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METHOD TO REDUCE ONCOGENIC
POTENTIAL OF INDUCED PLURIPOTENT
STEM CELLS FROM AGED DONORS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/517,014, filed Apr. 5, 2017, which is
a U.S. National Stage of International Application No.
PCT/US2015/054319, filed Oct. 6, 2015, which claims
priority to U.S. Provisional Patent Application Nos. 62/060,
532, filed Oct. 6, 2014; 62/121,460, filed Feb. 26, 2015; and
62/121,463, filed Feb. 26, 2015. The entire contents of
which are hereby incorporated by reference.

GOVERNMENT SPONSORED RESEARCH OR
DEVELOPMENT

[0002] The work described in this disclosure was funded
in part by grants from the National Institutes of Health,
SRO0OHL.093212-04; and P30 CA008748 and RO1
SR0O1AG043531-02. The U.S. government may have certain
rights in this disclosure.

SEQUENCE LISTING

[0003] The present application includes a sequence listing
in electronic form as an XML file in XML format, created on
Jun. 1, 2023, titled “115872-2722_SL.xml” and having a
size of 91,508 bytes. The contents of this XML file are
incorporated by reference herein.

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0004] This disclosure relates to improvements in induced
pluripotent stem cells and more specifically to induced
pluripotent stem cells having reduced oncogenic potential
and/or improved apoptosis response, and/or improved DNA
damage response and/or improved genomic stability.

Description of the Related Art

[0005] Direct reprogramming of somatic cells, for
example with the transcription factors Oct4, Sox2, K1f4, and
c-Mycl (also known as the Yamanaka protocol), yields
induced pluripotent stem cells (iPSC) with remarkable simi-
larity to embryonic stem cells (Takahashi et al. Cell 126:
663-676, 2006). Other protocols for making iPSC are
known, as described for example in Gonzalez, F. et al.
Nature Reviews Genetics 12: 231-242 (Apr. 1, 2011). Analo-
gous to ES cells, iPSC form teratomas, differentiated tumors
with tissues from all three embryonic germ layers, and
contribute to all tissues when injected into murine blasto-
Cysts.

[0006] Derivation of patient-specific iPSC for several dis-
orders has been reported (Part et al. Cell 134:877-86, 2008;
Dimos et al. Science 321: 1218-21, 2008). Development of
iPSC provides opportunities for disease modeling using
patient derived iPSC and directed differentiation methods.
Additional areas that can greatly benefit from iPSC are drug
development and drug screening. Finally, considering that
iPSC resemble ESC in the pluripotency potential, but cir-
cumvent the histo-incompatibility issues associated with

Jan. 18,2024

ESC-based therapies, iPSC hold enormous potential for
generating histo-compatible transplantable tissue using a
patient’s own somatic cells.

[0007] According to the United Network for Organ Shar-
ing (UNOS), approximately 120,000 Americans are cur-
rently waiting to receive organ transplants, but only 24,000
transplants were performed between January and October of
2013. UNOS estimates that 18 patients die each day while
waiting for an immune-matched organ from a small number
of donors.

[0008] iPSC are useful in many different ways: first, as
research tools, they enable otherwise inaccessible experi-
ments to link gene function to tissue formation; second, they
offer a new approach to drug discovery and development
including both screening and toxicity testing as iPCS can be
differentiated into human cells of different tissues and
organs. But the most important utility of iPCS is in organ
and tissue generation for engraftment, to replace missing or
nonfunctioning organs and tissues and to treat degenerative
diseases, including without limitation those associated with
an aging population.

[0009] While iPSC offer great opportunities, there are still
many unexplored questions and hindrances related to their
application in clinical setting. For example, different tissues
show variable susceptibility to reprogramming (Maherali et
al. Cell Stem Cell 3:340-345, 2008; Aoi et al. Science 321:
699-702, 2009). Additionally, recent studies have shown that
iPSC contain a residual epigenetic signature depending on
the tissue type of the donor tissue used (Kim et al, Nat
Biotechnol 29(12): 1117-1119, 2011) and that iPSC from
aged donors (A-iPSC) retain an aging-specific epigenetic
memory (Kim et al. Nature 467(7313):285-290, 2010).
Furthermore, while Yamanaka and others identified four
iPSC reprogramming factors required for generating iPSC
using young donor tissue (Y-iPSC), it is not clear whether
the same four factors would be sufficient for reprogramming
iPSC from aged donor tissue (A-iPSC).

[0010] Prigione, A. et al PLoS One. 2011; 6(11):27352.
doi: 10.1371/journal.pone.0027352 also reported the pres-
ence of karyotype aberrations in aged-iPSC from humans
although in their experiment they did not find resistance to
apoptosis. These investigators measured micro-nuclei for-
mation which is an indicator of a cell under apoptotic
process as opposed to the fact of cell death (apoptosis) itself.
Also lactate dehydrogenase was used for normalization
which would not permit detection of already dead cells.
Lastly, the time interval between DNA damage infliction and
measurement may have been too long. Nevertheless, these
authors also stressed the importance of developing repro-
gramming protocols that preserve the genomic stability of
aged somatic cells.

[0011] As older patients are more likely to benefit from the
clinical application of iPSC in tissue regeneration and both
heterologous and autologous transplantation, and because
iPSC are already being studied in clinical trials of a number
of aging-related degenerative diseases, such as macular
degeneration and Parkinson’s disease, there is a significant
need to comprehensively evaluate A-iPSC and determine
how to reverse the negative effects of aging in these cells in
order to improve their quality and consequently their func-
tion upon differentiation and transplantation.

[0012] One of the recognized drawbacks of iPSC has been
their potential oncogenicity. This has been variously puta-
tively ascribed to the use of oncogenes to generate them and
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possibly to the use of integrating viral-based vectors. As a
result, efforts have been devoted to avoiding the use or
integration of oncogenes and to avoiding the use of viral
vectors. See, for example Nakagawa, M. et al Nat Biotech-
nol. 2008 January; 26(1):101-6 for reprogramming without
MYC. Other researchers have turned to nonintegrative
viruses such as Sendai virus to generate iPSC: Chen I P et
al (2013) Induced Pluripotent Stem Cell Reprogramming by
Integration-free Sendai Virus Vectors from Peripheral Blood
of Patients with craniometaphyseal dysplasia, Cell Repro-
gram. 2013 December; 15(6):503-13; and Lieu P T et al
(2013) Generation of Induced Pluripotent Stem Cells with
CytoTune, a Non-Integrating Sendai Virus, Methods Mol.
Biol. 2013, 997:45-56 (from blood cells or fibroblasts). Yet
others use RNA-based (vector-free) methods and tools for
this purpose (such as BI18R protein) are commercially
available: see, e.g., Affymetrix eBioscience www.ebiosci-
ence.com/knowledge-center/cell-type/induced-pluripotent-
stem-cells.htm #benefits %200f %20ra; or Warren, L. et al
Feeder-Free Derivation of Human Induced Pluripotent Stem
Cells with Messenger RNA, Nature Scientific reports, 2:
#657 (Sep. 14, 2012). Yet others have used protein: Kim, D.
et al, Generation of human induced pluripotent stem cells by
direct delivery of reprogramming proteins, Cell Stem Cell.
2009 Jun. 5; 4(6):472-6. However, these methods may suffer
from low reprogramming efficiency while oncogenicity can
persist. Moreover, prior reprogramming efforts did not take
into account age of donor cells in considering oncogenicity.
Nor have there been proposals to use any additional factor
as an adjunct to the reprogramming protocol.

SUMMARY OF THE DISCLOSURE

[0013] In one aspect, the disclosure provides a method for
improving at least one of DNA damage response, apoptosis
response, genomic stability and glucose metabolism of
A-iPSC, the method comprising supplementing A-iPSC with
at least one of (i) pluripotency factor ZSCAN10; (ii) pluripo-
tent stem cell-specific glucose transporter GLUT3; and (iii)
an exosome subunit, each as an adjunct to reprogramming of
the A-iPSC to substantially restore said at least one of DNA
damage response, apoptosis response, glucose metabolism
and genomic stability to levels approximating those of
Y-iPSC.
[0014] In some embodiments, excessive expression of
GSS or GPX2 is inhibited by at least one of the following:
[0015] supplementing A-iPSC with pluripotency factor
ZSCANI10; and/or
[0016] supplementing A-iPSC with pluripotent stem
cell-specific glucose transporter 3 GLUT3; and
[0017] supplementing A-iPSC with an exosome sub-
unit.
wherein the supplementation is an adjunct to reprogramming
pluripotency factors and is in an amount effective to accom-
plish total or partial rescue in one or more of DNA damage
response, apoptosis, and genomic stability in said A-iPSC.
[0018] In another aspect, the disclosure provides a method
for reducing the oncogenic potential of induced pluripotent
stem cells (iPSC) said cells having one or more of genomic
instability, a defect in apoptosis, a defect in DNA damage
response and a defect in glucose metabolism and exhibiting
excessive glutathione-mediated H,0, scavenging activity
compared to embryonic stem cells or induced pluripotent
stem cells from young donors (Y-iPSC), the method com-
prising:

Jan. 18,2024

[0019] inhibiting glutathione-mediated H,O, scaveng-
ing activity in said iPSC to partially or totally restore
homeostasis in said iPSC by directly and/or indirectly
inhibiting excessive expression of glutathione peroxi-
dase 2 (GPX2) in said iPSC.

[0020] In yet another aspect, the disclosure provides a
method for reducing the oncogenic potential of induced
pluripotent stem cells derived from aged donors (A-iPSC)
said A-iPSC exhibiting excessive glutathione-mediated
H,0, scavenging activity compared to induced pluripotent
stem cells derived from young donors (Y-iPSC), the method
comprising:

[0021] inhibiting glutathione-mediated H,O, scaveng-
ing activity in said A-iPSC to partially or completely
restore glutathione/H,O, homeostasis in said A-iPSC
by directly and/or indirectly inhibiting excessive
expression of glutathione peroxidase 2 (GPX2) in said
A-iPSC.

[0022] In still another aspect, the disclosure provides a
method for reducing the oncogenic potential of induced
pluripotent stem cells (iPSC) said cells having one or more
of genomic instability, a defect in apoptosis, a defect in DNA
damage response and a defect in glucose metabolism, and
exhibiting excessive glutathione-mediated H,O, scavenging
activity compared to embryonic stem cells or induced
pluripotent stem cells from young donors (Y-iPSC), the
method comprising supplementing A-iPSC with at least one
of (i) pluripotency factor ZSCAN10; (i1) pluripotent stem
cell-specific glucose transporter GLUT3; and (iii) an exo-
some subunit, each as an adjunct to reprogramming to
substantially restore said at least one of DNA damage
response, apoptosis response, glucose metabolism and
genomic stability to levels substantially the same as those of
Y-iPSC or ESC.

[0023] In some embodiments, the supplementation is car-
ried out by adding ZSCAN 10 and/or GLUT3 and/or an
exosome subunit to a culture medium in which said A-iPSC
are maintained.

[0024] In some embodiments, the supplementation is car-
ried out by increasing the expression of ZSCAN10 and/or
GLUT3 and/or an exosome subunit in said cells.

[0025] In some embodiments, the supplementation is suf-
ficient to restore ZSCAN 10 and/or GLUT3 and/or exosome
subunit levels in said A-iPSC to about 50% or more of the
respective levels of embryonic stem cells (ESC).

[0026] In some embodiments, the supplementation is suf-
ficient to reduce oxidation capacity of glutathione in said
A-iPSC to within the range from about 80% to about 120%
of that of ESC.

[0027] In some embodiments, the supplementation is suf-
ficient to restore genomic stability of said A-iPSC to
approximately that of Y-1PSC.

[0028] In some embodiments, genomic stability is mea-
sured by incidence of aneuploid clones.

[0029] In some embodiments, the apoptosis rate is mea-
sured by DNA fragmentation assay in response to a DNA
damaging agent.

[0030] In some embodiments, DNA damage response is
measured by ATM or H2AX phosphorylation in response to
a DNA damaging agent.

[0031] In some embodiments, the supplementation is suf-
ficient to reduce oxidation capacity of glutathione in said
A-iPSC to approximately that of Y-iPSC.
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[0032] In some embodiments the supplementation is suf-
ficient to reduce GSS or GPX2 levels in said A-iPSC to
approximately those of Y-iPSC.

[0033] Insome embodiments the expression of ZSCAN10
and/or GLUT3 and/or an exosome subunit in said cells is
increased by transfecting said cells with a vector harboring
nucleic acid for said ZSCAN10 and/or GLUT3 and/or an
exosome subunit.

[0034] In some embodiments, expression of said vector
harbored nucleic acid encoding ZSCANT10 is transient.
[0035] In some embodiments, the reprogramming factors
are the Yamanaka factors OCT4, SOX2, KLF4 and MYC.
[0036] Insome embodiments, the reprogramming pluripo-
tency factors are selected from the group of those of
Yamanaka wherein one or more of OCT4, SOX2, KLF4 and
MYC are replaced as follows:

[0037] Factors(LIN28+

[0038] Nanog,Esrrb,Pax5SshRNA,C/EBPa,p53.5siRNA,
UTF1,DNMTshRNA, Wnt3a, SV40LT(T),hTERT) or
chemicals(BIX-01294,BayK 8644, RG108,AZ A, dex-
amethasone, VPA,TSA,SAHA,PD025901 +
CHIR99021(21), A-83-01).

[0039] In some embodiments the reprogramming
pluripotency factors are selected from the group of
those of Yamanaka wherein one or more of OCT4,
SOX2, KLF4 and MYC are replaced as follows: Nanog
and Lin28 replace KIf4 and MYC; esrb replaces Klf4;
SV40 LT (T) replaces Kif4, MYC, 1in28 and Nanog;
BIX-01294 replaces SOX2, and OCT4; VPA replaces
Klf4 and MYC.

[0040] In some embodiments, the supplementation is with
an exosome subunit, the exosome subunit being one or more
of the following EXOSC1, EXOSC2, EXOSC3, EXOSC4,
EXOSCs, EXOSC6, EXOSC7, EXOSC8, EXOSCY,
EXOSCI10 and hDis3.

[0041] In some embodiments, the supplementation is by
DNA gene transfer or by RNA delivery or by delivery of
proteins into the A-iPSC.

[0042] In another aspect, the present disclosure provides
an iPSC derived from a somatic cell of an aged donor where
the iPSC has been engineered to express ZSCAN10 at levels
comparable to an iPSC derived from a young healthy donor.
[0043] In another aspect, the present invention comprises
one or more vectors comprising nucleic acid encoding (i)
stem cell reprogramming factors and (i) ZSCAN10.
[0044] Thus, as a result of the work described herein,
ZSCANI10 has emerged as a major co-regulatory factor of
reprogramming protocols to make induced pluripotent stem
cells from somatic cells, especially but not exclusively from
somatic cells of aged donors, which upon reprogramming
using the existing protocols would be deficient in ZSCAN
10, GLUT3 or an exosome subunit.

[0045] Accordingly, in another aspect, the present disclo-
sure provides an iPSC derived from a somatic cell where the
iPSC in the absence of ZSCAN10 supplementation would be
deficient in ZSCAN10 expression, expressing either no
ZSCANI10 or alevel of ZSCAN 10 substantially lower than
that of a control iPSC derived from a healthy young donor,
wherein the iPSC has been engineered to express ZSCAN10
levels comparable to those of an iPSC derived from a
healthy young donor.

[0046] In a related aspect, the present disclosure is
directed to an iPSC derived from a somatic cell said iPSC
originally displaying one or more of (i) reduced ZSCAN10
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expression level, (ii) increased oncogenic potential (as mea-
sured for example by reduced DNA damage response,
reduced apoptosis response, genomic instability and reduced
glucose metabolism), (iii) reduced GLUT3 expression level;
(iv) reduced exosome subunit level; and (v) increased GPX2
or increased GSS expression level, compared to a Y-iPSC or
ESC control, wherein the iPSC has been supplemented with
ZSCANIO to restore said one or more reduced or increased
levels to levels substantially closer to those encountered in
said control.

[0047] In another aspect the present disclosure is directed
to a vector or set of vectors comprising nucleic acid encod-
ing (i) reprogramming pluripotency factors and (i)
ZSCANI10. In a more specific embodiment, the disclosure
relates to a set of vectors according to claim 38 wherein the
vector comprising ZSCAN10 nucleic acid is a separate
vector from the vector or vectors comprising the reprogram-
ming factors nucleic acid.

[0048] In some embodiments, the present disclosure is
directed to a method for assessing the quality of an iPSC
comprising measuring or testing the expression level of one
or more proteins selected from the group of ZSCANI10,
GLUT3, an exosome subunit (such as a core exosome
subunit), GPX2 and GSS and comparing it to a control
expression level of the same protein in Y-iPSC or ESC; and
determining said quality on the basis of whether the mea-
sured or tested expression level is substantially similar to the
control expression level. In more specific embodiments the
quality assessed is one or more of oncogenic potential or
glutathione/hydrogen peroxide homeostasis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIGS. 1A-1G show karyograms of ESC (FIG. 1A),
Y-iPSC (FIG. 1B), A-iPSC-ZSCAN10 (FIG. 1C), and
A-iPSC (FIGS. 1D and 1E). FIG. 1F is a bar graph showing
a higher frequency of polyploidy in multiple independent
clones of A-iPSC, and rescue of polyploidy defect with
ZSCANI10 expression. DNA content was estimated by Pro-
pidium Iodide (PI) staining followed by flow cytometry
analysis of multiple independent clones. The number of
clones analyzed is indicated in each group. Statistical sig-
nificance was determined by chi-squared test. FIG. 1G is a
dot plot of a number of chromosomal structural abnormali-
ties observed by cytogenetic analysis in each A-iPSC clone,
and rescue with ZSCAN10 expression. Error bars indicate
standard error of the mean of four independent clones
analyzed per group. The total number of metaphases ana-
lyzed is indicated in each group. Statistical significance was
determined by t-test.

[0050] FIG. 2 is a dot plot showing image-quantification
of lower apoptotic response by DNA fragmentation assay
after phleomycin treatment (30 ug/ml for 2 hours) in ESC,
Y-iPSC, A-iPSC, and recovery with ZSCAN10 expression
(A-iPSC-ZSCANI10). Error bars indicate standard error of
the mean of technical and biological replicates. The exact
number of biological replicates is indicated below each
group.

[0051] FIG. 3 is a schematic representation of a method
used to identify ZSCANI10. Initially, 59 core pluripotency
genes derived from the pluripotency network analysis were
filtered against genes that are known to be associated with
DNA damage response, such as p53, SIRT1, PLK1, and
genes upstream of p53 (ATM, PARP, and DNAPK). The
gene list was then filtered based on differential expression in
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A-iPSC vs. Y-iPSC/ESC, which narrowed down the candi-
dates to a single gene, ZSCANI10.

[0052] FIG. 4 is a bar graph showing poor activation of
ZSCANI10 expression in A-iPSC and complete reactivation
with transient expression of ZSCANI10. Endogenous
ZSCAN10 mRNA levels were determined by Q-PCR in
ESC, Y-iPSC, A-iPSC, and A-iPSC-ZSCAN10. Endogenous
ZSCANI0 levels were normalized to f-ACTIN. Error bars
indicate standard error of the mean. Statistical significance
was determined by t-test.

[0053] FIG. 5A is a bar graph showing increased muta-
genic frequency in A-iPSC compared to ESC and Y-iPSC.
The mutation frequency was estimated by the inactivation of
HPRT promoter activity in the presence of 6-thioguanine-
mediated negative selection, and confirmed by Q-PCR.
Higher mutation frequency observed in A-IPSC was
decreased to normal levels following ZSCAN expression.
Error bars indicate standard error of the mean of three
replicates. Statistical significance was determined by t-test.
FIG. 5B-5E show hematoxylin and eosin (H&E) staining of
teratomas indicating higher in vivo oncogenicity of A-iPSC
compared to ESC and Y-iPSC. Teratoma analysis was car-
ried out by injecting 10° undifferentiated cells into the
subcutaneous tissue above the rear haunch of Rag2/yC
immunodeficient mice (Taconic), and teratoma formation
was monitored for 3 months post-injection. Collected
tumors were fixed in 10% formalin solution and processed
for hematoxylin and eosin (H/E) staining. ESC (FIG. 5B)
and Y-iPSC (FIG. 5C) form Y-iPSC form benign teratoma
containing various tissue types that develop into cystic
structures, with no signs of carcinoma. In contrast, 48%
(n=28) (FIG. 5D) of individual A-iPSC clones generated a
mixture of malignant carcinoma and benign teratoma tis-
sues, and 52% (1=30) (FIG. S5E) of A-iPSC clones contained
only teratocarcinoma.

[0054] FIGS. 6A-6B are immunoblots showing impaired
DNA damage response in A-iIPSC compared with Y-iPSC
and ESC, and permanent restoration following transient
expression of ZSCAN10. Reduced ATM phosphorylation
was observed in A-iPSC after phleomycin treatment (2 h, 30
pg/ml), and recovery of ATM activation upon ZSCAN10
expression (FIG. 6A). FIG. 6B shows impaired p53 DNA
damage response in A-iPSC and recovery with transient
expression of ZSCAN10 in three independent clones after
phleomycin treatment (2 h, 30 ug/ml). The red line indicates
the same ESC sample loaded in both immunoblots as an
internal control. FIG. 6C indicates low H2AX phosphory-
lation in A-iPSC after phleomycin treatment (2 h, 30 pg/ml)
and recovery of H2AX signal with ZSCAN10 expression.
FIG. 6D are scanned images of immunoblots showing
phosphorylated levels of ATM and H2AX proteins, and
levels of p53 in ATM-/-H2AX-/-ESC, A-iPSC, Y-iPSC,
and in Y-iPSC transduced with shRNA against ZSCAN10
(Y-iPSC-shZSCAN10). Beta-actin was used as a loading
control. FIG. 6F is a bar graph of mRNA ZSCAN10 levels
in fibroblasts, ESC, Y-iPSC and Y-iPSC-shZSCAN10. FIG.
6F is a scanned image of an immunoblot indicating phos-
pho-ATM, pH2AX, and p53 levels in ESC, Y-iPSC, A-iPSC
and A-iPSC-ZSCAN10 following radiation treatment. FIG.
6G is a scanned image of an immunoblot of pATM and
beta-actin in ESC, Y-iPSC, A-iPSC and A-iPSC-ZSCAN10
following the treatment with H,O,.

[0055] FIG. 7A is a scatter plot showing higher DNA
methylation of ZSCAN promoter in A-iPSC compared to
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ESC and Y-iPSC. FIG. 7A is a plot of pyrosequencing data
of ZSCAN10 promoter, indicating relatively higher DNA
methylation in A-iPSC. Transient expression of ZSCAN10
led to lower DNA methylation of ZSCAN promoter
(A-iPSC-ZSCANI10). Error bars indicate standard error of
the mean of four independent clones analyzed per group.
Statistical significance was determined by t-test. FIG. 7B is
a bar graph showing mRNA levels of DNMT3b normalized
to beta-actin in fibroblasts, A-iPSC, A-iPSC-ZSCANI0,
Y-iPSC, and ESC.

[0056] FIG. 8A is a bar graph showing excessive oxidation
capacity of glutathione in A-iPSC, and recovery by
ZSCANI10. Quantification of reduced glutathione (GSH)
and oxidized glutathione (GSSG) was used to determine the
total glutathione level (maximum oxidation capacity) in
ESC, Y-iPSC, A-iPSC, and A-iPSC-ZSCANI10.
Meanzstandard deviation is plotted for three replicates from
each condition. FIG. 8B is a bar graph indicating H,O,
scavenging activity of ESC, Y-iPSC, A-iPSC-ZSCAN10,
and A-iPSC expressed as reactive oxygen species ROS
activity. A cellular reactive oxygen species assay kit (Ab-
cam, ab113851) was used to measure the H,O, scavenging
activity after the treatment with TBHP (tert-butyl hydrogen
peroxide; stable chemical form of H,O,) for 3 hours at 50
uM. Meanzstandard deviation is plotted for four replicates
from each condition.

[0057] FIG. 9A is a bar graph showing mRNA levels
(determined by Q-PCR) of GPX2 in ESC, Y-iPSC, A-iPSC-
ZSCANI10, A-iPSC-GLUT3, and A-iPSC. Error bars indi-
cate standard error of the mean. FIG. 9B is a bar graph of
oxidation capacity of glutathione in ESC, Y-iPSC, Y-iPSC-
GPX2, A-1PSC, A-IPSC-ZSCANI10, and A-iPSC-shRNA-
GPX2. Quantification of reduced glutathione (GSH) and
oxidized glutathione (GSSG) was measured to determine the
total glutathione level (maximum oxidation capacity).
Meansstandard deviation is plotied for three replicates from
each condition. Glutathione analysis was conducted using
Glutathione Fluorometric Assay (Biovision, K264-100).
FIG. 9C is a bar graph showing H,0, scavenging activity in
ESC, Y-iPSC, Y-iPSC-GPX2, A-iPSC, A-iPSC-ZSCAN10,
and A-iPSC-shRNA-GPX2 after the treatment with TBHP
(tert-butyl hydrogen peroxide; stable chemical form of
H,0,) for 3 hours at 50 pM. Meanzstandard deviation is
plotted for four replicates from each condition. FIG. 9D is
bar graph showing TUNEL-positive apoptotic cells (TMR-
dUTO) in ESC, Y-iPSC, Y-iPSC-GPX2, A-iPSC, A-iPSC-
7ZSCANI10, and A-iPSC-shRNA 15 hours after the end of
phleomycin treatment (2 hours, 30 pg/ml). FIG. 9E is an
immunoblot of pATM/pH2AX/p53 showing recovery of the
DNA damage response (p-ATM, pH2AX and p353) after
phleomycin treatment in three independent clones of A-iPSC
with GPX2 shRNA and in controls (ATM and H2AX
knockdown ESC as well as Y-iPSC and A-iPSC with and
without phleomycin).

[0058] FIG. 10A is a bar graph showing real time gPCR
for mRNA of GLUTS3 in somatic cells (fibroblast samples
from young and aged donors), ESC, Y-iPSC, A-iPSC, and
A-iPSC-ZSCANI10. FIG. 10B is a bar graph showing intra-
cellular glucose uptake rate in ESC, Y-iPSC, A-iPSC,
A-iPSC-ZSCAN10, and A-iPSC-GLUT3. Glucose uptake
rate was measured by a glucose uptake analysis kit (cat
#K606-100, Biovision Inc., Milpitas, CA, USA). FIG. 10C
is a bar graph of activation of the oxidative phosphorylation
by glutamine A-ntESC (ES cells generated using nuclear
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transfer method), ESC, Y-iIPSC, A-iPSC, A-iPSC-
7ZSCANI10, and A-iPSC-GLUT3. Oxygen consumption rate
was determined after adding glutamine to a final concentra-
tion of 4 mM. FIG. 10D is an immunoblot of ATM showing
recovery of the DNA damage response after phleomycin
treatment in three independent clones of A-iPSC with
increased GLUT3 expression compared to controls (ESC,
ATM knockdown in ESC, Y-iPSC and A-iPSC). FIG. 10E a
graph showing Chromatin IP analysis of ZSCANI10 binding
to the GLUT3 promoter. ESC, Y-iPSC, or A-iPSC were
incubated with Igg control or ZSCAN10 antibody, followed
by the gPCR using primers specific for GLUT3 promoter.
FIG. 10F is a bar graph of ROS levels in ESC, Y-iPSC,
A-iPSC, Y-iPSC expressing shRNA against GLUT3
(Y-iPSC-shGLUT3), and A-iPSC expressing shRNA against
GLUT3 (A-iPSC-shGLUT3). FIG. 10G is a bar graph
showing total glutathione relative to ESC in Y-iPSC,
A-1PSC, and A-1PSC-Glut3.

[0059] FIG. 11A is a histogram showing statistical prob-
ability to find 14 genes with ARE-sequences by random
resampling as disclosed in Kim, K. et al Nature. 2010 Sep.
16; 467(7313):285-90. doi: 10.1038/nature09342. Epigen-
etic memory in induced pluripotent stem cells.

[0060] FIG. 11B is a series of bar graphs showing relative
mRNA levels (normalized to [-actin) of exosome subunits
EXOSCI1, EXOSC2, and EXOSC5 in FESC, Y-iPSC,
A-1PSC-ZSCANI10 (A-iPSC supplemented with ZSCANI10,
and A-iPSC. The histogram indicates that the likelihood of
any given transcript to have the UUAUUUA(A/U)(A/U)
ARE sequence is 7, so the odds of finding 14 in a sample
based on just random chance are very low (p=0.01224).
[0061] FIG. 12A is a bar graph of relative GPX2 mRNA
expression (normalized to f-actin) in ESC, ESCshEXOSC2,
ESCshEXOSCS, ESCshEXOSC2&8, and A-iPSC. Error
bars indicate standard error of the mean. FIG. 12B is a
quantification of apoptotic response by DNA fragmentation
assay after phleomycin treatment of ESC, ESCshEXOSC2,
ESCshEXO0SCS8, and ESCshEXOSC2&8. Error bars indi-
cate standard error of the mean of technical and biological
replicates.

[0062] FIG. 13A is a schematic representation of repro-
gramming in different individuals. FIG. 13B is a scanned
image of an immunoblot showing the levels of pATM and
beta-actin proteins. ESC, Y-iPSC and A-iPSC were gener-
ated from different individuals (A-iPSC AG8-76 years old,
A-1PSC AG4-71 years old, A-iPSCB, and A-iPSCS) and
treated with phleomycin. FIG. 13C is karyogram of A-iPSC
generated from AG4 individual. FIG. 13D is a scanned
image of an immunoblot of p53-/-iPSC (negative control),
A-1PSC generated from B6129 mouse genetic background,
and A-iPSC generated from B6CBA mouse genetic back-
ground and treated with phleomycin. Levels of p53 and
R-actin are shown. FIGS. 13E-13H show scanned images of
immunoblots showing the levels of pATM and beta-actin
proteins in six different clones of human A-iPSC (FIG. 13E),
one clone of human A-iPSC-outlier (FIG. 13F), five different
clones of Y-iPSC (FIG. 13G), and six clones of A-iPSC
overexpressing ZSCAN10. FIG. 131 is a bar graph of
relative mRNA levels of ZSCAN10 normalized to beta-actin
in human ESC, human A-iPSC that exhibit no DNA damage
response, and in A-iPSC that exhibit normal DNA damage
response.

[0063] FIG. 14A is a schematic diagram showing
7SCANI0 binding to the glutathione synthetase (GSS)
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promoter. FIG. 14B is a bar graph of ChIP-quantitative PCR
analysis of ZSCAN10 binding to the GSS promoter in
Y-1PSC and A-iPSC. Values are given as percent enrichment
compared with the input. FIG. 14C is a bar graph showing
mRNA levels (determined by Q-PCR) of GSS in ESC,
Y-iPSC, A-iPSC-ZSCAN10, and A-iPSC. Error bars indi-
cate standard error of the mean. FIG. 14D is a quantification
of apoptotic response by DNA fragmentation assay (ob-
tained by image quantification) after phleomycin treatment
of ESC, Y-iPSC, Y-IPSCGSS, A-iPSC, A-iPSC-ZSCAN10,
and A-iPSCshGSS. Error bars indicate standard error of the
mean of technical and biological replicates. FIGS. 14E and
14D are immunoblots of phospho-ATM showing recovery of
the DNA damage response (p-ATM) after phleomycin treat-
ment in three independent clones of A-iPSC with GSS
shRNA expression (FIG. 14E), or in three independent
clones of Y-iPSC after lentiviral expression of GSS (FIG.
14F). B-actin levels are used as a loading control. FIG. 14G
is a bar graph showing mRNA levels of GSS normalized to
beta-actin in human ESC, A-iPSC (no DNA damage
response) and A-iPSC (with normal DNA damage response).

[0064] FIG. 15A is a plot of data from Principal Compo-
nent Analysis (PCA) using whole gene expression profiles of
fibroblast cells (A-SC, Y-SC), iPS cells (A-iPSC, Y-iPSC,
A-1PSC-ZSCANI10) and ES cells (ESC). FIG. 15B is a heat
map of unsupervised clustering analysis of whole gene
expression profiles. The heat maps shows pairwise gene
expression similarities measured by Pearson Correlation
Coefficient. FIG. 15C is a microarray heat map of relative
expression levels of ES cell specific genes in fibroblast
(A-SC, Y-SC), iPS cells (A-iPSC, Y-iPSC, A-iPSC-
ZSCAN10) and ES cells (ESC). ES cell specific genes were
defined as those with 3 fold or higher expression levels in ES
cells than average expression in adult and young fibroblast
cells. The heat map shows relative expression fold differ-
ences over ES cells.

DETAILED DESCRIPTION

Definitions

[0065] As used herein, the following terms shall have the
meanings ascribed to them below unless the context clearly
indicates otherwise:

[0066] The term “DNA damage response” refers to any
process that results in a change in state or activity of a cell
(in terms of movement, secretion, enzyme production, gene
expression, etc.) as a result of a stimulus, indicating damage
to its DNA from environmental insults or errors during
metabolism.

[0067] The term “apoptosis response” refers to a process
that results in apoptosis of a cell, for example in response to
DNA damage. A lower apoptotic rate or a failure of a cell to
apoptose at all (collectively referred to a reduced apoptosis
response) is associated with uncontrolled cell proliferation
and more specifically with malignancy.

[0068] The term “polyploidy” refers to the condition in
which a normally diploid cell or organism exhibits more
than two sets of chromosomes; the term “aneuploidy” means
any ploidy (more or less than the normal two sets of
chromosomes).

[0069] The term “chromosomal structural abnormalities”
refers to any change in the normal structure of a chromo-
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some. Chromosomal structural abnormalities include, but
are not limited to: duplications, deletions, translocations,
inversions, and insertions.

[0070] The term “genomic instability” (also “genome
instability or “genetic instability) refers to an increase in
structural chromosomal alterations (deletions, amplifica-
tions, and translocations), numerical chromosomal aneu-
ploidy, or mutations on DNA sequence within the genome of
a cellular lineage.

[0071] The term “oncogenic potential” means the likeli-
hood that a cell after its transplantation into a host will
generate malignant tumors in the host. The term is applied
for example to induced pluripotent stem cells, and to their
propensity to generate malignant tumors upon differentia-
tion and transplantation to an animal or human. Phenotypic
traits such as genomic instability, impaired DNA damage
response, reduced apoptosis response and reduced glucose
metabolism indicate elevated oncogenic potential whether
the iPSC has been derived from an aged donor or not.
[0072] The term “effective amount” of a factor or other
active molecule means an amount effective to bring about a
particular result. For example, in the case of ZSCAN10 or
GLUTS3 or exosome subunit supplementation (or GPX2 or
GSS inhibition), an effective amount is that which brings
about substantial restoration of apoptosis response, and/or
DNA damage response and/or glucose metabolism defect or
preserves genomic stability.

[0073] The term “reprogramming factors™ refers to tran-
scription factors i.e., proteins that alone, or in combination
with other reprogramming factors, have the ability to repro-
gram differentiated somatic cells to cells to a pluripotent
state.

[0074] The term “transcriptional pluripotency network™
refers to a network of transcription factors involved in the
transcriptional control of pluripotency in embryonic stem
cells (ESC). The present inventors have shown that
ZSCANIO is part of the “transcriptional pluripotency net-
work” and should be supplemented in stem cells deficient in
ZSCANI10 by comparison to Y-IPSC or ESC.

[0075] The term “mutagenic potential” refers to the poten-
tial or capacity of a substance to induce a change in the
regulatory, protein-coding or other portions of a DNA
sequence, increasing the frequency of mutations above a
normal (background) level.

[0076] The term “young” used in connection with iPSC
means iPSC derived from young donors, in case of mice up
to 5 days old, in case of humans up to 16 years old and more
generally to iPSC derived from donors that exhibit a
“young” signature, e.g., slowing active growth stage to
initiate the entry into fully grown adult stage.

[0077] The term “old” used in connection with iPSC
means iPSC derived from aged donors, in case of mice older
than 1.4 years old, in case of humans later than 50 years old,
which begin to show age related degenerative diseases or
states.

[0078] The term “substantial” used in the context of
restoration, preservation recovery or rescue of glucose
metabolism or DNA damage response, or apoptosis
response, or genomic stability of A-iPSC denotes achieve-
ment of a state approximately or exactly the same as that of
Y-iPSC and ESC. See for example FIGS. 1F-G, where
A-1PSC with ZSCAN10 supplement have about the same
ploidy and structural chromosomal abnormalities as Y-IPSC.
See also FIGS. 2, 5A and 6A-6G. Additionally, levels of
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ZSCAN 10 and/or GLUT3 and/or exosome subunit in
A-iPSC of about 50% or more of the respective levels of
embryonic stem cells are considered substantially restored.
Finally, if the oxidation capacity of glutathione in A-iPSC is
reduced (for example by supplementation of ZSCAN10 or
by inhibition of GSS or GPX2) to be within the range from
about 80% to about 120% of that of ESC or Y-iPSC, it is
considered substantially restored.

[0079] The term “exosome” refers to the multi-protein
exosome complex (or PM/Scl complex, often just called the
exosome) capable of degrading various types of RNA (ribo-
nucleic acid) molecules. Substrates of the exosome include
messenger RNA, ribosomal RNA, and many species of
small RNAs. Exosome comprises nine core subunits and
two exonuclease co-factors listed in Table 3.

[0080] The term “exosome subunit” refers to eleven com-
ponents (listed in Table 3) of the exosome, comprising nine
core subunits and two co-factors: EX0S1, EXO0S2, EXOS3,
EXOS4, EXOSS, EXOS6 EXOS7, EXOS8, EXOS9,
EXO0S810, and DIS3.

[0081] Unless otherwise required by context, singular
terms shall include the plural. For example, “an exosome
subunit” shall mean one or more exosome subunits.
General Description of this Disclosure

[0082] The present disclosure is based on the following
discoveries:
[0083] 1.Induced pluripotent stem cells derived from aged

donors (A-iPSC), which have been previously shown to
have a higher oncogenic potential, show increased genomic
instability, a defect in apoptosis, and a blunted DNA damage
response compared to those derived from young donors
(Y-iPSC).

[0084] 2. A-iPSC are also shown to exhibit excessive
glutathione-mediated H,O, scavenging activity (gluta-
thione/H,0,), which in turn inhibits DNA damage response
and apoptosis.

[0085] 3. Inhibition of this pathway substantially rescues
these defects and consequently reduces the oncogenic poten-
tial of A-iPSC.

[0086] 4. A-iPSC are shown to be deficient in a pluripo-
tency factor ZSCAN10 which is poorly activated in A-iPSC.
7ZSCANIO acts to inhibit GPX2, a glutathione-mediated
H,0, scavenger protein. ZSCANI10 expression shows a
strong relationship with induction of the glucose transporter
GLUT3 such that GLUT3 endogenous expression is
increased when ZSCANIQ expression is increased.
ZSCANI10 regulates GLUT3 directly by binding to its
promoter.

[0087] 5. It was further found that supplementation of
ZSCANI10, e.g., by expression (even transient expression) in
A-iPSC as an adjunct to reprogramming, leads to substantial
or even complete recovery of genomic stability, DNA dam-
age response, apoptosis response and glucose metabolism in
A-1PSC, to render them similar to those of Y-iPSC. This is
shown to be accomplished through normalizing homeostasis
of glutathione/H,0,. Significantly, adequate or even com-
plete recovery of these Y-iPSC attributes has been shown not
to require supplementation of ZSCANI10 to exactly the
levels present in ESC or even in Y-iPSC. Moreover, because
ZSCANIO is not expressed in A-iPSC, it is anticipated that
this finding transcends induction protocols. In other words,
ZSCANI10 supplementation can be added to any stem cell
induction protocol to be used in the event of deficiency in
this factor. This a vector comprising nucleic acid encoding



US 2024/0018485 Al

ZSCANI10 can be added to a set of vectors comprising
nucleic acid for other reprogramming factors. Alternatively,
a single vector comprising nucleic acid for reprogramming
factors and ZSCANI10 can be utilized for example in the
event of reprogramming of cells that would otherwise yield
iPSC deficient in ZSCAN10.

[0088] 6. GLUT3 (a pluripotent stem cell-specific glucose
transporter) is also poorly activated in A-iPSC. Poor acti-
vation of GLUT3 in A-iPSC inhibits the pluripotent stem
cell specific transition from oxidative phosphorylation to
glycolysis in glucose metabolism due to lack of sufficient
intracellular glucose. Thus, A-iPSC use energy eflicient
oxidative phosphorylation (FIG. 10) to generate enough
energy source with less glucose. However, oxidative phos-
phorylation generates higher H,O,, and consequently
increases GPX2/glutathione mediated H,O, scavenging
activity (FIG. 8). Excessive GPX2/glutathione mediated
H,0, scavenging activity blocks H,O,— and ATM-medi-
ated DNA damage response (FIGS. 6A-6G). Direct or
indirect supplementation of GLUT3, e.g., through increased
expression in A-iPSC or addition to culture media or
ZSCANI10-mediated increase in GLUT3, has similar effects
in that it also normalizes DNA damage response and apop-
tosis in A-iPSC (FIG. 10D) as well as glucose metabolism.
[0089] 7. These results indicate that inhibition of gluta-
thione/H,0, notably through delivery of ZSCAN 10 and/or
GLUTS3, will be clinically useful, resulting in A-iPSC of
reduced oncogenic potential. Thus, the present results indi-
cate that supplementation (including without limitation any
upregulation) of ZSCAN10 and by extension modulation of
any factor, such as GSS or GPX2 that contributes to inhi-
bition of excessive glutathione/H,O, activity (or its effects)
in A-iPSC, will be clinically useful in substantially restoring
DNA damage response, apoptosis response, glucose
metabolism and genomic stability (integrity) in A-iPSC and
consequently reduce their oncogenic potential. Assessment
of one or more such factors would be useful in ascertaining
the quality of iPSC.

[0090] 8. Intervention in reducing excessive glutathione/
H,0, activity is preferably practiced simultaneously with
reprogramming somatic cells from aged donors into iPSC.
Thus ZSCANI10 can be introduced into somatic cells at the
same time or shortly following reprogramming whether
through use of the Yamanaka factors OCT4, SOX2, KLF4,
and c-MYC or through any other induction protocol, such as
those discussed and/or cited in the Background section.
7SCANI10 supplementation can take place during or shortly
following reprogramming and in any event prior to inducing
differentiation. Increased GLUT3 expression can be intro-
duced at the same times as ZSCAN10. Alternatively, GSS
and/or GPX2 can be inhibited either by curbing their expres-
sion or by introducing effective amounts of inhibitors of the
corresponding proteins.

[0091] The present inventors discovered genes associated
with A-iPSC by comparing expression of genes in Y-iPSC,
A-iPSC and ESC. Very few genes were differentially
expressed and even fewer affected the oncogenicity potential
as assessed by DNA damage response, apoptosis response
and genomic stability. To arrive at the significant genes, the
inventors first generated Y-iPSC (using mouse skin fibro-
blasts from E15.5 embryos to 5-day-old neonates) and
A-1PSC (using mouse skin fibroblast from donors 1.4 years
old) using standard Yamanaka iPSC reprogramming meth-
ods as described in Kim, K. et al, 2010 supra (as discussed
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elsewhere herein, alternative iPSC induction protocols could
have been used instead). A large number of clones were
selected based on morphology and groups of at least 12
clones of each type. Each Y-iPSC and A-iPSC clone was put
through a series of pluripotency tests and compared to ESC
as the gold standard, e.g., multi-lineage contribution to three
germ layers in teratoma analysis and pluripotent gene
expression analysis (AP/OCT4/SSEA1/NANOG)(data not
shown). Silencing of the four reprogramming factors
(OCT4, SOX2, KLF4, MYC) in each clone was confirmed
by quantitative PCR (Q-PCR) (data not shown). DNA ploidy
was tested in multiple iPSC clones, and Y-iPSC and A-iPSC
clones with normal ploidy (data not shown) were identified.
However. a higher frequency of polyploidy was observed in
A-iPSC compared to Y-iPSC (FIG. 1F). A-iPSC also dis-
played more chromosomal structural abnormalities than
Y-iPSC (FIG. 1G).

[0092] The inventors hypothesized that the poor genomic
stability of A-iPSC was due to poor induction of apoptosis
response as in iPSC it is direct apoptosis that eliminates
severely damaged cells from the population. They found that
both Y-iPSC and ESC controls showed a significant level of
apoptosis after treatment with phleomycin (a drug inducing
DNA breakage which would normally mobilize DNA dam-
age response such as apoptosis). In contrast, A-iPSC showed
a poorer apoptotic response to phleomycin. They then set
about to develop methods to correct the apoptotic response
and therefor improve genomic stability in A-iPSC. They
reasoned that additional pluripotency factors would be nec-
essary to yield iPSC with the genomic stability of ESC or
Y-iPSC. Screening of a number of previously identified
pluripotency network genes yielded ZSCAN10 a transcrip-
tion factor specifically expressed in ESC (and not expressed
in somatic cells) and forming part of the transcriptional
pluripotency regulatory network including SOX2, OCT4,
and NANOG. ZSCANI10 also binds to the promoters of
DNA damage response genes, such as ATM, PLK1 and
INK2.

[0093] The inventors further found that the ZSCAN10
promoter is hypomethylated/activated in Y-iPSC and ESC,
and hypermethylated/inactive in A-iPSC. When added to the
pluripotency induction protocol, ZSCAN 10, when tran-
siently expressed during reprogramming of A-iPSC, led to
hypomethylation/activation of the endogenous ZSCAN10
promoter to levels closer to that seen in Y-iPSC. A-iPSC
with the foregoing ZSCANI10 supplementation exhibited
reduced abnormalities in chromosomal ploidy and structure
to levels comparable to Y-iPSC and ESC. ZSCAN10 also
reduce the mutagenicity of A-iPSC to levels comparable to
Y-1PSC and ESC. ZSCAN10 also recovered responsiveness
of A-iPSC to DNA damaging agents (ATM phosphorylation,
H2AX phosphorylation and p53 expression) confirming that
ZSCANI10 recovers the DNA damage response of A-iPSC
bringing it closer to that of Y-iPSC.

[0094] They inventors also investigated the mechanism by
which the oxidative capacity of glutathione is elevated in
A-iPSC and found that in mice it is driven by glutathione
peroxidase 2 (GPX2) elevated expression in A-iPSC but not
in Y-iPSC or ESC. Reduction of GPX2 expression in
A-1PSC recovered glutathione/H,O, homeostasis to levels
comparable to Y-iPSC and ESC. Conversely overexpression
of GPX2 in Y-PSC induced an imbalance in glutathione/
H,0, homeostasis. In humans however, the elevation of the
oxidative capacity of glutathione in A-iPCS is driven by



US 2024/0018485 Al

elevated levels of glutathione synthetase (GSS). Downregu-
lation of GSS results in recovery of glutathione/H,O,
homeostasis.

[0095] Oncogenic Potential

[0096] It is known that aging and oncogenicity are known
to be strongly correlated. See, e.g., Stoll E A, Horner P I,
Rostomily R C. The impact of age on oncogenic potential:
tumor-initiating cells and the brain microenvironment.
Aging Cell. 2013; 12(5):733-41. PMID: 23711239. Further-
more, it is also known that oncogenicity in general is
increased by events such as DNA hypermethylation, defec-
tive apoptosis mechanisms (whereby apoptosis occurs less
frequently) and blunting of DNA damage response. Liu, J.
C. et al. High mitochondrial priming sensitizes hESCs to
DNA-damage-induced apoptosis. Cell stem cell 13, 483-
491, doi:10.1016/j.stem.2013.07.018 (2013). In addition,
excessive glutathione and/or excessive glutathione activity
is associated with certain cancers such as pancreatic cancer
and colorectal cancer. Furthermore, the inventors found that
excessive glutathione activity is triggered by excessive
expression of GPX2 in A-iPSC in mice and excessive
expression of GSS in humans. Accordingly, one or more of
such phenotypic defects have been used in the present
disclosure to assess oncogenic potential and can be used for
this purpose as well as more generally to assess the quality
of iPCS in methods of the present disclosure. Furthermore,
amelioration in these phenotypic defects is considered to
reduce oncogenic potential. Donnerstag, B. et al Cancer
Lett. 1996 Dec. 20; 110(1-2):63-70.

