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Methods for production and uses of
multipotent cell populations

BACKGROUND OF THE INVENTION

The transcendent challenge for medicine in the 21st century will be replacing
damaged, worn-out or genetically-compromised cells. Transcription factors binding
specifically to DNA play a vital role in regulating gene expression. It is the particular
complement of transcription factors within an individual cell, that determine which cellular
programs are active and which are turned off. In this capacity transcription factors play a
decisive role in determining and maintaining cellular identity, as well as determining cellular

vulnerability.
SUMMARY OF THE INVENTION

The ability to derive proliferating, self-renewing, multipotent and pluripotent cell
population(s) from otherwise non-pluripotent, non-self renewing cells may have significant
positive implications for all fields utilizing cellular therapies. These fields include bone
marrow transplantation, transfusion medicine, and gene therapy and enable the production of
patient-specific stem cells and other desired cell types. Likewise, the ability to initiate
differentiation of cells into neural, muscle, and various other desirable cell populations is and
will also be of significant value to medicine and commercial processes involving animals.
Accordingly, the present invention provides methods for genetic production and uses of
multipotent cell populations, pluripotent cell populations, neuronal cell populations, muscle
cell populations, and other desired cell populations such as, for example, HIV resistant cell

populations.

It is a proposition of the present invention that the efficient introduction or
overexpression of specific transcription factors, alone or in combination with other cell fate
determinants (such as notch, numb and numblike), enables the interconversion of what have
been considered transitory (multipotent, pluripotent, and/or self-renewing) or fixed
(differentiated or somatic) cellular phenotypes. The ability to reliably induce phenotypic
conversion or cellular reprogramming allows the production of stem cells, replacement cells,
tissues, and organs that match individual patients. In conjunction with gene therapy
techniques and cell culture techniques, cell type interconversion also provides for the
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production of disease-resistant and genetically-repaired cells that are suitable for

transplantation.

It is an object of this invention to provide various manners of generating
proliferating, self-renewing, multipotent and/or pluripotent cell population(s), as well as
other desirable cell populations, from either dividing or non-dividing cells without the use of
oncogenes. Differentiating cell populations comprise cells expressing some, but not all
markers associated with specific cell type categorization. It is disclosed herein that
appropriate Numb isoform expression in combination with other transgenes (especially
transcription factors) enables the production of dividing, pluripotent cell populations or
differentiating cell populations. Moreover, the genetic vectors of the present invention may
be used to produce genetic modification (e.g. expression of gene products deficient in the
patient) and to transiently or permanently induce proliferation, self-renewal, or
stem/progenitor cell behavior in endogenous cells in vivo, particularly those cells found in
tissues which normally do not show or no longer show such behavior. Finally, other genetic
vectors of the present invention may be used to produce genetic modification and/or to block
proliferation, self-renewal, or stem/progenitor cell behavior in cells aberrantly displaying
such behavior (e.g. cancer cells). It is also an object of the present invention to provide
therapeutic vectors and cells capable of expressing synthetic oligonucleotide sequences
predicted to attenuate disease processes. For example, the current invention discloses the
use of synthetic oligonucleotides to reduce gene expression critical HIV and other

immunodeficiency virus infection, propagation and spread.

The invention may be used with any suitable cells, including vertebrate cells, and

including fish, mammalian, avian, amphibian, and reptilian cells.
BRIEF DESCRIPTION OF THE DRAWING

Figure 1. A schematized vector map corresponding to the vector sequence of

Example 13.
DETAILED DESCRIPTION

All patents, patent applications, and publications cited in this application are hereby

incorporated by reference herein in their entireties.

As discussed herein, “DNA” refers to deoxyribonucleic acid and “RNA” refers to

ribonucleic acid. As discussed herein, “cDNA” refers to complementary DNA; “mRNA”
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refers to messenger RNA; “siRNA” refers to small interfering RNA; “shRNA”™ refers to
small hairpin RNA; “miRNA” refers to microRNA, such as single-stranded RNA molecules,
typically about 20-30 nucleotides in length, which may regulate gene expression; “decoy”

and “decoy RNA” and “RNA decoy” refer to an RNA molecule that mimics the natural

binding domain for a ligand.

As used herein, the meaning of the term “ameliorating” includes lessening an effect,
or reducing damage, or minimizing the effect or impact of an action, activity, or function,

and includes, for example, lessening the deleterious effects of a disease or condition.

As used herein, the meaning of the term “retarding” includes slowing or lessening the
progress of an effect or action, and includes, for example, slowing the progress of a disecase,
slowing the rate of infection, or otherwise acting to slow or reduce the advance or progress

of a disease or condition.

As used herein, an “inducing agent” is an agent that aids or is alone effective to
promote an action. For example, an exogenous agent that affects a promoter, e.g., by
initiating or enhancing its activity, and so atfects expression of a gene under control of the
promoter, may be termed an inducing agent. For example, tetracycline may be used as an

inducing agent; and doxycycline may be used as an inducing agent.

A nucleic acid sequence (e.g., a nucleic acid seqeuence encoding a polypeptide) is
termed “operably linked” to another nucleic acid sequence (e.g., a promoter) when the first
nucleic acid sequence is placed in a functional relationship with the second nuceleic acid
sequence. For example, a promoter is operably linked to a coding sequence if the promoter
affects the transcription or expression of the coding sequence. As used herein, the term
“driven by” refers to a gene or coding sequence that is operably linked to a promoter
sequence, and that the promoter sequence affects the transcription or expression of the

coding sequence.

As used herein, a “marker” is a molecule that is detectable, or codes for a detectable
molecule, or acts on other molecules so that the presence of the marker is detectable. A
“marker protein” or “marker polypeptide” is a protein or polypeptide that is detectable in a
laboratory or clinical environment, and, in embodiments, may be detectable by eye. A

“marker gene” encodes a marker protein or marker polypeptide.

As used herein, “HIV” refers to human immunodeficiency virus, and includes
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variants such as, e.g., HIV-1, HIV-2. Other immunodeficiency viruses include simian
immunodeficiency virus (SI'V) and feline immunodeficiency virus (FIV). Enzymes related
to HIV may be termed “HIV enzymes™ and include, for example,\integrase, protease, reverse

transcriptase, and transactivating regulatory protein (TAT).

Infection by HIV is believed to involve receptors termed “HIV receptors.” There
may be multiple such receptors, some of which may be termed “HIV co-receptors.” As

discussed herein, HIV co-receptors include CXCR4 and CCRS.

A theoretical basis for the embodiments of the invention is described herein,
however, this discussion is not in any way to be considered as binding or limiting on the
present invention. Those of skill in the art will understand that the various embodiments of
the invention may be practiced regardless of the model used to describe the theoretical

underpinnings of the invention.

In a preferred embodiment, cells are “selected” from accessible, dividing or non-
dividing cell populations for the purpose of generating the desired a) proliferating,
multipotent or pluripotent cell population, differentiating b) populations of neuronal cells ¢)
muscle cells, d) and/or any other desired cell population; moreover the desired cell
population may be capable of further differentiation in vitro, in vivo, and/or tissue-

appropriate and regionally-appropriate differentiation in vivo.
Sources of cells selected for use in the invention:

Selected cells may include any cell practicable in the present invention. Cells
selected for use in the present invention (herein termed “selected cells™) may originate as
endogenous cells of the patient --including cells derived from other organ systems; or from
exogenous sources (including those derived from cell lines, cryopreserved sources, banked
sources, and donors). Cells may also be selected from cells genetically-modified with
synthetic or natural nucleic acid sequences. The term “selected cells” as used herein does not

include human embryonic stem cells.

In embodiments of the present invention, in order that they may be isolated without
the involvement of invasive procedures, selected cells will preferably be easily accessible
cells (e.g. peripheral blood leukocytes, circulating hematopoietic stem cells, epithelial cells
(e.g. buccal cheek cells (e.g. Michalezyk et al., 2004)), adipose tissue (e.g. Gimble et al.,
2007; Ma et al., 2007), umbilical cord blood cells (e.g. Zhao, et al., 2006; Tian et al., 2007),
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etc.). However, bone marrow stem cells, spermatogonia (e.g. Guan et al., 2006; Takahashi et
al., 2007), primordial germ cells (PGCs), stem cells isolated from amniotic membranes (e.g.
Ilancheran et al., 2007), amniotic fluid (e.g. De Coppi et al., 2007), as well as cells isolated
from the skin (e.g. Tumbar, 2006; Dunnwald et al., 2001; Szudal’tseva et al., 2007), etc., are
also covered by the present invention. Such cells can be isolated from the tissues in which

they reside by any means known to the art.

Spermatogonia cells can be isolated using a two-step enzymatic digestion followed
by Percoll separation. Cells can then be resuspended in minimum essential medium (MEM)
supplemented with bovine serum albumin to a final concentration of 10%mL. In detail:
Tubule fragments are accessed surgically and teased apart prior to treatment with 1 mg/ml
trypsin, hyaluronidase, and collagenase, and then 1 mg/ml hyaluronidase and collagenase, in
MEM containing 0.10% sodium bicarbonate, 4 mM L-glutamine, nonessential amino acids,
40 microgram/ml gentamycin, 100 [U to 100 microgram/ml penicillin-streptomycin, and 15
mM HEPES. Spermatogonia cells are further separated from tubule fragments by
centrifugation at 30 times gravity. After filtration through nylon filters with 77- and/or 55-
micron pore sizes, cells are collected and loaded onto a discontinuous Percoll density
gradient. Fractions with a purity greater than 40% progenitor/stem/spermatogonia cells are
washed and resuspended to a concentration of cells equivalent to 10°
progenitor/stem/spermatogonia cells per ml. Afterwards cells are cultured and/or stored by

any cryopreservation technique known to the art.

The selected cells may be genetically-modified cells, especially cells that have been
genetically modified by any means known to the art, to encode therapeutic or commercially

useful deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) sequences.

In accordance with an aspect of the present invention, there is provided a method of
producing a desired cell population (e.g. pluripotent, neuronal, muscle, etc.) from the

sclected cells.
Achieving multipotent, pluripotent, and/or self renewing cell populations:

In order to achieve a) a population of proliferating, self renewing pluripotent cells,
the selected cell(s) and/or their progeny are transfected with nucleotide sequence(s)
including those encoding the “long” (PRR insert +) isoform(s) of the mammalian numb

gene. At about the same time the selected cells may also be transfected with synthetic
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oligonucleotides targeting the short Numb isoforms and Numblike, then cultured under
conditions which promote growth of the selected cells at an optimal growth rate. Selected
cells are maintained under these conditions for the period of time sufficient to achieve the

desired cell number.

The cells are grown at the (optimal) rate of growth achieved by incubation with LIF,
steel factor, and/or equipotent concentrations of 11-6, hyper 1L-6, 1L-7, oncostatin-M and/or
cardiotrophin-1; or that growth rate achieved in the presence of other growth enhancing
cytokines (e.g. those conditions described for culturing pluripotent cells e.g. Guan et al.,
2006). The growth rate is determined from the doubling times of the selected cells in said
growth culture medium. Likewise, culture conditions such as those described in US Patents
6432711 and 5453357 may also be suitable for the propagation and expansion, at an optimal
growth rate, of cells transfected with the long (PRR+) Numb isioform(s). Other appropriate
protocols and reference cytokine concentrations have been taught by Koshimizu et al., 1996;
Keller et al., 1996; Piquet-Pellorce, 1994; Rose et al., 1994; Park and Han, 2000; Guan et al.,
20006; Dykstra et al., 2006; Zhang et al., 2007). However the practice of the present

invention is not limited to the details of these teachings.

In a preferred embodiment, the selected cells are cultured in a standard growth
medium (e.g. Minimal Essential Medium with or without supplements (e.g. glutamine, and
beta.-mercaptoethanol). The medium may include basic fibroblast growth factor (bFGF),
steel factor, leukemia inhibitory factor (LIF), and/or factors with LIF activity (e.g. LIF, LIF
receptor (LIFR), ciliary Neurotrophic factor (CNTF), oncostatin M (OSM), OSM receptor
(OSMR), cardiotrophin, interleukins (IL) such as IL-6, hyper IL-6, GP130, etc.) as well as
horse serum. LIF, as well as other factors with LIF activity, prevents spontaneous
differentiation of the cells. Under these conditions, selected cells transfected with the PRR+
Numb isoform(s) and their progeny are expected to achieve multipotency, pluripotency

and/or self-renewal.

In a preferred embodiment, the selected cell(s) and/or their progeny are transfected
with nucleotide sequence(s) encoding the “long” (PRR insert +) Numb isoform(s) as well as
sequences encoding other transgenes. Many of those transgenes are listed below along with
their corresponding identification numbers (accession numbers) in the NCBI sequence

database.

In another preferred embodiment, the selected cell(s) and/or their progeny are
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transfected with nucleotide sequence(s) encoding a portion of the “long” (PRR insert +)
Numb isoform(s) as well as sequences encoding other transgenes. Many of those transgenes
are listed below along with their corresponding identification (accession) numbers (codes) in

the NCBI sequence database.

In a preferred embodiment, the selected cells and/or their progeny are transtected
with long (PRR+) Numb isoform encoding sequences as well as sequences encoding other

transgenes, including LIF.

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform encoding sequences as well as sequences encoding other

transgenes, including ones with LIF activity.

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including the LIFR.

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including oncostatin M (OSM).

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including oncostatin M receptor (OSMR).

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including cardiotrophin-1.

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including CNTF.

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including OCT3/4 and SOX2.

In a preferred embodiment, the selected cells and/or their progeny are transfected

with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other
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transgenes, including NANOG, OCT3/4 and SOX2.

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including OCT3/4 and SOX2 and a transgene with LIF activity.

In a preferred embodiment, the selected cells and/or their progeny are transfected
sequences encoding other transgenes, including OCT3/4 and SOX2 and a transgene with LIF

activity.

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including Notch (e.g. Gaiano et al., 2000).

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including OCT3/4, SOX2 and Notch (e.g. notch 1 and/or notch 2).

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including OCT3/4, SOX2, NANOG, and Notch.

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including OCT3/4, SOX2, NANOG, and a transgene with LIF activity.

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including OCT3/4, SOX2, NANOG, and multiple transgenes with LIF activity.

In a preferred embodiment, the selected cells and/or their progeny are transfected
with long (PRR+) Numb isoform(s) encoding sequences as well as sequences encoding other

transgenes, including OCT3/4, Notch, HOXB4 and SOX2.

Over time, other gene combinations differing from those described herein may be
described or discovered capable of causing cells to become multipotent, pluripotent, capable
of self-renewal, or to begin differentiating. However this patent application covers such
“genetic reprogramming” of any nucleated cell utilizing nucleic acid or protein

electroporation (see Gagne et al., 1991; Saito et al., 2001; Yuan, 2008; Huang et al., 2007,
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Xia and Zhang, 2007; Cemazar and Sersa 2007; Isaka and Imai, 2007; Luxembourg et al.,
2007; Van Tendeloos, 2007; Takahashi, 2007; etc.), liposomes, nanocapsules, nanovaults,
ete. (see Goldberg et al., 2007; Li et al., 2007), and/or another approach avoiding viral
integration or other random alteration of the cell’s genome, as such means increase safety

and efficiency.

Excluded, of course, from the category of random alteration are approaches involving
gene-targeting and site-directed methods designed to introduce or remove DNA at specific

locations in the genome.

Likewise, this patent application covers the genetic reprogramming of any nucleated
cell utilizing nucleic acid or protein electroporation, liposomes, nanocapsules, nanovaults,
etc., and/or another approach avoiding retroviral/lentiviral integration or other random
alteration of the cell’s genome, as such means increase safety and efficiency. Such

approaches and methods include all known to the art and practicable in the present invention.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to a single
gene, or portion thereof, (particularly those named herein, discovered according to methods
described herein, discovered according to other published methods; or known to be
multipotency, pluripotency, or self-renewal inducing) are the only nucleic acid(s) or
protein(s) overexpressed and/or introduced to produce multipotent, pluripotent, and/or self-

renewing cells from the selected cells.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to a single
gene, or portion thereof, (particularly those named herein, discovered according to methods
described herein, discovered according to other published methods; or known to be
multipotency, pluripotency, or self-renewal inducing) are the only nucleic acid(s) or
protein(s) overexpressed and/or introduced to produce multipotent, pluripotent, and/or self-
renewing cells from the selected cells and the method utilized is electroporation, liposomes,
nanocapsules, nanovaults, and/or another approach avoiding retroviral/lentiviral integration

or other random alteration of the cell’s genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to a single gene, or portion
thereof, (particularly those named herein, discovered according to methods described herein,

discovered according to other published methods; or known to be multipotency,
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pluripotency, or self-renewal inducing) so long as a population of multipotent, pluripotent,

and/or self-renewing cells is produced from the selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to a single gene, or portion
thereof, (particularly those named herein, discovered according to methods described herein,
discovered according to other published methods; or known to be multipotency,
pluripotency, or self-renewal inducing) so long as a population of multipotent, pluripotent,
and/or self-renewing cells is produced from the selected cells and the method utilized is
electroporation, liposomes, nanocapsules, nanovaults, and/or another approach avoiding

retroviral/lentiviral integration or other random alteration of the cell’s genome.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to Nanog are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce
multipotent, pluripotent, and/or self-renewing cells from the selected cells and the method
utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or another approach

avoiding retroviral/lentiviral integration or other random alteration of the cell’s genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to Nanog so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the
selected cells and the method utilized is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding viral integration or other random alteration of

the cell’s genome.

In a separate preferred embodiment, nucleic acid(s) or protein(s) corresponding to
Oct4 and Sox2 are the only nucleic acid(s) or protein(s) overexpressed and/or introduced to
produce multipotent, pluripotent, and/or self-renewing cells from the selected cells and the
method utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or another

approach avoiding viral integration or other random alteration of the cell’s genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) are utilized in
concert with the nucleic acid(s) or protein(s) corresponding to Oct4/Sox2 so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the
selected cells and the method utilized is electroporation, liposomes, nanocapsules,

nanovaults, and/or another approach avoiding viral integration or other random alteration of
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the cell’s genome.

In a separate preferred embodiment, nucleic acid(s) or protein(s) corresponding to
Long (PRR+) Numb isoforms are the only nucleic acid(s) or protein(s) overexpressed and/or
introduced to produce multipotent, pluripotent, and/or self-renewing cells from the selected
cells and the method utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or

another approach avoiding viral integration or other random alteration of the cell’s genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) are utilized in
concert with the nucleic acid(s) or protein(s) corresponding to Long (PRR+) Numb isoforms
so long as a population of multipotent, pluripotent, and/or self-renewing cells is produced
from the selected cells and the method is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding viral integration or other random alteration of

the cell’s genome.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to Nanog are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce

multipotent, pluripotent, and/or self-renewing cells from the selected cells.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to Nanog are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce
multipotent, pluripotent, and/or self-renewing cells from the selected cells and the method
utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or another approach

avoiding retroviral/lentiviral integration or other random alteration of the cell’s genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to Nanog so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the

selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to Nanog so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the
selected cells and the method utilized is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to a gene with
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LIF activity are the only nucleic acid(s) or protein(s) overexpressed and/or introduced to

produce multipotent, pluripotent, and/or self-renewing cells from the selected cells.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to a gene with
LIF activity are the only nucleic acid(s) or protein(s) overexpressed and/or introduced to
produce multipotent, pluripotent, and/or self-renewing cells from the selected cells and the
method utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or another
approach avoiding retroviral/lentiviral integration or other random alteration of the cell’s

genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to to a gene with LIF activity
so long as a population of multipotent, pluripotent, and/or self-renewing cells is produced

from the selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to a gene with LIF activity so
long as a population of multipotent, pluripotent, and/or self-renewing cells is produced from
the selected cells and the method utilized is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to Oct4 are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce

multipotent, pluripotent, and/or self-renewing cells from the selected cells.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to Oct4 are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce
multipotent, pluripotent, and/or self-renewing cells from the selected cells and the method
utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or another approach

avoiding retroviral/lentiviral integration or other random alteration of the cell’s genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to Oct4 so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the

selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
12
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in concert with the nucleic acid(s) or protein(s) corresponding to Oct4 so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the
selected cells and the method utilized is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to Sox2 are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce

multipotent, pluripotent, and/or self-renewing cells from the selected cells.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to Sox2 are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce
multipotent, pluripotent, and/or self-renewing cells from the selected cells and the method
utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or another approach

avoiding retroviral/lentiviral integration or other random alteration of the cell’s genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to Sox2 so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the

selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to Sox2 so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the
selected cells and the method utilized is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or bther

random alteration of the cell’s genome.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to 1in28 are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce

multipotent, pluripotent, and/or self-renewing cells from the selected cells.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to 1in28 are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce
multipotent, pluripotent, and/or self-renewing cells from the selected cells and the method
utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or another approach

avoiding retroviral/lentiviral integration or other random alteration of the cell’s genome.
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In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to lin28 so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the
selected cells and the method utilized is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to c-myc are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce

multipotent, pluripotent, and/or self-renewing cells from the selected cells.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to c-myc are
the only nucleic acid(s) or protein(s) overexpressed and/or introduced to produce
multipotent, pluripotent, and/or self-renewing cells from the selected cells and the method
utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or another approach

avoiding retroviral/lentiviral integration or other random alteration of the cell’s genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to c-myc so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the

selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to c-myc so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the
selected cells and the method utilized is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.

In a separate preferred embodiment, nucleic acid(s) or protein(s) corresponding Oct4
and Sox2 are the only nucleic acid(s) or protein(s) overexpressed and/or introduced to

produce multipotent, pluripotent, and/or self-renewing cells from the selected cells.
In a separate preferred embodiment, nucleic acid(s) or protein(s) corresponding to
Oct4 and Sox2 are the only nucleic acid(s) or protein(s) overexpressed and/or introduced to

produce multipotent, pluripotent, and/or self-renewing cells from the selected cells and the

method utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or another
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approach avoiding retroviral/lentiviral integration or other random alteration of the cell’s

genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) are utilized in
concert with the nucleic acid(s) or protein(s) corresponding to Oct4 and Sox2 so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the

selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) are utilized in
concert with the nucleic acid(s) or protein(s) corresponding to Oct4 and Sox2 so long as a
population of multipotent, pluripotent, and/or self-renewing cells is produced from the
selected cells and the method utilized is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.
In a separate preferred embodiment, nucleic acid(s) or protein(s) corresponding to

Long (PRR+) Numb isoforms are the only nucleic acid(s) or protein(s) overexpressed
and/or introduced to produce multipotent, pluripotent, and/or self-renewing cells from the

selected cells.
In a separate preferred embodiment, nucleic acid(s) or protein(s) corresponding to

Long (PRR+) Numb isoforms are the only nucleic acid(s) or protein(s) overexpressed
and/or introduced to produce multipotent, pluripotent, and/or self-renewing cells from the
selected cells and the method utilized is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) are utilized in
concert with the nucleic acid(s) or protein(s) corresponding to Long (PRR+) Numb Isoforms
so long as a population of multipotent, pluripotent, and/or self-renewing cells 1s produced

from the selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) are utilized in
concert with the nucleic acid(s) or protein(s) corresponding to Long (PRR+) Numb Isoforms
so long as a population of multipotent, pluripotent, and/or self-renewing cells is produced

from the selected cells and the method utilized is electroporation, liposomes, nanocapsules,
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nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.
In a separate preferred embodiment, nucleic acid(s) or protein(s) corresponding to

Oct4, Sox2, and Nanog are the only nucleic acid(s) or protein(s) overexpressed
and/or introduced to produce multipotent, pluripotent, and/or self-renewing cells from the

selected cells.
In a separate preferred embodiment, nucleic acid(s) or protein(s) corresponding to

Oct4, Sox2, and Nanog are the only nucleic acid(s) or protein(s) overexpressed
and/or introduced to produce multipotent, pluripotent, and/or self-renewing cells from the
selected cells and the method utilized 1s electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) are utilized in
concert with the nucleic acid(s) or protein(s) corresponding to Oct4, Sox2, and Nanog so
long as a population of multipotent, pluripotent, and/or self-renewing cells is produced from

the selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) are utilized in
concert with the nucleic acid(s) or protein(s) corresponding to Oct4, Sox2, and Nanog so
long as a population of multipotent, pluripotent, and/or self-renewing cells is produced from
the selected cells and the method utilized is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.

In a separate preferred embodiment, nucleic acid(s) or protein(s) corresponding to
Long (PRR+) Numb isoforms are the only nucleic acid(s) or protein(s) overexpressed and/or
introduced to produce multipotent, pluripotent, and/or self-renewing cells from the selected

cells.

In a separate preferred embodiment, nucleic acid(s) or protein(s) corresponding to
Long (PRR+) Numb isoforms are the only nucleic acid(s) or protein(s) overexpressed and/or
introduced to produce multipotent, pluripotent, and/or self-renewing cells from the selected

cells and the method is electroporation, liposomes, nanocapsules, nanovaults, and/or another
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approach avoiding retroviral/lentiviral integration or other random alteration of the cell’s

genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) are utilized in
concert with the nucleic acid(s) or protein(s) corresponding to Long (PRR+) Numb isoforms
so long as a population of multipotent, pluripotent, and/or self-renewing cells is produced

from the selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) are utilized in
concert with the nucleic acid(s) or protein(s) corresponding to Long (PRR+) Numb isoforms
so long as a population of multipotent, pluripotent, and/or self-renewing cells is produced
from the selected cells and the method is electroporation, liposomes, nanocapsules,
nanovaults, and/or another approach avoiding retroviral/lentiviral integration or other

random alteration of the cell’s genome.

It is to be understood that any combination of nucleic acid or protein sequences
described herein can be modified by excluding those corresponding to Numb and/or

Numblike so long as the desired cell population or behavior is achieved.

Similarly, it should be understood that the methods described herein for initiating
differentiation are applicable to any induced or non-induced multipotent, pluripotent, or self-
renewing stem cells, other progenitor cells, or other selected cells, not only those obtained in

the manner described herein.

It is to be understood that any combination of nucleic acid or protein sequences
described herein can be modified by excluding nucleic acid sequences or proteins

corresponding to Numb and/or Numblike so long as the desired cell population is achieved.

In another embodiment, the various nucleic acid or protein combinations described
herein are employed with the exclusion of the nucleic acid or protein corresponding to the

Numblike and/or Numb isoforms.

In a preferred embodiment, the selected cells and/or their progeny are cells that have

been genetically-modified beforehand.

In a preferred embodiment, the transfection steps described herein represent transient

transfection.

In a further preferred embodiment such transient transfection is accomplished using
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viral vectors that do not integrate into the host genome.

In another preferred embodiment, such transient transfection is accomplished using
standard transfection techniques (electroporation, chemically mediated transfection,

fusogenic or non-fusogenic liposomes, nanocapsules, nanovaults, etc.).

Over time, other gene combinations differing from those described herein may be
described or discovered capable of causing cells to become multipotent, pluripotent, capable
of self-renewal or to begin differentiating. However this patent application also covers the
genetic reprogramming of any nucleated cell utilizing nucleic acid or protein electroporation
(for example methods see Gagne et al., 1991; Saito et al., 2001; Yuan, 2008; Huang et al.,
2007; Xia and Zhang, 2007; Cemazar and Sersa 2007; Isaka and Imai, 2007; Luxembourg et
al., 2007; Van Tendeloos, 2007; Takahashi, 2007; etc.) electroporation, liposomes,
nanocapsules, nanovaults, and/or another approach avoiding viral integration or other

random alteration of the cell’s genome as such means increase safety and efficiency.

In another preferred embodiment, transfection with long (PRR-+) numb isoform
encoding sequences (and/or synthetic oligonucleotides targeting numblike and short numb
isoforms) is accompanied or replaced by transient or permanent transfection with other
sequences including ones selected from those encoding human LIF (e.g. Du and Shi, 1996)
oncostatin-M, cardiotrophin-1, IL-11, IL-6, IL6R, hyper IL-6, LIFR, gp130, OCT3 (OCT4),
Nanog, SOX2, and/or FGF-4.

Simultaneous transfection with any subset of these distinct transgene sequences can
be accomplished by any means known to the art including the use of a single genetic vector,
multiple genetic vectors, serial transfection and selection based on distinct marker proteins

and/or antibiotic resistances.

In another preferred embodiment, cells transfected with long (PRR+) numb
isoform(s) are cultured in a cell culture promoting an optimal growth rate, such as described
above, and that includes EGF, bFGF, oncostatin, LIF (e.g. Du and Shi, 1996), steel factor,
IL-11, cardiotrophin-1, IL-6, hyper-1L-6, CNTF, and/or soluble gp130.

Assessment of Potency and Differentiation
Pluripotency and multipotency can be assessed by any means known to the art

including 1) transplantation, 2) culture under conditions promoting embryoid body

formation, 3) injection of cells into animal blastocyst stage embryos with subsequent
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development, and 4) RNA expression assays (e.g. RT-PCR and microarray based analyses)
for gene expression associated with differentiation, multipotency, pluripotency, ete. (see
Guan et al., 2006), 5) colony-formation, as well as by ES-like morphology. One approach
disclosed herein for detecting pluripotency in selected cells and/or their progeny involves
transfection with a reporter construct comprising the Nanog promoter operably linked to a
fluorescent protein gene. This allows identification and enrichment of Nanog expressing

cells using Fluorescence Activated Cell Sorting (FACS), etc.

In a preferred embodiment, endogenous cells (e.g. cells surrounding a burn or injury
site) are transfected in vivo with genetic vectors encoding the long (PRR+) numb isoform(s)
alone or in conjuction with other transgenes named herein to transiently promote renewed or
increased cell proliferation. This approach can also be utilized clinically in the setting of
hypoplastic tissues, disorders where stem/progenitor cells are abnormally depleted, and other

disorders where the approach can be shown to be beneficial.
Achieving Differentiating Cell Populations

In order to achieve b) neural ¢) muscle d) and other cell populations capable of
further environmentally-regulated differentiation in vivo, selected cell(s) and/or their
progeny are optionally transfected with long (PRR+) Numb isoform sequence(s) and/or
synthetic oligonucleotide sequences and expanded by growth for sufficient time to achieve

the desirable number of cell progeny in vitro (as described above).

Following this optional step, the selected cells and/or their progeny are washed free
of the cytokines and agents comprising the expansion/optimal growth media, and are
optionally transfected with the nucleotide sequence(s) encoding the Numblike gene and/or
“short”(PRR-) Numb isoform(s) and/or synthetic oligonucleotides targeting the long (PRR+)
isoforms, etc. (¢.g. Zaehres et al., 2005), then cultured under conditions which promote

differentiation of the selected cells into the desired cell type(s).

In most instances, the cells are then cultured in the presence of 5-10% fetal bovine
serum and agents(s) promoting differentiation of the selected cells and/or their progeny into
a desired cell population. The presence of the fetal bovine and of the agents(s) provides for
growth or proliferation at a rate that is less than the optimal (or expansion) growth rate, and
favors differentiation of the cells into a desired cell population. The agents and precise

culture conditions are selected according to the desired cell population as described below.
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Achieving Neuronal or Neural Cell Populations

When the desired cell population is a neural cell population, the successfully
transfected cells are cultured under conditions that promote growth at a rate which is less
than the optimal rate and in the presence of agent(s) promoting differentiation of the cells
into neural cells. Conditions promoting differentiation into neurons have been described in
numerous publications including (Benninger et al., 2003; Chung et al. 2005; Harkany et al.,
2004; Tkeda et al., 2004; Ikeda et al., 2005; Wernig et al., 2002; and Wernig et al., 2004).
Furthermore, combining retinoic acid exposure with the presence of additional cytokines
favors specific neuronal cell type differentiation in vitro (e.g. Soundararajan et al., 2006;

Soundararajan et al., 2007; U.S. Patent 6432711).

In a preferred embodiment, in vitro differentiation of neurons or neural cells occurs in

the presence of 50 ng/mL nerve growth factor (NGF).

In a preferred embodiment, when a neuronal population is the desired cell population,
transfection with sequences encoding short numb isoforms (and/or numblike) is
accompanied or replaced by transient or permanent transfection with other sequences
including ones selected from those encoding Nurrl, REN, Neurogeninl, Neurogenin2,
Neurogenin3, Mash 1, Phox2b, Phox2a, dHand, Gata3, Shh, FGF8, Lmx1b, Nkx2.2, Petl,
Lbx1, and/or Rnx.

In another preferred embodiment, when dopaminergic neurons are the desired
neuronal population, transfection with sequences encoding short numb isoforms (and/or
numblike) is accompanied or replaced by transient or permanent transfection with other
sequences including ones selected from those encoding Mashl1, Ngn2, Nurrl, Lmx1b, and/or

Ptx-3.

In another preferred embodiment, when serotonergic neurons are the desired neuronal
population, transfection with sequences encoding short numb isoforms (and/or numblike) is
accompanied or replaced by transient or permanent transfection with other sequences
including ones selected from those encoding Mash1, Phox2b, Lmx1b, Nkx2.2, Gata2, Gata3
and/or Petl.

In another preferred embodiment, when cholinergic neurons are the desired neuronal
population, transfection with sequences encoding short numb isoforms (and/or numblike) is

accompanied or replaced by transient or permanent transfection with other sequences
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including ones selected from those encoding MASH1, Phox2a and/or REST4.

In another preferred embodiment, when GABAergic neurons are the desired neuronal
population, transfection with sequences encoding short numb isoforms (and/or numblike) is
accompanied or replaced by transient or permanent transfection with other sequences
including ones selected from those encoding MASH1, Phox2a and/or REST4, followed,
optionally, by culture in media supplemented with LIF, Neurotrophin 3 (NT3), and/or nerve

growth factor (NGF).

In another preferred embodiment, when noradrenergic neurons are the desired
neuronal population, transfection with sequences encoding short numb isoforms (and/or
numblike) is accompanied or replaced by transient or permanent transfection with other
sequences including ones selected from those encoding Mash1, dHand, Phox2a, Phox2b,

Gata2 and/or Gata3.

In another preferred embodiment, when GABAergic neurons are the desired neuronal
population, transfection with sequences encoding short numb 1soforms (and/or numblike) is
accompanied or replaced by transient or permanent transfection with other sequences
including ones selected from those encoding PITX2, DIx2, DIx5, antisense Hesl RNA

and/or other HES1 targeting synthetic oligonucleotides..

In another preferred embodiment, when a neuronal or neural cell population is the
desired population, cells transfected with short (PRR-) numb isoforms (and/or numblike) are
cultured in a cell culture medium promoting differentiation, such as described above and that
includes one or more of the following agents: retinoic acid, NT3, NGF, glial cell-line derived

growth factor (GDNF), and interferon gamma (IFN-gamma).
Achieving Muscle Cell Populations

When the desired cell population is a muscle population, the successfully transfected
cells are cultured in the presence of an agent promoting differentiation of the cells into
muscle cells and growth at a rate less than the optimal rate. Conditions promoting
differentiation into muscle cells have also been described previously (Nakamura et al., 2003;
Pal and Khanna, 2005; Pipes et al., 2005; Albilez et al., 2006; Pal and Khanna, 2007; Behfar
et al., 2007; U.S. Patent 6432711). Furthermore, exposure of selected cells and/or their
progeny to hexamethylene bis-acrylamide or dimethylsulfoxide in the presence of additional

cytokines favors the initiation of muscle type differentiation in vitro.
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In a preferred embodiment, when a cardiac muscle cell population is the desired
population, cells transfected with short (PRR-) numb isoforms (and/or numblike) are
cultured in a cell culture medium promoting differentiation into cardiomycytes (He et al.,
2003; Guan et al., 2007; etc.), or that includes specific agents at concentrations promoting
cardiac cell differentiation (e.g. 0.75%-1% dimethyl sulfoxide (DMSO), 20% normal bovine
serum (NBS), 10(-7) mM retinoic acid (RA) and 20% cardiomyocytes conditioned medium
(Hua et al., 2006).

In another preferred embodiment, when a cardiac muscle cell population is the
desired population, the cells are also transfected with nucleotide sequences including ones

selected from those sequences encoding Gata 4, Gata 5, and Gata 6.

In a preferred embodiment, when a muscle cell population is the desired cell
population, transfection with sequences encoding short numb isoforms (and/or numblike) is
accompanied or replaced by transient or permanent transfection with other sequences
including ones selected from those encoding muscle type specific bHLH-encoding
sequences, MyoD, Myogenin, Myt5, Myf6, Mef2, Myocardin, Ifrd1 and/or other muscle

transcription factors.

In a preferred embodiment, when a smooth muscle cell population is the desired cell
population, transfection with sequences encoding short numb isoforms (and/or numblike) is
accompanied or replaced by transient or permanent transfection with other sequences
including ones selected from those encoding the muscle type specific Myocardin nucleotide

sequence.

In a preferred embodiment, when a skeletal muscle cell population is the desired cell
population, transfection with sequences encoding short numb isoforms (and/or numblike) is
accompanied or replaced by transient or permanent transfection with other sequences
including ones selected from those encoding the muscle type specific MyoD and myogenin

nucleotide sequences.

In a preferred embodiment, when an oligodensrocyte cell population is the desired
cell population, transfection with sequences encoding short numb isoforms (and/or
numblike) is accompanied or replaced by transient or permanent transfection with other
sequences including ones selected from those encoding the oligodendrocyte -specific

OLIGI, OLIG2, and Z{p488 nucleotide sequences.
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Simultaneous transfection with any subset of these distinct transgene sequences listed
above can be accomplished by any means known to the art including the use of multiple
genetic vectors, serial transfection as well as selection based on distinct marker proteins

and/or antibiotic resistance.

When the desired cell population is a hematopoietic cell population, the
differentiation medium includes specific agents at concentrations promoting differentiation
into hematopoietic progenitor cells (e.g. vascular endothelial growth factor (VEGF),
thrombopoietin, etc. (e.g. Ohmizono, 1997; Wang et al., 2005; Srivastava et al., 2007; Gupta
et al., 2007) or differentiated hematopoietic cell types (according to methods known to the
art for providing differentiated hematopoietic cell types from undifferentiated or pluripotent

cells).

When the desired cell population is a germ cell population, the differentiation
medium includes specific agents at concentrations promoting differentiation into germ cells

(e.g. Nayernia et al. 2006a, 2006b).

When the desired cell population is an endoderm and pancreatic islet cell population,
the differentiation media includes specific agents at concentrations promoting differentiation
into endoderm and pancreatic islet cells (e.g. Xu et al., 2006; Denner et al., 2007; Shim et al.,

2007, Jiang et al., 2007).

In a preferred embodiment, differentiation of selected cells and/or their progeny may
occur in the differentiation medium in the absence of transfection with numblike, short
Numb idsoforms or other transgenes, although the differentiation medium may be

unchanged.

In embodiments, a single vector will be utilized which controls the expression of
nucleotide sequence(s) encoding the “long” (PRR+) isoform(s) of the mammalian numb
gene (and/or synthetic oligonucleotides targeting numblike or the short numb isoforms)
under one regulable promoter (e.g. a tetracycline-regulated promoter), while the Numblike
and short Numb isoforms (and/or synthetic oligonucleotides targeting the long (PRR+)
isoforms) are expressed under the control of another, distinct, but also regulable promoter.
Thus, the long (PRR+) numb isoform(s) can be expressed (and/or short isoforms repressed)
when expansion of the selected cells is desired and an inducing agent (e.g. tetracycline) is

added to the growth medium; later numblike and the short isoforms can be expressed (and/or
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long (PRR+) numb isoform(s) repressed) when differentiation is desired.

Alternatively, proteins and peptides corresponding to Numb isoforms, Notch,
OCT3/4, SOX2, and other DNA sequences listed herein may be applied in analogous fashion
to selected cells and/or their progeny via electroporation (e.g. Koken et al., 1994; Ritchie and
Gilroy, 1998), using nano particles, cationic lipids, fusogenic liposomes (e.g. Yoshikawa et
al., 2005; 2007), etc. in licu of, or in combination with genetic transfection. Generally,
electroporation allows for high transfection efficiency (and efficient production of the
desired cells) without genomic integration of the transgene and 1s therefore associated with

increased safety.

The DNA or RNA encoding protein(s) or polypeptide(s) promoting proliferation,
multipotentiality, pluripotentiality or differentiation of the selected cells may be isolated in
accordance with standard genetic engineering techniques (for example, by isolating such
DNA from a ¢cDNA library of the specific cell line) and placing it into an appropriate

expression vector, which then is transfected into the selected cells.

In another preferred embodiment, endoderm and pancreatic islet cells are the desired
population, and transfection with sequences encoding short numb isoforms (and/or
numblike) is accompanied or replaced by transient or permanent transfection with other

sequences including ones selected from those encoding Foxa2, Sox17, HLXB9 and/or Pdx1.

In another preferred embodiment, hepatocytes are the desired population, and
transfection with sequences encoding short numb isoforms (and/or numblike) is
accompanied or replaced by transient or permanent transfection with other sequences
including ones selected from those encoding hepatic nuclear factor (HNF)-1, HNF-3, HNF-4,

HNF-6 and creb-binding protein.

In another preferred embodiment, hematopoietic cells are the desired population, and
transfection with sequences encoding short numb isoforms (and/or numblike) is
accompanied or replaced by transient or permanent transfection with other sequences
including ones selected from those encoding Runx1/AML1 and NOV(CCN3), and/or cell
culture in the presence of colony stimulating factors specific for the desired cell populations.
The Runx1/AML1a isoform is introduced when engraftment is desired and the b isoform

when differentiation is desired (Creemers et al., 2006).

In another preferred embodiment, chondrocytes are the desired population, and
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transfection with sequences encoding short numb isoforms (and/or numblike) is
accompanied or replaced by transient or permanent transfection of other sequences including

ones encoding Sox9, CREB-binding protein, Gata6, and/or Runx2.

In another preferred embodiment, bone cells (especially osteoblasts) are the desired
population, and transfection with sequences encoding short numb isoforms (and/or
numblike) is accompanied or replaced by transient or permanent transfection of other

sequences including Runx2.

In a preferred embodiment, the genetic vectors encoding the long Numb isoforms
(such as those described herein) are introduced transiently or under the control of a regulable

promoter, into endogenous cells in vivo in order to cause those cells proliferate transiently.

In a preferred embodiment, endogenous cells (e.g. ependymal zone cells of the
central nervous system) are transfected in vivo with genetic vectors encoding either the
shortest numb isoform or the numblike protein(s) alone or in conjuction with other
transgenes named herein, in order to transiently or permanently promote renewed or
increased differentiation (especially neuronal differentiation) and migration of
progenitor/ependymal cells in the central nervous system). This rencwal or increase is
measured in terms of the number of cells showing new-onset expression of markers
associated with differentiation. This may be accomplished by introduction of the genetic

vectors into the organ system using methods suitable for that purpose (see examples).

In a preferred embodiment, endogenous cells (e.g. ependymal zone cells of the
central nervous system) are transfected in vivo with genetic vectors encoding the long numb
isoform(s) and/or other transgenes named herein, in order to transiently promote renewed or
increased stem cell proliferation (with subsequent differentiation of progeny cells). This
renewal or increase is measured in terms of the number of cells showing new-onset
expression of marlers associated with dividing progenitors. This may be accomplished by
introduction of the genetic vectors into the organ system using methods suitable for that

purpose (see examples).

Likewise this approach is also be suitable for inducing renewed or increased
differentiation from other stem cell populations in other tissues (such as the skin, etc). This
approach can be utilized, for example, clinically in the setting of central nervous system

injury, disorders of other tissues where normal differentiation or migration are inadequate,
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dysplastic disorders and other disorders where the approach is beneficial.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to a single
gene, or portion thereof, (particularly those named herein, discovered according to methods
described herein, discovered according to other published methods; and/or known to be
capable of initiating the desired manner of differentiation) are the only nucleic acid(s) or

protein(s) overexpressed and/or introduced to initiate differentiation in the selected cells.

In a preferred embodiment, nucleic acid(s) or protein(s) corresponding to a single
gene, or portion thereof, (particularly those named herein, discovered according to methods
described herein, discovered according to other published methods; and/or known to be
capable of initiating the desired manner of differentiation) are the only nucleic acid(s) or
protein(s) overexpressed and/or introduced to initiate differentiation in the selected cells and
the method utilized is electroporation, liposomes, nanocapsules, nanovaults, and/or another
approach avoiding retroviral/lentiviral integration or other random alteration of the cell’s

genome.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to a single gene, or portion
thereof, (particularly those named herein, discovered according to methods described herein,
discovered according to other published methods; and/or known to be capable of initiating
the desirable manner of differentiation) so long as a population of differentiating cells is

produced from the selected cells.

