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METHODS FOR SCREENING GENETIC
PERTURBATIONS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to 35 US.C. §
119(e) of U.S. Provisional Application Ser. No. 62/904,614,
filed Sep. 23, 2019, the content of which is hereby incor-
porated by reference its entirety.

[0002] This invention was made with government support
under HG009285 awarded by the National Institutes of
Health. The government has certain rights in the invention.

SEQUENCE LISTING

[0003] The instant application contains a Sequence Listing
which has been submitted electronically in ASCII format
and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on Dec. 14, 2020, is named 114198-
0152_SL.txt and is 155,507 bytes in size.

BACKGROUND

[0004] Cellular reprogramming by the overexpression of
transcription factors (TF), has widely impacted biological
research, from the direct conversion of adult somatic cells to
the induction of pluripotent stem cells, and the differentia-
tion of hPSCs. To date, the choice of TFs that drive such
reprogramming has been through a combination of the
knowledge of their role in development and cellular trans-
formation, and systematic trial-and-error. These challenges
highlight the need for the development of a scalable screen-
ing method to assess the effects of TF overexpression. Such
a screening method would have broad applicability in
advancing a fundamental understanding of reprogramming,
and as a means for the discovery of novel reprogramming
factors. This disclosure addresses this need and provides
related advantages as well.

SUMMARY

[0005] Described herein is a comprehensive high-through-
put platform to determine an optimal method to drive the
differentiation of pluripotent cells to specific somatic lin-
eages. In some aspects, the platform utilizes a novel open
reading frame (ORF) gene overexpression vector library of
developmentally critical transcription factors. The platform
builds genetic co-perturbation networks to identified key
altered gene modules and identifies key reprogramming/
differentiation drivers from transcriptomic responses. The
platform enabled identification of the key role of (previously
not recognized) transcription factor ETV2 in reprogram-
ming towards an endothelial state.

[0006] Thus, in one aspect, provided herein are isolated
nucleic acids comprising, consisting of, or consisting essen-
tially of (a) a nucleic acid encoding a transcription factor
(TF) open reading frame (ORF); (b) a nucleic acid barcode,
and (c) an optional vector comprising (a) and (b); wherein
the nucleic acid barcode is located 3' to the TF ORF. In some
embodiments, the TF ORF encodes a developmentally criti-
cal TF.

[0007] Inanother aspect, provided herein is a TF screening
library comprising, consisting of, or consisting essentially of
at least one isolated nucleic acid comprising, consisting of,
or consisting essentially of (a) a nucleic acid encoding a
transcription factor (TF) open reading frame (ORF); (b) a
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nucleic acid barcode, and (c) an optional vector comprising
(a) and (b); wherein the nucleic acid barcode is located 3' to
the TF ORF. In some embodiments, the TF ORF encodes a
developmentally critical TF, optionally selected from the
TFs listed in Table 1.

[0008] In some embodiments, the TF screening library
comprises, consists of, or consists essentially of at least 10,
at least 20, at least 30, at least 40, at least 50, at least 60, at
least 70, at least 80, at least 90, or at least 100 nucleic acids
or vectors, wherein each nucleic acid or vector comprises,
consists of, or consists essentially of a distinct nucleic acid
encoding a TF ORF.

[0009] In some embodiments, the TF screening library
further comprises, consists of, or consists essentially of a
nucleic acid encoding a selectable marker. In some embodi-
ments, the TF screening library further comprises, consists
of, or consists essentially of a nucleic acid encoding an
expression control element. In some embodiments, the
expression control element is a promoter or a long terminal
repeat (LTR). In some embodiments, the TF screening
library further comprises, consists of, or consists essentially
of a nucleic acid encoding a translation elongation factor,
optionally wherein the translation elongation factor is Efla.
[0010] In some embodiments, the vector is a retroviral
vector, optionally a lentiviral vector.

[0011] In another aspect, provided herein is a viral pack-
aging system comprising, consisting of, or consisting essen-
tially of at least one isolated nucleic acid comprising,
consisting of, or consisting essentially of (a) a nucleic acid
encoding a transcription factor (TF) open reading frame
(ORF); (b) a nucleic acid barcode, and (¢) an optional vector
comprising (a) and (b); wherein the nucleic acid barcode is
located 3' to the TF ORF; or aTF screening library; and a
packaging plasmid.

[0012] In another aspect, provided herein is a method for
producing a viral particle, the method comprising, consisting
of, or consisting essentially of transfecting a packaging cell
line with a viral packaging system comprising, consisting of,
or consisting essentially of at least one isolated nucleic acid
comprising, consisting of, or consisting essentially of (a) a
nucleic acid encoding a transcription factor (TF) open
reading frame (ORF); (b) a nucleic acid barcode, and (¢) an
optional vector comprising (a) and (b); wherein the nucleic
acid barcode is located 3' to the TF ORF; or aTF screening
library; and a packaging plasmid under conditions suitable
to package the vector or the TF screening library into a viral
particle. In another aspect, also provided herein is a viral
particle produced by this method, and optionally a carrier. In
another aspect, also provided herein is an isolated cell
comprising a nucleic acid, vector, or particle as described
herein, and optionally a carrier.

[0013] In another aspect, provided herein is a kit compris-
ing, consisting of, or consisting essentially of at least one of
(a) a nucleic acid or vector according to any of the embodi-
ments described herein; and/or (b) a TF screening library
according to any of the embodiments described herein;
and/or (c) a viral packaging system according to any of the
embodiments described herein; and/or (d) a viral particle
according to any of the embodiments described herein;
and/or (e) an isolated cell according to any of the embodi-
ments described herein, and optionally instructions for use.
[0014] In another aspect, provided herein is a method of
performing a high throughput gene activation screen, the
method comprising, consisting of, or consisting essentially



US 2021/0108193 Al

of: (a) transducing a target cell with the viral particle
according to any of the embodiments described herein; and
(b) performing scRNA-seq on the transduced target cell to
identify the nucleic acid barcode. In some embodiments, the
method further comprises or consists of determining a
fitness effect in the transduced target cell. In some embodi-
ments, the method further comprises or consists of identi-
fying a co-perturbation network. In some embodiments, the
method further comprises or consists of identifying a func-
tional gene module. In some embodiments, the target cell is
a stem cell. In some embodiments, the stem cell is an
embryonic stem cell (ESC) or an induced pluripotent stem
cell (iPSC). In some embodiments, the target cell is a
mammalian cell, optionally wherein the mammalian cell is
an equine, bovine, canine, murine, porcine, feline, or human
cell. In a particular embodiment, the target cell is a human
cell.

[0015] In other aspects, also provided herein is a method
driving differentiation of a stem cell into an endothelial cell,
the method comprising, consisting of, or consisting essen-
tially of inducing ectopic expression of ETV2 in a stem cell
under conditions suitable to support differentiation of the
stem cell into an endothelial cell. In some embodiments,
ectopic expression of ETV2 is induced by transducing the
stem cell with a vector comprising a nucleic acid encoding
ETV2 and a nucleic acid encoding an expression control
element. In some embodiments, the stem cell is an ESC or
an iPSC. In some embodiments, the stem cell is a mamma-
lian cell, optionally wherein the mammalian cell is an
equine, bovine, canine, murine, porcine, feline, or human
cell. In some embodiments, the stem cell is a human cell. In
some embodiments, the stem cell has been genetically
modified. In some embodiments, the method further com-
prises or consists of genetically modifying the stem cell or
the endothelial cell.

[0016] In further aspect, also provided herein is an
endothelial cell produced by a method driving differentiation
of a stem cell into an endothelial cell, the method compris-
ing, consisting of, or consisting essentially of inducing
ectopic expression of ETV2 in a stem cell under conditions
suitable to support differentiation of the stem cell into an
endothelial cell, and optionally a carrier. In some embodi-
ments, the endothelial cell expresses at least one of CDHS,
PECAMI, or VWE.

[0017] In another aspect, also provided herein is a popu-
lation of endothelial cells produced by a method driving
differentiation of a stem cell into an endothelial cell, the
method comprising, consisting of, or consisting essentially
of inducing ectopic expression of ETV2 in a stem cell under
conditions suitable to support differentiation of the stem cell
into an endothelial cell, and optionally a carrier.

[0018] In some aspects, provided herein is a composition
comprising, consisting of, or consisting essentially of an
endothelial cell produced by a method driving differentiation
of a stem cell into an endothelial cell, the method compris-
ing, consisting of, or consisting essentially of inducing
ectopic expression of ETV2 in a stem cell under conditions
suitable to support differentiation of the stem cell into an
endothelial cell, or a population of endothelial cells pro-
duced according to a method described herein, and one or
more of: a pharmaceutically acceptable carrier, a cryopreser-
vative or a preservative. In some embodiments, the carrier is
a pharmaceutically acceptable carrier. In some embodi-
ments, the cryopreservative is suitable for long term storage
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of the composition at a temperature ranging from -200° C.
to 0° C., from -80° C. to 0° C., from -20° C. to 0° C., or
from 0° C. to 10° C.

[0019] In some aspects, provided herein is a method of
treating a subject in need thereof, the method comprising,
consisting of, or consisting essentially of administering an
endothelial cell produced by a method driving differentiation
of a stem cell into an endothelial cell, the method compris-
ing, consisting of, or consisting essentially of inducing
ectopic expression of ETV2 in a stem cell under conditions
suitable to support differentiation of the stem cell into an
endothelial cell, or a population of endothelial cells pro-
duced according to a method described herein, or a compo-
sition comprising, consisting of, or consisting essentially of
the endothelial cell or population and a carrier to the subject.
In some embodiments of the method, an effective amount of
the endothelial cell, population, or composition is adminis-
tered to the subject. In some embodiments, the endothelial
cell or population is allogenic or autologous to the subject
being treated.

[0020] In some embodiments of the method, the subject
has a wound, a corneal disease or condition, a myocardial
infarction, or a vascular disease or condition. In some
embodiments, the subject has a corneal disease or condition.
In some embodiments, the administration is local or sys-
temic. In some embodiments, the endothelial cell, popula-
tion, or composition is administered to the subject’s eye.
[0021] In some embodiments of the method, the subject is
a mammal and the mammal is an equine, bovine, canine,
murine, porcine, feline, or human. In some embodiments,
the mammal is a human. In some embodiments, the endothe-
lial cells are autologous or allogeneic to the subject being
treated.

BRIEF DESCRIPTION OF THE FIGURES

[0022] FIGS. 1A-1F: SEUSS workflow and identification
of significant TFs from fitness and scRNA-seq analysis.
(FIG. 1A) Schematic of experimental and analytical frame-
work for evaluation of effects of transcription factor (TF)
overexpression in hPSCs: Individual TFs are cloned into the
barcoded ORF overexpression vector, pooled and packaged
into lentiviral libraries for transduction of hPSCs. Trans-
duced cells are harvested at a fixed time point to be assayed
as single cells using droplet based scRNA-seq to evaluate
transcriptomic changes. Cells are genotyped by amplifying
the overexpression transcript from scRNA-seq cDNA prior
to fragmentation and library construction, and identifying
the overexpressed TF barcode for each cell. The cell count
for each genotype is used to estimate fitness. Gene expres-
sion matrices from scRNA-seq are used to obtain differential
gene expression and clustering signatures which in turn are
used for evaluation of cell state reprogramming and gene
regulatory network analysis. (FIG. 1B) Fitness effect of TFs:
log fold change of individual TFs, calculated as cell counts
normalized against plasmid library read counts. (FIG. 1C)
t-SNE projection (left panel), and cluster enrichment of
significant TFs in clusters (right panel) from screens in
pluripotent stem cell medium. (FIG. 1D) t-SNE projection
(left panel), and cluster enrichment of significant TFs in
clusters (right panel) from screens in unilineage (endothe-
lial) growth medium. (FIG. 1E) t-SNE projection (left
panel), and enrichment of significant TFs in clusters (right
panel) from screens in multilineage differentiation medium.
(FIG. 1F) Number of differentially expressed genes for TFs
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across different growth media. The TFs in (FIG. 1C), (FIG.
1D), (FIG. 1E) and (FIG. 1F) were chosen as significant with
the following criteria: cluster enrichment with a false dis-
covery rate (FDR) of less than 107° and a cluster enrichment
profile different from control (mCherry) with a FDR less
than 1075, or if the TF drove differential expression of more
than 100 genes.

[0023] FIGS. 2A-2G: Effect of TF overexpression on
gene-to-gene co-perturbation network (FIG. 2A) Schematic
for gene-gene co-perturbation network analysis: A SNN
network is built from the linear model coefficients and the
network is then segmented into gene modules. Genes have
a highly weighted edge between them if they respond
similarly to TF overexpression. (FIG. 2B) Gene module
network: Node size indicates the number of genes in the
module; Edge size indicates distance between modules.
(FIG. 2C) Effect of TF overexpression on gene modules:
(FIG. 2D) Schematic of functional domains of ¢-MYC:
MYC Box I (MBI) and MYC Box I (II) which are essential
for transactivation of target genes are housed in the amino-
terminal domain (NTD); the basic (b) helix-loop-helix
(HLH) leucine zipper (L.Z) motif, which is required for
heterodimerization with the MAX protein is housed in the
carboxy-terminal domain (CTD); the nuclear localization
signal domain (NLS) is located in the central region of the
protein. (FIG. 2E) Effect of MYC mutant overexpression on
gene modules. (FIG. 2F) Schematic of KLLF gene family
protein structure grouped by common structural and func-
tional features (FIG. 2G) Effect of KLF family overexpres-
sion on gene modules. For heatmaps in (FIG. 2C), (FIG. 2E),
(FIG. 2F), effect size was calculated as the average of the
linear model coefficients for a given TF perturbation across
all genes within a module.

[0024] FIGS. 3A-3H: FElucidating effects of KLF4, SNAI2
and ETV2 (FIG. 3A) Effect of KLF4 and SNAI2 on a
subnetwork of the pluripotent state module, encompassing
key pluripotency regulators. Node size indicates the effect
size; blue nodes are downregulated, red nodes are upregu-
lated. (FIG. 3B) PC plot of performing PCA on 200 genes
from the Hallmark Epithelial Mesenchymal Transition gene-
set from MSigDB**. PCl corresponds to an EMT-like
signature. (FIG. 3C) Effect of KLF4 and SNAI2 on selected
epithelial and mesenchymal markers, including key Cad-
herin genes. (FIG. 3D) Correlation between fitness estimate
from scRNA-seq genotype counts and bulk fitness estimate
from gDNA in hPSC medium. (FIG. 3E) Morphology
change for cells transduced with either ETV2 or mCherry in
EGM. (FIG. 3F) Immunofluorescence micrograph of CDHS
labelled day 6 ETV2- or mCherry-transduced cells. (FIG.
3G) qRT-PCR analysis of signature endothelial genes
CDHS, PECAMI1, VWF and KDR, at day 6 post-transduc-
tion. Data were normalized to GAPDH and expressed rela-
tive to control cells in pluripotent stem cell medium. (FIG.
3H) Tube formation assay for day 6 ETV2- or mCherry-
transduced cells

[0025] FIG. 4: Schematic of cloning strategy for synthesis
of barcoded ORF vectors. The construction involved two
steps: (i) insertion of a pool of barcodes into the backbone
after digestion with Hpal, (ii) individually substituting
mCherry with TFs after digestion with BamHI.

[0026] FIGS.5A-5C: Fitness analysis from genomic DNA
and correlation with fitness from scRNA-seq genotyped cell
counts (FIG. 5A) Log fold-change of TF read counts ampli-
fied from genomic DNA vs plasmid library control (FIG.
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5B) Log fold change of TF counts vs plasmid library control
for genomic DNA reads vs cell counts fitness for: (FIG. 5B)
Unilineage medium (endothelial growth medium) (FIG. 5C)
Multilineage medium.

[0027] FIGS. 6A-6D: Differential gene expression analy-
sis of significant TFs (FIG. 6A) Heatmap of differentially
expressed genes for significant TFs in hPSC medium. (FIG.
6B) Heatmap of differentially expressed genes for signifi-
cant TFs in endothelial growth medium. (FIG. 6C) Heatmap
of differentially expressed genes for significant TFs in
multilineage medium (FIG. 6D) Heatmap showing signed
log p-values of enrichment for differentially expressed
homologous genes in mESCs upon overexpression of TFs>*.
ASCL1, CDX2, KLF4, MYOD1, and OTX2 display a high
degree of overlap with overexpression of their homologs in
mESCs.

[0028] FIGS. 7A-7F: Correlation between aggregated
samples. For all plots, correlation was between the coeffi-
cients of significant hits, with a hit being defined as a
gene—TF pair with the following significance criteria:
(FDR<0.05, Icoefl>0.025). (FIGS. 7A-7E) Correlation
between significant hits in the combined hPSC dataset with
hits in each individual dataset. (FIG. 7F) Correlation of hits
between the two multilineage datasets.

[0029] FIGS. 8A-8C: Correlation between fitness and
transcriptomic effects. (FIG. 8A) Correlation of the number
of differentially expressed genes for each TF vs the fitness
effect (log-FC) for hPSC medium (FIG. 8B) Correlation of
the number of differentially expressed genes for each TF vs
the fitness effect (log-FC) for endothelial medium (FIG. 8C)
Correlation of the number of differentially expressed genes
for each TF vs the fitness effect (log-FC) for multilineage
medium.

[0030] FIGS. 9A-9D: Confirmatory assays for effects of
KLF4 and SNAI2 on key genes in the pluripotency network
and involved in EMT (FIG. 9A) qRT-PCR analysis of
signature pluripotency network genes SOX2, POUSFI,
NANOG, DNMT3B, DPPA4 and SALL2 at day 5 post-
transduction in in pluripotent stem cell medium. (FIG. 9B)
qRT-PCR analysis of signature cadherins during EMT:
CDH1 and CDH2 at day 5 post-transduction in pluripotent
stem cell medium. (FIG. 9C) qRT-PCR analysis of signature
epithelial marker genes during EMT: EPCAM, LAMC1 and
SPP1 at day 5 post-transduction in pluripotent stem cell
medium. (FIG. 9D) gRT-PCR analysis of signature mesen-
chymal marker genes during EMT: TPM2, THY1 and VIM
at day 5 post-transduction in pluripotent stem cell medium.
Data for all assays were normalized to GAPDH and
expressed relative to control cells.

[0031] FIGS. 10A-10B: Correlation of KLF4 and MYC
effects across samples. (FIG. 10A) Correlation of KLF4
effects in the KLF family screen with KLF4 effects in the
hPSC screen. (FIG. 10B) Correlation of MYC effects in the
MYC mutants screen with KLF4 effects in the hPSC screen.

DETAILED DESCRIPTION

[0032] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meanings as com-
monly understood by one of ordinary skill in the art to which
this invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the present invention, the
preferred methods, devices, and materials are now
described. All technical and patent publications cited herein



US 2021/0108193 Al

are incorporated herein by reference in their entirety. Noth-
ing herein is to be construed as an admission that the
invention is not entitled to antedate such disclosure by virtue
of prior invention.

[0033] The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of tis-
sue culture, immunology, molecular biology, microbiology,
cell biology and recombinant DNA, which are within the
skill of the art. See, e.g., Sambrook and Russell eds. (2001)
Molecular Cloning: A Laboratory Manual, 3™ edition; the
series Ausubel et al. eds. (2007) Current Protocols in
Molecular Biology; the series Methods in Enzymology
(Academic Press, Inc., N.Y.); MacPherson et al. (1991) PCR
1: A Practical Approach (IRL Press at Oxford University
Press); MacPherson et al. (1995) PCR 2: A Practical
Approach; Harlow and Lane eds. (1999) Antibodies, A
Laboratory Manual; Freshney (2005) Culture of Animal
Cells: A Manual of Basic Technique, 5% edition; Gait ed.
(1984) Oligonucleotide Synthesis; U.S. Pat. No. 4,683,195;
Hames and Higgins eds. (1984) Nucleic Acid Hybridization;
Anderson (1999) Nucleic Acid Hybridization; Hames and
Higgins eds. (1984) Transcription and Translation; Immo-
bilized Cells and Enzymes (IRL Press (1986)); Perbal (1984)
A Practical Guide to Molecular Cloning; Miller and Calos
eds. (1987) Gene Transfer Vectors for Mammalian Cells
(Cold Spring Harbor Laboratory); Makrides ed. (2003) Gene
Transfer and Expression in Mammalian Cells; Mayer and
Walker eds. (1987) Immunochemical Methods in Cell and
Molecular Biology (Academic Press, London); Herzenberg
et al. eds (1996) Weir’s Handbook of Experimental Immu-
nology; Manipulating the Mouse Embryo: A Laboratory
Manual, 3" edition (Cold Spring Harbor Laboratory Press
(2002)); Sohail (ed.) (2004) Gene Silencing by RNA Inter-
ference: Technology and Application (CRC Press).

[0034] All numerical designations, e.g., pH, temperature,
time, concentration, and molecular weight, including ranges,
are approximations which are varied (+) or (-) by incre-
ments 0f 0.1 or 1.0, where appropriate. It is to be understood,
although not always explicitly stated that all numerical
designations are preceded by the term “about.” It also is to
be understood, although not always explicitly stated, that the
reagents described herein are merely exemplary and that
equivalents of such are known in the art.

Definitions

[0035] As used in the specification and claims, the singu-
lar form “a”, “an” and “the” include plural references unless
the context clearly dictates otherwise. For example, the term
“a cell” includes a plurality of cells, including mixtures
thereof.

[0036] As used herein, the term “comprising” or “com-
prises” is intended to mean that the compositions and
methods include the recited elements, but not excluding
others. “Consisting essentially of” when used to define
compositions and methods, shall mean excluding other
elements of any essential significance to the combination for
the stated purpose. Thus, a composition consisting essen-
tially of the elements as defined herein would not exclude
trace contaminants from the isolation and purification
method and pharmaceutically acceptable carriers, such as
phosphate buffered saline, preservatives and the like. “Con-
sisting of” shall mean excluding more than trace elements of
other ingredients and substantial method steps for adminis-
tering the compositions of this disclosure or process steps to
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produce a composition or achieve an intended result.
Embodiments defined by each of these transition terms are
within the scope of this disclosure.

[0037] As is known to those of skill in the art, there are 6
classes of viruses. The DNA viruses constitute classes I and
II. The RNA viruses and retroviruses make up the remaining
classes. Class III viruses have a double-stranded RNA
genome. Class IV viruses have a positive single-stranded
RNA genome, the genome itself acting as mRNA Class V
viruses have a negative single-stranded RNA genome used
as a template for mRNA synthesis. Class VI viruses have a
positive single-stranded RNA genome but with a DNA
intermediate not only in replication but also in mRNA
synthesis. Retroviruses carry their genetic information in the
form of RNA; however, once the virus infects a cell, the
RNA is reverse-transcribed into the DNA form which inte-
grates into the genomic DNA of the infected cell. The
integrated DNA form is called a provirus.

[0038] A “viral vector” is defined as a recombinantly
produced virus or viral particle that comprises a nucleic acid
to be delivered into a host cell, either in vivo, ex vivo or in
vitro. Examples of viral vectors include retroviral vectors,
lentiviral vectors, adenovirus vectors, adeno-associated
virus vectors, alphavirus vectors and the like. Alphavirus
vectors, such as Semliki Forest virus-based vectors and
Sindbis virus-based vectors, have also been developed for
use in gene therapy and immunotherapy. See, Schlesinger
and Dubensky (1999) Curr. Opin. Biotechnol. 5:434-439
and Ying, et al. (1999) Nat. Med. 5(7):823-827.

[0039] In aspects where gene transfer is mediated by a
lentiviral vector, a vector construct refers to the polynucle-
otide comprising the lentiviral genome or part thereof, and
a therapeutic gene. As used herein, “lentiviral mediated gene
transfer” or “lentiviral transduction” carries the same mean-
ing and refers to the process by which a gene or nucleic acid
sequences are stably transferred into the host cell by virtue
of the virus entering the cell and integrating its genome into
the host cell genome. The virus can enter the host cell via its
normal mechanism of infection or be modified such that it
binds to a different host cell surface receptor or ligand to
enter the cell. Retroviruses carry their genetic information in
the form of RNA; however, once the virus infects a cell, the
RNA is reverse-transcribed into the DNA form which inte-
grates into the genomic DNA of the infected cell. The
integrated DNA form is called a provirus. As used herein,
lentiviral vector refers to a viral particle capable of intro-
ducing exogenous nucleic acid into a cell through a viral or
viral-like entry mechanism. A “lentiviral vector” is a type of
retroviral vector well-known in the art that has certain
advantages in transducing nondividing cells as compared to
other retroviral vectors. See, Trono D. (2002) Lentiviral
vectors, New York: Spring-Verlag Berlin Heidelberg.
[0040] Lentiviral vectors of this disclosure include vectors
based on or derived from oncoretroviruses (the sub-group of
retroviruses containing MLV), and lentiviruses (the sub-
group of retroviruses containing HIV). Examples include
ASLV, SNV and RSV all of which have been split into
packaging and vector components for lentiviral vector par-
ticle production systems. The lentiviral vector particle
according to this disclosure may be based on a genetically or
otherwise (e.g. by specific choice of packaging cell system)
altered version of a particular retrovirus.

[0041] That the vector particle according to the disclosure
is “based on” a particular retrovirus means that the vector is
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derived from that particular retrovirus. The genome of the
vector particle comprises components from that retrovirus as
a backbone. The vector particle contains essential vector
components compatible with the RNA genome, including
reverse transcription and integration systems. Usually these
will include gag and pol proteins derived from the particular
retrovirus. Thus, the majority of the structural components
of the vector particle will normally be derived from that
retrovirus, although they may have been altered genetically
or otherwise so as to provide desired useful properties.
However, certain structural components and in particular the
env proteins, may originate from a different virus. The
vector host range and cell types infected or transduced can
be altered by using different env genes in the vector particle
production system to give the vector particle a different
specificity.

[0042] The term “an expression control element” as used
herein, intends a polynucleotide that is operatively linked to
a target polynucleotide to be transcribed, and facilitates the
expression of the target polynucleotide. A promoter is an
example of an expression control element.

[0043] The term “promoter” refers to a nucleic acid
sequence (e.g., a region of genomic DNA) that initiates
transcription of a particular gene. The promoter includes the
core promoter, which is the minimal portion of the promoter
required to properly initiate transcription and can also
include regulatory elements such as transcription factor
binding sites. The regulatory elements may promote tran-
scription or inhibit transcription. Regulatory elements in the
promoter can be binding sites for transcriptional activators
or transcriptional repressors. A promoter can be constitutive
or inducible. A constitutive promoter refers to one that is
always active and/or constantly directs transcription of a
gene above a basal level of transcription. An inducible
promoter is one which is capable of being induced by a
molecule or a factor added to the cell or expressed in the cell.
An inducible promoter may still produce a basal level of
transcription in the absence of induction, but induction
typically leads to significantly more production of the pro-
tein. Non-tissue specific promoters include but are not
limited to human cytomegalovirus (CMV), CMV enhancer/
chicken (3-actin (CBA) promoter, Rous sarcoma virus
(RSV), simian virus 40 (SV40) and mammalian elongation
factor 1o (EF1a), are non-specific promoters and are com-
monly used in gene therapy vectors. Promoters can also be
tissue specific. A tissue specific promoter allows for the
production of a protein in a certain population of cells that
have the appropriate transcriptional factors to activate the
promoter.

[0044] A “target cell” as used herein, shall intend a cell
containing the genome into which polynucleotides that are
operatively linked to an expression control element are to be
integrated. Cells that are infected with a lentivirus or sus-
ceptible to lentiviral infection are non-limiting examples of
target cells.

[0045] “Host cell” refers not only to the particular subject
cell but to the progeny or potential progeny of such a cell.
Because certain modifications may occur in succeeding
generations due to either mutation or environmental influ-
ences, such progeny may not, in fact, be identical to the
parent cell, but are still included within the scope of the term
as used herein.

[0046] The terms “polynucleotide,” “nucleic acid,” and
“oligonucleotide” are used interchangeably and refer to a
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polymeric form of nucleotides of any length, either deoxy-
ribonucleotides or ribonucleotides or analogs thereof. Poly-
nucleotides can have any three-dimensional structure and
may perform any function, known or unknown. The follow-
ing are non-limiting examples of polynucleotides: a gene or
gene fragment (for example, a probe, primer, EST or SAGE
tag), exons, introns, messenger RNA (mRNA), transfer
RNA, ribosomal RNA, ribozymes, cDNA, recombinant
polynucleotides, branched polynucleotides, plasmids, vec-
tors, isolated DNA of any sequence, isolated RNA of any
sequence, nucleic acid probes and primers. A polynucleotide
can comprise modified nucleotides, such as methylated
nucleotides and nucleotide analogs. If present, modifications
to the nucleotide structure can be imparted before or after
assembly of the polynucleotide. The sequence of nucleotides
can be interrupted by non-nucleotide components. A poly-
nucleotide can be further modified after polymerization,
such as by conjugation with a labeling component. The term
also refers to both double- and single-stranded molecules.
Unless otherwise specified or required, any embodiment of
this this disclosure that is a polynucleotide encompasses
both the double-stranded form and each of two complemen-
tary single-stranded forms known or predicted to make up
the double-stranded form.

[0047] A polynucleotide is composed of a specific
sequence of four nucleotide bases: adenine (A); cytosine
(C); guanine (G); thymine (T); and uracil (U) for thymine
when the polynucleotide is RNA. Thus, the term “polynucle-
otide sequence” is the alphabetical representation of a poly-
nucleotide molecule. This alphabetical representation can be
input into databases in a computer having a central process-
ing unit and used for bioinformatics applications such as
functional genomics and homology searching.

[0048] The term “isolated” as used herein refers to mol-
ecules or biological or cellular materials being substantially
free from other materials, e.g., greater than 70%, or 80%, or
85%, or 90%, or 95%, or 98%. In one aspect, the term
“isolated” refers to nucleic acid, such as DNA or RNA, or
protein or polypeptide, or cell or cellular organelle, or tissue
or organ, separated from other DNAs or RNAs, or proteins
or polypeptides, or cells or cellular organelles, or tissues or
organs, respectively, that are present in the natural source
and which allow the manipulation of the material to achieve
results not achievable where present in its native or natural
state, e.g., recombinant replication or manipulation by muta-
tion. The term “isolated” also refers to a nucleic acid or
peptide that is substantially free of cellular material, viral
material, or culture medium when produced by recombinant
DNA techniques, or chemical precursors or other chemicals
when chemically synthesized. Moreover, an “isolated
nucleic acid” is meant to include nucleic acid fragments
which are not naturally occurring as fragments and would
not be found in the natural state. The term “isolated” is also
used herein to refer to polypeptides which are isolated from
other cellular proteins and is meant to encompass both
purified and recombinant polypeptides, e.g., with a purity
greater than 70%, or 80%, or 85%, or 90%, or 95%, or 98%.
The term “isolated” is also used herein to refer to cells or
tissues that are isolated from other cells or tissues and is
meant to encompass both cultured and engineered cells or
tissues.

[0049] As used herein, “stem cell” defines a cell with the
ability to divide for indefinite periods in culture and give rise
to specialized cells. At this time and for convenience, stem
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cells are categorized as somatic (adult), embryonic or
induced pluripotent stem cells. A somatic stem cell is an
undifferentiated cell found in a differentiated tissue that can
renew itself (clonal) and (with certain limitations) differen-
tiate to yield all the specialized cell types of the tissue from
which it originated. An embryonic stem cell is a primitive
(undifferentiated) cell from the embryo that has the potential
to become a wide variety of specialized cell types. Pluripo-
tent embryonic stem cells can be distinguished from other
types of cells by the use of markers including, but not limited
to, Oct-4, alkaline phosphatase, CD30, TDGF-1, GCTM-2,
Genesis, Germ cell nuclear factor, SSEA1, SSEA3, and
SSEA4.

[0050] The term “culturing” refers to the in vitro propa-
gation of cells or organisms on or in synthetic culture
conditions such as culture media of various kinds. In some
aspects, the medium is changed daily. It is understood that
the descendants of a cell grown in culture may not be
completely identical (i.e., morphologically, genetically, or
phenotypically) to the parent cell. By “expanded” is meant
any proliferation, growth, or division of cells. Disclosed
herein are culture methods that support differentiation by in
inclusion of nutrients and effector molecules necessary to
promote or support the differentiation of stem cells into
differentiated cells.

[0051] “Differentiation” describes the process whereby an
unspecialized cell acquires the features of a specialized cell
such as a heart, liver, pancreas, or muscle cell. “Directed
differentiation” refers to the manipulation of stem cell
culture conditions to induce differentiation into a particular
cell type. “Dedifferentiated” defines a cell that reverts to a
less committed position within the lineage of a cell. As used
herein, the term “differentiates or differentiated” defines a
cell that takes on a more committed (“differentiated”) posi-
tion within the lineage of a cell and may also include
maturation or development of the cell. As used herein, “a
cell that differentiates into pancreatic beta cell” defines any
cell that can become a committed pancreatic cells that
produces insulin. Non-limiting examples of cells that are
capable of differentiating into endothelial cells include
embryonic stem cells, pluripotent stem cells, induced
pluripotent stem cells (iPSCs), mesenchymal stem cell,
hematopoietic stem cells, and adipose stem cells.

[0052] As used herein, a “pluripotent cell” defines a less
differentiated cell that can give rise to at least two distinct
(genotypically and/or phenotypically) further differentiated
progeny cells. In another aspect, a “pluripotent cell”
includes an Induced Pluripotent Stem Cell (iPSC) which is
an artificially derived stem cell from a non-pluripotent cell,
typically an adult somatic cell, produced by inducing
expression of one or more stem cell specific genes.

[0053] A “composition” is intended to encompass a com-
bination of active agent and another “carrier,” e.g., com-
pound or composition, inert (for example, a detectable agent
or label) or active, such as an adjuvant, diluent, binder,
stabilizer, buffers, salts, lipophilic solvents, preservative,
adjuvant or the like. Compositions may include stabilizers
and preservatives. As used herein, the term “pharmaceuti-
cally acceptable carrier” encompasses any of the standard
pharmaceutical carriers, such as a phosphate buffered saline
solution, water, and emulsions, such as an oil/water or
water/oil emulsion, and various types of wetting agents. For
examples of carriers, stabilizers and adjuvants, see Martin
(1975) Remington’s Pharm. Sci., 15th Ed. (Mack Publ. Co.,
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Easton). Carriers also include biocompatible scaffolds, phar-
maceutical excipients and additives proteins, peptides,
amino acids, lipids, and carbohydrates (e.g., sugars, includ-
ing monosaccharides, di-, tri-, tetra-, and oligosaccharides;
derivatized sugars such as alditols, aldonic acids, esterified
sugars and the like; and polysaccharides or sugar polymers),
which can be present singly or in combination, comprising
alone or in combination 1-99.99% by weight or volume.
Exemplary protein excipients include serum albumin such as
human serum albumin (HSA), recombinant human albumin
(rHA), gelatin, casein, and the like. Representative amino
acid/antibody components, which can also function in a
buffering capacity, include alanine, glycine, arginine,
betaine, histidine, glutamic acid, aspartic acid, cysteine,
lysine, leucine, isoleucine, valine, methionine, phenylala-
nine, aspartame, and the like. Carbohydrate excipients are
also intended within the scope of this this disclosure,
examples of which include but are not limited to monosac-
charides such as fructose, maltose, galactose, glucose,
D-mannose, sorbose, and the like; disaccharides, such as
lactose, sucrose, trehalose, cellobiose, and the like; polysac-
charides, such as raffinose, melezitose, maltodextrins, dex-
trans, starches, and the like; and alditols, such as mannitol,
xylitol, maltitol, lactitol, xylitol sorbitol (glucitol) and myo-
inositol.

[0054] A population of cells intends a collection of more
than one cell that is identical (clonal) or non-identical in
phenotype and/or genotype.

[0055] “Substantially homogeneous™ describes a popula-
tion of cells in which more than about 50%, or alternatively
more than about 60%, or alternatively more than 70%, or
alternatively more than 75%, or alternatively more than
80%, or alternatively more than 85%, or alternatively more
than 90%, or alternatively, more than 95%, of the cells are
of the same or similar phenotype. Phenotype can be deter-
mined by assaying for expression of a pre-selected cell
surface marker or other marker.

[0056] An “effective amount” is an amount sufficient to
effect beneficial or desired results. In the context of a
therapeutic cell, population, or composition, the term “effec-
tive amount” as used herein refers to the amount to alleviate
at least one or more symptom of a disease, disorder, or
condition (e.g., corneal condition), and relates to a sufficient
amount of the cell, population, or composition to provide the
desired effect (e.g., repair of the cornea). An effective
amount as used herein would also include an amount suf-
ficient to delay the development of a disease, disorder, or
condition symptom, alter the course of disease, disorder, or
condition symptom (for example but not limited to, slow the
progression of corneal degradation), or reverse a symptom
of a disease, disorder, or condition. Thus, it is not possible
to specify the exact “effective amount.” However, for any
given case, an appropriate “effective amount” can be deter-
mined by one of ordinary skill in the art using only routine
experimentation.

[0057] An effective amount can be administered in one or
more administrations, applications or dosages. Such deliv-
ery is dependent on a number of variables including the time
period for which the individual dosage unit is to be used, the
bioavailability of the therapeutic agent, the route of admin-
istration, etc. It is understood, however, that specific dose
levels of the therapeutic agents of the present disclosure for
any particular subject depends upon a variety of factors
including the activity of the specific compound employed,
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the age, body weight, general health, sex, and diet of the
subject, the time of administration, the rate of excretion, the
drug combination, and the severity of the particular disorder
being treated and form of administration. Treatment dosages
generally may be titrated to optimize safety and efficacy. The
dosage can be determined by a physician and adjusted, as
necessary, to suit observed effects of the treatment. Typi-
cally, dosage-effect relationships from in vitro and/or in vivo
tests initially can provide useful guidance on the proper
doses for patient administration. In general, one will desire
to administer an amount of the compound that is effective to
achieve a serum level commensurate with the concentrations
found to be effective in vitro. Determination of these param-
eters is well within the skill of the art. These considerations,
as well as effective formulations and administration proce-
dures are well known in the art and are described in standard
textbooks. Consistent with this definition, as used herein, the
term “therapeutically effective amount” is an amount suffi-
cient to inhibit RNA virus replication ex vivo, in vitro or in
vivo. Consistent with this definition, as used herein, the term
“therapeutically effective amount™ is an amount sufficient to
achieve the result of the method.

[0058] The term “administration” shall include without
limitation, administration by oral, parenteral (e.g., intramus-
cular, intraperitoneal, intravenous, ICV, intracisternal injec-
tion or infusion, subcutaneous injection, or implant), by
inhalation spray nasal, vaginal, rectal, sublingual, urethral
(e.g., urethral suppository) or topical routes of administra-
tion (e.g., gel, ointment, cream, aerosol, etc.) and can be
formulated, alone or together, in suitable dosage unit for-
mulations containing conventional non-toxic pharmaceuti-
cally acceptable carriers, adjuvants, excipients, and vehicles
appropriate for each route of administration. The invention
is not limited by the route of administration, the formulation
or dosing schedule.

[0059] An “enriched population” of cells intends a sub-
stantially homogenous population of cells having certain
defined characteristics. The cells are greater than 60%, or
alternatively greater than 65%, or alternatively greater than
70%, or alternatively greater than 75%, or alternatively
greater than 80%, or alternatively greater than 85%, or
alternatively greater than 90%, or alternatively greater than
95%, or alternatively greater than 98% identical in the
defined characteristics. In one aspect, the substantially
homogenous population of cells express markers that cor-
relate with pluripotent cell identity such as expression of
stem-cell specific genes like OCT4 and NANOG. In another
aspect, the substantially homogenous population of cells
express markers that are correlated with definitive endoderm
cell identity such SOX17, CXCR4, FOXA2, and GATA4. In
another aspect, the substantially homogenous population of
cells express markers that are correlated with posterior
foregut cell identity such as HNF1p, HNF4A while sup-
pressing expression of HHEX, HOXA3, CDX2, OCT4, and
NANOG. In another aspect, the substantially homogenous
population of cells express markers that are correlated with
pancreatic progenitor cell identity such as PDX1 (pancreatic
duodenal homeobox gene 1). In another aspect, the substan-
tially homogenous population of cells express markers that
are correlated with endocrine pancreas cell identity such as
NKX6.1, NEURO-D1, and NGN3. In yet another aspect, the
substantially homogenous population of cells express mark-
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ers that are correlated with islet precursor cell identity such
as INS. This population may further be identified by its
ability to secrete C-peptide.

[0060] A “gene” refers to a polynucleotide containing at
least one open reading frame that is capable of encoding a
particular RNA, polypeptide, or protein after being tran-
scribed and/or translated. The term “express” refers to the
production of a gene product. As used herein, “expression”
refers to the process by which polynucleotides are tran-
scribed into RNA and/or the process by which the tran-
scribed RNA such as mRNA is subsequently being trans-
lated into peptides, polypeptides, or proteins. If the
polynucleotide is derived from genomic DNA, expression
may include splicing of the mRNA in a eukaryotic cell. A
“gene product” or alternatively a “gene expression product”
refers to the amino acid (e.g., peptide or polypeptide) or
functional RNA (e.g. a tRNA, miRNA, rRNA, or shRNA)
generated when a gene is transcribed and translated.

[0061] The term “treating” (or “treatment”) of a pancreatic
or immune disorder or condition refers to ameliorating the
effects of, or delaying, halting or reversing the progress of,
or delaying or preventing the onset of, a pancreatic or
immune condition such as diabetes, pre-diabetes, juvenile
onset (Type 1) diabetes mellitus, including pediatric insulin-
dependent diabetes mellitus (IDDM), and adult onset dia-
betes mellitus (Type II diabetes). Treatment includes pre-
venting the disease or condition (i.e., causing the clinical
symptoms of the disease not to develop in a patient that may
be predisposed to the disease but does not yet experience or
display symptoms of the disease), inhibiting the disease or
condition (i.e., arresting or reducing the development of the
disease or its clinical symptoms), or relieving the disease or
condition (i.e., causing regression of the disease or its
clinical symptoms).

[0062] A mammalian stem cell, as used herein, intends a
stem cell having an origin from a mammal. Non-limiting
examples include, e.g., a murine, a canine, an equine, a
simian and a human. An animal stem cell intends a stem cell
having an origin from an animal, e.g., 2 mammalian stem
cell.

[0063] A “subject,” “individual” or “patient” is used inter-
changeably herein, and refers to a vertebrate, preferably a
mammal, more preferably a human. Mammals include, but
are not limited to, murines, rats, rabbit, simians, bovines,
ovine, porcine, canines, feline, farm animals, sport animals,
pets, equine, and primate, particularly human. Besides being
useful for human treatment, the methods and compositions
disclosed herein are also useful for veterinary treatment of
companion mammals, exotic animals and domesticated ani-
mals, including mammals, rodents, and the like which is
susceptible to diabetes or other immune or pancreatic dis-
eases or conditions. In one embodiment, the mammals
include horses, dogs, and cats. In another embodiment of the
present disclosure, the human is an adolescent or infant
under the age of eighteen years.

[0064] An immature stem cell, as compared to a mature
stem cell, intends a phenotype wherein the cell expresses or
fails to express one or more markers of a mature phenotype.
Examples of such are known in the art, e.g., telomerase
length or the expression of actin for mature cardiomyocytes
derived or differentiated from a less mature phenotype such
as an embryonic stem cell. An immature beta cell intends a
pancreatic cell that has insulin secretory granules but lacks
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GSIS. In contrast, mature beta cells typically are positive for
GSIS and have low lactate dehydrogenase (LDH).

Descriptive Embodiments

[0065] Understanding the complex effects of genetic per-
turbations on cellular state and fitness in human pluripotent
stem cells (hPSCs) has been challenging using traditional
pooled screening techniques which typically rely on unidi-
mensional phenotypic readouts. Here, Applicants use bar-
coded open reading frame (ORF) overexpression libraries
with a coupled single-cell RNA sequencing (scRNA-seq)
and fitness screening approach, a technique Applicants call
SEUSS (ScalablE fUnctional Screening by Sequencing), to
establish a comprehensive assaying platform. Using this
system, Applicants perturbed hPSCs with a library of devel-
opmentally critical transcription factors (TFs), and assayed
the impact of TF overexpression on fitness and transcrip-
tomic cell state across multiple media conditions. Applicants
further leveraged the versatility of the ORF library approach
to systematically assay mutant gene libraries and also whole
gene families. From the transcriptomic responses, Appli-
cants built genetic co-perturbation networks to identify key
altered gene modules. Strikingly, Applicants found that
KLF4 and SNAI2 have opposing effects on the pluripotency
gene module, highlighting the power of Applicants’ method
to characterize the effects of genetic perturbations. From the
fitness responses, Applicants identified ETV2 as a driver of
reprogramming towards an endothelial-like state.

Isolated Nucleic Acids and Transcription Factor Screening
Libraries

[0066] This disclosure provides isolated polynucleotides
or nucleic acids comprising, consisting of, or consisting
essentially of (a) a polynucleotide or nucleic acid encoding
a transcription factor (TF) open reading frame (ORF); (b) a
nucleic acid barcode, and (c) an optional vector comprising
(a) and (b); wherein the nucleic acid barcode is located 3' to
the TF ORF.

[0067] Transcription factors are proteins that bind (di-
rectly or indirectly through recruitment factors) to enhancer
or promoter regions of DNA (e.g. a genome) and interact to
activate, repress, or maintain the current level of transcrip-
tion of a particular gene or genetic locus. Many transcription
factors can bind to specific DNA sequences. Non-limiting
examples of TFs can be found at TFCat (Genome Biol.
2009; 10(3): R29).

[0068] An ORF refers to the part of a gene or polynucle-
otide that has the potential to be transcribed and/or trans-
lated. ORFs span intron/exon regions, which in some
embodiments can be spliced together after transcription of
the ORF to yield a final mRNA for protein translation. Thus,
ORFs include both introns and exons, when applicable. In
some embodiments, an ORF is a continuous stretch of
codons that contain a start codon and a stop codon. In some
embodiments, the transcription termination site is located
after the ORF, beyond the translation stop codon.

[0069] In some embodiments, the TF ORF encodes a
developmentally critical TF. As used herein, “developmen-
tally critical” refers to a transcription factor that regulates
development and/or differentiation by modulating transcrip-
tion. Regulation may include, for example, suppression of
one or more specific developmental or differentiation gene
expression programs, activation of one or more specific

Apr. 15,2021

developmental or differentiation gene expression programs,
and/or maintenance of a specific level of activation or
suppression of a specific developmental or differentiation
program. For example, a developmentally critical transcrip-
tion factor may function upstream of a lineage-specific gene
network and direct a stem or progenitor cell to differentiate
into that specific cell lineage. Examples of developmentally
critical TFs include but are not limited to ASCL1, ASCL3,
ASCL4, ASCL5, ATF7, CDX2, CRX, ERG, ESRRG,
ETV2, FLI1, FOXA1, FOXA2, FOXA3, FOXPI, GATAI,
GATA2, GATA4, GATA6, GLI1, HAND2, HNFIA,
HNF1B, HNF4A, HOXA1, HOXA10, HOXA11, HOXB6,
KLF4, LHX3, LMX1A, MEF2C, MESP1, MITF, MYC,
MYCL, MYCN, MYOD1, MYOG, NEURODI, NEU-
ROG1, NEUROG3, NRL, ONECUT1, OTX2, PAX7,
POUI1F1, POUSF1, RUNX, SIX1, SIX2, SNAI2, SOX10,
SOX2, SOX3, SPI1, SPIB, SPIC, SRY, TBX5, and TFAP2C.
[0070] In some embodiments, the vector is a retroviral
vector, optionally a lentiviral vector.

[0071] This disclosure provides a vector comprising, or
alternatively consisting essentially of; or yet further consist-
ing of a viral backbone. In one aspect, the viral backbone
contains essential nucleic acids or sequences for integration
into a target cell’s genome. In one aspect, the essential
nucleic acids necessary for integration of the genome of the
target cell include at the 5' and 3' ends the minimal TR
regions required for integration of the vector.

[0072] In one aspect, the term “vector” intends a recom-
binant vector that retains the ability to infect and transduce
non-dividing and/or slowly-dividing cells and integrate into
the target cell’s genome. In several aspects, the vector is
derived from or based on a wild-type virus. In further
aspects, the vector is derived from or based on a wild-type
lentivirus. Examples of such, include without limitation,
equine infectious anaemia virus (EIAV), simian immunode-
ficiency virus (SIV), feline immunodeficiency virus (FIV),
and human immunodeficiency virus (HIV). Alternatively, it
is contemplated that other retrovirus can be used as a basis
for a vector backbone such murine leukemia virus (MLV). It
will be evident that a viral vector need not be confined to the
components of a particular virus. The viral vector may
comprise components derived from two or more different
viruses, and may also comprise synthetic components. Vec-
tor components can be manipulated to obtain desired char-
acteristics, such as target cell specificity.

[0073] The recombinant vectors of this disclosure are
derived from primates and non-primates. Examples of pri-
mate lentiviruses include the human immunodeficiency
virus (HIV), the causative agent of human acquired immu-
nodeficiency syndrome (AIDS), and the simian immunode-
ficiency virus (SIV). The non-primate lentiviral group
includes the prototype “slow virus” visna/maedi virus
(VMYV), as well as the related caprine arthritis-encephalitis
virus (CAEV), equine infectious anaemia virus (EIAV) and
the more recently described feline immunodeficiency virus
(FIV) and bovine immunodeficiency virus (BIV). Prior art
recombinant lentiviral vectors are known in the art, e.g., see
U.S. Pat. Nos. 6,924,123; 7,056,699; 7,07,993; 7,419,829
and 7,442,551, incorporated herein by reference.

[0074] U.S. Pat. No. 6,924,123 discloses that certain ret-
roviral sequence facilitate integration into the target cell
genome. This patent teaches that each retroviral genome
comprises genes called gag, pol and env which code for
virion proteins and enzymes. These genes are flanked at both
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ends by regions called long terminal repeats (LTRs). The
LTRs are responsible for proviral integration, and transcrip-
tion. They also serve as enhancer-promoter sequences. In
other words, the LTRs can control the expression of the viral
genes. Encapsidation of the retroviral RNAs occurs by
virtue of a psi sequence located at the 5' end of the viral
genome. The LTRs themselves are identical sequences that
can be divided into three elements, which are called U3, R
and U5. U3 is derived from the sequence unique to the 3' end
of the RNA. R is derived from a sequence repeated at both
ends of the RNA, and U5 is derived from the sequence
unique to the S'end of the RNA. The sizes of the three
elements can vary considerably among different retrovi-
ruses. For the viral genome and the site of poly (A) addition
(termination) is at the boundary between R and US in the
right hand side LTR. U3 contains most of the transcriptional
control elements of the provirus, which include the promoter
and multiple enhancer sequences responsive to cellular and
in some cases, viral transcriptional activator proteins.
[0075] With regard to the structural genes gag, pol and env
themselves, gag encodes the internal structural protein of the
virus. Gag protein is proteolytically processed into the
mature proteins MA (matrix), CA (capsid) and NC (nucleo-
capsid). The pol gene encodes the reverse transcriptase (RT),
which contains DNA polymerase, associated RNase H and
integrase (IN), which mediate replication of the genome.
[0076] Inanother aspect, provided herein is a TF screening
library comprising, consisting of, or consisting essentially of
at least one isolated nucleic acid comprising, consisting of,
or consisting essentially of (a) a nucleic acid encoding a
transcription factor (TF) open reading frame (ORF); (b) a
nucleic acid barcode, and (c) an optional vector comprising
(a) and (b); wherein the nucleic acid barcode is located 3' to
the TF ORF. In some embodiments, the TF ORF encodes a
developmentally critical TF, optionally selected from the
TFs listed in Table 1.

[0077] In some embodiments, the TF screening library
comprises, consists of, or consists essentially of at least 10,
at least 20, at least 30, at least 40, at least 50, at least 60, at
least 70, at least 80, at least 90, or at least 100 nucleic acids
or vectors, wherein each nucleic acid or vector comprises,
consists of, or consists essentially of a distinct nucleic acid
encoding a TF ORF.

[0078] In some embodiments, the TF screening library
further comprises, consists of, or consists essentially of a
nucleic acid encoding a selectable marker (e.g., hygromy-
cin). In some embodiments, the TF screening library further
comprises, consists of, or consists essentially of a nucleic
acid encoding an expression control element. In some
embodiments, the expression control element is a promoter
or a long terminal repeat (LTR). In some embodiments, the
TF screening library further comprises, consists of, or con-
sists essentially of a nucleic acid encoding a translation
elongation factor, optionally wherein the translation elon-
gation factor is Efla.

[0079] For the production of viral vector particles, the
vector RNA genome is expressed from a DNA construct
encoding it, in a host cell. The components of the particles
not encoded by the vector genome are provided in trans by
additional nucleic acid sequences (the “packaging system”,
which usually includes either or both of the gag/pol and env
genes) expressed in the host cell. The set of sequences
required for the production of the viral vector particles may
be introduced into the host cell by transient transtection, or
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they may be integrated into the host cell genome, or they
may be provided in a mixture of ways. The techniques
involved are known to those skilled in the art.

[0080] In another aspect, provided herein is a viral pack-
aging system comprising, consisting of, or consisting essen-
tially of at least one isolated nucleic acid comprising,
consisting of, or consisting essentially of (a) a nucleic acid
encoding a transcription factor (TF) open reading frame
(ORF); (b) a nucleic acid barcode, and (¢) an optional vector
comprising (a) and (b); wherein the nucleic acid barcode is
located 3' to the TF ORF; or aTF screening library; and a
packaging plasmid.

[0081] In another aspect, provided herein is a method for
producing a viral particle, the method comprising, consisting
of, or consisting essentially of transfecting a packaging cell
line with a viral packaging system comprising, consisting of,
or consisting essentially of at least one isolated nucleic acid
comprising, consisting of, or consisting essentially of (a) a
nucleic acid encoding a transcription factor (TF) open
reading frame (ORF); (b) a nucleic acid barcode, and (¢) an
optional vector comprising (a) and (b); wherein the nucleic
acid barcode is located 3' to the TF ORF; or aTF screening
library; and a packaging plasmid under conditions suitable
to package the vector or the TF screening library into a viral
particle. In another aspect, also provided herein is a viral
particle produced by this method, and optionally a carrier. In
another aspect, also provided herein is an isolated cell
comprising a nucleic acid, vector, or particle as described
herein, and optionally a carrier.

[0082] Retroviral vectors for use in the methods and
compositions described herein include, but are not limited to
Invitrogen’s plenti series versions 4, 6, and 6.2
“ViraPower” system. Manufactured by Lentigen Corp.;
pHIV-7-GFP, lab generated and used by the City of Hope
Research Institute; “Lenti-X” lentiviral vector, pLVX,
manufactured by Clontech; pL.LKO.1-puro, manufactured by
Sigma-Aldrich; pLemi®, manufactured by Open Biosys-
tems; and pLV, lab generated and used by Charité Medical
School, Institute of Virology (CBF), Berlin, Germany.
[0083] This invention also provides the suitable packaging
cell line. In one aspect, the packaging cell line is the
HEK-293 cell line. Other suitable cell lines are known in the
art, for example, described in the patent literature within
U.S. Pat. Nos. 7,070,994, 6,995,919, 6,475,786; 6,372,502,
6,365,150 and 5,591,624, each incorporated herein by ref-
erence.

[0084] Yet further provided is an isolated cell or popula-
tion of cells, comprising, or alternatively consisting essen-
tially of; or yet further consisting of, a retroviral particle of
this invention, which in one aspect, is a viral particle. In one
aspect, the isolated host cell is a packaging cell line.

Kits

[0085] In another aspect, provided herein is a kit compris-
ing, consisting of, or consisting essentially of at least one of
(a) a nucleic acid or vector according to any of the embodi-
ments described herein; and/or (b) a TF screening library
according to any of the embodiments described herein;
and/or (c) a viral packaging system according to any of the
embodiments described herein; and/or (d) a viral particle
according to any of the embodiments described herein;
and/or (e) an isolated cell according to any of the embodi-
ments described herein, and optionally instructions for use.
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High Throughput Gene Activation Screens

[0086] In another aspect, provided herein is a method of
performing a high throughput gene activation screen, the
method comprising, consisting of, or consisting essentially
of: (a) transducing a target cell with the viral particle
according to any of the embodiments described herein; and
(b) performing single cell RNA sequencing (scRNA-seq) on
the transduced target cell to identify the nucleic acid bar-
code.

[0087] In some embodiments, scRNA-seq methods com-
prise the following steps: isolation of single cell and RNA,
reverse transcription (RT), optional amplification, library
generation, and sequencing. Several scRNA-seq protocols
appropriate for use with the disclosed methods have been
published: Tang et al. (Nat Methods. 6 (5): 377-82) STRT
(Islam, S. et al. (2011). Genome Res. 21 (7): 1160-7),
SMART-seq (Ramskold, D. et al. (2012). Nat. Biotechnol.
30 (8): 777-82) CEL-seq (Hashimshony, T. et al. (2012) Cell
Rep. 2 (3): 666-73), and Quartz-seq (Sasagawa, Y. et al.
(2013) Genome Biol. 14 (4): R31).

[0088] In some embodiments, the method further com-
prises or consists of determining a fitness effect in the
transduced target cell. Fitness effects include but are not
limited to effects on cell proliferation, effects on cell viabil-
ity, effects on rate of senescence, effects on apoptosis, effects
on DNA repair mechanisms, effects on genome stability,
effects on gene transcription, and effects on stress response.
In some embodiments, fitness effects are calculated from
genomic DNA or mRNA reads,
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[0089] In some embodiments, the method further com-
prises or consists of identifying a co-perturbation network.
In some embodiments, the method further comprises or
consists of identifying a functional gene module. In some
embodiments, the target cell is a stem cell. In some embodi-
ments, the stem cell is an embryonic stem cell (ESC) or an
induced pluripotent stem cell (iPSC). In some embodiments,
the target cell is a mammalian cell, optionally wherein the
mammalian cell is an equine, bovine, canine, murine, por-
cine, feline, or human cell. In a particular embodiment, the
target cell is a human cell.

Endothelial Differentiation Methods and Compositions

[0090] Also provided herein is a method driving or direct-
ing differentiation of a stem cell into an endothelial cell, the
method comprising, consisting of, or consisting essentially
of inducing ectopic expression of ETV2 (Ets variant 2,
Entrez gene: 2116) in a stem cell under conditions suitable
to support differentiation of the stem cell into an endothelial
cell.

[0091] Insome embodiments, ectopic expression of ETV2
is induced by transducing the stem cell with a vector (e.g.,
AAV) comprising a nucleic acid encoding ETV2 and a
nucleic acid encoding an expression control element. In
other embodiments, the vector encodes an open reading
frame of ETV2. In other embodiments, the vector encodes a
c¢DNA of ETV2 (RefSeq: NM 001300974; NM 001304549;
NM 014209). A non-limiting example of the sequence of an
ETV2 cDNA is provided:

(SEQ ID NO: 1)

1 ttectgttge agataagcce agcttagecc agetgaccce agaccctete cectecactece

61 cccecatgteg caggatcgag accctgagge agacagceccg ttcaccaage cecccgeacd

121 gcecccatca ccccgtaaac ttcetceccage cteegecctyg cectcaccca geccgetgtt

181 ccceccaagect cgctccaage ccacgccacce cctgcagcag ggcageccca gaggcecagea

241 cctatceceg aggetggggt cgaggetegg ceccgeccect gectetgcaa cttgagectg

301 gectgegacce ctgetetgac gteteggaaa attccccectt geccaggece ttgggggagy

361 gggtgcatgg tatgaaatgg ggctgagacce ceeggetggg ggcagaggaa cccgccagag

421 aaggagccaa attaggctte tgtttcectg atctggcact ccaaggggac acgccgacag

481 cgacagcaga gacatgctgg aaaggtacaa gcetcatccct ggcaagette ccacagetgg

541 actggggctc cgcgttactg cacccagaag ttccatgggg ggcggagece gactctcagg

601 ctettecegtg gtceceggggac tggacagaca tggegtgcac agectgggac tcettggageg

661 gcgcctegea gaccctggge ccegececte teggeceggyg ccccatccce gocgeagget

721 ccgaaggcege cgcgggccag aactgcegtee cegtggeggg agaggecace tegtggtege

781 gcgceccagge cgccgggage aacaccagcet gggactgtte tgtggggece gacggegata

841 cctactgggg cagtggcctyg ggcggggage cgcgcacgga ctgtaccatt tegtggggeg

901 ggccegeggg cecggactgt accacctect ggaacceggyg getgcatgeg ggtggeacca

961 cctctttgaa geggtaccag agctcagete tcaccgtttyg ctecgaacceg ageccgeagt

1021 cggaccgtge cagtttggcet cgatgcccca aaactaacca ccgaggtcecec attcagetgt

1081 ggcagttecct cctggagcectg ctecacgacg gggcgcgtag cagctgcatce cgttggactg

1141 geaacagecg cgagttecag ctgtgegace ccaaagaggt ggcteggetyg tggggegage
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1201 gcaagagaaa gccgggcatg aattacgaga agctgagcecg gggcecttcecge tactactatce

1261 gecgegacat cgtgegcaag agegggggge gaaagtacac gtaccgette gggggecgeg

1321 tgcccagect agectatceg gactgtgegg gaggcggacyg gggagcagag acacaataaa

1381 aattcccggt caaacctcaa aaaaaaaaaa aaa

[0092] In some embodiments, the stem cell is an ESC or
an iPSC. In some embodiments, the stem cell is a mamma-
lian cell, optionally wherein the mammalian cell is an
equine, bovine, canine, murine, porcine, feline, or human
cell. In some embodiments, the stem cell is a human cell. In
some embodiments, the stem cell has been genetically
modified. In some embodiments, the method further com-
prises or consists of genetically modifying the stem cell or
the endothelial cell.

[0093] In further aspect, also provided herein is an
endothelial cell produced by a method driving differentiation
of a stem cell into an endothelial cell, the method compris-
ing, consisting of, or consisting essentially of inducing
ectopic expression of ETV2 in a stem cell under conditions
suitable to support differentiation of the stem cell into an
endothelial cell, and optionally a carrier. In some embodi-
ments, the endothelial cell expresses at least one of CDHS
(VE-Cadherin, Entrez gene: 1003; RefSeq: NM 001114117,
NM 00179, PECAM1 (Platelet endothelial cell adhesion
molecule, Entrez gene: 5175; RefSeq: NM 000442), or
VWF (Von Willebrand Factor, Entrez gene: 7450, RefSeq:
NM 000552).

[0094] In another aspect, also provided herein is a popu-
lation of endothelial cells produced by a method driving
differentiation of a stem cell into an endothelial cell, the
method comprising, consisting of, or consisting essentially
of inducing ectopic expression of ETV2 in a stem cell under
conditions suitable to support differentiation of the stem cell
into an endothelial cell, and optionally a carrier.

[0095] In some aspects, provided herein is a composition
comprising, consisting of, or consisting essentially of an
endothelial cell produced by a method driving differentiation
of a stem cell into an endothelial cell, the method compris-
ing, consisting of, or consisting essentially of inducing
ectopic expression of ETV2 in a stem cell under conditions
suitable to support differentiation of the stem cell into an
endothelial cell, or a population of endothelial cells pro-
duced according to a method described herein, and one or
more of: a pharmaceutically acceptable carrier, a cryopreser-
vative or a preservative. In some embodiments, the carrier is
a pharmaceutically acceptable carrier. In some embodi-
ments, the cryopreservative is suitable for long term storage
of the composition at a temperature ranging from -200° C.
to 0° C., from -80° C. to 0° C., from -20° C. to 0° C., or
from 0° C. to 10° C.

Methods of Treatment

[0096] In some aspects, provided herein is a method of
treating a subject in need thereof, the method comprising,
consisting of, or consisting essentially of administering an
endothelial cell produced by a method driving differentiation
of a stem cell into an endothelial cell, the method compris-
ing, consisting of, or consisting essentially of inducing
ectopic expression of ETV2 in a stem cell under conditions
suitable to support differentiation of the stem cell into an

endothelial cell, or a population of endothelial cells pro-
duced according to a method described herein, or a compo-
sition comprising, consisting of, or consisting essentially of
the endothelial cell or population and a carrier to the subject.
In some embodiments of the method, an effective amount of
the endothelial cell, population, or composition is adminis-
tered to the subject. In some embodiments, the endothelial
cell or population is allogenic or autologous to the subject
being treated. In one aspect, the treatment excludes preven-
tion.

[0097] In some embodiments of the method, the subject
has a wound, a corneal disease or condition, a myocardial
infarction, or a vascular disease or condition. In some
embodiments, the subject has a corneal disease or condition.
In some embodiments, the administration is local or sys-
temic. In some embodiments, the endothelial cell, popula-
tion, or composition is administered to the subject’s eye.

[0098] An effective amount can be administered in one or
more administrations, applications or dosages. Such deliv-
ery is dependent on a number of variables including the time
period for which the individual dosage unit is to be used, the
bioavailability of the therapeutic agent, the route of admin-
istration, etc. It is understood, however, that specific dose
levels of the therapeutic agents of the present disclosure for
any particular subject depends upon a variety of factors
including the activity of the specific compound employed,
the age, body weight, general health, sex, and diet of the
subject, the time of administration, the rate of excretion, the
drug combination, and the severity of the particular disorder
being treated and form of administration. Treatment dosages
generally may be titrated to optimize safety and efficacy. The
dosage can be determined by a physician and adjusted, as
necessary, to suit observed effects of the treatment. Typi-
cally, dosage-effect relationships from in vitro and/or in vivo
tests initially can provide useful guidance on the proper
doses for patient administration. In general, one will desire
to administer an amount of the compound that is effective to
achieve a serum level commensurate with the concentrations
found to be effective in vitro. Determination of these param-
eters is well within the skill of the art. These considerations,
as well as effective formulations and administration proce-
dures are well known in the art and are described in standard
textbooks. Consistent with this definition, as used herein, the
term “therapeutically effective amount” is an amount suffi-
cient to achieve the result of the method.

[0099] The term “administration” shall include without
limitation, administration by oral, parenteral (e.g., intramus-
cular, intraperitoneal, intravenous, ICV, intracisternal injec-
tion or infusion, subcutaneous injection, or implant), by
inhalation spray nasal, vaginal, rectal, sublingual, urethral
(e.g., urethral suppository) or topical routes of administra-
tion (e.g., gel, ointment, cream, aerosol, etc.) and can be
formulated, alone or together, in suitable dosage unit for-
mulations containing conventional non-toxic pharmaceuti-
cally acceptable carriers, adjuvants, excipients, and vehicles
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appropriate for each route of administration. The invention
is not limited by the route of administration, the formulation
or dosing schedule.

[0100] In some embodiments of the method, the subject is
a mammal and the mammal is an equine, bovine, canine,
murine, porcine, feline, or human. In some embodiments,
the mammal is a human. In some embodiments, the endothe-
lial cells are autologous or allogeneic to the subject being
treated.

[0101] Having been generally described herein, the follow
examples are provided to further illustrate this invention.

Example 1

[0102] Recently, screens combining genetic perturbations
with scRNA-seq readouts have emerged as promising alter-
natives to traditional screens, enabling high-throughput,
high-content screening by profiling the transcriptomes of
tens of thousands of individual cells simultaneously. Unlike
array-based methods scRNA-seq screens are scalable, while
unlike traditional pooled screening techniques, they enable
direct readout of cell state changes. In addition, they also
enable the evaluation of heterogeneous cellular response to
perturbations. While several groups have demonstrated
CRISPR-Cas9 based knock-out and knock-down scRNA-
seq screens, to Applicants’ knowledge, gene activation
screens have yet to be demonstrated.

