WO 2023/122688 PCT/US2022/082175

SCALING UP MYOGENIC TISSUE: LATE PASSAGE MYOGENICITY

1. CROSS-REFERENCE TO RELATED APPLICATIONS

[1] This application claims the benefit of U.S. Provisional Application No. 63/293,578

filed on December 23, 2021, which is hereby incorporated by reference in its entirety.
2. SEQUENCING LISTING

[2] The instant application contains a Sequence Listing, which has been submitted in
XML format and is hereby incorporated herein by reference in its entirety. Said XML
copy, created on December 17, 2022, is named 54364-WO-Sequence-Listing.xml, and
is 84.1 kilobytes (KB) in size.

3. BACKGROUND OF THE INVENTION

[3] Livestock production systems as we know them today are the result of an interaction
between domestic animals and the environment, modulated by human activities, that
date back to Neolithic times. Animal agriculture uses more than three-quarters of the
world’s agricultural land (Foley et al. 2011; Poore and Nemecek 2018). As a result,
the impact of agriculture, forestry and related land use is extensive and far reaching. It
accounts for 18.4% of global greenhouse gas emissions and animal farming quite

possibly may be the largest human-related source of water pollution.

[4] The challenges from climate change and the consequences on food security and the
agriculture socio-economy will vary across the globe, the consensus is that it will
have profound impact on world hunger and access to animal protein. Rising
temperatures, drought and increase in frequency of extreme weather events will
greatly affect available land for agriculture, irrigation, and supply chains to further

drive the cost of already expensive sources of animal protein even higher.

[5] Livestock farming has an immense carbon footprint and deleterious effects on climate
change from deforestation to transport, waste management to food storage, each step
of the food chain brings with it a high carbon footprint. Feeding the billions of people
every day is a massive task and one that is likely to get even greater as human

populations rise and we increasingly feel the effects of climate change.
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[6] If the world is to meet the ambition of reaching net zero carbon emissions by the
middle of the century as outlined in the Paris Agreement on climate change, the food
industry will have to play its part. All this and more clearly indicates that new ways to
provide protein sources without needing to rear, slaughter and butcher livestock which
not only reduce the impact of livestock farming on our environment but are also

insulated from the effects of climate change are highly important.
4. SUMMARY OF THE INVENTION

[7] This disclosure features methods for improving myogenic differentiation capacity in a
cell line or an immortalized cell line. Improving differentiation capacity of a cell line
or an immortalized cell line is important because cell line adaptation into desired
media (e.g., low cost media) and culture format (i.e., suspension culture) takes long
periods (e.g., 1-3 months). This cell line adaptation is essential for enabling
production of cell-based meat from cell lines, in particular, from immortalized cell
lines. Once a cell line or an immortalized cell line is generated and deemed capable
of being used at commercial scale to generate sufficient cells to make cell-based meat,
this cell line or immortalized cell line is required to maintain its growth and function
for long periods (e.g., 1- 6 months) in a bioreactor. As shown in FIGs. 1A-1D,
culturing immortalized cell lines for the number of population doubling levels (e.g.,
about 100 PDLs) required for full cell line adaption results in loss of myogenic
differentiation capacity (e.g., decreased Pax7 expression, decreased MyHC1
expression, and decreased ability to form myotubes). The methods and compositions
provided herein improve the myogenic differentiation capacity of a cell line or an
immortalized cell line, thereby enabling the production of a cell-based meat product
from cell lines and immortalized cells that may have otherwise lost their myogenic

differentiation capacity during the requisite cell line adaptation steps.

[8] This disclosure is based in part on the discovery that culturing cell lines or
immortalized cell lines in culture medium comprising at least a first Activin A
inhibitor, at least a first BMP inhibitor, at least a first WNT activator, at least one
epigenetic modulator, or a combination thereof, increases the myogenic
differentiation capacity of the cell line or immortalized cell line. This disclosure is
also based, in part, on the discovery that introducing into, or incorporating into the

genome of, a cell of the cell line or immortalized cell line a polynucleotide encoding
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at least a first myogenic regulatory factor polypeptide also increased myogenic
differentiation capacity of the cell line or the immortalized cell line. In combining
these two discoveries (i.e., culturing the cell lines transformed with a polynucleotide
encoding at least a first myogenic regulatory factor polypeptide in culture medium
comprising at least a first Activin A inhibitor, at least a first BMP inhibitor, at least a
first WNT activator, at least one epigenetic modulator, or a combination thereof), the
inventors discovered a synergistic effect resulting in robust improvement in the

myogenic differentiation capacity of the immortalized cell lines.

[9] Overall, this work demonstrated the ability to improve myogenic differentiation
capacity of late passage immortalized cell lines that lose or have lost their myogenic
differentiation capacity following extended culture periods. The extended culture
periods typically required for cell line adaption into particular culture formats and cell
culture media, for growing large quantities of cells from a small tissue sample without
the need of getting new biopsies from animals, and for ensuring that the ultimate cell
based meat product has a consistent flavor by, for example, having the entire product
line made from clones of a single cell line. Therefore, this disclosure is especially
powerful as it provides (1) a method for ensuring myogenic differentiation capacity is
not lost despite the extended culture periods and/or (2) a method for restoring (i.e.,
improving) the myogenic differentiation capacity if it is reduced or lost during the

extended culture periods.

[10] In one aspect, this disclosure features a method for improving myogenic
differentiation capacity of a cell line, comprising:
(a) isolating a population of cells from skin or muscle tissue to form a cell
line;
(b) immortalizing the cell line;
(c) contacting the cell line with a culture media comprising:
(i) at least a first Activin A inhibitor,
(i1) at least a first BMP inhibitor, or
(iii) at least a first WNT activator, or a combination thereof; and
(d) inducing myogenic specific differentiation, comprising inducing formation

of myocytes, myoblasts, myotubes, or a combination thereof,
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thereby improving the cell line’s myogenic differentiation capacity as

compared to a control.

[11] In some embodiments, the immortalizing step comprises introducing into, or
incorporating into the genome of, a cell of the cell line a polynucleotide encoding a
telomerase reverse transcriptase (TERT) polypeptide, thereby generating an immortalized
cell line.

[12] In another aspect, this disclosure features a method for improving myogenic
differentiation capacity of a late passage cell line comprising:

(a) contacting the late passage cell line with a culture media comprising:
(i) at least a first Activin A inhibitor,
(ii) at least a first BMP inhibitor, or
(iii) at least a first WNT activator, or a combination thereof,
(b) inducing myogenic specific differentiation, comprising inducing formation of
myocytes, myoblasts, myotubes, or a combination thereof,
thereby improving the late passage cell line’s myogenic differentiation capacity as

compared to a late passage control.

[13] In another aspect, this disclosure features a method for restoring myogenic
differentiation capacity of a late passage cell line comprising:

(a) contacting the late passage cell line with a culture media comprising:
(i) at least a first Activin A inhibitor,
(i1) at least a first BMP inhibitor, or
(iii) at least a first WNT activator, or a combination thereof; and

(b) inducing myogenic specific differentiation, comprising inducing formation of

myocytes, myoblasts, myotubes, or a combination thereof,
thereby restoring the late passage cell line myogenic differentiation capacity as

compared to a late passage control cell line.

[14] In some embodiments, the methods also include introducing into, or incorporating
into the genome of, a cell of the cell line, a cell of the immortalized cell line, or a cell of
the late passage cell line a polynucleotide encoding at least a first myogenic regulatory
factor polypeptide, thereby producing a recombinant cell line expressing the at least first

myogenic regulatory factor polypeptide.
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[15] In some embodiments, the at least first myogenic regulatory factor is selected

from: MYOD, MYOG, MEF2B, PAX7, PAX3, and PITX1.

[16] In some embodiments, the polynucleotide comprising the first myogenic
regulatory factor polypeptide further comprises a nucleic acid sequence encoding a
second myogenic regulatory factor polypeptide, a nucleic acid sequence encoding a third
myogenic regulatory factor polypeptide, or a combination thereof, wherein the first, the
second, and the third myogenic regulatory factor polypeptides are selected from MYOD,
MYOG, MEF2B, PAX7, PAX3, and PITX1.

[17] In some embodiments, the first myogenic regulatory factor polypeptide is a PAX7
polypeptide or a fragment thereof, the second myogenic regulatory factor polypeptide is a
MEF2B polypeptide or a fragment thereof, and the third myogenic regulatory factor
polypeptide is a MYOD polypeptide or a fragment thereof).

[18] The method of any one of claims 1-8, wherein the Activin A inhibitor is selected
from: A-83-01, E-616542, SB431542, TGFPRI-IN-3, R-268712, Follistatin, and

Follistatin-like-3. In some embodiments, the Activin A inhibitor is A-83-01.

[19] The method of any one of claims 1-10, wherein the BMP inhibitor is selected
from: LDN193189, Dorsomorphin, Noggin, Chrodin, and Gremlin. In some
embodiments, the BMP inhibitor is LDN193189.

[20] The method of any one of claims 1-12, wherein the WNT activator is selected
from: CHIR99021, BIO, AZD1080, WNT1a, WNT3a, WNT4, and WNT7. In some
embodiments, the WNT activator is CHIR99021.

[21] In some embodiments, the methods also include contacting the cell line or
immortalized cell line with a culture media comprising a histone deacetylase inhibitor. In

some embodiments, the histone deacetylase inhibitor is sodium butyrate.

[22] The method of any one of claims 1-16, wherein the cell line, the immortalized
cell line, or the late passage cell line are from a species selected from: poultry, livestock,
game, or aquatic animal species. In some embodiments, the species is Gallus gallus. In

some embodiments, the species is Bovine taurus.
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[23] In some embodiments, the cell line, the immortalized cell line, or the late passage

cell line is a fibroblast cell line.

[24] In some embodiments, the cell line, immortalized cell line, or the late passage cell

line are not embryonic or induced pluripotent stem cells.

[25] In some embodiments, the late passage cell line has exceeded 60 population
doublings.
[26] In some embodiments, the late passage control cell line has lost myogenic

differentiation capacity at or above 60 population doublings.

[27] In some embodiments, prior to exposing the cell line, immortalized cell line, or
the late passage cell line to the methods described herein, the cell line, the immortalized
cell line, or the late passage cell line comprises a population doubling level (PDL) of at

least 60.

[28] In some embodiments, the method results in the cell line, the immortalized cell
line, or the late passage cell line exhibiting increased Pax7 expression, increased MyHC1
expression, and/or increased myotube formation, as compared to a cell line or
immortalized cell line that are not exposed to the at least first Activin A inhibitor, at least
first BMP inhibitor, at least first WNT activator, one or more myogenic regulatory

factors, epigenetic modulator, or a combination thereof.

[29] In some embodiments, the method results in the cell line, the immortalized cell
line, or the late passage cell line exhibiting an improved myogenic differentiation
capacity after at least 60 passages compared with a cell line, an immortalized cell line, or
a late passage cell line not exposed to the at least first Activin A inhibitor, at least first
BMP inhibitor, at least first WNT activator, one or more myogenic regulatory factors,

epigenetic modulator, or a combination thereof.

[30] In some embodiments, the methods also include the step of adapting the cell line

for suspension culture.

[31] In some embodiments, inducing myogenic-specific differentiation comprises

contacting the cell line or immortalized cell line with a differentiation medium.
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[32] In another aspect, this disclosure features population of cells produced by any of

the methods of described herein.

[33] In another aspect, this disclosure features a population of myocytes, myoblasts,
myotubes, multinucleated myotubes, satellite cells, skeletal muscle fibers, or any

combination thereof produced by any of the methods described herein.

[34] In another aspect, this disclosure features an in vitro method for producing a cell-
based meat product, comprising: forming the myocytes, myoblasts, myotubes, or a

combination thereof, into a cell based meat product.

[35] In another aspect, this disclosure features kits for improving myogenic
differentiation capacity of a cell line or an immortalized cell line comprising:
at least a first Activin A inhibitor;
at least a first BMP inhibitor,
at least a first WNT activator, or

a combination thereof.

[36] In some embodiments, the kit also includes a first myogenic regulatory
polypeptide, a second myogenic regulatory polypeptide, a third myogenic regulatory

polypeptide, or a combination thereof.

[37] In some embodiments of any of the kits described herein, the first myogenic
regulatory polypeptide, the second myogenic regulatory polypeptide, and/or the third
myogenic regulatory polypeptide is selected from MYOD, MYOG, MEF2B, PAX7,
PAX3, and PITXI1.

[38] In some embodiments of any of the kits described herein, the kit also includes a
histone deacetylase inhibitor. In some embodiments of any of the kits described herein,

the histone deacetylase inhibitor is sodium butyrate.

[39] In some embodiments of any of the kits described herein, the kit also includes any

of the immortalized fibroblast cell lines described herein.

[40] In some embodiments of any of the kits described herein, the kit also includes

instructions to perform any of the methods described herein.
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[41] In another aspect, this disclosure features a cell culture media for improving
myogenic differentiation capacity of a cell line or an immortalized cell line, the cell
culture media comprising:

at least a first Activin A inhibitor;
at least a first BMP inhibitor;
at least a first WNT activator, or

a combination thereof.

[42] In some embodiments of any of the cell culture medias described herein, the cell
culture media also comprises a histone deacetylase inhibitor. In some embodiments of
any of the cell culture medias described herein, the histone deacetylase inhibitor is

sodium butyrate.
5. BRIEF DESCRIPTION OF THE DRAWINGS

[43] 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:

[44] FIG. 1A-D shows immunofluorescence images of TERT-immortalized
myoblasts having lost their myogenic differentiation capacity. FIG. 1A shows
primary chicken myoblasts express high Pax7 levels. FIG. 1B indicates primary
chicken myoblasts expressing myosin heavy chain (MyHC). FIG. 1C shows that
TERT-immortalized myoblasts displayed almost no Pax7 signal. FIG. 1D indicates

almost no myotube formation for the TERT-immortalized myoblasts.

[45] FIG. 2 shows a three-factor media panel design targeting 3 pathways crucial
for stem cell biology. “+” indicates activation of the respective signaling pathway. “-”

indicates inhibition, interference, or a block of the respective signaling pathway.

[46] FIG. 3 is a bar graph showing percentage of Pax7 positive cells for each of the
conditions tested in the factorial media panel described in FIG. 2. FIG. 3 identifies
components that enhance percentage of Pax7 positive cells in an immortalized cell

line.
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[47] FIG. 4A-F displays cell population indicating elevated number of cells
expressing myogenic progenitor marker Pax7 after media 1 and 9 treatments. FIG. 4A
displays control cells. FIG. 4B shows presence of Pax7 cells after treatment with
media 1. FIG. 4C shows cells treated with media 9. FIG. 4D displays control media.
FIG. 4E shows increased cellular expression of Pax7 positive cells after media 1
treatment. FIG. 4F shows increased cellular expression of Pax7 positive cells after

media 9 treatment. Arrows point to representative Pax7 positive cells.

[48] FIG. 5 is a bar graph showing % Myosin Heavy Chain (MyHC) area for each
of the conditions tested in the full factorial media panel as described in FIG. 2. FIG.
5 identifies components that enhance percent of cell area that express myogenic

differentiation marker, myosin heavy chain in an immortalized cell line.

[49] FIG. 6A-C shows representative images of myotube formation in cells in
response to specific media treatment. FIG. 6A shows cells subjected to control media.

FIG. 6B shows cells contacted with ME9. FIG. 6C shows cells contacted with ME17.

[50] FIG. 7A-C shows representative images of myotube formation in 7A primary
cells stably transfected with a vector containing a polynucleotide encoding ggMyoD.
FIG. 7A is a positive control. FIG 7B is a negative control. FIG 7C shows formation
of thin myotubes after 7 days post-differentiation. Abbreviation: gg = Gallus gallus;
MyoD = myosin D.

[51] FIG. 8 shows expression of downstream myogenic factors in 7A primary
chicken fibroblasts following transformation with ggMyoD mRNA. Abbreviation:
Myf6 = myogenic factor 6; MyoD = myosin D; MyoG = myogenin; MYMK =

myomarker, myoblast fusion factor; MyHCle = myosin heavy chain 1E.

[52] FIG. 9 shows expression of downstream myogenic factors in 1A primary

chicken fibroblasts following transformation with ggMyoD.

[53] FIG. 10A-C shows representative images of immortal myoblast cell lines
following transformation with a polynucleotide encoding Pax7, MEF2b, and MyoD
(“7MM?”). FIG. 10A indicates that overexpression of MyoD delayed loss of

myogenicity in small molecules cocktail (M9). FIG. 10B also indicates that
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overexpression of Pax7/MEF2b/MyoD delayed loss of myogenicity with ME9. FIG.

10C shows representative images of the control.

[54] FIG. 11 shows expression of endogenous downstream myogenic factors in in
TERT-immortalized 7A chicken fibroblasts having a PDL of about 40 following
transformation with ggMyoD mRNA. FIG. 11 shows that transformation of ggMyoD
mRNA can induce the expression of downstream myogenic factors in an earlier
passage of TERT-immortalized 7A chicken fibroblasts (PDL~40). Abbreviation:
Myf6 = myogenic factor 6; MyoD = myosin D; MyoG = myogenin; MYMK =

myomarker, myoblast fusion factor; MyHCle = myosin heavy chain 1E.

[55] FIG. 12 shows expression of endogenous downstream myogenic factors in 7A
chicken fibroblasts and 7A chicken primary cells following transformation with

ggMyoD.

[56] FIG. 13A-C shows representative images of MyHC staining and myotube
formation in old 7A TERT cells following transformation with ggMyoD. FIGs. 13A-
13C show that transforming old 7A TERT cells is not sufficient to induce myotube
formation. FIG. 13A shows 7A TERT ggMyoD cells in ME58. FIG. 13B shows 7A
TERT ggMyoD cells suspended in ME9. FIG. 13C shows cells suspended in ME9 in

the presence of sodium butyrate.

[57] FIG. 14A-H shows representative images of MyHC staining and myotube
formation in 7A TERT fibroblasts. FIG. 14A shows non-transformed 7A TERT
fibroblasts grown in ME58 media. FIG. 14E shows non-transformed 7A TERT
fibroblasts grown in ME9 media. FIG. 14B shows 7A TERT fibroblasts transformed
with a polynucleotide encoding MYOD and grown in MES8 media. FIG. 14F shows
7A TERT fibroblasts transformed with a polynucleotide encoding MYOD and grown
in ME9 media. FIG. 14C shows 7A TERT fibroblasts transformed with a
polynucleotide encoding PAX7, MEF2B, and MYOD and grown in ME58 media.
FIG. 14G shows 7A TERT fibroblasts transformed with a polynucleotide encoding
PAX7, MEF2, and MYOD and grown in ME9 media. FIG. 14D shows non-
transformed 8D fibroblasts transformed grown in MES8 media. FIG. 14H shows

non-transformed 8D fibroblasts grown in ME9 media.

10
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[58] FIG. 15 shows a histogram of RNA expression levels of MyoD in
immortalized Bovine taurus (bt) fibroblasts transfected with a polynucleotide
encoding btMyoD (“8G TCC+MyoD”) compared to the non-transfected control (8G
TCO).

[59] FIG. 16A-16B shows representative images of MyHC staining of 8G bovine
TERT fibroblast. FIG 16A and FIG. 16B show that 8G bovine TERT fibroblasts
transdifferentiate into myoblasts and myotubes formation as indicated by tubes

staining positive for myosin heavy chain.
6. DETAILED DESCRIPTION OF THE INVENTION

[60] This disclosure features methods for improving myogenic differentiation
capacity in immortalized cells lines to enable cell line adaption without compromising
necessary myogenic differentiation capacity in late passage cells (e.g., immortalized
cells or cells that have exceed about 60 population doublings). In particular, this
disclosure is based in part on the discovery that culturing immortalized cell lines in
culture medium comprising at least a first Activin A inhibitor, at least a first BMP
inhibitor, at least a first WNT activator, or a combination thereof increases the
myogenic differentiation capacity (e.g., increased percentage of Pax7 positive cells as
compared to a control or increased percentage of MyHC area as compared to a
control) of the cell line. The Applicants also discovered that transforming
immortalized cell lines with a polynucleotide encoding at least a first myogenic
regulatory factor polypeptide also increased myogenic differentiation capacity of the
immortalized cell lines. Furthermore, in combining these two discoveries (i.e.,
culturing the immortalized cell lines transformed with the polynucleotide encoding
the at least first myogenic regulatory factor polypeptide in a culture medium
comprising the at least first Activin A inhibitor, the at least first BMP inhibitor, and
the at least first WNT activator), a synergistic effect was discovered resulting in
robust improvement in the myogenic differentiation capacity of the immortalized cell

lines.
6.1. Definitions

[61] 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

11
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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.

[62] 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, or C; A or C; A or B;
B or C; A and C; A and B; B and C; A (alone); B (alone); and C (alone).

[63] As used 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™.

[64] 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.

[65] As used herein, the term “skeletal muscle progenitor cell” (SMPC) refers to a

stem cell that is SMPCs are also referred to herein as myogenic progenitors.

[66] As used herein, the term “myoblast” refers to mononucleated muscle cells that
are in proliferating state. 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.

[67] As used 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.

12
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[68] As used herein, the term “immortalized cell” refers to cells that are passaged

or modified to proliferate indefinitely and evade normal cellular senescence.

[69] 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.

[70] As used 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.

[71] As used herein, the term “myogenic differentiation capacity” refers to a cells
ability to differentiate to a myogenic cell and/or an increase of one or more markers.
Non-limiting examples of a myogenic cell include: myoblasts, myocytes, myotubes,
satellite cells, side population cells, muscle derived stem cells, mesenchymal stem
cells, myogenic pericytes, or mesoangioblasts. Myogenic differentiation capacity can

be measured according to the methods described herein.

[72] 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. Non-limiting examples of exogenous factors used for
transdifferentiation include small molecules, growth factors, and/or genetic

engineering.

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

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

13
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6.2. Methods for Improving Differentiation Capacity

[74] This disclosure features methods for improving myogenic differentiation
capacity of a cell line, a late passage cell line, or an immortalized cell line. Applying
the methods described herein to a cell line or an immortalized cell line results in the
cell line being better suited to produce the cell types of interest, for example, cell
types used for cultured food production, including myocytes, myoblasts, myotubes,
multinucleated myotubes, satellite cells, skeletal muscle fibers, or any combination
thereof. Other methods for improving differentiation potential for self-renewing cells
lines (e.g., embryonic stem cells, induced pluripotent stem cells, and extraembryonic
cell lines) are as described in WO2015066377A1, which is herein incorporated by

reference in its entirety.

[75] In some embodiments, differentiation capacity refers to the ability of a cell
line to differentiate into a cell type of interest (e.g., any of the cell types of interest
described herein). In some embodiments, the cell type of interest includes myocytes,
myoblasts, myotubes, multinucleated myotubes, satellite cells, skeletal muscle fibers,
or any combination thereof. In one embodiment, myogenic differentiation capacity
refers to the ability of a cell line to differentiate into a myogenic cell (e.g., myocytes,
myoblasts, myotubes, multinucleated myotubes, satellite cells, skeletal muscle fibers,
or any combination thereof). In some embodiments, myogenic differentiation refers to
a cell that differentiates by expressing one or more phenotypes characteristic of
differentiated, e.g. terminally differentiated, myotubes. In some embodiments, a
method for improving differentiation capacity (e.g., myogenic differentiation
capacity) includes contacting a cell line, a late passage cell line, or an immortalized
cell line (e.g., an immortalized fibroblast cell line) with culture media comprising
signaling pathway agonists, antagonist, or a combination thereof. In another
embodiment, a method for improving differentiation capacity (e.g., myogenic
differentiation capacity) includes introducing into, or incorporating into the genome
of, a cell of the cell line (e.g., a late passage cell line) or immortalized cell line a
polynucleotide encoding at least a first myogenic regulatory factor polypeptide. In
yet another embodiment, a method of improving differentiation capacity (e.g.,
myogenic differentiation capacity) of a cell line or an immortalized cell line includes

introducing into, or incorporating into the genome of, a cell of the cell line or

14
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immortalized cell line a polynucleotide encoding at least a first myogenic regulatory
factor polypeptide and contacting the cell line or immortalized cell line to culture

media comprising signaling pathway agonists, antagonists, or a combination thereof.

[76] In some embodiments a late passage cell line is a cell line that exceed 40, 41,
42,43, 44,45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, or 60, or more

population doublings.

[77] In some embodiments, as a result of the methods provided herein, the cell line,
the late passage cell line, or the immortalized cell line (e.g., immortalized fibroblast
cell line) exhibits an increased differentiation capacity (e.g., myogenic differentiation
capacity) as compared to a cell line or an immortalized cell line not subjected to the
methods described herein. For example, as a result of the methods provided herein,
the cell line or immortalized cell line exhibits an increased myogenic differentiation
capacity as compared to an immortalized cell line not exposed to: (i) at least a first
Activin A/TGF-p inhibitor and at least a first BMP inhibitor; (iii) at least a first
Activin A/TGF-p inhibitor, at least a first BMP inhibitor, and at least a first WNT
activator, (iii) at least a first Activin A/TGF-f} inhibitor, at least a first BMP inhibitor,
and one or more myogenic regulatory factor polypeptides; or (iv) at least a first
Activin A/TGF-p inhibitor, at least a first BMP inhibitor, at least a first WNT

activator, and one or more myogenic regulatory factor polypeptides.

[78] In some embodiments, as a result of the methods provided herein, the cell line,
the late passage cell line, or the immortalized cell line (e.g., immortalized fibroblast
cell line) exhibits an increased myogenic differentiation capacity as compared to any

reference strain, including other immortalized cell lines.

[79] In some embodiments, as a result of the methods provided herein, the
immortalized cell line (e.g., immortalized fibroblast cell line) can transdifferentiate

into a cell type of interest (e.g., a myoblast).

[80] In some embodiments, prior to exposing the immortalized cell line to at least a
first Activin A inhibitor, at least a first BMP inhibitor, at least a first WNT activator,
at least a first myogenic regulatory factor polypeptide, an epigenetic modulator, or a
combination thereof, the cell line or immortalized cell line had a population doubling

level (PDL) of at least 60 ((e.g., at least 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
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73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, 100 or more passages).

[81] In some embodiments, prior to exposing the cell line, the late passage cell line,
or the immortalized cell line to at least a first Activin A inhibitor, at least a first BMP
inhibitor, at least a first WNT activator, at least a first myogenic regulatory factor
polypeptide, an epigenetic modulator, or a combination thereof, the cell line or
immortalized cell had less than 5% Pax7* cells (e.g., less than 4%, less than 3%, less
than 2%, less than 1%, less than 0.9%, less than 0.8%, less than 0.7%, less than 0.6%,
less than 0.5%, less than 0.4%, less than 0.3%, less than 0.2%, or less than 0.1%).

[82] In some embodiments, prior to exposing the cell line (e.g., the late passage cell
line) or the immortalized cell line to at least a first Activin A inhibitor, at least a first
BMP inhibitor, at least a first WNT activator, at least a first myogenic regulatory
factor polypeptide, an epigenetic modulator, or a combination thereof, the cell line or
immortalized cell had less than 5% MyHC1* cells (e.g., less than 4%, less than 3%,
less than 2%, less than 1%, less than 0.9%, less than 0.8%, less than 0.7%, less than
0.6%, less than 0.5%, less than 0.4%, less than 0.3%, less than 0.2%, or less than
0.1%).

[83] In some embodiments, prior to exposing the cell line (e.g., the late passage cell
line) or the immortalized cell line to at least a first Activin A inhibitor, at least a first
BMP inhibitor, at least a first WNT activator, at least a first myogenic regulatory
factor polypeptide, or a combination thereof, the cell line or immortalized cell lacks

the ability to form myotubes.

[84] In some embodiments, increased differentiation capacity (e.g., myogenic
differentiation capacity) is achieved even after the cell line or immortalized cell line is
culwured for at least 60 passages (e.g., at least 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, or 100 passages).

[85] In some embodiments, differentiation capacity (e.g., myogenic differentiation
capacity of a cell line or an immortalized cell line (e.g., an immortalized fibroblast
cell line) is measured by determining the increase in percentage of cells that

differentiate into a cell type of interest (e.g., myogenic cell) as compared to a cell line
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or an immortalized cell line not subjected to the methods described herein. In some
embodiments, differentiation capacity (e.g., myogenic differentiation capacity) of a
cell line or an immortalized cell line is measured by determining the increase in the
total number of cells that differentiate into a cell type of interest (e.g., myogenic cell)
as compared to a cell line or an immortalized cell not subjected to the methods
described herein. Non-limiting examples of cell types of interest (e.g., cell types
produced when the cell line or the immortalized cell line is exposed to differentiation
media) includes: myocytes, myoblasts, myotubes, multinucleated myotubes, satellite

cells, or skeletal muscle fibers, or any combination thereof.

[86] In some embodiments, myogenic differentiation capacity of a cell line (e.g., a
late passage cell line) or an immortalized cell line is determined by measuring paired
box 7 (Pax7) expression (e.g., Pax7 RNA or protein). For example, an increase in the
percentage of cell or immortalized cells that are Pax7* (Pax7 positive) as compared to
a control indicates increased myogenic differentiation capacity of the immortalized

cell line.

[87] In some embodiments, myogenic differentiation capacity of a cell line (e.g., a
late passage cell line) or an immortalized cell line is determined by measuring myosin
heavy chain 1 (MyHC1) expression (e.g., MyHC1 RNA or protein). For example, an
increase in the percentage of cell or immortalized cells that are MyHC1* (MyHC1
positive) as compared to a control indicates increased myogenic differentiation

capacity of the immortalized cell line.

[88] In some embodiments, myogenic differentiation capacity of a cell line (e.g., a
late passage cell line) or an immortalized cell line is determined by measuring
myotube formation. For example, an increase in the ability to form myotubes as
compared to a control indicates increased myogenic differentiation capacity of the

immortalized cell line.

[89] In some embodiments, myogenic differentiation capacity of a cell line (e.g., a
late passage cell line) or an immortalized cell line is determined by measuring the
number or percentage (of the total population) of myocytes, myoblasts, myotubes, or
a combination thereof. For example, an increase in the number or percentage of

myocytes, myoblasts, myotubes, cells expressing differentiated myogenic cell
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phenotypes, or a combination thereof as compared to a control indicates increased

myogenic differentiation capacity of the cell line or immortalized cell line.

[90] In some embodiments, myogenic differentiation capacity of a cell line (e.g., a
late passage cell line) or an immortalized cell line is determined by measuring
myogenin (MyoG) expression (e.g., MyoG RNA). For example, an increase in the
percentage of immortalized cells that are MyoG* (MyoG positive) as compared to a
control indicates increased myogenic differentiation capacity of the cell line or the

immortalized cell line.

[91] In some embodiments, myogenic differentiation capacity of a cell line (e.g., a
late passage cell line) or an immortalized cell line is determined by measuring
Myomaker (Mymk) expression (e.g., MYMK RNA). For example, an increase in the
percentage of immortalized cells that are MYMK*" (MYMK positive) as compared to
a control indicates increased myogenic differentiation capacity of the cell line or the

immortalized cell line.
6.2.1. Culture Methods for Improving Differentiation Capacity

[92] This disclosure features methods of improving differentiation capacity (e.g.,
myogenic differentiation capacity) of an immortalized cell line (e.g., an immortalized
fibroblast cell line) using culture media comprising one or more signaling pathway
agonists, antagonists, or a combination thereof. For example, a method for improving
differentiation capacity (e.g., myogenic differentiation capacity) of an immortalized
cell line comprises exposing the cell line to at least a first Activin A inhibitor; at least
a first BMP inhibitor; at least a first WNT activator, or a combination thereof. In
some embodiments, the culture medium is used in combination with genetic
engineering (e.g., engineering cells to express at least a first myogenic regulatory

factor polypeptide) to improve differentiation capacity of an immortalized cell line.

[93] This disclosure also features methods of improving differentiation capacity
(e.g., myogenic differentiation capacity) of a cell line (e.g., a late passage cell line)
using culture media comprising one or more signaling pathway agonists, antagonists,
or a combination thereof. For example, a method for improving differentiation
capacity (e.g., myogenic differentiation capacity) of a cell line comprises exposing the

cell line to at least a first Activin A inhibitor; at least a first BMP inhibitor; at least a
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first WNT activator, or a combination thereof. In some embodiments, the culture
medium is used in combination with genetic engineering (e.g., engineering cells to
express at least a first myogenic regulatory factor polypeptide) to improve myogenic

differentiation capacity of an immortalized cell line.

[94] In some embodiments, a method for improving myogenic differentiation
capacity of a cell line or an immortalized cell line comprises culturing the cell line in
a culture media (e.g. a proliferation media) as described, for example, in FIG. 2. As
shown in FIG. 2, WNT, TGF (Activin A), and BMP signaling pathways were
activated (e.g., using CHIR99021 (5 uM), Activin A (25 ng/mL), or BMP4 (10
ng/mL), respectively) or inhibited (e.g., using IWR1 (2.5 uM), A-83-01 (5 uM), or
LDN193189 (0.4 uM), respectively). In some embodiments, a full factorial design
was used to generate 27 combinations of media, including a control that had no small

molecules or growth factors added to the base media.

[95] In some embodiments, the method for improving myogenic differentiation
capacity of a cell line (e.g., a late passage cell line) or an immortalized cell line
comprises culturing the cell line or immortalized cell line in a culture media
comprising an Activin A inhibitor (e.g.,A-83-01 or Follistatin), and a BMP inhibitor
(e.g., LDN193189 or Noggin), or any combination thereof.

