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METHODS FOR PROVIDING HUMAN CELLS COMPRISING A HUMAN ARTIFICIAL CHROMOSOME

This invention relates to a method for providing a eukaryotic cell comprising a
human artificial chromosome (HAC). In particular, it relates to a method for
transducing a cukaryotic cell with DNA contained in one or more HSV-1

amplicon vectors to form a HAC inside the eukaryotic cell.

For the purposes of the present invention, all references as cited herein are

incorporated by reference in their entireties.

Human artificial chromosomes (HACs) are autonomous molecules that behave as
normal chromosomes in human cells. Together with the endogenous
chromosomes, HACs segregate during cell division and are maintained in the host
cell. De novo HACs are generated by introducing defined sequences such as a-
satellite (alphoid) DNA and specific introduced DNA sequences into eukaryotic
cells.  oa-satellite DNA, containing higher-order repeat sequences, and a
centromere protein B binding sequence (CENP-B box) are requirements for a

functional centromere in a HAC.

Known methods for the delivery of large pieces of DNA are inefficient, often
resulting in DNA shearing and degradation, which is a major obstacle in

developing a HAC expression system in different cell types.

Most gene expression studies in hESc utilize lentiviral, adenoviral and adeno-
associated (AAV) viral vectors for gene delivery. However, lentiviral vectors
integrate randomly at multiple sites within the host genome leading to insertional
mutagenesis, and although adenoviral vectors remain episomal, silencing post
transduction may occur. Another disadvantage is that the capacity of AAV and

lentiviral vectors is limited to approximately 5 and 10 kb of DNA respectively.

Previous studies introduced input HAC DNA (404 kb) containing the
hypoxanthine-guanine phosphoribosyl transferase (HPRT) gene into human HPRT
deficient HT1080 fibrosarcoma cells, and the HAC generated successfully



WO 2012/156721 PCT/GB2012/051075

10

15

20

25

30

2

complemented the deficiency. The input HAC DNA was delivered by standard
transfection, but it was found that this method was inefficient for routine large

DNA transfer and did not work in other cell types.

The present invention provides a new approach to delivering large DNA
sequences into cells to form a HAC. This delivery approach is based on the use
of a viral vector system, preferably a herpes simplex virus type 1 (HSV-1)
amplicon vector system. The DNA may be delivered to the cell using two or
more viral vectors which may be selected from vectors based on any virus, for
example, an HSV virus, a retrovirus, an adeno-associated virus (AAV), an

adenovirus, a vaccinia virus or a plant virus.

In one embodiment the two viral vectors may both be HSV-1 amplicon vectors.
HSV-1 amplicon vectors differ from HSV-1 vectors. HSV-1 vectors are HSV-1
viruses, which have been deleted of essential genes, but are still formed mostly of
the viral genome. By contrast, in the HSV-1 amplicon system, the vector may be,
for example, a BAC or PAC input HAC DNA that only contains two short viral
sequences, the origin of replication OriS, and the packaging signal Pac. HSV-1
amplicon vectors are high-capacity vectors that can hold up to 150 kb of
additional DNA sequence and successfully deliver a large introduced DNA
sequence (for example bacterial artificial chromosomes (BACs) or P1 artificial
chromosomes (PACs)) intact into different cell types in the absence of
contaminating viral genes. The advantage of the HSV-1 amplicon system is that
HSV-1 amplicons have a high capacity for large DNA delivery (up to 150 kb) and
can efficiently introduce HAC input DNA into cells, for example immortalized
cell lines, or into stem cells. The efficiency of DNA delivery into cells using the
HSV-1 amplicon system is significantly greater than with other methods of

chemical transfection (by a factor of 10%).

Surprisingly the HSV-1 amplicon vector system can be used to transduce stem
cells. It is possible to co-transduce two HSV-1 amplicon vectors into the same
cell, both in differentiated cells and stem cells. While it is known that a cell
where HSV-1 has established latency can be superinfected by a second, different
strain of HSV, it has generally been thought that the simultancous infection by
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two identical HSV-1 virions is not possible. This is because, since HSV-1 directly
delivers its DNA to the nucleus, even if two transgenes could enter the cell via
different amplicons, they would not be able to interact, and so would probably
integrate, or form HACs independently of one another. Surprisingly, the two
HSV-1 amplicon vectors delivered to cells were able to recombine and form a
single HAC. This new approach opens up many possibilities for forming HACs
inside cells because large amounts of DNA can be introduced into the cells
efficiently and the DNA can form into HACs that are stably contained inside the

cells.

According to a first aspect the invention provides a method for providing a
cukaryotic cell comprising a human artificial chromosome (HAC), the method
comprising the step of:

transducing the eukaryotic cell with at least one a-satellite DNA and at least one
introduced DNA sequence comprised on at least two viral vectors, preferably at
least two HSV-1 amplicon vectors, wherein the a-satellite DNA and the at least

one introduced DNA sequence are able to form one or more HACs inside the cell.

An a-satellite DNA is needed for each HAC that is formed. As well as the a-
satellite DNA the HAC may comprise one or more introduced DNA sequences.
All of the DNA that is required to form a HAC may be comprised on at least two
viral vectors, preferably at least two HSV-1 amplicon vectors. This means that
the total DNA that is required to form a HAC is distributed between the two or
more viral vectors, preferably two or more HSV-1 amplicon vectors. The two or
more viral vectors preferably two or more HSV-1 amplicon vectors, may also
comprise other DNA in addition to the DNA required to form a HAC. The DNA
that is required to form a HAC may be comprised on or distributed between the
two or more HSV-1 amplicon vectors in any convenient way, for example, the a-
satellite DNA may be on one of the vectors, while the one or more introduced
DNA sequences may be on one or more additional HSV-1 amplicon vectors.
Alternatively, the a-satellite DNA may be on one of the HSV-1 amplicon vectors
with some of the introduced DNA and the remainder of the introduced DNA may

be on one or more additional HSV-1 amplicon vectors. In another embodiment
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the a-satellite DNA and the introduced DNA may each be divided between the

one or more HSV-1 amplicon vectors.

An introduced DNA sequence may be any piece of DNA (excluding the a-satellite
DNA) that is included on an HSV-1 amplicon vector, which is introduced into a
cell in order to become part of a HAC. The introduced DNA may include a
coding and/or a non-coding piece of DNA, for example all or part of one or more
genes, regulatory regions and/or exons. The introduced DNA may be, for
example, chromosomal DNA, an artificial DNA, a ¢cDNA, or mitochondrial DNA.
The introduced DNA may be identical to or different from the DNA of the host
cell that it is introduced into. In one embodiment the introduced DNA comprises
a gene that can express a protein or a peptide of interest inside the cell once a
HAC is formed. Alternatively the introduced DNA may encode oligos or
regulatory RNA molecules or a molecule that prevents transcription of a target
gene, or interferes with the translation of a target protein or a non coding
RNA/DNA controlling cellular processes. Preferably, the introduced DNA is
configured to be at least transcribed, and preferably translated when the HAC is

formed.

The minimum requirement for forming a HAC in a cell is an a-satellite DNA
sequence, for example the sequence of the core alpha satellite DNA from human
chromosome 17 shown in Figure 12. In addition a HAC may include one or more
introduced DNA sequences that may be expressed, or at least transcribed, in the
host cell. Preferably the HAC has d-satellite DNA which provides the HAC with
its own centromere and thus the HAC is maintained as an autonomous molecule
in the cell without selection. In one embodiment telomeric sequences may also
be included in the HAC. Preferably, the HAC behaves as a normal chromosome
in a eukaryotic cell and segregates during cell division along with the endogenous
chromosomes of the host cell. Optionally a HAC may also comprise a reporter

gene, such as GFP, and selectable gene that help detection of HACs in the cells.

The minimum amount of input a satellite DNA sufficient to generate a HAC in
the target cells is 40kb. Typically the total DNA needed to form a HAC (the
HAC input DNA) ranges between 50 and 200 kb. If the HAC input DNA is
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delivered by HSV-1 amplicons, then the upper limit of the amount of HAC input
DNA is about 150kb or multiple of about 150 kb if more than one amplicon is
used to deliver it, because each HSV-1 amplicon vector can introduce about

150kb of DNA.

An advantage of forming a HAC in a cell is that it can contain and express large
piecces of DNA. The large capacity of a HAC allows it to express whole genes.
An important factor in the expression of some genes is that endogenous promoters
or controlling regions may be located several kilobases upstream or downstream
of the gene of interest. The position of the promoters or controlling regions with
respect to the gene is important for overall gene regulation. Hence the larger the
region that can be incorporated into the HAC, the higher the chance of obtaining

physiological levels of expression.

A HAC is maintained for a long time in the cells with or without selection. In the
presence of selection a HAC may be maintained in the cell for more than four
years. In the absence of selection a HAC is stable for longer than 9 months. The

HAC replicates and segregates into the daughter cells when the cells divide.

It has always been difficult to get large pieces of DNA into cells. Current
methods of introducing DNA into cells include, use of calcium phosphate,
electroporation and viral and non-viral vectors. Each of these methods shares the
problem that only small pieces of DNA can be put into cells without the DNA
being damaged. Large DNA fragments have very low transfection efficiencies or
break up when entering cells using current methods. This has made it very
difficult in the past to get sufficiently large pieces of DNA into cells to form a
HAC.

If the DNA used to form a HAC is delivered by chemical or physical transfection,
in theory there is no limit to the size of DNA. However, in practice, the larger
the vector, the lower the delivery efficiency (for example an 8 kb vector can be
delivered to HT1080 cells by lipofection up to 10° times more efficiently than a

400 kb vector). Furthermore, assembling a single vector containing at least 40 kb



WO 2012/156721 PCT/GB2012/051075

10

15

20

25

30

6

of alpha satellite and more than 200kb of other DNA is technically difficult and

time consuming.

In order to use a HAC for gene therapy the efficiency of delivery of existing

methods needs to be improved.

The DNA may be delivered to the cell using two or more viral vectors which may
be selected from vectors based on any virus, for example an HSV virus, a
retrovirus, an adeno-associated virus (aav), an adenovirus, a vaccinia virus or a
plant virus. In one embodiment the two or more viral vectors may be based on
different viruses. In another embodiment the two or more vectors may be based
on the same virus. The advantage of delivering the DNA using viral vectors is
that they deliver DNA efficiently to the cell. Two or more viral vectors may be
introduced into the cell simultanecously and therefore more DNA can be

introduced into the cell to form a HAC.

Using the HSV-1 amplicon delivery system, a single HSV-1 amplicon vector can
deliver up to 150kb of DNA. Using more than one HSV-1 amplicon vector
introducing different pieces of DNA simultancously, multiples of 150kb can be
delivered with high efficiency to any cell type. Using standard delivery methods,
DNA as large as 400kb can be delivered but with very low efficiency so that HAC

formation has previously only been achieved in HT1080 fibrosarcoma cells.

In the present invention two or more HSV-1 amplicon vectors, preferably HSV-1
amplicon vectors, that comprise all of the DNA necessary to form a HAC are used
to transduce the cells with the DNA needed to form a HAC and the HAC forms

inside the transduced cell.

The requirements for the HSV-1 amplicon system are the HSV-1 origin of
replication OriS and the packaging signal pac, in addition to a-satellite DNA
required for HAC formation, for example the core a-satellite DNA from human
chromosome 17 shown in figure 12. The DNA required to form a HAC, including
the introduced DNA and at least 40 kb of a-satellite DNA, may be retrofitted in

E. coli by loxP-Cre recombination with a smaller plasmid carrying the HSV-1
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origin of replication, OriS, and the HSV-1 packaging signal, Pac. The vector
DNA may be extracted from the £. coli bacteria by alkaline lysis, and lipofected
using commercial reagents into the packaging cell line Vero 2-2, along with the
fHSVApacA270+ vector and the pEBHICP27 constructs. fHSVApacA270+ vector
and pEBHICP27 provide, in trans, the necessary proteins and enzymes to
replicate and package the input HAC DNA which contains the OriS and Pac
sequences. The input HAC DNA is thus packaged into HSV-1 capsids (these
infectious particles are now termed amplicons), which are released following
Vero 2-2 cell lysis by ultrasonic disruption. Following centrifugation to
concentrate the amplicons, they are applied to the target cells in a small volume
of medium for 24 hours. After this period, excess amplicons may be removed by
washing the cells with medium, and selection is applied to recover stably

transduced clones.

In one embodiment the cells are transduced with one o-satellite DNA sequence
and one HAC is formed inside the cell. One a-satellite DNA is needed for each

HAC, but any number of introduced DNA sequences may be on the HAC.

The HAC may comprise one or more than one introduced DNA sequence, for
example one or more than one gene. The total DNA which forms the HAC (the
input HAC DNA), including the a-satellite DNA and the one or more introduced
DNA sequences, may be divided between the two or more HSV-1 amplicon
vectors. In one embodiment the a-satellite DNA may be on one of the HSV-1
amplicon vectors and the one or more introduced DNA sequences may be on
another one or more HSV-1 amplicon vectors. In another embodiment the a-
satellite DNA sequence may be divided between the two or more HSV-1 amplicon
vectors and the one or more introduced DNA sequences may be divided between
the two or more HSV-1 amplicon vectors. All or part of the a-satellite DNA
sequence may be on the same HSV-1 amplicon vector as one or more introduced

DNA sequences.

In one embodiment an a-satellite DNA sequence may be on one HSV-1 amplicon
vector, while one or more introduced DNA sequences may be on another HSV-1

amplicon vector. In another embodiment three, four, five, six or more than six
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HSV-1 amplicon vectors may be transduced into the cells and may be introduced
simultaneously into one cell. One of the HSV-1 amplicon vectors may contain an
a-satellite DNA sequence and the other co-transduced HSV-1 amplicon vectors
may comprise one or more introduced DNA sequences. These sequences may
combine to form a HAC inside the cell. Preferably one a-satellite DNA sequence

is required for each HAC that will be generated.

In one embodiment the at least one a-satellite DNA sequence and the at least one
introduced DNA sequence may be divided between three or more, four or more,
five or more, six or more, seven or more, cight or more, nine or more or ten or

more HSV-1 amplicon vectors.

Each HSV-1 amplicon vector can deliver up to about 150 kb of introduced DNA.
Therefore, if a large number of HSV-1 amplicon vectors are used in the present
invention more introduced DNA can be delivered into the cell. The introduced
DNA from the large number of HSV-1 amplicon vectors may join together in the
cell to form one or more HAC. This is advantageous because a HAC with a
larger introduced sequence or a larger number of introduced sequences may be

formed in the cell.

A HAC may be used to express a gene that is lacking in particular cells. They are
therefore useful in the treatment of genetic diseases, for example in gene therapy,
where a particular gene is not expressed or a particular protein is expressed in
cells in a form that does not have the normal activity. Furthermore, HACs can
be wused as model chromosomes to analyze carcinogenesis and tumour
progression; to characterize the effect of compounds and treatments on
chromosome structure, protein composition, replication, segregation and
behaviour; to study biochemical or enzymatic pathways; to introduce extra copies
of a gene to analyse the effects of increased copy number and overexpression of
genes of certain biochemical or cellular assays; to introduce tagged copies of
different proteins to analyse the assembly or structure of a protein complex; as
vectors for vaccinia production and as vectors for induced pluripotent stem cell

(iPS) generation.
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Other advantages of the use of HACs is that they behave as normal chromosomes
in the cells, and assemble both ecuchromatin and heterochromatin, thus
maintaining correct structure and behaviour. Due to their similarity to
endogenous chromosomes they respond in a physiological way to
cellular/extracellular stimuli and controlling systems. Furthermore, they occupy
in the nucleus a specific position, thus ensuring that they are exposed to the

correct proteins and/or modifying enzymes.

The cell that is transduced with one or more HSV-1 amplicon vectors may be any
type of eukaryotic cell for example a cell derived from a human and mammalian
established or immortalized cell lines; embryonic stem cells; adult stem cells;
induced pluripotent stem cells (iPS). In one embodiment the cell may be induced
to have the characteristics of a stem cell, for example it may be an induced
pluripotent stem cell. The cell may be made into an induced pluripotent stem cell
before transduction with the HSV-1 amplicon vectors according to the present
invention.  Alternatively, the cell may be induced to become an induced
pluripotent stem cell by including the necessary genes on one or more of the
HSV-1 amplicon vectors introduced into the cell in the present invention. All or
combinations of the following genes: Oct4, Sox-2, KLF4, c-myc, Nanog and
Lin28, SV40 large T antigen, telomerase (hTERT) may be required to induce a
cell to become an induced pluripotent stem cell. This is advantageous because a
differentiated cell from a particular patient may be transduced according to the
present invention, so that it includes a HAC and also is induced to form a
pluripotent stem cell at the same time. The cell may then be caused to
differentiate into the required cell type and be reintroduced into the patient. This
allows cells comprising a HAC to be produced that are immunologically

compatible with the patient.

In another embodiment one or more, preferecably two or more, HSV-1 amplicon
vectors according to the present invention may be transduced into a stem cell.
The stem cell may be a human pluripotent stem cell or a human induced
pluripotent stem cell. This is advantageous because the stem cell can be induced

to differentiate into the required cell type.
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In one embodiment the eukaryotic cell transduced with the one or more HSV-1
amplicon vectors is a mammalian cell, preferably a human cell. The mammalian
cell may be a stem cell or an induced pluripotent stem cell. The stem cell may be

a pluripotent or totipotent stem cell.

Preferably the eukaryotic cell is an adult stem cell or a cell derived from an adult,
preferably a stem cell derived from brain, bone marrow, peripheral blood, blood
vessels, skeletal muscle, skin, teeth, heart, gut, liver, ovarian epithelium, or
testis. Suitably the eukaryotic cell is a stem cell derived from umbilical cord
blood or menstrual blood. Preferably the eukaryotic cell is a hematopoietic stem

cell or a mesenchymal stem cell.

In one embodiment the eukaryotic cell may be a cell from a human or mammalian
established or immortalized cell line. The eukaryotic cell may be an embryonic
stem cell, an adult stem cell or an induced pluripotent stem cell (iPS). The
embryonic stem cell may be a human embryonic stem cell. The embryonic stem
cell may be derived from an embryo or from an embryonic stem cell line.
Preferably the embryonic stem cell is derived from a commercially available
embryonic stem cell line. Preferably the stem cell is not derived from a human
embryo. Preferably the stem cell is a human stem cell that is not a human

embryonic stem cell.

Human embryonic stem cells (hESc) are an important tool in clinical and basic
research. Due to their high replicative lifespan and ability to differentiate into
the three different germ layers, they are used for human developmental biology,
tissue regeneration, transplant therapies and drug discovery studies. Safe and
efficient in vitro genetic manipulation of hESc is an essential step in realizing

their full potential for clinical applications.