[0103] Here, Applicants use barcoded ORF overexpres-
sion libraries with a coupled scRNA-seq and fitness screen,
a technique Applicants call SEUSS, to systematically over-
express TFs and assay both, the transcriptomic and fitness
effects on hPSCs. Applicants chose open-reading frame
(ORF) constructs for several reasons, namely that ORF
constructs yield strong, stable expression of the gene of
interest, enable the ability to express a targeted isoform of
the gene, and allow for the ability to express engineered or
mutant forms of the gene, aspects otherwise not accessible
through endogenous gene activation. Applicants screened a
pooled library of TFs that are either developmentally criti-
cal, specific to key lineages, or are pioneer factors capable
of binding closed chromatin (Table 1). From the transcrip-
tomic readouts, Applicants built a gene-gene co-perturbation
network, segmented the network genes into functional gene
modules, and used these gene modules to also elucidate the
impact of TF overexpression on the pluripotent cell state.
Notably, Applicants also leveraged the versatility of the ORF
library approach and SEUSS to systematically assay mutant
gene libraries (MYC) and whole gene families (KLF).
Finally, Applicants also leveraged the complementary fitness
information via SEUSS to ascertain that ETV2 is a novel
reprogramming factor for hPSCs, whose overexpression
yields rapid differentiation towards the endothelial lineage.
[0104] Applicants designed Applicants’ ORF overexpres-
sion vector such that each TF was paired with a unique 20
bp barcode sequence located downstream of the 3' end of a
hygromycin resistance transgene (FIG. 1A, FIG. 4), and 200
bp upstream of the lentiviral 3'-long terminal repeat (LTR)
region. This yields a polyadenylated transcript bearing the
barcode proximal to the 3' end, thereby facilitating efficient
capture and detection in scRNA-seq. To construct the ORF
library, transcription factors were amplified out of a multi-
tissue human cDNA pool or directly synthesized as double-
stranded DNA fragments, and individually cloned into the
backbone vector (FIG. 4). The final library consisted of 61
developmentally critical or pioneer TFs (Table 1). Appli-
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cants chose this library size to ensure that within a single
scRNA-seq run of up to 10,000 cells, each perturbation was
represented by at least 50-100 cells. However, SEUSS can
be scaled up to include all known TFs.

[0105] Applicants conducted the overexpression screens
by transducing lentiviral ORF libraries into human embry-
onic stem cells (hESCs), maintaining them under antibiotic
selection for 5 days after transduction, for screens in hPSC
medium, and 6 days after transduction, for screens in
unlineage (endothelial) and multilineage (high serum)
medium, and then performing scRNA-seq on the transduced
and selected cells. TF barcodes were recovered and associ-
ated with scRNA-seq cell barcodes by targeted amplification
from the unfragmented cDNA, allowing genotyping of each
cell for downstream analysis (FIG. 1A). Genotyped cell
counts, although an under-sampling of the bulk population,
also allowed Applicants to obtain an estimate of fitness,
which was strongly correlated with bulk fitness obtained
from genomic DNA (FIG. 1A, FIG. 3D, FIGS. 5A-5C).
[0106] To analyze the effect of the TF perturbations,
Applicants used the Seurat computational pipeline to cluster
the cells from the scRNA-seq expression matrix (FIG. 1C,
FIG. 1D, FIG. 1E). In parallel, a linear model was used to
identify genes whose expression levels are appreciably
changed by the perturbation. To select TFs for downstream
analysis, Applicants calculated over-enrichment of TFs in
clusters using Fisher’s exact test (FIG. 1C, FIG. 1D, FIG.
1E). Subsequently, Applicants focused Applicants’ analysis
on TFs that were either significantly enriched for at least one
cluster (FDR<1079), or had at least 100 significant differ-
entially expressed genes. For TFs that had significant over-
enrichment in a cluster, Applicants repeated the linear
regression analysis, only including cells that fell into
enriched clusters (FIG. 1F).

[0107] This framework was used to conduct screens in
hPSC medium, aggregating 12,873 cells across five samples.
Applicants found that these independent experiments were
well correlated with the combined dataset (Pearson R>0.84),
implying overall reproducibility and the absence of strong
batch effects (FIGS. 7A-7E). To study the interplay of ORF
overexpression with growth media conditions, Applicants
also conducted screens in a unilineage medium, specifically
endothelial growth medium, on 5,646 cells and in a multi-
lineage (ML) differentiation medium, specifically a high
serum growth medium, on 3476 cells (Table 3). Two
samples were aggregated for analysis in the ML medium,
again showing good correlation (FIG. 7F; Pearson R=0.68).
[0108] From Applicants’ screen in hPSC medium, Appli-
cants found that transcriptomic changes do not necessarily
correlate with changes in fitness (FIG. 5), thus Applicants’
coupled screening method enables a more comprehensive
profiling of impacts on both fitness and cell state. Among the
most significantly depleted TFs, was the haemato-endothe-
lial master regulator ETV2, (FIG. 3D, FIG. 5), which guided
Applicants’ choice of EGM for a unilineage medium screen.
[0109] Applicants find that certain TFs show consistent
effects across all media conditions (CDX2, KLF4), while
some TFs have medium-specific effects. For instance,
SNAI2 effects were specific to hPSC medium, MITF to ML,
medium, and GATA4 to EGM (FIG. 1F). To benchmark
Applicants’ results, Applicants compared expression pro-
files for significant TFs in hPSC medium with a previously
reported bulk RNA-seq screen of TF perturbations in
mESCs. For TFs present in both datasets, Applicants found
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a strong overlap, suggesting the effectiveness of Applicants’
screen for studying perturbations (FIG. 6D).

[0110] To interpret the effects of the significant TFs,
Applicants used the regression coeflicients of the linear
model to build a weighted gene-to-gene co-perturbation
network, where genes with a highly weighted edge between
them respond to TF perturbations in a similar manner (FIG.
2A). Using this network, Applicants identified 11 altered
gene modules via a modularity optimization graph clustering
algorithm. Many of these gene modules showed a strong
enrichment for Gene Ontology (GO) terms, and gene mod-
ule identity was assigned using GO enrichment paired with
manual inspection of genes in each module. In this network,
Applicants found that the pluripotency gene module and the
chromatin accessibility module are highly interconnected,
reflecting the relationship between those two biological
processes (FIG. 2B), and suggesting that this network may
serve as a resource to understand the cascading effects of
genetic perturbations (FIG. 2B, Table 5).

[0111] Applicants next calculated the effect of each sig-
nificant TF on the gene modules (FIG. 2C). Applicants found
that the annotated neural specifiers NEUROD1, NEUROGI,
and NEUROG3, which show similar cluster enrichment and
differential expression patterns, upregulate the neuron dif-
ferentiation module, consistent with their known effects.
ASCL1 and MYOD1, which also show similarity in clus-
tering and expression patterns, upregulate the Notch path-
way module (FIG. 2C). This similarity between ASCL1 and
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MYOD1 may be due to a myogenic program initiated by
ASCLI1. Notably, for the TFs with consistent effects across
medium conditions, Applicants find that both CDX2 and
KLF4 strongly downregulate the pluripotency gene module,
while CDX2 also upregulates the embryonic development
gene module, potentially reflecting its role in trophectoderm
development, and KLF4 tends to upregulate the cytoskel-
eton and motility gene modules.

[0112] Next, since in Applicants’ screens MYC was found
to drive significant transcriptomic changes in hPSC medium
in its wild type form (FIG. 1F), Applicants chose to focus on
it in demonstrating the ability of Applicants’ platform to also
systematically screen mutant forms of proteins. Specifically,
Applicants constructed a library of mutant MYC proteins,
where functional domains were systematically deleted (FIG.
2D), or mutations at known hotspots were incorporated
(Glu-39, Thr-58 and Ser-62). Screening this library in
pluripotent stem cell medium, Applicants found that while
some variants, such as known hotspot mutations, as well as
deletion of the nuclear localization signal (NLS) sequence
maintain an effect similar to the wild type MYC, a majority
of the other mutant forms show a greater overlap with the
control mCherry-transduced cells, suggesting the essential
requirement of the mapped domains for function of MYC in
hPSCs (FIG. 2E).

MYC Mutants Library:
[0113]

GENE SEQUENCE

SEQ ID
NO: MUTATION

MYC ATGCCCCTCAACGTTAGCTTCACCAACAGGAACTATGACC 2
AMBI TCGACTACGACTCGGTGCAGCCGTATTTCTACTGCGACGA

Deletion of MYC
Box I

c-MYC
AMBII

GGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGAGCT
GCAGCCCCCGGCGGGATCAGGTAGCGGTAGCCGCCGCTC
CGGGCTCTGCTCGCCCTCCTACGTTGCGGTCACACCCTTCT
CCCTTCGGGGAGACAACGACGGCGGTGGCGGGAGCTTCT
CCACGGCCGACCAGCTGGAGATGGTGACCGAGCTGCTGG
GAGGAGACATGGTGAACCAGAGTTTCATCTGCGACCCGG
ACGACGAGACCTTCATCAAAAACATCATCATCCAGGACTG
TATGTGGAGCGGCTTCTCGGCCGCCGCCAAGCTCGTCTCA
GAGAAGCTGGCCTCCTACCAGGCTGCGCGCAAAGACAGC
GGCAGCCCGAACCCCGCCCGCGGCCACAGCGTCTGCTCCA
CCTCCAGCTTGTACCTGCAGGATCTGAGCGCCGCCGCCTC
AGAGTGCATCGACCCCTCGGTGGTCTTCCCCTACCCTCTC
AACGACAGCAGCTCGCCCAAGTCCTGCGCCTCGCAAGACT
CCAGCGCCTTCTCTCCGTCCTCGGATTCTCTGCTCTCCTCG
ACGGAGTCCTCCCCGCAGGGCAGCCCCGAGCCCCTGGTGC
TCCATGAGGAGACACCGCCCACCACCAGCAGCGACTCTG
AGGAGGAACAAGAAGATGAGGAAGAAATCGATGTTGTTT
CTGTGGAAAAGAGGCAGGCTCCTGGCAAAAGGTCAGAGT
CTGGATCACCTTCTGCTGGAGGCCACAGCAAACCTCCTCA
CAGCCCACTGGTCCTCAAGAGGTGCCACGTCTCCACACAT
CAGCACAACTACGCAGCGCCTCCCTCCACTCGGAAGGACT
ATCCTGCTGCCAAGAGGGTCAAGTTGGACAGTGT CAGAGT
CCTGAGACAGATCAGCAACAACCGAAAATGCACCAGCCC
CAGGTCCTCGGACACCGAGGAGAATGT CAAGAGGCGAAC
ACACAACGTCTTGGAGCGCCAGAGGAGGAACGAGCTAAA
ACGGAGCTTTTTTGCCCTGCGTGACCAGATCCCGGAGTTG
GAAAACAATGAAAAGGCCCCCAAGGTAGTTATCCTTAAA
AAAGCCACAGCATACATCCTGTCCGTCCAAGCAGAGGAG
CAAAAGCTCATTTCTGAAGAGGACTTGTTGCGGAAACGAC
GAGAACAGTTGAAACACAAACTTGAACAGCTACGGAACT
CTTGTGCG

ATGCCCCTCAACGTTAGCTTCACCAACAGGAACTATGACC 3
TCGACTACGACTCGGTGCAGCCGTATTTCTACTGCGACGA
GGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGAGCT
GCAGCCCCCGGCGCCCAGCGAGGATATCTGGAAGAAATT
CGAGCTGCTGCCCACCCCGCCCCTGTCCCCTAGCCGCCGL

Deletion of MYC
Box II
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-continued

14

GENE

SEQUENCE

MYC
ANLS

MYC
Ab

TCCGGGCTCTGCTCGCCCTCCTACGTTGCGGTCACACCCTT
CTCCCTTCGGGGAGACAACGACGGCGGTGGCGGGAGCTT
CTCCACGGCCGACCAGCTGGAGATGGTGACCGAGCTGCTG
GGAGGAGACATGGTGAACCAGAGTTTCATCTGCGACCCG
GACGACGAGACCTTCATCAAAAACATCGGATCAGGTAGC
GGTCTCGTCTCAGAGAAGCTGGCCTCCTACCAGGCTGCGC
GCAAAGACAGCGGCAGCCCGAACCCCGCCCGCGGCCACA
GCGTCTGCTCCACCTCCAGCTTGTACCTGCAGGATCTGAG
CGCCGCCGCCTCAGAGTGCATCGACCCCTCGGTGGTCTTC
CCCTACCCTCTCAACGACAGCAGCTCGCCCAAGTCCTGCG
CCTCGCAAGACTCCAGCGCCTTCTCTCCGTCCTCGGATTCT
CTGCTCTCCTCGACGGAGTCCTCCCCGCAGGGCAGCCCCG
AGCCCCTGGTGCTCCATGAGGAGACACCGCCCACCACCAG
CAGCGACTCTGAGGAGGAACAAGAAGATGAGGAAGAAAT
CGATGTTGTTTCTGTGGAAAAGAGGCAGGCTCCTGGCARA
AGGTCAGAGTCTGGATCACCTTCTGCTGGAGGCCACAGCA
AACCTCCTCACAGCCCACTGGTCCTCAAGAGGTGCCACGT
CTCCACACATCAGCACAACTACGCAGCGCCTCCCTCCACT
CGGAAGGACTATCCTGCTGCCAAGAGGGTCAAGTTGGAC
AGTGTCAGAGTCCTGAGACAGATCAGCAACAACCGAAAL
TGCACCAGCCCCAGGTCCTCGGACACCGAGGAGAATGTC
AAGAGGCGAACACACAACGTCTTGGAGCGCCAGAGGAGG
AACGAGCTAAAACGGAGCTTTTTTGCCCTGCGTGACCAGA
TCCCGGAGTTGGAAAACAATGAAAAGGCCCCCAAGGTAG
TTATCCTTAAAAAAGCCACAGCATACATCCTGTCCGTCCA
AGCAGAGGAGCAAAAGCTCATTTCTGAAGAGGACTTGTT
GCGGAAACGACGAGAACAGTTGAAACACAAACTTGAACA
GCTACGGAACTCTTGTGCG

ATGCCCCTCAACGTTAGCTTCACCAACAGGAACTATGACC
TCGACTACGACTCGGTGCAGCCGTATTTCTACTGCGACGA
GGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGAGCT
GCAGCCCCCGGCGCCCAGCGAGGATATCTGGAAGAAATT
CGAGCTGCTGCCCACCCCGCCCCTGTCCCCTAGCCGCCGL
TCCGGGCTCTGCTCGCCCTCCTACGTTGCGGTCACACCCTT
CTCCCTTCGGGGAGACAACGACGGCGGTGGCGGGAGCTT
CTCCACGGCCGACCAGCTGGAGATGGTGACCGAGCTGCTG
GGAGGAGACATGGTGAACCAGAGTTTCATCTGCGACCCG
GACGACGAGACCTTCATCAAAAACATCATCATCCAGGACT
GTATGTGGAGCGGCTTCTCGGCCGCCGCCAAGCTCGTCTC
AGAGAAGCTGGCCTCCTACCAGGCTGCGCGCAAAGACAG
CGGCAGCCCGAACCCCGCCCGCGGCCACAGCGTCTGCTCC
ACCTCCAGCTTGTACCTGCAGGATCTGAGCGCCGCCGCCT
CAGAGTGCATCGACCCCTCGGTGGTCTTCCCCTACCCTCTC
AACGACAGCAGCTCGCCCAAGTCCTGCGCCTCGCAAGACT
CCAGCGCCTTCTCTCCGTCCTCGGATTCTCTGCTCTCCTCG
ACGGAGTCCTCCCCGCAGGGCAGCCCCGAGCCCCTGGTGC
TCCATGAGGAGACACCGCCCACCACCAGCAGCGACTCTG
AGGAGGAACAAGAAGATGAGGAAGAAATCGATGTTGTTT
CTGTGGAAAAGAGGCAGGCTCCTGGCAAAAGGT CAGAGT
CTGGATCACCTTCTGCTGGAGGCCACAGCAAACCTCCTCA
CAGCCCACTGGTCCTCAAGAGGTGCCACGTCTCCACACAT
CAGCACAACTACGCAGCGCCTCCCTCCACTCGGAAGGACT
ATGGATCAGGTAGCGGTAGTGTCAGAGTCCTGAGACAGA
TCAGCAACAACCGAAAATGCACCAGCCCCAGGTCCTCGG
ACACCGAGGAGAATGTCAAGAGGCGAACACACAACGTCT
TGGAGCGCCAGAGGAGGAACGAGCTAAAACGGAGCTTTT
TTGCCCTGCGTGACCAGATCCCGGAGTTGGAAAACAATGA
AAAGGCCCCCAAGGTAGTTATCCTTAAAAAAGCCACAGC
ATACATCCTGTCCGTCCAAGCAGAGGAGCAAAAGCTCATT
TCTGAAGAGGACTTGTTGCGGAAACGACGAGAACAGTTG
AAACACAAACTTGAACAGCTACGGAACTCTTGTGCG

ATGCCCCTCAACGTTAGCTTCACCAACAGGAACTATGACC
TCGACTACGACTCGGTGCAGCCGTATTTCTACTGCGACGA
GGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGAGCT
GCAGCCCCCGGCGCCCAGCGAGGATATCTGGAAGAAATT
CGAGCTGCTGCCCACCCCGCCCCTGTCCCCTAGCCGCCGL
TCCGGGCTCTGCTCGCCCTCCTACGTTGCGGTCACACCCTT
CTCCCTTCGGGGAGACAACGACGGCGGTGGCGGGAGCTT
CTCCACGGCCGACCAGCTGGAGATGGTGACCGAGCTGCTG
GGAGGAGACATGGTGAACCAGAGTTTCATCTGCGACCCG
GACGACGAGACCTTCATCAAAAACATCATCATCCAGGACT

SEQ ID
NO: MUTATION
4 Deletion of nuclear
localization signal
sequence
5 Deletion of basic
motif
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-continued

15

GENE

SEQUENCE

SEQ ID
NO:

MUTATION

MYC
AHLH

MYC
ALZ

GTATGTGGAGCGGCTTCTCGGCCGCCGCCAAGCTCGTCTC
AGAGAAGCTGGCCTCCTACCAGGCTGCGCGCAAAGACAG
CGGCAGCCCGAACCCCGCCCGCGGCCACAGCGTCTGCTCC
ACCTCCAGCTTGTACCTGCAGGATCTGAGCGCCGCCGCCT
CAGAGTGCATCGACCCCTCGGTGGTCTTCCCCTACCCTCTC
AACGACAGCAGCTCGCCCAAGTCCTGCGCCTCGCAAGACT
CCAGCGCCTTCTCTCCGTCCTCGGATTCTCTGCTCTCCTCG
ACGGAGTCCTCCCCGCAGGGCAGCCCCGAGCCCCTGGTGC
TCCATGAGGAGACACCGCCCACCACCAGCAGCGACTCTG
AGGAGGAACAAGAAGATGAGGAAGAAATCGATGTTGTTT
CTGTGGAAAAGAGGCAGGCTCCTGGCAAAAGGT CAGAGT
CTGGATCACCTTCTGCTGGAGGCCACAGCAAACCTCCTCA
CAGCCCACTGGTCCTCAAGAGGTGCCACGTCTCCACACAT
CAGCACAACTACGCAGCGCCTCCCTCCACTCGGAAGGACT
ATCCTGCTGCCAAGAGGGTCAAGTTGGACAGTGTCAGAGT
CCTGAGACAGATCAGCAACAACCGAAAATGCACCAGCCC
CAGGTCCTCGGACACCGAGGAGAATGTCGGATCAGGTAG
CGGTGAGCTAAAACGGAGCTTTTTTGCCCTGCGTGACCAG
ATCCCGGAGTTGGAAAACAATGAAAAGGCCCCCAAGGTA
GTTATCCTTAAAAAAGCCACAGCATACATCCTGTCCGTCC
AAGCAGAGGAGCAAAAGCTCATTTCTGAAGAGGACTTGT
TGCGGAAACGACGAGAACAGTTGAAACACAAACTTGAAC
AGCTACGGAACTCTTGTGCG

ATGCCCCTCAACGTTAGCTTCACCAACAGGAACTATGACC
TCGACTACGACTCGGTGCAGCCGTATTTCTACTGCGACGA
GGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGAGCT
GCAGCCCCCGGCGCCCAGCGAGGATATCTGGAAGAAATT
CGAGCTGCTGCCCACCCCGCCCCTGTCCCCTAGCCGCCGL
TCCGGGCTCTGCTCGCCCTCCTACGTTGCGGTCACACCCTT
CTCCCTTCGGGGAGACAACGACGGCGGTGGCGGGAGCTT
CTCCACGGCCGACCAGCTGGAGATGGTGACCGAGCTGCTG
GGAGGAGACATGGTGAACCAGAGTTTCATCTGCGACCCG
GACGACGAGACCTTCATCAAAAACATCATCATCCAGGACT
GTATGTGGAGCGGCTTCTCGGCCGCCGCCAAGCTCGTCTC
AGAGAAGCTGGCCTCCTACCAGGCTGCGCGCAAAGACAG
CGGCAGCCCGAACCCCGCCCGCGGCCACAGCGTCTGCTCC
ACCTCCAGCTTGTACCTGCAGGATCTGAGCGCCGCCGCCT
CAGAGTGCATCGACCCCTCGGTGGTCTTCCCCTACCCTCTC
AACGACAGCAGCTCGCCCAAGTCCTGCGCCTCGCAAGACT
CCAGCGCCTTCTCTCCGTCCTCGGATTCTCTGCTCTCCTCG
ACGGAGTCCTCCCCGCAGGGCAGCCCCGAGCCCCTGGTGC
TCCATGAGGAGACACCGCCCACCACCAGCAGCGACTCTG
AGGAGGAACAAGAAGATGAGGAAGAAATCGATGTTGTTT
CTGTGGAAAAGAGGCAGGCTCCTGGCAAAAGGT CAGAGT
CTGGATCACCTTCTGCTGGAGGCCACAGCAAACCTCCTCA
CAGCCCACTGGTCCTCAAGAGGTGCCACGTCTCCACACAT
CAGCACAACTACGCAGCGCCTCCCTCCACTCGGAAGGACT
ATCCTGCTGCCAAGAGGGTCAAGTTGGACAGTGTCAGAGT
CCTGAGACAGATCAGCAACAACCGAAAATGCACCAGCCC
CAGGTCCTCGGACACCGAGGAGAATGTCAAGAGGCGAAC
ACACAACGTCTTGGAGCGCCAGAGGAGGAACGGATCAGG
TAGCGGTCAAAAGCTCATTTCTGAAGAGGACTTGTTGCGG
AAACGACGAGAACAGTTGAAACACAAACTTGAACAGCTA
CGGAACTCTTGTGCG

ATGCCCCTCAACGTTAGCTTCACCAACAGGAACTATGACC
TCGACTACGACTCGGTGCAGCCGTATTTCTACTGCGACGA
GGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGAGCT
GCAGCCCCCGGCGCCCAGCGAGGATATCTGGAAGAAATT
CGAGCTGCTGCCCACCCCGCCCCTGTCCCCTAGCCGCCGL
TCCGGGCTCTGCTCGCCCTCCTACGTTGCGGTCACACCCTT
CTCCCTTCGGGGAGACAACGACGGCGGTGGCGGGAGCTT
CTCCACGGCCGACCAGCTGGAGATGGTGACCGAGCTGCTG
GGAGGAGACATGGTGAACCAGAGTTTCATCTGCGACCCG
GACGACGAGACCTTCATCAAAAACATCATCATCCAGGACT
GTATGTGGAGCGGCTTCTCGGCCGCCGCCAAGCTCGTCTC
AGAGAAGCTGGCCTCCTACCAGGCTGCGCGCAAAGACAG
CGGCAGCCCGAACCCCGCCCGCGGCCACAGCGTCTGCTCC
ACCTCCAGCTTGTACCTGCAGGATCTGAGCGCCGCCGCCT
CAGAGTGCATCGACCCCTCGGTGGTCTTCCCCTACCCTCTC
AACGACAGCAGCTCGCCCAAGTCCTGCGCCTCGCAAGACT
CCAGCGCCTTCTCTCCGTCCTCGGATTCTCTGCTCTCCTCG

Deletion of helix-
loop-helix motif

Deletion of leucine
zipper motif
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-continued

16
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GENE

SEQUENCE

SEQ ID
NO:

MUTATION

MYC
ANTD

MYC
ACTD

MYC
Glu39Ala

ACGGAGTCCTCCCCGCAGGGCAGCCCCGAGCCCCTGGTGC
TCCATGAGGAGACACCGCCCACCACCAGCAGCGACTCTG
AGGAGGAACAAGAAGATGAGGAAGAAATCGATGTTGTTT
CTGTGGAAAAGAGGCAGGCTCCTGGCAAAAGGT CAGAGT
CTGGATCACCTTCTGCTGGAGGCCACAGCAAACCTCCTCA
CAGCCCACTGGTCCTCAAGAGGTGCCACGTCTCCACACAT
CAGCACAACTACGCAGCGCCTCCCTCCACTCGGAAGGACT
ATCCTGCTGCCAAGAGGGTCAAGTTGGACAGTGTCAGAGT
CCTGAGACAGATCAGCAACAACCGAAAATGCACCAGCCC
CAGGTCCTCGGACACCGAGGAGAATGTCAAGAGGCGAAC
ACACAACGTCTTGGAGCGCCAGAGGAGGAACGAGCTAAA
ACGGAGCTTTTTTGCCCTGCGTGACCAGATCCCGGAGTTG
GAAAACAATGAAAAGGCCCCCAAGGTAGTTATCCTTAAA
AAAGCCACAGCATACATCCTGTCCGTCCAAGCAGAGGAG

ATGGGATCAGGTAGCGGTCTCGTCTCAGAGAAGCTGGCCT
CCTACCAGGCTGCGCGCAAAGACAGCGGCAGCCCGAACC
CCGCCCGCGGCCACAGCGTCTGCTCCACCTCCAGCTTGTA
CCTGCAGGATCTGAGCGCCGCCGCCTCAGAGTGCATCGAC
CCCTCGGTGGTCTTCCCCTACCCTCTCAACGACAGCAGCT
CGCCCAAGTCCTGCGCCTCGCAAGACTCCAGCGCCTTCTC
TCCGTCCTCGGATTCTCTGCTCTCCTCGACGGAGTCCTCCC
CGCAGGGCAGCCCCGAGCCCCTGGTGCTCCATGAGGAGA
CACCGCCCACCACCAGCAGCGACTCTGAGGAGGAACAAG
AAGATGAGGAAGAAATCGATGTTGTTTCTGTGGAAAAGA
GGCAGGCTCCTGGCAAAAGGTCAGAGTCTGGATCACCTTC
TGCTGGAGGCCACAGCAAACCTCCTCACAGCCCACTGGTC
CTCAAGAGGTGCCACGTCTCCACACATCAGCACAACTACG
CAGCGCCTCCCTCCACTCGGAAGGACTATCCTGCTGCCAA
GAGGGTCAAGTTGGACAGTGTCAGAGTCCTGAGACAGAT
CAGCAACAACCGAAAATGCACCAGCCCCAGGTCCTCGGA
CACCGAGGAGAATGTCAAGAGGCGAACACACAACGTCTT
GGAGCGCCAGAGGAGGAACGAGCTAAAACGGAGCTTTTT
TGCCCTGCGTGACCAGATCCCGGAGTTGGAAAACAATGA
AAAGGCCCCCAAGGTAGTTATCCTTAAAAAAGCCACAGC
ATACATCCTGTCCGTCCAAGCAGAGGAGCAAAAGCTCATT
TCTGAAGAGGACTTGTTGCGGAAACGACGAGAACAGTTG
AAACACAAACTTGAACAGCTACGGAACTCTTGTGCG

ATGCCCCTCAACGTTAGCTTCACCAACAGGAACTATGACC
TCGACTACGACTCGGTGCAGCCGTATTTCTACTGCGACGA
GGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGAGCT
GCAGCCCCCGGCGCCCAGCGAGGATATCTGGAAGAAATT
CGAGCTGCTGCCCACCCCGCCCCTGTCCCCTAGCCGCCGL
TCCGGGCTCTGCTCGCCCTCCTACGTTGCGGTCACACCCTT
CTCCCTTCGGGGAGACAACGACGGCGGTGGCGGGAGCTT
CTCCACGGCCGACCAGCTGGAGATGGTGACCGAGCTGCTG
GGAGGAGACATGGTGAACCAGAGTTTCATCTGCGACCCG
GACGACGAGACCTTCATCAAAAACATCATCATCCAGGACT
GTATGTGGAGCGGCTTCTCGGCCGCCGCCAAGCTCGTCTC
AGAGAAGCTGGCCTCCTACCAGGCTGCGCGCAAAGACAG
CGGCAGCCCGAACCCCGCCCGCGGCCACAGCGTCTGCTCC
ACCTCCAGCTTGTACCTGCAGGATCTGAGCGCCGCCGCCT
CAGAGTGCATCGACCCCTCGGTGGTCTTCCCCTACCCTCTC
AACGACAGCAGCTCGCCCAAGTCCTGCGCCTCGCAAGACT
CCAGCGCCTTCTCTCCGTCCTCGGATTCTCTGCTCTCCTCG
ACGGAGTCCTCCCCGCAGGGCAGCCCCGAGCCCCTGGTGC
TCCATGAGGAGACACCGCCCACCACCAGCAGCGACTCTG
AGGAGGAACAAGAAGATGAGGAAGAAATCGATGTTGTTT
CTGTGGAAAAGAGGCAGGCTCCTGGCAAAAGGT CAGAGT
CTGGATCACCTTCTGCTGGAGGCCACAGCAAACCTCCTCA
CAGCCCACTGGTCCTCAAGAGGTGCCACGTCTCCACACAT
CAGCACAACTACGCAGCGCCTCCCTCCACTCGGAAGGACT
ATCCTGCTGCCAAGAGGGTCAAGTTGGACAGTGTCAGAGT
CCTGAGACAGATCAGCAACAACCGAAAATGCACCAGCCC
CAGGTCCTCGGACACCGAGGAGAATGTC

ATGCCCCTCAACGTTAGCTTCACCAACAGGAACTATGACC
TCGACTACGACTCGGTGCAGCCGTATTTCTACTGCGACGA
GGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGCGCT
GCAGCCCCCGGCGCCCAGCGAGGATATCTGGAAGAAATT
CGAGCTGCTGCCCACCCCGCCCCTGTCCCCTAGCCGCCGL
TCCGGGCTCTGCTCGCCCTCCTACGTTGCGGTCACACCCTT

10

Deletion of amino-
terminal domain:
Housing MYC Box I
and II

Deletion of carboxy-
terminal domain:
Housing basic helix-
loop-helix leucine
zipper motif,
governing
heterodimerization
with MAX protein

Point mutation
changing Glutamic
Acid to Alanine at
amino acid 39
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17

-continued

GENE

SEQ ID
SEQUENCE NO: MUTATION

MYC
Thr58Ala

MYC
Ser62Ala

CTCCCTTCGGGGAGACAACGACGGCGGTGGCGGGAGCTT
CTCCACGGCCGACCAGCTGGAGATGGTGACCGAGCTGCTG
GGAGGAGACATGGTGAACCAGAGTTTCATCTGCGACCCG
GACGACGAGACCTTCATCAAAAACATCATCATCCAGGACT
GTATGTGGAGCGGCTTCTCGGCCGCCGCCAAGCTCGTCTC
AGAGAAGCTGGCCTCCTACCAGGCTGCGCGCAAAGACAG
CGGCAGCCCGAACCCCGCCCGCGGCCACAGCGTCTGCTCC
ACCTCCAGCTTGTACCTGCAGGATCTGAGCGCCGCCGCCT
CAGAGTGCATCGACCCCTCGGTGGTCTTCCCCTACCCTCTC
AACGACAGCAGCTCGCCCAAGTCCTGCGCCTCGCAAGACT
CCAGCGCCTTCTCTCCGTCCTCGGATTCTCTGCTCTCCTCG
ACGGAGTCCTCCCCGCAGGGCAGCCCCGAGCCCCTGGTGC
TCCATGAGGAGACACCGCCCACCACCAGCAGCGACTCTG
AGGAGGAACAAGAAGATGAGGAAGAAATCGATGTTGTTT
CTGTGGAAAAGAGGCAGGCTCCTGGCAAAAGGT CAGAGT
CTGGATCACCTTCTGCTGGAGGCCACAGCAAACCTCCTCA
CAGCCCACTGGTCCTCAAGAGGTGCCACGTCTCCACACAT
CAGCACAACTACGCAGCGCCTCCCTCCACTCGGAAGGACT
ATCCTGCTGCCAAGAGGGTCAAGTTGGACAGTGTCAGAGT
CCTGAGACAGATCAGCAACAACCGAAAATGCACCAGCCC
CAGGTCCTCGGACACCGAGGAGAATGTCAAGAGGCGAAC
ACACAACGTCTTGGAGCGCCAGAGGAGGAACGAGCTAAA
ACGGAGCTTTTTTGCCCTGCGTGACCAGATCCCGGAGTTG
GAAAACAATGAAAAGGCCCCCAAGGTAGTTATCCTTAAA
AAAGCCACAGCATACATCCTGTCCGTCCAAGCAGAGGAG
CAAAAGCTCATTTCTGAAGAGGACTTGTTGCGGAAACGAC
GAGAACAGTTGAAACACAAACTTGAACAGCTACGGAACT
CTTGTGCG

ATGCCCCTCAACGTTAGCTTCACCAACAGGAACTATGACC 11 Point mutation
TCGACTACGACTCGGTGCAGCCGTATTTCTACTGCGACGA changing Threonine
GGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGAGCT to Alanine at amino
GCAGCCCCCGGCGCCCAGCGAGGATATCTGGAAGAAATT acid 58
CGAGCTGCTGCCCGCCCCGCCCCTGTCCCCTAGCCGCCGL
TCCGGGCTCTGCTCGCCCTCCTACGTTGCGGTCACACCCTT
CTCCCTTCGGGGAGACAACGACGGCGGTGGCGGGAGCTT
CTCCACGGCCGACCAGCTGGAGATGGTGACCGAGCTGCTG
GGAGGAGACATGGTGAACCAGAGTTTCATCTGCGACCCG
GACGACGAGACCTTCATCAAAAACATCATCATCCAGGACT
GTATGTGGAGCGGCTTCTCGGCCGCCGCCAAGCTCGTCTC
AGAGAAGCTGGCCTCCTACCAGGCTGCGCGCAAAGACAG
CGGCAGCCCGAACCCCGCCCGCGGCCACAGCGTCTGCTCC
ACCTCCAGCTTGTACCTGCAGGATCTGAGCGCCGCCGCCT
CAGAGTGCATCGACCCCTCGGTGGTCTTCCCCTACCCTCTC
AACGACAGCAGCTCGCCCAAGTCCTGCGCCTCGCAAGACT
CCAGCGCCTTCTCTCCGTCCTCGGATTCTCTGCTCTCCTCG
ACGGAGTCCTCCCCGCAGGGCAGCCCCGAGCCCCTGGTGC
TCCATGAGGAGACACCGCCCACCACCAGCAGCGACTCTG
AGGAGGAACAAGAAGATGAGGAAGAAATCGATGTTGTTT
CTGTGGAAAAGAGGCAGGCTCCTGGCAAAAGGT CAGAGT
CTGGATCACCTTCTGCTGGAGGCCACAGCAAACCTCCTCA
CAGCCCACTGGTCCTCAAGAGGTGCCACGTCTCCACACAT
CAGCACAACTACGCAGCGCCTCCCTCCACTCGGAAGGACT
ATCCTGCTGCCAAGAGGGTCAAGTTGGACAGTGTCAGAGT
CCTGAGACAGATCAGCAACAACCGAAAATGCACCAGCCC
CAGGTCCTCGGACACCGAGGAGAATGTCAAGAGGCGAAC
ACACAACGTCTTGGAGCGCCAGAGGAGGAACGAGCTAAA
ACGGAGCTTTTTTGCCCTGCGTGACCAGATCCCGGAGTTG
GAAAACAATGAAAAGGCCCCCAAGGTAGTTATCCTTAAA
AAAGCCACAGCATACATCCTGTCCGTCCAAGCAGAGGAG
CAAAAGCTCATTTCTGAAGAGGACTTGTTGCGGAAACGAC
GAGAACAGTTGAAACACAAACTTGAACAGCTACGGAACT

CTTGTGCG

ATGCCCCTCAACGTTAGCTTCACCAACAGGAACTATGACC 12 Point mutation
TCGACTACGACTCGGTGCAGCCGTATTTCTACTGCGACGA changing Serine to
GGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGAGCT Alanine at amino acid
GCAGCCCCCGGCGCCCAGCGAGGATATCTGGAAGAAATT 58
CGAGCTGCTGCCCACCCCGCCCCTGGCCCCTAGCCGCCGL
TCCGGGCTCTGCTCGCCCTCCTACGTTGCGGTCACACCCTT
CTCCCTTCGGGGAGACAACGACGGCGGTGGCGGGAGCTT
CTCCACGGCCGACCAGCTGGAGATGGTGACCGAGCTGCTG
GGAGGAGACATGGTGAACCAGAGTTTCATCTGCGACCCG

Apr. 15,2021
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GENE SEQUENCE

SEQ ID
NO: MUTATION

GACGACGAGACCTTCATCAAAAACATCATCATCCAGGACT
GTATGTGGAGCGGCTTCTCGGCCGCCGCCAAGCTCGTCTC
AGAGAAGCTGGCCTCCTACCAGGCTGCGCGCAAAGACAG
CGGCAGCCCGAACCCCGCCCGCGGCCACAGCGTCTGCTCC
ACCTCCAGCTTGTACCTGCAGGATCTGAGCGCCGCCGCCT
CAGAGTGCATCGACCCCTCGGTGGTCTTCCCCTACCCTCTC
AACGACAGCAGCTCGCCCAAGTCCTGCGCCTCGCAAGACT
CCAGCGCCTTCTCTCCGTCCTCGGATTCTCTGCTCTCCTCG
ACGGAGTCCTCCCCGCAGGGCAGCCCCGAGCCCCTGGTGC
TCCATGAGGAGACACCGCCCACCACCAGCAGCGACTCTG
AGGAGGAACAAGAAGATGAGGAAGAAATCGATGTTGTTT
CTGTGGAAAAGAGGCAGGCTCCTGGCAAAAGGT CAGAGT
CTGGATCACCTTCTGCTGGAGGCCACAGCAAACCTCCTCA
CAGCCCACTGGTCCTCAAGAGGTGCCACGTCTCCACACAT
CAGCACAACTACGCAGCGCCTCCCTCCACTCGGAAGGACT
ATCCTGCTGCCAAGAGGGTCAAGTTGGACAGTGTCAGAGT
CCTGAGACAGATCAGCAACAACCGAAAATGCACCAGCCC
CAGGTCCTCGGACACCGAGGAGAATGTCAAGAGGCGAAC
ACACAACGTCTTGGAGCGCCAGAGGAGGAACGAGCTAAA
ACGGAGCTTTTTTGCCCTGCGTGACCAGATCCCGGAGTTG
GAAAACAATGAAAAGGCCCCCAAGGTAGTTATCCTTAAA
AAAGCCACAGCATACATCCTGTCCGTCCAAGCAGAGGAG
CAAAAGCTCATTTCTGAAGAGGACTTGTTGCGGAAACGAC
GAGAACAGTTGAAACACAAACTTGAACAGCTACGGAACT
CTTGTGCG

[0114] Additionally, the consistent and strong effects of
KLF4 overexpression motivated the investigation of the full
KLF zinc finger transcription factor family (FIG. 2F) as a
demonstration of the utility of Applicants’ technique in
studying patterns of perturbation effects across gene fami-
lies. A screen including all 17 members of the KLF family
was conducted in pluripotent stem cell medium. Gene mod-
ule analysis showed that KI.LF5 and KI.LF17 also have similar
effects as KLF4 (FIG. 2G), which may reflect their similar

role in promoting or maintaining epithelial cell states. On the
other hand, unlike most of the KLF family, KLLF13 and
KLF16 fail to activate the cytoskeleton and motility module
(FIG. 2G).

KLF Family Library

[0115]

GENE SEQUENCE

SEQ ID
NO:

KLF1

KLF2

ATGGCGACTGCGGAGACAGCACTTCCATCAATCTCAACACTCACTGCACTG
GGGCCATTTCCAGATACCCAGGACGATTTCCTTAAGTGGTGGCGGTCCGAA
GAGGCTCAAGACATGGGACCTGGTCCGCCGGATCCCACCGAACCTCCTCTG
CATGTCAAAAGTGAAGATCAGCCTGGCGAGGAAGAGGATGACGAAAGGG
GTGCCGACGCCACTTGGGACTTGGATCTTCTCCTTACCAATTTCTCTGGTCC
GGAACCTGGCGGGGCACCACAGACGTGCGCTCTCGCTCCCTCAGAAGCGA
GCGGGGCTCAGTACCCACCCCCTCCCGARACTCTGGGAGCCTATGCTGGGG
GTCCTGGACTGGTGGCTGGGTTGCTTGGTAGTGAGGACCATTCTGGCTGGG
TACGCCCCGCTTTGAGGGCCCGCGCTCCGGACGCCTTTGTGGGACCGGCGC
TCGCTCCTGCACCGGCTCCGGAACCAAAAGCCCTCGCGCTGCAGCCCGTGT
ACCCCGGACCCGGAGCCGGATCCTCAGGGGGATACTTCCCACGGACCGGA
CTCAGCGTTCCAGCGGCTTCCGGGGCGCCATACGGATTGTTGAGCGGCTAC
CCGGCTATGTATCCCGCTCCCCAGTACCAAGGACACTTCCAATTGTTCCGG
GGTCTTCAAGGGCCTGCGCCCGGGCCTGCTACCAGTCCCAGTTTCCTCAGT
TGTCTGGGACCGGGAACTGTTGGCACTGGACTTGGCGGGACTGCAGAGGA
CCCAGGCGTTATAGCAGAGACAGCGCCAAGTAAAAGGGGCCGACGAAGCT
GGGCCAGGAAACGCCAAGCTGCGCACACTTGTGCCCATCCAGGTTGCGGT
AAATCCTACACGAAGAGCAGTCATCTTAAAGCACATCTTCGCACACACAC
GGGCGAGAAGCCCTACGCCTGTACTTGGGAAGGTTGCGGCTGGAGATTCG
CTAGATCTGACGAGCTCACCCGGCATTATCGAAAACACACTGGCCAGCGA
CCGTTCCGGTGCCAACTCTGCCCAAGGGCGTTCAGTCGCTCAGATCATCTG
GCTTTGCATATGAAGCGACACCTT

ATGGCCCTTAGTGAACCCATTCTTCCCAGCTTTTCCACGTTCGCGTCTCCTT
GCCGAGAGAGAGGCCTTCAGGAAAGGTGGCCGAGGGCTGAACCCGAGTCT
GGAGGTACGGATGATGATCTTAACAGTGTGCTCGATTTCATACTCTCAATG
GGACTGGACGGGCTGGGAGCGGAGGCAGCTCCTGAACCACCACCALCCCCC
TCCGCCCCCAGCGTTTTACTACCCGGAGCCAGGTGCGCCGCCGCCATATTC
AGCCCCGGCGGGETGGCTTGGTGTCCGAGCTCCTCCGGCCTGAATTGGATGC

13

14
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CCCGCTCGGCCCGGCGCTGCATGGTAGATTTCTGCTCGCGCCTCCGGGTCG
ACTCGTTAAGGCTGAACCTCCTGAGGCTGATGGTGGAGGTGGCTACGGAT
GTGCCCCCGGGCTTACCCGAGGACCGAGAGGTCTTAAGCGGGAAGGGGCA
CCTGGCCCGGCTGCAAGCTGTATGCGGGGGCCCGGTGGGAGGCCTCCCCC
GCCCCCTGATACACCCCCCCTTAGTCCAGATGGACCAGCTCGACTTCCCGC
ACCTGGCCCCAGAGCGAGTTTCCCCCCTCCATTTGGAGGACCGGGGTTTGG
CGCCCCAGGTCCTGGACTTCACTACGCCCCTCCTGCCCCCCCAGCTTTTGGT
CTTTTCGACGATGCTGCTGCTGCCGCAGCAGCCTTGGGCCTTGCGCCGCCC
GCAGCCAGGGGACTGCTCACGCCACCGGCAAGCCCCCTGGAGCTCCTTGA
AGCCAAGCCGAAGCGAGGACGCAGATCATGGCCGCGCAAGCGGACAGCT
ACGCATACCTGCTCATATGCGGGCTGCGGAAAAACCTACACAAAGAGTTC
ACACCTTAAAGCGCACCTTCGCACACACACAGGCGAGAAACCATATCATT
GTAACTGGGACGGATGTGGATGGAAATTTGCTCGGTCTGATGAGCTTACGA
GACATTATCGAAAGCATACCGGACATCGGCCCTTTCAATGCCATCTTTGTG
ACAGAGCTTTTTCCCGGTCTGACCACCTCGCTCTGCACATGAAGAGGCACA
TG

KLF3 ATGCTCATGTTTGACCCAGTTCCTGTCAAGCAAGAGGCCATGGACCCTGTC 15
TCAGTGTCATACCCATCTAATTACATGGAATCCATGAAGCCTAACAAGTAT
GGGGTCATCTACTCCACACCATTGCCTGAGAAGTTCTTTCAGACCCCAGAA
GGTCTGTCGCACGGAATACAGATGGAGCCAGTGGACCTCACGGTGAACAA
GCGGAGTTCACCCCCTTCGGCTGGGAATTCGCCCTCCTCTCTGAAGTTCCC
GTCCTCACACCGGAGAGCCTCGCCTGGGTTGAGCATGCCTTCTTCCAGCCC
ACCGATAAAAAAATACTCACCCCCTTCTCCAGGCGTGCAGCCCTTCGGCGT
GCCGCTGTCCATGCCACCAGTGATGGCAGCTGCCCTCTCGCGGCATGGAAT
ACGGAGCCCGGGGATCCTGCCCGTCATCCAGCCGGTGGTGGTGCAGCCCG
TCCCCTTTATGTACACAAGTCACCTCCAGCAGCCTCTCATGGTCTCCTTATC
GGAGGAGATGGAAAATTCCAGTAGTAGCATGCAAGTACCTGTAATTGAAT
CATATGAGAAGCCTATATCACAGAAAAAAATTAAAATAGAACCTGGGATC
GAACCACAGAGGACAGATTATTATCCTGAAGAAATGTCACCCCCCTTAATG
AACTCAGTGTCCCCCCCGCAAGCATTGTTGCAAGAGAATCACCCTTCGGTC
ATCGTGCAGCCTGGGAAGAGACCTTTACCTGTGGAATCCCCGGATACTCAA
AGGAAGCGGAGGATACACAGATGTGATTATGATGGATGCAACAAAGTGTA
CACTAAAAGCTCCCACTTGAAAGCACACAGAAGAACACACACAGGAGAAA
AACCCTACAAATGTACATGGGAAGGGTGCACATGGAAGTTTGCTCGGTCT
GATGAACTAACAAGACATTTCCGAAAACATACTGGAATCAAACCTTTCCA
GTGCCCGGACTGTGACCGCAGCTTCTCCCGTTCTGACCATCTTGCCCTCCAT
AGGAAACGCCACATGCTAGTC

KLF5 ATGGCTACAAGGGTGCTGAGCATGAGCGCCCGCCTGGGACCCGTGCCCCA 16
GCCGCCGGCGCCGCAGGACGAGCCGGTGTTCGCGCAGCTCAAGCCGGTGC
TGGGCGCCGCGAATCCGGCCCGCGACGCGGCGCTCTTCCCCGGCGAGGAG
CTGAAGCACGCGCACCACCGCCCGCAGGCGCAGCCCGCGCCCGCGCAGGT
CCCGCAGCCGGCCCAGCCGCCCGCCACCGGCCCGCGGCTGCCTCCAGAGG
ACCTGGTCCAGACAAGATGTGAAATGGAGAAGTATCTGACACCTCAGCTT
CCTCCAGTTCCTATAATTCCAGAGCATAAAAAGTATAGACGAGACAGTGCC
TCAGTCGTAGACCAGTTCTTCACTGACACTGAAGGGTTACCTTACAGTATC
AACATGAACGTCTTCCTCCCTGACATCACTCACCTGAGAACTGGCCTCTAC
AAATCCCAGAGACCGTGCGTAACACACATCAAGACAGAACCTGTTGCCAT
TTTCAGCCACCAGAGTGAAACGACTGCCCCTCCTCCGGCCCCGACCCAGGC
CCTCCCTGAGTTCACCAGTATATTCAGCTCACACCAGACCGCAGCTCCAGA
GGTGAACAATATTTTCATCAAACAAGAACTTCCTACACCAGATCTTCATCT
TTCTGTCCCTACCCAGCAGGGCCACCTGTACCAGCTACTGAATACACCGGA
TCTAGATATGCCCAGTTCTACAAATCAGACAGCAGCAATGGACACTCTTAA
TGTTTCTATGTCAGCTGCCATGGCAGGCCTTAACACACACACCTCTGCTGTT
CCGCAGACTGCAGTGAAACAATTCCAGGGCATGCCCCCTTGCACATACAC
AATGCCAAGTCAGTTTCTTCCACAACAGGCCACTTACTTTCCCCCGTCACC
ACCAAGCTCAGAGCCTGGAAGTCCAGATAGACAAGCAGAGATGCTCCAGA
ATTTAACCCCACCTCCATCCTATGCTGCTACAATTGCTTCTAAACTGGCAAT
TCACAATCCAAATTTACCCACCACCCTGCCAGTTAACTCACAAAACATCCA
ACCTGTCAGATACAATAGAAGGAGTAACCCCGATTTGGAGAAACGACGCA
TCCACTACTGCGATTACCCTGGTTGCACAAAAGTTTATACCAAGTCTTCTC
ATTTAAAAGCTCACCTGAGGACTCACACTGGTGAAAAGCCATACAAGTGT
ACCTGGGAAGGCTGCGACTGGAGGTTCGCGCGATCGGATGAGCTGACCCG
CCACTACCGGAAGCACACAGGCGCCAAGCCCTTCCAGTGCGGGGTGTGCA
ACCGCAGCTTCTCGCGCTCTGACCACCTGGCCCTGCATATGAAGAGGCACC
AGAAC

KLFé6 ATGGACGTGCTCCCCATGTGCAGCATCTTCCAGGAGCTCCAGATCGTGCAC 17
GAGACCGGCTACTTCTCGGCGCTGCCGTCTCTGGAGGAGTACTGGCAACAG
ACCTGCCTAGAGCTGGAACGTTACCTCCAGAGCGAGCCCTGCTATGTTTCA
GCCTCAGAAATCAAATTTGACAGCCAGGAAGATCTGTGGACCAAAATCAT
TCTGGCTCGGGAGAAAAAGGAGGAATCCGAACTGAAGATATCTTCCAGTC
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KLF7

KLF8

KLF9

CTCCAGAGGACACTCTCATCAGCCCGAGCTTTTGTTACAACTTAGAGACCA
ACAGCCTGAACTCAGATGTCAGCAGCGAATCCTCTGACAGCTCCGAGGAA
CTTTCTCCCACGGCCAAGTTTACCTCCGACCCCATTGGCGAAGTTTTGGTCA
GCTCGGGAAAATTGAGCTCCTCTGTCACCTCCACGCCTCCATCTTCTCCGG
AACTGAGCAGGGAACCTTCTCAACTGTGGGGTTGCGTGCCCGGGGAGCTG
CCCTCGCCAGGGAAGGTGCGCAGCGGGACTTCGGGGAAGCCAGGTGACAA
GGGAAATGGCGATGCCTCCCCCGACGGCAGGAGGAGGGTGCACCGGTGCC
ACTTTAACGGCTGCAGGAAAGTTTACACCAAAAGCTCCCACTTGAAAGCA
CACCAGCGGACGCACACAGGAGAAAAGCCTTACAGATGCTCATGGGAAGG
GTGTGAGTGGCGTTTTGCAAGAAGTGATGAGTTAACCAGGCACTTCCGAA
AGCACACCGGGGCCAAGCCTTTTAAATGCTCCCACTGTGACAGGTGTTTTT
CCAGGTCTGACCACCTGGCCCTGCACATGAAGAGGCACCTC

ATGGACGTGTTGGCTAGTTATAGTATATTCCAGGAGCTACAACTTGTCCAC
GACACCGGCTACTTCTCAGCTTTACCATCCCTGGAGGAGACCTGGCAGCAG
ACATGCCTTGAATTGGAACGCTACCTACAGACGGAGCCCCGGAGGATCTC
AGAGACCTTTGGTGAGGACTTGGACTGTTTCCTCCACGCTTCCCCTCCCCC
GTGCATTGAGGAAAGCTTCCGTCGCTTAGACCCCCTGCTGCTCCCCGTGGA
AGCGGCCATCTGTGAGAAGAGCTCGGCAGTGGACATCTTGCTCTCTCGGGA
CAAGTTGCTATCTGAGACCTGCCTCAGCCTCCAGCCGGCCAGCTCTTCTCT
AGACAGCTACACAGCCGTCAACCAGGCCCAGCTCAACGCAGTGACCTCAT
TAACGCCCCCATCGTCCCCTGAGCTCAGCCGCCATCTGGTCAAAACCTCAC
AAACTCTCTCTGCCGTGGATGGCACGGTGACGTTGAAACTGGTGGCCAAG
AAGGCTGCTCTCAGCTCCGTAAAGGTGGGAGGGGTCGCAACAGCTGCAGC
AGCCGTGACGGCTGCGGGGGCCGTTAAGAGTGGACAGAGCGACAGTGACC
AAGGAGGGCTAGGGGCTGAAGCATGTCCCGAAAACAAGAAGAGGGTTCA
CCGCTGTCAGTTTAACGGGTGCCGGAAAGTTTATACAAAAAGCTCCCACTT
AAAGGCCCACCAGAGGACTCACACAGGTGAGAAGCCTTATAAGTGCTCAT
GGGAGGGATGTGAGTGGCGTTTTGCACGAAGCGATGAGCTCACGAGGCAC
TACAGGAAACACACAGGTGCAAAGCCCTTCAAATGCAACCACTGCGACAG
GTGTTTTTCCAGGTCTGACCATCTTGCCCTCCACATGAAGAGACATATC

ATGGTCGATATGGATAAACTCATAAACAACTTGGAGGTCCAACTTAATTCA
GAAGGTGGCTCAATGCAGGTATTCAAGCAGGTCACTGCTTCTGTTCGGAAC
AGAGATCCCCCTGAGATAGAATACAGAAGTAATATGACTTCTCCAACACTC
CTGGATGCCAACCCCATGGAGAACCCAGCACTGTTTAATGACATCAAGATT
GAGCCCCCAGAAGAACTTTTGGCTAGTGATTTCAGCCTGCCCCAAGTGGAA
CCAGTTGACCTCTCCTTTCACAAGCCCAAGGCTCCTCTCCAGCCTGCTAGC
ATGCTACAAGCTCCAATACGTCCCCCCAAGCCACAGTCTTCTCCCCAGACC
CTTGTGGTGTCCACGTCAACATCTGACATGAGCACTTCAGCAAACATTCCT
ACTGTTCTGACCCCAGGCTCTGTCCTGACCTCCTCTCAGAGCACTGGTAGC
CAGCAGATCTTACATGTCATTCACACTATCCCCTCAGTCAGTCTGCCAAAT
AAGATGGGTGGCCTGAAGACCATCCCAGTGGTAGTGCAGTCTCTGCCCATG
GTGTATACTACTTTGCCTGCAGATGGGGGCCCTGCAGCCATTACAGTCCCA
CTCATTGGAGGAGATGGTAAAAATGCTGGATCAGTGAAAGTTGACCCCAC
CTCCATGTCTCCACTGGAAATTCCAAGTGACAGTGAGGAGAGTACAATTGA
GAGTGGATCCTCAGCCTTGCAGAGTCTGCAGGGACTACAGCAAGAACCAG
CAGCAATGGCCCAAATGCAGGGAGAAGAGTCGCTTGACT TGAAGAGAAGA
CGGATTCACCAATGTGACTTTGCAGGATGCAGCAAAGTGTACACCAAAAG
CTCTCACCTGAAAGCTCACCGCAGAATCCATACAGGAGAGAAGCCTTATA
AATGCACCTGGGATGGCTGCTCCTGGAAATTTGCTCGCTCAGATGAGCTCA
CTCGCCATTTCCGCAAGCACACAGGCATCAAGCCTTTTCGGTGCACAGACT
GCAACCGCAGCTTTTCTCGTTCTGACCACCTGTCCCTGCATCGCCGTCGCCA
TGACACCATG

ATGTCCGCGGCCGCCTACATGGACTTCGTGGCTGCCCAGTGTCTGGTTTCC
ATTTCGAACCGCGCTGCGGTGCCGGAGCATGGGGTCGCTCCGGACGCCGA
GCGGCTGCGACTACCTGAGCGCGAGGTGACCAAGGAGCACGGTGACCCGG
GGGACACCTGGAAGGATTACTGCACACTGGTCACCATCGCCAAGAGCTTG
TTGGACCTGAACAAGTACCGACCCATCCAGACCCCCTCCGTGTGCAGCGAC
AGTCTGGAAAGTCCAGATGAGGATATGGGATCCGACAGCGACGTGACCAC
CGAATCTGGGTCGAGTCCTTCCCACAGCCCGGAGGAGAGACAGGATCCTG
GCAGCGCGCCCAGCCCGCTCTCCCTCCTCCATCCTGGAGTGGCTGCGAAGG
GGAAACACGCCTCCGAAAAGAGGCACAAGTGCCCCTACAGTGGCTGTGGG
AAAGTCTATGGAAAATCCTCCCATCTCAAAGCCCATTACAGAGTGCATACA
GGTGAACGGCCCTTTCCCTGCACGTGGCCAGACTGCCTTAAAAAGTTCTCC
CGCTCAGACGAGCTGACCCGCCACTACCGGACCCACACTGGGGAAAAGCA
GTTCCGCTGTCCGCTGTGTGAGAAGCGCTTCATGAGGAGTGACCACCTCAC
AAAGCACGCCCGGCGGCACACCGAGTTCCACCCCAGCATGATCAAGCGAT
CGAAAAAGGCGCTGGCCAACGCTTTG
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KLF10

KLF11

KLF12

ATGCTCAACTTCGGTGCCTCTCTCCAGCAGACTGCGGAGGAAAGAATGGA
AATGATTTCTGAAAGGCCAAAAGAGAGTATGTATTCCTGGAACAAAACTG
CAGAGAAAAGTGATTTTGAAGCTGTAGAAGCACTTATGTCAATGAGCTGC
AGTTGGAAGTCTGATTTTAAGAAATACGTTGAAAACAGACCTGTTACACCA
GTATCTGATTTGTCAGAGGAAGAGAATCTGCTTCCGGGAACACCTGATTTT
CATACAATCCCAGCATTTTGTTTGACTCCACCTTACAGTCCTTCTGACTTTG
AACCCTCTCAAGTGTCAAATCTGATGGCACCAGCGCCATCTACTGTACACT
TCAAGTCACTCTCAGATACTGCCAAACCTCACATTGCCGCACCTTTCAAAG
AGGAAGAAAAGAGCCCAGTATCTGCCCCCAAACTCCCCAAAGCTCAGGCA
ACAAGTGTGATTCGTCATACAGCTGATGCCCAGCTATGTAACCACCAGACC
TGCCCAATGAAAGCAGCCAGCATCCTCAACTATCAGAACAATTCTTTTAGA
AGAAGAACCCACCTAAATGTTGAGGCTGCAAGAAAGAACATACCATGTGC
CGCTGTGTCACCAAACAGATCCAAATGTGAGAGAAACACAGTGGCAGATG
TTGATGAGAAAGCAAGTGCTGCACTTTATGACTTTTCTGTGCCTTCCTCAG
AGACGGTCATCTGCAGGTCTCAGCCAGCCCCTGTGTCCCCACAACAGAAGT
CAGTGTTGGTCTCTCCACCTGCAGTATCTGCAGGGGGAGTGCCACCTATGC
CGGTCATCTGCCAGATGGTTCCCCTTCCTGCCAACAACCCTGTTGTGACAA
CAGTCGTTCCCAGCACTCCTCCCAGCCAGCCACCAGCCGTTTGCCCCCCTG
TTGTGTTCATGGGCACACAAGTCCCCAAAGGCGCTGTCATGTTTGTGGTAC
CCCAGCCCGTTGTGCAGAGTTCAAAGCCTCCGGTGGTGAGCCCGAATGGC
ACCAGACTCTCTCCCATTGCCCCTGCTCCTGGGTTTTCCCCTTCAGCAGCAA
AAGTCACTCCTCAGATTGATTCATCAAGGATAAGGAGTCACATCTGTAGCC
ACCCAGGATGTGGCAAGACATACTTTAAAAGTTCCCATCTGAAGGCCCAC
ACGAGGACGCACACAGGAGAAAAGCCTTTCAGCTGTAGCTGGAAAGGTTG
TGAAAGGAGGTTTGCCCGTTCTGATGAACTGTCCAGACACAGGCGAACCC
ACACGGGTGAGAAGAAATTTGCGTGCCCCATGTGTGACCGGCGGTTCATG
AGGAGTGACCATTTGACCAAGCATGCCCGGCGCCATCTATCAGCCAAGAA
GCTACCAAACTGGCAGATGGAAGTGAGCAAGCTAAATGACATTGCTCTAC
CTCCAACCCCTGCTCCCACACAG

ATGCATACTCCTGATTTCGCTGGACCTGACGACGCCCGAGCCGTGGACATT
ATGGACATTTGTGAATCTATACTCGAAAGAAAGAGACATGATTCAGAGCG
AAGTACATGCTCTATCCTCGAGCAAACAGACATGGAGGCGGTAGAAGCTC
TGGTGTGCATGTCCAGTTGGGGTCAGAGATCCCAGAAGGGGGACTTGCTTA
GAATCCGACCGCTTACTCCAGTTTCCGATAGCGGCGACGTAACAACTACTG
TTCATATGGACGCAGCCACGCCTGAGCTGCCCAAAGACTTTCACAGCCTCT
CAACTCTTTGCATCACTCCACCACAGTCCCCCGATCTTGTCGAACCATCAA
CCCGGACCCCTGTTAGCCCGCAAGTTACAGATTCAAAGGCGTGTACCGCGA
CCGATGTTCTGCAGAGTTCAGCGGTTGTAGCGCGGGCATTGAGCGGAGGG
GCTGAACGAGGTCTGTTGGGTCTTGAACCCGTACCGAGTTCTCCTTGTAGA
GCCAAGGGTACTAGTGTTATTCGGCATACCGGCGAGAGTCCGGCAGCTTGT
TTCCCCACCATACAAACCCCAGACTGTCGCCTTAGTGATTCCCGGGAAGGG
GAGGAACAGCTGTTGGGCCACTTCGAGACACTTCAAGATACACACTTGAC
AGATAGCTTGCTGTCCACCAACCTGGTGTCATGTCAACCTTGTTTGCACAA
GTCCGGGGGTCTCCTTCTGACTGACAAAGGT CAACAAGCGGGATGGCCTG
GCGCTGTCCAAACATGCAGTCCTAAAAACTACGAAAATGATTTGCCTAGG
AAAACCACGCCGCTTATCAGTGTGAGTGTTCCCGCTCCACCTGTCCTGTGC
CAGATGATCCCTGTAACCGGGCAATCATCTATGTTGCCTGCGTTCTTGAAG
CCCCCCCCACAACTGTCCGTTGGTACTGTTCGCCCGATCCTTGCGCAAGCA
GCGCCCGCCCCGCAACCCGTGTTCGTGGGGCCCGCTGTCCCGCAGGGTGCA
GTCATGTTGGTTCTTCCCCAGGGGGCCCTCCCGCCACCAGCTCCGTGTGCA
GCGAATGTCATGGCTGCCGGAAACACGAAATTGTTGCCCCTTGCACCCGCT
CCAGTTTTCATAACGAGCTCACAGAATTGTGTGCCACAAGTCGACTTCTCA
CGAAGACGGAACTATGTGTGCTCTTTCCCAGGTTGCAGAAAAACATATTTC
AAATCCTCTCATCTGAAAGCACATCTTCGGACCCATACAGGAGAGAAGCCT
TTTAATTGTAGCTGGGATGGCTGTGATAAAAAATTCGCAAGAAGTGATGA
GCTCAGTCGACATCGCAGGACGCATACCGGGGAAAAAAAATTCGTTTGTC
CAGTTTGTGACAGAAGATTTATGAGGTCCGACCATCTCACCAAGCACGCGC
GACGCCACATGACTACAAAGAAAATTCCTGGCTGGCAAGCCGAGGTGGGA
AAACTCAACCGAATCGCTTCCGCTGAATCCCCCGGCAGCCCGCTGGTAAGT
ATGCCTGCCAGTGCC

ATGAACATTCACATGAAGCGCAAGACGATAAAGAACATCAATACATTCGA
GAACCGAATGTTGATGTTGGATGGCATGCCCGCTGTACGGGTAAAAACCG
AGCTCCTGGAGTCTGAACAAGGATCCCCAAACGTCCACAACTACCCGGAT
ATGGAGGCAGTGCCGCTCTTGCTCAACAATGTGAAGGGAGAGCCGCCTGA
GGACTCTCTCTCCGTAGATCATTTCCAGACACAGACTGAGCCCGTAGATCT
TTCAATTAACAAAGCCAGAACATCTCCTACTGCGGTAAGTTCTTCTCCCGT
AAGTATGACAGCAAGTGCATCTAGTCCAAGTTCTACGAGCACTAGCAGTTC
TTCATCTAGTAGACTTGCTAGTTCACCAACGGTGATCACAAGTGTTTCTAG
CGCCAGCAGCAGCTCAACGGTACTGACTCCCGGTCCACTCGTGGCAAGCG
CTAGTGGCGTGGGTGGCCAACAATTTCTCCATATTATTCACCCCGTGCCTC

21

22

23

Apr. 15,2021



US 2021/0108193 Al Apr. 15,2021
22

-continued

SEQ ID
GENE SEQUENCE NO:

CGTCTAGTCCGATGAATCTCCAGAGCAACAAGCTTAGTCACGTACATAGGA
TCCCCGTCGTCGTCCAGTCAGTTCCCGTCGTCTACACAGCTGTGCGATCCCC
TGGGAATGTCAATAATACTATAGTTGTTCCTTTGCTTGAGGATGGTAGGGG
CCATGGGAAAGCACAGATGGACCCCCGCGGCTTGTCACCGAGACAGTCTA
AATCCGATAGTGACGACGATGATTTGCCTAACGTAACACTGGACTCTGTGA
ACGAGACCGGGAGTACCGCTCTGTCAATCGCTAGGGCCGTACAGGAGGTC
CACCCAAGCCCTGTGTCACGAGTCCGAGGTAACAGGATGAATAATCAGAA
ATTTCCCTGTAGCATCAGCCCATTTTCTATAGAGTCCACTCGGAGACAGCG
ACGAAGTGAATCACCCGACTCCAGAAAAAGGAGGATACATCGCTGTGACT
TTGAGGGCTGTAACAAGGTCTACACAAAAAGTTCACACCTCAAGGCGCAT
CGACGGACGCATACTGGGGAAAAACCGTACAAATGCACCTGGGAGGGATG
CACGTGGAAATTTGCACGCTCTGACGAGTTGACACGCCACTATCGAAAGC
ATACGGGCGTAAAGCCGTTTAAATGCGCTGATTGCGACAGGAGTTTTAGCC
GCTCTGATCACCTTGCTCTTCACCGGAGGCGACACATGCTTGTT

KLF13 ATGGCTGCGGCTGCATATGTGGATCATTTTGCGGCTGAGTGCCTGGTGTCA 24
ATGTCTAGTAGAGCGGTGGTACACGGTCCCAGAGAAGGCCCAGAATCACG
CCCAGAGGGCGCCGCCGTCGCTGCAACACCGACGCTGCCTCGGGTCGAGG
AGCGCCGCGACGGGAAGGACAGTGCGTCACTTTTCGTAGTAGCGAGAATA
TTGGCAGATCTGAATCAACAGGCTCCAGCACCTGCGCCCGCTGAACGCCG
GGAGGGCGCCGCTGCCAGAAAGGCCAGAACACCATGCCGCTTGCCGCCAL
CTGCGCCAGAACCCACAAGTCCAGGTGCCGAAGGTGCGGCGGCTGCCCCT
CCTTCACCGGCCTGGTCTGAACCAGAACCAGAGGCAGGTCTTGAACCTGA
GCGCGAACCCGGCCCTGCAGGCTCTGGGGAACCTGGCCTGAGGCAGCGGG
TGAGGCGCGGCCGGAGCAGGGCCGACCTGGAATCACCGCAAAGGARAACAT
AAATGCCATTATGCTGGTTGCGAAAAGGTTTATGGAAAGTCATCCCACCTG
AAAGCACACCTCCGCACTCACACGGGTGAGCGACCTTTTGCGTGTTCCTGG
CAAGACTGCAATAAAAAGTTTGCTAGATCTGATGAACTTGCACGGCATTAT
CGAACTCATACCGGTGAAAAGAAGTTCTCATGCCCTATATGTGAGAAACG
GTTCATGCGCTCTGACCACTTGACGAAACATGCAAGACGACATGCTAATTT
TCATCCGGGGATGTTGCAGAGACGGGGAGGGGGAAGTAGGACTGGAAGTC
TCTCCGACTATTCCCGATCCGACGCTTCCTCACCAACGATTAGCCCCGCAA
GCAGTCCC

KLF14 ATGTCAGCCGCAGTCGCATGCCTTGATTACTTCGCGGCCGAGTGTCTTGTTT 25
CCATGTCAGCGGGGGCTGTCGTTCACAGAAGACCACCAGACCCGGAGGGA
GCGGGAGGGGCAGCTGGATCTGAAGTCGGCGCGGCTCCACCTGAATCAGC
GCTTCCCGGCCCTGGTCCTCCAGGTCCCGCTAGCGTGCCCCAACTCCCACA
AGTGCCTGCTCCGAGTCCTGGAGCGGGCGGAGCAGCCCCGCATCTCCTTGC
AGCATCAGTGTGGGCCGATCTTCGCGGAAGCTCCGGGGAGGGCTCCTGGG
AAAACAGCGGAGAGGCCCCGCGAGCTTCAAGCGGCTTTTCCGATCCAATC
CCTTGCAGTGTTCAAACCCCATGCTCCGAGCTCGCGCCCGCGTCCGGAGCT
GCGGCAGTGTGCGCACCTGAAAGCTCATCCGATGCGCCGGCCGTTCCATCT
GCGCCAGCTGCTCCCGGTGCACCCGCAGCATCTGGCGGCTTTAGTGGTGGA
GCTCTTGGGGCGGGTCCCGCCCCTGCGGCGGATCAAGCTCCTCGCAGGCGL
AGTGTTACGCCCGCAGCAAAACGGCATCAATGCCCCTTTCCTGGTTGTACA
AAAGCATACTATAAGTCATCCCATCTCAAGAGTCACCAGAGGACGCATAC
AGGTGAGAGACCTTTTAGCTGTGACTGGCTCGATTGCGACAAGAAATTTAC
GCGGAGCGACGAACTTGCGCGGCACTACCGCACTCACACTGGAGAAAAGA
GGTTCTCTTGTCCCCTGTGTCCCAAGCAGTTCTCACGCAGTGATCACTTGAC
AAAACATGCTAGGAGACATCCAACATACCATCCCGACATGATAGAGTATC
GAGGTAGGCGACGCACACCTAGAATTGATCCTCCGCTGACTAGTGAAGTC
GAGTCAAGTGCCAGTGGAAGCGGACCGGGTCCCGCGCCCTCATTTACAAC
CTGTCTT

KLF15 ATGGTGGACCACTTACTTCCAGTGGACGAGAACTTCTCGTCGCCAARATGC 26
CCAGTTGGGTATCTGGGTGATAGGCTGGTTGGCCGGCGGGCATATCACATG
CTGCCCTCACCCGTCTCTGAAGATGACAGCGATGCCTCCAGCCCCTGCTCC
TGTTCCAGTCCCGACTCTCAAGCCCTCTGCTCCTGCTATGGTGGAGGCCTG
GGCACCGAGAGCCAGGACAGCATCTTGGACTTCCTATTGTCCCAGGCCACG
CTGGGCAGTGGCGGGGGCAGCGGCAGTAGCATTGGGGCCAGCAGTGGCCC
CGTGGCCTGGGGGCCCTGGCGAAGGGCAGCGGCCCCTGTGAAGGGGGAGC
ATTTCTGCTTGCCCGAGTTTCCTTTGGGTGATCCTGATGACGTCCCACGGCC
CTTCCAGCCTACCCTGGAGGAGATTGAAGAGTTTCTGGAGGAGAACATGG
AGCCTGGAGTCAAGGAGGTCCCTGAGGGCAACAGCAAGGACTTGGATGCC
TGCAGCCAGCTCTCAGCTGGGCCACACAAGAGCCACCTCCATCCTGGGTCC
AGCGGGAGAGAGCGCTGTTCCCCTCCACCAGGTGGTGCCAGTGCAGGAGG
TGCCCAGGGCCCAGGTGGGGGCCCCACGCCTGATGGCCCCATCCCAGTGTT
GCTGCAGATCCAGCCCGTGCCTGTGAAGCAGGAATCGGGCACAGGGCCTG
CCTCCCCTGGGCAAGCCCCAGAGAATGTCAAGGTTGCCCAGCTCCTGGTCA
ACATCCAGGGGCAGACCTTCGCACTCGTGCCCCAGGTGGTACCCTCCTCCA
ACTTGAACCTGCCCTCCAAGTTTGTGCGCATTGCCCCTGTGCCCATTGCCGC
CAAGCCTGTTGGATCGGGACCCCTGGGGCCTGGCCCTGCCGGTCTCCTCAT
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GENE

SEQUENCE

SEQ ID
NO:

KLF16

KLF17

GGGCCAGAAGTTCCCCAAGAACCCAGCCGCAGAACTCATCAAAATGCACA
AATGTACTTTCCCTGGCTGCAGCAAGATGTACACCAAAAGCAGCCACCTCA
AGGCCCACCTGCGCCGGCACACGGGTGAGAAGCCCTTCGCCTGCACCTGG
CCAGGCTGCGGCTGGAGGTTCTCGCGCTCTGACGAGCTGTCGCGGCACAG
GCGCTCGCACTCAGGTGTGAAGCCGTACCAGTGTCCTGTGTGCGAGAAGA
AGTTCGCGCGGAGCGACCACCTCTCCAAGCACATCAAGGTGCACCGCTTCC
CGCGGAGCAGCCGCTCCGTGCGCTCCGTGAAC

ATGTCAGCCGCGGTCGCGTGCGTGGATTATTTTGCAGCAGATGTGCTGATG
GCAATTTCATCCGGTGCAGTAGTTCATCGCGGAAGACCAGGTCCTGAGGGT
GCGGGGCCTGCGGCCGGGTTGGATGTTCGCGCCGCGCGCAGGGAAGCCGL
TTCTCCCGGAACACCTGGCCCTCCTCCTCCTCCGCCGGCGGCATCAGGCCC
GGGTCCTGGTGCAGCTGCGGCTCCTCACCTGTTGGCAGCCTCCATACTGGC
TGACCTGCGAGGGGGGCCAGGCGCTGCACCTGGTGGCGCGAGTCCAGCAA
GTTCCAGCTCCGCGGCGTCCTCCCCGAGTAGTGGGCGAGCTCCGGGCGCGG
CACCTTCTGCTGCCGCTAAATCACACCGATGCCCTTTCCCAGACTGCGCGA
AGGCGTATTATAAGTCCAGTCATTTGAAATCACACTTGAGGACACATACCG
GCGAGAGACCTTTTGCGTGCGACTGGCAGGGTTGTGATAAGAAATTTGCG
AGAAGCGACGAACTGGCCCGCCATCACCGCACCCACACAGGGGAAAAAA
GATTCTCATGCCCACTCTGTTCTAAGCGCTTCACGCGAAGCGACCATCTTG
CAAAGCACGCTAGGAGACACCCTGGGTTCCACCCCGACCTCTTGCGACGA
CCTGGCGCCCGGTCTACTAGCCCGTCTGACTCATTGCCGTGCTCTCTCGCA
GGGTCCCCTGCTCCGAGCCCCGCACCGTCCCCAGCTCCTGCCGGGCTT

ATGTACGGCCGACCGCAGGCTGAGATGGAACAGGAGGCTGGGGAGCTGAG
CCGGTGGCAGGCGGCGCACCAGGCTGCCCAGGATAACGAGAACTCAGCGC
CCATCTTGAACATGTCTTCATCTTCTGGAAGCTCTGGAGTGCACACCTCTTG
GAACCAAGGCCTACCAAGCATTCAGCACTTTCCTCACAGCGCAGAGATGCT
GGGGTCCCCTTTGGTGTCTGTTGAGGCGCCGGGGCAGAATGTGAATGAAG
GGGGGCCACAGTTCAGTATGCCACTGCCTGAGCGTGGTATGAGCTACTGCC
CCCAAGCGACTCTCACTCCTTCCCGGATGATTTACTGTCAGAGAATGTCTC
CCCCTCAGCAAGAGATGACGATTTTCAGTGGGCCCCAACTAATGCCCGTAG
GAGAGCCCAATATTCCAAGGGTAGCCAGGCCCTTCGGTGGGAATCTAAGG
ATGCCCCCCAATGGGCTGCCAGTCTCGGCTTCCACTGGAATCCCAATAATG
TCCCACACTGGGAACCCTCCAGTGCCTTACCCTGGCCTCTCGACAGTACCT
TCTGACGAAACATTGTTGGGCCCGACTGTGCCTTCCACTGAGGCCCAGGCA
GTGCTCCCCTCCATGGCTCAGATGTTGCCCCCGCAAGATGCCCATGACCTT
GGGATGCCCCCAGCTGAGTCCCAGTCATTGCTGGTTTTAGGATCTCAGGAC
TCTCTTGTCAGTCAGCCAGACTCTCAAGAAGGCCCATTTCTACCAGAGCAG
CCCGGACCTGCTCCACAGACAGTAGAGAAGAACTCCAGGCCTCAGGAAGG
GACTGGTAGAAGGGGCTCCTCAGAGGCAAGGCCTTACTGCTGCAACTACG
AGAACTGCGGAAAAGCTTATACCAAACGCTCCCACCTCGTGAGCCACCAG
CGCAAGCACACAGGTGAGAGGCCATATTCTTGCAACTGGGAAAGTTGTTC
ATGGTCTTTCTTCCGTTCTGATGAGCTTAGACGACATATGCGGGTACACAC
CAGATATCGACCATATAAATGTGATCAGTGCAGCCGGGAGTTCATGAGGT
CTGACCATCTCAAGCAACACCAGAAGACTCATCGGCCGGGACCCTCAGAC
CCACAGGCCAACAACAACAATGGAGAGCAGGACAGTCCTCCTGCTGCTGG
TCCT
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[0116]

To further demonstrate the applicability of the

conditions. Applicants hypothesized that the reduced fitness

network analysis to uncover novel phenomena, Applicants
focused on two TFs, SNAI2 and KLF4, which seemed to
have opposite effects on the pluripotency module. Since
KLF4 and SNAI2 are known to play critical and opposing
roles in epithelial-mesenchymal transition (EMT) Appli-
cants assessed whether they cause changes along an EMT-
like axis in hPSCs as well. A PCA analysis using 200 genes
from a consensus EMT geneset from MSigDB demonstrated
a distinct stratification of KL.F4-transduced cells towards an
epithelial-like state and SNAI2-transduced cells towards a
mesenchymal-like state. The scRNA-seq data also demon-
strates expression level changes in signature genes consis-
tent with EMT (FIG. 3C), which Applicants confirmed with
qRT-PCR (FIG. 9).