[96] In some embodiments, the method for improving myogenic differentiation
capacity of a cell line (e.g., a late passage cell line) or an immortalized cell line
comprises culturing the cell line or immortalized cell line in a culture media
comprising a WNT activator (e.g., WNT1a), an Activin A inhibitor (e.g., Follistatin),
and a BMP inhibitor (e.g., Noggin).

[97] In some embodiments, base media includes 20% fetal bovine serum (FBS),
fibroblast growth factor 2 (FGF2), 2% chicken serum, and DMEM/F12. Other non-
limiting examples of base media include: 10% FBS, FGF2, 2% chicken serum, and
DMEM/F12; 20% FBS, FGF2, 2% chicken serum, and DMEM,; or 10% FBS, FGF2,
2% chicken serum, and DMEM.

[98] In some embodiments, base media includes serum (e.g., bovine serum,
chicken serum or horse serum, or a combination thereof). For example, base media

includes about 10% serum, 11% serum, about 12% serum, about 13% serum, about
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14% serum, about 15% serum, about 16% serum, about 17% serum, about 18%
serum, about 19%, or about 20% serum. In some embodiments, base media includes
about 20% serum (e.g., bovine serum, chicken serum, or horse serum, or a
combination thereof). In some embodiments, serum is horse serum. In such cases,
the base media comprises about 1% horse serum, about 2% horse serum, about 3%

horse serum, about 4% horse serum, or about 5% horse serum.

[99] In some embodiments, base media includes fibroblast growth factor 2 (FGF2)
(e.g., recombinant FGF2 (R&D Systems)). For example, base media includes about 1
ng/mL, about 2 ng/mL, about 3 ng/mL, about 4 ng/mL, about 5 ng/mL, about 6
ng/mL, about 7 ng/mL, about 8 ng/mL, about 9 ng/mL, about 10 ng/mL, about 11
ng/mL, about 12 ng/mL, about 13 ng/mL, about 14 ng/mL, about 15 ng/mL, about 16
ng/mL, about 17 ng/mL, about 18 ng/mL, about 19 ng/mL, or about 20 ng/mL or

more of FGF2. In some embodiments, base media includes about 10 ng/mL FGF2.

[100] In some embodiments, the methods described herein include contacting the
cell line (e.g., the late passage cell line) or the immortalized cell line with a
proliferation media. In such cases, the proliferation media includes base media and
one or more additional components. In some embodiments, proliferation media
includes 10% fetal bovine serum (FBS), fibroblast growth factor 2 (FGF2), 2%
chicken serum, and DMEM/F12. In some embodiments, proliferation media includes
serum (e.g., bovine serum, chicken serum, or horse serum, or a combination thereof).
For example, base media includes about 5% serum, about 6% serum, about 7% serum,
about 8% serum, about 9% serum, about 10% serum, about 11% serum, about 12%
serum, about 13% serum, about 14% serum, or about 15% serum,. In some
embodiments, proliferation media includes about 10% serum (e.g., bovine serum,

chicken serum, or horse serum, or a combination thereof).

[101] In some embodiments, a method for improving myogenic differentiation
capacity of a cell line (e.g., a late passage cell line) or an immortalized cell line
comprises culturing the cell line in a culture media (e.g., a proliferation media) as
described, for example, in FIG. 2. In some embodiments, the culture media (e.g., the
proliferation media) is selected from ME1, ME2, ME3, ME4, MES, ME6, ME7, MES,
ME9, ME10, ME11, ME12, ME13, ME14, ME15, ME16, ME17, ME18, ME19,
ME20, ME21, ME22, ME23, ME24, ME25, or ME26. In some embodiments, the
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proliferation media is ME9. In some embodiments, the proliferation media is ME17.
In some embodiments, the proliferation media is ME1. In some embodiments, the
proliferation media is ME2. In some embodiments, the proliferation media is ME3.
In some embodiments, the proliferation media is MES. In some embodiments, the
proliferation media is ME6. In some embodiments, the proliferation media is ME7.

In some embodiments, the proliferation media is MES.

[102] In some embodiments, the proliferation media is ME9. ME9 comprises
DMEM/F12, about 20% FBS, about 5% chicken serum, CHIR99021, A-83-01, and
LDN193189.

[103] In some embodiments, culture media (e.g., base media, proliferation media,
and differentiation media) is as described in WO 2021/248141, which is herein

incorporated by reference in its entirety.

[104] In some embodiments, exposing the cell line or immortalized cell line to at
least a first Activin A/TGF- inhibitor; at least a first BMP inhibitor; at least a first
WNT activator, or a combination thereof is performed for a first period of time. As
used herein the phrase “a first period of time” includes any period of time sufficient to
allow for improved differentiation capacity in the immortalized cell line. For
example, a first period of time includes from about 12 hours to about 72 hours (e.g.,
about 12 hours to about 68 hours, about 12 hours to about 64 hours, about 12 hours to
about 60 hours, about 12 hours to about 56 hours, about 12 hours to about 52 hours,
about 12 hours to about 48 hours, about 12 hours to about 44 hours, about 12 hours to
about 40 hours, about 12 hours to about 36 hours, about 12 hours to about 32 hours,
about 12 hours to about 28 hours, about 12 hours to about 24 hours, about 12 hours to
about 20 hours, about 12 hours to about 16 hours, about 16 hours to about 72 hours,
about 16 hours to about 68 hours, about 16 hours to about 64 hours, about 16 hours to
about 60 hours, about 16 hours to about 56 hours, about 16 hours to about 52 hours,
about 16 hours to about 48 hours, about 16 hours to about 44 hours, about 16 hours to
about 40 hours, about 16 hours to about 36 hours, about 16 hours to about 32 hours,
about 16 hours to about 28 hours, about 16 hours to about 24 hours, about 16 hours to
about 20 hours, about 20 hours to about 68 hours, about 20 hours to about 60 hours,
about 20 hours to about 56 hours, about 20 hours to about 52 hours, about 20 hours to

about 48 hours, about 20 hours to about 44 hours, about 20 hours to about 40 hours,
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about 20 hours to about 36 hours, about 20 hours to about 32 hours, about 20 hours to
about 28 hours, about 20 hours to about 24 hours, about 24 hours to about 64 hours,
about 24 hours to about 60 hours, about 24 hours to about 56 hours, about 24 hours to
about 52, about 24 hours to about 48 hours, about 24 hours to about 44 hours, about
24 hours to about 40 hours, about 24 hours to about 36 hours, about 24 hours to about
32 hours, about 24 hours to about 28 hours, about 28 hours to about 60 hours, about
28 hours to about 56 hours, about 28 hours to about 52 hours, about 28 hours to about
48 hours, about 28 hours to about 44 hours, about 28 hours to about 40 hours, about
28 hours to about 36 hours, about 28 hours to about 32 hours, about 32 hours to about
56 hours, about 32 hours to about 52 hours, about 32 hours to about 48 hours, about
32 hours to about 44 hours, about 32 hours to about 40 hours, about 32 hours to about
36 hours, about 36 hours to about 52 hours, about 36 hours to about 48 hours, about
36 hours to about 44 hours, about 36 hours to about 40 hours, about 40 hours to about
48 hours, about 40 hours to about 44 hours, about 44 hours to about 48 hours, about
48 hours to about 60 hours, about 48 hours to about 72 hours, or about 60 hours to
about 72 hours) of culture, where hour 0 is the start of the cell line’s or the
immortalized cell line’s exposure to the Activin A inhibitor; the BMP inhibitor; the

WNT activator, or a combination thereof.

[105] In another example, a first period of time includes from about day 1 to about
day 14 (e.g., from about day 1 to about day 13, from about day 1 to about day 12,
from about day 1 to about day 11, from about day 1 to about day 10, from about day 1
to about day 9, from about day 1 to about day 8, from about day 1 to about day 7,
from about day 1 to about day 6, from about day 1 to about day 5, from about day 1 to
about day 4, from about day 2 to about day 14, from about day 2 to about day 13,
from about day 2 to about day 12, from about day 2 to about day 11, from about day 2
to about day 10, from about day 2 to about day 9, from about day 2 to about day 8§,
from about day 2 to about day 7, from about day 2 to about day 6, from about day 2 to
about day 5, from about day 2 to about day 4, from about day 3 to about day 14, from
about day 3 to about day 13, from about day 3 to about day 12, from about day 3 to
about day 11, from about day 3 to about day 10, from about day 3 to about day 9,
from about day 3 to about day 8, from about day 3 to about day 7, from about day 3 to
about day 6, from about day 3 to about day 5, from about day 3 to about day 4, from
about day 4 to about day 14, from about day 4 to about day 13, from about day 4 to
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about day 12, from about day 4 to about day 11, from about day 4 to about day 10,
from about day 4 to about day 9, from about day 4 to about day 8, from about day 4 to
about day 7, from about day 4 to about day 6, from about day 4 to about day 5, from
about day 5 to about day 14, from about day 5 to about day 14, from about day 5 to
about day 13, from about day 5 to about day 12, from about day 5 to about day 11,
from about day 5 to about day 10, from about day 5 to about day 9, from about day 5
to about day 8, from about day 5 to about day 7, from about day 5 to about day 6,
from about day 6 to about day 14, from about day 6 to about day 13, from about day 6
to about day 12, from about day 6 to about day 11, from about day 6 to about day 10,
from about day 6 to about day 9, from about day 6 to about day 8, from about day 6 to
about day 7, from about day 7 to about day 13, from about day 7 to about day 12,
from about day 7 to about day 11, from about day 7 to about day 10, from about day 8
to about day 13, from about day 8 to about day 12, from about day 8 to about day 10,
from about day 9 to about day 13, from about day 9 to about day 12, from about day 9
to about day 11, from about day 10 to about day 13, or from about day 11 to about
day 13) of culture, where day 0 is the day the cell line’s or the immortalized cell line’s
are contacted with the Activin A/TGF-f inhibitor; the BMP inhibitor; the WNT

activator, or any combination thereof.
6.2.1.1 Activin A

[106] In some embodiments, the method for improving myogenic differentiation
capacity of a cell line (e.g., a late passage cell line) or an immortalized cell line
includes modulating Activin A-mediated signaling (Activin A/TGF-p signaling). In
some embodiments, modulating Activin-A signaling includes inhibiting, blocking,
interfering, or attenuating Activin A signaling using one or more Activin A inhibitory
agents. Non-limiting examples of agents that inhibit Activin A activity include:
peptide inhibitors, small molecule antagonists, antibodies (or antigen-binding
fragments thereof), and/or agents which do not directly bind Activin A or Activin A
signaling components but nonetheless interfere with, block or attenuate Activin A-

mediated signaling.

[107] In some embodiments, the method includes modulating Activin A-mediated
signaling by inhibiting Activin/NODAL/TGF- signaling. In some embodiments,

inhibiting Activin A-mediated signaling includes inhibiting activin receptor-like
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kinase (ALK), including ALKS (type I transforming growth factor-f receptor), ALK4
(type IB activin receptor), and ALK7 (type I NODAL receptor).

[108] In some embodiments, the method for improving myogenic differentiation
capacity of a cell line (e.g., a late passage cell line) or an immortalized cell line
includes contacting the cell line or the immortalized cell line with a culture media
comprising at least a first Activin A inhibitor. In some embodiments, the method for
improving myogenic differentiation capacity of a cell line or an immortalized cell line
includes contacting the cell line or the immortalized cell line with a culture media
comprising the first Activin A inhibitor and a second Activin A inhibitor (e.g., any of

the Activin A inhibitors described herein).

[109] In some embodiments, the Activin A/ TGF-B-mediated signaling inhibitor is
selected from: A-83-01, E-616542, SB431542, TGFBRI-IN-3, R-268712, Follistatin,
and Follistatin-like-3.

[110] In some embodiments, Activin A/TGF-f-mediated signaling is inhibited using
A 83-01 (CAS Number: 909910-43-6). In some embodiments, the methods provided
herein include contacting the cell line or the immortalized cell line with a culture
media comprising A 83-01 at a concentration ranging from about 2.5 pM to about 10
UM (e.g., about 2.5 uM to about 9 uM, about 2.5 uM to about 8 pM, about 2.5 pM to
about 7 uM, about 2.5 uM to about 10 pM, about 2.5 uM to about 6 uM, about 2.5
UM to about 5 uM, about 2.5 uM to about 4 uM, 2.5 uM to about 3 pM, about 3 uM
to about 10 pM, about 3 uM to about 9 uM, about 3 uM to about 8 uM, about 3 uM
to about 7 uM, about 3 uM to about 6 uM, about 3 uM to about 5 pM, about 3 pM to
about 4 uM, about 4 uM to about 10 uM, about 4 pM to about 9 pM, about 4 pM to
about 8 uM, about 4 uM to about 7 uM, about 4 uM to about 6 uM, about 4 uM to
about 5 uM, about 5 uM to about 10 uM, about 5 uM to about 9 uM, about 5 uM to
about 8 uM, about 5 uM to about 7 uM, about 5 pM to about 6 uM, about 6 uM to
about 10 uM, about 6 uM to about 9 uM, about 6 pM to about 8§ uM, about 6 pM to
about 7 uM, about 7 uM to about 10 uM, about 7 pM to about 9 pM, about 7 pM to
about 8 uM, about 8 uM to about 10 pM, about 8 uM to about 9 pM, or about 9 uM
to about 10 pM). In some embodiments, the method includes contacting the cell line
or immortalized cell line with a culture media comprising A 83-01 at a concentration

of about 5 pM.

24



WO 2023/122688 PCT/US2022/082175

[111] In some embodiments, Activin A/TGF-f-mediated signaling is inhibited using
E-616542 (CAS Number: 446859-33-2). In some embodiments, the methods
provided herein include contacting the cell line or the immortalized cell line with a
culture media comprising E-616542 at a concentration ranging from about 2 uM to
about 20 uM (or any of the values or subranges therein). In some embodiments, the
methods provided herein include contacting the cell line or the immortalized cell line

with a culture media comprising E-616542 at a concentration of about 10 uM.

[112] In some embodiments, Activin A/TGF-f-mediated signaling is inhibited using
SB431542 (CAS Number: 301836-41-9). In some embodiments, the methods
provided herein include contacting the cell line or the immortalized cell line with a
culture media comprising SB431542 at a concentration ranging from about 0.1 pM to
about 10 uM (or any of the values or subranges therein). In some embodiments, the
methods provided herein include contacting the cell line or the immortalized cell line

with a culture media comprising SB431542 at a concentration of about 1 pM.

[113] In some embodiments, Activin A/TGF-f-mediated signaling is inhibited using
TGFBRI-IN-3 (CAS Number: 2763602-67-9). In some embodiments, the methods
provided herein include contacting the cell line or the immortalized cell line with a
culture media comprising TGFBRI-IN-3 at a concentration ranging from about 0.1
puM to about 100 uM (or any of the values or subranges therein). In some
embodiments, the methods provided herein include contacting the cell line or the
immortalized cell line with a culture media comprising TGFBRI-IN-3 at a

concentration of about 1 pM.

[114] In some embodiments, Activin A/TGF-f-mediated signaling is inhibited using
R-268712 (CAS Number: 879487-87-3). In some embodiments, the methods provided
herein include contacting the cell line or the immortalized cell line with a culture
media comprising R-268712 at a concentration ranging from about 0.01 uM to about
10 uM (or any of the values or subranges therein). In some embodiments, the
methods provided herein include contacting the cell line or the immortalized cell line

with a culture media comprising R-268712 at a concentration of about 0.1 uM.

[115] In some embodiments, the method includes modulating Activin A-mediated

signaling using an agent that binds to Activin A. In some embodiments, the agent that
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binds to Activin A is an Activin A binding protein. Non-limiting examples of Activin
A binding proteins include Follistatin and Follistatin-like-3. In some embodiments,
the methods provided herein include contacting the cell line immortalized cell line
with a culture media comprising Follistatin at a concentration of 2.5 ng/mL, about 5
ng/mL, about 7.5 ng/mL about 10 ng/mL, about 12.5 ng/mL, about 15 ng/mL, about
17.5 ng/mL, about 20 ng/mL, about 22.5 ng/mL, about 25 ng/mL, about 27.5 ng/mL,
about 30 ng/mL, about 32.5 ng/mL, about 35 ng/mL, about 37.5 ng/mL, about 40
ng/mL, about 42.5 ng/mL, about 45 ng/mL, about 47.5 ng/mL, about 50 ng/mL, about
55 ng/mL about 60 ng/mL, about 65 ng/mL, about 70 ng/mL, about 75 ng/mL, about
80 ng/mL, about 85 ng/mL, about 90 ng/mL, about 95 ng/mL, about 100 ng/mL,
about 110 ng/mL, about 120 ng/mL, about 130 ng/mL, about 140 ng/mL, about 150
ng/mL, about 160 ng/mL, about 170 ng/mL, about 180 ng/mL, about 190 ng/mL, or
about 200 ng/mL, about 300 ng/mL, about 400 ng/mL, about 500 ng/mL, about 600
ng/mL, about 700 ng/mL, about 800 ng/mL, about 900 ng/mL, or about 1000 ng/mL..

[116] In some embodiments, modulating Activin A signaling includes activating,
stabilizing, or inducing Activin A signaling using one or more Activin A activation
agents. Non-limiting examples of agents that activate Activin A signaling include:
Activin A, TGF beta, and Myostatin. In some embodiments, the method includes
contacting the cell line or the immortalized cell line with a culture media comprising
Activin A at a concentration of about 2.5 ng/mL, about 5 ng/mL, about 7.5 ng/mL
about 10 ng/mL, about 12.5 ng/mL, about 15 ng/mL, about 17.5 ng/mL., about 20
ng/mL, about 22.5 ng/mL, about 25 ng/mL, about 27.5 ng/mL, about 30 ng/mL, about
32.5 ng/mL, about 35 ng/mL, about 37.5 ng/mL, about 40 ng/mL, about 42.5 ng/mL,
about 45 ng/mL, about 47.5 ng/mL, about 50 ng/mL, about 55 ng/mL about 60
ng/mL, about 65 ng/mL, about 70 ng/mL, about 75 ng/mL, about 80 ng/mL, about 85
ng/mL, about 90 ng/mL, about 95 ng/mL, about 100 ng/mL, about 110 ng/mL, about
120 ng/mL, about 130 ng/mL, about 140 ng/mL, about 150 ng/mL, about 160 ng/mL,
about 170 ng/mL, about 180 ng/mL, about 190 ng/mL, or about 200 ng/mL. In some
embodiments, the method includes contacting the cell line or immortalized cell line

with a culture media comprising Activin A at about 25 ng/mL.
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6.2.1.2 BMP

[117] In some embodiments, the method for improving myogenic differentiation
capacity of a cell line (e.g., a late passage cell line) or an immortalized cell line
includes modulating BMP-mediated signaling (BMP signaling). In some
embodiments, modulating BMP signaling includes inhibiting, blocking, interfering, or
attenuating BMP signaling using one or more BMP inhibitory agents. Non-limiting
examples of agents that inhibit BMP activity include: peptide inhibitors, small
molecule antagonists, antibodies (or antigen-binding fragments thereof), and/or agents
which do not directly bind BMP or BMP signaling components but nonetheless

interfere with, block or attenuate BMP-mediated signaling.

[118] In some embodiments, the method includes modulating BMP-mediated
signaling by inhibiting BMP signaling. In some embodiments, inhibiting BMP-
mediated signaling includes inhibiting signaling associated with BMP type I receptor
(e.g., ACVR1, BMPRI1A, and BMPR1B). In some embodiments, inhibiting BMP-
mediated signaling includes inhibiting signaling associated with an activin receptor

like kinase 2 (ALK?2) and an activin receptor like kinase 3 (ALK3).

[119] In some embodiments, the method for improving myogenic differentiation
capacity of a cell line or an immortalized cell line includes contacting the cell line or
the immortalized cell line with a culture media comprising at least a first BMP
inhibitor. In some embodiments, the method for improving myogenic differentiation
capacity of a cell line or an immortalized cell line includes contacting the cell line or
the immortalized cell line with a culture media comprising the first BMP inhibitor and

a second BMP inhibitor (e.g., any of the BMP inhibitors described herein).

[120] In some embodiments, BMP-mediated signaling is inhibitor is selected from

LDN193189, Dorsomorphin, Noggin, Chrodin, and Gremlin.

[121] In some embodiments, the method includes modulating BMP-mediated
signaling by contacting the cell line or the immortalized cell line with a culture media
comprising LDN193189 (Cas Number: 1062368-24-4). In some embodiments, the
method includes contacting the cell line or the immortalized cell line with a culture
media comprising an inhibitor of BMP-mediated signaling (e.g., LDN193189) at a
concentration ranging from about 0.2 uM to about 1.0 uM (e.g., about 0.2 uM to
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about 0.9 uM, about 0.2 uM to about 0.8 uM, about 0.2 pM to about 0.7 uM, about
0.2 uM to about 0.6 uM, about 0.2 uM to about 0.5 uM, about 0.2 pM to about 0.4
uM, about 0.2 uM to about 0.3 uM, about 0.3 uM to about 1.0 uM, about 0.3 to about
0.9 uM, about 0.3 pM to about 0.8 uM, about 0.3 uM to about 0.7 uM, about 0.3 uM
to about 0.6 uM, about 0.3 uM to about 0.5 pM, about 0.3 pM to about 0.4 uM, about
0.4 uM to about 1.0 uM, about 0.4 to about 0.9 uM, about 0.4 uM to about 0.8 uM,
about 0.4 uM to about 0.7 uM, about 0.4 uM to about 0.6 uM, about 0.4 uM to about
0.5 uM, about 0.5 pM to about 1.0 uM, about 0.5 to about 0.9 uM, about 0.5 uM to
about 0.8 uM, about 0.5 uM to about 0.7 uM, about 0.5 uM to about 0.6 pM, about
0.6 uM to about 1.0 uM, about 0.6 to about 0.9 uM, about 0.6 uM to about 0.8 uM,
about 0.6 uM to about 0.7 uM, about 0.7 uM to about 1.0 uM, about 0.7 to about 0.9
UM, about 0.7 uM to about 0.8 uM, about 0.8 uM to about 1.0 uM, about 0.8 uM to
about 0.9 uM, or about 0.9 uM to about 1.0 uM). In some embodiments, the method
includes contacting the cell line or the immortalized cell line with a culture media
comprising an inhibitor of BMP-mediated signaling (e.g., LDN193189) at a

concentration of about 0.4 pM.

[122] In some embodiments, the method includes modulating BMP-mediated
signaling by contacting the cell line or the immortalized cell line with a culture media
comprising dorsomorphin (Cas Number: 866405-64-3). In some embodiments, the
method includes contacting the cell line or the immortalized cell line with a culture
media comprising an inhibitor of BMP-mediated signaling (e.g., dorsomorphin) at a
concentration ranging from about 0.1 pM to about 10 pM (or any of the values or
subranges therein). In some embodiments, the methods provided herein include
contacting the cell line or the immortalized cell line with a culture media comprising

dorsomorphin at a concentration of about 1 pM.

[123] In some embodiments, the method includes modulating BMP-mediated
signaling using an agent that binds to one or more bone morphogenic proteins (e.g.,
BMP2 and/or BMP4). Non-limiting examples of agents that bind to and inhibit
BMPs proteins include Noggin, Chrodin, and Gremlin. In some embodiments,
modulating BMP-mediating signaling includes noggin-mediated antagonism of BMP
signaling. By binding to BMPs, Noggin prevents BMPs from binding their receptors,
thereby inhibiting BMP-mediated signaling. In some embodiments, the method
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includes contacting the cell line or the immortalized cell line with a culture media
comprising Noggin at a concentration of about 10 ng/mL, about 15 ng/mL, about 20
ng/mL, about 25 ng/mL, about 30 ng/mL, about 35 ng/mL, about 40 ng/mL, about 45
ng/mL, 50 ng/mL, about 55 ng/mL, about 60 ng/mL, about 65 ng/mL, about 70
ng/mL, about 75 ng/mL, about 80 ng/mL., about 85 ng/mL, about 90 ng/mL, about 95
ng/mL, about 100 ng/mL, about 110 ng/mL, about 120 ng/mL, about 130 ng/mL,
about 140 ng/mL, about 150 ng/mL, about 160 ng/mL, about 170 ng/mL, about 180
ng/mL, about 190 ng/mL, or about 200 ng/mL, about 300 ng/mL, about 400 ng/mL,
about 500 ng/mL, about 600 ng/mL, about 700 ng/mL, about 800 ng/mL, about 900
ng/mL, or about 1000 ng/mL.

[124] In some embodiments, modulating BMP signaling includes activating,
stabilizing, or inducing BMP signaling using one or more BMP activation agents.
Non-limiting examples of agents that activate BMP signaling include: BMP2, BMP4,
BMP7, BMP13, and BMP14. In some embodiments, the method includes contacting
the cell line or the immortalized cell line with a culture media comprising BMP4 at a
concentration of about 1 ng/mL, about 2 ng/mL, about 3 ng/mL, about 4 ng/mL, about
5, ng/mL about 6 ng/mL, about 7 ng/mL, about 8 ng/mL, about 9 ng/mL, about 10
ng/mL, about 11 ng/mL, about 12 ng/mL, about 13 ng/mL, about 14, ng/mL, about 15
ng/mL, about 16 ng/mL, about 17 ng/mL, about 18 ng/mL, about 19 ng/mL, about 20
ng/mL, about 25 ng/mL, about 30 ng/mL, about 35 ng/mL, about 40 ng/mL, about 45
ng/mL, about 50 ng/mL, about 55 ng/mL, about 60 ng/mL, about 65 ng/mL, about 70
ng/mL, about 75 ng/mL, about 80 ng/mL, about 85 ng/mL, about 90 ng/mL, about 95
ng/mL, or about 100 ng/mL. In some embodiments, the method includes contacting
the cell line or the immortalized cell line with a culture media comprising BMP4 at a

concentration of about 10 ng/mL.
6.2.1.3 WNT

[125] In some embodiments, the method for improving myogenic differentiation
capacity of a cell line (e.g., a late passage cell line) or an immortalized cell line
includes modulating WNT-mediated signaling (WNT signaling). In some
embodiments, modulating WNT signaling includes activating, stabilizing, or inducing
WNT signaling using one or more WNT activation agents. Non-limiting examples of

agents that activate WNT signaling include: peptides (e.g., growth factors) and, small
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molecule agonists and/or agents which do not directly bind WNT signaling

components but nonetheless activate, stabilize, or induce WNT-mediated signaling.

[126] In some embodiments, the method includes modulating WNT-mediated
signaling by inhibiting glycogen synthase kinase 3 (GSK-3). In such cases, inhibiting
GSK-3 activates WNT-mediated signaling. GSK3 is a serine/threonine kinase that
plays a central role in the regulation of the WNT/B-catenin signaling pathway.
Without wishing to be bound by theory, when the WNT ligand is present, it binds its
receptor Fzd and the coreceptor lipoprotein-related protein 5 and 6 (LRP-5/6) on the
target cell, which signals through dishevelled (Dvl) to suppress B-catenin
phosphorylation. B-catenin is able to complex with T-cell factor/lymphoid enhancer-
binding factor (TCF/LEF) and induce target gene transcription. In the resting state,
GSK3 and casein kinase I (CKI) phosphorylate B-catenin, triggering its destabilization
and degradation to maintain a low level of B-catenin in the cytosol/nucleus. In such
cases, pharmacologic inhibition of GSK3 activity can lead to stabilization and
activation of -catenin and TCF/LEF-dependent gene transcription, which reflects the

activity of WNT signal transduction.

[127] In some embodiments, the method for improving myogenic differentiation
capacity of a cell line or an immortalized cell line includes contacting the cell line or
the immortalized cell line with a culture media comprising at least a first WNT
activator. In some embodiments, the method for improving myogenic differentiation
capacity of a cell line or an immortalized cell line includes contacting the cell line or
the immortalized cell line with a culture media comprising the first WNT activator

and a second WNT activator (e.g., any of the WNT activators described herein).

[128] In some embodiments, the WNT-mediated signaling activator is selected from:

CHIR99021, BIO, AZD1080, WNT1a, WNT3a, WNT4, and WNT7.

[129] In some embodiments, the GSK-3 inhibitor is CHIR99021. In some
embodiments, the method includes contacting the cell line or the immortalized cell
line with a culture media comprising a GSK-3 inhibitor (e.g., CHIR99021) at a
concentration ranging from about 2.5 pM to about 10 uM (e.g., about 2.5 pM to about
9 uM, about 2.5 pM to about 8 pM, about 2.5 pM to about 7 uM, about 2.5 uM to
about 10 uM, about 2.5 pM to about 6 pM, about 2.5 uM to about 5 uM, about 2.5
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puM to about 4 pM, 2.5 uM to about 3 uM, about 3 uM to about 10 uM, about 3 pM
to about 9 uM, about 3 uM to about 8 uM, about 3 uM to about 7 pM, about 3 pM to
about 6 uM, about 3 uM to about 5 uM, about 3 uM to about 4 uM, about 4 uM to
about 10 uM, about 4 uM to about 9 uM, about 4 pM to about 8 uM, about 4 pM to
about 7 uM, about 4 uM to about 6 uM, about 4 uM to about 5 uM, about 5 uM to
about 10 uM, about 5 uM to about 9 uM, about 5 pM to about 8§ uM, about 5 pM to
about 7 uM, about 5 uM to about 6 uM, about 6 uM to about 10 uM, about 6 uM to
about 9 uM, about 6 uM to about 8 uM, about 6 uM to about 7 uM, about 7 uM to
about 10 uM, about 7 uM to about 9 uM, about 7 pM to about 8 uM, about 8 uM to
about 10 uM, about 8 uM to about 9 uM, or about 9 uM to about 10 uM). In some
embodiments, the method includes contacting the cell line or the immortalized cell
line with a culture media comprising a GSK-3 inhibitor (e.g., CHIR99021) at a

concentration of about 5 uM.

[130] Other GSK-3 inhibitors that can be used in the methods described herein
include, without limitation: LY2090314 (Cas Number: 603288-22-8), BIO (Cas
Number: 667463-62-9), and AZD1080 (Cas Number: 612487-72-6).

[131] In some embodiments, the method includes modulating WNT mediated
signaling using an agent that is a WNT signaling agonist. Non-limiting examples of
WNT signaling agonists include WNT1a, WNT3a, WNT4, and WNT7. In some
embodiments, the WNT signaling agonist is WNT1a. In some embodiments, the
methods provided herein include exposing the immortalized cell line to WNT1a at a
concentration of about 2.5 ng/mL, about 5 ng/mL, about 7.5 ng/mL about 10 ng/mL,
about 12.5 ng/mL, about 15 ng/mL, about 17.5 ng/mL, about 20 ng/mL, about 22.5
ng/mL, about 25 ng/mL, about 27.5 ng/mL, about 30 ng/mL, about 32.5 ng/mL., about
35 ng/mL, about 37.5 ng/mL, about 40 ng/mL, about 42.5 ng/mL, about 45 ng/mL,
about 47.5 ng/mL, about 50 ng/mL, about 55 ng/mL about 60 ng/mL, about 65
ng/mL, about 70 ng/mL, about 75 ng/mL, about 80 ng/mL, about 85 ng/mL, about 90
ng/mL, about 95 ng/mL, about 100 ng/mL, about 110 ng/mL, about 120 ng/mL, about
130 ng/mL, about 140 ng/mL., about 150 ng/mL, about 160 ng/mL, about 170 ng/mL,
about 180 ng/mL, about 190 ng/mL, or about 200 ng/mL, about 300 ng/mL, about 400
ng/mL, about 500 ng/mL, about 600 ng/mL, about 700 ng/mL, about 800 ng/mL,
about 900 ng/mL, or about 1000 ng/mL.
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[132] In some embodiments, modulating WNT signaling includes inhibiting,
blocking, or interfering with WNT signaling using one or more WNT inhibitory
agents. Non-limiting examples of agents that inhibit WNT signaling include: peptide
inhibitors, small molecule antagonists, antibodies (or antigen-binding fragments
thereof), and/or agents which do not directly bind WNT signaling components but

nonetheless interfere with, block or attenuate WNT-mediated signaling.

