 tc 1299426

400> 22
acacatatat atataaaata tatatatata cacacatata tataaaatat atatatatac 60

acacatatai atagaatata {atatacaca catatatata aaatatatat atacacacat 120
atatataaaa tatatatata cacacatata tataaaatat atatatacac acatatatat 180
gaaatatata tatacacaca tatatataaa atatatatat acacacatat atataaaata 240
tatatataca cacatatata laaaatalal atatacacac atatatataa aatatatata 300
tacacacata tatataaaat atafatatac acacatatat aaaatatata tatacacaca 350
latataaaat atatatatac acatatatat agaatatata tatacacata tatataaaat 420
a-atatacac acalatatat anaatatata tatacacaca tatatataaa atatatatat 480
acacatatat ataaaa‘ata tatatacaca 'atatataaa atatatatat atacacatat 540
atataaaata tatararaca catatatata aagtatatat atacacacat atatataaaa 600
tatatatata cacatatata taaaatatat atatacacat atatataaaa tatatatata 660

CACE 664
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SEL PCT 012.5T25

<212> Homo sapiens

<220>
<221> misc hinding

<222 i7:.11428)

<400> 23
aa:ttattat aiattatala Hatalatat tatatatatt atatattata tatattatat 60

atattatata {taiatatat tatatattat atatltatat ataatatata tctaatatat 120
ata‘zagata ‘aatalatat ctaatatata tatattttat atatataata tatctctaat 180
atatatatit :atatgiata taatatatct ctaatatata tatattttat atgtatataa 240
‘atatctcta alaiataial tttttalata ‘aatatalc! ctaatatata tattttatat 300
ataiaatata tatctaatat atataatata tatattagat atatataaaa tatatatgat 260
atattiatia tatatataa: atataatata taatalatat attatattat atacatatat 420
aftatataca atatatatta tatalattlt alatacatta atattatat atattttata 430
tacaatatat aitatatatt ‘tatatacaa tatataitat atatattita tatttitaia 540
tacaataial atlatatata ilttatatat aatatatatt atatatattt tatataatat 600
atatlatata -attttatat ataalatata ttatataaal tatatataat atatattata 660
atazaitala atattttiia tatatatant aigiattita tatataatat atlataatat 720
atattttata tataatatat tataatatat attitatala taatatatta taatatatat 780
titatatiat aatalatiat aatatatalt ttatataiua tatatiataa tatatatttt 840
atalataate tattataata tatattitat atataatata ttataatata tatattalaa 900
tatataittt atatataata tattatcata tatatattaa atatataftt tutatalaat 960
atattataat atatatatta {aatatatat tttatatata atatattata atatatatat 1020
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SEL PCT 212.8T25
-ataatatat atitiataia taataiatta taatatatat ittatatata atatattata 1089

atatatattt tata’ataal atatiataat atatatttta tatat’aatét aatatatatt 1140
itatatataa tataitataa tatatatttt atatataata tattataata tataitttat 1200
atataatata ttataatata tattttatat ataatatatt ataatatata ttttatatat 1260
aatatattat aatatatatt ‘tatatataa tatattataa tatataittt atatataata 1320
iatiataata tatatittat a‘ataatata itaattaaar itattaattt attaatiatt 1380

datat'att ataitattaa Haataatatl aiaaattult aatatata 1428

<210> 24
<211> 4R24
212> DNA

<214> [lomo sapisns

<223> MAR 1_€ of chromosome 1

<400> 24
ggatctiaan toiattttal dtatitattt tteatgigge caatacecte cacceootte B0

tietgtetct bnaactiat tgiggttace tgaggetac clgagacagt aggetigggt 120
gggoaagtat geattelauag tgtaaagtit gatgagettt gacaaatgt: aacccatgta 180
ceagaacatt fivatcasse atuaaatete cattgigtea cttgecagte agigictatt 240
atagtateea actectgget ccaagaadce attgaactgt ttictgteac tataaattag 300
aiglottt telagagtit catgtaaatq gaatcataca ctaagtactc tigigectg 369
gettcigete ageataatot tttgagaat cattcatget getgeatgtt ticagtagit 420
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SEL PCT 012.8T25
cattttitta aataggtgaa ttgtaactca ttctgtgaat ataccatatt ctgtettcca 480

Htatctgt: agtggatet: taggtogtit ctagittigg actattgcaa ataaagctge 540
ttaaatstt aatgeacaag ttitccatgt tcataigttt catitcactt aggaaaatac 800
ctaagagagg aattgcacat altaaaaaaa t'ttaaaaac tactaagctg ttctccaaaa 560
‘ggttgtaca attitiattc ccaagageaa tatgagtgtt taattgcice acattetcac 720
caanacttyg ‘gcitgtiag tittatsts atigitttca tgttatgic tglgaggcag 780
natigatgia catgtctetg agtoteatct tageggtgat getgagceatce agttcacgtc 840
ottataggec gtttgtatat ctgctitytg aaaigtctgt tcaaatctit tgectattit 900
aaaitgagtt gigttcgtct icitaggatt aagtaatgag ttaaaaatal tictgataca 960
aatcittcal ‘atatat'tc taatgctttc tcatctatag ttiattttct catattctit 1020
aacigtatct ttigaagage aaatttiact tttgattatg cecaatttat caagtittta 1080
tatggeictt trgattatge ceataatcac aitagacttt goctaacaca agtt:gcaga 1140
gatittitct tttatactit tatctagaaa tttgtaott ttagotitta asaaagtita 1200
atitatttat ttgagacagg gtattgcict ttacatatac tggagtucag tgatgeaatc 1280
alggctcact gcagectcaa cetcilggece tcaageggtt cicecatete agagiectga 1320
gtagctogee aggtgealge cageticaat gigtttttea tttgoalite cotgataatt 1280
attgacgtig agceattttit tcatatatca gttagctatt tgtacgtcett citttgagaa 1240
acatcratic gggicititg cccaltttaa agtcagatgq titgtttgte agctaitgag 1500
tigittgagt teotigtata ttetgoatat taccatettg teagatgeac agtttgoaaa 1560
ttttitttt ctattligta gutigtetet ttctetgtty ttteciceag tatgcagaag 1620
tttrttagtg tgagtaatt teatttgtet glttitgett tigttgectg tactttcita 1580
tiz!tatcca aaaaatcttt atctagaiea atotcacgaa yagtitctee ictgtittet 1740
tcgagtagtt tittataatt ttgggtatac atttaagtct ttaatctatt tggaattgat 1800
{titguatar gatyagagat cagagtctaa tftcatactt ttggatgtag aaagctagtt 1860
titragcac catttatiga agagactgic totintceaa tgtate'te! ttgtacettc 1920
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SEL PCT 012.8T25
gtcaaaaatc agitgaciot gyogtugatit atttetglgt tetctalltt gttccatigg 1680

‘ctagtitta gecttaaatt taggteigea atitttittt tittgtatat ggtatgaagt 2040
aagagtcaaa y'tcattatt tticalatgg atatgtaatt actccagtac catcattag 2100
‘ttgaatgua cigtcctttc tecatggaat tacatgggea tetiltgtct gaaaccaatt 2160
atgiatgtit acgtatgigt atgtitatge atatgttata ggtttaatat atattaatat 2220
atalaatata taatatataa atattaatat gtattatata atatatatia aiatatiata 2280
itatattact atataaalaa tattaatata tiatatiaaa ata'taataa atatatcatla 234C
itaaatalta taltaattaa atatlastaa atatatiata Htaatatatt tatatatiaa 2400
acriataaca tatgcatata ctiatliata tataacatyc atgtacttat ttatatatac 2460
aataiatatt tatatattat ataatatatt atatgtattt atatattata tatcatatat 2526
tatatgtat: tatatattat atalcatata atatatatat ‘tatattata tatattatat 258C
gataiataai attaiataat gtattaatat atattaaacc tatatttata attctggact 2840
cactatttty ittcatiggt gtetgtgigt atetaacccet atgocaataa tgtactatct 2700
taatiaccat agctttatag taagctiaa aatcagaiag tgtattttit atcattgitt 2730
taaaatlaa ‘agittatet Htattiga alttgtaatc agctagteag tttetgecaaa 2820
aagcttactg gyaditget tggaattatg Hacatclgt ageatgtact atccaaiatt 2880
ctagecitta lecacalgly getatiaagy tttaaattaa taaattaaa atttaattaa 2940
tlaaaattaq aacilaataa itggiccte aticacacta ccataigtca agtgticaat 3000
agecacatat gotcaatgic ltggaaaagt caatacagta catticcatt attgragtaa 3060
gtictgtcaa acagcactat cgtagaccga ttaggagaga actgacttaa cagtattgga 3120
‘getecagic aatgaacate ittt fcatttattt cagtagictc tgcagtatat 3180
tatagattic agtifacata tittgcatat atittattaa atgtataacg gtagaagtac 3240
‘aitattgca tgalgiglic tatagatgta titaggtca agttigttya tagtgtgtt 3300
taaalctegt alrccicttg attttiitat ttacttgtic tttgaatiac tgagacagga 3360
atg'tataic c'taactata titglyaatt taticacttc ttectteagt totgttaact 3420
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SEL PCT 912.8T25
gcttagg torcittttaa aaatgaaact ticaatotct gectttaat tgtageatitt 3480

agaccaitia caticaaigt aattatcaat atcagtttat ttaagtciga agttgigcaa 3540
tttecte! acctatatta tagatctttc talatacaaa acacatgcota tgtttictge 3600
atatgittia aatgacaccc ggaaagcatt gacactattt ttgctitagg ttatctitca 3660
aagaigttas aaatgagaaa gaaatatict gcatitatce atacactiat taittgcaaa 3720
ggttttitta aatacotitg tgtagattic agttaccaac tigtatttee ticagetiga 3780
agaacitaca atitcttgta ggacaggtct ctgacaacaa attaictcag citttctity 3840
totaaaaaag ‘tattgecit tatitt:naa atatatttic aciggatatt gaatitiagg 3200
igataaict! tttititttg ttagcactit aaatatgtct tctaatgtec teitgetttc 3960
atagittctg atgagaagte tactgitatt agtatctolt igigtgigtc teteittitt 42020
cccteictge tattatgget attttttitt ttttttitt ttttggteac tggigtcage 4080
aattaa‘ta tggtgtgect tggtatgttt tgtgtatgty totataigtg ‘gigtgtgtg 4140
tgtgtgtatg tagetgatgt tetttgagcet ttagaatcety tgagtitgta gtittzatca 4200
ati@atittl citttcatte ctitiattta cteatgltcg tgttitatt: tatattitta 4260

agaatitigt gcgtatiiat aataacigtt taaatgtcat ttgtgaattc caitgcttct 4320
aggtaggat ctatigacag atattittc ccigacgaga gglcatactt fecttatict 4380
‘catgtatet agtgaftit: catigaatac tggatattit gaatttiatg ggagtgctga 4440
attciacaa aticettaaa aatgigttgg attttgtitt agecagatagce tatc!tactt 4500
aaagatoaat ticatatiti ttgatgitca tittticalt tattaaagaa taggtecatg 4550
qtagagtita cigaiatcaa ccittetagt gtctetaata aatgcaacat atteaataag 4620

atce 4624

Q10> 28
219> 3618
«242> DNA

=213» Homuo sapiens
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SEL PCT 012.8725

<z227> misc hinding
<222> 11..(3616)

<zz23> MAR - 68 of chromosome 1

<Afg> 25
gacictagat tfataccaacc icataaaata agagcatata taaaagcaaa tgctettate 60

ttgcagatre ctgaastgay gaggcaagat cagittggca gttgaagcag ctggaatctg 120
caaftcagag aatctaagaa aagacaarcc tgaagagaga gacceagaaa cctagecagga 180
aittriccaa acattcaagg cigagggata aatgttacat gcacaggeoty agectecaga 240
ggetisicea ttageaacig ctacagitte adatiicag ggatcacaga tigigetace 360
tatiyeciac catcigaaaa cagttgettc clatattica tccagtttaa tattiattta 360
aacraagaag gitaatctgg caccagctat tecgttgtga gtggatgtga aagtaccaat 420
tccattctgt ttiactatta actatcctit gocttaatat gtatcagtag gtggcttgtt 480
golaggaaat attaaalgaa tggcatgttt cataggttat gtttaaagtt gttttttgag 540
ttaaatetit ct'taataat acttictga® glicuaaaaca cttagaagtc atgatatiga 600
acalztatut angotiogat ctaaaataqe ftoitaacrt Hoctaacea cigtittigt 660

ttgutgttt taactaage atceagtits ggaaatictg aattaggaga atcataazag 720
giitraiflz agolgggeca cafaagcaaa glaagatatc aaatigiaaa aategitaag 780
aactictaic ccateigaag tgtgggtiag gtaectctic tetgtgetec cttaacatce 840
atthiaict gtatatatat atattcttce aaataiccat gcatgggaaa aaaaatctga 900
icataaaaat atttlaggct gagaglagtg getcacgect gtaatcccag cactttggga 960
ggctgaggtg gacggatcat gaggicaaga gatcgagacce atcctgacca atatggtgaa 1020
acceratels tactaaagat acaaaactat fagctggacg tgatggeacyg tgectgtagt 1080
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SEL PCT 032.8T25
cecagetact cgggagycty aggcaugaga acggeityaa cccaggaggt ygagattgea 1140

g‘gagecigay alcgegncac tyeactecag celgggogac agagcegagac ictgicticaa 1200
aaaaaaaa-a ta‘atatata tatatataca catatatata taaaatatat atatatacac 1260
acatata‘at 2'azaatala iatarataca cacalatata tagaatatat atalatacaz 1320
acaia‘atat aaaatatata tatacacaca tatatataaa atatatatat acacacatat 1360
atataaaaia tatatataca cacatatata taaaatatat atatacacac a‘atatataa 1440
aatatata’a tacacdcats taiataaaat atatatatac acacatatat araaaatata 1500
tatatacaca catatataia anatata’at atacacacai atatataaaa talatatata 1580
cacacatata titsaaa‘at atatatacac acatatataa aatataiata iacacacata 1820
ta‘aaaatat atatatacac atatatataa aatatatata tacacatata tataaaatat 1680
aratacacac atatatataa aatatatata tacacacata tatataaaat atatatatac 1740
acataiatat aazatatata {aiacacata tatataaaat atatatatat acacatatat 1600
ataaaa‘ata tatacacaca ta'atataaa gtatatatat acacacatat atataaaata 1860
tatataiaca catatataia aaatatatat atacacatal atataaaata *atatataca 14920
catatatata azzatatata tatatatttt ttaaaatatt ccaattgtct cactttgtgg 1980
agacaaaaa gaag agtta gagatcaagt aactigooct acatetittc icaagattgt 2040
aaacicctag lyagcaataa ccacatc'te alltictity tataaaacaa gaaagtttag 2100
catyaavaag gtacicaat! acaaatoty! fagattgaat tgaagacec! tggaagggea 2170
Hitgtacct gagaatcetet trettttgace catattytic aatggacaaa atitagectt 2220
arjazanca( cegatt’an gttaatacta ectttaccac ttgatageta tgtgaccttg 2280
rnccatg-ggt ragcagic tgaaccteat totetgta tatgtatgat cetecitaca 2340
agttigtiaa anatgtgaaq tecttancea tgatagecea atataacaqs ctaaatgata 2400
ataggttiat gticttttce ‘tlarattct cagataaqca citecaagt tigaqggtntt  246Q

Inaga'nte glrizattty qattgtttaa glitatieta detitgass tottyaget 2520

N
(]
x
<

qlictqaags aghrawat gaacaaaaasc awecccaiit cantccaaac coLtaatian

(W)

Seite 2




SEL PCT 012.8T25
atatcattct tatgecatat ‘ataaccagt ttgagaatgt tecctetgtt attgeatita 2640

agtitcagcc tcacacagaa attcagcage caattctaa gecctaagea taaaatctgg 2700
g9taggaggy ggggaiggec igaagageag caltatgaat agcaccatta taattaatga 2760
tctctcagga agatttacaa tcacaggtag cagataaaac aaatagtact getictgcac 2820
ttceoetect tttattcget atgaaatitt atgggaaate agtecag'sa aaaatgtaag 2880
ctcttaatct ticccagaaa tectaccica ittgaigaai actitgaggg aatgaattag 2540
agcatttitt tctittatag tctacttcge atttacgaag tgaggacggt agettagget 3000
gecitggecaa ctgatgagaa ggtcagagqe atititagag acctetgttg tctitcattc 2060
aigticatt tccacaagge aagtaaitic caacaaalca gigictica’ tagtaataag 2120
altaitaaca acaataatag icatagtaac taticactga gagtccaita tatatcagge 2180
atictacaag glactitata tacatctyag taaacctcac acaattctac agggaggtat 3240
tictaiccce atttaacaaa taaggaaacy aagfccaagt aaattaactt gcccaagate 2200
gcacagatag tacctggcag aacaggaatt taaacctaaa fttgiccaac tccaaaagea 3360
accttetat! taitataaat gotgecteic attalcacat aftttatiat taacaacaac 3420
aaacatacca atiagcttaa gatacaatac aaccagataa tcatgatgac aacagtaatlt 3480
gttataciat tataataaaa agaigtttt gtatgitact ataafcttga atttyaatag 3540
aaatitgeat tictgaaace atgitcetgt catctaatat gatictatat ctattaaaat 3800

actactacat ¢tagag 3616

«210:- 28
«211> 4880
«212> DNA

<212» Hormo sariens

<220>

«<221> misc_binding
Suite 27



SEL PCT 012.8T25
<2225 (1..(4360)

<223> WAR 1 42 cf chremosome 1

<400> 28
gatccctiga ggicagtact ttaagaccag cetgaccaac atggtgaaac ceatctotac 60

taaaaataca aaaattagcc aggegiggty acgysgacct gtaaccccag ctactcagga 120
ggctgaggca caagaatcetc ttigaaccegg gaggoggagyg ttgcagigag ctgagattgt 180
gicactgeac ‘ceagecigg geaacagige cagacteiye citaaaaaaa aaaaaaaaaa 240
aaaaaaggce gggedcggty gotgacgect gtaatcecag cacittggga ggecgaggeg 300
ggiggatcat gaggtcagga gatcgagacc acagtgaaac cccgtctcaa ctaaaaatac 360
aaaaaattag ccgggeycgy iggtgggegs tigtagteoe agetactcag gaggotsagg 420
cagqagaats gegtgaacct gggaggeaga gettgeagia agocgagatg geaccactye 480
actccagect gggecgaaaga gtgagacice gictcaaaaa aaaaaaaaaa ttagetgggt 540
a:ggfggige gtacctgtaa teccagetac tegggagget gaggcaggag aatecettga 600
accigggangd cggaggttye agtgatetge cateotgica ctgeatcact acacteecage 620
ctgggtaaca gagegagact ctgtrtcaaa aaaaaaaaaa aaaaaaaaag ctogatgtga 720
iggtatgcac cagctgtagt cccagetact tgggaggetq agttgagagg attgectgag 780
ccagggasgt cgaggettca gggageeatg attatgecac eactecag cetgggecac 840
agagtgaaac ~l'cigtcan aaacaaaaaa acaaaanaac acagtyiott agatcttget 900
agacttagig atataattaa gaggccatta tggacagaac tgigcccect tccaaaattc 960
atalataaal atatataaat atatataaat atataaatat atataaatat ataaatatat 1020
aiaaala‘at aaatatatat aaatatataa atatatatas atatatataa atatataaza 1080
atatataaat afatataaat atatataaat atataaaaac ataaaaatat atataaatat 1140
a.atamatat alanaaatat ataaatatat aaatatataa aaatatacaa atatataaat 1200
alatacalaa alalatataa aatata’aa a'alataaaa atatatataa atatataaat 1260
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SEL PCT 012.5T2%
atalataaat ataralaaat atatataaat atataaaaat atatataaat atataaatat 1320

ataaaaa‘'at atataaatat ataaatatat azatatatat aaatasataa atatataaat 1380
aaata‘aay: atitaljaat aiatalgaat alataaatat ataaaasata (atalaaata 1440
‘ataaataia talanatata taaa‘alata catatataca tatataaata aataaatata 1500
aglatttalc aatatatalg aatatataaa tatataaaaa atatatataa atatataaat 15660
atala‘aaa: ataaatata: anaaatatat aaaaatatat ataaa‘atat aaatatatat 1620
aaatatataa aiatatataa atatatatza a'atataaat atatataaat atatataaar 1C80
aialaaalat a‘aaaatat alaaatala: ataaatalat aaatatataa atalaaatat 1740
alaaatatar a'adaratlat ataaatatat aaatalatat aaatatatat aaatatatat 1800
aaatatatat aaatalataa atatatulaa atatatatat aaatatatat aaatatataa 1860
a‘atataaa’ atataaaaat atataacaat atataaatat atatauaaat atataacaat 1929
atdlyaatal aaataiatat aaaaatatat aacaatatat aaatataaat atatataaat 1980
atataaata: aaatataaaa aatatatala aatatataaa tatatataaa tatataaatg 2040
{araaaiaia tatuaaaala tataacaata ataaatata taaatatata acaatatata 2700
aaaataad aalalataac aatatataaa tataaatata tatazasata tataacaata 2160
tatavataty watatatata taaatatata aatataaata tvaaaasatat atutaaatat 2220
ataaatatal atataaa‘a: atataaatat ataaatgtat aaatatatat aaatatatua 2280
atatataaaa atatataaa atata‘aaat atatataaat atataaatat aaatatutaa 27340
atatatataa atatataaat ataaatatat aaacatatat aaatatatat aaataaacat 2405
atataaagat aiataaagat atanagaiat atuaatatat aaatatataa agatatatna  246C
atatataaay atataiaaut atataaagat atataaatat ataaagatal alaaatataa 2520
diataaata tatauagata tataaatata atataaaaat atataaatat atattaaaaa 2580
tatatacata fAAatataty tatadttit wagatygyg tetegeteag ccacecacge 2640
tggagtycuag tggcatgage tnggctract gnaaceacig toteingggt ccaagraatt 2790
rictetcaqc cloecaagta aeigggatta caggeacctg ccatratooe cggetaattt 2760
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SEL PCT 012.5125
tigtatttta gtagagatgg agtttcacca tgttggecag gttggtcteg aattcctgac 2820

cicaggtgat ctgceggect cggoctecca gtgetgggat tacaggeatg agicaccacg 2880
cceagcecsta tatatatttt tgagacaage tetgigtete ccaggeigga gtgeageage 2940
atgatcatga ctracigtag cctagaccic cagggeteaa gtgattetee cacctcagee 3009
toccaagiag cigggattac aggeatgeac caccacasce agetaatitt igtttigtit 3060
igittggag acagaaicte teictgicac cecaggetgga gigsagtagt gtgatetcag 3120
ctcagtgeaa nctccacete ctgggticaa gtgattetea tgecteagee tectgagiag 3180
ctgggactas aggegtgage caccacgecc 1gataaatt! tgtattittt ititcagatg 3243
gagicteact cigloatact caggctggag tgeagiggeg tgatttiggt Haltgcaac 3300
ctetgettec tgggttcaag cgattciec: geotcagect ccagagiage tgggattaca 3360
ggegectgee accatgecca cotagctaac dtttttttt titttttga gatagagtet 3420
cactctgica cccagactgg agigeaatgg ggcgatattg geicactaca acctccacct 3480
cccaggtica agegaticic ctgectcage cicctgagia geigggaita caggtgggtg 3840
ccaccacgec agactaatar tigtattatt agtagagacg gggtttcace acattggtea 3500
ggctggtitc gaactcetgg ceicaggtga tetgecigec teggectece aaagtactgg 3660
gattacaggc atgagccact gcggctggec caattttige attttttigg tagagacggg 3720
ggtitcacta tgcticccag gelggtetca aacteetgga cicaagegat ctgectgtet 3780
cagcectceea aagtgraggg attacagtea tgagecacca ctgcacggee ccaaaattta 3840
ttatittat taitattatt attitttaga tggagtctec ttetgitgee agattggaat 3600

gcagtgecac gateteagst castgraacc teerccteet gggatcaagt gatteittt 2980
titttaagac ‘ctoictcan aanaaaagaa AaaaAaaana aatatatata tatatatata 420
tatacacyaa thtyggeca gycacagtga cttatgects taatcecage actttggaag  4GRO
agcegaggtg gntggatcac aagqtcagga gittgaqace agectggeca atatggtgaa 4140
accctgtcic tactaaaaaa tacaaaaatt agetoggent gotagsacga gectotaate 4200
ctggrtaste tcnaggetaa ggeagoagaa tegettaaac cogggaggea ganattgeag 4260
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SE[.PCT (12 87125
tgagccagga tegeatcact gzactezage cigggtaaca gageaagact otgtctcaaa 47220

aaacaaacaa aa’.naaacaa ascaaaataa ataacygtac aaaaltgaat atgocttitt 4280
gacictciaa argectcaga tocatitace ciggggatt! giociiteia gecccaccac 44410
catctoocst clggaagac: getgacoiat aaggataaag accagactct tgageaggea 4509
cttagggict “cetgeceat coctatceee aactcoecct cagtaatitt ggciactagt 4560
atttctccac atetgaggct atcgtgagte teccttecagt ggteatqaag gacaaggtiy 4620

gagaagtitg cecteqigan toigatgaqg gatigggtgg 46€0

<2 12> Here eapiens

R
X9
1Y)
—2

v

> msi kinding

7

M2
I
AW ]
v

T 1354;

)
Mo

%> MAR X 8§29 of chromosome X

400> 7
cateccltia taaaaccaca atalaatgga gtgetataat ttcaaacagt gtitggtctg  6C

rtggeagagt ggtcaticta acagragtea cagtagagta gaaataagac tgcagtatat  12C
ctaaggcaaa aagclgagat tteaggagct tyaaggtaaa gaggaagaaa gaaatgagaa 180
tgcgaattan aaagacaaat atogitaaga gaanattgcet titaggagag gagaaagaat 240
ctatgiglas taagactar gqaaicaats ccatttaaqe taggaaasta giticatata 300
taartaataa 2-ttattia cagaatatct atttazctqa tctaggetic aagecaaagg 360
gaciyglgiga asaaccatua gtictgtcat attoctaaaa aaaaaitaaa aagttaaaaa 420
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SEL PCT 012.8725
taaataaata ataaaactic ttitctitca aaataatcaa ggtacttatt cacatccatt 480

ccaalttggg gaaatactta titicctatg attagcgaag agaaaagtaa citgcatitc 540
aaticaagh gatacalgic actiitaaga ggtcaactaa tatitgctag ttgagctaac €00
catataggr! t:aaatactt catagtaga aagaaaatga aaatcattag tgaactgtat €60
aaaatagatc ata:'fittg aaagaatcag actgaagtit ccgaaaaaaa gaagtaagct 720
tcaatgaaaa gglaagtgaa ittagceaitt actcageate tactatggac ttaacaccta 780
acaglagata artgaagge aaacatatti gtatagagac tgeagaaiga tagatgataa 840
aatcatcte ttoratitya ayaatattt titcaaatst tiwacacaca gtqgittger 900
a:gyaaagat ttatagtaca traaacaaat ctgaagatgg agttagaaag cttaggetat €60
gttitgagca caacatataa ttictetgtg attgittett calclticaa atgaggttac 1020
tgtanagat’ aaatgagata actaaatgat gataaaataa tgtaatctta gcageacctt 1080
atttaatcig tycaacaact clgigaagtg agtaggycte agoticagic actictetge 1149
cattaltaa viaagatagt iyyaaaatit acccatete: teagcelytaa aatgatgagy 1200
alcatacsia Wiatgyyg olycttitag gtacaaatat acaggraage actifgitaa 260
tactaaagca ttacaccaat tagittiact cliticcatt cacacatgaa attaatglaa 1320
icagaatict gragatiacc taaatctict gitancacgt gatatgragt tragattaaa 1380
tgtcayiga y'taccaaag cacatacata cicaccacce talccaaate tacaagectic 1440
cranittaete ltcantatt tagt-aaatt aatatyaatt cctagatyaa aatitcacty 1500
atetaaatya aatanailaal atattacaaa acicacacct graatetcaa catitipgaa 1560
gacuaaggea ggragatcars ttgagaceag gagitcaaga ccagestgat caacatagglg 1620
aaacccigte telastaaaa atacaaaaat tagccaqyty taatygeatg tucctgtagt 1680
cctacctact caggaggety aggeacaaga atcgettgaa tytgggaygat yyaggitgea 1740
gtgaccigag atogiyccac tgeactccag cetaggcaac ayagtgayat catgtytcat 1800
atatatatat ~‘atatatat ataiatatat atatatatac acacacacac acatatatat 1360

atacacafai aiatacgral a'a’atatat gtatatatat acatatatat acatatatat 1920
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SEL PCT 012.5T25
atatacgtat atatatacgt atatatatat caatgtaaat tatitgggaa a‘tiggtatg 1980

aa:agtctic cotgtgaaca cagatcataa aalcatatat caagcagaca aataagtagt 2040
agtcacttat atqcttatac {tgtaacita aagtaaaaga attacaaaag catatgacaa 2100
agactaattt taagatatcc taatitaaat tgtttictaa aagigtgtat accatittac 2160
ctaicatatg aa‘aatttag aaacatgiit ataaaattaa talccaaate cattcaaaag 2220
titigtaalg cagatcacce acaacaacaa agaatcctag ccialtaaaa aagcaacacc 2280
acctacatal aatgaaatat tageageate tatgtaacca aagttacaca gigaatitqg 2340
gcoatecaac actttgagea aaqgtgitgaa ftcatcaaal gaatgigtaa {catttactt 2400
aclaatgosa atacactitia aggiaatctt aagtagaaga gatagagttt agaatitttt 2460
aaattiat! cttgtigtaa agcaatagac tigaataaat azattagaag aatcagtcat 2520
tcaagccacc agagtatilg alcgagatt cacaaactct aactitciga tacccattct 2580
cceaaaaacq Igtaacctee tgicgatagg aacaacccac tgcagqggaig itcteqtgg 2640
aaaaaggaaa fitctttige attggitica gacctaactg gitacaagaa aaaccaaagy 2700
ccatigeaca atgetgaagt actittitca aatttaaaat ttgaaagtig ‘tecttaaaat 2760
ctatcalia itt:aaaata cggatgaatyg agaaageata gatttgataa agtgaatict 2820
titctgeaar ctacagacac ttccanaaat cactacagac actacagaca ctacagaaaa 2880
‘zataaataa acaaqlgcia gtatcaatat (taccaaa aaatggceatt cttagaattt 2940
ttataggcet agaagqa'ity 1acaaastaa {cigecacgg atttlaaaat atgagtgaat 3000
aaattatatt gcaaaaaaaa tcaggtiaca gagaactgac aaggaagact cttatgtaaa 3060
acacagaaaa catacaaaac glattittaa gacaaataaa aacagaactt gtacctcaga 3120
tgatactgga gaitgtgtig acaizitage attatcactg fcttgctaaa acataaaaat 3180
aaaaagatyg aagatgaaat tacaatacaa atgatgattt aaacatataa aaggaaaata 3240
aaaatigtic igaccaacta claaaggaag acctactaaa gatalgccat ccagcacatt 3300
gceactctac atgtggtetg taaaccagea geatagggat coictageta gagt 3354

<210> 78
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SEL PCT (12,8725
<211> 677
<212> DNA

<212> Homao sapiens

<ZZ1> misc_binding
=222> {11.4677)

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

<400> 28
‘tatatagta tata'aatag tatatatiat atagiataca taatagtata tattatatag €0

tatacataat agtatatat: ataatataca taaitgtata tatcatatag tatacattat 120
agiatatatc atatagtata cattatagta tatatcatat agtatacat! atatagtata 180
tatcatatag tatacattat agtatatatc atatagtata cattatagta tatatcatat 2490
agtataccta atagtatata tcatatagta tacgtaatay tatatatcat atagtatacg  3C0
taatagtata tatcatatag ‘atacgtaat agtatatatc atatagtata cglaatagta 3690
tatatcatal agiatacyta atagtatata tcatatagta tacgtaatag tatatatcat 420
atagtatacy taatagtala taizatatag tetacgtaat agtatatatc atatagtata 480
taltatatag -atatatcat alagtatata ltatatagta tataicatat agiatatatt 540
aiatagialz tatcatatag tatataitat alagiatata teataiagta tatatantag  G0C
latatatcal atagtatata taatagtata tatcatatag tatatatact atactatatt 6680

atatatagia iacataa 677

<211> 332

<272> DNA



SELPCT 012.8T25

<213> Homo sapiers

<221> misc_kinding
222> {11.1332)

