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Pig model

Field of invention

The present invention relates to a genetically modified pig comprising at least one site
for integration of at least one transgene. The invention also pertains to a recombinant
target vector and uses thereof. Methods are disclosed for the production of genetically
modified pigs.

Background of invention

Transgenic, non-human animals can be used to understand the action of a single gene
or genes in the context of the whole animal and the interrelated phenomena of gene
activation, expression, and interaction. The technology has also led to the production of
models for various diseases in humans and other animals which contributes
significantly to an increased understanding of genetic mechanisms and of genes
associated with specific diseases.

Traditionally, smaller animals such as mice have been used as disease models for
human diseases and have been found to be suitable as models for certain diseases.
However, their value as animal models for many human diseases is quite limited due to
differences in mice compared to humans. Larger transgenic animals are much more
suitable than mice for the study of many of the effects and treatments of most human
diseases because of their greater similarity to humans in many aspects. Particularly,
pigs are believed to be valuable as disease models for human diseases.

Integration of foreign DNA plays a pivotal role in both genetic manipulation of cell lines
and technologies related to therapeutic gene transfer. Current integrations strategies,
based upon for example retroviral, lentiviral or DNA transposon-based vector systems
allow efficient gene insertion, but all suffer from the fact that gene insertion is not
controllable and cannot be directed to predetermined positions in the genomic DNA.
The yeast Flp recombinase, in contrast, facilitates sequence-specific integration ( 7), but
the Flp recombination target sequence (FRT) does not exist in mammalian genomes.
The site of integration is of great importance for the gene expression profile of the
inserted gene. Hence, in some positions the gene will be stably expressed, whereas
other positions are unable to support long-term expression due to strong influences
from the flanking DNA leading to transcriptional silencing. Such actions upon the
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transgene may lead to reduced expression or complete shut-down of expression
depending on cell type or tissue. For several purposes it is therefore of great
importance to direct insertion towards ‘stably’ expressing loci. This may have particular
importance in genetically manipulated animal models in which continued gene
expression in the tissue of interest is essential for genetic studies. As another important
example, cell therapies in which genetically altered effector cells are administered to
patients (as in some cancer immunotherapy protocols) rely on stable transgene

expression from loci that are not silenced over time.

The tyrosine recombinases Flp (2) and Cre, derived from yeast and E.coli phages,
respectively, and the serine recombinase ®C31 from S. lividans phages are cherished
for their site-specific integrating properties. ®C31 has been found to facilitate plasmid
DNA recombination into pseudo recognition sites in the human genome and therefore
has been extensively explored as a tool in gene therapy (3). In case of Flp and Cre,
however, the human genome does not contain recombination target sites and these
sites need to be introduced in the genome prior to successful gene insertion (7).
Although Cre-based recombination has been heavily studied and appears to be a bit
more effectful than Flp in human cells, a now widely used Flp-based integration system
has been commercialized by Invitrogen (cat. no. K6010-01). This system is based on a
FRT sequence contained within a lacZ-Zeocin fusion gene. This FRT-tagged gene is
inserted into cells by nonhomologous recombination, an uncontrolled recombination
process which is believed often to involve concatamer formation, leading to insertion of
more than one copies of the foreign DNA. Characterized cell lines containing this FRT-
lacZzeo insert are currently offered by Invitrogen, allowing researchers to insert
plasmid DNA containing their gene of interest into the FRT-tagged locus on offer in the
particular cell line. This plasmid contains not only the transgene but also a FRT-hygro
cassette that does not contain a start codon. By recombination between the two FRT
sites (one in the genome and one on the plasmid) the start codon of the lacZzeo fusion
is fused to the FRT-hygro cassette, allowing for expression of the hygro gene and
subsequent selection for hygromycin B resistance. This technology facilitates insertion
of the entire plasmid including the bacterial backbone which is believed to have a
negative impact on gene expression in mammalian cells potentially be inducing

posttranscriptional silencing.
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Transcriptional silencing of foreign genetic material is a fundamental problem in gene
transfer and genetic engineering of cells and animals. Due to epigenetic modifications
transgenic animal models therefore often suffer from reduced gene expression, or the
lack of gene activity in tissues in which transcription is required to develop a desired
phenotype. The choice of promoter influences the overall transgene expression profile
in a transgenic animal and to a certain degree the level of gene silencing. However,
positional effects and spreading of heterochromatin from flanking genomic regions are
major contributors to gene silencing, and the site of integration of a transgene is
crucial, therefore, for the fate of a foreign gene. In rodents, well-characterized loci
supporting long-term gene expression have been identified. Based on these findings
transgenic animal models have been generated by inserting genes by homologous
recombination into such preferred sites.

The establishment of cloned pig models of genetic disease, is challenged by problems
in identifying genomic loci that support ubiquitous or, for some models, tissue-specific
expression of an inserted transgene. At present, the information that allows the
insertion of genes into well-suited and predefined loci of porcine cells is not available.
Moreover, by inserting disease genes at random positions we risk to target genomic
sites that are eventually silenced during pig development and growth. Therefore, a
need exists for a genetically modified pig harbouring an insertion site that allows for the
integration of a transgene at a position in the genome wherein the transgene is stably
expressed.

Summary of invention

The present invention concerns a genetically modified pig which allows for integration
of transgenes for example disease-causing genes that will allow the study of said
diseases. The genetically modified pig harbours a site for integration of a transgene in
a stably expressing locus.

The present invention discloses a novel DNA transposon based approach for tagging
the chromosomal DNA of cells of interest by introducing one or more recombination
sites for site specific recombinases. Genes of interest for example genetic
determinants of disease can subsequently be inserted into the genome of the cell by
the use of substrates for recombination carrying the gene of interest.



10

15

20

25

30

35

WO 2008/106985 PCT/DK2008/050058

4

Thus, one aspect of the present invention relates to a genetically modified pig, wherein
the genetically modified genome comprises at least one site for integration of at least

one transgene.

A second aspect of the present invention pertains to a genetically modified porcine
blastocyst derived from the genetically modified pig model, wherein the genetically
modified genome comprises at least one site for integration of at least one transgene,
and/or a genetically modified porcine blastocyst, wherein the genetically modified
genome comprises at least one site for integration of at least one transgene.

Similarly, a third aspect relates to a genetically modified porcine embryo derived from
the genetically modified pig model, wherein the genetically modified genome comprises
at least one site for integration of at least one transgene, and/or a genetically modified
porcine embryo, wherein the genetically modified genome comprises at least one site
for integration of at least one transgene.

Furthermore, a fourth aspect relates to a genetically modified porcine fetus derived
from the genetically modified pig model, wherein the genetically modified genome
comprises at least one site for integration of at least one transgene, and/or a
genetically modified porcine fetus, wherein the genetically modified genome comprises
at least one site for integration of at least one transgene.

A fifth aspect of the present invention pertains to a genetically modified porcine donor
cell and/or cell nucleus derived from the genetically modified pig model, wherein the
genetically modified genome comprises at least one site for integration of at least one
transgene, and/or a genetically modified porcine donor cell and/or cell nucleus, wherein
the genetically modified genome comprises at least one site for integration of at least

one transgene.

It is appreciated that in a preferred embodiment of the present invention the at least
one site for integration of at least one transgene is a heterologous recombination site.

Embodiments for the present invention comprises mini-pigs for example selected from
the group consisting of Goettingen, Yucatan, Bama Xiang Zhu, Wuzhishan and Xi
Shuang Banna, including any combination thereof. In a preferred embodiment the pig,
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embryo, blastocyst, fetus and/or cells thereof is a Goettingen minipig. However,
another embodiment relates to pigs that are not a mini-pig, such as the species of Sus
domesticus, for example where the pig is selected from the group consisting of
Landrace, Yorkshire, Hampshire, Duroc, Chinese Meishan, Berkshire and Piétrain,
including any combination thereof.

Embodiments of the present invention comprises the genetically modified pig, porcine
embryo, blastocyst, fetus and/or cells therof, wherein the genetically modified genome
comprises at least one recombination site for site-specific gene insertion, for example
at least one recombination site for Flp and/or Cre recombinase, or at least one
recombination site is a recombination site for Flp. Thus the genetically modified pig
comprises a transposon tagged genome by a recombinant vector as disclosed herein.
The genetically modified pig may further comprise at least one transgene, displaying a
phenotype associated with disease.

A sixth aspect of the invention pertains to a genetically modified pig, porcine embryo,
blastocyst, fetus and/or donor cell, wherein the genetically modified genome comprises
at least one gene of interest obtained by recombination into the at least one site for
integration. Such a genetically modified pig, porcine embryo, blastocyst, fetus and/or
donor cell is for example obtainable by use of the recombinant vector as disclosed
elsewhere herein and/or by the system described elsewhere herein.

A seventh aspect of the invention pertains to a recombinant target vector comprising a
DNA transposon construct comprising a bicistronic gene cassette comprising (i) at
least one recombination site and ii) an IRES-driven selection gene. Within the scope of
the present invention is for example the recombinant vector, wherein said DNA
transposon is the Sleeping Beauty (SB) DNA transposon. The DNA transposon is for
example selected from the group consisting of the Sleeping Beauty (SB) transposon,
Frog Prince (FP) transposon, Piggybac transposon, Tol2 transposon, Himar 1
transposon and passport transposon. In a particular embodiment the DNA transposon
is the Sleeping Beauty transposon. The recombinant target vector in one embodiment
comprises at least one FRT, attB/P and/or LoxP recombination site. In a preferred
embodiment the recombinant target vector comprises at least one recombination site
in the form of a FRT and/or LoxP recombination site, more preferably a FRT
recombination site. The recombination site is in one embodiment embedded in the
coding sequence of a reporter gene and/or selection gene, for example the eGFP
gene, for example the FRT recombination site is embedded in a SV40 promoter driven
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fusion variant of eGFP. Another embodiment of the present invention relates to the
genes driven by the IRES, wherein said gene is a gene conferring resistance to a drug,
for example a puromycin resistance gene. The recombinant vector further comprises
in another embodiment at least one recognition site for a Cre recombinase., for
example wherein said at least one recognition site for Cre recombinase is located
between the upper inverted repeat of the vector and the SV40 promoter, for example
wherein said at least one recognition site for Cre recombinase is located between the
poly A sequence and the lower inverted repeat of the vector.

A further aspect of the present invention relates to a bi-phase system comprising a
recombinant target vector as disclosed herein and a recombination substrate. A
recombination substrate comprises a fusion of at least one recognition site for a
recombinase and a gene of interest. In one embodiment of this aspect the
recombination substrate is present in a plasmid, an in vitro generated plasmid-derived

minicircle and/or a lentiviral circle.

Yet a further aspect of the present invention relates to a mammalian cell comprising a
DNA transposon tagged genome containing a recombination target site for site-specific
gene integration.In one embodiment of the invention the recombination target site is a
heterologous target site not ordinarily found in the genome of the mammalian cell. In
one embodiment the cell comprises a DNA transposon tagged genome by a
recombinant vector as defined herein. In another embodiment the genome of the cell
further contains at least one recognition site for Cre-recombinase. The mammalian cell
is a somatic cell, for example of porcine origin, for example a fibroblast, such as a
primary somatic cell, for example a porcine primary fibroblast, or a porcine neonatal
fibroblast.

An additional aspect of the present invention pertains to a method for producing a
mammalian cell comprising a DNA transposon tagged genome comprising at least one
recombination target site for site-specific gene insertion comprising the steps of

a) providing a mammalian cell, b) transfecting the cell of a) with a plasmid expressing a
transposase and a recombinant vector comprising a DNA transposon construct and a
bicistronic gene cassette comprising (i) a recombination site and ii) an IRES-driven
selection gene, c) selecting DNA transposon tagged cells. In one embodiment the
method further comprises a step of recombination using the recombination substrate as
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disclosed herein.. The cell of the method is a somatic cell, for example of porcine
origin, for example a fibroblast, such as a primary somatic cell, for example a porcine
primary fibroblast.

A further aspect of the present invention relates to a method for obtaining the
genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell, wherein
the genetically modified genome comprises at least one site for integration of at least
one transgene comprising the steps of i) providing a donor cell, ii) genetically modifying
the donor cell of i) by inserting the recombinant vector as defined herein into the
genome of said donor cell, iii) transferring the modified genome of the donor cell
obtained in ii) into a host cell, iv) obtaining a reconstructed embryo forming an embryo,
v) culturing said embryo; and vii) transferring said cultured embryo to a host mammal
such that the embryo develops into a genetically modified fetus, wherein said
genetically modified embryo obtainable by nuclear transfer comprises steps i) to v)
and/or vi), wherein said genetically modified blastocyst obtainable by nuclear transfer
comprises steps i) to vi) and/or vii), wherein said genetically modified fetus obtainable
by nuclear transfer comprises steps i) to vii)

Yet a further aspect of the present invention concerns a genetically modified pig model,
porcine embryo, blastocyst, fetus and/or donor cell, wherein the genetically modified
genome comprises at least one site for integration of at least one transgene obtainable
by nuclear transfer comprising the steps of i) establishing at least one oocyte having at
least a part of a modified zona pellucida, ii) separating the oocyte into at least two parts
obtaining an oocyte having a nucleus and at least one cytoplast, iii) establishing a
donor cell or cell nucleus with desired genetic properties, iv) fusing at least one
cytoplast with the donor cell or membrane surrounded cell nucleus, v) obtaining a
reconstructed embryo,vi) activating the reconstructed embryo to form an embryo;
culturing said embryo; and vii) transferring said cultured embryo to a host mammal
such that the embryo develops into a genetically modified fetus, wherein said
genetically modified embryo obtainable by nuclear transfer comprises steps i) to v)
and/or vi),wherein said genetically modified blastocyst obtainable by nuclear transfer
comprises steps i) to vi) and/or vii),wherein said genetically modified fetus obtainable
by nuclear transfer comprises steps i) to vii)
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An additional aspect of the present invention pertains to a method for producing a
genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell,
comprising at least one recombination site comprising: i) establishing at least one
oocyte, ii) separating the oocyte into at least three parts obtaining at least one
cytoplast, iii) establishing a donor cell or cell nucleus having desired genetic properties,
such as at least one heterologous recombination site iv) fusing at least one cytoplast
with the donor cell or membrane surrounded cell nucleus, v) obtaining a reconstructed
embryo, vi) activating the reconstructed embryo to form an embryo; culturing said
embryo; and vii) transferring said cultured embryo to a host mammal such that the
embryo develops into a genetically modified fetus, wherein said genetically modified
embryo obtainable by nuclear transfer comprises steps i) to v) and/or vi) , wherein said
genetically modified blastocyst obtainable by nuclear transfer comprises steps i) to vi)
and/or vii), wherein said genetically modified fetus obtainable by nuclear transfer
comprises steps i) to vii)

Yet a further aspect relates to a method for producing a genetically modified pig,
porcine embryo, blastocyst, fetus and/or donor cell comprising:
i) establishing at least one oocyte
ii) separating the oocyte into at least three parts obtaining at least one
cytoplast,
i) establishing a donor cell or cell nucleus having desired genetic
properties, wherein the donor cell is established from a genetically
modified pig carrying in its genome at least one site for integration of at
least one transgene
iv) providing a transgene and integrating said transgene into the donor cell
of iii)
v) fusing at least one cytoplast with the donor cell or membrane
surrounded cell nucleus,
vi) obtaining a reconstructed embryo,
vii) activating the reconstructed embryo to form an embryo;
viii) culturing said embryo; and
ix) transferring said cultured embryo to a host mammal such that the embryo
develops into a genetically modified fetus, wherein said genetically modified
embryo obtainable by nuclear transfer comprises steps i) to v) and/or vi) ,
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wherein said genetically modified blastocyst obtainable by nuclear transfer
comprises steps i) to vi) and/or vii), wherein said genetically modified fetus
obtainable by nuclear transfer comprises steps i) to vii)

A further aspect relates to the genetically modified pig model, porcine embryo,
blastocyst, fetus and/or donor cell of the present invention obtainable by nuclear transfer
comprising the steps of
i) establishing at least one oocyte having at least a part of a modified
zona pellucida,
ii) separating the oocyte into at least two parts obtaining an oocyte
having a nucleus and at least one cytoplast,
i) establishing a donor cell or cell nucleus with desired genetic
properties, wherein the donor cell is established from a genetically
modified pig carrying in its genome at least one site for integration of at
least one transgene
iv) providing a transgene and integrating said transgene into the donor cell
of iii)
v) fusing at least one cytoplast with the donor cell or membrane
surrounded cell nucleus,
vi) obtaining a reconstructed embryo,
vii) activating the reconstructed embryo to form an embryo;
culturing said embryo; and
viii) transferring said cultured embryo to a host mammal such that the embryo
develops into a genetically modified fetus, wherein said genetically modified
embryo obtainable by nuclear transfer comprises steps i) to v) and/or vi) ,
wherein said genetically modified blastocyst obtainable by nuclear transfer
comprises steps i) to vi) and/or vii), wherein said genetically modified fetus
obtainable by nuclear transfer comprises steps i) to vii).

Embodiments of the aspects comprise one or more of the features as defined herein,
wherein the method for activation of the reconstructed embryo is selected from the
group of methods consisting of electric pulse, chemically induced shock, increasing
intracellular levels of divalent cations and reducing phosphorylation. Further
embodiments of the second and third aspects comprise one or more of the features as
defined above, wherein steps d) and f) are performed sequentially or simultaneously,
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and embodiments comprising one or more of the features, wherein the embryo is
cultured in vitro. Such embryo may be cultured in sequential culture. The embryo, for
example at the blastocyst stage, is cryopreserved prior to transfer to a host mammal.
For the methods of the present invention embodiments cover pigs, mini-pigs for
example selected from the group consisting of Goettingen, Yucatan, Bama Xiang Zhu,
Wuzhishan and Xi Shuang Banna, including any combination thereof. However,
another embodiment relates to pigs that are not a mini-pig, such as the species of Sus
domesticus, for example where the pig is selected from the group consisting of
Landrace, Yorkshire, Hampshire, Duroc, Chinese Meishan, Berkshire and Piétrain,
including any combination thereof.

In a final aspect of the present invention the recombinant vector described herein is
used for the production of genetically modified mammalian cells, comprising at least
one site for integration of a transgene.

Description of Drawings

Figure 1 shows the bi-phased technology of the present invention in which an
integrating SB vector, carrying a reporter gene and a selective marker gene, serves as
a reporter for continuous gene expression and hence as a target for gene insertion. In
a second modification step this vector may serve as a target for insertion of one or

more gene expression cassettes in a well-characterized locus.

Figure 2 shows a Sleeping Beauty docking vector system for controlled porcine
transgenesis by Flp-directed gene insertion. A) Schematic description of the SB
transposon plasmid used in the first step of transgenesis. The pSBT/SV40-FGIP
plasmid includes a gene cassette flanked by LIR and RIR elements which enable
transposition of the gene insert in the presence of SB transposase. The gene cassette
includes the SV40 promoter driving the expression of a transcript encoding eGFP and
the puromycin resistance gene. Co-expression of the proteins is achieved by the
presence of an internal ribosomal entry site (IRES) after the eGFP coding region. In the
5’-region of the eGFP gene (immediately flanking the start codon) is inserted an FRT
site that allows Flp-mediated recombination. After transposase-mediated integration
into the host genome, the gene cassette represents an acceptor locus for further
transgenesis. The FRT site is located just 3" of the start codon of eGFP and thus
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enable a controlled recombination event that separates this start codon from the rest of
the eGFP gene and, accordingly, abolishes eGFP translation. B) Schematic
representation of the Flp donor plasmid, used in the second step of transgenesis, and
the result of Flp-directed transgenesis. The Flp donor plasmid contains the CMV
promoter which controls the expression of a transcript encoding the DsRed protein
which is used as a marker. In addition, the donor plasmid includes a promoter-free
gene cassette including the hygromycin B resistance gene and a polyadenylation
signal. The 5’-region of the hygromycin resistance gene is modified to include a FRT
recombination site and to lack a translational start codon. The lower part of the figure
illustrates Flp-mediated recombination for insertion of the donor sequence into the
acceptor locus.

Figure 3 shows the transposition efficiency of pSBT/RSV-GFIP by co-transfecting with
pCMV-SB and pCMV-mSB, respectively, in HEK-293 cells. As expected the GFIP
transposon was efficiently transposed into the genomic DNA thereby conferring
resistance to puromycin. Fig. 3, insert, shows an example of a puromycin-resistant
colony generated with two-plasmid transfections, stable eGFP expression was verified
by fluorescence microscopy.

Figure 4 shows Sleeping Beauty transposition in porcine fibroblasts. A) Schematic
description of the pSBT/PGK-puro plasmid used to examine the potential of SB
transposons for transgenesis in neonatal pig fibroblasts (NPFs). A puromycin
resistance gene driven by the PGK promoter is flanked by LIR and RIR sequences. B)
NPFs support SB transgenesis. 2.6 x 10* NPFs were co-transfected with pSBT/PGK-
puro and with plasmid DNA encoding one of the following three variants of SB
transposase: mSB which represents an inactive transposase variant, SB10 which is the
original SB transposase, and HSB3 which is a hyperactive transposase variant. The
experiments were carried out in triplicates and the number of cell colonies was counted

after 9 days of puromycin selection.

Figure 5 shows that transgenesis by SBT/SV40-FGIP transposition is dependent of a
functional transposase. The pSBT/SV40-FGIP plasmid was transfected together the
plasmid DNA encoding mSB, SB10, or HSB3. The number of puromycin-resistant
colonies was counted after 9 days of puromycin selection. Representative colonies
were analyzed by phase contrast and epi-fluorescence microscopy to determine
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homogeneity in eGFP expression. The cell lines analyzed were in A) HEK-293, B) NIH-
3T3, and C) NPFs.

Figure 6 shows substitution of transgenes by Flp-mediated recombination. A) and B).
Flp-based gene insertion into integrated SB docking vector. NIH3T3 and HEK293 cell
lines derived from pSBT/SV40-FGIP-mediated transgenesis (seeded at 8 x 10°
cells/dish) were re-transfected with the FRT donor plasmid in the presence (+) or
absence (-) of plasmid DNA encoding the Flp recombinase. The number of hygromycin
B-resistant colonies was counted. The cell clones used were in A) derived from NIH-
3T3 cells and in B) from HEK293 cells. C) Flp-mediated recombination is possible in
NPFs. To identify Flp-mediated recombination event in NPFs, cellular DNA was purified
from cells co-transfected with the FRT donor plasmid and the Flp expression vector
and from control cells with the donor plasmid but lacking Flp expression. A PCR
amplification was performed with a forward primer located downstream of LIR in
pSBT/SV40-FGIP transposon and a reverse primer at the beginning of the hygromycin
B gene located in the donor plasmid. Molecular weight markers are shown to the left.
D) Fluorescence analysis of Flp-mediated gene shifting. Cells from HEK-293 clone 4
containing the SBT/SV40-FGIP transposon were re-transfected with the FRT donor
plasmid and the Flp expression vector. After the indicated number of days the
presence of green fluorescence and red fluorescence was determined by
epifluorescence analysis of cell clones obtained under hygromycin B selection. The
upper two panels (labelled *-Flp’) show the HEK-293 cell clone used in the analysis. In
the bottom part, puromycin selection was re-introduced resulting in cellular death. E)
Fluorescence analysis of Flp-mediated gene shifting in NPFs. Experimental conditions
were as described in D).

Figure 7 shows that transgenic NPFs give rise to viable porcine blastocysts. A)
Fluorescence analysis of the NPF colony used for nuclear transfer. The cell clone was
derived from NPFs co-transfected with the pSBT/SV40-FGIP vector and the pCMV-
HSB3.Topo plasmid coding for the hyperactive SB transposase. After selecting with
puromycin for 9 days the cell clone was analyzed by microscopy and the cells
subsequently propagated. B) SBT/SV40-FGIP-transgenic NPF cells give rise to viable
blastocysts. A representative blastocyst derived by nuclear transfer from the cells
shown in A) was analyzed by fluorescence microscopy. The green fluorescent colour is
evident in the inner cell mass (ICM) and in the trophoblast (TB) layer in particular.
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Figure 8 To facilitate Flp-based gene insertion into integrated SB vectors HEK-GFIP1,
HEK-GFIP2, and HEK-GFIP3 were co-transfected with pcDNA/FRT (containing the
FRT-hygro fusion gene) and pCMV-FIpx9. Upon subsequent hygromycin B selection
312, 53, and 1800 drug-resistant colonies appeared in the three cell lines shown in
figure 3.

Figure 9 shows a schematic representation of circular DNA intermediates that are
generated during lentivirus infection and which are often considered dead-end reverse-
transcribed products of infection. 2-LTR DNA circles are generated by DNA repair and
ligation of the full-length linear viral DNA (Fig. 4, left), whereas 1-LTR DNA circles are
generated by homologous recombination between the two LTRs of the episomal and
linear viral DNA (Fig. 4, right). We hypothesized that these circles, generated during
lentiviral vector transduction, may support Flp-based recombination, allowing site-
specific integration of DNA circles devoid of bacterial sequences (Fig. 4, bottom)

Figure 10 To maximize circle formation and accumulation we generated integration-
defective lentiviral vectors (ID-LVs) which contained a mutated inactive integrase
protein. We generated a lentiviral vector, pLV/FRT-hygro.PGK-puro, that contains the
FRT-hygro recombination sequence and found in transduction titer assays that this
vector was only slightly less efficiently transferred in comparison to the original vector

Figure 11 shows HEK-GFIP3 cells were transfected with pCMV-Flpx9 and on the
following day transduced transfected cells with ID-LV/FRT-hygro.PGK-puro at a
MOI~100. Based on transfection and transduction of about 107 cells, we obtained in
triplicate assays on average approximately 20 hygromycin B-resistant colonies (Fig.
6A). Background activity was not registered in cells transfected with pUC19 prior to ID-
LV/FRT-hygro.PGK-puro-transduction. PCR amplifications using as template genomic
DNA from 10 of the hygromycin B-resistant colonies verified that DNA circles had been
inserted site-specifically into SB-tagged loci (Fig. 6B). PCR across the FRT integration
site resulted in band sizes indicative of specific gene insertion, whereas primers that
amplified sequences containing the LTR region(s) of the integrated circles resulted in
amplicons with either one or two LTRs (Fig. 6B)

Figure 12 shows triplicate assays using the indicated substrates.
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Figure 13 ID-LV co-transduction results in site-specific lentiviral DNA circle insertion.
Figure 14 shows a schematic representation of pPSBT/RSV-GFIP.

Figure 15 shows transposition of SB vectors in porcine fibroblasts. A standard
transposon encoding a puromycin resistance gene (SBT/PGK-puro) was employed and
varying levels of transposition were detected, resulting in about 75 drug-resistant
colonies in cultures of fibroblasts co-transfected with pSBT/PGK-puro and pCMV-SB,
less than 3 colonies appeared after transfection with pSBT/PGK-puro and pCMV-mSB,
the latter which encodes an inactive version of the transposase. Interestingly, a mean
of almost 140 colonies was obtained using the hyperactive transposase variant HSB3,
indicating that HSB3 also in porcine cells mediates higher levels of transposition
compared to the original SB transposase.

Figure 16 shows efficient insertion of a FRT-tagged SB vector in pig fibroblasts
SB-tagged cell clones containing a Flp recombination target site for site-specific gene
insertion were co-transfected the pSBT/loxP.SV40-lopP257 plasmid with pCMV-mSB,
pCMV-SB, and pCMV-HSBS, respectively. HSB3 again showed the highest activity,

resulting in about 30 drug-resistant colonies after transfection of 3 H 10* fibroblasts.

Figure 17 shows clone analysis by fluorescence microscopy of isolated and expanded
puromycin-resistant colonies demonstrates efficient FRTeGFP expression

Figure 18 shows a gene shift with the help of the Sleeping Beauty (SB) DNA
transposon technology and Flpe recombination is presented in this example. We
inserted into HEK 293 cells a SB transposon containing an eGFP gene and an frt site.
The frt site enables gene shifting with a donor plasmid containing the RFP gene as well

as an frt site.

Figure 20 shows a gene shift in HEK293 cells derived from clone 4. The eGFP gene
linked to a puromycin resistant gene is shiftet with a RFP gene linked to a hygromycin

gene.
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Figure 21 top shows the transposase efficiency in fibroblast cells of a mini pig, using a
PGK (phosphoglycerate kinase) promoter — puromycin transposon; lower diagram
shows the transposase efficiency in fibroblast cells of a mini pig, using a modified GFIP

transposon.

Figure 22 shows viable cells and blastocysts comprising a transposon tagged genome
carrying an eGFP gene.

Figure 23. (a) Oocytes trisection; (b) couplets of fibroblast-oocyte fragment for the first
fusion; (c) embryos reconstructed with triplets (note elongation under the AC currency);
(d) triplets fusion. Scale bar = 50 pm.

Figure 24 (a) In vitro matured oocytes after partial zona digestion. (b) Delipated
oocytes after centrifugation. (c) Bisection of delipated oocytes. (d) Couplets of
fibroblast-oocyte fragment for the first fusion. (e) Four-cell stage reconstructed embryos
developed from delipated oocytes. (f) Four-cell stage reconstructed embryos
developed from intact oocytes. (g) Re-expanded blastocysts from delipated embryos
after warming. (h) Hoechst staining and UV illumination of re-expanded blastocysts
from delipated embryos after warming. Bar represents 100 um.

Figure 25. Bisection at chemically assisted enucleation. Note the extrusion cone or
polar body connected to the smaller part (putative karyoplast). Stereomicroscopic
picture. Bar represents 50 um.

Figure 26. Hoechst staining and UV illumination of the absence and presence of
chromatin. UV light, inverted fluorescent microscopic picture. Bar represents 50 um. (a)
The absence of chromatin in putative cytoplasts (b) The presence of chromatin in

putative karyoplasts.

Figure 27. Stereomicroscopic picture of Day 7 blastocysts produced with chemically
assisted handmade enucleation (CAHE). Bar represents 50 ym.

Figure 28. Hoechst staining and UV illumination of blastocyst developed after
chemically assisted handmade enucleation (CAHE). Bar represents 50 um.
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Detailed description of the invention

In the description that follows, a number of terms used in molecular biology are utilized.
In order to provide a clear and consistent understanding of the specification and claims,
including the scope to be given such terms, the following definitions are provided.

The terms ‘transgenic’ pig and ‘genetically modified’ pig are used in identical meaning
herein.

The terms ‘transgene’ and ‘gene of interest’ are used herein in identical meaning
herein.

The term ‘recombination substrate’ is herein also referred to as ‘donor plasmid’.

The term ‘DNA transposon tagged genome’ refers to a genome in which a DNA
transposon based DNA vector construct has been introduced. The introduced DNA
transposon-based vector construct is also referred to as the integrated docking vector,
for example the integrated SB docking vector (puro+, eGFP+).

IRES is short for internal ribosome entry site, which is a nucleotide sequence that
allows for translation initiation in the middle of a messenger RNA (mRNA) sequence as
part of the greater process of protein synthesis. Usually, in eukaryotes, translation can
only be initiated at the 5' end of the mRNA molecule, since 5' cap recognition is
required for the assembly of the initiation complex. IRES mimics the 5' cap structure,
and is recognized by the 40S pre-initiation complex. When an IRES segment is located
between two reporter open reading frames in a eukaryotic mRNA molecule (a
bicistronic mMRNA), it can drive translation of the downstream protein coding region
independently of the 5'-cap structure bound to the %' end of the mRNA molecule. In
such a setup both proteins are produced in the cell. The first reporter protein located in
the first cistron is synthesized by the cap-dependent initiation approach while
translation initiation of the second protein is directed by the IRES segment located in
the intercistronic spacer region between the two reporter protein coding regions.

Transposons are mobile genetic elements. Transposons are structurally variable, being
described as simple or compound, but typically encode a transposition catalyzing
enzyme, termed a transposase, flanked by DNA sequences organized in inverted
orientations. For a more thorough discussion of the characteristics of transposons, one
may consult Mobile Genetic Elements, D. J. Sherratt, Ed., Oxford University Press
(1995) and Mobile DNA, D. E. Berg and M. M. Howe, Eds., American Society for
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Microbiology (1989), Washington, D.C. both of which are specifically incorporated
herein by reference.

Recombination Sites

A key feature of the recombination reactions mediated by the above-noted
recombination proteins are recognition sequences, often termed "recombination sites,"
on the DNA molecules participating in the recombination reactions. These
recombination sites are discrete sections or segments of DNA on the participating
nucleic acid molecules that are recognized and bound by the recombination proteins
during recombination. For example, the recombination site for Cre recombinase is loxP
which is a 34 base pair sequence comprised of two 13 base pair inverted repeats
(serving as the recombinase binding sites) flanking an 8 base pair core sequence. See
FIG. 1 of Sauer, B., Curr. Opin. Biotech. 5:521-527 (1994). Other examples of
recognition sequences include the attB and attP sequences which are recognized by
the recombination protein 1 Int. attB is an approximately 25 base pair sequence
containing two 9 base pair core-type Int binding sites and a 7 base pair overlap region,
while attP is an approximately 240 base pair sequence containing core-type Int binding
sites and arm-type Int binding sites as well as sites for auxiliary proteins integration
host factor (IHF), FIS and excisionase (Xis). See Landy, Curr. Opin. Biotech. 3:699-707
(1993).

The term "genetic determinant” is used herein to refer to a single-stranded or double-
stranded “polynucleotide molecule” or “nucleic acid” comprising a structural gene of
interest. The “genetic determinant” encodes a protein not ordinarily made in
appreciable amounts in the target cells. Thus, “genetic determinants” include nucleic
acids which are not ordinarily found in the genome of the target cell. “Genetic
determinants” also include nucleic acids which are ordinarily found within the genome
of the target cell, but is in a form which allows for the expression of proteins which are
not ordinarily expressed in the target cells in appreciable amounts. Alternatively,
“genetic determinants” may encode a variant or mutant form of a naturally-occurring

protein.

