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ENGINEERING CELL LINES CAPABLE OF PROLIFERATION IN GROWTH
FACTOR FREE MEDIA FORMULATIONS

1. CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] [1] This application claims the benefit of U.S. Provisional Application No.
63/349,865 filed June 7, 2022; which is hereby incorporated in its entirety by reference.

2. SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing with 131 sequences, which has
been submitted via Patent Center and is hereby incorporated by reference in its entirety. Said
XML copy, created on June 7, 2023, is named 55926WO-SequenceListing. xml, and is
252,422 bytes in size.

3. BACKGROUND

[0003] The mass production of cells remains limited by several factors, thus limiting final
yields. Mass production of cells finds several downstream applications. For example, foods
formulated from metazoan cells, cultured in vitro, have prospective advantages over their
corporal-derived animal counterparts, including improved nutrition and safety. Production of
these products have been projected to require fewer resources, convert biomass at a higher
caloric efficiency and result in reduced environmental impacts relative to conventional in
vivo methods. Together, metazoan cells, and their extracellular products, constitute a
biomass that can potentially be harvested from a cultivation infrastructure for formulation of

cell-based food products, such as cultured meat.

[0004] However, mass production of cells originating from cultured metazoan cells
remains limited by several factors, for example, by the maximum culture density that can be
conventionally achieved and the requirement for supplemented proteins, such as growth
factors, which support the productivity of the cultivation process, thus limiting final yields.

Provided herein are compositions and methods that address this and other related need:s.

4. SUMMARY

[0005] This disclosure is based in part on the finding that introducing a polynucleotide
comprising a coding sequence of a growth factor ligand and/or a coding sequence of a growth
factor receptor into a cell line results in the cell line’s reduced reliance on exogenous growth
factors. For example, the Applicant found that introducing a polynucleotide comprising a
coding sequence of a growth factor ligand and/or a coding sequence of a growth factor

receptor into a cell line results in maintenance of cell proliferation rates similar to controls
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and an increase in the number of non-adherent cells (i.e., cells from anchorage-dependent
growth) all while cells are grown in the absence of one or more exogenous growth factors

(see FIG. 1).

[0006] Overall, this work demonstrated the ability to engineer cells to have reduced
dependence on exogenous growth factors without compromising the cell’s ability to
proliferate or differentiate into myogenic cells. These findings are important because
manufacturing cells suitable for consumption requires vast amounts of exogenous growth
factors, which is both cost and time prohibitive (when factoring in supply chain). The
engineered cells provided herein supply their own source of growth factor signaling—thereby
bypassing or at least reducing the need to supplement the cultures with exogenous growth
factors. Moreover, by promoting anchorage independent growth, which is currently essential
for manufacturing cell based meats suitable for consumption, the engineered cell lines
provided herein increase the efficiency by which cell based meats suitable for consumption

can be produced.

[0007] In one aspect, this disclosure features method of engineering a cell line for reduced
dependence on exogenous growth factors, comprising: (a) introducing into the cell line one or
more of: (i) a polynucleotide comprising a coding sequence of a growth factor ligand; (ii) a
polynucleotide comprising a coding sequence of a growth factor receptor; or (iii) a
polynucleotide comprising a coding sequence of an activated downstream growth factor

target; and (b) culturing the cell line in a cultivation infrastructure.

[0008] In one aspect, this disclosure features method of increasing the concentration of a
growth factor ligand in culture medium of cells in culture, comprising: (a) introducing into a
cell line one or more of: (i) a polynucleotide comprising a coding sequence of a growth factor
ligand; and (ii) a polynucleotide comprising a coding sequence of a growth factor receptor; or
(ii1) a polynucleotide comprising a coding sequence of an activated downstream growth

factor target; and (b) culturing the cell line in a cultivation infrastructure.

[0009] In one aspect, this disclosure features method for improving anchorage independent
growth in a cell line, comprising: (a) introducing into the cell line one or more of: (i) a
polynucleotide comprising a coding sequence of a growth factor ligand; and (ii) a
polynucleotide comprising a coding sequence of a growth factor receptor; or (iii) a
polynucleotide comprising a coding sequence of an activated downstream growth factor

target; and (b) culturing the cell line in a cultivation infrastructure.
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[0010] 1In one aspect, this disclosure features method for increasing the cell density of a
culture comprising a cell line, comprising: (a) introducing into the cell line one or more of’ (i)
a polynucleotide comprising a coding sequence of a growth factor ligand; and (ii) a
polynucleotide comprising a coding sequence of a growth factor receptor; or (iii) a
polynucleotide comprising a coding sequence of an activated growth factor receptor; and (b)

culturing the cell line in a cultivation infrastructure.

[0011] In some embodiments, the growth factor ligand is selected from basic fibroblast
growth factor (FGF2), insulin-like growth factor 1 (IGF1), and platelet-derived growth factor
subunit B (PDGFb).

[0012] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises an additional two or more growth factor ligands,
wherein each of the additional growth factor ligands is selected from FGF2, IGF1, and

PDGFb.

[0013] In some embodiments, the growth factor ligand is FGF2. In some embodiments,
the FGF2 comprises an amino acid sequence having at least 80% sequence identity to a

sequence selected from SEQ ID NO: 1-15.

[0014] In some embodiments, the growth factor ligand is IGF1. In some embodiments, the
IGF1 comprises an amino acid sequence having at least 80% sequence identity to a sequence

selected from SEQ ID NO: 16-17.

[0015] In some embodiments, the growth factor ligand is PDGFb. In some embodiments,
the PDGFb comprises an amino acid sequence having at least 80% sequence identity to a

sequence selected from SEQ ID NO: 18-21.

[0016] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises a coding sequence of a signal peptide located 5’ to the
coding sequence of the growth factor ligand, and wherein the signal sequence and the growth
factor ligand are a fusion protein. In some embodiments, the signal sequence comprises an
amino acid sequence having at least 80% sequence identity to a sequence selected from SEQ

ID NO: 22-31.

[0017] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises a regulatory sequence operably linked to the coding

sequence of the growth factor ligand and/or additional growth factor ligands.
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[0018] In some embodiments, the regulatory sequence comprises a promoter selected from:

an inducible promoter, a tissue specific promoter, and a constitutively active promoter.

[0019] In some embodiments, the promoter is selected from EFlalpha, PGK, CMV, RSV,

and B-actin.

[0020] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand comprises a sequence encoding a polycistronic mRNA, wherein the
polycistronic nRNA comprises the coding sequence of the growth factor ligand and the

coding sequence one or more additional growth factor ligands.

[0021] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand comprises one or more sequences encoding a self-cleaving peptide, one

or more internal ribosome entry sites (IRES), or a combination thereof.

[0022] In some embodiments, activity and/or expression of the growth factor ligand is

controllable.

[0023] In some embodiments, activity and/or expression of the growth factor ligand is

controlled using an inducible promoter, an inducible tag, or a degradation tag.

[0024] In some embodiments, expression of the growth factor ligands is controlled using
an inducible promoter. In some embodiments, the coding sequence of the growth factor
ligand is operably linked to the inducible promoter. In some embodiments, the method also
includes: maintaining the engineered cell line in a culture medium comprising a molecule
capable of controlling the inducible promoter, thereby enabling expression of the growth

factor ligand.

[0025] In some embodiments, activity of the growth factor ligand is controlled using an
inducible tag. In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises a coding sequence of an inducible tag located 5’ or 3’
to the coding sequence of the growth factor ligand, and wherein the inducible tag and the
growth factor ligand are a fusion protein. In some embodiments, the method also includes:
maintaining the engineered cell line in a culture medium comprising a molecule capable of
controlling the inducible tag, thereby inducing activity of the growth factor ligand/fusion

protein.

[0026] In some embodiments, activity of the one or more growth factor ligands is

controlled using a degradation tag. In some embodiments, the polynucleotide comprising a
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coding sequence of a growth factor ligand further comprises a coding sequence of a
degradation tag located 5’ or 3’ to the coding sequence of the growth factor ligand, and
wherein the degradation tag and the growth factor ligand are a fusion protein. In some
embodiments, the method also includes: maintaining the engineered cell line in a culture
medium comprising a molecule capable of controlling the degradation tag, thereby targeting

the growth factor ligand/fusion protein for degradation.

[0027] In some embodiments, (a) the concentration of FGF2 in the culture medium is
increased by at least 0.001 ng/mL as compared to cell lines not engineered to include a
polynucleotide encoding FGF2; (b) the concentration of IGF-1 in the culture medium is
increased by at least 0.001 ng/mL as compared to cell lines not engineered to include a
polynucleotide encoding IGF1; and/or (c) the concentration of PDGFb in the culture medium
is increased by at least 0.001 ng/mL as compared to cell lines not engineered to include a

polynucleotide encoding PDGFb.

[0028] In some embodiments, (a) the concentration of FGF2 in the culture medium is
increased by at least 2.5% as compared to cell lines not engineered to include a
polynucleotide encoding FGF2; (b) the concentration of IGF-1 in the culture medium is
increased by at least 2.5% as compared to cell lines not engineered to include a
polynucleotide encoding IGF1; and/or (¢) the concentration of PDGFb in the culture medium
is increased by at least 2.5% as compared to cell lines not engineered to include a

polynucleotide encoding PDGFb.

[0029] In some embodiments, the growth factor receptor is selected from fibroblast growth
factor receptor (FGFR), insulin growth factor 1 receptor (IGF1R), and platelet-derived
growth factor receptor (PDGFR).

[0030] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor receptor further comprises an additional two or more growth factor receptors,

wherein each additional growth factor receptor is selected from FGFR, IGFR, and PDGFR.

[0031] In some embodiments, the growth factor receptor is an FGFR selected from
FGFRI1, FGFR2, FGFR3, and FGFR4. In some embodiments, the FGFR comprises an amino
acid sequence having at least 80% sequence identity to a sequence selected from SEQ ID

NO: 32-49.
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[0032] In some embodiments, the growth factor receptor is IGF1R. In some embodiments,
the IGF1R comprises an amino acid sequence having at least 80% sequence identity to a

sequence selected from SEQ ID NO: 50-51.

[0033] In some embodiments, the growth factor receptor is PDGFR. In some
embodiments, the PDGFR comprises an amino acid sequence having at least 80% sequence

identity to a sequence selected from SEQ ID NO: 52-58.

[0034] In some embodiments, the polynucleotide comprising a coding sequence of an
activated downstream growth factor target comprises a growth factor receptor comprising one
or more amino acid insertions, deletions, or substitutions that result in the receptor being

constitutively activated.

[0035] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor receptor comprises a regulatory sequence operably linked to the coding
sequence of the growth factor receptor and/or the coding sequence of the additional growth

factor receptors.

[0036] In some embodiments, the regulatory sequence comprises a promoter selected from:

an inducible promoter, a tissue specific promoter, and a constitutively active promoter.

[0037] In some embodiments, the promoter is selected from EFlalpha, PGK, CMV, RSV,

and B-actin.

[0038] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor receptor comprises a sequence encoding a polycistronic mRNA, wherein the
polycistronic mRNA comprises the coding sequence of the growth factor receptor and the

coding sequence of the two or more additional growth factor receptors.

[0039] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor receptor comprises one or more sequences encoding a self-cleaving peptide,

one or more internal ribosome entry sites (IRES), or a combination thereof.

[0040] In some embodiments, activity and/or expression of the growth factor receptors is

controllable.

[0041] In some embodiments, expression of the growth factor receptor is controlled using

an inducible promoter, an inducible tag, and a degradation tag.

[0042] In some embodiments, expression of the growth factor receptor is controlled using

an inducible promoter. In some embodiments, the coding sequence of the growth factor
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receptor is operably linked to the inducible promoter. In some embodiments, the method also
includes: maintaining the engineered cell line in a culture medium comprising a molecule
capable of controlling the inducible promoter, thereby enabling expression of the growth

factor receptor.

[0043] In some embodiments, activity of the growth factor receptor is controlled using an
inducible tag. In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor receptor further comprises a coding sequence of an inducible tag located 5 or
3’ to the coding sequence of the growth factor receptor, and wherein the inducible tag and the

growth factor receptor are a fusion protein.

[0044] In some embodiments, the method also includes: maintaining the engineered cell
line in a culture medium comprising a molecule capable of controlling the inducible tag,

thereby inducing activity of the growth factor receptor/fusion protein.

[0045] In some embodiments, activity of the one or more growth factor ligands is
controlled using a degradation tag. In some embodiments, the polynucleotide comprising a
coding sequence of a growth factor receptor further comprises a coding sequence of a
degradation tag located 5° or 3’ to the coding sequence of the growth factor receptor, and

wherein the degradation tag and the growth factor receptor are a fusion protein.

[0046] In some embodiments, the method also includes: maintaining the engineered cell
line in a culture medium comprising a molecule capable of controlling the degradation tag,

thereby targeting the growth factor receptor/fusion protein for degradation.

[0047] In some embodiments, the method also includes introducing a polynucleotide

sequence encoding an accessory protein.

[0048] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand and/or the polynucleotide comprising a coding sequence of a growth

factor receptor further comprises a coding sequence of an accessory protein.

[0049] In some embodiments, the accessory protein is fibroblast growth factor binding
protein (FGFBP). In some embodiments, the FGFBP comprises an amino acid sequence

having at least 80% sequence identity to a sequence of SEQ ID NO: 59.

[0050] In some embodiments, the accessory protein is RASV12. In some embodiments,
the RASV12 comprises an amino acid sequence having at least 80% sequence identity to a

sequence of SEQ ID NO: 60.
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[0051] In some embodiments, the method comprises introducing into the cell: (i) a
polynucleotide comprising a coding sequence of FGF2, and a polynucleotide comprising a
FGFR,; (ii) a polynuclectide comprising a coding sequence of IGF1, and a polynucleotide
comprising an IGF1R; (iii) a polynucleotide comprising a coding sequence of PDGF, and a
polynucleotide comprising a PDGFR, or (iv) a combination selected from: (i) and (i1), (i1) and
(i), (ii) and iii), and (i), (ii), and (iii).

[0052] In some embodiments, the cell line is from a livestock, poultry, game or aquatic
animal species. In some embodiments, the cell line is from a chicken, duck, or turkey. In
some embodiments, the cell line is from a fish. In some embodiments, the cell line is from a
livestock species. In some embodiments, the livestock species is porcine or bovine. In some
embodiments, the cells are from any animal species intended for human or non-human

dietary consumption.

[0053] In some embodiments, the cells are myogenic cells. In some embodiments, the
myogenic cells are myoblasts, myocytes, satellite cells, side population cells, muscle derived

stem cells, mesenchymal stem cells, myogenic pericytes, or mesoangioblasts.
[0054] In some embodiments, the cells are non-myogenic cells.

[0055] In some embodiments, the cells are fibroblasts, stem cells, or are cells otherwise

having myogenic or fibroblastic capacity.

[0056] In another aspect, this disclosure features in vitro methods for producing cell-based
meat suitable for consumption, comprising: (a) introducing into a cell one or more of: (i) a
polynucleotide comprising a coding sequence of a growth factor; (ii) a polynucleotide
comprising a coding sequence of a growth factor receptor; or (iii) a polynucleotide
comprising a coding sequence of an activated downstream growth factor target; and (b)
inducing myogenic specific differentiation, wherein the differentiated cells form myocytes
and multinucleated myotubes; (¢) culturing the myocytes and myotubes to generate skeletal

muscle fibers, thereby producing a cell-based meat suitable for consumption.

[0057] In some embodiments, the cell line is avian or mammalian. In all embodiments, the
cell line is non-human. In some embodiments, the cell line is from a livestock, poultry, game
or aquatic animal species. In some embodiments, the cell line is from a chicken, duck, or

turkey. In some embodiments, the cell line is from a fish. In some embodiments, the cell line

is from a livestock species. In some embodiments, the livestock species is porcine or bovine.
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[0058] In some embodiments, the cells are from any animal species intended for human or

non-human dietary consumption.

[0059] In some embodiments, the cells are myogenic cells. In some embodiments, the
myogenic cells are myoblasts, myocytes, satellite cells, side population cells, muscle derived

stem cells, mesenchymal stem cells, myogenic pericytes, or mesoangioblasts.
[0060] In some embodiments, the cells are non-myogenic cells.

[0061] In some embodiments, the growth factor ligand is selected from basic fibroblast
growth factor (FGF2), insulin-like growth factor 1 (IGF1), and platelet-derived growth factor
subunit B (PDGFD).

[0062] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises an additional two or more growth factor ligands,
wherein each of the additional growth factor ligands is selected from FGF2, IGF1, and

PDGFb.

[0063] In some embodiments, the growth factor ligands is FGF2. In some embodiments,
the FGF2 comprises an amino acid sequence having at least 80% sequence identity to a
sequence selected from SEQ ID NO: 1-15.

[0064] In some embodiments, the growth factor ligands is IGF1. In some embodiments,
the IGF1 comprises an amino acid sequence having at least 80% sequence identity to a

sequence selected from SEQ ID NO: 16-17.

[0065] In some embodiments, the growth factor ligands is PDGFb. In some embodiments,
the PDGFb comprises an amino acid sequence having at least 80% sequence identity to a

sequence selected from SEQ ID NO: 18-21.

[0066] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises a coding sequence of a signal peptide located 5’ to the
coding sequence of the growth factor ligand, and wherein the signal sequence and the growth

factor ligand are a fusion protein.

[0067] In some embodiments, the signal sequence comprises an amino acid sequence

having at least 80% sequence identity to a sequence selected from SEQ ID NO: 22-31.

[0068] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand comprises a regulatory sequence operably linked to the coding sequence

of the growth factor ligand and/or additional growth factor ligands.
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[0069] In some embodiments, the regulatory sequence comprises a promoter selected from:

an inducible promoter, a tissue specific promoter, and a constitutively active promoter.

[0070] In some embodiments, the promoter is selected from EFlalpha, PGK, CMV, RSV,

and B-actin.

[0071] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand comprises a sequence encoding a polycistronic mRNA, wherein the
polycistronic nRNA comprises the coding sequence of the growth factor ligand and the

coding sequence one or more additional growth factor ligands.

[0072] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises one or more sequences encoding a self-cleaving

peptide, one or more internal ribosome entry sites (IRES), or a combination thereof.

[0073] In some embodiments, activity and/or expression of the growth factor ligand is

controllable.

[0074] In some embodiments, activity and/or expression of the growth factor ligand is

controlled using an inducible promoter, an inducible tag, or a degradation tag.

[0075] In some embodiments, expression of the growth factor ligands is controlled using
an inducible promoter. In some embodiments, the coding sequence of the growth factor
ligand is operably linked to the inducible promoter. In some embodiments, the method also
includes: maintaining the engineered cell line in a culture medium comprising a molecule
capable of controlling the inducible promoter, thereby enabling expression of the growth

factor ligand.

[0076] In some embodiments, activity of the growth factor ligand is controlled using an
inducible tag. In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises a coding sequence of an inducible tag located 5’ or 3’
to the coding sequence of the growth factor ligand, and wherein the inducible tag and the
growth factor ligand are a fusion protein. In some embodiments, the method also includes:
maintaining the engineered cell line in a culture medium comprising a molecule capable of
controlling the inducible tag, thereby inducing activity of the growth factor ligand/fusion

protein.

[0077] In some embodiments, activity of the one or more growth factor ligands is

controlled using a degradation tag. In some embodiments, the polynucleotide comprising a

10
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coding sequence of a growth factor ligand further comprises a coding sequence of a
degradation tag located 5’ or 3’ to the coding sequence of the growth factor ligand, and
wherein the degradation tag and the growth factor ligand are a fusion protein. In some
embodiments, the method also includes: maintaining the engineered cell line in a culture
medium comprising a molecule capable of controlling the degradation tag, thereby targeting

the growth factor ligand/fusion protein for degradation.

[0078] In some embodiments, the growth factor receptor is selected from fibroblast growth
factor receptor (FGFR), insulin growth factor 1 receptor (IGF1R), and platelet-derived
growth factor receptor (PDGFR).

[0079] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor receptor further comprises an additional two or more growth factor receptors,

wherein each additional growth factor receptor is selected from FGFR, IGFR, and PDGFR.

[0080] In some embodiments, the growth factor receptor is an FGFR selected from
FGFRI1, FGFR2, FGFR3, and FGFR4. In some embodiments, the FGFR comprises an amino
acid sequence having at least 80% sequence identity to a sequence selected from SEQ ID

NO: 32-49.

[0081] In some embodiments, the growth factor receptor is IGFIR. In some embodiments,
the IGF1R comprises an amino acid sequence having at least 80% sequence identity to a

sequence selected from SEQ ID NO: 50-51.

[0082] In some embodiments, the growth factor receptor is PDGFR. In some
embodiments, the PDGFR comprises an amino acid sequence having at least 80% sequence

identity to a sequence selected from SEQ ID NO: 52-58.

[0083] In some embodiments, the polynucleotide comprising a coding sequence of an
activated downstream growth factor target comprises a growth factor receptor comprising one
or more amino acid insertions, deletions, or substitutions that result in the receptor being

constitutively activated.

[0084] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor receptor comprises a regulatory sequence operably linked to the coding
sequence of the growth factor receptor and/or the coding sequence of the additional growth

factor receptors.

11
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[0085] In some embodiments, the regulatory sequence comprises a promoter selected from:

an inducible promoter, a tissue specific promoter, and a constitutively active promoter.

[0086] In some embodiments, the promoter is selected from EFlalpha, PGK, CMV, RSV,

and B-actin.

[0087] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor receptor comprises a sequence encoding a polycistronic mRNA, wherein the
polycistronic nRNA comprises the coding sequence of the growth factor receptor and the

coding sequence of the two or more additional growth factor receptors.

[0088] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor receptor comprises one or more sequences encoding a self-cleaving peptide,

one or more internal ribosome entry sites (IRES), or both.

[0089] In some embodiments, activity and/or expression of the growth factor receptors is

controllable.

[0090] In some embodiments, expression of the growth factor receptor is controlled using

an inducible promoter, an inducible tag, and a degradation tag.

[0091] In some embodiments, expression of the growth factor receptor is controlled using
an inducible promoter. In some embodiments, the coding sequence of the growth factor
receptor is operably linked to the inducible promoter. In some embodiments, the method also
includes: maintaining the engineered cell line in a culture medium comprising a molecule
capable of controlling the inducible promoter, thereby enabling expression of the growth

factor receptor.

[0092] In some embodiments, activity of the growth factor receptor is controlled using an
inducible tag. In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor receptor further comprises a coding sequence of an inducible tag located 5 or
3’ to the coding sequence of the growth factor receptor, and wherein the inducible tag and the
growth factor receptor are a fusion protein. In some embodiments, the method also includes:
maintaining the engineered cell line in a culture medium comprising a molecule capable of
controlling the inducible tag, thereby inducing activity of the growth factor receptor/fusion

protein.

[0093] In some embodiments, activity of the one or more growth factor ligands is

controlled using a degradation tag. In some embodiments, the polynucleotide comprising a

12
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coding sequence of a growth factor receptor further comprises a coding sequence of a
degradation tag located 5’ or 3’ to the coding sequence of the growth factor receptor, and
wherein the degradation tag and the growth factor receptor are a fusion protein. In some
embodiments, the method also includes: maintaining the engineered cell line in a culture
medium comprising a molecule capable of controlling the degradation tag, thereby targeting

the growth factor receptor/fusion protein for degradation.

[0094] In some embodiments, the method also includes introducing a polynucleotide

sequence encoding an accessory protein.

[0095] In some embodiments, the polynucleotide comprising a coding sequence of a
growth factor ligand, the polynucleotide comprising a coding sequence of a growth factor

receptor, or both, further comprises a coding sequence of an accessory protein.

[0096] In some embodiments, the accessory protein is fibroblast growth factor binding
protein (FGFBP). In some embodiments, the FGFBP comprises an amino acid sequence

having at least 80% sequence identity to a sequence of SEQ ID NO: 59.

[0097] In some embodiments, the accessory protein is RASV12. In some embodiments,
the RASV12 comprises an amino acid sequence having at least 80% sequence identity to a
sequence of SEQ ID NO: 60.

[0098] In some embodiments, the method comprises introducing into the cell: (i) a
polynucleotide comprising a coding sequence of FGF2, and a polynucleotide comprising a
coding sequence of FGFR; (ii) a polynucleotide comprising a coding sequence of IGF1, and a
polynucleotide comprising a coding sequence of IGF1R; (iii) a polynucleotide comprising a
coding sequence of PDGF, and a polynucleotide comprising a coding sequence of PDGFR, or

(iv) a combination selected from: (i) and (ii), (ii) and (iii), (ii) and iii), and (i), (ii), and (iii).

[0099] In another aspect, this disclosure features a myogenic cell suitable for consumption
comprising cells having increased expression of FGF2, IGF1, PDGFb, FGFR, IGF1R, or
PDGFR, or a combination thereof.

[0100] In another aspect, this disclosure features a population of cells suitable for
consumption comprising cells having increased expression of FGF2, IGF1, PDGFb, FGFR,
IGFI1R, or PDGFR, or a combination thereof.

[0101] In another aspect, this disclosure features a vector comprising a polynucleotide

encoding a fusion protein comprising a coding sequence of a signaling sequence and a coding

13
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sequence of a growth factor ligand, and optionally a coding sequence of an inducible tag or a

degradation tag.

[0102] In another aspect, this disclosure features a cell comprising a polynucleotide
encoding a fusion protein comprising a coding sequence of a signaling sequence and a coding
sequence of a growth factor ligand, and optionally a coding sequence of an inducible tag or a

degradation tag.

[0103] In another aspect, this disclosure features a vector comprising a polynucleotide
comprising a first coding sequence of a growth factor ligand, and a second coding sequence

of growth factor receptor.

[0104] In another aspect, this disclosure features a cell comprising a polynucleotide
comprising a coding sequence of a growth factor ligand or a fragment thereof, and a
polynucleotide comprising a coding sequence of a growth factor receptor or a fragment

thereof.

[0105] In another aspect, this disclosure features cell-based meat suitable for consumption

produced using the any of the methods described herein.

S. BRIEF DESCRIPTION OF THE DRAWINGS
[0106] These and other features, aspects, and advantages of the present invention will
become better understood with regard to the following description, and accompanying

drawings, where:

[0107] FIG. 1 shows illustration of three approaches to generate growth factor independent
cell lines. Specific growth factors required for cell proliferation and/or tissue formation
phenotypes are identified by conducting a growth factor screen and/or analysis for
upregulated growth factor receptors. Growth factor-independent cell lines are generated with
the following approaches: 1. Genetically engineer cells to overexpress native growth factor or
growth factor variants with higher thermostability (heat stable), increased half-life, and/or
enhanced secretions. 2. Genetically engineer cells to overexpress native downstream growth
factor targets such as growth factor receptors or growth factor receptor variants with
constitutively active signaling. 3. Genetically engineer cells to overexpression both growth

factor and activated downstream target.

[0108] FIG. 2A shows sequence alignment of amino acid sequences for FGF2 from
human, chicken, bovine, and salmon. Chicken FGF2 amino acid sequence has 91.6%, 92.9%,

and 76.1% identity with human, bovine, and salmon FGF2 sequences, respectively.
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[0109] FIG. 2B shows a sequence alignment of amino acid sequences for IGF1 (truncated)

from chicken, bovine (cow), pig, and human.

[0110] FIG. 2C shows a sequence alignment of amino acid sequences for PDGFb from
chicken, bovine, and human. Chicken PDGFb sequence has 53.5% and 53.1% identity with
bovine and human sequences, respectively. Bovine and human PDGFb sequences share

90.5% identity.

[0111] FIG. 3A shows a schematic of a vector used for promoter selection experiments.

Gene of interest is expressed from a mouse PGK promoter.

[0112] FIG. 3B shows a schematic of a vector used for promoter selection experiments.

Gene of interest is expressed from a human EF1alpha promoter.

[0113] FIG. 4 is a bar graph showing the fold change (RLU) in expression for the
promoter analysis performed in Example 1. Chicken cells were transiently transfected (n=3)
with vectors expressing nano luciferase (NLucP) under control of a mouse PGK promoter or
human EF 1a promoter. After 24hrs, luciferase expression was measured and depicted as

relative light units (RLU). p<0.001(**).

[0114] FIG. 5is a bar graph showing FGF2 concentration in the supernatant after 72 hours
in culture (serum-free) for cell lines expressing: mPGK-BM40-FGF2-WT and hEF1a-BM40-
FGF2-WT. Abbreviations: PGK — PKG promoter, BM40 — signal peptide; FGF2 — growth
factor ligand; and WT — wild type FGF2.

[0115] FIG. 6 is bar graph showing the FGF2 concentration in the supernatant in culture
medium for the various transduction conditions. X-axis nomenclature: “signal peptide-

growth factor ligand” (e.g., for “GLuc-FGF2” GLuc is signal peptide fused to FGF2).

[0116] FIG. 7 is a bar graph showing cell proliferation as fold change for each of the
various transduction conditions noted on the x-axis. Top dotted line indicates fold change for
a serum containing positive control (i.e., cells transduced with empty vector (EV) and
cultured in serum). Bottom dotted line indicates fold change for a serum containing positive
control (i.e., cells transduced with empty vector) and grown in media include 100 ng/mL
FGF2. X-axis nomenclature: “signal peptide-growth factor ligand” (e.g., for “GLuc-FGF2”
GLuc is signal peptide fused to FGF2).
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[0117] FIG. 8 shows representative images of control (FC550A) and FGF2-WT cells
plated in serum free media not supplemented with FGF2. Images were taken 12 hours after

initial seed at 4x magnification.

[0118] FIG. 9 shows representative images of control (FC550A) and FGF2-WT cells
plated in serum free media not supplemented with FGF2. Images were taken 48 hours after
initial seed at 4x magnification. Arrow indicates a secondary cell population that was not

attached to the plate.

[0119] FIG. 10 is a bar graph showing Viable Cell Densities (VCD) for each of the various
transduction conditions indicated on the x-axis. Top dotted line indices the VCD for a
positive control (i.e., cells transduced with empty vector (EV) and cultured in media
supplemented with 100 ng/mL FGF2). Bottom dotted line indicates the VCD for a negative
control (i.e., cells transduced with empty vector (EV) and cultured in media not supplemented
with FGF2). X-axis nomenclature: “signal peptide-growth factor ligand” (e.g., for “GLuc-
FGF2” GLuc is signal peptide fused to FGF2).

[0120] FIG. 11 is a bar graph showing Viable Cell Densities (VCD) for each of the various
transduction conditions indicated on the x-axis. Dotted line indicates the seeding density of
0.4 x10EG6 cells/mL. X-axis nomenclature: “signal peptide-growth factor ligand” (e.g., for
“GLuc-FGF2” GLuc is signal peptide fused to FGF2).

[0121] FIG. 12 is a bar graph showing Viable Cell Densities (VCD) for each of the cell
lines indicated on the x-axis: chicken FGF2, bovine FGF2, salmon FGF2, heat stable variants
of FGF2 (e.g., FGF2-Q68I-N114G and FGF2-Q68I-C99S-N114G), FGF2 having a secretion
tags (e.g., gglL2-FGF2 and hIL2-col-ggFGF2(xMet)), FGF2 variants that preserve amino
acid for non-canonical secretion (FGF2-C77-Y81), and FGF2-STAB variants (STAB-
C77Y81, c96-STAB-Gen2-ggFGF2, STAB-Gen3-ggFGF2, and c96-STAB-Gen3-ggFGF2).
VCD data was collected on day 2 of passage 4.

[0122] FIG. 13 is a bar graph showing percent (%) Packed Cell Volumes for each of the
cell lines indicated on the x-axis: chicken FGF2, bovine FGF2, salmon FGF2, heat stable
variants of FGF2 (e.g., FGF2-Q681-N114G and FGF2-Q681-C99S-N114G), FGF2 having a
secretion tags (e.g., gglL.2-FGF2 and hIL2-co1-ggFGF2(xMet)), and FGF2 variants that
preserve amino acid for non-canonical secretion (FGF2-C77-Y81). Percent packed cell

volumes were assessed on day 2 of passage 5.
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[0123] FIG. 14 is a bar graph of an ELISA showing FGF2 concentration in (pg/mL) in
supernatants taken from the cultures indicated on the x-axis: chicken FGF2, bovine FGF2,
salmon FGF2, heat stable variants of FGF2 (e.g., FGF2-Q681-N114G and FGF2-Q681-C99S-
N114G), FGF2 having a secretion tags (e.g., gglL.2-FGF2 and hIL2-col-ggF GF2(xMet)), and

FGF2 variants that preserve amino acid for non-canonical secretion (FGF2-C77-Y81).

[0124] FIG. 15 is a bar graph of an ELISA showing Viable Cell Density (VCD) for each
of the cell lines indicated on the x-axis. FGF1 receptors included: FGFR1C, FGFR1C-
N546K, FGFR1C-V561M, and myrist-FGFR1C-K656E. FGF2 receptors included: FGFR2,
FGFR2-N550K, FGFR2-K660E, and FGFR2-3xMuts. FGF3 receptors included: FGFR3,
FGFR3-N540K, FGFR3-K560E, FGFR3-N540K-K560E, and myrist-FGF3R-KS60E. FGF4
receptors included: FGF4R, FGF4R-Y367C, and FGF4R-Y367C-K654E.

[0125] FIG. 16 is a bar graph showing percent (%) Packed Cell Volumes for each of the
cell lines indicated on the x-axis. FGF1 receptors included: FGFR1C, FGFR1C-N546K,
FGFR1C-V561M, and myrist-FGFR1C-K656E. FGF2 receptors included: FGFR2, FGFR2-
N550K, FGFR2-K660E, and FGFR2-3xMuts. FGF3 receptors included: FGFR3, FGFR3-
N540K, FGFR3-K560E, FGFR3-N540K-K560E, and myrist-FGF3R-K560E. FGF4
receptors included: FGF4R, FGF4R-Y367C, and FGF4R-Y367C-K654E.

[0126] FIG. 17 is a bar graph of an ELISA showing FGF2 concentration in (pg/mL) in
supernatants taken from the cultures indicated on the x-axis. FGF1 receptors included:
FGFRI1C, FGFRIC-N546K, FGFR1C-V561M, and myrist-FGFR1C-K656E. FGF2
receptors included: FGFR2, FGFR2-N550K, FGFR2-K660E, and FGFR2-3xMuts. FGF3
receptors included: FGFR3, FGFR3-N540K, FGFR3-K560E, FGFR3-N540K-K560E, and
myrist-FGF3R-K560E. FGF4 receptors included: FGF4R, FGF4R-Y367C, and FGF4R-
Y367C-K654E.

[0127] FIG. 18 is a bar graph showing viable cell density data for chicken cells engineered

to express IGF1 (or variant) or IGF1 receptor (or variant).

[0128] FIG. 19 is a bar graph showing packed cell volume data for chicken cells

engineered to express IGF1 (or variant) or IGF1 receptor (or variant).

[0129] FIGs. 20A-20B are line graphs showing growth curves (Viable Cell Densities

(VCD)) for controls (Naive and empty vector (EV)) and IGF1 engineered cells. Cells are
grown in media supplemented with either Opg/L IGF1 or 10pg/L IGF1. FIG. 20A shows
VCD data for cells engineered to express low levels of IGF1 (IGF1-°") and controls with
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measurements taken every 24 hours and cells passaged on a 2-day cadence (e.g., about every
48 hours). FIG. 20B shows VCD data for cells engineered to express high levels of IGF1
(IGF1Hi#h) and controls with measurements taken every 24 hours and cells passaged on a 2-

day cadence (e.g., about every 48 hours).

[0130] FIGs. 21A-21B are bar graphs showing data from an IGF1 ELISA for cells
engineered to express IGF1'°" or IGF1"&" FIG. 21A shows IGF1 ELISA data for cells
engineered to express IGF1'°". FIG. 21B shows IGF1 ELISA data for cells engineered to

express IGF 1high,

[0131] FIG. 22 are bar graphs showing doubling time (hours) data for cells engineered to
express IGF 1",

[0132] FIGs. 23A-23B are bar graphs showing Viable Cell Densities (VCD) for controls
(Naive and empty vector (EV)) and IGF1 engineered cells. Cells are grown in media
supplemented with either Opug/L IGF1 or 10ug/L IGF1. Cultures are analyzed at day 2 after
the third passage. FIG. 23A shows VCD data for cells engineered to express low levels of
IGF1 (IGF1%°") and controls. FIG. 23B shows VCD data for cells engineered to express
high levels of IGF1 (IGF1"") and controls.

[0133] FIGs. 23C-23D are bar graphs showing Packed Cell Volumes (PCV) for controls
(Naive and empty vector (EV)) and IGF1 engineered cells. Cells are grown in media
supplement with either Opug/L IGF1 or 10pug/L IGF1. Cultures are analyzed at day 2 after the
third passage. FIG. 23C shows PCV data for cells engineered to express low levels of IGF1
(IGF1%°") and controls. FIG. 23D shows PCV data for cells engineered to express high
levels of IGF1 (IGF1%€%) and controls.

[0134] FIG. 24 shows doubling time (hours) for chicken for chicken cells engineered to
express IGF1 (IGF1°%) grown in media supplement without (“-) and with (“+”) IGF1.

[0135] FIG. 25 shows packed cell volume estimated yield (g/L) for chicken cells
engineered to express IGF1 (IGF1°%) grown in media supplement without (“-*) and with

(“+”) IGF1.

[0136] FIG. 26 shows viable cell density data for chicken cells engineered to express IGF1
and a FGF2 variant (chicken (Chicken FGF2), bovine (Bovine FGF2), salmon (Salmon
FGF2), heat stable variants (FGF2-Q68I-N114G, FGF2-Q68I-C99S-N114G), secretion
tagged variants (ggIl.2-FGF2, hIL2-col-ggFGF2(xMet)) or variant to preserve amino acid
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for non-canonical secretion (FGF2-C77Y81)). Controls grown with or without growth factors
IGF1 (10ug/L) and FGF2 (100ug/L) consisted of dual empty vector (EVmRuby and
EVeBFP2) that were used to construct IGF1 and FGF2 variants, respectively.

[0137] FIG. 27 shows that viable cell density data for chicken cells engineered to express
IGF1 and a FGF receptor (FGFR1¢-N546K, FGFR1¢-V561M, myrist-FGFR1c-K656E,
FGFR3-N540K, FGFR3-K650E, FGFR3-N540K-K650E, or myrist-FGFR3-K650E).
Controls grown with or without growth factors IGF1 (10ug/L) and FGF2 (100ug/L) consisted
of dual empty vector (EVmRuby and EVeBFP2) that were used to construct IGF1 and FGF

receptor variants, respectively.

[0138] FIG. 28 shows that viable cell density data for chicken cells engineered to

expressed FGFR2. Naive chicken cells were used a controls.

[0139] FIGs. 29A-29C show viable cell density (VCD) data over 200 hours in culture.
FIG. 29A shows VCD data for chicken cells engineered to express FGF2 from different
species (chicken, bovine, and salmon). FIG. 29B shows VCD data for chicken cells
engineered to express FGF2 variants that have amino acid substitutions that increase heat
stability. FIG. 29C shows VCD data for chicken cells engineered to express FGF2 designed

with secretion signals or variants to preserve non-canonical secretion.
[0140] FIG. 30 show viable cell density (VCD) data summarizing FIGs. 29A-29C.

[0141] FIGs. 31A-31C show viable cell density (VCD) data over 200 hours in culture for
chicken cells engineered to express the indicated FGF receptor variants. FIG. 31A shows

VCD data for chicken cells engineered to express variants of FGFR1. FIG. 31B shows VCD
data for chicken cells engineered to express FGFR2 variants. FIG. 31C shows VCD data for

chicken cells engineered to express FGFR3 variants.

[0142] FIG. 32 shows viable cell density (VCD) data) for chicken cells engineered to
express the indicated FGF receptor variants. One way ANOV A performed compared to
empty vector control in growth factor containing media, Not significant (n.s.), p<0.05 (*),

p<0.001(**), p<0.0001(***)p<0.0001 (****)

[0143] FIG. 33 shows Wet Mass per Area (ug/cm?) for engineered cells and controls
cultured in roller bottles over 14 day period in serum free media. Controls include Naive and
empty vector (EV) cells grown with/without SOug/L. PDGF (N=4). Chicken cells were
engineered to express PDGFRa-D842V, PDGF(WT) or PDGF-211*.
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[0144] FIGs. 34A-34D show an overview diagram of growing and processing different
types of cells in accordance with one or more embodiments of the present disclosure. FIG.
34A shows tissue collection, processing, culturing, and cryopreserving. FIG. 34B shows
immortalizing, culturing until confluency, suspension culturing, cryopreserving, and
expanding in larger culture vessels. FIG. 34C shows a bioreactor system. FIG. 34D shows a

pressure apparatus that compresses cell masses.

6. DETAILED DESCRIPTION
6.1. Definitions

[0145] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as is commonly understood by one of ordinary skill in the art to which this
disclosure belongs. In the event that there is a plurality of definitions for terms cited herein,

those in this section prevail unless otherwise stated.

[0146] Throughout this disclosure, the term “a” or “an” entity refers to one or more of that
entity. As such, the terms “a” (or “an”), “one or more,” and “at least one” can be used
interchangeably herein. Furthermore, “and/or” as used in a phase such as “A and/or B” herein
is intended to include “A and B,” “A” (alone), and “B” (alone). Likewise, the term “and/or”
as used in a phrase such as “A, B, and/or C” is intended to encompass each of the following
aspects: A, B,and C; A,B,orC; AorC; AorB;BorC; Aand C; Aand B; Band C; A
(alone); B (alone); and C (alone).

[0147] Asused herein, the term “accessory protein” refers to a protein that modulates the
actions or downstream signaling of a growth factor ligand or a growth factor receptor.
Accessory proteins can modulate the actions of growth factor ligand and/or a growth factor

receptor either directly (e.g., binding/interacting directly) or indirectly.

[0148] Asused herein, the terms “comprising” and “including” or grammatical variants
thereof are to be taken as specifying the stated features, integers, steps, or components but do
not preclude the addition of one or more additional features, integers, steps, components, or
groups thereof. This term encompasses the terms “consisting of” and “consisting essentially
of”.

[0149] As used herein, the terms “cell” and “cell line” are sometimes used
interchangeably. As used herein, the term “cell” can refer to one or more cells originating

from a cell line. As used herein, the term “cell line” can refer to a population of cells.
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[0150] As used herein, the terms “cell surface” or “surface of the cell” when referring to a

receptor refers to the presence of the receptor on the surface of the cell.

[0151] Asused herein, the term “cultivation infrastructure” refers to the environment in
which the cells, cell lines, myocytes, multinucleated myotubes, or skeletal muscle fibers are

cultured.

[0152] Asused herein, the term “differentiation capacity” refers to a cell’s ability to
differentiate to a particular cell lineage, stem cell, progenitor cell, or terminally differentiated

cell.

[0153] Asused herein, the term “exogenous,” when referring to growth factors, refers to a
growth factor derived from a source external to the culture and added (supplemented) to the

culture medium.

[0154] Asused herein, the term “fragment” or “portion” when referring to a protein or a
polynucleotide refers to a protein that comprises a domain, portion, or fragment of a parent or
reference protein or polypeptide. The term “portion” can be used interchangeably with the
term “functional portion.” The term “fragment” can be used interchangeably with the term
“functional fragment.” The terms “functional portion” or “functional fragment” refers to
components that retain at least 50% activity associated with the domain, portion or fragment
of the parent or reference compound, preferably at least 55%, 60%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, 99.9%, or 100% level of activity of the parent protein or
polypeptide, or provides a biological benefit. A “functional portion” or “functional
fragment” of a protein or polypeptide has “similar binding” or “similar activity” when the
functional portion or fragment displays no more than a 50% reduction in performance in a
selected assay as compared to the parent or reference protein or polypeptide (preferably no
more than 20% or 10%, or no more than a log difference as compared to the parent or

reference with regard to affinity).

[0155] As used herein, the terms “growth factor ligand” refers to a secreted biologically
active molecule that can affect the growth of cells, promote or inhibit mitosis, or affect

cellular differentiation.

[0156] As used herein, the term “immortalized cell” refers to cells that are passaged or

modified to proliferate indefinitely and evade normal cellular senescence.
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[0157] Asused herein, the term “myoblast” refers to mononucleated muscle cells. They are
embryonic precursors of myocytes, also called muscle cells. Although myoblasts may be
classified as skeletal muscle myoblasts, smooth muscle myoblasts, and cardiac muscle
myoblasts depending on the type of muscle cell that they will differentiate into, in this

specification the term myoblasts refer to skeletal muscle myoblasts.

[0158] Asused herein, the term “myotube” refers to elongated structures, the result of
differentiated myoblast. Upon differentiation, myoblasts fuse into one or more nucleated

myotubes and express skeletal muscle markers.

[0159] Asused herein the term “passaged cell” refers to the number of times the cells in
the culture have been subcultured. This may occur without consideration of the inoculation

densities or recoveries involved.

[0160] As used herein, the term “population doubling level (PDL)” refers to the total
number of times the cells in the population have doubled since their primary isolation in
vitro. Mathematically this is described as n = 3.32 (log UCY - log 1) + X, where n = the final
PDL number at end of a given subculture, UCY = the cell yield at that point, 1 = the cell
number used as inoculum to begin that subculture, and X = the doubling level of the

inoculum used to initiate the subculture being quantitated.

[0161] Asused herein, the term “substantially free of” or “substantially free from” means
the amount (e.g., absolute number within a population or concentration/percentage within a
population) of a cell or cell type is below a value where the cell or cell type, or any cell
derived therefrom, could contribute to the population. For example, a population
substantially free of a cell means that upon differentiation of the population the cell does not
sustain progeny in the differentiated population. When referring to culture reagents,
“substantially free of” or “substantially free from” refer to the amount (e.g., concentration) of
the reagent that is below a value where the cell culture reagent does not have a biological
effect on the culture (i.e., the reagent is not capable of producing a biological effect at such

low concentrations).

[0162] As used herein, the term “transdifferentiation” refers to the conversion of a cell type
present in one tissue or organ into a cell type from another tissue or organ without going
through a pluripotent cell state. Transdifferentiation between some cell types can occur
naturally. In other cases, transdifferentiation can be induced using exogenous factors

including small molecules, growth factors, and/or genetic engineering.
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EENT3

[0163] As used herein, the terms “transformed,” “transduced,” and “transfected” are used
interchangeably unless otherwise noted. Each term refers to introduction of a nucleic acid

sequence or polypeptide into a cell (e.g., an immortalized cell).

[0164] Before the present invention is further described, it is to be understood that this
invention is not limited to particular embodiments described, as such may, of course, vary. It
is also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting, since the scope of the present

invention will be limited only by the appended claims.

[0165] Where a range of values is provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit, unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or intervening value in that stated
range, is encompassed within the invention. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges, and are also encompassed within
the invention, subject to any specifically excluded limit in the stated range. Where the stated
range includes one or both of the limits, ranges excluding either or both of those included

limits are also included in the invention.

[0166] Itis appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the invention, which are, for brevity,
described in the context of a single embodiment, may also be provided separately or in any
suitable sub-combination. All combinations of the embodiments pertaining to the invention
are specifically embraced by the present invention and are disclosed herein just as if each and
every combination was individually and explicitly disclosed. In addition, all sub-
combinations of the various embodiments and elements thereof are also specifically
embraced by the present invention and are disclosed herein just as if each and every such sub-

combination was individually and explicitly disclosed herein.
6.2. Growth Factor Ligands

[0167] Provided herein are methods for introducing into a cell a polynucleotide comprising
a coding sequence of a growth factor ligand (see FIG. 1). In some embodiments, introducing
the polynucleotide comprising the coding sequence of the growth factor ligand into the cells
results in the cells having reduced reliance on exogenous growth factors. In such cases, the

cells are engineered to overexpress the coding sequence of the growth factor ligand. In some
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embodiments, the cells are genetically engineered to have stable integration of the one or
more copies of a coding sequence for a growth factor ligand. In some embodiments, the cells
overexpress the coding sequence of the growth factor ligand at levels sufficient to increase
production and/or secretion of the growth factor ligands into the cell culture medium. In
some embodiments, the growth factor ligand is selected from basic fibroblast growth factor
(FGF2), insulin-like growth factor 1 (IGF1), insulin-like growth factor 2 (IGF2), and platelet-
derived growth factor (PDGF). The FGF2, IGF1, IGF2, PDGF is selected from any

metazoan species.

[0168] In some embodiments, the methods provided herein include introducing a
polynucleotide comprising a coding sequence of FGF2, IGF1, IGF2, PDGF, or a combination
thereof. For example, the polynucleotide comprises a coding sequence of FGF2, FGF2 and

IGF1, FGF2 and PDGF, IGF1 and PDGF, or FGF2, IGF1 and PDGF.
6.2.1. Fibroblast Growth Factor 2

[0169] In some embodiments, the methods provided herein include introducing into a cell a
polynucleotide comprising a coding sequence of fibroblast growth factor 2 (FGF2) or a
fragment thereof. As used herein, “FGF2” refers to the fibroblast growth factor 2 (Fgf2) gene
or FGF2 protein, which is a member of the fibroblast growth factor (FGF) family. FGF
family members bind heparin and possess broad mitogenic and angiogenic activities. FGF2:
acts as a ligand for FGFR1, FGFR2, FGFR3 and FGFR4; acts as an integrin ligand which is
required for FGF2 signaling; binds to integrin ITGAV:ITGB3; plays an important role in the
regulation of cell survival, cell division, cell differentiation and cell migration; functions as a

potent mitogen in vitro; induces angiogenesis; and mediates phosphorylation of ERK1/2.

[0170] In some embodiments, the cells are modified to overexpress the coding sequence of
an FGF2 protein. In some embodiments, the cells are genetically modified and carry stable
integrations of one or more copies of an FGF2 coding sequence. In some embodiments, the
cells overexpress the coding sequence of FGF2 protein at levels sufficient to increase

production and/or secretion of FGF2 into the cell culture medium.

[0171] In some embodiments, the FGF2 coding sequence is selected from any metazoan
species. In some embodiments, the FGF2 coding sequence is from any animal, such as
vertebrate and invertebrate animal species. In some embodiments, the FGF2 coding sequence
is from any vertebrate animal species such as mammals, reptiles, birds, amphibians, and the

like. In some embodiments, the FGF2 coding sequence is from any mammalian species such
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as a human, murine, bovine, porcine, poultry, and the like. In some embodiments, the coding
sequence of the FGF2 protein is derived from a species selected from any metazoan species,
including without limitation, Gallus gallus, Bos taurus, Sous scrofa, Meleagris gallopavo,
Anas platyrynchos, Salmo salar, Thunnus thynnus, Ovis aries, Coturnix, Copra aegagrus

hircus, or Homarus americanus.

[0172] In some embodiments, increasing expression of FGF2 may be achieved using
different approaches. In some embodiments, the expression is inducible. In some
embodiments, the method comprises expressing polynucleotides comprising the coding
sequence of FGF2. In some embodiments, the polynucleotides are ectopically expressed
from constructs that are introduced into the cells, for example expressed from a plasmid, or
other expression vector. In some embodiments, the constructs are integrated into the cell’s
genome, and the expression is driven in that manner (e.g., PhiC31 Integration Systems). In
some embodiments, the expression of the FGF2 gene involves electroporating a DNA,
delivering a DNA complexed with a transfection vehicle, using a viral vector (e.g. retrovirus,
lentivirus, adenovirus, adeno-associated virus), and the like, or combinations thereof. In
some embodiments, the expression is constitutive. In some embodiments, the expression is

conditional (e.g. inducible).

[0173] In the methods described herein, a polynucleotide comprising a coding sequence of
FGF2 may encode any homolog of FGF2, including FGF2 paralogs, such as FGF1, FGF3,
FGFS, FGF9, and FGF16, or any other FGF2 paralogs, or an FGF2 protein translated from
any splice variants of an FGF2 gene, or may comprise any mutations in the FGF2 gene
sequence including, but not limited to nucleotide deletions, truncations, fusions, or

substitutions. Mutations may be synthetic or naturally occurring.

[0174] In some embodiments, FGF2 refers to the Fgf2 gene or FGF2 protein, or fragment
or variant thereof (e.g., a FGF2 protein having one or more (e.g., one, two, three, four, five,
six, seven, eight, nine, ten, or more amino acid substitutions, deletions or insertions as
compared to a wild type FGF2 protein)). FIG. 2A shows a sequence alignment for FGF2
from chicken, bovine and human. In some embodiments, FGF2 refers to a sequence listed in

FIG. ZA.

[0175] In some embodiments, a FGF2 protein comprises an amino acid sequence having at

least 80% (e.g., at least 85%, 90%, 95%, 96%, 97%, 98%, or 99%) sequence identity to a
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sequence selected from SEQ ID NOs: 1-15. In some embodiments, the FGF protein sequence

comprises an amino acid sequence selected from SEQ ID NOs: 1-15.

[0176] In some embodiments, the FGF2 protein is a wild type (WT) chicken FGF2 (SEQ
ID NO: 1). In some embodiments, the FGF2 is a stabilized version of wild type chicken
FGF2 (SEQ ID NO: 2). In such embodiments, the FGF2 comprises one or more amino acid
substitutions engineered to impart increased thermostability on the FGF2 protein (i.e.,
increase half-life in the culture medium). In some embodiments, a thermostable FGF2 is
referred to as a STAB FGF2. In some embodiments, the one or more amino acid
substitutions are selected from R31L, V52T, E54D, HS59F, 1L.92Y, S941, C96N, S109E,
T121P as compared to SEQ ID NO: 1.

[0177] In some embodiments, introducing the polynucleotide comprising the coding
sequence of the FGF2 protein alone is not sufficient to confer reduced reliance on exogenous
growth factors. In such embodiments, one or more additional growth factor ligands can be
introduced into the cell line. For example, a polynucleotide comprising the coding sequence
of a IGF1 protein or a PDGF protein can be introduced into the cell line to help confer
reduced reliance on exogenous growth factors. In other embodiments, a polynucleotide
comprising a coding sequence of a growth factor receptor can be introduced into the cell line
to help confer reduced reliance on exogenous growth factors. In such embodiments, the
growth factor receptor can be selected from a FGF2R, an IGF-1R, and a PDFGR. For
example, in order to confer reduced reliance on exogenous growth factors on the cell line, a
polynucleotide comprising a coding sequence of a growth factor ligand (e.g., FGF2) or a
fragment thereof, and a polynucleotide comprising a coding sequence of a growth factor

receptor (e.g., FGFR) are introduced into the cell line.
6.2.2. Insulin Growth Factor 1

[0178] In some embodiments, the methods provided herein include introducing into a cell a
polynucleotide comprising a coding sequence of Insulin-like growth factor 1 (IGF1) or a
fragment thereof. Asused herein, “IGF1” refers to the insulin-like growth factor 1 (Igf1)
gene or IGF1 protein that is gene similar to insulin in function and is a member of a family of
proteins involved in mediating growth and development. Without wishing to be bound by
theory, IGF1 acts as a ligand for insulin-like growth factor 1 receptor (IGFIR). IGF-1 binds
to the alpha subunit of IGF1R, leading to the activation of the intrinsic tyrosine kinase

activity which autophosphorylates tyrosine residues in the beta subunit thus initiating a
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cascade of down-stream signaling events leading to activation of the PI3K-AKT/PKB and the
Ras-MAPK pathways. IGF1 can bind to integrins ITGAV:ITGB3 and ITGA6:.ITGB4. Its
binding to integrins and subsequent ternary complex formation with integrins and IGFR1 are
important for IGF1 signaling. IGF1 induces the phosphorylation and activation of IGFR1,
MAPK3/ERK1, MAPK1/ERK2 and AKT1.

[0179] In some embodiments, the cells are modified to overexpress the coding sequence of
an IGF1 protein. In some embodiments, the cells are genetically modified and carry stable
integrations of one or more copies of an IGF1 coding sequence. In some embodiments, the
cells overexpress the coding sequence of IGF1 protein at levels sufficient to increase

production and/or secretion of IGF1 into the cell culture medium.

[0180] In some embodiments, the IGF1 coding sequence is selected from any metazoan
species. In some embodiments, the IGF1 coding sequence is from any animal, such as
vertebrate and invertebrate animal species. In some embodiments, the IGF1 coding sequence
is from any vertebrate animal species such as mammals, reptiles, birds, amphibians, and the
like. In some embodiments, the IGF1 coding sequence is from any mammalian species such
as a human, murine, bovine, porcine, poultry, and the like. In some embodiments, the coding
sequence of the IGF1 protein is derived from a species selected from any metazoan species,
including without limitation, Gallus gallus, Bos taurus, Sous scrofa, Meleagris gallopavo,
Anas platyrynchos, Salmo salar, Thunnus thynnus, Ovis aries, Coturnix coturnix, Copra

aegagrus hircus, or Homarus americanus.

[0181] In some embodiments, increasing expression of IGF1 may be achieved using
different approaches. In some embodiments, the expression is inducible. In some
embodiments, the method comprises expressing polynucleotides comprising the coding
sequence of IGF1. In some embodiments, the polynucleotides are ectopically expressed from
constructs that are introduced into the cells, for example expressed from a plasmid, or other
expression vector. In some embodiments, the constructs are integrated into the cell’s
genome, and the expression is driven in that manner (e.g., PhiC31 Integration Systems). In
some embodiments, the expression of the IGF1 gene involves electroporating a DNA,
delivering a DNA complexed with a transfection vehicle, using a viral vector (e.g. retrovirus,
lentivirus, adenovirus, adeno-associated virus), and the like, or combinations thereof. In
some embodiments, the expression is constitutive. In some embodiments, the expression is

conditional (e.g. inducible).
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[0182] In the methods described herein, a polynucleotide comprising a coding sequence of
IGF1 may encode any homolog of IGF1, including IGF1 paralogs, such as IGF2, INS, and
INS-IGF2, or any other IGF1 paralogs, or an IGF1 protein translated from any splice variants
of an IGF1 gene, or may comprise any mutations in the IGF1 gene sequence including, but
not limited to nucleotide deletions, truncations, fusions, or substitutions. Mutations may be

synthetic or naturally occurring.

[0183] In some embodiments, IGF1 refers to the Igf1 gene or IGF1 protein, or fragment or
variant thereof (e.g., a IGF1 protein having one or more (e.g., one, two, three, four, five, six,
seven, eight, nine, ten, or more amino acid substitutions, deletions or insertions as compared
to a wild type IGF1 protein)). FIG. 2B shows a sequence alignment for IGF1 from chicken,

bovine, pig and human. In some embodiments, IGF1 refers to a sequence listed in FIG. 2B.

[0184] In some embodiments, an IGF1 protein comprises an amino acid sequence having
at least 80% (e.g., at least 85%, 90%, 95%, 96%, 97%, 98%, or 99%) sequence identity to a
sequence selected from SEQ ID NO: 16 or 17. In some embodiments, the FGF protein

sequence comprises an amino acid sequence selected from SEQ ID NO: 16 or 17.

[0185] In some embodiments, introducing the polynucleotide comprising the coding
sequence of the IGF-1 protein alone is not sufficient to confer reduced reliance on exogenous
growth factors. In such embodiments, one or more additional growth factor ligands can be
introduced into the cell line. For example, a polynucleotide comprising the coding sequence
of a FGF2 protein or a PDGF protein can be introduced into the cell line to help confer
reduced reliance on exogenous growth factors. In other embodiments, a polynucleotide (e.g.,
a second polynucleotide) comprising a coding sequence of a growth factor receptor can be
introduced into the cell line to help confer reduced reliance on exogenous growth factors. In
such embodiments, the growth factor receptor can be selected from a FGF2R, a IGF1R, and a
PDFGR. For example, in order to confer reduced reliance on exogenous growth factors on
the cell line, a polynucleotide comprising a coding sequence of a growth factor ligand (e.g.,
IGF1) or a fragment thereof;, and a polynucleotide comprising a coding sequence of a growth

factor receptor (e.g., IGF-1R) are introduced into the cell line.
6.2.3. Platelet Derived Growth Factor

[0186] In some embodiments, the methods provided herein include introducing into a cell a
polynucleotide comprising a coding sequence of platelet derived growth factor (PDGF) or a
fragment thereof. The PDGF family consists of PDGF-A, -B, -C and -D, which form either
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homo- or heterodimers (PDGF-AA, -AB, -BB, -CC, -DD). In some embodiments, the PDGF
is PDGFA. In some embodiments, the PDGF is a PDGFB. In some embodiments, the PDGF
is a PDGFC. In some embodiments, the PDGF is a PDGFD. As used herein, “PDGFb”
refers to the platelet derived growth factor subunit b (Pdgfb) gene or PDGFb protein of the
family comprised of both platelet-derived growth factors (PDGF) and vascular endothelial
growth factors (VEGF). The encoded preproprotein is proteolytically processed to generate
platelet-derived growth factor subunit B, which can homodimerize, or alternatively,
heterodimerize with the related platelet-derived growth factor subunit A. PDGFb can bind
and activate PDGF receptor tyrosine kinases, which play a role in a wide range of
developmental processes, angiogenesis, cell proliferation, and differentiation. PDGFb plays
an essential role in the regulation of embryonic development, cell proliferation, cell
migration, survival and chemotaxis. PDGFb is also a potent mitogen for cells of
mesenchymal origin; required for normal proliferation and recruitment of pericytes and
vascular smooth muscle cells in the central nervous system, skin, lung, heart and placenta; is
required for normal blood vessel development, and for normal development of kidney

glomeruli; plays an important role in wound healing.

[0187] In some embodiments, the cells are modified to overexpress the coding sequence of
an PDGFb protein. In some embodiments, the cells are genetically modified and carry stable
integrations of one or more copies of an PDGFb coding sequence. In some embodiments, the
cells overexpress the coding sequence of PDGFb protein at levels sufficient to increase

production and/or secretion of PDGFb into the cell culture medium.

[0188] In some embodiments, the PDGFb coding sequence is selected from any metazoan
species. In some embodiments, the PDGFb coding sequence is from any animal, such as
vertebrate and invertebrate animal species. In some embodiments, the PDGFb coding
sequence is from any vertebrate animal species such as mammals, reptiles, birds, amphibians,
and the like. In some embodiments, the PDGFb coding sequence is from any mammalian
species such as a human, murine, bovine, porcine, poultry, and the like. In some
embodiments, the coding sequence of the PDGFb protein is derived from a species selected
from any metazoan species, including without limitation, Gallus gallus, Bos taurus, Sous
scrofa, Meleagris gallopavo, Anas platyrynchos, Salmo salar, Thunnus thynnus, Ovis aries,

Coturnix coturnix, Copra aegagrus hircus, or Homarus americanus.

[0189] In some embodiments, increasing expression of PDGFb may be achieved using

different approaches. In some embodiments, the expression is inducible. In some
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embodiments, the method comprises expressing polynucleotides comprising the coding
sequence of PDGFb. In some embodiments, the polynucleotides are ectopically expressed
from constructs that are introduced into the cells, for example expressed from a plasmid, or
other expression vector. In some embodiments, the constructs are integrated into the cell’s
genome, and the expression is driven in that manner (e.g., PhiC31 Integration Systems). In
some embodiments, the expression of the PDGFb gene involves electroporating a DNA,
delivering a DNA complexed with a transfection vehicle, using a viral vector (e.g. retrovirus,
lentivirus, adenovirus, adeno-associated virus,), and the like, or combinations thereof. In
some embodiments, the expression is constitutive. In some embodiments, the expression is

conditional (e.g. inducible).

[0190] In the methods described herein, a polynucleotide comprising a coding sequence of
PDGFb may encode any homolog of PDGFb, including PDGFb paralogs, such as PDGFa, or
any other PDGFb paralogs, or an PDGFb protein translated from any splice variants of an
PDGFb gene, or may comprise any mutations in the PDGEb gene sequence including, but not
limited to nucleotide deletions, truncations, fusions, or substitutions. Mutations may be

synthetic or naturally occurring.

