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density of a culture comprising metazoan cells and for the production of a cultured edible product.



COMPOSITIONS AND METHODS FOR INCREASING THE EFFICIENCY

OF CELL CULTURES USED FOR FOOD PRODUCTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority to U.S. Provisional

Application Serial No. 62/532,345, filed July 13, 2017, the contents of which are hereby

incorporated by reference in their entirety.

REFERENCE TO SEQUENCE LISTING

[0002] The contents of the text file submitted electronically herewith are incorporated

herein by reference in their entirety: A computer readable format copy of the Sequence Listing

filename: MPHM_004_01WO_SeqList_ST25.txt, date created, July 10, 2018, file size ~ 199

kilobytes.

BACKGROUND OF THE INVENTION

[0003] The mass production of cells for biomass production remains limited by several

factors, thus limiting final yields. Examples of such factors include (1) accumulation of

extracellular metabolic waste products such as ammonia/ammonium hydroxide, in the cell culture

medium to toxic levels, (2) depletion of necessary nutrients, such as glutamine, in the cell culture

medium, requiring a constant supply and supplementation of such nutrients, incurring both

expense and additional manipulation of the cells, and the (3) requirement for supplemented

proteins, such as growth factors, which support the productivity of a cultivation process.

[0004] Provided herein are compositions and methods that address this need.

BRIEF SUMMARY OF THE INVENTION

[0005] Provided herein are compositions and methods to make and use modified cells, for

the purpose of increasing the efficiency of cell cultures, increasing the cell density of metazoan

cell cultures, and for making a cultured edible product for human or non-human consumption.

[0006] In one aspect, provided herein is a method for increasing the cell density of a

culture comprising metazoan cells, the method comprising: (a) introducing into the cells one or



more polynucleotide sequences encoding glutamine synthetase (GS), insulin-like growth factor

(IGF), and albumin; and (b) culturing the cells in a cultivation infrastructure.

[0007] In another aspect, provided herein is a method for increasing the cell density of a

culture comprising metazoan cells, the method comprising: (a) introducing into the cells one or

more polynucleotide sequences encoding glutamine synthetase (GS), insulin-like growth factor

(IGF), albumin or a combination thereof; and (b) culturing the cells in a cultivation infrastructure.

[0008] In yet another aspect, provided herein is a method for increasing the cell density of

a culture comprising metazoan cells, the method comprising: (a) introducing into the cells one or

more polynucleotide sequences encoding glutamine synthetase (GS), insulin-like growth factor

(IGF), albumin or a combination thereof; (b) introducing into the cells a polynucleotide sequence

encoding a telomerase reverse transcriptase (TERT); and (c) culturing the cells in a cultivation

infrastructure.

[0009] In one aspect provided herein is a method of decreasing the concentration of

ammonia and/or ammonium hydroxide in the medium of cells in culture comprising increasing

the expression of glutamine synthetase (GS) protein in the cells, wherein the cells are of livestock,

poultry, game or aquatic animal species, and wherein the concentration of ammonia (i.e.

ammonium hydroxide) in the medium is decreased by at least 2.5%.

[0010] In another aspect, provided herein is a method of increasing the production of

glutamine in cells comprising increasing the expression of glutamine synthetase (GS) protein in

the cells, wherein the cells are of livestock, poultry, game or aquatic animal species, and wherein

the concentration of glutamine in the cells is increased by at least 2.5%.

[0011] In another aspect, provided herein, is a method of increasing the concentration of

Insulin-like growth factor (IGF) in the medium of cells in culture comprising increasing the

expression of IGF protein in the cells, wherein the cells are of livestock, poultry, game or aquatic

animal species, and wherein the concentration of IGF in the medium is increased by at least 2.5%

or is increased to at least 0.001 ng/mL.

[0012] In another aspect, provided herein is a method of increasing the concentration of

albumin in the medium of cells in culture comprising increasing the expression of albumin in the

cells, wherein the cells are of livestock, poultry, game or aquatic animal species, and wherein the



concentration of albumin in the medium is increased at least 2.5% or is increased to at least 0.1

g/mL.

[0013] In one aspect, provided herein is an in vitro method for producing a cultured edible

product, the method comprising: (a) introducing one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), albumin or a combination thereof

into myogenic cells; (b) optionally introducing a polynucleotide sequence encoding a telomerase

reverse transcriptase (TERT) into the cells; (c) inducing myogenic differentiation of the cells

expressing GS, IGF, albumin or combinations thereof and optionally TERT, wherein the

differentiated cells form myocytes and multinucleated myotubes; and (d) culturing the myocytes

and myotubes to generate skeletal muscle fibers, thereby producing a cultured edible product.

[0014] In another aspect, provided herein is an in vitro method for producing a cultured

edible product, the method comprising: (a) overexpressing GS, IGF, albumin, or a combination

thereof in a self-renewing cell line, wherein the cell line is a myogenic transcription factor-

modified cell line, and wherein the cell line is of a livestock, poultry, game or aquatic animal

species; (b) inducing myogenic differentiation of the cell line, wherein the differentiated cell line

forms myocytes and multinucleated myotubes; and (c) culturing the myocytes and myotubes to

generate skeletal muscle fibers, thereby producing a cultured edible product. In another aspect

provided herein is a cultured edible product produced by the in vitro method.

[0015] In one aspect, provided herein is a method for increasing the secretion of glutamine

by cells into a culture medium, the method comprising increasing the expression of a glutamine

synthetase (GS) protein in the cells, wherein the cells are from livestock, poultry, game or aquatic

animal species, and wherein the concentration of glutamine secreted into the culture medium is

increased by at least 2.5%.

[0016] In one aspect, provided herein is a method for increasing the rate of proliferation

of cells in a cultivation infrastructure, comprising: (a) introducing into the cells one or more

polynucleotide sequences encoding glutamine synthetase (GS), insulin-like growth factor (IGF),

albumin or a combination thereof; and (b) culturing the cells in a cultivation infrastructure,

wherein the cells are from livestock, poultry, game or aquatic animal species.



[0017] In another aspect, provided herein is a method for decreasing death of cells in a

cultivation infrastructure, comprising: (a) introducing into the cells one or more polynucleotide

sequences encoding glutamine synthetase (GS), insulin-like growth factor (IGF), albumin or a

combination thereof; and (b) culturing the cells in a cultivation infrastructure, wherein the cells

are from livestock, poultry, game or aquatic animal species.

[0018] In another aspect, provided herein is a method for increasing protein production in

cells in a cultivation infrastructure, comprising: (a) introducing into the cells a polynucleotide

sequence encoding insulin-like growth factor (IGF); and (b) culturing the cells in a cultivation

infrastructure, wherein the cells are from livestock, poultry, game or aquatic animal species.

[0019] In another aspect provided herein is a cultured edible product comprising cells

having increased expression of GS, increased expression of IGF, increased expression of albumin,

increased expression of telomerase reverse transcriptase (TERT), loss-of-function mutations in

cyclin-dependent kinase inhibitor (CKI) proteins, increased expression of YAP, increased

expression of TAZ, and/or increased expression of myogenic transcription factors.

[0020] In another aspect provided herein is a construct comprising any one of the

sequences selected from Tables 1A and IB.

[0021] In another aspect provided herein is an expression vector comprising any one of

the sequences selected from Tables 1A and IB.

[0022] In another aspect provided herein is a cell comprising an expression vector

comprising any one of the sequences selected from Tables 1A and IB. In some embodiments, the

cell is from a livestock, poultry, game, or aquatic species.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 shows a spontaneous increase in ammonia concentration in various cell

culture media.

[0024] FIGS. 2A-D show morphology of wild type duck fibroblast cells following

transfection with a glutamine synthetase (GS) gene. FIG. 2A shows fibroblasts transfected with

vehicle-only and grown in media with supplemented glutamine. FIG 2B shows fibroblasts

transfected with mouse GS and grown in media with supplemented glutamine. FIG. 2C shows



fibroblasts transfected with vehicle-only and grown in media without supplemented glutamine.

FIG. 2D shows fibroblasts transfected with a mouse GS gene and grown in media without

supplemented glutamine.

[0025] FIG. 3 demonstrates quantification of ammonia levels in media following

transfection of wild type duck fibroblast cells with a GS gene.

[0026] FIG. 4 shows an increase in glutamine in culture media from duck fibroblast cell

cultures normalized to culture medium in which no cells were present.

[0027] FIGS. 5A-D show morphology of wild-type duck myoblast cells following

transfection with GS. FIG. 5A shows myoblasts transfected with vehicle-only and grown in

medium with supplemented glutamine. FIG 5B shows myoblasts transfected with mouse GS and

grown in media with supplemented glutamine. FIG. 5C shows myoblasts transfected with vehicle-

only and grown in media without supplemented glutamine. FIG. 5D shows myoblasts transfected

with a mouse GS gene and grown in media without supplemented glutamine.

[0028] FIG. 6 demonstrates quantification of ammonia levels in media following

transfection of wild type duck myoblast cells with a GS gene.

[0029] FIG. 7 shows an increase in glutamine in in culture media from myoblast cultures

normalized to culture medium in which no cells were present.

[0030] FIG. 8 shows a comparison of normalized ammonia levels between culture media

from myoblast cultures and culture media from fibroblast cultures.

[0031] FIG. 9 depicts predicted extension of growth period before media reaches growth-

limiting ammonia concentration.

[0032] FIGs. 10A-D show morphology of wild type duck fibroblast cells following

transfection with IGF-1, mouse albumin, or human albumin genes. FIG. 10A shows fibroblasts

transfected with vehicle-only. FIG. 10B shows fibroblasts transfected with a human IGF-1 gene.

FIG. IOC Fibroblasts transfected with a mouse albumin gene. FIG. 10D shows fibroblasts

transfected with a human albumin gene.



[0033] FIGs. 11A-D show morphology of duck myoblasts following transfection with

IGF-1, mouse albumin, or human albumin genes. FIG. 11A shows myoblasts transfected with

vehicle-only. FIG. 1IB shows myoblasts transfected with a human IGF-1 gene. FIG. 11C shows

myoblasts transfected with a mouse albumin gene. FIG. 1ID shows myoblasts transfected with

human albumin gene.

[0034] FIG. 12 shows IGF-1 levels secreted in myoblast cell culture media.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Provided herein are compositions and methods to make and use engineered cells,

for the purpose of increasing the efficiency of cell cultures. Specifically, provided herein are

exemplary methods of increasing culture density (e.g. cell density of metazoan cells in culture)

and methods for producing cultured edible product. Also provided are methods of making and

using cells with reduced requirements for glutamine supplementation, and reduced

supplementation with certain animal-cell secreted components such as insulin-like growth factor

(IGF) and albumin.

[0036] Before describing certain embodiments in detail, it is to be understood that this

invention is not limited to particular compositions or biological systems, which can vary. It is also

to be understood that the terminology used herein is for the purpose of describing particular

illustrative embodiments only, and is not intended to be limiting. The terms used in this

specification generally have their ordinary meaning in the art, within the context of this invention

and in the specific context where each term is used. Certain terms are discussed below or

elsewhere in the specification, to provide additional guidance to the practitioner in describing the

compositions and methods of the invention and how to make and use them. The scope and

meaning of any use of a term will be apparent from the specific context in which the term is used.

As such, the definitions set forth herein are intended to provide illustrative guidance in ascertaining

particular embodiments of the invention, without limitation to particular compositions or

biological systems.

[0037] As used in the present disclosure and the appended claims, the singular forms "a,"

"an" and "the" include plural references unless the content clearly dictates otherwise.



[0038] Throughout the present disclosure and the appended claims, unless the context

requires otherwise, the word "comprise", or variations such as "comprises" or "comprising", will

be understood to imply the inclusion of a stated element or group of elements but not the exclusion

of any other element or group of elements.

[0039] Standard techniques may be used for recombinant DNA, oligonucleotide synthesis,

and tissue culture and transduction (e.g., electroporation, transfection). Enzymatic reactions and

purification techniques may be performed according to manufacturer's specifications or as

commonly accomplished in the art or as described herein. These and related techniques and

procedures may be generally performed according to conventional methods well known in the art

and as described in various general and more specific references that are cited and discussed

throughout the present specification. Unless specific definitions are provided, the nomenclature

utilized in connection with, and the laboratory procedures and techniques of, molecular biology,

analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical chemistry

described herein are those well-known and commonly used in the art. Standard techniques may

be used for recombinant technology, molecular biological, microbiological, chemical syntheses,

chemical analyses, pharmaceutical preparation, production, and delivery.

Cells

[0040] Provided herein are methods for modifying cells to overexpress and/or inhibit

certain gene products, for the purpose of achieving increased cell density and in some

embodiments, for the purpose of providing a cultured edible product. For example, in certain

aspects, cells modified as described herein may be cultivated for food production, e.g. production

of cultured chicken, cultured beef, and cultured fish.

[0041] The cells used in the methods of the present disclosure can be primary cells, or cell

lines. The methods provided herein are applicable to any metazoan cell in culture. In various

embodiments, methods of the present disclosure may use any one of the cell populations described

herein.

[0042] In some embodiments, the cells are harvested for the production of cell-based food

products, such as cultured edible product from an animal (e.g. cultured poultry, cultured livestock,

cultured game, cultured fish). Thus in some embodiments, the methods utilize cells with the



potential to differentiate into skeletal muscle. In certain embodiments, the cells are from livestock

such as domestic cattle, pigs, sheep, goats, camels, water buffalo, rabbits and the like. In certain

embodiments, the cells are from poultry such as domestic chicken, turkeys, ducks, geese, pigeons

and the like. In certain embodiments, the cells are from game species such as wild deer,

gallinaceous fowl, waterfowl, hare and the like. In certain embodiments, the cells are from aquatic

species or semi-aquatic species harvested commercially from wild fisheries or aquaculture

operations, or for sport, including certain fish, crustaceans, mollusks, cephalopods, cetaceans,

crocodilians, turtles, frogs and the like. In certain embodiments, the cells are from exotic,

conserved or extinct animal species. In certain embodiments, the cells are from any metazoan

species demonstrating the capacity for skeletal muscle tissue specification. In certain

embodiments, the cells are modifiable by a genetic switch to induce rapid and efficient conversion

of the cells to skeletal muscle for cultured food production (e.g. cultured poultry, cultured

livestock, cultured game, and cultured fish).

[0043] In some embodiments, the cells are from Gallus gallus, Bos taurus, Sous scrofa,

Meleagris gallopavo, Anas platyrynchos, Salmo salar, Thunnus thynnus, Ovis aries, Coturnix

coturnix, Copra aegagrus hircus, or Homarus americanus.

[0044] In some embodiments, the cells are from any animal species intended for human

or non-human dietary consumption.

[0045] In some embodiments, the cells are from livestock, poultry, game, or aquatic

species. In other embodiments, the cells are from humans, primates (e.g. monkeys), rodents,

including rats and mice, and companion animals such as dogs, cats, horses, and the like.

[0046] In some embodiments, the cells are self-renewing stem cell lines.

[0047] In some embodiments, the cells are satellite cells, myoblasts, myocytes, fibroblasts,

induced pluripotent stem cells, hepatocytes, vascular endothelial cells, pericytes, embryonic stem

cells, mesenchymal stem cells, extraembryonic cell lines, somatic cell lines, adipocytes,

embryonic stem cells or chondrocytes.

[0048] In some embodiments, the cells are myogenic cells. In some embodiments, the

myogenic cells are natively myogenic (e.g. are myogenic cells that are cultured in the cultivation

infrastructure). Natively myogenic cells include, but are not limited to, myoblasts, myocytes,



satellite cells, side population cells, muscle derived stem cells, mesenchymal stem cells, myogenic

pericytes, or mesoangioblasts. In other embodiments, the myogenic cells are not natively

myogenic (e.g. are non-myogenic cells that are specified to become myogenic cells in the

cultivation infrastructure). In some embodiments, non-myogenic cells include embryonic stem

cells, induced pluripotent stem cells, extraembryonic cell lines, and somatic cells other than

muscle cells.

[0049] In some embodiments, non-myogenic cells are modified to become myogenic cells

through the expression of one or more myogenic transcription factors. In exemplary

embodiments, the myogenic transcription factor is MYOD1, MYOG, MYF5, MYF6, PAX3,

PAX7, paralogs, orthologs, or genetic variants thereof.

[0050] In some embodiments, cells are modified to extend their renewal capacity through

inactivation of cyclin-dependent kinase inhibitor (CKI) proteins and/or activation of Telomerase

reverse transcriptase (TERT). Accordingly, in some embodiments, cells used in the methods of

the present disclosure comprise a polynucleotide sequence expressing TERT. In some

embodiments, cells used in the methods of the present disclosure comprise one or more loss-of-

function mutations in the endogenous genes encoding CKI proteins. In some embodiments, cells

comprise loss-of-function mutations in CKI proteins p i 5, pi 6, paralogs, orthologs, or genetic

variants thereof. In some embodiments, cells used in the methods of the present disclosure

comprise a polynucleotide sequence expressing TERT and one or more loss-of-function mutations

in the endogenous genes encoding CKI proteins. The loss-of-function mutation may partially or

completely inhibit the activity of CKI proteins.

[0051] In some embodiments, the process of extending the renewal capacity of the cells

comprises activating Telomerase reverse transcriptase (TERT) activity in the cells and/or

inactivating CKI proteins.

[0052] In some embodiments, the process of extending the renewal capacity of the cells

comprises ectopic expression of TERT. In some embodiments, the process of extending the

renewal capacity of the cells comprises introducing targeted mutations in the TERT promoter. In

some embodiments, the process of extending the renewal capacity of the cells comprises activating

endogenous TERT expression by an engineered transcriptional activator. In some embodiments,

the process of extending the renewal capacity of the cells comprises transient transfection of TERT



mRNA. In some embodiments, induction of endogenous pluripotency-associated telomerase

activity in stem cells such as ESC and iPSC supports extended and indefinite cell renewal. In

some embodiments, maintenance endogenous pluripotency-associated telomerase activity in stem

cells such as ESC and iPSC supports extended and indefinite cell renewal.

[0053] In some embodiments, the process of extending the renewal capacity of the cells

comprises inactivating one or more CKI proteins. In some embodiments, inactivating CKI

proteins comprises introducing loss-of-function mutations in one or more genes encoding CKI

proteins. In some embodiments, the loss-of-function mutation partially inhibits the activity of one

or more CKI proteins. In some embodiments, the loss-of-function mutation completely inhibits

the activity of one or more CKI proteins.

[0054] In some embodiments, the inactivation of CKI proteins and/or activation of TERT

in the cells extend their renewal capacity for at least 25 population-doublings, at least 50

population-doublings, at least 60 population-doublings, at least 70 population-doublings, at least

80 population-doublings, at least 90 population-doublings, at least 100 population-doublings, at

least 110 population-doublings, at least 120 population-doublings, at least 130 population-

doublings, at least 140 population-doublings, at least 150 population-doublings, at least 160

population-doublings, at least 170 population-doublings, at least 180 population-doublings, at

least 190 population-doublings, or at least 200 population-doublings. In some exemplary

embodiments, the cells are primary myoblasts of a livestock, game, aquatic, or poultry species,

whose renewal capacity is further extended.

[0055] In some embodiments, the cells are modified to inhibit HIPPO signaling, for

example, by activating Yes-Associated Protein 1 (YAPl), Transcriptional co-Activator with PDZ-

binding motif (TAZ), or a combination thereof in the cells.

[0056] In some embodiments, the cells are somatic cells. In some embodiments, the cells

are not somatic cells.

[0057] In some embodiments, the cells are anchorage-dependent cells and are cultivated

in on a substrate. In some embodiments, the cells are anchorage independent cells and are

cultivated in a suspension culture. In some embodiments, the cells are cultivated in a suspension

culture and form a self-adherent aggregate.



[0058] It is noted that the cells can be cultivated for any downstream application, not just

limited to food production.

Cellular Modifications

[0059] Provided herein are compositions and methods to modify any one of the cells

provided herein with a gene of interest in order to increase cell density of metazoan cells in a

culture medium, decrease waste products, such as ammonia or ammonium hydroxide, decrease

dependency on exogenous addition of factors such as glutamine, albumin, and IGF to the media

and to provide a cultured edible product.

Glutamine Synthetase (GS)

[0060] Provided herein are cells that overexpress a GS protein.

[0061] Provided herein is a method of increasing the production of glutamine in cells or

by cells, increasing glutamine secretion into culture medium, and/or decreasing the concentration

of extracellular ammonia (to be used interchangeably with ammonium hydroxide where

ammonium hydroxide is the form of ammonia present in an aqueous solution) in the medium of

cells in culture, comprising increasing the expression of a glutamine synthetase (GS) protein in

cells. Also provided herein is a method of increasing the cell density of metazoan cell in culture,

comprising increasing the expression of GS in the cells in combination with other modifications

described herein and culturing the cells in a cultivation infrastructure. Also provided is an in vitro

method for producing a cultured edible product comprising increasing the expression of GS in the

cells in combination with other modifications described herein.

[0062] In some embodiments, the cells are modified to overexpress a gene encoding a GS

protein. In some embodiments, cells ectopically express a GS gene. In some embodiments, the

cells are genetically modified and carry stable integrations of one or more copies of a GS gene. In

some embodiments, the cells overexpress the gene encoding the GS protein at levels sufficient to

decrease the ammonia production, increase the production of glutamine, or any combination

thereof. In some embodiments, methods described herein to overexpress GS comprise introducing

into the cells a polynucleotide sequence from Table IB comprising a GS gene.



[0063] Increase of GS expression may be achieved using different approaches. In some

embodiments, the expression is inducible. In some embodiments, the method comprises

expressing nucleotides that encode the GS gene. In some embodiments, the nucleotides are

ectopically expressed from constructs that are introduced into the cells, for example expressed

from a plasmid, or other expression vector. In some embodiments, the constructs are integrated

into the cell's genome, and the expression is driven in that manner (e.g. homologous

recombination, introduction mediated by CRISPR-based technology). In some embodiments,

expression of the GS gene involves electroporating a DNA, delivering a DNA complexed with a

transfection vehicle, using a viral vector (e.g. retrovirus, lentivirus, adenovirus, adeno-associated

virus, herpes simplex virus), and the like, or combinations thereof. In some embodiments, the

expression is constitutive. In some embodiments, the expression is conditional, e.g. inducible, e.g.

under the control of an inducible promoter, e.g. an inducible Tet construct. In some embodiments,

the expression of GS is constitutive, but the expression of additional genes of interest is inducible.

In some embodiments, the expression of GS is inducible, but the expression of additional genes

of interest is constitutive.

[0064] In the methods described herein, a polynucleotide sequence encoding the GS gene

may encode any homolog of GS, including GS paralogs, or a GS protein translated from any splice

variants of a GS gene, or may comprise any mutations in the GS gene sequence including, but not

limited to nucleotide deletions, truncations, fusions, or substitutions. Mutations may be synthetic

or naturally occurring.

[0065] The GS gene can be from of any organism. The GS gene can be from bacteria,

plants, fungi, and archaea. The GS gene can be from any animal, such as vertebrate and

invertebrate animal species. The GS gene can be from any vertebrate animal species such as

mammals, reptiles, birds, amphibians, and the like. The GS gene can be from any mammalian

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

[0066] In some embodiments, the cells are of a livestock, poultry, game or aquatic animal

species. In an exemplary embodiment, the renewal capacity of the primary duck myoblasts are

extended, and the myoblasts are engineered to stably overexpress GS. In another exemplary

embodiment, the renewal capacity of the primary duck myoblasts are extended, and the myoblasts

are engineered to transiently overexpress GS. In another exemplary embodiment, the renewal



capacity of the primary duck myoblasts are extended and are engineered to ectopically overexpress

GS.

[0067] In some embodiments, the synthesis of glutamine by the cells is increased by at

least 2.5%, by at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at

least 3 5% , at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least

70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 100%, at least

110%, at least 120%, at least 130%, at least 140%, at least 150%, at least 160%, at least 170%, at

least 180%, at least 190%, at least 200%, at least 225%, at least 250%, at least 275%, at least

300%, at least 325%, at least 350%, at least 375% at least 400%, at least, 425%, at least 450%, at

least 475%, at least 500%, at least 550%, at least 600%, at least 650%, at least 700%, at least

750%, at least 800%, at least 850%, at least 900%, at least 950% at least 1,000%, at least 1,100%,

at least 1,200%, at least 1,300%, at least 1,400%, at least 1,500%, at least 1,600%, at least 1,700%,

at least 1,800%, at least 1,900%, at least 2,000%, at least 2,250%, at least 2,500%, at least 2,750%,

at least 3,000%, at least 3,500%, at least 4,000%, at least 4,500%, at least 5,000%, at least 6,000%,

at least 7,000%, at least 8,000%, at least 9,000%, or even by at least 10,000%, including values

and ranges therebetween, compared to cultures of cells in which glutamine synthesis is not

increased by expression of GS as described herein.

[0068] In some embodiments, increased expression of GS using the methods described

herein increases the concentration of glutamine in the culture medium to at least 0.001 mM, to at

least 0.0025 mM, to at least 0.005 mM, to at least 0.0075 mM, to at least 0.01 mM, to at least

0.025 mM, to at least 0.05 mM, to at least 0.075 mM, to at least 0.1 mM, at least 0.25 mM, to at

least 0.50 mM, to at least 0.75 mM, to at least 1.0 mM, to at least 1.5 mM, to at least 2.0 mM, to

at least 3.0 mM, to at least 5.0 mM, to at least 10 mM, or even to at least 20 mM, including values

and ranges therebetween, compared to cultures of cells in which the expression of GS is not

increased.

[0069] Methods to measure the increase in the concentration of intracellular glutamine

production include, but are not limited to assessment of the glutamine concentration in lysates of

cell biomass or the ambient culture medium by HPLC (Chorili et. al., 2012. Validation of a HPLC

Method for Determination of Glutamine in Food Additives Using Post-Column Derivatization,



AJAC Vol. 3 No. 2) commercially available kits for absolute glutamine determination kits

(Sigma-Aldrich #GLN1 and #GLN2), and trace-labeled (H3 radiolabeled) glutamine monitoring.

[0070] In some embodiments, the protein synthesis in the cells is increased by at least

2.5%, by at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least

35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least

70%, at least 75%, at least 80%, at least 85%, at least 90%, or even by at least 95%.

[0071] In some embodiments, the concentration of ammonia is decreased by at least 2.5%,

at least 5%, at least 10%>, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at

least 4 0% , at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least

7 5% , at least 80%, at least 85%, at least 90%, or even at least 95%. Methods to measure the

decrease of extracellular ammonia concentrations in the cell media include, but are not limited to

commercially available absolute ammonia detection kits such as (Sigma-Aldrich #AA0100),

diffuse reflectance-based fiberoptic ammonia sensors (Non-enzymatic reversible colorimetric

method such as diffuse reflectance-based fiberoptics (Spear, S.K., Rhiel, M., Murhammer, D.W.

et al. Appl Biochem Biotechnol (1998) 75: 175), and use of a biochemistry analyzer (e.g. YSI

Biochemistry Analyzer 2700).

[0072] In some embodiments, there is a delay in time for the cells to reach the ammonia

concentration of otherwise not manipulated cultures (the wild-type cell ammonia concentration).

For example, cells overexpressing GS may demonstrate at least a 1.5-fold, 2-fold, 3-fold, 4-fold,

5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 15-fold, 20-fold, 25-fold, 30-fold, 40-fold, or even

at least a 50-fold delay in time to achieve the wild type cell ammonia concentration.

[0073] In some embodiments, provided herein is a method of increasing the cell density

of a culture comprising metazoan cells, comprising increasing the expression of glutamine

synthetase (GS) protein by the cells, wherein the cells are of livestock, poultry, game or aquatic

animal species. The culture density of cells may reach about 105 cells/mL, about 106 cells/mL,

about 107 cells/mL, about 108 cells/mL, about 109 cells/mL, or about 10 10 cells/mL (cells in the

cellular biomass/mL of cultivation infrastructure), including values and ranges therebetween.

[0074] In some embodiments, provided herein is a method of decreasing cell death

comprising increasing the expression of glutamine synthetase in the cells. In some embodiments,



the decrease in cell death is about 2.5%, about 5%, about 10%>, about 20%, about 30%>, about 40%,

about 50% , about 60%>, about 70%, about 80%, about 90%, or about 100%, including values and

ranges therebetween, compared to the methods where the expression of GS is not increased.

Insulin-Like Growth Factor (IGF)

[0075] Provided herein are cells that overexpress an IGF protein.

[0076] Provided herein is a method of increasing the production and secretion of IGF by

cells comprising increasing the expression of an IGF protein in cells. Also provided herein is a

method of increasing the cell density of a culture comprising metazoan cells comprising increasing

the expression of IGF in the cells in combination with other modifications described herein and

culturing the cells in a cultivation infrastructure. Also provided is an in vitro method for producing

a cultured edible product comprising increasing the expression of GS in the cells in combination

with other modifications described herein.

[0077] In some embodiments, the cells are modified to overexpress the gene encoding an

IGF protein. In some embodiments, cells ectopically express the IGF gene. In some embodiments,

the cells are genetically modified and carry stable integrations of one or more copies of an IGF

gene. In some embodiments, the cells overexpress the gene encoding the IGF protein at levels

sufficient to increase production and/or secretion of IGF into the cell medium. The IGF gene can

be of any metazoan species.

[0078] Increase of IGF expression may be achieved using different approaches. In some

embodiments, the expression is inducible. In some embodiments, the method comprises

expressing nucleotides that encode the IGF gene. In some embodiments, the nucleotides are

ectopically expressed from constructs that are introduced into the cells, for example expressed

from a plasmid, or other expression vector. In some embodiments, the constructs are integrated

into the cell's genome, and the expression is driven in that manner (e.g. homologous

recombination, introduction mediated by CRISPR-based technology). In some embodiments the

expression of the IGF gene involves electroporating a DNA, delivering a DNA complexed with a

transfection vehicle, using a viral vector (e.g. retrovirus, lentivirus, adenovirus, adeno-associated

virus, herpes simplex virus), and the like, or combinations thereof. In some embodiments, the

expression is constitutive. In some embodiments, the expression is conditional, e.g. inducible, e.g.



under the control of an inducible promoter, e.g. an inducible Tet construct. In some embodiments,

the expression of IGF is constitutive, but the expression of additional genes of interest is inducible.

In some embodiments, the expression of IGF is inducible, but the expression of additional genes

of interest is constitutive.

[0079] The IGF gene can be from any animal, such as vertebrate and invertebrate animal

species. The IGF gene can be from any vertebrate animal species such as mammals, reptiles, birds,

amphibians, and the like. The IGF gene can be from any mammalian species such as a human,

murine, bovine, porcine, poultry, and the like.

[0080] In the methods described herein, a polynucleotide sequence encoding the IGF gene

may encode any homolog of IGF, including IGF paralogs, such as IGF-1, IGF-2 or any other IGF

paralogs, or an IGF protein translated from any splice variants of an IGF gene, or may comprise

any mutations in the IGF gene sequence including, but not limited to nucleotide deletions,

truncations, fusions, or substitutions. Mutations may be synthetic or naturally occurring. In one

embodiment, the methods described herein comprise introducing into the cells a polynucleotide

sequence encoding IGF-1. In another embodiment, the methods described herein comprise

introducing into the cells a polynucleotide sequence encoding IGF-2. In some embodiments,

methods described herein to overexpress IGF comprise introducing into the cells a polynucleotide

sequence from Table IB comprising an IGF gene.

[0081] In some embodiments, the cells are of a livestock, poultry, game or aquatic animal

species. In an exemplary embodiment, the renewal capacity of the primary duck myoblasts is

extended, and the myoblasts are engineered to stably overexpress IGF. In another exemplary

embodiment, the renewal capacity of the primary duck myoblasts is extended, and the myoblasts

are engineered to transiently overexpress IGF. In another exemplary embodiment, the renewal

capacity of the primary duck myoblasts is extended, and the myoblasts are engineered to

ectopically overexpress IGF.

[0082] In some embodiments, the concentration of IGF in the cell culture medium is

increased by at least 0.001%, 0.005%, 0.01%, at least 0.02%, at least 0.03%, at least 0.04%, at

least 0.05%, at least 0.075%, at least 0.1%, at least 0.5%, at least 0.75%, at least 1%, at least

1.25%, at least 1.5%, at least 1.75%, at least 2%, at least 2.5%, at least 5%, at least 10%, at least

15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least



50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least

85%, at least 90%, at least 95%, at least 100%, at least 110%, at least 120%, at least 130%, at least

140%, at least 150%, at least 160%, at least 170%, at least 180%, at least 190%, at least 200%, at

least 225%, at least 250%, at least 275%, at least 300%, at least 325%, at least 350%, at least 375%

at least 400%, at least, 425%, at least 450%, at least 475%, at least 500%, at least 550%, at least

600%, at least 650%, at least 700%, at least 750%, at least 800%, at least 850%, at least 900%, at

least 950% at least 1,000%, at least 1,100%, at least 1,200%, at least 1,300%, at least 1,400%, at

least 1,500%, at least 1,600%, at least 1,700%, at least 1,800%, at least 1,900%, at least 2,000%,

at least 2,250%, at least 2,500%, at least 2,750%, at least 3,000%, at least 3,500%, at least 4,000%,

at least 4,500%, at least 5,000%, at least 6,000%, at least 7,000%, at least 8,000%, at least 9,000%,

or even by at least 10,000% including values and ranges therebetween, compared to cultures of

cells in which the expression of IGF is not increased as described herein.