[0097] Both DNA damage response and apoptosis play a
critical role in tumorigenesis. Certain DNA damage
response proteins such as ATM. H2AX, and p53 link DNA
damage pathway to apoptosis. Thus, apoptosis is a second-
ary response to DNA damage. However, induction of DNA
damage response can occur without the trigger of pro-
grammed cell death. For example, activation of the tumor
suppressor p53 by DNA damage induces either cell cycle
arrest or apoptosis, and the outcome of this is highly
contextual. Thus, a defect in the activation of any of the
proteins that mediate DNA damage response, and/or apop-
tosis, such as H2AX, ATM, and p53, may indicate a defect
in A-1PSC and can be used to assess quality of such stem
cells.

[0098] ZSCAN10 is an embryonic stem (ES) cell-specific
transcription factor required to maintain ES cell pluripo-
tency. See www.genecards.org/cgi-bin/carddisp.
pl?gene=ZSCAN10_(last visited Feb. 24, 2015). It and
nucleic acid encoding it (see, e.g., NCBI Genbank Reference
Sequence: NC_000016.10) are publicly available. Human,
mouse and rat ZSCAN10 cDNA is available from GE
Dharmacon Life Sciences (dharmacon.gelifesciences.com/
mammalian-cdna/mgc-cdnas/
Nerm=ZSCAN10&sourceld=EG/
84891&productld=416CB003-5022-4263-B1C6-
293625B70CE1) (last visited Feb. 24, 2015). Human cDNA
is also available as plasmid pENTR223.1 e.g., from DNASU
plasmid Repository at Tempe Arizona (dnasu.org/DNASU/
GetCloneDetail.do?cloneid=295134; last visited Feb. 24,
2015) The human ¢DNA insert for ZSCAN10 has SEQ ID
NO:1.

[0099] The methods of this disclosure relate to the expo-
sure of iPSC to ZSCANI10 to accomplish improved repro-
gramming of iPSC. In some embodiments, the present
disclosure relates to iPSC cells generated from aged donors
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(A-iPSC). In some embodiments, the iPSC cells are char-
acterized by genomic instability, reflected by polyploidy or
increased chromosomal structural abnormalities. In some
embodiments, iPSC cells exhibit poor DNA damage
response. In some embodiments, iPSC cells exhibit a defect
in induction of apoptosis. In some embodiments, iPSC cells
exhibit a defect in glucose metabolism. iPSC exhibiting one
or more of these defects (genomic instability, poor DNA
damage response, decreased apoptotic response and lower
glucose metabolism) can be improved to levels comparable
to those of Y-IPSC or ESC by increasing the levels of
ZSCANI10. (As disclosed elsewhere herein, the levels of
ZSCAN 10 may but need not reach levels of Y-iPSC as long
as the phenotypic defect is adequately restored.) This pro-
cess can be achieved by introduction of an mRNA encoding
ZSCANIO into the iPSC-derived somatic cell and subse-
quent translation into a functional ZSCAN protein. Addi-
tional methods for increasing the levels of ZSCAN10
include, but are not limited to transfection with numerous
vectors, such as adeno-associated virus, lentivirus, retrovi-
rus, Sendai virus, DNA plasmids such that ZSCAN10
expression is effected at the DNA, RNA, and/or protein level
in either a transient or long-term manner. Additionally,
ZSCANI1O0 protein levels can be increased by contacting the
cell with an agent that leads to increased ZSCAN10 protein
levels (expressed in a transient or long-term manner), or by
contacting the cell directly with recombinant ZSCAN10
protein. As disclosed herein, the present method provides
increasing the levels of ZSCANI10 in iPSC at a dosage
sufficient to substantially: (a) restore genomic instability, (b)
improve poor DNA damage response, or (c) restore apop-
totic response in human or animal (e.g., mouse) iPSC.

[0100] When used as an adjunct to reprogramming,
ZSCANI10 supplementation can be added to one or more
vectors harboring nucleic acid encoding reprogramming
factors or can be included in a separate vector (such that it
will be used only if needed) in a set of such vectors. Vectors
useful for reprogramming are commercially available. Any
of these can be modified to include nucleic acid encoding
ZSCANIO0 (and optionally any other elements useful for its
expression as one of ordinary skill in this field would
appreciate).

[0101] ZSCANI10 supplementation in amounts effective to
substantially restore one or more of DNA damage response,
apoptosis response, glucose metabolism and genomic sta-
bility should be in an amount related to the deficiency in
7ZSCANIO0 exhibited by the particular A-iPSC (repro-
grammed in the absence of such intervention) compared to
ZSCANI10 levels of Y-iPSC. In this regard, FIG. 4 is
informative because it shows that increased expression of
ZSCANI0 in A-iPSC to a level about 5 times that of the
untreated cells to a level of about 50% of the ESC level (and
about 60% of the Y-iPSC level) was effective to restore the
assessed phenotypic responses. In general, the more mean-
ingful comparison of appropriate ZSCANI1O is to be closer
or even identical to the level of ESC and Y-iPSC (although
identical level is not required for restoration of defects).
Supplementation of ZSCAN10 to reach a level from about
40% up to about 90 or 95% of ESC ZSCAN10 level or from
about 50% to 100% of Y-iPSC ZSCANIO level is an
effective range. In some embodiments, supplementation
sufficient to substantially restore the assessed phenotypic
parameters (DNA damage response, apoptosis response,
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genomic stability or glucose metabolism) is sufficient even
though higher levels are possible and indeed encountered in
Y-iPSC and ESC.

[0102] In the event sufficient endogenous amounts
ZSCANI0 are expressed but ZSCAN10 is not effective, the
amount of supplementation should be adjusted upwards as
appropriate and in such instances can reach amounts higher
than 100% of the amount of Y-iPSC.

[0103] Methods of supplementation of ZSCAN10 or any
other factor proposed to be supplemented herein include
addition to the culture medium or transfection with a deliv-
ery vector or any other system that facilitates expression of
these factors or in any event exposure of a cell to these
factors. For methods of vector-free delivery, see, e.g., Zhou
H, et al. (2009), Generation of induced pluripotent stem cells
using recombinant proteins. Cell Stem Cell 4: 381-384. Any
type of DNA gene transfer (retroviral, lentiviral, adenoviral,
Talen, CrispR etc.) can be used to effect supplementation.
Alternatively, RNA delivery or delivery into the cells in
form of proteins can also be used. These techniques are
well-known in the art. The time of delivery can be before,
during or after adding the reprogramming factors and before
differentiation and transplantation. Accordingly combina-
tions of reagents (vector or vector-free) for reprogramming
cells including reagents for supplementation of ZSCAN10
are envisioned for producing induced pluripotent stem cells
of higher quality and phenotypic traits resembling those of
Y-iPSC and ESC. These are commercially available or can
be readily constructed given that both nucleic acid and
amino acid sequences for ZSCAN10 are known. For
example, vectors and viral particles that can be used to
introduce Yamanaka reprogramming pluripotency factors
into the cells can be obtained from such sources as Applied
Biological Materials, Richmond BC, Canada; Clontech
Laboratories, Mountain View, CA; and Addgene, Cam-
bridge, MA.

[0104] While the present examples provide for transient
expression of ZSCAN10, the methods of the present inven-
tion are not limited by whether ZSCAN10 expression is
inducible or not. Nor are they limited to supplementation of
ZSCANI10 in A-iIPSC induced by a particular protocol.
Indeed, there are many known protocols for iPSC induction
and any one of them can be used with the present methods.
See, Singh, V K et al, Front. In Dev. Biol. 3(2):1-18,
February 2015; Yu, J., Vodyanik, M. A., Smuga-Otto, K.,
Antosiewicz-Bourget, J., Frane, I. L., Tian, S., et al., (2007).
Induced pluripotent stem cell lines derived from human
somatic cells. Science 318, 1917-1920. doi:10.126/science.
151526. Dimos, J. T., Rodolfa, K. T., Niakan, K. K.,
Weisenthal, L. M., Mitsumoto, H., Chung, W., et al. (2008).
Induced pluripotent stem cells generated from patients with
ALS can be differentiated into motor neurons. Science 321,
1218-1221. doi:10.1126/science.1158799. Hanna, J., Mark-
oulaki, S., Schorderet, P, Carey, B. W., Beard, C., Wernig,
M., et al. (2008) Direct reprogramming of terminally dif-
ferentiated mature B Lymphocytes to pluripotency. Cell 133,
250-264. doi: 10.1016/1.cell2008.03.028. Huangfu, D.,
Macht, R., Guo, W., Eijkelenboom, A., Snitow, M., Chen, A.
E., et al. (2008a). Induction of pluripotent stem cells by
defined factors is greatly improved by small-molecule com-
pounds. Nat. Biotechnol. 26, 795-1797. doi:10.1038/
nbt1418 Mali, P, Ye, Z., Hommond, H. H., Yu, X., Lin, J.,
Chen, G., et al. (2008) Improved efliciency and pace of
generating induced pluripotent stem cells from human adult
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and fetal fibroblasts. Stem Cells 26, 1998-2005. doi:10.
11634/stemcells.2008-0346; Marson, A., Foreman, R., Che-
valier, B., Bilodeau, S., Kahn, M., Young, R. A., et al.
(2008). Wnt signaling promotes reprogramming of somatic
cells to pluripotency. Cell Stem Cell 3, 132-135. doi:10.
1016/j.stem.2008.06.019; Mikkelsen, T. S., Hanna, I,
Zhang, X., Ku, M., Wernig, M., Schorderet, P, et al. (2008).
Dissecting direct reprogramming through integrative
genomic analysis. Nature 454, 49-55. doi:10.1038/nature
07056; Park, 1. H. Zhao, R., West, J. A., Yabuchi, A., Huo,
H., Ince, T. A., et al. (2008a). Reprogramming of human
somatic cells to pluripotency with defined factors. Nature
451, 141-146. doi:10.1038/nature 06534; Shi, Y., Desponts,
C., Do, J. T. Hahm, H. S., Scholer, H. R., and Ding, S.
(2008a). Induction of pluripotent stem cells from mouse
embryonic fibroblasts by Oct4 and K1f4 with small-molecule
compounds. Cell Stem Cell 3, 568-574. doi:10.1016/].stem.
2008.10.004; Shi, Y., Do, J. T. Desponts, C., Hahm, H. S.,
Scholer, H. R., and Ding, S. (2008b). A combined chemical
and genetic approach for the generation of induced pluripo-
tent stem cells. Cell Stem Cell 2, 525-528. doi:10.1016;.
stem.2008.05.011.

[0105] Vectors for Increasing ZSCAN10 Expression
[0106] Suitable vectors include without limitation viral
gene delivery vectors (lentivirus-based vectors such as those
derived from HIV1, HIV2, FIC and EIAV, which may be
pseudotyped, AAV-based vectors etc.), plasmids, etc. In the
experiments described herein delivery of ZSCAN10 and
GLUT3 was made by using a commercially available lenti-
viral vector harboring OCT4 gene (Plasmid 19778: FU-tet-
0-hOct4 from Addgene), excising the same and replacing it
by ZSCAN10 or GLUT3. See www.addgene.org/19778/(last
visited Feb. 25, 2015).

[0107] Examples of additional vectors that can be used
include excisable vectors such as STEMCCA available from
EMD Millipore. However, ZSCANI10 supplementation is
not limited to any particular expression vector and any
method suitable for induction of pluripotent stem cell
(whether using a vector or not) can be readily adapted for
supplementing ZSCAN10. The same holds true for GLUT3,
GPX2 and any other nucleotide inserted into stem cells in
accordance with the present disclosure.

[0108] Vector free methods can also be used following and
adapting known protocols as exemplified herein.

[0109] Provenance of iPSC

[0110] In principle, any somatic cell can be reprogrammed
into iPSC. The basic Yamanaka protocol (Takahasji, K. et al,
Cell. 2006 Aug. 25; 126(4):663-76; Takahashi, K. et al Cell.
2007 Nov. 30; 131(5):861-72) can be used with such modi-
fications as described for example in the references cited in
the Background section for alternative protocols of iPSC
induction. Additionally, there are other protocols for repro-
gramming known in the art. See for example
WO02013177228 Generation of Integration/Transgene-Free
Stem Cells.

[0111] The cells most often used for reprogramming
include fibroblasts, such as embryonic, neonatal, young and
adult fibroblasts as needed.

[0112] It should be noted that according to Kim, K. et al,
Nature, 2010, supra, and Kim, K. et al, Nature Biotechnol-
ogy 2011, supra, there is some tissue specificity in the
properties of iPSC depending on the tissue from which the
somatic cells were chosen from prior to reprogramming. The
present disclosure is directed to A-iPSC (and more broadly
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to any iPSC) exhibiting defects in genomic stability and/or
apoptosis response and/or DNA damage response and to an
increase in oncogenic potential associated with dysregula-
tion of the glutathione/H,O, pathway and in more specific
embodiments with deficiency in ZSCAN10Q and/or in glu-
cose metabolism, for example those associated with insuf-
ficient endogenous expression of GLUT3. Accordingly,
when it is not known whether iPSC exhibit such defects,
testing should be performed following for example the
procedure of Example 1. If determination of ZSCAN10
deficiency is needed, the procedure of assessing ZSCAN10
levels in Example 2 can for example be followed. If GLUT3
levels need to be assessed, the procedure of Example 8 for
assessing GLUT3 levels of expression can for example be
used.

[0113] GLUT3

[0114] Cellular uptake of glucose occurs through facili-
tated diffusion mediated by a family of glucose transporter
proteins, where GLUT3 (also known as SLC2A3) is one of
the major isoforms. With the exception of neurons and a few
hematopoietic cell types, GLUT3 is generally not expressed
in adult tissues. However, GLUT3 expression has been
detected in various cancer types. While the expression of
GLUT3 in different cancer types has been observed, its
functional role remains unknown.

[0115] Within the context of brain tumor initiating cells
(also often referred to as brain cancer stem cells), GLUT3
expression has been found to correlate with the induced
pluripotency and to predict poor survival in multiple tumor
types (Flavahan, W A, Nature Neuroscience 16: 1373-1382
(2013).
[0116] The inventors discovered that GLUT3 levels are
significantly lower in iPSC cells that exhibit defect in
chromosome number and/or structure, induction of DNA
damage response, or in apoptosis compared to cells charac-
terized by normal chromosome number and/or structure,
induction of DNA damage response, or apoptosis. In one
instance, cells expressing lower or non-detectable levels of
GLUT3 are A-iPSC cells. As illustrated in Example 8,
increased expression of GLUT3 in A-iPSC led to substantial
restoration of DNA damage response, similarly to the effects
of ZSCAN10 expression in A-iPSC (FIG. 10D). Moreover,
data presented in this disclosure show that ZSCAN10 leads
to the induction of GLUT3, implying that ZSCAN10 and
GLUTS3 are interlinked in iPSC. ChIP-seq and immunopre-
cipitation analysis revealed that ZSCAN10 binds to the
GLUT3 promoter, indicating direct regulation of GLUT3 by
ZCANI10. The following materials are commercially avail-
able and can be procured online using websites such as those
exemplified below (all last visited on Feb. 25, 2015).
cDNA sequence encoding human, murine, and rat GLUT3
can be found here (SEQ ID NO:2): www.ncbi.nlm.nih.gov/
gene/6515. (Kayano T. J. Biol. Chem., 263 (30): 15245-
15248 (1988))
www.ncbi.nlm.nih.gov/gene/20527 (Nagamatsu S. J Biol
Chem., 267 (1): 467-72 (1992)).
www.ncbi.nlm.nih.gov/gene/25551_(Krishnan S N. Life Sci.
56 (14): 1193-7 (1995). Plasmids carrying human GLUT3
are commercially available from Genecopoeia, and can be
found here:
[0117] www.genecopoeia.com/product/search/detail.
php?prt=1&cid=&key=C0200_(visited on Oct. 6,
2014, at 12:30 pm).
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[0118] Additionally, recombinant GLUT3 protein is com-
mercially available from mybiosource.com and can be found
here:

[0119] www.mybiosource.com/datasheet.php?prod-

ucts_id=1214582 (last visited Feb. 25, 2015).

[0120] GLUT3 supplementation in the amounts effective
to substantially restore one or more of glucose metabolism,
genomic stability, DNA damage, and/or apoptotic defects in
iPSC, or more specifically, in A-iPSC, should be in an
amount related to GLUTS3 levels in iPSC cells that do not
exhibit the above-mentioned defects. Alternatively, GLUT3
supplementation in A-iPSC can be related to the amount of
GLUT3 detected in Y-iPSC and ESC. It is expected that the
supplementation amounts effective in restoring the defects
observed in iPSC due to reduced levels of GLUT3, will be
in the range qualitatively similar to the range determined for
ZSCANI10. Methods of supplementation of GLUT3 are
diverse and the protocols described for the supplementation
of ZSCANI10 apply to the supplementation of GLUT3.
[0121] The supplementation of GLUT3 can be achieved
by introduction of an mRNA encoding GLUT3 into the
1PSC-derived somatic cell and subsequent translation into a
functional GLUT3 protein. Additional methods for increas-
ing the levels of GLUT3 include, but are not limited to
transfection with numerous vectors, such as adeno-associ-
ated virus, lentivirus, retrovirus, Sendai virus, DNA plas-
mids such that GLUT3 expression is effected at the DNA,
RNA, and/or protein level in either a transient or long-term
manner.
[0122] Alternatively, protein levels of GLUT3 can be
increased by contacting the cell with an agent that leads to
increased GLUT3 protein levels (in a transient or long-term
manner). As shown in Example 8, ZSCANI10 expression
leads to increased levels of GLUT3. Thus, it is expected that
increasing the cellular levels of ZSCAN10 will result in the
upregulation of GLUT3. Additionally, GLUT3 levels can be
increased by contacting the cell with recombinant GLUT3
protein. As disclosed herein, the present method provides
increasing the levels of ZSCANI10 in iPSC at a dosage
sufficient to substantially or completely: (a) restore genomic
stability, (b) improve poor DNA damage response, or (c)
restore apoptotic response in human or animal (e.g.. mouse)
iPSC, or )d) restore glucose metabolism to levels similar to
ESC or Y-iPSC.
[0123] GPX2
[0124] Glutathione peroxidases catalyze the reduction of
H,0, using reduced glutathione. GPX2 is a member of the
glutathione peroxidase family encoding one of two isoen-
zymes responsible for the majority of the glutathione-de-
pendent hydrogen peroxide-reducing activity in the epithe-
lium of the gastrointestinal tract. Published literature
suggests that stem cells reside in redox niches with low ROS
levels, where the balance of redox homeostasis governs stem
cell self-renewal by an intricate network. In the work
described herein, it was found that A-iPSC show perturbed
glutathione-H,O, homeostasis, with the oxidation capacity
of glutathione elevated compared to ESC and Y-iPSC (FIG.
8A).
[0125] Prior analysis of GPX2 expression in the intestine
suggested a role for GPX2 in the stem cell compartment of
the gut, however, a role for GPX2 in ESC or iPSC has not
been described so far. As shown in Example 7, in mouse
A-1PSC, excessive glutathione activity scavenges hydrogen
peroxide generated by genotoxic insult (abnormal gluta-
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thione-hydrogen peroxide homeostasis), thus blocking the
normal apoptosis and DNA damage response. As a result,
cells that are damaged are not eliminated. The enhanced
glutathione activity is due to excessive elevation of GPX2.
As indicated in FIGS. 9B and 9C, knockdown of GPX2 in
A-iPSC resulted in the normalization of gluthathione-H,O,
homeostasis. Moreover, downregulation of GPX2 restored
the defects in DNA damage and apoptosis in mouse A-iPSC
(FIGS. 9E and 9D). Mechanistically, the inventors discov-
ered that GPX2 expression in the mouse is regulated by
ZSCANI10 in A-iPSC, as overexpression of ZSCAN10 in
A-iPSC led to a decrease of GPX2 mRNA.

[0126] As further proof that high levels of GPX2 are
indeed responsible for the abnormal reprogramming of
A-iPSC, the inventors overexpressed GPX2 in mouse
Y-1PSC. High levels of GPX2 in Y-iPSC shifted the behavior
of Y-1PSC towards that of A-iPSC. Overexpression of GPX2
in Y-iPSC decreased apoptosis, reduced the DNA damage
response, decreased glucose metabolism and induced an
imbalance in glutathione-H,O, homeostasis (increased oxi-
dative metabolism).

[0127] Thus, in one aspect of the present disclosure,
reduction of GPX2 levels in cells exhibiting abnormal
chromosome number and/or structure, induction of DNA
damage, or apoptosis can lead to substantial restoration of
the mentioned defects to substantially those of ESC and
Y-iPSC. In one aspect, the iPSC cell can be A-iPSC.
Reduction of GPX2 levels in A-iPSC can cause the molecu-
lar and phenotypic changes within the iPSC in a way that
will make it closely resemble ESC or Y-iPSC. Levels of
GPX2 in A-iPSC or more generally in iPSC and their
proximity or difference to those of Y-iPSC from healthy
young donors or ESC can also be used as a surrogate marker
for assessing quality of iPSC.

[0128] Reduction in levels of GPX2 can be achieved
through numerous methods. For example, a small molecule
inhibitor known to directly or indirectly reduce protein
levels of GPX2 can be used. Additionally, various RNA
interference (such as siRNA, shRNA) technologies can be
used to inhibit GPX2 at the RNA level. Thus, any agent that
leads to reduction of protein, RNA, or DNA levels of GPX2
can be used to restore the chromosomal stability, DNA
damage, and/or apoptotic defects observed in A-iPSC, or
any 1PSC that are characterized by one or more of those
defects. Human GPX2 ORF c¢DNA is available commer-
cially for example from GeneCopoeia, Rockville MD (www.
genecopoeia.com); mouse GPX2 ORF ¢DNA is also avail-
able commercially for example from Origene, Rockville
MD www.origene.com/cdna.

[0129] DNA Methylation

[0130] Although somatic cells within an organism share
the same genomic sequence, they can differ significantly in
gene expression patterns due to chromatin modifications as
well as DNA methylation. The conversion of somatic cells
into pluripotent stem cells via overexpression of reprogram-
ming factors involves epigenetic remodelling. However,
recent studies have revealed that the process of reversal is
not fully completed at all times. For example, although mice
have been successfully generated from iPSC, not all pluripo-
tent stem cell-derived mice are epigenetically stable, and
instability has been linked to overweight and sudden-death
syndrome in mice. Furthermore, iPSC contain a residual
epigenetic signature depending on the tissue type of the
donor tissue used (Kim et al, Nat Biotechnol 29(12): 1117-
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1119, 2011). Finally, iPSC from aged donors (A-iPSC) have
been shown to preserve an aging-specific epigenetic
memory (Kim et al. Nature 467(7313):285-290, 2010).
[0131] In normal cells, DNA methylation assures accurate
regulation of gene expression and stable gene silencing.
DNA methylation is linked to histone modifications and the
interplay between these modifications is critical for the
functioning of the genome by changing chromatin architec-
ture. The covalent addition of a methyl group occurs gen-
erally in cytosine within CpG dinucleotides which are
concentrated in large clusters known as CpG islands. The
aberrant DNA methylation landscape is a characteristic
feature of cancer. It has been established that inactivation of
specific tumor-suppressor genes arises as a consequence of
hypermethylation (inactivation) within the promoter regions
and numerous studies have shown a broad range of genes
silenced by DNA methylation in various types of cancer.
Furthermore, hypomethylation (activation), which can
induce genomic instability, also contributes to cell transfor-
mation.

[0132] In the present disclosure, the ZSCAN10 promoter
1s activated in Y-iPSC and ESC, and inactive in A-iPSC. This
modification resulted in poor levels of ZSCAN10, but was
restored with the transient expression of ZSCANI1O in
A-iPSC which led to hypomethylation (activation) of the
endogenous ZSCAN10 promoter to levels similar to those
detected in Y-iPSC (FIG. 7). Furthermore, DNA methylation
analysis of mouse Y-iPSC and A-iPSC compared with
mouse ESC showed that A-iPSC contain a higher number of
differentially methylated regions (DMRs) than Y-iPSC. In
addition, the number of hypermethylated DMRs is higher in
mouse A-iPSC than in Y-iPSC. Moreover, depending on the
genetic background of the donor, human A-iPSC show
greater DNA methylation, similar to that observed in mouse
A-1PSC. Moreover, recent studies have revealed that poor
DNA demethylation in human cells is associated with inef-
ficient reprogramming (Bagci, H. et al, Cell Stem Cell
3:265-269 (2013)), further establishing comparable patterns
of DNA methylation between mouse and human cells. Thus,
in one aspect, the present disclosure provides a method
where distinct epigenetic differences such as the number of
hypermethylated DMRs or the methylation status of
7ZSCANI10 in iPSC can serve as a marker or indicator of the
specific iPSC properties. In another aspect, the present
disclosure provides a method for substantially or completely
restoring DNA methylation patterns in A-iPSC to be similar
to those observed in Y-iPSC.

[0133] Genes affecting oncogenic potential of A-iPSC
were identified by performing microarray analysis on ESC/
Y-iPSC/A-IPSC/ZSCANIO/A-IPSC to detect differential
expression of genes in A-iPSC. Both GPX2 and GLUT3
were identified thus.

[0134] ZSCAN Regulates Exosome, which in Turn Regu-
lates GPX2
[0135] In the present disclosure, ChIP-Seq analysis

revealed that ZSCAN10 binds to and upregulates subunits of
the exosome complex. A-iPSC displayed lower mRNA
levels of exosome subunits compared to FESC and Y-iPSC
(FIG. 11A). Furthermore, overexpression of ZCAN10 led to
restoration of exosome subunit mRNA, demonstrating a
direct interaction between ZSCAN10 and exosome.

[0136] The multisubunit exosome complex is a major
ribonuclease of eukaryotic cells that participates in the
processing, quality control and degradation of nearly all
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classes of RNA (Schmid et al. Trends Biochem Sci. (10):
501-10, (2008)). Previous studies have demonstrated that the
interaction between the exosome and AU-rich elements
(ARE) plays a key role in regulating the efliciency of
ARE-containing mRNA turnover. The GPX2 gene contains
highly conserved ARE sequences (Singh et al. Am J Respir
Cell Mol Biol. 35(6):639-50 (2006)), making the
ZSCAN10—EXOSOME—GPX2 axis a potential mecha-
nism of GPX2 regulation. To test this hypothesis, different
exosome subunits were knocked-down in ESC and the levels
of GPX2 mRNA determined (FIG. 12A). Knock-down of
EXOSC2 or EXOSCS led to dramatic increase in GPX2
expression in ESC, which was accompanied by lower apop-
totic response (FIG. 12B). Thus, these findings indicate that
ZSCANI10 regulates GPX2 via mechanism that involves
exosome complex including various subunits. Consequently,
supplementing A-iPSC in the mouse with an exosome
subunit would lead to amelioration of phenotypic defects
and oncogenic potential associated with aging iPSC.
[0137] iPS Cells Derived from Aged Human Donors
Exhibit Different Reprogramming Efficiencies and
Phenotypic Defects
[0138] A-iPSC cells generated from aged human donors
confirm the findings observed in A-iPSC generated from
aged animals regarding low reprogramming efficiency (FIG.
13A). Interestingly, a significant difference in reprogram-
ming efficiency is observed between two different donors of
similar age, which was also reflected in their DNA damage
response (FIG. 13B). A-iPSC generated from the donor that
exhibited significant defect in DNA damage response also
displayed structural chromosome abnormality (FIG. 13C).
These results suggest that genetic background of an indi-
vidual plays a significant role in reprogramming efliciency
and DNA damage response of A-iPSC. It is anticipated that
this defect can be rescued by supplementation as described
herein.
[0139] Multiple laboratory mouse strains of various
genetic backgrounds are available. To test the hypothesis
that genetic background is crucial for A-iPSC, A-iPSC were
generated from distinct mouse strains, B6129 and B6CBA.
As shown in FIG. 13D, A-iPSC derived from the B6129
background mice exhibit normal DNA damage response
(indicated by activation of p53), while A-iPSC from the
B6CBA background mice showed blunted DNA damage
response. Collectively, these findings indicate that repro-
gramming efficiency, chromosomal stability, as well as a
DNA damage response associated with A-iPSC are all
highly dependent on genetic background of the individual or
animal from which they are derived as well as on epigenetic
factors and aging.
[0140] GSS
[0141] De novo synthesis of glutathione (GSH) is cata-
lyzed by two enzymes, y-glutamylcysteine synthetase
(v-GCS) and glutathione synthetase (GSS). The rate-limiting
step of GSH synthesis is the formation of the amide linkage
between the gamma-carboxyl moiety of glutamic acid and
the amino moiety of cysteine. The rate at which GSH is
synthesized is based on both the activity of the enzyme
(GCS) and the availability of cysteine. GSS completes the
GSH synthesis by catalyzing the conversion of the y-GluCys
dipeptide to GSH via the addition of glycine (Johnson et al.
Nutrients. 4(10):1399-440 (2012)).
[0142] The enzymes involved in GSH synthesis are con-
trolled by multiple mechanisms both pre and post transcrip-
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tionally. Previous studies focused on genome-wide mapping
of ZSCAN10-binding sites in ESC identified ~3500 target
genes, including GSS (Yu et al. J Biol Chem. 284(45):
31327-31335 (2009)). In the present disclosure, the inven-
tors have shown that in humans ZSCAN10 binds directly to
the GSS promoter (Example 12, FIG. 14B). Additionally,
they have shown that the levels of GSS mRNA are signifi-
cantly upregulated in A-iPSC compared with Y-iPSC and
ESC and that this upregulation is diminished upon
ZSCANI10 overexpression in A-iPSC (Example 12, FIG.
14C).

[0143] Additional experiments disclosed herein provide
further proof that GSS is indeed involved in regulating
oncogenic potential of A-iPSC in humans. As described in
Fxample 13 and FIGS. 14D-F, GSS plays a role in both
apoptosis, as well as in the regulation of the DNA damage
response. Down-regulation of GSS in A-iPSC using shRNA
led to increased apoptotic response (Example 13, FIG. 14D)
as well as in the rescue of the DNA damage response
(Example 13, FIGS. 14E-14F). On the contrary, overexpres-
sion of GSS in Y-iPSC caused lower apoptotic response
compared to control Y-iPSC cells (FIG. 14D) and loss of
DNA damage response (FIGS. 14E and 14F).

[0144] Thus, in one aspect of the present disclosure,
reduction of GSS levels in cells exhibiting abnormal chro-
mosome number and/or structure, induction of DNA dam-
age, or apoptosis can lead to substantial restoration of the
aforementioned defects in these phenotypic traits and their
restoration to substantially those of ESC and Y-iPSC. In one
aspect, the iPSC cell can be A-iPSC. Reduction of GSS
levels in A-iPSC can cause the molecular and phenotypic
changes within the iPSC in a way that will make it closely
resemble ESC or Y-iPSC.

[0145] Reduction in levels of GSS can be achieved
through numerous methods. For example, various RNA
interference (such as siRNA, shRNA) technologies can be
used to inhibit GSS at the RNA level. Thus, any agent that
leads to reduction of protein, RNA, or DNA levels of GSS
can be used to restore the chromosomal stability, DNA
damage, and/or apoptotic defects observed in A-iPSC, or
any iPSC that are characterized by one or more of those
defects. Both human and mouse GSS ORF ¢DNA is avail-
able commercially for example from OriGene Technologies,
Rockville, MD (www.origene.com/cdna). To target GSS at
the DNA level, clustered regularly interspaced short palin-
dromic repeats (CRISPR)-Cas genome editing tool can be
used (Sander and Joung, Nature Biotechnology 32, 347-355
(2014). Additionally, GSS levels or activity can be reduced
using inhibitors known to directly or indirectly reduce
protein levels and/or activity of GSS. For example, buthio-
nine sulfoximine (Drew and Miners, Biochem Pharmacol.
33(19):2989-94  (1984)),  6-Diazo-5-oxo-L-norleucine
(Vanoni M A and Curti B, JUBMB Life. 60(5):287-300
(2008)), and azaserine (Hensley et al. J Clin Invest. 123(9):
3678-84 (2013)) have been shown to inhibit GSS. Thus, in
one embodiment of the present disclosure, GSS levels are
reduced or activity inhibited using buthionine sulfoximine,
6-Diazo-5-oxo-L-norleucine (Vanoni M A and Curti B,
1UBMB and/or azaserine, or any inhibitor shown to reduce
the activity and/or levels of GSS. In addition to using each
inhibitor individually, the reduction of GSS activity and/or
levels can be achieved by combination of two or more
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known inhibitors. In inhibiting GSS it is important that the
inhibition not be complete. Some amount of glutathione is
important to the cell.

[0146] Alternatively, ZSCANI10 can be upregulated as
described herein to suppress upregulation of GSS since the
present inventors have shown that GSS is directly regulated
by ZSCANI10 through binding to the promoter of GSS.
Through the work described herein ZSCAN 10 has emerged
as an important coregulatory of somatic cell reprogramming
to produce iPSC especially iPSC from aged donors.

[0147] GSS can also be used as a surrogate marker for
assessing oncogenic potential and glutathione/H,O, homeo-
stasis and more generally quality of iPSC especially A-1PSC
by measuring levels of GSS in A-iPSC and more generally
iPSC and comparing them to those of Y-iPSC or ESC from
healthy donors. If the levels of GSS are low, i.e., comparable
to those of Y-iPSC and ESC then the stem cells have low
oncogenic potential, have robust glutathione homeostasis
and are generally of good quality.

Experimental Procedures

[0148] Cell Culture

[0149] ESC and iPSC were cultured in ESC media con-
taining 10% FBS and 1,000 U/ml of LIF (ESGRO® Leu-
kemia Inhibitory Factor [LIF], 1 million units/1 mL). For
generation of ESC, established methods previously reported
were used (Kim et al. Nature 467: 285-290, 2010). For iPSC
reprogramming of somatic cells, retrovirus expressing
OCT4, SOX2, KLF4, and MYC were introduced. For the
somatic cells containing inducible reprogramming factors,
the media was supplemented with 2 pg/ml doxycycline (MP
Biomedicals, doxycycline hyclate). For DNA and RNA
isolation, ESC or iPSC were trypsinized and re-plated onto
new tissue culture dishes for 30 min to remove feeder cells,
and nucleic acids were extracted from the non-adherent cell
suspension.

[0150] Generation of Mouse Y-iPSC, A-iPSC, A-iPSC-
7SCANI10, A-iPSC-shGPX2, A-iPSC-shGSS, A-iPSC-
GLUT,  ESC-shEXOSC2, ESC-shEXOSC8, ESC
shEXOSC2&8, human Y-iPSC, and human A-iPSC

[0151] 10° skin fibroblast cells were collected from
B6CBAF1 mouse E15.5 embryonic skin, 5-day-old tail tip
skin, and 1.4-year-old tail tip skin; infected with retrovirus
generated from pMX-mOCT4, pMX-mSOX2, pMX-
mKLF4,2 and pEYK-mMYC3 in 6-well dishes with 0.5 ml
of each viral supernatant (total 2 ml per well); and spun at
2500 rpm at RT for 90 min (BenchTop Centrifuge, Beck-
manCoulter, Allegra-6R). For the generation of A-iPSC-
ZSCANI10, the procedure was identical but in addition to the
four reprogramming factors, a doxycycline inducible system
was added to overexpress ZSCAN10. This system consisted
of two lentiviruses generated from a plentiRZ-ZSCAN10
and a plenti-RTTA vector (Kim et al. Nat Biotechnol 29:
1117-1119, 2011). The vector was generated by replacing the
insert of a commercially available vector with ZSCAN10 (or
GLUT3 or other insert described herein). All cells infected
with the reprogramming factors and those with additional
ZSCANI10, shGPX2, shGSS and GLUT3 were plated on
irradiated CF-1 mouse embryonic feeder cells in a 10-cm
tissue culture dish in ESC media containing 20% FBS and
1,000 U/ml of LIF. Media were changed on day 2 and
doxycycline addition started on day 3 for ZSCAN10 over-
expression. Floating cells were collected by media centrifu-
gation and returned to culture during media changes. On day
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4, cultured cells were trypsinized and replated onto four
10-cm dishes pre-coated with gelatin (0.1%) and irradiated
mouse embryonic fibroblasts in ESC maintenance media.
Media were changed daily until ESC-like colonies were
observed. The reprogrammed colonies were tested for
pluripotency by teratoma assay formation, alkaline phos-
phatase staining, SSEA-1 and NANOG staining, and OCT4
expression levels.

[0152] For the generation of A-iPSC-shGPX2, A-iPSC
were infected post-reprogramming with a set of ShRNA viral
vectors for GPX2 (6 GIPZ Lentiviral shRNA vectors from
Thermo Scientificc RMM4532-EG14776). Clones were
selected with puromycin, and the levels of down-regulation
were measured by Q-PCR. For the generation of A-iPSC-
shGSS, A-iPSC were infected post-reprogramming with a
set of shRNA viral vectors for GSS (GE DHARMACON,
RMM4532-EG14854).

[0153] For the generation of A-iPSC-shZSCAN10, mouse
A-iPSC were infected post-reprogramming with a set of
shRNA  lentiviral  vectors  designed to  target
NM_001033425.3. A set of ZSCAN10 set shRNAs is com-
mercially available from Abmgood.com (last visited on Oct.
6, 2015).

[0154] For the generation of Y-iPSC-GPX2, mouse
Y-1PSC were infected with a lentivirus carrying the GPX2
cDNA post-reprogramming (Harvard Plasmid Core (plas-
mid.med.harvard.edu/PLASMID/Home jsp). The infected
clones were assessed for GPX2 expression levels by Q-PCR.
For the generation of Y-iPSC-GSS, mouse Y-iPSC were
infected with a lentivirus carrying the GSS ¢cDNA (Harvard
Plasmid Core (plasmid.med.harvard.edw/PLASMIDY/) post-
reprogramming. The infected clones were sorted for a red
fluorescent marker and the GSS expression levels were
assed by Q-PCR.

[0155] For the generation of human A-iPSC, 10° skin
fibroblasts from 84 years old, 76 years old, and 81 years old
subjects were infected with retrovirus generated from the
tetracistronic SFG-SV2A vector encoding for hOCT4,
hSOX2, hKLF4 and hMYC in 6-well dishes with 0.5 ml of
each viral supernatant (total 2 ml per well); and spun at 2500
rpm at RT for 90 min (BenchTop Centrifuge, Beckman-
Coulter, Allegra-6R).

[0156] For the generation of ESC-shEXOSC2, ESC-
shEXOSCS8 and ESC shEXOSC2&8, ESC were infected
with a set of sShRNA viruses for EXOSC2 and/or EXOSCS8
(2 GIPZ Lentiviral shRNA vectors for EXOSC2 from GE
DHARMACON: RMM4431-200370629, RMM4431-
200332733 and 3 GIPZ Lentiviral shRNA vectors for
EXOSC8 from GE DHARMACON: RMM4532-EG69639).
Clones were selected with puromycin treatment.

[0157] Retrovirus Generation

[0158] 293T cells were seeded overnight at 5x10° cells per
150-mm dish with DMEM supplemented with 10% FBS and
penicillin/streptomycin. Retrovirus was generated using
pMX-mOCT4, pMX-mSOX2, pMX-mKLF4, and pEYK-
mMYC constructs as described previously (Koh et al.
Nucleic Acids Res. 30: €142, 200; Takahashi et al. Cell 126:
663-676, 2006). The cells were transfected with standard
calcium phosphate method as previously described. Media
were replaced with fresh DMEM two times, 18 hours after
transfection. Approximately 48 hours after transfection,
medium containing the lentivirus was collected and the
cellular debris was removed with centrifugation. The super-
natant was filtered through a 0.45-um filter, and the retro-
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virus was pelleted with ultracentrifugation at 33,000 rpm in
45 Ti rotors (Beckman) for 90 min at 4° C. The retroviral
particles were resuspended in the ESC medium and stored at
-80° C.

[0159] Lentivirus Production

[0160] 293T cells were seeded overnight at 5x106 cells
per 150-mm dish with DMEM supplemented with 10% FBS
and penicillin/streptomycin. The cells were transfected with
plentiRZ-ZSCAN10 and plenti-RTTA using calcium phos-
phate cell transfection, as previously described (Kim et al.
Nat Biotechnol 29: 1117-1119, 2011). The ZSCAN10 ¢cDNA
was clone MmCD00295052 in the pENTR223.1 backbone.
The cDNA for mZSCAN10 was subcloned into a plentiRZ
vector and the ¢cDNA for GPX2 into a plenti-puro vector
using the Gateway® system. See tools.lifetechnologies.com/
content/sfs/manuals/gatewayman.pdf. At 48 hours after
transfection, the medium containing the lentivirus was col-
lected and the cellular debris was removed with centrifuga-
tion. The supernatant was filtered through a 0.45-um filter,
and the lentivirus was pelleted with ultracentrifugation at
33,000 rpm in 45Ti rotors (Beckman) for 90 min at 4° C. The
lentivirus particles were resuspended in DMEM medium
and stored at -80° C.

[0161] Teratoma analysis was carried out for ESC,
Y-iPSC, A-1PSC, and A-iIPSC-ZSCAN10 cells. The results
revealed decreased incidence of malignant tumors for
A-iPSC-ZSCANI10 cells compared to A-iPSC without
insert. Teratoma analysis for A-iIPSC-GLUT3 will be per-
formed in analogous manner and it is anticipated that the
results will be qualitatively the same.

[0162] Quantitative Real Time-PCR (Q-PCR) Analysis
[0163] The expression levels of genes (ZSCAN10, OCT4,
GPX2, GLUT3, and p-ACTIN) were quantified by Q-PCR
with Power SYBR Green PCR mastermix (Applied Biosys-
tems). Total RNAs (1 pg) were reverse-transcribed in a
volume of 20 ul using the M-MuLV Reverse Transcriptase
system (New England Biolabs), and the resulting cDNA was
diluted into a total volume of 200 pl. 10 pl of this synthe-
sized cDNA solution was used for analysis. For pluripotent
genes, each reaction was performed in a 25-pl volume using
the Power SYBR Green PCR mastermix (Applied Biosys-
tems). The conditions were programmed as follows: initial
denaturation at 95° C. for 10 min followed by 40 cycles of
30 sec at 95° C., 1 min at 55° C., and 1 min at 72° C.; then
1 min at 95° C., 30 s at 55° C., and 30 sec at 95° C. All of
the samples were duplicated, and the PCR reaction was
performed using an Mx3005P reader (Stratagene), which
can detect the amount of synthesized signals during each
PCR cycle. The relative amounts of the mRNAs were
determined using the MxPro program (Stratagene). The
amount of PCR product was normalized to a percentage of
the expression level of B-ACTIN. The PCR products of
OCT4, ZSCAN10, GPX2 and 3-ACTIN were also evaluated
on 1.2% agarose gels after staining with ethidium bromide.
The primers used to amplify the cDNA were the following:
OCT4—For 5-GGCTCTCCCATGCATTCAA-3' (SEQ ID
NO: 17) and OCT4-Rev S-TTTAACCC-
CAAAGCTCCAGG-3' (SEQ ID NO: 18), ZSCAN10—For
5'-GGCTCAGAGGAATGCGTTAG-3' (SEQ ID NO: 19)
and ZSCANI10-Rev 5'-CATCTACAGGCCCACCAGTT-3'
(SEQ ID NO: 20), GPX2—For 5-GTGCTGATT-
GAGAATGTGGC-3' (SEQ ID NO: 21) and GPX2-Rev
5'-AGGATGCTCGTTCTGCCCA-3' (SEQ ID NO: 22),
3-ACTIN—For 5-TCGTGGGTGACATCAAAGAGA-3'

Jan. 18,2024

(SEQ ID NO: 23) and 3-ACTIN-Rev
5GAACCGCTCGTTGCCAATAGT-3' (SEQ ID NO: 24),
and HPRT—For 5-CTCCTCAGACCGCTTTTTGC-3'
(SEQ ID NO: 25) and HPRT-Rev 5'-TCGAGAGCTTCA-
GACTCGT-3' (SEQ ID NO: 26), EXOSC2—For CCC-
CAAGGAGCATCTGACAA (SEQ ID NO: 27) and
EXOSC2-Rev CCAACCCACCATTACCTCCC (SEQ ID
NO: 28), EXOSCl—For ATGGGTTGGTGATGGG-
CATAG (SEQ ID NO: 29) and EXOSCIl-Rev
CCCATGCTGTCACTATTGGGT (SEQ ID NO: 30),
EXOSC5—For CCGATTCTACCGGGAATCACT (SEQ ID
NO: 31) and EXOSC5-Rev CTACATGGGCACA-
GACAGAGG (SEQ ID NO: 32). Transgene silencing
(OCT4, SOX2, KLF4, and MYC) was confirmed using the
following primers, which span the 5' region of the viral
vector and the 5' end of the structural genes. Uninfected
fibroblasts were used as a negative control and day 3
fibroblasts transfected with Yamanaka factors were used as
a positive control. The primer sequences to detect the
transgene flanked the pMX vector and the transgene: pMX-
S1811—For 5'-GACGGCATCGCAGCTTGGATACAC-3'
(SEQ ID NO: 33), and OCT4-Rev 5-CAGTCCAACCT-
GAGGTCCAC-3' (SEQ ID NO: 34), KLF4 Rev
S-GACAACGGTGGGGGACAC-3' (SEQ ID NO: 35),
SOX2 Rev 5'-CTGGAGTGGGAGGAAGAGGT-3' (SEQ
ID NO: 36), and MYC Rev 5-CCAGATATCCT-
CACTGGGCG-3' (SEQ ID NO: 37). the primers for
GLUT3 were mGlut3-xba-F
atttctagaATGGGGACAACGAAGGTGACC (SEQ ID NO:
38) and mGlut3-xba-R atg-
gatccTCAGGCGTTGCCAGGGGTC (SEQ ID NO: 39).

[0164]

[0165] Phleomycin (Sigma) was added at 30 pg/ml for 2
hours. Cells were processed for analysis 30 min after phleo-
mycin treatment unless indicated otherwise. After the
30-min recovery in ESC media, the cells were collected and
processed for following experiments. For the detection of
the DNA damage response in the extended period, the cells
were given 6 hours to recover after phleomycin treatment
and were processed for H2AX immunostaining. In the DNA
fragmentation assay, the cells were given 15 hours to
recover. To check the mutagenesis potential, the cells were
treated with phleomycin 30 pg/ml for 2 hours and cultured
for one passage after each treatment. This process was
repeated three times and then the cells were processed for
6TG selection. Cells were irradiated at 10 Gy, allowed to
recover for 2 hours, and then lysates were collected for
immunoblot analysis.

[0166]

[0167] 1iPSC were collected by trypsin collagenase treat-
ment, resuspended in Matrigel mix (DMEM:Matrigel:colla-
gen at 2:1:1 ratio), and 10° undifferentiated cells were
injected into the subcutaneous tissue above the rear haunch
of Rag2/4C immunodeficient mice (Taconic). Teratoma for-
mation was monitored for 3 months post-injection. Col-
lected tumors were fixed in 10% formalin solution and
processed for hematoxylin and eosin (H/E) staining by the
Molecular Cytology facility of Memorial Sloan Kettering
Cancer Center and by Histowiz, Inc. Protocols for H/E
staining are provided at protocolsonline.com/histology/
dyes-and-stains’haematoxylin-eosin-he-staining/and  www.
nsh.org/sites/default/files/Guidelines_For_Hematoxylin_
and_Bosin_Staining.pdf.

