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Pluripotent Genetically Modified Human Stem Cells carrying reporter gene inserted in chromosome 12
at newly identified locus, ENVY |

FIELD OF THE INVENTION

The present invention relates to the identification of a genetic locus present on
3 chromosome 12 and its use as a site for insertion and expression of exogenous
polynucleotide sequences in stem cells and their progeny.

BACKGROUND OF THE INVENTION

Stem cells, particularly human embryonic stem cells (hESCs) are a potential source of cells
for use in cell replacement therapies. The ability to readily identify stem cells, such as

10 hESCs and their differentiated progeny in transplantation experiments and recombinant
tissue grafting experiments would be useful to facilitate the analysis of hESC potential and
function in vivo.

Existing methods of identifying human ES-derived cells in animal grafting experiments
has relied on the use of species-specific antibodies to ubiquitously express intracellular

15  markers or in situ hybridisation, both procedures that are cumbersome and require fixation
of the cells. The Rosa26 locus has been previously used in mouse ES cells to express
exogenous genes (3;4). However, an effective marker system for hES cells is required,

We have now generated genetically modified cell comprising a polynucleotide sequence
inserted into the ENVY gene locus from chromosome 12 that can be used as effective

20  marker system for human embryonic stem cells. The ENVY locus advantageously :
provides a conduit for the ubiquitous expression of exogenous genes in human stem cells.
Although other groups have generated GFP* HESCs (5:6), we have generated a hESC line,
designated "Envy", that advantageously expresses sustained and high levels of a exogenous
polynucleotide sequences, such as, green fluorescent protein (GFP) in stem cells and all

25  differentiated progeny in the absence of ongoing selection. This uniformity and intensity
of exogenous polynucleotide expression allows the analysis and enables the viable
recovery of HES C-derived material from animal transplantation experiments (7) and
recombinant tissue grafting experiments (8). |
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SUMMARY OF THE INVENTION

The present inventors have successfully identified a genetic locus called ENVY which is
present on human chromosome 12 that has been found to be an effective conduit for the
ubiquitous expression of exogenous genes in human stem cells and their differentiated
progeny. Thus the locus can be targeted for the integration and expression of exogenous
DNA in human stem cells, particularly embryonic stem cells. Expression of exogenous
DNA can therefore be carried through to the differentiated progeny which derive from that
embryonic stem cell. o :

One aspect of the present invention provides a genetically modified comprising a
polynucleotide sequence inserted in a gene locus positioned between Thrombopoietin
(Tpo) gene and Solute Carrier 25 (SC25) gene.

In a preferred embodiment of the invention the gene locus has at least 95% nucleotide
identity to nucleotides sequence of SEQ ID NO:1 excluding nucleotides 2037 to 6095 of
SEQ ID NO:1. Preferably, the polynucleotide sequence comprises a promoter sequence,
more preferably the promoter sequence is a beta actin promoter sequence. In a preferred
embodiment the polynucleotide sequence encodes a reporter.

A second aspect of the present invention provides a genetically modified cell comprising
the nucleotide sequence of SEQ ID NO:1, wherein nucleotides 2036 to 6096 of SEQ ID
NO:1 is replaced with a second polynucleotide sequence.

A third aspect of the present invention provides a genefically modified cell comprising the
nucleotide sequence of SEQ ID NO:1, wherein nucleotides 4740 to 6096 of SEQ ID NO:1
is replaced with a second polynucleotide sequence.

In a fourth aspect of the present invention there is provided a cell line comprising a
genetically modified cell as hereinbefore described.

A fifth aspect of the present invention provides a mixture of cells comprising at least two
types of cells, wherein at least one cell type comprises a polynucleotide sequence encoding
a first reporter inserted in a gene locus positioned between Thrombopoietin (Tpo) gene and
Solute Carrier 25 (SC25) gene; and at least a second cell type comprises a polynucleotide -
sequence encoding a second reporter inserted in a gene locus. positioned between
Thrombopoietin (Tpo) gene and Solute Carrier 25 (SC25) gene; wherein the first reporter
is distinguishable from the second reporter. :

SUBSTITUTE SHEET (RULE 26) RO/AU
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A sixth aspect of the present invention provides the use of a vector comprising a
polynucleotide sequence homologous with the nucleotide sequence of SEQ ID NO:1
excluding nucleotides 2037 to 6095 of SEQ ID NO:1, and a promoter for insertion info a

gene locus positioned between Thrombopoietin (Tpo) gene and Solute Carrier 25 (SC25)
gene,

In still further aspects the present invention provides a nucleotide sequence with at least
95% identity to sequence ID NO:1.

In yet another aspect the present invention provides a derivative formed by the insertion of
a polynucleotide sequence into any part of sequence ID NO:1.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the nucleotide sequence including variant nucleotide positions of the envy
locus from chromosome 12 including the integrated sequence of human beta actin
promoter, Green fluorescent protein (GFP); and internal ribosome entry site (IRES). This
nucleotide sequence is referred to as SEQ ID NO:1.

Figure 2 shows the nucleotide sequence of the envy locus from chromosome 12, together

~ with the complementary sequence underneath. Location of restriction sites are indicated.

The location of the human beta actin promoter, Green fluorescent protein (GFP); and
internal ribosome entry site (IRES) are indicated. This nucleotide sequence is referred to

as SEQ ID NO:2. This annotated sequence is in genbank as sequence entry AY952326.

Figure 3 shows genetic and phenotypic analysis of Envy cells. (A) Structure of the Envy

- locus showing the vector, locus and chromosomal location relative to neighbouring genes,

Thrombopoietin (Tpo) and Solute Carrier 25 (SC25). Cm, centromere; Tm, telomere. Envy

cells grown in bulk culture displayed uniform high level GFP expression clearly visible by

fluorescence microscopy (B,C,D) and were easily distinguishable from unmanipulated
hESCs by flow cytometry (E). Flow cytometric experiments indicated that Envy cells
retained robust expression of the stem cell markers GCTM-2 (F) and E-Cadherin (G) while
immunofluorescence microscopy showed uniform expression of Oct4 (H-J).
Xenotransplanted Envy cells formed teratomas containing a variety of different tissues
including those reminiscent of neural rosettes (K), muscle and cartilage (L) and endoderm
derived secretory epithelia (M). Methods: Envy cells were grown as described (9) and the
B-Actin promoter GFP expression vector introduced by electroporation essentially as for
mouse ES cells (10). For FACS analysis, ES colonies were dissociated to single cells
using trypsin and stained with antibodies recognising GCTM-2 (11) and E-Cadherin
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(Zymed). ES cells were stained for Oct4 expression as previously described (12).
Generation and histological analysis of teratomas was performed as described by
Reubinoif and colleagues (1).

Figure 4 shows that differentiated progeny of Envy cells retain robust levels of GFP
expression. GFP expression was maintained during noggin-induced neural differentiation
(A,B), neurosphere formation (C) and in differentiated neurons and astrocytes marked by
expression of B-tubulin (Tub) (D-F) and GFAP (G-I) respectively. In suspension culture,
Envy cells formed GFP* embryoid bodies (J-L) that differentiated further to form GFP*
blood cells (M-O). FACS analysis indicated that all of the cell types within these cultures
were GFP”, including a proportion of cells that expressed the pan haematopoietic marker
CD45 (Q) and the myeloid marker CD116 (GM-CSF receptor) (R). In cultures that
favoured the formation of endoderm, GFP expression was retained in cells expressing
albumin (S-U). Methods Differentiation and antibody staining of neural cells was
performed as described by (7; 13). For mesoderm (blood) formation, ES colonies were
digested to give small clumps using collagenase type IV (14) and transferred to low
attachment dishes in serum free medium (15) supplemented with 5 ng/ml Bone
Morphogenetic Protein 4, Sng/ml Vascular endothelial growth factor (VEGF), Sng/ml Flt3
ligand, 10 ng/ml Stem cell factor (SCF), Sng/ml Interleukin-6 (IL-6), Sng/ml Insulin like
growth factor-2 (IGF-2). Following 11 days of suspension culture, EBs were transferred to
24 well plates containing media supplemented with VEGF, Flt3 ligand, 10 ng/ml SCF, 5
units/ml Erythropoietin, 5 ng/ml Interleukin-3, Sng/ml Thrombopoietin and grown for 9
more days. For FACS analysis, blood cells were stained with either mouse IgG (control),
or antibodies directed to CD45 or CD116 (BD Biosciences). Endodermal cells were

identified in day 6 to 8 week old cultures of ES cells differentiated under reduced serum

conditions. Albumin expression was visualized by immuno-staining ethanol fixed cells
with a rabbit anti-human albumin antibody (Dako) followed by anti-rabbit Alexa 568
(Molecular Probes). |

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s related to the identification of a genetic locus which is present on
chromosome 12 in human cells. This locus is referred to as the ENVY locus. The locus
has been found to be a conduit for the ubiquitous expression of genes in human stem cells
and their differentiated progeny. Thus the locus can be used as a target site for the
integration and expressibn of exogenous polynucleotides in human stem cells, particularly
embryonic stem cells. Expression of the exogenous polynucleotides will therefore be
carried through to the differentiated progeny which derive from that embryonic stem cell.
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Accordingly, in a first aspect, the present invention provides invention provides a
genetically modified comprising a polynucleotide sequence inserted in a gene locus
positioned between Thrombopoietin (Tpo) gene and Solute Carrier 25 (SC23) gene.

In a preterred embodiment of the invention the gene locus has at least 95%, 96%, 97%,
98% or 99% nucleotide identity to nucleotides sequence of SEQ ID NO:1 excluding
nucleotides 2037 to 6095 of SEQ ID NO:1. Nucleotides 2037 to 6095 of SEQ ID NO:1
corresponds to inserted polynucleotide sequence encoding human beta actin promoter,
Green fluorescent protein (GFP) and an internal ribosome entry site (IRES).

In still further aspects the present invention provides a nucleotide sequence with at least
95%, 96%, 97%, 98% or 99% identity to sequence ID NO:1.

In yet another aspect the present invention provides a derivative formed by the insertion of
a polynucleotide sequence into any part of sequence ID NO:1. :

For the purpose of this invention, the "nucleotide identity" or "sequence identity" of two
related nucleotide or amino acid sequences, expressed as a percentage, refers to the number |
of positions in the two optimally aligned sequences which have identical residues (x100)
divided by the number of positions compared. A gap, i.e., a position in an alignment
where a residue is present in one sequence but not in the other is regarded as a position
with non-identical residues. The alignment of the two sequences is performed by the
Needleman and Wunsch algorithm (Needleman and Wunsch (1970) "A general method
applicable to the search for similarities in the amino acid sequence of two proteins" J Mol
Biol 48:443-453). The computer-assisted sequence alignment above can be conveniently
performed using standard software program such as GAP, which is part of the Wisconsin
Package Version 10.1 (Genetics Computer Group, Madison, Wisconsin, USA) using the
default scoring matrix with a gap creation penalty of 50 and a gap extension penalty of 3.
It is clear that when RNA sequences are to be essentially similar or have a certain degree
of sequence identity with DNA sequences, thymine (T) in the DNA sequence is considered
equal to uracil (U) in the RNA sequence.