[0117] Finally, Applicants chose to focus on ETV2, which
has the greatest average fitness loss across all medium
conditions (FIG. 1B), as an exemplary case for investigation
of a TF showing markedly reduced fitness in all medium

could be due to a proliferation disadvantage if ETV2-
transduced cells are undergoing massive reprogramming
without division. Focused experiments revealed that while
ETV2-transduced cells undergo extensive cell death in
pluripotent medium, there is a morphology change, indica-
tive of an endothelial phenotype, in endothelial medium
(FIG. 3E). Confirmatory qRT-PCR assays demonstrated a
strong upregulation of the key endothelial markers CDHS,
PECAM1 and VWF (FIG. 3F). Immunofluorescence
revealed a distinct distribution of CDHS, with greater local-
ization at cell-cell junctions (FIG. 3G), consistent with
known results. In addition, functional testing confirmed tube
formation (FIG. 3H), suggesting that a single TF, ETV2,
may be able to drive reprogramming from a pluripotent to an
endothelial-like state.

[0118] To Applicants’ knowledge, this is the first demon-
stration of a high-throughput gene over-expression screen-
ing approach that can simultaneously assay both fitness and
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transcriptome-wide effects. Applicants’ use of ORF overex-
pression drove strong phenotypic effects, allowing Appli-
cants to capture subtle transcriptomic signals. Additionally,
Applicants demonstrated the versatility of the SEUSS
screening platform, by assaying mutant forms of a single TF,
and assaying all the TFs in a gene family to uncover patterns
and differences. Applicants note that the effects of gene
overexpression are context dependent. In Applicants’
assays, since hPSCs were transduced with pooled libraries,
transcriptomic changes driven by cell-cell interactions could
increase variability, even supporting the survival of certain
cells or disrupting the pluripotent state of control cells.
Applicants also assume, in aggregating multiple batches
from independent experiments, that each batch is relatively
similar. Additionally, while Applicants believe the gene
co-perturbation network is a valuable resource, it is depen-
dent on the set of perturbations and conditions used in the
experiment.

[0119] Taken together, SEUSS has broad applicability to
study the effects of overexpression in diverse cell types and
contexts; it may be extended to novel applications such as
high-throughput screening of large-scale protein mutagen-
esis, and is amenable to scale-up. In combination with other
methods of genetic and epigenetic perturbation it may allow
Applicants to generate a comprehensive understanding of
the pluripotent and differentiation landscape.

Example 1 Methods

Cell Culture

[0120] HI1 hESC cell line was maintained under feeder-
free conditions in mTeSR1 medium (Stem Cell Technolo-
gies). Prior to passaging, tissue-culture plates were coated
with growth factor-reduced Matrigel (Corning) diluted in
DMEM/F-12 medium (Thermo Fisher Scientific) and incu-
bated for 30 minutes at 37° C., 5% CO,. Cells were
dissociated and passaged using the dissociation reagent
Versene (Thermo Fisher Scientific).

Library Preparation

[0121] A lentiviral backbone plasmid was constructed
containing the EF1la promoter, mCherry transgene flanked
by BamHI restriction sites, followed by a P2A peptide and
hygromycin resistance enzyme gene immediately down-
stream. Each transcription factor in the library was individu-
ally inserted in place of the mCherry transgene. Since the
ectopically expressed transcription factor would lack a poly-
adenylation tail due to the presence of the 2A peptide
immediately downstream of it, the transcript will not be
captured during single-cell transcriptome sequencing which
relies on binding the poly-adenylation tail of mRNA. Thus,
a barcode sequence was introduced to allow for identifica-
tion of the ectopically expressed transcription factor. The
backbone was digested with Hpal, and a pool of 20 bp long
barcodes with flanking sequences compatible with the Hpal
site, was inserted immediately downstream of the hygromy-
cin resistance gene by Gibson assembly. The vector was
constructed such that the barcodes were located only 200 bp
upstream of the 3'-LTR region. This design enabled the
barcodes to be transcribed near the poly-adenylation tail of
the transcripts and a high fraction of barcodes to be captured
during sample processing for scRNA-seq.
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[0122] To create the transcription factor library, individual
transcription factors were PCR amplified out of a human
c¢DNA pool (Promega Corporation) or obtained as synthe-
sized double-stranded DNA fragments (gBlocks, IDT Inc)
with flanking sequences compatible with the BamHI restric-
tion sites. MYC mutants were obtained as gBlocks with a
6-amino acid GSGSGS linker (SEQ ID NO: 29) substituted
in place of deleted domains (Table 1). The lentiviral back-
bone was digested with BamHI HF (New England Biolabs)
at 37° C. for 3 hours in a reaction consisting of: lentiviral
backbone, 4 pg, CutSmart buffer, 5 ul, BamHI, 0.625 ul, H,0
up to 50 pl. After digestion, the vector was purified using a
QIAquick PCR Purification Kit (Qiagen). Each transcription
factor vector was then individually assembled via Gibson
assembly. The Gibson assembly reactions were set up as
follows: 100 ng digested lentiviral backbone, 3:10 molar
ratio of transcription factor insert, 2x Gibson assembly
master mix (New England Biolabs), H,0 up to 20 pl. After
incubation at 50° C. for 1 h, the product was transformed
into One Shot Stb13 chemically competent Escherichia coli
(Invitrogen). A fraction (150 pL) of cultures was spread on
carbenicillin (50 pg/ml) LB plates and incubated overnight
at 37° C. Individual colonies were picked, introduced into 5
ml of carbenicillin (50 pg/ml) LB medium and incubated
overnight in a shaker at 37° C. The plasmid DNA was then
extracted with a QIAprep Spin Miniprep Kit (Qiagen), and
Sanger sequenced to verify correct assembly of the vector
and to extract barcode sequences.

[0123] To assemble the library, individual transcription
factor vectors were pooled together in an equal mass ratio
along with a control vector containing the mCherry trans-
gene which constituted 10% of the final pool.

Viral Production

[0124] HEK 293T cells were maintained in high glucose
DMEM supplemented with 10% fetal bovine serum (FBS).
In order to produce lentivirus particles, cells were seeded in
a 15 cm dish 1 day prior to transfection, such that they were
60-70% confluent at the time of transfection. For each 15 cm
dish 36 wl of Lipofectamine 2000 (Life Technologies) was
added to 1.5 ml of Opti-MEM (Life Technologies). Sepa-
rately 3 png of pMD2.G (Addgene no. 12259), 12 pug of
pCMYV delta R8.2 (Addgene no. 12263) and 9 pg of an
individual vector or pooled vector library was added to 1.5
ml of Opti-MEM. After 5 minutes of incubation at room
temperature, the Lipofectamine 2000 and DNA solutions
were mixed and incubated at room temperature for 30
minutes. During the incubation period, medium in each 15
cm dish was replaced with 25 ml of fresh, pre-warmed
medium. After the incubation period, the mixture was added
dropwise to each dish of HEK 293T cells. Supernatant
containing the viral particles was harvested after 48 and 72
hours, filtered with 0.45 pm filters (Steriflip, Millipore), and
further concentrated using Amicon Ultra-15 centrifugal
ultrafilters with a 100,000 NMWL cutoff (Millipore) to a
final volume of 600-800 pl, divided into aliquots and frozen
at -80° C.

Viral Transduction

[0125] For viral transduction, on day -1, H1 cells were
dissociated to a single cell suspension using Accutase (Inno-
vative Cell Technologies) and seeded into Matrigel-coated
plates in mTeSR containing ROCK inhibitor, Y-27632 (10
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uM, Sigma-Aldrich). For transduction with the TF library,
cells were seeded into 10 cm dishes at a density of 6x10°
cells for screens conducted in mTeSR or 4.5x10° cells for
screens conducted in endothelial growth medium (EGM) or
multilineage (ML) medium (DMEM+20% FBS.) For trans-
duction with individual transcription factors cells were
seeded at a density of 4x10° cells per well of a 12 well plate
for experiments conducted in mTeSR or 3x10° cells per well
for experiments conducted in the alternate media.

[0126] On day 0, medium was replaced with fresh mTeSR
to allow cells to recover for 6-8 hours. Recovered cells were
then transduced with lentivirus added to fresh mTeSR con-
taining polybrene (5 pug/ml, Millipore). On day 1, medium
was replaced with the appropriate fresh medium: mTeSR,
endothelial growth medium or high glucose DMEM+20%
FBS. Hygromycin (Thermo Fisher Scientific) selection was
started from day 2 onward at a selection dose of 50 pug/ml,
medium containing hygromycin was replaced daily.

Single Cell Library Preparation

[0127] For screens conducted in mTeSR cells were har-
vested 5 days after transduction while for alternate media,
EGM or ML, cells were harvested 6 days after transduction
with the TF library. Cells were dissociated to single cell
suspensions using Accutase (Innovative Cell Technologies).
For samples sorted with magnetically assisted cell sorting
(MACS), cells were labelled with anti-TRA-1-60 antibodies
or with dead cell removal microbeads and sorted as per
manufacturer’s instructions (Miltenyi Biotec). Samples
were then resuspended in 1xPBS with 0.04% BSA at a
concentration between 600-2000 per pl. Samples were
loaded on the 10x Chromium system and processed as per
manufacturer’s instructions (10x Genomics). Unused cells
were centrifuged at 300 rcf for 5 minutes and stored as
pellets at —80° C. until extraction of genomic DNA.

[0128] Single cell libraries were prepared as per the manu-
facturer’s instructions using the Single Cell 3' Reagent Kit
v2 (10x Genomics). Prior to fragmentation, a fraction of the
sample post-cDNA amplification was used to amplify the
transcripts containing both the TF barcode and cell barcode.

Barcode Amplification

[0129] Barcodes were amplified from cDNA generated by
the single cell system as well as from genomic DNA from
cells not used for single cell sequencing. Barcodes were
amplified from both types of samples and prepared for deep
sequencing through a two-step PCR process.

[0130] For amplification of barcodes from cDNA, the first
step was performed as three separate 50 pl reactions for each
sample. 2 pl of the cDNA was input per reaction with Kapa
Hifi Hotstart ReadyMix (Kapa Biosystems). The PCR prim-
ers used were, Nexterai7_TF_Barcode_F:
GTCTCGTGGGCTCGGAGATGTGTATAAGA-
GACAGAGAACTATTTCCTGGCTGTTACG CG (SEQID
NO: 30) and NEBNext Universal PCR Primer for Illumina
(New England Biolabs). The thermocycling parameters
were 95° C. for 3 min; 26-28 cycles of 98° C. for 20 s; 65°
C. for 15 s; and 72° C. for 30 s; and a final extension of 72°
C. for 5 min. The numbers of cycles were tested to ensure
that they fell within the linear phase of amplification.
Amplicons (~500 bp) of 3 reactions for each sample were
pooled, size-selected and purified with Agencourt AMPure
XP beads at a 0.8 ratio. The second step of PCR was
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performed with two separate 50 pl reactions with 50 ng of
first step purified PCR product per reaction. Nextera XT
Index primers were used to attach Illumina adapters and
indices to the samples. The thermocycling parameters were:
95° C. for 3 min; 6-8 cycles of (98° C. for 20 s; 65° C. for
15s; 72° C. for 30 s); and 72° C. for 5 min. The amplicons
from these two reactions for each sample were pooled,
size-selected and purified with Agencourt AMPure XP beads
at a 0.8 ratio. The purified second-step PCR library was
quantified by Qubit dsDNA HS assay (Thermo Fisher Sci-
entific) and used for downstream sequencing on an Illumina
HiSeq platform.

[0131] For amplification of barcodes from genomic DNA,
genomic DNA was extracted from stored cell pellets with a
DNeasy Blood and Tissue Kit (Qiagen). The first step PCR
was performed as three separate 50 ul reactions for each
sample. 2 pug of genomic DNA was input per reaction with
Kapa Hifi Hotstart ReadyMix. The PCR primers used were,
NGS_TF-Barcode_F: ACACTCTTTCCCTA-
CACGACGCTCTTCCGATCTAGAACTAT-
TTCCTGGCTGTTACGCG (SEQ ID NO: 31) and NGS_
TF-Barcode R:
GACTGGAGTTCAGACGTGTGCTCTTCC-
GATCTTGTCTTCGTTGGGAGTGAATTAGC (SEQ ID
NO: 32). The thermocycling parameters were: 95° C. for 3
min; 26-28 cycles of 98° C. for 20 s; 55° C. for 15 s; and 72°
C. for 30 s; and a final extension of 72° C. for 5 min. The
numbers of cycles were tested to ensure that they fell within
the linear phase of amplification. Amplicons (200 bp) of 3
reactions for each sample were pooled, size-selected with
Agencourt AMPure XP beads (Beckman Coulter, Inc.) at a
ratio of 0.8, and the supernatant from this was further
size-selected and purified at a ratio of 1.6. The second step
of PCR was performed as two separate 50 pl reactions with
50 ng of first step purified PCR product per reaction. Next
Multiplex Oligos for [llumina (New England Biolabs) Index
primers were used to attach Illumina adapters and indices to
the samples. The thermocycling parameters were: 95° C. for
3 min; 6 cycles of (98° C. for 20 s; 65° C. for 20 s; 72° C.
for 30 s); and 72° C. for 2 min. The amplicons from these
two reactions for each sample were pooled, size-selected
with Agencourt AMPure XP beads at a ratio of 0.8, and the
supernatant from this was further size-selected and purified
at a ratio of 1.6. The purified second-step PCR library was
quantified by Qubit dsDNA HS assay (Thermo Fisher Sci-
entific) and used for downstream sequencing on an Illumina
MiSeq platform.

Single Cell
Deconvolution

[0132] Using the 10x genomics CellRanger pipeline [cita-
tion], Applicants aligned Fastq files to hg38, counted UMIs
to generate counts matrices, and aggregated samples across
10x runs with cellranger aggr. All cellranger commands
were run using default settings.

[0133] To assign one or more transcription factor geno-
types to each cell, Applicants aligned the plasmid barcode
reads to hg38 using BWA, and then labeled each read with
its corresponding cell and UMI tags. To remove potential
chimeric reads, Applicants used a two-step filtering process.
First, Applicants only kept UMIs that made up at least 0.5%
of the total amount of reads for each cell. Applicants then
counted the number of UMIs and reads for each plasmid
barcode within each cell, and only assigned that cell any

RNA-Seq Processing and Genotype
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barcode that contained at least 10% of the cell’s read and
UMI counts. Barcodes were mapped to transcription factors
within one edit distance of the expected barcode. The code
for assigning genotypes to each cell can be found on github
at: github.com/yanwu2014/genotyping-matrices

Clustering and Cluster Enrichment

[0134] Clustering was performed on the aggregated counts
matrices using the Seurat pipeline. Applicants first filtered
the counts matrix for genes that are expressed in at least 2%
of cells, and cells that express at least 500 genes. Applicants
then normalized the counts matrix, found overdispersed
genes, and used a negative binomial linear model to regress
away library depth, batch effects, and mitochondrial gene
fraction. Applicants performed PCA on the overdispersed
genes, keeping the first 20 principal components. Applicants
then used the PCs to generate a K Nearest Neighbors graph,
with K=30, used the KNN graph to calculate a shared
nearest neighbors graph, and used a modularity optimization
algorithm on the SNN graph to find clusters. Clusters were
recursively merged until all clusters could be distinguished
from every other cluster with an out of the box error (oobe)
of less than 5% using a random forest classifier trained on
the top 15 genes by loading magnitude for the first 20 PCs.
Applicants used tSNE on the first 20 PCs to visualize the
results.

[0135] Cluster enrichment was performed using Fisher’s
exact test, testing each genotype for over-enrichment in each
cluster. The p-value from the Fisher test for each genotype
and cluster combination was corrected using the Benjamini-
Hochberg method.

Differential Expression, Identification of Significant
Genotypes, and Genotype Trimming
[0136] Applicants used a modified version of the

MIMOSCA linear model to analyze the differentially
expressed genes for each genotype. In this model, Appli-
cants used the R glmnet package with the multigaussian
family, with alpha (the lasso vs ridge parameter) set to 0.5.
Lambda (the coefficient magnitude regularization param-
eter) was set using 5-fold cross validation.

[0137] In order to account for unperturbed cells, Appli-
cants “trimmed” the cells in each transcription factor geno-
type to only include cells that belonged to a cluster that the
genotype was enriched for. Specifically, Applicants first
obtained a set of transcription factor genotypes with strong
cluster enrichment, such that each significantly enriched
genotype was enriched for a cluster with an FDR>1e-6, and
whose cluster enrichment profile was different from the
control mCherry profile with an adjusted chi-squared
p-value of less than le-6. For each significantly enriched
genotype, Applicants only kept cells that were part of a
cluster that the genotype was enriched for at FDR<0.01
level. Each genotype can be enriched for more than one
cluster. After trimming the significantly enriched genotypes,
Applicants repeated the differential expression.

[0138] TFs were chosen as significant for downstream
analysis if they were enriched for one or more clusters as
described, or if the TF drove statistically significant differ-
ential expression of greater than 100 genes.

Gene Co Perturbation Network and Module Detection

[0139] Applicants took the genes by genotypes coeffi-
cients matrix from the regression analysis with trimmed
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genotypes and used it to calculate the Fuclidean distance
between genes, using the significant genotypes as features.
Applicants then built a k-nearest neighbors graph from the
Euclidean distances between genes, with k=30. From this
kNN graph, Applicants calculated the fraction of shared
nearest neighbors (SNN) for each pair of genes to build and
SNN graph. For example, if two genes share 23/30 neigh-
bors, Applicants create an edge between them in the SNN
graph with a weight of 23/30=0.767.

[0140] To identify gene modules, Applicants used the
Louvain modularity optimization algorithm. For each gene
module, Applicants identified enriched Gene Ontology
terms using Fisher’s exact test (Table 5). Applicants also
ranked genes in each gene module by the number of
enriched Gene Ontology terms the gene is part of, to identify
the most biologically significant genes in each module
(Table 5). Gene module identities were assigned based on
manual inspection of enriched GO terms and the genes
within each module. The effect of each genotype on a gene
module was calculated by taking the average of the regres-
sion coeflicients for the genotype and the genes within the
module.

Dataset Correlation

[0141] To compare how the combined hPSC medium
dataset correlated with the five individual datasets, Appli-
cants correlated the regression coefficients of the combined
dataset with the coeflicients for each individual dataset,
subsetting for coefficients that were statistically significant
in either the individual dataset, or the combined dataset.
Each coefficient represents the effect of a single TF on a
single gene. The two datasets for the multilineage lineage
screens were correlated in the same manner.

Fitness Effect Analysis

[0142] To calculate fitness effects from genomic DNA
reads, Applicants first used MagECK to align reads to
genotype barcodes and count the number of reads for each
genotype in each sample, resulting in a genotypes by
samples read counts matrix. Applicants normalized the read
counts matrix by dividing each column by the sum of that
column, and then calculated log fold-change by dividing
each sample by the normalized plasmid library counts, and
then taking a log 2 transform. For the stem cell media,
Applicants averaged the log fold change across the non
MACS sorted samples.

[0143] To calculate fitness effects from genotype counts
identified from single cell RNA-seq, Applicants used a cell
counts matrix instead of a read counts matrix, and repeated
the above protocol.

Epithelial Mesenchymal Transition Analysis

[0144] Applicants took 200 genes from the Hallmark
Epithelial Mesenchymal Transition geneset from MSigDB
and ran PCA on those genes with the stem cell medium
dataset, visualizing the first two principal components. The
first principal component was an EMT-like signature and
Applicants used the gene loadings, along with literature
research to identify a relevant panel of EMT related genes to
display. All analysis code can be found at github.com/
yanwu2014/SEUS S-Analysis.
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RNA Extraction, and qRT-PCR

[0145] RNA was extracted from cells using the RNeasy
Mini Kit (Qiagen) as per the manufacturer’s instructions.
The quality and concentration of the RNA samples was
measured using a spectrophotometer (Nanodrop 2000,
Thermo Fisher Scientific). cDNA was prepared using the
Protoscript 11 First Strand cDNA synthesis kit (New England
Biolabs) in a 20 ul reaction and diluted up to 1:5 with
nuclease-free water. qRT-PCR reactions were setup as: 2 ul
c¢DNA, 400 nM of each primer, 2x Kapa SYBR Fast Master
Mix (Kapa Biosystems), H,O up to 20 pl. gqRT-PCR was
performed using a CFX Connect Real Time PCR Detection
System (Bio-Rad) with the thermocycling parameters: 95°
C. for 3 min; 95° C. for 3 s; 60° C. for 20 s, for 40 cycles.
All experiments were performed in triplicate and results
were normalized against a housekeeping gene, GAPDH.
Relative mRNA expression levels, compared with GAPDH,
were determined by the comparative cycle threshold (AAC,)
method. Primers used for qRT-PCR are listed in Table 6.

Immunofluorescence

[0146] Cells were fixed with 4% (wt/vol) paraformalde-
hyde in PBS at room temperature for 30 minutes. Cells were
then incubated with a blocking buffer: 5% donkey serum,
0.2% Triton X-100 in PBS for 1 hour at room temperature
followed by incubation with primary antibodies diluted in
the blocking buffer at 4° C. overnight. Primary antibodies
used were: VE-Cadherin (D87F2, Cell Signaling Technol-
ogy; 1:400). Secondary antibodies used were: DyLight 488
labelled donkey anti-rabbit IgG (ab96891, Abcam; 1:250).

[0147] After overnight incubation with primary antibod-
ies, cells were labelled with secondary antibodies diluted in
1% BSA in PBS for 1 hour at 37° C. Nuclear staining was
done by incubating cells with DAPI for 5 minutes at room
temperature. All imaging was conducted on a Leica DMi8
inverted microscope equipped with an Andor Zyla sCMOS
camera and a Lumencor Spectra X multi-wavelength fluo-
rescence light source.
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Endothelial Tube Formation Assay

[0148] A mCherry expressing H1 cell line was created by
transducing H1 cells with a lentivirus containing the EF1a
promoter driving expression of the mCherry transgene,
internal ribosome entry site (IRES) and a puromycin resis-
tance gene. Cells were then maintained under constant
puromycin selection at a dose of 0.75 pg/ml. mCherry
labelled H1 cells were transduced with either ETV2 lenti-
virus or control mCherry lentivirus, hygromycin selection
was started on day 2 and cells were used for tube formation
assay on day 6.

[0149] Growth-factor reduced Matrigel (Corning) was
thawed on ice and 250 pl was deposited cold per well of a
24-well plate. The deposited Matrigel was incubated for 60
minutes at 37° C., 5% CO,, to allow for complete gelation
and the ETV2-transduced or control cells were then seeded
on it at a density of 3.2x10° cells per well in a volume of 500
ul EGM. Imaging was conducted 24 hours after deposition
of the cells.

Example 2

Corneal Endothelial Stem Cell Transplant

[0150] Skin fibroblasts are isolated from a patient with a
corneal eye disease. iPSCs are generated from the fibroblasts
using techniques known in the art. Briefly, the isolated
fibroblasts are reprogrammed by forced expression of one or
more pluripotency genes selected from: OCT3/4, SOXI1,
SOX2, SOX15, SOX18, KLF1, KLF2, KLF4, KLF5,
n-MYC, ¢-MYC, L-MYC, NANOG, LIN28, and GLISI.
[0151] Next, the iPSCs are directed to differentiate into
endothelial cells by introducing expression of ETV2.
Expression is introduced by infecting the cells with an AAV
virus encoding ETV2. After the cells differentiate into
endothelial cells, they are expanded ex vivo and harvested.
[0152] The cells are administered to the patient by trans-
plant to the cornea following removal of the diseased
corneal tissue. After corneal transplant with the endothelial
cells, repair of the cornea is identified by achieving full or
partial restoration of corneal function in the patient.

TABLE 1
SEQ ID
GENE SEQUENCE NO: ROLE REFERENCES
mCherry ATGGTGAGCAAGGGCGAGGAGGAT 33 Non-functional
Control AACATGGCCATCATCAAGGAGTTC control vector

ATGCGCTTCAAGGTGCACATGGAG
GGCTCCGTGAACGGCCACGAGTTC
GAGATCGAGGGCGAGGGCGAGGGC
CGCCCCTACGAGGGCACCCAGACC
GCCAAGCTGAAGGTGACCAAGGGT
GGCCCCCTGCCCTTCGCCTGGGACA
TCCTGTCCCCTCAGTTCATGTACGG
CTCCAAGGCCTACGTGAAGCACCC
CGCCGACATCCCCGACTACTTGAAG
CTGTCCTTCCCCGAGGGCTTCAAGT
GGGAGCGCGTGATGAACTTCGAGG
ACGGCGGCGTGGTGACCGTGACCC
AGGACTCCTCCCTGCAGGACGGCG
AGTTCATCTACAAGGTGAAGCTGC
GCGGCACCAACTTCCCCTCCGACGG
CCCCGTAATGCAGAAGAAGACCAT
GGGCTGGGAGGCCTCCTCCGAGCG
GATGTACCCCGAGGACGGCGCCCT
GAAGGGCGAGATCAAGCAGAGGCT
GAAGCTGAAGGACGGCGGCCACTA
CGACGCTGAGGTCAAGACCACCTA
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SEQUENCE

SEQ ID
NO: ROLE

REFERENCES

ASCL1

ASCL3

CAAGGCCAAGAAGCCCGTGCAGCT
GCCCGGCGCCTACAACGTCAACAT
CAAGTTGGACATCACCTCCCACAAC
GAGGACTACACCATCGTGGAACAG
TACGAACGCGCCGAGGGCCGCCAC
TCCACCGGCGGCATGGACGAGCTG
TACAAG

ATGGAGTCTTCTGCTAAAATGGAGT
CCGGAGGCGCGGGACAACAACCAC
AACCGCAACCACAACAACCCTTCCT
GCCGCCGGCCGCATGTTTTTTCGCG
ACCGCTGCTGCTGCTGCAGCGGCG
GCGGCTGCTGCCGCCGCGCAATCC
GCCCAACAGCAACAACAACAACAG
CAGCAGCAGCAACAAGCGCCTCAA
CTTCGACCCGCTGCAGACGGGCAG
CCCTCAGGGGGAGGGCACAAGAGC
GCTCCGAAGCAGGTTAAAAGGCAG
AGGAGCAGTAGTCCCGAACTGATG
CGATGTAAGAGGCGCCTCAATTTTA
GCGGTTTTGGTTACTCTTTGCCCCA
GCAGCAGCCGGCTGCCGTAGCTCG
CCGAAATGAGCGGGAAAGGAACCG
CGTTAAACTTGTGAATCTCGGTTTC
GCGACACTTCGAGAGCACGTACCA
AATGGGGCAGCTAACAAGAAAATG
AGTAAAGTTGAGACACTGCGGTCT
GCAGTGGAGTATATTAGAGCTCTTC
AACAATTGCTTGACGAGCACGATG
CCGTATCAGCCGCATTTCAAGCCGG
GGTGCTGTCCCCAACAATATCTCCG
AACTACAGCAATGATCTTAATAGC
ATGGCGGGAAGTCCCGTTTCCTCCT
ACTCCTCTGATGAGGGCAGCTACG
ACCCTCTCAGTCCCGAGGAGCAAG
AGCTTCTTGACTTCACTAACTGGTT
o

ATGATGGACAACAGAGGCAACTCT
AGTCTACCTGACAAACTTCCTATCT
TCCCTGATTCTGCCCGCTTGCCACT
TACCAGGTCCTTCTATCTGGAGCCC
ATGGTCACTTTCCACGTGCACCCAG
AGGCCCCGGTGTCATCTCCTTACTC
TGAGGAGCTGCCACGGCTGCCTTTT
CCCAGCGACTCTCTTATCCTGGGAA
ATTACAGTGAACCCTGCCCCTTCTC
TTTCCCGATGCCTTATCCAAATTAC
AGAGGGTGCGAGTACTCCTACGGG
CCAGCCTTCACCCGGAAAAGGAAT
GAGCGGGAAAGGCAGCGGGTGAAA
TGTGTCAATGAAGGCTACGCCCAG
CTCCGACATCATCTGCCAGAGGAGT
ATTTGGAGAAGCGACTCAGCAAAG
TGGAAACCCTCAGAGCTGCGATCA
AGTACATTAACTACCTGCAGTCTCT
TCTGTACCCTGATAAAGCTGAGACA
AAGAATAACCCTGGAAAAGTTTCC
TCCATGATAGCAACCACCAGCCAC
CATGCTGACCCTATGTTCAGAATTG
TTTGCCCAACTTTCTTGTACAAAGT
TGTCCCC

34 Involved in
neuronal
specification
and
differentiation.
Demonstrated to
drive neuronal
differentiation
from hPSCs

35 Involved in
salivary gland
cell
development

Wilkinson, G.
et al.
Proneural
genes in
neocortical
development.
Neuroscience
253, 256-273
(2013) .
Chanda, S. et
al. Generation
of induced
neuronal cells
by the single
reprogramming
factor

ASCL1. Stem
cell reports 3,
282-96

(2014) .

Bullard, T. et
al. Ascl3
expression
marks a
progenitor
population of
both acinar
and ductal
cells in mouse
salivary
glands. Dev.
Biol. 320, 72-
78(2008)
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ASCL4

ASCL5

ATGGAGACGCGTAAACCGGCGGAA
CGGCTGGCCTTGCCATACTCGCTGC
GCACCGCGCCCCTGGGCGTTCCGG
GGACCCTGCCCGGACTCCCGCGGA
GGGACCCCCTCAGGGTCGCCCTGC
GTCTGGACGCCGCGTGCTGGGAGT
GGGCGCGCAGCGGCTGCGCACGGG
GATGGCAGTACTTGCCCGTGCCGCT
GGACAGCGCCTTCGAGCCCGCCTTC
CTCCGCAAGCGCAACGAGCGCGAG
CGGCAGCGGGTGCGCTGCGTGAAC
GAGGGCTATGCGCGCCTCCGAGAC
CACCTGCCCCGGGAGCTGGCAGAC
AAGCGCCTCAGCAAAGTGGAGACG
CTCCGCGCTGCCATCGACTACATCA
AGCACCTGCAGGAGCTGCTGGAGC
GCCAGGCCTGGGGGCTCGAGGGCG
CGGCCGGCGCCGTCCCCCAGCGCA
GGGCGGAATGCAACAGCGACGGGG
AGTCCAAGGCCTCTTCGGCGCCTTC
GCCCAGCAGCGAGCCCGAGGAGGG
GGGCAGC

ATGCCGATGGGGGCAGCAGAAAGA
GGTGCTGGGCCCCAATCATCTGCAG
CACCATGGGCTGGTTCAGAAAAGG
CGGCAAAGAGAGGGCCATCAAAAAL
GCTGGTACCCAAGAGCTGCTGCATC
TGATGTCACGTGCCCGACTGGTGGT
GATGGAGCTGACCCAAAACCTGGA
CCTTTTGGAGGTGGTTTAGCTTTAG
GGCCTGCGCCCAGAGGAACAATGA
ATAATAATTTCTGCAGGGCCCTTGT
TGACAGAAGGCCTTTAGGACCCCCT
TCATGTATGCAATTAGGTGTAATGC
CACCGCCAAGACAAGCGCCCCTCC
CGCCGGCTGAACCCCTTGGAAATGT
ACCTTTCCTCCTATACCCTGGCCCA
GCTGAACCACCATATTATGATGCAT
ATGCTGGTGTTTTCCCATATGTGCC
TTTCCCTGGTGCTTTTGGTGTATAT
GAATACCCTTTTGAGCCGGCTTTTA
TCCAAAAGAGGAATGAAAGAGAGA
GACAGAGAGTGAAGTGTGTGAATG
AAGGATACGCCAGATTGAGAGGCC
ATTTGCCTGGTGCCCTGGCAGAAAA
GAGATTATCAAAAGTTGAAACCCT
GAGGGCGGCAATCAGATATATAAA
ATACCTCCAAGAACTCCTTTCATCA
GCACCTGATGGATCGACACCACCG
GCTTCAAGAGGTTTACCTGGAACTG
GACCATGCCCTGCACCGCCTGCTAC
ACCAAGGCCAGACAGACCTGGAGA
TGGAGAAGCAAGAGCACCTTCTTC
CCTTGTCCCTGAATCTTCTGAATCA
TCATGTTTTTCGCCTTCCCCTTTTTT
AGAAAGTGAAGAATCCTGGCA

36

37

Involved in
development of
skin

Paralog of
ASCL4

Jonsson, M. et
al. Hasgh4, a
novel human
achaete-scute
homologue
found in fetal
skin.

Genomics 84,
859-866

(2004)

Wang, C. et
al. Systematic
analysis of the
achaete-scute
complex-like
gene signature
in clinical
cancer
patients.
Molecular and
Clinical
Oncology 6,
(Spandidos
Publications,
2017) .
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ATF7 ATGGGAGACGACAGACCGTTTGTG 38 Involved in Peters, C. S.

TGCAATGCCCCGGGCTGTGGACAG
AGATTTACAAACGAGGACCACCTG
GCAGTTCATAAACACAAGCATGAG
ATGACATTGAAATTTGGCCCAGCCC
GAACTGACTCAGTCATCATTGCAGA
TCAAACGCCTACTCCAACTAGATTC
CTGAAGAACTGTGAGGAGGTGGGA
CTCTTCAATGAACTAGCTAGCTCCT
TTGAACATGAATTCAAGAAAGCTG
CAGATGAGGATGAGAAAAAGGCAA
GAAGCAGGACTGTTGCCAAAAAAC
TGGTGGCTGCTGCTGGGCCCCTTGA
CATGTCTCTGCCTTCCACACCAGAC
ATCAAAATCAAAGAAGAAGAGCCA
GTGGAGGTAGACTCATCCCCACCTG
ATAGCCCTGCCTCTAGTCCCTGTTC
CCCACCACTGAAGGAGAAGGAGGT
TACCCCAAAGCCTGTTCTGATCTCT
ACCCCCACACCCACCATTGTACGTC
CTGGCTCCCTGCCTCTCCACTTGGG
CTATGATCCACTTCATCCAACCCTT
CCCTCCCCAACCTCTGTCATCACAC
AGGCTCCACCATCCAACAGGCAAA
TGGGGTCTCCCACTGGCTCCCTCCC
TCTTGTCATGCATCTTGCTAATGGA
CAGACCATGCCTGTGTTGCCAGGGC
CTCCAGTACAGATGCCGTCTGTTAT
ATCGCTGGCCAGACCTGTGTCCATG
GTGCCCAACATTCCTGGTATCCCTG
GCCCACCAGTTAACAGTAGTGGCTC
CATTTCTCCCTCTGGCCACCCTATA
CCATCAGAAGCCAAGATGAGACTG
AAAGCCACCCTAACTCACCAAGTCT
CCTCAATCAATGGTGGTTGTGGAAT
GGTGGTGGGTACTGCCAGCACCAT
GGTGACAGCCCGCCCAGAGCAGAG
CCAGATTCTCATCCAGCACCCTGAT
GCCCCATCCCCTGCCCAGCCACAG
GTCTCACCAGCTCAGCCCACCCCTA
GTACTGGGGGGCGACGGCGGCGCA
CAGTAGATGAAGATCCAGATGAGC
GACGGCAGCGCTTTCTGGAGCGCA
ACCGGGCTGCAGCCTCCCGCTGCCG
CCAAAAGCGAAAGCTGTGGGTGTC
CTCCCTAGAGAAGAAGGCCGAAGA
ACTCACTTCTCAGAACATTCAGCTG
AGTAATGAAGTCACATTACTACGC
AATGAGGTGGCCCAGTTGAAACAG
CTACTGTTAGCTCATAAAGACTGCC
CAGTCACTGCACTACAGAAAAAGA
CTCAAGGCTATTTAGAAAGCCCCA
AGGAAAGCTCAGAGCCAACGGGTT
CTCCAGCCCCTGTGATTCAGCACAG
CTCAGCAACAGCCCCTAGCAATGG
CCTCAGTGTTCGCTCTGCAGCTGAA
GCTGTGGCCACCTCGGTCCTCACTC
AGATGGCCAGCCAAAGGACAGAAC
TGAGCATGCCGATACAATCGCATGT
AATCATGACCCCACAGTCCCAGTCT
GCGGGCAGA

early cell
signaling, binds
CcAMP response
element

et al. ATF-7,
a novel bZIP
protein,
interacts with
the PRL-1
protein-
tyrosine
phosphatase.
J. Biol. Chem.
276, 13718-
26 (2001).
Hamard, P.-J.
et al. A
functional
interaction
between

ATF7 and
TAF12 that is
modulated by
TAF4.
Oncogene 24,
3472-3483
(2005) .
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CDX2

CRX

ATGTACGTGAGCTACCTCCTGGACA
AGGACGTGAGCATGTACCCTAGCT
CCGTGCGCCACTCTGGCGGCCTCAA
CCTGGCGCCGCAGAACTTCGTCAGC
CCCCCGCAGTACCCGGACTACGGC
GGTTACCACGTGGCGGCCGCAGCT
GCAGCGGCAGCGAACTTGGACAGC
GCGCAGTCCCCGGGGCCATCCTGG
CCGGCAGCGTATGGCGCCCCACTCC
GGGAGGACTGGAATGGCTACGCGC
CCGGAGGCGCLGLaGreareacea
ACGCCGTGGCTCACGGCCTCAACG
GTGGCTCCCCGGCCGCAGCCATGG
GCTACAGCAGCCCCGCAGACTACC
ATCCGCACCACCACCCGCATCACC
ACCCGCACCACCCGGCCGLCGLae
CTTCCTGCGCTTCTGGGCTGCTGCA
AACGCTCAACCCCGGCCCTCCTGGG
CCCGCCGCCACCGCTGCCGCCGAG
CAGCTGTCTCCCGGCGGCCAGCGG
CGGAACCTGTGCGAGTGGATGCGG
AAGCCGGCGCAGCAGTCCCTCGGC
AGCCAAGTGAAAACCAGGACGAAA
GACAAATATCGAGTGGTGTACACG
GACCACCAGCGGCTGGAGCTGGAG
AAGGAGTTTCACTACAGTCGCTACA
TCACCATCCGGAGGAAAGCCGAGC
TAGCCGCCACGCTGGGGCTCTCTGA
GAGGCAGGTTAAAATCTGGTTTCA
GAACCGCAGAGCAAAGGAGAGGA
AAATCAACAAGAAGAAGTTGCAGC
AGCAACAGCAGCAGCAGCCACCAC
AGCCGCCTCCGCCGCCACCACAGC
CTCCCCAGCCTCAGCCAGGTCCTCT
GAGAAGTGTCCCAGAGCCCTTGAG
TCCGGTGTCTTCCCTGCAAGCCTCA
GTGTCTGGCTCTGTCCCTGGGGTTC
TGGGGCCAACTGGGGGGGTGCTAA
ACCCCACCGTCACCCAG

ATGATGGCGTATATGAACCCGGGG
CCCCACTATTCTGTCAACGCCTTGG
CCCTAAGTGGCCCCAGTGTGGATCT
GATGCACCAGGCTGTGCCCTACCCA
AGCGCCCCCAGGAAGCAGCGGCGG
GAGCGCACCACCTTCACCCGGAGC
CAACTGGAGGAGCTGGAGGCACTG
TTTGCCAAGACCCAGTACCCAGAC
GTCTATGCCCGTGAGGAGGTGGCTC
TGAAGATCAATCTGCCTGAGTCCAG
GGTTCAGGTTTGGTTCAAGAACCGG
AGGGCTAAATGCAGGCAGCAGCGA
CAGCAGCAGAAACAGCAGCAGCAG
CCCCCAGGGGGCCAGGCCAAGGCC
CGGCCTGCCAAGAGGAAGGCGGGC
ACGTCCCCAAGACCCTCCACAGAT
GTGTGTCCAGACCCTCTGGGCATCT
CAGATTCCTACAGTCCCCCTCTGCC
CGGCCCCTCAGGCTCCCCAACCAC
GGCAGTGGCCACTGTGTCCATCTGG
AGCCCAGCCTCAGAGTCCCCTTTGC
CTGAGGCGCAGCGGGCTGGGCTGG
TGGCCTCAGGGCCGTCTCTGACCTC
CGCCCCCTATGCCATGACCTACGCC
CCGGCCTCCGCTTTCTGCTCTTCCC
CCTCCGCCTATGGGTCTCCGAGCTC
CTATTTCAGCGGCCTAGACCCCTAC
CTTTCTCCCATGGTGCCCCAGCTAG
GGGGCCCGGCTCTTAGCCCCCTCTC
TGGCCCCTCCGTGGGACCTTCCCTG
GCCCAGTCCCCCACCTCCCTATCAG
GCCAGAGCTATGGCGCCTACAGCC
CCGTGGATAGCTTGGAATTCAAGG

39

40

Involved in
trophectoderm
specification
and
differentiation

Involved in
photoreceptor
differentiation

Strumpf, D. et
al. Ccdx2 is
required for
correct cell
fate
specification
and
differentiation
of
trophectoderm
in the

mouse
blastocyst.
Development
132, 2093-

102 (2005) .

Furukawa, T.,
Morrow, E.

M. & Cepko,

¢c. L. Crx, a
novel otx-like
homeobox

gene, shows
photoreceptor-
specific
expression

and regulates
photoreceptor
differentiation.
Ccell 91,
531-541
(1997) .
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ACCCCACGGGCACCTGGAAATTCA
CCTACAATCCCATGGACCCTCTGGA
CTACAAGGATCAGAGTGCCTGGAA
GTTTCAGATCTTG

ERG ATGGCCAGCACTATTAAGGAAGCC 41 Involved in Mclaughlin,
TTATCAGTTGTGAGTGAGGACCAGT endothelial cell F. et al.
CGTTGTTTGAGTGTGCCTACGGAAC specification Combined
GCCACACCTGGCTAAGACAGAGAT and genomic and
GACCGCGTCCTCCTCCAGCGACTAT differentiation antisense
GGACAGACTTCCAAGATGAGCCCA analysis
CGCGTCCCTCAGCAGGATTGGCTGT reveals that
CTCAACCCCCAGCCAGGGTCACCAT the
CAAAATGGAATGTAACCCTAGCCA transcription

GGTGAATGGCTCAAGGAACTCTCCT
GATGAATGCAGTGTGGCCAAAGGC
GGGAAGATGGTGGGCAGCCCAGAC
ACCGTTGGGATGAACTACGGCAGC
TACATGGAGGAGAAGCACATGCCA
CCCCCAAACATGACCACGAACGAG
CGCAGAGTTATCGTGCCAGCAGAT
CCTACGCTATGGAGTACAGACCAT
GTGCGGCAGTGGCTGGAGTGGGCG
GTGAAAGAATATGGCCTTCCAGAC
GTCAACATCTTGTTATTCCAGAACA
TCGATGGGAAGGAACTGTGCAAGA
TGACCAAGGACGACTTCCAGAGGC
TCACCCCCAGCTACAATGCCGACAT
CCTTCTCTCACATCTCCACTACCTC
AGAGAGACTCCTCTTCCACATTTGA
CTTCAGATGATGTTGATAAAGCCTT
ACAAAACTCTCCACGGTTAATGCAT
GCTAGAAACACAGGGGGTGCAGCT
TTTATTTTCCCAAATACTTCAGTAT
ATCCTGAAGCTACGCAAAGAATTA
CAACTAGGCCAGATTTACCATATGA
GCCCCCCAGGAGATCAGCCTGGAC
CGGTCACGGCCACCCCACGCCCCA
GTCGAAAGCTGCTCAACCATCTCCT
TCCACAGTGCCCAAAACTGAAGAC
CAGCGTCCTCAGTTAGATCCTTATC
AGATTCTTGGACCAACAAGTAGCC
GCCTTGCAAATCCAGGCAGTGGCC
AGATCCAGCTTTGGCAGTTCCTCCT
GGAGCTCCTGTCGGACAGCTCCAA
CTCCAGCTGCATCACCTGGGAAGG
CACCAACGGGGAGTTCAAGATGAC
GGATCCCGACGAGGTGGCCCGGCG
CTGGGGAGAGCGGAAGAGCAAACC
CAACATGAACTACGATAAGCTCAG
CCGCGCCCTCCGTTACTACTATGAC
AAGAACATCATGACCAAGGTCCAT
GGGAAGCGCTACGCCTACAAGTTC
GACTTCCACGGGATCGCCCAGGCC
CTCCAGCCCCACCCCCCGGAGTCAT
CTCTGTACAAGTACCCCTCAGACCT
CCCGTACATGGGCTCCTATCACGCC
CACCCACAGAAGATGAACTTTGTG
GCGCCCCACCCTCCAGCCCTCCCCG
TGACATCTTCCAGTTTTTTTGCTGCC
CCAAACCCATACTGGAATTCACCA
ACTGGGGGTATATACCCCAACACT
AGGCTCCCCACCAGCCATATGCCTT
CTCATCTGGGCACTTACTAC

factor Erg is
implicated in
endothelial
cell
differentiation.
Blood 98,
3332-3339
(2001) .
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ESRRG

ETV2

ATGTCAAACAAAGATCGACACATT
GATTCCAGCTGTTCGTCCTTCATCA
AGACGGAACCTTCCAGCCCAGCCT
CCCTGACGGACAGCGTCAACCACC
ACAGCCCTGGTGGCTCTTCAGACGC
CAGTGGGAGCTACAGTTCAACCAT
GAATGGCCATCAGAACGGACTTGA
CTCGCCACCTCTCTACCCTTCTGCT
CCTATCCTGGGAGGTAGTGGGCCTG
TCAGGAAACTGTATGATGACTGCTC
CAGCACCATTGTTGAAGATCCCCAG
ACCAAGTGTGAATACATGCTCAACT
CGATGCCCAAGAGACTGTGTTTAGT
GTGTGGTGACATCGCTTCTGGGTAC
CACTATGGGGTAGCATCATGTGAA
GCCTGCAAGGCATTCTTCAAGAGG
ACAATTCAAGGCAATATAGAATAC
AGCTGCCCTGCCACGAATGAATGT
GAAATCACAAAGCGCAGACGTAAA
TCCTGCCAGGCTTGCCGCTTCATGA
AGTGTTTAAAAGTGGGCATGCTGA
AAGAAGGGGTGCGTCTTGACAGAG
TACGTGGAGGTCGGCAGAAGTACA
AGCGCAGGATAGATGCGGAGAACA
GCCCATACCTGAACCCTCAGCTGGT
TCAGCCAGCCAAAAAGCCATTGCT
CTGGTCTGATCCTGCAGATAACAAG
ATTGTCTCACATTTGTTGGTGGCTG
AACCGGAGAAGATCTATGCCATGC
CTGACCCTACTGTCCCCGACAGTGA
CATCAAAGCCCTCACTACACTGTGT
GACTTGGCCGACCGAGAGTTGGTG
GTTATCATTGGATGGGCGAAGCAT
ATTCCAGGCTTCTCCACGCTGTCCC
TGGCGGACCAGATGAGCCTTCTGC
AGAGTGCTTGGATGGAAATTTTGAT
CCTTGGTGTCGTATACCGGTCTCTT
TCGTTTGAGGATGAACTTGTCTATG
CAGACGATTATATAATGGACGAAG
ACCAGTCCAAATTAGCAGGCCTTCT
TGATCTAAATAATGCTATCCTGCAG
CTGGTAAAGAAATACAAGAGCATG
AAGCTGGAAAAAGAAGAATTTGTC
ACCCTCAAAGCTATAGCTCTTGCTA
ATTCAGACTCCATGCACATAGAAG
ATGTTGAAGCCGTTCAGAAGCTTCA
GGATGTCTTACATGAAGCGCTGCA
GGATTATGAAGCTGGCCAGCACAT
GGAAGACCCTCGTCGAGCTGGCAA
GATGCTGATGACACTGCCACTCCTG
AGGCAGACCTCTACCAAGGCCGTG
CAGCATTTCTACAACATCAAACTAG
AAGGCAAAGTCCCAATGCACAAAC
TTTTTTTGGAAATGTTGGAGGCCAA
GGTC

ATGGATCTTTGGAACTGGGATGAA
GCTTCCCCTCAAGAAGTTCCCCCCG
GAAATAAACTCGCGGGGCTTGGAA
GACTCCCTCGCCTTCCGCAACGCGT
CTGGGGCGGATGCCCTGGTGGAGC
CTCAGCGGACCCAAACCCTTTGTCT
CCAGCGGAGGGGGCAAAGTTGGGT
TTCTGCTTCCCGGATCTTGCTTTGC
AAGGCGATACTCCAACGGCGACGG
CAGAGACCTGTTGGAAAGGCACCA
GTAGCTCCCTGGCCAGCTTTCCGCA
GCTCGATTGGGGGTCAGCCCTTCTC
CATCCCGAAGTTCCCTGGGGGGCG
GAACCCGACTCCCAAGCCCTTCCCT
GGAGTGGTGATTGGACAGATATGG
CATGCACAGCCTGGGACAGTTGGT
CCGGGGCGTCACAGACATTGGGAC

42

43

Involved in
cardiac
development

Involved in
haemato-
endothelial
specification
and

differentiation,

and in
vasculogenesis

Alaynick, W.
A. et al. ERRY
Directs and
Maintains the
Transition

to Oxidative
Metabolism in
the Postnatal
Heart. Cell
Metab. 6, 13-
24 (2007).

Lee, D. et al.
ER71 acts
downstream

of BMP,

Notch, and
Wnt signaling
in blood and
vessel
progenitor
specification.
Cell Stem
Cell 2, 49-
507 (2008) .
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FLI1

CAGCCCCACTTGGACCGGGGCCTAT
CCCCGCAGCAGGAAGCGAAGGAGC

TGCTGGTCAGAACTGTGTGCCCGTG
GCTGGTGAGGCTACCAGTTGGTCCA
GGGCCCAGGCAGCAGGCAGTAACA

CCAGCTGGGATTGCTCAGTGGGGC

CTGACGGGGATACTTATTGGGGCTC
TGGTCTTGGTGGAGAACCGAGAAC

GGACTGTACGATAAGTTGGGGCGG

TCCAGCTGGGCCTGATTGTACTACG
TCATGGAATCCTGGCTTGCACGCCG
GCGGCACGACAAGCCTTAAGAGAT

ATCAAAGTTCAGCCCTTACAGTTTG
CTCAGAACCTTCCCCGCAAAGTGAC
CGAGCGTCACTGGCGCGATGTCCTA
AAACTAATCATCGAGGGCCGATCC

AGTTGTGGCAGTTTTTGCTTGAACT
CCTTCACGATGGCGCGAGGAGCAG

TTGCATCAGATGGACCGGTAACAG

CAGGGAGTTCCAATTGTGTGACCCC
AAGGAAGTGGCTCGACTGTGGGGT

GAGCGCAAACGGAAGCCTGGTATG

AATTACGAAAAGT TGAGTAGGGGT

TTGCGATATTACTATAGGCGCGACA
TCGTTCGAAAGTCCGGTGGTCGAA

AGTACACATACAGATTCGGCGGTC

GCGTACCATCTCTTGCATACCCTGA
TTGCGCAGGCGGGGGTAGGGGTGC

GGAAACACAA

ATGGACGGGACTATTAAGGAGGCT
CTGTCGGTGGTGAGCGACGACCAG
TCCCTCTTTGACTCAGCGTACGGAG
CGGCAGCCCATCTCCCCAAGGCCG
ACATGACTGCCTCGGGGAGTCCTG
ACTACGGGCAGCCCCACAAGATCA
ACCCCCTCCCACCACAGCAGGAGT
GGATCAATCAGCCAGTGAGGGTCA
ACGTCAAGCGGGAGTATGACCACA
TGAATGGATCCAGGGAGTCTCCGG
TGGACTGCAGCGTTAGCAAATGCA
GCAAGCTGGTGGGCGGAGGCGAGT
CCAACCCCATGAACTACAACAGCT
ATATGGACGAGAAGAATGGCCCCC
CTCCTCCCAACATGACCACCAACGA
GAGGAGAGTCATCGTCCCCGCAGA
CCCCACACTGTGGACACAGGAGCA
TGTGAGGCAATGGCTGGAGTGGGC
CATAAAGGAGTACAGCTTGATGGA
GATCGACACATCCTTTTTCCAGAAC
ATGGATGGCAAGGAACTGTGTAAA
ATGAACAAGGAGGACTTCCTCCGC
GCCACCACCCTCTACAACACGGAA
GTGCTGTTGTCACACCTCAGTTACC
TCAGGGAAAGTTCACTGCTGGCCTA
TAATACAACCTCCCACACCGACCA
ATCCTCACGATTGAGTGTCAAAGA
AGACCCTTCTTATGACTCAGTCAGA
AGAGGAGCTTGGGGCAATAACATG
AATTCTGGCCTCAACAAAAGTCCTC
CCCTTGGAGGGGCACAAACGATCA
GTAAGAATACAGAGCAACGGCCCC
AGCCAGATCCGTATCAGATCCTGG
GCCCGACCAGCAGTCGCCTAGCCA
ACCCTGGAAGCGGGCAGATCCAGC
TGTGGCAATTCCTCCTGGAGCTGCT
CTCCGACAGCGCCAACGCCAGCTG
TATCACCTGGGAGGGGACCAACGG
GGAGTTCAAAATGACGGACCCCGA
TGAGGTGGCCAGGCGCTGGGGCGA
GCGGAAAAGCAAGCCCAACATGAA
TTACGACAAGCTGAGCCGGGCCCT
CCGTTATTACTATGATAAAAACATT
ATGACCAAAGTGCACGGCAAAAGA

44

Involved in
haemato-
endothelial
specification
and
differentiation

Liu, F. et al.
Flil Acts at
the Top of the
Transcriptional
Network
Driving Blood
and
Endothelial
Development.
Curr. Biol. 18,
1234-1240
(2008) .

Apr. 15,2021
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FOXAlL

TATGCTTACAAATTTGACTTCCACG
GCATTGCCCAGGCTCTGCAGCCACA
TCCGACCGAGTCGTCCATGTACAAG
TACCCTTCTGACATCTCCTACATGC
CTTCCTACCATGCCCACCAGCAGAA
GGTGAACTTTGTCCCTCCCCATCCA
TCCTCCATGCCTGTCACTTCCTCCA
GCTTCTTTGGAGCCGCATCACAATA
CTGGACCTCCCCCACGGGGGGAAT
CTACCCCAACCCCAACGTCCCCCGC
CATCCTAACACCCACGTGCCTTCAC
ACTTAGGCAGCTACTAC

ATGTTGGGCACCGTGAGATGGAG
GGGCATGAGACAAGCGACTGGAAT
TCCTACTACGCGGATACCCAAGAA
GCGTATTCTTCAGTTCCCGTAAGCA
ATATGAACTCCGGATTGGGGAGCA
TGAATAGTATGAACACGTATATGA
CAATGAATACGATGACCACCAGCG
GCAACATGACACCGGCCTCCTTTAA
TATGTCATATGCGAACCCTGGTCTT
GGCGCTGGCCTCTCACCAGGTGCG
GTCGCTGGAATGCCCGGGGGGAGC
GCCGGAGCGATGAACTCCATGACC
GCTGCGGGCGTGACGGCCATGGGT
ACGGCCCTTGTCACCCAGTGGAATG
GGCGCTGGCCTCTCACCAGGTGCG
GTCGCTGGAATGCCCGGGGGGAGC
GCCGGAGCGATGAACTCCATGACC
GCTGCGGGCGTGACGGCCATGGGT
ACGGCCCTGTCACCCAGTGGAATG
GGAGCTATGGGGGCCCAGCAAGCC
GCCTCAATGAATGGATTGGGGCCCT
ATGCCGCGGCGATGAATCCCTGCAT
GTCCCCTATGGCTTATGCCCCCAGC
AATTTGGGTCGCAGTAGAGCCGGC
GGTGGTGGCGATGCCAAAACCTTC
AAGCGAAGTTATCCTCATGCGAAG
CCTCCTTATTCATATATATCCTTGAT
TACGATGGCGATACAGCAGGCCCC
GTCTAAGATGCTGACTCTGAGTGAG
ATATACCAGTGGATCATGGACCTTT
TTCCTTACTACCGGCAAAACCAACA
GAGATGGCAAAACTCAATACGCCA
TAGCCTTTCCTTCAATGATTGCTTT
GTCAAAGTCGCTCGGAGCCCTGAC
AAGCCCGGTAAAGGGTCCTATTGG
ACCCTTCATCCAGATAGCGGCAATA
TGTTCGAGAATGGTTGTTATCTTAG
ACGGCAGAAACGATTCAAATGTGA
GAAACAGCCAGGTGCCGGCGGTGG
TGGCGGCAGCGGTTCAGGCGGAAG
TGGTGCCAAGGGTGGGCCTGAGTC
TAGAAAAGACCCCAGCGGAGCAAG
CAATCCAAGCGCGGACTCTCCCCTG
CACCGCGGTGTTCATGGTAAGACA
GGTCAGCTTGAGGGGGCGCCTGCT
CCAGGCCCGGCTGCGTCACCGCAA
ACACTGGACCATAGTGGAGCTACA
GCGACCGGAGGTGCTTCAGAACTC
AAGACGCCTGCGTCCTCCACTGCGC
CTCCGATCTCCAGTGGTCCCGGTGC
ACTTGCCTCTGTTCCTGCATCTCAT
CCAGCACACGGACTCGCGCCGCAC
GAGTCCCAGCTCCATTTGAAAGGG
GACCCACACTACAGCTTTAACCACC
CATTCTCTATTAACAATTTGATGTC
ATCCTCAGAACAGCAGCATAAACT
CGACTTCAAAGCCTATGAACAGGC

45

Involved in
branching
morphogenesis,
development of
lung, liver,
prostate, and
pancreas

Friedman, J.
R. et al. The
Foxa family
of
transcription
factors in
development
and
metabolism.
Cell. Mol.
Life Sci. 63,
2317-2328
(2006) .
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FOXA2

CCTGCAGTATTCTCCATATGGCTCT
ACACTTCCTGCTTCTCTTCCATTGG
GGTCTGCAAGTGTGACAACGCGCT
CCCCAATCGAGCCAAGTGCCCTCG
AGCCTGCTTATTATCAAGGAGTATA
TTCCCGACCAGTTTTGAATACAAGT

ATGCTGGGAGCGGTGAAGATGGAA
GGGCACGAGCCGTCCGACTGGAGC
AGCTACTATGCAGAGCCCGAGGGC
TACTCCTCCGTGAGCAACATGAACG
CCGGCCTGGGGATGAACGGCATGA
ACACGTACATGAGCATGTCGGCGG
CCGCCATGGGCAGCGGCTCGGGCA
ACATGAGCGCGGGCTCCATGAACA
TGTCGTCGTACGTGGGCGCTGGCAT
GAGCCCGTCCCTGGCGGGGATGTC
CCCCGGCGCGGGCGCCATGGCGGE
CATGGGCGGCTCGGCCGGGGECGGT
TGGCGTGGCGGGCATGGGGCCGCA
CTTGAGTCCCAGCCTGAGCCCGCTC
GGGGGGCAGGCGGCCGGGGCCATG
GGCGGCCTGGCCCCCTACGCCAAC
ATGAACTCCATGAGCCCCATGTACG
GGCAGGCGGGCCTGAGCCGCGCCC
GCGACCCCAAGACCTACAGGCGCA
GCTACACGCACGCAAAGCCGCCCT
ACTCGTACATCTCGCTCATCACCAT
GGCCATCCAGCAGAGCCCCAACAA
GATGCTGACGCTGAGCGAGATCTA
CCAGTGGATCATGGACCTCTTCCCC
TTCTACCGGCAGAACCAGCAGCGC
TGGCAGAACTCCATCCGCCACTCGC
TCTCCTTCAACGACTGTTTCCTGAA
GGTGCCCCGCTCGCCCGACAAGCC
CGGCAAGGGCTCCTTCTGGACCCTG
CACCCTGACTCGGGCAACATGTTCG
AGAACGGCTGCTACCTGCGCCGCC
AGAAGCGCTTCAAGTGCGAGAAGC
AGCTGGCGCTGAAGGAGGCCGCAG
GCGCCGCCGGCAGCGGCAAGAAGG
CGGCCGCCGGGGCCCAGGCCTCAC
AGGCTCAACTCGGGGAGGCCGCCG
GGCCGGCCTCCGAGACTCCGGCGG
GCACCGAGTCGCCTCACTCGAGCG
CCTCCCCGTGCCAGGAGCACAAGC
GAGGGGGCCTGGGAGAGCTGAAGG
GGACGCCGGCTGCGGCGCTGAGCC
CCCCAGAGCCGGCGCCCTCTCCCG
GGCAGCAGCAGCAGGCCGCGGLCCT
ACCTGCTGGGCCCGCCCCACCACCC
GGGCCTGCCGCCTGAGGCCCACCT
GAAGCCGGAACACCACTACGCCTT
CAACCACCCGTTCTCCATCAACAAC
CTCATGTCCTCGGAGCAGCAGCACC
ACCACAGCCACCACCACCACCAGC
CCCACAAAATGGACCTCAAGGCCT
ACGAACAGGTGATGCACTACCCCG
GCTACGGTTCCCCCATGCCTGGCAG
CTTGGCCATGGGCCCGGTCACGAA
CAAAACGGGCCTGGACGCCTCGCC
CCTGGCCGCAGATACCTCCTACTAC
CAGGGGGTGTACTCCCGGCCCATTA
TGAACTCCTCTTTG

SEQ ID

NO: ROLE

46 Involved in
branching
morphogenesis,

development of
notochord, lung,
liver, prostate,
and pancreas.