[0083] In some embodiments, increased expression of IGF using the methods described

herein increases the concentration of IGF in the culture medium by at least 0.00001 ng/mL, to at

least 0.000025 ng/mL, to at least 0.000075 ng/mL, to at least 0.0005 ng/mL, to at least 0.001

ng/mL, to at least 0.0025 ng/mL, to at least 0.005 ng/mL, to at least 0.0075 ng/mL, to at least 0.01

ng/mL, to at least 0.025 ng/mL, to at least 0.05 ng/mL, to at least 0 .1 ng/mL, to at least 0.25 ng/mL,

to at least 0.5 ng/mL, to at least 1 ng/mL, to at least 2.5 ng/mL, to at least 5 ng/mL, to at least 7.5

ng/mL, to at least 10 ng/mL, to at least 25 ng/mL, to at least 50 ng/mL, to at least 75 ng/mL, to at

least 125 ng/mL, to at least 250 ng/mL, to at least 500 ng/mL, to at least 750 ng/mL, to at least

1,000 ng/mL, to at least 1,500 ng/mL, to at least 2,000 ng/mL, to at least 2,500 ng/mL, to at least

3,000 ng/mL, to at least 3,500 ng/mL, to at least 4,000 ng/mL, to at least 4,500 ng/mL, to at least

5,000 ng/mL to at least 6,000 ng/mL, to at least 7,000 ng/mL, to at least 8,000 ng/mL, to at least

9,000 ng/mL, or even to at least 10,000 ng/mL including values and ranges therebetween,

compared to cultures of cells in which the expression of IGF is not increased as described herein.

[0084] Methods to measure the increase in the concentration of IGF include, but are not

limited to, antibody-based methods such as immunoprecipitation, co-immunoprecipitation,

Western blotting, Enzyme-linked immunosorbent assay (ELISA), and amino-acid based tagging,

isolation, and separation (e.g., FLAG, GST, GFP, etc.).



[0085] In some embodiments, the rate of synthesis of IGF by cells is increased by about

0.000001 g/106 cells/day, by about 0.00001 µg/106 cells/day, by about 0.0001 µg/106 cells/day,

0.001 µg/106 cells/day, by about 0.01 µg/106 cells/day, by about 0.1 µg/106 cells/day, by about 1.0

µg/106 cells/day, by about 10 µg/106 cells/day, by about 100 µg/106 cells/day, by about 10 µg/106

cells/day, by about 100 /106 cells/day, by about 1,000 /106 cells/day, or by even about 10,000

/ 106 cells/day, including values and ranges therebetween, compared to cells wherein the rate of

IGF synthesis is not increased as described herein.

[0086] In some embodiments, provided herein is a method of increasing the proliferation

rate of cells comprising increasing the expression of Insulin-like Growth Factor (IGF) protein by

the cells, wherein the cells are of livestock, poultry, game or aquatic animal species. In some

embodiments, the population doubling time of the cells is decreased by about by about 5%, by

about 10%, by about 15%, by about 20%, by about 25%, by about 30%, by about 35%, by about

40%, by about 45%, by about 50%, by about 55%, by about 60%, by about 65%, by about 70%,

by about 75%, by about 80%, by about 85%, by about 90%, by about 95%, or by more than 95%,

including values and ranges therebetween, compared to cells wherein the expression of IGF is not

increased.

[0087] In some embodiments, provided herein is a method of increasing protein

production in the cells comprising increasing the expression of Insulin-like Growth Factor (IGF)

protein by the cells, wherein the cells are of livestock, poultry, game or aquatic animal species. In

some embodiments, the protein produced by the cells in culture is measured as total cell protein

per cell nucleus. In some embodiments, the total cell protein per nucleus is increased by about 5%,

by about 10%, by about 15%, by about 20%, by about 25%, by about 30%, by about 35%, by

about 40%, by about 45%, by about 50%, by about 55%, by about 60%, by about 65%, by about

70%, by about 75%, by about 80%, by about 85%, by about 90%, by about 95%, by about 100%,

by about 110%, by about 120%, by about 130%, by about 140%, by about 150%, by about 160%,

by about 170%, by about 180%, by about 190%, by about 200%, by about 225%, by about 250%,

by about 275%, by about 300%, by about 350%, by about 400%, by about 450%, by about 500%,

by about 550%, by about 600%, by about 650%, by about 700%, by about 750%, by about 800%,

by about 850%, by about 900%, by about 950%, by about 1,000%, by about 1,100%, by about

1,200%, by about 1,300%, by about 1,400%, by about 1,500%, by about 1,600%, by about,

1,700%, by about 1,800%, by about 1,900%, by about 2,000%, by about 2,100%, by about



2,200%, by about 2,300%, by about 2,400%, by about 2,500%, by more than 2,500%, including

values and ranges therebetween, compared to the total cell protein production where the

expression of IGF is not increased.

[0088] In some embodiments, the total cell protein per nucleus is increased by about 5

pg/nucleus; by about 10 pg/nucleus; by about 15 pg/nucleus; by about 20 pg/nucleus; by about 25

pg/nucleus; by about 30 pg/nucleus; by about 35 pg/nucleus; by about 40 pg/nucleus; by about 45

pg/nucleus, by about 50 pg/nucleus; by about 55 pg/nucleus, by about 60 pg/nucleus, by about 65

pg/nucleus, by about 70 pg/nucleus, by about 75 pg/nucleus, by about 80 pg/nucleus, by about 85

pg/nucleus, by about 90 pg/nucleus, by about 95 pg/nucleus, by about 100 pg/nucleus, by about

110 pg/nucleus, by about 120 pg/nucleus, by about 130 pg/nucleus, by about 140 pg/nucleus, by

about by about 150 pg/nucleus, by about, by about 160 pg/nucleus, by about 170 pg/nucleus, by

about 180 pg/nucleus, by about 190 pg/nucleus, by about 200 pg/nucleus, by about 225 pg/nucleus,

by about 250 pg/nucleus, by about 275 pg/nucleus, by about 280 pg/nucleus, by about 290

pg/nucleus, by about 300 pg/nucleus, by about 350 pg/nucleus, by about 400 pg/nucleus, by about

450 pg/nucleus, by about 500 pg/nucleus, by about 550 pg/nucleus, by about 600 pg/nucleus, by

about 650 pg/nucleus, by about 700 pg/nucleus, by about 750 pg/nucleus, by about 800 pg/nucleus,

by about 850 pg/nucleus, by about 900 pg/nucleus, by by about 950 pg/nucleus, by about 1000

pg/nucleus, by about 1,100 pg/nucleus, by about 1,200 pg/nucleus, by about 1,300 pg/nucleus, by

about 1,400 pg/nucleus, by about 1,500 pg/nucleus, by about 1,600 pg/nucleus, by about 1,700

pg/nucleus, by about 1,800 pg/nucleus, by about 1,900 pg/nucleus, by about 2,000 pg/nucleus, by

about 2,100 pg/nucleus, by about 2,200 pg/nucleus, by about 2,300 pg/nucleus, by about 2,400

pg/nucleus, by about 2,500 pg/nucleus, by more than 2,500 pg/nucleus, including values and

ranges therebetween.

[0089] In some embodiments, provided herein is a method for increasing the rate of

proliferation of cells in a cultivation infrastructure, comprising increasing the expression of

Insulin-like Growth Factor (IGF) protein in the cells, wherein the cells are of livestock, poultry,

game or aquatic animal species. In some embodiments, increasing the expression of IGF

comprises introducing a polynucleotide sequence encoding IGF into the cells. In some

embodiments, the polynucleotide sequence encodes IGF1. In some embodiments, the

polynucleotide sequence encodes IGF2. In some embodiments, the polynucleotide sequence

comprises an IGF coding sequence from Tables 1A and IB.



Albumin

[0090] Provided herein are cells that overexpress an albumin protein.

[0091] Provided herein is a method of increasing the production and secretion of albumin

by cells comprising increasing the expression of an albumin protein in the cells. Also provided

herein is a method of increasing the cell density of a culture comprising metazoan cells,

comprising increasing the expression of albumin in the cells in combination with other

modifications described herein and culturing the cells in a cultivation infrastructure. Also

provided is an in vitro method for producing a cultured edible product comprising increasing the

expression of albumin in the cells in combination with other modifications described herein.

[0092] In some embodiments, the cells are modified to overexpress the gene encoding

albumin. In some embodiments, cells ectopically express the albumin gene. In some

embodiments, the cells are genetically modified and carry stable integrations of one or more copies

of the albumin gene. In some embodiments, the cells overexpress the gene encoding the albumin

protein at levels sufficient to increase production and/or secretion of albumin into the cell culture

medium.

[0093] Increase of albumin expression may be achieved using different approaches. In

some embodiments, the expression is inducible. In some embodiments, the method comprises

expressing nucleotides that encode the albumin gene. In some embodiments, the nucleotides are

ectopically expressed from constructs that are introduced into the cells, for example expressed

from a plasmid, or other expression vector. In some embodiments, the constructs are integrated

into the cell's genome, and the expression is driven in that manner (e.g. homologous

recombination, introduction mediated by CRISPR-based technology). In some embodiments,

expression of the albumin gene involves electroporating a DNA, delivering a DNA complexed

with a transfection vehicle, using a viral vector (e.g. retrovirus, lentivirus, adenovirus, adeno-

associated virus, herpes simplex virus), and the like, or combinations thereof. In some

embodiments, the expression is constitutive. In some embodiments, the expression is conditional,

e.g. inducible, e.g. under the control of an inducible promoter, e.g. an inducible Tet construct. In

some embodiments, the expression of albumin is constitutive, but the expression of additional

genes of interest is inducible. In some embodiments, the expression of albumin is inducible, but

the expression of additional genes of interest is constitutive.



[0094] The albumin gene can be from any animal, such as vertebrate and invertebrate

animal species. In some embodiments, the albumin gene can be from any vertebrate animal species

such as mammals, reptiles, birds, amphibians, and the like. In some embodiments, the albumin

gene can be from any mammalian species, such as a human, murine, bovine, porcine, livestock,

and the like.

[0095] In the methods described herein, a polynucleotide sequence encoding the albumin

gene may encode any homolog of albumin, including any albumin paralogs, or an albumin protein

translated from any splice variants of an albumin gene, or may comprise any mutations in the

albumin gene sequence including, but not limited to nucleotide deletions, truncations, fusions, or

substitutions. Mutations may be synthetic or naturally occurring. In some embodiments, methods

described herein to overexpress albumin comprise introducing into the cells a polynucleotide

sequence from Table IB comprising an albumin gene.

[0096] In some embodiments, the cells are of a livestock, poultry, game or aquatic animal

species. In an exemplary embodiment, the renewal capacity of the primary duck myoblasts is

extended, and the myoblasts are engineered to stably overexpress albumin. In another exemplary

embodiment, the renewal capacity of the primary duck myoblasts is extended, and the myoblasts

are engineered to transiently overexpress albumin. In another exemplary embodiment, the renewal

capacity of the primary duck myoblasts is extended, and the myoblasts are engineered to

ectopically overexpress albumin.

[0097] In some embodiments, an increased expression of albumin using the methods

described herein increases the concentration of albumin in the culture medium by at least 0.001%,

0.005%, 0.01%, at least 0.02%, at least 0.03%, at least 0.04%, at least 0.05%, at least 0.075%, at

least 0 .1%, at least 0.5%, at least 0.75%, at least 1%, at least 1.25%, at least 1.5%, at least 1.75%,

at least 2%, at least 2.5%, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at

least 30% , at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least

65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least

100%, at least 110%, at least 120%, at least 130%, at least 140%, at least 150%, at least 160%, at

least 170%, at least 180%, at least 190%, at least 200%, at least 225%, at least 250%, at least

275%, at least 300%, at least 325%, at least 350%, at least 375% at least 400%, at least, 425%, at

least 450%, at least 475%, at least 500%, at least 550%, at least 600%, at least 650%, at least



700%, at least 750%, at least 800%, at least 850%, at least 900%, at least 950% at least 1,000%,

at least 1,100%, at least 1,200%, at least 1,300%, at least 1,400%, at least 1,500%, at least 1,600%,

at least 1,700%, at least 1,800%, at least 1,900%, at least 2,000%, at least 2,250%, at least 2,500%,

at least 2,750%, at least 3,000%, at least 3,500%, at least 4,000%, at least 4,500%, at least 5,000%,

at least 6,000%, at least 7,000%, at least 8,000%, at least 9,000%, or even by at least 10,000%

including values and ranges therebetween, compared to cultures of cells in which the albumin

expression is not increased as described herein.

[0098] In some embodiments, an increased expression of albumin using the methods

described herein increases the concentration of albumin in the culture medium to at least 0.0001

mg/mL, to at least 0.0002 mg/mL, to at least 0.0004 mg/mL, to at least 0.0005 mg/mL , to at least

0.0006 mg/mL, to at least 0.0007 mg/mL , to at least 0.0008 mg/mL , to at least 0.0009 mg/mL,

to at least 0.001 mg/mL, to at least 0.002 mg/mL, to at least 0.003 mg/mL, to at least 0.004 mg/mL,

to at least 0.005 mg/mL, to at least 0.006 mg/mL, to at least 0.007 mg/mL, to at least 0.008 mg/mL,

to at least 0.009 mg/mL, to at least 0.01 mg/mL, to at least 0.05 mg/mL, to at least 0.075 mg/mL,

to at least 0 .1 mg/mL, to at least 0.25 mg/mL, to at least 0.5 mg/mL, to at least 0.75 mg/mL, to at

least 1 mg/mL, to at least 1.25 mg/mL, to at least 1.5 mg/mL, to at least 1.75 mg/mL, to at least 2

mg/mL, to at least 3 mg/mL, to at least 5 mg/mL, to at least 10 mg/mL, to at least 20 mg/mL, to

at least 25 mg/mL, to at least 50 mg/mL, to at least 75 mg/mL, or even to at least 100 mg/mL,

including values and ranges therebetween, compared to cultures of cells in which the albumin

expression is not increased as described herein.

[0099] Methods to measure the increase in the concentration of albumin include

commercial kits, such as the BCG Albumin Assay Kit (Sigma-Aldrich #MAK124), BCP Albumin

Assay Kit (Sigma-Aldrich #MAK125), and antibody -based methods, such as

immunoprecipitation, co-immunoprecipitation, Western blotting, Enzyme-linked immunosorbent

assay (ELISA), and amino-acid based tagging, isolation, and separation (e.g., FLAG, GST, GFP,

etc.).

[0100] In some embodiments, provided herein is a method of increasing the rate of

proliferation of cells in a cultivation infrastructure, comprising increasing the expression of

albumin in the cells, wherein the cells are of livestock, poultry, game or aquatic animal species.

In some embodiments, the population doubling time of the cells is decreased by about 10%, by



about 15%, by about 20%, by about 25%, by about 30%, by about 35%, by about 40%, by about

45%, by about 50%, by about 55%, by about 60%, by about 65%, by about 70%, by about 75%,

by about 80%, by about 85%, by about 90%, by about 95%, by more than 95%, including values

and ranges therebetween, compared to cells in which the expression of albumin is not increased.

[0101] In one embodiment, provided herein is a method of decreasing cell death

comprising increasing the expression of albumin in the cells. In some embodiments, the decrease

in cell death provided is about 2.5%, about 5%, about 10%, about 20%, about 30%, about 40%,

about 50% , about 60%, about 70%, about 80%, about 90%, or about 100%, including values and

ranges therebetween, compared to the methods wherein the expression of albumin is not increased.

[0102] In some embodiments, provided herein are cells that overexpress any combination

of GS, IGF, and albumin. For example, in one embodiment, provided herein are cells that

overexpress a GS protein and an IGF protein. In one embodiment, provided herein are cells that

overexpress an albumin protein and a GS protein. In one embodiment, provided herein are cells

that overexpress an albumin protein and an IGF protein. In one embodiment, provided herein are

cells that overexpress an albumin protein, a GS protein, and an IGF protein.

TERTand CKIproteins

[0103] Provided herein are cells whose renewal capacity is extended, for e.g., by

overexpressing a TERT protein and/or by inhibiting the activity of CKI proteins. Exemplary

methods to overexpress TERT and inhibit the activity of CKI proteins are disclosed in U.S.

Provisional Application Nos. 62/278,869, filed on January 14, 2016, and 62/361,867, filed on July

13, 2016, and aPCT Application No. PCT/US2017/013782, filed on January 17, 2017, all of which

are incorporated herein by reference in their entirety.

[0104] In some embodiments, provided herein is a method for increasing the density of

cells in a culture or an in vitro method for producing a cultured edible product comprising

increasing the expression of a TERT protein in the cells in combination with increasing the

expression of GS, IGF, albumin, or a combination thereof. In some embodiments, provided herein

is a method for increasing the density of cells in a culture or an in vitro method for producing a

cultured edible product comprising inhibiting the activity of CKI proteins in the cells in

combination with increasing the expression of GS, IGF, albumin, or a combination thereof. In



some embodiments, provided herein is a method for increasing the density of cells in a culture or

an in vitro method for producing a cultured edible product comprising increasing the expression

of a TERT protein in the cells, inhibiting the activity of CKI proteins in the cells, and increasing

the expression of GS, IGF, albumin, or a combination thereof.

[0105] In some embodiments, the cells are modified to overexpress a polynucleotide

sequence encoding TERT. 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.

[0106] Increased expression of TERT may be achieved using different approaches. In

some embodiments, increased expression of TERT may be achieved by ectopically expressing

TERT. In some embodiments, increased expression of TERT may be achieved by introducing

targeted mutations in the TERT promoter. In some embodiments, increased expression of TERT

may be achieved by activating endogenous TERT expression by an engineered transcriptional

activator. In some embodiments, increased expression of TERT may be achieved by transiently

transfecting TERT mRNA.

[0107] In some embodiments, the expression of TERT is inducible. In some embodiments,

the method comprises expressing nucleotides that encode the TERT protein. In some

embodiments, the nucleotides are ectopically expressed from constructs that are introduced into

the cells, for example expressed from a plasmid, or other expression vector. In some embodiments,

the constructs are integrated into the cell's genome, and the expression is driven in that manner

(e.g. homologous recombination, introduction mediated by CRISPR-based technology). In some

embodiments, the expression of the TERT gene involves electroporating a DNA, delivering a

DNA complexed with a transfection vehicle, using a viral vector (e.g. retrovirus, lentivirus,

adenovirus, adeno-associated virus, herpes simplex virus), and the like, or combinations thereof.

In some embodiments, the expression is constitutive. In some embodiments, the expression is

conditional, e.g. inducible, e.g. under the control of an inducible promoter, e.g. an inducible Tet

construct. In some embodiments, the expression of TERT is constitutive, but the expression of

additional genes of interest is inducible. In some embodiments, the expression of TERT is

inducible, but the expression of additional genes of interest is constitutive.



[0108] The polynucleotide encoding TERT can be from of 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.

[0109] In some embodiments, the methods of inhibiting CKI proteins comprise

introducing loss-of-function mutations, e.g., INDEL (insertion or deletion) mutations, into one or

more genes encoding CKI proteins in the cells. This can be accomplished using any gene based

technologies, for example, using CRISPR-Cas (Clustered Regularly Interspersed Short

Palindromic Repeats) based technology or TALEN based technology. In an exemplary

embodiment, the genes encoding CKI proteins are the genes encoding CKI proteins p i 5, pi 6,

paralogs, orthologs, or genetic variants thereof. In an exemplary embodiment, the methods of

inhibiting CKI proteins comprise introducing loss-of-function mutations in CDKN2B gene (pi 5)

and/or in CDKN2A gene (pi 6).

[0110] In some embodiments, inhibiting the activity of CKI proteins comprises activating

a CDK4 protein, paralogs, orthologs or genetic variants thereof.

[0111] In some embodiments, the methods of inhibiting the CKI function comprise

introducing into the cells a vector expressing a polynucleotide that encodes a dominant negative

mutant of one or more CKI proteins. In some embodiments, the polynucleotide is ectopically

expressed from a construct that is introduced into the cells of the biomass, for example expressed

from a plasmid, or other vector. In some embodiments, the construct is integrated into the cell's

genome, and the expression is driven in that manner (e.g. introduction mediated by CRISPR-based

technology). In some embodiments, the expression of the polynucleotide involves electroporating

a DNA, delivering a DNA complexed with a transfection vehicle, using a viral vector (e.g.

retrovirus, lentivirus, adenovirus, adeno-associated virus, herpes simplex virus), and the like, or

combinations thereof. In some embodiments, the expression is constitutive. In some

embodiments, the expression is conditional, e.g. inducible, e.g. under the control of an inducible

promoter, e.g. an inducible Tet construct.



[0112] In some embodiments, the methods of inhibiting comprise delivering dominant

negative mutants of one or more CKI proteins directly, e.g. purified proteins, synthetic proteins,

or recombinantly expressed proteins, or combinations thereof, to the cells.

[0113] In some embodiments, the methods of inhibiting comprise transcriptional

repression of the endogenous genes encoding one or more CKI proteins in the cells. This can be

accomplished, for example, by using nucleic acid sequence-directed transcriptional repressors.

For example, an endonuclease-defective Cas9, dCas9, can be combined with a guide RNA that

targets the promoter region of the genes encoding one or more CKI proteins and reduces the

transcriptional activation and concomitant gene expression.

[0114] In some embodiments, the cells are of a livestock, poultry, game or aquatic animal

species. In an exemplary embodiment, the renewal capacity of the primary duck myoblasts is

extended, and the myoblasts are engineered to stably overexpress GS, IGF, albumin, or any

combination thereof. In another exemplary embodiment, the renewal capacity of the primary duck

myoblasts is extended, and the myoblasts are engineered to transiently overexpress GS, IGF,

albumin, or any combination thereof. In another exemplary embodiment, the renewal capacity of

the primary duck myoblasts is extended, and the myoblasts are engineered to ectopically

overexpress GS, IGF, albumin, or any combination thereof.

[0115] In some embodiments, provided herein are cells that overexpress a GS protein and

an IGF protein. The cells may optionally be modified to extend renewal capacity, and may

comprise activated TERT and/or inactivated CKI protein, may comprise an antagonized HIPPO

signaling pathway, e.g., activated YAP/TAZ, may be further differentiated, and the like.

[0116] In some embodiments, provided herein are cells that overexpress an albumin

protein and a GS protein. The cells may optionally be modified to extend renewal capacity, and

may comprise activated TERT and/or inactivated CKI protein, may comprise an antagonized

HIPPO signaling pathway, e.g., activated YAP/TAZ, may be further differentiated, and the like.

[0117] In some embodiments, provided herein are cells that overexpress an albumin

protein and an IGF protein. The cells may optionally be modified to extend renewal capacity, and

may comprise activated TERT and/or inactivated CKI protein, may comprise an antagonized

HIPPO signaling pathway, e.g., activated YAP/TAZ, may be further differentiated, and the like.



[0118] In some embodiments, provided herein are cells that overexpress an albumin

protein, a GS protein, and an IGF protein. The cells may optionally be modified to extend renewal

capacity, and may comprise activated TERT and/or inactivated CKI protein, may comprise an

antagonized HIPPO signaling pathway, e.g., activated YAP/TAZ, may be further differentiated,

and the like.

[0119] Tables 1A and IB show exemplary sequences used for ectopic overexpression in

some exemplary embodiments provided herein. The cells may optionally be modified to extend

renewal capacity, and may comprise activated TERT and/or inactivated CKI protein, may

comprise an antagonized HIPPO signaling, e.g., activated YAP/TAZ, may be further

differentiated, and the like.

[0120] Table 1C shows exemplary amino acid sequences for GS, albumin, and IGF

proteins that may be expressed in cells according to the methods described here.

Table 1A



Table IB

Gene Species \ # Sequence

IGF1 + bovine ATGAAGTGGGTGACTTTTATTTCCCTTCTCTTTCTCTTCAGCTCT
porcine GCTTATTCCTTCTTGAAGCAGGTGAAGATGCCCATCACATCCT
albumin CCTCGCATCTCTTCTATCTGGCCCTGTGCTTGCTCGCCTTCACC
signal AGCTCTGCCACGGCGGGACCCGAGACCCTCTGCGGGGCTGAGT
peptide TGGTGGATGCTCTCCAGTTCGTGTGCGGAGACAGGGGCTTTTA

TTTCAACAAGCCCACGGGGTATGGCTCGAGCAGTCGGAGGGC
GCCCCAGACAGGAATCGTGGATGAGTGCTGCTTCCGGAGCTGT
GATCTGAGGAGGCTGGAGATGTACTGCGCGCCTCTCAAGCCCG
CCAAGTCGGCCCGCTCAGTCCGTGCCCAGCGCCACACCGACAT
GCCCAAGGCTCAGAAGGAAGTACATTTGAAGAACACAAGTAG
AGGGAGTGCAGGAAACAAGAACTACAGAATGTAG (SEQ ID
NO: 1)

IGF1 + chicken ATGAAGTGGGTGACTTTTATTTCCCTTCTCTTTCTCTTCAGCTCT
porcine GCTTATTCCTTCTTGAAGGTGAAGATGCACACTGTGTCCTACAT
albumin TCATTTCTTCTACCTTGGCCTGTGTTTGCTTACCTTAACCAGTTC
signal TGCTGCTGCCGGCCCAGAAACACTGTGTGGTGCTGAGCTGGTT
peptide GATGCTCTTCAGTTCGTATGTGGAGACAGAGGCTTCTACTTCA

GTAAGCCTACAGGGTATGGATCCAGCAGTAGACGCTTACACCA
CAAGGGAATAGTGGATGAATGCTGCTTCCAGAGTTGTGACCTG
AGGAGGCTGGAGATGTACTGTGCTCCAATAAAGCCACCTAAAT
CTGCACGCTCTGTACGTGCTCAGCGCCACACTGATATGCCAAA
AGCACAAAAGGAAGTGCATTTGAAGAATACAAGTAGAGGGAA
CACAGGAAACAGAAACTACAGAATGTAA (SEQ ID NO: 2)

IGF1 + porcine ATGAAGTGGGTGACTTTTATTTCCCTTCTCTTTCTCTTCAGCTCT
porcine GCTTATTCCTTGGCCCTGTGCTTGCTCTCCTTCACCAGCTCTGC
albumin CACGGCTGGACCTGAGACCCTCTGTGGGGCTGAGCTGGTGGAC
signal GCTCTTCAGTTCGTGTGCGGAGACAGGGGCTTTTATTTCAACA
peptide AGCCCACAGGGTACGGCTCCAGCAGTCGGAGGGCGCCACAGA

CGGGCATCGTGGATGAGTGCTGCTTCCGGAGCTGTGATCTGAG
GAGGCTGGAGATGTACTGTGCACCCCTCAAGCCTGCCAAGTCG
GCCCGCTCCGTCCGTGCCCAGCGCCACACGGACATGCCCAAGG
CTCAGAAGGAAGTACATTTGAAGAACACAAGTAGAGGGAGTT
CAGGAAACAAGAACTACAGAATGTAG (SEQ ID NO: 3)

Wild Type chicken NM_00100438^ ATGGAAAAAATCAACAGTCTTTCAACACAATTAGTTAAGTGCT
IGF1 GCTTTTGTGATTTCTTGAAGGTGAAGATGCACACTGTGTCCTAC

ATTCATTTCTTCTACCTTGGCCTGTGTTTGCTTACCTTAACCAG
TTCTGCTGCTGCCGGCCCAGAAACACTGTGTGGTGCTGAGCTG
GTTGATGCTCTTCAGTTCGTATGTGGAGACAGAGGCTTCTACTT
CAGTAAGCCTACAGGGTATGGATCCAGCAGTAGACGCTTACAC
CACAAGGGAATAGTGGATGAATGCTGCTTCCAGAGTTGTGACC
TGAGGAGGCTGGAGATGTACTGTGCTCCAATAAAGCCACCTAA
ATCTGCACGCTCTGTACGTGCTCAGCGCCACACTGATATGCCA
AAAGCACAAAAGGAAGTGCATTTGAAGAATACAAGTAGAGGG
AACACAGGAAACAGAAACTACAGAATGTAA (SEQ ID NO: 4)



d ne Species \ ( i l # l)Y\ Sequence

Wild Type bovine NM_00 107782* ATGGGAAAAATCAGCAGTCTTCCAACCCAATTATTTAAGTGCT
IGF1 GCTTTTGTGATTTCTTGAAGCAGGTGAAGATGCCCATCACATC

CTCCTCGCATCTCTTCTATCTGGCCCTGTGCTTGCTCGCCTTCA
CCAGCTCTGCCACGGCGGGACCCGAGACCCTCTGCGGGGCTGA
GTTGGTGGATGCTCTCCAGTTCGTGTGCGGAGACAGGGGCTTT
TATTTCAACAAGCCCACGGGGTATGGCTCGAGCAGTCGGAGG
GCGCCCCAGACAGGAATCGTGGATGAGTGCTGCTTCCGGAGCT
GTGATCTGAGGAGGCTGGAGATGTACTGCGCGCCTCTCAAGCC
CGCCAAGTCGGCCCGCTCAGTCCGTGCCCAGCGCCACACCGAC
ATGCCCAAGGCTCAGAAGGAAGTACATTTGAAGAACACAAGT
AGAGGGAGTGCAGGAAACAAGAACTACAGAATGTAG (SEQ ID
NO: 5)

Wild Type porcine NM_214256 ATGCACATCACATCCTCTTCGCATCTCTTCTACTTGGCCCTGTG
IGF1 CTTGCTCTCCTTCACCAGCTCTGCCACGGCTGGACCTGAGACC

CTCTGTGGGGCTGAGCTGGTGGACGCTCTTCAGTTCGTGTGCG
GAGACAGGGGCTTTTATTTCAACAAGCCCACAGGGTACGGCTC
CAGCAGTCGGAGGGCGCCACAGACGGGCATCGTGGATGAGTG
CTGCTTCCGGAGCTGTGATCTGAGGAGGCTGGAGATGTACTGT
GCACCCCTCAAGCCTGCCAAGTCGGCCCGCTCCGTCCGTGCCC
AGCGCCACACGGACATGCCCAAGGCTCAGAAGGAAGTACATT
TGAAGAACACAAGTAGAGGGAGTTCAGGAAACAAGAACTACA
GAATGTAG (SEQ ID NO: 6)

Albumin 4 bovine ATGAAGTGGGTGACTTTTATTTCCCTTCTCTTTCTCTTCAGCTCT
porcine GCTTATTCCAGGGGTGTGTTTCGTCGAGATACACACAAGAGTG
albumin AGATTGCTCATCGGTTTAAAGATTTGGGAGAAGAACATTTTAA
signal AGGCCTGGTACTGATTGCCTTTTCTCAGTATCTCCAGCAGTGTC
peptide CATTTGATGAGCATGTAAAATTAGTGAACGAACTAACTGAGTT

TGCAAAAACATGTGTTGCTGATGAGTCCCATGCCGGCTGTGAG
AAGTCACTTCACACTCTCTTTGGAGATGAATTGTGTAAAGTTG
CATCCCTTCGTGAAACCTATGGTGACATGGCTGACTGCTGTGA
GAAACAAGAACCTGAGAGAAATGAATGCTTCTTGTCACACAA
AGATGATAGCCCTGATCTACCTAAACTCAAACCTGACCCCAAT
ACTTTGTGTGACGAGTTTAAGGCCGATGAAAAGAAGTTTTGGG
GAAAATACCTATACGAAATTGCTAGAAGACATCCCTACTTTTA
TGCACCAGAACTCCTTTACTATGCTAATAAATATAATGGAGTT
TTTCAAGAATGCTGCCAAGCTGAAGATAAAGGTGCCTGCCTGC
TACCAAAGATTGAAACTATGAGGGAAAAGGTACTGACTTCATC
TGCCAGACAGAGACTCAGGTGTGCCAGTATTCAAAAATTTGGA
GAAAGAGCTTTAAAAGCATGGTCAGTAGCTCGCCTGAGCCAG
AAATTTCCCAAGGCTGAGTTTGTAGAAGTTACCAAGCTAGTGA
CAGATCTCACAAAAGTGCACAAGGAATGCTGCCATGGAGACC
TACTTGAATGCGCAGATGACAGGGCGGACCTTGCCAAGTACAT
ATGTGATAATCAAGATACAATCTCCAGTAAACTGAAGGAATGC
TGTGATAAGCCTTTGTTGGAAAAATCCCACTGCATTGCTGAGG
TAGAAAAAGATGCCATACCTGAAAACTTGCCCCCATTAACTGC
TGACTTTGCTGAAGATAAGGATGTATGCAAAAACTATCAAGAA
GCAAAGGATGCCTTCCTGGGCTCATTTCTTTATGAATATTCAA
GAAGGCATCCTGAATATGCTGTCTCAGTGCTATTGAGACTTGC
CAAGGAATATGAAGCCACACTGGAGGAATGCTGTGCCAAAGA



d ne Species \ ( i l # l)Y\ Sequence

TGATCCACATGCATGCTATTCCACAGTGTTTGACAAACTTAAG
CATCTTGTGGATGAGCCTCAGAATTTAATTAAACAAAACTGTG
ACCAATTCGAAAAACTTGGAGAGTATGGATTCCAAAATGCGCT
CATAGTTCGTTACACCAGGAAAGTACCCCAAGTGTCAACTCCA
ACTCTCGTGGAGGTTTCAAGAAGCCTAGGAAAAGTGGGTACTA
GGTGTTGTACAAAACCGGAATCAGAAAGAATGCCCTGTACAG
AAGACTATCTGAGCTTGATCCTGAACCGGTTGTGCGTGCTGCA
TGAGAAGACACCAGTGAGTGAAAAAGTCACCAAGTGCTGCAC
AGAGTCATTGGTGAACAGACGGCCATGTTTCTCTGCTCTGACA
CCTGATGAAACATATGTACCCAAAGCCTTTGATGAGAAATTGT
TCACCTTCCATGCAGATATATGCACACTTCCCGATACTGAGAA
ACAAATCAAGAAACAAACTGCACTTGTTGAGCTGTTGAAACAC
AAGCCCAAGGCAACAGAGGAACAACTGAAAACCGTCATGGAG
AATTTTGTGGCTTTTGTAGACAAGTGCTGCGCAGCTGATGACA
AAGAAGCCTGCTTTGCTGTGGAGGGTCCAAAACTTGTTGTTTC
AACTCAAACAGCCTTAGCCTAA(SEQ ID NO: 7)