In a preferred embodiment, the genetically modified cell of the present invention
comprises a polynucleotide sequence inserted in a gene locus having the nucleotides
sequence of SEQ ID NO:1 excluding nucleotides 2037 to 6095 of SEQ ID NO:1.

It is preferred that the polynucleotide sequence inserted in the gene locus of the present
invention comprises a promoter sequence. The promoter sequence preferably is useful for
expression of exogenous polypeptides in stem cells. Suitable promoters would be well
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known by those skilled in the art. Preferably, the promoter confers constitutive expression
of polynucleotide sequence when operably joined to the sequence and is effective in a
variety of different cell types. Most preferably, the promoter sequence is, but not limited
to, a beta actin promoter sequence.

Suitable polynucleotide sequence that can be inserted in the gene locus of the present

‘Invention, includes but is not limited to, DNA encoding a reporter, gene regulatory

elements, such as promoter sequences, gene elements involved in homologous
recombination of DNA, such as internal ribosome binding sites and/ or genes that regulates
the survival, proliferation and/or differentiation of stem cells. The polynucleotide
sequence mserted in the gene locus of the present invention preferably comprises an
internal ribosome binding site (IRES). Most preferably, the genetically modified cells of
the present invention comprises the nucleotide sequence of SEQ ID NO:1 or the sequence
as shown in Figure 2 or SEQ ID NO:2. (ie sequence that corresponds to the ENVY locus

including inserted polynucleotide sequence encoding human beta actin promoter, GFP and
an IRES).

In a preferred embodiment of the invention there is provided a genetically modified cell as
hereinbefore described, wherein the polynucleotide sequence encodes a polypeptide that
regulates the survival, proliferation and/or differentiation of stem cells. For example, the
polynucleotide sequence can encode a polypeptide involved in the suicide or apoptosis of
stem cells, a polypeptide involved in promoting proliferation of stem cells or their
differentiated progeny, a polypeptide that is a drug target, a polypeptide or RNA that
confers resistance to bacterial or viral infection, or a polypeptide that that drives
differentiation of stem cells towards a particular lineage.

The inserted sequences will typically confer on the stem cell or its differentiated progeny a
new phenotypic characteristic.

Therefore, the present invention contemplates a number of different types of
polynucleotides that may be inserted into the envy locus. For example, this may include
genes which regulate the survival, proliferation and/or differentiation of stem cells, such as
suicide/apoptosis or survival genes for example from the bel-2 gene family or proliferation
promoting genes such as myc or raf, genes whose expression products represent
appropriate drug targets, for example mutated Ras proteins found in human tumours;
dominant negative p53 protein, TAT protein from HIV, an oncogenic form of the
adenomatous polyposis coli protein, genes whose expression product effect a particular
condition, such as an isomerase that alters the conformation of amyloid proteins in
Alzheimer's disease; genes that encode proteins or RNA's that confer resistance to bacterial

SUBSTITUTE SHEET (RULE 26) RO/AU
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or viral infection; and genes that drive differentiation of stem cells towards a particular
lineage for use as a therapéutic agent. Examples of appropriate genes that may be used
would be familiar to persons skilled in the art. Reference to the term "gene" is understood
as referring to either the genomic sequence or the cDNA sequence. The gene may be an
endogenous or exogenous gene. The gene may be human derived or derived from another

species.

The genetically modified cell of the present invention preferably comprises polynucleotide
sequence that encodes a reporter. The reporter is most preferably a fluorescent protein,
most preferably the fluorescent protein is green fluorescent protein (GFP). Other suitable
reporter can include biochemical, enzymatic reporters or other markers known to those
skilled in the art, or combinations thereof.

In this embodiment, an appropriate reporter, such as fluorescent or _biochémical marker
may be inserted directly into the ENVY locus so that the progeny of a 'marked’ stem cell
may be tracked. This may be useful where it is, for instance, intended to be used in
harvested stem cells for therapy following chemotherapy so that it can be determined
whether the cells home to the bone marrow upon re-infusion.

In an alternative embodiment, the polynucleotide sequence which is the complement of the
sequence inserted into the ENVY locus may be labelled with an appropriate label such as a |
fluorescent or biochemical tag so that sequences which hybridise to the labelled sequence
can be isolated. |

A second aspect of the present invention provides a genetically modified cell comprising
the nucleotide sequence of SEQ ID NO:1, wherein nucleotides 2036 to 6096 of SEQ ID
NO:1 1s replaced with a second polynucleotide sequence. Nucleotides 2036 to 6096 of
SEQ ID NO:1 corresponds to polynucleotide sequence encoding human beta actin
promoter, Green fluorescent protein (GFP) and an internal ribosorne éntry site (IRES).

A third aspect of the present invention provides a genetically modified cell comprising the
nucleotide sequence of SEQ ID NO:1, wherein nucleotides 4740 to 6096 of SEQ ID NO:1
is replaced with a second polynucleotide sequence. Nucleotides 4740 to 6096 of SEQ ID

'NO:1 corresponds to polynucleotide sequence encoding Green fluorescent protein’(GFP)

and an mternal ribosome entry site (IRES). When the second pol ynucléotide sequence 18
substituted into the GPF or GPF and IRES sites; this brings it under the control of the beta
actin promoter. Accordingly, it is not necessary to include additional promoter sequences
upstream of the inserted polynucleotide sequence.

SUBSTITUTE SHEET (RULE 26) RO/AU
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In a fourth aspect of the present invention there is provided a cell line comprising a
genetically modified cell as hereinbefore described.

The genetically modified cell of the present invention is preferably a stem cell. The stem
cell may be a totipotent cell which has the potential to become any type of cell in the adult
body or any cell of the extraembryonic membranes (e.g., placenta). Typically, the only
totipotent cells are the fertilized egg and the first 4 or so cells produced by its cleavage.
The stem cell may be a pluriopotent stem cell having the potential to make any
differentiated cell in the body, but cannot contribute to making the extraembryonic

- membranes (which are derived from the trophoblast). Types of pluriopotent stem cells

include embryonic stem (ES) cells which can be isolated from the inner cell mass (ICM) of
aoblastocyst - the stage of embryonic development when implantation occurs. For humans,

- excess embryos produced during in vitro fertilization (IVF) procedures are used.

Embryonic germ (EG) cells are also pluriopotent cells that can be isolated from the
precursor to the gonads in aborted fetuses. Embryonic carcinoma (EC) cells are also
pluriopotent cells that can be isolated from teratocarcinomas, a tumor that occasionally
occurs In a gonad of a fetus. Pluriopotent stem cells can only be isolated from embryonic
or fetal tissue. The stem cell may be a multipotent stem cell that can only differentiate into
a limited number of cell types. For example, the bone marrow contains multipotent stem
cells that give rise to all the cells of the blood but not to other types of cells. Multipotent
stem cells are found in adult animals; including most organs in the body (e.g., brain, liver)
contain them where they can replace dead or damaged cells. Most stem cells can develop
into any of the three major tissue types: endoderm (interior gut lining), mesoderm (muscle,
bone, blood), and ectoderm (epidermal tissues and nervous system). Pluriopotent stem

cells can eventually specialize in any bodily tissue, but they cannot themselves develop
into a human being.

Most preferably, the genetically modified cell of the present invention is a human

embryonic stem cell.

A fifth aspect of the present invention provides a mixture of cells comprising at least two
types of cells, wherein at least one cell type comprises a polynucleotide sequence encoding
a first reporter inserted in a gene locus positioned between Thrombbpoietin (Tpo) gene and
Solute Carrier 25 (SC25) gene; and at least a second cell type comprises a polynucleotide
sequence encoding a second reporter inserted in a gene locus positioned between
Thrombopoietin (Tpo) gene and Solute Carrier 25 (SC25) gene; wherein the first reporter
is distinguishable from the second reporter. |

SUBSTITUTE SHEET (RULE 26) RO/AU
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Preferably the cells are human embryonic stem cells and the first and second reporter 1s
most preferably a fluorescent protein. Accordingly, the present invention can be utilised to
compare different stem cell lineages and observe the differentiation of various stem cells to
specific cell types. In addition, the effects of exogenous factors on cultured stem cells can
be examined by the reporter system of the present invention.

A sixth aspect of the present invention provid.es the use of a vector comprising a
polynucleotide sequence homologous with the nucleotide sequence of SEQ ID NO:1
excluding nucleotides 2037 to 6095 of SEQ ID NO:1, and a promoter for insertion into a
gene locus positioned between Thrombopoietin (Tpo) gene and Solute Carrier 25 (SC25)
gene.

In a preferred embodiment, the vector comprises a promoter that is a beta actin promoter.
Preferably, the vector comprises polynucleotide sequence encoding a reporter, most
preferably the reporter is a fluorescent protein, such as green fluorescent protein (GFP).
The vector preferably comprises a polynucleotide sequence encoding an internal ribosome
binding site (IRES). Most preferably, the vector comprises nucleotides 2037 to 6095 of
SEQ ID NO:1.

The vector sequence of the present invention can also be used as a transgene when inserted
Into a site outside human chromosome 12.

Throughout this specification the word "comprise", or variations such as "compriseé " or
"comprising”, will be understood to imply the inclusion of a stated element, integer or step,
or group of elements, integers or steps, but not the exclusion of any other element, integer
or step, or group of elements, integers or steps.

All publications mentioned in this specification are herein incorporated by reference. Any
discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is solely for the purpose of providing a context for the
present invention. It is not to be taken as an admission that ény or all of these matters form
part of the prior art base or were common general knowledge in the field relevant to the
present invention as it existed in Australia or elsewhere before the priority date of each
claim of this application.