It is advantageous from the point of view of gene therapy to transform a human
stem cell or induced pluripotent stem cell with the HSV-1 amplicon to produce a
HAC in the cell because the cell can be differentiated to form the required cell
type. The cell may be obtained from a subject and, once the HAC is in place in

the cell, the cell may be reintroduced into the subject where inserted genes may
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be expressed from the HAC in the cells. Alternatively, the HAC may be

introduced in the cells in vivo.

It is possible to co-transduce various cell-types, including stem cell lines, with at
least two different HSV-1 amplicon vectors. This is advantageous because it
allows a larger amount of DNA to be introduced into a cell at one time. The cells
can be transduced with a number of HSV-1 amplicon vectors each carrying part
of the DNA needed to form a HAC. Once all of the vectors are inside the cell the

DNA in the different HSV-1 amplicon vectors can combine to form a HAC.

The transduction of cells may be done in vitro and the cells introduced into a
patient once a HAC has been formed. Cells with the correctly formed HAC can

be selected in vitro before introducing the selected cells into a patient.

According to another aspect the present invention provides a method for
providing a human cell comprising a human artificial chromosome (HAC)
comprising the steps of:

providing a human pluripotent stem cell or an induced human pluripotent stem
cell;

transducing the human stem cell with at least two different HSV-1 amplicon
vectors wherein one HSV-1 amplicon vector comprises an o-satellite DNA
sequence and the other HSV-1 amplicon vector comprises an introduced DNA
sequence, and wherein the o-satellite DNA and at least one introduced DNA

sequence are able to form a HAC inside the cell.

The human stem cell may be transduced with a further one or more HSV-1
amplicon vectors which comprise introduced DNA sequence and form part of the

HAC inside the cell.

In a further aspect the present invention provides a composition comprising two
or more HSV-1 amplicon vectors as defined in any one of the aspects of the

invention for use in medicine.
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Preferably the composition comprises one or more a-satellite DNA sequences and
one or more introduced DNA sequences comprised of two or more, preferably
three, four, five, six, seven, eight, nine or ten or more HSV-1 amplicon vectors.
The composition may also comprise appropriate solvents, diluents, excipients or

carriers.

The composition may comprise two or more HSV-1 amplicon vectors as defined
in any aspect of the invention for use in the treatment of diseases preventable or
treatable by introducing introduced DNA sequences into cells. For example, the
compositions and methods of the present invention may be used for the treatment
of diseases due to the absence of large genes or genomic regions (for example
Duchenne muscular dystrophy; hemophilia; DNA repair diseases) and for the
treatment of discases due to microdeletions or uniparental disomies (for example
Prader-Willi syndrome, Angelman syndrome, Beckwith-Wiedemann syndrome).
The compositions and methods of the present invention may be used to increase
the expression of certain genes in cells that have regulatory mutations or variants
which decrease normal gene expression. Furthermore HACs may be useful to
efficiently deliver large interfering RNAs, to prevent the expression of large

dominant genes.

In a still further aspect the present invention provides a eukaryotic cell as defined
in any one of the preceding aspects for use in medicine. For example the present
invention provides a ecukaryotic cell, preferably a mammalian cell, more
preferably a human cell, such as a stem cell, for example a human pluripotent
stem cell, an induced pluripotent stem cell, an embryonic stem cell, a human
adult stem cell or a cell derived from an adult, preferably a stem cell derived from
brain, bone marrow, peripheral blood, blood vessels, skeletal muscle, skin, tecth,
heart, gut, liver, ovarian epithelium, or testis, suitably a stem cell derived from,
umbilical cord blood or menstrual blood or a hematopoietic stem cell, or a

mesenchymal stem cell comprising a HAC for use in medicine.

In another aspect the present invention provides a eukaryotic cell provided by the

method according to any one of the preceding aspects for use in medicine,
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preferably for use in the treatment of diseases preventable or treatable by

introducing introduced DNA sequences into cells.

In a yet further aspect the present invention provides a method of treating
diseases treatable or preventable by introducing introduced DNA sequences into
eukaryotic cells, the method comprising:

transducing the eukaryotic cell with at least one a-satellite DNA and at least one
introduced DNA sequence comprised on at least two HSV-1 amplicon vectors,
wherein the at least one a-satellite DNA and at least one introduced DNA

sequence are able to form one or more HACs inside the cell.

The method may further comprise the step of administering the transduced
cukaryotic cells to a subject, such as a human. More preferably a method of
treating diseases treatable or preventable by introducing introduced DNA
sequences into cells, the method comprising administering at least one a-satellite
DNA and at least one introduced DNA sequence comprised on at least two HSV-1
amplicon vectors to the person, wherein the a-satellite DNA and at least one
introduced DNA sequence are able to form one or more HACs inside the cells of

the subject.

In a further aspect the present invention provides a kit comprising at least one o-
satellite DNA and at least one introduced DNA sequence comprised on at least
two HSV-1 amplicon vectors, wherein the a-satellite DNA and the at least one
introduced DNA sequence are able to form one or more HACs inside a eukaryotic

cell.
The skilled person will appreciate that all preferred features of the invention
described with reference to only some aspects of the invention can be applied to

all aspects of the invention.

There now follows by way of example only a detailed description of the present

invention with reference to the accompanying drawings, in which;

Figure 1 shows a diagram of the assembly of HAC vectors into HSV-1 particles;
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Figure 2 shows a diagram of the alternative outcomes of double infection;

Figure 3 shows co-transduction of two vectors, one expressing the RFP gene
(red) and one the GFP gene (green). Cells co-infected by both amplicon types are

yellow (arrows).

Figure 4 shows (a): a schematic representation of vectors pHGNeo4 and pa40 not
drawn to scale. (b): GFP expression in HUES-2, HUES-10 and HT1080 cells 24
hours after transduction with pHGNeo4 (left) and pad0 (right) amplicons.

Figure 5 shows a HAC analysis. (a): FISH analysis with a 170 DNA probe
(green), and a vector probe (red). The chromosomes are counterstained in DAPI,
blue. The HAC are identified by yellow arrows. The insets show DAPI staining
only (HAC, red arrows), in black and white. (b): Fibre FISH on HAC clones, with
170 DNA (green) and vector DNA (red) probes. C: ImmunoFISH with anti-CENP
C antibody (green), and 170 HAC probe (red)

Figure 6 shows a pluripotency analysis. (a): RT-PCR with primers specific for
pluripotency genes at time-points zero, 30, 60 and 90 days in culture (0, 30, 60,
90) in the presence (on) or absence (off) of selection. (RT-) control PCR
performed in the absence of the reverse transcriptase, using GAPDH primers, (-)
no template control. (b): Immuno-staining with pluripotency markers antibodies
(red). The cells are counterstained with DAPI, blue. (¢): RT-PCR analysis of
germinal layer transcripts on cDNA from in vitro differentiated MM40.2 and
SK40.19 cells, with primers specific for pluripotency (Oct4, Sox2, Nanog),
endoderm (aFP, HFN3a, alAT), mesoderm (GATA-2), epidermis (CK-14, CK-5,
HSK), and neuronal markers (Pax6). U: undifferentiated cells, D: differentiated
cells. (RT-): control PCR performed in the absence of the reverse transcriptase,
using GAPDH primers. (-) no template control. (d): Neuronal differentiated cells
stained with anti-BIII tubulin antibody (red).

Figure 7 shows a teratoma assay. (a): Haematoxylin/cosin stained MM40.2-

teratoma derived sections. (b): immunostaining with antibodies for ectoderm
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(BIII-tubulin, green), mesoderm (a-actinin, red) and endoderma-feto protein, red)

markers.

Figure 8 shows (a): Schematic representation of the pa60 and pal00 vectors, not
drawn to scale, and GFP expression in HUES-2, and HT 1080 cells 24 hours after
transduction with pa60 (left) and palO0 (right) amplicons. (b): FISH on
metaphase spreads from HUES-2 HAC clone MM60.1 and MM100.3. In green, a
170 DNA probe, which also recognized the endogenous chromosomes 17; in red,
a vector probe, which is HAC specific. The chromosomes are counterstained in
DAPI, blue. The HAC are identified by yellow arrows. The small insets show the
HAC DAPI staining only (red arrows), as black and white images.

Figure 9 shows FISH analysis on neuronal differentiated cells from MM40.2 and
SK40.19, with a HAC specific probe (green signal) to identify HAC (yellow
arrows) in cells stained with anti-BIII tubulin antibody (red). The nuclei are

counterstained in DAPI (blue).

Figure 10 shows real time qPCR analysis of HAC frequency in MM40.2

differentiated cells, using HAC specific primers.

Figure 11 shows heterogeneity of GFP expression in MM40.2 EB derived cells.
Left, bright-field, right, GFP.

Figure 12 shows the sequence of the core alpha satellite DNA from human

chromosome 17 (Seq ID No: 1).

Figure 13 shows the backbone sequence used in the vectors pa40 and pa100.
The backbone sequence is all of the sequence of the vector excluding the a-
satellite DNA sequence. The backbone sequence is the same for vectors pa40 and
pal00 but pad0 has 40 kb of a-satellite DNA while pa100 has 100 kb of a-
satellite DNA (Seq ID No: 2).
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Figure 14 shows the backbone sequence of the vector pa60. The backbone
sequence is all of the sequence of the vector excluding the a-satellite DNA

sequence. pa60 has 60 kb of a-satellite DNA (Seq ID No: 4).

Figure 15 shows the sequence of the vector pHG-Neo4 (Seq ID No: 4).

Figure 16 illustrates the rfficiency of transduction in hESc, iPSc and HT1080,

compared to the control cell line G16-9.

Figure 17 shows the Dual transduction in iPS cells. Left panel: cells expressing
GFP (green). Mid panel: cells expressing RFP (red). Right panel: merged picture.
Cells expressing both GFP and RFP are circled. If the GFP and RFP are expressed
at the same level, the cells appear yellow (bottom circle). If the GFP fluorescent
protein is expressed more than RFP, the cells will appear mostly green (top

circle).

HAC formation by HSV-1 amplicon dual transduction

The HSV-1 amplicon system is highly efficient at delivering DNA and forming a
HAC in a variety of cell types. However, the size of the insert DNA is limited to
150 kb by the packaging capacity of the virion. Thus depending on the size of the
initial vector, multiple copies of the HAC construct will be assembled as a linear
molecule up to the size of 150kb, and packaged into the viral capsid as shown in

Figure 1.

It is essential to include a-satellite DNA (alphoid) in the HAC vector to seed the
formation of a new centromere on the nascent HAC. The a-satellite DNA may be
about 40 kb in length and this reduces the remaining capacity for incorporating
therapeutic genes and their regulatory regions. To overcome the problem in the
present invention cells are simultancously co-infected with two different HSV-1
vectors, one containing at least the o-satellite DNA and the other containing at
least introduced DNA sequence, this may be a gene. The two vectors when
transduced into a host cell can generate a single HAC containing both HSV-1
constructs, and thus carrying the introduced DNA sequence, gene of interest and

the o-satellite DNA. A series of experiments were set up, as outlined in Figure 2,
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in each case using a vector carrying o-satellite DNA and the red fluorescent protein
gene, RFP, as a marker, and a second vector carrying the green fluorescent

protein gene, GFP, and a cither a selectable marker gene or the HPRT minigene.

Several independent experiments were conducted, using the HSV-1 amplicon at
different multiplicities of infection (MOI), to transduce human HT1080 cells. In
all of the experiments, the two independent amplicons were able to co-infect the
same cell, with various efficiencies, as estimated by counting the number of cells
expressing GFP+RFP, compared to those expressing either GFP or RFP only
(corresponding to cells transduced by one or the other vector) (examples are
shown in Figure 3, and reported in Table 1). The efficiency of co-transduction
was slightly improved by subjecting the cells to centrifugation at low speed (750g
for 45 minutes) (Table 1).

Table 1: examples of transduction efficiency in two different HSV-1 delivery

experiments
Experiment 1 Vector 1 (GFP)/ Vector 2 (RFP)
MOI 1 MOI 5
Vector 1 GFP | 11 % 15 %
pHGHPRT
Vector 2 RFP 4 % 13.3 %
227bsdRFP
Vector 1+vector 2 | 0.39 % 4.6 %
GFP+RFP
Experiment 2
MOI 1 MOI 5
Vector 1 GFP 18 % 23%
Vector 2 RFP 13 % 6 %
Vector 1+vector 2 |2 % 10 %




WO 2012/156721 PCT/GB2012/051075

10

15

20

25

30

18

GFP+RFP

Stable clones were recovered in each double transduction experiment, and the
presence of a HAC was verified by fluorescence in situ hybridization (FISH) with

specific probes on chromosome metaphase spreads.

In the most recent set of experiments, the majority of the recovered clones (19 out
of 20) contained a HAC, in percentages ranging from 20% to 70%. In all cases,
the HAC was composed of both vectors.

In summary, the results show that when two HSV-1 amplicons are used to deliver
different HAC constructs to cells, the exogenous DNAs recombine to generate a
single HAC. This demonstrates that co-infection can at least double the capacity

of the artificial chromosome vectors.

Transduction in Human Embryonic Stem Cells.

In this study, input HAC DNA vectors (ranging from 55 to 115kb) containing the
marker gene for GFP were delivered into HUES-2 and HUES-10 human
embryonic stem cells (hESc) lines following transduction with HSV-1 amplicons.
Mitotically stable, gene expressing, functional HACs were generated. The HACs
were present in up to 70% of the hESc, and gene expression was maintained in
the absence of selection over a period of 60 days and following cell
differentiation. No DNA integrated into the hESc genome, in contrast to HT1080
cells, where the HAC DNA frequently integrated into the host chromosomes.
More importantly, the HSV-1 HAC hESc retained their pluripotency and

differentiation capabilities.

This is the first successful study to establish non-integrating, stable, gene
expressing HACs using HSV-1 amplicons in human embryonic stem cells, and in
particular in cells of a human embryonic stem cell line, and is a significant step

forward for the use of HACs in gene therapy.
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The present invention provides an alternative efficient approach, based on direct
HAC formation in two hESc lines utilizing HSV-1 amplicons for delivery. HACs
can accommodate large introduced DNA sequences containing potentially
therapeutic genes along with their regulatory sequences, and have successfully
been used as gene transfer vectors to complement genetic deficiencies in human
cultured cells. HACs are also composed of heterochromatic and euchromatic
regions in a similar pattern to endogenous chromosomes. While the presence of
heterochromatin is necessary for the correct segregation of HACs, the
euchromatin potentially ensures the prolonged expression of introduced DNA

sequences.

In the present invention input HAC DNA vectors were delivered to the HUES-2,
HUES-10 and HT 1080 cells and to induced pluripotent cells PF19.9, using HSV-1
amplicon mediated transduction. This technique is up to 10* times more efficient

at delivering large DNA than chemical transduction, in several different cell

types.

FISH analysis revealed that HACs were formed in both HUES-2 and HUES-10
cells. This is the first report of de novo HAC formation in a karyotypically
normal primary human cell line, and is highly significant for developing HACs as
gene expression vectors for gene therapy applications. Most importantly, the
input HAC DNA vectors never integrated into the hESc genome, compared to
HT1080, where integrations were found in most of the clones. It is possible that
the presence in hESc of systems actively guarding genome integrity may prevent
or reduce the frequency of large vector integration events, thus giving an
advantage to cells where the exogenous DNA forms a episomal HAC, in the
presence of selective pressure. In this scenario, the smaller vector pHGNeo4
integrated in hES cells, because no other outcome would have allowed the cells to
survive selection, as pHGNeo4 is incapable of forming a HAC. On the other hand,
HT1080 cells are tumour derived, and lack an efficient control of genome
integrity, thus explaining why both HAC formation and integration events were

observed.
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The hESc HACs were fully stable, and formed an active centromere. This showed
that although the HAC were not detected in 100% of the cells, it was not the
result of instability. It is possible that the cloning procedure for hESc did not
produce pure clones (hESc have a low survival rate as single cells, even when
ROCK inhibitor Y-27632 is used), and hence the HAC frequency in the cells was

lower than 100%, as different sublines may have been present within the clones.

The analysis of HAC gene expression showed that the RNA levels of GFP
reporter gene on or off selection were different in the clones characterized,
containing either HAC or integrated pHGNeo4 DNA. This confirmed the
existence of clonal variability between different lines, possibly due to epigenetic
effects. In one of the clones, MM40.2, GFP expression was highly stable, and did
not change over prolonged time in culture, both on and off selection.
Furthermore, the reporter gene expression was maintained following MM40.2
differentiation, although heterogeneity was observed in the GFP levels among the
differentiated cells. The process of de novo HAC formation generally results in
the multimerization of the input DNA, as shown by the alternate pattern of vector
and alpha satellite signals observed in the FISH on chromatin fibres, and the
possibility that more than one copy of the introduced DNA sequence is present on
the HAC. This ensures that copies of the introduced DNA sequence will be
localized away from the centromeric heterochromatic area, and thus escape
potential silencing. The spreading of heterochromatin, which is a stochastic
event, may explain the variability observed in the GFP reporter gene expression
following differentiation in clone MM40.2, and in prolonged culture in clone

SK40.19.

Importantly, neither the HSV-1 transduction nor the HAC formation led to a loss
of pluripotency in the HUES-2 or HUES-10 cells, as suggested by the staining
with hESc specific markers, expression of three germinal layer markers in EB-
derived cells, by the differentiation into neuronal types, and by MM40.2 teratoma
formation. The HAC was present in the neuronal differentiated cells in both
MM40.2 and SK40.19. The HAC frequency in MM40.2 neuronal cells was
slightly lower than in the undifferentiated cells, yet the frequency in SK40.19

remained unchanged following differentiation.
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The HSV-1 amplicon particles package DNAs up to 150kb. This is far larger than
the size which can be accommodated in lentiviral, AAV or adenovirus based
vectors. In this study, the pa40 containing the shortest tract of 17 alpha satellite
DNA (40 kb) was the most efficient vector at HAC formation in hESc, and since
its total size is approximately 55 kb, it can accommodate a large introduced DNA
sequence region containing gene loci of up to 100 kb. HSV-1 HAC replicate at
the same rate as the endogenous chromosome, making the gene dosage level more

casily controllable.

In summary, high capacity, gene-expressing HAC formation was observed in two
hES cell lines, using a high efficiency delivery method based on the HSV-1
amplicon technology. The HACs obtained were stable and sustained long-term
gene expression. The lack of integrated DNA in hESc following HSV-1 delivery
is an important and exciting finding. These findings also suggest that HAC

vectors may be used with induced pluripotent stem (iPS) cells.