Drug Treatments and Irradiation

Teratoma Analysis
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[0168] Immunoblot Analysis

[0169] Treated and untreated cells (1x105 cells) were
collected 30 min after the 2-hour phleomycin treatment (30
pg/ml). To harvest protein, 100-200 mL RIPA buffer (50 mM
Tris-HCI [pH 7.4], 150 mM NaCl, 1% NP40, 0.25% Na-
deoxycholate, 1 mM PMSF, protease inhibitor cocktail, and
phosphatase inhibitor cocktail) was added to floating cell
pellets and the remaining adherent cells. The samples were
incubated on ice (10 min) and centrifuged (14,000 g, 10 min,
4° C.). Protein concentrations were determined using a BCA
protein assay kit (Pierce). Samples were adjusted to the same
concentration with RIPA buffer (3000 ug/ml) and were
combined with Laemmli Sample Buffer (Biorad) and f-Mer-
captoethanol (Sigma) then heated at 95° C. for 5 min and
loaded onto a 4-15% Mini Protean TGX SDS-PAGE gel
(BioRad). Samples on the SDS-PAGE gel were transferred
to a 0.2-mm PVDF membrane at 100 V for 1 h, using a wet
electro-transfer method (0.2 M glycine, 25 mM Tris, and
20% methanol). The membrane was blocked with 5% BSA
in PBS-T (1 hat 4° C.), followed by incubation with primary
antibodies anti-H2AX (Millipore, 05-636) (1:1000), anti-
p53 (Leica Biosystems, P53-CM5P) (1:1000), anti phospho-
ATM (Pierce, MA1-2020), or anti-beta actin (Cell Signaling,
#4967) (1:5000) in blocking solution (5% BSA in phos-
phate-buffered saline containing Tween-20 [1:1000] PBS-T,
overnight at 4° C.). After primary antibody incubation,
membranes were washed three times in PBS-T) prior to
addition of secondary antibody labelled with peroxidase.
Secondary antibodies were from Cell Signaling (1:10,000).
[0170] Bisulfite Pyrosequencing Analysis

[0171] 500 ng of genomic DNA was bisulfite-treated using
the EZ DNA Methylation-Gold Kit (Zymo Research)
according to the manufacturer’s specifications. Bisulfite-
treated genomic DNA was PCR-amplified using ZSCAN10
specific primers. The position of interest of ZSCAN10
promoter was based on Ensembl Genome assembly:
GRCm38 (GCA000001635.4) on Chrl7:23599958-
23600647. The assay (PCR and Pyrosequencing) covered
three CpG sites immediately upstream of the transcription
start site on 23600600 (CpG 3), 23600645 (CpG 2), and
23600647 (CpG 1). The pyrosequencing was designed and
performed by Epigendx (Hopkinton, MA, USA).

[0172] Cytogenetic Analysis

[0173] Cytogenetic analysis was performed by metaphase
chromosome preparation, G-band karyotyping, and flow
cytometry analysis with PI staining. Metaphase chromo-
some preparation and the G-band karyotyping were per-
formed by the Molecular Cytogenetics Core Facility of
Memorial Sloan Kettering Cancer Center. For PI staining,
the cells were harvested and washed in PBS and then fixed
in cold 70% ethanol (added drop-wise to the pellet while
vortexing to minimize clumping) for 30 min at 4° C. The
cells were washed in PBS twice, treated with ribonuclease,
and stained with PI (Propidium Iodide Staining Solution: 3.8
mM sodium citrate, 40 pg/ml PI [Sigma, P 4170] in PBS).
[0174] Immunohistochemistry Staining

[0175] Cells were fixed in 3.7% formaldehyde for 20 min
at room temperature and washed with PBS. Samples were
then permeabilized with 0.1 Triton X-100 in PBS for 20 min
and blocked for 1 h with 3% BSA in PBS-T, and primary
antibodies were incubated for 2 h at room temperature or
overnight at 4° C. Anti-H2AX was purchased from Mil-
lipore (05-636), anti-SSEA-1 phycoerythrin conjugated was
purchased from R&D systems (FAB2155P), and anti-
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NANOG from BETHYL Laboratories (A300-397A). Pri-
mary antibodies were used at 1:500 dilution. Alexa 568-
conjugated goat anti-mouse IgM (A-21124) and Alexa 633-
conjugated goat anti rabbit IgG (A-21072) were from
Molecular Probes. Secondary antibodies were used at
1:1000 dilution. The nuclei were stained with 4',6-diami-
dino-2-phenylindole (DAPI, Sigma). Alkaline phosphatase
(AP) staining was performed using the Alkaline Phosphatase
Detection Kit (Millipore) according to the manufacturer’s
instructions. Fluorescence images were obtained using an
Axiolmager Z1 microscopy system (Zeiss).

[0176] DNA Fragmentation Analysis

[0177] DNA fragmentation was measured using an in situ
cell death assay kit (Roche) for visvalization of DNA strand
breaks by labelling the free 3'-OH termini with modified
nucleotides (e.g., biotin-dUTP, DIG-dUTP, fluorescein-
dUTP) in an enzymatic reaction. iPSC cells (1x105 cells)
were treated with phleomycin (30 g/ml) for 2 hours. Samples
were collected as control or treated for analysis 15 hours
after phleomycin treatment. Additionally, cells were treated
with DNAase I recombinant (Roche) (10 min, 3 U/ml, at 15°
C. to 25° C.) to induce DNA strand breaks, as a positive
control for apoptosis. Medium containing floating cells and
attached cells was centrifuged (1000 g, 5 min) and collected.
Cells were processed for flow cytometry analysis.

[0178] H,O, Reactive Oxygen Species (ROS) Assay
[0179] H,O, scavenging activity was measured using a
cellular reactive oxvgen species assay kit (Abcam,
ab113851). ESC/PSC were labelled with 20 uM DCFDA
(2',7"-dichlorofluorescein diacetate; a fluorogenic dye that
measures hydroxyl, peroxyl, and other ROS activity within
the cell), and cultured for 3 h with 50 pM TBHP (tert-butyl
hydrogen peroxide; stable chemical form of H,O,). Cells
were then analyzed on a fluorescent plate reader.
Meanztstandard deviation is plotted for four replicates from
each condition.

[0180] TBHP Treatment

[0181] Cells were treated with 350 uM TBHP solution
(Luperox® TBH70X, tert-Butyl hydroperoxide solution 70
wt. % in H20, 458139) for 30 min in PBS. Lysates were
collected for immunoblot analysis. The control untreated
cell lines were cultured in either ESC media or PBS, and
DNA damage response was not induced in both media
without TBHP treatment (data not shown).

[0182] HPRT Assay

[0183] HPRT assay was performed according to the pre-
viously published protocol (Tsuda et al., AATEX 11 (2),
118-128, 2005). After ESC, Y-iPSC, A-iPSC, and A-iPSC-
ZSCANI10 were cultured with three rounds of phleomycin
treatment, 10° ESC and iPSC were plated onto 10-cm tissue
culture dishes containing feeder cells (CF-1 MEF) and
added 5 pg/ml of 6-TG (2-amino-6-mercaptopurine; Sigma)
for negative selection. The mutation frequency was esti-
mated by the inactivation of HPRT promoter activity. Indi-
vidual colonies were counted/picked at day 12, and the
number of colonies was normalized to the percentage of
colonies that did not express HPRT in each group by Q-PCR
analysis.

[0184] Glutathione Detection Assay

[0185] Feeder-free cells were cultured on Matrigel-coated
tissue culture plates in MEF-conditioned ESC-media. On
day 3, the cells were washed in PBS and scraped and
pelleted by centrifugation. Subsequent steps were performed
using a Glutathione Fluorometric Assay Kit (cat #K264-100,
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Biovision Inc., Milpitas, CA, USA) according to the manu-
facturer’s manual. Briefly, cell pellets were homogenized in
ice cold glutathione assay buffer, preserved in perchloric
acid, and centrifuged. Supernatants were neutralized with
potassium hydroxide. After centrifugation, the supernatant
was either used to detect reduced glutathione (GSH), or total
glutathione was measured by reducing oxidized glutathione
(GSSG) to GSH before measurement. For measuring GSSG
concentrations specifically, existing GSH was quenched
before reducing agent was applied. OPA (o-phthalaldehyde)
probe, which reacts with GSH and emits fluorescence, was
added to samples, and signal was acquired at Ex/Em=340
nm/420 nm on a Varioscan Flash by Thermo Scientific.
Oxidation capacity of glutathione was determined by the
quantity of total glutathione (GSH+GSSG).

EXAMPLES

Example 1

[0186] iPS Cells Derived from Aged Mice Exhibit Higher
Genomic Instability and Lower Apoptotic Activity

[0187] Yamanaka and others (Takahashi et al., Cell, 126,
663-676, 2006) identified the four epigenetic reprogram-
ming factors for generating iPSC using young donor tissue,
but never tested whether or not the same four factors were
sufficient for iPSC reprogramming of aged donor tissue.
[0188] Here, iPSC cells were generated using mouse skin
fibroblasts from E15.5 embryos to 5-day-old neonates
(Y-1iPSC) or using mouse skin fibroblast from donors 1.4
years of age (A-iPSC) according to the standard Yamanaka
iPSC reprogramming protocol.

[0189] 12 clones of each cell type were randomly picked
based on the morphology, and analyzed for pluripotency
compared to ECS as the gold standard. Multi-lineage con-
tribution to three germ layers in teratoma analysis and
pluripotent gene expression analysis (AP/OCT4/SSEA1/
NANOG) showed successful reprogramming of mouse skin
fibroblasts isolated from both young and aged donors.
Silencing of the four reprogramming factors (OCT4, SOX2,
KLF4, MYC) in each clone was confirmed by quantitative
PCR (Q-PCR). Initially, when DNA ploidy was tested in
multiple iPSC clones, both Y-iPSC and A-iPSC clones with
normal ploidy were observed (FIGS. 1A, 1B, and 1D);
however, a higher frequency of polyploidy was observed in
A-iPSC compared to Y-iPSC (FIGS. 1B, 1E, and 1F).
Additionally, A-iPSC displayed more chromosomal struc-
tural abnormalities than Y-iPSC (FIG. 1G).

[0190] Pluripotent stem cells are known to have a unique
DNA damage response that is different from the canonical
DNA damage response of somatic cells and cancer cells. The
maintenance of genomic stability in pluripotent stem cells is
achieved by directly inducing apoptosis to eliminate
severely damaged cells from the population (Liu, J, Trends
in Cell Biology, 24, 268-274, 2014; Liu, J, Cell Stem Cell,
13, 483-491, 2013). Thus, it was postulated that the poor
genetic stability observed in A-iPSC was due to defects in
apoptosis. In order to test this hypothesis, activation of
apoptosis in response to DNA damage was evaluated in all
independent clones.

[0191] In situ cell death assays of ESC, Y-iPSC, and
A-iPSC were performed 15 hours after the end of treatment
with a DNA damage inducing agent, phleomycin (2 hours,
30 ug/ml). A-iPSC show fewer cells staining for cell death
compared to ESC and Y-iPSC. Y-iPSC group treated with
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dye in the absence of enzymatic reaction was used as a
negative control. Nuclei were stained with DAPI. As shown
in FIG. 2, lower apoptotic response was observed by DNA
fragmentation assay after phleomycin treatment of A-iPSC,
while ESC and Y-iPSC displayed comparable DNA frag-
mentation under same conditions. Collectively, the data
presented here suggest that A-iPSC are characterized by
higher genomic instability and lower apoptotic activity
compared to ESC and Y-iPSC.

Example 2

[0192] ZSCANI1O is a Pluripotency Factor Poorly Acti-
vated in A-iPSC Compared to ESC and Y-iPSC

[0193] In order to identify ESC-specific pluripotency fac-
tors that are poorly activated in A-iPSC compared to ESC
and Y-iPSC, and are most likely responsible for the defects
observed in A-iPSC, a strategy was developed starting from
aknown network of 59 pluripotency genes. Kim et al. (Kim,
I, Cell 132, 1049-1061) previously reported 59 core
pluripotency genes derived from the pluripotency network
analysis (FIG. 3). Initially, these 59 core genes were filtered
against the genes known to be associated with DNA damage
response, such as pS3, SIRT1, PLK1, and genes upstream of
p53 (ATM, PARP, and DNAPK). From there, the gene list
was further filtered based on differential expression in
A-iPSC vs. Y-iPS and A-iPSC vs. ESC, which narrowed
down the candidates to a single gene, ZSCAN10. ZSCAN10
is a known zinc finger transcription factor specifically
expressed in ESC, and is an integrated part of the transcrip-
tional regulatory network with SOX2, OCT4, NANOG, and
ZSCAN4.

[0194] To further evaluate the role of ZSCAN in repro-
gramming, the levels of ZSCAN were determined in ESC,
Y-iPSC, and A-iPSC by quantitative real-time-PCR
(Q-PCR). As expected, ZSCAN10 mRNA levels were sig-
nificantly lower in A-iPSC compared to ESC and Y-iPSC
(FIG. 4). Thus, it was concluded that ZSCAN10 expression
is low in somatic cells, higher in Y-iPSC and ESC, but
restricted in A-iPSC.

[0195] The data presented here suggests that ZSCAN10 is
a potential factor responsible for the genomic instability
observed in A-iPSC cells.

Example 3

[0196] ZSCANI0 Expression Restores Genetic Stability
and Apoptosis in A-iPSC

[0197] To explore the function of ZSCANI10 in repro-
gramming, iPSC were generated from aged donor fibroblasts
using the four Yamanaka factors (OCT4, SOX2, KLF4, and
MYC) plus ZSCAN10 within a doxycycline (Dox)-induc-
ible lentiviral expression vector. A-iPSC-ZSCANI1O0 cells
were grown in media supplemented with 2 pg/ml of doxy-
cycline for two days. Following doxycycline withdrawal,
reprogrammed colonies were tested for pluripotency by
teratoma assay formation, alkaline phosphatase staining,
SSEA-1 and NANOG staining, and OCT4 expression levels,
which confirmed that A-iPS-ZSCANI10 have undergone
successful reprogramming. Next, A-iPSC-ZSCAN10 were
tested for their ability to rescue genomic stability and
apoptotic defects observed in A-iPSC containing low levels
of ZSCANI10.

[0198] Using a doxycycline system, transient expression
of ZSCANI10 in A-iPSC permanently increased endogenous



US 2024/0018485 Al

ZSCANI10 expression to levels similar to those in Y-iPSC
and ESC (FIG. 4). Moreover, transient expression of
ZSCANI10 during reprogramming in A-iPSC reduced the
abnormal chromosomal ploidy and structural abnormalities
to levels comparable to Y-iPSC and ESC (FIGS. 1C, 1F, and
1G). In order to test the effect of ZSCAN10 on apoptosis in
A-1PSC, A-iPSC-ZSCANI10 were treated with DNA damage
inducing agent, phleomycin (2 hours, 30 pg/ml), and the
apoptotic response was evaluated by DNA fragmentation
assay. ZSCAN10 expression in A-iPSC restored the defect in
induction of apoptosis following DNA damage induction
(FIG. 2).

[0199] These results indicate that ZSCAN expression in
A-1PSC rescues the genomic stability and apoptosis defects
detected in iPS cells generated from aged donors.

Example 4

[0200] A-iPSC Display Higher Mutagenic Potential Com-
pared to ESC and Y-iPSC, which is Restored by ZSCAN10
Expression

[0201] As discussed in Example 3, transient expression of
ZSCAN10 in A-iPSC during reprogramming restored
genomic stability and apoptosis to levels comparable to ESC
and Y-iPSC. To define the mechanism by which ZSCAN10
expression restores genomic stability and apoptosis in
A-1PSC, a comprehensive molecular analysis of a minimum
of three independent clones (each of ESC, Y-iPSC, A-iPSC-
ZSCANI10, and A-iPSC) was performed. Since A-iPSC
showed a defect in induction of apoptosis, it was hypoth-
esized that A-iPSC failed to eliminate damaged cells and
would accumulate more genomic mutations than Y-iPSC or
ESC.

[0202] The mutagenic potential in ESC, Y-iPSC, A-iPSC,
and A-iPSC-ZSCAN10 was determined using the mutagenic
destruction of HPRT promoter activity (Tsuda et al., AATEX
11 (2), 118-128, 2005. The hypoxanthine phosphoribosyl
transferase (HPRT), gene located on the X chromosome of
mammalian cells, is widely used as a model gene to inves-
tigate gene mutations in mammalian cell lines. The HPRT
methodology detects mutations that destroy the functionality
of the HPRT gene and or/protein, where the detection of
mutations is achieved by selection using a toxic analogue
6-thioguanine (6-1G). Various types of mutations in the
HPRT gene lead to cells resistant against lethal 6-TG incor-
porated into their DNA. Thus, only cells with HPRT muta-
tions can grow in 6-TG containing media. This method
detects a broad range of mutagens, since any mutation
resulting in the ablation of proper gene function produces an
HPRT mutant.

[0203] Following three rounds of phleomycin treatment (2
hours each, at 30 g/ml), ESC, Y-iPSC, and A-iPSC were
cultured in media containing 6-TG (5 ug/ml). The mutation
frequency was estimated by the inactivation of HPRT pro-
moter activity. Individual colonies were counted/picked at
day 12, and the number of colonies was normalized to the
percentage of colonies that did not express HPRT in each
group by Q-PCR analysis.

[0204] A-iPSC displayed significantly higher mutation
rate compared to ESC and Y-iPSC (FIG. 5A). Consistent
with the findings that ZSCAN10 can restore genomic sta-
bility and apoptosis defects in A-iPSC, transient expression
of ZSCAN10 reduced the mutagenic potential in these cells
(FIG. 5A).
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[0205] Mutagenic potential of ESC, Y-iPSC, and A-iPSC
was further tested in vivo. Teratoma formation is an estab-
lished assay that determines the capacity of differentiation in
vivo and is considered to be the essential method for
evaluating human ES and iPS cell lines. Teratoma analysis
revealed that while ESC and Y-iPSC form benign teratoma,
significant percentage of A-iPSC clones (48%) form a
mixture of malignant carcinoma and benign teratoma (FIGS.
5B-5E).

[0206] Taken together, these results show that A-iPSC
exhibit higher mutagenic potential, both in vitro and in vivo,
than ESC and Y-iPSC.

Example 5

[0207] ZSCANI10 Corrects the Blunted DNA Damage
Response in A-iPSC Via ATM, p53, and H2AX

[0208] The aging process gradually alters DNA repair
mechanisms through a chronic activation of the DNA dam-
age response. To evaluate the DNA damage response in
more detail in A-iPSC and the role of ZSCANI10 in this
process, activation of known DNA damage effector proteins
was assessed.

[0209] The cellular response to DNA damage involves a
series of events that lead to apoptosis. One of the early
events is the phosphorylation of Ataxia telangiectasia
mutated (ATM), a serine/threonine kinase that plays a cen-
tral role in the repair of DNA double-strand breaks. ATM
further phosphorylates several key proteins that initiate
activation of the DNA damage checkpoint, leading to cell
cycle arrest and apoptosis. AIM activation leads to phos-
phorylation of tumor suppressors p53 and histone 2AX
(H2AX). With the goal of gaining a better understanding of
the events affected by ZSCAN10, phosphorylation of ATM,
H2AX, and p53 was examined in A-iPSC following the
induction of DNA damage.

[0210] ESC, Y-iPSC, and A-iPSC were treated with 30
pg/ml of DNA damage inducing agent phleomycin for 2
hours. Protein levels of ATM, H2AX, and p53 were deter-
mined by immunoblot analysis. As shown in FIGS. 6A, 6B,
and 6C, A-iPSC exhibit either low, or undetectable levels of
phosphorylated ATM, p53, and H2AX following the treat-
ment with phleomycin compared to ESC and Y-iPSC. These
defects are, in part, mediated by ZSCAN10 since expression
of ZSCAN10 in A-iPSC restores the phosphorylation of
DNA damage pathway proteins to levels comparable to
those detected in ESC and Y-iPSC (FIGS. 6A, 6B, and 6C).
In order to confirm that the defect in DNA damage response
was universal and not dependent on phleomycin, experi-
ments were conducted using the same experimental design,
but changing the DNA damage inducing agent. Similarly to
data observed with phleomycin, ESC and Y-iPSC, but not
A-iPSC, show an increase in ATM/H2AX/p53 levels after
irradiation and hydrogen peroxide H,O, treatment. For
radiation experiments, cells were irradiated with 10 Gy,
allowed to recover for 2 hours, and the lysates were col-
lected for immunoblot analysis. Both radiation and H,O, are
known inducers of DNA damage response. Importantly, the
ATM/H2AX/p53 response to irradiation and H,O, in
A-iPSC was recovered by transient expression of ZSCAN10
(FIGS. 6F and 6G).

[0211] In addition to overexpression experiments, the
inventors reduced ZSCAN10 levels using shRNA targeting
ZSACNI10 in Y-iPSC (FIGS. 6D and 6E). Further providing
support for the role of ZSCANIO in the regulation of DNA
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damage response, Y-iPSC with reduced ZSCAN10 expres-
sion exhibited lower apoptotic response compared to those
that had normal ZSCANI10 levels (FIG. 6D).

[0212] Collectively, these results indicate that impaired
DNA damage response in A-iPSC is recovered with the
transient expression of ZSCANIO0.

Example 6

[0213] Endogenous ZSCAN10 is Hypermethylated in
A-1PSC and Hypomethylated in ESC and Y-1PSC

[0214] Induction of pluripotency in somatic cells is con-
sidered an epigenetic process that among other things entails
changes in DNA methylation patterns. With the aim of
further elucidating the changes that occur in A-iPSC com-
pared to ESC and Y-iPSC, and the role of ZSCAN10, DNA
methylation analysis was performed. Bisulfite pyrosequenc-
ing analysis of the ZSCAN10 promoter regions showed that
the ZSCANI10 promoter is hypomethylated/activated in
Y-1PSC and ESC, and hypermethylated/inactive in A-iPSC
(FIG. 7A). To test whether transient ZSCANI10 expression
can restore the methylation pattern of A-iPSC, A-iPSC-
ZSCANIO cells generated using a Dox-inducible expression
system were analyzed. Similar to the ability of ZSCAN10 to
restore other defects in A-iPSC, transient expression of
ZSCANI10 in A-iPSC led to hypomethylation/activation of
the endogenous ZSCAN10 promoter to levels closer in
Y-iPSC.

[0215] Microarray analysis of mouse ESC versus aged and
young mouse fibroblasts (Y-SC and A-SC wherein “SC”
here stands for “somatic cells”) as well as Y-iPSC, A-iPSC,
revealed differential regulation of DNA (cytosine-5-)-meth-
yltransferase 3 beta (DNMT?3b) gene (a gene reviewed in
(Kim et al. Cell Mol Life Sci. 66(4): 596-612 (2009)).
Contrary to DNMT3b, the levels of DNMT3a were similar
among various cell types. This finding was further corrobo-
rated by q-PCR (FIG. 7B), where DNMT3b mRNA levels
were lowest in fibroblasts, and highest in ESC. Given the
role of DNMT3b in DNA methylation, the inventors postu-
late that poor activation of DNMT3b may be responsible for
differential methylation of ZSCAN promoter in A-iPSC. In
addition DNMT3b can be overexpressed in A-iPSC cells and
achieve the same result as ZSCAN10 overexpression. Thus,
the exogenous introduction of DNMT3b into the A-iPS cells
may result in diminished oncogenic potential of these cells
or any stem/iPS cells associated with reduced ZSCAN10
expression.

Example 7

[0216] Imbalance of H202 Glutathione Homeostasis in
A-1PSC, and Recovery by ZSCANI10 Via Reduction of
Excessively Activated GPX2 in A-iPSC

[0217] As described in Example 5, the defective DNA
damage response of A-iPSC and its restoration by
ZSCANI10 were also confirmed in response to various DNA
damaging agents such as radiation and H,O,. DNA damag-
ing agents can induce H,0, and result in genomic damage.
A normal cellular response against H,O, involves two dis-
tinct mechanisms: (1) H,O, can be scavenged by glutathione
to maintain genomic stability, and (2) H,O, itself acts as a
signal transducer to activate DNA damage response path-
ways, such as ATM. An imbalance in glutathione-H,O,
homeostasis, with lower glutathione and higher H,O, activ-
ity, induces genomic damage to trigger the DNA damage
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response. Conversely, higher glutathione activity that favors
H,0, scavenging and lowers H,O, activity blunts the DNA
damage response and damaged cells fail to be eliminated,
leading to genomic instability. Therefore, homeostasis of
glutathione-H,O, regulation plays a critical role in main-
taining overall genomic stability.

[0218] To determine the status of glutathione-H,O,, oxi-
dation capacity of glutathione as well as H,0, scavenging
activity (maximum oxidation capacity) were evaluated in
various 1PSC lines. The ratio of intracellular reduced and
oxidized forms of glutathione

[0219] (GSH/GSSG) is often used as an indicator of
cellular redox state, the degree of oxidative stress and the
antioxidant capacity of cells. Glutathione analysis was con-
ducted using Glutathione Fluorometric Assay (Biovision,
K264-100). As shown in FIG. 8A, A-iPSC exhibit excessive
oxidation capacity, which was normalized to the level of
ESC and Y-iPSC by transient expression of ZSCANI10.
H,0, scavenging activity was measured using reactive oxy-
gen species (ROS) assay kit (Abcam, ab113851). A-iPSC
show strong H,O, scavenging activity (FIG. 8B), with a
reduced response against the treatment of TBHP (tert-butyl
hydrogen peroxide; stable chemical form of H,0,, 3 h).
Upon ZSCAN10 expression, the elevated glutathione activ-
ity was reduced to levels equivalent to those seen in Y-iPSC/
ESC (FIGS. 8A and 8B).

[0220] The mechanism by which the oxidation capacity of
glutathione to scavenge H,0, is elevated in A-iPSC com-
pared to Y-iPSC and ESC was further evaluated. A com-
parative gene expression analysis among the different cell
lines led to the identification of candidate genes that were
up- or down-regulated in A-iPSC compared to A-iPSC-
ZSCANI10, and that were expressed at similar levels in
A-1PSC-ZSCANI10, ESC, and Y-iPSC. Glutathione peroxi-
dase 2 (GPX2) gene was excessively expressed in A-iPSC
and its expression was normalized by ZSCAN10 expression
(FIG. 9A).

[0221] GPX2 is a H,0, scavenger protein that regulates
glutathione-mediated scavenging activity. In order to test
whether excess levels of GPX2 are responsible for imbal-
ance in glutathione-H,O, homeostasis in A-iPSC, GPX2
was inhibited in A-iPSC using shRNA. Knockdown of
GPX2 in A-iPSC normalized glutathione-H,0, homeostasis
(FIGS. 9B and 9C), increased apoptosis (FIG. 9D), and
recovered the DNA damage response (FIG. 9E).

Example 8

[0222] GLUT3 Gene Expression is Significantly Increased
in Y-iPSC, but not in A-iPSC

[0223] In order to gain a deeper understanding of biologi-
cal processes that occur during cellular reprogramming, an
innovative approach was taken to reveal additional factors
important for the reprogramming of aged somatic cells.
Comparative genomic analysis of ESC, Y-iPSC, A-iPSC,
and A-iPSC-ZSCAN10 in the presence or absence of phleo-
mycin treatment (30 pg/ml for 2 hours) led to identification
of GLUT3, a pluripotent stem cell-specific glucose trans-
porter. FIG. 10A shows poorly activated GLUT3 in A-iPSC
compared to ESC and Y-iPSC.

[0224] Glucose metabolism is essential to maintain cell
homeostasis within the microenvironment of various tissues.
Most somatic cells generate 36 ATP from each glucose
molecule through oxidative phosphorylation in the presence
of oxygen; by contrast, ESC use glycolysis to generate 2
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ATP from each glucose in the absence of oxygen. During
iPSC reprogramming, glucose metabolism shifts from
somatic cell-specific oxidative phosphorylation to ESC-
specific glycolysis. Although ESC-specific glycolysis con-
sumes 18-fold more glucose than oxidative phosphorylation
to generate the same amount of ATP, the benefit of glycolysis
is that it generates ATP while producing fewer H,O, which
can cause genomic mutation.

[0225] To investigate a role of GLUT3 in glucose metabo-
lism within the context of mouse A-iPSC, intracellular
glucose uptake was monitored in mouse ES and iPS cell
lines. A-iPSC take up 18-fold less glucose than Y-iPSC and
ESC (FIG. 10B) and have a higher oxygen consumption rate
as measured by oxidative phosphorylation (FIG. 10C).
These results suggest that A-iPSC continue to generate ATP
via somatic cell-specific oxidative phosphorylation, rather
than switching to ESC-specific glycolysis.

[0226] During the transition from somatic cells to iPSC,
GLUT3 gene expression is significantly increased in
Y-iPSC, but not in A-iPSC (FIG. 10A). Interestingly,
GLUT3 expression is induced by ZSCANI10 (FIG. 10A),
suggesting that the loss of ZSCAN10 and GLUT3 activity
are mechanistically connected in A-iPSC. Indeed, increased
expression of GLUT3 also shows the recovery of DNA
damage response (FIG. 10D) as increased expression of
ZSCANI10 had, confirming the hypothesis of mechanistic
connection. To test the ability of ZSCANI1O to target
GLUT3, the inventors tested the ability of ZSCAN10 to bind
to the promoter of GLUT3 using Chromatin IP analysis. As
demonstrated in FIG. 10E, ZSCAN10 binds to the GLUT3
promoter in ESC, Y-iPSC, and A-iPSC.

[0227] Given that GLUT3 expression is induced by
ZSCAN10, and that oxidative phosphorylation induces pro-
duction of H,0,, which is known to trigger the DNA
damage response, it is likely that the loss of this response in
A-iPSC contributes to increased oncogenicity. Indeed, over-
expression of GLUT3 in A-iPSC recovered the normal ROS
levels, wherein the downregulation of GLUT3 in Y-iPSC
decreased the ROS levels (FIG. 10F). Furthermore, gluta-
thione levels were reduced to normal (similar to those
observed for ESC and Y-iPSC) in A-iPSC upon overexpres-
sion of GLUT3 (FIG. 10G).

[0228] Collectively, the data presented here suggest a
model where poor GLUT3 activation in A-iPSC, as a
consequence of low ZSCANI0 expression (or even inde-
pendently), leads to hyperactivation of oxidative phospho-
rylation and an increase in H,O, production, which induces
glutathione.

Prophetic Example 1

[0229] As a part of preliminary analysis, the inventors
sought to determine what are the major differences between
the various types of iPSC (Y-iPSC, A-iPSC, A-iPSC-
ZSCANI10) and ESC. Microarray analysis of ESC versus
Y-iPSC, A-iPSC, and A-iPSC-ZSCANI10 reveled sets of the
differentially expressed genes. Table 1. indicates the number
of differentially regulated genes among the specific groups.
Using the mean Z-score analysis, it was determined the
genes were grouped based on the fold change of differential
expression. A higher score in the table means a more
pronounced difference in expression from ESC.

[0230] The data summarized in Table 1. show that a
smaller number of genes are differentially expressed in
A-iPSC-ZSCAN10 compared to ESC, than the number of
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genes differentially expressed between Y-iPSC and ESC.
These results suggest that at least on the level of overall gene
expression, A-iIPSC-ZSCAN10 share more similarities with
ESC not only compared to A-iPSC, but also compared to
Y-iPSC. In order to confirm that this observation is also
reflected in the analysis of the core pluripotency network
genes, expression of core pluripotency network genes
among different iPSC lines and ESC was performed. As
shown in Table 2. Similarly to what was observed in Table
1, number of genes differentially expressed between
A-iPSC-ZSCAN1 and ESC was fewer than the number of
genes differentially expressed between the Y-iPSC and ESC.
Collectively, this data suggests unique features

[0231] Future experiments will include further investiga-
tion into why ZSCAN10-supplemented A-iPSC are closer to
ESC than to Y-iPSC when it comes to gene expression. This
will be part of a deeper level analysis of epigenetic altera-
tions that affect aged somatic cells and also A-iPSC in a
negative manner (e.g., block differentiation of A-iPSC, favor
oncogenicity upon transplantation of cells derived from
A-IPSC). For example, the ability of ZSCAN10 to recover
poor tissue differentiation potential of A-iPSC will be
assessed. It is anticipated that after ZSCAN10 supplemen-
tation, A-iPSC will display substantially improved tissue
differentiation compared to untreated A-iPSC. Thus, tissue
differentiation potential will be another aspect of the quality
of A-iPSC that will be improved by ZSCAN10 supplemen-
tation (and can be assessed by measuring ZSCAN10 levels
or measuring levels of another surrogate marker described
herein and comparing the level to that of a Y-iPSC or ESC
control).

TABLE 1

Differentially expressed gene between ESC vs.

Y-iPSC A-iPSC-ZSCAN10 A-iPSC
1.2 fold change 3304 2115 4212
1.5 fold change 2036 1195 3361
2.0 fold change 775 507 2010
3.0 fold cahnge 256 196 770
4.0 fold change 141 127 386

TABLE 2

2.0 Fold Change Herentially expressed gene between ESC vs.

Number of common Genes Y-iPSC  A-iPSC-ZSCANI10 A-iPSC
7 Care factor 47 6 6 12
6 Care factor 100 24 18 35
5 Care factor 124 36 30 57
4 Care factor 227 53 49 94
3 Care factor 427 76 68 148
2 Care factor 901 129 106 251
1 Core factor 2350 252 186 543
0 Care factor @ 292 168 770
Total Target Genes 13862 868 629 1910

@ indicates text missing or illegible when filed

[0232] Furthermore, DNA methylation status of the genes
most prominently differentially expressed between ESC and
Y-iPSC, A-iPSC, or A-iIPSC-ZSCANI10 will be assessed.
One of the aims of this analysis is to test whether already
observed difference in DNA methylation (comparing ESC to



US 2024/0018485 Al

A-iPSC and Y-iPSC in the absence of ZSCANI10 supple-
mentation) follows the same pattern as the gene expression
pattern outlined in Table 1 and Table 2. It is anticipated that
the methylation pattern of ZSCAN10-supplemented
A-1PSC, similarly to gene expression pattern, will be closer
to that of ESC than that of Y-iPSC.

[0233] The same experiment may be repeated with
GLUTS3 supplementation instead of ZSCAN10 supplemen-
tation in A-iPSC. The results are anticipated to be qualita-
tively the same.

TABLE 3

Exosome components and co-factors

Domains Human® Loc?

Exosome core  RNasePH hRrp4l (hSki6; EXOS4) n+c
hRrp42 (EXOST7) n+c

hRrp46 (EXOS3) n+o

hRrp43 (OIP2; EXOSS) n+c

hMtr3 (EXOS6) n+c

hRrp45 (Pm/Scl-75; EXOS9) n+c

S1and KH hRip4 (EX0S2) n+c

domaing hRrp40 (EXOS3) n+c

hCs14 (EXOS1) n+c

Exonuclease RNase 11 hRrp44 (hDis3) n+c
RNase D hRep6 (PM/Sel-100; EXOS10) n+c

Example 9
[0234] ZSCANI10 Binds and Up-Regulates Exosomes
[0235] In further study, the inventors sought to gain a

better understanding of the mechanism by which ZSCAN10
inhibits the expression of GPX2 in A-iPSC. Analysis of
GPX2 sequence revealed that GPX2 gene contains highly
conserved ARE sequences (Singh et al. 4m J Respir Cell
Mol Biol. 35(6):639-50 (2006)). Interestingly, it is known
that exosome, which mediates the degradation of mRNA,
targets ARE sequences to induce mRNA decay. (Mukherjee
etal. EMBOJ. 21(1-2):165-174 (2002); Schmid et al. Trends
Biochem Sci. 2008 October; 33(10):501-10.). mRNA turn-
over is a highly regulated process that plays a role in
regulating the levels of transcripts that encode an array of
proteins (Schoenberg et al. Nat Rev Genet. 13 (4): 246-259
(2012)). Given the presence of ARE sequences in GPX2, the
inventors performed enrichment analysis of ARE sequences
in 60 upregulated genes in A-iPSC (upregulated compared to
Y-iIPSC/ESC and A-iPSC-zscanl0)”. Gene enrichment
analysis (FIG. 11 A histogram) showed that the likelihood of
any given transcript to have the UUAUUUA(A/U)(A/U)
ARE sequence is 7, so the odds of finding 14 genes
containing ARE sequences in a sample of 60 genes based on
just random chance is very low (p=0.01224).” The control
group was 18,299 non-duplicated longest ensemble tran-
scripts based on the microarray ILLUMINA platform
Mouseref-8 v2.0. Thus, the enrichment analysis of A-iPSC
demonstrates a significant up-regulation of genes with ARE
sequences, which is highly likely a result of non-functional
exosomes.

[0236] In order to gain a deeper understating of the type of
interactions that relate to ZSCAN10, Chromatin Immuno-
precipitation sequencing (ChIP-Seq), which combines chro-
matin IP with DNA sequencing, was performed. ChIP-Seq
detects DNA-protein interactions and as such could provide
knowledge regarding the network of proteins regulated by
7SCANI10, The exosome constitutes a complex of 11 exo-
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nucleases. In order to test the hypothesis that ZSCAN10
regulates GPX2 via exosomes in A-iPSC, ChIP-Seq was
performed, and the results showed that indeed, ZSCAN
binds to exosome subunits. ESC and Y-iPSC were used as
the comparison in the study. Furthermore, as shown in FIG.
11B, ZCSAN10 up-regulates exosomes. A-iPSC contained
lower mRNA levels of exosome core subunits EXOSCI,
EXOSC2, and EXOSCS than ESC and Y-iPSC. Importantly,
overexpression of ZSCANI10 in A-iPSCs resulted in the
restoration of EXOSCI, EXOSC2, and EXOSC5 levels
comparable to those observed in ESC and Y-iPSC, confirm-
ing that ZSCANI10 regulates the expression of various
exosome subunits. Endogenous mRNA levels were normal-
ized to f-ACTIN. Error bars indicate standard error of the
mean.

Example 10

[0237] Regulation of GPX2 by ZSCANI10 Via ARE
Sequences is Mediated by Exosomes

[0238] To expand on functional relevance of findings
described in Example 9, ESC containing high level of
exosomes (FIG. 11B) were depleted of EXOSC2, EXOSCS,
or both. Following knockdown of exosomes using shRNA,
GPX2 mRNA was determined by Q-PCR. While ESC
contain low expression levels of GPX2, depletion of exo-
somes resulted in dramatic increase of GPX2 mRNA (FIG.
12A). This increase was similar to the levels observed in
A-iPSCs. DNA fragmentation assay demonstrated that cells
deficient in exosomes contained lower apoptotic response
after phleomycin treatment (2 h, 30 pg/ml) of A-iPSC (FIG.
12B), further confirming the functional significance of exo-
somes in the maintenance of DNA damage response, apop-
tosis response, glucose metabolism and genomic stability to
levels approximating those of Y-iPSC or ESC (FIG. 12B).

Example 11

[0239] Depending on the Donor, iPS Cells Derived from
Aged Human Donors Exhibit Different Reprogramming
Efficiencies, DNA Damage Response, and Structural Chro-
mosomal Abnormality

[0240] Findings disclosed in Example 1 showed that iPS
cells derived from aged mice exhibit higher genomic insta-
bility and lower apoptotic activity than iPSC generated from
young mice. To determine whether results observed in
animal cells are comparable to human cells, i-PSC derived
from young and aged individuals were generated and their
reprogramming efficiency evaluated. As shown in FIG. 13A,
aging phenotype observed in mice was also present in
human A-iPSC. However, there was a significant difference
in programming efficiency among individuals of similar age.
In order to analyze DNA damage response in human iPSC
and test whether it parallels the findings regarding repro-
gramming efliciency, cells were treated with double-strand
break inducing drug phleomycin for 4 h (30 pg/ml).
[0241] TImmunoblot analysis revealed blunted DNA dam-
age response in A-iPSC from certain donors (See FIG. 13B,
donors AG4, AG8, “B” and “S”). Furthermore, karyotype
examination of A-iPSC from the donor AG4 showed struc-
tural chromosome abnormality (FIG. 13C). In respect to
A-iPSC derived from donor AGS, the results are not final
and are subject to further confirmation regarding whether or
not A-iPSC derived from this patient display normal or
defected DNA damage response. Finally, similar results
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were obtained for A-iPSC generated from different mouse
strains. To determine whether genetic background affects
DNA damage response, A-iPSC were generated from two
distinct mouse strains and treated with phleomycin for 4 h
(30 ug/ml). pS3 protein levels were used as an indicator of
DNA damage response. As demonstrated in FIG. 13D,
A-1PSC derived from the mice of B6129 background exhibit
normal DNA damage response (indicated by activation of
p53) in higher frequency, while A-iPSC from the mice of
B6CBA background contained blunted DNA damage
response. These findings indicate that reprogramming effi-
ciency, chromosomal stability, as well as a DNA damage
response associated with A-iPSC are in substantial part
dependent on genetic background of the individual or animal
from which they are derived. Nevertheless, use of the
materials and reagents of the present disclosure would
ameliorate the quality of A-iPSC regardless of whether they
work on genetic or epigenetic traits or both.

[0242] Analysis of 6 additional human A-iPSC clones
revealed poor DNA damage response (FIG. 13E), whereas
one A-iPSC clone referred to as “A-iPSC-outlier” displayed
proper activation of DNA damage response as indicated by
the phosphorylation of ATM. Overexpression of ZSCAN10
in human A-iPSC that exhibited poor DNA damage response
rescued that defect (FIG. 13H). Comparison of FIGS. 13G
and 13H illustrates that overexpression of ZSCANI10Q in
human A-iPSC leads to the restoration of the DNA damage
response similar to the one observed in human Y-iPSC (FIG.
13G).

[0243] It was postulated that the “A-iPSC outlier” main-
tains a proper DNA damage response due to the normal
expression levels of ZSCANI10. Indeed the inventors
observed that ZSCAN10 mRNA expression in the “A-iPSC
outlier” is similar to the levels observed in the ESC, while
the ZSCAN10 expression in a clone that exhibited poor
DNA damage response was low (FIG. 131). Since ZSCAN10
mRNA levels correlate with the ability of A-iPSC to elicit a
proper DNA damage response, ZSCAN10 can serve as a
suitable biomarker of genomic integrity, where higher
ZSCANI0 levels correlate with improved genomic integrity.

Example 12
[0244] ZSCANI10 Binds to GSS and Downregulates its
Expression
[0245] As discussed in Example 8, glucose metabolism is

essential for both tissue homeostasis as well as in repro-
gramming. Glutathione synthetase (GSS) is an enzyme that
catalyzes the second and final step in the synthesis of GSH
from gamma-glutamylcysteine (¢-GC) and  glycine.
Genome-wide mapping of ZSCAN10-binding sites in ESC
identified more than 3500 target genes, including GSS (Yu
et al. J Biol Chem. 284(45): 31327-31335 (2009)). Thus,
given the importance of glutathione activity in apoptosis and
DNA damage response, it was postulated that ZSCAN10
might exert its function, at least in part, through GSS
especially in humans.

[0246] To test this hypothesis, the ability of ZSCAN10 to
bind directly to the GSS promoter was initially tested in
mouse cells. Chromatin IP (ChIP) qPCR was performed
using general steps of the ChIP, which include: (1) cross-
linking the protein to the DNA; (2) isolating the chromatin;
(3) chromatin fragmentation; (4) immunoprecipitation with
antibodies against the protein of interest; (5) DNA recovery;
and (6) PCR identification of factor associated DNA
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sequences. In the present example, IgG isotype was used as
a negative control, while ZSCAN10-specific antibody was
used to pull down the ZSCAN10-DNA complexes. Follow-
ing the recovery of DNA, GSS specific primers were used
for the detection of GSS promoter sequences. The experi-
ment was performed both in Y-iPSC and A-iPSC. As shown
in FIG. 14B, ZSCAN10 binding to the GSS promoter was
detected in both mouse Y-iPS and A-iPS cells, while IgG
control did not result in the detection of GSS promoter by
gPCR.

[0247] To further confirm the role for ZSCANI10 in the
regulation of GSS expression, mRNA levels of GSS were
evaluated in ESC, Y-iPSC, A-iPSC, and A-iPSC-ZSCAN10
cells. As illustrated in FIG. 14C, human A-iPSC express
significantly higher levels of GSS compared to Y-iPSC and
ESC. Importantly. overexpression of ZSCAN10 in A-iPSC
lead to downregulation of GSS to the levels comparable to
or below those observed in ESC and Y-iPSC.

[0248] Taken together, the results described in FIGS.
14B-14D demonstrate that ZSCAN10 regulates GSS expres-
sion via direct binding to the GSS promoter (FIG. 14A).
These findings imply that inhibition of GSS in A-iPSC
would lead to the reduction in oncogenic potential of iPS
cells with decreased ZSCAN10 expression, such as A-iPSC.
This was confirmed in the experiment described below.

Example 13

Recovery of Apoptotic and DNA Damage Defects
in A-iPSC by ZSCAN10 Via Reduction of
Excessively Activated GSS

[0249] Considering the findings described in Example 12,
the inventors further postulated that GSS may play a role in
processes associated with oncogenic potential of human
cells, including, but not limited to apoptosis and DNA
damage response. To evaluate the role of GSS in apoptosis,
a DNA fragmentation assay was performed. Briefly, a DNA
fragmentation assay was carried out in mouse ESC, Y-iPSC,
Y-iPSC-GSS. A-iPSC, A-iIPSCZSCANI10, and A-iPSC with
GSS shRNA expression (FIG. 14D). Briefly, cells were
treated with phleomycin for 2 hours at g/ml, and samples
were collected for analysis 15 hours after phleomycin treat-
ment. Fluorescence was determined by image quantification
analysis. Similar to the observation seen in Example 1 (FIG.
2), lower apoptotic response was detected in A-iPSC, which
was recovered by ZSCANI10 overexpression (A-iPSC-
ZSCANI10) (FIG. 14D). Additionally, knock-down of GSS
in A-iPSC using shRNA (A-iPSC-shGSS) rescued the apop-
totic defect in these cells (FIG. 14D). Further demonstrating
a role for GSS in mediating oncogenic potential, such as
apoptotic response, overexpression of GSS in Y-iPSC
resulted in lower apoptotic response compared with Y-iPSC
(FIG. 14D). Together, these observations indicate that GSS
inhibition restores the lower apoptotic response associated
with A-iPSC.

[0250] Example 5 demonstrated that impaired DNA dam-
age response in A-iPSC is recovered with the transient
expression of ZSCANI10. In order to further delineate the
role for GSS in A-iPSC, phleomycin treatment (2 hours, 30
pg/ml) was performed in Y-iPSC, A-iPSC, A-iPSC-shGSS
(FIG. 14E), and Y-iPSC-GSS (FIG. 14F). Cells were col-
lected and Western blot performed using p-ATM antibody.
[-actin was used as a loading control. As shown in FIG. 14E,
inhibition of GSS in A-iPSC using shRNA restored the ATM
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phosphorylation. Furthermore, overexpression of GSS in
Y-iPSC resulted in no ATM phosphorylation (FIG. 14F).
Thus, GSS expression leads to a defect in DNA damage
response, whereas GSS inhibition rescues the defect.

[0251] The inventors next sought to evaluate GSS levels in
human cells. In accordance with mouse data, GSS levels
were significantly higher in A-iPSC that exhibited poor
DNA damage response compared with the levels observed in
human ESC (FIG. 14G). Furthermore, A-iPSC cells that
exhibited normal DNA damage response displayed low
levels of GSS (FIG. 14G), supporting the notion that similar
to ZSCAN10, GSS can also serve as a good biomarker of
genomic integrity.

[0252] Collectively, these results indicate that excessively
activated GSS mediates both impaired apoptosis and
impaired DNA damage response observed in A-iPSC, while
the inhibition of GSS leads to the restoration of those
deficiencies.