«223> MAR of chremrosomre 7 genomec contig' 13079€84..1:080015

400> 25
iaattatat ‘atatatatt atataatiat atattaatat ataliaatta tattatatat €0

atatalaat tatatatiaa talatattaa ttatattata tatattatat aattatatat 120
taatatatat taattatatt atafatatta tataattata tattaatata tattaattat 180
atatalata ‘tatatatta laattatata itatataalt ataatatata tgttaatata 240
atatatataa ttaatatata attaaaacta tttaattata tgtatattal atataatatg 300

taitatttaa ataataaata tattatttat at 332

<2°0» 20
<211 479
<212 DNA

<Z12» Homo sapers

220>
<221> misc_tirding
<227 (147G

<222~ K Ar of chromosome 1 genomic contig: 15682265..16682774

<400> 30
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SEL PCT 012.5T25
acaagtacat atatatatag iatatatata caagtacata tatatagtat atatatatat 60

acaagtaca® atatatagta tatatatata tacaagtaca tatatatagt aiatatatat 120
acaagtaca: atatutagta tatatatata caagtacata tatatatagt atatatatat 180
acaagtacat a‘atatagta tatatatata caagtacata tatatatagt atatatatat 240
acaagtacat atatatag'a tatatatata caagtacata tatatatagt atatatatat 300
acaagtacat a*atatatag tatatatata tacaagtaca tatatatata gtatatatat 360
atacaagtac atatatatag tatatataca tatatacaag tacatatata tagtgtatat 420

atatatatac aagtacatat atatacttgt attagtatat atatatatat atacaagta 47¢

<7210> 31
«211> 531
212> DNA

13> Homc saniaors

221> m'sz binding
222> (1:.i5331;

<223>» MAr of chremoscme 1 genoinic contig; 156894611..15695141

400> 31
tataatatat alaatacata atagatatat tataitatat aatagatata taattataaa 60

cataataata tataaigaat ataatataaa ataaatataa taaaatatat aatatatcta 120
ttaigtatta tataitatat atgtttatat ataatataat tatatatgtt tatatataat 180
ataattatat atgittaiat ataatalaat tatatattat atattataga tataatatat 240
aatatactat atattataga tataaiatat aatatactat atattataga tataatatat 300
aatatactat atattataga tataatatat aatatactat atatiataga tatastatat 360

Seite 36



SCL PCT 012.5T25
aatatactat ata‘tataga tataatatat aatatatatt atatattata gatataatat 420

ataatatatt atataitata tciatataia atatattgta tattatatat aatatatigt 480

atattatata taata:atly tatattatat ataatatlatt gtatattata t 531

<2th> 32
21> 378
<212> DNA

=293> Horw sapens

<220
227> misz_inding
<2225 1378

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

<400 32
ttatattata lalcitacat aaattatata 1alatattac ataaattata tacaatataa 80

attatataca atataatita tatataaaat ataaattata taaataattt atataiaaaa 120
tataaaltat a’aaataatt tatatataaa atataaatta tgtataaaat tatatataa 180
aatataaatt gtorataaaa ttatatataa aatataaati gtotataaaa titatatata 240

aaataiaaat ialezataat ttatatatta taatataaat tatatataat atatatcata 300

Aaatamaar iat2ataat atatatcata agotataaat tatatataat atatateata 360
aqatataaaa ‘a‘ataat 378
~210» 33

©213> romo sapisns
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SEL PCT 012.5725

<220
%22 ist_binding

<222 {1} (505

<223» MAER «f chremeseme 1 gercmic contigr 3326732 .332732€

<400> 33
agAaatataia aatalatata aaaatatata aaaatatata aatatatata aaaatatata 60

aatatatata aa-atatata aaantatata aatatatata aatafatata aaatatataa 120
atatatalaa aatatatata aatatatala aatatatata anaatalaaa tatatataaa 180
aatatanata talataaata tatataaaaa tataaalata tataaatata tataaatata 240
‘aaatatata tanalalaia taaatatata aatatatata aalalatata aatatatata 300
aatatataaa tatataaaaa tatatataaa talataaata tatataaata tataaatata 3690
taaaaatala tataaatata taaatatata tanatatala tanatatata tataaatata 420¢
tataaatata tatatatata aatala‘a‘a aatatatata taaatatata taaatatata 480
atatatata taaatatala taaatatata taantatata ‘ataaatata tataaatata 540

tataaatata tatataaala tatataaata tatatataaa tatatataaa tatat 595

«211> 7138
<212> DNA

<213> Homo sapiens

<221> misc_vinding

222> [N 1T3%
Seijte 3%




SEL PCT 82.8725

<223> NAR of chromosome 1 genomic contig; 44857 15..4486453

<400~ 34
ataatagata atatatatta taigatagat atataatata ttatataaia tataatatat &€

tatatatcta icaialaata tatataatat ataatatatt atataictat catataatat 120
aatatatata atatataata tatatcatat tatattgtat ataatatata tcatattata 180
rgtatataa tatatatcat attatatigt atataatata taicatatta tattgtatat 240
astatatatc awaftalatt glatataata tatatcatat talattgtat ataalatata 300
icataltata ttgiatataa tatatatcat attalatigt alataatata tatcataita 360
tattgtatal aatatatatc atattatatt gtatataata tatatcatat tatattgtat 420
aiaatatata tcatattata figtatataa tatatatca: attatatigt atataatata 480
ia‘catatta tatigtatat aatata:atc atatatiatc taltatattg tatataatat 540
atattalata itatctatta taitgtatat aatatatatt atatattatce tattataity 6CO
tatataatat atattatata tatctatta tattgtatat aatatataat aaatatagta 650

tatataatag ataatatata gtatatatga tatattaiat ataciatata ttatatatca 720

tatatactat a*actata 738

<210> 38
<211> 386
<212> DNA

<?13> Hcmo saniers

<220
<2271> misc binding
<222> (1)..(388)

<223> MAR cof chromosome 1 genomic contig; 5423C67..5423452
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SEL PCT 012.8T25

<4Q0> 35
tamatalata aaaalatata taaaaatata aaaatatita tataaatata taaaaatatt 60

iatataaata tataaatata taaa‘atata tttatataaa tatataaata tataaatata 129
‘aaatatata ittatataaa tatataaata tatatitata taaatatata aatatatata 180
aaatatataa atatatattt atataaatat ataaatatat ataaaatata taaatatata 240
tattt:atat aaatata’aa atatatataa aatatataaa tatatatatt ttatataaat 300
atataaatat atataaaata talaaatata tatattitat atatttatat ataiaaatac 360

atatattica tatatcacat atatga 386

<210> 33
<211> 584
<212> DNA

<213> rlomoe sapiens

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

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

<40(0> 33
taaalattt tanaatatat atattiiata atatataaft tatattataa tgtgtacata 60

atatatatta taatataata {atataatac tgtatattat attatatata ttataatata 120
iattaitata tattatatta tatataatat aaiatatatt ataatatatt atattataca 180
tattataatg tattataata tatattatat tatatatiat aatatatatt atattatata 240
ttataatata fattatatia tatatiataa tatatattat aitatattat atatattata 300
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SEL PCT 012 ST25
atacatatta taatacata‘ tatataatat attataatat gtattataat acatattata 3¢€0

iaatatatta taatataiia tatataataa tatattataa tacatattat atataatata 420
tatiatgtat atlatatata atatatatta caatgtatat tatgtatatt atatatatta 480
tatatcatat aatatatatt atatataata tgatatataa tatatattat ataatatatt 540

atatgatata tataatatgt attacatgta atatatatca taat 584

«210> 37
<211> 345
<212> DNA

«213> Hon > sapiens

<220>
221> misc hindirg
<222> {1)..(345}

<223> MAR of chromosome 1 genomic contig; 10802644..10802888

<400> 37
igtatatata tactatatat atactatata tatagigtat atatatacta tatatatact 60

a‘atatatag totatatala tactatatat atagiatata gtatatatag taatatatat 120
atataygtata tatatacact atatatagta tatatagtat atatatattg tgtatatagt 180
atatatatag tototatata gtatatatat attgtatata tagtatatat attgtgtata 240

tatagtatat atataglata tatagtatat atagtatata tatagiatat atatactata 300

tfatatagtat atatatattg tatatatata ctatatatat agtat 345

<210> 38
211> 474

<212> DNA
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SEL PCT 012 .8T25

<212> Hamo sapiens

<220>
<221> nisc_binding
<222> A7

<223> "JAR of chrarmpsome t ganomic contig; 13495458, 13406041

430> 3R
atasatata taatataa‘t acaictatas ‘tatatatta tatataatat aattatatat 50

c‘ataattat ataltatata taatatatat tatatataat atataatta! atataattta 120
tataatataa tatataatat ataatiatat ataattatat aatataalat ataatatata 150
atta‘ataly u'tl atatas tataatatat aatatataa tatatatatt tatataarat 240
aattatatzt natatataat tatatataat ttatataata taattatata taatatataa 300
tratatataa t:tata'aa: ataaiatat ataattatat altatatata amttatataa 250
tataat'a's tatm atatat aasttatatat aatatataat tatatataat tatatataat 420

atataattat atataattta tataatataa ttatatatta tatatatiat atat 474

<210 -
A e
<21Z2> DNA

«253> Hano sapians

~ 200>
<22%> misc binding
~222> .71 4483

222> KAR of cliromnsoma 1 genoamic contig: 2509153, 2500545
Saite £2




SEI PCT 012.8725

<~400> 39
caaaatacat antatataat agtattatat aatagtatgt atagttataa {atatagtat 60

aat:acaata tatgatatgg titatatatt atatatagta taatataata taacataata 120
ctaftataat atataaacta tataatatat actattataa tatatgaact attataatat 18U

ataaactata tatnatatat aatatgtact attataatat ataaactatt alaatataat 240
atataaacta ttataataca taaactalta taatatatat aataciatgt atacatatat 200
tacaitatgt acatactaca ttatgtalta tgtatgtata tatacacaaa atacataata 360
tataatagta ttatataala glatatatag ttataatata lagiataait acaatatata 420

atatygitta tatattatat atagtataat acaatataac ataatactat (atatataaa 480

cia 483

<21C> 40
<2*1> 641
<z*Z2» DNA

<213> Homo sapiens

w220
<22%» misc_kirding
<222> (1) (R4

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

<400 40
fgilatatat atataacaia gataitatat atacatgita tatatataac atagatatta 60

tata'aratg ttatatatat aacatagata ttatatatat aacatagata ttatatatac 120
aigtiatata {aaca’aga? attatata‘a calgtlatat ataacagata ttatatatac 180
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SEL PCT 042 ST25&
atgtatata taacatagatl attatatatg talgtiatat ataacataga tattatatat 240

gtitatataa *atataacat algtitaaca tatataatat alaacatgtt latataatat - 200
ataaca’aa’ ‘atatgttat atatgatata aaacatatat attatatacg ttatatgtaa 800
tatataacat atattgtata cgttatatgt aataiataac atatatigta tacgttatat 420

gaatatata acalatattg tatacgttat algiaatata taacatatat \gnatacgtt 480
atatgiaata 1atzacatat atigtatacg ttalatgtaa tatgtaacat atatictata 540

cgttatatgt aata:jtaa’ alataataca tataacaigt alalataaca ‘ataigzata 600

‘aacatalat ataacatala taacatatat gttatatat a 541

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

<213> Homo sapiens

<221> m's¢_hraiing
<222> {1)..{745)

223> MAR ¢f chromesome 1 genomig contig: 7858702 2856447

<4CG> 41
atattatal atgiaataat afatratata tMataigta titgtatatg taataatata 40

tatataataa nalntgtaat aatataiaat atatitatat ataaatatat tatattatat 120
atfattat: atnllataa talaatatal atilalatta tatattataa atatatatla 180
‘ataatarat attniaazia tatattatat aatatatatt ataaatatat attatattat 240
atattataza tata:attat ataa‘aata tiataaatar atattatata atatata’ta 200
taantutata ttarasiat aatatatatt ttigtatatt atatattaia tattataaat 360
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SEL PCT 012.8T2¢&
attattata: tialaatata ttatataftt tatatataat atatgatata tattataaat 420

2tatcitata aatatatata titatatata tatettataa atatatanat ataaalatat 480
aatataatat aatataatat aataaatata atatataata tatataaiat ataataaata 540
‘aataaatat aaatataica tataaatata aatataaata taaatatatc atataaatat €00
aiatattiat atgatatatt atagtatata taaatatait tatatattat aaaatattta €60
ia‘aataat aattataala tatttatata tataaattaa ctaatatata taaactaata 720

taatataira tgisataata tagta 745

<211> 307
12}'2’\ DN'A

<213> Homo sapisrs

<220>
<221> misc_binding

222> 113..0307)

A

«223> NMAR of chromosome 1 gencmic contig; 945522..945828

<400> 42
calatataat atatattacce fatgttatat aggtcatata taacataaat ata‘tacata 60

:atgtaatat ataitanata taaatatata acatatatgt gtaactatat atotaaatat 120
Jtacatatac atatatgytaa atatataata tatatttaca ttatattata taatatatat 180
ttacattata tattiatata tacattatat atatttacat tataaawait tatataatat 240
atatttacat tatattacat tatataaaat acaatatatt acattataat acattataac 300
aga:aas 307

<710> 43
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211>
<242>

<213>

22203

Teen?

222>

357

DNA

amnoe sapiers

misz_binding

(7303971

SEL PCT 012.5T25

223> MAR of chremosome 1 genomic contig; 3402743..340309¢

400>

43

aaiattaiat taaatatnat atattaatat ttaatatatt taatataata ttaaataaat 50

atattataan taaatiataa tatataaata tatattatgt atttatgtat aatatataaa 120

aatiatatat aatatarata titttataaa tatataaata tataataaat aaatatatta 180

antaaataal aatalaltaa atatiaatat altaaatalt atetattaaa tataatalgt 240

aatatganat atattanata tiatatatta aatataatat ataatgtgaa atatattaaa 300

laltaialat taaatataat atataatatg aaatatatta aatattatat attaaat 357

44

32

%]

DNA

> Home sapiens

> misc_ binding

~ e

(1:.{323)

<223» AR of cnromaesame 1 genomic cantig; 3485830..3486152
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SEL PCT 072.5T28

=400> £4
atatatag actataialt ;atatattta gigtatttyt atactatata tttatatagt €0

tagtatattt gtatactata tatttatata tttagtatat ttgtatacta tatatttata 120
taltiagaat 4itigiatac tatatatita tata'tiagt atattgtat actatatatt 180
tagtatattt gtatactata tafttazata tttagtatat tigtatacta {atatttata 240
tatitagtat att:atatac tatatactta tatatitagt atatttatat actatatact 300

tatatattta gtatattiat ata 323

<210> 45
211> 498
<212> DNA

<213> temoe sapiers

220>
<221> misc binding
«222> {1 {428}

<223> AR aof chromoescme 1 genomic contig; 3548338..3548833

400> 45
aatattact ataitgttaa tataaitait atataatata atataattat atcactatta 60

ttaiaitata gtaliaaiat aatagtgtat aacattaata taataiagta ttaatataat *20
agcgtataac altaatataa tatagtatia atataatage gtataacatt aatataatat 180
agiattaata taatagtgta tattaatata atatagtatt aatatataat attaatataa 240
tatatcaata taatugtata taa‘alaata taatataica atatratagt atataatata 300
atataatata tcaatataat agtatataat ataatataat atatcaatat aatagtatat 3860
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SEL PCT 012.8T25
aatattaata taatataata {caatataat agtataiaat attaatatat taatataata 420

g'atataata ttaatgtaat ataatattaa cataatgtat ataataatat aatagtatat 480

astactania taatalaa 498

210> 45
214> 400
212> DNA

=213> tlomo sapiens

<220>

~221> misc_hirding

v

« 222

{1 (400}

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

<400> 48
aantalatia ta‘tatatal tatatattat tcaatatact ataatatata ttatatatgt 60

ttaatacaar atataata:l tacatatatt cccattiatt tatataacat atattatatg 120
atattatata Hactccata taatataala faftatacat aatatattac tcagtataat 180
acataatata tataatatat tactcggtat aatalataat attatatgtt atgcaatata 240
atatataata tatatataa tacattatic aatataatat ataatattat atataataca 300
ttaltcaata taatatataa tacactattc aatataatat acaatattat atataataca 360

ttattcaata taatatata: ;atataatat atatatttat 400

<710> 47
<2711>» 403
<712> DMA

<273> Homo sabiens
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SEL PCT 012.8T25

<220>

<221> misc_binding

<222> (1)..(403)

<223> MAr of chromosome 1 genomic contig; 7205509..7205911

<400> 47
agtatatata tgigtatata tatgagtata tatatgtgta tatatatgag tatatatatg 60

tgtatatata tgagtatata tatgtgtata tatatgagta tatatatgtg tatatatatg 120
agtatatata tgigtatata tatgagtata tatatgtgta tatatatgag tatatatatg 180
{gtatatata {gagtatata tatgtigtata talgagtata tatatgigta tatatgagta 240
tatatatatg tgtatatatg tgagtatata tatgtgtata tatatgagta tatatgtgta 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_binding

<222> (1)..(309)

<223> MAR of chromosome 1 genomic contig; 7507280..7507588

<400> 48
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SEL PCT 012.5T25
tataaaatat atattatta tataitatat ataaaatata tattatatta tatatiatag 60

alataaiaaa laaataata: alaatatatt atataattat ttatacataa ttatatataa 120
ttatatgtaa ttgtacaatt atatataatt atatacaatt atacacataa ttatatacaa 180
ttatacaat: ataracataa itatatatat aatatacata attatatatt aa'tatacaa 240
ttatataca: aatta:atat aatatacaa ttatatacat aattattatg tatattatat 300

tatataata 308

«212> INA

<213> Hemao sagiers

<220>
<221> misc_binding
«222> 111518}

«223> MAR of chromosome 1 genomic contig; 3581085..3581600

<400> 49
afatatatat atatatatat atl:atatat atatatatta atatatatta tatataaaaa 60

tatataaaat tatatatatl aaitiaiata talaaaaata iataaaatit atatatataa  12C
ittatatata taraaatata taaaatitat atatataatt tatatatata aaaatatata 180
aaatitatz: alataaida atalataaa aatatataaa atttatatat ataatttata 240
‘atataaaaa {atataaaat ltatatatat aatttatata tataaaaata tataaaattt 30C
atatatataa 'talatata taaaatatat aaattatata tataattata tatataatat 360
aaaattatal ataiaattat atatataata inaaattata tatataatia tatatataat 420

atagaatiat alatatally tatatatata aaatatacaa aatitatata tataaaatat 480
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SEL PCT D12.8T25
aaaata‘aca taaaaalaaa satatataat ttatat

)
[

LR TIERE
<Z211> 534
<Z217> [NA

<212> ['Zmo sapiens

<221 misC birding
B Al sERA

e

<203 PIAR clchromosome | genomic contiar 3084851 3085384

<400> GO
atataatata tatoactaia tattttala! tatatictat ticaatagaa tatttatatt 60

datzlata atantata taatialata ‘ntaataata tataatatat antatatatt 120
taraitxta titatatt atitt’atat tHtataltat atittattat atatattata 180

alaaaat a'atatynaa taalatala tatattataa (atataatta tatatgeaat 240
aztala’tat alaltataal atataattat atatgeaata atatattata gattataata 300
tatantiala tatgcaaraa tatatiatat attatatatt agataatata ttaatatata 360
‘iathacata 1natatataa cataiaatat ataataiatt atctaatata taatataaca 420
tatanatat gatatattat ataatatau attucatata taatatatio tautatataa 480

tataralat at:ticaaaa agagytiaict gtatataata catatatata neat 534

A

<21~ 52

<2712 TINA

2213

3 Home sapiors
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SEL PCT 012.8T25

«220>
«221> misc_pindirg
<222> i11..(283!

«222> MAR cf chromoasome 1 gencmis contig: 1600€7..160669

<400> 51
tasttatata aaatatataa aatatattat atataaatat attatatata atatatttat 60

atattataca atatatttat atattatata taatatatlt tatataatat acataatata 120
itiatatat tatatataat atattttata tataatgtac aatatattit atatattata 180
tataatatat tttatatata ctatacaata iattitatat attatatatt ttatatatat 2490
tittcatgta acatatatat titatatata atatatatac catatataat atattttata 300
tataatatat ataccataia taatatatit tatatataat atglatatca tatatagtat 360
attitatata ‘aatagytat accatatata aiatatitta latataatag gtataacata 420
tataa‘aiat ‘latatata a‘atgtatac catatataat a‘attttata tattatagat 480
acoalalgia atatacttta tatataatat agataccata tgtaatatac tatatata 540

atatagatac cataigtaat atacttiata tataatatag ata 583

<210> 52
21> 314
<212> DNA

272> llemo sapiens

220>
221> misc_binding

«222> (110294}
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SELPCT D12 85728

<223> MAR of chromosoime 1 geno'ric contig; 4350424. 4350737

<400> 52
tatgtotata taaatatatg tatatatgtg tatataaata tatataaata tatgtatata 60

tatatatata catatatita tatataaata tatgcatata tttatatata aaatatatge 120

ataratotat atata‘aasa tatataca‘a tatgtatata tataaaatat atacatatat 180
gtataiatat aaaatatata catatatgta tatatataaa atatatacat atatgtatat 240
atataaaata tatacatata tgtaiatata taaaaiatat acatatatit atatatataa 300

aataccaagi cita 314

«211> 828
<212> DNA

<213> Homo sapiens

<221> msc_bhinding
<222> i1),.7828)

<223> MAR of chromosoime 1 genoinic contig; 8443267..6444094

<400> 03
tattataiaa ttatatatac tatataatla tataatatat agttatatag tatatataal 60

aatalaata tatactaiag tatatataat atatataata tatactatag tatatataat 120
atataatiat atataatata ‘ataatatag tatatattat atatataita tatatatata 180

atatatatat aatataiata atatagtata tataatatat aattatatat aatatataat 240
atagtata’a taaiatataa talatatata atiaatact ataatatala taataiataa 300
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SEL PCT 012.8T25
itatatatia tatactatag fatatattat taiatataat agatataata iatataatta 360

ttatataata tagtaiatat aatatataat tatataiaat agatataa:a taatataatt 420
alatataala lagiatatat aatalataat tataltatat tatatataal atataattat 480
aatatataai tataitatat aataiataia atatataatt atattatata attatattat 540
alaatatata taatatataa ttatattata taatatatat aatatataat tatattatat 660
aatata'ata atatataatt atatiatata atatatataa tatatastta tattatataa G660
tatatataat atataatiat atatiatata taatatagta tatataatar gtaattatat 720
atcatataat atataacatt g:atataata tataattaca taftataiaa t¢tatataai 780

atataattat atacattala taatatagla 1ataattata tattaic: 828

<210> 54
211> E72
<212> DNA

<213> Homo sapiens

<22°> misc_kinding
<222> {** (573)

<223> WAKR of chromasome 1 genomic contig: 8703190..8703762

<400> 54
tatatiatat ataaaatata catataatat acciataata tacataiaat atataatata 60

aialgiac atataatata catataatat atataatata taatgiacat ataatataca 120
tatnatatal gttatalatt atatataaaa tataggatat atataatata gaatatatat 180
acta.attg atatataaga ‘atataatat atagtatata iactatataa tatataatat 240
ataglata‘a taatatalaa tatagaatat atatacqata tataatatag aatataggat 300
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SEL PCT 012.5T25
atatatagaa tatacatata taatatgtat atattatata ttatattata tattatataa 360

aaatatataa tatataatai aaaaatatat tatatattat ataatalaaa atataitata 420
tattatata* tatataatat amaatatatlt atatattaia tatiatatat aaaatatatt 480
atatattata tat‘atatat aaaaatatat “atatattat atattatata taaaaatata 540

ttatataita tatataaaaa tatatattat tac 573

«<210> 55
<211> /47
<212> DNA

<213> Home sapiens

«220>
«z2%> misc_binding
«227> {11..{587)

<723> MAR of chromeseTe 1 geromic contig: 8818076, 8818672

<400> 55
acatatctta tatataaaat atataaatat acacatatit tatatataat atatattata 60

tatatgaaat atacacatat ttitatatat ataatatata fattatatat aatatatgca 120
tutattatat ataaaatata tatattatat ataaaatatg cutatattat atataatata 18G
otaatataa aatatataat ataialiata tattatatat aatatatatt atatataata 240
catatatata atatataala tytataaaat ataatatata tattatataa tatatatata 300
aatatataia ataiaiala! uwatalalata tlatatataa aatstalatt atatgtaaaa 260
tatataetat atataatata tatatiatat graaaatata tzltatutat aaaatatata 420
atatataaaa ‘atafattat atutuaaata tataatatat aaaatatata atatatataa 480
aatatataat atatataaat atatattata tataaaatat atautatuta taaatatata  54C
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SEL PCT 012.8T25
t-atatataa aatatataat atataiaaat atatattata tataaaatal atattat

(87
4]
~I

<210~ 6
<211> 645
<212 - DN~

«213» Hero sapens

<221~ mse bknding

«223> Nar ¢of chromoseme 1 genom'c contig, 780519.760264

433> o6
‘aaiatatat aa‘atatatt atataataat a‘ataatata tattatatta taatatataa 60

tatattatal aataatatat attatataat atataataat atatataata caattattt 120
aataatatat aavatatat’ atataa‘ant atataata'a tattatataa taatatacat 182
tatatta‘a; aatatataat atatataata tatattatat aataatatat aatatatatt 240
atagaatiat ata‘tagala ‘tatazaal. atatatataa tattatatat tatataatan 200
Atataatat Atattatata adlatatala taatat'ata tattatataa ttatarataa 360
salattatat aattatatat ataatat:al atattataia aitatalata atatatatta 420
tataaitala ta*ataatac fatatattat ataatiatat ataatactat atattatata 480
atitatataa ttatatatat tasatattat ataattaiat atauatata ttatataata 540

acatata*at ta’atat’at ataaraacat atata‘tata tattatataa tacatataia 6C0O

tatataita tataatacat tatia'ataa tatataata? atatla 546
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SEL PCT 012.8T25
«212> DNA

<213> Fomo sapiens

«220>

<221> misc_binding

AY

<222 " (7LD

«223» MAR of chicmasome 1 genomic contiyg; 1226710..1227461

<400> 57
‘aaacatata tataaatatia tataaatata tatataaata tatataaata tataaatata 60

taautatata tgaatatata aatatatata aatatatatg aa'atataaa tatatatata 120
aatutatara aa‘a‘atata taaatalata taaatatata taaatatata waatatata 180
taaataaata tafaaatata tataaatata taaatatata tataaatatg ‘aaataaata 24C
tatataaata tataaa’a’y tataaatata tataaatata tutagaaata tatatagaaa 300
tatatutaaa tatatataga aatatataga aatatatata gaaatatata taaatatata 360
taaatataga aatatatata aatatatata aatatalata gaaatatata aiatatataa 420
atatatataa atatataaat atatatataa atatatalat aaatatalat aaatatatat 480
aaatatatat aaatatatat naatatatat attaatatat aaaictatat taatatatat £40
taatata’as atclatatta atatatatla alatatata’ taatatatat taatatataa 600
atatatatat taatatataa atatatataa atatatatgt aaatatatat ataaatatat 660
ataaatatat aiataaatac atataaatat atatataaat atatataaat atatatataa 720

atatatataa atataratat aaatatatat aa 752

<271~ 300

<272> DNA
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SEL PCT 012 8727

~213> Homao sapiens

<221 misn binuiy

222+ 1150300

<223> HAR cof chromesame 1 gencmic cortig; 1119049..1119348

~400 5%
taaiaacal ttiatataal atatglaala tatatital atatatgtaa tatatatiitt 60

arataatata tgtaatatat atttatata tatgtaatat atatittata taatatatgt 129
Aacatatatt tatataata tatgtaatal atattitala taatatatgt aatatatatt 180
ttalaraata tatgtaa‘at atattttaa taatatatgt aatatatatt ttatataata 240

tatgtaatat atattttata taatatatyt aatatatatt tiatatatat gtaatacata 300

=212 [INA

<212~ lomo sapiens

<220
w2t s hind'ng

22N RAT
TLLLT e AT

<222 I1AR of chromosome 1 genomic contig; 3503512..3504229

=433~ R
adaatataat atatasaata ‘ataatatat ataatatat? atatataaaa tatataatat - €0
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SEL PCT C12.8T2¢
ataatatata taa*aaaata tacataatat ataa‘gtata ataaaatata cataasatat 1740

aatatatan’ aaatatataa tatataatat ataataaaat atataatata taatatataa 180
taaaa‘aiat aatatattat atataataaa atatataata tattatatat aataaaatat 244
ataatatatt atalataata aaatatataa tatattatat ataataaaat atataalata 300
t'atatataa taaaatatat aata‘ahat atataataaa atatataata tataatatat 367
aataata:at alaatatata atatatatan taaaatatat ataatatata atatatataa 429
‘aaaaatat aatatataat atataiaata aaatatata: gatatataat atatataata 480
aaatalalja (a:ataaiat atataataaa atarataata tataa’ataa tatataatat 540

atatactaaa Aaaulatataa tatataalaa aaaatatata atatataata tatataatat G600

p2

ataataaaal atatata 317

¢

<210> @I
<217> 674
<212> [INA

<213> [{omu saciens

<£2%» MSC_hinong
w22 7 ;6?-‘1]

<223> MAR o chromesone 1 genomic contig; 2592480..2503133

400> 80
taagetiaia tatatatata agoitatata tatatatata agettatata tatatagaaa 60

govatatar atatagaaag citalatata taagaagcit atatataaaa gettatgtat 20
aaatatatar aaatatattt att'atrictt atagatacat atataaata: attiatitat 180

atitatatat aan<cuialal Catalatat tiatataata ittattialt atataaataa 24U
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SEL PCT 012.8T25
atatataata aataataaat atatataata tatitattgt attatttata taaattfatt 300

agtataaiat ataataaaat aataattata taaatatata aatatctata aatatatata 360
aq:a-atata alalciataa atatatataa atataaalat atataatalc tataaatata 420
gataaatata aatatatata atatctataa alatagataa atataaalat atataactat 480
atataaa‘at aiataactat atataaatat alatataaat atatataact atatatataa 540
ctatatatal aaatatatat aactatatat atoaatatat atataaatat atataactat 600
alatataaat atatataact atatataaat atatatataa atatatataa ctatatatat 660

aaataatat amma €74

2 0> G
<211> 1694
<212> DNA

=7213> Momo sapiens

<221> msz hirding
«222> (1)..11694)

<223> AR of chromosome 1 genomic contig; 2891680..28¢3373

<400> 61
atatgtaata catatattat atatgcatat atacatgeat atgtatatac atatattata 60

tatgcatata tacatgeata tgtatataca tatataaagt atgattatat ataatatata 120
calgtatate tatatacalg {a‘atatiat attatatatt a'ttatacat attattatgt 180
ctatatataa ‘ataatalat acatatiaat aatataatac ataatataat ataatatatt 240
atataaiaca taatataata taatatatta tataatacat aatataatat aatatattat 300
aigatacata aiataatata atata‘tala tgatacatas tataatataa tacatattaa 360
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SEL PCT 012.ST25
taatatatia ttaitattaa tataatatat acatattaat atacatacat atatattata 420

t'atatataa *atacatala atatantatg tastaltaia tataatatas tacataatat 480
aatacatatt aataatatat tatiaataag ataatatata tgtatctata atatatacat £40
atatgtatat gtatgtatat aftatagaia tacatgtita tacatgtata iattatagat 600
atatzcatgt a‘atacatgt atatattata gatatataca tgiatatacg tatatattat 6€0
agaiatacat gtatatatgt atatatatta tagatataa: atatacaaga atataagaat 720
atatalaaia taatatataa tacacataat acgiatatat tatatataca tgtatattat 780
ataigiacat atatacatgt ataitatata tacatg:ata ttatatatac atgcatatta 840
fatatattit talatataat alccatciat atlatgtata ittgigtata ttatatatac €0
aigtaiatta tatatacatg calattatat atatitttat atataatatc catatatatt QG0
atgtatatit ctgtatatta tatatacaca tatattatat atacatggat attatatata 1020
cacalatad atatatacat alataitata tatacaca:a tattatatat acaigtatat 1030
tatatataca cgtatattat atatacacac gtatattata tatacacgta tattatatat 1140
acacacgiat attatatata cacgiatatt atatatacac acgtatatta tatatacacg 1200
tatatta’at atacacacgt afattatata tacacgtata ttatatatac acacgtatat 1260
tatatataca cgtatatiat atatacacac glatatiala tatacacgta tattatatat 1320
acacacgtat attaiatata cacgtalalt atatatacac acgtatatta tatatacaty 133C
tatattatat atacatgtat atiataiala cacatgtata ttatatatac atgtatatta 1440
tatatacaca ‘gtatatiat ataigeaigl atattataia acacaigta taitatatat 1500
aracatotat attatatata catatatatt atatatacat otatattatg tatacatata 1569
tattatatat acatgiatat tatagataca tatatattaa atatacatgt atattalgta 1620
tacatatata ttaaatatac atgtatattq tatatacata tatattatat acatgtatat 1630

tacalgiaa cata 1694

210> B2

211> 587
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SELPCT €12.8T25
<212> DNA

«213> {lamo sapiens

=22 - mmsc btindinu
«222:- {":.G8T:

<223> MAR of chromoseme 1 genomic contig: 3432550..3433148

<420 32
gaattataia tatatagcta aa'tatatac atatataata tatacaatat atattatata 50

titatatalg atatatacaa tataiattac atattatata tacaatatat aatatataat 120
atataaiat! atatattala tallgiatat aatotatall otataacatt atataatatys 180
taatallata tattatatat tgtatataat atatattata taacattata taatatatac 240
tatta‘atal tataatala: aataataatl aatatataat agtatatatt atatatatta 300
tatatatta: atataaatat ataatatata a'alatata tataataat attatataat 350
atatatiatt atatattata tat:ta'ata taatataiat tatatatatt atattitata 420
tataaaiata taalalataa taatatataa tttaatatat ataatatata caatatataa 480
tatatantat attaatatat ataaratata caatatataa tatataatat ataatatata 540

atataaatta tiaralataa taatatlat atatagetga attatat H87

<211n Z12
<212 DNA

<213 llomo sapiens
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SELPCT 012.8T25
<221> misc _binding
<222> 53212

223> MAR of chromosome 1 genomic contig; 3805392..3805704

<4C0> 63
tatataatat otataltatg taatattita tatagcatat atglatatta tatalsatct 450

titatatata gtataaata totatattat atattatata altatataat taigtaitat 120
alaaaatata ttatataa'a tataattata tatitttioa aatatagatt atatataata 180
iatatggcag tgagceigaga tataatatat attatctata ctataiaata tatattatat 240
atacictata ttatatatgt atata’tata tataatatat acatatataa tgtatatata 200

tiatatataa ‘aa 313

<210> B4
<211> 348
=212> DNA

=213> Homo sagiens

221> misc_binding
“222» 117349

223> MAR of chromoscome 1 genomic contig; 4521378..4521726

400> 54
ttatatacac tatataatat glatttatat atactiatat acactatata tgiatttata 80

Ataattata tacactatal aatatgtatt tatatataat tatatacact atataatatg 120
tatitatata taattazata caciatataa tatglattta talataattg tatacactat 180

Seite 63



SFLPCT012.8T25
ataatctata ttatatata attgtataca ctatataatg tatatttatg tataatigta 240

tacacta‘at aatgtatatt tatgtataat tgtatacact atataatgta tattiatgta 200

aatigtata taccatataa igtatattta igtataattg tatatacca 349

«<210> 65
<211> 500
«212> DNA

<213~ Hemo sapiens

<220~
<221 misc_binding
<222> 111 152Q;

«223> MAR of chromosome 1 genomnic contig. 3243166..3240665

400> 65
tiaatataia aiatataita tataittata tattaatata taatatatat ttatatataa 60

{atatatiat atatttatat tacatatat! tatatgttaa tatatattt! atatatttat 120
atatittaia tatttatata ttatatattt atatattata titatatatt atatatttar 180

at:atatatt tatatattat atitatatat tatatattia tattatatat tiatatattg 240
tatatitata ‘tatatatt: atazafigia tttatatatt atataittat a‘actatata 200
atttatata tattatniat ttatatatta tatatatita tatatattat atatttatat 360
a'tatatatg ttalatata ttatatatil atatattaia tatattiata tatattatat 420
atat’tatat atattatata tttatatata atatatatia tatatittat ctatatallt 480

atatattaa: ataattata 500

<210 68

21> 84
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SE! PCT 012.8T25
212> DNA

<27%> Homo sapens

<221» misc_binding
222> 11 (866

<222> MAR of cnromesome 1 genomic contig: 4094289413244

450> 58
atatatataa tatattalat atattatata ttatatatat aatacatata itatatatat 50

aalatataat Acataia’ia iatatattat atattatata taatatataa tacatatalt 120
alatataata tataatatai aatatattat ataatataat tatataatta tataatataa 180
tataatatat aatattalat aattatataa tatatataat tatattatat attatanata 240
ttataiaata talatattac aaatatatat tatatalalt ataaatatlta tataacatat 300
a‘altatata awtatataa tatataatat atataaaaat ataatatata agatatatat 320
aatataigat atatawgata tataaratat oatuiataty atatatataa tatatgatat 420
a‘atgatata tatgatatat ataatatatg atatatatQa {atatatgat atatgatats 489
taigatatat patatataty atutatatga tatatgatat atatgatata tatgatatat 540
ga:atatatg atazataiga tatalyatat gatatatata atatatgata tgatatatat 600
aatatatgat atatatgata tulgatatgt aatatatatyg atatattata tataatatat 660
aalaiataca faatatataa tatataatat ataatatata taatatgtya tatatataat 720
atatgatata 'gatatatga tatatatta: ataatatata taatatatat tatatataat 780
Aatattata taatatatat aatatatatt azatataata iataayatat aagatataat 840
Jtatataata tataatata® aaaty 8553

m g mes
210 5
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SEL PCT 012.5T2¢

<212> DNA

<213> Hcmo sapiens

<22%> misc_binding
<222> {1)..4335}

«223> KAR of chromosome 1 genomic contig: 674754..61£088

<400> £7
acccaatata tgtgtatata tgtatgtata tatacatata catacataca tatatgtaca €0

‘acatatata catacataca tataiatgta catacatata tacatacata catatataca 120
iataacatat atacacacal atatacagat atacatatat acatacatat atacatataa 180
catatataca ‘acatatata ratataacac atacatacat acatatatac atacaacata 240
tatacalaca lalatanata igtatacata catatatgta tacatatatg tatacatata 300

{gtatacata talgtatata tataltgtta tatat 335

<210> €8
291> 4LL
«<212> DNA

<213» -omo sapiens

«221> misc_binding
222> (7)..(455}

«22%> MAR o7 zhromosome 1 genomic contig: 1299526..1299974
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SEL PCT £12.8T25

<400> €8
cgatatatat attattagit gttatatiat tatatattat atatattatt atatataala GO

tattataica tatatattat tatatataat atattataic atatatatia ttatataata 120
tatiatatca iatataital 1atatataat alatatltata (atattatta tatataatat 180
ata‘tatata lattattaig tataatatat atatiatata ttatitatat atatataaat 24C
tataiaataa tatataatia aftatacata tatacatata taagtataca tataatatat 300
tiatatagta tatataaata tatatacaat atathtaiat attatatatt atatataaat 350
atatacaata tatttatatc atatatitia tatatgatac atalaatata {attatatat 420

gatatataat atatalcata tatgatatat aacat 455

<210> 65
<Z1i> 404
<212> DNA

<213> Homo sapiens

<221> misc kinding
<222> 113 (404)

<223> MAR of chremosome 1 gencmic contig; 1970778.. 1871181

<400~ 5%
atatataata tgtataatat ataatatata tcatatatig ttelatgiat attacatata 60

ataigcatia tatattatat attgcatata atatgcatta tatatatat attgeatata 120
atatguatta talattatat altocatala atatacatta tatattatat attycatata 180
atatgcatta tatattatat attgcatata atatgcatta tatattatat attgcatata 240
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SCL PCT 012 5T28
atatgca'ta ia‘attatat aatasataca catataatat atataat!ta tatatattta 300

atatattta ca‘ttat:at atatita‘ta tatataaata tatitttata tattacttat 360

atattatata taataiatai aatatatata ttatatataa tata 404

210> 70
<211> 605
22> DNA

<213> Horr s sapiens

<2270
<22"> mige bindiry
<222» {91 {E056;

<223>» MAR of chromossme 1 genomic contig; 3562918..3563522

<400 70
ta:atatata aaatacatat atastatata ta‘tatatat natacatata tiatatatta 60

tatataatac angtatatan ta‘ataata: ataatacata taatatatat uatatataat 120
acatataata tata‘gatat ataataca‘a tataatatat atgatatata atacatatat 180
aatatatatt atatataata catalataat atalattata tataatacat atataatata 240
tattatatat aatacatata taaatatat tatatataat acatatataa tatatatiat - 300
ataatacaia tataatatat attalataat acatctatat aatatatatt atatataata 360
catata*at: atatoataca tgtatataat atatatiata tataatacat atatattata 420
tattatatat ‘aatarattt atataatagt aatatataat attaatata: tatatatatt 480
aatattatat alaatacala tattalatat aatataaata tatataatac a'atataata 540

cacaiaftat a*araataca tatattatat ataatatata (atiatatat aatatatatg 807

P2

taata 05
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212+ DINA

<215+ Moy sapers

2221+ mist b ding

<222 12T

D
<
(971
o

«C

«222» MAR of chremosarre 1 genomie ciontigr 1847435 1

WJan . T
tatttittat atttatatat tatatatatt titatatgta atatattata tataaaatta 60

4~

taraaitta tar-aiataa tatatnnaat tatalaottt tactacatat aatatataaza 1Z70
attarataat nantarat araataraty haatatata atttatata faatatatat 187
tataa atat atatatyoa alatatatta tatattatat tataatatat tgtatatitt 240

Wtatar 1aa Jiataraata tataatatat flatagacaa taatatataa tatanstatat - 500

aaaatts? aataan 517

< 213> Hame sapens

“Zeix s birding

- . =

taZe® oo el
Se.!l} (519




SEL PCT 9-2.8T25

<223~ MAR of chromosome 1 geromic contig; 228111..228632

<400> 72
gaatatata ittatatata {aaaagatat atattatita {atatanaga tatatattta 60

‘atatataaa agatatatat tatttatata tataaaacat atatatttat atatatgaia 20
tztatiatit atatatataa aagataiata titatataia tgatatatat iatitataia 180
taaaagatat atataaaaga tatatattat ttatatatat aaaagatata tatataaaag 240
a‘atalafa ittatatata taaatgatat atatiattia iatataaaag atatatatta 300
tt:atatata aaagatatat aitattiata tatataaaag atatacatat aaaagatata 360
talttataia tagaagatat atalat'tat atataaaaca ‘acatataft tatatatata 420
éaag:-ai:atat atattttiat atataaaata tatattatat atataaaaga tatatataaa 480

tatatatate tittaialat aaaagatata tataaatata ta 922

<213» Homo sapicns

<221> misc binding
222> O 11133

<223> I4AR of chromosome 1 genomic contig; 1138030..113213¢0

<400> 73
tatgtatgta tacataatat attatataty tatattatgt atacataata tattatatat 60

gatatlaly tatacalaal atattatata ‘gtatattat gtatacataa tatattatat 129
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SEL PCT 012 §725
attataigta iattatgtat acatantata ttatatatta tatgtatatt atgtatacat  +80

aatatattat alaitatalg tatailatgt atacafaata tattatatat tatatgtata 240
ttatgtatac aiaatata't atatattata tgtatattat gtatacataa tatattatat 300
atatatgta taitatgtat acataatata ‘tatatatia taigtataft atgtatacal 360
aatatatiat atatiatatg tatatlaigt atacataata tatfatatat tatatgtata 420
ttatgiatac ataatatatt atatztiata igtatattat giatacataa tatattatat 480
attatatgta taitatgtat acataatatt tatatattat atgtatatta igtatacata 540
atatatlala \altataig: ataflatgia tacataatat gtacacataa latttatata 600
tiatatgtal atiatgtata cataatattt atatattata tgtatattat gtatacataa 660
tfatatala talatlglat aftatgtata cataatatll atatatiata tgtatattat 720
ctatacataa {atitatata ttatatgtat altatgtata cataatatat tatataitat 780
algtatatia tgtatacata atawaltata tatfatatg! alaltalgia tacataaiat 840
attatatati aiatgtatat tatgtataca taatatttat atattatatg tatattatgt 900
alacataata tattatatat tatatgiata ltatgtatac ataatatait atataltata 950
tgtatattat gtatacataa tatattatat attatatatg tatattatgt atacataata 1020
aitaiatal talatatgla tattatgtat tatattatat attatgiala ttatagatta 1080

‘gtatgcata cataatatgt atigtatatt 1110

240> 74
211> 52
<212> DNA

<213> Homro sapi2ns

<2271» mise_binding

€222> (13,7521
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§El PCT C12.6T25

<223 KAR ef chiorosome 1 genomic contig; 2562457 2863927

<400 74
aatatatala aatatataaa tata’ataaa tatatataca tataaatata tagatalata 60

tatatzaaa tatqlaaata tatglaaata taigiatalg tatatataiq taaatgtatg 126
taaalaata taaatataty taaatatala taaa‘atacg taaatataia aatatatata 180
aciatata’a aalatata'a aalalaaata talaaalata tataaatata tataaatata  24C
taaatana’a calataaata lataaataaa tacat4taaa tatatalaaa fatataaaaa 200
tala‘aaqac lalatalata aatatataaa catata’aaa talataaata tatatasata 360
tataaztana taaaatatat aaatatatat aaataiataa atatatataa atatagataa 420
atatapatva aiatafasal aratataaat atataaalat agataaatat ataaatatat 480

aaaataaa: atataaaaal alatataaat atataaaaat a 521

<210+ 76
<21 a0
<212> INA

<221> migc bhinding
<222 1,550

223> AR <t chromasome 1 genomic conlig: 5712303..5712869

400> 7L
atataai'at ata:ata‘ta ‘atatiatat ataattatat attatatata atgtataalt 3G

ata’aftata tataatatat ataaatatat atalttiita tataaaiata tiatatattt 129
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SEI.PCT012.8T25
atatatia‘a @’aaatiia tatatataaa ttittatata ttatatatat ttatatatta 180

tata‘tgtat atattatat attacaiatt gtatataltt atataltata taftatatat 240
‘tatatatta iatatiatal atiatalat tatatattal atatatiat atattatata 300
taaattaltt atatataata tataaatata tattatataa tataaatitg tatatataal 360
atatatttat at-atatata aaatatttat atta’atata aaatatasta taaatatata 420
catataa‘at atatattata tatttataat tatatatiat atataataca tataatatat 480
aatatazaat acatalata’ catatatgaa atatatatca tataitotac atattatata 540

taacatatat altatatate Hh50

<210~ 79
<211> 479
<212> DNA

w2 2% Mumno sapiens

<22"> risc binaing
«222> 7}.476)

<223> MAR of chromosome 1 genomis contig; 8578812..8579290

<420> 7¢
waggtatac aftntagtata tatggggtac atatatggta tatatatggg ttatatatat 66

gatatatatt atatatgiat atggiatata talggtaat ataitataca tgeatatggt 126
aigta’algqg taia‘atatg atatatacat atggtgtaia tataigttat atatgatata 180
tataaggtat ata’a'ggta 1atataaggt atatatag'a tatatatngt atatataagg 240
tatataity? atotatatyg tatatataag gtatatata: iptatalatg olatlatatat 300

gottiatata laiaguotgl atatatgety titalataca cactttatat actatatatt 360

(94
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SEL. PCT 072.8572
atataca:ac ta‘a‘ataa’ atatatiata tatagttaaa tatatggtat atgcaattag 420

atata‘ggta tatgtaatta ia‘atatygt atatagaigg tgtatatatg gtatatata 479

240> 77

212> DNA

“272» ot sap@ ts

<221 msc_biraing
2025 14 1477

3» AR of chromosome 1 genomic contig; 8579294..8579770

<400> 77
tatagtatar atacaracta taggtaaiat actacatatt atatacacac tataaataaa €0

atata’aa‘a ‘ataatattt {ctatatagt atatattata tattgtatat actatatata 720

atatatacta iagacagtag afacttiata tactatagac agtatatact atatactgta 18¢
anactalas acaglatata otatatac'g tatacaglat atgtagigia tatgtagtgt 249
atataa-ata tagtatatat tatctatact atatacagia tatatagtgt atacataata 3G
-atattatat a'tatatata ciatarasag tatacatag! gtatatgtag tgtataatat  3€0

a:ataatgty tatatannaat atalatacta tatataaiat atatlatata taotatatac 420

Actatataia statanasac actatatatt cactatatat actatatata ctatata 477

«210> 78
211> 531
«<22> DNA

213> Homz sapiens
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SELPCT 012.5725

<221> m’sc_hinding
2222» Y £33N

<223>» MAR of caromosomsa 1 ganemic contig: 8580024, 8580354

<4J0> 78
actatargt! atatacataa patatagtat ataccatata tatatacat tatatatagt 60

gtatactata tataatgtat ataatatata gtatatatac actatatata ctalatatar 129
atacactata tateciata’ atataiacac tatalalant atytatatat acactatata “8¢0
tactalgiat atalacacta ta‘ataz:al gtatatalac actatatata ctatgtatat 249

atacactata :atactata’ atatatasac talatatac: algtatatat agigtatata 3990

tactgiatat gttatagtgt atatatagta t 331

<210» 79
<211> 410
<272» ONA

<213» Home saviens

<221> miss_bindirg
<222>» {1:.441Q:

<223> LIAR 2 evomoeseoms 1 genomic contig: 8580705 8581114

<430> 70
tatagtcial aitatataca alctatalaa tatatay at atactatata tactitteet 80




SEL PCT 012 8T25
cattctgact atatactata tatatactat atatagtata tgtagtgtat atatacacca 129

ta‘atactat atatagtata cataccatat ataglatact atacatacca tatatagiat 180
acataccgta tatagtatac tatacttacc atatatagta tacatactat atataatata 249
tctggtgtat atatacacta tatatactat atatactata tatagtatat gtacantatt  30C

talagtatit atagtatata tactgtatat atagtatgta gtatatatac tatatattat 360

alagactata tataatatag actatgiyta gagtatatat actataiata 410

<210> 80
211> 433
<272~ DN

<213> Herne sapizng

«220>
=221> mis» bindrg
“PP2m {11,433

<723> B1AR of chremaosome 1 genomiz contig: 12878157 12972509

400> 80
atata‘aata tatatatgtc ctatalataa aatatatcat atatataaat atatatgata 50

ta-ttatat ataaatata 'aattatata taaatatata tratatata aatatattat 120
tcaatatat ataaatatat ttaaatatat ttaaatagaa tattaaatat ataaatatat 180
aatta‘alt gatatataaa tatatattaa atatataatt atatitaata tatataaata 240
tarattaaat atataattat atattiataf attiattata tataaatata tatttgtict  3CC
aaataaatat ara't~.aaa ‘a'ataatat tttatattat ataatatata atataaaata 380
tataataaat alatiatala taaaaaata aatatitalt alaaaataca tapaatatt 424
aaatatatat *aa 433
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SizL PCT 012.5T725
«210> 81
211> 385
212> DNA

<213> Homzo sapisns

220>
<221> misc dinding
<222> (1%,.4385)

<223> KAR of chromosome 1 genomis contig; 16336644..16337028

<400> 81
tttatataaa taictataia aataaatata tanatatata aatataaata tatataaata 60

tataaataaa tatataaata tatataaata (aaatatata tataactatg aattiatatt 129
tatataaata tatatctata igaatataaa tatatatita talaaatata aatatatata 180
taaatatala ta‘ttalata gaiainaata fatatataaa tatatatatt tatatagata 240
‘aaatatata ictatalatg aalslataic tataqgaata taaatatata tctatataaa 300
tataaatata tataagtala aaialatata aalatatatc tatataaata taaatatata 360

tataaatata aatatata:a taaat 345

<270> 82
<211> 283
<272> DNA

<213> Homo sapicns

<220

<221> misc_birding
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<222> (1)..{363)

<223> MAR of chromosome 1 genorric contig: 20624448..20824870

<400> &2
tatatatata gttatatata tatitatata tatagttata tatatatttt tatatagtta 60

tatatatagl tatatatata gitatatata tatagitala tatalagiia tatatatagt 120
tatatatat« fagttatata tatagttata tatatagtta tatatatagt tatatatata 180
tagtta:ata atagtiata tatatatagt tatatatata gitatatata latagitata 240
iatatagtta tatatatagt tatafatata gitalatata tagttatata tatatagtta 300
tatatasata gttatatata tatagttata tatatagtta iatatatata gitatatata 360

tag 363

<210> 83
217> 310
<212> DNA

<213> Homo sapiens

<220C>
221> m'sc_binaing
«222> (1)..(31C;

223> NMAR of chromosome * genomic contig: 5668025..566334

<400> &2
tatatataat ataiattgta tatattatat atigtatata taatatatat tgtatatatt 60

atatattgla tatataatat atatigtata tattatatat tgtatatata atatatata: 120
tgtatatatt atatattgta tatataatat atatatigta tatattatat attgtatata 180
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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)..(1236)

<223> MAR of chromosome 1 genomic contig; 1171429..1172664

<400> 84
aaagtattat atgtattata tgtatatgta ttatatatta catatgtatt atatataata 60

tatattatat attattatat attatatatt atatattatt atttatataa tgtattatat 120
aitatatagt atatatagta tatataatgt attatatatt atatagtata tatagtatat 180
ataatgtatt atatatagta tatataatgt attatatagt atatatacta tataatgtat 240
tacataltat gtatagiata tgtaatgtat tatatattat atagtatatg taatgtatta 300
tatgtattat atagtatata ttatatatga tgtattattt agtatatata atatatatga 360
tgtatiatat aacatatata atatatatga tgtattatat agcatgtata gtatatatga 420
tgtattatat agcatgtata gtatatatga tgtattatat atagcatgta tagtatatat 480
gatgtattat atatagcatg tatagtatat atgatgtatt atatatagca tgtatagtat 540
atatgatgta ttatatatag calgtatagt atatatgatg tattatatat agcatgtata 600
gtatatatga tgtaitatat atagcatgta tagtatatat gatgtattat atatagcatg 660
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tatagtatat atgatgtatt atatatagca tglatagtat atatgatgta ttatatatag 720

catgralagt ataiatgaty tattatatat aynatgtata glatatatga gtatiatat 730
atlata:aty giatatalga tgtaitaial attataiatg gtatatatga fgiatialat 840
attataiaty glaiatarga tgtattatat attatatata atatatatga ‘gtattatat 800
attatatata atatatatga tgtatiaiat atgaigtatt atatataata tatatgatgt 960G
attatatata ttatiatcta ttatatacga tgtattata: gcaagttatt atgtataata 1620
lataaty'at "atatatltal ataatotala ataataaat atataaatat atgattatgt 1080
ataaata’ag aaatatatac alttatacal atatacatta taatgtataa tatataaata 1140
tatata:at aastylatar attaratata aatatatiat atacartata tataaaatat 1200

gtatatag:t attatacct: atatatacta aacagt 1256

<210> 88
<211~ 304
212> DNA

<213> Homo sapiens

221> miss bindieg
<222> {1:.0308)

=223 MAR uf chromoesome 1 genomic contig: 1825°73..1425481

<400> &5
atalaittat ataaatatat titatataaa tatatattat ataatatiat aatatatgtt  5C

aiattatata tattttatac aataatant ataiattata tatattttat gcaatatata 120
atatatatta tatataittt arataatata taatatatat tatatatatt ttatazaata 180
tataatatad aitataratt 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 chromosome 1 genomic contig; 4396756..4397067

<400> 86
cacagtgtat atatagtata tatactgtat atatactgtg tatatacact gtatatacac 60

agtgtatata cagtatatat actatatata cactgtgtat atatagtata tataaattct 120
aggaatatat atactatata tatactatat atataaattc taggaatata tacacactat 180
atatacacta tatatacaca tatatacact atatatatta tacacatata ttatatatat 240
acactatata tacacgagat atataacata tacactatat actatacata acatatatac 300

tatatatact at 312

<210> 87
<211> 398
<212> DNA

<213> Homo sapiens

<220>
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<221> misc_binding
<222> (1)..(398)

<223> MAR of chromousome 1 genomic contig: 568C257..56454

<400> 87
atatatatta catattatat atatgatata tattaiataa tatatattat atfatataat €0

atataatuta aatataala: aaattatatt atataatata taatataaat ataatataaa 120
ttatataaat ataatafata ‘titattata taatalaata tatattatat aaatataata 180
tataaatiat ataata‘aat atatattata taatataata tatitiatta tataaatata 240
taitatatta tataatatat attitatiat ataatatata ttatatattt atagaatata 300
ataiataiti taltatataa tatatattat ataatatata itatatitat atataacata 360

iattatata taaaataigt ataatatata ttatataa 398

<210> 88
<211> 361
<212> DNA

<213:

kY

Homo sapiens

<221> misc_binding
€222> Q13381

<223> TAR of chromoseme 1 genomic contig: 56484, 57374

<400~ 88
tactataata cata'tatat ataatattat atactatata ttactatatt attatattat 80

alalaatiaa aclatattal aplatataat alataatata tactataigt aataitacta 120
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tyataccgat a‘tataftat atataattaa attatattat attaatatat aaattatata 180

taatacataa tatataaat! atattatatt atttatata’ aatatatgcc atataattta 244
tatataa'gc atatatata atttatata: aatgcattaa atataaatta tatataatge 3900
altatatata a‘tatatata atgcatiata tataatttat atttaatata taaatttata 360

itaatatar ttatatatta tatataataa a 331

<210> &9
211> 309
<212> DNA

<213» Homo sapiens

«221> misc hinding
222> {1) {300)

~223> KMAR of chramasarre 1 genorric contiar 469547, 464855

<400> €3
atatatalgt aatatatatg ttatatatgt aatatatatg ttatgttata tatgttatat 60

atatgiata fataatatal atatlatata tacgtiata: gttatatata tgttatatat 120
aaataigtt atatatacqt tatalgtat atatgttata tataatatat gttatatata 130
alalalgita talatattat alatantata gttatatat altatatata atatatatta 240
tatatattat alataatata laalalatgt gatatataat ataaaatata fotgaiatat 200

aitatatat 208

=210> 97
‘::2.! .l> AA.;

<212> DNA
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<2132> Hemo sapions

<22(C>
<221> misc_binding
<222> 1 (4471}

<223> AR of chromosceme 1 genomic contig: 548190..546630

<409> 90
atacacaaca tatgtgtata tatatagtat atatacacaa catatgtgta tatatatagt 6C

atatatacac aalatatglg tataatata gtatatatac acaatatatg {¢tatatata 120
gataaatar alactatata tagtataiat agtataaata tatactatat atagtatata 189
catagiataa atatatacta talatagtat atacatagta taaatatata ctatatatag 2490
tatatacata gtataaatat atactatata tagtatatac atagtataaa tatatactat 300
atatagtata tacatagta: aaatatatac tatatatagt atatacatag tataaatata 3230

‘actatatat agta‘ataca tagiataaat atataciata tatagtatat acatagtata 429

aatatatact atatatagta t 441

<210> o1
<21%> 1367
712> DNA

=213> Hcmo saniens

<77 1> misc_binding
<227 1101287

<223> MAR of chromosome 1 genomic contig; 124643..126009
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<400> 91
atalttatat gatatataat atatataata ttatatataa tattatatat gatatataac 60

a‘tatataat attatatatg atatatatia tatatattat atatgatata taatatatat 120
aatat‘atat atgatattat atatcatata taatatataa aatatiatat atgatatata 180
alatatatas tatatatat attatatata tatatatea tatataatat ictaaatata 240
iaatattata tgatatataa gattatatac attataiata atatataata ttatatatga 300
tatataata® tatatacatt atatataata tataatgtat ataatattat atattatala 360
titatattat atacaatgta tataatatta tatatcatat atatttatat tatatacaat 420
atatataa‘a itatatatca taataatat tatatacaat gtatataata tatattatat 480
atatttatat tatatacaai glatataata talatiatat atatitatat tatatacaat 540
gtatataata tatatiatat atatttatat tatatacaat gtatacaata tiatatatta 600
tatattatat alttatatta tatacaatgt atatattata tattatatat ttatattata 660
tacaatgtat atattatata ttatatattt atattatata caatgiatat attatatatt 720
atatatttat attatataca atgtatatat tatatatta: atatttatat tatatacaat 780
gtatatatta tatattatat atitatatta tatataatgt atgtaatatt atatattata 840
tatttatatt atatataatg tatgtaatat tatataitat atatitatat iatatataat 800
gtatgtaata ‘tata’atta tataittata itatatataa tgtatgtaat attatatatt 960
atatatiiai attatatata algtatgtaa iattatatat {atatattia ialtatatat 1020
aatgtaigta atattatata ttatataltt atattatata taatgtatgt aatattatat 1080
atiatata’t tataitatat ataalgialg taatattaia fattatatat ttatattata 1140
tataatgtat gtaatattat atattatata tttatattat atataatgta tgtaatatta 1200
tratatiatat attatatta atataatgt atataatatt atatattata tatttatatt 1260
gtatataata ttatatatta tatatitata tigtatataa tatatattat atatttatat 1320
tgtatataat altataiatt atalalttal attatatata atglata 1367
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<210» 92
211> 458
<212> [INA

<213> lHomo sapiens

«220>
<227%» misc_binding
«222> {1)..(458)

«223> MAR of chromosome 1 genomic contig; £88C8. 58365

<4C0> 92
tatatgatat atatgatata taigggatat atatgatata tatgatatat atggtatata 60

tatgatatat agtatatatg atatatatgg tatatatatg atatatagta tatatgatat 120
atatggtata tatgatatat agtatatatg atatatatgg ‘ataiatggt atatatatga 180
tatatgatat atatgatata tatgatatat gatatatatg atatatatga tatataiggt 240
a‘atatgata ‘atatggtat atatggtata tafaigatat atatgatata tatggtatat 300
atatgatata tatgatatat atggtatata tatgatatat atgatatata tggtatatat 360
atgatalala tgatatatat ggiaiataia tgatatatat gatatafatc atatatatgg  42C

tatatataig alatatatga tatatatcat atatatgg 458

210> 83
<211» 330
212> DNA

«413>» Homo sapiens

«220>
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<221> misc_binding
<z22> {13 .4330i

223> KAR of chiemesaome 1 genomic contlg: 306867.,.307196

<400> &3
ataatata:a aatatatatg atatatatct atatatatca tatataaata tatatgatat 60

atatctatat atatcatala taaatatata tgatatataa atatatatga tatatatcta 120
tatatatcat atataaatat atatgatata taaatatata tgatatatat ctatatatat 180
catatataaa tatatatgat atatatctat atatcatata taaatatata tgatatatat 240
ctatatatat catatataaa tatatatgat atctatctat atatatcata tataaatata 300

tatgatatct atotatatat atcatatata 330

<210> 44
<211> 353
212> DNA

<213> Homo sapiens

«221> misc¢ _binding
<22z> {11.(353)

<223> NAR of chromosome 1 genomic contig: 636880, 537251

430> G4
tatgtataca tatacacata tacgtatata tatacatata tacacatata cgtatatata 60

tacgtataca tacatatgta talgtatasq tatacacaca tatytatatg tatacgtata 120
cacacatata catatatatg tatacqtata cacacatata cgtatatgta tacatatata 180
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tgtgtacata tacgtatata cgtatatgta tacatatata cgtttatgta tatatacgta 240

tatacotata tatgtatatg tatacatata tacatatatg tgtatatacg tatatacgta 300

tatgtolata tatacaatal acatacalge acatatatyt gtatatgcac ata 363

<>

e
[

211> G

.

b
B
o

<212> DNA

<213> FHame sapiens

221> m'sc_b'nding
<222> {1),.(345)

223> MAR of chromosome 1 genomic contig: 1435510.,1435854

<4030> 95
atcatatata ttatatatca tatataigat atataaaaat tatatatcat atatatgata 60

tataaaaait atatatafca tatataatat atataatata ttatatatat aaattatata 120
taatatatzt aaat'atata tatcatatat atgatatata aittatatat catatatatg 180
atatatataa tatattattt atatataata tattatatat tatataatat gtaatatata 240

ttacatatta catattatat tafttataaa taatatttta taatatatat aatattatat 300C

aatatagaat attatatatt atatattaca tattatataa atat 345

“210

(A%
2

Sr3A A
<250

m

24
<212> DNA

r\,i;:

<213> Hemo sapiens
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<220>
<22%> misc_kinding
<222> {1)..{52%)

<223 MAR of chromasome 1 geromic contig; 3969540215

<400> Q8
tatatatata atagatatia tatatctalt atatatctat tatatatata atagatatta 60

tatatctat: atatatataa tagatattat atatctatta tatatataat agatattata 120
tatctattat atataatata tatctaitat atattatata tctattatat ataataiata 180
tctaltatatl atatiatata totatta‘at atataataga tattatatat claitatata 240
taatatatat ctaitatata ttatatatst attatatata tgtatctatt atatatatta 300
tgtatctall atatataata tatatctatt atatatatat tatatataat atatattata 360
‘ataitatatl niciattata tataatatat atctattata tatattatat atctattata 420
tatattatat atctattata tataatatat alctattata tatattatat atctattata 480

tataatatat attatatata tattatatat tgtatatcta t 521

<20 47
<211> 484
212> DNA

«213> Homo sapiens

<221> misc binding
<222> (11..{484i

<223» NMAR of chromosome 1 genomic contig; 1286007..1286480
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<400 47
a‘alcatata tatiatatat catatatatg atataiaaaa attatatatc atatatatga 60

tatatainaa latatatat catatataat atatalaata tattatatat ataaattata 120
tataatat'a tatataaatt atatatcaca tatatgacai ataaattata tatcacatat 180
atgatatata attlatatat cacatatatg atatataatt iatatatcat atatatgata 240
tataattiat atatcatata taigatatat aatitaiata tcatatatat gatatatata 300
atalaltatt tatatataat atattataia itatataata igtaatatat attatatalt 350
atataataty taatatatat tatatatiac atattatatt atttataaat aatattttat 420
aatatatata atattataata atalagaata ttatatatta tatattacat attatataat 480

ata 484

<210> 93
<211> 244
<212> DNA

<213» Homo sapiens

<220>
<221 miss binding
<222> (1)..(244)