The terms "polynucleotide" and "nucleic acid" are used interchangeably, and, when
used in singular or plural, generally refers to any polyribonucleotide or
polydeoxribonucleotide, which may be unmodified RNA or DNA or modified RNA or
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DNA. Thus, for instance, polynucleotides as defined herein include, without limitation,
single- and double-stranded DNA, DNA including single- and double-stranded regions,
single- and double-stranded RNA, and RNA including single- and double-stranded
regions, hybrid molecules comprising DNA and RNA that may be single-stranded or,
more typically, double-stranded or include single- and double-stranded regions. In
addition, the term "polynucleotide" as used herein refers to triple-stranded regions
comprising RNA or DNA or both RNA and DNA. The strands in such regions may be
from the same molecule or from different molecules. The regions may include all of one
or more of the molecules, but more typically involve only a region of some of the
molecules. One of the molecules of a triple-helical region often is an oligonucleotide.
The term "polynucleotide" specifically includes cDNAs. The term includes DNAs
(including cDNAs) and RNAs that contain one or more modified bases. Thus, DNAs or
RNAs with backbones modified for stability or for other reasons are "polynucleotides”
as that term is intended herein. Moreover, DNAs or RNAs comprising unusual bases,
such as inosine, or modified bases, such as tritiated bases, are included within the term
"polynucleotides" as defined herein. In general, the term "polynucleotide" embraces all
chemically, enzymatically and/or metabolically modified forms of unmodified
polynucleotides, as well as the chemical forms of DNA and RNA characteristic of

viruses and cells, including simple and complex cells.

As used herein, a nucleotide is a base-sugar-phosphate combination. Nucleotides are
monomeric units of a nucleic acid molecule (DNA and RNA). The term nucleotide
includes ribonucleoside triphosphates ATP, UTP, CTG, GTP and deoxyribonucleoside
triphosphates such as DATP, dCTP, dITP, dUTP, dGTP, dTTP, or derivatives thereof.
Such derivatives include, for example, [.alpha.S]JdATP, 7-deaza-dGTP and 7-deaza-
dATP. The term nucleotide as used herein also refers to dideoxyribonucleoside
triphosphates (ddNTPs) and their derivatives. lllustrated examples of
dideoxyribonucleoside triphosphates include, but are not limited to, ddATP, ddCTP,
ddGTP, ddITP, and ddTTP.

As used herein, a promoter is an example of a transcriptional regulatory sequence, and
is specifically a DNA sequence generally described as the 5'-region of a gene located
proximal to the start codon. The transcription of an adjacent DNA segment is initiated
at the promoter region.
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The term ‘ recombination site’ is a recognition sequence on a nucleic acid molecule
participating in an integration/recombination reaction by recombination proteins.
Recombination sites are discrete sections or segments of nucleic acid on the
participating nucleic acid molecules that are recognized and bound by a site-specific
recombination protein during the initial stages of integration or recombination. For
example, the recombination site for Cre recombinase is loxP which is a 34 base pair
sequence comprised of two 13 base pair inverted repeats (serving as the recombinase
binding sites) flanking an 8 base paircore sequence. See FIG. 1 of Sauer, B., Curr.
Opin. Biotech. 5:521-527(1994). Other examples of recognition sequences include the
attB, attP, attL, and attR sequences described herein, and mutants, fragments, variants
and derivatives thereof, which are recognized by the recombination protein 1 Int and by
the auxiliary proteins integration host factor (IHF), FIS and excisionase (Xis). See
Landy, Curr. Opin. Biotech. 3:699-707 (1993).

As used herein, a vector is a nucleic acid molecule (preferably DNA) that provides a
useful biological or biochemical property to an Insert. Examples include plasmids,
phages, autonomously replicating sequences (ARS), centromeres, and other
sequences which are able to replicate or be replicated in vitro or in a host cell, or to
convey a desired nucleic acid segment to a desired location within a host cell. A vector
can have one or more restriction endonuclease recognition sites at which the
sequences can be cut in a determinable fashion without loss of an essential biological
function of the vector, and into which a nucleic acid fragment can be spliced in order to
bring about its replication and cloning. Vectors can further provide primer sites, e.g., for
PCR, transcriptional and/or translational initiation and/or regulation sites,
recombinational signals, replicons, selectable markers (ie. selection genes).

Genetic modification

The present invention pertains to a genetically modified pig, porcine embryo,
blastocyst, fetus and/or donor cell wherein the genetically modified genome comprises
at least one site for integration of at least one transgene.

It will be appreciated that the invention does not comprise processes for modifying the
genetic identity of pigs which are likely to cause them suffering without any substantial

medical benefit to man or animal, or animals resulting from such processes.
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The present invention also relates to modified pig embryos, blastocysts, donor cells
and/or fetuses obtainable by the methods described herein.

The methods for producing the pig model described herein do not encompass a
surgical step performed on the pig.

The present invention relates to a genetically modified pig, wherein the genetically
modified genome comprises at least one site for integration of at least one transgene.
However, the present invention also relates to porcine blastocysts, embryos, fetuses
and/or cells (for example cells to be used as donor cells in nuclear transfer) derived
from the genetically modified pig the genome of which comprises at least one site for
integration of at least one transgene.

Within the scope of the present invention are also genetically modified porcine
blastocysts, embryos, fetuses and/or cells, wherein the genetically modified genome
comprises at least one site for integration of at least one transgene. Such genetically
modified porcine blastocysts, embryos, fetuses and/or cells may be obtained by use of
the recombinant target vector, and/or system of the present invention, followed by

nuclear transfer as described elsewhere herein.

It is appreciated that the genetically modified pig, porcine blastocysts, embryos, fetuses
and/or cells (donor cells and/or cell nucleus) in the genome comprise more than one
site for integration of at least one transgene. Thus, the genome comprises two, 3, 4, 5,
6,7, 8,9, 10, 15, 20 sites for integration of at least one transgene.

The at least one site for integration of at least one transgene is in a preferred
embodiment a recombination site. The at least one site for integration is a heterologous
recombination site (nucleic acids), which is not ordinarily found in the genome of the
pig, porcine blastocysts, embryos, fetuses and/or cells (donor cells and/or cell nucleus).
The present invention takes advantage of the Cre-Lox recombination technology
involving the recombination of sequences between lox P sites by the Cre recombinase
protein. In another embodiment the vector comprises sequences of site directed
recombination technology, namely the involving the recombination of sequences
between FRT sites by the Flp (and enhanced Flp, Flpe) recombination enzyme derived
from Saccharomyces cerevisiae. In yet another embodiment the vector of the present
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invention takes advantage of the attB/P-®C31 recombination technology, wherein the
vector comprises attB/P recognition sequences for the ®C31recombinase. Thus, the
recombination technology used in the present invention may be selected from the
group consisting of the Cre-LoxP, Flp-FRT, Flpe-FRT and attB/P- #C31 systems.

Accordingly, the at least one site for integration of at least one transgene present in the
genome of of the pig, porcine blastocysts, embryos, fetuses and/or cells (donor cells
and/or cell nucleus) is a recombination site for a recombinase. Non-limiting examples
of recombination sites are recombination sites for Flp, Flpe, Flpx9, ®C32 and/or Cre
recombinase. Thus, in one embodiment the at least one site for integration of at least
one transgene present in the genome of of the pig, porcine blastocysts, embryos,
fetuses and/or cells (donor cells and/or cell nucleus) is a recombination site for
recombinases selected from the group consisting of Flp, Flpe, Flpx9 and Cre
recombinase. In another embodiment the recombination site for recombinases is
selected from the group consisting of Flp, Flpe and attB/P. In preferred embodiment the
recombination site is for the Flp recombinase. However, in another preferred
embodiment the at least one recombination site is for Flpe or Flpx9 recombinase.

Non-limiting examples of the at least one site for integration of at least one transgene
present in the genome of the pig, porcine blastocysts, embryos, fetuses and/or cells
(donor cells and/or cell nucleus) are FRT, attB, attP, attB/P and Lox P recombination
sites. Thus, the at least one site for integration present in the genome of of the pig,
porcine blastocysts, embryos, fetuses and/or cells (donor cells and/or cell nucleus) is
selected from the group consisting of FRT, attB/P and Lox P. It is within the scope of
the present invention that the at least one site for integration is any of FRT, attB, attP,
attB/P or Lox P, in separate embodiments or in any combination. In a preferred
embodiment the at least one site for integration is a FRT site (SEQ ID NO.: 1). In
another preferred embodiment the at least one site for integration is a Lox P site for
example the wtLoxP (SEQ ID NO.:2), or the core thereof (SEQ ID NO.:3), or for
example the LoxP257 (SEQ ID NO.:4), or the core thereof (SEQ ID NO.:5). In yet
another preferred embodiment the at least one site for integration is a full length attB
site (SEQ ID NO.:6, or an attB core site (SEQ ID NO.:7), or for example an attP site
(SEQ ID NO.:8).
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In one embodiment the genome of the genetically modified pig, porcine blastocysts,
embryos, fetuses and/or cells (donor cells and/or cell nucleus) comprise at least one
selection gene and/or reporter gene. The selection gene is any gene conferring
resistance to a drug as described elsewhere herein. In a preferred embodiment the
gene is a puromycin resistance gene (SEQ ID NO.:9). Alternatively, the selection gene
is the eGFP gene (SEQ ID NO.:10).

In another embodiment the genome of the genetically modified pig, porcine blastocysts,
embryos, fetuses and/or cells (donor cells and/or cell nucleus) comprise at least one
IRES element, for example the IRES element of SEQ ID NO:11.

Furthermore, the genome of the genetically modified pig, porcine blastocysts, embryos,
fetuses and/or cells (donor cells and/or cell nucleus) comprises in another embodiment
promoter sequences. A number of suitable promoters are listed elsewhere herein. In
one preferred embodiment the promoter is a Rous sarcoma virus (RSV) promoter
(SEQ ID NO:12), simian virus 40 (SV40) promoter (SEQ ID NO:13), and/or the
promoter of ubiquitin (Ubi) (SEQ ID NO:14).

However, in another embodiment the genome of the genetically modified pig, porcine
blastocysts, embryos, fetuses and/or cells (donor cells and/or cell nucleus) comprise
left inverted repeat and/or right inverted repeat originating from the SB transposon
(SEQ ID NO:15).

The pig, porcine blastocysts, embryos, fetuses and/or cells (donor cells and/or cell
nucleus) of the present invention further comprise elements of the recombinant target
vector as described elsewhere herein. When the recombinant target vector of the
present invention is integrated into the genome of the pig, porcine blastocysts,
embryos, fetuses and/or cells (donor cells and/or cell nucleus) the recombinant target
vector is referred to as the integrated SB docking vector and the genome is referred to
as the transposon-tagged genome obtained by integration of the recombinant target
vector pSBT/SV40-GFIP.loxP (SEQ ID NO:16) or part therof, transcriptional product or
part thereof and/or translational product or part thereof, or the pSBT/RSV-GFIP (SEQ
ID NO:17) or part therof, transcriptional product or part thereof and/or translational
product or part thereof, or pSBT/SV40-GFIP (SEQ ID NO:18) or part therof,
transcriptional product or part thereof and/or translational product or part thereof, or
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pSBT/SV40-GFIP.loxP (SEQ ID NO:19) or part therof, transcriptional product or part
thereof and/or translational product or part thereof.

In one preferred embodiment the at least one site for integration is a recombination site
for site-specific transgene insertion. Transposons are sequences of DNA that can
move around to different positions within the genome of a single cell and transposons
are therefore often referred to as mobile genetic elements. A DNA transposon acts by
cut and paste, using a transposase enzyme which binds to single-stranded DNA and
incorporates it into genomic DNA. Different types of transposase work in different ways.
Some can bind to any part of the DNA molecule, and the target site can therefore be
anywhere, while others bind to specific sequences. Transposase makes a staggered
cut at the target site producing sticky ends, cuts out the transposon and ligates it into
the target site. A DNA polymerase fills in the resulting gaps from the sticky ends and
DNA ligase closes the sugar-phosphate backbone. This results in target site duplication
and the insertion sites of DNA transposons may be identified by short direct repeats (a
staggered cut in the target DNA filled by DNA polymerase) followed by inverted repeats
(which are important for the transposon excision by transposase). Thus, in the present
context site-specific transgene insertion is characterised by the site in which the
transposase has inserted the transposon. The site in which the transposon is inserted
may be at a position in the genome which is partially or fully silenced due to for
example epigenetic modifications of the heterochromatin of the host. In a preferred
embodiment of the present invention the at least one site for integration is a
recombination site for site-specific transgene insertion, wherein the at least one site for

integration is positioned in the genome such that the transgene is expressed.

The present invention also relates to genetically modified pigs porcine blastocysts,
embryos, fetuses and/or cells (donor cells and/or cell nucleus) comprising at least one
site for integration and further comprising at least one transgene. Preferably, the at
least one transgene is inserted into the at least one site for integration that is into the at

least one recombination site.

The transgene of the present invention may be any transgene. In one embodiment the
transgenes are disease-causing genes and/or genes which modifiy genes present in
the pig, embryo, blastocyst, fetus and/or cell thereof, causing the expression of the
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endogenous genes to be altered. Such modifications give rise to animal models for
studying a number of phenotypes of disease.

To identify loci that support stable ubiquitous expression and facilitate site-specific
transgene insertion into such sites, a novel two-step gene insertion protocol for
modification of primary porcine fibroblasts and generation of cloned transgenic pigs is
presented here.

The insertion protocol is based on a recombinant target vector comprising a DNA
transposon-based construct comprising a bicistronic gene cassette comprising (i) a
recombination site and (ii) an IRES-driven selection gene.

Recombinant target vector

One aspect the present invention relates to a recombinant target vector comprising a
DNA transposon based construct comprising a bicistronic gene cassette comprising (i)
at least one recombination site and ii) an IRES-driven selection gene or part thereof.
The recombinant target vector can be integrated into the genome of a pig, embryo,
blastocyst, fetus and/or cells thereof and serve as a target for the insertion of a
transgene positioned on a donor plasmid.

The DNA transposon-based construct may be any construct in which any DNA
transposon or part thereof is present. This allows the precise manipulation of an
organism's DNA under controlled conditions in vivo. The DNA transposon of the
present invention is selected from the group consisting of the Sleeping Beauty (SB)
transposon, Frog Prince (FP) transposon, Piggybac transposon, Tol2 transposon,
Himar 1 transposon. In another embodiment the DNA transposon is selected from the
group constisting of the SB transposon, the FP transposon and Piggybac transposon,
or from the group consisting of the FP transposon, the Piggybac transposon, the Tol2
transposon and the Himar 1 transposon. However, the DNA transposon may be
selected from any of the SB transposson, the FP transposon and Piggybac transposon,
or from the group consisting of the FP transposon, the Piggybac transposon, the Tol2
transposon and the Himar 1 transposon. In the present invention in one embodiment
the DNA transposon of the DNA transposon-based construct is the DNA transposon
construct known as the Sleeping Beauty (SB) DNA transposon vector.
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The vector of the present invention employs a site-specific recombination technology,
which involves recombination sequences between binding sites for recombinases.
When cells comprise site-specific integration sites (or recombination sites) for
recombinases, a reciprocal recombination event occurs in the presence of a
recombinase between the integration sites. The double stranded DNA is cut at both
recombination sites and then subsequently ligated. The consequences of
recombination depend on the orientation of the site-specific recombination sites. When
two recombination sites are present on one segment of DNA (eg. on one chromosome
arm), inverted recombination sites will cause an inversion, while a direct repeat of
recombination sites will result in a deletion event. In the case where the two
recombination sites are present on two different segments of DNA, a translocation
event takes place.

In one embodiment the vector takes advantage of the Cre-Lox recombination
technology involving the recombination of sequences between lox P sites by the Cre
recombinase protein. In another embodiment the vector comprises sequences of site
directed recombination technology, namely the involving the recombination of
sequences between FRT sites by the Flp recombination enzyme derived from
Saccharomyces cerevisiae. In yet another embodiment the vector of the present
invention takes advantage of the attB/P-®C31 recombination technology, wherein the
vector comprises attB/P recognition sequences for the ®C31recombinase. Thus, the
recombination technology used in the present invention may be selected from the
group consisting of the Cre-LoxP, Flp-FRT, Flpe-FRT and attB/P/ ®C31 systems.
Accordingly, the vector of the present invention harbors the recognition sequence
selected from the group consisting of LoxP, FRT and attB/P.

However, the examples of recombination systems and recognition sequences listed
above are non-limiting examples, as any recombination system functioning as
disclosed herein may be used. In one preferred embodiment the vector harbors Lox P
recombination sites for Cre, or even more preferred the vector harbors FRT recognition
sites for Flp.

Selection and reporter genes

The selection gene present in the recombinant target vector and/or the genome of the
pig, porcine blastocysts, embryos, fetuses and/or cells (donor cells and/or cell nucleus)
of the present invention is not limited to any particular selection gene. In the present
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context the term ‘selection gene’ thus comprises reporter genes such as any reporter
genes that can be used to evaluate whether transposition has occurred. For example
the reporter gene is selected from the group consisting of the enhanced green
fluorescent protein (eGFP), lac Z, dsRed, enhanced yellow fluorescent protein (€YFP),
enhanced cyan fluorescent protein (eCFP), enhanced blue fluorescent protein (eBFP)
and the human alpha-1-antitrypsin (hAAT).

The selection gene may be any gene suitable for selecting cells harbouring the
constructs of the present invention. Typically the selection gene is a gene that confers
resistance to antibiotics or drugs. Examples of such selection genes is the puromycin
resistance gene (Puro), the tetracycline resistance gene, the streptomycin resistance
gene, the hygromycin B resistance gene (Hygro), the zeocin resistance gene (zeo), the
neomycin resistance gene (neo),and the blasticidin resistance gene (Bst). Therefore,
the selection gene of the present invention is selected from the group consisting of
puromycin resistance gene (Puro), the tetracycline resistance gene, the streptomycin
resistance gene, the hygromycin B resistance gene (Hygro), the zeocin resistance
gene (zeo), the neomycin resistance gene (neo) and the blasticidin resistance gene
(Bst). In a preferred embodiment the selection gene is selected from the group
consisting of puromycin resistance gene (Puro), the hygromycin B resistance gene
(Hygro), the zeocin resistance gene (zeo), the neomycin resistance gene (neo) and the
blasticidin resistance gene (Bst). It is appreciated that the resistance gene is selected
from any of puromycin resistance gene (Puro), the tetracycline resistance gene, the
streptomycin resistance gene, the hygromycin B resistance gene (Hygro), the zeocin
resistance gene (zeo), the neomycin resistance gene (neo) or the blasticidin resistance
gene (Bst).

The selection gene is in one embodiment driven by an IRES element.

In a preferred embodiment the IRES-driven selection gene of the recombinant target
vector and/or the genome of the pig, porcine blastocysts, embryos, fetuses and/or cells
(donor cells and/or cell nucleus) of the present invention confers resistance to a drug,
preferably puromycin.

Position of selection genes

The recombination site of the recombinant target vector and/or the genome of the pig,
porcine blastocysts, embryos, fetuses and/or cells (donor cells and/or cell nucleus) of
the present invention may be embedded in the coding sequence of a selection gene
which allows for detecting whether a transposition has occurred. According to the
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present invention the recombination site present in the vector is embedded in the
coding sequence of any suitable reporter gene. The FRT, LoxP and/or attB/P
recognition sites may thus be embedded in any of non-limiting examples of reporter
genes listed herein..

For example, the FRT is embedded in the coding sequence of eGFP, lac Z, dsRed,
eYFP, eCFP, eBFP or hAAT. Similarly, the LoxP is embedded in the coding sequence
of eGFP, lac Z, dsRed, eYFP, eCFP, eBFP or hAAT. Moreover, the attB/P is
embedded in the coding sequence of eGFP, lac Z, dsRed, eYFP, eCFP, eBFP or
hAAT. In a preferred embodiment the recombination site is embedded in the coding
sequence of eGFP.

The recombination site may thus be embedded in a promoter driven fusion variant of
the selection gene. Thus, in one embodiment the recombination site is embedded in a
SV40 promoter driven fusion variant of the selection gene. In one preferred
embodiment the FRT site is embedded in a SV40 promoter driven fusion variant of
eGFP. In another preferred embodiment wherein said FRT recombination site is
embedded in a ubiquitin promoter driven fusion variant of eGFP. In yet a preferred
embodiment the FRT site is embedded in a RSV promoter driven fusion variant of
eGFP. However, any promoter suitable for conferring expression of a selection gene
may be used according to the present invention. Non-limiting examples of such
promoters are the promoter of Rous sarcoma virus (RSV), promoter of cytomegalo
virus (CMV), the promoter of simian virus 40 (SV40),the ubquitin promoter (Ubi), the
promoter of the human elongation factor 1a (EF1 a), the promoter of the human
phosphoglycerate kinase (PGK) or the promoter of the inducible CMV Tet On/Off.
Thus, the promoter is selected from the group consisting of the promoter of Rous
sarcoma virus (RSV), promoter of cytomegalo virus (CMV), the promoter of simian
virus 40 (SV40), the promoter of the human elongation factor 1a (EF1 a), the promoter
of the human phosphoglycerate kinase (PGK) and the promoter of the inducible CMV
TetOn/Off. In one preferred embodiment the promoter is selected from the group
consisting of the SV40, CMV and PGK promoter.

However, according to the present invention, the promoter may be selected from any of
the promoter of Rous sarcoma virus (RSV), promoter of the cytomegalo virus (CMV),
the promoter of simian virus 40 (SV40), the promoter of the human elongation factor 1a
(EF1 a), the promoter of the human phosphoglycerate kinase (PGK) or the promoter of
the inducible CMV Tet On/Off. In a preferred embodiment the promoter is the RSV
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promoter. In another preferred embodiment the promoter is the Ubi promoter. In yet
another preferred embodiment the promoter is the SV40 promoter.

IRES

An internal ribosome entry site, abbreviated IRES, is a nucleotide sequence that allows
for translation initiation in the middle of a messenger RNA (mMRNA) sequence as part of
the greater process of protein synthesis. Usually, in eukaryotes, translation can only be
initiated at the 5' end of the mRNA molecule, since 5' cap recognition is required for the
assembly of the initiation complex. IRES mimics the 5' cap structure, and is recognized
by the 40S pre-initiation complex. When an IRES segment is located between two
reporter open reading frames in a eukaryotic mMRNA molecule (a bicistronic mRNA), it
can drive translation of the downstream protein coding region independently of the 5'-
cap structure bound to the 5' end of the mRNA molecule. In such a setup both proteins
are produced in the cell. The first reporter protein located in the first cistron is
synthesized by the cap-dependent initiation approach while translation initiation of the
second protein is directed by the IRES segment located in the intercistronic spacer
region between the two reporter protein coding regions.

The IRES of the present invention is any IRES capable of driving the expression of a
selection gene independently of the 5’ cap structure bound to the 5’ end of the mRNA
molecule. Non-limiting examples of IRES elements are IRES from poliovirus,
rhinovirus, encephalomyocarditis virus (EMCV), Hepatitis A virus, hepatitis C virus,
Friend murine leukaemia virus, Moloney murine leukaemia virus, Rous sarcoma virus
and human immunodeficiency virus. In a preferred embodiment the IRES of the
present invention originates from EMCV.

The internal ribosome entry site, IRES, -driven selection gene is similarly not limited to
any particular selection gene. In preferred embodiments the selection gene are genes
conferring resistance to antibiotics or drugs, such as puromycin, tetracycline,
streptomycin or hygromycin resistance genes, or the enhanced green fluorescent
protein (eGFP) gene, red fluorescent protein genes or the like.

The recombinant vector construct may also comprise at least one recombination site
for Cre recombinase and/or ®C31 recombinase. The at least one site for Cre
recombinase may be located as disclosed in the examples herein. In a preferred
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embodiment the recognition site for Cre recombinase is located between the poly A
sequence and the lower inverted repeat of the vector.

Embodiments of the present invention are vectors such as a Sleeping Beauty DNA
transposon-based vector which in its integrated form as a integrated SB docking vector
serves as a target for Flp recombinase-based gene insertion, a Cre recombinase-
based gene insertion or a ®C31 recombinase-based gene insertion.

In a first step, the vector of the present invention is transferred by cut-and-paste
transposition into the genome of a mammalian cell, for example a somatic cell and
therefore is not flanked by bacteria-derived plasmid sequences. By determining the
vector-derived reporter gene expression in the target cell such as a mammalian cell,
embryos or animals created by for example hand-made cloning, microinjection or other
cloning techniques, it is possible to characterize individual animals with a desired
expression profile. In a second step, target cells having desired expression profiles are
propagated, and/or for example primary fibroblasts are isolated from animals as
described above. The target site for the recombinase, such as for Flp, Cre and/or
®C31 recombinase located within the integrated vector of the present invention, is
subsequently utilized for site-specific gene insertion, producing a cell in which a gene
of interest is inserted into a location in the target cell for which the expression profile is
known. Subsequently, such cells harbouring the at least one gene of interest may form
the basis for propagation of a cell line. In addition, the described cell may be used for a
second round of cloning, such as for the production of an animal with a desired
phenotype employing said cell in a second round of hand-made cloning, microinjection
or other cloning techniques.

The vector of the present invention may further comprise at least one insulator
element. The insulator element serves to stabilise the gene expression of the gene of
interest when integrated into the genome of a target cell, and thus avoid potential
epigenetic silencing. In one embodiment of the present invention the at least one
insulator element is 1.2 kb of the cHS4 (chicken DNase hypersensitive site 4-derived
insulator element). The at least one insulator element is flanking the promoter-
selection gene fusion. In one preferred embodiment two insulator elements are present

in the vector.
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The present invention pertains to a mammalian cell comprising a transposon tagged
genome containing at least one recombination target site for site-specific gene
integration of at least one gene of interest. In one preferred embodiment the at least
one recombination site is the Flp recombination target site for site-specific gene
insertion or integration.

In yet a further aspect the present invention relates to a mammalian cell comprising at
least one gene of interest obtained by use of the bi-phased system of the present

invention.

The mammalian cell comprises a DNA transposon tagged genome using the
recombinant target vector of the present invention and/or using th bi-phased system of

the present invention.

The mammalian cell as referred to herein is not confined to any particular cell type. The
mammalian cell may thus be immune cells such as T-cells, epithelial cells, endothelial
cells, fibroblast cells, cells from lung, heart, liver or neuronal cells. The mammalian cell
may be of human, porcine, murine, canine or feline origin. In particular embodiments of
the present invention the mammalian cell is immortal antitumorigenic cytotoxic T cells
of human origin. In a preferred embodiment, the mammalian cell is a somatic cell,
preferably of porcine origin. In a preferred embodiment the somatic cell is a porcine
fibroblast cell, for example a primary somatic cell, or a porcine neonatal fibroblast cell.

The gene of interest is prior to recombination into the integrated vector (integrated
docking vector) of the present invention located on a substrate for the recombinases.
The substrates are characterised by the presence of a fusion between at least one
recognition site and a gene of interest for example a selection gene and/or a gene
conferring the establishment of a desired phenotype or genotype of the cell. In one
preferred embodiment the substrate comprises a promoter driving the expression of a
gene of interest followed by a polydenylation signal, at least one recombination site and
a selection gene without a functional ATG start codon followed by a polyadenylation
sequence. One example is the Flpe donor plasmid shown in figure 2. The selection
gene may be selected from the group of selection genes listed above and similarly the
recognition site may be selected from the recognition sites as described elsewhere
herein. The fusion of the at least one recognition site and selection gene may be
present in a DNA construct, such as a plasmid, an in vitro- generated plasmid-derived
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minicircle and/or lentiviral DNA circles. Non-limiting examples of such DNA constructs
are for example plasmids containing FRT-hygro fusion cassette (SEQ ID NO:20) , or in-
vitro generated plasmid-derived minicircles containing a FRT-hygro cassette, or
lentiviral DNA circles containing a FRT-hygro cassette.

Lentiviral DNA circles are unintegrated lentiviral DNA in the form of so-called 2 LTR
circles or 1 LTR circles. In the present invention the lentiviral DNA circles result from
integration defective lentiviral vectors. In one embodiment of the present invention the
lentiviral DNA originates from lentiviruses such as human immunodeficiency virus 1 or

simian immunodeficiency virus 1.

The introduced gene or transgene, transcriptional and/or translational product or part
thereof may originate from any species, including bacteria, pig, human, mouse, rat,
yeast, invertebrates, or plants. Regulatory sequences of the transgene may drive
ubiquitous or inducible or tissue- and/or time-specific expression and may also
originate from any species including pig, human, mouse, rat, yeast, invertebrates, or

plants.

Thus, a further aspect of the present invention relates to a bi-phase system for site-
directed integration of genes of interest. The system comprises the recombinant target
vector of the present invention and a recombination substrate. The recombination
substrate comprises a fusion of at least one recognition site (recombination site) for a
recombinase and a gene of interest. The recombination substrate is present in a
plasmid, an in vitro generated plasmid-derived minicircle and/or a lentiviral circle as
described elsewhere herein.

In a preferred embodiment for producing genetically modified pigs the mammalian cell
is a porcine primary fibroblast.
Primary fibroblasts are fibroblasts derived directly from excised skin as explants.

It will be appreciated that the invention does not comprise processes for modifying the
genetic identity of pigs which are likely to cause them suffering without any substantial

medical benefit to man or animal, or animals resulting from such processes.
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The present invention also relates to genetically modified pig embryos obtainable by
the methods described herein.

The methods for producing the pig model described herein do not encompass a
surgical step performed on the pig.

Sequence identity

Functional equivalents and variants are used interchangeably herein. In one preferred
embodiment of the invention there is also provided variants of the genes listed herein,
the recombination sites, selection genes, transposons, recombinases, promoters as
listed herein. When being polypeptides, variants are determined on the basis of their
degree of identity or their homology with a predetermined amino acid sequence of the
present invention, or, when the variant is a fragment, a fragment of any of the

aforementioned amino acid sequences, respectively.

Accordingly, variants preferably have at least 91 % sequence identity, for example at
least 91% sequence identity, such as at least 92 % sequence identity, for example at
least 93 % sequence identity, such as at least 94 % sequence identity, for example at
least 95 % sequence identity, such as at least 96 % sequence identity, for example at
least 97% sequence identity, such as at least 98 % sequence identity, for example 99%
sequence identity with the predetermined sequence.

The following terms are used to describe the sequence relationships between two or

more polynucleotides: "predetermined sequence”, "comparison window", "sequence

identity", "percentage of sequence identity", and "substantial identity".

A "predetermined sequence" is a defined sequence used as a basis for a sequence
comparision; a predetermined sequence may be a subset of a larger sequence, for
example, as a segment of a full-length DNA or gene sequence given in a sequence
listing, or may comprise a complete DNA or gene sequence. Generally, a
predetermined sequence is at least 20 nucleotides in length, frequently at least 25
nucleotides in length, and often at least 50 nucleotides in length.

Since two polynucleotides may each (1) comprise a sequence (i.e., a portion of the
complete polynucleotide sequence) that is similar between the two polynucleotides,
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and (2) may further comprise a sequence that is divergent between the two
polynucleotides, sequence comparisons between two (or more) polynucleotides are
typically performed by comparing sequences of the two polynucleotides over a
"comparison window" to identify and compare local regions of sequence similarity. A
"comparison window", as used herein, refers to a conceptual segment of at least 20
contiguous nucleotide positions wherein a polynucleotide sequence may be compared
to a predetermined sequence of at least 20 contiguous nucleotides and wherein the
portion of the polynucleotide sequence in the comparison window may comprise
additions or deletions (i.e., gaps) of 20 percent or less as compared to the
predetermined sequence (which does not comprise additions or deletions) for optimal
alignment of the two sequences.

Optimal alignment of sequences for aligning a comparison window may be conducted
by the local homology algorithm of Smith and Waterman (1981) Adv. Appl. Math. 2:
482, by the homology alignment algorithm of Needleman and Wunsch (1970) J. Mol.
Biol. 48: 443, by the search for similarity method of Pearson and Lipman (1988) Proc.
Natl. Acad. Sci. (U.S.A.) 85: 2444, by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software
Package Release 7.0, Genetics Computer Group, 575 Science Dr., Madison, Wis.), or
by inspection, and the best alignment (i.e., resulting in the highest percentage of
homology over the comparison window) generated by the various methods is selected.

The term "sequence identity" means that two polynucleotide sequences are identical
(i.e., on a nucleotide-by-nucleotide basis) over the window of comparison. The term
"percentage of sequence identity" is calculated by comparing two optimally aligned
sequences over the window of comparison, determining the number of positions at
which the identical nucleic acid base (e.g., A, T, C, G, U, or I) occurs in both sequences
to yield the number of matched positions, dividing the number of matched positions by
the total number of positions in the window of comparison (i.e., the window size), and
multiplying the result by 100 to yield the percentage of sequence identity. The terms
"substantial identity" as used herein denotes a characteristic of a polynucleotide
sequence, wherein the polynucleotide comprises a sequence that has at least 85
percent sequence identity, preferably at least 90 to 95 percent sequence identity, more
usually at least 99 percent sequence identity as compared to a predetermined
sequence over a comparison window of at least 20 nucleotide positions, frequently
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over a window of at least 25-50 nucleotides, wherein the percentage of sequence
identity is calculated by comparing the predetermined sequence to the polynucleotide
sequence which may include deletions or additions which total 20 percent or less of the
predetermined sequence over the window of comparison. The predetermined
sequence may be a subset of a larger sequence, for example, as a segment of the full-
length modified porcine or human Ps1 sequence, or porcine or human APP sequence
polynucleotide sequence illustrated herein.

Sequence identity is determined in one embodiment by utilising fragments of peptides
comprising at least 25 contiguous amino acids and having an amino acid sequence
which is at least 80%, such as 85%, for example 90%, such as 95%, for example 96%,
such as 97%, for example 98%, such as 99% identical to the amino acid sequence of
for example the products of selection genes, wherein the percent identity is determined
with the algorithm GAP, BESTFIT, or FASTA in the Wisconsin Genetics Software
Package Release 7.0, using default gap weights.

Conservative amino acid substitutions:

Substitutions within the groups of amino acids, shown below, are considered
conservative amino acid substitutions. Substitutions between the different groups of
amino acids are considered non-conservative amino acid substitutions.