It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly described. The present
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embodiments are, therefore, to be considered in all respects as illustrative and not
restrictive.
EXAMPLE 1

1. Envy Human Embryonic Stem Cell line That Expresses High Levels Of
Green Fluorescent Protein In All Differentiated Progeny

The National Institutes of Health Human Embryonic Stem Cell Registry listed hES cell
line, hES 3 (1) (http://www.escellintemational.com) was electroporated with a vector in
which GFP was expressed under the control of the human B—Actin promoter (Figure 3A).
A GFP positive hES clone identified three days after electroporation was isolated under
epifluorescence illumination and expanded. Southern blot and PCR analysis suggested this
clone harboured a single copy of the vector that had undergone significant rearrangement
upon integration into the genome (data not shown). 3' RACE experiments revealed the
vector had integrated into chromosome 12 g23.1 (Figure 3A), an assignment confirmed by
PCR using primers predicted to lie 5' and 3' of the proposed integration site (data not
shown). Examination of this genomic region showed the GFP transgene was positioned
between the genes encoding Thrombopoietin (Tpo) and Solute Carrié;r 25 (SC25) and had
not disrupted any known genes (Figure 3A). Envy cells could be maintained in bulk
culture and expressed uniform, high levels of GFP making them easily distinguishable
from wild type ES cells (Figure 3B-E). Envy cells expressed the stem cell markers
GCTM-2, E-Cadherin and Oct4 in their undifferentiated state and had a normal karyotype
(Figure 3F-J and data not shown). When injected into the testes capsule of SCID mice,
Envy cells formed teratomas containing a spectrum of different cell types including
derivatives of ectoderm (neural rosettes), mesoderm (cartllage) and endoderm ( glandular
epltheha) confirming their pluripotentiality (Figure 3K-M)).

Envy cells retained uniform and robust GFP expression following in vitro differentiation
into cells representative of the three embryonic germ layers. Differentiation of Envy cells
towards the neuronal lineage showed that GFP expression was present at high levels during
neurosphere formation and in differentiated cells expressing the neural and glial markers
B3-tubulin and GFAP respectively (Figure 4A-I).Envy embryoid bodies formed in |
suspension culture showed robust expression of GFP that was maintained in all of the
differentiated progeny (Figure 4J-O). Flow cytometric analysis indicated that in cultures
of differentiated Envy cells containing blood cells, a mesoderm derivative, all of the cells |
expressed uniform high levels of GFP (Figure 4P-R). When Envy cells differentiated into
cells of the endoderm lineage, as determined by expression of alphafetoprotein, the hepatic
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stem cell marker GCTMS ((2); data not-shown) or albumin (Figure 4S-U), GFP expression
was also retained at high level.
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AMENDED CLAIMS
[received by the International Bureau on 27 June 2006 (27.06.06);
original claims 1-31 replaced by new claims 1-31 (3 pages)]

Claims

1. A genctically modified cell comprising a polynucleotide sequence insetted in a gene
locus positioned between Thymopoietin (Tmpo) gene and Solute Carrier 25 (SC25) gene.

2. A genetically modified cell according to claim 1, wherein the gene locus has at least
95% nucleolide identity to nucleotides sequence of SEQ ID NO:1 excluding nucleotides 2037
to 6095 of SEQ TH NO:1.

3. A genetically modified cell according to claim 1 or 2, wherein the gene locus has the
nucleotides sequence of SEQ TD NO:1 excluding nucleotides 2037 to 6095 of SEQ ID NO:1.

4. A genetically modified cell according to any one of claims 1 Lo 3, wherein Lhe
polynucleotide sequence comprises a promoter sequence.

5. A genetically modified cell according to claim 4, wherein the promoter sequence is a
beta actin promoter sequence.

6. A genetically modified ccll according to any one of claims 1 to 5, wherein the

polynucleotide scquence encodces a reporter.

7. A genetically moditied cell according to claim 6, wherein the reporter is a fluorescent
protem.
8. A genetically modified cell according to claim 7, wherein the fluorescent protein is

green fluorescent protein (GFP).

9. A genetically modified cell according to any one of claims 1 o 8, whercin Lhe
polyniicleotide sequence encodes an intemal ribosome binding site (IRES).

10. A genelically modified cell according to any one of claims 1 to 9, wherein the cell
comprises the nucleotide sequence of SEQ 1D NO:1.

11. A genetically modified cell according to any one of claims 1 to 5, wherein the
polynucleotide sequence encodes a polypeplide that regulates the survival, proliferation
and /ot differentiation of stem cells or their differentiated progeny.

12, A genelically modified cell according to claitm 6, wherein the polynucleotide
sequence cncodes a polypeptide involved in the suicide or apoptosis of stem cells or Lheir
difterentiated progeny, a polypeplide involved in promoting proliferation of stem cells or
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their differentiated progeny, a polypeplide that is a drug target, a polypeptide or RNA that
confers resistance to bacterial or viral infection, or a polypeptide that that drives
differentiation of stem cells towards a particular lineage.

13, A genetically modified cell comprising the nucleotide sequence of SEQ TD NO:1,
wherem nucleotides 2036 to 6096 of SEQ 1D NQ:1 is replaced with a second polynucleolide
sequence,

14. A genetically modified cell comprising the nucleotide sequence of SEQ ID NO:1,
wherein nucteotides 4740) to 6096 of SEQ) TD NO:1 is replaced with a second polynucleotide

seguence.

15, A genetically modified cell according to any one of claims 1 to 13, wherein Lhe
polynucleolide sequence is inserted into the gene locus by homologous recomnbination or site
specific recombination.

16, A genetically modified ccll according to any one of claits 1 to 15, wherein the ¢ell is a
human embryonic stem cell or a derivative of a human embryonic stem cell.

17. A genetically modified cell according to claims 13 or 14, wherein the sccond
polynucleatide sequence encodes a polypeptide that regulates the survival, proliferation
and /or difteventiation of stem cclls.

18, A genetfically modified cell according to claim 17, whercein the second polynucleotide
sequence encodes a polypeptide involved in the suicide or apoptosis of stem cells or their
differentiated progeny, a polypeptide involved in promoting proliferation of stem cells or
their differentiated progeny, a polypeptide that is a drug target, a polypeptide or RNA that
confers resistance to bacterial or viral infection, or a polypeptide that that drives
differentiation of stem cells lowards a particular lineage.

19. A ccll line comprising a genetically modified cell according to any one of claims 1 to
18.
20). A mixture of cells comprising at least two types of cells, wherein at least one cell type

comprises a polynucleotide sequence encoding a first reporter inserted in a gene locus
positioned belween Thymopoietin (Tmpo) gene and Solute Carrier 25 (5C25) gene; and at
least a sccond cell type comprises a polynucleotide sequence encoding a second reporter
inserted in a gene locus positioned between Thymopoeietin (Tmpo) gene and Solute Carrier
25 (S5C25) gene; wherein the first reporter is distinguishable from the second reporter.
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21. A mixiure of cells according to claim 20, wherein the cells are human embryonic stem
cells.
22, A mixture of cells according to claims 20 and 21, whertein the first and second

reporters are fluorescent proteins.

23.  Use of a vector comprising a polynucleotide scquence homologous with the
nucleotide sequence of SEQ 1D NO:1 excluding nucleotides 2037 to 6095 of SEQ TD NO:1,
and a promoler for inscrtion into a gene locus positioned between Thymopoietin (Tmpo)
gene and Solute Carricer 25 (SC25) gene.

24 Usc of a vector according to claim 23, wherein the promoter is a beta actin promoter

or other promoter sequences.

23. Usc of a vector according to claim 23 or 24, wherein the polynucleotide sequence
encodes a reportler.

26. Usc of a vector according to ¢laim 25, wherein the reporter is a fluorescent protein.

27. Use of a vector according to claim 26, wherein the fluorescent protein is green
fluorescent protein (GFP),

28. Use of a vector according to any one of claims 23 to 27, wherein the polynucleotide
sequence encodes an internal ribosome binding site (IRES).

29. Use of a vector according to any one of claims 23 to 28, wherein the polynucleotide
sequence comprises nucleotides 2037 to 6095 of SEQ 11D NO:1.

3(). A nucleotide sequence with at least 95% identity to sequence TD NO:1.

31. A derivative formed by the insertion of a polynucleotide sequence into any part of
sequence ID NO:1.
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FIGURE 1