[0191] In some embodiments, PDGFB refers to the Pdgfb gene or PDGFB protein, or
fragment or variant thereof (e.g., a PDGFB protein having one or more (e.g., one, two, three,
four, five, six, seven, eight, nine, ten, or more amino acid substitutions, deletions or insertions
as compared to a wild type PDGFB polypeptide)). FIG. 2C shows a sequence alignment for
PDGFb from chicken, bovine, and human. In some embodiments, PDGFDb refers to a

sequence listed in FIG. 2C.

[0192] In some embodiments, a PDGFb protein comprises an amino acid sequence having
at least 80% (e.g., at least 85%, 90%, 95%, 96%, 97%, 98%, or 99%) sequence identity to a
sequence selected from SEQ ID NOs: 18-21. In some embodiments, the PDGFb protein

sequence comprises an amino acid sequence selected from SEQ ID NOs: 18-21.

[0193] In some embodiments, introducing the polynucleotide comprising the coding
sequence of the PDGFb protein alone is not sufficient to confer reduced reliance on
exogenous growth factors on the cell line. In such embodiments, one or more additional
growth factor ligands can be introduced into the cell line. For example, a polynucleotide
comprising the coding sequence of a FGF2 protein or an IGF-1 protein can be introduced into

the cell line to help confer reduced reliance on exogenous growth factors. In other
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embodiments, a polynucleotide comprising a coding sequence of a growth factor receptor can
be introduced into the cell line to help confer reduced reliance on exogenous growth factors.
In such embodiments, the growth factor receptor can be selected from a FGF2R, an IGFIR,
and a PDFGR. For example, in order to confer reduced reliance on exogenous growth factors
on the cell line, a polynucleotide comprising a coding sequence of a growth factor ligand
(e.g., PDGFb) or a fragment thereof; and a polynucleotide comprising a coding sequence of a

growth factor receptor (e.g., PDGFR) are introduced into the cell line.
6.3. Growth Factor Receptors and Activated Downstream Targets

[0194] Provided herein are methods for introducing into a cell a polynucleotide comprising
a coding sequence of a growth factor receptor and/or an activated downstream growth factor
target. In some embodiments, introducing the polynucleotide comprising the coding
sequence of the growth factor receptor (and/or an activated downstream growth factor target)

into the cells results in the cells having reduced reliance on exogenous growth factors.

[0195] In some embodiments, the growth factor receptor is selected from fibroblast growth
factor receptor (FGFR), insulin growth factor 1 receptor (IGF1R), and platelet-derived
growth factor receptor (PDGFR). In some embodiments, the method include introducing an
additional two or more growth factor receptors into the cell, wherein each additional growth

factor receptor is selected from FGFR, IGF1R, and PDGFR.

[0196] In some embodiments, the methods provided herein include introducing into a cell a
polynucleotide comprising a coding sequence of a growth factor ligand and a polynucleotide
comprising a coding sequence of a growth factor receptor. In such cases, the cells are
engineered to overexpress the coding sequence of the growth factor ligand, the growth factor
receptor, or both. In some embodiments, the growth factor ligand and the growth factor
receptor are components of the same signaling axis, for example, FGF2 and FGF1/2/3/4;
IGF1 and IGF1R; or PDGFb and PDGFR. In such cases, the overexpressing the growth
factor ligand and growth factor receptor results in a synergistic effect on the results described
herein. Without wishing to be bound by theory, overexpressing both a growth factor ligand
and a growth factor receptor enables a cell (or population of cells) to circumvent feedback
mechanisms used by the cell to regulate signaling, thereby driving continued signaling within
a cell. For example, the cell (or population of cells) can circumvent the feedback loop by
expressing and secreting more growth factor ligands, expressing more receptors at the surface

of the cell, or by expressing constitutively active receptors.
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[0197] Insome embodiments, the cells are engineered to overexpress the coding sequence
of the growth factor receptor. In some embodiments, the cells are genetically engineered to
have stable integration of the one or more copies of a coding sequence for a growth factor
receptor. In some embodiments, the cells overexpress the coding sequence of the growth

factor receptor at levels sufficient to reduce reliance on exogenous growth factors.

[0198] In some embodiments, introducing the polynucleotide comprising the coding
sequence of the activated downstream growth factor target into the cells results in the cells
having reduced reliance on exogenous growth factors. In some embodiments, the activated
downstream growth factor target comprises a growth factor receptor comprising one or more
amino acid insertions, deletions, or substitutions that result in the receptor being
constitutively activated. In some embodiments, the activated downstream growth factor
target includes a mutation in the intracellular portion or the growth factor receptor that
triggers a signaling cascade (e.g., a phosphorylation cascade). In some embodiments, the
activated downstream growth factor target comprises a gene and/or target associated with

FGF signaling, IGF1 signaling, or PDGF signaling.
6.3.1. Fibroblast Growth Factor Receptor

[0199] In some embodiments, the methods provided herein include introducing into a cell a
polynucleotide comprising a coding sequence of fibroblast growth factor receptor (FGFR).
As used herein, the term “FGFR” refers to fibroblast growth factor receptor (Fgfr) gene or
FGFR protein that is a family where amino acid sequence is highly conserved between
members and throughout evolution. FGFR family members differ from one another in their
ligand affinities and tissue distribution. The extracellular portion of the protein interacts with
fibroblast growth factors, setting in motion a cascade of downstream signals, ultimately
influencing mitogenesis and differentiation. The FGFR family include from FGFR1, FGFR2,
FGFR3, and FGFR4.

[0200] In some embodiments, the cells are modified to overexpress the coding sequence of
an FGFR. In some embodiments, the cells are genetically modified and carry stable
integrations of one or more copies of an FGFR coding sequence. In some embodiments, the
cells overexpress the coding sequence of FGFR protein at levels sufficient to increase

expression of FGFR at the surface of the cell.

[0201] In some embodiments, the FGFR coding sequence is selected from any metazoan

species. In some embodiments, the FGFR coding sequence is from any animal, such as
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vertebrate and invertebrate animal species. In some embodiments, the FGFR coding
sequence is from any vertebrate animal species such as mammals, reptiles, birds, amphibians,
and the like. In some embodiments, the FGFR coding sequence is from any mammalian
species such as a human, murine, bovine, porcine, poultry, and the like. In some
embodiments, the coding sequence of the FGFR is derived from a species selected from any
metazoan species, including without limitation, Gallus gallus, Bos taurus, Sous scrofa,
Meleagris gallopavo, Anas platyrynchos, Salmo salar, Thunnus thynnus, Ovis aries, Coturnix

coturnix, Copra aegagrus hircus, or Homarus americanus.

[0202] In some embodiments, increasing expression of FGFR may be achieved using
different approaches. In some embodiments, the expression is inducible. In some
embodiments, the method comprises expressing polynucleotides comprising the coding
sequence of FGFR. In some embodiments, the polynucleotides are ectopically expressed
from constructs that are introduced into the cells, for example expressed from a plasmid, or
other expression vector. In some embodiments, the constructs are integrated into the cell’s
genome, and the expression is driven in that manner (e.g., PhiC31 Integration Systems). In
some embodiments, the expression of the FGFR gene involves electroporating a DNA,
delivering a DNA complexed with a transfection vehicle, using a viral vector (e.g. retrovirus,
lentivirus, adenovirus, adeno-associated virus), and the like, or combinations thereof. In
some embodiments, the expression is constitutive. In some embodiments, the expression is

conditional (e.g. inducible).

[0203] In some embodiments, a polynucleotide comprising a coding sequence of FGFR
may encode any homolog of FGFR, including FGFR paralogs, such as FGFR1, FGFR2,
FGFR3, and FGFR4, or any other FGFR paralogs, or an FGFR protein translated from any
splice variants of an FGFR gene, or may comprise any mutations in the FGFR gene sequence
including, but not limited to nucleotide deletions, truncations, fusions, or substitutions.

Mutations may be synthetic or naturally occurring.

[0204] In some embodiments, FGFR refers to the FGFR protein, or fragment or variant
thereof (e.g., a FGFR protein having one or more (e.g., one, two, three, four, five, six, seven,
eight, nine, ten, or more amino acid substitutions, deletions or insertions as compared to a

wild type FGFR protein)).

[0205] In some embodiments, a FGFR protein comprises an amino acid sequence having at

least 80% (e.g., at least 85%, 90%, 95%, 96%, 97%, 98%, or 99%) sequence identity to a
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sequence selected from SEQ ID NOs: 32-49. In some embodiments, the FGFR protein

sequence comprises an amino acid sequence selected from SEQ ID NOs: 32-49.

[0206] In some embodiments, introducing the polynucleotide comprising the coding
sequence of the FGFR protein alone is not sufficient to confer reduced reliance on exogenous
growth factors on the cell line. In such embodiments, one or more additional growth factor
receptors can be introduced into the cell line. For example, a polynucleotide comprising the
coding sequence of a PDGFR protein or an IGF-1R protein can be introduced into the cell
line to help confer reduced reliance on exogenous growth factors. In other embodiments, a
polynucleotide comprising a coding sequence of a growth factor ligand can be introduced
into the cell line to help confer reduced reliance on exogenous growth factors. In such
embodiments, the growth factor ligand can be selected from FGF2, IGF-1, and PDFG. For
example, in order to confer reduced reliance on exogenous growth factors on the cell line, a
polynucleotide sequence comprising a coding sequence of a growth factor receptor (e.g.,
FGFR) or a fragment thereof, and a polynucleotide comprising a coding sequence of a growth

factor ligand (e.g., FGF2) are introduced into the cell line.
6.3.2. Insulin Growth Factor Receptor

[0207] In some embodiments, the methods provide herein include introducing into a cell a
polynucleotide comprising a coding sequence of insulin-like growth factor receptor (IGFR).
In some embodiments, the IGFR is an insulin like growth factor -1 receptor IGF1R). As
used herein, “IGFR1” refers to the insulin-like growth factor receptor (Igfr1) gene or IGF1R
belonging to the class of tyrosine kinase receptors. IGFIR mediates the effects of IGF1,

which is a polypeptide protein hormone similar in molecular structure to insulin.

[0208] In some embodiments, the cells are modified to overexpress the coding sequence of
an IGFIR protein. In some embodiments, the cells are genetically modified and carry stable
integrations of one or more copies of an IGF1R coding sequence. In some embodiments, the
cells overexpress the coding sequence of IGF IR protein at levels sufficient to increase

expression of IGF1R at the surface of the cell.

[0209] In some embodiments, the IGF1R coding sequence is selected from any metazoan
species. In some embodiments, the IGF1R coding sequence is from any animal, such as
vertebrate and invertebrate animal species. In some embodiments, the IGF1R coding
sequence is from any vertebrate animal species such as mammals, reptiles, birds, amphibians,

and the like. In some embodiments, the IGF1R coding sequence is from any mammalian
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species such as a human, murine, bovine, porcine, poultry, and the like. In some
embodiments, the coding sequence of the IGF 1R protein is derived from a species selected
from any metazoan species, including without limitation, Gallus gallus, Bos taurus, Sous
scrofa, Meleagris gallopavo, Anas platyrynchos, Salmo salar, Thunnus thynnus, Ovis aries,

Coturnix coturnix, Copra aegagrus hircus, or Homarus americanus.

[0210] In some embodiments, increasing expression of IGF1R may be achieved using
different approaches. In some embodiments, the expression is inducible. In some
embodiments, the method comprises expressing polynucleotides comprising the coding
sequence of IGFIR. In some embodiments, the polynucleotides are ectopically expressed
from constructs that are introduced into the cells, for example expressed from a plasmid, or
other expression vector. In some embodiments, the constructs are integrated into the cell’s
genome, and the expression is driven in that manner (e.g., PhiC31 Integration Systems). In
some embodiments, the expression of the IGF1R gene involves electroporating a DNA,
delivering a DNA complexed with a transfection vehicle, using a viral vector (e.g. retrovirus,
lentivirus, adenovirus, adeno-associated virus), and the like, or combinations thereof. In
some embodiments, the expression is constitutive. In some embodiments, the expression is

conditional (e.g. inducible).

[0211] In the methods described herein, a polynucleotide comprising a coding sequence of
IGFR may encode any homolog of IGF1R, including IGF 1R paralogs, such as IGFIR, INSR,
INSRR, ROS1, ERBB4, EPHA, or any other IGF1R paralogs, or an IGF1R protein translated
from any splice variants of an IGF1 gene, or may comprise any mutations in the IGF1R gene
sequence including, but not limited to nucleotide deletions, truncations, fusions, or

substitutions. Mutations may be synthetic or naturally occurring.

[0212] In some embodiments, IGFIR refers to the IGFIR protein, or fragment or variant
thereof (e.g., a IGF1R protein having one or more (e.g., one, two, three, four, five, six, seven,
eight, nine, ten, or more amino acid substitutions, deletions or insertions as compared to a

wild type IGFIR protein)).

[0213] In some embodiments, a IGFIR protein comprises an amino acid sequence having
at least 80% (e.g., at least 85%, 90%, 95%, 96%, 97%, 98%, or 99%) sequence identity to a
sequence selected from SEQ ID NOs: 50-51. In some embodiments, the IGF1R protein

sequence comprises an amino acid sequence selected from SEQ ID NOs: 50-51.
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[0214] In some embodiments, introducing the polynucleotide comprising the coding
sequence of the IGF1R protein alone is not sufficient to confer reduced reliance on
exogenous growth factors on the cell line. In such embodiments, one or more additional
growth factor receptors can be introduced into the cell line. For example, a polynucleotide
comprising the coding sequence of a FGFR protein or an PDGFR protein can be introduced
into the cell line to help confer reduced reliance on exogenous growth factors. In other
embodiments, a polynucleotide comprising a coding sequence of a growth factor ligand can
be introduced into the cell line to help confer reduced reliance on exogenous growth factors.
In such embodiments, the growth factor ligand can be selected from FGF2, IGF1, and PDFG.
For example, in order to confer reduced reliance on exogenous growth factors on the cell line,
a polynucleotide sequence comprising a coding sequence of a growth factor receptor (e.g.,
IGF1R) or a fragment thereof; and a polynucleotide comprising a coding sequence of a

growth factor ligand (e.g., IGF1) are introduced into the cell line.
6.3.3. Platelet Derived Growth Factor Receptor

[0215] In some embodiments, the methods provide herein include introducing into a cell a
polynucleotide comprising a coding sequence of platelet derived growth factor receptor
(PDGFR). As used herein, “PDGFR” refers to the platelet derived growth factor receptor
(Pdgfr) gene or PDGFR protein of the protein family comprised of both platelet-derived
growth factors (PDGF) and vascular endothelial growth factors (VEGF). PDGFRs are
catalytic receptors that have intracellular tyrosine kinase activity. PDGFR have roles in the
regulation of many biological processes including embryonic development, angiogenesis, cell

proliferation and differentiation.

[0216] In some embodiments, the cells are modified to overexpress the coding sequence of
an PDGFR protein. In some embodiments, the cells are genetically modified and carry stable
integrations of one or more copies of an PDGFR coding sequence. In some embodiments,
the cells overexpress the coding sequence of PDGFR protein at levels sufficient to increase

expression of FGFR at the surface of the cell.

[0217] In some embodiments, the PDGFR coding sequence is selected from any metazoan
species. In some embodiments, the PDGFR coding sequence is from any animal, such as
vertebrate and invertebrate animal species. In some embodiments, the PDGFR coding
sequence is from any vertebrate animal species such as mammals, reptiles, birds, amphibians,

and the like. In some embodiments, the PDGFR coding sequence is from any mammalian
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species such as a human, murine, bovine, porcine, poultry, and the like. In some
embodiments, the coding sequence of the PDGFR protein is derived from a species selected
from any metazoan species, including without limitation, Gallus gallus, Bos taurus, Sous
scrofa, Meleagris gallopavo, Anas platyrynchos, Salmo salar, Thunnus thynnus, Ovis aries,

Coturnix coturnix, Copra aegagrus hircus, or Homarus americanus.

[0218] In some embodiments, increasing expression of PDGFR may be achieved using
different approaches. In some embodiments, the expression is inducible. In some
embodiments, the method comprises expressing polynucleotides comprising the coding
sequence of PDGFR. In some embodiments, the polynucleotides are ectopically expressed
from constructs that are introduced into the cells, for example expressed from a plasmid, or
other expression vector. In some embodiments, the constructs are integrated into the cell’s
genome, and the expression is driven in that manner (e.g., PhiC31 Integration Systems). In
some embodiments, the expression of the PDGFR gene involves electroporating a DNA,
delivering a DNA complexed with a transfection vehicle, using a viral vector (e.g. retrovirus,
lentivirus, adenovirus, adeno-associated virus), and the like, or combinations thereof. In
some embodiments, the expression is constitutive. In some embodiments, the expression is

conditional (e.g. inducible).

[0219] In the methods described herein, a polynucleotide comprising a coding sequence of
PDGFR may encode any homolog of PDGFR, including PDGFR paralogs, such as PDGFRA
and PDGFRB, or any other PDGFR paralogs, or an PDGFR protein translated from any
splice variants of an PDGFR gene, or may comprise any mutations in the PDGFR gene
sequence including, but not limited to nucleotide deletions, truncations, fusions, or

substitutions. Mutations may be synthetic or naturally occurring.

[0220] In some embodiments, PDGFR refers to the PDGFR protein, or fragment or variant
thereof (e.g., a PDGFR protein having one or more (e.g., one, two, three, four, five, six,
seven, eight, nine, ten, or more amino acid substitutions, deletions or insertions as compared

to a wild type PDGFR protein)).

[0221] In some embodiments, a PDGFR protein comprises an amino acid sequence having
at least 80% (e.g., at least 85%, 90%, 95%, 96%, 97%, 98%, or 99%) sequence identity to a
sequence selected from SEQ ID NOs: 52-58. In some embodiments, the PDGFR protein

sequence comprises an amino acid sequence selected from SEQ ID NOs: 52-58.
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[0222] In some embodiments, introducing the polynucleotide comprising the coding
sequence of the PDGFRB protein alone is not sufficient to confer reduced reliance on
exogenous growth factors on the cell line. In such embodiments, one or more additional
growth factor receptors can be introduced into the cell line. For example, a polynucleotide
comprising the coding sequence of a FGFR protein or an IGF1R protein can be introduced
into the cell line to help confer reduced reliance on exogenous growth factors. In other
embodiments, a polynucleotide comprising a coding sequence of a growth factor ligand can
be introduced into the cell line to help confer reduced reliance on exogenous growth factors.
In such embodiments, the growth factor ligand can be selected from FGF2, IGF1, and PDFG.
For example, in order to confer reduced reliance on exogenous growth factors on the cell line,
a polynucleotide sequence comprising a coding sequence of a growth factor receptor (e.g.,
PDGFRB) or a fragment thereof, and a polynucleotide comprising a coding sequence of a

growth factor ligand (e.g., PDGF) are introduced into the cell line.
6.4. Accessory Proteins

[0223] In some embodiments, the methods provided herein include introducing into a cell a

polynucleotide comprising a coding sequence of an accessory protein.
6.4.1. Fibroblast Growth Factor Binding Protein

[0224] In some embodiments, accessory protein refers to a fibroblast growth factor binding
protein (FGFBP). As used herein, “FGFBP” refers to the fibroblast growth factor binding
protein (Fgtbp) gene or FGFBP protein, which belongs to a family of fibroblast growth factor
carrier proteins. Family members include, without limitation, FGFBP1, FGFBP2, and
FGFBP3. FGFBPs play a role in cell proliferation, differentiation and migration by binding

to fibroblast growth factors and potentiating their biological effects on target cells.

[0225] In some embodiments, the FGFBP is FGBPI1 or a fragment thereof. In some
embodiments, FGFBP1 enhances FGF2 signaling.

[0226] In some embodiments, FGFBP1 refers to the Fgfbp1 gene or FGFBP1 protein, or
fragment or variant thereof (e.g., a FGFBP1 protein having one or more (e.g., one, two, three,
four, five, six, seven, eight, nine, ten, or more amino acid substitutions, deletions or insertions

as compared to a wild type FGFBP1 polypeptide)).

[0227] In some embodiments, a FGFBP1 protein comprises an amino acid sequence
having at least 80% (e.g., at least 85%, 90%, 95%, 96%, 97%, 98%, or 99%) sequence
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identity to a sequence selected from SEQ ID NOs: 59. In some embodiments, the FGFBP1

protein sequence comprises an amino acid sequence selected from SEQ ID NOs: 59.
6.4.2. RASV12

[0228] In some embodiments, accessory protein refers to a H-RasV12 or RASVI12. As
used herein, “RASV12” refers to the H-RasV12 protein or RASV12 protein. RASV12 is
involved in the activation of Ras protein signal transduction and binds GDP/GTP and possess

intrinsic GTPase activity.

[0229] In some embodiments, RASV12 refers to the RASV12 protein, or fragment or
variant thereof (e.g., a RASV12 protein having one or more (e.g., one, two, three, four, five,
six, seven, eight, nine, ten, or more amino acid substitutions, deletions or insertions as

compared to a wild type RASH or RASV12 polypeptide)).

[0230] In some embodiments, a RASV12 protein comprises an amino acid sequence
having at least 80% (e.g., at least 85%, 90%, 95%, 96%, 97%, 98%, or 99%) sequence
identity to a sequence selected from SEQ ID NOs: 60. In some embodiments, the RASV12

protein sequence comprises an amino acid sequence selected from SEQ ID NOs: 60.
6.5.  Signal Peptides

[0231] In some embodiments, the methods provided herein include introducing into a cell a
polynucleotide comprising a coding sequence of a growth factor ligand, where the growth
factor ligand is fused to a signal peptide. In some embodiments, the polynucleotide includes
a sequence encoding a signal peptide located 5’ to the coding sequence of the growth factor
ligand, and wherein the signal sequence and the growth factor ligand are a fusion protein. In
some embodiments, the polynucleotide includes a sequence encoding a signal peptide located
3’ to the coding sequence of the growth factor ligand, and wherein the signal sequence and
the growth factor ligand are a fusion protein. Non-limiting examples of signal peptides
having at least 80% (e.g., at least 85%, 90%, 95%, 96%, 97%, 98%, or 99%) sequence
identity to a sequence selected from SEQ ID NOs: 22-31.

6.6. Method for Increasing Concentration of a Growth Factor in Culture
Medium

[0232] Provided herein are methods of increasing the concentration of a growth factor
ligand in culture medium of cells in culture where the method includes introducing one or
more of a coding sequence of any of the growth factor ligands described herein, a coding

sequence of any of the growth factor receptors described herein, a coding sequence of any of
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the activated downstream growth factors described herein, a coding sequence of any of the
accessory proteins described herein, or a combination thereof, into the cell line; and culturing

the cell line in a cultivation infrastructure.

[0233] In some embodiments, introducing a polynucleotide comprising a coding sequence
of FGF2 into a cell line and culturing the cells in a cultivating infrastructure results in an

increase of FGF2 in the medium of the cells in culture.

[0234] In some embodiments, the concentration of FGF2 in the culture medium is
increased by at least 0.00001 ng/mL, (e.g., at least 0.000025 ng/mL, at least 0.000075 ng/mL,
by at least 0.0005 ng/mL, at least 0.001 ng/mL, at least 0.005 ng/mL, at least 0.01 ng/mL, at
least 0.05 ng/mL, at least 0.1 ng/mL, at least 0.5 ng/mL, at least 1.0 ng/mL, at least 2.5
ng/mL, at least 5.0 ng/mL, at least 7.5 ng/mL, at least 10 ng/mL, at least 15 ng/mL, at least 20
ng/mL, at least 25 ng/mL, at least 30 ng/mL, at least 40 ng/mL, at least 50 ng/mL, at least 60
ng/mL, at least 70 ng/mL, at least 80 ng/mL, at least 90 ng/mL, at least 100 ng/mL, at least
150 ng/mL, at least 200 ng/mL, at least 200 ng/mL, at least 250 ng/mL, at least 300 ng/mL, at
least 350 ng/mL, at least 400 ng/mL, at least 450 ng/mL, at least 500 ng/mL, at least 550
ng/mL, at least 600 ng/mL, at least 650 ng/mL, at least 700 ng/mL, at least 750 ng/mL, at
least 800 ng/mL, at least 850 ng/mL, at least 900 ng/mL, at least 950 ng/mL, or at least 1000
ng/mL) as compared to a cell line not engineered to include a polynucleotide comprising a

coding sequence of FGF2.

[0235] In some embodiments, the concentration of FGF2 in the culture medium is
increased by at least 0.01% (e.g., at least 0.05%, at least 0.1%, at least 0.5%, at least 1.0%, at
least 1.5%, at least 2.0%, at least 2.5%, at least 5%, at least 10%, at least 15%, at least 20%,
at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%,
at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 100%, at least 150%, at least 200%, at least 250%, at least 300%, at
least 350%, at least 400%, at least 450%, at least 500%, at least 550%, at least 600%, at least
650%, at least 700%, at least 750%, at least 800%, at least 850%, at least 900%, at least
950%, at least 1000%, at least 1,100%, at least 1,200%, at least 1,300%, at least 1,400%, at
least 1,500%, at least 1,600%, at least 1,700%, at least 1,800%, at least 1,900%, at least
2,000%, at least 2,250%, at least 2,500%, at least 2,750%, at least 3,000%, at least 3,500%, at
least 4,000%, at least 4,500%, at least 5,000%, at least 6,000%, at least 7,000%, at least
8,000%, at least 9,000%, or at least 10,000%) as compared to a cell line not engineered to

include a polynucleotide encoding FGF2.
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[0236] In some embodiments, introducing a polynucleotide comprising a coding sequence
of IGF1 into a cell line and culturing the cells in a cultivating infrastructure results in an

increase of IGF1 in the medium of the cells in culture.

[0237] In some embodiments, the concentration of IGF1 in the culture medium is increased
by at least 0.00001 ng/mL, (e.g., at least 0.000025 ng/mL, at least 0.000075 ng/mL, at least
0.0005 ng/mL, at least 0.001 ng/mL, at least 0.005 ng/mL, at least 0.01 ng/mL, at least 0.05
ng/mL, at least 0.1 ng/mL, at least 0.5 ng/mL, at least 1.0 ng/mL, at least 2.5 ng/mL, at least
5.0 ng/mL, at least 7.5 ng/mL, at least 10 ng/mL, at least 15 ng/mL, at least 20 ng/mL, at least
25 ng/mL, at least 30 ng/mL, at least 40 ng/mL, at least 50 ng/mL, at least 60 ng/mL, at least
70 ng/mL, at least 80 ng/mL, at least 90 ng/mL, at least 100 ng/mL, at least 150 ng/mL, at
least 200 ng/mL, at least 200 ng/mL, at least 250 ng/mL, at least 300 ng/mL., at least 350
ng/mL, at least 400 ng/mL, at least 450 ng/mL, at least 500 ng/mL, at least 550 ng/mL, at
least 600 ng/mL, at least 650 ng/mL, at least 700 ng/mL, at least 750 ng/mL, at least 800
ng/mL, at least 850 ng/mL, at least 900 ng/mL, at least 950 ng/mL, or at least 1000 ng/mL.)

as compared to a cell line not engineered to include a polynucleotide encoding IGF-1.

[0238] In some embodiments, the concentration of IGF1 in the culture medium is increased
by at least 0.01% (e.g., at least 0.05%, at least 0.1%, at least 0.5%, at least 1.0%, at least
1.5%, at least 2.0%, least 2.5%, at least 5%, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 100%, at least 150%, at least 200%, at least 250%, at least 300%, at least 350%,
at least 400%, at least 450%, at least 500%, at least 550%, at least 600%, at least 650%, at
least 700%, at least 750%, at least 800%, at least 850%, at least 900%, at least 950%, at least
1000%, at least 1,100%, at least 1,200%, at least 1,300%, at least 1,400%, at least 1,500%, at
least 1,600%, at least 1,700%, at least 1,800%, at least 1,900%, at least 2,000%, at least
2,250%, at least 2,500%, at least 2,750%, at least 3,000%, at least 3,500%, at least 4,000%, at
least 4,500%, at least 5,000%, at least 6,000%, at least 7,000%, at least 8,000%, at least
9,000%, or by at least 10,000%) as compared to a cell line not engineered to include a

polynucleotide encoding IGF1.

[0239] In some embodiments, introducing a polynucleotide comprising a coding sequence
of PDGFb into a cell line and culturing the cells in a cultivating infrastructure results in an

increase of PDGFb in the medium of the cells in culture.
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[0240] In some embodiments, the concentration of PDGFb in the culture medium is
increased by at least 0.00001 ng/mL, (e.g., at least 0.000025 ng/mL, at least 0.000075 ng/mL,
at least 0.0005 ng/mL, at least 0.001 ng/mL, at least 0.005 ng/mL, at least 0.01 ng/mL, at
least 0.05 ng/mL, at least 0.1 ng/mL, at least 0.5 ng/mL, at least 1.0 ng/mL, at least 2.5
ng/mL, at least 5.0 ng/mL, at least 7.5 ng/mL, at least 10 ng/mL, at least 15 ng/mL, at least 20
ng/mL, at least 25 ng/mL, at least 30 ng/mL, at least 40 ng/mL, at least 50 ng/mL, at least 60
ng/mL, at least 70 ng/mL, at least 80 ng/mL, at least 90 ng/mL, at least 100 ng/mL, at least
150 ng/mL, at least 200 ng/mL, at least 200 ng/mL, at least 250 ng/mL, at least 300 ng/mL, at
least 350 ng/mL, at least 400 ng/mL, at least 450 ng/mL, at least 500 ng/mL, at least 550
ng/mL, at least 600 ng/mL, at least 650 ng/mL, at least 700 ng/mL, at least 750 ng/mL, at
least 800 ng/mL, at least 850 ng/mL, at least 900 ng/mL, at least 950 ng/mL, or at least 1000
ng/mL) as compared to a cell line not engineered to include a polynucleotide encoding
PDGFb.

[0241] ) In some embodiments, the concentration of PDGFbD in the culture medium is
increased by at least 0.01% (e.g., at least 0.05%, at least 0.1%, at least 0.5%, at least 1.0%, at
least 1.5%, at least 2.0%, least 2.5%, at least 5%, at least 10%, at least 15%, at least 20%, at
least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at
least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 100%, at least 150%, at least 200%, at least 250%, at least 300%, at least
350%, at least 400%, at least 450%, at least 500%, at least 550%, at least 600%, at least
650%, at least 700%, at least 750%, at least 800%, at least 850%, at least 900%, at least
950%, at least 1000%, at least 1,100%, at least 1,200%, at least 1,300%, at least 1,400%, at
least 1,500%, at least 1,600%, at least 1,700%, at least 1,800%, at least 1,900%, at least
2,000%, at least 2,250%, at least 2,500%, at least 2,750%, at least 3,000%, at least 3,500%, at
least 4,000%, at least 4,500%, at least 5,000%, at least 6,000%, at least 7,000%, at least
8,000%, at least 9,000%, or at least 10,000%) as compared to a cell line not engineered to

include a polynucleotide encoding PDGFb.

[0242] The methods of the present disclosure advantageously enable selection of
transfected cells using only the absence of growth factors, thereby obviating the need for
antibiotic and cre-lox selection protocols, which are less desirable when creating a food

product since they are not recognized as generally acceptable for consumption.
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6.7. Method of Increasing Cell Density

[0243] Provided herein are methods of increasing the cell density of a culture where the
method includes introducing one or more of a coding sequence of any of the growth factor
ligands described herein, a coding sequence of any of the growth factor receptors described
herein, a coding sequence of any of the activated downstream growth factor targets described
herein, a coding sequence of any of the accessory proteins described herein, or a combination

thereof, into the cell line; and culturing the cell line in a cultivation infrastructure.

[0244] In some embodiments, an increase in the cell density of a culture (e.g., suspension
culture) using the methods described herein is about 1.025 fold, 1.05 fold, 1.10-fold, 1.15-
fold, 1.20-fold, 1.25-fold, 1.30 fold, 1.35-fold, 1.40-fold, 1.45-fold, 1.5-fold, 2-fold, 2.5-fold,
3-fold, 3.5-fold, 4-fold, 4.5-fold, 5-fold, 7.5-fold, 10-fold, 15-fold, 20-fold, 25-fold, 30-fold,
40-fold, or even about 50-fold, 75-fold, 100- fold, 150-fold, or about 200-fold, compared to
the density of a culture comprising cells that do not include a coding sequence of any of the
growth factor ligands described herein, a coding sequence of any of the growth factor
receptors described herein, a coding sequence of any of the accessory proteins described

herein, or a combination thereof.

[0245] In some embodiments, an increase in the density of cells in a culture (e.g.,
suspension culture) using the methods described herein is at least 10%, at 1cast 15%, at least
20%, at least 25%, at least 30%, at least 35%), at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 100%, at least 150%, at least 200%, at least 250%, at least
300%, at least 350%, at least 400%, at least 450%, at least 500%, at least 550%, at least
600%, at least 650%, at least 700%, at least 750%, at least 800%, at least 850%, at least
900%, at least 950%, at least 1000%, compared to the density of a culture comprising cells
that do not include a coding sequence of any of the growth factor ligands described herein, a
coding sequence of any of the growth factor receptors described herein, a coding sequence of

any of the accessory proteins described herein, or a combination thereof.

[0246] In some embodiments, methods described herein increase the density of cells in a
culture (e.g., suspension culture) by increasing the rate of proliferation of cells in the culture.
In some embodiments, the increase in the rate of cell proliferation is at least 2.5%, at least
5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least

43



WO 2023/240152 PCT/US2023/068084

75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 100%, at least 150%, at
least 200%, at least 250%, at least 300%, at least 350%, at least 400%, at least 450%, at least
500%, at least 550%, at least 600%, at least 650%, at least 700%, at least 750%, at least
800%, at least 850%, at least 900%, at least 950%, or at least 1000%), including values and
ranges therebetween, compared to the density of a culture comprising cells that do not
include a coding sequence of any of the growth factor ligands described herein, a coding
sequence of any of the growth factor receptors described herein, a coding sequence of any of
the accessory proteins described herein, or a combination thereof. In some embodiments, the
increase in the rate of cell proliferation is about 25-1000%, about 25-750%, about 25-500%,
about 50-1000%, about 50-750%, about 50-500%, about 100-1000%, about 100- 750%, or
about 100-500%, including values and ranges therebetween, compared to the density of a
culture comprising cells that do not include a coding sequence of any of the growth factor
ligands described herein, a coding sequence of any of the growth factor receptors described
herein, a coding sequence of any of the accessory proteins described herein, or a combination

thereof.

[0247] In some embodiments, methods described herein increase the cell density of a
culture (e.g., suspension culture) by decreasing cell death within the cellular biomass. In
some embodiments, the decrease in cell death is at least 2.5%, at least 5%, at least 10%>, at
least 15%, at least 20%, at least 25%, at least 30%), at least 35%, at least 40%, at least 45%,
at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 100%), including values and ranges
therebetween, compared to the density of a culture comprising cells that do not include a
coding sequence of any of the growth factor ligands described herein, a coding sequence of
any of the growth factor receptors described herein, a coding sequence of any of the
accessory proteins described herein, or a combination thereof. In some embodiments, a
decrease in the rate of cell death within the cellular biomass is about 2.5-10%, about 2.5-
75%, about 2.5-50%, about 5.0-100%, about 5.0-75%, about 5.0-50%, about 10-100%, about
10-75%, or about 10-50%, including values and ranges therebetween, compared to the
density of a culture comprising cells that do not include a coding sequence of any of the
growth factor ligands described herein, a coding sequence of any of the growth factor
receptors described herein, a coding sequence of any of the accessory proteins described

herein, or a combination thereof.
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[0248] In some embodiments, using the methods described herein, the density of cells in a
culture may reach about 1E4 cells/mL, about 1E5 cells/mL, about 1E6 cells/mL, about 1E7
cells/mL, about 1E8 cells/mL, about 1E9 cells/mL, about 1E10 cells/mL, about 1E11
cells/mL, about 1E12 cells/mL, or about 1E13 cells/mL (cells in suspension culture or cells in
the cellular biomass/mL of cultivation infrastructure), including values and ranges

therebetween.

[0249] In some embodiments, using the methods described herein, the density of cells in a
culture (e.g., suspension culture) may reach about 1 g/L, 5 g/L, 10 g/L, 25 g/L, 50 g/L, 75
g/L, 100 g/L, 150 g/L, 200 g/L, 250 g/L, 300 g/L, 350 g/L, 400 g/L, 450 g/L, 500 g/L, 550
g/L, 600 g/L, 650 g/L, 700 g/L, 750 g/L, 800 g/L, 850 g/L, 900 g/L, or 1000 g/L (g of cellular
biomass/L of cultivation infrastructure), including values and ranges therebetween. In some
embodiments, the density of cells in a culture (e.g., suspension culture) may range from about
1 g/L. to about 5 g/L, about 1 g/L to about 750 g/L, about 1 g/L to about 500 g/L, about 1 g/L
to about 250 g/L., about 1 g/L. to about 100 g/L., about 1 g/L. to about 50 g/L., about 5 g/L. to
about 1000 g/L, about S g/L to about 750 g/L, about S g/L to about 500 g/L, about S g/L to
about 250 g/L, about 5 g/L to about 100 g/L, about 5 g/L to about 50 g/L, about 25 g/L to
about 1000 g/L, about 25 g/L. to about 750 g/L., about 25 g/L. to about 500 g/L., about 25 g/L.
to about 300 g/L, about 25 g/L to about 250 g/L, about 25 g/L to about 100 g/L, about 50 g/L.
to about 1000 g/L, about 50 g/L to about 750 g/L, about 50 g/L to about 500 g/L, about 50
g/L to about 300 g/L, about 50 g/L to about 250 g/L., about 100 g/L to 1000 g/L, about 100
g/L to about 750 g/L, about 100 g/L to about 500 g/L, about 200 g/L to about 1000 g/L, about
200 g/L to about 750 g/L, about 200 g/L to about 500 g/L, about 300 g/L to about 1000 g/L,
about 300 g/L to about 800 g/L, about 400 g/L to about 1000 g/L, or about 500 g/L to about

1000 g/L including values and ranges therebetween.
6.8. Method for Improving Anchorage Independent Growth

[0250] Provided herein are methods of improving anchorage independent growth in a cell
line where the method includes introducing a coding sequence of any of the growth factor
ligands described herein, a coding sequence of any of the growth factor receptors described
herein, a coding sequence of any of the accessory protein described herein, or a combination

thereof, into the cell line; and culturing the cell line in a cultivation infrastructure.

[0251] In some embodiments, a cell line’s ability to grow as a non-adherent, anchorage

independent cell line can be modulated by culturing the cell line with FGF2 and/or IGF 1
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growth factors. In some embodiments, introducing a polynucleotide comprising a coding
sequence of FGF2 and/or IGF1 into a cell line results in a cell line with at least a portion of
the cell line having anchorage independent growth. In some embodiments, introducing a
polynucleotide comprising a coding sequence of an FGFR and/or an IGFR results in a cell

line with at least a portion of the cell line having anchorage independent growth.

[0252] In some embodiments, introducing a polynucleotide comprising a coding sequence
of FGF2 or a fragment thereof and/or a coding sequence of IGF1 or a fragment thereof results
in an increase in the rate of cell proliferation and decrease in cell death, which promotes the
cell line (e.g., an adherent cell line) to transition to a non-adherent form (e.g., a non-adherent
cell line). In some embodiments, an increase in the rate of cell proliferation and decrease in
cell death promotes transition to anchorage-independent growth from anchorage-dependent

growth.

[0253] In some embodiments, increase in the rate of cell proliferation is at least 2.5%, at
least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at
least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 100%, at least 150%,
at least 200%, at least 250%, at least 300%, at least 350%, at least 400%, at least 450%, at
least 500%, at least 550%, at least 600%, at least 650%, at least 700%, at least 750%, at least
800%, at least 850%, at least 900%, at least 950%, at least 1000%, including values and
ranges therebetween, compared to a cell line not including a polynucleotide comprising a
coding sequence of FGF2 and/or a coding sequence of IGF1. In some embodiments, the
increase in the rate of cell proliferation is about 25-1000%, about 25-750%, about 25-500%,
about 50-1000%, about 50-750%, about 50-500%, about 100-1000%, about 100-750%, or
about 100-500%, including values and ranges therebetween, compared to a cell line not
including a polynucleotide comprising a coding sequence of FGF2 and/or a coding sequence

of IGF1.

[0254] In some embodiments, the methods provided herein that include introducing a
polynucleotide comprising a coding sequence of FGF2 or a fragment thereof and/or a coding
sequence of IGF1 or a fragment thereof into a cell line promote anchorage-independent
growth of the cell line by decreasing cell-to-cell contact inhibition. In some embodiments,
the decrease in contact inhibition provided by the present methods is about 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 100%, including values and ranges therebetween,
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compared to a cell line not including a polynucleotide comprising a coding sequence of FGF2

or a coding sequence of IGF 1.

[0255] In some embodiments, the methods provided herein that include introducing a
polynucleotide comprising a coding sequence of FGF2 or a fragment thereof and/or a coding
sequence of IGF1 or a fragment thereof into a cell line promote anchorage-independent
growth of the cell line by decreasing cell death. In some embodiments, the decrease in cell
death provided by the present methods is about 2.5%, 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, or 100%, including values and ranges therebetween, compared to a cell line
not including a polynucleotide comprising a coding sequence of FGF2 or a coding sequence

of IGF1.

[0256] In some embodiments, introducing a polynucleotide comprising a coding sequence
of FGFR or a fragment thereof or a coding sequence of an IGF1R or a fragment thereof
results in an increase in the rate of cell proliferation and decrease in cell death, which
promotes cell line (e.g., an adherent cell line) to transition to a non-adherent form (e.g., a
non-adherent cell line). In some embodiments, an increase in the rate of cell proliferation and
decrease in cell death promotes transition to anchorage-independent growth from anchorage-

dependent growth.

[0257] In some embodiments, increase in the rate of cell proliferation is at least 2.5%, at
least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at
least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 100%, at least 150%,
at least 200%, at least 250%, at least 300%, at least 350%, at least 400%, at least 450%, at
least 500%, at least 550%, at least 600%, at least 650%, at least 700%, at least 750%, at least
800%, at least 850%, at least 900%, at least 950%, at least 1000%, including values and
ranges therebetween, compared to a cell line not including a polynucleotide comprising a
coding sequence of IGF1. In some embodiments, the increase in the rate of cell proliferation
is about 25-1000%, about 25-750%, about 25-500%, about 50-1000%, about 50-750%, about
50-500%, about 100-1000%, about 100-750%, or about 100-500%, including values and
ranges therebetween, compared to a cell line not including a polynucleotide comprising a

coding sequence of FGFR or a coding sequence of IGF1R.

[0258] In some embodiments, the methods provided herein that include introducing a

polynucleotide comprising a coding sequence of FGFR or a fragment thereof or a coding
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sequence of an IGFR or a fragment thereof into a cell line promote anchorage-independent
growth of the cell line by decreasing cell-to-cell contact inhibition. In some embodiments,
the decrease in contact inhibition provided by the present methods is about 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 100%, including values and ranges therebetween,
compared to a cell line not including a polynucleotide comprising a coding sequence of
FGEFR or a coding sequence of IGFIR.

[0259] In some embodiments, the methods provided herein that include introducing a
polynucleotide comprising a coding sequence of FGFR or a fragment thereof or a coding
sequence of an IGFR or a fragment thereof into a cell line promote anchorage-independent
growth of the cell line by decreasing cell death. In some embodiments, the decrease in cell
death provided by the present methods is about 2.5%, 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, or 100%, including values and ranges therebetween, compared to a cell line
not including a polynucleotide comprising a coding sequence of FGFR or a coding sequence
IGFIR.

6.9. Methods for Producing Cell-Based Meat Suitable for Consumption

[0260] Provided herein are in vitro methods for producing cell-based meat suitable for
consumption, comprising: (a) introducing into a cell line one or more of a polynucleotide
comprising a coding sequence of a growth factor ligand or a fragment thereof, a
polynucleotide comprising a coding sequence of a growth factor receptor, a polynucleotide
comprising a coding sequence of an activated downstream growth factor target; (b) inducing
myogenic specific differentiation, wherein the differentiated cells form myotubes and
multinucleated myotubes; (¢) culturing the myocytes and myotubes to generate skeletal
muscle fibers, thereby producing a cell-based meat suitable for consumption. In some
embodiments, the in vitro method for producing cell-based meat suitable for consumption
includes a step of adapting the cells to be grown in suspension. In some embodiments, the in
vitro method for producing cell-based meat suitable for consumption includes a step of

culturing the cells in a cultivation infrastructure.

[0261] In some embodiments, provided herein is cell-based meat suitable for consumption

produced by the in vitro methods described herein.

[0262] In some embodiments, the in vitro method for producing cell-based meat suitable
for consumption includes maintaining the engineered cell line in a culture medium

comprising a molecule capable of controlling an inducible promoter, thereby enabling
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expression of the growth factor ligand (e.g., any of the growth factor ligands described
herein), growth factor receptor (e.g., any of the growth factor receptors described herein), or a
combination thereof, at specified times during the in vitro method. In some embodiments of
the in vitro method, the engineered cell line is maintained in culture medium comprising a
molecule capable of controlling an inducible promoter prior, contemporaneously with, or
after the step of inducing myogenic specific differentiation. In some embodiments of the in
vitro method, the engineered cell line is maintained in culture medium comprising a molecule
capable of controlling an inducible promoter prior to the step of inducing myogenic specific
differentiation. In such cases, the expression of the growth factor ligand, growth factor
receptor, or a combination thereof, can be decreased or eliminated prior to the inducing of

myogenic specific differentiation.

[0263] In some embodiments, the in vitro method for producing cell-based meat suitable
for consumption includes maintaining the engineered cell line in a culture medium
comprising a molecule capable of controlling the inducible tag, thereby inducing activity of
the growth factor ligand/fusion protein (e.g., any of the growth factor ligands described
herein), growth factor receptor/fusion protein (e.g., any of the growth factor receptors
described herein), or a combination thereof, at specified times during the in vitro method. In
some embodiments of the in vitro method, the engineered cell line is maintained in culture
medium comprising a molecule capable of controlling an inducible tag prior,
contemporaneously with, or after the step of inducing myogenic specific differentiation. In
some embodiments of the in vitro method, the engineered cell line is maintained in culture
medium comprising a molecule capable of controlling an inducible tag prior to the step of
inducing myogenic specific differentiation. In such cases, the activity of the growth factor
ligand, growth factor receptor, or a combination thereof, can be reduced or inhibited prior to

the inducing of myogenic specific differentiation.

[0264] In some embodiments, the in vitro method for producing cell-based meat suitable
for consumption includes maintaining the engineered cell line in a culture medium
comprising a molecule controlling the degradation tag, thereby targeting the growth factor
ligand/fusion protein (e.g., any of the growth factor ligands described herein), growth factor
receptor/fusion protein (e.g., any of the growth factor receptors described herein), or a
combination thereof, for degradation at specific times during the in vitro method. In some
embodiments of the in vitro method, the engineered cell line is maintained in culture medium

comprising a molecule capable of controlling a degradation tag prior, contemporaneously
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with, or after the step of inducing myogenic specific differentiation. In some embodiments of
the in vitro method, the engineered cell line is maintained in culture medium comprising a
molecule capable of controlling a degradation tag contemporaneously with or after the step of
inducing myogenic specific differentiation. In such cases, the activity of the growth factor
ligand, growth factor receptor, or combination thereof, can be reduced or inhibited in the

same step as or shortly after beginning the inducing of myogenic specific differentiation.

[0265] In some embodiments, the cell line is from a livestock, poultry, game or aquatic
animal species. In some embodiments, the cell line is from a chicken, duck, or turkey. In
some embodiments, the cell line is from a fish. In some embodiments, the cell line is from a
livestock species. In some embodiments, the livestock species is porcine or bovine. In some
embodiments, the cells are from any animal species intended for human or non-human
dietary consumption. In some embodiments, the cells are myogenic cells. In some
embodiments, the myogenic cells are myoblasts, myocytes, satellite cells, side population
cells, muscle derived stem cells, mesenchymal stem cells, myogenic pericytes, or

mesoangioblasts. In some embodiments, the cells are non-myogenic cells.

[0266] Non-limiting examples of myogenic differentiation are as described in
WO02019014652A1 and WO2015066377A1, both of which are herein incorporated by

reference in their entireties.

[0267] In some embodiments, the myogenic cells and/or skeletal muscle produced
according to the methods described herein can be processed as a raw, uncooked food product
(cultured meat) or as a cooked food product or as a cooked/uncooked food ingredient. In
some embodiments, processing comprises withdrawal of the culture medium that supports the
viability, survival, growth or expansion (e.g., increase in total protein content of the non-
naturally occurring myogenic cells) and differentiation of the myogenic cells. Withdrawal
may comprise physical removal of the culture medium or altering the composition of the
culture medium, for example, by addition of components that would reduce or prevent further
expansion and/or differentiation of the cell line or cells-derived from the cell line or by
depletion of components that support expansion and/or differentiation of the cell line or cells

derived from the cell line.
6.9.1. Inducible Promoter, Inducible Tag, and Degradation Tag

[0268] In some embodiments, activity and/or expression of the growth factor ligand (e.g.,

any of the growth factor ligands described herein), growth factor receptor (e.g., any of the

50



WO 2023/240152 PCT/US2023/068084

growth factor receptors described herein), or a combination thereof, is controllable. In some
embodiments, control of the activity and/or expression of the growth factor ligand, growth
factor receptor, or a combination thereof, is controlled using an inducible promoter, an

inducible tag, and/or a degradation tag.

[0269] In some embodiments, expression of a growth factor ligand or a fragment thereof,
growth factor receptor or a fragment thereof, or a combination thereof, is controlled using an
inducible promoter where expression is induced in the presence of a molecule capable of
inducing the inducible promoter. In some embodiments, the promoter is a positive inducible
promoter (e.g., addition of a controllable molecule induces binding to the promoter thereby
activating transcription). In some embodiments, the promoter is a negative inducible
promoter (e.g., addition of a controllable molecule removes a repressor from the promoter
thereby allowing transcriptional machinery to bind and activate transcription). Inducible
promoters include, without limitation, chemically inducible promoters (e.g., tetracycline
inducible (tetracycline response elements (TRE)/tetracycline activator), cumate inducible
(cumate operator (CuQ)/cumate activator), alcohol inducible (AlcA promoter/AlcR
activator), and steroid-inducible (e.g., LexA promoter/XVE (synthetic) activator));
temperature inducible promoters (e.g., heat shock inducible (e.g., hsp70, hsp90), and light
inducible promoters (e.g., FixK2 promoter/blue-light sensing protein YFI; Vivid (VVD)/light
oxygen voltage (LOV)).

[0270] In some embodiments, the coding sequence of the growth factor ligand or a
fragment thereof, growth factor receptor or a fragment thereof, or both are operably linked to
the inducible promoter. To induce expression of the growth factor ligand, the growth factor
receptor, or a combination thereof, the engineered cell line is maintained in a culture medium

comprising a molecule capable of controlling the inducible promoter.

[0271] In some embodiments, activity of a growth factor ligand or a fragment thereof, a
growth factor receptor or a fragment thereof, or a combination thereof, is controlled using an
inducible tag where activity of the growth factor ligand and/or growth factor receptor is
controlled by the presence or absence of a molecule capable of capable of controlling the
inducible tag. In such embodiments, the polynucleotide includes a coding sequence of an
inducible tag located 5’ or 3’ to the coding sequence of the growth factor ligand, and wherein
the inducible tag and the growth factor ligand are a fusion protein. In such cases, the
inducible tag prevents growth factor ligand activity in the absence of the controllable

molecule. To enable activity of the growth factor ligand, the engineered cell line is
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maintained in a culture medium comprising a molecule capable of controlling the inducible

tag, thereby controlling the activity of the fusion protein.

[0272] In some embodiments, the inducible tag is a ESR1 ligand binding domain that is
activated in the presence of the ESR1 agonist (e.g., 17-3 Estradiol (E2)), thereby allowing the
growth factor ligand to bind to its receptor and facilitate downstream signaling. In some
embodiments, the inducible tag is an estrogen receptor binding domain that is activated in the
presence of tamoxifen, thereby allowing the growth factor ligand to bind to its receptor and

facilitate downstream signaling.

[0273] In some embodiments, the activity of a growth factor ligand or a fragment thereof, a
growth factor receptor or a fragment thereof, or a combination thereof, is controlled using a
degradation tag, where activity of the growth factor ligand and/or growth factor receptor is
controlled by the presence or absence of a molecule capable of controlling the degradation
tag. In some embodiments, the polynucleotide includes a coding sequence of the degradation
tag located 5’ or 3’ to the coding sequence of the growth factor ligand, and wherein the
degradation tag and the growth factor ligand are a fusion protein. In such cases, the
degradation tag targets the growth factor ligand for degradation upon addition of a molecule

capable of controlling the degradation tag to the culture medium.

[0274] Non-limiting examples of degradation tags include: Anchor away (e.g., the
FKBP12-rapamycin-binding-domain of FRAP (FRB) is fused to a specific protein of interest,
while the FKBP12 is fused to the anchor protein, rapamycin bridges between the POI and the
anchor protein, allowing functional inhibition of the target protein); auxin-inducible degron
system; and dTag system (i.e., three major components: an FKBP12F36V-fused protein of
interest, a small synthetic molecule, a defined degrader, and the endogenous E3 ligase

complex).
6.10. Cultivation Infrastructure

[0275] In some embodiments, a cultivation infrastructure may be a tube, a cylinder, a flask,
a petri-dish, a multi-well plate, a dish, a vat, a roller bottle, an incubator, a bioreactor, an

industrial fermenter and the like.

[0276] In some embodiments, a cultivation infrastructure can be of any scale, and support
any volume of cellular biomass and culturing reagents. In some embodiments, the cultivation
infrastructure ranges from about 10 pL to about 100,000 L. In some embodiments, the

cultivation infrastructure is about 10 pL, about 100 pL, about 1 mL, about 10 mL, about 100
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mL, about 1 L, about 10 L, about 100 L, about 1000 L, about 10,000 L, or even about
100,000 L.

[0277] In some embodiments, the cultivation infrastructure comprises a substrate. In some
embodiments, a cultivation infrastructure may comprise a permeable substrate (e.g.
permeable to physiological solutions) or an impermeable substrate (e.g. impermeable to

physiological solutions).

[0278] In some embodiments, the cultivation infrastructure comprises a primary substrate,
which can be a flat, concave, or convex substrate. In some embodiments, the cultivation
infrastructure further comprises a secondary substrate, either introduced, or autologous, to
direct cellular growth between the substrates, e.g. to direct attachment, proliferation and

hypertrophy of cells on a plane perpendicular to the primary substrate.

[0279] In some embodiments, the cultivation infrastructure comprises a hydrogel, a liquid

cell culture media, or soft agar.

[0280] In some embodiments, the cultivation infrastructure does not comprise a substrate
to which cells can adhere. In some embodiments, the cultivation infrastructure comprises a
suspension culture, e.g. supporting the growth of a self-adhering biomass, or single-cell

suspension in a liquid medium.

[0281] In some embodiments, the cultivation infrastructure comprises adherent cells (i.e.
those cells that adhere to a substrate). In some embodiments, the cultivation infrastructure
comprises non-adherent cells (i.e. those cells that do not adhere to a substrate). In some

embodiments, the cultivation infrastructure comprises both adherent and non-adherent cells.

6.11. Immortalization

[0282] In some embodiments, the method provided herein include a cell line immortalized
prior, contemporaneously therewith, or after introducing into the cell any of the

polynucleotides described herein.

[0283] In some embodiments, immortalization comprises transforming a cell with a
telomerase reverse transcriptase (TERT) gene. As used herein, “TERT” refers to telomerase
reverse transcriptase (TERT) gene or TERT polypeptide that is a ribonucleoprotein
polymerase that maintains telomere ends by addition of the telomere repeat TTAGGG.
Telomerase expression plays a role in cellular senescence, as it is normally repressed in

postnatal somatic cells resulting in progressive shortening of telomeres. In some
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embodiments, cells ectopically express the TERT polynucleotide. In some embodiments, the
cells are genetically modified and carry stable integrations of one or more copies of the
TERT polynucleotide. Exemplary methods for immortalizing a cell line are as described in

WO2019014652A1, which is herein incorporated by reference in its entirety.

[0284] In some embodiments, increased expression of TERT may be achieved using
different approaches. In some embodiments, increased expression of TERT may be achieved
by ectopically expressing TERT. In some embodiments, increased expression of TERT may
be achieved by introducing targeted mutations in the TERT promoter. In some embodiments,
increased expression of TERT may be achieved by activating endogenous TERT expression
by an engineered transcriptional activator. In some embodiments, increased expression of

TERT may be achieved by transiently transfecting TERT mRNA.

[0285] The polynucleotide encoding TERT can be from any organism. The TERT
polynucleotide can be from bacteria, plants, fungi, and archaea. The TERT polynucleotide
can be from any animal, such as vertebrate and invertebrate animal species. The TERT
polynucleotide can be from any vertebrate animal species such as mammals, reptiles, birds,
amphibians, and the like. The TERT polynucleotide can be from any mammalian species,

such as a human, murine, bovine, porcine, and the like.

[0286] In some embodiments, immortalization comprises transforming a cell with a
polynucleotide encoding a cyclin- dependent kinase 4 (“CDK4”) protein. In some
embodiments, immortalization comprises inactivating a gene encoding an inhibitor of cyclin-
dependent kinase 4 (CDK4). Exemplary methods for immortalizing a cell line are as

described in W0O2017124100A1, which is herein incorporated by reference in its entirety.
6.12. Nucleic Acids/Vectors

[0287] Also provided herein are polynucleotides comprising coding sequences of any of
the growth factor ligands described herein, any of the growth factor receptors described

herein, any of the accessory proteins described herein, or a combination thereof.

[0288] Also provided herein is a construct (i.e., a vector) that includes any of the
polynucleotides described herein. In some embodiments, any of the vectors described herein
can be an expression vector. In some embodiments, an expression vector can include one or
more promoter sequences (e.g., any of the promoter sequences described herein) operably
linked to a coding sequence of any of the growth factor ligands described herein, any of the

growth factor receptors described herein, any of the accessory proteins described herein, or a
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combination thereof. Non-limiting examples of vectors include plasmids, transposons,
cosmids, and viral vectors (e.g., any adenoviral vectors (e.g., pSV or pCMV vectors), adeno-
associated virus (AAV) vectors, lentivirus vectors, and retroviral vectors), and any Gateway®
vectors. In some embodiments, a vector includes sufficient cis-acting elements that
supplement expression where the remaining elements needed for expression can be supplied

by the host cell (e.g., the cell line).

[0289] In some embodiments, a vector includes a polynucleotide comprising a coding
sequence of a single growth factor ligand or fragment thereof. In some embodiments, a
vector includes a polynucleotide comprising a first coding sequence of a first growth factor
ligand and a second coding sequence of a second growth factor ligand. In some
embodiments, a vector (e.g., a construct) includes a polynucleotide comprising a first coding
sequence of a first growth factor ligand, a second coding sequence of a second growth factor
ligand, and a third coding sequence of a third growth factor ligand. In such embodiments
where the construct includes coding sequences for two or more growth factor ligands, each of
the two or more coding sequences are operably linked to a promoter sequence or to another
coding sequence via a self-cleaving polypeptide or IRES. As used herein, the term “operably
linked” is well known in the art and refers to genetic components that are combined such that
they carry out their normal functions. For example, a coding sequence is operably linked to a
promoter when its transcription is under the control of the promoter. In another example, a
coding sequence can be operably linked to other coding sequences by a self-cleaving 2A
polypeptide or an internal ribosome entry site (IRES). In such cases, the self-cleaving 2A
polypeptide allows the second coding sequence to be under the control of the promoter
operably linked to the first coding sequence. In some cases, the coding sequences described
herein can be operably linked to any other coding sequence described herein using a self-

cleaving 2A polypeptide or IRES.

[0290] In some embodiments, a vector includes a polynucleotide comprising a coding
sequence of a single growth factor receptor or fragment thereof. In some embodiments, a
vector includes a polynucleotide comprising a first coding sequence of a first growth factor
receptor and a second coding sequence of a second growth factor receptor. In some
embodiments, a vector (e.g., a construct) includes a polynucleotide comprising a first coding
sequence of a first growth factor receptor, a second coding sequence of a second growth
factor receptor, and a third coding sequence of a third growth factor receptor. In such

embodiments where the construct includes coding sequences for two or more growth factor
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receptors, each of the two or more coding sequences are operably linked to a promoter
sequence or to another coding sequence via a self-cleaving polypeptide or IRES. In another
example, a coding sequence can be operably linked to other coding sequences by a self-
cleaving 2A polypeptide or an internal ribosome entry site (IRES). In such cases, the self-
cleaving 2A polypeptide allows the second coding sequence to be under the control of the
promoter operably linked to the first coding sequence. In some cases, the coding sequences
described herein can be operably linked to any other coding sequence described herein using

a self-cleaving 2A polypeptide or IRES.

[0291] In some embodiments, a single construct comprises a coding sequence of FGF2 or a
fragment thereof, and a coding sequence of any of the FGFR described herein or a fragment
thereof, and includes a self-cleaving 2A polypeptide or an IRES to operably link the coding
sequences. In some embodiments, a single construct comprises a coding sequence of IGF1 or
a fragment thereof, and a coding sequence of IGF1R or a fragment thereof, and includes a
self-cleaving 2A polypeptide or an IRES to operably link the coding sequences. In some
embodiments, a single construct comprises a coding sequence of PDGF or a fragment
thereof, and a coding sequence of PDGFR or a fragment thereof, and includes a self-cleaving

2A polypeptide or an IRES to operably link the coding sequences.

[0292] Also provided herein are a set of vectors that include two or more vectors. For
example, the set of vectors include a first vector comprising a coding sequence of FGF2 or a
fragment thereof, and a second vector comprising a coding sequence of FGFR (e.g., any of
the FGFRs described herein) or a fragment thereof. In another example, the set of vectors
include a first vector comprising a coding sequence of IGF1 or a fragment thereof, and a
second vector comprising a coding sequence of IGF1R or a fragment thereof. In yet another
example, the set of vectors include a first vector comprising a coding sequence of PDGF
(e.g., PDGFB) or a fragment thereof, and a second vector comprising a coding sequence of

IGF-1R or a fragment thereof.

[0293] In some embodiments, a coding sequence of any one or more of the growth factor
ligands described herein, any one or more of the growth factor ligands described herein, any
of the accessory protein described herein, or a combination thereof, is operably linked to a
promoter. In some embodiments, the promoter is a tissue-specific promoter. In some
embodiments, the tissue-specific promoter is a muscle-specific promoter. In some
embodiments, the muscle-specific promoter is selected from the group consisting of: skeletal

B-action, myosin light chain 2a, dystrophin, SPc-512, muscle creatine kinase, and synthetic

56



WO 2023/240152 PCT/US2023/068084

muscle promoters. In some embodiments, the promoter is a constitutively active promoter.
In some embodiments, the promoter is selected from the group consisting of: EF1 (e.g.,
EF1alpha), PGK, CMV, RSV, and B-actin. In some embodiments, the promoter is a EF1
(e.g., EFlalpha) promoter. In some embodiments, the promoter is a PGK promoter. In some

embodiments, the vector comprises a selectable marker (e.g., puromycin).

[0294] In some embodiments, a vector comprises a polynucleotide comprising a first
coding sequence (e.g., a coding sequence of any of the growth factor ligands, growth factor
receptors, or accessory proteins described herein) operably linked to a first promoter and a
polynucleotide comprising a second coding sequence (e.g., a coding sequence of any of the
growth factor ligands, growth factor receptors, or accessory proteins described herein)

operably linked to a second promoter.