<223> MAR of chromnsome 1 genomic contig; 73556..7387¢

<400» Y8
attatatatt alatiztata atataloata atattatata atiatatatt acattatata 60

atatataata atai’atata ataatatata attatataat atataataat attatataat 120
aftatataat attatataat atataaatat ataataatat atatiatatt atataatagt 180
atatat’ata latalaata tatgttatia tattatataa tataaactat tatataatat 240
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aata 244

<210> 40

)
™
™~
s
—
<
=g

\
N
-
[
AV

Hamo sapisns

<221> misc_binding
<222> {1:.i4G3)

<223> MAR cf chromosome 1 genomic contig; 179038..179500

400> GG
tacaatata: ‘ttctattat atatattity tattatatat aatatacaat atattttcta 60

ttatatataa tatatittgt attatatata ttacaatata tittgtatta tataatatat 120
aatacaatat aatataligt attatataat atataatact atataatata tigtattata 180
raitatatat aatactatat aatatatttt attatatatt atatataata ctatataata 240
tattitatta tatattatat ataatacaat atataatata tigtattata atacaatgta 300
tiataatgia tratalataa {atataatac aatatataat attatatata tttatatata  3¢0
tatatatitt gtatiatata tittgtatta tatatattit gtattatata titatatttt 420

Aiaftataat tatyititge attatatall tcatattata at 463

<213> Homo sapigns
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220>
«22%» misc_binding
<222> {1;..(390)

<223> AR of chromosome 1 genomic contig: £5617 56006

<400~ *00
tgtataatat atatacttta tatataatat atatactita tatatatact atatactaat 60

ataiataaia tataciatat ataatatata ctaatatata taatatatac actatatata 120
a’atatacta atataiatta tatatacttt afataatata lactaatata tataatatat 180
atacit:ata tataataiat aciaatatat ataatgtata tactitatat ataatatata 240
ciagtatata atatatatac titatatata atatatacta atatatatta tatatacttt 300
atatatataa ‘ataactta tatatiatat atgcttatat ataatatata cactaatata 360

taatatatat actttatata ttatattita 390

<210> 107
<211> 582
<212» DNA

<213> liomo sapicns

<220>
<221> misc_binding
<222> {i}).(582;

«223> MAR of chroniosome 2 genomic contig; 1157405.,1157986

<400> 101
tatatatgta tatalacaca tacgcacata tatgtatatg tatatataca catacgcaca 60
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tatatgtata igtatatata cacatacgea catatatgta tatgtatatg tatatgtata 120

taiacacata tacacatata igtatatgta tatatacaca fatacacata tatgtatatg 180
latatataca catatacaca tatatgtata igtatatata cacatacaca tatatgtata 240
tgiatatgia tatatacaca ‘acacatata tgtatatgta tatgtatata tacacatata 3CC
cacatatata catatatgta tacatatatg tgtatatata tacacatata tatacatata 360
tgtataca‘a taigtgtata tatacacata tatatacata tatacatata catatatatg 420
tgtaigtata tatacacata tacatatata tgtatatgtg tatatatatt agacagatat 480
ata‘gtacat aacat=iat atgtataigt atatgtatat glataigiat atgtatatgt 540

atatgcatat a‘aatataca tatacatata igtatatgta ta 582

<210> 102

-

<211> 322
«<212> DNA

<215 Home sapiens

<221> misc_birding
«222> (1)..(322)

<222> MAR of chromoscme 2 genomic contig: 1858638..185885¢

<4i0> 102
acaccatata tacaccata: atatacatac catatatata ccatatatat acataccafa 60

tatataccat aiatatacat accaiatata caccatatat atacatacca tatatataca 120
ccatatatat acataccata tatataccat atatatacat accatatata taccatatat 480
afacaiaccs latatalaca ccatatatat acataccata tatatacace atatatatac 246G
ataccatata tataccatat atacaccata tatatacacc atatatacac accatatata 300
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ccatatatat acaccatata ta 322

210> 102
211> 314

<212> NNA

o

<213> Home sapiens
<22C>

«22%> misc_binding
222> (131914

«223> MAR of chromosome 2 genomic contig; 5712196..5713108

<400> 103
aaatatatat tctaiatata gaiaaatatat atictatata tatagaatat atatagaata  6C

tataitctat a‘ataticta tatatataga atatatatat agaacatata tictatatat  12C
aaaatata‘a tictata’at ataaaatata tattctamat atatagaatg tatataaaat  18C
ataiaticta tatatataga atgtatataa aatatalaft ctatatatat agaatgtata 240
taaaatata: att-tatata tatagaatgt atataaaata tataitctal atatatagaa 300
tatatataac alatatatga aatatatata aaatatatat aaatacatat ttetatatat 360
aaatatatal aaatacatat tictatatat aaalalatal caalacatat ticlatatat 420
aaatataiat aantatatal teatatatat anaaatatat aaatatatat tcatatatat 480
aaaatatata fgaa‘atata tictctatat ataaaataia tataatatat attatatata 540
taaaatatat ataata’ata ttatatatat aaaatatata taatatatat tcatatatat 600
aaaltalata taaalatata tlcatatata taatatatat aaatatttat ttcatatata 660
aaataiattt aaatalatat ticiatatag aatatatatt ctatatataa aatatatata 720
taaatatatt ttciaiatag aaatatatat gaaatatata gaatatatat gaatatatat 780
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tatatatact atatatacaa ‘atatattat ataiaaaata tatatacaat atatattcta  84C

‘atattaala tatagaatat ataitaacat atatttcaat atattaatat atgaaatata 900

tataaatat: tcat 914

<240= 104
<211= 37C
<212> DNA

<213> Homo sapiens

<220
<221> misc_bind'ng
<222> (1370}

<223> MAR of chromosome 2 genomic contig; 5713613..5713982

<400 104
{atttcatat a*aatatata tataaaatat atatttcata tacaiaatat atataafata 60

aataaaatat atattcata tatataatat atataaatata tataaaacat atatttcata 12¢
tataatatat ataaactata tatticatat ataatatata taaactatat atttcatata 180
cataatatat ataatatata titcatttat atiatatata taatatatat ticatatata 2490

taatatalaa aatagalata aata:atata aatatatatt icatatataa tatatataaa 300
atataatta atatasaltt tatatiaaat ataratattt caratataaa tataaagaaa 360

tatatattic 370

<210> 105
211> 442
<212> DNA

<z13> Homo saniers
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<221> st binding
<222 1i (442,

2223 LIAR of caromosoms 2 genomic contig: 7481647 7482088

<430> 135
atataaa‘ta -ataatatgt tatataatat ataaatatat tatataacat gttatataat €3

atataaraig ‘tatataata tataacatyt tatataatat ataacatgit atataatata 120
‘aa~a‘yila tataatatat tatgtaata’ gttatataat atataatata ttatataaca 183
{gtiatataa tatataacal gt:alataat atgttatata atatataaat atattatatt 240
atatgitata laalalataa atalattata ttatatgtita tataatatat aaatatatta 300
tattataly! iata’aatat ataaatatat tatattgtat ottatataat atataaatat 360
attatattgl atoltalata atatataaat atattatatt gtatpttata taatatataa 4:0

atatat'ata tlawraiql ta 442

<21u> 1uB
<211> 333
<2°2> DN#A

<2*3> Homo saplens

<221> misc_bindiing

<222> i1 1338)

i
0
~
]
&)
-
5
0
r»‘
o
yal
fa

<223> MAR of chromosame 2 gerniomin cartig: 959
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=£00> 105
iatataaata taiaccatat azataaa‘at atatat'cca tatataaata tatatattce 90

atatata‘aa atatatatat tccatatata aatatatata ticcatatat ataaatatat 120
atataaata’ atatattcca tatatataaa tatatatata aatatatata ttcatataia 180
aalatatata taticculat ataaaaaiat atalalaitc catatataaa aatatatala 240
tattccatat ataiaaatal alatatatic catatatata aatatatata taitcreatat 300

a‘ataaatat atatataitc catatatata aatatasa 328

210> 107
211> 354
212> DN&A

<2"3» Home sapiers

-:220>
<221> misc_buJing
©Z22> 11 i204;

223> VAR of chromesame 2 genaomic contig; 10518720 10520083

<400> 107
ttatatatat Hataataat atatataage tatatatatt tatatataat atattatata 60

tattaqg-tat atatatitat staataatat attatatatt agetatatat atttatatat 120
aataatatar ataayctata taiftatata taitatatat tagetatata tatttatata 180
‘aa‘atatia tatattag:t atatattat atataz*aaa taataiatat attagotata 240
ralathtata tatazizata ratataaqct atataittat atataatata ttatatatta 300
q-iatatata tilstatata ataatatatt alatattage tatatatatt tatatataat 360

a'at 264
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242> DNA

~213» rlomas sapiers

w220
<221> misc_binding
<2227 11)..342)

<223 MAR cf chromosame 2 genoric contig. 11481943..11482284

<400 108
tacatataat atataatiat atataatata tattatatat tacatatata atatatatat 60

tacatatgta alatatatat tatalatgta atalatatia tatatgtaat atatatatta 120
tatatytaat alatattata tatatgtaat atatatata tatatgtaat atatatatta 180

tatytaatat a:atatgtaa talatataia atatataigt aa:atatata taatatatat 240
gtaatatata tataatatat atgtaatata tatattatat atatgtaaia latatcatat 300

atatgtua tatatcatat atatzraata tatatcatat at 342

<210> (9
<211>» 415
<212 NA

<213» Hom sapiens

17220;-

<221 - misc_binding

<2225 i1 (415)
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«<223> MAR of chromosome 2 genomic contig: 13499588..13500012

<400 10¢
tatatatata tataiatata atataatata atatatatat aaatatatat aatataaatt 60

fatatatata tafitaiata tacatatata aatatatat tatatifata tataaatata 120
tataaatata tataaatata ‘alttatata tacatatata aatatatatg ttcatataaa 180C
tatataigta tatatacata tataaatata tattatatat glatatatat aatataatat 240
ataataataa ‘alaatatat atiatataaa tataatatat tatatataat atatataata 300
tataatatat aa-atataat atataatata tatiatatat tatataatat ataaaatata 380

tattatataa taiatataca taatatatat aaataaatat atataaagat ataaa 415

<210:> 110
<2%4» 330
«212> DNA

213> Homo sapiens

«221> imisc_hinding
<222> 14..{330;

<223 MAR o zhromosome 2 genomic contig: 16370876..1637 1305

<400> 110
catitacata iglatatata agtatgtata ttacatactt atacatacat acttataaat 60

a‘ataagiat aatacataca tacttataaa tatataagta taatacatac atacttatac 120
atatataaat e.aataca’a catactiata catatataaQ tataatacat acaracttat 180
acatataiaa gla‘aataca tacatactta tacatataag tataatacat acatacttat 240
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acatalataa gtataataca tacatactta tacatatata agtataatac atacttatta 300

cata‘gtaa tzagtatait acatacttat 232

<213> 111
<211 7CZ
<212+ ONA

=212 Homo sapians

=22"> misc_tinding
222> .51.a702)

<223= MAR of chromosome 2 genomis contig: €26641. 527342

<400> 111
tataiataca catatacata tataaiatat atacaiatac atatatatta tatatacata 60

latatiacat atatcatata tacatatata ttatatatac atatatatia tatazatcal 120
alatacalat atatattaia tattatatat atzatatata catataratt atatatalta 18¢
tatatatuat atataca'at atatiatata 'attatatat acatatalat tatatatatc 240
Atataaacal atatattata tatatcatat alacatatat attatatata tiatatatat 300
cataiataca fatataltat atatatcata tataatatat attatataia ttatatataa 360
(ratactat atatacatat atattatata tacatatata ttatatatac atatatatta 420
tataiacata lataitatat atacatatat atialatata tacatataia ttatatatac 480
atatatatta ta’atacala tattatatat aatatatat talatataca tatattatat 540
@ataca’at aatiata'a tacafatatt afatatatac atatatatia tata‘acata  60C
atiatatat atacaiatat attatatata catatattat aiatacatat atattatata 660
tacatatata tittalatat atatantala tatt'tatat at 702
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<212> DNA

«<213» Homg sapiens

«221> misc_binding
<222> {(1)..(679)

<223> AR of chromosome 2 genoriic contig; 3186047..3196725

<400> 72
atatattata tattcatata tca‘aaatat atatattata taticatata ttatatatct 60

ataiatital ataicata: attatatate tatatattta tataticata teftatatat 120
clatttatat aticatatat tatatatcta tatatittat ataticgtat attatatatc 180
talatattat ataticglai attaiatatc tatatattat gtattcatat atatctatat 240
attatatata ttcatatata ttataaatia taticatata gtatatatct attataaatg 300
tata‘tcata wactaiatat ciatatatta taaatataca tatattatat atttatatat 360
tatatatica tatagatcia tatatiatat ataticatat atgaatatat atattatatg 420
tatatatatt ataaatatat ttatatagta tagatattat ataqtatata catatitata 480
‘tatuaataa titacatagt atalgtatat ttataaatta tatatattta catattacat  54¢
gatatita! atattataaa taralaltta catattataa atatattiat atattatgaa 600
tataattiat ata’tatiac ataitiazat ataigcataq ttatatatta inaatatgca 660

ittaigtaaa tatatattt 679

<210> 113

A A -
<zii> 728
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<212> DNA

<213» Homo sapiens

<220>
<229> misz binding
w222 0 2 T28:

=222 3» MAR of chromosome 2 genomic contigr 318G778 3127505

400> 113
tacataaa'a atatttara ataigtaaat atcigataty taaatatgta ttataatat GO

ataaatalac atataatatq taaatatata aatatacata tactatgtaa atataigita 120
‘atatacata tactalataa alatagaata tataaatata catatactat ataaatatgt 180
aalatafaaa tatatactat ataaatatac atatactata taaatgtatt tataatatat 240
anatatacai atactatata aaticatata tgaatatata atatataaat atatataata 300
tatgaatata tacteatata tanatatata tgaataiata ttataatat atagatataa 380
tatgaatata aftataal atatagatat atattataly aatatatatt {ataatatat 420
anatata‘ac catatgaata tatattatas actatatgaa tatatatita taatalatea 480
atagatatat actatatgaa tatataatat atatactcta tgaatatata atatataiac 540
tatatgaala tattaaiac tgiatgaata 1aiatatat agatygtatac tatatgaata  GQOU
tataaiatat agatatatat actalatgaa tatatataat atatagatat atactatatg 66U
aataatatg atataingat atalactata tgaatatata atatatagat atatatttat 720

gataiata 728

<210 ;14
211w 213

<212~ INA
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<213» Homo sapiens

220
“227> msc_pnding

€222 130917

b5
e
fan]
(81
<

<223~ MAR of chromosome 2 genomic contig: 2580835, 25

<A400> 114
atatazatat atatttatat attttatata aatatatata tiatatatt tttatataaa 20

Ataratall tatatalat! tatataaata alatatita tatatatita tataaatata 126
‘daataiata tat'tatata aatatataaa atataiaaat atatt*atat aaata’ataa 180
Aatatataaa tatatitata taaalatata anatatataa atatatitat atataaatat 240
atanaatata taaatatclt talatalaaa tatataaaat atataaatat ctttatatat 300
azatatataa aatatataaa tatalitala lataaatata taqaatatat aaatatattt 3650

ata‘acaaat atataaaata ‘ataaatata {itatarata aatataiuaa ata 413

210> 145

<Z212> TINA

* 237> Homo saniens

<20~

)
r
\

misc _binaingy

T
N
155
ra

v

(134351}

ra
£
7

MAR of chromasome 2 genomiz contia; 4965309. 4965669
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<<00> 115
:atacgtata tatacatata tatacgtata tatatacala tatatacgta tatatacata 60

‘gtatataty igtytacaty tatatatata catatgtaca tatatatgta cacatatata 120
tatacafata tatgtacaca tatacatata taigtacaca tatacatata catatatatg  1€7
tacacatata tatacatata iatgtacaca catatatata catatatatg tacacacata 240
‘atacgtata targtacaca catatatacg tatatatatg tacacacata tatacgtata 309
tatatgtaca cacatatata tacgtatata tatgtacaca tatatatata cgtatatata 360

t 361

<210> 116
<211> 325
<212> BNA

<213> tiomao sapiens

<220>
<221> misc _binding
«222> (1)..(325}

«223> MAR of chromosen e 2 genomic contig: 5258150,.5258474

<40N0> 118
tacacacaca fatacataia tacatatata cgtgiatacg tatacgtata tacgtatata 60

tacatatatg latacgtata cgtatatacg tatatataca tatatgtata cgtatacgta 120
tatacgtata tatacatata tgtatacgta tacgtatata cgiatatata catatatgta 180
tacgiatacg talatacgta tatatacata catatgiata cgtatacgta tatatgtata 240
tatacgtata igtatacg*a tacatatata cgtatatata catatatgta taigtatata 300

cgtatatgia tatatgtara talac 325
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210> 117
<211> 1808
<212> DNA

<213> domo sapians

<220>
<221> misc_binding
«222> 113, 1508;

<223> KMAR of chromosome 2 aenomic contig; 6057499, 5059006

<400> 77
atataaiats tataaattat staatatata aaaattaata tataatatat ataaattata 30

taatatataa attaattata taatatatat aaattatata atatataaat taattatata 120
atatatataa attatataat acatataaat taattatata atatataaat tatataatat 180
atacaaatta tatactatat taa‘tatata ttatataat! aattatataa tatatataaa 240
ttataiatta ttaaattaat tatataatat ataaattata taatatataa attaattata 300
tnatatataa atlatataat atataaatta attatataa: atataaatta tataatatat 360
azattaatig tataatatat aaattaatta tataatatat aatatataat taataaataa 420
{tatatatta atiatataat taataaalaa ataataaata latataatia atatataala 480
tacatcatal atatcacata tagatltatat aataglitata tattatataa taaattatat 540
a‘aatala 4 a‘aaacatat ataacatatg ttatata'ta cataatatag tataatatat 600
aacatafgit atatattaca taatatagta taatatataa catgttatat attacataat 650
atagtataat atataacata tgttatatat tacataatat agtataatat ataacatatg 720
tlatatatta cataatatag tataalatat aacatatgtt atatattaca taatatagta 780
taatalataa calatgitat atattacata atatagtata atatataaca tatgttatat 840
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attacataat atagiataa: atataacata tgttatatat tacataatat agtataatat 800

ataacatalg itatatatta cataatatag tataatatat aacatatgtt atatattaca 960
taatatagta taalatataa catatgttat atattacaia atatagtata atatataaca 1020
tatgtlatat attacataat atagtataat atalaacata igttatatat tacataatat 1080
agtataaiat alaacatatg ttatatatta cataatatay tataatatat aacatatgit 1140
atatattaca taa‘atagta taataiataa catgtialat attacataat atagtataat 120C
atataacata tgotatata: tacataatat agtataata: ata'gttata tattacataa 1260
tatagtataa tatataacat atg'tatata tfacatatia tagtataata tataigttat 1320
atatiatata atatactata ata’ataalg tafgttatat a'talataat atagtataat 138G
atataacatg tiatatatta tataatatag tataatatar atgttatata tiatataata 1440
lagtataata tataatatat gitatatait atataatata gtataatata taigttatat 1500

at-atata 1508

270> 118
211> 415
«212> DNA

213> Homo sapiens

v220>
<221 misc_knding
222> {1)..(415)

<223> MAR »f chromosome 2 genomic contig; 7996566 7997280

<400> 118
caatfaiata atatacatal {atataatig tataaattat acaa‘catat aattatatta 50

tatataa‘at acatataata taattatata taattatata attttataat ataattatat 120
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ataattatar aattatata’ aatatatatt ataattaiat atataatata tatattatat 80

atactatata taatatataa ataatata‘a taatataiat ataattatat ataataatat 240
atgtaatata tataatatat ata‘aatata ttatttataa ttatatatta tatatatatt 300
ataata‘ata taattataaa taatatatat tataatatat ataataatat atatataatt 360

atatataala atatataita taattatata taataatata tataattint ataat 415

<210> 119
w219 5268
212 [WNA

<213» Hom?o saciens

«220>
<221> misc_dinding
<222» (13 (B26)

«223> AR of chrorosome 2 genomic contig; 83009830..8301455

~400> 112
tatatca’at gata'attas acaatataic atataatat] atatattata tgatatatty 80

lacaatatar catatgatat atgafatatt atacaatata tcatataagq tatatattat 120
aicataiata atatalaa'a taatatatna tataatatat gatatatgat atataatata 180
fgatatatga tatatyatat ataatatatg atatatgata tatgatatat aatatatgat 240
atatgatata 1gatatataa tatatgalat atgatatatg atatgatata tgatatatga 300
tataatatat satataatat atqaiafata ttalalgata tataatatat gatalaattt 360
atatgataia taatatatga tatataatat ataa*atatg atatgatata tattatatca 420
‘atatastat atastataat atatgataia taltatatat tatacat tatatatata 480
aactatatan caatataaca tattatgnf athatatata ttacat b2n
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<210> 120
211> £C2
<212> TINA

«<29&> Hcmo sap.ens

<220>
<22%> misc_bkinding
«222> {1)..{402)

<222> KMAR of chromosome 2 genomic contig: B576552..8575954

<400> 120
atgiatatia tatacaatat agtatatcat atatagtata tattatatag taatgtatta 60

tatataaigt ataatgtata aatatalaat atatactaca tactatacta ttatatatac 120
tatatatiai atatgataca tataciatat aatatgetat atattatact atataatatg  18C
ctatatalta factatataa tatgctaiat attatactat ataatalgct atatattata 240
clatataata fgctatatat tatactatat aatatactat ataatatgct atatattata 300
clatataata tactataiat tatactalat aatatactat ataacatact atatattata 360

tatgatacat atactatatt acatatataa tatatatata ta AQ2

<21C> 121
211> 477
<212> DNA

<213> Homo sapiens

221> musz_bircing
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<222» 11.4477)

<223> MAR of chromosome 2 genomic contig; 8785649..8786125

<400> 121
{atitatata taiatttata tatatatita tatatatita tatataiatt tatatatata 60

ttiatatata tatttatata tttatatata tatatit'ta tatatl‘ata tataratita 120
tatatttata tatattiata tttatarata tatttatata tatilatata tattiatata 180
tatatait’a tatataiita raatalata tiiatatata tatatata tHiatatata 2140
tatttatata tatatitata tatatattca {atataitta tatatatatt catalatatt 300
tatatatata t:catalata titatatata tatttatata tatatitata tatattata 360
‘ataltzata tatatattta tatatatart tatatatata ‘atttatata tatatitata 420

‘gtatatatt iatatatata titatatata tatatttafa tatataiita tatatat 477

210> 122
211> 773
<212> DNA

<213> Homo sariang

<220>
<221> misc binding

<242 (1 F73i

<223> KIAR of chromosome 2 genormic contig; 10064737 10065509

<4C0> 122
awattatata tahiacatat atattalatt gtatataata tatatattat atigtalata 60

ctatatatat tatatigtal ataatatata ‘attalatlg tatataatat atatattata 120
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{tgtatataa tatattatat tgtatatalt atattgtata tattatatig tatacaatat 180

atattatatt gtatacaata tatattatat tgtatataat atattatait gtatataata 240
tattatattg tatatatiat utigiatata atatatiata tigtatataa tatattatat 300
tgtatatatt atattgtata taatatatta tatgtatata atatagtgta tactatatta 360
tataatatat atiatataca atatataata tattgtatat catatatgat atattgtata 420
taatatataa tataigatat atigtatata atatattata tatgatatat tgtatattat 480
atattalata tgatata'lg tatattatat attatata‘t glatatigta ta*tatatat 540
tatatattgt atataatatg ttatatatig tatataatat gttatatatt atatatigta 600
tatatgtiat atattatgia tigtatataa tatgitatat attatatatt glatataatg 660
tattataiat tatatatalt atatattgta tataaigtat tatatattgt atattatata 720

ttatatatty tatataatat attatataca ltatattata tatatatat tgt 773

<210> 123
<211> 1R854
<212 DNA

<213> Homoa saplens

<221> misc binding
<2722> 1) .(1554;

<223> MAR of chromasorme 2 genomic contig; 103$775..1041328

<400> 123
afaatatatt anatgtatat ataatatait aaatataaat atatttataa tatataaata 60

{i'atataza talaaaatat atattaaaia taaatatata taaaatata: attaaatata 120

taaaatataa atatatatta aatatatati anatatataa aatataaata tatattaaat 180
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atatittaaa taiztaaaat ataaatatat attaaatata tittaaatat attaaatata 240

aatatatatt aaatata‘tt tanatatait aaatataaat acatatatta aatatatatt 300
atatatataa asziatalaaa atataaatat atattaaata tatataaaat atatafgtta 3580
aataiataaa agatatataa aatataaata tataitaaat atatataaaa tatatatata 420
tinaatatat ata:taaa‘a taaatatata ‘aaaatataa atatatgtat taagtatata 480
attaaatat aaatata'gt attaaatata tatiaaatat gaatatatgt attaaatata 540
tattaaa‘at aaatatatgr attatatata tagaatataa atataigtat taaaiatagt 500
atattaaata taaatatata taaaatatat attaaatatg aatatatata aaatatatat 660
attaaaaa‘a tatataatat aaa‘ataiat anaatatafa tattaaaaat atatataata 720
‘anatatata taaaata'at atallaaaaa tatatataaa aiatatatat taaaaatata 730
tataaaatat atatattaaa aataatata aaatatatat attaaaaata tatattaaat 840
atagatata’ atatiaaaaa tatataitaa atataactat atattaaata tatattaaat 3900
ataactatat attaaatata tattaaatat aactatatat taaatatata ttaaatataa 960
ctatatatta aa‘atatat! aaatataact atatatiaaa tatatatiaa atataactat 1020
atattaaata tatattaaat ataactatat attaaatata tattaaatat aactatata: 1080
taaatata‘a tgaaataaa clatatatia aatataiatt aaatataact atatgtatta 1140Q
aatatuaata tatgtcttaa atatatatta aatataaata tatgtattaa atatatatta 1200
aatataaaia tototattaa atatatatia aatatazaata igtgtattaa atatatatta 1260
aatataaata tgigtattaa atatatatta aatataaata tgtgtattaa atatctatat 1320
taaalataae tataigiatt aaatatatat taaatataaa tatntattna ataratatat 1380
taaatataaa tataiattaa atataaatat atalattaaa tatatatatt aaatataaat 1440
atatataaaa ‘atalatatt 2aatataaat ataaatataa aatatatatt aaatataaat 1500

acatatatia aatatatgia ttaaatatat atataaaata tatgtattaa atat 1554

<210~ 124

<211> 850
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<212> DNA

<213> llomo sapiens

<2205
<221> misc binding
<222~ i1 (650

<223> MAR of chromosome 2 genomic contig; 3944813..3945462

<400~ 124
catgatalat tatglataat atataltata gat'acatat aaatlatata tataatatal 60

aattatatan tatataatat tatataatat attatatata ttatacaatt atataatata 120
tataatatac aattatataa tatataata! acaattatat aatatataat acaatataat 180
atatatitaa tatatiatat aatacatatt taatatatta tatatiatat gttatatact 240
aaatatataa tatgtattta atatatacta ttatatatgt aatatattat ataatttatg 300
taacatatia tatattatat atgcaatata tlacatqlta catatatatt acatataata 360
tatgtaatat ataatataca ctatatta’t atagtatata atatactata ttatgtaatt 420
a‘a‘aatata gatattata cactatatta tattatcata taattatata ttatatacta 480
faltacatat atatiatgta atataatatg caatatgtta catatataat atataigtat 540
tatatagtat atatactata giatatataa aatalatgct ataatatata ttitatatat 600

tatataatac atathatgta tcatatatia tatataatat atittataat 650

<210> 125
<211> 441
<212> DNA

213>

AYS

Homo sapiens
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<221> misc_binding
<222> (1)..(441)

~z23> BAR of chromosome 2 genomic contig. 5314265..5514705

«<400> 125
tataaatata f

atgaaatat atataaatta tatataatit atatatacat atataaatta 60
tatataaatt atatataaat tatatataca tatataaat! atataltata tatagaatty 1290
tatatattta tatataaatt glatatataa tttatatata aattgtatat ataatttata 180
tatacaatq: atatattaat ttatatatac aitgtatata taattfatat atacattgta 240
iatacaatt! atatatacat igtatataca atttatatat acaitgtata tacaatttat 300
atataaatta ‘attat'iat atatagtata tataaatala tatactatat ataaattata 360

tatttaitia iatatiatat tatttatata taaattatat attatttata tatacattat 420

atataaatta tatattatit a A4

<210> 126
211> 1168
<Z212> DNA

<213> Hcemra sapiens

221> mse birding
<222> (1 (1169

<223>» MAR of chromosome 2 genonric contig: 53£3971. 5955139

<AL 7

N
)
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atgiattcat atiatatat! {atatataaa taatatacat tcatattata tattiatata 60

taaataatat ataticatat tatatattta tatataaata tataatatat ttaigtataa 120
ataatatata taitzatait atatatttct atataaataa tatatatatt catattatat 180
attiatatat aaaiatataa ‘atalltala talaaatata taatatattt atatataata 240
tatatattca taftatatat tiatatataa atatataata tattiatata taaataatat 300
atataticat at:atatatt tatatataaa taatatatat tcatattata tatitatata 360
taaataatat ataticatat tatatactia ta‘ataaata atatatatic atattatata 420
ctiatatata aatuatatat alicatatia tatattiata taaaaataat atataticat 480
attatatatt tatalataat atatatattc atattatata titatatatt ctatatattc 540
atattatata {ttatatata aataatqiat aitcatatia tatattiata tataaataat €00
gtataticat at'atatat! tatatataaa tatatatica tattatatat ttatatataa 6€0
atatatattc alallatata ltitatatata aatatatatt catattatat atttatataa 720
aaiatatata ticatattat atitatatat aaatatatat attcatatat atatttatat 780
aaatatata tat:catatt atatatttat atataatata tatattcata ttatatattt 840
atata’aaal aatatatata itcatattal afatttatat ataaataatq tatattcata 920
ttatatatit atatataaat aatgtatatt catattatat atitatatat aaatatatat 960
altcatatta tatattigta tataaatata tattcatait atatattiqt atatatattc 1020
atatatattt atatataaat atataatatt catattatat ataaatatat atattcatat 1080
tatatatha tatata’aaa taalatatat tcataltatt tatatatata aataatatat 1140

attcataita iftatatata taaataaia 14659

<210> 127
“211> 653
<212> DNA

213> Heme sapiens
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<220>
<221> migc_hinding
<222x ¢11.1H53)

<223> MAR of chicmosome 2 genamic contig: 8427659, 8428321

<4QJ- 127
tatatatgta tacatatatg tatatatalg ta‘atatqta tacatataig tatatatgta 50

tatataigta ‘acatataty tatatatgtg tatatatgia tacatatatg tatatatgtg 120
tatatatg a tacatatatg tatatatgtq tatatatata tacatatatg tatatagta 180
tatatatata tacatatalg tatatatatg tatatatgia tacatatatg tatacaigta 240
tacaigtgia taca‘atatq tatacatgtg tacatgigta tacatatatg tatacatgra 300
‘acatgigta tacatatatg tatatatg:g tatacatata tgtatatalg tgtatatatg 350
tatacatata tgtatataag tgtatatatg tgtataigta tataagtgta tatatgtgta 420
lalgiatata agtgiatata tgtgtatatg tatataaqtg tatatatgtg tatatatgia 480
lacatatat:; ialataiglg latatatgtg tatatqtata taagtgtata tatgtatata 540

targtatacs ‘atatatglg tatatatgta tacatatatg tatatatgig tatatatgta 600

o>
rn
W

tacatatalg taaataiglg 1atatatglo tatalatata taagtgtata tat

210 1M
211> 474
<212> LNA

<213> Hemo sapiens

<220
<221~ sz birding

222> 1414
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<223> MAR cf chromosome 2 genomic contig 108390453, 108080866

<400> 725
ratatittgt aaatatatat atagtaaata tatgtaaata fatatatift gtaaatatat 60

atatatiity taaatatatg taaatatata tattttgtaa atatatgtaa atatatatat 120
titglaaata tatgtaaata tatatatttt glaaatatat gtaaatatat atatitigta *80
aatatatgta aatatatata ttifgtaaat ttatgtaaa! atatatatt! tgtaaatata 240
tgtaaatata (atatattit glaaatatat atacalatar atttigtaaa tatataaaca 300
tatatatitt 2:aaatatat tialaaatat atataltgta aatatattia taaatatatt 360

tataacatal ataitglaaa tatctttata aatatatata ttgtatatat aaat 414

210> “28
<211> 496
<212> DNA

<213> tlomo sapbiens

<221~ risc_binding
<222> (1}..{496}

<223> MAR of chromosome 2 genomic contig; 13952568..13953063

<400 129
taalataca: altaiatat! ataiatigta tatataatat acatattata tattatatat 380

tgtatatata atatacatat latatatat atattgtata tataatatac atattatata 120
ttatatatty tatatataat atacatatta tatatiatat attgtatata taatatacat 1890
at'atatatt atata’tgla iatataatat acatattata tatiatatat tgtatatata 240
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atatacatat {atatattat atattgtata tataatatac atattatata ttatatattg 300

tatatataat atacatatta tataitatat attgtatata taatatacat attatatatt 360
atatattgia tatataatat acatattata tattatatat {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_binding
<222> (1)..(317)