P, A, G, S, T (neutral, weakly hydrophobic)

Q, N, E, D, B, Z (hydrophilic, acid amine)

H, K, R (hydrophilic, basic)

F, Y, W (hydrophobic, aromatic)

L, I, V, M (hydrophobic)

C (cross-link forming)

By the term “transcriptional or translational products” is meant herein products of gene
transcription, such as a RNA transcript, for example an unspliced RNA transcript, a
mRNA transcript and said mRNA transcript splicing products, and products of gene
translation, such as polypeptide(s) translated from any of the gene mRNA transcripts
and various products of post-translational processing of said polypeptides, such as the
products of post-translational proteolytic processing of the polypeptide(s) or products of
various post-translational modifications of said polypeptide(s).
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As used herein, the term “transcriptional product of the gene” refers to a pre-
messenger RNA molecule, pre-mRNA, that contains the same sequence information
(albeit that U nucleotides replace T nucleotides) as the gene, or mature messenger
RNA molecule, mRNA, which was produced due to splicing of the pre-mRNA, and is a
template for translation of genetic information of the gene into a protein.

Pigs

The present invention relates to a genetically modified pig, wherein the genetically
modified genome comprises at least one site for integration of at least one transgene.
The pig of the present invention may be any pig.

In one embodiment of the present invention the pig or porcine cells originate from a
wild pig. In another embodiment the pig is the domestic pig, Sus scrofa, such as S.
domesticus. In yet another embodiment the invention relates to mini pigs, as well as to
inbred pigs. The pig can be selected e.g. from the group consisting of Landrace,
Yorkshire, Hampshire, Duroc, Chinese Meishan, Berkshire and Piétrain, such as the
group consisting of Landrace, Yorkshire, Hampshire and Duroc, for example the group
consisting of Landrace, Duroc and Chinese Meishan, such as the group consisting of
Berkshire, Pietrain, Landrace and Chinese Meishan, for example the group consisting
of Landrace and Chinese Meishan. In one embodiment, the pig is not a mini-pig.

In another embodiment of the present invention the pig is a mini-pig and the mini-pig is
preferably selected from the group consisting of Goettingen, Yucatan, Bama Xiang
Zhu, Wuzhishan and Xi Shuang Banna. Thus, the present invention relates to any of
Goettingen, Yucatan, Bama Xiang Zhu, Wuzhishan and Xi Shuang Banna separately

or in any combination.

Due to its size and weight of about 200 kg the domestic pig is not easily handled in a
laboratory setting. A preferred alternative to the domestic pig is the Goettingen
(Géttingen) mini-pig that weighs about 30 kg. Therefore, a preferred embodiment the
pig of the present invention is the Goettingen mini pig.
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Methods for producing the mammalian cell of the present invention

The present invention also relates to a method for producing a mammalian cell
comprising a SB tagged genome containing a Flp or Flpe recombination target site for
site-specific gene insertion. The method for producing a mammalian cell comprises a
DNA transposon tagged genome comprising a recombination target site for site-
specific gene insertion comprises the steps of a) providing a mammalian cell, b)
transfecting the cell of a) with a plasmid expressing a transposase and a recombinant
vector comprising a DNA transposon-based construct carrying a bicistronic gene
cassette comprising (i) a recombination site and ii) an IRES-driven selection gene, c¢)
selecting DNA transposon tagged cells. The recombinant vector may comprise any
DNA-transposon as described elsewhere herein. In one embodiment the recombinant
target vector comprises a DNA transposon in the form of a Sleeping Beauty
transposon. In one embodiment the recombinant target vector comprising a DNA
transposon construct and a bicistronic gene cassette comprising (i) a FRT
recombination site and ii) an IRES-driven selection gene, such as for example a
puromycin resistance gene. Thus, the method comprises a) providing a mammalian
cell, b) transfecting the cell of a) with a plasmid expressing a transposase and a
recombinant target vector comprising a DNA transposon construct and a bicistronic
gene cassette comprising (i) a FRT recombination site and ii) an IRES-driven selection
gene, c) selecting SB tagged cells.

The transposon tagged cells, for example Sleeping Beauty tagged cells are selected by
antibiotics or any agent allowing for the selection of transposon tagged cells. A number
of selection agents are described elsewhere herein. A person skilled in the art will
appreciate which antibiotic to use given that a specific antibiotic resistance gene is
present in the transposon tagged cells. One example is the use of puromycin as
selection agent, given that the puromycin resistance gene is present in the transposon
tagged cell.

As described elsewhere herein the mammalian cell may be any cell. In one
embodiment in which the mammalian cell is subsequently to be used for producing a
genetically modified pig by nuclear transfer according to the hand-made protocol as
described herein, the mammalian cell is preferably a porcine cell, a fibroblast and most
preferred a porcine primary fibroblast or a neonatal porcine fibroblast.
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It is appreciated that a desired transgene may be integrated directly into the at least
one site for integration present in the genome of the cell. However, the cell in which the
genome carries the at least one site for integration is in another embodiment used as a
donor cell for the production of a genetically modified pig by for example microinjection
of the donor cell or nucleus thereof into a oocyte or by for example somatic nuclear
transfer. In a preferred embodiment the donor cell or the nucleus thereof is used for the
production of a genetically modified pig by somatic nuclear transfer using the
procedure as described elsewhere herein.

The transgene or gene of interest to be integrated in the targeted cells of the present
invention is not limited to any particular gene. In one embodiment the gene to be
integrated is a disease-causing gene which results in the formation of a genetically
modified pig, embryo, blastocyst, fetus and/or donor cell displaying a phenotype of

interest.

The integration of the transgene into the at least one site for integration present in the
genome of the cell is employed by transfection into the cell of plasmid DNA containing
the gene of interest and also a FRT sites, and a plasmid expressing the Flp-
recombinase used to support integration at the FRT sites. In another preferred
embodiment the integration of the transgene into the at least one site for integration
present in the genome of the cell is employed by transfection into the cell of plasmid
DNA containing the gene of interest and also a FRT sites, and a plasmid expressing
the Flpe- recombinase used to support integration at the FRT sites.

Methods for producing the genetically modified pig of the present invention

The genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell of the
present invention may be produced using any technique in which modified genetic
material is transferred from at donor cell to a host cell, such as an enucleated oocyte. A
number of techniques exist such as introducing genetic material from a genetically
modified somatic cell into an enucleated oocyte by for example microinjection or by
nuclear transfer. The present invention provides improved procedures for cloning pigs
by nuclear transfer which refers to the introduction of a full complement of nuclear DNA

from one cell to an enucleated cell.
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In cloning, the transfer of the nucleus of a somatic (body) cell or somatic cell into an
egg cell (oocyte) which has had its own nucleus removed (denucleated or enucleated)
is called somatic cell nuclear transfer. The new individual will develop from this
reconstructed embryo and be genetically identical to the donor of the somatic cell.

In the present invention a genetically modified pig, porcine embryo, blastocyst, fetus
and/or donor cell is obtainable by somatic cell nuclear transfer comprising the steps of
a) establishing at least one oocyte having at least a part of a modified zona pellucida,
b) separating the oocyte into at least two parts obtaining an oocyte and at least one
cytoplast, ¢) establishing a donor cell or cell nucleus having desired genetic properties,
d) fusing at least one cytoplast with the donor cell or membrane surrounded cell
nucleus, e) obtaining a reconstructed embryo f) activating the reconstructed embryo to
form an embryo; culturing said embryo; and g) transferring said genetically modified
embryo to a host mammal such that the embryo develops into a genetically modified
fetus, wherein said genetically modified embryo obtainable by nuclear transfer
comprises steps a) to g) or f); wherein said genetically modified blastocyst obtainable
by nuclear transfer comprises steps a) to f) or g); wherein said genetically modified
fetus obtainable by nuclear transfer comprises steps a) to g.

However, the present invention also relates to a method for producing a transgenic pig,
porcine embryo, blastocyst, fetus and/or donor cell comprising the steps of a)
establishing at least one oocyte, b) separating the oocyte into at least three parts
obtaining at least two cytoplasts, c) establishing a donor cell or cell nucleus having
desired genetic properties, d) fusing at least one cytoplast with the donor cell or
membrane surrounded cell nucleus, e) obtaining a reconstructed embryo, f) activating
the reconstructed embryo to form an embryo; culturing said embryo; and g) transferring
said genetically modified embryo to a host mammal such that the embryo develops into
a genetically modified fetus, wherein said genetically modified embryo obtainable by
nuclear transfer comprises steps a) to g) or f); wherein said genetically modified
blastocyst obtainable by nuclear transfer comprises steps a) to f) or g); wherein said
genetically modified fetus obtainable by nuclear transfer comprises steps a) to g.

Furthermore, the present invention relates to a method for producing a transgenic pig,
porcine embryo, blastocyst, fetus and/or donor cell comprising the steps of a)
establishing at least one oocyte, b) separating the oocyte into at least three parts
obtaining at least two cytoplasts, ¢) establishing a donor cell or cell nucleus having
desired genetic properties, wherein the donor cell or cell nucleus is established from a
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genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell carrying in
its genome at least one site for integration of at least one transgene, d) providing a
transgene and integrating said transgene into the donor cell of ¢), d) fusing at least one
cytoplast with the donor cell or membrane surrounded cell nucleus, e) obtaining a
reconstructed embryo, f) activating the reconstructed embryo to form an embryo;
culturing said embryo; and g) transferring said genetically modified embryo to a host
mammal such that the embryo develops into a genetically modified fetus, wherein said
genetically modified embryo obtainable by nuclear transfer comprises steps a) to g) or
f); wherein said genetically modified blastocyst obtainable by nuclear transfer
comprises steps a) to f) or g); wherein said genetically modified fetus obtainable by
nuclear transfer comprises steps a) to g.

It is appreciated that the genetic determinant in one embodiment is the at least one
heterologous site for integration of at least one transgene. Preferably the heterologous
ste for integration is a recombination site for a recombinase as described in detail

elsewhere herein.

The various parameters are described in detail below.

Oocyte

The term ‘oocyte’ according to the present invention means an immature female
reproductive cell, one that has not completed the maturing process to form an ovum
(gamete). In the present invention an enucleated oocyte is the recipient cell in the

nuclear transfer process.

The oocytes according to the present invention are isolated from oviducts and/or
ovaries of a mammal. Normally, oocytes are retrieved from deceased pigs, although
they may be isolated also from either oviducts and/or ovaries of live pigs. In one
embodiment the oocytes are isolated by oviductal recovery procedures or transvaginal
recovery methods. In a preferred embodiment the oocytes are isolated by aspiration.
Oocytes are typically matured in a variety of media known to a person skilled in the art
prior to enucleation. The oocytes can also be isolated from the ovaries of a recently
sacrificed animal or when the ovary has been frozen and/or thawed. Preferably, the
oocytes are freshly isolated from the oviducts.

Oocytes or cytoplasts may also be cryopreserved before use. While it will be
appreciated by those skilled in the art that freshly isolated and matured oocytes are
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preferred, it will also be appreciated that it is possible to cryopreserve the oocytes after
harvesting or after maturation. If cryopreserved oocytes are utilised then these must be
initially thawed before placing the oocytes in maturation medium. Methods of thawing
cryopreserved materials such that they are active after the thawing process are well-
known to those of ordinary skill in the art. However, in general, cryopreservation of
oocytes and cytoplasts is a very demanding procedure, and it is especially difficult in
pigs, because of the above mentioned general fragility of pig oocytes and cytoplasts,
and because of the high lipid content that makes them very sensitive to chilling injury
(i.e. injury that occurs between +15 and +5°C during the cooling and warming

procedure).

In another embodiment, mature (metaphase Il) oocytes that have been matured in vivo,
may be harvested and used in the nuclear transfer methods disclosed herein.
Essentially, mature metaphase Il oocytes are collected surgically from either
nonsuperovulated or superovulated pigs 35 to 48 hours past the onset of estrus or past
the injection of human chorionic gonadotropin (hCG) or similar hormone.

Where oocytes have been cultured in vitro, cumulus cells that are surrounding the
oocytes in vivo may have accumulated may be removed to provide oocytes that are at
a more suitable stage of maturation for enucleation. Cumulus cells may be removed by
pipetting or vortexing, for example, in the presence of in the range of 0.1 t0 5 %
hyaluronidase, such as in the range of 0.2 to 5% hyaluronidase , for example in the
range of 0.5 to 5 % hyaluronidase, such as in the range of 0.2 to 3% hyaluronidase , for
example in the range of 0.5 to 3 % hyaluronidase, such as in the range of 0.5 t0 2 %
hyaluronidase , for example in the range of 0.5 to 1% hyaluronidase, such as 0.5%
hyaluronidase.

The first step in the preferred methods involves the isolation of a recipient oocyte from
a suitable pig. In this regard, the oocyte may be obtained from any pig source and at
any stage of maturation.

The stage of maturation of the oocyte at enucleation and nuclear transfer has been
reported to be of significance for the success of nuclear transfer methods. Immature
(prophase ) oocytes from pig ovaries are often harvested by aspiration. In order to
employ techniques such as genetic engineering, nuclear transfer and cloning, such
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harvested oocytes are preferably matured in vitro before the oocyte cells may be used

as recipient cells for nuclear transfer.

Preferably, successful pig embryo cloning uses the metaphase Il stage oocyte as the
recipient oocyte because it is believed that at this stage of maturation the oocyte can
be or is sufficiently activated to treat the introduced nucleus as if it were a fertilising
sperm. However, the present invention relates to any maturation stage of the oocyte
which is suitable for carrying out somatic cell nuclear transfer, embryos, blastocysts,
and/or transgenic pigs obtainable by the method of somatic cell nuclear transfer of the

present invention.

The in vitro maturation of oocytes usually takes place in a maturation medium until the
oocyte has reached the metaphase |l stage or has extruded the first polar body. The
time it takes for an immature oocyte to reach maturation is called the maturation period.

In a preferred embodiment of the present invention the oocyte is from sow or gilt,
preferably from a sow.

The donor (somatic cell or nucleus of somatic cell) and recipient (cytoplast) involved in
the cell nuclear transfer method according to the present invention is a pig. Likewise,
reconstructed embryos may be implanted in a pig according to the present invention.
The different pigs suitable as donor, recipient or foster mother are described elsewhere
herein.

The donor pig according to the present invention may be female, or male. The age of
the pig can be any age such as an adult, or for example a fetus.

Embryo

According to the present invention a reconstructed embryo (i.e. single cell embryo)
contains the genetic material of the donor cell. Subsequently, the reconstructed embryo
divides progressively into a multi-cell embryo after the onset of mitosis. In vitro the
onset of mitosis is typically induced by activation as described herein.

In the present invention the term ‘embryo’ also refers to reconstructed embryos which
are embryos formed after the process of nuclear transfer after the onset of mitosis by
activation. Reconstructed embryos are cultured in vitro.



10

15

20

25

30

WO 2008/106985 PCT/DK2008/050058

42

When the embryo contains about 12-16 cells, it is called a "morula". Subsequently, the
embryo divides further and many cells are formed, and a fluid-filled cystic cavity within
its center, blastocoele cavity. At this stage, the embryo is called a "blastocyst". The
developmental stage of the “fertilized” oocyte at the time it is ready to implant; formed
from the morula and consists of an inner cell mass, an internal cavity, and an outer

layer of cells called trophectodermal cells.

The blastocyst according to the present invention may be implanted into the uterus of a
host mammal, in particular a pig, preferably a Goettingen minipig and continues to
grow into a fetus and then an animal.

In the methods provided herein for producing genetically modified or transgenic non-
human mammal, for cloning a non-human mammal, for culturing a reconstructed
embryo, and /or for cryopreservation of a pig embryo, the embryo may be cultured in
vitro. The embryo may for example be cultured in sequential culture. It will be
appreciated that the embryo may be a normal embryo, or a reconstructed embryo as
defined elsewhere herein.

The present invention thus relates to a modified porcine embryo, blastocyst and/or
fetus derived from the genetically modified pig model as disclosed herein and/or the
modified porcine embryo, wherein the genetically modified genome comprises at least
one site for integration of at least one transgene.

Cytoplast
An oocyte or a part of an oocyte from which the nucleus has been removed.

Donor Cell
By the term ‘donor cell’ of the present invention is meant somatic cell and/or cells
derived from the germ line.

By the term ‘somatic cell’ of the present invention is meant any (body) cell from an
animal at any stage of development. For example somatic cells may originate from
fetal, neonatal or adult tissue. Especially preferred somatic cells are those of foetal or
neonatal origin. However, cells from a germ line may also be used. According to the
present invention a donor cell is a somatic cell. In another embodiment of the present

invention the donor cell is a cell derived from a germ cell line.
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In a preferred embodiment of the present invention the donor cell harbours desired
genetic properties. However, the donor cell may harbour desired genetic properties
which have been gained by genetic manipulation as described elsewhere herein. The
present invention thus relates to a modified porcine donor cell (or cell nucleus), derived
from the genetically modified pig model as disclosed herein and/or the modified porcine
donor cell or cell nucleus, wherein the genetically modified genome comprises at least
one site for integration of at least one transgene.

Somatic cells are selected from the group consisting of epithelial cells, neural cells,
epidermal cells, keratinocytes, hematopoietic cells, melanocytes, chondrocytes,
lymphocytes (B and T lymphocytes), erythrocytes, macrophages, monocytes,

mononuclear cells, fibroblasts, cardiac muscle cells, and other muscle cells.

These may be obtained from different organs, e. g., skin, lung, pancreas, liver,
stomach, intestine, heart, reproductive organs, bladder, kidney, urethra and other

urinary organs.

The pigs from which the somatic cells may be derived are described elsewhere herein.
A preferred embodiment of the invention is the use of somatic cells originating from the

same species as the recipient oocyte (cytoplast).

Preferably, the somatic cells are fibroblast cells as the can be obtained from both
developing fetuses and adult animals in large quantities. Fibroblasts may furthermore
be easily propagated in vitro. Most preferably, the somatic cells are in vitro cultured
fibroblasts of foetal origin.

In a preferred embodiment the somatic cells are genetically modified. In yet a further
preferred embodiment of the present invention the somatic cells are preferably of foetal

origin, or for example from adults.

The donor cell or nucleus of the present invention harbours desired genetic properties.
The donor cell or nucleus carries a SB tagged genome containing a Flp recombination
target site for site specific gene insertion or integration. The SB tagged genome result
from the integration of a recombinant target vector comprising a DNA transposon
construct and a bicistronic gene cassette comprising (i) a FRT recombination site and
(i) an IRES-driven selection gene. The DNA transposon construct may be any
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construct in which any DNA transposon is present. In the present invention the DNA
transposon construct is the Sleeping Beauty (SB) DNA transposon vector. The FRT
recombination site may be embedded in the coding sequence of a selection gene
which allows for detecting whether a transposition has occurred. The selection gene of
the present invention is not limited to any particular selection gene. In preferred
embodiments the selection gene are genes conferring resistance to antibiotics or
drugs, such as puromycin, tetracycline, streptomycin or hygromycin resistance genes,
or the enhanced green fluorescent protein (eGFP) gene, red fluorescent protein genes
or the like.

The FRT recombination site may thus be embedded in a SV40 promoter driven fusion
variant of the selection gene. However, any promoter suitable for conferring expression
of a selection gene may be used according to the present invention. Non-limiting
examples of such promoters are CMV (cytomegalovirus) or PGK promoter.

The IRES-driven selection gene is similarly not limited to any particular selection gene.
In preferred embodiments the selection gene are genes conferring resistance to
antibiotics or drugs, such as puromycin, tetracycline, streptomycin or hygromycin
resistance genes, or the enhanced green fluorescent protein (eGFP) gene, red
fluorescent protein genes or the like.

The recombinant vector construct may also comprise at least one site for Cre
recombinase. The at least one site for Cre recombinase may be located as disclosed in
the examples herein.

The donor cell or nucleus may also originate from a genetically modified pig comprising
at least one site for integration of at least one transgene. A preferred embodiment is a
donor cell or nucleus in the form of a fibrobast, such as a primary fibroblast.

Enucleation

The method of enucleation of an oocyte may be selected from the group of methods
consisting of aspiration, physical removal, use of DNA-specific fluorochromes,
exposure to ultraviolet light and/or chemically assisted enucleation. In one embodiment
the present invention relates to the use of DNA-specific fluorochromes.

Enucleation may, however, be performed by exposure with ultraviolet light. In a
particular embodiment enucleation is chemically assisted prior to physical removal of
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the nucleus. Chemically assisted enucleation using for example antineoplastic agents,
such as demecolcine (N-deacetyl-N-methyl 1 colchicine), and/or for example etoposide
or related agents may be performed prior to enzymatic modification of zona pellucida.
Chemically assisted enucleation comprises culturing matured COCs in maturation
medium as described elsewhere herein supplemented with demecolcine for a particular
period of time. In the range of 0.1 pg/ml to 10 pg/ml demecolcine, such as 0.2 ug/ml to
10 pg/ml, for example 0.3 pg/ml to 10 pg/ml, such as 0.25 pg/ml to 5 pg/ml, for
example 0.3 pg/ml to 1 pg/ml, such as 0.25 pg/ml to 0.5 pg/ml, for example 0.4 pg/mi
demecolcin may be supplemented to the maturation medium. Similarly, maturation
medium may be supplemented with etoposide for example in the range of 0.1 pg/ml to
10 pg/ml etoposide, such as 0.2 ug/ml to 10 pg/ml, for example 0.3 pg/ml to 10 pg/ml,
such as 0.25 pg/ml to 5 ug/ml, for example 0.3 pg/ml to 1 pg/ml, such as 0.25 pg/ml to
0.5 pg/ml, for example 0.4 ug/ml etoposide may be supplemented to the maturation
medium. The time for culturing the COCs in the presence of antineoplastic agents
ranges from 10 min to 5 hrs, such as 30 minutes to 5 hrs, for example 10 minutes to 2
hrs, such as 30 min to 2 hrs, for example 10 min to 1.5 hrs, such as 20 min to 3 hrs, for
example 10 min to 3 hrs, such as 30 min to 1.5 hrs, for example 45 min.

In a particular embodiment chemically assisted enucleation is performed using 0.45
pg/ml demecolcine and/or etoposide added to the maturation medium for 45 min.

In a particular embodiment it is preferred that the enucleation is by physical removal of
the nucleus. The physical removal may be by separation for example by bisection of
the oocyte into two halves (two parts), one which contains the nucleus and the
enucleated oocyte half, known as the cytoplast, removing the nucleated half of the
oocyte and selecting the resulting cytoplast for further procedures of the invention.
Alternatively the separation is by trisection, resulting in three parts of which two parts
are cytoplasts. In another embodiment the oocyte may be separated into four parts,
resulting in the production of three cytoplasts. The oocyte may even be separated into
five parts by physical removal, resulting in four cytoplasts. Similarly, the oocyte may be
separated into six parts, for example seven parts, such as eight parts, for example nine
parts, such as ten or more parts.

The physical separation of the oocyte and subsequent removal of the nucleus-bearing
part of the oocyte may be achieved by the use of a microsurgical blade.
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The oocytes may be screened to identify which oocytes have been successfully
enucleated. Oocyte parts that harbour nuclear DNA may be identified by staining with
Hoechst flourochrome, the staining procedure of which is known to a person skilled in
the art. Oocyte parts harbouring nuclear DNA are discarded and the enucleated
oocytes (cytoplasts) are selected for further procedures.

Zona pellucida
Zona pellucida is a thick, transparent, noncellular layer or envelope of uniform
thickness surrounding an oocyte

Generally, an intact zona pellucida is considered to be important in cell nuclear transfer
due to a number of parameters. One parameter is to keep the polar body close to the
metaphase plate of the oocyte in order to indicate the appropriate site for enucleation.
Another parameter relates to the keeping of the donor cell close to the oocyte cytoplast
before and during fusion. The zona is also believed to confer protection for the donor
cell and cytoplast during fusion. Finally, embryo development after reconstitution and
activation is believed to be supported by the zona pellucida.

Modification of at least a part of the zona pellucida can be performed by a number of
methods. For example physical manipulation can be used to modify the zona. But also
chemical treatment with agents such as acidic solutions (acidic Tyrode) can be
employed. One example of chemical agents that can be employed in the present
invention is acidic solutions, for example Tyrode. In a particular embodiment of the
invention the zona pellucida is modified by enzymatic digestion. Such enzymatic
digestion may be performed by enzymes comprising for example trypsin. Alternatively
a specific protease may be used, such as pronase.

In a preferred embodiment the enzymatic digestion results in at least a partial digestion
of a part of zona pellucida which in a preferred embodiment of the present invention
means that at least a part of the zona pellucida is being removed, or that the zona
pellucida is partly removed. In the present context the zona pellucida is not completely

removed.
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According to an especially preferred embodiment of the present invention the partially
digested part of zona pellucida is characterized by the zona pellucida still being visible
and by the fact that the oocyte has not become misshaped.

The partial digestion may be achieved by exposure to a protease. In another
embodiment of the present invention the partial digestion may be accomplished by the
use of a pronase. In yet another embodiment the partial digestion may be achieved by

a combination of a protease and pronase.

In a preferred embodiment the concentration of pronase is in the range of 0.1 mg/ml to
10 mg/ml, such as 0.5 mg/ml to 10 mg/ml, for example 1 mg/ml to 10 mg/ml, such as
1.5 mg/mlto 10 mg/ml, for example 2 mg/ml to 10 mg/ml, such as 2.5 mg/ml to 10
mg/ml, for example 2.75 mg/ml to 10 mg/ml, such as 3 mg/ml to 10 mg/ml, for example
3.25 mg/ml to 10 mg/ml, such as 3.3 mg/ml to 10 mg/ml, for example 3.5 mg/ml to 10

mg/ml.

A preferred embodiment is a pronase concentration in the range of 2 mg/ml to 5 mg/ml,
such as 2.25 mg/ml to 5 mg/ml, for example 2.5 mg/ml to 5 mg/ml, such as 2.75 mg/ml
to 5 mg/ml, for example 2.8 mg/ml to 5 mg/ml, such as 2.9 mg/ml to 5 mg/ml, for
example 3 mg/ml to 5 mg/ml, such as 3.1 mg/ml to 5 mg/ml, for example 3.2 mg/ml to 5
mg/ml, such as 3.3 mg/ml to 5 mg/ml.

A particular embodiment of the present invention is a pronase concentration in the
range of 1 mg/ml to 4 mg/ml, for example 1 mg/ml to 3.9 mg/ml, such as 1 mg/ml to 3.8
mg/ml, for example 1 mg/ml to 3.7 mg/ml, such as 1 mg/ml to 3.6 mg/ml, for example 1
mg/ml to 3.5 mg/ml such as 1 mg/ml to 3.4 mg/ml, for example 1 mg/ml to 3.3 mg/ml.

In a preferred embodiment the pronase concentration is in the range of 2.5 mg/ml to
3.5 mg/ml, such as 2.75 mg/ml to 3.5 mg/ml, for example 3 mg/mlto 3.5 mg/ml. In a
special embodiment the pronase concentration is 3.3 mg/ml.

It is clear to the skilled person that the pronase should be dissolved in an appropriate
medium, one preferred medium according to the present invention is T33 (Hepes
buffered TCM 199 medium containing 33% cattle serum (as described earlier - Vajta, et
al., 2003).



10

15

20

25

30

WO 2008/106985 PCT/DK2008/050058

48

The time of incubation of the oocyte in the pronase solution is in the range of 1 second
to 30 seconds, such as 2 seconds to 30 seconds, for example 3 seconds to 30
seconds, such as 4 seconds to 30 seconds, such as 5 seconds to 30 seconds.

In another embodiment of the present invention the incubation time is in the range of 2
seconds to 15 seconds, such as 2 seconds to 14 seconds, for example 2 seconds to
13 seconds, such as 2 seconds to 12 seconds, for example 2 seconds to 11 seconds,
such as 2 seconds to 10 seconds, for example 2 seconds to 9 seconds, such as 2
seconds to 8 seconds, for example 2 seconds to 7 seconds, such as 2 seconds to 6
seconds, for example 2 seconds to 5 seconds.

In a particular embodiment of the present invention the incubation time is in the range
of 3 seconds to 10 seconds, such as 3 seconds to 9 seconds, for example 4 seconds
to 10 seconds, such as 3 seconds to 8 seconds, for example 4 seconds to 9 seconds,
such as 3 seconds to 7 seconds, for example 4 seconds to 8 seconds, such as 3
seconds to 6 seconds, for example 4 seconds to 7 seconds, such as 3 seconds to 5
seconds, for example 4 seconds to 6 seconds, such as 4 seconds to 5 seconds. An
especially preferred incubation time is 5 seconds.

In a preferred embodiment of the present invention the oocyte is treated for 5 seconds
in a 3.3 mg/ml pronase solution at 39°C.

Reconstructed embryo

By the term ‘reconstructed embryo’ is meant the cell which is formed by insertion of the
donor cell or nucleus of the donor cell into the enucleated oocyte which corresponds to
a zygote (during normal fertilisation). However, the term ‘reconstructed embryo’ is also

referred to as the ‘reconstituted cell’. In the present invention the donor cell is a somatic
cell. However, the donor cell may also be derived from a germ line cell.

Fusion

The transfer of a donor cell or a membrane surrounded nucleus from a donor cell to at
least cytoplast is according to the present invention performed by fusion. In the
scenarios described below the term ‘donor cell’ also refers to a membrane surrounded

nucleus from a donor cell. Fusion may be achieved by a number of methods.
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Fusion may be between a donor cell and at least one cytoplast, such as between a
donor cell and at least two cytoplasts, for example between a donor cell and at least
two cytoplasts, such as between a donor cell and at least three cytoplasts, such as
between a donor cell and at least four cytoplasts, for example between a donor cell and
at least five cytoplasts, such as between a donor cell and at least six cytoplasts, for
example between a donor cell and at least seven cytoplasts, such as between a donor
cell and at least eight cytoplasts.

Fusion may be performed according to the listed combinations above simultaneously or
sequentially. In one embodiment of the present invention the fusion is performed
simultaneously. In another embodiment fusion of the at least one cytoplast and a donor
cell is performed sequentially.

For example fusion may be achieved by chemical fusion, wherein a donor cell and the
at least one cytoplast are exposed to fusion promoting agents such as for example
proteins, glycoproteins, or carbohydrates, or a combination thereof. A variety of fusion-
promoting agents are known for example,polyethylene glycol (PEG), trypsin,
dimethylsulfoxide (DMSO), lectins, agglutinin, viruses, and Sendai virus. Preferably
phytohemaglutinin (PHA) is used. However mannitol and, or polyvinylalcohol may be
used.

Alternatively, fusion may be accomplished by induction with a direct current (DC)
across the fusion plane. Often an alternating current (AC) is employed to align the
donor and recipient cell. Electrofusion produces a sufficiently high pulse of electricity
which is transiently able to break down the membranes of the cytoplast and the donor
cell and to reform the membranes subsequently. As a result small channels will open
between the donor cell and the recipient cell. In cases where the membranes of the
donor cell and the recipient cell connect the small channels will gradually increase and
eventually the two cells will fuse to one cell.

Alignment of the at least one cytoplast and the donor cell may be performed using
alternating current in the range of 0.06 to 0.5 KV/cm, such as 0.1 to 0.4 KV/cm, for
example 0.15 to 0.3 KV/cm. In a preferred embodiment alignment of the at least one
cytoplast and the donor cell may be performed using alternating current at 0.2 KV/cm.
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Fusion may be induced by the application of direct current across the fusion plane of
the at least one cytoplast and the donor cell. Direct current in the range of 0.5t0 5
KV/cm, such as 0.75 to 5 KV/cm, for example 1 to 5 KV/cm, such as 1.5 to 5 KV/cm,
for example 2 to 5 KV/cm. Another preferred embodiment of the present invention is
the application of direct current in the range of 0.5 to 2 KV/cm. In a further preferred
embodiment the direct current may be 2 KV/cm.

The direct current may preferably be applied for in the range of 1-15 micro seconds,
such as 5 to 15 micro seconds, for example 5 to 10 micro seconds. A particular
embodiment may be 9 micro seconds.

In an especially preferred embodiment fusion with direct current may be using a direct
current of 2 KV/cm for 9 micro seconds.

Electrofusion and chemical fusion may however be also be combined.

Typically electrofusion is performed in fusion chambers as known to the skilled person.

Fusion may be performed in at least one step, such as in two steps, for example three
steps, such as in four steps, for example in five steps, such as six steps, for example
seven steps, such as in eight steps.

Fusion may be performed in for example a first step wherein the at least one cytoplast
is fused to the donor cell. A second step of fusion may comprise fusion of the fused
pair (cytoplast-donor cell, reconstructed embryo) with at least one cytoplast, such as at
least two cytoplasts, for example three cytoplasts, such as four cytoplasts, for example
five cytoplasts, such as six cytoplasts, for example seven cytoplasts, such as eight
cytoplasts. The second step of fusion with fusion of at least one cytoplast and the fused
pair may be performed sequentially or simultaneously. In one embodiment the at least
two cytoplasts are fused to the fused pair simultaneously. In another embodiment the
at least two cytoplasts are fused to the fused pair sequentially.

In one embodiment of the invention the second step of fusion may also be an activation
step wherein the reconstructed embryo is activated to enter mitosis. As described
elsewhere herein.
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Activation

In a preferred embodiment the reconstructed embryo may be allowed to rest prior to
activation for a period of time in order to allow for the nucleus of the donor cell to reset
its genome and gain toti potency in the novel surroundings of the enucleated cytoplast.
The reconstructed embryo may for example rest for one hour prior to activation.

Preferably, the reconstructed embryo may be activated in order to induce mitosis.
Methods for activation may preferably be selected from the group of consisting of
electric pulse, chemically induced shock, increasing intracellular levels of divalent
cations or reducing phosphorylation. A combination of methods may be preferred for

activation.

In one particular embodiment of the invention the activation and the second step of
fusion may be performed simultaneously. However, the activation of the reconstituted
embryo and the at least one additional step of fusion between the reconstructed
embryo and the at least one cytoplast may be performed sequentially.