Example 14

Reprogramming and Pluripotency Improvement of
A-iPSC by Addition of ZSCAN10

[0253] Next, the inventors sought to determine the signifi-
cant differences between distinct types of mouse cells:
fibroblast cells (A-SC, Y-SC), iPSC (A-iPSC, Y-iPSC,
A-1PSC-ZSCANI10) and ES cells (ESC). FIG. 15A shows
Principal Component Analysis (PCA) using whole gene
expression profiles of each cell type. FIG. 15B illustrates
unsupervised clustering analysis of whole gene expression
profiles. The heat map in FIG. 15B shows pairwise gene
expression similarities measured by Pearson Correlation
Coeflicient. Finally, FIG. 15C presents a heat map of relative
expression levels of ES cell specific genes in fibroblast and
various iPS cells. ES cell specific genes were defined as
those with 3 fold or higher expression levels in ES cells than
average expression in adult and young fibroblast cells. The
heat map shows fold differences in relative expression over
ES cells. The results are summarized in Table 4, where
reprogramming and pluripotency network genes are defined
by core factor co-occupancy. Correlation between seven
core factor co-occupancy (Kim et al. Cell 132(6) 1049-61
(2008)) and number of ESC specific genes (2 fold or higher
in ESC over indicated sample) were tested to define the
functional link between pluripotency networks and repro-
gramming. Core factors tested in this analysis are Nanog,
Sox2, Oct4, K14, Dax1, Nac1, and Z{p281. The number of
ESC enriched genes and their core factor co-occupancies (by
7 TFs to 0 TF) are shown.

TABLE 4

2 fold or more higher in ES cells

Number of ESC ESC over ESC ESC
common over AIPSC- over over

Genes  targets ESC ZSCAN10  Y-iPSC A-IPSC
40 7 0 5 5 10
89 6 0 12 13 16
103 5 0 13 9 16
198 4 0 18 13 29
376 3 0 21 17 33
767 2 0 39 41 68
2045 1 0 79 87 178
8252 0 0 179 207 470
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[0254] The results shown in Table 4 indicate that a greater
number of genes is differentially expressed in A-1IPSC com-
pared to ESC, than the number of genes differentially
expressed between Y-iPSC and ESC. However, overexpres-
sion of ZSCAN10 in A-iPSC cells resulted in a decreased
number of differentially expressed genes. Furthermore,
ZCSANI10 overexpression lead to differences in gene
expression (between A-iPSC-ZSCAN10 and ESC) similar to
those observed between Y-iPSC and ESC. Therefore,
ZSCANI10 expression in A-iPSC influences the global gene
expression of reprogramming and pluripotency network, by
making A-iPSC resemble Y-iPSC in reprogramming and
pluripotency properties.

[0255] From the work described in this disclosure,
7ZSCANI0 emerges as an important co-regulatory factor in
induced pluripotent stem cells.

[0256] The breadth of the present disclosure is not limited
to specific embodiments described herein.

[0257] All references cited herein, whether patents, patent
applications or nonpatent literature are incorporated by
reference in their entirety.

Embodiments

[0258] A. Use for improving for improving at least one
of DNA damage response, apoptosis response, genomic
stability and glucose metabolism of A-iPSC, the use
comprising supplementing A-iPSC with at least one of
(1) pluripotency factor ZSCAN10; (ii) pluripotent stem
cell-specific glucose transporter GLUT3: and (iii) an
exosome subunit, each as an adjunct to reprogramming
of the A-iPSC to substantially restore said at least one
of DNA damage response, apoptosis response, glucose
metabolism and genomic stability to levels approxi-
mating those of Y-iPSC.

[0259] B. The use of Embodiment A, wherein excessive
expression of GPX2 or GSS is inhibited by at least one
of the following:

[0260] supplementing A-iPSC with pluripotency fac-
tor ZSCAN10; and/or

[0261] supplementing A-iPSC with pluripotent stem
cell-specific glucose transporter 3 GLUT3; and

[0262] supplementing A-iPSC with an exosome sub-
unit
[0263] wherein the supplementation is an adjunct to

reprogramming pluripotency factors and is in an
amount effective to accomplish substantial rescue in
one or more of DNA damage response, apoptosis and
genomic stability in said A-iPSC.

[0264] C. The use of Embodiment A or B wherein the
supplementation is carried out by adding ZSCAN 10
and/or GLUT3 and/or an exosome subunit to a culture
medium in which said A-iIPSC are maintained.

[0265] D. The use of one of Embodiments A through C
wherein the supplementation is carried out by increas-
ing the expression of ZSCAN10 and/or GLUT3 and/or
an exosome subunit in said cells.

[0266] E. The use of one of Embodiments A through D
wherein the supplementation is sufficient to restore
ZSCAN 10 and/or GLUT3 and/or an exosome subunit
levels in said A-iPSC to about 50% or more of the
respective levels of embryonic stem cells (ESC).

[0267] F. The use of one of Embodiments A through E
wherein the supplementation is sufficient to reduce



US 2024/0018485 Al

oxidation capacity of glutathione in said A-iPSC to
within the range from about 80% to about 120% of that
of ESC.

[0268] G. The use of one of Embodiments A through F
wherein the supplementation is sufficient to restore
genomic stability of said A-iPSC to approximately that
of Y-iPSC.

[0269] H. The use of one of Embodiments A through G
wherein genomic stability is measured by incidence of
hypertriploid clones.

[0270] 1. The use of one of Embodiments A through H
wherein the supplementation is sufficient to restore
apoptosis rate of said A-iPSC to approximately that of
Y-iPSC.

[0271] . The use of Embodiment I wherein said apop-
tosis rate is measured by DNA fragmentation assay in
response to a DNA damaging agent.

[0272] K. The use of one of Embodiments A through J
wherein the supplementation is sufficient to restore
DNA damage response of said A-IPSC to approxi-
mately that of Y-iPSC.

[0273] L. The use of Embodiment K wherein DNA
damage response is measured by ATM or H2AX phos-
phorylation in response to a DNA damaging agent.

[0274] M. The use of one of Embodiments A through K
wherein the supplementation is sufficient to reduce
oxidation capacity of glutathione in said A-iPSC to
approximately that of Y-iPSC.

[0275] N. The use of Embodiment N wherein the
supplementation is sufficient to reduce GPX2 levels in
said A-iPSC to approximately those of Y-iPSC.

[0276] O. The use of one of Embodiments A through N
wherein the expression of ZSCAN10 and/or GLUT3
and/or an exosome subunit in said cells is increased by
transfecting said cells with a vector harboring nucleic
acid for said ZSCAN10 and/or GLUT3.

[0277] P. The use of Embodiments O wherein expres-
sion of said vector harbored nucleic acid encoding
ZSCANIO is transient.

[0278] Q. Use for reducing the oncogenic potential of
induced pluripotent stem cells derived from aged
donors (A-iPSC) said A-iIPSC exhibiting excessive
glutathione-mediated H,O, scavenging activity com-
pared to induced pluripotent stem cells derived from
young donors (Y-iPSC), the method comprising:
[0279] inhibiting glutathione-mediated H,Q, scav-

enging activity in said A-iPSC to substantially
restore  glutathione/H,O, homeostasis in said
A-iPSC by directly and/or indirectly inhibiting
excessive expression of glutathione peroxidase 2
(GPX2) in said A-iPSC.

[0280] R. A method for improving at least one of DNA
damage response, apoptosis response and genomic
stability of A-iPSC the method comprising supplement-
ing A-iPSC with at least one of (i) pluripotency factor
ZSCANI10; (ii) pluripotent stem cell-specific glucose
transporter GLUT3 and/(iii) an exosome subunit, each
as an adjunct to reprogramming to partially or com-
pletely restore said at least one of DNA damage
response and genomic stability to levels approximating
those of 4-iPSC.

[0281] AA. The use of Embodiment Q or R wherein the
supplementation is carried out by adding ZSCAN 10
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and/or GLUT3 and/or an exosome subunit to a culture
medium in which said A-iPSC are maintained.

[0282] BB. The use of one of Embodiment Q or R
wherein the supplementation is carried out by increas-
ing the expression of ZSCAN10 and/or GLUT3 and/or
an exosome subunit in said cells.

[0283] CC. The use of one of Embodiment Q or R
wherein the supplementation is sufficient to restore
ZSCAN 10 and/or GLUT3 levels in said A-iPSC to
about 50% or more of the respective levels of embry-
onic stem cells (ESC).

[0284] DD. The use of one of preceding Embodiments
O wherein the supplementation is sufficient to reduce
oxidation capacity of glutathione in said A-iPSC to
within the range from about 80% to about 120% of that
of ESC.

[0285] EE. The use of one of preceding Embodiments
wherein the supplementation is sufficient to restore
genomic stability of said A-iPSC to approximately that
of Y-iPSC.

[0286] FF. The use of one of preceding Embodiments
wherein genomic stability is measured by as measured
by incidence of hypertriploid clones.

[0287] GG. The use of one of preceding Embodiments
wherein the supplementation is sufficient to restore
apoptosis rate of said A-iPSC to approximately that of
Y-iPSC.

[0288] HH. The use of Embodiment GG wherein said
apoptosis rate is measured by DNA fragmentation
assay in response to a DNA damaging agent.

[0289] II. The use of one of preceding Embodiments
wherein the supplementation is sufficient to restore
DNA damage response of said A-iPSC to approxi-
mately that of Y-iPSC.

[0290] JI. The use of Embodiment II wherein DNA
damage response is measured by ATM or H2AX phos-
phorylation in response to a DNA damaging agent.

[0291] KK. The use of one of preceding Embodiments
wherein the supplementation is sufficient to reduce
oxidation capacity of glutathione in said A-iPSC to
approximately that of Y-iPSC.

[0292] LL. The use of preceding Embodiment KK
wherein the supplementation is sufficient to reduce
GPX2 levels in said A-iPSC to approximately those of
Y-iPSC.

[0293] MM. The use of one of preceding Embodiments
wherein the expression of ZSCANI10 and/or GLUT3 in
said cells is increased by transfecting said cells with a
vector harboring nucleic acid for said ZSCAN10 and/or
GLUT3 and/or an exosome subunit.

[0294] NN. The use of Embodiments MM wherein
expression of said vector harbored nucleic acid encod-
ing ZSCAN10 or an exosome subunit is transient.

[0295] OO. A use for reducing the oncogenic potential
of induced pluripotent stem cells (iPSC) said cells
having one or more of genomic instability, a defect in
apoptosis, a defect in DNA damage response and a
defect in glucose metabolism and exhibiting excessive
glutathione-mediated H,O, scavenging activity com-
pared to embryonic stem cells or induced pluripotent
stem cells from young donors (Y-iPSC), the method
comprising:

[0296] inhibiting glutathione-mediated H,O, scav-
enging activity in said to partially or totally restore
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homeostasis in said iPSC by directly and/or indi-
rectly inhibiting excessive expression of glutathione
peroxidase 2 (GPX2) in said iPSC.

[0297] PP. A use for reducing the oncogenic potential of
induced pluripotent stem cells derived from aged
donors (A-iPSC) said A-IPSC exhibiting excessive
glutathione-mediated H,O, scavenging activity com-
pared to induced pluripotent stem cells derived from
young donors (Y-iPSC), the method comprising:

[0298] inhibiting glutathione-mediated H,O, scav-
enging activity in said A-iPSC to partially or com-
pletely restore glutathione/H,0, homeostasis in said
A-iPSC by directly and/or indirectly inhibiting
excessive expression of glutathione peroxidase 2
(GPX2) in said A-iPSC

[0299] QQ. A use for reducing the oncogenic potential

of induced pluripotent stem cells (iPSC) said cells
having one or more of genomic instability, a defect in
apoptosis, a defect in DNA damage response and a
defect in glucose metabolism, and exhibiting excessive
glutathione-mediated H,O, scavenging activity com-
pared to embryonic stem cells or induced pluripotent
stem cells from young donors (Y-iPSC), the method
comprising supplementing A-iPSC with at least one of
(1) pluripotency factor ZSCANI1O0; (ii) pluripotent stem
cell-specific glucose transporter GLUT3; and (iii) an
exosome subunit, each as an adjunct to reprogramming
to substantially restore said at least one of DNA dam-
age response, apoptosis response, glucose metabolism
and genomic stability to levels substantially the same as
those of Y-iPSC or ESC.

[0300] RR. The use of Embodiment PP or QQ wherein
the supplementation is carried out by adding ZSCAN
10 and/or GLUT3 and/or an exosome subunit to a
culture medium in which said A-iPSC are maintained.

[0301] SS. The use of Embodiment PP or QQ wherein
the supplementation is carried out by increasing the
expression of ZSCAN10 and/or GLUT3 and/or in said
cells.

[0302] TT. The use of Embodiment SS wherein the
supplementation is sufficient to restore ZSCAN 10
and/or GLUT3 and/or exosome subunit levels in said
A-iPSC to about 50% or more of the respective levels
of embryonic stem cells (ESC).

[0303] UU. The use of Embodiment PP or QQ wherein
the supplementation is sufficient to reduce oxidation
capacity of glutathione in said A-iPSC to within the
range from about 80% to about 120% of that of ESC.

[0304] VV.The use of Embodiment PP or QQ wherein
the supplementation is sufficient to restore genomic
stability of said A-iPSC to approximately that of
Y-iPSC.

[0305] WW. The use of embodiment VV wherein
genomic stability is measured by incidence of aneu-
ploid clones.

[0306] XX. The use of claim PP or QQ wherein the
supplementation is sufficient to restore apoptosis rate of
said A-iPSC to approximately that of Y-iPSC.

[0307] YY. The use of claim 26 wherein said apoptosis
rate is measured by DNA fragmentation assay in
response to a DNA damaging agent.

24
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[0308] ZZ. The use of Embodiment PP or QQ wherein
the supplementation is sufficient to restore DNA dam-
age response of said A-iPSC to approximately that of
Y-iPSC.

[0309] AAA. The use of Embodiment B wherein the

reprogramming factors are the Yamanaka factors
OCT4, SOX2, KLF4 and MYC.

[0310] BBB. The method of Embodiment B wherein the
reprogramming pluripotency factors are selected from
the group of those of Yamanaka wherein one or more
of OCT4, SOX2, KLF4 and MYC are replaced as
follows:

[0311] Factors(LIN28+Nanog,Esrrb,Pax5shRNA,C/
EBPa,p53 siRNA,UTF1,DNMTshRNA, Wnt3a,S
V40LT(T),hTERT)  or  chemicals(BIX-01294,
BayK8644,RG108,AZA dexamethasone, VPA,TSA,
SAHA,PD025901+CHIR99021(21), A-83-01)

[0312] CCC. The use of embodiment B wherein the
reprogramming pluripotency factors are selected from
the group of those of Yamanaka wherein one or more
of OCT4, SOX2, KLF4 and MYC are replaced as
follows: Nanog and Lin28 replace K1f4 and MYC; estb
replaces Kif4; SV40 LT (T) replaces Kif4, MYC 1in28
and Nanog; BIX-01294 replaces SOX2, OCT4; VPA
replaces KlIf4 and MYC

[0313] DDD. The Use of Embodiment A wherein the
supplementation is with an exosome subunit, the exo-
some subunit being one or more of the following
EXOSC1, EXOSC2, EXOSC3, EXOSC4, EXOSCS,
EXOSC6, EXOSC7, EXOSC8, EXOSCY, EXOSC10
and hDis3.

[0314] EEE. The use of Embodiment B wherein the
supplementation is by DNA gene transfer or by RNA
delivery or by delivery of proteins into the A-iPSC.

[0315] Key to the Sequence Listing (SEQ ID NO’s):
[0316] SEQ ID NO 1: Human ZSCANI0 Protein
Sequence
[0317] SEQ ID NO 2. Human ZSCANI10 DNA
Sequence
[0318] SEQ ID NO 3: Human ZSCANI1O0 transcript

variant 1, DNA Sequence

[0319] SEQ ID NO 4: Human ZscanlO transcript vari-
ant 1 Protein Sequence

[0320] SEQ ID NO 5: Mouse ZSCANIO Protein
Sequence

[0321] SEQ ID NO 6: Mouse ZSCAN10 DNA
Sequence

[0322] SEQ ID NO 7: Mouse ZSCANI0 transcript

variant 1 DNA Sequence

[0323] SEQ ID NO 8: Mouse ZSCANIO transcript
variant 1 Protein Sequence

[0324] SEQ ID NO 9: Human GPX2 DNA Sequence
[0325] SEQ ID NO 10: Mouse GPX DNA Sequence
[0326] SEQ ID NO 11: Human GLUT3 DNA Sequence
[0327] SEQ ID NO 12: Mouse GLUT DNA Sequence
[0328] SEQ ID NO 13: Human GSS Protein Sequence
[0329] SEQ ID NO 14: Human GSS Genomic DNA
Sequence
[0330] SEQ ID NO 15: Mouse GSS DNA Sequence
[0331] SEQ ID NO 16: Mouse GSS Protein Sequence
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Human ZscanlO

FEATURES

source 1
/organism = “synthetic construct”
/mol type = “other DNA”

/db xref = “taxon: 32630”

ORIGIN

1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

/clone = “MGC: 195844 IMAGE:

. 2239

Location/Qualifiers

/clone 1ib = “NIH MGC 435”
/lab host = “DH10B”
/focus
/note = “Vector: pENTR223.1 with stop codon”
source 35
/organism = “Homo sapiens”

/

gtacaaaaaa
ccetgagecg
gerecgggag
aacagatcct
ggagctgcety
tgggcegect
geaggggeag
gcatccaccy
ggagcccage
gttgtccecyg
tgcagacgte
acagccccaa
gaaggaattg
ctceccgace
ccagccaagg
caagttcaaa
gcagccgetyg
gcagtcceca
gggceccctca
ctgtgctgga
gtgectgace
ccetgggatt
cggaagcaga
gggctgecety
gcccactece
gagageetty
cgceccagteg
ggtececttet
tggcagcagt

ccaatcegga

. 2212

gcagaagggce

ctetgeggee

gtgctggage

cegcetcaggy

cacgcggggce

accttggagg

cctgeggaay

gctgeccage

agcccggggce

ccatggccag

tttgaggatg

accccagaca

atcttagcag

ctcggacggyg

gaaattttgyg

cgtcaaggec

actggetgeg

agttcctgag

atggggagga

cgctggattt

aaaaggggtyg

agccttecagt

ctgctgagece

cccagaagac

aggagagttec

tgccagagaa

aggaggaatt

agtcccaggce

gecgetgegge

aggtcaaagt

caccatgggg

gceggetety

tgtgctgect

ggtggtgetg

tagttgtaat

tgctteccay

gctgggecca

gggacagtgg

attccaggcece

ccgagatcag

taaggegtgg

taaacaagaa

agatagtcct

tagcggeect

ggctgagggce

25

100068227"

(SEQ ID NO:
ccacgggegt

cacaccaaga

ccgcacctece

ctgctcgagyg

gctggcaaga

gtcececagece

teggatgage

aggctteecoe

ctgcaagaaa

gagctggegy

cetgeacace

gagcccaaag

ggggtgcegyg

ggcgaagatg

gtceecgage

2)
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901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

gttgcagtte

gcctgaagge

gcaccagety

gcgggaagag

ctteggecge

agcggecgea

cgcctygecac

agcacctget

gacccactcece

tecagegeey

cgecagecett

cetgegetec

tgagagtaag

gcggccagag

cttecagege

acaaggaccg

ceggtectec

ccttegtgtyg

cagcgactge

ggagggtgea

cacgggcgag

agagctcgea

getggteage

cgcagtgcgyg

gaagcgettt

gtggcectey

gccccaccac

tggcceegeca

ccagegeage

agggcttcag

ccagagegec

ccecacgectg

cgacacctge

gecgeageca

cacgggcgag

gcaacgegea

tctgcggegyg

agceceegea

-continued

atctgcgegyg

cgctegeace

agctccatte

ctgtgeggec

tecgaaccoy

gtgcagcacc

gccgaagege

cgetecagece

gaaggctecy

ggcaaggect

cggceecttet

caccaacggg

gtgegeeggy

tgcacccagt

cacacgggcyg

cacctggege

ggccacegtt

cggcectaca

cacctggceta

actgcggggt

cggetgggcyg

tcaagetgea

accgcttecyg

cettectgtyg

tgctggcegea

cgccactgac

tcaagegeca

gcagcegecy

teeggegeag

cctgecagge

tgcacacggy

ceagecttge

gcgggaagag

agaagcccetyg

gccaccageg

tcegcaatag

gctgtcagac

cecatgegga

gagctteceg

cteettectyg

catgecgeact

ccagageteg

cgcagagtge

cgcccaggac

cgatgtectg

cetgeggate

cecgggactece

cgagcacctg

ttgcggceege

cgagaageece

cegecacety

ttteggecag

ccgetgeage

catccacaca

ctccaacctg

gtgcggtcge

gccecgggcag

26

cagctgtcte

tgectttget

cacacggacg

cacctgagca

ggccgegget

cagaagccgce

tgctcccact

cacgecaggg

gaccggaggce

gtggeccace

agcttcacge

tacgectgte

ctgacceacy

acccaggatc

gagtgeggtg

ggggagaagc

gcecgecate

agctteegge

gagcaggccyg
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2041

2101

2161

2221

46

91

136

181

226

271

316

361

406

451

496

541

586

631

676

721

766

811

856

901

-continued

ggagtgegtg gagtgcggga agagcttcag ccgcagetge aatctgetge

gacacctget

ggtgcacacyg ggcgccagge cctactcectg cacgcagtgt ggcecgcaget

tcagcegcaa

cteccacctg ctgegecace tgegeaccca cgeccgegag acgetgtact

agggccteat

gggcccaget ttettgtac

(SEQ ID NO:

atggggccacgggegt ccctgagecgget cegggagetetgegge
M G P R A S L S RULURETLCG

cactggetgeggecggetetgeacaccaagaaacagatectggag
H WL R P AL HTIEKIK Q@ I L E

ctgetyggtygetggageagttectgagtgtgetgectecgeacete
L L v L. E g F L 8V L P P H L

ctgggcegectgeaggggeagecgetcagggatggggaggaggtyg
L G R L Q G @ P L RDGE E V

gtgetgetygetegagggeat ccaccgggageccagecacgegyyy
VL L L EG I HREUP S HZAG

ccgetggattttagttgtaatgetggecaagagttgteceegtgea
P LDVF S CDNAGI K S CCPRA

gacgtcaccttggaggaaaaggggtgtgctteccaggteccecage
D v T L EE K G C A S @Q V P S

cacagccccaagaaggaattgectgeggaagagecttcagtgetyg
H S P K K EL P A EE P S V L

ggcccatcggatgagectcecoceccgaceccagcecaagggcetgececag
G P S DEZPPURP QP RAZAZQ

cctgcetgagecgggacagtggaggctteccecaagttcaaageag
P A E P G Q WRUL P P S S K Q

cegetgageceggggecccagaagacatt ccaggecctgcaagaa
P L 8§ P G P Q K TVF Q A L @ E

agcagtececagggeccctoaccatggecagaggagagttecega
s 8 P Q G P S P WP EE S S R

gatcaggagctggeggetgtgetggagtgectgacctttgaggat
D ¢Q EL A AV L ECL TVF E D

gtgccagagaataaggegtggectgeacaccecctgggattegga
vV P EN K AW P AHP L G F G

agcagaaccccagacaaggaggaatttaaacaagaagageccaaa
S R T P D K E E F K Q E E P K

ggggctgectggeccacteccatettagcagagteccaggcagat
G A AWUPTU®PTIULAES Q ATD

agtcctggggtgccgggagagecttgegeccagtegeteggacygg
s P GV P GEUP CAOQ S L G R

ggcgetgeggetageggaecctggegaagatgggteecttettgge
G A A A S G P G EUDG S L L G

agcagtgaaattttggaggtcaaagtggctgagggcegtececgayg
s §$ EI L EV KV A E GV P E

cccaatceggagttgeagtteatetgegeggactgeggggtgage
P N P EL Q@ F I ¢C A D C G V S

ttcecegecagetgtetegectgaaggegeaccagetgegetegeac
F P QL S R L KAUHIOQTULUR S H

27
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946

991

1036

1081

1126

1171

1216

1261

1306

1351

1396

1441

1486

1531

1576

1621

1666

1711

1756

1801

1846

1891

1936

1981

2026

2071

-continued
cecggctgggegetectteoctgtgectttgetgegggaagagette
PAGRSFUL CL CCGIEK S F

ggccgecagetecatteteaagetgcacatgegeactcacacggac
G R S S I L KL HMURTH T D

gagcggecgeacgectgaecacetgtgeggecaceget tecgaecay
ERPHATCHTULUCGHU RFR Q

agctcegcacctgagcaagecacctgctgacecactectecgaaccee
S §$ HL 8§ KHULULTHS S E P

gccttectgtgegecagagtgeggecgeggettecagegecgaegeo
A F L ¢C A E CGURGVF Q R R A

agccttgtgecagecacctgetggegeacgaeccaggaccagaageag
s L VvV g HL L A H2QD QK P

cectgegetectgagagtaaggecgaagegeegecactgacegat
p C A P E S KAEAUPPULTD

gteectgtgeteccactgeggecagagettecagegecgetecage
v L. ¢ s HCGOQQS F Q R R s s

ctcaagegccacctgeggat ccacgecagggacaaggacegecgg
L K R HL R I HAUIRUDIEKDTR RR

tectecgaaggeteeggeageegecgecgggactecgaceggagyg
s S E G S G S R RURUD S DRR

ccettegtgtgecagegactgeggecaaggcecttecggegeagegayg
P FV CS D CGKATFRIZ R S E

cacctggtggeccaccggagggtgcacacgggegageggeectte
HL VvV A HRIRVY HTGEUR P F

teotgecaggettgeggecgeagett cacgecagagetegeagetyg
s ¢ g A C GRS F T Q S s @ L

gtcagccaccaacgggtgcacacgggcgagaagecctacgectgt
VS H QR V HTGEK P Y AC

cegcagtgcegggaagegetttgtgegeegggecagecttgecege
P o ¢C G KR F V RRAS L A R

cacctygctgacccacggtggeccteggeacccaccactgecacccag
H L L T H GG P R PHHTCT Q

tgcgggaagagttteggecagacecaggatetggecegecaceag
¢ G K S F G OQOQTOQQDTULATRUHQ

cgcagccacacgggegagaagecctgeegetgecagegagtgeggt
R S HTGE K P CURC S E C G

gagggctteagecagagegeccacctggegegecaccagegeate
E G F S Q s A HL AR HOQQRI

cacacaggggagaagccccacgectgegacacetgeggecacegt
H T GG E K P HA CUDT C G HR

tteccgecaatagetecaacctggeccgecategecgecagecacacy
F RNS S NUILARIUHERIR RSHT

ggcgageggecctacagetgtcagacgtgeggt cgecagettecgy
G ER P Y S C Q T ¢C G R S F R

cgcaacgegeatetgeggeggeacctggetacccatgeggageae
R N A HULIRIRUHILATHAE P

gggcaggagcaggecgageccccgcaggagtgegtggagtgeggy
G 0 E QAEPUPQETCVETC COQG

aagagcttcagecgcagctygcaatctgetgegacacetgetggty
K s F s R s ¢ N L L R HUL L V

cacacgggcgccaggecctactectgecacgcagtgtggeegeage
H T GG AR P Y S C T QQ C G R S

28
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-continued
2116 ttcagccgcaactcccacctgetgegecacctgegecacccacgee
F $§ RN S HULULRUHLURTHA

2161 cgcgagacgctgtactag 2178
Y * (SEQ ID NO: 1)

R E T L

Mouse ZscanlO

FEATURES

source 1
/organism = “synthetic construct”
/mol type = “other DNA”

/db xref = “taxon: 32630”

ORIGIN

61

121

181

241

301

361

421

481

541

601

661

721

/clone = “MGC:

2410

Location/Qualifiers

195458 IMAGE:

/clone lib = “NIH MGC 436"
/lab host = “DH10B”
/focus
/note = “Vector: pENTR223.1 with stop codon”
source 35
/organism = “Mug musculusg”
/mol type = “other DNA”

/db xref = “taxon:

gtacaaaaaa

tceetgatge

cctggaacaa

gcgaggagga

teccaggete

tcagatgett

ccagtatcag

aactctgcaa

ccactggcetg

tggtactgga

gcagttectyg

aaccgctecg

ggacggagag

gccacatggy

gccactggat

tctcagagga

acaaaatagc

cctcagaaga

gattccagee

ccataaggcce

tgctgagect

geccagagee

ccaggagata

catggettga

ggaaaattcc

ttgaggatac

2383

gcagaagggc

gagcatceeg

gcagagtcca

gaagatatgyg

cgaccggcte

agtgteetge

gaggtggtac

tttagettea

cctteccagy

ctacatccac

gaggagtgga

ctccaggace

agagaccaag

cgtcaaggece

gagcagtgaa

ggcctaggee

ggccacgggce

tgcacaccaa

ceeegeatgt

agctattgga

gtgctggeaa

tceecageca

tgaatgagtt

gactggeccce

cacgagaaag

agctggcgge

10090”

caccatgctg

gttggaggag

tgaggtggec

atcecctggge

gaagcagatc

getgageegg

gggcegtgecece

gaatgceect

cagcceccag

acctccacct

cagttcaaat

caacccttee

tgtgttggag

29

100066321"

(SEQ ID NO:
gcggaaccag

gatgaagttg

caccagcttt

cggetceecggyg

ctggagctge

ctgecacggece

agagacatca

gcagacatca

acggagttge

cagccageac

tggccaatga

cagggcectt

tceetcacct

6)
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781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

ctcagagaag

tgcctgacaa

tgaggaactt

ttggagcaga

gtceccagaca

tagggcagga

gaccagcage

tgaaggttag

aggagcttee

catattgtygy

ggtaaacttce

accccaactt

gcaacctcac

cttttggacyg

cagctegate

acgcctgtea

tctetgcaac

taacgcattc

ctctgagect

getecageet

catgcagcac

cagaaggcaa

gacaaaagtg

ccttcaageg

gegetetage

atctgtecte

tgaagaccct

gtagtgactyg

tggcaaggec

tcecatacceceg

tgaacgaccce

cccagetgat

cagccaccag

geagcaaacy

ctttgtgaga

tceeggectta

ccactgtgec

gccacgtacyg

-continued

agagcttggce

aaagttgaag

gagaaacctyg

actggttggyg

gatgccccag

ccagagatgt

ccaagctctce

ctecaagetge

cgeegettec

gcctteagat

ctgctggcac

ccagagatgg

ttaaagegte

ggcagectta

ttcegacaaa

ttctectgee

cagattcata

cgagetggec

caatgtggca

ctgcaaacce

agcctaaagt

aagttgcagyg

gaggtactce

agceccaggyg

ctcatctaca

gatccttecyg

acatgegeac

gccagagete

gcgecgagtyg

atgcccaggg

cagetgtect

acctgegtaa

gctctageca

gcgageaact

aggtctgtgg

cgggtgagaa

ttgcteggca

aaagcttteg

tottggattt

gactacttgyg

agagectett

tgctgacgge

ggagatgcag

ggcccaccag

atgtctgtygg

tcacacagac

acacctgacyg

taaccagggt

aaagaatctc

ctgtteccac

ccatgecaay

ggagagtaac

aatgatccac

ccgetgettt

gcetcacgee

tctgttgace

ccaaatgcga

30

ggaagcagaa

cctgtegtea

acgcaaactg

agtgaagtty

ttcatatgta

ttacaatctc

tgtgggaaga

gageggecege

aagcacttyge

tttcagegte

acgccaaatce

tgcgggeaga

gacaaggacc

cectatgtgt

actaggcgag

acccaaaatt

tgtcctcagt

cacggtagcc

gacctaacce
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1921

1981

2041

2101

2161

2221

2281

2341

2401

46

91

136

181

226

271

316

361

406

451

541

586

-continued

ctgccacacg ggggagaagce cctgccgatg caacgaatgt ggagaggggt

tcacccagaa

tgcccacctyg geacgccacce aacgcatcca cacgggggag aagccccacg

cctgtgacat

ctgtggtcac cgetttegta acagetecaa cttggecege caccgecgea

gccacactgyg

cgaacggcece tatagetgte caacctgtgg ccgcagttte cggcgcaatg

cgcacctgca

gcgecaccty atcacacaca cagggtcaaa gcaagaaaag gaagttcoctc

aggagtgeece

tgagtgtggc aagagcttca atcgcagetg caacttgetg cgeccacctge

tggttcacac

cggtgcaagg ccttactcct gtgcactgtg tggecgcage ttcagccgta

attcacacct

getgegecac ctgcgaacce atgeceggga atcgetgtac tagggectca

tgggcccage

tttettgtac

(SEQ ID NO:

atgctggeggaaccagtccectgatgecctggaacaagagecatecee
M L A E PV P DATLE Q E H P

ggagcagtgaagttggaggaggatgaagttggegaggaggateee
G AV KL EEUDEV G EETDP

aggctegeagagtecaggectaggectgaggtggeccaceagett
R L A E S R PR P EV A H @ L

ttcagatgcttccagtatcaggaagatatggggecacgggeatee
F R CF QY Q ED MG P R A S

ctgggeeggetecgggaactctgeaaccactggetgegacegget
L G RLUREILZCDNUHWILI R P A

ctgcacaccaagaagcagatcectggagetgetggtactggagcayg
L HTEXKI K I UL EULULV L E Q

ttcctgagtgtectgecccogeatgtgetgageeggetgcacgge
F L s VL P P H VL S R UL H G

caaccgcetecgggacggagaggaggtggt acaget at tggaggge
Q P L RDGEEV YV QL L E G

gtgcccagagacatcagceccacatggggcecactggattttagette
VPRDISHMGZ®PULTUDTF S F

agtgctggeaagaatgeccctygcagacatcatetecagaggaacaa
S A G K N AP ADTI I S E E Q

aatagccctteccaggtccoccagecacagececcagacggagttyg
N § P §S Q VvV P S H S P Q T E L

cectcagaagagattecagecctacatecactgaatgagttaccet
P S E E I P AL HPLNETL P

ccaccteagecageaccecataaggectgetgagectgaggagtgg
P P QP AP I RPAZEUPEEW

agactggcccccagttcaaattggccaatgageccagagecccag
R L AP S S N WP M S P E P Q

31
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631

676

721

766

811

856

901

946

991

1036

1081

1126

1171

1216

1261

1306

1351

1396

1441

1486

1531

1576

1621

1666

1711

1756

-continued
gagatactccaggacccacgagaaagcaaccctteccagggeect

E I L D P RE S NP S Q G P

tcatggcttgaggaaaattcocagagaccaagagetggeggetgtyg
S WL EEWNS RDOQE L A 2V

ttggagtcecteacctttgaggataccteagagaagagagettygg
L E s L TF E DT S E K R A W

cctgcaaaccetettggatttggaagcagaatgcectgacaatgag
P ANUPULG GV FG S RMUPUDN E

gaacttaaagttgaagagcctaaagtgactacttggectgtegte
EL KV EE P KV T T WP V V

attggagcagagtcccagacagagaaacctgaagttgcaggagag
I G A E S Q T E K P E V A G E

cetettacgeaaactygtagygeaggagaccageageactggttygy
P L T Q TV G Q E T S S T G W

ggaggtactectgetgacggcagtgaagttgtgaaggttagagga
G G T P AD G S EV V KV R G

gcttecgatgecccagagecccagggggagatgecagtteatatgt
A S D A PE?PQGEMOQU F I C

acatattgtggggtaaacttcccagagatgtetcatetacaggee
T Y ¢ GV NF P EMS HUL @ A

caccagttacaatctcaccccaacttgcaacctcacccaagetet
HQ L @ S HPNUILOQPHUP S S

cgatccttecgatgtetgtggtgtgggaagacttttggacgeage
R S F R ¢CL WOCGI KTV F G R S

tcgatectcaagetgeacatgegeacteacacagacgageggeag
s I L K L H M R T H T D E R P

cacgcetgteatetetgcaacegecgettecgecagagetecacac
HACHTLTCDNU RTR RT FIRQ S S H

ctgacgaagcacttgctaacgeattectetgagectgecttcega
L T K HL L TH S S E P A F R

tgcgccgagtgtaaccagggttttcagegtegetecagecteatyg
¢ A E CNOQ G F Q R R 8§ S8 L M

cagcacctgetggeacatgoeccagggaaagaatctcacgecaaat
Q HL L AHAQ GKDNTILTPN

ccagaaggcaagacaaaagtgccagagatggeagetgtectetgt
P E G KT KV P EM A AV L C

tcccactgegggcagaccttcaageggegetetagettaaagegt
S HCG QT F KRR S S L KR

cacctgegtaaccatgecaaggacaaggaccatcetgtectetgaa
H L RDNHAI KUDI KUDHTL S S E

gaccctggcagecttagetetagecaggagagtaaccectatgtyg
D PG S L S S S QE S NP Y V

tgtagtgactgtggcaaggccttcecgacaaagcgagcaactaatg
¢ s D ¢C G KAVFUR QS E QL M

atccacactaggegagtccataccegtgaacgacecttetectyge
I HTURU RV HTREIRPF 8§ C

caggtctgtggecgetgetttacccaaaatteccagetgatcage
Q V¢ GG R CF T QN S Q L I S

caccagcagattcatacgggtgagaagectcacgectgtecteag
H ¢ ¢ I H T G E K P HATCUP Q

tgcagcaaacgctttgtgagacgagetggecttgeteggeatetyg
¢ $ K R F V RUPRAGILATRUHL

32

Jan. 18,2024



US 2024/0018485 Al

1801

1846

1891

1936

1981

2026

2071

211¢

2161

2206

2251

2296

2341

-continued
ttgacccacggtagecteeggecttaccactgtgeccaatgtgge

L THGS L RPYHCZAZAZQCG

aaaagctttegccaaatgegagacctaaccegecacgtacgetge
K s F R QM®RDULTRUHV R C

cacacgggggagaagecctgecgatgcaacgaatgtggagagggg
H T G E K P C R CNE C G E G

ttcacccagaatgeccacctggcacgecaccaacgcatecacacy
F T Q NAHLARUHO QR RTIUHT

ggggagaagcccecacgcectgtgacatetgtggtcaccgetttegt
G E K P HA CDTI CGHURF R

aacagctccaacttggeccgecaccgeegeagecacactggegaa
N § §$S N L A R HURURS HT G E

cggecctatagetgtecaacetgtggeegeagttteeggegeaat
R P Y S CP T CGUR S F RRN

gegcacctgcagegecacctgateacacacacagggtcaaagcaa
A HL Q RHL I THTG S K Q

gaaaaggaagttcctcaggagtgcecctgagtgtggcaagagette
E K EV P Q E C P E C G K s F

aatcgcagetgeaacttgetgegecacctgetggtteacaceggt
N R S C NL L R HULUL V HT G

gcaaggccttactectgtgcactgtgtggecgecagettcageegt
A R P Y S CAL CGR S F 8§ R

aattcacacctgctgegecacetgegaacccatgeccgggaateg
N S H L L R HL RTHAIRE S

ctgtactag 2349
L Y * (SEQ ID NO: 5)

Human GPX2 transcript mRNA

FEATURES Location/Qualifiers
source 1. . . 1105
/organism = “Homo sapiens”

ORIGIN

61

121

181

241

301

361

/mol type = “mRNA”
/db xref = “taxon: 9606”
/chromosome = “14”
/map = “14qg24. 1~

33

cttgttcaaa

tggggatgcet

caaagctcca

ctcceccacce

ctctaatagyg

cgettcacca

tggcttteat

ggggagaagg

tagatttcaa

tegetetgay

gcacaaccac

cccaggegece

tggtggtect

cagaatgagyg

cagcacttac

ttgttagatc

ctecataagtg

tgccaagtce

tacgttcegy

cegggactte

tggcttecet

aggtggggac

ctttetgtec

ggcteaggece

ttctatgacce

ggcagggceyg

acccagctca

tgcaaccaat

ctgtttttge

tecttectygg

tetetgeggy

tcagtgecat

tgctgattga

acgagctgca

ttggacatca

(SEQ ID NO:
taagtcatcce

ctectectte

gcteactetyg

cagcctggat

gaatgtgget

atgcecgettt

ggagaactgt

9)
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-continued
421 agatcctgaa cagtctcaag tatgtccgtc ctgggggtgg ataccagccce

accttecacce
481 ttgtccaaaa atgtgaggtg aatgggcaga acgagcatcc tgtcttcgece
tacctgaagg
541 acaagctccee ctacccttat gatgacccat tttececcteat gaccgatece
aagctcatca
601 tttggagcce tgtgcgccge tcagatgtgg cctggaactt tgagaagttce
ctcatagggce
661 cggagggaga gccctteega cgctacagcee gcaccttecec aaccatcaac
attgagectyg
721 acatcaagcg cctccttaaa gttgccatat agatgtgaac tgctcaacac
acagatctce
781 tactccatcc agtcctgagg agecttagga tgcagecatgce cttcaggaga
cactgetgga
841 cctcagcatt cccttgatat cagtecccett cactgcagag ccttgecttt
ccectetgee
901 tgtttccttt tectctecca acccetetggt tggtgattca acttgggete
caagacttgg
961 gtaagctctg ggccttcaca gaatgatgge accttectaa acccteatgg
gtggtgtetg
1021 agaggcgtga agggcctgga gccactctge tagaagagac caataaaggg
caggtgtgga
1081 aacggccaaa aaaaaaaaaa aaaaa
/
Mus musculus glutathione peroxidase 2 (Gpx2), mRNA
NCBI Reference Sequence: NM 030677.2
GenBank Graphics

>gi|145275167|ref |NM_030677.2 |Mus musculus
glutathione peroxidase 2 (Gpx2), mMRNA

(SEQ ID NO: 40)

GCTACAGCCTTGTTCAAACAGTTCACAGGTGGGTACCTGTTTTTTGCTAAGTCATCCCGG

GAATGCTCAAAGGCCCTTTGTGAAGTCCTTTCGGTCTTCTCCGGCTCCTCCTTTCTTCCC

ACCGGTCTAAAGGACTTAAGGAGGCTCACAGAGCAGGGCAGGGCTCACTGCTCTTCAGCA

TGGCTTACATTGCCAAGTCGTTCTACGATCTCAGTGCCGTTGGCCTGGATGGGGAGAAGA

TAGACTTCAATACGTTCAGAGGCAGGGCTGTGCTGATTGAGAATGTGGCGTCACTCTGAG

GAACAACTACCCGGGACTACAACCAGCTCAATGAGCTGCAATGTCGCTTTCCCAGGCGCC

TGGTAGTTCTCGGCTTCCCTTGCAACCAGTTCGGACAT CAGGAGAACTGTCAGARACGAGG

AGATCCTGAACAGCCTCAAGTATGTCCGACCTGGGGGTGGGTACCAGCCCACCTTTAGTC

TTACCCAAAAGTGTGACGTCAATGGGCAGAACGAGCATCCTGTCTTTGCCTACCTGAARG

ACAAGCTGCCCTACCCTTATGATGACCCGTTCTCCCTCATGACCGATCCCAAGCTCATCA

TATGGAGTCCCGTGCGCCGCTCAGACGTGTCCTGGAACTTTGAGAAGTTCCTCATAGGGC

CAGAAGGGGAGCCCTTCCGTCGCTACAGCCGCAGCTTCCAGACCATCAACATCGAGCCTG
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-continued
ACATCAAACGGCTCCTCAAAGTTGC CATCTAGATGAGAGC TGCTCAGCCCAGGAATCTCC

CACTGTTTCCCCTGAGCAGTCTTCCTCAGGGCTCAGTGTACCCTCGGGAGACCCTGGGAG
ACCAAGGCATTCCCTGAATATCGTCCCCTTGCCTTCCCTACCGGCCATTTCCTTTAGCTC
CCTCAAGGCTCTTGGGGAGTTTGCTTGGGGCTCTAAGT CTGGGGTAGGTTCTGGGCCTTC
ACAGAATGATGGCATCTTCCTAAACCCTTCTGGGAGATGTCTGAGAAGT TGTGAAGGGTC
CAGAGCCAGTCTGCTTTAGAGTCCAATAAAGTGTAGGTGTGGCAATGAAAR
Human and Mouse GLUT3 DNA sequence
Human glut3 CDs

(SEQ ID NO: 11)
ATGGGGACACAGAAGGTCACCCCAGCTCTGATATTTGCCATCACAGTTGCTACAATCGGC
TCTTTCCAATTTGGCTACAACACTGGGGTCATCAATGCTCCTGAGAAGATCATARAGGRAA
TTTATCAATAAAACTTTGACGGACAAGGGAAATGCCCCACCCTCTGAGGTGCTGCTCACG
TCTCTCTGGTCCTTGTCTGTGGCCATATTTTCCGTCGGGGGTATGATCGGCTCCTTTTCC
GTCGGACTCTTCGT CAACCGCTTTGCCAGGCGCAATTCAATGCTGAT TGTCAACCTGT TG
GCTGTCACTGGTGGCTGCT TTATGGGACTGTGTARAGTAGCTAAGTCGGTTGAARTGCTG
ATCCTGGGTCGCTTGGTTATTGGCCTCTTCTGCGGACT CTGCACAGGTTTTGTGCCCATG
TACATTGGAGAGATCTCGCCTACTGCCCTGCGGGATGCCTTTGGCACTCTCARCCAGCTG
GGCATCGTTGTTGGAATTCTGGTGGCCCAGATCTTTGGTCTGGAATTCATCCTTGGGTCT
GAAGAGCTATGGCCGCTGCTACTGGGTTTTACCATCCTTCCTGCTATCCTACAAAGTGCA
GCCCTTCCATTTTGCCCTGAAAGTCCCAGATTTTTGCTCATTAACAGAAAAGAAGAGGAG
AATGCTAAGCAGATCCTCCAGCGGTTGTGGGGCACCCAGGATGTATCCCAAGACATCCAG
GAGATGAAAGATGAGAGTGCAAGGATGTCACAAGAAAAGCAAGTCACCGTGCTAGAGCTC
TTTAGAGTGTCCAGCTACCGACAGCCCATCATCATTTCCATTGTGCTCCAGCTCTCTCAG
CAGCTCTCTGGGATCAATGCTGTGTTCTATTACTCAACAGGAATCTTCAAGGATGCAGGT
GTTCAAGAGCCCATCTATGCCACCATCGGCGCGGGTGTGGTTAATACTATCTTCACTGTA
GTTTCTCTATTTCTGGTGGAARAGGGCAGGAAGAAGGACTCTGCATATGATAGGCCTTGGA
GGGATGGCTTTTTGTTCCACGCTCATGACTGTTTCTTTGTTAT TAAAGGATAACTATAAT
GGGATGAGCTTTGTCTGTATTGGGGCTATCTTGGTCTTTGTAGCCTTCTTTGAAATTGGA
CCAGGCCCCATTCCCTGGTTTAT TGTGGCCGAACTCTTCAGCCAGGGCCCCCGCCCAGCT
GCGATGGCAGTGGCCGGCTGCTCCAACTGGACCTCCAACTTCCTAGT CGGATTGCTCTTC
CCCTCCGCTGCTCACTATTTAGGAGCCTACGTTTTTATTATCTTCACCGGCTTCCTCATT
ACCTTCTTGGCTTTTACCTTCTTCARAGTCCCTGAGACCCGTGGCAGGACTTTTGAGGAT
ATCACACGGGCCTTTGAAGGGCAGGCACACGGTGCAGATAGAT CTGGAAAGGACGGCGTC
ATGGAGATGAACAGCATCGAGCCTGCTAAGGAGACCACCACCAATGTCTAA
Mouse Glut3 CDs

(SEQ ID NO: 12)
ATGGGGACAACGAAGGTGACCCCATCTCTGGTGTTCGCCGTGACTGTTGCCACGATCGGC
TCTTTCCAGTTTGGCTACAACACTGGAGTCATCAATGCACCTGAGACAATCCTARAGGAC
TTTCTTAACTACACTTTGGAAGAGCGGTTAGAAGACCTACCAAGTGAGGGACTGCTGACT
GCCCTCTGGTCCTTATGTGTGGCCATCTTCTCTGTTGGTGGCATGAT TGGCTCTTTTTCT