RESULTS

Vector Construction

To generate HSV-1 based input HAC DNA vectors that were highly proficient at
HAC formation, the BAC hBAC495J24 (containing 220 kb of chromosome 17
core oo DNA) used in a previous study to construct an efficient input HAC DNA
vector (pJM2256), was modified. As hBAC495J24 was approximately 70 kb
larger than the 150 kb packaging limit of HSV-1. The aim was to reduce it while
retaining its HAC-forming properties. Three derivatives of the BAC hBAC495J24
were generated, two of which arose spontaneously (containing 40 and 100 kb of
170 DNA) during culture, and the third derivative (containing 60 kb of 170 DNA)
by utilizing the RED/ET recombination system. All three derivatives were
modified by LoxP-Cre recombination with pHGNeo4 to include the essential
HSV-1 elements and reporter genes (GFP), thereby generating pad0 (55 kb,
including 40 kb of 170 DNA), pa60 (75 kb, including 60 kb of 170 DNA), and
pal00 (115 kb, including100 kb of 170 DNA) (Figure 4a and Figure 8a).

Introduction of Input HAC DNA Vectors into hES cells
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Among the three HSV-1 HAC input DNA vectors that were generated, pad0 (40
kb of 1700 DNA) was the most useful, as its size allowed up to 100 kb of
introduced DNA sequence to be accommodated within the vector for packaging
into HSV-1 amplicons (limit capacity of 150 kb). For this reason, the HAC
forming efficiency was investigated by delivering pa40 to HUES-2 (at passage
40) or HUES-10 (at passage 29) by HSV-1 amplicon transduction at multiplicity
of infection (MOI) 2. In a parallel control experiment pHGNeo4 amplicons were
also delivered to both cell lines. The other 17a input HAC DNA vectors, poa60
and pal00, were delivered only to the HUES-2 line, in the same conditions

described above.

The efficiency (%) of transduction, summarized in Table 2, was determined after
24 hours by FACS or counting GFP expressing cells. The results are also shown
in Figure 4b and Figure 8b. In HUES-2, the average transduction efficiency was
approximately 40% for both po40 and the control vector pHGNeo4. The two
larger vectors, pal00 and pa60 were delivered to HUES-2 with an efficiency of
16% and 20% respectively (Table 2 and Figure 8b). In HUES-10, the delivery
efficiency was 27% for both pHGNeo4 and pad0 (Table 2, Figure 4b).

In parallel control experiments, the input HAC DNA amplicon vectors were
delivered by HSV-1 mediated transduction to HT1080 cells, which efficiently
form HAC. The delivery efficiency of the input HAC DNA vectors was similar to
that observed in hESc (Table 2, Figure 4b and 8b).

Table 2. Average efficiency of HSV-1 amplicon transduction at MOI 2, and HAC
formation in HUES-2, HUES-10 and HT1080 cells. NA, not applicable.

Cell Line Input HAC | Efficiency of | No. of | HAC %o of
DNA Transduction | Clones Positive | HAC/Cells
Vector Analyzed | Clones
po40 40% 10 5 10-70
pa60 20% 9 5 10-25
HUES-2 pal00 16% 7 3 10-20
pHGNeo4 40% 5 NA NA
po40 27% 5 5 35-50
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HUES-10 pHGNeo4 27% 1 NA NA
pad0 19% 10 6 5-30
pa60 34% 3 1 20
HT1080 pal00 25% 4 1 15
pHGNeo4 28% 3 NA NA

Viability of hESc Following Transduction with HSV-1 Amplicons

In addition to the experiments outlined above, to determine if the HSV-1
amplicon transduction affected hESc viability, 2.5x10° HUES-2 cells were
transduced with pHGNeo4 amplicons at MOI 1, 2 and 5. The average efficiency
of transduction was determined after 24 hours by FACS or counting GFP
expressing cells, and found to be approximately 27% for MOI 1, 42% for MOI 2,
and 48% for MOI 5. Since transduction efficiencies were similar at MOI 2 and 5,

the HUES-2 cell lines probably reached transduction saturation in this range.

The cells were monitored for six days post transduction and the average growth
rate was calculated by measuring the rate of population increase divided by the
initial number of cells, and compared to that of an untreated control. The growth
rate and morphology of HUES-2 were mnot affected post HSV-1 amplicon

transduction, with a 5% reduction in viability, detected only for MOI 1.

Generation and Analysis of Stable Clones in hES Cells

Overall, 10 HUES-2 and 5 HUES-10 clones were isolated following G418
selection, derived from the pa40 transduction (Table 2). In addition clones 9 and
7 were isolated from pa60 and pal00 respectively following transduction into
HUES-2 cells. The stable clone formation efficiency of HSV-1 transduction was
relatively high for both hESc lines, at 10, as calculated by the ratio between the
number of stable clones and GFP positive cells 24 hours post transduction.
Chromosome metaphase spreads were prepared from stable clones, and analyzed
by two colour FISH with vector and 170 DNA probes (Table 2 and Figure 5a and
Figure 8b). Following HSV-1 transduction with pa40, HACs were detected in 5 of
the 10 stable clones obtained in HUES-2 cells, and in all 5 clones isolated in

HUES-10. The HACs were present in up to 70% of the cells from each clone. In
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the HUES-2 cells transduced with either pa60 or pal00, HACs were detected in
approximately half of the clones, with a frequency of up to 25% of the cells of
cach clone (Figure 8b). The lower HAC frequency per cell observed with pa60 or
pal00 indicated that the pod0 vector was the most efficient at HAC formation in
HUES-2 following HSV-1 transduction. Most importantly, in none of the 31
clones (HUES-2 or HUES-10) analysed, the HAC DNA had integrated into the
host genome. However, in all of the analyzed hESc clones derived from the HSV-
1 delivery of the control vector pHGNeo4, the exogenous DNA had integrated

into the host genome.

In HT1080, the HSV-1 amplicon transduction successfully generated several
hundred clones from each of the 170 HSV-1 HAC input DNA vectors, and several
clones were selected for analysis from po40, pa60 and pal0O0 (Table 2). The
stable clone formation cfficiency of HSV-1 transduction was 5x107. Positive
clones were analyzed by two colour FISH with vector and 1700 DNA probes
(Table 2). The HSV-17a input DNA vectors generated HACs in most of the
clones following transduction, but were present at a lower frequency in cells (up
to 30%), and concomitant integrations in the HT1080 genome were found in all of

the clones.

Karyotypic analysis of hESc HAC clones

Two hESc HAC clones were chosen for further studies. Clone MM40.2 derived
from the HSV-1 mediated delivery of pa40 into HUES-2, and contained a HAC in
70% of the cells. (Figure 5a). Clone SK40.19 was generated by the transduction
of pad40 in HUES-10 cells and contained a HAC in 50% of the analyzed
metaphase (Figure S5a). The structure of the HACs present in both clones was
analyzed further by FISH on extended chromatin fibres. The HAC contained
repeat units of input DNA, arranged in an alternate fashion as seen in previous
studies, but the vector backbone DNA was less abundant in clone SK40.19.
(Figure 5b).

The percentage of GFP positive cells in the two HAC clones was established by
FACS analysis, and found to be 33% for SK40.19 and 83% for MM40.2. These

values are in concordance with the estimated HAC frequency.
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HAC Stability and CENP C Staining

The mitotic stability of the HAC in MM40.2 and SK40.19 was monitored by FISH
for 90 days (corresponding to approximately 30 passages) in the absence of
selection. In both clones, the HAC frequency did not change significantly over
this period, with a daily loss rate of 0.03% for MM40.2 and 0.24% for SK40.19
(calculated by the formula N,=N; x (1-R)", where N is the number of metaphase
chromosome spreads showing HAC in the cells cultured under selection, N, is the
number of HAC-containing metaphase chromosome spreads after n days of

culture in the absence of selection, and R is the daily rate of loss).

To confirm that an active centromere was present on the HAC, cells from the
MM40.2 and SK40.19 clones were stained with anti- centromere protein C (CENP
C) antibody, coupled to FISH with HAC specific probes. A positive CENP C
signal was identified on the HACs in both clones at a similar intensity of those
observed on endogenous chromosomes (Figure 5c), thus confirming that an active

centromere was present, similar to the HSV-1 HAC in HT1080 cells.

Pluripotency Studies

To determine if the MM40.2 and SK40.19 cells expressed pluripotency epitopes
compared to the parental lines, cells from each clone (at approximately passage
70 and 60 respectively) were stained with antibodies against the embryonic stem
cell markers Oct4, Sox2, Nanog and TRA-1-60 (Figure 6b). The HAC clones and
the parental lines were stained similarly by the antibodies while HT1080 and
MEF (mouse embryonic fibroblast) control cells were completely negative. The
result indicate that the HACs containing hESc clones expressed embryonic stem

cell markers.

The hESc markers expression was sustained over time in both HAC clones, as
confirmed by RT-PCR analysis on RNA extracted from the MM40.2 and SK40.19
cells, over a period of 90 days, cultivated in the presence and absence of selection

(Figure 6a).
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To confirm that the HAC containing clones were pluripotent, differentiation of
the three embryonic germ layers was induced through embryoid body formation
of MM40.2 and SK40.19. Total RNA was extracted from the pool of
differentiated cells and analysed for the presence of endoderm (o Feto-protein,
HNF3aq, al anti-trypsin), mesoderm (GATA-2) and ectoderm (CK-5, CK-14, high
sulphur keratin, Pax6) specific transcripts. RT-PCR experiments revealed that
mRNAs for all the markers were present (Figure 6¢), indicating that both HAC

clones retained pluripotency.

HAC Clones Directed Differentiation

Furthermore, neuronal differentiation was induced in clone MM40.2 and SK40.19
by treatment with medium containing noggin and fibronectin. After 25 days of
directed differentiation, the cells were fixed in formaldehyde and stained with
anti-BIII tubulin antibody, a neuronal cell marker. Neuronal cells were detected
that were highly positive for BIII tubulin staining, in both HAC clones, ranging
approximately between the 18% and the 40% of the treated cells (Figure 6d). On
average, the SK40.19 was up to 2 times more efficient at forming neuronal cells,
compared to MM40.2. The control cells (untreated MM40.2 and SK40.19;
HT1080; MEF) never displayed positive cells. To determine if the HAC was still
present in the cells following neuronal differentiation, FISH experiments were
conducted on the interphasic cells stained with the anti-BIII tubulin antibody. In
clone SK40.19 the HAC frequency remained the same (50%) while a positive
HAC signal was detected in 44% of MM40.2 the cells (Figure §).

Teratoma Formation Assay

Since the MM40.2 cells contained the highest HAC frequency, teratoma were
generated using these cells in immunodeficient mice, as this constituted the most
rigorous test of pluripotency for human ES cells. Sub-cutaneous injection into
immunodeficient mice generated tumours between the 5™ and 7" week post-
treatment. The subsequent histological analysis of haematoxylin/eosin stained
tumour sections revealed the presence of ectodermal (neural tube), mesodermal
(muscle and blood vessels) and endodermal (gut epithelium, alveoli, and

glandular epithelium) structures (Figure 7a). Moreover, immunostaining using
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suitable antibodies confirmed the presence of all three germinal layers in these

sections (Figure 7b) thereby confirming the tumour growth as a teratoma.

As the sections prepared for the immunological staining were not suitable for
FISH experiments, the presence of HAC in the teratoma cells was confirmed by
Real Time qPCR on total genomic DNA extracted from the teratoma mass. HAC-
specific primers (Neo and GFP) were used, and the HAC DNA content in the
teratoma cells was normalized against that of the undifferentiated MM40.2 cells
(Figure 10). No difference in the abundance of HAC sequences was detected
between the undifferentiated MM40.2 and teratoma cells, suggesting that the
HAC had not been lost during the in vivo cell replications. A similar analysis was
conducted on the neuronal differentiated MM40.2 cells, previously analysed by
FISH. The qPCR results closely reflected the FISH quantification of HAC
distribution (Figure 10).

HAC Gene Expression Analysis

The expression level of the reporter gene for GFP from the MM40.2 and SK40.19
HAC was investigated by Real Time qPCR experiments on cDNA, in cells grown
cither on or off selection. The HAC gene expression was compared to that of a
ubiquitously expressed gene (GAPDH). In SK40.19 the GFP expression was
found to be decrecased by about 50% after approximately 40 days on or off
selection (Table 3). By contrast, in MM40.2, the GFP gene expression level
remained constant for a prolonged period of time (60 days) on or off selection
(Table 3). To further analyse the reporter gene expression clonal variability, the
GFP relative amount in three pHGNeo4 stable clones was measured by Real Time
gPCR. Compared to the MM40.2, one clone had approximately 5 times lower
levels of GFP, and two had 5 times and 10 times more GFP respectively (Table
S1).

Table S1. Analysis by qPCR of the GFP reporter gene expression in pHGNeo4
derived HUES-2 clones. The qPCR -fold difference values are expressed in
reference to the MM40.2 clone, using GAPDH as internal control.

Clone Relative GFP Expression | Standard Deviation

MM40.2 1 0.03

pHG1 0.21 0.13
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pHG4 4.8 0.73

pHG6 11.3 1.52

Taken together, these data suggest that stochastic events may have affected the
level of expression of the reporter gene in different clones. To confirm that the
MM40.2 clone had very stable levels of reporter gene expression, GFP presence
was further monitored by FACS over the course of 90 days. The percentage of
GFP expressing cells remained relatively constant and ranged from 81-89%. The
fold increase in the geometric mean of fluorescence intensity compared to the
untreated control ranged from ~8-12, indicating that the average GFP expression

per cell also remained relatively constant.

Table 3. Analysis by qPCR of the GFP reporter gene expression in clones
MM40.2 and SK40.19, in the presence or absence of selection. The qPCR -fold
difference values are expressed in reference to the day zero time-point, using

GAPDH as internal control. SD, standard deviation. NA, not analyzed

Day 0 Day 30 Day 60
(SD) (SD) (SD)
MM40.2 On selection 1.00 (0.03) 1.23 (0.03) 1.34 (0.05)
Off selection 1.00 (0.03) 1.43 (0.15) 1.49 (0.07)
SK40.19 On selection 1.00 (0.02) 0.40* (0.01) NA
Off selection 1.00 (0.02) 0.52% (0.02) NA

*37 days

Furthermore, the GFP reporter gene expression levels of the MM40.2 clone were
characterized by qPCR following differentiation, and compared to the levels
present in the undifferentiated MM40.2 parental. The GFP gene was still
expressed in both EB derived-, and neuronal differentiated cells, at approximately
60-70% of the level present in the undifferentiated parental (Table 4). The level
of GFP expression was consistent with the HAC frequency observed in the
neuronal differentiated MM40.2 cells. Based on direct microscopic observation of
the EB derived and neuronal cells, the derivative differentiated cells exhibited a
heterogeneous GFP expression: while some cells were still highly GFP positive,

in others the GFP fluorescence appeared reduced or absent (Figure 11). This
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suggests that stochastic events in the early stages of hESc differentiation had an

effect in the level of expression of the reporter gene during the later stages.

Table 4. Analysis by qPCR of the GFP reporter gene expression, in differentiated
MM40.2 cells. The values are expressed in reference to the undifferentiated

parental, using GAPDH as internal control. SD, standard deviation

Undifferentiated EB Derived Cells | Neuronal Cells
hESc (SD) (SD) (SD)
GFP expression 1.00 (0.03) 0.70 (0.04) 0.60 (0.02)

HSV-1 amplicon dual transduction in human embryonic stem cells and
induced pluripotent stem cells

To demonstrate that the simultaneous transduction with two different amplicons
is feasible in human stem cells, two vectors, containing either GFP or RFP, were
delivered to the human embryonic stem cells (hESc) HUES2 (Cowan et al. 2004
Engl. J. Med., 350, 1353-1366) and the induced pluripotent stem cells (iPSc)
DF19.9 (WiCell Research Institute), at MOI 2. In control experiments, HT1080
cells, and the highly transducible human glioma cell line G16-9 (Moralli et al.
2006 EMBO Rep., 7, 911-918) were transduced with the same two vectors. The
results, summarized in Figure 16, show that in hESc and iPSc the frequency of
dual transduction events is comparable to that observed in the highly transducible
cells G16-9, and is approximately 2-3 times higher of that observed in HT1080

cells. Examples are shown in Figure 17.

MATERIALS AND METHODS

Input HAC DNA Vector Assembly —- HSV-1 Amplicon Vector Assembly

The pHGNeo4 vector, whose sequence is shown in Figure 15, carries the HSV-1
amplicon origin of replication (Ori) and packaging signal (pac), the reporter GFP
gene, under control of the I/E promoter from HSV-1, and the G418 resistance

gene (Neo), controlled by the SV40 promoter.
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Vectors BAC17040 and BAC170100, containing respectively 40kb and 100kb of
a satellite DNA from human chromosome 17 (17a), were derived by spontaneous
deletions of hBAC495J24. PAC17060 was obtained by RED/ET recombination
based on a commercial kit: Red/ET BAC subcloning kit, Gene Bridges GmbH,
which transferred 60kb of 1700 DNA from hBAC495J24 to pCYPAC2 vector
(commercially available from the BACPAC Resource Center, CHORI
http://bacpac.chori.org/pcypac2.htm). Briefly, the pCYPAC2 vector was used as a
template to generate a 9.5kb PCR fragment, using primers containing 50bp
homologous tails to the alpha 17 satellite DNA consensus (Table S2). The linear
9.5kb pCYPAC2 PCR product was then transformed into E. coli cells containing
hBAC495J]24, and expressing the RED/ET system proteins.

Table S2. Primers used for PCR and Real Time qPCR amplification.