Albumin 4 chicken ATGAAGTGGGTGACTTTTATTTCCCTTCTCTTTCTCTTCAGCTCT
porcine GCTTATTCCAGGAATCTGCAAAGATTTGCTCGTGATGCAGAGC
albumin ACAAGAGTGAAATTGCCCATCGCTACAATGATTTGAAAGAAG
signal AAACATTTAAGGCAGTTGCCATGATCACATTTGCCCAGTATCT
peptide CCAGAGGTGCTCTTATGAAGGACTGTCTAAGCTTGTGAAGGAT

GTTGTTGATCTGGCACAAAAATGTGTAGCCAATGAAGATGCTC
CTGAATGCTCAAAACCACTGCCTTCCATTATCCTGGATGAAAT
CTGCCAAGTGGAAAAGCTCCGTGACTCTTATGGTGCAATGGCC
GACTGCTGTAGCAAAGCTGATCCTGAAAGAAATGAGTGTTTCC
TGTCATTTAAAGTTTCCCAACCAGACTTCGTTCAGCCATACCA
AAGACCAGCTTCTGATGTGATATGCCAGGAATACCAGGACAA
CAGAGTGTCATTTCTGGGACATTTCATCTATTCTGTTGCAAGAA
GACACCCCTTCTTGTATGCCCCTGCAATCCTTAGTTTTGCTGTT
GATTTTGAACATGCACTTCAAAGCTGTTGCAAAGAGAGTGATG
TCGGTGCTTGCCTGGACACCAAGGAAATTGTTATGAGAGAAAA

TTGAAGCAGTTCGGAGATAGAGTTTTCCAAGCACGACAACTTA
TTTACCTAAGCCAAAAATACCCCAAGGCTCCATTCTCAGAGGT
TTCTAAATTTGTACATGATTCTATCGGCGTCCACAAAGAGTGC
TGTGAAGGGGACATGGTGGAGTGCATGGATGACATGGCACGT
ATGATGAGCAATCTGTGCTCTCAACAAGATGTTTTCTCAGGTA
AAATCAAAGACTGCTGTGAGAAGCCTATTGTGGAACGAAGCC
AGTGCATTATGGAGGCAGAATTTGATGAGAAACCTGCAGATCT
TCCTTCATTAGTTGAAAAGTACATAGAAGATAAGGAAGTGTGT
AAAAGTTTTGAAGCAGGCCACGATGCATTCATGGCAGAGTTCG
TTTATGAATACTCACGAAGACACCCTGAGTTCTCCATACAGCT
TATTATGAGAATTGCCAAAGGATATGAATCACTTCTGGAAAAG
TGCTGCAAAACTGATAACCCTGCTGAGTGCTACGCAAATGCTC
AAGAGCAACTGAACCAACATATCAAAGAAACTCAGGATGTTG
TGAAGACAAACTGTGATCTTCTCCATGACCATGGCGAGGCAGA
CTTCCTCAAGTCCATCCTGATCCGCTACACTAAGAAAATGCCT
CAAGTACCAACTGATCTCCTGCTTGAAACTGGAAAGAAAATGA
CAACTATTGGTACTAAGTGCTGCCAGCTTCCTGAAGACAGACG



d ne Species \ ( i l # l)Y\ Sequence

CATGGCTTGTTCTGAGGGTTATCTGAGCATTGTGATTCATGATA
CGTGCAGGAAACAGGAGACCACACCTATAAATGACAACGTTT
CACAATGCTGCAGCAGCTCCTATGCTAACAGAAGACCATGTTT
CACTGCTATGGGAGTAGATACCAAATATGTTCCTCCACCATTT
AATCCTGATATGTTCAGCTTTGATGAAAAATTGTGCAGTGCTC
CTGCTGAAGAACGAGAAGTAGGCCAGATGAAATTGCTAATCA
ACCTCATTAAACGCAAGCCCCAGATGACAGAAGAACAAATAA
AGACAATTGCTGATGGTTTCACTGCCATGGTTGACAAGTGCTG
CAAGCAGTCGGACATCAATACATGCTTTGGAGAAGAGGGTGC
CAACCTAATAGTCCAAAGCAGAGCCACATTAGGAATTGGTGCT
TAA (SEQ ID NO: 8)

Wild Type porcine NM_00100520£ ATGAAGTGGGTGACTTTTATTTCCCTTCTCTTTCTCTTCAGCTCT
Albumin GCTTATTCCAGGGGTGTGTTTCGTCGAGATACATACAAGAGTG

AAATTGCTCATCGGTTTAAAGATTTGGGAGAACAATATTTCAA
AGGCCTAGTGCTGATTGCCTTTTCTCAGCATCTCCAGCAATGCC
CATATGAAGAGCATGTGAAATTAGTGAGGGAAGTAACTGAGT
TTGCAAAAACATGTGTTGCTGATGAGTCAGCTGAAAATTGTGA
CAAGTCAATTCACACTCTCTTTGGAGATAAATTATGTGCAATT
CCATCCCTTCGTGAACACTATGGTGACTTGGCTGACTGCTGTG
AAAAAGAAGAGCCTGAGAGAAACGAATGCTTCCTCCAACACA
AAAATGATAACCCCGACATCCCTAAATTGAAACCAGACCCTGT
TGCTTTATGCGCTGACTTCCAGGAAGATGAACAGAAGTTTTGG
GGAAAATACCTATATGAAATTGCCAGAAGACATCCCTATTTCT
ACGCCCCAGAACTCCTTTATTATGCCATTATATATAAAGATGTT
TTTTCAGAATGCTGCCAAGCTGCTGATAAAGCTGCCTGCCTGT
TACCAAAGATTGAGCATCTGAGAGAAAAAGTACTGACTTCCGC
CGCCAAACAGAGACTTAAGTGTGCCAGTATCCAAAAATTCGG
AGAGAGAGCTTTCAAAGCATGGTCATTAGCTCGCCTGAGCCAG
AGATTTCCCAAGGCTGACTTTACAGAGATTTCCAAGATAGTGA
CAGATCTTGCAAAAGTCCACAAGGAATGCTGCCATGGTGACCT
GCTTGAATGTGCAGATGACAGGGCGGATCTTGCCAAATATATA
TGTGAAAATCAAGACACAATCTCCACTAAACTGAAGGAATGCT
GTGATAAGCCTCTGTTGGAAAAATCCCACTGCATTGCTGAGGC
AAAAAGAGATGAATTGCCTGCAGACCTGAACCCATTAGAACA
TGATTTTGTTGAAGATAAGGAAGTTTGTAAAAACTATAAAGAA

GAAGGCACCCAGACTACTCTGTCTCATTGCTGCTGAGAATTGC
CAAGATATATGAAGCCACACTGGAGGACTGCTGTGCCAAAGA
GGATCCTCCGGCATGCTATGCCACAGTGTTTGATAAATTTCAG
CCTCTTGTGGATGAGCCTAAGAATTTAATCAAACAAAACTGTG

CATAGTTCGTTACACCAAGAAAGTACCCCAAGTGTCAACTCCA
ACTCTTGTGGAGGTCGCAAGAAAACTAGGACTAGTGGGCTCTA
GGTGTTGTAAGCGTCCTGAAGAAGAAAGACTGTCCTGTGCTGA
AGACTATCTGTCCCTGGTCCTGAACCGGTTGTGCGTGTTGCAC
GAGAAGACACCAGTGAGCGAAAAAGTTACCAAATGCTGCACA
GAGTCCTTGGTGAACAGACGGCCTTGCTTTTCTGCTCTGACAC
CAGACGAAACATACAAACCCAAAGAATTTGTTGAGGGAACCT
TCACCTTCCATGCAGACCTATGCACACTTCCTGAGGATGAGAA



d ne Species \ ( i l # l)Y\ Sequence

ACAAATCAAGAAGCAAACTGCACTCGTTGAGTTGTTGAAACAC
AAGCCTCATGCAACAGAGGAACAACTGAGAACTGTCCTGGGC
AACTTTGCAGCCTTTGTACAAAAGTGCTGCGCCGCTCCTGACC
ATGAGGCCTGCTTTGCTGTGGAGGGTCCGAAATTTGTTATTGA
AATTCGAGGGATCTTAGCCTAA(SEQ ID NO: 9)

Wild Type chicken NM_205261 ATGAAGTGGGTAACATTAATTTCATTCATTTTCCTCTTCAGTTC
Albumin AGCAACATCCAGGAATCTGCAAAGATTTGCTCGTGATGCAGAG

CACAAGAGTGAAATTGCCCATCGCTACAATGATTTGAAAGAA
GAAACATTTAAGGCAGTTGCCATGATCACATTTGCCCAGTATC
TCCAGAGGTGCTCTTATGAAGGACTGTCTAAGCTTGTGAAGGA
TGTTGTTGATCTGGCACAAAAATGTGTAGCCAATGAAGATGCT
CCTGAATGCTCAAAACCACTGCCTTCCATTATCCTGGATGAAA
TCTGCCAAGTGGAAAAGCTCCGTGACTCTTATGGTGCAATGGC
CGACTGCTGTAGCAAAGCTGATCCTGAAAGAAATGAGTGTTTC
CTGTCATTTAAAGTTTCCCAACCAGACTTCGTTCAGCCATACCA
AAGACCAGCTTCTGATGTGATATGCCAGGAATACCAGGACAA
CAGAGTGTCATTTCTGGGACATTTCATCTATTCTGTTGCAAGAA
GACACCCCTTCTTGTATGCCCCTGCAATCCTTAGTTTTGCTGTT
GATTTTGAACATGCACTTCAAAGCTGTTGCAAAGAGAGTGATG
TCGGTGCTTGCCTGGACACCAAGGAAATTGTTATGAGAGAAAA

TTGAAGCAGTTCGGAGATAGAGTTTTCCAAGCACGACAACTTA
TTTACCTAAGCCAAAAATACCCCAAGGCTCCATTCTCAGAGGT
TTCTAAATTTGTACATGATTCTATCGGCGTCCACAAAGAGTGC
TGTGAAGGGGACATGGTGGAGTGCATGGATGACATGGCACGT
ATGATGAGCAATCTGTGCTCTCAACAAGATGTTTTCTCAGGTA
AAATCAAAGACTGCTGTGAGAAGCCTATTGTGGAACGAAGCC
AGTGCATTATGGAGGCAGAATTTGATGAGAAACCTGCAGATCT
TCCTTCATTAGTTGAAAAGTACATAGAAGATAAGGAAGTGTGT
AAAAGTTTTGAAGCAGGCCACGATGCATTCATGGCAGAGTTCG
TTTATGAATACTCACGAAGACACCCTGAGTTCTCCATACAGCT
TATTATGAGAATTGCCAAAGGATATGAATCACTTCTGGAAAAG
TGCTGCAAAACTGATAACCCTGCTGAGTGCTACGCAAATGCTC
AAGAGCAACTGAACCAACATATCAAAGAAACTCAGGATGTTG
TGAAGACAAACTGTGATCTTCTCCATGACCATGGCGAGGCAGA
CTTCCTCAAGTCCATCCTGATCCGCTACACTAAGAAAATGCCT
CAAGTACCAACTGATCTCCTGCTTGAAACTGGAAAGAAAATGA
CAACTATTGGTACTAAGTGCTGCCAGCTTCCTGAAGACAGACG
CATGGCTTGTTCTGAGGGTTATCTGAGCATTGTGATTCATGATA
CGTGCAGGAAACAGGAGACCACACCTATAAATGACAACGTTT
CACAATGCTGCAGCAGCTCCTATGCTAACAGAAGACCATGTTT
CACTGCTATGGGAGTAGATACCAAATATGTTCCTCCACCATTT
AATCCTGATATGTTCAGCTTTGATGAAAAATTGTGCAGTGCTC
CTGCTGAAGAACGAGAAGTAGGCCAGATGAAATTGCTAATCA
ACCTCATTAAACGCAAGCCCCAGATGACAGAAGAACAAATAA
AGACAATTGCTGATGGTTTCACTGCCATGGTTGACAAGTGCTG
CAAGCAGTCGGACATCAATACATGCTTTGGAGAAGAGGGTGC
CAACCTAATAGTCCAAAGCAGAGCCACATTAGGAATTGGTGCT
TAA (SEQ ID NO: 10)



d ne Species \ ( i l # l)Y\ Sequence

Wild Type Bovine NM_1 80992 ATGAAGTGGGTGACTTTTATTTCTCTTCTCCTTCTCTTCAGCTCT
Albumin GCTTATTCCAGGGGTGTGTTTCGTCGAGATACACACAAGAGTG

AGATTGCTCATCGGTTTAAAGATTTGGGAGAAGAACATTTTAA
AGGCCTGGTACTGATTGCCTTTTCTCAGTATCTCCAGCAGTGTC
CATTTGATGAGCATGTAAAATTAGTGAACGAACTAACTGAGTT
TGCAAAAACATGTGTTGCTGATGAGTCCCATGCCGGCTGTGAG
AAGTCACTTCACACTCTCTTTGGAGATGAATTGTGTAAAGTTG
CATCCCTTCGTGAAACCTATGGTGACATGGCTGACTGCTGTGA
GAAACAAGAACCTGAGAGAAATGAATGCTTCTTGTCACACAA
AGATGATAGCCCTGATCTACCTAAACTCAAACCTGACCCCAAT
ACTTTGTGTGACGAGTTTAAGGCCGATGAAAAGAAGTTTTGGG
GAAAATACCTATACGAAATTGCTAGAAGACATCCCTACTTTTA
TGCACCAGAACTCCTTTACTATGCTAATAAATATAATGGAGTT
TTTCAAGAATGCTGCCAAGCTGAAGATAAAGGTGCCTGCCTGC
TACCAAAGATTGAAACTATGAGGGAAAAGGTACTGACTTCATC
TGCCAGACAGAGACTCAGGTGTGCCAGTATTCAAAAATTTGGA
GAAAGAGCTTTAAAAGCATGGTCAGTAGCTCGCCTGAGCCAG
AAATTTCCCAAGGCTGAGTTTGTAGAAGTTACCAAGCTAGTGA
CAGATCTCACAAAAGTGCACAAGGAATGCTGCCATGGAGACC
TACTTGAATGCGCAGATGACAGGGCGGACCTTGCCAAGTACAT
ATGTGATAATCAAGATACAATCTCCAGTAAACTGAAGGAATGC
TGTGATAAGCCTTTGTTGGAAAAATCCCACTGCATTGCTGAGG
TAGAAAAAGATGCCATACCTGAAAACTTGCCCCCATTAACTGC
TGACTTTGCTGAAGATAAGGATGTATGCAAAAACTATCAAGAA
GCAAAGGATGCCTTCCTGGGCTCATTTCTTTATGAATATTCAA
GAAGGCATCCTGAATATGCTGTCTCAGTGCTATTGAGACTTGC
CAAGGAATATGAAGCCACACTGGAGGAATGCTGTGCCAAAGA
TGATCCACATGCATGCTATTCCACAGTGTTTGACAAACTTAAG
CATCTTGTGGATGAGCCTCAGAATTTAATTAAACAAAACTGTG
ACCAATTCGAAAAACTTGGAGAGTATGGATTCCAAAATGCGCT
CATAGTTCGTTACACCAGGAAAGTACCCCAAGTGTCAACTCCA
ACTCTCGTGGAGGTTTCAAGAAGCCTAGGAAAAGTGGGTACTA
GGTGTTGTACAAAACCGGAATCAGAAAGAATGCCCTGTACAG
AAGACTATCTGAGCTTGATCCTGAACCGGTTGTGCGTGCTGCA
TGAGAAGACACCAGTGAGTGAAAAAGTCACCAAGTGCTGCAC
AGAGTCATTGGTGAACAGACGGCCATGTTTCTCTGCTCTGACA
CCTGATGAAACATATGTACCCAAAGCCTTTGATGAGAAATTGT
TCACCTTCCATGCAGATATATGCACACTTCCCGATACTGAGAA
ACAAATCAAGAAACAAACTGCACTTGTTGAGCTGTTGAAACAC
AAGCCCAAGGCAACAGAGGAACAACTGAAAACCGTCATGGAG
AATTTTGTGGCTTTTGTAGACAAGTGCTGCGCAGCTGATGACA
AAGAAGCCTGCTTTGCTGTGGAGGGTCCAAAACTTGTTGTTTC
AACTCAAACAGCCTTAGCCTAA (SEQ ID NO: 11)

TERT chicken Modified ATGGAGCGCGGGGCTCAGCCGGGAGTCGGTGTGCGGCGGCTC
M 00103100 ' ' CGCAATGTAGCGCGGGAGGAGCCCTTCGCCGCGGTCCTGGGC

. 1 (substitution GCGCTGCGGGGCTGCTACGCCGAGGCCACGCCGCTGGAGGCC
made at positior TTCGTCCGGCGGCTGCAGGAGGGTGGCACCGGGGAGGTCGAG
2667 T to C) GTGCTGCGAGGCGACGACGCTCAGTGCTACCGGACCTTCGTGT



ϋ Species # Sequence

CGCAGTGCGTGGTGTGCGTCCCCCGCGGTGCTCGCGCCATCCC
CCGGCCCATCTGCTTCCAGCAGTTATCCAGTCAGAGCGAAGTC
ATCACAAGAATCGTTCAGAGGCTGTGTGAAAAGAAAAAGAAG
AACATCCTTGCGTATGGATACTCCTTGCTGGATGAGAACAGTT
GTCACTTCAGAGTTTTGCCATCTTCGTGTATATACAGCTATCTG
TCCAATACTGTAACAGAAACGATTCGCATCAGTGGCCTCTGGG
AGATACTGCTGAGTAGGATAGGGGACGACGTGATGATGTACC
TGCTGGAGCACTGTGCACTCTTCATGCTGGTTCCCCCAAGTAA
CTGTTACCAGGTCTGCGGGCAACCAATTTATGAACTTATTTCG
CGTAACGTAGGGCCATCCCCAGGGTTTGTTAGACGACGGTACT
CAAGGTTTAAACATAATAGCTTGCTTGACTATGTGCGAAAAAG
GCTTGTGTTTCACAGGCACTATCTTTCCAAGTCGCAGTGGTGG
AAGTGCAGGCCGAGACGTCGAGGTCGTGTCTCCAGCAGGAGA
AAAAGAAGGAGCCATAGGATACAAAGCCTAAGGTCTGGTTAT
CAGCCTTCTGCAAAAGTGAACTTTCAAGCAGGTAGGCAGATCA
GCACAGTTACTGCACGTCTGGAAAAACAGAGCTGCTCCAGTTT
ATGTTTGCCAGCTAGAGCACCATCTTTAAAAAGGAAGCGTGAT
GGAGAACAGGTTGAAATCACAGCTAAGAGAGTGAAAATAATG
GAGAAAGAGATAGAGGAACAGGCTTGTAGTATCGTTCCTGAT
GTAAACCAAAGTAGCTCCCAGAGGCATGGAACCTCCTGGCAT
GTAGCACCACGTGCTGTAGGTCTTATTAAAGAACATTACATTT
CTGAAAGAAGTAACAGTGAGATGTCTGGTCCTTCTGTAGTTCA
CAGATCTCACCCTGGGAAGAGGCCTGTGGCAGACAAAAGCTC
TTTTCCACAAGGAGTTCAGGGTAACAAACGCATAAAGACCGGT
GCAGAAAAACGAGCAGAATCCAATAGAAGGGGCATAGAGATG
TATATAAACCCAATCCATAAACCCAATAGAAGGGGCATAGAG
AGGCGTATAAATCCAACCCACAAACCTGAGTTGAATTCTGTAC
AAACTGAACCAATGGAAGGTGCTTCTTCAGGGGACAGAAAGC
AGGAAAATCCCCCAGCTCATTTGGCAAAGCAGTTACCAAATAC
ATTGTCGCGCTCTACAGTGTACTTTGAGAAGAAATTTCTTCTGT
ATTCCCGCAGTTACCAAGAATATTTTCCTAAATCGTTCATACTG
AGCCGCCTGCAGGGTTGTCAGGCAGGTGGAAGGCGGCTTATA
GAAACTATATTCTTAAGCCAAAACCCATTAAAGGAACAGCAG
AACCAAAGCCTACCACAGCAAAAGTGGCGAAAGAAGAGGTTG
CCCAAACGCTACTGGCAAATGAGAGAGATATTTCAGAAGCTG
GTAAAGAACCATGAGAAGTGCCCTTATTTAGTTTTCTTGAGGA
AAAATTGCCCTGTTTTGCTTTCTGAAGCATGTTTGAAAAAGAC
GGAGCTGACCTTGCAGGCGGCTCTGCCTGGGGAAGCAAAGGT
TCACAAGCACACAGAACATGGGAAAGAGTCCACTGAGGGTAC
TGCACCGAACAGCTTCCTCGCTCCTCCCTCAGTGCTAGCATGT
GGGCAGCCAGAGAGAGGGGAACAGCACCCTGCAGAGGGGAG
TGATCCGCTCCTCAGGGAGCTGCTCAGGCAGCACAGCAGCCAC
TGGCAGGTGTATGGCTTTGTGAGGGAGTGCCTGGAGCGGGTGA
TCCCTGCTGAGCTGTGGGGTTCAAGCCATAACAAATGCCGGTT
CTTTAAAAACGTGAAAGCATTCATTTCCATGGGGAAGTATGCT
AAGCTTTCATTGCAGCAGCTGATGTGGAAGATGAGAGTGAATG
ACTGCGTATGGCTTCGTCTGGCCAAAGGTAATCACTCTGTTCCT
GCCTATGAACATTGTTACCGTGAAGAAATTCTGGCAAAATTCC
TATACTGGCTGATGGATTCCTATGTTATCGAGTTGCTCAAATCA
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CTACTACCGAAAGTTTATCTGGGGCAAGTTACAGAACATTGGA
ATTAGAGACCATTTTGCCAAAGTACATCTACGTGCCTTGTCTTC
AGAGGAGATGGAAGTGATCCGTCAAAAAAAGTATTTTCCTATT
GCATCAAGGCTCCGGTTCATTCCTAAAATGAATGGTTTAAGAC
CCGTAGTAAGACTAAGCCGTGTTGTTGAAGGACAGAAACTCA
GCAAGGAAAGCAGAGAAAAGAAGATACAGCGCTATAACACTC
AGCTAAAAAATCTATTTAGTGTTTTAAACTATGAACGAACTGT
AAACACCAGTATCATTGGCTCCTCAGTATTCGGGAGAGATGAT

CAGGTGGTGAAATGCCTCATTTCTACTTTGTAAAGGGTGATGT
ATCCAGAGCTTTTGATACCATTCCTCACAAGAAACTTGTGGAA
GTGATATCACAGGTCTTGAAACCTGAGAGCCAAACTGTCTATG
GAATAAGGTGGTATGCAGTGATTATGATTACCCCAACTGGAAA
AGCCAGGAAACTCTATAAGAGACATGTTTCTACTTTCGAGGAT
TTTATTCCAGACATGAAGCAGTTTGTGTCCAAGCTTCAAGAGA
GAACTTCATTACGAAATGCAATAGTAGTTGAACAGTGCTTAAC
TTTTAATGAGAACAGTTCCACCCTGTTTACTTTCTTTCTTCAAA
TGTTACATAATAACATCCTGGAGATTGGGCACAGGTACTATAT
ACAGTGCTCTGGAATCCCACAGGGCTCCATTTTGTCAACCTTA
CTTTGCAGCTTATGCTACGGAGACATGGAAAACAAATTACTCT
GTGGGATCCAGAAGGATGGAGTCCTAATACGTCTTATTGATGA

AAATGCCAAGAAGACTGTGGTGAATTTTCCTGTTGATGATATC
CCGGGATGTTCCAAGTTCAAACATCTGCCAGATTGTCGTTTGA
TCTCATGGTGTGGTTTATTATTGGATGTGCAGACACTTGAGGTT
TATTGTGATTACTCCAGTTATGCCTTTACTTCTATCAGATCAAG
TCTTTCCTTCAATTCAAGTAGAATAGCTGGGAAAAACATGAAA
TGCAAATTGACTGCAGTCCTCAAACTGAAATGCCATCCTTTAC
TTCTTGACTTAAAGATCAACAGCCTTCAGACAGTTCTAATTAA

GTGTTCTTCAGCTTCCATTCAACCAGAAAGTTAGGAATAATCC
TGATTTCTTCCTAAGGATCATCTCTGATACTGCTTCATGCTGCT
ATTTTATCCTGAAAGCTAAAAATCCAGGAGTTTCTTTAGGTAG
CAAAGATGCATCTGGCATGTTCCCTTTTGAGGCAGCAGAATGG
CTGTGCTACCATGCCTTCATTGTCAAACTGTCCAACCACAAAG
TTATTTACAAATGCTTACTTAAGCCCCTTAAAGTCTATAAGATG
CATCTGTTTGGGAAGATCCCAAGGGATACTATGGAACTGCTGA
AGACGGTGACGGAACCATCGCTTTGTCAAGATTTCAAAACTAT
ACTGGACTAA (SEQ ID NO: 12)

cMyoDER chicken ATGGACTTACTGGGCCCCATGGAAATGACGGAGGGCTCCCTCT
GCTCCTTCACGGCCGCCGATGACTTCTATGACGACCCGTGCTT
CAACACGTCGGACATGCACTTCTTCGAGGACCTGGACCCCCGG
CTGGTGCACGTGGGCGGGCTGCTGAAGCCCGAGGAGCACCCG
CACCACCACGGGCACCACCACGGGAACCCACACGAGGAGGAG
CACGTGCGGGCGCCCAGTGGGCACCACCAGGCCGGCCGCTGC
CTGCTGTGGGCGTGCAAGGCCTGCAAGAGGAAGACCACCAAC
GCTGACCGCCGCAAAGCCGCCACCATGAGGGAACGGCGGCGG
CTCAGCAAGGTCAACGAGGCCTTCGAGACCCTCAAGCGCTGCA



d ne Species \ ( i l # l)Y\ Sequence

CTTCCACCAACCCCAACCAGCGCCTGCCCAAGGTGGAGATCCT
GCGCAACGCCATCCGCTACATCGAGAGCCTGCAGGCCCTGCTG
CGTGAGCAGGAGGGCGATTCTTCTACAGAGCTGCGAGCTCCAA
CCCTTTGGACAAGTCCACTGGTGGTTAAACATAACAAGAAGAA
CAGTCCGGCTCTGTCTCTGACAGCAGAACAGATGGTCAGTGCC
TTGCTGGAAGCTGAGCCACCTATAGTTTATTCTGAATATGACC
CCAATAGACCATTCAACGAAGCATCTATGATGACCCTGTTGAC
CAACCTTGCAGACAGAGAATTAGTGCACATGATCAACTGGGC
AAAGAGAGTTCCAGGATTTGTGGATTTAACACTCCATGATCAG
GTCCATCTGCTGGAATGTGCCTGGTTAGAGATATTGATGATCG
GCTTAGTCTGGCGCTCCATGGAACACCCAGGAAAGCTTTTATT
TGCACCTAATCTATTACTGGACAGGAATCAAGGGAAATGTGTA
GAGGGCATGGTGGAAATCTTTGACATGCTACTGGCTACTGCTG
CTCGGTTTCGGATGATGAACCTTCAAGGGGAGGAATTTGTGTG
CCTTAAGTCCATCATCCTGCTCAATTCTGGTGTGTACACTTTTC
TTTCTAGCACCTTGAAATCTCTGGAAGAGAGGGACTATATCCA
CCGTGTTCTGGACAAAATCACAGATACTCTGATACACCTAATG
GCAAAGTCAGGTCTTTCTCTGCAGCAGCAACACCGGCGACTAG
CTCAGCTCCTCCTTATCCTCTCTCACATCAGGCATATGAGCAAC
AAAGGAATGGAGCACCTGTACAATATGAAGTGTAAAAATGTA
GTTCCGCTCTACGACCTCTTACTGGAGATGCTGGACGCTCACC
GCCTACATGCACCGGCAGCCAGGAGTGCTGCACCAATGGAAG
AGGAGAACCGAAACCAACTGACAACCGCACCAGCTTCATCTC
ATTCCCTGCAGTCCTTTTACATTAACAGCAAAGAAGAGGAGAG
TATGCAGAATACAGCTATCGCCGATGCATACTACCCAGTGCTG
GAGCACTACAGCGGGGAGTCAGATGCCTCCAGCCCTCGCTCCA
ACTGCTCCGACGGCATGATGGAGTACAGCGGGCCGCCCTGTAG
CTCTCGCAGGAGAAACAGCTACGACAGCAGCTACTACACGGA
ATCACCAAATGACCCAAAGCATGGGAAGAGTTCTGTTGTTTCC
AGCCTCGACTGCCTCTCAAGCATTGTGGAGAGGATTTCCACAG
ACAACTCCACATGTCCCATACTGCCTCCAGCTGAAGCTGTAGC
TGAAGGGAGTCCCTGTTCCCCCCAGGAAGGAGCAAACCTGAG
TGACAGTGGAGCCCAGATTCCTTCCCCCACCAACTGCACCCCT
CTTCCCCAGGAAAGCAGCAGCAGCAGCAGCAGCAATCCAATC
TACCAAGTGCTATAA (SEQ ID NO: 13)

IGF2 Cow NM_174087.3 ATGGGGATCACAGCAGGAAAGTCGGTGCTGGTGCTTCTTGCCT
[Bos TCTTGGCCTTCGCCTCGTGCTGCTATGCTGCTTACCGCCCCAGC
Taurus] GAGACTCTGTGCGGCGGGGAGCTGGTGGACACCCTCCAGTTTG

TCTGTGGGGACCGCGGCTTCTACTTCAGCCGACCATCCAGCCG
CATAAACCGACGCAGCCGTGGCATCGTGGAAGAGTGTTGCTTC
CGAAGCTGCGACCTGGCCCTGCTGGAGACTTACTGTGCCACCC
CCGCCAAGTCCGAGAGGGATGTGTCTGCCTCTACGACCGTGCT
TCCGGACGACGTCACCGCATACCCCGTGGGCAAGTTCTTCCAA
TATGACATCTGGAAGCAGTCCACCCAGCGCCTGCGCAGGGGCC
TGCCCGCCTTCCTGCGAGCACGCCGGGGTCGCACGCTCGCCAA
GGAGCTGGAGGCGCTCAGAGAGGCCAAGAGTCACCGTCCGCT
GATCGCCCTGCCCACCCAGGACCCTGCCACCCACGGGGGCGCC
TCTTCCAAGGCATCCAGCGATTAG (SEQ ID NO: 15)



d ne Species \ ( i l # l)Y\ Sequence

IGF l Zebrafis NM_1 31825 .2 ATGTCTAGCGGTCATTTCTTCCAGGGGCATTGGTGTGATGTCTT
h TAAGTGTACCATGCGCTGTCTCCCGAGTACCCACACCCTCTCA
[Danio CTGGTGCTGTGCGTCCTCGCGTTGACTCCCGCGACTCTGGAGG
rerio] CGGGGCCGGAGACGCTGTGCGGGGCGGAGCTTGTAGACACGC

TGCAGTTTGTGTGTGGAGACAGGGGCTTTTATTTCAGCAAACC
GACAGGATATGGACCTAGTTCAAGAAGGTCACACAACCGTGG
CATCGTGGACGAATGCTGCTTTCAGAGCTGTGAGCTACGGCGC
CTCGAGATGTATTGTGCGCCTGTGAAGACAGGCAAATCTCCAC
GATCTCTACGAGCACAACGACACACAGATATTCCCAGGACACC
AAAGAAACCTATATCTGGGCATAGCCACTCTTCCTGTAAGGAG
GTTCATCAGAAGAACTCGAGCCGAGGAAACACAGGGGGCAGA
AACTATCGCATGTAG (SEQ ID NO: 16)

serum Rainbo XM 02 16 14654 ATGAGGAGACCCTGTATCCTGGCCATCCAGCCTGACACGGAGT
albumin 1 w trout .1 TCATGCCCCCAGAGCTGGATGCCAGCAACTTCCACATGGGCCC

[Oncorh TGAGCTCTGCACCAAGGACAGCAAGGAGCTGCTGCTCTCTGGG
ynchus AAGAAACTACTGTATGGTGTGGTCAGACATAAGACCACCATCA
mykiss] CTGAGGAGCAGCTGAAGTCCATCTCTACTAAATATCACAGTAT

GAAGGAGAAGTGCTGTGCTGCTGAGGACCAAGCAGCATGCTT
CACTGAGGAGGCACCCAAGCTGGTTGCTGAGAGTGCAGAGCT
GGTCAAGGCTTAA (SEQ ID NO: 17)

GLUL Tilapia NM 00 127966* ATGGCTACATCCGCCAGCGCCAGCTTGAGTAAAGCTGTCAAGC
[Oreoch .1 AGCAGTACATGGAGCTCCCTCAGGGGGACAAAGTCCAGGCCA
romis TGTACATCTGGATCGACGGAACCGGAGAGGGGCTCCGATGCA
niloticu AAACCAGGACGCTTGATTCTGAGCCCAAAAGCATCGAAGATCT
s] TCCTGAATGGAACTTTGACGGATCCAGTACCTACCAGTCCGAA