In a separate preferred embodiment, other nucleic acid(s) or protein(s) can be utilized
in concert with the nucleic acid(s) or protein(s) corresponding to a single gene, or portion
thereof, (particularly those named herein, discovered according to methods described herein,
discovered according to other published methods; and/or known to be capable of initiating
the desirable manner of differentiation) so long as a population of differentiating cells is
produced from the selected cells and the method utilized is electroporation, liposomes,
nanocapsules, nanovaults, and/or another approach avoiding retroviral/lentiviral integration

or other random alteration of the cell’s genome.

It is to be understood that any combination of nucleic acid or protein sequences
described herein can be modified by excluding those corresponding to Numb and/or

Numblike so long as the desired cell population or behavior is achieved.
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Similarly, it should be understood that the methods described herein (or clsewhere)
for initiating differentiation are applicable to any induced or non-induced multipotent,
pluripotent, or self-renewing stem cells, or other selected cells, not only those obtained in the

manner described herein.
Sources of Selected cells

The population of selected cells may derive from various stem cells, progenitor cells
and somatic cells. However somatic cells lacking nuclei (e.g. mature, human red blood cells)
are specifically excluded. Selected stem cells may be derived from existing cell lines or
isolated from stored, banked, or cryopreserved sources. Typical sources of stem cells include
bone marrow, peripheral blood, placental blood, amniotic fluid (e.g. De Coppi et al., 2007),
umbilical cord blood (e.g. Zhao, et al., 2006; Tian ct al., 2007), adipose tissue (e.g. Gimble et
al., 2007; Ma et al., 2007), non-human embryos, and others. Circulating leukocytes and
other non-stem cells may likewise be selected and subjected to the same culture conditions as
described above effective that they acquire multipotency, pluripotency and/or self-renewal as
aresult. Examples of other accessible somatic cells useful in this invention include
lymphocytes and epithelial (¢.g. buccal cheek) cells. Isolation and collection of cells
selected for use within the present invention may be performed by any method known to the

art.

In embodiments involving animals, stem cells isolated from prostate, testis,

embryonic brain, and intestine are also disclosed as being preferred sources of selected cells.

In a preferred embodiment, the selected cells and/or their progeny are cultured in a

three-dimensional format.

A further aim of the present invention is to provide cells for use in the production of
patient-compatible and patient-specific tissues and organs for transplantation to patients
deemed to be requiring such organs or tissues. It is disclosed herein that the pluripotent,
multipotent, and/or differentiating cells provided by the methods described herein (or similar
methods) be utilized in conjunction with techniques aimed at the production of such organs
and/or tissues (e.g. Boland et al., 2006. Xu et al., 2006; Campbell and Weiss, 2007). Such

utilization is specifically covered by the present invention.

For instance, pluripotent, multipotent, and/or differentiating cells produced or treated

according to the methods desribed herein (or other published methods) may be grown in
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association with three-dimesnisonal or two-dimensional scaffoldings engineered to replicate
normal tissue structure and/or organ structures (e.g.Yarlagada et al., 2005; Kim et al, 1998;
WO/2003/070084; EP1482871; WO03070084; US Patents 2395698; 7297540; 6995013,
6800753; Isenberg et al., 2006).

Similarly, scaffoldings to be occupied by the pluripotent, multipotent, and/or
differentiating cells may be derived from cadaveric organ(s) or tissue(s) after the cadaveric
organs or tissues (e.g. bone, heart, kidney, liver, lung, etc. ) may be treated in such away that
the host immune cells resident in that tissue, and other undesirable or ancillary host cells,
are eliminated (e.g. by ionizing radiation, sterilization (e.g. Mroz et al., 2006), and/or various
methods of decellularization (United States Patents 6734018; 6962814; 6479064; 6376244,
U.S. Pat. Nos. 5032508; 4902508; 4956178; 5281422, 5554389; 6099567; and 620693 1;
4361552 and 6576618; 6753181; U.S. application Ser. No. 11/162,715; W0/2001/048153;
W0/2002/024244; W0O003002165; W0O/2001/049210; W0O/2007/025233; European Patents
EP1482871; EP1246903; EP1244396; EP0987998; EP1244396; EP1333870; Rieder et al.,
2004; Ott et al., 2008; Taylor et al., 1998)).

Likewise, it is anticipated that the pluripotent, multipotent, and/or differentiating
cells of the present invention may be used in applications utilizing inkjet-style printing for
tissue engineering (e.g. Boland et al., 2006. Xu et al., 2006; Campbell et al., 2007).
Therefore such use of the cells produced or treated according to the methods described

herein is covered.

In another preferred embodiment, the selected cells and/or their progeny are cultured

in hanging drops.

In accordance with another aspect of the present invention, selected cells may be

modified genetically beforehand.

In accordance with another aspect of the present invention, selected cells may be
modified with DNA or RNA encoding protein(s) or polypeptide(s) promoting differentiation

of the cell into a desired cell population.
Screening Cell Populations

In one embodiment, the methods of this invention comprise screening cells from cell
lines, donor sources, umbilical cord blood, and autologous or donor bone marrow, blood,

spermatogonia, primordial germ cells, buccal cheek cells, or any other cell source effective
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in the current invention. Selected cells can be screened to confirm successful transfection
with beneficial sequence(s) or therapeutic vector(s) as well as successful initiation of
differentiation by any method known to the art (Guan et al., 2006; US Patent 6,432,711). In
some embodiments, the cells are screened using standard PCR and nucleic acid
hybridization-based methods or using rapid typing methods. In preferred embodiments, the
cells are screened according to expression of reporter genes. In some embodiments, cells are
screened by cxpression of a marker gene encoded by the transgene expressing vector(s) such

as an antibiotic resistance gene or a fluorescent protein (e.g. GFP) gene.
Screening for Therapeutic Vectors and Beneficial Sequences

Cells can be screened for the presence of beneficial sequence(s) and therapeutic
vector(s) using any method(s) known to the art for detection of specific sequences. Each cell
sample can be screened for a variety of sequences simultaneously. Alternatively, multiple

samples can be screened simultaneously.

Cell differentiation may be monitored by several means: including (i) morphological
assessment, (ii) utilizing reverse transcriptase polymerase chain reaction (RT-PCR),
Northern blot, or microarray techniques to monitor changes in gene expression, (iii) assaying
cellular expression of specific markers such as beta tubulin I1I (for neurons) etc. (Ozawa, et
al., 1985). In some embodiments, the cells are screened for successful initiation of
differentiation using FACS sorting based on cell type specific markers or transgenic marker
expression (e.g. antibiotic resistance or fluorescent protein expression) under the control of
cell type specific promoters such as the myosin promoter in muscle cells; the human cardiac
a-actin promoter in cardiomyocytes; the insulin promoter in insulin producing cells; the
neuronal-specific enolase (NSE) promoter for neuronal differentiation, or neurotransmitter

related promoters such as the tyrosine hydroxylase promoter in dopaminergic neurons; etc.).

In some embodiments, the cells are screened using standard PCR and nucleic acid
hybridization-based methods. In a particularly preferred embodiment, the cells are screened

using rapid typing methods.
Screening for human leukocyte antigen (HLA) type

In certain embodiments, the selected cells are selected with respect to compatible
HLA typing. The HLA genotype can be determined by any means known to those of skill in

the art.
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The cells used for screening may consist of cells taken directly from a donor, or from
cell lines established from donor cells, or other practicable cell sources. The cells can be
screened for beneficial sequence(s), and/or therapeutic vector(s) and HLA type at once, or
separately. Those cells successfully transfected with a beneficial sequence and showing an

appropriate HLA genotype can be prepared for transplantation to a patient.

In certain embodiments, the transfected cells are transplanted without HLA typing.

In other embodiments, the cells are HLLA typed for compatibility.
Screening for agents promoting a cellular phenotype

The present invention also provides for a methods of screening proteins and agents
for their ability to induce phenotypic changes or differentiation of the selected cells and/or
their progeny into desired cell populations. Briefly, vectors encoding complementary DNAs
(cDNAs) from appropriate cDNA libraries are transfected into the selected cells/and or their
progeny. Once a specific cDNA that induces differentiation or other phenotypic change is
identified, such cDNA then may be isolated and cloned into an appropriate expression vector
for protein production in appropriate cells (e.g. COS cells) in vitro. Later the protein
containing supernatant can be applied to the selected cell cultures to determine 1f any
secreted proteins from such cells induce differentiation Alternatively, candidate agents can
be applied to the selected cell cultures to determine if any secreted proteins from such cells

induce differentiation (see US Patent 6432711).

The present invention also provides for methods of screening nucleic acids for their
ability to induce multipotentiality, pluripotentiality, and/or self-renewal, or to initiate
differentiation of selected cells and/or their progeny. In these methods, vectors encoding
selected cDNAs (or cDNAs from appropriate cDNA libraries, or other sequences) are
introduced into the selected cells/and or their progeny using electroporation, nanocapsules,
nanovaults, liposomes, retroviruses, lentiviruses, and/or any other practicable means of
transfection.  Once a specific cDNA that induces a phenotypic change, multipotentiality,
pluripotentiality, and/or self-renewal, is identified, such cDNA then may be isolated and
cloned into an appropriate expression vector. Assays for determining such changes include

those described elsewhere herein.

Likewise the protein corresponding to the identified cDNA may be produced in

appropriate cells (e.g. COS cells) in vitro to determine whether the protein containing
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supernatant can be applied to the selected cell cultures and induce the desired changes.

Finally, proteins may be introduced into the selected cells/and or their progeny using
electroporation, nanocapsules, nanovaults, liposomes, retroviruses, lentiviruses, and/or any
other practicable means of transfection, and the resulting cells assessed as described herein

for multipotentiality, pluripotentiality, self-renewal or the initiation of differentiation.
Tranplantation of Cells into Patients

After screening, selected cells and/or their progeny may be cryopreserved,
maintained as cell lines in culture, or may be administered to the patient. Selected cells can
be cryopreserved or maintained in culture by any means known to the art and preserved for

future transplantation procedures.

Preferably, the cells to be screened are obtained from accessible sources allowing

easy collection.

With regard to producing HIV resistant cells: targeted somatic cells and stem cells of
this invention can be of any type capable of differentiating into cells that can be infected by
HIV, that can sustain the transcription and/or replication of HIV, that can alter the HIV
immune response, or that can retard progression to AIDS. Such stem cells include, but are
not limited to, pluripotent cells derived from spermatogonia, primordial germ cells,
hematopoietic stem cells, peripheral blood cells, placental blood cells, amniotic fluid cells,
umbilical cord blood cells, buccal cheek cells, adipose tissue cells (including stem cells
derived from those tissues), reprogrammed cells, induced multipotent cells, induced
pluripotent cells, etc., non-human embryos, and/or any other cell type that can form blood

and immune cells, HI'V target cells, and other cells.

Therapeutic vector(s) express “beneficial sequence(s)” intended to render transfected
or infected cells less capable of sustaining HIV replication and transcription. The genetic
vector expressing “beneficial sequence(s)” as well as any virus derived from such genetic

vector, are herein termed “therapeutic vector”.

After screening, cells transfected with the desired therapeutic vector(s) and
expressing beneficial sequence (with or without compatible HLA genotype) may be
expanded ex vivo (in vitro) using standard methods to culture dividing cells and maintained
as stable cell lines (US Patents 6432711 and 5453357 herein incorporated by reference).

Alternatively, these cells can be administered to the patient and expanded in vivo.
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Selected cells can be cryopreserved by any means known to the art and preserved for

future transplantation procedures.
Transplantation of desirable cell populations into Patients

In certain embodiments, cell populations are enriched for stem cells prior to
transplantation. Various methods to select for stem cells are well known in the art. For
example, cell samples can be enriched by fluorescently labeled monoclonal antibodies
recognizing cell-surface markers of undifferentiated hematopoietic stem cells (e.g., CD34,
CD59, Thyl, CD38 low, C-kit low, lin- minus) for sorting via fluorescence-activated cell

sorting (FACS).

In other embodiments, a sample of the selected cells 1s transplanted, without

enrichment.

In some embodiments, the endogenous stem cells of the bone marrow are eliminated
or reduced prior to transplantation of the therapeutic stem cells. Therapeutic stem cells are

defined as those stem cells containing beneficial sequence(s) or therapeutic vector(s).

In some embodiments, the transplantation process may involve the following phases:
(1) conditioning, (2) stem cell infusion, (3) neutropenic phase, (4) engraftment phase, and (5)

postengraftment period.

In some embodiments, the endogenous stem cells that normally produce the desired
cells (e.g. bone marrow stem cells) are eliminated or reduced prior to transplantation.
Chemotherapy, radiation, etc. and/or methods analogous to those described in U.S. Patent
6,217,867 may be used to condition the bone marrow for appropriate engraftment of the
transplant. Finally, therapeutic stem cells may be transplanted into the patient using any

method known to the art.
Design of Numb / Numblike and other transgene encoding vectors

In one embodiment transfection with nucleic acid sequence(s) encoding
numblike/numb isoform(s) is accomplished via viral transfection. The term
“Numb/Numblike encoding vector(s)” refers to the vectors incorporating the nucleic acid
sequence(s) encoding numblike/numb isoform(s) and/or synthetic oligonucleotides targeting
numblike or numb isoforms, as well as any additional transgene sequences, synthetic

oligonucleoties, ete, and any associated viral supernatant incorporated in those vector
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sequences.

The Numb / Numblike encoding vector(s) may comprise an expression vector.
Appropriate expression vectors are those that may be employed for transfecting DNA or
RNA into eukaryotic cells. Such vectors include, but are not limited to, prokaryotic vectors
such as, for example, bacterial vectors; eukaryotic vectors, such as, for example, yeast
vectors and fungal vectors; and viral vectors, such as, but not limited to adenoviral vectors,
adeno-associated viral vectors, and retroviral vectors. Examples of retroviral vectors which
may be employed include, but are not limited to, those derived from Moloney Murine
Leukemia Virus, Moloney Murine Sarcoma Virus, and Rous Sarcoma Virus, FIV, HIV, SIV

and hybrid vectors.

It is disclosed that the Numb / Numblike encoding vector(s) may be used to transfect
cells in vitro and/or in vivo.  Transfection can be carried out by any means known to the art,
especially through virus produced from viral packaging cells. Such virus may be
encapsidated so as to be capable of infecting a variety of cell types. Nevertheless, any
encapsidation technique allowing infection of selected cell types and/or their progeny is

practicable within the context of the present invention.
Design of human immunodeficiency virus (HIV) Gene therapy Vector(s)

The “therapeutc vector(s)” may incorporate an expression vector. Appropriate
expression vectors are those that may be employed for transfecting DNA or RNA into
eukaryotic cells. Such vectors include, but are not limited to, prokaryotic vectors such as, for
example, bacterial vectors; eukaryotic vectors, such as, for example, yeast vectors and fungal
vectors; and viral vectors, such as, but not limited to adenoviral vectors, adeno-associated
viral vectors, and retroviral vectors. Examples of retroviral vectors which may be employed
include, but are not limited to, those derived from Moloney Murine Leukemia Virus,
Moloney Murine Sarcoma Virus, and Rous Sarcoma Virus, feline immunodeficiency virus

(FIV), HIV, simian immunodeficiency virus (SIV) and hybrid vectors.

It is disclosed herein that the therapeutic vector(s) may be used to transfect target
cells in vitro and/or in vivo. Transfection can be carried out by any means known to the art,
especially through virus produced from viral packaging cells. Such virus may be
encapsidated so as to be capable of infecting CD34+ cells and/or CD4+ cells. However, in

some instances, other cell types are transfected by means not involving the CD4 or CD34
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proteins. Nevertheless, any encapsidation technique allowing infection of such cell types

may therefore be included in the disclosure of the present invention.

Pseudotyping with different envelope proteins expands the range of host cells
transduceable by viral vectors and therapeutic vectors, and allows the virus to be
concentrated to high titers, especially when pseudotyped with the vesicular stomatitis virus

envelope glycoprotein (VSV-G) (L et al., 1998; Reiser et al., 2000).
Vector Construction

Viral vectors utilized in this invention may be of various types including hybrid
vectors. Vectors may, for instance, be third-generation lentiviral vectors which include only
a very small fraction of the native genome (Zufferey et al., 1998). Production of transgene
encoding vector(s) may also involve self-inactivating transfer vectors (Zufferey et al., 1998;
Miyoshi et al., 1998) eliminating the production of full-length vector RNA after infection of

target cells.

Viral vectors may be utilized which are replication-incompetent due to failure to
express certain viral proteins necessary for replication. However the possibility exists that
helper virus may enable therapeutic virus replication. This likelihood can be reduced by the

use of self-inactivating vectors.

In a preferred embodiment, transgene sequences are driven by a ubiquitin promoter,
U6 promoter, EF1alpha promoter, CMV promoter, regulable promoters and/or desired cell
type specific promoters.

Viral Tropism

In a preferred embodiment, virus derived from the Numb isoform / Numblike
encoding vector(s), therapeutic vector(s) and/or other transgeneic vector(s) of this invention

is pseudotyped with vesicular stomatitis virus envelope glycoprotein to enable concentration

of the virus to high titers and to facilitate infection of CD34+ cells.
Sequence Selection

The use of any sequence with 70% or greater identity (or complementarity) to any
sequence referred to as a NUMB or Numblike sequence (searchable using the Entrez-
Pubmed database) is covered by the invention if utilized in the manner described in the

present invention.
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The current invention also relates in part to a genetic vector that includes sequences
capable of markedly reducing the susceptibility of mammalian cells to infection by HIV 1

and HIV-2 viruses (both together referred to herein as HIV).

The current invention discloses the novel combination of synthetic oligonucleotides

to reduce the expression of genes critical to the HIV/AIDS disease process.

The desirability of combining synthetic oligonucleotides to effect co-receptor "knock
down" with expression of TAR and RRE decoy sequences arises from the proposition,
expressed herein, that combining multiple gene therapy approaches simultancously targeting
1) HIV infection, 2) HIV transcription, and 3) HIV replication in individual cells is likely to

produce superior therapeutic benefits than any of these approaches in isolation.

Therapeutic vector(s) express “beneficial sequence(s)” intended to render transfected
or infected cells less capable of sustaining HIV replication and transcription. The genetic
vector expressing “beneficial sequence(s)” as well as any virus derived from such genetic

vector, are herein termed “therapeutic vector”.

The present invention is directed in part to the genetic modification of cells
susceptible to infection by HIV or capable of propagating HIV. Such cells are herein termed

“target cells”.

The present invention provides a composition and method for using therapeutic viral
vectors to reduce the susceptibility of mature or immature target cells, leukocytes, blood

cells, any stem/progenitor cells, and/or their progeny to infection by HIV.

It follows that the present invention also provides a composition and method for
using therapeutic viral vectors to reduce the susceptibility of reprogrammed cells, induced

multipotent cells, induced pluripotent cells, and/or their progeny to infection by HIV.

It is a further objective of this invention to reduce the ability of mature or immature
target cells, stem/progenitor cells, (including reprogrammed cells, induced multipotent cells,
induced pluripotent cells) and/or their progeny to sustain immunodeficiency virus replication

and transcription.

It is another objective of this invention to achieve efficient, long-term expression of
the therapeutic sequences in mature or immature target cells, other quiescent cells,

stem/progenitor cells, and/or their progeny.
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In one aspect, this invention provides a method for preventing or treating HIV
infection. The method involves transplanting stem cells transfected with therapeutic vector(s)

or sequence(s), into patients with HIV infection.

Beneficial sequence(s) may be ones that reduce the ability of HIV to infect a cell,
transcribe viral DNA, or replicate within an infected cell, or which enhances the ability of a

cell to neutralize HIV infection.

In certain embodiments, the beneficial sequence(s) represent synthetic
oligonucleotide(s) which interfere with HIV entry, including siRNA, shRNA, antisense RNA
or miRNA directed against any of the HIV co-receptors (including, but not limited to,

CXCR4, CCRS, CCR2b, CCR3, and CCRI).

In a preferred embodiment, the therapeutic vector(s) includes synthetic
oligonucleotides targeting one or more HIV co-receptors including CXCR4, CCRS, CCR1,
CCR2, CCR3, CXCR6 and/or BOB.

In another preferred embodiment the therapeutic vector(s) includes synthetic

oligonucleotides targeting the major HIV co-receptors CXCR4 and CCRS

In a further preferred embodiment the therapeutic vector(s) includes synthetic
oligonucleotides targeting one or more HIV enzymes such as HIV reverse transcriptase,

integrase and protease.

Appropriate sequences for the synthetic oligonucleotides are those 1) predictable by
computer algorithms to be effective in reducing targeted sequences, and 2) capable of
successfully reduce the amount of targeted enzyme by > 70% in standard quantitative RNA

assays and in assays of enzymatic activity or to a lesser but therapeutic degree.

The phrase "targeted sequence” indicates that a particular sequence has a nucleotide
base sequence that has at least 70% identity to a viral genomic nucleotide sequence or its
complement (e.g., is the same as or complementary to such viral genomic sequence), or is a
corresponding RNA sequence. In particular embodiments of the present invention, the term
indicates that the sequence is at least 70% identical to a viral genomic sequence of the
particular virus against which the oligonucleotide is directed, or to its complementary

sequence.

Any of the various types of synthetic oligonucleotides may be expressed via
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therapeutic vector transfection, and the current invention is directed to all possible
combinations of such oligonucleotides.

In a preferred embodiment, the synthetic oligonucleotide sequences are driven by
target cell, specific promoter(s).

In another preferred embodiment, the synthetic oligonucleotide sequences are driven
by U6 promoter(s).

Synthetic oligonucleotides, by the same token, may be included in the same
therapeutic vector(s) with decoy RNA.

Decoy RNA

Decoy RNA are sequences of RNA that are effective at binding to certain proteins
and inhibiting their function.

In a preferred embodiment, the therapeutic vector(s) comprise(s) multiple decoy
RNA sequences.

In a further embodiment the decoy RNA sequences are flanked by sequences that

provide for stability of the decoy sequence.

In another preferred embodiment the decoy RNA sequences are RRE and/or TAR
decoy sequences.

In a preferred embodiment, the RRE and TAR decoy sequences are HIV-2 derived
TAR and RRE sequences.

In another preferred embodiment the decoy sequences also include Psi element decoy
sequences.

In a preferred embodiment, the decoy sequences are each driven by a U6 promoter.

In another preferred embodiment, the decoy sequences are driven by target-cell

specific promoters.

In a preferred embodiment, the therapeutic vector targets multiple stages of the HIV
life cycle by encoding synthetic nucleotide sequence(s) in combination with HIV-2 TAR

and/or RRE decoy sequences.

In another preferred embodiment, the vector includes miRNA oligonucleotide

sequences.
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In another preferred embodiment, the vector includes shRNA oligonucleotide
sequences.
In another preferred embodiment, the vector includes siRNA oligonucleotide
sequences.
5 In another preferred embodiment, the vector includes RNA1 oligonucleotide
sequences.
In another preferred embodiment, the vector includes ribozyme sequences.

In another preferred embodiment, the vector includes a combination of synthetic

oligonucleotide classes.

10 In a further embodiment, the synthetic nucleotide sequences target HIV co-receptors

such as CCRS5, CXCR4, etc.

In a further embodiment, the synthetic nucleotide sequences target HIV enzymes

such as integrase, protease, reverse transcriptase, TAT, ete.

In a further embodiment, the ribozyme sequences target HIV co-receptors such as
15  CCRS, CXCR4, etc, or HIV enzymes such as integrase, protease, reverse transcriptase, TAT,
ete.
In a preferred embodiment, virus is generated using the therapeuic vector(s) and the

virus is pseudotyped.

In a preferred embodiment, virus is generated using the therapeuic vector(s) and the

20 virus is not pseudotyped and the virus shows native HIV tropism.
In a preferred embodiment, the therapeutic vector(s) is a viral vector.
In a preferred embodiment, the therapeutic vector(s) is a lentiviral vector.

In a preferred embodiment, the therapeutic vector(s) is a third generation lentiviral

vector.

25 In a preferred embodiment, the therapeutic vector(s) includes a combination of

synthetic oligonucleotide classes.

In a preferred embodiment, synthetic nucleotide sequence expression is driven by the

EF-1 alpha promoter or other target-cell appropriate promoters.
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In a preferred embodiment, synthetic nucleotide sequence expression is driven by the

U6 promoter or other target-cell appropriate promoters.

In a preferred embodiment, synthetic nucleotide sequence expression is driven by a

combination of EF-1 alpha and U6, and/or other target-cell appropriate promoters.

In a preferred embodiment, EF-1 alpha drives miRNA expression while the U6

promoter drives RNA decoy expression.

In a preferred embodiment, EF-1 alpha drives siRNA sequence expression while the

U6 promoter drives RNA decoy expression.

In a preferred embodiment, EF-1 alpha drives shRNA sequence expression while the

U6 promoter drives RNA decoy expression.

In a preferred embodiment, the therapeutic vector(s) includes multiple miRNA
sequences directed against CXCR4, multiple miRNA sequences directed against CCRS5, an
HIV-2 RRE decoy sequence and an HIV-2 TAR decoy sequence, and the vector 1s a viral

vector.

In a preferred embodiment, treatment involving the therapeutic vector(s) is combined
with other modes of antiretroviral therapy including pharmacological therapies.
Antiretroviral therapies appropriate for combination with the therapeutic vector(s) are those

that have additive or synergistic effects in combination with the therapeutic vector.

Cells targeted for gene therapy in HIV may include, but are not necessarily be limited
to mature peripheral blood T lymphocytes, monocytes, tissue macrophages, T cell
progenitors, macrophage-monocyte progenitor cells, and/or multipotent hematopoietic stem
cells, such as those found in umbilical cord blood, peripheral blood, and occupying bone

marrow spacces.

The present invention also relates to transfection of CD4+ T cells, macrophages, T
cell progenitors, macrophage-monocyte progenitors, CD 34+ stem/progenitor cells and/or
any other quiescent cell, dividing cell, stem cell or progenitor cell capable of differentiation
in vitro or in vivo into HIV target cells, CD4+ T cells, macrophages, T cell progenitors,
macrophage-monocyte progenitors, and/or CD 34+ stem/progenitor cells. Transfected cells,
therefore, can be endogenous cells in situ, or exogenous cells derived from other body

regions or even other individual donors. Cells selected for this purpose are herein termed
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“selected cells”.

By the same token, self-renewing, multipotent and/or pluripotent stem cells
(including reprogrammed and induced pluripotent cells) represent another logical target for

HIV gene therapy, and their use is specifically covered by the present invention.

In one embodiment of this process, selected cells (e.g. hematopoietic stem cells, skin
stem cells, umbilical cord cells, primordial germ cells (PGCs), spermatogonia, any accessible
somatic cell, etc.) are 1) propagated in culture using one or more cytokines such as steel
factor, leukemia inhibitory factor (LIF) , cardiotropin-1, IL-11, IL-6, 1L.-6 R, GP-130, CNTF,
IGF-1, bFGF, and/or oncostatin-M and 2) transfected with the therapeutic vector(s) or
beneficial sequence(s) prior to differentiation using any methods known to the art, such as
those described in US Patent 5677139 herein incorporated by reference, or by methods

analogous to US Patent 5677139 with respect to other target cells.

In separate embodiments, it may be desirable to perform the various steps prior to

transfection.

In separate embodiments, for the purpose of generating pluripotent stem cell

populations, it may be desirable to perform only the incubation steps above.

Appropriate concentrations of LIIF and steel factor for stem/progenitor cell
propagation/proliferation as well as other cell culture conditions have been described
previously (e.g. US Patents 6432711 and 5453357 herein incorporated by reference). Other
appropriate protocols and reference cytokine concentrations have been taught by Koshimizu
et al., 1996; Keller et al., 1996; Piquet-Pellorce, 1994; Rose et al., 1994; Park and Han, 2000;
Guan et al., 2006; Dykstra et al., 2006).

The population of target cells may include somatic cells, stem cells and progenitor
cells. Stem cells may be derived from existing cell lines or isolated from stored, banked, or
cryopreserved sources. Typical sources of stem cells include marrow, peripheral blood,
placental blood, amniotic fluid, umbilical cord blood, adipose tissue, non-human embryos,

etc.

Somatic cells, especially circulating leukocytes and other non-progenitor/stem cells
may likewise be subjected to the same culture conditions as described above for

stem/progenitor cells effective that they acquire stem/progenitor cell properties as a result.
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The invention also discloses the production (e.g. US Patent Application
20030099621) of target cells from stem/progenitor cells that may be made relatively resistant

to HIV infection and/or HIV replication.

It is understood, however, that any method of differentiating previously propagated
stem/progenitor/leukocyte cells into the desired target cells may be employed within the
scope of the invention so long as functional target cells relatively resistant to HIV infection

and/or HIV replication/ and/or HIV transcription are produced.

In a preferred embodiment, the therapeutic viral vector is packaged with one or more
envelope proteins from native HIV viruses conferring upon the therapeutic virus the capacity

to infect any cell that native HIV strains are capable of infecting.

Cells selected for use in this invention wll be in some instances accessible (e.g.
umbilical cord stem cells, bone marrow stem cells, spermatogonia and primordial germ cells
of the testis, stem cells isolated from amniotic fluid, stem cells isolated from the skin, etc.).
Such cells can be isolated from the tissues in which they reside by any means known to the

art.

Other selected cells may comprise reprogrammed cells, induced multipotent cells,

induced pluripotent cells, etc.

In accordance with an aspect of the present invention, there is provided a method of
producing a desired cell line, cell type, or cell class from the selected cells. Generally, the
method comprises culturing the selected cells and/or their progeny under conditions which
promote growth of the selected cells at an optimal growth rate. The resulting cell population
is then cultured under conditions which promote cell growth at a rate which is typically less
than the optimal rate, and in the presence of an agent promoting differentiation of the cells

into the desired cell line, cell type, or cell class (e.g. CD4+ T cells).

The present invention also discloses the propagation of the selected cells and/or their
progeny in culture, before or after transfection with the therapeutic vector, by any means
known to the art (e.g. US Patent Application 20060099177). Such methods also include
incubation with LIF, steel factor, I1-6, IL-7, oncostatin-M and/or cardiotropin-1 and other

growth enhancing cytokines, etc.

The present invention further discloses the directed differentiation of cells transfected

with the therapeutic vector(s) into desired cell types by further incubation in media
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containing the appropriate cytokines and growth factors such as colony stimulating factors
such as M-CSF (CSF-1), GM-CSF, IL-7, any cytokine promoting CD4+ T cell

differentiation, etc.
Transfection

Genetic modification of selected cells and target cells, whether they be exogenous
cells or endogenous cells can be performed according to any published or unpublished
method known to the art (e.g. U.S. Pat. Nos. 6,432,711, U.S. 05,593,875, U.S. 05,783,566,
U.S. 5,928,944, U.S. 05,910,488, U.S. 05,824,547, etc.) or by other generally accepted
means. Suitable methods for transforming host cells can be found in Sambrook et al.
(Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory
press (1989)), and other laboratory textbooks.

Successfully transfected cells can be identified by selection protocols involving
markers such as antibiotic resistance genes in addition to RNA expression assays and
morphological analyses. Clones from successfully transfected cells, expressing the
appropriate exogenous DNA at appropriate levels, can be preserved as cell lines by

cryopreservation (utilizing any appropriate method of cryopreservation known to the art).

Selectable markers (e.g., antibiotics resistance genes) may include those which confer
resistance to drugs, such as G418, hygromycin, ampicillin and blasticidin, etc. Cells
containing the gene of interest can be identified by drug selection where cells that have

incorporated the selectable marker gene survive, and others die.

A theoretical basis for the embodiments of the invention is described herein,
however, this discussion is not in any way to be considered as binding or limiting on the
present invention. Those of skill in the art will understand that the various embodiments of
the invention may be practiced regardless of the model used to describe the theoretical

underpinnings of the invention.

The invention will now be described and illustrated with respect to the following

examples; however, the scope of the present invention is not intended to be limited thereby.

Example 1: Construction of the transgenic vectors suitable for use in the present

invention.
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Suitable EGFP-Numb and EGFP- Numblike, and EGFP-X lentiviral vectors (where
X is any transgene described in the present invention) can be produced by cloning into an
appropriate viral vector (e.g. the two-gene HIV-EGFP-HSA vector (Reiser et al., 2000)).
Adapter primers can be selected for PCR amplification of Numblike and Numb isoform
cDNAs and cloning into a genetic vector. In preparation for cloning, the gene vector is
digested with enzymes. Subsequently, the cDNA for each transgene is inserted into the nef
coding region previously occupied by the HSA ¢cDNA. EGFP (enhanced green fluorescent
protein) and a cell population-appropriate promoter (¢.g. CMV ie or EFlalpha) having been
previously inserted into the viral coding region. Genetic constructs may include a vector
backbone, and a transactivator which regulates a promoter operably linked to heterologous

nucleic acid sequences.

Examples of retroviral vectors which may be employed include, but are not limited
to, those derived from Moloney Murine Leukemia Virus, Moloney Murine Sarcoma Virus,
and Rous Sarcoma Virus, FIV, and HIV. Appropriate expression vectors are those that may
be employed for transfecting DNA or RNA into eukaryotic cells. Such vectors include, but
are not limited to, prokaryotic vectors such as, for example, bacterial vectors; eukaryotic
vectors, such as, for example, yeast vectors and fungal vectors; and viral vectors, such as, but
not limited to, lentiviral vectors, adenoviral vectors, adeno-associated viral vectors, and

retroviral vectors.

The replication incompetent pcDNA 6.2/EmGFP-Bsd/V5-DEST vector is an example
of an appropriate expression vector (Invitrogen) and allows expression of synthetic
oligonucleotides (e.g. miRNAs) transferred from the pcDNA 6.2 GW/miR vector that have
the capacity to cleave targeted sequences. These vectors include flanking and loop sequences
from endogenous miRNA to direct the excision of the engineered miRNA from a longer Pol

[1 transcript (pre-miRNA).

Combining multiple miRNA sequences directed against specific endogenous RNA
species increases the likelihood of success in reducing target sequence expression. miRNA

sequences may be operably linked to regulable or tissue specific promoters.

By utilizing lentiviral vectors for gene expression, the resulting Numb / Numblike
encoding vector(s) and/or other transgenic vector(s) of this invention, becomes capable of

stably transducing both dividing and non-dividing cell types.
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In a preferred embodiment, the resulting Numb / Numblike encoding vector(s),
and/or other transgenic vector(s) of this invention contain multiple synthetic oligonucleotide
sequences driven by one or more promoters so as to reduce expression of specific numb

isoforms and/or numblike.

Example 2: Another example of a suitable vector is a retroviral vector. Retroviruses
are RNA viruses that contain an RNA genome. The gag, pol, and env genes are flanked by
long terminal repeat (LTR) sequences. The 5' and 3' LTR sequences promote transcription

and polyadenylation of mRNA's.

The retroviral vector may provide a regulable transactivating element, an internal
ribosome reentry site (IRES), a selection marker, and a target heterologous gene operated by

a regulable promoter.

Alternatively, multiple sequences may be expressed under the control of multiple
promoters. Finally, the retroviral vector may contain cis-acting sequences necessary for
reverse transcription and integration. Upon infection, the RNA is reverse transcribed to
DNA that integrates efficiently into the host genome. The recombinant retrovirus of this
invention is genetically modified in such a way that some of the retroviral, infectious genes
of the native virus have been removed and in certain instances replaced instead with a target
nucleic acid sequence for genetic modification of the cell. The sequences may be exogenous

DNA or RNA, in its natural or altered form.

Example 3: Example methods for generation of Numb / Numblike encoding

vector(s), and/or other transgenic vector(s) of this invention

The methods for generation of the resulting Numb / Numblike encoding vector(s),
and/or other transgenic vector(s) of this invention include those taught in Invitrogen’s Viral
Power Lentiviral Expression Systems Manual, 2007. Briefly, the EmGFP-bsd cassette is
cloned as a PmlI-Blpl fragment into the pLenti6/R4R2/VS-DEST vector, while the miR-long
(PRR+) numb isoform or miR-short numb isoform/numblike cassettes are simultancously
transferred by BP reaction into pDONR221. Then the regulable promoter(s) and miR-
isoform cassettes are Multisite LR crossed into the modified pLenti6/EmGFP-bsd/R4R2-
DESTvector.

Multiple vectors can be generated in this manner comprising different combinations

of synthetic oligonucleotides and transgene cassettes.
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pLenti6/R4R2/V5-DEST vector sequence:
aatgtagtcttatgcaatactetigtagtettgecaacatgglaacgatgagttagcaacatgecttacaaggagagaaaaageaccgtgeatgecgatiggtggaagt
aaggteptacgatcgtocctiattaggaaggeaacagacgggtctgacalggattggacgaaccactgaattgecgeattgeagagatattglatttaagigectag
ctegatacataaacgggictetctggitagaccagatcigagectgggagetctetggetaactagggaacceactgcttaagectcaataaagettgectigagly
cttcaagtagtetgtgceegtetgtigtgtgacteiggtaactagagateccteagacccttttagteagtgtg gaaaatctctageagtggegeecgaacagggact
tgaaagcgaaagggaaaccagaggagetelctcgacgeaggactcggettgetgaagegegeacggeaagaggcgagggocggceactgateagtacgee
aaaaattttgactagcggaggctagaaggagagagatggotocgagagegtcagtattaageggoggagaattagatcgegatgggaaaaaaticggttaagg
ccagggggaaagaaaaaatatanattaaaacatatagtatgggcaageagggagctagaacgaticgeagttaatectggectgttagaaacatcagaaggetgt
agacaaatactgggacagctacaaccateccttcagacaggatcagaagaacttagatcattatataatacagtagcaaccctetattgtgtgeatcaaaggataga
gataaaagacaccaaggaagctitagacaagatagaggaagagcaaaacaaaagltaagaccaccgeacageaageggecegcetgatetticagacctggagga
ggagatatgagggacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaagagaagagiggigea
gagagaaaaaagageagigggaataggagctitgticeitggetictigggagcageaggaagcactatgggegeagegtcaatgacgetgacggtacaggee
agacaattattgtctggtatagtgcagcageagaacaatttgctgaggectattgaggcgcaacageatctgttgeaactcacagtetggggceatcaageagetee
aggcaagaatcetggetgtggaaagatacctaaaggatcaacagetectggegatitgooottoctetggaaaacteatttgeaccactgetgtgcecttggaatget
agttggagtaataaatctetggaacagatttggaatcacacgacctggatggagtggeacagagaaatiaacaattacacaagettaatacacteetiaatigaaga
atcgcaaaaccagcaagaaaagaatgaacaagaatiatiggaattagataaatgggeaagtitgtggaattgatitaacataacaaattggctgtggtatataaaatt
attcataatgatagtaggaggcttggtaggtitaagaatagittttgctgtactiictatagtgaatagagttaggcagggatattcaccattatcgtttcagacccaccte
ccaaccecegagggeacccgacaggeccgaaggaatagaagaagaaggtggagagagagacagagacagatccaticgattagtgaacggatetcgacggt
atcgatgtcgacgttaacgctagtgatatcaactttgtatagaaaagtigaacgagaaacgtaaaatgatatlaaatatcaatatattaaattagattttgcataaaaaaca
gactacataatactgtaaaacacaacatatccagtcactatggeggecgeattaggeaccecaggetitacactttatgetticeggetegtataatgtgtggattitga
gttageatccgtcgagatittcaggagctaaggaagctaaaatggagaaaaaaatcactggatataccaccgttgatatatcccaat ggeategtaaagaacattttg
aggcatttcagtcagttgctcaatgtacctataaccagaccgttcagetggatattacggccttittaaagaccgtaaagaaaaataagcacaagitttaiceggecttt
attcacattcttgcecgectgatgaatgcetcatceggaaticegtatggcaatgaaagacggtgagetggtoatatgg gatagtgticaccctigttacacegtiticea
tgagcaaactgaaacgititcategctetggagtgaataccacgacgatitceggeagittctacacatatattcgcaagatgtggegtgttacggtgaaaaccigge
ctatftccctaaagggtttatigagaatatgtttitcgtctcagecaateectgggtgagtttcaccagtittgatitaaacgtggccaatatggacaacttcttegeceee
gttttcaccatgggcaaatattatacgcaaggcgacaaggtgetgatgecgetggegattcaggttcateatgeegtttgtgatggceticcatgtcggeagaatgett
aatgaattacaacagtactgcgatgagtggcagggcgeggcgtaaagatctggatccggettactaaaagecagataacagtatgegtattigegegetgatititg
cggtataagaatatatactgatatgtatacccgaagtatgtcaaaaagaggtatgctatgaageagegtattacagtgacagttgacagegacagetatcagttgete
aaggcatatatgatgtcaatatctceggtetggtaageacaaccatgcagaatgaageecgtegtetgegtgecgaacgetggaaageggaaaatcaggaageg
atggctgaggtegeccggtttattgaaatgaacggctetittgctgacgagaacagggactggtgaaatgcagtitaaggtttacacctataaaagagagagecgtt
atcgtctgtttgtgeatgtacagagtgatattattgacacgecegggcgacggatggtgatececetggecagigeacgictgeigtcagataaagicteccgigaa
ctttacccggtggtgcatatcggggatgaaagetggcgeatgatgaccaccgatatggecagigtgecggtetecgiatcggggaagaagtggctoatctcage
caccgcgaaaatgacalcaaaaacgcecattaacctgatgtictgggoaatataaatgtcaggctccgttatacacagecagtetgeaggtegaccatagtgactgg
atatgitgtgttitacagtattatgtagtetgttttitatgcaaaatctaatitaatatattgatatttatatcatittac gtttctcgttcagctitcttgtacaaagtggtigatate
cagcacagtggcggecgctegagtctagagggcccgeggitcgaaggtaagectatcectaaccectetecteggtetecgattetacgegtaccggtiagtaatga
gittggaattaatictgtegaatgtgtetcagttaggotatocaaagiceccaggetecccageaggeagaagtatgcaaageatgeatctcaattagteageaacc
aggigtggaaagiccccaggcetecccageaggcagaagtatgcaaageatgcatctcaattagtcageaaccatagtecegeecctaactecgeccateecgee
cctaactccgeccagticegececattctcecgecccatggetgactaattttttttatttatgcagaggecgaggecgectetgectetgagetattccagaagtagtga

ggaggctittitggaggcctaggcttttgcaaaaagetcccgggagcttotatatceattttcggatetgatcagcacgtgttgacaattaatcatcggeatagtatate
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ggcatagiataatacgacaaggtgaggaactaaaccatggecaagectitgictcaagaagaatccacccteattgaaagageaacggetacaatcaacageate
cceatctetgaagactacagegtegecagegeagetctetctagegacggecgeatettcactggtgteaatgtatateattttactgggggacctigtgeagaacte
glggtoctgpocactgetgctgetgeggcagetggeaacctgacttgtategtegegatcggaaatgagaacaggggceatettgageceetgeggacggteecg
acaggtectictcgatctgcatcctgggatcaaagecatagtgaaggacagtgatgeacagecgacggcagttggsaticgtgaattgetgeectetggttatgtgt
gegageectaagcacaattcgageteggtaccetitaagaccaatgacttacaaggcagetgtagatcttagecactttitaaaagaaaagggegooactggaagee
ctaattcactcccaacgaagacaagatctgctttttgcttgtactgggtetetetggttagaccagatetgagectgggagetetetggctaactagggaacceactge
ttaagcctcaataaagettgecttgagtgcttcaagtagtgteteccegtetgtigtotgacictggtaactagagateccteagaccecttttagtcagtgtggaaaatet
ctagcagtagtagttcatgtcatcttattattcagtatttataacttgcaaagaaatgaatatcagagagtgagaggaacttgtttaitgeagettataatggttacaaata
dagcaatagcatcacaaatticacaaataaagcatttttitcactgcatictagitgtgottigtccaaactcatcaatgtatettatcatgtetggctetagetateecgec
cctaactcegeccateecgecectaactecgeccagticegeccattctcegecccatggetgactaattttttitatttatgcagaggecgaggecgecteggectet
gagctattccagaagtagteaggagectttittggagocctagggacgtacccaattcgeectatagtgagtegtattacgegegetcactggecgtegttttacaac
gtegteactgggaaaaccctggegttacccaacttaategecttgeageacatccecctttegecagetggegtaatagegaagaggeecgeaccgategeectt
cccaacagttgegeagectgaatggegaatgggacgegeectgtageggegcattaagegeggcgggtgtgetggttacgegeagegtgaccgetacacttge
cagegecctagegeeegetectticgetttettcecttectttctcgecacgticgecggctttceccgteaagetctaaateggggectecctttagggttccgattta
gtectttacggeacctegaccccaaaaaacttgattagggtgatggticacgtagtggeccategecctgatagacggtttttcgeectttgacgttggagtecacgt
tctttaatagtggactettgttccaaactggaacaacactcaaccctatcteggtetattetittgatitataag g gattttgcegatttcg gectatiggttaaaaaatgag
ctgatttaacaaaaatttaacgcgaattitaacaaaatattaacgettacaatttaggtggcactiticggggaaatgtgcgeggaaccecctattigtttatttttctaaata
cattcaaatatgtatccgctcatgagacaataaccctgataaatgcettcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtegeecttatteectttt
ttgcggceattttgecttectgtttttgctcacccagaaacgetggtgaaagtaaaagatgetgaagateagtigggotgcacgagtggottacatcgaactggatctea
acagcggtaagatccttgagagttttcgecccgaagaacgttitccaatgatgageacttitaaagtictgctatgtgecgcgetattatcccgtatigacgecggeca
agagcaactcggtcgecgeatacactatteicagaatgactiggtigagtacicaccagtcacagaaaagceatcttacggatggcatgacagtaagagaattatgea
gtgctgecataaccatgagtgataacactgeggccaacttactictgacaacgateggaggaccgaaggagcetaacegctittttgcacaacatgggggatcatgt
aactcgecttgatcgttgggaaccggagetgaatgaagecataccaaacgacgagegtgacaccacgatgectgtageaatggeaacaacgtigegeaaactat
taactggcgaactacttactctagettceceggcaacaattaatagactggatggagecgeataaagitgeaggaccacttetgegeteggeccticeggetggctg
gittattgctgataaatctggagecggtaagegtgg etetcgeggtateatigecageactggggecagatggtaageecteecgtategtagttatctacacgacgg
ggagicaggceaactatggatgaacgaaatagacagatcgetgagataggtgectcactgattaageattggtaactgtcagaccaagtttactcatatatactttaga
ttgatttaaaacttcatttttaatttaaaaggatctaggtgaagatccttittgataatctcatgaccaaaatccettaacgtgagttttc gttccactgagegtcagaccce

gtagaaaagatcaaaggatcttcttgagatecttttittctgegegtaatctgctecttgcaaacaaaaaaaccaccgetaccageggtggttigtitgecggatcaag
agctaccaactctttttcegaaggtaactggcticageagagegeagataccaaatactgttetictagtgtagecgtagttaggecaccacttcaagaactetgtage
accgectacataccicgetetgetaatectgttaccagtggctgctgecagtggegataagtegtgtettaccgggttggactcaagacgatagttaccggataagg
cgcageggteggoctgaacggegapttcgtgcacacageccagettggagegaacgacctacaccgaactgagatacctacagegtgagetatgagaaage

gecacgeticecgaagggagaaaggeggacaggtatceggtaageggcaggategeaacaggagagegcacgagggagettccaggggeaaacgectgg
tatctttatagtectgtegggtitcgecacctetgactigagegtegattittgigatgctcgicaggggggecggagectatggaaaaacgecageaacgeggectttt
tacggticctggectittgetggectiitgetcacatgtictitcctgegttatecccetgattetgtggataaccegtattacegectttgagtgagetgatacegetegecg

cagcecgaacgaccgagegeagegagtcagtgagegaggoaageggaagagegeccaatacgeaaaccgectetececegegegtiggccgatteattaatgea
getggcacgacaggtttceccgactggaaagegggcagtgagegcaacgcaattaatgtgagttageteacteattaggeaccecaggetitacactttatgetice

goctegtatgtigtetooaattgtoageggataacaatttcacacaggaaacagetatgaccatgattacgecaagegegeaattaacectecactaaagggaacaa

aagctggagetgeaagett

Example 4: Additional methods for generation of therapeutic vector(s).
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"Packaging cell lines" derived from human and/or animal fibroblast cell lines result
from transfecting or infecting normal cell lines with viral gag, pol, and env structural genes.
On the other hand, packaging cell lines produce RNA devoid of the psi sequence, so that the
viral particles produced from packaging cell do not contain the gag, pol, or env genes. Once
the therapeutic vector’s DNA containing the psi sequence (along with the therapeutic gene)
is introduced into the packaging cell, by means of transfection or infection, the packaging
cell may producce virions capable of transmitting the therapeutic RNA to the final target cell

(e.g. a CD4+ cell).