Primer Sequence

pCYPAC2 | 5'-

Long F ATTCGTTGGAAACGGGATAATTTCAGCTGACTAAACAGAAGCAGT
CTCAGGATCCATTGACCCGGAACCCTTAATATAAC-3' (Seq ID No: 5)

pCYPAC2 | 5'-

Long R ATATGCAATTGCAGATTCTGCAGAAAGTGTGTTTCTAAACTGCTAC
ATCGGATCCAAAATCATTTAATTGGTGGTGCTGC-3' (Seq ID No: 6)

Vect 1F 5'-TGGTTTGTCCAAACTCATCAA-3'(Seq ID No: 7)

Vect 1R 5'-AGCAAAAACAGGAAGGCAAA-3' (Seq ID No: 8)

Neo7 F 5'-GAGTACGTGCTCGCTCGATG-3' (Seq ID No: 9)

Neo7 R 5'-CTTGCTCCTGCCGAGAAAGT-3" (Seq ID No: 10)

EGFP F 5'-TGCTCAGGTAGTGGTTGTCG-3" (Seq ID No: 11)

EGFP R 5'-AGAACGGCATCAAGGTGAAC-3' (Seq ID No: 12)

GAPDH F | 5- GAGTCAACGGATTTGGTCGT -3' (Seq ID No: 13)

GAPDH 5'- GACAAGCTTCCCGTTCTCAG -3' (Seq ID No: 14)

R

The BAC17040, PAC17060, and BAC17a100 constructs were then retrofitted
with pHGNeo4 by LoxP-Cre recombination (Moralli, D. et al., (2006) Rep., 7,
911-918), to generate three new HSV-1 based HAC vectors: pa40, pa60, and
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pal00 respectively. The backbone sequence of vectors pa40 and pal00 is shown
in Figure 13. The backbone sequence is all of the sequence of the vector
excluding the o-satellite DNA sequence. The backbone sequence is the same for
vectors pa40 and pal00 but pad0 has 40 kb of a-satellite DNA while pa100 has
100 kb of a-satellite DNA. Figure 14 shows the backbone sequence of the vector
pa60. The backbone sequence is all of the sequence of the vector excluding the
a-satellite DNA sequence. pa60 has 60 kb of a-satellite DNA. An example of
the core a-satellite DNA is shown in Figure 12. A 40, 60 or 80 kb a-satellite
DNA sequence may, for example, be made up from repeats of the sequence shown
in Figure 12. Vectors comprising a-satellite DNA may be obtained from the

BACPAC Resources Center (BPRC) at the Chori Institute (http://bacpac.chori.org/). The

a-satellite DNA sequences used in the vectors described in this example derive

from vector RP11-495J24, which is available from (BPRC).

Cell Culture

The human embryonic stem cell lines HUES-2 and HUES-10 were obtained from
Douglas Melton (Harvard University, Cambridge, MA, USA) and grown under
license from the UK Stem Cell Steering Committee as described (Cowan, C.A.,
Klimanskaya, 1., ef al. (2004) N. Engl. J. Med., 350, 1353-1366.; Karlsson, K.R.,
et al. (2008) Exp. Hematol., 36, 1167-1175.) on mitomycin C inactivated mouse
embryonic fibroblasts (MEF) or SNL76/7 cells. Feeder independent HUES-2 and
HUES-10 cells were grown on Matrigel (BD Biosciences) coated wells using the
mTeSR medium (STEMCELL Technologies). TrypLE Express (Invitrogen) was
used to enzymatically passage the hESc. Cells were maintained and passaged at
high densities on Matrigel. To increase single cell survival, ROCK (Rho-
associated kinase) inhibitor Y-27632 (Merck Biosciences) was added during each
passaging step, at a final concentration of 10 uM. The HT1080 (ATCC-CCL-121)
cells were grown using standard techniques in DMEM medium (Invitrogen),

supplemented with 10% FBS and 1% Penicillin/Streptomycin.

HSV-1 Amplicon Preparation
HSV-1 amplicons were prepared as described (Moralli, D. et al., (2006) Rep., 7,
911-918.; Wade-Martins, et al. (2001) Nat. Biotechnol., 19, 1067-1070.). Briefly,

the packaging cell line Vero 2-2 was transduced with each input HAC vector
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DNA, fHSVApacA270 0+ and pEBHICP27 by Lipofectamine (Invitrogen) and
Plus Reagent (Invitrogen). The cells were harvested, sonicated and then
amplicons concentrated as described. The pellet was resuspended in 500 uL of
PBS. The titre of the HSV-1 amplicon preparation was determined by transducing
the glioma cell line G16-9.

HSV-1 Amplicon Transduction

Transduction of HUES-2 (passage 40), HUES-10 (passage 29) and HT1080 cells
with HSV-1 HAC amplicons, was carried out as described (Moralli, D. ef al.,
(2006) EMBO Rep., 7, 911-918., Wade-Martins, R., et al. (2001), Nat.
Biotechnol., 19, 1067-1070). The HUES-2 and HUES-10 on Matrigel coated
plates, and the HT1080 cells were seeded at 2.5x10° cells per 24 well plate the
day before transduction. On the day of transduction, HSV-1 HAC amplicons were
inoculated at a multiplicity of infection (MOI) of 1, 2 or 5 in 250 pL of media
(mTeSR or DMEM).

To improve the transduction efficiency, upon addition of the HSV-1 amplicons,
the cells were centrifuged under low gravitational forces. The plates were covered
with sterile adhesive films, to avoid aerosol escape during centrifugation, and
centrifuged at 750 g for 45 minutes. Transient expression was monitored at 24
hours post transduction either under the microscope or by flow cytometry. Three
days after HSV-1 HAC transduction, the HUES-2 cells were transferred onto
G418 resistant inactivated MEF or SNL-76/7 cells. Two days later, S0ug/mL of
G418 (Invitrogen) was added as seclection. After seven days, individual hESc
clones were observed and cells were removed from selection. The clones were
allowed to grow for an extra seven days, then each clone was isolated and
expanded on inactivated MEF. Upon reaching confluency in a 24 well dish, the
cells were transferred to feeder-free growing conditions on Matrigel and mTeSR.

The HT1080 cells were selected with 350ug/mL of G418.

Embryoid Body (EB) Formation and Germ Layer Differentiation

For germ layer differentiation of each hESc line, approximately 3x10" cells were
used to form 192 uniform sized embryoid bodies (EB) of size ~ 1.5x10’ cells/EB.
The hESc were seeded in non-adherent 96 well V-bottom plates (Nunc) in mTeSR
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and 10uM ROCK inhibitor Y-27632. After 3 days the EBs were released into
suspension on non-adherent plates for 8-10 days in DMEM, 20% FBS. The EBs
were then plated on Matrigel coated plates and 1e7711717ft to adhere and expand
for a further 15-20 days.

Neuronal Differentiation

Neuronal differentiation was carried out as described (lacovitti, L. et al. (2007)
Brain Res., 1127, 19-25.) with minor modifications. Uniform sized EBs composed
of approximately 4000 cells were formed using Aggrewell’™400 plates
(STEMCELL Technologies) as described by the manufacturer. After 2 days, the
EBs were released and left in suspension in non-adherent plates for 5 days in
DMEM F/12 (Invitrogen), 1% N2 supplement (Invitrogen), containing human
plasma fibronectin (5pug/mL) (Sigma) and recombinant human noggin (200pg/mL)
(RDI/Fitzgerald Industries). The EBs were then transferred onto Matrigel coated
plates under the same medium for a further 8 days. Recombinant human bFGF
(20ng/mL) (BD Biosciences) was then added to the medium, and the cells were
incubated for further 8-10 days for expansion of neuronal rosettes. Neuronal
rosettes were lifted using TrypLE Express (Invitrogen) and plated on Matrigel
coated slides with the addition of ROCK Y-27632 inhibitor.

Teratoma Formation Assay

For the teratoma formation assay, 1x10® Matrigel-grown MM40.2 cells were
injected subcutancously into immunodeficient mice (common gamma-chain-/-,
RAG2-/-, C5-/-). The mice were sacrificed between 5-7 weeks after injection and
the teratoma was dissected and processed for haematoxylin/eosin staining and
immunostaining with the following primary antibodies: anti-tubulin beta III
isoform (Tujl) (ectodermal derivatives), anti-alpha-actinin (mesodermal
derivatives), anti-alpha fetoprotein (endodermal derivatives) (all from Millipore).
Total genomic DNA was prepared from the teratoma mass by phenol/chloroform
extraction. The HAC abundance was estimated by Real Time qPCR analysis of
the DNA, using the GFP and GAPDH primers listed in Table S2, with the kit
SYBR Green Supermix IQ (Quanta Biosciences), on an I[Cycler (Bio-Rad)

-AACt
2

machine. The DNA relative amount was measured using the method.
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Fluorescence-Activated Cell Sorting (FACS)

Cells were fixed in 4% formaldehyde in PBS. Samples were then run through a
FACS Calibur and a minimum of 10,000 events was captured for each sample.
Acquired data was analyzed using FlowJo 7.6 software. The percentage of GFP
expressing cells was calculated by setting the gate at 0.5% for the negative

control.

Fluorescence in situ Hybridization (FISH) and Immuno-FISH

Chromosome preparation and FISH analyses were carried out as described
(Moralli, D., et al., (2006) EMBO Rep., 7, 911-918; Moralli, D., and Monaco,
Z.L. (2009) PLoS One., 4, ¢4483 10.1371/journal.pone.0004483.; Moralli D. et
al., (2010) Stem Cell Rev. First published on December 29, 2010,
10.1007/s12015-010-9224-4.). For each experiment, up to 40 metaphases were
scored, and the number of HAC containing cells was recorded. For HUES-2
karyotype analysis, metaphase spreads were subjected to FISH with whole
chromosomes paint probes for chromosomes 12 and 17 (Aquarius Whole
Chromosome Paint Probes, Cytocell), according to the manufacturer instructions.
The HUES-10 karyotype was analyzed on Affymetrix Cytogenetics Whole-

Genome 2.7M Arrays, following the manufacturer instructions.

The binding of Centromere Protein C (CENP C) to chromosome metaphase
spreads was carried out by immuno-FISH as previously described (Moralli, D. et

al., (2006) Rep., 7, 911-918), using an anti-CENP C primary antibody.

Cytological preparations were analyzed with an Olympus BX-51 epifluorescence
microscope coupled to a JAI CVM4+ CCD camera, with CytoVysion software

system (Genetix).

Immunofluorescence Staining of Fixed Cells

Actively growing cells were fixed in 2% formaldehyde in PBS. After
permeabilization in PBS, 0.1% Triton X-100 the following antibodies were used:
mouse-anti-TRA-1-60 (Abcam); rabbit-anti-Oct4 (Abcam); rabbit-anti-Nanog
(Abcam); rabbit-anti-Sox2 (Abcam); mouse-anti-BIII tubulin (R&D Systems),
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followed by TRITC conjugated anti-rabbit or anti-mouse antibodies (Molecular

Probes, Invitrogen).

The cells were analyzed with a wide-field inverted Nikon TE2000U fluorescence
microscope. Images were acquired using the IPLab software, and pseudo-coloured

using Adobe Photoshop.

RNA Preparation and Analysis

Total RNA was extracted from approximately 6x10° cells using the RNeasy kit
(Qiagen), following the manufacturer’s instructions. The RNA was treated with
DNase [ (Qiagen) and reverse transcribed into cDNA, using the RETROScript
system (Ambion), with random decamer primers. Gene expression levels were
quantified by Real Time qPCR analysis of the cDNA, using the GFP and GAPDH
primers listed in Table S2, as described for the introduced DNA sequence

analysis. The RNA relative amount was measured using the 2**“* method.
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CLAIMS

1. A method for providing a ecukaryotic cell comprising a human artificial
chromosome (HAC), the method comprising the step of:

transducing the eukaryotic cell with at least one a-satellite DNA and at least one
introduced DNA sequence comprised on at least two viral vectors, wherein the at least
one a-satellite DNA and at least one introduced DNA sequence are able to form one or

more HACs inside the cell.

2. The method according to claim 1 wherein the at least two viral vectors are both

HSV-1 amplicon vectors.

3. A method according to claim 1 or claim 2, wherein the cells are transduced with

one a-satellite DNA sequence and one HAC is formed inside the cell.

4. A method according to any one of claims 1 to 3, wherein the at least one a-satellite
DNA sequence and the at least one introduced DNA sequence are comprised on three

Or more vectors.

5. A method according to any one of claims 1 to 4 wherein the a-satellite DNA

sequence and the at least one introduced DNA sequence are on different vectors.

6. A method according to any one of claims 1 to 5, wherein the at least two vectors
also comprise DNA sequences for inducing the cell to become an induced pluripotent

stem cell.

7. The method according to any one of claims 1 to 6, wherein the eukaryotic cell is a

human cell, preferably a human stem cell or a human induced pluripotent stem cell.

8. A method according to any one of the preceding claims wherein the cell is a human

stem cell.

9. A method for providing a human cell comprising a human artificial chromosome
(HAC) comprising the steps of:

providing a human pluripotent stem cell or an induced human pluripotent stem cell;
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transducing the human stem cell with two HSV-1 amplicon vectors wherein one HSV-
1 amplicon vector comprises an a-satellite DNA sequence and the other HSV-1
amplicon vector comprises an introduced DNA sequence, and wherein the a-satellite
DNA and at least one introduced DNA sequence are able to form a HAC inside the

cell.

10. A method according to claim 9 wherein the human stem cell is transduced with a
further one or more HSV-1 amplicon vectors which comprise introduced DNA

sequence and form part of the HAC inside the cell.

11. A composition comprising two or more viral vectors, preferably HSV-1 amplicon

vectors as defined in any one of the preceding claims for use in medicine.

12. A composition comprising at least two viral vectors, preferably at least two HSV-1
amplicon vectors as defined in any one of claims 1 to 10 for use in the treatment of

diseases preventable or treatable by introducing introduced DNA sequences into cells.

13. A cukaryotic cell as defined in any one of claims 1 to 10 for use in medicine.

14. A eukaryotic cell provided by the method according to any one of claims 1 to 10

for use in medicine.

15. A eukaryotic cell provided by the method according to any one of claims 1 to 10
for use in the treatment of diseases preventable or treatable by introducing introduced

DNA sequences into cells.

16. A method of treating discases treatable or preventable by introducing introduced
DNA sequences into cells, the method comprising:

transducing the cukaryotic cell with at least one o-satellite DNA and at least one
introduced DNA sequence comprised on at least two viral vectors, preferably at least
two HSV-1 amplicon vectors, wherein the a-satellite DNA and at least one introduced

DNA sequence are able to form one or more HACs inside the cell.

17. A method according to claim 16 further comprising the step of administering the

transduced eukaryotic cells to a person.
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18. A method of treating discases treatable or preventable by introducing introduced
DNA sequences into cells, the method comprising administering at least one a-
satellite DNA and at least one introduced DNA sequence comprised on at least two
viral vectors, preferably at least two HSV-1 amplicon vectors to the person, wherein
the at least one a-satellite DNA and at least one introduced DNA sequence are able to

form one or more HACs inside the cells of the person.

19. A kit comprising at least one a-satellite DNA and at least one introduced DNA
sequence comprised on at least two viral vectors, preferably at least two HSV-1
amplicon vectors, wherein the at least one a-satellite DNA and the at least one
introduced DNA sequence are able to form one or more HACs inside eukaryotic cells.
20. A method as described herein with reference to the figures.

21. A composition as described herein with reference to the figures.

22. A eukaryotic cell as described herein with reference to the figures.

23. A kit as described herein with reference to the figures.
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AATTCGTTGGAAACGGGATAATTTCAGCTGACTAAACAGAAGCAGTCTCAGAATCTTCT
TTGTGATGTTTGCATTCAAATCCCCGAGTTGAACTTTCCTTTCAAAGTTCACGTTTGAAA
CACTCTTTTTGCAGGATCTACAAGTGGATATTTGGACCACTCTGTGTCCTTCGTTCGAA
ACGGGTATATCTTCACATGCCATCTAGACAGAAGCATCCTCAGAAGCTTCTCTGTGATG
ACTGCATTCAACTCACGGAGTTGAACTCTCCTTTTGAGAGCGCAGTTTTGAAACTCTCT
TTCTGTGGCATCTGCAAGGGGACATGTAGACCTCTTTGAAGATTTCGTTGGAAACGGAA
TCATCTTCACATAAAAACTACACAGATGCATTCTCAGGAACTTTTTGGTGATGTTTGTAT
TCAACTCCCAGAGTTGAACTTTCCTTTGGAAAGAGCAGCTATGAAACACTCTTTTTCTA
GAATCTGCAAGTGGACGTTTGGAGGGCTTTGTGGTTTGTGGTGGAAAAGGAAATATCTT
CACCTAAATACTAGATAGAAGCATTCTCAGAAACTGCTTTGTGATGATTGCATTCACCTC
ACAGAGTTGAACATTCCTATTGATAGAGCAGTTTGGAAACACTCTTGTTGTGGAATGTG
CAAGTGGAGATTTGGAGCGCTTTGAGGCCTATGGTAGTAAAGGGAATAGCTTCATAGA
AAAACTAGACAGAAGCATTCTCAGAAAATACTTTGTGATGATTGAGTTTAACTCACAGA
GCTGAACATTCCTTTGGATGGAGCAGGTTTGAGACACTCTTTTTGTACAATCTACAAGT
GGATATTTGGACCTCTCTGAGGATTTCGTTGGAAACGGGATAACTGCACCTAACTAAAC
GGAAGCATTCTCAGAAACTTCTTGGTGATGTTTGCATTCAAATCCCAGAGTTGAACCTT
CCTTTGATAGTTCAGGTTTGAAACACTCTTTTTGTAGGATCTGCAAGTGGATATTTGGAC
CACTCTGTGGCCTTCGTTCGAAACGGGTATATCTTCGCATAAAATCTAGACAGAAGCCT
TCTCAGAAACTTCTCTGTGATGATTGCATTCAACTCACAGAGTTGAACCCTCCTATGGA
TAGAGCAGTGTTGAAACTCTCTTTTTGTGGAATCTGCAAGTGGATATGTGGACCTCTCC
GAAGATGTCTTTGGAAACGGGAATATCTTCACATAAAAACTAAACAGAAGCATTCTCAG
AAACTTCTCTGTGATGTTTGTGTTCAACTCCCAGAGTTTCACATTGCTTTTCATAGAGTA
GTTCTGAAACATGCTTTTCGTAGTGTCTACAAGTGGACATTTGGAGCGCTTTCAGGCCT
GTGGTGGAAAACGAATTATGGTCACATAAAAACTGGAGAGAAGCATTGTCAGAAACTTC
TTTGTGATGATTGCATTCAACTCACAGAGTTGAAGGTTCCTTTTCAAAGAGCAGTTTCCA
ATCACTCTTTGTGTGGAATCTGCAAGTGGATATTTGGACCTTTTTGAAGATTTCGTTGGA
AACGGGAGAATCTTCACAGGAAAGCTAAACAGAAGCATTCTCAGAAACTTCTTTGTGAT
GCTTGCATTCAACTCACAGAGTTGAACTTTCCTTTCGAGAGAGAAGCTTTGAAACACTC
TTTTTCCAGAATCTGCAAGTGGACATTTGGAGGGCTTTGAGGCCTGTGGTGGAAAAGG
AATTATCTTCCCGTAAAAGCTAGATAGAAGCATTCTCAGAAACTACTTTGTGATGATTGC
ATTCAAGTCACAGAGTTGAACATTCCCTTTGACAGAGCAGTTTGGAAACTCTCTTTGTG
TAGAATCTGCAAGTGGAGATATGGACCGCTTTAGGCCTATGGTAGTAAAGGAAATAGCT
TCATATAAAAGCTAGACAGTAGCATTCACAGAAAACTCTTGGTGACGACTGAGTTTAAC
TCACAGAGCTGAACATTCCTTTGGATGGAGCAGTTTCGAAACACACTATTTGTAGAATG
TGCAAGTGGATATTTAGGCCTCTCTGAGGATTTCGTTGGAAACGGGATAAACCGCACA
GAACTAAACAGAAGCATTCTCAGAACCTTCTTCGTGATGTTTGCATTCAACTCACAGTG
TTGAACCTTTCTTTGATAGTTCAGGTTTGAAACGGTCTTTCTGTAGAAACTGCAAGTAGA
TATTTGGACCGCTCTGAGGATTTCGTTGGAAACGGGATAACCCGCACAGAACTAAACA
GAAGCATTCTCAGAACCCTCTTCGTGATGTTTGCATTCAACTCACAGTGCTGAACCTTT
CTTTGATAGTTCAGCTTTGAAACACTCTTTTTGTAGAAACTGCAAGTGGATATTTGGTCC
TCTCTGAGCATTTCGTTGGAAACGGGATAAACTGCACAGAACTAAACAGAAGCACTCTC
AGAACCTTCTTCGTGATGTCTGCATTCAACTCACAGTGTGGAACCTTTCTTTGATAGTTC
AGGTTTGAAACACTCTTTTTGTAGAAACTGCAAGGGGATCATTGCACTCTTTGAGGAGT
ACCGTAGTAAAGGAAATAACTTCCTATAAAAAGAAGACAGAAGCTTTCTCAGAAAATTCT
TTGGGATGATTGAGTTGAACTCACAGAGCTGAGCATTCCTTGCGATGTAGCAGTTTAGA
AACACACTTTCTGCAGAATCTGCAATTGCATATTTGGACCTCTTTGAGG