GGCTCCAACAGCGACATGTATCTGATCCCCTCAGCCATGTTCC
GCGATCCATTCCGCAAAGACCCCAACAAGCTGGTGCTGTGTGA
AGTCCTGAAGTACAACCGTAAACCTACAGAAACCAACCTTCGG
CTCACCTGTAAGAAAGTGATGGATATGGTGGCGGATCAGCATC
CTTGGTTTGGCATGGAGCAGGAGTACACCATCCTTGGAACGGA
CGGGCATCCATTTGGCTGGCCATCTAATGGTTTCCCCGGACCA
CAGGGGCCGTACTACTGTGGTGTTGGAGCTGACAAAGCCTATG
GCAGGGACGTAGTCGAGGCCCATTACAAAGCTTGTTTGTACGC
TGGAGTCCAGATTTGTGGCACAAATGCTGAAGTAATGCCTGCT
CAGTGGGAGTTCCAGGTCGGACCTTGCGAAGGCATTGACATGG
GCGATCATTTGTGGGTAGCGCGCTTCATCCTGCACCGTGTCTGT
GAGGATTTTGGCGTCGTCGCCTCATTTGATCCCAAGCCAATCC
CTGGAAACTGGAACGGTGCTGGCTGCCATACAAACTTCAGCAC
GAAAGAGATGAGGGAAGACGGTGGATTGAAAGCTATTGAGGA
TTCCATTGAGAAGCTTGGAAAGAGGCACAGCTACCACATTCGT
GCCTACGACCCCAAAGGGGGGCTCGACAACGCCCGCCGTCTC
ACTGGCCGCCATGAAACCTCAAACATCAACGAATTCTCTGCTG
GTGTGGCCAACCGTGGTGCCAGCATTCGCATTCCTCGTAATGT
TGGTCAGGAGAAGAAAGGCTACTTCGAAGACCGTCGCCCTTCA
GCCAACTGTGACCCGTACAGTGTGACCGAGGCCCTGATCCGCA
CCTGTCTGCTGAACGAGGAAGGAGATGAACCCGCGGATTACT
AA (SEQ ID NO: 18)



d ne Species \ ( i l # l)Y\ Sequence

IGF2 Rainbo NM 00112469";' ATGGAAACCCAGAAAAGACACGAATACCACTCAGTTTGTCAC
w trout . 1 ACCTGCCGGAGAACGGAAAACACAAGAATGAAGGTCAAGATG
[Oncorh ATGTCTTCGTCAAATCGAGTGCTGGTCATTGCGCTGGCACTTA
ynchus CTCTGTACATTGTTGAAGTGGCTTCGGCAGAAACGCTATGTGG
mykiss] AGGAGAACTGGTGGACGCGCTGCAGTTCGTCTGTGAAGATAG

AGGATTCTATTTCAGTAGGCCAACCAGCAGGTCTAACAGCAGA
CGCTCCCAGAACCGTGGTATCGTGGAGGAGTGTTGTTTCCGTA
GCTGTGACCTCAACCTGTTGGAGCAGTACTGTGCCAAACCTGC
CAAGTCAGAGAGGGACGTGTCGGCCACCTCTCTACAGATCATT
CCCATGGTGCCCACAATCAAACAGGATGTCCCAAGAAAACAT
GTGACTGTGAAGTATTCCAAATATGAGGCGTGGCAGAGGAAG
GCTGCTCAGCGGCTCCGGAGGGGCGTCCCGGCCATCCTCAGGG
CCCGGAAGTTCCGGAGGCAGGCGGTGAAGATCAAGGCCCAAG
AGCAGGCGATGTTCCACCGGCCTCTGATCACCCTGCCCAGCAA
GCTTCCCCCAGTCCTGCCCCCCACGGACAACTACGTCAGCCAC
AATTGA (SEQ ID NO: 19)

IGFl Tropical XM 00293682ξ) ATGGAAAAAAACAACAGTCTTTCAACACAATTATTTAAGTGCT
clawed .4 ACTTTTGTGATTTCTTAAAGCTGAAGATGCACAAAATGTCCTA
frog CATTCATCTGCTCTACCTGGCTTTGTGTTTCCTGACTTTAACCC
[Xenop ATTCAGCAGCTGCTGGACCAGAGACCCTCTGTGGAGCCGAACT
us GGTAGACACTCTTCAGTTTGTATGTGGAGACAGAGGCTTCTAT
tropicali TTTAGCAAGCCAACAGGGTACGGATCCAGCAATCGAAGATCG
s] CATCACAGAGGAATAGTAGATGAGTGCTGTTTCCAAAGCTGTG

ATTTCAGAAGGCTGGAGATGTACTGCGCTCCTGCCAAGCCAGC
CAAATCAGCACGTTCTGTACGTGCTCAACGTCACACTGACATG
CCAAAAGCCCAGAAGGAAGTACACCTAAAGAATGCAAGTCGA
GGAAACACAGGGAGTCGAGGATTCCGAATGTAA (SEQ ID NO:
20)

GLUL Tropical XM 00491403* ATGGCAACCTCCGCCAGTGCTCAGTTGAGTAAGGCCATAAAGC
clawed .3 AGATGTATCTGGAACTGCCACAGGGAGATAAGGTGCAGGCTA
frog TGTACATCTGGGTTGATGGGACCGGGGAGGGTCTTCGCTGCAA
[Xenop GACTCGCACTCTGGACAGTGAACCCAAGACCATAGAAGATCTT
us CCTGAATGGAACTTCGATGGATCTAGCACATACCAATCCGAGG
tropicali GTTCCAACAGTGACATGTACCTGATTCCAGTTGCAATGTTTAG
s] AGACCCTTTTCGAAGGGACCCCAACAAGCTGGTACTCTGCGAG

GTGCTCAAATACAACCGAAAAACAGCTGAAACAAACTTGCGT
CATACATGTAACCAGATAATGGACATGATGGCCAATGAGCATC
CATGGTTTGGCATGGAACAGGAATACACATTGCTGGGTATGGA
TGGACACCCTTTTGGCTGGCCTTCAAATGGCTTCCCAGGACCA
CAAGGTCCCTATTACTGTGGAGTGGGTGCAGATAAGGCATATG
GTCGGGATATTGTGGAGGCTCATTATCGGGCTTGCCTTTATGCT
GGTGTGAAAATTGCAGGAACAAATGCAGAAGTTATGCCAGCA
CAGTGGGAGTTCCAAATTGGGCCATGTGAGGGAATAGAAATG
GGAGATCACCTTTGGATTGCTCGATTTATACTGCATAGAATTT
GTGAGGATTTTGGGATCATTGTTTCGTTTGACCCAAAGCCCAT
AACTGGAAACTGGAATGGAGCTGGATGTCACACCAATTTCAGC
ACAAAGTCAATGCGTGAAGAAGGAGGCCTTAAGGACATAGAA
GAATCCATTGAACGTCTAAGCAAACGTCATGATTATCACATCA
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GAATGTATGACCCAAGGGGTGGTAAAGACAATGCCCGTCGTCT
CACAGGTTTCCATGAGACCTCCAGCATCCATGAGTTCTCTGCA
GGAGTGGCAAACCGTGGTGCCAGTATCCGCATTCCCCGCAGTG
TAGGCCAGGAGAAGAAAGGCTATTTTGAAGATCGTCGTCCATC
AGCCAACTGTGATCCCTATGCTGTGACAGAAGCTATGATCAGA
ACCTGCCTACTGAATGAAACTGGAGACGAACCTCTTGAATACA
AGAACTAA (SEQ ID NO: 21)

ALB Tropical BC075287.1 ATGAACGCGTTGATGCGGCGTGCCTGCTGCGGGGCGCTATTCC
clawed CCCTCTCATTCCGACTGGCCGCGCTGAGCCCTATGAAGGGAGC
frog TAGTAACTTTAGCTGCGGTAACGTGTGCGCCTCTCCTGCCGGA
[Xenop TGTTGGGCGCCACCAAGTGGACACGACACGGGGATAAAAGTG
us TACAACAGCCTTACTAGGAGGAAGGATCCACTTATTCTGGCAG
tropicali ATCCGACAGTAGCGACATGGTATAGCTGTGGACCTACAGTTTA
s] TGACCATGCACATCTTGGACATGCATGTTCTTATGTTAGATTTG

ACATAATTCGAAGGATTCTGCTCAAGGTTTTTGGGATTGATAC
AGTCGTGGTGATGGTAGTCACAGACATTGATGATAAGATAATC
AAGAGAGCAAAGGAGCTCAATATATCTCCTGTGGCCTTAGCTC
GTACTTACGAACAGGATTTTAAACAAGACATGACTGCGTTGAA
GGTCCTTCCACCAACAGTATACATGAGAGTTACTGAAAATATT
CCACAGATCATATCATTTATTGAACACATAATTGCCAATGGAT
ATGCATATGCTACCTCACAAGGAAATGTTTATTTTGATGTTCA
GTCGATTGGAGAGCGATATGGGAAATTTAATGATTCTTTCAGT
GATACAGCCAGCGAATCAGCATCACAAGATAAAAGGCATATC
CGAGATTTTGCTTTGTGGAAAACATCCAAGCCTGAGGAGCCTT
ACTGGGCTTCTCCTTGGGGCAAGGGAAGACCTGGCTGGCACAT
AGAGTGTTCCACAATTGCAAGTTCTGTATTTGGCAAACATCTA
GACATTCACACTGGTGGGATTGACCTTGCTTTCCCTCATCATGA
AAATGAAATTGCTCAGTGTGAGGCATATCACCAGAGCACACA
GTGGGGAAACTATTTCCTTCATACTGGACATTTACATTTGAAA
GGGAATGAAGAAAAAATGTCAAAATCCCTGAGAAACTATCTG

AATGTTTTGTCTGCGCTCAAAATATAAATCAGCCGTGGAATAC
AGCAACGGGTCCATGCATGATGCAGTAAATACCCTACACACCA
TCTCTTCGTTTGTCGATGATGCAAAAGCCTATATGAAAGGTCA
GCTGATTTGCCAACCAGTGCAGGAGGCTTTACTCTGGCAAAGG
CTGAATGAAACAAAAGTAAATGTTAAGGCTGCGTTTTCAGATG
ACTTTGACACCCCACGAGCAGTTGATGCAGTTATGGACCTCAT
TCACCATGGCAACAGACAGCTTAAGGCTGTTTCCAAGGAGTCA
AACTCTCCCAGGAGCTCTGTAGTTTATGGTGCCATGATCTCTTA
CATTGAACAATTTCTGGAGATATTGGGAATTTCCTTGAGCCAA
AACCAGGTCGCTGCAGAAGATAGACACTCGGCTGTTCTCTTTA
ATGTAGTAGAAGAAATGATCAGTTTTAGAAGTAAGGTGCGGA
ATTACGCCCTGGCTGCAGATGAATCACCAAATGCAATAGGACA
AGAGGAAAAACAGCAATACAAGGAGAGGAGAAGGCAGTTGTT
ACTGGAAAGGGAACCACTCCTACAGGCTTGTGACATAATGCGC
CAACATCTGGCTGTATATGGCATAAATGTAAAGGATCGTGGAA
ATACATCAACATGGGAACTACTTGACCGCAAAGAAGAAACCT
AG (SEQ ID NO: 22)
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IGF2 Tropical NM 001113672. ATGAGGCATCTCCTCCTCCTCTCTATCACCTTCCTGGTATACAC
clawed . 1 GCTAGACTCTGCTAAAGCCTATGGAGCAACGGAGACCCTGTGC
frog GGTGGGGAGCTGGTGGACACCCTGCAGTTTGTTTGTGGAGACA
[Xenop GGGGCTTCTATTTCAGCAGGAATAATGGCCGCTCCAACCGCAG
us GGCTAACAGGGGGATTGTGGAAGAATGTTGCTTCCGGAGCTGT
tropicali GATTTGGAACTGTTGGAAACGTACTGCGCAAAGCCAGCTAAG
s] AACGAGAGGGATGTCTCCACTGCACCCTCCACAGCAATACCAC

CACTGAACAAGCAGGACCTGTACCACAAACATCACCACACAA
AGAGCTCCAAGTATGACATTTGGCAGAGGAAGTCTATCCATCG
GCTGCGGAGAGGAGTCCCTGCCATTGTACGTGCTAGGCAGTAT
CGATTGCTAATGCAGCAGGCTGAAGAATCAGAGCAGGCACTA
TCACATCGGCCCCTTACCACCTTACCCATAACGCGGCCTCTCC
ATCTGCAACAAACCTCAGAACCTTCCCTCAATTGA (SEQ ID
NO: 23)

GLUL Chicken NM_205493.1 ATGGCCACCTCGGCGAGCTCCCACCTGAGCAAAGCCATCAAGC
[Gallus ACATGTACATGAAGCTGCCGCAGGGTGAGAAGGTCCAAGCCA
gallus] TGTACATCTGGATCGACGGGACTGGGGAGCACCTCCGCTGCAA

AACCCGCACTCTGGACCACGAACCCAAGAGCCTGGAAGATCT
CCCCGAGTGGAACTTTGATGGCTCCAGCACCTTCCAAGCCGAA
GGCTCCAACAGCGACATGTACCTGCGACCTGCTGCCATGTTCC
GGGACCCTTTTCGCAAGGATCCCAACAAATTAGTTCTCTGTGA
GGTCTTCAAATACAACCGCCAGTCTGCAGACACAAATCTTCGG
CACACCTGTAGGCGGATTATGGATATGGTGTCCAACCAGCACC
CCTGGTTTGGGATGGAGCAGGAGTACACCCTTCTGGGAACAGA
TGGTCATCCGTTTGGCTGGCCTTCCAATTGCTTCCCTGGACCCC
AAGGTCCGTACTACTGCGGTGTAGGAGCTGACAAAGCCTATGG
CAGAGACATTGTGGAGGCCCACTACCGAGCGTGCCTGTATGCT
GGTGTGAAAATTGGAGGAACCAACGCAGAAGTGATGCCAGCC
CAGTGGGAGTTCCAGGTGGGACCGTGCGAAGGGATTGAGATG
GGGGATCACCTCTGGATAGCACGTTTCATCCTCCACCGGGTGT
GCGAAGACTTTGGTGTCATTGTGTCCTTCGATCCCAAACCCAT
CCCTGGGAACTGGAACGGTGCTGGCTGTCACACCAACTTCAGC
ACCAAGAACATGAGGGAAGATGGAGGTCTCAAGCACATCGAG
GAGGCCATCGAGAAGCTGAGCAAGCGCCACCAGTACCACATC
CGTGCCTACGACCCCAAAGGAGGGCTGGACAACGCCCGGCGC
CTGACGGGCTTCCACGAGACGTCCAGCATCCACGAGTTCTCCG
CCGGCGTGGCCAACCGCGGCGCCAGCATCCGCATCCCACGCA
ACGTGGGCCATGAGAAGAAAGGCTACTTCGAGGACCGCGGGC
CTTCAGCCAACTGCGATCCCTACGCCGTGACGGAGGCCCTGGT
CCGTACGTGTCTCCTCAACGAAACCGGGGACGAGCCTTTTGAG
TACAAGAACTAa (SEQ ID NO: 24)

IGF2 Chicken NM_001030342. ATGTGTGCTGCCAGGCAGATACTGCTGCTACTGCTGGCCTTCC
[Gallus TGGCCTATGCGTTGGATTCAGCTGCGGCGTATGGCACGGCGGA
gallus] GACCCTCTGCGGTGGGGAGCTGGTGGACACACTGCAGTTCGTC

TGTGGGGACAGGGGCTTCTACTTCAGTAGACCAGTGGGACGA
AATAACAGGAGGATCAACCGTGGCATTGTGGAGGAGTGCTGC
TTTCGGAGCTGTGACCTGGCTCTGCTGGAAACCTACTGTGCCA
AGTCCGTCAAGTCAGAGCGTGACCTCTCCGCCACCTCCCTCGC
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GGGCCTCCCAGCCCTCAACAAGGAGAGCTTCCAGAAGCCATCT
CATGCCAAGTACTCCAAGTACAACGTGTGGCAGAAGAAGAGC
TCGCAGCGGCTGCAGCGGGAGGTGCCAGGCATCCTGCGTGCCC
GTCGGTACCGGTGGCAGGCGGAGGGGCTGCAAGCAGCTGAGG
AAGCCAGGGCGATGCATCGTCCCCTCATCTCCTTGCCCAGTCA
GCGGCCCCCAGCGCCGCGGGCATCCCCTGAAGCGACCGGCCC
CCAGGAATGA (SEQ ID NO: 25)

TERT Cow NM 001046242. ATGCCGCGCGCGCCCAGGTGCCGGGCCGTGCGCGCCCTTCTGC
[Bos . 1 GGGCCAGCTACCGGCAGGTGCTGCCCCTGGCCGCCTTCGTACG
taurus] GCGCCTGCGGCCCCAGGGCCACCGGCTTGTGCGGCGCGGGGA

CCCGGCGGCCTTCCGCGCGCTGGTGGCTCAGTGCTTGGTGTGC
GTGCCCTGGGACGCGCAGCCGCCCCCTGCCGCCCCGTCCTTCC
GCCAGGTGTCCTGCCTGAAGGAGCTGGTGGCCAGAGTCGTGCA
GAGGCTCTGCGAGCGCGGCGCGAGGAACGTGCTGGCCTTCGG
CTTCACGCTGCTGGCCGGGGCCCGCGGCGGGCCGCCCGTGGCC
TTCACGACCAGCGTACGCAGCTACCTGCCCAACACGGTAACCG
ACACGCTGCGCGGCAGCGGCGCCTGGGGGCTGCTGCTGCACC
GCGTGGGCGACGACGTGCTCACCCACCTGCTGTCGCGCTGCGC
GCTCTACCTGCTGGTGCCCCCGACCTGCGCCTACCAGGTGTGT
GGGCCGCCGCTCTATGACCTCCGCGCCGCCGCCGCCGCCGCTC
GTCGGCCCACGCGGCAAGTGGGCGGGACCCGGGCGGGCTTCG
GACTCCCGCGCCCGGCCTCGTCGAACGGCGGCCACGGGGAGG
CCGAAGGACTCCTGGAGGCGCGGGCCCAGGGCGCGAGGCGGC
GTCGCAGTAGCGCGCGGGGACGACTGCCTCCAGCCAAGAGGC
CCAGGCGCGGCCTGGAGCCCGGGCGGGATCTCGAAGGGCAGG
TGGCCCGCAGCCCGCCCCGCGTGGTGACACCTACCCGAGACGC
TGCGGAAGCCAAGTCTCGGAAGGGCGACGTGCCCGGGCCCTG
CCGCCTCTTCCCGGGCGGCGAGCGGGGTGTCGGCTCCGCGTCC
TGGCGGCTGTCACCCTCGGAGGGCGAGCCGGGTGCCGGAGCTT
GCGCTGAGACCAAGAGGTTCCTTTACTGCTCCGGCGGTGGCGA
ACAGCTGCGCCGCTCCTTCCTGCTCTGCTCCCTGCCTCCCAGCC
TGGCCGGGGCGCGGACACTCGTGGAAACCATCTTTCTGGACTC
GAAGCCCGGGCCGCCAGGGGCTCCCCGCCGGCCGCGCCGCCT
GCCCGCGCGCTACTGGCAGATGCGGCCCCTGTTCCGGAAACTG
CTTGGGAACCACGCGCGGAGCCCCTATGGCGCGCTGCTCAGGG
CGCACTGCCCGCTGCCGGCCTCTGCGCCCCGGGCGGGGCCAGA
CCATCAGAAGTGCCCTGGTGTTGGGGGCTGCCCCTCTGAGAGG
CCGGCCGCTGCCCCCGAGGGCGAGGCGAACTCAGGGCGCCTG
GTCCAGCTGCTCCGCCAGCACAGCAGCCCCTGGCAGGTGTACG
GGCTCCTGCGGGCCTGTCTTCGCCGCCTGGTGCCCGCCGGCCT
CTGGGGCTCCCGGCACAACGAGCGGCGCTTCCTGCGGAACGTG
AAGAAGCTCCTCTCCCTGGGGAAGCACGGCAGGCTCTCGCAGC
AGGAGCTCACGTGGAAGATGAAGGTGCAGGACTGCGCCTGGC
TGCGCGCGAGCCCAGGGGCTCGCTGCGTGCCCGCCGCGGAGC
ACCGCCAGCGCGAGGCCGTCCTGGGTCGCTTCCTGCACTGGCT
GATGGGCGCCTACGTGGTGGAGCTGCTCAGGAGCTTCTTCTAC
GTCACAGAGACCACGTTCCAGAAGAACCGGCTCTTCTTCTTCC
GGAAGCGCATCTGGAGCCAGCTGCAGCGCCTGGGCGTCAGAC
AACACTTAGACCGTGTGCGGCTTCGAGAACTGTCAGAAGCAG
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AGGTCAGGCAGCACCAGGAGGCCAGGCCGGCTCTGCTGACAT
CCAGGCTCCGTTTCGTCCCCAAGCCCGGCGGGCTGCGGCCCAT
CGTGAACGTGGGCTGTGTTGAGGGCGCCCCGGCACCGCCCAG
AGACAAGAAGGTGCAGCATCTCAGCTCACGGGTCAAGACGCT
GTTCGCGGTGCTGAACTACGAGCGAGCTCGGCGGCCTGGCCTC
CTGGGGGCCTCGGTGCTGGGCATGGACGACATCCACAGGGCCT
GGCGGGCCTTCGTGCTGCCCCTGAGGGCCCGGGGCCCAGCCCC
CCCGCTCTACTTCGTCAAGGTGGACGTGGTGGGGGCCTACGAT
GCCCTCCCCCAGGATAAGCTGGCAGAGGTGATCGCTAACGTGC
TGCAGCCGCAGGAGAATACGTACTGCGTGCGCCACTGCGCCAT
GGTCCGGACTGCGCGCGGGCGCATGCGCAAGTCCTTCAAGAG
ACACGTGTCCACCTTCTCGGACTTCCAGCCGTACCTGAGGCAG
CTCGTGGAGCATCTGCAGGCGATGGGCTCCCTGAGGGACGCCG
TGGTCATCGAGCAGAGCTGCTCCCTGAACGAGCCTGGCAGCAG
CCTCTTCAACCTCTTCCTGCACCTGGTCCGCAGCCACGTCATCA
GGATCGGGGGCAGGTCCTACATCCAGTGTCAGGGGATCCCCCA
GGGCTCCATCCTGTCCACCCTGCTCTGCAGCTTCTGCTATGGGG
ACATGGAGAACAAGCTCTTCCCTGGAGTCCAGCAGGACGGGG
TGCTTCTGCGCCTGGTGGACGACTTCCTGCTGGTCACCCCACA
CCTGACGCGGGCCAGAGACTTCCTCAGGACGCTGGTGCGCGGT
GTGCCTGAGTATGGCTGCCAGGTGAACCTGCGGAAGACGGTG
GTGAACTTCCCCGTGGAGCCCGGGGCCCTGGGCGGCGCGGCG
CCCCTGCAGCTGCCGGCCCACTGCCTGTTCCCCTGGTGCGGCC
TGCTGCTGGATACCCGCACCCTGGAGGTGCATGGCGACCACTC
CAGTTATGCCCGGACGTCCATCAGAGCGAGTCTCACCTTCACC
CAGGGCTTCAAGCCCGGGAGGAACATGCGTCGCAAGCTGTTG
GCGGTCTTGCAGCTCAAGTGCCATGGGCTCTTCCTGGACCTGC
AGGTGAACAGTCTGCAGACGGTCTTCACAAACGTTTACAAGAT
ATTCCTGCTGCAGGCCTACAGGTTCCACGCCTGCGTGCTGCAG
CTGCCCTTCAGCCAGCCGGTCAGGAGCAGCCCCGCGTTCTTTC
TCCAGGTCATCGCCGACACCGCATCCCGCGGCTACGCCCTCCT
GAAAGCCAGGAACGCAGGGGCGTCACTGGGGGCCAGGGGCGC
CGCCGGCCTGTTCCCGTCTGAAGCTGCGCAGTGGCTGTGTCTC
CACGCCTTCCTGCTCAAGCTGGCTCGCCACCGTGTCACCTACA
GCCGCCTGCTGGGGGCCCTCCGGACAGCCCGAGCACGGCTGC
ACCGGCAGCTCCCGGGGCCCACACGGGCCGCCCTGGAGGCGG
CGGCCGACCCCGCCCTGACCGCAGACTTCAAGACCATCTTGGA
CTGA (SEQ ID NO: 39)

TERT Porcine NM 00124430C) ATGCCGCGCGCGCCCCGGTGCCGGGCCGTGCGCTCCCTGCTCC
[Sus .2 GGGACCGCTACAGGCAGGTGCTGCCGCTGGCCACCTTCGTGCG
scrofa] GCGCCTGGGCCCTGAGGGCCGGCGGCTTGTTCGGCGCGGGGA

CCCGGCGGCCTACCGCGCGCTGGTGGCGCAGTGCCTGGTGTGC
GTGCCCTGGGACGCGCAGCCGCCTCCTGCCTCCCCGTCCTTCC
GCCAGGTGTCCTGCCTGAAGGAGCTGGTGGCCAGGGTCGTGCA
GAGGCTCTGCGAGCGCGGCGCGAGGAACGTGCTGGCCTTTGG
CTTCGCGCTGCTGGACGGGGCTCGCGGCGGGCCGCCCGTGGCC
TTCACGACCAGCGTGCGCAGCTACCTGCCCAACACCGTGACCG
ACACACTGCGCGGGAGCGGCGCGTGGGGGCTGCTGCTGCGCC
GCGTGGGCGACGACGTGCTCACCCACCTGTTGGCGCGCTGCGC



ϋ Species # Sequence

GCTGTACCTGCTGGTGCCCCCGAGTTGCGCCTACCAGGTGTGC
GGGCCGCCACTCTATGACCTCTACACCGCAGCGGAGGCTCGGC
CCATGCGACACAAGGGCCAGACCCCGACTGGCCTCGGACTCA
CGCGCCCCGTTTGCAATGGGGAAGCCGGGCGACCCCAGGAGC
AGAGGGCGCAAGGTGTGAGGCGACGTCGGGGCAGAGCGGGG
GGACATCCACTTCCAGCCAAGAGGCCCAGGCACGTCCCGGAG
CCTGAACAGGGTCCCGAAGGGCAGGCGTCCCGGGCCCACCAG
GGCAGGGCGCCTGGGCCGAGCGACAGCGACCCCCCCGTGATG
ACACCTACCAGAGCCGCTGCGAAAGCCAAGTCTCGGGAGGGT
GAGGCGCCCGGAACCCGGCACCTTTCCCCTCAAGCAGGCGGTG
CGCGGGGTACCTGCCCCCCATCCTGGTGGCAGCCACACCTCCA
GGGCAAGCCCAGTCCTCATGTGTGCGCTGCCGAGACCAAGCGC
TTCCTCTACTGCTCGGGGAGCAAGGAAGGGCTGCGCCGCTCGT
TCCTGCTCTGCTCCCTGCCGCCCAGCCTGGCGGGGGCCGGGAG
GCTCGTGGAGGTCATCTTTCTGGCCTCAAAGCCCGGGCAGCCA
GGGGCGCGCCGCGTGCCCGCACGCTACTGGCGGATGAGGCCC
CTGTTCCGGGAGCTGCTTAAGAACCACGCGCGGTGCCCCTACA
AGGCGCTTCTCAGGGCGCACTGCCCGTTGCGGGCTGCGGCGAC
CCTCTCGGGGTCCGGCGGTCAGGTGTGCGACCACAAAGTGGGC
CCCCTCGCTCCAGAGCGGCTGGCAGCGGCCGCCGAGGGGGAC
TCGGCCTCGAGGCGCCTAGTCCAGCTGCTCCGCCAGCACAGCA
GCCCCTGGCAGGTGTACCGCCTCCTGCGGGCCTGTCTTCACCG
GCTGGTGCCCCCGGGCCTCTGGGGCTCCCCGCACAACAAGCGG
CGCTTTCTGAAGAATGTGAAGAAGCTCGTCTCCCTGGGGAAGC
ACGCCAGGCTCTCGCTGCAGGAGCTGATGTGGAAGATGAAAG
TGCAAGACTGCATCTGGCTGCGCCGGAGCCCGGACGCTCGCCA
TGTCCAGGCCGCCGAGCACCGTCTGAGAGAGGCCATTCTGGCC
AAGTTCCTGCGCTGGTTGATGGGCACGTACGTGGTCGAGCTGC

CCGGCTCTTCTTCTTCCGGAAGCGCATCTGGAGCCGGCTGCAG
AGCGCAGGCATCAGGCAACACTTAGATCGTGTGCGGCTTCGAG
AACTGTCGGAAGCAGAGATCAGGCGACGCCGGGAGGCCAGGC
CCGCTGTACTGACCTCCAAGCTCCGCTTCGTCCCCAAACCCGA
CGGGCTGCGGCCCATCGTGAACATGGCGAACGTCGTGCGAGC
CAGGACAGGCCCCGGAGACAAGAAGGTCCGGCGTCTCACGGG
GCAGGTCAAGACGCTGTTTGCTGTGCTGAACTACGAGCGGGCG
CGGCGCCCGCGCCTCCTGGGGGCCTCCGTGCTGGGCGTGGGTG
ACATCCACAGGGCCTGGCGGGCCTTTGTGCTGCCCCTGCGGGC
CCAGGACCCGGCCCCCCCGCTGTACTTTGTCAAGGTGGACGTG
ACGGGGGCCTACGACGCCCTCCCTCAGGACAGGCTGCTGGAG
GTGGTCGCCAACGTGATCCGGCCCCACGAGAGCACGTACTGCG
TGCGCCAGTGCGCCGTGCTCCGGAGGACCGCCCGCGGGCACGT
GCGCAAGTCCTTCCAAACCCACGTGTCCACCTTCGCAGACCTC
CAGCCTTACATGAGACAGTTTGTGGCACACCTGCAGGCAACCG
GCCCGCTGAGGGACGCCGTGGTCATCGAGCAGAGCTGCTCTCT
GAACGAGGCCGGCAGCCGTCTCCTGGAGCTTTTCCTGAGCCTG
CTGCGAAACCACGTCATCCGGATCGGGGGCAGGTCCTACGTCC
AGTGTCAGGGGATCCCACAGGGCTCCATTCTGTCCACGCTGCT
CTGCAGCCTGTGCTACGGGGACATGGAAAACAGACTCTTCCCC
GGGATCCAGCGTGACGGGGTGCTCCTGCGCTTGGTGGACGACT



d ne Species \ ( i l # l)Y\ Sequence

TCCTGCTGGTGACCCCTCACCTGACACGAGCCAAAGCCTTTCT
CAGGACCCTGGTCCGCGGCGTGCCCGAGTACGGCTGCCTGGCC
AACTTGCGGAAGACGGCCGTGAACTTCCCTGTGGAGGACGGC
GCCCGGGGCGGCCCGGCCCCACTGCAGCTGCCGGCACACTGCC
TGTTCCCCTGGTGCGGGCTGCTGCTGGACACCCGCACGCTGGA
GGTGCACTGCGACTATGCCAGTTACGCCCGGACCTCGATCAGA
GCGAGTCTCACCTTCAACCAGGGCTTCAAGCCCGGGAGGAAC
ATGCGCCGCAAGCTCTTGGCGGTCTTGCGGCTAAAGTGCCACG
GGATCCTTCTGGACCTGCAGGTGAACAGTCTTCCGACGGTGCT
CGCCAACGTTTACAAGATCTTCCTGCTGCAGGCCTACAGGTTC
CACGCGTGTGTGCTGCAGCTGCCCTTCCGTCAGCCGCTTGCGA

TGCTGCTACTCGCTCCTGAAAGCCAGAAACGCAGGGATGTCCC
TGGGAGCCAGGGGCGCCTCCGGCCCGTTTCCCTCTGAAGCCGC
AGAGTGGCTCTGCCTCCACGCCTTCCTGCTCAAGCTGGTTCGTC
ACCGCGTTACCTACAGCTGTCTTCTGGGGCCGCTCCGGGCAGC
CAGAGAGCGATTGTGCCAGCGGCTCCCTGGGGCCACACTGGCC
GCCCTCGAGGCCGCCGCCGACCCAGCCCTGACTACAGACTTCC
GGACCATCCTGGACTGA (SEQ ID NO: 40)

TERT Zebrafis NM 00108386i» ATGTCTGGACAGTACTCGACAGATGGCGGATTTAGGCCGGTTT
h . 1 TGGAGATTCTGCGCTCCTTATATCCGGTCGTGCAGACTTTGGA
[Danio GGAGTTCACCGACGGACTGCAATTCCCTGACGGCCGAAAGCC
rerio] GGTTCTGCTGGAGGAAACAGACGGCGCGCGCTTTAAAAAGCT

CCTCAGTGGACTTATTGTATGTGCGTACACGCCGCCGCAGCTG
CGCGTCCCCGCCCAGCTCAGCACCCTGCCGGAGGTCTTGGCGT
TCACTCTGAACCACATTAAACGTAAGAAACTGAGGAACGTCCT
GGGCTTCGGTTATCAATGCAGCGACGTGACGACCAGTTCGGAT
CCCTTCCGTTTCCATGGCGACGTTTCGCAGACGGCTGCCTCCAT
CAGCACCAGCGAGGTCTGGAAGCGTATCAACCAGCGTCTGGG
CACGGAGGTAACGCGGTACCTGCTGCAGGACTGTGCCGTTTTC
ACCACCGTCCCGCCATCGTGTGTTCTGCAGGTGTGCGGAGAAC

CTCAGTAACTCAGATAATGAACGAATCAGCGGCGCGATGCGG
AAATTCCCTGCTGTCCAGAAGACAGTCGCAATTTCCAAAAAGA
GAACAAGAGATAACGAAAAATATATTTCGGTAAAGCGGCGGA
GGGTAAAGGAAACTGTGAATAATAATAACGGAAATTACAGAT
CTCTGTGTTTTGCAATTTCTAAAAAGAGAGCGATAGATAATGA
AGAAAATATTTCGTTAAAGCGACGGAGGATGGAGGAAACTGA
CCAAGTAGCGAAAATACGTAATGAAAATCACGAATCTCAGAG
TTTCGCAATTTCTAAAAAGAGAGCGAGAGATAATGAAGAAAA
TATTTCGTTAAAGCGACAAAGGATGGAGGAAATTGACCAAGT
AGCGAAAATACGTAACGAAAATCATGGATCTCAGAGTTGGAA
ACCAGCAGATCAGCGTCCTCCTCGACCCTCGCAATGTTCAATA
CGCGTTCTGAGCATGCTCTACAATGGGCGGGGCATGAAGAACT
TCCTGCTCAACAGGAAGTTGAAAGGAGTGGGCGGGGCCAGGC
GCATGCAAGGGGAGGATCTTGTCCGCATGATTTTCCTCCAATC
AGAATCCAACGACAGCAAACCGAAAAAACTTCCCAAACGATT
CTTCGCAATGGTGCCGCTATTCAGTCGGCTGTTGCGGCAGCAC
AGGAAGTGTCCGTATCGGCTGTTCCTGCAGAGGAAGTGTGCAG