The "infective range" of the therapeutic vector(s) is determined by the packaging cell
line. A number of packaging cell lines are available for production of virus suitable for
infecting a broad range of human cell types. These packaging cell lines are nevertheless
generally capable of encapsidating viral vectors derived from viruses that in nature usually
infect different animal species. For example, vectors derived from SIV or MMLYV can be

packaged by GP120 encapsidating cell lines.

An example protocol for producing a therapeutic viral supernatant is provided as

follows:

1. Twenty micrograms of retrovirus vector are mixed with 2-3 micrograms of viral
DNA containing the selectable marker gene (e.g. antibiotic resistance gene) by gentle

tapping in 0.8-1 milliliter of Hepes buffered saline (pH=7.05) in a 1.5 ml plastic tube.

2. Seventy microliters of 2M CaCl” are added to the mixture by repeated gentle
tapping.

3. When a blue precipitate first begins to appear within the tube, the product should
be gently applied to a 30% confluent layer of packaging cells (from any number of
commercial vendors). The DNA mixture should be applied only after first removing the

medium from the packaging cells.

4. The packaging cells are set to incubate for 20-30 minutes at room temperature (25
degrees Celsius) before transferring them back to an incubator at 36-38 degrees Celsius for

3.5 hours.

S. Add 3.5-4 milliliters of Hepes buffered saline containing 15% glycerol for 3
minutes then wash cell with Dulbecco's Modified Eagle's Medium (DMEM)+10% FBS x2.
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6. Add back DMEM +10% FBS, and incubate cells for 20 hours at 37 degrees

Celstus.
7. Remove and filter medium containing therapeutic viral particles.

Excess viral supernatant is immediately stored or concentrated and stored at -80
degrees Celsius). Supernatant may stored with 5-8 micrograms of polybrene to increase the
efficiency of target cell infection. Otherwise polybrene may be excluded or added just before
infection.

8. Stable producer lines can be established by splitting packaging cell lines 1 to 20, or
1 to 40 and subsequently incubating these cells for up to 10 days (changing medium every
three days) in medium containing selective drugs (e.g. certain antibiotics corresponding to

transfected resistance genes).

9. After 10 days isolated colonies are picked, grown-up aliquoted and frozen for
storage.

Assay of Retrovirus Infectivity/Titration is achieved by application of a defined
volume of viral supernatant to a layer of confluent "test" cells such as NIH 3T3 cells plated
at 20% confluence. After 2-3 cell division times (24-36 hours for NIH 3T3 cells) colonies of
“test" cells incubated at 37 degrees in antibiotic-containing medium are counted. The

supernatant's titer are estimated from these colony counts by the following formula:

Colony Forming Units/ml=colonies identified X 0.5(split factor)/volume of virus

(mb)

The accuracy of this estimate is increased by testing large volumes of supernatant over many

plates of "test" cells.

Application of the therapeutic viral supernatant to target cells may be accomplished

by various means appropriate to the clinical situation.
Example 5: Growth Medium for selected cells

Selected cells can be expanded / grown in Dulbecco's modified Minimal Essential Medium
(DMEM) supplemented with glutamine, beta.-mercaptoethanol, 10% (by volume) horse
serum, and human recombinant Leukemia Inhibitory Factor (LIF). LIF replaces the need for
maintaining selected cells on feeder layers of cells, (which may also be employed) and is

essential for maintaining selected cells in an undifferentiated, multipotent, or pluripotent
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state, such cells can be maintained in Dulbecco’s modified Minimal Essential Medium
(DMEM) supplemented with glutamine, beta.-mercaptoethanol, 10% (by volume) horse
serum, and human recombinant Leukemia Inhibitory Factor (LIF). The LIF replaces the need
for maintaining cells on feeder layers of cells, (which may also be employed) and is essential

for maintaining cells in an undifferentiated state (per US Patent 6432711).

In order to initiate the differentiation of the selected cells into neuronal cells, the cells
are trypsinized and washed free of LIF, and placed in DMEM supplemented with 10% fetal
bovine serum (FBS). After resuspension in DMEM and 10% FBS, 1X10° cells are plated in
5 ml DMEM, 10% FBS, 0.5 microM retinoic acid in a 60 mm Fisher bacteriological grade
Petri dishes, where the cells are expected to form small aggregates. Aggregation aids in
proper cell differentiation. High efficiency transfection with appropriate neuronal
transcription factors can occur before or after plating in DMEM, FBS, and retinoic acid. (See

U.S. Patents 6432711 and 5453357 for additional details).

Example 6: HLA matching. Selected cells (e.g. umbilical cord blood or cells from
any other suitable source and/or their progeny), can be screened, genetically-modified
(optional), expanded, and induced to begin differentiating into the desired cell type(s)
(optional). The cells are then transplanted according to standard stem cell transplantation
protocols. In certain instances, cells may be transplanted into patients without HLA

matching.

Example 7: In some rare instance, it may be appropriate to introduce transgene
encoding vectors into patients in order to stimulate or inhibit cellular division or cellular

differentiation, in vivo.
Example 8: Genetic Modification of Selected Cells.

In vitro genetic modification of exogenous cells or patient's endogenous cells can be
performed according to any published or unpublished method known to the art (e.g. U.S. Pat.
Nos. 6,432,711, U.S. 05,593,875, U.S. 05,783,566, U.S. 5,928,944, U.S. 05,910,488, U.S.
05,824,547, etc.) or by other generally accepted means. Suitable methods for transforming
host cells can be found in Sambrook et al. (Molecular Cloning: A Laboratory Manual, 2nd

Edition, Cold Spring Harbor Laboratory press (1989)), and other laboratory textbooks.

Successfully transfected cells are identified by selection protocols involving markers

such as antibiotic resistance genes in addition to RNA expression assays and morphological
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analyses. Clones from successfully transfected cells, expressing the appropriate exogenous
DNA at appropriate levels, can be preserved as cell lines by cryopreservation (utilizing any

appropriate method of cryopreservation known to the art).

Selectable markers (e.g., antibiotics resistance genes) may include those conferring
resistance to drugs, such as G418, hygromycin and methotrexate. Cells containing the gene
of interest can be identified by drug selection where cells that have incorporated the

selectable marker gene survive, and others die.

The current invention discloses the selection of genetically-modified cells as
“selected cells” of the invention. The term genetic modification refers to alteration of the
cellular genotype by introducing natural or synthetic nucleic acids into selected cells and/or
their progeny or immortalized cell lines and/or their progeny by any means known to the art.
Alternatively culture conditions that induce permanent changes in gene expression patterns
are considered herein to represent genetic modification. Modification of stem cells, whether
they be derived from the host brain, endogenous donor sources, exogenous donor sources, or
cell lines, represents a feasible approach to the treatment of certain human diseases,

especially those of the human nervous system.

Genetic modifications covered by this disclosure include, but are not limited to:
genetic modifications performed in vivo; modifications that alter the activity or amount of
metabolic enzymes expressed by endogenous or exogenous selected cells and/or their
progeny; modifications which alter the activity, amount, or antigenicity of cellular proteins;
modifications which alter the activity or amount of proteins involved in signal transduction
pathways; modifications which alter HLA type; modifications which alter cellular
differentiation; modifications which alter neoplastic potential; modifications which alter
cellular differentiation; modifications which alter the amount or activity of structural
proteins; modifications which alter the amount or activity of membrane associated proteins
(structural or enzymatic); modifications which alter the activity or amount of proteins
involved in DNA repair and chromosome maintenance; modifications which alter the
activity or amount of proteins involved in cellular transport; modifications which alter the
activity or amount of enzymes; modifications which alter the activity or amount of proteins
involved in synapse formation and maintenance; modifications which alter the activity or
amount of proteins involved in neurite outgrowth or axon outgrowth and formation;

modifications altering the amount or activity of antioxidant producing enzymes within the
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cell; modifications which lead to altered post-translational modification of cellular proteins;
modifications which alter the activity or amount of proteins involved in other aspects of
cellular repair, and alterations which increase the lifespan of the cell (such as production of
telomerase). Such proteins as those mentioned above may be encoded for by DNA or RNA
derived from the human genome or other animal, plant, viral, or bacterial genomes. This

invention also covers sequences designed de novo.

In addition, this invention relates to the in situ, genetic modification of selected cells
and/or their progeny cells for the treatment of disease. Endogenous stem cells may be
modified in situ by direct injection or application of DNA or RNA vectors, including viruses,
retroviruses, liposomes, etc, into the substance of the tissue or into the appropriate portion of
the ventricular system of the brain. Since 1992, we have modified thousands of
stem/progenitor cells and many thousand progeny cells in this manner. Our data shows that
this manner of modifying progenitor cells results in a tremendous variety of modified cell

types throughout the nervous system, and has never resulted in adverse effects.
Example 9: Introduction of Genetic Vectors into the Host

In a preferred embodiment, endogenous cells are transfected with vectors such as
those described herein in vivo by introduction of the therapeutic vector(s) into the host
blood, tissues, nervous system, bone marrow, etc. The greatest benefit may be achieved by
modifying a large number of endogenous target cells. This may be accomplished by using
an appropriately-sized, catheter-like device, or needle to inject the therapeutic vector(s) into
the venous or arterial circulation, into a specific tissue, such as muscle tissue, or into the
nervous system. In a preferred embodiment, the virus is pseudotyped with VSV-G envelope

glycoprotein and native HIV-1 env proteins.
Example 10: Injection into the Nervous System

Transplantation of selected cells (from either the growth or differentiation media)
into the fetal nervous system or genetic modification of endogenous fetal cells utilizing
genetic vectors may be accomplished in the following manner: Under sterile conditions, the
uterus and fetuses are visualized by ultrasound or other radiological guidance. Alternatively
the uterus may be exposed surgically in order to facilitate direct identification of fetal skull
landmarks. Selected cells can then be introduced by injection (using an appropriately-sized

catheter or needle) into the ventricular system, germinal zone(s), or into the substance of the
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nervous system. Injections may be performed in certain instances, through the mother's
abdominal wall, the uterine wall and fetal membranes into the fetus. The accuracy of the
injection is monitored by direct observation, ultrasound, contrast, or radiological isotope

based methods, or by any other means of radiological guidance known to the art.

Under appropriate sterile conditions, direct identification of fetal skull landmarks is
accomplished visually as well as by physical inspection and palpation coupled with
stereotaxic and radiologic guidance. Following cell culture, appropriate amounts of the
selected or differentiating cells can then be introduced by injection or other means into the
ventricular system, germinal zones, or into the substance of the nervous system. The
accuracy of the injection may be monitored by direct observation, ultrasound, or other

radiological guidance.

In certain, neurological diseases of the adult nervous system, such as Huntington's disease
and Parkinson's disease, cells of a specific portion of the brain are selectively affected. In the
case of Parkinson's disease, it is the dopaminergic cells of the substantia nigra. In such
regionally-specific diseases affecting adults, localized transplantation of cells may be
accomplished by radiologically-guided transplantation of differentiating cells under sterile
conditions. Radiologic guidance may include the use of CT and/or MRI, and may take

advantage contrast or isotope based techniques to monitor injected materials.

In certain neurologic diseases, such as some metabolic storage disorders, cells are affected
across diverse regions of the nervous system, and the greatest benefit may be achieved by
genetically-modifying endogenous cells or introducing selected cells of the present invention
(either from the growth culture media or the differentiating medium) into the tissue in large
numbers in a diffuse manner. In the nervous system, these diseases may be best approached
by intraventricular injections (using an appropriately-sized, catheter-like device, or needle)
(especially at early stages of development) which allows diffuse endogenous cell
modification or diffuse engraftment of selected cells isolated from the growth and/or
differentiation media. Nevertheless, injection of the cells into the circulatory system for the
same purpose is also covered. However, with regard to any disorder affecting multiple
organs or the body diffusely (e.g. lysosomal storage disorders, hemoglobinpathies, muscular
dystrophy), the cells isolated from the growth and/or differentiation media may also be
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preferentially introduced directly into the circulation and/or visceral organs, such as the liver,
kidney, gut, spleen, adrenal glands, pancreas, lungs, and thymus using endoscopic guidance
and any appropriately-sized, catheter-like device, allowing diffuse engraftment of the cells
throughout the body, as well as specific introduction and infiltration of the cells into the

selected organs.
Example 11: Delivery of Cells by Injection in to the Circulatory Stream and Organs.

Diseases of one organ system may be treatable with genetically modified cells from a
separate organ system. Also, in some instances, it may become apparent that the selected
cells may integrate and differentiate on their own, in vivo, in sufficient numbers if they are
injected into blood stream cither arterial, venous or hepatic, after culturing in the growth
and/or differentiation media. This approach is covered by the present invention. The
treatment of diffuse muscle (e.g. muscular dystrophies), organ, tissue, or blood disorders
(e.g. Hereditary Spherocytosis, Sickle cell anemia, other hemoglobinopathies, etc,) may, for
instance, involve the injection of cells isolated from the growth media or differentiating
media into the patient, especially the patient’s circulation. This approach is also believed to
ameliorate ischemic injuries such as myocardial infarction, stroke, etc., as well as traumatic
injuries to brain and other tissues. Injection of such cells produced by the current invention,
directly into the circulation, by needle or catheter, so that the cells are enabled to “home™ to
the bone marrow, muscle, kidneys, lungs, and/or any other other organ system, as well as
injection directly into the bone marrow space is suitable for the practice of the present
invention. Likewise injection of the cells directly into a lesion site with or without
radiologic, ultrasonic or fluoroscopic guidance is also suitable for the practice of the present

invention.

Methods of isolating selected cells useful in the present invention include those

described by Zhao et al., 2006.

In a preferred embodiment, genetic vectors encoding numblike and/or numb isoforms

comprise regulable promoters operably linked to the Numb or numblike transgenes.

In another preferred embodiment, the mode of transfection may be selected from
those modes of transfection that provide for transient rather than permanent expression of the
numblike and numb isoforms.

Example 12. Example Genetic Modifications

53



10

15

20

25

30

35

It is believed that hundreds of diseases and clinical conditions are able to be treated
and/or ameliorated by the methods of the present invention including, but in no way limited
to Canavan's disease (ASP); Tay-Sach's disease (HEXA); Lesch-Nyhan syndrome (HRPT);
Huntington's disease(HTT); Sly syndrome; type A and type B Niemann Pick disease;
Sandhoff's disease (HEXB); Fabry's disease (GLA); type C Niemann-Pick disease(NPC1);
Gaucher's disease (GBA); Parkinson's disease(PARK2, etc.); Von Hippel Lindau's discase,
Sickle cell ancmia (HBB) and other thalassemias as well as similar diseases. T hese
transgenes may represent the coding region or portions of the coding region of the normal

genes.

It is to be understood, however, that the scope of the present invention is not to be
limited to the specific embodiments and examples described above. The invention may be
practiced other than as particularly described and still be within the scope of the

accompanying claims.

Example 13: An example sequence for a vector capable of rendering cells
pluripotent and expressing a long Numb isoform, Oct-4, Sox-2, and EmGFP nucleic acid

sequences under the control of tetracycline-sensitive promoters is:

aatgtagtcttalgcaatactcttgtagtcttgcaacatggtaacgatgagttagcaacatgccttacaaggagagaaaaagcaccgtgcatgccgattggtggaagt
aaggtggtacgatcgtgccttattaggaaggcaacagacgggtctgacatggattggacgaaccactgaattgccgcattgcagagatattgtatttaagtgcclag
ctcgatacataaacgggtctctetggitagaccagatetgagectgggagetetctggetaactagggaacceactgetiaagectcaataaagetigectigagly
cttcaaglagtgtgtececgictgttgtgtgactetggtaactagagatcceicagaccettttagtcagtgtg gaaaatctetageagiggegeccgaacagggact
tgaaagcgaaaggganaccagaggagetctetcgacgeaggacteggctigetgaagegegeacggeaagaggcgaggggcggegactggigagtacgee
aaaaatittgactagcggaggctagaaggagagagalggglgcgagagcgteagtattaagcggggoagaattagatcgegatgggaaaaaaticggttaagg
ccaggggganagaaaaaatataaattaaaacatatagtatgg gcaagcagggagclagaacgattcgeagttaatectggectgttagaaacatcagaaggeigt
agacaaatactgggacagctacaaccatcecttcagacaggatcagaagaacttagatcattatataatacagtageaaccctcetattgtgtgeatcaaaggataga
gataaaagacaccaaggaagctitagacaagatagaggaagagcaaaacaaaaglaagaccaccgeacageaageggecgetgatcttcagacciggagga
ggapatatgagggacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtageacccaccaaggcaaagagaagagiogteca
gagagaaaaaagagcagtgggaataggagctitgticettggsticttggoageageaggaageactatgggegeagegteaatgacgeigacggtacaggec
agacaattattgtetggtatagtgeageageagaacaatitgeigagggctatigaggegeaacageatetgtigeaactcacagtetggggeatcaageagelce
aggcaagaatcciggctgtggaaagatacctagaggateaacagetectgggeatitgggottgctetggaaaacteattigeaccactgetgtgecttggaatget
agitggagtaataaatctctggaacagatitggaatcacacgacctggatggagtgggacagagaaattaacaattacacaagcettaatacactecttaatigaaga
atcgcaaaaccagcaagaaaagaatgaacaagaatiattggaattagataaatgggcaagtitgte gaattggtitaacataacaaattggetgtggtatataaaatt
attcataatgatagtaggaggcttggtaggtttaagaatagtitttgetgtactitctatagtgaatagagttaggcagggatattcaccattatcgtticagacccacctc
ccaaccccgaggggacecgacaggeecgaaggaatagaagaagaaggtggagagagagacagagacagatceaticgattagtgaacggatctegacggt
atcgatgtcgacgttaacgcetagtgatatcaacttigtatagaaaagttgaacgagaaacgtaaaatgatataaatatcaatatattaaattagattttgcataaaaaaca

gactacataatactgtaaaacacaacatatccagtcactatgggacggatcgg gagatcteccgatcecctatggtgeacteteagtacaatetgetctgatgecge
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atagttaagccagtatctgetecctgetigtgtetiggageicgetgaglagigegegagcaaaatitaagetacaacaaggeaaggcettgaccgacaattgeatga
agaatctgcttagggttaggegttttgegetgceticgegatgtacgggccagatatacgegttgacattgattattgactagttattaatagtaatcaattacggggicat
tagttcatagcccatatatggagttecgegttacataacttacggtaaatggecegectggetgaccgeecaacgacceccgeccatigacgtcaataatgacgtat
gttcccatagtaacgccaatagggactitccattgacgtcaatggetggagtatitacggtaaactgeccacttggeagtacatcaagtgtateatatgecaagiacg
ccecctattgacgtcaatgacggtaaatggeecgectggeattatgeccagtacatgaccitatgggactitectacttggcagtacatctacgtattagtcategetat
taccatggtgatgcggtittggcagtacatcaatgggegtegatageggiitgactcacggggatttccaagtcetccaceecattgacgtcaatgggagtigtiiigg
aaccaaaatcaacgggactttccaaaatglegtaacaacteegecccattgacgcaaatgggcggtaggegtgtacggtgggaggtctatataagcagagctete
cctatcagtgatagagatctecctatcagtgatagagategtcgacgagetcgtttagtgaaccgtecagategectggagacgecatecacgetgtittgaceticeat
agaagacaccgggaccgatecagecteeggactetagegtttaaacttaagettaccatgecttcgeaagecectcatitcaccaggeeceeggetiggggegectt
ccticeccatggegggacacctggcttcggatttcgectteicgeeccctecaggtegglggaggtgatggeccagggoggccggagecgggctgggttgatect
cggacctggctaagettccaaggeccicetggagggccaggaatcgggecggggeltggoccaggctetgaggtatagoggattcecceatgecceecgeeg
talgaglictgtggggegatggcgtactgtggoccccaggitggagtgoooctagtgecccaaggegecttggagacctelcagectgaggacgaagcagga
gtcgggetesagagcaactcegatgggacctecccggageecigeacegtcaccectggtgeegtgaagetggagaaggagaagetggageaaaaccegg
aggagicccaggacatcaaagetetgeagaaagaacicgageaatttgecaagetectgaagcagaagaggatcacectgggatatacacaggeegatgigeg
gcteaccctgggggtictatttgggaaggtattcagecaaacgaccatctgecgcttigaggctctgeagettagettcaagaacatgtgtaagetgeggeccettget
gcagaagtggetegagoaagetgacaacaatgaaaatcticaggagatatgcaaagcagaaaccetegtgcaggeccgaaagagaaagegaaccagtatega
gaaccgagtgagaggcaacctggagaattigitcctgeagtgecegaaacccacactgeageagatcagecacatcgeceageagcettgggelcgagaaggat
glggtcegagtgtggtictgtaaccggegecagaagggeaagegatcaageagegactatgcacaacgagaggattttgaggcetgetgggtetectttcicaggg
ggaccagtgtectttectetggecccagggeceecattttggtaccccaggetatgg gageccteacticactgeactgtactecteggteectttecetgaggegga
agcctitccecctgteteegteaccactetgggcteteccatgeattcaaactgaggtgcctgecctictaggaatgggp sacagggeoagogoapgasctags
gaaagaaaacclggagtitgtgccagggtttttgggattaagticticaticactaaggaaggaatigggaacacaaagggtgggggcaggggagitiggegcaa
ctggtipgaggpaageteaagitcaatgatectettgatitiaatcccacatcatgtatcacttttitcttaaataaagaagectgggacacagtagatagacacactta
aaaaaaaaaacctcgactgtgccttetagttgecagecatctgtigtttgcccctececegtgecticctigaccetggaaggtgccacteccactgtectticctaata
aaatgaggaaattgcatcgeattgtctgagtaggtgtcattctatictggegeotpeootoogocageacageaaggggeagaatigggaagacaatageagg
catgctegggeatgeggtggoctetatggeacggategggagatetcecgateccctatggigeacicteagiacaatcttgetetgatgecgeatagttaagecagt
atctgeteectgetigigtgtiggaggtegelgagtagtgcgcgageaaaatttaagctacaacaaggcaaggcttgaccgacaattgeatgaagaatelgettagg
gttaggegttttgegetgcticgegatgtacgggecagatatacgcgttgacattgattattgactagttattaatagtaatcaattacggggteattagitcatagecca
tatatggagttccgegttacataacttacggtaaatggeccgectggetgaccgeccaacgaccccegeccatigacgtcaataatgacgtatgticecatagtaac
gccaatagggactttceattgacgtcaatgggtggagtatttacggtaaactgeccacitggeagtacatcaagtgtalcatatgccaagtacgeeccctattgacgt
caatgacggtaaatggeccgectggeattatgeccagtacatgaccttatgggactttectacttggeagtacatctacgtattagteategcetattaccatggtgatg
cgglittgecagtacatcaatgggegtggatageggittgactcacggggatttccaagtctccaccecattgacgtcaatgggagtttottttggaaccaaaatcaa
cgggactitccaaaatgtcgtaacaaciccgeeccattgacgeaaatgggcggtaggegtotacggtggoagotctatataagcagagetctecctatcagteata
gagatctccctatcagtgatagagatcgicgacgagetegtttagtgaaccgtcagatcgectggagacgecatecacgetgttitgacctceatagaagacaceg
ggaccgatcecagecticeggactetagegtitaaacttaagettaccatgetattaacttgticaaaaaagtatcaggagtigtcaaggeagagaagagagtgtitgca
aaagggggaaagtagtitgctgcctctitaagactaggactgagagaaagaagaggagagagaaagaaagggagagaagittgagecccaggcttaagecttt
ccaaaaaataataataacaatcatcggeggeggceaggatcggecagaggaggagggaagcgctttttitgatcctgattccagtttgectctctettittttcceccaa
attattcticgectgattttectcgeggagecctgegeteccgacacceccgecegecteccetecicctciceececgeecgegggeeccccaaagiceeggceg
ggecgagggicggeggeegeeggegggecgggecegegeacagegeccgcatgtacaacatgatggagacggagetgaageegecgggeecgeageaa

acttcggggggcggcggeggcaaciccaccgeggeggeggecggeggeaaccagaaaaacageccggaccgegtcaageggeccatgaatgectteatg
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glgtggteccgegggcageggcgcaagatggeccaggagaaccecaagatgeacaacteggagateageaagegectgggegeecgagiggaaacttitgte
ggagacggagaagcggecgticatcgacgaggcetaageggetgegagegetgeacatgaaggageacceggattataaataccggeeecggeggaaaace
aagacgctecatgaagaaggataagtacacgetgeceggeggectgetggeccccggeggeaatageatggegageggegtegggotggacgecggectgg
gegegggcegtgaaccagegeatggacagttacgegeacatgaacggctggageaacggcagetacageatgatgeaggaccagetgggctaccegeagea
ccegggecteaatgegeacggegeagegeagatgcageccatgeaccgetacgacgtgagegecctgeagtacaacteeatgaccagetcgeagacctacat
gaacggctegeecacctacageatgtectactcgecageagggcacccetggeatggctettggctecatgggticggtggteaagicegaggecagetecagee
ccectgtggttacctettceteceactccagggegeccetgecaggecggggacctccgggacatgateageatgtatetceccggegecgaggtgeeggaacce
geegececcageagactteacatgteccageactaccagageggeecggtacecggeacggecattaacggeacactgececteteacacatgigagggeceg
gacagegaactggagg cosoagaaatittcaadgaaaaacgagggaaatgggageeotocaaaagaggagagtaagaaacageatggagaaaacccggta
cgctcaaaaagaaaaaggaaaaaaaaaaatcccatcacccacagcaaatgacagcetgeaaaagagaacaccaatcecatecacactcacgcaaaaaccgega
tgecgacaagaaaacttttatgagagagatcctggactictititgggggactatitttgtacagagaaaacctgggeagggtgggeagegcegoggaatggacc
tgtatagatctggaggaaagaaagetacgaaaaactitttaaaagtictagtggtacggtaggagetttgcaggaagtttgcaaaagictitaccaataatatttagag
ctagfclccaagcgacgaaaaaaatgttitaatatitgcaageaactttigtacagtatttaticgagataaacatggeaatcaaaatgtecatigtttataagetgagaatt
tgccaatattiiicaaggagaggcttettgctgaattttgattctgeagetgaaatitaggacagtigeaaacgtgaaaagaagaaaattaticaaatttggacattttaat
tetttaaaaattgtacaaaaggaaaaaattagaataagtactggcgaaccatctetgtggictigtitaaaaagggeaaaagttttagactgtactaaatiitataacttac
tettaaaagcaaaaatggecatgcaggtigacacegitggtaatitataatagcetttgtticgatcccaactitecattttgticagataaaaaaaaccatgaaattactgt
gtttgaaatattttctiatggtitgtaatatitctgtaaatitattgtgatatittaag gttticececctitatittccgtagttgtatittaaaagattcggetctgtattatitgaat
cagtcigecgagaatccatgtatatatitgaactaatatcatecttataacaggtacattticaacttaagtttitactceattatgeacagtttgagataaataaatttitgaa
atatggacactgaaaaaaaaaaadaaaaaacctcgactgtgectictagttgecagecatetgttgtttgeceetececcgtgecttectigacectggaaggigcca
ctcecactgtectttcetaataaaatgaggaaattgcategeattgtetgagtaggtgteatictatictgggogotoogotaooocaggacagcaaggggeagaa
ttgggaagacaatagcaggeatgetgggeatgeggtegactctatgggacggatcgggagateteecgatecectatggtgeacteteagtacaatetgetetgat
gcegcatagitaagecagtatetgeteectgettgtgtgttggaggtcgctgagtagtgcgcgageaaaatttaagetacaacaaggcaaggetigaccgacaatt
geatgaagaatctgcttagggttaggegttitgegetgcticgegatgtacgggccagatatacgegttgacattgattattgactagttatiaatagtaatcaattacg
gggtcattagitcatagcecatatatggagttccgegttacataacttacggtaaatggeecgecetggetgaccgeccaacgaccecegeccattgacgicaataat
gacgtatgttcccatagtaacgecaatagggactitecatigacgtcaatgggtggagtaittacggtaaactgeccacttggeagtacatcaagtgtatcatatgeca
agtacgecccctattgacgtcaatgacggtaaatggecegectggeattatgeccagtacatgaccttatgggactitectacttggeagtacatctacgtattagica
tcgctattaccatggtgatgcggtittggcagtacatcaatgggegte gatagcggtitgactcacggggatttccaagtetccaccecattgacgtcaatgggagtit
glittggaaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgeaaatgggcggtaggestatacggteggaggtctatataageag
agcteteectatcagtgatagagatctecctateagtgatagagategtcgacgagetegtitagtgaaccgtcagategeetggagacgecatccacgetgtiitga
cctecatagaagacaccgggaccgatccagectecggactctagegittaaacttaagettaccatggttgteatgggggaggtggtegegetiggtggecactg
geggccgaggtagaggeagtggegetigagtiggteggggecageggceagatttgaggettaageaacttetteeggguaagagtgecagtgeageceactgtt
acaattcaagatcttgatctatatccatagattggaatattggtgggccageaatectcagacgecteacttaggacaaatgag gaaactgagecttggteaagttac
gaaacttgtccaaaatcacacaacttgtaaagggcacagecaagaticagagecaggcetgtaaaaattanaaigaacaaattacggeaaagititaggagaaaga
aggatgtttatgticcagaggecagticgiccacatcagtggcagacagatgaagaaggegttcgeaccggaaaatgtagettceeggttaagtacctiggecatgt
agaagftgatgaatcaagaggaatgeacatctgtgaagatgcigtaaaaagattgaaagetgaaaggaagticttcaaaggcticttiggaaaaactggaaagaada
gcagttaaagcagttetgtgggtetcageagatggactcagagttgtggatgaaaaaactaaggaccteatagtigaccagacgatagagaaagtttetttctgtge
cccagacaggaactitgatagagccttttettacatatgeegtgatggeaccactegtegetggatetgteactgeticatggetgicaaggacacaggtgaaaggtt
gagccatgcagtaggetgtgcttitgeagectgtitagagegeaageagaagegggagaaggaatgtggagtgactgctactittgatgetagtcggaccacttita

caagagaaggatcattccgtgtcacaacagecactgaacaagcagaaagagaggagatcatgaaacaaatgeaagatgccaagaaagetgaaacagataaga
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tagtegttggticatcagitgeccctggeaacactgeeccatceceateeteteccaccteiectactictgatgecacgacctctctggagatgaacaatcetcatge
catccecacgecggeatgetecaatigaacagetigetcgecaaggetctttccgaggttttectgctettagecagaagatgtcaccctitaaacgcecaactateccta
cgcatcaatgagttgccticcactatgeagaggaagactgatttccccattaaaaatgcagtgecagaagtagaaggggaggeagagagceatcagetoectgrge
tcacagatcaccaatgecticageacacctgaggacceccticteatctgetcegatgaccaaaccagtgacagtggtggeacceacaatetectaceticcaagclaa
tggcactgactcagecticcatgtgettgetaagecagececatacigeictageaceegtageaatgeetgtgegtgaaaccaaccetigggeccatgecectgatg
cigclaacaaggaaatigcagecacatgitcggggaccgagtggggicaatctictggtgctgectetccaggtetettccaggecggteatagacgtacteectet
gaggccgaccgatggttagaagaggtetctaagagegtcegggcticageagecccaggecteagetgetectetgeageceagiictccageeteetecacecac
tgccatcteccagecageateacctitccaagggaatgeattectecaccictcagectgtgccagtggotgtegteccagecetgeaaccagectiigieectgeee
agtcctatectgtggecaatggaatgecctatecageccetaatgtgectgiggtgggcatcacteccteccagatggtggecaacgtatitggeactgeaggeea
cectcaggetgececateeccateagtcaccecagectggteaggeageagacattcectcactacgaggeaageagtgcetaccaccagteccttetitaageetect
getcageacctcaacggttctgeagetitcaatggtgtagatgatggcaggttggcctcageagacaggeatacagaggitectacaggeacctgeccagtggat
ccttttgaageccagtgggctgcattagaaaataagiccaagcagegtactaatcecteccctaccaaccctitetecagtgacttacagaagacgtitgaaatigaa
ctttaagcaatcattatggctatgtatetigiccataccagacagggageagggegtageggicaaaggagcaaaacagactitgtetectgattagtacicttttcac
taatcccaaaggtcccaaggaacaagtccaggeccagaglactgtgaggggteattttgaaagacatgggaaaaageattcctagagaaaagetgecttgeaatt
aggctaaagaagtcaaggaaatgttgettictgtactecctcticeettacceccttacaaatetctggeaacagagaggeaaagtatctgaacaagaatctatattee
aagcacatttactgaaatgtaaaacacaacaggaagcaaagcaatctcccttigtttitcaggcecattcacctgectectgteagtagtggectglattagagatcaag
aagaglegtttglgctcaggclggggaacagagaggcacgctatgetgecagaaticecaggagggeataicageaactgeccageagagetatattitgegag
agaagttgagcttccatittgagtaacagaataaatattatatatalcaaaagccaaaatcittatttitatgcatitagaatattttaaatagticicagatattaagaagitg
tatgagttgtaagtaatcttgccaaaggtaaaggggctagitgtaagaaattgtacataagattgatitatcatigatgectactgaaataaaaagaggaaaggcetgga
agctgecagacaggatcectagetigtttictgteagteattcatigtaagtagcacattgcaacaacaatcatgettatgaccaatacagtcactaggigtagtitititta
aataaaggaaaagcagtattgtcctggtittaaacctatgatggaatictaatgtcatiattttaatggaatcaatcgaaatatgeictatagagaatatatctitiatatatt
gclgcagtttecttatgttaatceittaacactaaggtaacatgacataatcataccatagaagggaacacaggttaccatattggtttgtaatatg ggtetiggtggatit
tgttitatcctttaaattttgticccatgagttttgtgegeatggggatictggttttattagettigtgtgtgtectcttcececaaacceccttttggtgagaacatceecttg
acagitgcagectettgacctcggataacaataagagagcetcatcteattittacttttgaacgttggecttacaatcaaatgtaagttatatatatttgtactgatgaaaat
ttataatctgctttaacaaaaataaatgttcatggtagaagettttaaaanaaaaaaaacctcgactgigectictagtigecagecatetgttgtitgeecctecceegtg
cettecttgacectggaaggtgecactcecactgicctticctaataaaatgagg aaattgeategeattgtetgagtaggteteattetattctggggggtgggatag
ggcaggacagcaagggggageattgggaagacaatagcaggeatgetggggatgeggtgggctetatgggacggatcgggagateteccgatcecctatggt
geactctcagtacaatctgetetgatgecgeatagttaagecagtatetgeteectgettgtgtgttggaggtegetgagtagtacgegagcaaaatitaagctacaa
caaggcaaggcttgaccgacaatigeatgaagaatetgettaggettaggegtittgcgetgeticgegatgtacgggecagatatacgegtigacattgattatiga
ctagttattaatagtaatcaatiacggggicatiagitcatageccatatatggagticegegttacataacttacggtaaatggeccgectggetgaccgeecaacga
ccecegeccattgacgteaataatgacgtatgttcecatagtaacgecaatagggactttceattgacgtcaatgggtggagtatitacggtaaactgeccactigge
agtacatcaagtgtatcatatgccaagtacgecccctattgacgicaatgacggtaaatggecegectggeattatgcceagtacatgaccttatgggactttcetact
tggcagtacatctacgtattagtcatcgctattaccatggtgatgcggttitggcagtacatcaatgggegtggatageggttigactcacggggatttccaagtictec
accccattgacgicaatgggagtitgttitggaaccaaaatcaacgggactticcaaaatgtcgtaacaactecgeccceatigacgeaaatgggeggtaggegtgta
cggteggaggtctatataagcagagceictecctatcagtgatagagatetccctalcaglgatagagategtegacgagetegtttagtgaaccgteagategecetg
gagacgccatccacgcetgttitgacctecatagaagacaccgggaccgatccagectecggactctagegtttaaacttaagettaccatggtgagcaagggcga
ggagctgttcaccggggtggtecccatectggtcgagctggacggcgacgtaaacggecacaagticagegtgiccggegagggegagggegaigecaccta
cggceaagetgaccetgaagttcatctgeaccaccggcaagetgeecgigeectggeccaceelcglgaccaccttcacctacggegtgeagtgeticgeecgeta

ccecgaccacatgaageageacgactteticaagtccgecatgeccgaaggetacgtccaggagegeaccatcticticaaggacgacggeaactacaagace
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cgcgccgaggtgaagiicgagggegacaccetggtgaaccgcategagetgaagggcatcgacttcaaggaggacggeaacatectggggcacaagetgga
gtacaactacaacagccacaaggtctatatcaccgecgacaageagaagaacggeatcaag gigaacttcaagaccegcecacaacatcgaggacggeagegt
geagetegeegaccactaccageagaacaceeccateggegacggeecegigetgetgecegacaaccactacctgageacceeagteegecctgageaaag
accccaacgagaagegcgatcacatggtectgetggagticgtgaccgecgecgggateacteteggeatggacgagetgtacaagtaacctegactgtgectt
ctagttgccagecatetgtigtttgecectecceegtgecticetigacectggaag stgccactcecactgiectitcctaataaaatgaggaaattgeatcgeatigt
ctgagtaggtgtcattctattelggggegtggggtgggocaggacaglaageeeoag gattgggaagacaatagcaggeatgctggggatecggtggoctct
atgggacggatcgggagatctcecgatcecctatg sotgcactctcagtacaatetgetetgatgecgeatagttaagecagtatetgeteectgettgigigitegag
gtcgctgagtagtgcgcgagcaaaatttaagctacaacaaggcaaggcttgaccgacaattgcatgaagaatctgcttagggttaggcgttttgcgctgcttcgcg
atgtacgggcecagatatacgegtigacatigattatigactagitattaatagtaatcaattacgggg tcattagttcatagcccatatatggagttccgegttacataac
ttacggtaaatggcccgcctggctgacCgcccaacgacccccgcccattgacgtcaataatgacgtatgttccCatagtaacgccaatagggactttccattgacgt
caatgggtgoagtatitacggtaaactgeceacttggeagtacatcaagtgtatcatatgecaagtacgeeccctattgacgtcaatgacggtaaatggeccgectg
gcattatgeccagtacatgaccttatgggactitectacttggeagtacatctacgtattagteategetattaceatg gtgatgcggtittggcagtacatcaatgggc
gtggatageggtitgactcacggggatitccaagictecaccecattgacgticaatgggagitiglittg gaaccaaaatcaacgggactiiccaaaatgtcgtaaca
actcegecccattgacgcaaatgggeggtaggegtatacggtgggagtetatataageagagctegtgagtttggggacccttgattgitetticttittcgctattg
taaaattcatgttatatggagggggcaaagtittcagggtattgtitagaatgggaagatgteecttgtatcaccatggacccteatgataatttigittctttcactticta
ctc1gttgacaaccattgtctcctcttattttcttttcattttctgtaactttttcgttaaactttagcttgcatttgtaacgaatttttaaattcacttttgtttatttgtcagattgtaa
glactitctctaatcactttittttcaaggeaatcaggg tatattatattgtacttcagcacagititagagaacaattgttataattaaatgataaggtagaatatttctgcata
tdaattctggctggcgtg,gdaatattcttattggtagaaacaactacatcctm)tcatcatcctgcctttctctttatggttacaatgatatacactgtttgagatangatd
aaatactctgagtccaaaccgggeccctetgetaaccatgtteatgecttcttettittectacagetectgggcaacgtgetggttattgtgetgtetcatcatitiggea
aag,adttutddtacﬂdctcactdtagﬂoCoaattﬂatatomtdgauaUatddaagtaaagptoattadcaﬂcgcattaoagctgcatﬂtctagattagatdaaaﬂtaa
agtgattaacagegeattagagetgettaatgaggeteggaatcgaagg tttaacaacccgtaaacicgeccagaagetaggigtagageagectacattgtatigg
catgtaaaaaataagcgggctitgctcgacgecttagecattgagatgtiagatagg caccatactcacttitgcectttagaaggggaaagctggeaagattttttac
gtdataaogctaaadgtttlagatg;tOctttactdagtcatwcUatﬂg,ag}cadaauldcatttdg rtacacggectacagaaaaacagtatgaaactcetcgaaaatce
aattagcctttttatgccaacaaggtttttcactagagaatgcattatatgcactcagcgctgtggggcattttactttaggttgcgtattggaagatcaagagcatcaag
tcgctaaagaagaaagggaaacacctactactgatagtatgccgccattattacgacaagctatcgaaltatttgatcaccaaggtgcagagcCagccttcttattcg
gccttgaattgatcatatgeg ggattagaaaaacaacttaaatgtgaaagtgggtecgegtacageggatcecgggaatteagatettattaaagcagaacttgtttatt
gcagcttataatggttacaaataaagcaatageatcacaaatticacaaataaageattttttcactgeatictagttgtgg tttgtccaaactcatcaatgtatcttatcat
gtctggtcaatgtgtgtcagttagggtgtggaaagtccccaggctcccCagcaggcagaagtatgcaaagcatgeatctcaattagtcagcaaccaggtgtggaa
agtccecaggctccccageaggeagaagtatgeaaageatgeateteaattagicageaaccatagtecegeecctaacteegeecateccgeecctaacteege
ccagitccgeccattetcegececatggetgactaatttittitatttatgeagaggeegaggeegeetetgectetgagetaticcagaagtagtgaggag gotttttt
geagg cctaggcttttocaaaaaoctccccatagtgactggdtatOttgtottttacaGtattatgtaUtctgttttttatUcaaaatctaatttaatatattgatatttdtatc
attttacgtitctcgttcagcetttcttgtacaaagtggttgatatccageacagtg gcggecgetegagictagaggocccgeggticgaaggtaagectatecctaac
cctetecteggtctegatictacgegtaccggttagtaatgagtttggaattaatictgtggaatgtgtetcagitagggigtggaaagiccceag getecccageagg
cagaagtatgcaaagcatgcatcicaattagtcageaaccaggtgtggaaagiceceaggeteeccageaggeagaagtatgeaaageatgeatcicaattagte
aOCdaccatd"tcccocccctaactccgccCatcccgcccctaact(,coCccaoltccg,cccatlctcc0CCccatggctgactaattttllLtdlllatoLdvaoocc
gaggcegectetgecictgagetaticcagaagtagtgaggaggctittttggaggcctaggcttitgcaaaaageteccgggagettgtatatceattticggatetg
atcagcacgtgtigacaattaatcatcggeatagtatatcggeatagtataatacgacaaggtgaggaactaaaccatg geeaagecttigicicaagaagaateca
ccctcattgaaagagcaacggctacaa‘[caacagcatccccatclctgaagactacagcgtcgccagcgcagctctctctagcgacggccgcatcttcactggtgl