Friedman, J.
R. et al. The
Foxa family
of
transcription
factors in
development
and
metabolism.
Cell. Mol.
Life Sci. 63,
2317-2328
(2006) .
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SEQ ID
GENE SEQUENCE NO: ROLE REFERENCES
FOXA3 ATGCTGGGCTCAGTGAAGATGGAG 47 Involved in cell Friedman, J.
GCCCATGACCTGGCCGAGTGGAGC glucose R. et al. The
TACTACCCGGAGGCGGGCGAGGTC homeostasis Foxa family
TACTCGCCGGTGACCCCAGTGCCCA of
CCATGGCCCCCCTCAACTCCTACAT transcription
GACCCTGAATCCTCTAAGCTCTCCC factors in
TATCCCCCTGGGGGGCTCCCTGCCT development
CCCCACTGCCCTCAGGACCCCTGGC and
ACCCCCAGCACCTGCAGCCCCCCTG metabolism.
GGGCCCACTTTCCCAGGCCTGGGTG Cell. Mol.
TCAGCGGTGGCAGCAGCAGCTCCG Life Sci. 63,
GGTACGGGGCCCCGGGTCCTGGGT 2317-2328
TGGTGCACGGGAAGGAGATGCCGA (2006) .
AGGGGTATCGGCGGCCCCTGGCAC
ACGCCAAGCCACCGTATTCCTATAT
CTCACTCATCACCATGGCCATCCAG
CAGGCGCCGGGCAAGATGCTGACC
TTGAGTGAAATCTACCAGTGGATCA
TGGACCTCTTCCCTTACTACCGGGA
GAATCAGCAGCGCTGGCAGAACTC
CATTCGCCACTCGCTGTCTTTCAAC
GACTGCTTCGTCAAGGTGGCGCGTT
CCCCAGACAAGCCTGGCAAGGGCT
CCTACTGGGCCCTACACCCCAGCTC
AGGGAACATGTTTGAGAATGGCTG
CTACCTGCGCCGCCAGAAACGCTTC
AAGCTGGAGGAGAAGGTGAAAAAA
GGGGGCAGCGGGGCTGCCACCACC
ACCAGGAACGGGACAGGGTCTGCT
GCCTCGACCACCACCCCCGLGGLT
ACAGTCACCTCCCCGCCCCAGCCCC
CGCCTCCAGCCCCTGAGCCTGAGGC
CCAGGGCGGGGAAGATGTGGGGGC
TCTGGACTGTGGCTCACCCGCTTCC
TCCACACCCTATTTCACTGGCCTGG
AGCTCCCAGGGGAGCTGAAGCTGG
ACGCGCCCTACAACTTCAACCACCC
TTTCTCCATCAACAACCTAATGTCA
GAACAGACACCAGCACCTCCCAAA
CTGGACGTGGGGTTTGGGGGCTAC
GGGGCTGAAGGTGGGGAGCCTGGA
GTCTACTACCAGGGCCTCTATTCCC
GCTCTTTGCTTAATGCATCC
FOXP1 ATGATGCAAGAATCTGGGACTGAG 48 Involved in Hu, H. et al.
ACAAAAAGTAACGGTTCAGCCATC development of Foxpl is an
CAGAATGGGTCGGGCGGCAGCAAC haematopoetic essential
CACTTACTAGAGTGCGGCGGTCTTC cells, lung and transcriptional
GGGAGGGGCGGTCCAACGGAGAGA oesophagus, and regulator of B
CGCCGGCCGTGGACATCGGGGCAG neuronal cell
CTGACCTCGCCCACGCCCAGCAGC development development.
AGCAGCAACAGTGGCATCTCATAA Nat .
ACCATCAGCCCTCTAGGAGTCCCAG Immunol. 7,
CAGTTGGCTTAAGAGACTAATTTCA 819-826
AGCCCTTGGGAGTTGGAAGTCCTGC (2006) .
AGGTCCCCTTGTGGGGAGCAGTTGC Shu, W. et al.
TGAGACGAAGATGAGTGGACCTGT Foxp2 and
GTGTCAGCCTAACCCTTCCCCATTT Foxpl
cooperatively
regulate lung
and
esophagus
development.
Development
134, 1991-
2000 (2007).

Bacon, C. et
al. Brain-
specific
Foxpl
deletion
impairs
neuronal
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SEQ ID

GENE SEQUENCE NO: ROLE REFERENCES

development
and causes
autistic-like
behaviour.
Mol.
Psychiatry 20,
632-639
(2015) .

GATAL ATGGAGTTCCCTGGCCTGGGGTCCC 49 Involved in Fujiwara, Y.,
TGGGGACCTCAGAGCCCCTCCCCCA erythroid Browne, C.
GTTTGTGGATCCTGCTCTGGTGTCC development P., Cunniff,
TCCACACCAGAATCAGGGGTTTTCT K., Goff, S.
TCCCCTCTGGGCCTGAGGGCTTGGA C. & Orkin,
TGCAGCAGCTTCCTCCACTGCCCCG S. H. Arrested
AGCACAGCCACCGCTGCAGCTGCG development
GCACTGGCCTACTACAGGGACGCT of embryonic
GAGGCCTACAGACACTCCCCAGTCT red cell
TTCAGGTGTACCCATTGCTCAACTG precursors in
TATGGAGGGGATCCCAGGGGGCTC mouse
ACCATATGCCGGCTGGGCCTACGG embryos
CAAGACGGGGCTCTACCCTGCCTCA lacking
ACTGTGTGTCCCACCCGCGAGGACT transcription
CTCCTCCCCAGGCCGTGGAAGATCT factor GATA-
GGATGGAAAAGGCAGCACCAGCTT 1. PNAS 93,
CCTGGAGACTTTGAAGACAGAGCG 12355-12358
GCTGAGCCCAGACCTCCTGACCCTG (1996) .
GGACCTGCACTGCCTTCATCACTCC
CTGTCCCCAATAGTGCTTATGGGGG
CCCTGACTTTTCCAGTACCTTCTTTT
CTCCCACCGGGAGCCCCCTCAATTC
AGCAGCCTATTCCTCTCCCAAGCTT
CGTGGAACTCTCCCCCTGCCTCCCT
GTGAGGCCAGGGAGTGTGTGAACT
GCGGAGCAACAGCCACTCCACTGT
GGCGGAGGGACAGGACAGGCCACT
ACCTATGCAACGCCTGCGGCCTCTA
TCACAAGATGAATGGGCAGAACAG
GCCCCTCATCCGGCCCAAGAAGCG
CCTGATTGTCAGTAAACGGGCAGG
TACTCAGTGCACCAACTGCCAGAC
GACCACCACGACACTGTGGCGGAG
AAATGCCAGTGGGGATCCCGTGTG
CAATGCCTGCGGCCTCTACTACAAG
CTACACCACCAGCACTACTGTGGTG
GCTCCGCTCAGCTCATGAGGGCAC
AGAGCATGGCCTCCAGAGGAGGGG
TGGTGTCCTTCTCCTCTTGTAGCCA
GAATTCTGGACAACCCAAGTCTCTG
GGCCCCAGGCACCCCCTGGCT

GATA2 ATGGAGGTGGCGCCGGAGCAGCCG 50 Involved in Pimanda, J. E.

CGCTGGATGGCGCACCCGGCCGTG
CTGAATGCGCAGCACCCCGACTCA
CACCACCCGGGCCTGGCGCACAAC
TACATGGAACCCGCGCAGCTGCTG
CCTCCAGACGAGGTGGACGTCTTCT
TCAATCACCTCGACTCGCAGGGCA
ACCCCTACTATGCCAACCCCGCTCA
CGCGCGGGCGCGCGTCTCCTACAG
CCCCGCGCACGCCCGCCTGACCGG
AGGCCAGATGTGCCGCCCACACTT
GTTGCACAGCCCGGGTTTGCCCTGG
CTGGACGGGGGCAAAGCAGCCCTC
TCTGCCGCTGCGGCCCACCACCACA
ACCCCTGGACCGTGAGCCCCTTCTC
CAAGACGCCACTGCACCCCTCAGCT
GCTGGAGGCCCTGGAGGCCCACTC
TCTGTGTACCCAGGGGCTGGGGGT
GGGAGCGGGGGAGGCAGCGGGAG
CTCAGTGGCCTCCCTCACCCCTACA
GCAACCCACTCTGGCTCCCACCTTT
TCGGCTTCCCACCCACGCCACCCAA
AGAAGTGTCTCCTGACCCTAGCACC

haematopoetic
development

et al. Gataz,
Flil, and scl
form a
recursively
wired gene-
regulatory
circuit during
early
hematopoietic
development.
Proc. Natl.
Acad. Sci. U.
S. A. 104,
17692-7
(2007) .

Lugus, J. J. et
al. GATA2
functions at
multiple steps
in
hemangioblast
development
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ROLE

REFERENCES

GATA4

ACGGGGGCTGCGTCTCCAGCCTCAT
CTTCCGCGGGGGGTAGTGCAGCCC
GAGGAGAGGACAAGGACGGCGTCA
AGTACCAGGTGTCACTGACGGAGA
GCATGAAGATGGAAAGTGGCAGTC
CCCTGCGCCCAGGCCTAGCTACTAT
GGGCACCCAGCCTGCTACACACCA
CCCCATCCCCACCTACCCCTCCTAT
GTGCCGGCGGCTGCCCACGACTAC
AGCAGCGGACTCTTCCACCCCGGA
GGCTTCCTGGGGGGACCGGCCTCC
AGCTTCACCCCTAAGCAGCGCAGC
AAGGCTCGTTCCTGTTCAGAAGGCC
GGGAGTGTGTCAACTGTGGGGCCA
CAGCCACCCCTCTCTGGCGGCGGG
ACGGCACCGGCCACTACCTGTGCA
ATGCCTGTGGCCTCTACCACAAGAT
GAATGGGCAGAACCGACCACTCAT
CAAGCCCAAGCGAAGACTGTCGGC
CGCCAGAAGAGCCGGCACCTGTTG
TGCAAATTGTCAGACGACAACCAC
CACCTTATGGCGCCGAAACGCCAA
CGGGGACCCTGTCTGCAACGCCTGT
GGCCTCTACTACAAGCTGCACAATG
TTAACAGGCCACTGACCATGAAGA
AGGAAGGGATCCAGACTCGGAACC
GGAAGATGTCCAACAAGTCCAAGA
AGAGCAAGAAAGGGGCGGAGTGCT
TCGAGGAGCTGTCAAAGTGCATGC
AGGAGAAGTCATCCCCCTTCAGTGC
AGCTGCCCTGGCTGGACACATGGC
ACCTGTGGGCCACCTCCCGCCCTTC
AGCCACTCCGGACACATCCTGCCCA
CTCCGACGCCCATCCACCCCTCCTC
CAGCCTCTCCTTCGGCCACCCCCAC
CCGTCCAGCATGGTGACCGCCATG
GGC

ATGTACCAGAGCCTGGCTATGGCTG
CTAATCATGGACCTCCCCCTGGAGC
CTATGAAGCCGGAGGACCTGGCGC
TTTTATGCATGGAGCTGGCGCCGCT
TCTTCTCCCGTGTATGTGCCTACAC
CTAGAGTGCCCAGCAGCGTGCTGG
GCCTTTCTTATCTTCAGGGAGGAGG
AGCAGGATCTGCTTCTGGCGGAGCT
TCAGGCGGATCTTCTGGAGGCGCTG
CTTCAGGTGCTGGACCTGGAACTCA
ACAGGGATCTCCTGGATGGTCACA
GGCAGGAGCTGATGGAGCCGCTTA
TACCCCTCCTCCTGTGAGCCCCAGG
TTTAGCTTTCCTGGCACAACAGGCT
CTTTAGCTGCCGCTGCTGCTGCAGC
CGCAGCTAGAGAAGCAGCTGCATA
TTCTAGTGGCGGAGGAGCTGCTGG
AGCCGGCTTAGCTGGAAGAGAGCA
GTACGGAAGAGCCGGATTTGCCGG
AAGCTATAGCAGCCCTTACCCTGCC
TATATGGCCGATGTTGGCGCATCTT
GGGCAGCCGCCGCAGCAGCTTCTG
CAGGACCTTTTGACTCACCTGTGCT
TCACTCTCTGCCTGGCAGAGCTAAT
CCTGCCGCCAGACATCCCAACCTGG
ACATGTTCGACGACTTCAGCGAGG
GCAGAGAATGCGTGAACTGCGGAG
CCATGAGCACCCCCCTTTGGAGAA
GAGACGGCACCGGCCACTACCTTT
GCAATGCCTGTGGCCTGTACCACAA
GATGAACGGCATCAACAGACCCCT
GATCAAGCCCCAGAGAAGACTGAG
CGCTAGCAGAAGAGTGGGCCTGTC
CTGCGCCAATTGCCAGACCACAAC
CACCACACTGTGGAGGAGAAATGC
CGAGGGCGAGCCTGTGTGTAACGC

51

Involved in
cardiovascular
development

and

differentiation.

Development
134,393-405
(2007) .

Xin, M. et al.
A threshold of
GATA4 and
GATA6
expression is
required for
cardiovascular
development.
Proc. Natl.
Acad. Sci. U.
S. A. 103,
11189-94
(2006) .
Rivera-
Feliciano, J.
et al.
Development
of heart
valves
requires

Gata4
expression in
endothelial-
derived cells.
Development
133, 3607-18
(2006) .
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GATA6

CTGTGGACTGTACATGAAGCTGCAC
GGCGTGCCCAGACCTCTGGCCATG
AGAAAGGAGGGCATCCAGACCAGA
AAGAGAAAGCCCAAGAACCTGAAC
AAGAGCAAGACCCCCGCTGCTCCTT
CTGGAAGCGAGAGCCTGCCTCCAG
CCTCTGGAGCCAGCAGCAATAGCT
CTAACGCCACCACATCTTCTTCTGA
GGAGATGAGGCCCATCAAAACCGA
GCCAGGCCTGAGCAGCCACTACGG
CCACAGCTCTAGCGTGAGCCAGAC
TTTTAGCGTGTCTGCCATGTCAGGC
CACGGACCTAGCATTCACCCTGTGC
TGAGCGCCCTGAAGTTGAGCCCAC
AGGGCTATGCTTCTCCTGTGTCTCA
GAGCCCTCAGACCTCCAGCAAGCA
GGACTCCTGGAATTCTCTGGTGCTG
GCCGACAGCCACGGCGATATCATC
ACCGCC

ATGGCCCTGACCGACGGCGGATGG
TGTCTCCCTAAAAGATTCGGCGCCG
CTGGCGCTGATGCTTCTGACAGCAG
AGCCTTCCCCGCTAGGGAACCCAG
CACACCACCTAGCCCCATCAGCAG
CTCAAGCTCTAGCTGTAGCAGAGG
CGGAGAGAGAGGACCTGGAGGCGC
TTCTAACTGCGGCACACCTCAGCTG
GATACAGAAGCCGCCGCCGGACCA
CCAGCCAGATCTCTTTTACTTAGCA
GCTACGCCAGCCACCCTTTTGGCGC
TCCTCATGGACCCTCTGCTCCTGGT
GTGGCCGGACCTGGCGGAAACCTG
AGCTCTTGGGAGGACCTTCTGCTGT
TTACCGACCTGGACCAGGCTGCCAC
CGCTAGCAAGCTTCTGTGGAGCAG
CAGGGGCGCTAAGCTGAGCCCTTTT
GCCCCTGAGCAGCCCGAGGAGATG
TACCAGACCCTGGCTGCTTTAAGCT
CTCAGGGACCTGCCGCTTATGACGG
AGCCCCTGGTGGATTTGTTCACTCA
GCGGCAGCAGCCGCAGCTGCTGCA
GCCGCTGCCAGCTCACCTGTGTATG
TGCCTACCACAAGAGTGGGCAGCA
TGTTACCTGGACTTCCTTACCATCT
GCAGGGCAGCGGAAGCGGCCCTGC
TAACCATGCCGGAGGAGCTGGAGC
TCACCCCGGATGGCCTCAGGCTTCT
GCAGATTCTCCTCCTTATGGATCTG
GAGGAGGAGCAGCTGGAGGGGGA
GCTGCAGGACCAGGTGGAGCCGGA
AGCGCAGCAGCACATGTGTCTGCC
AGATTTCCCTATAGCCCTAGCCCTC
CTATGGCCAATGGCGCTGCTAGAG
AACCCGGAGGATATGCTGCGGCAG
GCTCTGGCGGCGCTGGCGGAGTTTC
TGGAGGTGGATCTTCACTGGCCGCT
ATGGGAGGAAGAGAGCCTCAGTAC
TCTTCTCTGAGCGCCGCTAGACCAC
TGAACGGCACCTATCATCACCACCA
CCATCACCATCATCATCACCCCAGC
CCTTACTCCCCTTATGTGGGAGCCC
CCCTTACACCCGCTTGGCCTGCCGG
CCCTTTCGAGACACCTGTGCTGCAC
AGCCTTCAGTCTAGAGCTGGCGCAC
CTTTACCAGTGCCTAGAGGCCCCTC
TGCCGACTTGCTGGAGGATCTGAGC
GAGAGCAGAGAGTGCGTGAACTGT
GGCAGCATCCAGACACCCCTGTGG
AGAAGAGACGGCACCGGCCACTAC
CTGTGCAACGCTTGCGGCCTGTACA
GCAAGATGAATGGGCTGAGCAGAC
CCCTGATCAAGCCCCAGAAGAGGG
TGCCCAGCAGCAGACGGCTGGGAC

SEQ ID
NO: ROLE
52 Involved in

cardiac, lung,
endoderm and
extraembryonic
development

Xin, M. et al.
A threshold of
GATA4 and
GATA6
expression is
required for
cardiovascular
development.
Proc. Natl.
Acad. Sci. U.
S. A. 103,
11189-94
(2006) .
Morrisey, E.
E. et al.
GATA6
regulates
HNF4 and is
required for
differentiation
of visceral
endoderm in
the mouse
embryo.

Genes Dev.
12, 3579-
3590 (1998).
Koutsourakis,
M. ;
Langeveld,
A.; Patient,
R.;
Beddington,
R.; Grosveld,
F. The
transcription
factor

GATA6 is
egsential for
early
extraembryonic
development.
Development
126, 723-732
(1999) .
Zhang, Y. et
al. A Gataé-
Wnt pathway
required for
epithelial
stem cell
development
and airway
regeneration.
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SEQ ID
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TGAGCTGCGCCAACTGTCATACCAC Nat . Genet.
AACAACCACACTGTGGCGGAGAAA 40, 862-870
CGCCGAGGGCGAGCCCGTGTGTAA (2008) .
CGCCTGCGGCCTTTACATGAAGCTG
CACGGCGTGCCCAGACCTCTGGCC
ATGAAGAAGGAGGGAATCCAGACC
AGAAAGAGAAAGCCCAAGAACATC
AACAAGAGCAAGACCTGCAGCGGC
AACAGCAACAACAGCATCCCCATG
ACCCCCACCAGCACATCTAGCAAC
AGCGACGACTGTAGCAAGAACACA
TCACCTACCACCCAGCCCACAGCTA
GCGGAGCCGGCGCCCCCGTGATGA
CAGGCGCCGGAGAGTCCACAAATC
CCGAGAATAGCGAACTGAAGTACT
CTGGACAGGACGGACTGTATATCG
GCGTGAGCCTGGCTTCTCCCGCCGA
GGTGACCAGCTCTGTCAGACCTGAC
TCTTGGTGTGCCCTCGCCCTGGCC
GLI1 ATGTTCAACTCGATGACCCCACCAC 53 Involved in Lee, J. et al.
CAATCAGTAGCTATGGCGAGCCCT neural stem cell Glil is a
GCTGTCTCCGGCCCCTCCCCAGTCA proliferation target of
GGGGGCCCCCAGTGTGGGGACAGA and neural tube Sonic
AGGACTGTCTGGCCCGCCCTTCTGC development hedgehog that
CACCAAGCTAACCTCATGTCCGGCC induces
CCCACAGTTATGGGCCAGCCAGAG ventral neural
AGACCAACAGCTGCACCGAGGGCC tube
CACTCTTTTCTTCTCCCCGGAGTGC development.
AGTCAAGTTGACCAAGAAGCGGGC Development
ACTGTCCATCTCACCTCTGTCGGAT 124, 2537-
GCCAGCCTGGACCTGCAGACGGTT 2552 (1997) .

ATCCGCACCTCACCCAGCTCCCTCG
TAGCTTTCATCAACTCGCGATGCAC
ATCTCCAGGAGGCTCCTACGGTCAT
CTCTCCATTGGCACCATGAGCCCAT
CTCTGGGATTCCCAGCCCAGATGAA
TCACCAAAAAGGGCCCTCGCCTTCC
TTTGGGGTCCAGCCTTGTGGTCCCC
ATGACTCTGCCCGGGGTGGGATGA

Palma, V. et
al. Sonic
hedgehog
controls stem
cell behavior
in the
postnatal and
adult brain.

TCCCACATCCTCAGTCCCGGGGACC Development
CTTCCCAACTTGCCAGCTGAAGTCT 132, 335-44
GAGCTGGACATGCTGGTTGGCAAG (2005) .

TGCCGGGAGGAACCCTTGGAAGGT
GATATGTCCAGCCCCAACTCCACAG
GCATACAGGATCCCCTGTTGGGGAT
GCTGGATGGGCGGGAGGACCTCGA
GAGAGAGGAGAAGCGTGAGCCTGA
ATCTGTGTATGAAACTGACTGCCGT
TGGGATGGCTGCAGCCAGGAATTT
GACTCCCAAGAGCAGCTGGTGCAC
CACATCAACAGCGAGCACATCCAC
GGGGAGCGGAAGGAGTTCGTGTGC
CACTGGGGGGGCTGCTCCAGGGAG
CTGAGGCCCTTCAAAGCCCAGTAC
ATGCTGGTGGTTCACATGCGCAGAC
ACACTGGCGAGAAGCCACACAAGT
GCACGTTTGAAGGGTGCCGGAAGT
CATACTCACGCCTCGAAAACCTGA
AGACGCACCTGCGGTCACACACGG
GTGAGAAGCCATACATGTGTGAGC
ACGAGGGCTGCAGTAAAGCCTTCA
GCAATGCCAGTGACCGAGCCAAGC
ACCAGAATCGGACCCATTCCAATG
AGAAGCCGTATGTATGTAAGCTCCC
TGGCTGCACCAAACGCTATACAGA
TCCTAGCTCGCTGCGAAAACATGTC
AAGACAGTGCATGGTCCTGACGCC
CATGTGACCAAACGGCACCGTGGG
GATGGCCCCCTGCCTCGGGCACCAT
CCATTTCTACAGTGGAGCCCAAGA
GGGAGCGGGAAGGAGGTCCCATCA
GGGAGGAAAGCAGACTGACTGTGC
CAGAGGGTGCCATGAAGCCACAGC
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SEQ ID
NO:

ROLE

REFERENCES

CAAGCCCTGGGGCCCAGTCATCCTG
CAGCAGTGACCACTCCCCGGCAGG
GAGTGCAGCCAATACAGACAGTGG
TGTGGAAATGACTGGCAATGCAGG
GGGCAGCACTGAAGACCTCTCCAG
CTTGGACGAGGGACCTTGCATTGCT
GGCACTGGTCTGTCCACTCTTCGCC
GCCTTGAGAACCTCAGGCTGGACC
AGCTACATCAACTCCGGCCAATAG
GGACCCGGGGTCTCAAACTGCCCA
GCTTGTCCCACACCGGTACCACTGT
GTCCCGCCGCGTGGGCCCCCCAGTC
TCTCTTGAACGCCGCAGCAGCAGCT
CCAGCAGCATCAGCTCTGCCTATAC
TGTCAGCCGCCGCTCCTCCCTGGCC
TCTCCTTTCCCCCCTGGCTCCCCAC
CAGAGAATGGAGCATCCTCCCTGC
CTGGCCTTATGCCTGCCCAGCACTA
CCTGCTTCGGGCAAGATATGCTTCA
GCCAGAGGGGGTGGTACTTCGCCC
ACTGCAGCATCCAGCCTGGATCGG
ATAGGTGGTCTTCCCATGCCTCCTT
GGAGAAGCCGAGCCGAGTATCCAG
GATACAACCCCAATGCAGGGGTCA
CCCGGAGGGCCAGTGACCCAGCCC
AGGCTGCTGACCGTCCTGCTCCAGC
TAGAGTCCAGAGGTTCAAGAGCCT
GGGCTGTGTCCATACCCCACCCACT
GTGGCAGGGGGAGGACAGAACTTT
GATCCTTACCTCCCAACCTCTGTCT
ACTCACCACAGCCCCCCAGCATCA
CTGAGAATGCTGCCATGGATGCTA
GAGGGCTACAGGAAGAGCCAGAAG
TTGGGACCTCCATGGTGGGCAGTG
GTCTGAACCCCTATATGGACTTCCC
ACCTACTGATACTCTGGGATATGGG
GGACCTGAAGGGGCAGCAGCTGAG
CCTTATGGAGCGAGGGGTCCAGGC
TCTCTGCCTCTTGGGCCTGGTCCAC
CCACCAACTATGGCCCCAACCCCTG
TCCCCAGCAGGCCTCATATCCTGAC
CCCACCCAAGAAACATGGGGTGAG
TTCCCTTCCCACTCTGGGCTGTACC
CAGGCCCCAAGGCTCTAGGTGGAA
CCTACAGCCAGTGTCCTCGACTTGA
ACATTATGGACAAGTGCAAGTCAA
GCCAGAACAGGGGTGCCCAGTGGG
GTCTGACTCCACAGGACTGGCACCC
TGCCTCAATGCCCACCCCAGTGAGG
GGCCCCCACATCCACAGCCTCTCTT
TTCCCATTACCCCCAGCCCTCTCCT
CCCCAATATCTCCAGTCAGGCCCCT
ATACCCAGCCACCCCCTGATTATCT
TCCTTCAGAACCCAGGCCTTGCCTG
GACTTTGATTCCCCCACCCATTCCA
CAGGGCAGCTCAAGGCTCAGCTTG
TGTGTAATTATGTTCAATCTCAACA
GGAGCTACTGTGGGAGGGTGGGGG
CAGGGAAGATGCCCCCGCCCAGGA
ACCTTCCTACCAGAGTCCCAAGTTT
CTGGGGGGTTCCCAGGTTAGCCCA
AGCCGTGCTAAAGCTCCAGTGAAC
ACATATGGACCTGGCTTTGGACCCA
ACTTGCCCAATCACAAGTCAGGTTC
CTATCCCACCCCTTCACCATGCCAT
GAAAATTTTGTAGTGGGGGCAAAT
AGGGCTTCACATAGGGCAGCAGCA
CCACCTCGACTTCTGCCCCCATTGC
CCACTTGCTATGGGCCTCTCAAAGT
GGGAGGCACAAACCCCAGCTGTGG
TCATCCTGAGGTGGGCAGGCTAGG
AGGGGGTCCTGCCTTGTACCCTCCT
CCCGAAGGACAGGTATGTAACCCC
CTGGACTCTCTTGATCTTGACAACA

Apr. 15,2021
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SEQ ID
GENE SEQUENCE NO: ROLE REFERENCES
CTCAGCTGGACTTTGTGGCTATTCT
GGATGAGCCCCAGGGGCTGAGTCC
TCCTCCTTCCCATGATCAGCGGGGC
AGCTCTGGACATACCCCACCTCCCT
CTGGGCCCCCCAACATGGCTGTGG
GCAACATGAGTGTCTTACTGAGATC
CCTACCTGGGGAAACAGAATTCCTC
AACTCTAGTGCC
HAND2 ATGAGTCTGGTAGGTGGTTTTCCCC 54 Involved in Srivastava, D.
ACCACCCGGTGGTGCACCACGAGG cardiac et al.
GCTACCCGTTTGCCGCCGCCGCCGL development Regulation of
CGCCAGCCGCTGCAGCCATGAGGA cardiac
GAACCCCTACTTCCATGGCTGGCTC mesodermal
ATCGGCCACCCCGAGATGTCGCCCC and neural
CCGACTACAGCATGGCCCTGTCCTA crest
CAGCCCCGAGTATGCCAGCGGCAC development
CGCCAACCGCAAGGAGCGGCGCAG by the bHLH
GACTCAGAGCATCAACAGCGCCTT transcription
CGCCGAACTGCGCGAGTGCATCCC factor,
CAACGTACCCGCCGACACCAAACT dHAND. Nat.
CTCCAAAATCAAGACCCTGCGCCTG Genet. 16,
GCCACCAGCTACATCGCCTACCTCA 154-160
TGGACCTGCTGGCCAAGGACGACC (1997) .
AGAATGGCGAGGCGGAGGCCTTCA
AGGCAGAGATCAAGAAGACCGACG
TGAAAGAGGAGAAGAGGAAGAAG
GAGCTGAACGAAATCTTGAAAAGC
ACAGTGAGCAGCAACGACAAGAAA
ACCAAAGGCCGGACGGGCTGGCCG
CAGCACGTCTGGGCCCTGGAGCTC
AAGCAG
HNF1A ATGGTTTCTAAACTGAGCCAGCTGC 55 Involved in D’ Angelo, A.

AGACGGAGCTCCTGGCGGCCCTGC
TGGAGTCAGGGCTGAGCAAAGAGG
CACTGCTCCAGGCACTGGGTGAGC
CGGGGCCCTACCTCCTGGCTGGAG
AAGGCCCCCTGGACAAGGGGGAGT
CCTGCGGCGGCGGTCGAGGGGAGC
TGGCTGAGCTGCCCAATGGGCTGG
GGGAGACTCGGGGCTCCGAGGACG
AGACGGACGACGATGGGGAAGACT
TCACGCCACCCATCCTCAAAGAGCT
GGAGAACCTCAGCCCTGAGGAGGC
GGCCCACCAGAAAGCCGTGGTGGA
GACCCTTCTGCAGGAGGACCCGTG
GCGTGTGGCGAAGATGGTCAAGTC
CTACCTGCAGCAGCACAACATCCC
ACAGCGGGAGGTGGTCGATACCAC
TGGCCTCAACCAGTCCCACCTGTCC
CAACACCTCAACAAGGGCACTCCC
ATGAAGACGCAGAAGCGGGCCGCC
CTGTACACCTGGTACGTCCGCAAGC
AGCGAGAGGTGGCGCAGCAGTTCA
CCCATGCAGGGCAGGGAGGGCTGA
TTGAAGAGCCCACAGGTGATGAGC
TACCAACCAAGAAGGGGCGGAGGA
ACCGTTTCAAGTGGGGCCCAGCATC
CCAGCAGATCCTGTTCCAGGCCTAT
GAGAGGCAGAAGAACCCTAGCAAG
GAGGAGCGAGAGACGCTAGTGGAG
GAGTGCAATAGGGCGGAATGCATC
CAGAGAGGGGTGTCCCCATCACAG
GCACAGGGGCTGGGCTCCAACCTC
GTCACGGAGGTGCGTGTCTACAACT
GGTTTGCCAACCGGCGCAAAGAAG
AAGCCTTCCGGCACAAGCTGGCCA
TGGACACGTACAGCGGGCCCCCCC
CAGGGCCAGGCCCGGGACCTGCGC
TGCCCGCTCACAGCTCCCCTGGCCT
GCCTCCACCTGCCCTCTCCCCCAGT
AAGGTCCACGGTGTGCGCTATGGA
CAGCCTGCGACCAGTGAGACTGCA

liver, kidney,
pancreatic and
gut
development

et al.
Hepatocyte
nuclear factor
lalpha and

beta control
terminal
differentiation
and cell fate
commitment

in the gut
epithelium.
Development
137,1573-82
(2010) .

Servitj a, J.-M.
et al.

Hnfl alpha
(MODY3)
controls
tissue-specific
transcriptional
programs and
exerts

opposed

effects on cell
growth in
pancreatic
islets and
liver. Mol.
Cell. Biol. 29,
2945-59

(2009) .
Si-Tayeb, K.;
Lemaigre, F.
P.; Duncan, S.
A.
Organogenesis
and

Development

of the Liver.
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HNF1B

GAAGTACCCTCAAGCAGCGGCGGT
CCCTTAGTGACAGTGTCTACACCCC
TCCACCAAGTGTCCCCCACGGGCCT
GGAGCCCAGCCACAGCCTGCTGAG
TACAGAAGCCAAGCTGGTCTCAGC
AGCTGGGGGCCCCCTCCCCCCTGTC
AGCACCCTGACAGCACTGCACAGC
TTGGAGCAGACATCCCCAGGCCTC
AACCAGCAGCCCCAGAACCTCATC
ATGGCCTCACTTCCTGGGGTCATGA
CCATCGGGCCTGGTGAGCCTGCCTC
CCTGGGTCCTACGTTCACCAACACA
GGTGCCTCCACCCTGGTCATCGGCC
TGGCCTCCACGCAGGCACAGAGTG
TGCCGGTCATCAACAGCATGGGCA
GCAGCCTGACCACCCTGCAGCCCGT
CCAGTTCTCCCAGCCGCTGCACCCC
TCCTACCAGCAGCCGCTCATGCCAC
CTGTGCAGAGCCATGTGACCCAGA
GCCCCTTCATGGCCACCATGGCTCA
GCTGCAGAGCCCCCACGCCCTCTAC
AGCCACAAGCCCGAGGTGGCCCAG
TACACCCACACAGGCCTGCTCCCGC
AGACTATGCTCATCACCGACACCAC
CAACCTGAGCGCCCTGGCCAGCCTC
ACGCCCACCAAGCAGGTCTTCACCT
CAGACACTGAGGCCTCCAGTGAGT
CCGGGCTTCACACGCCGGCATCTCA
GGCCACCACCCTCCACGTCCCCAGC
CAGGACCCTGCCGGCATCCAGCAC
CTGCAGCCGGCCCACCGGCTCAGC
GCCAGCCCCACAGTGTCCTCCAGCA
GCCTGGTGCTGTACCAGAGCTCAG
ACTCCAGCAATGGCCAGAGCCACC
TGCTGCCATCCAACCACAGCGTCAT
CGAGACCTTCATCTCCACCCAGATG
GCCTCTTCCTCCCAGTTG

ATGGTTAGCAAACTGACATCCCTCC
AGCAGGAACTTCTTTCTGCCCTCCT
CTCCAGTGGGGTAACCAAAGAGGT
ACTGGTCCAGGCTTTGGAGGAGTTG
CTCCCCTCACCGAATTTTGGTGTAA
AGTTGGAGACTCTCCCCCTCTCCCC
TGGTTCTGGAGCAGAGCCGGATAC
TAAACCGGTATTTCATACGCTTACA
AACGGACACGCAAAGGGTCGGCTT
TCAGGTGACGAAGGGTCTGAGGAC
GGCGATGATTATGACACCCCGCCC
ATCCTCAAAGAACTGCAGGCCCTTA
ATACAGAGGAAGCGGCGGAGCAGC
GAGCTGAAGTTGACAGAATGCTCT
CAGAAGATCCGTGGAGAGCTGCGA
AAATGATTAAGGGATATATGCAGC
AACATAACATTCCCCAGAGAGAGG
TAGTTGATGTTACCGGCCTTAACCA
GAGCCACCTGTCTCAGCATCTCAAT
AAGGGTACTCCTATGAAAACACAG
AAGCGAGCGGCCCTTTACACATGG
TACGTGCGGAAGCAACGAGAAATT
CTCCGACAGTTCAATCAGACAGTAC
AATCTTCAGGGAACATGACGGATA
AAAGCTCACAGGATCAGCTCTTGTT
TCTCTTCCCCGAGTTCAGCCAACAG
TCCCACGGTCCAGGTCAATCTGATG
ATGCTTGCAGTGAACCTACAAACA
AAAAAATGAGGAGGAACAGGTTTA
AATGGGGACCGGCCTCTCAGCAGA
TACTGTACCAAGCGTACGATCGGC
AGAAAAACCCAAGCAAAGAGGAGC
GCGAGGCATTGGTCGAGGAGTGTA
ATCGGGCCGAGTGCTTGCAACGGG
GTGTAAGTCCTAGCAAAGCCCATG
GTCTCGGCTCAAACTTGGTCACGGA

56

Involved in
liver, kidney,
pancreatic and
gut
development

Dev. Cell 18,

175-189
(2010) .
Martovetsky,
G., Tee, J. B.
& Nigam, S.

K. Hepatocyte
nuclear

factors 4a and
la regulate
kidney
developmenta
1 expression
of drug-
metabolizing
enzymes and
drug
transporters.
Mol.
Pharmacol.
84,808-23
(2013) .

D’ Angelo, A.
et al.
Hepatocyte
nuclear factor
lalpha and
beta control
terminal
differentiation
and cell fate
commitment

in the gut
epithelium.
Development
137,1573-82
(2010) .
Si-Tayeb, K.;
Lemaigre, F.
P.; Duncan, S.
A.
Organogenesis
and
Development
of the Liver.
Dev. Cell 18,
175-189
(2010) .
Clissold, R.
L., Hamilton,
A.J.,
Hattersley, A.
T., Ellard, S.
& Bingham,

C. HNF1B-
associated
renal and
extra-renal
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GGTGAGGGTATATAATTGGTTTGCC disease-an
AACAGGCGGAAGGAGGAAGCATTC expanding
CGGCAAAAGCTGGCGATGGATGCC clinical
TACTCAAGCAACCAGACACATAGC spectrum.
CTCAACCCTCTGTTGTCACACGGGT Nat. Rev.
CCCCTCATCACCAACCTTCTTCCTC Nephrol. 11,
TCCACCCAACAAACTTTCTGGTGTC 102-112
CGATATTCCCAGCAGGGGAACAAC (2014) .
GAGATAACATCTTCCTCTACTATAA De Vas, M.
GTCATCACGGAAATTCTGCAATGGT G. et al.
AACGTCACAGAGTGTGTTGCAACA Hnflb
GGTATCACCCGCGTCTCTTGATCCA controls
GGCCACAATCTGTTGAGCCCTGACG pancreas
GAAAGATGATCTCTGTTTCTGGTGG morphogenesis
CGGACTCCCGCCGGTCTCCACACTT and the
ACCAACATACATAGTCTCAGTCATC generation of
ATAATCCTCAGCAGAGCCAAAACC Ngn3+
TGATTATGACTCCTCTTAGCGGAGT endocrine
GATGGCTATTGCGCAATCTTTGAAC progenitors.
ACCTCACAAGCACAATCTGTACCCG Development
TCATAAACAGCGTAGCGGGCTCATT 142,871-82
GGCGGCGCTCCAACCAGTGCAGTT (2015) .
CTCCCAGCAGCTCCATTCACCCCAT El-Khairi, R.
CAACAGCCTCTGATGCAGCAGAGC & Vallier, L.
CCTGGTAGTCACATGGCTCAACAGC The role of
CGTTCATGGCAGCTGTCACTCAGCT hepatocyte
CCAGAACTCCCATATGTATGCCCAC nuclear factor
AAGCAAGAACCACCACAATACAGT 1f in disease
CACACATCAAGATTCCCCAGTGCTA and
TGGTTGTTACTGACACATCCTCTAT development.
CTCAACTCTGACGAACATGTCCAGT Diabetes,
AGTAAACAATGTCCTCTGCAAGCAT Obes. Metab.
GG 18,23-32

(2016) .
HNF4A ATGCGACTCTCCAAAACCCTCGTCG 57 Involved in Si-Tayeb, K.;

ACATGGACATGGCCGACTACAGTG
CTGCACTGGACCCAGCCTACACCAC
CCTGGAATTTGAGAATGTGCAGGT
GTTGACGATGGGCAATGACACGTC
CCCATCAGAAGGCACCAACCTCAA
CGCGCCCAACAGCCTGGGTGTCAG
CGCCCTGTGTGCCATCTGCGGGGAC
CGGGCCACGGGCAAACACTACGGT
GCCTCGAGCTGTGACGGCTGCAAG
GGCTTCTTCCGGAGGAGCGTGCGG
AAGAACCACATGTACTCCTGCAGA
TTTAGCCGGCAGTGCGTGGTGGAC
AAAGACAAGAGGAACCAGTGCCGC
TACTGCAGGCTCAAGAAATGCTTCC
GGGCTGGCATGAAGAAGGAAGCCG
TCCAGAATGAGCGGGACCGGATCA
GCACTCGAAGGTCAAGCTATGAGG
ACAGCAGCCTGCCCTCCATCAATGC
GCTCCTGCAGGCGGAGGTCCTGTCC
CGACAGATCACCTCCCCCGTCTCCG
GGATCAACGGCGACATTCGGGCGA
AGAAGATTGCCAGCATCGCAGATG
TGTGTGAGTCCATGAAGGAGCAGC
TGCTGGTTCTCGTTGAGTGGGCCAA
GTACATCCCAGCTTTCTGCGAGCTC
CCCCTGGACGACCAGGTGGCCCTG
CTCAGAGCCCATGCTGGCGAGCAC
CTGCTGCTCGGAGCCACCAAGAGA
TCCATGGTGTTCAAGGACGTGCTGC
TCCTAGGCAATGACTACATTGTCCC
TCGGCACTGCCCGGAGCTGGCGGA
GATGAGCCGGGTGTCCATACGCAT
CCTTGACGAGCTGGTGCTGCCCTTC
CAGGAGCTGCAGATCGATGACAAT
GAGTATGCCTACCTCAAAGCCATCA
TCTTCTTTGACCCAGATGCCAAGGG
GCTGAGCGATCCAGGGAAGATCAA
GCGGCTGCGTTCCCAGGTGCAGGT

liver, kidney,
pancreatic and
gut
development

Lemaigre, F.
P.; Duncan, S.
A.
Organogenesis
and
Development
of the Liver.
Dev. Cell 18,

175-189
(2010) .
Martovetsky,
G., Tee, J. B.
& Nigam, S.

K. Hepatocyte
nuclear

factors 4a and
la regulate
kidney
developmenta
1 expression
of drug-
metabolizing
enzymes and
drug
transporters.
Mol.
Pharmacol.
84,808-23
(2013) .
Maestro, M.
A. et al.
Distinct roles
of HNF1b eta,
HNFlalpha,
and
HNF4alpha in
regulating
pancreas
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HOXAl

HOXA10

GAGCTTGGAGGACTACATCAACGA
CCGCCAGTATGACTCGCGTGGCCGC
TTTGGAGAGCTGCTGCTGCTGCTGC
CCACCTTGCAGAGCATCACCTGGCA
GATGATCGAGCAGATCCAGTTCATC
AAGCTCTTCGGCATGGCCAAGATTG
ACAACCTGTTGCAGGAGATGCTGCT
GGGAGGTCCGTGCCAAGCCCAGGA
GGGGCGGGGTTGGAGTGGGGACTC
CCCAGGAGACAGGCCTCACACAGT
GAGCTCACCCCTCAGCTCCTTGGCT
TCCCCACTGTGCCGCTTTGGGCAAG
TTGCT

ATGGACAACGCGCGGATGAATTCC
TTCCTCGAGTACCCAATTTTGTCTA
GTGGAGACAGTGGCACTTGCAGTG
CCCGAGCCTATCCATCAGACCACA
GAATTACAACATTCCAAAGCTGTGC
GGTGTCAGCCAACAGTTGCGGCGG
AGACGACCGCTTCCTGGTCGGAAG
AGGGGTTCAAATTGGATCACCTCAC
CATCACCATCACCACCACCATCACC
ACCCCCAACCGGCGACTTACCAAA
CCAGCGGCAATTTGGGCGTGAGCT
ATAGCCATTCCTCATGTGGACCTTC
CTATGGGTCTCAGAATTTCTCCGCC
CCTTATAGCCCATACGCCCTGAACC
AAGAGGCCGATGTATCAGGAGGCT
ATCCCCAGTGCGCGCCAGCGGTTTA
CTCAGGTAATCTTTCTAGCCCGATG
GTCCAGCACCACCATCACCATCAA
GGTTATGCCGGCGGTGCAGTCGGA
TCCCCACAATACATACACCATAGTT
ACGGCCAAGAGCACCAATCCCTGG
CCCTCGCTACATATAACAACTCACT
GTCTCCGCTTCATGCTTCCCACCAA
GAAGCTTGTCGGAGTCCCGCCTCAG
AAACTTCCTCTCCAGCTCAGACTTT
TGATTGGATGAAGGTCAAGCGGAA
TCCGCCTAAAACGGGCAAAGTAGG
TGAATATGGCTATTTGGGACAGCCT
AATGCTGTCCGCACCAATTTCACAA
CAAAACAGCTTACTGAACTCGAGA
AGGAATTTCATTTTAATAAGTATTT
GACTCGAGCGAGACGAGTCGAAAT
CGCCGCTAGTCTTCAACTTAACGAG
ACCCAGGTTAAGATATGGTTCCAG
AACAGAAGAATGAAACAAAAAAL
GCGGGAGAAGGAAGGACTCCTCCC
TATATCACCAGCCACACCCCCAGGT
AACGACGAGAAGGCGGAGGAATCT
TCAGAGAAGAGTTCCAGCTCCCCTT
GTGTTCCTTCTCCTGGTAGCTCAAC
CAGCGATACCCTCACGACGAGTCA
o

ATGTGTCAAGGCAATTCCAAAGGT
GAAAACGCAGCCAACTGGCTCACG
GCAAAGAGTGGTCGGAAGAAGCGC
TGCCCCTACACGAAGCACCAGACA
CTGGAGCTGGAGAAGGAGTTTCTG
TTCAATATGTACCTTACTCGAGAGC
GGCGCCTAGAGATTAGCCGCAGCG
TCCACCTCACGGACAGACAAGTGA
AAATCTGGTTTCAGAACCGCAGGA

58

59

Involved in
neural and
cardiovascular
development

Involved
function in
fertility,
embryo
viability, and
regulation of
hematopoetic
lineage
commitment

development,
beta-cell
function and
growth.
Endocr. Dev.
12,33-45
(2007) .
Garrison, W.
D. et al.
Hepatocyte
nuclear factor
4alpha is
egsential for
embryonic
development
of the mouse
colon.
Gastroenterol
ogy 130,
1207-20
(2006) .

Tischfield, M.
A. et al.
Homozygous
HOXA1
mutations
disrupt human
brainstem,
inner ear,
cardiovascular
and

cognitive
development.
Nat . Genet.
37, 1035-

1037 (2005).

Buske, C. et
al.
Overexpression
of HOXAlO
perturbs

human

lympho-
myelopoiesis in
vitro and in
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TGAAACTGAAGAAAATGAATCGAG vivo. Blood
AAAACCGGATCCGGGAGCTCACAG 97, 2286-
CCAACTTTAATTTTTCC 2292 (2001).
Satokata, I.,
Benson, G. &
Maas, R.
Sexually
dimorphic
sterility
phenotypes in
HoxalO-
deficient
mice. Nature
374, 460-463
(1995) .
HOXA1ll ATGGATTTTGATGAGCGTGGTCCCT 60 Involved in Patterson, L.
GCTCCTCTAACATGTATTTGCCAAG kidney T., Pembaur,
TTGTACTTACTACGTCTCGGGTCCA development M. & Potter,
GATTTCTCCAGCCTCCCTTCTTTTCT S. S. Hoxall
GCCCCAGACCCCGTCTTCGCGCCCA and Hoxdll
ATGACATACTCCTACTCCTCCAACC regulate
TGCCCCAGGTCCAACCCGTGCGCG branching
AAGTGACCTTCAGAGAGTACGCCA morphogenesis
TTGAGCCCGCCACTAAATGGCACCC of the
CCGCGGCAATCTGGCCCACTGCTAC ureteric bud
TCCGCGGAGGAGCTCGTGCACAGA in the
GACTGCCTGCAGGCGCCCAGCGCG developing
GCCGGCGTGCCTGGCGACGTGCTG kidney.
GCCAAGAGCTCGGCCAACGTCTAC Development
CACCACCCCACCCCCGCAGTCTCGT 2153-2161
CCAATTTCTATAGCACCGTGGGCAG (2001) .
GAACGGCGTCCTGCCACAGGCTTTC
GACCAGTTTTTCGAGACAGCCTACG
GCACCCCGGAAAACCTCGCCTCCTC
CGACTACCCCGGGGACAAGAGCGC
CGAGAAGGGGCCCCCGGCGGCCAC
GGCGACCTCCGCGGCGGCGGLGGTL
GGCTGCAACGGGCGCGCCGGCAALC
TTCAAGTTCGGACAGCGGCGGCGG
CGGCGGCTGCCGGGAGATGGCGGC
GGCAGCAGAGGAGAAAGAGCGGC
GGCGGCGCCCCGAGAGCAGCAGCA
GCCCCGAGTCGTCTTCCGGCCACAC
TGAGGACAAGGCCGGCGGCTCCAG
TGGCCAACGCACCCGCAAAAAGCG
CTGCCCCTATACCAAGTACCAGATC
CGAGAGCTGGAACGGGAGTTCTTC
TTCAGCGTCTACATTAACAAAGAG
AAGCGCCTGCAACTGTCCCGCATGC
TCAACCTCACTGATCGTCAAGTCAA
AATCTGGTTTCAGAACAGGAGAAT
GAAGGAAAAAAAAATTAACAGAGA
CCGTTTACAGTACTACTCAGCAAAT
CCACTCCTCTTG
HOXB6 ATGAGTTCCTATTTCGTGAACTCCA 61 Involved in lung 1. Patterson,

CCTTCCCCGTCACTCTGGCCAGCGG
GCAGGAGTCCTTCCTGGGCCAGCTA
CCGCTCTATTCGTCGGGCTATGCGG
ACCCGCTGAGACATTACCCCGCGCC
CTACGGGCCAGGGCCGGGCCAGGA
CAAGGGCTTTGCCACTTCCTCCTAT
TACCCGCCGGCGGGCGGTGGCTAC
GGCCGAGCGGCGCCCTGCGACTAC
GGGCCGGCGCCGGCCTTCTACCGL
GAGAAAGAGTCGGCCTGCGCACTC
TCCGGCGCCGACGAGCAGCCCCCG
TTCCACCCCGAGCCGCGGAAGTCG
GACTGCGCGCAGGACAAGAGCGTG
TTCGGCGAGACAGAAGAGCAGAAG
TGCTCCACTCCGGTCTACCCGTGGA
TGCAGCGGATGAATTCGTGCAACA
GTTCCTCCTTTGGGCCCAGCGGCCG

and epidermal
development

L. T.,
Pembaur, M.

& Potter, S. S.
Hoxall and
Hoxdll
regulate
branching
morphogenesis
of the
ureteric bud
in the
developing
kidney.
Development
2153-2161
(2001) .
Komuves, L.
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SEQ ID
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GCGAGGCCGCCAGACATACACACG G. et al.
TTACCAGACGCTGGAGCTGGAGAA Changes in
GGAGTTTCACTACAATCGCTACCTG HOXB6
ACGCGGCGGCGGCGCATCGAGATC homeodomain
GCGCACGCCCTGTGCCTGACGGAG protein
AGGCAGATCAAGATATGGTTCCAG structure and
AACCGACGCATGAAGTGGAAAAAG localization
GAGAGCAAACTGCTCAGCGCGTCT during human
CAGCTCAGTGCCGAGGAGGAGGAA epidermal
GAAAAACAGGCCGAG development
and
differentiation.
Dev. Dyn.
218, 636-647
(2000) .
Cardoso, W.
V., Mitsialis,
S. A., Brody,
J. S. &
Williams, M.
C. Retinoic
acid alters the
expression of
pattern-
related genes
in the
developing rat
lung. Dev.
Dyn. 207, 47-
59 (1996).
KLF4 ATGGCTGTCAGCGACGCGCTGCTCC 62 Involved in Fuchs, E.,
CATCTTTCTCCACGTTCGCGTCTGG regulation of Segre, J. A. &
CCCGGCGGGAAGGGAGAAGACACT pluripotency Bauer, C.
GCGTCAAGCAGGTGCCCCGAATAA and K1f4 is a
CCGCTGGCGGGAGGAGCTCTCCCA development of transcription
CATGAAGCGACTTCCCCCAGTGCTT skin. factor
CCCGGCCGCCCCTATGACCTGGCGG Reprogramming required for
CGGCGACCGTGGCCACAGACCTGG factor for establishing

AGAGCGGCGGAGCCGGTGCGGCTT
GCGGCGGTAGCAACCTGGCGCCCC
TACCTCGGAGAGAGACCGAGGAGT
TCAACGATCTCCTGGACCTGGACTT
TATTCTCTCCAATTCGCTGACCCAT
CCTCCGGAGTCAGTGGCCGCCACC
GTGTCCTCGTCAGCGTCAGCCTCCT
CTTCGTCGTCGCCGTCGAGCAGCGG
CCCTGCCAGCGCGCCCTCCACCTGC
AGCTTCACCTATCCGATCCGGGCCG
GGAACGACCCGGGCGTGGCGCCGG
GCGGCACGGGCGGAGGCCTCCTCT
ATGGCAGGGAGTCCGCTCCCCCTCC
GACGGCTCCCTTCAACCTGGCGGAC
ATCAACGACGTGAGCCCCTCGGGC
GGCTTCGTGGCCGAGCTCCTGCGGC
CAGAATTGGACCCGGTGTACATTCC
GCCGCAGCAGCCGCAGCCGCCAGG
TGGCGGGCTGATGGGCAAGTTCGT
GCTGAAGGCGTCGCTGAGCGCCCC
TGGCAGCGAGTACGGCAGCCCGTC
GGTCATCAGCGTCAGCAAAGGCAG
CCCTGACGGCAGCCACCCGGTGGT
GGTGGCGCCCTACAACGGCGGGCC
GCCGCGCACGTGCCCCAAGATCAA
GCAGGAGGCGGTCTCTTCGTGCACC
CACTTGGGCGCTGGACCCCCTCTCA
GCAATGGCCACCGGCCGGCTGCAC
ACGACTTCCCCCTGGGGCGGCAGCT
CCCCAGCAGGACTACCCCGACCCT
GGGTCTTGAGGAAGTGCTGAGCAG
CAGGGACTGTCACCCTGCCCTGCCG
CTTCCTCCCGGCTTCCATCCCCACC
CGGGGCCCAATTACCCATCCTTCCT
GCCCGATCAGATGCAGCCGCAAGT

induction of
pluripotency.

the barrier
function of
the skin. Nat.
Genet . 22,
356-400
(1999) .

Jiang, J. et al.
A core KIf
circuitry
regulates self-
renewal of
embryonic

stem cells.
Nat. Cell
Biol. 10, 353-
360 (2008).
Takahashi, K.
& Yamanaka,

S. Induction
of pluripotent
stem cells
from mouse
embryonic

and adult
fibroblast
cultures by
defined
factors. Cell
126, 663-76
(2006) .
Takahashi, K.
et al.
Induction of
pluripotent
stem cells
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CCCGCCGCTCCATTACCAAGAGCTC from adult
ATGCCACCCGGTTCCTGCATGCCAG human
AGGAGCCCAAGCCAAAGAGGGGAA fibroblasts by
GACGATCGTGGCCCCGGAAAAGGA defined
CCGCCACCCACACTTGTGATTACGC factors. Cell
GGGCTGCGGCAAAACCTACACAAR 131, 861-72
GAGTTCCCATCTCAAGGCACACCTG (2007) .
CGAACCCACACAGGTGAGAAACCT Yu, J. et al.
TACCACTGTGACTGGGACGGCTGTG Induced
GATGGAAATTCGCCCGCTCAGATG Pluripotent
AACTGACCAGGCACTACCGTAAAC Stem Cell
ACACGGGGCACCGCCCGTTCCAGT Lines Derived
GCCAAAAATGCGACCGAGCATTTT from Human
CCAGGTCGGACCACCTCGCCTTACA Somatic
CATGAAGAGGCATTTT Cells. Science

(80-.). 318,
1917-1920
(2007) .

LHX3 ATGGAGGCGCGCGGGGAGCTGGGC 63 Involved in Sheng, H. Z.
CCGGCCCGGGAGTCGGCGGGAGGT pituitary gland et al.
GACCTGCTGCTAGCACTGCTGGCGC development Multistep
GGAGGGCGGACCTGCGCCGAGAGA Control of
TCCCGCTGTGCGCTGGCTGTGACCA Pituitary
GCACATCCTGGACCGCTTCATCCTC Organogenesis.
AAGGCTCTGGACCGCCACTGGCAC Science
AGCAAGTGTCTCAAGTGCAGCGAC (80-. ). 278,
TGCCACACGCCACTGGCCGAGCGC 1809-1812
TGCTTCAGCCGAGGGGAGAGCGTT (1997) .

TACTGCAAGGACGACTTTTTCAAGC
GCTTCGGGACCAAGTGCGCCGCGT
GCCAGCTGGGCATCCCGCCCACGC
AGGTGGTGCGCCGCGCCCAGGACT
TCGTGTACCACCTGCACTGCTTTGC
CTGCGTCGTGTGCAAGCGGCAGCT
GGCCACGGGCGACGAGTTCTACCT
CATGGAGGACAGCCGGCTCGTGTG
CAAGGCGGACTACGAAACCGCCAA
GCAGCGAGAGGCCGAGGCCACGGC
CAAGCGGCCGCGCACGACCATCAC
CGCCAAGCAGCTGGAGACGCTGAA
GAGCGCTTACAACACCTCGCCCAA
GCCGGCGCGCCACGTGCGCGAGCA
GCTCTCGTCCGAGACGGGCCTGGA
CATGCGCGTGGTGCAGGTTTGGTTC
CAGAACCGCCGGGCCAAGGAGAAG
AGGCTGAAGAAGGACGCCGGCCGG
CAGCGCTGGGGGCAGTATTTCCGC
AACATGAAGCGCTCCCGCGGCGGC
TCCAAGTCGGACAAGGACAGCGTT
CAGGAGGGGCAGGACAGCGACGCT
GAGGTCTCCTTCCCCGATGAGCCTT
CCTTGGCGGAAATGGGCCCGGCCA
ATGGCCTCTACGGGAGCTTGGGGG
AACCCACCCAGGCCTTGGGCCGGC
CCTCGGGAGCCCTGGGCAACTTCTC
CCTGGAGCATGGAGGCCTGGCAGG
CCCAGAGCAGTACCGAGAGCTGCG
TCCCGGCAGCCCCTACGGTGTCCCC
CCATCCCCCGCCGCCCCGCAGAGC
CTCCCTGGCCCCCAGCCCCTCCTCT
CCAGCCTGGTGTACCCAGACACCA
GCTTGGGCCTTGTGCCCTCGGGAGC
CCCCGGCGGGCCCCCACCCATGAG
GGTGCTGGCAGGGAACGGACCCAG
TTCTGACCTATCCACGGGGAGCAGC
GGGGGTTACCCCGACTTCCCTGCCA
GCCCCGCCTCCTGGCTGGATGAGGT
AGACCACGCTCAGTTCTCAGGCCTC
ATGGGCCCAGCTTTCTTGTAC
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LMX1A ATGGAAGGAATCATGAACCCCTAC 64 Involved in Lin, W. et al.
ACGGCTCTGCCCACCCCACAGCAG neuronal Foxal and
CTCCTGGCCATCGAGCAGAGTGTCT development Foxa2
ACAGCTCAGATCCCTTCCGACAGG function both
GTCTCACCCCACCCCAGATGCCTGG upstream of
AGACCACATGCACCCTTATGGTGCC and
GAGCCCCTTTTCCATGACCTGGATA cooperatively
GCGACGACACCTCCCTCAGTAACCT with Lmxla
GGGTGACTGTTTCCTAGCAACCTCA and Lmxlb in
GAAGCTGGGCCTCTGCAGTCCAGA a feedforward
GTGGGAAACCCCATTGACCATCTGT loop
ACTCCATGCAGAATTCTTACTTCAC promoting
ATCT meso-
diencephalic
dopaminergic
neuron
development.
Dev. Biol.
333, 386-396
(2009) .
Qiaolin, D. et
al. Specific
and integrated
roles of
Lmxla,
Lmxlb and
Phox2a in
ventral
midbrain
development.
Development
138, 3399-
3408 (2011).
MEF2C ATGGGGAGAAAAAAGATTCAGATT 65 Involved in Lin, Q. et al.
ACGAGGATTATGGATGAACGTAAC cardiac Control of
AGACAGGTGACATTTACAAAGAGG development mouse cardiac

AAATTTGGGTTGATGAAGAAGGCT
TATGAGCTGAGCGTGCTGTGTGACT
GTGAGATTGCGCTGATCATCTTCAA
CAGCACCAACAAGCTGTTCCAGTAT
GCCAGCACCGACATGGACAAAGTG
CTTCTCAAGTACACGGAGTACAAC
GAGCCGCATGAGAGCCGGACAAAC
TCAGACATCGTGGAGACGTTGAGA
AAGAAGGGCCTTAATGGCTGTGAC
AGCCCAGACCCCGATGCGGACGAT
TCCGTAGGTCACAGCCCTGAGTCTG
AGGACAAGTACAGGAAAATTAACG
AAGATATTGATCTAATGATCAGCA
GGCAAAGATTGTGTGCTGTTCCACC
TCCCAACTTCGAGATGCCAGTCTCC
ATCCCAGTGTCCAGCCACAACAGTT
TGGTGTACAGCAACCCTGTCAGCTC
ACTGGGAAACCCCAACCTATTGCC
ACTGGCTCACCCTTCTCTGCAGAGG
AATAGTATGTCTCCTGGTGTAACAC
ATCGACCTCCAAGTGCAGGTAACA
CAGGTGGTCTGATGGGTGGAGACC
TCACGTCTGGTGCAGGCACCAGTGC
AGGGAACGGGTATGGCAATCCCCG
AAACTCACCAGGTCTGCTGGTCTCA
CCTGGTAACTTGAACAAGAATATG
CAAGCAAAATCTCCTCCCCCAATGA
ATTTAGGAATGAATAACCGTAAAC
CAGATCTCCGAGTTCTTATTCCACC
AGGCAGCAAGAATACGATGCCATC
AGTGTCTGAGGATGTCGACCTGCTT
TTGAATCAAAGGATAAATAACTCC
CAGTCGGCTCAGTCATTGGCTACCC
CAGTGGTTTCCGTAGCAACTCCTAC
TTTACCAGGACAAGGAATGGGAGG
ATATCCATCAGCCATTTCAACAACA

morphogenesis
and
myogenesis

by
transcription
factor

MEF2C.
Science 276,
1404-7
(1997) .
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MESP1

MITF

TATGGTACCGAGTACTCTCTGAGTA
GTGCAGACCTGTCATCTCTGTCTGG
GTTTAACACCGCCAGCGCTCTTCAC
CTTGGTTCAGTAACTGGCTGGCAAC
AGCAACACCTACATAACATGCCAC
CATCTGCCCTCAGTCAGTTGGGAGC
TTGCACTAGCACTCATTTATCTCAG
AGTTCAAATCTCTCCCTGCCTTCTA
CTCAAAGCCTCAACATCAAGTCAG
AACCTGTTTCTCCTCCTAGAGACCG
TACCACCACCCCTTCGAGATACCCA
CAACACACGCGCCACGAGGCGGGG
AGATCTCCTGTTGACAGCTTGAGCA
GCTGTAGCAGTTCGTACGACGGGA
GCGACCGAGAGGATCACCGGAACG
AATTCCACTCCCCCATTGGACTCAC
CAGACCTTCGCCGGACGAAAGGGA
AAGTCCCTCAGTCAAGCGCATGCG
ACTTTCTGAAGGATGGGCAACA

ATGGCCCAGCCCCTGTGCCCGCCGC
TCTCCGAGTCCTGGATGCTCTCTGC
GGCCTGGGGCCCAACTCGGCGGCC
GCCGCCCTCCGACAAGGACTGCGG
CCGCTCCCTCGTCTCGTCCCCAGAC
TCATGGGGCAGCACCCCAGCCGAC
AGCCCCGTGGCGAGCCCCGCGCGG
CCAGGCACCCTCCGGGACCCCCGC
GCCCCCTCCGTAGGTAGGCGCGGTC
GCGCGCAGCAGCCGCCTGGGCAGC
GGGCAGAGGCAGAGCGCCAGTGAG
CGGGAGAAACTGCGCATGCGCACG
CTGGCCCGCGCCCTGCACGAGCTGC
GCCGCTTTCTACCGCCGTCCGTGGC
GCCCGCGGGCCAGAGCCTGACCAA
GATCGAGACGCTGCGCCTGGCTATC
CGCTATATCGGCCACCTGTCGGCCG
TGCTAGGCCTCAGCGAGGAGAGTC
TCCAGCGCCGGTGCCGGCAGCGCG
GTGACGCGGGGTCCCCTCGGGGCT
GCCCGCTGTGCCCCGACGACTGCCC
CGCGCAGATGCAGACACGGACGCA
GGCTGAGGGGCAGGGGCAGGGGCG
CGGGCTGGGCCTGGTATCCGCCGTC
CGCGCCGGGGCGTCCTGGGGATCC
CCGCCTGCCTGCCCCGGAGCCCGA
GCTGCACCCGAGCCGCGCGACCCG
CCTGCGCTGTTCGCCGAGGCGGCGT
GCCCGGAAGGGCAGGCGATGGAGC
CAAGCCCACCGTCCCCGCTCCTTCC
GGGCGACGTGCTGGCTCTGTTGGA
GACCTGGATGCCCCTCTCGCCTCTG
GAGTGGCTGCCTGAGGAGCCCAAG
TTG

ATGCTGGAAATGCTAGAATATAAT
CACTATCAGGTGCAGACCCACCTCG
AAAACCCCACCAAGTACCACATAC
AGCAAGCCCAACGGCAGCAGGTAA
AGCAGTACCTTTCTACCACTTTAGC
AAATAAACATGCCAACCAAGTCCT
GAGCTTGCCATGTCCAAACCAGCCT
GGCGATCATGTCATGCCACCGGTGC
CGGGGAGCAGCGCACCCAACAGCC
CCATGGCTATGCTTACGCTTAACTC
CAACTGTGAAAAAGAGGGATTTTA
TAAGTTTGAAGAGCAAAACAGGGC
AGAGAGCGAGTGCCCAGGCATGAA
CACACATTCACGAGCGTCCTGTATG
CAGATGGATGATGTAATCGATGAC
ATCATTAGCCTAGAATCAAGTTATA
ATGAGGAAATCTTGGGCTTGATGG
ATCCTGCTTTGCAAATGGCAAATAC
GTTGCCTGTCTCGGGAAACTTGATT

66

67

Involved in
cardiac
development

Involved in
pigment cell
and melanocyte
differentiation

Bondue, A. et
al. Mespl
Acts as a
Master
Regulator of
Multipotent
Cardiovascular
Progenitor
Specification.
Cell Stem
Cell 3,69-84
(2008) .