ϋ Species # Sequence

GAAATCCAGACGTGAAGGATATGGAGTCTCTGCTGAAGTCAC
ACTCGTCTCCATATAGAGTTTATCTGTTCGTCAGGGAGTGTCTG
CGCCATATTATTCCCCACGAGCTCTGGGGCTGCCAGGAAAACC
AGCTCCACTTCCTGTCTAATGTAAAGAACTTCCTGCTTCTGGGG
AAGTTTGAGCGCCTCACGCTGGTCCAGCTGATGTGGAGGATGA
AGGTTCAGGCCTGCCATTGGCTGGGGCCCAAGAAACGTCAGTG
TGCGAGCGAGCACCGCTACCGTGAGTGGATGTTGGGTCAGTGT
ATGGGCTGGATGTTGAGTGGTTTTGTGGTCGGTCTGGTCAGAG
CTCAGTTCTACATCACGGAGAGTATGGGCCACAAACACACACT
GCGCTTCTACAGGGGAGATGTCTGGAGCAGACTGCAGGACCA
GGCCTTCAGGGCTCATCTGTGTAAGGGCCAGTGGAGGCCCCTG
TCTCCATCCCAGGCGCTGAAGGTCCCCAATAGTGCAGTGACAT
CCCGCATCCGCTTTATTCCCAAAACCAGCAGCATGAGGCCCAT
CACACGCCTCAGCGGCAGCAGAGACACACTGCAGTATTTTCAG
AGCTGTGTGCGTGTGCTGCAGAATGTGTTGAGTGTGTGTGTGC
GTGAGGCCCCGGGGCCCATGGGCTCCACCGTCTGGGGTTGGCA
GGACATTCACAGACGCCTGCAAGACTTCAGCCCTCAGCAGAA
GAGCTCGCCACGACCGCTCTACTTCGTCAAGGTGGATGTGAGC
GGAGCGTATGACAGTCTCCCGCACCTGAAGCTGGTGGAGGTGC
TGAAGGAAGTGTTGGGTCCGTTTGCAGAGCAGAGCTTCTTCCT
GCGTCAGTACAGCAGTGTGTGGAGCGACCCGACCCGCGGCCT
GCGCAAACGCTTCTGCACCAAAGCTGAGATGTCAGAGCCGCTC
AACATGAAGGGGTTTGTTGTGGATGAACAGGTCAGCGGGCGC
CTGCATGACGCTATATTAGTGGAGCGGCACTCGTCTGAGGTCA
GAGGTGGAGACGTCTTCCAGTTCTTCCAGAAGATGCTCTGCAG
TTACGTCATCCATTACGACCAGCAGATGTTCCGGCAGGTGTGT
GGGATCCCGCAGGGCTCTTCAGTGTCTTCTCTGCTGTGTAATCT
GTGTTACGGACACATGGAGAAAGCCCTGCTGAAGGACATCGC

ATTACTCCTCATCTGAGTAAAGCCACAGAGTTCCTGACCACTC
TTCTGTCTGGAGTTCCAGATTACGGTTGCCAGATTAACCCTCA
GAAGGTGGCGGTGAACTTCCCCGTGTGTGTGTCCTGGGTAAAC
TCGGGCGTCTCTGTGCTGCCGTCCAGCTGCCTGTTCCCCTGGTG
CGGCTTGATGATACACACACACACGCTGGACGTCTATAAAGAC
TACTCACGGTATGACGGCCTATCACTGCGCTACAGCCTGACTC
TTGGCTCCGCCCACTCTCCATCTACAGTCATGAAGAAGCTGCT
GTCGGTGCTCAGCATCAAAAGCACGGACATCTTCTTAGACCTC
AGGCTGAACTCTGTGGAGGCCGTTTACAGGAGTCTGTATAAGC
TGATTCTGCTGCAGGCGCTCAGGTTTCATGCGTGCGTGAGGAG
TCTGCCGTTGGGTCAGAGTGTGAACAGAAACCCGTCGTTCTTC
CTGAAGATGATCTGGAGAATGACTCGAGTCACCAATAAACTCC
TCACACACATTAACAAAGGTCTGCCTGTGTGTTCTGTGGACAG
TGGTGGTGTTCTGCAGTCTGAGGCGGTTCAGCTTTTATTCTGTT
TGGCCTTCGAGACGCTTTTCAGACGGTTTCGCTCGGTTTACCAC
TGCCTGATCCCTGCACTGCACAAACGGAAGCGTGCTCTTCAGC
GTGAGCTCTGCGGGATCACTCTGGCTCGGGTCCGTCAAGCTTC
CTCTCCCAGAATCCCCCTGGATTTCAGCATGCGGGTGTAA
(SEQ ID NO: 41)



ϋ Species # Sequence

TERT Tilapia XM_003458511 ATGACGCGGGCCCTTAAAAGGTCAAACATAGCTAAATCCCAGT
[Oreoch .4 GTAAAGTAGCTAACCTCCGTCCAAGTGCTCCGAACACAGTCGG
romis TATGTCTGCGACTGATATGTCCGGTGTGCTGGATATCCTTCGGT
niloticu TACTGTACCGGCACACGCAGACACTGGAGGAGTTTTCGGACAG
s] CATCGTGTTCAGAGAAGGACAGAAAGCAGCTCTCATTGAGCA

GTGTGCTTTGACAAGGAGCTACAGCAGGTAGCGAGCTGTAAA
CAGATCTGCAGTCTGCCTGAACTACTGGCGTTTGTTCTCAACA
CTCTAAAAAGAAAAAGAAAAAGGAATGTCTTGGCACATGGCT
ATAACTTTCAGACCCTGGCTCAGGAGGATCGGGATGCAGACTT
CCTCAAATTCCAAGGCGACGTAACACAGAGTGCTGCCTACATC
CACGGCAGTGACCTGTGGAAAAAAGTCACAATGCGTCTGGGC
ACAGACATCACGCAATATCTTCTGGAGAGCTGCTCTGTGTTTG
TGGCAGTTCCTCCTTCGTGTGTTTTCCAGGTGTGCGGCCCTCCA
GTCTATGACAGGGTGTCCATGACCATGGCCTCGAGTGGGTTTT
TTCTCCAGCCTGGAGTCAGGAAACATAATCGTACCAAGATTGA
GAGCTGTCGAGGGTCAGTGAGTTTGAAACAGAAACGCACAGT
TGTGAATCCTGCTGCAAGCAAGAAGATGAAAAGAAGGAATAA
AGGAGGGAAAAAAGGGAAAAGAAAACGGGAAACTGGTGAAG
AGGAGGAGGTGGCGGTTTGTTCAAGAAAGAGGCGGCGAGTAG
CGTCTATAGAACATCAACAGGCGATCCAACCAGTTGGCTCTGA
AAAGGAAGGACAGGTTGTGCCTGTGGAATCAGCACCGCCTGC
AGCTTTCAAACAGCCTGTTGAAATGCCAACATTGGAGGGCGGT
CCTAGTTGGAGATCAGGGATTTTCCCCCCTTTACCACCCTCGCA
ATGTTTTATCCGCACCCTGGGATTCCTGTATGGGGGCAGGGGC
ATGCGTGGCTTTCTTCTTAACAGGAGGAAGAAGACTGCTCATG
GATCCAGAAGGCTTCAAGGACAAGATCTGGTAAGAATAGTCTT
CTTCGAGGGACTAGCGTATTTGAATGGAGTAGAGAGGAAGCC
TAAAAAACTCCCCCAGAGGTTCTTTGGCATGGTCCCCCTGTTT
AGGCAGCTCTTACAACAACACAGGAGCTGTTCCTACACCAAAA
TACTACAGAGGTTATGTCCATCAATAGAGGAGAGCAATGCAG
GACAGGGAGAACTAAACTCACTCTTACCTCAGCACTGTGCACC
GCACAGGGTTTACCTGTTTGTCCGGGAATGCCTCTCTTCTGTGA
TCCCGCAAGAACTGTGGGGCTCTGATCAAAACCGGCTGCATTT
CTTTGCCAGGGTCAGGACTTTCTTGCGAAGTGGCAAGTTTGAG
AGGCTCTCACTGGCTGAACTGATGTGGAAGATAAAGGTGAAT
GACTGTGATTGGTTGAAGAGGAGTAAAACAGGCTGTTTTCCAC
CCAGCGAGCTTGCGTATCGGACACAGGTCCTGGGTCAGTTCTT
GGCTTGGCTTCTGGATGGATATGTTACAGGCCTTGTGAGAGCC
TGTTTCTATGCAACAGAGAGTATTGGGCAAAAAAACGCCATCA
GGTTCTACAGGCAGGAAGTCTGGGCCAAACTGCAAGACTTGG
CCTTCAGAGGTCACCTTTCCAAAGGCCAGATGGAAGAGCTGAC
TCCAGCTCAGGTGGCATCCCTGCCCAAAGGCACCGTCATCTCC
CGCCTTCGCTTTATTCCCAAGACTGATGGCATGAGGCCCATCA
CACGAGTCATAGGAGCAGATGCCAAAACAAGGCTCTACCGAG
GCCGTGTCAGGGACTTGCTGGATATGCTGCGGGCCTGTGTGCG
TGCCACTCCATCACTGCTGGGGTCCACAGTGTGGGGGATGACT
GACATCCACAAGGTTTTGTGCTCTTTGGCACCAGCGCAGAAGG
AAAAACCACAACCCCTCTATTTTGTTAAGGTGGACGTGAGTGG
AGCCTATGAGAGTTTGCCGCATGACAAACTCATAGAGGTGATT



d ne Species \ ( i l # l)Y\ Sequence

GGCCAAGCCCTGTCACCTGTCCACGATGAACTCTTTACCATCC
GCCGCTATGCCAAGATCTGGGCGGACTCCCACGAAGGCCTGA
AAAAGGCCTTTGTCAGACAGGCAGATTTCCTGGAGGATAACAT
GGGATCCACCAACATGAAGGGCTTTTTGACGTCACTGCAGAGA
AAAGGCAAAGTTCATCACGCCATCCTGGTTGAGCAGCACTTTT
GCTCAGATCTTCATGGCAGAGAGGCATTGCAGTTCTTTACCCA
AATGCTAACTGGCAGTGTTGTTCAGTATGGGAAAAAGACGTAC
CGTCAGTGCCGGGGGATTCCTCAGGGATCGGTTGTGTCTAGTC
TGCTCTGCTGCCTTTGCTACGGCCACATGGAGAATCTCCTGTTT
AAAGATATTCCTGGACACAAAGGGTGTTTGATGAGACTGGTGG
ATGACTTCCTTCTGATCACACCAGACCAACATGAAGCACAAGC
TTTTCTCAAGATCTTGCTGGCCGGAGTGCCACAGTATGGTCTG
GCGGTCAACCCGCAGAAGGTGGTTTTGAACTTTCAGGTATCGG
GAAGCGTGGCCTCCTGTCCCGACATTCGCATCCTGCCCCCTCA
CTGCCTCTTCCCCTGGTGTGGACTGCTGCTGGACACCCACAAG
CTGGACGTCTATAAAGACTATTCCAGCTATGCTGGACTGTCTC
TGCGCTACAGCCTTACTCTGGGTTCATCCCACTCTGCAGGACA
GCAGATGAAAAGGAAACTAATGGCTATCCTCAGGCTCAAGTG
TCATGCCCTGTTCTTCGACTTGAAGACTAATTCTCTTGAAGCGG
TCTACAAGAACATCTACAAGCTGGTGCTGCTGCATGCGTGCAG
GTTTCATGTCTGTGCCCAAAGCTTGCCCTTTGGTCAGACCGTTT
CCAAGAACCCCGTCTTCTTTCTGCAGTTGATATGGGAGATGGC
CCAGTACTGCAACAAGCTCATCAGACGCAGCAACAAAGGACT
GATTTTAGGTGATAAGGCCCAGACGGGGATCGTGCAGTACGA
AGCAGTGGAGCTGCTTTTCTGTCTGTGCTTCTTGCTGGTGCTGT
CACAACATCGTCTTCTCTATAAAGATCTGCTCGCACACTTGCA
CAAGCGAAAGCGCAGTCTGGAGCGGCGTCTGGGGGACCTGAG
GCTGGCCAGGGTGCGGCAGGCTGCTAGCCCCAGGACTCCAGTC
GACTTCTTGGCCATTCAGACATAA (SEQ ID NO: 42)

TERT Rainbo XM 02155975* ATGCCCAGTGGCGATATGACACGTGTGCTCGGCATACTCGGCT
w trout . 1 CTCTGTATCGGCACGTCGAGACCCTGGAGGAGTTTGCAGACCA
[Oncorh TATTGTATTCAGAGAGGGACAGAGAGCGGTGCTCATCGAACC
ynchus GACAGATACAACGCGCTTCATATCGTTTGTCCGGGGAGTGTTG
mykiss] GTCTGCACGGATAAAACCCTACAGGACGTCCCCAGCTGCAATC

AGATCAGCACCGTGCCTGAGCTGTTGGCGTTCGTGTTGAACAA
CATCAAGAGGAAAAAGAAAAGGAATGTCCTGGCGCACGGTTA
CGGTTACACGTTCCAGGACCGCGACGCAGACCAGTTTAAGTTT
CATGGCGAGATCACTCAGAGTGCCATGTACATCCACTGCAGCG
ACTTATGGAAGAGGGCCTGCCAGCGCCTCGGCACGGACATCTC
CAAGTACCTCCTGGAGAGCTGTTCTTTGTTCGTGACGGTGCCG
CCGTCGTCCGCGTTCCAGGTGTGCGGCGTGCCTGTGTACGACC
GCGTTTCCATGTCAACGGGTATCTCTAGGTTCCACCTGGGATA
CAAACGGAATGGTACTACTAGGAACAGCAGAGGGAGAAGTAA
GGAGGTCAGAAATGGGGGATGGGAATTTCAGGGTTCTGCTGG
GAGAAATAGGAGAAAGGATGGAGGTAGAGACACTGGGAAAA
GGAAGGGAGACGAGGTCAGTTTGGGAGGGAAGAGGAAGAGG
GAGAGGGAGGAGGTGGAAGGAGATGTGTGTTTGCCTGGAAAA
AGGAGATGCACTCAAAGAGAAGCTCCCACAGTCTCCAGTGGG
ACTAGCGATCGTAAGCACAGAACACTGGAAACAAATGGGGTC



ϋ Species # Sequence

AAGAGACCAGTGGAGGTCATTTCTCTCACCAAGGGACCCACAC
AGAGCCTACAGGTTTTCAATGGTTCTAGCAATGTGGAACAGGT
GTCAGCAGAAATGGAACGTCTCAGGAAGCCAGTGGAGAAACT
GGCTGGACCCGGAAGACCATTGGAGGCTGTGATGGTCACCAT
AGCACCCGCTGAGAGCTCTAAACAGGTCTCCAACGGCACAGG
TAATATCGAGCAGATGTCAATGAAAACAGGACATAGAAGGCC
AGCGGCTGTAGTCCCAAGACCAGTAGAAGAACAGTCTGGACC
TGTATCGGCCACCGTCCATGTAGAGGGGGGCCCTAGTTGGAGA
ACAGGGTCGTTCCCACCGCTTCCCCACTCCCAGTGTTTCATCCG
CACCCTGGGCATGCTCTACGGAGGGCGGGGCATGCGCCGCTTC
CTACTAAACAGGAAGAGGAAAAGTAGGGACGAGGGGCCCAG
GCGTCTGCAGGGGCGAGACTTAGTGAGACTGGTCTTCTTTGAA
GGCGTGGCCTATCTGAACGGAACAGAAAGGAAGCCTGAGAGA

GTTACGTCGACACAGGAGGTGTCCCTATTCTAAGATACTGCAG
AGGGTTTGTCCAGCAGTGGGACAGGGGGATATGGCCTCCCTCC
TGCCCCAGCACAGTGCACCTCACCGGGTGTACCTCTTTGTCAG
AGAGTGCCTCAACGCGGTGGTCCCCTCGGAGTTCTGGGGGTCG
GACCATAACCGATTCAAATTCCTGTCCGCAGTCAGGAACTTCC
TGTCCATGGGCAAGTTTGAGAGGATGTCATTGGCTGAGCTGAT
GTGGAAGATGAAGGTGAATGACTGTGATTGGCTGAAGATCAG
CAAGACAGGCCGCTGCCCGCCCAGTGAGCTGTCGTATCGGACG
CGGGTGCTAGGCCAGCTCCTGGCTTGGCTGCTGGATGGCTATG
TGCTAGGCCTGGTGAGAGCTATGTTCTACGTCACAGAGAGCAT
GGGACAGAAGAACGCACTGCGCTTCTACAGATACCAGGTCTG
GGCCAAGCTGCAGGAGCTGGCTTTCAGTGGTCACCTCTCTAAA
GGTCAGATGTCAGAGTTGACCCTGGCCCAGGTGACGTCGCTCC
CCAAAACCACTGTCCCCTCCCGCCTCCGCTTCATCCCCAAGAC
CGAAGGGATGAGACCCATCACACGGGTCATAGGGGCTGACGC
CAAAACAAGGTTGTTCCAGACCCGTGTGAAGGAGCTGTTAGAT
GTGCTAGGTGTCTGTGTACGGTCCTCTCCCTCTCTCCTGGGCTC
TACAGTGTGGGGGTTGACCGACATCCACAGAGTCCTCTCTTCC
ATCACCCCTGCTCAGAAAGACAAACCACAGCGGCTCTACTTTG
TCAAGGTGGATGTGAGTGGGGCCTATGACAGTCTACCCCACAC
TCAGCTCTTGGAGGTGATTGGTCAGGTCCTGTCACATGTGCAG
CAAGAGCTTTTCTCGGTGCGACGCTATGCCAAGGTGTGGGCCG
ACACCCACGAGGGCCTCAAGAAGACCTTTGTCAGACAGGCAG
ACTTCACGGAAGACACTGTGTCGTCCACCAACATGAAAGGCTT
TGTGATGTCACTGCAGAGAGAGGGCAAAGTTCACGATGCCAT
ACTGGTGGAGCAGCATTTCTCCACAGATATTCATGGCAAAGAC
GTCTTGGAGTTCTTCACCCAGATGCTCTCTAGCTGTGTTGTCCA
GTTTGGGAAGAAATCGTTCCGTCAGTGTCAGGGGATTCCTCAG
GGTTCCGCGGTGTCGTCTCTGCTGTGCTGCCTCTGTTACGGCCA
CATGGAGAACCTTCTGTTTCCTAACGTCAGTCGGCGAGGAGGG
TGTCTGATGAGACTGGTTGACGATTTCCTCCTCATCACTCCTGA
CCTGAGCCAGGCACAGACCTTCCTCAAGACCCTGATGGCGGGG
GTACCACGGTACGGGTGTGTGGTGAACCCCCAGAAGGTGGCT
GTTAACTTCCCTTTGGGTGAGTGGGGGTCCTGTCCTGCTGGGG
TACGCCTGCTGCCTTTACACTGTCTGTTCCCCTGGTGTGGACTA
TTGCTGAATACACACACCCTGGACGTCCACAACAACTACGCCA



d ne Species \ ( i l # l)Y\ Sequence

GCTACGCTGGCCTATCCCTGCGCTACAGCCTGACGCTAGGCTC
CGCCCACTGCGCGGGGCAGCAAATGAAGAGGAAGCTCATGTC
CATCCTTAGATTCAAGTGCCACGCCCTCTTCCTGGACCTCAAA
ACCAACTCCCTGGAGGCTGTCTATAGCAACGTCTACAAGTTAG
TGTTGCTGCAGGCGTTCAGGTTCCATGCCTGTGCACAGAGTTT
GCCGTTTGGTCAGAAAGTGGGCGGAAACCACTCGTACTTCCTC
AATCTGATCTGGGACTTGGCGGAGTACACCAACCATCTAGTCA
GACTCTGCAACAAAGGTGTGTCTCTAGGCTGTAAGGCTTTAAC
AGGTAGCCTTCAGTATGAGGCAGTAGAACTGATATACTGTCTG
GCCTTCCTGTTGGTTCTGTCCCGTCATCGCCCCCTCTACTACCA
TCTCCTCGCTCCGCTACGCACACGTAAGAGGAAGCTGGAGGGG
AAGCTGGAGGGTTTGAGATTGGCCCGAATCAGACAGGCTGCC
ACACCCAAAATGCCTGAAGACTTCAAGGCCATCCAGGCCTAG
(SEQ ID NO: 43)

TERT Tropical XM 018094976» ATGACTCTGTGTACCGGAGGAGCTGAACTACTGAGCATTTTGC
clawed . 1 ACAGCCTTTATGGCCAGGTCCTTGGGATTGTGGAATATATCGA
frog CTCACTGCATGTTCCCGGCGGCATTAAGGTGCCTGTGCTGCGA
[Xenop GAGGGAGACCCGGAGAAGTTCAAGTCATTTGTTGCGGAACTG
us ATGCTGTGCATTCCAAGAGGAACAAAGTCGCTTCCGTCCCCTG
tropicali TCTCCTTTCTTCAGCTATCAACTCAGAGAGAAGTAGTGGCGCG
s] AGTAATTCAGCGGATTTGTGAAAAGAAAAGAAAAAATGTTCTT

GCTTTTGGTTATGGCTTAGTTGATGAAAAAAGCTCTCTGAATA
TTCGATTGACTCCAAATATTTGCAGTTATTTTCCTAATTCCACA
ACAACAACAATCAGCACAAGTATTCTTTGGGAAACTCTGCTTA
CTAGAGTAGGTGATGATGTTATGATGTATTGGCTGGAACAATG
CTCAGTTTTTGTATTTGTGCCACCTAGTTGTTGTTATCAAATCA
GTGGGCAGCCAATCTACACTTTACCCTATGATAGTATGTGTTC
ATTTCGATCTCAGTCATTTATGCATAGCAATGTTTTGTTGCAGT
ACATTAAAAGAAATGCCTTTTTCTTGCGGAAAAAATATCTGAA
GCCAAAAAAGTGGTGGAAAACGGTGTTAAACAGCAAAGTAGA
AAAACATTCAAAGACTTCTCAAATGCTAACATGGCAAAATAA
AAAGTCCACATCAGCATTGCCTATTTGTAGTGAGTCATCTATG
AAAGTTACCACAAAAATACATTCCAAAAGGAAGATGTGTACT
ACAGATATTTGTGACATTCCAACTAAGAAACGCAGAGTCAACT
TGGACAAAGATGATAAAATGGACCACGTTTCCTTTACGTCTGC
ATGTCTTTCTTCCTTCTCAAATGTGTGCCCTGAAGCTAAAGTAC
AAGCAACGGAATTTATTACCTCAAGATATGGAAAAAAAACAA
AAATTCAATGTCCAAAATCGACTTCATACTCAGTTGATGGTGA
ATTTAATGTAACTCTTCAAAATAATGCTAATACGTTTATTACCA
ATGCTTCTGTCCCTACAATACAAAGCAAAACTTCATTTTCAAA

TCAAGAAGGGCTTCTCTGAAAGTTTTATACTTAACAGTTTAGA
CTGTACCCCTTCTGGGAGCCAAAAATTAGTGGAAACCATATTT

GGGATGAAAACTTTAGATCTAAACTTCCCAAACGTTATTGGAG
AATGAGAAAATATTTCCAAGAATTAATACAGAACCATAAGAA
TTTCCCTTATCTGGTATATTTGAATAAACACTGCCCTGTTAGGC
CTTCAATGGCTTGTTCACACAAACTGGCGTTGCAGAAAAAGAA
TAAATGTAAAATGGATAAATCAATTTGTGACTTAAGTAATACC



ϋ Species # l)Y\ Sequence

TCAGTTATGAAAAACAAAATTGTAAATGATGAAAAGCCGCTA

AACACAGCAGCAGTTGGCAAGTGTACATGTTTGTTAGAGAATG
TTTAAATAGTTTAGTGCCTGATTTCATATGGGGCTCCAGTCACA
ACAAGTGCCGTTTCCTTAGAAATGTAAAATCTTTTCTTTTTTTT
TCTGGCAAATTTGGCAAGGTCTCTTTATTAGAGCTTATGTGGA
AGATGAAAGTAGAAGACTGCTCTTGGATTCGTCTACGAAAAA
GTGATCACTTTGTTCCTGCTTCAGAACACTTGCTACGAGAGAG
AATCCTTGCCAAATTTATCTTTTGGCTAATGGACACCTATGTCA

CAGAAGAATAGACTTTTGTTCTACAGAAAAAGAATTTGGAAG
AAACTTCAAAATTTAGGTCTAAGAAAACATCTAGAGAAGGTG
AAATTGCGTCCATTGTCCTGCGATGAACTAGAAAAGATGCAAC
AATGGAAAAACATTCCACTGGTTTCCAGGCTCAGATTCATACC
AAAAACAAATGGACTACGTCCAATATCTAGAGTATCCAGTACT
TTGGGTAGCCAACAAAGCAAAGAAAACCAAGAGAAGAAGATT

CTATGAATGGAATAGAAATTGCAGCCTAATTGGCTCATCTGTT
TTTGGCATGGATGATATATACAAACAGTGGAAAAAATTTGTGC
TAGATTTTGAAAAATCGAGAGCTGAAAAAGGCAAATTTTACTT
TGTGAAGACAGATGTTAAGGGAGCATATGATACCATTCCACAT
TCAAAGCTCGATGAAGTGATCTTAAAAGTAATTAATCCAAATG
CAAATGAAGTATATTGCATACGACGTTATGCCTCAGTTTCAGT
GGATTCAACTGGACGCATTATAAAATCTTTCAAAAGACATGTA
TCTGCATTAGCAGATGTTCTTCCAAATATGAAACAGTTTGTTTC
AAATCAACAAGAAAAAAACTTGACACGTAACACAATTCTAGT
GGAACAGAGCCTTTTATTGAATGAGAGCTCTGTCAAACTTCTT

AAGATCGATATTACATGCAGTGCTGTGGAATACCACAGGGTTC
AATGTTATCTACAATCCTATGCAGTTTATGCTATGGAGACATG
GAAAATAAACTGTTTGGCGGAATACAGCAAAATGGGGTACTA

CAATATGGGTGCTCCATCAGCCCTCAAAAAACAGTGGTAAACT
TTCCTGTTGATGACATCCCAGCATGCTCTGAGGTGGAACAATT
ACCAGTTCACTGCTTGTTCCGGTGGTGTGGTCTTTTGCTGGACA
CTCAGACTTTGGATGTTTACTATGATTATTCAAGCTATGCCTGT
ACCTCAATCCGATCAAGTATGACATTTTGTCACAGTTCTGCAG
CAGGAAAAAACATGAAACAAAAACTTCTAAGAGTCCTTAAAT
TGAAGTGCCACAGTCTCTTTCTTGATTTACAGGTAAACAGTTTA
AGGACAGTTTTCATCAATACTTATAAGATATTCTTACTTCAAGC
TTACAGATTCCATGCTTGTGTTGTTCAGCTTCCATTTGGCCAGC

ATGGCACCTTGCTTTTACACTACTTTTAAGTCCAAAAACAAAG
ATGTCACACGTGGGTACAAGGATGTGAGCTGCCAGTTTAACTT
TGAAGCAGTCCAGTGGCTCAGTTATCAAGCTTTTCTTACTAAG
CTTCGCAATCACAAAATATTATACAAATGTCTTATTGGGCCAC
TGCAGAACTGTAAAATGCAGTTATCTAGAAGACTTTCGCAGTA
TACTATTGATCTTCTAAAAGCTGTCACAGATTCTTCCCTTCACA
AAGACTTTTCATGTATAATGGATTAG(SEQ ID NO: 44)



ϋ Species # Sequence

TERT Chicken NM_00 103 1007 ATGGAGCGCGGGGCTCAGCCGGGAGTCGGCGTGCGGCGGCTC
[Gallus . 1 CGCAATGTAGCGCGGGAGGAGCCCTTCGCCGCGGTCCTGGGC
gallus] GCGCTGCGGGGCTGCTACGCCGAGGCCACGCCGCTGGAGGCC

TTCGTCCGGCGGCTGCAGGAGGGTGGCACCGGGGAGGTCGAG
GTGCTGCGAGGCGACGACGCTCAGTGCTACCGGACCTTCGTGT
CGCAGTGCGTGGTGTGCGTCCCCCGCGGTGCTCGCGCCATCCC
CCGGCCCATCTGCTTCCAGCAGTTATCCAGTCAGAGCGAAGTC
ATCACAAGAATCGTTCAGAGGCTGTGTGAAAAGAAAAAGAAG
AACATCCTTGCGTATGGATACTCCTTGCTGGATGAGAACAGTT
GTCACTTCAGAGTTTTGCCATCTTCGTGTATATACAGCTATCTG
TCCAATACTGTAACAGAAACGATTCGCATCAGTGGCCTCTGGG
AGATACTGCTGAGTAGGATAGGGGACGACGTGATGATGTACC
TGCTGGAGCACTGTGCACTCTTCATGCTGGTTCCCCCAAGTAA
CTGTTACCAGGTCTGCGGGCAACCAATTTATGAACTTATTTCG
CGTAACGTAGGGCCATCCCCAGGGTTTGTTAGACGACGGTACT
CAAGGTTTAAACATAATAGCTTGCTTGACTATGTGCGAAAAAG
GCTTGTGTTTCACAGGCACTATCTTTCCAAGTCACAGTGGTGG
AAGTGCAGGCCGAGACGTCGAGGTCGTGTCTCCAGCAGGAGA
AAAAGAAGGAGCCATAGGATACAAAGCCTAAGGTCTGGTTAT
CAGCCTTCTGCAAAAGTGAACTTTCAAGCAGGTAGGCAGATCA
GCACTGTTACTGCACGTCTGGAAAAACAGAGCTGCTCCAGTTT
ATGTTTGCCAGCTAGAGCACCATCTTTAAAAAGGAAGCGTGAT
GGAGAACAGGTTGAAATCACAGCTAAGAGAGTGAAAGTAATG
GAGAAAGAGATAGAGGAACAGGCTTGTAGTATCGTTCCTGAT
GTAAACCAAAGTAGCTCCCAGAGGCATGGAACCTCCTGGCAT
GTAGCACCACGTGCTGTAGGTCTTATTAAAGAACATTACATTT
CTGAAAGAAGTAACAGTGAGATGTCTGGTCCTTCTGTAGTTCG
CAGATCTCACCCTGGGAAGAGGCCTGTGGCAGACAAAAGCTC
TTTTCCACAAGGAGTTCAGGGTAACAAACGCATAAAGACCGGT
GCAGAAAAACGAGCAGAATCCAATAGAAGGGGCATAGAGATG
TATATAAACCCAATCCATAAACCCAATAGAAGGGGCATAGAG
AGGCGTATAAATCCAACCCACAAACCTGAGTTGAATTCTGTAC
AAACTGAACCAATGGAAGGTGCTTCTTCAGGGGACAGAAAGC
AGGAAAATCCCCCAGCTCATTTGGCAAAGCAGTTACCAAATAC
ATTGTCGCGCTCTACAGTGTACTTTGAGAAGAAATTTCTTCTGT
ATTCCCGCAGTTACCAAGAATATTTTCCTAAATCGTTCATACTG
AGCCGCCTGCAGGGTTGTCAGGCAGGTGGAAGGCGGCTTATA
GAAACTATATTCTTAAGCCAAAACCCATTAAAGGAACAGCAG
AACCAAAGCCTACCACAGCAAAAGTGGCGAAAGAAGAGGTTG
CCCAAACGCTACTGGCAAATGAGAGAGATATTTCAGAAGCTG
GTAAAGAACCATGAGAAGTGCCCTTATTTAGTTTTCTTGAGGA
AAAATTGCCCTGTTTTGCTTTCTGAAGCATGTTTGAAAAAGAC
GGAGCTGACCTTGCAGGCGGCTCTGCCTGGGGAAGCAAAGGT
TCACAAGCACACAGAACATGGGAAAGAGTCCACTGAGGGTAC
TGCACCGAACAGCTTCCTCGCTCCTCCCTCAGTGCTAGCGTGT
GGGCAGCCAGAGAGAGGGGAACAGCACCCTGCAGAGGGGAG
TGATCCGCTCCTCAGGGAGCTGCTCAGGCAGCACAGCAGCCAC
TGGCAGGTGTATGGCTTTGTGAGGGAGTGCCTGGAGCGGGTGA
TCCCTGCTGAGCTGTGGGGTTCAAGCCATAACAAATGCCGGTT



d ne Species \ ( i l # l)Y\ Sequence

CTTTAAAAACGTGAAAGCATTCATTTCCATGGGGAAGTATGCT
AAGCTTTCATTGCAGCAGCTGATGTGGAAGATGAGAGTGAATG
ACTGCGTATGGCTTCGTCTGGCCAAAGGTAATCACTCTGTTCCT
GCCTATGAACATTGTTACCGTGAAGAAATTCTGGCAAAATTCC
TATACTGGCTGATGGATTCCTATGTTATCGAGTTGCTCAAATCA

CTACTACCGAAAGTTTATCTGGGGCAAGTTACAGAACATTGGA
ATTAGAGACCATTTTGCCAAAGTACATCTACGTGCCTTGTCTTC
AGAGGAGATGGAAGTGATCCGTCAAAAAAAGTATTTTCCTATT
GCATCAAGGCTCCGGTTCATTCCTAAAATGAATGGTTTAAGAC
CCGTAGTAAGACTAAGCCGTGTTGTTGAAGGACAGAAACTCA
GCAAGGAAAGCAGAGAAAAGAAGATACAGCGCTATAACACTC
AGCTAAAAAATCTATTTAGTGTTTTAAACTATGAACGAACTGT
AAACACCAGTATCATTGGCTCTTCAGTATTCGGGAGAGATGAT