caatgtatatcattttactggggoac cettgtgeagaactegtggtectgggcactgctgetgetgeggeagetggcaacctgacttgtategtegegatcggaaatg
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agaacaggggcatetigagecectgeggacggigecgacaggtectictegatetgeatectgggatcaaagecatagtgaaggacagtgatggacagecgac
ggcagttgggattcgtgaattgctgcectetggttatgtgtgggaggoctaagcacaattcgageteggtacctttaagaccaatgacttacaaggeagetgtagat
cltagccactttttaaaagaaaagggeggactggaagggctaaticactcccaacgaagacaagatetgetttttgettgtactgggtetetetggttagaccagatct
gagectgggagetetctggetaactagggaacceactgetiaagectcaataaagettgecttgagtgcticaagtagtgigtgeecgictgtigigigactciggla
actagagatcceteagaccctittagtcagigtggaaaatetctageagtagtagitcatgtcatctiattaticagtatttataactigcaaagaaatgaatatcagaga
gteagaggaacttgtttatigeagettataatggttacaaataaagcaatagcatcacaaatttcacaaataaageattittttcactgeattetagtigtggttrgtccaaa
ctcatcaatgtatcttatcatgtctggctetagetatccegeocctaactccgeccatccegeecctaactecgeccagticegeccatictecgeccceatggcetgact
aattttttitatttatgcagaggecgaggeegectecggectctgagetattccagaagtagtgaggaggctittitagaggcctagggacgtacecaattcgeectata
gtgagtegtattacgegegctcactggecgtegttttacaacgtegtgacigggaaaaccetggegtlacccaacttaategecttgeageacateeccctitcgeca
gctggegtaatagegaagaggeccgeaccgatcgeccticecaacagttgegeagectgaatggegaatgggacgegecctgtageggegeattaagegegg
cgggtgtgatggttacgegeagegtgaccgctacactigecagegecctagegeecgetecetttcgettteticecttectitctegecacgttegeeggctticeee
gtcaagctctaaatcgggggcteectttagggttccgattiagtgetttacggcacctecgaccecaaaaaacttgattagggtgatgeticacgtagtgggccatege
cctgatagacggtitttcgecctttgacgttegagtcecacgitctttaatagtggactcttgitccaaactggaacaacactcaaccctateteggtctatictittgatttat
aagggattitgccgatttcggoctatiggttaaaaaatgagcetgatttaacaaaaatttaacgcgaatiitaacaaaatattaacgettacaatttaggtogcactittcgg
ggaaatgtgcgeggaaccectattigtttatitttctaaatacattcaaatatgtatccgetcatgagacaataacectgataaatgettcaataatattgaaaaaggaag
agtatgagtattcaacatticcgtgtegecctiaticectttittgeggeattttgecttcctgtttitgeteacccagaaacgctggtgaaagtaaaagatgeigaagatc
agttggetgcacgagtgggttacatcgaactggatctcaacageggiaagatecttgagagitticgecccgaagaacgttticcaatgatgageactittaaagtict
gctatgtggcgeggtattatcceglattgacgecgggcaagagcaacteggtegecgcatacactattctcagaatgacttggtigagtactcaccagtcacagaa
aagcatcttacggatggcatgacagtaagagaattatgcagtgctgecataaccatgagtgataacactgeggecaacttactictgacaacgatcggaggaccg
aaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgategtiggoaaccggagetgaatgaagecataccaaacgacgagegtgacace
acgatgcectgtageaatggcaacaacgttgegeaaactattaactggegaactacitacictageticccggeaacaattaatagactggatggaggcggataaag
ttgcaggaccacttctgegeteggeecticeggetggctggtitattgctgataaatctggageeggtgagegtag gictegeggtateattgeageactggggeca
gatggtaagcoctecegtategtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgetgagataggtgccteactgattaag
cattggtaactgtcagaccaagtttactcatatatactitagattgatttaaaacttcatttitaatttaaaaggatctaggtgaagatectititgataatcicatgaccaaaa
teecttaacgtgagtittcgttccactgagegicagaccecgtagaaaagatcaaaggateticiigagatectittiitetgegegtaatctgetgettgecaaacaaaaa
aaccaccgetaccageggiggtitgittoccggatcaagagcetaccaactettittccgaaggtaactggeticageagagegcagataccaaatactgtictictag
tgtagecgtagttaggecaccacticaagaactcigtageaccgectacatacctegcetetgetaatectgttaccagtggetgetgecagtggegataagtegtgte
ttaccgggttggactcaagacgatagttaccggataaggegeageggtegggctgaacggegaoticgtgcacacageecagettggagegaacgacctaca
ccgaactgagatacctacagegtgagctatgagaaagegecacgeticcegaagggagaaaggeggacaggtatceggtaageggeagggtcggaacagga
gagcgeacgagggagcticcagggggaaacgectggtatetitatagtectgtcgggtttcgecacctetgacttgagegtegatttttgtgatgctegtcagge g
geggagectatggaaaaacgecageaacgeggcectititacggticctggccttitgetggecttttgeteacatgtictttectgegttateccectgatictgtggataa
cegtattaccgectitgagtgagetgataccgetegecgeagecgaacgaccgagegeagegagtcagtgagegaggaageggaagagegeccaatacgea
aaccgccteteccegegegtigeccgatteattaatgeagetggeacgacaggtiticecgaciggaaagegggeagtgagegcaacgcaattaatgtgagttage
tcactcattaggeacceccaggetttacactttatgettceggetegtatgtigtgtggaattgtgagcggataacaatitcacacaggaaacagetatgaccatgattac

gecaagegegcaattaaccctcactaaagggaacaaaagcetggagetgcaagett

A schematized map corresponding to the vector sequence above is shown in Figure 1.

The vector may be constructed fully through de novo gene synthesis, or in part

through the cloning of the Numb, Sox and OCT3/4 cDNA sequences into the position
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occupied by LacZ in the Invitrogen pcDNA4tolacZ vector. Similarly, the tetR gene is found
in the Invitrogen pcDNAG6/TR vector. Coding sequences of genes referenced are also

appropriate for cloning into the pcDNA4lacZ vector.

Alternatively, the tetR gene may be transfected into target cells separately utilizing
the pcDNAG6/TR vector in combination with a vector comprising the sequence here minus

the tetR gene and its PCMYV promoter.

Likewise, multiple vectors may be employed so long as elements similar to the
elements included in the above sequence are present. This may reduce the likelihood of
promoter competition. It is to be understood that other conditional promoter elements may

be substituted for the tetracycline sensitive promoter elements.

Example 14. It is expected that intravenous and other administration of pluripotent
stem cells produced according to the methods described herein (or other published methods)
one or more times can provide replacement cells to the body and that such administration
may serve to extend the life or improve the health of the patient suffering age-related

senescence.
Example 15. Production of germ cells.

The current invention covers the derivation of germ cells from multipotent,
pluripotent, and/or self-renewing stem cells produced according to the methods described
herein (or according to other published methods). The production of such germ cells may be
suitable for treating infertility and producing embryos in vitro (¢.g. Hubner et al., 2003;
Kehler et al., 2005; Nayernia et al., 2006a; Nayernia et al., 2006b; Drusenheimer et al., 2007,
Moore et al., 2007; etc.)

Example 16: Generation of transgenic animals.

The present invention covers the generation of transgenic animals. As with other
pluripotent cells, the pluripotent cells produced by the methods described herein (or other
published methods) may be utilized to produce transgenic animals by any method known to

the art.
Example 17: Therapeutic vector construction

Examples of retroviral vectors which may be employed include, but are not limited

to, those derived from Moloney Murine Leukemia Virus, Moloney Murine Sarcoma Virus,
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and Rous Sarcoma Virus, FIV, and HIV. Appropriate expression vectors are that may be
employed for transfecting DNA or RNA into eukaryotic cells. Such vectors include, but are
not limited to, prokaryotic vectors such as, for example, bacterial vectors; eukaryotic vectors,
such as, for example, yeast vectors and fungal vectors; and viral vectors, such as, but not
limited to, lentiviral vectors, adenoviral vectors, adeno-associated viral vectors, and

retroviral vectors.

The replication incompetent pcDNA 6.2 GW/miR and pcDNA 6.2/EmGFP-Bsd/V5-
DEST vectors are examples of an appropriate expression vectors (Invitrogen) and allow
expression of synthetic oligonucleotides (e.g. miRNAs) that have the capacity to cleave
targeted sequences. These vectors include flanking and loop sequences from endogenous
miRNA to direct the excision of the engineered miRNA from a longer Pol II transcript (pre-

miRNA).

Alternatively, inclusion of the HIV psi sequence allows the therapeutic vector to
compete with native HIV genome for packaging into viral particles, also inhibiting HIV

transmission.

Combining multiple miRNA sequences directed against a single target increases the
likelihood of success in reducing target sequence expression. miRNA sequences may be
operably linked to tissue specific promoters such as the EF-1 alpha promoter, any T cell

specific promoter, or macrophage specific promoter to ensure expression in the desired cell
types.

Utilizing Invitrogen's lentiviral destination (DEST) vectors for gene expression, the
resulting therapeutic vector(s) becomes capable of stably transducing both dividing and non-

dividing cell types.

In a preferred embodiment, the therapeutic vector(s) contains multiple synthetic
oligonucleotide sequences driven by one or more promoters so as to reduce expression of
CXCR4, CCRS5, and/or any other cellular protein known to act as a co-receptor for HIV

infection in target cells.

In one therapeutic vector (constructed in 2006), four miRNA sequences targeting
CXCR4 and CCRS5 co-receptors were cloned into the pcDNA 6.2 GW/miR vector along with
decoy RNA sequences targeting HIV-2 TAR and RRE.

Genetic constructs may include a vector backbone, and a transactivator which
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regulates a promoter operably linked to heterologous nucleic acid sequences.

Another example of a suitable vector is a retroviral vector. Retroviruses are RNA
viruses which contain an RNA genome. The gag, pol, and env genes are flanked by long
terminal repeat (L'TR) sequences. The 5' and 3' LTR sequences promote transcription and

polyadenylation of mRNA's.

The retroviral vector may provide a regulable transactivating element, an internal
ribosome reentry site (IRES), a selection marker, and a target heterologous gene operated by

a regulable promoter.

Alternatively, multiple sequences may be expressed under the control of multiple
promoters. Finally, the retroviral vector may contain cis-acting sequences necessary for
reverse transcription and integration. Upon infection, the RNA is reverse transcribed to
DNA which integrates efficiently into the host genome. The recombinant retrovirus of this
invention is genetically modified in such a way that some of the retroviral, infectious genes
of the native virus are removed and in embodiments replaced instead with a target nucleic
acid sequence for genetic modification of the cell. The sequences may be exogenous DNA or

RNA, in its natural or altered form.
Example 18: Example methods for generation of the therapeutic vector.

The methods for generation of the therapeutic vector(s) include those taught in
Invitrogen’s Viral Power Lentiviral Expression Systems Manual (incorporated by reference
herein). Briefly, the EmGFP-bsd cassette is cloned as a Pmll-Blpl fragment into the
pLenti6/R4R2/V5-DEST vector, while the miR-decoy cassette is simultaneously transferred
by BP reaction into pDONR221. Then the EF1a promoter and miR-decoy are Multisite LR
crossed into the modified pLenti6/EmGFP-bsd/R4R2-DESTvector.

pLenti6/R4R2/V5-DEST vector sequence:
aatgtagtcttatgcaatactcttgtagtcttgcaacatggtaacgatgagttagcaacatgccttacaaggagagaaaaageaccgtgeatgecgattggte gaagt
aaggtggtacgatcgtgccttattaggaaggcaacagacgggtctgacatggattggacgaaccactgaatigecgeattgeagagatattgtatttaagtgectag
ctcgatacataaacgggtctctetggttagaccagatetgagectgggageictctggetaactagggaacccactgettaagectcaataaagettgectigagtg
cttcaagtagtgtgtecccgtetlgtigtgtgactetgglaactagagatecctcagacccttttagtcagtgtggaaaatctctageagtggegeccgaacagggact
tgaaagcgaaagggaaaccagaggagctctetcgacgeaggacteggcttgctgaagegegcacggcaagaggegagggocgecgactggteagtacgec
aaaaattttgactagcggaggctagaaggagagagatggatocgagagegtcagtattaageggggoagaatiagatcgegatgggaaaaaaticggitaagg
ccagggggeaaagaaaaaatataaattaaaacatatagtatgggcaageagggagctagaacgatticgeagttaatcctggectgttagaaacatcagaaggetgt

agacaaatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatataatacagtagcaaccctetattgtgtgcatcaaaggataga
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gataaaagacaccaa0waag,clttaoacaagjamoaﬂﬂaagagcaaaacaaaaotaaﬂaccaccocaCdgcaagcggcctTctOatctlcaoacctgﬂaﬂga
ggagatatgagggacaattg g,ag,aagtoaaltatataaatataaavtagtaaaaattgaaccattagﬂaOtagcacccaccaag gcaaagagaagagtggtaca
gagawaaaaaoawaﬂtgggaataggaocutUttccltgggttctt ggagcageagg vaagceactatgggegeagegteaatgacgetgacggtacaggce
agacaattattgtctggtatagtgcagcageagaacaatitgetgaggoc tattgaggcgcaacageatctgttgeaacteac agtctggggcatcaageageice
aggcaagaatccﬂgctgtoUaaigatacctaaaggatcaacagclcct gpgatttgggetigetctggaaaacteatttgcaccactgetgigectiggaatget
agttggagtaataaatctctggaacagatttggaatcacacgacctggatg gagtggpacagagaaattaacaattacacaagcttaatacactecttaattgaaga
atcgcaaaaccagcaagaaaagaatgaacaagaattattggaattagataaatg roocaagtitgtggaattggtttaacataacaaattggcetgtggtatataaaatt
attcataatgatagtaggaggcttggtaggtttaagaatagtttttgctgtactttctatavtoaatagagttaggcagggatattcaccattatcgtttcagacccacctc
ccaaccccgaggggaccegacaggeccgaaggaatagaagaagaaggtggagagag agacagagacagatccattcgattagtgaacggatctcgacggt
atcgatgtcgacgttaacgctagtgatatcaactttgtatagaaaagltgaacgagaaacg,taaaatgatataaatatcaatatattaaattagattttgcataaaaaaca
gactacataatactgtaaaacacaacatatccagtcactatggcggccgcattaggcaccccaggctttacactttatgcltccggctcgtataatgtgtggatttlga
gttaggatcegtcgagattttcaggagctaaggaagetaaaaty, gagaaaaaaatcactggatataccaccgttgatatatcceaatg ocatcgtaaagaacatttty
aggcaﬂtcagtcagttgctcaatgtacctataaccagaccgttcagctgvatattacggccttlttaaagaccgtaaagaaaaataagcacaagttttatccggccttt
attcacattcttgcecgectgatgaatgetcatceggaaticegtatggeaatgaaagacg stgagctggteatatgggatagtgttcaccettgttacaccgiittcca
1gagcaaactgaaac0tttlcat’cgctctogagtgaataccacgacgatttcc gcagtttctacacatatattcgcaagatgtggeptgttacggtgaaaacctgec
ctatttccctaaagggtttattgagaatatgtititcgtetcagecaateect gggteagittcaccagttitgatitaaacgtggecaatatgg acaacttcticgeecce
gttitcaccatgggeaaatattatacgeaaggegacaaggigetigatgeegeigecy gattcaggitcatcatgeegtttgtgatggeitecatgtcggcagaatgett
aatgaattacaacagtactgcgatgagigecag ggcOOggcgtaaagatctgg,atccggcﬂactaaaagccagataacagtatgcgtalttocg,coclgatttttg
cggtataagaatatatactgatatgtatacccgaagtatgtcaaaaagaggtatgctatgaagcagcgtattacagtgacagttgacagcgacagctatcagttgclc
aaggcatatatgatgtcaatatctccggtctggtaagcacaaccatgcagaatgaagcccgtcgtctgcgtgccgaacgctggaaagcggaa&atcaggaaggg
atggctgaggtegeccggittattgaaatgaacggeictitigeigacgagaacag ggactggtgaaatgcagtitaag gfttacacctataaaagagagagcegtt
atcgtctgtttgtﬂﬂalgtacaoaglgatatlattgaeacgcccgbgwdcggatoOtoatccccctoOccagtocacotctﬂctgtcdoataaaOtctcccUlg,aa
ctitacccggtggtgcatatcggggatgaaagetggegeatgatgaccaccgatatg gccagtgtgceggtetecgttatcgggeaagaagtggctgatceicage
caccgcgaaaatgacatcaaaaacgccattaacctgatgtictg 5ggaatalaaat0tcag)gctccgttatacacagccagtctgcaggtcgaccataotgactgg
atatgttgtgtmacagtattatglagtctgttttttatgcaaaatctaatttaatatatt satatitatatcatittacgtitctegttcagetticttgtacaaagtggtigatate
cagcacagtggcggccgctcgagtctagagggcccgcmttCGaaggtaaﬂcctatccctaaccctctcctcOgtclcgattctacﬂccrtaccvgttaotaats_a
gtttggaattaattctgtggaatgtgtetcagttagggtaota g aaagtccccaggcteeccageaggeagaagtatgeaaageatgeateicaattagtcageaace
aggtgtggaaagtccccaggctccccagcaggcagaagtatgcaaagcatgcatctcaaltagtcagcaaccatagtcccgcccctaactccgcccatcccgcc
cctaactcCgccCagttccgcccattctccgccccatggctgactaattttttttatttatgcaUaoGcccaﬂ0ccgcctctgcctctgagctattccagaagtaowa
ggaggcttittiggaggcctaggetittgcaaaaageicccg ggagcttgtatatceattticg sgatctgatcageacgtgttgacaattaatcatcggeatagtatate
ggcalaoIdtadtacvacciaggtgao0daclaaaccalggccaagccmgtctcaagaagaatccaccclcatlgaaagagcaacggctacaatcaacagcatc
cccatctclgaagaclacagcgtcgccagcgcagclclctctagcgacggccgcatctlcactoOtotcadtOIatalcattttactg goacctigtgcagaacte
gtggtactgggcactgctgetgetgeggcagelgy caacctgacttgtategicgegatcggaaatgagaacaggggcatettgagecectgeggacgg tgecg
acaggtgcttctcgatctgcatcctggoatcaaagcCatagtgaaggacagtgalggacagccgacggcagttgggattcgtgaattgctgccctctggttatgtgt
gbgagggctadgcacaattcgaﬂctcwOtaccttlaagaccaalgdcttacaaggcavctgtagatcuagccacttmadddgaaaa gopoooactggaage

ctaattcactcccaacgaagacaagatctgetttttgetigtactg gatetctctggttagaccagatctgageetg ggagctctctggetaactagggaacccactec
ttaagcctcaataadﬂcttgccttgdgtgcttcaagtaglgtﬂtucccgtct«ttotctoactct gtaactagagatcectcagaccettitagicagtgiggaaaatct
ctaﬁcaUtaglagttcatgtcdtcttaltattcaOIalttdtdacttocaaagaaatOdatatcaoaoagtﬂagaogaacttgmattgcagcttdtaatmlttacaaata

aagcaatagcatcacaaatttcacaaataaagcatttmtcactgcattctagugtggtttgtccaaactcatcaatgtatcttatcatgtctggctctagctatcccgcc
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cctaacteegeecateccgeecctaactecgeceagttecgeccatictecgeeccatggetgactaattttttttatttatgecagaggecgaggecgecteggectet
gagctaltccagaagtagtgaggaggctitittggaggcctagggacgtacecaattcgecctatagtgagtegtattacgege gcteactggecgtegttttacaac
gtcglgactgggaaaaecctggcgttacccaacttaatcgccttgcagcacatccccctttcgccagctggcgtaatagcgaagaggcccgcaccgatcgccctt
cccaacagttgegeagectgaatggegaatgggacgegecctgtageggcgeattaagegeggegggtategtegttacgcgeagegteaccgetacacttge
cagegeectagegeecgctectitegetitetteectiectttetegecacgticgecggctitcecegtcaagetetaaatcgggggcteectitagggttecgatita
gtgctttacggeacctcgaccecaaaaaactigattagggtgatgettcacgtagty gecategeectgatagacggtitttcgecctttgacgttggagtecacgt
tctttaatagtggactcttgttccaaactggaacaacactcaaccctalctcggtctattcttttgaﬁtataagggattttgccgatltcggcctattggttaaaaaatgag
Ctgatitaacaaaaatitaacgcegaattitaacaaaatattaacgcttacaatttaggtggeacttttcggggaaatgtgcgee gaacccctatttetttatttitctaaata
cattcaaatatgtatccgctcalgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttcCgtgtcgcccttattccctttt
ttgcggeattttgecttectgttittgetcacccagaaacgetggtgaaagtaaaagatgctgaagateagtity ggtecacgagtggpottacatcgaactggatcteca
acagcggtaagatccttgagagttttcgccccgaagaacgttttceaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtattgacgccgggca
agagcaacteggtegeegeatacactattctcagaatgacttggttgagtactcaccagtcacagaaaageatettacggatggeatgacagtaagagaattatgea
gtgctgecataaccatgagtgataacactgeggecaacttactictgacaacgatcggaggaccgaag, gagctaaccgcttitttgcacaacatgggggateatgt
aactegecttgategtigggaaccggagetgaatgaageeataccaaacgacgagegtgacaccacgatgectgtagcaatgg caacaacgttgcgceaaactat
taactggcgaactacltactctagcttcccggcaacaanaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggcccttccggctggclg
gtttattgetgataaatctggapgeeggteagegtgggtetcgeggtateattgeageactg gggccagatggtaageccteccgtatcgtagttatctacacgacgg
ggaglecaggcaactatggatgaacgaaatagacagatcgetgagatag gtecctcactgattaageattggtaactgtcagaceaagtttactcatatatactttaga
ttgamaaaacttcattmaaﬁtaaaaggatctaggtgaagatcctttttgalaalctcatgaccaaaatcccttaacgtgagmtcOttccactgagcglcagacccc
glagaaaagatcaaaggatcticttgagatectttttttctgegegtaatetgetgettgcaaacaaaaaaaccaccgetaccageg gtogtttgtiteccggatcaag
agctaccaactctttttccgaag ygtaactggcticageagagegeagataccaaatactgtictictagtgtagecgtagttag gccaccacttcaagaactetgtage
accgectacatacctegetetgetaatectgttaccagtggetgctgecagtggegataagtegtgtettaccgggtte gactcaagacgatagttaccggataagg
cgeageggteggectgaacgggegaticgtgeacacageccagettggagegaacgacctacaccgaactgagatacetacagegtgagetatgagaaage
geeacgeticecgaaggagaaaggeggacaggtateeggtaageggeagggteggaacaggagagegeacgagggageticcagggggaaacgectgg
tatctitatagtectgtegggtttegecacetetgacttgagegtegattittgtgatgctegteaggge ggeggagectatggaaaaacgecageaacgeggcectitt
tacggttcctggecttttgctgg ccttttgctcacatgtlctttcctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccg
cagccgaacgaccgagegeagegagicagigagegaggaageggaagagegeecaatacgeaaaccgecteteceegegegttggecgatteattaatgea
gctggcacgacaggittcecgactggaaagegg geaglgagegeaacgeaattaatgtgagttageteacteattaggeaccccaggetttacactttatgettec
gctcgtatgttgtgtggaattgtgagcggalaacaamcacacaggaaacagctatgaccatgattacgccaagcgcgcaattaaccctcactaaagggaacaa

aagctggagctocaagett

Example miR-decoy cassette sequence:

gtcgaccagtggatectggag gcltgctgaaggctglatgctgatcgggtotaaactoavcttggttt‘[ggccactgactgaccaaﬂctcattacaccccatca goa
cacaaggcclgitactageactcacatggaacaaatggeccagatectggaggcttgetgaaggetgtatgetgataceag gcaggataaggccagtittggcca
ctgactgactggccttactgectggtatcaggacacaaggectgttactageactcacatggaacaaatg ggcccagatectggaggcttgctgaaggctetatgct
gtgaccaggatgaccaatccatgtittggecactgactgacatg gattgcatcciggtcacaggacacaaggectgtiactageactcacatggaacaaatggece
agatcctggaggcttgctgaaggetgtatgctgatagettggtecaacctgttagttttge ccactgactgactaacaggtgaccaagctatcaggacacaaggect
gttactagcactcacatggaacaaatggcccagatctccccagtggaaagacgcgcaggcaaaacgcaccacgtgacggagcgtgaccgcgcgccgagcgc
gcgccaaggtcgggcaggaagagggcctatttcccatgattccttcatatttgcatatacgatacaaggctgttagagagataattagaattaatttgactgtaaacac

aaagatattagtacaaaatacgtgacgtagaaagtaataatttcttggg tagittgcagttttaaaattatgtittaaaatggactatcatatgcttaccgtaacttgaaagt
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atttcgatticttgggtttatatatcttgtgganaggacggtgctegeticggeageacgtegtgctagggtictigggtitictcgcaacageaggtictgcaatggge
geggegtecetgacegtgleggcteagteecggactitactggecgggatagtgcageaacageaacagetgitggacgtggtcaagagacaacaagaactgtt
gegactgaccgtetggggaacgaaaaacctecaggeaagagtcactgctatagagaagtacctacaggaccaggegeggctaaattcatgg ggatgtctagac
ctagageggacticggtecgetttttccceagtggaaagacgegeaggcaaaacgeaccacgtgacggagegtgaccgegegecgagegegegecaaggtc
ggcaggaagaggecctatttcccatgattccticatatitgeatatacgatacaaggetgttagagagataattagaattaatitgactgtaaacacaaagatattagt
acaaaatacgtgacgtagaaagtaataatttctigggtagtitgeagtittaaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaagtatticgatttett
gggtitatatatettglggaaaggacggtectegeticggeageacgteggtegetetgeggagaggctggeagattgagecetgggaggtictetccageactag
caggtagageetgggtottecctgetagactetecaccagtgettggecggeactgggeagacggctecacgettgettgettaaagacctcttaataaagetactet

agacctagagcggactteggtecgettttttacgtactcgag

Example 19: Methods for propagating/proliferating stem/progenitor cells in vivo.

In order to obtain large numbers of target cells that are relatively resistant to 1) HIV
infection and/or 2) HIV replication and/or 3) HIV transcription, progenitor/stem cells can be
grown in Dulbecco's modified Minimal Essential Medium (DMEM) supplemented with
glutamine, beta.-mercaptoethanol, 10% (by volume) horse serum, and human recombinant
Leukemia Inhibitory Factor (LIF). The LIF replaces the need for maintaining
progenitor/stem cells on feeder layers of cells, (which may also be employed) and is essential

for maintaining progenitor/stem cells in an undifferentiated state.

Example 20: Stem cells are collected from individuals, the cells are transfected with
the therapeutic vectors, then prepared for transplantation by standard methods, with or

without HLA typing and matching.

Example 21: Umbilical cord blood samples are obtained from umbilical blood cord
bank. The cells are then transfected with the therapeutic vector of beneficial sequences, then

prepared for transplantation by standard methods, with or without HLA typing and matching.

Example 22: Examples of Synthetic oligonucleotide sequences suitable for inclusion

in the therapeutic vector.

Any synthetic oligonucleotide sequences that successfully reduce the protein

expression of targeted sequences > 70% is covered by the present invention.

Any synthetic oligonucleotide sequences that successfully reduce the ability of target
cells to sustain HIV replication by > 70% or to a lesser but therapeutic degree or HIV viral
activity by > 70% or to a lesser but therapeutic degree are also covered by this invention.

Examples of miRNA sequences include miRNA sequences derived by IVGN
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algorithm(Invitrogen). miRNA sequences targeting the CXCR4 gene include top strand: 5'-
TGCTGATACCAGGCAGGATAAGGCCAGTTTTGGCCACTGACTGACTGGCCTTACTGCCT
GGTAT -3' and bottom strand : 5'-

CCTGATACCAGGCAGTAAGGCCAGTCAGTCAGT GGCCAAAACTGGCCTTATCCTGCCTG
GTATC -3"; as well as top strand: 5'-
TGCTGTGACCAGGATGACCAATCCATG’I"Ivl”l’GGCCAC']‘GACTGACATGGATTGCATCCT G
GTCA -3'and bottom strand: 5'-
CCTGTGACCAGGATGCAATCCATGTC/\GTCAGTGGCCAAAACATGGATTGGTCATCCTG
GTCAC -3°.

Similarly, miRNA sequences targeting the CCRS gene include top strand: 5'-
TGCTGATCGGGTGTAAACTGAGCTTGGTTTTGGCCACTGACTGACCAAGCTCATT
ACACCCGAT -3'and bottom strand: 5'-
CCTGATCGGGTGTAATGAGCTTGGTCAGTCAGTGGCCAAAACCAAGCTCAGTTT
ACACCCGATC -3'; as well as top strand5'-
TGCTGATAGCTTGGTCCAACCTGTTAGTTTTGGCCACTGACTGACTAACAGGTGA
CCAAGCTAT -3'and bottom strand: 5'-
CCTGATAGCTTGGTCACCTGTTAGTCAGTCAGTGGCCAAAACTAACAGGTTGGA
CCAAGCTATC -3".

Example 23: Examples of Decoy RNA suitable for inclusion in the therapeutic
vector. Any decoy sequences that successfully reduce the ability of target cells to sustain
HIV replication by > 70% or to a lesser but therapeutic degree or HIV viral activity by >

70% or to a lesser but therapeutic degree are covered by this invention.
An example TAR decoy sequence 1s

gtc gctctgcggagaggctggcaga‘ttgagccctgggaggttctctccagcactagcaggtagagcctg ggtottecctgetagact
ctcaccagtgcttggccggcactgggcagacggctccacgcttgcttgcttaaagacctcttaataaagctgc (Browning et
al., 1999)

An example RRE decoy sequence is

tgctagggttcttgggttttctcgcaacagcaggttctgcaatgggcgcggcgtccctgacc gtgtcggcteagtcccggactttactg
gccgggatagtgcagcaacagcaacagctgttggacgtggtcaagagacaacaagaactgttgcgactgaccgtctggggaacga
aaaacctccaggcaagagtcactgctatagagaagtacctacaggacoaggcgcggctaaatlcatggggatg (Dillon et al.,
1990).
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Example 24: Flanking sequences providing stability for RNA decoys.
Examples of appropriate flanking sequences for RNA decoys are as follows:

GUGCUCGCUUCGGCAGCACGTCGAC ---TAR DECOY SEQ---
UCUAGAGCGGACUUCGGUCCGCUUUU

GUGCUCGCUUCGGCAGCACGTCGAC ---RRE DECOY SEQ---
UCUAGAGCGGACUUCGGUCCGCUUUU

Previously, it was demonstrated that decoy sequences flanked by hairpins on either
side, 19 nucleotides (ntds) of the U6 RNA on the 5' side as well as a 3' stem immediately
preceding a poly U terminator for POLIII , showed greater stability. This arrangement is
expected to protect against 3'-5' exonuclease attack, and to reduce the chances of the 3’
trailer interfering with the insert RNA folding. Since only the first 3/4 of the tRNA sequence
is present, the 5" end of the insert should be protected and export from the nucleus should be

prevented (Good et al., 1997).
Example 25: Introduction of Therapeutic Vector to the Host

In a preferred embodiment, blood stem/progenitor cells, and target cells are
transfected with the therapeutic vector(s) (or associated therapeutic virus) in vivo by
introduction of the therapeutic vector(s) into the host blood, tissues, or bone marrow, etc.
The greatest benefit may be achieved by modifying a large number of endogenous target and
stem/progenitor cells. This may be accomplished by using an appropriately-sized, catheter-
like device, or needle to inject the therapeutic vector(s) into the venous or arterial circulation.
In a preferred embodiment, the virus is pseudotyped with VSV-G envelope glycoprotein and

native HIV-1 env proteins.
Example 26: Introduction of genetically-modified cells into the Host

Blood cells, such as mature peripheral blood T lymphocytes, monocytes,
macrophages, T cell progenitors, macrophage-monocyte progenitor cells, and/or pluripotent
hematopoietic stem cells (such as those found in umbilical cord blood and occupying bone
marrow spaces) as well as other stem/progenitor cells can be transfected using the
therapeutic vector(s) in vitro. Appropriate concentrations of the therapeutic vector(s) may be
those consistent with Browning et al., 1999. Subsequently, cells are expanded (propagated)

in vitro, and are then transferred to the host via introduction of the cells to the venous or
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arterial circulation using a intravenous needle or catheter. Subsequently, cells transfected

with the therapeutic vectors are able to "home" to the bone marrow and other tissues.

It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by reference in their entirety for all

purposes.

Example 27: Examples of expressed or targeted transgenes utilized in the present

invention.

Any transgene sequences effective in fulfilling the present invention is suitable for
use in the present invention. Suitable nucleotide sequences may be drawn from any species
so long as the desired cells or behavior is achieved. Likewise the method of naming such
sequences, either in lower case or upper case letters herein, does not imply a particular
species. The following sequences stored in the NCBI database (listed by accession number)
represent examples of sequences referenced above in the present application. They are also
examples of specific transgene encoding sequences (cds) suitable for use in the present

invention, but do not in any way limit the practice of the invention:

cardiotrophinl:U43030:atgagccggagggagggaagtctggaagaccccecagactgattcctcagteteacttetteceeacttggaggccaagatee
gtcagacacacagcecttgegeacctectcaccaaatacgetgageagetgcteccaggaatatgtgcagetecagggagaccecttcgggcetgeccagettetege
cgeegeggetgecggtggecggcctgagegecceggctccgagecacgegegectgccagtgcacgageggctgeggctggacgegacgacgetggce
gegetgeeeeegetgetggacgeagtgtgtegecgecaggecgagetgaaccegegegegeegegectgetgegeegectggaggacgeggegegeeag
geecgggcecctggacgecgecgtggagaccttgetggecgegetgggegecgecaaccgegggeccegggecgageccececgecgecaccgectcage
cgectecgecaccggggtettccccgecaaggtgetggggctecgegtttgecgaccictaccgegagtgoctgagecgeaccgaggegcegacctgggoccaget

gctgeecegggggcteggectga; NM 001330; NM 013246; BC064416; BC036787; BC049822.

CNTF:BC074964:atggctttcacagagcattcacegetgaccectcaccgtegggacctetgtagecgcetetatctggetageaaggaagattegticaga
cctgactgctcttacggaatcctatgtgaagceatcagggectgaacaagaacatcaacctggactetgeggatgopatgccagtgecaageactgatcagtggag
tgagctgaccgaggcagagegactccaagagaaccttcaagettatcgtaccticcatgltttgttggecaggetettagaagaccageaggtgcattttacceccaa
ccgaaggtgacttccatcaagcetatacatacectictictccaagtecgetgectitgcataccagatagaggagttaatgatactectggaatacaagatceceegea

atgaggctgatggoatgcctattaatgttggagatgotootetctttgagaagaagctgtggoocctaaaggtgctgcaggagetttcacagtggacagtaaggtc

catccatgaccttcgtitcatticttctcatcagactgggatcccageacgtgggagecattatattgctaacaacaagaaaatgtag; NM 000614;

NM_147164; NM 001842.

GPI30:NM_175767:atgttgacgttgeagacttggetagtgcaagecttgtttattttcctcaccactgaatctacaggtgaacttctagatecatgtggttata

tcagtcctgaatetecagttgtacaacticattctaatticactgeagtitgtotgctaaaggaaaaatgtatggattatittcatgtaaatgctaattacattgtctg gaaaa
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Caaaccallttactaticctaaggagcaatatactatcataaacagaacagcatceagtgteacctitacagatatagcettcattaaatattcageteacttgeaacattct
tacaticggacagcttgaacagaatgtitatggaatcacaataatitcaggcttgectccagaaaaacctaaaaatttgagttecattgtgaacgagg yooaagaaaat
gaggtgteagigggatggtggaagggaaacacacttggagacaaacticactttaaaatctgaatgggcaacacacaagtttgetgatigeaaagcaaaacgtga
cacececacctcatgeactgitgattatictactgtgtattttgtcaacattgaagtetgggtagaageagagaatgeecttgggaaggttacatcagatcatatcaattt
tgatectgtatataaagtgaageccaatecgecacataatttatcagtgatcaactcagaggaactgtctagtatettaaaattgacatg gaccaacccaagtattaag
agtgttataatactaaaatataacattcaatataggaccaaagatgcctcaacttggagccagattcctcctgaagacacagcatccacccgatcttcattcactgtcc
aagaccttaaacciittacagaatatgtgtitaggattcgetgtatgaaggaagatggtaagggatactggagtgactggagtgaagaageaagtgggatcacctat

gaagataacattgcctecttitga; NM 002184;EF442778.

IL6:BCO15511 ‘afgaactcctictccacaagegecticggtecagttgccttctecctggggetgetectggtettecetgetgecticectgececagtacee
Ccaggagaagaticcaaagatgtagcegecceacacagacagecacteaccicticagaacgaattgacaaacaaattcggtacatectegacggcatetcagec
ctgagaaaggagacatgtaacaagagtaacatgtgtgaaagcagcaaagag Jgeactggcagaaaacaacctgaaccttccaaagatggctgaaaaagatggat
gcttccaatctggattcaatgaggagacttgcctggtgaaaatcatcactggtcttttggagtttgaggtatacctagagtacctccagaacagatttgagagtagtga
ggaacaagceagagetgtgcagatgagtacaaaagteetgatecagticctgeagaaaaaggeaaagaatctagatgcaataaccaccectgacccaaccacaa
atgccagcectgetgacgaagcetgcaggcacagaaccagtgg ctgcaggacatgacaactcatcteattctgegeagcetttaaggagttectgeagtecagectga

gegctettcggeaaatgtag; AB107656.

HOXB4:NM 024015: atggctatgagitcttttttgatcaactcaaactatgtcgaceccaagticectecatgegaggaatattcacagagegattacetac
ccagcgaccacticgecegggtactacgecggeggecagaggcgagagageagettcecageeggagecggg ctlcgggcggcgegeggcgtgcaccgtgc
agcgctacgegg cetgeegggacceetgggeeeecgeegectecgecaccacececgeegeeccegeeaccgeceggtetgtecceteg ggclcetgegeeg
ceaccegeeggggeecteeteccggageceggeeagegetgegaggcggtcageageageeceecgeegeeteectgegeccagaacceectgeacceca
gcccgtcccactccgcgtgcaaagagcccgtcgtctacccctggatgcgcaaagttcacgtgagcacggtaaaccccaattacgccggcggggagcccaagc
geteteggaccgectacacgegecageaggtettggagetgg agaaggaatitcactacaaccgetacctgacacggegecggagggtggagatcgeecacy
cgctctgcctctccgagcgccagatcaagatctggttccagaaccggcgcatgaagtggaaaaaagaccacaagttgcccaacaccaagatccgctcgggtggt

geggcaggctecagecggagggceccectggecggeccaatggaggeceecgegegetetag; NM_ 010459,

IL6R:NM_000565:atgctggccgtcggctgcgcgctgctggctgccctgctggccgcgccgggagcggcgctggccccaaggcgctgccctgcgca
ggaggtegcgagaggcegtectgaccagictgecagg, ragacagegtgactetgacctgeecgggggtagagecggaagacaatgecactgticactgggtact
caggaageceggetgeaggceteccaccccageagatg ggctggeatgggaaggaggctgctgetgaggtcggtgcagetccacgactctggaaactatteatg
ctaccgggccggccgcccagctgggactgtgcacttgctggtggatgttccccccgaggagccccagctctcctgcttccggaagagccccctcagcaatgttg
tttgtgagtggggtcctcggagcaccccatccctgacgacaaaggctgtgctcttggtgaggaagtttcagaacagtccggccgaagacttccaggagccgtgcc
agtatt’cCcaggagtcccagaagtlctcctgccagttagcagtcccggagggagacagctctttctacatagtgtccatgtgcgtcgccagtagtgtcg gagcaad
gttcagcaaaactcaaacctttcagggttgtggaatcttgcagcctgatccgcctgccaacatcacagtcactgccgtggccagaaacccccgctggctcagtgtc
acctggcaagacccccactcctggaactcatctttctacagactacggtttgagctcagatatcgggctgaacggtcaaagacattcacaacatggatggtcaagg
acctccagceatcactgtgteatccacgacgectggageggcctgaggcacgtggtecagettegtgeccag gaggagttcggecaaggcegagtgeagcgagt
ggagcccggaggccatgggcacgccttggacagaatccaggagtcctccagctgagaacgaggtgtccacccccatgcaggcacttactactaataaagacga
tgataatattctcttcagaga‘[tctgcaaatgcgacaagcctccCagtgcaagattcttcttcagtaccactgcccacattcctggttgctggagggagcctggccttc
ggaacgctcctctg,cattgccattgttctgaﬁUttcaaoaaoacolvgaagctgcgggctctgaag0aaggcaagacaagcatgcatccgccOtactctttgggg
cagctg gtcccggagdggcctcgacccaccccagtgct’tgttcctctcatctccccaccggtgtcccccagcaocctgggglctOdcaatacctcgaoccacaac

cgaccagatgccagggacccacggageccttatgacatcageaatacagactacttcttceccagatag; NM 181359,

ILIT:NM 133519: ‘atgaactgigtttgtcgectggtectggtggtectgagectetggecagatagagtegttgeecctgggcecaccagetggcetececte
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gagtgteticagaccetegtgeagatetggatagegcetgtectetigaccaggtccctectggeagacacacggeaactagetgcacagatgagagacaaattce
cagctgatggagaccacaatctggacicectacctacctiggecatgagegetgggacactgggatctttgeageticctggagtgetgacaaggcticgagtaga
Cttaatgtcctacttcegacatgtacagtggtigegecgggeagetggtecttecctaaagactctggagecagagetgggtgcectgeaageecgactggaacy
gctacttegtcgettacagetetigatgtetegectagecttgecccaggeageeccggaccaacctgeggtcectetgggecctectgecteggectggggaage

atccgggcageteatgecatectaggagggctgcacctgaccttggactgggeccgtgeggggcctgetgttgttaaagacteggetgtaa, NM_008350.