GTTGGACTCTTTGTCAACCGCTTTGGCAGACGCAACTCTATGCTTCTAGTCAACTTGCTG

GCCATCATTGCGGGCTGCCTTATGGGATTCGCCAAGATAGCGGAGTCTGTTGAAATGCTG
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-continued
ATCCTGGGCCGCTTACTCATTGGCATTTTCTGTGGCCTGTGCACGGGCTTTGTGCCTATG
TACATTGGAGAGGTGTCTCCCACTGCCCTTCGGGGTGCATTTGGCACACTAAACCAGCTG
GGCATCGTTGTTGGGAT TCTGGTAGCTCAGATCTTTGGTTTGGACTTTATTCTGGGCTCT
GAAGAACTGTGGCCTGGGCTCCTTGGCTTAACCATCATTCCAGCTATCCTGCAAAGCGCA
GCCCTTCCATTTTGCCCTGAGAGTCCAAGATTCTTGCTCATTAACAAAAAGGAGGAAGAC
CAAGCTACAGAGATCCTGCAGCGCTTGTGGGGCACCTCGGACGTGGTCCAGGAGATCCAG
GAGATGAAGGATGAGAGTGTTCGGATGTCACAGGAGAAGCAGGTGACTGTGCTGGAGCTC
TTCAGGTCACCCAACTACGTCCAGCCGCTTCTCATCTCCATTGTCCTCCAGCTGTCTCAG
CAGCTCTCTGGGATCAATGCTGTGTTCTATTACTCAACAGGAATCTTCAAGGACGCGGGT
GTCCAGGAACCGATCTATGCCACGATTGGAGCAGGCGTGGTCAATACTATCTTCACTGTA
GITTCTCTGTTCCTGETGGAGAGCGCAGGGAGGAGAACCCTGCATATGATAGGCCTGGGA
GGCATGGCTGTTTGCTCCGTTTTCATGACGATTTCGCTGTTACTAAAGGATGACTATGAA
GCCATGAGCTTTGTCTGTATTGTGGCTATCTTGATCTACGTAGCCTTCTTTGAGAT TGGA
CCTGGCCCCATTCCCTGGTTTATTGTGGCTGAGCTCTTCAGCCAGGGCCCCCGCCCAGCT
GCCATTGCGGTGGCTGGCTGTTGTAACTGGACCTCCAACTTTCTGGTCGGAATGCTCTTC
CCCTCAGCTGCAGCCTACTTAGGAGCCTACGTTTTTATCATCTTCGCTGCCTTCCTCATC
TTCTTCCTAATCTTCACCTTCTTCARAGTCCCGGAGACCAAAGGCAGGACT TTCGAGGAC
ATTGCCCGGGCCTTCGAGGGGCAGGCGCACTCTGGAAAAGGCCCTGCCGGTGTGGAGCT TG
AACAGCATGCAGCCGGT CAAGGAGACCCCTGGCAACGCCTGA
Human GSS genomic DNA
LOCUS NG_008848 34366 bp DNA linear PRI 04-MAY-2014
DEFINITION Homo gapiens glutathione synthetase (GSS),

RefSegGene on chromosome 20.
ACCESSION NG_008848

VERSION NG_008848.1 GI:209977061
KEYWORDS RefSeq; RefSeqgGene.
SOURCE Homo sapiens (human)

ORGANISM Homo sapiens
ORIGIN
(SEQ ID NO: 14)
1 tcctcacttt gattccacag geatttcetg agcagcaatg ctggeccagg
cctgtgetag
61 gggctggaag acagaggaat tccactctga atggccaaag cagtggcccc
cagccaggty
121 gggagatgge cteataaaca acagtatgag geagggtgat atcactgeta
aaaagagaca
181 gtagccatgt gcacagatgc agaccatgtg tgatgcagac cctggggcetg
acagagatgt
241 tccaatcaaa aggcacagtc cagtggctgg gtgeggtgge tccegectgt
aatcccageca
301 ctttgggagg ctgaggcggg tggatcacaa ggtcaggaga tcgagaccat
cctggetaac

361 acggtgaaac cccatctcta ctaaaaatag aaaaaattag gcegggegtgg

tggcaggegce
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481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

ctgtagtcce
gggaggcgga
gcttgcagtg
gcaagactece
atctcaaaaa
ggcectegea
gggagaaagg
agtacatccc
tgcataccett
agaacagagg
atgaaattga
cccaaggtac
atatgtggga
aggatacctce
ttcaagcett
tgtgataggg
aggtaaggga
acacttagcg
accagatcaa
gaaagtgagg
aaagccagge
gaggcaggca
gatcacgagg
tgtctecact
aaaaatacaa
ctactcggga
gactgaggca
ccaagatcgt
gccactgeac
aaaaaaagaa
agaaagaaaa
acttctgcac
agtcaggatt
tetecetety

ctceggaate

ttgecaggga
gtgaggatcc

caatcctatg

-continued

agctactegy

agccaagatyg

aacaaaaaca

caagacacaa

ttttcaccta

ttcaacagtt

acaccatggc

cectttececyg

aagtgagata

taaagggtag

gcggtggcete

tcaggagttc

aaaattagct

ggagaattgce

teecageetygyg

aaaataaaat

caaactcagyg

ttcagcaggt

agcaaaggcc

gaggctgagyg

gcgecactge

aaaaaaaccc

aattaaggga

attcagaccce

agetttggga

tgacactgct

gctgtaaaat

acgactgtaa

ttattgttag

acacctgtaa

gagaccagce

gggcatggtg

ctgaaccegyg

gtgacagaga

gaggaaagtg

tctgagacac

tcectacagt

tggggccaaa

taggagaatg

actctagcect

acagtccaga

ttggccteca

aaatgttcce

agtctgagece

gctgtgatet

ggaggctata

agtcattage

gaaaaaacag

tcecageact

tggacagcaa

gcatgtgect

gaggcagagg

gagactccat

ggattcggag

cagaggctca

ccactacatg

aagaccctygg

37

gcatgaacac

gggctacaaa

cttggagaga

ttcacagtga

acaaacccca

catggcatgt

ttggcaagtc

aagatactga

caagtacctyg

atttcacttt

ttgggaggct

ggtgaaacce

gtaatcccag

ttgcagtgag

ctcaaaaaaa

aggtgagatg

gggcaaatca

gactccatcce

gcaagtteoe
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1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

tgtcttgate
ccacgtaget
gatgcaaaat
gtaacaaacc
acagacttga
gatttctacc
ttgaaaggct
aacatcctca
gcttteatta
ccatcagtta
gcaaatatta
gggtaaagty
gtgaacaaga
gggaaacagc
aaacaaataa
tacaaggccg

ggcacggtygg

acggatcaca

aggtcaggag

cctaaaaata

caaaaattag

gagactgagg

caggagaatt

gcaccactge

actccagect

ataacgtgat

agacttatag

aggagccagt

catgccagga

aaacgctecce

tggaaagatt

gggtcacctt

gaacaagtca

aataaagaca

tcttacctge

gggatectee

ccaaatctca

aagaggggaa

-continued

tgagatccce

tttatactaa

cetgacttag

gtgaagggat

aatgttggtt

ttgagcatct

cagacatggc

aagcaacaat

ctcacgecty

tttgagacca

cecgggcatgyg

gtttgaacce

gggcaacaga

ggtggggcag

ttttggagga

cttagtcaag

cgtaacttet

cacattgtga

ccatagacac

aagtgagcct

tggatctcag

catggtttet

taaatgaggt

tecttetett

gccacgtggce

ccattttcat

ttcagatatg

taatcccage

gcctgatcaa

tggcacgtge

aggagacaga

gtgagactee

cctecaggga

aagcacccag

agtccttcac

gaggctcage

gaggtttcaa

ctgatactca

gagaaggtct

acgagtctat

tattcaccca

aatttgtgag

tctetetece

aggcaccagt

ggggctcaca

aataactgcet

actttgagag

catggtgaaa

ctgtaatccce

ggttgeagtg

atctcaaaaa

tgaaacatct

gcagagagtg

tcecagtect

tgccacatct

ccaaagggct

tcacttggca

38

gtgaattcct

agcctcaaaa

atggagatac

aagtacttga

caaactattt

caggtcetgyg

ttctagcaga

atgaagaaaa

gcagaggcgy

cectgtetet

agctactcag

agccaagate

aaagaaaagg

gaatgaccaa

cagaaagggc

accacaaact

acaaaatggyg

gttaaggtet

ccegtettygy
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2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

cctgcacaga

actagaaata

gettetttty

ctattctagt

taacagetge

aggaaacatt

gttctgggaa

gaccacacac

gggagactgg

tatttaaaga

gtcaaaaggyg

ggaggetggyg

gcgggtggat

gtgaaaccct

gtctctacca

aatcccaget

acttgggagg

gcagtgagcet

gagatcgtge

ctcaaaaaaa

aaaaaaaaaa

gatttacgat

cactaggagt

tctecacage

tgctgeacty

tetetggece

atctccccac

caaaactaac

catgtecctte

ggcgtctgag

gctacctctce

ttccteatta

tccacaccaa

attatatgece

ttcgetgete

aggcaggagt

gctgcagegt

attctcacge

-continued

gaaccctggyg

tteetggtty

ttatcceccte

taaccagaca

aggactcage

gccgggcgca

cacctgaget

aaaatacaaa

ctgaggcagyg

cactgcactc

aaaagagtca

tectecactect

gctacagecet

ttccaaacca

cecetgettaa

caagcctaag

actcctcagt

gtttgtttty

gatctcaget

tcatgctttt

acccaggagce

aggtacaaaa

cctatetgee

ctgtectgta

gtggctaacy

caagagttte

aattageegyg

agaattgett

cagectggge

aaaggatctt

aaatttettt

catgatctca

tttygtcacge

agcecttage

cgcctaagte

gtctgtaaaa

tttttaggac

cacagcagec

gatttttaat

ctettectyge

gccaacgagg

accatctecc

gtcagataat

cctgtaatcce

agaccaatct

gtgtggtggt

gaacctyggga

aacaacaacg

ggtcccetggy

gatctgtteg

catcttaact

tgtaaccagt

tectgttget

ctgttgcaac

caagccgagce

agggtctcac

tecegtetecyg

39

ttcatgetge

cacctgggygce

aaaggacatce

cecatcecgt

gtacatggtt

tagcactctg

ggccaacatyg

ggacgectgt

agtggaggtt

aaaactccgt

ttgggccact

cttegeteca

ctetetgett

gcctaacaca

cagtggaact

ccteaggeoe

aaccctcaga

gctgtcacce

gggctcaaga
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3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

cgecagectece

taattottgt

atttctagta

teectgagete

aagtaatcca

gccactgeac

ccagccagec

tcecagecte

tcacctctac

caagaccececa

aaaaccatcc

gactgaaagc

agtggctgtg

ttccatttaa

Cctaaaattcg

agaaggaaga

aacagggaag

tcatgaatcc

geatattttt

tetgagaaac

acagggctcce

aatcctttece

ttttgectet

ataaaatcag

ggggattttt

tacaggctca

gccectgacy

cggecaceee

cacccttatce

attagtttcc

ccatcttcca

ccegtagetce

ccegecgace

gggtgcagece

gacgcactee

cctegactea

gcgccaaagy

gcggtcageyg

-continued

cgagtagctyg

gagacggggt

cetgectegy

tttgctgett

ccctacctece

ctgattcctt

tecttatttat

tatcaggtge

gcacctggygy

aaaaactgcc

cctcaaacag

aatgotttece

ctgggacttyg

tactatgggc

aattgtgtyge

ctagtegteg

ccgatggtec

taatgctaag

tatgggtcte

ggattacagyg

ttegecatgt

cctetcaaag

ttgttectye

ttcactacct

cagaaaggca

ggttaattce

tteggactge

gctgccaage

ccagatectyg

tectgactte

ctgetggtat

getgggetgy

cectgecect

cectgaggta

tcagctetga

cctecectece

gcegeectet

tgcccegect

cacgggccaa

tgcccagect

tgctgggatt

aatttggaac

ataccttect

gtttattgce

ctagaagctg

agacaageccet

aatgaggtgg

atgtaaacgg

agcattccetg

cccaggttaa

gaaacaagec

cettggggec

gtgactgtce

cgctctatga

ttcccaaggt

catcgaccge

gctctttaay

40

cacaccegge

ggtctecaac

acaggtctga

actgtcccca

atccatccett

tatcttatca

gactgataca

atcacaaccce

ggggtaggaa

tacaagagag

gaaaaatgaa

aaaaaaatag

tgggttctaa

tcecattacca

cgctetgage

gctatgcata

ccatccgeca

cecttectygy

cctagecgygy
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4981

5041

5101

5161

5221

5281

5341

5401

5461

5521

5581

5641

5701

5761

5821

5881

5941

6001

6061

caagcgcact
cgcgagggcec
gggagaaccy
ggcggeegge
atgggtecacg
agattggaat
tccggaggec
actagtgtct
agtgaggggg
tgcctttaga
tcgggeceggt
ctacaacggg
gagcgattag
agtggggeca

gectgggeayg

ctaagtccetg

gcgataaagt

tctgaccegt

ctgtcattca

cgeggetaat

tactaggtag

aaagtgatgg

getgtagaat

gaaatcgcga

gcccagatcea

caagtcctygg

aagggggaca

aatctgttte

acgeccaggg

aatggagata

aataaaggaa

ttggggagag

tgagatgtag

tcagagaaga

agcagatttg

tegeaggaaa

aaattggata

gatttgaatg

-continued

gggtcgeatce

ttcgeggagg

tttecteggg

gggagacctt

ttgggctyggce

gtcggggceat

ggccaaactt

cegacegtgt

gcgaccgatt

ttcttecatte

agaagtgatc

gtagaagecce

ggagtggtgy

gaggccaaca

aagagatgac

ttcaaagtac

gaaacaagta

tgggagacaa

ttctagtttyg

gaggcecege

aaaggcgaac

aggaacgatg

gtggctgaaa

gegeactgat

gtaggccagt

tgtccagggt

cgttgecteyg

tecttgtyggy

attcatgtga

aagacaaaca

ggggeggaga

cgagagttece

tatcctggte

agtggecggg

tatatactta

ctcaaggett

caacaaattc

aaggtaggaa

ccectgagece

tagtaggttg

tgagggaggy

cecttegtag

cccagacttt

gagactggag

ggaagcgagc

gggectttee

cgttttgagy

tgaatgaata

ctgttectac

acagggacag

aaagagaaga

actgaagaca

gctaggctac

ggcagcaaaa

gggtacctgg

tattectggtt

agtattgetg

41

tgggtagegg

gggcggccac

gtctggecaag

gagcggggca

ceggatette

ccagttagag

gggceccgtga

aggcactgge

cttteggtga

cagtactaag

ggtacaggga

ctteeggaac

cagcacgtge

cctgactety

aaactctgga

tccataggat

gtggggttca

gtatggagac

tgaagatgta
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6121

6181

6241

6301

6361

6421

6481

6541

6601

6661

6721

6781

6841

6901

6961

7021

7081

7141

7201

tcatcagcaa

agaaaaacaa

agggcccact

cttetteeet

ttttttgaca

gatctcgget

cactacaacc

ccaagtaget

cggattacag

gagatggggt

ttectecatgt

cetgectegyg

cctcacaaag

gtgattatet

ttatgtctta

ttaaatgcaa

atcagtgttt

tttcagagtt

gtggaacgat

atgggttett

gteetggete

tacctataaa

gagagtacag

ataaatttca

cactgatttt

tcggetggge

-continued

aacataaata

tagcaccttc

gagetttget

tccacctect

gcatgegeca

tggtgaggct

tgctgggatt

tcectecteca

gccaactaaa

gggggcetcat

tgccactagy

ccaaaaaatg

tectettttaa

aagccaaggg

atctgattte

cttgttgece

gggttcaage

ccaggecegyg

ggtctcegaac

acacgagtga

tatcccecagt

taaaagcceca

ggagggttte

cttetgtgty

gtctcatgta

tccacacage

agggttgagg

ttttctttet

aggctggagt

tattctecty

ctaattttgt

tcecgaccete

gccaccacac

acctagtcaa

acagcaaaca

attactctaa

acctctgaca

tagagcttca

aatcttactt

42

ctgtagaatg

ttctrtetet

gcaatggeac

cetecagecte

atttttagta

gggtgatccyg

ctggeccaty

gggagtggca

gatgttggaa

tgtcaaggta

agtctectece

aacactgctg

gaaagggaag

ggggggctc acgectgtaa tceccagcact ttgggaggcece gagagtgggg

gatcacgaga

tegagaccat

aagaaattag

ccgggeatgg

caggagaatyg

gcatgaacce

actccagect

gggcgacaga

gagggagaga

gagagaaaga

ggaaagggaa

cetggetaac

tggcaggtygce

aggaggegga

gccagactec

aagaaaaaga

acggtgaaac

ctgtagtece

gettgeagty

gtcaaaaaaa

aggaaggaag

cecegteteta

agctactegy

agccgagate

aaaaaaaaga

gaaggaaaga

ctaaaaatac

gaggctgagyg

gtgcggetge

aagaaagagyg

aggagggaag
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7261

7321

7381

7441

7501

7561

7621

7681

7741

7801

7861

7921

7981

8041

8101

8161

8221

8281

8341

agggaaaagg
ggactcaaac
ccaggtetgt
cctcatgtat
gtctcactca
ttctttcaaa
gcattgtgcet
gtcatgggga
cagggggaca
ccttectggg
gaccactgag
aaaattagtg
actgtgttte
aaaatgaatg
agtatcaggg
cagacaactt
ctcctattac
tgatttctca
aaaatatttt
atgtagtcat
ttectgetac
attcgcattt
catggtattc
gatctgctga
catgagttgt
tatcccagga
aaacttgtta

taatcccagt

actttgggag

tcctggcetaa

cacggtgaaa

tggtgtgtyge

ctgtaatcce

caggaggcgg

aggttgcagt

agtgagactc

catatcaaaa

cctettgeat

-continued

aaggaaggaa

ctgtetgtet

acagggatat

gaggctggcea

gagctgaatyg

ttgggcaacc

cagattttta

tgtgagtttyg

attggacact

ctgtetttty

taagattcct

cacaaagagc

tggagcttga

aaaatacaaa

gtegaggegt

cececegtetet

agctactcag

gagccaagat

aaaaaaaaat

agaagggaaa

gacttgaacc

tatcaggacc

gactttcata

tgatggaggt

atgttetgtt

cccagatcett

tacacctcetg

tgggtttcag

gtgetttgat

tetggtttgt

tecectecece

agggaattaa

gccteggcety

gtggatcaca

actaaaatac

ggaggcetgag

cgagccactyg

acaaagcctce

gggagaagtc

ttgttcttta

ctecttgagat

attggectygg

ttectattat

aaatggcaac

aaactcctga

tatgtctetg

caatttccat

gataaatgte

ataagggagg

ttcecatgta

taatgtactg

ggtgtgatgg

aggtcagaag

aaaaaattag

43

gtattattat

ctatgattge

cacatgcgca

cactggetet

tctectaacte

agggcagaac

ggcctgetga

ggcaaccaat

cttgctaatyg

catatatgga

agttcacctt

atttatttga

cagtgactcce

ctcacgectyg

atcaagatca

ccaggegtygyg

ggggagaat tacttgaacc

aactccagcc

aacccctect

taggcgactyg

tceccatcagy
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8401

8461

8521

8581

8641

8701

8761

8821

8881

8941

9001

9061

9121

9181

9241

9301

9361

9421

9481

cagagtctcet
agaatgttca
gccaggtttg
aatctgtage
tctgggaagg
ttctecaatyg
aagagccttt
accagtcatc
acctecgggea
gaataatgcce
attgtgttgg
ctttctattt
tgtgcacatg
tataccacge
tgttcecctte
agccagttte
ggtggttget
ttttgcaggt
gttgggatgy
agaggagctg
gcacggcagg
ctcacaggag
cccacttect

ggcccactgt

ctggceeccegg

cttttgectt

attttttcca

agtgtcctygg

agtaatcaaa

taaccgctcet

cagctgeagt

cactggtttyg

gtaagagaat

ttactgaaaa

ccccataatce

aagcctttet

ctgtgcattt

aaaaacaaat

-continued

gggatggggce

gaaactgatc

gaaggaactt

aggctgggag

agtcatttca

gaatcaaaag

gaagttgtta

caacagaggt

gggcttcagg

ccaccaactyg

cegtggacey

cggaggtaag

ccaggctgag

gtaactaaaa

tttaaatatg

ttetteaggt

tacaggatga

actctacctt

atatacatag

ccaggaatct

tatccgatte

gccecagtcea

tccagagaca

cctetecaag

agagagtgge

agagctagaa

cagggtcctg

ccatctgtta

ggggagecte

ggcectgget

ccectagete

ggtcactcct

ttgatctcta

gggtttgaag

gtaaaaatygg

ttcatgtgaa

ctctgtaact

ataggtatat

gtattettte

ttecttgttte

catctgatat

tgggttcaag

cctetgette

aatggaaatg

ccagccagtg

ctgtgttggg

ccaactctcet

ttgcaggata

gagggagtat

ctceccacag

ttgcatcagg

gaagtagaaa

tgtgacttag

gataataata

gcactttgee

ggtttgtgat

atagaaatac

44

ccagcetcececce

acagttaggyg

tagtgcttct

tccaggetat

cttactgtga

ctttgtcaay

ttcactecety

ggtggccgec

tctetecate

aacagcaget

tgctgaggac

cattcaccat

gaccatatct

ataaaaaggc

gcaaattact

ggacctaccet

cagtgageta

atatgettte

gtctttttta
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9541

9601

9661

9721

9781

9841

9901

9961

10021

10081

10141

10201

10261

10321

10381

10441

10501

10561

10621

tgtatcatat

tcttagaact

ttctaatgece

gatgtgggty

tatcacagtt

tattttatga

ccataaatag

tatgtgagtg

tttetecagyg

ctttttaaaa

ccteatectt

ttggtgacta

ggtaagacat

atgcagetty

tgttttggtt

ctaataacaa

gtaaatatat

ggcacaatct

tggeteacty

gccteccaag

tagctgggac

tttttggtag

ggacagggtt

agtgatccac

tggcctetge

ccagcectect

tttgcccact

ggtgactaaa

gagetgecaa

ctgtgtgece

agaacctaca

gcccaagtaa

atgacaatgt

ttgggcetgtg

aacctagatt

ctteccacget

tttgtttett

tctttetggg

-continued

atattattct

ttctattagg

tagcttcect

cattataggyg

ttcaatacgt

agggaagaaa

ttteatggtt

tettgttgat

tecttgggge

caaccteege

tacaggcatyg

tcaccatgtt

cccccaaaat

tttttttett

catctettet

caggectgat

ctgtcaccta

ttgtgaatta

ctgttaatca

atgatatgtt

gtcatcttca

ctactcatgt

aacatccatg

aaaagtagaa

aaaaaataaa

caaattcaaa

cctttcagat

ctegetetgt

ctectgggtt

tgccactacyg

gtccaggctyg

tgctgggatt

taacttaaca

ttttttagee

ggagtccaca

aggcaggcetg

cttgtatgaa

ataggtacca

tttggttttt

ttctgaggca

ctatttaggt

catatgtctg

ctgetgagte

aaaataaaat

tggtacaaga

ggcttattca

tgcccagget

caagcaattce

cctggetaat

gtctcaaact

acaggtgtga

gtacacctta

agacccatte

ctcagtaatt

atggtatgga

tctaaaatga

tgtgaagatc

45

tatttgtety

tagtattcca

gatttctcat

ttggggcacc

caaaccacac

cttttttaat

gtttacccta

taacaagtaa

ggagtgtagt

tceecacctea
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cctgacttca

accaccgtge

agaccatatt

ttttetgtet

gtttgctaag

atagaattgc

agcattttet

caacacttgyg
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10681

10741

10801

10861

10921

10981

11041

11101

lllel

11221

11281

11341

11401

11461

11521

11581

11641

11701

11761

aggttatgga

gaaaaaaagt

cagaaagtgt

gagagagaga

gaatgatttt

ttgtaggcac

tgaggacaga

tctagttaga

gaacatacca

aggcagtcetg

ctacacaaag

tattctaaac

actttggaat

ccagagagge

taagtaacct

ggatgtgaac

ccaaggaatt

cctcteccaa

gatactatat

attgagatgg

ggggtggtat

catagcaagg

acccaaaagt

agctgaaatg

cagggcgcat

agccgegggy

ccttagcetac

gctgcaaact

agccatatcet

ttgtttttta

caataagtaa

ggtattcagt

acagagtaag

cattgttaac

agttgtttte

aaaaaatcat

gaaattaaaa

catctggcaa

-continued

gectagaaaa

acgtgtgtgt

actccaaatc

gaggtgagtce

caaaacaaaa

ttaactatca

cactgactcc

acctgaggtt

tggctectga

aggacagctg

ttgaactaga

aggaaaaggc

aagtggatat

tgggtggagy

aggctgagta

tacgttcaaa

tcececttect

accagagtat

caaaaaatct

ggcgtaatce

gtatgtgtgt

tttaccaaat

agccagagcc

ttaaataaca

tttattgagt

tcaccacaac

atttaaatgg

gtceatgete

gaagaaagag

ccttaaaaga

aaaaaaaaaa

agtgggaaag

aggagtatga

tttggetect

tacatttgaa

ccagccactyg

ttttaaaaag

agcaacccaa

acaatgagat

gtgtgtgtgt

gcctgetcta

ctagcctetg

tcagctetat

atttagtatg

agagataagg

taaaataatt

tgaacatcca

tagttcatta

caaataggga

aaaaatgttc

aaggcaggec

actttatcct

gcagtgtttyg

cagggcgcaa

tttecctgac

tcagagccaa

cttgtcttga

46

ttctaatecca

gtgtgagaga

tgcecgggeca

gggctcectgg

gaggaaacac

tgccaggeat

aaaccgaagc

ggcagageca

tgctttetet

tgattagatg

aaaggaacag

aagagaatgce

agcgtcagac

gtagatcaga

gggagttaat

aattcaaaag

caggggcaag

catttaaaaa

aaaattatat

Jan. 18,2024



US 2024/0018485 Al

11821

11881

11941

12001

12061

12121

12181

12241

12301

12361

12421

12481

12541

12601

12661

12721

12781

12841

12901

ctetggecta
ctgceeectt
tagagaagat
tgcttectgy
ctacaaagca
agaaaaatgt
ttettttett
gcagtggcac
gatctcaget
cctecagecete
cagagcagct
tatttttagt
agagatgggg
tgtgatectge
ccgectegge
cggccagtaa
tgtcatttta
agcctttage
ctgtagatag
gcataatgag
cectgggaca
gaggccaaga
tgagacttgt
ctcetgtagt
catcacatag
cattceccatt
ctaactcata
ttcctcagtt
ttatcttaga
tactggggag
gctgagacag
tatgatggca
cctatgaata
tccaaaaaaa
aaaaaaaaag
aaaatagatt
tacctgaatt

tttetecatat

-continued

ctttectgea

gcaagtactt

gaattttgtc

ttttttgaga

cactgcaacc

gggactacgg

tttcaccatyg

ctcccaaagt

tgttaatgte

cagagaacag

gaggcagagg

tgggggcagce

ctactcaggyg

aaggcttcag

tgetgaggece

gaggattget

gccactgtat

atgctgagaa

acttgatatt

tggcaacaat

ctttttgeca

atgcacgtge

cagagtctca

tetgectect

gtgtgtgceca

ttggccagga

gctgggatta

tctatcaaaa

ctataaacta

gatgtcttag

agagctctat

tattaggtca

actgaataaa

agggeagtgg

tgagcccagg

tccagtetgg

gggtaattta

tttactttta

tggctagage

caattcctat

tataggtttt

ctetgtegec

gggttcaage

ccacgeccag

tggtctegat

caggcatgag

gtgagaagac

ttgatcctaa

cagaaaaact

gtgttcaage

ccecttatgt

ccttattete

tacacacctg

aatttgaggce

gcaacatagt

gaaattatct

gaaatttaga

47

agagttetygy

cactcccectgt

tttaaatagt

aggctggagt

gattctecety

ctaattttty

ctettgatet

ccaccgtgee

tgtgtgttte

attcaggagg

ctgagttttt

caaggaaatyg

aatctgcagt

acaaatagcc

cagteteage

tatagtgcac

aagaccccac

accaaaattt

atgtatggac
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12961

13021

13081

13141

13201

13261

13321

13381

13441

13501

13561

13621

13681

13741

13801

13861

13921

13981

14041

atgaaaatat

gtaataggaa

aataaagaaa

agagtagaat

aatatacagc

aaatatttaa

aaagcacaat

tatgtgtata

catatatatc

gtcatttgee

tetggggagg

tggaatgaga

gtgagacata

tcatgtattt

gtattacctg

tgectgtaat

cccaacactt

tgagaccagc

ctggacaaca

gggtgtggty

gcacacacct

ttgaacccag

gagatggagg

gcaacagagt

gagactctac

taccaagttc

taacaccgta

ggttaaactc

aggaatgcett

aagttctagt

tcagttgtty

gtccttgatg

gtatttgggt

tgaactetay

gcctgttaac

ggcttetact

aagggaacca

aggcaaggaa

-continued

ctagaatgta

ccacctatat

aattaaaaat

gtagtatagt

aatacaaaga

agaactgggt

cttctcacta

ttaaaaaaat

tgggaggctg

cagtgaaacc

gtagtctcag

ttgcagtgag

ctcaaaaaaa

aacttatacc

tataatacaa

gcagggatet

ttctegteta

ctgagtcacc

gagttcactt

tattctagga

actagattca

aatgaaaatg

ttgctatggyg

tgactggaag

ggetggggee

tatattctta

aataatattt

aggcaggcag

ccatctctac

ctacttggga

cegagattgt

aaaatagtac

accataatga

gtcacaagat

cagaatgcac

tgataaagtc

atcactaaca

gtcctaccca

tacccattga

ataaattatg

ctetatttga

ggtgaaaaaa

gatgtgtgag

cagtettttce

tgtctetttt

tggctgggca

atcacttgag

taaaaataca

ggctgaggea

accactgcac

tttaaaaata

caaactgata

tttcttttea

ttttcectte

caaagaatgc

ttggtggaaa

gtaaccaaat

48

aacattaatg

gtatatccta

acatataagg

agagaaaata

acactagtcect

cccaggagac

gaattttgta

tggtggetea

gccaggtygtt

aaaattacct

ggagaattgc

tecagectygg

aatatctaaa

ttaactcaaa

tctettacee

tagaatcagt

ggaatgcagce

aaacactcct

caaaatcaaa
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14101

14161

14221

14281

14341

14401

14461

14521

14581

14641

14701

14761

14821

14881

14941

15001

15061

15121

15181

actggagtgt
ccagcaagga
gcaggcttee
tcaaatccca
gcacceegtt
tcaaatceca
gcaccagtte
caggtceegt
ctctgttaag
gaatctatgt
aaagtattta
ggtttctttt
tgttatttge
aaactatcac
agaatctgga
gtaaccacta
atctacagtt
ttccatttge
aggaagacaa
ttgatcacag
gtggtgagct
cctgetggag
caagcctatg
ccagaacgct
gecttectgg
ggccaggage
tgccagagec
tcagctgact
tggtgggata
aggaaagctg
gcttctaatce

ttteccttete

tgggcctaag

agatceettt

attgttgaca

ccatttggaa

ttaggggaag

ttgggttaaa

-continued

gagctecctga

atgtatgtat

actagcetgaa

ctagctgaat

tgtggataat

aaatagtacc

attttgecttt

agetetetgg

ggtgtgtect

ccegttcaca

atgccccatt

ctgtgeagat

agcaaactct

aaggaactygyg

gaggaaaggt

ctggetegac

gtttettcat

ttctgtaate

tcagectggt

tgcatggaag

gtgtgtgttg

tataattttg

ataattttgg

aatagtatct

ttgcacatag

tttgcttete

gttecactet

cagtaaatat

ggtgcectac

cacgctcette

ggacttcaac

tteccaggtag

aagattgcag

acctccaaag

cagttattta

ctgaaaaatg

cgtgacacce

tttggaggaa

ggcctgggcet

tgtttagtaa

gatctgttaa

atctgttaac

tcectcacagg

taagtgctca

tctettcaat

cceectteca

aggccagact

ccetgtocca

cceteactgg

ctgetagtgy

gggacagtga

agcegtgagg

aacaaaaagt

tatggectca

aagagactgg

tactttgaag

aacagaggta

49

tgaacatcaa

ccatcetggt

ctgttetggt

ctctetttet

gctgaatgat

ataacttgtg

acgtagagat

ctcteccaag

ttccatggga

ttctetette

teccecagtge

atgetgteag

agcattgggyg

tgttactgtg

cataggagtc

agccactccc

cttaaatcca

actgatattt

gggaaggtta
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15241

15301

15361

15421

15481

15541

15601

15661

15721

15781

15841

15901

15961

16021

16081

l6141

16201

16261

16321

gtcagatttt
ccteteatct
ttggatggga
acctctgaaa
togttcagee
tttttecttca
gattctgggy
tatataggct
gggegeggty
ggtggatcac

ttaaggtcag

tctactaaaa

atataaaaaa

cttgggaggce

tgaggcagga

agatcacgac

actgtactcc

aaataataat

acatatatat

ttatgtattt

acatatacat

ccaaaaatcc

aaaagctgaa

taccagtgga

aaacgccacy

agtttgttte

atgcacaaaa

tataaggtgt

atatgaaaca

gtctcattac

gtatatgcaa

ggataaggga

tatccaacct

acttttgtty

gagacaaaat

tggtaagaag

cttggaaacc

gaatctgeee

-continued

ctacttctece

tggggtacag

catccgeect

caatttctta

gctcaggect

gagtttgaga

attagctggyg

gaatcgettyg

agcctgggeyg

atgtatatat

gctagatgtyg

atgctccaaa

cctgatgtea

ttaattaaaa

aatgaatttt

atcttccaaa

gtaattgcat

cttttaaaaa

attgacttgt

taagcagcga

actgggcceac

tetetgtete

aaatttcttt

gtaatcccag

ccagectygge

tgtggtggcyg

aacccaggag

acagagcgag

attcattgta

tatatactgt

attcaaaact

tgtgacaggt

tattgtataa

gtgtttagac

atccgaaaga

gtctttgatt

tgtgtgggtyg

agccaaaaac

cactttettg

actcagggca

tttcecttga

atttatttta

cactttggga

caacatggtg

ggtgcctata

gcagaggctyg

actccatcecte

gaattaaata

acaggttgag

tgttgaacac

gcagtcaaaa

aataatcttc

ttgagtccca

cttetggtece

aatttttcaa

aatatgagaa

ccaatgagte

50

tcacctcagyg

tgaggaagca

tettttetet

gaattaaata

ggecgaggtyg

aaacccegte

atcccagcta

cagtaageca

aaaaaaaaag

tctagaaata

catccctaat

cacatgactce

cacagtcaaa

aggctatgag

tcccecaagat

caagcatttc

cagaaattag

ggggtcataa

atgaatgtat
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16381

16441

16501

16561

16621

le681

16741

16801

legel

16921

16981

17041

17101

17161

17221

17281

17341

17401

17461

accaccttgce
caatcctgga
ttgtgggaaa
aaggagactt
gcageteate
cacatataaa
ccctagttece
ctcttcagaa
aaaggaaagt
ctectectaa
ccaagggcetyg
gcagaggaac
ttcagggcag
gtttctgtaa
caaggtgatt
agggcagtaa
gtgtgatgtt
acttcagaaa
accatactgg
gagctgtgac
gatgagcctg
caggagagat
gacactaate
ctgtaaagga

gtggttetta

gggaaggctt

ccctgaggaa

acaaaaaaaa

cccaggatat

aactgctgtce

ttctaatctc

gaggtcgcag

agggtaggaa

ccaaccatca

gagctattca

ggtgcagtat

gttcaattet

gatataaata

-continued

cecetgagetyg

catgagcagc

tttgcaacce

taagggagaa

gtgtctcaac

gcatgagaga

gcctgggeta

caggettgag

aatcacctgt

ataggccect

catagacaca

atcacacaaa

gttetatgag

atcacatcat

ttagettggy

caagggctyge

aagctatgga

agtagaatag

ttgaatgtaa

tttettggaa

ctggcttata

ctgecttete

gagcceccta

ttcettggag

gctcaccctt

cttyggettece

caggtgtgea

ggattectte

aacacatgtce

gccattacct

gaaaatgtaa

aacacatagt

atgaggacta

tcagaaaaat

tgtggaggag

gagttagtat

atacatcatg

tatcttatty

tgggcccage

accctaatga

tgttectete

caaaacatga

gctgaageca

gggagagagce

ccecactggt

gaatccacce

ttactgtgge

acatgtcatg

tcatgaggtt

aattgcaact

agggggatct

gttgaagaag

cttattggty

gaggagaagg

taggtcaacc

tcattttcta

getttttace

51

tttgtacctyg

tgcaattatyg

teceteteata

aggggagcac

agctgggact

tggctgagga

ctgctgtgac

tgaatctcaa

tettgttgag

gcagtacact

tatagtcaaa

geagtcagtyg

gactcagata

aaacaaacaa

cacagggeat

ctcaccetygy

agaaggcttyg

gctettette

acaactctat
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17521

17581

17641

17701

17761

17821

17881

17941

18001

18061

18121

18181

18241

18301

18361

18421

18481

18541

18601

taattatatt
aaatgattcc
ctgaggttgce
agagttggat
tettagecac
agtagactca
gagaggattc
gtccaattaa
gcctgcaaaa
ctttaceget
cgtetetttyg
aaccattcce
agccctacte
ttttgettga
agaatttggt
tcactgggtt
tatcccagtg
tgggagtgtt
tgctggtace
tggetaggte
ctcagagtca
gactgtgttc
ctgggectga
cccagcectg
aaacagatcg
ccggacccca
gctgtgeace
acatgctgat
gggtgtacag
tcetgggece
cgggtcacat
gagatccttyg
gtatgtcagyg

attgtacagy

cagagggaac

tgtetggggy

ctgggectgg

atgattttag

-continued

ctccatttta

ctactagtga

tgttetetac

aggagtcaat

tgttetetgt

acatccacaa

cagtctgtaa

ccaggeecte

accaattcta

tctaatctet

gtceectgggce

ategetcaga

aaatcaacac

ggtgggtccce

tcactggeta

gttgccecty

gagaaaaagg

aatatcttga

tagcatccat

aagatcagca

gtggtagagc

cacattgggyg

gactgaggat

ttcttectee

gcaagtccta

cctgteccte

agctecatggyg

ggatgaccayg

gtgtagagtt

aggtactgte

ctacatgtte

catcetetygee

ctgggcagec

ggccagggaa

gccaccccga

acctcatage

gagccecaga

ttctageecag

aactgagaca

taggatttga

cggacattea

gggactectt

agcaccatca

aaagagggca

ccatctetgt

aatctgecte

aagaatgatt

catggtacct

agccttcagt

cagcgcageyg

agetttgggg

cceggeatac

ctccagctat

cagcagttte

tcatctagte

gagaggaatg

cagtgatgct

52

cagagaggtyg

acccaggtet

agttttggece

gaaattttag

aacaggatga

ttgcccaggt

ttgttttety

tcactggtece

ccactggget

gtgtgetcty

tttceccaca

cagatggete

gectggeete

ctgtggggtyg

gattgtgett

cacttgtaat

ctgtccctece

cagggacttc

ccaggttgca
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18661

18721

18781

18841

18901

18961

19021

19081

19141

19201

19261

19321

19381

19441

19501

19561

19621

19681

19741

atggtctgca

ctccagcetea

ctgggacact

ccaggeatat

acaccagggy

atcttacagg

aatgtgatgg

ttgctgtata

tatgaggtca

gecatetete

tteccaacaga

agatcctete

taataatccc

tctacggete

acccaagtaa

gcattcatgyg

gtttagcaac

ttctaggaat

agaaacttat

ataacagatg

ctgactatga

gtcaacaatt

gcagettget

ggctgtttge

ctgegetaat

tctteceeeee

ttttgagaca

atcttggett

acttcaacct

tgagtagctg

ggatttcagy

gagacggggt

ttcaccatgt

cacettggee

tcccaaagtyg

tcattttett

catagtttte

gttggtatge

-continued

gcaggattcce

agggtaggtt

ccaaggttag

gaggatgett

tgggcagagg

catgttctca

agcaagggac

gggtgtgaaa

ttettttett

acctttacat

tttaactttt

gtaatacagt

agetetgact

gagtctcact

ccacctececg

cgcatgetyge

tggtcatget

ctgggattac

ttgtetgttt

agacagcacc

ggggtgggga

ggcageccag

tttagtgete

ggtcttecag

gtgtccetgayg

tggecccetyggg

aggtagcagg

gccagecate

gccaaaatta

tcttattgag

agtgetacet

gctaggettt

ctctcaccca

ggttcaagca

cacacctgge

ggtctegaac

aggcatgagce

cccaattcete

tggaggcceca

cagaggctct

catattccaa

agctgattet

gtccatccaa

taagaccaaa

aattgccaaa

aggatcetge

attagagaat

ttttaaggtt

tggaggtcat

agggttagag

aagttcttag

ggctggagtg

attcttetge

taatttttgt

tcetgaccte

cactgcacce

agctcttact

53

gagtaagggyg

caggtctect

cctgaagtygg

cagagtcatyg

ttactgaaca

gaagctggca

gcectgggagce

tttagtttea

aaggggattt

teccttettaa

cattatgact

aggcacgcaa

tcatttectt

cagtggtaca

ctcagcectec

atttttagta

gtgatcegee

ggccteteat

tttgactget
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19801

19861

19921

19981

20041

20101

20161

20221

20281

20341

20401

20461

20521

20581

20641

20701

20761

20821

20881

ttgaatttgg

ctgtggttty

ggaaaacaaa

cctettggat

gagtaaatge

tgcttagagg

cattttttyge

tttcagatca

tcgaggggcece

agtccttaat

gtacacttac

tcattgaatt

ctcataataa

gatgaggaaa

ctgaggttet

tggcagatcc

caaagtctac

caagggagcc

tetetgtect

gcatttagaa

gtcatcagac

agagtgaagc

caggggatgg

ttttgectye

cagcctgtea

actggtaggt

aggagttatg

gagataggtt

cttetgetga

tcagtttect

catttgtaaa

ttaaatgaga

tcatggatct

actttcaata

ataataatag

ggagaccgag

gcgggtggat

gtgaaacctt

-continued

aatcctceccac

tgatccagat

ataagetttg

tttcttecta

gctatactaa

tagtgctaca

gctetetgayg

gagaaacgaa

ctcectectaa

tgctaagect

aaatattctt

gtcagetggyg

gtaacgtgga

tggcacctga

catagcacat

ataggagtaa

gaaaaatgtt

gccgggtgcea

catcagaggt

cceecatgee

tgttatgatt

actacgaaat

ttteteaagt

cagttattge

ccttgtgeta

gtcaatactg

gtgaattgtt

aacctcecact

cactaagccce

tcaagtatat

gaactgetga

cagaaaatac

gccagaactyg

gaccttggca

taataatacc

tttaaaaatc

gtggctcaca

caggagttca

catgcctece

gggtctgaag

tttatggtat

gaagatgtta

aatgttaata

agctctgtac

ttcaactccce

aaggctaagt

cttaatcatg

aaagaaacct

tggctaggtt

cagacaaatg

ttgtgtgtee

gcttcececca

agttagttet

taaaggggtg

tgtgtggatce

cctectaatcece

aggccagect

54

ttctgatttyg

agtgtgaggg

cectttttaac

ggtaagtgat

tagcattaat

atacaggatc

tcattttaca

gatgagttgg

ctcttaccte

cagactgtaa

gtattttaag

ctgcagaggyg

aaaattaggce

ttgtgagagt

tetetgaget

ttagtgagaa

attatgtggt

cagcactttyg

ggccaacaty
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20941

21001

21061

21121

21181

21241

21301

21361

21421

21481

21541

21601

21661

21721

21781

21841

21901

21961

22021

gtctctacta

tagtcccage

tacttgggat

tgcagtggece

aagatcacce

caaaaaaaaa

aaaaacaaaa

agtattagtt

ttaattcata

caaagttaca

caaccggtaa

ctteccctatt

ctgectttaa

tagagcagat

taattttegt

cctgcaaaat

gacttacaat

agaatgagta

gaataagaaa

tttaacacca

atttttttet

gagtgcaatyg

gcacgatete

cctgecttag

ccteccaagt

ttgtattttt

agtagaaacg

cctecaggcaa

tcegeeegece

atgcccagece

ataacactct

tgecttacce

aagtcaatta

tacgactcay

gggtcctcac

aggaaacaga

ctgctgagaa

tgagcecage

-continued

aaaaatacaa

gctgaggeag

cactgcacte

aacaaaccca

caacagcaaa

gtatagaatt

gagatatggt

caattatecte

ttcaatttag

aggggactac

ttttttttga

ggcteactac

aactgggatt

gggtttetece

teggectett

tattttatag

ccaagacaca

cecceagecoy

ctgctcagaa

aaattagcca

gagaatcact

cageetggge

aataataata

ctgaggctaa

catctgecte

tccacagtat

atgattttta

acaaactcte

tggtgataaa

gacagagttt

atecctecace

acaggtgece

atgttggtca

aaagtgetgg

atgggaaaac

ctacaagtca

catgcgtect

ctgaaggcag

ggcatggtgg

tgaacccggg

gacagagcga

ataatagcta

gagagtttga

taaagcctat

tgactgaaaa

aaatttctta

aaagcatagg

agtttgggaa

cgtttttgtt

ttecaggtte

accaccacge

ggectggtete

gactatagge

cagggcccaa

ctggcagagce

tagctgacaa

gagaggtcaa

55

caggcacctyg

aggtggaagt

gactccatet

tcatttgaca

ataacttgcce

gttctetecta

actgcattygyg

aaaatggaag

gectgtggtt

ctgtgatett

gccecaggcetyg

aagggatttt

ctggetaatt

aaactcccga

gtgagctace

ggaacgaaat

ctggactacc

ctttecctact

atatgtttte
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22081

22141

22201

22261

22321

22381

22441

22501

22561

22621

22681

22741

22801

22861

22921

22981

23041

23101

23161

tctgattgtt

ttcetettta

acctccagcet

cctgggecaa

ctgecteect

gcaaagtgaa

gagcaaagcc

gagcaccact

tttagtttgt

tcacatetga

cctcatgaga

ttttggctaa

gcagaaagga

tcaggagaag

cagagataga

agaatcctaa

gccaaagect

cagtacagtc

acagcaaaaa

gctaacactt

tgggaggceceg

ctggccaaca

tggtgaaacc

gtgcacacct

gaaatcecag

ggggtggagy

ttgcagtgag

gagactcegt

ctcaaaaaaa

tactgctgag

cattagccct

aatatgttag

ctggcagcca

aageccetge

ctctttaaga

tagtgatcte

attaatacta

ggagggcecca

-continued

tagcagttgg

gccageette

cececacacaca

attggecctt

ctcteaggea

tttcaggcaa

gtcaggcaaa

caagagagge

agggttccat

tggagtttgg

aggcegggeag

ccatctectac

ctacceggga

cctagattgt

taaataaaat

aggaatctct

aacagatagt

aatacatgaa

tgagatcaaa

caggctgact

ctcetecgee

ccctecacceca

aggactctct

cccaactcaa

accaggagag

cagagtttag

taagcagagyg

gggtctcagy

aggctgageg

atcacctgag

tcaaactaca

ggctgaagea

gccactgeac

aaaatgtaaa

taggggactg

teceetggeat

taatcagaga

tgtggecetyg

taattagcetg

tetttttgga

tgagcgggac

cagggcaaga

agccaagact

gggacttact

actaagaggt

aggtcaggga

aagaagccac

cagtggctca

gtcaggagtt

aaaattagce

ggagaatcge

tcecagectygg

agaaaaaaaa

gacctatett

aagcttttee

ggaagaagcc

tgtacattat

56

gggegtgeag

ggtgggceag

agtttagget

tgacttgtga

cagcttaaca

aagacctata

tcagccaagy

atacacactt

agacacaaayg

cacctgtaat

cgagceccage

99¢99999t9

tggaacccag

gcaacagggg

tgcagtttygy

tgacaacgga

ctgagcecte

acataagccc

aggaatctty
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23221

23281

23341

23401

23461

23521

23581

23641

23701

23761

23821

23881

23941

24001

24061

24121

24181

24241

24301

ggagataatg

catcttgtgt

aagaaccaca

tagccecgga

cceectgeat

attcttccag

aaagatttta

tgagatggtt

ttaaatctaa

tacaatattt

catctgceeca

tattttcagg

aaatcatatg

tcctgagaga

gggaacatct

ggtggggcgy

tatgggggtt

cgggccacct

gtgetettte

gaaacatatt

tgaccagegt

ggggacttet

aggtgtggcet

cectetgget

cttgecceatt

atatctctga

aaaggggtcet

gaatccagty

gaaggctggt

ctttettetg

ggagatgtga

ccteccagga

aattttggag

tetggateay

ggtctectta

ttttettgee

tctectagta

gaggaagagg

-continued

tegttgtttyg

ttectttatt

tgttctttta

gaattatgtt

attttaattt

ctggagaagyg

tgatagcatc

gttettteag

gaggggagaa

cccagtgeta

gccatagaga

ccaggattag

tttececagga

ctggaccaag

ttatgaaact

tggettgett

aaagccagcc

gagatcatct

aggtgaggtc

tagttggcce

gtatccttta

caaaatgtte

aagttctaag

gcacagaaat

gtcagaggca

aggtgtctat

ggaageggtyg

acaaaagaag

tggtgctact

atgagctact

g9gtggggca

acatccatgt

accgaagget

catcctgceca

ccttctetea

acgetgtget

tagtttteat

aggcctgaga

tgtgggttte

caatctagta

ctcaatacte

aaaaagtcct

tcatcaacce

tcttecatttt

gcetgaggta

ttettattet

aacaagttct

gattgctcaa

ggccaggtaa

ctcagaacat

gatccgacga

gtttgtgtaa

ccetcettece

taattcctga

tctatcagag

atgccctaag

agctgagetg

57

tgtagggttce

atagagccat

ccacttgttt

cttgggtttt

atgacatcat

tgaagttttce

atctcaaggt

tattccagga

atagtagecct

gagaaggaaa

gtaaaggaag

agcatccatt

acatttgaag

gcattcccaa

caaaatgatt

aatatctcat

ctgttgacat

ttcccaaaag

ggcagtcagyg
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24361

24421

24481

24541

24601

24661

24721

24781

24841

24901

24961

25021

25081

25141

25201

25261

25321

25381

25441

agcagctggce
gcetggattt
gtgttccaag
atttggtget
acatatttgg
attgttaaaa
ttaaaactgt
tgcttttate
ataactaaac
aaataggtca
aagaaaagga
ttttacatgt
ttgegtttte
cagctgettt
aagcagtgga
gctgeteggt
aatttcgage
ttcttgttece
ttctggectt
gtatggcaca
ccteectgtt
ggttccagtg
aacccetgac
catcttgatg
caccctgaaa
gcagccttet
ccateetgtyg
gatggctaca
tgcctegtea
tgectectygg
gacccacaag
tttteccgagt
cctcacttcea
cecteaagee
ttttgctace
atccacagag
cttcagecat