CAGGTGGTGAAATGCCTCATTTCTACTTTGTAAAGGGTGATGT
ATCCAGAGCTTTTGATACCATTCCTCACAAGAAACTTGTGGAA
GTGATATCACAGGTCTTGAAACCTGAGAGCCAAACTGTCTATG
GAATAAGGTGGTATGCAGTGATTATGATTACCCCAACTGGAAA
AGCCAGGAAACTCTATAAGAGACATGTTTCTACTTTCGAGGAT
TTTATTCCAGACATGAAGCAGTTTGTGTCCAAGCTTCAAGAGA
GAACTTCATTACGAAATGCAATAGTAGTTGAACAGTGCTTAAC
TTTTAATGAGAACAGTTCCACCCTGTTTACTTTCTTTCTTCAAA
TGTTACATAATAACATCCTGGAGATTGGGCACAGGTACTATAT
ACAGTGCTCTGGAATCCCACAGGGCTCCATTTTGTCAACCTTA
CTTTGCAGCTTATGCTACGGAGACATGGAAAACAAATTACTCT
GTGGGATCCAGAAGGATGGAGTCCTAATACGTCTTATTGATGA

AAATGCCAAGAAGACTGTGGTGAATTTTCCTGTTGATGATATC
CCGGGATGTTCCAAGTTCAAACATCTGCCAGATTGTCGTTTGA
TCTCATGGTGTGGTTTATTATTGGATGTGCAGACACTTGAGGTT
TATTGTGATTACTCCAGTTATGCCTTTACTTCTATCAGATCAAG
TCTTTCCTTCAATTCAAGTAGAATAGCTGGAAAAAACATGAAA
TGCAAATTGACTGCAGTCCTCAAACTGAAATGCCATCCTTTAC
TTCTTGACTTAAAGATCAACAGCCTTCAGACAGTTCTAATTAA

GTGTTCTTCAGCTTCCATTCAACCAGAAAGTTAGGAATAATCC
TGATTTCTTCCTAAGGATCATCTCTGATACTGCTTCATGCTGCT
ATTTTATCCTGAAAGCTAAAAATCCAGGAGTTTCTTTAGGTAG
CAAAGATGCATCTGGCATGTTCCCTTTTGAGGCAGCAGAATGG
CTGTGCTACCATGCCTTCATTGTCAAACTGTCCAACCACAAAG
TTATTTACAAATGCTTACTTAAGCCCCTTAAAGTCTATAAGATG
CATCTGTTTGGGAAGATCCCAAGGGATACTATGGAACTGCTGA
AGACGGTGACGGAACCATCGCTTTGTCAAGATTTCAAAACTAT
ACTGGACTAA (SEQ ID NO: 45)

TERT Turkey XM 01961387ξ) ATGTCTGGGGCTCGGGGGCTCGTCTGGTGCGACGAGCGAGCGT
[Meleag . 1 GGCTGTTATCCAGTCAGAGCGAAGTCATCACAAGAATCGTTCA
ris GAGACTATGTGAAAAGAAAAAGAAGAACATCCTTGCGTATGG



gallopa ATACTCCTTGCTGGATGAAAACAGTTGTCACTTCAGGATTTTG
vo] CCATCTTCGTGCATATACAGCTATCTGCCCAATACTGTAACAG

AAACGATTCGCATCAGTGGCCTCTGGGAGATACTGCTGAGCAG
GATAGGGGACGATGTGATGATGTACCTGCTGGAGCACTGTGCA
CTCTTCATGCTGGTTCCCCCAAGTAACTGTTACCAGGTCTGCGG
GCAACCAATTTATGAACTTATTTCGCGTAACATAGGGCCGTCC
CCAGGGTTCGTTAGACGACGATATTCAAGGTTTAAACATAATA
ACTTGCTTAACTATGTGCGAAAAAGACTTGTGTTTCATAGGCA
CTATCTTTCCAAGTCACAGTGGTGGAAGTGCGGGCCGAGACGT
CAAGGTCGTGTCTCCAGCAGAAGAAAAAGAAGGACCCATAGG
ATACAAAGCCCAAGGTCTGGTTACCAGTCTTCTGCAAAAGTGA
ACTTTCAAGCAGGCATGCGGATCAGCACAGTTACTGCACATCT
GGAAAAACAGAACTGCTCCAGTTTATGTTTGCCAGCTAGAACA
CCATCTTTAAAAAGGAAGCGTGATGGAGAACAGGTTGAAACC
ACAGCTAAGAGAGTGAAAGTAATGGAGAGAGAGGAACAGGCT
TGTAGTATCGTTCCTGATGTAAATCGAAGTAGCTCCCGGAGGC
ATGGAGTTTGGCATGTAGCACCACGTGCTGTAGGTCTTATTAA
AGAACGTTACGTTTCTGAAAGAAGTTACAGTGAGATGTCTGGT
CCTTCTGTAGTTCACAGATCTCACCCTGGGAAGAGGCCTGTAG
CAGACAAAAGCTCTTTTCCAAGAGGAGTTCAGGGTAACAAAC
ACATAAAGACCGGTGCAGAAAAACGAGCAGAATCCAATAAAA
GGGGCATAGAGATGTATATAAACCCAATCTGTAAACCCAATA
GAAGGGGTATAGAGAGGCATATAAATCCAACCCATAAACCTG
GGTTGAATTCTGTACAAACTGAACCAATGGAAAGTGCTTCTTC
GGGGGACAGAAAGCAGGAAAATCCCCCAGCTCATTTGGCAAA
GCAGTTACCAAATACATTCTTGCGCTCTGCAGTGTACTTTGAG
AAGAAATTTCTTCTGTATTCCCGTAGTTACCAAGAATATTTTCC
TAAATCGTTCATACTGAGCCGCCTGCAGGGTTGTCAGGCAGGT

TAAAGGAAAAGCAGAACCAAAGCCTAAAACAGCAAAAGTGG
AGAAAGAAGAGGTTGCCCAAACGCTACTGGCAAATGAGAGAG
ATATTTCAGAAGCTGTTAAAAAACCACGAGAAGTGCCCTTATT
TAGTTTTCTTGAGAAAAAATTGCCCTGTTTTGCTTTCTGAAGCA
TGTTTGAAAAAAACGGAGCTGACCTTGCAGGCAGCTCTGCCTG
GGGAAGCAAAGGTTCACAAGCACACAGAACATGGGGAAGAG
ACCACTGAGGGTACTGCACCGAACAGCTTCTACACTCCTCCCT
CAATGCCATTGTGTGGGCAGACAGAGAGAGAGGAGCAGCACC
TTGCAGAGGGGAGTGATCCGCTCCTCAGGGAGCTGCTCAGGCA
GCACAGCAGCCACTGGCAGGTGTATGGCTTTGTGAGGGAGTGC
CTGGAGCGGGTGATTCCTGCCGAGCTGTGGGGTTCAAGCCATA
ACAAATGCCGGTTCTTTAAAAACGTGAAAGCATTCATTTCCAT
GGGGAAGTATGCTAAGCTTTCATTGCAGCAGCTGATGTGGAAG
ATGAGAGTGAATGACTGCGTATGGCTTCGTCTGGCCAAAGGTA
ATCATTCTGTTCCTGCCTATGAACATTGTTACCGTGAAGAAATT
TTGGCAAAATTCCTATACTGGCTGATGGATTCCTATGTTATCGA

AAAACATGCTTTTCTACTACCGAAAGTTTATCTGGGGCAAGTT
ACAGAACATTGGAATTAGAAACCATTTTGCCAAAGTACATCTA
CGTGCTTTATCTTCAGAGGAGATGGAAGTGATCCATCAAAAAA
AGTATTTTCCTATTGCATCAAGGCTCCGGTTCATTCCTAAAATC
AATGGTTTAAGACCCGTAGTAAGACTAAGCCGTGTTGTTGAAG
GACAGAAACTCAGCAAGGAAAGCAGAGAAAAGAAGATACAG



d ne Species \ ( i l # l)Y\ Sequence

CGCTATAACACTCAGCTAAAAAATCTATTTAGTGTGTTAAATT
ATGAACGAACTGTAAACACCAGTATCATTGGCTCTTCAGTATT
CGGGAGAGATGATATCTACAGGAAGTGGAAGGAGTTTGTTAC

TGAAGGGTGATGTGTCCAGAGCTTTTGATACTATTCCTCACAA
GAAACTTGTGGAAGTGATCTCACAGGTCTTGAAACCTGAGAGC
CAAACTGTATATGGAATAAGGTGGTATGCTGTGATTATGATTA
CCCCAACTGGAAAAGCCAGGAAGCTCTATAAGAGACACGTTT
CTACTTTTGAGGATTTTATTCCAGACATGAAGCAGTTTGTGTCC
AAGCTTCAAGAGAGAACTTCATTACGAAATGCAATAGTAGTTG
AACAGTGCTTAACTTTTAATGAGAACAGTTCCACCCTGTTTACT
TTCTTTCTTCAAATGTTACATAATAACATCCTGGAGATTGGGCA
CAGGTACTATATACAGTGCTCTGGAATCCCACAGGGCTCCATT
TTGTCAACCTTACTTTGCAGCTTATGCTATGGAGACATGGAAA
ACAAATTACTTTGTGGAATCCAGAAGGATGGAATCCTAATACG
TCTTATTGATGACTTTTTGCTGGTTACACCACATTTAATGCAGG
CAAAAACTTTTCTAAGGACTATAGCAGCAGGTATTCCTGAGTA

GTTGATGATATTCCGGGATGTTCTAAGTTCAAACAGCTGCCAG
ATTGTCGTTTGATCTCATGGTGCGGTTTATTACTGGATATGCAG
ACACTTGAGGTTTATTGTGATTACTCCAGTTATGCCTTTACTTC
TATCAGATCAAGTCTTTCCTTCAATTCAAGTAGAATAGCTGGA
AAAAACATGAAATGCAAATTGACTGCAGTCCTCAAACTGAAA
TGCCATCCTTTATTTCTTGACTTAAAGATCAACAGCCTTAAAAC

GATTCCATGCCTGTGTTCTTCAGCTTCCATTCAACCAGAAAGTT
AGGAATAATCCTTATTTCTTTGTAAGGATCATCTCTGATACTGC
TTCATGCTGCTATTTTATCCTGAAAGCTAAAAATCCAGGGGTTT
GTTTAGGTTGCAAAGATGCATCTGGCATGTTCCCTTTTGAGGC
AGCAGAATGGCTCTGCTACCATGCTTTCATTGTCAAACTGTCC
AACCACAAAGTTATTTACAAATGCTTACTTAAGCCCCTTAAAG
TCTATAAGATGCATCTGTTTGGGAAGATACCAAGGGATACTAT
GGTACTGCTGAAGACAGTGACGGAACCATCTCTTTGTCAAGAT
TTCAAAACTATACTGGACTAA (SEQ ID NO: 46)

TERT Duck XM 013104502 ATGCAGAGGCTGTGTGGGAAAAAGAAGAAGAACATCCTCACG
[Anas .2 TATGGATACTCCTTGCTGGATGAAAACAGTTCTCACTTCCAAA
platyrhy TCATGCCGCTCTCAAACGTGTACAGCTACCTGCCCAACACCGC
nchos] AACAGAAACCATGCGTATCAGTGGCCTCTGGGAAACGCTGCTG

AGCAGGATAGGGGATGACGTGATGATGTATTTATTGGAACACT
GTGCGATCTTTATGCTGGTTCCCCCTAGTAACTGTTACCAAGTC
TGTGGGCAACCAATTTATGAACTTATTTCGCAAAATGTAGAAT
CAGCCCCAGCGTTTGTTAAACAACGGCTTTCAAAGCACAAACG
TAGTAGCTTGCTTAAGTATACCCAGAAAAGGCTAACGTTTCAC
AGACAGTATCTTTCAAAGTCACGTCAGTCGAAACGCAGGCAA
AGACTTGAAGCTAATGTCTCCAGCGTGAGAAATAAAACCAGC
AATAATATACAAAGCCTAGGGTCCGCTGCTCTGGAAAAACAG
AGTAGCTCCAATGCAGGTTTGTCAGCTACAGCACCGTCCTTAA
AAAGGAAGCTTGCTAGGGAGCAACTGGAAGTCACGGCTAAGA
GAGCAAGATTAGAAGAGAAAGAGAGGGAGGAACAGGCATGT



ϋ Species # Sequence

AATACTGCTCCTAATGTAAACCAGAGCATTCCCAAGAGGTATG
GAACCGGCTGTGTAGCATCACGTTCTGTAAGTCTGACTAAAGA
AAAAAACATTTCTCAAAGAAGTAACAGTGATATGCCTCGTCCT
TCTTTAGTTCACAATTCTCATCGCGGGAAGAAGTCTGTGGCAG
ACAAAAGCTCTTTCCTGCAAGGAGCTGAGAGTAACAGACATTT
AAAGCCCAGCATTGAAATGCAAGCAGGATCCAGCAGGAAGGG
AGTGGAGACACGCAGGCCTATACCTCGGTTGGATTGGGTACCA
ATCGAACCGGCGGAAAGTAGTTCTTCAGGACACAAAAAGCAG
GAAGGTCCCCTAGCTCATCTGGCAGAGGAGGTACCAAATAGG
GTTTTGCCATCTACAATATACATTGACAGGAAGTTTCTGTATTC
TCGCAGATACTGGGGGGAGCGTTTCCCGAAATCCTTCCTATTG
AATCGCCTGAAGGGTAGCCAGGCAGGTGTAAAGCGGCTAATA
GAAACGATATTCTTAAGCCAAAATCCGTTTGGGCAAAAGTGCA
ACCAAGGTCTGCCACAGAAAAAACGGAGAAAGAAGAAGCTTC
CCAAACGCTTCTGGAGAATGAGAAGTATATTTCAACAACTCTT
AAAGAATCATGGAAAGTTCCCTTACGTAGCTTTCTTGAGACAA
AATTGCCCTCTTCGGATATCTGACACCATTTTGGGAAAAGCCA
AGCTGCTCAGTCGGGCACCTTTGCCTGGGCAAGCAGAGGCTCG
CAAGCAAGCAGAACAGCTTGGGAAGGAGCCTGCTGAGCGTGT
GGCAAGCAGCAGATGTGAATCTGGTCACACCAACGTGCCCAG
CAGCGTACGCGCTCCTCTCGCAGCATCTGCGTGTGGGGAGCCG
GGGGGTGAGGAGCAGATCCCTGCAGAGGCGTCTGATTCAGTC
CTCAGGGAGCTTCTCAAGGAGCACTGCAGCCACTTCCAGGTGT
ACCTCTTTGTGAGGGAGTGCGTGGAGAGGGTGATCCCCACCGA
GCTCTGGGGTTCAAACCATAACAAGCGCCGGTTCTTCAAGAAC
GTGAAAGCGTTCATTTCCATGGGGAAGTACGCTAAGCTTTCCT
TGCAGGTGTTGATGTGGAAGATGAGAGTAAATGACTGCATGTG
GCTTCGTCTGGCCAAAGGTAATCACTTTGTTCCTGCCTCTGAAC
ACCTTTACCGTGAAGAAATTTTGGCTAAATTCCTATACTGGCT

TCACCGAGACCATGTTCCAGAAAAACATGCTCTTCTACTACCG
AAAGTGTATTTGGGGCAAGTTACAGGACATTGGAATTAGAAA

ATGGAAGCGATCCATCAAAAAAAATACCTTCCTATGGCGTCAA
AGCTCCGTTTCATTCCCAAAGTCACTGGACTAAGACCCATCGT
CAGAATGAGCGGTGTTGTTGAAGCACAAACGTTGAGCAAGGA
AAGCAGAGCAAAGAAGGCCGATGTGTCCAGGGCTTTTGATAG
CATTCCTCACAATAAACTTGTGGAAGTGATTTCACAGGTCTTA
AAACCCGAGAAAAAAACTGTCTACTGCATACGGCGCTATGCA
GTGGTTATGATCACTGGAAGTGGAAAAACCAGGAAGTTATAT
AAGAGACATGTTTCTACTTTCAAGGATTTTATGCCAGACATGA
AGCAGTTTGTGTCCCGGCTTCATGAGAGTACCTCATTGCGAGA
TGCAATAATAGTTGAACAGAGCCTAACTTTCAATGAGACAAGT

CCTGGAAATTGAGCGCAGTTACTACTTACAGTGCTCTGGAATT
CCACAGGGCTCCCTTTTGTCAACCTTGCTTTGCAGCTTGTGCTA
TGGAGACATGGAAAACAAATTATTCAGTGGGGTACAGAAGGA

CACATTTAATGCATGCAAGAACTTTTCTAAGGACTCTAGCAAT



ϋ Species NCBI # Sequence

TAAACAGCTGCCAAACTGTCGTTTGATCCCATGGTGTGGCTTA
TTATTGGATACACAGACACTTGAGGTTTACTGCGATTACTCCA
GCTATTCCTGTACTTCTATCAGATCAAGTCTTTCCTTCAATTCA
AACAGAACAGCTGGGAAAAACATGAAACACAAATTGCTTGCA
GTCCTTAAACTGAAATGCCATGGCTTGTTTCTCGATTTACAGAT
CAATAGCCTTAAAACAGTTTTCATTAACGTCTACAAGATATTTT
TACTTCAGGCTTACAGGTTCCATGCCTGTGTTATTCAACTTCCA
TTCAACCAGAAAGTTAGGAACAATCCTGATTTCTTCCTCAGAG
TCATCGCTGAGAATGCATCGTGCTGCTATTCTATGCTAAAAGC
TAAAAATCCAGGGTTTACTTTAGGTAACAGAGGTGCATCTGGC
ATGTTTCCTTCTGAGGCAGCAGAGTGGCTCTGCTATCATGCCTT
CACTGTCAAACTGTCAAACCACAAAGTTGTTTACAAATGCTTG
CTGAAGCCCCTGAAGTTCTGTATGATGCAGCTATTCCGGAAGA
TCCCAAAGGATACTAAGGCACTACTGAAGACAGTGACAGAAC
CATCTATTTGTAAAGATTTCAAATCTATCCTGGACTGA (SEQ ID
NO: 47)

Table 1C

ene Species NCBI # Am ino Acid Sequence

IGF2 Cow [Bos NP_7765 12.2 MGITAGKSVLVLLAFLAFASCCYAAYRPSETLCGGELV
Taurus] DTLQFVCGDRGFYFSRPSSRINRRSRGIVEECCFRSCDL

ALLETYCATPAKSERDVSASTTVLPDDVTAYPVGKFFQ
YDIWKQSTQRLRRGLPAFLRARRGRTLAKELEALREA
KSHRPLIALPTQDPATHGGASSKASSD (SEQ ID NO: 26)

IGF l Zebrafish NP_5 71900. 1 MSSGHFFQGHWCDVFKCTMRCLPSTHTLSLVLCVLAL
[Danio rerio] TPATLEAGPETLCGAELVDTLQFVCGDRGFYFSKPTGY

GPSSRRSHNRGIVDECCFQ SCELRRLEMYC APVKTGKS
PRSLRAQRHTDIPRTPKKPISGHSHS SCKEVHQKNS SRG
NTGGRNYRM (SEQ ID NO: 27)

serum Rainbow trout XP_02 1470329. 1 MRRPCILAIQPDTEFMPPELDASNFHMGPELCTKDSKEL
albumin 1 [Oncorhynchi s LLSGKKLLYGVVRHKTTITEEQLKSISTKYHSMKEKCC

mykiss] AAEDQAACFTEEAPKLVAESAELVKA (SEQ ID NO: 28)







[0121] Provided herein are expression vectors comprising any one of the sequences

selected from Tables 1A and IB, and cells comprising any one of such expression vectors, for

example a cell is from a livestock, poultry, game, or aquatic species.

Exemplary Methods and Compositions

[0122] Provided herein are methods of increasing the efficiency of maintaining cells in

culture.

[0123] In some embodiments, provided herein is a method of decreasing the concentration

of ammonia in the culture medium of cells comprising increasing the expression of glutamine

synthetase (GS) protein in the cells, wherein the cells are of livestock, poultry, game or aquatic

animal species, and wherein the concentration of ammonia in the culture medium is decreased by

at least 2.5%.

[0124] In some embodiments, provided herein is a method of increasing the production of

glutamine in cells comprising increasing the expression of glutamine synthetase (GS) protein in

the cells, wherein the cells are of livestock, poultry, game or aquatic animal species, and wherein

the concentration of glutamine in the cells is increased by at least 2.5%.

[0125] In some embodiments, provided herein is a method of increasing the concentration

of Insulin-like growth factor (IGF) in the medium of cells in culture comprising increasing the

expression of IGF protein secreted by the cells, wherein the cells are of livestock, poultry, game

or aquatic animal species, and wherein the concentration of IGF in the ambient medium, or within

the cell, is increased by at least 2.5%.

[0126] In some embodiments, provided herein is a method of increasing the concentration

of albumin in the medium of cells in culture comprising increasing the expression of albumin in

the cells, wherein the cells are of livestock, poultry, game or aquatic animal species, and wherein

the concentration of albumin in the ambient medium, or within the cell, is increased by increased

by at least 2.5%.

[0127] In some embodiments, provided herein are methods for increasing the cell density

of a culture comprising metazoan cells comprising introducing any combination of the following

cellular modifications: increased expression of GS, increased expression of IGF, increased



expression of albumin, increased expression of telomerase reverse transcriptase (TERT), loss-of-

function mutations in cyclin-dependent kinase inhibitor (CKI) proteins, increased expression of

YAP, increased expression of TAZ, increased expression of myogenic transcription factors.

[0128] In some embodiments, provided herein is a method for increasing the cell density

of a culture comprising metazoan cells, the method comprising (a) introducing into the cells one

or more polynucleotide sequences encoding glutamine synthetase (GS), insulin-like growth factor

(IGF), and albumin; and (b) culturing the cells in a cultivation infrastructure.

[0129] In some embodiments, provided herein is a method for increasing the cell density

of a culture comprising metazoan cells, the method comprising (a) introducing into the cells one

or more polynucleotide sequences encoding glutamine synthetase (GS), insulin-like growth factor

(IGF), albumin or combinations (GS+IGF; GS+albumin; IGF+albumin; GS+IGF+albumin)

thereof; and (b) culturing the cells in a cultivation infrastructure.

[0130] In some embodiments, provided herein is a method for increasing the cell density

of a culture comprising metazoan cells, the method comprising (a) introducing into the cells one

or more polynucleotide sequences encoding glutamine synthetase (GS), insulin-like growth factor

(IGF), albumin or combinations (GS+IGF; GS+albumin; IGF+albumin; GS+IGF+albumin)

thereof; (b) introducing into the cells a polynucleotide sequence encoding a telomerase reverse

transcriptase (TERT); and (c) culturing the cells expressing GS, IGF, albumin or combinations

thereof and TERT in a cultivation infrastructure.

[0131] As provided herein, the density of cells in a culture or cultivation infrastructure is

determined by calculating the cell number per unit volume of the cultivation infrastructure, by

determining the biomass per unit volume of the cultivation infrastructure, by determining the

biomass DNA content per unit volume of the cultivation infrastructure, by determining the

biomass RNA content per unit volume of the cultivation infrastructure, by determining the

biomass protein content per unit volume of the cultivation infrastructure, or by visual, electronic,

metabolic, spectroscopic, or microscopic, measurement of the biomass density.

[0132] In some embodiments, an increase in the cell density of a culture using the methods

described herein is about 1.025 fold, 1.05 fold, 1.10-fold, 1.15-fold, 1.20-fold, 1.25-fold, 1.30 fold,

1.35-fold, 1.40-fold, 1.45-fold, 1.5-fold, 2-fold, 2.5-fold, 3-fold, 3.5-fold, 4-fold, 4.5-fold, 5-fold,



7.5-fold, 10-fold, 15-fold, 20-fold, 25-fold, 30-fold, 40-fold, or even about 50-fold, 75-fold, 100-

fold, 150-fold, or is even about 200-fold, compared to the density of a culture comprising cells

that do not include one or more cellular modifications described herein.

[0133] In some embodiments, an increase in the density of cells in a culture using the

methods described herein is at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at

least 3 5% , at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least

70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 100%, at least

150%, at least 200%, at least 250%, at least 300%, at least 350%, at least 400%, at least 450%, at

least 500%, at least 550%, at least 600%, at least 650%, at least 700%, at least 750%, at least

800%, at least 850%, at least 900%, at least 950%, at least 1000%, compared to the cell density of

a culture comprising cells that do not include one or more cellular modifications described herein.

[0134] In some embodiments, using the methods described herein, there is an increased

yield of cellular biomass harvestable per unit volume of the cultivation infrastructure. In some

embodiments, the increase is at least about 1.0-fold, 1.25-fold, 1.5-fold, 2-fold, 2.5-fold, 3-fold,

3.5-fold, 4-fold, 4.5-fold, 5-fold, 7.5-fold, 10-fold, 15-fold, 20-fold, 25-fold, 30-fold, 40-fold, or

even about 50-fold, 75-fold, 100-fold, 150-fold, or is even about 200-fold compared to the yield

of cellular biomass harvestable per unit volume of the cultivation infrastructure in the absence of

one or more cellular modifications described herein.

[0135] In some embodiments, methods described herein increase the density of cells in a

culture by increasing the rate of proliferation of cells in the culture. In some embodiments, the

increase in the rate of cell proliferation is at least 2.5%, at least 5%, at least 10%, at least 15%, at

least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least

55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least

90%, at least 95%, at least 100%, at least 150%, at least 200%, at least 250%, at least 300%, at

least 350%, at least 400%, at least 450%, at least 500%, at least 550%, at least 600%, at least

650%, at least 700%, at least 750%, at least 800%, at least 850%, at least 900%, at least 950%, or

at least 1000% , including values and ranges therebetween, compared to the rate of proliferation of

cells that do not include one or more cellular modifications described herein. In some

embodiments, the increase in the rate of cell proliferation is about 25-1000%, about 25-750%,

about 25-500%, about 50-1000%, about 50-750%, about 50-500%, about 100-1000%, about 100-



750%, or about 100-500% , including values and ranges therebetween, compared to the rate of

proliferation of cells that do not include one or more cellular modifications described herein.

[0136] In some embodiments, methods described herein increase the cell density of a

culture by decreasing cell death within the cellular biomass. In some embodiments, the decrease

in cell death is at least 2.5%, at least 5%, at least 10%>, at least 15%, at least 20%, at least 25%, at

least 30% , at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least

65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least

100% , including values and ranges therebetween, compared to the rate of cell death in cells that

do not include one or more cellular modifications described herein. In some embodiments, a

decrease in the rate of cell death within the cellular biomass is about 2.5-10%, about 2.5-75%,

about 2.5-50%, about 5.0-100%, about 5.0-75%, about 5.0-50%, about 10-100%, about 10-75%,

or about 10-50%, including values and ranges therebetween, compared to the rate of cell death in

cells that do not include one or more cellular modifications described herein.

[0137] In some embodiments, using the methods described herein, the density of cells in

a culture may reach about 105 cells/mL, about 106 cells/mL, about 107 cells/mL, about 108

cells/mL, about 109 cells/mL, or about 10 10 cells/mL (cells in the cellular biomass/mL of

cultivation infrastructure), including values and ranges therebetween.

[0138] In some embodiments, using the methods described herein, the density of cells in

a culture may reach about 1 g/L, 5 g/L, 10 g/L, 25 g/L, 50 g/L, 75 g/L, 100 g/L, 150 g/L, 200 g/L,

250 g/L, 300 g/L, 350 g/L, 400 g/L, 450 g/L, 500 g/L, 550 g/L, 600 g/L, 650 g/L, 700 g/L, 750

g/L, 800 g/L, 850 g/L, 900 g/L, or 1000 g/L (g of cellular biomass/L of cultivation infrastructure),

including values and ranges therebetween. In some embodiments, the density of cells in a culture

may range from about 1 g/L to about 5 g/L, about 1 g/L to about 750 g/L, about 1 g/L to about

500 g/L, about 1 g/L to about 250 g/L, about 1 g/L to about 100 g/L, about 1 g/L to about 50 g/L,

about 5 g/L to about 1000 g/L, about 5 g/L to about 750 g/L, about 5 g/L to about 500 g/L, about

5 g/L to about 250 g/L, about 5 g/L to about 100 g/L, about 5 g/L to about 50 g/L, about 25 g/L to

about 1000 g/L, about 25 g/L to about 750 g/L, about 25 g/L to about 500 g/L, about 25 g/L to

about 300 g/L, about 25 g/L to about 250 g/L, about 25 g/L to about 100 g/L, about 50 g/L to about

1000 g/L, about 50 g/L to about 750 g/L, about 50 g/L to about 500 g/L, about 50 g/L to about

300 g/L, about 50 g/L to about 250 g/L, about 100 g/L to 1000 g/L, about 100 g/L to about 750



g/L, about 100 g/L to about 500 g/L, about 200 g/L to about 1000 g/L, about 200 g/L to about 750

g/L, about 200 g/L to about 500 g/L, about 300 g/L to about 1000 g/L, about 300 g/L to about 800

g/L, about 400 g/L to about 1000 g/L, or about 500 g/L to about 1000 g/L including values and

ranges therebetween.

[0139] In some embodiments, provided herein is an in vitro method for producing a

cultured edible product (e.g. cultured poultry, cultured livestock, cultured game, cultured fish), the

method comprising: (a) introducing one or more polynucleotide sequences encoding glutamine

synthetase (GS), insulin-like growth factor (IGF), albumin or combinations (GS+IGF;

GS+albumin; IGF+albumin; GS+IGF+albumin) thereof into myogenic metazoan cells; (b)

optionally introducing a polynucleotide sequence encoding a telomerase reverse transcriptase

(TERT) into the myogenic metazoan cells; (c) inducing myogenic differentiation of the cells,

wherein the differentiated cells form myocytes and multinucleated myotubes; and (d) culturing

the myocytes and myotubes to generate skeletal muscle fibers, thereby producing a cultured edible

product. In one embodiment, myogenic cells are natively myogenic. In another embodiment,

myogenic cells are not natively myogenic and are modified to become myogenic cells by

expressing one or more myogenic transcription factors.

[0140] In some embodiments, provided herein is an in vitro method for producing a

cultured edible product, the method comprising: (a) overexpressing GS, IGF, albumin, or a

combination thereof in a self-renewing cell line, wherein the cell line is a myogenic transcription

factor-modified cell line, and wherein the cell line is of a livestock, poultry, game or aquatic animal

species; (b) inducing myogenic differentiation of the cell line, wherein the differentiated cell line

forms myocytes and multinucleated myotubes; and (c) culturing the myocytes and myotubes to

generate skeletal muscle fibers, thereby producing a cultured edible product. In some

embodiments, provided herein is cultured edible product produced by the in vitro methods.

[0141] In the methods for producing a cultured edible product provided herein, myogenic

differentiation can be induced in a variety of ways. In some embodiments, cellular biomass with

increased cell density can be differentiated into a phenotype of interest by contacting the cells with

a differentiation agent. For example, if the phenotype of interest for the expanded cellular biomass

is skeletal muscle and the cellular biomass comprises non-myogenic cells (e.g., non-myogenic

stem cells or fibroblasts), the expanded cellular biomass can be contacted with a differentiation



agent that would induce the skeletal muscle phenotype into the cells of the biomass. Exemplary

differentiation agents that may induce skeletal muscle phenotype include myogenic transcription

factors such as MYOD1, MYOG, MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, and genetic

variants thereof. A PCT publication, WO/2015/066377, discloses exemplary methods for

differentiating cells into a skeletal muscle phenotype and is incorporated by reference herein in its

entirety. Accordingly, in some embodiments, the expanded cellular biomass may be differentiated

into the skeletal muscle phenotype using the methods described in WO/2015/066377.

[0142] In some embodiments, cells of the expanded biomass can be differentiated into a

phenotype of interest without a differentiation agent. For example, if the phenotype of interest for

the expanded biomass is a skeletal muscle and the cellular biomass comprises cells of the skeletal

muscle lineage, then these cells may differentiate into the skeletal muscle phenotype on their own

without a need for an external differentiation agent. However, in some embodiments, an external

differentiation agent such as one or more myogenic transcription factors can be used to

differentiate cells of the skeletal muscle lineage into the skeletal muscle phenotype.

[0143] Induction of myogenic differentiation in cells overexpressing any one of the

cellular modifications described herein would result in the formation of differentiated myocytes

and multinucleated myotubes. These myocytes and myotubes are cultured to generate skeletal

muscle fibers thereby producing a cultured edible biomass or a cultured edible product.

[0144] The cultured edible biomass/product can be processed as a raw, uncooked edible

product (cultured meat) or as a cooked edible product or as a cooked/uncooked food ingredient.

In some embodiments, processing comprises withdrawal of the culture medium that supports the

viability, survival, growth, expansion and differentiation of the cellular biomass. Withdrawal may

comprise physical removal of the culture medium or altering the composition of the culture

medium, for example, by addition of components that would reduce or prevent further expansion

and/or differentiation of the biomass or by depletion of components that support expansion and/or

differentiation of the biomass.