[133] In some embodiments, the WNT signaling inhibitor is IWR1 (Cas Number
1127442-82-3). In some embodiments, the method includes contacting the cell line or
the immortalized cell line with a culture media comprising IRW1 at a concentration
ranging from about 0.25 uM to about 5 uM (e.g., about 0.25 uM to about 4.75 uM,
about 0.25 uM to about 4.5 uM, about 0.25 uM to about 4.25 uM, about 0.25 uM to
about 4 uM, about 0.25 uM to about 3.75 uM, about 0.25 pM to about 3.5 uM, about
0.25 uM to about 3.25 pM, about 0.25 uM to about 3.0 pM, about 0.25 uM to about
2.75 uM, about 0.25 uM to about 2.5 pM, about 0.25 uM to about 2.25 uM, about
0.25 uM to about 2.0 uM, about 0.25 uM to about 1.75 pM, about 0.25 uM to about
1.5 uM, about 0.25 uM to about 1.25 pM, about 0.25 uM to about 1.0 uM, about 0.25
puM to about 0.75 uM, about 0.25 uM to about 0.5 pM, about 0.5 pM to about 5 uM,
about 0.5 uM to about 4.75 uM, about 0.5 uM to about 4.5 uM, about 0.5 uM to
about 4.25 uM, about 0.5 uM to about 4 uM, about 0.5 uM to about 3.75 uM, about
0.5 uM to about 3.5 uM, about 0.5 uM to about 3.25 uM, about 0.5 pM to about 3.0
pM, about 0.5 uM to about 2.75 uM, about 0.5 uM to about 2.5 uM, about 0.5 uM to
about 2.25 uM, about 0.5 uM to about 2.0 uM, about 0.5 uM to about 1.75 uM, about
0.5 uM to about 1.5 uM, about 0.5 uM to about 1.25 uM, about 0.5 pM to about 1.0
UM, about 0.5 uM to about 0.75 uM, about 0.75 pM to about 5 uM, about 0.75 uM to
about 4.75 uM, about 0.75 uM to about 4.5 uM, about 0.75 pM to about 4.25 uM,
about 0.75 uM to about 4 pM, about 0.75 uM to about 3.75 uM, about 0.75 uM to
about 3.5 uM, about 0.75 uM to about 3.25 uM, about 0.75 uM to about 3.0 uM,
about 0.75 uM to about 2.75 uM, about 0.75 uM to about 2.5 uM, about 0.75 uM to
about 2.25 uM, about 0.75 pM to about 2.0 uM, about 0.75 pM to about 1.75 uM,
about 0.75 uM to about 1.5 uM, about 0.75 uM to about 1.25 uM, about 0.75 uM to
about 1.0 uM, about 1.0 uM to about 5 uM, about 1.0 uM to about 4.75 uM, about
1.0 uM to about 4.5 uM, about 1.0 uM to about 4.25 uM, about 1.0 pM to about 4
UM, about 1.0 uM to about 3.75 uM, about 1.0 pM to about 3.5 uM, about 1.0 uM to
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about 3.25 uM, about 1.0 uM to about 3.0 pM, about 1.0 uM to about 2.75 uM, about
1.0 uM to about 2.5 uM, about 1.0 uM to about 2.25 uM, about 1.0 pM to about 2.0
puM, about 1.0 uM to about 1.75 uM, about 1.0 uM to about 1.5 uM, about 1.0 uM to
about 1.25 uM, about 1.25 pM to about 5 uM, about 1.25 pM to about 4.75 uM,
about 1.25 uM to about 4.5 uM, about 1.25 uM to about 4.25 uM, about 1.25 uM to
about 4 uM, about 1.25 pM to about 3.75 uM, about 1.25 pM to about 3.5 uM, about
1.25 uM to about 3.25 uM, about 1.25 uM to about 3.0 uM, about 1.25 uM to about
2.75 uM, about 1.25 uM to about 2.5 uM, about 1.25 uM to about 2.25 uM, about
1.25 uM to about 2.0 uM, about 1.25 uM to about 1.75 pM, about 1.25 uM to about
1.5 uM, about 1.5 pM to about 5 uM, about 1.5 uM to about 4.75 pM, about 1.5 pM
to about 4.5 uM, about 1.5 uM to about 4.25 nuM, about 1.5 uM to about 4 pM, about
1.5 uM to about 3.75 uM, about 1.5 uM to about 3.5 uM, about 1.5 pM to about 3.25
puM, about 1.5 uM to about 3.0 uM, about 1.5 uM to about 2.75 uM, about 1.5 uM to
about 2.5 uM, about 1.5 uM to about 2.25 pM, about 1.5 pM to about 2.0 uM, about
1.5 uM to about 1.75 uM, about 1.75 pM to about 5 uM, about 1.75 pM to about 4.75
uM, about 1.75 uM to about 4.5 uM, about 1.75 uM to about 4.25 uM, about 1.75
uM to about 4 uM, about 1.75 uM to about 3.75 uM, about 1.75 uM to about 3.5 uM,
about 1.75 uM to about 3.25 uM, about 1.75 pM to about 3.0 uM, about 1.75 uM to
about 2.75 uM, about 1.75 uM to about 2.5 uM, about 1.75 pM to about 2.25 uM,
about 1.75 uM to about 2.0 uM, about 2.0 uM to about 5 uM, about 2.0 uM to about
4.75 uM, about 2.0 uM to about 4.5 uM, about 2.0 uM to about 4.25 uM, about 2.0
UM to about 4 uM, about 2.0 uM to about 3.75 uM, about 2.0 uM to about 3.5 pM,
about 2.0 uM to about 3.25 uM, about 2.0 uM to about 3.0 uM, about 2.0 uM to
about 2.75 uM, about 2.0 uM to about 2.5 pM, about 2.0 uM to about 2.25 uM, about
2.25 uM to about 5 uM, about 2.25 uM to about 4.75 uM, about 2.25 uM to about 4.5
uM, about 2.25 uM to about 4.25 uM, about 2.25 pM to about 4 uM, about 2.25 pM
to about 3.75 pM, about 2.25 uM to about 3.5 pM, about 2.25 uM to about 3.25 pM,
about 2.25 uM to about 3.0 uM, about 2.25 uM to about 2.75 uM, about 2.25 uM to
about 2.5 uM, about 2.5 uM to about 5 uM, about 2.5 uM to about 4.75 uM, about
2.5 uM to about 4.5 uM, about 2.5 uM to about 4.25 uM, about 2.5 uM to about 4
puM, about 2.5 uM to about 3.75 uM, about 2.5 uM to about 3.5 uM, about 2.5 uM to
about 3.25 uM, about 2.5 uM to about 3.0 uM, about 2.5 uM to about 2.75 uM, about
2.75 uM to about 5 uM, about 2.75 pM to about 4.75 pM, about 2.75 uM to about 4.5
uM, about 2.75 uM to about 4.25 uM, about 2.75 uM to about 4 uM, about 2.75 uM

33



WO 2023/122688 PCT/US2022/082175

to about 3.75 pM, about 2.75 uM to about 3.5 pM, about 2.75 uM to about 3.25 pM,
about 2.75 uM to about 3.0 uM, about 3.0 pM to about 5 uM, about 3.0 uM to about
4.75 uM, about 3.0 uM to about 4.5 uM, about 3.0 uM to about 4.25 uM, about 3.0
puM to about 4 uM, about 3.0 uM to about 3.75 uM, about 3.0 uM to about 3.5 pM,
about 3.0 uM to about 3.25 uM, about 3.25 uM to about 5 uM, about 3.25 uM to
about 4.75 uM, about 3.25 uM to about 4.5 uM, about 3.25 pM to about 4.25 uM,
about 3.25 uM to about 3.75 uM, about 3.25 uM to about 3.5 uM, about 3.25 uM to
about 4 uM, about 3.5 pM to about 5 uM, about 3.5 uM to about 4.75 uM, about 3.5
UM to about 4.5 pM, about 3.5 uM to about 4.25 uM, about 3.5 uM to about 4 uM,
about 3.5 uM to about 3.75 uM, about 3.75 uM to about 5 uM, about 3.75 uM to
about 4.75 uM, about 3.75 uM to about 4.5 uM, about 3.75 pM to about 4.25 uM,
about 3.75 uM to about 4 uM, about 4.0 uM to about 5 uM, about 4.0 uM to about
4.75 uM, about 4.0 uM to about 4.5 uM, about 4.0 uM to about 4.25 uM, about 4.25
UM to about 5 pM, about 4.25 uM to about 4.75 pM, about 4.25 uM to about 4.5 pM,
about 4.5 uM to about 5 uM, about 4.5 uM to about 4.75 uM, or about 4.75 uM to
about 5 uM). In some embodiments, the method includes contacting the cell line or
the immortalized cell line with a culture media comprising IRW1 at a concentration of

about 2.5 uM.
6.2.1.4 Epigenetic Modulators

[134] In some embodiments, the method for improving myogenic differentiation
capacity of a cell line (e.g., a late passage cell line) or an immortalized cell line
includes contacting the cell line or the immortalized cell line with a culture media
comprising an epigenetic modulator. Non-limiting examples of epigenetic modulators
include: sodium butyrate, 5-Aza-Cytidine, RG108, scriptaid, trichostatin A,
suberoylanilide hydroxamic Acid, MS-275, CI-994, BML-210, M344, MGCDO0103,
PXD101, LBH-589, tubastatin A, NSC3825, NCH-51, NSC-3852, HNHA, BML-281,
CBHA, salermide, pimelic diphenylamide, ITF-2357, PCI-24781, APHA Compound
8, Droxinostat, and SB-939, histone deacetylase paralogs, histone acetyltransferase
paralogs, tet-methylcytosine dioxygenase paralogs, histone demethylase paralogs,
histone methyltransferase paralogs, and DNA methyltransferase paralogs, histones,
and subunits of chromatin remodeling complexes including Mi-2/NuRD and

SWI/SNF.
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[135] In some embodiments, the method for improving myogenic differentiation
capacity of a cell line (e.g., a late passage cell line) or an immortalized cell line
includes contacting the cell line or the immortalized cell line with a culture media
comprising an agent that inhibits histone deacetylase (HDAC) activity. In some
embodiments, the HDAC inhibitor is sodium butyrate (Cas Number 156-54-7). In
some embodiments, exposing the cells (e.g., the immortalized cell line) to sodium
butyrate results in histone hyperacetylation. In some embodiments, sodium butyrate
inhibits class I histone deacetylase (HDAC) activity, including HDAC1, HDAC?2,
HDACS3.

[136] In some embodiments, the method includes contacting the cell line or the
immortalized cell line with a culture media comprising an HDAC inhibitor (e.g.,
sodium butyrate) at a concentration ranging from about 0.05 mM to about 5 mM (e.g.,
about 0.05 mM to about 4.75 mM, about 0.05 mM to about 4.5 mM, about 0.05 mM
to about 4.25 mM, about 0.05 mM to about 4.0 mM, about 0.05 mM to about 3.75
mM, about 0.05 mM to about 3.5 mM, about 0.05 mM to about 3.25 mM, about 0.05
mM to about 3.0 mM, about 0.05 mM to about 2.75 mM, about 0.05 mM to about 2.5
mM, about 0.05 mM to about 2.25 mM, about 0.05 mM to about 2.0 mM, about 0.05
mM to about 1.75 mM, about 0.05 mM to about 1.5 mM, about 0.05 mM to about
1.25 mM, about 0.05 mM to about 1.0 mM, about 0.05 mM to about 0.75 mM, about
0.05 mM to about 0.5 mM, about 0.05 mM to about 0.25 mM, about 0.05 mM to
about 0.1 mM, about 0.1 mM to about 5 mM, about 0.1 mM to about 4.75 mM, about
0.1 mM to about 4.5 mM, about 0.1 mM to about 4.25 mM, about 0.1 mM to about
4.0 mM, about 0.1 mM to about 3.75 mM, about 0.1 mM to about 3.5 mM, about 0.1
mM to about 3.25 mM, about 0.1 mM to about 3.0 mM, about 0.1 mM to about 2.75
mM, about 0.1 mM to about 2.5 mM, about 0.1 mM to about 2.25 mM, about 0.1 mM
to about 2.0 mM, about 0.1 mM to about 1.75 mM, about 0.1 mM to about 1.5 mM,
about 0.1 mM to about 1.25 mM, about 0.1 mM to about 1.0 mM, about 0.1 mM to
about 0.75 mM, about 0.1 mM to about 0.5 mM, about 0.1 mM to about 0.25 mM,
about 0.25 mM to about 5 mM, about 0.25 mM to about 4.75 mM, about 0.25 mM to
about 4.5 mM, about 0.25 mM to about 4.25 mM, about 0.25 mM to about 4.0 mM,
about 0.25 mM to about 3.75 mM, about 0.25 mM to about 3.5 mM, about 0.25 mM
to about 3.25 mM, about 0.25 mM to about 3.0 mM, about 0.25 mM to about 2.75
mM, about 0.25 mM to about 2.5 mM, about 0.25 mM to about 2.25 mM, about 0.25
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mM to about 2.0 mM, about 0.25 mM to about 1.75 mM, about 0.25 mM to about 1.5
mM, about 0.25 mM to about 1.25 mM, about 0.25 mM to about 1.0 mM, about 0.25
mM to about 0.75 mM, about 0.25 mM to about 0.5 mM, about 0.5 mM to about 5
mM, about 0.5 mM to about 4.75 mM, about 0.5 mM to about 4.5 mM, about 0.5 mM
to about 4.25 mM, about 0.5 mM to about 4.0 mM, about 0.5 mM to about 3.75 mM,
about 0.5 mM to about 3.5 mM, about 0.5 mM to about 3.25 mM, about 0.5 mM to
about 3.0 mM, about 0.5 mM to about 2.75 mM, about 0.5 mM to about 2.5 mM,
about 0.5 mM to about 2.25 mM, about 0.5 mM to about 2.0 mM, about 0.5 mM to
about 1.75 mM, about 0.5 mM to about 1.5 mM, about 0.5 mM to about 1.25 mM,
about 0.5 mM to about 1.0 mM, about 0.5 mM to about 0.75 mM, about 0.75 mM to
about 5 mM, about 0.75 mM to about 4.75 mM, about 0.75 mM to about 4.5 mM,
about 0.75 mM to about 4.25 mM, about 0.75 mM to about 4.0 mM, about 0.75 mM
to about 3.75 mM, about 0.75 mM to about 3.5 mM, about 0.75 mM to about 3.25
mM, about 0.75 mM to about 3.0 mM, about 0.75 mM to about 2.75 mM, about 0.75
mM to about 2.5 mM, about 0.75 mM to about 2.25 mM, about 0.75 mM to about 2.0
mM, about 0.75 mM to about 1.75 mM, about 0.75 mM to about 1.5 mM, about 0.75
mM to about 1.25 mM, about (.75 mM to about 1.0 mM, about 1.0 mM to about 5
mM, about 1.0 mM to about 4.75 mM, about 1.0 mM to about 4.5 mM, about 1.0 mM
to about 4.25 mM, about 1.0 mM to about 4.0 mM, about 1.0 mM to about 3.75 mM,
about 1.0 mM to about 3.5 mM, about 1.0 mM to about 3.25 mM, about 1.0 mM to
about 3.0 mM, about 1.0 mM to about 2.75 mM, about 1.0 mM to about 2.5 mM,
about 1.0 mM to about 2.25 mM, about 1.0 mM to about 2.0 mM, about 1.0 mM to
about 1.75 mM, about 1.0 mM to about 1.5 mM, about 1.0 mM to about 1.25 mM,
about 1.25 mM to about 5 mM, about 1.25 mM to about 4.75 mM, about 1.25 mM to
about 4.5 mM, about 1.25 mM to about 4.25 mM, about 1.25 mM to about 4.0 mM,
about 1.25 mM to about 3.75 mM, about 1.25 mM to about 3.5 mM, about 1.25 mM
to about 3.25 mM, about 1.25 mM to about 3.0 mM, about 1.25 mM to about 2.75
mM, about 1.25 mM to about 2.5 mM, about 1.25 mM to about 2.25 mM, about 1.25
mM to about 2.0 mM, about 1.25 mM to about 1.75 mM, about 1.25 mM to about 1.5
mM, about 1.5 mM to about 5 mM, about 1.5 mM to about 4.75 mM, about 1.5 mM
to about 4.5 mM, about 1.5 mM to about 4.25 mM, about 1.5 mM to about 4.0 mM,
about 1.5 mM to about 3.75 mM, about 1.5 mM to about 3.5 mM, about 1.5 mM to
about 3.25 mM, about 1.5 mM to about 3.0 mM, about 1.5 mM to about 2.75 mM,
about 1.5 mM to about 2.5 mM, about 1.5 mM to about 2.25 mM, about 1.5 mM to

36



WO 2023/122688 PCT/US2022/082175

about 2.0 mM, about 1.5 mM to about 1.75 mM, about 1.75 mM to about 5 mM,
about 1.75 mM to about 4.75 mM, about 1.75 mM to about 4.5 mM, about 1.75 mM
to about 4.25 mM, about 1.75 mM to about 4.0 mM, about 1.75 mM to about 3.75
mM, about 1.75 mM to about 3.5 mM, about 1.75 mM to about 3.25 mM, about 1.75
mM to about 3.0 mM, about 1.75 mM to about 2.75 mM, about 1.75 mM to about 2.5
mM, about 1.75 mM to about 2.25 mM, about 1.75 mM to about 2.0 mM, about 2.0
mM to about 5 mM, about 2.0 mM to about 4.75 mM, about 2.0 mM to about 4.5
mM, about 2.0 mM to about 4.25 mM, about 2.0 mM to about 4.0 mM, about 2.0 mM
to about 3.75 mM, about 2.0 mM to about 3.5 mM, about 2.0 mM to about 3.25 mM,
about 2.0 mM to about 3.0 mM, about 2.0 mM to about 2.75 mM, about 2.0 mM to
about 2.5 mM, about 2.0 mM to about 2.25 mM, about 2.25 mM to about 5 mM,
about 2.25 mM to about 4.75 mM, about 2.25 mM to about 4.5 mM, about 2.25 mM
to about 4.25 mM, about 2.25 mM to about 4.0 mM, about 2.25 mM to about 3.75
mM, about 2.25 mM to about 3.5 mM, about 2.25 mM to about 3.25 mM, about 2.25
mM to about 3.0 mM, about 2.25 mM to about 2.75 mM, about 2.25 mM to about 2.5
mM, about 2.5 mM to about 5 mM, about 2.5 mM to about 4.75 mM, about 2.5 mM
to about 4.5 mM, about 2.5 mM to about 4.25 mM, about 2.5 mM to about 4.0 mM,
about 2.5 mM to about 3.75 mM, about 2.5 mM to about 3.5 mM, about 2.5 mM to
about 3.25 mM, about 2.5 mM to about 3.0 mM, about 2.5 mM to about 2.75 mM,
about 2.75 mM to about 5 mM, about 2.75 mM to about 4.75 mM, about 2.75 mM to
about 4.5 mM, about 2.75 mM to about 4.25 mM, about 2.75 mM to about 4.0 mM,
about 2.75 mM to about 3.75 mM, about 2.75 mM to about 3.5 mM, about 2.75 mM
to about 3.25 mM, about 2.75 mM to about 3.0 mM, about 3.0 mM to about 5 mM,
about 3.0 mM to about 4.75 mM, about 3.0 mM to about 4.5 mM, about 3.0 mM to
about 4.25 mM, about 3.0 mM to about 4.0 mM, about 3.0 mM to about 3.75 mM,
about 3.0 mM to about 3.5 mM, about 3.0 mM to about 3.25 mM, about 3.25 mM to
about 5 mM, about 3.25 mM to about 4.75 mM, about 3.25 mM to about 4.5 mM,
about 3.25 mM to about 4.25 mM, about 3.25 mM to about 4.0 mM, about 3.25 mM
to about 3.75 mM, about 3.25 mM to about 3.5 mM, about 3.5 mM to about 5 mM,
about 3.5 mM to about 4.75 mM, about 3.5 mM to about 4.25 mM, about 3.5 mM to
about 4.5 mM, about 3.5 mM to about 4.25 mM, about 3.5 mM to about 4.0 mM,
about 3.5 mM to about 3.75 mM, about 3.75 mM to about 5 mM, about 3.75 mM to
about 4.75 mM, about 3.75 mM to about 4.5 mM, about 3.75 mM to about 4.25 mM,
about 3.75 mM to about 4.0 mM, about 4.25 mM to about 5 mM, about 4.25 mM to
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about 4.75 mM, about 4.25 mM to about 4.5 mM, about 4.25 mM to about 4.25 mM,
about 4.5 mM to about 5 mM, about 4.5 mM to about 4.75 mM, or about 4.75 mM to
about 5). In some embodiments, the method includes contacting the cell line or the
immortalized cell line with a culture media comprising an HDAC inhibitor (e.g.,
sodium butyrate) at a concentration of about 0.5 mM. In some embodiments, the
method includes contacting the cell line or the immortalized cell line with a culture
media comprising an HDAC inhibitor (e.g., sodium butyrate) at a concentration of

about 1.0 mM.

[137] In some embodiments, the method includes contacting a cell line or an
immortalized cell line engineered to express MYOD to a culture media (e.g., see FIG.
2, ME9) comprising the HDAC inhibitor (e.g., sodium butyrate). In some
embodiments, the method includes contacting a cell line or an immortalized cell line
engineered to express PAX7, MYOD, and MEF2B (or one or more of any of the other
myogenic regulatory factors (e.g., 7MM)) with a culture media (e.g., see FIG. 2,
ME9) including an Activin A inhibitor, a BMP inhibitor, a WNT activator, or a
combination thereof, and the HDAC inhibitor (e.g., sodium butyrate).

[138] In some embodiments, the method includes contacting a cell line or an
immortalized cell line with a culture media comprising a Activin A inhibitor, a BMP
inhibitor, optionally, a WNT activator, and the HDAC inhibitor (e.g., sodium
butyrate).

[139] In some embodiments, contacting the cell line or the immortalized cell line
with a culture media comprising an HDAC inhibitor (e.g., sodium butyrate) occurs for
a period of time under conditions that allow for improvements in differentiation
capacity. In some embodiments, contacting the cell line or the immortalized cell line
with a culture media comprising an HDAC inhibitor (e.g., sodium butyrate) occurs for
a period of time of about 1 day, about 2 days, about 3 days, about 4 days, about 5
days, about 6 days, about 7 days, about 8 days, about 9 days, about 10 days, about 11
days about 12 days, about 13 days or about 14 days. In some embodiments, exposing
the immortalized cell line to an HDAC inhibitor (e.g., sodium butyrate) occurs for a
period of time of about one week, about two weeks, about three weeks, about four

weeks, about five weeks, about six weeks, about seven weeks or about eight weeks.
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[140] In some embodiments, the steps of contacting the cell line or the immortalized
cell line with a culture media comprising at least a first Activin A inhibitor and at
least a first BMP inhibitor (and optionally a WNT activator) and exposing the cell line
or the immortalized cell to an HDAC inhibitor (e.g., sodium butyrate) are performed
sequentially. For example, the cell line or the immortalized cell line is first exposed
to an at least a first Activin A inhibitor and at least a first BMP inhibitor (and
optionally a WNT activator) prior to being exposed to the HDAC inhibitor. In some
embodiments, the steps of contacting the immortalized cell line to an at least a first
Activin A inhibitor and at least a first BMP inhibitor (and optionally a WNT
activator) and exposing the immortalized cell to an HDAC inhibitor (e.g., sodium
butyrate) are performed with a rest period (e.g., a rest period of about 3 hours to about
3 days) in between exposures. In some embodiments, the steps of contacting the
immortalized cell line with a culture media comprising an at least a first Activin A
inhibitor and at least a first BMP inhibitor (and optionally a WNT activator) and
exposing the immortalized cell to an HDAC inhibitor (e.g., sodium butyrate) are

performed with no rest period in between exposures.

[141] In some embodiments, as a result of contacting the cell line or the
immortalized cell line with a culture media comprising an HDAC inhibitor (e.g.,
sodium butyrate), the myogenic differentiation capacity of the cell line or the
immortalized cell line is increased as compared to a cell line or an immortalized cell
line not contacted with an HDAC inhibitor. In some embodiments, as a result of
contacting the cell line or the immortalized cell line with a culture media comprising
an HDAC inhibitor (e.g., sodium butyrate), the cell line or the immortalized cell
experiences an increase in Pax7 expression, an increase MyHC1 expression, and/or an
increase the ability to form myotubes as compared to a cell line or an immortalized

cell line not contacted with an HDAC inhibitor
6.2.2. Myogenic Regulatory Factors For Improving Differentiation
Capacity

[142] In some embodiments, the methods provided herein include introducing into,
or incorporating into the genome of, a cell (e.g., a cell of an immortalized cell line) a
polynucleotide encoding at least a first myogenic regulatory factor polypeptide.

Transforming (e.g., introducing or incorporating into the genome of) a cell (e.g., a cell
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of an immortalized cell line) with one or more myogenic regulatory factor
polypeptides improves the differentiation capacity of the immortalized cell line. In
such cases, the cell line (e.g., the immortalized cell line) is better suited to produce
cell types of interest, for example, cell types used for cultured food production (e.g.,

myoblasts).

[143] In some embodiments, a cell (e.g., a cell of an immortalized cell line) is
transformed with two or more, three or more, four or more, or five or more myogenic
regulatory factors. In some embodiments, two or more, three or more, four or more,
or five or more myogenic regulatory factors are introduced into or incorporated into
the genome of a cell (e.g., a cell of an immortalized cell line). In some embodiments,
each additional myogenic regulatory factor transformed, introduced, or incorporated
into the cell line (e.g., the immortalized cell line) further improves the differentiation
capacity of the cell line (e.g., the immortalized cell line). In cases where two or more
myogenic regulatory factors are transformed, introduced, or incorporated into a cell,
the two or more myogenic regulatory factors are present in one polynucleotide
sequence. Alternatively, in cases where two or more myogenic regulatory factors are
transformed, introduced, or incorporated into a cell, each of the two or more

myogenic regulatory factors are on different polynucleotide sequences.

[144] In some embodiments, the one or more myogenic regulatory factors are
selected from: MYOD, MYOG, PAX7, PAX3, MEF2B, and PITX1. In some
embodiments, transforming, introducing, or incorporating one or more nucleic acid
sequences encoding PAX3/7 or a fragment thereof, MEF2B or a fragment thereof, and
PITX1 or a fragment thereof, into a cell (e.g., a cell of an immortalized cell line)
improves differentiation capacity of the cell (e.g., the cell of the immortalized cell
line). In some embodiments, transforming one or more nucleic acid sequences
encoding MYOD or a fragment thereof, PAX7 or a fragment thereof, and MEF2B or a
fragment thereof, into a cell (e.g., a cell of an immortalized cell line) improves
differentiation capacity of the cell (e.g., the cell of the immortalized cell line). In
some embodiments, transforming one or more nucleic acid sequences encoding
MYOD or a fragment thereof, PAX7 or a fragment thereof, MEF2B or a fragment

thereof, and PITX1 or a fragment thereof, into a cell (e.g., a cell of an immortalized
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cell line) improves differentiation capacity of the cell (e.g., the cell of the

immortalized cell line).

[145] In some embodiments, the nucleic acid sequence encoding the one or more
myogenic regulatory factors can be from any organism. In some embodiments, the
nucleic acid sequence encoding the one or more myogenic regulatory factors can be

from any animal, such as vertebrate and invertebrate animal species.

[146] Non-limiting examples and descriptions of each myogenic regulatory factor is
described below.
6.2.2.1 MYOD
[147] In some embodiments, a cell line or an immortalized cell line is transformed

with a nucleic acid sequence encoding a MYOD polypeptide, or a fragment thereof.
As used herein, “MyoD” refers to the myogenic differentiation 1 (MyoD1) gene or
MYOD or MYDOL protein that is a nuclear protein that belongs to the basic helix-
loop-helix family of transcription factors and the myogenic factors subfamily.
MYODI1 regulates muscle cell differentiation and muscle regeneration. MYOD1
activates its own transcription which may stabilize commitment to myogenesis, and
acts as a transcriptional activator that promotes transcription of muscle-specific target
genes. In some embodiments, MyoD refers to the MyoD1 gene or MYOD or
MYODL1 polypeptide, or a variant thereof (e.g., a MYOD polypeptide 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 MYOD polypeptide)).
Non-limiting examples of MYOD polypeptides are described in Table 1.

[148] In some embodiments referring to a MYOD polypeptide, the amino acid
sequence of the MYOD polypeptide is at least 80% (e.g., at least 85%, 90, 95%, 96%,
97%, 98%, or 99%) identical to SEQ ID NOs: 1-6.

[149] In some embodiments, transforming a nucleic acid sequence encoding MyoD

alone is not sufficient to improve differentiation capacity in the immortalized cell line.
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6.2.2.2 MYOG

[150] In some embodiments, a cell line or an immortalized cell line is transformed
with a nucleic acid sequence encoding a MYOG polypeptide, or a fragment thereof.
As used herein, “MyoG” refers to the Myogenin (MyoG) or MYOG polypeptide that
is a muscle-specific transcription factor. MyoG is a helix-loop-helix (HLH) protein
that is essential for development and function of skeletal muscle. In some
embodiments, MyoG refers to a MyoG gene or MYOG polypeptide, or a variant
thereof (e.g., a MYOG polypeptide 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 MYOG polypeptide)). Non-limiting examples

of MYOD polypeptides are as described in Table 1.

[151] In some embodiments referring to a MYOG polypeptide, the amino acid
sequence of the MYOG polypeptide is at least 80% (e.g., at least 85%, 90, 95%, 96%,
97%, 98%, or 99%) identical to SEQ ID NOs: 7-12.

6.2.2.3 PAX7

[152] In some embodiments, a cell line or an immortalized cell line is transformed
with a nucleic acid sequence encoding a PAX7 polypeptide, or a fragment thereof. As
used herein, “Pax7” refers to paired box 7 (Pax7) gene or PAX7 polypeptide that is a
member of the paired box (PAX) family of transcription factors that typically contain
a paired box domain, an octapeptide, and a paired-type homeodomain. These genes
play critical roles during muscle development. In some embodiments, Pax7 refers to
a Pax7 gene or PAX7 polypeptide, or a variant thereof (e.g., a PAX7 polypeptide
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
PAXT7 polypeptide)).Non-limiting examples of PAX7 polypeptides are as described in
Table 1.

[153] In some embodiments, referring to a Pax7 polypeptide, the amino acid
sequence of the Pax7 polypeptide is at least 80% (e.g., at least 85%, 90, 95%, 96%,
97%, 98%, or 99%) identical to SEQ ID NOs: 13-18.
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6.2.2.4 PAX3

[154] In some embodiments, a cell line or an immortalized cell line is transformed
with a nucleic acid sequence encoding a PAX3 polypeptide, or a fragment thereof. As
used herein, “PAX3” refers to paired box 3 (PAX3) gene or PAX3 polypeptide that is
a member of the paired box (PAX) family of transcription factors. Members of the
PAX family typically contain a paired box domain and a paired-type homeodomain.
These genes play critical roles during fetal development. In some embodiments, Pax3
refers to a Pax3 gene or PAX3 polypeptide, or a variant thereof (e.g., a PAX3
polypeptide 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 PAX3 polypeptide)). Non-limiting examples of PAX3 polypeptides are as
described in Table 1.

[155] In some embodiments referring to a PAX3 polypeptide, the amino acid
sequence of the PAX3 polypeptide is at least 80% (e.g., at least 85%, 90, 95%, 96%,
97%, 98%, or 99%) identical to SEQ ID NOs: 19-24.

6.2.2.5 MEF2B

[156] In some embodiments, a cell line or an immortalized cell line is transformed
with a nucleic acid sequence encoding a MEF2B polypeptide, or a fragment thereof.
As used herein, “Mef2b” refers to myocyte enhancer factor 2B (MEF2B) gene or
MEF2B polypeptide that is a member of the MADS/MEF2 family of DNA binding
proteins. MEF2B protein regulates gene expression, including expression of the
smooth muscle myosin heavy chain gene. In some embodiments, Mef2b refers to a
Mef2b gene or MEF2B polypeptide, or a variant thereof (e.g., a MEF2B polypeptide
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
MEF2B polypeptide)). Non-limiting examples of MEF2B polypeptides are as
described in Table 1.

[157] In some embodiments referring to a MEF2B polypeptide, the amino acid
sequence of the MEF2B polypeptide is at least 80% (e.g., at least 85%, 90, 95%, 96%,
97%, 98%, or 99%) identical to SEQ ID NOs: 25-30.
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6.2.2.6 PITX1

[158] In some embodiments, a cell line or an immortalized cell line is transformed
with a nucleic acid sequence encoding a PITX1 polypeptide, or a fragment thereof.
As used herein, “PITX1” refers to paired-like homeodomain (PITX1) gene or PITX1
polypeptide that is a member of the RIEG/PITX homeobox family, which is in the
bicoid class of homeodomain proteins. Members of this family are involved in organ
development and left-right asymmetry. PITX1 acts as a transcriptional regulator. In
some embodiments, Pitx1 refers to a Pitx1 gene or PITX1 polypeptide, or a variant
thereof (e.g., a PITX1 polypeptide 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 PITX1 polypeptide)). Non-limiting examples of

PITX1 polypeptides are as described in Table 1.

[159] In some embodiments referring to a PITX1 polypeptide, the amino acid
sequence of the PITX1 polypeptide is at least 80% (e.g., at least 85%, 90, 95%, 96%,
97%, 98%, or 99%) identical to SEQ ID NOs: 31-36.

6.3. Immortalization

[160] Also provided herein are methods for immortalizing (e.g., extending the
renewal capacity) a cell or a cell line. In some embodiments, the cells are modified to
express a nucleic acid sequence encoding TERT. 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. Non-limiting examples of TERT polypeptides are described

in Table 1.

[161] In some embodiments, referring to a TERT polypeptide, the amino acid
sequence of the TERT polypeptide is at least 80% (e.g., at least 85%, 90, 95%, 96%,
97%, 98%, or 99%) identical to SEQ ID NOs: 37-42.

[162] In some embodiments, immortalization comprises transforming, introducing,

or incorporating into the genome of a cell nucleic acid sequence encoding a
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telomerase reverse transcriptase (TERT) gene. In some 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.

[163] 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 native
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.

[164] 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.

[165] In some embodiments, immortalization occurs prior to performing a method

for improving differentiation capacity. In some embodiments, a method for

improving differentiation capacity further comprises an immortalization step.