LIF:NM_002309:atgaaggtcttggcggcaggagttgtgccectgetgttggtictgeactggaaacatggggeggggageceecteeccatcaceectg
tcaacgccacctgtgecatacgecaccceatgtcacaacaaccteatgaaccagatcaggagecaactggeacagetecaatggeagtgecaatgecctetttattet
ctattacacagcccagggggagecegttccccaacaacctggacaagetatgiggceccaacgigacggacticecgeccticcacgecaacggeacggagaag
gecaagetggtgoagetgtaccgeatagtegtgtaccttggcacctecctgggcaacalcaccegggaccagaagatectcaaccccagtgeccetcagecteca
tagcaagctcaacgceaccgecgacatectgegaggectecttageaacgtgctgtgecgectgtgeageaagtaccacgtgggccatgtggacgtgacctac

ggeectgacacctcgggtaaggatgicticcagaagaagaagetgggctgteaactectgggeaagtataagecagatcategecgtgttggeccaggcecttetag

; NM _008501; BB235045.

LIFR:NM_002310:atgatggatatttacgtatgtttgaaacgaccatcctggatggtggacaataaaagaatgaggactgcticaaatticcagtggetgttat
caacatttattcttctatatctaatgaatcaagtaaatagccagaaaaaggggectectcatgatttgaagtgtgtaactaacaatttgeaagtgtggaactgticttgga
aagcaccctctggaacaggecgtggtactgattatgaagtttgcattgaaaacaggtecegticttgttatcagttg gagaaaaccagtattaaaattccagctetttca
catggtgatiatgaaataacaataaattctctacatgattttggaagtictacaagtaaattcacactaaatgaacaaaacgtttccttaattccagatactccagagatct
tgaatttgtctgetgatttctecaacctctacattatacctaaagtg gaacgacaggggttcagtititccacaccgcetcaaatgttatctgggaaattaaagttctacgtaa
agagagtatggagctcgtaaaattagtgacccacaacacaactetgaatggcaaagatacacttcatcactggagttgegecteagatatgeecttggaatgtgce
attcattttgtggaaattagatgctacattgacaatcttcatttttctggtetcgaagagtgeagtegactggageectgtgaagaacatttcttggatacctgattctcaga
ctaaggtititcctcaagataaagtgatacttgtaggetcagacataacattitgtigtgtgagtcaagaaaaagtgttatcagcactgattggecatacaaactgeece
ttgatccatcttgatgggoaaaatgtigeaatcaagaticgtaatatttctgtitctgcaagtagtggaacaaatgtagtttitacaaccgaagataacatatttggaace
gltatttttgctggatatccaccagatactcetcaacaactgaattgtgagacacatgatttaaaagaaattatatgtagttggaatccaggaagggtgacagegttggt
gggcecacgtgctacaagetacactttagttgaaagtttitcaggaaaatatgttagacttaaaagagctgaagcacctacaaacgaaagetatcaattattatttcaa
atgcticcaaatcaagaaatatataattitactttgaatgctcacaatecgetgggtegatcacaatcaacaattttagttaatataactgaaaaagtitatccecatactee
tacttcattcaaagtgaaggatattaattcaacagctgttaaactitcttggcatitaccaggcaactttgeaaagattaattitttatgtgaaattgaaattaag aaatctaa
ttcagtacaagagcagcggaatgtcacaatcaaaggagtagaaaattcaagttatcttgitgctetggacaagttaaatecatacactctatatacttttcggattegttg
ttctactgaaactitctggaaatggagcaaatggageaataaaaaacaacatttaacaacagaagcecagtecttcaaaggggectgatacttggagagagtggagt
Ictgatggaaaaaatttaataatctattggaagectttacecattaatgaagetaatggaaaaatactiticctacaatgtategtgttcatcagatgaggaaacacagtee
ctitctgaaatcectgatcetcagcacaaageagagatacgacttgataagaatgactacatcatcagegtagtggcetaaaaattetgtgggcteateaccaccttee
aaaatagcgagtatggaaattccaaatgatgatctcaaaatagaacaagttgttggoatgegaaaggggattcteetcacctggeattacgaccccaacatgacttg
cgactacgtcattaagtggltgtaactegtctcggtcggaaccatgecttatggactggagaaaagitccetcaaacageactgaaactgtaatagaatetgatgagtt
tcgaccaggtataagatataatittitcctgtatggatgcagaaatcaaggatatcaattattacgetecatgattggatatatagaagaattggcteccattgttgcace
aaatttiactgtigaggatacttctgeagattcgatattagtaaaatgggaagacattcctgiggaagaactiagaggctttttaagaggatatttgttttactitggaaaa
ggagaaagagacacatctaagatgaggottttagaatcaggtegtictgacataaaagttaagaatattactgacatatcccagaagacactgagaattgetgatett
caaggtaaaacaagttaccacciggictigegagectatacagatggtggagtgggcccggagaagagtatgtatgtggtgacaaaggaaaattetgtgg gatta
attattgccaticicatcccagtggeagtggctgteattgttggagtgetgacaagtatecttigetatcggaaacgagaatggattaaagaaaccttctacectgatat
Iccaaatccagaaaactglaaagcattacagtitcaaaagagtgtetgtgagggaageagtgctctiaaaacattggaaatgaatceettgtaccecaaataatgtiga
ggtictggaaactcgatcageatticctaaaatagaagatacagaaataatitccccagtagetgagegtectgaagategetetgatgeagagectgaaaaccatg
tggtigtgtcctatigiccacccatcattgaggaagaaataccaaaccecageegeagatgaageiggagggactgcacaggttatitacattgatgttcagtegatgt
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alcagectcaagceaaaaccagaagaagaacaagaaaatgacectgtaggaggegcaggctataagecacagatgeaccteeccattaattctactgtggaagat
atagctgcagaagaggacttagataaaactgcgggttacagacctcaggccaatgtaaatacatggaatttagtgtctccagactctcctagatccatagacagcaa
caglgagattgtctcatitggaagtecatgctecattaaticecgacaatttttgattectectaaagatgaagactcetectaaatctaatggaggaggetegtectttac

aaacttttttcagaacaaaccaaacgattaa; NM 013584; NM _031048.

STAT3:NM_003150:atggcccaatgg vaatcagetacageagcettgacacacggtacctggageageteeatcagetctacagtgacagcettcecaatg
gagetgeggceagittetggeecctiggattgagagteaagattgggcatatgeggecagcaaagaatcacatgeeactttggtatttcataatctectgggagagat
tgaccagcagtatagccgcttcctgcaagagtogaatgltctctatcagcacaatctacgaagaatcaagcagtttcttcagagcaggtatcttgagaagccaatgg
agattgcccggattgtggccngtgcctgtgggaagaatcaCgccttctacagactgcagccactgcggcccagcaagggggccaggccaaccaccCcacag
cageegtggtgacggagaageageagatgetggageageaccitcaggatgteccggaagagagtgeaggatetagaacagaaaatgaaagtegtagagaate
tccaggatgactttgatttcaactataaaaccctcaagagtcaag gagacatgcaagatctgaatggaaacaaccagteagtgaccaggcagaagatgcageage
tggaacagatgctcactgegetggaccagatgcg gagaagcatcgtgagtgagetggcggogcttitgtcagegatggagtacgtgcagaaaactctcacgga
cgaggagctggcetgactggaagaggcggcaacagatigectgeattggag geecgeccaacatctgectagatcggctagaaaactggataacgteattagea
gaatctcaacttcagacccglcaacaaattaagaaactggaggagttgcagcaaaaagmcctacaaaggggaccccattgtacagcaccggccgatgctggag
gagagaatcgtggagctgtttagaaacttaatgaaaagtgcctttgtggtggagcggcagccctgcatgcccatgcatcctgaccggcccctcgtcatcaagacc
ggcgtocagttcactactaaagtcaggttgctggtcaaattccctgagttgaattatcagcttaaaattaaagtgtgcattgacaaagactctggggaogttgcagctc
tcagaggatcccggaaatttaacattctgggeacaaacacaaaagtgatgaacatggaagaatccaacaacg gcagcctctetgeagaattcaaacacttgacect
gagggageagagatgigggaatggggsccgagecaattgtgatgeticectgattgtgactgaggagetgeacctgateacctitgagaccgaggtetatcacca
aggcctcaagattgacclagagacccactccttgccagttgtggtgatctccaacatctgtcagatgccaaatgcctgggcgtccatcctglggtacaacatgctga
Ccaacaalcceaagaatgtaaactittttaccaageccecaattggaacctgggatcaagtggecgaggtectgagetggeagtictectecaccaccaagegagg
actgagcatcgagcagcetgactacactggeagagaaactetigggacctggtgtgaattaticag ggtgtlcagatcacatgggctaaattttgcaaagaaaacatg
getggeaagggetteicctictgggietggetggacaatateattgacetigtgaaaaagtacatectggecctttggaacgaagggtacatcatgggctitatcagt
aaggagcgggagegggccatctigageactaagectecaggeaccttectgetaagaticagtgaaageageaaagaaggaggcegteactttcacttgggtgga
gaaggacatcagcgglaagacccagatecagtecgtggaaccatacacaaageageagetgaacaacatgteatttgetgaaateatcatgggctataagateat
ggatgctaccaatatectggtgtetecactggtetatetetatectgacattcccaaggaggaggeattcggaaagtattgtegg ccagagagccaggagcatectg
aagctgacccaggcgctgccccatacctgaagaccaagtttatctgtgtgacaCcaacgacctgcagcaataccattgacctgccgatgtccccccgcacntaga
ttcaltgatgcagtttggaaataatgglgaaggtgctgaaccctcagcaggagggcagtttgagtccctcacctttgacatggagttgacctcggagtgcgctaccl

cceecatgtga; NM213662; NM_139276.

NUMB:

AF171938:atgaacaaattacggcaaagtittag gagaaagaaggatgtttatgticcagaggccagtcegtecacatcagtggeagacagatgaagaaggcg
ttegecaccggaaaatgtagettceeg gitaagtacciiggccatgtagaagttgatgaatcaagaggaatgeacatctgtgaagatgctgtaaaaagattgaaaget
gaaaggaaglicticaaaggctictttggaaaaactggaaagaaageagitaaageagtictgtgggtctcageagatggactcagagttgtggatgaaaaaacta
aggacctcatagttgaccagacgatagagaaagtttctttctglgccccagacaggaactttgatagagccttttcttacatatgccgtgatggcaccactcgtcgctg
gatctgtcactgcttcatggctgtoaaggacacaggtgaaaggttgagccatgcagtaggctgtgcttttgcagcctgtttagagcgcaagcagaagcgggagaa
ggaatgtggagtgactgctacttttgatgctagtcggaccacttttacaagagaaggatcattccgtgtcacaacagccactgaacaagcagaaagagaggagatc
atgaaacaaatgcaagalgccaagaaagetgaaacagataagatagtcgtigaticateagttgecectggeaacactgeeccatececatecteteccacetetee
tacttctgalgccacgacctctctggagatgaacaatcctcalgccatcccacgccggcatgctccaattgaacagcttgctcgccaaggctcttlccgaggtmcct
gctcltagccagaagatgtcacccmaaacgccaactatccc1acgcatcaatgagttgccttccaclatgcagaggaagactgatttccccattaaaaatgcagtg
ccagaagtagaaggggaggcagagagcatcagctccctgtgctcacagatcaccaatgccltcagcacacctgaggaccccttctcatctoctccoalgaccaa
accagtgacagtgg tggcaccacaatctcctaccttcCdagctadtogcactgactcagccnccatotocttoctaaﬂccagcccatactoctctaocacccGtao
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caatgectgtgegtgaaaccaaccetigggeccatgeccctgatgetgetaacaaggaaattgeagecacatgticggggacegagtggggteaatcttetggty
ctgeetetecaggtetettccaggecggtcatagacgtacteectetgaggecgaccgatggttagaagaggtgtctaagagegtecgggceteageagececag
gecteagetgeteetetgeagecagttetecagectectccacceactgecatetcccagecageateacctttccaagggaatgeattecteacctetcagectgte
ccagtgggtgtggteeccageectgeaaccagecttigtecectgeccagtcctatectgtggecaatggaatgeectatcecagecectaatgtgectgtegtegocat
cactceccteccagatggtgeccaacgtatttggeactgeaggecacectcaggetgeccatececatcagticacceagectggteaggcageagacaltecctea
ctacgaggcaagcagtgcetaccaccagteccttetttaagectectgeteageacctcaacggtictgcagetttcaatggtgtagatgatggcaggtigeccteag
cagacaggcatacagaggttcctacaggeacctgeccagtggatectittgaageccagtgggetgcattagaaaataagtccaageagegtactaateectece

ctaccaaccctttctccagtgacttacagaagacgtitgaaatigaactttaa;

AF171939:atgaacaaatiacggcaaagtititaggagaaagaaggatgtttatgitccagaggccagtegtecacatcagtggeagacagatgaagaaggcg
ticgcaccggaaaatgtagetteceggttaagtacettggecatgtagaagttgatgaatcaagaggaatgeacatetgtgaagatgetgtaaaaagattgaaaget
gaaaggaagticttcaaaggcettctttggaaaaactggaaagaaagcagttaaageagttctgtgggtetcagecagatggactcagagttgtggatgaaaaaacta
aggaccicatagiigaccagacgatagagaaagittetttctgtgecccagacaggaacittgatagagcecttttcitacatatgecgtgatggeaccactegtegetg
gatctgtcactgettcatggetgtcaaggacacaggtgaaaggttgagecatgeagtaggetgtgcetittgecagectgtitagagegecaageagaagegggagaa
ggaatgtggagtgactgctacttitgatgctagtcggaccactittacaagagaaggatcattcegtgtcacaacagecactgaacaagcagaaagagaggagatc
atgaaacaaatgcaagatgccaagaaagcetgaaacagataagatagtcgttggtteatcagttgecectggeaacactgeeccateeccatecteteccacctetee
tacttctgatgceacgacctetctggagatgaacaatectcatgecatcecacgecggeatgetecaatigaacagettgetcgecaaggcetetttcecgaggttiteet
getettagecagaagatgteaccetttaaacgecaactatcectacgeatcaatgagtitgecticeactatgcagaggaagactgatticeccattaaaaatgeagtg
ccagaagtagaaggggaggcagagagceatcagetcectgtgetcacagatcaccaatgecticageacacctgaggaccecetteteatetgetccgatgaccaa
accagtgacagtggtegcaccacaatctectaccticcaagggaccgagtggggteaatetictggtgcetgectetecaggtetettccaggecggtcatagacgt
actccctetgaggeegaccgatggltagaagaggtgtetaagagegtecgggcteageagececaggectcagetgetectetgeagecagtictecageetect
ccacccactgecatctcecagecageatcacctticcaagggaatgcattectcacctetcagectgtgeeagtggetgtggtececagecctgeaaccagectttgt
ccctgeecagtectatectgtggecaatggaatgecctatccagecectaatgtgectgtggtgogcateacteccteccagatggtggecaacgtattiggeacte
caggccaccctcaggetgeccatececcatcagteacccagectggtcaggeageagacattcectcactacgaggeaagceagtgcetacecaccagteccttettta
agccteetgetcageacctcaacggttctgeagcetitcaatggtgtagatgatggcaggtigecctecageagacaggeatacagaggticetacaggeacctgece
agtggatccttttgaagcecagtgggctgcattagaaaataagtccaageagegtactaatcecteccctaccaaccetttctecagtgacttacagaagacgtttga

aattgaactttaa

AF171940:atgaacaaattacggcaaagititaggagaaagaaggatgtttatgttccagaggecagtegtecacatcagtggcagacagatgaagaaggeg
ttcgcaccggaaaatgtagettcecggitaagtacettggecatgtagaagttgatgaatcaagaggaatgeacatetgtgaagatgetgtaaaaagattgaaaget
actggaaagaaagcagtiaaagcagttcigtggetcteageagatggactcagagttgtggatgaaaaaactaaggacctcatagttgaccagacgatagagaaa
gittetttetgtgececagacaggaacttitgatagagecttttettacatatgecgtgatggcaccactegtegetggatetgteactgettecatggetgtecaaggacac
aggtgaaaggtigagecatgeagtaggctgtgcttitgeagectgtttagagegcaagecagaagegggagaaggaatgtggagtgactgctacttttgatgctagt
cggaccactitttacaagagaaggatcattccgtgtecacaacagecactgaacaageagaaagagaggagatcatgaaacaaatgcaagatgecaagaaagctg
aaacagataagatagtcgttggticatcagitgceectggeaacactgececateeccatecteteceacctetectacttetgatgecacgacctetetggagatga
acaatccteatgcceatccecacgeeggeatgetecaattgaacagcttgetegecaaggctetttccgaggttttectgetettagecagaagatgteaccctttaaacg
ccaactatccetacgceatcaatgagttgecttccactatgecagaggaagactgatitccecattaaaaatgeagtgecagaagtagaaggggaggcagagageat
cagctcceetgigetcacagatcaccaatgecttcageacaccigaggacceccttcteatetgetecgatgaccaaaccagtgacagtggtggcaccacaatetect
accttccaagetaatggeactgactcagecticeatgtgettgetaagecageccatactgetctageaceegtageaatgectgtgegtgaaaccaacecttgggc

Ccatgecectgatgetgetaacaaggaaattgeagecacatgticggggaccegagtggggteaatetictggtectecctetcecaggteteticcaggecggicata

gacgtactecctetgaggecgaccgatggttagaagaggtetctaagagegtecgggcteageagecceaggectcagetgetectetgeagecagtictecag
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cetectecacecactgecateteccagecageateacctticcaagggaatgeattecteaccteteageetgtgecagtgggtetegteccageectgeaaccag
cetttgicectgeccagtectatectgtggccaatggaatgeectatecagecectaatgtgectgtggtgggeatcacteccteccagatggiggccaacgtatttg
geactgeaggecacccteaggetgeccatceccatcagtcacecagectggtecaggeageagacattceeteactacgaggeaageagtgetaccaccagtee
cttctitaagectectgeteageaccteaacggtictgeagetitcaatggtgtagatgatggeaggttggecteageagacaggeatacagaggticctacaggea
cetgeccagtggatectittgaageecagtgggctgeattagaaaataagtccaageagegtactaatcectecectaccaaccettictccagtgacttacagaag

acgtttgaaattgaactttaa;

AF17194 1 :atgaacaaattacggcaaagititaggagaaagaaggatgtitatgttccagaggccagtegtecacatcagtggeagacagatgaagaaggcg
ttcgcaccggaaaatgtageticeeggttaagtaccttggecatgtagaagttgatgaatcaagaggaatgeacatctgtgaagatgetgtaaaaagattgaaaget
actggaaagaaagcagttaaageagttctgtgggtctcageagatggactcagagtigtgeatgaaaaaactaaggaccteatagttgaccagacgatagagaaa
gtttetttetgtgecccagacaggaactttgatagagecttticttacatatgecgtgatggcaccactegtcgetggatetgteactgettcatggetgtcaaggacac
agglgaaaggtigagcceatgcagtaggetgtgetittgeagectgtitagagegeaageagaagegggagaaggaatgtggagtgactgetactitigatgetagt
cggaccacttttacaagagaaggatcattccgtgtcacaacagecactgaacaagcagaaagagaggagatcatgaaacaaatgcaagatgecaagaaagetg
aaacagataagatagtcgttggttcatcagttgcccctggeaacactgecccatecccatecteteccacctetectacttetgatgecacgacctetetggagatga
acaatcctcatgccateccacgecggeatgetecaattgaacagettgetegecaaggetctttcegaggtittcetgetettagecagaagatgtcacectttaaacg
ccaactatccctacgcatcaatgagttgecttceactatgeagaggaagactgatttceccattaaaaatgeagtgccagaagtagaaggggaggcagagageat
cagctecectgtgetcacagatcaccaatgecttcageacacctgaggaccccttetcatctgetecgatgaccaaaccagtgacagtggtggcaccacaatetect
accttccaagggaccgagtggggtcaatcttetggtgetgectetecaggtetcttcecaggecggtcatagacgtacteectetgaggecgacegatggttagaag
aggtgtctaagagegtecgggcteageageeccaggecteagetgetectetgeagecagtictccagecteectceacceactgecateteccagecageateac
ctttccaagggaatgcattectcacctcteagectgtgecagtgggtateateccagecctgeaaccagectttgteectgeccagtectatectgtggecaatgga
atgcectatccageccctaatgtgectgtggtgggcatcacteecteccagatgglggccaacgtatttggeactgeaggecaccetcaggetgeccateeecate
agtcacccagectggteaggeageagacattcectcactacgaggeaageagtgcetaccaccagtecectictttaagectectgetcageacctcaacggttctge
agctttcaatggtgtagatgatggcaggttggcctcageagacaggeatacagaggttcctacaggeacctgeccagtggatecttttgaageecagtgggetge
attagaaaataagtccaagcagcegtactaatcccteccectaccaacccetttctccagigacttacagaagacgtttgaaattgaactttaa; NM_010949;

NM_133287; BB483123; NM_010950; NM_010949 ; NM_004756; DQ022744.

Numblike:NM_00475:atgtccegeagegeggeggecageggcggaceecggaggcectgageggcacctgeeeccageecectgtegggcceeg
gggceccccagaaaccigeaggacggagecagacggggeggecaccatgaacaagttacggeagagectgeggeggaggaagecagectacgtgeccga
ggegtegegeccgeaccagtggcaggcagacgaggacgeggtgcgeaaggecacgtgeageticeeggtecaggtacctggetcacgtggaggtagaggag
tcceggggaatgecacgtatetgaagatgeggtgaagaagetlgaaggegatgggcegaaagtecgtgaagtietgtectgtgggtetcagecgatgggetecgag
tggtggacgacaaaaccaaggatctictggtegaccagaccatcgaaaaggtctectittgtectectgacegeaacctggacaaggctttetectatatetgtegty
acgggactacccgecgetggatetgecactgtittctggeactgaaggactceggegagaggetgagecacgetgtggectgtgcettttgccgectgectggage
gaaaacagcgacgggagaaggaatgtgggotcacggecgecticgatgecagecgeaccageticgecegegagggctecttecgectgtetggegateog
cggectgetgagegagaggccccggacaagaagaaageagaggeageagetgeccccactgiggctectggecctgeeccagectgggeacgtgteceega
caccagccaccacatccectggtgagaagggtgagecaggcaccecigtggetgeaggcaccactgeggecgecateccceggegecatgeacceetggag
cagctggttcgecagggctecticegtgggttecccageactcagecagaagaactcgectttcaaacggeagetgagectacggetgaatgagetgecatecac
getgeagegecgeactgacttccaggtgaagggcacagtgectgagatggagectectggtegccggegacagtgacageatcaacgetetgtgeacacagate
agttcatcttitgcecagtgetggagegecageaccagggecaccacctgecacaacagggacttctgectgggateageccteegtgeeccetgeagetgectte
cagectgggcacaageggacaccticagaggetgagegatggctggaggagetetcacaggtgeccaaggeccageageageageageageaacageaa
cagcagcageageageagceageaacageageaageagecteagtggeeccagtgcceaccatgecteetgeectgeagectitcececgeeceegtggggec
clttgacgetgeacctgeccaagtggecgtgttcetgecacceccacacatgeageeccctittgtgcecgectaceegggettgggctacecacegatgececg
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ggtgeeegtggtgggeatcacaccctcacagatggtggeaaacgcectictgetcagecgeccagetecagecteagectgecactetgettgggaaagetggee
ccttceegeceecctgecataceceagtgeecctgggageeaggecegecctegececaatggggeeccetggeccectgagecagegectgececagetceag
agltggacccectitgaggeccagtggecggcattagaaggeaaageeactgtagagaaaccetecaaccecttttetggegacctgeaaaagacattcgagattg

aactgtag; U96441; NM_010950; DQ022744.

NANOG:NM_024865:atgagtgtggatccagettgtccccaaagettgecttgetitgaageatcegactgtaaagaateticacctatgectgtgatttgtg
ggcctgaagaaaactatccateettgeaaatgtetictgetgagatg cetcacacggagactgtctetectettecttectecatggatetgettattcaggacageect
gattcticcaccagicccaaaggcaaacaacceactictgeagagaagagtgtcgeaaaaaaggaagacaaggteccggtcaagaaacagaagaccagaactg
tgttctettccacccagetgtgtgtactcaatgatagatttcagagacagaaatacctcagectccageagatgeaagaacictecaacatectgaacctcagetaca
aacaggtgaagacctggticcagaaccagagaatgaaatctaagaggtggcagaaaaacaactggecgaagaatageaatggtetgacgcagaaggecteag
cacctacctaccccagectttactettectaccaccagggatgectggtgaaccegactgggaaccttccaatgtggageaaccagacctggaacaattcaacctg
gagcaaccagacccagaacatccagicctggageaaccactectggaacactcagacctggtecacccaatcetggaacaatcaggectggaacagtecettet
ataactgtggagaggaatctctgeagtectgeatgeagttccagecaaatictectgecagtgactiggaggetgeettggaagetgctggggaaggccttaatgta
atacagcagaccactaggtattttagtactccacaaaccatggatttattcctaaactactccatgaacatgeaacctgaagacgtgtga; BC137873;

NM_028016; NM _013633; BC160187

OncostatinM(OSM):NM_020530:atgggggtactgctcacacagaggacgetgceteagtctggtectigeactectgtttccaageatggegage
atggcggctataggcagctgctcgaaagagtaccgcgtgctccttggccagctccagaagcagacagatctcatgcaggacaccagcagactcctggaoccct
atatacgtatccaaggcctggatgttcctaaactgagagageactgeagggagegecccggggccticcccagtgaggagaccetgaggggactgggcagge
ggggcttcctgcagaccctcaatgccacactgggctgcgtcctgcacagactggccgacttagagcagcgcctccccaaggcccaggaﬁtggagaggtotgg
gclgaacatcgaggacttggagaagetgcagatggegaggecgaacatectegggcicaggaacaacatetactgeatggeccagetgcetggacaactcagac
acggctgagcccacgaaggctggccggggggcctctcagccgcccacccccacccctgcctcggatgcttttcagcgcaagctggagggctgcaggttcctg
catggctaccatcgcttcatgcactcagtggggcgggtcttcagcaagtggggggagagcccgaaccggagccggagacacagcccccaccaggccctgag
gaagggggtecgcaggaccagaccctecaggaaaggeaagagactcatgaccaggggacagetgeeccggtag;NM 001013365
;NP_065391; NP 001013383,

OSMR:NM_003999:atggctctatttgeagtctticagacaacattcttcttaacattgetgtecttgaggactiaccagagtgaagtctiggetgaacgtttac
caftgactcctgtatcacttaaagtttccaccaattctacgegteagagtitgcacttacaatggactgtceacaaccttecttatcatcaggaattgaaaatggtatttca
gatccagatcagtaggattgaaacatccaatgteatetgggtggggaattacageaccactgtgaagtggaaccaggtictgcattggagetgggaatctgagete
cctttggaatgtgccacacactttgtaagaalaaagagtttggtggacgatgccaagttccctgagccaaatttctggagcaactggagttcctgggaggaagtcag
tgtacaagattctactggacaggatatattgttcgttttccctaaagataagetggtggaagaaggcaccaatgttaccatttgttacgitictaggaacattcaaaataa
tgtatcetgttatitggaagggaaacagattcatggagaacaacttgatecacatgtaactgeaticaacttgaatagtgtgcctitcattaggaataaagggacaaata
tctattgtgaggcaagtcaaggaaatgtcagtgaaggcatgaaaggcatcgttctmtgtctcaaaagtacttgaggagcCcaaggacttttcttgtgaaaccgagg
acttcaagactttgcactgtacttgggatcctgggacggaoaetgccttggggtggtctaaaeaaccttcccaaagctacactttatttgaatcattttctggggaaaa

gaaactttgtacacacaaaaactg gtgtaattggcaaataactcaagactcacaagaaacctataacticacactcatagetgaaaattacttaaggaagagaagtgt
caatatccttittaacctgactcatcgagtttatitaatgaatcettitagtgtcaactttgaaaatgtaaatgccacaaatgecatcatgacctggaaggtgcacteeata

aggaataatttcacatatttgtgtcagattgaactccatggtgaaggaaaaatgatgcaatacaatgtttccatcaaggtgaacggtgagtacttcttaagtgaactgg

aacctgccacagagtacatggcgcgagtacggtgtgctgatgccagccacttctggaaatggagtgaatggagtggtcagaacttcaccacacttgaagctgctc
cctcagaggcccctgatgtctggagaattgtgagcttggagccaggaaatcatactgtgaccttattctggaagccattatcaaaactgcatgccaatggaaagatc

ctgttctataatgtagttgtagaaaacctagacaaaccatccagttcagagctccattccattccagcaccagccaacagcacaaaactaatccttgacaggtgttcct

accaaatctgcgtcatagcCaacaacagtgtgggtgcttctcctgcttctgtaatagtcatctctgcagaccccgaaaacaaagaggttgaggaagaaagaattgca
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ggcacagagggtgoaticictetgicttggaaaccecaacctggagatgttataggetatgttgtggactgglgtgaccatacceaggatgtgcteggtgatticcag
tggaagaatgtaggteccaataccacaageacagtcattageacagatgettitaggecaggagticgatatgacttcagaatttatgggttatctacaaaaaggatt
gettgtitattagagaaaaaaacaggatactetcaggaacttgetecttcagacaacccteacgtgetggtggatacattgacateccactecticactctgagtigga
aagattactctactgaatctcaacctggtittatacaagggtaccatgtctatctgaaatccaaggegaggeaglgecacceacgatttgaaaaggcagitetttcaga
tggttcagaatgitgcaaatacaaaattgacaacccggaagaaaaggcattgattgtgeacaacctaaagecagaatecttetatgagtitttcatcactecattcact
agtgetggtgaaggecccagtgctacgitcacgaaggtcacgactccggatgaacacteetegatgetgatteatatectactgeccatggtttictgegtettgete
atcatggteatgtgctacttgaaaagteagtggatcaaggagacctgtiatcctgacatcectgacecttacaagageageatectgteattaataaaattcaaggag
aaccctcacctaataataatgaatgtcagtgactgtatcecagatgcetattgaagttgtaagecaageecagaagggacaaagatacagticctaggeactaggaagte
actcacagaaaccgagttgactaagcectaactacctttatcteetticcaacagaaaagaateactetggeectggeecetgcatetgtitttgagaacttgacctataac
caggcagctictgactetggetettgtggecatgticcagtatceccaaaagecceaagtatgetgggactaatgaccteacctgaaaatgtactaaaggeactaga
aaaaaactacatgaactccctgggagaaatcecagetggagaaacaagtttgaattatgtgteccagtiggeticaceeatgtttggagacaaggacagtcteccaa
caaacccagtagaggcaccacactgttcagagtataaaatgcaaatggeagteteectgegtettgecttgecteeccegacegagaatagcagectetectcaatt

accctittagatccaggtgaacactactgctaa;NP_003990.1

OCT3/4(POUSF1):NM_203289:atgcactictacagactattccttggggecacacgtaggttcttgaatcccgaatggaaaggg gagattgataact
gotgtotttatgticttacaagtcticteccttitaaaatccagtcecaggacatcaaagetetgeagaaagaactegageaatttgecaagetectgaagecagaaga
ggatcaccetgggatatacacaggcecgatglggggacteaccetgggggitctlatitgggaaggtattcagecaaacgaccatctgeegetitgaggctetgeaget
tagcticaagaacatgtgtaagetgeggeccttgetgcagaagtggetggaggaagetgacaacaatgaaaatcttcaggagatatgecaaageagaaacectegt
gcaggeecgaaagagaaagegaaccagtatcgagaaccgagtgagaggeaacctggagaattigttcetgeagtgecegaaacceacactgcageagateag
ccacatcgeecageagetigggctegagaaggatgtggtecgagtgtggtictgtaaccggegecagaagggcaagegateaageagegactatgeacaacg
agaggattttgaggctgcetgggictectitcicagggggaccagtgicetitectetggecccagggeeccattttggtaccccaggetatgggageccteacttcac

tgcactgtactecteggteectiteectgagggggaagecttteceectgtetecgteaccactetgggeteteecatgcaticaaactga;

NM _002701:atggcgggacacctggeticggatttcgectictegeceectecaggtegtggageteatggaccaggegggccggagecgggctgggtt

gatcctcggacctggetaagettccaaggeectectggagggccaggaatcgggccgggggttosoccaggctetgaggtetgggegatteccecatgecce

ccgeegtatgagttetgtggegoatgocgtactgtggeccccaggttogagtgogectagtgececcaaggeggettggagaccetetcagectgagggcgaag
caggagtcggggtggagagcaacteegatggggectececggagecectgeaccgteaceectggtgecgtgaagetggagaaggagaagetggageaaaa

cccggaggagteccaggacatcaaagetetgeagaaagaactcgageaatttgecaagetectgaageagaagaggatcacectgggatatacacaggecgat
gtggggctecaccetggggettctatttgggaaggtattcagecaaacgaccatctgecgcetttgaggetetgeagettageticaagaacatgtgtaagetgeggcc
cttgetgeagaagtggetogageaagetgacaacaatgaaaatcticaggagatatgcaaageagaaaccetegtgcaggeccgaaagagaaagegaaccag
tatcgagaaccgagtgagaggeaacctggagaattigttcctgeagtgccegaaacceacactgeageagatcagecacategeccageagettgggctegag

aaggatglggtccgagtgtggtictgtaaccggcgecagaagggcaagegalcaagcagegactatgcacaacgagaggattttgaggctectgggtetectite
tcagggggaccagtgtectttectetggececagggececcattttggtaccccaggetatgggageccteacticactgeactgtactecteggteectttecctgag
ggggaagcectttcceectgteteegteaccactetgggctetcceatgeattcaaactga; NM_013633; EF032593; NM_131112;

NM 001114955.

SOX2:NM_003106:atgtacaacatgatggagacggagctgaagecgeegggecegeageaaacttcgggegecggcggcggcaactccaccgeg
geggeggeeggeggeaaccagaaaaacageecggaccgegtcaageggeccatgaatgecttcatggtgtggtecegegggcageggegeaagatggece
aggagaaccccaagatgeacaacteggagatcageaagegectgggegecgagtggaaactittgtcggagacggagaageggecgticatcgacgaggct
aageggcetgegagegetgeacatgaaggageacceggattataaataccggecceggeggaaaaccaagacgetcatgaagaaggataagtacacgetgee

cggegggctgetggeeceeggeggcaatageatggegageggggteggegtggacgeeggectggecgcgggcgtgaaccagegeatggacagttacge
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geacatgaacggctggageaacggeagetacageatgatgeaggaccagetgggctaccegeageaccegggectcaatgegeacggegeagegeagatg
cagcccatgeaccgetacgacgtgagegecctgcagtacaactecatgaccagetcgeagacctacatgaacggcetegeecacctacageatgtectactegea
geagggeaccectggeatggcetcettggetecatggottcggtegteaagicegaggccagetccageccecctgtggttacetettecteccactccagggegee
Ctgccaggeeggggacciccgggacatgatcageatgtateteceeggegecgaggtgeeggaaccegecgecceccageagacttcacatgteccageacta

ccagageggeceggtgcceggeacggcecattaacggcacactgeccetctcacacatgtga; NM 011443; NM 00110918,

FGF4:NM_002007:atgtcgggeccegggacggecgeggtagegetgeteeeggeggtectgetggectigetggegecctgggcgggccgagegy
gegeegecgeaccecactgeacceaacggeacgetggaggecgagetggagegecgetgggagagectggtggegetetegitggegegectgecggtegc
agegeageccaaggaggeggecgtccagageggegeeggegactacctgetgggeatcaageggotgeggcggotetactgeaacgtgggcateggetice
acctccaggegeteeccgacggeegeateggeggegegeacgeggacacecgegacagectgetggagetetegeeegtggageggggcgtggteageat
cticggegtggecagecggticttegtggccatgageageaagggeaagcetctatggetegeecttcttcaccgatgagtgcacgttcaaggagattctectteeca
acaactacaacgcctacgagtcetacaagtaceccggeatgttcatcgecctgageaagaatgggaagaccaagaaggggaaccgagtgtegeccaccatgaa
ggtecacceacttectecccaggetgtga, NM_010202; NM_004380; NM_001025432; NM_004379.2; NP_004370;

NM 134442, NP 604391

Gata2:NM_032638:atggaggtggcgecggageagecgegetggatggegeacceggecgtgctgaatgegeageaccecgactcacaccaceegg
geetggegeacaactacatggaaceegegeagetgetgectccagacgaggtggacgtcticttcaatcacetegactegeagggeaaccectactatgecaac

ceegelcacgegegggegegegictectacageecegegeacgecegectgaceggaggecagaigtgeegeccacacttgttgeacagecegggtitgecc
tggetggacgggggcaaageageectetctgecgetgeggeccaccaccacaaccectggaccgtgagececctictccaagacgecactgeaccectcagetg
ctggaggecectggaggeecactetetgtgtacceaggggetgggegtgepagegegggagecagegggageteagtggccteccteaccectacageagec
cactetggeteceaccttttcggceticccacccacgecacccaaagaagtgtctectgacectageacecacgggegctgegtetccagecteatettecgegggg

ggtagtgcageecgaggagaggacaaggacggcgteaagtaccaggtgtcactgacggagageatgaagatggaaagtggcagtecectgegeccaggect
agctactatgggcacccagectgetacacaccaceceatecceacctaceeciectatgtgccggeggetgeccacgactacageageggacteticcacceeg

gaggcticctggggggaccggectecageticaccectaageagegeageaaggctegticeigticagaaggeegggagtgtgteaactgtggggecacage
cacecelcterggeggegggacggcaceggeceactacetgtgeaatgectgtggcetetaccacaagatgaatgggeagaaccgaccactcatcaageccaag
cgaagactgicggeegecagaagageceggeacctgtigtgcaaattgteagacgacaaccaccaccttatggegecgaaacgecaacggggaccetgtetgea
acgcectgiggectctactacaagetgeacaatgttaacaggecactgaccatgaagaaggaagggatcecagactcggaaccggaagatgtccaacaagtceaa

gaagagraagaaaggggcggoagtocticgaggagcetgtcaaagtgcatgeaggagaagteatceeccticagtgeagetgecctggetggacacatggeacct
glgggccaccteeegeccttcagecacteeggacacatectgeecactecgacgeccateecaceectecteeagectetecticggecacceccaccegtecage

atggtgaccgcecatgggctag; AB102789; AB102790; NM_008090.

Gata3:NM_001002295:atggaggtgacggeggaccagecgegetgggtgagecaccaccaccecgecgtgctcaacgggeageacccggacacg
caccaccegggcecteagecacicctacatggacgeggegeagtaceegetgecggaggaggtggatgtgctttttaacatcgacggtcaaggeaaccacgtee
cgccctactacggaaactcggtcagggccacggtgcagaggtaccctccgacccaccacgggagccaggtgtgccgcccgcctctgcttcatggatccctacc
clggetggacggeggcaaageectgggeagecaccacaccgecteeccctggaatcicageecctictccaagacgiceatecaccacggetecceggggce
ceictecgictaceeceeccggectegtectectecttgteggggggecacgecageccgeacctettcacetteeegeecacecccgeegaag gacgtctcceegga
cecatcgetgtecaceceaggeteggeeggeteggcecggeaggacgagaaagagigectcaagtaccaggtgccectgeccgacageatgaageteg agtc
gtcecacteeegtg geageatgaccgeeetgggtggagectectegtegacceaccaccecatcaccacctaceegeectacgtgecegagtacagetecgga
ctettececcecageagectgetggacggeteccecaceggcttcggatgcaagtccaggeccaaggeceggtecageacagaaggcagggagtetgtgaac
tglggggcaacctcgaccecactgtggeggegagatggeacgggacactaceigtgcaacgectgegggetctatcacaaaatgaacggacagaaccggece

clcattaageccaagegaaggetgtetgeagecag gagagcagggacgtectgtgegaactgtcagaccaccacaaccacactctggaggaggaatgccaatg
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gggaccctgtetgeaatgectgtgggetetactacaagettcacaatattaacagaccectgactatgaagaaggaaggcatccagaccagaaaccgaaaaatgt
ctagcaaatccaaaaagtgcaaaaaagtgcatgactcactggaggacticcccaagaacagetegtitaacceggecgecctctecagacacatgtecteectga
gccacatctegeccttcagecactccagecacatgetgaccacgeccacgecgatgeaccegecatecagectgtectttggaccacaccaccectecageatg

gteacegecatgggttag; NM_008091; AM392688; AM392571; NM_001002295; NM_002051

Gata4:BC101580:atgtatcagagcettggecatggecgecaaccacgggeegeeceeccgglgectacgaggegggeggecccggegecttcatgeacg
gegegggegecgegtectegecagtctacgtgeccacaccgegggtgecctectcegtactgggccetgtectacctecagggeggaggegegggctetgegt
ccggaggegectegggeggeagetecggteggaccgeglctggtgcggooccegggacccageagggeageccgggatggagecaggegggeagecga
cggagcecgcettacaccecegeegecggtgtegecgegetictecttcecggggaccaccgggteectggeggeegecgeegecgetlgecgeggeeegggaag,
ctgeggectacageagtggeggeggageggeggatacgeocctggeggaccgegageagtacgggcgegecggcettcgegggctectactccageccecta
cceggcettacatggecgacgtgggegegtectgggecgeagecgecgecgectecgecggececcticgacageccggtectgeacagectgeecggeeggge
ccaacceggecgeccgacaccccaatctegatatgtitgacgactictcagaaggeagagagtgtgtcaactgtggegctatgtccacceegetetggaggega
gatgggacgggtcactatctgtgeaacgectgeggectetaccacaagatgaacggeatcaaccggecgeteatcaagecteagegeeggetgtecgeceteee
gecgagtgggcctetectgtgecaactgecagaccaccaccaccacgetgtggcgecgeaatgeggagggcgagectgtgtgcaatgectgeggcectctacat
gaagcteccacggggtecccaggectcettgcaatgeggaaagaggggatccaaaccagaaaacggaageccaagaaccigaataaatctaagacaccageag
ctecttcaggeagtgagagecticcteccgecageggtgcttccageaactccageaacgecaccaccageageagegaggagatgegteccatcaagacgga
gectggectgtcatetcactacgggceacageagcetecgtgicecagacgticteagtcagtgegatgtetggecatgggecectecatecaceetgtecteteggec
ctgaagcetetecccacaaggcetatgegtetecegteagecagtetccacagaccagetccaageaggactcettggaacagectggtcttgeccgacagtecacgg

ggacataatcactgegtaa; AF179424; DQ666280.

Gata5:BC117356:atgtaccagagectggegetggecgegageccccgecaggeegectacgeegactegggcetecticetgeacgetecegggegecg
gctetecgatgtttgtgccgecggegegegteccctegatgetgtectacctgtecgggtetgagecgageccgeageccccegagetegetgegegeecegg
ctgggcgeagacagecaccgeggattegteggecttcggeccgggcagtecgeaccecccageegegeaceegeccggggccaccgectteectttegege
acagecececteggggeecggeageggeggeagegeggggooccgagacggeagtgectaccagggegegetgtigectegagaacagttegeggeeecge
ttgggcggecggtggooacctegtacteccgecacctaccecggectacgtgagecccgacgtggeccagtectggactgecgggeccttegatggeagegtect
geacggecteccaggecgeaggeccaccttcgtgtecgactictiggaggagttceccgggtgaggotegtgagtototcaactgeggggecctgtecacaccge
tgtggcgecgagatggcaccggecactacctgtgeaatgectgeggcctctaccacaagatgaatggegtcaaccggecgetcgttecggectcagaagegect
gtectegteecgecgegecggectctgetgeaccaactgecacacgaccaacaccacgetgtggegecggaacteggagegooagccegtgtecaatgectg
cggcctctacatgaagetgeacggggtgccgeggectctggctatgaagaaagaaageatccagacacggaageggaagecaaagaccatcgecaaggeca
ggggctecteaggatccacaaggaatgectecggecteeccatetgetgtegecageactgacagetcageagecacttccaaagecaageccagectggegte
cceagtgtgeectgggeccageatggeeccccaggectetggecaggaggatgactctettgeccccggecacttggagticaagticgagectgaggactttg

cetteecctecacggeccegageccccaggetggecteagggggectetgegecaagaggectggtgtgegetggecttggectag; BC105654.