Reducing the phosphorylation of cellular proteins in the reconstructed embryo by
known methods such as for example by the addition of kinase inhibitors may activate
the reconstituted embryo. A preferred embodiment may involve the use of agents that
inhibit protein synthesis, for example cycloheximide. A further preferred embodiment
may be using agents that inhibit spindle body formation, for example cytochalasin B.

In one embodiment of the invention the intracellular levels of divalent cations may be
increased. Divalent cations such as for example calcium may be in comprised in the
activation medium. Preferably, the cations may enter the reconstructed embryo,
particularly upon subjecting the reconstructed embryo to an electric pulse. In a
preferred embodiment the electric pulse may cause entering of calcium into the
reconstructed embryo.

The application of an electrical pulse using direct current may be an activation step.
However, in a preferred embodiment the electrical pulse applied for activation may also
serve as an additional fusion step.
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Prior to applying an electrical pulse using direct current the at least one cytoplast and
the at least one reconstructed embryo may be aligned by the application of alternating
current. The alternating current may be in the range of the range of 0.06 to 0.5 KV/cm,
such as 0.1 to 0.4 KV/cm, for example 0.15 to 0.3 KV/cm. In a preferred embodiment
alignment of the at least one cytoplast and the donor cell may be performed using
alternating current at 0.2 KV/cm.

Activation may be induced by the application of direct current across the fusion plane of
the at least one cytoplast and the donor cell. Direct current in the range of 0.21t0 5
KV/cm, such as 0.4 to 5 KV/cm, for example 0.5 to 5 KV/cm.. Another preferred
embodiment of the present invention is the application of direct current in the range of
0.5to 2 KV/cm. In a further preferred embodiment the direct current may be 0.7 KV/cm.

The direct current may preferably be applied for in the range of 10 to 200 micro
seconds, such as 25 to 150 micro seconds, for example 50 to 100 micro seconds. A
particular embodiment may be 80 micro seconds.

In an especially preferred embodiment fusion with direct current may be using a direct
current of 0.7 KV/cm for 80 micro seconds.

An especially preferred embodiment of activation according to the present invention
may be use of an electrical pulse in combination with subjecting the reconstructed
embryo to agents that inhibit protein synthesis, spindle body formation, and divalent

cations.

Activation may be performed by any combination of the methods described above.

In vitro culture of embryos

One aspect of the invention relates to a method of in vitro culturing embryos, whereby
the blastocyst rate increased to 25.3%. Thus, a method of culturing a reconstructed
embryo is within the scope of the present invention, comprising the steps of a)
establishing at least one oocyte having at least a part of zona pellucida, b) separating
the oocyte into at least two parts obtaining an oocyte having a nucleus and at least one
cytoplast, c) establishing a donor cell or cell nucleus having desired genetic properties,
d) fusing at least one cytoplast with the donor cell or membrane surrounded cell
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nucleus, e) obtaining the reconstructed embryo, f) activating the reconstructed embryo
to form an embryo, and e) culturing said embryo.

Another aspect of the invention relates to a method of cell nuclear transfer in which a
step of culturing the embryo is included.

In a preferred embodiment in relation to the methods described herein embryos are
cultured in a sequential set of media. Preferably the blastocysts are grown in traditional
medium such as for example NCSU37 or equivalent medium as known to a person
skilled in the art, wherein glucose is removed and substituted by other agents. One
agent may be pyruvate. Another agent may be lactate. The agents may also be
combined and replace glucose in the traditional medium.

The embryos may be cultured in the substituted media as described above from Day 0
to Day 3, such as from Day 0 to Day 2.

The pyruvate concentration may range from 0.05 to 1 mM, such as 0.1 to 1 mM, for
example 0.125 to 1 mM, such as 0.15 to 1 mM. However the concentration of sodium
pyruvate may also range from 0.05 mM to 0.9 mM , such as 0.05 to 0.8 mM, for
example 0.05 to 0.7 mM, such as 0.05 to 0.6 mM , for example 0.05 to 0.5 mM, such
as 0.05 to 0.4 mM, for example 0.05 to 0.3 mM, such as 0.05 to 0.2 mM. Preferably the
concentration ranges between 0.05 to 0.17 mM. A preferred concentration of sodium
pyruvate is 0.17 mM.

The lactate concentration may range from 0.5 to 10 mM, such as 0.75 to 10 mM, for
example 1 to 10 mM, such as 1.5to 10 mM, such as 1.75 to 10 mM, for example 2 to
10 mM, such as 2.5 to 10 mM. However the concentration of sodium lactate may also
range from 0.5 mMto 9 mM, such as 0.5 to 8 mM, for example 0.5 to 7 mM, such as
0.5to 6 mM , for example 0.5 to 5 mM, such as 0.5 to 4 mM, for example 0.5 to 03 mM.
Preferably the concentration ranges between 1 to 5 mM, such as 2 to 4 mM, for
example 2 to 3 mM. A preferred concentration of sodium lactate is 2.73 mM.

After the initial glucose-free incubation medium glucose is again replacing the pyruvate
and lactate. The embryos may be cultured in the glucose containing medium from Day
4 to Day 3, preferably from Day 3 to Day 7. The glucose concentration may range from
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1to 10 mM, such as 2 to 10 mM, for example 3 to 10 mM, such as 4 to 10 mM, for
example 5 to 10 mM. However, the glucose concentration may also range from 1 to0 9
mM, such as 2 to 8 mM, for example 3 to 7 mM, such as 4-6 mM. A preferred
concentration of glucose according to the present invention is 5.5 mM of glucose.

Organ or tissue donation

In one embodiment, the animals of the invention may be used as a source for organ or
tissue donation for humans or other animals, either animals of the same species or
animal of other species. Transfer between species is usually termed
xenotransplantation. Entire organs that may be transplanted include the heart, kidney,
liver, pancreas or lung. Alternatively, parts of organs, such as specific organ tissues
may be transplanted or transferred to humans or other animals. In a yet further
embodiment, an individual cell or a population of individual cells from an animal of the
invention may be transferred to a human being or another animal for therapeutic

purposes.

Cryopreservation

The term ‘cryopreserving’ as used herein can refer to vitrification of an oocyte,
cytoplast, a cell, embryo, or pig of the invention. The temperatures employed for
cryopreservation is preferably lower than -80 degree C, and more preferably at
temperatures lower than -196 degree C. Oocytes, cells and embryos of the invention
can be cryopreserved for an indefinite amount of time. It is known that biological
materials can be cryopreserved for more than fifty years.

It is within the scope of the present invention that embryos may be cryopreserved prior
to transfer to a host pig when employing methods for producing a genetically
engineered or transgenic non-human mammal. Such cryopreservation prior to transfer
may be at the blastocyst stage the of embryo development. Vitrification is a form of
cryopreservation where living cells are rapidly cooled so that the fluid of the cell does
not form into ice. Thus, vitrification relates to the process of cooling where cells or
whole tissues are preserved by cooling to low sub-zero temperatures, such as
(typically) -80 C or-196 C

In particular the invention relates to the vitrification of an oocyte, however, the invention
also relates to the vitrification of embryos, preferably embryos at the blastocyst stage.|
one embodiment , the embryo is cultured to blastocyst stage prior to vitrification.
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Especially pig embryos are covered by the present invention. Also vitrified cytoplasts
are covered by the present invention, as are cells.

Yet another aspect of the invention relates to the cryopreservation of a pig embryo
derived by a method for cell nuclear transfer as described herein comprising a step of
vitrifying a pig embryo. A further aspect of the invention relates to pig embryos
obtained, or obtainable by the methods provided herein.

Mitochondria

Cells of the tissue of the genetically modified non-human mammals and/or non-human
embryos obtainable by the present invention may harbour mitochondria of different
maternal sources. In a preferred embodiment the non-human mammals and/or non-
human embryos may harbour mitochondria from only one maternal source, However,
in another preferred embodiment the non-human mammals and/or non-human
embryos may harbour mitochondria from at least two maternal sources, such as three
maternal sources, for example four maternal sources, such as five maternal sources,
for example six maternal sources, such as seven maternal sources, for example eight
maternal sources, such as nine maternal sources, for example ten maternal sources.
The probability of having a specific number of maternal sources can be calculated
based on the observed types of mitochondria.

Examples

Based on the well-described mechanisms of SB transposition (4-8) and Flp
recombination (9, 70), the present invention discloses a new target vector for site-
specific integration into the genome. This vector carries within the context of a SB
transposon vector a bicistronic gene cassette containing (i) the FRT recombination site
embedded in the coding sequence of eGFP and (ii) an IRES-driven puromycin
resistance gene. We demonstrate efficient selective plasmid insertion into SB-tagged
genomic loci. In an attempt to further improve the performance of these vectors, we
have analyzed the effect of insulator elements, believed to protect inserted foreign
genes against transcriptional silencing, within the context of SB vectors. Our
investigations indicate that insulators flanking the FRT gene expression cassette may
serve to maintain and stabilize gene expression of Flp-inserted transgenes.
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Two nonviral integration technologies are employed in the present invention, the SB
transposon system and the Flp recombinase, in a combined effort to achieve active
locus detection, mediated by SB, and site-directed insertion at an attractive site,
mediated by Flp. A bi-phased technology is disclosed in which an integrating SB
vector, carrying a reporter gene and a selective marker gene, may first serve as a
reporter for continuous gene expression and hence as a target for gene insertion (Fig.
1). By using an actively integrated vector as opposed to plasmid DNA that is randomly
recombined into the genome we certify (i) that only a single copy, and not
concatemers, of the vector are inserted and, moreover, (i) that the reporter cassette is
not flanked by sequences derived from the bacterial plasmid backbone which may
have a detrimental effect on the locus activity over time. In a second modification step
this vector may serve as a target for insertion of one or more gene expression

cassettes in a well-characterized locus.

DNA transposon-based genomic insertion of recombinase recognition sites
Epigenetic modifications leading to transcriptional silencing of inserted foreign DNA are
major challenges in strategies for genetic manipulation of cell lines and transgenic
animals. Hence, both the identification of active genomic loci which support continuous,
undisturbed gene expression and development of genetic tools to insert genes of
interest site-specifically at these preferred loci are key aims in genetic engineering. We
use in this study two nonviral integration technologies, the SB transposon system and
the Flp recombinase, in a combined effort to achieve active locus detection, mediated
by SB, and site-directed insertion at an attractive site, mediated by Flp. We describe a
bi-phased technology in which an integrating SB vector, carrying a reporter gene and a
selective marker gene, may first serve as a reporter for continuous gene expression
and hence as a target for gene insertion (Fig. 1). By using an actively integrated vector
as opposed to plasmid DNA that is randomly recombined into the genome we certify (i)
that only a single copy, and not concatemers, of the vector are inserted and, moreover,
(i) that the reporter cassette is not flanked by sequences derived from the bacterial
plasmid backbone which may have a detrimental effect on the locus activity over time.
In a second modification step this vector may serve as a target for insertion of one or
more gene expression cassettes in a well-characterized locus (Fig. 1B).

The transgenic model system
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To circumvent the problems existing for random transgenesis in terms of copy numbers
and variable insertion position we examined the possibility to perform controlled
transgenesis for the future generation of cloned transgenic pigs by SCNT. The strategy
was to insert a model gene-cassette into the porcine genome by use of a SB
transposon-derived vector and subsequently use the Flp recombinase recognition site
within the cassette to introduce a transgene and selection marker through a specific
recombination event.

A transposon, pSBT/SV40-FGIP, was constructed for the use in porcine transgenesis.
For a schematic description of the construct see Fig. 2A. The enhanced green
fluorescent protein (eGFP) gene was linked to a puromycin resistance gene through an
internal ribosome entry site (IRES). This bicistronic gene cassette was placed under
control of the SV40 promoter. The original start codon of the eGFP gene was replaced
by a start codon located upstream of an inserted FRT site. We have previously shown
that this fusion variant of the eGFP gene encodes fluorescent protein [28]. The FRT
site is positioned immediately after the SV40 promoter and should enable Flp-mediated
recombination. If such a recombination event is successful the eGFP and puromycin
resistance genes will be removed from the promoter context and rendered inactive.
The plasmid DNA inserted at the FRT site thus can be constructed such that the
expression of a novel selection marker, the hygromycin B resistance gene (hygro®), is
dependent of the ATG start codon already present upstream from the FRT site located
in the transposon (Fig. 2B). This selection marker exchange will allow selecting for only
correct and site-directed recombination events. By including a gene of interest, here
the DsRed marker gene under control of the cytomegalovirus (CMV) promoter, as a
new transgenic unit on the plasmid carrying the FRT-hygro fusion gene, a colour shift

from green to red can be monitored as a result of successful recombination.

The pSBT/RSV-GFIP vector was constructed as follows:

The pSBT/RSV-GFIP vector contains the terminal inverted of the SB DNA transposon
flanking a FRT-GFP.IRES.puro bicistronic gene cassette driven by a promotor derived
from Rous sarcoma virus (RSV). The eGFP sequence was amplified from peGFP.N1
(Clontech) using a forward primer containing the 48-bp FRT sequence. To analyze
FRT-GFP functionality, the FRT-eGFP fusion was inserted into an expression vector
containing the SV40 promoter. The PCR-fragment containing FRT-tagged eGFP fusion
gene was digested with Mlul and Xmal and inserted into Mlul/Xmal-digested
pSBT/RSV-hAAT (pT/hAAT in ref. (8), obtained from Mark Kay, Stanford University,
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USA), generating a transposon vector with RSV-driven eGFP expression (pSBT/RSV-
eGFP). An IRES-puro cassette was PCR-amplified from pecoenv-IRES-puro (provided
by Finn Skou Pedersen, University of Aarhus, Denmark), digested with Xmal, and
inserted into Xmal-digested pSBT/RSV-eGFP, generating pSBT/RSV-GFIP (see
sequence listing). Alternative versions of this vector containing the SV40 promoter
(PSBT/SV40-GFIP) and the promoter derived from the human ubiquitin gene
(pSBT/Ubi-GFIP), were generated. In addition, by inserting a Cre recombination target
site (loxP) into the Mlul site located between the left inverted repeat of the transposon
and the SV40 promoter of pSBT/SV40-GFIP, the vector pSBT/SV40-GFIP.loxP was
created. The donor plasmid pcDNA5/FRT, containing a FRT-hygro fusion gene without
a start codon, was obtained from Invitrogen. The Flp-encoding plasmid, pCMV-Flp was
obtained from A. Francis Stewart, University of California San Francisco, USA). This
plasmid encodes the enhanced Flp variant designated Flpx9 (77). A SB-vector
containing two copies of the 1.2-kb chicken DNase hypersensitive site 4 (cHS4)-
derived insulator element (72, 13) was generated by inserting PCR-amplified cHS4
sequences and an intervening linker into Notl/Spel-digested pSBT/PGK-puro (obtained
from Mark Kay, Stanford University, USA). The PGK-puro cassette was cloned back
into construct by using restiction sites located in the linker, generating
pSBT/cHS4.PGK-puro.cHS4. All self-inactivating (SIN) lentiviral vector constructs were
derived from pCCL.WPS.PGK-eGFP.WHYV obtained from Dr. Aebischer, Swiss Federal
Institute of Technology, EPFL, Lausanne, Switzerland. The puromycin resistance gene
was amplified by PCR and inserted in pCCL.WPS.PGK-eGFP.WHV downstream from
the promoter, generating pPCCL.WPS.PGK-puro.WHV The FRT-hygro fusion gene was
PCR-amplified from pcDNA5/FRT and inserted into the Hpal site (located between W
and cPPT cis elements) of pPCCL.WPS.PGK-puro.WHYV, generating pLV/FRT-
hygro.PGK-puro. To generate pLV/PGK-Flp the Flp gene was PCR-amplified from
pCMV-Flp, digested with BamHI/Xhol, and inserted into BamHI/Xhol-digested
pCCL.WPS.PGK-puro.WHV.

Transposition of FRT-tagged SB vectors

To be able to easily follow the activity of SB-tagged loci in modified cells, we
constructed SB transposon vectors (pSBT/SV40-GFIP, pSBT/SV40-GFIP.loxP,
pSBT/RSV-GFIP) containing a bicistronic gene expression cassette encoding eGFP
and the puromycin resistance gene. We inserted the 48-bp Flp recombination target
sequence (FRT) immediately downstream from the eGFP start codon, generating a
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fusion gene encoding FRT-tagged eGFP. Transient expression studies demonstrated
comparable levels of activity of the eGFP and FRT-eGFP proteins (data not shown).
We tested first the transposition efficiency of pSBT/RSV-GFIP by co-transfecting with
pCMV-SB and pCMV-mSB, respectively, in HEK-293 cells. As expected the GFIP
transposon was efficiently transposed into the genomic DNA thereby conferring
resistance to puromycin (Fig.3). As an alternative strategy, optimized for use in hard-to-
transfect cell lines, we generated a helper-independent transposon-transposase (HITT)
vector (the concept first demonstrated by Mikkelsen et al. in (6)) in which the GFIP-
containing transposon and the SB expression cassette were located on a single
plasmid. Transposition assays using this HITT configuration showed high levels of
transposition in HelLa cells (data not shown). By analysis of puromycin-resistant
colonies generated with two-plasmid transfections, stable eGFP expression was
verified by fluorescence microscopy (Fig. 3, insert), demonstrating functionality of both
vector genes. Three puromycin-resistant clones, HEK-GFIP1, HEK-GFIP2, and HEK-
GFIP3, obtained by insertion of SBT/SV40-GFIP.loxP, SBT/SV40-GFIP, and SBT/RSV-
GFIP transposons, respectively, were isolated and expanded for further analysis.

The target transposon SBT/RSV-GFIP was inserted into the genome of HEK-293 cells
by co-transfecting (using Fugene-6 from Roche) 1.5 ug pSBT/RSV-GFIP with 1.5 pg
pCMV-SB (or 1.5 ug pCMV-mSB as a negative control). pPCMV-SB, obtained from
Perry Hackett, University of Minnesota, Minnesota, USA, encodes the Sleeping Beauty
transposase reconstructed from fossil DNA transposable elements of salmoid fish. SB-
tagged cell clones were generated by selecting transfected cells with puromycin (1
pg/ml). Clones were isolated and expanded and utilized as target clones for Flp-
mediated gene insertion. To demonstrate site-specific insertion of transfected plasmid
DNA 12 pg pCMV-Flp was co-transfected (by CaPO4) with either (i) 3 ug pcDNA5/FRT
or (ii) 3 pg pLV/FRT-hygro.PGK-puro into SBT/RSV-GFIP-tagged HEK-293 cells. To
select for site-specific insertions cells were grown in medium containing hygromycin B
(200 pg/ml).

Cloning of constructs

Vectors expressing different variants of the SB transposase were generated by
inserting PCR-amplified transposase sequences into the pcDNA3.1D/V5.His.Topo
vector (Invitrogen, Carlsbad, CA). SB sequences utilized to generate pCMV-
mSB.Topo, pCMV- SB.Topo or the pCMV-HSB3.Topo mSB, SB10, and HSB3
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sequences were derived from pCMV-mSB (Yant SR, Meuse L, Chiu W, lvics Z, Izsvak
Z, Kay MA: Somatic integration and long-term transgene expression in normal and
haemophilic mice using a DNA transposon system. Nat Genet 2000, 25(1):35-41),
pCMV-SB (Yant SR, Meuse L, Chiu W, lvics Z, Izsvak Z, Kay MA: Somatic integration
and long-term transgene expression in normal and haemophilic mice using a DNA
transposon system. Nat Genet 2000, 25(1):35-41), and pCMV-HSB3 (Yant SR, Park J,
Huang Y, Mikkelsen JG, Kay MA: Mutational analysis of the N-terminal DNA-binding
domain of sleeping beauty transposase: critical residues for DNA binding and
hyperactivity in mammalian cells. Mol Cell Biol 2004, 24(20):9239-9247), respectively.
The SB-based docking vector, pSBT/SV40-FGIP, was generated from pSBT/RSV-
FGIP (Moldt B, Staunstrup NH, Jakobsen M, Yanez-Munoz RJ, Mikkelsen JG: Site-
directed genomic insertion of lentiviral DNA circles, Submitted for publication) by
replacing the RSV promoter with a PCR-amplified SV40 promoter. pSBT/PGK puro has
been decribed previously (Yant SR, Meuse L, Chiu W, lvics Z, Izsvak Z, Kay MA:
Somatic integration and long-term transgene expression in normal and haemophilic
mice using a DNA transposon system. Nat Genet 2000, 25(1):35-41). To generate the
transgene donor plasmid, designated pFRT/hygro.CMV-DsRed, the red fluorescence
protein gene (RFP) was derived from pDS-red-N1 by cleavage with Hindlll and Notl
restriction enzymes. The RFP gene was inserted into the pcDNAS5/FRT vector
(Invitrogen, Carlsbad, CA).

Transposition assays and Flp recombination

2.6 x 10 NPFs, HEK293 cells, or NIH3T3 cells, seeded in 6-well dishes, were co-
transfected with 0.5 ug plasmid DNA carrying the transposon (SBT/PGK-puro or
SBT/SV40-FGIP) and 0.5 pg of pCMV-mSB.Topo, pCMV-wt-SB.Topo, or pCMV-
HSB3.Topo. Transfections were performed with Fugene-6 (Roche, Basel, Switzerland)
according to the manufacturer’s instructions. Transgenic NPF colonies harboring
SBT/SV40-FGIP were harvested after 9 days of puromycin selection. Solitary colonies
were scraped off with a glass pasteur pipette and transferred to 96-well dishes. The
cells were expanded and used for studies of Flp recombination or handmade cloning.
All transposition experiments were carried out in triplicates and cell colonies were
counted after staining the colonies in methylene blue after 9 days of puromycin
selection. Flp recombination was carried out as follows: for neonatal pig fibroblasts
(NPFs), pools of clones containing the SBT/SV40-FGIP transposon were co-
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transfected with 5.5 ug of the FLP recombinase expression vector (pOG44; Invitrogen,
Carlsbad, CA) and 0.5 ug donor plasmid using Fugene-6 as transfection reagent. On
the following the day, cells were washed with PBS and starting from day two after
transfection the cells were grown in medium containing 400 ug/ul hygromycin B for 11
days. Selection was carried out for 11 days prior to harvesting of the cells and DNA
purification. PCR using genomic DNA from pooled NPFs as template was performed to
verify Flp recombination. A forward primer located downstream from LIR and a reverse
primer located at the beginning of the hygro™ gene was used to amplify the fragment of
interest. The presence of a precise junction between the SV40 promoter and the
hygro” gene was confirmed by sequencing of the PCR fragment. For studies in
HEK293 and NIH3T3 cells, 8 x 10° cells seeded in 10-cm dishes were co-transfected
with 1 ug of donor plasmid and 9 ug of pOG44 by treating the cells with calcium
phosphate. The transfection mixture was left on the cells overnight and 1 x 10° cells
were subsequently seeded in 70 cm? bottles and subjected to hygromycin B (200 ug/ul)
selection for 11 days. Cell colonies were stained with methylene blue prior to counting
of the colonies.

Sleeping Beauty (SB) transposition in neonatal porcine fibroblasts (NPFs)

The applicability of SB transposition in pig fibroblasts was tested in NPFs derived from
a skin biopsy from a male Géttingen minipig (Ellegaard Géttingen Minipigs ApS) using
a 2-kb long SB transposon designated SBT/PGK-puro (Fig. 4A). In pSBT/PGK-puro,
the SB inverted repeats (IRs) flank an expression cassette consisting of the puromycin
resistance gene driven by the phosphoglycerate kinase (PGK) promoter. pSBT/PGK-
puro was co-transfected into NPFs with plasmid encoding either of three different SB
transposase variants including a mutated inactive form (mSB), the original SB10, and
the hyperactive version HSB3 encoded by pCMV-mSB.Topo, pCMV-SB10.Topo, and
pCMV-HSB3.Topo, respectively. After 9 days of puromycin selection fibroblast colonies
were stained with methylene blue. The formation of colonies was highly enhanced by
co-transfection with a functional transposase (Fig. 4B), and the hyperactive
transposase generated two-fold more colonies than SB10 (Fig. 4B). We therefore
conclude that SB mobilization and transposase-dependent transgenesis is highly
efficient in NPFs.

SB transposition is strongly influenced by the transposon length (lzsvak Z, Ivics Z,
Plasterk RH: Sleeping Beauty, a wide host-range transposon vector for genetic
transformation in vertebrates. J Mol Biol 2000, 302(1):93-102). To test if the 3.3 kb long
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SBT/SV40-FGIP transposon (Fig. 2A) was efficiently inserted into the genome of NPFs
primary cells were co-transfected with pSBT/SV40-FGIP and plasmid DNA encoding
mSB, SB10, and HSB3, respectively. In this experiment we also included the murine
fibroblast cell line NIH3T3 and the human kidney cell line HEK-293, as these two cell
lines represent well-described cell types in which transposase-dependent gene
insertion already has been described. Moreover, as NPFs are primary cells and have a
short division potential, analyses that require long term growth in culture are not
possible. The colony formation assay in HEK-293 cells showed a transposase-
dependent increase in the number of puromycin-resistant colonies. The colony number
was further increased by the hyperactive transposase (Fig. 5A). Similar results were
obtained in NIH3T3 cells (Fig. 5B). Fluorescence microscopy analyses confirmed that
colonies resulting from SBT/SV40-FGIP transposition expressed eGFP (Fig. 5, right
panels and data not shown).

In NPFs, we again observed transposase-dependent formation of colonies. Compared
to the shorter pSBT/PGK-Puro transposon, we consistently measured a decrease in
colony forming efficiency for pSBT/SV40-FGIP (Fig. 4B versus Fig. 5C). This result is in
accordance with previous findings showing that the efficiency of transposase-mediated
transgenesis depends on the length of the insert between the IRs. Fluorescence
microscopy of puromycin-resistant NPF colonies confirmed that all cells expressed
eGFP (Fig. 5C, right). By comparing the extent of colony formation in the presence of
active versus inactive transposase, our data suggest that the transposition efficiency in
NPFs is comparable to the efficiencies measured in the NIH3T3 and HEK293 cell lines.
We therefore conclude that the pSBT/SV40-FGIP vector is suitable for gene transfer in
pig primary cells.

Transgene substitution by Flp recombination

Next, we wanted to examine the possibility of using the FRT site to substitute
transgenes within porcine cells. For this purpose cells from clones containing the
pSBT/SV40-FGIP transposon were re-transfected with an expression vector for Flp
recombinase and the donor vector, pFRT/hygro.CMV-DsRed, which carries a new set
of transgenes including the gene encoding DsRed driven by a CMV promoter and a
promoter-less hygromycin gene lacking a start codon and flanked upstream by an FRT
site (Fig. 1B). Flp-mediated recombination is expected to activate the expression of the
hygromycin B resistance gene by inserting the ATG-less hygro gene downstream from
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the SV40 promoter and the ATG-FRT cassette located in the SBT/SV40-FGIP
transposon (Fig. 2B).

At first, we examined for the occurrence of hygromycin B-resistant clones after
selection for recombination. To test the functionality of the recombination system we
addressed the recombination in NIH3T3 and HEK293 cells which are well-
characterized for Flp-mediated recombination. Cells derived from three different
NIH3T3 clones containing the SBT/SV40-FGIP transposon were analyzed. For all three
cell lines a Flp-dependent occurrence of hygromycin B-resistant colonies was
observed, indicting that the correct recombination event was possible in the context of
the inserted transposon (Fig. 6A). A similar experiment in HEK293 cells also showed a
Flp-dependent appearance of hygromycin B-resistant colonies (Fig. 6B). Thus,
recombinase-mediated insertion of the hygromycin B resistance gene is possible in the
context of the vectors used. Coupled to insertion of the hygro™ gene is the removal of
the puromycin resistance gene from the promoter sequence and the flanking ATG-start
codon. Thus, Flp-mediated recombination should result in sensitivity towards
puromycin selection of the cells. Indeed, in HEK-293 cells we observed that the cells
became sensitive to puromycin after Flp-mediated recombination (data not shown). To
substantiate the data concerning Flp recombination we identified the transposon
insertion site in one of clones by ligation-mediated PCR. Using primers flanking the
borders of the inserted FRT/hygro plasmid, we could verify precise insertion into the
FRT site of the inserted SB transposon (data not shown).

In NPFs, we were unable to detect the formation of hygromycin B-resistant colonies in
a colony-forming assay. However, we note that this cannot be attributed to the lack of
the correct recombination but is a consequence of the lack of sufficient cell passage
potential of these primary cells, which already had been through one round of
selection. As an alternative approach, we performed a PCR analysis on genomic DNA
of transfected NPFs to screen for the presence of insertions at an early stage before
colony formation. The PCR analysis was performed on isolated genomic NPF DNA
with a forward primer within the left IR of the SBT/SV40-FGIP transposon and a
reverse primer in the hygro™ gene. This primer combination should amplify a 700-bp
fragment only if the recombination event has happened. Indeed such a fragment could
be amplified from transgenic NPF cells co-transfected with the donor plasmid and the
vector expressing Flp (Fig. 6C). In cells which were transfected with FRT-donor
plasmid only, we could not detect 700-bp band, indicating that this band is indeed a
result of the specific Flp-directed recombination event. Sequencing of this fragment
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confirmed that precise insertions mediated by Flp in NPFs had occurred with the
expected sequence specificity within the FRT site. Thus, we conclude that NPFs can
support Flp-mediated recombination with resulting alterations in transgene expression
profiles.

In addition to selection marker exchange a Flp recombination event within the docking
vector should result in a shift of expression from eGFP to DsRed. To monitor the
presence of such a colour exchange, we examined a HEK-293-derived cell clone
(clone 4) by epifluorescence analysis. Prior to transfection with the DsRed-encoding
donor plasmid and the Flp expression vector, HEK-293 cells containing the integrated
SBT/SV40-FGIP transposon showed a clear green fluorescent signal (Fig. 6D). Two
days after transfection the cells expressed both DsRed and eGFP as a result of
transient presence of the DsRed expression vector after transfection. Cells were grown
under hygromycin B selection and at 6 and 11 days after transfection the eGFP signal
had disappered and only DsRed expression could be monitored, supporting the notion
that expression of the eGFP and DsRed transgenes had been shifted within the
integrated transposon of clone 4 (Fig. 6D, panel 1 through 5). Similarly, stable DsRed
expression could be monitored in transfected transposon-tagged NPFs only when Flp
had been present (Fig. 6E), although these cells could not form hygromycin B-resistant
colonies due to their limitated passaging potential.

Transgenic NPFs give rise to viable porcine blastocysts

Due to the limited lifespan of the NPF cells, the porcine master cell line transgenic for
the SBT/SV40-FGIP transposon could not be used for insertion of other transgenes in
a second round of selection, and thus prevented us from demonstrating transgene
insertion at a defined position in the NPF genome. Formal proof would therefore
require generation of cloned ‘master pigs’ carrying the SBT/SV40-FGIP insertion and
studies of gene insertion in primary cells derived from these pigs. We therefore
examined the possibility of generating SBT/SV40-FGIP-transgenic animals from which
cells with regained growth potential can be derived and used for Flp-mediated
recombination and a subsequent second round of cloning. To this end we here
addressed the question if transgenic NPFs have potential to generate transgenic
blastocysts by the use of HMC-directed SCNT. After SB transposition using the
pSBT/SV40-FGIP vector and selecting with puromycin for 9 days, NPF clones were
isolated, expanded to about 1 x 10° cells and stored at -135 °C. All clones expressed

eGFP (Fig. 7A). Batches of cells were thawed and used for handmade cloning. Viable
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blastocysts were obtained. Fluorescent analysis showed that the blastocysts expressed
eGFP in all cells (Fig 7B). Thus, SBT/SV40-FGIP-transgenic NPFs are applicable for
cloning by SCNT and expression of the transgene is maintained in both the inner cell
mass and the trophoblast layer at the blastocyst stage of development.

Handmade cloning (HMC) and establishment of pregnancies

Handmade cloning was performed as described herein. Briefly, oocytes with partially
digested zona pellucida were enucleated by oriented bisection according to the position
of the polar body. The part of the oocytes without chromatin, i.e. the cytoplasts, was
collected and electrofused with transgenic NPFs. Another cytoplast was electrofused
with each cytoplast-fibroblast pair during a second round of fusion which also activated
the reconstructed embryos and transgenic blastocysts developed after 7 days of in vitro

culture.

For the cloning and delivery of transgenic piglets, transgenic donor cells as described
herein were used in HMC. Except where otherwise indicated all chemicals were
obtained from Sigma Chemical Co. (St Louis, MO, USA).

Oocyte collection and in vitro maturation (IVM)

Cumulus-oocyte complexes (COCs) are aspirated from 2 to 6 mm follicles from
slaughterhouse-derived sow ovaries and matured in groups of 50 in 400 ul IVM
medium consisting of bicarbonate-buffered TCM-199 (GIBCO BRL) supplemented with
10% (v/v) cattle serum (CS), 10% (v/v) pig follicular fluid, 10 IU/ml eCG, 5 IU/ml hCG
(Suigonan Vet; Skovlunde, Denmark) at 38.5 °C in 5% CO in humidified air in the
Submarine Incubation System (SIS; Vajta et al., 1997) for 41—44 h.

HMC is performed by a procedure based on partial digestion of the zona pellucida, as
described earlier (Du et al., 2005 and 2007). Matured COCs was freed from cumulum
cells in 1 mg/ml hyaluronidase in Hepes-buffered TCM-199. From this point (except
where otherwise indicated) all manipulations are performed on a heated stage adjusted
to 39 °C, and all drops used for handling oocytes were of 20 pl covered with mineral oil.
Zonae pellucidae of are partially digested with 3.3 mg/ml pronase solution dissolved in
T33 (T for Hepes-buffered TCM 199 medium; the number means percentage (v:v) of
CS supplement, here 33%) for 20 s, then oocytes are washed quickly in T2 and T20
drops. Oocytes with distended and softened zonae pellucidae are lined up in T20 drops
supplemented with 2.5 ug/ml cytochalasin B. With a finely drawn glass pipette, oocytes
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are rotated to locate the polar body on the surface. By oriented bisection with an Ultra
Sharp Splitting Blade (AB Technology, Pullman, WA, USA) less than half of the
cytoplasm close to the polar body is removed manually from the remaining putative
cytoplast.