[166] Exemplary methods for immortalizing a cell line are as described in

WO02019014652A1, which is herein incorporated by reference in its entirety.

Table 1. Polypeptides and Nucleic Acid Sequences

Symbo Ref. No. Ref. No.

Species NCBI Protein | NCBI mRNA Sequence

Gallus NP_989545.3 | NM_204214.3 MDLLGPMEMTEGSLCSFTAADD
gallus (SEQ ID NO: | (encodes FYDDPCFNTSDMHFFEDLDPRLV
(chicken) 1) NP_989545.3) HVGGLLKPEEHPHHHGHHHGNP

HEEEHVRAPSGHHQAGRCLLWA
CKACKRKTTNADRRKAATMRER
RRLSKVNEAFETLKRCTSTNPNQ
RLPKVEILRNAIRYIESLQALLRE
QEDAYYPVLEHYSGESDASSPRS
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Table 1. Polypeptides and Nucleic Acid Sequences

Gene
Symbo

Species

NCBI Protein
Ref. No.

NCBI mRNA
Ref. No.

Sequence

NCSDGMMEYSGPPCSSRRRNSY
DSSYYTESPNDPKHGKSSVVSSL
DCLSSIVERISTDNSTCPILPPAEA
VAEGSPCSPQEGANLSDSGAQIPS
PTNCTPLPQESSSSSSSNPIYQVL
(SEQ ID NO: 1)

MyoD | Anas

hos
(Duck)

platyrhync

NP_00129728
7.1 (SEQID
NO: 2)

NM_001310358
.1 (encodes)
NP_001297287.
b

MDLLGAMEMPEGSLCSFTGADD
FYDDPCFNTSDMHFFEDLDPRLV
HVGGLLKPEEHPHHHGHHHHGH
PHEEEHVRAPSGHHQAGRCLLW
ACKACKRKTTNADRRKAATMRE
RRRLSKVNEAFETLKRCTSTNPN
QRLPKVEILRNAIRYIESLQALLR
EQEDVYYPVLEHYSGESDASSPR
SNCSDGMMEY SGPPCSSRRRNSY
DSSYYTESPNDPKHGKSSVVSSL
DCLSGIVERISTDNSTCPILPPAET
VAEGSPCSPQEGASLNDSGAQIPS
PTNCTPLPQESSSSNPIYQVL (SEQ
ID NO: 2)

MyoD | Meleagris
gallopavo

(Turkey)

NP_00129010
0.1 (SEQID
NO: 3)

NM_001303171
.1 (encodes
NP_001290100.
b

MDLLGPMEMTEGSLCSFAAADD
FYDDPCFNTSDMHFFEDLDPRLV
HVGGLLKPEEHPHHHGHHHGHP
HEEEHVRAPSGHHQAGRCLLWA
CKACKRKTTNADRRKAATMRER
RRLSKVNEAFETLKRCTSTNPNQ
RLPKVEILRNAIRYIGSLQALLRE
QEDAYYPVLEHYSGESDASSPRS
NCSDGMMEYSGPPCSSRRRNSY
DSSYYTESPNDPKHGKSSVVSSL
DCLSSIVERISTDNSTCPILPPAEA
VAEGSPCSPQEGASLNDSGAQIPS
PTNCTPLPQDSSSSNNPIYQVL
(SEQ ID NO: 3)

MyoD
(Porcine)

Sus scrofa

NP_00100282
4.1 (SEQID
NO: 4)

NM_001002824
.1 (encodes)
NP_001002824.
1

MELLSPPLRDVDLTGPDGSLCNF
ATADDFYDDPCFDSPDLRFFEDL
DPRLVHVGALLKPEEHSHFPAAA
HPAPGAREDEHVRAPSGHHQAG
RCLLWACKACKRKTTNADRRKA
ATMRERRRLSKVNEAFETLKRCT
SSNPNQRLPKVEILRNAIRYIEGL
QALLRDQDAAPPGAAAAFYAPG
PLPPGRGGEHYSGDSDASSPRSN
CSDGMMDYSGPPSGARRRNCYD
GTYYSEAPSEPRPGKNAAVSSLD
CLSSIVESISTESPAAPALLLADTP
RESSPGPQEAAAGSEVERGTPTPS
PDAAPQCPASANPNPIYQVL (SEQ
ID NO: 4)
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Table 1. Polypeptides and Nucleic Acid Sequences

Gene
Symbo

Species

NCBI Protein
Ref. No.

NCBI mRNA
Ref. No.

Sequence

MyoD
(Bovine)

Bos taurus

NP_00103556
8.2 (SEQID
NO: 3)

NM_001040478
.2 (encodes
NP_001035568.
2)

MELLSPPLRDVDLTGPDGSLCNF
ATADDFYDDPCFDSPDLRFFEDL
DPRLVHVGALLKPEEHSHFPAAA
HPAPGAREDEHVRAPSGHHQAG
RCLLWACKACKRKTTNADRRKA
ATMRERRRLSKVNEAFETLKRCT
SSNPNQRLPKVEILRNAIRYIEGL
QALLRDQDAAPPGAAAAFYAPG
PLPPGRSGEHYSGDSDASSPRSNC
SDGMMDYSGPPSGARRRNCYDR
TYYSEAPNEPRPGKSAAVSSLDC
LSSIVERISTESPAAPALLLADAPP
ESSPGPQEAAGSEVERGTPAPSPD
TAPQGLAGANPNPIYQVL (SEQ
ID NO: 5)

MyoD

(Tilapia)

Oreochrom
is niloticus

NP_00126664
9.1 (SEQID
NO: 6)

NM_001279720
.1 (encodes
NP_001266649.
D

MELSDISFPIPTADDFYDDPCFEFNT
SDMHFFEDLDPRLVHVGLLKPDD
SSSSSSSSPSSSSSSPSSLLHLHHH
AEVEDDEHVRAPSGHHQAGRCL
LWACKACKRKTTNADRRKAATL
RERRRLSKVNDAFETLKRCTTAN
PNQRLPKVEILRNAISYIESLQALL
RGGQEDGFYPVLEHYSGDSDASS
PRSNCSDGMTDFNGPTCQTTRRG
SYDSSSYFSETPNGGLKSERSSVV
SSLDCLSSIVERISTDNSSLLPPAD
GPGSPTTTTTVPVGEAGTAPATA
QVSSPTASQDPNLIYQVL (SEQ ID
NO: 6)

MYOG

MYOG | Gallus
gallus

(chicken)

NP_989515.1
(SEQ ID NO:
7

NM_204184.2
(encodes
NP_989515.1)

MELFETNPYFFPEQRFYDGENFL
GSRLQGYEAAAFPERPEVTLCPE
SRGALEEKDSTLPEHCPGQCLPW
ACKICKRKTVSIDRRRAATLREK
RRLKKVNEAFEALKRSTLLNPNQ
RLPKVEILRSAIQYIERLQSLLSSL
NQQEREQRELRYRPAAPQPAAPS
ECGSGSSSCSPEWSTQLEFGTNPA
DHLLSDDQAEDRNLHSLSSIVESI
AVEDVAVTFPEERVQN (SEQ ID
NO: 7)

MYOG | Anas

hos
(Duck)

platyrhync

NP_00129730
5.1 (SEQID
NO: 8)

NM_001310376
.1 (encodes
NP_001297305.
D

MELFETNPYFFPDQRFYDGENFL
GSRLQGYEPAAFPEQPEVALCPE
SRVALEEKDSSLAEHCPGQCLPW
ACKICKRKTVSIDRRRAATLREK
RRLKKVNEAFEALKRSTLLNPNQ
RLPKVEILRSAIQYIERLQSLLSTL
NQQEREQRDLRYRPAGPQPAAA
SECGSGSSSCSPEWSTQLEFGTNP
TDHLLPDEAAEDRNLHSLSSIVES
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IAVEDVAVAFQEEQVQN (SEQ ID
NO: 8)

MYOG

Meleagris
gallopavo
(Turkey)

NP_00129009
9.1 (SEQID
NO: 9)

NM_001303170
.1 (encodes
NP_001290099.

D

MELFETNPYFFPEQRFYDGENFL
GSRLQSYEAAAFPERPEV ALCPES
RGALEEKDSMLPEHCPGQCLPW
ACKICKRKTVSIDRRRAATLREK
RRLKKVNEAFEALKRSTLLNPNQ
RLPKVEILRSAIQYIERLQSLLSSL
NQQEREQRELRYRPAAPQPAAPS
ECGSGSSSCSPEWSTQLEFSTNPA
DHLLSDDAAEDRNLHSLSSIVESI
AVEDVAVTFPEERVQN (SEQ ID
NO: 9)

MYOG

Sus scrofa
(Porcine)

NP_00101240
6.1 (SEQID
NO: 10)

NM_001012406
.1 (encodes
NP_001012406.

D

MELYETSPYFYQEPHFYDGENYL
PVHLQGFEPPGYERTELSLSPEAR
VPLEDKGLGTPEHCPGQCLPWAC
KVCKRKSVSVDRRRAATLREKR
RLKKVNEAFEALKRSTLLNPNQR
LPKVEILRSAIQYIECLQALLSSLN
QEERDLRYRGGGGPQPGVPSECS
SHSASCSPEWGSALEFGPNPGDH
LLTADPTDAHNLHSLTSIVDSITV
EDVAVAFPDETMPN (SEQ ID NO:
10)

MYOG

Bos taurus
(Bovine)

NP_00110479
5.1 (SEQID
NO: 11)

NM_001111325
.1 (encodes
NP_001104795.

Y]

MELYETSPYFYQEPHFYDGENYL
PVHLQGFEPPGYERAELSLSPEAR
VPLEDKGLGPAEHCPGQCLPWA
CKVCKRKSVSVDRRRAATLREK
RRLKKVNEAFEALKRSTLLNPNQ
RLPKVEILRSAIQYIERLQALLSSL
NQEERDLRYRGGGGPQPAVPSEC
SSHSASCSPQWGSALEFGPNPGD
HLLPADPTDAHNLHSLTSIVDSIT
VEDVAAAFPDETIPN (SEQ ID NO:
11)

MYOG

Oreochrom
is niloticus
(Tilapia)

NP_00126645
5.1 (SEQID
NO: 12)

NM_001279526
.1 (encodes
NP_001266455.
b

MELFETNPYFFPDQRFYEGGDSY
FPSRLPGAYDQAGYQDRNSMMG
LCGNLSGGVGVGVTGTEDKASPS
SMSPHSEPHCPGQCLPWACKLCK
RKTVTMDRRRAATLREKRRLKK
VNEAFDALKRSTLMNPNQRLPK
VEILRSAIQYIERLQALVSSLNQQ
DTETGQQGLLYRPSPTQPRVSSSS
EPSSGSTCCSSPEWSSTPEQCTQS
YSSEDLLSAADSPEQGNMRALTS
IVDSISAADGPVAFPVDIPK (SEQ
ID NO: 12)

Pax 7
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PAX7 | Gallus
gallus

(chicken)

NP_990396.1
(SEQ ID NO:
13)

NM_205065.1
(encodes
NP_990396.1)

MAALPGTVPRMMRPAPGQNYPR
TGFPLEVSTPLGQGRVNQLGGVF
INGRPLPNHIRHKIVEMAHHGIRP
CVISRQLRVSHGCVSKILCRYQET
GSIRPGAIGGSKPRQVATPDVEK
KIEEYKRENPGMFSWEIRDRLLK
DGHCDRSTVPSVSSISRVLRIKFG
KKEEEEDCDKKEEDGEKKAKHSI
DGILGDKGNRLDEGSDVESEPDL
PLKRKQRRSRTTFTAEQLEELEK
AFERTHYPDIYTREELAQRTKLTE
ARVQVWESNRRARWRKQAGAN
QLAAFNHLLPGGFPPTGMPTLPP
YQLPDSTYPTTTISQDGGSTVHRP
QPLPPSTMHQGGLAAAAAADSSS
AYGARHSFSSYSDSFMNAAAPA
NHMNPVSNGLSPQKQGAQNKM
QCSRWNLTIALNNQVMSILSNPS
GVPPQPQADFSISPLHGGLDTTNS
ISASCSQRSDSIKSVDSLPTSQSYC
PPTYSTTSYSVDPVAGYQYGQYG
QTAVDYLTKNVSLSTQRRMKLG
EHSAVLGLLPVETGQAY (SEQ ID
NO: 13)

PAX7 Anas

hos
(Duck)

platyrhync

NP_00129732
4.1 (SEQID
NO: 14)

NM_001310395
.1 (encodes
NP_001297324.

b

MAALPGTVPRMMRPAPGQNYPR
TGFPLEVSTPLGQGRVNQLGGVF
INGRPLPNHIRHKIVEMAHHGIRP
CVISRQLRVSHGCVSKILCRYQET
GSIRPGAIGGSKPRVATPDVEKKI
EEYKRENPGMFSWEIRDRLLKDG
HCDRSTVPSGLVSSISRVLRIKFG
KKEEEEDCDKKEEDGEKKAKHSI
DGILGDKGNRLDEGSDVESEPDL
PLKRKQRRSRTTFTAEQLEELEK
AFERTHYPDIYTREELAQRTKLTE
ARVQVWFSNRRARWRKQAGAN
QLAAFNHLLPGGFPPTGMPTLPP
YQLPDSTYPTTTISQDGGSTVHRP
QPLPPSTMHQGGLAAAAAADTG
SAYGARHSFSSYSDSFMNAAAPA
NHMNPVSNGLSPQVMSILSNPSG
VPPQPQADFSISPLHGGLDTTNSIS
ASCSQRSDSIKSVDSLPTSQSYCP
PTYSTTSYSVDPVAGYQYGQYG
QTAVDYLAKNVSLSTQRRMKLG
GHSAVLGLLPVETGQAY (SEQ ID
NO: 14)

PAX7 | Meleagris
gallopavo

(Turkey)

NP_00129011
4.1 (SEQID
NO: 15)

NM_001303185
.1 (encodes

MAALPGTVPRMMRPAPGQNYPR
TGFPLEVSTPLGQGRVNQLGGVF
INGRPLPNHIRHKIVEMAHHGIRP
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NP_001290114.
1Y)

CVISRQLRVSHGCVSKILCRYQET
GSIRPGAIGGSKPRQVATPDVEK
KIEEYKRENPGMFSWEIRDRLLK
DGHCDRSTVPSVSSISRVLRIKFG
KKEEEEDCDKKEEDGEKKAKHSI
DGILGDKGNRLDEGSDVESEPDL
PLKRKQRRSRTTFTAEQLEELEK
AFERTHYPDIYTREELEKAFERTH
YPDIYTREELAQRTKLTEARVQV
WESNRRARWRKQAGANQLAAF
NHLLPGGFPPTGMPTLPPYQLPDS
TYPTTTISQDGSSTVHRPQPLPPST
MHQGGLAAAAAADSSSAYGAR
HSFSSYSDSFMNAAAPANHMNP
VSNGLSPQVMSILSNPSGVPPQPQ
ADFSISPLHGGLDTTNSISASCSQ
RSDSIKSVDSLPTSQSYCPPTYSTT
SYSVDPVAGYQYGQYGQTAVDY
LAKNVSLSTQRRMKLGEHSAVL
GLLPVETGQAY (SEQ ID NO: 15)

PAX7
(Porcine)

Sus scrofa

XP_02095111
9.1 (SEQ ID
NO: 16)

XM_021095460
.1 (encodes
XP_020951119.

b

MAALPGTVPRMMRPAPGQNYPR
TGFPLEVSTPLGQGRVNQLGGVF
INGRPLPNHIRHKIVEMAHHGIRP
CVISRQLRVSHGCVSKILCRYQET
GSIRPGAIGGSKPRQVATPDVEK
KIEEYKRENPGMFSWEIRDRLLK
DGHCDRSTVPSVSSISRVLRIKFG
KKEEDDEADKKEDDSEKKAKHSI
DGILGDKGNRLDEGSDVESEPDL
PLKRKQRRSRTTFTAEQLEELEK
AFERTHYPDIYTREELAQRTKLTE
ARVQVWFSNRRARWRKQAGAN
QLAAFNHLLPGGFPPTGMPTLPP
YQLPDSTYPTTTISQDGGSTVHRP
QPLPPSTMHQGGLAAAAAAADT
SSAYGARHSFSSYSDSFMNPAAP
SNHMNPVSNGLSPQVMSILSNPS
AVPPQPQADFSISPLHGGLDSATS
ISASCSQRADSIKPGDSLPTSQSY
CPPTYSTTGYSVDPVAGYQYGQ
YGQTAVDYLAKNVSLSTQRRMK
LGEHSAVLGLLPVETGQAY (SEQ
ID NO: 16)

PAX7
(Bovine)

Bos taurus

XP_01531617
6.1 (SEQID
NO: 17)

XM_015460690
.2 (encodes
XP_015316176.
b

MAALPGTVPRMVRPAPGQNYPR
TGFPLEVSTPLGQGRVNQLGGVF
INGRPLPNHIRHKIVEMAHHGIRP
CVISRQLRVSHGCVSKILCRYQET
GSIRPGAIGGSKPRQVATPDVEK
KIEEYKRENPGMFSWEIRDRLLK
DGHCDRSTVPSVSSISRVLRIKFG
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KKEEEDEADKKEEDGEKKAKHSI
DGILGDKGNRLDEGSDVESEPDL
PLKRKQRRSRTTFTAEQLEELEK
AFERTHYPDIYTREELAQRTKLTE
ARVQVWFSNRRARWRKQAGAN
QLAAFNHLLPGGFPPTGMPTLPP
YQLPDSTYPTTTISQDGGSTVHRP
QPLPPSTMHQGGLAAAAAAADT
SSAYGARHGFSSYSDSFMNPAAA
SNHMNPVSNGLSPQWSLTVLFG
VQGHHLHLIGAED (SEQ ID NO:
17)

PAX7

Oreochrom
is niloticus
(Tilapia)

XP_02576320
3.1 (SEQID
NO: 18)

XM_025907418
.1 (encodes
XP_025763203.
1)

MATLPGTVPRMVRPAPGQNYPR
TGFPLEVSTPLGQGRVNQLGGVF
INGRPLPNHIRHKIVEMAHHGIRP
CVISRQLRVSHGCVSKILCRYQET
GSIRPGAIGGSKPRQVATPDVEKR
[EEYKRENPGMFSWEIRDKLLKD
GVCDRSTVPSGNRTDDASDVDSE
PDLPLKRKQRRSRTTFTAEQLEEL
EKAFERTHYPDIYTREELAQRTK
LTEARVQVWESNRRARWRKQA
GANQLAAFNHLLPGGFPPTGMPT
LPTYQLPESSYPSTTLSQEGSSTL
HRPQPLPPSSMHQGGLSADSSSA
YGLSSNRHSFSSYSDTFMSPSASS
NHMNPVGNGLSPQVMSILSNPSA
VPSQPQHDFSISPLHSSLESSNPIS
ASCSQRSDTIKSVDSLASSQSYCP
PTYSATSYSVDPVTAGYQYSQYG
QTAVDYLAKNVSLSTQRRMKLG
DHSAVLGLLQVETGQAY (SEQ ID
NO: 18)

Pax3

PAX3

Gallus
gallus
(chicken)

NP_00138468
8.1, (SEQ ID
NO: 19)

NM_001397759
.1 (encodes
NP_001384688.

b

MTTLAGAVPRMMRPGAGQSYPR
GGFPLEVSTPLGQGRVNQLGGVF
INGRPLPNHIRHKIVEMAHHGIRP
CVISRQLRVSHGCVSKILCRYQET
GSIRPGAIGGSKPKVTTPDVEKKI
EEYKRENAGMFSWEIRDRLLKD
GVCDRNTVPSVSSISRILRSKFGK
GEEEEAELERKEAEEGDKKAKHS
IDGILSERASAAQSDEGSDIDSEP
DLPLKRKQRRSRTTFTAEQLEEL
ERAFERTHYPDIYTREELAQRAK
LTEARVQVWESNRRARWRKOQA
GANQLMAFNHLIPGGFPPSAMPT
LPTYQLSEPSYQPTSIPQAVSDPSS
TVHRPQPLPPSTVHQSSLPSNPES
SSAYCLPSTRHGEFSSYTDSFVPPS
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GPSNPMNPAIGNGLSPQVMGLLT
NHGGVPHQPQTDYALSPLTGGLE
PTTTVSASCSQRLDHMKSLDSLP
TSQSYCPPTYSTTGYSMDPVTGY
QYGQYGQSAFHYLKPDIA (SEQ
ID NO: 19)

PAX3 Anas

hos
(Duck)

platyrhync

NP_00129728
2.1 (SEQID
NO: 20)

NM_001310353
.1 (encodes
NP_001297282.
D

MTTLAGAVPRMMRPGAGQNYP
RSGFPLEVSTPLGQGRVNQLGGV
FINGRPLPNHIRHKIVEMAHHGIR
PCVISRQLRVSHGCVSKILCRYQE
TGSIRPGAIGGSKPKQVTTPDVEK
KIEEYKRENAGMFSWEIRDKLLK
DGVCDRNTVPSVSSISRILRSKFG
KGEEEEAELERKEAEEGDKKAK
HSIDGILSERAPQSDEGSDIDSEPD
LPLKRKQRRSRTTFTAEQLEELER
AFERTHYPDIYTREELAQRAKLT
EARVQVWFSNRRARWRKQAGA
NQLMAFNHLIPGGFPPSAMPTLP
TYQLSEPSYQPTSIPQAVSDPSST
VHRPQPLPPSTVHQSSLPSNPESS
TAYCLPSTRHGFSSYTDSFVPPSG
PSNPMNPAIGNGLSPQVMGLLTN
HGGVPHQPQTDYALSPLTGGLEP
TTTVSASCSQRLEHMKSLDSLPTS
QSYCPPTYSTTGYSMDPVTGYQY
GQYGQSAFHYLKPDIA (SEQ ID
NO: 20)

PAXB | Meleagris
P1 gallopavo
(PAX3 | (Turkey)

homolo

g)

XP_01072159
3.1 (SEQID
NO: 21)

XM_010723291
.1 (encodes
XP_010721593.
D

MDTICSISTSLGDSSFRLLDSVLQ
EHYSIALLVCSVCNDSVLVRRPK
EKKRARENKEVPRASLLSFQDEE
EETEEVFKVKKSSYSKKIVKQLK
KEYKEDLEKSKVRTEVNSPTDVE
PPLEKTGQIKDIGQEDGTANSEH
GEEEMEVESEKEEEKPKPGGAFS
SALSSLNVLRPGEIPDAAFIHAAR
KKRQMARELGDFTPVDSEPGKSR
LVREDENDASDDEDDDEKRRIVF
TVKEKSQRQKIAEEIGIEGSDDEA
LVAGEQDEELSRWEQEQIRKGINI
PQVQPSQPAEVNNLYYQNTYQT
LSYGSSYGIPYTYAAYGSSEAKS
QKTDNTVPFKTPSNEMTPITIDLV
KKQLKDRLDSMKELHK ANRQQF
EKHQQSQEDSTKAIERLEGSSGGI
GEQYKFLQEMRGYVQDLLECFS
EKVPLINELESAMHQLYKQRASR
LVQRRQDDIKDESSEFSSHSNKA
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LMAPNLDSFGRDRVLYQEQVKR
RTAEREARRARRRQAREQTGKM
ADHLEGLSSDDEETSTDITNFNM
ERDRILKESSKVFEDVLESFYSID
CIKSQFEAWRSKYFASYKDAYIG
LCLPKLFNPLIRLQLLVWTPLEGK
CRDFETMLWEFESLLFYGCEEQEQ
EKDDADISLLPTIVERVVLPKLTV
ISENIWDPEFSTTQTSRMVAIVQKL
VNGYPSVVNAENKNTQMLLKAL
LLRMRRTLDDDVFMPLYPKNVL
ENKNSGPYLFFQRQFWSSVKLLG
NFLQWYGILSNKTLQELSIDGLL
NRYILMAFQNSEYGDDSIKKAQS
VIACFPKQWFANLKGDKTISQLE
NFCRYLVHLADTIYRNSIGCSDV
EKRNARVANKADHKASSKYTST
GSCCDSCK (SEQ ID NO: 21)

PAX3
(Porcine)

Sus scrofa

XP_02093101
7.1 (SEQ ID
NO: 22)

XM_021075358
.1 (encodes
XP_020931017.
D

MTTLAGAVPRMMRPGPGQNYPR
SGFPLEVSTPLGQGRVNQLGGVFI
NGRPLPNHIRHKIVEMAHHGIRP
CVISRQLRVSHGCVSKILCRYQET
GSIRPGAIGGSKPKVTTPDVEKKI
EEYKRENPGMFSWEIRDKLLKDA
VCDRNTVPSVSSISRILRSKFGKG
EEEEADLERKEAEESEKKTKHSID
GILSERASAPQSDEGSDIDSEPDLP
LKRKQRRSRTTFTAEQLEELERA
FERTHYPDIYTREELAQRAKLTE
ARVQVWFSNRRARWRKQAGAN
QLMAFNHLIPGGFPPTAMPTLPT
YQLSETSYQPTAIPQAVSDPSSTV
HRPQPLPPSTVHQSTIPSNPDSSSA
YCLPSTRHGFSSYTDSFVPPSGPS
NPMNPAIGNGLSPQVMGLLTNH
GGVPHQPQTDYALSPLTGGLEPT
TTVSASCSQRLEHMKSLDSLPTS
QSYCPPTYSTTGYSMDPVTGYQY
GQYGQSAFHYLKPDIA (SEQ ID
NO: 22)

PAX3
(Bovine)

Bos taurus

NP_00119374
7.1 (SEQID
NO: 23)

NM_001206818
.2 (encodes
NP_001193747.
b

MTTLAGAVPRMMRPGPGQNYPR
SGFPLEVSTPLGQGRVNQLGGVFI
NGRPLPNHIRHKIVEMAHHGIRP

CVISRQLRVSHGCVSKILCRYQET
GSIRPGAIGGSKPKQVTTPDVEKK
IEEYKRENPGMFSWEIRDKLLKD

AVCDRNTVPSVSSISRILRSKFGK

GEEEEADLERKEAEESEKKAKHS
IDGILSERASAPQSDEGSDIDSEPD
LPLKRKQRRSRTTFTAEQLEELER
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AFERTHYPDIYTREELAQRAKLT
EARVQVWFSNRRARWRKQAGA
NQLMAFNHLIPGGFPPTAMPTLP
TYQLSETSYQPTAIPQAVSDPSST
VHRPQPLPPSTVHQSTLPSNPDSS
SAYCLPSTRHGFSSYTDSFVPPSG
PSNPMNPAIGNGLSPQVMGLLTN
HGGVPHQPQTDYALSPLTGGLEP
TTTVSASCSQRLDHMKSLDSLPT
SQSYCPPTYSTTGYSMDPVTGYQ
YGQYGQSAFHYLKPDIA (SEQ ID
NO: 23)

PAX3

Oreochrom
is niloticus
(Tilapia)

XP_00546177
9.1 (SEQID
NO: 24)

XM_005461722
.3 (encodes
XP_005461779.
D

MTALAGSIPRMMRPSLTQNYPRS
GFPLEVSTPLGQGRVNQLGGVFI
NGRPLPNHIRHKIVEMAHHGIRP
CVISRQLRVSHGCVSKILCRYQET
GSIRPGAIGGSKPKGTSPDVERRI
EEYKRENPVSAISRIMRSKFGGK
GDEEEDEDEIEKKELEDNERRAK
HSIEGILGDRSSHSDEGSEVESEP
DLPLKRKQRRSRTTFTAEQLEEL
ERAFERTHYPDIYTREELAQRAK
LTEARVQVWESNRRARWRKQA
GANQLMAFNHLIPGGFPPSAMSSI
PPYQLSDSSYPPSSIAQVSEPPSTV
HRPQPLPPSSGHQASGGGGQGEG
GSAYCLASGRHSFSGYSDSFVSP
GAPTNPMNPSIGNGLSPQVMGLL
NPGGVPHQPQSDYAISPLTGGLEP
PAGMAASCSQRMDHIKGLEGLTS
VPSMSALPSLPSSQSYCPPSYSSP
GYTVDHVASYQYSQYGQSTLPY
LRPEIT (SEQ ID NO: 24)

MEF2b

MEF2b

Gallus
gallus
(chicken)

XP_430389.3,
isoform X1
(SEQ ID NO:
25)

XM_430389.7
(encodes
XP_430389.3)

MGRKKIQISRILDQRNRQVTFTK
RKFGLMKKAYELSVLCDCEIALII
FNSTNRLFQYASTDMDKVLLKY
TEYSEPHESRTNSDILETLKRKGL
GLESHELELEEGLDPGEKLRQMN
EGMDLTVARPRFYSPVPLPEVPY
GSSPSSSSDGALGSASSSPQSQGR
PPAFKPTAPKPSGRSPGPMPPGIG
YPLFPAGSLNRALATKTPPPLYLG
ADGQRRSGGSTARPLYSGLQTLN
PVLASGSASIPSHSLTGFPFLAPA
QAAEFGAGEAPPPPGFLQPGPPAP
WQPPRDMAALGASSRIVPTEDLA
PGSSPQPHAISIKSERVSPGLGCPS
GAPQPSQGSLTSLSEAPQGAADL
QPRDDYSKGYPYPPPPPRPLAEE
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QRATAAVPVPARRAQAEDAWQR
(SEQ ID NO: 25)

MEF2b

Anas
platyrhync
hos
(Duck)

XP_03802515
6.1 (SEQID
NO: 26)

XM_038169228
.1 (encodes
XP_038025156.

D

MGRKKIQISRILDQRNRQVTFTK
RKFGLMKKAYELSVLCDCEIALIT
FNSTNRLFQYASTDMDKVLLKY
TEYSEPHESRTNSDILETLKRKGL
GLDSHELELDEGLDGGEKMRKL
NEGMDLTVARPRFYSPVPLPEAS
YSSSPPAGGDGALGSTSSSPQSQG
RPPAFKPSAPKLSGRSPGPMPPGI
GYPLFPPGSLNRALATKTPPPLYL
GADGRRGEAHGSLASGRSGGSA
ARPLYPGLQTLSPVLPPGSAGIPN
HSLSGFPFLAPAQAEYGAGEAPP
PPGFLQPGPPASWQPPRDMAALG
TSTRIVPAEDA APGSSPQHHAISIK
SERVSPGLGCPSGTPQPPPGGLTS
LNEAPRGSGDLQPRDDYAKGYP
YPLGPPRPLAEEQRATTVPVPPRR
AQAVDGWQR (SEQ ID NO: 26)

MEF2b

Meleagris
gallopavo
(Turkey)

XP_01072333
0.1 (SEQID
NO: 27)

M_010725028.3
(encodes
XP_010723330.