caatcagcete

-continued

tcatgctgtyg

ccaagcctta

gtagcattge

ccatggaatt

aaagtagtta

aaagacattt

accttcaccc

aatataaagt

caacatttgt

cttagaatga

ttcagtggaa

caggctecca

tagattgaac

ttccagggat

gtacagtcta

agctccacag

cttectttctce

tatcactcta

ttacactgtt

attggtctgg

tecttttete

agcacatata

tcacaatacc

atttactttt

aaaaagcctg

ctgccattaa

gtgttttact

atgcatttac

ctctaaatct

gccetggtayg

ctgtgggetyg

cactgaacaa

ggccaggaaa

caggttggta

agacccaatt

agggagcttg

cacagtcttce

tccagagatyg

atgccactgt

taggggccac

tttagaccta

actcactgtt

cagataaact

tgtcttaatce

aaatttttte

acacatggea

cagatttgat

ggcatattet

tgtggatatc

aattttgaaa

atcagttata

ttgetgtggt

ttttetgtga

caggcttata

ctgctagaac

tagaatttga

tgctggcaaa

58

ctgagctcga

caccaggtag

gacetttgtyg

tttcaaaaty

agacaatatc

agactcatca

attetggttt

gtatgattet

tctagtgace

aaagtattct

tactttcact

aagccaaatt

atttaacaca

ttacttecegy

gaccattett

acaacctgygy

ctecctatcect

atcctcagga

tgtttaacaa
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25501

25561

25621

25681

25741

25801

25861

25921

25981

26041

26101

26161

26221

26281

26341

26401

26461

26521

26581

tcactggttyg
ctgccaactc
ttacctttee
ttaatgacag
ttatatcace
atccattatt
tcatttaacc
acagatggag
aaactaacgt
tteecaggtt
ttectgacttt
atccacatca
tggagaggct
ataagtttag
aaataccatg
gatgatgggce
aagttcctga
tagaaaactg

agggggctec

gagctecaca

tgaggaggct

ataggtggtt

agcagtggtg

aaaataggte

taggceggge

aaggcaggtg

gattacctga

ceegteteta

ctaaaaatac

gctactcagyg

acgctgagge

gttgagatca

tgccactgca

aaaaaaaaga

aatgggtcta

ataacaagga

aggaaagtag

ttttgetett

-continued

atataagcca

tttatctgaa

teattttget

ctcacaacca

ttagagagat

caggccgatyg

aagaagctct

ggcagtgage

ccetttetay

ttetaggtet

ctatagaggt

geaacttget

acggtggtte

ggtcaggagt

aaaaattagc

aggagaattyg

ctccagecty

gatttcaaaa

tgtttaaaga

gttcecagcat

tcagaaagtt

atecctaccat

cteggtgagg

ggagaggctt

gtattcccat

gcteteaget

tggaggtcat

gtetgtttet

gtaattcate

ggtatctcga

gactacagga

acgcctataa

tcaagaccag

cgggegtggt

cttgageecg

gctgacagag

cacgacaaag

ggtagacttt

actgctgacc

ttatcatctc

gtagttteat

catataatta

ctctaaggece

tcttetecte

gggagatgat

gagcttgact

atgagcgggy

taggactcce

tagaacatcc

gagataaact

toccagcact

cctggecaac

ggcataccce

ggaggcagag

cgagactctg

aaaacttaga

tcceeteeee

59

atttttttte

ctcattcatyg

tagtttecac

tcececattat

ctacaggaag

tgctectaac

aaaggaggaa

gectetgtgt

ggagctacac

ccegagggtt

ttttectttag

gtctattaga

ttgggaggcce

atggtgaaac

tgtaatccca

gttgcagtaa

tctcaaaaaa

agagtttgag

tgagacagag
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26641

26701

26761

26821

26881

26941

27001

27061

27121

27181

27241

27301

27361

27421

27481

27541

27601

27661

27721

gttgaccagg

gacttccagt

ttcaagcgat

cccaccacca

cacccagceta

gccaggetgyg

tctegaacte

gggattacag

gtgttageca

cagetcagay

caggtttaga

accctygggea

agtccttget

atttctetgg

gtttatttet

tagtagttgg

gttcctgggy

gtagtatcaa

aggaaggaca

gtgecagtttyg

cagtggtcetg

aaccagagtt

gggaggcatg

gtggtaataa

accattcatce

ttagcctgag

tatcccttee

acccecactcea

aatttcaact

agtgccagga

actgtgttag

ccetgtgeta

tggagctcac

tatggecatt

tactgtgget

ggattgeatg

agctcaggag

acaaataata

-continued

ctggagtaca

tetectgect

atttttgtat

ctgaccttac

ccacacctygy

catggagaga

tatectttggt

gatgttetgg

ttattgatga

gcattgggty

gagccaagga

atccectget

ctgtgatcat

ctattgagtc

tattcagcaa

acactggaga

agtctggtca

cgtacctgta

ttcaagacca

gtggtgegat

cggectectyg

ttttaataga

gatccaccca

ccaagaggta

gatctagaag

tttgctttee

tcacgtgtga

agatcaggte

ggggtcacag

cagactgtct

gttteettge

ccacttgaga

tcacttgtca

caacaacaaa

tacaacagaa

gagaaatggg

atcccagceac

gcctgggcaa

cteggeteac

agtagctggg

gacagggttt

cettggecte

gacattttta

gettagtgac

tgcttctace

ttetgegtgy

aaggtgctac

gagagaccty

ccecattgea

cttttatace

cetgtgttea

ggctctaccet

tatttattga

aatgaggaaa

catcagaaag

tttgggaggc

catggcaaaa

60

tgcaaccttt

attacaggca

caccatgttg

ccaaagtgct

gggaactgag

ttactagatg

ataatggggt

aatgccagac

aggtggacca

atcctgetgt

tgagaatggyg

cteagetett

tattattcte

gtecttecaga

gcaactacaa

atgataagag

taaacaaaaa

ctaggtaggt

cceeatctet
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27781

27841

27901

27961

28021

28081

28141

28201

28261

28321

28381

28441

28501

28561

28621

28681

28741

28801

28861

caaaaattag

gaggctgagg

agggaggatc

gegetgttge

actccagtcet

gtaaacaaaa

ataggaaaaa

tgtatgtgty

catgtgtgtg

aaaaagagaa

ttatgggaaa

aggtgacatt

gagctgagat

aaaggaaggyg

ggtttcaggt

ttgtgatttg

aggaatgaca

tggtacaagg

ttgaaaaagt

agggagtatg

gaacacagtg

tctattgttet

cccacagatt

atgatacata

actacaacat

gataatgagyg

gtgaagatac

aacgtcaget

gaagtaaaat

ggaagcacgt

ctactgetygg

getggetggg

actaagaagg

getecetgye

cagcctgagg

actggatgtyg

gtacgtgggc

cctacagece

-continued

ctgggtgtgg

acttgagccc

gggtgacaga

aaaattggga

ttttagtete

tccacattaa

gtaaggatgg

tgagggaaaa

ggectgtgtyg

agacaggagc

ggaagctgag

gggggattet

atcacacctyg

aaatcatgat

aaagtcgaat

agaggtcaca

tgcagcagga

ctgtggecey

agcctgttte

tggcgtgcac

aggaggtaga

gcaagacceca

tttgtgtgty

aggtaactgce

atagagtgga

taaggatcca

geagtgcagg

agtagaatgyg

cagctectga

cacgtagaca

tgcctttgea

gcteacaagy

acctggeacce

teottttgte

tgctgccaag

gctaagcagg

cetecgegece

tectaccaca

ctgtagtecce

agttgcagtg

cgtctcaaaa

tatgtttgty

tttcaatgaa

cagggaagcc

gctatgeatyg

ccctgaggag

cagagactag

aggatottga

aatgttctac

ggggcteaca

atgttagaat

taatggatgg

ttetteccte

tgcccagaca

ccgggeatge

acctttgetg

ggectectay

61

agctacttgg

agccaagatt

gaaaaaaaaa

tgegtgtgceg

acaactgggt

ttctetgaaa

ggaaaagccg

ggaaagagct

gagtcaggga

aggccatggt

ccttacacct

gtectggeaca

gatecctgggt

atgttcagta

tgcagaattyg

ttgccaccca

tggagatgtt

gcctetacte

gtggcagaga
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28921

28981

29041

29101

29161

29221

29281

29341

29401

29461

29521

29581

29641

29701

29761

29821

29881

29941

30001

aatgtgttgg

tggcaaggtt

ggtgatgcetce

aatggaagga

tgggggetgy

tggcaaccag

agggaaggga

ctgctgcaga

gccctgaget

cagggggttt

gttgggagtg

tgttctecct

cetgetette

ttgectettt

agcctttaaa

ggggaccagg

ccatcgecga

agagagggtg

gaggtaggtg

ggctgtggec

agtgctcatt

attggaactg

acacaggcca

gggagcacag

gggaatctyga

tgcectgtggyg

tagattgttyg

catgtetgtt

ttcettteta

cagaggagag

gattttttta

aaggaggaag

agtgttccat

agtgtgagat

gtttggaggt

gacagggatt

taggctggaa

actgagaaat

-continued

ggagggtgga

tggagaaccc

aatccattgt

ctaaggcagy

gttgctaaag

tcatccagat

ctctgatget

cttttgataa

ggcecttyget

gatcteoctt

ggcacttact

catgttggac

ttaaccagca

ggaagtagag

gtttgaaact

atctttgtet

acaaaaggga

taatgagaaa

aaatggttty

gctggceatty

ctagaactct

aagctcecte

tggcaagaat

aaaggcctgt

agtagcatcce

gctetgeata

ctgetttetg

gccectagee

tgcagggete

ctgggcacag

agtgteccet

ttgaagggtt

tagggtcata

cettgaggte

taagaggtgg

caacctcaag

ctggtgaggce

catcctgatt

tgacaagggg

gagcagaagg

agcaaaggta

tgagaagtgt

tcteattgea

tgcctgaagg

accagctgga

cctectgeca

ggtttgtget

ctcaatgaga

tcecgggeat

aagaccetgt

tggacaagtt

ttaggagact

aggggtcatg

gtaggaattt

ccaaggcacc

tggaggggga

ataaagggcc

62

aaggtggagce

gcagecteat

gagatgagga

atcaggctyge

teggetgety

aatttgtggce

cctaagcttce

gggtgaagaa

aaagccccay

gggactagca

gggggaaact

gaccaagtece

ttacctgagg

ggagagaata

tetgectete

cccaggtgga

gggccatgaa

gctgggaggyg

ttgaatatat
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30061

30121

30181

30241

30301

30361

30421

30481

30541

30601

30661

30721

30781

30841

30901

30961

31021

31081

31141

tggattttat

gaagggacac
attgatccag
cagtttetge
attgtagaag
gtggaagagg
ctgatacagt

actatggggce

caactggaga
ttaaatatga

ctcaggggta

ggttcaggca

gaagtaataa

tatgatgtet

aagcagggag

ttttgagacy

gattcteget

ctgcaaccac

tgccteccag

gactacaggt

gtgcgecace

tcatcatatt

ggccaggatg

cccaaagtge

tgggattaca

agggtataga

tggagactca

gagagcaagc

gtggaggacce

aatggagctt

gagaaggaac

ggaagatgtg

ttcactgcat

aagccagata

tgcecctgget

catgtggecce

caaaagtgag

tggccagttt

-continued

cttaagggca

gactcaagty

atgtectgga

tgttcagaag

gacatgtcct

cecttttgect

gttctgetty

cctgcattaa

ctgtcaccag

gttcaagcga

acacccagcet

gtctcaatet

ggcgtgagece

ggaataggag

aattccectyg

agetgtaggt

gagtaagggc

tcactgagcy

ggcatgggat

gtgggaagcce

gttagcagtyg

atgaggggag

agcaacgtag

agatagtgag

gattgggagt

gacaagttga

atatttggaa

gctggagtgce

ttectectgece

aatttttgta

cttgacctca

accatgccecg

agatctccett

ggaccecage

aggaggagaa

tetectgtea

ggtgccagga

ggaggaggta

attagggagt

gtgggaactt

acactggaag

aggcctgggce

agggtagtgg

aggaaggtcc

gtttgtttgy

gttaacaatt

agtggcatga

tcagcectect

tttttagtag

tgatctgect

gccggaagtt

gggaaaatgt

atttaagaga

ccagggeaga

aagtgagcett

actgaggctg

ggcagagggt

63

tttaagccag

gcaaaactta

cagaaagacce

tagggctatyg

aagggaggag

aggaggggea

gggccagtca

ttetetetete

tettggetca

gagtagctgg

agatggggtt

gccteggect

aacaattttt

acatggggga

aggagccage

acagtgtagt

cectectgay

ctgacttgee

ccagggtgac
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31201

31261

31321

31381

31441

31501

31561

31621

31681

31741

31801

31861

31921

31981

32041

32101

32161

32221

32281

cattgcaggt
agctgaagga
cagtgaggag
cttttgagaa
ttgcctgeta
agctgggcat
ctttggggte
ctgcttgcaa
gagtgccage
gaatcctggyg
ctteggtgece
tattaaatga
ggccaaggac
tgatgagaag
tcetttgeaa
cacatggttt
gacaacctag
tcctageact
ttettggtat
gtcectgggtt
tggggetgag
ggaaaagaca
ctcgtgatga
gcatgcagat
ggtggtgtgg
agggcacaac
caggccacgg

tcctgagggg

tatcctecta

cttcceccag

ctttccatcet

acgcccccaa

atccttgaga

ccatgaacce

tgccccacte

ctgacttggy

ataggactga

taattctgee

-continued

aacaacctat

agggectect

cggcectggca

tatgtcaggt

caagtgagcc

agctetgeca

ccaagaccty

ccgtgaagga

gactagaagyg

agacagttac

tccaggtgat

acaagcacgt

cagcgggagt

gaccttctat

aagacctcca

gaggaccaga

tgtgggtata

ctgtcagece

gtggtaggag

atggggagga

acatcctcat

gccetgeccy

gagccaatca

agcctagagg

atcactagcet

cccaccttac

aactccaaat

agactccaga

ccaggtactyg

gtgtgtecce

ggggcatcta

ggcagtcctyg

cctetgtatt

aagtttttat

aaagttgtgt

gctcagggta

ctcatcagce

gagggggagt

aatggtacag

ggagaagatc

agtggtccag

ggagaagctc

ggaacactgy

ttattaccty

cagggtatca

agcaccaaga

gaggcataga

ctecagetggy

tgcctecatt

cttcgaacca

gacaacccat

tgtcattect

ggaagggtaa

ctcccttaga

agctgetetg

ttttcagcag

ggaggggcat

64

geectgaaac

gaacctgagce

tgcatttcag

ttteccactac

aaagagtcag

tttctttate

gatgaagccce

ggactcagaa

gactctaaaa

tcecagggaag

tctataggca

aagccatcga

accctgtgtyg

ctcctagecce

atactggtac

tgagatctag

aggtaaaggt

gttccagtge

agcctttcece
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32341

32401

32461

32521

32581

32641

32701

32761

32821

32881

32941

33001

33061

33121

33181

33241

33301

33361

33421

ttaaataaaa

agaggggaggy

cgggagctgt

gtgactggte

tgtaatcagyg

tcaatcctta

gccacccact

gcaggagece

aggagggaag

teagtcactt

tcetgettag

cgctetgece

aaaccaaaag

ccteecttee

catctgcecac

agatacctaa

gaaaacaagt

agggcttgag

cctgactggg

ctgggttety

ttcaggggag

taggaacaaa

acacatttac

tgaatctgec

catacagccece

agggaattca

gacccagaac

gactcacaaa

tcattgtttt

taagagagct

gacataggat

ccetttgaac

acttaacttg

agagetetge

agtctggagg

ctggecagtea

caggatgttyg

ctggtcaagy

-continued

ctgcattgcet

aatctacgtt

gtcecectag

aatgctctta

gcaaccaaga

ctcaggggct

ttctagaagy

acaaatcaga

caccacttet

gcaagaaaac

ggtgggaaca

tecttcaaag

ctggagecaa

agaagcagca

taagggcaag

tacacagctyg

ggtaggagag

cacagcagac

tctetaccty

gattcagtga

agcccactta

accagtctcet

ctggatcaca

tgggacatac

tgtcaaaggce

aagatattgg

gecactaatg

tgagatcaca

agagtttcat

gaggacaagg

aagcagatga

tgggcagaca

aaatatttta

tgcatgeeca

ccteectget

gtagectttt

tgaggctgac

gagacaaagc

tgattcctta

agatgtatta

acaggtggaa

gggaggaatg

ataacagttg

cctgtecagtyg

ggatagtcct

aatatacagce

ggctttatte

ctgagaatgt

aagacaagct

tctgaatace

gtactggcat

aaaatagtaa

atataagtac

tcagtggagg

cgtctetgtt

ctgggeectyg

tggtttcegyg

65

cttegtgeat

gagcagggaa

cectgaagtt

agagtceccty

tgaactggcet

aagcctectt

aggaaatacc

ctcagggeac

ctacaaccac

ctettatggy

cctetggece

ctetggagac

ctggcacaaa

attgttectg

tggggetteoe

ccctcacatce

ctgggttety

tectttetge

tcecagacayg
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33481 gagggtagtg

aggatgggca

33541 aagtttggag

gatggtcagg

33601 cageggtgge

catgtccecg

33661 aggtcatggt

ccectggggaa

33721 ccacagacct

caaaggettt

33781 catccacgca

gaggcctetyg

33841 aacatacctg

tggtgtggea

33901 atggggccaa

ttcagcacce

33961 ttagccagac

gtttcctect

34021 caagtcccetg

caacacactt

34081 gtctctttac

cctgctagag

34141 tttaaatgcc

ccatgagtet

34201 cagtttcate

ggtgactcta

34261 gggattaagt

aagtattcta

34321 gaaatgttgg
1

Human GSS Protein

1 matnwgsllg

tlfpslvpsa

61 llegayavgm

lkegiagtvE

121 1glnrsdymf

sktkeagkil

181 snnpskglal

nihvirrtfe

-continued
tgggtcaaca ctggccctca

caggaggaat cctaggtaaa

tgaagaggtg actgatgaca

cattctgage aatcttccga

ctagttactt ggtgaaagca

caccccacca ccaccaggcece

agcgggtttt aggcaagcca

tettttetet aactgtaace

ttttcaaaaa tcaaagtaga

cccacagaga cagectcagg

tectctcattt tatcettatgg

acctttctag cagtgtggec

atctttagea tgaaggtaac

ggggtaattc atttaaagca

ctattattat tatcctagtg

Sequence

dkggleelar gavdralaeg

dfnllvdavs gnaafleqtl

grsadgspal kgieintisa

giakawelyg spnalvllia

gcactcctga

ggtcaggatc

gatgggtcag

agcactegec

ctgacccace

tcagcccate

ggtgcattet

aacaaatcat

gatggettty

ttecactgett

aactcaggct

ttgggcaagt

aataagatct

cttagectag

ggagactagt

(SEQ ID NO:

vllrtsgept

ggtikqgddft

sfgglasrtp

gekernifdg

66

gggggcaaag

atgttcactyg

ccacagtaga

tcatgatttt

ctagecctyge

ccaatccatg

ggatgtagtc

caagcattte

ttceccacct

ctettgetet

gtagaatgag

gatttaactt

gtttcatgga

cggtggcaca

ggagac

ssevvsyapf

arlfdihkgv

avhrhvlsvl

raienellar

13)
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241

301

361

421

disekgsldg
aakcpdiatg
lagtkkvgge
iaealaapsr
fvlkpgregg
lrpgsparvv
qciselgifg

bypv

-continued

drrlfvdgge

lsrpgmleml

gnnlygeemv

vyvrgektlv

iavvyfrdgy

lpggpeavar

galkglkdse

mnkhvghllr

mprgyslgnw

lratfaglys

erasyilmek

tkaiehadgg

67

earlllersh

ldvgeegdga

iepepfencl

vaagvavldn

Mus musculus glutathione synthetase, mRNA (cDNA clone

MGC:6012 IMAGE:3593913),

1

61

121

181

241

301

361

421

481

541

601

661

721

841

ccecacgegte
gggcagcatce
ttgcaggatg
ggccctyggece
gagggegtgt
gacatatgce
ccattecacge
ctatgetgtg
cagatggact
cctggageaa
acactgtcta
tatctacaaa
caagtcctga
ctcagattac
atgtteccagt
caacactatce
tetgecaget
cgttctecaat
gtcctgaata
caagggactg
gecetgggga

ggtgctacty

attgctcaag
cgagctgcta
gacaggaaga
gggttctctyg
gaccaaaacc
ctteccgagat

ggctacatge

gctagagaga

cgcagctgga

agaagcagct

tgetgaggte

tttteeccte

tcaacatact

gcaccatcaa

aagagggcat

geggegeaga

ttgggggcct

agaccaaaga

togecaaage

agaaggaaag

teccatgteat

gaaggcetgtt

ccagtcagta

complete cds

caacgagcega

ggaagaactyg

cgcacageat

gccagtacee

ggtggatgct

aaaggacgac

tgcccagace

cggetecaaa

ggcecteccgy

agcttccaag

ctygggagete

gaacatattt

cecgtggaaga

tatggatgac

taattcacag

(SEQ ID NO: 15)

gttgggatgg

gcaaagcagyg

cceagetect

agtgctetge

gtcagccaga

tatactgece

gtgttcctgy

gccctgaaac

actccagetg

atcctgtcca

tatggeteay

gaccagegty

tttgaagatg

caggaagttg

aactgggaag

ctaccagctg

ccatagaccy

cegacgtggt

tggagcaggce

acccagcctt

gtctectttga

gcctgaateyg

agatcgagat

tgcaccgaca

ataaccccag

ctaatgeggt

ccgtagagaa

tetetgaaay

ctgtggtgta

cacgectgat
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961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

tctegtgetg
gaaggtgcag
caggaactga
cgaggetgty
gccegectee
agaaggggac
caggccattg
ccagagagag
ggtggaggta
gctgaaggac
agtgaggaga
ttttaggaat
tgcttgctac
gctgggtatt
tttggagtct
ggggcacety
cttcgaacca
ggcagtcctyg
gacaaccect
cttetatece
ctgtacttgg
ggagcttgte
tcttccatag
ccctcageag
ccttecagee
aggtccecag
atctttggag
cctgcaagte
ttecatggtet
gggtaggace
gagtgaagga

taaataaaat

-continued

ccaagtgtec

gcagggtggyg

gagccacctt

ctgaggccct

acaacttata

gagcctecta

ggcctggcag

atgtcagaca

aagccgtgga

accctgtgtyg

cacteccetett

acctccaaaa

gaggaccaga

tgtgggaatg

tetcaccage

ggaagagggt

1861 aacaatgctg attcaaaaaa

Glutathione gynthetase (GSS)
Sequence

1 matswgsilg dekqgleelak

tlfpspvpsa

61 llegayavgm dfnilvdavs

lkegiagtvE

agacattgec

tetgetggaa

tgctggecte

tgctgetect

cggggaagaa

catccteatg

ccctgceccaa

gggaacaaca

gcatgcagac

aaggecgecat

ctgaggggtt

cttcagggaa

aaagctatga

gaagctgett

ctttcecagea

aaaagggcac

aaaaaaaaa

[Mus musculus] Protein

atacagetygg

gcactgcetee

tattcactgg

agccactttyg

atggtacaag

gagaagattyg

gtggtccagt

ctggtgatga

ggaggtgtgg

ctggacttea

gceectgtee

gggaaaaccc

ttccattaga

tgaggcaaag

ggttctagtyg

agacttcecee

(SEQ ID NO:

68

ctgggactaa

cgggecagec

acatgggtga

tgctgaagce

ctetggagea

aacctgagce

gtatctegga

acaagcatgt

cggcaggagt

cteaggagge

ctatcttagy

agggtatett

agacttctgg

gctcataaac

cettgacetyg

agctetgece

qaidralaeg vllrsaghps ssdvvtyapf

gnpafleqtl sstikkddyt arlfdiykqgv

16)
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121

181

241

301

361

421

lglnrsdymf
nktkeaskil
snnpskglal
kihvirgrfe
dvsergsldg
aakcpdiaiq
lagtkkvgge
iaealaapsh
fvlkpgregg
lrpgspaqvv
qciselgifyg

pypv

-continued
gegadgskal kgieintisa

giakawelyg sanavvllia

nrrlfmddge vavvyfrdgy

lsrvglleal lpggpeavar

gnnlygeemv dgaleglkdse

vyvrqgttlv mnkhvghllr

sfgglasrtp

gekernifdg

mp sgynsqnw

lratfaglys

erasyilmek

tkavehadgg

69

avhrhvlnvl

ravenelldr

earlmlersr

ldmgeegdga

iepepfrncl

vaagvavldn

Jan. 18,2024

SEQUENCE

Sequence total quantity: 40
moltype = AA length = 725

SEQ ID

NO: 1

FEATURE

gsource

SEQUENCE: 1

MGPRASLSRL
VLLLEGIHRE
GPSDEPPRPQ
DQELAAVLEC
SPGVPGEPCA
FPQLSRLKAH
SSHLSKHLLT
VLCSHCGQSF
HLVAHRRVHT
HLLTHGGPRP
HTGEKPHACD
GQEQAEPPQE

RETLY

SEQ ID

NO: 2

FEATURE

source

SEQUENCE: 2

gtacaaaaaa
geteegggag
ggagetgetyg
gcaggggeayg
ggagcccagce
tgcagacgtce
gaaggaattg
ccagccaagg
gcagecgetg
gggeeectea
gtgectgacce
cggaagcaga
gcecactece
cgeccagteyg
tggcagcagt
gttgcagtte
gcaccagctg
ctteggeege
cgectgecac
gacccactee
cgccagectt

LISTING

Location/Qualifiers

1..725

mol type = protein
organism = Homo sapiens

RELCGHWLRP ALHTKKQILE LLVLEQFLSV
PSHAGPLDFS CNAGKSCPRA DVTLEEKGCA
PRAAQPAEPG QWRLPPSSKQ PLSPGPQKTF
LTFEDVPENK AWPAHPLGFG SRTPDKEEFK
QSLGRGAAAS GPGEDGSLLG SSEILEVKVA
QLRSHPAGRS FLCLCCGKSF GRSSILKLHM
HSSEPAFLCA ECGRGFQRRA SLVQHLLAHA
QRRSSLKRHL RIHARDKDRR SSEGSGSRRR
GERPFSCQAC GRSFTQSSQL VSHQRVHTGE
HHCTQCGKSF GQTQDLARHQ RSHTGEKPCR
TCGHRFRNSS NLARHRRSHT GERPYSCQTC
CVECGKSFSR SCNLLRHLLV HTGARPYSCT

LPPHLLGRLQ GQPLRDGEEV
SQVPSHSPKK ELPAEEPSVL
QALQESSPQG PSPWPEESSR
QEEPKGAAWP TPILAESQAD
EGVPEPNPEL QFICADCGVS
RTHTDERPHA CHLCGHRFRQ
QDQKPPCAPE SKAEAPPLTD
DSDRRPFVCS DCGKAFRRSE
KPYACPQCGK RFVRRASLAR
CSECGEGFSQ SAHLARHQRI
GRSFRRNAHL RRHLATHAEP
QCGRSFSRNS HLLRHLRTHA

moltype = DNA length = 2239
Location/Qualifiers

1..2239

mol type = unassigned DNA
organism = Homo sapiens

gcagaagggc cgtcaaggcc caccatgggg
ctetgeggee actggcetgeg geecggctetg

gtgctggage agttectgag tgtgetgect
ccgeteaggyg atggggagga ggtggtgety
cacgcgggge cgetggattt tagttgtaat
accttggagg aaaaggggtg tgcttcccag
cctgcggaag agecttcagt getgggecca
gctgeccage ctgctgagece gggacagtgg
ageeegyggge cccagaagac attccaggece
ccatggecag aggagagtte cegagatceag
tttgaggatg tgccagagaa taaggcgtgg
acccecagaca aggaggaatt taaacaagaa
atcttagcag agteccaggce agatagtect
cteggacggg gcgetgegge tageggecect
gaaattttgg aggtcaaagt ggctgagggce
atctgegegg actgcggggt gagettceecg
cgetegeace cggetgggeg ctecttecetg
agctccatte tcaagcetgea catgcegcact
ctgtgeggee accgetteeg ccagageteg
tecgaacceg ccttectgty cgeagagtge
gtgcagcacc tgctggegca cgcccaggac

ccacgggegt cectgagecyg
cacaccaaga aacagatcct
cecgeacctee tgggecgect
ctgctcgagg gcatccaccg
gctggcaaga gttgtecceg
gtcececagee acagcecccaa
tcggatgage ctceccgacce
aggctteeec caagttcaaa
ctgcaagaaa gcagtceeca
gagetggegy ctgtgetgga
cectgecacace ceectgggatt
gagccecaaag gggctgectyg
ggggtgecegy gagagectty
ggcgaagatyg ggteccttet
gtceecgage ccaatccgga
cagctgtete gectgaaggce
tgectttget gegggaagag
cacacggacg agcggccgcea
cacctgageca agcacctget
ggeegegget tecagegeey
cagaagccge cctgegetee

60

120
180
240
300
360
420
480
540
600
660
720
725

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
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-continued

tgagagtaag gccgaagege cgecactgac cgatgteetg tgeteccact geggecagag 1320
ctteocecagege cgetecagece tcaagegeca cetgeggate cacgecaggg acaaggaccg 1380
ceggtectee gaaggeteeg geagecgeeg cegggactee gaceggagge ccettegtgtyg 1440
cagcgactge ggcaaggcct tccggcgcag cgagcacctg gtggecccacce ggagggtgca 1500
cacgggcgag cggcccttet cctgeccagge ttgeggcege agcttcacge agagctcgca 1560
gcetggtceage caccaacggyg tgcacacggg cgagaagece tacgectgte cgcagtgegg 1620
gaagcgcttt gtgcgccggyg ccagecttge ccgecaccty ctgacccacyg gtggcecteg 1680
gccecaccac tgcacccagt gcgggaagag ttteggcecag acccaggatce tggcececgeca 1740
ccagcgcage cacacgggeg agaagccctg ccgetgcage gagtgceggtg agggcttcag 1800
ccagagcgee cacctggege gccaccageg catccacaca ggggagaagce cccacgcectg 1860
cgacacctge ggecacegtt tcegcaatag ctecaacctg geeegecate geegcageca 1920
cacgggcgag cggccctaca gctgtecagac gtgeggtege agettecegge gcaacgegea 1980
tetgeggegy cacctggeta cccatgegga geeegggeag gageaggeeg ageccecgea 2040
ggagtgcgtg gagtgcggga agagcttcag ccgcagctge aatctgctge gacacctget 2100
ggtgcacacg ggcgccagge cctactcctg cacgcagtgt ggeccgcaget tcagccgcaa 2160
cteccaccetg ctgegecace tgegeaccea cgeecgcgag acgctgtact agggectcat 2220
gggcccaget ttettgtac 2239
SEQ ID NO: 3 moltype = DNA length = 2178
FEATURE Location/Qualifiers
gource 1..2178

mol type = unassigned DNA

organism = Homo sapiens
SEQUENCE :
atggggccac gggcgtccct gageccggctce cgggagctcet gcggecactg gctgeggecg 60
gctetgcaca ccaagaaaca gatcctggag ctgctggtge tggagcagtt cctgagtgtg 120
ctgccteege acctectggg ccgectgecag gggcagceege tcagggatgy ggaggaggtyg 180
gtgctgctge tcgagggcat ccaccgggag cccagecacg cggggecgcet ggattttagt 240
tgtaatgcetg gcaagagttg tccecgtgeca gacgtcacct tggaggaaaa ggggtgtget 300
tcecaggtee ccagccacag ccccaagaag gaattgectg cggaagagec ttcagtgetg 360
ggcececategg atgagcectcee ccgaccccag ccaagggetg cccagectge tgageeggga 420
cagtggagge tteecccaag ttcaaagcag ccgetgagece cggggeccca gaagacatte 480
caggcectge aagaaageag tccecaggge cectcaccat ggecagagga gagtteccega 540
gatcaggagc tggcggctgt gctggagtge ctgacctttg aggatgtgcc agagaataag 600
gcgtggectyg cacacccect gggattcgga agcagaacce cagacaagga ggaatttaaa 660
caagaagagc ccaaaggggdc tgectggecce actceccatet tagcagagte ccaggcagat 720
agtcetgggyg tgecgggaga gecttgegece cagtcgcteg gacggggcege tgeggctage 780
ggcecetggeg aagatgggte ccttettgge agcagtgaaa ttttggaggt caaagtgget 840
gagggcgtce ccgagceccaa tccggagttg cagttcatcet gegeggactyg cggggtgage 900
ttecegecage tgtetegect gaaggcegcac cagcetgcget cgecacccgge tgggegetee 960
tteccotgtgee tttgetgegg gaagagctte ggccgcagcet ccattctcaa getgecacatg 1020
cgeactcaca cggacgageg gccgeacgece tgecacctgt geggecaceg cttecgecag 1080
agctcgcace tgagcaagca cctgetgace cactcectecg aaccegectt cctgtgegea 1140
gagtgcggcce geggctteca gegecgegece agecttgtge agcacctget ggcegcacgece 1200
caggaccaga agccgccctg cgctectgag agtaaggccg aagcgccgcce actgaccgat 1260
gtcectgtget cccactgegg ccagagette cagcgccget ccagectcaa gcgecacctg 1320
cggatccacyg ccagggacaa ggaccgcegg tectcecgaag geteeggcag cegecgcecgyg 1380
gactccgace ggaggccctt cgtgtgcage gactgeggca aggccttcecg gegcagegag 1440
cacctggtgg cccaccggag ggtgcacacg ggcgagcegge ccttetectg ccaggettge 1500
ggcecgcagcet tcacgcagag ctcgcagctg gtcagecacce aacgggtgca cacgggcgag 1560
aagccctacg cctgtecegea gtgegggaag cgetttgtge gecgggecag ccttgecege 1620
cacctgcetga cccacggtgg cccteggece caccactgea cccagtgegg gaagagttte 1680
ggccagacce aggatctgge ccgecaccag cgcagecaca cgggegagaa gecctgeege 1740
tgcagcgagt gcggtgaggg cttcagccag agcgcccace tggcgegcca ccagcgcatce 1800
cacacagggg agaagcccca cgcctgcgac acctgcggece accgtttccg caatagectcce 1860
aacctggece gcecatcgeceg cagcecacacg ggcgagegge cctacagetyg tcagacgtge 1920
ggtcgcagcet tccggcegcaa cgecgeatctyg cggeggcace tggctaccca tgcggagecce 1980
gggcaggagce aggccgagcece cccgcaggag tgcgtggagt gcgggaagag cttcageege 2040
agctgcaatc tgctgcgaca cctgetggtg cacacgggcg ccaggcccta ctecctgcacg 2100
cagtgtggce gcagcttcag ccgcaactece cacctgctge gccacctgeg cacccacgee 2160
cgcgagacge tgtactag 2178
SEQ ID NO: 4 moltype = AA length = 725
FEATURE Location/Qualifiers
source 1..725

mol type = protein

organism = Homo sapiens
SEQUENCE :
MGPRASLSRL RELCGHWLRP ALHTKKQILE LLVLEQFLSV LPPHLLGRLQ GQPLRDGEEV 60
VLLLEGIHRE PSHAGPLDFS CNAGKSCPRA DVTLEEKGCA SQVPSHSPKK ELPAEEPSVL 120
GPSDEPPRPQ PRAAQPAEPG QWRLPPSSKQ PLSPGPQKTF QALQESSPQG PSPWPEESSR 180
DQELAAVLEC LTFEDVPENK AWPAHPLGFG SRTPDKEEFK QEEPKGAAWP TPILAESQAD 240
SPGVPGEPCA QSLGRGAAAS GPGEDGSLLG SSEILEVKVA EGVPEPNPEL QFICADCGVS 300
FPQLSRLKAH QLRSHPAGRS FLCLCCGKSF GRSSILKLHM RTHTDERPHA CHLCGHRFRQ 360
SSHLSKHLLT HSSEPAFLCA ECGRGFQRRA SLVQHLLAHA QDQKPPCAPE SKAEAPPLTD 420
VLCSHCGQSF QRRSSLKRHL RIHARDKDRR SSEGSGSRRR DSDRRPFVCS DCGKAFRRSE 480
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71

-continued

HLVAHRRVHT GERPFSCQAC GRSFTQSSQL VSHQRVHTGE KPYACPQCGK RFVRRASLAR 540
HLLTHGGPRP HHCTQCGKSF GQTQDLARHQ RSHTGEKPCR CSECGEGFSQ SAHLARHQRI 600
HTGEKPHACD TCGHRFRNSS NLARHRRSHT GERPYSCQTC GRSFRRNAHL RRHLATHAEP 660
GQEQAEPPQE CVECGKSFSR SCNLLRHLLV HTGARPYSCT QCGRSFSRNS HLLRHLRTHA 720
RETLY 725
SEQ ID NO: 5 moltype = AA length = 782
FEATURE Location/Qualifiers
source 1..782

mol_type = protein

crganism = Mus musculus
SEQUENCE: 5
MLAEPVPDAL EQEHPGAVKL EEDEVGEEDP RLAESRPRPE VAHQLFRCFQ YQEDMGPRAS 60
LGRLRELCNH WLRPALHTKK QILELLVLEQ FLSVLPPHVL SRLHGQPLRD GEEVVQLLEG 120
VPRDISHMGP LDFSFSAGKN APADIISEEQ NSPSQVPSHS PQTELPSEEI PALHPLNELP 180
PPQPAPIRPA EPEEWRLAPS SNWPMSPEPQ EILQDPRESN PSQGPSWLEE NSRDQELAAV 240
LESLTFEDTS EKRAWPANPL GFGSRMPDNE ELKVEEPKVT TWPVVIGAES QTEKPEVAGE 300
PLTQTVGQET SSTGWGGTPA DGSEVVKVRG ASDAPEPQGE MQFICTYCGV NFPEMSHLQA 360
HQLQSHPNLQ PHPSSRSFRC LWCGKTFGRS SILKLHMRTH TDERPHACHL CNRRFRQSSH 420
LTKHLLTHSS EPAFRCAECN QGFQRRSSLM QHLLAHAQGK NLTPNPEGKT KVPEMAAVLC 480
SHCGQTFKRR SSLKRHLRNH AKDKDHLSSE DPGSLSSSQE SNPYVCSDCG KAFRQSEQLM 540
IHTRRVHTRE RPFSCQVCGR CFTQNSQLIS HQQIHTGEKP HACPQCSKRF VRRAGLARHL 600
LTHGSLRPYH CAQCGKSFRQ MRDLTRHVRC HTGEKPCRCN ECGEGFTQNA HLARHQRIHT 660
GEKPHACDIC GHRFRNSSNL ARHRRSHTGE RPYSCPTCGR SFRRNAHLQR HLITHTGSKQ 720
EKEVPQECPE CGKSFNRSCN LLRHLLVHTG ARPYSCALCG RSFSRNSHLL RHLRTHARES 780
Ly 782
SEQ ID NO: 6 moltype = DNA length = 2410
FEATURE Location/Qualifiers
gource 1..2410

mol _type = unassigned DNA

organism = Mus musculus
SEQUENCE: 6
gtacaaaaaa gcagaagggc cgtcaaggcc caccatgctg gcggaaccag tccctgatge 60
cctggaacaa gagcatcccg gagcagtgaa gttggaggag gatgaagttg gcgaggagga 120
tcecaggete gcagagteca ggectaggece tgaggtggece caccagettt tcagatgett 180
ccagtatcag gaagatatgg ggccacgggce atccocctggge cggetcecggyg aactctgcaa 240
ccactggetg cgaccggete tgcacaccaa gaagcagatc ctggagcetge tggtactgga 300
gcagttcetg agtgtectge cceccgeatgt getgagecgg ctgcacggee aaccgctceeg 360
ggacggagag gaggtggtac agctattgga gggcgtgcce agagacatca gccacatggg 420
gccactggat tttagcttca gtgectggcaa gaatgeccct gcagacatca tctcagagga 480
acaaaatage cctteccagg tcececageca cageccecag acggagttge cctcagaaga 540
gattccagee ctacatccac tgaatgagtt accteccacct cagecagcac ccataaggec 600
tgctgagect gaggagtgga gactggcccce cagttcaaat tggccaatga gcccagagcce 660
ccaggagata ctccaggacc cacgagaaag caacccttcc cagggccctt catggecttga 720
ggaaaattce agagaccaag agetggegge tgtgttggag tecctcacct ttgaggatac 780
ctcagagaag agagcttggc ctgcaaaccc tcttggattt ggaagcagaa tgectgacaa 840
tgaggaactt aaagttgaag agcctaaagt gactacttgg cctgtcgtea ttggagcaga 900
gtcccagaca gagaaacctg aagttgcagg agagectctt acgcaaactyg tagggcagga 960
gaccagcagc actggttggg gaggtactcc tgctgacggce agtgaagttg tgaaggttag 1020
aggagcttce gatgecccag agececcaggg ggagatgcag ttcatatgta catattgtgg 1080
ggtaaactte ccagagatgt ctcatctaca ggcccaccag ttacaatcte acceccaactt 1140
gcaacctcac ccaagctete gatectteeg atgtetgtgg tgtgggaaga cttttggacg 1200
cagctcgate ctcaagctge acatgcgcac tcacacagac gagcggccgce acgcctgtca 1260
tctetgcaac cgecgettece geccagagctce acacctgacg aagcacttge taacgcatte 1320
ctctgagect gcecttecgat gcgecgagtg taaccagggt tttcagecgtc gctccagect 1380
catgcagcac ctgctggcac atgcccaggg aaagaatctce acgccaaatc cagaaggcaa 1440
gacaaaagtyg ccagagatgg cagctgtcct ctgttecccac tgcgggcaga ccttcaageg 1500
gcgctctage ttaaagcgtce acctgcgtaa ccatgccaag gacaaggacc atctgtecctce 1560
tgaagaccct ggcagecctta gctctagcca ggagagtaac ccctatgtgt gtagtgactg 1620
tggcaaggee ttecgacaaa gcgagcaact aatgatccac actaggegag tccatacceg 1680
tgaacgacce ttetectgece aggtetgtgg ccgetgettt acccaaaatt cccagetgat 1740
cagccaccag cagattcata cgggtgagaa gcctcacgce tgtcctcagt gcagcaaacg 1800
ctttgtgaga cgagetggece ttgcteggca tectgttgace cacggtagece tecggectta 1860
ccactgtgce caatgtggca aaagctttcg ccaaatgcga gacctaaccce geccacgtacg 1920
ctgccacacg ggggagaagce cctgcecgatg caacgaatgt ggagaggggt tcacccagaa 1980
tgeccacety geacgecace aacgeateca cacgggggag aagecccacyg cctgtgacat 2040
ctgtggtcac cgctttegta acagctccaa cttggccege caccgecgca gccacactgg 2100
cgaacggcce tatagctgtc caacctgtgg ccgcagttte cggcgcaatg cgcacctgca 2160
gcgecacctyg atcacacaca cagggtcaaa gcaagaaaag gaagttcectc aggagtgecc 2220
tgagtgtgge aagagcttca atcgcagetg caacttgetg cgccacctge tggttcacac 2280
cggtgcaagg ccttactcct gtgcactgtg tggccgcage ttcageccgta attcacacct 2340
gctgegcecac ctgcgaacce atgcccggga atcgetgtac tagggectca tgggeccage 2400
tttcttgtac 2410
SEQ ID NO: 7 moltype = DNA length = 2349
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-continued