<223> MAR of chromosome 2 genomic contig; 16942865..16943181

<400> 130
tcteotagta gttatatata tatatatgtg tatatatata tatcctagta gatatatata 60

tatatatatc ctagtagata tatatatata tatatcclag tagatatata tatatatata 120
tectagtagt tatatatata tafatatcct aacagttata tatatatata tectagtagt 180
tatatatata tatatcctag tagttatata tatatatata tectagtagt tatatatata 240
tatatcctag tagttatata tatatatatc ctagtagtta tatatatata ttatatatta 300

tataatatat atataat 317

<210> 131
<211> 464

<212> DNA
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N
N
—_
w

v

Homo sapiens

<220>
<221> isc_binding
<222> 1) .{4B4:

<223> AR cf chremesome 2 genonic contig, 17217048..17217512

<400> 131
acatactata tatatacaca tactatatat actatataca gtatatagta tacatatact  6C

atacatatac atatactata catatacata tacatatact aagtatacgt atatacagta 12C
catagiatat g:atactata tagtatgtat aiatagcata tagtatgegt atactctata 180
tagcatatag taigcatata cgctatatag catatagtat geatatacta tatatagtat  24C
agagtatgcg tatactatat atatagtata gagtatgeat atactatata tatagtatag  3CC
agtatgcgta tactatatat atagtataga gtatgegtat actaiatata tagtatagag 360
tatgegtata ctataratat agtatagagt atgegtatac tatatatata glatagagta  420C

tgcatatac atatatatag tatagagtat gtatatatat agta 464

219> “32
<214> 439
<212> DNA

<213> Homo sapiens

<221> misc binding
<227> i;.1430)

<223> MAR of chromosome 2 genomic contig; 19647256..19647695
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<400> 132
tgtaaatata tgfaaatata tatttatatt a‘atatiata ianaaatata atatataata 60

{ataatatat aaactatata itaatataat atatataaac tattatataa atacatatta 120
aatatattat at:tttaata ttiatatatt aaatataata ratatttaat attatatat 180
taaatatata atatat'taa tattatata atatatagcea tatttatat ttatattata 240
tataacaitt tatatitata ttiatatita tatatattta atitatattt atatiatatt 300
taiattiata ttatatataa cataattata taiattttca tattgtatat aataaagaaa 360
tgtataitia tiazatataa {atalatiat ataattatt atataltata taatatatat 420

tatataatat 430

<210~ 133
<211~ 2131
<212 DNA

<213~ Homo sapiens

<22%> misc_»inding
«222> [11..(2131)

<223> MAR of chrormosome 2 genomic contig; 20481223..20483353

<400> 133
tatalataza tataittata thgatalat atttatataa atatatith awataaatat 60

aiatttaata taaaiaicit ta‘at'taat atataztiaa tataaatate ittatatita 120
atatatattt atatataaat atatatttat atttaatata tattaatatt taatatacgt 180
ttatathaa w@ntatie tatutaaata tattiatatt aacatatatt tatatataaa 240
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tatatttata Htaaiatat ttacatataa atatatttat atglaatata ttacatata

x
Q
L&)

aa:aiatiia fat‘taatat atatgcatat gtaaatatat ttatatttaa taatatliat 360
atataaatat atitatattt aataaiattt atatataaat atatitatat ttaatatata 420
{taaatatat ailtatattt aatatatatt aataitiaat atatatttat atttaatata 480
ta‘tatatat aaacatatat itatatitaa tatatatiat atataaacat atatttatat 540
ttaatatata tatatataa acatatail! alatttaala tatattiata Htaatatat 600
tatatataaa ratataitia tatitaatat atatitatat taaatatata tatatataa €60
acatatattt atatttaata tatattiala ttaaatatat aittatat't aatatatata 720
tattaaatat atatitatat ttaatatata tttatatiaa atatatatit atattaaata 780
tatttata‘t ‘an‘atatat {tatat‘aaz iatatattaa atatttaata tatatitata 840
titaatatat acataiatat ttatat:taa tatatacata tatatttata tttaataiat 900
acataiatat tatattaa {atatacaa tatatitata titaalatat aaatttatat 960
titatataia taaaaatata taittatatl taatatatat aaatatatat ttatatttaa 1020
tatatatatt tatattgaat atatacataa atatatattt atatttaata tataaacata 1080
tattfatatt tatatatiaa atatatattt atatttaata tataaatata tatitatatt 1140
taatatatit atatatacta atalatttat atitaatata ittatatata gatatattta 1200
tatttaatat attlaigtgt attaatatal datalttaa tatatitata taitaatata 1260
‘tiatatitt atatitatat attaatatat “tatatttta tatttatatt ttatatattt 1320
atatattaat atatttatat ttatatatar ttttatatat taataaattt atattttata 1380
tatttatata ttaataaatt tatattitat acagiiatat aaatatattt atattitata 1440
cagtiatata aatatatita tatttlataq ttatataaat atatttatat titatacagt +500
tatataaata tatitatatt tiatacagh atataaatat attiataitt tatacagtia 1560
tatanatata ttatatitt atacagtiat ataaatatat tialaitita tacagtiata 1620
taaatatatt tatatittat acagttatat aaatatattt atattttata cagttatata 680
aataiattia tattttatac agttatataa atatatitat attttataca gitatataaa 1740
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tatattiatg ttitatacat ttatataaat atattiatat tttatacatt igtatttaat 1800

atatatttat aiataaatat aitttatatt taatatatit alatataaat atatatigat 1860
attraatata ta‘ttaiata taaatatata tigatatita atatgittat atataaatat 1820
atatttatat ltaata‘ata tgitiataia tcaatatata titatattta atatata'tt 1980
acatataaai atatatitat aittgatata tatttatait tgatatatat tttatatata 2040
ttaatatat! tacattigat atalattita tatatattaa tatatttaca tttgazatat 2100

atitiatata tat:aatata tdazatig a 2121

<210> 734
<211> 842
<212> DONA

~213> Home sapiers

<22C>
<221> m'se _bindrg
<222> (1)..(842;

<223> MAR of chromosome 2 geromic cortiQ; 20483473.,2048431G

<400> 134
tatatatita totttaatat atatitalag ataaatatat atttacgttt aatatatatt 60

tatagataaa latata:tta cgtitaatat atatttatct ataaatatat ttacgtttaa 120
tatatatita tatattaata tatttatgtt taatatatat ttatatatat taatatattt 130
a‘gittaala tatatitata tattaatata tiatgtita atatattiat atatattaar 243
alatttatgi ttaatatata titatatgtt aatataitia ggtatatata tatttatatg 300
ttaatatata tiatattaa tatattatal ttataiataa aagtatatat aatatataaa 360
tattatulaa atlatiatat agtaiitta tatatatila atataaatt tiatatattt 420
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iatatatata aataiatatt tatatataca ttttatatat aaatatatat ttatatatac 480

attatatata taaatatata tatitatait ttatatataa atatatatat ttatatatac 540
attttatata tittatatal ytaaatatat atataaaltt tatatattgt atatatattt 600
ataaatttta tatatataft tatatatata atatatataa tatatataaa itttatatat 660
attatatata fttaiatttt atataitaia tattiattia tatatatita taigttatat 720
atatitatat ttatatttat ttiitaitia tatattttat atatatatit afatatgitat 780
attatatata ttatatatta tataatarat tatatatatt atattatata tttatattat 840

at 84?2

<213> Homg sapiens

«220>
227> misc binding
<222> {1:.'B45)

«223> MAR of chiomosome 2 genomic contig; 20887568..2089821C

<400> 135
afatatttat attatatatt atataatata tattatatat taataaatta tatataatat 60

aatatatatg tatatitata ittatgttat aatatacata taattatata tgtatgtaia 120
catgtataca tatacgiata ‘gtgtatatg tatacatata ggtatatglg tacatgtata 180
catatagyta tatgtataty tatacatgta tacatataat ataattacat atgtatatat 240
alatacatat gtaattaia: tatatatgta tatgtatati tatataatat ataatatgta 200
tatatatta tacatgcata titatatgta tattatatat acacatataa tataattata 260
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tafgtalgta tatatacaca tatatatita tattata‘at gtatattata tacatatatt 420

tatatta‘at atgtatatat atttatcata titatatgta atatgcatgt gtaataaata 480
atatacacat tatatatgt atatiatata catatattia tatigtatat gratatatat 540

tiatatatat ttgtatatca tata‘iata tatigtatat datgtatat tatatattta 600

tatattatat atgiatiata taatatatat gtaaatatat attat 645

<210> " 36
<21%> 722
212> DNA

<213> Heme sapiens

<220>
«22%> misc_binding
<R22> i1y (722)

<223> MAR of chromoseme 2 genomic contig; 21664541..21665262

<430> 136
tataatatat attatatict atataatatg taanatatat attatattct atataaigta 690

ttatatalag aatataatat atictaigta dotataalc tatataatac atatltatata 120
Hatatagaa taitataaat aatatattct atattatata tagaatatat tctatatgtt 180
tatatictat atattatata igaaatagta tataaaatat atataatata tataaaatat 240
gatatataat atatataaaa taatatataa tgtaiaatat ataaaataat atataatgta 300
tantatataa aataatatat aatgtataat atataaaata atatataatg tatattatat 360
aaaataatal ataatgtata ttatatataa aataatatat aaigtatatt atatataaaa 420
taata'ataa tyiataiaaa alastatata alatattata tatanaataa tatataatat 480
attatatala 2aaiaatala faltatalat aaaataatat ataatatatt atatataaaa 540

Saiie 123



SFL PCT 012 ST25
taatatatat tatatataaa ataatatata atatattata tataaaataa tatatattat 300

atataaaata atatatatta tatataaaat aatataatat atattatata taaaatnata 3950
tataatata’ tatataaaaa tataaatata ttatataaaa atataaaata taaaatatta 720

ca 722

<210> 137
«<211> 305

«212> DNA

A
N
.. §
[&V]

Y

Homo sapiers

<220
<221> misc _binding
<222> {1}.(308

«223> KMAR ol chromosome 2 genomic contig: 22834991..22835298

<400> 137
aatataaaa: atatgatata taatacgtat tatatatgta taatacgtat tatatattaa 60

tatataatat ataatacata ttatatatgt atataatata tactaatata tataatgtat 120
acatlatata iitacataat alataataca taatatagaa ttataattat atataataca 180
taatatataa tlatatatat iattatatat giat'tatat tata‘ataat atattatata 240
taatataiat tatataatita tatragtata tanttatgit atatacataa taatatataa 300

tatat 30E

=210> 138
«2%1> 382
<212> DNA

<213> Hcmo sapiens
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c?’220‘;.
<221> rmsc pinding
w2227 111382

223> MAR of ¢hrominsome 2 ganciric contig; 25277762 25278113
9 a

<400~ 132
taatataiat aatatattat atattatata taaiataiti tataatatat anaatatatt 60

Mataaata tataatatal ttlalaatal a'ataataia tatatataa fatataatat 120
attitataat atatataata tartalatat attatatal tatattiatt tatatattca 120
taaatatata thtatatata atatatttta taatatatia tatataatat ataatatatt 240
ftataatata ttalaaiata raatatataa tatattttat aatatatata atatataata 300

taitatatat Hatatttat ttatatattc ataaatatat atatttatal ta 352

<2905 Ay
<212+ DNA

=213~ Homno sapiers

<221> misc binding

L)

42,

pN

2222

«223> AR of chromnsome 2 genomis contig: 25372452, 25372793

~400- 139
tatgtacata tatatfitat a‘attalata taatatatat tatatgatat atataatata 60

Seite 125




SEL PCT 012.8725
{taatataata taatatataa aatatatata atatatatta tattatataa attatattat 120

atatatcata taataiattt tatatattat ataatatata tiatattata tatattttat 180
atattatatt atatattata tataicatat aatataiatt atattatata ttitatatat 240
tatataata: atattatata ittttatata ttatataata iatattatat attttatata 300

ttatataata catatattat atataatata atatatatta ta 342

<210> 140
<211> G63
<212> DNA

<213> Humo sapiens

<220>
<221> 'misc_binding
<222> 1:..46€3)

<222> INMAR of chiromoseme 2 genemic contig: 30209437..3021008¢

<400> 140
aatatatatt acatattgta tatatagtat atgtaatgta tataatatag tatattctat GG

attgtataat agiaatatat agtatatgat atactatata ttacttatca tatatacaat 120
aiatatiaia tcgiataitg tatattatat attgtatata tgtaatatat gataigtaca 180
tatgttatat atgtatataa tatactatat tatatatigt atattatata catatataac 240
actatiatac aalatataat atagcatatt atatacaata tagcatatac aatatataat 300
atagcalat! atatataata tagtalatta tatacaatat ataatatage atattatata 360
taatataata tagtatatta tatacaatat ataatatage atatacaata tagtatacaa 420
tatataatat agcatataca atalagtata ttataiataa tataiaatat ageatgtaca 480
atatagtatg ttatatacaa tatataatat agcatataca atatagtata ttatatacaa 6540
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tatataatat agcatataca atatattata ttatatacaa tatataatat agcatataca 600

atatagtata ttatatacaa tatataatac agcatataca atatagtata ttacatacag 6560

tat BE3
21C» 141

<211> 1202
<272> DNA

<213> Home sarisns

<220>
<221> misc_binding
<222> (13..i12C0;

<223> MAR of chromosome 2 genomic contig; 31725089..31726288

<400> 147
tatacttata tattataatg tatatataaa gtatatactt tatatatact tatatattat 60

aatgta‘att atigtatata aglaiataic ataatatata cttacatatg ctcacatata 120
ttataatgta tattgtatat attatataca tattatatat glataatgta fatatacatt 180
atalalgtiat aatglatata tacallatat atgtataatg tatalataca ttatatatgt 240
ataatgtata taatatatac aatatatgta taatatataa tatatacaat atatgtataa 300
tatacaatat aigiataaia tacaatalat gtatagtata taatatatat tatatatgta 360
ragtalatta tatattatat atgtatagta tataatatgt ataatgtata tattataata 420
tattatatat aatatctata acaatataat atattgtata tattatatat aatatatatt 480
tatataatat atattatata taatatatta igtatitatt tatattataf ataatataaa 54C
‘atatataat a:aaataata titaitatat attaatataa atatttatat taatatatai 600
tiattalata taaataalat ctatgatala aataatata aatatacatg tatatgttat 660
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aatatataca tataatalac a*ji;y'a‘at atactataca igtatatata acattatat 720

atatacatyt a*atatatta <ytatacaty tatagtatat atacafgta‘. atatatacat 7&0
atata-tata caigtatata tacatgtata tatatacata tatactatac atgtatatat &40
acatgtatat atacacata: alazialaca tglatatata catgtatata tatacatgta 900
Jttatatac atattataa tatacatata tagtatacat tatatacatt atataatatg 360
cattattata atataatata catiattata atatacatta ttataatata atatacatta 1020
ttataatata caitattata atatacatia taataatata cattattata atatacatia 1080
‘aatatigaa gtatatatac tataatatat Jtata’atta taatztatal aatatacatt 1140

attaiatata agtatatalt atatataat atatattata atatazgtat atacatatat 1200

+2°0- 42
<21°= 328
«212> DNA

~213*» Homo sapiens

©22.>
221~ rise Cinding
222 111, {325)

<223~ MAR of chromosome 2 gerniomic contig; 32147252..3214757

400> 142
aaatacaaat a‘ttatitat atataatata taatataata tatt:attta tatataatat 60

ataaltiata atatataaa tatataatat atitatatat aatatataal iitatatat 120
autaattata tatataataa atatatataa tatataattt tattatatat taattatata 180
‘araataaat atatataata tataataata fatatacat :atatataaz tataaatatt 240
atiataalat ataatataat atatttatit atatataaat atataatata *aattatata 300
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aatatataa: atatttatat ataac 325

210> 143

211> 007
<212> DNA
<213~ Homo saplens

<27 %> s binding

<222 110507

<223> NMAR cf chromosome 2 genomic contig; 32312662..32313168

<400> 143
attartta:a taaatattat attiatatta ittatataaa tattatattt atattattta 60

tatana'al atatitalat tatttatata aatattatat ttatattatt tatatazata 120
ttaiatitat attattiata taaatattat stitatatta tttatataaa tattatattt 180
atattatita ‘a"aaatat! atatttatat tatttatata aatattatat ttatattat? 240
tatataaata ttatatitat attatttata taaatattia {tatattat ttatataaat 300
aitatatita ianatttat ataaatattt at'tatatta tatataaa fatttaitta 350
tatitaata aataatatal aaalzaatat ttialalgia tetaaatatt atttatatia 420
titat’ aaa asataatat aasttaata aaatattoat attatitatt tattataaa 480

taatataaat attatatita tattiat 507

<210~ 144
211> 339
<212> DNA

<2*3.. Honi sapiens
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czz”> mse binding
%222 1% {338

<223» MAR of chromesome 2 genomic contig: 33651118..33651456

<400~ 144
aaatataata tat:atitat atalaalata aatgatatai {atgtatata taaaatataa 60

a'aalatat! atyratatat aaaatataaa ‘atatttat atataaaata taaataatat 120
‘tatatataa aatataaata tialatiatt tatatataaa atataaataa tatattattt 180
alatataaaa tataaa'aat atattattta tatataaata atatataaaa tataaatata 240
tattatatat aantaaaata tatatattat atatataaat ttatatataa tatataaaat 300

ataatatata taftfaata* ttatiatata atatataat 330

<210> 145
a717% 47

<212~ DNA

<213> Homo sapiens

<2z'» misc hnding
<P22> I1i 1451

<223> MAR of chramasome 2 genomic contig. 45073053..45073513

~400> 145
tgigiataca ‘atata_gly tacatataca tatatacatg tgtatatata tacgtgtaca G0
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tatacatata tacatgigia tataiatgta catatacata tatacatgty tatacataca 129

tatatacatg tacatataca tatatacatg igtatacata catatataca tgfacatata 18C
caiatataca tgigtatact ‘acatalata catgtacata tacatatata catgtatata 240

tatacataia tacacgtaca tatacatata tacaigtaca tatatacatg tatacatata 300
tacatgtaca tatgiacata tatacatgia tacatatata catgtacata tgtacatata 360
tacatg:ata catatataca tgtacatatg tacatatata catgtataca tatatacata 420

‘ctacatacg cacagataja catatataca tatgtacata 451

<2°0> 146
<2i'» 1132
<212> DNA

<213> rlomo sapiens

<zz1» misc_binding
<222> 1 IM82;

<223>» MAR of chremosceme 2 gencmic contig: 45487601, 45458852

<4J0> 146
a‘tatattat ctatatanat ctattatatc tattatatta fctatataat atctattata 350

tatattatat tatctatata aatctattat atatattata ttatctatat aaatciatta 120
tatatattat attatctata tatctattat atattatatt ataitatatt atatataata 180
ictaltatat ataitatatt alattatatt atatataata tctattatat atattatat 240
aictatataa talcialtat atattatata ttatatfata tataatatct aftatatata 300
ttatuttata tialatataa tatctattat atctattata tatattatat atatctatta 330
tatctatiat atatattata tataatafct attatatcta ttatatatat tatatataat 420
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SEL PCT 012.8725
atetaitata totattatat tatattatat ataatatcta ttatatctat tatatatatt 480

aatata:ct atiatatcta ttatatatat tatatataat atctattata totattatat 540
awattalala taatatclal tatatctatt atatattata tatataatat ctattatatc 600
taltatatat ta'atatata atatclatta tatctattat atclattala tatatatcta 660
tatatotat talaiatatt atatacataa taictattat atctattata taiattatat 720
atataatarc tatatatct attatatata taciatetal tatatctatt ataiatatta 780
tatatgtac: atclallata tetatiatat clattatala tatactatct attatateta 840
t'atatatat tatatatata clatctatia tatctaltat a'atattata tatatactat 200
czattataia wiatatat atatta*itt atattatata tagiatctat tacatatant 3606
atzttatat: atatviaata tctattatat atattatatt aiatiataaa taatatatat 1020
agtatotgtt atatataata gatatiatat ataatatata atatalataa tagatatiat (0g40
atatattat:y ttatataata tataatatat aatataatia atataaaatia tatataatat 1140

ataattaata taatatgtaa ta 1162

210> 147
<211 5Rg
<212> DNa

<213» Homy sapiens

<221~ nusc_bnding
<222> +71.4HBY)

<222 MAR f chromcsome 2 genomic contig: 45516233..45516794

<400 147
acatattala tatattatat ataatatata ttatatatac ata'tataia tattatata: €0
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SEL PCT 612.8728
aatatata’ atatatacat attatatata ttatatatac atatata'at tgtatataat 120

atatacatal ‘alatatatt atatatacat aitatalatt atatataata tatacatait 180
atatatiata tatazatatl ata‘atiata tataaatatt atatatataa atattatata 240
ttatatataa atattataa ttatatat aaatataata tataatatat ataatattta 300
tatattatat ataaa‘atta {ataiattat aiaatattal atataatata iaaatatata 360
tattazataa alaligrata tatiaiataa atattatata tattatatat aaatattata 420
tatatta‘at aaa‘*a‘atat aaa‘latataa aatatataaa tatgtaaaat ttatatttat 480
aaatatataa ataaatata taaatataaa tataaattat atataatata taatatatta 540

tacataatar atatatata ta SR2

<210x “48
<211> 301
«212> TDINA

<243» Hom: sapicns

&
L
A\

mis~ Mirding
<22z> A iEGTY

<223> KMAR of chromosome 2 genamic contig: 45727251 45728051

<4C0> “448
atot=ztatat ataaratata catatataga atatatatat tattatatic tatatataga 60

atatatatal ayaatatata talalagaat alatatatag astatatata tagaatatat 122
atatagaata tatatataga atatalatat atagaatata tatatagaat atatatatat 150
agaatatata tatataoaat atataiatat agaatatata tatatagaat atatatatag 240
aatatataa tagaalatat atatatagaa tatatatata gaatatatat ataiagaata 300
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SEL PCT 012.8T25
tatefataga atatatatat atagaatata tatatagaat atatatatat agaatatata 360

tatagaatat atatatatag aatatataia tagaatatat atatatagaa tatatatata 420
gaatatatai atatagaata ‘a‘atataga atatatatat atagaatata tatatagaat 480
atatatatat agaatatata tatagaatat atatatatag aatatataia tagaatatat 540
atataiagna ‘ataiatata gantatatat atatagaata tatatatana atatatatat 600
atagaatat+ tatatagaat ata‘atatat agiatatata gaatatatat atatagtata 669
‘atagaatat atatataiag aatniatata tagaatatat atatatagaa tatatatata 720
gaatalata: ata’agaala tatatataga atatatatat atatagaata tatatataga 730

ataiatatat atatalagaa ¢ 201

<210~ j4y
AR
212> DNA

273> Humo sapiens

<221 misc pirding
=222 1o B4R

~227% MAR of chromoasome 2 genomic contig: 50937238 5QUR75R83

=400 144
tauaaltata ‘atnilatat atantatata atatattata tataatatat attataatat 60

Aatratata tatiatalaa aatatatict atagaatata tattctatta tataatatat 120
alicialial aa:alatalt alalalanta tutattctat tataatatat attatatata 187
atataticta ttalgatata tattatatat aataacatat attatatata atatatattc 240
tultatalaa aatata’att ata‘aaaafa tatattetal 1atataaaat ataratiata 300
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SEL PCT 012.8T25
{aaaatalat attatatiat atagaatata tattatacta iatata 346

<210> 150

211> 4f

)]
N3

<Z212> DNA

<213> Homo sapiens

<220
<221> misc binding
<222> (1)..1482}

<223> KMAR of enromosome 2 genomic contig; 55672627..55673088

<40C> 150
taaatatata ttatatatta tattatatat aatatatita tatttatata tactataait 60

tatatataat atataltata tatataatat atttataata latatcatat aaataatata 120
tatitataat atatatcata taaataatat atatttaiaa tagatatcat ataaataata 1835
tataltiata atagataica tataaataat atatattiat aatagatatc atataaataa 240
taiatatita taatagatat catataaata atatatatti ataatatata tcatalaaat 300
aatatatatt tataatatat atcatataaa taatatatat ttataatata tatcatataa 360
ataatatata Hiataatag afatcatatn aataatatat atttataata gatateatat 420

anataatata tatttataat agataicata taaataatat at 462

~z10> 151
<211> 407
<212> DNA

<213> Hemo sapiens
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SELPCT 012.8725
<220®
<22%> misc_binding

222> 17, (401,

«223> MAR of chremosome 2 genomic contig; 5608%352..56081752

<A00> 154
‘atacagta tytaticgta tatgtatgtt atatatgtat atgtattaia tacatataca

tatatacalg tatatgtou atatacatat acatatatac atgtatatgt gttatataca
watacaiata tacatgtata 1qtaitatat acatatacat atatacagt atatgtgita
‘atacatgtg talgtgtata tgtatatata catatatg:g tatgtgcatg tgiatatata
catataigta tatgtgiata 1gta‘atata caiatatgla tatgiatatg tatatacgta
tatalacata talgtgtaty tgtatgtata tacgtatata ta tacatata tgtgtatytg

tatacotaca tatacatata tgt;tatarg tatacglaca t 401

[
—
L]
\l
-~
&
N

N
v
8l

212> DNA

213> Homwe sarrets

«221> misc_bindirg

222> 1) 17R5Y

223> MAR cof clremosceme 2 genomic contiq: 56404208..56404972

<400> 152
tatattata: anaiaatata tattatataa tatglaaaga atatalatta tataatatqt
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SEL PCT 012.5T25
aaagaatata tattatatat tatgtaaaga atatatatta tatataatat ataaagaata 120

tatattatat aatatatzaa gaatatatat tatatatiat ataaagaata tatattatat 180
ataatatata aagaatatat aatatataat atataaagaa tatatattal atataatata 240
taaagaatat ataitatata taatatataa agaatatata ttatatatta tataaagaat 300
acatataiat aatatataaa gaatatatat tatatataat atataaagaa tatatattat 360
atataatata taaagaatat atattatata tautatataa agaatatata ttatatataa 420
tatataaaga aataiatta tatataatat aiaaagaata atattatat ataitatata 480
aagaatatta tatatiatat aangaatata taitatatat natatataaa gaataaacat 540
atatactata tataunagaai atacattata tatactatat ataaagaata tacattatat 600
atactatata taangaatat atatastata laaagaatat acattatata taatatataa 660
agaatatatt atatatiaia taaagaatac attataatat aaagaataca ttatatataa 720

tataaagaal acattataa! atataaagaa tatatataat atata 765

<210~ 1153
<211 443
<212~ DNA

«213> Homo sapiens

<220>
<221> misc_hinding
<222> i11.(443}

<223> MAR of chromoseme 2 genomic contig; 51953416..61953858

<400> %53
ftiatata't atagataaaa itataitata tacaigtaa tatataatat gtaaaatata 60

itatattaca ratataatat ataataigta aaatatatta tattacatat ataatatata 120
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atatgtaaaa tataitatat tacatatata atataaaata tiacatataa tatatiitac 180

ataaataiat attatctat: acatatitat tatatgtaa! aatatgtaca tatgtataaa 240
tatgtatata fttatacala tgtatatalt atatataca’ ataiatgtat atattatata 300
tacatatata tgtatatatt atatiatata tacatatata tgtatatatt atattatata 360
tacatataia tgtatatatt atatiatata tacatatata tgtatafata ttataaatat 420

ctataataaa gatttatatg taa 443

<210> 154
«211» 372
<212> DNA

<213>» Homo sapiens

«220>
<221> misc_iinding
<222> (11..(372)

<223> MAR of chromosome 2 genomic contig: 62076211..62076582

<400> 154
:atatataat tatatatgta attatatatc agtatatata attatatata attatcaata 60

taiataatta taiataatita (caaiatata taattatcaa tagatatata taattatata 120
tataattata tataattata tatcagtata tatacttata taattatata tatqtatata 180
taattatatg tataaatta: ctataagtat atataactat aatataiatc aattatatat 240
actatgta: aattalatat actyatatat aattatacat aattatatat atcaattata 300
tataattatg tataattata tatacatata tataattata tatataaait atatgtaatt 360

atataattac ac 272

<210> 155

(9] ]

Seite 138



SEL PCT 012.8T25
<211> d¥4

<212> DNA

v

<213> Hormo sapiens
=220

<221> misc_nding
«222> {1 434,

<223> NAR cf chremosorre 2 gencriz cantig, 2158581, 62159064

<400 155
aitatataia atalaaaaat tatacazatt attttattat atatiatata cataatatat 80

atat:tcata lataataiat attatatata atataaaata tatattalgt ataattatat 120
ataaaatata tfatataatt atatataaca tanaatatat ataatatata attalatata 180
atataaanta tatatalaat ataaaatata tallatatyt aattatatat aatataaaat 240
atatatalan tataaaatat ataltatata taatrataat ataaaatata tattatatag 300
‘atataita® ataaaaiata tattatatat aatix’atat tatataaaat atatattata 380
ataattala taatgiaaaa tatatattgt atalanttar atataatata aaatatatat 420
aata‘a‘gaa ataagatata tactatatat aata’atata atttacatat aagatatata 480

tr:al J84

2210~ 155
241> 844
212> DNA

~213> Heme sapiers

220>




SEL PCT 312.8T25
«221> miss binding
«222> 11.i544)

223> KAR cof chromosome 2 genomic cortig: 5R14£03% 68145679

400> 156
tatatatatg ctaatatato taata'atat tatatalalg ctaatataia tatgctaata A0

tataatatat attatatata aatatataat alatatitat ataaatatat aatatattat 120
atataaatat ataatataaa tatatataat atatactata ttatatatta tgtataacat 180
ataatacaia ttyttatat ataatatata tat:atatgt tatatatta: ataftatata 240
taatataaca a'afaittla tatattatat gttatatatt atatattata tataatataa 300
rataatatat aatatatact alatiatata ftacatatat tagcaatatt atatataaaa 350
tatatataat atatalaaaa tatatalaaa aalataaaat atalatcaae atataaacta 420
tataatatat aaaaatatat tatatataat atataaaaat ataaactata taatatataa 480
Aaa‘atat’a tatataata’ ataaaaatat aitatalatt atatataaaa atatattata  £40
‘ataatata” agaaatatat ataaaatata aaaaatatat a‘aaaatata aaaaatatat 800

aaaataatat aaaatata:a atatataata atataatata taat 44

211> £30
272> DNA

<213> Homo sapiens

<22%1> misc_binding

22525 B3

-

<223~ AR ¢ chremoseme 2 geromnic contiy; 712572897 1257818
Seite 140




SELPCT 012.8728

«400> 157
ataictalia ‘atttatata ctitatataa attatatcta ttataittat atacittata €0

taaatiatat ctattatait tatatactll atataaatta tatctattat alltatatac 120
titatataaa ttataictat tafatttata {acittatat aaattatatc tattatattt 180
atataclita lataaatata {aattatai! tatatacttt atataaatat aatlataaat 240
atatttatat aclttatata aataiaatta tanatatal! tatatacttt atataaatat 300
aattataaat ala‘tlatat acttiaiata aalataatia taaatatait tatatactit 360
ataattalat gtiatattta taaitatat! tatataaltc ataa'tatat acattatgtt 420
talagtiata taatttataa ttatatacat tatatitata ittatataat Hataattat 480

ataaattata taaatta’at anattatett taatttatat tatataatct 530

<221> misc hinding
<222> 1:.337;

i
4

<223> MAR of chromosome 2 genomiz contig: 73413615..73413951

<400> 158
acliatat'a tatetaacia tatiaitgta tatthatata aattaatgat atataatata 60

ttaaitatal attailatat gtgatataaa atacttatat ttatactgta tatatgtata 120
tacacacata tatgtatata tgfatatata cacatatgta tatatgtata tglatataty 180
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-atactgtal atatutata: acavacatat atgtatatat glatatgtat atatgtatac 240