Widlund, H.
R. & Fisher,
D. E.
Microphthala
mia-
associated
transcription
factor: a
critical
regulator of
pigment cell
development
and survival.
Oncogene 22,
3035-3041
(2003) .
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MYC

GATCTTTATGGAAACCAAGGTCTGC
CCCCACCAGGCCTCACCATCAGCA
ACTCCTGTCCAGCCAACCTTCCCAA
CATAAAAAGGGAGCTCACAGAGTC
TGAAGCAAGAGCACTGGCCAAAGA
GAGGCAGAAAAAGGACAATCACAA
CCTGATTGAACGAAGAAGAAGATT
TAACATAAATGACCGCATTAAAGA
ACTAGGTACTTTGATTCCCAAGTCA
AATGATCCAGACATGCGCTGGAAC
AAGGGAACCATCTTAAAAGCATCC
GTGGACTATATCCGAAAGTTGCAA
CGAGAACAGCAACGCGCAAAAGAA
CTTGAAAACCGACAGAAGAAACTG
GAGCACGCCAACCGGCATTTGTTGC
TCAGAATACAGGAACTTGAAATGC
AGGCTCGAGCTCATGGACTTTCCCT
TATTCCATCCACGGGTCTCTGCTCT
CCAGATTTGGTGAATCGGATCATCA
AGCAAGAACCCGTTCTTGAGAACT
GCAGCCAAGACCTCCTTCAGCATCA
TGCAGACCTAACCTGTACAACAACT
CTCGATCTCACGGATGGCACCATCA
CCTTCAACAACAACCTCGGAACTG
GGACTGAGGCCAACCAAGCCTATA
GTGTCCCCACAAAAATGGGATCCA
AACTGGAAGACATCCTGATGGACG
ACACCCTTTCTCCCGTCGGTGTCAC
TGATCCACTCCTTTCCTCAGTGTCC
CCCGGAGCTTCCAAAACAAGCAGC
CGGAGGAGCAGTATGAGCATGGAA
GAGACGGAGCACACTTGT

ATGCCCCTCAACGTTAGCTTCACCA
ACAGGAACTATGACCTCGACTACG
ACTCGGTGCAGCCGTATTTCTACTG
CGACGAGGAGGAGAACTTCTACCA
GCAGCAGCAGCAGAGCGAGCTGCA
GCCCCCGGCGCCCAGCGAGGATAT
CTGGAAGAAATTCGAGCTGCTGCC
CACCCCGCCCCTGTCCCCTAGCCGC
CGCTCCGGGCTCTGCTCGCCCTCCT
ACGTTGCGGTCACACCCTTCTCCCT
TCGGGGAGACAACGACGGCGGTGG
CGGGAGCTTCTCCACGGCCGACCA
GCTGGAGATGGTGACCGAGCTGCT
GGGAGGAGACATGGTGAACCAGAG
TTTCATCTGCGACCCGGACGACGAG
ACCTTCATCAAAAACATCATCATCC
AGGACTGTATGTGGAGCGGCTTCTC
GGCCGCCGCCAAGCTCGTCTCAGA
GAAGCTGGCCTCCTACCAGGCTGC
GCGCAAAGACAGCGGCAGCCCGAA
CCCCGCCCGCGGCCACAGCGTCTG
CTCCACCTCCAGCTTGTACCTGCAG
GATCTGAGCGCCGCCGCCTCAGAG
TGCATCGACCCCTCGGTGGTCTTCC
CCTACCCTCTCAACGACAGCAGCTC
GCCCAAGTCCTGCGCCTCGCAAGA
CTCCAGCGCCTTCTCTCCGTCCTCG
GATTCTCTGCTCTCCTCGACGGAGT
CCTCCCCGCAGGGCAGCCCCGAGC
CCCTGGTGCTCCATGAGGAGACAC
CGCCCACCACCAGCAGCGACTCTG
AGGAGGAACAAGAAGATGAGGAA
GAAATCGATGTTGTTTCTGTGGAAA
AGAGGCAGGCTCCTGGCAAAAGGT
CAGAGTCTGGATCACCTTCTGCTGG
AGGCCACAGCAAACCTCCTCACAG
CCCACTGGTCCTCAAGAGGTGCCAC
GTCTCCACACATCAGCACAACTACG
CAGCGCCTCCCTCCACTCGGAAGG
ACTATCCTGCTGCCAAGAGGGTCA
AGTTGGACAGTGTCAGAGTCCTGA

68

Involved in cell
proliferation,
differentiation
and apoptosis.
Reprogramming
factor for
induction of
pluripotency.

Pelengaris, S.
Khan, M. &
Evan, G. c-
MYC: more
than just a
matter of life
and death.
Nat. Rev.
Cancer 2,
764-776
(2002) .
Takahashi, K.
& Yamanaka,
S. Induction
of pluripotent
stem cells
from mouse
embryonic

and adult
fibroblast
cultures by
defined
factors. Cell
126,663-76
(2006) .
Takahashi, K.
et al.
Induction of
pluripotent
stem cells
from adult
human
fibroblasts by
defined
factors. Cell
131,861-72
(2007) .

Yu, J. et al.
Induced
Pluripotent
Stem Cell

:

Apr. 15,2021
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MYCL

MYCN

GACAGATCAGCAACAACCGAAAAT
GCACCAGCCCCAGGTCCTCGGACA
CCGAGGAGAATGTCAAGAGGCGAA
CACACAACGTCTTGGAGCGCCAGA
GGAGGAACGAGCTAAAACGGAGCT
TTTTTGCCCTGCGTGACCAGATCCC
GGAGTTGGAAAACAATGAAAAGGC
CCCCAAGGTAGTTATCCTTAAAAAA
GCCACAGCATACATCCTGTCCGTCC
AAGCAGAGGAGCAAAAGCTCATTT
CTGAAGAGGACTTGTTGCGGAAAC
GACGAGAACAGTTGAAACACAAAC
TTGAACAGCTACGGAACTCTTGTGC
G

ATGGACTACGACTCGTACCAGCACT
ATTTCTACGACTATGACTGCGGGGA
GGATTTCTACCGCTCCACGGCGCCC
AGCGAGGACATCTGGAAGAAATTC
GAGCTGGTGCCATCGCCCCCCACGT
CGCCGCCCTGGGGCTTGGGTCCCGG
CGCAGGGGACCCGGCCCCCGGGAT
TGGTCCCCCGGAGCCGTGGCCCGG
AGGGTGCACCGGAGACGAAGCGGA
ATCCCGGGGCCACTCGAAAGGCTG
GGGCAGGAACTACGCCTCCATCAT
ACGCCGTGACTGCATGTGGAGCGG
CTTCTCGGCCCGGGAACGGCTGGA
GAGAGCTGTGAGCGACCGGCTCGC
TCCTGGCGCGCCCCGGGGGAACCC
GCCCAAGGCGTCCGCCGCCCCGGA
CTGCACTCCCAGCCTCGAAGCCGGC
AACCCGGCGCCCGCCGCCCCCTGTC
CGCTGGGCGAACCCAAGACCCAGG
CCTGCTCCGGGTCCGAGAGCCCAA
GCGACTCGGGTAAGGACCTCCCCG
AGCCATCCAAGAGGGGGCCACCCC
ATGGGTGGCCAAAGCTCTGCCCCTG
CCTGAGGTCAGGCATTGGCTCTTCT
CAAGCTCTTGGGCCATCTCCGCCTC
TCTTTGGC

ATGCCGAGTTGTTCCACGTCTACGA
TGCCAGGAATGATATGCAAGAACC
CCGACTTGGAGTTTGACTCTTTGCA
ACCATGCTTTTATCCGGATGAAGAC
GACTTTTATTTCGGCGGCCCGGACA
GCACCCCTCCTGGAGAGGACATCT
GGAAAAAATTCGAACTTTTGCCTAC
ACCCCCACTCAGTCCCTCTCGAGGA
TTTGCGGAACACAGCAGTGAACCG
CCGTCTTGGGTGACAGAGATGCTCC
TCGAGAACGAATTGTGGGGAAGCC
CTGCGGAGGAAGACGCTTTCGGGC
TCGGTGGACTCGGAGGTCTCACGCC
GAACCCAGTCATACTGCAGGATTG
CATGTGGTCTGGATTCTCAGCTCGG
GAGAAGCTGGAACGGGCAGTTTCT
GAGAAACTCCAACATGGCCGGGGC
CCTCCAACAGCGGGTTCTACCGCAC
AGTCCCCTGGTGCTGGAGCCGCTAG
TCCCGCGGGGAGAGGCCATGGGGGE
CGCGGCAGGAGCGGGTAGGGCCGG
CGCTGCGTTGCCTGCTGAGCTTGCG
CACCCCGCCGCTGAATGTGTAGATC
CCGCGGTAGTGTTTCCGTTCCCCGT
TAATAAGCGAGAACCGGCACCGGT
GCCAGCCGCTCCTGCGTCTGCACCC
GCGGCAGGTCCTGCTGTCGCCTCAG
GAGCAGGTATTGCCGCTCCTGCAG
GGGCACCAGGAGTAGCCCCTCCAA
GGCCCGGCGGTAGGCAAACCTCCG
GCGGCGACCACAAAGCACTCTCAA
CGAGCGGAGAGGATACACTGTCCG

69

70

Involved in cell
proliferation,
differentiation
and apoptosis.

Involved in cell
proliferation
and
differentiation

Lines Derived
from Human
Somatic

Cells. Science
(80-. ). 318,
1917-1920
(2007) .

Hatton, K. S.
et al.
Expression
and activity of
L-Myc in
normal mouse
development.
Mol. Cell.
Biol. 16,
1794-804
(1996) .

Malynn, B. A.
et al. N-myc
can
functionally
replace c-myc
in murine
development,
cellular
growth, and
differentiation.
Genes Dev.

14, 1390-9
(2000) .

Sawai, S. et
al. Defects of
embryonic
organogenesis
resulting from
targeted
disruption of
the N-myc

gene in the
mouse.
Development
117, 1445-
1455 (1993).
Stanton, B.
R., Perkinsg,
A. S.,
Tegsgarollo, L.,
Sassgoon, D.

A. & Parada,
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MYOD1

ATAGTGATGACGAGGACGACGAAG
AGGAGGACGAGGAGGAGGAGATA
GATGTTGTCACGGTCGAGAAGCGA
AGGAGTTCTTCAAATACAAAAGCG
GTAACGACATTCACGATAACAGTA
AGACCTAAGAACGCAGCCCTCGGT
CCAGGGCGGGCCCAGTCCAGTGAG
CTTATACTTAAGCGCTGCCTGCCGA
TTCACCAGCAGCATAACTACGCGG
CCCCTAGTCCCTACGTTGAGAGCGA
GGATGCCCCCCCACAAAAAAAAAT
AAAGTCTGAAGCGTCCCCCCGCCCC
CTGAAATCCGTAATCCCCCCAAAG
GCGAAGTCACTCAGTCCCAGGAAT
TCAGATTCCGAGGACTCCGAACGG
CGGCGGAATCATAACATACTTGAG
AGACAACGACGCAATGACCTGAGG
TCTTCTTTTTTGACCCTCCGAGATC
ACGTCCCCGAGCTGGTTAAGAATG
AGAAAGCTGCGAAGGTAGTCATAC
TGAAAAAGGCCACCGAGTATGTCC
ATAGTTTGCAAGCTGAGGAGCACC
AGCTTCTCCTTGAAAAGGAGAAAC
TTCAGGCACGACAACAGCAATTGC
TGAAAAAGATTGAGCATGCACGCA
CTTGT

ATGGAGCTACTGTCGCCACCGCTCC
GCGACGTAGACCTGACGGCCCCCG
ACGGCTCTCTCTGCTCCTTTGCCAC
AACGGACGACTTCTATGACGACCC
GTGTTTCGACTCCCCGGACCTGCGC
TTCTTCGAAGACCTGGACCCGCGCC
TGATGCACGTGGGCGCGCTCCTGA
AACCCGAAGAGCACTCGCACTTCC
CCGCGGCGGTGCACCCGGCCCCGG
GCGCACGTGAGGACGAGCATGTGC
GCGCGCCCAGCGGGCACCACCAGG
CGGGCCGCTGCCTACTGTGGGCCTG
CAAGGCGTGCAAGCGCAAGACCAC
CAACGCCGACCGCCGCAAGGCCGC
CACCATGCGCGAGCGGCGCCGCCT
GAGCAAAGTAAATGAGGCCTTTGA
GACACTCAAGCGCTGCACGTCGAG
CAATCCAAACCAGCGGTTGCCCAA
GGTGGAGATCCTGCGCAACGCCAT
CCGCTATATCGAGGGCCTGCAGGCT
CTGCTGCGCGACCAGGACGCCGCG
CCCCCTGGCGCCGCAGCCGCCTTCT
ATGCGCCGGGCCCGCTGCCCCCGG
GCCGCGGCGGCGAGCACTACAGCG
GCGACTCCGACGCGTCCAGCCCGC
GCTCCAACTGCTCCGACGGCATGAT
GGACTACAGCGGCCCCCCGAGCGG
CGCCCGGCGGCGGAACTGCTACGA
AGGCGCCTACTACAACGAGGCGCC
CAGCGAACCCAGGCCCGGGAAGAG
TGCGGCGGTGTCGAGCCTAGACTG
CCTGTCCAGCATCGTGGAGCGCATC
TCCACCGAGAGCCCTGCGGCGCCC
GCCCTCCTGCTGGCGGACGTGCCTT
CTGAGTCGCCTCCGCGCAGGCAAG
AGGCTGCCGCCCCCAGCGAGGGAG
AGAGCAGCGGCGACCCCACCCAGT
CACCGGACGCCGCCCCGCAGTGCC
CTGCGGGTGCGAACCCCAACCCGA
TATACCAGGTGCTC

71

Involved in
skeletal muscle
specification
and
differentiation
Demonstrated to
induce
differentiation
of hPSCs to
skeletal muscle

L. F. Loss of
N-myc
function
results in
embryonic
lethality and
failure of the
epithelial
component of
the embryo to
develop.
Genes Dev. 6,
2235-47
(1992) .

Tapscott, S. J.
The circuitry
of a master
switch: Myod
and the
regulation of
skeletal
muscle gene
transcription.
Development
132, 2685-
2695 (2005) .
Abujarour, R.
et al.
Myogenic
differentiation
of muscular
dystrophy-
specific
induced
pluripotent
stem cells for
use in drug
discovery.
Stem Cells
Transl. Med.
3,149-60
(2014) .
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MYOG ATGGAGCTGTATGAGACATCCCCCT 72 Involved in Pownall, M.
ACTTCTACCAGGAACCCCGCTTCTA skeletal muscle E.,
TGATGGGGAAAACTACCTGCCTGTC specification Gustafsson,
CACCTCCAGGGCTTCGAACCACCA and M. K. &
GGCTACGAGCGGACGGAGCTCACC differentiation Emerson, C.
CTGAGCCCCGAGGCCCCAGGGCCC P. Myogenic
CTTGAGGACAAGGGGCTGGGGACC Regulatory
CCCGAGCACTGTCCAGGCCAGTGC Factors and
CTGCCGTGGGCGTGTAAGGTGTGTA the
AGAGGAAGTCGGTGTCCGTGGACC Specification
GGCGGCGGGCGGCCACACTGAGGG of Muscle
AGAAGCGCAGGCTCAAGAAGGTGA Progenitors in
ATGAGGCCTTCGAGGCCCTGAAGA Vertebrate
GAAGCACCCTGCTCAACCCCAACC Embryos.
AGCGGCTGCCCAAGGTGGAGATCC Annu. Rev.
TGCGCAGTGCCATCCAGTACATCGA Cell Dev.
GCGCCTCCAGGCCCTGCTCAGCTCC Biol. 18,747-
CTCAACCAGGAGGAGCGTGACCTC 783 (2002) .
CGCTACCGGGGCGGGGECGEGELCC Shi, X. &
CAGCCAGGGGTGCCCAGCGAATGC Garry, D. J.
AGCTCTCACAGCGCCTCCTGCAGTC Muscle stem
CAGAGTGGGGCAGTGCACTGGAGT cells in
TCAGCGCCAACCCAGGGGATCATC development,
TGCTCACGGCTGACCCTACAGATGC regeneration,
CCACAACCTGCACTCCCTCACCTCC and disease.
ATCGTGGACAGCATCACAGTGGAA Genes Dev.
GATGTGTCTGTGGCCTTCCCAGATG 20,1692-708
AAACCATGCCCAAC (2006) .

NEURO ATGACCAAATCGTACAGCGAGAGT 73 Involved in Pataskar, A.

D1 GGGCTGATGGGCGAGCCTCAGCCC neuronal et al.
CAAGGTCCTCCAAGCTGGACAGAC specification NeuroD1
GAGTGTCTCAGTTCTCAGGACGAG and reprograms
GAGCACGAGGCAGACAAGAAGGA differentiation chromatin and
GGACGACCTCGAAGCCATGAACGC Demonstrated to transcription
AGAGGAGGACTCACTGAGGAACGG induce neuronal factor

GGGAGAGGAGGAGGACGAAGATG
AGGACCTGGAAGAGGAGGAAGAA
GAGGAAGAGGAGGATGACGATCAA
AAGCCCAAGAGACGCGGCCCCARAA
AAGAAGAAGATGACTAAGGCTCGC
CTGGAGCGTTTTAAATTGAGACGCA
TGAAGGCTAACGCCCGGGAGCGGA
ACCGCATGCACGGACTGAACGCGG
CGCTAGACAACCTGCGCAAGGTGG
TGCCTTGCTATTCTAAGACGCAGAA
GCTGTCCAAAATCGAGACTCTGCGC
TTGGCCAAGAACTACATCTGGGCTC
TGTCGGAGATCCTGCGCTCAGGCA
AAAGCCCAGACCTGGTCTCCTTCGT
TCAGACGCTTTGCAAGGGCTTATCC
CAACCCACCACCAACCTGGTTGCG
GGCTGCCTGCAACTCAATCCTCGGA
CTTTTCTGCCTGAGCAGAACCAGGA
CATGCCCCCCCACCTGCCGACGGCC
AGCGCTTCCTTCCCTGTACACCCCT
ACTCCTACCAGTCGCCTGGGCTGCC
CAGTCCGCCTTACGGTACCATGGAC
AGCTCCCATGTCTTCCACGTTAAGC
CTCCGCCGCACGCCTACAGCGCAG
CGCTGGAGCCCTTCTTTGAAAGCCC
TCTGACTGATTGCACCAGCCCTTCC
TTTGATGGACCCCTCAGCCCGCCGC
TCAGCATCAATGGCAACTTCTCTTT
CAAACACGAACCGTCCGCCGAGTT
TGAGAAAAATTATGCCTTTACCATG
CACTATCCTGCAGCGACACTGGCA
GGGGCCCAAAGCCACGGATCAATC
TTCTCAGGCACCGCTGCCCCTCGCT
GCGAGATCCCCATAGACAATATTAT
GTCCTTCGATAGCCATTCACATCAT
GAGCGAGTCATGAGTGCCCAGCTC
AATGCCATATTTCATGAT

differentiation
in hPSCs

landscapes to
induce the
neuronal
program.

EMBO J. 35,
24-45 (201s6) .
Zhang, Y. et
al. Rapid
single-step
induction of
functional
neurons from
human
pluripotent
stem cells.
Neuron 78,
785-98
(2013) .
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SEQ ID
GENE SEQUENCE NO: ROLE REFERENCES
NEURO ATGCCAGCCCGCCTTGAGACCTGCA 74 Involved in Bertrand, N.,
G1 TCTCCGACCTCGACTGCGCCAGCAG neuronal Castro, D. S.
CAGCGGCAGTGACCTATCCGGCTTC specification & Guillemot,
CTCACCGACGAGGAAGACTGTGCC and F. Proneural
AGACTCCAACAGGCAGCCTCCGCTT differentiation genes and the
CGGGGCCGCCCGCGrraareeata specification
GGGGCGCGCCCAATATCTCCCGGG of neural cell
CGTCTGAGGTTCCAGGGGCACAGG types. Nat.
ACGACGAGCAGGAGAGGCGGCGGC Rev.
GCCGCGGCCGGACGCGGGETCCGCT Neurosci. 3,
CCGAGGCGCTGCTGCACTCGCTGCG 517-530
CAGGAGCCGGCGCGTCAAGGCCAA (2002) .
CGATCGCGAGCGCAACCGCATGCA
CAACTTGAACGCGGCCCTGGACGC
ACTGCGCAGCGTGCTGCCCTCGTTC
CCCGACGACACCAAGCTCACCAAA
ATCGAGACGCTGCGCTTCGCCTACA
ACTACATCTGGGCTCTGGCCGAGAC
ACTGCGCCTGGCGGATCAAGGGCT
GCCCGGAGGCGGTGCCCGGGAGCG
CCTCCTGCCGCCGCAGTGCGTCCCC
TGCCTGCCCGGTCCCCCAAGCCCCG
CCAGCGACGCGGAGTCCTGGGGCT
CAGGTGCCGCCGCCGCCTCCCCGCT
CTCTGACCCCAGTAGCCCAGCCGCC
TCCGAAGACTTCACCTACCGCCCCG
GCGACCCTGTTTTCTCCTTCCCAAG
CCTGCCCAAAGACTTGCTCCACACA
ACGCCCTGTTTCATTCCTTACCAC
NEURO ATGACACCACAACCATCTGGTGCTC 75 Involved in Bertrand, N.,
G3 CCACAGTCCAGGTGACGCGAGAGA pancreatic Castro, D. S.
CTGARAGATCATTCCCACGCGCGTC development, & Guillemot,
CGAGGATGAGGTGACATGTCCAAC and neuronal F. Proneural
TAGCGCACCCCCCTCTCCTACCCGG specification genes and the
ACCCGCGGGAATTGTGCTGAGGCC and specification
GAAGAGGGAGGATGCAGAGGAGC differentiation of neural cell
ACCAAGGAAACTTCGAGCCCGACG types. Nat.
GGGTGGAAGAAGCCGCCCCAAGTC Rev.
TGAGCTCGCCCTTAGCAAGCAGCG Neurosci. 3,
CCGCAGTCGGAGGAAAAAGGCARAA 517-530
CGACCGGGAAAGGAATAGGATGCA (2002) .
TAATCTTAATTCTGCTCTGGACGCT Arda, H. E. et
CTGCGAGGCGTACTTCCTACTTTCC al. Gene
CGGATGACGCGAAATTGACCAAGA Regulatory
TAGAGACTCTCCGGTTTGCACATAA Networks
TTACATCTGGGCTCTTACACAAACA Governing
CTGAGAATTGCCGATCACAGTCTTT Pancreas
ACGCTCTTGAGCCACCCGCCCCGCA Development.
CTGTGGCGAGCTGGGTAGCCCCGG Dev. Cell 25,
CGGCTCTCCTGGAGACTGGGGGTCT 5-13 (2013).
TTGTATTCTCCTGTCAGCCAAGCGG
GATCTTTGAGTCCGGCTGCCAGTCT
CGAAGAAAGACCCGGACTCCTTGG
AGCGACTTTTTCAGCATGTCTGTCC
CCTGGCTCATTGGCTTTCTCAGACT
TTTTG
NRL ATGGCCCTGCCTCCCAGCCCGCTGG 76 Involved in Mears, A. J.
CCATGGAATATGTCAATGACTTTGA photoreceptor et al. Nrl is
CTTGATGAAGTTTGAGGTAAAGCG development required for
GGAACCCTCTGAGGGCCGACCTGG rod
CCCACCTACAGCCTCACTGGGATCC photoreceptor
ACACCTTACAGCTCAGTGCCTCCTT development.
CACCCACCTTCAGTGAACCAGGCAT Nat . Genet.
GGTAGGGGCAACCGAGGGTACACG 29, 447-452
ACCAGGTTTGGAGGAGCTGTACTG (2001) .

GCTTGCTACCCTGCAGCAGCAGCTT
GGGGCTGGGGAGGCATTGGGACTG
AGTCCTGAAGAGGCCATGGAGCTA
CTGCAAGGTCAGGGCCCAGTCCCT
GTTGATGGACCCCATGGTTACTACC
CAGGGAGCCCAGAGGAGACAGGAG
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ONECU
T1

CCCAGCACGTTCAGTTGGCAGAGC
GGTTTTCCGACGCGGCGCTTGTCTC
GATGTCTGTGCGAGAACTAAACCG
GCAGCTGCGGGGATGCGGGAGAGA
CGAGGCTCTACGACTGAAGCAGAG
GCGTCGAACGCTGAAGAACCGTGG
CTATGCGCAAGCATGTCGTTCCAAG
AGGCTGCAACAGAGGCGAGGTCTT
GAGGCCGAGCGCGCCCGTCTTGCA
GCCCAGCTAGATGCGCTACGAGCT
GAAGTAGCACGTTTGGCAAGAGAG
CGAGATCTCTACAAGGCTCGCTGTG
ACCGGCTAACCTCGAGTGGCCCCG
GGTCCGGGGATCCCTCCCACCTTTT
CCTCTGCCCAACTTTCTTGTACAAA
GTTGTCCCC

ATGAACGCGCAGCTGACCATGGAA
GCGATCGGCGAGCTGCACGGGGTG
AGCCATGAGCCGGTGCCCGCCCCT
GCCGACCTGCTGGGCGGCAGCCCC
CACGCGCGCAGCTCCGTGGCGCAC
CGCGGCAGCCACCTGCCCCCCGCG
CACCCGCGCTCCATGGGCATGGCGT
CCCTGCTGGACGGCGGCAGCGGCG
GCGGAGATTACCACCACCACCACC
GGGCCCCTGAGCACAGCCTGGCCG
GCCCCCTGCATCCCACCATGACCAT
GGCCTGCGAGACTCCCCCAGGTAT
GAGCATGCCCACCACCTACACCAC
CTTGACCCCTCTGCAGCCGCTGCCT
CCCATCTCCACAGTCTCGGACAAGT
TCCCCCACCATCACCACCACCACCA
TCACCACCACCACCCGCACCACCA
CCAGCGCCTGGCGGGCAACGTGAG
CGGTAGCTTCACGCTCATGCGGGAT
GAGCGCGGGCTGGCCTCCATGAAT
AACCTCTATACCCCCTACCACAAGG
ACGTGGCCGGCATGGGCCAGAGCC
TCTCGCCCCTCTCCAGCTCCGGTCT
GGGCAGCATCCACAACTCCCAGCA
AGGGCTCCCCCACTATGCCCACCCG
GGGGCCGCCATGCCCACCGACAAG
ATGCTCACCCCCAACGGCTTCGAAG
CCCACCACCCGGCCATGCTCGGCC
GCCACGGGGAGCAGCACCTCACGC
CCACCTCGGCCGGCATGGTGCCCAT
CAACGGCCTTCCTCCGCACCATCCC
CACGCCCACCTGAACGCCCAGGGC
CACGGGCAACTCCTGGGCACAGCC
CGGGAGCCCAACCCTTCGGTGACC
GGCGCGCAGGTCAGCAATGGAAGT
AATTCAGGGCAGATGGAAGAGATC
AATACCAAAGAGGTGGCGCAGCGT
ATCACCACCGAGCTCAAGCGCTAC
AGCATCCCACAGGCCATCTTCGCGC
AGAGGGTGCTCTGCCGCTCCCAGG
GGACCCTCTCGGACCTGCTGCGCAA
CCCCAARACCCTGGAGCAAACTCAA
ATCCGGCCGGGAGACCTTCCGGAG
GATGTGGAAGTGGCTGCAGGAGCC
GGAGTTCCAGCGCATGTCCGCGCTC
CGCTTAGCAGCATGCAAAAGGAAA
GAACAAGAACATGGGAAGGATAGA
GGCAACACACCCAAAAAGCCCAGG
TTGGTCTTCACAGATGTCCAGCGTC
GAACTCTACATGCAATATTCAAGG
AAAATAAGCGTCCATCCAAAGAAT
TGCAAATCACCATTTCCCAGCAGCT
GGGGTTGGAGCTGAGCACTGTCAG

SEQ ID
NO: ROLE
77 Involved in

retinal, liver,
gallbladder and
pancreatic
development

Chakrabarti,
S. K., et al.
Transcription
factors direct
the
development
and function
of pancreatic
f cells.
Trends
Endocrinol.
Metab. 14,
78-84 (2003) .
Clotman, F. et
al. The onecut
transcription
factor HNFé

is required for
normal
development

of the biliary
tract.
Development
129,1819-

1828 (2002).
Sapkota, D. et
al. Onecutl
and Onecut2
redundantly
regulate early
retinal cell
fates during
development.
Proc. Natl.
Acad. Sci. U.
s. A. 111,
E4086-95
(2014) .



US 2021/0108193 Al

58

TABLE 1-continued

Apr. 15,2021

GENE

SEQUENCE

SEQ ID
NO: ROLE

REFERENCES

OTX2

PAX7

CAACTTCTTCATGAACGCAAGAAG
GAGGAGTCTGGACAAGTGGCAGGA
CGAGGGCAGCTCCAATTCAGGCAA
CTCATCTTCTTCATCAAGCACTTGT
ACCAAAGCA

ATGATGTCTTATCTTAAGCAACCGC
CTTACGCAGTCAATGGGCTGAGTCT
GACCACTTCGGGTATGGACTTGCTG
CACCCCTCCGTGGGCTACCCGGGGC
CCTGGGCTTCTTGTCCCGCAGCCAC
CCCCCGGAAACAGCGCCGGGAGAG
GACGACGTTCACTCGGGCGCAGCT
AGATGTGCTGGAAGCACTGTTTGCC
AAGACCCGGTACCCAGACATCTTC
ATGCGAGAGGAGGTGGCACTGAAA
ATCAACTTGCCCGAGTCGAGGGTG
CAGGTATGGTTTAAGAATCGAAGA
GCTAAGTGCCGCCAACAACAGCAA
CAACAGCAGAATGGAGGTCAAAAC
AAAGTGAGACCTGCCAAAAAGAAG
ACATCTCCAGCTCGGGAAGTGAGTT
CAGAGAGTGGAACAAGTGGCCAAT
TCACTCCCCCCTCTAGCACCTCAGT
CCCGACCATTGCCAGCAGCAGTGCT
CCTGTGTCTATCTGGAGCCCAGCTT
CCATCTCCCCACTGTCAGATCCCTT
GTCCACCTCCTCTTCCTGCATGCAG
AGGTCCTATCCCATGACCTATACTC
AGGCTTCAGGTTATAGTCAAGGAT
ATGCTGGCTCAACTTCCTACTTTGG
GGGCATGGACTGTGGATCATATTTG
ACCCCTATGCATCACCAGCTTCCCG
GACCAGGGGCCACACTCAGTCCCA
TGGGTACCAATGCAGTCACCAGCC
ATCTCAATCAGTCCCCAGCTTCTCT
TTCCACCCAGGGATATGGAGCTTCA
AGCTTGGGTTTTAACTCAACCACTG
ATTGCTTGGATTATAAGGACCAAAC
TGCCTCCTGGAAGCTTAACTTCAAT
GCTGACTGCTTGGATTATAAAGATC
AGACATCCTCGTGGAAATTCCAGGT
TTTG

ATGGCGGCCCTTCCCGGCACGGTAC
CGAGAATGATGCGGCCGGCTCCGG
GGCAGAACTACCCCCGCACGGGAT
TCCCTTTGGAAGTGTCCACCCCGCT
TGGCCAAGGCCGGGTCAATCAGCT
GGGAGGGGTCTTCATCAATGGGCG
ACCCCTGCCTAACCACATCCGCCAC
AAGATAGTGGAGATGGCCCACCAT
GGCATCCGGCCCTGTGTCATCTCCC
GACAGCTGCGTGTCTCCCACGGCTG
CGTCTCCAAGATTCTTTGCCGCTAC
CAGGAGACCGGGTCCATCCGGCCT
GGGGCCATCGGCGGCAGCAAGCCC
AGACAGGTGGCGACTCCGGATGTA
GAGAAAAAGATTGAGGAGTACAAG
AGGGAAAACCCAGGCATGTTCAGC
TGGGAGATCCGGGACAGGCTGCTG
AAGGATGGGCACTGTGACCGAAGC
ACTGTGCCCTCAGTGAGTTCGATTA
GCCGCGTGCTCAGAATCAAGTTCG
GGAAGAAAGAGGAGGAGGATGAA
GCGGACAAGAAGGAGGACGACGGC
GAAAAGAAGGCCAAACACAGCATC
GACGGCATCCTGGGCGACAAAGGG
AACCGGCTGGACGAGGGCTCGGAT
GTGGAGTCGGAACCTGACCTCCCA
CTGAAGCGCAAGCAGCGACGCAGT
CGGACCACATTCACGGCCGAGCAG
CTGGAGGAGCTGGAGAAGGCCTTT
GAGAGGACCCACTACCCAGACATA

78 Involved in
photoreceptor
differentiation,
pineal gland
development
and induction
and
specification of
forebrain and
midbrain

79 Involved in
specification
and
differentiation
of satellite
cells
Demonstrated to
induce
myogenic
precursor
differentiation
in hPSCs

Rhinn, M. et
al. Sequential
roles for Otx2
in visceral
endoderm and
neuroectoderm
for

forebrain and
midbrain
induction and
specification.
Development
125, 845-856
(1998) .
Nisghida, A. et
al. Otx2
homeobox

gene controls
retinal
photoreceptor
cell fate and
pineal gland
development.
Nat. Neurosci.
6,1255-1263
(2003) .

Darabi, R. et
al. Human

ES- and iPS-
derived
myogenic
progenitors
restore
DYSTROPHIN
and

improve
contractility
upon
transplantation
in

dystrophic
mice. Cell
Stem Cell 10,
610-9 (2012) .
Seale, P., et
al. Pax7 Is
Required for
the
Specification
of Myogenic
Satellite
Cells. Cell
102, 777-786
(2000) .
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POULF1

TACACCCGCGAGGAGCTGGCGCAG
AGGACCAAGCTGACAGAGGCGCGT
GTGCAGGTCTGGTTCAGTAACCGCC
GCGCCCGTTGGCGTAAGCAGGCAG
GAGCCAACCAGCTGGCGGCGTTCA
ACCACCTTCTGCCAGGAGGCTTCCC
GCCCACCGGCATGCCCACGCTGCC
CCCCTACCAGCTGCCGGACTCCACC
TACCCCACCACCACCATCTCCCAAG
ATGGGGGCAGCACTGTGCACCGGC
CTCAGCCCCTGCCACCGTCCACCAT
GCACCAGGGCGGGCTGGCTGCAGC
GGCTGCAGCCGCCGACACCAGCTC
TGCCTACGGAGCCCGCCACAGCTTC
TCCAGCTACTCTGACAGCTTCATGA
ATCCGGCGGCGCCCTCCAACCACAT
GAACCCGGTCAGCAACGGCCTGTC
TCCTCAGGTGATGAGCATCTTGGGC
AACCCCAGTGCGGTGCCCCCGCAG
CCACAGGCTGACTTCTCCATCTCCC
CGCTGCATGGCGGCCTGGACTCGG
CCACCTCCATCTCAGCCAGCTGCAG
CCAGCGGGCCGACTCCATCAAGCC
AGGAGACAGCCTGCCCACCTCCCA
GGCCTACTGCCCACCCACCTACAGC
ACCACCGGCTACAGCGTGGACCCC
GTGGCCGGCTATCAGTACGGCCAG
TACGGCCAGAGTGAGTGCCTGGTG
CCCTGGGCGTCCCCCGTCCCCATTC
CTTCTCCCACCCCCAGGGCCTCCTG
CTTGTTTATGGAGAGCTACAAGGTG
GTGTCAGGGTGGGGAATGTCCATTT
CACAGATGGAAAAATTGAAGTCCA
GCCAGATGGAACAGTTCACC

ATGAGTTGCCAAGCTTTTACTTCGG
CTGATACCTTTATACCTCTGAATTC
TGACGCCTCTGCAACTCTGCCTCTG
ATAATGCATCACAGTGCTGCCGAGT
GTCTACCAGTCTCCAACCATGCCAC
CAATGTGATGTCTACAGCAACAGG
ACTTCATTATTCTGTTCCTTCCTGTC
ATTATGGAAACCAGCCATCAACCT
ATGGAGTGATGGCAGGTAGTTTAA
CCCCTTGTCTTTATAAATTTCCTGA
CCACACCTTGAGTCATGGATTTCCT
CCTATACACCAGCCTCTTCTGGCAG
AGGACCCCACAGCTGCTGATTTCAA
GCAGGAACTCAGGCGGAAAAGTAA
ATTGGTGGAAGAGCCAATAGACAT
GGATTCTCCAGAAATCAGAGAACT
TGAAAAGTTTGCCAATGAATTTAAA
GTGAGACGAATTAAATTAGGATAC
ACCCAGACAAATGTTGGGGAGGCC
CTGGCAGCTGTGCATGGCTCTGAAT
TCAGTCAAACAACAATCTGCCGATT
TGAAAATCTGCAGCTCAGCTTTAAA
AATGCATGCAAACTGAAAGCAATA
TTATCCAAATGGCTGGAGGAAGCT
GAGCAAGTAGGAGCTTTGTACAAT
GAAAAAGTGGGAGCAAATGAAAGG
AAAAGAAAACGAAGAACAACTATA
AGCATTGCTGCTAAAGATGCTCTGG
AGAGACACTTTGGAGAACAGAATA
AACCTTCTTCTCAAGAGATCATGAG
GATGGCTGAAGAACTGAATCTGGA
GAAAGAAGTAGTAAGAGTTTGGTT
TTGCAACCGGAGGCAGAGAGAAAL
ACGGGTGAAAACAAGTCTGAATCA
GAGTTTATTTTCTATTTCTAAGGAA
CATCTTGAGTGCAGATCAGGCCTCA
TGGGCCCAGCTTTCTTGTAC

80

Involved in
pituitary gland
development

Turton, J. P.
G. et al.
Novel
Mutations
within the
POUL1F1

Gene
Associated
with Variable
Combined
Pituitary
Hormone

Deficiency. J.

Clin.
Endocrinol.
Metab. 90,
4762-4770
(2005) .

Apr. 15,2021
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SEQ ID
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POU5F1 ATGGCGGGACACCTGGCTTCAGATT 81 Involved in Boyer, L. A.,
TTGCCTTCTCGCCCCCTCCAGGTGG regulation of et al. Core
TGGAGGTGATGGGCCAGGGGGGCC pluripotency Transcriptional
GGAGCCGGGCTGGGTTGATCCTCG and Regulatory
GACCTGGCTAAGCTTCCAAGGCCCT embryogenesis. Circuitry in
CCTGGAGGGCCAGGAATCGGGCCG Reprogramming Human
GGGGTTGGGCCAGGCTCTGAGGTG factor for Embryonic
TGGGGGATTCCCCCATGCCCCCCGC induction of Stem Cells.
CGTATGAGTTCTGTGGGGGGATGG pluripotency Cell 122,
CGTACTGTGGGCCCCAGGTTGGAGT 947-956
GGGGCTAGTGCCCCAAGGCGGCTT (2005) .
GGAGACCTCTCAGCCTGAGGGCGA Takahashi, K.
AGCAGGAGTCGGGGTGGAGAGCAA & Yamanaka,
CTCCGATGGGGCCTCCCCGGAGCCC S. Induction
TGCACCGTCACCCCTGGTGCCGTGA of pluripotent
AGCTGGAGAAGGAGAAGCTGGAGC stem cells
AAAACCCGGAGGAGTCCCAGGACA from mouse
TCAAAGCTCTGCAGAAAGAACTCG embryonic
AGCAATTTGCCAAGCTCCTGAAGC and adult
AGAAGAGGATCACCCTGGGATATA fibroblast
CACAGGCCGATGTGGGGCTCACCC cultures by
TGGGGGTTCTATTTGGGAAGGTATT defined
CAGCCAAACGACCATCTGCCGCTTT factors. Cell
GAGGCTCTGCAGCTTAGCTTCAAGA 126,663-76
ACATGTGTAAGCTGCGGCCCTTGCT (2006) .
GCAGAAGTGGGTGGAGGAAGCTGA Takahashi, K.
CAACAATGAAAATCTTCAGGAGAT et al.
ATGCAAAGCAGAAACCCTCGTGCA Induction of
GGCCCGAAAGAGAAAGCGAACCAG pluripotent
TATCGAGAACCGAGTGAGAGGCAA stem cells
CCTGGAGAATTTGTTCCTGCAGTGC from adult
CCGAAACCCACACTGCAGCAGATC human
AGCCACATCGCCCAGCAGCTTGGG fibroblasts by
CTCGAGAAGGATGTGGTCCGAGTG defined
TGGTTCTGTAACCGGCGCCAGAAG factors. Cell
GGCAAGCGATCAAGCAGCGACTAT 131,861-72
GCACAACGAGAGGATTTTGAGGCT (2007) .
GCTGGGTCTCCTTTCTCAGGGGGAC Yu, J. et al.
CAGTGTCCTTTCCTCTGGCCCCAGG Induced
GCCCCATTTTGGTACCCCAGGCTAT Pluripotent
GGGAGCCCTCACTTCACTGCACTGT Stem Cell
ACTCCTCGGTCCCTTTCCCTGAGGG Lines Derived
GGAAGCCTTTCCCCCTGTCTCTGTC from Human
ACCACTCTGGGCTCTCCCATGCATT Somatic
CARAC Cells. Science
(80-.). 318,
1917-1920
(2007) .

RUNX1 ATGGCTTCAGACAGCATATTTGAGT 82 Involved in Woolf, E. et
CATTTCCTTCGTACCCACAGTGCTT haematopoetic al. Runx3 and
CATGAGAGAATGCATACTTGGAAT cell Runxl are
GAATCCTTCTAGAGACGTCCACGAT development required for

GCCAGCACGAGCCGCCGCTTCACG
CCGCCTTCCACCGCGCTGAGCCCAG
GCAAGATGAGCGAGGCGTTGCCGC
TGGGCGCCCCGGACGCCGGCGCTG
CCCTGGCCGGCAAGCTGAGGAGCG
GCGACCGCAGCATGGTGGAGGTGC
TGGCCGACCACCCGGGCGAGCTGG
TGCGCACCGACAGCCCCAACTTCCT
CTGCTCCGTGCTGCCTACGCACTGG
CGCTGCAACAAGACCCTGCCCATC
GCTTTCAAGGTGGTGGCCCTAGGG
GATGTTCCAGATGGCACTCTGGTCA

CD8 T cell
development
during
thymopoiesis.
Proc. Natl.
Acad. Sci. U.
s. A. 100,
7731-6
(2003) .
Lacaud, G. et
al. Runxl is
egsential for
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SIX1

CTGTGATGGCTGGCAATGATGAAA
ACTACTCGGCTGAGCTGAGAAATG
CTACCGCAGCCATGAAGAACCAGG
TTGCAAGATTTAATGACCTCAGGTT
TGTCGGTCGAAGTGGAAGAGGGAA
AAGCTTCACTCTGACCATCACTGTC
TTCACAAACCCACCGCAAGTCGCC
ACCTACCACAGAGCCATCAAAATC
ACAGTGGATGGGCCCCGAGAACCT
CGAAGACATCGGCAGAAACTAGAT
GATCAGACCAAGCCCGGGAGCTTG
TCCTTTTCCGAGCGGCTCAGTGAAC
TGGAGCAGCTGCGGCGCACAGCCA
TGAGGGTCAGCCCACACCACCCAG
CCCCCACGCCCAACCCTCGTGCCTC
CCTGAACCACTCCACTGCCTTTAAC
CCTCAGCCTCAGAGTCAGATGCAG
GATACAAGGCAGATCCAACCATCC
CCACCGTGGTCCTACGATCAGTCCT
ACCAATACCTGGGATCCATTGCCTC
TCCTTCTGTGCACCCAGCAACGCCC
ATTTCACCTGGACGTGCCAGCGGCA
TGACAACCCTCTCTGCAGAACTTTC
CAGTCGACTCTCAACGGCACCCGA
CCTGACAGCGTTCAGCGACCCGCG
CCAGTTCCCCGCGCTGCCCTCCATC
TCCGACCCCCGCATGCACTATCCAG
GCGCCTTCACCTACTCCCCGACGCC
GGTCACCTCGGGCATCGGCATCGG
CATGTCGGCCATGGGCTCGGCCAC
GCGCTACCACACCTACCTGCCGCCG
CCCTACCCCGGCTCGTCGCAAGCGC
AGGGAGGCCCGTTCCAAGCCAGCT
CGCCCTCCTACCACCTGTACTACGG
CGCCTCGGCCGGCTCCTACCAGTTC
TCCATGGTGGGCGGCGAGCGCTCG
CCGCCGCGCATCCTGCCGCCCTGCA
CCAACGCCTCCACCGGCTCCGCGCT
GCTCAACCCCAGCCTCCCGAACCA
GAGCGACGTGGTGGAGGCCGAGGG
CAGCCACAGCAACTCCCCCACCAA
CATGGCGCCCTCCGCGCGCCTGGA
GGAGGCCGTGTGGAGGCCCTAC

ATGTCGATGCTGCCGTCGTTTGGCT
TTACGCAGGAGCAAGTGGCGTGCG
TGTGCGAGGTTCTGCAGCAAGGCG
GAAACCTGGAGCGCCTGGGCAGGT
TCCTGTGGTCACTGCCCGCCTGCGA
CCACCTGCACAAGAACGAGAGCGT
ACTCAAGGCCAAGGCGGTGGTCGC
CTTCCACCGCGGCAACTTCCGTGAG
CTCTACAAGATCCTGGAGAGCCAC
CAGTTCTCGCCTCACAACCACCCCA
AACTGCAGCAACTGTGGCTGAAGG
CGCATTACGTGGAGGCCGAGAAGC
TGTGCGGCCGACCCCTGGGCGCCGT
GGGCAAATATCGGGTGCGCCGAAA
ATTTCCACTGCCGCGCACCATCTGG
GACGGCGAGGAGACCAGCTACTGC
TTCAAGGAGAAGT CGAGGGGTGTC
CTGCGGGAGTGGTACGCGCACAAT
CCCTACCCATCGCCGCGTGAGAAG
CGGGAGCTGGCCGAGGCCACCGGC
CTCACCACCACCCAGGTCAGCAACT
GGTTTAAGAACCGGAGGCAAAGAG
ACCGGGCCGCGGAGGCCAAGGARAA
GGGAGAACACCGAAAACAATAACT
CCTCCTCCAACAAGCAGAACCAAC
TCTCTCCTCTGGAAGGGGGCAAGCC
GCTCATGTCCAGCTCAGAAGAGGA
ATTCTCACCTCCCCAAAGTCCAGAC
CAGAACTCGGTCCTTCTGCTGCAGG
GCAATATGGGCCACGCCAGGAGCT

83

Involved in
kidney, ear and
olfactory
epithelium
development

hematopoietic
commitment

at the
hemangioblast
stage of
development
in vitro.
Blood 100,
458-66
(2002) .

Zheng, W. et
al. The role of
Sixl in
mammalian
auditory
system
development.
Development
130, 3989-
4000 (2003).
Xu, P. et al.
Sixl is
required for
the early
organogenesis
of mammalian
kidney.
Development
130, 3085-
3094 (2003).
Ikeda, K. et
al. sixl is
essential for
early
neurogenesis
in the
development
of olfactory
epithelium.
Dev. Biol.



US 2021/0108193 Al

62

TABLE 1-continued

Apr. 15,2021

SEQ ID
GENE SEQUENCE NO: ROLE REFERENCES
CAAACTATTCTCTCCCGGGCTTAAC 311, 53-68
AGCCTCGCAGCCCAGTCACGGCCT (2007) .
GCAGACCCACCAGCATCAGCTCCA
AGACTCTCTGCTCGGCCCCCTCACC
TCCAGTCTGGTGGACTTGGGGTCC
SIX2 ATGTCCATGCTGCCCACCTTCGGCT 84 Involved in Kobayashi, A.
TCACGCAGGAGCAAGTGGCGTGCG kidney et al. Six2
TGTGCGAGGTGCTGCAGCAGGGCG development Defines and
GCAACATCGAGCGGCTGGGCCGCT Regulates a
TCCTGTGGTCGCTGCCCGCCTGCGA Multipotent
GCACCTTCACAAGAATGAAAGCGT Self-
GCTCAAGGCCAAGGCCGTGGTGGC Renewing
CTTCCACCGCGGCAACTTCCGCGAG Nephron
CTCTACAAGATCCTGGAGAGCCAC Progenitor
CAGTTCTCGCCGCACAACCACGCCA Population
AGCTGCAGCAGCTGTGGCTCAAGG throughout
CACACTACATCGAGGCGGAGAAGC Mammalian
TGCGCGGCCGACCCCTGGGCGCCG Kidney
TGGGCAAATACCGCGTGCGCCGCA Development.
AATTCCCGCTGCCGCGCTCCATCTG Cell Stem
GGACGGCGAGGAGACCAGCTACTG Cell 3, 169-
CTTCAAGGAAAAGAGTCGCAGCGT 181 (2008) .
GCTGCGCGAGTGGTACGCGCACAA
CCCCTACCCTTCACCCCGCGAGAAG
CGTGAGCTGACGGAGGCCACGGGC
CTCACCACCACACAGGTCAGCAAC
TGGTTCAAGAACCGGCGGCAGCGC
GACCGGGCGGCCGAGGCCAAGGAA
AGGGAGAACAACGAGAACTCCAAT
TCTAACAGCCACAACCCGCTGAAT
GGCAGCGGCAAGTCGGTGTTAGGC
AGCTCGGAGGATGAGAAGACTCCA
TCGGGGACGCCAGACCACTCATCA
TCCAGCCCCGCACTGCTCCTCAGCC
CGCCGCCCCCTGGGCTGCCGTCCCT
GCACAGCCTGGGCCACCCTCCGGG
CCCCAGCGCAGTGCCAGTGCCGGT
GCCAGGCGGAGGTGGAGCGGACCC
ACTGCAACACCACCATGGCCTGCA
GGACTCCATCCTCAACCCCATGTCA
GCCAACCTCGTGGACCTGGGCTCC
SNAI2 ATGCCGCGCTCCTTCCTGGTCAAGA 85 Involved in Cobaleda, C.,
AGCATTTCAACGCCTCCAAAAAGC neural crest Perez-Caro,
CARACTACAGCGAACTGGACACAC development, M., Vicente-
ATACAGTGATTATTTCCCCGTATCT epithelial- Duelias, C. &
CTATGAGAGTTACTCCATGCCTGTC mesenchymal Sanchez-
ATACCACAACCAGAGATCCTCAGC transition, and Garcia, I.
TCAGGAGCATACAGCCCCATCACT melanocyte Function of
GTGTGGACTACCGCTGCTCCATTCC stem cell the Zinc-
ACGCCCAGCTACCCAATGGCCTCTC development Finger
TCCTCTTTCCGGATACTCCTCATCTT Transcription

TGGGGCGAGTGAGTCCCCCTCCTCC
ATCTGACACCTCCTCCAAGGACCAC
AGTGGCTCAGAAAGCCCCATTAGT

GATGAAGAGGAAAGACTACAGTCC

AAGCTTTCAGACCCCCATGCCATTG
AAGCTGAAAAGTTTCAGTGCAATTT
ATGCAATAAGACCTATTCAACTTTT
TCTGGGCTGGCCAAACATAAGCAG

CTGCACTGCGATGCCCAGTCTAGAA
AATCTTTCAGCTGTAAATACTGTGA
CAAGGAATATGTGAGCCTGGGCGC

CCTGAAGATGCATATTCGGACCCAC
ACATTACCTTGTGTTTGCAAGATCT
GCGGCAAGGCGTTTTCCAGACCCTG
GTTGCTTCAAGGACACATTAGAACT
CACACGGGGGAGAAGCCTTTTTCTT
GCCCTCACTGCAACAGAGCATTTGC
AGACAGGTCAAATCTGAGGGCTCA

Factor SNAI2
in Cancer and
Development.
Annu. Rev.
Genet . 41,
41-61 (2007).
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SOX10

SOX2

TCTGCAGACCCATTCTGATGTAAAG
AAATACCAGTGCAAAAACTGCTCC
AAAACCTTCTCCAGAATGTCTCTCC
TGCACAAACATGAGGAATCTGGCT
GCTGTGTAGCACAC

ATGGCGGAGGAGCAGGACCTATCG
GAGGTGGAGCTGAGCCCCGTGGGC
TCGGAGGAGCCCCGCTGCCTGTCCC
CGGGGAGCGCGCCCTCGCTAGGGC
CCGACGGCGGCGGCGGCGGATCGG
GCCTGCGAGCCAGCCCGGGGCCAG
GCGAGCTGGGCAAGGTCAAGAAGG
AGCAGCAGGACGGCGAGGCGGACG
ATGACAAGTTCCCCGTGTGCATCCG
CGAGGCCGTCAGCCAGGTGCTCAG
CGGCTACGACTGGACGCTGGTGCC
CATGCCCGTGCGCGTCAACGGCGC
CAGCAAAAGCAAGCCGCACGTCAA
GCGGCCCATGAACGCCTTCATGGTG
TGGGCTCAGGCAGCGCGCAGGAAG
CTCGCGGACCAGTACCCGCACCTGC
ACAACGCTGAGCTCAGCAAGACGC
TGGGCAAGCTCTGGAGGCTGCTGA
ACGAAAGTGACAAGCGCCCCTTCA
TCGAGGAGGCTGAGCGGCTCCGTA
TGCAGCACAAGAAAGACCACCCGG
ACTACAAGTACCAGCCCAGGCGGC
GGAAGAACGGGAAGGCCGCCCAGG
GCGAGGCGGAGTGCCCCGGTGGGEG
AGGCCGAGCAAGGTGGGACCGCCG
CCATCCAGGCCCACTACAAGAGCG
CCCACTTGGACCACCGGCACCCAG
GAGAGGGCTCCCCCATGTCAGATG
GGAACCCCGAGCACCCCTCAGGCC
AGAGCCATGGCCCACCCACCCCTC
CAACCACCCCGAAGACAGAGCTGC
AGTCGGGCAAGGCAGACCCGAAGC
GGGACGGGCGCTCCATGGGGGAGG
GCGGGAAGCCTCACATCGACTTCG
GCAACGTGGACATTGGTGAGATCA
GCCACGAGGTAATGTCCAACATGG
AGACCTTTGATGTGGCTGAGTTGGA
CCAGTACCTGCCGCCCAATGGGCA
CCCAGGCCATGTGAGCAGCTACTC
AGCAGCCGGCTATGGGCTGGGCAG
TGCCCTGGCCGTGGCCAGTGGACA
CTCCGCCTGGATCTCCAAGCCACCA
GGCGTGGCTCTGCCCACGGTCTCAC
CACCTGGTGTGGATGCCAAAGCCC
AGGTGAAGACAGAGACCGCGGGGC
CCCAGGGGCCCCCACACTACACCG
ACCAGCCATCCACCTCACAGATCGC
CTACACCTCCCTCAGCCTGCCCCAC
TATGGCTCAGCCTTCCCCTCCATCT
CCCGCCCCCAGTTTGACTACTCTGA
CCATCAGCCCTCAGGACCCTATTAT
GGCCACTCGGGCCAGGCCTCTGGC
CTCTACTCGGCCTTCTCCTATATGG
GGCCCTCGCAGCGGCCCCTCTACAC
GGCCATCTCTGACCCCAGCCCCTCA
GGGCCCCAGTCCCACAGCCCCACA
CACTGGGAGCAGCCAGTATATACG
ACACTGTCCCGGCCC

ATGTACAACATGATGGAGACGGAG
CTGAAGCCGCCGGGCCCGCAGCAA
ACTTCGGGGGGCGGCGGCGGCAAC
TCCACCGCGGCGGCGGCCGGCGGT
AACCAGAAAAACAGCCCGGACCGC
GTCAAGCGGCCCATGAATGCCTTCA
TGGTGTGGTCCCGCGGGCAGCGGC
GCAAGATGGCCCAGGAGAACCCCA
AGATGCACAACTCGGAGATCAGCA

86 Involved in
neural crest and
neuronal
development

87 Involved in
regulation of
pluripotency
and
embryogenesis,
and in neuronal
development.
Reprogramming
factor for

Southard-
smith, E. M.,
Kos, L. &
Pavan, W. J.
SOX10
mutation
disrupts
neural crest
development
in Dom
Hirschsprung
mouse model.
Nat . Genet.
18, 60-64
(1998) .
Britsch, S. et
al. The
transcription
factor Soxl0
is a key
regulator of
peripheral
glial
development.
Genes Dev.
15, 66-78
(2001) .

Boyer, L. A.,
et al. Core
Transcriptional
Regulatory
Circuitry in
Human

Embryonic

Stem Cells.
Cell 122,
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AGCGCCTGGGCGCCGAGTGGAAALC induction of 947-956
TTTTGTCGGAGACGGAGAAGCGGC pluripotency. (2005) .
CGTTCATCGACGAGGCTAAGCGGC Graham, V. et
TGCGAGCGCTGCACATGAAGGAGC al. SOX2
ACCCGGATTATAAATACCGGCCCC Functions to
GGCGGAAAACCAAGACGCTCATGA Maintain
AGAAGGATAAGTACACGCTGCCCG Neural
GCGGGCTGCTGGCCCCCGGCGGCA Progenitor
ATAGCATGGCGAGCGGGGTCGGGG Identity.
TGGGCGCCGGCCTGGGCGCGGGCG Neuron 39,
TGAACCAGCGCATGGACAGTTACG 749-765
CGCACATGAACGGCTGGAGCAACG (2003) .
GCAGCTACAGCATGATGCAGGACC Wang, Z.,
AGCTGGGCTACCCGCAGCACCCGG Oron, E.,
GCCTCAATGCGCACGGCGCAGCGC Nelson, B.,
AGATGCAGCCCATGCACCGCTACG Razis, S. &
ACGTGAGCGCCCTGCAGTACAACT Ivanova, N.
CCATGACCAGCTCGCAGACCTACAT Distinct
GAACGGCTCGCCCACCTACAGCAT Lineage
GTCCTACTCGCAGCAGGGCACCCCT Specification
GGCATGGCTCTTGGCTCCATGGGTT Roles for
CGGTGGTCAAGTCCGAGGCCAGCT NANOG,
CCAGCCCCCCTGTGGTTACCTCTTC OCT4, and
CTCCCACTCCAGGGCGCCCTGCCAG S0X2 in
GCCGGGGACCTCCGGGACATGATC Human
AGCATGTATCTCCCCGGCGCCGAG Embryonic
GTGCCGGAACCCGCCGCCCCCAGC Stem Cells.
AGACTTCACATGTCCCAGCACTACC Cell Stem
AGAGCGGCCCGGTGCCCGGCACGG Cell 10, 440-
CCATTAACGGCACACTGCCCCTCTC 454 (2012) .
ACACATG Takahashi, K.
& Yamanaka,
S. Induction
of pluripotent
stem cells
from mouse
embryonic
and adult
fibroblast
cultures by
defined
factors. Cell
126, 663-76
(2006) .
Takahashi, K.
et al.
Induction of
pluripotent
stem cells
from adult
human
fibroblasts by
defined
factors. Cell
131, 861-72
(2007) .
Yu, J. et al.
Induced
Pluripotent
Stem Cell
Lines Derived
from Human
Somatic
Cells. Science
(80-.). 318,
1917-1920
(2007) .
SOX3 ATGCGACCTGTTCGAGAGAACTCAT 88 Involved in Rizzoti, K. et

CAGGTGCGAGAAGCCCGCGGGTTC
CTGCTGATTTGGCGCGGAGCATTTT
GATAAGCCTACCCTTCCCGCCGGAC
TCGCTGGCCCACAGGCCCCCAAGCT
CCGCTCCGACGGAGTCCCAGGGCC

neuronal and
pituitary
development

al. SOX3 is
required
during the
formation of
the
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SPI1

TTTTCACCGTGGCCGCTCCAGCCCC
GGGAGCGCCTTCTCCTCCCGCCACG
CTGGCGCACCTTCTTCCCGCCCCGG
CAATGTACAGCCTTCTGGAGACTGA
ACTCAAGAACCCCGTAGGGACACC
CACACAAGCGGCGGGCACCGGCGGE
CCCCGCAGCCCCGGGAGGCGCAGE
CAAGAGTAGTGCGAACGCAGCCGG
CGGCGCGAACTCGGGCGGCGGCAG
CAGCGGTGGTGCGAGCGGAGGTGG
CGGGGGTACAGACCAGGACCGTGT
GAAACGGCCCATGAACGCCTTCAT
GGTATGGTCCCGCGGGCAGCGGCG
CAAAATGGCCCTGGAGAACCCCAA
GATGCACAATTCTGAGATCAGCAA
GCGCTTGGGCGCCGACTGGAAACT
GCTGACCGACGCCGAGAAGCGACC
ATTCATCGACGAGGCCAAGCGACT
TCGCGCCGTGCACATGAAGGAGTA
TCCGGACTACAAGTACCGACCGCG
CCGCAAGACCAAGACGCTGCTCAA
GAAAGATAAGTACTCCCTGCCCAG
CGGCCTCCTGCCTCCCGGTGCCGCG
GCCGCCGCCGCCGCTGCCGLGGCT
GCAGCCGCTGCCGCCAGCAGTCCG
GTGGGCGTGGGCCAGCGCCTGGAC
ACGTACACGCACGTGAACGGCTGG
GCCAACGGCGCGTACTCGCTGGTG
CAGGAGCAGCTGGGCTACGCGCAG
CCCCCGAGCATGAGCAGCCCGCCG
CCGCCGCCCGCGCTGCCGCCGATG
CACCGCTACGACATGGCCGGCCTG
CAGTACAGCCCAATGATGCCGCCC
GGCGCTCAGAGCTACATGAACGTC
GCTGCCGCGGCCGCCGCCGCCTCG
GGCTACGGGGGCATGGCGCCCTCA
GCCACAGCAGCCGCGGLCGLeace
TACGGGCAGCAGCCCGCCACCGCC
GCGGCCGCAGCTGCGGCCGCAGCT
GCCATGAGCCTGGGCCCCATGGGC
TCGGTAGTGAAGTCTGAGCCCAGCT
CGCCGCCGCCCGCCATCGCATCGC
ACTCTCAGCGCGCGTGCCTCGGCGA
CCTGCGCGACATGATCAGCATGTAC
CTGCCACCCGGCGGGGACGCGGCC
GACGCCGCCTCTCCGCTGCCCGGCG
GTCGCCTGCACGGCGTGCACCAGC
ACTACCAGGGCGCCGGGACTGCAG
TCAACGGAACGGTGCCGCTGACCC
ACATC

ATGTTACAGGCGTGCAAAATGGAA
GGGTTTCCCCTCGTCCCCCCTCAGC
CATCAGAAGACCTGGTGCCCTATG
ACACGGATCTATACCAACGCCAAA
CGCACGAGTATTACCCCTATCTCAG
CAGTGATGGGGAGAGCCATAGCGA
CCATTACTGGGACTTCCACCCCCAC
CACGTGCACAGCGAGTTCGAGAGC
TTCGCCGAGAACAACTTCACGGAG
CTCCAGAGCGTGCAGCCCCCGCAG
CTGCAGCAGCTCTACCGCCACATGG
AGCTGGAGCAGATGCACGTCCTCG
ATACCCCCATGGTGCCACCCCATCC
CAGTCTTGGCCACCAGGTCTCCTAC
CTGCCCCGGATGTGCCTCCAGTACC
CATCCCTGTCCCCAGCCCAGCCCAG
CTCAGATGAGGAGGAGGGCGAGCG
GCAGAGCCCCCCACTGGAGGTGTC
TGACGGCGAGGCGGATGGCCTGGA
GCCCGGGCCTGGGCTCCTGCCTGGG
GAGACAGGCAGCAAGAAGAAGATC
CGCCTGTACCAGTTCCTGTTGGACC
TGCTCCGCAGCGGCGACATGAAGG

89

Involved in
haematopoetic
cell
development

hypothalamo-
pituitary axis.
Nat . Genet.

36, 247-255
(2004) .

Scott, E. W.
et al.
Requirement
of
transcription
factor PU.1 in
the
development
of multiple
hematopoietic
lineages.
Science 265,
1573-1577
(1994) .
Rosgsenbauer,
F. & Tenen,
D. G.
Transcription
factors in
myeloid
development :
balancing
differentiation

Apr. 15,2021
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TABLE 1-continued

SEQ ID
GENE SEQUENCE NO: ROLE REFERENCES
ACAGCATCTGGTGGGTGGACAAGG with
ACAAGGGCACCTTCCAGTTCTCGTC transformation.
CAAGCACAAGGAGGCGCTGGCGCA Nat. Rev.
CCGCTGGGGCATCCAGAAGGGCAA Immunol. 7,
CCGCAAGAAGATGACCTACCAGAA 105-117
GATGGCGCGCGCGCTGCGCAACTA (2007) .
CGGCAAGACGGGCGAGGTCAAGAA
GGTGAAGAAGAAGCTCACCTACCA
GTTCAGCGGCGAAGTGCTGGGCCG
CGGGGGCCTGGCCGAGCGGCGCCA
CCCGCCCCAcC
SPIB ATGCTCGCCCTGGAGGCTGCACAG 90 Involved in Maroulakou,
CTCGACGGGCCACACTTCAGCTGTC differentiation I. G. & Bowe,
TGTACCCAGATGGCGTCTTCTATGA of lymphoid D. B.
CCTGGACAGCTGCAAGCATTCCAG cells Expression
CTACCCTGATTCAGAGGGGGCTCCT and function
GACTCCCTGTGGGACTGGACTGTGG of Ets
CCCCACCTGTCCCAGCCACCCCCTA transcription
TGAAGCCTTCGACCCGGCAGCAGC factors in
CGCTTTTAGCCACCCCCAGGCTGCC mammalian
CAGCTCTGCTACGAACCCCCCACCT development :
ACAGCCCTGCAGGGAACCTCGAAC a regulatory
TGGCCCCCAGCCTGGAGGCCCCGG network.
GGCCTGGCCTCCCCGCATACCCCAC Oncogene 19,
GGAGAACTTCGCTAGCCAGACCCT 6432-6442
GGTTCCCCCGGCATATGCCCCGTAC (2000) .
CCCAGCCCTGTGCTATCAGAGGAG
GAAGACTTACCGTTGGACAGCCCT
GCCCTGGAGGTCTCGGACAGCGAG
TCGGATGAGGCCCTCGTGGCTGGCC
CCGAGGGGAAGGGATCCGAGGCAG
GGACTCGCAAGAAGCTGCGCCTGT
ACCAGTTCCTGCTGGGGCTACTGAC
GCGCGGGGACATGCGTGAGTGCGT
GTGGTGGGTGGAGCCAGGCGCCGG
CGTCTTCCAGTTCTCCTCCAAGCAC
AAGGAACTCCTGGCGCGCCGCTGG
GGCCAGCAGAAGGGGAACCGCAAG
CGCATGACCTACCAGAAGCTGGCG
CGCGCCCTCCGAAACTACGCCAAG
ACCGGCGAGATCCGCAAGGTCAAG
CGCAAGCTCACCTACCAGTTCGACA
GCGCGCTGCTGCCTGCAGTCCGCCG
GGCCTTG
SPIC ATGACGTGTGTTGAACAAGACAAG 91 Involved in Kohyama, M.

CTGGGTCAAGCATTTGAAGATGCTT macrophage et al. Role for
TTGAGGTTCTGAGGCAACATTCAAC development Spi-C in the
TGGAGATCTTCAGTACTCGCCAGAT development
TACAGAAATTACCTGGCTTTAATCA of red pulp
ACCATCGTCCTCATGTCAAAGGAA macrophages
ATTCCAGCTGCTATGGAGTGTTGCC and splenic
TACAGAGGAGCCTGTCTATAATTGG iron
AGAACGGTAATTAACAGTGCTGCG homeostasis.
GACTTCTATTTTGAAGGAAATATTC Nature 457,
ATCAATCTCTGCAGAACATAACTGA 318-321
AAACCAGCTGGTACAACCCACTCTT (2009) .