Transgenic donor fibroblasts grown to a confluent monolayer in DMEM supplemented
with 10% FCS are trypsinized and kept in T20 (Kragh et al., 2004). Fusion is
performed in two steps. For the first step, 50% of the available cytoplasts were
transferred into 1 mg/ml of phytohemagglutinin (PHA; ICN Pharmaceuticals, Australia)
dissolved in TO for 3 s, then each one is quickly dropped over a single APPsw
transgenic fibroblast. After attachment, cytoplast-fibroblast cell pairs are equilibrated in
fusion medium (0.3 M mannitol and 0.01% PVA) for 10 s and transferred to the fusion
chamber (BTX microslide 0.5 mm fusion chamber, model 450; BTX, SanDiego, CA,
USA). Using an alternating current (AC) of 0.6kV/cm and 700 kHz, pairs are aligned to
the wire of a fusion chamber with the somatic cells farthest from the wire, then is fused
with a direct current of 2.0 kV/cm for 9 ps. After the electrical pulse, cell pairs are
incubated in T10 drops to observe whether fusion has occurred.

Approximately 1 h after the first fusion, each pair is fused with another cytoplast and
activated simultaneously in activation medium (0.3 M mannitol, 0.1 mM MgSQ,,

0.1 mM CaCl; and 0.01% PVA). By using an AC of 0.6 kV/cm and 700 kHz, one fused
pair and one cytoplast is aligned to one wire of the fusion chamber, with fused pairs
contacting the wire, followed by a single DC pulse of 0.85 kV/cm for 80 ps. When
fusion is observed in T10 drops, reconstructed embryos are transferred into porcine
zygote medium 3 (PZM-3; Yoshioka et al., 2002) supplemented with 5 ug/ml
cytochalasin B and 10 pg/ml cycloheximide. After a 4 h incubation at 38.5 °C in 5%
COy,, 5% O, and 90% N, with maximum humidity, embryos are washed three times in
PZM-3 medium before culture

Embryo culture and transfer

Embryos are cultured at 38.5 °C in 5% CO,, 5% O, and 90% N, with maximum
humidity in PZM-3 medium in the well of well system (WOWSs; Vajta et al., 2000). Day 5
and 6 blastocysts with clearly visible inner cell mass are surgically transferred to
Danish landrace sows on day 4 or 5 after weaning. Pregnancies are diagnosed by
ultrasonography on day 21 and confirmed every second week. Piglets are delivered by
Caesarean section on day 114, 24 h after treatment with prostaglandin F2.
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Flp-based plasmid insertion into integrated SB vectors

To facilitate Flp-based gene insertion into integrated SB vectors HEK-GFIP1, HEK-
GFIP2, and HEK-GFIP3 were co-transfected with pcDNA/FRT (containing the FRT-
hygro fusion gene) and pCMV-Flpx9. Upon subsequent hygromycin B selection 312,
53, and 1800 drug-resistant colonies appeared in the three cell lines. (Fig. 8). Notably,
for each of the three cell lines co-transfection with pUC19 instead of pCMV-FIpx9 did
not result in colony formation, indicating that there was no background of false
positives in the system. Subsequent PCR and sequence analysis confirmed correct
Flp-based gene insertion (data not shown). We are currently investigating whether the
variable number of hygromycin B-resistant colonies obtained is a result of different
properties of the transposons used or perhaps variable SB copy numbers in the three
cell lines.

Vector construction and procedure: The target transposon SBT/RSV-GFIP was
inserted into the genome of HEK-293 cells by co-transfecting (using Fugene-6 from
Roche) 1.5 yg pSBT/RSV-GFIP with 1.5 ug pCMV-SB (or 1.5 uyg pCMV-mSB as a
negative control). pCMV-SB, obtained from Perry Hackett, University of Minnesota,
Minnesota, USA, encodes the Sleeping Beauty transposase reconstructed from fossil
DNA transposable elements of salmoid fish. SB-tagged cell clones were generated by
selecting transfected cells with puromycin (1 pg/ml). Clones were isolated and
expanded and utilized as target clones for Flp-mediated gene insertion. To
demonstrate site-specific insertion of transfected plasmid DNA 12 ug pCMV-Flp was
co-transfected (by CaPO4) with either (i) 3 ug pcDNAS5/FRT or (ii) 3 ug pLV/FRT-
hygro.PGK-puro into SBT/RSV-GFIP-tagged HEK-293 cells. To select for site-specific
insertions cells were grown in medium containing hygromycin B (200 pg/ml).

Gene-flanking insulators stabilize gene expression from integrated transposons.
In ongoing work we have demonstrated that expression from integrated SB-vectors,
depending on the site of integration, can be transcriptionally silenced over time. Such
silenced vectors can be re-activated by treating vector-containing cells with 5-
azacytidine or trichostatin A indicating that epigenetic changes at the targeted locus are
responsible for silencing. Based on these findings we flanked the gene expression
cassette of these vectors with cHS4 insulators and monitored the effect on gene
expression stability. Interestingly, we found in transposition assays, carried out in F9
embryonal carcinomal cells, that insulation of the PGK-puro cassette inside these
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transposons resulted in a dramatic 5-fold increase in the number of puromycin-resistant
colonies compared to numbers achieved with un-insulated vectors (data not shown).
These data strongly indicate that insulators stabilize gene expression from transposed
SB vectors and therefore insulators are included in a novel generations of FRT-tagged
SBT/GFIP vectors.

Strategies for Flp-based insertion of circular virus-derived substrates. As long as
genetically engineered cells are easy to transfect supercoiled plasmid DNA is an
efficient subtrate for Flp-based gene insertion into the genome. To facilitate site-
specific gene insertion in hard-to-transfect cell lines or tissues that are not easily
transfected in vivo we wanted to explore alternative substrates for site-specific
recombination. We focused on circular DNA intermediates that are generated during
lentivirus infection and which are often considered dead-end reverse-transcribed
products of infection. 2-LTR DNA circles are generated by DNA repair and ligation of
the full-length linear viral DNA (Fig. 9, left), whereas 1-LTR DNA circles are generated
by homologous recombination between the two LTRs of the episomal and linear viral
DNA (Fig. 4, right). We hypothesized that these circles, generated during lentiviral
vector transduction, may support Flp-based recombination, allowing site-specific
integration of DNA circles devoid of bacterial sequences (Fig. 9, bottom).

1- and 2-LTR lentiviral DNA circles are efficient substrates for site-specific gene
insertion. To maximize circle formation and accumulation we generated integration-
defective lentiviral vectors (ID-LVs) which contained a mutated inactive integrase
protein. We generated a lentiviral vector, pLV/FRT-hygro.PGK-puro, that contains the
FRT-hygro recombination sequence and found in transduction titer assays that this
vector was only slightly less efficiently transferred in comparison to the original vector
(Fig. 10). We then transfected HEK-GFIP3 cells with pCMV-Flpx9 and on the following
day transduced transfected cells with ID-LV/FRT-hygro.PGK-puro at a MOI~100.
Based on transfection and transduction of about 10 cells, we obtained in triplicate
assays on average approximately 20 hygromycin B-resistant colonies (Fig. 11A).
Background activity was not registered in cells transfected with pUC19 prior to ID-
LV/FRT-hygro.PGK-puro-transduction.

PCR amplifications using as template genomic DNA from 10 of the hygromycin B-
resistant colonies verified that DNA circles had been inserted site-specifically into SB-
tagged loci (Fig. 11B). PCR across the FRT integration site resulted in band sizes
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indicative of specific gene insertion, whereas primers that amplified sequences
containing the LTR region(s) of the integrated circles resulted in amplicons with either
one or two LTRs (Fig. 11B). Hence, 1-LTR and 2-LTR integrations each were detected
in 5 separate clones. We conclude that lentiviral DNA circles can act as substrates for
Flp-based site-specific recombination.

ID-LV-encoded Flp supports Fip-based gene insertion. Based on this finding we set
out to test whether Flp likewise could be delivered by ID-LVs. We therefore generated
a lentiviral vector, pLV/PGK-Flp containing a PGK-driven Flp gene and transduced
HEK-GFIP3 cells with ID-LV/PGK-puro at a MOI~100. Twenty four hours post-
transduction cells were transfected with a FRT-tagged plasmid substrate
(pcDNA5/FRT) and then treated with hygromycin B. Again, we detected in triplicate
experiments about 20 drug-resistant colonies (Fig. 12). In comparison, transfection with
pCMV-Flpx9 resulted in about 100 colonies, whereas transduction with a Flp-less
vector, ID-LV/PGK-eGFP, did not result in colony formation. Flp-dependent colony
formation in this assay indicates that Flp, generated from ID-LVs, is sufficient to confer
substrate recombination and site-specific gene insertion.

ID-LV co-transduction results in site-specific lentiviral DNA circle insertion.

We finally combined the actions of ID-LV/FRT-hygro and ID-LV/PGK-Flpx9 vectors in
one experiment by co-transducing HEK-GFIP3 cells and selecting transduced cells for
hygromycin B resistance. In this setup we obtained on average 8 colonies per
transduction (Fig. 13), demonstrating that Flp encoded by an integrating-defective
vector facilitates insertion of lentiviral DNA circles carrying the Flp recognition
sequence. This finding demonstrates for the first time site-specific insertion of lentiviral
vectors and confirm that DNA circles generated during lentiviral transduction may serve
as substrate for genomic integration. By integrating viral circles rather than plasmid
DNA, we obtain insertions that are not potentially harnessed by bacterial sequences
derived from the plasmid backbone and, moreover, pave the way for Flp-based gene

insertions in hard-to-transfect cell lines or tissues.

Transduction of cells with integration-proficient and —deficient lentiviral vectors.
VSV-G-pseudotyped lentiviral vectors were generated by co-transduction of 293T cells
with 13 uyg pMDGPLg/RRE, 3 pug pRSV-Rev, 3.75 ug pMD2G, and 13 pg lentiviral
vector plasmid. Vector production plasmid were obtained from Dr. Aebischer, Swiss
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Federal Institute of Technology, EPFL, Lausanne, Switzerland. Integration-defective
lentiviral vectors (ID-LV) were generated by replacing pMDGPLg/RRE with
pMDLg/pRREIntD64V (obtained from Rafael Yanez-Mufioz, University College London,
UK) in the transfection mixture. pMDLg/pRREintD64V contains a point mutation in the
integrase coding sequence rendering the encoded integrase inactive (714).
Transduction titers of integration-proficient lentiviral vectors carrying the PGK-puro
cassette were determined by transferring serially diluted supernatant from transfected
293T cells to HEK-293 target cells prior to puromycin selection. Maximal levels of
lentiviral DNA circles were obtained by transducing SB-tagged target clones with ID-
LVs at estimated MOIs of 100-500. In experiments involving transfected pCMV-Flp the
cells were transfected one day prior to transduction with ID-LV/FRT-hygro.PGK-puro to
ensure the presence of Flp at the time of circle formation. In the reciprocal experiment
in which Flp was provided by lentiviral circles and plasmid DNA served as a substrate
for recombination the cells were transduced with ID-LV/PGK-Flp one day prior to
transfection. In ID-LV/FRT-hygro.PGK-puro + ID-LV/PGK-Flp co-transduction
experiments the cells were simultaneously transduced with ID-LV/PGK-Flp and ID-
LV/FRT-hygro.PGK-puro. After transfection/transduction of SBT/RSV-GFIP-tagged
clones, cells were grown in medium containing hygromycin B. In selected experiments
hygromycin B-resistant colonies were counted, isolated, expanded, and analyzed by
insert-specific PCRs. PCRs included (i) selective amplification of sequences at the
integration site and (ii) amplification of inserted 1- and 2-LTR sequences generated
during lentiviral DNA circularization.

Construction of alternative vector and transfer to porcine fibroblasts

The SB transposon-based vector used in this study was derived from the pSBT/SV40-
GFIP.loxP vector. This vector contains, within the context of a SB transposon, a
bicistronic FRTeGFP-IRES-puro (GFIP) cassette flanked upstream by an ATG start
codon and downstream by a poly A sequence. Moreover, the vector contains a
recognition site for the Cre recombinase (loxP) located between the upper inverted
repeat of the vector and the SV40 promoter driving expression of the FRTeGFP-IRES-
puro cassette.

Construction of pSBT/SV40-GFIP.loxP vector
The pSBT/RSV-GFIP vector contains the terminal inverted of the SB DNA transposon
flanking a FRT-GFP.IRES.puro bicistronic gene cassette driven by a promotor derived
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from Rous sarcoma virus (RSV). The eGFP sequence was amplified from peGFP.N1
(Clontech) using a forward primer containing the 48-bp FRT sequence. To analyze
FRT-GFP functionality, the FRT-eGFP fusion was inserted into an expression vector
containing the SV40 promoter. The PCR-fragment containing FRT-tagged eGFP fusion
gene was digested with Mlul and Xmal and inserted into Mlul/Xmal-digested
pSBT/RSV-hAAT (pT/hAAT in ref. (8), obtained from Mark Kay, Stanford University,
USA), generating a transposon vector with RSV-driven eGFP expression (pSBT/RSV-
eGFP). An IRES-puro cassette was PCR-amplified from pecoenv-IRES-puro (provided
by Finn Skou Pedersen, University of Aarhus, Denmark), digested with Xmal, and
inserted into Xmal-digested pSBT/RSV-eGFP, generating pSBT/RSV-GFIP (see Fig
14). Alternative versions of this vector containing the SV40 promoter (pSBT/SV40-
GFIP) and the promoter derived from the human ubiquitin gene (pSBT/Ubi-GFIP), were
generated. In addition, by inserting a Cre recombination target site (loxP) into the Mlul
site located between the left inverted repeat of the transposon and the SV40 promoter
of pSBT/SV40-GFIP, the vector pSBT/SV40-GFIP.loxP was created. The donor
plasmid pcDNA5/FRT, containing a FRT-hygro fusion gene without a start codon, was
obtained from Invitrogen. The Flp-encoding plasmid, pCMV-FIp was obtained from A.
Francis Stewart, University of California San Francisco, USA). This plasmid encodes
the enhanced Flp variant designated Flpx9 (77). A SB-vector containing two copies of
the 1.2-kb chicken DNase hypersensitive site 4 (cHS4)-derived insulator element (72,
13) was generated by inserting PCR-amplified cHS4 sequences and an intervening
linker into Notl/Spel-digested pSBT/PGK-puro (obtained from Mark Kay, Stanford
University, USA). The PGK-puro cassette was cloned back into construct by using
restiction sites located in the linker, generating pSBT/cHS4.PGK-puro.cHS4

For further use in pigs an alternative Cre recognition site (loxP-257) was inserted into
a unique Ascl site that was created by mutagenesis at a position located between the
poly A sequence and the lower inverted repeat of the vector. This vector was
designated pSBT/loxP.SV40-GFIP.loxP257. The presence of two Cre recombination
sites allows Cre recombinase-mediated cassette exchange after Flp-based plasmid
insertion, thereby facilitating, if needed, removal of plasmid sequences and selection
genes.

SB transposition in primary pig fibroblasts
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The SB transposon vectors, either SBT/PGK-puro or the target transposon
SBT/loxP.RSV-GFIP.loxP257, were inserted into the genome of pig fibroblast by co-
transfecting (using Fugene-6 from Roche) 1.5 pug pSBT/lox.RSV-GFIP.loxP257 (or
pSBT/PGK-puro) with 1.5 pg pCMV-SB (or 1.5 ug pCMV-mSB as a negative control).
pCMV-SB (rights held by Perry Hackett, University of Minnesota, Minnesota, USA)
encodes the Sleeping Beauty transposase reconstructed from fossil DNA transposable
elements of salmoid fish. pPCMV-SB, pCMV-mSB, and the hyperactive variant pCMV-
HSB3 were obtained from Mark Kay, Stanford University, USA. SB-tagged cell clones
appeared as a result of selecting transfected cells with puromycin (0.5 pg/ml). Colonies
were fixed and stained in methylene blue in methanol and subsequently counted.

Solid SB transposition in primary pig fibroblasts

SB transposes efficiently in most mammal cells but with higher efficacy in human cells
than in murine cells. Transposition of SB vectors has never been analyzed in porcine
cells, and we therefore initially tested activity in primary pig fibroblasts. We utilized a
standard transposon encoding a puromycin resistance gene (SBT/PGK-puro) and
found decent levels of transposition, resulting in about 75 drug-resistant colonies in
cultures of fibroblasts co-transfected with pSBT/PGK-puro and pCMV-SB (Fig. 15).
Less than 3 colonies appeared after transfection with pSBT/PGK-puro and pCMV-
mSB, the latter which encodes an inactive version of the transposase. Interestingly, a
mean of almost 140 colonies was obtained using the hyperactive transposase variant
HSB3, indicating that HSB3 also in porcine cells mediates higher levels of transposition
compared to the original SB transposase.

Efficient insertion of a FRT-tagged SB vector in pig fibroblasts

To generate SB-tagged cell clones containing a Flp recombination target site for site-
specific gene insertion, we co-transfected the pSBT/loxP.SV40-lopP257 plasmid with
pCMV-mSB, pCMV-SB, and pCMV-HSBS3, respectively. HSB3 again showed the
highest activity, resulting in about 30 drug-resistant colonies after transfection of 3 H
10* fibroblasts (Fig. 16).

Puromycin-resistant colonies were isolated and expanded. Clone analysis by
fluorescence microscopy demonstrated efficient FRTeGFP expression (Fig. 17),
demonstrating vector functionality and easy FRTeGFP detection in pig fibroblasts.
These fluorescent cell clones carrying the Flp FRT recombination sequence are
currently being used for creation of cloned transgenic animals by hand-made cloning.
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Verification of SBT/loxP.SV40-GFIP.loxP257 as target for Flp recombination

Due to limitations of long-term growth of primary pig fibroblasts in tissue culture we
were not able to demonstrate Flp-based gene insertion into FRT-tagged SB vectors in
pig fibroblasts. We therefore chose to test functionality of the FRT-containing vector by
a standard set of recombination experiments carried out in HEK-293 cells. We
generated clones of HEK-293 cells containing the transposed SBT/loxP.SV40-
GFIP.loxP257 vector. By co-transfection of such clones with (i) a pcDNA5/FRT-derived
substrate plasmid containing a FRT-hygro fusion gene and a red fluorescent protein
(RFP) expression cassette and (ii) a plasmid encoding the Flp recombinase (pCMV-
Flpx9), we subsequently identified hygromycin B resistant colonies. By fluorescence
microscopy we observed that site-specifically engineered clones, as expected, turned-
off eGFP expression and turned-on RFP expression (data not shown). This ‘green-to-
red’ phenotypic change indicates that the integrated SB-derived target vector serves as
acceptor site for Flp-based recombination.

Controlled integration of transgenes by gene-shifting

A gene shift with the help of the Sleeping Beauty (SB) DNA transposon technology and
Flpe recombination is presented in this example. We inserted into HEK 293 cells a SB
transposon containing an eGFP gene and an frt site. The frt site enables gene shifting
with a donor plasmid containing the RFP gene as well as an frt site (see fig. 18). Cells
which underwent complete gene shifting, changed colour from green to red
fluorescence and also changed antibiotic resistance, as the eGFP is linked to a
puromycin resistance gene, and the RFP to a hygromycine B resistance gene. One
clone with such characteristics was examined by LM-PCR and the location of the
transposon, including the eGFP and frt site was found on chromosome 10. The
insertion site showed typical signs of SB integration in the form of TA duplication
flanked by distinctive consensus sequences. The transposon was sequenced before
and after gene shifting, which confirmed that the transposon was intact, initially without
the RFP gene, and with RFP after gene shifting (fig 19 and 20).

These findings imply that gene shifting can be controlled at a precise place in the
genome. The potential of SB and the transposon was investigated in minipig cells. The
results showed that primary pig fibroblasts also support SB insertion thus creating a
platform for gene shifting in pig cells (see fig 21). We prepared minipig cells for SB-
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mediated gene shifting, and by hand made cloning (HMC) we show that such cells give
rise to viable blastocysts expressing the transgene (see fig 22).

In conclusion, the Sleeping Beauty DNA transposon-based vector of the present
invention serves in its integrated form as a target for recombinase-based gene
insertion. The SB vector is efficiently transferred by cut-and-paste transposition into the
genome of primary porcine fibroblasts and therefore is not flanked by plasmid-derived
bacterial sequences. Use of these genetically engineered primary cells in for example
microinjection and hand-made cloning allows subsequent detailed analyses of SB
vector-derived eGFP expression in cloned pigs and identification of animals with
attractive expression profiles (e.g. ubiquitous, tissue-specific). Primary fibroblasts from
such ‘master pigs’ is further modified by Flp-based recombination, allowing site-
directed gene insertion in a SB vector-tagged locus which is not silenced in the tissue
of interest. Cloned pigs harboring a site-specifically inserted disease gene of interest or
a shRNA expression cassette for downregulation of endogenous genes can be
generated by a second round of animal cloning.

Except where otherwise indicated all chemicals for the nuclear transfer procedure were
obtained from Sigma Chemical Co. (St Louis, MO, USA).

Oocyte Collection and in vitro maturation (VM)

Cumulus-oocyte complexes (COCs) were aspirated from 2-6 mm follicles from
slaughterhouse-derived sow or gilt ovaries. COCs were matured in groups of 50 in 400
ul bicarbonate-buffered TCM-199 (GIBCO BRL) supplemented with 10% (v/v) cattle
serum (CS), 10% (v/v) pig follicular fluid, 10 IU/ml eCG, 5 IU/ml hCG (Suigonan Vet;
Skovlunde, Denmark) at 38.5°C in the “Submarine Incubation System” (SIS; Vajta, et
al. 1997) in 5% CO, in humidified air for 41-44 hours.

In vitro fertilization (IVF)

IVF experiments were performed with in vitro matured oocytes in 3 identical replicates.
After maturation, COCs were washed twice with mTBM containing 2mM caffeine
(MTBM) and transferred in groups of 50 to 400 ul mTBMi. Freshly ejaculated
semen was treated as described previously (Booth, et al., in press). After 2 h
capacitation at 38.5°C and in 5% CO.in humidified air, sperm was added to the
oocytes with the adjusted final concentration of 1x10° sperm/ml. Fertilization was
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performed at 38.5°C and in 5% CO. in humidified air in the SIS for 3 h. After the
insemination, the presumptive zygotes were vortexed in mTBM to remove cumulus
cells before washing in IVC medium and placing in culture dishes (see Embryo culture

and evaluation).

Handmade cloning (HMC)

The applied HMC method was based on our previous work in cattle and pig (Kragh, et
al., 2004; Peura and Vajta, 2003; Vajta, et al., 2003), but with significant modifications.
Briefly, at 41 h after the start of maturation, the cumulus investment of the COCs was
removed by repeated pipetting in 1mg/ml hyaluronidase in Hepes-buffered TCM199.
From this point (except where otherwise indicated), all manipulations were performed
on a heated stage adjusted to 39°C, and all drops used for handling oocytes were of 20
ul volume covered with mineral oil. Oocytes were briefly incubated in 3.3mg/ml pronase
dissolved in T33 (T for Hepes-buffered TCM 199 medium; the number means
percentage (v/v) of CS supplement, here 33%) for 5 s. Before the oocytes started to
become misshaped in pronase solution, they were picked out and washed quickly in T2
and T20 drops. Oocytes with partially digested but still visible zona were lined up in
drops of T2 supplemented with 3 mg/ml polyvinyl alcohol (TPVA) and 2.5 ug/ml
cytochalasin B. Trisection instead of bisection was performed manually under
stereomicroscopic control with Ultra Sharp Splitting Blades (AB Technology, Pullman,
WA, USA; Fig. 23a). Fragments of trisected oocytes were collected and stained with 5
pg/ml Hoechst 33342 fluorochrome in TPVA drops for 5 min, then placed into 1 pl
drops of the TPVA medium on the bottom of a 60 mm Falcon Petri dish covered with oil
(3-4 fragments per drop). Using an inverted microscope and UV light, positions of
fragments without chromatin staining (cytoplasts) were registered and later collected
under a stereomicroscope in T10 drops until the start of the fusion.

Fetal fibroblast cells were prepared as described previously (Kragh, et al., in press).
Fusion was performed in two steps where the second one included the initiation of
activation, as well. For the first step, one third of the selected cytoplasts (preferably the
smaller parts) were used. With a finely drawn and fire-polished glass pipette, 10
cytoplasts were transferred as a group to 1 mg/ml of phytohaemagglutinin (PHA; ICN
Pharmaceuticals, Australia) for 3 s, then quickly dropped onto one of the few fibroblast
cells individually that were sedimented in a T2 drop. After attachment, 10 cytoplast-
fibroblast cell pairs were equilibrated in fusion medium (0.3 M mannitol and 0.01%
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PVA) for 10 s. Using an alternative current (AC) of 0.6KV/cm and 700 KHz, cell pairs
were aligned to the wire of a fusion chamber (BTX microslide 0.5 mm fusion chamber,
model 450; BTX, SanDiego, CA, USA) with the donor cells farthest from the wire (Fig.
23b), then fused with a direct current (DC) of 2.0 KV/cm for 9 us. After the electrical
pulse, cell pairs were removed carefully from the wire, transferred to T10 drops and
incubated to observe whether fusion had occurred.

Approximately 1 hour after the first fusion, fused pairs together with the remaining two
thirds of cytoplasts were equilibrated in activation medium drops separately (0.3 M
mannitol, 0.1 mM MgSQ,, 0.1 mM CaCl, and 0.01% polyvinylalcohol (PVA)). Under a
0.6KV/cm AC, cytoplast - fused pair - cytoplast triplets were aligned sequentially to the
wire in groups of 10, with fused pairs located in the middle (Fig. 23c). A single DC
pulse of 0.7 KV/cm for 80 us was used for the second fusion and initiation of activation.
The triplets were then removed from the wire and transferred carefully to T10 drops to
check the fusion (Fig.23d). Reconstructed embryos were incubated in culture medium
(see Embryo culture and evaluation) supplemented with 5 pg/ml cytochalasin B and 10
pg/ml cycloheximide for 4 h at 38.5°C in 5% CO,, 5% O, and 90% N, with maximum
humidity, then washed thoroughly for 3 times in IVC medium before culture.

Parthenogenetic activation (PA)

Parthenogenetically activated oocytes were produced either separately or in parallel
with HMC. Oocytes were denuded in the same way as above except that a longer
incubation in pronase was used to get the zona pellucida completely removed. Zona
free (ZF) oocytes were then equilibrated for 10 s in activation medium (0.3 M mannitol,
0.1 mM MgSQO,, 0.1 mM CaCl, and 0.01% PVA) and transferred to the fusion chamber
(BTX microslide 0.5 mm fusion chamber, model 450; BTX, SanDiego, CA, USA). A
single DC pulse of 0.85 KV/cm for 80 us was generated with a BLS CF-150/B cell
fusion machine (BLS, Budapest, Hungary) and applied to ZF oocytes. For zona intact
(Z1) oocytes, a single DC pulse of 1.25 KV/cm for 80 ps was used (according to our
unpublished preliminary experiments, these parameters resulted in the highest
activation and subsequent in vitro development for ZI and ZF oocytes, respectively).
The procedure after the electrical pulse was the same as for HMC reconstructed
embryos.

Embryo culture and evaluation
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All porcine embryos produced by the above treatments were cultured in a modified
NCSU37 medium (Kikuchi, et al., 2002) containing 4 mg/ml BSA at 38.5°C in 5% O,
5% CO, and 90% N, with maximum humidity. The culture medium was supplied with
0.17 mm sodium pyruvate and 2.73 mm sodium lactate from Day 0 (the day for
fertilization and activation) to Day 2, then sodium lactate and sodium pyruvate was
replaced with 5.5mm glucose from Day 2 to Day 7. All ZF embryos were cultured in the
WOW system (Vajta, et al., 2000) in the same culture medium and gas mixture as used
above, with careful medium change on Day 2 without removing the embryos from the
WOWs. The blastocyst rate was registered on Day 7. To determine total cell numbers,
blastocysts were fixed and mounted to a glass microscopic slide in glycerol containing
20 pg/ pl Hoechst 33342 fluorochrome. After staining for 24 h, embryos were observed
under a Diaphot 200 inverted microscope with epifluorescent attachment and UV-2A
filter (Nikon, Tokyo, Japan).

Example 1

Differences in developmental competence between sow (2.5 years, 170Kg in weight)
derived oocytes and gilt (5.5~6 months, 75Kg in weight) derived oocytes were
investigated through ZF and ZI PA after 44 h in vitro maturation. Four combined groups
were investigated in 3 identical replicates: (1) ZF oocytes from sows (2) ZI oocytes
from sows (3) ZF oocytes from gilts (4) ZI oocytes from gilts. For ZF activation, a single
DC pulse of 0.85 KV/cm for 80 us was applied, while a single 1.25 KV/cm pulse was
used to activate ZI oocytes. Following 7 days culture as described above, the
percentage of blastocysts per activated embryo was determined.

The in vitro developmental competence of parthenogenetically activated oocytes
derived from either sows or gilts was investigated. As shown in Table 1, the blastocyst
rates of parthenogenetically activated oocytes from sows were significantly higher than
those from gilts, either after ZF or ZI| PA.

Table 1.
Blastocyst development of Day 7 parthenogenetically activated sow and gilt oocytes

Zona Free Zona Intact

No. of activated No.of No. of activated No.of
oocytes blastocysts (%) oocytes blastocysts (%)
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sow 103 43(42+4) 110 61(5546)°
gilt 85 17(20+2)° 137 36(26+5)°

2P Different superscripts mean significant differences (p < 0.05).

°d Different superscripts mean significant differences (p < 0.05).

" Percentage (Mean + S.E.M) of embryos developed to blastocysts.

The difference in oocytes developmental competence between sows and gilts has

been examined in in vitro production (IVP) and somatic cell nuclear transfer (SCNT)
embryos separately, resulting in a similar conclusion as in the earlier publication of
other research groups (Sherrer, et al., 2004; Hyun, et al., 2003), i.e. that embryos from
sow-derived oocytes are superior to those from gilt-derived oocytes in supporting
blastocyst development. Although gilts used in our study were at the borderline of
maturity, the difference between Day 7 blastocyst rates after PA was significant,
proving the superior developmental competence of sow oocytes.

Example 2

The feasibility of modified porcine HMC was investigated in 6 identical replicates, with
IVF and in parallel ZF PA as controls. The more competent sow oocytes (according to
Example 1) were used in Example 2. Seven days after reconstruction and/or activation,
the number of blastocysts per reconstructed embryo and total cell numbers of randomly
selected blastocysts were determined.

More than 90% of oocyte fragments derived from morphologically intact oocytes could
be recovered for HMC after the trisection. In average, 37 embryos could be
reconstructed out of 100 matured oocytes. The developmental competence of all
sources of porcine embryos is shown in Table 2. On Day 7, the development of
reconstructed embryos to the blastocyst stage was 17+4% with mean cell number of
4615, while the blastocyst rates for IVF, and ZF PA were 30£6% and 47+4% (n=243,
170, 97) respectively.

Table 2.
In vitro development of embryos produced by HMC, IVF and ZF PA

No. of No. of blastocyst Mean cell
embryos/oocyt : rates (Mean number of
es in culture +S.E.M). blastocysts

Embryo

origins blastocysts
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HMC 243 41 17442 46+5¢
IVF 170 52 30+6° 74+6°
ZF PA 97 46 47+4° 53+7¢

abe Different superscripts mean significant differences (p < 0.05).

¢ Different superscripts mean significant differences (p < 0.05).

Although the theoretical maximum efficiency was still not approached, the integration of
zona partial digestion and oocyte trisection almost doubled the number of
reconstructed embryos compared to our earlier system (Kragh, et al., 2004 Reprod.
Fertil. Dev 16, 315-318). This increase in reconstruction efficiency may have special
benefits in porcine cloning since oocyte recovery after aspiration is more demanding
and time-consuming than in cattle. An even more important point is the high embryo
number required for establishment of pregnancies following porcine nuclear transfer.
IVC in pigs is also regarded as a demanding and inefficient procedure (Reed, et al.,
1992 Theriogeneology 37, 95-109). A disadvantage of ZF systems is that the embryos
have to reach at least the compacted morula or early blastocyst stage in vitro to avoid
disintegration in the oviduct without the protective layer of the zona pellucida. On the
other hand, once in the blastocyst stage, zona free embryos can be transferred
successfully as proved by calves born after either embryonic or somatic cell nuclear
transfer (Peura et al., 1998; Tecirlioglu et al., 2004; Oback et al., 2003; Vajta, et al.,
2004) and also by the piglets born after zona-free IVP of oocytes (Wu, et al., 2004).
NCSU37 medium has been the most widely and successfully used medium for the
culture of pig embryos. However, despite the improved embryo development compared
with other media, the viability of IVP porcine embryos is still compromised after IVC.
Some reports suggested that glucose is not metabolized readily by early porcine
embryos before the eight-cell stage but used in higher amounts in embryos between
the compacted morula and blastocysts stages (Flood, et al., 1988). The replacement of
glucose with pyruvate and lactate in NCSU37 for the first 2 days culture resulted in a
blastocyst rate of 25.3% for IVP porcine embryos in Kikuchi’s study (Kukuchi, et al.,
2002), which was further corroborated by our present studies with an IVP blastocysts
rate of 30% in average. Moreover, the first evaluation of this sequential culture system
on porcine HMC and ZF PA embryos has resulted in blastocyst rates of 17% and 47%
respectively. Sometimes, the blastocyst rate of ZI PA could even reach levels as high
as 90% (Du, unpublished)
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Statistical analysis
ANOVA analysis was performed using SPSS 11.0. A probability of P<0.05 was
considered to be statistically significant.

Example 3

Vitrification of hand-made cloned porcine blastocysts produced from delipated in vitro
matured oocytes.

Recently a noninvasive procedure was published for delipation of porcine embryos with
centrifugation but without subsequent micromanipulation (Esaki et al. 2004 Biol
Reprod. 71, 432-6).