[glatalaly tatatacata tatacalafa tgatatatal cacatatatg tgatatataa 200

Atatattiai ataaatataa ataatatt tatatta 237

<217 184G
«2115 1340
<212 DNA

~213=~ Homo sapiens

<221> m'si_bindirg
<222~ 1y (1340}

<223~ KAR of chromesuire 2 genomic centig, 77011043 77012288

w4 16
atgtatttta tatagtatat attaigtatt Atattqatat aatiatatga caattatita 60

tatataaant aacaaataaa tatataaaat aataaatata tatitatiat taaatantaa 120
aatatattt allattaaat aataaatata taaaglaata aatatatatt tatatattaa 180
ataaltcata tatatttata tallaaataa ttcatatata titaaataat taatacatat 240
ttaaataal: aatatatait {atataatat atatttatat attaaataat taatatatat 300
Hatagatta aattaatata totiiatata thaaatiana tttaatatat tatatattta 360
‘ataati'aa atltaataat ttatataat! taatitaatt taatataatt aaaatatatt 420
aaacut’a’a taatalataa tatatitaat atataatata tatttaatat ataatatatt 4890
‘aatatataa tatatltaat atataatata tatitaatat ataatatatt taatatataa 540
tatatitaal aataatata tatttaatat ataatatatt taatatataa tatatatita 600
a'arataata alftaatat ataatatata tttaazatat aatatatita atatataata 660
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SEL PCT 012.8T2&

tatatttaat gtataatata ttaatatat astatatatt taa‘gtataa tatatitaat  72¢

atataataia talltgatgt ataatatatt taatatatat tigaigtata ataiatliaa 78C

‘atataatat atatttgaly tataalatat ttaatatata atatatatit gatgtataat 840

atattiaaia tataatata: attzatgta taatatatl: aatatataat atatatttga 900

tgtataatal atilaalata lautatatatl toatotata atatatttan tatatantat 260

atatitigatg tataatatat ttuatalaia atatatatti gatgtataat ataittaata 1020

tataatatat atlgatata laatatailt aalatataat atatattiga tatatatita 1080

atatataata tatatttgat arataatata tttaatatat aatatalatt tgatatatoa 147

tatatttaat utataaiata tatttga’at ataatatatt taatatataa tulatattty 1200

a1atataata 1atitantat ataatalata ttigatatat aatatatita atatataata 1230

fata'ttoat atataatata tittcttalt aattat'tat atataatata tusatafara 132

ttaattaalt atatattaaa 1240

<212> Hemo sapiens

<227 mise_binding

<2fZ» t1p (3T

<275> MAR of chromosome 2 genomic contig: 78226855, 7822

4

“4Q0C> 160
tgtgtatata tacatatatg iglatctalg tgtatatata cataigtgta tatatacata

talgta‘ata tatanatatg 13tatatatg tytatataig tgtatutaia catatatgig 4
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SEL PCT 012.8T25
tatalatgtg iatatalgtg tatatalaca tatatutyta tatatgtgta tatatacata 180

igtgtatata tgtgtatata tacataiatg {gtatatalg fotatatata catatatatg 240
tatatatgtg tatatataca ‘atatgtgta tatatgtgta tatatgtgta tatatacata 300
taiatgtata targtatata fatacaata tgtgiaiata tgigtatata iacatatatg  36C
tatatatatq igtatatgg tgtatatata catatatgtg tatatacaca catatatgtg 420
tatatatgig tata‘ataca tatatgtata *atacatala tgtgtatata totgtatata 480
tacatatatg tgiatatatg tata‘atata catatatgtg tatacataca tatatgtgta 540
ta-algtg:a tataiacata tatg'gtata catacatata tgtgtatata tgtgtataca 600
la-.a'a‘ata ‘giaiatata caataiglg ‘gtatatqtg "atacaiaca tatatatgty 60
tatatatg:g tatacatata tglgtataty ‘qtatataa catatatgta -gtatatatg 720
taratatata catatatatg igtatatatg tgtatatata catatatglg futatataty 780
tgtatataia catatatgtg tgtatatatg tgtatatata catatatatg totatatatg 840
ta:atatata catatatgiqg tgtatatatg ‘gtatatata catatatgta tatatatata 900

‘agtatatata ca‘ataigtg totatalatg tutatat 2

<210 481
<211> i35
=212>» DNA

<213> Homo sapiens

<220>
<221» misc binang
<222 1 1380

<223~ IAAR of chromosome 2 genomic contig: 79287748..79230007

“400> R
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SEL PCT 012.8T25
tatatatatt atatatatag taactgtict attatatata tattatatat attictgttc 60

tattataiat tatatatatt atattatata ttatatgtaa tatattatat atattataag 120
taatatatta tatatattat atgtaatata ttatatatat tatatgiaat atattatata 180
tatatatgc aatatgttat atatattata tycaatatot tatatatalt atatgcaata 240
tattatatat attatatgca atatattata taiaatatat gtaatatalt atattatata 300
ttatatgtaa ia'cltatat attatatgia atatattata taiattatat gtaatatct: 360
atatataita tatgtaatal aftatatatt alatgiaata fattatctta tatatattat 420
atgiaatata ttatattata tattataigt aalatatatl atatgtaata tattacatat 480
tatatgtaat atatattata tgtaatatat tacatatia’ atgtaatata tattatatgt 6440
aataiattac atatiatatg taatatatta catattatat gtaatatalt atatgtatta 600
tatgtaatat attatalgia tiatalgiaa tatattatat gtattataty tattatatgr 660
aataiattat atgta’taia tglaatatat tataiattat atgtaa'tat altatatgta 720
atalattata itatatalta tatatattat atgtaatata ttatatiata tattatatat 780
attataigla atatatiata ttatataiia {atatattat atgtaatata Hatat'ata 840
tattatatat attatatgta atatattata itatatalta tatatattal aigtaatata 800
ttatattata tattatatat attatatgta atataftata tiatatatta tatatattat 960
atgtaatata ttatattata tatiatatat attaiatgia atatattala ttatatatta 1020
tatatattat atgtaatata ttatattata {attatatat attafatgta atatattata 1080
ttatatatta tatatattat atgtaatata ttatatiata tattatatat attatatgta 1140
atataltata tiatatatta tatatattat atytaatata littatatta tatatattat 1200
attatatat! atatgtaata tattatatta tttattatat aitaialat! atatgtaata 1260
tattatatta ittatiatat atattatatt atttaitata tataatatat tatattatat 1320

atattatatt atataiattt ctgttctaat 1350
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SEL PCT 012.8T25
<212> DNA
< 213> Homo sapiens
w220
<221> miss _differcnce
«222> (1Y i332

«<223» MAR of chremosome 2 genomic contig: 81142998 81143329

430> 162
cratgiatat aactatatar aactaltala taacttaata agatatataa clattatata 5%

acttaataag {tatatataa clattatata laacttaata agitatatat aactatiata 120
taacttaaia agttatatat aactattata taacttatta agttatatat aactatatat 180

dacttaataa gttatatata actattatat aacttaataa gitatatata actattatat 240
aacttaaiaa gliatatara actattatat aacttaataa gttatatata actatatata 300

acttatatac aacttattaa gotatatata ta 332

213> 163
211> 327
<2127 [DNA

<:13> Hemo sapens

<221» misc_binding
<2322» 132D

«223> FAAR of chromosome 2 genomic contig; 643195725, R401U862
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SEL PCT 212.8725

<420> 183
actqacagta tacatactgt atatatatac agtaigtata catatacagt atgtatacta 82

tatacagtat gtatactata tacatatata cagtatgtat actgtatata tatacagtat 120
giatacgtat gtatactgta tata-gtatt atagtgtata tatatattat agtgtatata 180
tgtattatat atartatagt g'atgtatta tatgtgtata tacatataat atattataca  24C
tatacatatg cacaatatq: atatgtatta tatgtattca tatacatata tgtatatgta 300

taataiatgt atacatataa tacacat 327

<210> 134
211> 407
<212> NNA

<213> Homo sapiens

<220>
<221> misc _pinding
<222>» {1)..1407)

<223> WMAR of chromosome 2 genomic contig: 144803C.. 1448438

<4CC> 1684
tatataaiat atattacata tatattatat ctatattat: tatattacat atgtaatata 60

tattatattt ataitatita talaatata: tatatatait atattatttu tatgtaatat 120
atitatatty t'tatatata ttatatitiat attatttata tataatacat attataltta 180
tatatiiat atataatata tataataaat atataatata tataaaaata tatatattta 240
ata‘atctat aatatatatt atatatatta tatataatat atataaitgt acatatattt  30C
aittatatata ttatatatat aatatatait ataaatalaa talataaata tatttataaa 362
tatatataaa ta'tatattt ataca’tata t'tatataca taltata 4G7
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<240> 188
“211> 195¢
<212> DNA

<213> Homo sapiens

220>
<Z21> misc_binding
«222> {11..(1959)

<223> KAR of chromoscmie 2 genomic centig; 2147530..2119588

<400> 165
tatacalgt atagtgtata tagtatacta atatataatg latgtatgtg tatacatata GO

cacatataat atacacatat ataatatata tagtatataa taatigtataa tatataatat 120
ataatataaa aigtatagla tactacatat tlatatatag tatatagiat geatagtaca 180
{atalactat atatgtagta factatagig tatatatagt acaccatata tagtataaat 240
atactatata gtatalglac tatatatala ctatatagia tatacagtat aratatatag 300
tatacctata ctatatagta tatatagtgt gegtatacta tatagtatat atagigtgcg 360
tatactatat agtatatata gtgtgegtat actatatagt atatatagtyg tgegtatact 420
a‘atagtata tatagigtgc gtatactata tagtatatat agtatacata tatagtgtgc 430
gtatactaia tagtatatat agtatacata tatagtatgce gtatactata tatagtatac 540
atatatagta tatctagagt atatgtagta tgtatagtat atatagicta catactgtat 600
atacagtata tatatactct atagtatact atacagtata gtatactata tagtatacaa 660
tatatgtata ctatagaaac acactatata tagtatacta tatatactat alactatata 720
clatatatag tatactatat atactacata ctataialag igtatgiata gtatatataa 780
actatatata gtgtaiatag tatatatatt atatataata tatattatat tatattatac 840
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tatatattat atgtatatta tagtatatta tactaitata tattatatat tatattatat 900

L

attatataat ataatataat tatatattat aaaatatata tititatatt atatattttt 96
aaatalitta taaiatatat tiialaatat atataitata attatittat atataatata 102C
aaatalaala aataliftat aatatatat! tttaaaatat aatattiata tattataaaa 08C
atataaatat ataatatatt atatattata tatagtataa tatataatat gttatatagt 1140
atcttatact attatactat atatattata tagigtatat atagtatact atatatagtg 1200
tatatagtgt atactaiag: gta*atagtg tatactatag tgtatatagt gtatactata 1280
tacactgtat alagragig! atactatata cactgtatat agtagtgtat actatataca “320
ctgtatatag tagigtatac tatatacact gtatatagta gtgtatacta tatacactgt 1383
atatagtagt giatactata tacactgtat atactagtgt atactatata cacigtatat 7440
agtagiciat aciatataca ctgtatatag tagigtatac tatatacact gtatatagta 150C
gtgtatacta ta:acactgt atatatagta tatiatatat actatatatg tatatatagt 1568C
atacatatat aitalatata cagtatatat agtataata ctatgtagta tatatagtat 1620
atatactata tagtatotat agtatactat atagtatata tagtatatta tatagtatat 168G
atactatata gtatatatag tatatigtat atatagtata tatactatat agtatatata 174G
Jgtatatigta ‘atatagtat attgratata tagtatacat agtatatata tatagtatat 18G8
atagtataca tatatagtat gtacacagta tatatagict atatgtatac tacatatagt 1860
atacatgtat actatactac atatagtata catgtatact atactacata tagtatacat 1920

gtatagtata ctacatatac tatacatgta tagaatact 1959

<270» i
<211 520
<2172> NA

<213> Haor-o saviers

<223
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<22%> misc binding
«222> 11:..(62C;

<223> MAR of chromosome 2 genomic contig: 2119984,.2120503

<400> 168
tatgtatgca {cgtatacat atatagtata tatatgiatg catcgtatac atatatacag G0

talatalagr atgnaicgta tacatacagt atactatata tacagtatat acagtatact 120
atatatacag talatacagt aiactatata tacagtatat acagtatact gtatatacag 18C
tatatacag! atatatagta iactatatat acagtatata tactatgtat tctatatata 240
gtatagtgia catagiaiac atatagtata cactatacta tatatagiat aciatatata 3C0
oiciatalag tatatatagt atactatata tagiatatat 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
2212> DNA

<213 Homo sapiens

<220~
<221> misc birding
222> {7}.{954;

<223> MAR of chromusome 2 genomic contig; 2578285..2579238

<400~ €T
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tattatatai aactttataa tatataatat atattatata {aactttata atatataata 60

tatatiatat ataaciitat aatatataat atatatiata tataacttta tastatataa 120
tatatattat atataactit ataatatata atatatatta tatataactt tataatatat 180

aatatatatt atatataac! ltataatata taatatatat tatatataac titataatat 240
ataatata:a tta‘atataa ciitataata tataatatat attatatata acittataat 300
atataatata taitatatat aactitataa tatataatat ataitatata taacittata 360
atalataata tatatiata: actatatala atatataact ttataatata taatatatat 420
taiatactal atataactit ataatatata atatatatta tatattatat ataactftat 480

aatalataat atataitata tataacttia taatatataa igtatattal atattatata 540
ttatataita taaraactt tataatatat aatgtatatt atatattata tataacitta 600

taatatataa tatataatat aatatataac titataatat atatatcata tattatatat 660
aactttataa tatatatca! atatiatata taactataat atatatatca tatattatat 720
ataactataa tatatataic aiataitata tataactita taatatatat atcatatatt 780
atatataact tiataataia tatcatatat tatatataac lttataatat atatcatata 240
ttatatataa cttlataata tatattatat ataacittat aatatatatc atatattata 900

tataacit'a taatatatat catatatta: atataactit ataatatata tcat 954

<210> 168
<211> 452
<212> DNA

<213> licmo sapiers

<220>
<221> misc_binding
<222> i1).i1452)

<223> AR of chromosome 2 genomic contig; 3835217 .,3836688
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<400> 168
{ttataiata aatatatatc ttatatatat ttatatataa tacatatata ‘cttatatat 60

ataaaata‘a tatacatatt talatataaa atacatatqgt attatataca tttatatata 120
atacatatgl attatataca attatataat acatatgtal iatatacaat tatataatac  18C
atatitataa atatatalat ttatatitat ataiatitat atataaataa atatatattt 240
atagattta’ itatataaat atatatital ataaatatat atitatatat atitatataa 300
atatataft! atatatatit ctatatatat atataaatat atgtataaai atatatattt 360

atacatatat {catataaat atalatatt! atacatgtat ttatatgaat atatatttat 420

acagtaait atatgaatat atatitatac at 452

<270> 46
<211> 417
<242> ONA

<213> Homo sapiens

©227> misc hirding
<222» (1) ..(417)

=223>» MAR of chronosome 2 genomic contig: 3837666..3838082

<400> 168
gatziatata tttatataza tatatatata aagagatata titatatatt tatitatata 60

aataiaittc atataaa gatatatglta aatatattta tttatataas tatatttata 120
atgiaaata tatatitela tatttatata tttatatatt tatttatata aatatatata 180
ttatatatt tatitateta tataaaaata tataaatata aatatatata ax‘atatata 240
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attataaata tagaaaiaaa talaaatata aatatataaa tatatataaa tataaatata 209

iataaatata aatalatata antalaaata tataaatgta taaatatata aalataaata 340

tatataaata tgtataaala tataaatala faaatatata aaaatatala taaatac 417

<210>» 170

=272> DINA

213> Homao sapiens

<220>
<221> misc opindng
2222> 111187,

=222 AR of chromesome 2 genomic contig; 629484%,.6246042

«4QC> 7C
tatatactaa taigtatata taaatatata aatatatata cacgtgtata tataaatata 63

:atgtatata taaatatata tacatatatg tatataaaaa tatatacgta tatacgtata 120
tacgtatata tagatatata cgtatatacg tatatacyia tatatagata tatacgtata  18C
tacgtatata agatatala cgtalatacg tatatacgta tacatatgta tatacgtata 2410
‘acaca’ata «glatacaty tgtatatacy tatatgtata cattatatat acatatatat 300
acatatatgt atacaltgtat atataaatat atacatatat gtatatatta tacatatatg 240
tatatatoal atatafatia {alataatat atatattata tataatatat atattatata 420
@atatatat attulatata atatattata tattatatat aatatataca tatataatat 480
attacatatg tacatatgta cataatgtat atatgtatat atataatata tatgcacaty 540
atatataat alatgtatat tatataiaca talgtataia igtacatatt atataigtat 6090
atatctacct attatatata catatgtata taigtaceta tiatatatas ata:qtaiat 660
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atgiacatat "atatatara tatgatata tatacatalt ataiatacat algtatatat 7.0

gigcatgeat atataatata taatatai’a tagattataa tatatalac atatcatata 790
ttatatact: atatatacat gtata'ata tatacatatt atatattata tacatataat 840
atatgtatat aatatataca tatattatat attatatata atacattatg ttatatatta 900
tgitatalaa tatatattat ataatataca tatattatat ataatatata catatataat 960
daataatata ‘aattarata tataatarat geatataaat aigtaateta tittatatta 1020
tatatgatca tatataaat gacatattat atatyattat atatatgata tattatatat 1080
Jattalatat alttatatata aatatatga: tatatataa’ catatatata aatatatgat 1140

ratatgaiia tatataaata iatarataty attataigat tatatataat ‘gattat 1137

«210» *7°
<z1%>
<212> DNA

<213> Home sapien

21> me binding
2227 3820

<223> EiAR of chromoseme 2 genemic centig; 650697 ¢4..8507332

=4i0> 171
tatatatagt gtatactata tatacgctat atgcacacat aaactatata tacagtatat 60

Aatatgogta taclatatac acagtatata ctacatgtat actatatata gtatataaga 120
tatatactat gtatataata tatatactag gtatatatat ccatatatat actatatact 580
atagtatata catatatals tacgrataia tatatatata catatatatg tagtatgtat 240
atataiqcal atatacacac talagiatat acatataiat actatatata cectatatag 300
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agtatattat atacagtata ctatatatac tatatatacc ctatatagag catgtctaty 360

ot 362

<210% 172
«21%> 2578
<242~ DNA

«213> Homao sapiens

<22"> misc_tinding
«222> 12578}

«<223> MAR of chromosome 2 genemic contig; 6507365.,6506972

<400~ 172
ggtatactat atatactaia gagtatactt tatagtatat atacctata: tatatatata 60

tacatacact gtatagtata tatggtatat ataciatata tcgeatatat agtitatata 120
tatactatat aiggtataia tagtitatat atatactata tatggtatat atagtttata 18C
tataccata: atggtatata tagtttatat agtacatata giatatatac acactgtata 240
gtatatatia tgtagtatat atactatata tacigtatat atagtataaa tactatatat 300
agtatacact atatactata cactatatat actatatact atatactata tatagtatac 360
tatataglat atagtatact ctatatgtac tatagagtat actatatata ctatacataa 420
aatatilia tatatagrac ageytatact atatactata tatagtatac tetatatgta 430
ctaiagacty iagtatatac tatacagtat actciatata tactalacay *acactatat 549D
atactatata tagtatailt tatatatagt acagtatata cagtatatat attatactat G0GC
alciagtaca (aiatagttt agtatatata gtatatatac tatactatat gtastacata 660
tataatagia tatatagtat atatactata ctatatgtag tacatatata gtttagtata 720
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tatactagta tatagatata tagttatata gatatataat agtatatata gtatatatag 780

catatatagt atatatgcta tatatactat atagcatata ctatatacta {atatacagt 840
atatatagea tatatageat atataatata tatactitlg atatacatac tatatacagt 900
atatatagta tatatastgt alaaatatac tatatatacc gtatatgcac actatatgst 660
atatatac:a tatacac’at atacagtata tatagiacac tatactatar aaagtatata 1020
tagtatacag tacactatac tatatacalt atatatagta tatallatac atagtatata 108C
gtatataaat agia‘atata gtatatacag tatatatata gcatactita tatagtatac 1140
acagtatata gafactatat atgctatata tagtatctat atactgtata ttatatatac 1200
taatatagta tatatgiata tatatactgt atatataata tatacatata tagtatatat 1260
actatacata cacactatac atatgtatat atactalaca tactatatac tatataicct 1320
atatatacia tatagtatat tatatatect atatatacta tatagtatat tatatatcet 1380
atatatacia tatagtatat tatatatact atataccaa tatactatat atactgtata 14490
glatactata taactatat agtatactgt atatactata tagtatactg tatatactat 150C
ataglatac: gtatatacia *ataglatac tgtatataci atatagtata ctgtatatac 1560
tatatagtat actgtatata ctatatatac tataiagia: actgtatata ctatatagta 162C
tactatatat actatatacc atatatacta tgtataiact atatatagta tatactatgt 1580
atafgctata tatagtatat atagtatata tgctatatat agtatatata gtatatatgc 1740
tatatataca gtciatatat agiatatata ctatatagac tatatatata geatatatac 1800
tatatatact atatataata tatatggtat atacatagta tctatatgta gtatctatat 1860
atagtaccta tatatactat atataggtac tatatatagt atatatactt tatatagata 1920
ctatatatag tatatatact ttatatagta tatatagtat atgtagcata tatagtatat 1980
atagtatata ‘agtatatag tatgiatagt atatatagat tatattgtat atacagtata 2040
taracigta’ atactatata ua:agiacat acagtatata cagtatatat gtactatata 21C0
fagtaiaiac agiatataca giata‘algt accatatata gtatatacag tatatacagt 2760
ataiatgcac tatatgtta: atacagiata tacagtatat atgtactata taaatagaat 2220
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atactctata tacagtatat atgiactata taaatatata cactatgtac agtatatatg 2280

tactatataa atagtatata caciatatac agiatatatq tactatatag tgtatacagt 2340
ataiacagta fataggtact atutatggia tatacagtat atatgcacta tatggtatat 2400
acagiatata tgractatat aiggtatata cagtatatat gtactatata tggtatatac 2460
agtatatatg tactatatat ggtatataca gtatatatgt actatatatg gtatatacag 252C

tatacagt atatatgcac tatatatggt atatacagta tacatgtact atatatgg 2573

<210> 173
<211» HRY
<212> DNA

<213» Hemo sapiens

<220~
<221> misc binding
<222= (11 (566}

<223> MAR of chromosome 2 genomic contig; 7770400..7770387

<400= 173
gigtattgta tatacatata cgtatctacg tatatacata tatgtatigt atatacatat 60

aigiailgta :atacatata {gtatatacqg tatatacata taigatigt atatacatat 120
atgtatatac gtatatacat alatgtatat acgtatatag atatacatat atatgtattg 180
‘atatacata tatgiatata catatataca tatataltga tatacatata taigtatigt 240
atatacatat acaatatatg tatatataca talacatata caatatatgt atatacatat 300
atatgtattg tatatacata tataigtatt gtatatacat atattgatat acatatatgt 360
atatatacat atatgcatat atgtatatat acatatatge atataigtat atatacatat 420
atacatatgt acatatatac atatatacat atatgtatat atacataiat aratatgtac 480
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atatatacat atatacotal gtacataiat acatatatac atatgtacat statacatat 40

atagatatat atacacatat atagatatac ttatatgtal atatacatac atacatat 598

<210= 174

<211> 1048

=212~ DNA

<213> Home sapiens
220k

<224+ miss kinding
222+ 1110481

<223>» MAR of chromosome Z genomic contig” 8332427, 8333469

<400> 174
cattatatat aatatataat atattattat atataatata tataacatta tatatagtat 60

ataiganata iataatatat attatatata acatatataa aatataazat attatatata 120
acatatataa aa'ataacat atattatata taacatatat aaaatataac atatattata 180
tataacatgt atagaatata acatatatia tatataacat gtatanaata taacatatat 740
*atataacat qtataaacta taacatatat tatazataaa atatattata toftatatat  3C0
tataaataaa atatattata {gttatatat tataacatat tatataaala atatataata 260
tataacciat atiatataau laatatataa catataltat ataaatuata tataacataa 420
catatatiat ataacatata acatataaca tatattatat ataacatata acatataaca 410
tutattatat ataacatata acatataaca tatattatat ataacatata acatatatta 540
tattatata: aacalataac atatattata tiatatataa catataacat atattatatt €00
atatataa a tataacatat atiatatt:ut atataacata taacuatatat tutattatat 660
ataara‘ata acatalatal tatatataat atataacata taacatatat latatainat  772C
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ataatatata acatataita tatataatat aatatataac atatattata tataatataa 780

tatataacat atattatata taatataata tataacatat atiatatata atataatata 840
taacataiat tatatataat ataatataia acatalatia tatataatat aatatataac 900
atatattata tataatataa iataiaacat atataatata taacatatag catatataat 960
atataacata taacatatat tatatataac atataacata tattatatat aacatataac “020

dtatataata igtaacatta tatataac 1048

<210 175
<z11> 375
<212> DNA

<213>» Homo sapiens

=221> misc binding
<222> {1)..(375)

<223> MAR of chromasome Z genomic contig; 8509678..8910052

<400> 178
tatatacaca tatatacgta tgaatatata tacacatata cgtatgaata tatataccca 60

tatacgtatg aatatacaca {atatatacg tacgtatata tatacacata tatacgtacg 120
tatatatata cacatatata cotacgtata tatatacaca tatatacgta cgaatatata 180
tacacata’a tacgtacgaa tatatataca catatatacg tacgaatata tatacacata 240
tatacgtacg aatatatata cacatatata cgtacgaata tatatacaca tatatacgta 300
cgaatatata tacacatata tacgtacgaa tatatataca catatatacg tacgaatata 360
tatacacaia tatac 375

<z10>» 176
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«213>» Homo saniers

221> misc _hinding

<222> (1)..{663)

<223~ MAR of chromosome 2 genomic cantig; 10572503..10573065

<400> 176
att:ataata tatatgtata aatata‘gta tatatttata tttaaatata tgtatatata 60

titatattta aatatacgta tatatattia tatttaaaia tacgtgtata fatftatatt 120
taaatatacg tgtatatatt tatatttaaa tatacgigta tatatttata ttiaaatata 180
cgtgiatata titatattta aatatacstg tatatattta latttaaata tacgtgtata 249
tatttatat! taaatatacg tgtatatatt tatatttaaa taiacgigta {atttatatt 300
taaataiacg tytatattta tatitaaata tatgtatgta tttataaata tatatttaaa 380
gtatatattt ataaatgtat acatgtatat ataaatatat atattttaaa tatatattta 420
tatatatalt tatatatita tataagtata tatataltta aatatatgta tatatttata 480
tatitatain agtatatata ittaaataia ‘g'atatatt tataatatat attttaaata 540

tatalitata ta'ttaltat ata 583

<210 177
<211> 505
<212> DNA

<213> FHomo sapiens
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<400 77
taraaataszt atatatagta tatataatat tatatatact atatataaat atatatagta 60

taaataatal ataatataya talataatat aatataatat cttataaata taaatatatt 120
tatataat't aatizataat atataatata taatatataa tttaatttita taatatataa 180
tatataat aatl’tataa tatataatat ataatatyta aattatatat aatttaatat 240
atctaaatia tataatttaa atataaatat aatataaala talztaacat aatatacata 300
Acataaalal atatagtata alagtacat ataaatatat atagtaca:a lagtatatat 350
aaa’atatag atatataaa tatagtatat ataaatatal agtatatata tagtatatat 420
aaaratata) s atataaa tatatatact atatataaat aatatatayt atataaataa 480
‘ata‘atia: faaatataat aataalttat tatatatact atatattat! atgtattata 540

latatatat attttatar taatatata ttattttata tatiatastt astat HAYH

210 158
=211 BR2
212> DNA

212> liomo sapiers

)
| RN

+ mise bimding

.
[ N
188
2]

7

- B82)

|09
o
w

AR of chromosome 2 senone contig 126998C4.,127004%3%
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<400> 178
gtatatatat atatatatat atggtgtata tatatatata tatatatggt gtatatatat

atatatatat atggtgtata tatatatata tggtgtatat atatatatgc {gtatatata
tatggtatat atatatggia tatatatatt tgctatatat atagcagatc tgctatatat
atatatttgc tatatatata gcagatctge tatatatatt igctatatat atgctatata
tatgctacat atatgctata tatatgctat atatatgcta tatatatget atatatatge
tatatatatg ctacatatat gctatatata tgctacatat atgctatata tatgctatat
atatatgcta tatatatgct atatatatat gctatatata tgctatatat atatgctata
tatatgctat atatatatgc tatatatatg ctatatatat gctatatata tagcatatat

atatagctat atatatgcta tatatatagce tatatatat gctatatatg ctatatatat

gctatatata {agctatata tatgctatat atagctatat atatgctaca tatatgctat

60
120
180
240
300
360
420
480
540
600

atatatgcca tatgtatgct atatatatgc tatatatata tgctatatat atgctatata 660

ta 662

<210> 179
<211> 649
<212> DNA

<213> Homo sapiens

<220>
<221> misc_hinding

<222> (1)..(649)

<223> MAR of chromosome 2 genomic contig; 12821904..12822552

<400> 179
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tatgiaatal tatatatata aattatatat tatacatalg taatattata tatatalaaa 60

ttatatatta tacatatgta atattatata tatataaatt atatattata catalgtaat 120

attatatata {ataaatiat atalta:aca tatgtaatai tatatatata taaattatat 180

artatacaia ‘gtattatat ataaaatta tatattatac a‘atataata :atatataaa 240
{tatatatta tacatgiata atatataiaa attatatatt atacatatat aataiatata 360
aattatatat tatacatata taatatatat aaattatata ttalacatat ataatatata 360
taaatiatat attatacata tataatatat ataaattata tattatacat atataatata 420
tataaatiat atattataca tatataatat atatacatia tatattatac atatataata 480
latataaat! atatattata catatataat atatataaa: tatarattat acatatataa 540

tataiataaa tla‘atatta tacatatata atatatataa attatatat: atacatatat 600

aatatatata aag'ta‘atat tatacasata taalatatat aaattatat H44

=210> 180
<2 1> 391
«2°2> DNA

<213 Home saniens

«<221» misc_binding
<2220 1116

- AR of chremosome 2 gencmic contig; 1535G88G 15266079

400> 180
{acaattata tataactata aatataatat aatatatatt atctatatta catattaata 60

tataatatat attacciatt aataiataat ataatatata taatatatat taca*attaa 120
tatataatat aazatatata atatacatta cctasiaats tataataaas a‘atataat 1°0
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SEL PCT 012.5T25
atatataca tattattaia taatatatat tatataacat atataacata tactatatat 240

tatataacat atataatigt atatgtatia tatatattat atatacttat acataatata 300
‘anaaaila aatataiqtt alaaaiataa caaatatata acalatataa catatataac 360
atatatataa ttacataaaa tatataatac ataaiatata ttatgeaaca tattatataa 420
tatatuacat ataatgtala ttatattata tcatatataa tacataatat ataatataty 480
atataatata atatattata tatgatataa tataatatat tatatatgtt ataatataat 540
atatattata tataggatat attataacat attacatatg atataataaa ftttatctta 600
tatataggat atattataat atatcacata tagcatatat taaaatatat tacatatagt 860
atat:atata tactalatgt atatatacat atagtatatt atagtatatt atacagtata 720
tatiatatat actatatata gtagtataca gtatatatta 'atatactat atatagtagt 780
atacagtata tattatacag tatatattat atacactaia ttatatatia tgtataatat 840
atactatata tagtatatta igtagtatat attaaacata atagatatat agtatatact 900
atagataata gatattatat agtatatagt atatatiata tataatatat ataatatata 960
ttatatacat atatgatata tgatatatta tatataatat atataatata taatatatgt 1020
aa‘ataatac a‘a'tatata taaiatatgt aatataatat aatatataat atatgtaata 108G
taataatafa talta‘ataa tataacatat ataaatataa taalatatat tatatgatat  114C
aaca‘asala aatataataa catatataat atatattata tattatatig tatatatgat 1200
atactatata ttacacatta tacattattt ataatatata attaatatat aacatatatt 1260
agataacata taattatatc tgtaacatat ataagatata attacatata taacatatat 1320
aattatatat atatttatct aattatatat gaaattatat atgacatata arattatata 1380
ttatatatgt tatatgtatt atatattata tatgttatat atgttatata taacatatat 1440
aacatatata acacacacat ataacatata taacatatat tacatatata acatatataa 1500
cacatatata attaictaac atagataata tatataatat ataatataac atatatatta 1580
taiaitatac actelatiat attatatata ttafacataa tatataatal atatgatata 1620
a‘ataataca Hgtatatac gazataata? atattgtaca tagiataata ‘acatatata 1680
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gtaiatiaty taaacataa tatatagtat attatgtata acataatata tagtatatta 1740

igtataacat aatatatagt atatiatgta taacataata tatagtatat tatgtataac 1800
ataatatata gtatattatg tataacataa talatagtat attatgtata acataatata 1860
tagtatatta tgtataacat aatatatagt atattatgta taacataata tatagtatat 1920
tatgtataac ataatatata gtataiiatg tataacataa latatagiat attatgtata 1GRD
‘ataatatac atattatata gtatattaig tatatataat atacataita tatagtatat 2040
tatgtatata 1aatataca* attatataygt atatiatgta tatataatat acatattata 210C
tagtatatta ‘giatata‘a a‘atacatat tatatagtat attaigtata tataatalac 216G
atattatata glatatialg tatatataat atacatatta tatagtatat tatgtatata 2220
aatatacat attatatagt atattatgta tatataatat acatatiata tagtatatta 2280
latatata atatacatat tatatagtat attatgtata tataatatac atattatata 2340
gtatattatg tatatataat atacatgita tgtagtatat tatgtatata taatatacat 2400
attatgtagt ataitatgta tatataatat acatgttatg tagtatatta tgtatatata 2460
aiatatataa ggtgtatata tatlaigtat a*ataatata ‘aaggtatat atattatgia 252C
tatalaatat a‘ataaggty thatataat glatatataa {atataaggt atgtatatta 258C
tgiatatata atatgtatat tatatataat atatattatt {atatacatt atgtatctat 2640
ataatataia tialglatat attaggtatce tatataatat atattatgta tatatattat 2700
gtatctatat aatatataia ttatgtatat atattalgia tctatataat atatatatta 2760
tatg:atatt aigtatctat ataatatata taatgtatat agatatatta tatattatgt 2820
atatatatta tgtatctalt ttaiatataa tgtatataga tatacaatat atattatgta 2880
tataitatgt atctatataa fatatattat ttatatagat atatataita tgtatatata 2946
cataaiaat tacatattat gtatatatac ataatatata atataltatg tatatataca 3C0C
‘aatalatam tatatfatat attacatata tiatatataa {atattatai tatgtatata 3060
tattalylal atataatgta tatataatat ataaaqtgta tatatatigt gtatatataa 312¢
‘atatatata ttacatatat tatgigtaia (a‘attatac ataatatata tactacatta 378C
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tacataatat g 3191
<210> 181
<211> 314
<2°2> DNA