[0295] In some embodiments, a vector system is used to integrate a polynucleotide
comprising a coding sequence of any one or more of the growth factor ligands described
herein, any one or more of the growth factor ligands described herein, any of the accessory
protein described herein, or a combination thereof, into the genome of a cell line (e.g., any of
the cell lines described herein). In some embodiments, the vector system used for integration
is a vector phiC31 Integrase Vector System. Additional non-limiting examples of vectors
systems that can be used to integrate a coding sequence of any one or more of the growth
factor ligands described herein, any one or more of the growth factor ligands described
herein, any of the accessory protein described herein, or a combination thereof, into the
genome of a cell line (e.g., any of the cell lines described herein) include: a sleeping beauty
transposon system (as described in U.S. Pat. No. 7985739), a piggyBac transposition system
(as described in US20090042297), CRISPR/Cas-mediated knockin, TALEN-mediated
knockin, and viral vector-mediated integration. In such embodiments where integration is
mediated via a viral vector, non-limiting examples of viral vectors include adenovirus, adeno-

associated virus, lentivirus, retrovirus (e.g., a gamma-retrovirus), or sendai virus.

[0296] SEQ ID NOs: 120-122 represent exemplary vector backbones used in this study:
Sequences listed in SEQ ID NO: 61-119 were cloned into any one of vectors in SEQ ID NOs:
120-122 using EcoRI and Kpnl restriction sites with a kozak sequence GCCACC inserted
ahead of ATG start site. FC550A-eBFP2 was created by replacing mRuby sequence in
FC550A-empty vector (EVmRuby) with eBFP2. In some embodiments, the polynucleotide
sequence includes a sequence having at least 80% (e.g., at least 85%, 90%, 95%, 96%, 97%,
98%, or 99%) sequence identity to a sequence selected from SEQ ID NOs: 61-119.
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6.13. Methods of Transducing Cells

[0297] Methods of introducing nucleic acids and expression vectors into a cell (e.g., an
immortalized cell) are known in the art. Non-limiting examples of methods that can be used
to introduce a nucleic acid into a cell include lipofection, transfection, electroporation,
microinjection, calcium phosphate transfection, dendrimer-based transfection, cationic
polymer transfection, cell squeezing, sonoporation, optical transfection, impalefection,
hydrodynamic delivery, magnetofection, viral transduction (e.g., adenoviral, retroviral, and

lentiviral transduction), lipid nanoparticle (LNP) transfection, and nanoparticle transfection.
6.14. Kits

[0298] Also provided herein are kits comprising any of the cell lines, any of the cells
derived from the cell lines, any of the polynucleotides described herein (e.g., any of the
coding sequence of any one or more of the growth factor ligands described herein, any one or
more of the growth factor ligands described herein, any of the accessory protein described
herein, or a combination thereof). In some embodiments, the kit includes instructions for

performing any of the methods described herein.
6.15. Cells/Cell lines

[0299] Also provided herein are cell line(s) for cultured food production. In some
embodiments, the cell line(s) are capable of self-renewal. In some embodiments, the cell
line(s) are immortalized cell line(s). In some embodiments, the cell lines are then

differentiated to cell types of interest (e.g., myogenic cells).

[0300] Also provided herein are immortalized cells (e.g., any of the immortalized cells
described herein). In some embodiments, the immortalized cells are fibroblasts. In some
embodiments, the immortalized cells comprise any of the nucleic acids described herein that
encode any of the myogenic regulatory factors described herein. In some embodiments, an
immortalized cell is immortalized prior to performing the methods described herein. In some
embodiments, the methods provided herein include a step of immortalizing a cell. In some

embodiments, a cell is immortalized by transforming the cell with TERT.

[0301] Also provided herein are cells comprising any of the polynucleotides described
herein that include any of the growth factor ligands described herein, any of the growth factor
receptors described herein, any of the accessory proteins described herein, or a combination

thereof.
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[0302] Also provided herein are cells derived from the cell line(s). Non-limiting examples
of cells derived from the immortalized cells (e.g., using the methods described herein)
include myoblasts, myotubes, multinucleated myotubes, satellite cells, skeletal muscle fibers,

or any combination thereof.

[0303] In some embodiments, the cell line is from a livestock, poultry, game or aquatic
animal species. In some embodiments, the cell line or immortalized cell line are from a
chicken, duck, or turkey. In some embodiments, the cell line or immortalized cell line are
from a fish. In some embodiments, the cell line or immortalized cell line are from a livestock

species. In some embodiments, the livestock species is porcine or bovine.

[0304] In some embodiments, the cell line is selected from any metazoan species. In some
embodiments, the cell line is from any animal, such as vertebrate and invertebrate animal
species. In some embodiments, the cell line is from any vertebrate animal species such as
mammals, reptiles, birds, amphibians, and the like. In some embodiments, the cell line is
from any mammalian species such as a human, murine, bovine, porcine, poultry, and the like.
In some embodiments, the cell line is derived from a species selected from including without
limitation, Gallus gallus, Bos taurus, Sous scrofa, Meleagris gallopavo, Anas platyrynchos,
Salmo salar, Thunnus thynnus, Ovis aries, Coturnix coturnix, Copra aegagrus hircus, or

Homarus americanus.

[0305] In some embodiments, the cell line (e.g., a cell line that is ultimately immortalized)
is isolated from Gallus gallus (chicken). In some embodiments, the cell is isolated from
chicken skin. In some embodiments, the cell is isolated from chicken muscle. In some
embodiment, the cell is isolated from a chicken (e.g., chicken skin or chicken muscle) and
cultured until a monoculture of cells is established (e.g., a monoculture of fibroblasts

originating from the isolated chicken cells).

[0306] In some embodiments, the cell line (e.g., a cell line that is ultimately immortalized)
is selected from the group consisting of: a myoblast, an immortalized myoblast, an
immortalized primary myoblast, a muscle satellite cell, and a muscle stem cell. In some
embodiments, the immortalized cell is an immortalized myoblast or an immortalized primary

myoblast.

[0307] In some embodiments, the cell line (e.g., a cell line that is ultimately immortalized)

is a fibroblast. For example, the cell is an immortalized fibroblast.
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[0308] In some embodiments, skeletal muscle satellite cells are isolated from a chicken. In
adults these are quiescent mononucleated myogenic cells that act as a reserve population of
cells, able to proliferate and/or differentiate upon stimulation and give rise to regenerated

muscle and to more satellite cells.

[0309] In some embodiments, an immortalized cell is not a stem cell (e.g., a muscle stem
cell or a muscle satellite cell). In some embodiments, an immortalized cell is not a

pluripotent stem cell (e.g., an embryonic stem cell or an induced pluripotent stem cell).

[0310] Also provided herein are cell banks comprising immortalized cell lines (e.g.,

immortalized fibroblast cells lines) generated according to the methods described herein.
[0311] Also provided herein is cell-based meat suitable for consumption.

7. EXAMPLES

7.1. Summary of Experimental Observations.

[0312] Applicant evaluated cell lines harboring a polynucleotide comprising a coding
sequence of FGF2, IGF1, and/or PDGF for cell proliferation, impact on adherence, and
amount of FGF2, IGF1, PDGF secreted into the culture medium. Applicant evaluated
whether cells engineered to express and secrete FGF2, IGF1, and/or PDGF ligands could be
grown in serum-free media (serum is known to contain an assortment of growth factors) in
the absence of exogenous growth factors (i.e., media not supplemented with FGF2, IGF1,
and/or PDGF). Applicant further evaluated whether cells engineered to express FGF2, IGF1,
and/or PDGF receptors could be grown in serum-free media in the absence of exogenous
growth factors. Applicant additionally evaluated whether cells engineered with specific
promoters to drive expression of the exogenous polynucleotides or signaling peptides fused to
the FGF2, IGF1, and/or PDG ligands could be grown in serum-free media in the absence of
exogenous growth factors and increase growth factor secretion, respectively. Applicant
demonstrated that introducing the polynucleotide comprising a coding sequence of an FGF2,
1GF1, and/or PDGF ligand, receptor, or activated receptor into an immortalized cell line and
culturing the cell line in serum free media resulted in cell proliferation and packed cell
volumes similar to positive control cell lines grown in serum and/or in culture medium
supplemented with exogenous growth factors. As a negative control, cell lines grown
without being engineered to express an exogenous polynucleotide, without serum, and
without exogenous growth factors failed to proliferate over 72 hours and also exhibited

decreases in population doubling times. Additionally, Applicant found that specific
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promoters further improved cell line performance when introducing the polynucleotide
comprising a coding sequence of an FGF2, IGF1, and/or PDGF ligand, receptor, or activated
receptor into an immortalized cell line and culturing the cell line in serum free media without
any addition of exogenous growth factors. In addition, Applicant demonstrated that cell lines
harboring the polynucleotide comprising a coding sequence of an FGF2, IGF1, and/or PDGF
ligand secreted these growth factors into the serum-free media and this secretion was
increased further when a polynucleotide comprising a coding sequence for a signaling peptide
was combined with a polynucleotide comprising a coding sequence for growth factor to
provide a fusion protein coding sequence. Applicant has further found that species to species
and cell to cell variability impacts the efficacy of this approach and of these gene targets. For
instance, Applicant found that introduction of polynucleotides comprising coding sequences
for FGF2 ligands (of salmon, chicken, and bovine varieties) into bovine cell lines failed to
generate a growth factor independent cell line. Application further notes that, even within the
same species, cells of a different type often respond differently to any given growth factor

and may require different growth factor targets.

[0313] Applicant further tested the cell lines harboring a polynucleotide comprising a
coding sequence of FGF2 for impact on anchorage-dependent growth. Applicant
demonstrated that introducing the polynucleotide comprising a coding sequence of FGF2 into
an immortalized cell line resulted in an increase in the number of non-adherent cells capable

of anchorage-independent growth.

[0314] Applicant also evaluated cell lines harboring a polynucleotide comprising a coding
sequence of IGF1 for cell proliferation rate (e.g., viable cell density (VCD)) and packed cell
volumes (PCV), where PCV is used as a proxy for cell biomass. In particular, Applicant
demonstrated that introducing the polynucleotide comprising a coding sequence of IGF1 into
an immortalized cell line and culturing the cell line in serum-free media in the absence of
exogenous IGF1 resulted in increased viable cell densities as compared to the controls.
Applicant also showed the cells engineered to express IGF1 had greater PCVs as compared to

controls.

[0315] Applicant also evaluated cell lines harboring a polynucleotide comprising a coding
sequence of IGF1 and a polynucleotide encoding an FGF2 for cell proliferation rate (e.g.,
viable cell density (VCD)) and packed cell volumes (PCV), where PCV is used as a proxy for
cell biomass. Applicant demonstrated that introducing the polynucleotide comprising a

coding sequence of IGF1 and a polynucleotide sequence encoding an FGF2 into an
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immortalized cell line and culturing the cell line in serum-free media in the absence of

growth factors resulted in increased viable cell densities and PCVs as compared to controls.

[0316] Applicant also evaluated cell lines harboring a polynucleotide comprising a coding
sequence of IGF1 and a polynucleotide encoding an FGF2 receptor for cell proliferation rate
(e.g., viable cell density (VCD)) and packed cell volumes (PCV. Applicant demonstrated
that introducing the polynucleotide comprising a coding sequence of IGF1 and a
polynucleotide sequence encoding an FGF2 receptor into a cell line and culturing the cell line
in serum-free media in the absence of growth factors resulted in increased viable cell

densities and PCVs as compared to controls.

[0317] Lastly, Applicant also evaluated cell lines harboring a polynucleotide comprising a
coding sequence of PDGF or a polynucleotide encoding an PDGF receptor for cell
proliferation rate (e.g., viable cell density (VCD)) and packed cell volumes (PCV. Applicant
demonstrated that introducing the polynucleotide comprising a coding sequence of PDGF or
a polynucleotide sequence encoding an PDGF receptor into a cell line and culturing the cell
line in serum-free media in the absence of growth factors resulted in increased viable cell

densities and PCVs as compared to controls.

[0318] Overall, this work demonstrated the ability to engineer cells to have reduced
dependence on exogenous growth factors without compromising the cell’s ability to
proliferate or differentiate into myogenic cells. In particular, this work demonstrated that
engineering cells to express growth factor ligands and/or growth factor receptors results in
engineered cells that (i) maintain cell proliferation rates similar to positive controls, (ii) have
an increase in the number of non-adherent cells (i.e., cells that exhibit anchorage-independent
growth) as compared to controls, and (iii) have an increase in packed cell volumes as
compared to both positive and negative controls, all while cells are grown in the absence of
one or more exogenous growth factors. These findings are important because manufacturing
cells suitable for consumption requires vast amounts of exogenous growth factor ligands in
order to sufficiently expand the cells and adapt them to the appropriate culture formats (e.g.,
suspension culture). The engineered cells provided herein supply their own source of growth
factor signaling—thereby bypassing or at least reducing the need to supplement the cultures
with exogenous growth factors. Moreover, by promoting anchorage independent growth,
which is currently essential for manufacturing cell based meats suitable for consumption, the
engineered cell lines provided herein increase the efficiency by which cell based meats

suitable for consumption can be produced.
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7.2. Methods
7.2.1. Cell Line Production.

[0319] In order to generate cell lines with integrated polynucleotides, a PhiC31 Integrase
Expression Plasmid system was used (System Biosciences). Briefly, coding sequences of
genes of interest (e.g., coding sequence of FGF2 or coding sequence of IGF1) were cloned
into a PhiC31 dual promoter expression plasmid (System Biosciences, Cat No. FC550A-1).
Cell lines were transfected with the plasmid containing the coding sequences of the gene(s) of
interest (e.g., FGF2 or IGF1) and a plasmid containing an integrase (PhiC31 integrase,

System Biosciences, Cat No. FC200PA-1) to integrate the coding sequences into the genome.
In some cases, the Phi31 plasmids also included a red fluorescent protein as a reporter. Cell
lines with integrated plasmids were selected using puromycin and assessed for transgene
expression and/or fluorescent marker expression. Cell lines exhibiting stable expression were

selected for further analysis.
7.2.2. Assessment of Secreted FGF2 or secreted IGF1

[0320] Engineered cells were serum starved and plated into serum free media (no FGF2)
for 72 hours. FGF2 ELISA (DFB50 (R&D Biosystems Quantikine Human FGF basic

Immunoassay kit) was used to determine the concentration of FGF2 in the supernatant.

[0321] Engineered cells were serum starved and plated into serum free media (no IGF1)
for 72 hours. IGF1 ELISA ((R&D Biosystems) was used to determine the concentration of

IGF1 in the supernatant.
7.2.3. Assessment of Cell Proliferation

[0322] A colorimetric assay (WST-1 based) was used to assess cell proliferation (Roche,
Cat. No. 05015 944 001). WST-1 assay used to measure cell proliferation based on the
cleavage of tetrazolium salt (WST-1) to formazan by cellular mitochondrial dehydrogenases.
Through a colorimetric measurement, the proliferation fold change can be calculated and
utilized to determine which cell lines grew significantly more than the negative control,
FC550A (grown in serum free media). Cells were serum starved and plated in adherent

plates with serum free media. WST-1 measured after 48 hours in culture.
7.2.4. Assessment of Myogenicity

[0323] Using qRT-PCR (real-time quantitative reverse transcription). Messenger RNA

(mRNA) is isolated from cells to examine gene expression with probes specifically designed
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to amplify select target genes to characterize cell lines. Identical quantity of mRNA is
reverse transcribed to generate cDNA. Each ¢cDNA is submitted to quantitative PCR (qPCR)
to assess the expression of myogenic factors relative to a housekeeping gene. Expression of
MyoD, MyoG, and/or MyHC le indicate myogenic cells. Additionally, high levels of

MyHCle are indicative of cells that can mature to form myotubes.

[0324] Using immunohistochemistry. Cells are seeded in a 96-well plate at a low density
(5000 — 10,000 cells/cm2) to allow cells to grow in the presence or absence of different small
molecule combinations. After 2 days of media exposure, cells are fixed with 4%
paraformaldehyde (PFA) and washed. Cells are permeabilized with 0.05% PBS-T (triton-x),
blocked with normal goat serum (Millipore Sigma) and are incubated with antibodies, and
subsequently with secondary antibodies.

7.3. Example 1: Promoter screen identified hEF1a as potent promoter for
driving expression of growth factor ligand

[0325] This experiment was designed to evaluate promoters for their ability to drive

expression of the growth factor ligands (and growth factor receptors).

[0326] For these experiments, vectors having bi-directional promoters were used (see, e.g.,
FIG. 3A and 3B) to assess each promoter’s ability to drive expression of FGF2. In
particular, the constructs included hEF 1alpha and mPGK promoter sequences and a coding
sequence of FGF2 or a luciferase reporter gene downstream of the promoter sequences. The
vectors shown in FIG. 3A and FIG. 3B were transfected into chicken fibroblast cells.
Promoter strength (i.e., the promoter’s ability to drive expression of a luciferase reporter
gene) was assessed by measuring relative light unit (RLU) fold change relative to mPGK-
NLucP control (see FIG. 4). Promoter strength for driving expression of FGF2 was

measured by determining the FGF2 concentration in the supernatant after 72 hours in culture.

[0327]  Surprisingly, as shown in FIG. 4, the hEF l1alpha promoter produced statistically
significantly greater levels of luciferase reporter gene expression. In particular, the
hEF1alpha promoter produced 43.9x higher expression of the luciferase reporter gene than
the mPGK promoter. Statistically significant differences between the means were determined

by a t-test with P-values indicated with asterisks. N=5. ** p <0.01.

[0328] As shown in FIG. 5, the hEF lalpha promoter resulted in a mean of 64.8 pg/mL of
FGF2 in the supernatant following 72 hours in culture compared to 0 pg/mL of FGF2 in the

supernatant when expression of FGF2 was linked to the mPGK promoter.
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[0329] This data showed that the hEFlalpha promoter resulted in greater than 60-fold
increase in expression compared to the mPGK promoter. For at least these reasons, the
hEF1lalpha promoter was selected for use in the following experiments.

7.4. Example 2: Cells engineered to express FGF2 secrete FGF2 into culture
media

[0330] This experiment was designed to assess performance of different FGF2 variants by
measuring FGF2 concentration in the culture media 72 hours post transduction. For these
experiments, chicken 1312 cells were transfected, selected using a cell sorter, and expanded

prior to assessing FGF2 concentration in the cell culture media.

[0331] In particular, chicken 1312 cells seeded in a 6-well plate were transfected using
Lipofectamine 3000 using a 1:1 ratio of diluted Lipofectamine 3000 mixture (e.g., 125 pL.
Opti-Mem and 3.75 pL Lipofectamine) to diluted DNA plasmid mixture (e.g., 125 pL Opti-
Mem + 5 pLL of P3000 reagent + 2.5 pg of DNA plasmid). After 48-72 hours, cells were

assessed for expression levels using microscopy and flow cytometry (data not shown).

[0332] A cell sorter was used to sort the mRuby™ cells, which served as a proxy for FGF2
expressing cells. Gates for sorting mRuby™ cells were set up using Naive transfection (no

transfection control) (data not shown).

[0333] Following sorting, cells were grown in a tissue culture treated 12 well plates. When
cells reach 80-90% confluence, the cells were trypsinized and passaged. Cells were

maintained in maintenance media (DMEM/F12 and 10% FBS and 1-2% chicken serum).

[0334] After the cells recovered from cell sorting, the cells were re-adapted to suspension
culture and grown in 50mL TPP tubes or shake flasks. Cells were seeded at a density of 0.25
1E6 cells/mL and passaged every 3 days. Serum free and ACF media formulation

(100ng/mL FGF2 and 10ng/mL IGF1) was added to the cultures for continuous growth.

[0335] To assess FGF2 concentration in the culture media, an ELISA (enzyme-linked
immunoassay) was used. In particular, chicken 1312 cells transduced and sorted according to
the above methods were plated in 48-well plates in replicate (N=2) at 60,000 cells/well in
400ulL Serum Free media supplemented with Sug/mL Fibronectin. Cells were left to grow at
39°C for about 72 hours. Supematant was removed, spun at 300rcf for 5 minutes and moved
to a clean Eppendorf tube. 100uL of each supernatant was assessed for each well — biological
replicates were expanded to technical duplicates resulting in a final N=4 per condition. The
results of the FGF2 ELISA are shown in FIG. 6.
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[0336] Applicant also assessed whether secretion signal peptides (SSPs) could be used to
enhance secretion of FGF2. Wild type FGF2 is secreted by a non-conventional secretion
mechanism, which does not rely on SSPs. Therefore, Applicant hypothesized that using a
SSP fused to the N-terminus of FGF-2 would enhance FGF2 secretion by using conventional

secretion pathways (e.g., through the endoplasmic reticulum and golgi apparatus).

[0337] Asshown in FIG. 6, cells engineered to express FGF2 wild type (FGF2-wt) or
engineered to express FGF2 with an N-terminal secretion signal peptide (cohIL2col-FGF2
and BM40-FGF2) secreted statistically significantly levels of FGF2 into the media after 72
hours. Statistically significant differences between the means were determined by an
ANOVA one-way test with Dunnett’s exclusion (post hoc) with P-values indicated with
asterisks. * p <0.05; ** p <0.001; *** p <0.0005; **** p <0.0001; and ns = not significant.

[0338] To assess proliferation of the chicken 1312 cells following transduction and sorting
(according to the above methods), a WST-1 assay was used. The WST-1 assay used to
measure cell proliferation based on the cleavage of tetrazolium salt (WST-1) to formazan by
cellular mitochondrial dehydrogenases. Through a colorimetric measurement, the
proliferation fold change can be calculated and utilized to determine which cell lines grew
significantly more than the negative control, FC550A (grown in serum free media). Cells
were serum starved and plated in adherent plates with serum free media. WST-1 measured

after 48 hours in culture.

[0339] In particular, transfected and sorted chicken 1312 cells were plated in triplicate in
96-well plates in seeding media comprising Serum Free Media (no FGF2). As controls,
transfected and sorted chicken 1312 cells were also plated in serum containing media and
serum free media having 100ng/mL FGF2 (i.e., supplemental FGF2). Cells were grown for
48 hours in a stationary incubator at 39°C. N=3 additional wells with a media only were set
up as negative controls. Following the 48-hour incubation, 10uL/well of WST-1 substrate
(Roche scientific) was added to each well. Plates were incubated in a stationary incubator for
3 hours. Following incubation, plates were placed on a shaker to ensure mixing for 1 minute.
Plates were read on a Cytation Image to determine absorbance (colorimetric output) at 450nm

(630nm for wavelength correction).

[0340] As shown in FIG. 7, ggll.2-FGF2, containing a chicken IL2 secretion signal, had
the highest fold change in proliferation compared to FCS50A empty vector control (1.42).
Statistically significant increases in proliferation were observed for FGF2-WT, Gluc-FGF2,
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ggll.2-FGF2, hIL2-FGF2, hIL2¢co1-FGF2, and hIL6-FGF2. Controls grown in serum
containing media resulted in the highest fold change (positive control). Statistically
significant differences between the means were determined by an ANOVA one-way test with
Dunnett’s exclusion (post hoc) with P-values indicated with asterisks. * p <0.0S; ** p <0.001;

**¥ p <0.0005; **** p <0.0001; and ns = not significant.

[0341] Taken together, this data showed that cell lines engineered to express FGF2 result
in robust production of FGF2, as measured by the concentration of FGF2 in the culture media
(FIG. 6). Additionally, the data showed that cell lines engineered to express FGF2 can be
grown in serum-free media without the need for supplementing the media with exogenous
sources of FGF2 (FIG. 7).

7.5.  Example 3: Cells engineered to express FGF2 exhibit significantly
improved cell density

[0342] This experiment was designed to assess the impact of each FGF2 variant on cell

density in adherent, serum-free cultures.

[0343] In particular, chicken cells transduced and sorted according to the methods
described in Example 2 were plated in 48-well plates in replicates (N=2 wells) at 75,000
cells/well in 400uL serum-free media supplemented with Sug/mL fibronectin. Additional
controls included: cell lines not transfected and cell lines transfected with an FC550A empty
vector; where the control cell lines were grown in serum-free media supplemented with

100ng/mL FGF2.

[0344] Cells were serum-starved and left to grow at 39°C for about 72 hours and Biospa
imaging was performed every 12 hours to count cells. Cells were then harvested at the end of

the experiment and final cell counts were analyzed using a ViCell BLU cell counter.

[0345] FIG. 8 shows representative images taken at 12 hours after initial seeding of
control (FC550A) and FGF2-WT cells plated in serum free media with no exogenous FGF2.
FI1G. 9 shows representative images taken at 48 hours after initial seeding of control

(FC550A) and FGF2-WT cells plated in serum free media with no exogenous FGF2.

[0346] As shown in FIG. 9, after 48 hours, multiple cell lines engineered to express FGF2
developed a secondary cell population that was not attached to the plate (identified by the
Arrow in FIG. 9) while the FC550A empty vector control consisted only of cells that were

adherent.
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[0347] At the end of the 72-hour period, the cells were harvested and viable cell densities
were calculated for each condition. As shown in FIG. 10, FGF2-WT transfected cells grew
significantly better than the negative controls and similar to positive controls grown in serum
free media with 100ng/mL FGF2. Many FGF-expressing lines were able to grow
significantly better than the FC550A empty vector control (Blue bar). Interestingly, all FGF-
STAB expressing cell lines were not significant. Statistically significant differences between
the means were determined by an ANOV A one-way test with Dunnett’s exclusion (post hoc)
with P-values indicated with asterisks. * p <0.05; ** p <0.001; *** p <0.0005; **** p <

0.0001; and ns = not significant.

[0348] This data showed that cell lines engineered to express FGF2 result in cell densities
comparable to positive controls, indicating that these cell lines are suitable sources for

generating cell-based meat.
7.5.1. Further Assessment of impact on cell density

[0349] In another experiment, to test impact on cell density, naive cells (none transfected
controls) and cells engineered to express FGF2-WT or FGF2-WT with a secretion tag (e.g., a
secretion tag selected from Secrecon, human IGN2A, human 1.2, human I.2 variation 1,
human IL2 variation 2, human IL6, BM40) were adapted into suspension format and seeded
into a 4 passage proliferation study. Cells were grown in serum free, ACF media for 4
passages on a 2 day passaging cadence (seeding density ~400K/mL) as biological replicates.
(N=2). Serum free, ACF media contained 10 ng/mL IGF1 and 0 ng/mL FGF2. VCDs
measurements were taken on Day 0 and Day 2 for each passage to determine doubling times
and maximum VCDs. Naive and FGF-STAB variants were used as controls. As shown in
FIG. 11, after 4 passages, each of the FGF2 variants tested showed statistically significant
increases in VCD as compared to the controls. This data established that engineered cells
(FGF2 and FGF2 with a secretion tag) were able to grow in suspension without media-
supplemented with FGF2. Notably, cells engineered to express thermostable FGF-STAB
sequences and naive cells did not proliferate. FIG. 11 shows Viable Cell Density (VCD) of
day 2, passage 4. One way ANOVA was performed with significance indicated as

P<0.0001(****) and P<0.001 (**) compared to naive control.
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7.6.  Example 4: Cells engineered to express FGF2 variants enabled cell
proliferation without media-supplemented FGF2

[0350] Chicken cells were engineered to express chicken FGF2, bovine FGF2, salmon
FGF2, heat stable variants of FGF2 (e.g., FGF2-Q681-N114G and FGF2-Q681-C99S-
N114G), FGF2 having a secretion tag (e.g., ggll.2-FGF2 and hIL2-col-ggFGF2(xMet)),
FGF2 variants that preserve amino acids for non-canonical secretion (FGF2-C77-Y81), and
FGF2-STAB variants (STAB-C77Y81, ¢96-STAB-Gen2-ggFGF2, STAB-Gen3-ggFGF2,
and c96-STAB-Gen3-ggFGF2). Controls include cells transduced with an empty vector (EV)

and untransfected controls (Naive).

[0351] In afirst set of experiments, cells engineered to express FGF2 and FGF2 variants
described above were assessed for their ability to proliferate and enable biomass production

in media not supplemented with FGF2.

[0352] For assessment of impact on proliferation, naive and engineered cells were grown
in suspension in ACF media (10ug/L IGF1) for 4 passages on a 2 day passaging cadence
(initial seeding density 0.5Mcells/mL) as biological replicates (N=2). Positive controls
included naive and empty vector (EV) engineer cells grown with media supplemented FGF2.
Statistics: One way ANOVA was performed to compare test groups against empty vector
(EV) grown in FGF2-containing media (100pug/L): not significant (n.s.), p<0.05 (¥),
p<0.001(**), p<0.0001(***), and p<0.0001 (***%),

[0353] FIG. 12 shows viable cell density data shown for cultures on day 2 of passage 4.
This data showed that thermostable FGF2 sequence variations based on computationally
designed STAB sequence were unable to promote cell growth in FGF2-free media (FIG. 14).

In contrast, each of the other variants of FGF2 resulted in VCDs similar to the controls.

[0354] For assessment of impact on biomass production, naive and engineered cells were
grown in suspension for 5 passages on a 2 day passaging cadence in media containing IGF1
(10pg/L). Seeding density at each passage was 0.5M cells/mL; N=2. Naive and empty vector
negative controls grown without media-supplemented FGF2 and did not survive to passage 5
(data not shown). On Day 2 of passage 5, packed cell volume (PCV) was taken by spinning
500uL of culture at 1000xg for S minutes and collecting a PCV reading. The PCV reading
can be converted to percent PCV by the following formula: % PCV = (PCV reading/sample
volume)*100. Statistics: One way ANOVA was performed to compare test groups against

empty vector (EV) grown in FGF2-containing media (100ug/L): Not significant (n.s.),
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p<0.05 (*), p<0.001(**), p<0.0001(***)p<0.0001 (****). Biomass production data (i.e.,

percent packed cell volumes) is shown in FIG. 13.

[0355] FIG. 13 shows percent packed cell volume for cultures on day 2 of passage 5.

FIG. 13 shows that media supplemented with FGF2 was not required for the eight engineered
cell lines to achieve packed cell volumes similar to the controls. The lower PCV’s observed
for chicken, bovine, and salmon FGF2 cell lines may be attributed to variations in the

polyclonal population.

[0356] The engineered cells lines were assessed for their ability to secrete FGF2. An
ELISA was performed on spent media (supernatants) from cell lines grown in suspension
media (10pg/L IGF1) with/without media supplemented FGF2 (100ug/L); biological
replicates N=2. Positive controls included spent media from naive and empty vector (EV)
cells grown in FGF2 supplemented media. Negative controls included base media (Media)
and spent media from naive cells grown in media not supplemented with FGF2. On Day 2 of
Passage 5, cells were spun at 300xg for 5 minutes and the supernatant was removed for use in
FGF2-ELISA kit to evaluate the concentration of FGF2 in the supernatant. For each
condition, biological replicates (N=2) and technical replicates (N=4) were analyzed. FIG. 14
shows FGF2 concentration (pg/mL) in supernatants collected from the controls and the

engineered cells.

[0357] Overall, this data showed that cells engineered to express FGF2 or variants of FGF2
could be grown in the absence of FGF2, exhibit robust growth as compared to controls,
thereby showing that the engineered cells can be grown in culture media not supplemented
with FGF2. Therefore, these cells lines are ideal for use in cell based meat products suitable
for consumption because they can endure the requisite culture conditions (i.e., extensive
passaging) needed to make these products all while reducing the costs associated with using

the vast amounts of exogenous growth factors traditionally needed to make these products.

7.7.  Example S: Cell lines engineered to express FGF receptor variants
proliferate without media supplemented FGF2.

[0358] Chicken cells were engineered to express FGF receptors, including FGF1 receptors,
FGF2 receptors, FGF3 receptors, and FGF4 receptors. FGF1 receptors included: FGFR1C,
FGFR1C-N546K, FGFR1C-V561M, and myrist-FGFR1C-K656E. FGF2 receptors included:
FGFR2, FGFR2-N550K, FGFR2-K660E, and FGFR2-3xMuts. FGF3 receptors included:

70



WO 2023/240152 PCT/US2023/068084

FGFR3, FGFR3-N540K, FGFR3-K560E, FGFR3-N540K-K560E, and myrist-FGF3R-
K560E. FGF4 receptors included: FGF4R, FGF4R-Y367C, and FGF4R-Y367C-K654E.

[0359] For assessment of impact the FGF receptors on proliferation, cells were grown over
4 passages in suspension culture with ACF media containing IGF1 (10ug/L) and with/without
FGF2 (100ug/L) on a 2 day passaging cadence (seeding density 0.5Mcells/mL) as biological
replicates (N=2). Viable Cell Density (VCD) was taken on day 2 of passage 4 of culture (see
FIG. 15). One way ANOVA was performed to compare test groups against empty Vector
(EV) grown in FGF2-containing media (100ug/L), Not significant (n.s.), p<0.05 (¥),
p<0.001(**), p<0.0001(***), and p<0.0001 (****),

[0360] As shown in FIG. 15, three cell lines including myrist-FGFR1C-K656E, FGFR2
(wild type), myrist-FGFR3-K560E achieved higher viable cell densities in FGF2-free media
than positive controls grown with FGF2. Multiple conditions archived growth comparable to
Positive Controls including FGFR1C-N546K, FGFR1C-V561M, FGFR3-N540K, FGFR2-
K650E, and FGFR3-N540K-K560E.

[0361] For assessment of impact of the FGF receptors on biomass production, cells were
grown in suspension for 5 passages on a 2 day passaging cadence in media containing IGF1
(10ug/L). Seeding density at each passage was 0.5M cells/mL; N=2. Naive and empty vector
negative controls grown without media-supplemented with FGF2 did not survive to passage 5
(data not shown). On Day 2 of passage 5, packed cell volume (PCV) was taken by spinning
500uL of culture at 1000xg for 5 minutes and collecting a PCV reading. The PCV reading
can be converted to percent PCV by the following formula: % PCV = (PCV reading/sample
volume)*100. One way ANOVA was performed to compare test groups against empty
Vector (EV) grown in FGF2-containing media (100ug/L), Not significant (n.s.), p<0.05 (*),
p<0.001(**), p<0.0001(***), and p<0.0001 (****),

[0362] As shown in FIG. 16, shows that media supplemented with FGF2 was not required

for the eight engineered cell lines to achieve packed cell volumes similar to the controls.

[0363] The engineered cells lines were assessed for their ability to secrete FGF2. An
ELISA was performed on spent media (supernatants) from cell lines grown in suspension
media (10pg/L IGF1) with/without media supplemented FGF2 (100ug/L); biological
replicates N=2. Positive controls included spent media from naive and empty vector (EV)
cells grown in FGF2 supplemented media. Negative controls included base media (Media)

and spent media from naive cells grown in media not supplemented with FGF2. On Day 2 of
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Passage 5, cells were spun at 300xg for 5 minutes and the supernatant was removed for use in
FGF2-ELISA kit to evaluate the concentration of FGF2 in the supematant. For each
condition, biological replicates (N=2) and technical replicates (N=4) were analyzed. FIG. 17
shows FGF2 concentration (pg/mL) in supernatants collected from the controls and the

engineered cells.

[0364] Overall, this data showed that cells engineered to express FGF1 receptor, FGF2
receptors, FGF3 receptors, or FGFR4 receptors (or variants thereof) could be grown in the
absence of FGF2, exhibit robust growth as compared to controls, thereby showing that the
engineered cells can be grown in culture media not supplemented with FGF2. Therefore,
these cells lines are ideal for use in cell-based meat products and cell-based food products
suitable for consumption because they can endure the requisite culture conditions (i.e.,
extensive passaging) needed to make these products all while reducing the costs associated
with using the vast amounts of exogenous growth factors traditionally needed to make these

products.
7.8.  Summary of Examples 2-5

[0365] Overall, this data suggests that cell lines engineered to express FGF2-WT, or cells
engineered to express FGF2-WT with various secretion signals, and grown in the absence of
FGF2, exhibit robust growth as compared to controls, thereby showing that the engineered
cells can be grown in culture media not supplemented with FGF2. Therefore, these cells
lines are ideal for use in cell-based meat products and cell-based food products suitable for
consumption because they can endure the requisite culture conditions (i.e., extensive
passaging) needed to make these products all while reducing the costs associated with using
the vast amounts of exogenous growth factors traditionally needed to make these products.
7.9. Example 6: Cells engineered to express IGF1 and IGF1 receptors (or

variants thereof) significantly improve cell density and packed cell
volumes

[0366] [498] This example was designed to assess how expression of exogenous
IGF1 impacted cell density and packed cell volume. This experiment was also designed to
assess how cells characterized as IGF1'°" or IGF1#" contributed to cell density and packed

cell volume.
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7.9.1. Assessment of IGF1 and IGF1 receptor variants

[0367] In a first set of experiments, Chicken cells were engineered to express IGF1 WT
(SEQ ID NO: 16), IGF1-trunc., IGFIR, or IGF1R-R1353H. These cells were grown in
suspension with ACF media (100ug/L FGF2) without media supplemented IGF1. Cells were
seeded at 0.5E6 cells/mL (N=2) and passaged every 2 days over 4 passages. Viable cell
density (FIG. 18) and packed cell volume (PCV (FIG. 19) were assessed to help determine

how the engineered cells performed compared to controls.

[0368] Viable Cell Density (VCD) of day 2, passage 4 is provided in FIG. 18. One way
ANOVA performed compared to IGF1 expressing cell line grown in IGF 1-free media, Not
significant (n.s.), p<0.05 (*), p<0.001(**), p<0.0001(***), and p<0.0001 (****)_ As shown
in FIG. 18, expression of IGF1 receptor variations or truncated IGF1 was not able to boost
cell growth in IGF 1-free media. In contrast, cells engineered to express wild type IGF-1

produced VCD similar to the controls (FIG. 18).

[0369] Packed cell volume (PCV) of day 2, passage 3 is provided in FIG. 19. PCV
determined by spinning 500uL of culture at 1000xg for 5 minutes and collecting a PCV
reading. The PCV reading was converted to percent PCV by the following formula: % PCV =
(PCV reading/sample volume)*100. One way ANOVA performed compared to IGF1
expressing cell line grown in IGF1-free media, Not significant (n.s.), p<0.05 (*),
p<0.001(**), p<0.0001(***), and p<0.0001 (****). As shown in FIG. 19, expression of
IGF1 receptor variations or truncated IGF1 was not able to boost cell growth in IGF1-free
media. In contrast, cells engineered to express wild type IGF-1 produced PCV similar to the

controls (FIG. 19).

[0370] This data showed that chicken cells engineered to express IGF1 yield produced the
most favorable cell density and packed cell volume among the conditions tested. Chicken

cells engineered to express IGF1 were selected for additional analysis.
7.9.2. Assessment of IGF1'" and IGF1"! cells

[0371] In another set of experiments, chicken cells were engineered to express either an
FC550A empty vector (“EV”) control or a Phi31 vector containing an IGF1 wild type (IGF1-
WT) sequence (SEQ ID NO: 16). Transduced cells were sorted into “low” expressing cells
and “high” expressing cells based on RFP expression. RFP expression served as a proxy for
IGF1 expression. “Low-expression” cells and “high-expression” cells were separately plated

in suspension format in TPP tubes. Controls included: cell lines not transfected (“Naive”)
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and the EV control; where the control cell lines were grown in serum-free media

supplemented with and without IGF1.

[0372] FIGs. 20A-20B shows growth curves over 3 passages for cell lines grown in ACF
media supplemented with Oug/L or 10ug/L IGF1. Here, cells were seeded at 0.5E6 cells/mL
and passaged on a 2-day cadence. Cell counts were taken daily using ViCell BLU. Each

condition was grown as a biological replicate (N=2).

[0373] As shown in FIG. 20A, cells engineered to expressed low levels of IGF1 (IGF1™°%)
grown in 0 pg/L IGF1 had robust growth curves as compared to controls (i.e., Naive and EV)
not grown in the presence of IGF1. In fact, the cells engineered to express IGF1 (IGF1M°%)
had growth curves similar to the controls (i.e., Naive and EV) grown in 10 ug/L IGF1 (see
FIG. 20A). This data suggests that IGF 1" cells are able to produce enough of IGF1 such

that supplementing the culture media with IGF1 is not required.

[0374] FIG. 20B show cells engineered to expressed high levels of IGF1 (IGF1%€%) grown
in 0 ug/L IGF1 had robust growth curves as compared to controls (i.e., Naive and EV) not

grown in the presence of IGF1. Similar to the IGF1%Y
high levels of IGF1 (IGF1"") had growth curves similar to the controls (i.e., Naive and EV)

grown in 10 ug/L IGF1 (see FIG. 20B). This data suggests that IGF 118! cells are able to

cells, the cells engineered to express

produce enough of IGF1 such that supplementing the culture media with IGF1 is not

necessary.

[0375] The IGF1'°¥ and IGF1%" cultures were assessed for their ability to secrete IGF 1
into the culture medium. For these experiments, an ELISA was performed on spent media
(supernatants) from cell lines grown in ACF media (100ug/L FGF2) with/without media
supplemented IGF1 (10ug/L). Positive controls included spent media from Naive cells,
empty vector (EV) cells grown in IGF1 supplemented media, and EV cells grown in base
media (100ug/LL FGF2). Negative controls included base media (Media) and spent media
from naive cells grown without IGF1. On Day 2 of Passage 3, cells were spun at 300xg for 5
minutes and the supernatant was removed for use in IGF1-ELISA kit to evaluate the
concentration of IGF1 in the supernatant. For each condition, biological replicates (N=2) and
technical replicates (N=4) were analyzed. One way ANOVA was performed to compare to
IGF1 expressing cell lines to empty vector (EV) controls: not significant (n.s.), p<0.05 (*¥),
p<0.001(**), p<0.0001(***)p<0.0001 (**%*).
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[0376] FIG. 21A shows IGF1 ELISA data for IGF1°" cells. Supernatants from IGF1°%
cells had 12.93 pg/L of IGF1 when grown in media not supplemented with IGF1 and 20.58
pg/L of IGF1 when grown in media supplemented with IGF1 (see FIG. 21A). FIG. 21B
shows IGF1 ELISA data for IGF1"&" cells. Supernatants from IGF1"e" cells had 35.27 ug/L
of IGF1 when grown in media not supplemented with IGF1 and 45.32 nug/L of IGF1 when
grown in media supplemented with IGF1 (see FIG. 21B). Overall, this data showed robust
IGF1 secretion into the culture media by the engineered cells, and the results were as

expected with IGF1'°" secreting lower amounts of IGF1 than IFG1%e,

[0377] IGF1¥ cells were assessed for population doubling time (FIG. 22), viable cell
density (FIG. 23A) and packed cell volume (FIG. 23C). IGF 12" cells were assessed for
viable cell density (FIG. 23B) and packed cell volume (FIG. 23D).

[0378] FIG. 22 shows doubling time (hours) for chicken cells engineered to express IGF1
(IGF1'") grown in media supplement without (“~*) and with (“+”) IGF1. Cells were grown
with or without 10pg/L IGF1 in ACF media (100ug/L FGF2) over 3 passages. Cells seeded at
0.5E6 cells/mL and passaged on a 2-day cadence (N=2). Doubling time was calculated by
applying exponential growth equation Y=Y 0*exp(k*x) to proliferation profiles obtained on
the third passage. Where YO is the starting population, k is the rate constant, and Doubling
Time (hr) is the time need for the population to double, calculated as In(2)/k. Where YO is the
starting population, k is the rate constant, and Doubling Time (hr) is the time need for the
population to double, calculated as In(2)/k. One way ANOVA was performed: not significant
(n.s.), p<0.05 (*), p<0.001(**), p<0.0001(***), and p<0.0001 (****). As shown in FIG. 22,
the addition of media-supplemented IGF1 to IGF1-°" culture did not impact cell doubling

time.

[0379] Further analysis of the suspension cultures at day 2 during the third passage
revealed that both IGF1°¥ cells (FIG. 23A) and IGF 112! cells (FIG. 23B) had statistically
significant differences in viable cell densities (VCD) as compared to the controls. In
particular, IGF1%°% cells had statistically significant greater VCDs as compared to controls
(i.e., Naive and EV) grown in either 0 pg/L IGF1 or 10 pg/L IGF1 (see FIG. 23A).
Similarly, IGF1Hib cells had statistically significant greater VCDs as compared to both
controls (i.e., Naive and EV) grown in O ug/L. IGF1 but was only statistically significant as
compared to the EV control when controls were grown in 10 pg/L IGF1 (see FIG. 23B).

Statistically significant differences between the means were determined by an ANOVA one-
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way test with Dunnett’s exclusion with P-values indicated with asterisks. * p <0.05; ** p

<0.001; *** p <0.0005; **** p <0.0001; and ns = not significant.

[0380] Applicant then looked at Pack Cell Volumes (PCV), which is a proxy for cell
biomass. PCV analysis for the suspension cultures at day 3 during the third passage revealed
that both IGF1'°" cells (FIG. 23C) and IGF1"#" cells (FIG. 23D) had statistically significant
differences in PCV as compared to the controls. To measure PCV, 500uL of culture volume
was collected in a small PCV tube and centrifuged at 1000xg for 5 minutes. Each condition

was measured in duplicate (biological replicates with technical replicates N=4).

[0381] As shown in FIG. 23C, IGF1°¥ cells had statistically significant greater PCVs as
compared to controls (i.e., Naive and EV) grown in either O ng/L IGF1 or 10 pg/L IGF1.

IGF 11! cells had statistically significant greater PCVs as compared to both controls (i.e.,
Naive and EV) grown in 0 ug/L IGF1 but was only statistically significant as compared to the
EV control when controls were grown in 10 pg/L IGF1 (see FIG. 23D). Statistically
significant differences between the means were determined by an ANOVA one-way test with
Dunnett’s exclusion with P-values indicated with asterisks. * p <0.05; ** p <0.001; *** p

<0.0005; **** p < 0.0001; and ns = not significant.

[0382] Overall, FIGS. 23C-23D show that cells engineered to express IGF1 (e.g., IGF 1"
and IGF11Y) actually outperformed (i.e., enable greater PCV) cells grown in the presence of
IGF1. AsPCV is a proxy for cell biomass, this data suggest that the engineered cells are
ideal for use in cell-based meat products and cell-based food products suitable for
consumption because they produce the amounts of cell biomass needed for these products
and can do so in the absence of exogenous IGF1.

7.9.3. Assessment of impact of media supplemented IGF1 on IGF1'*"
cultures

[0383] FIG. 26 shows doubling time (hours) for chicken cells engineered to express IGF-1
(IGF1'°%) grown in media supplement without (“-) and with (“+) IGF1. Cells were grown
with or without 10pg/L IGF1 in ACF media (100ug/L FGF2) over 3 passages. Cells seeded at
0.5E6 cells/mL and passaged on a 2-day cadence (N=2). Doubling time was calculated by
applying exponential growth equation Y=Y0*exp(k*x) to proliferation profiles obtained on
the third passage. Where YO is the starting population, k is the rate constant, and Doubling
Time (hr) is the time need for the population to double, calculated as In(2)/k. Where YO is the

starting population, k is the rate constant, and Doubling Time (hr) is the time need for the
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population to double, calculated as In(2)/k. One way ANOVA was performed: not significant
(n.s.), p<0.05 (*), p<0.001(**), p<0.0001(***), and p<0.0001 (****). As shown in FIG. 24,
the addition of media-supplemented IGF1 to IGF1-°¥ culture did not impact cell doubling

time.

[0384] FIG. 25 shows biomass (as PCV (g/L)) for chicken cells engineered to express
IGF-1 (IGF1'°™) grown in media supplement without (“-*) and with (“+”) IGF1. Cells were
grown with or without 10ug/L IGF1 in ACF media (100ug/L FGF2) over 3 passages. Cells
seeded at 0.5E6 cells/mL and passaged on a 2-day cadence (N=2). PCV was measured on
Day 2 of Passage 3 using S00uL of culture volume and centrifuged at 1000xg for 5 minutes.
One way ANOVA performed, Not significant (n.s.), p<0.05 (*), p<0.001(**), p<0.0001(**%*),
p<0.0001 (****). One way ANOVA was performed: Not significant (n.s.), p<0.05 (*),
p<0.001(**), p<0.0001(***)p<0.0001 (****)  As shown in FIG. 25, the addition of media-
supplemented IGF1 to IGF1%°" culture did not impact PCV.

[0385] Taken together, FIGS. 20A-20B, FIG. 21A-21B, FIG. 22, FIGS. 23A-23D, FIG.
24, and FIG. 25 show that IGF1*°" and IGF 112" cells not only exhibit robust growth
independent of exogenous IGF1 (i.e., media supplemented with IGF1) but also outperform
(i.e., produce higher VCD) cells grown in the presence of IGF1. This data suggests these
cells lines are ideal for use in cell-based meat products and cell-based food products suitable
for consumption because they can endure the requisite culture conditions (i.e., extensive
passage) needed to make these products--all while reducing the costs associated with using

the vast amounts of exogenous growth factors traditionally needed to make these products.

7.10. Example 7: Cells engineered for complete growth factor-independence
using IGF1 and FGF2

[0386] In this example chicken cells were engineered to assess whether expression of IGF1
WT and an FGF2 variant enables growth-factor independence (no requirement for growth

factors in culture media).

[0387] Chicken cells engincered to express IGF1 WT (IGF1 amino acid sequence of were
engineered with an FC550A empty vector (“EV”) control or a Phi31 vector containing one or
more FGF2 variants, including chicken (Chicken FGF2), bovine (Bovine FGF2), salmon
(Salmon FGF2), heat stable variants (FGF2-Q68I-N114G, FGF2-Q68I-C99S-N114G),
secretion tagged variants (gglL.2-FGF2, hIL2-col-ggFGF2(xMet)) or variants that preserve

amino acids for non-canonical secretion (FGF2-C77-Y81)). Controls consisted of dual empty
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vector (EVmRuby and EVeBFP2) that were used to construct the IGF1 and FGF2 variants,
respectively, and were grown with or without growth factors IGF1 (10pg/L) and FGF2
(100pg/L) (see FIG. 26). Cells were grown in suspension over 4 passages using a 2 day
passaging cadence at initial seeding density of 0.5E6 cells/mL (N=2). One way ANOVA
performed compared to EV control in growth factor-free media, Not significant (n.s.), p<0.05
(*), p<0.001(**), p<0.0001(***), and p<0.0001 (****),

[0388] As shown in FIG. 26, each cell line expressing IGF1 WT and a FGF2 variant
resulted in increased viable cell density as compared to the controls. Overall, this data
showed that cell lines engineered to express IGF1 WT and a FGF2 variant significantly

increased the viable cell density as compared to controls.

7.11. Example 8: Cells engineered for complete growth factor-independence
using IGF1 and a FGF2 Receptor

[0389] In this example chicken cells were engineered to assess whether expression of IGF1
WT and an FGF2 receptor variant enables growth-factor independence (no requirement for

growth factors in culture media).

[0390] Chicken cells engineered to express IGF1 WT (IGF1 amino acid sequence of were
transduced with an FC550A empty vector (“EV”) control or a Phi31 vector containing one or
more of: FGFR1¢-N546K, FGFR1c-V561M, myrist-FGFR1¢-K656E, FGFR3-N540K,
FGFR3-K650E, FGFR3-N540K-K650E, or myrist-FGFR3-K650E. Controls consisted of
dual empty vector (EVmRuby and EVeBFP2) that were used to construct the IGF1 and FGF2
variants, respectively, and were grown with or without growth factors IGF1 (10pug/L) and
FGF2 (100ug/L) (see FIG. 27). Cells were grown in suspension over 3 passages using a 2
day passaging cadence at initial seeding density of 0.5E6 cells/mL (N=2). One way ANOVA
was performed compared to EV control in growth factor-free media: not significant (n.s.),

p<0.05 (¥), p<0.001(**), p<0.0001(***), and p<0.0001 (****),

[0391] Asshown in FIG. 27, each cell line expressing IGF1 WT and a FGF receptor
variant resulted in increased viable cell density as compared to the controls. Overall, this
data showed that cell lines engineered to express IGF1 WT and a FGF receptor variant

significantly increased the viable cell density as compared to controls.
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7.12. Example 9: Cells engineered for complete growth factor-independence
using FGF2 Receptors

[0392] In this example chicken cells were engineered to assess whether expression of an
FGF?2 receptor alone was sufficient to enable growth-factor independence (no requirement for

growth factors in culture media).

[0393] Chicken cells were engineered to expressed FGFR2 and were grown in suspension
in a 3 passage proliferation study on a 2-day passaging cadence and initial seeding density of
0.5E6 cells/mL (N=2). Cells were grown in media with or without IGF1 (10ug/L) and FGF2
(100ug/L) (see FIG. 28). Naive (no transduced chicken cells) were used as controls. FIG. 28
shows viable cell density at day 2 of passage 3. One way ANOVA performed compared to
Naive controls, Not significant (n.s.), p<0.05 (¥), p<0.001(**), p<0.0001(***)p<0.0001

[0394] As shown in FIG. 28, engineering the chicken cells to express FGFR alone was, to
Applicant’s surprise, sufficient to enable both FGF2 and IGF independent proliferation, albeit

at slight lower levels than the naive chicken cells grown in the presence of FGF2 and IGF1.

7.13. Example 10: Cells engineered for complete growth factor-independence
using FGF2

[0395] In this example chicken cells were engineered to assess whether expression of an
FGF2 variant alone was sufficient to enable growth-factor independence (no requirement for

growth factors in culture media).

[0396] Chicken cells were engineered to express: FGF2 (wild type (FIG. 31A): chicken
FGF2, bovine FGF2, salmon FGF2; heat stability point mutations (FIG. 31B): chicken FGF2-
Q68I-N114G or chicken FGF2-Q68I-C99S-N114G; and FGF2 with a secretion signal or
variant to preserve amino acid for non-canonical secretion (FIG. 31C): chicken FGF2-
C77Y8a, gell.2-ggFGF2, and hIL2-col-(xMet)ggFGF2). These cells were grown in growth
factor-free media (ACF media) over 4 passages on 2 day passaging cadence with initial
seeding density of 0.5E6 cells/mL (N=2). Naive and empty vector (EV) controls were grown
in growth factor containing media (10pg/L IGF1 and 100pg/L FGF2) or growth factor-free
media (Opg/L IGF1 and Opg/L FGF2). FIGs. 29A-29C shows viable cell density
measurements taken over the course of about 200 hours in culture. Notably, controls grown
in growth factor free media died by passage 3 (see FIGs. 29A-29C). FIG. 30 shows
summary of VCD data from FIGs. 29A-29C at passage 4 day 2 (N=2). One way ANOVA
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was performed compared to empty vector control in growth factor containing media: not

significant (n.s.), p<0.05 (*), p<0.001(**), p<0.0001(***), and p<0.0001 (****),

[0397] Overall, this data showed that chicken cells engineered to express FGF2 from
different species (chicken, bovine, and salmon) can be used to maintain VCD (viable cell
density) over 200 hours in culture as compared to controls, and in some instances, increase
VCD compared to controls (FIG. 29A and FIG. 30). This data also showed that chicken cells
engineered to express FGF2 variants that have amino acid substitutions that increase heat
stability can be used to maintain VCD (viable cell density) over 200 hours in cultures as
compared to controls, and in some instances, increase VCD compared to controls (FIG. 29B
and FIG. 30). Lastly, this data showed that chicken cells engineered to express FGF2
designed with secretion signals or variants to preserve non-canonical secretion could be used
to maintain VCD (viable cell density) over 200 hours in cultures as compared to controls, and

in some instances, increase VCD compared to controls (FIG. 29C and FIG. 30).

7.14. Example 11: Cells engineered for complete growth factor-independence
using FGF2 receptors alone

[0398] In this example chicken cells were engineered to assess whether expression of an
FGF2 receptor variant alone was sufficient to enable growth-factor independence (no

requirement for growth factors in culture media) (see FIGS. 31A-31C and FIG. 32).

[0399] In afirst set of experiments, chicken cells were engineered to express an FGFR1¢c-
N546K, FGF1Rc-V561M, and myrist-FGF 1Rc-K656E and were grown in growth factor-free
media over 4 passages on 2 day passaging cadence with initial seeding density of 0.5E6
cells/mL (N=2) (see FIG. 31A). Naive and empty vector (EV) controls were grown in
growth factor containing media (10pg/L IGF1 and 100pg/L FGF2) or growth factor-free
media (Oug/L IGF1 and Opg/L FGF2).

[0400] FIG. 31A and FIG. 32 show viable cell density (VCD) for chicken cells engineered
to express an FGFR1¢-N546K, FGF1Rc-V561M, and myrist-FGF 1Rc-K656E over 4
passages. Controls grown in growth factor free media died by passage 3 (see FIG. 31A).
FIG. 31A shows daily viable cell densities over 4 passages in ACF media. Overall, this data
showed that chicken cells engineered to express these FGFR1c variants can be used to
maintain VCD (viable cell density) over 200 hours similar to controls, and in some instances,

increase VCD compared to controls.
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[0401] In a second set of experiments, chicken cells were engineered to express FGFR2
and were grown in growth factor-free media over 4 passages on 2 day passaging cadence
with initial seeding density of 0.5E6 cells/mL (N=2) (see FIG. 31B). Naive and empty
vector (EV) controls were grown in growth factor containing media (10pg/L IGF1 and
100ug/L FGF2) or growth factor-free media (Oug/L IGF1 and Oug/L FGF2).

[0402] FIG. 31B and FIG. 32 show viable cell density (VCD) for chicken cells engineered
to express an FGFR2 over 4 passages. Controls grown in growth factor free media died by
passage 3 (see FIG. 31B). Overall, this data showed that chicken cells engineered to express
FGFR2 can be used to maintain VCD (viable cell density) over 200 hours in culture similar to

controls, and in some instances, increase VCD compared to controls.

[0403] In a third set of experiments, chicken cells were engineered to express FGFR3-
N540K, FGFR3-K650E, FGFR3-N540K-K560E, or myrist-FGFR3-K650E and were grown
in growth factor-free media over 4 passages on 2 day passaging cadence with initial seeding
density of 0.5E6 cells/mL (N=2) (see FIG. 31C). Naive and empty vector (EV) controls
were grown in growth factor containing media (10pg/L IGF1 and 100ug/L FGF2) or growth
factor-free media (Oug/L IGF1 and Opg/L FGF2).

[0404] FIG. 31C and FIG. 32 show viable cell density (VCD) for chicken cells engineered
to express these FGFR3 variants over 4 passages. Controls grown in growth factor free media
died by passage 3 (see FIG. 31C). Overall, this data showed that chicken cells engineered to
express FGFR3 (or variants thereof) can be used to maintain VCD (viable cell density) over
200 hours in culture similar to controls, and in some instances, increase VCD compared to

controls.

[0405] To Applicant’s surprise, expression of FGF2R receptors alone enabled the serum
free proliferation of chicken cells without the need for IGF1 and FGF2 exogenous
supplementation. Cell growth is typically limited in the absence of IGF1 and is needed to

achieve robust cell proliferation and high cell densities.

7.15. Example 12: Cells engineered to express PDGF (or variants thereof) or
PDGF receptor (or variants thereof) enabled tissue formation in growth
factor-free media

[0406] This experiment was designed to assess how expressing PDGF (or PDGF variants)
or PDGF receptor (or PDGF receptor variants) enabled tissue formation (as measured by Wet

Mass per Area (pg/cm?2) (see FIG. 33)).
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[0407] In particular, chicken cells were transduced with either an FC550A empty vector
(“EV”) control or a Phi31 vector containing PDGFRa-D842V, PDGF(WT) or PDGF-211*.
Controls included: cell lines not transfected (“Naive”) and the EV control. Engineered cells
and controls were cultured in roller bottles over 14 day period in serum free media. Controls
were grown with or without 50ug/L PDGF (N=4). Tissue was harvested after 14 days culture

and weighed for wet mass and normalized to growth area.

[0408] FIGs. 33 shows chicken cells engineered to express PDGFRa-D842V, PDGF(WT)
or PDGF-211* formed tissue without media supplemented growth factors and was
comparable to positive controls. Overall, this data showed that chicken cells engineered to
express PDGF (or a variant thereof) or a PDGF receptor (or a variant thereof) formed tissue
when grown in media not supplemented with growth factors and did so in comparable
volume to positive controls. Therefore, these cells lines are ideal for use in cell-based meat
products and cell-based food products suitable for consumption because they can endure the
requisite culture conditions (i.e., extensive passaging) needed to make these products all
while reducing the costs associated with using the vast amounts of exogenous growth factors
traditionally needed to make these products.

7.16. Example 13: Methods for producing cell-based meat suitable for
consumption

[0409] The manufacturing of cultured muscle cells suitable for consumption, in one

exemplary protocol, can comprise:

[0410] In exemplary first step, cells are engineered to express the coding sequence of a
growth factor ligand (e.g., FGF2, IGF1, PDGF, or a combination thereof), a growth factor
receptor or activated growth factor receptor (e.g., a FGFR, an IGF1R, or an PDGFR), where
the cells are from a livestock, poultry, game, or an aquatic animal species. Engineered cells
are adapted to suspension culture and cultured in a cultivation infrastructure (e.g., any of the
cultivation infrastructures described herein), seeded onto a substrate consisting of peptide-
coated tissue-culture treated plastic in a standard growth medium at a density of 7.5x10°
cells/cm? and cultured at 37° C under 5% CO2 atmospheric conditions. As cultures approach
80% confluence, cells are enzymatically dissociated and the cells are expanded. This process
is repeated until the total number of cells harvested following dissociation exceeds about
1.0x108 cells, or more. The engineered cells are cryopreserved and stored in a cryopreserved

cell bank. Cells harvested in quantities equal to or exceeding 1.0x10% cells.
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[0411] In an exemplary second step, the cryopreserved cells are seeded and cultivated in a
cultivation infrastructure. In accordance with the cultivation scale desired, one or more vials
from the master cell bank is rapidly thawed to room temperature. The cryopreservation
medium is removed from the cells by a S-minute, 300xg centrifugation step. Cells are
suspended in standard growth medium and seeded onto a gelatin-coated cultivation substrate
in standard growth medium as before, except that, on the final passage prior to harvest, the
cells are permitted to proliferate to 100% confluence on the cell culture substrate. The cells
are adapted for suspension culture in growth media to facilitate expansion of the cells.
Following expansion, the cells are adapted to adherent culture in a cultivation infrastructure.
The growth medium is exchanged for differentiation medium, thereby inducing myogenic
differentiation where the differentiated cells form myocytes and multinucleated myotubes;

and the myocytes and myotubes are cultured to generate skeletal muscle fibers.

[0412] In an exemplary fourth step, the engineered cells are harvested for dietary
consumption. After the cells have proliferated to confluence, the culture medium is removed,
and the adherent cell cultures are rinsed with phosphate buffered saline. Next, the confluent
biomass of adherent cells are mechanically, fluidically, enzymatically, or metabolically
dissociated from the substrate by means of a scraping device, pressurized fluid, or a harvest
media. The dissociated biomass is collected into centrifuge tubes, pelleted to remove excess
liquid, and processed for food product preparation.

7.17. Example 14: Procurement of engineered cells and growth of cells into a
cell mass

[0413] FIGS. 34A-34D and the following accompanying paragraphs describe procurement
of cells and growth of cells into a cell mass in accordance with one or more embodiments.
Generally, FIGS. 34A-34D illustrate a process of collecting cells from an animal, growing
cells in a favorable environment, banking successful cells, and collecting cells into a cell

mass followed by de-wetting and/or other treatments.

[0414] Asillustrated by step 3402 in FIG. 34A, tissue is collected from a living animal via
biopsy. In particular, stem cells, mesenchymal progeny, ectoderm lineage, and/or endoderm
lineages can be isolated from the removed tissue. In some implementations of the present
disclosure, tissue, such as fat and others, are processed to isolate stem cells, mesenchymal,
ectoderm, and/or endoderm progeny or lineage cells. As illustrated, tissue 3404 is removed

from an animal. In some examples, the tissue 3404 is removed from a living animal by taking
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a skin sample from the living animal. For instance, skin or muscle samples may be taken

from a chicken, cow, fish, shellfish or another animal.

[0415] Cells may be extracted from the tissue 3404 that was removed from the animal.
More specifically, the tissue 3404 is broken down by enzymatic and/or mechanical means. To
illustrate, FIG. 34A includes digested tissue 3406 that comprises the cells to be grown in

cultivation.