Cryopreservation of embryos/blastocysts was carried out by vitrification using Cryotop
(Kitazato Supply Co, Fujinomiya Japan) as described previously (Kuwayama et al.
2005a; 2005b). At the time of vitrification, embryos/blastocysts were transferred into
equilibration solution (ES) consisting of 7.5% (V/V) ethylene glycol (EG) and 7.5%
dimethylsulfoxide (DMSQO) in TCM199 supplemented with 20% synthetic serum
substitute (SSS) at 39°C for 5 to 15 min. After an initial shrinkage, embryos regained
their original volume. 4~6 embryos/blastocysts were transferred into 20 ul drop of
vitrification solution (VS) consisting of 15% (V/V) EG and 15% (DMSOQO) and 0.5M
sucrose dissolved in TCM199 supplemented with 20% SSS. After incubation for 20 s,
embryos were loaded on Cryotop and plunged into liquid nitrogen. The process from
exposure in VS to plunging was completed with 1 min.

Embryos/blastocysts were thawed by immersing Cryotop directly into thawing solution
(TS) consisting of 1.0M sucrose in TCM199 plus 20% SSS for 1min, then transferred to
dilution solution (DS) consisting of 0.5 M sucrose in TCM199 plus 20% SSS for 3 min.
To remove cryoprotectant, embryos/blastocysts were kept twice in a washing solution
(WS; TCM199 plus 20% SSS), 5 min for each time. Survival of vitrified blastocysts was
determined according to reexpansion rates after 24 h recovery in culture medium

supplemented with 10% calf serum (CS).

The non-invasive delipation method was applied to in vitro matured porcine oocytes
and further development of delipated oocytes after parthenogenetic activation was
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investigated in 4 identical replicates. Oocytes were randomly separated into delipation
and control groups.

For delipation, oocytes were digested with 1mg/ml pronase in the presence of 50%
cattle serum (CS) for 3 min, and washed in Hepes-buffered TCM-199 medium
supplemented with 20% CS which results in partial zona pellucida digestion (Fig. 24a).
Subsequently 40-50 oocytes were centrifuged (12000 x g, 20 min) at room temperature
in Hepes-buffered TCM-199 medium supplemented with 2% CS, 3 mg/ml PVA and 7.5
pg/ml cytochalasin B (CB) (Fig. 24b). Zonae pellucidea of both centrifuged and intact
oocytes were removed completely with further digestion in 2mg/ml pronase solution.
For activation, a single direct current of 85Kv/cm for 80us was applied to both groups,
followed by 4 h treatment with 5ug/ml CB and 10ug/ml cycloheximide (CHX). All
embryos were then cultured in the modified NCSU37 medium. Day 7 blastocysts were
vitrified and warmed by using the Cryotop technique (Kuwayama et al., RBM Onling, in
press) at 38.5°C. Survival of vitrified blastocysts was determined according to
reexpansion rates after 24 h recovery in culture medium supplemented with 10% CS.
Cell numbers of reexpanded blastocysts from both groups were determined after
Hoechst staining. Results were compared by ANOVA analysis. Partial zona digestion
and centrifugation resulted in successful delipation in 173/192 (90%) of oocytes. The
development to blastocysts was not different between delipated and intact oocytes
(28+7% vs.28+5% respectively; P>0.05). However, survival rates of blastocysts derived
from delipated oocytes were significantly higher than those developed from intact
oocytes (85+6% vs.32+7% respectively; P<0.01). There is no difference in average cell
number of reexpanded blastocysts derived from either delipated or intact oocytes (36%7
vs. 3849, respectively; P>0.05). The results demonstrate that the simple delipation
technique does not hamper the in vitro development competence of activated porcine
oocytes, and improves the cryosurvival of the derived blastocysts without significant

loss in cell number.

After delipation, zona pellucida of oocytes from both groups was removed completely.
The same parameters as described above for electrical activation were applied to both
groups. Seven days after activation, blastocyst rates and blastocyst cell numbers were
determined.

The feasibility of applying a non-invasive delipation technique to in vitro matured
porcine oocytes was investigated. 90% (173/192) oocytes can be delipated
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successfully. As shown in table 3, the development to blastocysts was not different
between delipated and intact oocytes (28+7% vs.28+5% respectively; P>0.05).
However, survival rates of blastocysts derived from delipated oocytes were significantly
higher than those developed from intact oocytes (85#6% vs.32+7% respectively;
P<0.01). There is no difference in average cell number of reexpanded blastocysts
derived from either delipated or intact oocytes (367 vs. 38%9, respectively; P>0.05).

Table 3. Developmental competence and cryosurvival of vitrified-thawed embryos from
delipated and intact activated oocytes.

. Reexpanded Mean cell number
tr(e);)t%teen i Acc):g\éa;[gd Blastczf):/y)s trate blastocyst after of reexpanded
y ° warming (%) blastocysts
Delipated 173 28+7 8516 36+7
Intact 156 2845 32+7 39+9

Handmade Cloning of delipated oocytes

Delipated oocytes were used for HMC in 5 replicates. Four identical replicates of non-
delipated oocytes for HMC were used as a control system. Seven days after
reconstruction, blastocysts produced from both groups were vitrified with Cryotop.
Survival rates and cell numbers of re-expanded blastocysts were determined as
described for the blastocysts produced by PA.

Except where otherwise indicated, all manipulations were performed on a heated stage
adjusted to 39°C, and all drops used for handling oocytes were of 20 pl volume
covered with mineral oil. For somatic cell nuclear transfer, the handmade cloning
(HMC) described in our previous work (Du, et al., 2005) was applied with a single
modification: for enucleation of both delipated and control oocytes, bisection instead of
trisection was applied.

Briefly, after the removal of cumulus investment, control oocytes were incubated in
3.3mg/ml pronase dissolved in T33 for 10 s. Before the oocytes started to become
misshaped in pronase solution, they were picked out and washed quickly in T2 and
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T20 drops. Delipated oocytes after centrifugation were digested in the 3.3mg/ml
pronase solution for an additional 5 s.

Both control and delipated oocytes with partially digested, distended and softened
zonae pellucidae were lined up in T2 drops supplemented with 2.5 ug/ml cytochalasin
B. Bisection was performed manually under stereomicroscopic control (Fig 24c) with
Ultra Sharp Splitting Blades (AB Technology, Pullman, WA, USA). Halves were
collected and stained with 5 pg/ml Hoechst 33342 fluorochrome in T2 drops for 5 min,
and then placed into 1 pl drops of T2 medium on the bottom of a 60 mm Falcon Petri
dish covered with oil (3-4 halves per drop). Using an inverted microscope and UV light,
positions of halves without chromatin staining (cytoplasts) were registered. Cytoplasts
were later collected under a stereomicroscope and stored in T10 drops.

Porcine foetal fibroblast cells were prepared with trypsin digestion from monolayers as
described previously (Kragh, et al., 2005). Fusion was performed in two steps where
the second one included the initiation of activation, as well. For the first step, 50% of
the available cytoplasts were transferred into 1 mg/ml of phytohaemagglutinin (PHA;
ICN Pharmaceuticals, Australia) dissolved in TO for 3 s, then quickly dropped over
single fibroblast cells. After attachment, cytoplast-fibroblast cell pairs were equilibrated
in fusion medium (0.3 M mannitol and 0.01% PVA) for 10 s and transferred to the
fusion chamber. Using an alternating current (AC) of 0.6KV/cm and 700 KHz, pairs
were aligned to the wire of a fusion chamber with the somatic cells farthest from the
wire (Fig 24d), then fused with a direct current of 2.0 KV/cm for 9 ps. After the electrical
pulse, cell pairs were removed carefully from the wire, transferred to T10 drops and
incubated to observe whether fusion had occurred.

Approximately 1 hour after the first fusion, each pair was fused with another cytoplast
in activation medium. AC current and a single DC pulse of 0.7 KV/cm for 80 ps were
applied as described above. Fusion was detected in T10 drops, then reconstructed
embryos were transferred into IVC0-2 medium (see Embryo culture and evaluation)
supplemented with 5 pug/ml cytochalasin B and 10 pg/ml cycloheximide. Aftera 4 h
incubation at 38.5°C in 5% CO,, 5% O, and 90% N, with maximum humidity, embryos
were washed 3 times in IVC0-2 medium before culture.

Table 4. Developmental competence and cryosurvival of vitrified-thawed embryos of
SCNT porcine embryos derived from delipated and intact oocytes.
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No. of Reexpanded Mean cell number of
HMC Blastocyst
reconstructed blastocyst after reexpanded
group rate (%)* .
embryos warming (%)” blastocysts*
Delipated 240 2146° 79+6" 41+7°
Intact 150 2346° 3248° 3945°

Different superscripts mean significant differences (p < 0.05).
*: meantS.E.M.

In vitro developmental competence was observed in HMC with delipated oocytes when
Day 7 blastocyst rates were compared with control HMC group (21+6% vs.2346%
respectively; P>0.05; Table 4). Cryosurvival rate after vitrification of cloned blastocysts
derived from delipated oocytes was significantly higher than those developed from
intact oocytes (79+6% vs. 3218, respectively; P<0.01).

Example 4
Chemically assisted handmade enucleation (CAHE) and comparison to existing
methods

After 41-42 h maturation in vitro, COCs were further cultured for 45 min in the same
solution supplemented by 0.4 ug/ml demecolcine. Cumulus cells were then removed by
pipetting in 1 mg/ml hyaluronidase dissolved in Hepes-buffered TCM-199. From this
point (except where otherwise indicated), all manipulations were performed on a
heated stage adjusted to 39°C. All drops used for handling oocytes were of 20 pl in
volume, and were covered with mineral oil.

Basic steps of the HMC procedure have been described elsewhere herein. Briefly,
oocytes without cumulus cells were incubated in 3.3 mg/ml pronase dissolved in T33 (T
for Hepes-buffered TCM 199 medium; the number means percentage [v/v] of CS
supplement, here 33%) for 20 s. When partial lyses of zonae pellucidae and slight
deformation of oocytes occurred, they were picked up and washed quickly in T2 and
T20 drops. Nine oocytes were lined up in one T2 drop supplemented with 2.5 pg /ml
cytochalasin B (CB). By using a finely drawn and fire-polished glass pipette, oocytes
were rotated to find a light extrusion cone and/or strongly attached polar body on the

surface, and oriented bisection was performed manually under stereomicroscopic
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control with a microblade (AB Technology, Pullman, WA, USA). Less than half of the
cytoplasm (close to the extrusion or PB) was separated from the remaining part (Fig.
25). After bisection of all 9 oocytes in the drop, larger parts and smaller parts (with the
extrusion or attached PB) were collected and placed into separate drops of T2,
respectively.

Oriented handmade enucleation without demecolcine treatment (OHE)
All steps were similar to the previously described procedure, but demecolcine
preincubation was not applied.

Random handmade bisection for enucleation (RHE)

Demecolcine preincubation was omitted from the pretreatment of this group, as well.
After removal of cumulus cells, zonae pellucidae were partially digested by pronase as
described above. Random handmade equal bisection was applied in drops of T2
supplemented with 2.5 ug /ml CB. All demi-oocytes were selected and stained with 10
ug /ml Hoechst 33342 in T2 drops for 10 min, then placed into 1 pl drops of T2 medium
covered with mineral oil (three demi-oocytes into each drop). Using an inverted
microscope and UV light, the positions of chromatin free demi-oocytes, i.e. cytoplasts
were registered. These cytoplasts were later collected under a stereomicroscope and
stored in T2 drops before further manipulations.

Fusion and initiation of activation

Porcine fetal fibroblast cells were prepared as described previously (Kragh, et al.,
2005, Du, et al., 2005). Fusion was performed in two steps, where the second one
included the initiation of activation as well. For the first step, with a finely drawn and
fire-polished glass pipette, approximately 100 somatic cells were placed into a T2 drop,
and 20-30 cytoplasts were placed into a T10 drop. After a short equilibration, groups of
3 cytoplasts were transferred to 1 mg/ml of phytohaemagglutinin (PHA) for 2-3 sec,
then each was quickly dropped over a single somatic cell. Following attachment,
cytoplast-somatic cell pairs were picked up again and transferred to a fusion medium
(0.3 M mannitol supplemented with 0.01% [w/v] PVA). By using an alternative current
(AC) of 0.6 KV/cm and 700 KHz, equilibrated pairs were aligned to one wire of a fusion
chamber (BTX microslide 0.5 mm fusion chamber, model 450; BTX, San Diego, CA)
with the somatic cells farthest from the wire, then fused with a single direct current (DC)
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impulse of 2.0 KV/cm for 9 psec. Pairs were then removed carefully from the wire to a

T10 drop, and incubated further to observe whether fusion had occurred.

Approximately 1 h after the fusion, fused pairs and the remaining cytoplasts were
separately equilibrated in activation medium (0.3 M mannitol, 0.1 mM MgSO,, 0.1 mM
CaCly,, supplemented with 0.01% [w/v] PVA). By using a 0.6 KV/cm AC, one pair and
one cytoplast was aligned to one wire of the fusion chamber, with fused pairs
contacting the wire. A single DC pulse of 0.86 KV/cm for 80 psec was used for the
second fusion and initiation of activation. Fusion was checked in after incubation in T10
drops.

Traditional Cloning (TC)

Micromanipulation was conducted with a Diaphot 200 inverted microscope (Nikon,
Tokyo, Japan), as described before (Chen et al., 1999; Zhang et al., 2005). Briefly,
after 42-44 h in vitro maturation, the cumulus cells were removed as described above.
All manipulations were performed on a heated stage adjusted to 39°C. A single 50 pL
micromanipulation solution drop was made in the central area on a lid of 60 mm culture
dish and covered with mineral oil. Groups of 20-30 oocytes and fetal fibroblast cells
were placed in the same drop. After incubation for 15-30 min, the oocyte was secured
with a holding pipette (inner diameter = 25-35 um and outer diameter = 80-100 pm).
After being placed at the position of 5-6 o’clock, the first polar body and the adjacent
cytoplasm (approx. 10% of the total volume of the oocyte) presumptively containing
metaphase plate were aspirated and removed with a beveled injection pipette (inner
diameter = 20 um). A fetal fibroblast cell was then injected into the space through the
same slit. After nuclear transfer (NT), reconstructed couplets were transferred into
drops of media covered with mineral oil for recovery for 1 - 1.5 h until fusion and
activation was conducted. The recovery medium was NCSU-23 supplemented with 4
mg/mL BSA and 7.5 pg/mL CB. Reconstructed couplets were incubated in fusion
medium for 4 min. Couplets were aligned manually using a finely pulled and polished
glass capillary to make the contact plane parallel to electrodes. A single, 30 psec,
direct current pulse of 2.0 kV/cm was then applied. After culture in drops of IVC0-2
(specified in “Embryo culture and evaluation”) supplemented with 7.5 pg/mL CB for 30-
60 min, fusion results were examined under a stereomicroscope. Fused couplets were
subjected to a second pulse in activation solution. After 30 min incubation in T10 they
were transferred to IVC0-2 to evaluate in vitro development.
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Further steps of activation

After the activation impulse, all reconstructed embryos were incubated in IVC0-2
supplemented with 5 pg/ml CB and 10 pug/ml cycloheximide at 38.5°C in 5% CO,, 5%
O, and 90% N, with maximum humidity.

Embryo culture and evaluation

4 h later, all reconstructed and activated embryos were washed and cultured in Nunc
four-well dishes in 400 pl IVC0-2 covered by mineral oil at 38.5°C in 5% CO,, 5% O,
and 90% N,, with maximum humidity. IVC0-2 was a modified NCSU37 medium
(Kikuchi, et al., 1999), containing 4 mg/ml BSA, 0.17 mM sodium pyruvate, and 2.73
mM sodium lactate from Day 0 (the day for activation) to Day 2. Sodium pyruvate and
sodium lactate were replaced with 5.5 mM glucose from Day 2 to Day 7 (IVC2-7). All
zonae free embryos were cultured in the Well of the Well (WOW) system (Vajta et al.,
2000) in the same culture medium and gas mixture as used above, with careful
medium change on Day 2 without removing the embryos from the WOWSs. TC embryos
were cultured in groups of 15 to 30 in wells of four-well dishes by using the same
medium amount and composition. Cleavage and blastocyst rates were registered on
Day 2 and Day 7, respectively. To determine total cell numbers, blastocysts were fixed
and mounted to a glass microscope slide in a small amount (<2 pl) of glycerol
containing 10 ug/ml Hoechst 33342. After staining for several hours at room
temperature, embryos were observed under a Diaphot 200 inverted microscope with
epifluorescent attachment and UV-2A filter (Nikon, Tokyo, Japan).

Comparison of efficiency of CAHE vs. OHE

The efficiency and reliability of CAHE was tested in 12 identical replicates by using a
total of 620 oocytes. After 41-42 h maturation, oocytes were subjected to demecolcine
incubation. Oriented bisection was performed in oocytes where an extrusion cone
and/or a strongly attached PB was detected after partial pronase digestion.
Percentages of bisected vs. total oocytes and surviving vs. bisected oocytes were
registered. Subsequently both putative cytoplasts and karyoplasts were collected
separately and stained with Hoechst 33342 (10 ug/ml in T2 for 10 min). The presence
or absence of chromatin was detected under an inverted fluorescent microscope (Fig.
26).
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The efficiency and reliability of OHE was investigated in 9 identical replicates using a
total of 414 oocytes. After 42-43 h in vitro maturation, oriented bisection was performed
in matured oocytes where an extrusion cone and/or a PB was detected after partial
pronase digestion. Results were evaluated as described in the previous paragraph.

The results are shown in Table 5.
Table 5: The efficiency of chemically assisted handmade enucleation (CAHE) and
oriented handmade enucleation (OHE)

Groups  No. of treated Bisected/total Cytoplast/bisection Cytoplast/total
oocytes oocytes (%)* (%)* oocyte (%)*

CAHE 620 96+1° 94+2° 90+3°

OHE 414 92422 88+3° 81x4¢

*: mean + A.D. (absolute deviations)
Different superscripts mean difference (P<0.05)

No differences between groups regarding extrusion cones and/or attached polar bodies
allowing oriented bisection or in the lysis rates were detected, and the successful
enucleation per bisected oocyte ratio was also similar. However the overall efficiency of
the procedure measured by the cytoplast per total oocyte number was higher in the
CAHE than in the OHE group.

Comparison of in vitro development of embryos produced with CAHE, RHE and TC

In 8 replicates, a total of 468 in vitro matured oocytes were randomly distributed and
subjected to three of the enucleation procedures described above. Fusion rates
between cytoplast and donor fibroblasts were registered. Reconstructed embryos were
activated and cultured as described earlier. Cleavage and blastocyst rates were
determined on Day 2 and Day 7, respectively. Stereomicroscopic characteristics of the
developed blastocysts were compared between groups.

Table 6: Developmental competence of embryos derived from chemically assisted
handmade enucleation (CAHE), random handmade enucleation (RHE) and traditional,
micromanipulator based cloning (TC).
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Groups No. of Fusion rate Cleavage Blastocyst Cell no. of
reconstructed  (%)* rate (%)* rate (%)* blastocysts
embryos (Day 7)
CAHE 150 87+7° 97+6° 28+9¢ 57+6°
RHE 86 81+4° 87+8° 21+9¢ 49+7°
TC 178 81+10° 69+9° 21+6° 53+6°

*: mean + A.D. (absolute deviations)
Different superscripts mean difference (P<0.05).

Fusion rates after enucleation were similar between CAHE, RHE and TC, respectively.
The second fusion and activation resulted in negligible (<1%) losses in the first two
groups. Although TC resulted in lower cleavage per reconstructed embryo rates than
the other two groups, this difference was not present in the blastocyst per
reconstructed embryo rates.

Stereomicroscopic characteristics (size; estimated proportion and outlines of the inner
cell mass) did not differ between groups. Cell numbers (5746 vs. 4947 vs. 5346) of the
produced blastocysts from CAHE, RHE and TC are shown in Table 6, Fig. 27 and Fig.
28.

Statistical analysis
AVEDEYV was performed by Microsoft XP Excel software and ANOVA was performed
by SAS system. A probability of P<0.05 was considered to be statistically significant.

Example 5
Production of piglets

Handmade cloning (HMC)

Forty one hrs after the start of in vitro maturation, the cumulus investment of the COCs
was removed by repeated pipetting in 1mg/ml hyaluronidase in Hepes-buffered
TCM199. From this point (except where otherwise indicated) all manipulations were
performed on a heated stage adjusted to 39°C, and all drops used for handling oocytes
were of 20 pl volume covered with mineral oil. Oocytes were briefly incubated in
3.3mg/ml pronase dissolved in T33 (T for Hepes-buffered TCM 199 medium; the
number means percentage (v/v) of calf serum (CS) supplement, here 33%) for 20 sec
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and then quickly washed in T2 and T20 drops. Oocytes with partially digested but still
visible zona were lined up in drops of T2 supplemented with 2.5 pg/ml cytochalasin B
(CB). With a finely drawn and fire-polished glass pipette, oocytes were rotated to find
the polar body (PB) on the surface, and oriented bisection was performed manually
under stereomicroscopic control with a microblade (AB Technology, Pullman, WA,
USA). Thus, less than half of the oocyte cytoplasm (close to the extrusion or PB) was
removed from the remaining putative cytoplast. Cytoplasts were washed twice in T2
drops and collected in a T10 drop.

Fetal fibroblast cells were prepared as described previously (Kragh, P.M. et al.
Theriogenology 64, 1536-1545 (2005).

Fusion was performed in two steps where the second one included the initiation of
activation, as well. For the first step, halves of putative cytoplasts were used. With a
finely drawn and fire-polished glass pipette, 10 cytoplasts were transferred as a group
to 1 mg/ml of phytohaemagglutinin (PHA; ICN Pharmaceuticals, Australia) for 3 sec,
then quickly dropped individually onto one of the few fibroblast cells that were
sedimented in a T2 drop. After attachment, 10 cytoplast-fibroblast cell pairs were
equilibrated in fusion medium (0.3 M mannitol and 0.01% PVA) for 10 sec. Using an
alternative current (AC) of 0.6KV/cm and 700 KHz, cell pairs were aligned to the wire of
a fusion chamber (BTX microslide 0.5 mm fusion chamber, model 450; BTX,
SanDiego, CA, USA) with the somatic cells farthest from the wire, then fused with a
direct current (DC) of 2.0 KV/cm for 9 psec. After the electrical pulse, cell pairs were
removed carefully from the wire, transferred to T10 drops and incubated to observe
whether fusion had occurred.

Approximately 1 hr after the first fusion, fused pairs together with the remaining
cytoplasts were equilibrated in activation medium drops separately (0.3 M mannitol, 0.1
mM MgSQ,, 0.1 mM CaCl, and 0.01% PVA). Under a 0.6KV/cm AC, cytoplast - fused
pair were aligned sequentially to the wire in groups of 10, with fused pairs far from the
wire. A single DC pulse of 0.7 KV/cm for 80 psec was used for the second fusion and
initiation of activation. The pairs were then removed from the wire and transferred
carefully to T10 drops to check the fusion. Reconstructed embryos were incubated in
PZM-3 medium supplemented with 5 yg/ml CB and 10 pg/ml cycloheximide for 4 hr at
38.5°C in 5% COy, 5% O, and 90% N, with maximum humidity, then washed
thoroughly before culture.

Traditional Cloning (TC)
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Micromanipulation was conducted with a Diaphot 200 inverted microscope (Nikon,
Tokyo, Japan). Cumulus cells were removed as described above after 42 to 44 hr
maturation. All manipulations were performed on a heated stage adjusted to 3977. A
single 50 pL drop of micromanipulation solution (NCSU-23 supplemented with 4 mg/mL
BSA and 7.5 pyg/mL CB) was made in the central area on a lid of 60 mm culture dish
and covered with mineral oil. Groups of 20 to 30 oocytes and fetal fibroblast cells were
placed in the same drop. After incubation for 15 to 30 min, one oocyte was secured
with a holding pipette (inner diameter = 25-35 um and outer diameter = 80-100 pum).
After being placed at the position of 5-6 o’clock, the first polar body and the adjacent
cytoplasm (approx. 10% of the total volume of the oocyte) presumptively containing
metaphase plate were aspirated and removed with a beveled injection pipette (inner
diameter = 20 um). A fetal fibroblast cell was then injected into the space through the
same slot. After nuclear transfer (NT), reconstructed couplets were transferred into
drops of media covered with mineral oil for recovery for 1 to 1.5 hrs until fusion and
activation was conducted. Reconstructed couplets were incubated in fusion medium for
4 min. Couplets were aligned manually using a finely pulled and polished glass
capillary to make the contact plane parallel to electrodes. A single, 30 psec, direct
current pulse of 2.0 kV/cm was then applied. After culture in drops of PZM-3 medium
supplemented with 7.5 ug/mL CB for 30-60 min, fusion results were examined under a
stereomicroscope. Fused couplets were subjected to a second pulse in activation
solution. After 30 min incubation in T10 they were transferred to PZM-3 medium to

evaluate in vitro development.

Embryo Culture and Transfer

Reconstructed embryos were cultured in PZM-3 medium (Dobrinsky, J.T. et al. Bio/
Reprod 55, 1069-1074 (1996) supplemented with 4 mg/m| BSA. Zona-free embryos
produced from HMC were cultured in the modified WOWs system (Feltrin, C. Et al.
Reprod Fertil Dev 18, 126 (2006). Two different cell lines (LW1-2 for HMC, LW2 for TC)
were used as nuclear donor cells for HMC and TC to allow the identification of the
offspring from the two procedures. LW1-2 and LW2 originate from fetuses from a cross
(with Duroc) and pure Danish landrace, respectively.

The average blastocyst per reconstructed embryo rate after in vitro culture for 7 days
was 50.14£2.8 % (meantS.E.M), which is significantly higher (p<0.01) for HMC than that
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of TC performed in parallel in our laboratory ( Table 7) and also the highest one that
has ever been reported in pig cloning.

Table 7
In vitro development of embryos produced from handmade cloning and traditional
cloning
: No. of
Somatic cell Cleavage rate  Blastocyst rate
Group reconstructed o o
donor (%) (%)
embryos
HMC LW1-2 643 83.7+4.90° 50.06+2.80%
TC LW2 831 74.86+13.16° 28.98+2.84°

22 Values of different superscripts within columns are significantly different (p < 0.05).
*: mean+S.E.M.

Mixed blastocysts produced from both HMC and TC were surgically transferred to 11
naturally synchronized sows on Day 4 or 5 of estrous cycle. Six (55%) recipients were
diagnosed pregnant by ultrasonography, 2 aborted and by the time of writing 2 have
delivered 3 and 10 piglets, respectively. A litter size of 10 cloned piglets is, according to
our knowledge, the largest litter size so far achieved in pig cloning. All of them are
healthy and behave normally except one showed rigid flexure of distal joint of one
foreleg. %).

Preliminary results suggest that when embryos of similar stages were transferred,
recipients on Day 4 of the estrous cycle supported pregnancy establishment better than
those of Day 5 (Table 8).

Table 8. In vivo development of cloned porcine embryos

RS ESURRERERRRERRERRRERESE) AR

Embryos No. of piglets
transferred born
Recipient  HMC TC Esr?:;go Recc):llcp:)llsnt Pregnancy pleqcl)?T;[s piglcgts Gf’:ﬁgpﬁn
number embryo embryo (Day) (Day) status HMC f;9g1 (Day)
1327 22 10 D5,6,7 4 Y 2 1 116
1539 36 10 D7 4 Y 8 2 115
1309 30 28 D5,6 4 Y
1553 45 44 D5,6 4 Y
1668 48 18 D5,6 5 Y, aborted
1428 78 22 D5,6 5 Y, aborted
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1725 44 4 D5,6,7 5 N
1643 22 11 D5,6,7 4 N
1520 30 26 D5,6 4 N
1363 37 7 D6,7 5 N
1560 99 42 D5,6,7 5 N

Microsatellite Analysis

Parental analysis using 10 different porcine microsatellite markers confirmed the
identical genotype of cloned piglets and donor cells used for nuclear transfer.
Identification was done by microsatellite analysis of genomic DNA from each of the
newborn piglets, the surrogate sow, and the donor skin fibroblasts LW1-2 and LW2
originating from two fetuses that represent Danish landrace and Duroc, respectively.
Ten polymorphic microsatellite loci (SW886, SW58, SW2116, SW1989, SW152,
SW378, KS139, SO167, SW1987, SW957) located on different porcine chromosomes
were amplified by 3-color multiplex PCR and the products analyzed on the Genetic
Analyzer 3130 X1 (Applied Biosystems) using the program Gene Mapper 3.7.

For the second recipient, the offspring per embryo rate (22%) was the highest one ever
reported so far in pig cloning (Walker, S.C. et al. Cloning Stem Cells 7, 105-112 (2005);
Hoshino, Y. et al. Cloning Stem Cells 7, 17-26 (2005)). Comparable live
birth/transferred embryo efficiencies were obtained in HMC (17%) and TC (15%).

Statistical Analysis
Differences between the experimental groups were evaluated using independent-
samples t-test by SPSS 11.5. P<0.05 was considered significant.
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Sequences

SEQ ID NO: 1
FRT site (recombination ie. recognition sequence)
Gaagttactattccgaagticctatictctagaaagtataggaacttc

SEQ ID NO: 2

Wt loxP
ggaaagtccccaggctccccaggcaggceagaagtatgcaaageatcgaggatgtacgggecagatatacgegataa
cttcgtataatgtatgctatacgaagttatacgegtgaggttttcaccgtcatcaccgaaacgcgegaggcagcetgtggaat
gtgtgtcagttagggtgtggaaagtccccaggetccecagea

SEQID NO: 3
Wt loxP core
Ataacttcgtataatgtatgctatacgaagttat

SEQ ID NO:4
LoxP 257

ttctattctggggggtoggotggggcaggacagecaagggggaggattgggaagacaatagcaggeatgetggggatg
cggtgggctictatggaaccagetggggegegecattaacticgtataaagtctectatacgaagttatattctagtigtggttt

gtccaaactcatcaatgtatcttatcatgtctggatcce

SEQ ID NO: 5
LoxP 257 core
attaacticgtataaagtctcctatacgaagttatatt

SEQ ID NO: 6
attB full-length

gtcgacatgcccgecgtgaccgtcgagaacccgetgacgctgeecccgegtatccgeaccecgecgacgecgtegeacgt
ccegtgetcaccgtgaccaccgegeccageggtticgagggcgagggcettcecggtgegecgegegttcgeecgggate

aactaccgccacctcgacccgttcatcatgatggaccagatgggtgaggtggagtacgegeceggggageccaaggg
cacgccctggeacccgeaccgeggcticgagaccgtgacctacatcgtcgacggtacctg

SEQ ID NO: 7
attB core

gtgccagggcegtgeccttgggetccecegggegeg

SEQID NO: 8
attP core
cccccaactgagagaactcaaaggttaccccagttgggg

SEQ ID NO: 9

puromycin resistance gene
atgaccgagtacaagcccacggtgegcectcgecaccegegacgacgtccececcgggecgtacgcaccctegecgecg
cgttcgecgactaccecgecacgegecacaccgicgatccggaccgecacatcgagegggtcaccgagetgcaaga
actcttcctcacgegegtcgggcetcgacatcggcaaggigtgggtcgeggacgacggegecgeggtggeggtctggac
cacgccggagagcegtcgaageggggagegatgticgecgagatcggeccgegeatggecgagtigageggttceecgg
ctggccgegeagcaacagatggaaggcctectggegecgeaccggeccaaggageccgegtggticetggecaccgt
cggcgtctcgeccgaccaccagggcaagggtctgggeagegecgtcgtgetececggagtggaggeggecgagege
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gccggggtgeccgcecttectggagacctcegegeccegeaaccteecctictacgageggeteggeticacegtcaceg
ccgacgtcgaggtgeccgaaggaccgegeacctggtgeatgaccegeaageccggtgectga

SEQ ID NO: 10

eGFP gene, coding sequence
gtgagcaagggcgaggagctgticaccggggtggtgcccatectggtcgagetggacggegacgtaaacggecacaa
gttcagcegtgtccggegagggegagggegatgecacctacggcaagcetgacccetgaagticatetgcaccaccggeaa
gctgeecgtgecctggeccacccetegtgaccaccetgacctacggegtgeagtgettcagecgetaccecgaccacatg
aagcagcacgacttcticaagtccgecatgeccgaaggctacgtccaggagegeaccatcticticaaggacgacgge
aactacaagacccgcegecgaggtgaagticgagggegacaccctggtgaaccgeatcgagetgaagggceatcgactt
caaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggecgac
aagcagaagaacggcatcaaggtgaacticaagatccgccacaacatcgaggacggeagegtgecagetcgecgac
cactaccagcagaacacccccatcggegacggecccgtgetgetgececgacaaccactacctgagecacccagteege
cctgagcaaagaccccaacgagaagegegatcacatggtectgetggagticgtgaccgecgecgggatcactetegg
catggacgagctgtacaagtaa

SEQ ID NO: 11

Sequence of IRES from ECMV
cceectaacgttactggecgaagecgcettggaataaggecggtgtgegtitgtetatatgttattttccaccatattgeegtcettt
tggcaatgtgagggcccggaaacctggecctgtcttcttgacgageattcctaggggtetttceectetcgecaaaggaat
gcaaggtctgttgaatgtcgtgaaggaagcagticctctggaagcticttgaagacaaacaacgtctgtagegaccctttg
caggcagcggaaccccccacctggcgacaggtgcectetgeggecaaaagecacgtgtataagatacacctgcaaag
gcggceacaaccccagtgecacgttgtgagttggatagttgtggaaagagtcaaatggctetectcaagegtattcaacaa
ggggctgaaggatgcccagaaggtacccecattgtatgggatetgatctggggecteggtgeacatgetttacatgtgtitag
tcgaggttaaaaaacgtctaggccceccgaaccacggggacgtggtiticetttgaaaaacacgat