CTCCAGCAAAAGGGGGGAAAAGGC
AGGAAGAAGCTCCGACTGTTTGAA
TACCTTCACGAATCCCTGTATAATC
CGGAGATGGCATCTTGTATTCAGTG
GGTAGATAAAACCAAAGGCATCTT
TCAGTTTGTATCAAAAAACAAAGA
AAAACTTGCCGAGCTTTGGGGGAA
AAGAAAAGGCAACAGGAAGACCAT
GACTTACCAGAAAATGGCCAGGGC
ACTCAGAAATTACGGAAGAAGTGG
GGAAATTACCAAAATCCGGAGGAA
GCTGACTTACCAGTTCAGTGAGGCC
ATTCTCCAAAGACTCTCTCCATCCT
ATTTCCTGGGGAAAGAGATCTTCTA
TTCACAGTGTGTTCAACCTGATCAA
GAATATCTCAGTTTAAATAACTGGA
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SEQ ID

GENE SEQUENCE NO: ROLE REFERENCES
ATGCAAATTATAATTATACATATGC
CAATTACCATGAGCTAAATCACCAT
GATTGC

SRY ATGCAATCATATGCTTCTGCTATGT 92 Involved in sex Polanco, J. C.
TAAGCGTATTCAACAGCGATGATTA determination & Koopman,
CAGTCCAGCTGTGCAAGAGAATAT and P. Sry and the
TCCCGCTCTCCGGAGAAGCTCTTCC spermatogenesis hesitant
TTCCTTTGCACTGAAAGCTGTAACT beginnings of
CTAAGTATCAGTGTGAAACGGGAG male
AAAACAGTAAAGGCAACGTCCAGG development.
ATAGAGTGAAGCGACCCATGAACG Dev. Biol.
CATTCATCGTGTGGTCTCGCGATCA 302,13-24
GAGGCGCAAGATGGCTCTAGAGAA (2007) .
TCCCAGAATGCGAAACTCAGAGAT Koopman, P.
CAGCAAGCAGCTGGGATACCAGTG et al. Male
GAAAATGCTTACTGAAGCCGAAAA development
ATGGCCATTCTTCCAGGAGGCACA of
GAAATTACAGGCCATGCACAGAGA chromosomally
GAAATACCCGAATTATAAGTATCG female mice
ACCTCGTCGGAAGGCGAAGATGCT transgenic for
GCCGAAGAATTGCAGTTTGCTTCCC Sry. Nature
GCAGATCCCGCTTCGGTACTCTGCA 351,117-121
GCGAAGTGCAACTGGACAACAGGT (1991) .
TGTACAGGGATGACTGTACGAAAG
CCACACACTCAAGAATGGAGCACC
AGCTAGGCCACTTACCGCCCATCAA
CGCAGCCAGCTCACCGCAGCAACG
GGACCGCTACAGCCACTGGACAAA
GCTG

TBX5 ATGGCCGACGCAGACGAGGGCTTT 93 Involved in Bruneau, B.
GGCCTGGCGCACACGCCTCTGGAG cardiac G. et al. A
CCTGACGCAAAAGACCTGCCCTGC development Murine Model

GATTCGAAACCCGAGAGCGCGCTC
GGGGCCCCCAGCAAGTCCCCGTCG
TCCCCGCAGGCCGCCTTCACCCAGC
AGGGCATGGAGGGAATCAAAGTGT
TTCTCCATGAAAGAGAACTGTGGCT
AAAATTCCACGAAGTGGGCACGGA
AATGATCATAACCAAGGCTGGAAG
GCGGATGTTTCCCAGTTACAAAGTG
AAGGTGACGGGCCTTAATCCCAAA
ACGAAGTACATTCTTCTCATGGACA
TTGTACCTGCCGACGATCACAGATA
CAAATTCGCAGATAATAAATGGTCT
GTGACGGGCAAAGCTGAGCCCGCC
ATGCCTGGCCGCCTGTACGTGCACC
CAGACTCCCCCGCCACCGGGGCGC
ATTGGATGAGGCAGCTCGTCTCCTT
CCAGAAACTCAAGCTCACCAACAA
CCACCTGGACCCATTTGGGCATATT
ATTCTAAATTCCATGCACAAATACC
AGCCTAGATTACACATCGTGAAAG
CGGATGAAAATAATGGATTTGGCT
CAAAAAATACAGCGTTCTGCACTC
ACGTCTTTCCTGAGACTGCGTTTAT
AGCAGTGACTTCCTACCAGAACCA
CAAGATCACGCAATTAAAGATTGA
GAATAATCCCTTTGCCAAAGGATTT
CGGGGCAGTGATGACATGGAGCTG
CACAGAATGTCAAGAATGCAAAGT
AAAGAATATCCCGTGGTCCCCAGG
AGCACCGTGAGGCAAAAAGTGGCC
TCCAACCACAGTCCTTTCAGCAGCG
AGTCTCGAGCTCTCTCCACCTCATC
CAATTTGGGGTCCCAATACCAGTGT
GAGAATGGTGTTTCCGGCCCCTCCC
AGGACCTCCTGCCTCCACCCAACCC
ATACCCACTGCCCCAGGAGCATAG
CCAAATTTACCATTGTACCAAGAGG
AAAGAGGAAGAATGTTCCACCACA
GACCATCCCTATAAGAAGCCCTAC
ATGGAGACATCACCCAGTGAAGAA

of Holt-Oram
Syndrome
Defines Roles
of the T-Box
Transcription
Factor Tbx5
in
Cardiogenesis
and Disease.
Cell 106,
709-721
(2001) .
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TABLE 1-continued

GENE

SEQUENCE

SEQ ID
NO:

ROLE

REFERENCES

TFAP2

GATTCCTTCTACCGCTCTAGCTATC
CACAGCAGCAGGGCCTGGGTGCCT
CCTACAGGACAGAGTCGGCACAGC
GGCAAGCTTGCATGTATGCCAGCTC
TGCGCCCCCCAGCGAGCCTGTGCCC
AGCCTAGAGGACATCAGCTGCAAC
ACGTGGCCAAGCATGCCTTCCTACA
GCAGCTGCACCGTCACCACCGTGC
AGCCCATGGACAGGCTACCCTACC
AGCACTTCTCCGCTCACTTCACCTC
GGGGCCCCTGGTCCCTCGGCTGGCT
GGCATGGCCAACCATGGCTCCCCA
CAGCTGGGAGAGGGAATGTTCCAG
CACCAGACCTCCGTGGCCCACCAG
CCTGTGGTCAGGCAGTGTGGGCCTC
AGACTGGCCTGCAGTCCCCTGGCAC
CCTTCAGCCCCCTGAGTTCCTCTAC
TCTCATGGCGTGCCAAGGACTCTAT
CCCCTCATCAGTACCACTCTGTGCA
CGGAGTTGGCATGGTGCCAGAGTG
GAGCGACAATAGCTTG

ATGTTGTGGAAAATAACCGATAAT
GTCAAGTACGAAGAGGACTGCGAG
GATCGCCACGACGGGAGCAGCAAT
GGGAATCCGCGGGTCCCCCACCTCT
CCTCCGCCGGGCAGCACCTCTACAG
CCCCGCGCCACCCCTCTCCCACACT
GGAGTCGCCGAATATCAGCCGCCA
CCCTACTTTCCCCCTCCCTACCAGC
AGCTGGCCTACTCCCAGTCGGCCGA
CCCCTACTCGCATCTGGGGGAAGC
GTACGCCGCCGCCATCAACCCCCTG
CACCAGCCGGCGCCCACAGGCAGC
CAGCAGCAGGCCTGGCCCGGCCGC
CAGAGCCAGGAGGGAGCGGGGCTG
CCCTCGCACCACGGGCGCCCGGLC
GGCCTACTGCCCCACCTCTCCGGGC
TGGAGGCGGGCGCGGTGAGCGCCC
GCAGGGATGCCTACCGCCGCTCCG
ACCTGCTGCTGCCCCACGCACACGC
CCTGGATGCCGCGGGCCTGGCCGA
GAACCTGGGGCTCCACGACATGCC
TCACCAGATGGACGAGGTGCAGAA
TGTCGACGACCAGCACCTGTTGCTG
CACGATCAGACAGTCATTCGCAAA
GGTCCCATTTCCATGACCAAGAACC
CTCTGAACCTCCCCTGTCAGAAGGA
GCTGGTGGGGGCCGTAATGAACCC
CACTGAGGTCTTCTGCTCAGTCCCT
GGAAGATTGTCGCTCCTCAGCTCTA
CGTCTAAATACAAAGTGACAGTGG
CTGAAGTACAGAGGCGACTGTCCC
CACCTGAATGCTTAAATGCCTCGTT
ACTGGGAGGTGTTCTCAGAAGAGC
CAAATCGAAAAATGGAGGCCGGTC
CTTGCGGGAGAAGTTGGACAAGAT
TGGGTTGAATCTTCCGGCCGGGAG
GCGGAAAGCCGCTCATGTGACTCTC
CTGACATCCTTAGTAGAAGGTGAA
GCTGTTCATTTGGCTAGGGACTTTG
CCTATGTCTGTGAAGCCGAATTTCC
TAGTAAACCAGTGGCAGAATATTT
AACCAGACCTCATCTTGGAGGACG
AAATGAGATGGCAGCTAGGAAGAA
CATGCTATTGGCGGCCCAGCAACTG
TGTAAAGAATTCACAGAACTTCTCA
GCCAAGACCGGACACCCCATGGGA
CCAGCAGGCTCGCCCCAGTCTTGGA
GACGAACATACAGAACTGCTTGTCT
CATTTCAGCCTGATTACCCACGGGT
TTGGCAGCCAGGCCATCTGTGCCGC
GGTGTCTGCCCTGCAGAACTACATC
AAAGAAGCCCTGATTGTCATAGAC

94

Involved in
trophectoderm
development

Cao, Z. et al.

Transcription
factor AP-2y
induces early
Cdx2
expression
and represses
HIPPO
signaling to
specify the
trophectoderm
lineage.
Development
142, 1606-15
(2015) .

Apr. 15,2021
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TABLE 1-continued

SEQ ID
GENE SEQUENCE NO: ROLE REFERENCES
AAATCCTACATGAACCCTGGAGAC
CAGAGTCCAGCTGATTCTAACAAA
ACCCTGGAGAAAATGGAGAAACAC
AGGAAA
TABLE 2
Estimated Median
Media Number of  Mean Reads  Genes per
Sample_ID Description Condition Cells per Cell Cell
UP_TF_1 HighMOIL (-) Pluripotent 3,640 45,983 3,317
TRA-1-60 stem cell
MACS sorted medium
UP_TF_2 HighMOI, Pluripotent 3,505 49,750 3,843
Unsorted stem cell
medium
UP_TF_3 HighMOI, Pluripotent 4,223 45,403 3,972
Unsorted stem cell
medium
UP_TF_4 HighMOIL, (-) Pluripotent 3,461 56,290 4,475
TRA-1-60 stem cell
MACS sorted medium
UP_TF_5 LowMOI, (-) Pluripotent 3,748 46,895 4,165
TRA-1-60 stem cell
MACS sorted medium
UP_TF_8 Library, Endothelial 3,563 41,056 3,698
Endothelial growth
medium
UP_TF_10 Library, Multilineage 2,129 70,519 5,605
Multilineage differentiation
medium
UP_TF_11 Library, Endothelial 6,574 23,250 3,105
Endothelial growth
medium
UP_TF_12 Library, Multilineage 4,678 30,340 3,882
Multilineage differentiation
medium
UP_TF_13 KLF Family,  Pluripotent 5,590 35913 3,620
cMYC Mutants stem cell
medium
Reads
Mapped Median
Confidently Fraction UMI
Number of Valid to Exonic Sequencing Reads in Counts
Sample_ID Reads Barcodes Regions Saturation Cells per Cell
UP_TF_1 167,381,505 97.90% 65.60% 17.00% 55.40% 11,785
UP_TF_2 174,376,238 98.40% 70.30% 20.80% 63.90% 15,985
UP_TF_3 191,740,141 98.10% 63.10% 18.90% 77.20% 16,090
UP_TF_ 4 194,819,799 98.20% 66.80% 25.00% 78.60% 19,132
UP_TF_5 175,765,276 98.10% 65.70% 17.70% 76.90% 17,349
UP_TF_8 146,283,407 98.20% 65.20% 16.60% 80.90% 15,049
UP_TF_10 150,135,344 98.20% 68.60% 20.20% 83.00% 27,785
UP_TF_11 152,847,871 98.20% 69.40% 11.20% 86.80% 10,681
UP_TF_12 141,934,669 98.20% 70.00% 11.00% 88.10% 14,526
UP_TF_13 200,756,922 98.00% 66.20% 15.50% 78.70% 14,286
TABLE 3 TABLE 3-continued
Number of Genotyped Cells Number of Genotyped Cells
Stem cell Endothelial Multilineage Stem cell Endothelial Multilineage
Genotype media media media Genotype media media media
ASCL1 186 78 21 ASCL5 140 64 51
ASCL3 471 150 89 ATF7 97 49 45

ASCL4 286 90 75 CDX2 267 192 103
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TABLE 3-continued TABLE 3-continued
Number of Genotyped Cells Number of Genotyped Cells
Stem cell Endothelial Multilineage Stem cell Endothelial Multilineage
Genotype media media media Genotype media media media
CRX 292 107 54 MYC 291 113 36
ERG 62 30 7 MYCL 356 112 75
ESRRG 169 98 64 MYCN 50 33 12
ETV2 60 22 21 MYODI 197 68 40
FLI1 55 27 18 MYOG 284 122 81
FOXA1 53 27 14 NEUROD1 83 46 10
FOXA2 89 46 37 NEUROG1 154 103 23
FOXA3 255 90 61 NEUROG3 158 138 41
FOXP1 413 112 94 NRL 249 75 49
GATA1 288 111 72 ONECUT1 159 109 58
GATA2 62 81 60 OTX2 293 95 47
GATA4 71 101 58 PAX7 86 56 28
GATA6 44 44 35 POUI1F1 126 61 50
GLI1 27 11 16 POUSF1 78 30 24
HAND?2 310 113 81 RUNX1 139 47 43
HNF1A 88 45 39 SIX1 260 119 66
HNF1B 53 30 41 SIX2 295 103 84
HOXA1 166 67 57 SNAI2 485 96 50
HOXA10 344 111 66 SOX10 83 54 30
HOXAI11 237 82 47 SOX2 137 53 27
HOXB6 166 95 44 SOX3 137 56 31
KLF4 298 259 145 SPI1 264 142 67
LHX3 175 76 45 SPIB 199 70 47
LMX1A 458 155 82 SPIC 147 80 35
mCherry 1689 689 495 SRY 166 61 65
MEF2C 87 49 51 TBXS 149 112 35
MESP1 227 70 55 TFAP2C 90 58 34

TABLE 4

Enrichment p-value for each genotype in clusters using Fisher’s exact test

C6 c2 Cs c3 C1 Cc7 c4

CDX2 0.999581 0.502321 1 1 1 3.42E-58 1

KLF4 0.688329 1.12E-27 1 1 1 1 3.82E-21
FOXA1 0.848222 1 1 8.00E-08 1 1 1
FOXA2 0.559116 1 1 2.56E-15 1 0.788874 1
GATA2 0.002284 1 1.57E-10 1 1 0.91906 0.832613
GATA4 0.009787 0.781098 1.13E-09 1 0.553072 1 0.822422
GATA6 0.03266 0.23167 0.000147 1 1 1 1
SOX10 0.017774 0.043271 1 1 1 0.12661 1
NEURODI1 0.280233 1 1 1 1 0.34423 1

ETV2 0.016254 1 1 1 1 0.054486 1

SPIB 9.93E-07 1 0.29024 0.190193 1 1 1

SOX3 1.53E-05 1 1 1 1 1 0.063768
NEUROG3 6.23E-06 1 1 0.502271 1 0.50894 1

TBXS 1.71E-07 1 1 0.449045 1 1 1
MYOD1 3.73E-07 1 1 1 1 1 0.115324
MYC 9.91E-05 0.611641 1 1 0.394338 0.779857 1
ESRRG 5.02E-12 0.233929 1 1 0.58849 1 1
TFAP2C 6.90E-05 1 0.541387 1 1 1 0.638171
GLI1 0.017877 1 1 1 1 1 0.380973
NEUROG1 0.00162 1 1 1 1 0.620425 1

ASCLS5 9.82E-08 0.737393 1 1 1 0.353463 1
FOXA3 3.08E-15 1 1 0.644816 1 1 1

ATF7 2.03E-09 1 1 0.534822 1 1 1
HOXAI10 2.36E-09 1 0.4436 0.673452 0.599648 1 0.85978
SOX2 4.01E-06 1 0.461875 1 1 1 1
ONECUT1 2.98E-11 1 1 0.626421 1 1 0.822422
RUNX1 3.65E-07 1 1 1 0.450277 1 0.364314
SIX2 8.69E-16 0.888323 1 1 1 0.677188 0.710842
HOXAI1 4.51E-09 1 1 1 1 0.860947 0.406197
SPIC 1.28E-06 1 1 1 1 1 0.648778
MYCL 2.52E-22 1 1 1 1 1 1

FOXP1 941E-17 0.702249 1 0.795614 0.374912 0.980162 1

SNAI2 4.89E-09 1 0.681398 1 1 0.616212 1
HNF1A 7.52E-11 1 1 1 1 1 1
LMXIA 2.74E-19 1 0.845485 1 1 1 0.912434
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TABLE 4-continued

Enrichment p-value for each genotype in clusters using Fisher’s exact test

C6 C2 (o) C3 C1 C7 C4

ERG 0.164469 1 1 1 1 1 1

HAND?2 7.41E-17 1 1 1 1 0.653393 1

MITF 2.07E-10 1 0.643049 1 1 1 1

PAX7 1.57E-05 1 1 1 1 0.692249 1

SIX1 1.58E-14 0.822135 1 1 0.599648 1 1

OTX2 3.17E-08 0.708559 1 1 1 1 0.754072

SPI1 5.65E-12 0.826686 1 1 1 0.767724 1

GATA1 2.36E-13 0.847734 1 1 1 1 0.629688

MYOG 7.41E-17 1 1 0.746058 1 0.966092 1

HNF1B 1.21E-06 1 1 1 0.434855 1 1

POUIF1 2.52E-14 1 1 1 1 1 1

FLI1 0.000193 1 1 1 1 1 1

HOXA1 3.20E-15 1 1 1 1 1 1

SRY 1.01E-17 1 1 1 1 1 1

CRX 4.15E-13 1 1 1 1 0.896121 1

ASCL1 0.000199 1 1 1 1 1 1

NRL 9.14E-09 1 1 1 0.494018 0.872071 1

LHX3 1.65E-11 1 1 1 1 1 1

MESP1 2.47E-11 1 1 1 0.534212 1 0.805949

HOXB6 3.05E-08 1 1 1 1 1 1

ASCLA4 3.41E-17 1 1 1 0.646165 0.956545 1

MYCN 0.00932 1 1 1 1 1 1

MEF2C 3.40E-10 1 1 1 1 1 0.78156

POUS5F1 3.21E-06 1 1 1 1 1 1

ASCL3 3.49E-19 1 1 1 0.707836 1 1

mCherry 1.64E-91 0.99443 0.961129 0.996934 0.263601 0.994961 0.947099

TABLE 5 TABLE S5-continued

Module Description n_genes Module Description n_ genes

GM1 Cytoskeleton and polarity 444 GM7 Embryonic development 509

GM2 Ton transport 973 GM8 Mitochondrial metabolism and translation 2242

GM3 Chromatin accessibility 1568 GM9 Ribosome biogenesis 190

GM4 Signaling pathways 873 GM10 Growth factor response 492

GMS5 Neuron differentiation 444 GM11 Pluripotent state 234

GM6 Notch pathway 859

TABLE 6
SEQ SEQ
1D 1D

Gene Forward Primer (5'—=3"') NO: Reverse Primer (5'—3') NO:
CDH5 AGACCACGCCTCTGTCATGTACCAAATC 95 CACGATCTCATACCTGGCCTGCTTC 113
PECAM1 GGTCAGCAGCATCGTGGTCAACATAAC 96 TGGAGCAGGACAGGTTCAGTCTTTCA 114
VWF TCTCCGTGGTCCTGAAGCAGACATA 97 AGGTTGCTGCTGGTGAGGTCATT 115
KDR AGCCATGTGGTCTCTCTGGTTGTGTATG 98 GTTTGAGTGGTGCCGTACTGGTAGGA 116
NANOG TTTGTGGGCCTGAAGAAAACT 99 AGGGCTGTCCTGAATAAGCAG 117
POUSF1 CTTGAATCCCGAATGGAAAGGG 100 GTGTATATCCCAGGGTGATCCTC 118
SOX2 TACAGCATGTCCTACTCGCAG 101 GAGGAAGAGGTAACCACAGGG 119
DNMT3B GAGTCCATTGCTGTTGGAACCG 102 ATGTCCCTCTTGTCGCCAACCT 120
SALL2 CAGCGGAAACCCCAACAGTTA 103 GAGGGTCAGTAGAACATGCGT 121
DPPA4 GACCTCCACAGAGAAGTCGAG 104 TGCCTTTTTCTTAGGGCAGAG 122
VIM AGTCCACTGAGTACCGGAGAC 105 CATTTCACGCATCTGGCGTTC 123
CDH1 CGAGAGCTACACGTTCACGG 106 GGGTGTCGAGGGAAAAATAGG 124

CDH2 AGCCAACCTTAACTGAGGAGT 107 GGCAAGTTGATTGGAGGGATG 125
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SEQ SEQ
D D
Gene Forward Primer (5'—=3"') NO: Reverse Primer (5'—3') NO:
EPCAM  TGATCCTGACTGCGATGAGAG 108 CTTGTCTATTCTTCTGACCCC 126
LAMC1  GGCAACGTGGCCTTTTCTAC 109  AGTGGCAGTTACCCATTCCTG 127
$PP1 GARAGTTTCGCAGACCTGACAT 110 GTATGCACCATTCAACTCCTCG 128
THY1 ATCECTCTCCTGCTARCAGTC 111 CTCGTACTGGATGGGTGAACT 129
TPM2 CTGAGACCCGAGCAGAGTTTG 112 TGAATCTCGACGTTCTCCTCC 130
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 130

<210> SEQ ID NO 1

<211> LENGTH: 1413

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

ttectgttge agataagccce agcettagece agetgaccece agaccctete cectcactee 60
cceccatgteg caggategag acccetgagge agacageceg ttcaccaage cceccegecce 120
gcceccatca ccecgtaaac ttceteccage ctecgeectyg cectcaccca geecgetgtt 180
cceccaagect cgetecaage ccacgecace cctgecagcag ggcageccca gaggcecagcea 240
cctatecceyg aggetggggt cgaggetegg ccecgecccet gectcetgcaa cttgagecty 300
getgegacce ctgctectgac gtcteggaaa attcccectt geccaggece ttgggggagg 360

gggtgcatgg tatgaaatgg ggctgagacce cceggetggg ggcagaggaa ccegecagag 420

aaggagccaa attaggette tgtttecetg atctggcact ccaaggggac acgccgacag 480
cgacagcaga gacatgetgg aaaggtacaa gctcatcccet ggcaagette ccacagetgg 540
actggggete cgegttactg cacccagaag ttecatgggg ggcggagece gactctcagg 600
ctetteegty gteeggggac tggacagaca tggegtgcac agectgggac tcttggageg 660
gegectegea gaccctggge cccgecccte teggeceggg ceccatcece geegecgget 720
ccgaaggege cgegggecag aactgegtcee cegtggeggg agaggecace tcegtggtege 780
gegeccagge cgccgggage aacaccaget gggactgtte tgtggggece gacggegata 840

cctactgggyg cagtggectyg ggeggggage cgegcacgga ctgtaccatt tegtggggeg 900
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-continued

ggecegegygyg ccecggactgt accacctect ggaacceggg getgcatgeg ggtggcacca 960
cctectttgaa geggtaccag agctcagcte tcaccgtttg ctceccgaaccg agcccgcagt 1020
cggaccgtge cagtttggcet cgatgcccca aaactaacca ccgaggtccce attcagetgt 1080
ggcagttecect cctggagcectg ctecacgacg gggcgcgtag cagctgcatce cgttggactg 1140
gcaacagceyg cgagttccag ctgtgcgace ccaaagaggt ggctceggetyg tggggcgage 1200
gcaagagaaa gccgggcatg aattacgaga agctgagcceg gggccttegce tactactatce 1260
geegegacat cgtgcgcaag ageggggggce gaaagtacac gtaccgettce gggggccgeg 1320
tgcccagect agcectatcceg gactgtgegg gaggcggacyg gggagcagag acacaataaa 1380
aattcceggt caaacctcaa aaaaaaaaaa aaa 1413
<210> SEQ ID NO 2

<211> LENGTH: 1275

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 2

atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag 60
cegtatttet actgegacga ggaggagaac ttctaccage agcagcagca gagcgagetg 120
cagceccagg cgggatcagg tageggtage cgecgeteeg ggetctgete gecectectac 180
gttgcggtca cacccttete cecttegggga gacaacgacg geggtggegyg gagettetec 240
acggccgace agctggagat ggtgaccgag ctgctgggag gagacatggt gaaccagagt 300
ttcatctgeg acccggacga cgagacctte atcaaaaaca tcatcatcca ggactgtatg 360
tggagcegget tcteggecge cgecaagete gtetcagaga agetggecte ctaccaggcet 420
gegegcaaag acageggcag cccgaaccce geccgeggee acagegtcetyg ctecacctec 480
agcttgtace tgcaggatct gagegecgee gectcagagt geatcgacce cteggtggte 540
ttccectace ctetcaacga cagcageteg cccaagtect gegectegea agactccage 600
gecttetete cgtectegga ttetetgete tectegacgg agtectecce geagggeage 660
ccegageccee tggtgeteca tgaggagaca ccgeccacca ccagcagega ctetgaggag 720
gaacaagaag atgaggaaga aatcgatgtt gtttctgtgg aaaagaggca ggctectgge 780
aaaaggtcag agtctggatce accttetget ggaggccaca gcaaacctcee tcacagcecca 840
ctggtectca agaggtgeca cgtctcecaca catcagecaca actacgcage gectccctece 900
actcggaagyg actatcctge tgccaagagg gtcaagttgg acagtgtcag agtcctgaga 960
cagatcagca acaaccgaaa atgcaccage cccaggtect cggacaccga ggagaatgte 1020

aagaggcgaa cacacaacgt cttggagege cagaggagga acgagctaaa acggagettt 1080

tttgcectge gtgaccagat cccggagttg gaaaacaatg aaaaggcccce caaggtagtt 1140

atccttaaaa aagccacagc atacatcctg tcecgtccaag cagaggagca aaagctcatt 1200

tctgaagagg acttgttgcg gaaacgacga gaacagttga aacacaaact tgaacagcta 1260

cggaactctt gtgcg 1275

<210> SEQ ID NO 3
<211> LENGTH: 1287
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 3

atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag 60
cegtatttet actgegacga ggaggagaac ttctaccage agcagcagca gagcgagetg 120
cagccecagyg cgcccagega ggatatetgg aagaaatteg agetgetgee cacccecegecce 180
ctgtccecta geegecgete cgggetetge tegeectect acgttgeggt cacaccctte 240
tceectteggyg gagacaacga cggeggtgge gggagettet ccacggecga ccagetggag 300
atggtgaccyg agctgetggg aggagacatg gtgaaccaga gtttcatetg cgacccggac 360
gacgagacct tcatcaaaaa catcggatca ggtagcggte tegtctcaga gaagetggec 420
tcctaccagg ctgcgegcaa agacagegge ageccgaace cegecegegg ccacagegte 480
tgctccacct ccagettgta cctgcaggat ctgagegeeg cegectcaga gtgcatcgac 540
cecteggtgyg tettecccta cectetecaac gacagcaget cgeccaagte ctgegecteg 600
caagactcca gcgecttete teegtecteg gattetetge tetectegac ggagtectece 660
ccgcagggea gecccgagece cctggtgete catgaggaga caccgeccac caccagcage 720
gactctgagg aggaacaaga agatgaggaa gaaatcgatg ttgtttetgt ggaaaagagg 780
caggctectyg gcaaaaggte agagtctgga tcaccttetg ctggaggeca cagcaaacct 840
cctecacagee cactggtect caagaggtge cacgtctcca cacatcagca caactacgca 900
gegecteect ccactcggaa ggactatcct getgccaaga gggtcaagtt ggacagtgte 960
agagtcctga gacagatcag caacaaccga aaatgcacca gecccaggte cteggacacce 1020

gaggagaatyg tcaagaggcg aacacacaac gtcttggage gecagaggag gaacgagcta 1080
aaacggagct tttttgcecct gegtgaccag atcccggagt tggaaaacaa tgaaaaggcce 1140
cccaaggtag ttatccttaa aaaagccaca gcatacatcce tgtccgtcca agcagaggag 1200
caaaagctca tttctgaaga ggacttgttg cggaaacgac gagaacagtt gaaacacaaa 1260
cttgaacagc tacggaactc ttgtgceg 1287
<210> SEQ ID NO 4

<211> LENGTH: 1305

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 4

atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag 60
cegtatttet actgegacga ggaggagaac ttctaccage agcagcagca gagcgagetg 120
cagccecagyg cgcccagega ggatatetgg aagaaatteg agetgetgee cacccecegecce 180
ctgtccecta geegecgete cgggetetge tegeectect acgttgeggt cacaccctte 240
tceectteggyg gagacaacga cggeggtgge gggagettet ccacggecga ccagetggag 300
atggtgaccyg agctgetggg aggagacatg gtgaaccaga gtttcatetg cgacccggac 360

gacgagacct tcatcaaaaa catcatcatc caggactgta tgtggagegyg ctteteggec 420
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gccgcecaage tcgtctcaga gaagctggec tcectaccagg ctgcegegcaa agacagcegge 480
agccegaacc ccgccegegg ccacagegte tgctccacct ccagettgta cctgcaggat 540
ctgagcgcceg ccgcectcaga gtgcatcgac cccteggtgg tettccccta cectctcaac 600
gacagcagct cgcccaagtc ctgcgcectceg caagactcca gegecttete tcegtecteg 660
gattctectge tctectecgac ggagtcctcece cecgcagggca gccccgagec cctggtgetce 720
catgaggaga caccgcccac caccagcagce gactctgagg aggaacaaga agatgaggaa 780
gaaatcgatg ttgtttctgt ggaaaagagg caggctcctg gcaaaaggtc agagtctgga 840
tcaccttetg ctggaggcca cagcaaacct cctcacagec cactggtcct caagaggtgce 900
cacgtctcca cacatcagca caactacgca gcgectcect ccactcggaa ggactatgga 960

tcaggtageg gtagtgtcag agtcctgaga cagatcagca acaaccgaaa atgcaccagce 1020
cccaggtect cggacaccga ggagaatgtc aagaggcgaa cacacaacgt cttggagcge 1080
cagaggagga acgagctaaa acggagcttt tttgccctge gtgaccagat cccggagttg 1140
gaaaacaatg aaaaggcccce caaggtagtt atccttaaaa aagccacagc atacatcctg 1200
tcegtecaag cagaggagca aaagctcatt tctgaagagg acttgttgcg gaaacgacga 1260
gaacagttga aacacaaact tgaacagcta cggaactctt gtgcg 1305
<210> SEQ ID NO 5

<211> LENGTH: 1290

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 5

atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag 60
cegtatttet actgegacga ggaggagaac ttctaccage agcagcagca gagcgagetg 120
cagccecagyg cgcccagega ggatatetgg aagaaatteg agetgetgee cacccecegecce 180
ctgtccecta geegecgete cgggetetge tegeectect acgttgeggt cacaccctte 240
tceectteggyg gagacaacga cggeggtgge gggagettet ccacggecga ccagetggag 300
atggtgaccyg agctgetggg aggagacatg gtgaaccaga gtttcatetg cgacccggac 360
gacgagacct tcatcaaaaa catcatcatc caggactgta tgtggagegyg ctteteggec 420
gecgecaage tcegtcetcaga gaagetggece tcectaccagg ctgcegegcaa agacagegge 480
agcccgaace ccgeccgegg ccacagegte tgetecacet ccagettgta cctgcaggat 540
ctgagegeceg ccgectcaga gtgcatcgac cecteggtgg tettceccta cectetcaac 600
gacagcagct cgcccaagte ctgegecteg caagactcca gegecttete teegtecteg 660
gattctetge tctectegac ggagtectee cegcagggca gecccgageco cctggtgete 720
catgaggaga caccgcccac caccagcage gactcectgagg aggaacaaga agatgaggaa 780
gaaatcgatg ttgtttcetgt ggaaaagagyg caggctectg gcaaaaggtc agagtctgga 840
tcaccttetyg ctggaggcca cagcaaacct cctcacagec cactggtect caagaggtge 900
cacgtcteca cacatcagca caactacgca gegectececet ccacteggaa ggactatcect 960

getgccaaga gggtcaagtt ggacagtgte agagtcctga gacagatcag caacaaccga 1020
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aaatgcacca gccccaggte ctcggacacce gaggagaatyg tceggatcagyg tageggtgag 1080
ctaaaacgga gcttttttge cctgcgtgac cagatceccegg agttggaaaa caatgaaaag 1140
gccecccaagg tagttatcct taaaaaagcc acagcataca tectgtecegt ccaagcagag 1200
gagcaaaagc tcatttctga agaggacttg ttgcggaaac gacgagaaca gttgaaacac 1260
aaacttgaac agctacggaa ctcttgtgcg 1290
<210> SEQ ID NO 6

<211> LENGTH: 1206

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 6

atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag 60
cegtatttet actgegacga ggaggagaac ttctaccage agcagcagca gagcgagetg 120
cagccecagyg cgcccagega ggatatetgg aagaaatteg agetgetgee cacccecegecce 180
ctgtccecta geegecgete cgggetetge tegeectect acgttgeggt cacaccctte 240
tceectteggyg gagacaacga cggeggtgge gggagettet ccacggecga ccagetggag 300
atggtgaccyg agctgetggg aggagacatg gtgaaccaga gtttcatetg cgacccggac 360
gacgagacct tcatcaaaaa catcatcatc caggactgta tgtggagegyg ctteteggec 420
gecgecaage tcegtcetcaga gaagetggece tcectaccagg ctgcegegcaa agacagegge 480
agcccgaace ccgeccgegg ccacagegte tgetecacet ccagettgta cctgcaggat 540
ctgagegeceg ccgectcaga gtgcatcgac cecteggtgg tettceccta cectetcaac 600
gacagcagct cgcccaagte ctgegecteg caagactcca gegecttete teegtecteg 660
gattctetge tctectegac ggagtectee cegcagggca gecccgageco cctggtgete 720
catgaggaga caccgcccac caccagcage gactcectgagg aggaacaaga agatgaggaa 780
gaaatcgatg ttgtttcetgt ggaaaagagyg caggctectg gcaaaaggtc agagtctgga 840
tcaccttetyg ctggaggcca cagcaaacct cctcacagec cactggtect caagaggtge 900
cacgtcteca cacatcagca caactacgca gegectececet ccacteggaa ggactatcect 960

gctgccaaga gggtcaagtt ggacagtgtc agagtcectga gacagatcag caacaaccga 1020

aaatgcacca gccccaggte ctcggacacce gaggagaatyg tcaagaggceyg aacacacaac 1080

gtcttggage gccagaggag gaacggatca ggtagcggtce aaaagctcat ttctgaagag 1140

gacttgttgce ggaaacgacg agaacagttg aaacacaaac ttgaacagct acggaactct 1200

tgtgeg 1206

<210> SEQ ID NO 7

<211> LENGTH: 1230

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 7

atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag 60
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cegtatttet actgcgacga ggaggagaac ttctaccage agcagcagca gagcgagcetg 120
cagcecccegg cgeccagega ggatatctgg aagaaatteg agctgctgece caccccgecce 180
ctgtcccecta geegeegete cgggctetge tcegeccctect acgttgeggt cacaccctte 240
tcecetteggg gagacaacga cggceggtgge gggagcettcet ccacggecga ccagetggag 300
atggtgaccg agctgctggg aggagacatg gtgaaccaga gtttcatctg cgacccggac 360
gacgagacct tcatcaaaaa catcatcatc caggactgta tgtggagegg cttcteggec 420
gccgcecaage tcgtctcaga gaagctggec tcectaccagg ctgcegegcaa agacagcegge 480
agccegaacc ccgccegegg ccacagegte tgctccacct ccagettgta cctgcaggat 540
ctgagcgcceg ccgcectcaga gtgcatcgac cccteggtgg tettccccta cectctcaac 600
gacagcagct cgcccaagtc ctgcgcectceg caagactcca gegecttete tcegtecteg 660
gattctectge tctectecgac ggagtcctcece cecgcagggca gccccgagec cctggtgetce 720
catgaggaga caccgcccac caccagcagce gactctgagg aggaacaaga agatgaggaa 780
gaaatcgatg ttgtttctgt ggaaaagagg caggctcctg gcaaaaggtc agagtctgga 840
tcaccttetg ctggaggcca cagcaaacct cctcacagec cactggtcct caagaggtgce 900
cacgtctcca cacatcagca caactacgca gcgectccect ccactcggaa ggactatcct 960

gctgccaaga gggtcaagtt ggacagtgtc agagtcectga gacagatcag caacaaccga 1020
aaatgcacca gccccaggte ctcggacacce gaggagaatyg tcaagaggceyg aacacacaac 1080
gtcttggage gccagaggag gaacgagcta aaacggagcet tttttgcecct gcgtgaccag 1140
atcccggagt tggaaaacaa tgaaaaggcce cccaaggtag ttatccttaa aaaagccaca 1200
gcatacatcc tgtccgtcca agcagaggag 1230
<210> SEQ ID NO 8

<211> LENGTH: 906

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 8

atgggatcag gtageggtct cgtctcagag aagctggect cctaccagge tgegegcaaa 60
gacagcggca gcccgaacce cgccecgegge cacagegtcet getccaccte cagettgtac 120
ctgcaggate tgagegecge cgectcagag tgcatcgace ceteggtggt ctteccctac 180
cctetcaacyg acagcagete geccaagtee tgegectege aagactccag cgecttetet 240
cegtectegyg attctetget ctectegacyg gagtecteee cgcagggeag ccccgagecce 300
ctggtgetee atgaggagac accgcccace accagcageg actctgagga ggaacaagaa 360
gatgaggaag aaatcgatgt tgtttctgtg gaaaagaggce aggctcectgyg caaaaggtca 420
gagtctggat caccttetge tggaggccac agcaaaccte ctcacagecce actggtectce 480
aagaggtgce acgtctcecac acatcagecac aactacgcag cgcecteccte cactceggaag 540
gactatcctyg ctgccaagag ggtcaagttyg gacagtgtca gagtcctgag acagatcage 600
aacaaccgaa aatgcaccag ccccaggtee teggacaceg aggagaatgt caagaggcega 660
acacacaacg tcttggageg ccagaggagg aacgagctaa aacggagett ttttgccctg 720

cgtgaccaga tcccggagtt ggaaaacaat gaaaaggccec ccaaggtagt tatccttaaa 780
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aaagccacag catacatcct gtecegtecaa gcagaggage aaaagcetcat ttcetgaagag

gacttgttge ggaaacgacg agaacagttyg aaacacaaac ttgaacagct acggaactct

tgtgeg

<210> SEQ ID NO 9

<211> LENGTH: 1062

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

840

900

906

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 9
atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag
cegtatttet actgegacga ggaggagaac ttctaccage agcagcagca gagcgagetg
cagccecagyg cgcccagega ggatatetgg aagaaatteg agetgetgee cacccecegecce
ctgtccecta geegecgete cgggetetge tegeectect acgttgeggt cacaccctte
tceectteggyg gagacaacga cggeggtgge gggagettet ccacggecga ccagetggag
atggtgaccyg agctgetggg aggagacatg gtgaaccaga gtttcatetg cgacccggac
gacgagacct tcatcaaaaa catcatcatc caggactgta tgtggagegyg ctteteggec
gecgecaage tcegtcetcaga gaagetggece tcectaccagg ctgcegegcaa agacagegge
agcccgaace ccgeccgegg ccacagegte tgetecacet ccagettgta cctgcaggat
ctgagegeceg ccgectcaga gtgcatcgac cecteggtgg tettceccta cectetcaac
gacagcagct cgcccaagte ctgegecteg caagactcca gegecttete teegtecteg
gattctetge tctectegac ggagtectee cegcagggca gecccgageco cctggtgete
catgaggaga caccgcccac caccagcage gactcectgagg aggaacaaga agatgaggaa
gaaatcgatg ttgtttcetgt ggaaaagagyg caggctectg gcaaaaggtc agagtctgga
tcaccttetyg ctggaggcca cagcaaacct cctcacagec cactggtect caagaggtge
cacgtcteca cacatcagca caactacgca gegectececet ccacteggaa ggactatcect
getgccaaga gggtcaagtt ggacagtgte agagtcctga gacagatcag caacaaccga
aaatgcacca gccccaggte cteggacace gaggagaatg te
<210> SEQ ID NO 10
<211> LENGTH: 1317
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1062

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 10
atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag
cegtatttet actgcgacga ggaggagaac ttctaccage agcagcagca gagegegetg
cagccecagyg cgcccagega ggatatetgg aagaaatteg agetgetgee cacccecegecce
ctgtccecta geegecgete cgggetetge tegeectect acgttgeggt cacaccctte
tceectteggyg gagacaacga cggeggtgge gggagettet ccacggecga ccagetggag

atggtgaccyg agctgetggg aggagacatg gtgaaccaga gtttcatetg cgacccggac

60

120

180

240

300

360
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gacgagacct tcatcaaaaa catcatcatc caggactgta tgtggagegg cttcteggec 420
gccgcecaage tcgtctcaga gaagctggec tcectaccagg ctgcegegcaa agacagcegge 480
agccegaacc ccgccegegg ccacagegte tgctccacct ccagettgta cctgcaggat 540
ctgagcgcceg ccgcectcaga gtgcatcgac cccteggtgg tettccccta cectctcaac 600
gacagcagct cgcccaagtc ctgcgcectceg caagactcca gegecttete tcegtecteg 660
gattctectge tctectecgac ggagtcctcece cecgcagggca gccccgagec cctggtgetce 720
catgaggaga caccgcccac caccagcagce gactctgagg aggaacaaga agatgaggaa 780
gaaatcgatg ttgtttctgt ggaaaagagg caggctcctg gcaaaaggtc agagtctgga 840
tcaccttetg ctggaggcca cagcaaacct cctcacagec cactggtcct caagaggtgce 900
cacgtctcca cacatcagca caactacgca gcgectccect ccactcggaa ggactatcct 960

gctgccaaga gggtcaagtt ggacagtgtc agagtcectga gacagatcag caacaaccga 1020
aaatgcacca gccccaggte ctcggacacce gaggagaatyg tcaagaggceyg aacacacaac 1080
gtcttggage gccagaggag gaacgagcta aaacggagcet tttttgcecct gcgtgaccag 1140
atcccggagt tggaaaacaa tgaaaaggcce cccaaggtag ttatccttaa aaaagccaca 1200
gcatacatcc tgtccgtcca agcagaggag caaaagctca tttctgaaga ggacttgttg 1260
cggaaacgac gagaacagtt gaaacacaaa cttgaacagc tacggaactc ttgtgceg 1317
<210> SEQ ID NO 11

<211> LENGTH: 1317

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 11

atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag 60
cegtatttet actgegacga ggaggagaac ttctaccage agcagcagca gagcgagetg 120
cagccccagg cgcccagega ggatatetgg aagaaatteg agetgetgee cgecccegecce 180
ctgtccecta geegecgete cgggetetge tegeectect acgttgeggt cacaccctte 240
tceectteggyg gagacaacga cggeggtgge gggagettet ccacggecga ccagetggag 300
atggtgaccyg agctgetggg aggagacatg gtgaaccaga gtttcatetg cgacccggac 360
gacgagacct tcatcaaaaa catcatcatc caggactgta tgtggagegyg ctteteggec 420
gecgecaage tcegtcetcaga gaagetggece tcectaccagg ctgcegegcaa agacagegge 480
agcccgaace ccgeccgegg ccacagegte tgetecacet ccagettgta cctgcaggat 540
ctgagegeceg ccgectcaga gtgcatcgac cecteggtgg tettceccta cectetcaac 600
gacagcagct cgcccaagte ctgegecteg caagactcca gegecttete teegtecteg 660
gattctetge tctectegac ggagtectee cegcagggca gecccgageco cctggtgete 720
catgaggaga caccgcccac caccagcage gactcectgagg aggaacaaga agatgaggaa 780
gaaatcgatg ttgtttcetgt ggaaaagagyg caggctectg gcaaaaggtc agagtctgga 840
tcaccttetyg ctggaggcca cagcaaacct cctcacagec cactggtect caagaggtge 900

cacgtcteca cacatcagca caactacgca gegectececet ccacteggaa ggactatcect 960
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gctgccaaga gggtcaagtt ggacagtgtc agagtcectga gacagatcag caacaaccga 1020
aaatgcacca gccccaggte ctcggacacce gaggagaatyg tcaagaggceyg aacacacaac 1080
gtcttggage gccagaggag gaacgagcta aaacggagcet tttttgcecct gcgtgaccag 1140
atcccggagt tggaaaacaa tgaaaaggcce cccaaggtag ttatccttaa aaaagccaca 1200
gcatacatcc tgtccgtcca agcagaggag caaaagctca tttctgaaga ggacttgttg 1260
cggaaacgac gagaacagtt gaaacacaaa cttgaacagc tacggaactc ttgtgceg 1317
<210> SEQ ID NO 12

<211> LENGTH: 1317

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 12

atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag 60
cegtatttet actgegacga ggaggagaac ttctaccage agcagcagca gagcgagetg 120
cagccecagyg cgcccagega ggatatetgg aagaaatteg agetgetgee cacccecegecce 180
ctggececta geegecgete cgggetetge tegeectect acgttgeggt cacaccctte 240
tceectteggyg gagacaacga cggeggtgge gggagettet ccacggecga ccagetggag 300
atggtgaccyg agctgetggg aggagacatg gtgaaccaga gtttcatetg cgacccggac 360
gacgagacct tcatcaaaaa catcatcatc caggactgta tgtggagegyg ctteteggec 420
gecgecaage tcegtcetcaga gaagetggece tcectaccagg ctgcegegcaa agacagegge 480
agcccgaace ccgeccgegg ccacagegte tgetecacet ccagettgta cctgcaggat 540
ctgagegeceg ccgectcaga gtgcatcgac cecteggtgg tettceccta cectetcaac 600
gacagcagct cgcccaagte ctgegecteg caagactcca gegecttete teegtecteg 660
gattctetge tctectegac ggagtectee cegcagggca gecccgageco cctggtgete 720
catgaggaga caccgcccac caccagcage gactcectgagg aggaacaaga agatgaggaa 780
gaaatcgatg ttgtttcetgt ggaaaagagyg caggctectg gcaaaaggtc agagtctgga 840
tcaccttetyg ctggaggcca cagcaaacct cctcacagec cactggtect caagaggtge 900
cacgtcteca cacatcagca caactacgca gegectececet ccacteggaa ggactatcect 960

gctgccaaga gggtcaagtt ggacagtgtc agagtcectga gacagatcag caacaaccga 1020
aaatgcacca gccccaggte ctcggacacce gaggagaatyg tcaagaggceyg aacacacaac 1080
gtcttggage gccagaggag gaacgagcta aaacggagcet tttttgcecct gcgtgaccag 1140
atcccggagt tggaaaacaa tgaaaaggcce cccaaggtag ttatccttaa aaaagccaca 1200
gcatacatcc tgtccgtcca agcagaggag caaaagctca tttctgaaga ggacttgttg 1260

cggaaacgac gagaacagtt gaaacacaaa cttgaacagc tacggaactc ttgtgceg 1317

<210> SEQ ID NO 13

<211> LENGTH: 1086

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
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<400> SEQUENCE: 13

atggcgactg cggagacagc acttccatca atctcaacac tcactgcact ggggccattt 60
ccagataccc aggacgattt ccttaagtgg tggcggtceg aagaggctca agacatggga 120
cctggteege cggatcccac cgaacctccet ctgcatgtca aaagtgaaga tcagcctggce 180
gaggaagagg atgacgaaag gggtgccgac gccacttggg acttggatct tctccttacc 240
aatttctectg gtccggaacce tggceggggca ccacagacgt gegectctege tccctcagaa 300
gcgagcegggg ctcagtacce accccctccec gaaactctgg gagcectatge tgggggtcect 360
ggactggtgg ctgggttgct tggtagtgag gaccattctg gectgggtacg ccccgetttg 420
agggcccgeg cteccggacge ctttgtggga ccggcegeteg ctcectgcacce ggctccggaa 480
ccaaaagccc tegcegetgca geccegtgtac cccggacceg gagccggatce ctcaggggga 540
tacttcccac ggaccggact cagcegttcca geggcttceeg gggegccata cggattgttg 600
agcggctacce cggctatgta tcccegectcee cagtaccaag gacacttcca attgttcegg 660
ggtcttcaag ggcctgegee cgggectget accagtccca gtttcectcag ttgtcetggga 720
ccgggaactg ttggcactgg acttggeggg actgcagagg acccaggcgt tatagcagag 780
acagcgccaa dgtaaaagggg ccgacgaagce tgggccagga aacgccaagce tgcegcacact 840
tgtgcccatce caggttgegg taaatcctac acgaagagca gtcatcttaa agcacatctt 900
cgcacacaca cgggcgagaa gccctacgece tgtacttggg aaggttgcgg ctggagattce 960

gctagatcetyg acgagctcac ccggcattat cgaaaacaca ctggccagcg accgttecgg 1020
tgccaactct gecccaagggce gttcagtcge tcagatcatce tggctttgca tatgaagcga 1080

cacctt 1086

<210> SEQ ID NO 14

<211> LENGTH: 1065

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 14

atggccctta gtgaacccat tctteccage ttttecacgt tegegtctee ttgccgagag 60
agaggcctte aggaaaggtg gecgaggget gaacccgagt ctggaggtac ggatgatgat 120
cttaacagtyg tgctcgattt catactctca atgggactgg acgggetggg ageggaggca 180
getectgaac caccaccacc cectecegece ccagegtttt actacccgga gecaggtgeg 240
cegecgecat attcagecce ggegggtgge ttggtgteeg agetcctecg gectgaattg 300
gatgcceege teggecegge getgcatggt agatttetge tegegectece gggtegacte 360
gttaaggctyg aacctcctga ggctgatggt ggaggtgget acggatgtge ccecegggett 420
acccgaggac cgagaggtcet taagegggaa ggggcacctg geceggetge aagetgtatg 480
cgggggecceg gtgggaggece tccccegece cctgatacac cececcttag tccagatgga 540
ccagctegac ttecegeace tggecccaga gegagtttece cecctecatt tggaggacceg 600
gggtttggeg ccccaggtee tggacttcac tacgecccte ctgecccccce agettttggt 660
cttttegacyg atgctgetge tgeccgeagea gecttgggece ttgegecgee cgcagecagg 720

ggactgctca cgccaccgge aageccectyg gagetecttg aagccaagec gaagegagga 780
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cgcagatcat ggccgcgcaa gcggacagct acgcatacct gctcatatgce gggetgegga 840
aaaacctaca caaagagttc acaccttaaa gcgcaccttc gcacacacac aggcgagaaa 900
ccatatcatt gtaactggga cggatgtgga tggaaatttg ctcggtctga tgagcttacg 960

agacattatc gaaagcatac cggacatcgg ccctttcaat geccatctttg tgacagagcet 1020

ttttceceggt ctgaccacct cgctcectgcac atgaagaggce acatg 1065

<210> SEQ ID NO 15

<211> LENGTH: 1035

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 15

atgctcatgt ttgacccagt tcctgtcaag caagaggcca tggaccctgt ctcagtgtca 60

tacccatcta attacatgga atccatgaag cctaacaagt atggggtcat ctactccaca 120

ccattgectyg agaagttett tcagacccca gaaggtctgt cgcacggaat acagatggag 180

ccagtggace tcacggtgaa caagcggagt tcaccccectt cggetgggaa ttcegecctcee 240

tctetgaagt tccegtecte acaccggaga gectegectyg ggttgageat gecttettee 300

agcccaccga taaaaaaata ctcacccect tetcecaggeg tgcagccctt cggegtgecg 360

ctgtecatge caccagtgat ggcagctgece ctetegegge atggaatacyg gageccgggg 420

atcctgeceg tcatccagece ggtggtggtg cageccegtece ccetttatgta cacaagtcac 480

cteccagcage ctctcatggt ctecttatceg gaggagatgg aaaattccag tagtagcatg 540

caagtacctg taattgaatc atatgagaag cctatatcac agaaaaaaat taaaatagaa 600

cctgggateg aaccacagag gacagattat tatcctgaag aaatgtcacce ccccttaatg 660

aactcagtgt ccccceccgca agcattgttg caagagaatce accctteggt catcegtgcag 720

cctgggaaga gacctttacce tgtggaatcce ceggatacte aaaggaagceyg gaggatacac 780

agatgtgatt atgatggatg caacaaagtg tacactaaaa gctcccactt gaaagcacac 840

agaagaacac acacaggaga aaaaccctac aaatgtacat gggaagggtyg cacatggaag 900

tttgctceggt ctgatgaact aacaagacat ttccgaaaac atactggaat caaaccttte 960

cagtgcccgg actgtgaccg cagcttcectcee cgttcectgacce atcttgceccect ccataggaaa 1020

cgccacatgce tagtce 1035

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 1371

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

SEQUENCE: 16

atggctacaa gggtgctgag catgagegee cgectgggac cegtgeccca gecgecggeg 60

ccgcaggacyg agcecggtgtt cgegeagete aageeggtge tgggegeege gaatceggece 120

cgcgacgegyg cgctettece cggegaggag ctgaagecacg cgcaccacceg cccgcaggeg 180

cagceagage ccgegeagge cocgeagecg geccagecge cegecacegg ccegeggetg 240

Apr. 15,2021
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cctecagagg acctggtcca gacaagatgt gaaatggaga agtatctgac acctcagett 300
cctecagtte ctataattcce agagcataaa aagtatagac gagacagtgce ctcagtcgta 360
gaccagttct tcactgacac tgaagggtta ccttacagta tcaacatgaa cgtcttcecte 420
cctgacatca ctcacctgag aactggecte tacaaatccce agagaccgtyg cgtaacacac 480
atcaagacag aacctgttgc cattttcage caccagagtg aaacgactgce ccctectcecg 540
geeecgacee aggecctcecee tgagttcace agtatattca getcacacca gaccgcaget 600
ccagaggtga acaatatttt catcaaacaa gaacttccta caccagatct tcatctttet 660
gteectacee agcagggcca cctgtaccag ctactgaata caccggatct agatatgecce 720
agttctacaa atcagacagc agcaatggac actcttaatg tttctatgtce agctgecatg 780
gcaggcctta acacacacac ctctgetgtt ccgcagactg cagtgaaaca attccaggge 840
atgccccctt gcacatacac aatgccaagt cagtttctte cacaacaggce cacttacttt 900
ccecegteac caccaagetce agagectgga agtccagata gacaagcaga gatgctccag 960
aatttaaccc cacctccatc ctatgctgct acaattgcett ctaaactggce aattcacaat 1020
ccaaatttac ccaccaccct gccagttaac tcacaaaaca tccaacctgt cagatacaat 1080

agaaggagta accccgattt ggagaaacga cgcatccact actgcgatta ccctggttgce 1140
acaaaagttt ataccaagtc ttctcattta aaagctcacc tgaggactca cactggtgaa 1200
aagccataca agtgtacctg ggaaggctgce gactggaggt tcgcgcgatce ggatgagcetg 1260
acccgecact accggaagca cacaggegece aageccttece agtgeggggt gtgcaaccge 1320
agcttcetege getctgacca cctggecctg catatgaaga ggcaccagaa ¢ 1371
<210> SEQ ID NO 17

<211> LENGTH: 849

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 17

atggacgtge tccccatgtg cageatctte caggagetece agatcgtgca cgagaccegge 60
tacttctegg cgctgeegte tetggaggag tactggecaac agacctgect agagetggaa 120
cgttacctee agagcgagece ctgctatgtt tcagectcag aaatcaaatt tgacagccag 180
gaagatctgt ggaccaaaat cattctggcet cgggagaaaa aggaggaatc cgaactgaag 240
atatcttcca gtectecaga ggacactete atcageccga gettttgtta caacttagag 300
accaacagcce tgaactcaga tgtcagcage gaatcctetg acagctcega ggaactttet 360
cccacggeca agtttaccte cgaccccatt ggegaagttt tggtcagete gggaaaattg 420
agctectetyg tcacctecac gectecatcet teteecggaac tgagcaggga accttctcaa 480

ctgtggggtt gegtgecegg ggagetgece tegecaggga aggtgegeag cgggactteg 540
gggaagccag gtgacaaggg aaatggcgat gectcccceg acggcaggag gagggtgeac 600
cggtgecact ttaacggetg caggaaagtt tacaccaaaa getcccactt gaaagcacac 660
cagcggacge acacaggaga aaagccttac agatgctcat gggaagggtyg tgagtggegt 720

tttgcaagaa gtgatgagtt aaccaggcac ttccgaaage acaccgggge caagectttt 780
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aaatgctece actgtgacag gtgtttttee aggtetgace acctggeect gcacatgaag 840

aggcacctce 849

<210> SEQ ID NO 18

<211> LENGTH: 906

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 18

atggacgtgt tggctagtta tagtatattc caggagctac aacttgtcca cgacaccgge 60

tacttctcag ctttaccatc cctggaggag acctggcage agacatgcect tgaattggaa 120

cgctacctac agacggagcce ccggaggatce tcagagacct ttggtgagga cttggactgt 180

ttectecacyg cttecectee ccegtgeatt gaggaaaget teegtegett agacccectg 240

ctgctecceyg tggaagegge catctgtgag aagagctegyg cagtggacat cttgetctet 300

cgggacaagt tgctatctga gacctgecte agectccage cggecagete ttctctagac 360

agctacacag ccgtcaacca ggcccagetce aacgcagtga cctcattaac gcccccatceg 420

tcecectgage tcagecgeca tctggtcaaa acctcacaaa ctetetetge cgtggatgge 480

acggtgacgt tgaaactggt ggccaagaag gctgctcteca gctecgtaaa ggtgggaggg 540

gtegcaacayg ctgcagcage cgtgacggcet gegggggecg ttaagagtgg acagagcgac 600

agtgaccaag gagggctagg ggctgaagca tgtcccgaaa acaagaagag ggttcaccge 660

tgtcagttta acgggtgccg gaaagtttat acaaaaagct cccacttaaa ggcccaccag 720

aggactcaca caggtgagaa gccttataag tgctcatggg agggatgtga gtggegtttt 780

gcacgaageyg atgagctcac gaggcactac aggaaacaca caggtgcaaa gcccttcaaa 840

tgcaaccact gcgacaggtg tttttccagg tctgaccate ttgcccteca catgaagaga 900

catatc 906

<210> SEQ ID NO 19

<211> LENGTH: 1077

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 19

atggtcgata tggataaact cataaacaac ttggaggtcc aacttaattc agaaggtgge 60

tcaatgcagg tattcaagca ggtcactget tctgttcgga acagagatcce ccctgagata 120

gaatacagaa gtaatatgac ttctccaaca ctcctggatg ccaaccccat ggagaaccca 180

gcactgttta atgacatcaa gattgagccce ccagaagaac ttttggctag tgatttcage 240

ctgceccaag tggaaccagt tgacctctece tttcacaage ccaaggctece tctecagect 300

gctagcatge tacaagctcece aatacgtccce cccaagecac agtcttcetec ccagacccett 360

gtggtgtcca cgtcaacatc tgacatgagce acttcagcaa acattcctac tgttctgacce 420

ccaggetetyg tectgaccte ctcectcagage actggtagec agcagatctt acatgtcatt 480

cacactatce cctcagtcag tctgccaaat aagatgggtg gectgaagac catcccagtg 540
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gtagtgcagt ctctgcccat ggtgtatact actttgectyg cagatggggg cectgcagec 600
attacagtce cactcattgg aggagatggt aaaaatgctyg gatcagtgaa agttgaccce 660
accteccatgt ctccactgga aattccaagt gacagtgagg agagtacaat tgagagtgga 720
tcctecagect tgcagagtct gcagggacta cagcaagaac cagcagcaat ggcccaaatg 780
cagggagaag agtcgcttga cttgaagaga agacggatte accaatgtga ctttgcagga 840
tgcagcaaag tgtacaccaa aagctctcac ctgaaagctce accgcagaat ccatacagga 900
gagaagcctt ataaatgcac ctgggatgge tgctcectgga aatttgcteg ctcagatgag 960
ctcactecgece atttccgcaa gcacacaggce atcaagectt ttcggtgcac agactgcaac 1020
cgcagetttt ctegttctga ccacctgtcee ctgcatcgee gtcecgeccatga caccatg 1077

<210> SEQ ID NO 20

<211> LENGTH: 732

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 20
atgtcegegyg ccgectacat ggacttegtg getgeccagt gtetggttte catttcegaac 60

cgegetgegy tgccggagea tggggteget ceggacgeeg ageggetgeg actacctgag 120

cgcgaggtga ccaaggagca cggtgacceg ggggacacct ggaaggatta ctgcacactg 180
gtcaccateg ccaagagctt gttggacctg aacaagtacc gacccatcca gaccccctece 240
gtgtgcageyg acagtctgga aagtccagat gaggatatgg gatccgacag cgacgtgacce 300
accgaatctyg ggtcgagtcee ttcccacage ceggaggaga gacaggatce tggcagegeg 360
cccageccge tcteectect ccatcctgga gtggetgega aggggaaaca cgcctcecgaa 420
aagaggcaca agtgcccecta cagtggetgt gggaaagtcet atggaaaatc ctcccatcte 480
aaagcccatt acagagtgca tacaggtgaa cggceccttte cctgcacgtyg gccagactge 540
cttaaaaagt tctccegetce agacgagetg acccgccact accggaccca cactggggaa 600
aagcagttce getgtecget gtgtgagaag cgettcatga ggagtgacca cctcacaaag 660
cacgececcgge ggcacaccga gttccaccee agcatgatca agcgatcgaa aaaggcegcetg 720
gccaacgcett tg 732

<210> SEQ ID NO 21

<211> LENGTH: 1440

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 21

atgctcaact tcggtgecte tcetecageag actgeggagg aaagaatgga aatgatttet 60
gaaaggccaa aagagagtat gtattcctgg aacaaaactg cagagaaaag tgattttgaa 120
getgtagaag cacttatgtc aatgagetge agttggaagt ctgattttaa gaaatacgtt 180
gaaaacagac ctgttacacc agtatctgat ttgtcagagg aagagaatct gettecggga 240

acacctgatt ttcatacaat cccageattt tgtttgactce caccttacag tccttetgac 300
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tttgaaccct ctcaagtgtc aaatctgatg gcaccagcege catctactgt acacttcaag 360
tcactctcag atactgccaa acctcacatt gccgcacctt tcaaagagga agaaaagagc 420
ccagtatctg cccccaaact ccccaaagcet caggcaacaa gtgtgattcg tcatacaget 480
gatgcccage tatgtaacca ccagacctgc ccaatgaaag cagccagcat cctcaactat 540
cagaacaatt cttttagaag aagaacccac ctaaatgttg aggctgcaag aaagaacata 600
ccatgtgceg ctgtgtcacce aaacagatcc aaatgtgaga gaaacacagt ggcagatgtt 660
gatgagaaag caagtgctgc actttatgac ttttctgtge cttcctcaga gacggtcatc 720
tgcaggtctc agccagccce tgtgtcccca caacagaagt cagtgttggt ctctccacct 780
gcagtatctg cagggggagt gccacctatg cecggtcatct geccagatggt tccccttect 840
gccaacaacc ctgttgtgac aacagtcgtt cccagcactc ctcccageca gccaccagec 900
gtttgcccee ctgttgtgtt catgggcaca caagtcccca aaggcgctgt catgtttgtg 960

gtaccccage ccgttgtgca gagttcaaag cctcececggtgg tgagcccgaa tggcaccaga 1020
ctctectecca ttgcccecctge tectgggttt tececttcag cagcaaaagt cactcectcag 1080
attgattcat caaggataag gagtcacatc tgtagccacc caggatgtgg caagacatac 1140
tttaaaagtt cccatctgaa ggcccacacg aggacgcaca caggagaaaa gcctttcagce 1200
tgtagctgga aaggttgtga aaggaggttt gccecgttetg atgaactgtce cagacacagg 1260
cgaacccaca cgggtgagaa gaaatttgcg tgccccatgt gtgaccggeg gttcatgagg 1320
agtgaccatt tgaccaagca tgcccggcge catctatcag ccaagaagct accaaactgg 1380
cagatggaag tgagcaagct aaatgacatt gctctacctc caacccecctge teccacacag 1440
<210> SEQ ID NO 22

<211> LENGTH: 1536

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 22

atgcatactce ctgatttege tggacctgac gacgeccgag cegtggacat tatggacatt 60
tgtgaatcta tactcgaaag aaagagacat gattcagagce gaagtacatg ctctatccte 120
gagcaaacag acatggaggc ggtagaagct ctggtgtgca tgtccagttyg gggtcagaga 180
tcccagaagyg gggacttget tagaatcega cegettacte cagttteega tageggegac 240
gtaacaacta ctgttcatat ggacgcagcce acgcctgage tgcccaaaga ctttcacage 300
ctctcaacte tttgcatcac tccaccacag tcccecgate ttgtcgaace atcaaccegg 360
acccctgtta geccgecaagt tacagattca aaggegtgta cegegacega tgttcetgeag 420

agttcagegyg ttgtagegeg ggcattgage ggaggggetg aacgaggtcet gttgggtett 480

gaacccegtac cgagttctec ttgtagagee aagggtacta gtgttatteg geatacegge 540
gagagtcegg cagettgttt ccccaccata caaaccccag actgtegect tagtgattec 600
cgggaagggyg aggaacagct gttgggecac ttegagacac ttcaagatac acacttgaca 660
gatagcttge tgtccaccaa cctggtgtca tgtcaacctt gtttgcacaa gtecegggggt 720
ctcecttetga ctgacaaagg tcaacaageg ggatggectg gegetgteca aacatgcagt 780

cctaaaaact acgaaaatga tttgcctagg aaaaccacgce cgcttatcag tgtgagtgtt 840
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cececgetcecac ctgtcectgtg ccagatgatce cctgtaaccg ggcaatcatc tatgttgect 900
gcgttcettga agccccccce acaactgtcec gttggtactg ttegcccgat ccttgcgcaa 960

geagcgeceyg ccececgcaace cgtgttegtg gggcecegetyg teccgcaggg tgcagtcatg 1020
ttggttette cccagggggce cctcecccgceca ccagcteegt gtgcagcgaa tgtcatgget 1080
gccggaaaca cgaaattgtt gccceccttgeca cccgctceccag ttttcataac gagctcacag 1140
aattgtgtgc cacaagtcga cttctcacga agacggaact atgtgtgctce tttcecccaggt 1200
tgcagaaaaa catatttcaa atcctctcat ctgaaagcac atcttcggac ccatacagga 1260
gagaagcctt ttaattgtag ctgggatggce tgtgataaaa aattcgcaag aagtgatgag 1320
ctcagtcgac atcgcaggac gcataccggg gaaaaaaaat tcgtttgtecce agtttgtgac 1380
agaagattta tgaggtccga ccatctcacc aagcacgege gacgccacat gactacaaag 1440
aaaattcctg gctggcaage cgaggtggga aaactcaacc gaatcgettce cgctgaatcce 1500
cceggecagece cgctggtaag tatgectgec agtgcece 1536
<210> SEQ ID NO 23

