PLURIPOTENT STEM CELLS OBTAINED BY NON-VIRAL REPROGRAMMING

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of US Provisional Patent Application No.
61/108,362, filed October 24, 2008, incorporated herein by reference as if set forth in its
entirety.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] This invention was made with United States government support awarded by
the following agencies: NTH GM081629, RR000167. The United States government has
certain rights in this invention.

BACKGROUND .

[0003] Embryonic stem (ES) cells hold great promise in science and medicine due to
their pluripotent nature, i.e. the ability to replicate indefinitely and differentiate into cells of
all three germ layers (Thomson et al., Science 282:1145-1147 (1998), incorporated by
reference herein as if set forth in its entirety). The application of human ES cells in therapy
and regenerative medicine is complicated by the possibility of rejection by the recipient's
immune system. Human pluripotent cells that are substantially genetically identical to a
particular recipient are, thus, highly desirable. Also, genetic identity may be important for
the use of ES cells in designing patient-specific treatment strategies.

[0004] First attempts to generate pluripotent cells from a post-natal primate individual
employed somatic nuclear transfer (see, e.g., Byrne, JA et al., Nature 450:497-502 (2007))
and cell fusion (see, e.g., Yu, J et al., Stem Cells 24:168-176 (2006)). However, clinical use
of somatic nuclear transfer is impractical due to its low efficiency, while cell fusion results in
near tetraploid cells. In 2007, two groups of scientists reprogrammed somatic cells from a
post-natal primate individual into pluripotent stem cells (Yu et al., Science 318:1917-1920
(2007) and Takahashi ef al,, Cell 131:861-872 (2007)), each incorporated by reference herein
as if set forth in its entirety. Both groups delivered into, and expressed in, human somatic
cells cDNA of four transcription factors using a viral vector system for expressing potency-
determining transgenes. The transcription factors of Takahashi et al. were OCTY, SOX2, c-
Myc, and KLF4, while Yu et al. employed OCT4, SOX2, NANOG, and LIN28. The
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expression of these sets of transcription factors induced human somatic cells to acquire ES
cell-specific characteristics, including morphology, proliferation, and gene- and surface
marker expression. Somatic cells reprogrammed in this manner are Teferred to as induced
pluripotent (iPS) cells. The existence of iPS cells circumvents the need for blastocysts and
reduces concerns associated with immune rejection.

{0005] Shortly thereafter, Lowry et al. generated patient-specific iPS cell lines
through ectopic expression of OCTY4, SOX2, c-Myc, and KLF4 (Lowry et al., PNAS
105:2883-2888 (2008)) transgenes. More recently, iPS cells have been generated from a
number of different human and murine somatic cell types, such as epithelial, fibroblast, liver,
stomach, neural, and pancreatic cells. Further, iPS cells have been successfully differentiated
into cells of various lineages (e.g., Dimos ef al,, Science 321:1218-1221 (2008)).

[G0086] Current methods for generating iPS cells employ retroviral vectors such as
those derived from lentivirus. These vectors stably integrate into, and permanently change, a
target cell's DNA at virtually any chromosomal locus. This untargeted interaction between
reprogramming vector and genome is associated with a risk of aberrant cellular gene
expression as well as neoplastic growth caused by viral gene reactivation (Okita ef a/. Nature
448:313-317 2007)).

[G00T] Moreover, continued presence and expression of the transgenes can interfere
with the recipient cell's physiology. Further, ectopic expression of transcription factors used
to reprogram somatic cells, such as c-Mye, can induce programmed cell death (apoptosis)
(Askew et al., Oncogene 6:1915-1922 (1991), Evan et al., Cell 69:119-128 (1992)).
Furthermore, continued expression of factors such as OCT4 can interfere with subsequent
differentiation of iPS cells.

[0008] It is desirable to reprogram somatic cells to a state of higher potency without
altering the cells' genetic makeup beyond the reprogramming-associated alterations.
Recently, Stadifeld ef al. generated murine iPS cells using a nonintegrating adenovirus that
transiently expressed OCT4, SOX2, KLF4, and c-Myc (Stadtfeld et al., Sciencexpress, Sep.
25, 2008). To date, primate iPS cells generated without using retroviral vectors have not

been reported,



BRIEF SUMMARY

{0008} The present invention is broadly summarized as relating to reprogramming of
differentiated primate somatic cells to produce primate pluripotent cells.