Y]

MGRKKIQISRILDQRNRQVTFTK
RKFGLMKKAYELSVLCDCEIALIT
FNSTNRLFQYASTDMDKVLLKY
TEYSEPHESRTNSDILETLKRKGL
GLESHELELEEGLDPGEKLRQLN
EGMDLTVARPRFYSPVPLPEVPY
GSSPPSSSDGALGSASSSPQSQGR
PPTFKPTAPKPSGRSPGPMPPGIG
YPLFPAGSLNRALATKTPPPLYLG
ADGQRRSGSGAARPLYSGLQTLS
PVLASGSAGIPSHSLTGFPFLTPA
QAEFGAGEAPPPPGFLQPGPPAP
WQPPRDMAALGASSRIIPTEDLA
PGSSPQPHTISIKSERVSPGLGCPS
GTPQPSPGSLTSLSEAPRGAADLQ
PRDDYTKGYPYPLPPPRPLAEEQ
RATATIPVPARRVQAEDAWQR
(SEQ ID NO: 27)

MEF2b

Sus scrofa
(Porcine)

XP_02093910
0.1 (SEQID
NO: 28)

XM_021083441
.1 (encodes
XP_020939100.
D

MPRPISSRGAGPPALKAPVAAGS
SEFCAATAAARCVRERQSECPGG
ADQGYSTQPGTMGRKKIQISRIL
DQRNRQVTFTKRKFGLMKKAYE
LSVLCDCEIALIIFNSANRLFQYAS
TDMDRVLLKYTEYSEPHESRTNT
DILETLKRRGVGLDGPELEPDEG
LEGPGEKLRRLAGDGGDPALPRP
RLYPAAPTMPSPDMVYGALPPPG
CDPSGLGEALPAQSRPSPFRPAAP
KAGPPGLAHPLFSPSHLASKTPPP
LYLATDGRRPDLPGGLAGARGG
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LSTSRGLYGSLQSPCSTATPGTPL
GSFPFLPAGPPEYGLGDPPPPPGL
LQPPTLAPWQPSRGDGPTATPTQ
SSGGRSLGEEGPPARGASSPTPPV
SIKSERLSPAPGGPGDFPKTFPYPL
LLARPLAEPLRPGPPMRRLPTAD
GWPR (SEQ ID NO: 28)

MEF2b
(Bovine)

Bos taurus

NP_00113926
5.1 (SEQID
NO: 29)

NM_001145793
.1 (encodes
NP_001139265.

b

MGRKKIQISRILDQRNRQVTFTK
RKFGLMKKAYELSVLCDCEIALIT
FNSSNRLFQYASTDMDRVLLKYT
EYSEPHESRTITDILETLKRRGVG
LDGPELEPDEGLEGPGEKLRRLA
GDGGDPALPRPRLYPAAPTMPSP
DMVYGALPPPACEPTGLGEALPA
QSRPSPFRPAAPKAGPPGLAHPLF
SPSHLASKTPPPLYLAADGRRPDL
PGGLAGTRGGLSSSRGLYGGLQS
PCSTAAPGPPLGSFPFLPAGPPEY
GLGDPPPPPGLLQPPTLAPWQPSR
ADGPPATPTQPSGGRSLGEDGPP
ARGASSPTPPVSIKSERLSPAPGG
PGDFPKTFPYPLLLARPLAEPLRP
GPPLRRLPTADGWPR (SEQ ID
NO: 29)

MEF2b

(Tilapia)

Oreochrom
is niloticus

XP_00547904
5.1 (SEQID
NO: 30)

XM_005478988
.4 (encodes
XP_005479045)

MGRKKIQISRILDQRNRQVTFTK
RKFGLMKKAYELSVLCDCEIALII
FENSTNRLFQYASTDMDKVLLKY
TEYSEPHESRTNTDILETLRRKGL
GLDGSELDSEESMQVATDKYPLS
EGMDLSVARQRFYGPSLLSPEAQ
FLVSAGCENGFPNSSGSGMASHR
PPSFKSLNSRSSSASPAAPHAHTA
FMSPHSGIGYSVFSHGNLNRALD
MKSPPPLNVGTENLRADGANQA
MGATRANHNSARGLLYQGLHSS
SSMVAMGKAGLLSHSLGGYGLP
SPGASEYSQPGFYHSVSLQRGTV
NPWQAAQPPQEPHGPHINPVESS
GGCSFPSQSCTPTSPHLPSLNLSIK
SERSSPEHMASPTSPPLHHLRQHS
PMSNPDSARHTPPDTHPANGTKE
FAKTSYPQDQEEGGQSLRQLEMS
DGWQR (SEQ ID NO: 30)

PITX1

PITX1 | Gallus
gallus

(chicken)

NP_00116115
6.2, variant 1
(SEQ ID NO:
31)

NM_001167684
.2 (encodes
NP_001161156.
2)

MDSFKGGMNLERLPESLRPQPSH
DMASSFHLQRSSEPRDPIENSASE
SSDTEVPEKERSGEQKNEDGAAD
DPAKKKKQRRQRTHFTSQQLQE
LEATFQRNRYPDMSMREEIAVW
TNLTEPRVRVWFKNRRAKWRKR
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ERNQQMDLCKNGY VPQFSGLMQ
PYDDMYAGYPYNNWATKSLTPA
PLSTKSFTFFNSMSPLSSQSMFSA
PSSISSMNMPSGMGHSAVPGMA
NSGLNNINNISGSSLNSAMSSPAC
PYGPPGSPYSVYRDTCNSSLASLR
LKSKQHSSFGYSSLQSPGSSLNAC
QYNS (SEQ ID NO: 31)

PITX1

Anas
platyrhync
hos
(Duck)

XP_03802515
6.1 (SEQID
NO: 32)

XM_038169228
.1 (encodes
XP_038025156)

MGRKKIQISRILDQRNRQVTFTK
RKFGLMKKAYELSVLCDCEIALIT
FNSTNRLFQYASTDMDKVLLKY
TEYSEPHESRTNSDILETLKRKGL
GLDSHELELDEGLDGGEKMRKL
NEGMDLTVARPRFYSPVPLPEAS
YSSSPPAGGDGALGSTSSSPQSQG
RPPAFKPSAPKLSGRSPGPMPPGI
GYPLFPPGSLNRALATKTPPPLYL
GADGRRGEAHGSLASGRSGGSA
ARPLYPGLQTLSPVLPPGSAGIPN
HSLSGFPFLAPAQAEYGAGEAPP
PPGFLQPGPPASWQPPRDMAALG
TSTRIVPAEDA APGSSPQHHAISIK
SERVSPGLGCPSGTPQPPPGGLTS
LNEAPRGSGDLQPRDDYAKGYP
YPLGPPRPLAEEQRATTVPVPPRR
AQAVDGWQR (SEQ ID NO: 32)

PITX1

Meleagris
gallopavo
(Turkey)

XP_01072333
0.1 (SEQID
NO: 33)

XM_010725028
.3 (encodes
XP_010723330)

MGRKKIQISRILDQRNRQVTFTK
RKFGLMKKAYELSVLCDCEIALII
FNSTNRLFQYASTDMDKVLLKY
TEYSEPHESRTNSDILETLKRKGL
GLESHELELEEGLDPGEKLRQLN
EGMDLTVARPRFYSPVPLPEVPY
GSSPPSSSDGALGSASSSPQSQGR
PPTFKPTAPKPSGRSPGPMPPGIG
YPLFPAGSLNRALATKTPPPLYLG
ADGQRRSGSGAARPLYSGLQTLS
PVLASGSAGIPSHSLTGFPFLTPA
QAEFGAGEAPPPPGFLQPGPPAP
WQPPRDMAALGASSRIIPTEDLA
PGSSPQPHTISIKSERVSPGLGCPS
GTPQPSPGSLTSLSEAPRGAADLQ
PRDDYTKGYPYPLPPPRPLAEEQ
RATATIPVPARRVQAEDAWQR
(SEQ ID NO: 33)

PITX1

Sus scrofa
(Porcine)

NP_00123129
9.1 (SEQID
NO: 34)

NM_001244370
.1 (encodes
NP_001231299.
D

MDAFKGGMSLERLPEGLRPPPPP
PHDMGPAFHLARAADPREPLENS
ASESSDTELPEKERSGEPKGPEDS
SAGGAGCGGAEDPAKKKKQRRQ
RTHFTSQQLQELEATFQRNRYPD
MSMREEIAVWTNLTEPRVRVWF
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KNRRAKWRKRERNQQLDLCKG
GYVPQFSGLVQPYEDVYAAGYS
YNNWAAKSLAPAPLSTKSFTFFN
SMSPLSSQSMFSAPSSISSMTMPS
SMGPGAVPGMPNSGLNNINNLT
GSSLNSAMSPGACPYGTPASPYS
VYRDTCNSSLASLRLKSKQHSSF
GYGGLQGPASGLNACQYNS
(SEQ ID NO: 34)

PITX1
(Bovine)

Bos taurus

NP_00119222
9.1 (SEQID
NO: 35)

NM_001205300
.2 (encodes
NP_001192229.
D

MDAFKGGMSLERLPEGLRPPPPQ
PHDMGPAFHLARTADPREPLENS
ASESSDTELPEKERGGEPKGPEDS
GAGGAGCGGAEDPAKKKKQRR
QRTHFTSQQLQELEATFQRNRYP
DMSMREEIAVWTNLTEPRVRVW
FKNRRAKWRKRERNQQLDLCKG
GYVPQFSGLVQPYDDVYAAGYS
YNNWAAKSLAPAPLSTKSFTFFN
SMSPLSSQSMFSAPSSISSMTMPS
SMGPGAVPGMPNSGLNNINNLT
GSSLNSAMSPGACPYGTPASPYS
VYRDTCNSSLASLRLKSKQHSSF
GYGGLQGPASGLNACQYNS
(SEQ ID NO: 35)

PITX1

(Tilapia)

Oreochrom
is niloticus

XP_00545620
3.1 (SEQID
NO: 36)

XM_005456146
.4 (encodes
XP_005456203.

b

MELNLSKNVISCGESEKERNAEH
RSDDGNADDPKKKKQRRQRTHF
TSQQLQELEATFQRNRYPDMSTR
EEIAVWTNLTEARVRVWFKNRR
AKWRKRERNQQMDLCKNSYLP
QFSGLMQPYDDMYPAYTYNNW
TNKGLTPAPLSTKNFTFFNSMSPL
TSQSMFSAPNSISSMTMASGMGH
SAVPGMPTPGLNNISNLNGIGTSG
INSAMSSSACPYGPPGSPYSVYRD
TCNSSLASLRLKSKQHPTFGYSG
LQSPGSSLNACQYNS (SEQ ID
NO: 36)

TERT

TERT | Gallus
gallus

(chicken)

NP_00102617
8.1 (SEQID
NO: 37)

NM_001031007
.1 (encodes
NP_001026178.
D

MERGAQPGVGVRRLRNVAREEP
FAAVLGALRGCYAEATPLEAFVR
RLQEGGTGEVEVLRGDDAQCYR
TFVSQCVVCVPRGARAIPRPICFQ
QLSSQSEVITRIVQRLCEKKKKNI
LAYGYSLLDENSCHFRVLPSSCIY
SYLSNTVTETIRISGLWEILLSRIG
DDVMMYLLEHCALFMLVPPSNC
YQVCGQPIYELISRNVGPSPGFVR
RRYSRFKHNSLLDYVRKRLVFHR
HYLSKSQWWKCRPRRRGRVSSR
RKRRSHRIQSLRSGYQPSAKVNF
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QAGROQISTVTARLEKQSCSSLCLP
ARAPSLKRKRDGEQVEITAKRVK
VMEKEIEEQACSIVPDVNQSSSQR
HGTSWHVAPRAVGLIKEHYISER
SNSEMSGPSVVRRSHPGKRPVAD
KSSFPQGVQGNKRIKTGAEKRAE
SNRRGIEMYINPIHKPNRRGIERRI
NPTHKPELNSVQTEPMEGASSGD
RKQENPPAHLAKQLPNTLSRSTV
YFEKKFLLYSRSYQEYFPKSFILS
RLQGCQAGGRRLIETIFLSQNPLK
EQQNQSLPQQKWRKKRLPKRYW
QMREIFQKLVKNHEKCPYLVFLR
KNCPVLLSEACLKKTELTLQAAL
PGEAKVHKHTEHGKESTEGTAPN
SFLAPPSVLACGQPERGEQHPAE
GSDPLLRELLRQHSSHWQVYGFV
RECLERVIPAELWGSSHNKCRFF
KNVKAFISMGKYAKLSLQQLMW
KMRVNDCVWLRLAKGNHSVPA
YEHCYREEILAKFLYWLMDSY VI
ELLKSFFYITETMFQKNMLFYYR
KFIWGKLQNIGIRDHFAKVHLRA
LSSEEMEVIRQKKYFPIASRLRFIP
KMNGLRPVVRLSRVVEGQKLSK
ESREKKIQRYNTQLKNLFSVLNY
ERTVNTSIIGSSVFGRDDIYRKWK
EFVTKVFESGGEMPHFYFVKGDV
SRAFDTIPHKKLVEVISQVLKPES
QTVYGIRWYAVIMITPTGKARKL
YKRHVSTFEDFIPDMKQFVSKLQ
ERTSLRNAIVVEQCLTFNENSSTL
FTFFLQMLHNNILEIGHRYYIQCS
GIPQGSILSTLLCSLCYGDMENKL
LCGIQKDGVLIRLIDDFLLVTPHL
MQARTFLRTIAAGIPEYGFLINAK
KTVVNFPVDDIPGCSKFKHLPDC
RLISWCGLLLDVQTLEVYCDYSS
YAFTSIRSSLSFNSSRIAGKNMKC
KLTAVLKLKCHPLLLDLKINSLQ
TVLINIYKIFLLQAYRFHACVLQL
PFNQKVRNNPDFFLRIISDTASCC
YFILKAKNPGVSLGSKDASGMFP
FEAAEWLCYHAFIVKLSNHKVIY
KCLLKPLKVYKMHLFGKIPRDT
MELLKTVTEPSLCQDFKTILD
(SEQ ID NO: 37)

TERT | Anas XP_03803097 | XM_038175050 | MEEGRREGEGRGAAAAPGAAAA
platyrhync | 8.1 (SEQID .1 (encodes AAGDGGAGGTGSTGGTGGGRPH
hos NO: 38) RNMAGAEPFGAVLGALRGCYAQ
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1
(Duck) XP_038030978. | VAPLETFVRGLGESGAEEAEVVR
1) DSDAASYRTFVSQCVVCVPHGA

RDIPRPFSLEQLSSQSEVISRVMQ
RLCGKKKKNILTYGYSLLDENSS
HFQIMPLSNVYSYLPNTATETMRI
SGLWETLLSRIGDDVMMYLLEH
CAIFMLVPPSNCYQVCGQPIYELI
SQNVESAPEFVKQRLSKHKRSSL
LKYMQKRLTFHRQYLSKSRQSK
RROQRLEANVSSVRNKTSNNIQSL
GSAALEKQSSSNAGLSATAPSLK
RKLAREQLEVTAKRARLEEKERE
EQACNTAPNVNQSIPKRYGTGCV
ASRSVSLTKEKNISQRSNSDMSRP
SLVHNSHRGKKSVADKSSFLQGA
ESNRHLKPSIEMQAGSSRKGVET
RRPIPRLDWYVPIEPAESSSSGHKK
QEGPLAHLAEEVPNRVLPSTIYID
RKFLYSRRYWGERFPKSFLLNRL
KGSQAGVKRLIETIFLSQNPFGQK
CNQGLPQKKRRKKKLPKRFWRM
RSIFQQLLKNHGKFPYVAFLRQN
CPLRISDTILGKAKLLSRAPLPGQ
AEARKQAEQLGKEPAERVASSRC
ESGHTNVPSSVRAPLAASACGEP
GGEEQIPAEASDSVLRELLKEHCS
HFQVYLFVRECVERVIPTELWGS
NHNKRRFFKNVKAFISMGKYAK
LSLQVLMWKMRVNDCMWLRLA
KGNHFVPASEHLYREEILAKFLY
WLMDTYVVQLLRSFFYVTETMF
QKNMLFYYRKCIWGKLQDIGIRK
HFSKVKLRPLTAEEMEAITHQKKY
LPMASKLRFIPKVTGLRPIVRMSG
VVEAQTLSKESRAKKMNHYNM
QLKNLFSVLNYERTINTSYIGSSV
FGRDDIYKSWKTFVKKVLKSDG
EIPHFYYVKADVSRAFDSIPHNKL
VEVISQVLKPEKKTVYCIRRYAV
VMITGSGKTRKLYKRHVSTFKDF
MPDMKQFVSRLHESTSLRDAIIV
EQSLTFNETSASLFNFFLQMLNN
NILEIERSYYLQCSGIPQGSLLSTL
LCSLCYGDMENKLFSGVQKDGV
LIRLIDDFLLVTPHLTHARTFLRT
LAMGIPEYGFLINPKKTVVNFSA
DDIPECSEFKQLPNCRLIPWCGLL
LDTQTLEVYCDYSSYSCTSIRSSL
SFNSNRTAGKNMKHKLLAVLKL
KCHGLFLDLQINSLKTVFINVYKI
FLLQAYRFHACVIQLPFNQKVRN
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1
NPDFFLRVIAENASCCYSMLKAK
NPGFTLGNRGASGMFPSEAAEW
LCYHAFTVKLSNHKVVYKCLLK
PLKFCMMQLFRKIPKDTKALLKT
VTEPSICKDFKSILD (SEQ ID NO:
38)
TERT | Meleagris | XP_03140858 | XM_031552721 | MEASRNIEFSGGAACASAFWGTV
gallopavo | 1.1 (SEQID .1 (encodes TWRPGVGSRGGEERHRVLPGHE
(Turkey) NO: 39) XP_031408581. | EQDQKGSTEQASVRRNVRLKSRP

D

GCLAAVSASLGHVLFVEKLLIKK
SVLPFSVFVQLSSQSEVITRIVQRL
CEKKKKNILAYGYSLLDENSCHF
RILPSSCIYSYLPNTVTETIRISGL
WEILLSRIGDDVMMYLLEHCALF
MLVPPSNCYQVCGQPIYELISRNI
GPSPGFVRRRYSRFKHNNLLNYV
RKRLVFHRHYLSKSQWWKCGPR
RQGRVSSRRKRRTHRIQSPRSGY
QSSAKVNFQAGMRISTVTAHLEK
QNCSSLCLPARTPSLKRKRDGEQ
VETTAKRVKVMEREEQACSIVPD
VNRSSSRRHGVWHVAPRAVGLI
KERYVSERSYSEMSGPSVVHRSH
PGKRPVADKSSFPRGVQGNKHIK
TGAEKRAESNKRGIEMYINPICKP
NRRGIERHINPTHKPGLNSVQTEP
MESASSGDRKQENPPAHLAKQLP
NTFLRSAVYFEKKFLLYSRSYQE
YFPKSFILSRLQGCQAGGRQLIETI
FLSQNPLKEKQNQSLKQQKWRK
KRLPKRYWQMREIFQKLLKNHE
KCPYLVFLRKNCPVLLSEACLKK
TELTLQAALPGEAKVHKHTEHGE
ETTEGTAPNSFYTPPSMPLCGQTE
REEQHLAEGSDPLLRELLRQHSS
HWQVYGFVRECLERVIPAELWG
SSHNKCRFFKNVKAFISMGKYAK
LSLQQLMWKMRVNDCVWLRLA
KGNHSVPAYEHCYREEILAKFLY
WLMDSYVIELLKSFFYITETMFQ
KNMLFYYRKFIWGKLQNIGIRNH
FAKVHLRALSSEEMEVIHQKKYF
PIASRLRFIPKINGLRPVVRLSRVV
EGQKLSKESREKKIQRYNTQLKN
LFSVLNYERTVNTSIIGSSVFGRD
DIYRKWKEFVTKVFESGGEMPHF
YFVKGDVSRAFDTIPHKKLVEVIS
QVLKPESQTVYGIRWYAVIMITP
TGKARKLYKRHVSTFEDFIPDMK
QFVSKLQERTSLRNAIVVEQCLTF
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NENSSTLFTFFLQMLHNNILEIGH
RYYIQCSGIPQGSILSTLLCSLCYG
DMENKLLCGIQKDGILIRLIDDFL
LVTPHLMQAKTFLRTIAAGIPEY
GFLINAKKTVVNFPVDDIPGCSKF
KQLPDCRLISWCGLLLDMQTLEV
YCDYSSYAFTSIRSSLSFNSSRIAG
KNMKCKLTAVLKLKCHPLFLDL
KINSLKTVLINTYKIFLLQAYRFH
ACVLQLPFNQKVRNNPYFFVRIIS
DTASCCYFILKAKNPGVCLGCKD
ASGMFPFEAAEWLCYHAFIVKLS
NHKVIYKCLLKPLKVYKMHLFG
KIPRDTMVLLKTVTEPSLCQDFK
TILD (SEQ ID NO: 39)

TERT
(Porcine)

Sus scrofa

NP_00123122
9.2 (SEQID
NO: 40)

NM_001244300
.2 (encodes
NP_001231229.
2)

MPRAPRCRAVRSLLRDRYRQVLP
LATFVRRLGPEGRRLVRRGDPAA
YRALVAQCLVCVPWDAQPPPAS
PSFRQVSCLKELVARVVQRLCER
GARNVLAFGFALLDGARGGPPV
AFTTSVRSYLPNTVTDTLRGSGA
WGLLLRRVGDDVLTHLLARCAL
YLLVPPSCAYQVCGPPLYDLYTA
AEARPMRHKGQTPTGLGLTRPV
CNGEAGRPQEQRAQGVRRRRGR
AGGHPLPAKRPRHVPEPEQGPEG
QASRAHQGRAPGPSDSDPPVMTP
TRAAAKAKSREGEAPGTRHLSPQ
AGGARGTCPPSWWQPHLQGKPS
PHVCAAETKRFLYCSGSKEGLRR
SFLLCSLPPSLAGAGRLVEVIFLA
SKPGQPGARRVPARYWRMRPLF
RELLKNHARCPYKALLRAHCPLR
AAATLSGSGGQVCDHKVGPLAP
ERLAAAAEGDSASRRLVQLLRQ
HSSPWQVYRLLRACLHRLVPPGL
WGSPHNKRRFLKNVKKLVSLGK
HARLSLQELMWKMKVQDCIWL
RRSPDARHVQAAEHRLREAILAK
FLRWLMGTYVVELLRSFFYVTET
TFQKNRLFFFRKRIWSRLQSAGIR
QHLDRVRLRELSEAEIRRRREAR
PAVLTSKLRFVPKPDGLRPIVNM
ANVVRARTGPGDKKVRRLTGQV
KTLFAVLNYERARRPRLLGASVL
GVGDIHRAWRAFVLPLRAQDPA
PPLYFVKVDVTGAYDALPQDRLL
EVVANVIRPHESTYCVRQCAVLR
RTARGHVRKSFQTHVSTFADLQP
YMRQFVAHLQATGPLRDAVVIE
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QSCSLNEAGSRLLELFLSLLRNHV
IRIGGRSYVQCQGIPQGSILSTLLC
SLCYGDMENRLFPGIQRDGVLLR
LVDDFLLVTPHLTRAKAFLRTLV
RGVPEYGCLANLRKTAVNFPVE
DGARGGPAPLQLPAHCLFPWCG
LLLDTRTLEVHCDYASYARTSIR
ASLTFNQGFKPGRNMRRKLLAV
LRLKCHGILLDLQVNSLPTVLAN
VYKIFLLQAYRFHACVLQLPFRQ
PLARNPSFFLRLVSDTASCCYSLL
KARNAGMSLGARGASGPFPSEA
AEWLCLHAFLLKLVRHRVTYSC
LLGPLRAARERLCQRLPGATLAA
LEAAADPALTTDFRTILD (SEQ ID
NO: 40)

TERT
(Bovine)

Bos taurus

NP_00103970
7.1 (SEQ ID
NO: 41)

NM_001046242
.1 (encodes
NP_001231229.
2)

MPRAPRCRAVRALLRASYRQVL
PLAAFVRRLRPQGHRLVRRGDPA
AFRALVAQCLVCVPWDAQPPPA
APSFRQVSCLKELVARVVQRLCE
RGARNVLAFGFTLLAGARGGPPV
AFTTSVRSYLPNTVTDTLRGSGA
WGLLLHRVGDDVLTHLLSRCAL
YLLVPPTCAYQVCGPPLYDLRAA
AAAARRPTRQVGGTRAGFGLPRP
ASSNGGHGEAEGLLEARAQGAR
RRRSSARGRLPPAKRPRRGLEPG
RDLEGQVARSPPRVVTPTRDAAE
AKSRKGDVPGPCRLFPGGERGVG
SASWRLSPSEGEPGAGACAETKR
FLYCSGGGEQLRRSFLLCSLPPSL
AGARTLVETIFLDSKPGPPGAPRR
PRRLPARYWQMRPLFRKLLGNH
ARSPYGALLRAHCPLPASAPRAG
PDHQKCPGVGGCPSERPAAAPEG
EANSGRLVQLLRQHSSPWQVYG
LLRACLRRLVPAGLWGSRHNER
RFLRNVKKLLSLGKHGRLSQQEL
TWKMKVQDCAWLRASPGARCV
PAAEHRQREAVLGRFLHWLMGA
YVVELLRSFFYVTETTFQKNRLFF
FRKRIWSQLQRLGVRQHLDRVRL
RELSEAEVRQHQEARPALLTSRL
RFVPKPGGLRPIVNVGCVEGAPA
PPRDKKVQHLSSRVKTLFAVLNY
ERARRPGLLGASVLGMDDIHRA
WRAFVLPLRARGPAPPLYFVKVD
VVGAYDALPQDKLAEVIANVLQ
PQENTYCVRHCAMVRTARGRMR
KSFKRHVSTFSDFQPYLRQLVEH
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LQAMGSLRDAVVIEQSCSLNEPG
SSLENLFLHLVRSHVIRIGGRSYIQ
CQGIPQGSILSTLLCSFCYGDMEN
KLFPGVQQDGVLLRLVDDFLLVT
PHLTRARDFLRTLVRGVPEYGCQ
VNLRKTVVNFPVEPGALGGAAPL
QLPAHCLFPWCGLLLDTRTLEVH
GDHSSYARTSIRASLTFTQGFKPG
RNMRRKLLAVLQLKCHGLFLDL
QVNSLQTVFINVYKIFLLQAYRF
HACVLQLPFSQPVRSSPAFFLQVI
ADTASRGYALLKARNAGASLGA
RGAAGLFPSEAAQWLCLHAFLL
KLARHRVTYSRLLGALRTARARL
HRQLPGPTRAALEAAADPALTAD
FKTILD (SEQ ID NO: 41)

TERT

(Tilapia)

Oreochrom
is niloticus

XP_02575811
9.1 (SEQID
NO: 42)

XM_025902334
.1 (encodes
XP_025758119.
D

MKICSLPELLAFVLNTLKRKRKR
NVLAHGYNFQTLAQEDRDADFL
KFQGDVTQSAAYIHGSDLWKKV
TMRLGTDITQYLLESCSVFVAVP
PSCVFQVCGPPVYDRVSMTMASS
GFFLQPGVRKHNRTKIESCRGSV
SLKQKRTVVNPAASKKMKRRNK
GGKKGKRKRETGEEEEVAVCSR
KRRRVASIEHQQAIQPVGSEKEG
QVVPVESAPPAAFKQPVEMPTLE
GGPSWRSGIFPPLPPSQCFIRTLGF
LYGGRGMRGFLLNRRKKTAHGS
RRLQGQDLVRIVFFEGLAYLNGV
ERKPKKLPQRFFGMVPLFRQLLQ
QHRSCSYTKILQRLCPSIEESNAG
QGELNSLLPQHCAPHRVYLFVRE
CLSSVIPQELWGSDQNRLHFFAR
VRTFLRSGKFERLSLAELMWKIK
VNDCDWLKRSKTGCFPPSELAYR
TQVLGQFLAWLLDGYVTGLVRA
CFYATESIGQKNAIRFYRQEVWA
KLQDLAFRGHLSKGQMEELTPA
QVASLPKGTVISRLRFIPKTDGMR
PITRVIGADAKTRLYRGRVRDLL
DMLRACVRATPSLLGSTVWGMT
DIHKVLCSLAPAQKEKPQPLYFV
KVDVSGAYESLPHDKLIEVIGQA
LSPVHDELFTIRRYAKIWADSHE
GLKKAFVRQADFLEDNMGSTNM
KGFLTSLQRKGKVHHAILVEQHF
CSDLHGREALQFFTQMLTGSVVQ
YGKKTYRQCRGIPQGSVVSSLLC
CLCYGHMENLLFKDIPGHKGCL
MRLVDDFLLITPDQHEAQAFLKI
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LLAGVPQYGLAVNPQKVVLNFQ
VSGSVASCPDIRILPPHCLFPWCG
LLLDTHKLDVYKDYSSYAGLSLR
YSLTLGSSHSAGQQMKRKLMAIL
RLKCHALFFDLKTNSLEAVYKNI
YKLVLLHACRFHVCAQSLPFGQT
VSKNPVFFLQLIWEMAQYCNKLI
RRSNKGLILGDKAQTGIVQYEAV
ELLFCLCFLLVLSQHRLLYKDLL
AHLHKRKRSLERRLGDLRLARV
RQAASPRTPVDFLAIQT (SEQ ID
NO: 42)

6.4. Inducing Myogenic-Specific Differentiation

[167] This disclosure also provides methods for differentiating a cell line or an

immortalized cell line having improved myogenic differentiation capacity into a cell
type of interest (e.g., a myoblast). In some embodiments, a cell line or an
immortalized cell line having improved myogenic differentiation capacity is
differentiated into a cell of type of interest (e.g., a myoblast) using a differentiation
media. In some embodiments, a differentiation media comprises base media without
any additional additives. Non-limiting examples of base media include: DMEM/F-12,
MEM, IMDM, and DMEM. In some embodiments, a differentiation media comprises
base media including serum (e.g., horse serum, bovine serum, chicken serum, or a
combination thereof). For example, differentiation media includes about 0.5% serum,
about 1.0% serum, about 2.0% serum, about 3.0% serum, about 4% serum, about 5%
serum, about 6% serum, about 7% serum, about 8% serum, about 9% serum, or about
10% serum. In some embodiments, differentiation media includes about 2% serum

(e.g., horse serum, bovine serum, chicken serum, or a combination thereof).

[168] In some embodiments, a cell line or an immortalized cell line having improved

myogenic differentiation capacity (e.g., as a result of the methods described herein) is
exposed to the differentiation media for a period of time. In some embodiments, the
period of time is any amount of time needed for the cell line or the immortalized cell
line to differentiate to a cell type of interest. Non-limiting examples of a period of

time include: about 1 day, about 2 days, about 3 days, about 4 days, about 5 days,
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about 6 days, about 7 days, about 8 days, about 9 days, about 10 days, about 11 days,
about 12 days, about 13 days, or about 14 days. In some embodiments, a cell line or
an immortalized cell line having improved myogenic differentiation capacity (e.g., as
a result of the methods described herein) is allowed to reach at least 80% (e.g., at least
85%, at least 90%, or at least 95%) confluency before being exposed to differentiation

media.

[169] Also provided herein is an in vitro method for producing a cell-based meat
product, comprising: (a) exposing (contacting) the cell line or the immortalized cell
line to (with) at least a first Activin A inhibitor and at least a first BMP inhibitor; (b)
transforming, introducing, or incorporating into the genome of, the cell at least a first
myogenic regulatory factor polypeptide (e.g., any of the myogenic regulatory factor
polypeptides described herein), thereby producing a recombinant cell line expressing
the one or more myogenic regulatory factors; and (c) inducing myogenic specific
differentiation. In some embodiments, the in vitro method for producing a cell based
meat product includes: (a) exposing (contacting) the cell line or the immortalized cell
line to (with) at least one Activin A inhibitor, at least one BMP inhibitor, and at least
one WNT activator; (b) transforming, introducing, or incorporating into the genome
of, the cell (e.g., the cell of the immortalized cell line) with at least a first myogenic
regulatory factor polypeptide (e.g., any of the myogenic regulatory factor
polypeptides described herein) producing a recombinant cell line expressing the one
or more myogenic regulatory factors; and (c) inducing myogenic specific

differentiation.

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

reference in their entireties.
6.5. Nucleic Acids/Vectors

[171] Also provided herein are nucleic acid sequences that encode any of the
myogenic regulatory factors described herein (e.g., any of the myogenic factors,

fragments or variants thereof).

[172] Also provided herein is a nucleic acid construct (i.e., a vector) that includes

any of the nucleic acid sequences encoding any of the myogenic regulatory factors
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described herein. Any of the vectors described herein can be an expression vector.
For example, an expression vector can include a promoter sequence operably linked
to a first sequence encoding any of the myogenic regulatory factors described herein.
Non-limiting examples of vectors include plasmids, transposons, cosmids, and viral
vectors (e.g., any adenoviral vectors (e.g., pSV or pCMYV vectors), adeno-associated
virus (AAYV) vectors, lentivirus vectors, and retroviral vectors), and any Gateway®
vectors. In some cases, a vector can include sufficient cis-acting elements that
supplement expression where the remaining elements needed for expression can be

supplied by the host cell.

[173] In some embodiments, a vector includes a nucleic acid sequence encoding a
single myogenic regulatory factor of fragment thereof. In some embodiments, a
vector includes nucleic acid sequences encoding two or more, three or more, or four
or more myogenic regulatory factors. In such cases, each of the two or more nucleic
acid sequences are operably linked to a promoter sequence or another nucleic acid
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 nucleic acid sequence
is operably linked to a promoter when its transcription is under the control of the
promoter. In another example, a nucleic acid sequence can be operably linked to
other nucleic acid 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 nucleic acid sequence to be under the control of the promoter operably
linked to the first nucleic acid sequence. In some cases, the nucleic acid sequences
described herein can be operably linked to any other nucleic acid sequence described
herein using a self-cleaving 2A polypeptide or IRES. In some cases, the nucleic acid
sequences are all included on one vector and operably linked either to a promoter
upstream of the nucleic acid sequences or operably linked to the other nucleic acid

sequences through a self-cleaving 2A polypeptide or an IRES.

[174] In some embodiments, a single nucleic acid construct encodes MYOD or a
fragment thereof. In some embodiments, the single nucleic acid construct encoding
MyoD or a fragment thereof comprises a sequence of SEQ ID NO: 43. In some

embodiments, the single nucleic acid construct encoding MYOD or a fragment
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thereof, comprises a sequence that is at least 80% (e.g., at least 85%, 90, 95%, 96%,
97%, 98%, or 99%) identical to SEQ ID NO: 43. In some embodiments, the single
nucleic acid construct encoding MYOD or a fragment thereof comprises a sequence
of SEQ ID NO: 44 or 46. In some embodiments, the single nucleic acid construct
encoding MYOD or a fragment thereof, comprises a sequence that is at least 80%
(e.g., at least 85%, 90, 95%, 96%, 97%, 98%, 99% or 100%) identical to nucleotides
2886-4511, or a fragment thereof, of SEQ ID NO: 44. In some embodiments, the
single nucleic acid construct encoding MYOD or a fragment thereof, comprises a
sequence that is at least 80% (e.g., at least 85%, 90, 95%, 96%, 97%, 98%, 99% or
100%) identical to nucleotides 3750-6192, or a fragment thereof, of SEQ ID NO: 46.

[175] In some embodiments, a single nucleic acid construct encodes MYOD or a
fragment thereof, PAX7 or a fragment thereof, and MEF2B or a fragment thereof, and
includes self-cleaving 2A polypeptides to operably link the coding sequences. In
some embodiments, the single nucleic acid construct encoding MYOD or a fragment
thereof, PAX7 or a fragment thereof, and MEF2B or a fragment thereof, comprises a
sequence of SEQ ID NO: 45. In some embodiments, the single nucleic acid construct
encoding MyoD or a fragment thereof, Pax7 or a fragment thereof, and MEF2b or a
fragment thereof, comprises a sequence that is at least 80% (e.g., at least 85%, 90,
95%, 96%, 97%, 98%, 99% or 100%) identical to nucleotides 2108-7408, or a
fragment thereof, of SEQ ID NO: 45.