[0416] Cells in the digested tissue 3406 may be proliferated under appropriate conditions
to begin a primary culture. As illustrated in FIG. 34A, cells 3408 from the digested tissue
3406 are spread on a surface or substrate and proliferated until they reach confluence. As
shown in FIG. 34A, in some cases, cells 3412 have reached confluence when they start
contacting other cells in the vessel, and/or have occupied all the available surface or

substrate.

[0417] In some examples, cells are stored and frozen (i.e., banked) at different steps along
the cell culture process. Cryopreservation generally comprises freezing cells for preservation
and long-term storage. In some implementations, tissue and/or cells are removed from a
surface or substrate, centrifuged to remove moisture content, and treated with a protective
agent for cryopreservation. For example, as part of cryopreservation, tissues and cells are
stored at temperatures at or below -80C. The protective agent may comprise dimethyl
sulfoxide (DMSO) or glycerol.

[0418] Cells stored through cryopreservation may be used to replenish working cell stock.
For instance, while a portion of the digested tissue 3406 is used as the cells 3408 spread on a
surface or substrate, the remaining or excess digested tissue 3406 is transferred to cryovials
3410 for storage. Furthermore, the cells 3412 may be banked once reaching confluence and

stored in cryovials 3414.

[0419] Once the cells 3412 have reached confluence, or just before the cells 3412 have
reached confluence (e.g., occupation of about 80% of the substrate), the disclosed process
comprises a series of cell passage steps. During cell passage, the cells 3412 are divided into
one or more new culture vessels for continued proliferation. To illustrate, the cells 3412 may
be diluted or spread on one or more surfaces or substrates to form the cells 3418. The cells

3418 are then grown 3416 to confluence, or just before confluence.

[0420] The cycle of dividing the cells 3412 into the cells 3418 for continued proliferation

in new culture vessels may be repeated for a determined number of cycles. Typically, cell
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lines derived from primary cultures have a finite life span. Passaging the cells allows cells
with the highest growth capacity to predominate. In one example, cells are passaged for five

cycles to meet a desired genotypic and phenotypic uniformity in the cell population.

[0421] In some implementations, the disclosed method comprises immortalizing cells that
have been grown and passaged for the determined number of cycles. For instance, the cells
3418 may be immortalized. As shown in FIG. 34B, cells 3420 have demonstrated a preferred
growth capacity to proceed to immortalization. To achieve immortalization, the disclosed
process transfects the cells 3420 with genes of interest. In one example telomerase reverse
transcriptase (TERT) is introduced to the cells 3420. In some embodiments, the cells may be
subjected to a selection process as known by those skilled in the art. The cells 3420 may then
be passaged for a predetermined set of passaging cycles. In one example passaging cycle, the
cells 3420 are grown to (or near) confluence 3424, then they are reseeded in new growth
vessels, preserved in vials 3422, or some combination of both. The disclosed process may
include any number of passaging cycles to ensure that the cells have reached immortality
(e.g., can passage 60+ times without senescing), a target growth capacity, and/or a target
quantity for banking. For example, cells may be passaged until they have reached a passage
level of 100 (e.g., have been passaged for 100 passaging cycles). In another example, cells

are passaged until they reach a population doubling level of 100.

[0422] Cells that have reached immortality or a target growth capacity by living through a
target passage level may be adapted to suspension culture. In one example, a suspension
culture media and agitation of cells in this suspension environment help cells to adapt and
start proliferating in the new growth environment. The cells adapted to suspension 3426 may
be stored in cryovials 3428 for cryopreservation and banking. Cells in suspension 3426 will

begin to proliferate and the process begins a series of dilute and expand steps.

[0423] During dilution and expansion, cells are moved from growth vessels into newer,
and progressively larger, growth vessels. For example, cells in suspension 3426 may begin in
a single tube. The cells will proliferate and increase in cellular density. Once the cells have
reached a target cell number (i.e., viable cell density (VCD) at desired volume), they are
diluted and moved to a larger growth vessel. Optionally, the cells are banked in cryovials
throughout expansion. For example, once cells in suspension reach a maximum VCD, the
cells may begin to leave exponential growth due to overcrowding. After reaching a target
density, the suspension cells may be transferred to a larger vessel 3430 and diluted with

additional media. The dilute-and-expand steps are repeated using progressively larger vessels
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(e.g., the vessel 3431 and the vessel 3432) and/or progressive dilution until the cells reach a
production-ready volume. For example, cells may be production ready at about a 1,000 -
100,000 liter scale at 5 million cells per mL. The cells may be banked in cryovials at any of

the dilution and expansion cycles.

[0424]  As part of preparing cells to form cell-based-meat products, the disclosed process
comprises growing the cells as an adherent culture. Generally, cells that are grown attached to
a substrate form a texture that more closely resembles tissue found in conventional meat.
Thus, the cells may be transferred from growth in suspension to growth in an adherent
reactor. For example, the cells grown in suspension in the vessel 3432 may be transferred to
growth on a substrate. FIG. 34C illustrates a bioreactor system comprising a plurality of
adherent bioreactors 3448 connecting in parallel to a media vessel 3440. The media vessel
3440 holds the cells grown in suspension media. In some implementations, cells from the
vessel 3432 are transferred directly to a cell culture media (or just “media”) vessel 3440. In
one example, the media vessel 3440 comprises the vessel 3432. The adherent bioreactors
3448 may comprise pipe-based bioreactors. As shown, a plurality of valves 3444 is secured to
the plurality of adherent bioreactors 3448 to enable individual use and access of each of the
adherent bioreactors 3448. For instance, to limit flow to only a first bioreactor of the plurality
of adherent bioreactors 3448, the valve 3444 of the first bioreactor is opened while the
remaining valves 3444 are closed. Furthermore, the bioreactor system can include a

directional valve 3442 for changing between flow directions.

[0425] In some implementations, and as illustrated in FI1G. 34C, cells (e.g., adherent cells
or suspension adapted cells) are prepared by flowing cells suspended in media (e.g., cell
culture media) across substrates in the plurality of adherent bioreactors 3448. More
particularly, cells from the media vessel 3440 may contact or land on the substrates in the
plurality of adherent bioreactors 3448. Cells and media that flowed through the adherent
bioreactors 3448 are cycled back to the media vessel 3440. The media and cells can be cycled
through the adherent bioreactors 3448 until a target adherent cell density is reached. For
instance, in some implementations, the disclosed method comprises measuring a cell density

of outflow from the adherent bioreactors 3448 to infer an adherent cell density.

[0426] The cells grow into adherent tissue within the adherent bioreactors 3448. Once they
have grown to a target density, either according to a learned timing or according to a
measured fluctuation in cell metabolism of components such as glucose and oxygen, then the

adherent tissue is ready for removal. The removal process of the disclosed method uses a
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high-pressure flow to shear the adherent tissue off the substrate surfaces. In one example,

wash buffer from a wash tank 3456 is flowed across the substrates in the adherent bioreactors

3448. The wash buffer and cell mixture are flowed through a filter 3452 where the cells are

collected into one or more cell masses 3454.

[0427]

The cell masses 3454 may be further processed to adjust moisture content. FIG.

34D illustrates an example apparatus for reducing moisture content in the cells. In particular,

FIG. 34D illustrates a pressure apparatus 3460 that compresses the cell masses 3458a and

3458b. While FIG. 34D illustrates a mechanical method for adjusting moisture content of the

cell masses 3458a and 3458b, other methods may be used to adjust moisture content. For

example, the cell masses 3458a and 3458b may be mixed with a drying agent, vacuum dried,

centrifuged, or otherwise dried. A moisture-adjusted-cell mass may be transferred to a

container 3462 for additional processing. For example, the cell mass 3458a or 3458b may be

removed from the container 3462 to be formed into a cell-based-meat product.

8. SEQUENCE APPENDIX
SEQ
1D Description Sequence
NO:

ggFGF2-Wild

MAAGAAGSITTLPALPDD GGGGAFPPGHFKDPKRLY CKNGGFFLRINPDG
RVDGVREKSDPHIKLQLQAEERGVVSIKGVSANRFLAMKEDGRLLALKC

Type (chicken) | ATEECFFFERLESNNYNTYRSRKYSDWY VALKRTGQYKPGPKTGPGQKAI
LFLPMSAKS*
2gFGF2STAB MAAGAAGSITTLPALPDDGGGGAFPPGHFKDPKRLY CKNGGFFLLINPDG
2 (Thermal RVDGTREKSDPFIKLQLQAEERGVVSIKGVSANRFLAMKEDGRLYALKYA
Stabilized) TEECFFFERLEENNYNTYRSRKYSDWY VALKRTGQYKPGPKTGPGQKAIL
FLPMSAKS*
MRAWIFFLLCLAGRALAMAAGAAGSITTLPALPDDGGGGAFPPGHFKDP
3 BM40sp- KRLYCKNGGFFLRINPDGRVDGVREKSDPHIKLQLQAEERGVVSIKGVSA
ggFGEF2 NRFLAMKEDGRLLALKCATEECFFFERLESNNYNTYRSRKYSDWY VALK

RTGQYKPGPKTGPGQKAILFLPMSAKS*

ggll.2-ggFGF2

MMCKVLIFGCISVAMLMTTAYMAAGAAGSITTLPALPDD GGGGAFPPGH
FKDPKRLY CKNGGFFLRINPDGRVDGVREKSDPHIKLQLQAEERGVVSIK
GVSANRFLAMKEDGRLLALKCATEECFFFERLESNNYNTYRSRKYSDWY
VALKRTGQYKPGPKTGPGQKAILFLPMSAKS*

Gluc-ggFGF2

MGVKVLFALICIAVAEAMAAGAAGSITTLPALPDDGGGGAFPPGHFKDPK
RLYCKNGGFFLRINPDGRVDGVREKSDPHIKLQLQAEERGVVSIKGVSAN

RFLAMKEDGRLLALKCATEECFFFERLESNNYNTYRSRKYSDWYVALKR

TGQYKPGPKTGPGQKAILFLPMSAKS*

MYRMQLLSCIALSLALVTNSMAAGAAGSITTLPALPDDGGGGAFPPGHFK

6 cohlL2- DPKRLY CKNGGFFLRINPDGRVDGVREKSDPHIKLQLQAEERGVVSIKGV
ggFGF2 SANRFLAMKEDGRLLALKCATEECFFFERLESNNYNTYRSRKYSDWYVA
LKRTGQYKPGPKTGPGQKAILFLPMSAKS*
MRMQLLLLIALSLALVTNSMAAGAAGSITTLPALPDDGGGGAFPPGHFKD
7 cohlL2col- PKRLYCKNGGFFLRINPDGR VDGVREKSDPHIKLQLQAEERGVVSIKGVS
ggFGF2 ANRFLAMKEDGRLLALKCATEECFFFERLESNNYNTYRSRKYSDWY VAL
KRTGQYKPGPKTGPGQKAILFLPMSAKS*
8 cohlL2co2- MRRMQLLLLIALSLALVINSMAAGAAGSITTLPALPDDGGGGAFPPGHFK
ggFGF2 DPKRLY CKNGGFFLRINPDGRVDGVREKSDPHIKLQLQAEERGVVSIKGV
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SEQ
ID Description Sequence
NO:
SANRFLAMKEDGRLLALKCATEECFFFERLESNNYNTYRSRKYSDWY VA
LKRTGQYKPGPKTGPGQKAILFLPMSAKS*
MMCKVLIFGCISVAMLMTTAYMAAGAAGSITTLPALPDD GGGGAFPPGH
9 ggll.2- FKDPKRLYCKNGGFFLLINPDGRVDGTREKSDPFIKLQLQAEERGVVSIKG
FGF2STAB VSANRFLAMKEDGRLYALKYATEECFFFERLEENNYNTYRSRKYSDWYV
ALKRTGQYKPGPKTGPGQKAILFLPMSAKS*
MYRMQLLSCIALSLALVTNSMAAGAAGSITTLPALPDDGGGGAFPPGHFK
10 hIL2- DPKRLYCKNGGFFLLINPDGRVDGTREKSDPFIKLQLQAEERGVVSIKGVS
ggFGF2STAB | ANRFLAMKEDGRLYALKYATEECFFFERLEENNYNTYRSRKYSDWYVAL
KRTGQYKPGPKTGPGQKAILFLPMSAKS*
MNFTEGCEATGRRPGSAGSRRRRAPRPGPVALLPLLLPLLLPPAAAVPLPM
AAGAAGSITTLPALPDDGGGGAFPPGHFKDPKRLY CKNGGFFLRINPDGR
11 gglL6-ggFGF2 | VDGVREKSDPHIKLQLQAEERGVVSIKGVSANRFLAMKEDGRLLALKCA
TEECFFFERLESNNYNTYRSRKYSDWY VALKRTGQYKPGPKTGPGQKAIL
FLPMSAKS*
MNSFSTSAFGPVAFSLGLLLVLPAAFPAPMAAGAAGSITTLPALPDDGGG
12 hIL2-geFGF2 GAFPPGHFKDPKRLY CKNGGFFLRINPDGRVDGVREKSDPHIKLQLQAEE
RGVVSIKGVSANRFLAMKEDGRLLALKCATEECFFFERLESNNYNTYRSR
KYSDWYVALKRTGQYKPGPKTGPGQKAILFLPMSAKS*
MYRMQLLSCIALSLALVTNSMAAGAAGSITTLPALPDDGGGGAFPPGHFK
13 hIL2-ggFGF2 DPKRLYCKNGGFFLLINPDGRVDGTREK SDPFIKLQLQAEERGVVSIKGVS
ANRFLAMKEDGRLYALKYATEECFFFERLEENNYNTYRSRKYSDWYVAL
KRTGQYKPGPKTGPGQKAILFLPMSAKS*
MALTFALLVALLVLSCKSSCSVGMVSKMAAGAAGSITTLPALPDDGGGG
14 hIFNa2- AFPPGHFKDPKRLY CKNGGFFLRINPDGRVDGVREKSDPHIKLQLQAEER
ggFGF2 GVVSIKGVSANRFLAMKEDGRLLALKCATEECFFFERLESNNYNTYRSRK
YSDWYVALKRTGQYKPGPKTGPGQKAILFLPMSAKS*
MWWRLWWLLLLLLLLWPMVWAMAAGAAGSITTLPALPDDGGGGAFPP
15 secrecon- GHFKDPKRLY CKNGGFFLRINPDGRVDGVREKSDPHIKLQLQAEERGVVS
ggFGF2 IKGVSANRFLAMKEDGRLLALKCATEECFFFERLESNNYNTYRSRKYSDW
Y VALKRTGQYKPGPKTGPGOKAILFLPMSAKS*
MEKINSLSTQLVKCCFCDFLKVKMHTVSYIHFFYLGLCLLTLTSSAAAGPE
16 IGF1-WT TLCGAELVDALQFVCGDRGFYFSKPTGY GSSSRRLHHKGIVDECCFQSCD
2 LRRLEMY CAPIKPPKSARSVRAQRHTDMPKAQKEVHLKNTSRGNTGNRN
YRM*
17 gglGF1- MGPETLCGAELVDALQFVCGDRGFYFSKPTGYGSSSRRLHHKGIVDECCF
truncated QSCDLRRLEMYCAPIKPPKSA*
MCPQPARLEPGMNFGVVFAVILSLPLARLEGDPIPEDIYEILGGSSVRSISDL
QRALRIDSVEEDSSSLDLNATQPSQNHVSLSRERRSLDALAAAEPAVLAEC
18 | ggPDGFb KTRTVVFEISRDMVDSTNANFVVWPPCVEVQRCSGCCNNRNVQCRPMQI
RVRHVQVNKIEFFQRKPIFKKVIVPLEDHVQCRCEVVSRPPPRSNRPASRE
QRRFSPSFTTAAISQRKRVRRPPAQKRKHKKYKHVNDKKVLKEILIA*
MCPQPARLEPGMNFGVVFAVILSLPLARLEGDPIPEDIYEILGGSSVRSISDL
29PDGFb- QRALRIDSVEEDSSSLDLNATQPSQNHVSLSRERRSLDALAAAEPAVLAEC
19 211STOP KTRTVVFEISRDMVDSTNANFVVWPPCVEVQRCSGCCNNRNVQCRPMQI
RVRHVQVNKIEFFQRKPIFKKVIVPLEDHVQCRCEVVSRPPPRSNRPASRE
QRRFSPSFTTAAISQ*
20 F-9C-SRG MADYKDDDDKKGGIIVAILLLIVMLAIEILLLITLIIAVTSGGSG*
21 9C-SRG MAKGGIVAILLLIVMLAIEILLLITLITAVTSGGSG*
IL2 (human)
22 ﬁllll'lLli,,)or MYRMQLLSCIALSLALVTNS
Signal peptide
IL2-CO1
23 | (human) MRMQLLLLIALSLALVTNS
(“hil2col1”)
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SEQ
ID Description Sequence
NO:
Signal peptide
1IL2-CO2
(human)
24 | (“hil2col2”) MRRMQLLLLIALSLALVTNS
Signal
peptide
IL2 (chicken)
25 | (B8IZ70T K VLIFGCISVAMLMTTAY
ggIL2")
Signal peptide
IFNa (human)
26 | (“hIFNA”) MALTFALLVALLVLSCKSSCSVGMVSK
Signal peptide
IL6 (human)
27 (“hil6”) Signal | MNSFSTSAFGPVAFSLGLLLVLPAAFPAP
peptide
IL6 (chicken)
28 (“ggil6™) MNFTEGCEATGRRPGSAGSRRRRAPRPGPVALLPLLLPLLLPPAAAVPLP
Signal peptide
Gaussia
29 | Luciferase MGVKVLFALICIAVAEA
(“GLuc”)
Signal peptide
30 | SSCTCON |\ wWRI WWLLLLLLLLWPMVWA
Signal peptide
BM40 signal
31 | peptide MRAWIFFLLCLAGRALA
Signal peptide
MFTWRCLILWAVLVTATLSAARPAPTLPDQALPKANIEVESHSAHPGDLL
QLRCRLRDDVQSINWVRDGVQLPENNRTRITGEEVEVRDAVPEDSGLYA
CMTNSPSGSETTYFSVNVSDALPSAEDDDDEDDSSSEEKEADNTKPNQAV
APYWTYPEKMEKKIHAVPAAKTVKFKCPSGGTPNPTLRWLKNGKEFKPD
HRIGGYKVRYATWSIIMDSVVPSDKGNYTCIVENKYGSINHTYQLDVVER
SPHRPILQAGLPANKTVALGSNVEFVCKVYSDPQPHIQWLKHIEVNGSKIG
PDNLPYVQILKTAGVNTTDKEMEVLHLRNVSFEDAGEYTCLAGNSIGISH
HSAWLTVLEATEQSPAMMTSPLYLEIITY CTGAFLISCMVVTVIIYKMKSTT
32 FGFR1-WT KKTDFNSQLAVHKLAKSIPLRRQVTVSADSSSSMNSGVMLVRPSRLSSSG
TPMLAGVSEYELPEDPRWELPRDRLILGKPLGEGCFGQVVLAEAIGLDKD
KPNRVTKVAVKMLKSDATEKDLSDLISEMEMMKMIGKHKNIINLLGACT
QDGPLY VIVEYASKGNLREYLQARRPPGMEY CYNPTRIPEEQLSFKDLVS
CAYQVARGMEYLASKKCIHRDLAARNVLVTEDNVMKIADFGLARDIHHI
DYYKKTTNGRLPVKWMAPEALFDRIYTHQSDVWSFGVLLWEIFTLGGSP
YPGVPVEELFKLLKEGHRMDKPSNCTNELYMMMRDCWHAVPSQRPTFK
QLVEDLDRIVAMTSNQEYLDLSVPLDQYSPGFPATRSSTCSSGEDSVFSHD
PLPDEPCLPRCPPHSHGALKRH*
MFTWRCLILWAVLVTATLSAARPAPTLPDQALPKANIEVESHSAHPGDLL
QLRCRLRDDVQSINWVRDGVQLPENNRTRITGEEVEVRDAVPEDSGLYA
CMTNSPSGSETTYFSVNVSDALPSAEDDDDEDDSSSEEKEADNTKPNQAV
APYWTYPEKMEKKLHAVPAAKTVKFKCPSGGTPNPTLRWLKNGKEFKPD
HRIGGYKVRYATWSIIMDSVVPSDKGNYTCIVENKYGSINHTYQLDVVER
33 FGFR1- SPHRPILQAGLPANKTVALGSNVEFVCKVYSDPQPHIQWLKHIEVNGSKIG
) N546K PDNLPY VQILKTAGVNTTDKEMEVLHLRNVSFEDAGEYTCLAGNSIGISH

HSAWLTVLEATEQSPAMMTSPLYLEIITY CTGAFLISCMVVTVIIYKMKSTT
KKTDFNSQLAVHKLAKSIPLRRQVTVSADSSSSMNSGVML VRPSRLSSSG
TPMLAGVSEYELPEDPRWELPRDRLILGKPLGEGCFGQVVLAEAIGLDKD
KPNRVTKVAVKMLKSDATEKDLSDLISEMEMMKMIGKHKNIIKLLGACT
QDGPLYVIVEYASKGNLREYLQARRPPGMEY CYNPTRIPEEQLSFKDLVS
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SEQ

NO:

Description

Sequence

CAYQVARGMEYLASKKCIHRDLAARNVLVTEDNVMKIADFGLARDIHHI
DYYKKTTNGRLPVKWMAPEALFDRIYTHQSDVWSFGVLLWEIFTLGGSP
YPGVPVEELFKLLKEGHRMDKPSNCTNELYMMMRDCWHAVPSQRPTFK
QLVEDLDRIVAMTSNQEYLDLSVPLDQYSPGFPATRSSTCSSGEDSVFSHD
PLPDEPCLPRCPPHSHGALKRH*

34

FGFR1-
K656E

MFTWRCLILWAVLVTATLSAARPAPTLPDQALPKANIEVESHSAHPGDLL
QLRCRLRDDVQSINWVRDGVQLPENNRTRITGEEVEVRDAVPEDSGLYA
CMTNSPSGSETTYFSVNVSDALPSAEDDDDEDD SSSEEKEADNTKPNQAV
APYWTYPEKMEKKLHAVPAAKTVKFKCPSGGTPNPTLRWLKNGKEFKPD
HRIGGYKVRYATWSIIMDS VVPSDKGNYTCIVENKYGSINHTYQLDVVER
SPHRPILQAGLPANKTVALGSNVEFVCKVYSDPQPHIQWLKHIEVNGSKIG
PDNLPY VQILKTAGVNTTDKEMEVLHLRNVSFEDAGEYTCLAGNSIGISH
HSAWLTVLEATEQSPAMMTSPLYLEIIIY CTGAFLISCMVVTVIIYKMKSTT
KKTDFNSQLAVHKLAKSIPLRRQVTVSADSSSSMNSGVMLVRPSRLSSSG
TPMLAGVSEYELPEDPRWELPRDRLILGKPLGEGCFGQVVLAEAIGLDKD
KPNRVTKVAVKMLKSDATEKDLSDLISEMEMMKMIGKHKNIINLLGACT
QDGPLYVIVEYASKGNLREYLQARRPPGMEY CYNPTRIPEEQLSFKDLVS
CAYQVARGMEYLASKKCIHRDLAARNVLVTEDNVMKIADFGLARDIHHI
DYYKETTNGRLPVKWMAPEALFDRIYTHQSDVWSFGVLLWEIFTLGGSP
YPGVPVEELFKLLKEGHRMDKPSNCTNELYMMMRDCWHAVPSQRPTFK
QLVEDLDRIVAMTSNQEYLDLSVPLDQYSPGFPATRSSTCSSGEDSVFSHD
PLPDEPCLPRCPPHSHGALKRH*

35

FGFRI1-
N546K-
K656E-S780A

MFTWRCLILWAVLVTATLSAARPAPTLPDQALPKANIEVESHSAHPGDLL
QLRCRLRDDVQSINWVRDGVQLPENNRTRITGEEVEVRDAVPEDSGLYA
CMTNSPSGSETTYFSVNVSDALPSAEDDDDEDDSSSEEKEADNTKPNQAV
APYWTYPEKMEKKILHAVPAAKTVKFKCPSGGTPNPTLRWLKNGKEFKPD
HRIGGYKVRYATWSIIMDSVVPSDKGNYTCIVENKYGSINHTYQLDVVER
SPHRPILQAGLPANKTVALGSNVEFVCKVY SDPQPHIQWLKHIEVNGSKIG
PDNLPY VQILKTAGVNTTDKEMEVLHLRNVSFEDAGEYTCLAGNSIGISH
HSAWLTVLEATEQSPAMMTSPLYLEIITY CTGAFLISCMVVTVIIYKMKSTT
KKTDFNSQLAVHKLAKSIPLRRQVTVSADSSSSMNSGVML VRPSRLSSSG
TPMLAGVSEYELPEDPRWELPRDRLILGKPLGEGCFGQVVLAEAIGLDKD
KPNRVTKVAVKMLKSDATEKDLSDLISEMEMMKMIGKHKNIIKLLGACT
QDGPLYVIVEYASKGNLREYLQARRPPGMEY CYNPTRIPEEQLSFKDLVS
CAYQVARGMEYLASKKCIHRDLAARNVLVTEDNVMKIADFGLARDIHHI
DYYKETTNGRLPVKWMAPEALFDRIYTHQSDVWSFGVLLWEIFTLGGSP
YPGVPVEELFKLLKEGHRMDKPSNCTNELYMMMRDCWHAVPSQRPTFK
QLVEDLDRIVAMTSNQEYLDLSVPLDQYAPGFPATRSSTCSSGEDSVFSHD
PLPDEPCLPRCPPHSHGALKRH*

36

FGFR1-
myTist-K656E

MGSSKSKPKDPSQRKMKSTTKKTDFNSQLAVHKLAKSIPLRRQVTVSADS
SSSMNSGVMLVRPSRLSSSGTPMLAGVSEYELPEDPRWELPRDRLILGKPL
GEGCFGQVVLAEAIGLDKDKPNRVTKVAVKMLKSDATEKDLSDLISEME
MMKMIGKHKNIINLLGACTQDGPLY VIVEYASKGNLREYLQARRPPGME
YCYNPTRIPEEQLSFKDLVSCAYQVARGMEYLASKKCIHRDLAARNVLVT
EDNVMKIADFGLARDIHHIDY YKETTNGRLPVKWMAPEALFDRIYTHQSD
VWSFGVLLWEIFTLGGSPYPGVPVEELFKLLKEGHRMDKPSNCTNELYM
MMRDCWHAVPSQRPTFKQLVEDLDRIVAMTSNQEYLDLSVPLDQYSPGF
PATRSSTCSSGEDSVFSHDPLPDEPCLPRCPPHSHGALKRH*

37

FGF2-WT

MGLKSTWRYGNGPGTYSKKMVSWDSGCLICLVVVTMAGLSLARPSFNL
VVEDATLEPEEPPTKYQISQPDVHSALPGEPLELRCQLKDAVMISWTKDG
VPLGPDNRTVIIGEYLQIKDASPRDSGLYACTAIRTLDSDTLYFIVNVTDAL
SSGDDEDDNDGSEDFVNDSNQMRAPYWTHTDKMEKRLHAVPAANTVKF
RCPAMGNPTPTMRWLKNGKEFKQEHRIGGYK VRNQHWSLIMESVVPSD
KGNYTCIVENQYGSINHTYHLDVVERSPHRPILQAGLPANASAVVGGDVE
FVCKVYSDAQPHIQWIKHVERNGSKYGPDGLPYLQVLKAAGVNTTDKEI
EVLYIRNVTFEDAGEY TCLAGNSIGISFHTAWLTVLPAPEKEKEFPTSPDYL
EIATY CIGVFLIACMVLTVILCRMKNTTKKPDFSSQPAVHKLTKRIPLRRQV
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SEQ

NO:

Description

Sequence

SADSSSSMNSNTPLVRITTRLSSTADAPMLAGVSEYELPEDPKWEFPRDKL
TLGKPLGEGCFGQVVMAEAVGIDKDRPKEAVTVAVKMLKDDATEKDLS
DLVSEMEMMKMIGKHKNIINLLGACTQDGPLY VIVEY ASKGNLREYLRA
RRPPGMEYSFDINRVPEEQMTFKDLVSCTYQLARGMEYLASQKCIHRDLA
ARNVLVTENNVMKIADFGLARDINNIDY YKKTTNGRLPVKWMAPEALFD
RVYTHQSDVWSFGVLMWEIFTLGGSPYPGIPVEELFKLLKEGHRMDKPAN
CTNELYMMMRDCWQAVPSQRPTFKQL VEDLDRILTLTTNEEYLDLSGPL
EQYSPSYPDTRSSCSSGDDSVFSPDPMPYEPCLPKYQHMNGSVKT*

38

FGF2-N550K

MGLKSTWRYGNGPGTYSKKMVSWDSGCLICLVVVTMAGLSLARPSFNL
VVEDATLEPEEPPTKYQISQPDVHSALPGEPLELRCQLKDAVMISWTKDG
VPLGPDNRTVIIGEYLQIKDASPRDSGLYACTAIRTLDSDTLYFIVNVTDAL
SSGDDEDDNDGSEDFVNDSNQMRAPYWTHTDKMEKRLHAVPAANTVKF
RCPAMGNPTPTMRWLKNGKEFKQEHRIGGYKVRNQHWSLIMESVVPSD
KGNYTCIVENQYGSINHTYHLDVVERSPHRPILQAGLPANASAVVGGDVE
FVCKVYSDAQPHIQWIKHVERNGSKYGPDGLPYLQVLKAAGVNTTDKEI
EVLYIRNVTFEDAGEYTCLAGNSIGISFHTAWLTVLPAPEKEKEFPTSPDYL
EIATY CIGVFLIACMVLTVILCRMKNTTKKPDFSSQPAVHKLTKRIPLRRQV
SADSSSSMNSNTPLVRITTRLSSTADAPMLAGVSEYELPEDPKWEFPRDKL
TLGKPLGEGCFGQVVMAEAVGIDKDRPKEAVTVAVKMLKDDATEKDLS
DLVSEMEMMKMIGKHKNIIKLLGACTQDGPLY VIVEY ASKGNLREYLRA
RRPPGMEY SFDINRVPEEQMTFKDLVSCTYQLARGMEYLASQKCIHRDLA
ARNVLVTENNVMKIADFGLARDINNIDY YKKTTNGRLPVKWMAPEALFD
RVYTHQSDVWSFGVLMWEIFTLGGSPYPGIPVEELFKLLKEGHRMDKPAN
CTNELYMMMRDCWQAVPSQRPTFKQL VEDLDRILTLTTNEEYLDLSGPL
EQYSPSYPDTRSSCSSGDDSVFSPDPMPYEPCLPKYQHMNGSVKT*

39

FGF2-K660E

MGLKSTWRYGNGPGTYSKKMVSWDSGCLICLVVVTMAGLSLARPSFNL
VVEDATLEPEEPPTKYQISQPDVHSALPGEPLELRCQLKDAVMISWTKDG
VPLGPDNRTVIIGEYLQIKDASPRDSGLYACTAIRTLDSDTLYFIVNVTDAL
SSGDDEDDNDGSEDFVNDSNQMRAPYWTHTDKMEKRLHAVPAANTVKF
RCPAMGNPTPTMRWLKNGKEFKQEHRIGGYKVRNQHWSLIMESVVPSD
KGNYTCIVENQYGSINHTYHLDVVERSPHRPILQAGLPANASAVVGGDVE
FVCKVYSDAQPHIQWIKHVERNGSKYGPDGLPYLQVLKAAGVNTTDKEI
EVLYIRNVTFEDAGEY TCLAGNSIGISFHTAWLTVLPAPEKEKEFPTSPDYL
EIATYCIGVFLIACMVLTVILCRMKNTTKKPDFSSQPAVHKLTKRIPLRRQV
SADSSSSMNSNTPLVRITTRLSSTADAPMLAGVSEYELPEDPKWEFPRDKL
TLGKPLGEGCFGQVVMAEAVGIDKDRPKEAVTVAVKMLKDDATEKDLS
DLVSEMEMMKMIGKHKNIINLLGACTQDGPLY VIVEY ASKGNLREYLRA
RRPPGMEYSFDINRVPEEQMTFKDLVSCTYQLARGMEYLASQKCIHRDLA
ARNVLVTENNVMKIADFGLARDINNIDY YKETTNGRLPVKWMAPEALFD
RVYTHQSDVWSFGVLMWEIFTLGGSPYPGIPVEELFKLLKEGHRMDKPAN
CTNELYMMMRDCWQAVPSQRPTFKQL VEDLDRILTLTTNEEYLDLSGPL
EQYSPSYPDTRSSCSSGDDSVFSPDPMPYEPCLPKYQHMNGSVKT#*

40

FGF2-N550K-
N660E-S780A

MGLKSTWRYGNGPGTYSKKMVSWDSGCLICLVVVTMAGLSLARPSFNL
VVEDATLEPEEPPTKYQISQPD VHSALPGEPLELRCQLKDAVMISWTKDG
VPLGPDNRTVIIGEYLQIKDASPRDSGLYACTAIRTLDSDTLYFIVNVTDAL
SSGDDEDDNDGSEDFVNDSNOMRAPY WTHTDKMEKRLHAVPAANTVKF
RCPAMGNPTPTMRWLKNGKEFKQEHRIGGYKVRNQHWSLIMESVVPSD
KGNYTCIVENQYGSINHTYHLDVVERSPHRPILQAGLPANASAVVGGDVE
FVCKVYSDAQPHIQWIKHVERNGSKYGPDGLPYLQVLKAAGVNTTDKEI
EVLYIRNVTFEDAGEY TCLAGNSIGISFHTAWLTVLPAPEKEKEFPTSPDYL
EIATY CIGVFLIACMVLTVILCRMKNTTKKPDFSSQPAVHKLTKRIPLRRQV
SADSSSSMNSNTPLVRITTRLSSTADAPMLAGVSEYELPEDPKWEFPRDKL
TLGKPLGEGCFGQVVMAEAVGIDKDRPKEAVTVAVKMLKDDATEKDLS
DLVSEMEMMKMIGKHKNIIKLLGACTQDGPLY VIVEYASKGNLREYLRA
RRPPGMEYSFDINRVPEEQMTFKDLVSCTYQLARGMEYLASQKCIHRDLA
ARNVLVTENNVMKIADFGLARDINNIDY YKETTNGRLPVKWMAPEALFD
RVYTHQSDVWSFGVLMWEIFTLGGSPYPGIPVEELFKLLKEGHRMDKPAN
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CTNELYMMMRDCWQAVPSQRPTFKQLVEDLDRILTLTTNEEYLDLSGPL
EQYAPSYPDTRSSCSSGDDSVFSPDPMPYEPCLPKYQHMNGSVKT*

11

FGFR3-WT

MSEAGGGAAAAASLPRSRAGGMRAAWGSVWCLCLAAAVGALPAARRR
GAERSGGQAAEYLRSETAFLEELVFGSGDTIELSCNTQSSSVSVFWFKDGI
GIAPSNRTHIGQKLLKIINVSYDDSGLYSCKPRHSNEVLGNFTVRVTGVPF
WTRPDKMEKKLLAVPAANTVRFRCPAGGNPTPTIY WLKNGKEFKGEHRI
GGIKLRHQQWSLVMESVVPSDRGNYTCVVENKYGNIRHTYQLDVLERSP
HRPILQAGLPANQTVVVGSNVEFHCK VY SDAQPHIQWLKHVEVNGSKYG
PDGTPY VTVLKSWISKNAEADANLNLFNVTEQDEGEYLCRANNFVGIAEK
PFWLHIRKPKPAEELMEMDDSGSVYAGILSYGTGL VLFILVLVIVIICRMK
MPNKKAMNTTTVQKVSKFPLKRQVTVSLESNSSMNSNTPLVRITRLSSSD
GPMLANVSELELPPDPKWELARSRLTLGKPLGEGCFGQVVMAEAIGIDKD
KPNKAITVAVKMLKDDATDKDLSDLVSEMEMMKMIGKHKNIINLLGACT
QDGPLYVLVEYASKGNLREYLRARRPPGMDY SFDTCKLPEEQLTFKDLVS
CAYQVARGMEYLASQKCIHRDLAARNVLVTEDNVMKIADFGLARDVHNI
DYYKKTTNGRLPVKWMAPEALFDRVYTHQSDVWSFGVLLWEIFTLGGSP
YPGIPVEELFKLLKEGHRMDKPANCTHDLYMIMRECWHAVPSQRPTFKQ
LVEDLDRVLTMTSTDEYLDLSVPFEQYSPAGQDTHSTCSSGDDSVFAHDL
LPDEPCLPKHVPCNGVIRT*

12

FGFR3-
N540K

MSEAGGGAAAAASLPRSRAGGMRAAWGSVWCLCLAAAVGALPAARRR
GAERSGGQAAEYLRSETAFLEELVFGSGDTIELSCNTQSSSVSVFWFKDGI
GIAPSNRTHIGQKLLKIINVSYDDSGLYSCKPRHSNEVLGNFTVRVTGVPF
WTRPDKMEKKLLAVPAANTVRFRCPAGGNPTPTIY WLKNGKEFKGEHRI
GGIKLRHQQWSLVMESVVPSDRGNYTCVVENKYGNIRHTYQLDVLERSP
HRPILQAGLPANQTVVVGSNVEFHCKVYSDAQPHIQWLKHVEVNGSKYG
PDGTPY VTVLKSWISKNAEADANLNLFNVTEQDEGEYLCRANNFVGIAEK
PFWLHIRKPKPAEELMEMDDSGSVYAGILSYGTGL VLFILVLVIVIICRMK
MPNKKAMNTTTVQKVSKFPLKRQVTVSLESNSSMNSNTPLVRITRLSSSD
GPMLANVSELELPPDPKWELARSRLTLGKPLGEGCFGQVVMAEAIGIDKD
KPNKAITVAVKMLKDDATDKDLSDLVSEMEMMKMIGKHKNIIKLLGACT
QDGPLYVLVEYASKGNLREYLRARRPPGMDYSFDTCKLPEEQLTFKDLVS
CAYQVARGMEYLASQKCIHRDLAARNVLVTEDNVMKIADFGLARD VHNI
DYYKKTTNGRLPVKWMAPEALFDRVYTHQSDVWSFGVLLWEIFTLGGSP
YPGIPVEELFKLLKEGHRMDKPANCTHDLYMIMRECWHAVPSQRPTFKQ
LVEDLDRVLTMTSTDEYLDLSVPFEQY SPAGQDTHSTCSSGDDSVFAHDL
LPDEPCLPKHVPCNGVIRT*

43

FGFR3-
K650E

MSEAGGGAAAAASLPRSRAGGMRAAWGSVWCLCLAAAVGALPAARRR
GAERSGGQAAEYLRSETAFLEELVFGSGDTIELSCNTQSSSVSVFWFKDGI
GIAPSNRTHIGQKLLKIINVSYDDSGLY SCKPRHSNEVLGNFTVRVTGVPF
WTRPDKMEKKLLAVPAANTVRFRCPAGGNPTPTTY WLKNGKEFK GEHRI
GGIKLRHQQWSLVMESVVPSDRGNYTCVVENKYGNIRHTYQLDVLERSP
HRPILQAGLPANQTVVVGSNVEFHCKVYSDAQPHIQWLKHVEVNGSKYG
PDGTPY VTVLKSWISKNAEADANLNLFNVIEQDEGEYLCRANNFVGIAEK
PFWLHIRKPKPAEELMEMDDSGSVYAGILSYGTGL VLFILVLVIVIICRMK
MPNKKAMNTTTVQKVSKFPLKRQVTVSLESNSSMNSNTPLVRITRLSSSD
GPMLANVSELELPPDPKWELARSRLTLGKPLGEGCFGQVVMAEAIGIDKD
KPNKAITVAVKMLKDDATDKDLSDLVSEMEMMKMIGKHKNIINLLGACT
QDGPLYVLVEYASKGNLREYLRARRPPGMDYSFDTCKLPEEQLTFKDLVS
CAYQVARGMEYLASQKCIHRDLAARNVLVTEDNVMKIADFGLARD VHNI
DYYKETTNGRLPVKWMAPEALFDRVYTHQSDVWSFGVLLWEIFTLGGSP
YPGIPVEELFKLLKEGHRMDKPANCTHDLYMIMRECWHAVPSQRPTFKQ
LVEDLDRVLTMTSTDEYLDLSVPFEQYSPAGQDTHSTCSSGDDSVFAHDL
LPDEPCLPKHVPCNGVIRT*

44

FGFR3-
N540K-K650E

MSEAGGGAAAAASLPRSRAGGMRAAWGSVWCLCLAAAVGALPAARRR
GAERSGGQAAEYLRSETAFLEELVFGSGDTIELSCNTQSSSVSVFWFKDGI
GIAPSNRTHIGQKLLKIINVSYDDSGLYSCKPRHSNEVLGNFTVRVTGVPF
WTRPDKMEKKLLAVPAANTVRFRCPAGGNPTPTIY WLKNGKEFKGEHRI
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GGIKLRHQQWSLVMESVVPSDRGNYTCVVENKYGNIRHTYQLDVLERSP
HRPILQAGLPANQTVVVGSNVEFHCKVYSDAQPHIQWLKHVEVNGSKYG
PDGTPY VTVLKSWISKNAEADANLNLFNVTEQDEGEYLCRANNFVGIAEK
PFWLHIRKPKPAEELMEMDDSGSVYAGILSYGTGLVLFILVLVIVIICRMK
MPNKKAMNTTTVQKVSKFPLKRQVTVSLESNSSMNSNTPLVRITRLSSSD
GPMLANVSELELPPDPKWELARSRLTLGKPLGEGCFGQVVMAEAIGIDKD
KPNKAITVAVKMLKDDATDKDLSDLVSEMEMMKMIGKHKNIKLLGACT
QDGPLYVLVEYASKGNLREYLRARRPPGMDY SFDTCKLPEEQLTFKDLVS
CAYQVARGMEYLASQKCIHRDLAARNVLVTEDNVMKIADFGLARD VHNI
DYYKETTNGRLPVKWMAPEALFDRVYTHQSDVWSFGVLLWEIFTLGGSP
YPGIPVEELFKLLKEGHRMDKPANCTHDLYMIMRECWHAVPSQRPTFKQ
LVEDLDRVLTMTSTDEYLDLSVPFEQYSPAGQDTHSTCSSGDDSVFAHDL
LPDEPCLPKHVPCNGVIRT*

45

FGFR3-
myrist-K6350E

MGSSKSKPKDPSQRRMKMPNKKAMNTTTVQKVSKFPLKRQVTVSLESNS
SMNSNTPLVRITRLSSSDGPMLANVSELELPPDPKWELARSRLTLGKPLGE
GCFGQVVMAEAIGIDKDKPNKAITVAVKMLKDDATDKDLSDLVSEMEM
MKMIGKHKNIINLLGACTQDGPLY VLVEYASKGNLREYLRARRPPGMDY
SFDTCKLPEEQLTFKDLVSCAYQVARGMEYLASQKCIHRDLAARNVLVTE
DNVMKIADFGLARDVHNIDY YKETTNGRLPVKWMAPEALFDRVYTHQS
DVWSFGVLLWEIFTLGGSPYPGIPVEELFKLLKEGHRMDKPANCTHDLYM
IMRECWHAVPSQRPTFKQLVEDLDRVLTMTSTDEYLDLSVPFEQYSPAGQ
DTHSTCSSGDDSVFAHDLLPDEPCLPKHVPCNGVIRT*

46

FGFR4-WT

MLPLRLVLAGLLVAAGSAASHRGEMEPELFESPLLESEEEHLLLDPGNAL
KLYCDVNQSGASVVWYKESRPLLPGPRVRLQQSVLEIAEVAYEDSGLYV
CRARGTGEVLRNFTISVVDSLASGDDDEDSDGDGPHGDRSEEPVY VHRAP
YWTHPHRMDKKLYAVPAGNTVKFRCPASGSPSPSIRWFKNGREFRGEHRI
GGIRLRHQHWSLVMESVVPSDRGNYTCLVENRFGSIRYSYLLDVLERSPH
RPILQAGLPANTTALVGSD VEFFCKVYSDAQPHIQWLKHIEVNGSSYGPD
GVPYVQVLKTADINSSEVEVLYLRNVTMEDAGEYTCLAGNSIGLSYQSA
WLTVLPEELVHEAEAPEAKYTDIITY TSGSLAVAMALIIVVLCRMQTQSSK
QPLEPMAVHKLSKFPLIRQFSLDSSSSGKSSTSLMRVTRLSSSCAPMLAGY
VELDLPLDSKWEFPREKLVLGKPLGEGCFGQVVRAEAYGIDRQWPDRAV
TVAVKMLKDNATDKDLADLISEMEMMKLMDKHKNIINLLGVCTQDGPL
YVIVEFAAKGNLREYLRARRPPMPDYTFDITELHEEQLCFKDLVSCVYQV
ARGMEYLESRRCIHRDLAARNVLVTAENVMKIADFGLARDVHDIDYYKK
TSNGRLPVKWMAPEALFDRVYTHQSD VWSFGILMWEIFTLGGSPYPGIPV
EELFKLLKEGHRMDCPSNCTHELYMLMRECWHAVPSQRPTFKQLVEGLD
KILAAISEEYLDLSMPFEQYSPSCEDTTSTCSSDDSVFTHDPLPLAPCLFACP
SGRT*

47

FGFR4-
Y367C

MLPLRLVLAGLLVAAGSAASHRGEMEPELFESPLLESEEEHLLLDPGNAL
KLYCDVNQSGASVVWYKESRPLLPGPRVRLQQSVLEIAEVAYEDSGLYV
CRARGTGEVLRNFTISVVDSLASGDDDEDSDGDGPHGDRSEEPVY VHRAP
YWTHPHRMDKKLYAVPAGNTVKFRCPASGSPSPSIRWFKNGREFRGEHRI
GGIRLRHQHWSLVMESVVPSDRGNYTCLVENRFGSIRYSYLLDVLERSPH
RPILQAGLPANTTALVGSDVEFFCKVYSDAQPHIQWLKHIEVNGSSYGPD
GVPYVQVLKTADINSSEVEVLYLRNVTMEDAGEYTCLAGNSIGLSYQSA
WLTVLPEELVHEAEAPEAKCTDIHIYTSGSLAVAMALIIVVLCRMQTQSSK
QPLEPMAVHKLSKFPLIRQFSLDSSSSGKSSTSLMRVTRLSSSCAPMLAGV
VELDLPLDSKWEFPREKLVLGKPLGEGCFGQVVRAEAYGIDRQWPDRAV
TVAVKMLKDNATDKDLADLISEMEMMKLMDKHKNIINLLGVCTQDGPL
Y VIVEFAAKGNLREYLRARRPPMPDY TFDITELHEEQLCFKDLVSCVYQV
ARGMEYLESRRCIHRDLAARNVLVTAENVMKIADFGLARDVHDIDY YKK
TSNGRLPVKWMAPEALFDRVYTHQSD VWSFGILMWEIFTLGGSPYPGIPV
EELFKLLKEGHRMDCPSNCTHELYMLMRECWHAVPSQRPTFKQLVEGLD
KILAAISEEYLDLSMPFEQY SPSCEDTTSTCSSDDSVFTHDPLPLAPCLFACP
SGRT*
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48

FGFR4-
K643E

MLPLRLVLAGLLVAAGSAASHRGEMEPELFESPLLESEEEHLLLDPGNAL
KLYCDVNQSGASVVWYKESRPLLPGPRVRLQQSVLEIAEVAYEDSGLYV
CRARGTGEVLRNFTISVVDSLASGDDDEDSDGDGPHGDRSEEPVY VHRAP
YWTHPHRMDKKLYAVPAGNTVKFRCPASGSPSPSIRWFKNGREFRGEHRI
GGIRLRHQHWSL VMESVVPSDRGNYTCLVENRFGSIRYSYLLD VLERSPH
RPILQAGLPANTTALVGSDVEFFCKVYSDAQPHIQWLKHIEVNGSSYGPD
GVPYVQVLKTADINSSEVEVLYLRNVTMEDAGEYTCLAGNSIGLSYQSA
WLTVLPEELVHEAEAPEAKYTDIITYTSGSLAVAMALIIVVLCRMQTQSSK
QPLEPMA VHKLSKFPLIRQFSLDSSSSGKSSTSLMRVTRLSSSCAPMLAGV
VELDLPLDSKWEFPREKLVLGKPLGEGCFGQVVRAEAYGIDRQWPDRAV
TVAVKMLKDNATDKDLADLISEMEMMKLMDKHKNIINLLGVCTQDGPL
Y VIVEFAAKGNLREYLRARRPPMPDYTFDITELHEEQLCFKDLVSCVYQV
ARGMEYLESRRCIHRDLAARNVLVTAENVMKIADFGLARDVHDIDYYKE
TSNGRLPVKWMAPEALFDRVYTHQSD VWSFGILMWEIFTLGGSPYPGIPV
EELFKLLKEGHRMDCPSNCTHELYMLMRECWHAVPSQRPTFKQLVEGLD
KILAAISEEYLDLSMPFEQY SPSCEDTTSTCSSDDSVFTHDPLPLAPCLFACP
SGRT*

49

FGFR4-
Y367C-K645E

MLPLRLVLAGLLVAAGSAASHRGEMEPELFESPLLESEEEHLLLDPGNAL
KLYCDVNQSGASVVWYKESRPLLPGPRVRLQQSVLEIAEVAYEDSGLYV
CRARGTGEVLRNFTISVVDSLASGDDDEDSDGDGPHGDRSEEPVY VHRAP
YWTHPHRMDKKLYAVPAGNTVKFRCPASGSPSPSIRWFKNGREFRGEHRI
GGIRLRHQHWSLVMESVVPSDRGNYTCLVENRFGSIRYSYLLDVLERSPH
RPILQAGLPANTTALVGSDVEFFCKVYSDAQPHIQWLKHIEVNGSSYGPD
GVPYVQVLKTADINSSEVEVLYLRNVTMEDAGEYTCLAGNSIGLSYQSA
WLTVLPEELVHEAEAPEAKCTDIITYTSGSLAVAMALIIVVLCRMQTQSSK
QPLEPMAVHKLSKFPLIRQFSLDSSSSGKSSTSLMRVTRLSSSCAPMLAGV
VELDLPLDSKWEFPREKLVLGKPLGEGCFGQVVRAEAYGIDRQWPDRAV
TVAVKMLKDNATDKDLADLISEMEMMKLMDKHKNIINLLGVCTQDGPL
Y VIVEFAAKGNLREYLRARRPPMPDYTFDITELHEEQLCFKDLVSCVYQV
ARGMEYLESRRCIHRDLAARNVLVTAENVMKIADFGLARDVHDIDY YKE
TSNGRLPVKWMAPEALFDRVYTHQSD VWSFGILMWEIFTLGGSPYPGIPV
EELFKLLKEGHRMDCPSNCTHELYMLMRECWHAVPSQRPTFKQLVEGLD
KILAAISEEYLDLSMPFEQY SPSCEDTTSTCSSDDSVFTHDPLPLAPCLFACP
SGRT*

50

gglGFR1-WT

MKSGAGGGTLAVFCGLLLAFAALCLCPTNGEICGPNVDIRNDIHELKRLE
NCTVVEGFLQILLISKAEDYRNFRFPKLTVITDYLLLFRVAGLESLSDLFPN
LTVIRGRNLFYNYALVIFEMTNLKEIGLHNLRNITRGAIRIEKNSDLCYLST
VDWSLILDAVSNNYIVGNKPPKECGDLCPGTMEEKPLCEKTSINNEYNYR
CWTTNHCQKMCPSSCGKRACTDQNECCHPECLGSCTAPDNNTACVACR
NYYYEGVCMPTCPPNTYKFEGWRCVTKEFCSKVPATETSDYERFVIHNDE
CMAECPSGFIRNGSQSMFCSPCEGPCPKICEDGKTKTIDSVTSAQMLQGCT
ILKGNLLINIRRGNNIASELENFMGLIETVTGY VKIRHSHALVSLSFLKNLR
YILGEEQVDGNYSFYVLDNHNLQQLWDWNHHNLTIKEGKMYFAFNPKL
CVSEIYRMEEVSGTKGRQSKGDINPRNNGERASCESHILRFVSNTTLKNRI
KLTWERYRPPDYRDLISFTVYYKEAPFKNVTEYDGQDACGSNSWNMVD
VDLPPNKENDPGILLQGLKPWTQYAIY VKAVTLTMMENHHIHGAKSEIVY
IRTNAAVPSIPLDVISASNSSSQLIVKWNPPSLPNGNLSY YIVRWQQQPQDS
YLYRHNYCSKDKVPIRRYADGTIDTEEATEPTKPEGCGGEKGPCCACPKT
EAEKQAEKEEAEYRKVFENFLHNSIFVPRPDRKRRD VFRIANATLATRNR
NITGADHFTNASDAEESEVEYPFFETKVDGKERTVISHLQPFTLYRIDIHSC
NHEADTLGCSASNFVFARTMPSEGADNIPGTVAWEAKEENTVYLKWLEP
TNPNGLILMYEIKYGQHGEEKRECVSRQEYKKLGGAKLTHLNPGNYSAR
VOQATSLAGNGSWTEPVSFY VQPKSANYDNFLHLITVLPIAFLLIIGGLLIML
YVFNKKRNSDRLGNGVLYASVNPEYFSASDVY VPDEWEVPREKITMCRE
LGQGSFGMVYEGIAKGVVKDEPETRVAIKTVNESASMRERIEFLNEASVM
KEFNCHHVVRLLGVVSQGQPTLVIMELMTRGDLKSYLRSLRPDTESNPGQ
APPTLKKMIQMAGEIADGMAYLNANKFVHRDLAARNCMVAEDFTVKIG
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DFGMTRDIYETDY YRKGGKGLLPVRWMSPESLKDGVFTTHSDVWSFGVV
LWEIATLAEQPYQGMTNEQVLRFVMEGGLLEKPDNCPDMLFELMRMCW
QYNPKMRPSFLEIISSIKDELDPAFKEVSFFY SEENKPPDTEELDLETENMES
IPLDPSSTLQPTDKHSGHK AENGPGV VVLRASFEERQPY AHMNGGRKNER
ALPLPQSSAC*

MKSGAGGGTLAVFCGLLLAFAALCLCPTNGEICGPNVDIRNDIHELKRLE
NCTVVEGFLQILLISKAEDYRNFRFPKLTVITDYLLLFRVAGLESLSDLFPN
LTVIRGRNLFYNYALVIFEMTNLKEIGLHNLRNITRGAIRIEKNSDLCYLST
VDWSLILDAVSNNYIVGNKPPKECGDLCPGTMEEKPLCEKTSINNEYNYR
CWTTNHCQKMCPSSCGKRACTDQNECCHPECLGSCTAPDNNTACVACR
NYYYEGVCMPTCPPNTYKFEGWRCVTKEFCSKVPATETSDYERFVIHNDE
CMAECPSGFIRNGSQSMFCSPCEGPCPKICEDGKTKTIDSVISAQMLQGCT
ILKGNLLINIRRGNNIASELENFMGLIETVTGY VKIRHSHALVSLSFLKNLR
YILGEEQVDGNYSFYVLDNHNLQQLWDWNHHNLTIKEGKMYFAFNPKL
CVSEIYRMEEVSGTKGRQSKGDINPRNNGERASCESHILRFVSNTTLKNRI
KLTWERYRPPDYRDLISFTVYYKEAPFKNVTEYDGQDACGSNSWNMVD
VDLPPNKENDPGILLQGLKPWTQYAIYVKAVTLTMMENHHIHGAKSEIVY
IRTNAAVPSIPLDVISASNSSSQLIVKWNPPSLPNGNLSYYIVRWQQQPQDS

gIGFR1- YLYRHNYCSKDKVPIRRY ADGTIDTEEATEPTKPEGCGGEKGPCCACPKT
HI1353H EAEKQAEKEEAEYRKVFENFLHNSIFVPRPDRKRRD VFRIANATLATRNR
NITGADHFTNASDAEESEVEYPFFETKVDGKERTVISHLQPFTLYRIDIHSC
NHEADTLGCSASNFVFARTMPSEGADNIPGTVAWEAKEENTVYLKWLEP
TNPNGLILMYEIKYGQHGEEKRECVSRQEYKKLGGAKLTHLNPGNYSAR
VQATSLAGNGSWTEPVSFYVQPKSANYDNFLHLIIVLPIAFLLIIGGLLIML
Y VFNKKRNSDRLGNGVLY ASVNPEYFSASDVY VPDEWEVPREKITMCRE
LGQGSFGMVYEGIAKGVVKDEPETRVAIKTVNESASMRERIEFLNEASVM
KEFNCHHVVRLLGVVSQGQPTLVIMELMTRGDLKSYLRSLRPDTESNPGQ
APPTLKKMIQMAGEIADGMAYLNANKFVHRDLAARNCMVAEDFTVKIG
DFGMTRDIYETDY YRKGGKGLLPVRWMSPESLKDGVFTTHSDVWSFGVV
LWEIATLAEQPYQGMTNEQVLRFVMEGGLLEKPDNCPDMLFELMRMCW
QYNPKMRPSFLEIISSIKDELDPAFKEVSFFY SEENKPPDTEELDLETENMES
IPLDPSSTLQPTDKHSGHK AENGPGVVVLRASFEERQPY AHMNGGRKNEH
ALPLPQSSAC*

51

MGTPPRTFLILGCFLTGPLLTLCQLPLPTIVPNRNEMVVQLNSNFTLKCSGD
SEVSWQYPVTEGSHRIDIRHEENNSGLFVTVLEVGNASAAHTGMY VCYY
NHTQVEDGEVEGKDIYIY VPDPDMPFVPSLPEDQFILVEEGDPTVIPCRTSD
PSAEVTLVNSLDKPVYAFYDSKQGFVGNFLAGPYTCKTMVKGVEFKSDE
FLIYILRATSQLPVEIEALKTVYKTGETIVVTCVVFDNEVVNLQWNYPGKV
KEKGLIKLDDIKVPSQKLVYTLTIPDASVKDTGDYECTARHATKEVKENK
KVVITVHDKGFIHLEPQFSPLEAVNLHEVKNFVVDVQAYPAPKMYWLKD
NVTLIENLTEIVTSSNRVQETRFQSVLKLIRAKEEDSGYYTLVAENEDEIKR
YTFSLLIQVPALILDLMDDHQGSAGRQTVRCLAEGTPLPDVEWLVCKDIK
KCSNDTSWTLLTNNISDIHMEAHLDERNMVESQVTFQKVEETLAVRCVA
gPDGFRA- RNDLGAVTRELKLVAPTLRSELTVAAAVLVLLVIVIISLIVLVIIWKQKPRY
WT EIRWRVIESISPDGHEYIY VDPMQLPYDSRWEFPRDGL VLGRILGSGAFGK
VVEGTAYGLSRSQPVMKVAVKMLKPTARSSEKQALMSELKIMTHLGPHL
NIVNLLGACTKSGPIYHTEYCFYGDLVNYLHKNRDNFLSRHPEKPKKDLDI
FGMNPADESTRSY VILSFENTGEYMDMKQADTTQY VPMLERKEGSKYSD
IQRSVYDRPASYKKKSLSESEVKNLLSDDGSEGLSLLDLLSFTYQVARGM
EFLASKNCVHRDLAARNVLLAQGKIVKICDFGLARDIMHDSNY VSKGSTF
LPVKWMAPESIFDNLYTTLSDVWSY GILLWEIFSLGGTPYPGMMVDSTFY
NKIKSGYRMAKPDHATNEVYEIMVKCWNSEPEKRPSFYHLSEIVESLLPG
EYKKSYEKIHLDFLKSDHPAVTRMRGDCDNAYIGVTYKNEDKIKDRESGF
DEQRLSADSGYIIPLPDIDPVSEDELGKRNRHSSQTSEESAIETGSSSSTFIKR
EDETIEDIDMMDDIGIDSSDLVEDSFL *

52

ggPDGFRA- MGTPPRTFLILGCFLTGPLLTLCQLPLPTIVPNRNEMVVQLNSNFTLKCSGD

33 D842V SEVSWQYPVTEGSHRIDIRHEENNSGLFVTVLEVGNASAAHTGMY VCYY
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NHTQVEDGEVEGKDIYIY VPDPDMPFVPSLPEDQFILVEEGDPTVIPCRTSD
PSAEVTLVNSLDKPVYAFYDSKQGFVGNFLAGPYTCKTMVKGVEFKSDE
FLIYILRATSQLPVEIEALKTVYKTGETIVVTCVVFEDNEVVNLQWNYPGKV
KEKGLIKLDDIKVPSQKLVYTLTIPDASVKDTGDYECTARHATKEVKENK
KVVITVHDKGFIHLEPQFSPLEAVNLHEVKNFVVDVQAYPAPKMYWLKD
NVTLIENLTEIVTSSNRVQETRFQSVLKLIRAKEEDSGYYTLVAENEDEIKR
YTFSLLIQVPALILDLMDDHQGSAGRQTVRCLAEGTPLPD VEWL VCKDIK
KCSNDTSWTLLTNNISDIHMEAHLDERNMVESQVTFQKVEETLAVRCVA
RNDLGAVTRELKLVAPTLRSELTVAAAVLVLLVIVIISLIVLVIIWKQKPRY
EIRWRVIESISPDGHEYTY VDPMQLPYDSRWEFPRDGLVLGRILGSGAFGK
VVEGTAY GLSRSQPVMKVAVKMLKPTARSSEKQALMSELKIMTHLGPHL
NIVNLLGACTKSGPIYIITEYCFYGDLVNYLHKNRDNFLSRHPEKPKKDLDI
FGMNPADESTRSY VILSFENTGEYMDMKQADTTQY VPMLERKEGSKYSD
IQRSVYDRPASYKKKSLSESEVKNLLSDDGSEGLSLLDLLSFTYQVARGM
EFLASKNCVHRDLAARNVLLAQGKIVKICDFGLARVIMHDSNY VSKGSTF
LPVKWMAPESIFDNLYTTLSDVWSYGILLWEIFSLGGTPYPGMMVDSTFY
NKIKSGYRMAKPDHATNEVYEIMVKCWNSEPEKRPSFYHLSEIVESLLPG
EYKKSYEKIHLDFLKSDHPAVTRMRGDCDNAYIGVTYKNEDKIKDRESGF
DEQRLSADSGYIIPLPDIDPVSEDELGKRNRHSSQTSEESAIETGSSSSTFIKR
EDETIEDIDMMDDIGIDSSDLVEDSFL*

MLCPSLKASLQLLILTGLLEVTSGGSGLHIEPEDAELVLRLHSTFSLVCYGD
GTLVWERDGQPLTAVLEHRDGVFISNLTLRNVTGRHTGEYACFYSPDQAP
ERAERKALYIY VPDPSLVFLPAITSEEFFIFITGYTEATIPCRVINPELQVTLY
EKKVENPIPATYDPQQGFKGFFEDKTYYCQAIVDDQEVDSDTFY VYRIQV
SSVNVSISAVQTVVRQGENVTLMCTVSGNEL VNFNWDYPRKQAGKA VEP
VTDFLPGSTHDIRSILIIQNAELEDSGTY VCNVSEGYHEK TDRKDITVQVIE
RGFVRFHTHLASTVY AEVHK SHIIQVDVEAYPQPNIVWLKNNK TLTMESS
SEFTITNRNLSETRYQTSLVLVR VKQEEGGYYTIRASNEDD AQELSFHLQI
NVPAKVVDLKENSSASSGEQTVTCSAEGMPQPEISWSTCSNIKWCGSQGQ
PTQLLGNNSAEIGLHTNATYHAELQVYRVNSTLQLHRVDEPLLLRCTVQN
ggPDGFRBW | FLGSNSQDITLVPNALPFK VVIISVILALLVLTVISLILIILWQKKPRYEIRW
T KVIESVSSDGHEYTY VDPMQLPYDSSWEVPRDKLVLGRTLGSGAFGRVVE
ATAHGLSHSQSTMK VA VKMLKSTARSSEKQALMSELKIMSHLGPHLNIV
NLLGACTKGGPIYIITEY CRYGDLVDYLHRNKHTFLQSYGEKARREAELY
GNTIKEDHVQSHLSLSVESDGGYMDMSKDESLDY VPMSDMK GEVKY ADI
ESSNYGTPYELDSYSPSAPERTDRVTLINESPLLSYMDLVGFSFQVANGME
FLASKNCVHRDLAARNVLICEGKLVKICDFGLARDIMRDSNYISKGSTFLP
LKWMAPESIFNNLYTTLSDVWSFGILLWEIFTLGGTPYPELPMNEQFYNAI
KRGYRMSKPTHASDEIYDIMQKCWEEKFEIRPSFSQLVVLMGNLLVDCYR
KRYQQVDEEFMKSDHPAVVRTRPTIPGLNNARLPPSSPTLY TAVHQNGGE
NDYIIPLPDPKPDAICDLPQEASVSRASSMLNEANTSSTISCDSPLGPRQDEE
PECDLQLGCQELAPGHHEVEESFL*