[0010] In a first aspect, the invention is summarized in that a method for producing a
primate pluripotent cell includes the step of delivering into a primate somatic cell a set of
transgenes sufficient to reprogram the somatic cell to a pluripotent state, the transgenes being
carried on at least one episomal vector that does not encode an infectious virus, and
recovering pluripotent cells. Ré‘férences herein to a "non-viral" vector or construct indicate
that the vector or construct cannot encode au infectious virus,

(0011} In a second aspect, the invention relates to an enriched population of
replenishable reprogrammed pluripotent cells of a primate, including a human primate,
wherein, in contrast to existing iPS cells, the at least one vector, including any element
thereof having a viral source or derivation is substantially absent from the pluripotent cells.
As used herein, this means that the reprogrammed cells contain fewer than one copy of the
episomal vector per cell, and preferably no residual episomal vector in the cells, Because
asymmetric partitioning during cell division dilutes the vector, one can readily obtain
reprogrammed cells from which the vector has been lost. As noted elsewhere herein, on very
rare occasions a reprogramming vector can integrate into the genome of the cell, but cells
having an integrated vector can be avoided by screening for absence of the vector. Further, in
contrast to existing ES cells, the primate pluripotent cells of the invention are substantially
genetically identical to somatic cells from a fetal or post-natal individual. Fetal cells can be
obtained from, e.g., amniotic fluid. The cells of the enriched population are not readily
distinguished from existing primate ES and iPS cells morphologically (i.e., round shape, large
nucleoli and scant cytoplasm) or by growth properties (i.e., doubling time; ES cells have a
doubling time of about seventeen to eighteen hours). Like iPS cells and ES cells, the
reprogrammed cells also express pluripotent cell-specific markers (e.g., OCT-4, SSEA-3,
SSEA-4, TRA-1-60, TRA-1-81, but not SSEA-I). Unlike ES cells, the reprogrammed cells are
not immediately derived from embryos. As used herein, "not immediately derived from
embryos" means that the starting cell type for producing the pluripotent cells is a non-
pluripotent cell, such as a multipotent cell or terminally differentiated cell, such as somatic

cells obtained from a fetal or post-natal individual. Like iPS cells, the pluripotent cells



produced in the method can transiently express one or more copies of selected potency-
determining factors during their derivation.

{0012} Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although suitable materials and methods for the practice or testing of the
present invention are described below, other materials and methods similar or equivalent to
those described herein, which are well known in the art, can be used.

[0013] Other objectives, advantages and features of the present invention will become
apparent from the following specification taken in conjunction with the accompanying

drawings.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[og14] FIG. 1A-B illustrate the effect on reprogramming efficiency of different
nucleotide sequences that link transgenes on the vector(s) delivered during the
reprogramming methods.

[0015] FIG. 2A-C illustrate the effect on reprogramming efficiency of c-Mye, KLF-4,
and SV40 large T antigen gene expression in human newborn foreskin fibroblasts,

[0016] FIG. 3A-C illustrate a suitable construct for carrying transgenes into somatic
cells in accord with the method, temporal expression of an episomal vector-mediated
transgene, and the effect of vector quantity on cell survival after nucleofection.

[0017] FIG. 4A-D illustrate reprogramming of human newborn foreskin fibroblasts
with episomal vector-mediated transgene expression.

[0018] FIG. 5A-B illustrate related constructs harboring an expression cassette useful

in the reprogramming methods of the invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0019] The present invention broadly relates to novel methods for reprogramming
differentiated primate somatic cells into reprogrammed primate cells that are substantially
free of the vectors used in their production by introducing potency-determining factors on a
non-viral vector that is present during reprogramming, but is substantially absent from the
reprogrammed cells. As used herein, “reprogramming” refers to a genetic process whereby
differentiated somatic cells are converted into de-differentiated cells having a higher potency
than the cells from which they were derived.



[0020] Advantageously, the higher potency cells produced in the method are euploid
pluripotent cells. As used herein, "pluripotent cells" refer to a population of cells that express
pluripotent cell-specific markers, have a cell morphology characteristic of undifferentiated
cells (i.e., compact colony, high nucleus to cytoplasm ratio and prominent nucleolus) and can
differentiate into all three germ layers (e.g., endoderm, mesoderm and ectoderm). When
introduced into an immunocompromised animal, such as a SCID mouse, the pluripotent cells
form teratomas that typically contain cells or tissues characteristic of all three germ layers.
One of ordinary skill in the art can assess these characteristics by using techniques commonly
used in the art. See, e.g., Thomson ef al., supra. Pluripotent cells are capable of both
proliferation in cell culture and differentiation towards a variety of lineage-restricted cell
populations that exhibit multipotent properties. Pluripotent cells have a higher potency than
somatic multipotent cells, which by comparison are more differentiated, but which are not
terminally differentiated. The pluripotent products of primate somatic cell reprogramming
methods are referred to herein as "reprogrammed primate pluripotent cells” or as induced
pluripotent (iPS) cells. Such cells are suitable for use in research and therapeutic applications
currently envisioned for human ES cells or existing iPS celis.

[0021] Differentiated somatic cells, including cells from a fetal, newborn, juvenile or
adult primate, including human, individual, are suitable starting cells in the methods.