[0145] In some embodiments, processing comprises exposing the cultured edible biomass

to sub-physiological temperatures that would not support the expansion and/or differentiation of

the biomass. Sub-physiological temperatures include a temperature of about 15°C (about 59°F)

or lower, about 10°C (about 50°F) or lower, about 0°C to about 15°C (about 32°F to about 59°F),



about 0°C to -15°C (about 32°F to about 5°F), about -15°C to about 15°C (about 5°F to about

59°F), about 0°C to -213°C (about 32°F to about -350°F), about -30°C to about -100°C (about -

22°F to about -148°F), about -50°C to about -90°C (about -58°F to about -130°F), or about -170°C

to about -190°C (about -274°F to about -3 10°F). For example, in one embodiment, the expanded

and/or differentiated biomass can be cooled to a temperature of about 2°C to about 8°C (about

35°F to about 46.5°F). In another embodiment, the expanded and/or differentiated biomass can

be frozen, for example, by cooling to a temperature of about 32°F or lower, e.g. about 32°F to

about 0°F, about 32°F to about -10°F, about 32°F to about -20°F, about 32°F to about -30°F, about

32°F to about -40°F, about 32°F to about -50°F, about 32°F to about -60°F, about 32°F to about -

70°F, about 32°F to about -80°F, and the like. In some embodiments, the expanded and/or

differentiated biomass can be exposed to sub-physiological temperatures as low as about -300°F

to about -350°F, such as the liquid nitrogen temperature of about -321°F.

[0146] In some embodiments, processing comprises exposing the biomass to

superphysological temperatures that would not support the viability, survival, expansion and/or

differentiation of the biomass. In one embodiment, exposing the biomass to superphysiological

temperatures comprises fully or partially cooking the biomass, for example, by heating the

biomass to a temperature of about 100°F to about 600°F, about 100°F to about 550°F, about 100°F

to about 500°F, about 100°F to about 450°F, about 100°F to about 400°F, about 100°F to about

350°F, about 100°F to about 300°F, about 100°F to about 250°F, about 100°F to about 200°F or

about 100°F to about 150°F.

[0147] In some embodiments, provided herein is an edible metazoan biomass product

(cultured edible product) comprising cells having any combination of the following cellular

modifications: increased expression of GS, increased expression of IGF, increased expression of

albumin, increased expression of telomerase reverse transcriptase (TERT), loss-of-function

mutations in cyclin-dependent kinase inhibitor (CKI) proteins, increased expression of YAP,

increased expression of TAZ, increased expression of myogenic transcription factors.



Cultivation Infrastructure

[0148] As referred to herein, a cultivation infrastructure refers to the environment in which

metazoan cells are cultured, i.e. the environment in which the cellular biomass is cultivated.

[0149] A cultivation infrastructure may be a tube, a cylinder, a flask, a petri-dish, a multi-

well plate, a dish, a vat, an incubator, a bioreactor, an industrial fermenter and the like. A

cultivation infrastructure may be a culture medium in which metazoan cells are cultured.

[0150] A cultivation infrastructure can be of any scale, and support any volume of cellular

biomass and culturing reagents. In some embodiments, the cultivation infrastructure ranges from

about 10 µΙ_, to about 100,000 L . In exemplary embodiments, the cultivation infrastructure is about

10 , about 100 , about 1 mL, about 10 mL, about 100 mL, about 1 L, about 10 L, about 100

L, about 1000 L, about 10,000 L, or even about 100,000L.

[0151] In some embodiments, the cultivation infrastructure comprises a substrate. A

cultivation infrastructure may comprise a permeable substrate (e.g. permeable to physiological

solutions) or an impermeable substrate (e.g. impermeable to physiological solutions).

[0152] In some embodiments, the cultivation infrastructure comprises a primary substrate,

which can be a flat, concave, or convex substrate. In some embodiments, the cultivation

infrastructure further comprises a secondary substrate, either introduced, or autologous, to direct

cellular growth between the substrates, e.g. to direct attachment, proliferation and hypertrophy of

cells on a plane perpendicular to the primary substrate.

[0153] In some embodiments, the cultivation infrastructure comprises a hydrogel, a liquid

cell culture media, or soft agar.

[0154] In some embodiments, the cultivation infrastructure does not comprise a substrate

to which cells can adhere. In some embodiments, the cultivation infrastructure comprises a

suspension culture, e.g. supporting the growth of a self-adhering biomass, or single-cell

suspension in a liquid medium.

[0155] In some embodiments, the cultivation infrastructure comprises adherent cells (i.e.

those cells that adhere to a substrate). In some embodiments, the cultivation infrastructure



comprises non-adherent cells (i.e. those cells that do not adhere to a substrate). In some

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

Kits and Articles of Manufacture

[0156] The present application also provides kits for engineering cells of interest to

increase production of glutamine, increase production of IGF, increase production of albumin,

and/or decrease the production of ammonia.

[0157] In some embodiments, the kits comprise a GS DNA construct, an IGF construct,

and/or an albumin construct for transfection. The kits optionally may further comprise tools for

immortalization or extending cell self-renewal capacity, activating YAP/TAZ pathways, and

myogenic differentiation.

[0158] The present application also provides articles of manufacture comprising any one

of the compositions or kits described herein.

[0159] It is to be understood that the terminology employed herein is used for the purpose

of describing particular embodiments only and is not intended to be limiting since the scope of the

present invention will be limited only by the appended claims and equivalents thereof. The

following examples are for illustrative purposes. These are intended to show certain aspects and

embodiments of the present invention but are not intended to limit the invention in any manner.

EXAMPLES

Example 1: The effects of ectopic expression of glutamine synthetase (GS) in primary duck

fibroblasts and myoblasts

[0160] This example describes the effects of ectopic expression of GS on ammonia

concentration in ambient media from primary duck fibroblast and myoblast cultures.



Methods

Measurement of ammonia concentration

[0161] Following the manufacturer's instructions (Sigma-Aldrich #AA0100), the absolute

ammonia concentration (in g/mL) was determined for each time point and treatment group (in

biological triplicate). Results were reported as the mean of the treatment group bounded by the

95% confidence interval. Measurements of the ammonia detection assay were performed on a

spectrophotometer (Spectramax 250). All statistical analyses and visualizations were performed

in Microsoft Excel 2010.

Primary Duck Fibroblast and Myoblast Cultures

[0162] A peptide-coated (peptides mimicking extracellular matrix) T-150 flask was

prepared for cell seeding by adding 10 mL of an aqueous peptide solution to the T-150 flask and

incubated for at least 1 hour at 37 °C. The aqueous peptide solution was aspirated from the T-150

flask and the flask washed with PBS. 25 mL of culture medium specific to the targeted cell type

was added to the flask and the flask incubated and equilibrated at 37 °C in 5% atmospheric CO2.

[0163] Under aseptic conditions the targeted tissue was excised with dissection

instruments. Tissue sections were minced into approximately 2 mm x 2 mm sections. 150 mg

tissue sections were weighed and then transferred to a sterile 50 mL centrifuge tube containing 8

mL of enzymatic cell dissociation solution consisting of 0.17% trypsin and 0.085% collagenase

in Hanks Balanced Salt Solution pH 7.4. The centrifuge tube was closed tightly and incubated on

ice. Following overnight incubation, the tube was then incubated at 37 °C for 15 minutes. The

enzymatic tissue digest was triturated with a sterile 5 mL serological pipet for 1 minute. The cell

suspension was passed through a sterile 70 µ strainer into a sterile 50 mL centrifuge tube. 20

mL of cold basal medium was flowed through the strainer. The strainer was discarded and the tube

capped. The centrifuge tube was centrifuged at 300 x g for 5 minutes. The supernatant was

aspirated, and the cell pellet was resuspended in culture medium before transfer to the T-150 flask

prepared for seeding. The flask was incubated at 37 °C in 5% atmospheric CO2. The cells were

checked daily for growth and contamination. Culture medium was changed every two to three

days. After the cultures reached a confluence of 70% to 90%, the cells were dissociated and either

cryopreserved or passaged using standard cell culture technique.



Transfection

[0164] The primary duck fibroblast and myoblast cultures were routinely sub-cultured

under 5% atmospheric CO2 at 37 °C (i.e. incubation conditions) until 80% confluent on gelatin-

coated dishes. Cells were dissociated to single cells and counted to determine the number of cells.

In a gelatin-coated 12-well tissue culture plate, 5 x 104 cells were seeded into each well. Growth

culture medium was added to each well to a total final volume of 1 ml per well. The cells were

incubated overnight at 37 °C.

[0165] Cells were washed with PBS and transfection media added. 1 g of plasmid DNA

containing the murine GS coding sequence (pcDNA3.1+/C-(K)DYK, Genscript OMul9897D,

Table 1A) driven by a CMV promoter was complexed using the Lipofectamine 3000 system

(Thermo Fisher Scientific #L3000001). The complexed DNA was added dropwise to each well in

biological triplicate. Vehicle control cells received an equivalent treatment absent the DNA. The

cells were shaken gently and incubated for 48 hours; the media was then changed to proliferation

media supplemented with 10% FBS and either the combination of 434 g/mL (2mM) L-alanyl-L-

glutamine and 584 g/mL (4mM) L-glutamine or no supplemented glutamine (0 mM glutamine,

"glutamine absent"). The cells were then returned to incubation conditions.

Conditioned media collection

[0166] Cells were washed with PBS, and 1 mL of either glutamine-supplemented or

glutamine-absent proliferation medium was added to each well. Cells were then returned to

incubation.

[0167] 200 media samples were collected from each well and stored in sterile tubes at

-80 °C. In a gelatin-coated 12-well plate, proliferation medium was incubated in wells devoid of

cells (i.e. acellular) in parallel experimental wells containing cells as a background control for

ammonia accumulation.

[0168] Following each 24-hour period through day seven, 200 µ samples of media were

collected from each well stored at -80°C. 200 µ of fresh medium were then added to each of

the wells to a total volume of 1 mL. Following sample collection, the plates were then returned to

incubation conditions.



Results

[0169] As demonstrated in FIG. 1, concentration of ammonia in media spontaneously

increased in the absence of cells over the course of seven days. The rate at which ammonia

increased differed between the three media conditions shown in the figure. Initial concentration

of ammonia was largely dependent on whether or not the media had been supplemented with

glutamine.

[0170] FIG. 2A-D shows that fibroblasts transfected with expression vectors coding for

glutamine synthetase exhibited morphology similar to vehicle-only control transfected fibroblasts.

Transfected fibroblasts remained viable and stable as evidenced by their continued adherence to

substrate following a seven day incubation. FIG. 2A shows fibroblasts transfected with vehicle-

only and grown in media with supplemented glutamine; FIG 2B shows fibroblasts transfected with

mouse GS and grown in media with supplemented glutamine; FIG. 2C shows fibroblasts

transfected with vehicle-only and grown in media without supplemented glutamine; and FIG. 2D

shows fibroblasts transfected with mouse GS and grown in media without supplemented

glutamine.

[0171] As demonstrated in FIG. 3, following a one day incubation post transfection,

fibroblasts expressing GS and grown in a culture medium supplemented with glutamine showed

a smaller increase in extracellular ammonia than cells transfected with vehicle-only and grown in

a culture medium supplemented with glutamine compared to a culture medium supplemented with

glutamine in which no cells were grown. Within glutamine treatment groups, two-way ANOVA

revealed a statistically significant difference (p<0.001) between ammonia concentration overtime,

dependent upon GS transfection and dependent on which day the measurement was made. The

glutamine-supplemented culture medium in which no cells were grown showed an increase in

ammonia concentration of 0.072 g/mL/day, and the culture medium not supplemented with

glutamine in which no cells were grown showed an increase in ammonia concentration of

0.5^g/mL/day. It was observed on Day 3 that fibroblasts grown without supplemental ammonia

and transfected with GS exhibited a statistically lower ammonia concentration compared to

fibroblasts transfected with vehicle-only. Seven days following transfection, there was a

significant difference (p<0.001, two-way ANOVA) in the amount of ammonia in glutamine absent

growth media between cells transfected with GS and cells transfected with vehicle-only. Error



bars in FIG. 3 indicate 95% confidence intervals. One asterisk indicates p<0.05; two asterisks

indicate p<0.01.

[0172] FIG. 4 and Table 2 show normalized data from FIG. 3 to present a percent increase

in ammonia relative to the extracellular ammonia concentration. After seven days in media without

supplemented glutamine, fibroblasts transfected with GS showed a smaller increase in ammonia

than cells transfected with vehicle-only.

Table 2

[0173] As shown in FIG. 5, myoblasts transfected with expression vectors coding for GS

exhibited morphology similar to vehicle treated myoblasts. Transfected cells remain viable and

capable of normal differentiation as evidenced by spontaneous myotube formation. FIG. 5A

shows myoblasts transfected with vehicle and grown in media with supplemented glutamine; FIG

5B shows myoblasts transfected with a mouse GS gene and grown in a medium with supplemented

glutamine; FIG. 5C shows myoblasts transfected with vehicle-only and grown in media without

supplemented glutamine; and FIG. 5D shows myoblasts transfected with a mouse GS gene and

grown in a medium without supplemented glutamine.

[0174] As demonstrated in FIG. 6, following a one-day incubation post transfection,

myoblasts expressing GS and grown in media not supplemented with glutamine show less increase

in ammonia in the media than myoblasts transfected with vehicle and grown in media not

supplemented with glutamine compared to acellular control medium supplemented with

glutamine. Additionally, following a one-day incubation post transfection, myoblasts expressing

GS and grown in media supplemented with glutamine show less increase in ammonia in the media



than myoblasts transfected with vehicle and grown in a medium supplemented with glutamine

compared to a medium supplemented with glutamine in which no cells were grown. Glutamine-

supplemented medium in which no cells were grown showed an increase in ammonia

concentration of 0.34 g/mL/day, and medium in which no cells were grown and not supplemented

with glutamine increased by 0.5^g/mL/day. It was observed on Day 3 that myoblasts grown

without supplemental ammonia and transfected with GS exhibited a statistically lower ammonia

concentration compared to fibroblasts transfected with vehicle. Seven days following transfection,

there is a significant difference in the amount of ammonia in growth media between myoblasts

transfected with GS and myoblasts transfected with vehicle. Two-way ANOVA revealed a

statistically significant difference (p<0.001) between ammonia concentrations over time,

dependent upon the presence or absence of glutamine, revealing that the effect of GS was

statistically significant (p<0.001) only when glutamine was absent. Error bars in FIG. 6 indicate

95% confidence intervals. One asterisk indicates p<0.05; two asterisks indicate p<0.01. FIG. 7

and Table 3 normalize the data from FIG. 6 to show a percent increase in ammonia relative to the

medium-only (medium without cells - control) concentration of ammonia. After seven days in

media with or without supplemented glutamine, myoblasts transfected with GS show a smaller

increase in ammonia than myoblasts transfected with vehicle.

Table 3

Percent Increase of Ammonia Relative to Media-
Only Ammonia Concentration

i a me -Glutamine
Media Media

Glutamine
40% i%

Synthetase

Vehicle 67% %

[0175] FIG. 8 and Table 4 demonstrate that myoblast cultures show a reduction in

ammonia in glutamine supplemented medium and an even larger percentage decrease in medium

not supplemented with glutamine. Fibroblast cultures do not show a decrease in ammonia in

glutamine supplemented media, but do exhibit a decrease in ammonia in media without

supplemented glutamine.



Table 4

[0176] In both fibroblasts and myoblasts, transfection of GS resulted in statistically

significant reduction of observed ammonia concentration compared to background ammonia

generation (p<0.001, two-way ANOVA). In both cell types, there was a significant difference

between ammonia concentrations in groups that were supplemented with glutamine compared to

those that were not supplemented with glutamine (PO.001). There was a statistically significant

difference in cells transfected with GS compared to those transfected with vehicle alone when

media was not supplemented with glutamine (p<0.001). The presence or absence of glutamine in

cell culture media exhibits a significantly different effect between treatment groups (p<0.01, two-

way ANOVA). Regression analysis reveals that the presence or absence of glutamine accounts for

72-98% of the variance of the data (p<0.001). Covariance analysis reveals strong positive

interactions between systems where glutamine is present (4-12 fold greater than without

glutamine), and a moderate interaction when cells are transfected with a GS gene or vehicle-only

control, regardless of whether glutamine is present or not.

[0177] Based on data presented in FIG. 3, FIG. 9 illustrates cells transfected with a GS

gene demonstrate a 6.8-fold delay in the time to achieve wild-type, primary cell ammonia

concentration (in this instance, 14 g/mL was observed on average and is indicated by horizontal

dashed line). When controlled for the absence of supplemented glutamine, transfection of a GS

gene accounts for 31% of this delay. Solid lines depict experimental data while dotted lines are

extrapolated values based on a linear fit of the experimental data.

Example 2 : The effects of ectopic expression of IGF-1 and albumin expression in primary

duck fibroblasts and myoblasts



[0178] This example describes the effects of ectopic expression of IGF-1 and albumin

expression on the concentration of IGF-1 and albumin in media in primary duck fibroblasts and

myoblasts.

[0179] Primary duck myoblast and fibroblast cells were isolated and cultured as described

in Example 1. Cells were washed with PBS and transfection medium was added. 1 g of plasmid

DNA comprising a human serum albumin gene (Genscript OHul8744, Table 1A), a murine serum

albumin gene (Genscript OMu21640, Table 1A) or human insulin-like growth factor 1 (IGF-1)

(Origene RG2 12527, Table 1A) gene coding sequence fused to a nucleotide coding sequence

encoding a FLAG-tag peptide (DYKDDDDK) driven by a CMV promoter was complexed using

the Lipofectamine 3000 system as a transfection vehicle (Thermo Fisher Scientific #L3000001).

For transfection, the complexed DNA was added dropwise to each well in biological triplicate.

Vehicle-only control cells received an equivalent treatment absent the DNA. The cell cultures

were shaken gently and incubated for 48 hours; the transfection medium was then changed to

growth medium and the cells were returned to incubation. Conditioned medium was collected as

described in Example 1.

[0180] FIG. 10A-D show that fibroblasts transfected with a IGF-1 or albumin gene show

morphology similar to cells transfected with vehicle-only (FIG. 10A Fibroblasts transfected with

vehicle-only; FIG. 10B Fibroblasts transfected with a human IGF-1 gene; FIG. IOC Fibroblasts

transfected with a mouse albumin gene; FIG. 10D Fibroblasts transfected with a human albumin

gene).

[0181] FIG. 11A-D show that myoblasts transfected with an IGF-1 or albumin gene show

morphology similar to cells transfected with vehicle-only (FIG. 11A Myoblasts transfected with

vehicle-only; FIG. 11B Myoblasts transfected with a human IGF-1 gene; FIG. 11C Myoblasts

transfected with a mouse albumin gene; FIG. 1ID Myoblasts transfected with a human albumin

gene).

[0182] Indirect ELISA detection assays were used to measure the secretion of IGF-1 into

the ambient medium by the cells. Ambient culture media samples were thawed and maintained

on ice until use. Total protein concentration in media samples was determined by absorbance

measurement on a spectrophotometer (Spectramax 250) using a BCA serial dilution method

(Thermo Fisher Scientific #22325). Using untreated black walled, black-bottomed polystyrene 96-



well plates, 1 of total protein from each treatment was adsorbed to the plate using IX coating

buffer (Abeam #ab2 10899). Following coating, the wells were washed and blocked using a 5%

solution of non-fat dry milk ( FDM) in IX PBS. Primary antibody (murine anti-DDK

monoclonal, Origene #OTI4C5) was incubated at 1:5000 dilution in 5% NFDM/PBS at 4 °C for

18 hours. Wells were washed with PBS for three cycles of shaking for five minutes per cycle.

Secondary antibody (goat anti-mouse-HRP conjugate, Sigma AP130P) was applied at a 1:10000

dilution in 5% NFDM/PBS for 1.5 hours at 22°C. A second PBS wash/shake cycle was applied to

remove excess secondary antibody. QuantaRed kit detection was applied as per manufacturer's

instructions (Thermo Fisher Scientific #15159). Fluorescence emission values were obtained by a

fluorometer (Tecan Infinite F200). Data was analyzed and visualized using Microsoft Excel 2010.

Transfection with a plasmid encoding an IGF-1 protein resulted in a statistically significant 53%

increase in secretion of IGF-1 into the ambient medium (FIG. 12) compared to vehicle-only

transfected cells (p<0.001, one-way ANOVA) as measured by ELISA.

Example 3 : Edible metazoan biomass manufacturing methods

[0183] The manufacturing of an edible metazoan biomass, in one exemplary protocol, can

comprise three steps:

[0184] Step 1 is expanding cell populations overexpressing containing a GS gene, an IGF

gene, an albumin gene, or a combination thereof in a cell line capable of self-renewal, wherein the

cell line is a myogenic transcription factor-modified cell line, and wherein the cell line is of from

a livestock, poultry, game or an aquatic animal species. Selected cell populations overexpressing

targeted genes are seeded onto a substrate consisting of peptide-coated tissue-culture treated

plastic, in a standard growth medium at a density of 7.5 x 103 cells/cm and cultured at 37 °C under

5% CO2 atmospheric conditions. As cultures approach 80% confluence, cells are enzymatically

dissociated and the expanded quantity of cells are seeded at 7.5 x 103 cells/cm2. This process is

repeated until the total number of cells harvested following dissociation exceeds 1.0 x 108 cells.

[0185] Step 2 is cryopreserving and storing the expanded cell populations in a

cryopreserved cell bank. Cells harvested in quantities equal to or exceeding 1.0 x 108 following

expansion of selected cells are pelleted by centrifugation for 5 minutes at 300 x g . The cell pellet

is suspended in a standard cryopreservation medium at 2.5 x 106 cells/mL and aliquoted at 1.0 mL

per cryovial. Cryovials are cooled to -80 °C at - 1 °C/minute using an insulated container and



transferred to a dewar containing liquid nitrogen for long-term storage. As cells stocks are depleted

from this bank, remaining vials of cells are expanded and cryopreserved to replenish the

cryopreserved cell bank inventory.

[0186] Step 3 is seeding and cultivating cells from a master cell bank in an ex vivo milieu:

In accordance with the cultivation scale desired, one or more vials from the master cell bank is

rapidly thawed to room temperature. The cryopreservation medium is removed from the cells by

a 5 minute, 300 x g centrifugation step. Cells are suspended in standard growth medium and seeded

onto a gelatin-coated cultivation substrate in standard growth medium as before, except that, on

the final passage prior to harvest, the cells are permitted to proliferate to 100% confluence on the

cell culture substrate. The growth medium is next exchanged for differentiation medium specific

to the myogenic transcription factor-modified cell line, and the cultures are permitted to

differentiate for up to 6 days inducing myogenic differentiation of the cell line, wherein the

differentiated cell line forms myocytes and multinucleated myotubes; and the myocytes and

myotubes are cultured to generate skeletal muscle fibers.

[0187] The cultivation scale for proliferative biomass is outlined according to Table 5,

where the predicted average cell mass is 2.0 x 10 9 grams, and the predicted average cell doubling

time is 24 hours (h).
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[0189] Step 4 is harvesting cultivated cell biomass for dietary consumption. After the cells

have proliferated to confluence, the culture medium is removed, and the adherent cell cultures are

rinsed with phosphate buffered saline. Next, the confluent biomass of adherent cells mechanically

dissociated from the substrate by means of a scraping device. The dissociated biomass is collected

into centrifuge tubes, pelleted at 400 x g for 5 minutes to remove excess liquid, and processed for

food product preparation. Harvested yield of differentiated cell biomass are estimated by

multiplying the projected biomass of the proliferative culture by four to account for biomass

accumulation during cell differentiation.



Numbered Embodiments

A method for increasing the cell density of a culture comprising metazoan cells, the method

comprising:

a. introducing into the cells one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), and albumin; and

b. culturing the cells in a cultivation infrastructure.

A method for increasing the cell density of a culture comprising metazoan cells, the method

comprising:

a. introducing into the cells one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), albumin or a

combination thereof; and

b. culturing the cells in a cultivation infrastructure.

A method for increasing the cell density of a culture comprising metazoan cells, the method

comprising:

a. introducing into the cells one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), albumin or a

combination thereof;

b. introducing into the cells a polynucleotide sequence encoding a telomerase

reverse transcriptase (TERT); and

c. culturing the cells in a cultivation infrastructure.

The method of any one of embodiments 1-3, wherein the cells comprise a loss-of-function

mutation in one or more genes encoding cyclin-dependent kinase inhibitor (CKI) proteins.

The method of embodiment 1 or 2, comprising introducing into the cells a polynucleotide

sequence encoding a telomerase reverse transcriptase (TERT).



The method of embodiment 4, wherein the CKI proteins are p i 5, p i 6, paralogs, orthologs,

or genetic variants thereof.

The method of any one of embodiments 1-6, wherein the cells are from a self-renewing cell

line.

The method of embodiment 7, wherein the self-renewing cell line is selected from the group

consisting of an embryonic stem cell line, induced pluripotent stem cell line,

extraembryonic cell line, and somatic cell line.

The method of any one of embodiments 1-8, wherein the cells are modified with a

myogenic transcription factor.

The method of embodiment 9, wherein the myogenic transcription factor is MYODl,

MYOG, MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, or genetic variants thereof.

The method of any one of embodiments 1-10, wherein:

a. the concentration of glutamine in the culture medium is increased to at least 0.001

mM, to at least 0.0025 mM, to at least 0.005 mM, to at least 0.0075 mM, to at

least 0.01 mM, to at least 0.025 mM, to at least 0.05 mM, to at least 0.075 mM, to

at least 0.1 mM, to at least 0.25 mM, to at least 0.50 mM, to at least 0.75 mM, to

at least 1.0 mM, to at least 1.5 mM, to at least 2.0 mM, to at least 3.0 mM, to at

least 5.0 mM, to at least 10 mM, or to at least 20 mM;

b. the concentration of IGF in the culture medium is increased to at least 0.00001

ng/mL, to at least 0.000025 ng/mL, to at least 0.000075 ng/mL, to at least 0.0005

ng/mL, to at least 0.001 ng/mL, to at least 0.0025 ng/mL, to at least 0.005 ng/mL,

to at least 0.0075 ng/mL, to at least 0.01 ng/mL, to at least 0.025 ng/mL, to at

least 0.05 ng/mL, to at least 0.1 ng/mL, to at least 0.25 ng/mL, to at least 0.5

ng/mL, to at least 1 ng/mL, to at least 2.5 ng/mL, to at least 5 ng/mL, to at least

7.5 ng/mL, to at least 10 ng/mL, to at least 25 ng/mL, to at least 50 ng/mL, to at

least 75 ng/mL, to at least 125 ng/mL, to at least 250 ng/mL, to at least 500

ng/mL, to at least 750 ng/mL, to at least 1,000 ng/mL, to at least 1,500 ng/mL, to

at least 2,000 ng/mL, to at least 2,500 ng/mL, to at least 3,000 ng/mL, to at least



3,500 ng/mL, to at least 4,000 ng/mL, to at least 4,500 ng/mL, to at least 5,000

ng/mL to at least 6,000 ng/mL, to at least 7,000 ng/mL, to at least 8,000 ng/mL,

to at least 9,000 ng/mL, or even by at least 10,000 ng/mL; and/or

c. the concentration of albumin in the culture medium is increased to at least 0.0001

mg/mL, to at least 0.0002 mg/mL, to at least 0.0004 mg/mL, to at least 0.0005

mg/mL , to at least 0.0006 mg/mL, to at least 0.0007 mg/mL , to at least 0.0008

mg/mL , to at least 0.0009 mg/mL, to at least 0.001 mg/mL, to at least 0.002

mg/mL, to at least 0.003 mg/mL, to at least 0.004 mg/mL, to at least 0.005

mg/mL, to at least 0.006 mg/mL, to at least 0.007 mg/mL, to at least 0.008

mg/mL, to at least 0.009 mg/mL, to at least 0.01 mg/mL, to at least 0.05 mg/mL,

to at least 0.075 mg/mL, to at least 0.1 mg/mL, to at least 0.25 mg/mL, to at least

0.5 mg/mL, to at least 0.75 mg/mL, to at least 1 mg/mL, to at least mg/mL, to at

least 1.5 mg/mL, to at least 1.5 mg/mL, to at least 1.75 mg/mL, to at least 2

mg/mL, to at least 3 mg/mL, to at least 5 mg/mL, to at least 10 mg/mL, to at least

20 mg/mL, to at least 25 mg/mL, to at least 50 mg/mL, to at least 75 mg/mL, or

to at least 100 mg/mL,

compared to cultures of cells in which the expression of GS, IGF, albumin or a

combination thereof is not increased.

The method of any one of embodiments 1-1 1, comprising inhibiting the HIPPO signaling

pathway.

The method of embodiment 12, wherein inhibiting the HIPPO signaling pathway comprises

activating Yes-Associated Protein 1 (YAP1), Transcriptional co-Activator with PDZ-

binding motif (TAZ), or a combination thereof in the cells.

The method of any one of embodiments 1-13, wherein the cells are the cells of livestock,

poultry, game or aquatic animal species.

The method of any one of embodiments 1-14, wherein the cells are of a chicken, duck, or

turkey.

The method of any one of embodiments 1-14, wherein the cells are of a fish.



The method of any one of embodiments 1-14, wherein the cells are of a livestock species.

The method of embodiment 17, wherein the livestock species is porcine or bovine.

The method of any one of embodiments 1-14, wherein the cells are from any animal species

intended for human or non-human dietary consumption.

The method of any one of embodiments 1-6, wherein the cells are myogenic cells.

The method of embodiment 20, wherein the myogenic cells are myoblasts, myocytes,

satellite cells, side population cells, muscle derived stem cells, mesenchymal stem cells,

myogenic pericytes, or mesoangioblasts.

The method of any one of embodiments 1-6, wherein the cells are non-myogenic cells.

The method of any one of embodiments 1-6, wherein the cells are non-myogenic cells

modified to express one or more myogenic transcription factors.

The method of embodiment 23, wherein the myogenic transcription factor is MYODl,

MYOG, MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, or genetic variants thereof.

The method of any one of embodiments 1-24, wherein the polynucleotide sequence

encoding GS comprises a GS gene sequence from Tables 1A and IB.

The method of any one of embodiments 1-24, wherein the polynucleotide sequence

encoding IGF comprises an IGF gene sequence from Tables 1A and IB.

The method of any one of embodiments 1-24, wherein the polynucleotide sequence

encoding albumin comprises an albumin gene sequence from Tables 1A and IB.

An in vitro method for producing a cultured edible product, the method comprising:

a. introducing one or more polynucleotide sequences encoding glutamine synthetase

(GS), insulin-like growth factor (IGF), albumin or a combinations thereof into

myogenic cells;

b. optionally introducing a polynucleotide sequence encoding a telomerase reverse

transcriptase (TERT) into the cells;



c. inducing myogenic differentiation of the cells expressing GS, IGF, albumin or

combinations thereof and optionally TERT, wherein the differentiated cells form

myocytes and multinucleated myotubes;

. culturing the myocytes and myotubes to generate skeletal muscle fibers, thereby

producing a cultured edible product.

The method of embodiment 28, wherein the myogenic cells are natively myogenic.

The method of embodiment 28, wherein the myogenic cells are not natively myogenic and

are modified to express one or more myogenic transcription factors.

The method of embodiment 28 or 29, wherein the myogenic cells are myoblasts, myocytes,

satellite cells, side population cells, muscle derived stem cells, mesenchymal stem cells,

myogenic pericytes, or mesoangioblasts.

The method of embodiment 30, wherein the myogenic transcription factor is MYOD1,

MYOG, MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, or genetic variants thereof.

The method of any one of embodiments 28-32, wherein the step of inducing myogenic

differentiation comprises activating the expression of one or more myogenic transcription

factors.

The method of any one of embodiments 28-33, comprising inhibiting the HIPPO signaling

pathway.

The method of embodiment 34, wherein inhibiting the HIPPO signaling pathway comprises

activating Yes-Associated Protein 1 (YAPl) and/or Transcriptional co-Activator with PDZ-

binding motif (TAZ) in the cells.

The method of any one of embodiments 28-35, wherein the cells comprise a loss-of-

function mutation in one or more genes encoding cyclin-dependent kinase inhibitor (CKI)

proteins.

The method of embodiment 36, wherein the CKI proteins are pl5, pl6, paralogs, orthologs,

or genetic variants thereof.



The method of embodiment 30, wherein the myogenic cells are from an embryonic stem

cell line, induced pluripotent stem cell line, extraembryonic cell line, or a somatic cell line,

modified to express one or more myogenic transcription factors.

The method of any one of embodiments 28-38, wherein:

a. the concentration of glutamine in the culture medium is increased to at least 0.001

mM, to at least 0.0025 mM, to at least 0.005 mM, to at least 0.0075 mM, to at

least 0.01 mM, to at least 0.025 mM, to at least 0.05 mM, to at least 0.075 mM, to

at least 0.1 mM, to at least 0.25 mM, to at least 0.50 mM, to at least 0.75 mM, to

at least 1.0 mM, to at least 1.5 mM, to at least 2.0 mM, to at least 3.0 mM, to at

least 5.0 mM, to at least 10 mM, or to at least 20 mM;

b . the concentration of IGF in the culture medium is increased to at least 0.00001

ng/mL, to at least 0.000025 ng/mL, to at least 0.000075 ng/mL, to at least 0.0005

ng/mL, to at least 0.001 ng/mL, to at least 0.0025 ng/mL, to at least 0.005 ng/mL,

to at least 0.0075 ng/mL, to at least 0.01 ng/mL, to at least 0.025 ng/mL, to at

least 0.05 ng/mL, to at least 0.1 ng/mL, to at least 0.25 ng/mL, to at least 0.5

ng/mL, to at least 1 ng/mL, to at least 2.5 ng/mL, to at least 5 ng/mL, to at least

7.5 ng/mL, to at least 10 ng/mL, to at least 25 ng/mL, to at least 50 ng/mL, to at

least 75 ng/mL, to at least 125 ng/mL, to at least 250 ng/mL, to at least 500

ng/mL, to at least 750 ng/mL, to at least 1,000 ng/mL, to at least 1,500 ng/mL, to

at least 2,000 ng/mL, to at least 2,500 ng/mL, to at least 3,000 ng/mL, to at least

3,500 ng/mL, to at least 4,000 ng/mL, to at least 4,500 ng/mL, to at least 5,000

ng/mL to at least 6,000 ng/mL, to at least 7,000 ng/mL, to at least 8,000 ng/mL,

to at least 9,000 ng/mL, or even by at least 10,000 ng/mL; and/or

c. the concentration of albumin in the culture medium is increased to at least 0.0001

mg/mL, to at least 0.0002 mg/mL, to at least 0.0004 mg/mL, to at least 0.0005

mg/mL , to at least 0.0006 mg/mL, to at least 0.0007 mg/mL , to at least 0.0008

mg/mL , to at least 0.0009 mg/mL, to at least 0.001 mg/mL, to at least 0.002

mg/mL, to at least 0.003 mg/mL, to at least 0.004 mg/mL, to at least 0.005

mg/mL, to at least 0.006 mg/mL, to at least 0.007 mg/mL, to at least 0.008

mg/mL, to at least 0.009 mg/mL, to at least 0.01 mg/mL, to at least 0.05 mg/mL,



to at least 0.075 mg/mL, to at least 0.1 mg/mL, to at least 0.25 mg/mL, to at least

0.5 mg/mL, to at least 0.75 mg/mL, to at least 1 mg/mL, to at least mg/mL, to at

least 1.5 mg/mL, to at least 1.5 mg/mL, to at least 1.75 mg/mL, to at least 2

mg/mL, to at least 3 mg/mL, to at least 5 mg/mL, to at least 10 mg/mL, to at least

20 mg/mL, to at least 25 mg/mL, to at least 50 mg/mL, to at least 75 mg/mL, or

to at least 100 mg/mL,

compared to cultures of cells in which the expression of GS, IGF, albumin or a

combination thereof is not increased.