54

MLCPSLKASLQLLILTGLLEVTSGGSGLHIEPEDAELVLRLHSTFSLVCYGD
GTLVWERDGQPLTAVLEHRDGVFISNLTLRNVTGRHTGEYACFYSPDQAP
ERAERKALYIYVPDPSLVFLPAITSEEFFIFITGYTEATIPCRVINPELQVTLY
EKKVENPIPATYDPQQGFKGFFEDKTYYCQAIVDDQEVDSDTFY VYRIQV
SSVNVSISAVQTVVRQGENVTLMCTVSGNELVNFNWDYPRKQAGKAVEP
VTDFLPGSTHDIRSILIIQNAELEDSGTY VCNVSEGYHEKTDRKDITVQVIE
RGFVRFHTHLASTVY AEVHKSHIIQVDVEAYPQPNIVWLKNNKTLTMESS
SEFTITNRNLSETRYQTSLVLVRVKQEEGGYYTIRASNEDD AQELSFHLQI
NVPAKVVDLKENSSASSGEQTVTCSAEGMPQPEISWSTCSNIKWCGSQGQ
PTQLLGNNSAEIGLHTNATYHAELQVYRVNSTLQLHRVDEPLLLRCTVQN
FLGSNSQDITLVPNALPFKVVIISVILALLVLTVISLILIILWQKKPRYEIRW
KAIESVSSDGHEYTY VDPMQLPYDSSWEVPRDKLVLGRTLGSGAFGRVVE
ATAHGLSHSQSTMKVAVKMLKSTARSSEKQALMSELKIMSHLGPHLNIV
NLLGACTKGGPIYIITEYCRYGDLVDYLHRNKHTFLQSYGEKARREAELY
GNTIKEDHVQSHLSLSVESDGGYMDMSKDESLDY VPMSDMKGEVKY ADI

ggPDGFRB-

33 V536A

96
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ESSNYGTPYELDSYSPSAPERTDRVTLINESPLLSYMDLVGFSFQVANGME
FLASKNCVHRDLAARNVLICEGKLVKICDFGLARDIMRDSNYISKGSTFLP
LKWMAPESIFNNLYTTLSDVWSFGILLWEIFTLGGTPYPELPMNEQFYNAI
KRGYRMSKPTHASDEIYDIMQKCWEEKFEIRPSFSQLVVLMGNLLVDCYR
KRYQQVDEEFMKSDHPAVVRTRPTIPGLNNARLPPSSPTLY TAVHQNGGE
NDYIIPLPDPKPDAICDLPQEASVSRASSMLNEANTSSTISCDSPLGPRQDEE
PECDLQLGCQELAPGHHEVEESFL*

MLCPSLKASLQLLILTGLLEVTSGGSGLHIEPEDAELVLRLHSTFSLVCYGD
GTLVWERDGQPLTAVLEHRDGVFISNLTLRNVTGRHTGEYACFYSPDQAP
ERAERKALYIY VPDPSLVFLPAITSEEFFIFITGYTEATIPCRVINPELQVTLY
EKKVENPIPATYDPQQGFKGFFEDKTYYCQAIVDDQEVDSDTFY VYRIQV
SSVNVSISAVQTVVRQGENVTLMCTVSGNEL VNFNWDYPRKQAGKA VEP
VTDFLPGSTHDIRSILIIQNAELEDSGTY VCNVSEGYHEKTDRKDITVQVIE
RGFVRFHTHLASTVY AEVHKSHIIQVDVEA YPQPNIVWLKNNK TLTMESS
SEFTITNRNLSETRYQTSLVLVR VKQEEGGY Y TIRASNEDD AQELSFHLQI
NVPAKVVDLKENSSASSGEQTVTCSAEGMPQPEISWSTCSNIKWCGSQGQ
PTQLLGNNSAEIGLHTNATYHAELQVYRVNSTLQLHR VDEPLLLRCTVQN
gePDGFRB- | FLGSNSQDITLVPNALPFKVVIISVILALLVLTVISLILIILWQKKPRYEIRW
D850V KVIESVSSDGHEYTY VDPMQLPYDSSWEVPRDKLVLGRTLGSGAFGRVVE
ATAHGLSHSQSTMK VA VKMLKSTARSSEKQALMSELKIMSHLGPHLNIV
NLLGACTKGGPIYIITEYCRY GDLVDYLHRNKHTFLQSYGEKARREAELY
GNTIKEDHVQSHLSLSVESDGGYMDMSKDESLDY VPMSDMK GEVKY ADI
ESSNYGTPYELDSYSPSAPERTDRVTLINESPLLSYMDLVGFSFQVANGME
FLASKNCVHRDLAARNVLICEGKLVKICDFGLARDIMRNSNYISK GSTFLP
LKWMAPESIFNNLYTTLSDVWSFGILLWEIFTLGGTPYPELPMNEQFYNAI
KRGYRMSKPTHASDEIYDIMQK CWEEKFEIRPSFSQLVVLMGNLLVDCYR
KRYQQVDEEFMKSDHPAVVRTRPTIPGLNNARLPPSSPTLY TAVHQNGGE
NDYIIPLPDPKPDAICDLPQEASVSRASSMLNEANTSSTISCD SPLGPRQDEE
PECDLQLGCQELAPGHHEVEESFL*

56

MADYKDDDDKKGGIIVAILLLIVMLAIEILLLITLIIAVISGGSGLHIEPEDA
ELVLRLHSTFSLVCYGDGTLVWERDGQPLTAVLEHRDGVFISNLTLRNVT
GRHTGEY ACFYSPDQAPERAERKALYITYVPDPSLVFLPAITSEEFFIFITGYT
EATIPCRVTNPELQVTLYEKK VENPIPATYDPQQGFKGFFEDKTYYCQAIV
DDQEVDSDTFYVYRIQVSS VNVSISAVQTVVRQGENVTLMCTVSGNELV
NFNWDYPRKQAGKA VEPVTDFLPGSTHDIRSILIIQNAELEDSGTYVCNVS
EGYHEKTDRKDITVQVIERGFVRFHTHLASTVYAEVHKSHIIQVDVEAYP
QPNIVWLKNNKTLTMESSSEFTITNRNLSETRYQTSLVLVRVKQEEGGYY
TIRASNEDDAQELSFHLQINVPAK VVDLKENSSASSGEQTVTCSAEGMPQP
EISWSTCSNIK WCGSQGQPTQLLGNNSAEIGLHTNATYHAELQVYRVNST
F-9C- LQLHRVDEPLLLRCTVQNFLGSNSQDITL VPNALPFKVVIISVILALL VLTVI
PRggPDGFRB | SLIILIILWQKKPRYEIRWKVIESVSSDGHEYTY VDPMQLPYDSSWEVPRDK
LVLGRTLGSGAFGRVVEATAHGLSHSQSTMK VAVKMLKSTARSSEKQAL
MSELKIMSHLGPHLNIVNLLGACTKGGPIYIITEY CRY GDLVDYLHRNKHT
FLQSYGEKARREAELYGNTIKEDH VQSHLSLSVESDGGYMDMSKDESLD
YVPMSDMKGEVKY ADIESSNYGTPYELDSYSPSAPERTDRVTLINESPLLS
YMDLVGFSFQVANGMEFLASKNCVHRDLAARNVLICEGKLVKICDFGLA
RDIMRDSNYISKGSTFLPLK WMAPESIFNNLY TTLSD VWSFGILLWEIFTLG
GTPYPELPMNEQFYNAIKRGYRMSKPTHASDEIYDIMQK CWEEKFEIRPSF
SQLVVLMGNLLVDCYRKRYQQVDEEFMKSDHPAVVRTRPTIPGLNNARL
PPSSPTLYTAVHQNGGENDYIIPLPDPKPD AICDLPQEASVSRASSMLNEAN
TSSTISCDSPLGPRQDEEPECDLQLGCQELAPGHHE VEESFL*

57

MAKGGIIVAILLLIVMLAIEILLLITLIIAVTSGGSGLHIEPEDAELVLRLHST
FSLVCYGDGTLVWERDGQPLTAVLEHRDGVFISNLTLRNVTGRHTGEY A
9C- CFYSPDQAPERAERKALYTY VPDPSL VFLPAITSEEFFIFITGY TEATIPCRVT
PRggPDGFRB | NPELQVTLYEKKVENPIPATYDPQQGFKGFFEDKTYYCQAIVDDQEVDSD
TFYVYRIQVSSVNVSISAVQTVVRQGENVTLMCTVSGNEL VNFNWDYPR
KQAGKAVEPVTDFLPGSTHDIRSILIIQNAELEDSGTY VCNVSEGYHEKTD

58

97
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RKDITVQVIERGFVRFHTHLASTVY AEVHKSHIIQVDVEAYPQPNIVWLKN
NKTLTMESSSEFTITNRNLSETRYQTSLVLVRVKQEEGGYYTIRASNEDDA
QELSFHLQINVPAKVVDLKENSSASSGEQTVTCSAEGMPQPEISWSTCSNI
KWCGSQGQPTQLLGNNSAEIGLHTNATYHAELQVYRVNSTLQLHR VDEP
LLLRCTVQNFLGSNSQDITLVPNALPFK VVIISVILALLVLTVISLIILIILWQ
KKPRYEIRWKVIESVSSDGHEYTY VDPMQLPYDSSWEVPRDKLVLGRTLG
SGAFGRVVEATAHGLSHSQSTMK VAVKMLKSTARSSEKQALMSELKIMS
HLGPHLNIVNLLGACTKGGPIYIITEYCRYGDLVDYLHRNKHTFLQSYGEK
ARREAELY GNTIKEDH VQSHLSLSVESDGGYMDMSKDESLDY VPMSDMK
GEVKYADIESSNYGTPYELDSYSPSAPERTDR VTLINESPLLSYMDLVGFSF
QVANGMEFLASKNCVHRDLAARNVLICEGKLVKICDFGLARDIMRDSNYI
SKGSTFLPLKWMAPESIFNNLYTTLSD VWSFGILLWEIFTLGGTPYPELPM
NEQFYNAIKRGYRMSKPTHASDEIYDIMQKCWEEKFEIRPSFSQL VVLMG
NLLVDCYRKRYQQVDEEFMKSDHPAVVRTRPTIPGLNNARLPPSSPTLYT
AVHQNGGENDYTIPLPDPKPDAICDLPQEASVSRASSMLNEANTSSTISCDS
PLGPRQDEEPECDLQLGCQELAPGHHEVEESFL*

59

FGFBP

MWIKNVGLLCVLILVSQMLLASCERQKERRRGK QGIEHGGKKQAESNPE
REKGRKPKGGKASPKGKFKSKENADCSWAVTDMSAATVHIECRNGDSAF
WCEFSGDPSACPHYAANQKSYWKQVSRSLKKQKQICQDPRSILKPKICRK
GPRGAHLKLTRSSLLAAVDPAKGHPAHHAAEDAQGPAASETGKQPEHSP
PDCVEDVDYIDQRKVAEEY CPESLLSLCNFFITMVQDKKC

60

RASVI2

MTEYKLVVVGAVGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGET
CLLDILDTAGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHQYREQI
KRVKDSDDVPMVLVGNKCDLPARTVETRQAQDLARSYGIPYIETSAKTR
QGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMNCKCVIS*

61

Chicken FGF2
or FGF2-WT

ATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCA
GACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCC
AAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGAGGATAAACCCT
GACGGACGGGTGGACGGCGTACGCGAGAAATCAGATCCACATATCAA
GCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGG

TTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAGGCTCCTCG
CGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAAT

CTAACAACTACAACACGTACCGCTCTCGCAAATACTCTGACTGGTACG
TCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGT

CCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

62

BM40-FGF2

ATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCA
GACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCC
AAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGAGGATAAACCCT
GACGGACGGGTGGACGGCGTACGCGAGAAATCAGATCCACATATCAA
GCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGG

TTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAGGCTCCTCG
CGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAAT

CTAACAACTACAACACGTACCGCTCTCGCAAATACTCTGACTGGTACG
TCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGT

CCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

63

ggIL2-FGF2

ATGATGTGTAAAGTTCTTATCTTCGGATGCATCTCCGTAGCAATGCTCA
TGACTACAGCTTACATGGCGGCAGGAGCAGCTGGTTCCATAACCACAT
TGCCCGCCCTCCCAGACGATGGGGGCGGAGGCGCATTTCCTCCAGGTC
ATTTCAAGGACCCCAAAAGGCTGTACTGTAAGAATGGTGGTTTTITCCT
GAGGATAAACCCTGACGGACGGGTGGACGGCGTACGCGAGAAATCAG
ATCCACATATCAAGCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCT
CTATAAAAGGGGTTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACG
GTAGGCTCCTCGCGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGA
ACGGCTCGAATCTAACAACTACAACACGTACCGCTCTCGCAAATACTC
TGACTGGTACGTCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCC
AAAGACGGGTCCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGC
CAAGAGTTAG

98
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ATGGGGGTCAAAGTGCTGTTTGCCTTGATCTGTATTGCTGTGGCCGAG
GCAATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTC
CCAGACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGAC
CCCAAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGAGGATAAAC
CCTGACGGACGGGTGGACGGCGTACGCGAGAAATCAGATCCACATAT
CAAGCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAAAG
GGGTTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAGGCTCC
TCGCGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCG
AATCTAACAACTACAACACGTACCGCTCTCGCAAATACTCTGACTGGT
ACGTCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACG
GGTCCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGT
TAG

64 GLuc-FGF2

ATGTATCGCATGCAACTGCTTTCATGCATTGCTCTTAGCCTGGCGCTGG
TCACGAACTCTATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGC
CCGCCCTCCCAGACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATT
TCAAGGACCCCAAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGA
GGATAAACCCTGACGGACGGGTGGACGGCGTACGCGAGAAATCAGAT
CCACATATCAAGCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCT
ATAAAAGGGGTTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGG
TAGGCTCCTCGCGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAA
CGGCTCGAATCTAACAACTACAACACGTACCGCTCTCGCAAATACTCT
GACTGGTACGTCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCA
AAGACGGGTCCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCC
AAGAGTTAG

65 hIL2-FGF2

ATGAGAATGCAACTGCTCCTGCTTATAGCGCTCAGTTTGGCTCTCGTGA
CCAACTCAATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCG
CCCTCCCAGACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCA
AGGACCCCAAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGAGGA
TAAACCCTGACGGACGGGTGGACGGCGTACGCGAGAAATCAGATCCA
CATATCAAGCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATA
AAAGGGGTTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAG
GCTCCTCGCGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGG
CTCGAATCTAACAACTACAACACGTACCGCTCTCGCAAATACTCTGAC
TGGTACGTCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAA
GACGGGTCCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAA
GAGTTAG

66 hiL.2col-FGF2

ATGAGGCGGATGCAATTGCTGCTGTTGATCGCACTCTCTCTGGCACTTG
TCACTAATAGTATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGC
CCGCCCTCCCAGACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATT
TCAAGGACCCCAAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGA
GGATAAACCCTGACGGACGGGTGGACGGCGTACGCGAGAAATCAGAT
CCACATATCAAGCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCT
ATAAAAGGGGTTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGG
TAGGCTCCTCGCGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAA
CGGCTCGAATCTAACAACTACAACACGTACCGCTCTCGCAAATACTCT
GACTGGTACGTCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCA
AAGACGGGTCCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCC
AAGAGTTAG

67 hiL2c02-FGF2

ATGAATTTTACAGAAGGGTGTGAAGCGACTGGCAGGAGACCAGGATC
CGCCGGGTCAAGGAGAAGAAGGGCCCCCCGGCCTGGGCCTGTCGCGC
TTCTTCCCCTGTTGCTTCCGCTGTTGCTTCCACCGGCAGCTGCGGTTCCC
TTGCCCATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCC
68 | gglL6-FGF2 CTCCCAGACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAG
GACCCCAAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGAGGATA
AACCCTGACGGACGGGTGGACGGCGTACGCGAGAAATCAGATCCACA
TATCAAGCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAA
AGGGGTTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAGGCT

99
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CCTCGCGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTC
GAATCTAACAACTACAACACGTACCGCTCTCGCAAATACTCTGACTGG
TACGTCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGAC
GGGTCCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAG
TTAG

69

hIFN2A-
ggFGF2

ATGGCGCTCACGTTTGCCCTCTTGGTTGCGCTTCTCGTTCTTTCCTGCAA
GAGTAGCTGTTCCGTGGGAATGGTATCCAAGATGGCGGCAGGAGCAG
CTGGTTCCATAACCACATTGCCCGCCCTCCCAGACGATGGGGGCGGAG
GCGCATTTCCTCCAGGTCATTTCAAGGACCCCAAAAGGCTGTACTGTA
AGAATGGTGGTTTTTTCCTGAGGATAAACCCTGACGGACGGGTGGACG
GCGTACGCGAGAAATCAGATCCACATATCAAGCTGCAGTTGCAAGCCG
AGGAACGCGGGGTAGTCTCTATAAAAGGGGTTAGCGCTAACAGATTTT
TGGCAATGAAGGAAGACGGTAGGCTCCTCGCGCTTAAGTGTGCCACCG
AGGAGTGCTTCTTCTTCGAACGGCTCGAATCTAACAACTACAACACGT
ACCGCTCTCGCAAATACTCTGACTGGTACGTCGCACTCAAACGCACTG
GGCAGTATAAACCGGGGCCAAAGACGGGTCCGGGGCAGAAAGCTATC
CTGTTCCTTCCAATGTCCGCCAAGAGTTAG

70

secrecon-
FGF2

ATGTGGTGGCGCTTGTGGTGGTTGCTGTTGTTGTTGCTGCTGTTGTGGC
CTATGGTCTGGGCAATGGCGGCAGGAGCAGCTGGTTCCATAACCACAT
TGCCCGCCCTCCCAGACGATGGGGGCGGAGGCGCATTTCCTCCAGGTC
ATTTCAAGGACCCCAAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCT
GAGGATAAACCCTGACGGACGGGTGGACGGCGTACGCGAGAAATCAG
ATCCACATATCAAGCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCT
CTATAAAAGGGGTTAGCGCTAACAGATTTTITGGCAATGAAGGAAGACG
GTAGGCTCCTCGCGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGA
ACGGCTCGAATCTAACAACTACAACACGTACCGCTCTCGCAAATACTC
TGACTGGTACGTCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCC
AAAGACGGGTCCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGC
CAAGAGTTAG

71

hIL6-FGF2

ATGAATAGCTTCAGTACGTCTGCGTTCGGACCTGTGGCTTTTAGCCTCG
GACTGCTGCTCGTGCTGCCGGCGGCGTTTCCGGCACCCATGGCGGCAG
GAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCAGACGATGGGG
GCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCCAAAAGGCTGT
ACTGTAAGAATGGTGGTTTTTTCCTGAGGATAAACCCTGACGGACGGG
TGGACGGCGTACGCGAGAAATCAGATCCACATATCAAGCTGCAGTTGC
AAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGGTTAGCGCTAAC
AGATTTTTGGCAATGAAGGAAGACGGTAGGCTCCTCGCGCTTAAGTGT
GCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAATCTAACAACTAC
AACACGTACCGCTCTCGCAAATACTCTGACTGGTACGTCGCACTCAAA
CGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGTCCGGGGCAGAA
AGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

72

FGF2-Q681-
N114G-FGF2

ATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCA
GACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCC
AAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGAGGATAAACCCT
GACGGACGGGTGGACGGCGTACGCGAGAAATCAGATCCACATATCAA
GCTGCAGTTGATAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGGT
TAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAGGCTCCTCGC
GCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAATCT
AACGGCTACAACACGTACCGCTCTCGCAAATACTCTGACTGGTACGTC
GCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGTCC
GGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

73

FGF2-Q68I-
N114G-C99S-
FGF2

ATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCA
GACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCC
AAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGAGGATAAACCCT
GACGGACGGGTGGACGGCGTACGCGAGAAATCAGATCCACATATCAA
GCTGCAGTTGATAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGGT
TAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAGGCTCCTCGC

100
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GCTTAAGTCTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAATCT
AACGGCTACAACACGTACCGCTCTCGCAAATACTCTGACTGGTACGTC
GCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGTCC
GGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

74

hIL2-
colggFGF2(x
Met)

ATGAGAATGCAACTGCTCCTGCTTATAGCGCTCAGTTTGGCTCTCGTGA
CCAACTCAGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCC
TCCCAGACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGG
ACCCCAAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGAGGATAA
ACCCTGACGGACGGGTGGACGGCGTACGCGAGAAATCAGATCCACAT
ATCAAGCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAAA
GGGGTTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAGGCTC
CTCGCGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCG
AATCTAACAACTACAACACGTACCGCTCTCGCAAATACTCTGACTGGT
ACGTCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACG
GGTCCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGT
TAG

75

FGF2-C77Y81

ATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCA
GACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCC
AAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGAGGATAAACCCT
GACGGACGGGTGGACGGCGTACGCGAGAAATCAGATCCACATATCAA
GCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGG

TTTGCGCTAACAGATATTTGGCAATGAAGGAAGACGGTAGGCTCCTCG
CGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAAT

CTAACAACTACAACACGTACCGCTCTCGCAAATACTCTGACTGGTACG
TCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGT

CCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

76

FGF-STAB

ATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCA
GACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCC
AAAAGGCTGTACTGTAAGAATGGTGGTTTITTCCTGCTGATAAACCCT
GACGGACGGGTGGACGGCACCCGCGAGAAATCAGATCCATTCATCAA
GCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGG
TTAGCGCTAACAGATTTTTIGGCAATGAAGGAAGACGGTAGGCTCTACG
CGCTTAAGTATGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAAG
AGAACAACTACAACACGTACCGCTCTCGCAAATACTCTGACTGGTACG
TCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGT
CCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

77

ggIL2-FGF-
STAB

ATGATGTGTAAAGTTCTTATCTTCGGATGCATCTCCGTAGCAATGCTCA
TGACTACAGCTTACATGGCGGCAGGAGCAGCTGGTTCCATAACCACAT
TGCCCGCCCTCCCAGACGATGGGGGCGGAGGCGCATTTCCTCCAGGTC
ATTTCAAGGACCCCAAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCT
GCTGATAAACCCTGACGGACGGGTGGACGGCACCCGCGAGAAATCAG
ATCCATTCATCAAGCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCT
CTATAAAAGGGGTTAGCGCTAACAGATTTTITGGCAATGAAGGAAGACG
GTAGGCTCTACGCGCTTAAGTATGCCACCGAGGAGTGCTTCTTCTTCGA
ACGGCTCGAAGAGAACAACTACAACACGTACCGCTCTCGCAAATACTC
TGACTGGTACGTCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCC
AAAGACGGGTCCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGC
CAAGAGTTAG

78

hIL2-FGF-
STAB

ATGTATCGCATGCAACTGCTTTCATGCATTGCTCTTAGCCTGGCGCTGG
TCACGAACTCTATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGC
CCGCCCTCCCAGACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATT
TCAAGGACCCCAAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGC
TGATAAACCCTGACGGACGGGTGGACGGCACCCGCGAGAAATCAGAT
CCATTCATCAAGCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCT
ATAAAAGGGGTTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGG
TAGGCTCTACGCGCTTAAGTATGCCACCGAGGAGTGCTTCTTCTTCGAA
CGGCTCGAAGAGAACAACTACAACACGTACCGCTCTCGCAAATACTCT
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Description

Sequence

GACTGGTACGTCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCA
AAGACGGGTCCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCC
AAGAGTTAG

79

STAB-
C77Y81

ATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCA
GACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCC
AAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGAGGATAAACCCT
GACGGACGGGTGGACGGCGTACGCGAGAAATCAGATCCACATATCAA
GCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGG

TTTGCGCTAACAGATATTTGGCAATGAAGGAAGACGGTAGGCTCCTCG
CGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAAT

CTAACAACTACAACACGTACCGCTCTCGCAAATACTCTGACTGGTACG
TCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGT

CCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

80

c96-STAB-
Gen2-ggFGF2

ATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCA
GACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCC
AAAAGGCTGTACTGTAAGAATGGTGGTTTITTCCTGCTGATAAACCCT
GACGGACGGGTGGACGGCACCCGCGAGAAATCAGATCCATTCATCAA
GCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGG
TTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAGGCTCTACG
CGCTTAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAAG
AGAACAACTACAACACGTACCGCTCTCGCAAATACTCTGACTGGTACG
TCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGT
CCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

81

STAB-Gen3-
ggFGF2

ATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCA
GACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCC
AAAAGGCTGTACTGTAAGAATGGTGGTTTTITTCCTGCTGATAAACCCT
GACGGACGGGTGGACGGCACCCGCGACAAATCAGATCCATTCATCAA
GCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGG
TTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAGGCTCTACG
CGATAAAGAATGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAAG
AGAACAACTACAACACGTACCGCTCTCGCAAATACCCTGACTGGTACG
TCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGT
CCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

82

c96-STAB-
Gen3-ggFGF2

ATGGCGGCAGGAGCAGCTGGTTCCATAACCACATTGCCCGCCCTCCCA
GACGATGGGGGCGGAGGCGCATTTCCTCCAGGTCATTTCAAGGACCCC
AAAAGGCTGTACTGTAAGAATGGTGGTTTTTTCCTGCTGATAAACCCT
GACGGACGGGTGGACGGCACCCGCGACAAATCAGATCCATTCATCAA
GCTGCAGTTGCAAGCCGAGGAACGCGGGGTAGTCTCTATAAAAGGGG
TTAGCGCTAACAGATTTTTGGCAATGAAGGAAGACGGTAGGCTCTACG
CGATAAAGTGTGCCACCGAGGAGTGCTTCTTCTTCGAACGGCTCGAAG
AGAACAACTACAACACGTACCGCTCTCGCAAATACCCTGACTGGTACG
TCGCACTCAAACGCACTGGGCAGTATAAACCGGGGCCAAAGACGGGT
CCGGGGCAGAAAGCTATCCTGTTCCTTCCAATGTCCGCCAAGAGTTAG

83

Bovine FGF2

ATGGCCGCCGGGAGCATCACCACGCTGCCAGCCCTGCCGGAGGACGG
CGGCAGCGGCGCTTTCCCGCCGGGCCACTTCAAGGACCCCAAGCGGCT
GTACTGCAAGAACGGGGGCTTCTTCCTGCGCATCCACCCCGACGGCCG
AGTGGACGGGGTCCGCGAGAAGAGCGACCCACACATCAAACTACAAC
TTCAAGCAGAAGAGAGAGGGGTTGTGTCTATCAAAGGAGTGTGTGCA
AACCGTTACCTTGCTATGAAAGAAGATGGAAGATTACTAGCTTCTAAA
TGTGTTACAGACGAGTGTTTCTTTTTTGAACGATTGGAGTCTAATAACT
ACAATACTTACCGGTCAAGGAAATACTCCAGTTGGTATGTGGCACTGA
AACGAACTGGGCAGTATAAACTTGGACCCAAAACAGGACCTGGGCAG
AAAGCTATACTTTTTCTTCCAATGTCTGCTAAGAGCTGA

84

Salmon FGF2

ATGGCCACAGGAGAAATCACCACTCTACCCGCCACACCTGAAGATGGA
GGCAGTGGCGGCTTCCCTCCAGGAAACTTTAAGGATCCCAAGAGGCTG
TACTGTAAAAACGGGGGCTACTTCTTGAGAATAAACTCTAATGGAAGC

GTGGACGGGATCCGAGAGAAGAACGACCCCCACATCAAGCTTCAACT
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CCAGGCGACCTCAGTAGGGGAGGTAGTGATCAAAGGGGTCTCAGCCA
ACCGTTATCTGGCCATGAATGGAGATGGAAGACTGTTTGGAACGAGAC
GGACAACAGATGAATGCTACTTCATGGAGAGGCTGGAGAGTAACAAC
TACAACACCTACCGCTCACGGAAGTACCCTGACATGTATGTGGCGCTG
AAAAGGACTGGCCAGTACAAGTCAGGATCCAAAACTGGACCGGGCCA
AAAAGCCATTCTCTTTCTCCCCATGTCAGCCAGACGCTGA

ATGACCGAGTACAAGCTGGTGGTAGTGGGAGCTGTAGGTGTCGGGAA
GAGCGCTTTGACGATACAGCTCATTCAGAACCATTTTGTTGATGAGTA
CGACCCCACAATAGAGGATTCCTACAGAAAGCAAGTCGTCATCGATGG
AGAGACCTGTTTGCTGGACATCCTGGATACGGCGGGGCAGGAGGAGT
ACAGTGCCATGCGAGACCAGTACATGAGAACGGGGGAAGGATTCCTG
TGCGTCTTTGCCATTAACAACACCAAGTCCTTTGAGGACATCCACCAGT
ACAGGGAGCAGATCAAGAGGGTGAAAGACTCAGATGATGTCCCCATG
GTGCTGGTGGGAAATAAATGTGATCTGCCAGCACGGACAGTGGAGAC
CCGGCAAGCGCAGGACCTGGCCCGGAGTTACGGGATCCCCTACATAGA
AACGTCGGCCAAAACCAGACAGGGCGTCGAAGATGCCTTCTATACCTT
AGTGCGGGAGATCCGTCAGCATAAACTGCGCAAGCTGAACCCACCAG
ATGAGAGTGGCCCTGGCTGCATGAACTGTAAATGCGTGATATCGTGA

85 RASv12

ATGTTCACGTGGAGATGTCTCATCCTGTGGGCGGTACTGGTTACCGCA
ACGTTGAGCGCAGCTAGGCCCGCCCCCACGCTGCCTGACCAGGCTCTC
CCTAAGGCGAATATAGAAGTAGAATCACATTCTGCACATCCAGGAGAC
TTGTTGCAATTGCGGTGCCGCTTGAGAGACGATGTCCAATCAATCAAT
TGGGTCAGGGACGGGGTCCAACTTCCGGAGAATAACCGGACAAGGAT
TACTGGAGAGGAGGTTGAAGTCAGGGACGCTGTTCCCGAAGATAGCG
GCTTGTACGCTTGCATGACTAATTCCCCGTCAGGGTCAGAAACCACGT
ATTTTTCTGTAAACGTTAGCGATGCTCTTCCGAGTGCTGAAGACGATGA
TGATGAAGACGATAGCAGCTCCGAAGAGAAAGAGGCGGATAATACTA
AACCAAATCAAGCTGTTGCACCATATTGGACCTACCCCGAAAAAATGG
AGAAAAAGTTGCATGCTGTTCCGGCAGCCAAAACCGTAAAATTCAAGT
GCCCCTCCGGCGGTACCCCTAATCCAACTCTGAGATGGTTGAAGAACG
GTAAGGAGTTCAAACCGGATCACCGGATAGGTGGATATAAAGTTCGGT
ATGCGACCTGGTCCATTATTATGGACTCTGTCGTGCCCTCCGACAAAG
GTAACTACACTTGTATCGTCGAGAACAAGTACGGCAGCATCAATCATA
CGTACCAACTGGACGTGGTAGAACGCAGTCCACACCGCCCCATCCTCC
AGGCCGGACTCCCTGCCAACAAAACAGTTGCGCTCGGCTCTAATGTTG
AATTTGTGTGCAAAGTTTACTCAGACCCTCAACCTCATATCCAATGGCT
TAAACATATCGAAGTCAACGGTAGTAAGATAGGTCCCGACAACCTGCC
86 | FGFR1-WT GTATGTCCAGATCCTTAAAACTGCGGGGGTAAATACCACTGACAAGGA
AATGGAGGTCTTGCATCTTCGCAACGTGAGCTTTGAAGATGCAGGTGA
GTATACTTGTTTGGCAGGTAATAGCATCGGAATCTCCCACCATTCCGCC
TGGCTGACAGTGCTGGAGGCCACGGAACAAAGTCCGGCCATGATGAC
CAGTCCGTTGTATCTGGAAATTATCATTTACTGTACAGGGGCCTTTCTC
ATATCATGCATGGTCGTAACCGTGATTATATATAAAATGAAGAGCACA
ACGAAGAAGACTGATTTTAATTCACAACTGGCGGTACATAAACTCGCA
AAATCTATCCCATTGAGGCGGCAGGTTACAGTCTCCGCCGACAGCTCC
AGCAGCATGAACTCAGGAGTGATGCTTGTTCGCCCCAGCAGACTGAGT
TCTAGTGGGACTCCGATGCTTGCTGGAGTCAGTGAATACGAATTGCCG
GAGGATCCGCGGTGGGAACTTCCTAGGGACCGCCTTATATTGGGCAAA
CCCCTCGGTGAGGGCTGTTTCGGACAGGTCGTGCTCGCAGAGGCCATC
GGCCTTGACAAAGATAAGCCGAATAGAGTGACCAAGGTGGCGGTITAA
AATGCTGAAATCAGACGCTACGGAAAAGGACCTCTCAGACCTCATCAG
TGAAATGGAAATGATGAAAATGATAGGGAAGCACAAAAACATCATCA
ATTTGCTCGGAGCTTGTACCCAGGACGGTCCCCTCTACGTGATCGTAG
AATACGCTTCCAAAGGTAATCTGCGCGAATATCTGCAAGCTCGGAGGC
CGCCAGGTATGGAATACTGTTATAATCCGACACGGATTCCCGAGGAAC
AGCTCTCTTTTAAAGATTTGGTTTCATGCGCGTATCAAGTGGCGAGGG
GCATGGAGTATCTGGCGTCCAAGAAGTGCATTCATAGGGACTTGGCTG
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CAAGAAATGTCTTGGTAACAGAAGACAACGTCATGAAGATCGCCGACT
TCGGCCTTGCACGGGATATTCATCACATCGACTATTACAAAAAGACGA
CGAACGGCCGCCTCCCAGTTAAGTGGATGGCCCCCGAAGCCCTGTTCG
ATCGGATTTACACGCATCAATCCGACGTGTGGTCTTTCGGTGTCCTGCT
TTGGGAGATATTTACACTCGGGGGATCACCCTACCCCGGAGTACCGGT
GGAGGAGTTGTTCAAACTTCTTAAAGAAGGTCACAGAATGGACAAACC
CAGTAACTGCACTAACGAGCTGTATATGATGATGCGCGATTGCTGGCA
CGCTGTTCCGTCACAACGGCCCACTTTTAAACAGCTCGTGGAGGATCTT
GACAGAATCGTCGCGATGACTAGCAACCAAGAGTATTTGGATTTGTCA
GTCCCGCTTGACCAATATTCCCCCGGTTTTCCGGCTACCCGCTCTTCTA
CTTGTTCCAGCGGTGAGGATAGTGTATTTTCTCATGACCCACTTCCAGA
TGAGCCGTGCTTGCCTCGGTGTCCTCCCCACTCCCATGGAGCGCTCAAA
CGCCACTGA

ATGTTCACGTGGAGATGTCTCATCCTGTGGGCGGTACTGGTTACCGCA
ACGTTGAGCGCAGCTAGGCCCGCCCCCACGCTGCCTGACCAGGCTCTC
CCTAAGGCGAATATAGAAGTAGAATCACATTCTGCACATCCAGGAGAC
TTGTTGCAATTGCGGTGCCGCTTGAGAGACGATGTCCAATCAATCAAT
TGGGTCAGGGACGGGGTCCAACTTCCGGAGAATAACCGGACAAGGAT
TACTGGAGAGGAGGTTGAAGTCAGGGACGCTGTTCCCGAAGATAGCG
GCTTGTACGCTTGCATGACTAATTCCCCGTCAGGGTCAGAAACCACGT
ATTTTTCTGTAAACGTTAGCGATGCTCTTCCGAGTGCTGAAGACGATGA
TGATGAAGACGATAGCAGCTCCGAAGAGAAAGAGGCGGATAATACTA
AACCAAATCAAGCTGTTGCACCATATTGGACCTACCCCGAAAAAATGG
AGAAAAAGTTGCATGCTGTTCCGGCAGCCAAAACCGTAAAATTCAAGT
GCCCCTCCGGCGGTACCCCTAATCCAACTCTGAGATGGTTGAAGAACG
GTAAGGAGTTCAAACCGGATCACCGGATAGGTGGATATAAAGTTCGGT
ATGCGACCTGGTCCATTATTATGGACTCTGTCGTGCCCTCCGACAAAG
GTAACTACACTTGTATCGTCGAGAACAAGTACGGCAGCATCAATCATA
CGTACCAACTGGACGTGGTAGAACGCAGTCCACACCGCCCCATCCTCC
AGGCCGGACTCCCTGCCAACAAAACAGTTGCGCTCGGCTCTAATGTTG
AATTTGTGTGCAAAGTTTACTCAGACCCTCAACCTCATATCCAATGGCT
TAAACATATCGAAGTCAACGGTAGTAAGATAGGTCCCGACAACCTGCC
GTATGTCCAGATCCTTAAAACTGCGGGGGTAAATACCACTGACAAGGA
AATGGAGGTCTTGCATCTTCGCAACGTGAGCTTTGAAGATGCAGGTGA
FGFRIC- GTATACTTGTTTGGCAGGTAATAGCATCGGAATCTCCCACCATTCCGCC
N546K TGGCTGACAGTGCTGGAGGCCACGGAACAAAGTCCGGCCATGATGAC
CAGTCCGTTGTATCTGGAAATTATCATTTACTGTACAGGGGCCTTTCTC
ATATCATGCATGGTCGTAACCGTGATTATATATAAAATGAAGAGCACA
ACGAAGAAGACTGATTTTAATTCACAACTGGCGGTACATAAACTCGCA
AAATCTATCCCATTGAGGCGGCAGGTTACAGTCTCCGCCGACAGCTCC
AGCAGCATGAACTCAGGAGTGATGCTTGTTCGCCCCAGCAGACTGAGT
TCTAGTGGGACTCCGATGCTTGCTGGAGTCAGTGAATACGAATTGCCG
GAGGATCCGCGGTGGGAACTTCCTAGGGACCGCCTTATATTGGGCAAA
CCCCTCGGTGAGGGCTGTTTCGGACAGGTCGTGCTCGCAGAGGCCATC
GGCCTTGACAAAGATAAGCCGAATAGAGTGACCAAGGTGGCGGTTAA
AATGCTGAAATCAGACGCTACGGAAAAGGACCTCTCAGACCTCATCAG
TGAAATGGAAATGATGAAAATGATAGGGAAGCACAAAAACATCATCA
AGTTGCTCGGAGCTTGTACCCAGGACGGTCCCCTCTACGTGATCGTAG
AATACGCTTCCAAAGGTAATCTGCGCGAATATCTGCAAGCTCGGAGGC
CGCCAGGTATGGAATACTGTTATAATCCGACACGGATTCCCGAGGAAC
AGCTCTCTTTTAAAGATTTGGTTTCATGCGCGTATCAAGTGGCGAGGG
GCATGGAGTATCTGGCGTCCAAGAAGTGCATTCATAGGGACTTGGCTG
CAAGAAATGTCTTGGTAACAGAAGACAACGTCATGAAGATCGCCGACT
TCGGCCTTGCACGGGATATTCATCACATCGACTATTACAAAAAGACGA
CGAACGGCCGCCTCCCAGTTAAGTGGATGGCCCCCGAAGCCCTGTTICG
ATCGGATTTACACGCATCAATCCGACGTGTGGTCTTTCGGTGTCCTGCT
TTGGGAGATATTTACACTCGGGGGATCACCCTACCCCGGAGTACCGGT

87
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GGAGGAGTTGTTCAAACTTCTTAAAGAAGGTCACAGAATGGACAAACC
CAGTAACTGCACTAACGAGCTGTATATGATGATGCGCGATTGCTGGCA
CGCTGTTCCGTCACAACGGCCCACTTTTAAACAGCTCGTGGAGGATCTT
GACAGAATCGTCGCGATGACTAGCAACCAAGAGTATTTGGATTTGTCA
GTCCCGCTTGACCAATATTCCCCCGGTTTTCCGGCTACCCGCTCTTCTA
CTTGTTCCAGCGGTGAGGATAGTGTATTTITCTCATGACCCACTTCCAGA
TGAGCCGTGCTTGCCTCGGTGTCCTCCCCACTCCCATGGAGCGCTCAAA
CGCCACTGA

GCCGCCACCATGTTCACGTGGAGATGTCTCATCCTGTGGGCGGTACTG
GTTACCGCAACGTTGAGCGCAGCTAGGCCCGCCCCCACGCTGCCTGAC
CAGGCTCTCCCTAAGGCGAATATAGAAGTAGAATCACATTCTGCACAT
CCAGGAGACTTGTTGCAATTGCGGTGCCGCTTGAGAGACGATGTCCAA
TCAATCAATTGGGTCAGGGACGGGGTCCAACTTCCGGAGAATAACCGG
ACAAGGATTACTGGAGAGGAGGTTGAAGTCAGGGACGCTGTTCCCGA
AGATAGCGGCTTGTACGCTTGCATGACTAATTCCCCGTCAGGGTCAGA
AACCACGTATTTTTCTGTAAACGTTAGCGATGCTCTTCCGAGTGCTGAA
GACGATGATGATGAAGACGATAGCAGCTCCGAAGAGAAAGAGGCGGA
TAATACTAAACCAAATCAAGCTGTTGCACCATATTGGACCTACCCCGA
AAAAATGGAGAAAAAGTTGCATGCTGTTCCGGCAGCCAAAACCGTAA
AATTCAAGTGCCCCTCCGGCGGTACCCCTAATCCAACTCTGAGATGGT
TGAAGAACGGTAAGGAGTTCAAACCGGATCACCGGATAGGTGGATAT
AAAGTTCGGTATGCGACCTGGTCCATTATTATGGACTCTGTCGTGCCCT
CCGACAAAGGTAACTACACTTGTATCGTCGAGAACAAGTACGGCAGCA
TCAATCATACGTACCAACTGGACGTGGTAGAACGCAGTCCACACCGCC
CCATCCTCCAGGCCGGACTCCCTGCCAACAAAACAGTTGCGCTCGGCT
CTAATGTTGAATTTGTGTGCAAAGTTTACTCAGACCCTCAACCTCATAT
CCAATGGCTTAAACATATCGAAGTCAACGGTAGTAAGATAGGTCCCGA
CAACCTGCCGTATGTCCAGATCCTTAAAACTGCGGGGGTAAATACCAC
TGACAAGGAAATGGAGGTCTTGCATCTTCGCAACGTGAGCTTTGAAGA
TGCAGGTGAGTATACTTGTTTGGCAGGTAATAGCATCGGAATCTCCCA
CCATTCCGCCTGGCTGACAGTGCTGGAGGCCACGGAACAAAGTCCGGC
FGFRIC- CATGATGACCAGTCCGTTGTATCTGGAAATTATCATTTACTGTACAGGG
83 V561M GCCTTTCTCATATCATGCATGGTCGTAACCGTGATTATATATAAAATGA
AGAGCACAACGAAGAAGACTGATTTTAATTCACAACTGGCGGTACATA
AACTCGCAAAATCTATCCCATTGAGGCGGCAGGTTACAGTCTCCGCCG
ACAGCTCCAGCAGCATGAACTCAGGAGTGATGCTTGTTCGCCCCAGCA
GACTGAGTTCTAGTGGGACTCCGATGCTTGCTGGAGTCAGTGAATACG
AATTGCCGGAGGATCCGCGGTGGGAACTTCCTAGGGACCGCCTTATAT
TGGGCAAACCCCTCGGTGAGGGCTGTTTCGGACAGGTCGTGCTCGCAG
AGGCCATCGGCCTTGACAAAGATAAGCCGAATAGAGTGACCAAGGTG
GCGGTTAAAATGCTGAAATCAGACGCTACGGAAAAGGACCTCTCAGA
CCTCATCAGTGAAATGGAAATGATGAAAATGATAGGGAAGCACAAAA
ACATCATCAATTTGCTCGGAGCTTGTACCCAGGACGGTCCCCTCTACGT
GATCATGGAATACGCTTCCAAAGGTAATCTGCGCGAATATCTGCAAGC
TCGGAGGCCGCCAGGTATGGAATACTGTTATAATCCGACACGGATTCC
CGAGGAACAGCTCTCTTTTAAAGATTTGGTTTCATGCGCGTATCAAGTG
GCGAGGGGCATGGAGTATCTGGCGTCCAAGAAGTGCATTCATAGGGA
CTTGGCTGCAAGAAATGTCTTGGTAACAGAAGACAACGTCATGAAGAT
CGCCGACTTCGGCCTTGCACGGGATATTCATCACATCGACTATTACAA
AAAGACGACGAACGGCCGCCTCCCAGTTAAGTGGATGGCCCCCGAAG
CCCTGTTCGATCGGATTTACACGCATCAATCCGACGTGTGGTCTTTCGG
TGTCCTGCTTTGGGAGATATTTACACTCGGGGGATCACCCTACCCCGG
AGTACCGGTGGAGGAGTTGTTCAAACTTCTTAAAGAAGGTCACAGAAT
GGACAAACCCAGTAACTGCACTAACGAGCTGTATATGATGATGCGCGA
TTGCTGGCACGCTGTTCCGTCACAACGGCCCACTTTTAAACAGCTCGTG
GAGGATCTTGACAGAATCGTCGCGATGACTAGCAACCAAGAGTATTTG
GATTTGTCAGTCCCGCTTGACCAATATTCCCCCGGTTTTCCGGCTACCC
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GCTCTTCTACTTGTTCCAGCGGTGAGGATAGTGTATTTTCTCATGACCC
ACTTCCAGATGAGCCGTGCTTGCCTCGGTGTCCTCCCCACTCCCATGGA
GCGCTCAAACGCCACTGA

ATGTTCACGTGGAGATGTCTCATCCTGTGGGCGGTACTGGTTACCGCA
ACGTTGAGCGCAGCTAGGCCCGCCCCCACGCTGCCTGACCAGGCTCTC
CCTAAGGCGAATATAGAAGTAGAATCACATTCTGCACATCCAGGAGAC
TTGTTGCAATTGCGGTGCCGCTTGAGAGACGATGTCCAATCAATCAAT
TGGGTCAGGGACGGGGTCCAACTTCCGGAGAATAACCGGACAAGGAT
TACTGGAGAGGAGGTTGAAGTCAGGGACGCTGTTCCCGAAGATAGCG
GCTTGTACGCTTGCATGACTAATTCCCCGTCAGGGTCAGAAACCACGT
ATTTITCTGTAAACGTTAGCGATGCTCTTCCGAGTGCTGAAGACGATGA
TGATGAAGACGATAGCAGCTCCGAAGAGAAAGAGGCGGATAATACTA
AACCAAATCAAGCTGTTGCACCATATTGGACCTACCCCGAAAAAATGG
AGAAAAAGTTGCATGCTGTTCCGGCAGCCAAAACCGTAAAATTCAAGT
GCCCCTCCGGCGGTACCCCTAATCCAACTCTGAGATGGTTGAAGAACG
GTAAGGAGTTCAAACCGGATCACCGGATAGGTGGATATAAAGTTCGGT
ATGCGACCTGGTCCATTATTATGGACTCTGTCGTGCCCTCCGACAAAG
GTAACTACACTTGTATCGTCGAGAACAAGTACGGCAGCATCAATCATA
CGTACCAACTGGACGTGGTAGAACGCAGTCCACACCGCCCCATCCTCC
AGGCCGGACTCCCTGCCAACAAAACAGTTGCGCTCGGCTCTAATGTTG
AATTTGTGTGCAAAGTTTACTCAGACCCTCAACCTCATATCCAATGGCT
TAAACATATCGAAGTCAACGGTAGTAAGATAGGTCCCGACAACCTGCC
GTATGTCCAGATCCTTAAAACTGCGGGGGTAAATACCACTGACAAGGA
AATGGAGGTCTTGCATCTTCGCAACGTGAGCTTTGAAGATGCAGGTGA
GTATACTTGTTTGGCAGGTAATAGCATCGGAATCTCCCACCATTCCGCC
TGGCTGACAGTGCTGGAGGCCACGGAACAAAGTCCGGCCATGATGAC
CAGTCCGTTGTATCTGGAAATTATCATTTACTGTACAGGGGCCTTTCTC
ATATCATGCATGGTCGTAACCGTGATTATATATAAAATGAAGAGCACA
FGFRI1C- ACGAAGAAGACTGATTTTAATTCACAACTGGCGGTACATAAACTCGCA
K656E AAATCTATCCCATTGAGGCGGCAGGTTACAGTCTCCGCCGACAGCTCC
AGCAGCATGAACTCAGGAGTGATGCTTGTTCGCCCCAGCAGACTGAGT
TCTAGTGGGACTCCGATGCTTGCTGGAGTCAGTGAATACGAATTGCCG
GAGGATCCGCGGTGGGAACTTCCTAGGGACCGCCTTATATTGGGCAAA
CCCCTCGGTGAGGGCTGTTTCGGACAGGTCGTGCTCGCAGAGGCCATC
GGCCTTGACAAAGATAAGCCGAATAGAGTGACCAAGGTGGCGGTTAA
AATGCTGAAATCAGACGCTACGGAAAAGGACCTCTCAGACCTCATCAG
TGAAATGGAAATGATGAAAATGATAGGGAAGCACAAAAACATCATCA
ATTTGCTCGGAGCTTGTACCCAGGACGGTCCCCTCTACGTGATCGTAG
AATACGCTTCCAAAGGTAATCTGCGCGAATATCTGCAAGCTCGGAGGC
CGCCAGGTATGGAATACTGTTATAATCCGACACGGATTCCCGAGGAAC
AGCTCTCTTTTAAAGATTTGGTTTCATGCGCGTATCAAGTGGCGAGGG
GCATGGAGTATCTGGCGTCCAAGAAGTGCATTCATAGGGACTTGGCTG
CAAGAAATGTCTTGGTAACAGAAGACAACGTCATGAAGATCGCCGACT
TCGGCCTTGCACGGGATATTCATCACATCGACTATTACAAAGAGACGA
CGAACGGCCGCCTCCCAGTTAAGTGGATGGCCCCCGAAGCCCTGTTCG
ATCGGATTTACACGCATCAATCCGACGTGTGGTCTTTCGGTGTCCTGCT
TTGGGAGATATTTACACTCGGGGGATCACCCTACCCCGGAGTACCGGT
GGAGGAGTTGTTCAAACTTCTTAAAGAAGGTCACAGAATGGACAAACC
CAGTAACTGCACTAACGAGCTGTATATGATGATGCGCGATTGCTGGCA
CGCTGTTCCGTCACAACGGCCCACTTTTAAACAGCTCGTGGAGGATCIT
GACAGAATCGTCGCGATGACTAGCAACCAAGAGTATTTGGATTTGTCA
GTCCCGCTTGACCAATATTCCCCCGGTTTTCCGGCTACCCGCTCTTCTA
CTTGTTCCAGCGGTGAGGATAGTGTATTTTCTCATGACCCACTTCCAGA
TGAGCCGTGCTTGCCTCGGTGTCCTCCCCACTCCCATGGAGCGCTCAAA
CGCCACTGA
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ATGTTCACGTGGAGATGTCTCATCCTGTGGGCGGTACTGGTTACCGCA
ACGTTGAGCGCAGCTAGGCCCGCCCCCACGCTGCCTGACCAGGCTCTC
CCTAAGGCGAATATAGAAGTAGAATCACATTCTGCACATCCAGGAGAC
TTGTTGCAATTGCGGTGCCGCTTGAGAGACGATGTCCAATCAATCAAT
TGGGTCAGGGACGGGGTCCAACTTCCGGAGAATAACCGGACAAGGAT
TACTGGAGAGGAGGTTGAAGTCAGGGACGCTGTTCCCGAAGATAGCG
GCTTGTACGCTTGCATGACTAATTCCCCGTCAGGGTCAGAAACCACGT
ATTTTTCTGTAAACGTTAGCGATGCTCTTCCGAGTGCTGAAGACGATGA
TGATGAAGACGATAGCAGCTCCGAAGAGAAAGAGGCGGATAATACTA
AACCAAATCAAGCTGTTGCACCATATTGGACCTACCCCGAAAAAATGG
AGAAAAAGTTGCATGCTGTTCCGGCAGCCAAAACCGTAAAATTCAAGT
GCCCCTCCGGCGGTACTCCTAATCCAACTCTGAGATGGTTGAAGAACG
GTAAGGAGTTCAAACCGGATCACCGGATAGGTGGATATAAAGTTCGGT
ATGCGACCTGGTCCATTATTATGGACTCTGTCGTGCCCTCCGACAAAG
GTAACTACACTTGTATCGTCGAGAACAAGTACGGCAGCATCAATCATA
CGTACCAACTGGACGTGGTAGAACGCAGTCCACACCGCCCCATCCTCC
AGGCCGGACTCCCTGCCAACAAAACAGTTGCGCTCGGCTCTAATGTTG
AATTTGTGTGCAAAGTTTACTCAGACCCTCAACCTCATATCCAATGGCT
TAAACATATCGAAGTCAACGGTAGTAAGATAGGTCCCGACAACCTGCC
GTATGTCCAGATCCTTAAAACTGCGGGGGTAAATACCACTGACAAGGA
AATGGAGGTCTTGCATCTTCGCAACGTGAGCTTTGAAGATGCAGGTGA
GTATACTTGTTTGGCAGGTAATAGCATCGGAATCTCCCACCATTCCGCC
TGGCTGACAGTGCTGGAGGCCACGGAACAAAGTCCGGCCATGATGAC
CAGTCCGTTGTATCTGGAAATTATCATTTACTGTACAGGGGCCTTTCTC
ATATCATGCATGGTCGTAACCGTGATTATATATAAAATGAAGAGCACA
ACGAAGAAGACTGATTTTAATTCACAACTGGCGGTACATAAACTCGCA
AAATCTATCCCATTGAGGCGGCAGGTTACAGTCTCCGCCGACAGCTCC
AGCAGCATGAACTCAGGAGTGATGCTTGTTCGCCCCAGCAGACTGAGT
TCTAGTGGGACTCCGATGCTTGCTGGAGTCAGTGAATACGAATTGCCG
GAGGATCCGCGGTGGGAACTTCCTAGGGACCGCCTTATATTGGGCAAA
CCCCTCGGTGAGGGCTGTTTCGGACAGGTCGTGCTCGCAGAGGCCATC
GGCCTTGACAAAGATAAGCCGAATAGAGTGACCAAGGTGGCGGTTAA
AATGCTGAAATCAGACGCTACGGAAAAGGACCTCTCAGACCTCATCAG
TGAAATGGAAATGATGAAAATGATAGGGAAGCACAAAAACATCATCA
AGTTGCTCGGAGCTTGTACCCAGGACGGTCCCCTCTACGTGATCGTAG
AATACGCTTCCAAAGGTAATCTGCGCGAATATCTGCAAGCTCGGAGGC
CGCCAGGTATGGAATACTGTTATAATCCGACACGGATTCCCGAGGAAC
AGCTCTCTTTTAAAGATTTGGTTTCATGCGCGTATCAAGTGGCGAGGG
GCATGGAGTATCTGGCGTCCAAGAAGTGCATTCATAGGGACTTGGCTG
CAAGAAATGTCTTGGTAACAGAAGACAACGTCATGAAGATCGCCGACT
TCGGCCTTGCACGGGATATTCATCACATCGACTATTACAAAGAGACGA
CGAACGGCCGCCTCCCAGTTAAGTGGATGGCCCCCGAAGCCCTGTTCG
ATCGGATTTACACGCATCAATCCGACGTGTGGTCTTTCGGTGTCCTGCT
TTGGGAGATATTTACACTCGGGGGATCACCCTACCCCGGAGTACCGGT
GGAGGAGTTGTTCAAACTTCTTAAAGAAGGTCACAGAATGGACAAACC
CAGTAACTGCACTAACGAGCTGTATATGATGATGCGCGATTGCTGGCA
CGCTGTTCCGTCACAACGGCCCACTTITTAAACAGCTCGTGGAGGATCTIT
GACAGAATCGTCGCGATGACTAGCAACCAAGAGTATTTGGATTTGTCA
GTCCCGCTTGACCAATATGCCCCCGGTTTTCCGGCTACCCGCTCTTCTA
CTTGTTCCAGCGGTGAGGATAGTGTATTITCTCATGACCCACTTCCAGA
TGAGCCGTGCTTGCCTCGGTGTCCTCCCCACTCCCATGGAGCGCTCAAA
CGCCACTGA

FGFR1-
90 N546K-
K656E-S780A

ATGGGATCATCCAAGTCAAAACCGAAAGACCCGTCACAGAGAAAAAT
myrist- GAAGAGCACAACGAAGAAGACTGATTTTAATTCACAACTGGCGGTAC

91 | FGFRI1C- ATAAACTCGCAAAATCTATCCCATTGAGGCGGCAGGTTACAGTCTCCG
K656E CCGACAGCTCCAGCAGCATGAACTCAGGAGTGATGCTTGTTCGCCCCA
GCAGACTGAGTTCTAGTGGGACTCCGATGCTTGCTGGAGTCAGTGAAT
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SEQ
ID Description Sequence
NO:

ACGAATTGCCGGAGGATCCGCGGTGGGAACTTCCTAGGGACCGCCTTA
TATTGGGCAAACCCCTCGGTGAGGGCTGTTTCGGACAGGTCGTGCTCG
CAGAGGCCATCGGCCTTGACAAAGATAAGCCGAATAGAGTGACCAAG
GTGGCGGTTAAAATGCTGAAATCAGACGCTACGGAAAAGGACCTCTCA
GACCTCATCAGTGAAATGGAAATGATGAAAATGATAGGGAAGCACAA
AAACATCATCAATTTGCTCGGAGCTTGTACCCAGGACGGTCCCCTCTA
CGTGATCGTAGAATACGCTTCCAAAGGTAATCTGCGCGAATATCTGCA
AGCTCGGAGGCCGCCAGGTATGGAATACTGTTATAATCCGACACGGAT
TCCCGAGGAACAGCTCTCTTTTAAAGATTTGGTTTCATGCGCGTATCAA
GTGGCGAGGGGCATGGAGTATCTGGCGTCCAAGAAGTGCATTCATAGG
GACTTGGCTGCAAGAAATGTCTTGGTAACAGAAGACAACGTCATGAAG
ATCGCCGACTTCGGCCTTGCACGGGATATTCATCACATCGACTATTACA
AAGAGACGACGAACGGCCGCCTCCCAGITAAGTGGATGGCCCCCGAA
GCCCTGTTCGATCGGATTTACACGCATCAATCCGACGTGTGGTCTTTCG
GTGTCCTGCTTTGGGAGATATTTACACTCGGGGGATCACCCTACCCCG
GAGTACCGGTGGAGGAGTTGTTCAAACTTCTTAAAGAAGGTCACAGAA
TGGACAAACCCAGTAACTGCACTAACGAGCTGTATATGATGATGCGCG
ATTGCTGGCACGCTGTTCCGTCACAACGGCCCACTTTTAAACAGCTCGT
GGAGGATCTTGACAGAATCGTCGCGATGACTAGCAACCAAGAGTATTT
GGATTTGTCAGTCCCGCTTGACCAATATTCCCCCGGTTTTCCGGCTACC
CGCTCTTCTACTTGTTCCAGCGGTGAGGATAGTGTATTTTCTCATGACC
CACTTCCAGATGAGCCGTGCTTGCCTCGGTGTCCTCCCCACTCCCATGG
AGCGCTCAAACGCCACTGA

ATGGGCCTTAAGTCAACTTGGAGATACGGCAATGGCCCGGGTACGTAC
TCCAAGAAAATGGTATCTTGGGATTCCGGTTGTCTCATTTGTCTGGTAG
TGGTTACCATGGCGGGCCTGAGTCTGGCGAGACCCTCTTTTAATCTGGT
AGTTGAAGACGCTACCTTGGAGCCAGAAGAGCCGCCCACTAAGTATCA
GATAAGTCAGCCTGATGTGCACTCCGCGCTTCCGGGAGAACCTCTCGA
GTTGCGCTGTCAACTCAAGGATGCCGTGATGATCAGCTGGACGAAAGA
TGGAGTGCCTCTTGGACCAGATAATCGCACTGTTATCATTGGTGAATA
CTTGCAAATTAAAGATGCATCACCACGGGATTCTGGCCTTTACGCGTG
CACAGCTATCAGGACGCTCGACTCCGATACACTCTATTTTATAGTCAAC
GTTACCGATGCGTTGTCAAGCGGGGATGATGAGGACGACAACGACGG
GTCAGAAGACTTCGTTAACGATTCCAATCAGATGAGAGCTCCCTATTG
GACCCACACTGACAAAATGGAAAAAAGGCTCCACGCTGTCCCGGCTGC
GAATACTGTGAAGTTTAGATGTCCCGCAATGGGCAACCCCACGCCAAC
AATGCGGTGGTTGAAAAATGGTAAAGAGTTCAAACAGGAGCATCGGA
TAGGTGGGTATAAAGTGAGAAATCAACATTGGAGCTTGATCATGGAGT
CTGTAGTTCCTTCAGATAAAGGAAATTATACATGCATCGTCGAGAATC
AATACGGCTCTATTAACCATACATATCACCTGGACGTCGTAGAGAGGA
GTCCCCACAGGCCTATCCTGCAAGCGGGACTGCCGGCAAATGCTTCTG
CAGTCGTGGGCGGTGACGTTGAGTTCGTCTGTAAGGTGTACAGCGACG
CACAACCACACATCCAATGGATAAAGCATGTTGAGAGAAATGGTTCAA
AATATGGCCCGGACGGCTTGCCCTACCTTCAGGTGCTCAAAGCTGCGG
GAGTCAACACTACTGATAAGGAAATCGAGGTGCTCTATATTAGGAACG
TTACCTTTGAAGACGCCGGCGAATACACCTGTCTCGCGGGAAACTCTA
TCGGTATCTCATTTCACACCGCATGGTTGACTGTGCTTCCAGCTCCGGA
GAAAGAGAAGGAGTTTCCGACCTCCCCTGATTACCTCGAAATAGCGAT
CTATTGCATCGGAGTTTTTCTCATCGCGTGCATGGTTCTTACTGTGATA
CTTTGTAGAATGAAGAACACCACCAAGAAACCGGATTTTTCCTCCCAA
CCGGCCGTCCACAAGTTGACGAAACGGATCCCATTGAGGCGCCAGGTG
AGTGCTGACAGCTCAAGTTCAATGAACAGTAACACGCCGCTCGTGAGG
ATCACTACTCGGCTGAGCTCTACCGCGGATGCGCCAATGTTGGCAGGG
GTCAGTGAGTACGAACTCCCGGAAGATCCGAAGTGGGAGTTTCCGCGC
GACAAACTCACTCTTGGAAAACCGCTTGGAGAGGGATGCTTCGGACAG
GTCGTAATGGCCGAGGCGGTTGGTATAGACAAAGATAGACCCAAAGA
AGCTGTCACAGTAGCTGTAAAAATGCTTAAGGATGATGCCACTGAAAA