LOCUS envy 8081 bp DNA

AGATCGCACCACTGCACTCCAGCCTGGGAGACAGAGAGAGACTCTATCTCAAAAAAAA
AAGATAAAAGATAAAAAAATACTACTAATAAAACAAAATCAGAAAGTGTGAAACCTC
CAACTTTGCTCTTCTTCAAGATTGTTTTTGCTATTCAGCTAAGACACAACTCACTTTTTT
TTGTTGTTGTTTTGGAGACAGGGTCTCACTCTTGCCTAGGCTGGAGTGAGGTGGTGCGA
ICTCAGCTCACTGCACTGCTGGGTTCAAGTGATCCTTCAACCTCAGCCTCTCAAGTAGC
TGGGACTACAGGTGTGTGCCACCATGCCCAGCTAATTAAGTATACAATTTCGTGACCAT
GAAGCAACACCTATTTAACSMCCWYCCTGATCAAGAAACACAACACTCCCCAGTTCCT
TCCCTTTCTCCTGCATCCTTTCCTGATTACAATTCCCTCCTTTCCACAGGTTATCAGCAG
TCTGATTTTTTTGGTAATTATTTTCTTCTCTTTATAGTTTTAACACTTAATTATGCATCCT
CAAACAATATAATTTTACCTATTTTTCAACTTGAATTTAAATCATATCATGTAATACTTT
TAACTTGCATATATTACTGAACATCATGAAATTCATCCATGCTGTGTAGCAGTAATTCA
| CACATTACATATATTATATTTCTGGCTTTTGGTAACTATGAACAGTACTGCTATAAATTT
TCTTTACATGTGTTCTGGTCTGCAGGTGTAAGAGTTTACCTAGAGGCCATGCGCGGTGG
CTCATGCCTGTAATCCCAGCACTTCGGGAGGCCGAGGCAGGCCGATCACTTGAGTCCA
GGAATTCGAGACTAGCCTGGCCAACATGGCGAAACCCTGTCTCTACTAAAAATACAAA
AAATTAGCTAGGTGTGGTGGTGGTGTGCCTGTAGTCTCAGCTATTTGAGAGGGTGAGG
TARGGAGAATTGCTTGAACCTGGGAAGTGGAGGTTGCAATAAGCCGAAATGGCACCM
HCTGCWCTCMAWGTCTGGSCAAAAGARCAAGASTGTTWAAAAAAAAAAACAAAATTT
AMCTAKKGTGTATATCTAAYYATGGWATWMYTCAATKGTKGGATMCWMKMTGCWG
AATAGAYATGTCAAACCGCTTTTCAGAGTTGTTCCAATTTATACTTCCACCAGTGCACC
TGGGTATCCCCCAAGGATCACTTGAGCCCAAAAGTTTGAGATCAGCCTGGGCAACATA
CTGAGACCCCCATCTGTATTTAAAAAAAAAAAAAATTCCAACAAATAAATGAAGAGAC
AATATTTTGCCAAAAAAGGACAAAAGTCTTTAACAAGCAGTTCACACATAGCTAATAA
ACATTAAAAAGTGTATGGCATGACTGGTAAGTAAACCACAGAGAGATATCATTACACA
CCCATCAGCCGGCTAAAAATTAAATCATGCAATAGCAAAAGAGTATGTGGGGCCAGGA
ACGGTGGCTCATGCCTGCAATTGCTTAATTGCTTATTATTATTATTCCATTATTCCACAT
GCTCTTTIGTTTTITTGTITGTTTATTGTITITTGAGATGGAGTCTCACTTTGTGGCCCAT
GCTGGAGTGCAGTGGCATGATCTCGGCTCACTGCAACCTCCACCTCCCAGGTTCAAGA
ATTCTCCTGCCTCAGTAGCTGGGATTACAGGTGCGTGCCACGACACCAAGCTAATTTTT
ITTTTTTTITITITITITTTTTTTTGAGATGGAGTCTCGCTCTTTTGCCCAGGCTGGAGTGC
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AGTGGTGTGATCTTGGCTCACTRCAATCTCCACCTCCCAGGTTCAAU LUAL 1L 1LLIUL
CTCAGCCTCCCGAGTAGCTGGAACTACAGGCACCTGCCACAGCATCCGGCTAATTTTTT
GGGTATTTTTAGTACAGGTGGGGTTTCAGCATGTTGGCCATGCTGGTCTCGAACTCCTG
ACCTCAAATGATCCACCCGCCTCAGCTGCCCAAAGTACTGGGATTACAGGTGTGAGCC
ACTGTTCCTGGCCCCACATACTCTTTTGCTATTGCATGATTGTAGCGTTGGCAGGTCCTG
- AGGCAGCTGGCAAGACGCCTGCAGCTGAAAGATACAAGGCCAGGGACAGGACAGTCC
CATCCCCAGGAGGCAGGGAGTATACAGGCTGGGGAAGTTTGCCCTTGCGTGGGGTGGT
GATGGAGGAGGCTCAGCAAGTCTTCTGGACTGTGAACCTGTGTCTGCCACTGTGTGCTG
GGTGGTGGTCATCTTTCCCACCAGGCTGTGGCCTCTGCAACCTTCAAGGGAGGAGCAG
GTCCCATTGGCTGAGCACAGCCTTGTACCGTGAACTGGAACAAGCAGCCTCCTTCCTGG
CCACAGGTTCCATGTCCTTATATGGACTCATCTTTGCCTATTGCGACACACACTCAATG
AACACCTACTACGCGCTGCAAAGAGCCCCGCAGGCCTGAGGTGCCCCCACCTCACCAC
TCTTCCTATTTTTGTGTAAAAATCCAGCTTCTTGTCACCACCTCCAAGGAGGGGGAGGA
GGAGGAAGGCAGGTTCCTCTAGGCTGAGCCGAATGCCCCTCTGTGGTCCCACGCCACT
GATCGCTGCATGCCCACCACCTGGGTACACACAGTCTGTGATTCCCGGAGCAGAACGG
ACCCTGCCCACCCGGTCTTGTGTGCTACTCAGTGGACAGACCCAAGGCAAGAAAGGGT
GACAAGGACAGGGTCTTCCCAGGCTGGCTTTGAGTTCCTAGCACCGCCCCGCCCCCAA
TCCTCTGTGGCACATGGAGTCTTGGTCCCCAGAGTCCCCCAGCGGCCTCCAGATGGTCT
GGGAGGGCAGTTCAGCTGTGGCTGCGCATAGCAGACATACAACGGACGGTGGGCCCA
GACCCAGGCTGTGTAGACCCAGCCCCCCCGCCCCGCAGTGCCTAGGTCACCCACTAAC
GCCCCAGGCCTGGTCTTGGCTGGGCGTGACTGTTACCCTCAAAAGCAGGCAGCTCCAG
GGTAAAAGGTGCCCTGCCCTGTAGAGCCCACCTTCCTTCCCAGGGCTGCGGCTGGGTA
GGTTTGTAGCCTTCATCACGGGCCACCTCCAGCCACTGGACCGCTGGCCCCTGCCCTGT
CCTGGGGAGTGTGGTCCTGCGACTTCTAAGTGGCCGCAAGCCACCTGACTCCCCCAAC
ACCACACTCTACCTCTCAAGCCCAGGTCTCTCCCTAGTGACCCACCCAGCACATTTAGC
TAGCTGAGCCCCACAGCCAGAGGTCCTCAGGCCCTGCTTTCAGGGCAGTTGCTCTGAA
GTCGGCAAGGGGGAGTGACTGCCTGGCCACTCCATGCCCTCCAAGAGCTCCTTCTGCA
GGAGCGTACAGAACCCAGGGCCCTGGCACCCGTGCAGACCCTGGCCCACCCCACCTGG
GCGCTCAGTGCCCAAGAGATGTCCACACCTAGGATGTCCCGCGGTGGGTGGGGGGCCC
GAGAGACGGGCAGGCCGGGGGCAGGCCTGGCCATGCGGGGCCGAACCGGGCACTGCC
CAGCGTGGGGCGCGGGGGCCACGGCGCGCGCCCCCAGCCCCCGGGCCCAGCACCCCA
AGGCGGCCAACGCCAAAACTCTCCCTCCTCCTCTTCCTCAATCTCGCTCTCGCTCTTTTT
TTTTTTCGCAAAAGGAGGGGAGAGGGGGTAAAAAAATGCTGCACTGTGCGGCGAAGC
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CGGTGAGTGAGCGGCGCGGGGCCAATCAGCGTGCGCCGTTCCGAAAGTTGCCTTTTAT
GGCTCGAGCGGCCGCGGCGGCGCCCTATAAAACCCAGCGGCGCGACGCGCCACCACC
GCCGAGACCGCGTCCGCCCCGCGAGCACAGAGCCTCGCCTTTGCCGATCCGCCGCCCG
TCCACACCCGCCGCCAGGTAAGCCCGGCCAGCCGACCGGGGCATGCGGCCGCGGCCCC
TTCGCCCGTGCAGAGCCGCCGTCTGGGCCGCAGCGGGGGGCGCATGGGGGGGGAACC
GGACCGCCGTGGGGGGCGCGGGAGAAGCCCCTGGGCCTCCGGAGATGGGGGACACCC
CACGCCAGTTCGGAGGCGCGAGGCCGCGCTCGGGAGGCGCGCTCCGGGGGTGCCGCTC
TCGGGGCGGGGGCAACCGGCGGGGTCTTTGTCTGAGCCGGGCTCTTGCCAATGGGGAT
CGCAGGGTGGGCGCGGCGKAGCCCCCGCCAGGCCCGGTGGCGGCTGGGGCGCCATTG
CGCGTGCGCGCTGGTCCTTTGGGCGCTAACTGCGTGCGCGCTGGGAATTGGCGCTAATT
GCGCGTGCGCGCTGGGACTCAAGGCGCTAAYTGCGCGTGCGTTCTGGGGCCCGGGGTG
- CCGCGGCCTGGGCTGGGGCGAAGGCGGGCTCGGCCGGAAGGGGTGGGGTCGCCGCGG
CTCCCGGGCGCTTGCGCGCACTTCCTGCCCGAGCCGCTGGCCGCCCGAGGGTGTGGCC
GCTGCGTGCGCGCGCGCCGACCCGGCGCTGTTTGAACCGGGCGGAGGCGGGGCTGGCG
CCCGGTTGGGAGGGGGTTGGGGCCTGGCTTCCTGCCGCGCGCCGCGGGGACGCCTCCG
ACCAGTGTTTGCCTTTTATGGTAATAACGCGGCCGGCCCGGCTTCCTTTGTCCCCAATC
TGGGCGCGCGCCGGCGCCCCCTGGCGGCCTAAGGACTCGGCGCGCCGGAAGTGGCCAG
GGCGGGGGCGACCTCGGCTCACAGCGCGCCCGGCTATTCTCGCAGCTCACSTCGAYGG
TYWACGAATTCCCCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTG
CCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCTGGCG
AGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGG
CAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGA
AGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGC
GCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATC
GACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGC
CACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGCGAACTTCAAG
ATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACA
CCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTC
CGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTG
ACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAATGAATTAATTAAG
AATTATCACCGCTTCTATTCAGCCAGTAAGGCCTGTCTTTAATGGCCTCCGGCATGAGA
CACTTTCTAGAATTCGGTACCCCCCCCCCCAACGTTACTGGCCGAAGCCGCTTGGAATA
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- AGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCG 1L 11 1UGLAALUL
GAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTC
TCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGC
TTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCT
GGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGG
- CACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTC
CTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGA
TCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACG
‘TCTAGGCCCCCCGAACCACGGGGACGTGGTTTCCTAATTTTTAGCAGGCTGATGGGTGT
GTAATGATATCTCTCTGTGGTTAATTACCAGTCATGCCATACGCTTTTTAATGTTTATTA
GCTATGTGTGAACTGCTTGTTAAAGACTTTTGCCCATTGTTGGCAAAAGGTTGTCTCTT
CGTTTATTTGTTGGAATTTTTTGTTTGTTTGTTTGTTTTTAAATACAGGTGGGGGTCTCA
GTATGTTACCCAGGCTGGTCTCAAACTTCTGGGCTCAAGTGATCCTCCTGCCTCTGCCT
TCTCAAAGAACTGGGATTACAGGCATGAGCCATTATGCCCAGCCTATTGGTAGAAGTT
CTTTATATGTTTTGAATATTTATCGCACATTTAGGCATCCAGTTTTGTGAAAGCCCTCAG
TTTTGGATCACTTTTATATTAGTTTTTTTTTTAGATCAGTTTGTAGAAGTTCTTTATATAT
TTTTGATATGACTGCTTTATCAGACCCATGTACAGCAAATATTTTCTCCCACTCTTTGGT
TTGCCTTTCCACTCTTTCGGTGATGTCTTITGGTGAACAGAAGTTTTTAATTTTACTACA
GTCCCATGTATGAATTGTTTTAATTATGATTACTGCCTTTCAAAAACATTTAAGAAAGT
TTTACCTACTCAAAGTTITATGAAAATATTCTTCTCCTATGCTCTCTTCTAAAATATGTAT
TGCTTTACCTTTCCAATTTTAAGGATAATACAACTGAAACTAACTTTTTTTAAAAGTAA
CTTTTAGGCTGGGCGTGGTGGCTCACGCCTGTAATCCCAGTACTTCAGGAGGCCGACAT
TGGGGATATCACCTGAGGTCAGGAGTTCGAGACCAGCCTGGCCAACATGGTGAAACTC
 CATATCTACTAAAAACAAAACTTAGCCAGGTGTGGTGGCAGACACCTGTAATCCCAGC
TACTCGGGAGGCTGAGGCAGGAGAATCACTTGAACCCAGGAGGCGGAGGTTGCAGTG
AGCCGAGATTATGCCATTGCACTCCAGCCTGGGTGACAGAGCAAGACTCCATCTCAAA
AAGAAATAAATAAATAAAAAATAAAAGTAACTTTTAAATGATTGTGAGGTAGGGATCA
AGTTTAATGTTTTTCCATAGGGATATTCAATTGGCCCATCCCAAAAAGACCGGCCTTTC
TCCACTACACAGCAGTGTTGACTTTGTCATCTATCAGGTGACCCTTCAGCCTGTCTGTG
GACTCTTTGTTGTGTTCCATTGGCCTGTTTGTCTATTGTTGGAACAAAACCACACTGTCT
GAATTGCCACAGCTTTATAATAGGGCATGCTATCAAGCAGTCAGTGTCATTTTACAGGT
TTGTTCTTCTTTAGGTTTGCCTTAGCTATTCTTTGGTCTTTGCATTGCCATCTAAATTTTA
GAATCAACTAAGTCAAAATGTTGTATCACTTTCCACACCAAAAATCTGCTGGAATTTTG
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ATTGGGATTATATTAAATTTGTAGATCAATTTGGGAAGAAATAAGA UL 1 1ALAA AL L
AACTCTTCCAATCTATAAATGTGGTATTTATTTTTTCTTTATTTTTTTCTCAGTGGTTTGT
AGTTTCTAGTGCAAAGGTCTTTGACATCGTTAGATTTAATGTTTTTTGATATATTTTGGT
GTTATAAGTGATACTTTTCAAAATTTCATTTTCTATTTGTTTCTTGTTGACACAGCAACA