SEQ ID NO: 12

RSV promoter
ggatgtacgggccagatatacgcgtatctgaggggactagggtotgtitaggecgaaaageggggcettcggttgtacgeg
gttaggagtccecicaggatatagtagtitcgetttigcatagggagggggaaatgtagtcttatgcaatacacttgtagtett
gcaacatggtaacgatgagttagcaacatgccttacaaggagagaaaaagcaccgtgcatgecgattggtggaagta
aggtggtacgatcgtgcecttattaggaaggcaacagacaggtctgacatggatiggacgaaccactgaattccgeattge
agagataatigtatitaagtgcctagcetcgatacaataaacgcecatitgaccattcaccacattggtgtgcacctee

SEQ ID NO: 13
SV40 promoter
Cagctgtggaatgtgtgtcagtiagggtgtggaaagtccccaggcetccccagecaggecagaagtatgcaaageatgeat
ctcaattagtcagcaaccaggtgtggaaagtccccaggctccccagcaggcagaagtatgcaaagceatgceatcetcaatt
agtcagcaaccatagtccegeccctaactcecgeccateccgeccctaactcegeccagticegeccattctcegecccat
ggctgactaattttttitatitatgcagaggccgaggecgcectcggectetgagetaticcagaagtagtgaggaggcttttitg

gaggc

SEQID NO: 14
Sequence of ubiquitin promoter

tctgccgagtcattgtecttgtcccgeggeccegggagecceeccgegaccggectgggaggcetcagggaggtigaagg
gggctgagcaaaggaagecccgtcattacctcaaatgtgacccaaaaataaagacccegtceatetcgcagggtggge
cagggcgggtcaggagggaggggagggagaccccgactctgcagaaggegcetcgetgegtgecccacgteegecg
aacgcggggticgegaccegaggggaccgegggagctyaggggaggggecgeggagecgeggctaaggaacge
gggccgeccaccegetcecgggtgcageggectecgegecgggatittggegecteeecgegggegeccecectectcacgg
cgagcgctgccacgtcagacgaagggegcagegagegtectgatecttccgeccggacgcetcaggacageggecceg
ctgctcataagactcggecttagaaccccagtatcagcagaaggacattttaggacgggacttgggtgactctagggeac
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tggtiticttticcagagagcggaacaggegaggaaaagtagtecctictcggegatictgecggagggatcteecgtgggac

ggtgaacgcecgatgattatataaggacgegecgggtgtggcacagctagttcegtcgeagecgggatttgggtegegott
cttgtttgtggatcgetgtgategtcacttggtgagtagegggctgetgggetggecggggctttcgtggecgecgggecgcet
cggtgggacggaagegtgtggagagaccgccaagggcetgtagtctgggteccgegageaaggtigecctgaactgggg
ottggggggagegcagceaaaatggeggctgticcegagtcttgaatggaagacgcettgtgaggegggcetgtgaggtegt
tgaaacaaggtgggoggcatggtgggcggcaagaacccaaggtcettgaggcecttcgetaatgecgggaaagctcettatte
gggtgagatgggctggggcaccatctggggacccetgacgtgaagtitgtcactgactggagaacteggttigtegtetgtig
cgggggcggcagttatggeggtgecgtigggcagtgecaccegtacctitgggagegegegecctegtegtgtegtgacgt
cacccgttctgttggcettataatgcagggtggggcecacctgecggtaggtgtgeggtaggcttitctcegtcgcaggacgea
gggttcgggectagggtaggctctcctgaatcgacaggegecggacctetggtgaggggagggataagtgaggegtea
gtitctttggteggttttatgtacctatcticttaagtagetgaagetccggtittgaactatgegetcggggttggegagtgtotitt
gtgaagtittitaggcacctittgaaatgtaatcatttgggtcaatatgtaattticagtgttagactagtaaattgtccgetaaatt
ctggccgtttttggctttittgttagacg

SEQ ID NO: 15

SB inverted repeats
Tacagttgaagtcggaagtttacatacacttaagtiggagtcattaaaactcgtttiicaactactccacaaattictigttaac
aaacaatagttttggcaagtcagttaggacatctactttgtgcatgacacaagtcatttticcaacaattgtttacagacagatt
atttcacttataaticactgtatcacaattccagtgggtcagaagtttacatacact

AND
Gtatgttaacttctgacccactgggaatgtgatgaaagaaataaaagcetgaaatgaatcattctctctactattattctgatat
ticacaticttaaaataaagtggtgatcctaactgaccttaagacagggaaictttactcggattaaatgtcaggaattgtga
aaaagtgagtttaaatgtattiggctaaggtgtatgtaaacticcgacttcaactgta

SEQ ID NO: 16
pSBT/SV40-GFIP.loxP, sequence

SB inverted repeats
SV40 promoter
Start codon

FRT site

eGFP

Puro

tcgcgegtttcggtgatgacggtgaaaacctctgacacatgcagetcccggagacggtcacagctigtetgtaageggat
gccgggageagacaageccgtcagggegegtcagegggtgtiggegggtgtcggggcetggcettaactatgeggeatea
gagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacagatgegtaaggagaaaataccgcatcagg
cgccattcgecattcaggcetgegeaactgtigggaagggegatcggtgegggcectcettegetattacgecagetggegaa
agggggatgtgctgcaaggegattaagtigggtaacgccagggttitcccagtcacgacgttgtaaaacgacggecagt
gaattcgagctcggtaccctacagtigaagtcggaagtttacatacacttaagtiggagtcattaaaactcgtttttcaactac
tccacaaatttctigttaacaaacaatagtttiggcaagtcagttaggacatctacttigtgcatgacacaagtcatttttccaa
caattgtttacagacagattatttcacttataattcactgtatcacaattccagtgggtcagaagtttacatacactaagttgact
gtgcctttaaacagetiggaaaattccagaaaatgatgtcatggctttagaagcetictgatagactaattgacatcatttgagt
caattggaggtgtacctgtggatgtatttcaagggaattctgtggaatgtgtgtcagttagggtgtggaaagtcceccaggcete
cccaggcaggceagaagtatgcaaagceatcgaggatgtacgggecagatatacgegataacttcgtataatgtatgcetat
acgaagttatcgcgtgaggttttcaccgtcatcaccgaaacgegegaggcagetgtggaatgtgtgtcagttagggtotgg
aaagtccccaggcetcceccagcaggeagaagtatgcaaagceatgceatctcaattagtcagcaaccaggtgtggaaagtc
cccaggcetccccagcaggcagaagtatgcaaagceatgeatctcaattagtcagcaaccatagtcccgeccctaactee
gcccatcecegeccctaactcegeccagticegeccatictccgecceatggetgactaatttittitatttatgcagaggecga
ggccgecteggectctgagetaticcagaagtagtgaggaggcttitttggaggcetaccatggagaagttactaticcgaa
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ottcctatictctagaaagtataggaacticaagetiggeactggtgagcaagggegaggagcetgticaccggggtgotge
ccatcctggtcgagetggacggegacgtaaacggecacaagticagegtgtccggegagggegagggegatgecac
ctacggcaagctgaccctgaagtticatctgcaccaccggeaagcetgecegtgecctggeccaccctegtgaccaccectg
acctacggcgtgcagtgcttcagecgcetaccecgaccacatgaageageacgacticttcaagtcegecatgececgaag
gctacgtccaggagcegceaccatcticticaaggacgacggcaactacaagacccgegecgaggtgaagticgaggge
gacaccctggtgaaccgcatcgagetgaagggcatcgacticaaggaggacggcaacatcctggggcacaagetgg
agtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatc
cgccacaacatcgaggacggcagegtgcagcetcgecgaccactaccagcagaacacccccatcggegacggecce
gtgctgetgeccgacaaccactacctgagcacccagtcecgecctgagcaaagaccccaacgagaagegegatcacat
ggtectgetggagticgtgaccgecgecgggatcactctcggeatggacgagcetgtacaagtaaageggecgeggeca
attgggccaccggtgctagecccctaacgttactggecgaagecgcettggaataaggecggtgtgegttigtctatatgttat
tttccaccatattgccgtctitiggcaatgtgagggeccggaaacctggecctgtetictigacgagcattcctaggggtcttic
ccetetcgecaaaggaatgcaaggtctgttgaatgtcgtgaaggaageagttectetggaagctictigaagacaaacaa
cgtctgtagcgacccetttgcaggcageggaacccecccacctggegacaggtgectctgeggecaaaagecacgtgtat
aagatacacctgcaaaggcggceacaaccccagtgecacgtigtgagtiggatagtigtggaaagagtcaaatggctcte
ctcaagcgtattcaacaaggggcetgaaggatgeccagaaggtaccecattgtatgggatetgatctggggecteggtge
acatgctttacatgtgtttagtcgaggttaaaaaacgtctaggcecececcgaaccacggggacgtggttticetitgaaaaac
acgataataccatgaccgagtacaagcccacggtgcgectegecaccecgegacgacgteecccegggecgtacgeac
cctegeegecgegttcgecgactacceccgecacgegecacaccgtcgatccggaccgecacatcgagegggtcaceg
agctgcaagaactcticctcacgegegtcgggetcgacatcggeaaggtgtgggtcgeggacgacggegecgeggtg
gcggtctggaccacgecggagagegtcgaagegggggeggtgticgecgagateggeccgegeatggecgagttga
gcggtteccggetggecgegeageaacagatggaaggcectectggegecgeaccggeccaaggagecegegtggtt
cctggecaccgteggegtetcgeccgaccaccagggcaagggtctgggeagegecgtegtgetceeccggagtggagg
cggccgagegegecggagtgeccgecticetggagaccteecgegeccegeaaccteecectictacgageggceteggctt
caccgtcaccgecgacgtcgaggtgccegaaggaccgegeacctggtgeatgaccegecaageccggtgectgacge
ccgeccacaagacccgeagegeccgaccgaaaggagegcacgaccccatgcatcgaatcgatatcgeggecgega
ctctagatcataatcagcececgggggtgatcagectecgactgtgecttctagtigecagecatetgtigttigececteeecegt
gccttecttgaccctggaaggtgecacteccactgtectitcctaataaaatgaggaaattgeategeattgtctgagtaggt
gtcattctatictggggogtggogtggggcaggacagecaagggggaggatigggaagacaatagcaggeatgetggg
gatgcggtgggctctatggaaccagcetggggcetcgacatictagttgtggttigtccaaactcatcaatgtatcttatcatgtct
ggatcccatcacaaagctctgacctcaatcctatagaaaggaggaatgagccaaaattcacccaacttattgtgggaag
cttgtggaaggctactcgaaatgtitgacccaagttaaacaatttaaaggcaatgctaccaaatactaattgagtgtatgtta
acttctgacccactgggaatgtgatgaaagaaataaaagcetgaaatgaatcattctctctactattattctgatatttcacattc
ttaaaataaagtggtgatcctaactgaccttaagacagggaatctttactcggattaaatgtcaggaattgtgaaaaagtga
otttaaatgtattiggctaaggtgtatgtaaacttccgacttcaactgtagggatcctctagagtcgacctgcaggceatgcaa
gcttggegtaatcatggtcatagcetgtitcctgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaage
ataaagtgtaaagcctggggtgectaatgagtgagctaactcacattaattgegttgegetcactgeccgcetttccagtegg
gaaacctgtcgtgccagetgeattaatgaatcggecaacgegeggggagaggeggtttgegtattgggegcetcetteegett
cctegetcactgactegetgegeteggtegticggetgecggegageggtatcagetcactcaaaggeggtaatacggttat
ccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggcecaggaaccgtaaaaa
ggccgegttgetggegtttitccataggetcegeccecctgacgageatcacaaaaatcgacgetcaagtcagaggtgge
gaaacccgacaggactataaagataccaggcgtttccccctggaagctecctegtgegctetectgticcgacectgecg
cttaccggatacctgtcegectttcteccticgggaagegtggegcttictcaatgetcacgetgtaggtatctcagttcggtgt
aggtcgttcgetccaagetgggcetgtgtgcacgaacceeecegticageccgaccegetgegecttatceggtaactategtet
tgagtccaacccggtaagacacgacttatcgccactggcageagcecactggtaacaggattagcagagegaggtatgt
aggcggtgctacagagttcttgaagtggtggectaactacggctacactagaaggacagtatttggtatetgegcetetgctg
aagccagttaccttcggaaaaagagttggtagctctigatccggcaaacaaaccaccgetggtageggtggtttitttgtitg
caagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctttictacggggtctgacgcetcagtgga
acgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcticacctagatccttitaaattaaaaatgaagt
tttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegate
tgtctatticgttcatccatagttgectgactcceegtegtgtagataactacgatacgggagggcttaccatctggecceagt
gctgcaatgataccgecgagacccacgcetcaccggctecagatttatcagcaataaaccagecagecggaagggecga
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gcgcagaagtggtectgcaactttatccgectccatccagtctattaattgttgccgggaagetagagtaagtagttcgeca
gttaatagtttgcgcaacgttgttgccattgctacaggeategtggtgtcacgcetegtegtitggtatggcticattcagetcegg
ttcccaacgatcaaggegagttacatgatcccecatgtigtgcaaaaaageggttagetecticggtecteecgategtigte
agaagtaagttggccgceagtgttatcactcatggttatggcagceactgceataatictcttactgtcatgccatccgtaagatg
ctittctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggegaccgagttgetctigeccecggegtcaat
acgggataataccgcgcecacatagcagaactttaaaagtgctcatcatiggaaaacgttcticggggegaaaactctca
aggatcttaccgetgtigagatccagticgatgtaacccactcgtgcacccaactgatcttcageatcttttactttcaccage
otttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggegacacggaaatgttgaatac
tcatactcttcctitticaatattattgaagcatttatcagggttattgtctcatgagcggatacatatitgaatgtatttagaaaaat
aaacaaataggggttccgcgceacatttccccgaaaagtgecacctgacgtctaagaaaccattattatcatgacattaac
ctataaaaataggcgtatcacgaggccctttcgtc

SEQ ID NO: 17
pSBT/RSV-GFIP, sequence

SB inverted repeats
RSV promoter
Start codon

FRT site

eGFP

Puro

tcgcgcegtitcggtgatgacggtgaaaacctctgacacatgcagetcceggagacggtcacagcttgtetgtaageggat
gccgggageagacaagceccgtcagggegegtcagegggtgttggegggtgtcggggcetggcttaactatgeggceatca
gagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacagatgegtaaggagaaaataccgeatcagg
cgccattcgecattcaggcetgegeaactgtigggaagggegatcggtgegggectcttegetattacgecagetggegaa
agggggatgtgctgcaaggcegattaagttgggtaacgecagggttticccagtcacgacgtigtaaaacgacggecagt
gaattcgagctcggtaccctacagtigaagtcggaagtttacatacacttaagttggagtcattaaaactcgtitticaactac
tccacaaattictigttaacaaacaatagtittggcaagtcagttaggacatctactttgtgcatgacacaagtcattiticcaa
caattgtttacagacagattatttcacttataattcactgtatcacaattccagtgggtcagaagtitacatacactaagttgact
gtgcctttaaacagcttggaaaaticcagaaaatgatgtcatggcetttagaagcttctgatagactaattgacatcatttgagt
caattggaggtgtacctgtggatgtatitcaagggaattctgtggaatgtgtgtcagttagggtgtggaaagtccccaggcete
cccaggcaggceagaagtatgcaaagceatcgaggatgtacgggecagatatacgegtatctgaggggactagggtgtgt
ttaggcgaaaageggggctteggtigtacgeggttaggagtccectcaggatatagtagtttcgetttigcatagggaggg
ggaaatgtagtcttatgcaatacactigtagtcttgcaacatggtaacgatgagttagcaacatgcecttacaaggagagaa
aaagcaccgtgcatgccgattggtggaagtaaggtggtacgatcgtgecttattaggaaggcaacagacaggtctgaca
tggattggacgaaccactgaattccgcatigcagagataattgtatttaagtgectagetcgatacaataaacgcecattiga
ccattcaccacattggtgtgcacctccaaagctigatatctaccatggagaagttactattccgaagttcctatictctagaaa
gtataggaacttcaagcttggcactggtgagcaagggcegaggagctgttcaccggggtggtgeccatectggtcgaget
ggacggcgacgtaaacggccacaagticagegtgtccggegagggegagggegatgecacctacggeaagetgac
cctgaagttcatctgcaccaccggcaagetgeccgtgecctggeccaccetegtgaccacccetgacctacggegtgeag
tgcttcagccgcetacceccgaccacatgaageageacgacttcticaagtcegecatgeccgaaggcetacgtccaggage
gcaccatcttcticaaggacgacggcaactacaagacccgegecgaggtgaagticgagggegacaccctggtgaac
cgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggeacaagcetggagtacaactacaaca
gccacaacgtctatatcatggccgacaagcagaagaacggceatcaaggtgaacticaagatccgecacaacatcgag
gacggcagcgtgcagctcgecgaccactaccagcagaacaccceccatcggegacggeccegtgetgetgeccgaca
accactacctgagcacccagtcecgecctgagcaaagaccccaacgagaagegegatcacatggtectgetggagtte
gtgaccgccgecgggatcactctcggeatggacgagcetgtacaagtaaageatageggecgtaaattcegeccctetet
cceteccecccccctaacgttactggecgaagecgcettggaataaggecggtgtgegtttgtctatatgttattttccaccata
ttgccgtetittggcaatgtgagggeccggaaacctggecctgtetictigacgageattcctaggggtcetticeectetegec
aaaggaatgcaaggtctgtigaatgtcgtgaaggaagcagttcctctggaagcticttgaagacaaacaacgtetgtage
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gaccctttgcaggcageggaacccecccacctggegacaggtgectctgecggecaaaagecacgtgtataagatacac
ctgcaaaggcggcacaaccccagtgecacgtigtgagttggatagtigtggaaagagtcaaatggctetcctcaagegt
attcaacaaggggctgaaggatgcccagaaggtaccccatigtatgggatctgatctggggecteggtgcacatgcttta
catgtgtttagtcgaggttaaaaaacgtctaggcccccegaaccacggggacgtggtittectttgaaaaacacgatgata
agcttgccacaaccatgaccgagtacaagcccacggtgegectcgecaccegegacgacgtcceecgggecgtacg
caccctegecgecgegttcgecgactaccecgecacgegecacaccgtcgatccggaccgecacatcgagegggtca
ccgagctgcaagaactcttcctcacgegegtcgggetegacatcggeaaggtgtgggtcgeggacgacggegecgeg
gtggcggtctggaccacgecggagagegtcgaagegggggceggtgticgccgagatcggecegegeatggecgagtt
gagcggttccecggcetggecgegeageaacagatggaaggectcetggegecgeaccggeccaaggageccgegtg
gttcctggecaccgteggegtctcgeccgaccaccagggcaagggtctgggcagegecgtegtgeteceeggagtgga
ggcggecgagegegecggggtgeccgecttcctggagacctcegegeccegeaaccteeccttctacgageggetegg
cttcaccgtcaccgecgacgtcgaggtgeccgaaggaccgegeacctggtgcatgaccecgecaageccggtgectgaa
gatccceegggggatcagectegactgtgectictagtigecagcecatetgtigtitgececteeeecgtgecttecttgaccee
tggaaggtgccactcccactgtectitcctaataaaatgaggaaattgcategceattgtetgagtaggtgteattctattetgg
0999t9999tagggcaggacagcaagggggaggatigggaagacaatagcaggeatgctggggatgegatgggct
ctatggaaccagctggggctcgacatictagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatcccatcaca
aagctctgaccicaatcctatagaaaggaggaatgagccaaaattcacccaacttattgtgggaagcetigtggaaggcta
ctcgaaatgttigacccaagttaaacaatttaaaggcaatgctaccaaatactaattgagtgtatgttaacttctgacccact
gggaatgtgatgaaagaaataaaagctgaaatgaatcattctctctactattattctgatatttcacattcttaaaataaagtg
gtgatcctaactgaccttaagacagggaatctttactcggattaaatgtcaggaatigtgaaaaagtgagtttaaatgtatitg
gctaaggtgtatgtaaacttccgacticaactgtagggatcctctagagtcgacctgcaggeatgcaagetiggegtaate
atggtcatagctgtttcctgtgtgaaattgttatccgetcacaattccacacaacatacgagecggaagceataaagtgtaaa
gcctggggtgectaatgagtgagcetaactcacattaattgegttgegetcactgeccgctttccagtcgggaaacctgtegt
gccagctgeattaatgaatcggecaacgegeggggagaggeggttigegtatigggegcetetteegettectegceteactg
actcgetgegcteggtegttcggetgeggegageggtatcagcetcactcaaaggeggtaatacggttatccacagaatca
ggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggcecaggaaccgtaaaaaggecgegttget
ggcgtttttccataggctcegeccccctgacgageatcacaaaaatcgacgetcaagtcagaggtggegaaacccgac
aggactataaagataccaggcgtticccectggaagcetcectegtgegetetectgttccgaccetgecgettaccggatac
ctgtcegectttcteecticgggaagegtggegctitctcaatgetcacgetgtaggtatcteagticggtgtaggtegticgcete
caagctgggctgtgtgcacgaaccccccgticagecegaccgcetgegecttatccggtaactategtetigagtccaacce
ggtaagacacgacttatcgccactggcagcagecactggtaacaggattagcagagegaggtatgtaggeggtgetac
agagttcttgaagtggtggcctaactacggcetacactagaaggacagtatttggtatctgegcetetgetgaagecagttace
ttcggaaaaagagttggtagcetcttgatccggcaaacaaaccaccgctggtageggtgotitititgtttgcaagcageaga
ttacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgetcagtggaacgaaaactca
cgttaagggatttiggtcatgagattatcaaaaaggatcttcacctagatcctittaaattaaaaatgaagtittaaatcaatct
aaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtctatttcgtic
atccatagttgcctgactceecgtegtgtagataactacgatacgggagggcttaccatctggecccagtgcetgeaatgat
accgcgagacccacgctcaccggetccagatttatcagcaataaaccagecagecggaagggecgagegceagaagt
ggtcctgcaactttatccgectecatccagtctattaatigttgccgggaagcetagagtaagtagticgecagttaatagtttge
gcaacgttgttgccattgctacaggcatcgtggtgtcacgcetegtegtitggtatggcticattcageteecggticccaacgat
caaggcgagttacatgatcccccatgtigtgcaaaaaageggttagcetecticggtectcegategttgtcagaagtaagtt
ggccgceagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgecatcegtaagatgcetttictgtgactg
gtgagtactcaaccaagtcattctgagaatagtgtatgcggegaccgagttgctetigeceggegtcaatacgggataata
ccgegecacatagcagaactttaaaagtgctcatcatiggaaaacgttcticggggcgaaaactctcaaggatcttaceg
ctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagceatcttttactttcaccagcegtttctgggtgag
caaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgtigaatactcatactcttecttt
ttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatitagaaaaataaacaaatagg
ggttccgegeacatticcccgaaaagtgecacctgacgtctaagaaaccattattatcatgacattaacctataaaaatag
gcgtatcacgaggccectttcgtc
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SEQ ID NO: 18
pSBT/SV40-GFIP, sequence

SB inverted repeats
SV40 promoter
Start codon

FRT site

eGFP

Puro

tcgcgcegtitcggtgatgacggtgaaaacctctgacacatgcagetcceggagacggtcacagcttgtetgtaageggat
gccgggageagacaagceccgtcagggegegtcagegggtgttggegggtgtcggggcetggcttaactatgeggceatca
gagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacagatgegtaaggagaaaataccgeatcagg
cgccattcgecattcaggcetgegeaactgtigggaagggegatcggtgegggectcttegetattacgecagetggegaa
agggggatgtgctgcaaggcegattaagttgggtaacgecagggttticccagtcacgacgtigtaaaacgacggecagt
gaattcgagctcggtaccctacagtigaagtcggaagtttacatacacttaagttggagtcattaaaactcgtitticaactac
tccacaaattictigttaacaaacaatagtittggcaagtcagttaggacatctactttgtgcatgacacaagtcattiticcaa
caattgtttacagacagattatttcacttataattcactgtatcacaattccagtgggtcagaagtitacatacactaagttgact
gtgcctttaaacagcttggaaaaticcagaaaatgatgtcatggcetttagaagcttctgatagactaattgacatcatttgagt
caattggaggtgtacctgtggatgtatitcaagggaattctgtggaatgtgtgtcagttagggtgtggaaagtccccaggcete
cccaggcaggceagaagtatgcaaagceatcgaggatgtacgggecagatatacgegtgaggttttcaccgtcatcaccg
aaacgcgcgaggcagctgtggaatgtgtgtcagttagggtgtggaaagtccccaggetccccagcaggeagaagtatg
caaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggcetccccagcaggeagaagtatgcaaag
catgcatctcaattagtcagcaaccatagtcccgecccetaactccgeccatccegeccectaactcegeccagttcegece
attctccgecccatggcetgactaatttttittatitatgcagaggecgaggecgectcggectctgagetaticcagaagtagt
gaggaggctittttggaggctaccatggagaagttactattccgaagttcctatictctagaaagtataggaacttcaagcett
ggcactggtgagcaagggcgaggagcetgticaccggggtggtgeccatectggtcgagetggacggegacgtaaacg
gccacaagttcagegtgtccggegagggegagggegatgecacctacggcaagcetgaccctgaagttcatctgcacca
ccggeaagcetgeccgtgecctggeccaccetegtgaccaccetgacctacggegtgcagtgeticagecgetaccecga
ccacatgaagcagcacgactticttcaagtccgecatgccegaaggcetacgtccaggagegeaccatcettcticaaggac
gacggcaactacaagacccgcegecgaggtgaagticgagggegacaccctggtgaaccgcatcgagetgaaggge
atcgacttcaaggaggacggcaacatcctggggcacaagetggagtacaactacaacagccacaacgtctatatcatg
gccgacaagcagaagaacggcatcaaggtgaacticaagatccgecacaacatcgaggacggeagegtgeagcte
gccgaccactaccagcagaacacccccatcggegacggeccegtgetgetgeccgacaaccactacctgageacce
agtccgecctgagcaaagaccccaacgagaagegegatcacatggtectgetggagttcgtgacegeecgecgggate
actctcggcatggacgagctgtacaagtaaageggecgeggcecaattgggecaccggtgctageccectaacgttactg
gccgaagecgctiggaataaggecggtgtgegtttgtetatatgttattttccaccatattgecgtetttiggcaatgtgagggc
ccggaaacctggecctgtcttcttgacgagcattcctaggggtetttccectetcgecaaaggaatgcaaggtctgtigaat
gtcgtgaaggaagcagticetctggaagcetictigaagacaaacaacgtctgtagegaccetttgcaggcageggaace
ccecacctggegacaggtgectctgecggecaaaagecacgtgtataagatacacctgcaaaggeggceacaacceca
gtgccacgttgtgagttggatagttgtggaaagagtcaaatggcetctectcaagegtaticaacaaggggctgaaggatg
cccagaaggtaccccattgtatgggatctgatctggggcecteggtgeacatgcetttacatgtgtttagtcgaggttaaaaaa
cgtctaggccccccgaaccacggggacgtggttticetitgaaaaacacgataataccatgaccgagtacaageccacg
gtgcgectcgecaccegegacgacgtccceegggecgtacgeaccectcgecgecgegticgecgactacceegecac
gcgecacaccgtcgatccggaccgecacatcgagegggtcaccgagcetgcaagaactcttcctcacgegegtecgggct
cgacatcggcaaggtgtgggtcgecggacgacggegecgeggtggeggtetggaccacgecggagagegtcgaage
gggggcgatgttcgeccgagatcggeccgegeatggecgagttgageggticcecggetggecgegeageaacagatgg
aaggcctcetggegecgeaccggeccaaggageccgegtggticctggecaccgteggegtetcgececgaccaccag
ggcaagggtctgggcagegecgtegtgetecceggagtggaggeggecgagegegecggggtgeccgecttectgga
gacctccgegecccgcaacctceccttctacgageggceteggcttcaccgtcaccgecgacgtcgaggtgeccgaagg
accgcgcacctggtgcatgacccgcaageccggtgectgacgeccgeccacaagacccgecagegeccgaccgaaa
ggagcgcacgaccccatgcatcgaatcgatatcgecggecgegactctagatcataatcagecegggggtgatcagect
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cgactgtgccttctagttgccagcecatctgtigtttgecectcceecgtgecttcctigacceetggaaggtgecacteccactgt
cctticctaataaaatgaggaaattgcatcgceatigtctgagtaggtgteattctattctggggggtoggatoggggcaggac
agcaagggggaggattgggaagacaatagcaggcatgctggggatgeggtgggcetctatggaaccagcetggggcte
gacattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatcccatcacaaagctctgacctcaatcectata
gaaaggaggaatgagccaaaattcacccaacttatigtgggaagctigtggaaggctactcgaaatgttigacccaagtt
aaacaatttaaaggcaatgctaccaaatactaattgagtgtatgttaactictgacccactgggaatgtgatgaaagaaat
aaaagctgaaatgaatcattctctctactattattctgatatticacattcttaaaataaagtggtgatcctaactgaccttaaga
cagggaatctttactcggattaaatgtcaggaattgtgaaaaagtgagtttaaatgtatttggctaaggtgtatgtaaactice
gacttcaactgtagggatcctctagagtcgacctgcaggceatgcaagetiggegtaatcatggtcatagetgtticetgtgty
aaattgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaaagectggggtgectaatgagtg
agctaactcacattaattgcgttgcgetcactgeccgctticcagtcgggaaacctgtegtgecagetgceattaatgaateg
gccaacgegeggggagaggeggtttgegtattgggegctettcegeticetegetcactgactegcetgegceteggtegtteg
gctgcggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaaga
acatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggecgegtigetggegtttticcataggcetecgec
ccectgacgageatcacaaaaatcgacgetcaagtcagaggtggcgaaaccegacaggactataaagataccagge
gtttcccectggaagctecctegtgegctetectgttccgaccctgecgcettaceggatacctgteegecttteteecticggga
agegtggcegcttictcaatgetcacgcetgtaggtatetcagticggtgtaggtegttcgetecaagetgggetgtgtgcacga
accccecgticageccgaccgetgegecttatceggtaactategtctigagtccaacccggtaagacacgacttatcgec
actggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagtictigaagtggtggect
aactacggctacactagaaggacagtattiggtatctgcgcetctgctgaagecagttaccticggaaaaagagttggtage
tctigatccggcaaacaaaccaccgetggtageggtggtittttigtttgcaagcageagattacgcgcagaaaaaaagg
atctcaagaagatcctttgatctttictacggggtctgacgctcagtggaacgaaaactcacgttaagggatittggtcatga
gattatcaaaaaggatcttcacctagatccttitaaattaaaaatgaagttitaaatcaatctaaagtatatatgagtaaacttg
gtctgacagttaccaatgcttaatcagtgaggcacctatctcagegatctgtctatitcgttcatccatagtigectgactcecc
gtcgtgtagataactacgatacgggagggcttaccatctggecccagtgetgcaatgataccgegagacccacgctcac
cggctccagatttatcagcaataaaccagccagecggaagggecgagegcagaagtggtectgeaactttatcegecte
catccagtctattaattgttgccgggaagctagagtaagtagticgccagttaatagttigcgcaacgttgttgecattgetac
aggcatcgtggtgtcacgcetegtegtttggtatggcettcattcagetecggticccaacgatcaaggegagttacatgatcec
ccatgttgtgcaaaaaagcggttagctecticggtectcecgategttgtcagaagtaagttggecgeagtgttatcactcatg
gttatggcagcactgcataattctcttactgtcatgccatcegtaagatgcettitctgtgactggtgagtactcaaccaagtcatt
ctgagaatagtgtatgcggcgaccgagttgetcttgccecggegtcaatacgggataataccgegecacatagcagaactt
taaaagtgctcatcattggaaaacgttcttcggggecgaaaactctcaaggatcttaccgcetgttgagatccagttcgatgta
acccactcgtgcacccaactgatcttcagcatctittactitcaccagegtttctgggtgagcaaaaacaggaaggcaaaa
tgccgcaaaaaagggaataagggegacacggaaatgttgaatactcatactcticetttticaatattattgaagcatttate
agggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegeacatttccceg
aaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggegtatcacgaggecctttcg
tc