Gata6:NM_005257:atggcectigactgacggeggotggtectigecgaagegctteggggecgegggtecggacgecagegactecagagectitcca
gegegggagecctccacgecgectteceecatcteticetegtectectectgetcceggggeeggagagegggoccecgacggegecageaactgegggacg,
cctecagetegacacggaggeggeggecggacceccggeccgetegetgetgeteagitcctacgettcgeateectteggggetecccacggacctteggegc
ctgggptcgegggecccggggecaacctgicgagetgggagoacttgetgetgticactgacctcgaccaagecgegacegecageaagetgetgtggteca
geegeggegecaagetgageccctiegeacccgageagecggaggagatgtaccagaccctegecgcetetetecagecagggtecggecgectacgacggc
gegeecggeggcettcgtgeactetgeggeegeggeggeageagecgeggeggcggecageteeccggtetacgtgcccaccaccegegtgggttceatgct
geecggectacegtaccacctgeaggggtegggeagltgggecagecaaccacgegggeggegegggcgegeaccecggetggectecaggecteggecga

cagccectecatacggeageggaggegacgeggctggcggeggaoccgcggggectggeggcgctggctcagecgeggegeacgicteggegegceticee
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ctactctceccageecgeccatggeeaacggegecgegegggagecgggagectacgeggeggegggcagigeggocgcgggaggcgtgageggegge
ggcagtagectggeggecatgggcggecgegagecccagtacagetegetgteggecgegeggecgetgaacgggacgtaccaccaccaccaccaccace
accaccaccatccgagceccectactcgecctacgtggggecgecactgacgectgectggecegeeggacccttcgagaccceggtgctgeacagectgeaga
geegegeeggageccegeteceggtgeeceggggteceagtgeagaccetgetggaggacctgtcegagageecgegagtgegtgaactgeggeteeateeag
acgeegetgtggeggegggacggceaccggecactacctgtgeaacgectgegggctctacageaagatgaacggectcagecggeccecteatcaagecgea
gaagcgegtgccticatcacggeggcettggattgtectgtgecaactgtcacaccacaactaccaccttatggegeagaaacgecgagggtgaaccegtgteca
atgctigtggactctacatgaaactccatggggtgcccagaccacttgetatgaaaaaagagggaaticaaaccaggaaacgaaaacctaagaacataaataaat
caaagacttgctctggtaatagcaataattccattcecatgactecaacttccacctettctaactcagatgatigecageaaaaatacttcccccacaacacaacctac
agcctcaggggcgggtgcceeggtgatgactggtgcggoagagageaccaatcccgagaacagegagetcaagtattcgggtcaagatgggctetacatagg
cgleaglctecgectegecggecgaagteacgtectecgtgegaceggaticetggtgcgecctggeectggectga; AF179425; EF444980;

NM 005257; NP_005248.

HNFI1:NM_000458:atggtgtccaagetcacgtecgetecageaagaacteetgagegecetgctgagetecggggteaccaaggaggtgcetggticagg
ccttggaggagttgctgecatcecccgaacttcggggtgaagetggagacgctgeccetgteceetggeageggggecgageccgacaccaageeggteticea
tactctcaccaacggecacgecaagggecgcttgtecggegacgagggctecgaggacggcgacgactatgacacaccteeeatectcaaggagetgeagge
getcaacaccgaggaggcggeggageagegggeggagetgoaccggatgeteagtgaggaccettggaggoctoctaaaatgatcaagggttacatgeage
aacacaacatcccccagagggaggteggtegatgtcaccggectgaaccagtegeaccteteccageatetcaacaagggeacccctatgaagacccagaage
gtgccgetetgtacacctggtacgtcagaaageaacgagagatcctccgacaattcaaccagacagtecagagttctggaaatatgacagacaaaageagteag,
gatcagctgctgtitctetttccagagticagtcaacagagecatgggcctggecagtcegatgatgectgetetgageccaccaacaagaagatgegecgeaac
cggltcaaatgggggcccgegteccageaaatettgtaccaggectacgatcggcaaaagaaccccagcaaggaagagagagaggecttagtggaggaatge
aacagggcagaatgtttgeagegaggggtgteecectccaaageccacggectgggctcecaacttggtecactgaggtecgtgtetacaactggtttgcaaaccge
aggaagegaggagecattccggcaaaagetggecatggacgectatagetccaaccagactcacagectgaaccctetgetetcecacggetecececaccace
agcccagcetcctetectecaaacaagetgicaggagtgcgctacagecageagggaaacaatgagateacttectectcaacaatcagteaccatggeaacage
gccatggtgaccagecagtceggtittacagcaagictecccagecagectggacceaggcecacaatcetectetcacctgatggtaaaatgatcteagtetcaggag
gaggtttgcecccagtcageacctigacgaatatccacagecteicccaccataatecccageaatctcaaaaccteatcatgacaccectetetggagteatggea
attgcacaaagccicaacaccteccaagcacagaglgtecctgteatcaacagtgtggccggeagectggeagecctgeageecgtecagtictecccageaget
gcacagecectcaccageageccectcatgeageagageccaggeagecacatggeccageagecctteatggeagetgtgactcagetgcagaactcacacat
gtacgcacacaagcaggaacccccccagtattcccacaccteceggtttecatetgeaatggtgstecacagataccageageatcagtacactcaccaacatgtcet

tcaagtaaacagtgtcctctacaagectggtga; NM 013103; NM 000545;NM 009327,

NM_012669:atggtitctaagttgagecagetgeagacggagetectggetgctetgetegagteggecctgageaaagaggetctgatecaggctetggg
ggagceeegggcecectacctgatggtiggagatggtecectggacaagggggagtectgeggteggeactcgaggggacctgaccgagetgeccaatggectgg
gggagacgegtggctcggaagatgacacggatgacgatggggaagacticgegecacceattctgaaagagetggagaacctcageecagaggaggeage
ccaccagaaagecgtggtggagtcacticttcaggaggacccatggegegtggcaaagatggtcaagtcgtacctgeageaacacaacatcccceageggga
ggtggtggacactacgggtctcaaccagtcccacctgteccageacctcaacaagggeacceccatgaagacgeagaagegggecgegcetgtacacctggta
cglccgeaageagegagaggtggctcageaattcacccacgeggggcagggcggactgatigaagageccacaggtgatgagetgecaaccaaaaagggg
cggaggaaccggttcaagtggggccccgcateccageagatectgticcaggettacgagaggeagaagaaccecageaaggaagagegagagacctiggt
ggaggagtgcaatagggcggagtgcatccagagagggotgtecaccatcgeaggeccaggggctaggctecaaccttgtcaccgaggtgegtgtetacaactg
glttgccaaccggegcaaggaagaagectttcggeataagetggecatggacacgtataacgggectecaccegggecaggeeccggecctgegetacctge
ccacagticcecgggectgeccacaaccacccteteteccagtaaggteecacggtgtgegatatggacagtetgeaaccagegaggeagetgaggtacecteca

geagceggaggtccecttagtcacagtgtetgeggecttacaccaagtgtcceccacaggettggageccageagectgetgageaccgaggecaagetggtete
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agecacggggggteccctgecteccegicageacectgacageactgeacagettggageagacgtctecaggtcteaaccageagecgcagaaccttateatg
geelegetgectggggicatgaceateggeccaggggagecegectecetgggteccacgticactaacacgggtgectetacectggteattggtetggectee
acacaggcacagagcegtgecaglcatcaacageatggggageagectgaccacectgeagecggtecagttttcccagecactgeacccttectatcageagee
teteatgecccectgtacagagecacgtggccecagagteectteatgg caaccatggcceagetgeagageccccacgecctgtacagecacaagectgaggte
geecagtacacgeatacaagectgettecgeagaccatgetgatcacagacaccaaccteageaccecttgecagecteacgeccaccaageaggtcttcaccte
agacacagaggceclccagtgagectgggcticatgageegtegtetccagecacaaccattcacatccccagecaggacecgtcaaacatecageacctgeag
cetgeteaccggeteageaccagteccacagtgteetecageagectggtetigtaccagagttetgactecaacgggcacagecacctgetgecatccaaccac

ggtgtecatcgagacttttatctecacccagatggcctectecteccagtaa; NM._ 009330,

HNF3:X74936:atgttagggactgtgaagatggaagggceatgagageaacgactggaacagetactacge ggacacgcaggaggcctactectetgtee
ctg,tcagcaacatoadctccggcctgggctctatgaactocatgadcacctacalgaccatgaacaccatgaccacOagcgocaacatodccccooctlccltca
acatgtcctacgecaacacgggcttaggpeeccggcctgagteceggtectgtegetggcatgecag gggectetgeaggegecatgaacageatgactgegg
cgggcgtcacggecatgggtacggegetgageecgggaggcatgggctecatgggegegeagecegteacctecatgaacggectg ggtceetacgecgee
gcecatgaaccecgtgeatgagticeeatggegtacgegecgtecaacctgggeegeagecgegeggggpg cggeggcgacgccaagacaticaagegeaget
accctcacgccaagccgccttactcctacalctcgctcatcacgatggccatccagcaggcgcccagcaagatgctcacgctgagcgagatctaccagtggatca
tggacctcttcccctattaccgccagaaccagcagcgctggcagaactccatccgccactcgctgtccttcaacgattgtttcgtcaaggtggcacgatccccaga
caagccaggcaagggctoctaotggacgctgcacccggactccggcaacatgttcgagaacggctgctacttgcgccgccaaaagcgcttcaagtgtgagaag
cageeggggececggaggtggragtegoggcgacggctccaaagggggeccagaaagicgeaaggaccecteaggeccggggaaccecagegeegagt
Caccccttcattggggtgt(rcacggaaaggctaoccaoctaodgcgcgcgccoocccccoOgcccOcchCdgcccccagactctggaccacagcgbggc
cacggegacaggggpcgcticggagtigaagictccagegtettecatetgegececceataagetcegggecaggggegetggcatetgtaceceectetcace
cggeteacggcectggeaccecacgaatetcagetgeatetgaaaggggatececactactectttaatcaccectictccatcaacaaccteatgtectectecgag
caacagcacaagctggacticaaggeatacgageaggegetgeagtacicteettatggegetacettgecegecagtetgeccctiggeagegecteagtggece

acgaggagccecatcgageecteagecctggagecagectactaccaaggtgtgtattccagaceegtgetaaatacttectag

HNF3gammaX74938M:atgctgggcteagtgaagatggaggcteatgacctggecgagtggagetactacecggaggeg ggcgaggtotattetceca
gtgaatcetglgeccaccatggeccecteteaactectacatgaccetigaacceactcageteteectacecteceggagggcticag gccteeecactgectacag
gaccccetggeacceccageececactgegecctiggggceccaccticecaagetigggeactggtggcageaceggagg cagtgcttccgggtatgtageece
agggcccgggcttgtacatggaaaagagatggcaaaggggtaccggeggccactgg cccacgecaaaccaccatattectacatetetetcataaccatggeta
ttcagcaggctccaggeaagatgctgacectgagtgaaatctaccaatggateatg gaccteticecgtactaccgggagaaccageaacgttggeagaacteca
tccggcattcgctgtccttcaatgactgcttcgtcaaggtggcacgctccccagacaagccaggcaaaggctcclactgggccltgcatcccagctctgggaacat
gtttgagaacggatgctatetecgecggeagaagegettcaagetgg ggagaaggcaaagaaaggaaacagegecacatcggecageaggaatggtactge
ggggtcagccacctctgccaccactacagctgccactgcagtcacctccccggctcagccccagcctacgccatctgagcccgaggcccagagtggggatgat
gtggggggictggactgegecteacctccticgtecacacctiatttcageggectggageteccgggggaactaaagitggatgegecctataacticaaccace
clitcictatcaacaacctgatgtcagaacagacatcgacaccticcaaactggatgtgggstttgggooctacggggctgagagty gggagectgoagtctacta

ccagagcctctattccegcetetetgettaatgeatectag

HNF3betaX74937:atgctgggagccgtgaagatggaagggctcgagccatccgactggagcagctactacgcggagcocgagggctactcttccgtga
gcaacatgaacgccggcctgggga‘[gaatggcatgaacacatacatgagcatgtccgcggctgccatgggcggcggttccggcaacatgagcgcgggctcca
tgaacatgtcatcctatgtgggcgctggaatgagcccgtcgctagctggcatgtccccgggcgccggcgccatggcgggcatgagc gctcageegggocgeg

ceggegtggegggeatgggaccteacctgagtecgagictgagecegceteg ggggacaggceggecgggeaccatggatgoccttgeccectacgecaacatg
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aactcgatgagececcatgtacgggeaggeeggectgageegegctegggaccecaagacataccgacgeagetacacacacgecaaaccteectactegtac
atctcgctcatcaccatggccatccagcagagccccaacaagatgctgacgctgagcgagatctatcagtggatcatggacctcttecctttctaccggcagaacc
ageagegcetggeagaactceatcegecactetetetecticaacgactgcetttctcaaggtgeceegetegecagacaagectg gcaagggctccttctggaccet
geacccagactcgggcaacatgticgagaacg rgctgetacctgegeegecagaagegceticaagtgtgagaageaactggeactgaaggaagecgegggtec
ggccagtageggaggcaagaagaccgetectgggteccaggectctecaggeteageteg rgggagaccgegggectcggectecgagactecggegggcace
gagl’ccccccattccagcgcttctccgtgtcaggagcacaagcgaggtggcctaagcgagctaaagggagcacctgcctctgcgctgagtcctcccgagccgg
cgccctcgcctgggcagcagcagcaggctgcagcccacctgctgggcccacctcaccacccaggcctgccaocagaggcccacctgaagcccgagcaccat
tacgccttcaaccaccccttctctatcaacaacctcatgtcgtccgagcagcaacatcaccacagccaccaccaccatcagccccacaaaatggacctcaaggcc
tacgaacaggtcatgcactacccagggggctatggticececatgecaggeagettggecatgge cccagtcacgaacaaagegggcctggatgectcgecce

tggetgeagacacttectactaccaaggagtgtactccaggectattatgaactcatcctaa

HNF3G:AHO08133: atgctgggctcagigaagatggaggeccatgacctggecgagiggagetactacceggaggegggegaggtetactegeeggt
0accccaotﬂCccaccatg0cccccctcaaclcctacatgaccctgaatcctctaagctctccctatccccctggggggctccctgcctccccactgccctcagga
cecetggeacceccageacctgeageececctggggeccaciticecaggectgggtgteageggtegeageageagetecy ygetacgggocceegggtect
gggctggtocacggeaagy agatgccgaaggggtatcggeggecectggeacacgecaagecaccgtattcetatatcteacteatcaccatggecatecage
aggegecgggceaagatgetgacctigagtgaaatctaccagtggateatggacetcticecttactaccgggagaatcagcagegetggeagaactcecattegec
actcgctgictttcaacgactgcttegtcaaggtggcgegticeccagacaagectggeaagggctectactg ggccectacaccccagetcagggaacatgtttga
gaatggctgcetacctgegeegecagaaacgcticaagetggaggagaaggtgaaaanagggeocagcgggs sctgecaccaccaccaggaacgggacagg

gtctgctgcctcgaccaccacccccgcggccacagtcacctccccgccccagcccccgcctccagcccctgagcctgaggcccagggcggggaagatgtgg
gggceictggactgtggcetcacecgettectecacaccetatticactggectggageteccaggggagetgaagetggacgegecctacaacticaaccacccttt
cfccatcaacaacctaatgtcagaacagacaccageacctcecaaactggacgtgggetitggggectacgggectgaaggteg ggagcctggagtcetactac

cagggcctctattcecgcetctttgcttaatgeatcetag

HNF3A:AHO08132:atgttaggaactgtgaagatggaagggcatgaaaccagegactggaacagetactacgecagacacgeaggaggccetacteeteg
gleecggtcageaacatgaactcaggectgggetecatgaactceatgaacacctacatgaccatgaacaccatgactacgageggeaacatgaccecggegte
Clicaacatgtcctatgecaacceggecttaggggecggectgagteccggegeagtagecggeatgeegggggacteggegggcgecatgaacageatgac
tgeggecggcegtgacgeceatgggtacggegctgageccgageggeatgggcgecatgggtecgcageaggegg cctecatgatgaatggcctgggccce
tacgeggcecegecatgaaceegtgeatgagececatggegtacgegecgtccaacctgggeegeageegcgeggecggces cggcgacgecaagacgtica
agegeagttaccegeacgecaageegecectactegtacatetegeteatcaccatggecatccagegggegeccageaagatgetcacgctgagegagatctac
cagtggatcatg gacctetteccctattaccggeagaaccageagegetggeagaactceeatececgecactegetgtecttcaatgactgettcgtcaaggtggcac
geteececggacaagecgggeaagggctectactggacgetgecacceggactceggeaacatgtticgagaacg gctgctacttgegecgecagaagegcetica
aglgegagaagragergggeagccggragcggeeaceggageggaageggagecageggcgecaagggcggcectgagagecgeaaggaccectetg
gegcecetetaaceecagegecgactegeccctecateggggtgtecacgggaagaccggecagetagagggegegreggeeeegggcccggecgecagec
cccagactctggaocacagtggggcgacggcgacagggggcgcctcggagttgaagactccagcctcctcaactgcgccccccataagctccgggcccggg
gegetggectetgigeccgectetcacceggeacacggetiggcaccecacgagteccagetgeacctgaaaggggacceccactactecticaaccaccegtt
ctccatcaacaacctcatgtcctcctcggagcagcagcataagctggacttcaaggcatacgaacaggcactgcaatactcgccttacggctctacgttgcccgcc
agcctgectetaggeagegecteggtgaccaccaggagecccatcgageecteageccetgg agccggegtactaccaaggtgtetattccagaccegtectaaa

cacttcctag
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HNF4alpha:NM_008261:atgcgactctctaaaacccttgecggeatggatatggcegactacagegetgecctggacccagectacaccaceetgga
gittgaaaatgtgcaggtgttgaccatgggeaatgacacgtceccatctgaaggtgccaaccteaattcatccaacageetgggegteagtgecetgtgcgecate
lgtggegaccgggccaccggeaaacactacggagectcgagetgigacgectgeaaggggttcttcaggaggagegtgaggaagaaccacatgtactectge
agglitagccgacaatgtgtggtagacaaagataagaggaaccagtglcgttactgcaggcttaagaagtgettccgggcetggeatgaagaaggaagetgtccaa
aatgagcgggaccggatcageacgeggaggtcaagetacgaggacageagectgecctecatcaacgegeteetgeaggeagaggtictgteccagcagate
accicteccaletctgggatcaatggegacaticgggeaaagaagattgecaacatcacagacgigtgteagtctatgaaggageagetgetggtectggicgagt
gggccaagtacalcecggectictgegaactectictggatgaccaggtgacgctgetcagggcccacgecggigageatetgetgettggagecaccaagag
giccatggigitiaaggacgtgetgetectaggeaatgactacategtecctcggeactgtccagagetageggagatgagecgtgtgtecatcegeatectegat
gagelggiectgeecticcaagagetgeagattgatgacaatgaatatgectgectcaaagecateatcttetttgatccagatgecaaggggctgagtgaccegg
geaagatcaageggctgeggicacaggigeaagtgagectggaggattacatcaacgaccggcagtacgactcicgggeccegetitggagagetgctgetgct
gitgeeccacgetgeagageatcacctggeagatgatcgaacagatceagttcatcaageteticggeatggecaagatt gacaacctgetgcaggagatgcttete
ggaggglctgccagigatgeaccecacacceaccacecectgeacectcacctgatgeaagaacacatgggeaccaatgteattgttgctaacacgatgecctet
cacctcagcaatggacagatgigtgagtggccecgacceagggggcaggcagecactcecgagactceacagecatcaccaccaagtggetegggatcetgaa

tcctacaagclectgecaggagecatcaccaceategtcaagectecctetgecaticececagecaacgatcaccaageaagaageeatctag

HNF4a:NM_022180:atggacatggcigactacagtgctgectiggacccagectacaccaceetggagittgaaaatgigeaggtgtigaccatgggca
atgacacalccccatctgaaggtoccaacctcaactcatccaacagectgggtateagtgecctgtgteccatetgtggegategggecactggeaaacactacg
gageclicaagetgtgacggetgeaagggattcticaggaggageglgaggaagaaccacatgtactectgeaggtitagcaggeagtgegtggtagacaaagat
aagaggaaccagtgtcgttactgcaggetcaagaagtgettecgggctgecatgaagaaagaagecgtccaaaatgagegggateggatcageacgeggagg
tcaagctacgaggacagcagectaccetecattaatgcgetectgecaggeagaggtcctgtctcageagatcaccteececatetetgggatcaatggegacattc
gggccaagaagattgccaacatcacggatglgtgtgagtctatgaaggagceagetgetggtictgetcgaatgggccaagtacatcceggectictgtgaacttett
ctggatgaccaggtggcgeigelcagageccacgetggtgageacctgctgctiggagecaccaagaggtecatggtgttcaaggatetgctgctectaggcaa
tgactacatcgtccctcggCactgtccagagctagcagagatgagccgtgtgtccattcgcatcctcgatgagctggtcttgcccttccaagagctgcagatcgatg
ataatgaatacgcctgectcaaagecateateticttigacceagatgecaaggggctgagtgacccaggeaagatcaageggetgeggteacaggtgcaggty

agectggaggattacatcaacgaccggeagtatgacteteggggtegtittggagagetgctgetgetectgeccactetgeagageattacetggcagatgateg
agcagatccagitcatcaagclctttggeatggecaagattgacaacctgetgcaggagatgetgetiggaggetetgecagtgacgegeeccacgeccaccac

ceectgeacccteacctgatgcaagaacacatgggeaccaatgteatagtigecaacacgatgecctctcacctcageaatggacagatgtgtgagtggcccegg
cceagggggcaggeageeaccecigagactccacagecatcaccaccaagtggetetggatetgaatcctacaagetectgecaggagecateaccaccatey

tcaagectecctctgecatcececagecaacgatcaccaageaggaagecatetag

HNF6:U95945:atgaacgcacagctgaccatggaggegatcggegagetgeacggggtgagecatgageeggtecccgecectgetgacctgetgggce

ggcagecctcacgegegeageiccgigggacacegeggeageeaccetgcctcecgegeaccegegticcatgggeatggegtecetgetggacggcggcag
cggaggeagegattaccaccaccaccaccgegeceectgageacagettggetggceccctgeaceccaccatgaccatggectgtgaaactcececaggtatg
agcatgcccaccacctacactaccttaaccectetgeagecgetgeegeccatetccaccgtgtecgacaagtteccteaccateatcaccaccaccatcaceace
accacccacaccaccaccagegcectggegggeaacgtgageggtagtttcacacttatgecgggatgagegegggctggectetatgaataacctetatacecee
taccacaaggacgtggetggeatgggecagagectctegeeectetetggetecggictgggcageattcacaactcccageaaggacticeccactatgeteat
cecggegeggclatgeccaccgacaagatgetecaccecaaatggetitgaageccaccaccetgecatgeteggtegecacggggageageaccteacgeec
accteggecggeatggtacccatcaacggecticetecegeaccateeteatgeecacctgaatgeecagggecacggacagetectgggcacageccgagage

ccaacceticggigaccggegegeaggtcageaatggaagtaaticagggcagatggaagagatcaataccaaagaggtggegeagegtatcaccaccgage
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fcaaacgttacagcatcecacaggcecatettcgegeagagggtactetgeegticccaggggaccetttcggacctgetgegaaaccecaageectggageaaa
ctcaagicgggtegggagaccticeggaggatgtggaagtiggetgeaggagecggagttceagegeatgteggegeteegettageageetgeaaacggaaa
gagcaagaacatgggaaggacagaggeaacacccccaaaaageccaggcetggtettcacagacgtccaacgtcgaactetacatgeaatattcaaggaaaata
agcglecgtccaaagaattacaaatcaccatctcecageagetggggttgeagctgageactgtcageaacticticatgaatgecagaaggaggagtetggaca

agtggcaggacgagggcggctecaactcaggeagticategtecteatcgageacttgtaccaaageatga

HLXB9:NM_001096823:atggagaagtccaagaatttcaggattgacgctetectggegatagatececccaaggetcagaccteceecattggctetg

gteacctegetgtectectegtetetctcegggageecceegtecgageacactgacagectcaggactgactceecctecectecaaggacttgtggactggtee
Ctaaaccaggtttcctgageagecaccageaccececaaacatgatgteatigeacceccaggetgetecagggatccececteaggecctgtatggacaceeg

atgtacagctacttggcageggggeageacceagetetgtectaceectactcecagatgeagageagecaccacceccaccecatggaccecatcaagateag
cgetggeaccticcaactggaccagiggetcagagecetecactgecggcatgatgetgeccaaaatggeagactitaactcecaggeccaatccaacetgetggg
aaagtgcagaagaccaaggacagcegtitaccagtcageagetgttggaactggagcaccaattcaagetgaacaagtacctetccaggecgaaacgetttgaag
tggcecacttcectgatgetcactgagacgeaggtgaagatetggticcagaacaggcgeatgaaatggaagaggagtaagaaagecaaggageaggeggcgc
aggactcagcagagaaacagcagagggceaggeaagggceageagegaggagaagtgctcggatgagetgecaggaagagaagaaatectaccatetecatee

caggggggageccatcaaagggaacggecgectgeageccagagactatacagacagegaagaggacgaggageageacagggaagaggagoaagag
gaagatcacagaggggagggoaagceggtittaccatcattetictgactgeacatccgaggaagaggagaacagecacaataagecagageggecactga;

NM 019944,

atggaaaaatccaaaaatticegeatcgacgeectgetggecgtggateeccegegageegectecacgeagagegegectetggecttggteacticectege
gactacagtatctggteceggeegeggeggeageggeggcggegooaccagtagegggecgagecgtagetgecagtecegeatecteggaggecactgcea
gegeecggtgaccggotgagagetgagageecgtegeececacgettgetggetgeacactgegegetgetgcccaageccggattectgggcgeeggagg
aggeggceggegeggegggtggaccgggceacteccccaccacecacgegeaccctggtacageagecgeegeggcetgeegetgecgetgeegeggetgeeg
gtggectggeactggggactgeaccegggggacgeacagggcgacgcgggectecctgeacaggeggcetetetatggacacceggtetacagttattcggeag
cagctgeageggeegegetagetggecageaceeggegctttectactcatacecteaggtgcagggegegeaccetgegeaccetgeegaccecatcaaget
gggtgccagceaccttccaactggaccagtggetgcgegegtetactgegggeatgatectgeccaagatgecggacttcagetgtcaggegeagicgaacctcet
tggggaagtaccgaaggectcgeacggecttcaccagecageagetgttggagetggaacaccagitcaagetcaacaagtaccetgtctcgacccaagegtttt
gaggtggctacctcgceteatgetcaccgagactcaggtgaagatitggticcagaacegecgaatgaaatggaaacgeageaaaaaggecaaagageaggcty
cgcaggaggcggagaageagaaggecgecgacgggoocaccggeaaaggeggeagtgaggagaagacggaagaggagetgatggegccteeggtttc
ggggacaaggcaageggccgicgectgegggacttgegggacagtgacectgatgaggacgaggatgatgaagaagaggacaacttcccgtacageaatg

gtgecggtgececatgetgecteatecgactgceteatetgaggacgactegectectecaagactaggegggectggacaccaaccetetgeecccagtag

NM_005515:atggaaaaatccaaaaatttccgeatcgacgeectgetggeegtggateececgegagecgectecacgeagagegegectetggecttgg
tecacticectegegactacagtatetggteceggecgeggeggeageggegocgggogoaccagtageggggcgagecgtagetgeagteecgeatecteg
gaggccactgeagegeecggtgaccggctgagagetgagageccgtegeecccacgcettgetggctgeacactgegegctgetgeccaageccggattectg
ggegeegeaggageceecegcgcegcgeatosaccggacactceccaccaccacgegeaccetggtgeageageegeegeggetgcegetgeegetge
cgeggetgeeggtggecetggeactggggactgeaccegggeggcgeacagggcgacgcgggectcectgeacaggeggctetetatggacacceggtetac
agltattcggeageagcetgeageggecgegetagetggecageacccggegcetttcctacteatacectcaggtgcagggegegeaccetgegeaceetgeeg
accccatcaagetgggtgccageaccttceaactggaccagtggctgegegegtetactgegggatgateetgeccaagatgecggacttcagetgteaggeg
cagtcgaacctctiggggaagtgccgaaggectegeacggecttcaccagecageagcetgttggagetggaacaccagticaagetcaacaagtacctgteteg

acccaagcegtittgaggtggctacctegetcatgetecaccgagactcaggtgaagatttgottccagaaccgecgaatgaaatggaaacgcageaaaaaggeca
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aagagcaggceigegeaggagecgoagaagcagaaggecggcggcgggoeocaccggeaaaggeggcagigaggagaagacggaagaggagctgatgg
ggcectecgglttegggggacaaggeaageggecgtegectgegggactigegggacagtgaccetgatgaggacgaggatgatgaagaagaggacaactte
ccgtacagcaatggtgecggtgeccatgetgecteatecgactgeteatctgaggacgactegectectccaagactaggegggectggacaccaacctetgee

ccagtag

LbxI:NM_006562:atgacticcaaggaggacggcaaggeggegeegggggaggageggcggegeageccgciggaccacctgectecgectgeea
actccaacaagcecactgacgecgticageategaggacatectcaacaagecgtetgtgoggagaagttactegetgtgcggggeggegeacctgctggecge
cgeggacaageacgegeagggcggcttgeecctggegggeogegegetgctetcgeagacclegecgelgtgegegetggaggagctcgecageaagacg
tttaaggggctggaggatecagegtictgeaggeageecgaaggecgegacggtatgaccatetitgggcageggeagacecctaagaageggegaaagtegege
acggccticaccaaccaccagatctatgaattggaaaagegcetitetataccagaagtacctgtcecccgecgategegaccaaategegeageagetgggccte
accaacgcegceaagtcatcacctggticcagaatcggegegetaagetcaagegggacctggaggagatgaaggecgacgtagagtcegecaagaaactggg

ccccagegggeagatggacategiggegetggecgaactegageagaactcggaggecacageeggeggtegeggeggetgcggcagggccaagtegag
geceggetetecggtectececcecaggegeeccgaaggeceegggegetggegecctgeagetetegectgectetecgeteacggaccagecggecagea

geeaggactgeteggaggacgaggaagacgaagagatcgacgtggacgattga; NM_ 010691,

Lmx1b:atgttggacggcatcaagatggaggageacgecctgegeceeg ggeecgecactetgggestoctgctggoctecgactgeccgeateeegeegt
ctgcgagggctgccageggeccatctecegacegceticetgatgegagtcaacgagtegtectggeacgaggagtgtttgcagtgcgeggegtgtcageaagec
ctcaccaccagetgetacttcegggatcggaaactgtactgcaaacaagactaccaacagetcticgeggecaagtgeageggcotgeatggagaagategecee
caccgagticgtgatgegggegctggagtgcgtataccacctgggetgcttctgctgctgcgtatgtgaacggeagetacgeaagggegacgaattegtgctea
aggagggccagetgclglgcaagggtoactacgagaaggagaaggaccigetcagetecgtgageccegacgagteegactcegtgaagagegaggatgaa
gatgggpacatgaagecggecaaggggeagggeagtcagageaagggcagegggegatgacgggaaggaccegeggaggeccaagegacceeggaccea
lecteaccacgeageagegaagagecttcaaggectecttegaggietegtegaagecttgecgaaaggteccgagagacactggeagetgagacgggecteag
tgtgcgegtggtecaggtetggtttcagaaccaaagageaaagatgaagaagetggegeggeggeaccageageageaggageageagaacteccageggce
tgggccaggaggtectgtccagecgeatggagggeatgatggettectacacgecgetggecccaccacageageagatcgtggecatggaacagageccect
acggcagcagcegaccecttccageagggcectcacgecgecccaaatgecagggaacgactecateticeatgacatcgacagegatacctecttaaccagecte
agcgactgcﬁcctcggctcctcagacgtgggctccctgcaggcccgcgtggggaacCCcatcgaccggctctactccatgcagagttcctacttcgcctcctga;

NM 010725

Neurogenin(NEUROG1):NM_006161:atgccagcecgecttgagacctgeatetecgacctegactgegecageageageggeagigacctat
ccggcttectcaccgacgaggaagactgtgecagactccaacaggeagecteegeticgggaecgeecgegeecggeccgeaggggegegeccaatatetee

cgggcgtctgaggticcaggggeacaggacgacgageaggagaggeggeggegecgeggecggacgegggtecgetecegaggegetgctgeactegetg
cgeaggagcecggegcegticaaggecaacgategegagegeaaccgeatgeacaactigaacgeggecctggacgeactgegeagegtgetgecectegtteee
cgacgacaccaagctcaccaaaatcgagacgetgegeticgectacaactacatctgggctetggeegagacactgegectggeggatcaagggctgceegga
ggeggtgcccgggagegecteetgeecgecgeagtgegteeectgectgeeeggtecccecaageccegecagegacgeggagtectggggcteaggtaeeg

cegeegecteccegetetetgaceccagtageccageegectecgaagacticacctaccgecceggegaccectgttitctecttcccaagectgeccaaagactt

gctecacacaacgecctgttteattecttaccactag; BQ169355.

Neurogenin2(NEUROG2):NM_024019:atgttcgtcaaatccgagaccttggagttgaaggaggaagaggacgtattagtgctgcteggategg
cetceccegectiggeggecctgacceegetgteatecagegecgacgaagaagaggaggaggagecgggegegteaggeggggegegteggeagegeg
gggctgaggeegggcaggggacgcgeeacggegtggctgegggtecggaggoctaccggeccgeacggetigetgggtetggtacacgattgecaaacgge

geectteecgggegegggecgtetcecgaggegecaagacggecgagacggigeagegeatcaagaagaccegtagactgaaggccaacaaccgegage
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gaaaccgcatgcacaacctcaacgcggcactggacgcgctgcgcgaggtgctccccacgttccccgaggacgccaagcteaccaagatcgagaccctgcgct
tcgcccacaactacatctgggcactcaccgagaccctgcgcctggcggatcactgcgggggcggcggcgggggcctgccggh ggcgctctictccgaggea
gtgttgctgagcccgggaggcgccagcgccgccctgagcagcagcggagacagcccctcgcccgcctccacgtggagttgcaccaacagccccgcgccgt

cctcctccgtgtcctccaattccacctccccctacagctgcactttatcgcccgccagcccggccgggtcagacatggactattggcagcccccacctcccgacaa

gcaccgetatgeaccicacctecceatagecagggatigtatetag; DR001447.

Neurogenin3(NEUROG3):atgacgcctcaacectegggtgcgeccactglecaagtgaccegtgagacggageggteeticeccagagecteggaa
gacgaagtgacctgccccacgtccgccccgcccagccccactcgcacacgggggaactgcgcagaggcggaagagggaggctgccgaggggccccgag
gaagciccgggeacggegcgggggacgeagecggectaagagegagitggeactgageaageagegacggagloggcgaaagaaggeeaacgaccses
agcgcaatcgaatgcacaacctcaactcggcactggacgccctgcgcggtgtcctgcccaccttcccagacgacgcgaagctcaccaagatcgagacgctgcg
cttc gcccacaactacatctgggcgctgactcaaacgctgcgcatagcggaccacagcttgtacgcgctggagccgcc ggcgeegeactgegggeagelggy
cagcccaggcggttcccccggggactgggggtccctctactccccagtctcccaggctggcagcctgagtcccgccgcgtcgctggaggagcgacccgggcl

gctggggeccaccittteccgectgettgageccaggeagtetggettictcagatttictgtga; NM_009719.

MASHI:NM_004316:atggaaagctctgecaagatggagageggeggcgecggeeageageeccagecgeageeccageageeetteetgeege
ccgcagcctgtttctttgccacggccgcagccgcggcggccgcagccgccgcagcggcagcgcagagcgcgcagcagcagcagcagcagcagcagcagc
agcagcaggcgccgcagctgagaccggcggccgacggccagccctcagggggcggtcacaagtcagcgcccaagcaagtcaagcgacagcgctcgtcttc
gcccgaactgatgcgctgcaaacgccggctcaacttcagcggctttggctaeagcctgccgcagcagcagccggccgccgtggcgcgccgcaacgagcgcg
agcgcaaccgcgtcaagttggtcaacctgggctttgccacccttcgggagcacgtccccaac ggcgegeccaacaagaagatgagtaaggtggagacactec
getegge ggtcgagtaoatccgcgcgctgcagcagctgctggacgagcatgacgcggtgagcgccgccttccaggcaggc gteetgicgeccaccatetece
ccaactactccaacgacttgaactccatggccggctcgccggtctcatcctactcgtcggacgagggctcttacgacccgctcagccccgaggagcaggagctt

ctegacticaccaactggttctga; NM_008553.

MyoD:NM 010866:atggagctictatcgecgecactecgggacatagactigacaggeccegac ggctetetetgetectttgagacageagacgactt
ctatgatgacccgtgtttcgactcaccagacctgcgcttttttgaggaectggacccgcgcctggtgcacatgggagccctcctgaaaccggaggagcacgcaea
cttccctactgcggtgcacccaggcccaggcgctcgtgaggatgagcatgtgcgcgcgcccagcgggcaccaccaggcgggtcgctgcttgctgtgggcctg
caaggcgtgcaagcgcaagaccaccaac gctgatcgccgcaaggccgccaccatgcgcgagcgccgccgcctgagcaaagtgaatgaggcCttcgagacg
ctcaagcgctgcacgtccagcaacccgaaccagcggctacccaaggtggagatcctgcgcaacgccatccgCtacatcgaaggtctgcaggctetgctgcgcg
accaggacgccgcgccccctggcgccgctgccttct’acgcacctggaccgctgcccccaggccgtggcagcgagcactacagtggcgactcagatgcatcca
gcccgcgctccaactgctctgatggcatgatggattacagcggccccccaagcggcccccggcggcagaatggctacgacaccgcctactacagtgaggcgg
cgegegagtecaggecagggaagagtocggctgtgte gagcectegactgectgtecageatagtggagegeatetecacagacagececgetgegeetgege
tgcttttggcagatgcaccaccagagtcgcctccgggtccgccagagggggcatccctaagcgacacagaacagggaacccagaccccgtctcccgacgccg
ccecteagtgtectgeaggetcaaaccccaatgegatttatcaggtgetttga,
NM_002478:atggagctactgtcgccaccgctccgcgacgtagacctgacggcccccgacggctctctctgctcctttgccacaacggacgacttctatgac
gacccgtgtttcgactecee ggacctgcgcﬁcttcgaagacctggacccgcgcctgatgcacgtgggcgcgctcctgaaacccgaagagcactcgcacttccc
cgcggcggtgcacccggccccgggcgcacgtgaggacgagcatgtgcgcgcgcccagcgggcaccaccaggcgggccgctgcctaetgtg vocctgeaa
ggcgtgcaagcgcaagaccaccaacgccgaccgccgcaaggccgccaccatgcgcgagcggcgccgcctgagcaaagtaaatgaggcctttgagacactc
aagcgctgcacgtcgagcaatccaaaccagcggttgcccaaggtggagatcctgcgcaacgccatccgctatatcgagggcctgcaggctctgctgcgcgacc
aggacgccgcgccccctggcgccgcagccgccttctatgcgccgggcccgctgcccccgggccgcggcggcgageaetacagcggcgactccgaogcgt
ccagcccgcgctccaactgctccgacggcatgatggactacagcggccccccgagcggcgcccggcggcggaactgctacgaaggcgcctactacaacga
ggcgcccagcgaacccaggcccgggaagagtgcggcggtgtcgagcctagactgcctgtccagcatcgtggagcgcatctccaccgagagccctgcggcg
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ceegeectectgetggeggacgtgectictgagicgectecgegeaggeaagaggetgecgeccecagegagggagagageageggegaccecacecagt

caccggacgecgeeccgeagtgeectgegggtgegaaccecaaccegatataccaggtgcetetga.

Myf5:NM_005593:atggacgtgatggatggctgecagttcteacctictgagtacttctacgacggetectgeatacegteeccegagggtgaatttggeg
acgagtttgtgccgegagtggcetgecttcggagegeacaaageagagetgeagggctcagatgaggacgageacgtgcgagegeetaccggeeaccaccag
getggteactgecteatgtgggectgcaaagectgcaagaggaagtccaccaccatggatcggeggaaggcagecactatgegegageggaggegectgaa
gaaggtcaaccaggctticgaaaccctcaagaggtgtaccacgaccaaccccaaccagaggetgeccaaggtggagatectecaggaatgecateegetacate
gagagectgeaggagtigetgagagageaggtggagaactactatagectgecgggacagagetgetcggageccaccagececacctecaactgetetgat

ggcatgeccgaatgtaacagtectgtetggtecagaaagageagtacttttgacageatetactgleclgalglalcaaatgtatatgeccacagataaaaactecttat
ccagcttggattgcttatccaacatagtggaccggatcaccticelcagageaacctgggttocctetecaggatetggetictetetetecagttgecageaccgatt

cacagectgeaactccaggggcttctagttccaggcttatetateatgtgetatga; NM 131576, NM_008656.

Myf6:NM_002469:atgatgatggacctitttgaaactggetectattictictactiggatggggaaaatgttactctgeagecattagaagtggcagaagge
tetectttglatccagggagtgatggtaccttgtcecectgeccaggaccaaatgececcggaagegggegagegacageageggagaggaacatgteetggegc
ccecgggcectgeagectceacactgeeceggecagtgtetgatetgggcttgcaagacctgecaagagaaaatetgeceecactgaccggegaaaagecgecac
cctgegegaaaggaggaggcetaaagaaaatcaacgaggectticgaggeactgaageggegaactgtggecaaccccaaccagaggetgeccaaggtegag
attctgcggagegecatcagetatattgageggctgeaggacctgetgeaccggetggatcageaggagaagatgcaggagetgggggtgoaceecttcaget
acagacccaaacaagaaaatcitgagggtecggatttcctgegeacctgeageteccagtggecaagtgtttccgateattccaggggectegtgataacggcta
aggaaggaggagcaagtattgattcgtcagectegagtagecttcgatgectttettecategtggacagtatttcetcggaggaacgeaaactecectgegtgea
ggaagtggtecagaagtaa  NM_008657; NM_008657; NM_013172.

Ifrd1:NM_001007245:atgccgaagaacaagaageggaacactccccaccgeggtageagtectggeggegeegggteaggageageegcageg
acggcggegacageaggtggecageatcgaaatgttcagecttttagtgatgaagatgeatcaattgaaacaatgagecattgeagtggttatagegatectteca
gttttgctgaagatggaccagaagtectigatgaggaaggaactcaagaagacctagagtacaagttgaagggattaattgacctaaccctggataagagtgcga
agacaaggcaagcagclcttgaaggtlattaaaaatgcactggcttcaaaaatgctgtatgaatttatictggaaaggagaatgactttaactgatagcattgaacgct
gcclgaaaaaaggtaagagtgatgagcaacgtgeagetgeagegttageatctgticttigtattcagetgggecctggaattgaaagtgaagagatittgaaaact
cttggaccaatcctaaagaaaatcatttgtgatggotcagetagtatgeaggetaggeaaactigtgcaacttgetttggtgtttgctgttttattgecacagatgacatt
actgaactatactcaactctggaatgtttggaaaatatcticactaaatcctatctcaaagagaaagacactactgttatttgcageactectaatacagtgctteatatea
gcteteticttgeatggacactactgetgaccatatgeccaatcaatgaagtgaagaaaaagettgagatgcatttccataagettccaagectectetettgtgatgat
gtaaacatgagaatagctgetggtgaatctitggeacttetetitgaattggccagaggaatagagagtgactttttitatgaagacatggagtecttgacgcagatgct
tagggccttggcaacagatggaaataaacaccgggccaaagtggacaagagaaagcageggteagttttcagagatgtectgagggeagtggaggaacggea
ttttccaacagaaaccattaaatttggtectgaacgeatgtatattgatigetgg gstaaaaaaacacacctatgacacctitaaggaggttettggatcagggatgcagt
accacttgcagtcaaatgaattccttcgaaatgtatttgaacttggacceccagtgatgettgatgetgcaacgettaaaacgatgaagatitctegtttcgaaaggeat

ttatataactctgcagecttcaaagetcgaaccaaagetagaagcaaatgicgagataagagagcagatgttg sagaattettctag.