CAACTGGTTTTAGTGTAATAATCTTATATITAGAGCCCTTGCTAATTAAACCTATTAATT
ATAATAGTTCTTCTATAGATTCTTTCAGCTTTTTITGCATATACGATCATGTCATCTGTGA
GTAATGACATGAACCCAGGAGGCGTTCTTTCCAGGCTTTCTTTTTATAGTCATGTACTG
CTTAACGACGTTTTTGTCGATGATGAACTGCATATACAACAGTGGTCCCATAAGATTAT

AAAGAGGCTGAAAAATTCTTACTGCCTAGTGACACTGTAGCCATCATAATGTAGCACA
ATTCAGTAC

Legend to sequence:
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CCCAGTTCCTTCCCTTTCTCCTGCATCCTTTCCTGATTACBATTCCCTCCTTTCCACAGGTTATCAGCAGTCTGATTTTT

GGGTCAAGGAAGGGAAAGAGGACGTAGGAAAGGACTAATGTTAAGGGAGGAAAGGTGTCCAATAGTCGTCAGBCTAAAAA

enabhaiba L LT RPN SRR T Sy 0o Lt A R T S
BfrBi
Eco P15l Nsil

| |

TTGGTAATTATTTTCTTCTCTTTATAGTTTTAACACTTAATTATGCATCCTCAAECARTATAATTTTACCTATTTTTCAA

.AACCATTRATAAAAGAAGAGAAATATCAAAATTGTGBATTAATACGTAGGAGTTTGTTATATT%ARATGGATAAAAAGTT
RS i s oS e Wi AR A VoL . S e e e e s R A e
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7723

Swal
Dral 8sp HI

| |

CTTGAATTTAAATCATATCATGTAATACT T TTAACTTGCATATAT TACTGAACATCATGAAATTCATCCATGCTGTGTAG

GAACTTAAATTTAGEATAGTACA&TATGAAAATTGAACGTATATAATGACTTGTAGTACTTTAAGTAGGTACGACACATC
i SR Sl SR e R SR g R Rl e et s T R e S AR A R A e AR R S R

fmal r%n

CAGTAATTCACACATTACATATATTATAT T TCTGCGCTTTTGGTAACTATGAACAGTACTGCTATAAATTTTCTTTACATG

GTCATTAAGTGTGTBATGTATATAATATAARGACCGAAEACCATTGATBCTTGTCATGACGRTATTTAAAAGAABTGTAC

Ei‘(:?d ’L& :%}Eu }:‘ ﬂ‘.\:? mi‘?"‘f ‘t ; «i‘ e :m: ::&w &3« :~ .4&»\:!‘ %1‘%&1& ad‘lm‘&& wﬁmwa wﬂ'u#z*&n./m?ﬁw 1‘%\&&{:’31 5 ':g‘t }'E“I {‘\w é:g'g ﬁid
8sp M|
Aegr | Pst |

| |

TGTTCIGGTCTGCAGGTGTARGAGTTTACCTAGAGGCCATGCGCGGTGECTCATGCCTGTAATCCCAGCACTTCEGGAGE

ACAAGACCAGACGTCCACATTCTCAAATGGATC TCCGGTACGCGCCACCGAGTACGCACATTAGEGTCGTGAAGCCCTC
| RN At B it AR 5 o (g R o n e TG N PR L I I ON Y a7 %&“m’%&:&%}x bt nalduedidias

Pfot EcoRI BpuEl  Msct  8gll

| | |

CCGAGGCAGGCCGATCACTTGAGTCCAGGAATTCGAGBCTAGCCTGGCCAACRTGGCGAAACCCTGTCTCTACTAAAAAT

GGCTCCGTCCGGCTAGTGAACTCAGGTCCTTAAGCTCTGATCGGACCGGTTGTACOGCTTTGGGACAGAGATGATTTTTA

i’”u "' i"}' I"

Rt el i R Al P R b B LD LS R B R R i el s B e

ACBAAAAATTAGCTAGGTGTGGTGGTGGTGTGCCTGTBGTCTCAGCTATTTGAGAGGGTGAGGTAGgAGAATTGCTTGAA

TGTTTT TTAATCGATCCRCACCACCACCACACGGACATCAGAGTCGATAAACTCT CC CACTCCATC CTCTTAACGAACTT
RS N LR bt R R e s R e T R T L A S i i et bl

Bsg) | Bgli  Btsl

| | |

CCTGGGaagtggaggttgcaataagecgaaatggcaccactgcactcecagtctgggcaaaagagcaagactgtiaaaaaa

GGACCCttcacctccaacgttattcggctttaccgtggtgacgtgaggtcagacccgttttctcgttctgacaatttttt

aaaaaacaaaatttacctagggtgtatatctaatcatggtattactcaattgttggatacactatqctgaatagatatgt

ttttttgttttaaatggatcccacatatagattagtaccataatgagttaacaacctatgtgatacgacttatctataca
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. Fall
Baso | Apa LS Fall BeiVi Bsel

| | | |

caaaccgcettttcagagttgttecaatttatacttccaccagtgcacctgggtateccccaaggatecacttgageccaaa
b+ ' 12060

gtttggcgaaaagtctcaacaaggttaaatatgaaggtggtcacgtggacccatagggggttcctagtgaactcgggttt
Wmfm :3; %@3 M%m ﬁﬁé‘ ’ﬁ-‘i‘&ﬁ ‘*ﬁ:{a ?“V ¥ "3‘ "’iﬁwﬁ ﬁug:mﬂ. 53».: Mﬁm 5 w%%’hkf&mﬂ ‘ﬁ PN Ty ‘;,g*ﬁ;:ﬁ{ M é.‘giq*ﬂ i3 g";“'-\.h. Mi .Wt:%

Fal¥
Fall Bpu E!} Bsa | Dm | Eari

I | | |

agtttgagatcagectygggcaacatactgagacccecatetgtatttaaaaaaaaaaaaaattccaacaaataaatgaag
‘ et 1280

tcaaactctagtcggacccgttgtatgactctgggggtagacataaattttttttttttttaaggttgtttatttacttc
' SRR I o T e ron K S I WM T W AR PSSRy SO Lo et i rs‘” b HrE: ""‘”:‘3":"3"‘1 «'*

Ssp i | Fsh Al

| |

agacaatattttgccaaaaaaggacaaaagtctttaacaagcagttcacacatagctaataaacattaaaaagtgtatgg'
1360
tctgttataaaacggttttttcctgttttcagaaattgttcgtcaagtgtgtatcgattatttgtaatttttcacatacc

A AT b A £ 2R s 3«'-#* ;J!'-'. s ML \" LAt g "':
Rikics e sa i e ﬁ’JLsu s bR b S e LU b e et

Ngo MV
Eco RV Nael Tagll'

catgactggtaagtaaaccacagagagatatcattacacaccecatcagecggectaaaaattaaatcargcaatagcaaaa
" ! . | | 1440
gtactgaccattcatttggtgtctctctatagtaatgtgtgggtagtcggccgatttttaatttagtacgttatcgtttt

el sl S e o S RS R SRR e e 2 B A R ST

-*' .;. i"‘. - :‘E "s':?:' .:.; .‘;‘ 3 ‘m. - !._', ‘o‘aig A : ’ )." o ':.:...1'..4- 2
R LT JE LG iy L X R B ML R B

Ppi | o Mial Poll

| .

gagtatgtggggccaggaacggtgqctcatgcctgcaattgcttaattgcttattattattattccattattccacatqc ,
| | —+f 1520
ctcatacaccccggtccttgccaccgagtacggacgttaacgaattaacgaataataataataaggtaataaggtgtacg

e . A 5 2o WAy DR o R B RGN A s 3 a0 g iR B 42 WG R e, : g Ak cree ] B a by 1R r-( 25y K7 o ¢'. ‘?,c'- 3
u;_-' b %’M?&?? wffm 2‘5 %ﬁfé& gﬁg’ﬁrw 'E,a TALy e wm%o%me&! A‘émé#& ”i“ :}?%w&%ﬁa‘in 2,,_ . % gﬁﬁ%& 3 ﬁi?z ﬁ;ﬁfaﬁgﬁ

Dra Bis |

| |

tcttttgtttttttgtttgtttattgttttttgagatggagtctcactttgtggcccatqctggagtgcagtggcatgat
. . 1600
agaaaacaaaaaaacaaacaaataacaaaaaactctacctcagagtgaaacaccgggtacgacctcacgtcaccgtacta

SRR Tk RS v aiaties decatlyg i o @il pon bl b A St de |

Bom\ Bis! Eco RI -- Alw NI

| = | |

ctcggctcactgcaacctccacctcccaggttcaagaattctcctgcctcagtagctgggattacaggtgcgtgccacga

1680
gagccgagtgacgttggaggtggagggtccaagttcttaagaggacggagtcatcgaccctaatgtccacgcacggtgct