FEATURE Location/Qualifiers
gource 1..2349

mol type = unassigned DNA

organism = Mus musculus
SEQUENCE: 7
atgctggegyg aaccagtecee tgatgecctg gaacaagage atcccggage agtgaagttyg 60
gaggaggatyg aagttggcga ggaggatccce aggctegcag agtccaggece taggectgag 120
gtggcccace agettttcag atgcttcecag tatcaggaag atatggggece acgggcatcc 180
ctgggecgge tcegggaact ctgcaaccac tggcetgcgac cggctctgea caccaagaag 240
cagatcctgg agetgetggt actggagcag ttectgagtg tcetgceccee gcatgtgetg 300
agecggetge acggccaace gctecgggac ggagaggagg tggtacaget attggaggge 360
gtgcecagag acatcageca catggggeca ctggatttta gettecagtge tggcaagaat 420
geceetgeag acatcatete agaggaacaa aatagecctt cccaggtece cagecacage 480
ccccagacgg agttgcccte agaagagatt ccagccctac atccactgaa tgagttacct 540
ccacctcage cagcacccat aaggcctgct gagcctgagg agtggagact ggcccccagt 600
tcaaattggce caatgagecee agagecccag gagatactece aggacccacyg agaaagcaac 660
cctteeccagg geecttecatyg gettgaggaa aattccagag accaagaget ggeggetgtg 720
ttggagtcee tcacctttga ggatacctca gagaagagag cttggcectge aaaccctett 780
ggatttggaa gcagaatgcc tgacaatgag gaacttaaag ttgaagagcc taaagtgact 840
acttggcetg tcgtcattgg agcagagtcce cagacagaga aacctgaagt tgcaggagag 900
ccteottacge aaactgtagg gcaggagacce agcagcactg gttggggagg tactcctget 960
gacggcagtyg aagttgtgaa ggttagagga gecttecgatg ccccagagec ccagggggag 1020
atgcagttca tatgtacata ttgtggggta aacttcccag agatgtctca tctacaggee 1080
caccagttac aatctcaccc caacttgcaa cctcacccaa gctctecgatce ctteccgatgt 1140
ctgtggtgtg ggaagacttt tggacgcagc tcgatcctca agctgcacat gcgcactcac 1200
acagacgagc ggcecgcacge ctgtcatcte tgcaaccgee gettecgeca gagetcacac 1260
ctgacgaagce acttgctaac gcattcctcet gagectgect tecgatgcge cgagtgtaac 1320
cagggtttte agcgtcgete cagcctcatg cagcacctge tggcacatge ccagggaaag 1380
aatctcacgc caaatccaga aggcaagaca aaagtgccag agatggcagc tgtcctctgt 1440
tceccactgeg ggcagacctt caagecggcgce tctagettaa agcegtcacct gegtaaccat 1500
gccaaggaca aggaccatct gtcctectgaa gaccctggca gecttagetce tagccaggag 1560
agtaacccet atgtgtgtag tgactgtgge aaggecttece gacaaagcga gcaactaatg 1620
atccacacta ggegagtceca taccegtgaa cgacccettet cctgecaggt ctgtggecge 1680
tgctttacce aaaattccca gctgatcage caccagcaga ttcatacggg tgagaagcct 1740
cacgcctgte ctcagtgcag caaacgcttt gtgagacgag ctggecttge tcggcatctg 1800
ttgacccacg gtagectecg gecttaccac tgtgeccaat gtggcaaaag ctttegecaa 1860
atgcgagace taacccgeca cgtacgctgce cacacggggy agaagccectyg ccgatgcaac 1920
gaatgtggag aggggttcac ccagaatgcce cacctggcac gccaccaacg catccacacg 1980
ggggagaagc cccacgcctg tgacatctgt ggtcaccget ttcecgtaacag ctccaacttg 2040
gcecegecace gcecgeageca cactggegaa cggccctata gctgtecaac ctgtggeege 2100
agtttecgge gcaatgegea cctgcagege cacctgatca cacacacagg gtcaaagcaa 2160
gaaaaggaag ttcctcagga gtgecctgag tgtggcaaga gcttcaateg cagetgcaac 2220
ttgetgegee acctgetggt tcacaccggt gcaaggecett actectgtge actgtgtgge 2280
cgcagcttca gcecgtaattce acacctgctg cgccacctge gaacccatge ccgggaatcg 2340
ctgtactag 2349
SEQ ID NO: 8 moltype = AA length = 782
FEATURE Location/Qualifiers
source 1..782

mol_type = protein

organism = Mus musculus
SEQUENCE: 8
MLAEPVPDAL EQEHPGAVKL EEDEVGEEDP RLAESRPRPE VAHQLFRCFQ YQEDMGPRAS 60
LGRLRELCNH WLRPALHTKK QILELLVLEQ FLSVLPPHVL SRLHGQPLRD GEEVVQLLEG 120
VPRDISHMGP LDFSFSAGKN APADIISEEQ NSPSQVPSHS PQTELPSEEI PALHPLNELP 180
PPQPAPIRPA EPEEWRLAPS SNWPMSPEPQ EILQDPRESN PSQGPSWLEE NSRDQELAAV 240
LESLTFEDTS EKRAWPANPL GFGSRMPDNE ELKVEEPKVT TWPVVIGAES QTEKPEVAGE 300
PLTQTVGQET SSTGWGGTPA DGSEVVKVRG ASDAPEPQGE MQFICTYCGV NFPEMSHLQA 360
HQLQSHPNLQ PHPSSRSFRC LWCGKTFGRS SILKLHMRTH TDERPHACHL CNRRFRQSSH 420
LTKHLLTHSS EPAFRCAECN QGFQRRSSLM QHLLAHAQGK NLTPNPEGKT KVPEMAAVLC 480
SHCGQTFKRR SSLKRHLRNH AKDKDHLSSE DPGSLSSSQE SNPYVCSDCG KAFRQSEQLM 540
IHTRRVHTRE RPFSCQVCGR CFTQNSQLIS HQQIHTGEKP HACPQCSKRF VRRAGLARHL 600
LTHGSLRPYH CAQCGKSFRQ MRDLTRHVRC HTGEKPCRCN ECGEGFTQNA HLARHQRIHT 660
GEKPHACDIC GHRFRNSSNL ARHRRSHTGE RPYSCPTCGR SFRRNAHLQR HLITHTGSKQ 720
EKEVPQECPE CGKSFNRSCN LLRHLLVHTG ARPYSCALCG RSFSRNSHLL RHLRTHARES 780
LY 782
SEQ ID NO: 9 moltype = DNA length = 1105
FEATURE Location/Qualifiers
source 1..1105

mol type = unassigned DNA

organism = Homo sapiens
SEQUENCE: 9
cttgttcaaa cagcacttac aggtggggac ctgtttttge taagtcatcc tggggatget 60
caaagcteca ttgttagate ctttetgtec teettectgg ctectectte cteeccacce 120
ctctaatagg ctcataagtg ggctcaggcc tctctgecggg gctcactctg cgettcacca 180
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tggcttteat tgccaagtec ttetatgacce tcagtgccat cagectggat ggggagaagg 240
tagatttcaa tacgttcegg ggcagggecg tgetgattga gaatgtgget tegetcetgag 300
geacaaccace ccgggactte acccagetea acgagetgea atgeegettt cccaggegece 360
tggtggtcct tggcttccct tgcaaccaat ttggacatca ggagaactgt cagaatgagg 420
agatcctgaa cagtctcaag tatgtccgte ctgggggtgg ataccagccc accttcaccce 480
ttgtccaaaa atgtgaggtyg aatgggcaga acgagcatcec tgtettcgece tacctgaagg 540
acaagcteee ctacccttat gatgacccat tttececteat gaccgatcce aagctcatca 600
tttggagcee tgtgcgcege tcagatgtgg cctggaactt tgagaagtte ctcataggge 660
cggagggaga gcecttcega cgctacagec gcacctteec aaccatcaac attgagectg 720
acatcaagcg cctecttaaa gttgccatat agatgtgaac tgctcaacac acagatctce 780
tactccatce agtectgagg agecttagga tgcagcatge cttcaggaga cactgcetgga 840
cctcageatt cecttgatat cagtccectt cactgcagag ccttgecttt ccectetgee 900
tgtttecttt teetetecca accetetggt tggtgattea acttgggete caagacttgg 960
gtaagctctg ggcecttcaca gaatgatgge accttcctaa accctcatgg gtggtgtetg 1020
agaggcgtga agggcctgga gccactctge tagaagagac caataaaggg caggtgtgga 1080
aacggccaaa aaaaaaaaaa aaaaa 1105
SEQ ID NO: 10 moltype = DNA length = 1071
FEATURE Location/Qualifiers
source 1..1071

mol type = unassigned DNA

organism = Homo sapiens
SEQUENCE: 10
gctacagect tgttcaaaca gttcacaggt gggtacctgt tttttgctaa gtcatccegg 60
gaatgctcaa aggccctttg tgaagtcctt tceggtcttet ceggetccte ctttettece 120
accggtctaa aggacttaag gaggctcaca gagcagggca gggctcactyg ctettcagea 180
tggcttacat tgccaagteg ttctacgatce tcagtgcegt tggectggat ggggagaaga 240
tagacttcaa tacgttcaga ggcagggctg tgctgattga gaatgtggeg tcactctgag 300
gaacaactac ccgggactac aaccagctca atgagctgca atgtegettt cccaggegec 360
tggtagttcet cggettcect tgcaaccagt tcggacatca ggagaactgt cagaacgagg 420
agatcctgaa cagectcaag tatgtcecgac ctgggggtgg gtaccagecce acctttagte 480
ttacccaaaa gtgtgacgtc aatgggcaga acgagcatec tgtetttgece tacctgaaag 540
acaagetgee ctaccettat gatgaccegt teteccteat gaccgatece aagetcatca 600
tatggagtce cgtgegccge tcagacgtgt cctggaactt tgagaagttc ctcataggge 660
cagaagggga gcccttccegt cgctacagcc gcagcttcca gaccatcaac atcgagectg 720
acatcaaacg gctectcaaa gttgcecatet agatgagage tgctcagecce aggaatctee 780
cactgtttec cctgagcagt cttectcagg gctcagtgta ccctegggag accctgggayg 840
accaaggcat tcectgaata tcgtcccctt gecttcccta ceggecattt cctttagete 900
cctcaagget cttggggagt ttgettgggg ctctaagtet ggggtaggtt ctgggectte 960
acagaatgat ggcatcttcc taaacccttc tgggagatgt ctgagaagtt gtgaagggtc 1020
cagagccagt ctgctttaga gtccaataaa gtgtaggtgt ggcaatgaaa a 1071
SEQ ID NO: 11 moltype = DNA length = 1491
FEATURE Location/Qualifiers
source 1..1491

mol type = unassigned DNA

organism = Homo sapiens
SEQUENCE: 11
atggggacac agaaggtcac cccagctctg atatttgcca tcacagttge tacaatcgge 60
tctttecaat ttggctacaa cactggggtc atcaatgctc ctgagaagat cataaaggaa 120
tttatcaata aaactttgac ggacaaggga aatgccccac cctetgaggt getgetcacg 180
tetetetggt cettgtetgt ggecatattt tcegtegggg gtatgategg ctecttttee 240
gtcggactet tegtcaaccg ctttggecagg cgcaattcaa tgetgattgt caacetgttg 300
gctgtcactg gtggctgett tatgggactg tgtaaagtag ctaagtcggt tgaaatgctg 360
atcctgggte gcttggttat tggectcectte tgcggactct gcacaggttt tgtgcccatg 420
tacattggag agatctcgece tactgecctg cggggtgect ttggcactet caaccagetyg 480
ggcatcgttyg ttggaattct ggtggcccag atctttggte tggaattcat ccttgggtet 540
gaagagctat ggccgctgcet actgggtttt accatcctte ctgctatcct acaaagtgca 600
gceccttecat tttgecctga aagtcccaga tttttgctca ttaacagaaa agaagaggag 660
aatgctaagc agatcctcca geggttgtgg ggcacccagg atgtatccca agacatccag 720
gagatgaaag atgagagtgc aaggatgtca caagaaaagc aagtcaccgt gctagagetc 780
tttagagtgt ccagctaceg acagcccatce atcattteca ttgtgeteca getetetcag 840
cagctectetg ggatcaatge tgtgttctat tactcaacag gaatcttcaa ggatgcaggt 900
gttcaagagce ccatctatge caccatcgge gogggtgtgg ttaatactat cttcactgta 960
gtttctctat ttctggtgga aagggcagga agaaggactc tgcatatgat aggccttgga 1020
gggatggcett tttgttccac gctcatgact gtttetttgt tattaaagga taactataat 1080
gggatgagcet ttgtetgtat tggggctate ttggtetttyg tagecettett tgaaattgga 1140
ccaggcccca ttecctggtt tattgtggec gaactcttca gccagggcecce ccgcccaget 1200
gcgatggcayg tggccggctyg ctccaactgg acctccaact tcoctagtegg attgetette 1260
ccecteecgetg ctcactattt aggagcectac gtttttatta tcecttcaccgg cttectcatt 1320
accttettgg cttttacctt cttcaaagte cctgagacce gtggecaggac ttttgaggat 1380
atcacacggg cctttgaagg gcaggcacac ggtgcagata gatctggaaa ggacggcgtc 1440
atggagatga acagcatcga gcctgctaag gagaccacca ccaatgtcta a 1491
SEQ ID NO: 12 moltype = DNA length = 1482
FEATURE Location/Qualifiers
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gource 1..1482

mol type = unassigned DNA

organism = Mus musculus
SEQUENCE: 12
atggggacaa cgaaggtgac cccatctctg gtgttcgecg tgactgttge cacgatcgge 60
tctttecagt ttggctacaa cactggagtce atcaatgcac ctgagacaat cctaaaggac 120
tttcttaact acactttgga agagcggtta gaagacctac caagtgaggyg actgctgact 180
gcectetggt ccttatgtgt ggccatctte tectgttggtyg gcatgattgg ctcetttttet 240
gttggactct ttgtcaaccg ctttggcaga cgcaactcta tgcttctagt caacttgetg 300
gccatcattg cgggetgect tatgggattce gccaagatag cggagtctgt tgaaatgctg 360
atcctgggee gettactecat tggeatttte tgtggectgt gecacgggett tgtgectatg 420
tacattggag aggtgtctec cactgecectt cggggtgeat ttggcacact aaaccagctg 480
ggcategtty ttgggattcet ggtagetcag atcetttggtt tggactttat tetgggetet 540
gaagaactgt ggcctgggct ccttggctta accatcattc cagctatcct gcaaagcgca 600
gcccttecat tttgccectga gagtccaaga ttcttgctca ttaacaaaaa ggaggaagac 660
caagctacag agatcctgca gegettgtgg ggeacctegg acgtggteca ggagatccag 720
gagatgaagg atgagagtgt tcggatgtca caggagaagce aggtgactgt gctggagetc 780
ttcaggtcac ccaactacgt ccagccgett ctecatcteca ttgtecteca getgtctcag 840
cagctctetg ggatcaatgce tgtgttctat tactcaacag gaatcttcaa ggacgcegggt 900
gtccaggaac cgatctatge cacgattgga gcaggcgtgg tcaatactat cttcactgta 960
gtttctetgt tcectggtgga gagggcaggg aggagaaccce tgcatatgat aggectggga 1020
ggcatggetyg tttgcteegt tttcatgacyg atttecgetgt tactaaagga tgactatgaa 1080
gccatgaget ttgtetgtat tgtggcetate ttgatctacg tagecttett tgagattgga 1140
cctggcccca ttecctggtt tattgtgget gagetcttca gccagggcce ccgcccaget 1200
gccattgegg tggctggetg ttgtaactgg acctccaact ttetggtegg aatgetectte 1260
ccctcagetg cagectactt aggagcctac gtttttatca tcttegetge cttectcate 1320
ttcttectaa tettecacctt cttcaaagtce ccggagacca aaggcaggac tttegaggac 1380
attgceceggg ccttegaggg gcaggcegcac tctggaaaag gccctgecgg tgtggagttg 1440

aacagcatgc agccggtcaa ggagacccct ggcaacgcct ga 1482
SEQ ID NO: 13 moltype = AA length = 474

FEATURE Location/Qualifiers

gource 1..474

mol type = protein

organism = Homo sapiens
SEQUENCE: 13
MATNWGSLLQ DKQQLEELAR QAVDRALAEG VLLRTSQEPT SSEVVSYAPF TLFPSLVPSA 60
LLEQAYAVQM DFNLLVDAVS QNAAFLEQTL SSTIKQDDFT ARLFDIHKQV LKEGIAQTVF 120
LGLNRSDYMF QRSADGSPAL KQIEINTISA SFGGLASRTP AVHRHVLSVL SKTKEAGKIL 180
SNNPSKGLAL GIAKAWELYG SPNALVLLIA QEKERNIFDQ RAIENELLAR NIHVIRRTFE 240
DISEKGSLDQ DRRLFVDGQE IAVVYFRDGY MPRQYSLONW EARLLLERSH AAKCPDIATQ 300
LAGTKKVQQE LSRPGMLEML LPGQPEAVAR LRATFAGLYS LDVGEEGDQA IAEALAAPSR 360
FVLKPQREGG GNNLYGEEMV QALKQLKDSE ERASYILMEK IEPEPFENCL LRPGSPARVV 420

QCISELGIFG VYVRQEKTLV MNKHVGHLLR TKAIEHADGG VAAGVAVLDN PYPV 474
SEQ ID NO: 14 moltype = DNA length = 34366

FEATURE Location/Qualifiers

source 1..34366

mol_type = unassigned DNA
organism = Homo sapiens

SEQUENCE: 14

tecetcacttt gatteccacag gcattteetg agcagcaatg ctggeccagg cctgtgetag 60
gggctggaag acagaggaat tccactctga atggecaaag cagtggecce cagcecaggtg 120
gggagatggc ctcataaaca acagtatgag gcagggtgat atcactgcta aaaagagaca 180
gtagccatgt gcacagatgc agaccatgtg tgatgcagac cctggggctg acagagatgt 240
tccaatcaaa aggcacagtce cagtggetgg gtgeggtgge tccegectgt aatcccagea 300
ctttgggagyg ctgaggcgdyg tggatcacaa ggtcaggaga tcgagaccat cctggctaac 360
acggtgaaac cccatctcta ctaaaaatag aaaaaattag gcgggcgtgyg tggcaggcge 420
ctgtagtecee agetactegg gaggctgagg taggagaatg gcatgaacac gggaggcgga 480
gcttgcagtg agccaagatg gcgccactge actctagect gggctacaaa gcaagactcec 540
atctcaaaaa aacaaaaaca aaaaaaaccc acagtccaga cttggagaga ggeectegea 600
gggagaaagg caagacacaa aattaaggga ttggectcca ttcacagtga agtacatcec 660
tgcatacctt ttttcaccta attcagaccc aaatgttccc acaaacccca agaacagagg 720
atgaaattga ttcaacagtt agetttggga agtctgagec catggcatgt cccaaggtac 780
atatgtggga acaccatggc tgacactgct gctgtgatct ttggcaagtc aggatacctc 840
ttcaagcett cctttececeg getgtaaaat ggaggctata aagatactga tgtgataggg 900
aggtaaggga aagtgagata acgactgtaa agtcattage caagtacctyg acacttageg 960
accagatcaa taaagggtag ttattgttag gaaaaaacag atttcacttt gaaagtgagg 1020
aaagccaggce gcggtggetce acacctgtaa tcccagcact ttgggagget gaggcaggca 1080
gatcacgagy tcaggagttc gagaccagcc tggacagcaa ggtgaaaccc tgtctccact 1140
aaaaatacaa aaaattagct gggcatggtg gcatgtgect gtaatcccag ctacteggga 1200
gactgaggca ggagaattgc ctgaacccgg gaggcagagg ttgcagtgag ccaagatcegt 1260
gccactgcac tccagectgg gtgacagaga gagactccat ctcaaaaaaa aaaaaaagaa 1320
agaaagaaaa aaaataaaat gaggaaagtg ggattcggag aggtgagatg acttctgcac 1380
agtcaggatt caaactcagg tctgagacac cagaggctca gggcaaatca tctecctetg 1440
ctcecggaate ttcagcaggt tccctacagt ccactacatg gactccatcce ttgccaggga 1500
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gtgaggatce agcaaaggcc tggggccaaa aagaccctgyg gcaagttcecce caatcctatg 1560
tgtecttgate tgagatccece aagtgagcect gagaaggtcet gtgaattect ccacgtaget 1620
gatgcaaaat tttatactaa tggatctcag acgagtcetat agectcaaaa gtaacaaacce 1680
acagacttga cctgacttag catggtttct tattcaccca atggagatac gatttctacc 1740
ttgaaaggct gtgaagggat taaatgaggt aatttgtgag aagtacttga aacatcctca 1800
gctttcatta aatgttggtt tcecttetett totectetece caaactattt ccatcagtta 1860
gcaaatatta ttgagcatct gccacgtggce aggcaccagt caggtecctgg gggtaaagtg 1920
gtgaacaaga cagacatggc ccattttcat ggggctcaca ttctagcaga gggaaacagc 1980
aaacaaataa aagcaacaat ttcagatatg aataactgct atgaagaaaa tacaaggccg 2040
ggcacggtgg ctcacgcctg taatcccage actttgagag gcagaggcgg acggatcaca 2100
aggtcaggag tttgagacca gcctgatcaa catggtgaaa ccctgtetcet cctaaaaata 2160
caaaaattag ccgggcatgg tggecacgtge ctgtaatcce agctactcag gagactgagg 2220
caggagaatt gtttgaacce aggagacaga ggttgcagtg agecaagatce gcaccactge 2280
actccagect gggcaacaga gtgagactcc atctcaaaaa aaagaaaagg ataacgtgat 2340
agacttatag ggtggggcag cctccaggga tgaaacatct gaatgaccaa aggagccagt 2400
catgccagga ttttggagga aagcacccag gcagagagtg cagaaagggce aaacgctcece 2460
tggaaagatt cttagtcaag agtccttcac tcccagtect accacaaact gggtcacctt 2520
gaacaagtca cgtaacttct gaggctcagc tgccacatct acaaaatggg aataaagaca 2580
tcttacctge cacattgtga gaggtttcaa ccaaagggct gttaaggtct gggatcctce 2640
ccaaatctca ccatagacac ctgatactca tcacttggca cccgtcttgg aagaggggaa 2700
cctgcacaga gaaccctggg tcatgetttt gatttttaat ttcatgetge actagaaata 2760
gettettttyg ttectggttyg acccaggage ctettectge cacctgggge ctattctagt 2820
taacagctge ttatcccecte aggtacaaaa gccaacgagg aaaggacatc aggaaacatt 2880
gttctgggaa taaccagaca cctatctgcc accatctcece cccatccegt gaccacacac 2940
gggagactgg aggactcagc ctgtcctgta gtcagataat gtacatggtt tatttaaaga 3000
gtcaaaaggy gccgggcgca gtggctaacyg cctgtaatcce tagcactctg ggaggctggyg 3060
gcgggtggat cacctgaget caagagtttc agaccaatct ggccaacatg gtgaaaccct 3120
gtctctacca aaaatacaaa aattageccgg gtgtggtggt ggacgectgt aatcccaget 3180
acttgggagg ctgaggcagg agaattgctt gaacctggga agtggaggtt gcagtgagct 3240
gagatcgtgc cactgcactc cagcctgggc aacaacaacg aaaactccgt ctcaaaaaaa 3300
aaaaaaaaaa aaaagagtca aaaggatctt ggtccctggg ttgggccact gatttacgat 3360
cactaggagt tctcactcct aaatttettt gatctgtteg cttegeteca tctecacage 3420
tgetgeactyg getacagect catgatcetcea catcttaact ctetetgett tetetggece 3480
atctccccac ttccaaacca tttgtcacge tgtaaccagt gcctaacaca caaaactaac 3540
catgtcctte ccctgcttaa agceccttage tcctgttget cagtggaact ggcgtctgag 3600
gctacctete caagectaag cgcectaagte ctgttgcaac cctcaggece ttectecatta 3660
tccacaccaa actcctcagt gtctgtaaaa caagccgagce aaccctcaga attatatgec 3720
ttcgetgete gtttgttttg tttttaggac agggtctcac gectgtcacce aggcaggagt 3780
gctgcagcgt gatctcagct cacagcagcce tccgtctcecyg gggctcaaga attctcacge 3840
cgcagectee cgagtagetg ggattacagg cacgggccaa cacacccggce taattcttgt 3900
atttctagta gagacggggt ttcgecatgt tgcccagect ggtctccaac tecctgagcte 3960
aagtaatcca cctgectegg cctetcaaag tgcetgggatt acaggtetga geccactgecac 4020
ccageccagee tttgetgett ttgttectge aatttggaac actgteccca tcccagecte 4080
tcacctctac ccctacctec ttcactacct ataccttcect atccatcctt caagacccca 4140
aaaaccatcc ctgattcctt cagaaaggca gtttattgce tatcttatca gactgaaagc 4200
agtggctgtg tcttatttat ggttaattcc ctagaagctg gactgataca ttccatttaa 4260
ctaaaattcg tatcaggtgc ttcggactgc agacaagcct atcacaacce agaaggaaga 4320
aacagggaag gcacctgggg gctgccaage aatgaggtgg ggggtaggaa tcatgaatce 4380
gcatattttt aaaaactgcc ccagatcctg atgtaaacgg tacaagagag tctgagaaac 4440
acagggctce cctcaaacag tcctgacttc agcattcctg gaaaaatgaa aatcctttcece 4500
ttttgectet aatgetttee ctgetggtat cccaggttaa aaaaaaatag ataaaatcag 4560
ggggattttt ctgggacttyg gectgggetgyg gaaacaagece tgggttctaa tacaggctca 4620
geeceoctgacg tactatggge cectgeceet cettggggee tecattacca cggecaccee 4680
cacccttate aattgtgtge ccctgaggta gtgactgtce cgctectgage attagtttce 4740
ccatcttcca ctagtegteg tcagctctga cgctctatga gctatgcata cccgtagcete 4800
ccegecgace ccgatggtee cctecectece tteccaaggt ccatcecgeca gggtgcagee 4860
gacgcactcce taatgctaag gccgcectet catcgaccge cccttectgg cctegactca 4920
gcgccaaagyg tatgggtcte tgcccecgect gectctttaag cctagecggg gcggtcageg 4980
caagcgcact gggtcgcatce gaggccccge cccctgagee tgggtagedg cgegagggec 5040
gggagaaccg ttcgcggagg aaaggcgaac tagtaggttyg gggcggccac ggcggecgge 5100
atgggtcacg ttteecteggg aggaacgatyg tgagggaggg gtcetggcaag agattggaat 5160
teceggaggee gggagacctt gtggetgaaa cccttegtag gageggggca actagtgtet 5220
agtgaggggg ttgggctggc gcgcactgat cccagacttt ccggatcttce tgcctttaga 5280
tcgggecggt gteggggcat gtaggccagt gagactggag c¢cagttagag ctacaacggg 5340
gagcgattag ggccaaactt tgtccagggt ggaagcgagc gggcccgtga agtggggcca 5400
gcctgggecay ccgaccgtgt cgttgecteg gggectttece aggcactggce ctaagtectg 5460
gcegataaagt gegaccgatt teettgtggyg cgttttgagy cttteggtga tetgaccegt 5520
ctgtcattca ttettcattc attcatgtga tgaatgaata cagtactaag cgcggctaat 5580
tactaggtag agaagtgatc aagacaaaca ctgttcctac ggtacaggga aaagtgatgg 5640
gctgtagaat gtagaagccc ggggcggaga acagggacag cttccggaac gaaatcgcga 5700
geccagatca ggagtggtgg cgagagttee aaagagaaga cagcacgtge caagtectgg 5760
aagggggaca gaggccaaca tatcctggtc actgaagaca cctgactctg aatctgtttce 5820
acgcccaggy aagagatgac agtggccggg gctaggctac aaactctgga aatggagata 5880
aataaaggaa ttcaaagtac tatatactta ggcagcaaaa tccataggat ttggggagag 5940
tgagatgtag gaaacaagta ctcaaggctt gggtacctgg gtggggttca tcagagaaga 6000
agcagatttg tgggagacaa caacaaattc tattctggtt gtatggagac tcgcaggaaa 6060