92 FGFR2-WT
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ID Description Sequence
NO:

AGATTTGAGCGACCTCGTAAGCGAGATGGAAATGATGAAAATGATAG
GGAAGCACAAAAATATAATTAACCTCCTGGGGGCCTGCACACAGGAC
GGCCCGTTGTATGTCATCGTCGAATATGCCTCCAAAGGGAACCTCAGG
GAGTACCTTAGAGCGCGCAGACCGCCGGGGATGGAGTATTCATTTGAC
ATCAATCGGGTCCCCGAAGAACAAATGACTTTCAAAGACCTTGTCTCC
TGTACCTATCAACTCGCCCGCGGAATGGAATATTTGGCTAGTCAAAAA
TGCATTCACCGCGATCTTGCTGCACGGAACGTACTCGTCACTGAGAAT
AACGTTATGAAAATAGCGGATTTCGGCCTCGCAAGGGACATAAACAAC
ATCGACTACTACAAAAAAACCACGAATGGCAGACTGCCAGTCAAGTG
GATGGCGCCAGAAGCCCTTTTTGATAGAGTCTACACGCACCAGTCAGA
CGTGTGGTCCTTTGGAGTGCTCATGTGGGAAATCTTTACGCTGGGTGGT
AGCCCTTACCCGGGGATTCCCGTGGAAGAACTTTTCAAGCTGTTGAAA
GAGGGCCATCGGATGGACAAACCCGCAAATTGCACAAATGAATTGTAT
ATGATGATGCGCGACTGTTGGCAAGCCGTGCCTTCACAGAGACCTACA
TTCAAGCAGTTGGTCGAAGACCTCGACCGGATCCTGACGCTTACAACG
AACGAAGAATACCTGGACTTGTCTGGTCCCTTGGAGCAATACTCACCA
AGCTACCCCGATACTCGGTCATCTTGCTCTAGTGGCGACGATAGTGTCT
TTTCACCTGATCCAATGCCCTACGAACCGTGTCTGCCAAAGTACCAAC
ACATGAACGGTTCAGTAAAGACCTGA

ATGGGCCTTAAGTCAACTTGGAGATACGGCAATGGCCCGGGTACGTAC
TCCAAGAAAATGGTATCTTGGGATTCCGGTTGTCTCATTTGTCTGGTAG
TGGTTACCATGGCGGGCCTGAGTCTGGCGAGACCCTCTTTTAATCTGGT
AGTTGAAGACGCTACCTTGGAGCCAGAAGAGCCGCCCACTAAGTATCA
GATAAGTCAGCCTGATGTGCACTCCGCGCTTCCGGGAGAACCTCTCGA
GTTGCGCTGTCAACTCAAGGATGCCGTGATGATCAGCTGGACGAAAGA
TGGAGTGCCTCTTGGACCAGATAATCGCACTGTTATCATTGGTGAATA
CTTGCAAATTAAAGATGCATCACCACGGGATTCTGGCCTTTACGCGTG
CACAGCTATCAGGACGCTCGACTCCGATACACTCTATTTTATAGTCAAC
GTTACCGATGCGTTGTCAAGCGGGGATGATGAGGACGACAACGACGG
GTCAGAAGACTTCGTTAACGATTCCAATCAGATGAGAGCTCCCTATTG
GACCCACACTGACAAAATGGAAAAAAGGCTCCACGCTGTCCCGGCTGC
GAATACTGTGAAGTTTAGATGTCCCGCAATGGGCAACCCCACGCCAAC
AATGCGGTGGTTGAAAAATGGTAAAGAGTTCAAACAGGAGCATCGGA
TAGGTGGGTATAAAGTGAGAAATCAACATTGGAGCTTGATCATGGAGT
CTGTAGTTCCTTCAGATAAAGGAAATTATACATGCATCGTCGAGAATC
AATACGGCTCTATTAACCATACATATCACCTGGACGTCGTAGAGAGGA
GTCCCCACAGGCCTATCCTGCAAGCGGGACTGCCGGCAAATGCTTCTG
FGFR2- CAGTCGTGGGCGGTGACGTTGAGTTCGTCTGTAAGGTGTACAGCGACG
NS550K CACAACCACACATCCAATGGATAAAGCATGTTGAGAGAAATGGTTCAA
AATATGGCCCGGACGGCTTGCCCTACCTTCAGGTGCTCAAAGCTGCGG
GAGTCAACACTACTGATAAGGAAATCGAGGTGCTCTATATTAGGAACG
TTACCTTTGAAGACGCCGGCGAATACACCTGTCTCGCGGGAAACTCTA
TCGGTATCTCATTTCACACCGCATGGTTGACTGTGCTTCCAGCTCCGGA
GAAAGAGAAGGAGTTTCCGACCTCCCCTGATTACCTCGAAATAGCGAT
CTATTGCATCGGAGTTTTTCTCATCGCGTGCATGGTTCTTACTGTGATA
CTTTGTAGAATGAAGAACACCACCAAGAAACCGGATTTTTCCTCCCAA
CCGGCCGTCCACAAGTTGACGAAACGGATCCCATTGAGGCGCCAGGTG
AGTGCTGACAGCTCAAGTTCAATGAACAGTAACACGCCGCTCGTGAGG
ATCACTACTCGGCTGAGCTCTACCGCGGATGCGCCAATGTTGGCAGGG
GTCAGTGAGTACGAACTCCCGGAAGATCCGAAGTGGGAGTTTCCGCGC
GACAAACTCACTCTTGGAAAACCGCTTGGAGAGGGATGCTTCGGACAG
GTCGTAATGGCCGAGGCGGTTGGTATAGACAAAGATAGACCCAAAGA
AGCTGTCACAGTAGCTGTAAAAATGCTTAAGGATGATGCCACTGAAAA
AGATTTGAGCGACCTCGTAAGCGAGATGGAAATGATGAAAATGATAG
GGAAGCACAAAAATATAATTAAGCTCCTGGGGGCCTGCACACAGGAC
GGCCCGTTGTATGTCATCGTCGAATATGCCTCCAAAGGGAACCTCAGG
GAGTACCTTAGAGCGCGCAGACCGCCGGGGATGGAGTATTCATTTGAC
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NO:

ATCAATCGGGTCCCCGAAGAACAAATGACTTTCAAAGACCTTGTCTCC
TGTACCTATCAACTCGCCCGCGGAATGGAATATTTGGCTAGTCAAAAA
TGCATTCACCGCGATCTTGCTGCACGGAACGTACTCGTCACTGAGAAT
AACGTTATGAAAATAGCGGATTTCGGCCTCGCAAGGGACATAAACAAC
ATCGACTACTACAAAAAAACCACGAATGGCAGACTGCCAGTCAAGTG
GATGGCGCCAGAAGCCCTTTTTGATAGAGTCTACACGCACCAGTCAGA
CGTGTGGTCCTTTGGAGTGCTCATGTGGGAAATCTTTACGCTGGGTGGT
AGCCCTTACCCGGGGATTCCCGTGGAAGAACTTTTCAAGCTGTTGAAA
GAGGGCCATCGGATGGACAAACCCGCAAATTGCACAAATGAATTGTAT
ATGATGATGCGCGACTGTTGGCAAGCCGTGCCTTCACAGAGACCTACA
TTCAAGCAGTTGGTCGAAGACCTCGACCGGATCCTGACGCTTACAACG
AACGAAGAATACCTGGACTTGTCTGGTCCCTTGGAGCAATACTCACCA
AGCTACCCCGATACTCGGTCATCTTGCTCTAGTGGCGACGATAGTGTCT
TTTCACCTGATCCAATGCCCTACGAACCGTGTCTGCCAAAGTACCAAC
ACATGAACGGTTCAGTAAAGACCTGA

ATGGGCCTTAAGTCAACTTGGAGATACGGCAATGGCCCGGGTACGTAC
TCCAAGAAAATGGTATCTTGGGATTCCGGTTGTCTCATTTGTCTGGTAG
TGGTTACCATGGCGGGCCTGAGTCTGGCGAGACCCTCTTTTAATCTGGT
AGTTGAAGACGCTACCTTGGAGCCAGAAGAGCCGCCCACTAAGTATCA
GATAAGTCAGCCTGATGTGCACTCCGCGCTTCCGGGAGAACCTCTCGA
GTTGCGCTGTCAACTCAAGGATGCCGTGATGATCAGCTGGACGAAAGA
TGGAGTGCCTCTTGGACCAGATAATCGCACTGTTATCATTGGTGAATA
CTTGCAAATTAAAGATGCATCACCACGGGATTCTGGCCTTTACGCGTG
CACAGCTATCAGGACGCTCGACTCCGATACACTCTATTTTATAGTCAAC
GTTACCGATGCGTTGTCAAGCGGGGATGATGAGGACGACAACGACGG
GTCAGAAGACTTCGTTAACGATTCCAATCAGATGAGAGCTCCCTATTG
GACCCACACTGACAAAATGGAAAAAAGGCTCCACGCTGTCCCGGCTGC
GAATACTGTGAAGTTTAGATGTCCCGCAATGGGCAACCCCACGCCAAC
AATGCGGTGGTTGAAAAATGGTAAAGAGTTCAAACAGGAGCATCGGA
TAGGTGGGTATAAAGTGAGAAATCAACATTGGAGCTTGATCATGGAGT
CTGTAGTTCCTTCAGATAAAGGAAATTATACATGCATCGTCGAGAATC
AATACGGCTCTATTAACCATACATATCACCTGGACGTCGTAGAGAGGA
GTCCCCACAGGCCTATCCTGCAAGCGGGACTGCCGGCAAATGCTTCTG
CAGTCGTGGGCGGTGACGTTGAGTTCGTCTGTAAGGTGTACAGCGACG
CACAACCACACATCCAATGGATAAAGCATGTTGAGAGAAATGGTTCAA
FGFR2- AATATGGCCCGGACGGCTTGCCCTACCTTCAGGTGCTCAAAGCTGCGG
K660E GAGTCAACACTACTGATAAGGAAATCGAGGTGCTCTATATTAGGAACG
TTACCTTTGAAGACGCCGGCGAATACACCTGTCTCGCGGGAAACTCTA
TCGGTATCTCATTTCACACCGCATGGTTGACTGTGCTTCCAGCTCCGGA
GAAAGAGAAGGAGTTTCCGACCTCCCCTGATTACCTCGAAATAGCGAT
CTATTGCATCGGAGTTTTTCTCATCGCGTGCATGGTTCTTACTGTGATA
CTTTGTAGAATGAAGAACACCACCAAGAAACCGGATTTTTCCTCCCAA
CCGGCCGTCCACAAGTTGACGAAACGGATCCCATTGAGGCGCCAGGTG
AGTGCTGACAGCTCAAGTTCAATGAACAGTAACACGCCGCTCGTGAGG
ATCACTACTCGGCTGAGCTCTACCGCGGATGCGCCAATGTTGGCAGGG
GTCAGTGAGTACGAACTCCCGGAAGATCCGAAGTGGGAGTTTCCGCGC
GACAAACTCACTCTTGGAAAACCGCTTGGAGAGGGATGCTTCGGACAG
GTCGTAATGGCCGAGGCGGTTGGTATAGACAAAGATAGACCCAAAGA
AGCTGTCACAGTAGCTGTAAAAATGCTTAAGGATGATGCCACTGAAAA
AGATTTGAGCGACCTCGTAAGCGAGATGGAAATGATGAAAATGATAG
GGAAGCACAAAAATATAATTAACCTCCTGGGGGCCTGCACACAGGAC
GGCCCGTTGTATGTCATCGTCGAATATGCCTCCAAAGGGAACCTCAGG
GAGTACCTTAGAGCGCGCAGACCGCCGGGGATGGAGTATTCATTTGAC
ATCAATCGGGTCCCCGAAGAACAAATGACTTTCAAAGACCTTGTCTCC
TGTACCTATCAACTCGCCCGCGGAATGGAATATTTGGCTAGTCAAAAA
TGCATTCACCGCGATCTTGCTGCACGGAACGTACTCGTCACTGAGAAT
AACGTTATGAAAATAGCGGATTTCGGCCTCGCAAGGGACATAAACAAC
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ID Description Sequence
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ATCGACTACTACAAAGAAACCACGAATGGCAGACTGCCAGTCAAGTG
GATGGCGCCAGAAGCCCTTTTTGATAGAGTCTACACGCACCAGTCAGA
CGTGTGGTCCTTTGGAGTGCTCATGTGGGAAATCTTTACGCTGGGTGGT
AGCCCTTACCCGGGGATTCCCGTGGAAGAACTTTTCAAGCTGTTGAAA
GAGGGCCATCGGATGGACAAACCCGCAAATTGCACAAATGAATTGTAT
ATGATGATGCGCGACTGTTGGCAAGCCGTGCCTTCACAGAGACCTACA
TTCAAGCAGTTGGTCGAAGACCTCGACCGGATCCTGACGCTTACAACG
AACGAAGAATACCTGGACTTGTCTGGTCCCTTGGAGCAATACTCACCA
AGCTACCCCGATACTCGGTCATCTTGCTCTAGTGGCGACGATAGTGTCT
TTTCACCTGATCCAATGCCCTACGAACCGTGTCTGCCAAAGTACCAAC
ACATGAACGGTTCAGTAAAGACCTGA

ATGGGCCTTAAGTCAACTTGGAGATACGGCAATGGCCCGGGTACGTAC
TCCAAGAAAATGGTATCTTGGGATTCCGGTTGTCTCATTTGTCTGGTAG
TGGTTACCATGGCGGGCCTGAGTCTGGCGAGACCCTCTTTTAATCTGGT
AGTTGAAGACGCTACCTTGGAGCCAGAAGAGCCGCCCACTAAGTATCA
GATAAGTCAGCCTGATGTGCACTCCGCGCTTCCGGGAGAACCTCTCGA
GTTGCGCTGTCAACTCAAGGATGCCGTGATGATCAGCTGGACGAAAGA
TGGAGTGCCTCTTGGACCAGATAATCGCACTGTTATCATTGGTGAATA
CTTGCAAATTAAAGATGCATCACCACGGGATTCTGGCCTTTACGCGTG
CACAGCTATCAGGACGCTCGACTCCGATACACTCTATTTTATAGTCAAC
GTTACCGATGCGTTGTCAAGCGGGGATGATGAGGACGACAACGACGG
GTCAGAAGACTTCGTTAACGATTCCAATCAGATGAGAGCTCCCTATTG
GACCCACACTGACAAAATGGAAAAAAGGCTCCACGCTGTCCCGGCTGC
GAATACTGTGAAGTTTAGATGTCCCGCAATGGGCAACCCCACGCCAAC
AATGCGGTGGTTGAAAAATGGTAAAGAGTTCAAACAGGAGCATCGGA
TAGGTGGGTATAAAGTGAGAAATCAACATTGGAGCTTGATCATGGAGT
CTGTAGTTCCTTCAGATAAAGGAAATTATACATGCATCGTCGAGAATC
AATACGGCTCTATTAACCATACATATCACCTGGACGTCGTAGAGAGGA
GTCCCCACAGGCCTATCCTGCAAGCGGGACTGCCGGCAAATGCTTCTG
CAGTCGTGGGCGGTGACGTTGAGTTCGTCTGTAAGGTGTACAGCGACG
CACAACCACACATCCAATGGATAAAGCATGTTGAGAGAAATGGTTCAA
AATATGGCCCGGACGGCTTGCCCTACCTTCAGGTGCTCAAAGCTGCGG
GAGTCAACACTACTGATAAGGAAATCGAGGTGCTCTATATTAGGAACG
TTACCTTTGAAGACGCCGGCGAATACACCTGTCTCGCGGGAAACTCTA
TCGGTATCTCATTTCACACCGCATGGTTGACTGTGCTTCCAGCTCCGGA
GAAAGAGAAGGAGTTTCCGACCTCCCCTGATTACCTCGAAATAGCGAT
CTATTGCATCGGAGTTTTTCTCATCGCGTGCATGGTTCTTACTGTGATA
CTTTGTAGAATGAAGAACACCACCAAGAAACCGGATTTTITCCTCCCAA
CCGGCCGTCCACAAGTTGACGAAACGGATCCCATTGAGGCGCCAGGTG
AGTGCTGACAGCTCAAGTTCAATGAACAGTAACACGCCGCTCGTGAGG
ATCACTACTCGGCTGAGCTCTACCGCGGATGCGCCAATGTTGGCAGGG
GTCAGTGAGTACGAACTCCCGGAAGATCCGAAGTGGGAGTTTCCGCGC
GACAAACTCACTCTTGGAAAACCGCTTGGAGAGGGATGCTTCGGACAG
GTCGTAATGGCCGAGGCGGTTGGTATAGACAAAGATAGACCCAAAGA
AGCTGTCACAGTAGCTGTAAAAATGCTTAAGGATGATGCCACTGAAAA
AGATTTGAGCGACCTCGTAAGCGAGATGGAAATGATGAAAATGATAG
GGAAGCACAAAAATATAATTAAGCTCCTGGGGGCCTGCACACAGGAC
GGCCCGTTGTATGTCATCGTCGAATATGCCTCCAAAGGGAACCTCAGG
GAGTACCTTAGAGCGCGCAGACCGCCGGGGATGGAGTATTCATTTGAC
ATCAATCGGGTCCCCGAAGAACAAATGACTTTCAAAGACCTTGTCTCC
TGTACCTATCAACTCGCCCGCGGAATGGAATATTTGGCTAGTCAAAAA
TGCATTCACCGCGATCTTGCTGCACGGAACGTACTCGTCACTGAGAAT
AACGTTATGAAAATAGCGGATTTCGGCCTCGCAAGGGACATAAACAAC
ATCGACTACTACAAAGAAACCACGAATGGCAGACTGCCAGTCAAGTG
GATGGCGCCAGAAGCCCTTTTTGATAGAGTCTACACGCACCAGTCAGA
CGTGTGGTCCTTTGGAGTGCTCATGTGGGAAATCTTTACGCTGGGTGGT
AGCCCTTACCCGGGGATTCCCGTGGAAGAACTTTTCAAGCTGTTGAAA

FGFR2-
95 N550K-
N660E-S780A
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NO:

GAGGGCCATCGGATGGACAAACCCGCAAATTGCACAAATGAATTGTAT
ATGATGATGCGCGACTGTTGGCAAGCCGTGCCTTCACAGAGACCTACA
TTCAAGCAGTTGGTCGAAGACCTCGACCGGATCCTGACGCTTACAACG
AACGAAGAATACCTGGACTTGTCTGGTCCCTTGGAGCAATACGCACCA
AGCTACCCCGATACTCGGTCATCTTGCTCTAGTGGCGACGATAGTGTCT
TTTCACCTGATCCAATGCCCTACGAACCGTGTCTGCCAAAGTACCAAC
ACATGAACGGTTCAGTAAAGACCTGA

ATGTCAGAAGCTGGTGGCGGCGCCGCTGCCGCAGCCTCACTCCCGAGA
TCAAGGGCCGGTGGCATGCGCGCGGCATGGGGATCCGTGTGGTGTTTG
TGCCTCGCGGCGGCTGTCGGAGCTCTGCCGGCTGCAAGGCGCAGGGGA
GCGGAACGGAGCGGTGGCCAGGCGGCGGAGTATCTCCGGAGTGAAAC
TGCATTTCTTGAGGAGCTTGTTTTCGGTTCAGGGGATACCATCGAGCTT
TCCTGTAACACACAATCTTCAAGTGTAAGCGTATTCTGGTTCAAAGAT
GGTATAGGCATTGCGCCCAGTAATAGAACACACATCGGGCAGAAACTT
TTGAAGATCATCAACGTTTCATATGATGATTCCGGACTGTACTCATGTA
AGCCAAGGCACAGTAACGAGGTGCTTGGGAACTTCACAGTCAGGGTTA
CAGGCGTACCATTCTGGACGAGGCCCGATAAGATGGAAAAAAAACTTT
TGGCAGTGCCCGCAGCCAATACAGTGCGGTTCCGCTGCCCCGCAGGTG
GGAATCCGACGCCCACAATTTATTGGCTGAAGAATGGCAAGGAGTTCA
AAGGAGAACATAGGATCGGCGGAATCAAACTGAGGCACCAGCAATGG
TCTCTGGTGATGGAATCAGTAGTCCCATCTGACCGCGGTAACTACACG
TGCGTAGTAGAAAACAAGTATGGGAATATTCGGCATACCTACCAGCTC
GATGTGCTCGAGAGATCTCCTCACAGGCCTATCTTGCAGGCTGGACTG
CCAGCTAATCAAACAGTAGTTGTCGGATCTAACGTGGAGTTCCACTGC
AAAGTTTACTCAGACGCCCAACCGCACATTCAATGGCTTAAACACGTG
GAGGTTAACGGTAGCAAGTATGGACCTGATGGGACTCCCTATGTGACA
GTCCTTAAGAGTTGGATTTCTAAGAATGCCGAGGCGGATGCGAACTTG
AACCTGTTTAACGTAACCGAGCAGGACGAGGGCGAATATCTTTGTCGC
GCTAACAACTTCGTTGGAATAGCGGAGAAGCCCTTCTGGCTGCATATA
CGGAAGCCAAAGCCGGCGGAGGAGTTGATGGAGATGGATGACTCCGG
TTCCGTATACGCCGGAATCCTTAGCTACGGAACCGGGCTGGTGCTGTTT
9 | FGFR3-WT ATCCTCGTTTITGGTTATTGTTATTATATGCCGCATGAAGATGCCAAACA
AAAAGGCAATGAATACTACAACTGTGCAGAAAGTGTCAAAATTCCCAC
TTAAACGGCAAGTCACTGTCTCACTCGAATCTAACTCTTCCATGAACTC
CAACACTCCGTTGGTGCGGATTACCAGATTGTCCTCATCCGACGGTCCC
ATGTTGGCAAATGTCAGTGAGCTGGAATTGCCGCCCGATCCCAAATGG
GAACTTGCAAGATCCCGGCTTACTCTCGGTAAGCCCCTGGGCGAAGGT
TGCTTTGGACAAGTCGTCATGGCCGAAGCGATTGGAATCGATAAAGAC
AAACCCAACAAGGCTATAACGGTCGCAGTAAAAATGTTGAAAGATGA
CGCGACCGACAAGGACCTGTCAGATCTGGTCTCAGAGATGGAAATGAT
GAAGATGATTGGTAAACACAAGAATATAATCAACTTGCTTGGAGCATG
TACGCAAGACGGCCCTCTCTACGTTCTCGTGGAGTATGCCTCTAAGGG
CAATTTGAGGGAGTACCTGAGAGCTCGCAGACCTCCGGGCATGGATTA
TAGTTTCGACACTTGTAAGCTGCCGGAGGAGCAACTTACCTTCAAGGA
TCTTGTAAGTTGCGCGTACCAGGTTGCAAGGGGGATGGAATACCTCGC
CAGTCAAAAGTGCATACATAGAGATTTGGCAGCGAGGAACGTGCTCGT
GACTGAGGACAACGTCATGAAAATTGCGGACTTTGGGCTTGCACGGGA
TGTTCATAACATCGATTACTACAAGAAAACTACTAACGGACGGCTCCC
TGTGAAGTGGATGGCTCCAGAAGCGCTTTTTGATAGAGTTTACACACA
TCAAAGTGACGTATGGAGTTTTGGAGTATTGCTCTGGGAGATTTTCACC
TTGGGAGGGTCTCCTTACCCTGGAATACCCGTCGAAGAGCTCTTTAAG
CTGCTTAAAGAAGGCCACAGGATGGACAAGCCGGCGAACTGCACTCA
TGATCTGTACATGATAATGAGAGAGTGCTGGCACGCCGTTCCCTCCCA
GCGGCCGACATTCAAGCAGCTGGTGGAAGACCTTGATAGGGTACTCAC
TATGACGTCCACCGATGAGTATCTGGACTTGTCTGTTCCATTCGAACAA
TACTCTCCGGCCGGTCAGGATACGCATTCCACTTGCTCCAGTGGTGATG
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ATTCTGTCTTTGCACACGATCTTCTCCCAGACGAACCCTGTCTTCCTAA
ACACGTACCGTGTAACGGTGTCATAAGGACATAG

ATGTCAGAAGCTGGTGGCGGCGCCGCTGCCGCAGCCTCACTCCCGAGA
TCAAGGGCCGGTGGCATGCGCGCGGCATGGGGATCCGTGTGGTGTTTG
TGCCTCGCGGCGGCTGTCGGAGCTCTGCCGGCTGCAAGGCGCAGGGGA
GCGGAACGGAGCGGTGGCCAGGCGGCGGAGTATCTCCGGAGTGAAAC
TGCATTTCTTGAGGAGCTTGTTTTCGGTTCAGGGGATACCATCGAGCTT
TCCTGTAACACACAATCTTCAAGTGTAAGCGTATTCTGGTTCAAAGAT
GGTATAGGCATTGCGCCCAGTAATAGAACACACATCGGGCAGAAACTT
TTGAAGATCATCAACGTTTCATATGATGATTCCGGACTGTACTCATGTA
AGCCAAGGCACAGTAACGAGGTGCTTGGGAACTTCACAGTCAGGGTTA
CAGGCGTACCATTCTGGACGAGGCCCGATAAGATGGAAAAAAAACTTT
TGGCAGTGCCCGCAGCCAATACAGTGCGGTTCCGCTGCCCCGCAGGTG
GGAATCCGACGCCCACAATTTATTGGCTGAAGAATGGCAAGGAGTTCA
AAGGAGAACATAGGATCGGCGGAATCAAACTGAGGCACCAGCAATGG
TCTCTGGTGATGGAATCAGTAGTCCCATCTGACCGCGGTAACTACACG
TGCGTAGTAGAAAACAAGTATGGGAATATTCGGCATACCTACCAGCTC
GATGTGCTCGAGAGATCTCCTCACAGGCCTATCTTGCAGGCTGGACTG
CCAGCTAATCAAACAGTAGTTGTCGGATCTAACGTGGAGTTCCACTGC
AAAGTTTACTCAGACGCCCAACCGCACATTCAATGGCTTAAACACGTG
GAGGTTAACGGTAGCAAGTATGGACCTGATGGGACTCCCTATGTGACA
GTCCTTAAGAGTTGGATTTCTAAGAATGCCGAGGCGGATGCGAACTTG
AACCTGTTTAACGTAACCGAGCAGGACGAGGGCGAATATCTTTGTCGC
GCTAACAACTTCGTTGGAATAGCGGAGAAGCCCTTCTGGCTGCATATA
CGGAAGCCAAAGCCGGCGGAGGAGTTGATGGAGATGGATGACTCCGG
TTCCGTATACGCCGGAATCCTTAGCTACGGAACCGGGCTGGTGCTGTTT
FGFR3- ATCCTCGTTTTGGTTATTGTTATTATATGCCGCATGAAGATGCCAAACA
97 N540K AAAAGGCAATGAATACTACAACTGTGCAGAAAGTGTCAAAATTCCCAC
TTAAACGGCAAGTCACTGTCTCACTCGAATCTAACTCTTCCATGAACTC
CAACACTCCGTTGGTGCGGATTACCAGATTGTCCTCATCCGACGGTCCC
ATGTTGGCAAATGTCAGTGAGCTGGAATTGCCGCCCGATCCCAAATGG
GAACTTGCAAGATCCCGGCTTACTCTCGGTAAGCCCCTGGGCGAAGGT
TGCTTTGGACAAGTCGTCATGGCCGAAGCGATTGGAATCGATAAAGAC
AAACCCAACAAGGCTATAACGGTCGCAGTAAAAATGTTGAAAGATGA
CGCGACCGACAAGGACCTGTCAGATCTGGTCTCAGAGATGGAAATGAT
GAAGATGATTGGTAAACACAAGAATATAATCAAGTTGCTTGGAGCATG
TACGCAAGACGGCCCTCTCTACGTTCTCGTGGAGTATGCCTCTAAGGG
CAATTTGAGGGAGTACCTGAGAGCTCGCAGACCTCCGGGCATGGATTA
TAGTTTCGACACTTGTAAGCTGCCGGAGGAGCAACTTACCTTCAAGGA
TCTTGTAAGTTGCGCGTACCAGGTTGCAAGGGGGATGGAATACCTCGC
CAGTCAAAAGTGCATACATAGAGATTTGGCAGCGAGGAACGTGCTCGT
GACTGAGGACAACGTCATGAAAATTGCGGACTTTGGGCTTGCACGGGA
TGTTCATAACATCGATTACTACAAGAAAACTACTAACGGACGGCTCCC
TGTGAAGTGGATGGCTCCAGAAGCGCTTTTTGATAGAGTTTACACACA
TCAAAGTGACGTATGGAGTTTTGGAGTATTGCTCTGGGAGATTTTCACC
TTGGGAGGGTCTCCTTACCCTGGAATACCCGTCGAAGAGCTCTTTAAG
CTGCTTAAAGAAGGCCACAGGATGGACAAGCCGGCGAACTGCACTCA
TGATCTGTACATGATAATGAGAGAGTGCTGGCACGCCGTTCCCTCCCA
GCGGCCGACATTCAAGCAGCTGGTGGAAGACCTTGATAGGGTACTCAC
TATGACGTCCACCGATGAGTATCTGGACTTGTCTGTTCCATTCGAACAA
TACTCTCCGGCCGGTCAGGATACGCATTCCACTTGCTCCAGTGGTGATG
ATTCTGTCTTTGCACACGATCTTCTCCCAGACGAACCCTGTCTTCCTAA
ACACGTACCGTGTAACGGTGTCATAAGGACATAG

ATGTCAGAAGCTGGTGGCGGCGCCGCTGCCGCAGCCTCACTCCCGAGA
FGFR3- TCAAGGGCCGGTGGCATGCGCGCGGCATGGGGATCCGTGTGGTGTTTG
K650E TGCCTCGCGGCGGCTGTCGGAGCTCTGCCGGCTGCAAGGCGCAGGGGA
GCGGAACGGAGCGGTGGCCAGGCGGCGGAGTATCTCCGGAGTGAAAC
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TGCATTTCTTGAGGAGCTTGTTTTCGGTTCAGGGGATACCATCGAGCTT
TCCTGTAACACACAATCTTCAAGTGTAAGCGTATTCTGGTTCAAAGAT
GGTATAGGCATTGCGCCCAGTAATAGAACACACATCGGGCAGAAACTT
TTGAAGATCATCAACGTTTCATATGATGATTCCGGACTGTACTCATGTA
AGCCAAGGCACAGTAACGAGGTGCTTGGGAACTTCACAGTCAGGGTTA
CAGGCGTACCATTCTGGACGAGGCCCGATAAGATGGAAAAAAAACTTT
TGGCAGTGCCCGCAGCCAATACAGTGCGGTTCCGCTGCCCCGCAGGTG
GGAATCCGACGCCCACAATTTATTGGCTGAAGAATGGCAAGGAGITCA
AAGGAGAACATAGGATCGGCGGAATCAAACTGAGGCACCAGCAATGG
TCTCTGGTGATGGAATCAGTAGTCCCATCTGACCGCGGTAACTACACG
TGCGTAGTAGAAAACAAGTATGGGAATATTCGGCATACCTACCAGCTC
GATGTGCTCGAGAGATCTCCTCACAGGCCTATCTTGCAGGCTGGACTG
CCAGCTAATCAAACAGTAGTTGTCGGATCTAACGTGGAGTTCCACTGC
AAAGTTTACTCAGACGCCCAACCGCACATTCAATGGCTTAAACACGTG
GAGGTTAACGGTAGCAAGTATGGACCTGATGGGACTCCCTATGTGACA
GTCCTTAAGAGTTGGATTTCTAAGAATGCCGAGGCGGATGCGAACTTG
AACCTGTTTAACGTAACCGAGCAGGACGAGGGCGAATATCTTTGTCGC
GCTAACAACTTCGTTGGAATAGCGGAGAAGCCCTTCTGGCTGCATATA
CGGAAGCCAAAGCCGGCGGAGGAGTTGATGGAGATGGATGACTCCGG
TTCCGTATACGCCGGAATCCTTAGCTACGGAACCGGGCTGGTGCTGTTT
ATCCTCGTTTTGGTTATTGTTATTATATGCCGCATGAAGATGCCAAACA
AAAAGGCAATGAATACTACAACTGTGCAGAAAGTGTCAAAATTCCCAC
TTAAACGGCAAGTCACTGTCTCACTCGAATCTAACTCTTCCATGAACTC
CAACACTCCGTTGGTGCGGATTACCAGATTGTCCTCATCCGACGGTCCC
ATGTTGGCAAATGTCAGTGAGCTGGAATTGCCGCCCGATCCCAAATGG
GAACTTGCAAGATCCCGGCTTACTCTCGGTAAGCCCCTGGGCGAAGGT
TGCTTTGGACAAGTCGTCATGGCCGAAGCGATTGGAATCGATAAAGAC
AAACCCAACAAGGCTATAACGGTCGCAGTAAAAATGTTGAAAGATGA
CGCGACCGACAAGGACCTGTCAGATCTGGTCTCAGAGATGGAAATGAT
GAAGATGATTGGTAAACACAAGAATATAATCAACTTGCTTGGAGCATG
TACGCAAGACGGCCCTCTCTACGTTCTCGTGGAGTATGCCTCTAAGGG
CAATTTGAGGGAGTACCTGAGAGCTCGCAGACCTCCGGGCATGGATTA
TAGTTTCGACACTTGTAAGCTGCCGGAGGAGCAACTTACCTTCAAGGA
TCTTGTAAGTTGCGCGTACCAGGTTGCAAGGGGGATGGAATACCTCGC
CAGTCAAAAGTGCATACATAGAGATTTGGCAGCGAGGAACGTGCTCGT
GACTGAGGACAACGTCATGAAAATTGCGGACTTTGGGCTTGCACGGGA
TGTTCATAACATCGATTACTACAAGGAAACTACTAACGGACGGCTCCC
TGTGAAGTGGATGGCTCCAGAAGCGCTTTTTGATAGAGTTTACACACA
TCAAAGTGACGTATGGAGTTTTGGAGTATTGCTCTGGGAGATTTTCACC
TTGGGAGGGTCTCCTTACCCTGGAATACCCGTCGAAGAGCTCTTTAAG
CTGCTTAAAGAAGGCCACAGGATGGACAAGCCGGCGAACTGCACTCA
TGATCTGTACATGATAATGAGAGAGTGCTGGCACGCCGTTCCCTCCCA
GCGGCCGACATTCAAGCAGCTGGTGGAAGACCTTGATAGGGTACTCAC
TATGACGTCCACCGATGAGTATCTGGACTTGTCTGTTCCATTCGAACAA
TACTCTCCGGCCGGTCAGGATACGCATTCCACTTGCTCCAGTGGTGATG
ATTCTGTCTTTGCACACGATCTTCTCCCAGACGAACCCTGTCTTCCTAA
ACACGTACCGTGTAACGGTGTCATAAGGACATAG

ATGTCAGAAGCTGGTGGCGGCGCCGCTGCCGCAGCCTCACTCCCGAGA
TCAAGGGCCGGTGGCATGCGCGCGGCATGGGGATCCGTGTGGTGTTTG
TGCCTCGCGGCGGCTGTCGGAGCTCTGCCGGCTGCAAGGCGCAGGGGA
GCGGAACGGAGCGGTGGCCAGGCGGCGGAGTATCTCCGGAGTGAAAC
FGFR3- TGCATTTCTTGAGGAGCTTGTTTTCGGTTCAGGGGATACCATCGAGCTT
N3540K-K650E | TCCTGTAACACACAATCTTCAAGTGTAAGCGTATTCTGGTTCAAAGAT

GGTATAGGCATTGCGCCCAGTAATAGAACACACATCGGGCAGAAACTT
TTGAAGATCATCAACGTTTCATATGATGATTCCGGACTGTACTCATGTA
AGCCAAGGCACAGTAACGAGGTGCTTGGGAACTTCACAGTCAGGGTTA
CAGGCGTACCATTCTGGACGAGGCCCGATAAGATGGAAAAAAAACTIT
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TGGCAGTGCCCGCAGCCAATACAGTGCGGTTCCGCTGCCCCGCAGGTG
GGAATCCGACGCCCACAATTTATTGGCTGAAGAATGGCAAGGAGTTCA
AAGGAGAACATAGGATCGGCGGAATCAAACTGAGGCACCAGCAATGG
TCTCTGGTGATGGAATCAGTAGTCCCATCTGACCGCGGTAACTACACG
TGCGTAGTAGAAAACAAGTATGGGAATATTCGGCATACCTACCAGCTC
GATGTGCTCGAGAGATCTCCTCACAGGCCTATCTTGCAGGCTGGACTG
CCAGCTAATCAAACAGTAGTTGTCGGATCTAACGTGGAGTTCCACTGC
AAAGTTTACTCAGACGCCCAACCGCACATTCAATGGCTTAAACACGTG
GAGGTTAACGGTAGCAAGTATGGACCTGATGGGACTCCCTATGTGACA
GTCCTTAAGAGTTGGATTTCTAAGAATGCCGAGGCGGATGCGAACTTG
AACCTGTTTAACGTAACCGAGCAGGACGAGGGCGAATATCTTTGTCGC
GCTAACAACTTCGTTGGAATAGCGGAGAAGCCCTTCTGGCTGCATATA
CGGAAGCCAAAGCCGGCGGAGGAGTTGATGGAGATGGATGACTCCGG
TTCCGTATACGCCGGAATCCTTAGCTACGGAACCGGGCTGGTGCTGTTT
ATCCTCGTTITGGTTATTGTTATTATATGCCGCATGAAGATGCCAAACA
AAAAGGCAATGAATACTACAACTGTGCAGAAAGTGTCAAAATTCCCAC
TTAAACGGCAAGTCACTGTCTCACTCGAATCTAACTCTTCCATGAACTC
CAACACTCCGTTGGTGCGGATTACCAGATTGTCCTCATCCGACGGTCCC
ATGTTGGCAAATGTCAGTGAGCTGGAATTGCCGCCCGATCCCAAATGG
GAACTTGCAAGATCCCGGCTTACTCTCGGTAAGCCCCTGGGCGAAGGT
TGCTTTGGACAAGTCGTCATGGCCGAAGCGATTGGAATCGATAAAGAC
AAACCCAACAAGGCTATAACGGTCGCAGTAAAAATGTTGAAAGATGA
CGCGACCGACAAGGACCTGTCAGATCTGGTCTCAGAGATGGAAATGAT
GAAGATGATTGGTAAACACAAGAATATAATCAAGTTGCTTGGAGCATG
TACGCAAGACGGCCCTCTCTACGTTCTCGTGGAGTATGCCTCTAAGGG
CAATTTGAGGGAGTACCTGAGAGCTCGCAGACCTCCGGGCATGGATTA
TAGTTTCGACACTTGTAAGCTGCCGGAGGAGCAACTTACCTTCAAGGA
TCTTGTAAGTTGCGCGTACCAGGTTGCAAGGGGGATGGAATACCTCGC
CAGTCAAAAGTGCATACATAGAGATTTGGCAGCGAGGAACGTGCTCGT
GACTGAGGACAACGTCATGAAAATTGCGGACTTTGGGCTTGCACGGGA
TGTTCATAACATCGATTACTACAAGGAAACTACTAACGGACGGCTCCC
TGTGAAGTGGATGGCTCCAGAAGCGCTTTTTGATAGAGTTITACACACA
TCAAAGTGACGTATGGAGTTTTGGAGTATTGCTCTGGGAGATTTTCACC
TTGGGAGGGTCTCCTTACCCTGGAATACCCGTCGAAGAGCTCTTTAAG
CTGCTTAAAGAAGGCCACAGGATGGACAAGCCGGCGAACTGCACTCA
TGATCTGTACATGATAATGAGAGAGTGCTGGCACGCCGTTCCCTCCCA
GCGGCCGACATTCAAGCAGCTGGTGGAAGACCTTGATAGGGTACTCAC
TATGACGTCCACCGATGAGTATCTGGACTTGTCTGTTCCATTCGAACAA
TACTCTCCGGCCGGTCAGGATACGCATTCCACTTGCTCCAGTGGTGATG
ATTCTGTCTTTGCACACGATCTTCTCCCAGACGAACCCTGTCTTCCTAA
ACACGTACCGTGTAACGGTGTCATAAGGACATAG

ATGGGATCATCCAAGTCAAAACCGAAAGACCCGTCACAGAGACGCAT
GAAGATGCCAAACAAAAAGGCAATGAATACTACAACTGTGCAGAAAG
TGTCAAAATTCCCACTTAAACGGCAAGTCACTGTCTCACTCGAATCTA
ACTCTTCCATGAACTCCAACACTCCGTTGGTGCGGATTACCAGATTGTC
CTCATCCGACGGTCCCATGTTGGCAAATGTCAGTGAGCTGGAATTGCC
GCCCGATCCCAAATGGGAACTTGCAAGATCCCGGCTTACTCTCGGTAA
GCCCCTGGGCGAAGGTTGCTTTGGACAAGTCGTCATGGCCGAAGCGAT
TGGAATCGATAAAGACAAACCCAACAAGGCTATAACGGTCGCAGTAA
AAATGTTGAAAGATGACGCGACCGACAAGGACCTGTCAGATCTGGTCT
CAGAGATGGAAATGATGAAGATGATTGGTAAACACAAGAATATAATC
AACTTGCTTGGAGCATGTACGCAAGACGGCCCTCTCTACGTTCTCGTG
GAGTATGCCTCTAAGGGCAATTTGAGGGAGTACCTGAGAGCTCGCAGA
CCTCCGGGCATGGATTATAGTTTCGACACTTGTAAGCTGCCGGAGGAG
CAACTTACCTTCAAGGATCTTGTAAGTTGCGCGTACCAGGTTGCAAGG
GGGATGGAATACCTCGCCAGTCAAAAGTGCATACATAGAGATTTGGCA
GCGAGGAACGTGCTCGTGACTGAGGACAACGTCATGAAAATTGCGGA

myrist-
100 | FGFR3-
K650E
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CTTTGGGCTTGCACGGGATGTTCATAACATCGATTACTACAAGGAAAC
TACTAACGGACGGCTCCCTGTGAAGTGGATGGCTCCAGAAGCGCTTTT
TGATAGAGTTTACACACATCAAAGTGACGTATGGAGTTTTGGAGTATT
GCTCTGGGAGATTTTCACCTTGGGAGGGTCTCCTTACCCTGGAATACCC
GTCGAAGAGCTCTTTAAGCTGCTTAAAGAAGGCCACAGGATGGACAA
GCCGGCGAACTGCACTCATGATCTGTACATGATAATGAGAGAGTGCTG
GCACGCCGTTCCCTCCCAGCGGCCGACATTCAAGCAGCTGGTGGAAGA
CCTTGATAGGGTACTCACTATGACGTCCACCGATGAGTATCTGGACTT
GTCTGTTCCATTCGAACAATACTCTCCGGCCGGTCAGGATACGCATTCC
ACTTGCTCCAGTGGTGATGATTCTGTCTTTGCACACGATCTTCTCCCAG
ACGAACCCTGTCTTCCTAAACACGTACCGTGTAACGGTGTCATAAGGA
CATAG

ATGCTTCCTCTGCGCCTGGTTCTCGCTGGCCTCTTGGTCGCAGCGGGTT
CAGCGGCGAGTCATAGGGGAGAAATGGAGCCGGAACTCTTTGAGTCTC
CACTCTTGGAATCCGAAGAAGAACACCTCCTTCTGGACCCAGGAAACG
CATTGAAACTCTATTGTGACGTAAACCAGTCCGGAGCTAGTGTGGTTT
GGTATAAGGAGAGTAGACCTCTGCTGCCAGGGCCCCGCGTCAGATTGC
AACAAAGCGTTCTTGAAATAGCGGAAGTAGCTTACGAGGATTCCGGCC
TCTACGTCTGTAGAGCTCGCGGAACCGGTGAGGTCCTTAGGAACTTCA
CCATATCAGTTGTAGATTCACTTGCCTCAGGCGATGACGATGAAGACA
GCGATGGGGATGGTCCACATGGAGACCGCTCTGAAGAACCAGTATAC
GTTCACAGAGCACCTTATTGGACCCATCCACACAGGATGGATAAAAAA
CTCTACGCTGTTCCTGCGGGCAATACCGTGAAATTCCGCTGTCCAGCG
AGTGGGTCTCCAAGCCCGTCCATTAGATGGTTTAAGAATGGCAGAGAG
TTTCGCGGGGAGCACAGAATAGGGGGCATTAGGCTCCGGCATCAGCAT
TGGTCACTCGTTATGGAGTCAGTCGTGCCGTCTGATAGGGGGAATTAC
ACCTGCTTGGTAGAGAACCGGTTTGGTTCAATCCGCTATAGTTATCTGC
TGGATGTCCTCGAACGCTCCCCACACAGACCCATCTTGCAAGCTGGAC
TTCCAGCTAACACAACAGCTCTGGTAGGTTCAGATGTGGAATTTTTCTG
CAAGGTATACTCTGATGCTCAACCGCACATACAGTGGTTGAAACACAT
TGAAGTTAACGGGTCCTCATATGGGCCAGACGGTGTACCCTACGTGCA
GGTACTGAAGACGGCCGACATTAATTCATCTGAGGTTGAGGTGCTGTA
TTTGCGGAACGTCACAATGGAAGACGCCGGGGAGTATACTTGTCTTGC
CGGTAATAGTATTGGGCTGTCCTATCAGTCCGCGTGGCTCACCGTCCTG
101 | FGFR4-WT CCAGAAGAGCTGGTTCATGAGGCTGAGGCACCTGAGGCGAAATACAC
CGACATCATAATTTACACTTCCGGATCATTGGCCGTGGCAATGGCTCTT
ATCATCGTCGTTCTGTGTAGGATGCAAACTCAGAGCTCTAAACAACCC
CTTGAACCCATGGCAGTACACAAATTGAGCAAATTTCCTCTTATTAGA
CAGTTTTCCCTTGACTCAAGTAGCTCAGGGAAATCTAGCACATCACTTA
TGCGGGTGACGAGACTGTCTTCCAGCTGCGCGCCCATGTTGGCTGGGG
TGGTGGAACTTGATCTGCCTCTGGACAGCAAGTGGGAATTTCCGAGGG
AGAAACTGGTTCTTGGGAAGCCGCTCGGCGAAGGCTGTTTTGGTCAGG
TGGTCAGGGCGGAAGCGTACGGGATCGACAGACAGTGGCCTGATCGC
GCAGTTACTGTCGCAGTAAAAATGCTGAAAGACAACGCTACTGATAAG
GATCTGGCAGACCTGATAAGTGAAATGGAGATGATGAAACTGATGGA
CAAACACAAGAACATCATTAATCTCTTGGGTGTATGTACACAAGATGG
GCCTCTGTATGTTATAGTAGAGTTTGCGGCCAAAGGCAACCTTCGGGA
GTATCTTCGCGCTAGAAGACCGCCAATGCCCGACTACACGTTCGATAT
TACAGAACTCCATGAGGAACAACTTTGTTTTAAGGATCTTGTTAGCTGT
GTGTATCAAGTCGCCCGGGGGATGGAGTATCTGGAATCAAGACGGTGT
ATACACCGCGACCTCGCTGCCAGAAACGTTCTCGTCACGGCGGAAAAT
GTGATGAAGATCGCCGACTTCGGACTTGCCAGGGATGTCCATGATATA
GACTATTACAAAAAAACATCTAATGGGCGGCTCCCTGTCAAGTGGATG
GCGCCCGAAGCACTGTTTGACAGAGTATACACGCACCAGTCTGACGTG
TGGTCATTTGGCATACTGATGTGGGAAATTTTTACACTCGGTGGTTCAC
CTTATCCTGGCATCCCTGTTGAGGAGCTTTTTAAATTGCTCAAAGAGGG
CCACAGAATGGACTGTCCTAGTAACTGCACCCATGAGCTGTATATGCT
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CATGCGCGAGTGCTGGCATGCGGTGCCTAGTCAAAGGCCAACCTTCAA

ACAGCTCGTCGAAGGCCTGGACAAGATTCTTGCTGCAATAAGCGAGGA
GTACCTCGACTTGTCTATGCCATTCGAGCAATACTCACCTTCTTGTGAA

GACACGACGAGTACATGCAGCAGCGACGACTCTGTATTTACACACGAC
CCTTTGCCCCTTGCTCCTTGCCTGTTTGCCTGTCCTAGTGGCCGCACCTA
G

ATGCTTCCTCTGCGCCTGGTTCTCGCTGGCCTCTTGGTCGCAGCGGGTT
CAGCGGCGAGTCATAGGGGAGAAATGGAGCCGGAACTCTTTGAGTCTC
CACTCTTGGAATCCGAAGAAGAACACCTCCTTCTGGACCCAGGAAACG
CATTGAAACTCTATTGTGACGTAAACCAGTCCGGAGCTAGTGTGGTIT
GGTATAAGGAGAGTAGACCTCTGCTGCCAGGGCCCCGCGTCAGATTGC
AACAAAGCGTTCTTGAAATAGCGGAAGTAGCTTACGAGGATTCCGGCC
TCTACGTCTGTAGAGCTCGCGGAACCGGTGAGGTCCTTAGGAACTTCA
CCATATCAGTTGTAGATTCACTTGCCTCAGGCGATGACGATGAAGACA
GCGATGGGGATGGTCCACATGGAGACCGCTCTGAAGAACCAGTATAC
GTTCACAGAGCACCTTATTGGACCCATCCACACAGGATGGATAAAAAA
CTCTACGCTGTTCCTGCGGGCAATACCGTGAAATTCCGCTGTCCAGCG
AGTGGGTCTCCAAGCCCGTCCATTAGATGGTTTAAGAATGGCAGAGAG
TTTCGCGGGGAGCACAGAATAGGGGGCATTAGGCTCCGGCATCAGCAT
TGGTCACTCGTTATGGAGTCAGTCGTGCCGTCTGATAGGGGGAATTAC
ACCTGCTTGGTAGAGAACCGGTTTGGTTCAATCCGCTATAGTTATCTGC
TGGATGTCCTCGAACGCTCCCCACACAGACCCATCTTGCAAGCTGGAC
TTCCAGCTAACACAACAGCTCTGGTAGGTTCAGATGTGGAATTTTTCTG
CAAGGTATACTCTGATGCTCAACCGCACATACAGTGGTTGAAACACAT
TGAAGTTAACGGGTCCTCATATGGGCCAGACGGTGTACCCTACGTGCA
GGTACTGAAGACGGCCGACATTAATTCATCTGAGGTTGAGGTGCTGTA
TTTGCGGAACGTCACAATGGAAGACGCCGGGGAGTATACTTGTCTTGC
CGGTAATAGTATTGGGCTGTCCTATCAGTCCGCGTGGCTCACCGTCCTG
CCAGAAGAGCTGGTTCATGAGGCTGAGGCACCTGAGGCGAAATGTAC
CGACATCATAATTTACACTTCCGGATCATTGGCCGTGGCAATGGCTCIT
FGFR4- ATCATCGTCGTTCTGTGTAGGATGCAAACTCAGAGCTCTAAACAACCC
102 Y367C CTTGAACCCATGGCAGTACACAAATTGAGCAAATTTCCTCTTATTAGA

CAGTTTTCCCTTGACTCAAGTAGCTCAGGGAAATCTAGCACATCACTTA
TGCGGGTGACGAGACTGTCTTCCAGCTGCGCGCCCATGTTGGCTGGGG
TGGTGGAACTTGATCTGCCTCTGGACAGCAAGTGGGAATTTCCGAGGG
AGAAACTGGTTCTTGGGAAGCCGCTCGGCGAAGGCTGTTTTGGTCAGG
TGGTCAGGGCGGAAGCGTACGGGATCGACAGACAGTGGCCTGATCGC
GCAGTTACTGTCGCAGTAAAAATGCTGAAAGACAACGCTACTGATAAG
GATCTGGCAGACCTGATAAGTGAAATGGAGATGATGAAACTGATGGA
CAAACACAAGAACATCATTAATCTCTTGGGTGTATGTACACAAGATGG
GCCTCTGTATGTTATAGTAGAGTTTGCGGCCAAAGGCAACCTTCGGGA
GTATCTTCGCGCTAGAAGACCGCCAATGCCCGACTACACGTTCGATAT
TACAGAACTCCATGAGGAACAACTTTGTTTTAAGGATCTTGTTAGCTGT
GTGTATCAAGTCGCCCGGGGGATGGAGTATCTGGAATCAAGACGGTGT
ATACACCGCGACCTCGCTGCCAGAAACGTTCTCGTCACGGCGGAAAAT
GTGATGAAGATCGCCGACTTCGGACTTGCCAGGGATGTCCATGATATA
GACTATTACAAAAAAACATCTAATGGGCGGCTCCCTGTCAAGTGGATG
GCGCCCGAAGCACTGTTTGACAGAGTATACACGCACCAGTCTGACGTG
TGGTCATTTGGCATACTGATGTGGGAAATTTTTACACTCGGTGGTTCAC
CTTATCCTGGCATCCCTGTTGAGGAGCTTTTTAAATTGCTCAAAGAGGG
CCACAGAATGGACTGTCCTAGTAACTGCACCCATGAGCTGTATATGCT
CATGCGCGAGTGCTGGCATGCGGTGCCTAGTCAAAGGCCAACCTTCAA
ACAGCTCGTCGAAGGCCTGGACAAGATTCTTGCTGCAATAAGCGAGGA
GTACCTCGACTTGTCTATGCCATTCGAGCAATACTCACCTTCTTGTGAA
GACACGACGAGTACATGCAGCAGCGACGACTCTGTATTTACACACGAC
CCTTTGCCCCTTGCTCCTTGCCTGTTTGCCTGTCCTAGTGGCCGCACCTA
G
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ATGCTTCCTCTGCGCCTGGTTCTCGCTGGCCTCTTGGTCGCAGCGGGTT
CAGCGGCGAGTCATAGGGGAGAAATGGAGCCGGAACTCTTTGAGTCTC
CACTCTTGGAATCCGAAGAAGAACACCTCCTTCTGGACCCAGGAAACG
CATTGAAACTCTATTGTGACGTAAACCAGTCCGGAGCTAGTGTGGTTT
GGTATAAGGAGAGTAGACCTCTGCTGCCAGGGCCCCGCGTCAGATTGC
AACAAAGCGTTCTTGAAATAGCGGAAGTAGCTTACGAGGATTCCGGCC
TCTACGTCTGTAGAGCTCGCGGAACCGGTGAGGTCCTTAGGAACTTCA
CCATATCAGTTGTAGATTCACTTGCCTCAGGCGATGACGATGAAGACA
GCGATGGGGATGGTCCACATGGAGACCGCTCTGAAGAACCAGTATAC
GTTCACAGAGCACCTTATTGGACCCATCCACACAGGATGGATAAAAAA
CTCTACGCTGTTCCTGCGGGCAATACCGTGAAATTCCGCTGTCCAGCG
AGTGGGTCTCCAAGCCCGTCCATTAGATGGTTTAAGAATGGCAGAGAG
TTTCGCGGGGAGCACAGAATAGGGGGCATTAGGCTCCGGCATCAGCAT
TGGTCACTCGTTATGGAGTCAGTCGTGCCGTCTGATAGGGGGAATTAC
ACCTGCTTGGTAGAGAACCGGTTTGGTTCAATCCGCTATAGTTATCTGC
TGGATGTCCTCGAACGCTCCCCACACAGACCCATCTTGCAAGCTGGAC
TTCCAGCTAACACAACAGCTCTGGTAGGTTCAGATGTGGAATTTTITCTG
CAAGGTATACTCTGATGCTCAACCGCACATACAGTGGTTGAAACACAT
TGAAGTTAACGGGTCCTCATATGGGCCAGACGGTGTACCCTACGTGCA
GGTACTGAAGACGGCCGACATTAATTCATCTGAGGTTGAGGTGCTGTA
TTTGCGGAACGTCACAATGGAAGACGCCGGGGAGTATACTTGTCTTGC
CGGTAATAGTATTGGGCTGTCCTATCAGTCCGCGTGGCTCACCGTCCTG
CCAGAAGAGCTGGTTCATGAGGCTGAGGCACCTGAGGCGAAATACAC
CGACATCATAATTTACACTTCCGGATCATTGGCCGTGGCAATGGCTCTT
FGFR4- ATCATCGTCGTTCTGTGTAGGATGCAAACTCAGAGCTCTAAACAACCC
103 K645E CTTGAACCCATGGCAGTACACAAATTGAGCAAATTTCCTCTTATTAGA

CAGTTTTCCCTTGACTCAAGTAGCTCAGGGAAATCTAGCACATCACTTA
TGCGGGTGACGAGACTGTCTTCCAGCTGCGCGCCCATGTTGGCTGGGG
TGGTGGAACTTGATCTGCCTCTGGACAGCAAGTGGGAATTTCCGAGGG
AGAAACTGGTTCTTGGGAAGCCGCTCGGCGAAGGCTGTTTTGGTCAGG
TGGTCAGGGCGGAAGCGTACGGGATCGACAGACAGTGGCCTGATCGC
GCAGTTACTGTCGCAGTAAAAATGCTGAAAGACAACGCTACTGATAAG
GATCTGGCAGACCTGATAAGTGAAATGGAGATGATGAAACTGATGGA
CAAACACAAGAACATCATTAATCTCTTGGGTGTATGTACACAAGATGG
GCCTCTGTATGTTATAGTAGAGTTTGCGGCCAAAGGCAACCTTCGGGA
GTATCTTCGCGCTAGAAGACCGCCAATGCCCGACTACACGTTCGATAT
TACAGAACTCCATGAGGAACAACTTTGTTTTAAGGATCTTGTTAGCTGT
GTGTATCAAGTCGCCCGGGGGATGGAGTATCTGGAATCAAGACGGTGT
ATACACCGCGACCTCGCTGCCAGAAACGTTCTCGTCACGGCGGAAAAT
GTGATGAAGATCGCCGACTTCGGACTTGCCAGGGATGTCCATGATATA
GACTATTACAAAGAAACATCTAATGGGCGGCTCCCTGTCAAGTGGATG
GCGCCCGAAGCACTGTTTGACAGAGTATACACGCACCAGTCTGACGTG
TGGTCATTTGGCATACTGATGTGGGAAATTTTTACACTCGGTGGTTCAC
CTTATCCTGGCATCCCTGTTGAGGAGCTTTTTAAATTGCTCAAAGAGGG
CCACAGAATGGACTGTCCTAGTAACTGCACCCATGAGCTGTATATGCT
CATGCGCGAGTGCTGGCATGCGGTGCCTAGTCAAAGGCCAACCTTCAA
ACAGCTCGTCGAAGGCCTGGACAAGATTCTTGCTGCAATAAGCGAGGA
GTACCTCGACTTGTCTATGCCATTCGAGCAATACTCACCTTCTTGTGAA
GACACGACGAGTACATGCAGCAGCGACGACTCTGTATTTACACACGAC
CCTTTGCCCCTTGCTCCTTGCCTGTTTGCCTGTCCTAGTGGCCGCACCTA
G

ATGCTTCCTCTGCGCCTGGTTCTCGCTGGCCTCTTGGTCGCAGCGGGTT
CAGCGGCGAGTCATAGGGGAGAAATGGAGCCGGAACTCTTTGAGTCTC
FGFR4- CACTCTTGGAATCCGAAGAAGAACACCTCCTTCTGGACCCAGGAAACG
Y367C-K645E | CATTGAAACTCTATTGTGACGTAAACCAGTCCGGAGCTAGTGTGGTTT
GGTATAAGGAGAGTAGACCTCTGCTGCCAGGGCCCCGCGTCAGATTGC
AACAAAGCGTTCTTGAAATAGCGGAAGTAGCTTACGAGGATTCCGGCC
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TCTACGTCTGTAGAGCTCGCGGAACCGGTGAGGTCCTTAGGAACTTCA
CCATATCAGTTGTAGATTCACTTGCCTCAGGCGATGACGATGAAGACA
GCGATGGGGATGGTCCACATGGAGACCGCTCTGAAGAACCAGTATAC
GTTCACAGAGCACCTTATTGGACCCATCCACACAGGATGGATAAAAAA
CTCTACGCTGTTCCTGCGGGCAATACCGTGAAATTCCGCTGTCCAGCG
AGTGGGTCTCCAAGCCCGTCCATTAGATGGTTTAAGAATGGCAGAGAG
TTTCGCGGGGAGCACAGAATAGGGGGCATTAGGCTCCGGCATCAGCAT
TGGTCACTCGTTATGGAGTCAGTCGTGCCGTCTGATAGGGGGAATTAC
ACCTGCTTGGTAGAGAACCGGTTTGGTTCAATCCGCTATAGTTATCTGC
TGGATGTCCTCGAACGCTCCCCACACAGACCCATCTTGCAAGCTGGAC
TTCCAGCTAACACAACAGCTCTGGTAGGTTCAGATGTGGAATTTTTCTG
CAAGGTATACTCTGATGCTCAACCGCACATACAGTGGTTGAAACACAT
TGAAGTTAACGGGTCCTCATATGGGCCAGACGGTGTACCCTACGTGCA
GGTACTGAAGACGGCCGACATTAATTCATCTGAGGTTGAGGTGCTGTA
TTTGCGGAACGTCACAATGGAAGACGCCGGGGAGTATACTTGTCTTGC
CGGTAATAGTATTGGGCTGTCCTATCAGTCCGCGTGGCTCACCGTCCTG
CCAGAAGAGCTGGTTCATGAGGCTGAGGCACCTGAGGCGAAATGTAC
CGACATCATAATTTACACTTCCGGATCATTGGCCGTGGCAATGGCTCIT
ATCATCGTCGTTCTGTGTAGGATGCAAACTCAGAGCTCTAAACAACCC
CTTGAACCCATGGCAGTACACAAATTGAGCAAATTTCCTCTTATTAGA
CAGTTTTCCCTTGACTCAAGTAGCTCAGGGAAATCTAGCACATCACTTA
TGCGGGTGACGAGACTGTCTTCCAGCTGCGCGCCCATGTTGGCTGGGG
TGGTGGAACTTGATCTGCCTCTGGACAGCAAGTGGGAATTTCCGAGGG
AGAAACTGGTTCTTGGGAAGCCGCTCGGCGAAGGCTGTTTTGGTCAGG
TGGTCAGGGCGGAAGCGTACGGGATCGACAGACAGTGGCCTGATCGC
GCAGTTACTGTCGCAGTAAAAATGCTGAAAGACAACGCTACTGATAAG
GATCTGGCAGACCTGATAAGTGAAATGGAGATGATGAAACTGATGGA
CAAACACAAGAACATCATTAATCTCTTGGGTGTATGTACACAAGATGG
GCCTCTGTATGTTATAGAAGAGTTTGCGGCCAAAGGCAACCTTCGGGA
GTATCTTCGCGCTAGAAGACCGCCAATGCCCGACTACACGTTCGATAT
TACAGAACTCCATGAGGAACAACTTTGTTTTAAGGATCTTGTTAGCTGT
GTGTATCAAGTCGCCCGGGGGATGGAGTATCTGGAATCAAGACGGTGT
ATACACCGCGACCTCGCTGCCAGAAACGTTCTCGTCACGGCGGAAAAT
GTGATGAAGATCGCCGACTTCGGACTTGCCAGGGATGTCCATGATATA
GACTATTACAAAAAAACATCTAATGGGCGGCTCCCTGTCAAGTGGATG
GCGCCCGAAGCACTGTTTGACAGAGTATACACGCACCAGTCTGACGTG
TGGTCATTTGGCATACTGATGTGGGAAATTTTTACACTCGGTGGTTCAC
CTTATCCTGGCATCCCTGTTGAGGAGCTTTTTAAATTGCTCAAAGAGGG
CCACAGAATGGACTGTCCTAGTAACTGCACCCATGAGCTGTATATGCT
CATGCGCGAGTGCTGGCATGCGGTGCCTAGTCAAAGGCCAACCTTCAA
ACAGCTCGTCGAAGGCCTGGACAAGATTCTTGCTGCAATAAGCGAGGA
GTACCTCGACTTGTCTATGCCATTCGAGCAATACTCACCTTCTTGTGAA
GACACGACGAGTACATGCAGCAGCGACGACTCTGTATTTACACACGAC
CCTTTGCCCCTTGCTCCTTGCCTGTTTGCCTGTCCTAGTGGCCGCACCTA
G