[176] In some embodiments, a single nucleic acid constructs encodes PAX3/PAX7
(or a fragment thereof), PITX1 (or a fragment thereof), and MEF2B (or a fragment
thereof), and includes self-cleaving 2A polypeptides to operably link the coding
sequences. In some embodiments, a single nucleic acid constructs encodes MYOD
(or a fragment thereof), PAX3/PAX7 (or a fragment thereof), PITX1 (or a fragment
thereof), and MEF2B (or a fragment thereof), and includes self-cleaving 2A
polypeptides to operably link the coding sequences.

[177] 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 nucleic acid sequence
encoding a MYOD polypeptide (or a fragment thereof), a second vector comprising a
nucleic acid sequence encoding a PAX7 polypeptide (or a fragment thereof), and a

third vector comprising a nucleic acid sequence encoding a MEF2B polypeptide (or a

68



WO 2023/122688 PCT/US2022/082175

fragment thereof). In another example, the set of vectors include a first vector
comprising a nucleic acid sequence encoding a PAX3 or a PAX7 polypeptide (or a
fragment thereof), a second vector comprising a nucleic acid sequence encoding a
MEF2B polypeptide (or a fragment thereof), and a third vector comprising a nucleic
acid sequence encoding a PITX1 polypeptide (or a fragment thereof). In yet another
example, the set of vectors include a first vector comprising a nucleic acid sequence
encoding a MYOD polypeptide (or a fragment thereof), a second vector comprising a
nucleic acid sequence encoding a PAX3 or a PAX7 polypeptide (or a fragment
thereof), a third vector comprising a nucleic acid sequence encoding a MEF2B
polypeptide (or a fragment thereof), and a fourth vector comprising a nucleic acid

sequence encoding a PITX1 polypeptide (or a fragment thereof).

[178] In some embodiments, a vector system is used to integrate a nucleic acid
sequence encoding one or more myogenic regulatory factors into the genome of the
cell (e.g., a cell of the immortalized cell line). In some embodiments, the vector
system is a phiC31 Integrase Vector System. Additional non-limiting examples of
vector systems that can be used to integrate a nucleic acid sequence encoding one or
more myogenic regulatory factors into the genome of the cells (e.g., the immortalized
cell line) 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, and viral vector-mediated integration. In some
embodiments, a vector is a viral vector. Non-limiting examples of viral vectors

include adenovirus, adeno-associated virus, lentivirus, and retrovirus.

[179] In some embodiments, a nucleic acid sequence that encodes any of the
myogenic regulatory factors described herein is operably linked to a promoter. In
some embodiments, the promoter is a muscle-specific promoter. In some
embodiments, the muscle-specific promoter is selected from the group consisting of:
skeletal -action, myosin light chain 2a, dystrophin, SPc-512, muscle creatine kinase,
and synthetic muscle promoters. In some embodiments, the promoter is a
constitutively active promoter. In some embodiments, a promoter is selected from the
group consisting of: EF1 (e.g., EFlalpha), PGK, CMV, RSV, and B-actin. In some

embodiments, the promoter is a PGK promoter. In some embodiments, a vector
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comprises a promoter operably linked to any of the nucleic acid sequences described

herein.

[180] In some embodiments, a nucleic acid sequence that encodes any of the
myogenic regulatory factors described herein are mRNA molecules. In such cases, an
immortalized cell is transformed with the one or more mRNA molecules. The mRNA

molecule is prepared prior to transformation using techniques known in the art.
6.6. Methods of Transducing Cells

[181] 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.
6.7.  Kits and Culture Media

[182] Also provided herein are kits comprising any of the immortalized cells, any of
the cells derived from the immortalized cells, any of the nucleic acid sequences
encoding any of the one or more myogenic regulatory factors, any of the Activin
A/TGF-p inhibitors, any of the BMP inhibitors, any of the WNT activators, or any of
the HDAC inhibitors described herein. In some embodiments, the kit further
comprises an immortalization agent (e.g., a nucleic acid sequence encoding a TERT
polypeptide (or a fragment thereof)). In some embodiments, the kit includes

instructions for performing any of the methods described herein.

[183] Also provided herein are any of the culture medias described herein. In some

embodiments, the culture media is as described herein, for example, in Section 6.2.1.
6.8. Cells

[184] Also provided herein are cell line(s) capable of self-renewal for cultured food

production. In some cases, the cell line(s) capable of self-renewal are immortalized
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cell line(s) including those generated as described herein. These cell lines are then

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

[185] 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.

[186] Also provided herein are cells comprising any of the nucleic acids described
herein that encode for an immortalization agent (e.g., nucleic acid sequence encoding
TERT). In some embodiments, a cell includes a nucleic acid sequence that encodes
an immortalization agent and a nucleic acid sequence that encodes one or more

myogenic regulatory factors.

[187] Also provided herein are cells derived from the cell, cell lines, immortalized
cells, or immortalized cell lines. For example, as a result of the application of the
methods described herein, a cell line or an immortalized cell line expresses one or
more myogenic markers (e.g., Pax7, MyHCI1, MyoG, and MyoD). Non-limiting
examples of cells derived from the cell line or the immortalized cell lines include
myoblasts, myotubes, multinucleated myotubes, satellite cells, skeletal muscle fibers,

or any combination thereof.

[188] In some embodiments, the cell line or immortalized 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.

[189] In some embodiment, the cell line, late passage cell line, or immortalized cell

line is derived from a species selected from Gallus gallus, Bos taurus, Sous scrofa,
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Meleagris gallopavo, Anas platyrynchos, Salmo salar, Thunnus thynnus, Ovis aries,

Coturnix coturnix, Copra aegagrus hircus, or Homarus americanus.

[190] In some embodiments, the cell line or immortalized cell 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
embodiments, 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). In some embodiments, a

population of cells are isolated from a chicken (e.g., chicken skin or chicken muscle).

[191] In some embodiments, the cell line, late passage cell line, or immortalized cell
line is isolated from bovine taurus (“cow” or “bovine”). In some embodiments, the
cell is isolated from bovine skin. In some embodiments, the cell is isolated from
bovine muscle. In some embodiments, the cell is isolated from a cow (e.g., bovine
skin or bovine muscle) and cultured until a monoculture of cells is established (e.g., a
monoculture of fibroblasts originating from the isolated bovine cells). In some
embodiments, a population of cells are isolated from a cow (e.g., bovine skin or

bovine muscle).

[192] In some embodiments, the cell line or immortalized cell 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.

[193] 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.

[194] 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.

[195] In some embodiments, a cell line or an immortalized cell is not a stem cell

(e.g., a muscle stem cell, a muscle satellite cell, or a pluripotent stem cell). In some
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embodiments, a cell line or an immortalized cell is not a pluripotent stem cell line

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

[196] In some embodiments, a cell line or an immortalized cell comprises one or

more stem cells (e.g., an adult stem cell (e.g., a mesenchymal stem cell)).

[197] In some embodiments, a cell line is a late-passage cell line. Non-limiting
examples of late passage cells include an immortalized myoblast and an immortalized
fibroblast. In some embodiments, a late-passage cell includes a senescent cell.
Cellular senescence can be measured using cell proliferation assays, observed changes
in cellular morphology, and biomarker expression, among other techniques known in

the art.

[198] In some embodiments, a late-passage cell line refers to a cell or cell line that
has been passaged (e.g., passage refers to the number of times the culture including
the cell has been subcultured) at least 40 times (e.g., at least 45 times, at least 50
times, at least 60 times, at least 65 times, at least 70 times, at least 75 times, at least 80
times, at least 85 times, at least 90 times, at least 95 times, at least 100 times, at least

110 times, at least 120 times or at least 130 times).

[199] Also provided herein are cell banks comprising cells, populations of cells, cell
lines, or immortalized cell lines (e.g., immortalized fibroblast cells lines) generated

according to the methods described herein.

[200] In some embodiments, as a result of the methods provided herein, a cell bank
comprises a cell, population of cells, cell line, or an immortalized cell line having
increased differentiation capacity. In some embodiments, as a result of the methods
provided herein, a cell bank comprises a cell, population of cells, cell line, or an

immortalized cell line having increased myogenic differentiation capacity.

[201] In some embodiments, a cell bank provides a cell, population of cells, cell
line, or an immortalized cell line for use in inducing myogenic-specific
differentiation. In some embodiments, a cell bank comprising a cell, population of
cells, cell line, or an immortalized cell line having improved differentiation capacity is
differentiated into a cell of type of interest (e.g., a myoblast, myocyte or myotube)

using a differentiation media. In some embodiments, a cell bank comprising a cell,
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population of cells, cell line, or an immortalized cell line having improved
differentiation capacity (i.e., as a result of the methods provided herein) is
differentiated according to methods described in WO2019014652A1 and/or
WO02015066377A1, both of which are herein incorporated by reference in their

entireties.
6.9. Summary of Experimental Observations

[202] Applicant evaluated the myogenic differentiation capacity of an immortalized
fibroblast cell line following exposure to at least a first Activin A inhibitor, at least a
first BMP inhibitor, at least a first WNT activator, or a combination thereof.
Applicant demonstrated that exposing an immortalized cell line to an Activin A
inhibitor, a BMP inhibitor, and a WNT activator led to improved differentiation
capacity (e.g., as indicated by expression of myogenic marker Pax7) and improved
differentiation to myotubes as demonstrated in part by expression of myogenic

differentiation marker MyHC.

[203] Applicant further tested differentiation capacity of an immortalized cell line
following transduction with a polynucleotide encoding at least a first myogenic
regulatory factor polypeptide and optionally contacting the transduced cell line with a
culture media comprising an Activin A inhibitor, a BMP inhibitor, and a WNT
activator (see, e.g., FIG. 10). Applicant demonstrated that transforming with MYOD
alone was produce small increases in myogenic differentiation capacity (e.g., as
indicated by myotube formation and myogenic marker expression) in a late passage,
TERT-immortalized fibroblast cell line. In contrast, Applicant demonstrated that
transduction with a polynucleotide encoding 7MM (PAX7, MYOD, and MEF2B) in
combination with culture media ME9 produced robust increases in myogenic
differentiation capacity (e.g., as indicated by myotube formation and myogenic

marker expression) in the late-passage, TERT-immortalized fibroblast cell line.

[204] Overall, this work demonstrated the ability to improve myogenic
differentiation capacity of late passage immortalized cell lines that lost myogenic
differentiation capacity following extended culture periods. As extended culture
periods are required for adapting cell lines into the particular culture formats and cell

culture media typically required for generating cell based meat products, this
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disclosure is especially powerful as it provides (1) a method for ensuring myogenic
differentiation capacity is not lost despite the extended culture periods and/or (2) a
method for restoring (i.e., improving) the myogenic differentiation capacity if it is

reduced or lost during the extended culture periods.
7. EXAMPLES
7.1. Experimental Procedures/Methods
7.1.1. Gene Overexpression

[205] Cells were transfected with plasmid(s) containing gene(s) of interest (e.g.,
TERT, MyoD, etc) and a plasmid containing an integrase (PhiC31) in order to
incorporate the genes of interest into the genome of the cell for stable expression. The
integrated plasmids included antibiotic resistance genes that allowed for antibiotic
selection of the transfected population (e.g., puromycin). Alternatively, mRNA
encoding the gene(s) of interest (MyoD) is transfected directly into the cells to

achieve transient gene expression.
7.1.2. Assessment of Myogenicity

[206] gRT-PCR (real-time quantitative reverse transcription). Messenger RNA
(mRNA) was isolated from cells according to standard methods. Gene expression
was assessed with primer/probe sets specifically designed to amplify genes of interest
(e.g., myogenic marker, including downstream myogenic markers). mRNA was
reverse transcribed to generate cDNA. quantitative PCR (qPCR) was performed on
the cDNA to assess expression of myogenic factors relative to a housekeeping gene.
Expression of higher levels of Myf6, MyoD, MyoG, MYMK, MyHCle as compared
to controls suggest improved myogenic differentiation capacity. Additionally, high

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

[207] Using immunohistochemistry. Cells were seeded in a 96-well plate at a low
density (5000 - 10,000 cells/cm?2) to allow cells to grow in the presence or absence of
different small molecule combinations. After 2 days of media exposure, cells were
fixed with 4% paraformaldehyde (PFA) and washed. Cells were permeabilized with
0.05% PBS-T (triton-x), blocked with normal goat serum (Millipore Sigma), and were
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incubated with antibodies (Developmental Studies Hybridoma Bank) specific for
Pax7, a muscle stem cell marker, and subsequently with secondary antibodies

(Thermofisher).

[208] Alternatively, after 2-3 days of media exposure, media was changed to
myotube differentiation medium (e.g., media comprising 2% horse serum). After 2 or
more days of culturing cells in differentiation medium, cells were fixed with PFA
followed by incubating fixed cells with antibodies specific for myosin heavy chain
(MyHC). Nuclei of cells were counterstained with DAPI (4’,6-diamidino-2-
phenylindole) (Thermofisher) to visualize and represent all cells in the imaged area.
All immunostained samples were imaged by Cytation 5 (Biotek) microscopy and
analyzed via Gen5 software. Pax7 was used as a proxy for myogenic differentiation
capacity with increases correlating to improved myogenic differentiation capacity. In
addition, increases in total percent area of MyHC indicates improved myogenic

differentiation capacity.
7.1.3. Media Screening

[209] A media panel was designed to include culture media comprising one or more
signaling pathway agonists, antagonists, or a combination thereof. The aim was to
activate or inactivate three major pathways in stem cell biology, WNT,
ActivinA/TGF, BMP. CHIR99021 (5 uM), Activin A (25 ng/mL), or BMP4 (10
ng/mL) were used to activate WNT, Activin A/TGF, or BMP, respectively. IWR1
(2.5 UM), A-83-01 (5 pM), or LDN193189 (0.4 uM) were used to inhibit WNT,
Activin A/TGF, or BMP respectively. A full factorial design was used to generate 27
combinations of media, including a control comprising no small molecules added to

the base media (about 20% FBS, FGF2, 2% chicken serum, DMEM/F12).

[210] An immortalized myogenic-origin clone (estimated population doubling level
over 100) that had almost no myogenic potential (low percentage of Pax7-positive
cells and low level of Pax7 within Pax7 positive cells, and low percentage of myosin
heavy chain-positive cells) were plated in a 96 well plate at low density (e.g. 5000
cells/cm?) as triplicates and were cultured in culture media comprising the
components as described in FIG. 2 for 2-3 days. Once the cells reached confluency

one well was fixed with PFA for staining, and a second well was passaged into a fresh
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plate with fresh culture media comprising the same components. The third well of the
triplicate was plated onto a new plate and was switched to differentiation medium
(e.g., culture media comprising 2% horse serum) when cells reached about 80%
confluence in their wells. Cells in the were passaged up to 3 passages (i.e., 3

generation) to observe the short term, chronic effect of small molecules.

7.2. Example 1: TERT-immortalized myoblasts lose their myogenic
differentiation capacity

[211] This experiment was designed to test the hypothesis that TERT-immortalized
myoblasts experience reduced differentiation capacity over time in culture. Pax7
expression was used as a marker for myogenic differentiation capacity (i.e., higher
Pax7 expression correlates with improved/increased myogenic differentiation

capacity).

[212] FIGs. 1A-D shows immunofluorescence images comparing Pax 7 expression
in primary myoblasts (FIG. 1A) with Pax7 expression in TERT-immortalized
myoblasts (FIG. 1C) and MyHC expression in primary myoblasts (FIG. 1B) with
MyHC expression in TERT-immortalized myoblasts (FIG. 1D). TERT-immortalized
myoblasts were generated by transforming myoblasts with a nucleic acid encoding a
telomerase reverse transcriptase (TERT) polypeptide, the catalytic subunit of the
telomerase. A monoclonal population of TERT-immortalized myoblasts was used in
these experiments. FIG. 1A shows elevated levels of Pax7 expression in primary
chicken myoblasts with more than 99% of cells are expressing Pax7. FIG. 1B shows
primary chicken myoblasts form robust myotubes as indicated by expression of tubes
staining positive for myosin heavy chain (MyHC) (elongated cells). In contrast,
TERT-immortalized myoblasts cultured for an estimated PDL greater than 100 had no
Pax7 expression (FIG. 1C) and no myotube formation (FIG. 1D; only small faint

green signal).

[213] This data suggested that TERT-immortalized myoblasts experience reduced
(decreased) myogenic differentiation capacity, in particular following extended

culture periods.
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7.3. Example 2: Full factorial media panel screen identifies components that
enhance expression of myogenic progenitor markers

[214] This experiment was designed to screen for culture media that enhances
expression of myogenic progenitor marker Pax7. Here, Pax7 is used a proxy for
improved myogenic differentiation capacity. The immortalized cell line used in this
experiment contains few, if any Pax7-postive cells. Therefore, an increase in Pax7-
positive cells following contacting with a particular culture media indicates that media
is capable of improving myogenic differentiation capacity of an immortalized cell

line.

[215] In particular, this full factorial experiment was designed to consist of three
factors, each comprising discrete possible values and whose experimental unites take
on all possible combinations of these values across all such factors. The study
monitored the effect of each factor on the response variable (i.e., Pax7 expression) as
well as noting the effects of interactions between factors on the response variable (i.e.,
Pax7 expression). Without wishing to be bound by theory, the three factors studied
represented three pathways crucial in stem cell biology. WNT signaling has been
implicated in the control over various types of stem cells. WNT proteins act to
maintain the undifferentiated state of stem cells, while other growth factors such as
FGF (fibroblast growth factor) and EGF instruct the cells to proliferate. Activin A is
a member of the transforming growth factor-f (TGF- ) superfamily, which
participates in regulation of several biological processes, including cell differentiation
and cell proliferation. Activin A is known to participate in regulation of stem cell
maintenance via SMAD-dependent activation transcription markers. Activin A
inhibits cell growth and proliferation and activates cell differentiation. BMPs (bone
morphogenic proteins) like Activin A, are also members of the TGF-f8 family. To
maintain homeostasis in adults, the BMP signal participates in tissue remodeling and

regeneration.

[216] As shown in FIG. 2, 27 media combinations of these three factors were added
to base media and contacted with the immortalized cell line. The variables for the

e 9

factors are presented by (“+” = activation or “-” = inhibition). That is, indicating
either activation or inhibition of the WNT, Activin A, and/or BMP signaling pathways

by use of agonists and antagonists respectively.
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[217] In these experiments, an immortalized myogenic-origin clone having an
estimated population doubling level (PDL) over 100 that had a baseline of 0.42%
percent of Pax7 positive cells (i.e., % of Pax7-postive cells prior to being contacted
with any of the medias in FIG. 2) was then subjected to the 27 different media
combinations and cultured for 3 consecutive generations. In each condition, the
percentage of Pax7 positive cells was noted at the first generation (passage 1, P1) and

third generation (passage 3, P3).

[218] The results in FIG. 3 and FIG. 4A-F show that several culture medias were
able to increase myogenic potential as indicated by the enhanced generation of Pax7

positive cells in the population.

[219] MED9 was identified as the most potent inducer of Pax7 expression. ME9
included a WNT activator, a Activin A inhibitor, and a BMP inhibitor. Additional
combinations (MEL, 3, 6, 7, 11, 24) also induced Pax7 expression. See FIG. 3 and
FIGs. 4A-F.

[220] FIG. 4A-F shows representative images of MyHC staining of cell populations
with increased numbers of cells expressing myogenic progenitor marker Pax 7 after
MEI1 and ME9 treatments. All images were taken with a fluorescence microscope at

10x magnification power.

[221] This data showed that ME-9 (WNT activation, Activin A inhibition, and BMP
inhibition) has the greatest potential (among the media combinations tested) to
improve myogenic potential (i.e., as indicated by the enhanced generation of
progenitor marker Pax7 positive cells) and to increase differentiation capacity of late-

passage immortalized cells.

7.4. Example 3: Full factorial media panel screen to identify factors that
enhance percent of cell area that express myogenic differentiation
marker, myosin heavy chain

[222] The factorial medial panel illustrated in Example 2 was used to determine
what combination of available factors enhanced the expression of the myogenic

differentiation marker, myosin heavy chain (MyHC).
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[223] The same immortalized myogenic-origin clone as used in the Example 2 was
also used here. The immortalized myogenic-origin clone had less than 0.1% of
MyHC positive cell area expression prior to being subjected to the 27 different media
combinations described in FIG. 2. The exposure to the culture media occurred as the
cells underwent proliferation. Upon the cells reaching confluence, the media was
changed to 2% horse serum, differentiation media for at least 72 hours. The cells
were then fixed and stained with MyHC antibodies and examined by fluorescence

microscopy.

[224] FIG. 5 shows the results of the full factorial media screen identifying
components that increase percent of cell area that express myogenic differentiation
marker, myosin heavy chain. Cells contacted with culture media comprising ME9 or
ME17 during proliferation showed increased differentiation capacity (i.e., increases in
cell areas that are MyHC positive) at both P1 and P3. Cells exposed to ME17
experienced increased differentiation capacity over time with greater MyHC positive

cell area at P3 compared to P1.

[225] FIG. 6A-C shows representative images of myotube formation in cells
exposed to ME9 and ME17. Myotubes are indicated as elongated tendrils staining
positive for MyHC. Cells were imaged via florescence microscope at 10x
magnification power. Cells were counterstained with DAPI for nuclei and with

myosin heavy chain antibody conjugated with Alexa488.

[226] This data further showed that ME-9 (WNT activation, Activin A inhibition,
and BMP inhibition) has the greatest potential (among the media combinations tested)
to improve differentiation capacity and/or reverse loss of myogenic differentiation

potential of late-passage immortalized cells.

7.5. Example 4: 7A primary cells transfected with ggMyoD can form
myotubes and induce expression of downstream myogenic factors

[227] This experiment was designed to test whether primary fibroblast cell
transduced with ggMyoD had increased myotube formation and increased expression
of downstream myogenic factors as compared to controls. For these experiments, a
PhiC31 vector containing a PGK promoter driving expression of a nucleic acid

sequence encoding MYOD (from Gallus gallus; ggMYOD) was transfected into 7A
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primary chicken fibroblasts (see FIG. 7A-7C). These experiments also used direct
transfection of mRNA encoding ggMyoD into 7A primary chicken fibroblasts using
Lipofectamine RNAiMax (see FIG. 8). In each case, following transduction, cells
were differentiated (e.g., by switching to differentiation media (i.e., DMEM/F-12, 2%
horse serum)) prior to being assessed for myotube formation and myogenic marker

expression.

[228] FIG. 7A is a positive control showing that 8D primary myoblasts form
multinucleated myotubes. Myotubes were stained with an APC-conjugated myosin
heavy chain antibody. FIG 7B is a negative control showing that un-transfected 7A
primary chicken fibroblasts do not form myotubes. FIG 7C shows that 7A primary
chicken fibroblasts engineered to express ggMYOD start to form myotubes 7 days

post-differentiation. Arrows indicate myotubes.

[229] FIG. 8 shows that expression of ggMyoD (transfection of a mRNA encoding
ggMyoD) in 7A primary fibroblasts induced expression of endogenous myogenic
factors including, ggMyoD, ggMyoG and ggMYMK in both undifferentiated and
differentiated cells as compared to untreated control cells. Cells cultured in
differentiation media showed a further increase in expression of endogenous
myogenic factors and as well as terminal differentiation marker ggMyHCle. This
data showed that transducing primary chicken fibroblasts with mRNA encoding

ggMyoD is sufficient to induce expression of endogenous myogenic marks (see FIG.

8).

[230] In a similar experiment, a vector containing a PGK promoter driving
expression of a nucleic acid encoding ggMyoD, including a Puromycin selection
cassette, was transfected into 1A primary chicken fibroblasts using Lipofectamine
3000 (see FIG. 9). Following transfection, cells were selected in 0.5ug/ml puromycin
for 4 days. FIG. 9 shows that incorporating a polynucleotide encoding ggMyoD into
the genome of a primary chicken fibroblast induces expression of endogenous
myogenic factors (MyoG and MyHC1). Following selection, the cells were
differentiated according to the methods described herein. Control 8D primary
myoblasts differentiated and expressed high levels of MyoD, MyoG and MYHCle.
Similarly, ggMyoD overexpression in primary chicken fibroblasts induced high levels

of ggMyoG and ggMyHCle in the differentiated cells.

81



WO 2023/122688 PCT/US2022/082175

[231] Overall, this data showed that engineering chicken primary fibroblast cells to
express ggMYOD can be used as a method to improve myotube formation and
increase expression of downstream myogenic factors, thereby improving myogenic

differentiation capacity.

7.6. Example 5: Overexpression of myogenic factors PAX7, MYOD, and
MEF2B enhanced myogenicity in immortal myoblasts

[232] This experiment was designed to assess myogenicity of immortalized
fibroblasts following transduction with a vector including a nucleic acid sequence
encoding ggMYOD or nucleic acid sequences encoding PAX7, MYOD, and MEF2B
(*“7MM”). In each instance, the immortalized fibroblasts, including controls, were
cultured in ME9 media containing (an Activin A inhibitor, a BMP inhibitor, and a
WNT activator). Each vector included a neomycin selection cassette to enable
selection. For this experiment, 8D myoblasts previously immortalized using TERT

(“8D TERT”) were transduced and then selected.

[233] Parental 8D TERT myoblasts (control), 8D TERT myoblasts transduced with
ggMyoD, and 8D TERT myoblasts transduced with 7MM were each seeded in a 96-
well plate in ME9. Once the cells reached confluence, media was replaced with
differentiation media (2% horse serum) and after three days the presence of myotubes

was assessed by myosin heavy chain staining.

[234] FIG. 10A-C shows that parental 8D TERT myoblasts (control) had poor
myogenicity even in the presence of ME9. In contrast, overexpression of ggMyoD
(FIG. 10A) or PAX7/MEF2B/MYOD (FIG. 10B) increased myogenic differentiation
capacity (as indicated by myotube formation) when combined with ME9. In FIGs.
10A-C MyHC staining was used to aid identification of myotubes.

[235] This data showed that culturing cell lines transformed with a polynucleotide
encoding at least a first myogenic regulatory factor polypeptide (MYOD) or a
combination of myogenic regulatory factor polypeptides (PAX7, MYOD, and
MEF2B (“7MM”) in culture medium comprising an Activin A inhibitor, a BMP
inhibitor, and a WNT activator increases myogenic differentiation and/or reverses the

loss of myogenicity in immortalized, aged 8D myoblasts.
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7.7. Example 6: ggMyoD mRNA induced expression of downstream myogenic
factors in an earlier passage TERT-immortalized 7A chicken fibroblasts

[236] This experiment was designed to assess expression of endogenous
downstream myogenic factors (ggMyoG, ggMYMK, and ggMyHCle) following
transfection with mRNA encoding ggMYOD in early passage (PDL ~ 40)
immortalized cells. For this experiment, a mRNA encoding ggMyoD was transfected
into TERT-immortalized 7A chicken fibroblasts (“7A TERT”) using Lipofectamine
RNAiMax. TERT-immortalized 7A fibroblasts were cultured for PDL ~40 prior to
transfection. Following transfection, fibroblasts were exposed either to differentiation
media (i.e., DMEM/F-12, 2% horse serum) or proliferation media (i.e., any of the
proliferation medias described herein; referred to as “undifferentiated” sample (e.g.,
see culture medias described in FIG. 2)) prior to being assessed for myogenic marker

expression using qPCR.

[237] FIG. 11 shows that expression of ggMyoD in 7A TERT fibroblasts (PDL~40)
induced expression of endogenous myogenic factors, ggMyoD and ggMyoG, in both
differentiated and undifferentiated cells compared to untreated cells. Cells cultured in
differentiation media showed a further increase in ggMyoD and ggMyoG expression
as well as an increase in terminal differentiation markers ggMYMK and ggMyHCle,

suggesting that these cells can fully differentiate into myotubes.

7.8. Example 7: TERT-immortalized late passage 7A chicken fibroblasts
stably transfected with ggM YOD do not express downstream myogenic
factors

[238] This experiment was designed to assess expression of endogenous
downstream myogenic factors (ggMyoG, ggeMYMK, and ggMyHCle) following
transfection with a vector encoding ggMYOD in late passage (PDL > 100)
immortalized fibroblast cells compared to primary fibroblasts. TERT-immortalized
7A fibroblasts were cultured for PDL >100 prior to transfection. For these
experiments, a vector including a PGK promoter driving expression of a nucleic acid
sequence encoding ggMYOD was transfected into TERT-immortalized 7A chicken
fibroblasts (*7A TERT”) or primary fibroblasts using Lipofectamine 3000. Each
vector included a puromycin selection cassette to enable selection. Following
transfection and selection (0.5 mg/mL puromycin for 4 days), fibroblasts were

exposed either to differentiation media (i.e., DMEM/F-12, 2% horse serum) or
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proliferation media (i.e., ME9; referred to as “undifferentiated” sample (see also
culture medias described in FIG. 2)) prior to being assessed for myogenic marker

expression using qPCR.

[239] FIG. 12 shows that late passage 7A chicken fibroblasts immortalized by
overexpressing ggTERT (PDL > 100) and stably transfected with ggMYOD did not
express endogenous downstream myogenic factors. In contrast, 7A chicken primary
cells stably transfected with ggMYOD did express endogenous downstream myogenic

factors.

[240] To assess whether the late passage immortalized 7A chicken fibroblasts could
be induced to form myotubes, the late passage immortalized 7A chicken fibroblasts
stably transfected with ggMYOD (as described above; referred to as 7A TERT
2gMYOD) were cultured in media: ME58, ME9, and ME9 + 0.1 mM sodium
butyrate. The results are shown in FIG. 13A-C. In FIGs. 13A-C MyHC staining

was used to aid identification of myotubes.

[241] FIG. 13A shows that 7A TERT ggMyoD cells cultured in media 58 (MESS;
MES8 is DMEM/F12, about 20% FBS, and about 5% chicken serum) did not improve
the differentiation capacity. FIG. 13B shows an improvement in differentiation
capacity for the 7A TERT ggMyoD cells when cultured in ME9 as compared to
MESS (see, FIG. 2). Surprisingly, as shown in FIG. 13C, 7A TERT ggMyoD cells
cultured in ME9 in the presence of sodium butyrate showed dramatic improvement in

differentiation capacity.

[242] Similar to primary fibroblasts, an early generation of a TERT-immortalized
chicken fibroblast line improved myogenic differentiation capacity using the methods
described herein (FIG. 11). However, unexpectedly, MyoD-overexpression in an old
TERT-immortalized chicken fibroblast line was not sufficient to improve myogenic
differentiation capacity (FIG. 12). When these TERT-immortalized MyoD
expressing fibroblasts were exposed to ME9 there was a small increase in myogenic
differentiation capacity (FIG. 13). When exposed to sodium butyrate the TERT-
immortalized MyoD expressing fibroblasts experienced a significant increase in
myogenic differentiation capacity (as measured by myotube formation) as compared

to cells not exposed to sodium butyrate (FIG. 13).
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[243] This data showed that ME9 + sodium butyrate can be used to further improve

differentiation capacity of an immortalized cell line.

7.9. Example 8: Transduction of TERT-immortalized 7A fibroblasts with
PAX7/MEF2B/MYOD (7MM) enhances transdifferentiation into
myoblasts.

[244] This experiment was designed to assess differentiation capacity in TERT-
immortalized 7A chicken fibroblasts following transduction with ggMYOD or
PAX7/MEF2B/MYOD (*“7MM”). Differentiation capacity was assessed using

myotube formation.

[245] For this experiment, the TERT-immortalized 7A chicken fibroblasts (“7A
TERT” fibroblasts) were transfected with a vector including a nucleic acid sequence
encoding ggMYOD or 7MM and a neomycin selection cassette. Following
transfection and selection (using 0.8 mg/mL neomycin), fibroblasts were exposed
either to MES8 or M9. Once the fibroblasts reached confluence, media was replaced
with differentiation medium (2% horse serum). After three days in differentiation
media, myotube formation was assessed using myosin heavy chain staining (green) to
stain the myotubes. Once the cells reached confluence, fibroblasts were cultured in
differentiation medium (i.e., DMEM/F-12 containing 2% horse serum). Non-

transfected primary myoblasts (“8D primary’’) were used as a positive control.

[246] FIGs. 14A-H shows 7A TERT fibroblasts non-transfected (“non-transfected”)
control did not form myotubes in either ME58 (FIG. 14A) or ME9 media (FIG. 14E).
In FIGs. 14A-H MyHC staining was used to aid identification of myotubes. As a
positive control, 8D primary myoblasts formed myotubes in both ME58 (FIG. 14D)
and ME9 (FIG. 14H), as expected. 7A TERT fibroblasts stably transfected with
2egMYOD showed some myotube formation in ME9 (FIG. 14F) but not in M58 (FIG.
14B). 7A TERT fibroblasts stably transfected with 7MM showed robust myotube
formation in ME9 (FIG. 14G) but no myotube formation in ME58 (FIG. 14C).

[247] This data suggests that transduction with MyoD alone was insufficient to
induce robust myotube formation in a late passage, TERT-immortalized fibroblast cell
line. In contrast, transduction with 7MM in combination with ME9 was extremely

effective in inducing myotube formation in the late-passage, TERT-immortalized
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fibroblast cell line, and therefore, can be used to improve differentiation capacity of

an immortalized cell line.