<211> LENGTH: 1206

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 23

atgaacattc acatgaagcg caagacgata aagaacatca atacattcga gaaccgaatg 60
ttgatgttgg atggcatgee cgctgtacgg gtaaaaaccg agctcctgga gtctgaacaa 120
ggatccccaa acgtccacaa ctacceggat atggaggcag tgccgetcett getcaacaat 180
gtgaagggag agccgcctga ggactctete tccegtagate atttccagac acagactgag 240
ccegtagate tttcaattaa caaagccaga acatctecta ctgeggtaag ttettetcece 300
gtaagtatga cagcaagtgc atctagtcca agttctacga gcactagcag ttettcatet 360
agtagacttyg ctagttcacc aacggtgatc acaagtgttt ctagcgccag cagcagctca 420
acggtactga ctcceggtece actegtggea agegetagtg gegtgggtgg ccaacaattt 480
ctccatatta ttcacccegt gectcegtet agtccgatga atctccagag caacaagcett 540
agtcacgtac ataggatcce cgtegtegte cagtcagtte cegtegteta cacagetgtg 600
cgatccectyg ggaatgtcaa taatactata gttgttectt tgettgagga tggtagggge 660
catgggaaag cacagatgga cccccgegge ttgtcaccga gacagtctaa atccgatagt 720
gacgacgatg atttgcctaa cgtaacactyg gactctgtga acgagaccgyg gagtaccget 780
ctgtcaatcg ctagggcegt acaggaggte cacccaagec ctgtgtcacg agtccgaggt 840
aacaggatga ataatcagaa atttcecctgt agecatcagec cattttctat agagtccact 900
cggagacage gacgaagtga atcacccgac tccagaaaaa ggaggataca tcgetgtgac 960

tttgagggct gtaacaaggt ctacacaaaa agttcacacc tcaaggcgca tcgacggacg 1020

catactgggg aaaaaccgta caaatgcacc tgggagggat gcacgtggaa atttgcacgc 1080

tctgacgagt tgacacgcca ctatcgaaag catacgggcg taaagccgtt taaatgcget 1140

gattgcgaca ggagttttag ccgctctgat caccttgcte ttcaccggag gcgacacatg 1200
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cttgtt 1206

<210> SEQ ID NO 24

<211> LENGTH: 864

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 24

atggctgegyg ctgcatatgt ggatcatttt geggetgagt gectggtgte aatgtctagt 60
agagcggtgg tacacggtcece cagagaagge ccagaatcac geccagaggg cgecgecegte 120
getgcaacac cgacgctgece tegggtcegag gagegecgeg acgggaagga cagtgegtca 180
cttttegtag tagcgagaat attggcagat ctgaatcaac aggctccage acctgegecce 240
getgaacgee gggagggcege cgctgecaga aaggccagaa caccatgecyg cttgecgeca 300
cctgegecag aacccacaag tccaggtgece gaaggtgegg cggetgecce tcecttcaceg 360
gectggtetyg aaccagaacce agaggcaggt cttgaacctg agecgegaacce cggeectgea 420

ggctetgggyg aacctggect gaggcagegyg gtgaggcegeg gecggagcayg ggecgacctg 480

gaatcaccyge aaaggaaaca taaatgccat tatgctggtt gecgaaaaggt ttatggaaag 540
tcatcccace tgaaagcaca cctccgeact cacacgggtyg agcgaccttt tgcegtgttcee 600
tggcaagact gcaataaaaa gtttgctaga tctgatgaac ttgcacggca ttatcgaact 660
cataccggtyg aaaagaagtt ctcatgecct atatgtgaga aacggttcat gcgctctgac 720
cacttgacga aacatgcaag acgacatgct aattttcate cggggatgtt gcagagacgg 780
ggagggggaa gtaggactgg aagtctctcece gactattcce gatccgacge ttectcacca 840
acgattagcc ccgcaagcag tcecc 864

<210> SEQ ID NO 25

<211> LENGTH: 969

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 25
atgtcagceg cagtcgeatg ccttgattac ttegeggeeg agtgtettgt ttcecatgtca 60

gegggggety tegttcacag aagaccacca gaccceggagg gagcegggagyg ggcagetgga 120

tctgaagteg gegeggetece acctgaatca gegetteceg gecetggtee tcecaggtecce 180
getagegtge cccaactcce acaagtgect getccgagte ctggageggyg cggageagec 240
ccgcatctee ttgcageate agtgtgggee gatcttegeg gaagetcegg ggagggetece 300
tgggaaaaca gcggagaggce cccgcgagcet tcaagegget tttecgatce aatcccttge 360
agtgttcaaa ccccatgete cgagetegeg ccegegteeg gagetgegge agtgtgegea 420
cctgaaaget catcegatge gecggecgtt ccatetgege cagetgetcee cggtgcaccce 480

gecagcatctyg geggetttag tggtggaget cttggggegg gteccgecce tgeggeggat 540
caagctecte gcaggegeag tgttacgece gcagcaaaac ggcatcaatg ccectttect 600

ggttgtacaa aagcatacta taagtcatcc catctcaaga gtcaccagag gacgcataca 660
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ggtgagagac cttttagctg tgactggctc gattgcgaca agaaatttac gcggagcgac 720
gaacttgcge ggcactaccg cactcacact ggagaaaaga ggttctcttg tcccctgtgt 780
cccaagcagt tctcacgcag tgatcacttg acaaaacatg ctaggagaca tccaacatac 840
catceccgaca tgatagagta tcgaggtagg cgacgcacac ctagaattga tcctccgetg 900
actagtgaag tcgagtcaag tgccagtgga agcggaccgg gtcccgegec ctcatttaca 960
acctgtett 969

<210> SEQ ID NO 26

<211> LENGTH: 1248

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 26

atggtggacc acttacttee agtggacgag aacttctegt cgccaaaatg cccagttggg 60
tatctgggtyg ataggetggt tggecggegg geatatcaca tgetgeccte accegtetet 120
gaagatgaca gcgatgccte cagecectge tectgtteca gteccgacte tcaageecte 180
tgctecctget atggtggagg cctgggcace gagagcecagg acagcatcett ggacttecta 240

ttgtcccagyg ccacgetggg cagtggeggg ggcageggea gtagecattgg ggccagcagt 300

ggcccegtgyg cctgggggee ctggcgaagyg gcagceggeoe ctgtgaaggyg ggageattte 360

tgcttgcceg agtttecttt gggtgatect gatgacgtece cacggccctt ccagectace 420
ctggaggaga ttgaagagtt tctggaggag aacatggage ctggagtcaa ggaggtccct 480
gagggcaaca gcaaggactt ggatgcctge agccagetct cagctgggec acacaagagce 540
cacctecate ctgggtecag cgggagagag cgctgttece ctecaccagyg tggtgecagt 600
gcaggaggtyg cccagggcece aggtggggge cccacgectg atggcecccat ccecagtgttg 660
ctgcagatce agccegtgcece tgtgaagcag gaatcgggea cagggectge ctccectggg 720
caagccccag agaatgtcaa ggttgcccag ctectggtea acatccaggyg gcagacctte 780
gcactcgtge cccaggtggt accctectcece aacttgaacce tgccctcecaa gtttgtgege 840
attgcccctyg tgcccattge cgccaagect gttggategyg gaccectggyg gectggecct 900
geeggtetee tcatgggceca gaagttccce aagaacccag ccgcagaact catcaaaatg 960
cacaaatgta ctttccctgg ctgcagcaag atgtacacca aaagcagcca cctcaaggcce 1020

cacctgegee ggcacacggg tgagaagecce ttegectgea ccetggecagyg ctgeggetgg 1080
aggttctecge getctgacga getgtegegg cacaggegcet cgcactcagg tgtgaagecg 1140
taccagtgtc ctgtgtgcga gaagaagttc gcgcggagceg accacctcte caagcacatce 1200

aaggtgcacc gcttecccgeg gagcagcecge tcegtgeget ccgtgaac 1248

<210> SEQ ID NO 27

<211> LENGTH: 756

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 27
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atgtcagceg cggtegegtg cgtggattat tttgecagcag atgtgetgat ggcaatttca 60

tceggtgecag tagttcateg cggaagacca ggtcctgagg gtgeggggee tgeggecggg 120

ttggatgtte gcegecgegeg cagggaagece gettceteeeg gaacacctgyg ccctectect 180
ccteegeegyg cggcatcagg cccgggtect ggtgcagetyg cggetectca cctgttggea 240
gectecatac tggcectgacct gcgagggggg ccaggegetg cacctggtgg cgegagtceca 300
gcaagttcca gctecgegge gtcectecceg agtagtggge gagetecggg cgeggcaccet 360
tctgetgeeg ctaaatcaca ccgatgecct tteccagact gegegaagge gtattataag 420
tccagtcatt tgaaatcaca cttgaggaca cataccggeg agagaccttt tgcgtgcgac 480
tggcagggtt gtgataagaa atttgcgaga agcgacgaac tggcccgeca tcaccgcace 540
cacacagggg aaaaaagatt ctcatgccca ctetgttcta agegettcac gcgaagcgac 600
catcttgcaa agcacgctag gagacaccct gggttccace ccgacctett gcgacgacct 660
ggegeceggt ctactagcece gtctgactca ttgcegtget ctetcegecagg gteccctget 720
ccgagececcg caccgtcecece agcectectgee gggett 756

<210> SEQ ID NO 28

<211> LENGTH: 1167

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 28

atgtacggce gaccgcagge tgagatggaa caggaggcetg gggagetgag cceggtggeag 60
geggegeace aggctgecca ggataacgag aactcagege ccatcttgaa catgtcettea 120
tcttetggaa getectggagt geacacctet tggaaccaag gectaccaag cattcagcac 180
tttcctcaca gegcagagat getggggtee cctttggtgt ctgttgagge gecggggeag 240
aatgtgaatg aaggggggcece acagttcagt atgccactge ctgagegtgg tatgagctac 300
tgcccccaag cgactctcac tecttecegg atgatttact gtcagagaat gtcetcccect 360
cagcaagaga tgacgatttt cagtgggece caactaatge cegtaggaga gcccaatatt 420
ccaagggtag ccaggccectt cggtgggaat ctaaggatge ceccccaatgg getgecagte 480
tcggetteca ctggaatcece aataatgtee cacactggga accctecagt gecttaccct 540
ggcctetega cagtacctte tgacgaaaca ttgttgggee cgactgtgece ttecactgag 600
geccaggeag tgctececte catggetcag atgttgecce cgcaagatge ccatgacctt 660
gggatgcccee cagctgagtce ccagtcattyg ctggttttag gatctcagga ctetettgte 720
agtcagccag actctcaaga aggeccattt ctaccagage agcccggace tgctccacag 780
acagtagaga agaactccag gectcaggaa gggactggta gaaggggete ctcagaggca 840
aggccttact gctgcaacta cgagaactge ggaaaagcett ataccaaacg ctcccaccte 900
gtgagccace agcgcaagca cacaggtgag aggccatatt cttgcaactyg ggaaagttgt 960

tcatggtectt tectteccgtte tgatgagctt agacgacata tgcgggtaca caccagatat 1020

cgaccatata aatgtgatca gtgcagccgg gagttcatga ggtctgacca tcectcaagcaa 1080

caccagaaga ctcatcggece gggaccctca gacccacagg ccaacaacaa caatggagag 1140

caggacagtc ctcctgctge tggtect 1167
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<210> SEQ ID NO 29

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide
<400> SEQUENCE: 29

Gly Ser Gly Ser Gly Ser
1 5

<210> SEQ ID NO 30

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

primer
<400> SEQUENCE: 30

gtctegtggyg cteggagatg tgtataagag acagagaact atttectgge tgttacgeg

<210> SEQ ID NO 31

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

59

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

primer
<400> SEQUENCE: 31

acactcttte cctacacgac getctteega tctagaacta tttectgget gttacgeg

<210> SEQ ID NO 32

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

58

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

primer
<400> SEQUENCE: 32

gactggagtt cagacgtgtg ctcttecgat cttgtetteg ttgggagtga attage

<210> SEQ ID NO 33

<211> LENGTH: 708

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

56

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<400> SEQUENCE: 33
atggtgagca agggcgagga ggataacatg gccatcatca aggagttcat gegcettcaag
gtgcacatgg agggctccegt gaacggccac gagttcgaga tcgagggcega gggegaggge
cgeccectacyg agggcaccca gaccgecaag ctgaaggtga ccaagggtgg ccccctgecce
ttcgectggyg acatcctgte cectcagtte atgtacgget ccaaggecta cgtgaagcac
ccecgecgaca tccccgacta cttgaagetg tecttecceg agggettcaa gtgggagege

gtgatgaact tcgaggacgg cggcegtggtyg accgtgacce aggactecte cctgecaggac

60

120

180

240

300

360
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ggcgagttca tctacaaggt gaagctgcgce ggcaccaact tcccctceecga cggccccgta 420
atgcagaaga agaccatggg ctgggaggcc tcctcecgage ggatgtacce cgaggacggce 480
gccctgaagg gcgagatcaa gcagaggcetg aagctgaagg acggcggceca ctacgacget 540
gaggtcaaga ccacctacaa ggccaagaag cccgtgcagce tgcccggege ctacaacgtc 600
aacatcaagt tggacatcac ctcccacaac gaggactaca ccatcgtgga acagtacgaa 660
cgecgecgagg gccgcecacte caccggcegge atggacgage tgtacaag 708

<210> SEQ ID NO 34

<211> LENGTH: 708

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 34

atggagtctt ctgctaaaat ggagtccgga ggcgegggac aacaaccaca accgcaacca 60
caacaaccct tcctgecgee ggccgeatgt tttttegega cegetgetge tgctgecageg 120
geggeggety ctgecgecge gcaatccgece caacagcaac aacaacaaca gcagcagcag 180
caacaagcgce ctcaacttcg acccgetgeca gacgggcage cctcaggggyg agggcacaag 240
agcgetccga agcaggttaa aaggcagagg agcagtagte ccgaactgat gcgatgtaag 300
aggcgectca attttagegg ttttggttac tetttgccee agcagcagece ggctgecgta 360
gctegecgaa atgagcggga aaggaaccgce gttaaacttg tgaatctegg tttegcgaca 420
cttcgagage acgtaccaaa tggggcaget aacaagaaaa tgagtaaagt tgagacactg 480
cggtetgcag tggagtatat tagagctctt caacaattge ttgacgagca cgatgecgta 540
tcageccgcat ttcaageccgg ggtgctgtcee ccaacaatat ctecgaacta cagcaatgat 600
cttaatagca tggcgggaag tcccegtttee tectactect ctgatgaggyg cagctacgac 660
cctectecagte ccgaggagca agagcttctt gacttcacta actggtte 708

<210> SEQ ID NO 35

<211> LENGTH: 573

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 35

atgatggaca acagaggcaa ctctagtcta cctgacaaac ttcctatett ccctgattet 60
gecegettge cacttaccag gtccttcetat ctggagccca tggtcacttt ccacgtgeac 120
ccagaggccce cggtgtceate tecttactet gaggagetge cacggetgece tttteccage 180
gactctctta tcctgggaaa ttacagtgaa ccctgeccct tetetttece gatgecttat 240
ccaaattaca gagggtgcga gtactcctac gggccagect tcacceggaa aaggaatgag 300
cgggaaagge agcgggtgaa atgtgtcaat gaaggctacg cccagetecg acatcatctg 360
ccagaggagt atttggagaa gcgactcage aaagtggaaa cectcagage tgcgatcaag 420
tacattaact acctgcagte tcttetgtac cctgataaag ctgagacaaa gaataaccct 480

ggaaaagttt cctccatgat agcaaccacc agccaccatg ctgaccctat gttcagaatt 540
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gtttgcccaa ctttettgta caaagttgtce ccc 573

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 36

LENGTH: 516

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

SEQUENCE: 36

atggagacgce gtaaaccgge ggaacggetg gecttgecat actegetgeg caccgegecce 60

ctgggegtte cggggaccct geccggacte cegeggaggg acceccteag ggtegeccetg 120

cgtetggacyg ccgegtgetyg ggagtgggeg cgecagegget gegeacgggg atggcagtac 180

ttgccegtge cgctggacag cgecttegag ccegecttece tecgcaageg caacgagege 240
gagcggcage gggtgcegetg cgtgaacgag ggctatgege gectccgaga ccacctgecc 300
cgggagetgyg cagacaageg cctcagcaaa gtggagacge tecgegetge catcgactac 360

atcaagcacce tgcaggagcet getggagege caggectggg ggctcegaggg cgeggecgge 420

geegtecceee agegcaggge ggaatgcaac agcgacgggg agtccaagge ctetteggeg 480

ccttegecca gcagcgagece cgaggagggg ggcagce 516

<210> SEQ ID NO 37

<211> LENGTH: 833

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 37

atgccgatgg gggcagcaga aagaggtgcet gggcecccaat catctgcage accatggget 60

ggttcagaaa aggcggcaaa gagagggcca tcaaaaagct ggtacccaag agcetgctgea 120

tctgatgtca cgtgeccgac tggtggtgat ggagctgacce caaaacctgyg accttttgga 180

ggtggtttag ctttagggce tgcgeccaga ggaacaatga ataataattt ctgcagggec 240

cttgttgaca gaaggcecttt aggacccect tcatgtatge aattaggtgt aatgecaccg 300

ccaagacaag cgcccectece gecggcetgaa ceecttggaa atgtaccttt cctectatac 360

cctggeccag ctgaaccacce atattatgat geatatgetg gtgttttece atatgtgect 420

ttececectggty cttttggtgt atatgaatac ccttttgage cggcttttat ccaaaagagg 480

aatgaaagag agagacagag agtgaagtgt gtgaatgaag gatacgccag attgagaggce 540

catttgcctyg gtgcectgge agaaaagaga ttatcaaaag ttgaaaccct gagggcggca 600

atcagatata taaaatacct ccaagaactc ctttcatcag cacctgatgg atcgacacca 660

ccggettcaa gaggtttace tggaactgga ccatgccctyg caccgectge tacaccaagg 720

ccagacagac ctggagatgg agaagcaaga gcaccttett ccecttgtece tgaatcttet 780

gaatcatcat gtttttcgce ttecccctttt ttagaaagtyg aagaatcctg gca 833

<210> SEQ ID NO 38

<211> LENGTH: 1482

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 38

atgggagacg acagaccgtt tgtgtgcaat gecceggget gtggacagag atttacaaac 60
gaggaccace tggcagttca taaacacaag catgagatga cattgaaatt tggcccagec 120
cgaactgact cagtcatcat tgcagatcaa acgcctactce caactagatt cctgaagaac 180
tgtgaggagg tgggactctt caatgaacta gctagctccet ttgaacatga attcaagaaa 240
getgcagatyg aggatgagaa aaaggcaaga agcaggactg ttgccaaaaa actggtgget 300
getgetggge ccecttgacat gtctcetgect tccacaccag acatcaaaat caaagaagaa 360
gagccagtgg aggtagactc atccccacct gatagccctg cctctagtece ctgtteccca 420
ccactgaagg agaaggaggt taccccaaag cctgttetga tetctaccce cacacccacce 480
attgtacgte ctggcteect gectctecac ttgggetatg atccacttca tccaacccett 540
ccctecccaa cctetgteat cacacagget ccaccatcca acaggcaaat ggggtcetcecce 600
actggctecee tcectettgt catgecatett gectaatggac agaccatgece tgtgttgeca 660
gggcctecag tacagatgec gtctgttata tegetggeca gacctgtgte catggtgecc 720
aacattcctyg gtatcectgg cccaccagtt aacagtagtg getccattte tcectetgge 780
caccctatac catcagaage caagatgaga ctgaaagcca cectaactca ccaagtctece 840
tcaatcaatg gtggttgtgg aatggtggtyg ggtactgcca gecaccatggt gacagcccgce 900
ccagagcaga gccagattet catccageac cctgatgece catccectge ccagecacag 960

gtectcaccag ctcageccac ccctagtact ggggggcgac ggcggcegcac agtagatgaa 1020
gatccagatyg agcgacggca gcgetttetg gagcegcaace gggctgcage cteccgetge 1080
cgccaaaagc gaaagctgtg ggtgtcectcee ctagagaaga aggccgaaga actcacttcet 1140
cagaacattc agctgagtaa tgaagtcaca ttactacgca atgaggtggc ccagttgaaa 1200
cagctactgt tagctcataa agactgccca gtcactgcac tacagaaaaa gactcaaggc 1260
tatttagaaa gccccaagga aagctcagag ccaacgggtt ctccagccce tgtgattcag 1320
cacagctcag caacagcccc tagcaatggce ctcagtgttce gectctgcage tgaagcetgtg 1380
gecacctegy tectcactca gatggecage caaaggacag aactgagcat gecgatacaa 1440
tcgcatgtaa tcatgacccecce acagtcecccag tctgcgggca ga 1482
<210> SEQ ID NO 39

<211> LENGTH: 939

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 39

atgtacgtga gctacctect ggacaaggac gtgagcatgt accctagete cgtgegecac 60
tctggeggee tcaacctgge gecgcagaac ttegtcagec cecegeagta ccceggactac 120
ggcggttace acgtggegge cgcagctgca geggcagega acttggacag cgegeagtec 180
ceggggecat cctggeegge agegtatgge gecccactece gggaggactyg gaatggetac 240

gegeceggag gegeegegge cgcecegecaac gecegtggete acggectcaa cggtggetec 300
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ceggecgeag ccatgggeta cagcageccce geagactacce atccgcacca ccacccgcat 360
caccacccge accaccegge cgeccgegect tectgegett ctgggetget gcaaacgcete 420
aacceceggee ctecetgggece cgeccgecace getgecgeeg agcagetgte tceceggegge 480
cagcggegga acctgtgcga gtggatgegg aagecggege agcagtccect cggcagcecaa 540
gtgaaaacca ggacgaaaga caaatatcga gtggtgtaca cggaccacca gcggctggag 600
ctggagaagg agtttcacta cagtcgctac atcaccatce ggaggaaagce cgagctagece 660
gecacgetygyg ggcetetcetga gaggcaggtt aaaatctggt ttcagaaccyg cagagcaaag 720
gagaggaaaa tcaacaagaa gaagttgcag cagcaacagc agcagcagcc accacagcecg 780
ccteegecge caccacagcece tccccagect cagecaggte ctetgagaag tgtcccagag 840
cecttgagte cggtgtette cctgcaagece tcagtgtetyg getcectgtece tggggttetg 900
gggccaactg ggggggtgct aaaccccacc gtcacccag 939

<210> SEQ ID NO 40

<211> LENGTH: 897

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 40

atgatggcegt atatgaaccce ggggccccac tattetgtea acgecttgge cctaagtgge 60
cccagtgtgg atctgatgea ccaggetgtg cectacccaa gegeccccag gaagcagegg 120
cgggagegea ccaccttecac ccggagecaa ctggaggage tggaggcact gtttgccaag 180
acccagtacce cagacgtcta tgecccgtgag gaggtggete tgaagatcaa tcetgectgag 240
tccagggtte aggtttggtt caagaaccgg agggctaaat gecaggcagca gcgacagcag 300
cagaaacagc agcagcagcece cccaggggge caggecaagg cecggectge caagaggaag 360
gegggeacgt ccccaagace ctccacagat gtgtgtccag accctetggyg catctcagat 420
tcctacagte ccectetgece cggeccctea ggetecccaa ccacggcagt ggcecactgtg 480
tccatectgga geccagecte agagtccect ttgectgagg cgcageggge tgggetggtg 540
gectcaggge cgtctctgac cteegeccce tatgecatga cctacgeccce ggecteeget 600
ttctgetett ccccctecge ctatgggtet ccgagetect atttcagegg cctagaccece 660
tacctttete ccatggtgece ccagetaggg ggeceggete ttageccect ctetggeccce 720
tcegtgggac ctteectgge ccagteccce acctecctat caggecagag ctatggegece 780
tacagccceg tggatagett ggaattcaag gaccccacgg gcacctggaa attcacctac 840
aatcccatgg accctetgga ctacaaggat cagagtgect ggaagtttca gatcttg 897

<210> SEQ ID NO 41

<211> LENGTH: 1437

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 41

atggccagca ctattaagga agecttatca gttgtgagtg aggaccagte gttgtttgag 60
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tgtgecctacg gaacgccaca cctggctaag acagagatga ccgegtcctce ctccagegac 120
tatggacaga cttccaagat gagcccacgc gtccctcage aggattgget gtctcaaccce 180
ccagccaggg tcaccatcaa aatggaatgt aaccctagec aggtgaatgg ctcaaggaac 240
tctcectgatg aatgcagtgt ggccaaaggce gggaagatgg tgggcagccce agacaccgtt 300
gggatgaact acggcagcta catggaggag aagcacatgc cacccccaaa catgaccacg 360
aacgagcgca gagttatcgt gccagcagat cctacgctat ggagtacaga ccatgtgegg 420
cagtggctgg agtgggcggt gaaagaatat ggccttccag acgtcaacat cttgttattce 480
cagaacatcg atgggaagga actgtgcaag atgaccaagg acgacttcca gaggctcacc 540
cccagctaca atgccgacat ccttctctca catctccact acctcagaga gactcctett 600
ccacatttga cttcagatga tgttgataaa gccttacaaa actctccacg gttaatgcat 660
gctagaaaca cagggggtgc agcttttatt ttcccaaata cttcagtata tcctgaaget 720
acgcaaagaa ttacaactag gccagattta ccatatgagc cccccaggag atcagectgg 780
accggtcacg gccaccccac gccccagteg aaagctgctce aaccatctcece ttccacagtg 840
cccaaaactg aagaccagcg tcctcagtta gatccttatce agattcttgg accaacaagt 900
agccgecttg caaatccagg cagtggccag atccagettt ggcagttcect cctggagetce 960

ctgteggaca gctccaactce cagctgecatce acctgggaag gcaccaacgyg ggagttcaag 1020
atgacggatc ccgacgaggt ggcccggege tggggagage ggaagagcaa acccaacatg 1080
aactacgata agctcagccg cgccctecgt tactactatg acaagaacat catgaccaag 1140
gtccatggga agcgctacgce ctacaagttc gacttccacg ggatcgccca ggccctecag 1200
cceccacccce cggagtcate tetgtacaag tacccctcag acctcecccgta catgggcectcece 1260
tatcacgcce acccacagaa gatgaacttt gtggcgeccce accctceccage cctecceecgtg 1320
acatcttcca gtttttttge tgccccaaac ccatactgga attcaccaac tgggggtata 1380
taccccaaca ctaggctcece caccagccat atgeccttete atctgggcac ttactac 1437
<210> SEQ ID NO 42

<211> LENGTH: 1326

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 42

atgtcaaaca aagatcgaca cattgattce agetgttegt cettcatcaa gacggaacct 60
tccageccag ccteectgac ggacagegte aaccaccaca gecetggtgg ctettcagac 120
gccagtggga gctacagttc aaccatgaat ggccatcaga acggacttga ctegecacct 180
ctctaccett ctgctectat cctgggaggt agtgggectg tcaggaaact gtatgatgac 240
tgctccageca ccattgttga agatccccag accaagtgtg aatacatget caactcgatg 300
cccaagagac tgtgtttagt gtgtggtgac ategettetg ggtaccacta tggggtagca 360
tcatgtgaag cctgcaagge attcttcaag aggacaattc aaggcaatat agaatacagce 420
tgccctgeca cgaatgaatg tgaaatcaca aagcgcagac gtaaatcetg ccaggettge 480

cgcttcatga agtgtttaaa agtgggcatg ctgaaagaag gggtgegtcet tgacagagta 540
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cgtggaggtc ggcagaagta caagcgcagg atagatgcgg agaacagccc atacctgaac 600
cctcagetgg ttcagccage caaaaagcca ttgctectggt ctgatcctge agataacaag 660
attgtctcac atttgttggt ggctgaaccg gagaagatct atgccatgcc tgaccctact 720
gtccccgaca gtgacatcaa agccctcact acactgtgtg acttggccga ccgagagttg 780
gtggttatca ttggatgggc gaagcatatt ccaggcttct ccacgctgte cctggeggac 840
cagatgagcc ttctgcagag tgcttggatg gaaattttga tccttggtgt cgtataccgg 900
tctetttegt ttgaggatga acttgtctat gcagacgatt atataatgga cgaagaccag 960

tccaaattag caggccttet tgatctaaat aatgctatcce tgcagctggt aaagaaatac 1020
aagagcatga agctggaaaa agaagaattt gtcaccctca aagctatagce tcecttgctaat 1080
tcagactcca tgcacataga agatgttgaa gccgttcaga agcttcagga tgtcttacat 1140
gaagcgcetyge aggattatga agctggccag cacatggaag accctegteg agetggcaag 1200
atgctgatga cactgccact cctgaggcag acctctacca aggccgtgca gcatttctac 1260
aacatcaaac tagaaggcaa agtcccaatg cacaaacttt ttttggaaat gttggaggcc 1320
aaggtc 1326
<210> SEQ ID NO 43

<211> LENGTH: 1110

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 43

atggatcttt ggaactggga tgaagcttee cctcaagaag ttceccecegg aaataaacte 60
geggggettyg gaagactcee tegectteeg caacgegtet ggggeggatyg cectggtgga 120
gectcagegg acccaaaccce tttgteteca geggaggggg caaagttggyg tttetgette 180
ccggatettyg ctttgcaagg cgatacteca acggegacgg cagagacctyg ttggaaagge 240
accagtagct ccctggecag cttteegeag ctegattggg ggtcageect tctccatcce 300
gaagttccct ggggggcgga acccgactce caagccctte cctggagtgg tgattggaca 360
gatatggcat gcacagcctg ggacagttgg tcceggggegt cacagacatt gggaccagec 420
ccacttggac cggggectat ceccgeagca ggaagcgaag gagetgetgg tcagaactgt 480
gtgccegtgg ctggtgagge taccagttgg tccagggece aggcagcagyg cagtaacacc 540
agctgggatt gctcagtggg gectgacggg gatacttatt ggggetcetgg tettggtgga 600
gaaccgagaa cggactgtac gataagttgg ggceggtccag ctgggectga ttgtactacg 660
tcatggaatc ctggettgea cgeccggegge acgacaagec ttaagagata tcaaagttca 720
geccttacag tttgctcaga accttcecceg caaagtgace gagegtcact ggegegatgt 780
cctaaaacta atcatcgagg gecgatccag ttgtggeagt ttttgettga actccttcac 840
gatggcegega ggagcagttg catcagatgg accggtaaca gcagggagtt ccaattgtgt 900
gaccccaagg aagtggcteg actgtggggt gagcgcaaac ggaagectgyg tatgaattac 960

gaaaagttga gtaggggttt gcgatattac tataggcgcg acatcgttcg aaagtccggt 1020

ggtcgaaagt acacatacag attcggceggt cgcgtaccat ctecttgcata ccctgattge 1080

gcaggcgggyg dtaggggtgce ggaaacacaa 1110
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<210> SEQ ID NO 44

<211> LENGTH: 1356

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 44

atggacggga ctattaagga ggctctgteg gtggtgageg acgaccagte cctetttgac 60
tcagcgtacyg gagcggcage ccatctecce aaggecgaca tgactgecte ggggagtect 120
gactacggge agccccacaa gatcaacccce ctceccaccac agcaggagtyg gatcaatcag 180
ccagtgaggyg tcaacgtcaa gegggagtat gaccacatga atggatccag ggagtctceceg 240
gtggactgca gcgttagcaa atgcagcaag ctggtgggeg gaggcgagtce caaccccatg 300
aactacaaca gctatatgga cgagaagaat ggccccecte ctcccaacat gaccaccaac 360
gagaggagag tcatcgtcce cgcagaccce acactgtgga cacaggagca tgtgaggcaa 420
tggctggagt gggccataaa ggagtacage ttgatggaga tegacacate ctttttecag 480
aacatggatyg gcaaggaact gtgtaaaatg aacaaggagg acttcctecg cgccaccacce 540
ctctacaaca cggaagtgcet gttgtcacac ctcagttace tcagggaaag ttcactgetg 600
gectataata caacctcecca caccgaccaa tcctcacgat tgagtgtcaa agaagaccct 660
tcttatgact cagtcagaag aggagcttgg ggcaataaca tgaattctgg cctcaacaaa 720
agtcctecce ttggagggge acaaacgatce agtaagaata cagagcaacg gccccageca 780
gatccgtate agatcctggg ceccgaccage agtcgectag ccaaccctgyg aagegggeag 840
atccagetgt ggcaattect cctggagetg ctetecgaca gegecaacge cagcetgtate 900
acctgggagyg ggaccaacgg ggagttcaaa atgacggacce cecgatgaggt ggccaggege 960

tggggcgage ggaaaagcaa gcccaacatg aattacgaca agctgagecyg ggcccteegt 1020
tattactatg ataaaaacat tatgaccaaa gtgcacggca aaagatatgc ttacaaattt 1080
gacttccacg gcattgccca ggctcectgcag ccacatccga ccgagtegtce catgtacaag 1140
tacccttetg acatctcecta catgecttcee taccatgecce accagcagaa ggtgaacttt 1200
gtcececteecee atccatceccte catgectgte acttectceca gettetttgg ageccgcatca 1260
caatactgga cctcccccac ggggggaatce taccccaacce ccaacgtcecce ccgecatcct 1320
aacacccacg tgccttcaca cttaggcage tactac 1356
<210> SEQ ID NO 45

<211> LENGTH: 1416

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 45

atgttgggca ccgtgaagat ggaggggeat gagacaageg actggaatte ctactacgeg 60
gatacccaag aagcgtattc ttcagttcce gtaagcaata tgaactcegyg attggggage 120
atgaatagta tgaacacgta tatgacaatg aatacgatga ccaccagegg caacatgaca 180

ceggectect ttaatatgte atatgegaac cctggtettg gegetggect ctcaccaggt 240
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geggtegetyg gaatgceccegg ggggagegee ggagcegatga actccatgac cgetgeggge 300

gtgacggcca tgggtacgge cctgtcacce agtggaatgg gagctatggyg ggeccagcaa 360
gecgectcaa tgaatggatt ggggcectat gecgeggega tgaatccctyg catgteccct 420
atggcttatg cccccagecaa tttgggtege agtagageeg geggtggtgg cgatgccaaa 480
accttcaage gaagttatce tcatgegaag cctecttatt catatatate cttgattacg 540
atggcgatac agcaggcccce gtctaagatg ctgactectga gtgagatata ccagtggatce 600
atggaccttt ttecttacta ccggcaaaac caacagagat ggcaaaactc aatacgccat 660
agcctttect tcaatgattg ctttgtcaaa gtegetegga gecctgacaa geccggtaaa 720
gggtcctatt ggacccttca tccagatage ggcaatatgt tcgagaatgg ttgttatctt 780
agacggcaga aacgattcaa atgtgagaaa cagccaggtg ceggeggtgg tggeggcage 840
ggttcaggeyg gaagtggtgce caagggtggyg cctgagtcta gaaaagaccce cagcggagea 900
agcaatccaa gcgcggacte tccectgeac cgeggtgtte atggtaagac aggtcagett 960

gagggggcege ctgcteccagg cccggetgeg tcaccgcaaa cactggacca tagtggaget 1020
acagcgaccg gaggtgcttce agaactcaag acgcctgegt cctccactge gectcecgatce 1080
tccagtggte ccggtgcact tgectcetgtt cctgcatcecte atccagcaca cggactcecgeg 1140
ccgcacgagt cccagctcecca tttgaaaggg gacccacact acagctttaa ccacccattce 1200
tctattaaca atttgatgtc atcctcagaa cagcagcata aactcgactt caaagcctat 1260
gaacaggccec tgcagtattce tccatatgge tctacactte ctgettetet tcecattgggg 1320
tctgcaagtg tgacaacgcg ctccccaate gagccaagtg ccctcgagece tgcttattat 1380
caaggagtat attcccgacc agttttgaat acaagt 1416
<210> SEQ ID NO 46

<211> LENGTH: 1374

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 46

atgctgggag cggtgaagat ggaagggcac gagcegteeg actggageag ctactatgca 60
gagccegagg gctactecte cgtgagcaac atgaacgceg gectggggat gaacggeatg 120
aacacgtaca tgagcatgte ggecggecgee atgggcageg getegggcaa catgagegeg 180
ggctccatga acatgtcegte gtacgtggge getggcatga geccgteect ggeggggatg 240

tceccceggeg cgggegecat ggegggeatyg ggeggetegg ceggggegge tggegtggeg 300

ggcatgggge cgcacttgag tcccagectyg ageccgeteg gggggcagge ggecggggec 360

atgggcggece tggccccecta cgecaacatg aactccatga gecccatgta cgggcaggeg 420
ggcctgagee gegeccgega cceccaagace tacaggcegca gctacacgca cgcaaagecg 480
ccctactegt acatcteget catcaccatg gecatccage agagccccaa caagatgetg 540
acgctgageg agatctacca gtggatcatg gacctcttece cettctacceg gcagaaccag 600
cagcgetgge agaactccat cegecacteg ctetecttea acgactgttt cctgaaggtg 660

ccecegetage ccgacaagec cggcaaggge tcettetgga cectgecacce tgacteggge 720
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aacatgtteg agaacggcetg ctacctgege cgecagaage gcettcaagtyg cgagaagcag 780
ctggegetga aggaggecge aggcgecgece ggcagceggcea agaaggcegge cgcecggggece 840
caggcctcac aggctcaact cggggaggece gecgggecgyg cctecgagac tcecggeggge 900
accgagtcge ctcactcgag cgccteeceg tgecaggage acaagcgagyg gggectggga 960
gagctgaagyg ggacgccgge tgcggegetg agccceccag agecggegeco ctetecceggyg 1020
cagcagcage aggcecgegge ccacctgetg ggeccgeccee accaccceggyg cctgecgect 1080
gaggcccace tgaagccgga acaccactac gecttcaacce acccgttcectce catcaacaac 1140
ctcatgtect cggagcagca gcaccaccac agccaccacce accaccagec ccacaaaatg 1200
gacctcaagg cctacgaaca ggtgatgcac tacccecgget acggttcccce catgectgge 1260
agcttggeca tgggeccggt cacgaacaaa acgggcectgg acgectcegece cctggecgca 1320
gatacctecct actaccaggg ggtgtactcc cggcccatta tgaactecctce tttg 1374
<210> SEQ ID NO 47

<211> LENGTH: 1050

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 47

atgctggget cagtgaagat ggaggcccat gacctggeeg agtggageta ctacccggag 60
gegggegagg tctactegee ggtgacccca gtgeccacca tggecccect caactectac 120
atgaccctga atcctectaag ctetecectat ccecetgggg ggctcectge ctecccactg 180
ccctecaggac ccctggeace cccagcacct geagecccee tggggeccac ttteccagge 240

ctgggtgtca geggtggecag cagcagetcee gggtacgggg cecegggtee tgggetggtg 300

cacgggaagg agatgccgaa ggggtategg cggeccetgg cacacgccaa gcecaccgtat 360
tcctatatet cactcatcac catggecate cagcaggege cgggcaagat getgaccttg 420
agtgaaatct accagtggat catggaccte tteccttact accgggagaa tcagcagegce 480
tggcagaact ccattecgeca ctegetgtet ttcaacgact gettegtcaa ggtggegegt 540
tccccagaca agectggeaa gggctectac tgggecctac accecagete agggaacatg 600
tttgagaatg gctgctacct gegecgecag aaacgctteca agetggagga gaaggtgaaa 660
aaagggggca gcggggcetge caccaccace aggaacggga cagggtcetge tgectcegace 720
accacccceg cggccacagt caccteceeg ccccagecee cgectecage ccectgagect 780
gaggcccagg gcggggaaga tgtggggget ctggactgtg getcaccege ttectecaca 840
cectattteca ctggectgga geteccaggg gagctgaage tggacgegee ctacaactte 900
aaccaccctt tctccatcaa caacctaatg tcagaacaga caccagcace tcccaaactg 960

gacgtggggt ttgggggcta cggggctgaa ggtggggagce ctggagtcta ctaccagggce 1020

ctctattecece getcetttget taatgcatce 1050

<210> SEQ ID NO 48

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
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polynucleotide
<400> SEQUENCE: 48
atgatgcaag aatctgggac tgagacaaaa agtaacggtt cagccatcca gaatgggtceg 60

ggcggcagea accacttact agagtgcegge ggtctteggg aggggceggtce caacggagag 120

acgceggeceg tggacatcgg ggcagctgac ctegeccacyg cccagcagca gcagcaacag 180
tggcatctca taaaccatca gccctctagg agtcccagea gttggcttaa gagactaatt 240
tcaagccctt gggagttgga agtcctgecag gtecccttgt ggggagcagt tgctgagacyg 300
aagatgagtg gacctgtgtg tcagcctaac ccttcceccat tt 342

<210> SEQ ID NO 49

<211> LENGTH: 1005

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 49

atggagttce ctggectggg gtccectgggg acctcagage cecteccceca gtttgtggat 60
cctgetetgg tgtectecac accagaatca ggggttttet tecectetgyg gectgaggge 120
ttggatgcag cagcttecctce cactgececeg agcacagceca ccegetgcage tgcggeactg 180
gectactaca gggacgctga ggcctacaga cactcceccag tetttcaggt gtacccattg 240
ctcaactgta tggaggggat cccaggggge tcaccatatg ceggetggge ctacggcaag 300
acggggcetcet accctgecte aactgtgtgt cecaccegeg aggactctece tcceccaggece 360
gtggaagatc tggatggaaa aggcagcacc agcttectgg agactttgaa gacagagcegyg 420
ctgageccag acctectgac cctgggacct geactgectt catcactcece tgtcecccaat 480
agtgcttatg ggggcectga cttttecagt accttetttt cteccacegyg gageccecte 540
aattcagcag cctattccte tcccaagett cgtggaacte teccectgece tccectgtgag 600
geccagggagt gtgtgaactyg cggagcaaca gccactccac tgtggeggag ggacaggaca 660
ggccactace tatgcaacge ctgeggectce tatcacaaga tgaatgggca gaacaggecce 720
ctcatccegge ccaagaagcg cctgattgte agtaaacggg caggtactca gtgcaccaac 780
tgccagacga ccaccacgac actgtggegg agaaatgcca gtggggatce cgtgtgcaat 840
gectgeggee tctactacaa gctacaccac cagcactact gtggtggetce cgetcagetce 900
atgagggcac agagcatggc ctccagagga ggggtggtgt ccttetecte ttgtagecag 960
aattctggac aacccaagtc tcectgggccce aggcacccecce tggcet 1005

<210> SEQ ID NO 50

<211> LENGTH: 1440

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 50
atggaggtgg cgccggagca gecgegetgg atggegeace cggecgtget gaatgegeag 60

caccecegact cacaccacce gggectggeg cacaactaca tggaaccege gcagetgetg 120
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cctcecagacg aggtggacgt cttcttcaat cacctecgact cgcagggcaa cccctactat 180
gccaaccceg ctcacgegeg ggcgegegte tectacagece cegegcacgce ccgectgacc 240
ggaggccaga tgtgeccgece acacttgttg cacagccegg gtttgeccoctg getggacggg 300
ggcaaagcag ccctctetge cgectgeggec caccaccaca acccectggac cgtgageccc 360
ttcteccaaga cgccactgca cccctcaget getggaggec ctggaggccce actctcetgtg 420

tacccagggyg ctgggggtygg gagceggggga ggcageggga getcagtgge ctecctcace 480

cctacagcaa cccactetgg cteccacctt tteggettee cacccacgece acccaaagaa 540
gtgtctectyg accctagcac cacgggggcet gegtcetcecag cctceatette cgeggggggt 600
agtgcagcce gaggagagga caaggacgge gtcaagtacce aggtgtcact gacggagagce 660
atgaagatgg aaagtggcag tccectgege ccaggectag ctactatggg cacccagect 720
gctacacace accccatcece cacctacccee tectatgtge cggeggetge ccacgactac 780
agcagcggac tcttecacce cggaggette ctggggggac cggectccag cttcaccect 840
aagcagcgca gcaaggcteg ttectgttea gaaggeeggg agtgtgtcaa ctgtggggece 900
acagccacce ctetetggeg gegggacgge accggcecact acctgtgcaa tgectgtgge 960

ctctaccaca agatgaatgg gcagaaccga ccactcatca agcccaageyg aagactgtceg 1020
gccgecagaa gagcecggcac ctgttgtgca aattgtcaga cgacaaccac caccttatgg 1080
cgccgaaacg ccaacgggga ccctgtetge aacgectgtyg gectctacta caagetgcac 1140
aatgttaaca ggccactgac catgaagaag gaagggatcce agactcggaa ccggaagatg 1200
tccaacaagt ccaagaagag caagaaaggg goggagtget tcegaggaget gtcaaagtge 1260
atgcaggaga agtcatcccc cttcagtgca gctgccetgg ctggacacat ggcacctgtg 1320
ggccacctee cgececttcag ccactccgga cacatcctge ccactcecgac geccatccac 1380
ccetecteca gectetectt cggccacccee cacccgteca gecatggtgac cgccatgggce 1440
<210> SEQ ID NO 51

<211> LENGTH: 1326

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 51

atgtaccaga gcctggetat ggetgcetaat catggaccte cecctggage ctatgaagece 60
ggaggacctyg gcegettttat gecatggaget ggegecgett cttetecegt gtatgtgect 120
acacctagag tgcccagecag cgtgetggge ctttettate ttcagggagg aggagcagga 180
tctgettetyg geggagette aggeggatct tetggaggeg ctgettcagg tgetggaccet 240
ggaactcaac agggatctcc tggatggtca caggcaggag ctgatggage cgettatacc 300
cctectectyg tgagecccag gtttagettt cctggeacaa caggetcettt agetgecget 360
getgetgeag ccgcagetag agaagcaget gcatattcta gtggeggagyg agetgetgga 420
gecggettag ctggaagaga gcagtacgga agagccggat ttgccggaag ctatageage 480
ccttaccctyg cctatatgge cgatgttgge geatettggg cagecgeege agcagettet 540
gcaggacctt ttgactcacc tgtgcttcac tctetgectg gecagagectaa tcctgecgec 600

agacatccca acctggacat gttcgacgac ttcagegagg gcagagaatg cgtgaactge 660
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ggagccatga gcacccccct ttggagaaga gacggcaccg gccactacct ttgcaatgec 720
tgtggecctgt accacaagat gaacggcatc aacagacccce tgatcaagcc ccagagaaga 780
ctgagcgcta gcagaagagt gggcectgtcce tgcgccaatt gccagaccac aaccaccaca 840
ctgtggagga gaaatgccga gggcgagcct gtgtgtaacg cctgtggact gtacatgaag 900
ctgcacggeg tgcccagacce tctggccatg agaaaggagg gcatccagac cagaaagaga 960

aagcccaaga acctgaacaa gagcaagacce ceegetgete cttetggaag cgagagectg 1020
cctccagect ctggagccag cagcaatagce tctaacgcca ccacatctte ttectgaggag 1080
atgaggccca tcaaaaccga gccaggectg agcagccact acggccacag ctctagegtg 1140
agccagactt ttagcgtgtce tgccatgtca ggccacggac ctagcattca cecctgtgetg 1200
agcgccectga agttgagccc acagggctat gcttcectectg tgtctcagag cectcagacce 1260
tccagcaage aggactccetg gaattctcectg gtgectggecg acagccacgg cgatatcatce 1320
accgce 1326
<210> SEQ ID NO 52

<211> LENGTH: 1785

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 52

atggcectga ccgacggegg atggtgtete cctaaaagat teggegeege tggegetgat 60
gettetgaca gcagagectt cccegetagyg gaacccagca caccacctag ccccatcage 120
agctcaaget ctagetgtag cagaggcgga gagagaggac ctggaggege ttctaactge 180
ggcacaccte agetggatac agaagccgece gecggaccac cagccagatce tcttttactt 240
agcagctacg ccagccacce ttttggeget cctecatggac cetetgetee tggtgtggece 300
ggacctggeyg gaaacctgag ctcttgggag gaccttetge tgtttaccga cctggaccag 360
getgecaceyg ctagcaaget tcetgtggage agcaggggeg ctaagetgag cecttttgec 420
cctgagecage ccgaggagat gtaccagace ctggetgett taagetctca gggacctgece 480
gettatgacyg gagcccctgg tggatttgtt cactcagegg cagcagecge agetgetgea 540
gecgetgeca getcacctgt gtatgtgect accacaagag tgggcagcat gttacctgga 600
cttecttace atctgecaggg cagceggaage ggecctgeta accatgeegg aggagetgga 660
getcacceeg gatggectca ggettetgea gattcetecte cttatggate tggaggagga 720

gecagctggag ggggagcetge aggaccaggt ggagccggaa gegcagcagce acatgtgtet 780

gecagattte cctatagcce tagecctect atggccaatg gegetgetag agaacccgga 840
ggatatgctyg cggcaggcte tggeggeget ggceggagttt ctggaggtgg atcttcactg 900
geegetatgyg gaggaagaga gcoctcagtac tettcetetga gegcecgetag accactgaac 960
ggcacctatc atcaccacca ccatcaccat catcatcacc ccagccctta cteccccttat 1020

gtgggagccecc cccttacace cgettggect gecggecctt tcegagacacce tgtgcectgcac 1080

agccttcecagt ctagagctgg cgcaccttta ccagtgecta gaggccccte tgccgacttg 1140

ctggaggatce tgagcgagag cagagagtge gtgaactgtg gecagcatcca gacaccectg 1200
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tggagaagag acggcaccgg ccactacctg tgcaacgctt geggectgta cagcaagatg 1260
aatgggctga gcagacccct gatcaagecce cagaagaggg tgcccagcag cagacggcetg 1320
ggactgagct gegecaactg tcataccaca acaaccacac tgtggeggag aaacgccgag 1380
ggcgagceceg tgtgtaacge ctgcggectt tacatgaage tgcacggegt gcccagacct 1440
ctggecatga agaaggaggg aatccagacc agaaagagaa agcccaagaa catcaacaag 1500
agcaagacct gcagcggcaa cagcaacaac agcatcccca tgacccccac cagcacatct 1560
agcaacagcg acgactgtag caagaacaca tcacctacca cccagcccac agctagcgga 1620
geeggegeee cegtgatgac aggcgecgga gagtccacaa atcccgagaa tagcgaactg 1680
aagtactctg gacaggacgg actgtatatc ggcgtgagcce tggcttctee cgccgaggtg 1740
accagctetg tcagacctga ctettggtgt gcectegecce tggcece 1785
<210> SEQ ID NO 53

<211> LENGTH: 3318

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 53

atgttcaact cgatgaccce accaccaate agtagctatg gegagecetg ctgtceteegg 60
ccecteccca gtcaggggge ceccagtgtg gggacagaag gactgtetgg ccegecctte 120
tgccaccaag ctaacctcat gtccggecce cacagttatg ggccagecag agagaccaac 180
agctgcaccg agggcccact cttttettet cceccggagtg cagtcaagtt gaccaagaag 240
cgggcactgt ccatctcace tetgteggat gecagectgg acctgcagac ggttatccege 300
acctcaccca gctcectegt agetttecate aactegegat geacatctee aggaggetcece 360
tacggtcatce tctecattgg caccatgage ccatctetgg gattcecage ccagatgaat 420
caccaaaaag ggccctegece ttectttggg gtecagectt gtggteccca tgactcetgece 480
cggggtggga tgatcccaca tectcagtee cggggaccet teccaacttyg ccagetgaag 540
tctgagetgg acatgetggt tggcaagtge cgggaggaac cettggaagg tgatatgtece 600
agccccaact ccacaggcat acaggatcce ctgttgggga tgetggatgg gegggaggac 660
ctcgagagag aggagaagceg tgagectgaa tctgtgtatg aaactgactg ccegttgggat 720
ggctgcagee aggaatttga ctcccaagag cagctggtge accacatcaa cagcgageac 780

atccacgggg agcggaagga gttcegtgtge cactgggggyg gcetgctccag ggagetgagg 840
cccettcaaag cccagtacat getggtggtt cacatgcegea gacacactgyg cgagaagcca 900
cacaagtgca cgtttgaagg gtgccggaag tcatactcac gcctcgaaaa cctgaagacyg 960
cacctgeggt cacacacggg tgagaagceca tacatgtgtg agcacgaggyg ctgcagtaaa 1020
gecttcagea atgccagtga ccgagccaag caccagaatce ggacccattce caatgagaag 1080
ccgtatgtat gtaagctccecce tggctgcacce aaacgctata cagatcctag ctcecgetgega 1140
aaacatgtca agacagtgca tggtcctgac gcccatgtga ccaaacggca ccgtggggat 1200
ggeccectyge ctegggcace atccatttet acagtggage ccaagaggga gcgggaagga 1260
ggtcccatca gggaggaaag cagactgact gtgccagagg gtgccatgaa gccacagceca 1320

agccctgggg cccagtcate ctgcagecagt gaccactcece cggcagggag tgcagcecaat 1380



US 2021/0108193 Al Apr. 15,2021
106

-continued

acagacagtg gtgtggaaat gactggcaat gcagggggca gcactgaaga cctctccage 1440
ttggacgagg gaccttgcat tgctggcact ggtctgtceca ctcttegececg ccttgagaac 1500
ctcaggetgg accagctaca tcaactecgg ccaataggga cceeggggtet caaactgece 1560
agcttgtecce acaccggtac cactgtgtce cgcegegtgg gecccceccagt ctcectettgaa 1620
cgccgcagca gcagctccag cagcatcage tctgectata ctgtcagceg cegcetectece 1680
ctggcctete ctttecceee tggctceccca ccagagaatg gagcatccte cctgectggce 1740
cttatgcctg cccagcacta cctgcttcecgg gcaagatatg cttcagccag agggggtggt 1800
acttcgecca ctgcagcatce cagcctggat cggataggtg gtcttcecccat gectecttgg 1860
agaagccgag ccgagtatcce aggatacaac cccaatgcag gggtcacceyg gagggecagt 1920
gacccagecec aggctgcectga ccgtectget ccagctagag tcecagaggtt caagagectg 1980
ggctgtgtece ataccccace cactgtggca gggggaggac agaactttga tccttaccte 2040
ccaacctcetg tctactcacce acagccccce agcatcactg agaatgctge catggatget 2100
agagggctac aggaagagcc agaagttggg acctccatgg tgggcagtgyg tctgaaccce 2160
tatatggact tcccacctac tgatactctg ggatatgggg gacctgaagg ggcagcagct 2220
gagccttatg gagcgagggg tccaggcetcet ctgcectcettg ggectggtcece acccaccaac 2280
tatggcccca accectgtcee ccagcaggece tcatatcctyg accccaccca agaaacatgg 2340
ggtgagttcce ctteccacte tgggctgtac ccaggcccca aggctctagg tggaacctac 2400
agccagtgtce ctcgacttga acattatgga caagtgcaag tcaagccaga acaggggtgce 2460
ccagtggggt ctgactccac aggactggca cectgcectea atgeccacce cagtgagggg 2520
cceccacate cacagectet cttttceccat tacccccage cctctectee ccaatatcte 2580
cagtcaggcce cctataccca gccaccceccect gattatcette cttcagaacce caggecttgce 2640
ctggactttg attcccccac ccattccaca gggcagctca aggctcaget tgtgtgtaat 2700
tatgttcaat ctcaacagga gctactgtgg gagggtgggg gcagggaaga tgcccccgcece 2760
caggaacctt cctaccagag tcccaagttt ctggggggtt cccaggttag cccaagccgt 2820
gctaaagcte cagtgaacac atatggacct ggctttggac ccaacttgcc caatcacaag 2880
tcaggttcct atcccaccece ttcaccatge catgaaaatt ttgtagtggg ggcaaatagg 2940
gcttcacata gggcagcagce accacctcga cttctgceccee cattgcccac ttgctatggg 3000
cctctcaaag tgggaggcac aaaccccagce tgtggtcatce ctgaggtggg caggctagga 3060
gggggtccetyg ccttgtacce tcectcecccgaa ggacaggtat gtaacccecct ggactctett 3120
gatcttgaca acactcagct ggactttgtg gctattctgg atgagcccca ggggctgagt 3180
cctectectt ceccatgatca geggggcage tctggacata ccccacctee ctetgggecce 3240
cccaacatgg ctgtgggcaa catgagtgtc ttactgagat ccctacctgg ggaaacagaa 3300

ttecctcaact ctagtgcce 3318

<210> SEQ ID NO 54

<211> LENGTH: 540

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
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<400> SEQUENCE: 54

atgagtctgg taggtggttt tccccaccac ccggtggtge accacgaggg ctacccegttt 60
gccgecgeeg cegecgecag cegctgcage catgaggaga acccctactt ccatggetgg 120
ctcatcggec accccgagat gtcgccccece gactacagca tggccctgtce ctacageccce 180
gagtatgcca gcggcaccgce caaccgcaag gagcggcgca ggactcagag catcaacagce 240
gccttegeeg aactgcgega gtgcatcccce aacgtacccg ccgacaccaa actctccaaa 300
atcaagaccc tgcgectgge caccagctac atcgcectacce tcatggacct gectggccaag 360
gacgaccaga atggcgaggc ggaggccttc aaggcagaga tcaagaagac cgacgtgaaa 420
gaggagaaga ggaagaagga gctgaacgaa atcttgaaaa gcacagtgag cagcaacgac 480
aagaaaacca aaggccggac gggctggceg cagcacgtct gggecctgga gctcaagcag 540

<210> SEQ ID NO 55

<211> LENGTH: 1896

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 55

atggtttcta aactgageca getgcagacg gagceteetgg cggecctget ggagtcaggg 60
ctgagcaaag aggcactgcet ccaggcactyg ggtgagecgg ggcectacct cctggetgga 120
gaaggcccecee tggacaaggg ggagtectge ggeggeggte gaggggaget ggetgagetg 180

cccaatggge tgggggagac teggggetcee gaggacgaga cggacgacga tggggaagac 240

ttcacgccac ccatcctcaa agagetggag aacctcagec ctgaggagge ggceccaccag 300
aaagcegtgg tggagacccet tcetgcaggag gaccegtgge gtgtggegaa gatggtcaag 360
tcctacctge agcagcacaa catcccacag cgggaggtgg tegataccac tggectcaac 420
cagtcccace tgtcccaaca cctcaacaag ggcactcecca tgaagacgca gaagegggece 480
gecctgtaca cctggtacgt cegcaagcag cgagaggtgg cgcagcagtt cacccatgea 540

gggcagggag ggctgattga agagcccaca ggtgatgage taccaaccaa gaaggggcegyg 600

aggaaccgtt tcaagtgggg cccagcatce cagcagatece tgttccagge ctatgagagg 660
cagaagaacc ctagcaagga ggagcgagag acgctagtgg aggagtgcaa tagggcggaa 720
tgcatccaga gaggggtgte cccatcacag gcacagggge tgggctccaa cctegtcacg 780
gaggtgcgtyg tctacaactg gtttgccaac cggcgcaaag aagaagectt ccggcacaag 840
ctggccatgg acacgtacag cgggcccecee ccagggecag gecegggace tgegetgecce 900
getcacaget ccectggect gectccacct gecctceteee ccagtaaggt ccacggtgtg 960

cgctatggac agectgegac cagtgagact gcagaagtac cctcaagecag cggeggtecce 1020

ttagtgacag tgtctacacc cctccaccaa gtgtccececa cgggecctgga geccagccac 1080

agcctgcetga gtacagaagce caagctggtce tcagcagcetg ggggccccct ccccectgte 1140

agcaccctga cagcactgcea cagcttggag cagacatcece caggcectcaa ccagcagecce 1200

cagaacctca tcatggcctce acttcctggg gtcatgacca tcgggcectgg tgagectgece 1260

tcectgggte ctacgttcac caacacaggt gcctccacce tggtcatcgg cctggcectcece 1320

acgcaggcac agagtgtgece ggtcatcaac agecatgggea gecagectgac caccctgeag 1380
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ccegtecagt tetceccagece getgcacccee tcectaccage agcecgcectcat gecacctgtg 1440
cagagccatg tgacccagag ccccttecatg gecaccatgg ctcagetgea gagceccccac 1500
geectctaca gecacaagece cgaggtggcece cagtacaccce acacaggect getcccgeag 1560
actatgctca tcaccgacac caccaacctg agegecctgg ccagectcac gcccaccaag 1620
caggtcttca cctcagacac tgaggcctce agtgagtecg ggcttcacac gecggcatct 1680
caggccacca ccctecacgt ccccagecag gaccctgeceg gcatccagea cctgcagecyg 1740
geecaccgge tcagecgccag ccccacagtg tectcecagea gectggtget gtaccagage 1800
tcagactcca gcaatggcca gagccacctg ctgccatcca accacagegt catcgagace 1860
ttcatctecca cccagatgge ctettectcee cagttg 1896
<210> SEQ ID NO 56

<211> LENGTH: 1671

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 56

atggttagca aactgacatc cctccagcag gaacttcttt ctgecctect ctcecagtggg 60
gtaaccaaag aggtactggt ccaggcetttg gaggagttge tcccctcacce gaattttggt 120
gtaaagttgyg agactctcce cctctecect ggttectggag cagagecgga tactaaaccy 180
gtatttcata cgcttacaaa cggacacgca aagggtcgge tttcaggtga cgaagggtet 240
gaggacggeyg atgattatga caccccgecce atcctcaaag aactgcaggce ccttaataca 300
gaggaagcgyg cggagcagceg agctgaagtt gacagaatge tctcagaaga tccgtggaga 360
gctgcgaaaa tgattaaggg atatatgcag caacataaca ttccccagag agaggtagtt 420
gatgttaccyg gccttaacca gagccacctg tctcageate tcaataaggg tactcectatg 480
aaaacacaga agcgagcggce cctttacaca tggtacgtge ggaagcaacyg agaaattcte 540
cgacagttca atcagacagt acaatcttca gggaacatga cggataaaag ctcacaggat 600
cagctettgt ttctettece cgagttcage caacagtcecee acggtccagyg tcaatctgat 660
gatgcttgca gtgaacctac aaacaaaaaa atgaggagga acaggtttaa atggggaccyg 720
gectetcage agatactgta ccaagegtac gatcggcaga aaaacccaag caaagaggag 780
cgegaggcat tggtcgagga gtgtaatcgg gecgagtget tgcaacgggyg tgtaagtcect 840
agcaaagcce atggtcectegg ctcaaacttg gtcacggagyg tgagggtata taattggttt 900
gccaacagge ggaaggagga agcattccgg caaaagetgg cgatggatge ctactcaage 960
aaccagacac atagcctcaa ccctcetgttg tcacacgggt cccctcatca ccaaccttet 1020

tcetectecac ccaacaaact ttetggtgte cgatattcecce agcaggggaa caacgagata 1080

acatcttecct ctactataag tcatcacgga aattctgcaa tggtaacgtc acagagtgtg 1140

ttgcaacagg tatcacccgc gtctcttgat ccaggccaca atctgttgag ccctgacgga 1200

aagatgatct ctgtttctgg tggcggactc ccgeccggtet ccacacttac caacatacat 1260

agtctcagtc atcataatcc tcagcagagc caaaacctga ttatgactcc tecttagcgga 1320

gtgatggcta ttgcgcaatc tttgaacacc tcacaagcac aatctgtacc cgtcataaac 1380
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agcgtagegg gctcattgge ggcgctceccaa ccagtgcagt tctceccagca getccattca 1440
ccecatcaac agectctgat gcagcagagce cctggtagtce acatggctca acagcecgtte 1500
atggcagctg tcactcagcect ccagaactcce catatgtatg cccacaagca agaaccacca 1560
caatacagtc acacatcaag attccccagt gctatggttg ttactgacac atcctctatce 1620
tcaactctga cgaacatgtc cagtagtaaa caatgtcctce tgcaagcatg g 1671
<210> SEQ ID NO 57

<211> LENGTH: 1251

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 57

atgcgactct ccaaaaccct cgtcgacatg gacatggeeg actacagtge tgcactggac 60
ccagectaca ccaccctgga atttgagaat gtgcaggtgt tgacgatggg caatgacacg 120
tccccatcag aaggcaccaa cctcaacgeg cccaacagec tgggtgteag cgecctgtgt 180
gecatetgeg gggaccggge cacgggcaaa cactacggtg cctegagetyg tgacggetge 240
aagggcttet tccggaggag cgtgcggaag aaccacatgt actectgeag atttagecegg 300
cagtgcegtgg tggacaaaga caagaggaac cagtgceget actgcagget caagaaatge 360
ttcegggety gcatgaagaa ggaagecgte cagaatgage gggacceggat cagcactcega 420
aggtcaagct atgaggacag cagcctgece tccatcaatg cgcetcetgea ggeggaggte 480
ctgtcccgac agatcaccte cecegtetee gggatcaacg gegacatteg ggcgaagaag 540
attgccagca tcgcagatgt gtgtgagtce atgaaggage agetgetggt tcetegttgag 600
tgggccaagt acatcccage tttetgegag ctecceetgg acgaccaggt ggecctgete 660
agagcccatyg ctggcegagca cctgetgete ggagecacca agagatccat ggtgttcaag 720
gacgtgctge tcctaggcaa tgactacatt gtccctegge actgeccgga getggeggag 780
atgagccggyg tgtccatacg catccttgac gagetggtge tgcectteca ggagetgcag 840
atcgatgaca atgagtatge ctacctcaaa gccatcatet tetttgacce agatgccaag 900

gggctgageyg atccagggaa gatcaagegg ctgcegttece aggtgcaggt gagettggag 960
gactacatca acgaccgcca gtatgactcg cgtggceccget ttggagagcet gctgcetgetg 1020
ctgcccacct tgcagagcat cacctggcag atgatcgagce agatccagtt catcaagcetce 1080
ttcggcatgg ccaagattga caacctgttg caggagatgce tgctgggagg tcecgtgccaa 1140

geccaggagyg ggeggggttyg gagtggggac tccccaggag acaggectca cacagtgage 1200

tcaccectca getecttgge tteccccactg tgcecgetttg ggcaagttge t 1251

<210> SEQ ID NO 58

<211> LENGTH: 1005

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 58

atggacaacyg cgcggatgaa ttecttecte gagtacccaa ttttgtctag tggagacagt 60
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ggcacttgca gtgcccgage ctatccatca gaccacagaa ttacaacatt ccaaagetgt 120
geggtgtcecayg ccaacagttyg cggeggagac gaccgettee tggtcggaag aggggttcaa 180
attggatcac ctcaccatca ccatcaccac caccatcacc acccccaacce ggcgacttac 240
caaaccagceg gcaatttggg cgtgagetat agecattcect catgtggacce ttcectatggg 300
tctcagaatt tctecgecce ttatagecca tacgccctga accaagaggce cgatgtatca 360
ggaggctate cccagtgcge gccageggtt tactcaggta atctttctag cecgatggte 420
cagcaccacce atcaccatca aggttatgcec ggeggtgcag tceggatcccece acaatacata 480
caccatagtt acggccaaga gcaccaatcce ctggeccteg ctacatataa caactcactg 540
tcteegette atgettecca ccaagaaget tgtceggagte cegectcaga aacttectet 600
ccagectcaga cttttgattg gatgaaggtce aagcggaatce cgcectaaaac gggcaaagta 660
ggtgaatatyg gctatttggg acagcctaat getgtecgca ccaatttcac aacaaaacag 720
cttactgaac tcgagaagga atttcatttt aataagtatt tgactcgagce gagacgagte 780
gaaatcgceyg ctagtcecttca acttaacgag acccaggtta agatatggtt ccagaacaga 840
agaatgaaac aaaaaaagcg ggagaaggaa ggactcctee ctatatcacc agccacacce 900
ccaggtaacg acgagaaggc ggaggaatct tcagagaaga gttccagetce cccttgtgtt 960
ccttetectg gtagectcaac cagcgatacce ctcacgacga gtcac 1005

<210> SEQ ID NO 59

<211> LENGTH: 282

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 59

atgtgtcaag gcaattccaa aggtgaaaac gcagccaact ggctcacgge aaagagtggt 60
cggaagaagce gctgecccta cacgaagcac cagacactgg agctggagaa ggagtttetg 120
ttcaatatgt accttactcg agagcggege ctagagatta gccgcagegt ccacctcacg 180
gacagacaag tgaaaatctg gtttcagaac cgcaggatga aactgaagaa aatgaatcga 240
gaaaaccgga tccgggagct cacagccaac tttaattttt cc 282

<210> SEQ ID NO 60

<211> LENGTH: 942

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 60

atggattttyg atgagcgtgg tccctgetee tctaacatgt atttgecaag ttgtacttac 60
tacgtctegg gtecagattt ctecagecte ccttetttte tgececcagac ccegtetteg 120
cgcccaatga catactecta ctectcecaac ctgecccagg tecaaccegt gegegaagtg 180
accttcagag agtacgcecat tgageccgece actaaatgge accecegegg caatctggece 240
cactgctact ccgeggagga getegtgeac agagactgec tgcaggegee cagegeggec 300

ggegtgectyg gegacgtget ggccaagage tcggccaacg tctaccacca ccccaccced 360
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gcagtctegt ccaatttcta tagcaccgtg ggcaggaacg gcgtcctgec acaggetttce 420
gaccagtttt tcgagacagc ctacggcacc ccggaaaacc tcegectcctce cgactacccc 480

ggggacaaga gcgccgagaa ggggcccceg geggecacgg cgaccteege ggeggeggeg 540
geggetgeaa cgggegegee ggcaacttca agtteggaca geggeggegyg cggeggetge 600

cgggagatgg cggcggcage agaggagaaa gageggegge ggcegeccega gagcagcage 660

agccecgagt cgtcettecgg ccacactgag gacaaggcecyg gceggctccag tggcecaacge 720
acccgcaaaa agcgcetgece ctataccaag taccagatcee gagagctgga acgggagtte 780
ttcttcageg tctacattaa caaagagaag cgectgcaac tgtcccgcat gctcaaccte 840
actgatcgte aagtcaaaat ctggtttcag aacaggagaa tgaaggaaaa aaaaattaac 900
agagaccgtt tacagtacta ctcagcaaat ccactcctct tg 942