Fig. 12



WO 2012/156721

ttgacagctt
gcaaccagyc
ctcatcgcag
ggcatgatga
gcecatggaty
ggtgazacte
gaaataggcc
ccggaaatcy
aacggtgtaa
acggaattcc
cttgtgctta
gttataggta
ggatatatca
tgaaaatctc
gttggaacct
ccecggtatca
tatttattcy
cgcggatety
ccgetgetge
cctatgcgat
gacataagtc
cceggeaccg
tatcctgaga
tttttgtctg
ggaaaatctc
tataggaagt
ccttcaggaa
gcaatggaca
agtagtgctc
gggaacagea
atccacttat
ttttagagcyg
tgcccttica
taaccctgtyg
ttgactcttt
catggcggaa
gtcaadacgac
tctgttegtt
cgagatccat
ggatatacgg
agaggatgce
cagtccatcc
cgggttacag
gtatgccaltyg
cgtctctectyg
tatgcctgac
tccaatgcge
ttccttecyge

atcatcgaat
gtttaaggyc
tactgttgta
dcctgaatcg
aaaacgggad
acccagggat
aggttttcac
tcgtyggtatt
cadadgggtgaa
ggatgagcat
ttttictita
cattgagcaa
acggtgatat
gataactcaa
cttacgtycce
acagggacac
cgataagctc
ggaagtgacg

tgacggtgtg

gcacatgctyg
catcagttca
dggtgcagttt
ataaatgcct
ttaaacagag
ccattatcgt
agtgttcigt
caatagaaat
gaacaaccta
gecgeagtcg
cttatatatt
ccacggyggat
cottgtaggc
gtgtyacaaa
acaaattgcec
tttatttagt
acagcggtta
ctcactgagy
gaccagatca
gttgctaaat
caggecattga
ggcgatgaaa
agagggcttt
aaccggttta
cgtttatacy
aaaatcgact
ttcecgcegec
ctctecataca
gatatcactt
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gc
ttctgeecatt
dccaataact
attcattaag
ccageggeat
cgaagaagtt
tgactgagac
cgtaacacqc
cactccagag
cactatccca
tcatcagygced
cggtctttaa
ctgactgaaa
atccagtgat
aaaatacgcce
gatcaacgtc
caggatttat
atggagcgygc
gacagaacgg
acgtictety
tatgccgygta
acggaagtct
gcgatgcacgg
tggectttat
aagctggetg
agagatccgce
catgatgccet
cttcgtgegy
atgaacacag
agcgacaggg
ctgcttacac
atttttataa
ctttatccat
tcacccicaa
ctcagaagaa
gtgacaatct
tcaatcacaa
cggcatatag
gaaaatctga
atgctgaaat
agagtttcgce
aaggctatga
acagtgtaca
cgcagtttcyg
aatccctygty
ggatcataga
gcttecectgea
ttgagaaaaa
ccatgacgac

g gccgeceggg

catcecgetta
gccttaaaaa
cattctgeccg
cagcaccttg
gtccatatty
gaaaaacata
cacatcttge
cgatgaaaac
tatcaccagce
ggcaagaatyg
daaggccgta
tgcctcaaaa
ttttttctec
cggtagtgat
tcattitcge
ttattctygeg
gtaaccgtcg
tcaggacctg
ttcecggtcac
taccgctgaa
acacgaaggt
agtctgatgc
atggaaatgt
ttatccactg
attattaatc
gcaagcggta
tgttacgttg
aaccatgatg
cgaagcecctc
acgatgcecctyg
Trattitttt
getggttcta
atgacagtecc
gctgtttttt
daaaacttgt
gaaacgtaaa
tetetececcgy
tggcacccta
attcggattg
ggggaaggaa
atcttttecet
tatcaaccca
gcttagtgaa
tcagtatcgt
gcgttaccag
ggtctgtgtt
gaaaggcegc
aggatagtct
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ccgtcgacca
ttatcactta
aattacgcce
acatggaagc
tcgeccttgeg
gecacgttta
ttctcaataa
gaatatatgt
gtttcagttt
tcaccgtctt
tygaataaagyg

atatccagcet

tgttctttac
attttagctt
cttatttcat
caaaagtigg
aagtgatett
cacaggaagdg
gattggggag
accacatacyg
agttctgcaa
ttttygcgety
gattgcgatg
ggaactgagt
agaagcgaac
tcaggagect
acgaaaacga
aagtggagcey
tggtctgtec
gagtgagcga
aaaaaacttc
tatagtttit
gagaaggtgt
tgtctgtgac
cdcaaagtta
cacacticac
aatagcccge
gatcaaaaac
caggaacaty
acctetgogg
gtggtttttt
tggtttatca

tatctcaltic

acaaaagaaa
aagccggaty
ctgcctcaaa
aatgagatca
cagacgactc
gagggttatc

attctcatgt
ttcaggegta
cgcecctgeca
catcacaaac
tataatattt
aatcaaaact
accctttagg
gtagaaacty
gctcatggaa
tcattgccat
ccggataaaa
gaacggtctg
gatgccattg
ccttagctcc
tatggtgaaa
ceccagggett
ccgtcacagg
acagagaaag
gcggttgecy
ttccgccatt
agectgatgg
gatgtggety
ctgaaacaat
ggatatgctyg
gaaacagtcg
gtgtagcgtt
tttgaataty
gattatgtca
ttttacagec
ggaagcacca
ccttggggtt
agatcttctt
tgtgacaaat
aaattgccct
tcecetgetta
atggatctgt
gaatcgtcca
gtdatgctgta
acggtatctyg
aagccagtaa
atcgccctga
aacgtgcgca
ccttetttat
Tcaccaatec
gctcaggeat
gttaccagecyg
acagcagaac
atatcgtatt
tgtcacagat

Fig. 13a
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ttgagggtygg
gtttccttea
aaatttgagy
atatcgygygygy
attggctatc
gcgetgageg
cgctatgctc
gctettctta
tgactttgcy
agcaatgatt
gctyggteatgd
gcgaggaaaa
tctcaggcta
cgaggacggg
gtgtttggta
gecccataaay
ctgaagydgce
tatcacggat
cttggggaaa
attattcctt
gaaggtaaac
catgactaty
gicgtatgtyg
tcegeactyge
ttcgagectyg
ccgtggatay
cgtogaaacdgg
attgatcaac
tgcaatgaaa
cgcctgttat
caccagctgce
atgccattac
gtgatagtgt
ttactgagga
cggcygregy
aagctgetgce
agatggctac
gtcagcgtta
atgcggaaaa
aatcagitgt
ttcaaaaadc
agcagaaaaa
tgcttaaaac
gagcgacagt
caactgagig
gatgcgacca
cagaaagcat
tctgataatc
gaccacggtc
tatcgteggt
ttagtctyggy
tccecactegt
gtctgattat
ggaccacgat
gtattgtcga
gtattgacat
gctgtggatt
aaatacctgy
gtcactgtcy
tttgtattgt
gcgtcataat
tgataatcat
cctcgegggt
gtcataactt
gaaagcgage
atggaagtcc
nattaagggt
cgceccgaca

ttcgtcacat
gectycatya
gcagtttgtc
Ttagttegte
cgcgtgtgta
taagagctat
gogttacacgg
tctecetttty
attttgttgt
aaaggatgtt
aaatygacgaa
taacccggeg
Tcagagatgc
ttgagcaacy
cgcgattgeg
gtggcgttta
tacgtgtttt
gggtaccaga
aggacgatgt
cctgtctoge
tgcccaccga
atgtcatagt
ctgctgatgt
agtttitega
atgtacgtat
aggagcaaat
atgaagttgg
getcttcaac
ttttegatcy
tccaaaacat
cccgatggtg
tttgectgta
tygdgaagacc
cgcactggat
tCgaagagta
acttaccgaa
attatccaga
tygcaagccga
tatttcacgt
tgctettttt
ctitacagat
agctggggty
gtcatctgca
attgtataag
tatagagaaa
cgttitagtc
aactggectg
agactgggac
ccactcgtat
ctgataatca
accatggtcc
atcgteggtce
tagtctggga
cccactcgty
tcagactatc
gtcgtcgtaa
gctactgtgt
ttacccaggce
acgagctcgc
ctgaagttgt
tgattattty
tatcactita
tttecgetatt
datgttttta
tttttggect
gagctcatcy
teeggatecc
ccecgecaaca
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ttygttctgac
attttetcat
acagttgatt
atcattgaty
cctctaccty
ctgacagaac
ctgcggegay
tagtgttgct
tgctttgcad
cagaatgaaa
gactatcgcec
ctggagaata
cgagaaagca
tgttggtiat
acgtgctgaa
cdaaacctca
gctegtggaa
tcttcatatt
cacttatgca
tctgcacegt
tccacacctyg
tattgacagc
gctgattgtt
tatgcttegt
trtgcttacce
tcgggatgee
taaaggtcag
tggtgectgy
tctgattaaa
acgctcaata
gattcgttaa
tgtggtegag
tctegggtat
gatctcatce
Tctgygtgtea
agtgattatc
ttoggtaacy
ttgcagaaty
aagattatta
teteacceccy
adagaggaat
atatttgaag
tcaagaacta
gacgataaaa
attgaggcca
tacgtttatc
aatattctct
cacggtcccea
cgtcggtcty
gactgggacc
cactcgtatc
tgattattay
ccacggtece
tigtcggtct
agcgtgagac
cctgtagaac
cclgettatce
cgtgccggca
gagctcggac
ttttacgtta
acgtggtttg
cgggtectit
tatgaaaatt
tttaaaatac
ctgtcgttic
ctaataactt
ccatacactc
cccgetgacy

ctactgaggyg
actttttgaa
tecttetett
agggttgatt
gagtttttce
agtitcttett
cgctagtgat
cttattttaa
taaattdcaa
ctcatggaaa
attgcacagt
ggtgaagcag
gggcgactac
acaattgaac
gacgtatttc
grtrtctgtte
dgtaacgace
catgcagaag
ataaagccca
attgaaacto
atgctccgac
gcygectaacce
cccacgeaetyg
gatctgcteca
aaatacagca
tggggaagca
atccggatyga
agaaatygcte
ccacygetggg
ctcaaccggt
ttgcgcgegt
atgtgaagtt
ggtcaggtaa
cttctttict
tagaaattgce
gtgttetggt
attatcgecce
aatttgctgg
ccegetgtat
gtgaactatc
tacttaagca
ctgaagaagt
gtttaagctc
tggtgcttaa
Ttcttaagga
tgtctttact
ctgggcccac
ctegtategt
attattagtc
acggtcecac
gtcggtctga
tctggaacca
actegtatey
gattatcggt
tacgattcca
ggagtaacct
cacaacattt
cgttaaccygd
dtgaggttoc
agttgatgca
atggcctceca
ccggtgatec
ttccggttta
cctetgaaaa
ctttctetgt
cgtatagcat
cgctatecget
cgcectgacy

taatttgtca
ctgtaatttt
tecettogte
atcacagttt
cacggtggat
tgcttccteg
aataagtgac
acaactttge
gatttaataa
cacttaacca
ttaatgatga
cggatttagt
cgcacccgga
aaattaatca
caccggtgat
atcttgcteca
cccagggaac
acactctect
cttgctggee
agttaatgogg
tggccattga
tygggtategy
ctgagttgtt
agaacgttga
atagtaatgg
tggttctaaa
gaactgtttt
tttctattty
agattagata
tgaagatact
aggagtaatg
tactcttgaa
tgaacgtgac
actgactggt
cgatgggagt
tggcgagetyg
aacaagtgcet
aaatatttct
caacaccgec
tgcccyggtea
gcaggeatct
tatcactctt
acgacatcag
cctggacagg
acttgaaaag
taatgtcctt
tgttccactt
cggtctgatt
tgggaccacg
tegtatcgte
ttattagtct
cggtcccact
tcggtctgat
ctgggaccac
tecaatgcecty
cgotygtgcgy
tgcgcacggt
getgcatceey
ccecgtattca
gatcaattaa
cgcacgttgt
gacaggttac
aggcotttce
gaaaggaaac
ttttgteccgt
acattatacyg
acgtgactgy
ggcttgtcty
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cagttitget
taaggaagec
atgtgaccty
attactctga
atttcttctt
ccagttcget
tgaggtatgt
ggtttittga
adadacgcada
gtgcataaac
cagcccggaa
tggggtitct
tatggaaatt
tatgcgtgat
cgggottygct
ggatctgget
agcctcaaty
gectttctat
ggggcttgac
caaatttgat
aactgttgct
cacgattaat
tgactacacc
tcttaaagygg
ctcteagteoc
daatgttgta
tgaacaggcec
ggaacctgte
atgaagcgty
tcgtiatcga
gctcgcggta
grgctccgag
caggagctoc
caacagacac
cgccgtegta
gatgatgagc
tatgaacgty
gcgotggety
aaattgccta
dggtgatgcac
aaccttecatyg
ttaactictg
tttgctcecty
tctcgtgttce
ccagcaccct
tygttacaggc
grtatcgtcgg
attagtetag
gtcoccacteg
ggtctgatta
gggaccacgg
cgtatcgtcy
tattagtcty
ggteccactt
tcaagggcaa
ttgtatgect
tatgtygaca
atgcaagtgt
atgtcgctga
tacgatacct
gatatgtaga
agggcggoga
gttcttctte
gacaggtgcet
ggaatgaaca
aagttatnnn
gtcatggety
ctccoggeat

Fig. 13b
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cegettacag
catcaccgaa
gccggaagec
ctgccatggg
taccgeecga
gcgdgggeccg
gttggccecgtc
gdcggeccaa
daggdgggcagyg
atatatatat
ccccggagge
gecgaccgacy
gaccgggagce
cggetcggga
Ccaccecace
cggtcegect
ggtggaggag
€gcagggagcyg
ttcocgcagg
gcgaggagcet
gccacaagtt
tgaagttcat
tgacctacgg
tcaagteccgc
gcaactacaa
agctgaaggy
actacaacag
acttcaagat
agaacaccce
agtccgcect
tgacecgeegce
tttattgecag
gcattitttt
gtctyggatcyg
dattccaget
aaccgggcag
aaaacacaaa
cctacttece
cggygtattat
tgctttctga
tagcatcaca
aaactcatca
tagagatgcc
gagggctggg
€ggggagggc
ggtggrgtgt
gcggtgacygt
grtattggac
ttggtticac
gcggeyggrec
gggggaggag
gggggaggag
gggggaggag
ggdgggaggay
cccaaaacac
cgggeccecce
cacatgcttg
ccgecgecat
cgcacagtcce
gectattttt
aagcttgata
tgttgttgtt
aaatttcaca
caatgtatct
tttgttaaat
caaaagaata
taaagaacgt
tacgtgaacc

acaagctgtg

acgcgcdgagg

cgtggceged
cggggegega
tceggeggit
ggcccegact
ceogggeccec
gggccgececyg
ggccgeagyy
attattaggy
gggcecggac
ccecgeagacy
gggagtcgea
tecgggatcge
cacgaaacac
tttttgcacy
gggggacgcg
gaggagggag
aggaacgtcc
gttcaccggy
cagegtgtcce
ctgcaccacc
cgtgragtgce
catgceecgaa
gacecegogec
catcgactic
ccacaacgtce
cegecacaac
catcggegac
gagcaaagac
cgggatcact
cttataatgg
cactgcatte
gtttaaaccyg
gagcgecggt
gececatgtety
cttttggatyg
gtitticccy
ttttgccget
caaactcgga
aatttcacaa
atgtatctta
cgaacececcce
gccggggagyg
tgaggcegygy
agcaggagey
gtggatgagyg
aggtgtggtg
ctgtggcage
gggedagegty
¢ggggagagy
€ggggggadg
€ggggagadyg