Ky eid b i R AR B L L Ul R S T R S e i AN
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caccaagctaatttttttitttttttttttttttttttttgagatggagtetegetettttgeccaggetggagtagcagt

gtggttcgattaaaaaaaaaaaaaaaaaaaaaaaaaaaaactctacctcagagcgagaaaacgqgtccgacctcacgtca

”-M"

ity e e ’~’<-ﬁ;>:-.‘f" F e
Lq AXA O '34\}"&&7& &ﬂn&aﬁfﬁﬁuﬁma‘wﬂk:ﬁ'% g’ﬁ"« 'k d& -t wci.& f ’ﬁ&‘mf"’m L\W%*«?"v *&""" R Xp S ;’ “ ‘%?ﬂ

Bsg | Bpu 10}
Bist Bpm| Bigl Bbv Ci

| | |

ggtgtgatcttGGCTCACTgCAATCTCCACCTCCCAGGTTCAAGTGATICTCCTGCCTCAGCCTCCCGAGTAGCTGEAAC

ccacactagaaCCCAGTGACGT TAGAGGTGGAGGGTCCARAGTTCACTAAGAGGACGGAGTCCGAGGGCTCATCGACCTTG

B At bt otne Bl T e MR i i et el L0y AR TR

a: 4: H"" o SR i P RN uﬁ'«?‘;ﬂrﬁi

Asri ,
8sp Ml Mst |

PACAGGCACCTGCCACAGCATCCGGCTAATTTTTTGGCTATTTTTAGTACAGGTGGGGTTTCAGCATGTTGGCCATGCTG

ATGTCCGTGGACGGTGTCGTAGGCCGMTAAAAAACCCATAAAAMCATGTCCACCCCAAAGTCGTACAACCGGTACGAC
m&’&@ 'ﬁm e ﬁ“# ’*{g,‘qgg‘“,&&{ z% *“ﬁﬁwﬁ}mﬁ&wkﬁ i #&af;ﬂ:wniqf aten h-w}\!é: &aﬂf» &’3{.@”' %’o‘-ﬁﬁx fmf a‘m’i‘&* &ﬁ%ﬁ’@wé&:h ;a‘f&ﬁ% 2 r ’$ i

Bpy 101 «
Bbv Ct Sca Ppi {!
Bsal Prull Bst Xi 8mrl

| | ' | |

GTCTCGAACTCCTGACCTCA'AATGATCCACCC GCCTCAGCTGCCCAAAGTACTGGGAT TACAGGTGTGAGCCBC TGTTCC

CAGAGCTTGAGGACTGGAGTTTACTAGGTGGGCGGAGTCGACGGGTTTCATGACCCTAATGTCCACHCTCGGTGACAAGG

i ep bRt Ra R 0 U5 R AT S el e RS

, Alw NI Pst |
Ppil Ssp Ml Bsu 36! Pvu 1} Pvu li

| | | | 1

TGGCCCCACATACTCTTITTGCTATTGCATGATTGTAGCGT TGGCAGGTCCTGAGGCAGCTGGCMGACGCCTGCAGCTGA

ACCGGGGTCTATGACARRACCATAACGTAC macmcscmccswccaeeacm'ccmccmccm TCTGCGGACGTCGACT
T A R S ST '

,Drd } = IBstZﬂ'l

AAGATACAAGGCCAGEEACAGGACAGTCCCATCCC CAGGAGGGAGGGAGTATACAGGCTGGGGAAGTTTGCCCT TGCGTG

TTCTATGTTCCGGTCCCTG‘I’CCTGTCAGGGTAGGGGTCCTCCGTCCCTCATATGTCCGACCCCT‘I‘CAAACGGGAACGCAC
T LATIAN DOLE AT GrOATOINE. : : ?

Bip |
Bbsl  BseRl « Tag ' Dra NI

| | |

GGGTGGTGATGCAGCGAGCCTCAGCAAGTCTTCT GGACTGTGAACCTGTGTCIGCCACTGIGTGCTCGGTGGTGGTCATCT

CCCACCACTACC chwccenewcewmemeaccmacmrTGGA;ACAGACGGTGACACACGACCCACCACCAGTAGA
1 0 b s prowiniser , ‘
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Bse Rl
o fﬁhﬂ fﬁle | fmd
Y TTCCCACCAGGCTGTGGCCTCTGCAACCTTCAAGGGAGGAGCAGGTCCCATTGGCTGAGCACAGCCTTGTACCGTGAACT
o 2320
3 AAGGGTGGTCCGACACCGGAGACGTTGGAAGTTCCCTCCTCGTCCAGGGTAACCGACTCGTGTCGGAACATGGCACTTGA
o T r .
>
Qo
Msc !
° |
5 GGAACAAGCAGCCUTCCTTCCTGGCCACAGRTTCCATGTCCTTATATGGACTCATCTTTGCCTATTGCGACACACACTCAA
o ° ' | 2400
3 CCTTGTTCGTCGGAGGAAGGACCGGTGTCCBAGGTACAGGAATATACCTGAGTAGAAACGGATAACGCTGTGTGTGAGTT
o Y ! . ” 2 3 , ) vl 2 LY AR TN NS TN ST N 3 “v RN, . >
o
Qo
- Stul
o ﬁ¢1 fumam fhﬂ
Y TGAACACCTACTACGCGCTGCAALCAGCCCCECAGGCCTGAGETGCCCCCACCTCACCACTCTTCCTATTTITTGTGTARAA
& 2480
3 RCTTGTGGATGATGCGCGACGTTTCTCGGGGCGTCCGGACTCCACGGGGGTGGAGTGGTGAGAAGGATAAARBCACRTTT
© L 2T RN D a0 DI GteE T ;
Q
O
Bse R
o ‘Bsp M! | !Bse Ri IBlpl iAlol lli?.'sml
5 %ATOCAGCTTCTTGTCACCAﬁCTCCAAGGAGGGGGAGGAGGAGGAAGGCAGGTTCCTCTAGGCTGQGCCGRATGCCCCTC
° 2560
3 TTAGGTCGAAGAACAGTGGTGGAGGTTCCTCCCCCTCCTCCTCCTTCCGTCCAAGGAGATCCGACTCGGCTTACGGGGAG
o : . " e ST r——c s .
O
Q
5 PGTGETCCCACGCCACTGATCGCTGCATGCCCACCACCTGGGTACACACAGTCTGTCGATTCCCGGAGCAGAACCGACCCT
¢ 2640
¥ ACACCAGGGTGCGGTGACTAGCGACGTACGGGTGGTGGACCCATGTGTGTCAGACACTAAGGGCCTCGTCTTGCCTGGGA
o “BUMaT e
C
O
8bs |
o l 'Tlh 11
5 GCCCACCCGGTCTTGTGTGCTACTCAGTGGBCAGACCCAAQGCAAGAAAGGGTGACAAGGACAGGGTCTTCCCAGGCTGG
o " “ : 2720
¥ CGGEGTEEGCCAGAACACACGATGAGTCACCTGTCTGGETTCCGTTCY P TCCCACTGTTCCTGTCCCAGAAGGGTCCGACC
) :
) :
o fBaXP f@ml F&ﬂm
5 CTTTGAGTTCCTAGCACCGCCCCGCCCCCAATCCTCTGTGGCACATGGRGTCTTGGTCCCCAGAGTCCCCCAGCGGCCTC p
o 2800
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GAAACTCAAGGATCGTGGCGGGGCGGGGGTT%GGAGBCACCGTGTACCTCAGAACCAGGGGTCTCAGGGGGTCGCCGGAG
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Psp OM!
Pvu i Fspt Apa |

CAGATGGTCTGGGAGGGCAGTTCAGCTGTGGCTGCGCAQBGCAGACATACAACGGACGGTGGGCCCAGACCCAGGCIGTG"

GTCTACCAGACCCTCCCGTCBAGTCGACACCGACGCGTATCG%CTGTATGTTGCCTGCCACCCGGGTCTGGGTCCGACAC
T e b Ha 1 2 s e / A e B dabe i 1 b A q. PEAS ol it A ¢

Avrl) :
| Btg) Tag IV
Bst Ell Siu |

| |

TBGBCCCBGCCCC¢CCGCCCCGCAGTGCbTBGGTCACCCRCTAACGCCCCAGGCCTGGTCTTGGCTGGGCGTGACTGTTA

'ATCTGGGTCGGGGGGGCGGGGCGTCACGGATCCAGTGGGTGATTGCGGGGTCCGGACCAGAACCGACCCGCACTGACAAT

8em | Pag|

CCCTCAAAAGCAGGCAGCTCCAGGGTAARAGGTGCCCTIGCCCTGTAGAGCCCACCTTCCTTCCCAGGEGCTGCGGCTGEET

GGGAGTTTTCGTCCGTCGHGGTCCCBTTTTCCACGGGACGGGHCRTCTCGGGTGGAAGGAAGGGTCCCGACGCCGACCCA

PIMI
Bpm | Alw NI Xem |

| ]

AGGTTTGTAGCCTTCATCACGGGCCACCTCCAGCCACTGGACCECTEECCCCTGCCCTGTCCTCGEGAGTGTGGTCCTGE

TCCAAACATCGGAAGTAGTGCCCGGTGGAGGTCGGTGACCTGGCGACCGGGGACGGGACAGGACCCCTCACACCAGGACG

K yanals’ «,M .f"..,'.@g‘i"ﬁh ‘é%ﬂ?wl‘: o4
el m«» ;MWM&M' A

IBWE' Iﬂsal.

GACTTCTAAGTGGCCCGCAAGCCACCTGACTCCCCCAACACCACACTCTACCTCTCAAGCCCAGEGTCTCTCCCTAGTGACC

CTGABGATTCACCGGCGTTCGGTGGACTGAGGGGGTTGTGGTGTGAGATGGAGAGTTCGGGTCCAGAGAGGGA$CRCTGG

Tag il*

Bmt l
Afe fwuam rMUNl

CACCCAGCACATTTAGCTAGCTGAGCCCCACAGCCAGAGGTCCTCAGGCCCTGCTTTCAGGGCQGTTGCTCTGBAGTCGG

GTGGGTCGTGTBAATCGATCGACTCGGGGTGTCGGTCTCCAGGAGTCCGGGACGAAAGTCCCGTCAACGAGACTTCAGCC

Psp OMI
Fall EcolCRI Eco Ni Fall Bst X

Acul. Msc | Fall l Sac Pst | Fall Pas Apal

| B | | ‘ | | | 1]

CAAGGGGGAGTGACTGCCTECGCCACTCCATGCCCTCCARGAGCTCCTTCTGCAGCGAGCGTACAGAACCCAGGGECCCTEREC

GTTCCCCCTCACTGACGGACCGGTGAGGTACGGGAGGTTCTCGAGGAAGACGTCCTCGCATGTCTTGGGTCCCGGGACCG
mam ‘I h&dm WW : .