The method of any one of embodiments 28-39, wherein the cells are from livestock,

poultry, game or aquatic animal species.

The method of any one of embodiments 28-40, wherein the cells are from a chicken, duck,

or turkey.

The method of any one of embodiments 28-40, wherein the cells are from a fish.

The method of any one of embodiments 28-40, wherein the cells are from a livestock

species.

The method of embodiment 43, wherein the livestock species is porcine or bovine.

The method of any one of embodiments 28-44, wherein the cells are from any animal

species intended for human or non-human dietary consumption.

The method of any one of embodiments 28-45, wherein the polynucleotide sequence

encoding GS comprises a GS coding sequence from Tables 1A and IB.

The method of any one of embodiments 28-45, wherein the polynucleotide sequence

encoding IGF comprises an IGF coding sequence from Tables 1A and IB.

The method of any one of embodiments 28-45, wherein the polynucleotide sequence

encoding albumin comprises an albumin coding sequence from Tables 1A and IB.



The method of any one of embodiments 1-48, wherein the cells express the GS protein at

levels sufficient to decrease the ammonia production, increase the production of glutamine,

or any combination thereof.

A method of decreasing the concentration of ammonia and/or ammonium hydroxide in the

medium of cells in culture comprising increasing the expression of a glutamine synthetase

(GS) protein in the cells, wherein the cells are of livestock, poultry, game or aquatic animal

species, and wherein the concentration of ammonia (i.e. ammonium hydroxide) in the

medium is decreased by at least 2.5%.

A method of increasing the production of glutamine in cells comprising increasing the

expression of a glutamine synthetase (GS) protein in the cells, wherein the cells are of

livestock, poultry, game or aquatic animal species, and wherein the concentration of

glutamine in the cells is increased by at least 2.5%.

The method of any one of embodiments 50-51, wherein the cells are modified to

overexpress a gene encoding the GS protein.

The method of any one of embodiments 50-52, wherein the cells overexpress the gene

encoding the GS protein at levels sufficient to decrease the ammonia production, increase

the production of glutamine, or any combination thereof.

A method of increasing the concentration of Insulin-like growth factor (IGF) in the medium

of cells in culture comprising increasing the expression of an IGF protein in the cells,

wherein the cells are of livestock, poultry, game or aquatic animal species, and wherein the

concentration of the IGF protein in the medium is increased by at least 2.5% or is increased

to at least 0.001 ng/mL.

The method of embodiment 54, wherein the cells are modified to overexpress a gene

encoding the IGF protein.

The method of any one of embodiments 54-55, wherein the cells overexpress the gene

encoding the IGF protein at levels sufficient to increase the concentration of IGF in the

medium.



The method of any one of embodiments 54-56, wherein the IGF protein is an IGF-1 protein.

The method of any one of embodiments 54-56, wherein the IGF protein is an IGF-2

protein.

A method of increasing the concentration of albumin in the medium of cells in culture

comprising increasing the expression of albumin in the cells, wherein the cells are of

livestock, poultry, game or aquatic animal species, and wherein the concentration of

albumin in the medium is increased at least 2.5% or is increased to at least 0.1 g/mL.

The method of embodiment 59, wherein the cells are modified to overexpress a gene

encoding the albumin protein.

The method of any one of embodiments 59-60, wherein the cells overexpress the gene

encoding the albumin protein at levels sufficient to increase the concentration of albumin in

the medium.

The method of any one of embodiments 50-61, wherein the cells are a self-renewing cell

line.

The method of embodiment 62, wherein the self-renewing cell line is selected from the

group consisting of an embryonic stem cell line, induced pluripotent stem cell line,

extraembryonic cell lines, and somatic cell lines.

The method of any one of embodiments 50-63, wherein the cell line is a myogenic

transcription factor-modified cell line.

The method of embodiment 64, wherein the myogenic transcription factor is MYOD1,

MYOG, MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, or genetic variants thereof.

The method of any one of embodiments 50-65, wherein the renewal capacity of the cells is

extended.

The method of any one of embodiments 50-65, further comprising activating Telomerase

reverse transcriptase (TERT) in the cells.



68. The method of any one of embodiments 50-67, wherein the cells comprise a loss-of-

function mutation in one or more genes encoding cyclin-dependent kinase inhibitor (CKI)

proteins.

69. The method of embodiment 68, wherein the CKI proteins are pi 5, pi 6, paralogs, orthologs,

or genetic variants thereof.

70. The method of any one of embodiments 50-67, comprising inhibiting the HIPPO signaling

pathway in the cells.

71. The method of embodiment 70, wherein inhibiting the HIPPO signaling pathway comprises

activating Yes-Associated Protein 1 (YAP1), Transcriptional co-Activator with PDZ-

binding motif (TAZ), or a combination thereof in the cells.

72. The method of any one of embodiments 50-71, wherein the cell line is of a game species.

73. The method of any one of embodiments 50-71, wherein the cell line is of a poultry species.

74. The method of embodiment 73, wherein the poultry species is a duck.

75. The method of any one of embodiments 50-71, wherein the cell line is of an aquatic species.

76. The method of any one of embodiments 50-71, wherein the cell line is of a livestock

species.

77. The method of embodiment 76, wherein the livestock species is porcine or bovine.

78. The method of any one of embodiments 50-71, wherein the cell line is from any animal

species intended for human or non-human dietary consumption.

79. An in vitro method for producing a cultured edible product, the method comprising:

a. overexpressing a GS, IGF, albumin protein, or a combination thereof in a self-

renewing cell line, wherein the cell line is a myogenic transcription factor-

modified cell line, and wherein the cell line is of a livestock, poultry, game or

aquatic animal species;



b. inducing myogenic differentiation of the cell line, wherein the differentiated cell

line forms myocytes and multinucleated myotubes; and

c . culturing the myocytes and myotubes to generate skeletal muscle fibers, thereby

producing a cultured edible product.

80. The method of embodiment 79, wherein the cell line is modified to overexpress a gene

encoding the GS protein.

81. The method of embodiment 80, wherein the cell line is engineered to overexpress the gene

encoding the GS protein at levels sufficient to decrease the ammonia production, increase

the production of glutamine, or any combination thereof.

82. The method of embodiment 79, wherein the cell line is modified to overexpress a gene

encoding the IGF protein.

83. The method of embodiment 82, wherein the cells overexpress the gene encoding the IGF

protein at levels sufficient to increase the production of IGF by the cells.

84. The method of any one of embodiments 79-83, wherein the IGF protein is an IGF-1 protein.

85. The method of any one of embodiments 79-83, wherein the IGF protein is an IGF-2 protein

86. The method of embodiment 79, wherein the cell line is modified to overexpress a gene

encoding the albumin protein.

87. The method of embodiment 86, wherein the cells overexpress the gene encoding the

albumin protein at levels sufficient to increase the concentration of albumin in cells.

88. The method of any one of embodiments 79-87, wherein the self-renewing cell line is

selected from the group consisting of embryonic stem cells, induced pluripotent stem cells,

extraembryonic cell lines, and somatic cell lines.

89. The method of any one of embodiments 79-88, wherein the myogenic transcription factor is

the MYOD1, MYOG, MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, or genetic variants

thereof.



90. The method of any one of embodiments 79-89, wherein the renewal capacity of the cells is

extended.

91. The method of any one of embodiments 79-89, further comprising activating Telomerase

reverse transcriptase (TERT) in the cells.

92. The method of any one of embodiments 79-91, wherein the cells comprise a loss-of-

function mutation in one or more genes encoding cyclin-dependent kinase inhibitor (CKI)

proteins.

93. The method of embodiment 92, wherein the CKI proteins are p i 5, p i 6, paralogs, orthologs,

or genetic variants thereof.

94. The method of any one of embodiment 79-93, comprising inhibiting the HIPPO signaling

pathway in the cells.

95. The method of embodiment 94, wherein the inhibition of the HIPPO signaling pathway

comprises activating Yes-Associated Protein 1 (YAP1) and/or Transcriptional co-Activator

with PDZ-binding motif (TAZ) in the cells.

96. The method of any one of embodiments 79-95, wherein the cell line is of a game species.

97. The method of any one of embodiments 79-95, wherein the cell line is of a poultry species.

98. The method of embodiment 97, wherein the poultry species is a duck.

99. The method of any one of embodiment 79-95, wherein the cell line is of an aquatic species.

100. The method of any one of embodiments 79-95, wherein the cell line is of a livestock

species.

101. The method of embodiment 100, wherein the livestock species is porcine or bovine.

102. The method of any one of embodiments 79-95, wherein the cell line is from any animal

species intended for human or non-human dietary consumption.

103. A cultured edible product produced by the in vitro method of any one of embodiments

28-49 and 79-102.



104. A cultured edible product comprising cells having increased expression of GS, increased

expression of IGF, increased expression of albumin, and/or increased expression of TERT.

105. A construct comprising any one of the sequences selected from Table IB.

106. An expression vector comprising any one of the sequences selected from Table IB.

107. A cell comprising the expression vector of embodiment 106.

108. The cell of embodiment 107, wherein the cell is from a livestock, poultry, game, or

aquatic species.

109. A method for increasing the secretion of glutamine by cells into a culture medium, the

method comprising increasing the expression of a glutamine synthetase (GS) protein in the

cells, wherein the cells are from livestock, poultry, game or aquatic animal species, and

wherein the concentration of glutamine secreted into the culture medium is increased by at

least 2.5%.

110. The method of embodiment 109, wherein the cells are modified to overexpress a gene

encoding the GS protein.

111. The method of embodiment 109 or 110, comprising introducing into the cells a

polynucleotide comprising a GS coding sequence from Table IB.

112. The method of any one of embodiments 109-1 11, wherein the secretion of glutamine by

cells into the culture medium is increased by at least 2.5% compared to cells in which the

expression of GS is not increased.

113. A method for increasing the rate of proliferation of cells in a cultivation infrastructure,

comprising:

a . introducing into the cells one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), albumin or a

combination thereof; and

b . culturing the cells in a cultivation infrastructure,



wherein the cells are from livestock, poultry, game or aquatic animal species.

114. The method of embodiment 113, wherein the polynucleotide sequence encoding GS

comprises a GS coding sequence from Tables 1A and IB.

115. The method of embodiment 113, wherein the polynucleotide sequence encoding IGF

comprises an IGF coding sequence from Tables 1A and IB.

116. The method of embodiment 113, wherein the polynucleotide sequence encoding albumin

comprises an albumin coding sequence from Tables 1A and IB.

117. The method of any one of embodiments 113-1 16, wherein the rate of proliferation of

cells is increased by at least 5% compared to cells in which the expression of GS, IGF,

albumin, or a combination thereof is not increased.

118. A method for decreasing death of cells in a cultivation infrastructure, comprising:

a . introducing into the cells one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), albumin or a

combination thereof; and

b . culturing the cells in a cultivation infrastructure,

wherein the cells are from livestock, poultry, game or aquatic animal species.

119. The method of embodiment 118, wherein the polynucleotide sequence encoding GS

comprises a GS coding sequence from Tables 1A and IB.

120. The method of embodiment 118, wherein the polynucleotide sequence encoding IGF

comprises an IGF coding sequence from Tables 1A and IB.

121. The method of embodiment 118, wherein the polynucleotide sequence encoding albumin

comprises an albumin coding sequence from Tables 1A and IB.

122. The method of any one of embodiment 118-121, wherein the cell death is decreased by at

least 10% compared to cells in which the expression of GS, IGF, albumin, or a combination

thereof is not increased.



123. A method for increasing protein production in cells in a cultivation infrastructure,

comprising:

a. introducing into the cells a polynucleotide sequence encoding insulin-like growth

factor (IGF); and

b. culturing the cells in a cultivation infrastructure,

wherein the cells are from livestock, poultry, game or aquatic animal species.

124. The method of embodiment 123, wherein the polynucleotide sequence encoding IGF

comprises an IGF coding sequence from Tables 1A and IB.

125. The method of embodiment 123 or 124, wherein the IGF is IGF-1 or IGF-2.

126. The method of any one of embodiment 123-125, wherein the protein production

measured as total cell protein per cell nucleus is increased by at least 5% compared to cells

in which the expression of IGF is not increased.

127. The method of any one of embodiments 3, 28, 67, and 91, wherein the polynucleotide

encoding TERT comprises a TERT coding sequence from Table IB.



CLAIMS
1. A method for increasing the cell density of a culture comprising metazoan cells, the method

comprising:

a. introducing into the cells one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), and albumin; and

b. culturing the cells in a cultivation infrastructure.

2. A method for increasing the cell density of a culture comprising metazoan cells, the method

comprising:

a. introducing into the cells one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), albumin or a

combination thereof; and

b. culturing the cells in a cultivation infrastructure.

3. A method for increasing the cell density of a culture comprising metazoan cells, the method

comprising:

a. introducing into the cells one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), albumin or a

combination thereof;

b. introducing into the cells a polynucleotide sequence encoding a telomerase

reverse transcriptase (TERT); and

c. culturing the cells in a cultivation infrastructure.

4. The method of any one of claims 1-3, wherein the cells comprise a loss-of-function

mutation in one or more genes encoding cyclin-dependent kinase inhibitor (CKI) proteins.

5. The method of claim 1 or 2, comprising introducing into the cells a polynucleotide sequence

encoding a telomerase reverse transcriptase (TERT).



6 . The method of claim 4, wherein the CKI proteins are p i 5, p i 6, paralogs, orthologs, or

genetic variants thereof.

7. The method of any one of claims 1-6, wherein the cells are from a self-renewing cell line.

8. The method of claim 7, wherein the self-renewing cell line is selected from the group

consisting of an embryonic stem cell line, induced pluripotent stem cell line,

extraembryonic cell line, and somatic cell line.

9. The method of any one of claims 1-8, wherein the cells are modified with a myogenic

transcription factor.

10. The method of claim 9, wherein the myogenic transcription factor is MYODl, MYOG,

MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, or genetic variants thereof.

11. The method of any one of claims 1-10, wherein:

a. the concentration of glutamine in the culture medium is increased to at least 0.001

mM;

b. the concentration of IGF in the culture medium is increased to at least 0.001

ng/mL; and/or

c. the concentration of albumin in the culture medium is increased to at least 0.0001

mg/mL,

compared to cultures of cells in which the expression of GS, IGF, albumin or a

combination thereof is not increased.

12. The method of any one of claims 1-1 1, comprising inhibiting the HIPPO signaling pathway.

13. The method of claim 12, wherein inhibiting the HIPPO signaling pathway comprises

activating Yes-Associated Protein 1 (YAPl), Transcriptional co-Activator with PDZ-

binding motif (TAZ), or a combination thereof in the cells.

14. The method of any one of claims 1-13, wherein the cells are from a livestock, poultry, game

or aquatic animal species.



15. The method of any one of claims 1-14, wherein the cells are from a chicken, duck, or

turkey.

16. The method of any one of claims 1-14, wherein the cells are from a fish.

17. The method of any one of claims 1-14, wherein the cells are from a livestock species.

18. The method of claim 17, wherein the livestock species is porcine or bovine.

19. The method of any one of claims 1-14, wherein the cells are from any animal species

intended for human or non-human dietary consumption.

20. The method of any one of claims 1-6, wherein the cells are myogenic cells.

21. The method of claim 20, wherein the myogenic cells are myoblasts, myocytes, satellite

cells, side population cells, muscle derived stem cells, mesenchymal stem cells, myogenic

pericytes, or mesoangioblasts.

22. The method of any one of claims 1-6, wherein the cells are non-myogenic cells.

23. The method of any one of claims 1-6, wherein the cells are non-myogenic cells modified to

express one or more myogenic transcription factors.

24. The method of claim 23, wherein the myogenic transcription factor is MYOD1, MYOG,

MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, or genetic variants thereof.

25. The method of any one of claims 1-24, wherein the polynucleotide sequence encoding GS

comprises a GS coding sequence from Tables 1A and IB.

26. The method of any one of claims 1-24, wherein the polynucleotide sequence encoding IGF

comprises an IGF coding sequence from Tables 1A and IB.

27. The method of any one of claims 1-24, wherein the polynucleotide sequence encoding

albumin comprises an albumin coding sequence from Tables 1A and IB.

28. An in vitro method for producing a cultured edible product, the method comprising:



a. introducing one or more polynucleotide sequences encoding glutamine synthetase

(GS), insulin-like growth factor (IGF), albumin or a combinations thereof into

myogenic cells;

b. optionally introducing a polynucleotide sequence encoding a telomerase reverse

transcriptase (TERT) into the cells;

c. inducing myogenic differentiation of the cells expressing GS, IGF, albumin or

combinations thereof and optionally TERT, wherein the differentiated cells form

myocytes and multinucleated myotubes;

. culturing the myocytes and myotubes to generate skeletal muscle fibers, thereby

producing a cultured edible product.

29. The method of claim 28, wherein the myogenic cells are natively myogenic.

30. The method of claim 28, wherein the myogenic cells are not natively myogenic and are

modified to express one or more myogenic transcription factors.

31. The method of claim 28 or 29, wherein the myogenic cells are myoblasts, myocytes,

satellite cells, side population cells, muscle derived stem cells, mesenchymal stem cells,

myogenic pericytes, or mesoangioblasts.

32. The method of claim 30, wherein the myogenic transcription factor is MYODl, MYOG,

MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, or genetic variants thereof.

33. The method of any one of claims 28-32, wherein the step of inducing myogenic

differentiation comprises activating the expression of one or more myogenic transcription

factors.

34. The method of any one of claims 28-33, comprising inhibiting the HIPPO signaling

pathway.

35. The method of claim 34, wherein inhibiting the HIPPO signaling pathway comprises

activating Yes-Associated Protein 1 (YAPl) and/or Transcriptional co-Activator with PDZ-

binding motif (TAZ) in the cells.



36. The method of any one of claims 28-35, wherein the cells comprise a loss-of-function

mutation in one or more genes encoding cyclin-dependent kinase inhibitor (CKI) proteins.

37. The method of claim 36, wherein the CKI proteins are pl5, pl6, paralogs, orthologs, or

genetic variants thereof.

38. The method of claim 30, wherein the myogenic cells are from an embryonic stem cell line,

induced pluripotent stem cell line, extraembryonic cell line, or somatic cells, modified to

express one or more myogenic transcription factors.

39. The method of any one of claims 28-38, wherein:

a. the concentration of glutamine in the culture medium is increased to at least 0.001

mM;

b. the concentration of IGF in the culture medium is increased to at least 0.001

ng/mL; and/or

c. the concentration of albumin in the culture medium is increased to at least 0.0001

mg/mL,

compared to cultures of cells in which the expression of GS, IGF, albumin or a

combination thereof is not increased.

40. The method of any one of claims 28-39, wherein the cells are from livestock, poultry, game

or aquatic animal species.

41. The method of any one of claims 28-40, wherein the cells are from a chicken, duck, or

turkey.

42. The method of any one of claims 28-40, wherein the cells are from a fish.

43. The method of any one of claims 28-40, wherein the cells are from a livestock species.

44. The method of claim 43, wherein the livestock species is porcine or bovine.



45. The method of any one of claims 28-44, wherein the cells are from any animal species

intended for human or non-human dietary consumption.

46. The method of any one of claims 28-45, wherein the polynucleotide sequence encoding GS

comprises a GS coding sequence from Tables 1A and IB.

47. The method of any one of claims 28-45, wherein the polynucleotide sequence encoding IGF

comprises an IGF coding sequence from Tables 1A and IB.

48. The method of any one of claims 28-45, wherein the polynucleotide sequence encoding

albumin comprises an albumin coding sequence from Tables 1A and IB.

49. The method of any one of claims 1-48, wherein the cells express the GS protein at levels

sufficient to decrease the ammonia production, increase the production of glutamine, or any

combination thereof.

50. A method of decreasing the concentration of ammonia and/or ammonium hydroxide in the

medium of cells in culture comprising increasing the expression of glutamine synthetase

(GS) protein in the cells, wherein the cells are of livestock, poultry, game or aquatic animal

species, and wherein the concentration of ammonia (i.e. ammonium hydroxide) in the

medium is decreased by at least 2.5%.

51. A method of increasing the production of glutamine in cells comprising increasing the

expression of glutamine synthetase (GS) protein in the cells, wherein the cells are of

livestock, poultry, game or aquatic animal species, and wherein the concentration of

glutamine in the cells is increased by at least 2.5%.

52. The method of any one of claims 50-51, wherein the cells are modified to overexpress a

gene encoding the GS protein.

53. The method of any one of claims 50-52, wherein the cells overexpress the gene encoding

the GS protein at levels sufficient to decrease the ammonia production, increase the

production of glutamine, or any combination thereof.

54. A method of increasing the concentration of Insulin-like growth factor (IGF) in the medium

of cells in culture comprising increasing the expression of an IGF protein in the cells,



wherein the cells are of livestock, poultry, game or aquatic animal species, and wherein the

concentration of the IGF protein in the medium is increased by at least 2.5% or is increased

to at least 0.001 ng/mL.

55. The method of claim 54, wherein the cells are modified to overexpress a gene encoding the

IGF protein.

56. The method of any one of claims 54-55, wherein the cells overexpress the gene encoding

the IGF protein at levels sufficient to increase the concentration of IGF in the medium.

57. The method of any one of claims 54-56, wherein the IGF protein is an IGF-1 protein.

58. The method of any one of claims 54-56, wherein the IGF protein is an IGF-2 protein.

59. A method of increasing the concentration of albumin in the medium of cells in culture

comprising increasing the expression of albumin in the cells, wherein the cells are of

livestock, poultry, game or aquatic animal species, and wherein the concentration of

albumin in the medium is increased at least 2.5% or is increased to at least 0.1 g/mL.

60. The method of claim 59, wherein the cells are modified to overexpress a gene encoding the

albumin protein.

61. The method of any one of claims 59-60, wherein the cells overexpress the gene encoding

the albumin protein at levels sufficient to increase the concentration of albumin in the

medium.

62. The method of any one of claims 50-61, wherein the cells are a self-renewing cell line.

63. The method of claim 62, wherein the self-renewing cell line is selected from the group

consisting of embryonic stem cells, induced pluripotent stem cells, extraembryonic cell

lines, and somatic cell lines.

64. The method of any one of claims 50-63, wherein the cell line is a myogenic transcription

factor-modified cell line.



65. The method of claim 64, wherein the myogenic transcription factor is MYODl, MYOG,

MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, or genetic variants thereof.

66. The method of any one of claims 50-65, wherein the renewal capacity of the cells is

extended.

67. The method of any one of claims 50-65, further comprising activating Telomerase reverse

transcriptase (TERT) in the cells.

68. The method of any one of claims 50-67, wherein the cells comprise a loss-of-function

mutation in one or more genes encoding cyclin-dependent kinase inhibitor (CKI) proteins.

69. The method of claim 68, wherein the CKI proteins are pi 5, pi 6, paralogs, orthologs, or

genetic variants thereof.

70. The method of any one of claims 50-67, comprising inhibiting the HIPPO signaling

pathway in the cells.

71. The method of claim 70, wherein inhibiting the HIPPO signaling pathway comprises

activating Yes-Associated Protein 1 (YAPl), Transcriptional co-Activator with PDZ-

binding motif (TAZ), or a combination thereof in the cells.

72. The method of any one of claims 50-71, wherein the cell line is of a game species.

73. The method of any one of claims 50-71, wherein the cell line is of a poultry species.

74. The method of claim 73, wherein the poultry species is a duck.

75. The method of any one of claims 50-71, wherein the cell line is of an aquatic species.

76. The method of any one of claims 50-71, wherein the cell line is of a livestock species.

77. The method of claim 76, wherein the livestock species is porcine or bovine.

78. The method of any one of claims 50-71, wherein the cell line is from any animal species

intended for human or non-human dietary consumption.

79. An in vitro method for producing a cultured edible product, the method comprising:



a. overexpressing a GS, IGF, albumin protein, or a combination thereof in a self-

renewing cell line, wherein the cell line is a myogenic transcription factor-

modified cell line, and wherein the cell line is of a livestock, poultry, game or

aquatic animal species;

b. inducing myogenic differentiation of the cell line, wherein the differentiated cell

line forms myocytes and multinucleated myotubes; and

c. culturing the myocytes and myotubes to generate skeletal muscle fibers, thereby

producing a cultured edible product.

80. The method of claim 79, wherein the cell line is modified to overexpress a gene encoding

the GS protein.

81. The method of claim 80, wherein the cell line is engineered to overexpress the gene

encoding the GS protein at levels sufficient to decrease the ammonia production, increase

the production of glutamine, or any combination thereof.

82. The method of claim 79, wherein the cell line is modified to overexpress a gene encoding

the IGF protein.

83. The method of claim 82, wherein the cells overexpress the gene encoding the IGF protein at

levels sufficient to increase the production of IGF by the cells.

84. The method of any one of claims 79-83, wherein the IGF protein is an IGF-1 protein.

85. The method of any one of claims 79-83, wherein the IGF protein is an IGF-2 protein

86. The method of claim 79, wherein the cell line is modified to overexpress a gene encoding

the albumin protein.

87. The method of claim 86, wherein the cells overexpress the gene encoding the albumin

protein at levels sufficient to increase the concentration of albumin in cells.



88. The method of any one of claims 79-87, wherein the self-renewing cell line is selected from

the group consisting of embryonic stem cells, induced pluripotent stem cells,

extraembryonic cell lines, and somatic cell lines.

89. The method of any one of claims 79-88, wherein the myogenic transcription factor is the

MYOD1, MYOG, MYF5, MYF6, PAX3, PAX7, paralogs, orthologs, or genetic variants

thereof.

90. The method of any one of claims 79-89, wherein the renewal capacity of the cells is

extended.

91. The method of any one of claims 79-89, further comprising activating Telomerase reverse

transcriptase (TERT) in the cells.

92. The method of any one of claims 79-91, wherein the cells comprise a loss-of-function

mutation in one or more genes encoding cyclin-dependent kinase inhibitor (CKI) proteins.

93. The method of claim 92, wherein the CKI proteins are pi 5, pi 6, paralogs, orthologs, or

genetic variants thereof.

94. The method of any one of claims 79-93, comprising inhibiting the HIPPO signaling

pathway in the cells.

95. The method of claim 94, wherein the inhibition of the HIPPO signaling pathway comprises

activating Yes-Associated Protein 1 (YAPl) and/or Transcriptional co-Activator with PDZ-

binding motif (TAZ) in the cells.

96. The method of any one of claims 79-95, wherein the cell line is of a game species.

97. The method of any one of claims 79-95, wherein the cell line is of a poultry species.

98. The method of claim 97, wherein the poultry species is a duck.

99. The method of any one of claims 79-95, wherein the cell line is of an aquatic species.

100. The method of any one of claims 79-95, wherein the cell line is of a livestock species.



101. The method of claim 100, wherein the livestock species is porcine or bovine.

102. The method of any one of claims 79-95, wherein the cell line is from any animal species

intended for human or non-human dietary consumption.

103. A cultured edible product produced by the in vitro method of any one of claims 28-49

and 79-102.

104. A cultured edible product comprising cells having increased expression of GS, increased

expression of IGF, increased expression of albumin, and/or increased expression of TERT.

105. A construct comprising any one of the sequences selected from Table IB.

106. An expression vector comprising any one of the sequences selected from Table IB.

107. A cell comprising the expression vector of claim 106.

108. The cell of claim 107, wherein the cell is from a livestock, poultry, game, or aquatic

species.

109. A method for increasing the secretion of glutamine by cells into a culture medium, the

method comprising increasing the expression of a glutamine synthetase (GS) protein in the

cells, wherein the cells are from livestock, poultry, game or aquatic animal species, and

wherein the concentration of glutamine secreted into the culture medium is increased by at

least 2.5%.

110. The method of claim 109, wherein the cells are modified to overexpress a gene encoding

the GS protein.

111. The method of claim 109 or 110, comprising introducing into the cells a polynucleotide

comprising a GS coding sequence from Table IB.

112. The method of any one of claims 109-1 11, wherein the secretion of glutamine by cells

into the culture medium is increased by at least 2.5% compared to cells in which the

expression of GS is not increased.



113. A method for increasing the rate of proliferation of cells in a cultivation infrastructure,

comprising:

a. introducing into the cells one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), albumin or a

combination thereof; and

b . culturing the cells in a cultivation infrastructure,

wherein the cells are from livestock, poultry, game or aquatic animal species.

114. The method of claim 113, wherein the polynucleotide sequence encoding GS comprises a

GS coding sequence from Tables 1A and IB.

115. The method of claim 113, wherein the polynucleotide sequence encoding IGF comprises

an IGF coding sequence from Tables 1A and IB.

116. The method of claim 113, wherein the polynucleotide sequence encoding albumin

comprises an albumin coding sequence from Tables 1A and IB.

117. The method of any one of claims 113-1 16, wherein the rate of proliferation of cells is

increased by at least 5% compared to cells in which the expression of GS, IGF, albumin, or

a combination thereof is not increased.

118. A method for decreasing death of cells in a cultivation infrastructure, comprising:

a. introducing into the cells one or more polynucleotide sequences encoding

glutamine synthetase (GS), insulin-like growth factor (IGF), albumin or a

combination thereof; and

b . culturing the cells in a cultivation infrastructure,

wherein the cells are from livestock, poultry, game or aquatic animal species.

119. The method of claim 118, wherein the polynucleotide sequence encoding GS comprises a

GS coding sequence from Tables 1A and IB.



120. The method of claim 118, wherein the polynucleotide sequence encoding IGF comprises

an IGF coding sequence from Tables 1A and IB.

121. The method of claim 118, wherein the polynucleotide sequence encoding albumin

comprises an albumin coding sequence from Tables 1A and IB.

122. The method of any one of claims 118-121, wherein the cell death is decreased by at least

2.5% compared to cells in which the expression of GS, IGF, albumin, or a combination

thereof is not increased.

123. A method for increasing protein production in cells in a cultivation infrastructure,

comprising:

a. introducing into the cells a polynucleotide sequence encoding insulin-like growth

factor (IGF); and

b. culturing the cells in a cultivation infrastructure,

wherein the cells are from livestock, poultry, game or aquatic animal species.

124. The method of claim 123, wherein the polynucleotide sequence encoding IGF comprises

an IGF coding sequence from Tables 1A and IB.

125. The method of claim 123 or 124, wherein the IGF is IGF-1 or IGF -2.

126. The method of any one of claims 123-125, wherein the protein production measured as

total cell protein per cell nucleus is increased by at least 5% compared to cells in which the

expression of IGF is not increased.

127. The method of any one of claims 3, 28, 67, and 91, wherein the polynucleotide encoding

TERT comprises a TERT coding sequence from Table IB.
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Groups l+, Claims 1-6, 28-32, 38, 50-52, 54-56, 59-61, 79-87, 104-1 1, 113-125, glutamine synthetase (encoded agent) encompassing
GenBank Accession NM_008131 (encoding sequence), and MYOD1 (myogenic transcription factor) are directed toward methods,
constructs, expression vectors, cells and edible products related to cultured metazoan cells comprising a nucleic acid encoding
glutamine synthetase (GS), insulin-like growth factor (IGF), or albumin.

The methods, edible products, constructs, vectors, and cells will be searched to the extent they encompass glutamine synthetase (first
exemplary encoded agent) encompassing GenBank Accession NM_008131 (first exemplary encoding sequence), and MYOD1 (first
exemplary myogenic transcription factor). Applicant is invited to elect additional encoded agent(s), (with, where applicable for each
elected new agent, a corresponding first sequence encoding the agent) and/or additional sequence(s) encoding agent(s), and/or
myogenic transcription factor(s), to be searched. Additional encoded agent(s) and/or sequence(s) encoding the agent(s), and/or
myogenic transcription factor(s) will be searched upon the payment of additional fees. It is believed that claims 1 (in-part), 2 (in-part), 4
(in-part), 6 (in-part), 28-32 (each in-part), 38 (in-part), 50-52, 79-81 (each in-part), 104 (in-part), 109-1 11 (each in-part), 113 (in-part), 114
(in-part), 117-1 19 (each in-part), and 22 (in-part) encompass this first named invention and thus these claims will be searched without
fee to the extent that they encompass glutamine synthetase (encoded agent), GenBank Accession NM_008131 (encoding sequence),
and YOD1 (myogenic transcription factor). Applicants must specify the claims that encompass any additionally elected encoded agent
(s), and/or sequences encoding agent(s), and/or myogenic transcription factor(s). Applicants must further indicate, if applicable, the
claims which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify
how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be
searched/examined. An exemplary election would be an encoded agent encompassing insulin-like growth factor (IGF) (encoded agent)
encoded by SEQ D NO: 1 (IGF encoding sequence).

No technical features are shared between the encoded agents of Groups l+ and, accordingly, these groups lack unity a priori.
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