€ggdggggagyg

acccoceggy
gcggecgaga
cctgtcaaac
CYCYYrecee
caggtaacga
ataggttaat
aaaaacctcce
aacttgttta
aataaagcat
taacgcgtaa
cagctcattt
gaccgagata
ggactccaac
atcaccctaa
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acegictceg
cagcecggeca
gceegttggt
gggcdgatyg
tcecgeticeg
tceecggtteg
ccggteccege
ccttgecygce
tdaaagaagt
cgaagtgcga
94acygggaggc
gcgecgacca
gagggccgtc
atecggaaagg
aggggacgea
ggtadgcacce
9gggcggagg
gacgcgdaay
tcgtcgataa
grggtgcecca
ggcgagggcg
ggcaagetoe
ttcagecogcet
ggctacgtee
gaggtgaagt
aadgadgacy
tatatcatygg
atcgaggacg
ggceeegtge
cccaacgaga
ctcggeatygg
Ttacaaataa
tagttgtggt
atccactagt
cgctaccatt
ccogtatttce
tteggtttat
atttggctac
atttctetgt
acttgtttat
ataaagcatt
tcatgtctog
cgagggagcg
gctggagccy
gagggctggg
gtgtgttgcyg
aacaggagtt
gatgacgtga
ccggygececce
cgcgeygegey
agegadgagaa
agcgggadaga
agcgyggdgga
agcgddgagga
ggtegegege
ctagcgagtt
tctaccacce
gccgoeceey
gcicgaatta
gtcaltgataa
cacacctece
trgecagotta
Ttttitcact
attgtaagcy
tttaaccaat
gagttgagty
gtcaaaggge
tcaagttttt

ggagetgeat
ttatgcacga
cgaacccceg
gtecgegeec
ttecgeatge
gecggtaatga
ccgeeggacy
ccceccattgy
gagaacgega
geactggege
aggtctctec
cgaacgacyg
ggagcggacg
gacacgecgga
ccccggagge
Ttygatggac
aggggggacg
<ggaggagygg
gctgatccat
tcctyggtega
agggecgatgce
ccgtygeoetg
acccegacca
aggagecgeac
tcgagggeda
gcaacatcct
ccgacaagea
gecagecgtgea
tgctgccega
agcgegatca
dcgagetgta
agcaatagca
ttgtecaaac
aacggeegec
accagttyggt
gcgtaaggaa
Tctttttett
atgacatcaa
tctegetatt
tgcagcttat
tttttcacty
atctetgace
cgggacgeyce
gggagggctg
gcrggggaag
ccgggytacy
grtgcgeggt
cgtgtgacgt
©gcgggegey
gcggacgtygg
ggagcgggay
ggagcgagdag
ggagcgygygg
dgagcggeca
ggccctttaa
agacaggcaa
cggcacgetc
geogeecgadg
attcitgaag
taatggtttc
cctgaacctg
taatggttac
dcattctagt
ttaatatttt
aggecgaaat
ttottccagt
gaaaaaccygt
tgggatcgag

gtygtcagagy
cceegecececy
geeecgeeca
cgecccgeat
Ttaacgaggaa
gatacgagec
ccgggaccaa
cegygegdgey
agcgttcgea
cgtgeecgac
ggcgcacata
gagcggetyc
gegtcggeat
€gcggggggg
ctecgacgac
ggaggagadg
€gggggcgga
ggctcaccey
cgccaccaty
gctggacygge
cacctacggc
geecaccecete
catgaagcag
catctictte
caccctggtyg
ggggcacaag
gaagaacggc
gctcgecegac
caaccactac
catggtccty
caagtaaagc
tcacaaattt
tcgtcaatgt
agtgtgctgy
ctggtgtcaa
atccattatg
ttactttttt
ccatatcagce
attccaaccy
aatggitaca
cattctagtt
tgagattggc
€ggagagggc
gagccgggga
gctggggcty
tctggaggag
gagttgtege
gcggagtgceg
cgcgegegea
§9g9cggage
gaggagcggyg
gaggagcgdgg
gaggagcgyg
gacgccgaaa
agcggrageg
gcactactcg
tctgteteca
ccecacggycy
acgaaagggc
ttagygygtcga
adacataaaa
aaataaagca
tgtgyttigt
gttagaattc
cggcaaaatc
ttggaacaag
ctatcagggce
gtgccgtaaa
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ttttcaccgt
acgceggeac
tccgegecat
ggcatcteat
cgggcaggag
ccgegegecce
cgggacgacy
ggaccgeecce
cttcgtccca
tocgogocgg
aaggcccgge
ggagcacgcg
cgcgacgcee
aaagacccgce
agaaacccac
gggacgcgyy
g9gagggggga
cgttcgtgcce
gtgagcaagqg
gacgtaaacyg
aagctgaccc
grgaceacce
cacgacttct
aaggacgacy
aaccgcatey
ctggagtaca
atcaaggtga
cactaccagce
ctgagcaccc
ctggagttey
ggccaactty
cacaaataaa
atcttatcat
aattaattaa
aaataataat
tactatttaa
atcatgggag
aaaagtgata
ctgtttggte
aataaagcaa
gtggttgtcc
ggcactgagy
tggggccggg
gagergggyc
gagaggggygce
cyggagatyc
tgtgagttgt
ccgtgctcty
aaaaaggcgg
cgegggaged
gggaggaqdcy
gggaggagcg
gdgaggageg
acgggeecce
gcgggcagcec
cctctgeacg
tggcocgecy
ccgtcecaac
cltcgtgatac
cggtategat
tgaatgcaat
atagcatcac
ccaaacteat
gcgttaaatt
ccttataaat
agtccactat
gatggcecac
gcactaaatc

Fig. 13¢c
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ggaaccctaa
gaaaggaagyg
cgetgegegt
gractiticyg
atatgtatcc
agagtcctga
cecagygeter
gtgtggaaag
gtcagcaacc
cgcccattct
ctcggectet
caaagatcga
acgcaggttc
caatcggcty
ttgtcaagac
cgtggctygge
gaagggactyg
ctectygccga
cggctaccty
tggaageeygy
ccgaactglt
atggcgatgc
actgtggecy
ttgctgaaga
ctcoccgattc
tetggggttc
ngcaagtgyc
acattcaaat
daaaaggaay
atttigecctt
tcagttgogt
gagtittcge
cgcggtatta
tcagaatgac
agtaagagas
tecitgacaacy
tygtaactcygc
tgacaccacy
acttactcta
accacttcty
tgagcgtyggy
cgtagtiate
tgagataggt
actttagatt
tgataatctc
cgttgatgat
taatccgaag
agatagcacc
cttgtattat
cCoccaticac
tcaggtgect
aagatccgea
creteatgtt
actaagcetct
tgaacaataa
aagaaaaaaa
dagccagdga
acaggaacac
ttcgctgacc
ccaaaccgac
atgctacaca
ccttatgtat
caggtcgagy
gatgcggecy

agggagecec
gaagaaageg
aaccaccaca
gygaaatgty
gctcatgaga
ggcggaaaga
ccageaggea
tocecagget

atagtcccge

cegeeecatg
gagctattce
tcaagagaca
tecggeoget
ctctgatgec
cygacctgtec
cacgacgggc
gctgctattyg
gaaagtatcc
cecattegac
tcttgtegat
cgccaggeto
ctygcttgecy
gctgggtgty
gettggcgge
gcagegeatc
gaagttccta
acttttcggy
atgtatcege
agtatgagta
cctgttttty
gcacgagtgg
Ccocgaagaac
teccgtatiyg
ttggttgagt
ttatgcagty
atcggaggac
cttgatcgtt
atgcctgtag
gctteocecgge
cgcteggccc
tctegeggta
tacacgacgg
gcctecactga
gatttaaaac
atgaccaaaa
accgetgect
tggtcagact
acatagcaga
tttgagittc
tgccagagec
gatggtcgga
gttcaacctyg
taacgtacta
catggectaac
aattaatata
dgaatatata
tgtaacgcac
ttaacggctg
atttccgggy
tctgacggca
attaggctty
catacacata
gacctaataa
cnnnnn
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cgatttagag
dadgdagcgd
cCcgocdoge
cgcggaacce
caataaccct
accagctgtg
daagtatgca
ccoccageagyg
ccctaacteo
gctgactaat
agaagtagty
ggatgaggat
Ttgggtggaga
gecgtgtice
dgtyccctyga
gttccttgeg
ggcgaagtge
atcatggctg
caccaagcga
caggatgatc
aaggcgagea
aatatcatgg
gcggaccgcet
gaatgggcty
gecttetate
tactttctag
gaaatgtgcyg
tcatgagaca
ttcaacattt
ctcacccaga
gttacatcga
gttttccaat
acgccedggca
actcaccagt
ctgccataac
Ccgaaggagct
gggaaccgga
caatggcaac
aacaattaat
ttccgactag
tcattgcadce
ggagtcaggc
ttaagcattyg
Ttcattttta
teccttaacy
tactgggtygce
ggaaaatcag
cccgccataa
cttgcatgaa
gtgagcgcag
gacaaaagga
ttgatagtac
agctctecaty
gtactaagct
aatcagcaac
aggettttaa
tgagaagccc
acagaattag
tgcggaacyg
gtttacgaga
tacatattgt
cgatttaggt
cttcgtatag

cttgacgggg
gegeragggco
ttaatgecgce
ctatttgttt
gataaatgct
gaatgtgtgt
aagcatgcat

cagaagtatg

gcecateced
Trrttttatt
aggaggcttt
cgtttcgeat
ggctattcgg
ggctgtcage
atgaactygca
cagctgtgct

cggggcagga

atycaatygced
aacatcgeat
tggacgaaga

tgcecgacyg
tgygaaaatygg

atcaggacat
accgcttect
gecttetiga
agaataggaa
cggaaceect
ataaccctga
ccygtygtegece
aacgctggtyg
actggatctc
gatgagcact
agagcaactc
cacagaaaadg
catgagtgat
aaccgerrtt
gctgaatgaa
aacgttgege
agactggatg
ctggtttatt
actggygcea
aactatggat
gtaactgtca
atttaaaagyg
tgagttttecy
attagccagt
agggcaggaa
aacgccectga
tccataaaad
cgaactgaat
atattcagcy
gtactaagcet
tttaacgaac
ctecatgttte
ttaaatagec
agcttttaag
ttagagcctc
ccatgggcta
cgttaccaga
gagatgatag
cgttagaacy
gacactatag
catacattat

aaageccgged
gctggecaagt
gctacaggac
atttttctaa
tcaataatat

cagttagggt

ctcaattagt

caaagcatgc

ccectaactce
tatgcagagy
tttggaggce
gattgaacaa

ctatgactag

gcaggggcgc
agacgaggca
cgacgttgte
Tctectgteca
gcggctgeat
cgagcgagea
gcatcaggaq
cgaggatctc
ccgcttrtet
agcgttgget
cgtgctttac
cgagttctte
cttcggatca
atttgtttat
taaatgctte
cttattcect
aaagtaaaaqg
aacagcggta
tttaaagttc
gygtcgecgea
catcttacgy
aacactgcag
ttgcacaaca
gceataccaa
aaactattaa
gaggcggata
gctgataaat
gatggtaage
gaacgaaata
gaccaagttt
atctaggtga
ttccactgad
ctgaatgacc
ctgctgaaca
gaagcccgty
gcgectgtad
gtcacgaaaa
atttgcccga
crteatgttte
taaaccceteca
acgtactaaqg
tctaaggttt
gtttaacggt
tcaaagcaat
gecgatgaccc
aactcagaag
ggtctgcttc
cggctacaat
aatacaagct
acgaagitat
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aacgtggega
gragcggtca
gegrcaggta
atacattcaa
tgaaaaagga
gtggaaagtc
cagcaaccag
atctcaatta
cgcccagtte
ccgaggecge
taggctttty
gatggattgce
gcacaacaga
ccggrtcttt
gcgcgygctat
actgaagcgg
tctcacctty
acgcttgatc
cgtactcgga
ctcgcgccag
gtegtgacec
dyattcatcy
acccgtgata
gagtategcecg
tgagcggygac
dattcatcgat
tittctaaat
aataatatty
Tttttygcygge
atgctgaaga
agatccttga
tgctatatyy
tacactattc
atggcatgac
ccaacttact
tgggggatca
acgacdagcq
ctggcgaact
aagttagcagy
ctyggageeygy
ccteccgtat
gacagatcgc
actcatatat
agatcctttt
cgtcagacce
tgtcacggdga
gcaaaaagtc
acgggetrtt
tgccatrttac
agacagcgac
ttgcggecge
acgtactaag
tggctraaegt
ctcteatgtt
taagttttat
tgtggacaac
tttcagtgac
tgctgattygy
gttcgtccaa
agtaagccag
taatacataa
tgcatygectg
nnnnnnattc

Fig. 13d
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tctecaggatce
gtagtygcecat
daaaagacag
ccgattgcygg
tttcacgtac
ctcatggcta
taagctcetca
gttttaagtt
cggttgtgga
caattttcag
accctgetga
gaaggttcgt
cttcagtaag
caattaatac
agcttgeatyg
ttatnnnnnn
tgggtcatyg
ctygctcoeeqgg
aggttrtcac
ccgacgecgy
ccatccgege
catggcatct
gaacggdcadq
gececgegeg
caacgggacyg
gcgggacege
geacttcgtc
gactececgege
ataaaggccc
tgcggagcac
catcgcgacy
gggaaagacc
gacagaaacc
ggggggacgc
ggaggagadqg
ccgegttegt
atggtgagca
ggcgacgtaa
dgcaagctga
ctcgtgacca
cagcacgact
ttcaaggacyg
gtgaaccgca
aagctggagt
gacatcaagd
gaccactacc
tacctygagea
ctgctggagt
agcggecaac
tttcacaaat
tgtatcttat
tggaattaat
caaaaataat
atgtactatt
tttatcatgg
agcaaaagta

attc
cattgacccd
Ttaccecceat
cgactcaggt
ccgcaagatc
taagectctca
acgtactaag
tgittgaaca
ttataagaaa
caacaagcca
tgacacagga
ttggtteget
ccaaccaaac
ccagatgcta
ataaccttat
cctgcaggte
nnnnattaag
ctygcgeeccy
catcegetta
cgtcatcacce
cacgeegagy
catctgcecat
cattaccgcc
ggggcygagac
ccegttggec
gcgggeggcc
cccaaggadg
ccaatatata
cggoccegygyg
ggcgcgaccg
gcggaccggy
cceeggeteg
cgcccacece
caccggtecy
gggggtggag
ggacgcggag
gocetteccege
agggcgagga
acggccacaa
ccctgaagtt
cecctgaccta
tcttcaagic
acggcaacta
tcgagctgaa
acaactacaa
tgaacttcaa
agcagaacac
ceceagtcege
tegtgaccge
ttgtttattyg
aaagcatttt
catgtctgga
taaaattcca
aataaccggg
taaaaaacac
gagcctactt
atacgggtat
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gttggaaacy
gaacccttaa
tcactygccag
gcctgatggt
cgcagticaa
tgtitaacgt
ctctcatygge
ataaaattaa
aaaaagaata
gggatgtaac

acacttaacyg

gaccatttce
cgactctgac
cacaattagg
gtatcataca
gadgggaccta
ggttccggat
acacccgeca
cagacaagct
daaacdcgcy
gceegtggece
gg9<ggaycy
cgatccggeg
ccgggccecy
gtccecggyge
caagggccgc
Cgaagecgcc
tatattatta
ggcgggeccg
acgcceccgeag
agcgggagte
ggatcgggat
acccacdgaaa
cettttityge
gaggggggac
gcggaggagq
aggaggaacyg
getgttcacce
gttcagcgty
catctgcacc
cggcgtgeag
cgccatgece
caagacccyge
gggcatcgac
cagccacaac
gatccgccac
ceecategyge
cctgagcaaa
cgcegyggate
cagcttataa
tttcactgca
tcggtttaaa
getgagegec
caggccatgt
aaacttttgg
ceccgttttto
Tattititgec

ggataatttc
thnnnntgca
agccgtgage
cggagacaaa
cctgttgata
actaagctct
taacgtacta
tataaatcag
tataaggctt
gcactgagaa
gctgdacagaa
ggggtgcgga
ggcagtttac
cttgtacata
catacgattt
ataacttecgt
cceecataca
acacccgety
gtgaccgtct
aggcagccgy
gcggecegtt
cgagggegag
grtticcgett
acttccecggt
cececcggtec
cecgeettgec
gggtaaaaga
gggcgaagtyg
ggcgg9cgagg
acggedecygg
gcagagggcc
cgcatcggaa
cacaggggac
acgggtaagce
gcaygaggygceday
ggggacgcgg
teccteygtega
gaggtgatgce
tccggcgagy
accggcaagce
tgcttcagec
gaaggctacy
gecgaggtga
ttcaaggagy
gtctatatca
dacatcgagd
gacggececy
gaccccaacy
actcteggea
tggttacaaa
tictagttgt
ccgatccact
ggtcgctacc
ctgceccgtat
atgttcggtt
ccgatttggce
gctattteote
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agctgactaa
tgaatccata
gcagcegaact
aggaatattc
gtacgtacta
catgttitaac
agctctcaty
caactitaaat
ttaaagcrtt
gcccttagad
trageceatygy
acggecgttac
gagagagatyg
ttgtcgttag
aggtgacact
atagcataca
ctcegetate
acygcgeecty
ccgggagety
ccattatgeca
ggtcgaaccc
tgggtccgey
ccgitccgea
tcggcggtaa
CyCceygecygy
gcccecccat
agtgagaacy
cgagcactgy
dacgggtcte
ccacgaacga
gtcggagcgyg
agggacacgc
dgcaccccgayg
accttgggty
aggagaqyay
gggcggagga
taagctgatc
ccatecctggt
gcgagggega
tgccecgtgec
gctaccccga
tccaggagey
agttcgaggy
gcgygcaacat
tggecgacaa
acggcagegt
tgetgetgec
agaagcgcga
tdgacgagcet
taaagcaata
ggtttgtcca
agtaacggcc
attaccagtt
ttcgegtaag
TattcriTrt
tacatgacat
tgttcicgct

acagaagcag
aaaggcygcect
gaatgicacyg
agcgatttge
agctctcatyg
gaactaaacc
tttcacgtac
agcctctaag
taaggtttaa
cctctcaaag
gctagegatyg
cagaaactca
atagggtcty
aacgcggcta
atagaataca
trtatacgaag
gectacgtgac
acgggcettgt
catgtgtcag
cgaccccgoec
ccgygeoeeyge
ccccgeeccy
tgctaacgag
tgagatacga
acgccgggac
tggceggeagy
cgaagegtic
cgccgtygecc
teecggegeac
cgggagcgyc
acggcgtcgg
ggacgcagay
ggcctecgac
ggcggaggag
acgcyggyygyc

gggggctcac
catcgccace

cgagctggac
tgccacctac
ctggeccace
ccacatgaag
caccatcttc
cgacaccctg
cctgggacac
gcagaagaac
gcagctcgcece
CYacaaccac
teacatyggte
gtacaagtaa
gcatcacaaa
aactcatcaa
gecagtgtoc
ggtctggtgt
gaaatccatt
Cttttacttt
caaccatatc
attattccaa