ATGGAAAAAATCAACAGTCTTTCAACACAATTAGTTAAGTGCTGCTTT
TGTGATTTCTTGAAGGTGAAGATGCACACTGTGTCCTACATTCATTTCT
TCTACCTTGGCCTGTGTTTGCTTACCTTAACCAGTTCTGCTGCTGCCGG
CCCAGAAACACTGTGTGGTGCTGAGCTGGTTGATGCTCTTCAGTTCGTA
TGTGGAGACAGAGGCTTCTACTTCAGTAAGCCTACAGGGTATGGATCC
AGCAGTAGACGCTTACACCACAAGGGAATAGTGGATGAGTGCTGCTTC
CAGAGTTGTGACCTGAGGAGGCTGGAGATGTACTGTGCTCCAATAAAG
CCACCTAAATCTGCACGCTCTGTACGTGCTCAGCGCCACACTGATATG
CCAAAAGCACAAAAGGAAGTGCATTTGAAGAATACAAGTAGAGGGAA
CACAGGAAACAGAAACTACAGAATGTAA

105 | IGFI(WT)

IGF1 Trunc GGCCCAGAAACACTGTGTGGTGCTGAGCTGGTTGATGCTCTTCAGTTC

106 | runcated) GTATGTGGAGACAGAGGCTTCTACTTCAGTAAGCCTACAGGGTATGGA
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TCCAGCAGTAGACGCTTACACCACAAGGGAATAGTGGATGAGTGCTGC
TTCCAGAGTTGTGACCTGAGGAGGCTGGAGATGTACTGTGCTCCAATA
AAGCCACCTAAATCTGCATAA

ATGAAATCTGGGGCTGGGGGAGGGACCCTCGCCGTATTCTGTGGGCTT
TTGTTGGCGTTCGCCGCACTCTGTCTCTGTCCGACCAATGGTGAAATAT
GCGGCCCGAATGTGGATATTAGAAACGATATTCACGAGCTCAAGAGGC
TCGAAAATTGTACTGTAGTGGAGGGGTTTCTGCAAATACTGCTTATCA
GTAAGGCGGAAGATTACCGCAACTTCCGCTTTCCTAAGCTGACTGTGA
TCACAGACTATCTCCTGCTGTTCAGAGTTGCCGGACTTGAATCCCTCTC
AGATCTGTTTCCTAACCTCACAGTGATCAGGGGTAGAAACCTGTTCTA
CAACTATGCTCTCGTAATATTTGAGATGACGAACCTTAAGGAGATTGG
ACTCCACAATCTTCGCAACATAACCAGGGGTGCTATAAGGATCGAAAA
AAATAGCGACCTGTGCTATCTTTCTACAGTAGACTGGAGTCTCATATTG
GACGCAGTATCCAACAACTATATAGTTGGCAACAAGCCTCCCAAAGAA
TGCGGTGATCTCTGTCCTGGAACTATGGAGGAAAAACCTCTCTGCGAA
AAGACTAGTATAAACAACGAGTACAACTATAGGTGTTGGACTACCAAC
CACTGCCAGAAGATGTGCCCGAGCAGCTGCGGCAAGCGCGCGTGCAC
CGATCAGAATGAATGCTGCCACCCCGAATGTCTTGGTAGCTGTACGGC
TCCCGACAATAACACAGCCTGCGTTGCGTGTCGCAATTACTATTATGA
GGGTGTCTGTATGCCTACCTGTCCGCCTAACACATATAAGTTCGAGGG
GTGGCGCTGCGTGACAAAAGAATTTTGTTCCAAGGTCCCAGCAACGGA
GACGTCTGACTATGAAAGGTTTGTAATTCATAATGATGAATGTATGGC
GGAATGCCCATCTGGATTTATCAGGAACGGTAGTCAGAGCATGTTTTG
CTCCCCATGTGAAGGCCCATGTCCCAAAATTTGTGAAGACGGGAAGAC
GAAGACAATAGATAGCGTCACTTCTGCTCAAATGCTTCAGGGATGTAC
CATCTTGAAAGGAAATCTCTTGATTAACATTCGCCGGGGTAATAATAT
AGCAAGTGAGCTTGAAAACTTTATGGGGCTCATAGAAACGGTAACTGG
GTATGTCAAGATCCGCCATAGTCATGCACTCGTGTCACTTTCATTCTITG
AAGAATCTCCGCTATATACTCGGCGAAGAGCAAGTTGACGGCAACTAC
TCATTTTACGTTCTCGATAATCATAATTTGCAGCAGCTTTGGGACTGGA
ATCACCACAACTTGACCATTAAAGAAGGAAAGATGTACTTCGCTTTCA
ATCCGAAACTTTGTGTATCCGAAATTTACCGCATGGAAGAGGTGTCTG
GAACTAAAGGACGCCAGTCAAAAGGAGATATAAATCCCAGGAATAAT
GGAGAAAGGGCGTCCTGTGAGAGCCATATATTGAGATTCGTGAGCAAT
ACCACGCTGAAGAACCGGATAAAACTCACCTGGGAGAGATACAGGCC
CCCGGATTACCGGGACCTCATCTCTTTCACGGTTTATTACAAGGAGGCC
CCCTTCAAAAACGTCACAGAGTACGATGGGCAAGATGCCTGCGGCTCC
AACTCTTGGAACATGGTCGACGTAGACTTGCCCCCTAACAAAGAGAAT
GACCCTGGTATATTGCTTCAAGGACTTAAACCTTGGACGCAGTACGCC
ATATACGTCAAAGCCGTGACCCTTACAATGATGGAAAACCACCACATC
CACGGGGCTAAATCCGAGATTGTTTATATAAGGACAAATGCAGCCGTC
CCCAGCATACCTCTCGACGTAATATCTGCCTCTAATAGCAGCAGCCAG
CTCATTGTGAAGTGGAATCCTCCTTCACTTCCCAACGGGAATCTGTCTT
ATTACATTGTCCGCTGGCAACAACAACCTCAGGATTCTTATTTGTATCG
GCATAACTACTGTAGTAAAGACAAGGTGCCGATTCGCCGGTACGCGGA
CGGTACTATTGACACGGAAGAAGCAACAGAGCCAACAAAACCCGAAG
GATGCGGCGGTGAAAAAGGTCCGTGTTGTGCGTGCCCTAAGACCGAAG
CTGAGAAGCAAGCTGAAAAGGAAGAAGCTGAATACCGCAAGGTGTTT
GAGAACTTCCTGCATAACTCCATCTTCGTTCCTCGCCCGGATAGAAAG
AGGCGCGACGTGTTCAGGATTGCTAACGCCACGCTCGCTACGAGGAAT
CGGAACATTACTGGTGCGGATCACTTCACCAATGCATCCGATGCGGAA
GAGTCCGAAGTAGAGTACCCATTTTTTGAGACGAAAGTCGACGGGAAG
GAGAGAACGGTAATATCTCATTTGCAGCCTTTTACCCTTTATAGAATAG
ATATCCACAGCTGCAATCACGAAGCAGACACCCTTGGTTGTAGTGCTT
CTAACTTCGTGTTTGCCCGCACGATGCCCTCTGAAGGCGCTGACAATAT
ACCCGGAACCGTAGCATGGGAAGCGAAGGAGGAGAACACGGTTTATC
TTAAATGGTTGGAACCCACCAACCCTAACGGACTTATCTTGATGTACG

107 | IGFIR
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AGATTAAATATGGACAACACGGGGAGGAAAAGAGGGAGTGTGTCAGT
AGGCAAGAATACAAAAAACTTGGTGGCGCCAAATTGACACACTTGAA
CCCTGGTAATTACAGCGCGCGCGTGCAGGCGACTAGCTTGGCAGGTAA
TGGTTCTTGGACTGAACCCGTCTCCTTCTATGTTCAGCCCAAATCCGCA
AATTACGACAACTTTCTCCATTTGATAATAGTCCTTCCAATAGCCTTCC
TGTTGATAATAGGTGGCCTCCTCATTATGTTGTACGTCTTTAATAAGAA
ACGGAACTCTGACCGGCTCGGAAATGGTGTTCTGTATGCAAGTGTTAA
TCCAGAATATTTCTCTGCATCAGACGTTTATGTGCCGGACGAGTGGGA
AGTGCCAAGGGAGAAAATTACAATGTGCAGAGAACTCGGACAGGGTT
CTTTTGGCATGGTTTACGAGGGCATCGCAAAAGGCGTGGTGAAGGACG
AACCCGAGACGAGAGTTGCTATCAAAACAGTCAATGAGTCAGCTTCTA
TGCGCGAACGGATTGAGTTTTTGAATGAGGCCAGTGTAATGAAGGAGT
TTAACTGCCACCACGTCGTACGGTTGCTTGGCGTCGTGTCTCAAGGAC
AGCCCACCCTCGTTATTATGGAGTTGATGACCCGGGGGGATCTCAAGT
CCTACTTGAGGTCTCTTCGCCCTGACACTGAGTCAAACCCAGGGCAGG
CACCTCCTACGCTGAAAAAAATGATACAAATGGCTGGAGAAATCGCCG
ATGGGATGGCGTATCTCAACGCTAATAAGTTTGTACACCGCGATCTGG
CCGCAAGAAATTGTATGGTCGCAGAGGATTTTACTGTCAAGATCGGCG
ATTTCGGCATGACACGCGACATCTATGAGACCGACTACTATAGGAAGG
GGGGGAAGGGTTTGCTCCCAGTAAGGTGGATGTCACCGGAGAGCCTCA
AGGATGGGGTGTTCACGACTCACAGCGATGTCTGGTCTTTTGGAGTTG
TACTCTGGGAAATAGCTACACTGGCAGAGCAACCCTACCAAGGAATGA
CAAATGAACAAGTCCTCCGCTTTGTAATGGAAGGGGGTCTTCTCGAAA
AACCGGACAACTGCCCAGACATGCTTTTCGAGCTGATGCGCATGTGCT
GGCAGTACAATCCCAAAATGCGCCCGTCTTTTCTTGAAATAATCTCAA
GCATCAAGGATGAACTTGACCCGGCCTTTAAAGAAGTATCATTTTTCT
ATTCCGAAGAAAATAAACCGCCAGATACAGAAGAACTCGACCTTGAG
ACAGAAAACATGGAAAGTATTCCTCTCGATCCTTCCTCAACTTTGCAG
CCGACGGATAAACATTCTGGCCACAAGGCGGAAAATGGCCCGGGGGT
TGTAGTACTCAGGGCATCATTTGAAGAAAGGCAGCCATACGCACATAT
GAATGGGGGTCGCAAGAACGAGCGGGCTTTGCCTCTTCCCCAATCTTC
TGCATGCTAG

GAATTCATGAAATCTGGGGCTGGGGGAGGGACCCTCGCCGTATTCTGT
GGGCTTTTGTTGGCGTTCGCCGCACTCTGTCTCTGTCCGACCAATGGTG
AAATATGCGGCCCGAATGTGGATATTAGAAACGATATTCACGAGCTCA
AGAGGCTCGAAAATTGTACTGTAGTGGAGGGGTTTCTGCAAATACTGC
TTATCAGTAAGGCGGAAGATTACCGCAACTTCCGCTTTCCTAAGCTGA
CTGTGATCACAGACTATCTCCTGCTGTTCAGAGTTGCCGGACTTGAATC
CCTCTCAGATCTGTTTCCTAACCTCACAGTGATCAGGGGTAGAAACCT
GTTCTACAACTATGCTCTCGTAATATTTGAGATGACGAACCTTAAGGA
GATTGGACTCCACAATCTTCGCAACATAACCAGGGGTGCTATAAGGAT
CGAAAAAAATAGCGACCTGTGCTATCTTTCTACAGTAGACTGGAGTCT
CATATTGGACGCAGTATCCAACAACTATATAGTTGGCAACAAGCCTCC
CAAAGAATGCGGTGATCTCTGTCCTGGAACTATGGAGGAAAAACCTCT
108 | IGFR-R1353H | CTGCGAAAAGACTAGTATAAACAACGAGTACAACTATAGGTGTTGGAC
TACCAACCACTGCCAGAAGATGTGCCCGAGCAGCTGCGGCAAGCGCG
CGTGCACCGATCAGAATGAATGCTGCCACCCCGAATGTCTTGGTAGCT
GTACGGCTCCCGACAATAACACAGCCTGCGTTGCGTGTCGCAATTACT
ATTATGAGGGTGTCTGTATGCCTACCTGTCCGCCTAACACATATAAGTT
CGAGGGGTGGCGCTGCGTGACAAAAGAATTTTGTTCCAAGGTCCCAGC
AACGGAGACGTCTGACTATGAAAGGTTTGTAATTCATAATGATGAATG
TATGGCGGAATGCCCATCTGGATTTATCAGGAACGGTAGTCAGAGCAT
GTTTTGCTCCCCATGTGAAGGCCCATGTCCCAAAATTTGTGAAGACGG
GAAGACGAAGACAATAGATAGCGTCACTTCTGCTCAAATGCTTCAGGG
ATGTACCATCTTGAAAGGAAATCTCTTGATTAACATTCGCCGGGGTAA
TAATATAGCAAGTGAGCTTGAAAACTTTATGGGGCTCATAGAAACGGT
AACTGGGTATGTCAAGATCCGCCATAGTCATGCACTCGTGTCACTTTCA
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TTCTTGAAGAATCTCCGCTATATACTCGGCGAAGAGCAAGTTGACGGC
AACTACTCATTTTACGTTCTCGATAATCATAATTTGCAGCAGCTTTGGG
ACTGGAATCACCACAACTTGACCATTAAAGAAGGAAAGATGTACTTCG
CTTTCAATCCGAAACTTTGTGTATCCGAAATTTACCGCATGGAAGAGG
TGTCTGGAACTAAAGGACGCCAGTCAAAAGGAGATATAAATCCCAGG
AATAATGGAGAAAGGGCGTCCTGTGAGAGCCATATATTGAGATTCGTG
AGCAATACCACGCTGAAGAACCGGATAAAACTCACCTGGGAGAGATA
CAGGCCCCCGGATTACCGGGACCTCATCTCTTTCACGGTTTATTACAAG
GAGGCCCCCTTCAAAAACGTCACAGAGTACGATGGGCAAGATGCCTGC
GGCTCCAACTCTTGGAACATGGTCGACGTAGACTTGCCCCCTAACAAA
GAGAATGACCCTGGTATATTGCTTCAAGGACTTAAACCTTGGACGCAG
TACGCCATATACGTCAAAGCCGTGACCCTTACAATGATGGAAAACCAC
CACATCCACGGGGCTAAATCCGAGATTGTTTATATAAGGACAAATGCA
GCCGTCCCCAGCATACCTCTCGACGTAATATCTGCCTCTAATAGCAGC
AGCCAGCTCATTGTGAAGTGGAATCCTCCTTCACTTCCCAACGGGAAT
CTGTCTTATTACATTGTCCGCTGGCAACAACAACCTCAGGATTCTTATT
TGTATCGGCATAACTACTGTAGTAAAGACAAGGTGCCGATTCGCCGGT
ACGCGGACGGTACTATTGACACGGAAGAAGCAACAGAGCCAACAAAA
CCCGAAGGATGCGGCGGTGAAAAAGGTCCGTGTTGTGCGTGCCCTAAG
ACCGAAGCTGAGAAGCAAGCTGAAAAGGAAGAAGCTGAATACCGCAA
GGTGTTTGAGAACTTCCTGCATAACTCCATCTTCGTTCCTCGCCCGGAT
AGAAAGAGGCGCGACGTGTTCAGGATTGCTAACGCCACGCTCGCTACG
AGGAATCGGAACATTACTGGTGCGGATCACTTCACCAATGCATCCGAT
GCGGAAGAGTCCGAAGTAGAGTACCCATTTTTTGAGACGAAAGTCGAC
GGGAAGGAGAGAACGGTAATATCTCATTTGCAGCCTTTTACCCTTITAT
AGAATAGATATCCACAGCTGCAATCACGAAGCAGACACCCTTGGTTGT
AGTGCTTCTAACTTCGTGTTTGCCCGCACGATGCCCTCTGAAGGCGCTG
ACAATATACCCGGAACCGTAGCATGGGAAGCGAAGGAGGAGAACACG
GTTTATCTTAAATGGTTGGAACCCACCAACCCTAACGGACTTATCTTGA
TGTACGAGATTAAATATGGACAACACGGGGAGGAAAAGAGGGAGTGT
GTCAGTAGGCAAGAATACAAAAAACTTGGTGGCGCCAAATTGACACA
CTTGAACCCTGGTAATTACAGCGCGCGCGTGCAGGCGACTAGCTTGGC
AGGTAATGGTTCTTGGACTGAACCCGTCTCCTTCTATGTTCAGCCCAAA
TCCGCAAATTACGACAACTTTCTCCATTTGATAATAGTCCTTCCAATAG
CCTTCCTGTTGATAATAGGTGGCCTCCTCATTATGTTGTACGTCTTTAA
TAAGAAACGGAACTCTGACCGGCTCGGAAATGGTGTTCTGTATGCAAG
TGTTAATCCAGAATATTTCTCTGCATCAGACGTTTATGTGCCGGACGAG
TGGGAAGTGCCAAGGGAGAAAATTACAATGTGCAGAGAACTCGGACA
GGGTTCTTTTGGCATGGTTTACGAGGGCATCGCAAAAGGCGTGGTGAA
GGACGAACCCGAGACGAGAGTTGCTATCAAAACAGTCAATGAGTCAG
CTTCTATGCGCGAACGGATTGAGTTTITTGAATGAGGCCAGTGTAATGA
AGGAGTTTAACTGCCACCACGTCGTACGGTTGCTTGGCGTCGTGTCTCA
AGGACAGCCCACCCTCGTTATTATGGAGTTGATGACCCGGGGGGATCT
CAAGTCCTACTTGAGGTCTCTTCGCCCTGACACTGAGTCAAACCCAGG
GCAGGCACCTCCTACGCTGAAAAAAATGATACAAATGGCTGGAGAAA
TCGCCGATGGGATGGCGTATCTCAACGCTAATAAGTTTGTACACCGCG
ATCTGGCCGCAAGAAATTGTATGGTCGCAGAGGATTTTACTGTCAAGA
TCGGCGATTTCGGCATGACACGCGACATCTATGAGACCGACTACTATA
GGAAGGGGGGGAAGGGTTTGCTCCCAGTAAGGTGGATGTCACCGGAG
AGCCTCAAGGATGGGGTGTTCACGACTCACAGCGATGTCTGGTCTTTT
GGAGTTGTACTCTGGGAAATAGCTACACTGGCAGAGCAACCCTACCAA
GGAATGACAAATGAACAAGTCCTCCGCTTTGTAATGGAAGGGGGTCTT
CTCGAAAAACCGGACAACTGCCCAGACATGCTTTTCGAGCTGATGCGC
ATGTGCTGGCAGTACAATCCCAAAATGCGCCCGTCTTTTCTTGAAATA
ATCTCAAGCATCAAGGATGAACTTGACCCGGCCTTTAAAGAAGTATCA
TTTTTCTATTCCGAAGAAAATAAACCGCCAGATACAGAAGAACTCGAC
CTTGAGACAGAAAACATGGAAAGTATTCCTCTCGATCCTTCCTCAACTT
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TGCAGCCGACGGATAAACATTCTGGCCACAAGGCGGAAAATGGCCCG
GGGGTTGTAGTACTCAGGGCATCATTTGAAGAAAGGCAGCCATACGCA
CATATGAATGGGGGTCGCAAGAACGAGCATGCTTTGCCTCTTCCCCAA
TCTTCTGCATGCTAG

ATGGGTACTCCCCCAAGGACGTTCCTGATCCTGGGATGTTTTCTCACAG
GACCGCTCCTAACACTTTGCCAGCTTCCTCTGCCGACTATTGTTCCCAA
TAGAAATGAGATGGTTGTACAGCTGAATTCCAATTTCACACTCAAATG
CTCTGGAGACAGCGAAGTGAGCTGGCAGTACCCAGTGACCGAGGGAA
GCCACAGGATAGACATCAGACACGAGGAGAACAACAGTGGCCTCTTC
GTGACAGTGCTTGAAGTCGGAAATGCCTCAGCCGCTCACACGGGCATG
TATGTTTGCTATTATAACCACACGCAAGTGGAGGATGGGGAAGTCGAG
GGGAAGGACATCTACATCTATGTGCCTGACCCAGACATGCCTTTCGTT
CCTTCCTTACCAGAAGACCAGTTCATCCTAGTAGAAGAAGGTGATCCC
ACTGTTATCCCTTGTCGGACAAGTGACCCAAGTGCTGAAGTGACTTTA
GTTAACAGTTTAGACAAGCCTGTCTATGCTTTCTATGACAGCAAACAG
GGCTTCGTAGGGAACTTCCTTGCAGGACCATACACATGCAAAACAATG
GTTAAAGGCGTGGAGTTCAAGTCCGATGAGTTCCTCATCTATATTTTAA
GAGCTACTTCACAGCTGCCGGTTGAAATTGAAGCTCTGAAAACTGTCT
ACAAAACAGGCGAGACCATCGTAGTAACTTGTGTGGTCTTTGACAATG
AGGTGGTTAATTTACAGTGGAATTATCCCGGGAAAGTGAAAGAAAAA
GGTCTGATAAAACTTGATGATATCAAAGTCCCATCACAGAAGTTGGTT
TACACGTTGACCATACCTGACGCATCAGTGAAAGACACAGGGGATTAT
GAATGTACTGCCCGACATGCAACCAAGGAGGTTAAGGAAAATAAGAA
AGTAGTCATTACAGTTCATGACAAAGGGTTCATTCATCTAGAGCCTCA
ATTTAGCCCTTTGGAAGCTGTCAATCTACATGAAGTCAAAAATTTTGTC
GTCGATGTGCAGGCGTACCCCGCTCCAAAAATGTACTGGTTGAAGGAT
AATGTGACTCTGATTGAAAACCTTACTGAGATTGTTACTAGTTCAAAC
AGAGTCCAGGAAACACGGTTTCAAAGTGTACTAAAATTGATCCGGGCC
AAGGAAGAAGACAGTGGGTACTATACTTTGGTTGCTGAAAATGAAGAT
GAGATTAAGAGATACACCTTCTCGTTGCTAATACAAGTTCCAGCCTTG
109 | PDGFRa(WT) | ATCTTAGACCTCATGGACGACCACCAAGGCTCTGCTGGCAGGCAGACG
GTGAGGTGCTTGGCTGAAGGTACCCCGCTTCCTGATGTGGAATGGTTG
GTTTGCAAGGACATTAAAAAATGCAGCAATGACACTTCCTGGACTCTT
CTGACTAACAATATCTCTGATATACACATGGAAGCCCACCTGGATGAG
AGGAATATGGTGGAAAGCCAGGTGACCTTCCAGAAGGTAGAAGAAAC
CCTGGCTGTGAGATGTGTAGCAAGAAACGACCTTGGAGCTGTTACTCG
GGAACTGAAACTTGTGGCTCCCACCTTGCGATCAGAACTGACGGTGGC
TGCTGCTGTCTTAGTACTGCTGGTGATTGTGATAATTTCACTGATTGTC
CTGGTCATCATCTGGAAACAGAAGCCAAGATATGAGATAAGATGGAG
AGTCATTGAGTCTATCAGCCCCGATGGCCATGAATACATTTATGTGGA
CCCAATGCAGCTACCTTATGACTCCAGATGGGAGTTTCCTCGAGATGG
GTTAGTGCTTGGTCGAATCCTTGGTTCTGGTGCATTTGGAAAAGTGGTG
GAAGGGACAGCATATGGATTGAGTCGTTCTCAACCTGTGATGAAAGTA
GCCGTGAAAATGCTGAAACCTACAGCTAGATCCAGTGAAAAACAGGC
GCTCATGTCTGAACTGAAGATAATGACACATCTTGGGCCCCACCTGAA
TATTGTGAACCTGCTTGGAGCTTGTACGAAATCAGGTCCTATTTACATA
ATCACTGAATACTGCTTTTACGGTGATTTGGTGAACTATCTGCACAAGA
ACAGGGACAACTTCCTCAGCCGACATCCAGAGAAACCAAAGAAAGAT
CTGGATATTTTTGGGATGAACCCAGCTGATGAAAGCACAAGAAGCTAT
GTGATTTTATCATTTGAAAACACCGGAGAATATATGGATATGAAACAA
GCTGATACCACTCAGTATGTGCCAATGCTGGAAAGGAAGGAGGGATCT
AAATACTCTGATATTCAGAGATCTGTATATGATCGACCTGCTTCATATA
AGAAGAAATCTTTGTCAGAATCAGAAGTAAAAAACCTTCTTTCAGATG
ACGGTTCGGAGGGTCTAAGCCTACTGGATTTGCTAAGCTTCACCTACC
AGGTTGCACGGGGAATGGAATTCTTGGCTTCTAAAAATTGCGTACACC
GTGACTTGGCAGCTCGTAATGTCCTTCTGGCTCAAGGCAAAATCGTGA
AGATCTGCGACTTTGGGTTGGCTAGAGACATCATGCATGATTCCAACT
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ATGTCTCCAAGGGCAGCACCTTCCTCCCAGTAAAATGGATGGCACCTG
AAAGCATTTTTGACAATCTGTACACAACATTAAGTGATGTCTGGTCTTA
TGGCATTCTGCTGTGGGAAATATTTTCTCTTGGTGGCACACCATATCCT
GGCATGATGGTCGACTCCACCTTCTACAATAAGATAAAGAGTGGCTAC
CGAATGGCAAAACCTGATCATGCTACCAATGAAGTGTATGAGATCATG
GTAAAGTGCTGGAACAGTGAACCAGAGAAAAGACCTTCGTTTITACCAT
CTGAGTGAAATTGTGGAGAGCTTGTTGCCTGGAGAGTACAAAAAGAGC
TACGAGAAGATTCACCTGGACTTCCTGAAAAGCGATCACCCAGCTGTC
ACTCGAATGAGAGGGGACTGTGACAATGCTTACATTGGTGTCACCTAC
AAGAATGAAGACAAGATAAAGGATAGAGAGAGTGGATTTGATGAGCA
GAGGCTGAGTGCTGACAGTGGGTACATCATCCCCCTGCCTGACATTGA
CCCTGTTTCTGAAGATGAGCTTGGCAAAAGGAACAGGCACAGTTCCCA
GACATCTGAAGAGAGTGCCATTGAAACCGGTTCCAGTAGCTCTACCTT
TATAAAGAGAGAGGATGAGACCATTGAGGACATTGACATGATGGATG
ACATTGGAATTGACTCCTCGGATCTTGTAGAGGACAGCTTCCTGTAA

ATGGGTACTCCCCCAAGGACGTTCCTGATCCTGGGATGTTTTCTCACAG
GACCGCTCCTAACACTTTGCCAGCTTCCTCTGCCGACTATTGTTCCCAA
TAGAAATGAGATGGTTGTACAGCTGAATTCCAATTTCACACTCAAATG
CTCTGGAGACAGCGAAGTGAGCTGGCAGTACCCAGTGACCGAGGGAA
GCCACAGGATAGACATCAGACACGAGGAGAACAACAGTGGCCTCTTC
GTGACAGTGCTTGAAGTCGGAAATGCCTCAGCCGCTCACACGGGCATG
TATGTTTGCTATTATAACCACACGCAAGTGGAGGATGGGGAAGTCGAG
GGGAAGGACATCTACATCTATGTGCCTGACCCAGACATGCCTTTCGTT
CCTTCCTTACCAGAAGACCAGTTCATCCTAGTAGAAGAAGGTGATCCC
ACTGTTATCCCTTGTCGGACAAGTGACCCAAGTGCTGAAGTGACTTTA
GTTAACAGTTTAGACAAGCCTGTCTATGCTTTCTATGACAGCAAACAG
GGCTTCGTAGGGAACTTCCTTGCAGGACCATACACATGCAAAACAATG
GTTAAAGGCGTGGAGTTCAAGTCCGATGAGTTCCTCATCTATATTTTAA
GAGCTACTTCACAGCTGCCGGTTGAAATTGAAGCTCTGAAAACTGTCT
ACAAAACAGGCGAGACCATCGTAGTAACTTGTGTGGTCTTTGACAATG
AGGTGGTTAATTTACAGTGGAATTATCCCGGGAAAGTGAAAGAAAAA
GGTCTGATAAAACTTGATGATATCAAAGTCCCATCACAGAAGTTGGTT
TACACGTTGACCATACCTGACGCATCAGTGAAAGACACAGGGGATTAT
GAATGTACTGCCCGACATGCAACCAAGGAGGTTAAGGAAAATAAGAA
AGTAGTCATTACAGTTCATGACAAAGGGTTCATTCATCTAGAGCCTCA
PDGFRa- ATTTAGCCCTTTGGAAGCTGTCAATCTACATGAAGTCAAAAATTTTGTC
D842v GTCGATGTGCAGGCGTACCCCGCTCCAAAAATGTACTGGTTGAAGGAT
AATGTGACTCTGATTGAAAACCTTACTGAGATTGTTACTAGTTCAAAC
AGAGTCCAGGAAACACGGTTTCAAAGTGTACTAAAATTGATCCGGGCC
AAGGAAGAAGACAGTGGGTACTATACTTTGGTTGCTGAAAATGAAGAT
GAGATTAAGAGATACACCTTCTCGTTGCTAATACAAGTTCCAGCCTTG
ATCTTAGACCTCATGGACGACCACCAAGGCTCTGCTGGCAGGCAGACG
GTGAGGTGCTTGGCTGAAGGTACCCCGCTTCCTGATGTGGAATGGTTG
GTTTGCAAGGACATTAAAAAATGCAGCAATGACACTTCCTGGACTCTT
CTGACTAACAATATCTCTGATATACACATGGAAGCCCACCTGGATGAG
AGGAATATGGTGGAAAGCCAGGTGACCTTCCAGAAGGTAGAAGAAAC
CCTGGCTGTGAGATGTGTAGCAAGAAACGACCTTGGAGCTGTTACTCG
GGAACTGAAACTTGTGGCTCCCACCTTGCGATCAGAACTGACGGTGGC
TGCTGCTGTCTTAGTACTGCTGGTGATTGTGATAATTTCACTGATTGTC
CTGGTCATCATCTGGAAACAGAAGCCAAGATATGAGATAAGATGGAG
AGTCATTGAGTCTATCAGCCCCGATGGCCATGAATACATTTATGTGGA
CCCAATGCAGCTACCTTATGACTCCAGATGGGAGTTTCCTCGAGATGG
GTTAGTGCTTGGTCGAATCCTTGGTTCTGGTGCATTTGGAAAAGTGGTG
GAAGGGACAGCATATGGATTGAGTCGTTCTCAACCTGTGATGAAAGTA
GCCGTGAAAATGCTGAAACCTACAGCTAGATCCAGTGAAAAACAGGC
GCTCATGTCTGAACTGAAGATAATGACACATCTTGGGCCCCACCTGAA
TATTGTGAACCTGCTTGGAGCTTGTACGAAATCAGGTCCTATTTACATA

110
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ATCACTGAATACTGCTTTTACGGTGATTTGGTGAACTATCTGCACAAGA
ACAGGGACAACTTCCTCAGCCGACATCCAGAGAAACCAAAGAAAGAT
CTGGATATTTTTGGGATGAACCCAGCTGATGAAAGCACAAGAAGCTAT
GTGATTITATCATTTGAAAACACCGGAGAATATATGGATATGAAACAA
GCTGATACCACTCAGTATGTGCCAATGCTGGAAAGGAAGGAGGGATCT
AAATACTCTGATATTCAGAGATCTGTATATGATCGACCTGCTTCATATA
AGAAGAAATCTTTGTCAGAATCAGAAGTAAAAAACCTTCTTTCAGATG
ACGGTTCGGAGGGTCTAAGCCTACTGGATTTGCTAAGCTTCACCTACC
AGGTTGCACGGGGAATGGAATTCTTGGCTTCTAAAAATTGCGTACACC
GTGACTTGGCAGCTCGTAATGTCCTTCTGGCTCAAGGCAAAATCGTGA
AGATCTGCGACTTTGGGTTGGCTAGAGTCATCATGCATGATTCCAACT
ATGTCTCCAAGGGCAGCACCTTCCTCCCAGTAAAATGGATGGCACCTG
AAAGCATTTTTGACAATCTGTACACAACATTAAGTGATGTCTGGTCTTA
TGGCATTCTGCTGTGGGAAATATTTTCTCTTGGTGGCACACCATATCCT
GGCATGATGGTCGACTCCACCTTCTACAATAAGATAAAGAGTGGCTAC
CGAATGGCAAAACCTGATCATGCTACCAATGAAGTGTATGAGATCATG
GTAAAGTGCTGGAACAGTGAACCAGAGAAAAGACCTTCGTTTITACCAT
CTGAGTGAAATTGTGGAGAGCTTGTTGCCTGGAGAGTACAAAAAGAGC
TACGAGAAGATTCACCTGGACTTCCTGAAAAGCGATCACCCAGCTGTC
ACTCGAATGAGAGGGGACTGTGACAATGCTTACATTGGTGTCACCTAC
AAGAATGAAGACAAGATAAAGGATAGAGAGAGTGGATTTGATGAGCA
GAGGCTGAGTGCTGACAGTGGGTACATCATCCCCCTGCCTGACATTGA
CCCTGTTTCTGAAGATGAGCTTGGCAAAAGGAACAGGCACAGTTCCCA
GACATCTGAAGAGAGTGCCATTGAAACCGGTTCCAGTAGCTCTACCTT
TATAAAGAGAGAGGATGAGACCATTGAGGACATTGACATGATGGATG
ACATTGGAATTGACTCCTCGGATCTTGTAGAGGACAGCTTCCTGTAA

ATGCTCTGTCCCTCTCTGAAGGCATCTCTGCAGCTCCTCATCCTCACTG
GTCTGCTGGAGGTAACGTCTGGAGGCAGCGGGCTGCACATCGAACCTG
AAGATGCTGAGCTCGTCCTTAGGCTCCACAGCACTTTCTCCCTCGTGTG
CTATGGGGACGGCACGCTGGTCTGGGAGCGGGATGGTCAGCCTCTCAC
TGCCGTGCTGGAGCACAGGGACGGGGTCTTCATCAGCAACCTCACCCT
CAGGAACGTGACAGGCCGTCACACGGGGGAGTATGCGTGCTTCTACAG
CCCTGACCAGGCTCCGGAGCGAGCAGAGAGGAAAGCCCTTTACATCTA
TGTTCCAGATCCCTCCTTAGTTTTTCTCCCCGCAATCACTTCTGAAGAG
TTCTTCATCTTCATCACGGGCTACACAGAGGCCACCATCCCATGCCGTG
TGACCAACCCAGAGCTGCAGGTGACCCTCTATGAAAAGAAAGTGGAG
AATCCCATTCCAGCTACTTATGACCCACAACAGGGCTTCAAAGGCTTC
TTTGAGGACAAGACCTACTACTGCCAGGCAATCGTGGATGACCAAGAG
GTGGATTCAGACACCTTCTATGTCTACCGGATCCAGGTCTCATCTGTGA
ACGTCTCCATCAGCGCAGTGCAGACCGTAGTGCGGCAGGGAGAAAAT
GTTACCCTGATGTGCACTGTCAGTGGCAATGAGCTGGTCAATTTCAACT
111 | PDGFRb(WT) | GGGATTATCCCCGCAAGCAGGCAGGGAAGGCTGTGGAGCCAGTGACC
GATTTCCTGCCTGGATCCACCCATGACATCCGTTCCATCCTCATCATCC
AGAATGCAGAGCTAGAGGACAGTGGGACCTACGTCTGCAATGTCTCTG
AGGGCTACCATGAGAAGACAGACCGGAAAGACATCACGGTCCAAGTG
ATCGAGCGTGGCTTTGTACGCTTCCACACCCACCTGGCCAGCACGGTG
TATGCTGAGGTCCACAAGAGCCACATCATCCAGGTGGATGTGGAGGCC
TACCCACAGCCAAACATTGTGTGGCTGAAGAACAACAAGACATTGACC
ATGGAGAGCAGCAGCGAGTTCACCATCACCAACAGGAACCTGTCAGA
AACCAGGTATCAGACGTCTCTGGTCCTGGTGCGTGTGAAGCAGGAGGA
AGGAGGATATTACACCATCCGAGCTTCCAATGAGGATGATGCACAAGA
GCTGTCCTTCCATCTGCAGATAAATGTGCCAGCCAAAGTGGTGGATCT
CAAGGAAAACAGCAGTGCCAGCAGCGGGGAGCAGACTGTAACGTGCT
CTGCTGAAGGGATGCCCCAGCCAGAGATCAGTTGGTCCACTTGCAGCA
ACATCAAATGGTGTGGCAGCCAGGGGCAACCCACCCAGCTGCTGGGG
AACAACTCTGCAGAGATTGGCCTGCACACTAATGCTACGTACCATGCA
GAGCTGCAGGTGTACCGTGTGAACAGCACCCTGCAGCTGCACAGGGTG
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GATGAACCCCTGCTTCTGAGATGCACCGTGCAAAACTTCCTGGGCTCC
AACTCCCAAGACATCACTCTGGTCCCAAATGCCTTGCCATTCAAAGTG
GTCATCATCTCCGTCATCCTGGCTCTGCTGGTCCTCACCGTCATCTCCC
TGATCATCCTGATCATCCTGTGGCAGAAGAAACCTCGCTATGAGATCC
GCTGGAAGGTGATCGAGTCAGTGAGCTCCGATGGGCACGAGTACATCT
ACGTGGATCCCATGCAGCTCCCTTATGACTCCAGCTGGGAGGTGCCCA
GGGACAAGCTGGTGTTAGGACGCACTCTTGGCTCCGGTGCCTTTGGAC
GCGTGGTGGAGGCAACAGCGCATGGCCTGAGCCATTCACAGTCCACCA
TGAAAGTGGCAGTCAAGATGCTCAAGTCCACTGCACGGAGCAGTGAG
AAGCAAGCCCTCATGTCTGAGCTGAAGATCATGAGCCACCTGGGACCT
CACCTCAACATCGTCAACTTGCTGGGGGCCTGCACCAAAGGAGGGCCC
ATCTATATCATCACCGAGTACTGCCGTTATGGGGACCTGGTGGACTAC
CTGCACCGCAACAAGCACACCTTCCTGCAGTCCTATGGCGAGAAGGCC
CGCCGGGAGGCAGAGCTGTATGGGAATACCATCAAGGAGGACCACGT
GCAGAGTCACCTCTCCTTGTCTGTCGAGAGTGATGGGGGCTACATGGA
CATGAGCAAGGATGAGTCTCTGGATTACGTGCCCATGTCTGACATGAA
GGGTGAAGTCAAGTATGCTGACATCGAGTCTTCTAACTATGGCACCCC
ATATGAGCTGGACAGCTATTCCCCATCAGCTCCGGAAAGAACAGACCG
GGTGACACTGATAAATGAATCTCCACTCCTCAGCTACATGGACTTGGT
GGGCTTCAGCTTCCAGGTGGCCAATGGGATGGAGTTCCTGGCTTCCAA
AAATTGTGTGCATCGTGACCTGGCTGCCAGGAACGTCCTCATCTGCGA
GGGGAAGCTGGTGAAGATCTGTGACTTTGGTCTGGCAAGAGACATCAT
GAGGGATTCCAACTACATCTCCAAAGGCAGTACCTTCTTGCCCCTTAA
GTGGATGGCCCCAGAGAGCATCTTCAACAACCTCTACACCACCCTAAG
TGATGTGTGGTCCTTTGGGATTCTTCTCTGGGAGATATTCACTCTAGGA
GGGACTCCCTACCCTGAACTGCCTATGAACGAACAGTTCTACAATGCC
ATCAAACGTGGCTATCGGATGTCCAAACCTACCCATGCTTCTGATGAA
ATCTACGATATCATGCAGAAGTGCTGGGAGGAGAAGTTTGAGATCAGA
CCGTCCTTCTCACAGCTGGTGGTGCTTATGGGAAACCTCTTGGTGGACT
GCTACAGAAAGAGGTACCAACAGGTAGATGAAGAGTTCATGAAGAGC
GACCACCCCGCTGTTGTTCGCACAAGACCCACCATCCCCGGGCTGAAC
AACGCCAGGCTCCCTCCCAGCTCCCCCACCCTCTACACGGCTGTGCAC
CAGAACGGGGGAGAGAACGACTACATCATCCCTCTTCCTGACCCCAAG
CCTGATGCAATCTGTGACCTCCCTCAGGAGGCCTCCGTCAGCCGTGCC
AGCTCTATGCTGAATGAAGCCAACACATCATCTACAATATCCTGTGAC
AGCCCCCTGGGCCCCCGGCAGGACGAGGAGCCAGAATGTGACCTGCA
GCTGGGCTGCCAGGAGCTGGCCCCGGGTCACCACGAGGTGGAGGAGA
GCTTTCTGTAG

ATGCTCTGTCCCTCTCTGAAGGCATCTCTGCAGCTCCTCATCCTCACTG
GTCTGCTGGAGGTAACGTCTGGAGGCAGCGGGCTGCACATCGAACCTG
AAGATGCTGAGCTCGTCCTTAGGCTCCACAGCACTTTCTCCCTCGTGTG
CTATGGGGACGGCACGCTGGTCTGGGAGCGGGATGGTCAGCCTCTCAC
TGCCGTGCTGGAGCACAGGGACGGGGTCTTCATCAGCAACCTCACCCT
CAGGAACGTGACAGGCCGTCACACGGGGGAGTATGCGTGCTTCTACAG
CCCTGACCAGGCTCCGGAGCGAGCAGAGAGGAAAGCCCTTTACATCTA
TGTTCCAGATCCCTCCTTAGTTTTTCTCCCCGCAATCACTTCTGAAGAG
PDGFRb- TTCTTCATCTTCATCACGGGCTACACAGAGGCCACCATCCCATGCCGTG
112 D850V TGACCAACCCAGAGCTGCAGGTGACCCTCTATGAAAAGAAAGTGGAG
AATCCCATTCCAGCTACTTATGACCCACAACAGGGCTTCAAAGGCTTC

TTTGAGGACAAGACCTACTACTGCCAGGCAATCGTGGATGACCAAGAG
GTGGATTCAGACACCTTCTATGTCTACCGGATCCAGGTCTCATCTGTGA
ACGTCTCCATCAGCGCAGTGCAGACCGTAGTGCGGCAGGGAGAAAAT
GTTACCCTGATGTGCACTGTCAGTGGCAATGAGCTGGTCAATTTCAACT
GGGATTATCCCCGCAAGCAGGCAGGGAAGGCTGTGGAGCCAGTGACC
GATTTCCTGCCTGGATCCACCCATGACATCCGTTCCATCCTCATCATCC
AGAATGCAGAGCTAGAGGACAGTGGGACCTACGTCTGCAATGTCTCTG
AGGGCTACCATGAGAAGACAGACCGGAAAGACATCACGGTCCAAGTG
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ATCGAGCGTGGCTTTGTACGCTTCCACACCCACCTGGCCAGCACGGTG
TATGCTGAGGTCCACAAGAGCCACATCATCCAGGTGGATGTGGAGGCC
TACCCACAGCCAAACATTGTGTGGCTGAAGAACAACAAGACATTGACC
ATGGAGAGCAGCAGCGAGTTCACCATCACCAACAGGAACCTGTCAGA
AACCAGGTATCAGACGTCTCTGGTCCTGGTGCGTGTGAAGCAGGAGGA
AGGAGGATATTACACCATCCGAGCTTCCAATGAGGATGATGCACAAGA
GCTGTCCTTCCATCTGCAGATAAATGTGCCAGCCAAAGTGGTGGATCT
CAAGGAAAACAGCAGTGCCAGCAGCGGGGAGCAGACTGTAACGTGCT
CTGCTGAAGGGATGCCCCAGCCAGAGATCAGTTGGTCCACTTGCAGCA
ACATCAAATGGTGTGGCAGCCAGGGGCAACCCACCCAGCTGCTGGGG
AACAACTCTGCAGAGATTGGCCTGCACACTAATGCTACGTACCATGCA
GAGCTGCAGGTGTACCGTGTGAACAGCACCCTGCAGCTGCACAGGGTG
GATGAACCCCTGCTTCTGAGATGCACCGTGCAAAACTTCCTGGGCTCC
AACTCCCAAGACATCACTCTGGTCCCAAATGCCTTGCCATTCAAAGTG
GTCATCATCTCCGTCATCCTGGCTCTGCTGGTCCTCACCGTCATCTCCC
TGATCATCCTGATCATCCTGTGGCAGAAGAAACCTCGCTATGAGATCC
GCTGGAAGGTGATCGAGTCAGTGAGCTCCGATGGGCACGAGTACATCT
ACGTGGATCCCATGCAGCTCCCTTATGACTCCAGCTGGGAGGTGCCCA
GGGACAAGCTGGTGTTAGGACGCACTCTTGGCTCCGGTGCCTTTGGAC
GCGTGGTGGAGGCAACAGCGCATGGCCTGAGCCATTCACAGTCCACCA
TGAAAGTGGCAGTCAAGATGCTCAAGTCCACTGCACGGAGCAGTGAG
AAGCAAGCCCTCATGTCTGAGCTGAAGATCATGAGCCACCTGGGACCT
CACCTCAACATCGTCAACTTGCTGGGGGCCTGCACCAAAGGAGGGCCC
ATCTATATCATCACCGAGTACTGCCGTTATGGGGACCTGGTGGACTAC
CTGCACCGCAACAAGCACACCTTCCTGCAGTCCTATGGCGAGAAGGCC
CGCCGGGAGGCAGAGCTGTATGGGAATACCATCAAGGAGGACCACGT
GCAGAGTCACCTCTCCTTGTCTGTCGAGAGTGATGGGGGCTACATGGA
CATGAGCAAGGATGAGTCTCTGGATTACGTGCCCATGTCTGACATGAA
GGGTGAAGTCAAGTATGCTGACATCGAGTCTTCTAACTATGGCACCCC
ATATGAGCTGGACAGCTATTCCCCATCAGCTCCGGAAAGAACAGACCG
GGTGACACTGATAAATGAATCTCCACTCCTCAGCTACATGGACTTGGT
GGGCTTCAGCTTCCAGGTGGCCAATGGGATGGAGTTCCTGGCTTCCAA
AAATTGTGTGCATCGTGACCTGGCTGCCAGGAACGTCCTCATCTGCGA
GGGGAAGCTGGTGAAGATCTGTGACTTTGGTCTGGCAAGAGACATCAT
GAGGAATTCCAACTACATCTCCAAAGGCAGTACCTTCTTGCCCCTTAA
GTGGATGGCCCCAGAGAGCATCTTCAACAACCTCTACACCACCCTAAG
TGATGTGTGGTCCTTTGGGATTCTTCTCTGGGAGATATTCACTCTAGGA
GGGACTCCCTACCCTGAACTGCCTATGAACGAACAGTTCTACAATGCC
ATCAAACGTGGCTATCGGATGTCCAAACCTACCCATGCTTCTGATGAA
ATCTACGATATCATGCAGAAGTGCTGGGAGGAGAAGTTTGAGATCAGA
CCGTCCTTCTCACAGCTGGTGGTGCTTATGGGAAACCTCTTGGTGGACT
GCTACAGAAAGAGGTACCAACAGGTAGATGAAGAGTTCATGAAGAGC
GACCACCCCGCTGTTGTTCGCACAAGACCCACCATCCCCGGGCTGAAC
AACGCCAGGCTCCCTCCCAGCTCCCCCACCCTCTACACGGCTGTGCAC
CAGAACGGGGGAGAGAACGACTACATCATCCCTCTTCCTGACCCCAAG
CCTGATGCAATCTGTGACCTCCCTCAGGAGGCCTCCGTCAGCCGTGCC
AGCTCTATGCTGAATGAAGCCAACACATCATCTACAATATCCTGTGAC
AGCCCCCTGGGCCCCCGGCAGGACGAGGAGCCAGAATGTGACCTGCA
GCTGGGCTGCCAGGAGCTGGCCCCGGGTCACCACGAGGTGGAGGAGA
GCTTTCTGTAG

ATGCTCTGTCCCTCTCTGAAGGCATCTCTGCAGCTCCTCATCCTCACTG
GTCTGCTGGAGGTAACGTCTGGAGGCAGCGGGCTGCACATCGAACCTG
PDGFRb- AAGATGCTGAGCTCGTCCTTAGGCTCCACAGCACTTTCTCCCTCGTGTG
113 VS36A CTATGGGGACGGCACGCTGGTCTGGGAGCGGGATGGTCAGCCTCTCAC
TGCCGTGCTGGAGCACAGGGACGGGGTCTTCATCAGCAACCTCACCCT
CAGGAACGTGACAGGCCGTCACACGGGGGAGTATGCGTGCTTCTACAG
CCCTGACCAGGCTCCGGAGCGAGCAGAGAGGAAAGCCCTTTACATCTA
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TGTTCCAGATCCCTCCTTAGTTTTTCTCCCCGCAATCACTTCTGAAGAG
TTCTTCATCTTCATCACGGGCTACACAGAGGCCACCATCCCATGCCGTG
TGACCAACCCAGAGCTGCAGGTGACCCTCTATGAAAAGAAAGTGGAG
AATCCCATTCCAGCTACTTATGACCCACAACAGGGCTTCAAAGGCTTC
TTTGAGGACAAGACCTACTACTGCCAGGCAATCGTGGATGACCAAGAG
GTGGATTCAGACACCTTCTATGTCTACCGGATCCAGGTCTCATCTGTGA
ACGTCTCCATCAGCGCAGTGCAGACCGTAGTGCGGCAGGGAGAAAAT
GTTACCCTGATGTGCACTGTCAGTGGCAATGAGCTGGTCAATTTCAACT
GGGATTATCCCCGCAAGCAGGCAGGGAAGGCTGTGGAGCCAGTGACC
GATTTCCTGCCTGGATCCACCCATGACATCCGTTCCATCCTCATCATCC
AGAATGCAGAGCTAGAGGACAGTGGGACCTACGTCTGCAATGTCTCTG
AGGGCTACCATGAGAAGACAGACCGGAAAGACATCACGGTCCAAGTG
ATCGAGCGTGGCITTGTACGCTTCCACACCCACCTGGCCAGCACGGTG
TATGCTGAGGTCCACAAGAGCCACATCATCCAGGTGGATGTGGAGGCC
TACCCACAGCCAAACATTGTGTGGCTGAAGAACAACAAGACATTGACC
ATGGAGAGCAGCAGCGAGTTCACCATCACCAACAGGAACCTGTCAGA
AACCAGGTATCAGACGTCTCTGGTCCTGGTGCGTGTGAAGCAGGAGGA
AGGAGGATATTACACCATCCGAGCTTCCAATGAGGATGATGCACAAGA
GCTGTCCTTCCATCTGCAGATAAATGTGCCAGCCAAAGTGGTGGATCT
CAAGGAAAACAGCAGTGCCAGCAGCGGGGAGCAGACTGTAACGTGCT
CTGCTGAAGGGATGCCCCAGCCAGAGATCAGTTGGTCCACTTGCAGCA
ACATCAAATGGTGTGGCAGCCAGGGGCAACCCACCCAGCTGCTGGGG
AACAACTCTGCAGAGATTGGCCTGCACACTAATGCTACGTACCATGCA
GAGCTGCAGGTGTACCGTGTGAACAGCACCCTGCAGCTGCACAGGGTG
GATGAACCCCTGCTTCTGAGATGCACCGTGCAAAACTTCCTGGGCTCC
AACTCCCAAGACATCACTCTGGTCCCAAATGCCTTGCCATTCAAAGTG
GTCATCATCTCCGTCATCCTGGCTCTGCTGGTCCTCACCGTCATCTCCC
TGATCATCCTGATCATCCTGTGGCAGAAGAAACCTCGCTATGAGATCC
GCTGGAAGGCCATCGAGTCAGTGAGCTCCGATGGGCACGAGTACATCT
ACGTGGATCCCATGCAGCTCCCTTATGACTCCAGCTGGGAGGTGCCCA
GGGACAAGCTGGTGTTAGGACGCACTCTTGGCTCCGGTGCCTTTGGAC
GCGTGGTGGAGGCAACAGCGCATGGCCTGAGCCATTCACAGTCCACCA
TGAAAGTGGCAGTCAAGATGCTCAAGTCCACTGCACGGAGCAGTGAG
AAGCAAGCCCTCATGTCTGAGCTGAAGATCATGAGCCACCTGGGACCT
CACCTCAACATCGTCAACTTGCTGGGGGCCTGCACCAAAGGAGGGCCC
ATCTATATCATCACCGAGTACTGCCGTTATGGGGACCTGGTGGACTAC
CTGCACCGCAACAAGCACACCTTCCTGCAGTCCTATGGCGAGAAGGCC
CGCCGGGAGGCAGAGCTGTATGGGAATACCATCAAGGAGGACCACGT
GCAGAGTCACCTCTCCTTGTCTGTCGAGAGTGATGGGGGCTACATGGA
CATGAGCAAGGATGAGTCTCTGGATTACGTGCCCATGTCTGACATGAA
GGGTGAAGTCAAGTATGCTGACATCGAGTCTTCTAACTATGGCACCCC
ATATGAGCTGGACAGCTATTCCCCATCAGCTCCGGAAAGAACAGACCG
GGTGACACTGATAAATGAATCTCCACTCCTCAGCTACATGGACTTGGT
GGGCTTCAGCTTCCAGGTGGCCAATGGGATGGAGTTCCTGGCTTCCAA
AAATTGTGTGCATCGTGACCTGGCTGCCAGGAACGTCCTCATCTGCGA
GGGGAAGCTGGTGAAGATCTGTGACTTTGGTCTGGCAAGAGACATCAT
GAGGGATTCCAACTACATCTCCAAAGGCAGTACCTTCTTGCCCCTTAA
GTGGATGGCCCCAGAGAGCATCTTCAACAACCTCTACACCACCCTAAG
TGATGTGTGGTCCTTTGGGATTCTTCTCTGGGAGATATTCACTCTAGGA
GGGACTCCCTACCCTGAACTGCCTATGAACGAACAGTTCTACAATGCC
ATCAAACGTGGCTATCGGATGTCCAAACCTACCCATGCTTCTGATGAA
ATCTACGATATCATGCAGAAGTGCTGGGAGGAGAAGTTTGAGATCAGA
CCGTCCTTCTCACAGCTGGTGGTGCTTATGGGAAACCTCTTGGTGGACT
GCTACAGAAAGAGGTACCAACAGGTAGATGAAGAGTTCATGAAGAGC
GACCACCCCGCTGTTGTTCGCACAAGACCCACCATCCCCGGGCTGAAC
AACGCCAGGCTCCCTCCCAGCTCCCCCACCCTCTACACGGCTGTGCAC
CAGAACGGGGGAGAGAACGACTACATCATCCCTCTTCCTGACCCCAAG
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CCTGATGCAATCTGTGACCTCCCTCAGGAGGCCTCCGTCAGCCGTGCC
AGCTCTATGCTGAATGAAGCCAACACATCATCTACAATATCCTGTGAC
AGCCCCCTGGGCCCCCGGCAGGACGAGGAGCCAGAATGTGACCTGCA
GCTGGGCTGCCAGGAGCTGGCCCCGGGTCACCACGAGGTGGAGGAGA
GCTTTCTGTAG

ATGGCGAAAGGTGGCATAATCGTCGCGATCCTTCTCCTTATCGTTATGC
TTGCTATAGAGATATTGCTTTTGATAACTCTTATCATTGCTGTAACGTC
TGGAGGCAGCGGGCTGCACATCGAACCTGAAGATGCTGAGCTCGTCCT
TAGGCTCCACAGCACTTTCTCCCTCGTGTGCTATGGGGACGGCACGCT
GGTCTGGGAGCGGGATGGTCAGCCTCTCACTGCCGTGCTGGAGCACAG
GGACGGGGTCTTCATCAGCAACCTCACCCTCAGGAACGTGACAGGCCG
TCACACGGGGGAGTATGCGTGCTTCTACAGCCCTGACCAGGCTCCGGA
GCGAGCAGAGAGGAAAGCCCTTTACATCTATGTTCCAGATCCCTCCTT
AGTTTTTCTCCCCGCAATCACTTCTGAAGAGTTCTTCATCTTCATCACG
GGCTACACAGAGGCCACCATCCCATGCCGTGTGACCAACCCAGAGCTG
CAGGTGACCCTCTATGAAAAGAAAGTGGAGAATCCCATTCCAGCTACT
TATGACCCACAACAGGGCTTCAAAGGCTTCTTTGAGGACAAGACCTAC
TACTGCCAGGCAATCGTGGATGACCAAGAGGTGGATTCAGACACCTTC
TATGTCTACCGGATCCAGGTCTCATCTGTGAACGTCTCCATCAGCGCAG
TGCAGACCGTAGTGCGGCAGGGAGAAAATGTTACCCTGATGTGCACTG
TCAGTGGCAATGAGCTGGTCAATTTCAACTGGGATTATCCCCGCAAGC
AGGCAGGGAAGGCTGTGGAGCCAGTGACCGATTTCCTGCCTGGATCCA
CCCATGACATCCGTTCCATCCTCATCATCCAGAATGCAGAGCTAGAGG
ACAGTGGGACCTACGTCTGCAATGTCTCTGAGGGCTACCATGAGAAGA
CAGACCGGAAAGACATCACGGTCCAAGTGATCGAGCGTGGCTTTGTAC
GCTTCCACACCCACCTGGCCAGCACGGTGTATGCTGAGGTCCACAAGA
GCCACATCATCCAGGTGGATGTGGAGGCCTACCCACAGCCAAACATTG
TGTGGCTGAAGAACAACAAGACATTGACCATGGAGAGCAGCAGCGAG
TTCACCATCACCAACAGGAACCTGTCAGAAACCAGGTATCAGACGTCT
CTGGTCCTGGTGCGTGTGAAGCAGGAGGAAGGAGGATATTACACCATC
CGAGCTTCCAATGAGGATGATGCACAAGAGCTGTCCTTCCATCTGCAG
ATAAATGTGCCAGCCAAAGTGGTGGATCTCAAGGAAAACAGCAGTGC
CAGCAGCGGGGAGCAGACTGTAACGTGCTCTGCTGAAGGGATGCCCC
AGCCAGAGATCAGTTGGTCCACTTGCAGCAACATCAAATGGTGTGGCA
GCCAGGGGCAACCCACCCAGCTGCTGGGGAACAACTCTGCAGAGATT
GGCCTGCACACTAATGCTACGTACCATGCAGAGCTGCAGGTGTACCGT
GTGAACAGCACCCTGCAGCTGCACAGGGTGGATGAACCCCTGCTTCTG
AGATGCACCGTGCAAAACTTCCTGGGCTCCAACTCCCAAGACATCACT
CTGGTCCCAAATGCCTTGCCATTCAAAGTGGTCATCATCTCCGTCATCC
TGGCTCTGCTGGTCCTCACCGTCATCTCCCTGATCATCCTGATCATCCT
GTGGCAGAAGAAACCTCGCTATGAGATCCGCTGGAAGGTGATCGAGTC
AGTGAGCTCCGATGGGCACGAGTACATCTACGTGGATCCCATGCAGCT
CCCTTATGACTCCAGCTGGGAGGTGCCCAGGGACAAGCTGGTGTTAGG
ACGCACTCTTGGCTCCGGTGCCTTTGGACGCGTGGTGGAGGCAACAGC
GCATGGCCTGAGCCATTCACAGTCCACCATGAAAGTGGCAGTCAAGAT
GCTCAAGTCCACTGCACGGAGCAGTGAGAAGCAAGCCCTCATGTCTGA
GCTGAAGATCATGAGCCACCTGGGACCTCACCTCAACATCGTCAACTT
GCTGGGGGCCTGCACCAAAGGAGGGCCCATCTATATCATCACCGAGTA
CTGCCGTTATGGGGACCTGGTGGACTACCTGCACCGCAACAAGCACAC
CITCCTGCAGTCCTATGGCGAGAAGGCCCGCCGGGAGGCAGAGCTGTA
TGGGAATACCATCAAGGAGGACCACGTGCAGAGTCACCTCTCCTTGTC
TGTCGAGAGTGATGGGGGCTACATGGACATGAGCAAGGATGAGTCTCT
GGATTACGTGCCCATGTCTGACATGAAGGGTGAAGTCAAGTATGCTGA
CATCGAGTCTTCTAACTATGGCACCCCATATGAGCTGGACAGCTATTCC
CCATCAGCTCCGGAAAGAACAGACCGGGTGACACTGATAAATGAATCT
CCACTCCTCAGCTACATGGACTTGGTGGGCTTCAGCTTCCAGGTGGCC
AATGGGATGGAGTTCCTGGCTTCCAAAAATTGTGTGCATCGTGACCTG

114 | 9C3-PDGFRb
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GCTGCCAGGAACGTCCTCATCTGCGAGGGGAAGCTGGTGAAGATCTGT
GACTTTGGTCTGGCAAGAGACATCATGAGGGATTCCAACTACATCTCC
AAAGGCAGTACCTTCTTGCCCCTTAAGTGGATGGCCCCAGAGAGCATC
TTCAACAACCTCTACACCACCCTAAGTGATGTGTGGTCCTTTGGGATTC
TTCTCTGGGAGATATTCACTCTAGGAGGGACTCCCTACCCTGAACTGCC
TATGAACGAACAGTTCTACAATGCCATCAAACGTGGCTATCGGATGTC
CAAACCTACCCATGCTTCTGATGAAATCTACGATATCATGCAGAAGTG
CTGGGAGGAGAAGTTTGAGATCAGACCGTCCTTCTCACAGCTGGTGGT
GCTTATGGGAAACCTCTTGGTGGACTGCTACAGAAAGAGGTACCAACA
GGTAGATGAAGAGTTCATGAAGAGCGACCACCCCGCTGTTGTTCGCAC
AAGACCCACCATCCCCGGGCTGAACAACGCCAGGCTCCCTCCCAGCTC
CCCCACCCTCTACACGGCTGTGCACCAGAACGGGGGAGAGAACGACT
ACATCATCCCTCTTCCTGACCCCAAGCCTGATGCAATCTGTGACCTCCC
TCAGGAGGCCTCCGTCAGCCGTGCCAGCTCTATGCTGAATGAAGCCAA
CACATCATCTACAATATCCTGTGACAGCCCCCTGGGCCCCCGGCAGGA
CGAGGAGCCAGAATGTGACCTGCAGCTGGGCTGCCAGGAGCTGGCCC
CGGGTCACCACGAGGTGGAGGAGAGCTTTCTGTAG