Mef2A:NM_013172:atggggcggaagaaaatacaaatcacacgcataatggatgaaaggaaccgacaggtcacttttacaaagagaaagtitggattaa
tgaagaaagcctatgaacttagtgtgetetgtgactgtgaaatageacteatceattttcaacagcetctaacaaactgtttcaatatgetageactgatatggacaaagtt

citctcaagtatacagaatataatgaacctcatgaaageagaaccaactcggatattgttgagoctctgaacaagaaggaacacagagggtocgacageccagac
cctgatacttcatatgtgetaactccacatacagaagaaaaatataaaaaaattaatgaggaatttgataatatgatgcggaatcataaaatecgeacctggtetgeeac
ctcagaacttttcaatgtctgtcacagticcagtgaccageeccaatgettigtectacactaacccagggagttcactggtgtecccatetttggeagecagceteaac

gltaacagaticaagcatgetctetccacclcaaaccacattacatagaaatgtgtetectggagetectcagagaccaccaagtactggeaatgeaggteggatgtt
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gagcactacagaccicacagtgccaaatggagctggaageagtccagtggeoaatgeatttgtaaactcaagagettctecaaatttgattggagetactggteca
aatagctlaggcaaagtcatgectacaaagteteceectecaccaggtggtgetaatettggaatgaacagtaggaaaccagateticgagttgteatcececcttca
agcaagggcatgatgectecactatcggaggaagaggaattggagttgaacacccaaaggateagtagtictcaagecactcaacctettgetaceceagtegtg
tetgtgacaaccccaagcettgecteegeaaggacttgtgtactcageaatgecgactgectacaacactgattattcactgaccagegetgacctgteageccttca
aggclicaacicgecaggaatgetgtegetgggacaggtoteggectggeageageaccacctaggacaageageecteagetetettgttgctggagegcagt
tatctcagggttccaatttatccattaataccaaccaaaacatcageatcaagtccgaaccgatttcacctectegggategtatgaceccategggcticcageage
agcagcagcagcagcagcagceageagecgecgeeaccaccgeageeecagecacaacccecgeageccecageceegacaggaaatggggegeteecct
glggacagtetgageagcetctagtagetectatgatggeagtgatcgggaggatccacggggegacticcattetccaattgtgetiggecgacceccaaacactg

aggacagagaaagcccttctgtaaagegaatgaggatggacgegtgggtgacctaa.

Myogenin:NM_002479:Atggagctgtatgagacatceecctacttctaccaggaaccecgetictatgatggggaaaactacctgectgtecaceteca
gggcticgaaccaccaggctacgageggacggagetcacectgagececgaggeecccagggececttgaggacaagggectggggacceccgageactgt
ccaggeceagtgectgeegtgggegtgtaaggtgtgtaagaggaagtegatetecgtggaccggeggegggeggecacactgagggagaagegcaggctca
agaagglgaatgaggccttcgaggecctgaagagaageaccetgcicaaccccaaccageggetgeecaaggtg gagatectgegeagtgccatecagtacat
cgagegeciccaggecctigeteageteecteaaccaggaggagegtgaccicegetaccggggegggeacggaccccagecaggggtecccagegaatge
agctcicacagegectectgeagtecagagtggggeagtgeactggagticagegecaacccaggggateatetgetcacggetgacectacagatgeccaca
acctgeactcccteacctecategtggacageatcacagtggaagatgtgtetgtggcceticccagatgaaaccatgeccaactga; BC053899;

BC068019; AB257560.

Nkx2.2:NM_002509:atgtcgctgaccaacacaaagacggggttticggtcaaggacatettagacctgecggacaccaacgatgaggaggectetgtg
gecgaaggiccggaggaagagaacgaggegoccegagecageeaagagggccgggecgetggggeagggegecctggacgeggtegcagageetgeece
tgaagaaccccttctacgacageagegacaaccegtacacgegctggctggecageaccgagggcctteagtactecctgeacggtetggetgceggggcge

ceceleaggactcaagetecaagteeceggageecteggecgacgagtcaceggacaatgacaaggagacceegggeggegggegggacgceggeaaga
agcgaaageggcgagigctitictccaaggegeagacctacgagetggageggegctitcggeageageggtacctgteggegeecgagegegaacaccetgg
ccagecteatecgecteacgeccacgeaggteaagatctggticcagaaccaccgetacaagatgaagegegecegggecgagaaaggtatggaggtgacge
ceetgeectegecgegecgggtggecgtgeccgtettggleagggacggeaaaccatgtcacgegetcaaageccaggaccetggeageegecacctteeagg
cgggcatteccttitetgectacagegegeagtegetgeageacatgeagtacaacgeccagtacagetcggecageacececcagtaccegacageacacee

cetggtecaggeccageagtggacttggtea; NM 001077632; NM_010919.

Notch

Notch1:NM_017617:atgccgecgetectggegeccctgetetgectggegetgetgecegegetegeegeacgaggcecgegatgeteccageeeg

glgagacctgectgaatggegggaagigigaageggecaatggeacggaggcctgegictgtggeggggccitcgtgggeccgegatgecaggaccccaac
ccgtgecteageaccecetgeaagaacgecgggacatgecacgtggtggaccgeagaggeglggeagactatgectgeagetgtgeectgggcttetetggge
cectetgectgacaccectggacaatgectgecteaccaaccectgecgeaacgggggcacctgegacctgetcacgetgacggagtacaagtgeegetgece
geeeggetggtcagggaaategtgecageaggetgaccegtgcgectecaaccectgegecaacggtggecagtgectgcecttcgaggectectacatetge
cactgcecacceagettecatggecceacctgecggeaggatgtcaacgagtgtggecagaageecgggctitgecgecacggaggeacctgecacaacgag
gtcggetectaccgetgegtetgecgegecacceacactggeeccaactgegageggecctacgtgecctgeagecectegeectgccagaacgggggeace

tgecgeeccacgggegacgtcacccacgagtgtgectgectgccaggcttcaccggecagaactgtgaggaaaatatcgacgatigtecaggaaacaactgea
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agaacggggetecclgtgtogacggcgtgaacacctacaactgeegetgeccgecagagtggacaggteagtactgtaccgaggatgtggacgaglgccage
tgatgccaaatgectgecagaacggegggacctgecacaacacccacggtggetacaactgegtgtgtgtcaacggctggactggtgaggactgeagegaga
acattgatgactgtgccagegecgectgettccacggegecaccigecatgaccgtgtggectecttctactgegagtgtecccatggecgeacaggtetectgte
ccacctcaacgacgcatgeatcageaaccectgtaacgagggctecaactgegacaccaaccctgtcaatggeaaggecatetgeacctgecectecggggtac
acgggeccggcectgcagecaggacgtggatgagtgctegetgggtgccaaccectgegageatgegggcaagtgcatcaacacgetgggctecttegagtge
cagtgtctgcagggctacacgggcccecgatgegagatcgacgtcaacgagtgcgtetcgaaccegtgecagaacgacgecacctgectggaccagattggg
gagttccagtgcatctgcatgeceggctacgagggtgotocactgegaggtcaacacagacgagtgtgccageageccctgectgeacaatggecgetgectgg
acaagatcaatgagttccagtgegagtgccccacgggcttcactgggcatctgtgccagtacgatgtggacgagtgtgccageaccccctgecaagaatggtece
aagtgcctggacggacccaacacttacacctgtgtgtgcacggaagggtacacggggacgcactgegaggtggacatcgatgagtgcgaccccgaccectge
cactacggctectgcaaggacggegtegecaccttcacctgectetgecgeccaggetacacgggecaccactgegagaccaacatcaacgagtgcetecagee
agccctgeegecacgggggcacctgecaggaccgegacaacgectacctetgettetgectgaagggooaccacaggaccecaactgegagatcaacctggatg
actgtgccagceageccctgegactcgggcacctgtetggacaagatcgatggetacgagtgtgectgtgagecgggctacacagggageatgtgtaacatcaac
atcgatgagtgtgcggocaaccectgecacaacgggggceacctgegaggacggcatcaatggcttcacctgeegetgecccgagggcetaccacgaccecace
tgectgtctgaggtecaatgagtgcaacageaaccectgegtecacggggectgeccgggacagectcaacgggtacaagtgegactgtgaccetgggtggagty
geaccaactgtgacatcaacaacaatgagtgtgaatccaacectigtgtcaacggcggcacctgcaaagacatgaccagtggcetacgtgtecacctgecgggag
ggcttcageggteccaactgecagaccaacatcaacgaglgtgcgtccaacccatgtetgaaccagggeacgtgtattgacgacgttgecgggtacaagtgcaa
ctgeetgetgecctacacaggtgccacgtgtgaggtgetgctggeccegtgtgcceccagecectgcagaaacggegggegagtgcaggcaateccgaggacta
tgagagcttctectgtgtetgecccacgggctggecaagggcagaccetgtgaggtcgacatcaacgagtgegtictgageecgtgecggeacggegcatectgec
agaacacccacggeggctaccgetgecactgecaggecggctacagtggocgeaactgegagaccgacatcgacgactgecggeccaaccegtgtcacaac
ggoooctcctgecacagacggcatcaacacggectictgegactgectgeccggeticeggggcactitctgtgaggaggacatcaacgagtgtgecagtgace
cctgecgeaacggggcecaactgeacggactgegtggacagetacacgtgeacctgecccgeaggettcagegggatecactgtgagaacaacacgectgact
gcacagagagctectgettcaacggtggcacctgegtggacggcatcaactegttcacctgectgtgtecacceggcettcacgggcagcetactgccageacgat
gtcaatgagtgcgactcacagecctgectgeatggeggcacctgtcaggacggetgeggctectacaggtgeacctgeccccagggctacactggecccaact
gccagaacctigtgecactggtgtgactectecgecctgecaagaacggeggceaaatgetggeagaccecacacccagtaccgetgegagtgeccecageggctgga
ceggectttactgegacgtgcccagegtgtectgtgaggtggctgcgecagegacaaggtgtigacgttgeccgectgtgccageatggagggctetgtgtggac
gegggcaacacgceaccactgecgetgecaggegggctacacaggeagetactgtgaggacctggtggacgagtgctcacccagecectgecagaacgggg
ccacctgeacggactacctgggeggctactectgeaagtgegtggccggcetaccacggggigaactgetctgaggagatcgacgagtgecteteccaccectg
ccagaacgggggcacctgcctegacctecccaacacctacaagtgctectgeccacggggcactcagggtotgcactgtgagatcaacgtggacgactgcaat
ceeccegttgacecegtgteccggagecccaagigetttaacaacggeacctgegtggaccaggtgggcggctacagetgeacctgeccgecgggcticgteg
gtgagegctgtgagggegatgtcaacgagtgcctgtecaatecctgegacgeccgtggcacceagaactgegtgcagegegteaatgacttccactgegagts
cegtgetggteacaccgggcgecgetgegagtecgtcatcaatggetgeaaaggeaagecctgeaagaatgggggcaccetgegeegtggectccaacacege
ccgegggttcatetgeaagtgecctgegggettcgagggocgecacgtgtgagaatgacgetegtacetgeggeagectgegetgectecaacggeggeacatge
atctceggeccgegceagecccacctgectgtgeotgggececttcacgggecccgaatgecagttceceggecageageccctgectgggeggeaaccectget
acaaccaggggacctgtgageccacatecgagagecccttctacegttgectgtgecccgecaaaticaacgggcetetigtgecacatcctggactacagetteg
gegotogooccggocgcgacatcceceegeegetgatcgaggagocgtocgagetgeccgagtgecaggaggacgegggcaacaaggtcetgcageetge
agtgcaacaaccacgegtgcggctgggoacggcggtoactgcteectcaacttcaatgaccectggaagaactgeacgeagtetctgeagtgetggaagtactte
agtgacggccactgtgacagccagtgcaactcagecggctgectcticgacggctitgactgecagegtgcggaaggccagtgcaaccecctgtacgaccagt
actgcaaggaccacttcagcgacgggceactgcgaccagggctgcaacagegeggagtgegagtgggacgggctggactgtgcggageatgtacccgagag

getggecggecggeacgetggtggtgetogtoctgatgccgecggageagetgegeaacagcetecttecacttectgegggagcetcageegegtgctgcacacce
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aacgtggtcettcaagegtgacgeacacggccageagatgatcttecectactacggeegegaggaggagetgegeaageacceeatcaagegtgeegecgag
ggetggoccgeacctgacgecctgetggaccaggtgaaggectegetgeteectggtggcagegaggetgeecggcgacggagogagctggacceeatgg
acgteegeggcetecategletacctggagatigacaaccggeaglgtgtgcaggectectecgeagtgcticcagagtgecaccgacgtggecgceattectggga
gegetegectegetgggeagectcaacatccectacaagatcgaggecgtgcagagtgagaccgiggagecgeccecgecggegeagetgcacttecatgtac
gtggcggcggccgectttgtgctictgttcitegtggactgcgpgatectgetgtccecgeaagegecggeggeageatggecagetetggttecctgagggctte
aaagtgtctgaggecageaagaagaageggegggageccctcggegaggacteegtggecctcaagecectgaagaacgcttcagacggtgeccteatgga
cgacaaccagaatgagtggeoooacgaggacctggagaccaagaagiteceggttcgaggageccgtggtictgectgacctggacgaccagacagaccace
ggcagtggoactcagcagceacctggatgeegetgacctgegeatgtctgecatggeccecacaccgecccagggtgaggttgacgecgactgeatggacgtca
atgtcegegggcctgatggcttcacceegetcatgategectectgeageggggacggocctggagacgggcaacagegaggaagaggeageacgcgecggc
cgtcatctecgacttcatctaccagggegecagectgeacaaccagacagaccgeacgggegagaccgecttgeacctggecgeecgcetactcacgetetgat
geegecaagegectgetggaggecagegeagatgecaacatccaggacaacatgggecgeaceecgetgeatgeggctgtgtetgecgacgeacaaggtgt
cttccagatcctgatecggaaccgagecacagacctggatgeccgeatgeatgatggeacgacgecactgatectggetgeeccgectggeegtggagggecatg
ctggaggacctcatcaactcacacgecgacgtcaacgecgtagatgacctgggcaagtecgecctgeactgggecgecgecgtgaacaatgtggatgecgea
gttgtgctectgaagaacgggectaacaaagatatgcagaacaacagggaggagacaccectgtitetggecgeecgggagggcagetacgagacegecaag
gtgcetgetggaccactitgecaaccgggacatcacggatcatatggacegectgecgegegacatcgeacaggagegceatgeatcacgacategtgagoctge
tggacgagtacaacctggtgcgeageccgeagetgecacggageceegetgggggocacgececaccetgtegecceegetetgetegeecaacggcetacctg
ggcagectcaageecggegtgecagggcaagaaggtecgeaageccageageaaaggectggectgtggaageaaggaggccaaggacctcaaggeacgg
aggaagaagteccaggacggcaagggctgcctgetggacagetceggeatgetetcgeeegtggactecetggagtcaccecatggetaccetgtcagacgtgg
cctegecgecactgetgeccteceegttecageagteteegtecgtgecectcaaccacctgectgggatgeccgacaccecacctgggeatcgggeacctgaac
gtegcggccaageccgagatggeggcgctggetgoooecgaccgactggectitgagactggeccacctegtetcteccaccetgectgtggectctggeace
agcaccgtectgggctccageageggaggggecctgaatticactgtgggcegpgtecaccagtttgaatggteaatgegagtggctgteceggetgeagageg
gcatggtgccgaaccaatacaaccctetgegggegagtgtggcaccaggecccctgageacacaggecccctecctgeageatggeatggtaggeeegetge
acagtagcecttgetgecagegecectgteecagatgatgagetaccagggectgeccageacceggetggecacccagecteacctggtgcagacccageaggt
gcagccacaaaacttacagatgcagcagcagaacctgeagecageaaacatccageageageaaagectgeagecgecaccaccaccaccacagecgeac
citggegtgagetecageagecageggecacctgggccggagcticctgagtggagagecgagecaggeagacgtgeagecactgggecccageagectgg
cggtgceacactattctgccccaggagageeccgecectgeecacgtegetgecatectegetggteecaceegtgaccgeageccagttectgacgeeceecteg
cagcacagctactcctegectgtggacaacacceecageeaccagetacaggtgectgageaceccttectcaceccgteecctgagteccctgaccagtggte
cagctegtceeccgeattecaacgtetecgactggteccgagggecgtetecageccetcecaccageatgeagteccagategeccgeattccggaggcecticaagta

a; AF159231.
NOTCH2:NM_024408; NM_010928.

NOTCH3:NM 000435:atggggccgggggeecgtggecgecgecgecgecgtegecegatgtegecgecacegecaccgecaceegtgeggge
getgeeectgetgetgetgctageggggecgggggctgcagecceeccttgectggacggaagecegtgtgeaaatggaggtegttgeacceagetgecectee
cgggaggctgectgectgtgeccgectggctgggtgootoageggtgtcagetggaggaccectgteactcaggeecctgtgetggecgtggtgtetgecaga
gttcagtggtggactggcaccgeccgattctcatgeeggtgeccecgtggeticcgaggecctgactgeteectgecagateectgectecageagececttgtgeee
acggtgccegetgetcagtgggeccegatggacgcettcctetgetectgeccacctggetaccagggecgeagetgecgaagegacgtggatgagtgecgget
gggtgageectgecgecatggtggcacctgectcaacacacctggcetectteegetgecagtgtecagetggetacacagggecactatgtgagaacceegeg
gtgccetgtgeaccctcaccatgecgtaacgggggcacctgecaggeagagtggcgaccteacttacgactgtgectgtcettectgggtitgaggatcagaatigty
aagtgaacgtgeacgactgtccaggacaccgatgtctcaatgggggeacatgegtggatggcgicaacacctataactgccagtgecctectgagtggacagg
ccagtictgeacggaggacgtggatgagtotcagetgcageccaacgectgecacaatggggotacctgcttcaacacgetgggtggccacagetgegtgtoty

88



h

10

15

20

25

30

35

tcaatggcetggacaggegagagetgeaglcagaatatcgatgactgtgecacageegtgtgettccatggggecacctgeeatgaccgegtggctictitetactg
tgcetgececatgggeaagactggecteetgtgteacctggatgacgecetgtgtcageaacccctgecacgaggatgctatctgtgacacaaatceggtgaacgg
ccgggccatttgeacctgteeteccggcettcacgggtgggeacatgtgaccaggatgtggacgagtgctetatcggegecaaceectgegageacttgggeaggt
gegtgaacacgeagggctecticetgtgecagtgeggtegtggctacactggacctegetgtgagacegatgtcaacgagtetetgteggggecctgecgaaac
caggccacgtgectcgacegeataggecagttcacctgtatetgtatggcaggcttcacaggaacctatigegaggtegacattgacgagtgtcagagtageeee
tgtgtcaacggtegggglctgeaaggaccgagicaatggcticagetgeacctgeecctegggcettcageggctecacgtgtcagetggacgtggacgaatgege
cagcacgccectgeaggaatggcgecaaatgegtggaccageccgatggetacgaglgeegetgtgecgagggctiteaggocacgctgtgtgatcgeaacgt
ggacgactgcetecectgacccatgecaccatggtegetgegtggatggcategecageticteatgtgectgtgetectggetacacgggcacacgetgegaga
gecaggtggacgaatgecgeagecagecectgecgecatggeggeaaatgectagacetggtggacaagtacctetgecgetgecctictgggaccacaggtgt
gaactgcgaagtgaacattgacgactgtgccagcaacccctgcacctttggagtctgccgtgatggcatcaaccgctacgactgtgtctgcéaacctggcttcaca
gggceccectttgtaacgtggagatcaatgagtgtgcticcageccatgeggcgagggagoticetgtgtggatggggaaaatggcttecgetgectetgeccgect
ggctecttgececcactetgectecceecgagecatecctgtgeccatgagecctgeagteacggeatctgetatgatgeacctggeggeticegetgtetatatg
agcetggetggapgtegcceccgetgeagecagagectggeecgagacgectgtgagteccagecgtgeagggeeggtgggacatgcageagegatggaat
geglttccactgeacctgecegectggtglccagggacgteagtgtgaactecicteccectgeaccecgaaccectgtgageatggggeccgetgcgagtetg
ccectggecagetgectgtetgetectgeceecagggetggeaaggeccacgatgecageaggatgtggacgagtgtgctggeccegeacectgtggcectea
tggtatctgeaccaacctggeagggagittcagetgeacctgecatggagggtacactggeccticctgegatcaggacatcaatgactgtgaccccaaccecatg
cctgaacggtggctegtgccaagacggegtgggcetectitiectgetectgectecctggtitcgecggeccacgatgegeccgegatgtggatgagtgcctgag
caacccclgeggeccgggeacctgtaccgaccacgtggectecticacctgeacctgeccgecaggetacggaggcticeactgegaacaggacctgecegac
tgcagecccagcetectgeltcaatggegggacctgtgtggacggcgtgaactegticagetgectgtgecgteccggcetacacaggageccactgecaacatga
gcagaccectgeetetcgeggecectgectacacgggggcgtetgeagegecgeccaccectggeticegetgeacctgectcgagagceticacgggeccgea
gtgccagacgetggtggattggtocagecgecagectigicaaaacggggotegctgegtecagactggggcctattgectttgtceccetggatggageggac
gectctgtgacatcegaagettgeectgeagggaggecgeageecagatcggegtecgectggageagetgtetcaggegggtgggcagtgtotegatgaag
acagctcccactactgegtgtgeccagagggecgtactggtagecactgtgageaggaggtegaccectgettggcccageectgecageatggggggacct
geegtggctatatgggegectacatgtgtgagtgteticctggetacaatggtgataactgtgaggacgacgtggacgagtgtgccteccageectgecageacg
ggggticatgceattgacctegtggeccgcetatetetgetectgteccecaggaacgetggggotacteigegagattaatgaggatgactgcggeccaggeccac
cgctggacteagggecccggtgecetacacaatggeacctgegtggacctggtggatogtitccgetgeacctgtececceaggatacactggtitgegetgcgag
gceagacatcaatgagtgtegetcaggtecctgecacgeggeacacaccegggactgectgcaggacccaggeggaggtitcegttgectttgteatgetggctte
teaggtcctegetgteagactgtectgteteectgegagteccagecatgecageatggaggecagtgecgtectagecegggtectgggegtgaectgacctte
acctgtcactgtgeecageegtictggggtecgegttgegagegggtggcgegeteetgecgggagetgecagtgeceggtgggegteeccatgecageagacg
ceecgegggecegegetgegectgeceeccagggltgicgggaccecteetgeegeagettceeggggtegecgeegggggccageaacgecagetgegegg
ccgececcectgtetecacgggggelcetgecgeecegegecgcetegegeccticttecgetgegettgegegeagggetggaccgggeegegetgcgagecgc
cecgeegeggceaccegaggtetcggaggageegeggtgceegegegecgectgecaggecaagegeggggaccagegetgegaccgegagtgeaacage
ccaggetgeggcetgggacggeggegactgetegetgagegtgggcgacccctggeggeaatgegaggegetgeagtgctggegecteticaacaacageeg
ctgegaccecgeetgeagetegeecegectgectetacgacaacticgactgecacgeeggtggccgegagegeacttgecaacceggtgtacgagaagtactge
geegaccacittgecgacggecgcetgegaccagggctgeaacacggaggagtgcggclgggatggactggatigteccagegaggtgccggecectgetgge
cegeggcegtactggtgcteacagtgetgetgecgecagaggagetactgegttccagegecgacttictgcageggetcagegeceateetgegeacctegetge
getteegeclggacgegeacggecaggecatggtetteecttaccaccggectagtectggetecgaacceegggeecgtegggagetggeeccecgaggtgat
cggclegglagtaatgetggagatigacaaccggetetgectgcagtegectgagaatgatcactgettcccegatgeccagagegecgetgactacctgggag

cgttgicageggiggagegeetggacttceegtacceactgegggacgtgcggggoeagecgetggagectecagaacccagegteecgetgctgecactge
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tagtggcgoecgctgtottgetgetgateatictegtectggatateatgptggcecggegeaagegegageacageaccectetggttecctgagggctteteact
gcacaaggacgtggcectetggtcacaagggeeggegggaaccegtgggecaggacgegetgggcatgaagaacatggecaagggtgagagectgatggy
ggaggtggccacagactggatggacacagagtgeeccagaggecaageggctaaaggtagaggagecaggeatggggoctgaggaggctetggattgecgt
cagtggactcaacaccatctggttgetgetgacatcegegtggcaccagecatggeactgacaccaccacagggegacgeagatgetgatggeatggatgteaa
tgtgegtggeecagatggcticaceecgctaatgetggcttectictgtgggpogactctggagecaatgecaactgaagaggatgaggeagatgacacatcag
Ctagcatcatctccgacctgatetgecagggggcteagettgggecacggactgaccgtactggegagactgctttgecacctggetgeeegttatgecegtgetg
atgcagccaageggcetgetggatgetggggcagacaccaatgeccaggaccactcaggecgeacteecctgeacacagetgtcacagecgatgeccagggty
tettccagattcteatccgaaaccgetetacagacttggatgeccgeatggeagatggctcaacggeactgatectggeggecegectggeagtagagggeatgg
tggaagagcteatcgecagecatgetgatgteaatgctgtggatgagettgggaaatcagectiacactgggetgeggetgtgaacaacgtggaageceactttgg
ccctgeteaaaaatggagecaataaggacatgeaggatagcaaggaggagacceccctattectggeegecegegagggcagetatgaggctgecaagetge
tgttggaccactitgecaaccgtgagatcaccgaccacctggacaggetgecgegggacgtageccaggagagactgeaccaggacategtgegettgctgga
fcaacceagtgggeccegeageecceceggteccecacggecetggagcectetgctetgtectecaggggccttectecetggectcaaageggeacagtegggg
fccaagaagageaggaggeeccccgggaagecggooctgggaccgcagggacceegggggegggecaagaagetgacgetggectgeccgggeccee
tggcigacageteggteacgetgtegeecgtggactegetggactcecegeggcctttcggigggcccectgettecectggtggctteececttgaggggecct
atgcagctgecactgecactgeagtgtetetggcacagettggtggeccaggecgggcgegtctaggecgccageeecctggaggatgtgtactcagectggg
cctgetgaaccetgtggetgtgeecctegattgggeccggetgececcacetgeceetccaggecectegticctgetgecactggegecgggacccecagetge
tcaacccagggacccecglcteccegeaggageggececegecttacctggeagicccaggacatggegaggagtacecggeggetggggcacacageag
cceeccaaaggeccgcettectgegggtteccagtgageaccecttacctgacceceateccecgaateecctgageactgggecageccctcaccteccteectete
agactggtccgaatccacgectageccagecactgeeactggggaccatggecaccaccactggggeactgeetgececageeactteecttgtetgtteccagete

ccitgeteaggeccagacceagetggggececagecggaagttacececaagaggeaagtgttggectga.

Nurrl:NM_006186:atgcctigtgticaggcgcagtatgggtectegectcaaggagecageccegettcteagagetacagttaccactcticgggaga
atacagctccgatticttaactccagagtitgtcaagtitagcatggacctcaccaacactgaaatcactgecaccactictetceccagettcagtacctttatggaca
actacagcacaggctacgacgtcaagccaccttgettgtaccaaatgecectgtecggacageagtectecattaaggtagaagacattcagatgcacaactacea
gcaacacagccacctgeecceccagtetgaggagatgatgccgeactecgggteggtitactacaageccteetegeeccegacgeceaccaccecgggcette
caggtgcagcacagecccatgtgggacgaccegggatctetecacaacttccaccagaactacgtggecactacgeacatgatcgageagaggaaaacgeca
gtetcecgecetetecctettetectttaageaategeceectggeaccecggtgtetagttgecagatgegettegacgggeccetgeacgtececatgaacecgga
geeegecggceagecaccacgtggtggacgggcagaccttegetgtgeccaaceccattcgeaagecegegtecatgggcttecegggectgeagateggeea
cgegtelcagetgetegacacgeaggtgeccteacegeegtegeggggcteceectecaacgaggggctgtgcgetgtatgtggggacaacgeggectgeca
acactacggegtgcgeacctgtgagggctgcaaaggcticittaagegeacagtgcaaaaaaatgeaaaatacgtgtgtttageaaataaaaactgeccagtgga
caagcgtcgecggaategetgicagtactgecgatttcagaagtgectggctgttgggatgotcaaagaagtggttcgeacagacagtttaaaaggecggagag
glegtttgecctcgaaaccgaagageccacaggagecctetcececticgeececggtgagtetgatcagigeeetegtecagggececatgtegactecaacecg
getatgaccagectggactattccaggttccaggegaaccetgactatcaaatgagtg gagatgacacccageatatecageaattetatgatetectgactggete
catggagatcatccggggctgggeagagaagatecctggeticgeagacetgeccaaagecgaccaagacctgetitttgaatcagetttcttagaactgtttgtee
ttcgattagcatacaggtccaacccagtiggagggtaaacteatcttitgecaatggopteotcttgcacaggitgeaatgegticgtggctitgggeaatggattgatte
cattgttgaattctcciccaacttgeagaatatgaacatcgacatttetgecttetectgeattgctgeectggetatggtcacagagagacacgggctcaaggaacce
aagagaglggaagaactgcaaaacaagattgtaaattgtctcaaagaccacgtgactitcaacaatgggggottgaaccgececaattatttgtccaaactgttggg
gaagctcecagaacticgtaccctttgecacacaggggctacagegcattttctacctgaaattggaagacttggtgccaccgecageaataattgacaaacttttect

gacactitaccttictaa; NM_019328.
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NOV(CCN3):NM_002514:atgcagagtgtgcagageacgagcettttgtctccgaaageagtgectttgectgaccttectgcttetecatetectggga
caggtegcetgegactcagegetgecctecccagtgeccgggecggtgccctgegacgecgecgacctgegeceeeggggtgegegeggtgctggacggctg
cteatgcetgtetggtotgtoccegecagegtgacgagagetgetcagatetggagecatgegacgagageagtgecctetactgtgatcgecagegeggacceca
gcaaccagactggcatctgeacggeggtagagggagataactgtgtgttcgatgggetcatctaccgeagtggagagaaatticagecaagetgcaaattccagt
gcacctgeagagatgggcagattggctgtgtgececgetgteagetggatgtgctactgectgagectaactgeccagetccaagaaaagttgaggtgectgga
gagtgctgtogaaaagtggatctgtgocccagatgaggaggattcactgggaggccttaceettgeagcettacaggecagaagecaccctaggagtagaagtetet
gactcaagtgtcaactgeattgaacagaccacagagtggacagceatgetccaagagetgtggtatgogstictccaccegggteaccaataggaaccgteaatgt
gagatgctgaaacagactcggcictgeatggtgcggaccctgtgaacaagagecagagceagecaacagataagaaaggaaaaaagtgtetecgeaccaagaag
tcactcaaagcecatccacctgcagticaagaactgeaccagectgeacacctacaageecaggtictgtggootetgeagteaty gccoctoctgcaclcccccic
aataccaaaaccatccaggceagagtttcagtgctecccagggcaaatagtcaagaagecagtgatggteattgggacctgeacctgtcacaccaactgtectaag

aacaatgaggcecttectccaggagetggagetgaagactaccagagggaaaatgtaa; NM 010930; NM_030868; BC0O15028.

OLIG1:NM_138983:atgctgcggccacageggeccggagactigeageteggggccteectetacgagetggtgggctacaggeagecgeectect
cetectectectecaccetectecacctectecacttectectectecacgacggecceectecteccecaaggetgegegegagaagecggaggcgeeggecgag
cetecaggeccegggeccgggteaggegegeaccegggeggeagegeecggecggacgecaaggaggageageageageagetgeggegeaagatea
acagecgegageggaagegeatgeaggacctgaacctggecatggacgeectgegegaggteateetgecctactcageggegeactgecagggcgegee
cggccgeaagetctecaagatagecacgetgetgctegececgeaactacateetactgetgggcagetegetgeaggagetgegeegegegetgggcgaggg
cgeeggeeecgeegegeegegecetgetgetggecgggctgeecctgetcgecgecgegeceggetecgtgttgetggegeecggegecgtaggaccccee
gacgcegcetgegeeccgecaagtacetgtegetggegetggacgageegeegtgeggecagticgetcetceceeggeggeggegeaggeggeceeggectctg
cacctgegecgtgtgcaagttcecgeacctggteceggecagectgggcctggecgecgtgeaggegeaattctccaagtga; NM_016968;
NM_001020796.

OLIG2:NM_005806:atggactcggacgecagectggtgtccagecgeccgtegtegecagageccgatgaccttttictgecggeceggagtaaggg
cagcagcggeagegecttcactggggecaccegtgtectegtccaccccgagtgactgeccgecggagctgagegecgagetgegeggegetatgggctetge
gggcegcegeatcctggggacaagctaggaggeagtgacttcaagtcatectegtecageacctegtegtetacgtegtcggeggetgegtegtecaccaagaag
gacaagaagcaaatgacagagecggagetgeageagetgegtetcaagatcaacagecgegagegeaagegeatgeacgacctcaacatcgecatggatgg
cctecgegaggteatgecgtacgeacacggeccticggtgegeaagetttccaagategecacgetgetgetggegegcaactacatectcatgetcaccaacte
getggaggagatgaagegactggtgagegagatctacggggeccaccacgetggettccaccegteggectgeggeggectggegeacteegegecectge
cegeegecacegegeacceggeageageagegeacgeegeacatcaceecgeggtgcaccacceeatectgecgeecgecgeegeageggetgctgccg
ccgetgeageegeggcetgtgtecagegectetetgeccggatceggactgecgteggteggetecatecgtccaccgeacggectactcaagtcteegtetgetg
cegeggeegeeecgetggeeoocgoooocgocgacagtggoacgageggggecticeageactggggeggeatgecctgeccetgeageatgtgecag

gtgcegecgeegeaccaccacgtgteggetatgggegeeggeagectgeegegecteacctecgacgecaagtga.

Pdx1:NM_000209:atgaacggcgaggagcagtactacgeggeeacgeagetitacaaggacceatgegegttccagegaggeccggegecggagtt
cagcgecagecccecctgegtgectgtacatgggecgecageccecgecgecgecgecgeaccegtteectggegeectgggegegctggageagggcage
cceccggacateteecegtacgaggtgecceceetegecgacgaceeegeggtggcegeaccttcaccaccaccteeeggetcagetegegeteceecaceeg
cecegeegggeccttcecggagggagecgagecgggegtectggaggageccaaccgegtecagetgectitcccatggatgaagtetaccaaagetcacgeg
tggaaaggcecagtgggcaggeggcgectacgetgeggageecggaggagaacaageggacgegeacggectacacgegegeacagetgctagagetgga
gaaggagttcctattcaacaagtacatcteacggecgegecgggtggagetgactgteatgttgaacttgaccgagagacacatcaagatetggttccaaaaceg

ccgeatgaagtggaaaaaggaggaggacaagaagegeggeggcggeacagetgteggggatgecgggategeggagectgageaggactgegecgtga
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cetecggcgaggagetictggcgetgecgecgeegecgeeecceggaggtgctgteccgeecgetgeececgttgecgeccgagagggeccgectgecgect

ggecttagegegtcgecacagecctecagegtcgegectecggeggecgeaggaaccacgatga; NM 008814, NM 022852,

Petl(FEV):BC138435;NM 017521:atgagacagagcggcegccteccageccctgetgatcaacatgtacctgecagateccgtcggagacggt
ctettcaaggacgggaagaacccgagetgggooccgetgagecccgeggttcagaaaggeageggacagatccagetgtggcagtttctgetggagetgctg
getgaccgegegaacgecggcetgcatcgegtgggaggocgotcacggegagticaagetcacggacceggacgaggtgecocggegeteggoocsagcge
aagagcaagcccaacatgaactacgacaagetgageegegecctgegetactactacgacaagaacatcatgageaaggtgcatggeaagegetacgectac
cgcttcgactteccagggectggcgcaggectgecageegecgeccgegeacgeteatgecgeegeegeagetgetgeegecgeecgeggecgeeccaggacg
gegegelctacaagetgeeegecggectegeccegetgeccttecceggectctecaaactcaaccteatggecgecteggeegggetegegeecgeeggett
ctectactggeegggceccgggecccgeegecaccgetgecgecgecaccgeegegetetaccecagteccagettgeageecccgeecgggeccttegggg

ccglggccgeagectegeacttggggggccattaccactag;NG  002690; NP 059991.

Phox2a:NM_005169:atggactactcctacctcaaticgtacgactegtgcgtggcggccatggaggegtecgectacggegactitggegectgeage
cagceeggeggcttecaatacageeceectgeggeeegetttceecgeggceagggecgecctgececgegetcggetcectecaactgegeacttggegeectac
gegaccaccageccgegecectacteggeagtgecectacaagttettcccagagecatecggectgecacgagaagegeaageageggegeatcegeaccacgt
tcaccagcegegeagetcaaggagcetggagegcgttttcgctgagacccactaccccgacatttacacgegtgaggagctggegctcaagatcgaccteactgag
getegegtgcaggtctgettccagaaccgecgggccaagitccgeaaacaggagegegeggccagegecaagggegeggeggacgcggegggegecaa

aaagggcgagocgcgctgctectecgaggacgacgaticcaaggagtecacgtgcageeccacgeccgatageaccgectegetgeegeegecgectgege
ceggecetggecageecgegectgageeccageecgetgeeegtegeactggectecgggeegggacctgggecggggecacagecgctcaagggegeac
tgtggeccggtgtggeggocogtogpoocgacgogcctggcgcggsagegaccgaactacttaaggettggcagecggeggagtecggecccgggecctt
ctceggggttetgtectecttticaccggaageccggecccgecectgaagaccaatetettctag; AJ320270; AY371497; AY371496.

Phox2b:NM_003924:atgtataaaatggaatattcttacctcaattcetetgectacgagteetgtatggctgggatggacacctcgagectggcettcagect
atgctgacttcagttcetgeagecaggecagtggcttccagtataacccgataaggaccacttitgggoccacgtecggcetgeccttcecteacgecgggatectg
cagcctgggeacccteagggaccaccagageagtecgtacgecgeagticettacaaactcttcacggaccacggeggectcaacgagaagcegcaageageg
gegeatcegeaccactttcaccagtgeccagcetcaaagagetggaaagggtettecgeggagacteactaceccgacatctacactegggaggagetgaccctga
agatcgacctcacagaggcegegagtccaggtgtgottccagaaccgecgegecaagtttcgecaageaggagegegeageggeageegeageggeegegge
caagaacggctectcgggcaaaaagictgactcttccagggacgacgagagcaaagaggccaagageactgacccggacageactggggocccaggtece

aatcccaaccccacceccagetgeggggegaatggagecggcggcgecggeccecageecggcetggageiccggeegcgecggeocccggegaccegg
gaggegaacccggceaagggeggegecageageagegacggeggecgeggeageggeggeggeggeageggcageggeggeagetggaggectggct

geggctggoooccctggacaaggctggecteceggecccggecceatcacctecateccggattcgettgggggoteccttcgecagegtectatettegeteca

aagacccaacggtgccaaageegccttagtgaagagceagtatgtictga; NM 008888; AY371498; Y14493.

Pit1:NM 000306:atgagttgccaagctittacttcggctgataccittatacctctgaattctgacgectetgeaactetgectctgataatgeatcacagtget
geegagtgtetaccagtetccaaccatgecaccaatgtgatgtetacageaacaggacttcattattetgticcticetgteattatggaaaccagecatcaacctatg
gagteatggcaggtagtttaaccccttgtetttataaatttcctgaccacaccttgagtcatggatticetectatacaccagectettectggecagaggaccccacaget
gctgatttcaagcaggaactcaggceggaaaagtaaattggtogaagagecaatagacatggatictccagaaatcagagaacttgaaaagtttgccaatgaattta
aagtgagacgaattaaaltaggatacacccagacaaatgitgggoagoccctggeagetgtgcatggctctgaattcagtcaaacaacaatetgecgatttgaaaa
tctgcagcetcagetitaaaaatgcatgcaaactgaaagceaatattatccaaatggetggagoaagetgagcaagtaggagctttgtacaatgaaaaagtgggagcea
aatgaaaggaaaagaaaacgaagaacaactataagceattgctgctaaagatgetctggagagacacttiggagaacagaataaaccttctictcaagagatcatga

ggatgoctgaagaactgaatctggagaaagaagtagtaagagtitgettttgcaaccggaggcagagagaaaaacgggteaaaacaagictgaatcagagtttat
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tttctatttctaaggaacatettgagtgcagataa; M23253,

PITX3:NM 005029:atggagttcggectgetcagegaggeagaggeccggagecctgeectgtegetgtcagacgetggeacteegeacceeccaget
cccagageacggcetgeaagggecaggageacagegactcagaaaaggectcggcettegetgeceggeggctececagaggacggttcgctgadaaagaag
cageggeggeagegeacgeacticaccagecageagcetacaggagetagaggegaccttccagaggaaccgetaccecgacatgageacgegegaggaga
tegeegtgtggaccaacctcaccgaggecegegtgegggtotgoticaagaaccggegegecaaatggeggaagegegagegeagecageaggecgaget
atgcaaaggcagcttcgeggcgeegeteggggooctgatagccgecctacgaggaggtgtacceeggetactcgtacggeaactggecgeccaaggetettge
ceegecgetegecgecaagacctttecattegecticaacteggtecaacgtgggecctetggettcgecageecgtettctegecacccagetecategeegectee
atggtgccctecgecgeggetgeccegggeaccgtgecagggcectgggoccctgeagggectgggcggggocccccccgggetggetecggccgecgtgt
ccteeggggecgtgtectgeecttatgecteggecgecgecgecgecgeggcetgcegectetteecectacgictatcgggaccegtgtaactcgagectggee

agectgeggctcaaagcecaaacageacgectecttcagetacceegetgigeacgggecgeccecggeagecaaccttagtecgtgecagtacgecgtggaaa

ggeccgtatga; NM008852; NM_008987;

RUNXI1:NM 001001890:atgcgtatccccgtagatgccageacgagecgeegettcacgeegecttccaccgegetgageccaggeaagatgage
gaggegtigeegetgggegeeecggacgecggcgetgecctggecggcaagetgaggagegecgaccgeageatggtggaggtoctggecgaccacecg
ggcgagetggtgcgeaccgacagecccaacttectetgeteegtgetgectacgeactggegetgcaacaagaccctgeccategetttcaaggtggtegecct
aggggatgticcagatggcactetggtcactgtgatggctggcaatgatgaaaactactcggetgagetgagaaatgctaccgeagecatgaagaaccaggtige
aagatttaatgacctcaggttigtcggtcgaagtggaagaggoaaaagcitcactctgaccatcactgtetticacaaacccaccgcaagtegecacctaccacaga
gccatcaaaatcacagtggatggoccccgagaaccicgaagacatcggeagaaactagatgatcagaccaageccgggagettgtecttticegageggcetea
glgaactggagceagetgeggegeacagecatgagggtcageecacaccacccageccccacgeccaaccctegtgectecctgaaccactecactgectttaa
ccctcagectcagagtecagatgcaggatacaaggeagatcecaaccatecccacegtggtectacgatcagtectaccaatacctgggatecattgectetecttetg
tgcacccageaacgeccatttcacctggacgtgecageggcatgacaaceetctetgeagaactttccagtegactetcaacggcacccgacctgacagegttea
gcgaccegegecagttceecgegetgecectecatetecgacceecegeatgeactatccaggegecttcacctactcececgacgeeggteacctegggeategge
atcggcatgtcggecatgggeteggecacgegetaccacacctacctgecgecgecctaccecggetegtegeaagegeagggaggeccgttccaagecage
tecgeectectaccacctgtactacggegecteggecggetectaccagtictecatggtgggocggcgagegetcgecgecgegeatectgecgeectgeaccaa
cgeetecaceggcetecgegetgetcaaccccagecteecgaaccagagegacgtggtggaggccgagggcagecacageaactcececaccaacatggege
ccteegegegectggaggaggecgtetggaggecctactga; AY509916 ;AYS509915 ;NM001001890.2; NP_001001890.1;
NM 001122607.1; NP_001116079.1; NM _001754.4; NP_001745.2

Runx2:NM 00101505 1:atgcttcattcgectcacaaacaaccacagaaccacaagtgeggtgeaaactitctccaggaggacagcaagaagtetetg
gtttttaaatggttaatctecgcaggtcactaccagecaccgagaccaacagagtcatttaaggctgcaageagtatttacaacagagggtacaagttctatetgaaa
aaaaaaggagggactatggcatcaaacagecteticageacagtgacaccatgtcageaaaactiettttgggatcegageaccagecggegceticageeeece
ctccagcagcectgcageccggceaaaatgagegacgtgageccggtggtgoctgcgcaacagcageageaacagcageageageaacageageageagea
geagcaacagcageageageageaggaggeggecgocgacgoctgcggcgecgacggcgactgegacggcggcagetgeagtgccecggtigeggecg
ccccacgacaaccgeaccatggtggagatcategecgaccacccggecgaactegtecgeaccgacagecccaacticetgtgeteggtgctgecctegeact
ggegetgeaacaagaccctgeecgtggecticaaggtggtageccteggagaggtaccagatgggactgtggttactgtcatggeggetaacgatgaaaattatt
ctgetgagetecggaatgectetgetgttatgaaaaaccaagtagcaaggticaacgatctgagatttgtgggccggagtggacgaggcaagagtticaccttgac
cataaccgtcttcacaaatcctecccaagtagetacctatcacagagcaattaaagttacagtagatggacctegggaacccagaaggeacagacagaagcettgat
gactctaaacctagtttgttctetgaccgectcagtgatitagggcgcattectcatcccagtatgagagtaggtateeegectcagaacccacggececteectgaac
tctgcaccaagtecttttaatccacaaggacagagtcagattacagaccccaggeaggeacagtcttecceegecgtggtectatgaccagtettaccectectacct

gagccagatgacgtcececegtecatecactetaccaccecgetgtettccacacggggcactgggcttectgecatcaccgatgtgectaggegceatttecaggtget
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tcagaactgggcccttittcagaccccaggeagttcecaageatttcateccteactgagagecgcetictccaacccacgaatgeactatccagecacctttacttac
acccegecagteaccteaggeatgteecteggtatgtecgecaccactcactaccacacctacctgecaccacectaccecggeteticccaaagecagagtega
cceticcagaccageageactceatatetetactatggcacttcgtcaggatectatcagtticecatggtgecggggggagaccggtetecticcagaatgettceg
ccatgcaccaccacctegaatggeageacgetattaaatccaaatttgectaaccagaatgatggtgttgacgcetgatggaageecacageagttceccaactgtitt
gaattctagtggeagaatggatgaatctgtttggcgaccatattga; NM_001015051.2; NP_001015051.2; NM_001015051;
NM_001024630.2; NP_001019801.2; NM 004348.3; NP_004339.3

Shh:NM_000193:atgctgetgetggegagatgtetgetgetagtectegtetectegetgetggtatectegggactggegtgcggaccgggcagggggt
tcgggaagaggaggcaccecaaaaageigaccectttagectacaageagtttatceccaatgtggecgagaagaccectaggegeecageggaaggtatgaag
ggaagatctccagaaactccgagegatttaaggaactcaceeccaattacaaccccgacatcatatttaaggatgaagaaaacaccggageggacaggctgatg
actcagaggtgtaaggacaagttgaacgcetttggecatcteggtgatgaaccagtggccaggagtgaaactgegggtgacegagggctgggacgaagatggc
caccactcagaggagtetetgeactacgagggecgegeagtggacatcaccacgtctgacegegacecgeageaagtacggeatgetggeeegeetggeggtg
gaggceeggcticgactgggtgtactacgagtccaaggeacatatecactgeteggtoaaageagagaacteggtegegeccaaatcgggaggcetgcttecegg
getecggecacggtgcacctggageagggeggeaccaagetggtgaaggacctgagecccggggacegegtgetggeggeggacgaceagggecggctac
tetacagegacttecteactttcctggacegegacgacggcgccaagaaggtctictacgtgatcgagacgegggageegegegagegectgetgcteacege
cgegeacctgcetetttgtogegecgeacaacgacteggecacegggeageecgaggegicetegggctegggaccgecttcegggggegeactggggccte
gggegcetgttcgecageegegtgcgeceggeccagegegtgtacgtggtggccgagegtgacggggacegecggctectgeecgeegetgtgeacagegt
gaccctaagegaggaggecgegggcegcctacgegeegetcacggeccagggeaccattetcatcaacegggtgetggectegtgetacgeggteategagg
agcacagctgggcgeaccgggecttcgegeectteegectggegeacgegetectggetgeactggegeeegegegeacggacegeggeggggacageg
geggegggpaccgegggegeggeggeggcagagtageectaacegetccaggtgctgecgacgeteegggtgegggggccaccgegggeatecactggt
actcgeagcetgcetetaccaaataggeacetggcetectggacagegaggecctgeaccegetgggeatggeggteaagticeagetga; NP 000184,

NM_009170; NP_033196; NM _204821; NP 990152.