7.10. Example 9: Transduction of TERT-immortalized 8G bovine fibroblasts
with MYOD enhances transdifferentiation into myoblasts.

[248] This experiment was designed to assess differentiation capacity in TERT-
immortalized 8G bovine fibroblasts following transduction with btMYOD.

Differentiation capacity was assessed using myotube formation.

[249] For this experiment, the TERT-immortalized 8G bovine fibroblasts (“8G
TERT” fibroblasts) were transfected with a vector including a nucleic acid sequence
encoding btMYOD and a neomycin selection cassette. Following transfection and
selection (using 0.8 mg/mL neomycin), fibroblasts were exposed to ME9. Once the
fibroblasts reached confluence, media was replaced with differentiation medium (2%
horse serum). After three days in differentiation media, myotube formation was
assessed using myosin heavy chain staining (green) to stain the myotubes. Non-

transfected 8G TERT fibroblasts were used as a control.

[250] FIG. 15 shows RNA expression of MyoD in 8G TERT fibroblasts non-
transfected (“8G TCC”) controls and 8G TERT fibroblasts transfected with btMYOD
(“8G TCC+MyoD”). RNA was extracted according to the methods described herein
and qRT-PCR was used to assess expression levels. FIG. 15 shows that only 8G
TERT fibroblasts transfected with btMYOD showed expression of btMYOD RNA.

[251] FIGs. 16A-16B shows 8G TERT fibroblasts transfect with btMYOD formed
myotubes (as indicated using myosin heavy chain) in ME9 media. In FIGs. 15A-B
MyHC staining was used to aid identification of myotubes. FIG. 16A shows
transfected 8G TERT fibroblasts grown in differentiation media. FIG. 16B shows

transfected 8G TERT fibroblasts grown in proliferation media.

[252] This data suggests that transduction of MyoD induced robust myotube
formation in a late passage, TERT-immortalized bovine fibroblast cell line, and
therefore, can be used to improve myogenic differentiation capacity of an

immortalized cell line.
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8.

ADDITIONAL EMBODIMENTS

[253] Embodiment 1. A method for improving differentiation capacity of a cell line,
comprising: (a) isolating a monoculture of cells from skin or muscle to form a cell
line; (b) immortalizing the cell line; (c) exposing the immortalized cell line to at least
one Activin A inhibitor and at least one BMP inhibitor, one or more myogenic

regulatory factors, or any combination thereof.

[254] Embodiment 2. The method of embodiment 1, wherein the immortalizing step

comprises transforming the cell line with telomerase reverse transcriptase (TERT).

[255] Embodiment 3. A method for improving differentiation capacity of an
immortalized cell line comprising: exposing the cell line to at least one Activin A

inhibitor and at least one BMP inhibitor.

[256] Embodiment 4. The method of embodiment 1, further comprising
transforming the immortalized cell line with one or more myogenic regulatory factors
producing a recombinant cell line expressing the one or more myogenic regulatory

factors.

[257] Embodiment 5. A method for improving differentiation capacity of an
immortalized cell line comprising: transforming the fibroblast cell line with one or
more myogenic regulatory factors producing a recombinant cell line expressing the

one or more myogenic regulatory factors.

[258] Embodiment 6. The method of embodiment 5, further comprising exposing the
immortalized cell line to at least one Activin A inhibitor and at least one BMP

inhibitor.

[259] Embodiment 7. The method of any one of embodiments 1-6, wherein the one
or more myogenic regulatory factors are selected from: MYOD, MYOG, MEF2B,
PAX7, PAX3, and PITX1, or any combination thereof.

[260] Embodiment 8. The method of embodiment 7, wherein the one or more

myogenic regulatory factor comprises MYOD or a fragment thereof.

87



WO 2023/122688 PCT/US2022/082175

[261] Embodiment 9. The method of embodiment 7, wherein the one or more

myogenic regulatory factor comprises PAX7 or a fragment thereof.

[262] Embodiment 10. The method of embodiment 7, wherein the one or more
myogenic regulatory factors comprise: PAX7 (or a fragment thereof), MEF2B (or a

fragment thereof), and MYOD (or a fragment thereof), or any combination thereof.

[263] Embodiment 11. The method of any one of embodiments 2-10, wherein the
one or more myogenic regulatory factors are constitutively expressed in the

immortalized cell line.

[264] Embodiment 12. The method of any one of embodiments 2-11, wherein
exposing the immortalized cell line to the one or more myogenic regulatory factors
comprises introducing a nucleic acid construct into the immortalized cell, wherein the
nucleic acid construct comprises one or more nucleic acid sequences encoding the one

or more myogenic regulatory factors.

[265] Embodiment 13. The method of embodiment 12, wherein introducing the
nucleic acid sequences encoding the one or more myogenic regulatory factors into the
immortalized cell line comprises establishing an immortalized cell line that stably

expresses the one or more myogenic regulatory factors.

[266] Embodiment 14. The method of embodiment 12, wherein introducing the
nucleic acid sequence encoding the one or more myogenic regulatory factors into the
immortalized cell line comprises incorporating the nucleic acid sequence into the

genome of the immortalized cell line.

[267] Embodiment 15. The method of any one of embodiments 1-11, wherein the
one or more myogenic regulatory factors are introduced into the immortalized cell

using mRNA encoding the one or more myogenic regulatory factors.

[268] Embodiment 16. The method of any of embodiments 1-15, further comprising

exposing the cell line or immortalized cell line to at least one WNT activator.

[269] Embodiment 17. The method of embodiment 16, wherein the WNT activator
is CHIR99021 or WNT1a.
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[270] Embodiment 18. The method of any of embodiments 1-17, wherein the
Activin A inhibitor is A-83-01 or Follistatin, and the BMP inhibitor is LDN193189 or
Noggin.

[271] Embodiment 19. The method of embodiment 18, wherein the WNT activator
is WNT1a, the Activin A inhibitor is Follistatin, and the BMP inhibitor is Noggin.

[272] Embodiment 20. The method of any one of embodiments 1-19, further
comprising exposing the cell line or immortalized cell line to a reagent for epigenetic

modulation.

[273] Embodiment 21. The method of embodiment 20, wherein the epigenetic

modulator is a histone deacetylase inhibitor.

[274] Embodiment 22. The method of embodiment 21, wherein the histone

deacetylase inhibitor is sodium butyrate.

[275] Embodiment 23. The method of any one of embodiments 1-22, wherein the
cell line or immortalized cell line are from a livestock, poultry, game, or aquatic

animal species.

[276] Embodiment 24. The method of any one of embodiments 1-22, wherein the

cell line or immortalized cell line are from a chicken, duck, or turkey.

[277] Embodiment 25. The method of any one of embodiments 1-22, wherein the

cell line or immortalized cell line are from a fish.

[278] Embodiment 26. The method of any one of embodiments 1-22, wherein the

cell line or immortalized cell line are from a livestock species.

[279] Embodiment 27. The method of embodiment 26, wherein the livestock

species is porcine or bovine.

[280] Embodiment 28. The method of any one of embodiments 1-27, wherein the

cell line or immortalized cell line is a fibroblast cell line.

[281] Embodiment 29. The method of any one of embodiments 1-28, wherein the

cell line or immortalized cells are not stem cells.
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[282] Embodiment 30. The method of any one of embodiments 1-29, wherein prior
to exposing the cell line or immortalized cell line to the methods of any one of
embodiments 1-29, the cell line or immortalized cell line comprises a population

doubling level (PDL) of at least 60.

[283] Embodiment 31. The method of embodiment 30, wherein prior to exposing the
cell line or immortalized cell line to the methods of any one of embodiments 1-29, the
cell line or immortalized cell line comprises less than 5% Pax7+ cells and/or less than

0.2% MyHC1+ cells.

[284] Embodiment 32. The method of any one of embodiments 1-31, wherein
increased differentiation capacity comprises increased Pax7 expression, increased

MyHCI expression, and/or increased myotube formation.

[285] Embodiment 33. The method of embodiment 32, wherein the cell line or
immortalized cell line exhibits increased Pax7 expression, increased MyHC1
expression, and/or increased myotube formation, as compared to a cell line or
immortalized cell line that are not exposed to the at least one Activin A inhibitor, at
least one BMP inhibitor, at least one WNT activator, one or more myogenic

regulatory factors, epigenetic modulator, or any combination thereof.

[286] Embodiment 34. The method of any one of embodiments 2-33, wherein the
immortalized cell line exhibits an increased differentiation capacity after at least 60
passages compared with an immortalized cell line not exposed to the at least one
Activin A inhibitor, at least one BMP inhibitor, at least one WNT activator, one or

more myogenic regulatory factors, epigenetic modulator, or any combination thereof.

[287] Embodiment 35. The method of any one of embodiments 1-34, further

comprising the step of adapting the cell line for suspension culture.

[288] Embodiment 36.The method of embodiment 35, wherein adapting the cell line
for suspension culture comprises a period of time of about 30 days or about 10 or

more passages.

[289] Embodiment 37. The method of any one of embodiments 2-36, further

comprising inducing myogenic-specific differentiation.
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[290] Embodiment 38. The method of embodiment 34, wherein inducing myogenic-
specific differentiation comprises generating myocytes, myoblasts, myotubes,
multinucleated myotubes, satellite cells, skeletal muscle fibers, or any combination

thereof.

[291] Embodiment 39. An immortalized fibroblast cell line produced by any of the

methods of embodiments 1-38.

[292] Embodiment 40. A population of immortalized cells produced by any of the

methods of embodiments 1-38.

[293] Embodiment 41. The population of immortalized cells of embodiment 40,
wherein the population of immortalized cells exhibits increased Pax7 expression,
increased MyHC1 expression, and/or increased myotube formation, as compared to a
population of immortalized cells that are not exposed to the at least one Activin A
inhibitor, at least one BMP inhibitor, at least one WNT activator, one or more

myogenic regulatory factors, epigenetic modulator, or any combination thereof.

[294] Embodiment 42. A population of myocytes, myoblasts, myotubes,
multinucleated myotubes, satellite cells, skeletal muscle fibers, or any combination

thereof produced by any of the methods of embodiments 1-38.

[295] Embodiment 43. An in vitro method for producing cultured muscle tissue (cell
based meat product), comprising: exposing the immortalized cell line to at least one
Activin A inhibitor and at least one BMP inhibitor; transforming the immortalized cell
line with one or more myogenic regulatory factors producing a recombinant cell line
expressing the one or more myogenic regulatory factors; and inducing myogenic

specific differentiation.

[296] Embodiment 44. The method of embodiment 43, wherein the one or more
myogenic regulatory factors are selected from: MYOD, MYOG, MEF2B, PAX7,
PAX3, and PITX1.

[297] Embodiment 45. The method of embodiment 44, wherein the one or more

myogenic regulatory factor comprises MYOD or a fragment thereof.
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[298] Embodiment 46. The method of embodiment 44, wherein the one or more
myogenic regulatory factors comprise: PAX7 (or a fragment thereof), MEF2B (or a

fragment thereof), and MYOD (or a fragment thereof).

[299] Embodiment 47. The method of any one of embodiments 44-46, further
comprising exposing the cell line or immortalized cell line to at least one WNT

activator.

[300] Embodiment 48. The method of embodiment 47, wherein the WNT activator
is CHIR99021 or WNT1a.

[301] Embodiment 49. The method of any one of embodiments 43-48, wherein the
Activin A inhibitor is A-83-01 or Follistatin, and the BMP inhibitor is LDN193189 or

Noggin.

[302] Embodiment 50. The method of embodiment 49, wherein the WNT activator
is WNT a, the Activin A inhibitor is Follistatin, and the BMP inhibitor is Noggin.

[303] Embodiment 51. The method of any one of embodiments 43-50, further
comprising exposing the cell line or immortalized cell line to a reagent for epigenetic

modulation.

[304] Embodiment 52. The method of embodiment 51, wherein the epigenetic

modulator is a histone deacetylase inhibitor.

[305] Embodiment 53. The method of embodiment 52, wherein the histone

deacetylase inhibitor is sodium butyrate.

[306] Embodiment 54. The method of any one of embodiments 43-53, wherein the
cell line or immortalized cell line are from a livestock, poultry, game, or aquatic

animal species.

[307] Embodiment 55. The method of any one of embodiments 43-53, wherein the

cell line or immortalized cell line are from a chicken, duck, or turkey.

[308] Embodiment 56. The method of any one of embodiments 43-53, wherein the

cell line or immortalized cell line are from a fish.

92



WO 2023/122688 PCT/US2022/082175

[309] Embodiment 57. The method of any one of embodiments 43-53, wherein the

cell line or immortalized cell line are from a livestock species.

[310] Embodiment 58. The method of embodiment 57, wherein the livestock species

is porcine or bovine.

[311] Embodiment 59. The method of any one of embodiments 43-58, wherein the

cell line or immortalized cell line is a fibroblast cell line.

[312] Embodiment 60. The method of any one of embodiments 43-59, wherein
inducing myogenic-specific differentiation comprises generating myocytes,
myoblasts, myotubes, multinucleated myotubes, satellite cells, skeletal muscle fibers,

or any combination thereof.

[313] Embodiment 61. A population of myocytes, myoblasts, myotubes,
multinucleated myotubes, satellite cells, skeletal muscle fibers, or any combination

thereof produced by any of the methods of embodiments 43-60.

[314] Embodiment 62. A kit comprising: at least one Activin A inhibitor; at least
one BMP inhibitor; and at least one WNT activator.

[315] Embodiment 63. The kit of embodiment 62, further comprising one or more

myogenic regulators.

[316] Embodiment 64. The kit of embodiment 62 or 63, further comprising an

epigenetic modulator.

[317] Embodiment 65. The kit of any one of embodiments 62-64, further comprising
the immortalized fibroblast cell line of embodiment 39 or any of the populations of

cells of embodiments 40-42, or embodiment 61.

[318] Embodiment 66. The kit of any one of embodiments 62-65, further comprising
instructions for performing any of the methods of embodiments 1-38 or embodiments

43-60.

[319] Embodiment 67. A kit for improving myogenic differentiation capacity of a
cell line or an immortalized cell line comprising: at least a first Activin A inhibitor; at

least a first BMP inhibitor, at least a first WNT activator, or a combination thereof.
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[320] Embodiment 68. The kit of embodiment 67, wherein the kit further comprises
a first myogenic regulatory polypeptide, a second myogenic regulatory polypeptide, a

third myogenic regulatory polypeptide, or a combination thereof.

[321] Embodiment 69. The kit of embodiment 68, wherein the first myogenic
regulatory polypeptide, the second myogenic regulatory polypeptide, and/or the third
myogenic regulatory polypeptide is selected from MYOD, MYOG, MEF2B, PAX7,
PAX3, and PITX1.

[322] Embodiment 70. The kit of any one of embodiments 67-69, further comprising

a histone deacetylase inhibitor.

[323] Embodiment 71. The kit of embodiment 70, wherein the histone deacetylase

inhibitor is sodium butyrate.

[324] Embodiment 72. The kit of any one of embodiments 67-71, further comprising

any of the immortalized fibroblast cell lines described herein.

[325] Embodiment 73. The kit of any one of embodiments 67-72, further comprising

instructions to perform any of the methods described herein.

[326] Embodiment 74. A cell culture media for improving myogenic differentiation
capacity of a cell line or an immortalized cell line, the cell culture media comprising:
at least a first Activin A inhibitor; at least a first BMP inhibitor, at least a first WNT

activator, or a combination thereof.

[327] Embodiment 75. The cell culture media of embodiment 74, further comprising

a histone deacetylase inhibitor.

[328] Embodiment 76. The cell culture media of embodiment 75, wherein the

histone deacetylase inhibitor is sodium butyrate.

[329] Embodiment 77. A method for improving myogenic differentiation capacity of
a late passage cell line or immortalized cell line, the method comprising:
(a) transforming introducing into, or incorporating into the genome of, a cell of

the late passage cell line with a polynucleotide encoding at least a first myogenic
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regulatory factor polypeptide, thereby producing a recombinant immortalized cell line
expressing the at least first myogenic regulatory factor polypeptide; and

(b) inducing myogenic specific differentiation comprises inducing formation of
myocytes and myotubes,

thereby improving the cell line’s myogenic differentiation capacity as compared to

a late passage cell line control or an immortalized cell line control.

[330] Embodiment 78. The method of embodiment 77, further comprising
contacting the late passage cell line or immortalized cell line with a cell culture media
comprising:

(i) at least a first Activin A inhibitor,
(ii) at least a first BMP inhibitor, or
(iii) at least a first WNT activator,

or a combination thereof.

[331] Embodiment 79. The method of embodiment 77 or 78, wherein the late

passage cell line has lost myogenic differentiation capacity

[332] Embodiment 80. The method of any one of embodiments 77-79, wherein the
at least first myogenic regulatory factor is selected from: MYOD, MYOG, MEF2B,
PAX7, PAX3, and PITX1

[333] Embodiment 81. The method of any one of embodiments 77-80, wherein the
polynucleotide comprising the first myogenic regulatory factor polypeptide further
comprises a nucleic acid sequence encoding a second myogenic regulatory factor
polypeptide, a nucleic acid sequence encoding a third myogenic regulatory factor

polypeptide, or a combination thereof.

[334] Embodiment 82. The method of embodiment 81, wherein the first myogenic
regulatory factor polypeptide is a PAX7 polypeptide or a fragment thereof, the second
myogenic regulatory factor polypeptide is a MEF2B polypeptide or a fragment
thereof, and the third myogenic regulatory factor polypeptide is a MYOD polypeptide

or a fragment thereof).
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[335] Embodiment 83. The method of any one of embodiments 78-82, wherein the
Activin A inhibitor is selected from: A-83-01, E-616542, SB431542, TGFBRI-IN-3,
R-268712, Follistatin, and Follistatin-like-3

[336] Embodiment 84. The method of any one of embodiments 78-83, wherein the
BMP inhibitor is selected from: LDN193189, Noggin, Chrodin, and Gremlin.

[337] Embodiment 85. The method of any one of embodiments 78-84, wherein the
WNT activator is selected from: CHIR99021 , BIO, AZD1080 , WNT1a, WNT3a,
WNT4, and WNT7.

[338] Embodiment 86. The method of any one of embodiments 78-85, further
comprising contacting the cell line with a culture media comprising a histone

deacetylase inhibitor.

[339] Embodiment 87. The method of embodiment 86, wherein the histone

deacetylase inhibitor is sodium butyrate.

[340] Embodiment 88. The method of any one of embodiments 77-87, wherein the
cell line are from a species selected from: poultry, livestock, game, or aquatic animal

species

[341] Embodiment 89. The method of any one of embodiments 77-88, wherein the

cell line or the late passage cell line is a fibroblast cell line

[342] Embodiment 90. The method of any one of embodiments 77-89, wherein
inducing myogenic-specific differentiation comprises contacting the cell line or

immortalized cell line with a differentiation medium

[343] Embodiment 91. An in vitro method for producing a cell-based meat product,
comprising: forming the myocytes, myoblasts, myotubes, or a combination thereof,

from any one of embodiments 77-90.
9. EQUIVALENTS AND INCORPORATION BY REFERENCE

[344] 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
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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.

[345] 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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SEQUENCE APPENDIX

SEQID | Sequence

NO:

SEQID | ATGGACTTACTGGGCCCCATGGAAATGACGGAGGGCTCCCTCTGCTCC
NO: 43 TTCACGGCCGCCGATGACTTCTATGACGACCCGTGCTTCAACACGTCG
(MyoD GACATGCACTTCTTCGAGGACCTGGACCCCCGGCTGGTGCACGTGGGC
mRNA GGGCTGCTGAAAGCCGAGGAGCACCCGCACCACCACGGGCACCACCA

sequence

)

CGGGAACCCACACGAGGAGGAGCACGTGCGGGCGCCCAGTGGGCACC
ACCAGGCCGGCCGCTGCCTGCTGTGGGCGTGCAAGGCCTGCAAGAGGA
AGACCACCAACGCTGACCGCCGCAAAGCCGCCACCATGAGGGAACGG
CGGCGGCTCAGCAAGGTCAACGAGGCCTTTGAGACCCTCAAGCGCTGC
ACTTCCACCAACCCCAACCAGCGCCTGCCCAAGGTGGAGATCCTGCGC
AACGCCATCCGCTACATCGAGAGCCTGCAGGCCCTGCTGCGTGAGCAG
GAGGATGCATACTACCCAGTGCTGGAGCACTACAGCGGGGAGTCAGAT
GCCTCCAGCCCTCGCTCCAACTGCTCCGACGGCATGATGGAGTACAGC
GGGCCGCCCTGTAGCTCTCGCAGGAGAAACAGCTACGACAGCAGCTAC
TACACGGAATCACCAAATGACCCAAAGCATGGGAAGAGTTCTGTTGTT
TCCAGCCTCGACTGCCTCTCAAGCATTGTGGAGAGGATTTCCACAGAC
AACTCCACATGTCCCATACTGCCTCCAGCTGAAGCTGTAGCTGAAGGG
AGTCCCTGTTCCCCCCAGGAAGGAGGAAACCTGAGTGACAGTGGAGCC
CAGATTCCTTCCCCCACCAACTGCACCCCTCTTCCCCAGGAAAGCAGC
AGCAGCAGCAGCAGCAATCCAATCTACCAAGTGCTATAAAAAAAAAA
AAAAAAAAAAAAAAAAAAA
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SEQ ID
NO: 44
(EC551-
ggMyoD)

GCCCCTGCAGCCGAATTATATTATTTTTGCCAAATAATTTTTAACAAAA
GCTCTGAAGTCTTCTTCATTTAAATTCTTAGATGATACTTCATCTGGAA
AATTGTCCCAATTAGTAGCATCACGCTGTGAGTAAGTTCTAAACCATTT
TTTTATTGTTGTATTATCTCTAATCTTACTACTCGATGAGTTTTCGGTAT
TATCTCTATTTTTAACTTGGAGCAGGTTCCATTCATTGTTTTTTTCATCA
TAGTGAATAAAATCAACTGCTTTAACACTTGTGCCTGAACACCATATCC
ATCCGGCGTAATACGACTCACTATAGGGAGAGCGGCCGCGTCGACATG
CCCGCCGTGACCGTCGAGAACCCGCTGACGCTGCCCCGCGTATCCGCA
CCCGCCGACGCCGTCGCACGTCCCGTGCTCACCGTGACCACCGCGCCC
AGCGGTTTCGAGGGCGAGGGCTTCCCGGTGCGCCGCGCGTTCGCCGGG
ATCAACTACCGCCACCTCGACCCGTTCATCATGATGGACCAGATGGGT
GAGGTGGAGTACGCGCCCGGGGAGCCCAAGGGCACGCCCTGGCACCC
GCACCGCGGCTTCGAGACCGTGACCTACATCGTCGACGCGGCCGCCAG
ATCTTCCGGATGGCTCGAGTTTTTCAGCAAGATATGATAAGATACATTG
ATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTA
TTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTG
CAATAAACAAGTTTAGTTAACGCATGATACAAAGGCATTAAAGCAGCG
TATCCACATAGCGTAAAAGGAGCAACATAGTTAAGAATACCAGTCAAT
CTTTCACAAATTTTGTAATCCAGAGGTTGATTTCAGGCACCGGGCTTGC
GGGTCATGCACCAGGTGCGCGGTCCTTCGGGCACCTCGACGTCGGCGG
TGACGGTGAAGCCGAGCCGCTCGTAGAAGGGGAGGTTGCGGGGCGCG
GAGGTCTCCAGGAAGGCGGGCACCCCGGCGCGCTCGGCCGCCTCCACT
CCGGGGAGCACGACGGCGCTGCCCAGACCCTTGCCCTGGTGGTCGGGC
GAGACGCCGACGGTGGCCAGGAACCACGCGGGCTCCTTGGGCCGGTG
CGGCGCCAGGAGGCCTTCCATCTGTTGCTGCGCGGCCAGCCGGGAACC
GCTCAACTCGGCCATGCGCGGGCCGATCTCGGCGAACACCGCCCCCGC
TTCGACGCTCTCCGGCGTGGTCCAGACCGCCACCGCGGCGCCGTCGTC
CGCGACCCACACCTTGCCGATGTCGAGCCCGACGCGCGTGAGGAAGAG
TTCTTGCAGCTCGGTGACCCGCTCGATGTGGCGGTCCGGATCGACGGT
GTGGCGCGTGGCGGGGTAGTCGGCGAACGCGGCGGCGAGGGTGCGTA
CGGCCCTGGGGACGTCGTCGCGGGTGGCGAGGCGCACCGTGGGCTTGT
ACTCGGTCATAGGGCCGGGATTCTCCTCCACGTCACCGCATGTTAGAA
GACTTCCTCTGCCCTCGCGAGATCCGGTGGAGCCGGGTCCGGCGGTGC
CGTCCACGGCAGAATTGGACGACTGAGCGCGGGATCTGGCGAAGGCG
ATGGGGGTCTTGAAGGCGTGCTGGTACTCCACGATGCCCAGCTCGGTG
TTGCTGTGCAGCTCCTCCACGCGGCGGAAGGCGAACATGGGGCCCCCG
TTCTGCAGGATGCTGGGGTGGATGGCGCTCTTGAAGTGCATGTGGCTG
TCCACCACGAAGCTGTAGTAGCCGCCGTCGCGCAGGCTGAAGGTGCGG
GCGAAGCTGCCCACCAGCACGTTATCGCCCATGGGGTGCAGGTGCTCC
ACGGTGGCGTTGCTGCGGATGATCTTGTCGGTGAAGATCACGCTGTCC
TCGGGGAAGCCGGTGCCCACCACCTTGAAGTCGCCGATCACGCGGCCG
GCCTCGTAGCGGTAGCTGAAGCTCACGTGCAGCACGCCGCCGTCCTCG
TACTTCTCGATGCGGGTGTTGGTGTAGCCGCCGTTGTTGATGGCGTGCA
GGAAGGGGTTCTCGTAGCCGCTGGGGTAGGTGCCGAAGTGGTAGAAG
CCGTAGCCCATCACGTGGCTCAGCAGGTAGGGGCTGAAGGTCAGGGCG
CCTTTGGTGCTCTTCATCTTGTTGGTCATGCGGCCCTGCTTGGGGGTGC
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CCTCTCCGCCGCCCACCAGCTCGAACTCCACGCCGTTCAGGGTGCCGG
TGATGCGGCACTCGATCTCCATGGCGGGCAGGCCGCTCTCGTCGCTCTC
CATGGTGGCGTCTAGCGTAGGCGCCGGTCACAGCTTGGATCTGTAACG
GCGCAGAACAGAAAACGAAACAAAGACGTAGAGTTGAGCAAGCAGGG
TCAGGCAAAGCGTGGAGAGCCGGCTGAGTCTAGGTAGGCTCCAAGGG
AGCGCCGGACAAAGGCCCGGTCTCGACCTGAGCTTTAAACTTACCTAG
ACGGCGGACGCAGTTCAGGAGGCACCACAGGCGGGAGGCGGCAGAAC
GCGACTCAACCGGCGTGGATGGCGGCCTCAGGTAGGGCGGCGGGCGC
GTGAAGGAGAGATGCGAGCCCCTCGAAGCTTCAGCTGTGTTCTGGCGG
CAAACCCGTTGCGAAAAAGAACGTTCACGGCGACTACTGCACTTATAT
ACGGTTCTCCCCCACCCTCGGGAAAAAGGCGGAGCCAGTACACGACAT
CACTTTCCCAGTTTACCCCGCGCCACCTTCTCTAGGCACCCGTTCAATT
GCCGACCCCTCCCCCCAACTTCTCGGGGACTGTGGGCGATGTGCGCTCT
GCCCACTGACGGGCACCGGAGCGATCGCAGATCCTTATCTTTCTAGAA
ATTCTACCGGGTAGGGGAGGCGCTTTTCCCAAGGCAGTCTGGAGCATG
CGCTTTAGCAGCCCCGCTGGCACTTGGCGCTACACAAGTGGCCTCTGG
CCTCGCACACATTCCACATCCACCGGTAGCGCCAACCGGCTCCGTTCTT
TGGTGGCCCCTTCGCGCCACCTTCTACTCCTCCCCTAGTCAGGAAGTTC
CCCCCCGCCCCGCAGCTCGCGTCGTGCAGGACGTGACAAATGGAAGTA
GCACGTCTCACTAGTCTCGTGCAGATGGACAGCACCGCTGAGCAATGG
AAGCGGGTAGGCCTTTGGGGCAGCGGCCAATAGCAGCTTTGCTCCTTC
GCTTTCTGGGCTCAGCAGCTGGGAAGGGTGGGTCCGGGGGCGGGCTCA
GGGGCGGGCTCAGGGGCGGGGCGGGCGCCCGAAGGTCCTCCGGAGGC
CCGGCATTCTGCACGCTTCAAAAGCGCACGTCTGCCGCGCTGTTCTCCT
CTTCCTCATCTCCGGGCCTTTCGACCTGGATCCGCCACCATGGACTTAC
TGGGCCCCATGGAAATGACGGAGGGCTCCCTCTGCTCCTTCACGGCCG
CCGATGACTTCTATGACGACCCGTGCTTCAACACGTCGGACATGCACTT
CTTCGAGGACCTGGACCCCCGGCTGGTGCACGTGGGCGGGCTGCTGAA
AGCCGAGGAGCACCCGCACCACCACGGGCACCACCACGGGAACCCAC
ACGAGGAGGAGCACGTGCGGGCGCCCAGTGGGCACCACCAGGCCGGC
CGCTGCCTGCTGTGGGCGTGCAAGGCCTGCAAGAGGAAGACCACCAAC
GCTGACCGCCGCAAAGCCGCCACCATGAGGGAACGGCGGCGGCTCAG
CAAGGTCAACGAGGCCTTTGAGACCCTCAAGCGCTGCACTTCCACCAA
CCCCAACCAGCGCCTGCCCAAGGTGGAGATCCTGCGCAACGCCATCCG
CTACATCGAGAGCCTGCAGGCCCTGCTGCGTGAGCAGGAGGATGCATA
CTACCCAGTGCTGGAGCACTACAGCGGGGAGTCAGATGCCTCCAGCCC
TCGCTCCAACTGCTCCGACGGCATGATGGAGTACAGCGGGCCGCCCTG
TAGCTCTCGCAGGAGAAACAGCTACGACAGCAGCTACTACACGGAATC
ACCAAATGACCCAAAGCATGGGAAGAGTTCTGTTGTTTCCAGCCTCGA
CTGCCTCTCAAGCATTGTGGAGAGGATTTCCACAGACAACTCCACATG
TCCCATACTGCCTCCAGCTGAAGCTGTAGCTGAAGGGAGTCCCTGTTCC
CCCCAGGAAGGAGGAAACCTGAGTGACAGTGGAGCCCAGATTCCTTCC
CCCACCAACTGCACCCCTCTTCCCCAGGAAAGCAGCAGCAGCAGCAGC
AGCAATCCAATCTACCAAGTGCTATAAGCTAGCATCGATCAGACATGA
TAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAA
AAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAAC
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CATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTT
TATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTGTTTAAACCTC
CTGTGTGAAATTATTATCCGCTCATAATTCCACACATTATACGAGCCGG
AAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCAC
ATTAATTGCGTTGCGCTCACTGCCAATTGCTTTCCAGTCGGGAAACCTG
TCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGT
TTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCT
CGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAA
TACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGA
GCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCT
GGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCG
ACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACC
AGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCT
GCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCG
CTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTC
GCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCT
GCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACG
ACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGA
GGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACG
GCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAG
TTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCA
CCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAG
AAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGA
CGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATT
ATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTT
AAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAA
TGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCAT
CCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG
GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCT
CACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCG
AGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAA
TTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCG
CAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTT
GGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACA
TGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGA
TCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGC
AGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCT
GTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGG
CGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCA
CATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGG
CGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAA
CCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCG
TTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGA
ATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAAT
ATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATT
TGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
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CCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATT
AACCTATAAAAATAGGCGTATCACGAGGCC
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SEQID
NO: 45
(pFS2-
MCS-
mmPGK-
Neo_-
EF1_Pax
7_MEF2
b_MyoD)

TGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGC
AATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTT
ATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTC
ACACAGGAAACAGCTATGACCATGATTACGCCAAGCTTAAGCTTGCAT
GCCTGCAGGTCGACCTGCAGCGATCGAACTTGTTTATTGCAGCTTATAA
TGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATT
TTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTT
ATCATGTCTGGATCCCTTCTGAGGGCAGAGGAAGTCTTAATTCAGAAG
AACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGC
GGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAA
GCTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGT
CCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGCGGCCAT
TTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGA
GATCCTCGCCGTCGGGCATGCTCGCCTTGAGCCTGGCGAACAGTTCGG
CTGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCTGATCGACAA
GACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTG
GTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCAT
TGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGA
CAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCC
CGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGT
GGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGCAGTTCATTCAGGGC
ACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGA
CAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCA
GTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTG
CAATCCATCTTGTTCAATCATGCCCATGGTGGCGGCACGTGAGGTAGG
TCGAAAGGCCCGGAGATGAGGAAGAGGAGAACAGCGCGGCAGACGTG
CGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACCTTCGGGCG
CCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGCCCCCGGACCCACCC
TTCCCAGCTGCTGAGCCCAGAAAGCGAAGGAGCAAAGCTGCTATTGGC
CGCTGCCCCAAAGGCCTACCCGCTTCCATTGCTCAGCGGTGCTGTCCAT
CTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCACGTCCTGCAC
GACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAGGGGAGGAGT
AGAAGGTGGCGCGAAGGGGCCACCAAAGAACGGAGCCGGTTGGCGCT
ACCGGTGGATGTGGAATGTGTGCGAGGCCAGAGGCCACTTGTGTAGCG
CCAAGTGCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTGCCTTGGG
AAAAGCGCCTCCCCTACCCGGTAGAATTGGTGGCGATGCCGAGCTCGG
TACCAAGCTTAAGTTTAAACGCTAGCAGTAGAATTCGGATCCTACCGT
TCGTATAGCATACATTATACGAAGTTATGTCGACGATGTAGGTCACGG
TCTCGAAGCCGCGGTGCGGGTGCCAGGGCGTGCCCTTGGGCTCCCCGG
GCGCGTACTCCACCTCACCCATCTGGTCCATCATGATGAACGGTCGAG
GTGGCGGTAGTTGATCCCGGCGAACGCGCGGCGCACCGGGAAGCCCTC
GCCCTCGAAACCGCTGGGCGCGGTGGTCACGGTGAGCACGGGACGTGC
GACGGCGTCGGCGGGTGCGGATACGCGGGGCAGCGTCAGCGGGTTCTC
GACGGTCACGGCGGGCATGTCGACGGCGCGCCGATATCGTTAACTCTA
GAGCCATGAGTACACCCTGCTGGAATCACGAGGGCTTTCACTGCTGCT
GCCTCGTGGCTGCTCGCCGCCCCGGGTTCAGAAGCGAAAGGCTGGGGC
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TGCCAGCACCTTCGGTGGCTTTCGTCAGCACCCGTCAGCCGGGAACAT
GTGGCGTGGGGGCACTGCGCGCAGTTTGGAGCTCTCAAGCAGAAGCCA
CGAATCCTTGCCGCTGAAGCGATTCTCTCTGGCCGCATCTGAAACGCC
AGGCCAGAGGAGGTCTGTGCAAGTAACTACTCCCGGAGCTCGCTGACC
GCCTCCCCTCGGGCCGCAGCCGCGGGTCAGAGGGGCAGAGCTCGGGG
ACTCTACGGCTGCCGTGCTGCGCGGGAGGCGGCGGAGCGGCAACGCC
GTCCCGCCCTGCAGTGCTCCGGGCGCTGCCGTCCGGCCTGGGGGCGGC
GAGCCCCTCCCGGCAGTCGCTCGTGACTCCCGCCCGATCCGGCCGCCG
CGGGGCTCTGCTCCTCAGCCCCGCCCCTCCCCGCCGCTCCTCAGCGGAG
CGCCGCGTGCCGCGCTGCCGGGCGGGGCGTTGCGCGGGGGCCGCCGG
GAGCGGTGACGCGTCGCCGAGGCCCCGCCCCGTCGCAGAGTATATAAG
GGGCGGCGCTCACGCCGTCGTTCTTTTCCGCTCCGGGTTTGCCGACGCC
GTGCGGGTGAGGCGCGTGCGGCGGGGCAGGCCGGGCCCGGGGGTGGG
GGGTGCGGGGTGCGGGGATGCTCGGGGGGAGCCTCGTTGCACCGTGA
GCGCGGGGCCGGGGCGCGGCCGCGGAGAGGCGCGTGGGAACGGCGGA
GTGGGGAGGGGGAAGCGAGATGAGGGACGGGTGGGAGAGAGCGGGG
CGAGCGCCGGGGTAAAGCCGACGTGTCCCGCCTGAGGACCCACGCGG
GGCAGCGCGGCGATGAGCACGCGGGGCCCCACCGCCGCCTTGGCTTCG
CGCGGAGCCGCCCGGCGCTGGGGCGCGGCGTACGGTGCTCGGCCTCGG
GCGGGTGGCGGCCGGGGACCCCGGGGCCGCGCCGTCGGTGCCGCGGT
GGGGGAGGGGAGGCGAGGCCGGAGCACGAGAAAAAAAATGGCCGCC
CGCTCTTCCTGCCGCCGCCAGCTCACAAAATGGAGGACGGCGGCCCGG
GCGGGGTGAGTCACACACAAAGGAGAGGGGCGGCCCCGCCCTCCGCG
CCGCCCGTGGCCGCGCCGCCGCCCCGCGCCCCCACCCCAGCCCCTGCC
CGGCCCGGCCGCCCTGCGGGGAGGGGGCGACGGCGGAGGCGCGCTGT
AGGGGACCCCGGGCCACCGCCCGCCCCTCCGCTCCCCTCCCCCCTCCTC
CCCCCCCTGGCGGGGCGGGGCCGGGGCTGCACGGGCCCTCTGCCCCCT
CGGCCGGCGCCCGGCGGGCGGCGCTGCTGCGGGACGGGGGCGGCCGC
AGTAACCGGGATTCGTTCTGGAACTTTCAGGTGTCGTTTCTCTTTGGCC
GGAAGAAAGAAGCTAAAGACCATCCGAATCGCGACGCCACCATGGCA
GCGCTCCCCGGGACGGTACCGCGGATGATGCGCCCGGCGCCGGGGCA
GAACTACCCGCGCACCGGCTTCCCTTTGGAAGTGTCCACCCCGCTGGG
CCAGGGCCGGGTGAACCAACTCGGAGGGGTTTTCATCAACGGGCGCCC
ACTGCCCAACCACATCCGCCATAAGATCGTGGAGATGGCTCACCACGG
CATCCGGCCCTGCGTGATCTCCAGGCAGCTGAGGGTCTCCCACGGCTG
CGTTTCCAAAATCCTCTGCAGGTACCAAGAGACGGGCTCCATCCGGCC
CGGGGCCATCGGGGGCAGCAAGCCCAGGCAGGTTGCGACTCCCGACG
TGGAGAAGAAAATCGAGGAATACAAGAGGGAGAACCCTGGGATGTTC
AGCTGGGAGATCCGGGACAGGCTGCTGAAGGACGGACACTGCGACCG
CAGCACTGTGCCCTCAGTGAGTTCGATTAGCCGTGTGCTACGCATCAA
ATTCGGGAAGAAAGAGGAAGAGGAGGACTGCGACAAGAAGGAGGAA
GACGGGGAGAAGAAGGCCAAGCACAGCATAGATGGCATCCTGGGCGA
CAAAGGGAACAGGCTGGATGAAGGCTCCGATGTCGAATCAGAACCAG
ACCTGCCTTTGAAGAGGAAGCAGCGCCGCAGCCGGACCACTTTCACTG
CCGAGCAGCTGGAGGAGCTGGAGAAGGCCTTTGAGAGGACCCACTAC
CCGGACATCTACACCAGGGAGGAGCTGGCACAGAGAACCAAGCTCAC
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CGAGGCCCGTGTTCAGGTGTGGTTCAGCAACCGACGAGCAAGATGGCG
CAAGCAGGCGGGTGCAAACCAACTCGCAGCATTCAACCATCTGCTGCC
AGGGGGATTCCCACCCACGGGAATGCCAACTCTGCCCCCGTACCAGCT
GCCAGACTCCACCTACCCAACCACCACCATTTCCCAAGATGGAGGCAG
CACCGTGCACAGACCCCAGCCCTTGCCACCATCCACCATGCACCAGGG
AGGGCTCGCTGCCGCCGCTGCAGCCGACTCCAGCTCTGCCTATGGGGC
CCGACACAGCTTCTCCAGCTACTCAGACAGCTTCATGAATGCTGCAGC
TCCTGCCAACCACATGAATCCTGTTAGCAATGGCCTCTCTCCGCAGAA
GCAGGGTGCCCAAAACAAGATGCAGTGCTCCAGGTGGAACCTCACCAT
AGCCTTGAACAATCAGGTGATGAGCATCCTGAGCAACCCCAGCGGGGT
TCCTCCGCAGCCCCAGGCTGACTTCTCCATCTCTCCTCTTCACGGTGGC
CTGGACACCACCAACTCCATCTCTGCCAGCTGCAGCCAGCGGAGTGAC
TCCATCAAGTCCGTGGACAGCCTCCCGACCTCGCAGTCCTACTGTCCTC
CCACCTACAGCACCACCAGTTACAGCGTGGACCCGGTGGCTGGCTACC
AGTATGGGCAGTATGGACAAACTGCTGTTGATTATTTGACCAAGAACG
TGAGCCTGTCCACGCAGCGCAGGATGAAGCTGGGAGAACATTCGGCCG
TTCTGGGGCTCCTACCAGTAGAGACAGGCCAAGCTTACGCCACAAACT
TCTCTCTGCTAAAGCAAGCAGGTGATGTTGAAGAAAACCCCGGGCCTG
GCCGGAAAAAAATCCAGATCAGCCGAATATTGGATCAGCGGAACCGG
CAGGTGACCTTCACCAAGCGGAAATTCGGGCTGATGAAGAAGGCGTAT
GAGCTGAGCGTGCTGTGCGACTGCGAGATCGCCCTCATCATCTTCAAC
AGCACCAACCGCCTCTTCCAGTACGCCAGCACCGACATGGACAAAGTG
CTGCTCAAGTACACGGAGTACAGCGAACCCCACGAGAGCCGCACCAA
CTCCGACATCCTCGAGACGCTGAAGCGCAAAGGGTTGGGGCTGGAGA
GCCACGAGCTGGAGCTGGAAGAGGGGCTGGATCCTGGTGAGAAGCTG
CGGCAGATGAATGAGGGCATGGATCTGACGGTGGCACGGCCCCGCTTT
TACAGCCCGGTGCCGCTGCCCGAGGTCCCCTATGGCAGCTCCCCGTCG
AGCAGCAGTGATGGAGCCCTGGGCAGCGCCAGCAGCTCCCCGCAGAG
CCAGGGCCGCCCGCCCGCCTTCAAACCCACAGCGCCGAAGCCATCGGG
ACGCTCACCAGGACCGATGCCCCCAGGTATTGGCTACCCCCTGTTCCCC
GCTGGCAGCCTGAACCGAGCCTTGGCAACCAAGACCCCACCACCGCTG
TACCTGGGAGCCGATGGGCAGCGCCGGAGCGGAGGCAGCACTGCACG
GCCGCTGTACTCTGGTCTGCAGACCTTGAACCCAGTGCTCGCCTCAGGC
AGCGCCAGCATTCCCAGCCACAGCCTCACTGGTTTCCCCTTCCTCGCTC
CGGCACAAGCAGCAGAGTTCGGGGCTGGCGAGGCCCCACCACCTCCTG
GCTTCCTGCAGCCTGGCCCTCCAGCTCCATGGCAGCCCCCACGGGACA
TGGCAGCACTAGGGGCCAGCAGCAGGATCGTCCCCACCGAGGACCTG
GCCCCCGGCAGCTCCCCGCAGCCCCACGCCATCAGCATCAAGTCAGAG
CGGGTGTCCCCAGGGCTCGGCTGCCCCTCAGGTGCCCCACAGCCCTCT
CAGGGCAGCCTGACCTCCCTGAGCGAAGCCCCCCAAGGCGCTGCAGAC
CTCCAGCCACGGGATGACTACTCCAAGGGCTACCCCTACCCCCCGCCC
CCGCCCCGGCCGCTGGCGGAGGAGCAGAGGGCCACTGCCGCCGTCCCG
GTCCCCGCGCGGCGGGCGCAGGCTGAGGATGCGTGGCAGAGAGAGGG
CAGGGGAAGTCTTCTAACATGCGGGGACGTGGAGGAAAATCCCGGCC
CAGACTTACTGGGCCCCATGGAAATGACGGAGGGCTCCCTCTGCTCCT
TCACGGCCGCCGATGACTTCTATGACGACCCGTGCTTCAACACGTCGG
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ACATGCACTTCTTCGAGGACCTGGACCCCCGGCTGGTGCACGTGGGCG
GGCTGCTGAAAGCCGAGGAGCACCCGCACCACCACGGGCACCACCAC
GGGAACCCACACGAGGAGGAGCACGTGCGGGCGCCCAGTGGGCACCA
CCAGGCCGGCCGCTGCCTGCTGTGGGCGTGCAAGGCCTGCAAGAGGAA
GACCACCAACGCTGACCGCCGCAAAGCCGCCACCATGAGGGAACGGC
GGCGGCTCAGCAAGGTCAACGAGGCCTTTGAGACCCTCAAGCGCTGCA
CTTCCACCAACCCCAACCAGCGCCTGCCCAAGGTGGAGATCCTGCGCA
ACGCCATCCGCTACATCGAGAGCCTGCAGGCCCTGCTGCGTGAGCAGG
AGGATGCATACTACCCAGTGCTGGAGCACTACAGCGGGGAGTCAGATG
CCTCCAGCCCTCGCTCCAACTGCTCCGACGGCATGATGGAGTACAGCG
GGCCGCCCTGTAGCTCTCGCAGGAGAAACAGCTACGACAGCAGCTACT
ACACGGAATCACCAAATGACCCAAAGCATGGGAAGAGTTCTGTTGTTT
CCAGCCTCGACTGCCTCTCAAGCATTGTGGAGAGGATTTCCACAGACA
ACTCCACATGTCCCATACTGCCTCCAGCTGAAGCTGTAGCTGAAGGGA
GTCCCTGTTCCCCCCAGGAAGGAGGAAACCTGAGTGACAGTGGAGCCC
AGATTCCTTCCCCCACCAACTGCACCCCTCTTCCCCAGGAAAGCAGCA
GCAGCAGCAGCAGCAATCCAATCTACCAAGTGCTATAATCGAGGTTAA
CGCGGCCGCCACGTGCTCGAGGAGTTGCCAGCCATCTGTTGTTTGCCCC
TCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTT
CCTAATAAAATGAGGAAATTGCATCATAACTTCGTATAGCATACATTA
TACGAACGGTAGGATCCCCGGGTACCGAGCTCGAATTCACTGGCCGTC
GTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAAT
CGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAG
GCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAA
TGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCAC
ACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTT
AAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGC
TTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGG
AGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGA
CGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAA
TAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCG
GAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTC
ATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAG
AGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGC
ATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAA
GATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGAT
CTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTT
CCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCC
GTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTC
AGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGG
ATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTG
ATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGG
AGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGA
TCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTG
ACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAA
CTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGA
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TGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGG
CTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGCTCTCG
CGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGT
AGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATA
GACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGT
CAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTT
TTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACC
AAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAG
AAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTG
CTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCC
GGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAG
AGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCA
CCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATC
CTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGT
TGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGA
ACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACC
GAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCC
GAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAAC
AGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTT
ATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTG
ATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGG
CCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTT
CCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGT
GAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCA
GTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCC
CGCGCGTTGGCCGATTCATTAATGCAGC
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SEQ ID
NO: 46
(pFS2-
ggEF1-
ggMyoD-
mPGK-
Puro)

ATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATT
TTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGAT
GCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTC
AACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCA
ATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTA
TTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGA
ATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATG
GCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATA
ACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGC
TAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCG
TTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACA
CCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTG
GCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGG
AGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTG
GCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGCTCTCGCG
GTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAG
TTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGAC
AGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAG
ACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTA
ATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAA
AATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAA
AAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCT
GCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGG
ATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAG
CGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACC
ACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCT
GTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTT
GGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAA
CGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCG
AACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCG
AAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACA
GGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTAT
AGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGAT
GCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCC
TTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCC
TGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGA
GCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTG
AGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGC
GCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTG
GAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCA
TTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGT
GGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCAT
GATTACGCCAAGCTTGCATGCCTGCAGGTCGACCTGCAGCGATCGAAC
TTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACA
AATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGT
CCAAACTCATCAATGTATCTTATCATGTCTGGATCCCTTCTGAGGGCAG
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AGGAAGTCTTAATGGCACCGGGCTTGCGGGTCATGCACCAGGTGCGCG
GTCCTTCGGGCACCTCGACGTCGGCGGTGACGGTGAAGCCGAGCCGCT
CGTAGAAGGGGAGGTTGCGGGGCGCGGAGGTCTCCAGGAAGGCGGGC
ACCCCGGCGCGCTCGGCCGCCTCCACTCCGGGGAGCACGACGGCGCTG
CCCAGACCCTTGCCCTGGTGGTCGGGCGAGACGCCGACGGTGGCCAGG
AACCACGCGGGCTCCTTGGGCCGGTGCGGCGCCAGGAGGCCTTCCATC
TGTTGCTGCGCGGCCAGCCGGGAACCGCTCAACTCGGCCATGCGCGGG
CCGATCTCGGCGAACACCGCCCCCGCTTCGACGCTCTCCGGCGTGGTC
CAGACCGCCACCGCGGCGCCGTCGTCCGCGACCCACACCTTGCCGATG
TCGAGCCCGACGCGCGTGAGGAAGAGTTCTTGCAGCTCGGTGACCCGC
TCGATGTGGCGGTCCGGATCGACGGTGTGGCGCGTGGCGGGGTAGTCG
GCGAACGCGGCGGCGAGGGTGCGTACGGCCCTGGGGACGTCGTCGCG
GGTGGCGAGGCGCACCGTGGGCTTGTACTCGGTCATAGCCATGGTGGC
GACGAGGTCGAAAGGCCCGGAGATGAGGAAGAGGAGAACAGCGCGG
CAGACGTGCGCTTTTGAAGCGTGCAGAATGCCGGGCCTCCGGAGGACC
TTCGGGCGCCCGCCCCGCCCCTGAGCCCGCCCCTGAGCCCGLCCCCaaG
ACCCACCCTTCCCAGCTGCTGAGCCCAGAAAGCGAAGGAGCAAAGCTG
CTATTGGCCGCTGCCCCAAAGGCCTACCCGCTTCCATTGCTCAGCGGTG
CTGTCCATCTGCACGAGACTAGTGAGACGTGCTACTTCCATTTGTCACG
TCCTGCACGACGCGAGCTGCGGGGCGGGGGGGAACTTCCTGACTAGGG
GAGGAGTAGAAGGTGGCGCGAAGGGGCCACCAAAGAACGGAGCCGGT
TGGCGCTACCGGTGGATGTGGAATGTGTGCGAGGCCAGAGGCCACTTG
TGTAGCGCCAAGTGCCAGCGGGGCTGCTAAAGCGCATGCTCCAGACTG
CCTTGGGAAAAGCGCCTCCCCTACCCGGTAGAATTGGTGGCGATGCCG
AGCTCGGTACCAAGCTTAAGTTTAAACGCTAGCAGTAGAATTCGGATC
CTACCGTTCGTATAGCATACATTATACGAAGTTATGTCGACGATGTAG
GTCACGGTCTCGAAGCCGCGGTGCGGGTGCCAGGGCGTGCCCTTGGGC
TCCCCGGGCGCGTACTCCACCTCACCCATCTGGTCCATCATGATGAACG
GTCGAGGTGGCGGTAGTTGATCCCGGCGAACGCGCGGCGCACCGGGA
AGCCCTCGCCCTCGAAACCGCTGGGCGCGGTGGTCACGGTGAGCACGG
GACGTGCGACGGCGTCGGCGGGTGCGGATACGCGGGGCAGCGTCAGC
GGGTTCTCGACGGTCACGGCGGGCATGTCGACGGCGCGCCGATATCGC
CATGAGTACACCCTGCTGGAATCACGAGGGCTTTCACTGCTGCTGCCTC
GTGGCTGCTCGCCGCCCCGGGTTCAGAAGCGAAAGGCTGGGGCTGCCA
GCACCTTCGGTGGCTTTCGTCAGCACCCGTCAGCCGGGAACATGTGGC
GTGGGGGCACTGCGCGCAGTTTGGAGCTCTCAAGCAGAAGCCACGAAT
CCTTGCCGCTGAAGCGATTCTCTCTGGCCGCATCTGAAACGCCAGGCC
AGAGGAGGTCTGTGCAAGTAACTACTCCCGGAGCTCGCTGACCGCCTC
CCCTCGGGCCGCAGCCGCGGGTCAGAGGGGCAGAGCTCGGGGACTCT
ACGGCTGCCGTGCTGCGCGGGAGGCGGCGGAGCGGCAACGCCGTCCC
GCCCTGCAGTGCTCCGGGCGCTGCCGTCCGGCCTGGGGGCGGCGAGCC
CCTCCCGGCAGTCGCTCGTGACTCCCGCCCGATCCGGCCGCCGCGGGG
CTCTGCTCCTCAGCCCCGCCCCTCCCCGCCGCTCCTCAGCGGAGCGCCG
CGTGCCGCGCTGCCGGGCGGGGCGTTGCGCGGGGGCCGCCGGGAGCG
GTGACGCGTCGCCGAGGCCCCGCCCCGTCGCAGAGTATATAAGGGGCG
GCGCTCACGCCGTCGTTCTTTTCCGCTCCGGGTTTGCCGACGCCGTGCG
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GGTGAGGCGCGTGCGGCGGGGCAGGCCGGGCCCGGGGGTGGGGGGTG
CGGGGTGCGGGGATGCTCGGGGGGAGCCTCGTTGCACCGTGAGCGCG
GGGCCGGGGCGCGGCCGCGGAGAGGCGCGTGGGAACGGCGGAGTGGG
GAGGGGGAAGCGAGATGAGGGACGGGTGGGAGAGAGCGGGGCGAGC
GCCGGGGTAAAGCCGACGTGTCCCGCCTGAGGACCCACGCGGGGCAG
CGCGGCGATGAGCACGCGGGGCCCCACCGCCGCCTTGGCTTCGCGCGG
AGCCGCCCGGCGCTGGGGCGCGGCGTACGGTGCTCGGCCTCGGGCGGG
TGGCGGCCGGGGACCCCGGGGCCGCGCCGTCGGTGCCGCGGTGGGGG
AGGGGAGGCGAGGCCGGAGCACGAGAAAAAAAATGGCCGCCCGCTCT
TCCTGCCGCCGCCAGCTCACAAAATGGAGGACGGCGGCCCGGGCGGG
GTGAGTCACACACAAAGGAGAGGGGCGGCCCCGCCCTCCGCGCCGLC
CGTGGCCGCGCCGCCGCCCCGCGCCCCCACCCCAGCCCCTGCCCGGCC
CGGCCGCCCTGCGGGGAGGGGGCGACGGCGGAGGCGCGCTGTAGGGG
ACCCCGGGCCACCGCCCGCCCCTCCGCTCCCCTCCCCCCcTecTCCcecC
CCTGGCGGGGCGGGGCCGGGGCTGCACGGGCCCTCTGCCCCCTCGGCC
GGCGCCCGGCGGGCGGCGCTGCTGCGGGACGGGGGCGGCCGCAGTAA
CCGGGATTCGTTCTGGAACTTTCAGGTGTCGTTTCTCTTTGGCCGGAAG
AAAGAAGCTAAAGACCATCCGAATCGCGACGCCACCATGTACCCATAC
GATGTTCCAGATTACGCTGACTTACTGGGCCCCATGGAAATGACGGAG
GGCTCCCTCTGCTCCTTCACGGCCGCCGATGACTTCTATGACGACCCGT
GCTTCAACACGTCGGACATGCACTTCTTCGAGGACCTGGACCCCCGGC
TGGTGCACGTGGGCGGGCTGCTGAAAGCCGAGGAGCACCCGCACCAC
CACGGGCACCACCACGGGAACCCACACGAGGAGGAGCACGTGCGGGC
GCCCAGTGGGCACCACCAGGCCGGCCGCTGCCTGCTGTGGGCGTGCAA
GGCCTGCAAGAGGAAGACCACCAACGCTGACCGCCGCAAAGCCGCCA
CCATGAGGGAACGGCGGCGGCTCAGCAAGGTCAACGAGGCCTTTGAG
ACCCTCAAGCGCTGCACTTCCACCAACCCCAACCAGCGCCTGCCCAAG
GTGGAGATCCTGCGCAACGCCATCCGCTACATCGAGAGCCTGCAGGCC
CTGCTGCGTGAGCAGGAGGATGCATACTACCCAGTGCTGGAGCACTAC
AGCGGGGAGTCAGATGCCTCCAGCCCTCGCTCCAACTGCTCCGACGGC
ATGATGGAGTACAGCGGGCCGCCCTGTAGCTCTCGCAGGAGAAACAGC
TACGACAGCAGCTACTACACGGAATCACCAAATGACCCAAAGCATGG
GAAGAGTTCTGTTGTTTCCAGCCTCGACTGCCTCTCAAGCATTGTGGAG
AGGATTTCCACAGACAACTCCACATGTCCCATACTGCCTCCAGCTGAA
GCTGTAGCTGAAGGGAGTCCCTGTTCCCCCCAGGAAGGAGGAAACCTG
AGTGACAGTGGAGCCCAGATTCCTTCCCCCACCAACTGCACCCCTCTTC
CCCAGGAAAGCAGCAGCAGCAGCAGCAGCAATCCAATCTACCAAGTG
CTATAACTCGAGGAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAA
ATGAGGAAATTGCATCATAACTTCGTATAGCATACATTATACGAACGG
TAGGATCCCCGGGTACCGAGCTCGAATTCACTGGCCGTCGTTTTACAA
CGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCA
GCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACC
GATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTG
ATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATAT
GGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGC
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CCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGC
TCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCA
TGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGG
GCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGT
TTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCC
TATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGA
CAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGT
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WHAT IS CLAIMED IS:

1. A method for improving myogenic differentiation capacity of a cell line, the method comprising:
(a) isolating a population of cells from skin or muscle tissue to form a cell line;
(b) immortalizing the cell line;
(c) contacting the cell line with a culture media comprising:
(i) at least a first Activin A inhibitor,
(i1) at least a first BMP inhibitor, or
(iii) at least a first WNT activator, or
a combination thereof; and
(d) inducing myogenic specific differentiation, comprising inducing formation of
myocytes, myoblasts, myotubes, or a combination thereof,
thereby improving the cell line’s myogenic differentiation capacity as compared to a

control.

2. The method of claim 1, wherein the immortalizing step comprises introducing into, or
incorporating into the genome of, a cell of the cell line a polynucleotide encoding a telomerase

reverse transcriptase (TERT) polypeptide, thereby generating an immortalized cell line.

3. A method for improving myogenic differentiation capacity of a late passage cell line, the method
comprising:
(a) contacting the late passage cell line with a culture media comprising:
(i) at least a first Activin A inhibitor,
(i1) at least a first BMP inhibitor, or
(ii1) at least a first WNT activator, or a combination thereof,
(b) inducing myogenic specific differentiation, comprising inducing formation of
myocytes, myoblasts, myotubes, or a combination thereof,
thereby improving the late passage cell line’s myogenic differentiation capacity as

compared to a late passage control.

4. A method for restoring myogenic differentiation capacity of a late passage cell line, the method
comprising:

(a) contacting the late passage cell line with a culture media comprising:
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(i) at least a first Activin A inhibitor,
(ii) at least a first BMP inhibitor, or
(ii1) at least a first WNT activator, or a combination thereof; and

(b) inducing myogenic specific differentiation, comprising inducing formation of myocytes,

myoblasts, myotubes, or a combination thereof,

thereby restoring the late passage cell line myogenic differentiation capacity as compared to

a late passage control cell line.

. The method of any one of claims 1-4, further comprising introducing into, or incorporating into
the genome of, a cell of the cell line, a cell of the immortalized cell line, or a cell of the late
passage cell line a polynucleotide encoding at least a first myogenic regulatory factor
polypeptide, thereby producing a recombinant cell line expressing the at least first myogenic

regulatory factor polypeptide.

. The method of claim 5, wherein the at least first myogenic regulatory factor is selected from:

MYOD, MYOG, MEF2B, PAX7, PAX3, and PITX1.

. The method of claim 5 or 6, wherein the polynucleotide comprising the first myogenic regulatory
factor polypeptide further comprises a nucleic acid sequence encoding a second myogenic
regulatory factor polypeptide, a nucleic acid sequence encoding a third myogenic regulatory
factor polypeptide, or a combination thereof,

wherein the first, the second, and the third myogenic regulatory factor polypeptides are

selected from MYOD, MYOG, MEF2B, PAX7, PAX3, and PITX1.

. The method of claim 7, wherein the first myogenic regulatory factor polypeptide is a PAX7
polypeptide or a fragment thereof, the second myogenic regulatory factor polypeptide is a
MEFE2B polypeptide or a fragment thereof, and the third myogenic regulatory factor polypeptide
is a MYOD polypeptide or a fragment thereof).

. The method of any one of claims 1-8, wherein the Activin A inhibitor is selected from: A-83-01,

E-616542, SB431542, TGFBRI-IN-3, R-268712, Follistatin, and Follistatin-like-3.

10. The method of claims 9, wherein the Activin A inhibitor is A-83-01.
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The method of any one of claims 1-10, wherein the BMP inhibitor is selected from: LDN193189,

Dorsomorphin, Noggin, Chrodin, and Gremlin.
The method of claim 11, wherein the BMP inhibitor is LDN193189.

The method of any one of claims 1-12, wherein the WNT activator is selected from:

CHIR99021, BIO, AZD1080, WNT1a, WNT3a, WNT4, and WNT7.
The method of claim 13, wherein the WNT activator is CHIR99021.

The method of any one of claims 1-14, further comprising contacting the cell line or

immortalized cell line with a culture media comprising a histone deacetylase inhibitor.
The method of claim 15, wherein the histone deacetylase inhibitor is sodium butyrate.

The method of any one of claims 1-16, wherein the cell line, the immortalized cell line, or the
late passage cell line are from a species selected from: poultry, livestock, game, or aquatic

animal species.
The method of claim 17, wherein the species is Gallus gallus.
The method of claim 17, wherein the species is Bovine taurus.

The method of any one of claims 1-19, wherein the cell line, the immortalized cell line, or the

late passage cell line is a fibroblast cell line.

The method of any one of claims 1-20, wherein the cell line, immortalized cell line, or the late

passage cell line are not embryonic or induced pluripotent stem cells.

The method of any one of claims 3-21, wherein the late passage cell line has exceeded 60

population doublings.

The method of any one of claims 3-22, wherein the late passage control cell line has lost

myogenic differentiation capacity at or above 60 population doublings.

The method of any one of claims 1-23, wherein prior to exposing the cell line, immortalized cell

line, or the late passage cell line to the methods of any one of claims 1-24, the cell line, the
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immortalized cell line, or the late passage cell line comprises a population doubling level (PDL)

of at least 60.

The method of any one of claims 1-24, wherein the method results in the cell line, the
immortalized cell line, or the late passage cell line exhibiting increased Pax7 expression,
increased MyHC1 expression, and/or increased myotube formation, as compared to a cell line or
immortalized cell line that are not exposed to the at least first Activin A inhibitor, at least first
BMP inhibitor, at least first WNT activator, one or more myogenic regulatory factors, epigenetic

modulator, or a combination thereof.

The method of any one of claims 1-25, wherein the method results in the cell line, the
immortalized cell line, or the late passage cell line exhibiting an improved myogenic
differentiation capacity after at least 60 passages compared with a cell line, an immortalized cell
line, or a late passage cell line not exposed to the at least first Activin A inhibitor, at least first
BMP inhibitor, at least first WNT activator, one or more myogenic regulatory factors, epigenetic

modulator, or a combination thereof.

The method of any one of claims 1-26, further comprising the step of adapting the cell line for

suspension culture.

The method of any one of claims 1-27, wherein inducing myogenic-specific differentiation

comprises contacting the cell line or immortalized cell line with a differentiation medium.
A population of cells produced by any of the methods of claims 1-28.

A population of myocytes, myoblasts, myotubes, multinucleated myotubes, satellite cells,
skeletal muscle fibers, or any combination thereof produced by the methods of any one of claims

1-28.

An in vitro method for producing a cell-based meat product, the method comprising:
forming the myocytes, myoblasts, myotubes, or a combination thereof, of claims 1-28,

into a cell based meat product.

A kit for improving myogenic differentiation capacity of a cell line or an immortalized cell line

comprising:
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at least a first Activin A inhibitor;
at least a first BMP inhibitor,
at least a first WNT activator, or

a combination thereof.

33. The kit of claim 32, wherein the kit further comprises a first myogenic regulatory polypeptide, a
second myogenic regulatory polypeptide, a third myogenic regulatory polypeptide, or a

combination thereof.

34. The kit of claim 33, wherein the first myogenic regulatory polypeptide, the second myogenic
regulatory polypeptide, and/or the third myogenic regulatory polypeptide is selected from
MYOD, MYOG, MEF2B, PAX7, PAX3, and PITXI.

35. The kit of any one of claims 32-34, further comprising a histone deacetylase inhibitor.
36. The kit of claim 35, wherein the histone deacetylase inhibitor is sodium butyrate.

37. The kit of any one of claims 32-36, further comprising any of the immortalized fibroblast cell

lines described herein.

38. The kit of any one of claims 32-37, further comprising instructions to perform any of the

methods described herein.

39. A cell culture media for improving myogenic differentiation capacity of a cell line or an
immortalized cell line, the cell culture media comprising:
at least a first Activin A inhibitor;
at least a first BMP inhibitor;
at least a first WNT activator, or

a combination thereof.

40. The cell culture media of claim 39, further comprising a histone deacetylase inhibitor.

41. The cell culture media of claim 40, wherein the histone deacetylase inhibitor is sodium butyrate.
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