Fig. 14a



WO 2012/156721

cegetgtityg
acaaataaag
gttgtggtty
ggcggcactg
ggctggggcec
dggagyggctgg
ctggggagyy
gagcgggagg
cgctgtgagt
gcgocgtget
gcadaaaaaggd
ggccgeggga
agggggagyda
ggggggagga
ggggggagga
aaaacgggcec
gcggegdgea
tcgectetyc
ccatggeceg
gegecgtece
ggcctcgtga
cgacggtatc
aaatgaatge
gcaatagcat
tgtccaaact
ttcgegttaa
atcecttata
aagagtccac
ggcgatggec
aaagcactaa
grgaacgtygg
agtgtagegg
ggcgcgtcay
taaatacatt
tattgaaaaa
ggtgtggaaa
agtcagcaac
tgcatctcaa
cteccgececag
aggccgagyc
gcetaggett
caagatggat
tgggcacaac
cgcecggtte
gcagegcegge
gtcactgaag
tcatctcacc
catacygcttyg
gcacgtactc
gggctcgegce
ctcgtegiga
tctyggattca
gctaccegty
tacggtatcg
ttctgageyg
tcaattcatc
tatitttcta
ttcaataata
ccttttitygce
aagatygctga
gtaagatcct
ttctgctatyg
gcatacacta
cggatggcat
cggecaactt
acatggggda
caaacgacga
taactggcga

gtoctgetttc
caatagcatc
tccaaactca
aggtagagat
ggggaggget
ggccggggag
ggcggtggig
tgcgcggtga
tgtgttgttg
ctgttggttt
<ggycygygcgy
gcgggggaag
gcggyggggag
gcggydggag
gcggygdyggag
ccceccaaaa
gecegggece
acgcacatgc
ccgecgeege
aaccgcacag
tacgcoctatt
gataagctty
aattgttgltt
cacaaattte
catcaatgta
atttttgtta
aatcaaaaga
tattaaagaa
cactacgtya
atcggaacce
cgagaaagga
tcacgetgey
gtggcacttt
caaatatglta
ggaagagtcc
gtceccaggc
caggtgtgga
ttagtcagca
tteccgeecat
cgccteggec
titgcaaagat
tygcacgcagy
agacaatcgg
tttttgtcaa
tatcgtggct
cgggaaggga
ttgctectyge
atccggetac
ggatggaagc
cagcecgaact
cceatggega
tecgactgtag
atattgctga
ccgctecega
gactctgggy
gatngcaagt
aatacattca
ttgaaaaagy
ggcattttge
agatcagttg
tgagagtttt
tggcygcagta
ttctcagaat
gacagtaaga
acttctgaca
tcatgtaact
gcgtgacace
actactiact
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tgacaaactc
acaaatttca
tcaatgtatc
gecegaacce
ggggccggyg
ggctggggcc
tgtagcagga
cgtgtggatg

ggcaggtgtg

cacctgtggde
tccggyacgac
gagcggaggd
gagcgyggoagd
dagcgyadag
gagcgygaggyga
cacaccccce
ccegecggecy
ttgectgtca
catcgeggec
tcccaggtaa
tttataggrt
atadaaaacc
gttaacttgt
acaaataaad
tcttaacgeg
aatcagctca
atagaccgayg
cgtggactcc
accatcacaec
taaagggagc
agggaagaaa
cgtaaccace
tcggggaaat
tcegetcaty
tgaggcggaa
tccecageag
aagtccccag
accatagtec
tctecgecec
tctgagetat
cgatcaagag
ttctecggee
ctgctetgat
gaccgacctg
ggccacgacg
ciggctgcta
cgagaaagta
ctycccattc
cggtettgte
grttcgecagg
tgcectgetty
ccggetgggt
agagectigge
ttecgeagcgce
ttcgaagttc
ggcactttte
aatatgtaitc
aagagtatga
cttectgttt
ggtgcacgag
cgceccgaag
ttatccegta
gacttggttyg
gaattatgca
acgatecggag
cgecttgate
acgatgcety
ctagcttece

ggaacttgtt
caaataaagc
ttatcatgtc
ccececgaggga
aggactgygay
ggggagggct
gcagtgtgtt
aggaacagga
gtggatgacy
agiccecgggec
gtacgcgcyc
aggagcggygy
aggagcdagydy
agdagcgdgayg
aggagegaygy
gggggtcgcg
agactagcga
aactctacca
ccecgecgece
cgagctcgaa
aatgtcatga
tcccacaccet
ttattgcage
cattttttte
taaattgtaa
ttttttaacc
atagggttoa
aacgtcaaag
taatcaagtt
ccccgattta
gcgaaaddag
acacccgecyg
gtygcygcggaa
agacaataac
agaaccagcet
gcagaagtat
gctceccage
cgoccctaac
atggctgact
tccagaagta
acaggatgag
gcttygatyg
gccgeegtgt
tcecggtgeec
ggcgttecctt
Ttggdacgaag
tccatecatgg
gaccaccaag
gatcaggaty
ctcaaggecga
ccgaatatca
gtggcggacc
ggcgaatggg
atcgecttct
ctatactttc
ggggaaatgt
cgctcatgad
gtattcaaca
ttgcteacec
tgggttacat
aacgttttce
Ttgacgecay
agtactcacc
gtgetgecat
gaccgaagga
gttgggaacc
tagcaatgyc
ggcaacaatt

tattgcaget
attttttteca
Tggatctcty
gegcgggacy
ccgdadagygy
gaggctagag
gegecgdggt
gttgttgcge
tgacgtgtga
cccegegogc
gcgdcagacg
ggaggagcgyg
dgaggagcayg
ggadgagcgg
gdadgagcgy
cgcggeoctt
gttagacagg
cceecggeacy
ccggccgeece
ttaattctiyg
taataatggt
ccecectgaac
ttataatggt
actgcattct
gcgttaatat
aataggrega
gtgttgttce
gdcgaaaaac
Trttggggtc
gagcttgacy
cgggcgctag
cgcttaatgc
cccctattiyg
cctgataaat
gtggaatgtg
gcaaagcatg
aggcagaagt
teegeccatc
aattttttet
gtgaggaggc
gatcgtitcg
agaggctatt
tcecggctgte
tgaatgaact
gcgcagetgt
tgccggggca
ctgatgcaat
cgaaacatcg
atctggacga
gcatgeecga
tggtggaaaa
gctatcagga
ctgaccgett
atcgecttct
tagagaatag
gcgeggaacc
acaatdaccc
titcegtgte
agaaacgctg
cgaactggat
aatgatgagc
gcaagagcaa
agtcacagaa
adaccatgagt
gctaaccget
ggagctgaat
aacaacgtty
aatagactgg
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tataatggtt
ctgcattcta
acctgagatt
cgccgdggdag
ctggggccay
aggyctygygy
acgtctggag
ggtgagttgt
cgtgcgyagt
gcgegegege
tgdgaddacay
ggggaggagc
gdggadgagce
ggggaggagce
ccagacgecy
taaagcggtyg
cdagcactac
ctctctgtet
gggcccacgg
aagacgaaagd
Ttcttagggt
ctgaaacata
tacaaataaa
agttgtggtt
tttgttaaaa
aatcggcaaa
agtttggaac
cgtctatcag
gaggtgcegt
gggaaagccg
gygcdctyggea
gccgctacag
Tttatttttc
gcttcaataa
tgtcagttag
catctcaatt
atgcaaagca
cecgeccctaa
atttatgecag
ttttttagay
catgattgaa
cggctatgac
agcgcagagygy
gcaagacgag
gctcgacgtt
ggatctcctyg
gcggcggety
catcgagega
agagcatcag
cggcgaggat
tggecgettt
catagcgttg
cctcgtgett
tgacgagttc
gaacttcgga
cctatttgtt
tgataaatgce
gececttattce
gtgaaagtaa
ctcaacagcg
acttttaaag
ctcggtegee
dgagcatctta
gataacactyg
trtttgcaca
gaagccatac
cgcaaactat
atggaggcdy

Fig. 14b
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ataaagttgce
aatctggadc
agccctcocey
atagacagat
tttactcata
tgaagatcct
gagcgtcaga
acctgtcacg
acagcaaaaa
gtgacgggcet
cgaagttatt
gagggaactt
atggtcagygt
caatatataa
gtgcectect
gccattagta
taaatgtatg
atttecgtgtce
aaagagaatc
cgatggtact
taactgcate
ttgcagcaga
aaccgtggea
acgcagatgg
caccaaacar
tcatggcgoc
tggtttcctc
aggaccaaat
ttctttgcac
cLtcctttct
tacctttade
tacatggtct
caggtctaac
cagcgcagtt
gtaacaaagy
gttaaaaaca
ttgcgcactt
gaaaattggce
ccagaccatt
tgaatcagaa
acaactggtt
ccgggagtey
aaagtgecatt
cgtatatcect
atgattacaa
agtaaagcaa
caageeagga
acacccggat
tcttaccgaa
tgtgattigt
tggataccaa
cgaaagegta
tecacattat
tatagatccc
tgctggagyg
gtgtgctggce
ataaaaacta
tctttacgea
gcagcctgta
agaaagtaaa
gggttacgat
gtggateggt
atcgtttcag
gcgtitaacc
cggaaaagat
tgaccttgat
attatcgegt
aagccattta

aggaccactt
cggtoagcgt
tatcgtagtt
cgctgagata
tatactttag
ttttygataat
ceecgttgat
ggataatccg
gtcagatagce
tttcttgtat
aggtcectcy
tcaccattat
cattgagtgt
attaggaatc
ccttgtecaat
tcaatttgct
tagattgecgt
gtttctatta
tttttaagca
gttggaacca
ttcaatggcec
caagatagtyg
tggttcgtac
caacaaaccc
grtgctggty
agaatcaatc
cacagttttt
aggcaatggt
ttctggaacy
ctltaccaaag
aaattgtggc
taagttggeg
actaccggta
gccgetttgg
acttcattga
getttgtett
gttggtygcty
agtcttgatc
gagacgatga
caagccaagt
gcggcgggta
atcagcgaat
tatgtgtagg
cgatacagaa
ccgagetatt
actatcaaca
tectgaacaat
tgcattgage
gaggattttt
tctteggtaa
trcctgtacy
gaataatacg
ccactggata
tgatcgttgc
aaaacgatgt
gggatatagg
tccacacaat
gacattgaaa
gegttgatge
gagattgatyg
gatattaaaa
gtcatctacy
gaattcgcta
attcatgaat
gctaaaggcg
ctgatagage
tetgttgcaa
cactttcatc
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ctgcgetcyy
gggtctegeg
atctacacga
ggtgccteac
aftgatttaa
cteatgacca
gataccgcty
aagtggtcag
accacatagc
tattttgagt
actacgtcgt
gggaaatggt
ttttaattty
atagtttcat
attaatgtta
tacctgtatt
atatagttte
tgaatttcat
aggattttct
cCtaaatcac
ttaccttett
gcgatagggt
aaaccaaatg
aaggaacctyg
attataatac
aattgatgtt
ctccataatc
ggctcatgtt
gtgtattgtt
taaataccte
ttgattogag
tacaattgaa
ccgcgetige
ttcetgatte
taatttttct
tgaadgagaa
ggtttgecaty
aggctgttaa
acaaagcaga
atgctgacag
atgttcgeca
ttaacgccga
atgccagagt
acgatgctga
agcggtaact
aagcgacttc
accgtcgtge
atgtatttce
tcagcactga
gtgatgagtt
agggcgatga
actcecttec
gatccaataa
aggccgegec
gtgctggagg
atgtgtgtty
tcggaaaaag
gtaaggcaaa
gettgggggt
ccaccaaage
tecaccggtec
cygttcagcaa
aagcctgtag
cacttggacyg
gctatcagac
tggagggcty
caccacgect
gaaagcctto

cecettccggc
gtatcattgce
cdgggagtca
tgattaagca
aacttcattt
aaatccctta
ccttactggy
actggaaaat
agacccgeca
ttectataac
taaggcegtt
tcaagaaggt
ttgtattttt
gattittctogt
aagtgcaatt
cctttacatc
gtctacccta
ttataaagit
taacttctte
cagttctgat
caggcaagtt
tgaccttatt
cggtgitett
ggataacgga
catttaggty
gaaccttcaa
ttgaagaggdc
gtagggcecat
cactatceca
ccactaattc
ataagtctaa
gttctitacy
ggaagcatca
tgttcttgat
tcaggaggaa
acttgctget
ggaacgtcat
goaacgtgat
gcaacatttt
gcaaatggaa
gcgtattect
cgécgacaaa
ttagcagtga
tggggattaa
daaagggatt
aatctacaaa
tttcgagett
gacctatget
agaacgagaa
attccctaat
gcttaaatyc
aaccggetac
tcaggtccat
acgtctgget
gataaaaatg
acgggaaagc
taatatgaat
agaactaaca
attecgtgeeg
gttttcccag
tcgactegat
atacggetty
tttcoccctea
cttgegtaac
tggtctgetag
attcgaagtt
tgcgtgececet
cgcagaaccc

tggctggttt
agcactyygy
ggcaactaty
ttggtaacty
ttaatttaaa
acgtgagttt
tgcattagec
cagagggcag
taaaacgccce
ttcgtataat
tctgacagag
attgacttaa
Ttttttitaga
tacacctaac
ctttttecctt
cteccttttte
tgaacatatt
tatgtacaaa
ggcgacagea
acctgcatce
caatgacaat
ctttyggcaaa
gtctggcaaa
ggcttcateg
ggttgggttc
tgtagggaat
caaaacatta
gaaageggec
agcgacacca
tetgacaaca
dagagagtcyg
gatttitagt
gcaaataagg
gaattaaaca
gacatgtcat
actggtgttc
cagctaaage
aagtcaataa
cacagccagg
¢gaaaagcty
gctgacactc
ggttaaccac
atattttgat
caggaagaat
trtatgtcty
attgagcaaa
gecgateage
gatgagcaat
ggcgttgatc
gtgcctgaat
tatgaacatyg
gttgaccygt
acagatccca
tagaagtgta
tgtgctgacy
ttgggtagtt
caatcattta
gttaattcaa
aagccatcaa
ctggagatag
atggatacty
tectcaaaca
aaacgtctgg
aagggtatcg
aaggtcgyggce
gtgggagcryg
tccgaagaaa
grtgccgcta
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attgctgata
ccagatggta
gatgaacgaa
tcagaccaay
aggatctagg
tcgttccact
agtctgaaty
gaactgctga
tgagdagccc
gtatgctata
tagaattctt
actccatcaa
gaaaatecctc
tttttgtgto
atcacgttga
tcettottga
ccattttgta
tatcataaaa
tcaccgactt
aaaacctttt
ttcaacatca
tctggageayg
gaggccaagy
gagatgatat
ttaactagga
tcygttcttoga
gctttatcca
attcttgtga
tcaccategt
acgaagtcag
gatgcaaagt
aaaccttgtt
ccagcacage
aagcgygcaca
tctttictac
ttgttctgat
aagccataga
tggatcttaa
aagtgaaaaa
aagttcagaa
agcggttget
cctgecccea
gatctgccag
cgcaacgtta
ataaagtaac
tcactygttyg
ttagtttaaa
gtactcatgt
gctygcattgo
atggtggtat
gtcttctcat
ttttcactta
attagatcca
tegegatgty
gogttgctaat
atcaccactt
tectecgatat
acaacactgt
agagcaaago
ctaaagccga
atttcaaaac
ccatccagtt
atgcgaaact
cttttaageq
gttttgatge
ttccagetty
gaagcigcac
tcgttegege

Fig. 14c
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gaatcogtga
aagcgataga
gggaaagttt
gtgctggagg
tgtttttgaa
acacatctgt
gcacacatat
atcgcacatc
ttctcaccay
tgattcaggce
daagcatdgtt
atctacgeat
aaggatgact
gaatgctcaa
agttttacca
acgttgacta
ctyggctcttce
gcggagtgec
taaaggcggt
ccctecatett
agcaacgatg
gactatgtty
tgtacctygyy
gagagagctg
tgtgattgat
tgacgcettc
agcaactgtc
cteatttegy
ttgagtaaca
gatatgcttg
tgacactgtt
cgcgegaatt
dtctaactga
cececttaatec
agcaggtatt
cgaaccaggt
ctcttacgec
ctgcaatagy
gagettctge
gcgttcagga
dagaaatagg
cagccaaaga
cggaagaatt
cgettigtyge
daaacatatc
ttaaaaataa
ctaaagataa
ggaagcgedt
aggaagaact
agcecttaaac
tctaaaattt
tcccgaaaaa
atctettecy
acttacgega
gctgggcaay
gtgcegeate
atgecaccyc
ataaatctat
tgatagagtc
cagcagagat
tectygectygt
gtgaccagtc
ctgctgotga
atgtgctggt
tegaaggeca
agtctygttot
agcaaatcac
¢caaagegcec

gogectggct
acagcttaaa
tgtaatcgic
gaaaccygcat
tgtgcgctygyg
ccateccgett
ttgataccag
ttagactttt
ttyatagaga
tacaacctga
gtgacacact
acattattat
ttcgatgagt
tgttctgact
ggtctatgeg
tgccgtaagt
datgaaatat
aaaataccgy
gtgtcaaaaa
cttatggadag
tttttaagec
cagaatgtaa
gttgacgtta
tgcaatgagc
aagctgaaga
ctgaaaaatyg
gatttccact
atgaagycty
aggcagacca
atgtettect
atttcagcta
gcegeggaag
ggagtaagaa
ttcaatatta
caagttatca
agaaagcgat
aaaatcatta
tgttagacag
catcttagag
agcgcaaaat
tctgegttty
agggctgtet
agtcgececett
tottdgcgac
cceggaaata
aatcctgcge
gtccgtagtt
gaaaggecgt
cgacaggaty
tttcgccatrt
caaggtgaaa
aataaaaaaa
aaaagggart
ataccagaat
cactgcgcayg
tatccttgaa
tcaaatcgct
geegegteeg
caccegeaat
gatgagcgtt
teagttygyy
cgacatctat
tgttctggac
ggcaagctece
gaatgtacca
tgataacggt
tgttacctgc
ggataaaggc
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ttgcagtcag
acaatcggct
cattctegea
taaaaagaty
agggggacgc
ttccctecag
cgatccctee
attctcecte
gtgaagctty
acgtagaaga
tggraaagoa
tttatgeage
gattccagee
gaacaagtac
aaagcggceac
gaaatggaag
decgatgtcaa
gatcgctaca
cltgtatcgac
atttaaggat
ataaacactc
gccgtgaaga
tgcctgegtc
atctaccggy
gcgattatga
ctttggecte
catcgcttaa
cgagtgccag
taagtattge
ccctegectt
acccggcaac
attttgctaa
acccccatgt
ageggatttyg
actggtegec
acctttgtty
aaaagtatce
gctacaggga
aacgtagggt
ttagcgaaag
atgcgaatga
caggcgaaqy
ttecctgtge
gaaatgggat
aacgacatcet
ttgataacaa
actgaattat
gcatittett
attgggcata
caaatttcac
tcgecacgat
ttgocttgtea
cacacaagtg
cgtattgcag
Ttcyggtacty
gctgcacgta
acagegtggg
gaaattctgyg
agcatggata
tctgacggtyg
gcagctaceg
gaagtcttta
atgcaatccey
gatggcacca
atccgaaaag
tecggcagec
tctctgaact
actgagatcg