Sox9:NM_000346:atgaatctcctggaccecticatgaagatgaccgacgageaggagaagggcctgtecggegeecccagecccaccatgiccgagg
actcegegggetegecectgeeegtegggceteeggetcggacaccgagaacacgeggecccaggagaacacgitceecaagggegageccgatetgaagaa
ggagagcegaggaggacaagticecegtgtgeatcegegaggeggteagecaggtgctcaaaggetacgactggacgetggtgcccatgeeggtgegegtea
acggctccageaagaacaagecgeacgtecaageggeccatgaacgecticatggtgtggecgcaggeggegegeaggaagetegeggaccagtaceegea
ctigeacaacgecgagetcageaagacgetggecaagetctggagactictgaacgagagegagaageggececticgtggaggaggeggageggetgegceg
tgcagcacaagaaggaccacceggattacaagtaccagecgeggeggaggaagicggigaagaacgggeaggcggaggeagaggaggaccacggageag
acgcacatctccececaacgcecatettcaaggegetgeaggecgactegecacactectectecggeatgagegaggtgcacteceeeggegageactcgggec
aatcccagggececaccgacceeacccaccacceccaaaaccgacgtgeagecgggcaaggetgacctgaagegagaggggegeeccttgecagaggeeg
geagacagececcctatcgacttecgegacgtggacateggegagetgageagegacgteatetecaacatcgagaccttcgatgtcaacgagtttgaccagtac
ctgeegeccaacggeeaceegggggtaccggecacgeacggecaggicacctacacgggeagetacggeatcageageaccgeggecaccecggcgage
gegggaccacgtgtggatatccaageageaggegeegecgeeacccecgeageageececacaggececegecggeeecgeaggegeeeccgeageegea
ggeggegeceeceacageageeggeggeacceecgeageageeacaggegeacacgcetgaccacgetgageagegageegggecagteccagegaacge
acatcaagacggagceagctgageeceagecactacagegageageageageacticgeeccaacagategectacagececttcaaccteccacactacagee
cctectacecgeccatcaccegetcacagtacgactacaccgaccaccagaactceagetectactacageeacgeggeaggecagggeaceggectetacte
caccticacctacatgaaccceegeteagegececatgtacacceccatcgeegacacctetggggtecettceatcecgeagacceacageececageactggg
aacaacccgtctacacacagcteactcgaccttga; NM_000346; NP 000337; NM_011448; NP_035578;

XM _343981;XP 343982.
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Sox17:NM_022454:atgagcagcccggatgegggatacgecagtgacgaccagagecagacccagagegegetgecegeggtgatggecgggctg
ggececectgeecectgggecgagtegetgagecccatcgggoacatgaaggtgaagggacgagacgecggegaacageggageaccggecggggccgceey
ccgagccaagggegagteccgtatccggeggecgatgaacgetttcatggtatoggoctaaggacgagegeaageggctggegeageagaatccagacctge
acaacgcecgagtigagcaagatgctggecaagtegtggaaggcgctgacgctggeggagaageggeccttcgtggaggagecagageggetgegegteca
gceacatgcaggaccaccceaactacaagtaccggecgeggeggegcaageaggtgaageggctgaageggatggaggocggcttecctgecacggectgget
gagecgeaggeggcecgegctgggececgagggcggecgcegtgaccatggacggectgggccetecagttecececgageagggcticececgeeggeecgecg
ctgctgectecgeacatgggeggccactaccgegactgecagagtctgggegegecteecgetcgacggetaceegttgeccacgeecgacacgtecccgetg
gacggcegtggacceegacceggctttcticgecgecccgatgeecgggeactgeccggeggecggcacctacagetacgegeaggteteggactacgetgg
ccccccggagcctcccgccggtcccatgcacccccgactcggcccagagcccgcggotccctcOattccOggcctcctggcgccacccagcgcccttcacgt
gtactacggegegatgggctegeeeggggcggecgecggecgeggceticcagatgeagecgeaacaccageaccageaccageaccageaccacceece
gggecccggacagecgtegeccecteccggaggeactgecctgecgggacggcacggacceecagtcageecgecgagetecteggggagetggaccgeac
ggaatttgaacagtatctgeacttegtgtgcaagecetgagatgggccteecctaccaggggceatgactecggtgtgaatetccecgacagecacggggccattte
cteggtggtetecgacgccagetecgeggtatattactgeaactatectgacgtgtga; BC140307; NM_011441.
DLX2:NM_004405:atgactggagtcttigacagtctagtggctgatatgeactcgacccagategecgectecageacgtaccaccageaccageage
ccecegageggeggeggegecggeccgggtgacaacageageageageageagectceacaagecccaggagtegeccaccctteeggtgtccaccgeea
ccgacageagcetactacaccaaccagcageacecggegggcggeggcggcgacggeooctcgecctacgegeacatgggticetaccagtaccaagecag
cggcctcaacaacgteccttactccgecaagageagcetatgacctgggetacaccgecgectacacctectacgeteectatggaaccagttcgtceecagecaa
caacgagcecetlgagaaggaggaccttgagectgaaattcggatagtgaacgggaagecaaagaaagtccggaaacccegeaccatctactecagtttccagetg
geggctettcageggegtttccaaaagactcaatacttggecttgecggagegagecgagetggeggcctetetggeccteacccagactcaggtcaaaatetgg,
ttccagaaccgecggtecaagttcaagaagatgtggaaaagtggtgagatceccteggageageacccetggggccagegettcteecaccttgtgcttecgecgee
agtctcagcegecggectectgggactttggtgtgecgeageggatggegggcgecggtggtccggecagtggcggcageggegecggeageteggactee
agcecgageagegeggcectcggcettitectgggeaactaccectggtaccaccagacctegggatcegecteacacctgeaggecacggegeegetgetgeace
ccactcagaccecgeagecgeatcaccaccaccaccatcacggeggeggggocgeeccggtgagegegggeacgatttictaa; NP 004396.1;
NM_010054.

DLX5:NM_005221:atgacaggagtgtitgacagaagggtccccageatccgatceggegacttceaagetecgttccagacgtcegeagetatgeace
atccgtctcaggaatcgecaactttgecegagtcettcagetaccgattetgactactacagecctacgggeggageccecgeacggctactgcetetectacetegget
tcctatggeaaagcetetcaaccectaccagtatcagtatcacggegtgaacggctecgecgggagetacecagecaaagcettatgeegactatagetacgetaget
cctaccaccagtacggeggegectacaaccgegteccaagegecaccaaccagecagagaaagaagtgaccgageeccgaggtgagaatggtgaatggeaa
accaaagaaagttcgtaaacccaggactatttaticcagetttcagetggecgeattacagagaaggtttcagaagactcagtacctegecttgecggaacgegee
gagcetggeegectcgetgggattgacacaaacacaggtgaaaatctggtticagaacaaaagatccaagatcaagaagatcatgaaaaacggggagatgecce
cggagcacagtcccagcelccagegacccaatggegtgtaactcgecgeagtetecageggtgtgggagecccagggetegtececgetegetcagecaccace
ctcatgcccacectcegacciccaaccagtecceagegtecagetacctggagaactctgeatectggtacacaagtgcagecageteaateaattccecacctgee

geegeeggeoctecttacageaceegetggegetggectecgggacactctattag; NM_005221; NP 005212,

HEST:NM_005524:atgccagctgatataatggagaaaaaticctegtccccggtggetgctaceecagecagtgteaacacgacaccggataaaccaaa
gacagcatctgagcacagaaagtcatcaaagectattatggagaaaagacgaagagcaagaataaatgaaagictgageecagetgaaaacactgattttggatge

tctgaagaaagatagetcgeggceaticcaagetggagaaggeggacattetggaaatgacagtgaageacctccggaacctgeagegggegeagatgacgge
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tgcgcetgageacagacccaagtgtgctggepgaagtaccgagecggcttcagegagtgeatgaacgaggtgaccegettectgtecacgtgegagggcgttaat
accgaggtgegceactcggetgetcggecacctggecaactgeatgacccagatcaatgecatgacctacceegggeagecgeaccecgectigeaggegeceg
ccaccgeeeccaccgggacccggeggeccccageacgegecegttegegecgecgecgecactegtgeccateeceggggecgeggegeccecteeegge
ggegeeccctgeaagetgggeagecaggctggagagacgoctaaggtatttgeagecttccaggtggtaccggetccegatggecagtttectticeteatteee
aacggggccticgegeacageggcecctgteatcceegtetacaccageaacageggeacctecgtgggccccaacgeagtgteaccticcageggeccecetege

ttacggcggactecatgtggaggccgtggcgeaactga; NP 005515.1; NM_008235; NP_032261.

FGF8:NM_006119:atgggcageeccegetecgegetgagetgectgetgttgcacttgetggtectetgectecaageccaggtaactgttcagtectcac
ctaattttacacagcatgtgagggagcagagectggtgacggatcagetcagecgecgectcatcecggacctaccaactctacagecgeaccagegggaagea
cgtgcaggtlectggccaacaagegeatcaacgecalggeagaggacggegaceccticgeaaagetcategtggagacggacacctttggaageagagiteg
agiccgaggagecgagacgggcctetacatctgeatgaacaagaaggggaagcetgatcgecaagageaacggcaaaggeaaggactgegteticacggaga
ttgtgctggagaacaactacacagegetgcagaatgecaagtacgagggctgatacatggecttcaccegeaagggecggececgeaagggetecaagacgc
ggcagceaccagegtgaggtecacttcatgaageggctgecccggggecaccacaccaccgageagagectgegettegagttecteaactaccegecctteac
gegeagectgegeggeagecagaggacttggecccccgagecccgatag; NM_010205; NP 034335; NM_010205; NP_034335;
NP 006110

NM 033163; NP_149353; NM_033164; NP_149354; NM_033165; NP_149355.

PITX2:NM_000325:atgaactgcatgaaaggccegettcacttggageaccgageageggggaccaagetgteggecgtetecteatettectgtcace
atccccagecgttagecatggcticggtictggeteccggteageeceeggtegetggactectccaageacaggetggaggtgcacaccatetccgacaccteca
geecggaggccgeagagaaagataaaagecageaggggaagaatgaggacgtgggcgecgaggaccegictaagaagaageggeaaaggeggcageg
gactcactttaccagceecageagetccaggagetggaggccactticcagaggaaccgetacceggacatgtccacacgegaagaaategetgtgtggaccaac
cttacggaagcecgagicegggtttoggitcaagaategtcgggccaaatggagaaagagggagegeaaccageaggecgagetatgcaagaatggettcggg
ccgcagttcaatgggctcatgecagecctacgacgacatgtacceaggctaticctacaacaactgggecgecaagggcecttacatccgecteectatccaccaag
agctteeectictteaactctatgaacgtcaaccecctgtcatcacagagceatgititccecacccaactctatetegtecatgageatgtegtecageatggtgececte
agcagtgacaggcegtceegggctcecagtetcaacagectgaataacttgaacaacctgagtagecegtegetgaattcegeggtgeegacgectgectgtectta
cgegeegecgactectecgtatgtitatagggacacgtgtaactcgagectggecagectgagactgaaagcaaagcageacteecagettcggetacgecageg
tgcagaacceggcectecaacctgagtgcttgecagtatgcagtggaccggeecgtigtga; NM_000325; NP_000316; NM_153426;
NP_700475; NM_153427; NP_700476; NM_001042502; NP_001035967; NM_001042504; NP_001035969.

REST4:DQ644039:atggccacccaggtgatggggcagtctictggaggaggcagteteticaacaacagtgccaacatgggeatggccttaaccaacg
acatgtacgacctgeacgagcetctcgaaagetgaactggeagecccteagetcateatgttagecaacgtggecctgacggggoaggcaageggcagetgctg
cgattacctgglcggtgaagagaggeagatggecgaattgatgeecgtggpagacaaccactictcagaaagtgaaggagaaggectggaagagteggctga
Cctcaaagggctggaaaacatggaactgggaagtitggagctaagtgctgtagaaccccageecgtatitgaagectcagetgecccagaaatatacagegeca
ataaagatcccgcteccagaaacaccegtggcggaagacaaatgeaggagttctaaggccaagecctteeggtgtaagecttgecagtacgaagecgaatetgaa
gagcagttigtecatcacatccggattcacagegetaagaagtictttgtggaggaaagtgcagagaaacaggecaaagectgggagtcgggotegtctecgge
cgaagagggcgagiiciccaaaggecccatccgetgtgacegetgtggctacaataccaaccggtatgaccactacatggeacacctgaageaccacctgega
getggegagaacgagcegceatetacaagtgeateatctgeacgtacacgacggieagegagtaccactggaggaaacacctgagaaaccatttccccaggaaag
fctacacctgeageaagtgcaactactictcagacagaaaaaataactacgticageacgtgegaactcacacaggagaacgeccgtataaatgtgaactitgtect

tactcaagctctcagaagactcatctaacgegacacatgeggacteattcagagtgtgatctagetgggtea.
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CREB binding protein:NM_134442:atgaccatggaatctggagecgagaaccageagagtggagatgcagctgtaacagaagetgaaaace
aacaaatgacagttcaagcccagcecacagattgecacattageccaggtatctatgecageageteatgeaacatcatetgetceccacegtaactctagtacagetg
cccaatgggcagacagttcaagtccatggagtcaticaggeggeccagecatcagitattcagtctccacaagtccaaacagttcagtettcetgtaaggacttaaa
aagacttttctccggaacacagatttcaactattgcagaaagtgaagattcacaggagtcagtggatagtgtaactgattcccaaaagegaagggaaattctttcaag
gaggccttcctacaggaaaattitgaatgacttatcttetgatgcaccaggagtgecaaggattgaagaagagaagtctgaagaggagacticageacctgecate
accactgtaacggtgccaactccaatttaccaaactagcagtggacagtatattgecattacccagggaggagceaatacagetggctaacaatggtaccgatggg
gtacagggcctgeaaacattaaccatgaccaatgeageagcecactcageegggtactaccattctacagtatgcacagaccactgatggacagcagatcttagte
cccageaaccaagtigttgticaagetgectctggagacgtacaaacataccagattcgeacageaccecactageactattgeceetggagttgttatggcatecte
cccagceacttectacacagectgetgaagaageageacgaaagagagaggteegtctaatgaagaacagggaageagetcgagagtgtegtagaaagaagaa
agaatatgtgaaatgtitagaaaacagagtggcagtgcttgaaaatcaaaacaagacattgattgaggag ctaaaagcacttaaggacctttactgccacaaatcag
atta;NM_004379; NP_004370; NP_604391.

Zfp488:NM_001013777:

atggctgaggecaaagggectccictgaggccticagitgagaagagatggaagetcatggaacccaageagacccaggeagggatgttcaagaaaatgage
cttgtggactctgacactgetgcaggaaagggtagecaagatgaggcectatactgaactgagectgecaacageaccgaacaagectcgactggacaggectc
gggcclgcaaggceatacacagageagaggcacaataccttcacagagctatcatgtetccaggagaggecaggggacatccaggeccagacgaggaagetg
Uagadcccaﬂddogccagctcggccctcagcaoctgccctcgag,tttcctcag,aocctcaogtgatggcacaOtﬂtgttcaocatggccaggtocccccc ga
gtgagcagaaaagtgctttcagcaagccagecaaacgeccageagagaaacctaagegeteteccatgetictggctggtggaagtgcagagggctcatggga
getetcaggactcatcaccactgtggacatcecatatigggcteatctgtcaactticaagttcatgggteatttetg gdaattgcacacattOtcacagaacattctcct

ctgcaatgctitccaggggoctcccacaccatggetggageatacccaggtacaagececccacatectcagetecticeteccacagecteccgggctetetigeeg

cccacacteteetecttgggcttgtetactcagaactggtgtgcgaagtgcaacctagectttcgectgacagetgacctggtettecacatgeggtcacatcacaaa
agggaacacgtggeccctgacccacattctaagaaacgaagagaggaagttcteacttgececgtttgecacgagtacttcegggagegecaccatetgteeag
gcatatggcttcacatagttag; BC0O89025; XM 224697; XP 224697.

Foxa2:NM 021784:atgctgggagcggtgaagatgeaagggcacgagecgtccgactggageagetactatgcagageccgagggctactecteegt
gagcaacatgaacgecggectggeoatgaacggcatgaacacgtacatgageatgteggeggcegecatgggeageggcetcggecaacatgagegeggec
tccatgaacatgtcgtegtacgtggecgetggeatgageeegteectggeggggatgtecceceggegegggcgecatggeggecatggecggeteggecgg
ggcgoccggegtggecggecatgggeccgeacttgagtcccagectgageeegetcgggaogcaggeggccggggccatggecggectggeccectacge
caacatgaactccatgagcececcatgtacgggeaggegggcctgageegegeccgegaccccaagacctacaggegeagetacacgeacgeaaagecgecct
actcgtacatctcgcteatcaccatggecatccageagagecccaacaagatgetgacgetgagegagatctaccagtggatcatggacctctteeccttetaceg
geagaaccagcagegcetggcagaacteeatccgecactegetetecttcaacgactgtitcctgaaggtgeccegetegeccgacaageccggeaagggctect
fctggaccetgeaccctgactegggceaacatgticgagaacggetgctacctgegecgecagaagegeticaagtgegagaageagetggegetgaaggags
cegeaggegeegeeggeageggeaagaaggeggccgecggageccaggectcacaggetcaacteggggaggccgecgggcecggcecicegagactecg
gegggcaccgagicgectcactcgagegecteececgtgecaggageacaagegaggggecctgggagagetgaaggggacgecggetgeggegetgage
cceeccagagecggegececteicecegggeageageageaggecgeggeccaccigetgggeeegececaccaccegggectgeegectgaggeecacctg
aagccggaacaccactacgecttcaaccacccgtictccatcaacaacctecatgtcctcggageageageaccaccacagecaccaccaccaccaaccccaca
aaatggacctcaaggcectacgaacaggtgatgeactaccccggetacggttcccccatgectggeagettggecatgggeccggtcacgaacaaaacgggcct
ggacgectegeecctggecgcagatacctectactaccaggggatgtactcecggeccattatgaactectettaa; NP 068556; NM_ 012743,
NP _036875; NM _010446; NP_034576.

Rnx

REN:NM 000537:atggatggatggagaaggatgectegetggggactgctgetgetgetetggggctectgtacctttggtetcccgacagacaccace
acctttaaacggatcttcctcaagagaatgecctcaatccgagaaagectgaaggaacgaggtgtgoacatggccaggcettggtceccgagtggagecaacceat
gaagaggctgacactiggcaacaccacctecteegtgatectcaccaactacatggacacccagtactatggegagattgggatcgggaccecaccecaaacctt
caaagtcgtctttgacactggttcgtecaatgtitgggotoccctectecaagtgeagecegtictctacactgectgtgtgtatcacaagcetcttcgatgeticggattecte
cagctacaagcacaatggaacagaactcaccciccgctattcaacagggacagtcagtggcttictcagecaggacatcatcaccgtgggtggaatcacggtgac
acagatgtttgeagaggtcacggagatgcccgecttacectteatgetggecgagtttgatgggottotgoocatggecttcattgaacaggeceattggeagggte
acccctatcticgacaacatcatctcccaaggggtegctaaaagaggacgtetictctttctactacaacagagattccgagaattcccaatcgetgggaggacagatt
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gtgctgggagoecagegacccccageattacgaagggaatttccactatatcaacctcatcaagactggtetctggeagattcaaatgaaggggototetgtggeg
tcatccaccttgetctgtgaagacggetgectggcattggtagacaccggtgcatectacatctcaggtictaccagetccatagagaageteatggaggecttggg
agccaagaagaggctgtttgattatgtcgtgaagtgtaacgagggccctacactecccgacatctetttccacctgggaggecaaagaatacacgetcaccagegce
ggactatgtatttcaggaatcctacagtagtaaaaagetgtgcacactggecatccacgecatggatatcecgecacceactggacecacctgggeectgggggec

caccttcatccgaaagttctacacagagtttgatcggcgtaacaaccgeattggettcgecttggecegetga;

dHAND(HANDZ2):NM_021973:atgagtctggtaggtggttitccccaccacecggtggtegcaccacgagggetaccegtttgcegecgecgecge
cgeagctgecgeegecgecgecagecgetgeageeatgaggagaaccectacttecatggetggcteatcggecaccecgagatgtcgeeccecgactacag
catggecctgtectacagecccgagtatgecageggegecgecggcectggaccacteccattacggggegeetoccgecgggegecgggeccccgggectg
gggegoccgegcecggtgaagegecgaggeaccgecaaccgeaaggageggcgeaggactcagageatcaacagegecticgecgaactgegegagtg
catccecaacgtacccgecgacaccaaactctccaaaalcaagaccctgegectggecaccagctacategectaccteatggacctgetggecaaggacgace
agaalggcgaggcggagoccticaaggcagagatcaagaagaccgacgtgaaagaggagaagageaagaaggagctgaacgaaatcttgaaaageacagt

gagcagcaacgacaagaaaaccaaaggeeggacgggctgoccgeageacgtictggeccctggagetcaageagtga ; NM 010402;

aspartoacylase (Canavan disease) (ASPA):NM_000049;

atgacttcttgtcacattgctgaagaacatatacaaaaggttgctatetttggaggaacccatgggaatgagctaaccggagtattictggttaageattggctagaga
atggcgctgagattcagagaacagggctggagotaaaaccatttattactaaccccagageagtgaagaagtgtaccagatatattgactgtgacctgaatcgceat
ttttgaccttgaaaatcttggcaaaaaaatgtcagaagatttgecatatgaagtgagaaggectcaagaaataaatcatttatttg gtccaaaagacagigaagattce
tatgacattatttttgaccttcacaacaccacctctaacatggggtecactcttaticttgaggaticcaggaataactttttaattcagatgtttcattacattaagacttctc
tggctccactacectgetacgtttatetgattgageatecttcectcaaatatgegaccactegttccatagecaagtatectgtgggtatagaagttggtectcagect
caagggettctgagagctgatatcttggatcaaatgagaaaaatgattaaacatgcetettgatittatacatcatttcaatgaaggaaaagaatttecteectgegecatt
gaggtctataaaattatagagaaagttgattacccccgggatgaaaatggagaaattgcetgcetatcatecatectaatctgecaggatcaagactggaaaccactgea
tectggggatcecatgtitttaactettgatgggaagacgateccactgggcgeagactgtaccgtgtaccecgtgtitgtgaatgaggcegeatattacgaaaaga

aagaagctittgcaaagacaactaaactaacgctcaatgcaaaaagtatticgetgctgtitacattag; NM_023113.

hexosaminidaseA(HEXA):NM_000520:atgacaagctccaggcetttggtittcgetgctgctggeggeagegttcgeaggacgggegacggce
ctctggecctggectcagaacticcaaacctecgaccagegcetacgtectttacccgaacaactttcaattccagtacgatgtcageteggecgegeageccgget
gcetcagtectegacgaggcecttccagegetategtgaccetgettticggttcegggtettggeccegtccttacctcacagggaaacggcatacactggagaagaa
tgtgttggttgtctetgtagtcacacctggatgtaaccagcettcctactitggagteagtggagaattataccctgaccataaatgatgaccagtgtttactcctetetga

gactgtctggggagctctccgaggtetggagactittagecagettgtttggaaatetgetgagggcacattctttatcaacaagactgagattgag gactttcceeg

ctitcctcaccggggcttgetgttggatacatctegecattacctgecactetetageatectggacactetggatgtcatggcgtacaataaattgaacgtgttccact
ggcatctggtagatgatccttccttcccatatgagagetteacttttccagagetcatgagaaagg ggtectacaaccctgtcacccacatctacacageacaggatg
tgaaggaggtcattgaatacgcacggceteccggggtatecgtgtgcttgeagagtttgacactectggecacactttgtectggggaccaggtateectggattactg
actccttgctactetgggtetgagecctetggeacctttggaccagtgaateccagtctcaataatacctatgagticatgageacatteticttagaagtcagetetgte
ttcccagatttttatcttcatcttggaggagatgaggttgatttcacctgetggaagtccaacccagagatecaggactttatgaggaagaaaggettcggtgaggac

ttcaagcagctggagtecttctacatccagacgcetgctggacategtcteticttatggeaagggctatgtgetgtgacaggaggtotitgataataaagtaaagatic
agccagacacaatcatacaggtgtggcgagageatatticcagtgaactatatgaaggagcetggaactggtecaccaaggecggcttecgggeccttetetetgece
cctggtacctgaaccgtatatcctatggeectgactggaaggatttctacgtagtggaacceectggeatttgaaggtaccectgagcagaaggctetggtgattggt

ggagaggcttgtatgtggggoagaatatgtg gacaacacaaacctggtccccaggetetggeccagagcaggggctgttgccgaaaggctgtggageaacaagt

tgacatctgacctgacatttgectatgaacgtttgtcacacttccgetgtgagttgetgaggegaggtgtecaggeccaaccectcaatgtaggcttetgtgageagg
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agtttgaacagacctga.

Lesch_Nyhan_syndrome(HRPT):NM_000194:atggcgaccegeageectggegtegtgattagteatgatgaaccaggttatgaccttgattt
aliftgcatacctaatcattalgetgaggatttggaaagg stotttaticetcatggactaattatggacaggactgaacgtetigetegagatgtgatgaaggagatgg
gaggccatcacattgtageectetgtgtgetcaaggggsoctataaatictitgctgacctgctggattacatcaaageactgaatagaaatagteatagatecattee
tatgactgtagattttatcagactgaagagctattgtaatgaccagtcaacaggggacataaaagtaattggtggagatgatctctcaactttaactggaaagaatgtc
ligattglggaagatataatigacactggcaaaacaatgeagactitgeiticcttgglcaggcagtataatccaaagatggteaaggtegcaagetigctggtgaaa
aggaccccacgaagtgttggatataagecagactttgttggatttgaaattccagacaagtitgttgtaggatatgeccttgactataatgaatacttcagggatttgaa

tecatgittgtatcattagtgaaactggaaaagcaaaatacaaagectaa; NM_204848.
Huntingtin; NM_010414;

GUSB;NM_000181:atggcccgggagteggcggttgectgggeggegcetegggeegtigttgtgggactecgegctgggectgcagggegggatgc
tgtacccccaggagageeegtegegggagtgeaaggagetggacggectetggagettcegegecgacttctetgacaaccgacgecggggcticgaggage
aglggtaccggeggccgctgtgggagteaggccccaccgtggacatgecagtiteectecageticaatgacatcagecaggactggegtetgeggeatittgteg
getgggtgtggiacgaacggeagatoatcctgecggagegatggacceaggacctgegeacaagagtggtectgaggattggcagtgeccattectatgecat
cgtgtgggtgaatgggptcgacacgctagageatgaggggooctacetccecttcgaggecgacatcageaacctgg tccaggtggggccectgeccteceg
gctecgaateactatcgecatcaacaacacactcacccccaccaccctgecaccag ggaccalccaatacctgactgacacctccaagtatcccaagggttactit
gtccagaacacatatitigactitticaactacgetggactgcageggtetgtactictgtacacgacacceaccacctacatcgatgacatcaccgtcaccaccage
glggagcaagacagtgggctggtgaattaccagatetetgtcaagggcagtaacctgttcaagttggaagtecgtetittggatgecagaaaacaaagtegtggcga
atgggactgggacccagggcecaacttaaggtgecaggtgtcagectetggiggecgtacctgatgeacgaacgecctgectatetgtatteattggaggtecage
fgactgcacagacgteactggggcctgtgtetgacttctacacactcectgtggggatcegeactgtggetgtcaccaagagecagticctcatcaatgggaaacc
fitctatttccacggtgtcaacaageatgaggatgeggacatcegagggaagggcttcgactggeegetgetggtgaaggacttcaacctgeticgetggcttggt
gccaacgclttcegtaccagecactaccectatgeagaggaagtgatgeagatgtgtgaccgetatgggattgtggteategatgagteteccggegtgggectg
gegetgeegeagticttcaacaacgtitctetgeatcaccacatgeaggtgatggaagaagtggtgegtagggacaagaaccaccecgeggtegtgatgtggtet
glggccaacgagectgegteccacctagaatotgetggetactacttgaagatggteatcgetcacaccaaatecttggaccectecoggectgtgacclitgtgag
caactctaactatgcagcagacaaggggecteegtatgtggatgtoatctgttigaacagetactactettggtatcacgactacgggcacctggagttgattcaget
geagcelggecacccagtttgagaactggtataagaagtatcagaageccattaticagagegagtatggageagaaacgattgcagggtticaccaggatccace
fctgatgticactgaagagtaccagaaaagtetgcetagagcaglaccatetgggtctggatcaaaaacgcagaaaatacgtggttggagageteatttggaattttg
ccgatttcatgactgaacagtcaccgacgagagtgctggggaataaaaaggggateitcactcggeagagacaaccaaaaagtgcagegttectittgegagag

agatactggaagattgccaatgaaaccaggtatccccactcagtagecaagtcacaatgtitggaaaacagecegtitacttga; NM_010368.
NPCI:NM 000271;NM_006432.

hexosaminidaseB:NM 0003521 ;atggagcetgtacggactggoactgecceggecgeccatgetgetggegetgetgttggegacactgetgecgg
cgatgttggcgctgetgactcaggigecgetgategtecaggtggcggagecggctcgggeccegagegteteggecaageeggggccgs cgctgtgecce
ctgeegetcicggigaagatgaccecgaacctgetgeatctegeeceggagaactictacatcagecacagececcaattccacggegggcecctectgeaccect
gctggaggaagegtitcgacgatatcatggetatattttiggttictacaagtg gceatcatgaacctgctgaattccaggetaaaacccaggttcageaacticttgtet
caatcacccttcagtcagagtgtgatgctttccccaacatatcttcagatgagtcttatactttacttgtgaaagaaccagtggctgtccttaaggccaacagagtttgg
ggagcattacgaggtttagagacctttagccagttagtttatcaagattcttatggaactttcaccatcaatgaatccaccattattgattctccaaggttttctcacagag
gaattttgattgatacatccagacattatctgcCagttaagattattcttaaaactctggatgccatggcttttaataagtttaatgttcttcactggcacatagttgatgacc
agtctttcccatatcagagcatcacttrtcctgagttaagcaataaaggaagctattctttgtctcatgtttatacaccaaatgatgtchtatggtgattgaatatgccag

attacgaggaattcgagtcctgccagaatttgatacccctgggcatacactatcttggggaaaaggtcagaaagacctcctgaotccatgttacagtagacaaaaca
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agliggacictittggacctataaaccctactctgaatacaacatacageticcttactacattittcaaagaaattagtgaggtatttccagatcaattcattcattiggga
ggagatgaagtggaatttaaatgttgggaalcaaatccaaaaaticaagatticatgaggcaaaaaggetttggcacagattttaagaaactagaatctttctacattc
aaaaggiittggatattattgcaaccataaacaagggatceattgtctggcaggaggtittigatgataaagcaaagettgegecgggcacaatagitgaagtatgga
aagacagcgcatatcctgaggaactcagtagagtcacageatetggcticectgtaatectitetgetecttggtacttagatttgattagetatggacaagattggag
gaaatactataaagiggaacctettgattttggcggtactcagaaacagaaacaacttticattggtg gagaagcttgtctatg gggagaatatgtggatg caactaa
Ccteactecaagattatggectegggeaagtgetgtiggteagagactctggagttccaaagatgtcagagatatggatgacgcctatgacagactgacaaggea
ccgetgeaggatggicgaacgtggaatagctgeacaacctctttatgetggatatigtaaccatgagaacatgtaa.

galactosidase,alpha(GLA):NM_000169:atgcagctgaggaacccagaactacatctgggctgegegettgcgcttegcttectggecctegtttc
ctgggacatccctggggctagageactggacaatggattggcaaggacgectaccatgggctgectgcactgggagegcticatgtgeaaccttgactgccagg
aagagccagaticctgcatcagigagaagcetcticatggagatggcagagetcatggtictcagaaggctggaaggatgcaggttatgagtaccictgcattgatga
clgttggatggcteeccaaagagattcagaaggeagacttcaggeagacectecagegctitectecatgggattcgecagetagetaattatgttcacagcaaagga
Clgaagctagggatttatgcagatgtiggaaataaaacctgegeaggcttccetgggagttttggatactacgacattgatgcceagacctttgctgactggggagt
agatctgctaaaatttgatggtigttactgtgacagitiggaaaattiggcagatggttataagcacatgtecttggecctgaataggactggcagaageattgtgtact
cetgtgagtgoccictitatatgtggecctttcaaaageccaattatacagaaatecgacagtactgeaatcactggegaaattttgctgacattgatgaticetggaaa
aglataaagagtatctiggactggacatcttitaaccaggagagaattgtigatgitgctggaccagggg ettg gaatgacccagatatgttagtgattgg caactttg
gecteagetggaatcageaagtaactcagatggeectetgggctatcatggetgctectitattcatgictaatgacctecgacacatcagecctcaagecaaagcte
fcclicaggataaggacgtaattgecatcaatcaggaccectigggeaageaagggtaccagettagacagggagacaactitgaagtgtgggaacgacctetet
caggcliagectgggctgtagetatgatanaccggeaggagattggtosacctegetettataccatcgeagtigeticectgggtaaaggagtggectgtaatect
gectgcetteatcacacagetecteectgtgaaaaggaagetaggglictatgaatggacticaaggitaagaagtcacataaatcecacaggeactgtittgettcag

ctagaaaatacaatgcagatgtcattaaaagacttactttaa

glucosidase_beta_acid(GBA):NM_000157:atggagttttcaagtccttccagagaggaatgtcccaagectitgagtagggtaagcatcatggct
ggcagcectcacaggattgetictacttcaggeagtgtegtgggcatcaggtgccegecectgeatecctaaaagettcggcetacageteggtegtetetetctgca
atgccacatactgtgactectttgacececegacctttectgecettggtaccticagecgetatgagagtacacgeagtgggcgacggatggagetgagtatgg e
geccatccaggcetaatcacacgggeacaggectgetactgaccetgeagecagaacagaagticcagaaagtgaagggatttggaggggccatgacagatgct
gcetgeteteaacatecttgeectgteaccecctgeecaaaatitgetacttaaategtactictetgaagaaggaatcggatataacateatcegggtacecatggeca
getgtgacttetecatecgeacctacacctatgeagacaccectgatgatticcagtigcacaacttcagectcccagaggaagataccaagcetcaagataceectg
attcaccgagcecctgeagttggeccagegtecegtiteacteettgecageccetggacatcacceacttggetcaagaccaatggageggtgaatgggaagg

gicactcaagggacageccggagacatetaccaccagacctgggoccagatactttgtgaagttcctggatgectatgctgageacaagttacagttctgggcagt
gacagctgaaaatgagcecettctgetgggctgttgagtggataceecttccagtgectgggcttcaccectgaacatcagegagactteattgeecgtgacctaggte
ctaccctegecaacagtactcaceacaatgteegectacteatgetggatgaccaacgcettgetgetgececactgggcaaaggtestactgacagacccagaag
cagclaaatatgticatggcatigetgtacattggtacctggactitetggctecagecaaagecaccctaggggagacacaccgectgttceccaacaccatgetet
ttgccteagaggcctgtotegectccaagticteg gagcagagtgtecggctaggcteetgggatcgagggatgcagtacagecacageateatcacgaaccte
ctgtaccatglggteggetggacegactggaacctigeectgaaccecgaaggaggacceaattgggtgcgtaactttgtcgacagteccatcattgtagacatca
Ccaaggacacgtititacaaacagcccatgiictaccaccttggecacticageaagticaticetgaggectcecagagagtgggectegttgccagtcagaagaa
cgacctggacgeagtggceactgatgeatecegatggetetgetgtigtggtcgtactaaaccgetectetaaggatgtgcctettaccatcaaggatectgctgteg

gettectggagacaateteacetggcetactecattcacacctacctgtggegtegecagtga; NM_ 008094,

von_Hippel_Lindau_tumor_suppressor(VHL):NM_00055 :atgccceggagggceggagaactgggacgaggccgaggtaggegcg

gaggaggcaggcgtcgaagagtacggecctgaagaagacggeggggaggagtcgggegecgaggagtecggeccggaagagtecggeccggaggaac

tgggcgecgaggaggagatggaggecgggeggecgeggeecgtgetgegeteggteaactegegegageccteccaggteatctictgeaatcgeagteeg
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cgegtegtgetgeecgtatggeteaacttcgacggegagecgeagecctacccaacgetgeegectggeacgggecgecgeatccacagetacegaggteac
ctttggctcttcagagatgcagggacacacgatgggcttctggttaaccaaactgaattatitgtgecatctetcaatgtigacggacagectatttttgecaatatcac
actgccagtgtatactctgaaagagegatgectccaggttgtceggagectagtcaagectgagaattacaggagactggacategteaggtegetctacgaaga

tctggaagaccacccaaatgtgcagaaagacctggageggetgacacaggagegeattgcacatcaacggatgggagattga.

Beta_globin(HBB):NM_000518:atggtgcatctgactectgaggagaagtctgecgttactgecctgtggggcaaggtgaacgtggatgaagttgg
tggtgaggecctgggeaggctgetggtagtctaccettggacecagaggttctitgagtectttgggoatctgtecacteetgatgetgttatgggcaacectaaggt
gaaggcteatggeaagaaagtgcteggtgcctitagtgatgecctggetcacctggacaacctcaagggeacctitgecacactgagtgagetgeactgtgacaa
getgeacgtggatectgagaacttcaggctectgggcaacgtgetggtetgtgtgctgpcecatcactitggcaaagaalicaccccaccagtgcaggctgectat

cagaaagtggtggoctggtetggctaatgecctggeccacaagtatcactaa.

PARK2:NM_013988:atgatagtgtttgtcaggttcaactccagecatggtitcccagtggaggtegatictgacaccageatettccagetcaaggaggte
gttgctaagegacagggegttceggetgaceagitgegtgtgattttcgcagggaaggagetgaggaatgactggactgtgcaggaatttttctttanatgtggage
acaccccacctctgacaaggaaacatcagtagetttgcacctgategeaacaaatagicggaacatcacttgeattacgtgcacagacgteaggageccegtect
ggttttccagtgcaactecegecacgtgatttgettagactgtttceacttatactgtgtgacaagacteaatgatcggcagtttgttcacgacccteaacttggetacte
cctgecettgtgtgactggcetgtcecaactecttgattaaagagetecateacticaggattctgggagaagagcagtacaaccggtaccageagtatggtgcagag
gagtgtgtcetgcagatgggegocgtgttatgcccccgecctggetgtggagegggoctgctgecggageetgaccagaggaaagtcacctgegaagggeeg
caatggectgggctatgoptitocctictgecgggaatgtaaagaagegtaccatgaaggggagtgcagtgcegtatttgaagectcaggaacaactacteagge
Ctacagagtcgatgaaagagccgecgageaggceicgttggeaagcagectccaaagaaaccatcaagaaaaccaccaagecctgicccegetgecatgtace
agtggaaaaaaatggaggctgcatgcacatgaagtgtcegeagecccagtgeaggctegagtggtgctgaactgtggctgegagtggaaccgegtctgcatg

ggggaccactggticgacgtgtag: NM 004562, NM_ 020093,

The contents of all parenthetically cited publications and the following United States
Patents, are noted and incorporated by reference in their entireties: 7211247, 5677139,
6432711 and 5453357, U.S. 05,593,875, U.S. 05,783,566, U.S. 5,928,944, U.S. 05,910,488,
U.S. 05,824,547,
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Claims:

1. A method for producing multipotent, pluripotent, and/or self-renewing cells from the selected
cells, comprising:

transfecting selected cells obtained by selecting cells from the group of somatic cells with
nucleotide sequences encoding the "long" (PRR insert +) isoform(s) of the mammalian numb
protein and with an additional nucleotide sequence encoding Notch; and

growing the selected cells in a growth medium comprising cytokines selected from EGF, bFGF,
LIF, steel factor, IL-6, hyper IL-6, IL-7, oncostatin-M, cardiotrophin-1 and other growth
enhancing cytokines effective that the selected cells expand at a rate, wherein said rate is
determined from the doubling times of the selected cells in said growth culture medium; and
maintaining the cells under these culture conditions until the desired cell number is achieved.
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