ATGGCGGATTACAAGGATGATGATGACAAAAAAGGTGGCATAATCGT
CGCGATCCTTCTCCTTATCGTTATGCTTGCTATAGAGATATTGCTTTTG
ATAACTCTTATCATTGCTGTAACGTCTGGAGGCAGCGGGCTGCACATC
GAACCTGAAGATGCTGAGCTCGTCCTTAGGCTCCACAGCACTTTCTCCC
TCGTGTGCTATGGGGACGGCACGCTGGTCTGGGAGCGGGATGGTCAGC
CTCTCACTGCCGTGCTGGAGCACAGGGACGGGGTCTTCATCAGCAACC
TCACCCTCAGGAACGTGACAGGCCGTCACACGGGGGAGTATGCGTGCT
TCTACAGCCCTGACCAGGCTCCGGAGCGAGCAGAGAGGAAAGCCCTTT
ACATCTATGTTCCAGATCCCTCCTTAGTTTTTCTCCCCGCAATCACTTCT
GAAGAGTTCTTCATCTTCATCACGGGCTACACAGAGGCCACCATCCCA
TGCCGTGTGACCAACCCAGAGCTGCAGGTGACCCTCTATGAAAAGAAA
GTGGAGAATCCCATTCCAGCTACTTATGACCCACAACAGGGCTTCAAA
GGCTTCTTTGAGGACAAGACCTACTACTGCCAGGCAATCGTGGATGAC
CAAGAGGTGGATTCAGACACCTTCTATGTCTACCGGATCCAGGTCTCA
TCTGTGAACGTCTCCATCAGCGCAGTGCAGACCGTAGTGCGGCAGGGA
GAAAATGTTACCCTGATGTGCACTGTCAGTGGCAATGAGCTGGTCAAT
TTCAACTGGGATTATCCCCGCAAGCAGGCAGGGAAGGCTGTGGAGCCA
GTGACCGATTTCCTGCCTGGATCCACCCATGACATCCGTTCCATCCTCA
TCATCCAGAATGCAGAGCTAGAGGACAGTGGGACCTACGTCTGCAATG
(F)-9C3- TCTCTGAGGGCTACCATGAGAAGACAGACCGGAAAGACATCACGGTC
PDGFRb CAAGTGATCGAGCGTGGCTTTGTACGCTTCCACACCCACCTGGCCAGC
ACGGTGTATGCTGAGGTCCACAAGAGCCACATCATCCAGGTGGATGTG
GAGGCCTACCCACAGCCAAACATTGTGTGGCTGAAGAACAACAAGAC
ATTGACCATGGAGAGCAGCAGCGAGTTCACCATCACCAACAGGAACCT
GTCAGAAACCAGGTATCAGACGTCTCTGGTCCTGGTGCGTGTGAAGCA
GGAGGAAGGAGGATATTACACCATCCGAGCTTCCAATGAGGATGATG
CACAAGAGCTGTCCTTCCATCTGCAGATAAATGTGCCAGCCAAAGTGG
TGGATCTCAAGGAAAACAGCAGTGCCAGCAGCGGGGAGCAGACTGTA
ACGTGCTCTGCTGAAGGGATGCCCCAGCCAGAGATCAGTTGGTCCACT
TGCAGCAACATCAAATGGTGTGGCAGCCAGGGGCAACCCACCCAGCT
GCTGGGGAACAACTCTGCAGAGATTGGCCTGCACACTAATGCTACGTA
CCATGCAGAGCTGCAGGTGTACCGTGTGAACAGCACCCTGCAGCTGCA
CAGGGTGGATGAACCCCTGCTTCTGAGATGCACCGTGCAAAACTTCCT
GGGCTCCAACTCCCAAGACATCACTCTGGTCCCAAATGCCTTGCCATTC
AAAGTGGTCATCATCTCCGTCATCCTGGCTCTGCTGGTCCTCACCGTCA
TCTCCCTGATCATCCTGATCATCCTGTGGCAGAAGAAACCTCGCTATGA
GATCCGCTGGAAGGTGATCGAGTCAGTGAGCTCCGATGGGCACGAGTA
CATCTACGTGGATCCCATGCAGCTCCCTTATGACTCCAGCTGGGAGGT
GCCCAGGGACAAGCTGGTGTTAGGACGCACTCTTGGCTCCGGTGCCTT
TGGACGCGTGGTGGAGGCAACAGCGCATGGCCTGAGCCATTCACAGTC
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CACCATGAAAGTGGCAGTCAAGATGCTCAAGTCCACTGCACGGAGCA
GTGAGAAGCAAGCCCTCATGTCTGAGCTGAAGATCATGAGCCACCTGG
GACCTCACCTCAACATCGTCAACTTGCTGGGGGCCTGCACCAAAGGAG
GGCCCATCTATATCATCACCGAGTACTGCCGTTATGGGGACCTGGTGG
ACTACCTGCACCGCAACAAGCACACCTTCCTGCAGTCCTATGGCGAGA
AGGCCCGCCGGGAGGCAGAGCTGTATGGGAATACCATCAAGGAGGAC
CACGTGCAGAGTCACCTCTCCTTGTCTGTCGAGAGTGATGGGGGCTAC
ATGGACATGAGCAAGGATGAGTCTCTGGATTACGTGCCCATGTCTGAC
ATGAAGGGTGAAGTCAAGTATGCTGACATCGAGTCTTCTAACTATGGC
ACCCCATATGAGCTGGACAGCTATTCCCCATCAGCTCCGGAAAGAACA
GACCGGGTGACACTGATAAATGAATCTCCACTCCTCAGCTACATGGAC
TTGGTGGGCTTCAGCTTCCAGGTGGCCAATGGGATGGAGTTCCTGGCT
TCCAAAAATTGTGTGCATCGTGACCTGGCTGCCAGGAACGTCCTCATC
TGCGAGGGGAAGCTGGTGAAGATCTGTGACTTTGGTCTGGCAAGAGAC
ATCATGAGGGATTCCAACTACATCTCCAAAGGCAGTACCTTCTTGCCC
CTTAAGTGGATGGCCCCAGAGAGCATCTTCAACAACCTCTACACCACC
CTAAGTGATGTGTGGTCCTTTGGGATTCTTCTCTGGGAGATATTCACTC
TAGGAGGGACTCCCTACCCTGAACTGCCTATGAACGAACAGTTCTACA
ATGCCATCAAACGTGGCTATCGGATGTCCAAACCTACCCATGCTTCTG
ATGAAATCTACGATATCATGCAGAAGTGCTGGGAGGAGAAGTTTGAG
ATCAGACCGTCCTTCTCACAGCTGGTGGTGCTTATGGGAAACCTCTTGG
TGGACTGCTACAGAAAGAGGTACCAACAGGTAGATGAAGAGTTCATG
AAGAGCGACCACCCCGCTGTTGTTCGCACAAGACCCACCATCCCCGGG
CTGAACAACGCCAGGCTCCCTCCCAGCTCCCCCACCCTCTACACGGCT
GTGCACCAGAACGGGGGAGAGAACGACTACATCATCCCTCTTCCTGAC
CCCAAGCCTGATGCAATCTGTGACCTCCCTCAGGAGGCCTCCGTCAGC
CGTGCCAGCTCTATGCTGAATGAAGCCAACACATCATCTACAATATCC
TGTGACAGCCCCCTGGGCCCCCGGCAGGACGAGGAGCCAGAATGTGA
CCTGCAGCTGGGCTGCCAGGAGCTGGCCCCGGGTCACCACGAGGTGGA
GGAGAGCTTTCTGTAG

ATGTGCCCGCAGCCGGCAAGGCTTGAACCCGGCATGAATTTCGGCGTG
GTCTTCGCCGTCATCCTCTCCCTGCCCCTGGCCCGCCTGGAGGGGGACC
CCATACCCGAAGATATTTATGAGATTTTGGGTGGCAGCTCCGTGCGCT
CCATCAGTGACCTCCAGCGTGCCCTGCGGATAGACTCCGTAGAGGAGG
ACAGCTCTAGCCTGGACCTGAATGCAACTCAGCCCAGCCAAAACCATG
TGTCCCTGTCTCGAGAGAGGCGAAGCCTTGATGCTCTGGCAGCAGCAG
AGCCAGCTGTCCTCGCCGAGTGCAAGACACGGACGGTGGTCTTTGAGA
TCTCCCGTGACATGGTGGACAGCACCAATGCCAACTTCGTGGTGTGGC
CACCCTGCGTGGAGGTGCAGCGGTGCTCCGGCTGCTGCAACAACCGCA
ACGTGCAGTGCCGCCCCATGCAGATTCGCGTCCGGCATGTCCAGGTGA
ACAAGATTGAGTTTTTCCAGAGGAAGCCAATATTCAAAAAAGTCATCG
TGCCTTTGGAGGACCACGTGCAGTGCCGGTGCGAAGTGGTGTCCCGGC
CGCCACCCAGGAGCAACCGACCGGCATCCCGTGAGCAGAGACGCTTCT
CGCCGTCATTCACCACAGCCGCCATCTCCCAGAGGAAGCGGGTACGCC
GGCCGCCAGCACAGAAGAGAAAACACAAGAAATACAAGCATGTCAAC
GATAAGAAAGTGCTGAAAGAAATCCTCATAGCATAG

116 | PDGF(WT)

ATGTGCCCGCAGCCGGCAAGGCTTGAACCCGGCATGAATTTCGGCGTG
GTCTTCGCCGTCATCCTCTCCCTGCCCCTGGCCCGCCTGGAGGGGGACC
CCATACCCGAAGATATTTATGAGATTTTGGGTGGCAGCTCCGTGCGCT

CCATCAGTGACCTCCAGCGTGCCCTGCGGATAGACTCCGTAGAGGAGG
ACAGCTCTAGCCTGGACCTGAATGCAACTCAGCCCAGCCAAAACCATG
117 | PDGF-211* TGTCCCTGTCTCGAGAGAGGCGAAGCCTTGATGCTCTGGCAGCAGCAG
AGCCAGCTGTCCTCGCCGAGTGCAAGACACGGACGGTGGTCTTTGAGA
TCTCCCGTGACATGGTGGACAGCACCAATGCCAACTTCGTGGTGTGGC

CACCCTGCGTGGAGGTGCAGCGGTGCTCCGGCTGCTGCAACAACCGCA
ACGTGCAGTGCCGCCCCATGCAGATTCGCGTCCGGCATGTCCAGGTGA
ACAAGATTGAGTITTITCCAGAGGAAGCCAATATTCAAAAAAGTCATCG
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SEQ

ID Description Sequence

NO:
TGCCTTTGGAGGACCACGTGCAGTGCCGGTGCGAAGTGGTGTCCCGGC
CGCCACCCAGGAGCAACCGACCGGCATCCCGTGAGCAGAGACGCTTCT
CGCCGTCATTCACCACAGCCGCCATCTCCCAGTAG
ATGGCGAAAGGTGGCATAATCGTCGCGATCCTTCTCCTTATCGTTATGC

118 | 9C3-SRG TTGCTATAGAGATATTGCTTTTGATAACTCTTATCATTGCTGTAACGTC

TGGAGGCAGCGGGTAG

ATGGCGGATTACAAGGATGATGATGACAAAAAAGGTGGCATAATCGT
119 | (F)9C3-SRG CGCGATCCTTCTCCTTATCGTTATGCTTGCTATAGAGATATTGCTTTTG
ATAACTCTTATCATTGCTGTAACGTCTGGAGGCAGCGGGTAG

GCCCCTGCAGCCGAATTATATTATTTTITGCCAAATAATTTTTAACAAAA
GCTCTGAAGTCTTCTTCATTTAAATTCTTAGATGATACTTCATCTGGAA
AATTGTCCCAATTAGTAGCATCACGCTGTGAGTAAGTTCTAAACCATTT
TTITTATTGTTGTATTATCTCTAATCTTACTACTCGATGAGTTTTCGGTAT
TATCTCTATTTTTAACTTGGAGCAGGTTCCATTCATTGTTTTTTTCATCA
TAGTGAATAAAATCAACTGCTTTAACACTTGTGCCTGAACACCATATC
CATCCGGCGTAATACGACTCACTATAGGGAGAGCGGCCGCGTCGACAT
GCCCGCCGTGACCGTCGAGAACCCGCTGACGCTGCCCCGCGTATCCGC
ACCCGCCGACGCCGTCGCACGTCCCGTGCTCACCGTGACCACCGCGCC
CAGCGGTTTCGAGGGCGAGGGCTTCCCGGTGCGCCGCGCGTTCGCCGG
GATCAACTACCGCCACCTCGACCCGTTCATCATGATGGACCAGATGGG
TGAGGTGGAGTACGCGCCCGGGGAGCCCAAGGGCACGCCCTGGCACC
CGCACCGCGGCTTCGAGACCGTGACCTACATCGTCGACGCGGCCGCCA
GATCTTCCGGATGGCTCGAGTTTTTCAGCAAGATATGATAAGATACAT
TGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCIT
TATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGC
TGCAATAAACAAGTTTAGTTAACGCATGATACAAAGGCATTAAAGCAG
CGTATCCACATAGCGTAAAAGGAGCAACATAGTTAAGAATACCAGTCA
ATCTTTCACAAATTTTGTAATCCAGAGGTTGATTTCAGGCACCGGGCTT
GCGGGTCATGCACCAGGTGCGCGGTCCTTCGGGCACCTCGACGTCGGC
GGTGACGGTGAAGCCGAGCCGCTCGTAGAAGGGGAGGTTGCGGGGCG
CGGAGGTCTCCAGGAAGGCGGGCACCCCGGCGCGCTCGGCCGCCTCCA
CTCCGGGGAGCACGACGGCGCTGCCCAGACCCTTGCCCTGGTGGTCGG
FC551A- GCGAGACGCCGACGGTGGCCAGGAACCACGCGGGCTCCTTGGGCCGG
empty vector TGCGGCGCCAGGAGGCCTTCCATCTGTTGCTGCGCGGCCAGCCGGGAA
CCGCTCAACTCGGCCATGCGCGGGCCGATCTCGGCGAACACCGLCCCCC
GCTTCGACGCTCTCCGGCGTGGTCCAGACCGCCACCGCGGCGCCGTCG
TCCGCGACCCACACCTTGCCGATGTCGAGCCCGACGCGCGTGAGGAAG
AGTTCTTGCAGCTCGGTGACCCGCTCGATGTGGCGGTCCGGATCGACG
GTGTGGCGCGTGGCGGGGTAGTCGGCGAACGCGGCGGCGAGGGTGCG
TACGGCCCTGGGGACGTCGTCGCGGGTGGCGAGGCGCACCGTGGGCTT
GTACTCGGTCATAGGGCCGGGATTCTCCTCCACGTCACCGCATGTTAG
AAGACTTCCTCTGCCCTCGCGAGATCCGGTGGAGCCGGGTCCGGCGGT
GCCGTCCACGGCAGAATTGGACGACTGAGCGCGGGATCTGGCGAAGG
CGATGGGGGTCTTGAAGGCGTGCTGGTACTCCACGATGCCCAGCTCGG
TGTTGCTGTGCAGCTCCTCCACGCGGCGGAAGGCGAACATGGGGCCCC
CGTTCTGCAGGATGCTGGGGTGGATGGCGCTCTTGAAGTGCATGTGGC
TGTCCACCACGAAGCTGTAGTAGCCGCCGTCGCGCAGGCTGAAGGTGC
GGGCGAAGCTGCCCACCAGCACGTTATCGCCCATGGGGTGCAGGTGCT
CCACGGTGGCGTTGCTGCGGATGATCTTGTCGGTGAAGATCACGCTGT
CCTCGGGGAAGCCGGTGCCCACCACCTTGAAGTCGCCGATCACGCGGC
CGGCCTCGTAGCGGTAGCTGAAGCTCACGTGCAGCACGCCGCCGTCCT
CGTACTTCTCGATGCGGGTGTTGGTGTAGCCGCCGTITGTTGATGGCGTG
CAGGAAGGGGTTCTCGTAGCCGCTGGGGTAGGTGCCGAAGTGGTAGA
AGCCGTAGCCCATCACGTGGCTCAGCAGGTAGGGGCTGAAGGTCAGG
GCGCCTTTGGTGCTCTTCATCTTGTTGGTCATGCGGCCCTGCTTGGGGG
TGCCCTCTCCGCCGCCCACCAGCTCGAACTCCACGCCGTTCAGGGTGC
CGGTGATGCGGCACTCGATCTCCATGGCGGGCAGGCCGCTCTCGTCGC

120
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SEQ
ID Description Sequence
NO:

TCTCCATGGTGGCGTCTAGCGTAGGCGCCGGTCACAGCTTGGATCTGT
AACGGCGCAGAACAGAAAACGAAACAAAGACGTAGAGTTGAGCAAGC
AGGGTCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAGGCTCCA
AGGGAGCGCCGGACAAAGGCCCGGTCTCGACCTGAGCTTTAAACTTAC
CTAGACGGCGGACGCAGTTCAGGAGGCACCACAGGCGGGAGGCGGCA
GAACGCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGG
GCGCGTGAAGGAGAGATGCGAGCCCCTCGAAGCTTCAGCTGTGTTCTG
GCGGCAAACCCGTTGCGAAAAAGAACGTTCACGGCGACTACTGCACTT
ATATACGGTTCTCCCCCACCCTCGGGAAAAAGGCGGAGCCAGTACACG
ACATCACTTTCCCAGTTTACCCCGCGCCACCTTCTCTAGGCACCCGTTC
AATTGCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGGCGATGTGC
GCTCTGCCCACTGACGGGCACCGGAGCGATCGCAGATCCTTATCTTTCT
AGAAATTCTACCGGGTAGGGGAGGCGCTTTTCCCAAGGCAGTCTGGAG
CATGCGCTTTAGCAGCCCCGCTGGCACTTGGCGCTACACAAGTGGCCT
CTGGCCTCGCACACATTCCACATCCACCGGTAGCGCCAACCGGCTCCG
TTCTTTGGTGGCCCCTTCGCGCCACCTTCTACTCCTCCCCTAGTCAGGA
AGTTCCCCCCCGCCCCGCAGCTCGCGTCGTGCAGGACGTGACAAATGG
AAGTAGCACGTCTCACTAGTCTCGTGCAGATGGACAGCACCGCTGAGC
AATGGAAGCGGGTAGGCCTTTGGGGCAGCGGCCAATAGCAGCTTTGCT
CCTTCGCTTTCTGGGCTCAGCAGCTGGGAAGGGTGGGTCCGGGGGCGG
GCTCAGGGGCGGGCTCAGGGGCGGGGCGGGCGCCCGAAGGTCCTCCG
GAGGCCCGGCATTCTGCACGCTTCAAAAGCGCACGTCTGCCGCGCTGT
TCTCCTCTTCCTCATCTCCGGGCCTTTCGACCTGGATCCGATATCGGTA
CCGCTAGCATCGATCAGACATGATAAGATACATTGATGAGTTTGGACA
AACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTITG
TGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTT
AACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTG
TGGGAGGTTTTITGTTTAAACCTCCTGTGTGAAATTATTATCCGCTCAT
AATTCCACACATTATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGG
TGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCA
ATTGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATC
GGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCT
TCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCG
GTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGG
GATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAG
GAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCC
CCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAA
ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCC
TCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGC
CTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGG
TATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACG
AACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCT
TGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCAC
TGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTT
CTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGG
TATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAG
CTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTT
TGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCC
TTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGT
TAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATC
CTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGT
AAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCT
CAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGT
GTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGC
AATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAAT
AAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTT
TATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAA
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SEQ
ID Description Sequence
NO:

GTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGG
CATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGT
TCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAA
GCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCG
CAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGT
CATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAA
GTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGC
GTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCT
CATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACC
GCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCT
TCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGA
AGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTG
AATACTCATACTCTTCCTITTTTCAATATTATTGAAGCATTTATCAGGGT
TATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAA
CAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC
TAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATC
ACGAGGCC

GCCCCTGCAGCCGAATTATATTATTTTITGCCAAATAATTTTTAACAAAA
GCTCTGAAGTCTTCTTCATTTAAATTCTTAGATGATACTTCATCTGGAA
AATTGTCCCAATTAGTAGCATCACGCTGTGAGTAAGTTCTAAACCATIT
TTTTATTGTTGTATTATCTCTAATCTTACTACTCGATGAGTTTTCGGTAT
TATCTCTATTTTTAACTTGGAGCAGGTTCCATTCATTGTTTITTITTICATCA
TAGTGAATAAAATCAACTGCTTTAACACTTGTGCCTGAACACCATATC
CATCCGGCGTAATACGACTCACTATAGGGAGAGCGGCCGCCAGATCTT
CCGGATGGCTCGAGTTTTTCAGCAAGATCATGCCTGCTATTGTCTTCCC
AATCCTCCCCCTTGCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATG
ACACCTACTCAGACAATGCGATGCAATTTCCTCATTTTATTAGGAAAG
GACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGG
GGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGCATATGTC
AGGCACCGGGCTTGCGGGTCATGCACCAGGTGCGCGGTCCTTCGGGCA
CCTCGACGTCGGCGGTGACGGTGAAGCCGAGCCGCTCGTAGAAGGGG
AGGTTGCGGGGCGCGGATGTCTCCAGGAAGGCGGGCACCCCGGCGCG
CTCGGCCGCCTCCACTCCGGGGAGCACGACGGCGCTGCCCAGACCCTT
GCCCTGGTGGTCGGGCGAGACGCCGACGGTGGCCAGGAACCACGCGG
GCTCCTTGGGCCGGTGCGGCGCCAGGAGGCCTTCCATCTGTTGCTGCG
CGGCCAGCCGGGAACCGCTCAACTCGGCCATGCGCGGGCCGATCTCGG
CGAACACCGCCCCCGCTTCGACGCTCTCCGGCGTGGTCCAGACCGCCA
CCGCGGCGCCGTCGTCCGCGACCCACACCTTGCCGATGTCGAGCCCGA
CGCGCGTGAGGAAGAGTTCTTGCAGCTCGGTGACCCGCTCGATGTGGC
GGTCCGGATCGACGGTGTGGCGCGTGGCGGGGTAGTCGGCGAACGCG
GCGGCGAGGGTGCGTACGGCCCTGGGGACGTCGTCGCGGGTGGCGAG
GCGCACCGTGGGCTTGTACTCGGTCATAGGACCGGGGTTTTCTTCCAC
GTCTCCTGCTTGCTTTAACAGAGAGAAGTTCGTGGCACCGGATCCTCC
AGCGCCTGTGCTATGTCTGCCCTCAGCTCTCTCATATTGTTCCACGATG
GTGTAGTCCCCATTATGGCTGATAATGTCGAGTTTAATATCAGTCATGT
AGGCGCCAGGCAGCTGCACTTGTTTCTTGGCCTTGTAGGTTGTTTTGAC
CTCGGCATCGTAGTGTCCTCCGTCTTTGAGTTTCAGTCTCATTTTAATIT
CGCCTTTCAGAGCGCCATCCTCAGGATACATTCTCTCGGTGGAGGCTTC
CCATCCCATTGTTTTTITTTTGCATGACAGGGCCATCGGAGGGGAAGTTG
GTTCCTCTGAGTTTCACCTTATAAATAAACTCTCCGTCCTGGAGGGTGC
TATCTTGTGTGACTGTCACCACGCCTCCGTCCTCGAAGTTCATGAATCT
CTCCCACTTGAAGCCTTCAGGGAAGGAGAGCTTCAGATAGTCAGGGAT
GTCGGCAGGGTGTTTAACATAGGCTTTGCTTCCGTACTGGAACTGAGG
GCTCAGAATATCCCAGGAGAAGGGGAGGGGTCCTCCTTTTGTGACCTT
GAGCTTAGCGGTTTGTGTGCCCTCGTAAGGCCGGCCTTCTCCTTCTCCC
TCAATCTCGAACTCGTGTCCGTTGACGCTTCCCTCCATCTTGACCTTAA
ATCTCATAAACTCTTTGATGACATCCTCGGAGCTGGCCATGGTGGCGA

FC550A-
121 | empty vector
(EVmRuby)
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ID Description Sequence
NO:

TCGATAGGTCGAAAGGCCCGGAGATGAGGAAGAGGAGAACAGCGCGG
CAGACGTGCGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACC
TTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGLCCCCGG
ACCCACCCTTCCCAGCTGCTGAGCCCAGAAAGCGAAGGAGCAAAGCT
GCTATTGGCCGCTGCCCCAAAGGCCTACCCGCTTCCATTGCTCAGCGGT
GCTGTCCATCTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCAC
GTCCTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAG
GGGAGGAGTAGAAGGTGGCGCGAAGGGGCCACCAAAGAACGGAGCC
GGTTGGCGCTACCGGTGGATGTGGAATGTGTGCGAGGCCAGAGGCCAC
TTGTGTAGCGCCAAGTGCCAGCGGGGCTGCTAAAGCGCATGCTCCAGA
CTGCCTTGGGAAAAGCGCCTCCCCTACCCGGTAGAATTATCTTTCTAGA
AAGGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATC
GCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACGG
GTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGT
GCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGA
ACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGC
CGCCCTACCTGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCG
CCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTT
TAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCTCCCTTGGAGCC
TACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCA
ACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGC
TGTGACCGGCGCCTACGAATTCGATATCGGTACCGCTAGCCCTAGGAC
GCGTCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACT
AGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATT
GCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAAC
AATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTIT
TTTATCGTTCTTCTTTTATTCTCTCAAGATTTTCAGGCTGTATATTAAAA
CTTATATTAAGAACTATGCTAACCACCTCATCAGGAACCGTTGTAGGT
GGCGTGGGTTTTCTTGGCAATCGACTCTCATGAAAACTACGAGCTAAA
TATTCAATATGTTCCTCTTGACCAACTTTATTCTGCATTTTTTTTGAACG
AGGTTTAGAGCAAGCTTGTCGACGATGTAGGTCACGGTCTCGAAGCCG
CGGTGCGGGTGCCAGGGCGTGCCCTTGGGCTCCCCGGGCGCGTACTCC
ACCTCACCCATCTGGTCCATCATGATGAACGGGTCGAGGTGGCGGTAG
TTGATCCCGGCGAACGCGCGGCGCACCGGGAAGCCCTCGCCCTCGAAA
CCGCTGGGCGCGGTGGTCACGGTGAGCACGGGACGTGCGACGGCGTC
GGCGGGTGCGGATACGCGGGGCAGCGTCAGCGGGTTCTCGACGGTCA
CGGCGGGCATGTCGACAAGCTTCAGGAAACTGAGACAGGAATTTTATT
AAAAATTTAAATTTTGAAGAAAGTTCAGGGTTAATAGCATCCATTTTIT
GCTTTGCAAGTTCCTCAGCATTCTTAACAAAAGACGTCTCTTTTGACAT
GTTTAAAGTTTAAACCTCCTGTGTGAAATTATTATCCGCTCATAATTCC
ACACATTATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTA
ATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCAATTGCT
TTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAA
CGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCG
CTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCA
GCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAAC
GCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACC
GTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTG
ACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCG
ACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTG
CGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACC
CCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAG
TCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGT
AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTG
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ID Description Sequence
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AAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATC
TGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCT
TGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCA
AGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTG
ATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAA
GGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT
TAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGC
GATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAG
ATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATG
ATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAAC
CAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCC
GCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGT
TCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCG
TGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCA
ACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGT
TAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTG
TTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGC
CATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATT
CTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAAT
ACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCAT
TGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTT
GAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGC
ATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCA
AAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATAC
TCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGT
CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATA
GGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAA
ACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGG
CC

GCCCCTGCAGCCGAATTATATTATTTITGCCAAATAATTTTTAACAAAA
GCTCTGAAGTCTTCTTCATTTAAATTCTTAGATGATACTTCATCTGGAA
AATTGTCCCAATTAGTAGCATCACGCTGTGAGTAAGTTCTAAACCATTT
TTTTATTGTTGTATTATCTCTAATCTTACTACTCGATGAGTTTTCGGTAT
TATCTCTATTTTTAACTTGGAGCAGGTTCCATTCATTGTTTTTTTCATCA
TAGTGAATAAAATCAACTGCTTTAACACTTGTGCCTGAACACCATATC
CATCCGGCGTAATACGACTCACTATAGGGAGAGCGGCCGCCAGATCTT
CCGGATGGCTCGAGTTTTTCAGCAAGATCATGCCTGCTATTGTCTTCCC
AATCCTCCCCCTTGCTGTCCTGCCCCACCCCACCCCCCAGAATAGAATG
ACACCTACTCAGACAATGCGATGCAATTTCCTCATTTTATTAGGAAAG
GACAGTGGGAGTGGCACCTTCCAGGGTCAAGGAAGGCACGGGGGAGG
GGCAAACAACAGATGGCTGGCAACTAGAAGGCACAGTCGCATATGTC

:Bclilig}:r-n AGGCACCGGGCTTGCGGGTCATGCACCAGGTGCGCGGTCCTTCGGGCA
122 vector PY | CCTCGACGTCGGCGGTGACGGTGAAGCCGAGCCGCTCGTAGAAGGGG
(EVeBFP2) AGGTTGCGGGGCGCGGATGTCTCCAGGAAGGCGGGCACCCCGGCGCG

CTCGGCCGCCTCCACTCCGGGGAGCACGACGGCGCTGCCCAGACCCTT
GCCCTGGTGGTCGGGCGAGACGCCGACGGTGGCCAGGAACCACGCGG
GCTCCTTGGGCCGGTGCGGCGCCAGGAGGCCTTCCATCTGTTGCTGCG
CGGCCAGCCGGGAACCGCTCAACTCGGCCATGCGCGGGCCGATCTCGG
CGAACACCGCCCCCGCTTCGACGCTCTCCGGCGTGGTCCAGACCGCCA
CCGCGGCGCCGTCGTCCGCGACCCACACCTTGCCGATGTCGAGCCCGA
CGCGCGTGAGGAAGAGTTCTTGCAGCTCGGTGACCCGCTCGATGTGGC
GGTCCGGATCGACGGTGTGGCGCGTGGCGGGGTAGTCGGCGAACGCG
GCGGCGAGGGTGCGTACGGCCCTGGGGACGTCGTCGCGGGTGGCGAG
GCGCACCGTGGGCTTGTACTCGGTCATAGGACCGGGGTTTTCTITCCAC
GTCTCCTGCTTGCTTTAACAGAGAGAAGTTCGTGGCACCGGATCCCTTG
TACAGCTCGTCCATGCCGAGAGTGATCCCGGCGGCGGTGCGGAACTCC
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SEQ
ID Description Sequence
NO:

AGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTCTTTGCTCAGCACG
GACTGGGTGCTCAGGTAGTGGCTGTCGGGCAGCAGCACGGGGCCGTCG
CCGATGGGGGTGTTCTGCTGGTAGTGGTCGGCGAGCTGCACGCTGCCG
TCCTCCACGTTGTGGCGGATCTTGAAGTTCACCTTGATGCCGTTCTTCT
GCTTGACGGCCATGATATAGATGTTGTGGCTGTTGAAGTTGTACTCCA
GCTTGTGCCCCAGGATGTTGCCGTCCTCCTTGAAGTCGACGCCCTTCAG
CTCGATGCGGTTCACTAGGGTGTCGCCCTCGAACTTCACCTCGGCGCG
GGTCTTGTAGGTGCCGTCGTCCTTGAAGAAGATGGTGCGCTCCTGGAC
GTAGCCTTCGGGCATGGCGGACTTGAAGAAGTCGTGCTGCTTCATGTG
GTCGGGGTAGCGGGCGAAGCACTGCACGCCGTGGCTCAGGGTGGTCA
CGAGGGTGGGCCAGGGCACGGGCAGCTTGCCGGTGGTGCAGATGAAC
TTCAGGGTCAGCTTGCCGTTGGTGGCATCGCCCTCGCCCTCGCCCCTCA
CGCTGAACTTGTGGCCGTTTACGTCGCCGTCCAGCTCGACCAGGATGG
GCACCACCCCGGTGAACAGCTCCTCGCCCTTGCTCACCATGGTGGCGA
TCGATAGGTCGAAAGGCCCGGAGATGAGGAAGAGGAGAACAGCGCGG
CAGACGTGCGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACC
TTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGCCCCCGG
ACCCACCCTTCCCAGCTGCTGAGCCCAGAAAGCGAAGGAGCAAAGCT
GCTATTGGCCGCTGCCCCAAAGGCCTACCCGCTTCCATTGCTCAGCGGT
GCTGTCCATCTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCAC
GTCCTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAG
GGGAGGAGTAGAAGGTGGCGCGAAGGGGCCACCAAAGAACGGAGCC
GGTTGGCGCTACCGGTGGATGTGGAATGTGTGCGAGGCCAGAGGCCAC
TTGTGTAGCGCCAAGTGCCAGCGGGGCTGCTAAAGCGCATGCTCCAGA
CTGCCTTGGGAAAAGCGCCTCCCCTACCCGGTAGAATTATCTTTCTAGA
AAGGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATC
GCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACGG
GTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTG
TACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGT
GCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGA
ACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGC
CGCCCTACCTGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCG
CCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTT
TAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCTCCCTTGGAGCC
TACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCA
ACTCTACGTCTTTGTITTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGC
TGTGACCGGCGCCTACGAATTCGATATCGGTACCGCTAGCCCTAGGAC
GCGTCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACT
AGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATT
GCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAAC
AATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTIT
TTTATCGTTCTTCTTTTATTCTCTCAAGATTTTCAGGCTGTATATTAAAA
CTTATATTAAGAACTATGCTAACCACCTCATCAGGAACCGTTGTAGGT
GGCGTGGGTTTTCTTGGCAATCGACTCTCATGAAAACTACGAGCTAAA
TATTCAATATGTTCCTCTTGACCAACTTTATTCTGCATTTITTTTTGAACG
AGGTTTAGAGCAAGCTTGTCGACGATGTAGGTCACGGTCTCGAAGCCG
CGGTGCGGGTGCCAGGGCGTGCCCTTGGGCTCCCCGGGCGCGTACTCC
ACCTCACCCATCTGGTCCATCATGATGAACGGGTCGAGGTGGCGGTAG
TTGATCCCGGCGAACGCGCGGCGCACCGGGAAGCCCTCGCCCTCGAAA
CCGCTGGGCGCGGTGGTCACGGTGAGCACGGGACGTGCGACGGCGTC
GGCGGGTGCGGATACGCGGGGCAGCGTCAGCGGGTTCTCGACGGTCA
CGGCGGGCATGTCGACAAGCTTCAGGAAACTGAGACAGGAATTTTATT
AAAAATTTAAATTTTGAAGAAAGTTCAGGGTTAATAGCATCCATTTTIT
GCTTTGCAAGTTCCTCAGCATTCTTAACAAAAGACGTCTCTTTTGACAT
GTTTAAAGTTTAAACCTCCTGTGTGAAATTATTATCCGCTCATAATTCC
ACACATTATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTA
ATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCAATTGCT
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NO:

TTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAA
CGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCG
CTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCA
GCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAAC
GCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACC
GTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTG
ACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCG
ACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTG
CGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC
TCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACC
CCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAG
TCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGT
AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTG
AAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATC
TGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCT
TGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTITTITGTTTGCA
AGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTG
ATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAA
GGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT
TAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGC
GATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAG
ATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATG
ATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAAC
CAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCC
GCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGT
TCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCG
TGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCA
ACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGT
TAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTG
TTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGC
CATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATT
CTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAAT
ACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCAT
TGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTT
GAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGC
ATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCA
AAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATAC
TCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGT
CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATA
GGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAA
ACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGG
CC

MAAMAAGSITTLPALPEDGGS GAFPPGHFKDPKRLY CKNGGFFLRIHPDG
Consensus RVDGVREKSDPHIKLQLQAEERGVVSIKGVCANRYLAMKEDGRLLASKC
FGF2 ATDECFFFERLESNNYNTYRSRKYSSWYVALKRTGQYKLGPKTGPGQKAI
LFLPMSAKS*

123

MAAGSITTLPALPEDGGSGAFPPGHFKDPKRLY CKNGGFFLRIHPDGR VD
human FGF2 | GVREKSDPHIKLQLQAEERGVVSIKGVCANRYLAMKEDGRLLASKCVTD

124 ECFFFERLESNNYNTYRSRKYTSWYVALKRTGQYKLGSKTGPGQKAILFL

PMSAKS*
Consensus GPETLCGAELVDALQFVCGDRGFYFSKPTGYGSSSRRLHHKGIVDECCFQ
125 | IGF1 SCDLRRLEMY CAPIKPPKSA

Bovine IGF1 | GPETLCGAELVDALQFVCGDRGFYFSKPTGY GSSSRRLHHKGIVDECCFQ

126 SCDLRRLEMY CAPIKPPKSA
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GPETLCGAELVDALQFVCGDRGFYFSKPTGYGSSSRRLHHKGIVDECCFQ
127 | Porcine IGF1 SCDLRRLEMY CAPIKPPKSA

GPETLCGAELVDALQFVCGPRGFYFSKPTGYGSSIRRLHHKGIVDECCFQS
128 | Human IGF CDLRRLEMYCAPIKPTKAA

MCPQPARLEMNRCWALFLSLCCYLRLVSAEGDPIPEELYEMLSDHSIRSFD
DLQRLLHGDSVEEDGAFELDLNXTRSHSGGELESLSRGRRSLGSXTIAEPAV

129 gg‘(‘}s;gs“s IAECKTRTEVFEISRRLIDRTNANFLVWPPCVEVQRCSGCCNNRNVQCRPT
QVQXRXVQVXKIEIVRKKPIFKKATVTLEDHLACRCETVXAXRPVTRXPG
SSQEQRXAXTPQTRVTIRTVRVRRPPKGKHRKFKHTHDKTALKETLGA
MNRCWALFLSLCCYLRLVSAEGDPIPEEL YKMLSDHSIRSFDDLQRLLHG

Bovine DSVDEDGAELDLNLTRSHSGGELESLSRGRRSLGSPTVAAEPAVIAECKTR

130 PDGFb TEVFEISRRLIDRTNANFLVWPPCVEVQRCSGCCNNRNVQCRPTQVQDRK
VQVKKIEIVRKKKIFKKATVTLVDHLACRCETVVARAVTRTPGSSQEQRA
RTPQTRVTIRTVRVRRPPKGKHRKFKHTHDKTALKETLGA
MNRCWALFLSLCCYLRLVSAEGDPIPEELYEMLSDHSIRSFDDLQRLLHG
DPGEEDGAELDLNMTRSHSGGELESLARGRRSLGSLTIAEPAMIAECKTRT
EVFEISRRLIDRTNANFLVWPPCVEVQRCSGCCNNRNVQCRPTQVQLRPV
QVRKIEIVRKKPIFKKATVTLEDHLACKCETVAAARPVTRSPGGSQEQRA
KTPQTRVTIRTVRVRRPPKGKHRKFKHTHDKTALKETLGA

* Indicates a stop codon

Human

31 ppGry

9. EQUIVALENTS AND INCORPORATION BY REFERENCE

[0428] All references cited herein are incorporated by reference to the same extent as if
each individual publication, database entry (e.g., Genbank sequences or GenelD entries),
patent application, or patent, was specifically and individually indicated incorporated by
reference in its entirety, for all purposes. This statement of incorporation by reference is
intended by Applicants, pursuant to 37 C.F.R. §1.57(b)(1), to relate to each and every
individual publication, database entry (e.g., Genbank sequences or GenelD entries), patent
application, or patent, each of which is clearly identified in compliance with 37 C.F.R.
§1.57(b)(2), even if such citation is not immediately adjacent to a dedicated statement of
incorporation by reference. The inclusion of dedicated statements of incorporation by
reference, if any, within the specification does not in any way weaken this general statement
of incorporation by reference. Citation of the references herein is not intended as an
admission that the reference is pertinent prior art, nor does it constitute any admission as to

the contents or date of these publications or documents.

[0429] While the invention has been particularly shown and described with reference to a
preferred embodiment and various alternate embodiments, it is understood by persons skilled
in the relevant art that various changes in form and details can be made therein without

departing from the spirit and scope of the invention
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WHAT IS CLAIMED IS:

1. A method of engineering a cell line for reduced dependence on exogenous growth factors,
comprising:
(a) introducing into the cell line one or more of’

(i) a polynucleotide comprising a coding sequence of a growth factor ligand,;
(ii) a polynucleotide comprising a coding sequence of a growth factor

receptor; or
(ii1) a polynucleotide comprising a coding sequence of an activated

downstream growth factor target; and

(b) culturing the cell line in a cultivation infrastructure.

2. A method of increasing a concentration of a growth factor ligand in culture medium of cells
in culture, comprising:
(a) introducing into a cell line one or more of*
(i) a polynucleotide comprising a coding sequence of a growth factor ligand,
and
(i1) a polynucleotide comprising a coding sequence of a growth factor
receptor; or
(ii1) a polynucleotide comprising a coding sequence of an activated
downstream growth factor target; and

(b) culturing the cell line in a cultivation infrastructure.

3. A method for improving anchorage independent growth in a cell line, comprising:
(a) introducing into the cell line one or more of:

(i) a polynucleotide comprising a coding sequence of a growth factor ligand,
and

(ii) a polynucleotide comprising a coding sequence of a growth factor
receptor; or

(ii1) a polynucleotide comprising a coding sequence of an activated
downstream growth factor target; and

(b) culturing the cell line in a cultivation infrastructure.

4. A method for increasing a cell density of a culture comprising a cell line, comprising:

(a) introducing into the cell line one or more of
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10.

11.

12.

13.

(i) a polynucleotide comprising a coding sequence of a growth factor ligand,
and

(ii) a polynucleotide comprising a coding sequence of a growth factor
receptor; or

(ii1) a polynucleotide comprising a coding sequence of an activated growth
factor receptor; and

(b) culturing the cell line in a cultivation infrastructure.

The method of any one of claims 1-4, wherein the growth factor ligand is selected from basic
fibroblast growth factor (FGF2), insulin-like growth factor 1 (IGF1), and platelet-derived
growth factor subunit B (PDGFb).

The method of any one of claims 1-5, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand further comprises an additional two or more growth factor
ligands, wherein each of the additional growth factor ligands is selected from FGF2, IGF1,
and PDGFb.

The method of claim 5 or 6, wherein the growth factor ligands is FGF2.

The method of claim 7, wherein the FGF2 comprises an amino acid sequence having at least

80% sequence identity to a sequence selected from SEQ ID NO: 1-15.
The method of claim 5, wherein the growth factor ligands is IGF1.

The method of claim 9, wherein the IGF1 comprises an amino acid sequence having at least

80% sequence identity to a sequence selected from SEQ ID NO: 16-17.
The method of claim 5 or 6, wherein the growth factor ligands is PDGFb.

The method of claim 11, wherein the PDGFb comprises an amino acid sequence having at

least 80% sequence identity to a sequence selected from SEQ ID NO: 18-21.

The method of any one of claims 1-12, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand further comprises a coding sequence of a signal peptide
located 5’ to the coding sequence of the growth factor ligand, and wherein the signal

sequence and the growth factor ligand are a fusion protein.
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14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. The method of claim 13, wherein the signal sequence comprises an amino acid sequence

having at least 80% sequence identity to a sequence selected from SEQ ID NO: 22-31.

The method of any one of claims 1-14, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand further comprises a regulatory sequence operably linked

to the coding sequence of the growth factor ligand and/or additional growth factor ligands.

The method of claim 15, wherein the regulatory sequence comprises a promoter selected

from: an inducible promoter, a tissue specific promoter, and a constitutively active promoter.

The method of claim 15 or 16, wherein the promoter is selected from EFlalpha, PGK, CMV,
RSV, and B-actin.

The method of any one of claims 1-17, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand comprises a sequence encoding a polycistronic mRNA,
wherein the polycistronic mRNA comprises the coding sequence of the growth factor ligand

and the coding sequence one or more additional growth factor ligands.

The method of claim 18, wherein the polynucleotide comprising a coding sequence of a
growth factor ligand comprises one or more sequences encoding a self-cleaving peptide, one

or more internal ribosome entry sites (IRES), or a combination thereof.

The method of any one of claim 1-19, wherein activity and/or expression of the growth factor

ligand is controllable.

The method of claim 20, where activity and/or expression of the growth factor ligand is

controlled using an inducible promoter, an inducible tag, or a degradation tag.

The method of claim 21, wherein expression of the growth factor ligands is controlled using

an inducible promoter.

The method of claim 22, wherein the coding sequence of the growth factor ligand is operably

linked to the inducible promoter.

The method of claim 22 or 23, further comprising:
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the inducible promoter, thereby enabling expression of the growth factor

ligand.
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25.

26.

27.

28.

29.

31.

The method of claim 21, wherein activity of the growth factor ligand is controlled using an

inducible tag.

The method of claim 25, wherein the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises a coding sequence of an inducible tag located 5’ or 3’
to the coding sequence of the growth factor ligand, and wherein the inducible tag and the

growth factor ligand are a fusion protein.

The method of claim 25 or 26, further comprising:
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the inducible tag, thereby inducing activity of the growth factor ligand/fusion

protein.

The method of claim 21, wherein activity of the one or more growth factor ligands is

controlled using a degradation tag.

The method of any one of claims 28, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand further comprises a coding sequence of a degradation tag
located 5° or 3’ to the coding sequence of the growth factor ligand, and wherein the

degradation tag and the growth factor ligand are a fusion protein.

. The method of claim 28 or 29, further comprising:

maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the degradation tag, thereby targeting the growth factor ligand/fusion protein

for degradation.

The method of any one of claims 1-30, wherein

(a) the concentration of FGF2 in the culture medium is increased by at least 0.001 ng/mL
as compared to cell lines not engineered to include a polynucleotide encoding FGF2;

(b) the concentration of IGF-1 in the culture medium is increased by at least 0.001 ng/mL
as compared to cell lines not engineered to include a polynucleotide encoding IGF1; and/or

(c) the concentration of PDGFb in the culture medium is increased by at least 0.001

ng/mL as compared to cell lines not engineered to include a polynucleotide encoding PDGFb.
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32.

34.

35.

36.

37.

38.

40.

41.

The method of any one of claims 1-30, wherein

(a) the concentration of FGF2 in the culture medium is increased by at least 2.5% as
compared to cell lines not engineered to include a polynucleotide encoding FGF2;

(b) the concentration of IGF-1 in the culture medium is increased by at least 2.5% as
compared to cell lines not engineered to include a polynucleotide encoding IGF1; and/or

(c) the concentration of PDGFb in the culture medium is increased by at least 2.5% as

compared to cell lines not engineered to include a polynucleotide encoding PDGFb.

. The method of any one of claims 1-32, wherein the growth factor receptor is selected from

fibroblast growth factor receptor (FGFR), insulin growth factor 1 receptor (IGF1R), and
platelet-derived growth factor receptor (PDGFR).

The method of claim 33, wherein the polynucleotide comprising a coding sequence of a
growth factor receptor further comprises an additional two or more growth factor receptors,

wherein each additional growth factor receptor is selected from FGFR, IGFR, and PDGFR.

The method of claim 33 or 34, wherein the growth factor receptor is an FGFR selected from
FGFRI1, FGFR2, FGFR3, and FGFR4.

The method of claim 35, wherein the FGFR comprises an amino acid sequence having at

least 80% sequence identity to a sequence selected from SEQ ID NO: 32-49.
The method of claim 33 or 34, wherein the growth factor receptor is IGF1R.

The method of claim 37, wherein the IGF 1R comprises an amino acid sequence having at

least 80% sequence identity to a sequence selected from SEQ ID NO: 50-51.

. The method of claim 33 or 34, wherein the growth factor receptor is PDGFR.

The method of claim 39, wherein the PDGFR comprises an amino acid sequence having at

least 80% sequence identity to a sequence selected from SEQ ID NO: 52-58.

The method of any one of claims 1-40, wherein the polynucleotide comprising a coding
sequence of an activated downstream growth factor target comprises a growth factor receptor
comprising one or more amino acid insertions, deletions, or substitutions that result in the

receptor being constitutively activated.
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42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

The method of any one of claims 33-41, wherein the polynucleotide comprising a coding
sequence of a growth factor receptor comprises a regulatory sequence operably linked to the
coding sequence of the growth factor receptor and/or the coding sequence of the additional

growth factor receptors.

The method of claim 42, wherein the regulatory sequence comprises a promoter selected

from: an inducible promoter, a tissue specific promoter, and a constitutively active promoter.

The method of claim 42 or 43, wherein the promoter is selected from EF lalpha, PGK, CMV,
RSV, and B-actin.

The method of any one of claims 1-44, wherein the polynucleotide comprising a coding
sequence of a growth factor receptor comprises a sequence encoding a polycistronic mRNA,
wherein the polycistronic mRNA comprises the coding sequence of the growth factor

receptor and the coding sequence of the two or more additional growth factor receptors.

The method of claim 45, wherein the polynucleotide comprising a coding sequence of a
growth factor receptor comprises one or more sequences encoding a self-cleaving peptide,

one or more internal ribosome entry sites (IRES), or a combination thereof.

The method of any one of claim 1-46, wherein activity and/or expression of the growth factor

receptors is controllable.

The method of claim 47, wherein expression of the growth factor receptor is controlled using

an inducible promoter, an inducible tag, and a degradation tag.

The method of claim 48, wherein expression of the growth factor receptor is controlled using

an inducible promoter.

The method of claim 49, wherein the coding sequence of the growth factor receptor is

operably linked to the inducible promoter.

The method of claim 49 or 50, further comprising:
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the inducible promoter, thereby enabling expression of the growth factor

receptor.
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52.

53.

54.

55.

56.

57.

58.

59.

60.

The method of claim 48, wherein activity of the growth factor receptor is controlled using an

inducible tag.

The method of claim 52, wherein the polynucleotide comprising a coding sequence of a
growth factor receptor further comprises a coding sequence of an inducible tag located 5 or
3’ to the coding sequence of the growth factor receptor, and wherein the inducible tag and the

growth factor receptor are a fusion protein.

The method of claim 52 or 53, further comprising:
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the inducible tag, thereby inducing activity of the growth factor receptor/fusion

protein.

The method of claim 48, wherein activity of the one or more growth factor ligands is

controlled using a degradation tag.

The method of claim 55, wherein the polynucleotide comprising a coding sequence of a
growth factor receptor further comprises a coding sequence of a degradation tag located 5° or
3’ to the coding sequence of the growth factor receptor, and wherein the degradation tag and

the growth factor receptor are a fusion protein.

The method of claim 55 or 56, further comprising:
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the degradation tag, thereby targeting the growth factor receptor/fusion protein

for degradation.

The method of any one of claims 1-57, further comprising introducing a polynucleotide

sequence encoding an accessory protein.

The method of any one of claim 1-58, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand and/or the polynucleotide comprising a coding sequence

of a growth factor receptor further comprises a coding sequence of an accessory protein.

The method of claim 58 or 59, wherein the accessory protein is fibroblast growth factor

binding protein (FGFBP).
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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

The method of claim 60, wherein the FGFBP comprises an amino acid sequence having at

least 80% sequence identity to a sequence of SEQ ID NO: 59.
The method of claim 58 or 59, wherein the accessory protein is RASV12.

The method of claim 62, wherein the RASV12 comprises an amino acid sequence having at

least 80% sequence identity to a sequence of SEQ ID NO: 60.

The method of any one of claims 1-63, wherein the method comprises introducing into the
cell:

(1) a polynucleotide comprising a coding sequence of FGF2, and a polynucleotide
comprising a FGFR,;

(ii) a polynucleotide comprising a coding sequence of IGF1, and a polynucleotide
comprising an IGF1R;

(iii) a polynucleotide comprising a coding sequence of PDGF, and a polynucleotide
comprising a PDGFR, or

(iv) a combination selected from: (i) and (ii), (ii) and (iii), (ii) and iii), and (i), (i), and

(ii).

The method of any one of claims 1-64, wherein the cell line is from a livestock, poultry,

game or aquatic animal species.

The method of claim 65, wherein the cell line is from a chicken, duck, or turkey.
The method of claim 65, wherein the cell line is from a fish.

The method of claim 65, wherein the cell line is from a livestock species.

The method of claim 65, wherein the livestock species is porcine or bovine.

The method of any one of claims 1-64, wherein the cells are from any animal species

intended for human or non-human dietary consumption.
The method of any one of claims 1-70, wherein the cells are myogenic cells.

The method of claim 71, wherein the myogenic cells are myoblasts, myocytes, satellite cells,
side population cells, muscle derived stem cells, mesenchymal stem cells, myogenic

pericytes, or mesoangioblasts.
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73

. The method of any one of claims 1-72, wherein the cells are non-myogenic cells.

74. An in vitro method for producing cell-based meat suitable for consumption, comprising:

75

76

77

78

79

80

81

82

83

(a) introducing into a cell one or more of:
(i) a polynucleotide comprising a coding sequence of a growth factor;
(ii) a polynucleotide comprising a coding sequence of a growth factor
receptor; or
(ii1) a polynucleotide comprising a coding sequence of an activated
downstream growth factor target; and
(b) inducing myogenic specific differentiation, wherein the differentiated cells form
myocytes and multinucleated myotubes;
(c) culturing the myocytes and myotubes to generate skeletal muscle fibers, thereby

producing a cell-based meat suitable for consumption.

. The method of claim 74, wherein the cell line is from a livestock, poultry, game or aquatic

animal species.

. The method of claim 75, wherein the cell line is from a chicken, duck, or turkey.
. The method of claim 75, wherein the cell line is from a fish.

. The method of claim 75, wherein the cell line is from a livestock species.

. The method of claim 75, wherein the livestock species is porcine or bovine.

. The method of claim 74, wherein the cells are from any animal species intended for human or

non-human dietary consumption.
. The method of any one of claims 74-80, wherein the cells are myogenic cells.

. The method of claim 81, wherein the myogenic cells are myoblasts, myocytes, satellite cells,
side population cells, muscle derived stem cells, mesenchymal stem cells, myogenic

pericytes, or mesoangioblasts.

. The method of any one of claims 74-82, wherein the cells are non-myogenic cells.

148



WO 2023/240152 PCT/US2023/068084

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

%4.

9s.

The method of any one of claims 74-83, wherein the growth factor ligand is selected from
basic fibroblast growth factor (FGF2), insulin-like growth factor 1 (IGF1), and platelet-
derived growth factor subunit B (PDGFb).

The method of claim 84, wherein the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises an additional two or more growth factor ligands,
wherein each of the additional growth factor ligands is selected from FGF2, IGF1, and
PDGFb.

The method of claim 84 or 85, wherein the growth factor ligands is FGF2.

The method of claim 86, wherein the FGF2 comprises an amino acid sequence having at

least 80% sequence identity to a sequence selected from SEQ ID NO: 1-15.
The method of claim 84 or 85, wherein the growth factor ligands is IGF1.

The method of claim 88, wherein the IGF1 comprises an amino acid sequence having at least

80% sequence identity to a sequence selected from SEQ ID NO: 16-17.
The method of claim 84 or 85, wherein the growth factor ligands is PDGFb.

The method of claim 90, wherein the PDGFb comprises an amino acid sequence having at

least 80% sequence identity to a sequence selected from SEQ ID NO: 18-21.

The method of any one of claims 74-91, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand further comprises a coding sequence of a signal peptide
located 5° to the coding sequence of the growth factor ligand, and wherein the signal

sequence and the growth factor ligand are a fusion protein.

The method of claim 92, wherein the signal sequence comprises an amino acid sequence

having at least 80% sequence identity to a sequence selected from SEQ ID NO: 22-31.

The method of any one of claims 74-93, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand comprises a regulatory sequence operably linked to the

coding sequence of the growth factor ligand and/or additional growth factor ligands.

The method of claim 94, wherein the regulatory sequence comprises a promoter selected

from: an inducible promoter, a tissue specific promoter, and a constitutively active promoter.
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96. The method of claim 94 or 95, wherein the promoter is selected from EF lalpha, PGK, CMV,
RSV, and [-actin.

97. The method of any one of claims 74-96, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand comprises a sequence encoding a polycistronic mRNA,
wherein the polycistronic mRNA comprises the coding sequence of the growth factor ligand

and the coding sequence one or more additional growth factor ligands.

98. The method of claim 97, wherein the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises one or more sequences encoding a self-cleaving

peptide, one or more internal ribosome entry sites (IRES), or a combination thereof.

99. The method of any one of claim 74-98, wherein activity and/or expression of the growth

factor ligand is controllable.

100.  The method of claim 99, wherein activity and/or expression of the growth factor ligand is

controlled using an inducible promoter, an inducible tag, or a degradation tag.

101.  The method of claim 100, wherein expression of the growth factor ligands is controlled

using an inducible promoter.

102.  The method of claim 101, wherein the coding sequence of the growth factor ligand is

operably linked to the inducible promoter.

103.  The method of claim 101 or 102, further comprising:
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the inducible promoter, thereby enabling expression of the growth factor

ligand.

104,  The method of claim 100, wherein activity of the growth factor ligand is controlled using

an inducible tag.

105.  The method of claim 104, wherein the polynucleotide comprising a coding sequence of a
growth factor ligand further comprises a coding sequence of an inducible tag located 5 or 3’
to the coding sequence of the growth factor ligand, and wherein the inducible tag and the

growth factor ligand are a fusion protein.
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106.  The method of claim 104 or 105, further comprising;
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the inducible tag, thereby inducing activity of the growth factor ligand/fusion

protein.

107.  The method of claim 100, wherein activity of the one or more growth factor ligands is

controlled using a degradation tag.

108. The method of any one of claims 107, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand further comprises a coding sequence of a degradation tag
located 5° or 3’ to the coding sequence of the growth factor ligand, and wherein the

degradation tag and the growth factor ligand are a fusion protein.

109.  The method of claim 107 or 108, further comprising:
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the degradation tag, thereby targeting the growth factor ligand/fusion protein

for degradation.

110.  The method of any one of claims 74-109, wherein the growth factor receptor is selected
from fibroblast growth factor receptor (FGFR), insulin growth factor 1 receptor (IGF1R), and
platelet-derived growth factor receptor (PDGFR).

111.  The method of claim 110, wherein the polynucleotide comprising a coding sequence of a
growth factor receptor further comprises an additional two or more growth factor receptors,

wherein each additional growth factor receptor is selected from FGFR, IGFR, and PDGFR.

112.  The method of claim 110 or 111, wherein the growth factor receptor is an FGFR selected
from FGFR1, FGFR2, FGFR3, and FGFR4.

113.  The method of claim 112, wherein the FGFR comprises an amino acid sequence having

at least 80% sequence identity to a sequence selected from SEQ ID NO: 32-49.
114.  The method of claim 110 or 111, wherein the growth factor receptor is IGFIR.

115. The method of claim 114, wherein the IGF1R comprises an amino acid sequence having

at least 80% sequence identity to a sequence selected from SEQ ID NO: 50-51.

116. The method of claim 110 or 111, wherein the growth factor receptor is PDGFR.
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117.  The method of claim 116, wherein the PDGFR comprises an amino acid sequence having

at least 80% sequence identity to a sequence selected from SEQ ID NO: 52-58.

118.  The method of any one of claims 74-117, wherein the polynucleotide comprising a coding
sequence of an activated downstream growth factor target comprises a growth factor receptor
comprising one or more amino acid insertions, deletions, or substitutions that result in the

receptor being constitutively activated.

119. The method of any one of claims 110-118, wherein the polynucleotide comprising a
coding sequence of a growth factor receptor comprises a regulatory sequence operably linked
to the coding sequence of the growth factor receptor and/or the coding sequence of the

additional growth factor receptors.

120.  The method of claim 119, wherein the regulatory sequence comprises a promoter selected

from: an inducible promoter, a tissue specific promoter, and a constitutively active promoter.

121.  The method of claim 119 or 120, wherein the promoter is selected from EFlalpha, PGK,
CMYV, RSV, and B-actin.

122.  The method of any one of claims 74-121, wherein the polynucleotide comprising a coding
sequence of a growth factor receptor comprises a sequence encoding a polycistronic mRNA,
wherein the polycistronic mRNA comprises the coding sequence of the growth factor

receptor and the coding sequence of the two or more additional growth factor receptors.

123.  The method of claim 122, wherein the polynucleotide comprising a coding sequence of a
growth factor receptor comprises one or more sequences encoding a self-cleaving peptide,

one or more internal ribosome entry sites (IRES), or both.

124.  The method of any one of claim 74-123, wherein activity and/or expression of the growth

factor receptors is controllable.

125. The method of claim 124, where expression of the growth factor receptor is controlled

using an inducible promoter, an inducible tag, and a degradation tag.

126.  The method of claim 125, wherein expression of the growth factor receptor is controlled

using an inducible promoter.
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127.  The method of claim 126, wherein the coding sequence of the growth factor receptor is

operably linked to the inducible promoter.

128.  The method of claim 126 or 127, further comprising:
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the inducible promoter, thereby enabling expression of the growth factor

receptor.

129.  The method of claim 125, wherein activity of the growth factor receptor is controlled

using an inducible tag.

130.  The method of claim 129, wherein the polynucleotide comprising a coding sequence of a
growth factor receptor further comprises a coding sequence of an inducible tag located 5 or
3’ to the coding sequence of the growth factor receptor, and wherein the inducible tag and the

growth factor receptor are a fusion protein.

131.  The method of claim 129 or 130, further comprising:
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the inducible tag, thereby inducing activity of the growth factor receptor/fusion

protein.

132.  The method of claim 125, wherein activity of the one or more growth factor ligands is

controlled using a degradation tag.

133.  The method of claim 132, wherein the polynucleotide comprising a coding sequence of a
growth factor receptor further comprises a coding sequence of a degradation tag located 5° or
3’ to the coding sequence of the growth factor receptor, and wherein the degradation tag and

the growth factor receptor are a fusion protein.

134, The method of claim 132 or 133, further comprising:
maintaining the engineered cell line in a culture medium comprising a molecule capable
of controlling the degradation tag, thereby targeting the growth factor receptor/fusion protein

for degradation.

135. The method of any one of claims 74-134, further comprising introducing a polynucleotide

sequence encoding an accessory protein.
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136.  The method of any one of claim 74-134, wherein the polynucleotide comprising a coding
sequence of a growth factor ligand, the polynucleotide comprising a coding sequence of a

growth factor receptor, or both, further comprises a coding sequence of an accessory protein.

137.  The method of claim 135 or 136, wherein the accessory protein is fibroblast growth factor
binding protein (FGFBP).

138.  The method of claim 137, wherein the FGFBP comprises an amino acid sequence having

at least 80% sequence identity to a sequence of SEQ ID NO: 59.
139.  The method of claim 135 or 136, wherein the accessory protein is RASV12.

140.  The method of claim 139, wherein the RASV12 comprises an amino acid sequence

having at least 80% sequence identity to a sequence of SEQ ID NO: 60.

141.  The method of any one of claims 74-140, wherein the method comprises introducing into
the cell:
(1) a polynucleotide comprising a coding sequence of FGF2, and a polynucleotide
comprising a coding sequence of FGFR;
(i1) a polynucleotide comprising a coding sequence of IGF1, and a polynucleotide
comprising a coding sequence of IGF1R;
(iii) a polynucleotide comprising a coding sequence of PDGF, and a polynucleotide
comprising a coding sequence of PDGFR, or
(iv) a combination selected from: (i) and (i1), (ii) and (iii), (ii) and iii), and (i), (i1), and
(iii).
142. A myogenic cell suitable for consumption comprising cells having increased expression

of FGF2, IGF1, PDGFb, FGFR, IGF 1R, or PDGFR, or a combination thereof.

143. A population of cells suitable for consumption comprising cells having increased

expression of FGF2, IGF1, PDGFb, FGFR, IGF1R, or PDGFR, or a combination thereof.

144. A vector comprising a polynucleotide encoding a fusion protein comprising a coding
sequence of a signaling sequence and a coding sequence of a growth factor ligand, and

optionally a coding sequence of an inducible tag or a degradation tag.
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145. A cell comprising a polynucleotide encoding a fusion protein comprising a coding
sequence of a signaling sequence and a coding sequence of a growth factor ligand, and

optionally a coding sequence of an inducible tag or a degradation tag.

146. A vector comprising a polynucleotide comprising a first coding sequence of a growth
factor ligand or a fragment thereof, and a second coding sequence of growth factor receptor

or a fragment thereof.

147. A cell comprising a polynucleotide comprising a coding sequence of a growth factor
ligand or a fragment thereof, and a polynucleotide comprising a coding sequence of a growth

factor receptor or a fragment thereof.

148. A cell-based meat suitable for consumption produced using the methods of any one of

claims 74-141.
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