3 Y * 3 *-": .2? 37N
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Afw Ni 8sg Avril Tag

| | | | |

ACCCGTGCAGBCCcTGGCCCACCCCACCTGGGCGCTCAGTGCCCAAGAGATGTCCACACCTAGGATGTCCCGCGGTGGGT

TGGGCACGTCTGGgACCGGGTGGGGTGGRCCCGCGAGTCACGGGTTCTCTACAGGTGTGGATCCTACAGGGCGCCACCCB.

Psp OMI
BwnBi )
Juml Stul Mscl Bis |

GGGGGGCCCGAGAGACGGGCAGGCCGGGGGCBGGCCTGGCCATGCGGGGCCGAACCGGGCACTGCCCAGCGTGGGGCGCG

CCCCCCGGgCTCTCTGCCCGTCCGGCCCCCGTCCGGBCCGGTACGCCCCGGCTTGGCCCGTGRCGGGTCGCACCCCGCGC

Bss Hll Fsp OMI 8se R
Bss Hil fralaumw Bsa X} Bse R

GGGGCCACGGCGCGCECCCCCAGCCCCCGGGCCCAGCACCCCAAGGCGGCCARCGCCAARACTCTCCCTCCTCCTCTTCC

CCCCGGTGCCGCGCGCGGGGGTCGGGGGCCCGGGTCGTGGGGTTCCGCCGGTTGCGGTTTTGAGAGGGAGGAGGAGARGG
- T R Bets U promoter . T

Earl "
dsa X¥ n q Gsa XI’ Bsg Asa X|

| | | |

TCAATCTCGCTCTCGCTCTTTTTTTTTTTCGCHAARGGAGGGGAGAGGGGGTAAAAAAATGCTGCBCTGTGCGGCGAAGC

.AGTTRGAGCGAGAGCGAGAAAAABABBAAGCGTTTTCCTCCCCTCTCCCCCATTTTTTTACGACGTGACACGCCGCTTCG

15 tuta aciin DIOEIC | . '

Bsr Bl Kasg |
: Fsp X1 | Nott Sacll} Narl
Bsr 81 ixl‘l!ol ,Eagl ‘ lA‘:igl |
l

CGGTEAGTGAGCGGCGCGGGGCCAATCAGCGTGCGCCGTTCCGAAAGT TGCCTITTATGGCTCGAGCGGLCGCEELGEEE

GCCACTCACTCGCCGCGCCCCGGTTAGTCGCACGCGGCAAGGCTTTCAACGGAAAATACCGAGCTCGCCGGCGCCGCCGC
f a © - . mm ‘m % e o w v . M

Bbe | Bsal Edl Tth 111) | Edil

| | o

CCCTATRAAAACCCAGCGGCGECGACGCGCCACCACCECCEAGACCGCGTCCGCCCCGCEAGCACAGAGCCTCGCLTTTGEC |

GGGATATTTTGGGTCGCCGCGCTGCGCGGTGGTGGCGGCTCTGGCGCAGGCGGGGCGCTCGTGTCTCGGAGCGGAAACGG
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Sph |
Not |
Eagl Sacll

| |

GATCCGCCGCCCGTCCACACCCGCCECCAGETAAGCCCGECCAGLLGACCGGGECATGCGGCCECEECCCCTICELCCET
3 » - o » . 3920

CTAGGCGGCCGEGCAGGTETCGECEECEETCCATICEEGLCEETCEGLTGECCCCGTACGCCCGCECCGEEGARGCGGECA
rov - e — , v o BOOTHOE = r T v

' ’ss

f NN LIRN e

Bgll Bspt Rsr I} Pag|

I | |

CCAGAGCCGLCGICTGGGCCGCAGCEEGEEGECECATGEEEGEEGEAACCGGACCELCETGEGEEGGCGCGGGAGAAGCCTCT
4000

CETCTCGGLCGECAGACCLCGGLGETCGCCCCCCECETACCCCCCCCTTGRCCTEGLGELACCCCCCGLEGLCCTCTTCGEGEEA
Tmr—— T W BromT T RO R T

-
a

fhpEl fp” fBSHH

GGOCCTCCOBAGATGGGGGACACCCCACGCCAGTTCGEGAGGCECEAGGCCGCECTCEGEAGGCECECTCCGGEEETGCCE
' 4080
CCCGGAGGCCTCTACCCCCTGTGGGGETGCGETCAAGCCTCCGCGCTCCGECGLCGAGLCCTCCGLCGLEAGGCCCCCACGEL

Bsr BI
Bol I 8pi I Bp! ¥
fb” fh” f&ﬂl

CTCTCGGGGCEGGEGCAACCGGCGGEETCTTTGTCTGAGCCGGGCTCTTGCCAATGGGGATCGCAGGGTGGGLECEGCET

- - 4160
GAGAGCCCCGCCCCCGTTGGCCGCCCCAGAAACAGACTCGGCCCGAGAACGGTTACCCCTAGCGTCCCACCCECGCCGCA

75 Bl st otornotes

Kas
- § Nerl
Sho |
Bbe i
Bar DI Bag Hil Rag Htl

| |

AGCCCCCGCCRGGCCCGGTGGGGGCTGGGGCGCCATTGCGCGTGCGCGCTGGTCCTTTGGGCGCTARCTGCGTGCGCGCT
| - 4240
TCGGGGGCGGTCCGGGCCBCCCCCGACCCCGCGGTABCGCGCACGCGQGACCAGGAAACCCGCGATTGACGCACGCGCGA

; : hasnan bats actin promodes - J :

Bopu El
I Bss Hil

GGGAATTGGCGCTAATTGCGLCGTGLGLGCTGGGACTCAAGGCGCTARLTGCCLETCCET TCTGGGGCCCECGGETIGLCECE

Smal Sac i

. 4320
CCCTTAACCGCGATTAACGCCCACGCECGACCCTCAGTTCCGCGATTaRCGCGCACGCAAGACCCCGEECCCCACEGLGEE
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CGGACCCGRCCCCGCTTCCGCCCGAGCCGGCCTTCCCCACCCCAGCGGCGCCGAGGGCCCGCGAACGCGCGTGAAGGACG

Bag HI
anﬂl
EM&HH f@“
CCGAGCCGCTGGCCGCCCGAGGGTGTGGCCGCTGCGTGCGCGCGCGCCGACCCGGCGCTGTTTGAACCGGGCGGAGGCGG
GGCTCGGCGACCGGCGGGCTCCCACACCGGCGACGCACGCGCGCGCGGCTGGGCCGCGACAAACTTGGCCCGCCTCCGCC
e EE A $h . T DAyt DIKS S prOSOmY:. TS T s
Kas |
IR=1
Nar)
Sfo |
8bg | Bss HIl Sacll

l | | |

GGCTGGCGCCCGGTTGGGAGGGGGTTGGGGCCTGGCTTCCTGCCGCGCGCCGCGGGGACGCCTCCGACCAGTGTTTGCCT

CCGACCGCGGGCCAACCCTCCCCCAACCCCGGACCGAAGGACGGCGCGCGGCGCCCCTGCGGAGGCTGGTCBCAAACGGA

Ngo MV
Ngo MV Kas |
Nagel . Neari
Fsel B&nﬂl Sfo 1
l Bglt | Ewal f&ﬁml

TT%ATGGTAATAACGCGGCCGGCCCGGCTTCCTTTGTCCCCAATCTGGGCGCGCGCCGGCGCCCCCTGGCGGCCTBAGGA

.AAHTHCCATTATTGCGCCGGCCGGGCCGARGGAAACAGGGGTTﬁGACCCGCGCGCQGCCGCGGGGGACCGCCGGATTCCT

Ascl
Bss HIl Mscl Bgg Hli

CTCGGCGCGCCGGAAGTGGCCAGGGCGGGGGCGACCTCGGCTCACAGCGCGCCCGGCTATTCTCGCAGCTCACGTCGAGG

GAGCCGCGCGGCCTTCACCGGTCCCGCCCCCGCTGGAGCCGAGTGTCGCGCGGGCCGATﬁAGAGCGTCGAGTGCAGCTCC

Hpa | Nco ) 8se R
Eco Rl l Alel  Ppi? ° Alal Ppi |

l | | | |

TTAACGAATTCCCCCACCATGGTGAGCARGGGCGAGGAGCTGTTCACCGEEGTGETECCCATCCTGGTCGAGCTIGGACEG

ABTTgCTTAAGGGGGTGGTACCACTCGTTCCCGCTGCTCGACAAGTGGCCCCQCCACGGGTAGGACCAGCTCGACCTGCC

Mst Va! Ser Ly Giu Glu Lou Pho Thr Gly Val VAl Pro lle Lsy Vil Glu Loy Asp
1 2 3 4 5 8 7 8 9 10 4 12 13 14 15 16 7 18 19 20 24
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Xmal
f%gl fhcu fmal fﬁwﬂu fﬂAPI
GCCTGGGCTGGGGCGAAGGCGGGCTCGGCCGGAAGGGGTGGGGTCGCCGCGGCTCCCGGGCGCTTGCGCGCACTTCCTGC
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CGACGTAAACGGCCACAAGTTCAGCCTGTCTGGCCAGEGCCAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCA

GCTGCBTTTGCCGGTGTTCMGTCGCBCAGACCGC‘I‘CCCGC‘I‘CCCGCTACGGTGGATGCCGTfI’CéACTGGGACTTCAAGT

Asp Vi Asn Giy His Lys fhe S8er Vol Sar Gly Glu Gly Gl Glyr Asp Als Thr Gry!.yal.au'l‘hrul.sphe
22 23 24 28 28 27 28 28 30 31 32 33 M 35 38 37 38 I0 40 41 42 43 44 45 486 47
Ale |

Acu 858 S) Acv | Btz

| l | |

TCTGCACCACCGGCAAGCTGCCCGTGCCCTCGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGC

AGACGTGGTGGCCGTTCCACCEGCACGGGACCGEETCGGAGCACTGETGGEACTGGATGCCCCACGTCACGARAGTCGGCE

("] " i . ) kt: _“.o L

......

lla Cvs Thr Thr Giy lvs Leu Pro Vel Pro Trp Pro Thr Leu V@ Thr Thr teu Thr Ty vy Val Gin Cya Phs Sar £

48 49 50 51 52 53 X4 55 &5 57 53. 50 60 61 52 63 64 6% 68 €7 63 683 70 71 72 73 74
Bsg | Ecil Plo |

| | |

TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTITCTT

BFP F
vt Pro Asp His Met Lys Gin Mia Asp Pho Pho Lys Ser Als Met Pro Glu G Vel Gin Glu Ag Thr fl8 Phe Pe
75 76 77 T8 79 80 ©81 82 B3 B4 85 88 OF 83 8O 60 ©1 02 ©3 94 H% 08 97 €8 68 100 101
: Fpi|
Ppi | Alel

’ l L4

CABGGACGACGGCBAC TACAAGACCCGCGCCGAGGTGARGTTCGAGGGCGACACCCTGETGAACCGCATCCAGCTGARGE

GTTCCTGCTGCCGTTGATGTTCTGGGLGCGGCTCCACTTCAAGCTCCCGCTGTGGGACCACTTGGCGTAGCTCGACTTCC

- e B # & - s L} .
cSZ At o oer s 00. tG - - - - m - ---j' . evmm - * z: ‘ﬁ.*

lya Asp Asp Gly Asn Tyr Lys Thr Ag Ala Glu Vel Lys Phe Glu Gly Asp Thr tesu V¥ Asn Ag lle Clu Leu Llys
102. 103 104 105 108 107 108 109 110 11 112 113 14 16 16 117 118 118 120 121 122 123 124 128 126 127

Acu = Bom |

| | |

GCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACARCAGCCACAACGTCTATATCATG

CGTAGCTGAAGTTCCTCCTGCCGTTGTAGGACCCCGTGTTCGACCTCATGTTGATG T TGTCGGTGTTGCAGATATAGTAC

Gy lls Asp Phe Lys Glu Asp-Gly Asn llo Lov Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn V& Tyr lls  Met

128 120 130 131 132 133 134 138 138 137 138 139 140. 144 12 143 144 145 146 147 148 145 150 181 162 153 154

SUBSTITUTE SHEET (RULE 26) RO/AU

ATGGGGCTGGTGTACTTCGTCGTGCTCAAGAAGTTCAGGCGGTACGEGCTTCCGATGCAGGTCCTCGCGTGGTAGAAGAA.