<2°3>» romo sapiens

<221> misc_ binding
<222> :1)..{314)

<223> MAR of shromosome 2 genomic contig: 728676..728989

<430> 131
tatgtatata tgtatatata atatatatia tataalatge atatgtataa aatatgtata 60

tt:'.-lta»‘.atgt atattitata tatatgtata tattatatgt atatitta’a tatgtatatt 120

tatatatat gtatatatta tatalgtata ititatalat afgtatatat tatatgtata 180
tittaiatat atgtatatat tatatatgta tatittatat atalgtatat attatatatg 240
tatattilat atatatgtat atttta‘ata tatgtatatc atatatatgt atatattata 300

fatatgiata 1ott 314

<213> 182
<211» 423
<212> DNA

<213» Homo sapiens

<220>

<22%> misc_binding
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<202 N1 (4Z3)

=223 NMAR cf chromesome 2 genomic contig; 7374983..737915

<4G0> a2
ataatatata gtgicitita tattalctaa tatgtaatat aaigiatiit atattatgta 60

titaiatia lataatatat aatataatgt attitatatt atatgitata taatatatag 120
tccattatat atta'gttat attatatata ttitattiat ataaattata tattatatgt 180
tattttatal afatiatata acatataata taacaatgea ttatataita taaaatatat 240
aatacattac atalatiata taatatataa tacattacat atattatata atatataata 300
cattaicala tatlacaaat attacatiag tataatagta attataatat aatatattat 360
atattacata tattatatta atgtaatagt aatiataata taatatatat tataititat 420

att 423

<210> 183

<21Z> DNA

<213> Hemo sapiens

-

<220>

<721» misc binding

<223>» MAR ¢F chromosome 2 genomic cantig, 1069556..1070279

<400> 133
tattataata tattatatac attatattgt atatatacta tatatggtat atatagtata €0

cataatataa aajgtatail glaatataca ttatatatat acatagigta cattatataa 120
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tataatataa tgtatattat aatatacatt ataatataat agtgtactat gtatatagta 180

talataalg! atattataat gtattatata gtataatata atataé{ata cattatatag 240
tattgcatta ‘atatgctat ataatatata atatattatg tatatataca ttatatatac 300
tatatiatat agtacatata atgtatatta tatagiatat ataatataat acaltataca 360
lacaatatat aatg ata't atatagtatg tataatgtaa tacattatuc atagtacata 420
aag:alatia taatatatta taatatataa tatacattal atattataut gtutataata 480
tatgtatal atactatata taatgtatat acaattatat ataattgtat atatacatgt 840
atatgtatat qtatatatac atgtatatgt atgtgtatat atacatiatat giatatgtat 600
gtatatatat gtatatgtat atatgtatat gtatacgtat atatgtatat acaatgtata 669
fataatgtat atuaaaatat ataatatata caatatgtat ataatgtala taattatata 720

aiat 724

<210> 184

<211> 318

Lo

<212> DNA

-213> lomo sapiens

<220>
<221> misc_binding
<222> {11..(383)

«223> KMAR of chromosome 2 genomic cantig; 2719818..2720300

<400> 184
atatttatat ‘ttatatatf atitatatal agatatatat ttatalttta tatattattt 60

atatataaat atatatttat attttatata tiatitatat atauatatat atttatattt 126
atataliat Hatatataa ataiaiattt atatittata tatiatttat atataaatat 180
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altatttatat tttatatatt attiatatat aaatatata® ttatatttta tatattattt 240

atatataaal atatatitat a™ttatata ttatatat't atatattata tatatitata 309
itaatttaty 1ataalatat atattaaat ataataaata tatitatitt tatatattat 360

atanaaalat ataatatata aaa 383

<210> 185
<21i> 309
<212~ DNA

«<273> Homo sapiens

<22%> misc pinding
<222» {1 (308}

<223» MAR cf chromosome 2 genomic contig: 499424%..4894557

<400> 185
tataatatat aaitgttata acattataac aattatatat tatatataat acaattatat 60

aatatatat: atataatigt aatatataat ataattatat aatatatatt atataatata 120
atatataa‘a tatcatatat gttatatatt ttattatata atatatatta tatataatat 180
tatatataat atatattata tataatatta tatataatat atattatata taatatatit 240

atataiatia tatataatat atgttatata ttazatatia tatatataat atatataaca 300

ttatigtta 309

<210> 188
211> 740
<212> DNA

~2172> Hemo sapiens
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&220)
<221> misc_birding
<222> {11 {740

<223> MAR cf chromoscme 2 genomic centig: 5034918..50356855

<403> 185
tttatatata aaatattaia tataatatta tatataatat ttictatata aaatgtgiat 6C

ataattatal ataatiatat aaaatataat atagaatatc taataatgta taatatataa 120
caiataaaaa iaatatiatt taatatataa tattttatat ataatattt! tatatataat 180
ataatatata tttatatat a attattaat tatataatia atatataata tatatittat 240
acataattat taattatata taattaatat ataatatatc ttatacataa ttatcaatta 30C
tatataatta atatataata tatattitat acataatiaf taattatata taattaatat 350
ataatatatc ttatacataa tatatataaa tatattatat ataatatata ttatatataa 420
taltatatat aatatatatt atatatataa aatttatata taatattata tataalatta 480
taiattitat atacaata’y ataiataata taatitatat attatatata tttatatata 540
at‘attatat gaattatata aatataaatt atatatttat atataattat tatataaatc  60C
at'atataat tatiataalt ataatatata atataatata atattataia taatatatag 6560
taticiatat aaataatata acatatattt tatatagaat attatatata atataatata 72C

tattttatat agaatattat 740

210> 187
<211> 847
<2125 DNA

<27 3> Homo sasiens
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220>
<221> mise binding
<222> (1%..(e47"

<223> MAR of chromosame 2 genomic contig; 6074678..6075524

400> 187
aatatagaca taaatatata tycataaata tatatatyca taaataiata taaaaatata 60

tataaatata tacataaata tatataaata tatacaaaaa tatatataaa tatataaaaa 120
aatatataaa tatatataca catatataaa tatatataca tacatatata aacatatata 180
cataaataia talgtataaa latatataca cataaatata tgtatgaata tatatacata 2490
aatatalatg tataaatata tatacataaa tatataaaga tatatacata aatatatata 300
aatataiata cataaatata tataaatata tataaataga tatataaata fatatataaa 360
tatataaata tatatataaa tatataaata tataaaaata gatatataaa tatatatata 420
aaiatataaa tatatatata aatalatata aatatalaaa tatatatata aatatatata 480
aa‘atalaaa talatataaa tatataaata tatalataaa tatatataaa tatataaata 540
tatataaata tatataaata tataaatata tatataaata fatataaala tataaatata 690
tatataaata tataaata‘a taaatatata tataaatata taaatatata taaatatata 660
taaatatata aatalatata aatatatata aatatataaa tatatataaa tatatataaa 720
talalataaa (alataaata tatataaata tatataaala {atataaata tatatazata 780
tataaatata tatataaata taaatatata taaatatata aatatatatu taaatatata 8§49

‘aasiat 847

<210» 138
<211» 724
212> DNA

<213» Homo sabjens
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«220
<221> misc_binding
<222 i11.(784)

<223> MAR of chromosome 2 genomic centig: 6108986,.6109769

<400> 188
atttatitat ataittaata tataaaatat atatitaata tataaaatgt atatatatac 60

atatatiata tataatacaa tataiarat atataatata tattatatat aatatitatat 120
attatatiat aatataatat atattatata taatataata tatattatat attattatat 180
a‘aataiaat atatattata tattattata tataatataa tatatatiai atattatiat 240

atataatata atatatatia tatattat'a tatataatat aatatatatt atatatatat 300

2l

tttatatata taatatataa tatatatat! atatatatat titatatata taatatataa 360

LA

tatatatait a-atatatat titatatata taatatataa tatataiatt atatatatat 420
thatatgta taatatalaa tatatatatt alatatatat tatatatata taatatgtaa 480
ialatatatt atatataiat ‘atatata’a atatatatia tacataaaat atatattata 540
taaataal ataagtatata ttaataiaa a atatattit algtataata tatattatat 600
ataatatata atgtatattt atatataaaa tatatallta tatacaatgt atatttatat 560
ataaaataia tatttatata caatglatat ttatataaat algtgitiaa tatatgaaat 720
atatatttat atataatata tatt‘aa‘ct ataaaatata tattaaatat atatttatat 780

ttaa 784

«Z*0> 18¢
<211> 381
<2%2> DNA

<2%3> Flomo sapiens
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<220>
<z21> mist _birding
<222> (%1438

<223> MAR of chromosome 2 genomic contig: 10289032,,10389412

400> 89
talacacata tagagtatat agagtatata tagagtatat ctatagagta tatatgtata 60

tagagtaiat aatacagect accatatata tagtatacat atatatatac tctatatact 120
aratatatag tgtgtatata tatagtatag accctaccat atatatatat aggagtatat 180
aratatacac acicctacta tatatagtat gtatatagag agtatataga gtatatatac 240
agtatatata cacagtatat atatgccata tatagtatct atatactiat atatagtatg 300
tatctatata cttatatata gtatgtatct atatactata tatagtatgt aictatatac 360

tatatagagt atatatgtat a 381

<210> 190
<211»> 507

- DNA

<212

LY}

<213> “Yomo sapians

<z21> risc_difference
<222> {1}..(507}

<223> MAR of chromosome 2 genomic contig; 11097807..11098313

<400> 190
Seite 173



SEL PCT 012.57125
aatatatat aatttattat a:ataattt atattiataa tatfttiata tacatattit 60

aatatct't ataattatat attacatata taatattata taatatatat aatatatata 120
atatata‘ta tatatiatat astatatatt atatataita tatataatat atataatata 180
taiaatatat ataatatata taatalataa tatatsttal ataatatata ttatatataa 240
‘atatattat atataatata taltatatat aatatuluat atatataata tatataacat 300
ataataatat attatacata a'ttatatat aatttttata taaltatata iatttatata 360
t:titatata at:atatata ttatata:t titatataat tat atatatt tatatatitt 420
tatataat:a tatatataa! tt:tatataa atatatataa tittatataa tittatataa 480

ttataaaata tataattata tataait 507

PN

«210> 19

«211> 3

N

8
«212> DNA

<213> Homo sapiens

<221> misc_birding
<222> 1 328

<223> WAR of chromesome 2 genomic contig; 11234528..11234956

<400> 14
ittatagttaa atata‘aazt ataaaatata cagttttata cagtatatat aaaatataca 60

atatataata cataatacat tagttatata tactatatat actatatata ctacacgtat 120

agtatatata gaaactata tatatactat acgtgtagta tatatatgaa actatatata 180

tactatacgt glagtatata tatgaaacta tatactatac gtatagtata tatatgaaac 240

iaiatatact atatatactt aactataatt gtatatagtt aaaaatataa atatagaata 300
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‘acagttaaa tatattaata tataatagt 329
<210~ 192
<211> 584
<292> DNA

<213> Home sapiens

<220
<221> rvsz binding
<222» +71./584)

<223~ MAR of chromoscme 2 genomic contig, 797844 ..758427

<400> 162
tatiaitta (gitataaat agataaaaat alatactaat atatatgtac ttatatatac 650

aicaatatat aatgtattat tttatactaa cgtatattat atatactagt atataateta 120
tattatttia tatgtiataa atatataata aaatatataa atattitatg catatattaa 180
tatataatat atactaacat gctaatitat atatacttat atataatita tatagtatat 240
aatatataaa tgtalataat acataaftia tatatitata tattaatagt ttatatatta 300
gtatatatac taatittata factaataaa taaattatat aatatataaa ttatataita 360
tagtacataa tatatatta: alagttaaat aactatytaa clataataia taactatata 420
tgatatacag ttatatataa tataaattit acalacagta tataaatiat atactataca 480
itatataca tntggtatat aaattatata ctatacattt atatacatat gotatataaa 540

ttgtatacta tataa'otgt altagtaiat atactaatat atac 584

<210> 123
<211> 2R3

<212> DNA
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<213%> Homs sapiens

<221> mu.si binding
<222= t1..0383]

«222» 15K of chramasceme 2 genomic contig: 1093824..:004 186

<400> 143
tatacacacy calatatata cacatatata lacacatata tatatacaca tatatataca 60

catatatata cacutatata tgtatacaca tatatalgia tatatataca catatataca 120
caca’atata cgtatatata cqiatatacg tacatutata cgtgiatata cgtatatgcg 180
tacatatata cgigtaiata cgtatatacg tacatatata cgtgtataia cgtatatgcg 240
tacatatata cgtgtatata cgtatatgeg tacatatata cgtgtatata cgtatatgeg 200
tacatatata cgtglatata cgiatatgey tacatatata cgtgtatata cgtaiatacg 360

tac 333

<217 104

<2%2> DNA

<212»> Homn sapiens

<221> mise_kinding
<222 (1) (545

«223> IMAR of ch-omosome 2 genamic cantig: 3456187,.34567 31
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<400> 104
attataata tatatitala tattataata tatattatat tatatattia tatattataa 60

tatatattat attatatatt tatatattat aatatatatt atattataat atatatttat 120
altataatat aitatattat aatatatatt atattaitat atatiataat ataatatata 180
itataatata tattatatia taatttatat attatatata ttataatata tattatatta 240
tatatatati taiattataa tatatattat tatatattat a‘attataat ttatattata 300
ttacaata‘a tatatagat atatatatia tatiataaat atatatttit atattacaa! 4690
aiatattata aatatatatt ttatattaca atatataita taaatatata tattatatta 420
caatatatat fataaatata tattatatta caatatatat tatatiataa tatatailta 480
tatatgatat attatatita atataltata taacataata tataatatat aatatattaa 540

tataa 54%

L]
o

210> 38

<291> 3

o
N
»

[

~212> DNA

<213> Homo sapiens

< 220>
<221> m.sc_binding
222> 111358

<223> MAR of chromosome 2 genomic contig; 5001567..5001922

400> 185
tataaaatat atgttatata {ataalatat attatataat atataatata tataatatat 60

anaata‘ata aaatatataa talalaatat agiatataal atatataata tataaaatat 120
atataatata aaatatatat aatatataat ataiataata tataatacat ataatatata 180
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atataiaata tataataiat ataaatata atatataata tataatatat ataatatata 240

atatataata tatataatat ataatatata atatataata tataaatata taaatatata 300

tacacacata cacacacata 1atgcatata {atacataia caigtgtaca tagata 256

A
[N
PN
()
v
—
(s8]
<>

<211> 327
<212> DNA

<213> Homn sapiens

<220>
«221> misc binding
<222> 11)..321

«<223> NWAR cf chromosome 2 genomic contig; 5457 330..5457650

<430> 196
‘atacaatat altataaa:t atatataatt tatatataat atatattata tataaattat 60

aiataaifta tataatatat aaattatata taatataaat tatatataat ttatataata 120
‘ataaattat atattatata aattaaatat aattiatait a*atataaat tatatttaat 180
ttatataata tataaattat atttaatt'a tatataatat aaattatatt tttatatait 240

atgtataatt tatatatita tacatataza cattataata taftgtatag tatatataat 200

atatagtata tataaagceat a 321

210> 197
241> 361
212> DNA

<273> Home sapiens
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- 221 misc_kirding

(%]
o
D
LN
S

IR
Y

<223 MIAR of crromesome 2 gencmic contigs 8724469 . 8124828

<400> 197
la.atataat atatattata tatattatat aaa'tatata taatatgtaa tataaattit  6C

ataatataca ttatatatat aaattatata taatata'at taatatatat aatataaatt 120
aatalatata atatalaatr atatataatt tatatgatat atataaatat atatatata 180
thaa‘tatai atatcataaa ttatatatca ‘ataaaltat atataatata cattatotac 240
ataatataly atatataata ‘aiaatatat attatatata attatatata tataattata 300
taatatatat aaattataat atataatata tataaattat aatatataat atatataaat 360

t 361

<212» [NA

<213> tlcma sap’ens

<227» misc Zinding
228w 104

<728+ MAR of chromoseme 2 geromic contig 111587485 111519302

<A400> 168
a‘gtaacta: atataiagta tatatagtat atatatacta tatagiyigt atatatagta 60
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‘atatalact atatagtotg tatatatagt atatatatag tgtatatatc gtatatacac 129

talataciat atagigtata tatagiatat gtagtatata tagtatatat agtatagtat 180
atatagtata tatagigiat atatacigta talatagig: acatagiata ctatatagia 240
tacatatag! acactgtata gtatatatag tatagiatat atagtataca lagtatacta 300
tatatagtat agtatacata gtatactata tagratatag agtatatata cagtatazta 360

tatagtatat agagtatata tacagtatac tatategigt gtatagagta tatataca 418

210> 1469
211> 364
«212> DNA

<z13> Homo sapiens

<Z2°> misc Einding
<222> 13, 1334

<223> AR of chromosome 2 genomic contig: 13591477 12531870

<400 199
ttatatatat titatatata itatatatal ttlatatata ttatatatat attatatata 60

téttatatat aattatatat aatatatatt atataiatta tatataatta tatataatat 120
ataitatata tatlatatat ataatatata tataatatat atatittata tatgtattat 180
atataltita tatatattat atataitula {atatatitt atatatatia tatittatat 240
a‘ataatata acatatataa ‘atataalla ta‘attatat atatattata ttatatataa 300
tatataltat atataatata atatataat! atatatatia tatallilat alatitatat 360
aaaaaltal!l “tatattatt tiatatataa atat 2g4

- 270> 200
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<211> 1194
<212> DNA

<215> Homo sapiens

<221> misc_kinding
<222> {11..(1194)

<2223> MAR of chremosome 2 genomic contig: 14996824, 14998017

<400> 200
taatatttat atatacatat aaaattiata tataatalat aatatitata tatacatata 60

aaattiatat atatatataa {atttatata tacatataaa atltatatat aatatataat 120
atttatatat acatataaaa tttaiatata atatataata tttatatata catataaaat 180
ttatalataa taaataitia tatatacata taaaattiat atataatita tatataacat 240
ataatatita tatataaaat ttatatataa catatattia tatataattt atatataaca 300
tataataitt atatataata tatatttatt tatacaattt atatataata tataatactt 360
atatatacat acataa’ita tatgatatat attatatata taatttatat gatatataat 420
atatctaata ‘atatiatal atattatata tattatatat aatttatata atatalatta 480
tatatataat ttatataata tatata'tat atatataatt tatataatat atatatiata 540
tatataattt atataalata tattatatat ataaitiata taatatatat tatatatata 800
atttatataa tatatattat atataattta tatataacat attttatata catatataat 660
ttatatataa tatatat:a cata‘acata tataatitit atataa‘ata aaatatitct 720
atatacatat aiaatitita tataatataa aalatticla tatacatata laatititat 780
ataatatata itictatata catgiciaat {titatataa 1atatattic tatatacata 840
tataattttt atataatata taatattt!t atatacataa titttatata atatataitt 900
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acatatacat a‘ataattit ‘atataatat atatttatat atacatatat aatitttaca 860

taatatatat tatatataca tatataattt atatacaaca tataatatat acatatataa 1020
‘'atataca acalataaia fitatgtata caatataat gtatacacaa tatataatat 1080
ttatatatac atatataatt tatatgtaat atatacatat ataattiata tgtaatatat 1140

atacatgiat aatttatatg tagtatatat acatgtataa ttiatatgta gtat 1194

<210 201
<211> 487
<212> DNA

<213> Homg sapiens

220>
<221> misc_birging
<222> i°), {487)

<223> MAR of chromesome 2 genomic contig; 14998429..14998915

<400> 201
tagtatacat ‘tacacatac atglataalt atatgtaata tataatatt! acatatataa 60

tlatagataa tatatatita catatacata tataattata tataatatat aatgtttaca 120
‘atacataca taattatata taalatatat ttaaatatac atatacaatt atatataata 180
tatatitaca tatgcatata taattaiaga taatatatat ttacatatac atatataatt 240
atatataata tataatcttl acafatavat atataatiat azataatata tatttaaata 300
tacatataca attatatata atatatatit acatatgcat atataattat agataatata 360
tattiacaia iacatatata attatatata atatataata tttacatata catatataat 420
ytatatataa tatatnatat ttacatatac atatataalt tatatataat atatatiata 4380
tataita 487
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<210> 202
<2%1> 421

<212> DNA

<Z13> Heme sapiens
<220>
<221> misc binding

<2225 {1%.(421;

<223> Y1AR of chromosome Z genomic contig; 16562490..16562910

«<400> 202
tatatgaata tatatatgaa tatatacgta tatatoaata tatacatgta totatatatg 60

aatatatgta tatatatgaa tatatatgta tatatgaata tatatatata tainaatata 120
tatgtatata tg:atatata tgaatatata tgtatatatg tatatatatg aatatatatgy 180

taratatyia ‘a‘atglata tataigaata tatatgtaia tatgaatata tatgaatata 240
tatotatata tatgaatata tatgaatata tgigtatata tatgaatata tatgtatata 300
tatgaatata tglatatata tatgaatata talgtatata tgtatataty aatutatatg 360
{gtatatgaa tatatatatg aatatatatg tgiatatgaa tatatatgaa tatatatgty 420

t 421

210> 203
<211> 479
<212> DNA

<213> Hoimo sapiens
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<221> rise _binding
2222 14T 8

723> KAR of chramcsome 2 ganamic cortign 21592301, 21582779

<4)0> 203
tatatgtata cytatataat atattataia ttatatacgt gtacgtatat atgtaatata 60

taatgtatat gtacacytat ataatatata atatattata tacgtatacy tatacattat 120
atattacata tatacgtata tacgtatata aaalatatgt atatattata tatacgtata 180
‘aatatacat tatataa‘at ataatatata cylatacata taatatatta tatatacata  24C
‘tatatatta tatatitaaa tatatatta tarcatatat aatatatatyg atatastata 300

‘aa‘atacat atattacata atatatatta tatacatata catatataat atataatata  36C
itatatacat atacatatat aatatataat atattatata catatacata tataatalat 420

aatatattat atacatatac atatataata lataatatai tatatataca taltatata 479

<273> Hema gapers

220>

<221> m'sc_hinding

222> 111870k
<222> I4AR of chrarmasames 2 genamie contig: 22557534, 22553482

~400> 2J4
taraatatat aatatacata atatgtatat tttatacaca atataaataa tatacataac GG
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atatatgta® attttatata tgtatatttt afatatatit {atatattit atatatatgt 120

asaititata tataatatat atattgtata taataatata taatatatia taftatatat 180
aaatatata ata‘alatat aaatatatat tatatataa! a'gtataata tataaiattt 240
tatatataa: atgtataata tatallltat atataataat atgtacaata fatattttat 300
atataataa atgtacaata tatatittat atataataat atgtacaata tatatittat 260
gtataatatg tataatatat attitatgta taatatatat titatgtata atatataitt 420
tacgtatal: ‘ta*atalaa tatataalat titatatala atatataaca fttatatat 480
aatatataat attatatata ttatatattt ‘otatataa* a‘atataaat atatatattt 540
tata'ataa: atatittata tataatatat ataastatat a'attatata taatatallt ¢02
tatatataat atattttata tataatatat aatatattt: atatattata tataatatat  G<C
tatatattat atataatota tiatatataa tatataatat ataalatalt atataiaata 720
tataatata: aslatatiat atataatata taatatataa tatataata’ attatatata 780
atatataata ‘gtaatatat aataitttat atataatata taatataata tataatatit 8490

ta‘atatna; atataatata taatatataa sy

~240> 206
~21%> 1086
2212 [DNA

<213> Homc sapiens

=227 > mse_binding
<222> 411 41088}

<2223> KAR of chromogsome 2 gencmin contig; 30891960 30593045

SACO» 205
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ctalatataa tatatattat attatgtiat atattatgta gactatgtat taaatatatg 3G

tatatattat atataaatat ataatatata tttataailt a‘aattataa atatat'tat 129
aatatatt't (ciaaatalt tatatattat atattatatc ‘aatgatata laataaatat 189
at'tctaata tatitatat ttataaatat tttatatata ttatatattt tatatatact 240
atatattata taitatatat tttatatata clatatatta tatagtatat attttatata 300
‘actatatat tatatattat atat'itata tatactatat attatatatt atatatttta 3350
tatatactat atactattta ttatatattt talatatact atatactatt tattatatat 420
tttatatala ctatatacta tttatiatat attita’ata tactatatat tatatattat 480
atattttata tatastatat atttattata tatt'tataf attatatata ttatatatta 540
tatatitata tattatataa tatatattat atalagaata tataatatat atlatatata 3500
atataatata atatatatta tataaaatat atataatata taaaatatat aatatatgat 550
atatataata talattctat atttatacal atalaittaa tattatatia atatataatt 720
atatatiatc atatgtaata atagatataa talgtaatat ataaattata attatatatt 780
aatatiatat atta‘ttaat atgtatatit acacatatat taattattaa atatatatat 840
taatatatli aaatat atg tattaaatat atataatata tttatagata ttttatatat  G00
aatatataca tatattaaca ‘atasctata ‘algtatata tiatatataa cattatatat 935G
a'talgtiac a*atactata tittatatgt tacatatact atatattata tgttacaat 1020
aatatatata acatatatta taata'giaa catattatat ataacatata atatatagla *080

talata 1083

<210> 208
211> 408
«212» DNA

«213» Homa <apiens
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<221> misc_binding
<222> 11;.71406:

<223> MAR of chromosome 2 genomic contig; 36233606..36234314

<400> 206
at:ataaata tatattatag ataitagata ttatagatat aatatatata atatatatta 80

tagatattat agatatagat ataatagata ttatagatat tatagatata atatatatta 120
tagatattat agatataata tatattatag atattataga tataatatat attatagata 180
itatagatat aatatatatt atagatataa tatatattat agatattata gatatagata 240
tatagatat ‘a‘atatalt atagatataa tatatattat agatattata gatatagata 200
itatagatat aatatatatt atagatatta tagatataat atatattata gatattatag 360

atataatala tattatagat ataagaiata ttatagata: tacaga 406

<210» 207
«211> 797
<212~ DNA

«<213> Homeo sapiens

«<221> misc_binding
<2Z22> 1"V.0(767)

«<223> MAR of chromosome 2 genomic contig; 36271745..36272541

<400> 207
atataazacal atacgtatat acacatatat acaaatacat atatacatat attatatata 60

igtatatata ttatattata catatattat atatatatta tattatacat atatacatac 120
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a-acataaac atattacata catatacaaa ttatacacat atacatatat acatatatg: 1380

atatacatac attatatata aatatatgta tataaaatg: acattatata tacatatata 240
fiatgtaiaa ataatatata aaataaacat aatatatatt tatagatatg atatatataa 300
tatata:gta tacatatata cataiatgia fatataatgt acattataca tacataaaca 360
watataiaa algitatata tataatataa ataatataa tatataatat atacitiata 420
1ailatatat aatatatata atatgatata acatatacts tatatac’at atataatata 480
dntatarat actgiataty alatataala taatatatac tatatatact aaatataata 540
acataatat aatatatact alutataata tataatatat aatatagtat atatactata  50C
tataataait acatattata tat:atacat tatatattat ataattaita tatataatta 660
tatattacat actitglaty taatgaaat atacattaga atatataaty tatatataty 720

tazatalata atctatatat giatacatia tataaactat atataaaca® tatattatat 780

dadcattata tataaac 797
«210=> 208
<2 1> 423
<2 2> BN

<213> Homo sapiens

<220~
“£2%= risc bnding
<222 (11423

223> FAAR of crromosome 2 genomic contia; 36488521, 35490042

<A00> 208
taitatatia tataittant attatatalt taatatatta iatatitaat allatatatt 60

fautatalta tutatitaat attatatat tuatatatta ta‘atttag® attatatata 120
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taatatatta tatatttaat attatatata taatattata tatataatat tatataftta 180

atattatata tataatatta tatatataat atatiatata ittagtatta tgtalttaat 240
atattatata tttagtatta tgtatttaat atattaitta tttagtatia tatatttaat 300
atattatta ttiagiatta tatattiaat atattatata ttaatatat tatatatita 360
itatatatlg iatatitaat atattatata tttattatat attatatata attatatatt 420

taa 423

<210> 208
<211> 304
212> INA

«213> Hemno saviens

«<:22%> misc_binding
222> 11:.(304}

<223> AR of chromosome 2 gencmic cantig; 37179881..37180194

~430> 204
gtgtatatat atcatatata ttatatcata tatatgtgta tatatatcat atattatatc 60

atatatatg: giatataiat catatatata tocatatatgt gtatatatca tatatattat 120
atatcatata tgigtatata iatcatatat tatatatcat atataigtgt atatatcata 180
tatattata® atatotcata tgtgtatata tatcatatat aatatatatg tgtatatatc 240
ata*atcala tataacata® atalgigtat alatcataia tataacatal afcatatatg 300

tgta 304
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«2*2% DNA

<213> Homo sapiens

<221> misc_birding
<222> 11: 193

<223> MAR of chromosome 2 genomic contig; 38440448, 38441140

<400> 210
fatatattot titatatatt atatataata tatattcttt tatatatiat atatactata 60

faticttita tatai atat atagtaiata tictittaia attatatat agtatatatt 120
citifaiata ttatatatag tatatattct titatatatt atatatacta watattcttt 180
iatatattat atatagtaia tattcittta tatattatat atataatata tattctttta 240
tatatcatat ataatatata lcittata tattatatat aatatatatt ctittatata 300
i:atatatca tgtataiata atatanaaaa tatatataga tittatatat agattattac 3680
ataatacaat atattatata ttatatataa tatatacata atatatanatas ttatatatqa 420
‘alaatatat alcata'ura toatataata tatatiatal atcatatat: atatataata 480
atatataqat {afatataat tatatatata atatatataa tiatatatat tatctatata 540
tagataaiat atataatiat atataatata t‘atatagat tatatataat tatatitatat 500
acaaaatcia tarataatat atastatatt atatataata tacataacta tataaaaaat  A€0

ataatatata atatatataa tatataa*at ata B8G3

210> 211
<211> £71
«2° 2> N

<23 Hom. sariers
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<220>
<221> misc_binding
«222> {11.{471)

<223> AR of chrromosome 2 genomic contig: 38887582..38888052

<&D0> 211
aacatatata ctatatatat tatatactat attatatait atatatataa acatatatac 60U

taiatataal atataaacat attatattat acatgatata gataaacata tatattatat 120
ainatataga {aaaatalg: tatatataat ataatgtata gacatatatt atatatacat 180
atatictaca tatattatat atatattcta cacatattat attatatata catatatte: 240
acatataita latatacata tatictacat atattatata tacalalatt ctacatatac 300
atatatacat ataitatata iacatatatt atagatatat aatatataaa catatataat 360
ataitatat a‘aatalata taataaiatt alataatata laataaialt atatcttata 420

tataaataat atatataftt tatatatata atattatata tatataatat a 471

=210> 212
211> 1221
~232> DNA

<213> Hemo sapiens

<220>
«221> isc_binding
<222> {1}..(1221)