SEQ ID NO: 19
pSBT/SV40-GFIP.loxP, sequence

SB inverted repeats
SV40 promoter
Start codon

FRT site

eGFP

Puro

tcgcgegtttcggtgatgacggtgaaaacctctgacacatgcagetcccggagacggtcacagctigtetgtaageggat

gccgggageagacaageccgtcagggegegtcagegggtgtiggegggtgtcggggcetggcettaactatgeggeatea
gagcagattgtactgagagtgcaccatatgcggtgtgaaataccgcacagatgecgtaaggagaaaataccgcatcagg
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cgccattcgecattcaggcetgegeaactgtigggaagggegatcggtgegggectcttegetattacgecagetggegaa
agggggatgtgctgcaaggcegattaagttgggtaacgecagggttticccagtcacgacgtigtaaaacgacggecagt
gaattcgagctcggtaccctacagtigaagtcggaagtttacatacacttaagttggagtcattaaaactcgtitticaactac
tccacaaattictigttaacaaacaatagtittggcaagtcagttaggacatctactttgtgcatgacacaagtcattiticcaa
caattgtttacagacagattatttcacttataattcactgtatcacaattccagtgggtcagaagtitacatacactaagttgact
gtgcctttaaacagcttggaaaaticcagaaaatgatgtcatggcetttagaagcttctgatagactaattgacatcatttgagt
caattggaggtgtacctgtggatgtatitcaagggaattctgtggaatgtgtgtcagttagggtgtggaaagtccccaggcete
cccaggcaggceagaagtatgcaaagceatcgaggatgtacgggecagatatacgegataacttcgtataatgtatgcetat
acgaagttatcgcgtgaggttttcaccgtcatcaccgaaacgegegaggcagetgtggaatgtgtgtcagttagggtgtgg
aaagtccccaggcetccccagcaggcagaagtatgcaaagceatgeatctcaattagtcagcaaccaggtgtggaaagtc
cccaggctecccageaggeagaagtatgcaaageatgeatctcaattagtcagcaaccatagtcccgeccctaactee
gcccatcecegeccctaactcegeccagticegeccatictccgecceatggetgactaatttittitatttatgcagaggecga
ggccgecteggectctgagetaticcagaagtagtgaggaggcttitttggaggcetaccatggagaagttactaticcgaa
ottcctatictctagaaagtataggaacticaagetiggeactggtgagcaagggegaggagcetgticaccggggtgotge
ccatcctggtcgagetggacggegacgtaaacggecacaagticagegtgtccggegagggegagggegatgecac
ctacggcaagctgaccctgaagtticatctgcaccaccggeaagcetgecegtgecctggeccaccctegtgaccaccectg
acctacggcgtgcagtgcttcagecgcetaccecgaccacatgaageageacgacticttcaagtcegecatgececgaag
gctacgtccaggagcegceaccatcticticaaggacgacggcaactacaagacccgegecgaggtgaagticgaggge
gacaccctggtgaaccgcatcgagetgaagggcatcgacticaaggaggacggcaacatcctggggcacaagetgg
agtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatc
cgccacaacatcgaggacggcagegtgcagcetcgecgaccactaccagcagaacacceccatcggegacggecce
gtgctgetgeccgacaaccactacctgageacccagtecgecctgagcaaagaccccaacgagaagegegatcacat
ggtectgetggagttcgtgaccgecgecgggatcactetcggeatggacgagetgtacaagtaaageggecgeggeca
attgggccaccggtgctageccectaacgttactggecgaagecgcetiggaataaggecggtgtgegtitgtetatatgttat
tttccaccatattgecegtettttggcaatgtgagggececggaaacctggecctgtettetigacgageaticctaggggtctite
ccetetcgecaaaggaatgcaaggtctgttgaatgtcgtgaaggaageagttectetggaagctictigaagacaaacaa
cgtctgtagcgacccetttgcaggcageggaacccecccacctggegacaggtgectctgeggecaaaagecacgtgtat
aagatacacctgcaaaggcggceacaaccccagtgecacgtigtgagtiggatagtigtggaaagagtcaaatggctcte
ctcaagcgtattcaacaaggggcetgaaggatgeccagaaggtaccecattgtatgggatetgatctggggecteggtge
acatgctttacatgtgtttagtcgaggttaaaaaacgtctaggcecececcgaaccacggggacgtggttticetitgaaaaac
acgataataccatgaccgagtacaagcccacggtgcgectegecaccecgegacgacgteecccegggecgtacgeac
cctegeegecgegttcgecgactacceccgecacgegecacaccgtcgatccggaccgecacatcgagegggtcaceg
agctgcaagaactcticctcacgegegtcgggetcgacatcggeaaggtgtgggtcgeggacgacggegecgeggtg
gcggtctggaccacgecggagagegtcgaagegggggeggtgticgecgagateggeccgegeatggecgagttga
gcggtteccggetggecgegeageaacagatggaaggcectectggegecgeaccggeccaaggagecegegtggtt
cctggecaccgteggegtcetcgececgaccaccagggeaagggtetgggeagegecgtegtgetecceggagtggagg
cggecgagegegecggggtgeccgecttectggagaccteccgegeccegcaacctceccttctacgageggceteggctt
caccgtcaccgccgacgtcgaggtgeccgaaggaccgegeacctggtgcatgacccgeaageccggtgectgacge
ccgcccacaagaccegcagegeccgaccgaaaggagegeacgaccecatgeatcgaatcgatatcgeggeegega
ctctagatcataatcagcccgggggtgatcagectcgactgtgectictagtigecagecatetgttgtitgeccctecceegt
gccttecttgaccctggaaggtgecacteccactgtectitcctaataaaatgaggaaattgeategeattgtctgagtaggt
gtcattctatictggggogtggogtggggcaggacagecaagggggaggatigggaagacaatagcaggeatgetggg
gatgcggtgggctctatggaaccagetggggegegattaacttcgtataaagtctcctatacgaagttatcgegecaticta
ottgtggtitgtccaaactcatcaatgtatcttatcatgtctggatcccatcacaaagetctgacctcaatcctatagaaagga
ggaatgagccaaaattcacccaacttattgtgggaagcettgtggaaggcetactcgaaatgtitgacccaagttaaacaattt
aaaggcaatgctaccaaatactaattgagtgtatgttaacttctgacccactgggaatgtgatgaaagaaataaaagcetg
aaatgaatcatictctctactattatictgatatttcacaticttaaaataaagtggtgatcctaactgaccttaagacagggaat
ctttactcggattaaatgtcaggaattgtgaaaaagtgagtitaaatgtattiggctaaggtgtatgtaaacttccgacttcaac
tgtagggatcctctagagtcgacctgcaggeatgcaagetiggegtaatcatggtcatagetgtttcetgtgtgaaattgttat
ccgctcacaaticcacacaacatacgagccggaagcataaagtgtaaagectggggtgectaatgagtgagcetaacte
acattaattgcgtigcgetcactgeccegetticcagtcgggaaacctgtegtgecagetgceattaatgaatcggecaacgeg
cggggagaggceggtttgegtatigggegcteticegettcctegetcactgactegetgegeteggtegticggetgeggeg
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agcggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgag
caaaaggccagcaaaaggccaggaaccgtaaaaaggecgegttgetggegtttticcataggcetecgeccecectgacg
agcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcegtttcccect
ggaagctccctegtgegctetectgttccgaccectgecgcettaccggatacctgtecgectttcteccticgggaagegtgge
gctitctcaatgetcacgetgtaggtatctcagttcggtgtaggtegticgetccaagetgggetgtgtgcacgaacccecegt
tcagcccgaccgetgegecttatceggtaactategtctigagtccaacceggtaagacacgacttatcgecactggeag
cagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagticttgaagtggtggectaactacgg
ctacactagaaggacagtattiggtatctgcgcetctgctgaagecagttaccticggaaaaagagttggtagctettgatee
ggcaaacaaaccaccgctggtageggtggttttittgtitgcaagcageagattacgcgcagaaaaaaaggatctcaag
aagatcctttgatctttictacggggtctgacgctcagtggaacgaaaactcacgttaagggatittggtcatgagattatcaa
aaaggatcttcacctagatccitttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgaca
gttaccaatgcttaatcagtgaggcacctatctcagegatcetgtctatttcgticatccatagttgectgactcccegtegtgta
gataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgegagacccacgctcaccggcetee
agatttatcagcaataaaccagccagccggaagggecgagegcagaagtggteetgeaactttatcegectecateca
otctattaattgttgccgggaagctagagtaagtagticgecagttaatagtttgegcaacgtigttgecattgetacaggeat
cgtggtgtcacgctegtegtitggtatggeticaticagetecggticccaacgatcaaggegagttacatgatcececcatgtt
gtgcaaaaaagcggttagetecttcggtectcecgategtigtcagaagtaagtiggecgeagtgttatcactcatggttatgg
cagcactgcataattctcttactgtcatgccatccgtaagatgctitictgtgactggtgagtactcaaccaagtcattctgaga
atagtgtatgcggegaccgagttgetcttgcccggegtcaatacgggataataccgegecacatagcagaactttaaaag
tgctcatcattggaaaacgticttcggggcgaaaactctcaaggatcttaccgcetgttgagatccagticgatgtaacceact
cgtgcacccaactgatcttcagcatcttttactticaccagegttictgggtgagcaaaaacaggaaggcaaaatgecgea
aaaaagggaataagggcgacacggaaatgttigaatactcatactcttcctttitcaatattattgaagcatttatcagggttat
tgtctcatgagcggatacatatitgaatgtatitagaaaaataaacaaataggggttccgegceacatticcccgaaaagtge
cacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcegtatcacgaggcecctttcgte

SEQ ID NO: 20

FRThygro cassette
CTATTCCTTTGCCCTCGGACGAGTGCTGGGGCGTCGGTTTCCACTATCGGCGAGTACTTCTACACAG
CCATCGGTCCAGACGGCCGCGCTTCTGCGGGCGATTTGTGTACGCCCGACAGTCCCGGCTCCGGAT
CGGACGATTGCGTCGCATCGACCCTGCGCCCAAGCTGCATCATCGAAATTGCCGTCAACCAAGCTCT
GATAGAGTTGGTCAAGACCAATGCGGAGCATATACGCCCGGAGCCGCGGCGATCCTGCAAGCTCCG
GATGCCTCCGCTCGAAGTAGCGCGTCTGCTGCTCCATACAAGCCAACCACGGCCTCCAGAAGAAGAT
GTTGGCGACCTCGTATTGGGAATCCCCGAACATCGCCTCGCTCCAGTCAATGACCGCTGTTATGCGG
CCATTGTCCGTCAGGACATTGTTGGAGCCGAAATCCGCGTGCACGAGGTGCCGGACTTCGGGGCAG
TCCTCGGCCCAAAGCATCAGCTCATCGAGAGCCTGCGCGACGGACGCACTGACGGTGTCGTCCATC
ACAGTTTGCCAGTGATACACATGGGGATCAGCAATCGCGCATATGAAATCACGCCATGTAGTGTATTG
ACCGATTCCTTGCGGTCCGAATGGGCCGAACCCGCTCGTCTGGCTAAGATCGGCCGCAGCGATCGC
ATCCATGGCCTCCGCGACCGGCTGCAGAACAGCGGGCAGTTCGGTTTCAGGCAGGTCTTGCAACGT
GACACCCTGTGCACGGCGGGAGATGCAATAGGTCAGGCTCTCGCTGAATTCCCCAATGTCAAGCACT
TCCGGAATCGGGAGCGCGGCCGATGCAAAGTGCCGATAAACATAACGATCTTTGTAGAAACCATCGG
CGCAGCTATTTACCCGCAGGACATATCCACGCCCTCCTACATCGAAGCTGAAAGCACGAGATTCTTC
GCCCTCCGAGAGCTGCATCAGGTCGGAGACGCTGTCGAACTTTTCGATCAGAAACTTCTCGACAGAC
GTCGCGGTGAGTTCAGGCTTTTT

SEQ ID NO: 21
Sequence of pLV/FRThygro.PGKpuro (FRThygro cassette indicated in green)

AAGCTTGGCCATTGCATACGTTGTATCCATATCATAATATGTACATTTATATTGGCTCATGTCCAACATT
ACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAG
CCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGAC
CCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACG
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TCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTA
CGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGC
AGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGT
CAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCAT
TGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCG
GGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTA
AGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAAC
TAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAGGGACCT
GAAAGCGAAAGGGAAACCAGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAG
AGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGAGAGAGA
TGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTAGATCGCGATGGGAAAAAATTCGGTTAAGG
CCAGGGGGAAAGAAAAAATATAAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGC
AGTTAATCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCC
TTCAGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTGCATCAAA
GGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGAC
CACCGCACAGCAAGCGGCCGCTGATCTTCAGACCTGGAGGAGGAGATATGAGGGACAATTGGAGAA
GTGAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCACCCACCAAGGCAAAGAGAA
GAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGC
AGGAAGCACTATGGGCGCAGCCTCAATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATA
GTGCAGCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCT
GGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCT
GGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGAATGCTAGTTGGAGT
AATAAATCTCTGGAACAGATTGGAATCACACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTAC
ACAAGCTTAATACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAGAATTATTG
GAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATAACAAATTGGCTGTGGTATATAAAATTA
TTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAGAATAGTTTTTGCTGTACTTTCTATAGTGAATAGA
GTTAGGCAGGGATATTCACCATTATCGTTTCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGC
CCGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATC
TCGACGGTATCGGTTCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAAT
TAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGT
GTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCTCTAG
CTAGAGGTCGACGGTATACAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATG
CAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCA
ATAAACAAGTTGGGGTGGGCGAAGAACTCCAGCATGAGATCCCCGCGCTGGAGGATCATCCAGCCG
GCGTCCCGGAAAACGATTCCGAAGCCCAACCTTTCATAGAAGGCGGCGGTGGAATCGAAATCTCGTA
GTACGTGCTATTCCTTTGCCCTCGGACGAGTGCTGGGGCGTCGGTTTCCACTATCGGCGAGTACTTC
TACACAGCCATCGGTCCAGACGGCCGCGCTTCTGCGGGCGATTTGTGTACGCCCGACAGTCCCGGC
TCCGGATCGGACGATTGCGTCGCATCGACCCTGCGCCCAAGCTGCATCATCGAAATTGCCGTCAACC
AAGCTCTGATAGAGTTGGTCAAGACCAATGCGGAGCATATACGCCCGGAGCCGCGGCGATCCTGCA
AGCTCCGGATGCCTCCGCTCGAAGTAGCGCGTCTGCTGCTCCATACAAGCCAACCACGGCCTCCAG
AAGAAGATGTTGGCGACCTCGTATTGGGAATCCCCGAACATCGCCTCGCTCCAGTCAATGACCGCTG
TTATGCGGCCATTGTCCGTCAGGACATTGTTGGAGCCGAAATCCGCGTGCACGAGGTGCCGGACTTC
GGGGCAGTCCTCGGCCCAAAGCATCAGCTCATCGAGAGCCTGCGCGACGGACGCACTGACGGTGTC
GTCCATCACAGTTTGCCAGTGATACACATGGGGATCAGCAATCGCGCATATGAAATCACGCCATGTAG
TGTATTGACCGATTCCTTGCGGTCCGAATGGGCCGAACCCGCTCGTCTGGCTAAGATCGGCCGCAGC
GATCGCATCCATGGCCTCCGCGACCGGCTGCAGAACAGCGGGCAGTTCGGTTTCAGGCAGGTCTTG
CAACGTGACACCCTGTGCACGGCGGGAGATGCAATAGGTCAGGCTCTCGCTGAATTCCCCAATGTCA
AGCACTTCCGGAATCGGGAGCGCGGCCGATGCAAAGTGCCGATAAACATAACGATCTTTGTAGAAAC
CATCGGCGCAGCTATTTACCCGCAGGACATATCCACGCCCTCCTACATCGAAGCTGAAAGCACGAGA
TTCTTCGCCCTCCGAGAGCTGCATCAGGTCGGAGACGCTGTCGAACTTTTCGATCAGAAACTTCTCGA
CAGACGTCGCGGTGAGTTCAGGCTTTTTGGCCAAGGAAGTTCCTATACTTTCTAGAGAATAGGAACTT
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CGGAATAGGAACTTCTAGGTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAA
AGCACTAAATCGGAACCCTAAAGGGACCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTG
GCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCAC
GCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTGGGGATACCCCCT
AGAGCCCCAGAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAG
ACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTATCGA
TCACGAGACTAGCCTCGACGATGGTCGAGTACCGGGTAGGGGAGGCGCTTTTCCCAAGGCAGTCTG
GAGCATGCGCTTTAGCAGCCCCGCTGGGCACTTGGCGCTACACAAGTGGCCTCTGGCCTCGCACAC
ATTCCACATCCACCGGTAGGCGCCAACCGGCTCCGTTCTTTGGTGGCCCCTTCGCGCCACCTTCTAC
TCCTCCCCTAGTCAGGAAGTTCCCCCCCGCCCCGCAGCTCGCGTCGTGCAGGACGTGACAAATGGA
AGTAGCACGTCTCACTAGTCTCGTGCAGATGGACAGCACCGCTGAGCAATGGAAGCGGGTAGGCCTT
TGGGGCAGCGGCCAATAGCAGCTTTGCTCCTTCGCTTTCTGGGCTCAGAGGCTGGGAAGGGGTGGG
TCCGGGGGCGGGCTCAGGGGCGGGCTCAGGGGCGGGGCGGGCGCCCGAAGGTCCTCCGGAGGC
CCGGCATTCTGCACGCTTCAAAAGCGCACGTCTGCCGCGCTGTTCTCCTCTTCCTCATCTCCGGGCC
TTTCGACCTCTAGCGGGATCCAAGCTTACCATGACCGAGTACAAGCCCACGGTGCGCCTCGCCACCC
GCGACGACGTCCCCCGGGCCGTACGCACCCTCGCCGCCGCGTTCGCCGACTACCCCGCCACGCGC
CACACCGTCGACCCGGACCGCCACATCGAGCGGGTCACCGAGCTGCAAGAACTCTTCCTCACGCGC
GTCGGGCTCGACATCGGCAAGGTGTGGGTCGCGGACGACGGCGCCGCGGTGGCGGTCTGGACCAC
GCCGGAGAGCGTCGAAGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCATGGCCGAGTTGAGCG
GTTCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCCTCCTGGCGCCGCACCGGCCCAAGGAGCCC
GCGTGGTTCCTGGCCACCGTCGGCGTCTCGCCCGACCACCAGGGCAAGGGTCTGGGCAGCGCCGT
CGTGCTCCCCGGAGTGGAGGCGGCCGAGCGCGCCGGGGTGCCCGCCTTCCTGGAGACCTCCGCGC
CCCGCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTCACCGCCGACGTCGAGGTGCCCGAAG
GACCGCGCACCTGGTGCATGACCCGCAAGCCCGGTGCCTGACTCGAGGGAATTCCGATAATCAACC
TCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGA
TACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATA
AATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCAC
TGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACT
TTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAG
GGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGCT
GCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAAT
CCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGC
CCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCATCGGGAATTCGAGCTCGGTACCTTTA
AGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAG
GGCTAATTCACTCCCAACGAAGACAAGATCTGCTTTTTGCTTGTACTGGGTCTCTCTGGTTAGACCAG
ATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTG
AGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTT
AGTCAGTGTGGAAAATCTCTAGCAGCATCTAGCTAGAATTAATTCCGTGTATTCTATAGTGTCACCTAA
ATCGTATGTGTATGATACATAAGGTTATGTATTAATTGTAGCCGCGTTCTAACGACAATATGTACAAGC
CTAATTGTGTAGCATCTGGCTTACTGAAGCAGACCCTATCATCTCTCTCGTAAACTGCCGTCAGAGTC
GGTTTGGTTGGACGAACCTTCTGAGTTTCTGGTAACGCCGTCCCGCACCCGGAAATGGTCAGCGAAC
CAATCAGCAGGGTCATCGCTAGCCTAGGCTTTTGCGTCGAGACGTACCCAATTCGCCCTATAGTGAG
TCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCC
AACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGA
TCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCGACGCGCCCTGTAGCGGCGCATT
AAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCG
CTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGG
GGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGA
TGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCT
TTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATA
AGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTT
TAACAAAATATTAACGTTTACAATTTCCCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTAT
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TTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAA
TAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCA
TTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGG
TGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAA
GAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGC
CGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTC
ACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGA
TAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACA
ACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGA
CGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTA
CTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCT
GCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCG
CGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGG
AGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTG
GTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGA
TCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAG
CGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGC
TTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTT
TCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAG
GCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCT
GCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGC
AGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAAC
TGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGT
ATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGG
TATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGG
GGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCT
TTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGA
GCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGA
GCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAG
GTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCA
CCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCA
CACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAG
CTGGAGCTGC
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Claims

1. A genetically modified pig, wherein the genetically modified genome comprises at
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least one site for integration of at least one transgene.

A genetically modified porcine blastocyst derived from the genetically modified pig

model as defined in claim 1

and/or

a genetically modified porcine blastocyst, wherein the genetically modified genome
comprises at least one site for integration of at least one transgene.

A genetically modified porcine embryo derived from the genetically modified pig
model as defined in claim 1
and/or
a genetically modified porcine embryo, wherein the genetically modified genome
comprises at least one site for integration of at least one transgene.

A genetically modified porcine fetus derived from the genetically modified pig model
as defined in claim 1
and/or
a genetically modified porcine fetus, wherein the genetically modified genome
comprises at least one site for integration of at least one transgene.

A genetically modified porcine donor cell and/or cell nucleus derived from the
genetically modified pig model as defined in claim 1
and/or
a genetically modified porcine donor cell and/or cell nucleus, wherein the
genetically modified genome comprises at least one site for integration of at least

one transgene.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleus according to any of the preceding claims, wherein said at least one site
for integration of at least one transgene is a heterologous recombination site.
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The genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell,
according to any of the preceding claims, wherein the pig, porcine embryo,
blastocyst, fetus, donor cell and/or cell nucleus is a mini-pig.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleus according to claim 6, wherein the mini-pig is selected from the group
consisting of Goettingen, Yucatan, Bama Xiang Zhu, Wuzhishan and Xi Shuang

Banna, including any combination thereof.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleus according to claim 8, wherein said pig is a a Goettingen mini-pig.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleus according any of the preceding claims, wherein the pig is not a mini-

pig.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleusaccording to any of the preceding claims, wherein the pig belongs to
the species of S. domesticus.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleus according to claim 10, wherein the pig is selected from the group
consisting of Landrace, Yorkshire, Hampshire, Duroc, Chinese Meishan, Berkshire
and Piétrain, including any combination thereof.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleus according to any of the preceding claims, wherein the pig is an inbred

pig.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleusaccording to any of the preceding claims, wherein the genetically
modified genome comprises at least one recombination site for site-specific gene

insertion.
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The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleus according to claim 14, wherein said at least one recombination site is a

recombination site for Flp, Flpe, Flpx9,®C31 and/or Cre recombinase.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleus according to claim 14, wherein said at least one recombination site is

selected from the group consisting of attB, attP, loxP and FRT.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleus according to claim 14, wherein said at least one recombination site is a
FRT site.

The genetically modified pig, porcine embryo, blastocyst, fetus, donor cell and/or
cell nucleus according to claim 15, wherein said at least one recombination site is a

recombination site for Flp.

The genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell,
according to any of the preceding claims, wherein said pig, porcine embryo,
blastocyst, fetus and/or donor cell, comprises a transposon tagged genome.

The genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell,
according to any of the preceding claims, wherein said pig, porcine embryo,
blastocyst, fetus and/or donor cell, comprises a transposon tagged genome is
obtained by integration of the target vector of claim 27.

The genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell,
according to any of the preceding claims, wherein said pig, porcine embryo,
blastocyst, fetus and/or donor cell, comprises a transposon tagged genome by use
of the system of any of claims 43 to 45.

The genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell,
according to any of the preceding claims further comprising at least one transgene.
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The genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell,
according to claim 22, wherein said transgene is inserted into at least one

recombination site.

The genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell,
according to claim 22, displaying a phenotype associated with disease.

A genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell,
wherein the genetically modified genome comprises at least one gene of interest
obtained by recombination into the at least one site for integration.

The genetically modified pig, porcine embryo, blastocyst, fetus and/or donor cell,
according to any of the preceding claims, obtainable by the use of the recombinant
vector of claim 27 and/or the system of claim 43.

A recombinant target vector comprising a DNA-transposon-based construct
comprising a bicistronic gene cassette comprising (i) at least one recombination site
and (ii) an IRES-driven selection gene.

The recombinant vector according to claim 27, wherein said DNA transposon is
selected from the group consisting of the Sleeping Beauty (SB) transposon, Frog
Prince (FP) transposon, Piggybac transposon, Tol2 transposon, Himar 1
transposon and passport transposon.

The recombinant vector according to claim 27, wherein said DNA transposon is the
Sleeping Beauty (SB) DNA transposon vector.

The recombinant vector according to claim 27, wherein said at least one
recombination site is a FRT, attB/P, attB, attP and/or LoxP recombination site.

The recombinant vector according to claim 27, wherein said at least one
recombination site is a FRT recombination site.
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The recombinant vector according to any of claims 27-31, wherein said
recombination site is embedded in the coding sequence of a reporter gene and/or
selection gene.

The recombinant vector according to claim 32, wherein said recombination site is
embedded in the coding sequence selected from the group consisting of the
enhanced green fluorescent protein (eGFP), lac Z, dsRed, enhanced yellow
fluorescent protein (eYFP), enhanced cyan fluorescent protein (eCFP), enhanced
blue fluorescent protein (eBFP) and the human alpha-1-antitrypsin (hAAT).

The recombinant vector according to claim 32, wherein said recombination site is
embedded in the coding sequence of eGFP.

The recombinant vector according to claim 31, wherein said FRT recombination site
is embedded in a SV40 promoter driven fusion variant of eGFP.

The recombinant vector according to claim 31, wherein said FRT recombination site
is embedded in a RSV promoter driven fusion variant of eGFP.

The recombinant vector according to claim 31, wherein said FRT recombination site
is embedded in a ubiquitin promoter driven fusion variant of eGFP.

The recombinant vector according to claim 27, wherein said IRES- driven selection
gene is a gene conferring resistance to a drug.

The recombinant vector according to claim 38, wherein said IRES- driven selection

gene is a puromycin resistance gene.

The recombinant vector according to claim 27 further comprising at least one
recognition site for a Cre recombinase and/or ®C31 recombinase.

The recombinant vector according to claim 40, wherein said at least one
recognition site for Cre recombinase is located between the upper inverted repeat
of the vector and the SV40 promoter.
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The recombinant vector according to claim 40, wherein said at least one
recognition site for Cre recombinase is located between the poly A sequence and
the lower inverted repeat of the vector.

A bi-phase system comprising a recombinant target vector of claim 27 and a

recombination substrate.

The bi-phase system of claim 43, wherein said recombination substrate comprises

a fusion of at least one recognition site for a recombinase and a gene of interest.
The bi-phase system of claim 44, wherein said recombination substrate is present
in a plasmid, an in vitro generated plasmid-derived minicircle and/or a lentiviral
circle.

A mammalian cell comprising a DNA transposon tagged genome containing at
least one recombination target site for site-specific gene integration of at least one

gene of interest.

A mammalian cell comprising at least one gene of interest, obtained by the use of
the system of claim 43.

The cell according to claim 46 or 47, wherein said cell comprises a DNA transposon
tagged genome by a recombinant vector as defined any of claims 27-31 or by the

system of claims 43 to 45.

The cell according to claim 46 or 47, wherein the genome further contains at least

one recognition site for Cre-recombinase.

The cell according to claim 46 or 47, wherein said cell is a mammalian cell.

The cell according to claim 46 or 47 wherein said cell is a somatic cell.

The cell according to claim 46 or 47, wherein said cell is of porcine origin.

The cell according to claim 52, wherein said somatic cell is a fibroblast.
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The cell according to claim 52, wherein said somatic cell is a primary somatic cell.

The cell according to claim 54 , wherein primary somatic cell is a porcine primary
fibroblast.

A method for producing a mammalian cell comprising a DNA transposon tagged
genome comprising at least one recombination target site for site-specific gene
insertion comprising the steps of

a) providing a mammalian cell, b) transfecting the cell of a) with a plasmid expressing a

transposase and a recombinant vector comprising a DNA transposon-based construct

carrying a bicistronic gene cassette comprising (i) a recombination site and ii) an IRES-

driven selection gene, c) selecting DNA transposon tagged cells.

57.

58.

59.

60.

61.

62.

63.

64.

The method of claim 56 further comprising a step of recombination using the
recombination substrate of claim 43.

The method of claim 56, wherein said recombinant vector is defined in any of the
claims 27-42.

The method of claim 56, wherein said mammalian cell is a somatic cell.

The method of claim 56, wherein said cell is of porcine origin.

The method of claim 59, wherein said somatic cell is a fibroblast.

The method of claim 59, wherein said somatic cell is primary somatic cell.

The method of claim 59, wherein said primary cell is a fibroblast.

A method for obtaining the genetically modified pig, porcine embryo, blastocyst,

fetus and/or donor cell according to any of the preceding claims comprising the

steps of
i) providing a donor cell
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ii) genetically modifying the donor cell of i) by inserting the recombinant
vector as defined in any of claims 27 to 42 into the genome of said donor
cell
iii) transferring the modified genome of the donor cell obtained in ii) into a
host cell
iv) obtaining a reconstructed embryo forming an embryo
v) culturing said embryo; and
vii) transferring said cultured embryo to a host mammal such that the
embryo develops into a genetically modified fetus,
wherein said genetically modified embryo obtainable by nuclear transfer
comprises steps i) to v) and/or vi),
wherein said genetically modified blastocyst obtainable by nuclear transfer
comprises steps i) to vi) and/or vii),
wherein said genetically modified fetus obtainable by nuclear transfer comprises
steps i) to vii).

The method of claim 64, wherein said donor cell is a somatic cell.

The method of claim 64, wherein said donor cell is a fibroblast.

The method of claim 64, wherein said fibroblast is a primary fibroblast.

The method of claim 64, wherein said fibroblast is of porcine origin.

The method of claim 64, wherein the host cell is an enucleated oocyte cell.

The genetically modified pig model, porcine embryo, blastocyst, fetus and/or donor
cell according to any of claims 27 to 42 obtainable by nuclear transfer comprising
the steps of
i) establishing at least one oocyte having at least a part of a modified
zona pellucida,
ii) separating the oocyte into at least two parts obtaining an oocyte
having a nucleus and at least one cytoplast,
i) establishing a donor cell or cell nucleus with desired genetic
properties,
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iv) fusing at least one cytoplast with the donor cell or membrane
surrounded cell nucleus,
v) obtaining a reconstructed embryo,
vi) activating the reconstructed embryo to form an embryo;
culturing said embryo; and
vii) transferring said cultured embryo to a host mammal such that the
embryo develops into a genetically modified fetus,
wherein said genetically modified embryo obtainable by nuclear transfer
comprises steps i) to v) and/or vi),
wherein said genetically modified blastocyst obtainable by nuclear transfer
comprises steps i) to vi) and/or vii),
wherein said genetically modified fetus obtainable by nuclear transfer comprises
steps i) to vii).

A method for producing a genetically modified pig, porcine embryo, blastocyst,

fetus and/or donor cell, comprising at least one recombination site comprising:

i) establishing at least one oocyte
ii) separating the oocyte into at least three parts obtaining at least one
cytoplast,
i) establishing a donor cell or cell nucleus having desired genetic
properties,
iv) fusing at least one cytoplast with the donor cell or membrane
surrounded cell nucleus,
v) obtaining a reconstructed embryo,
vi) activating the reconstructed embryo to form an embryo; culturing said
embryo; and
vii) transferring said cultured embryo to a host mammal such that the
embryo develops into a genetically modified fetus
wherein said genetically modified embryo obtainable by nuclear transfer
comprises steps i) to v) and/or vi) ,
wherein said genetically modified blastocyst obtainable by nuclear transfer
comprises steps i) to vi) and/or vii),
wherein said genetically modified fetus obtainable by nuclear transfer comprises
steps i) to vii).



10

15

20

25

30

WO 2008/106985

PCT/DK2008/050058

119

72. A method for producing a genetically modified pig, porcine embryo, blastocyst,

fetus and/or donor cell comprising:

i) establishing at least one oocyte

ii) separating the oocyte into at least three parts obtaining at least one
cytoplast,

i) establishing a donor cell or cell nucleus having desired genetic
properties, wherein the donor cell is established from a genetically
modified pig carrying in its genome at least one site for integration of at
least one transgene

iv) providing a transgene and integrating said transgene into the donor cell
of iii)

v) fusing at least one cytoplast with the donor cell or membrane
surrounded cell nucleus,

vi) obtaining a reconstructed embryo,

vii) activating the reconstructed embryo to form an embryo;

viii) culturing said embryo; and

ix) transferring said cultured embryo to a host mammal such that the
embryo develops into a genetically modified fetus,

wherein said genetically modified embryo obtainable by nuclear transfer

comprises steps i) to v) and/or vi),

wherein said genetically modified blastocyst obtainable by nuclear transfer

comprises steps i) to vi) and/or vii),

wherein said genetically modified fetus obtainable by nuclear transfer comprises

steps i) to vii).

73. The genetically modified pig model, porcine embryo, blastocyst, fetus and/or donor

cell according to any of claims 1 to 26 obtainable by nuclear transfer comprising the

steps of

i) establishing at least one oocyte having at least a part of a modified
zona pellucida,

ii) separating the oocyte into at least two parts obtaining an oocyte
having a nucleus and at least one cytoplast,

i) establishing a donor cell or cell nucleus with desired genetic

properties, wherein the donor cell is established from a genetically
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modified pig carrying in its genome at least one site for integration of at
least one transgene
iv) providing a transgene and integrating said transgene into the donor cell
of iii)
v) fusing at least one cytoplast with the donor cell or membrane
surrounded cell nucleus,
vi) obtaining a reconstructed embryo,
vii) activating the reconstructed embryo to form an embryo;
culturing said embryo; and
viii) transferring said cultured embryo to a host mammal such that the
embryo develops into a genetically modified fetus,
wherein said genetically modified embryo obtainable by nuclear transfer
comprises steps i) to vi) and/or vii),
wherein said genetically modified blastocyst obtainable by nuclear transfer
comprises steps i) to vi) and/or vii) and/or viii),
wherein said genetically modified fetus obtainable by nuclear transfer comprises
steps i) to viii).

The method according to any of claims 64-73 said method comprising one or more
of the features as defined in any of the preceding claims, wherein the method for
activation of the reconstructed embryo is selected from the group of methods
consisting of electric pulse, chemically induced shock, increasing intracellular levels
of divalent cations and reducing phosphorylation.

The method according to claim any of claims 64-73, said method comprising one or
more of the features as defined in any of the preceding claims, wherein steps d)
and f) are performed sequentially or simultaneously.

The method according to any of claims 64-73, said method comprising one or more
of the features as defined in any of the preceding claims, wherein the embryo is

cultured in vitro.

The method according to claim 76, wherein the embryo is cultured in sequential

culture.
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The method according to any of claims 64-73 said method comprising one or more
of the features as defined in any of the preceding claims, wherein the embryo is

cryopreserved prior to transfer to a host mammal.

The method according to claim 78, wherein the embryo is at a blastocyst stage.

The method according to any of claims 64-73, wherein the pig is not a mini-pig.

The method according to any of claims 64-73, wherein the pig belongs to the
species of S. domesticus.

The method according to any of claims 64-73, wherein the pig is selected from the
group consisting of Landrace, Yorkshire, Hampshire, Duroc, Chinese Meishan,
Berkshire and Piétrain, including any combination thereof.

The method according to any of claims 64-73, wherein the pig is an inbred pig.
The method according to any of claims 64-73, wherein the pig is a mini-pig.

The method of claim 84, wherein the mini-pig is selected from the group consisting
of Goettingen, Yucatan, Bama Xiang Zhu, Wuzhishan and Xi Shuang Banna,
including any combination thereof.

Use of the vector as defied in any of claims 27 to 42 for the production of

genetically modified mammalian cells, genetically modified pig, embryo, blastocyst,
fetus and/or cells thereof, comprising at least one site for integration.
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