WO 2006/092023 PCT/AU2006/000278
15/23
Beg
Bog | Bty Ts Bsg |
l | |

4880

4960

50440

5120

3200



00 0 ¢ o U

Q

O 0 o W o 9 ©

0

O

3i

00 ©

CA 02599784 2007-08-31

WO 2006/092023 PCT/AU2006/000278

16/23

Eal I Fall'
Fall £ci Fal

| | |

GCCGACAAGCAGAAGAACGGCATCARGGCGAACTTCAAGATCCGCCACAACATCCAGGACGGCAGCGTECAGCTCGCCGA

CGGCTGTTCGTCTTCTTGCCGTAGTTCCGCTTGAAGTTCTAGGCGGTGTTGTAGCTCCTGCCGTCGCACGTCGAGCGELT

:} : .. A o '.‘ v ﬂ“if-uq

Ala Asp lys Gin Lys Asn Gy ile Lys Afa Asn Phe Lys lls Ag His Asn fle Glb Asp Qly Ser Vd Gln Leu Ala Asp
155 156 15T 158 158 160 161 182 163 184 185 166 1657 168 169 170 171 172 173 174 175 178 177 1718 179 180 181
| Bpu 101

- Bmrl
Bsgs Eco P15t Eco P15) | Ecl

| | | |

CCACTACCAGCAGAACACCCCCATCGGCGACGECCCCATECTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGLCC

GGTGATGGTCETCTTCTGGEEGTAGCCGCTECCGGEGCACGACGACGEECTGTIGETGATGEACTCETEGGTCAGGCERE
- | | N | - - °

His Tvr Gin Gin Asn Thr Pro lle Gly Asp Gly Pro Vol Leu Leu Pro Asp Asn Hia Tyr Loy Ser Thr Gin Ser Ala
492 183 154 185 186 1B7 188 1689 100 181 192 193 104 195 106 187 188 158 200 201 202 203 204 205 200 207

Bpu 10] ‘,
Tag ¥ Eco P13l 8pm |

| | | |

TGAGCAAAGACCCCMCGAGAAGCGCGRTCACATGG’I'CCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTC‘I‘G

ACTCGTTTCTGGGGTTEGCTCTTCGCGCTAGTGTACCAGGACGACCTCARGCACTGGCGECGGCCCTAGTGAGAGLCGTAC

lau Ser Lys Asp Pro Asn Glu Lys Arg Asp His Mel Val Leu Loy Glu Fhe Vd Thr Ala Ala Gly lle Thr Leu Gly Met
908 200 210 211 212 213 214 215 216 297 210 219 220 229 222 223 224 225 228 227 28 48 230 231 232 233 4

Ase Bgl |
Bsr G ! Pac § ] Stu |

| | |

GACGAGCTGTACAAGTAATGAATTAATTAAGAAT TATCACCGCTTCTATTCAGCCAGTARGGCCTGTCTTTAATGGCCTC

CTGCTCGACATGTTCATTACTTAATTAATTCT TAATAGTGGCGAAGATAAGTCGGTCATTCCGGACAGAAATTACCGGAG
- T GEP | ‘ )

Asp Glu lsu Tg Lgs

238 2368 237 28 238

Xba | Acc 65!
l Eco Rl l Kon | Acli

| | |

CGGCATGAGACACTTTCTAGAATTCGGTACCCCCCCCCCCAACGTTacmeecceancccccwTGGAATAAQGCCGGTGTG

GCCGTACTCTGTCAAAGATCT TAAGCCATCGEEEEEEGEGTIGCAATGACCGECTTCEGCCAACCTTATTCCGGCCACAC
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Psp OM
581 DI Apal Bbs |

| | |

CGTTTGTCTATATGTTAT I TCCACCATATTGCCGTCTTTTGGCAARTGTGAGGGCCCGGABRACCTGGCCCTGTCTICTTG

GCAAACBGRTATACAETAAAAGGTGGTATAACGGCAGAAAACCGTTACACTCCCGGGCCiTTGGACCGGGACAGAAGAAC
! IRES

Bsm| Avril Bsm | Xmn |

| | |

ACGAGCATTCCTAGGGGETCTTTCCCCTCTCGCCARAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCT

TGCTCGTAAGGATCCCCAGAARGGGGAGAGCEETTTCCTTACGTTCCAGACAACTTACAGCACTTCCTTCGTCAAGGAGA
{ : | . _IRES

Hin dil 8bs |

| |

GGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCT

CCTTCGARGRACTTCTGTTTGTTGCRGRCBTCGCTGGGBAACGTCCGTCGCCTTGGGGGGTGGRCCGCTGTCCACGGBGA
J ¢ JRES ~F R

Agrl
Bgii Pmi Bsp Nl 8Bmri Dra )

| | | | |

GCGGCCAARAGCCACGTGTATAAGATACACCTGCARAGGCGGCACAACCCCAGTGCCACGTTGTGAGT TGGATAGTTGTG

CGCCGGTTTTCGETGCACATATTCTATGTGGACGT T TCCGCCGTGITGEGGTCACGGTGCAACACTCAACCTATCAACAC
1 ES

Acc 65l
Bpu El Acu |
l Bse RY Kpn | FMI

l |

GAAAGAGTCARATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATIGTATGGGATC

CTTTCTCAGTTTACCGAGAGGAGTTCGCATB&GTTGTTCCCCGACTTCCTACGGGTCTTCCATGGGGTAACATACCCTAG

Apa L} Pcil

| |

TGATCTGGEGCCTCEETCGCACATGCTTTACATGTGTTTAGTCGAGCTTAAAAAAMACGTCTAGGECCCCCCGAACCACGGEE

ACTAGACCCCGGRAGCCACGTGTACGRAATGTACACARATCAGCTCCAATTTTTTTGCAGATCCGGGGGGCTTGEYGECCCC
* \RES .

Tagl' Eco RV

| |

ACGTGGTTTCCTAATTTTTAGCAGGCTGATGGGTGTGTAATGATATCTCTCTGTGGTTAATTACCAGTCATGCCATACGC

TGCACC&AAGGATTAAAAATCGTCCGACTACCCACACATTACTATAGAGAGACACCAATTAATGGTCBGTACGGTRTGCG
. . ~ u Nl A tsa b L u 1»9”?&%%“&%&&%% W
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TTTTTAATGTTTATTAGCTATGTGTGRACTGCTTGTTAAAGACTTTTGCCCATTGTTGGCAAAAGGTTGTCTCTTCGTTT

AAAAATTACAAATAATCGATACACACTTGBCGAACAATTTCTGAAAACGGGTAACBACCGTTTTCCAACAGAGAAGCAAA
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Dra | Bsa

| |

BEE R e s F S

gpbere o Saeanion LY S LS

8pu El
Bsal

ATTTGTTGGAATTTTTTGTTTGTTTGTTTGTTTTTAAATACRGGTGGGGGTCTCAGTATGTTACCCAGGCTGGTCTCAAR

TARACAACCTTAAAAAACARACAAACAAACBABAATTTATGTCCACCCCCAGRGTCATACARTGGGTCCGACCAGAGTTT

Rt
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Bmrl

CTTCTGGGCTCAAGTGATCCTCCTGCCTCTGCCTTCTCAAAGAACTGGGBTTACAGGCATGAGCCATTATGCCCAGCCTA

GAAGACCCGAGTTCACTAGGBGGACGGAGRCGGAAGBGTTTCTTGACCCTAATGTCCGTACTCGGTAATACGGGTCGGAT

IR NP L X S » . g 347 0P wyoiag 3 00 e 4Ll A SR , hig 2% 20
AR L LR S R o L Al kgt 5%

Brgreith ekt ok oy ,g&ﬁ‘mﬁ&ﬁé@

TTGGTAGAAGTTCTTTATATGTTTTGAATATTTATCGCACATTTAGGCATCCAGTTTTGTGAAAGCCCTCagttttggat

Raad rgm . WY ta-\nt LB N i A AR

AACCATCTTCAAGAAATATACAAAACTT&TAAATAGCGTGTAAATCCGTAGGTCAAAACACTTTCGGGAGtcaaaaccta
R T Tl T e U R AR S0 6 w70 KALE R s e ool s g 1, B s o A L NP P o S

cacttttatattagttttttttttagatcagtttgtagaagttctttatatatttttgatatgactgetttatcagacee

qtgaaaatataatcaaaaaaaaaatctagtcaaacatcttcaagaaatatataaaaactatactgacgaaatagtctggg

SRS 5L R T O W T e s

Bsr G Ssp Pl M

| | | |

atgtacagcaaatattttctccgactctttggtttgcctttccactctttcggtgatgtcttttggtg&acagaagtttt

tacatgtcgtttataaaagagggtgagaaaccaaacggaaaggtgagaaagccactacagaaaaccacttgtcttcaaaa

R et A L AR R RN e R e T L R Dbt el il il e e aiiaien
¢

taattttactacagtcccatgtatgaattgttttaattatgattaCtgcctttcaaaaacatttaagaaagttttaccta

attaaaatgatgtcagggtacatacttaacaaaattaatactaatgacggaaagtttttgtaaattctttcaaaatggat
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ctcaaagtttatgaaaatattcttctcctatgctctcttctaaaatatgtattgctttacctttccaattttaaggataa
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