US 2024/0018485 Al Jan. 18,2024
76

-continued

aaattggata ttctagtttg aaggtaggaa agtattgctg tgaagatgta gatttgaatg 6120
tcatcagcaa aacataaata aagccaaggg agggttgagg ctgtagaatg agaaaaacaa 6180
agggcccact tagcacctte atctgattte ttttetttet ttettttttt cttttttttt 6240
ttttttgaca gagctttget cttgttgcce aggctggagt gcaatggcac gatctegget 6300
cactacaacc tccacctcct gggttcaage tattctcctg cctcagecte ccaagtaget 6360
cggattacag gcatgcgeca ccaggceccgyg ctaattttgt atttttagta gagatggggt 6420
ttctecatgt tggtgaggct ggtctcgaac tecccgaccte gggtgatccg cctgectegg 6480
cctcacaaag tgctgggatt acacgagtga gccaccacac ctggcccatg gtgattatct 6540
ttatgtctta tcctectecca tatccccagt acctagtcaa gggagtggca ttaaatgcaa 6600
atcagtgttt gccaactaaa taaaagccca acagcaaaca gatgttggaa tttcagagtt 6660
gtggaacgat gggggctcat ggagggtttc attactctaa tgtcaaggta atgggttctt 6720
gtecectggete tgecactagg cttetgtgtyg acctcectgaca agtetectece tacctataaa 6780
gagagtacag ccaaaaaatyg gtctcatgta tagagctteca aacactgetyg ataaatttca 6840
cactgatttt tctcttttaa tccacacagc aatcttactt gaaagggaag tcggctggge 6900
ggggtggctce acgcctgtaa tcccagcact ttgggaggcce gagagtgggg gatcacgaga 6960
tcgagaccat cctggctaac acggtgaaac cccgtctceta ctaaaaatac aaaaaattag 7020
cecgggcatgg tggcaggtgce ctgtagtecc agctactegyg gaggctgagg caggagaatg 7080
gcatgaacce aggaggcgga gcttgcagtg agccgagatce gtgcggctgce actccagect 7140
gggcgacaga gccagactcc gtcaaaaaaa aaaaaaaaga aagaaagagg gagggagaga 7200
gagagaaaga aagaaaaaga aggaaggaag gaaggaaaga aggagggaag ggaaagggaa 7260
agggaaaagy aaggaaggaa agaagggaaa gggagaagtce gtattattat ggactcaaac 7320
ccaggtcetgt ctgtetgtet gacttgaace ttgttcttta ctatgattge cctcatgtat 7380
gtctcactca acagggatat tatcaggacc ctcttgagat cacatgegeca ttetttcaaa 7440
gcattgtgct gaggctggca gactttcata attggcctgg cactggctct gtcatgggga 7500
cagggggaca gagctgaatg tgatggaggt ttcctattat tctctaactc ccttectggg 7560
gaccactgag ttgggcaacc atgttctgtt aaatggcaac agggcagaac aaaattagtg 7620
actgtgttte cagattttta cccagatctt aaactcctga ggcectgctga aaaatgaatg 7680
agtatcaggg tgtgagtttg tacacctctg tatgtctetg ggcaaccaat cagacaactt 7740
ctcctattac attggacact tgggtttcag caatttccat cttgctaatg tgatttctca 7800
aaaatatttt ctgtcttttg gtgctttgat gataaatgtc catatatgga atgtagtcat 7860
ttcctgctac taagattect tetggtttgt ataagggagg agttcacctt attegecattt 7920
catggtatte cacaaagagc tcccteccce ttceccatgta atttatttga gatctgetga 7980
catgagttgt tggagettga agggaattaa taatgtactg cagtgactcece tatcccagga 8040
aaacttgtta aaaatacaaa gcctcggctg ggtgtgatgg ctcacgcctg taatcccagt 8100
actttgggag gtcgaggcgt gtggatcaca aggtcagaag atcaagatca tcctggctaa 8160
cacggtgaaa ccecgtetct actaaaatac aaaaaattag ccaggcegtgg tggtgtgtge 8220
ctgtaatcce agctactcag ggaggctgag gcgggagaat tacttgaacc caggaggcgg 8280
aggttgcagt gagccaagat cgagccactg aactccagcece taggcgactg agtgagactc 8340
catatcaaaa aaaaaaaaat acaaagcctc aacccctcecct tcccatcagg cctcecttgcat 8400
cagagtctct gggatggggc ccaggaatct gtattctttce ccagectccce agaatgttca 8460
gccaggtttyg gaaactgatc tatccgatte ttettgttte acagttaggg aatctgtage 8520
tctgggaagyg gaaggaactt gcceccagtca catctgatat tagtgettcet ttectceccaatg 8580
aagagccttt aggetgggag tcecagagaca tgggttcaag tccaggectat accagtcate 8640
acctcgggca agtcatttca cctcectccaag cctetgette cttactgtga gaataatgecc 8700
attgtgttgg gaatcaaaag agagagtggc aatggaaatg ctttgtcaag ctttctattt 8760
tgtgcacatg gaagttgtta agagctagaa ccagccagtg ttcactcctg tataccacgc 8820
tgttcectte caacagaggt cagggtcctyg ctgtgttggyg ggtggccgcece ageccagttte 8880
ggtggttgct gggcttcagg ccatctgtta ccaactctet tctctecatce ttttgecaggt 8940
gttgggatgyg ccaccaactg ggggagcctc ttgcaggata aacagcagct agaggagctg 9000
gcacggcagg ccgtggaccg ggccctggct gagggagtat tgctgaggac ctcacaggag 9060
cccacttect cggaggtaag cccctagete ctccccacag cattcaccat ggeccactgt 9120
ctggeecegy ccaggetgag ggtecactect ttgcatcagg gaccatatcet cttttgeett 9180
atttttteca gtaactaaaa ttgatctcta gaagtagaaa ataaaaaggc agtgtectgg 9240
agtaatcaaa tttaaatatg gggtttgaag tgtgacttag gcaaattact taaccgctct 9300
cagctgcagt ttcttcaggt gtaaaaatgg gataataata ggacctacct cactggtttg 9360
gtaagagaat tacaggatga ttcatgtgaa gcactttgcc cagtgagcta ttactgaaaa 9420
cceccataate actctacctt ctctgtaact ggtttgtgat atatgctttc aagectttcet 9480
ctgtgcattt atatacatag ataggtatat atagaaatac gtctttttta aaaaacaaat 9540
tgtatcatat atattattct atgatatgtt tttggttttt tatttgtctg tcttagaact 9600
ttctaatgce ttctattagg gtcatcttca ttctgaggca tagtattcca gatgtgggtg 9660
tatcacagtt tagcttccct ctactcatgt ctatttaggt gatttctcat tattttatga 9720
ccataaatag cattataggg aacatccatg catatgtcetg ttggggcace tatgtgagtg 9780
tttctccagg ttcaatacgt aaaagtagaa ctgctgagtc caaaccacac ctttttaaaa 9840
cctcatectt agggaagaaa aaaaaataaa aaaataaaat cttttttaat ttggtgacta 9900
ggtaagacat tttcatggtt caaattcaaa tggtacaaga gtttacccta atgcagcttg 9960
tgttttggtt tettgttgat cctttcagat ggcttattca taacaagtaa ctaataacaa 10020
gtaaatatat tcettgggge ctegetetgt tgeccagget ggagtgtagt ggcacaatet 10080
tggctcactg caacctccge ctectgggtt caagcaatte tcccacctca gectcccaag 10140
tagctgggac tacaggcatg tgccactacg cctggctaat tttttttttt tttttggtag 10200
ggacagggtt tcaccatgtt gtccaggctg gtctcaaact cctgacttca agtgatccac 10260
tggectetge cceccaaaat tgetgggatt acaggtgtga accaccgtge ccagecteect 10320
tttgcccact tttttttctt taacttaaca gtacacctta agaccatatt ggtgactaaa 10380
gagctgccaa catctcttet ttttttagec agacccatte ttttttgtet ctgtgtgecc 10440
agaacctaca caggcctgat ggagtccaca ctcagtaatt gtttgctaag gcccaagtaa 10500
atgacaatgt ctgtcaccta aggcaggctg atggtatgga atagaattge ttgggetgtg 10560
aacctagatt ttgtgaatta cttgtatgaa tctaaaatga agcattttct cttccacget 10620
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tttgtttett ctgttaatca ataggtacca tgtgaagatc caacacttgg tcectttcectggg 10680
aggttatgga gcctagaaaa ggcgtaatcce acaatgagat ttctaatcca gaaaaaaagt 10740
cagaaagtgt acgtgtgtgt gtatgtgtgt gtgtgtgtgt gtgtgagaga gagagagaga 10800
gaatgatttt actccaaatc tttaccaaat gcctgctcta tgeccgggeca ttgtaggcac 10860
tgaggacaga gaggtgagtc agccagagcc ctagcctctg gggctecctgg tctagttaga 10920
gaacatacca caaaacaaaa ttaaataaca tcagctctat gaggaaacac aggcagtctg 10980
ctacacaaag ttaactatca tttattgagt atttagtatg tgccaggcat tattctaaac 11040
actttggaat cactgactcc tcaccacaac agagataagg aaaccgaagc ccagagaggce 11100
taagtaacct acctgaggtt atttaaatgg taaaataatt ggcagagcca ggatgtgaac 11160
ccaaggaatt tggctcctga gtccatgctc tgaacatcca tgettttttt cctctcecccaa 11220
gatactatat aggacagctg gaagaaagag tagttcatta tgattagatg attgagatgg 11280
ggggtggtat ttgaactaga ccttaaaaga caaataggga aaaggaacag catagcaagg 11340
acccaaaagt aggaaaaggc aaaaaaaaaa aaaaatgtte aagagaatge agetgaaatg 11400
cagggcgcat aagtggatat agtgggaaag aaggcaggcc agcgtcagac agccgcgggg 11460
ccttagctac tgggtggagg aggagtatga actttatcct gtagatcaga gctgcaaact 11520
agccatatct aggctgagta tttggctcct gcagtgtttg gggagttaat ttgtttttta 11580
caataagtaa tacgttcaaa tacatttgaa cagggcgcaa aattcaaaag ggtattcagt 11640
acagagtaag tccccttect ccagecactg tttcecectgac caggggcaag cattgttaac 11700
agttgttttc accagagtat ttttaaaaag tcagagccaa catttaaaaa aaaaaatcat 11760
gaaattaaaa caaaaaatct agcaacccaa cttgtcttga aaaattatat catctggcaa 11820
ctctggecta ctttectgeca tggcaacaat tggctagage agagttetgg ctgeccccett 11880
tagagaagat gcaagtactt ctttttgcca caattcctat cactccetgt tgettectgg 11940
ctacaaagca gaattttgte atgcacgtge tataggtttt tttaaatagt agaaaaatgt 12000
ttettttttt ttttttgaga cagagtctca ctctgtcgee aggctggagt gcagtggcac 12060
gatctcagct cactgcaacc tctgcctect gggttcaage gattctcctg cctcagecte 12120
cagagcagct gggactacgg gtgtgtgcca ccacgcccag ctaatttttg tatttttagt 12180
agagatgggyg tttcaccatg ttggccagga tggtctcgat ctcettgatct tgtgatctge 12240
ccgcectegge cteccaaagt getgggatta caggcatgag ccaccgtgcce cggccagtaa 12300
tgtcatttta tgttaatgtc tctatcaaaa gtgagaagac tgtgtgtttc agecctttage 12360
ctgtagatag cagagaacag ctataaacta ttgatcctaa attcaggagg gcataatgag 12420
cccectgggaca gaggcagagg gatgtcttag cagaaaaact ctgagttttt gaggccaaga 12480
tgagacttgt tgggggcagc agagctctat gtgttcaage caaggaaatg ctectgtagt 12540
catcacatag ctactcaggg tattaggtcea ccccttatgt aatctgeagt cattcecatt 12600
ctaactcata aaggcttcag actgaataaa ccttattctc acaaatagcc ttcctcagtt 12660
ttatcttaga tgctgaggcc agggcagtgg tacacacctg cagtctcagce tactggggag 12720
gctgagacayg gaggattgct tgageccagg aatttgagge tatagtgcac tatgatggca 12780
cctatgaata gccactgtat tccagtctgg gcaacatagt aagaccccac tccaaaaaaa 12840
aaaaaaaaag atgctgagaa gggtaattta gaaattatct accaaaattt aaaatagatt 12900
tacctgaatt acttgatatt tttactttta gaaatttaga atgtatggac tttctcatat 12960
atgaaaatat ctagaatgta tattctagga tacccattga aacattaatg gtaataggaa 13020
aataaagaaa ccacctatat actagattca ataaattatg gtatatccta agagtagaat 13080
aatatacagce aattaaaaat aatgaaaatg ctctatttga acatataagg aaatatttaa 13140
aaagcacaat gtagtatagt ttgctatggg ggtgaaaaaa agagaaaata tatgtgtata 13200
catatatatc aatacaaaga tgactggaag gatgtgtgag acactagtct gtcatttgcc 13260
tectggggagg agaactgggt ggctggggcce cagtcttttc cccaggagac tggaatgaga 13320
gtgagacata cttctcacta tatattctta tgtctctttt gaattttgta tcatgtattt 13380
gtattaccty ttaaaaaaat aataatattt tggctgggca tggtggctca tgcctgtaat 13440
cccaacactt tgggaggctg aggcaggcag atcacttgag gccaggtgtt tgagaccage 13500
ctggacaaca cagtgaaacc ccatctctac taaaaataca aaaattacct gggtgtggtg 13560
gcacacacct gtagtctcag ctacttggga ggctgaggca ggagaattgc ttgaacccag 13620
gagatggagy ttgcagtgag ccgagattgt accactgcac tccagectgg gcaacagagt 13680
gagactctac ctcaaaaaaa aaaatagtac tttaaaaata aatatctaaa taccaagttc 13740
taacaccgta aacttatacc accataatga caaactgata ttaactcaaa ggttaaacte 13800
aggaatgctt tataatacaa gtcacaagat tttcttttca tctcttaccc aagttctagt 13860
tcagttgttg gcagggatct cagaatgcac ttttcccttc tagaatcagt gtccttgatg 13920
gtatttgggt ttctcgtcta tgataaagtc caaagaatgc ggaatgcagc tgaactctag 13980
gcctgttaac ctgagtcacc atcactaaca ttggtggaaa aaacactcct ggcttcectact 14040
aagggaacca gagttcactt gtcctaccca gtaaccaaat caaaatcaaa aggcaaggaa 14100
actggagtgt gagctcctga tgcatggaag ggcctgggct tgaacatcaa ccagcaagga 14160
gcaggcttce atgtatgtat gtgtgtgttg tgtttagtaa ccatcctggt tcaaatccca 14220
gcacccegtt actagctgaa tataattttg gatctgttaa ctgttectggt tcaaatccca 14280
gcaccagtte ctagctgaat ataattttgg atctgttaac ctetetttet caggtccegt 14340
ctctgttaag tgtggataat aatagtatct tcctcacagg gctgaatgat gaatctatgt 14400
aaagtattta aaatagtacc ttgcacatag taagtgctca ataacttgtg ggtttcetttt 14460
tgttatttge attttgcttt tttgcttctce tctcttcaat acgtagagat aaactatcac 14520
agaatctgga agctctetgg gttecactcet cecccctteca cteteccaag gtaaccacta 14580
atctacagtt ggtgtgtect cagtaaatat aggccagact ttecatggga ttecatttge 14640
aggaagacaa cccgttcaca ggtgccctac ccctgtecca ttectetette ttgatcacag 14700
gtggtgagct atgccccatt cacgctectte ccctcactgyg tccccagtge cctgectggag 14760
caagcctatg ctgtgcagat ggacttcaac ctgctagtgg atgctgtcag ccagaacgct 14820
gecttectgg agcaaactcet tteccaggtag gggacagtga agecattgggg ggccaggage 14880
tgccagagee aaggaactgg aagattgcag agccgtgagg tgttactgtg tcagctgact 14940
tggtgggata gaggaaaggt acctccaaag aacaaaaagt cataggagtc aggaaagctg 15000
gcttctaate ctggctcgac cagttattta tatggcctca agccactccce tttecttete 15060
tgggcctaag gtttettcat ctgaaaaatg aagagactgg cttaaatcca agatceettt 15120
attgttgaca ttctgtaatc cgtgacaccc tactttgaag actgatattt ccatttggaa 15180
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ttaggggaag tcagectggt tttggaggaa aacagaggta gggaaggtta ttgggttaaa 15240
gtcagatttt ctacttetce taagcagega cactttettyg tcacctcagg ccteteatet 15300
ttggatggga tggggtacag actgggecac actcagggca tgaggaagca acctcetgaaa 15360
tggttcagee catcecgecct tcetetgtcte tttceccttga tetttttttt tttttettca 15420
gattctgggg caatttctta aaatttcttt atttatttta gaattaaata tatataggct 15480
gggcgeggty gctcagygcect gtaatcccag cactttggga ggccgaggtyg ggtggatcac 15540
ttaaggtcag gagtttgaga ccagectggce caacatggtyg aaaccccgte tctactaaaa 15600
atataaaaaa attagctggg tgtggtggcg ggtgcctata atcccagcta cttgggagge 15660
tgaggcagga gaatcgcttg aacccaggag gcagaggctg cagtaagcca agatcacgac 15720
actgtactcec agcctgggceg acagagcgag actccatctc aaaaaaaaag aaataataat 15780
acatatatat atgtatatat attcattgta gaattaaata tctagaaata ttatgtattt 15840
acatatacat gctagatgtg tatatactgt acaggttgag catccctaat ccaaaaatcc 15900
aaaagctgaa atgetecaaa attcaaaact tgttgaacac cacatgacte taccagtgga 15960
aaacgccacg cctgatgtca tgtgacaggt gcagtcaaaa cacagtcaaa agtttgtttc 16020
atgcacaaaa ttaattaaaa tattgtataa aataatcttc aggctatgag tataaggtgt 16080
atatgaaaca aatgaatttt gtgtttagac ttgagtccca tccccaagat gtctcattac 16140
gtatatgcaa atcttccaaa atccgaaaga cttctggtece caagcatttc ggataaggga 16200
tatccaacct gtaattgcat gtctttgatt aatttttcaa cagaaattag acttttgttg 16260
gagacaaaat cttttaaaaa tgtgtgggtg aatatgagaa ggggtcataa tggtaagaag 16320
cttggaaacc attgacttgt agccaaaaac ccaatgagtc atgaatgtat gaatctgccc 16380
accaccttge ccctgagetg tttettggaa tgggeccage tttgtacctg caatcctgga 16440
ttgtgggaaa catgagcagc ctggcettata accctaatga tgcaattatg aaggagactt 16500
gcagctcate tttgcaacce ctgecttete tgttectete tectetcata cacatataaa 16560
ccctagttee taagggagaa gagcccccta caaaacatga aggggagcac ctcttcagaa 16620
aaaggaaagt gtgtctcaac ttccttggag gctgaagccce agctgggact ctecctectaa 16680
ccaagggctyg gcatgagaga gctcaccctt gggagagagce tggctgagga gcagaggaac 16740
ttcagggcag gcctgggcta cttggcttee ccccactggt ctgctgtgac gtttectgtaa 16800
caaggtgatt caggcttgag caggtgtgca gaatccaccce tgaatctcaa agggcagtaa 16860
gtgtgatgtt aatcacctgt ggattccttc ttactgtgge tcttgttgag acttcagaaa 16920
accatactgg ataggcccct aacacatgtc acatgtcatg gcagtacact gagctgtgac 16980
gatgagcctyg catagacaca gccattacct tcatgaggtt tatagtcaaa caggagagat 17040
gacactaatc atcacacaaa gaaaatgtaa aattgcaact gcagtcagtg ctgtaaagga 17100
gtggttetta gttetatgag aacacatagt agggggatet gactcagata gggaaggett 17160
ccctgaggaa atcacatcat atgaggacta gttgaagaag aaacaaacaa acaaaaaaaa 17220
cccaggatat ttagettggg tcagaaaaat cttattggtg cacagggcat aactgctgtce 17280
ttctaatcte caagggctgce tgtggaggag gaggagaagyg ctcaccctgg gaggtcegcag 17340
agggtaggaa aagctatgga gagttagtat taggtcaacc agaaggcttg ccaaccatca 17400
gagctattca agtagaatag atacatcatg tcattttcta gctcttctte ggtgcagtat 17460
gttcaattct ttgaatgtaa tatcttattg gctttttacc acaactctat gatataaata 17520
taattatatt ctccatttta aagatcagca aactgagaca cagagaggtg aaatgattcc 17580
ctgaggttge ctactagtga gtggtagagc taggatttga acccaggtct agagttggat 17640
tettagcecac tgttetctac cacattgggg cggacattca agttttggcce agtagactca 17700
gagaggattce aggagtcaat gactgaggat gggactcctt gaaattttag gtccaattaa 17760
gcctgcaaaa tgttctetgt ttcttectec agcaccatca aacaggatga ctttaccget 17820
cgtctetttg acatccacaa gcaagtccta aaagagggca ttgcccaggt aaccattccc 17880
agccctacte cagtcectgtaa cctgtcccte ccatctetgt ttgttttetg ttttgcttga 17940
agaatttggt ccaggcectc agectcatggg aatctgecte tcactggtcee tcactgggtt 18000
tatcccagtg accaattcta ggatgaccag aagaatgatt ccactgggct tgggagtgtt 18060
tgctggtace tctaatctct gtgtagagtt catggtacct gtgtgctctg tggctaggte 18120
ctcagagtca gtccectggge aggtactgtc agccttcagt tttccccaca gactgtgtte 18180
ctgggcctga atcgetcaga ctacatgtte cagecgcageg cagatggcete cccagecctg 18240
aaacagatcg aaatcaacac catctctgece agetttgggg gectggecte ccggacccca 18300
getgtgecace ggtgggtece ctgggcagee ccecggcatac ctgtggggtg acatgetgat 18360
gggtgtacag tcactggcta ggccagggaa ctccagctat gattgtgett tcctgggece 18420
cgggtcacat gttgecccctg gccaccccga cagcagtttc cacttgtaat gagatccttg 18480
gtatgtcagyg gagaaaaagg acctcatagc tcatctagtc ctgtccctecc attgtacagg 18540
cagagggaac aatatcttga gagccccaga gagaggaatyg cagggacttce tgtctggggg 18600
ctgggcctgg tagcatccat ttctagccag cagtgatgct ccaggttgca atgattttag 18660
atggtctgca gcaggattcc agacagcacc tggaggccca gagtaagggg ctccagctca 18720
ctgggacact agggtaggtt ggggtgggga cagaggctct caggtctcct ccaggcatat 18780
acaccagggg ccaaggttag ggcagcccag catattccaa cctgaagtgg atcttacagg 18840
aatgtgatgg gaggatgctt tttagtgcte agctgattet cagagtcatg ttgetgtata 18900
tatgaggtca tgggcagagg ggtcttccag gtccatccaa ttactgaaca gccatctctce 18960
ttccaacaga catgttcetca gtgtectgag taagaccaaa gaagetggca agatcctcete 19020
taataatccec agcaagggac tggccctggg aattgccaaa gectgggage tctacggcte 19080
acccaagtaa gggtgtgaaa aggtagcagg aggatcctge tttagtttca gecattcatgg 19140
gtttagecaac ttettttett gecagecate attagagaat aaggggattt ttetaggaat 19200
agaaacttat acctttacat gccaaaatta ttttaaggtt tccttcttaa ataacagatg 19260
ctgactatga tttaactttt tcttattgag tggaggtcat cattatgact gtcaacaatt 19320
gcagcttgct gtaatacagt agtgctacct agggttagag aggcacgcaa ggctgtttgce 19380
ctgegetaat agetetgact getaggettt aagttcttag tcatttectt tttttttttt 19440
ttttgagaca gagtctcact ctctcaccca ggctggagtg cagtggtaca atcttggctt 19500
acttcaacct ccaccteccg ggttcaagca attcttectge ctcagectcee tgagtagetg 19560
ggatttcagyg cgcatgctgc cacacctggc taatttttgt atttttagta gagacggggt 19620
ttcaccatgt tggtcatget ggtetcgaac tcctgaccte gtgateegece caccttggec 19680
tcccaaagtg ctgggattac aggcatgagce cactgcaccc ggcctctcat tcattttett 19740
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catagtttte ttgtectgttt cccaattecte agetettact tttgactget gttggtatge 19800
ttgaatttgg aatcctccac cccecatgee catgecteee ttetgatttg ctgtggtttg 19860
ggaaaacaaa tgatccagat tgttatgatt gggtctgaayg agtgtgaggyg cctettggat 19920
gagtaaatgc ataagctttg actacgaaat tttatggtat cctttttaac tgcttagagg 19980
cattttttge tttcttccta tttctcaagt gaagatgtta ggtaagtgat tttcagatca 20040
tcgagggygce getatactaa cagttattge aatgttaata tagcattaat agtcecttaat 20100
gtacacttac tagtgctaca ccttgtgcta agctctgtac atacaggatc tcattgaatt 20160
ctcataataa gctctctgag gtcaatactg ttcaactcce tcattttaca gatgaggaaa 20220
ctgaggttct gagaaacgaa gtgaattgtt aaggctaagt gatgagttgg tggcagatcc 20280
caaagtctac ctccctctaa aacctccact cttaatcatg ctcttaccte caagggagce 20340
tecteotgtect tgctaagect cactaagccc aaagaaacct cagactgtaa gcatttagaa 20400
gtcatcagac aaatattctt tcaagtatat tggctaggtt gtattttaag agagtgaagc 20460
caggggatgyg gtcagetggg gaactgetga cagacaaatyg ctygcagaggg ttttgectge 20520
cagcctgtca gtaacgtgga cagaaaatac ttgtgtgtcc aaaattaggc actggtaggt 20580
aggagttatg tggcacctga gccagaactg gcttccccca ttgtgagagt gagataggtt 20640
cttctgctga catagcacat gaccttggca agttagttct tctcetgaget tcagtttect 20700
catttgtaaa ataggagtaa taataatacc taaaggggtyg ttagtgagaa ttaaatgaga 20760
tcatggatct gaaaaatgtt tttaaaaatc tgtgtggatc attatgtggt actttcaata 20820
ataataatag gccgggtgca gtggctcaca cctctaatcce cagcactttg ggagaccgag 20880
gcgggtggat catcagaggt caggagttca aggccagcct ggccaacatg gtgaaacctt 20940
gtctctacta aaaaatacaa aaattagcca ggcatggtgyg caggcacctg tagtceccage 21000
tacttgggat gctgaggcag gagaatcact tgaacccggg aggtggaagt tgecagtggec 21060
aagatcacce cactgcacte cagectggge gacagagcega gactcecatcet caaaaaaaaa 21120
aaaaacaaaa aacaaaccca aataataata ataatagcta tcatttgaca agtattagtt 21180
ttaattcata caacagcaaa ctgaggctaa gagagtttga ataacttgcc caaagttaca 21240
caaccggtaa gtatagaatt catctgcctc taaagcctat gttctctcta cttcecctatt 21300
ctgcctttaa gagatatggt tccacagtat tgactgaaaa actgcattgg tagagcagat 21360
taattttcgt caattatctc atgattttta aaatttctta aaaatggaag cctgcaaaat 21420
gacttacaat ttcaatttag acaaactctc aaagcatagyg gcctgtggtt agaatgagta 21480
gaataagaaa aggggactac tggtgataaa agtttgggaa ctgtgatctt tttaacacca 21540
atttttttet ttttttttga gacagagttt cgtttttgtt gcccaggctg gagtgcaatg 21600
gcacgatcte ggcetcactac atectcecace ttecaggtte aagggatttt ccetgecttag 21660
ceteccaagt aactgggatt acaggtgece accaccacge ctggetaatt ttgtattttt 21720
agtagaaacg gggtttctcc atgttggtca ggctggtctc aaactcccga cctcaggcaa 21780
tecegeeccgee teggectett aaagtgctgg gactatagge gtgagectacce atgecccagec 21840
ataacactct tattttatag atgggaaaac cagggcccaa ggaacgaaat tgecttacce 21900
aagtcaatta c¢caagacaca ctacaagtca ctggcagagc ctggactacc tacgactcag 21960
gggtcctcac cceccageceg catgegtect tagctgacaa ctttectact aggaaacaga 22020
ctgctgagaa ctygctcagaa ctgaaggcag gagaggtcaa atatgttttc tgagcccage 22080
tctgattgtt tagcagttgg caggctgact taattagctg gggcgtgcag ttecctcettta 22140
acctecagcet gecagectte ctectecgee tetttttgga ggtgggecag cctgggeccaa 22200
ctgectecet cccacacaca ccctecaccca tgagegggac agtttaggcet gcaaagtgaa 22260
gagcaaagcce attggcectt aggactcetet cagggcaaga tgacttgtga gagcaccact 22320
tttagtttgt ctctcaggca cccaactcaa agccaagact cagcttaaca tcacatctga 22380
cctcatgaga tttcaggcaa accaggagag gggacttact aagacctata ttttggctaa 22440
gcagaaagga gtcaggcaaa cagagtttag actaagaggt tcagccaagg tcaggagaag 22500
cagagataga caagagaggc taagcagagg aggtcaggga atacacactt agaatcctaa 22560
gccaaagcect agggttccat gggtctcagg aagaagccac agacacaaag cagtacagtc 22620
acagcaaaaa tggagtttgg aggctgagcg cagtggctca cacctgtaat gctaacactt 22680
tgggaggccg aggcgggcag atcacctgag gtcaggagtt cgagcccagce ctggccaaca 22740
tggtgaaacc ccatctctac tcaaactaca aaaattagcec ggegggggtg gtgcacacct 22800
gaaatcecag ctacccggga ggctgaageca ggagaatcege tggaacccag ggggtggagyg 22860
ttgcagtgag cctagattgt gccactgcac tccagectgg gcaacagggg gagacteegt 22920
ctcaaaaaaa taaataaaat aaaatgtaaa agaaaaaaaa tgcagtttgg tactgctgag 22980
cattagccct aggaatctct taggggactg gacctatctt tgacaacgga aatatgttag 23040
ctggcagcca aacagatagt tccctggcat aagcttttce ctgagecctc aagcccctge 23100
ctctttaaga aatacatgaa taatcagaga ggaagaagcce acataagccce tagtgatcte 23160
attaatacta tgagatcaaa tgtggccctg tgtacattat aggaatcttg ggagggccca 23220
ggagataatyg tcgttgtttg tagttggcce tgtgggtttce tgtagggttc catcttgtgt 23280
aagaaccaca ttcctttatt gtatccttta caatctagta atagagccat tagccccgga 23340
ccecocetgeat tgttetttta caaaatgtte ctcaatacte ccacttgttt attcecttccag 23400
aaagatttta gaattatgtt aagttctaag aaaaagtcct cttgggtttt tgagatggtt 23460
ttaaatctaa attttaattt gcacagaaat tcatcaaccc atgacatcat tacaatattt 23520
catctygccca ctyggagaagg gtcagaggca tcttcatttt tgaagtttte tattttcagg 23580
aaatcatatg tgatagcatc aggtgtctat gcctgaggta atctcaaggt tcctgagaga 23640
gggaacatct gttctttcag ggaagcggtg ttettattet tattceccagga ggtggggegg 23700
tatgggggtt gaggggagaa acaaaagaag aacaagttet atagtagect cgggecacet 23760
gtgctettte cccagtgcte tggtgctact gattgctcaa gagaaggaaa gaaacatatt 23820
tgaccagegt gccatagaga atgagctact ggccaggtaa gtaaaggaag ggggacttct 23880
aggtgtggct ccaggattag gggtggggca ctcagaacat agcatccatt ccctctgget 23940
cttgceccatt ttteccagga acatccatgt gatccgacga acatttgaag atatctetga 24000
aaaggggtct ctggaccaag accgaaggct gtttgtgtaa gcattcccaa gaatccagtg 24060
gaaggctggt ttatgaaact catcctgcca ccctettece caaaatgatt ctttecttetg 24120
ggagatgtga tggcttgctt ccttctctca taattcctga aatatctcat cctcccagga 24180
aattttggag aaagccagcec acgetgtget tctatcagag ctgttgacat tctggatcag 24240
ggtctcectta gagatcatct tagttttcat atgccctaag ttecccaaaag ttttettgec 24300
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tctoctagta aggtgaggtce aggectgaga agctgagetyg ggcagtcagg gaggaagagg 24360
agcagetgge tcatgetgtg attggtetgg atgccactgt ctgagetcga gectggattt 24420
gtgttecaayg ccaagectta tecttttete taggggecac caccaggtag atttggtget 24480
acatatttgg gtagcattgc agcacatata tttagaccta gacctttgtg attgttaaaa 24540
ttaaaactgt ccatggaatt tcacaatacc actcactgtt tttcaaaatg tgcttttatc 24600
ataactaaac aaagtagtta atttactttt cagataaact agacaatatc aaataggtca 24660
aagaaaagga aaagacattt aaaaagcctyg tgtcttaatc agactcatca ttttacatgt 24720
ttgcgtttte accttcacce ctgccattaa aaatttttte attctggttt cagectgcttt 24780
aagcagtgga aatataaagt gtgttttact acacatggca gtatgattct gctgctcggt 24840
aatttcgagc caacatttgt atgcatttac caaatttgat tctagtgacc ttcttgttcce 24900
ttctggectt cttagaatga ctctaaatct ggcatattct aaagtattct gtatggcaca 24960
ccteectgtt ttecagtggaa gccctggtag tgtggatate tactttecact ggttccagtg 25020
aacceetgace caggetecca ctgtgggetg aattttgaaa aagcecaaatt catettgatg 25080
caccctgaaa tagattgaac cactgaacaa atcagttata atttaacaca gcagccttect 25140
ccatcectgtg ttceccagggat ggccaggaaa ttgctgtggt ttacttccgg gatggctaca 25200
tgcctegtca gtacagtcta caggttggta ttttctgtga gaccattctt tgecctectgg 25260
gacccacaayg agctccacag agacccaatt caggcttata acaacctggg ttttcegagt 25320
cctcacttca cttetttete agggagettyg ctgctagaac ctectatcct cectcaagee 25380
ttttgctacec tatcactcta cacagtcttc tagaatttga atcctcagga atccacagag 25440
cttcagccat ttacactgtt tccagagatg tgctggcaaa tgtttaacaa caatcagctc 25500
tcactggttg atataagcca gttccagcat actgectgacce atttttttte ctgeccaacte 25560
ttacctttee tttatctgaa tcagaaagtt ttatcatcte ctcattcatg ttaatgacag 25620
ttatatcace tcattttgct atcctaccat gtagtttcat tagtttecac atccattatt 25680
tcatttaacc ctcacaacca ctcggtgagg catataatta tccccattat acagatggag 25740
aaactaacgt ttagagagat ggagaggctt ctctaaggcc ctacaggaag ttcccaggtt 25800
ttctgacttt caggccgatg gtattcccat tcttctecte tgctectaac atccacatca 25860
tggagaggct aagaagctct gctcetcaget gggagatgat aaaggaggaa ataagtttag 25920
aaataccatg ggcagtgagc tggaggtcat gagcttgact gecctetgtgt gatgatggge 25980
aagttcctga ccctttectag gtectgtttet atgagecgggyg ggagctacac tagaaaactg 26040
agggggctce ttctaggtct gtaattcatc taggactccce cccgagggtt gagctccaca 26100
tgaggaggct ctatagaggt ggtatctcga tagaacatcce ttttetttag ataggtggtt 26160
agcagtggtyg gcaacttget gactacagga gagataaact gtctattaga aaaataggtce 26220
taggceggge acggtggtte acgectataa teccageact ttgggaggece aaggcaggtg 26280
gattacctga ggtcaggagt tcaagaccag cctggccaac atggtgaaac cccgtctcta 26340
ctaaaaatac aaaaattagc cgggcgtggt ggcatacccc tgtaatccca gctactcagg 26400
acgctgagge aggagaattg cttgageecyg ggaggcagag gttgcagtaa gttgagatca 26460
tgccactgca ctecagectyg gectgacagag cgagactctyg tctcaaaasa aaaaaaaaga 26520
aatgggtcta gatttcaaaa cacgacaaag aaaacttaga agagtttgag ataacaagga 26580
aggaaagtag tgtttaaaga ggtagacttt tttttttttt tgagacagag ttttgctctt 26640
gttgaccagyg ctggagtaca gtggtgcgat ctcggctcac tgcaaccttt gacttccagt 26700
ttcaagcgat tcteectgect cggectectyg agtagetggg attacaggca cccaccacca 26760
cacccagcta atttttgtat ttttaataga gacagggttt caccatgttg geccaggetgg 26820
tetegaacte ctgaccttac gatccaccca ccttggecte ccaaagtget gggattacag 26880
gtgttagcca ccacacctgg ccaagaggta gacattttta gggaactgag cagctcagag 26940
caggtttaga catggagaga gatctagaag gcttagtgac ttactagatg accctgggca 27000
agtccttget tatctttggt tttgctttece tgcttctacce ataatggggt atttctctgg 27060
gtttatttect gatgttctgg tcacgtgtga ttctgecgtgy aatgccagac tagtagttgg 27120
gttecetgggy ttattgatga agatcaggtc aaggtgctac aggtggacca gtagtatcaa 27180
aggaaggaca gcattgggtg ggggtcacag gagagacctg atcctgctgt gtgcagtttg 27240
cagtggtctg gagccaagga cagactgtct ccccattgca tgagaatggg aaccagagtt 27300
gggaggcatyg atcccecctget gtttecttge cttttatacce ctcagetett gtggtaataa 27360
accattcate ctgtgatcat ccacttgaga cctgtgttca tattattcte ttagectgag 27420
tatceettee ctattgagte tcacttgteca ggctctacct gtecttcecaga accccactca 27480
aatttcaact tattcagcaa caacaacaaa tatttattga gcaactacaa agtgccagga 27540
actgtgttag acactggaga tacaacagaa aatgaggaaa atgataagag ccctgtgcta 27600
tggagctcac agtctggtca gagaaatggg catcagaaag taaacaaaaa tatggccatt 27660
tactgtggct cgtacctgta atcccagcac tttgggaggce ctaggtaggt ggattgcatg 27720
agctcaggag ttcaagacca gcctgggcaa catggcaaaa ccccatctct acaaataata 27780
caaaaattag ctgggtgtgg tggcgtgcac ctgtagtccce agctacttgg gaggctgagg 27840
agggaggatc acttgagccc aggaggtaga agttgcagtg agccaagatt gecgctgttge 27900
actccagtcet gggtgacaga gcaagaccca cgtctcaaaa gaaaaaaaaa gtaaacaaaa 27960
ataggaaaaa aaaattggga tttgtgtgtg tatgtttgtg tgcgtgtgcg tgtatgtgtg 28020
catgtgtgtg ttttagtctc aggtaactgc tttcaatgaa acaactgggt aaaaagagaa 28080
ttatgggaaa tccacattaa atagagtgga cagggaagcece ttetectgaaa aggtgacatt 28140
gagctgagat gtaaggatgg taaggatcca gctatgcatg ggaaaagccyg aaaggaaggg 28200
ggtttcaggt tgagggaaaa gcagtgcagg ccctgaggag ggaaagaget ttgtgatttg 28260
aggaatgaca ggectgtgtg agtagaatgg cagagactag gdagtcaggga tggtacaagg 28320
ttgaaaaagt agacaggagc cagctcctga aggatcttga aggccatggt agggagtatg 28380
gaacacagtyg ggaagctgag cacgtagaca aatgttctac ccttacacct tctattgttt 28440
cccacagatt gggggattct tgectttgca ggggctcaca gtctggcaca atgatacata 28500
actacaacat atcacacctg gctcacaagg atgttagaat gatcetgggt gataatgagg 28560
gtgaagatac aaatcatgat acctggcacc taatggatgg atgttcagta aacgtcagct 28620
gaagtaaaat aaagtcgaat tccttttgtc ttctteoccte tgcagaattyg ggaagcacgt 28680
ctactgctgg agaggtcaca tgctgccaag tgcccagaca ttgccaccca gectggctggg 28740
actaagaagg tgcagcagga gctaagcagg ccgggcatge tggagatgtt getccetgge 28800
cagcctgagg ctgtggcceg cctecgegece acctttgetg gectctacte actggatgtg 28860
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gtacgtggge agectgttte tcctaccaca ggectectag gtggcagaga cctacagecce 28920
aatgtgttgg ggagggtgga gctggcattg tgacaagggg aaggtggagce tggcaaggtt 28980
ggtgatgete tggagaacce ctagaactet gagecagaagy gcagectcat aatggaagga 29040
tgggggctgg aatccattgt aagctccctce agcaaaggta gagatgagga tggcaaccag 29100
agggaaggga ctaaggcagg tggcaagaat tgagaagtgt atcaggctgc ctgctgcaga 29160
gcectgaget gttgctaaag aaaggcectgt tctcattgeca toggcetgcetyg cagggggttt 29220
gttgggagty tcatccagat agtagcatcc tgcctgaagyg aatttgtggce tgttctececct 29280
cctgctette ctetgatgcet gectcectgcata accagctgga cctaagette ttgectcttt 29340
agcctttaaa cttttgataa ctgctttectyg cctectgecca gggtgaagaa ggggaccagg 29400
ccatcgcecga ggcccttget gecectagee ggtttgtgcet aaageccccag agagagggtg 29460
gaggtaggtyg gatctcectt tgcagggcte ctcaatgaga gggactagca ggctgtggec 29520
agtgctcatt ggecacttact ctgggcacag tcccgggcat gggggaaact attggaactg 29580
acacaggcca catgttggac agtgtcecccet aagaccetgt gaccaagtece gggagcacag 29640
gggaatctga ttaaccagca ttgaagggtt tggacaagtt ttacctgagg tgcctgtggg 29700
tagattgttg ggaagtagag tagggtcata ttaggagact ggagagaata catgtctgtt 29760
ttcettteta gtttgaaact ccttgaggtc aggggtcatg tctgectcectce cagaggagag 29820
gattttttta atctttgtet taagaggtgg gtaggaattt cccaggtgga aaggaggaag 29880
agtgttccat acaaaaggga caacctcaag ccaaggcacc gggccatgaa agtgtgagat 29940
gtttggaggt taatgagaaa ctggtgaggc tggaggggga gctgggaggg gacagggatt 30000
taggctggaa aaatggtttg catcctgatt ataaagggcc ttgaatatat actgagaaat 30060
tggattttat cttaagggca gtgggaagcce attagggagt tttaageccag gaagggacac 30120
attgatccag gactcaagtg gttagcagtg gtgggaactt gcaaaactta cagtttetge 30180
attgtagaag atgtcctgga atgaggggag acactggaag cagaaagacc gtggaagagg 30240
ctgatacagt tgttcagaag agcaacgtag aggcctgggc tagggctatg actatgggge 30300
caactggaga gacatgtcct agatagtgag agggtagtgg aagggaggag ttaaatatga 30360
ctcaggggta ccttttgcct gattgggagt aggaaggtcc aggaggggca ggttcaggca 30420
gaagtaataa gttctgcttg gacaagttga gtttgtttgyg gggccagtca tatgatgtct 30480
aagcagggag cctgcattaa atatttggaa gttaacaatt tttttttttt ttttgagacg 30540
gattctcget ctgtcaccag gctggagtge agtggcatga tcttggctca ctgcaaccac 30600
tgcctecccag gttcaagcga ttctectgece tcagectcect gagtagetgg gactacaggt 30660
gtgcgecace acacccaget aatttttgta tttttagtag agatggggtt tcatcatatt 30720
ggccaggatyg gtctcaatct cttgacctea tgatctgeet gecteggeet cccaaagtge 30780
tgggattaca ggegtgagee accatgeceg gecggaagtt aacaattttt agggtataga 30840
tggagactca ggaataggag agatctcctt gggaaaatgt acatggggga gagagcaagc 30900
gtggaggacc aattccectg ggaccccage atttaagaga aggagccagc aatggagcett 30960
gagaaggaac agctgtaggt aggaggagaa ccagggcaga acagtgtagt ggaagatgtg 31020
ttcactgcat gagtaagggc tctectgtca aagtgagcett ccctectgag aagccagata 31080
tgccetggcet tcactgageg ggtgeccagga actgaggcetg ctgacttgce catgtggece 31140
caaaagtgag ggcatgggat ggaggaggta ggcagagggt ccagggtgac tggccagttt 31200
cattgcaggt aacaacctat atggggagga aatggtacag gccctgaaac agctgaagga 31260
cagtgaggag agggcctcect acatcctcat ggagaagatc gaacctgage cttttgagaa 31320
ttgectgeta cggectggea gecctgeceg agtggtecag tgcatttcag agetgggecat 31380
ctttggggte tatgtcaggt gagccaatca ggagaagcete tttecactac ctgettgcaa 31440
gagtgccagce caagtgagcc agcctagagg ggaacactgg aaagagtcag gaatcctggg 31500
ctteggtgee agetectgcca atcactaget ttattacctg tttctttatc tattaaatga 31560
ggccaaggac ccaagacctg cccaccttac cagggtatca gatgaagccce tgatgagaag 31620
tecectttgcaa ccgtgaagga aactccaaat agcaccaaga ggactcagaa cacatggttt 31680
gacaacctag gactagaagg agactccaga gaggcataga gactctaaaa tcctagcact 31740
ttcttggtat agacagttac ccaggtactg ctcagctggg tccagggaag gtcctgggtt 31800
tggggctgag tccaggtgat gtgtgtcccce tgcctccatt tctataggca ggaaaagaca 31860
ctcgtgatga acaagcacgt ggggcatcta cttcgaacca aagccatcga gcatgcagat 31920
ggtggtgtgy cagcgggagt ggcagtcetyg gacaacccat acectgtgtyg agggcacaac 31980
caggccacgg gaccttcetat cctetgtatt tgtcattect ctectagece tectgagggg 32040
tatcctcecta aagacctcca aagtttttat ggaagggtaa atactggtac cttccecccag 32100
ctttccatct gaggaccaga aaagttgtgt ctcccttaga tgagatctag acgcccccaa 32160
atccttgaga tgtgggtata gctcagggta agctgctcectg aggtaaaggt ccatgaaccc 32220
tgccecacte ctgtcagecce ctcatcagec ttttcagcag gttceccagtge ctgacttggg 32280
ataggactga gtggtaggag gagggggagt ggaggggcat agcctttcce taattctgece 32340
ttaaataaaa ctgcattgct gattcagtga tgattcctta cttcgtgcat agaggggagg 32400
cgggagctgt aatctacgtt agcccactta agatgtatta gagcagggaa gtgactggtc 32460
tgtaatcagg gtccececctag accagtctet acaggtggaa ccctgaagtt tcaatcctta 32520
gecacccact aatgctetta ctggatcaca gggaggaatyg agagtccctyg gcaggageec 32580
aggagggaag gcaaccaada tgggacatac ataacagttg tgaactggct tcagtcactt 32640
tocctgettag cteaggggct tgtcaaagge cctgtcagtyg aagectectt cgetetgece 32700
aaaccaaaag ttctagaagg aagatattgg ggatagtcct aggaaatacc cctcccttcece 32760
catctgccac acaaatcaga gccactaatg aatatacagce ctcagggcac agatacctaa 32820
Jgaaaacaagt caccacttcet tgagatcaca ggetttatte ctacaaccac agggettgag 32880
cctgactggg gcaagaaaac agagtttcat ctgagaatgt ctcecttatggg ctgggttctg 32940
ttcaggggag ggtgggaaca gaggacaagg aagacaagct cctctggcce taggaacaaa 33000
acacatttac tccttcaaag aagcagatga tctgaatacc ctctggagac tgaatctgcce 33060
catacagece ctggagcecaa tgggcagaca gtactggcat ctggcacaaa agggaattca 33120
gacccagaac agaagcagca aaatatttta aaaatagtaa attgttcctg gactcacaaa 33180
tcattgtttt taagggcaag tgcatgccca atataagtac tggggcttcce taagagaget 33240
gacataggat tacacagctg cctccctgcet tcagtggagg ccctcacatc ccctttgaac 33300
acttaacttyg ggtaggagag gtagectttt cgtctctgtt ctgggttetg agagetetge 33360
agtctggagg cacagcagac tgaggctgac ctgggccctg tectttetge ctggcagtca 33420
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caggatgttg tctctacctg gagacaaagce tggtttcegg tcccagacag ctggtcaagg 33480
gagggtagtyg tgggtcaaca ctggcecteca gecactcectga gggggcaaag aggatgggea 33540
aagtttggag caggaggaat cctaggtaaa ggtcaggate atgttcactg gatggtcagg 33600
cagcggtgge tgaagaggtg actgatgaca gatgggtcag ccacagtaga catgtccceg 33660
aggtcatggt cattctgagc aatcttccga agcactcgcc tcatgatttt ccctggggaa 33720
ccacagacct ctagttactt ggtgaaagca ctgacccace ctagecctge caaaggettt 33780
catccacgca caccecacca ccaccaggcece tcagcccate ccaatccatg gaggectcetg 33840
aacatacctg agcgggtttt aggcaagcca ggtgcattct ggatgtagte tggtgtggca 33900
atggggccaa tcttttectct aactgtaacc aacaaatcat caagcatttc ttcagcaccc 33960
ttagccagac ttttcaaaaa tcaaagtaga gatggctttg ttccccacct gtttecctect 34020
caagtccetg cccacagaga cagcectcagg ttcactgett ctettgetcet caacacactt 34080
gtctetttac tetcetcattt tatcttatgg aactcagget gtagaatgag cctgectagag 34140
tttaaatgee acctttetag cagtgtggee ttgggcaagt gatttaactt ccatgagtet 34200
cagtttcatce atctttagca tgaaggtaac aataagatct gtttcatgga ggtgactcta 34260
gggattaagt ggggtaattc atttaaagca cttagcctag cggtggcaca aagtattcta 34320
gaaatgttgg ctattattat tatcctagtg ggagactagt ggagac 343656
SEQ ID NO: 15 moltype = DNA length = 1889
FEATURE Location/Qualifiers
source 1..1889

mol type = unassigned DNA

organism = Mus musculus
SEQUENCE: 15
cccacgcegte cgcagctgga caacgagcga gttgggatgg ctaccagctg gggcagcatce 60
ttgcaggatg agaagcagct ggaagaactg gcaaagcagg ccatagaccg ggccctggece 120
gagggcgtgt tgctgaggte cgcacagcat cccagetect cegacgtggt gacatatgec 180
ccattcacge tttteccete gecagtacce agtgctetge tggagcagge ctatgetgtg 240
cagatggact tcaacatact ggtggatgct gtcagccaga acccagectt cctggagcaa 300
acactgtcta gcaccatcaa aaaggacgac tatactgccc gtetctttga tatctacaaa 360
caagtcctga aagagggcat tgcccagacce gtgttcctgg gectgaateg ctcagattac 420
atgtteccagt geggcgcaga cggctccaaa gecctgaaac agatcgagat caacactatce 480
tectgecaget ttgggggect ggecteeegg actccagetg tgcaccgaca cgttetcaat 540
gtcctgaata agaccaaaga agettecaag atcetgteca ataaccccayg caagggactg 600
gcecctgggga tcgccaaage ctgggagete tatggctcag ctaatgeggt ggtgectactg 660
attgctcaag agaaggaaag gaacatattt gaccagcgtg ccgtagagaa cgagctgcta 720
gacaggaaga tccatgtcat ccgtggaaga tttgaagatg tctctgaaag gggttcetetg 780
gaccaaaacc gaaggctgtt tatggatgac caggaagttyg ctgtggtgta cttccgagat 840
ggctacatge ccagtcagta taattcacag aactgggaag cacgectgat gctagagaga 900
tctecgtgetg ccaagtgtec agacattgec atacagetgg ctgggactaa gaaggtgcag 960
caggaactga gcagggtggg tctgctggaa gcactgctece cgggecagec cgaggetgtg 1020
gccegectee gagecacctt tgctggecte tattcactgg acatgggtga agaaggggac 1080
caggccattyg ctgaggcccet tgetgetect agecactttg tgctgaagee ccagagagag 1140
ggtggaggta acaacttata cggggaagaa atggtacaag ctcetggagca gctgaaggac 1200
agtgaggaga gagcctccta catcctcatg gagaagattg aacctgagcc ttttaggaat 1260
tgcttgctac ggecctggcag ccctgcccaa gtggtccagt gtatctcgga gctgggtatt 1320
tttggagtct atgtcagaca gggaacaaca ctggtgatga acaagcatgt ggggcacctg 1380
cttcgaacca aagccgtgga gcatgcagac ggaggtgtgyg cggcaggagt ggcagtcectyg 1440
gacaacccct accctgtgtg aaggcgecat ctggacttca ctcaggaggce cttctatcce 1500
ctgtacttgg cactcctctt ctgaggggtt gcccctgtee ctatcttagg ggagettgte 1560
tctteccatag accteccaaaa cttcagggaa gggaaaaccce agggtatctt ccctcagcag 1620
ccttecagee gaggaccaga aaagctatga ttccattaga agacttetgg aggteccccag 1680
atctttggag tgtgggaatg gaagcetgcett tgaggcaaag gctcataaac cctgcaagte 1740
ttcatggtet tcetcaccage cttteccagea ggttcectagtg ccttgaccetg gggtaggace 1800
gagtgaagga ggaagagggt aaaagggcac agacttcccc agctctgccc taaataaaat 1860
aacaatgctg attcaaaaaa aaaaaaaaa 1889
SEQ ID NO: 16 moltype = AA length = 474
FEATURE Location/Qualifiers
source 1..474

mol_type = protein

crganism = Mus musculus
SEQUENCE: 16
MATSWGSILQ DEKQLEELAK QAIDRALAEG VLLRSAQHPS SSDVVTYAPF TLFPSPVPSA 60
LLEQAYAVQM DFNILVDAVS QNPAFLEQTL SSTIKKDDYT ARLFDIYKQV LKEGIAQTVF 120
LGLNRSDYMF QCGADGSKAL KQIEINTISA SFGGLASRTP AVHRHVLNVL NKTKEASKIL 180
SNNPSKGLAL GIAKAWELYG SANAVVLLIA QEKERNIFDQ RAVENELLDR KIHVIRGRFE 240
DVSERGSLDQ NRRLFMDDQE VAVVYFRDGY MPSQYNSQNW EARLMLERSR AAKCPDIAIQ 300
LAGTKKVQQE LSRVGLLEAL LPGQPEAVAR LRATFAGLYS LDMGEEGDQA IAEALAAPSH 360
FVLKPQREGG GNNLYGEEMV QALEQLKDSE ERASYILMEK IEPEPFRNCL LRPGSPAQVV 420
QCISELGIFG VYVRQGTTLV MNKHVGHLLR TKAVEHADGG VAAGVAVLDN PYPV 474
SEQ ID NO: 17 moltype = DNA length = 19
FEATURE Location/Qualifiers
source 1..19

mol type = other DNA

organism

synthetic construct

Jan. 18,2024
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SEQUENCE: 17
ggctetecca tgeattcaa

SEQ ID NO: 18
FEATURE
source

SEQUENCE: 18
tttaacccca aagctccagyg

SEQ ID NO: 19
FEATURE
source

SEQUENCE: 19
ggctcagagyg aatgegttag

SEQ ID NO: 20
FEATURE
gource

SEQUENCE: 20
catctacagg cccaccagtt

SEQ ID NO: 21
FEATURE
source

SEQUENCE: 21
gtgctgattyg agaatgtggce

SEQ ID NO: 22
FEATURE
source

SEQUENCE: 22
aggatgeteg ttetgecca

SEQ ID NO: 23
FEATURE
source

SEQUENCE: 23
tcgtgggtga catcaaagag a

SEQ ID NO: 24
FEATURE
source

SEQUENCE: 24
gaaccgcteg ttgccaatag t

SEQ ID NO: 25
FEATURE
gource

SEQUENCE: 25
ctectecagac cgetttttge

SEQ ID NO: 26

FEATURE
gource

SEQUENCE: 26
tcgagagett cagactegt

SEQ ID NO: 27

moltype = DNA length = 20
Location/Qualifiers

1..20

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20

mol type = other DNA

organism = gynthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20

mol_type = other DNA

organism = gynthetic construct

moltype = DNA length = 19
Location/Qualifiers

1..19

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 21
Location/Qualifiers

1..21

mol_type = other DNA

organism = synthetic construct

moltype = DNA length = 21
Location/Qualifiers

1..21

mol type = other DNA

organism = gynthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20

mol type = other DNA

organism = gynthetic construct

moltype = DNA length = 19
Location/Qualifiers

1..19

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 20

19

20

20

20

20

19

21

21

20

19
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FEATURE
gource

SEQUENCE: 27
ccecaaggay catctgacaa

SEQ ID NO: 28
FEATURE
source

SEQUENCE: 28
ccaacccacc attacctccee

SEQ ID NO: 29
FEATURE
source

SEQUENCE: 29
atgggttggt gatgggcata

SEQ ID NO: 30
FEATURE
source

SEQUENCE: 30
cccatgetgt cactattggyg

SEQ ID NO: 31
FEATURE
source

SEQUENCE: 31
ccgattctac cgggaatcac

SEQ ID NO: 32
FEATURE
gource

SEQUENCE: 32
ctacatggge acagacagayg

SEQ ID NO: 33
FEATURE
source

SEQUENCE: 33
gacggcatcyg cagcttggat

SEQ ID NO: 34
FEATURE
source

SEQUENCE: 34
cagtecaace tgaggtecac

SEQ ID NO: 35
FEATURE
source

SEQUENCE: 35
gacaacggty ggggacac

SEQ ID NO: 36
FEATURE
source

Location/Qualifiers

1..20

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20

mol_type = other DNA

organism = gynthetic construct

moltype = DNA length = 21
Location/Qualifiers

1..21

mol type = other DNA

organism = synthetic construct

g

moltype = DNA length = 21
Location/Qualifiers

1..21

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 21
Location/Qualifiers

1..21

mol type = other DNA

organism = gynthetic construct

moltype = DNA length = 21
Location/Qualifiers

1..21

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 24
Location/Qualifiers

1..24

mol_type = other DNA

organism = gynthetic construct

acac

moltype = DNA length = 20
Location/Qualifiers

1..20

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 18
Location/Qualifiers

1..18

mol type = other DNA

organism = gynthetic construct

moltype = DNA length = 20
Location/Qualifiers

1..20

mol type = other DNA

organism = synthetic construct

20

20

21

21

21

21

24

20

18
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SEQUENCE: 36
ctggagtggg aggaagaggt 20
SEQ ID NO: 37 moltype = DNA length = 20
FEATURE Location/Qualifiers
source 1..20

mol type = other DNA

organism = synthetic construct
SEQUENCE: 37
ccagatatcc tcactgggcg 20
SEQ ID NO: 238 moltype = DNA length = 30
FEATURE Location/Qualifiers
source 1..30

mol type = other DNA

organism = gynthetic construct
SEQUENCE: 38
atttctagaa tggggacaac gaaggtgacc 30
SEQ ID NO: 39 moltype = DNA length = 27
FEATURE Location/Qualifiers
gource 1..27

mol type = other DNA

organism = synthetic construct
SEQUENCE: 39
atggatccte aggcgttgcc aggggtce 27
SEQ ID NO: 40 moltype = DNA length = 1071
FEATURE Location/Qualifiers
gource 1..1071

mol type = genomic DNA

organism = Mus musculus
SEQUENCE: 40
gctacagect tgttcaaaca gttcacaggt gggtacctgt tttttgctaa gtcatccegg 60
gaatgctcaa aggccctttg tgaagtcctt teggtcttet ceggetccte ctttettece 120
accggtctaa aggacttaag gaggctcaca gagcagggca gggctcactyg ctcettcageca 180
tggcttacat tgccaagtcg ttctacgatce tcagtgcegt tggcctggat ggggagaaga 240
tagacttcaa tacgttcaga ggcagggctg tgctgattga gaatgtggeg tcactctgag 300
gaacaactac ccgggactac aaccagctca atgagctgca atgtcgcttt cccaggcgec 360
tggtagttct cggcttcect tgcaaccagt tcggacatca ggagaactgt cagaacgagg 420
agatcctgaa cagcectcaag tatgtccgac ctgggggtgg gtaccagece acctttagte 480
ttacccaaaa gtgtgacgte aatgggcaga acgagcatec tgtetttgee tacctgaaag 540
acaagetygee ctacceettat gatgaccegt teteccteat gaccgatecee aagetcatca 600
tatggagtce cgtgegccge tcagacgtgt cctggaactt tgagaagttc ctcataggge 660
cagaagggga gcccttccegt cgctacagcc gcagcttcecca gaccatcaac atcgagectg 720
acatcaaacyg gctcectcaaa gttgccatet agatgagage tgctcagcecce aggaatctee 780
cactgtttcc cctgagcagt cttcctcagg gectcagtgta ccctegggag accctgggag 840
accaaggcat tccctgaata tcgtecectt gectteecta ccggecattt cctttagete 900
cctcaaggct cttggggagt ttgcttgggg ctctaagtct ggggtaggtt ctgggectte 960
acagaatgat ggcatcttcc taaacccttc tgggagatgt ctgagaagtt gtgaagggtc 1020
cagagccagt ctygctttaga gtccaataaa gtgtaggtgt ggcaatgaaa a 1071

1.-39. (canceled)

40. A method for producing induced pluripotent stem cells
generated from somatic cells of aged donors (A-iPSCs), the
method comprising: supplementing somatic cells of aged
donors prior to the initiation of reprogramming, during
reprogramming, and/or after reprogramming of the somatic
cells with an effective amount of GLUT3, an exosome
subunit, or a combination thereof, thereby producing A-iP-
SCs with at least one of DNA damage response, apoptosis
response, glucose metabolism, and genomic stability levels
approximating those of induced pluripotent stem cells from
young donors (Y-iPSCs), wherein the supplementation is
carried out by adding GLUT3, an exosome subunit, or a
combination thereof to a culture medium in which the
somatic cells are maintained or by transfecting the somatic
cells with a vector harboring a nucleic acid sequence encod-
ing GLUT3, an exosome subunit, or a combination thereof.

41. The method of claim 40, further comprising reducing
expression of A-iPSC glutathione peroxidase 2 (GPX2) or
glutathione synthase (GSS) by

supplementing the A-iPSC with an effective amount of
GLUT3, an exosome subunit, or a combination thereof,

thereby rescuing one or more of DNA damage response,
apoptosis, and genomic stability in the A-iPSC.

42. The method of claim 40, wherein the supplementa-

tion:

is sufficient to restore GLUT3, exosome subunit, or a
combination thereof levels in the A-iPSCs to about
50% or more of the respective levels of embryonic stem
cells (ESCs);

is sufficient to reduce oxidation capacity of glutathione in
the A-iPSCs to about 80% to about 120% of that of
ESCs;

1s sufficient to restore genomic stability of the A-iPSCs to
approximately that of Y-iPSCs;

is sufficient to restore apoptosis rate of the A-iPSCs to
approximately that of Y-iPSCs;

is sufficient to restore DNA damage response of the
A-iPSCs to approximately that of Y-iPSCs;
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is sufficient to reduce oxidation capacity of glutathione in
the A-iPSCs to approximately that of Y-iPSCs; and/or

is sufficient to reduce GPX2 levels in the A-iPSCs to
approximately those of Y-iPSCs.

43. The method of claim 42, wherein the genomic stability
is measured by incidence of aneuploid clones; the apoptosis
rate is measured by DNA fragmentation assay in response to
a DNA damaging agent; and the DNA damage response is
measured by ATM or H2AX phosphorylation in response to
a DNA damaging agent.

44. An A-iPSC produced by the method of claim 40,
wherein the A-iPSC in the absence of GLUT3, an exosome
subunit, or a combination thereof supplementation was first
deficient in GLUT3, exosome subunit, or a combination
thereof expression, expressing either no GLUT3, exosome
subunit, or a combination thereof or a level of GLUT3,
exosome subunit, or a combination thereof substantially
lower than that of a control iPSC derived from a healthy
young donor (Y-iPSC) or embryo (ESC), and wherein the
A-iPSC comprises a vector harboring nucleic acid for
GLUT3, exosome subunit, or a combination thereof.

45. An A-iPSC produced by the method of claim 40,
wherein the A-iPSC is characterized by GLUT3, exosome
subunit, or a combination thereof expression levels, onco-
genic potential, GPX2 expression levels, and/or GSS expres-
sion levels comparable to those of a control Y-iPSC or
embryonic stem cell (ESC).

46. The method of claim 40, wherein the reprogramming
of the somatic cells is carried out with Yamanaka factors
OCT4, SOX2, KLF4, and MYC.

47. The method of claim 40, wherein the reprogramming
of the somatic cells is carried out with pluripotency factors
selected from the group of those of Yamanaka wherein one
or more of OCT4, SOX2, KLF4 and MYC are replaced as
follows: Nanog and Lin28 replace Kif4 and MYC; esrb
replaces Klf4; SV40 LT (T) replaces Klf4, MYC lin28 and
Nanog; BIX-01294 replaces SOX2, OCT4; VPA replaces
KIf4 and MYC.

48. A method for reducing the oncogenic potential of
induced pluripotent stem cells (iPSCs) or A-iPSCs, the cells
having one or more of genomic instability, a defect in
apoptosis, a defect in DNA damage response, and a defect in
glucose metabolism, and exhibiting excessive glutathione-
mediated H,O, scavenging activity compared to embryonic
stem cells (ESCs) or induced pluripotent stem cells from
young donors (Y-iPSCs), the method comprising

supplementing iPSCs or A-iPSCs with pluripotency factor

GLUT3, an exosome subunit, or a combination thereof
as an adjunct to reprogramming to substantially restore
the at least one of DNA damage response, apoptosis
response, glucose metabolism and genomic stability to
levels substantially the same as those of Y-iPSC or
ESC, wherein the supplementation is carried out by
adding GLUT3, an exosome subunit, or a combination
thereof to a culture medium in which the iPSCs or
A-iPSCs are maintained, or by transfecting the iPSCs
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or A-iPSCs with a vector harboring a nucleic acid
sequence encoding GLUT3, an exosome subunit, or a
combination thereof.

49. The method of claim 48, wherein the supplementa-
tion:

is sufficient to restore GLUT3, exosome subunit, or a

combination thereof levels in the iPSCs or A-iPSCs to
about 50% or more of the respective levels of embry-
onic stem cells (ESCs);

is sufficient to reduce oxidation capacity of glutathione in

the iPSCs or A-iPSCs to about 80% to about 120% of
that of ESCs;

is sufficient to restore genomic stability of the iPSCs or

A-iPSCs to approximately that of Y-iPSCs;
is sufficient to restore apoptosis rate of the iPSCs or
A-iPSCs to approximately that of Y-iPSCs; and/or

is suflicient to restore DNA damage response of the iPSCs

or A-iPSCs to approximately that of Y-iPSCs.

50. The method of claim 49, wherein the genomic stability
is measured by incidence of aneuploid clones; the apoptosis
rate is measured by DNA fragmentation assay in response to
a DNA damaging agent; and the DNA damage response is
measured by ATM or H2AX phosphorylation in response to
a DNA damaging agent.

51. An iPSC or A-iPSC produced by the method of claim
44, wherein the iPSC or A-iIPSC exhibits increased GLUT3,
exosome subunit, or a combination thereof expression rela-
tive to an untreated control iPSC or A-iPSC, and wherein the
iPSC or A-iPSC comprises a vector harboring nucleic acid
for GLUT3, exosome subunit, or a combination thereof.

52. The iPSC or A-iPSC of claim 51, wherein the iPSC or
A-iPSC further exhibits decreased GPX2 expression relative
to an untreated control iPSC or A-iPSC.

53. An iPSC derived from a somatic cell of an aged donor
(A-iPSC) where the A-iPSC has been engineered to express
GLUTS3, an exosome subunit, or a combination thereof by
transfecting the iPSC with a vector harboring nucleic acid
for GLUT3, an exosome subunit, or a combination thereof
at levels comparable to an iPSC derived from a healthy
young donor (Y-iPSC) or an embryonic stem cell (ESC),
wherein the iPSC comprises the vector harboring nucleic
acid for GLUT3, an exosome subunit, or a combination
thereof, and wherein the iPSC originally displayed reduced
GLUTS3, exosome subunit, or a combination thereof expres-
sion levels compared to a Y-iPSC or ESC control.

54. The iPSC of claim 53, wherein the iPSC in the
absence of GLUT3, an exosome subunit, or a combination
thereof supplementation was first deficient in GLUT3, exo-
some subunit, or a combination thereof expression, express-
ing either no GLUT3, exosome subunit, or a combination
thereof or a level of GLUT3, exosome subunit, or a com-
bination thereof substantially lower than that of a control
iPSC derived from a healthy young donor (Y-iPSC) or
embryo (ESC).
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