<22%> INAR of chromosome 2 genomic contig; 43885244, 43887164
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<400~ 212
catataaaca ta:atiatat gtaacaiata aacatattat atgtaacata taatatataa 60

tatataaaca aattttat atattatatg ttacatataa tatataatat ataaacatat 120
attatatatt atatgtaaca tataatatat aatatataaa catatattit atatataata 180
:ataaacata vttatatat aatatataaa calatiitat alataatata taaacatata 2490
tt:tata‘at aaiatataaa cata’tttal atataatata ‘aaacatata ttitatataa 300
tatataaaca tathatatat avaatatata aangtatata atataaatat atataatata 2360
aacata‘ata atataaatat atataaaata taaacataty taatata’aa acatatatta 420
tatataatat ataaacata: atlaiacgta caatatalaa acatatattg tacgtacaat 480
atataaacat atattatacg tacaatatat aaacaa‘at tatacgtaca atataaaac  £40
atatatata cgtacaatat ataaacatat attatacgta caatataina acatatatta 300
tazgtacaat atataaacat atatlatacg tacaatatat aaacatatat tatacgtaca 660
atatataaac atatattata cgtacaatat ataaacatat attatacqta caataaacat 720
a'at'atacg ta.aa‘alat aaaca‘atat tatacgtaca atatataaac alatattata 780
cg'acaatat ataaacatat atfgtacgta caatatataa acatatatta tatgtataat 840
ata'naacat atantatala alatatatta ‘atataigit tattatatat gittatatet 900
tatatataac atatattatt atattatata tqtttatata ttatatatia fataatatat 960
atgtitatat attatatait a*ataalala tatgtitata tattatatat tatataatat 1020
atatgtitat ataitatata ttatataata tatatqtita tatattatat attatataat 1080
atataigit! atatattata tat:atataa tatatatgtt tatatattat atattatata 1140
atatatatgt ttatata'ta tatattatat aatatatatg Htatatatt atataaataa 1200

taaacttaca tattttatta a 1221

22 0 212

<211 543
212 DNA
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<213> Homo sacens

<220
<227 = miss bnding
<222» 1175439

«223>» MAR cf chromosome 2 genomic contig; 45818200..45818742

«400> 213
fatgtatata tacatatata titatacaty tatatatyta tatatacata tatatttata 60

caigtatata tatacatata tatltataca tgtatatata tacatatata tttatacatg 120
tatatatata catatatatt tatacatgta tgtatatata catatatatt tatacatgta 180
totatatata catatatait tatacatgta igtatatata catatatatt tatacaigta 240
tatatatata catatatatt tatacatgta tatatatata catatata't tatacatgta 300
tgtatatata catatata't tatacatyta {gtatatata catatatatt tatacatgta 360
igtatatata catatatatt tatacatgta tgtatatata catatatart tatacatgta 420
tgtatatata catglatatt tatacatgta tgtatatata catgtatatt tatacatgta 480
fytatatata caigiatat: talacalgta tgtatatata catatatatt tatacaigta 540

tac 843

<217> 463
<212> DNA

<213> Homo sapiens

<220>

<221> misc_b'nding
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222> i1%.(463;

=223> AR of chromrosoma 2 genomic contig; 47055478, 47055940

<400> 214
atacatacat atatacatat atacacatat atacatataa tacacacata titacatata 60

tacacacata tataratata tacatatata cacatatata catgcataca calatataca 120
latatacaca catatacaca calatataca tatatacaca tatatacaca tatacacata 180
tatacacaca tatacatata tacacatata tacatatata catatataca cacatataca 240
catatataca tatarcacata taiacacata tacatatata cacatatata cacatatata 300

catatataca ;atatataca tatatacaca tatatacaca catatacaca tatatacata 380
‘atacataty tatacacata tatacataty tatacacata tatacacata tacatatata 420

catacacata 'atacglata tatgtgtata tatacacata tac 463

210> 2°5
<217~ 2482
212> DNA

<213> Hano sapiens

<220>
<221> mis¢ ninding
«222> {1 ({2482;

<223> AR of ~hremosome 2 geromic contig: 47492695 47495177

<400> 2*5H
aatatatata aaatatatia ta'tctatgt aatatataga atatataaaa tatatictat 50

ataitatata gaatatatat tttataatat afaltattia tatat'ttta tatatitata 120
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‘tatitata’ atttatatat aatttatata atttatacat ataatttata tataatttat 180

ataaattata tatataaltt atatataalt: tatatataat ttatataaat tatatatata 240
atttatatat aatttatatg attittatat ataatitata tataatttat ataattttta 300
tatataallt atataizalt tatataattt {tatatataa tatataat atatatatat 360
aatitatata taatitatat aatttatata tataatifat atataatita tataatttat 420
atatataal: tatatataat ttatataat! tatatatata atttatatat aatitatata 480
atttatatai ataatttata cataatttat ataatitata tatataattt atataattta 540
tatatataa’ tlatatatat aatttatata atttatatat atgatttata taatttatat 500
atataatita tataatttat atatataaat tatatatata atitttatat aatttatata 660
Htaaatt atatatilat ataatitata tatttataat ttatatafit atataatita 720
tataittaia atitatatat tiatataatt tatatataat tattcatata ittatataat 780
ttacaiataa ttattlatat aftcatatat aatitatata tttatatata atitatatat 840
aattatttac atatttatat atttatatat aatitataia fatttatata taatttataa 900
ataaaatata taatatataa tatataatat tataatagat aaaatatata ctatatatta 860
tatatittac attatattta atattatatg tataatttta tatcatatat aatatatatg 1020
atata’alaa tittatatca ‘atataaiat atatggtiata tataattita tatcatatat 1080
aatatataty gtatatataa ttttatatca tatataatat atgatatata atttiatatc 1140
ataiaatata tattatatat aaitttaiat ctacatatia tatattatat atacaatttt 1200
atatctatct ataatatata tiatatatac aattitatat clatataata tatattatat 1260
atactitiat atiatatata aaatgtatat tatatatact ttiatattat atataaaatg 1320
tatatiatat ataaititat tttatatata aaatgtatat tatatataat tttattitat <380
atataaaatg tatatiatat alaattitar t'tatatata aaatgtatai tatatataat 1440
titalittat atatanaatg tatattatat ataatittat t'tatataaa aaatgiatat 1500
iafatataat titatatiat atataataty tatattatat ataattttat attatatata 1560
atatgtatat tatatataat tttatattat atataatatg tatatiatat ataattttat 1520
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at-atatata alaigtatat tatatataat titgiattat atataataty tatattatat 1680

ataattttat attatatata atatgtatat tatatataat tttatattaf atataatatg 1740
tatattatat ataatittat attatatata atatgtatat {atatataat tttatattat 1800
étataatatg tatattatat ataattitat attaiatata aaatgtatat tatatataat 1860
titatattat atataatatg tatatiatat ataattttat attafatata atatgtatat 1920
tatatataal tiatattat atataaaatg tatattatat ataattitat attatatata 198G
aaatotatat taiatatatt atatataaaa tgtatattat atatattata tataaaatgt 2C40
atattataia tatiatatat aaaatgtata tiatatatat tatatataaa atgtatatta 21GC0
tgtatattat atataatgta tatlatgtat attatatata algtatatta tatataatat 2160
atattatata taatgtatat tatalaatat atattatata tlataata‘a taatatacat 2220
iatatattac atatatata taatatatta tatattata: attacatat! atatataata 2280
tattatatat tataitaaaZ atatatitta tatattatat attatatatt atataaaata 2340
tatatattat atatiatata aaatatatat atatiatatt atatattata ttaaatatat 2400
attitatata taatataiat aatatataat atataaaata tatattatat attatatata 2460

aattatatat at'atatata aa 2482

<21G> 215
«<211> 539
<212> DNA

<213> Hcmo sapiens

<220>

<221> misc_binding

-

<222> {13.i530)

[

<223> MAR 2f chromosome 2 genomic contig; 47561066..47861607
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<400> 218
aacagtaata tatcactaat atataataat ataiaacagt aatatatcat taatatataa 60

tatatcatta gtatataata ttaatatata ttaatataia atalatcata tacaatatta 120
atatataita atatataata atatatiatt aatgtataat agiaatataa tatatta’ca 180
atatatatta ctaatatata ataatatatc gttaatatat aatagatcat taatatataa 240
tottaatata ttatgaatag ataatatatc agtatataal attaatatat taatatatta 300
iatattatt: aataatatat aatatatiaa taaataat:a tatattaata tageaatata 360
ttaatatate actgtaitat attattaata tataacaata tatiatatat tatataataa 420
‘ttatiatat aatatalaat aata'attat atatlatata acatattaat aatacataat 480

aacaitaata atatataata algttaatat attattatal {alalattaa tatataata 539

210> 217
<211> 336
<212> DNA

<213> Homo sapiens

<220=
<221> misc_binding
«222> 1) (338}

<223> MAR of chromosome 2 genomic contig; 52853648..52853983

<4ie> 217
tatatacata aaatatatat attitatata tatacataat atatatatat ataftttate 80

tatata’cia taalatatat aatataataa aatatacata tatattttac atatatataa 120
iatacaiata aaatatacat acataaaata tacatgtata tittatgtat atataatata 180
atataaaat alacatgtat aliitatata iataatatac atgtataalt aatatacatg 240
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tatgttaiat atattacatg tatattatat ataatataca tataaattit aaatttagtg 300

n

tatattacat ¢latattata tataatatat gtatat 338

<230> 212
«271> 406
<212> DNA

<213> Homo sapiens

220>
<221> 'nise birding
«222> 1. {406}

<223> MAR of chromosome 2 genomic contig; 54866263..542366668

<400> 218
iacgtaiala aaaatgtata {ttacatata taaaataaat atittatata cgtatataaa 60

atatata'tt a:tala‘a cotatataaa alatttattt tatatatgia tataaaatat 120
Jattttata tacatgiata ttaaatatat atttatatat gtatataaaa atatatatta 180
tatacaicta tataaaatat atattatata tgtatataaa aatatatatg tatataaaat 240
atatataita tatagatata taaaatatat attatataga tatataaaat atatatatta 300

tatagatata taaaatatat atattatata gatatataaa atatatatat tatatagata 360G

tataaaatat atalatiata {agatatata aaatatatat attuta 406

<210> 219
w274 1452
<212> DNA

<213> Homo sapiens
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<220>
<221> misc_bindirg
<222> (1)..i1452)

<223 KAR o° chromosome 2 genomic contig 55115305..55114755

<400> 219
ataataiata atatatatty tatattatat tattatatat tatatattat taaatatata 50

tattatatia ‘atattatat aatata‘att atatataata atatagaata tataattata 120
tattataita tatattatat aatatatatt atataiaala atatagaata tataattata 180
taﬁatacta ‘atatiatat aatatatatt atatataata atatagaata tataattata 240
tattatataa iatgtgaata atgtaatata taattatatt atttacatat tatataatat 300
ataatiatat tatataatat ataatiatat tattigtata ltatatataa catatacatt 330
atattatala taatataatt atatataatt aattataaat taattatata taattatata 420
atataatata taatatacat aatatataat atataataca {aatatacat aatataatat 480
atattatata taatataata tatataatat aatataatat aatgtataat ataattatat 540
a‘tatatata atalataaty tatataatt atatiatat alataattaa Hatatglaa 800
ttaatataat ataattatta tatataattt ittatataat ataatatata attatataat 560
ataatalaat {alattatat tatataatat atatatatta tataatataa tataattata 720
{tatataatt alataatata atataatiat atattatalt atataataaa tataattaia 780
taatataata tgattatata atatattatg tatattatat attatatait gtattatgta 840
tutiatatat atalattat glatattata tattatgtat atfaiatatt atgtatatta 900
tatattatat attatattat gtataatata ttatgtatgt tatatataat ataaattata 960
ttatatat'a 1gtatattat atataaatia tattatatat taigtatat atatataata 1020
tanagtatat attatgtata ttatatataa tataaagtat atattatgta tattatatat 080
aatataaagt atatattatg tataitatat ataatataaa glatatatta tgtatatiat 1440
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SEL PCT 012.5T25
atataatata aagtatatat ta‘gtata‘t atatataata taaagtatat attatgtata 1203

ttatatataa tataaagtal atattatgta tattatatat aatataaagt atatattatg 1260
lata'tatal ataatalaaa glatatatta tgtatatiat atataatata aagtatata: 1320
'atgiatar atatataala taaagia’al atlatgiata tatatalaa tataaaglat ' RED

atataigra tattatatat aatatanagt atatattata tgitataaat tatatattgt 1440

2%

tataraitar at "45

<210+ 220

R - -
T . =
‘ . -

<2127 TNA

< Hamie san«

]
3
n

<2200
“27% ovss_bindirg

<222~ 71,5023

<2220 MR of chremnsome 2 gencmic certig 58350337 5530611708
<Gl 2200

alatat’ara gaaatataaa tatataqaia tat-tatata Hatagaaat araaatatat i1
agatatal’t atalaita'a gaaatatana talatagata fatctatata tatagaaat 120
ataaatatat agatatac ot otatatiata gaaatataaa tatatagata tarctatata “40
ttatagnaa’ aaaatatat agatatacct atatotiata yaaatataaa tatatagata 240
taictata’a ttatagzaat ataaatatat angatatatct atatattata gaaatataaa 300
tatataga’ tatctatata ttatagannt ataaatatat agataiatet atatattata 451}
gaaatarnaa tatatajata tatctaiata tatrgaaat ataaatatat agatatatac 420
aacataia g ttacataita ‘atattatat atctotatat ctatataaca datatatet  4E870
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SEL PCT 012.8T25
atatatctat ataacatata ta 502

<210> 221
<211> 704

<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 atagttatac tatatatact atattatata gttatataac 60

tattatataa ctgtattata tagttatata actattatat aactgtatta tatagttata 120
taactattat ataacigtat tatatagtta tataactata ttatataact gtgttatata 180
gttatatalt atataactat attatataac tgtattatat agttatatat tatataacta 240
tattatataa ctgtattata tagttatata ttatataact atattatata actgtattat 300
atagttatat attatataac tgtaftatat agttataaaa ctatattata taactgtatt 360
atatagtlat aaaactacta tataactgta ttatataatt ataaaattat actatataac 420
tgtattatat agitataaaa ctatactata taactgtatt atatagttat anaactatac 480
tatataactg tattatatag ttataaagct atactatata actgtattat atagtiatat 540
aactatacta tataactgta ttatatagtt ataaaactat actatataac tgtattatat 600
agttataaaa tialallala taactgtatt atatagttat ataactatat tatataactg 660
tattatatag ttatataact atattatata agtgtattat atagttatat aactatatta 720
tataactgta ttatacagtt atataactat aftatataac tgtattatat acttatataa 780
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clatatiata taac

210>
“211>
“212>

<213>

<220>

221>

Fcmo sapiens

misc_binding

<222> {1)

<223>

<400>

SEL PCT 012.8T25
794

AR of chronmosorte 2 genomic contig: §7069272. 57069571

222

acacatacai atatgtatat atgcacacac atatatatgt atatatacac atacatatat 80

gtatatatac atatatgtat atacgcacat acatatatgt atatatacac gtacataiat 120

gictctatal atacacatac acatatgtat atacatatat gtgtatatat acacaatcat 180

atatgtata: acatatatac acatatacac aaacatatat gtatatacat atatgtatat 240

acatatatac acatatacac aaacatatat gtatatacat atatgtatat acatacacaa 300

<210~ 7

<211>
<212

<213>

Horzo sapiens

misc_binding

> 11°.1370)
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SEL PCT 012.8T25

<223> MAR of chromosome 2 genomic contig; 57235143..57235512

<400> 223
tattittata ‘alaactata tatatittat atatanatta tatatatgat catatatata 60

atcatatata taaicatata igatiatata tgatcatata tatatitaia tatataaita 120
tatatacita taiataalta tatatatatt tatatatata attatgtata cttatatata 180
tttatatata taailatata tacaattta: atalataatt atatataatt tatatataat 240
tatatatata aattatatat aagtatatat aattatatat atgtttaiat ataattatat 300
aiataaatga ‘a‘gtataat atataactat ataraaltat atataaatat atatatagat 360

tttatatata 370

<210> 224
<211> 306
<212> DNA

<213> Homo sapiens

<222>
<221> misc_kinging
<222> "1.{308)

<222> KAR of chremosone 2 genomic contig; 57693125..57693430

<402> 224
tacgtatata cacgtataaa tataaatata tacatgtata tacgtatata catgtataaa 60

tataaatata tatatgtata tacgtatata catgtataaa tatatatatg tatatacgta 120C
tatacaigta taaatatata tatatgtata tacgtatata catgtataaa tatatataca 180
tgtatatacg tatgttgtgt atacatacaa atctgtacat atatacatat atgtigtgtg 240
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SEL PCT 012.5T25

tatatataca ictatacatq tgtatgcgta tatatgtata tgtatatata gtatatataa 300

’:adatg 306

<z10> 225
<211> 509
<212> DNA

<213>» Homo sapiens

<z2%» mise _tinding

<222>» 4 IRQOy

<223> WMAR of chromosome 2 genomic contig, 58813321..58810830

<400 225
t'tatiatat giaatatata ttgtattatt atatatatta tatataatat atatigtatt 60

attaiatata itatatataa tatatattgt attattatat atattatata taatatatat 120
totattaita tatatattat atataatata tattgtatat tatatatatt atatattata 180
‘Aattatata ttatatatat tatattatta tatattatat atlatatata ttatattata 240
faltataiat tatattatat atatiatatt atatatiata {atiatatta tatatatat 300
aitatatatt alatattata ‘tatatatat tatattatai atattatata ttatatatta 360
tatatattat alaltatata ttatatatat tatatattat atataatata tattatatta 420
tta’ataata ttatata‘ta tatatattat aiattatata taatatatat tatattatta 480

tataatatta ‘aattatat £00

w212 DNA
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SELPCT 012.8T25

<213> Homo sapiens

«221> misc_pind'ny
222> (1)..{585!}

223> MAR of chromosome 2 genomis contig; 59974589 59975153

<420~ 229
azatatntat aatatgiata tatgtatata ttatgtatat gttatatatg taatatatgt &0

alatata’at ‘azatatcat atataatata taatgigta: atatgtatat atgtaigtat 120
acatatata: actatgtata -attgtatat attatatatg tatatataca tatacatata 480
‘aatatatac atatattata tacaa’atat aca‘gtatat tatatacgat atatacatat 240
atattatata caatatatac atagtatata aatgtataca tacatacata tatacatatt 300
atatatgtat alatgtatac alaaalylat atataalata tatacatata tazatgtata 380
ratacgraca ta.acgtaa tgtatatgea tatatgtata tatgtgeata catatatatg 420
tatatarata ‘aigtacala tgtacatata cgtatatata tacatatgia catatacgta  4R0
tatatg-aca “a'ytacara tacgtatata tgtacatalg tacatatacg tatatatgta 540

~

~a‘atgtaca tatatacata tatat 565

<210> 227
<7 11> 427
<242 DINA

=213> Homy sapiens

220>

<221> misc birding
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SELPCT 012.872&
222> {1}..{427)

<223» MAR of chromosome 2 gencmic contig: 60605573..60605999

400> 227
tatataatct atataatgga tatagatata gatatagata tatattttat ataatatata 60

ttatataita taiataatat atgtiatata tatiatatat {ttatataat atatataita 120
tataaaitat atatatataa tatataatat atatatiata tatatittat ataatatata 180
tttaatatta isiattatat attttatata atatatattt tatalaatat ataatatata 240
atatatailt tacataatat ataatatata atacgiatta tatataatat ataatacgta 300
‘ttatataa taiataatac gtattatata taatacgtat (atatatiat ataatatata 360
atacgiatta talaatatac giaattatlal titatlataa tacqtattat atattatata 420

ataiata 427

«210> 228
<> e
<212> DNA

<213> Homce sapiens

<220>
<221> misc hinding

<2225 (11.11168)

<223> MAR of shromosome 2 genemic cantig: $1229949.61231147

<400> 223
glatacata® ataaagigta tatataa'gt atatacatat ataacatatat aaagtatata 60

tataatatat acatatataa agtatatata taatatatac atatataaag tatatataat 120
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SEL PCT 012.8T25
atatacata® ataaagtata tataatatat acatatataa agtatatata tcatatatac 180

atatataaag tatata‘ata atatatacat atatacatat ataaagtata tataacatat 240
atacatatat agagiatata taacatatat acalatataa agtatatata taatatatac  3CC
atatatacat atataaagta tatataacat atatacatat atacagtata tataacatat 360
atacatata‘ acagtatata taacatatat acatatatac agtatatata acatatatac 420
atatatacag iatatalaac atatatacat atatacatga agtatatata acatatatac 48¢C
atatatacat gaagtatata taacatatat acatatatac atgaagtata tataacatat 540
atacatalal acatgaagta tatataacat atatacatat atacatatat aaagtatata 60C
aacatatac atatatacat atataaagta taacatatac atatatacat atataaagta 560
tatataatat alaacatata catalaiaaa gtatatataa tatataacat atacatatat 720
aaagtatata iaatatataa catatacata tataaagtat atataatata tacatatata 780
catatataaa g'atatataa {atatatata catata‘aaa gtatatataa tatatataca 840
tatatacata tataaagtat atataatata tataca’ata taaagtatat ataatatata 900
tacatatata cataiataaa glatatataa tatatataca tatatacata tatagagtat 960
atataatata tatacatata tacatatata aagtatatat aatatatata catatataca 1020
tatataaagt atatataa‘a tatatacata tatacatata taaagtatat ataatatata 1080
racatatata catatataaa gtatalataa talgtataca tatatacata tataaagtat 1140

atataatatg iatacatata tacata:ata aagtatatat ataatatgta tacatatat 1199

<210> 22U
<211> 454
<212> DNA

<213

v

Homro sapiens

L)
i)
N\
<

v

b
~J

Y
vV

misc hinaing
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SEL PCT 042.8725
<22Z> (1)..i454)

<223> MAR of chremesome 2 gencmic contig; 62181058..62181511

<400> Z2¢
tatatatcat atattatata tgatatatat tatgtatata atacatatta tatataataa 60

atatttalta tatatgatét atattatgta tataatacat attatatata ataaatatat 20
atiatattat atataataaa tatatatiat attatatata atatataltt atatataaat 180
atattatata taaatatata ttatatataa aatatttata tattataiat aaatatatat 2406
tatalataaa tatttatata tiatatataa atatttatat attatatata aatatttata 300
lattatatat aaaatatatt atatatatta tatatattat atattatata taatatattt 360
aatatataa: atataaacat atattatata taatatataa acatatataa atatatttat 420

aataataga tnaaaatata tataatatat ataa 154

<210> 230G
<Z11> 658
<Z212> DNA

<273> Homgc sapiens

<220>
<221+ misc_binding
sgce> 111,./658:

<22

W

114R of chromesome ¢ genomic contig: 62190919 62191578

400> 230
tatatacaca actatatatia taactatata tatacaacta tatataraac tatatatata 60

actataiata laaclatata taactaiala tataactata fataactata tatataacta 120
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SEL PCT 012.8T25
‘atatataac ‘atatataac tatatatata actatatata actatatata actatatata 180

‘aactatata ‘ataactata tatataacta tatata’aac tatatatact atatatataa 2490
ctatatatat ataactatat atataactat atatatataa ctatatataa ctatatatat 300
ataactatat atataactat atatatataa clatatatat aactatatat atataactat 360
atatataact atatatatat aactatatat aactatatat atataactiat atatataact 420
araiatatat aactatatat ataactataf atatataact atataiataa ctalatatat 480
ataactatat atataactat atatataact atatatataa ctaiatatat ataactatat 540
atataactat atatatataa ctatatatat aactatatat ataactatat atataactat 609

atatatataa ctatatatat aaciatatat atataactat atatataact atatatat 658

<210> 231
<711> 1486
<212> DNA

<213> Homo sapiens

<z2*> misc_cinding
<222> 11, {1486)

<223> MAR of chromosome 2 genomic contig: 62384127..62385612

<400> 231
attatatcta aictattata tattatatct aatacatatt atatctaatc tattgtatat 60

tatatctaat atataatata ttatatataa tatattatat attatatatt atatacaata 120
tattatatat tatataatat ataatatati atatataata tattatatct aatatattac 180
atattataic taatctatta tagatataat atgtaatata ttaiatatta tatctaatag 240
atattagata taatatataa tatattatia atataatata ttagatataa tatataatat 300
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SEL PCT 012.5125
aataatatat aatatatatt attggtaata tataatatat aattaataat atatattata 360

tataattatt atgaataata tatcatatat aatatctagt atattatata ttaataacat 420
a‘aaatatta tattaataat aaataacaa ttaatattat attaataata tataatatac 480
taatattata itaataatat ataatalact aatattatat taataatata taatatacta 540
atattatatt aataatatat aataiactaa tattatatta ataatatata atatactaat €00
attatattaa taatatataa tatactaata tattaagaat atataatata ctaatatatt 660
dagaa‘atat aatatactaa tattatatta ataatatata titatattaa taatatatta 720
attattatia attaattatt aataaltata taatattgat tatattaata ttatcaaiit 780
aataatattg attatatatt atatattata tattatatat tatatattat atattatata 840
‘tatatatta ataatatata ttagatataa taiaatatat iaataatata taagatataa 900
tataataat taataatata taltagatat aatataatat attaataata tatattagat 969
dtaatataa? atattaataa {atataitag atataatata atutattaat aatatatatt 1020
agatytaata taatatatta ataatatata ttagatgtaa tataatatat taataatata 1080
tattagatgt aatataatat attaataata tatattagat gtaatataat atattaataa 1140
tatatattag atgtaatata atatattaat aatatatatt agatgtaata taatatatta 200
alaatataia ttagatygiaa tataatatat taatatatat tagatgtaat ataatatatt 1260
aataatatatl attagatata atataatata ttaataatat attagatata atataatata 1320
ttaataatat ataagatata atataatata ttaataatat ataagatata atataatata 1380

ttaataatat ataagatata atataatata ttaataatat atattagata tataatatat 1449

taataatata ‘attagatat ctaatateta ftagataiut aataga 1486

<210 232
211> 332
<212» DNA

<213> Homo sapiens
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SEL. PCT 012.8T25
<22C>
<221> misc_bind:ng
<222> (113331

<223> WMAR cf chremosome 2 genomic contig: 52538649..62538981

<400> 232
ttatatatatl tatata*ata tattitatat atatattata tatatatttt atatatatat 50

tatatata’a :tiatatal atattaiata tatatittat atatatatta tatatatat! 120
H{a‘atatat 'atatatata tittatatat attatatata tatittatat atataitata 180
latatatttt atatatatat tatatatata tittatatat ataitatata tatattitat 240

ataiatatta iatatatatt ttatatatat attatatata tattttatat atatattata 300

tatatattit atatatatat tatatatata tit 333

<271> 450
«212> DNA

<213>» Home sadiens

<221> misc binding
<222> (11..{430)

«223» MAR of chromosome 2 genomic cantig: 82240328 53240504

<4(Q0»> 233
tatatataaa atatatatt: titaaatata aaatatatat atatrttaat attaatatat 80

atatatt'ta azatataata tatatattat atattitaa tataanatat atatattata 120
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SEL PCT 012.8725
tattttatat ataaaatata tatattatal atlitlatata Htaaaatata tat'ttatat 180

atittaatta ttaaaatala tatattatat attttaaata taaaatatat atatiatata 240
ttttaatata taaaatatat atatiatata ttitaatata taaaatatat a%attttata 300
tttatatata taaatatata tattatatat {itaatatat aaaatatata tattatatat 360
titaatatat aaaatatata tattatatat titaatatat aaaatatata tattatatat 420

ittaatatat atagaatata tatattatat attttatata tattaaa®at atattttata 480

<210> 234
<241» 302
212> DNA

<213> Houmo sapiens

<221> misc binding
=222> {11302

<223> WMAR of chromescme 2 genomic centig; 53835480..63835781

<400> 234
atatafataa atatatatat aattatatat agatatatat aattatatat agatatatat 50

attctatatt ctatatalat ataatatata atatataaat tatatataga atatatatta 120
tatataatat attatatata ttatatataa tatatatalt atatatatta tatataatat 180
atatattata tatattatat ataatttata tatattatat atagaatata tatiatatat 240
agaaiataga atatatataa tatatataga atacagaata tatatagaat atagaatata 300

ta 302

<210> 235

<211> 407
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SEL PCT 012.ST25
<212> DNA

<213> Homo sapiens

<220>
<221> misc_binding
<222> (1)..(407)

<223> MAR of chromosome 2 genomic contig; 63935888..63936294

<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 tattataata tataatatat aatagtacag tatatattat 300
atatataatt ctatatataa tatatagaat tctatctatt tataatatat atagaattct 360

atatataata tataatatac agaatictat atatattata tatagaa 407

<210> 236
<211> 302
<212> DNA

<213> Homo sapiens

<220>
<221> misc_hinding
<222> (1)..(302)

<223> MAR of chromosome 2 genomic contig; 66958350..66958651
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SEL PCT 012.5725

400> 236
tattatatat attgiatata tatgtatatt atatatattg tatatataat gtatattata 60

tatattatat atatatgtat attatatata ttgtatatat atgtatatia tatatattgt 120
atatatgta: atgtatatat gtatgtgtat atatatacac atatacacat atatgtgtat 180
gtatatata: gtgtgtatat acgtatatat acatatatac aatittigta tatatacata 240
tatacacata tata‘gtgta tgtqtatata tatacacata tatgtgigtg tatatacaca 300

ta 302

<210> 237
211> 651
<212> DNA

<213> Homo sapicns

<220
<221> misc_birding
«222> (1).{35%;

<223> MAR of chromosome 2 genomic contig; €8307125..88307775

<433> 237
gatattaiat atigtatata t'atatatgt atataatata ctaltatata ttatatatgt 60

atataal:ft aitaatatat atattatatt atattatata ttatattata ttatattata 120
ta‘ataatat taataitata ‘attattata tattatatta tattaatatt atatataiat 180
aatatatata atatatataa (agtatiata {ataatatat ataatagtat latataftat 240
a‘a‘atataa tactatta:a tarattatat ataatagtat tatatatatt atatatataa 300

tactattata tataatata’ actattatat aatatatata atactatia atatattata 260
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SEL PCT 012.8T25

tataatacta {tatatataa tatatataat actattatat ataatatata taatactatt 420

atatataata tatataatac tattatatat aatatatata atactattat atataatata 480

tataatacta ttatalataa tatatatalt atatataatt atattaa‘at ataatagtat 540

catatataat aatagtaial ataatatata atatatatat tatatatal! ataatagtat 600

atataacata laatatagta tatatattat atattatata taaaataitt a 651

<210
214>
212>

213>

220>

<221>

400>

238

267

Homo sapiens

misc_binding

(1)..(367)

MAR of chromoseme 2 genomic contig; 68308243 68308608

238

aiatatatat atgagicaac catacacata tatatatata atgtitatat atataatgta 60

tatatataat giftatatat aa‘gtatata tataaigtit atatatataa tatatatata 120

taatgittat alatataaig tatatataia algittatat atataatgtg tatatataat 180

gtitatatat ataatgigta tatataatgt tiatatataa {gigtatata taataittat 240

atatataatg tgtatataia algttiatat atataatetg tatatataat gittatatat 200

ataatolgia iatatataat gittatatat ataatgtgra tatatataat gtttatatat 360

ataatgt

367

<210> 239

<21i> &G

i

]

-

4
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SEL PCT 012.8T25
«212> DNA

<213> Holra sapiens

220>
<221> misc_binding
<222> (1..{45%)

<223> MAR of chromosome 2 genorric contig; 410241..410739

<400> 23¢
ataatatgta tataiattat attalatatt ata’tacata ttatatafta tattacatat 60

tatatatita tatatiacat atiatatatt afatittata ttatatatta tatcatatat 120
atgitatgca ttatataata cataatatat tatatatgat ataatatata ttatatatta 180
itatatataa tataattaat atattatgta Hatataata tatattatgt tataatatat 240
aatatatatt atataattat ataatatatt atgtattata taatatatat tatgttataa 300
tataitatat tatatatatt atatatatat tatatatata atgtatatia tatataatac 360
ataatatatt atatatiata taltatttta tataatatat tatataatgt gatatattat 420
ataatatatt atataacata gtatattaia taatafatta tataatgtaa tatattatat 480

attatataat a‘attatat 499

<210> 240
“2%1> 402
<212> DNA

<213> Homo sapiens

<220>

<224> misc_binding
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SEL PCT 012.8T25
«<222> (1)..{402)

<223> MAR of chromosome 2 genomic contig; 31531..31932

<400> 240
cacattaiat ataiaaacat tatatatata cacaltatat atataaacat tatatatata €0

cacattatat atataaacat tataiataca cattatatat ataaacatta tatatacaca 120
‘tatataiat aaacattata tatacaaatt atatatataa acattatata tacaaattat 180
atatataaac attatalata tacattatat atataaacat tatatatata cattatatat 240
ataaacaita tataiataca t{tatatatat aaacattata tatatacatt alatatataa 300
acattatala tatacatiat atatataaac gitatatata tacattatat atataaacat 360

tatatgtata cattatatat alaaacatta tatatata:g tg 402

<211> 421
<Z212> DNA

<212> Homo sap'ens

<221> misc_binding
«222» (11..(42")

223> AR o° chromrosomre 2 genomic contig: 32415..32835

<400> 241
ataaataitt tatatataat atataatata tatactatat tatatgitat atatactatt 60

ataatatata taatatatat attaiatatt atatatacta ttattatata tgatactatt 120
atatattzat ataattatat ataatatata taltatataa tatactatta tatattatat 180
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ataatagiat aitaatast atatatata tatataatasg tattatatat actattatat 240

atiatatata ttatatatat ataaaatata atataatata tataatatat aatattaata 300
tatatatat aatataatat aatatataat ataatataat atatatatta ataaaattat 380

attaatatat aatatataat agtatattat atacatatat aatatataca atatataata 420

RN

t 42
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