Cctgrtggega
atctcgacty
atccaaagct
tgtygctgecy
ccctcagttt
tgcacatgta
acagcacata
cagcacacat
gctygcecatt
aatccgcgtc
gtaagcatyce
atttttaatt
agctitcacda
agitgcaaaa
tggcaaaatt
daaaggygtta
ttcagaacat
dgcgaacgtat
ggtttctctyg
tetggttatt
tattggtatc
gcrgttadag
gattgacgat
tcagaacatc
ctttatectc
ggccaatata
atacgttycc
cttgcgacta
catagcetgg
gacggttity
gtatgttggt
agcagttitt
Caaagaaaaa
atagttcttc
aggccacatt
atcagcataa
gaagcactat
aaattgaaat
tgcgggtttt
acgttcagac
aaaatgatgg
tcacgcytyce
agtcggaatt
acaagaattt
tatccattga
aggaagcectc
ggaaatttga
atgagtttaa
tccttagaaa
tattaactga
ttcaccttygy
cgagaaagtc
cCcTtgtyttt
atatcgcaaa
ataaccaatt
aagacceggt
caagtgcact
cctectgoca
ccactaataa
ttatgegtet

ctgatygcgty

acgtggcagg
tcggtatgta
gcaaaaccgc
gtcgcactaa
tacttcactc
acaacattgg
caattgagac

gcaaaaccygt
ttetattgag
gaaactccec
ggaaggctry
gcccagactt
attctctgee
attcaatycy
cgaagctgec
gaagdgcaggaa
ctttatgegt
agagaatgct
aaattcaaaa
ggttgctcaa
ggatgagcta
gectetacty
tgttttegat
cattygacata
gtgattttca
gegcatgcad
gaccttgatc
gtaaacgcaa
gagtttatty
gectttatty
catgctgtcc
gttgatagty
ctgtttacac
cgccttecty
acattggttt
ctaaagaagt
aaacgctgcy
agtgctgatyg
gaccgtattyg
cagaccaaca
agcctetgge
tattgaagay
caacggygcgt
taagcatcag
trtggatggt
agtcacgyac
agcattgcag
gatgagtcag
tctoccagygea
agcctittey
agagtttgat
agaaatggcc
actactcacyg
ggacaaggat
tcgactctca
gagcctegat
ctgtttttaa
attttacctt
adacaagtgac
aaggaagagt
acgctctaaa
cattaaagat
ttttgcgagt
ggctgactac
ccagacgotyg
agcgatgcty
gcetttatte
taccttcatt
ttecatctitt
cagccagtta
aaccttecaag
catctacgtt
gtttactaat
teagattgec
guaaatcaat
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atcattaaga
aagaaaggcec
gaataagtgt
tccaatttce
tccctecage
tttceoctcea
acttccctet
gggcaageeg
atcaccagaa
ggaggatgcec
atgtacaagc
atacagcata
agagcaaaca
cacgcgaacy
actcgagega
aaacgeccty
tatgaacatc
tCtccaatet
tgcgtgctca
cgcaatcttc
catctgecaca
trcecttctgt
catccgatty
tgaaagaaaa
gtcctecacet
ctctygecgec
agttgotgaa
tatytccaag
gttcgatggg
gcgagtettt
cattygaagaa
aatttatcag
attgggcgaa
gatcgagtceg
gtaatacctc
gaccaggcat
caattttacc
teceggegte
caggagatcs
cacagcatte
aaggatattg
gcgagtacte
gactacaaaa
cagcrtattc
gaagatgaag
gataaaggtt
cgetttgeaa
aaagagttac
adaaagecga
agtaaattac
cetecectec
tttcaataaa
adattgagta
gctgtgettyg
gatgcegegc
atctctgata
gccgeageac
gaaaactgec
gaatctgtcg
ctecgegatga
cecggttacgce
ggticttatyg
cgtcygecycet
atggaagact
gaccygtatta
gctgetgotyg
ctgtcgttct
attgaageccyg

Fig. 14d



WO 2012/156721

ctcetgaget
agttcgttat
gtctggacct
atatgctgcg
ctctgeceggt
ctgtatatcy
gtgctgatygce
actatatcca
cctaacaaaa
cctgtagcat
tgctgactca
gttgatgaga
ggaacggtct
atttattcaa
caattaacca
atatcaggat
tcaccgagge
ccaacatcaa
tcaccatgag
acttgttcaa
ttattcattc
ttacaaacag
tcacctgaat
gtgagtaacc
aattccgtca
ttgccatgtt
gcacctgatt
ttggaattta
cttgtattac
tgtgcaatgt
gtcgatagca
ctttctgcag

gatceccgetg
cgcggctgag
gggttceccta
tcttecgeatce
taaccagtcc
cgacattatt
agcatctrtc
gactcegtat
cggcatcage
cgacctgcag
taccaggect
gctttgtrtgt
gecgttgtcgg
caaagccgec
attctgatta
tatcaatacc
agttccatag
tacaacctat
tgacgactga
caggccagec
gtgattgcge
gaatcgaaty
caggatattc
atgcatcatc
gccagtttag
tcagaaacaa
geccegacatt
atcgeggect
tatttatgta
aacatcagag
gcaccaccaa
aatctgcaat
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atcaaccacy
cacacggtac
cagttccgea
atgatctyggc
fttgatgtat
gagcgegtta
ttcaaacagt
gticactaca
Cttcttggag
g99999994g
gaatcgcece
aggtggacca
gaagatgegt
gtecccgtcaa
gaaaaactca
atatttttga
gatggcaaga
taatttcccec
atccggtygay
attacgctecg
ctgagcgaga
caaccggcygc
ttctaatacc
aggagtacgg
tctgaccate
ctctggegea
atcgegagcec
cgagcaagac
agcagacagt
attttgagac
ttaaatgatt
tgcatat

aaatgaagaa
aggcggcgta
ccctgaagga
gcactctige
gggcaaccat
aatcttctgg
tgccgaagga
tcggtaccec
gcttccagcey
gcgctgaggt
atcatccage
gttggtgatt
gatctgateg
gtcagcgtaa
tcgagcatca
aaaagccgtt
tecctggtate
tcgtcaaaaa
aatggcaaaa
tcatcaaaat
cgaaatacgc
aggaacactyg
tggaatgctyg
dtaaaatgct
tcatctgtaa
tcggyctice
catttatacc
gtttceccgtt

tttattgttc

acaacgtgge
ttggatccga
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atacacccty
tgaagcacag
atacctgtct
gaccgacacc
cattcgtygce
tgcgatgggy
tttcttccag
atttaggacc
¢ctecatctygg
ctgcctcegty
cagaaagtga
Ttgaactttt
ttecaactcag
tgctctgeca
aatgaaactg
tctgtaatga

ggtctgcgat

taaggttatc
gcttatgeat
cactcgcatc
gatcgctgtt
ccagegeatce
ttttcccday
tgatggtcgy
catcattggce
catacaatcg
catataaatc
gaatatggct
atgatgatat
ttteccecece
togtagcagtt

Fig.

tteccaagtc
cgtgaattty
catgaacaggy
trtgacatcg
aaattccaga
atgtttgcty
ccagccgaag
acccacagca
aagtggaaca
aagaaggtgt
gggagccacy
getttgecac
caaaagttcg
gtgttacaac
caatttattc
aggagaaaac
tceocgactegt
aagtgagaaa
ttctttccag
aaccaaaccyg
aaaaggacaa
aacaatattt
gatcgcagtyg
adagaggcata
aacgctacct
atagattgtc
agcatccaty
cataacaccc
atttttatct
cceectygeag
tagaaacaca

14e
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cggcgauaccg aaagcacgaggaaqcggtcagcccattcgccgcCdagctfttcagcaatatcacgggt
agcraacgetatgtoctgatagegytoogocacaceoageogyocacagtegatgaatocagaaaaycayg
ccattttccaccatgatattoggcaagoaggcatogecatgggtcargacgagatocrogoogtoggaca
tgctegoottgageotgycgaacagticggetggcgcgagoccctgatgoricticgtocagatoatccty
atcgataagaccgygcticcaticgagtacgtgricgetegatgeyatgt begettggtagtoyaatyyy
caggtagccygatcaagegratgcagecgccgcattgatcagccatgatgygatactitcrcggoagyag
caaggtgagatgacaggagatcctgooorggeactiicgeccaatageagecagtoocttooogoticagt
gacaacgtcgageacagetgograaggaacgoccgtegtyggcecageracgatagrogegetgootogtct
tgcagttcattcagggcaccguacaggicygtoct tgacaadaagaatogygcgecccigegetyacages
ggaacacggrggratcagageagecgattgtetgttgtgecragteatagecgaatageototccacoea
agcggecggageacctygcgtgcaatccarctigttcaatcatgcgaaacgatcdtcatectgtetetiga
tcgatctttgcaaaagcctaqqcctccaaaaaagcvtrctcactarttctggaatagctcagaggccgag
gcggectoggoctetgeataaataaaaaaaattagtcageccatygggoyggagaatgggcggaactggacy
gagttaggggcygggatgqgeggagitaggggcgggactatggttoctgactaattgagatgcatgotityg
catacttctQCLtqctQgggaggctggggactttccacacctggttgctga*taattgagatgcatgctt
tctttccgccLcaggactcttcctttLtcaatattattqaagcatttatcaqqgttattgtctcatgaqc
ggatacatattigagtgiattiagaaaaatasacagataggyggtecegoygcacatticcecgaaaagtyc
cacctgacgogotctgtageggograttaagogoquegggtgiggtggttacgogeagegtgacegotac
actlgccaﬁchacTagchchctCCttthctttgfrcccttncrttctcgcracgttggtfggcttt

aaaaaattgaLtagggtgatqgttcacqtagtgggccatcgccctgatagacqgttt thccctttgac
gttggagtccacgttotitaatagtggactettgtiiccaaactggaaraacactcaaccotatotoggtc
tattcttttgatrttataagggattitgecgatttocggectattggttasaasatgagetgatttaacaas
aatttaacgcgaattttaavdaaatattascygcttacadatttasgcgttaagatacattgatgagtitug
acdaaccacaactagaatgcagtgaaadaaatgctitatttgtgaaatttgtgatgctattgerttattt
gtaaccattataagotgeaatagacaagttasraacaacasttgeaticattttatgtttcaggticadq
gggaggtgtgggaggtitttatcaagettatogatacogtcgacoctaagaaaccattattatcatgac
attaacctatagaaataggegtatcacgaggecctttegtottcaagaattaattogagotegttacotyg
ggactytgcggtigggacggegecagtgggeccgggoygecygygyegacgdgggecycgatggcygaay
cggcgggecatggagacagagagegrgciqaagtggtagagritgacaggcaagcatgtgcgtgcagagy
cgagtagrgotigacrgictaactogotagtotcgyecgegdgoyggentdggctgorcgeagecaccgat
ttaaaggygccgegogogaccooaggaggatotgttttggaggagagecogttitegygegtctggecgctee
tecoceegetertecceocgrtectocoroegctertocccecgotectecoroogotectooccecget
cetoccaccgetoctceectgetecticoocecegetecteceecege tertooorccgeicotocecacy
ctectrooecegetoctoecgrogetectecccocgetectoeccecgetoctecceregetectooces
cgctoongrggooosgooccctangeegasgugcgagegracgacgrocggacogrogecegontitt
tgcgegogogegegeccgegggagaoccggactgocacaggtgaaaccaacagdageacggegeactccge
acgtcacacytoacgtcatoracracacriguecaaraacacaactcacagogacaaclcategcgeaac
aactccergticctecatecacacgtcaccgograccicocgetoctocagacgtacoocoggegoascacac
cgctortgriacacacaccgocecicceoagocccagocctceeragecccaycertceeaggeocca
grocteocoggerecageec teccoggenecagresteccogaecceagrestccecggecccageeate
cooggecccagoectecoogyigeg tcoogeacteoeteggyggygg ticgggeatebetactteagtyce
gccaatctcaggtoagagatcsagacatgataagatacattgatgagtrttggacaaccacaactagaatg
cagtgasaaaaatgetttatttgtgaaatttgtgatgetattgetttatttgtaacecattataagotgea
ataaacaagttcogagttigtcagasagcagacragacageggttgyaataatagcygagaacagagaaat
agcgygcdaaaataataccegtatcacttttgctgatatggttgatyteatgtagocaaategggaanaac
gogaagtaggcrcccatgatdaadasgraaadgaaadagaatasaccgaacatccaaqagtrigtatttt
ttaaatagtacataatggatitccttacdeqaaatacgageagacatggectdoccgyrtattattattt
ttgacaccagaccaactggraatggtagegaccggoegetcagotggaatitbaattaattccageacact
.qchgccqttaciaqtggathqtttaaaccgatccaqacatqaiamgatacattgatqagttt@gaca&

Lfdcaactagadtqcaatgdaaaaaatgctttatttgtqaaatttgtaatqrtattgcttfatttgtaa
gcggcggtcacgaactccagcaggaccatgtgatcgcgcttctcgttggggtctttgctcagggcggact
gagtgctoaggtagtggitytogggoageagracgyggergtogecgatggguytgtictuctgygtagty
girggcgagcetgeacgotgeogtoctogatgtrgtggcggatocttgaagticaccttgatgoogtcttc
tgctitgtcgogovatgatatagacgtigtggetgttgtagttgtactecagcttigtgocoraggatgitye
cgtectecttgaagicgatgocettvagotegatycggticaccagggtgtogoocicgaactcaccte
ggcgoegggtetigtagtgcegtogtaecttgadgaagatggtycgeteotygacgtagecttegggeaty
gcggactigaagaagicgtgotgeticatgtggicggggtragcggetjaagcactycacgocgtraggtca
gugtggtcacgagggtgggeeagggcacgggeagettgecggtygtgeagatgaacttcagggteagett
gregtaggtagoategeooctogacetagecggacacgoetgaacttgtggecgtttacgtogorgiecags
tegaccaggatgggcaccacoocggigaacagetectogeectigoteaccatggrggegatggatcagce
ttategacgaggacgticctectgagggaaggracgdacgegggtgagrcccctegtocgecegtgegtc
ceocctoctocgocceogcgtectoctoctoggcorccgcgiecacoetcctocgoccocgegrocrcd
ctootecaccococgegtccrccecteciccgoccacocaaggtgot tacctgtgoaaaaaaggggaceg

Fig. 15a
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gtqggtttctqthtcggaggcccccqggqtgcgtuccctgtgtttcgtgggthggtgggcqggtattt
cqtccgctccgacgggcctctgcgactcccgntcccggtccqcgtgctcrgcagccgrtuccgtcgttcg
tggorggogocgtetgcgggeg toggtegogecgggac titatgtgogoryygagayanoogoreoooged
gooogageocogooocecgggaccgacgaggagtegggcacygegocagtygctogeacticgeocctaataat
atatatatattgggacgaagtygcgaacycttegogtictcactcttitacocgycgyccoegccoectt
ggggagg teoegoccgrgieccadtggiugagcgataaggcgageageccigggocgeccgecgteccy
tigytoccdgegacggoyggegggaccgggogaoccdgagacygoeaacygggcgegoggggcicgtate
tecattaccogocgaaccgggaag tcggggoccgggecccgeerectgeccgticetcgttageatgoggaa
cggaagcyggaaaccgeoggategggcggtaatgagatgooatgaggoacggggegcggacccaceegocd
togogecccgocatageagatagogcygataggcgoggccyggygag ttocgaccaacgyggecgegygccacy
ggcreccggogtyccggogtoggggoagggytegigeataatggeaggctgoctgegagtitocggigatg
acdgtgadaaccretgacacatgcagetoccggagacdgteacagettgtoctgtaageggatrgocgggag
cagacaagceccytaagggcycgtcagcygggtgttyggcgggtotcggggcacagecatgacceagtcacyt
agcgatagoggagtgratgggggatoccggaaccottaatataacttogtataatgtatgotatacgaagt
tattaggrooctcogacctgoaggcatgoaagettgtattoctratagtgtcacctaaatcgtatgtgtatga
tacatadggitatgtattdattgtagecgogtictaacgacastatygtacdagectaattgtgtageate
tggettactgasgcagaccotatcatctoetctegraaactgecgteagagteggtttggttggacgaacse
tictgagttictdgtaacgeogttccgeastocggaaatggtcagigaaccaattageagggtoateget
agcecatggetaartotgtocagecgttaagtgttcctgtgteactgaaaattgotttgagaggototaag
ggcrtcteagtgoygttacatocotggettgttgtccacaacogitaaaccttaaaagotttagaagoctt
atatattotittttiicitataaaacttagaacrcttagagygctatttaagttgetgatttatattaattt
tattgttcaaacatgagagettagtacgtyaaacatgagagcttagtacgttagecatgagagaettagta
cgrtagccatdaggattiagttegtiasacatgagagottagtacgttasacatgagageirtagtacgg
aaacatgagagcttagtacgtactatcaacaggttgaactgeggatottgeggcocgcaatcgggcaaatce
gctgaatattecttttgtctecgaccatcaggeacctgagtegetgtotttttegtgacattcagtege
tgcgcteacggotetaggeagtygaatgggggteaatggeactacaggegectttiatggatteatycaagy
daactcaadataatacaagaaaageccgtiacggygottetcagggegtiitatggcgggtctyctatgtg
grdctatetgacttttrgctgttcageagttectgeoctchgattttccagiotgaccactioggattar
ceodtgacdaggtoattcagactggetaatgcacccagtaaggeageggtatcattaacggggtotygacge
tragtggaacgaasactcacgttaagggatittggtcatgagattatcaaasaggatettcacctagate
ctittaaattagdaatgaagitrraaatcaatctaaggratatatgagtagacitggtotgacagttacc
datgettaatcagtgagycacedtotoagogatctgtetatitogticatctatagtigletgactcle
cgtcgtgta@ataaCtacgatacgggagngtt&rcatCtggcctnagtgctgnaatgaragcgcgagag
Ctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgccagt
taatagtrtgeycaacgttyttgecatigotacagucatogtgatytocacgctcgtogtttygratgact
teattcagotecggitoccgacgatcagggrgagriacatgatcccrcatgtitgtgcadadaageagita
gotoottoggtoctecgatagttgrcagaagtaggttgyccgragtytratacteatggriatgacage
actgeataattctcttactygtcatgcoatecgtaagatgctittotgtgactggtgagractcaaccaag
trattctgagaatagtgtatgoggegaccgagttgetettgeecggogteaatacgggataataccgoyge
cacatagcagaactttagaagtgoctcatcattgyagaacgttcttcggggogaaaactetcaaggatett
accgetgrtgagatecagticgatgtaaccraticgtyracoccadetgarcttcagratctttiacutte
accagegtttctigggtyagcasaaaraggaaggraaaatgeiygcaaaddagyggaatiaaggygcgacacgya
datgttgaatactcatactottecttittcaarattattgaageatttatcaggattattgtcteatgag
cggatacatatrtgaatytatttagasaaataagcaaataggggttecgegecacatticccogaaaagty
ccacttgonatocgatgaattgatccgaagttoctattctoctagaaagtataggaacttc

Fig. 15b
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