<210> SEQ ID NO 61

<211> LENGTH: 672

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 61

atgagttcct atttegtgaa cteccacctte ccegtcacte tggecagegg gcaggagtece 60
ttcetgggee agctaccget ctattegteg ggetatgegg accegetgag acattacccece 120
gegecctacyg ggccagggee gggcecaggac aagggetttg ccacttecte ctattacceg 180

ceggegggeg gtggetacgg ccgageggeg ccectgegact acgggecgge geceggectte 240

taccgcgaga aagagtcggce ctgcgcacte teeggegecyg acgagcagece cccgttecac 300
ccegagecge ggaagtcgga ctgcgegecag gacaagageg tgtteggega gacagaagag 360
cagaagtgct ccactcecggt ctaccegtgg atgcagegga tgaattcegtyg caacagttcee 420
teetttggge ccageggecg gegaggecge cagacataca cacgttacca gacgetggag 480
ctggagaagg agtttcacta caatcgctac ctgacgcegge ggcggcegcat cgagatcgeg 540
cacgecectgt gectgacgga gaggcagatce aagatatggt tcecagaaccyg acgcatgaag 600
tggaaaaagg agagcaaact gctcagegeg tcetcagceteca gtgecgagga ggaggaagaa 660
aaacaggccg ag 672

<210> SEQ ID NO 62

<211> LENGTH: 1410

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 62

atggctgtca gcgacgeget geteccatct ttetecacgt tegegtetgg cceggeggga 60
agggagaaga cactgcgtca agcaggtgece ccgaataacce getggeggga ggagetctece 120
cacatgaagc gacttcccee agtgettece ggecgecccet atgacctgge ggeggegace 180

gtggccacag acctggagag cggceggagee ggtgceggett geggeggtag caacctggeg 240

ccectaccte ggagagagac cgaggagtte aacgatctec tggacctgga ctttattcete 300
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tccaattege tgacccatce tcecggagtca gtggccgceca cegtgtectce gtcagegtca 360
gcctectett cgtegtegee gtcgagcage ggecctgeca gegegecocte cacctgeage 420

ttcacctate cgatceggge cgggaacgac ccgggegtgg cgeegggegyg cacgggegga 480

ggcctectet atggcaggga gtcegetcce cctecgacgg cteccttcaa cctggeggac 540
atcaacgacg tgagccecte gggeggette gtggecgage tectgeggece agaattggac 600
ceggtgtaca ttecgecgea geagecgeag ccgecaggtg gegggetgat gggcaagtte 660
gtgctgaagg cgtcegcetgag cgcccctgge agcegagtacg geageccgtce ggtcatcage 720
gtcagcaaag gcagccctga cggcagecac cceggtggtgg tggegeccta caacggeggyg 780
cegecgegea cgtgecccaa gatcaageag gaggeggtet cttegtgeac ccacttggge 840
getggaccee ctetcagcaa tggecaccegyg ceggctgcac acgacttece cctggggegyg 900
cagcteccca gcaggactac cccgaccetyg ggtettgagg aagtgetgag cagcagggac 960

tgtcaccctg cecctgeccget tectecececgge ttecatcecce acccecggggece caattaccca 1020

tcettectge ccgatcagat gcagcecgcaa gtcccgecge tcecattacca agagctcatg 1080

ccacceggtt cctgcatgcce agaggagecce aagccaaaga ggggaagacyg atcgtggece 1140

cggaaaagga ccgccaccca cacttgtgat tacgeggget geggcaaaac ctacacaaag 1200

agttcccatce tcaaggcaca cctgcgaacce cacacaggtg agaaacctta ccactgtgac 1260

tgggacggct gtggatggaa attcgcccge tcagatgaac tgaccaggca ctaccgtaaa 1320

cacacggggce accgecegtt ccagtgecaa aaatgcgacce gagcatttte caggtcggac 1380

cacctcgect tacacatgaa gaggcatttt 1410

<210> SEQ ID NO 63

<211> LENGTH: 1236

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 63

atggaggege gcggggaget gggeccggee cgggagtegg cgggaggega cctgetgeta 60

gecactgetgg cgeggaggge ggacctgege cgagagatcce cgetgtgege tggetgtgac 120

cagcacatce tggaccgett catcctcaag getctggace gecactggea cagcaagtgt 180
ctcaagtgca gcgactgeca cacgccactg gecgageget gettcagecg aggggagage 240
gtttactgca aggacgactt tttcaagcge ttegggacca agtgegecge gtgecagetg 300
ggcatccege ccacgcaggt ggtgcegecege geccaggact tegtgtacca cctgeactge 360
tttgcectgeg tegtgtgcaa geggcagetyg gecacgggeg acgagtteta cctcatggag 420
gacagcegge tcegtgtgcaa ggcggactac gaaaccgcca agcagcgaga ggecgaggec 480
acggccaage ggccgegeac gaccatcace gecaageage tggagacget gaagagegcet 540
tacaacacct cgcccaagece ggcgegecac gtgegegage agetctegte cgagacggge 600
ctggacatge gegtggtgea ggtttggtte cagaaccgec gggecaagga gaagaggetg 660
aagaaggacg ccggecggea gegetggggg cagtatttec gecaacatgaa gegetcccege 720

ggcggeteca agtcggacaa ggacagegtt caggagggge aggacagcega cgetgaggte 780

tccttecceg atgagectte cttggeggaa atgggecegg ccaatggect ctacgggage 840
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ttgggggaac ccacccaggc cttgggccgg ccctcegggag ccctgggcaa cttetcccetg 900
gagcatggag gcctggcagg cccagagcag taccgagagce tgecgtccegg cagcccctac 960
ggtgtceccee catcccecege cgeccccgcag agcectccctg geccccagec cctectetec 1020

agcctggtgt acccagacac cagcttggge cttgtgcect cgggagceccee cggegggece 1080
ccacccatga gggtgetgge agggaacgga cccagttetyg acctatccac ggggagcage 1140
gggggttacc ccgacttcce tgccagecce gectectgge tggatgaggt agaccacgcet 1200

cagttctcag gecctcatggg cccagettte ttgtac 1236

<210> SEQ ID NO 64

<211> LENGTH: 300

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 64

atggaaggaa tcatgaaccc ctacacggct ctgcccaccee cacagcaget cctggecate 60
gagcagagtyg tctacagctc agatccctte cgacagggte tcaccccacc ccagatgect 120
ggagaccaca tgcaccctta tggtgccgag ccecttttee atgacctgga tagegacgac 180
acctcectca gtaacctggg tgactgttte ctagecaacct cagaagetgg gectcetgeag 240
tccagagtgg gaaaccccat tgaccatetg tactccatge agaattctta cttcacatct 300

<210> SEQ ID NO 65

<211> LENGTH: 1419

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 65

atggggagaa aaaagattca gattacgagg attatggatg aacgtaacag acaggtgaca 60
tttacaaaga ggaaatttgg gttgatgaag aaggcttatg agctgagegt getgtgtgac 120
tgtgagattg cgctgatcat cttcaacage accaacaagce tgttccagta tgccagcacce 180
gacatggaca aagtgcttct caagtacacg gagtacaacg agccgcatga gagecggaca 240
aactcagaca tcgtggagac gttgagaaag aagggcctta atggetgtga cagcccagac 300
cccgatgegg acgatteegt aggtcacage cctgagtetg aggacaagta caggaaaatt 360
aacgaagata ttgatctaat gatcagcagg caaagattgt gtgetgttce acctcccaac 420
ttcgagatge cagtctecat cccagtgtee agecacaaca gtttggtgta cagcaaccct 480
gtcagctcac tgggaaaccc caacctattyg ccactggcete acccttetet gecagaggaat 540
agtatgtcte ctggtgtaac acatcgacct ccaagtgcag gtaacacagg tggtctgatg 600
ggtggagace tcacgtctgg tgcaggcace agtgcaggga acgggtatgyg caatccecga 660
aactcaccag gtctgetggt ctcacctggt aacttgaaca agaatatgca agcaaaatct 720
ccteccccaa tgaatttagg aatgaataac cgtaaaccag atctcegagt tcettattcca 780
ccaggcagca agaatacgat gecatcagtg tctgaggatg tegacctget tttgaatcaa 840

aggataaata actcccagte ggctcagtca ttggetacece cagtggttte cgtagcaact 900
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cctactttac caggacaagg aatgggagga tatccatcag ccatttcaac aacatatggt 960
accgagtact ctctgagtag tgcagacctg tcatctetgt ctgggtttaa caccgccagce 1020
gctecttcace ttggttcagt aactggcetgg caacagcaac acctacataa catgccacca 1080
tctgcectca gtcagttggg agecttgcact agcactcatt tatctcagag ttcaaatctce 1140
tcectgectt ctactcaaag cctcaacatc aagtcagaac ctgtttctece tectagagac 1200
cgtaccacca ccccttegag atacccacaa cacacgcgece acgaggcggyg gagatctect 1260
gttgacagct tgagcagctg tagcagttcg tacgacggga gcgaccgaga ggatcaccgg 1320
aacgaattcce actcccccat tggactcacce agaccttege cggacgaaag ggaaagtcce 1380
tcagtcaagc gcatgcgact ttctgaagga tgggcaaca 1419
<210> SEQ ID NO 66

<211> LENGTH: 807

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 66

atggcccage ccctgtgece gecgetetee gagtectgga tgctctetge ggectgggge 60
ccaactegge ggccgecgece ctecgacaag gactgeggece getecctegt ctegtceccca 120
gactcatggg gcagcaccee agccgacage cccegtggega gecccgegeyg gocaggeaca 180
ctcegggace ccegegeccee cteegtaggt aggegeggeg cgegcageag ccgectggge 240

agcgggcaga ggcagagege cagtgagegg gagaaactge geatgegeac getggeccege 300
gecectgcacyg agetgegeeg ctttectaceyg cegteegtgg cgeccgeggyg ccagagectyg 360
accaagatcg agacgctgeg cctggetate cgetatateg gecaccetgte ggecgtgeta 420
ggcctecageyg aggagagtet ccagegecegyg tgccggcage geggtgacge ggggtceccct 480
cggggetgee cgetgtgece cgacgactge ccegegeaga tgcagacacg gacgcagget 540

gaggggcagg ggcaggggceg cgggctggge ctggtatceg cegteegege cggggegtec 600

tggggatcce cgectgectyg ceceggagee cgagetgeac cegagecgeg cgacccegect 660
gegetgtteg ccgaggegge gtgeceggaa gggcaggcega tggagcecaag cccaccgtec 720
cegetectte cgggegacgt getggetetyg ttggagaccet ggatgecect ctegectetg 780
gagtggctge ctgaggagcce caagttg 807

<210> SEQ ID NO 67

<211> LENGTH: 1239

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 67

atgctggaaa tgctagaata taatcactat caggtgcaga cccacctega aaaccccace 60
aagtaccaca tacagcaagc ccaacggcag caggtaaagce agtaccttte taccacttta 120
gcaaataaac atgccaacca agtcctgage ttgccatgte caaaccagec tggegatcat 180

gtcatgccac cggtgceggg gagcagegca cccaacagee ccatggetat gettacgett 240



US 2021/0108193 Al Apr. 15,2021
115

-continued
aactccaact gtgaaaaaga gggattttat aagtttgaag agcaaaacag ggcagagagc 300
gagtgcccayg gcatgaacac acattcacga gegtcectgta tgcagatgga tgatgtaatce 360
gatgacatca ttagcctaga atcaagttat aatgaggaaa tcttgggett gatggatcct 420
getttgcaaa tggcaaatac gttgectgte tcgggaaact tgattgatcet ttatggaaac 480
caaggtctge ccccaccagg cctcaccatce agcaactcect gtcecagccaa cctteccaac 540
ataaaaaggg agctcacaga gtctgaagca agagcactgg ccaaagagag gcagaaaaag 600
gacaatcaca acctgattga acgaagaaga agatttaaca taaatgaccg cattaaagaa 660
ctaggtactt tgattcccaa gtcaaatgat ccagacatge gctggaacaa gggaaccatce 720
ttaaaagcat ccgtggacta tatccgaaag ttgcaacgag aacagcaacyg cgcaaaagaa 780
cttgaaaacc gacagaagaa actggagcac gccaaccgge atttgttget cagaatacag 840
gaacttgaaa tgcaggctcg agctcatgga ctttcectta ttecatccac gggtcetetge 900
tctecagatt tggtgaatcg gatcatcaag caagaacceg ttcttgagaa ctgcagccaa 960
gacctcctte agcatcatge agacctaacc tgtacaacaa ctctcgatct cacggatgge 1020
accatcacct tcaacaacaa cctcggaact gggactgagg ccaaccaagce ctatagtgtce 1080
cccacaaaaa tgggatccaa actggaagac atcctgatgg acgacaccct ttetccecgte 1140

ggtgtcactg atccactcct ttectcagtg tcccececggag cttccaaaac aagcagcecgg 1200

aggagcagta tgagcatgga agagacggag cacacttgt 1239

<210> SEQ ID NO 68

<211> LENGTH: 1317

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 68

atgcccctca acgttagett caccaacagg aactatgacce tegactacga cteggtgcag 60
cegtatttet actgegacga ggaggagaac ttctaccage agcagcagca gagcgagetg 120
cagccecagyg cgcccagega ggatatetgg aagaaatteg agetgetgee cacccecegecce 180
ctgtccecta geegecgete cgggetetge tegeectect acgttgeggt cacaccctte 240
tceectteggyg gagacaacga cggeggtgge gggagettet ccacggecga ccagetggag 300
atggtgaccyg agctgetggg aggagacatg gtgaaccaga gtttcatetg cgacccggac 360
gacgagacct tcatcaaaaa catcatcatc caggactgta tgtggagegyg ctteteggec 420
gecgecaage tcegtcetcaga gaagetggece tcectaccagg ctgcegegcaa agacagegge 480
agcccgaace ccgeccgegg ccacagegte tgetecacet ccagettgta cctgcaggat 540
ctgagegeceg ccgectcaga gtgcatcgac cecteggtgg tettceccta cectetcaac 600
gacagcagct cgcccaagte ctgegecteg caagactcca gegecttete teegtecteg 660
gattctetge tctectegac ggagtectee cegcagggca gecccgageco cctggtgete 720
catgaggaga caccgcccac caccagcage gactcectgagg aggaacaaga agatgaggaa 780
gaaatcgatg ttgtttcetgt ggaaaagagyg caggctectg gcaaaaggtc agagtctgga 840

tcaccttetyg ctggaggcca cagcaaacct cctcacagec cactggtect caagaggtge 900
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cacgtctcca cacatcagca caactacgca gegectcect ccactcggaa ggactatcct 960
gctgccaaga gggtcaagtt ggacagtgtc agagtcectga gacagatcag caacaaccga 1020
aaatgcacca gccccaggte ctcggacacce gaggagaatyg tcaagaggceyg aacacacaac 1080
gtcttggage gccagaggag gaacgagcta aaacggagcet tttttgcecct gcgtgaccag 1140
atcccggagt tggaaaacaa tgaaaaggcce cccaaggtag ttatccttaa aaaagccaca 1200
gcatacatcc tgtccgtcca agcagaggag caaaagctca tttctgaaga ggacttgttg 1260
cggaaacgac gagaacagtt gaaacacaaa cttgaacagc tacggaactc ttgtgceg 1317
<210> SEQ ID NO 69

<211> LENGTH: 618

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 69

atggactacg actcgtacca gcactattte tacgactatg actgegggga ggatttctac 60
cgctecacgg cgcccagega ggacatctgg aagaaatteg agetggtgee atcgeccccce 120
acgtcgeege cctggggett gggtecegge geaggggace cggecccegg gattggtece 180
ceggageegt ggeccggagg gtgcaccgga gacgaagegg aatccegggg ccactcgaaa 240
ggctggggca ggaactacge ctccatcata cgccgtgact geatgtggag cggetteteg 300

gecegggaac ggctggagag agctgtgage gaccggeteg ctectggege gecceggggyg 360

aaccegecca aggegtecge cgcccceggac tgcactcceca gectecgaage cggcaacccyg 420
gegeccgeeyg ccecectgtee getgggcgaa cccaagacce aggectgete cgggtcecgag 480
agcccaageg actcgggtaa ggaccteccece gagecatcca agagggggece accccatggg 540
tggccaaage tctgeccctg cctgaggtca ggcattgget cttcetcaage tettgggceca 600
tcteegecte tetttgge 618

<210> SEQ ID NO 70

<211> LENGTH: 1392

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 70

atgccgagtt gttccacgte tacgatgeca ggaatgatat gcaagaacce cgacttggag 60
tttgactctt tgcaaccatg cttttatceg gatgaagacg acttttattt cggeggecceg 120
gacagcacce ctectggaga ggacatctgg aaaaaattcg aacttttgec tacaccccca 180
ctcagtcect ctegaggatt tgcggaacac agcagtgaac cgcegtettyg ggtgacagag 240
atgctecteg agaacgaatt gtggggaage cctgeggagg aagacgettt cgggeteggt 300
ggactcggag gtctcacgece gaacccagtce atactgcagg attgcatgtg gtetggatte 360
tcagcteggyg agaagectgga acgggcagtt tctgagaaac tccaacatgg cceggggecct 420
ccaacagegyg dgttctacege acagtccect ggtgetggag cegetagtcee cgeggggaga 480

ggccatgggyg gegeggcagg agegggtagyg geceggegetg cgttgectge tgagettgeg 540
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caccececgeceg ctgaatgtgt agatcccegeg gtagtgttte cgttccccegt taataagcga 600
gaaccggcac cggtgccage cgctectgeg tctgcacceg cggcaggtece tgctgtegec 660
tcaggagcag gtattgccge tcctgcaggg gcaccaggag tagcccctcece aaggcccggce 720
ggtaggcaaa cctececggegg cgaccacaaa gcactctcaa cgagcggaga ggatacactg 780
tccgatagtg atgacgagga cgacgaagag gaggdacgagg aggaggagat agatgttgtce 840
acggtcgaga agcgaaggag ttcttcaaat acaaaagcgg taacgacatt cacgataaca 900
gtaagaccta agaacgcagc ccteggtcca gggcgggecce agtccagtga gcttatactt 960

aagcgctgece tgccgattca ccagcagcat aactacgegg cccctagtece ctacgttgag 1020
agcgaggatg cccccccaca aaaaaaaata aagtctgaag cgtcecccceceg cccectgaaa 1080
tcegtaatcece ccccaaaggce gaagtcactce agtcccagga attcagattce cgaggactcce 1140
gaacggcggce ggaatcataa catacttgag agacaacgac gcaatgacct gaggtcttcet 1200
tttttgacce tccgagatca cgtccccgag ctggttaaga atgagaaagce tgcgaaggta 1260
gtcatactga aaaaggccac cgagtatgtc catagtttgc aagctgagga gcaccagcett 1320
ctccttgaaa aggagaaact tcaggcacga caacagcaat tgctgaaaaa gattgagcat 1380
gcacgcactt gt 1392
<210> SEQ ID NO 71

<211> LENGTH: 960

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 71

atggagctac tgtcgecacce getcecgegac gtagacctga cggececega cggcetcetete 60
tgctecectttyg ccacaacgga cgacttctat gacgaccegt gtttcecgacte cceggacctg 120
cgcttetteg aagacctgga cecgegectyg atgcacgtgg gegegetect gaaacccgaa 180
gagcactege acttccccege ggeggtgcac ccggeccegg gegcacgtga ggacgageat 240
gtgcgegege ccagegggea ccaccaggeg ggcecgetgee tactgtggge ctgcaaggeg 300
tgcaagcgca agaccaccaa cgccgacege cgcaaggeeg ccaccatgeg cgageggege 360
cgectgageca aagtaaatga ggectttgag acactcaage getgcacgte gagcaatcca 420
aaccagcggt tgcccaaggt ggagatcetg cgcaacgcca tecgcetatat cgagggectg 480
caggctetge tgegegacca ggacgecgeg ccccctggeg cegeageege cttetatgeg 540
cegggecage tgcceceggg coegeggegge gagcactaca geggegacte cgacgegtece 600
agccegeget ccaactgete cgacggeatg atggactaca geggeccece gageggegec 660
cggeggegga actgctacga aggcgectac tacaacgagg cgcccagega acccaggecce 720
gggaagagtyg cggcggtgtce gagectagac tgcctgtcca gecatcegtgga gegeatctec 780
accgagagece ctgeggegece cgecctectyg ctggeggacg tgecttetga gtegecteeg 840
cgcaggcaag aggctgecge ceccagegag ggagagagea geggcgacce cacccagtca 900
ceggacgecyg ccccgeagtg cectgegggt gegaacccca accegatata ccaggtgete 960

<210> SEQ ID NO 72
<211> LENGTH: 672
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 72

atggagctgt atgagacatc ccectactte taccaggaac cecgcettceta tgatggggaa 60
aactacctge ctgtccacct ccagggette gaaccaccag getacgageg gacggagete 120
accctgagece ccgaggeccee agggeccctt gaggacaagg ggetggggac ccccgageac 180
tgtccaggee agtgectgece gtgggegtgt aaggtgtgta agaggaagte ggtgtcegtg 240

gaccggegge gggcggcecac actgagggag aagcgcagge tcaagaaggt gaatgaggec 300
ttcgaggece tgaagagaag caccctgete aaccccaacce ageggetgece caaggtggag 360

atcctgegea gtgccatcca gtacategag cgectccagg cectgetcag ctecctcaac 420

caggaggagce gtgaccteeg ctaccgggge gggggeggge ccecagecagg ggtgeccage 480

gaatgcagcet ctcacagcge ctcectgcagt ccagagtggg gcagtgcact ggagttcage 540
gccaacccag gggatcatct gctcacggcet gaccctacag atgcccacaa cctgcactece 600
ctcacctcca tcegtggacag catcacagtg gaagatgtgt ctgtggectt cccagatgaa 660
accatgccca ac 672

<210> SEQ ID NO 73

<211> LENGTH: 1068

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 73

atgaccaaat cgtacagcga gagtgggetyg atgggegage ctcageccca aggtcectcca 60
agctggacag acgagtgtcet cagttctecag gacgaggage acgaggcaga caagaaggag 120
gacgaccteg aagccatgaa cgcagaggag gactcactga ggaacggggy agaggaggag 180

gacgaagatg aggacctgga agaggaggaa gaagaggaag aggaggatga cgatcaaaag 240

cccaagagac gcggecccaa aaagaagaag atgactaagg ctegectgga gegttttaaa 300
ttgagacgca tgaaggctaa cgcccgggag cggaaccgea tgcacggact gaacgeggeg 360
ctagacaacc tgcgcaaggt ggtgecttge tattctaaga cgcagaaget gtccaaaatce 420
gagactctge gcttggccaa gaactacatce tgggctetgt cggagatcct gegetcagge 480
aaaagcccag acctggtete cttegttecag acgetttgea agggettate ccaacccacce 540
accaacctgg ttgcgggetg cctgcaacte aatcctegga cttttetgee tgagcagaac 600
caggacatge ccccccacct gecgacggee agegetteet tecctgtaca ccectactece 660
taccagtege ctgggetgece cagtcegect tacggtacca tggacagete ccatgtette 720
cacgttaage ctecgecgea cgectacage geagegetgg ageecttett tgaaagecct 780
ctgactgatt gcaccagece ttectttgat ggacccctea gecegecget cagcatcaat 840
ggcaacttct ctttcaaaca cgaaccgtce geccgagtttg agaaaaatta tgectttacce 900
atgcactatc ctgcagcgac actggcaggg gcccaaagec acggatcaat cttcetcagge 960

accgctgecce ctcecgetgecga gatccccata gacaatatta tgtcecttcga tagccattca 1020
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catcatgage gagtcatgag tgcccagetce aatgccatat ttcatgat

<210> SEQ ID NO 74
<211> LENGTH: 711

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 74

atgccagecc

gacctatccyg

gCtthgggC

gttccagggg

cgctecgagy

gagcgcaace

tegtteceeg

atctgggete

cgggagcgcc

agegacgcegyg

agcccagecg

agcctgecca

gecttgagac

gettecteac

cgeceegeged

cacaggacga

cgctgetgea

gcatgcacaa

acgacaccaa

tggccgagac

tcctgecgec

agtcctgggg

cctecgaaga

aagacttgct

<210> SEQ ID NO 75
<211> LENGTH: 642

<212> TYPE:

DNA

ctgcatctee
cgacgaggaa
ggccecgeagg
cgagcaggag
ctegetgege
cttgaacgeg
gctcaccaaa
actgcgecetyg
gcagtgegte
ctcaggtgec
cttcacctac

ccacacaacg

gacctegact

gactgtgcca

ggcgegecca

aggeggegge

aggagccggce

gecctggacy

atcgagacge

geggatcaag

cecctgectge

geegeegect

cgececeggeyg

ccctgtttea

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 75

atgacaccac

ttcccacgeyg

cggaccegeg

cttegagece

cgcegeagte

tctgetetgyg

aagatagaga

attgccgatce

agcceeggeyg

tctttgagte

gecatgtctgt

aaccatctgg

cgtecegagga

ggaattgtge

gacggggtgg

ggaggaaaaa

acgctetgeg

ctcteeggtt

acagtcttta

getetectygy

cggetgecag

cceetggete

<210> SEQ ID NO 76
<211> LENGTH: 741

<212> TYPE:

DNA

tgctcccaca

tgaggtgaca

tgaggccgaa

aagaagccge

ggcaaacgac

aggcgtactt

tgcacataat

cgctettgag

agactggggg

tctegaagaa

attggettte

gtccaggtga
tgtccaacta
gagggaggat
cccaagtetyg

cgggaaagga

cctactttec

tacatctggyg

ccacccgecce

tctttgtatt

agaccecggac

tcagactttt

<213> ORGANISM: Artificial Sequence

gegecageag
gactccaaca
atatctceeg
gecgeggecg
gegtcaagge
cactgegeag
tgcgettege
ggctgecegg
ceggteceee
ccecegetete
accetgtttt

ttccttacca

cgcgagagac

gegeaccece

gcagaggage

agctegeect

ataggatgca

cggatgacge

ctcttacaca

cgcactgtygyg

ctcetgteag

tccttggage

tg

1068
Synthetic
cagcggcagt 60
ggcagcctece 120
ggcgtcectgag 180
gacgcgggte 240
caacgatcgce 300
cgtgctgecce 360
ctacaactac 420
aggcggtgcece 480
aagcccegece 540
tgaccccagt 600
ctccttecca 660
c 711
Synthetic

tgaaagatca 60
ctctectacce 120
accaaggaaa 180
tagcaagcag 240
taatcttaat 300
gaaattgacc 360
aacactgaga 420
cgagctgggt 480
ccaagcggga 540
gactttttca 600

642
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<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 76

atggcecctge ctcccagece getggecatg gaatatgtcea atgactttga cttgatgaag 60
tttgaggtaa agcgggaacc ctctgaggge cgacctggece cacctacage ctcactggga 120
tccacacctt acagctcagt gectccttca cecaccttea gtgaaccagyg catggtaggg 180
gcaaccgagyg gtacacgacc aggtttggag gagctgtact ggettgctac cctgcageag 240
cagettgggg ctggggaggce attgggactg agtcctgaag aggccatgga gctactgcaa 300
ggtcagggece cagtccctgt tgatggacce catggttact acccagggag cccagaggag 360
acaggagcce agcacgttca gttggcagag cggtttteeg acgeggceget tgtctcgatg 420
tctgtgegag aactaaaccg gcagetgegg ggatgcggga gagacgagge tctacgactg 480
aagcagaggc gtcgaacgct gaagaaccgt ggctatgege aagcatgteg ttccaagagg 540
ctgcaacaga ggcgaggtct tgaggccgag cgegeccgte ttgcagcecca gctagatgeg 600
ctacgagctyg aagtagcacg tttggcaaga gagcgagatce tctacaaggce tcgetgtgac 660
cggctaacct cgagtggccce cgggteeggg gatccctecee accttttect ctgeccaact 720
ttcttgtaca aagttgtccce ¢ 741

<210> SEQ ID NO 77

<211> LENGTH: 1395

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 77

atgaacgcge agctgaccat ggaagcgate ggegagetge acggggtgag ccatgagecg 60
gtgccegece ctgccgacct getgggegge ageccccacg cgegecagete cgtggegeac 120
cgeggeageco acctgeccee cgegcaceeg cgetecatgg geatggegte cctgetggac 180
ggcggcageg geggeggaga ttaccaccac caccaccggg cccctgagea cagectggec 240
ggcccectge atcccaccat gaccatggece tgcgagacte ccccaggtat gageatgecc 300
accacctaca ccaccttgac cectetgeag ccgetgecte cecatctcecac agtcteggac 360
aagttcccce accatcacca ccaccaccat caccaccacce accegeacca ccaccagege 420
ctggegggca acgtgagegg tagcettcacg ctecatgeggg atgagegegg getggectece 480
atgaataacc tctataccce ctaccacaag gacgtggeeg geatgggeca gagectceteg 540
ccecteteca geteeggtet gggeageate cacaactcece agcaaggget cccccactat 600
geccaccegg gggccgecat geccaccgac aagatgctca cecccaacgyg cttegaagec 660
caccaccegg ccatgetegg cegecacggg gagcageace tcacgeccac cteggecgge 720
atggtgccca tcaacggect tecteegeac catceccacg cecacctgaa cgeccaggge 780
cacgggcaac tcctgggeac ageccgggag cccaaccectt cggtgacegg cgegcaggte 840
agcaatggaa gtaattcagg gcagatggaa gagatcaata ccaaagaggt ggcgcagegt 900
atcaccaccg agctcaageg ctacagecate ccacaggeca tettegegea gagggtgete 960

tgcegetece aggggaccct cteggacctyg ctgegcaace ccaaaccetyg gagcaaacte 1020
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aaatccggee gggagacctt ccggaggatg tggaagtgge tgcaggagece ggagttccag 1080
cgcatgtceeg cgctecgett agcagcatge aaaaggaaag aacaagaaca tgggaaggat 1140
agaggcaaca cacccaaaaa gcccaggttg gtcecttcacag atgtccageg tcgaactcta 1200
catgcaatat tcaaggaaaa taagcgtcca tccaaagaat tgcaaatcac catttcccag 1260
cagctggggt tggagctgag cactgtcagce aacttcttca tgaacgcaag aaggaggagt 1320
ctggacaagt ggcaggacga gggcagctcce aattcaggca actcatcttce ttcatcaagce 1380
acttgtacca aagca 1395
<210> SEQ ID NO 78

<211> LENGTH: 891

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 78

atgatgtctt atcttaagca accgccttac gecagtcaatyg ggctgagtcet gaccacttceg 60
ggtatggact tgctgcacce ctcegtggge tacccegggge cctgggette ttgtecccgea 120
gecaccceceee ggaaacageg ccgggagagg acgacgttca ctegggegca gcetagatgtg 180
ctggaagcac tgtttgccaa gacccggtac ccagacatct tcatgcgaga ggaggtggca 240
ctgaaaatca acttgcccga gtcgagggtg caggtatggt ttaagaatcyg aagagctaag 300
tgccgecaac aacagcaaca acagcagaat ggaggtcaaa acaaagtgag acctgccaaa 360
aagaagacat ctccagctcg ggaagtgagt tcagagagtyg gaacaagtgg ccaattcact 420
ccececteta gcacctcagt cccgaccatt gecagcagea gtgctcoctgt gtctatetgg 480
agcccagett ccatcteccce actgtcagat cecttgteca cctectette ctgcatgcag 540
aggtcctate ccatgaccta tactcagget tcaggttata gtcaaggata tgctggctca 600
acttcctact ttgggggcat ggactgtgga tcatatttga ccectatgea tcaccagett 660
cceggaccag gggcecacact cagtcccatg ggtaccaatyg cagtcaccag ccatctcaat 720
cagtccccag cttetettte cacccaggga tatggagett caagettggyg ttttaactca 780
accactgatt gcttggatta taaggaccaa actgcctect ggaagcttaa cttcaatget 840
gactgcttgg attataaaga tcagacatcc tcgtggaaat tccaggtttt g 891

<210> SEQ ID NO 79

<211> LENGTH: 1554

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 79

atggcggece tteceggecac ggtaccgaga atgatgegge cggetecggg gcagaactac 60
ccecegeacgg gattcecttt ggaagtgtee acccegettg gecaaggecg ggtcaatcag 120
ctgggagggyg tctteatcaa tgggcgacce ctgectaacce acatcegeca caagatagtg 180
gagatggcce accatggcat cecggeectgt gtcatctceee gacagetgeg tgtcteccac 240

ggctgegtet ccaagattcet ttgeccgctac caggagacceg ggtccatceyg gectggggec 300
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atcggeggca gcaagcccag acaggtggeg actccggatg tagagaaaaa gattgaggag 360
tacaagaggg aaaacccagg catgttcage tgggagatcc gggacaggct gctgaaggat 420
gggcactgtg accgaagcac tgtgccctca gtgagttcga ttagccgegt gctcagaatc 480

aagttcggga agaaagagga ggaggatgaa gcggacaaga aggaggacga cggcgaaaag 540

aaggccaaac acagcatcga cggcatcetyg ggegacaaag ggaaccegget ggacgaggge 600
tcggatgtgg agtcggaacce tgaccteeca ctgaagegea agcagegacg cagtceggace 660
acattcacgg ccgagcagcet ggaggagetyg gagaaggect ttgagaggac ccactaccca 720
gacatataca cccgcgagga gcetggegcag aggaccaage tgacagagge gegtgtgeag 780
gtctggttca gtaaccgeceg cgcccegttgyg cgtaagcagg caggagccaa ccagetggeg 840
gegttcaace accttetgee aggaggette ccgeccaceg gecatgeccac gotgeccceec 900
taccagctge cggactccac ctaccccace accaccatet cccaagatgg gggcagcact 960

gtgcaccgge ctcageccct gccaccgtcece accatgcace agggcegggcet ggetgcageg 1020
gctgcageeg ccgacaccag ctetgectac ggagcccgec acagcttcectce cagctactcet 1080
gacagcttca tgaatccgge ggcgecctcece aaccacatga acccggtcag caacggectg 1140
tctectecagg tgatgagcat cttgggcaac cccagtgegg tgcccccgca gecacaggct 1200
gacttctecca tcecteccceget gcatggegge ctggactcecgg ccacctceccat ctcagcecage 1260
tgcagccage gggcecgactce catcaageca ggagacagece tgcccaccte ccaggectac 1320
tgcccaccca cctacagcac caccggctac agegtggace cegtggecegyg ctatcagtac 1380
ggccagtacg gccagagtga gtgcctggtg cecctgggcegt cccccegtecce cattecttet 1440
cccaccecca gggcectectg cttgtttatg gagagctaca aggtggtgte agggtgggga 1500
atgtccattt cacagatgga aaaattgaag tccagccaga tggaacagtt cacc 1554
<210> SEQ ID NO 80

<211> LENGTH: 903

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 80

atgagttgce aagcttttac tteggetgat acctttatac ctctgaatte tgacgectcet 60
gcaactctge ctctgataat gcatcacagt gctgccgagt gtctaccagt ctecaaccat 120
gccaccaatyg tgatgtctac agcaacagga cttcattatt ctgttectte ctgtcattat 180
ggaaaccagc catcaaccta tggagtgatg gcaggtagtt taaccccttyg tctttataaa 240
tttcectgace acaccttgag tcatggattt cctectatac accagectcet tcetggcagag 300
gaccccacag ctgctgattt caagcaggaa ctcaggcgga aaagtaaatt ggtggaagag 360
ccaatagaca tggattctece agaaatcaga gaacttgaaa agtttgccaa tgaatttaaa 420
gtgagacgaa ttaaattagg atacacccag acaaatgttg gggaggccct ggcagetgtg 480
catggctetyg aattcagtca aacaacaatce tgecgatttg aaaatctgca gcetcagettt 540
aaaaatgcat gcaaactgaa agcaatatta tccaaatgge tggaggaagce tgagcaagta 600

ggagctttgt acaatgaaaa agtgggagca aatgaaagga aaagaaaacyg aagaacaact 660
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ataagcattg ctgctaaaga tgctctggag agacactttg gagaacagaa taaaccttct 720
tctcaagaga tcatgaggat ggctgaagaa ctgaatctgg agaaagaagt agtaagagtt 780
tggttttgca accggaggca gagagaaaaa cgggtgaaaa caagtctgaa tcagagttta 840
ttttctattt ctaaggaaca tcttgagtgc agatcaggecc tcatgggccce agetttettg 900
tac 903

<210> SEQ ID NO 81

<211> LENGTH: 1080

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 81

atggcgggac acctggette agattttgee ttetegecee ctecaggtgg tggaggtgat 60

gggccagggyg ggccggagee gggcetgggtt gatcctegga cctggetaag cttecaagge 120
cctectggag ggccaggaat cgggecegggg gttgggecag getetgaggt gtgggggatt 180

ccececatgee ccccgecgta tgagttetgt ggggggatgg cgtactgtgg gecccaggtt 240

ggagtgggge tagtgcccca aggeggettyg gagacctcete agectgaggyg cgaagcagga 300

gtecggggtgyg agagcaactce cgatggggece tccccggage cctgcaccegt caccectggt 360
gecgtgaage tggagaagga gaagctggag caaaacccgg aggagtccca ggacatcaaa 420
getetgcaga aagaactcga gcaatttgece aagctcectga agcagaagag gatcaccectg 480
ggatatacac aggccgatgt ggggctcacce ctgggggtte tatttgggaa ggtattcage 540
caaacgacca tctgeegett tgaggetetg cagettaget tcaagaacat gtgtaagetg 600
cggeccttge tgcagaagtg ggtggaggaa gctgacaaca atgaaaatct tcaggagata 660
tgcaaagcag aaaccctegt geaggeccga aagagaaagce gaaccagtat cgagaaccga 720
gtgagaggca acctggagaa tttgttcctyg cagtgcccga aacccacact gcagcagatc 780
agccacatcg cccagecaget tgggetegag aaggatgtgg tecgagtgtg gttetgtaac 840
cggcegecaga agggcaageg atcaagcage gactatgcac aacgagagga ttttgagget 900
getgggtete ctttetcagg gggaccagtyg tectttecte tggecccagyg gecccatttt 960

ggtaccccag gctatgggag ccctcactte actgcactgt actccteggt ccecttteect 1020

gagggggaag cctttcccce tgtetcectgte accactctgg gcectcectceccat gcattcaaac 1080

<210> SEQ ID NO 82

<211> LENGTH: 1440

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 82

atggcttcag acagcatatt tgagtcattt ccttegtace cacagtgett catgagagaa 60
tgcatacttg gaatgaatcc ttctagagac gteccacgatg ccagcacgag ccgecgette 120
acgccgectt ccaccgeget gageccagge aagatgageg aggegttgee getgggegece 180

ceggacgecg gegetgecct ggecggcaag ctgaggageg gegacegeag catggtggag 240
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gtgetggeeyg accaccceggg cgagetggtg cgcaccgaca gecccaactt cctetgetece 300
gtgctgecta cgcactggeg ctgcaacaag accctgecca tegetttcaa ggtggtggece 360
ctaggggatg ttccagatgg cactctggte actgtgatgg ctggcaatga tgaaaactac 420
tcggetgage tgagaaatgce taccgcagec atgaagaacce aggttgcaag atttaatgac 480
ctcaggtttyg tcggtecgaag tggaagaggg aaaagcttca ctcectgaccat cactgtette 540
acaaacccac cgcaagtcgce cacctaccac agagccatca aaatcacagt ggatgggcce 600
cgagaaccte gaagacatcg gcagaaacta gatgatcaga ccaagcccegyg gagcttgtcee 660
ttttecgage ggctcagtga actggagcag ctgcggcegea cagecatgag ggtcagecca 720
caccacccag cccccacgcece caaccctegt gectccectga accactccac tgcectttaac 780
cctecagecte agagtcagat gcaggataca aggcagatcce aaccatcccece accgtggtcece 840
tacgatcagt cctaccaata cctgggatcce attgectcete cttetgtgea cccagcaacyg 900
ccecatttcac ctggacgtge cagcggcatg acaaccctet ctgcagaact ttccagtcga 960
ctctecaacgg cacccgacct gacagegtte agecgaccege gecagttece cgegetgece 1020
tcecatcteecg acccecgeat gcactatcca ggegecttceca cctactceccee gacgecggte 1080

acctecgggca tcggecatcegg catgteggece atgggcetegyg ccacgcegceta ccacacctac 1140
ctgcegecge cctacceegg ctegtegecaa gegcagggag gceccgtteca agcecagetceg 1200
ccetectace acctgtacta cggcgectceg gceceggctect accagttcte catggtgggce 1260
ggcgageget cgecgecgeg catcectgecg cectgeacca acgectecac cggetccgeg 1320
ctgctcaace ccagecteccece gaaccagage gacgtggtgyg aggccgaggyg cagccacagce 1380
aactccccca ccaacatgge geccteegeg cgectggagyg aggecgtgtyg gaggecctac 1440
<210> SEQ ID NO 83

<211> LENGTH: 852

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 83

atgtcgatge tgccgtegtt tggetttacg caggagcaag tggegtgegt gtgcgaggtt 60
ctgcagcaag gcggaaacct ggagegectyg ggecaggttece tgtggtcact geccgectge 120
gaccacctge acaagaacga gagcgtactce aaggccaagg cggtggtege cttecaccge 180
ggcaacttce gtgagctcta caagatcctyg gagagccacce agttctegec tcacaaccac 240
cccaaactge agcaactgtg getgaaggeg cattacgtgg aggecgagaa getgtgegge 300
cgaccectgyg gegeegtggg caaatategg gtgegecgaa aatttecact gecgegcace 360
atctgggacyg gcgaggagac cagctactge ttcaaggaga agtegagggg tgtcctgegg 420
gagtggtacg cgcacaatcc ctacccateg ccgegtgaga agegggaget ggecgaggec 480
accggectca ccaccaccca ggtcagcaac tggtttaaga accggaggca aagagaccgg 540
gecgeggagyg ccaaggaaag ggagaacacc gaaaacaata actcctecte caacaageag 600
aaccaactct ctectetgga agggggcaag ccgctcatgt ccagctcaga agaggaatte 660
tcacctccce aaagtccaga ccagaacteg gtecttetge tgcagggcaa tatgggecac 720

gccaggaget caaactattce tceteceggge ttaacagect cgecageccag tcacggectg 780
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cagacccacce agcatcaget ccaagactct ctgeteggec cectcaccte cagtetggtg 840

gacttggggt cc 852

<210> SEQ ID NO 84

<211> LENGTH: 873

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 84

atgtccatge tgcccacctt cggcttcacg caggagcaag tggegtgegt gtgcegaggtg 60

ctgcagcagg gcggcaacat cgagcggetg ggecgcettece tgtggteget geccegectge 120

gagcacctte acaagaatga aagcgtgctc aaggccaagg cegtggtgge cttecaccege 180

ggcaacttece gcgagetcta caagatcctg gagagecace agttctegec gcacaaccac 240

gccaagetyge agcagetgtg gctcaaggca cactacatceg aggcggagaa gcetgegegge 300

cgaccectgg gegeegtggg caaataccge gtgcegcecgea aattcccget gecgegetcee 360

atctgggacyg gcgaggagac cagctactge ttcaaggaaa agagtcgcag cgtgetgege 420

gagtggtacyg cgcacaaccce ctacccttca ccccegegaga agegtgaget gacggaggec 480

acgggectca ccaccacaca ggtcagcaac tggttcaaga accggcggca gcgcgaccgg 540

geggecgagy ccaaggaaag ggagaacaac gagaactcca attctaacag ccacaacccg 600

ctgaatggca gcggcaagtc ggtgttagge agetcggagyg atgagaagac tccatcgggg 660

acgccagace actcatcatc cagcccegea ctgetcectea geccegecgee ccctgggetyg 720

cegtecctge acagectggg ccacccteceg ggecccageg cagtgccagt gcecggtgceca 780

ggcggaggty gagecggacce actgcaacac caccatggec tgcaggactce catcctcaac 840

cccatgtcag ccaacctegt ggacctggge tcee 873

<210> SEQ ID NO 85

<211> LENGTH: 804

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 85

atgcecgeget ccttectggt caagaagcat ttcaacgect ccaaaaagcec aaactacage 60

gaactggaca cacatacagt gattatttcc ccgtatctcet atgagagtta ctccatgect 120

gtcataccac aaccagagat cctcagctca ggagcataca gccccatcac tgtgtggact 180

accgetgete cattccacge ccagctacce aatggectet ctectettte cggatactcee 240

tcatctttgg ggcgagtgag tccccctect cecatctgaca cctectccaa ggaccacagt 300

ggctcagaaa gccccattag tgatgaagag gaaagactac agtccaaget ttcagacccce 360

catgccattg aagctgaaaa gtttcagtgce aatttatgca ataagaccta ttcaactttt 420

tctgggetgg ccaaacataa gcagctgcac tgegatgcecce agtctagaaa atctttcage 480

tgtaaatact gtgacaagga atatgtgagc ctgggcgecce tgaagatgca tattcggace 540

cacacattac cttgtgtttg caagatctge ggcaaggegt tttecagace ctggttgett 600
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caaggacaca

gcatttgcag

taccagtgca

gaatctgget

ttagaactca

acaggtcaaa

aaaactgctce

getgtgtage

<210> SEQ ID NO 86
<211> LENGTH: 1398

<212> TYPE:

DNA

cacgggggag aagccttttt cttgccctca ctgcaacaga

tctgaggget catctgcaga cccattctga tgtaaagaaa

caaaacctte tccagaatgt ctctectgea caaacatgag

acac

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

<400> SEQUENCE: 86

atggcggagg

cgectgectgt

ggcctgcgag

dgcgaggegy

agcggetacyg

aagccgcacyg

aagctegegyg

ctectggagge

cgtatgcage

dggaaggecyg

geegecatee

tcceccatgt

cctccaacca

cgctecatgyg

atcagccacyg

ctgeegecca

ggcagtgecee

getetgecca

gcggggcccc

acctccctea

gactactctyg

ctctactegyg

gaccccagece

acgacactgt

agcaggacct

cccececggggayg

ccagecccgygyg

acgatgacaa

actggacgct

tcaageggec

accagtaccc

tgctgaacga

acaagaaaga

cccagggega

aggcccacta

cagatgggaa

ccccgaagac

dggagggcgy

aggtaatgtc

atgggcaccc

tggCCgtggC

cggtceteace

aggggceccc

gectgeccca

accatcagcc

ccttctecta

ccteagggec

cceggece

<210> SEQ ID NO 87
<211> LENGTH: 951

<212> TYPE

: DNA

atcggaggtg

cgegeecteg

gccaggcgag

gtteceegty

ggtgcccatyg

catgaacgcc

gcacctgcac

aagtgacaag

ccacceggac

ggcggagtge

caagagcgec

ccecegageac

agagctgcag

gaagcctcac

caacatggag

aggccatgtg

cagtggacac

acctggtgtyg

acactacacc

ctatggctca

ctcaggacce

tatggggccc

ccagteccac

gagctgagee

ctagggeceeg

ctgggcaagg

tgcatccgeyg

ccegtgegeyg

ttecatggtgt

aacgctgage

cgceecttea

tacaagtacc

ceccggtgggg

cacttggacc

ccctecaggec

tcgggcaagg

atcgactteg

acctttgatg

agcagctact

tcegectgga

gatgccaaag

gaccagccat

gecttecect

tattatggece

tcgcagegge

agccccacac

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide

cegtgggete
acggeggegy
tcaagaagga
aggccgtcag
tcaacggege
gggcteagge
tcagcaagac
tecgaggagge
agcccaggeg
aggccgagca
accggcacce
agagccatgg
cagacccgaa
gcaacgtgga
tggctgagtt
cagcagcegg
tctecaagee
cccaggtgaa
ccacctcaca
ccatcteeey
actcgggeca

ccctctacac

actgggagca

660

720

780

804

Synthetic

ggaggagccce 60
cggcggatcyg 120
gcagcaggac 180
ccaggtgcetce 240
cagcaaaagc 300
agcgcgcagyg 360
gctgggcaag 420
tgagcggcetce 480
gcggaagaac 540
aggtgggacc 600
aggagagggc 660
cccacccacce 720
dcgggacgygg 780
cattggtgag 840
ggaccagtac 900
ctatgggctyg 960
accaggcgtyg 1020
gacagagacc 1080
gatcgcectac 1140
cceecagttt 1200
ggcctetgge 1260
ggccatctet 1320
gccagtatat 1380

1398

Synthetic
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<400> SEQUENCE: 87

atgtacaaca tgatggagac ggagctgaag ccgccgggece cgcagcaaac ttceggggggce 60
ggcggceggca actccaccgce ggcggceggec ggceggcaacce agaaaaacag cccggaccgc 120
gtcaagcgge ccatgaatgce cttcatggtg tggtcccgeg ggcageggeg caagatggec 180
caggagaacc ccaagatgca caactcggag atcagcaagce gcctgggcgce cgagtggaaa 240
cttttgtcgg agacggagaa gcggccgttce atcgacgagg ctaagcggcet gcgagegetg 300
cacatgaagg agcacccgga ttataaatac cggccccgge ggaaaaccaa gacgctcatg 360
aagaaggata agtacacgct gcccggeggg ctgctggece cceggcggcaa tagcatggeg 420

agcggggteg gggtgggege cggectggge gegggegtga accagegeat ggacagttac 480

gegcacatga acggcetggag caacggcage tacagcatga tgcaggacca getgggetac 540
ccgcageace cgggectcaa tgegcacgge gcagegeaga tgcageccat gcaccgetac 600
gacgtgageg ccctgcagta caactccatyg accagctcege agacctacat gaacggeteg 660
cccacctaca gcatgtecta ctegecageag ggcaccectg geatggetcet tggcetcecatg 720
ggtteggtgyg tcaagtccga ggccagetce agecccectg tggttaccte ttecteccac 780
tccagggege cctgecagge cggggaccte cgggacatga tcagcatgta tcetceccegge 840
gecgaggtge cggaacccge cgcccccage agacttcaca tgtcccagea ctaccagage 900
ggcceggtge ceggcacgge cattaacgge acactgecce tctcacacat g 951

<210> SEQ ID NO 88

<211> LENGTH: 1338

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 88

atgcgacctyg ttcgagagaa ctcatcaggt gcgagaagec cgegggttcee tgetgatttg 60
gegeggagea ttttgataag cctaccctte cegecggact cgetggecca caggecccca 120
agctcegete cgacggagte ccagggectt ttcacegtgg cegetecage ccegggageg 180
ccttetecte cegecacget ggegcacctt ctteccgece cggcaatgta cagecttetg 240
gagactgaac tcaagaaccc cgtagggaca cccacacaag cggcgggcac cggeggeced 300

gecagcceeegg gaggegcagg caagagtagt gcgaacgcag ceggeggege gaacteggge 360

ggcggcagea geggtggtge gageggaggt ggcegggggta cagaccagga ccgtgtgaaa 420

cggeccatga acgecttecat ggtatggtee cgegggeage ggcgcaaaat ggecctggag 480
aaccccaaga tgcacaatte tgagatcage aagegettgg gegecgactyg gaaactgetg 540
accgacgeceg agaagcgacce attcatcgac gaggecaage gacttegege cgtgcacatg 600
aaggagtatc cggactacaa gtaccgaccg cgecgcaaga ccaagacgct gctcaagaaa 660
gataagtact ccctgcccag cggectectyg ccteceggtyg cegeggecge cgecgecget 720

geegeggeeyg cagecegetge cgccagcagt ceggtgggeg tgggecageyg cctggacacyg 780
tacacgcacg tgaacggctg ggccaacgge gegtactege tggtgcagga gcagetggge 840

tacgcgcage ccccgageat gagcageccg ccgecgecge cegegetgee gecgatgeac 900
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cgctacgaca tggecggect gecagtacage ccaatgatge cgeccggege tcagagetac 960
atgaacgtceg ctgcegegge cgccgecgece tegggctacyg ggggcatgge gcecctcagece 1020
acagcagcceg cggecgecge ctacgggcag cageccgeca ccegecgegge cgcagetgeg 1080
geegeageeyg ccatgagect gggecccatg ggcteggtag tgaagtctga geccageteg 1140
cegeegeceg ccategecate gecactctcag cgegegtgece teggcgacct gcegegacatg 1200
atcagcatgt acctgccacce cggcggggac geggecgacyg ccegectcetece getgecegge 1260
ggtegectyge acggegtgca ccagcactac cagggcgecg ggactgcagt caacggaacyg 1320
gtgccgctga cccacatce 1338
<210> SEQ ID NO 89

<211> LENGTH: 813

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 89

atgttacagg cgtgcaaaat ggaagggttt ccectegtec cecctcagece atcagaagac 60
ctggtgeect atgacacgga tctataccaa cgecaaacgce acgagtatta ccectatcte 120
agcagtgatg gggagagcca tagcgaccat tactgggact tccaccceca ccacgtgcac 180
agcgagttcg agagcttege cgagaacaac ttcacggage tccagagegt gcageccceceg 240
cagctgcage agctctacceg ccacatggag ctggagcaga tgcacgtect cgataccccce 300
atggtgccac cccatcccag tettggecac caggtctect acctgececeg gatgtgecte 360
cagtacccat ccctgteccee ageccagece agetcagatg aggaggaggg cgageggceag 420

agccccccac tggaggtgte tgacggegag geggatggece tggagecegg gectgggete 480

ctgectgggyg agacaggcag caagaagaag atccgectgt accagttect gttggacctg 540
ctcegeageg gcgacatgaa ggacagcate tggtgggtgg acaaggacaa gggcacctte 600
cagttctegt ccaagcacaa ggaggcegetyg gegecacceget ggggcatcca gaagggcaac 660
cgcaagaaga tgacctacca gaagatggeg cgegegetge gecaactacgg caagacggge 720
gaggtcaaga aggtgaagaa gaagctcacc taccagttca geggcgaagt getgggecge 780
gggggcctgyg ccgagcggceg ccacccgece cac 813

<210> SEQ ID NO 90

<211> LENGTH: 789

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 90

atgctegece tggaggetge acagetcgac gggccacact tcagetgtcet gtacccagat 60
ggegtettet atgacctgga cagetgcaag cattccaget accctgattce agaggggget 120
cctgactece tgtgggactg gactgtggee ccacctgtec cagecaccce ctatgaagec 180
ttcgaccegyg cagcagecge ttttagecac ccecaggetg cecagetetyg ctacgaaccce 240

cccacctaca gecectgeagg gaacctegaa ctggeccceca gectggagge cceggggect 300
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ggcctceceg cataccccac ggagaacttc gctagccaga ccctggttec cccggeatat 360
gcccegtace ccagecctgt gectatcagag gaggaagact taccgttgga cagccctgec 420

ctggaggtcet cggacagega gtecggatgag geectegtgg ctggeccega ggggaaggga 480

tccgaggcag ggactcgcaa gaagetgege ctgtaccagt tectgetggg getactgacg 540

cgeggggaca tgcegtgagtg cgtgtggtgg gtggagecag gegecggegt cttecagtte 600

tceteccaage acaaggaact cctggcegcege cgetggggcece agcagaaggg gaaccgcaag 660
cgcatgacct accagaagct ggcgcgcgcece ctecgaaact acgccaagac cggcgagatce 720
cgcaaggtca agcgcaagct cacctaccag ttcgacageg cgctgctgece tgcagtceccecgce 780
cgggcecttg 789

<210> SEQ ID NO 91

<211> LENGTH: 744

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 91

atgacgtgtg ttgaacaaga caagctgggt caagcatttyg aagatgcttt tgaggttctg 60
aggcaacatt caactggaga tcttcagtac tcgccagatt acagaaatta cctggettta 120
atcaaccatc gtcctcatgt caaaggaaat tccagctget atggagtgtt gcctacagag 180
gagectgtet ataattggag aacggtaatt aacagtgctg cggacttcta ttttgaagga 240
aatattcatc aatctctgca gaacataact gaaaaccage tggtacaacc cactcttcte 300
cagcaaaagg ggggaaaagg caggaagaag ctccgactgt ttgaatacct tcacgaatcce 360
ctgtataatc cggagatggc atcttgtatt cagtgggtag ataaaaccaa aggcatcttt 420
cagtttgtat caaaaaacaa agaaaaactt gccgagcttt gggggaaaag aaaaggcaac 480
aggaagacca tgacttacca gaaaatggcce agggcactca gaaattacgyg aagaagtggg 540
gaaattacca aaatccggag gaagctgact taccagttca gtgaggccat tctccaaaga 600
ctctetecat cctatttect ggggaaagag atcttctatt cacagtgtgt tcaacctgat 660
caagaatatc tcagtttaaa taactggaat gcaaattata attatacata tgccaattac 720
catgagctaa atcaccatga ttgc 744

<210> SEQ ID NO 92

<211> LENGTH: 612

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 92

atgcaatcat atgcttctge tatgttaage gtattcaaca gegatgatta cagtccaget 60
gtgcaagaga atattcccge tctecggaga agetcttect tectttgeac tgaaagetgt 120
aactctaagt atcagtgtga aacgggagaa aacagtaaag gcaacgtcca ggatagagtg 180
aagcgaccca tgaacgcatt categtgtgg tctegegate agaggegcaa gatggetcta 240

gagaatccca gaatgcgaaa ctcagagatc agcaagcage tgggatacca gtggaaaatg 300
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cttactgaag ccgaaaaatg gccattctte caggaggcac agaaattaca ggccatgcac 360
agagagaaat acccgaatta taagtatcga cctegtcgga aggcgaagat gctgecgaag 420
aattgcagtt tgcttccecge agatceceget teggtactet gecagcgaagt gcaactggac 480
aacaggttgt acagggatga ctgtacgaaa gccacacact caagaatgga gcaccagcta 540
ggccacttac cgcccatcaa cgcagcecage tcaccgcage aacgggaccg ctacagccac 600
tggacaaagc tg 612

<210> SEQ ID NO 93

<211> LENGTH: 1557

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 93

atggccgacyg cagacgaggg ctttggectyg gegecacacge ctetggagee tgacgcaaaa 60
gacctgcect gegattcegaa acccgagage gegetegggg cecccagcaa gteccegteg 120
tcececegecagyg ccgecttecac ccagcaggge atggagggaa tcaaagtgtt tcetcecatgaa 180
agagaactgt ggctaaaatt ccacgaagtg ggcacggaaa tgatcataac caaggctgga 240
aggcggatgt ttcccagtta caaagtgaag gtgacgggec ttaatcccaa aacgaagtac 300
attcttctca tggacattgt acctgecgac gatcacagat acaaattege agataataaa 360
tggtctgtga cgggcaaage tgageccgece atgectggece gectgtacgt gcacccagac 420
tccccegeca ceggggegea ttggatgagg cagetegtet cettccagaa actcaagete 480
accaacaacc acctggaccce atttgggeat attattctaa attccatgca caaataccag 540
cctagattac acatcgtgaa agcggatgaa aataatggat ttggctcaaa aaatacagceg 600
ttctgcacte acgtetttee tgagactgeg tttatagcag tgacttcecta ccagaaccac 660
aagatcacgc aattaaagat tgagaataat ccctttgeca aaggattteg gggcagtgat 720
gacatggagc tgcacagaat gtcaagaatyg caaagtaaag aatatccegt ggtccccagg 780
agcaccgtga ggcaaaaagt ggcctccaac cacagtectt tcagcagega gtcetcegaget 840
ctcteccacct catccaattt ggggteccaa taccagtgtg agaatggtgt tteeggecce 900
tcccaggace tectgectee acccaaccca tacccactge cccaggagca tagccaaatt 960

taccattgta ccaagaggaa agaggaagaa tgttccacca cagaccatcc ctataagaag 1020
ccctacatgg agacatcacc cagtgaagaa gattccttet accgctctag ctatccacag 1080
cagcagggcce tgggtgccte ctacaggaca gagtcggcac agcggcaagce ttgcatgtat 1140
gecagetetyg cgecccccag cgagectgtg cccagectag aggacatcag ctgcaacacy 1200
tggccaagca tgccttecta cagcagetge accgtcacca cegtgcagece catggacagg 1260
ctaccctacce agcacttcecte cgctcactte acctegggge cecctggtceece teggetgget 1320
ggcatggceca accatggcte cccacagetg ggagagggaa tgttccagca ccagacctece 1380
gtggcccace agectgtggt caggcagtgt gggcctcaga ctggectgca gtecccctgge 1440
acccttecage ceccctgagtt cctctactcet catggcgtge caaggactcect atcccctcat 1500

cagtaccact ctgtgcacgg agttggcatg gtgccagagt ggagcgacaa tagcttg 1557
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<210> SEQ ID NO 94

<211> LENGTH: 1350

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 94

atgttgtgga aaataaccga taatgtcaag tacgaagagg actgcgagga tcgccacgac 60
gggagcagca atgggaatcc gegggtccce cacctcetect cegecgggea gcacctcetac 120
agcccegege caccectete ccacactgga gtegecgaat atcagecgece accctacttt 180
ccececteect accagecaget ggectactee cagteggeeg accectacte gecatcetgggg 240
gaagcgtacg ccgccgecat caaccccctyg caccagccgg cgcccacagyg cagecageag 300

caggcctgge ccggecgeca gagecaggag ggagegggge tgcectegea ccacgggege 360

ceggeaggece tactgeccca ccteteeggg ctggaggegg gegeggtgag cgeccgceagg 420
gatgcctace geegetecga cetgetgetyg ccccacgcac acgecctgga tgecgeggge 480
ctggccgaga acctgggget ccacgacatg cctcaccaga tggacgaggt gcagaatgte 540
gacgaccagce acctgttget gcacgatcag acagtcatte gcaaaggtcce catttecatg 600
accaagaacc ctctgaacct ceectgtecag aaggagetgg tgggggeegt aatgaacccece 660
actgaggtct tctgctcagt cectggaaga ttgtegetece tcagetctac gtctaaatac 720
aaagtgacag tggctgaagt acagaggega ctgtccccac ctgaatgett aaatgecteg 780
ttactgggag gtgttctcag aagagccaaa tcgaaaaatg gaggceggte cttgegggag 840
aagttggaca agattgggtt gaatctteeg geecgggagge ggaaagecege tcatgtgact 900
ctcctgacat ccttagtaga aggtgaaget gttcatttgg ctagggactt tgectatgte 960

tgtgaagccg aatttcctag taaaccagtg gcagaatatt taaccagacc tcatcttgga 1020
ggacgaaatg agatggcagc taggaagaac atgctattgg cggcccagca actgtgtaaa 1080
gaattcacag aacttctcag ccaagaccgg acaccccatg ggaccagcag gctcgcccca 1140
gtcttggaga cgaacataca gaactgcttg tctcatttca gectgattac ccacgggttt 1200
ggcagccagg ccatctgtge cgeggtgtcect geccctgcaga actacatcaa agaagccectg 1260
attgtcatag acaaatccta catgaaccct ggagaccaga gtccagctga ttctaacaaa 1320

accctggaga aaatggagaa acacaggaaa 1350

<210> SEQ ID NO 95

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 95

agaccacgcce tctgtcatgt accaaatc 28

<210> SEQ ID NO 96

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
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primer
<400> SEQUENCE: 96

ggtcagcage atcgtggtca acataac

<210> SEQ ID NO 97

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 97

tcteegtggt cctgaagcag acata

<210> SEQ ID NO 98

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 98

agccatgtgg tctetetggt tgtgtatg

<210> SEQ ID NO 99

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 99

tttgtgggce tgaagaaaac t

<210> SEQ ID NO 100

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 100

cttgaatcce gaatggaaag gg

<210> SEQ ID NO 101

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 101
tacagcatgt cctactcgea g
<210> SEQ ID NO 102
<211> LENGTH: 22

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

27

25

28

21

22

21
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 102

gagtccattg ctgttggaac cg

<210> SEQ ID NO 103

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 103

cagcggaaac cccaacagtt a

<210> SEQ ID NO 104

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 104

gacctccaca gagaagtcga g

<210> SEQ ID NO 105

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 105

agtccactga gtaccggaga ¢

<210> SEQ ID NO 106

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 106

cgagagctac acgttcacgg

<210> SEQ ID NO 107

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 107

agccaacctt aactgaggag t

<210> SEQ ID NO 108
<211> LENGTH: 21

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

22

21

21

21

20

21
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 108

tgatcctgac tgcgatgaga g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 109

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 109

ggcaacgtgg ccttttctac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 110

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 110

gaagtttcege agacctgaca t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 111

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 111

atcgctetee tgctaacagt ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 112

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 112

ctgagacceg agcagagttt g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 113

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 113

cacgatctca tacctggect gette

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

21

Synthetic

20

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

25
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 114

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 114

tggagcagga caggttcagt ctttca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 115

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 115

aggttgctge tggtgaggte att

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 116

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 116

gtttgagtgg tgccgtactg gtagga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 117

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 117

agggctgtce tgaataagca g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 118

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 118

gtgtatatce cagggtgatc cte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 119

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 119

gaggaagagg taaccacagg g

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

26

Synthetic

23

Synthetic

26

Synthetic

21

Synthetic

23

Synthetic

21
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 120

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 120

atgtccctet tgtegecaac ct

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 121

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 121

gagggtcagt agaacatgcg t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 122

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 122

tgccttttte ttagggcaga g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 123

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 123

catttcacge atctggegtt ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 124

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 124

gggtgtcgag ggaaaaatag g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 125

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400>

SEQUENCE: 125

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

22

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic
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ggcaagttga ttggagggat g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 126

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 126

cttgtetgtt cttetgacce ¢

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 127

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 127

agtggcagtt acccattecct g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 128

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 128

gtatgcacca ttcaactcct cg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 129

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 129

ctcegtactgyg atgggtgaac t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 130

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 130

tgaatctcega cgttctecte ¢

21

Synthetic

21

Synthetic

21

Synthetic

22

Synthetic

21

Synthetic

21
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1. An isolated polynucleotide or vector comprising:

(a) a polynucleotide encoding a transcription factor (TF)

open reading frame (ORF);

(b) a nucleic acid barcode, and

(c) an optional vector comprising (a) and (b);

wherein the nucleic acid barcode is located 3' to the TF

ORF.

2. The polynucleotide or vector of claim 1, wherein the TF
ORF encodes a developmentally critical TF.

3. ATF screening library comprising a polynucleotide or
vector of claim 1.

4. ATF screening library comprising a polynucleotide or
vector of claim 2.

5. The TF screening library of claim 3, wherein the
developmentally critical TF is a TF selected from the TFs
listed in Table 1.

6. The polynucleotide or vector of claim 1 wherein at least
one nucleic acid or vector further comprises a nucleic acid
encoding an expression control element.

7. A viral packaging system comprising the polynucle-
otide or vector of claim 1 and a packaging plasmid.

8. A method for producing a viral particle, the method
comprising transfecting a packaging cell line with the sys-
tem of claim 7 under conditions suitable to package the
vector or the TF screening library into a viral particle.

9. A viral particle produced by the method of claim 8, and
optionally a carrier.

10. An isolated cell comprising the polynucleotide or
vector of claim 1, and optionally a carrier.

11. A kit comprising the polynucleotide or vector of claim
1 and optionally instructions for use.
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12. A method of performing a high throughput gene
activation screen, the method comprising:

(a) transducing a target cell with the viral particle of claim

9; and

(b) performing scRNA-seq on the transduced target cell to

identify the nucleic acid barcode.

13. The method of claim 12, further comprising deter-
mining a fitness effect in the transduced target cell.

14. The method of claim 12, further comprising identi-
fying a co-perturbation network.

15. The method of claim 12, further comprising identi-
fying a functional gene module.

16. The method of claim 12, wherein the target cell is a
stem cell, optionally an embryonic stem cell (ESC) or an
induced pluripotent stem cell (iPSC).

17. A method of driving differentiation of a stem cell into
an endothelial cell, the method comprising inducing ectopic
expression of ETV2 in a stem cell under conditions suitable
to support differentiation of the stem cell into an endothelial
cell.

18. The method of claim 17, wherein ectopic expression
of ETV2 is induced by transducing the stem cell with a
vector comprising a nucleic acid encoding ETV2 and a
nucleic acid encoding an expression control element, and
optionally wherein the stem cell has been genetically modi-
fied.

19. The method of claim 17, further comprising geneti-
cally modifying the stem cell or the endothelial cell.

20. An endothelial cell produced by the method of claim
19, and optionally a carrier.

21. A method of treating a subject thereof, the method
comprising administering the endothelial cell of claim 20 to
the subject.