Suitable somatic cells include, but are not limited to, bone marrow cells, epithelial cells,
endothelial cells, fibroblast cells, hematopoietic cells, keratinocytes, hepatic cells, intestinal
cells, mesenchymal cells, myeloid precursor cells and spleen cells. Another suitable somatic
cell is a CD29* CD44* CD166" CD105" CD73* and CD31” mesenchymal cell that attaches to
a substrate, Alternatively, the somatic cells can be cells that can themselves proliferate and
differentiate into other types of cells, including blood stem cells, muscle/bone stem cells,
brain stem cells and liver stem cells. Suitable somatic cells are receptive, or can be made
receptive using methods generally known in the scientific literature, to uptake of potency-
determining factors including genetic material encoding the factors. Uptake-enhancing
methods can vary depending on the cell type and expression system. Exemplary conditions
used to prepare receptive somatic cells having suitable transduction efficiency are well-
known by those of ordinary skill in the art. The starting somatic cells can have a doubling
time of about twenty-four hours.

[0022] The vectors described herein can be constructed and engineered using methods
generally known in the scientific literature to increase their safety for use in therapy, to

include selection and enrichment markers, if desired, and to optimize expression of
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nucleotide sequences contained thereon. The vectors should include structural components
that permit the vector to self-replicate in the somatic starting cells. For example, the known
Epstein Barr oriP/Nuclear Antigen-1 (EBNA-1) combination (see, ¢.g., Linduer, $.E. and B.
Sugden, The plasmid replicon of Epstein-Barr virus: mechanistic insights into efficient,
licensed, extrachromosomal replication in human cells, Plasmid 58:1 (2007), incorporated by
reference as if set forth herein in ifs entirety) is sufficient to support vector self-replication
and other combinations known to function in mammalian, particularly primate, cells can also
be employed. Standard techniques for the construction of expression vectors suitable for use
in the present invention are well-known to one of ordinary skill in the art and can be found in
publications such as Sambrook J, et al., "Molecular cloning: a laboratory manual," (3rd ed.
Cold Spring harbor Press, Cold Spring Harbor, N.Y. 2001}, incorporated herein by reference
as if set forth in its entirety.

[0023] In the methods, genetic material encoding a set of potency-determining factors
is delivered into the somatic cells via one or more reprogramming vectors. Suitable potency-
determining factors can include, but are not limited to OCT-4, SOX2, LIN28, NANOG, c-
Myec, KLF4, and combinations thereof. Each potency-determining factor can be introduced
into the somatic cells as a polynucleotide transgene that encodes the potency-determining
factor operably linked to a heterologous promoter that can drive expression of the
polynucleotide in the somatic cell. Although SV40 T Antigen is not a potency-determining
factor per se, it advantageously introduced into somatic cells as it provides the cells with a
condition sufficient to promote cell survival during reprogramming while the potency-
determining factors are expressed. Other conditions sufficient for expression of the factors
include cell culture conditions described in the examples,

[0024] Suitable reprogramming vectors are episoral vectors, such as plasmids, that
do not encode all or part of a viral genome sufficient to give rise to an infectious or
replication-competent virus, although the vectors can contain structural elements obtained
from one or more virus. One or a plurality of reprogramming vectors can be introduced into
a single somatic cell. One or more transgenes can be provided on a single reprogramming
vector. One strong, constitutive transcriptional promoter can provide transcriptional control
for a plurality of transgenes, which can be provided as an expression cassette. Separate
expression cassettes on a vector can be under the transcriptional control of separate strong,
constitutive promoters, which can be copies of the same promoter or can be distinct
promoters. Various heterologous promoters are known in the art and can be used depending

on factors such as the desired expression level of the potency-determining factor. It can be
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advantageous, as exemplified below, to control transcription of separate expression cassettes
using distinct promoters having distinct strengths in the target somatic cells. Another
consideration in selection of the transcriptional promotex(s) is the rate at which the
promoter(s) is silenced in the target somatic cells. The skilled artisan will appreciate that it
can be advantageous to reduce expression of one or more transgenes or fransgene expression
cassettes after the product of the gene(s) has completed or substantially completed its role in
the reprogramming method. Exemplary promoters are the human EF 1o elongation factor
promoter, CMV cytomegalovirus immediate early promoter and CAG chicken albumin
promoter, and corresponding homologous promoters from other species. In human somatic
cells, both EFle and CMV are strong promoters, but the CMV promoter is silenced more
efficiently than the EF 1o promoter such that expression of transgenes under contro! of the
former is turned off sooner than that of transgenes under control of the latter,

[0025] The potency-determining factors can be expressed in the somatic cells in a
relative ratio that can be varied to modulate reprogramming efficiency. For example, somatic
cell reprogramming efficiency is fourfold higher when OCT-4 and SOX2 are encoded in a
single transcript on a single vector in a 1:1 ratio than when the two factors are provided on
separate vectors, such that the uptake ratio of the factors into single cells is uncontrolled.
Preferably, where a plurality of transgenes is encoded on a single transcript, an internal
ribosome entry site is provided upstream of transgene(s) distal from the transcriptional
promoter. Although the relative ratio of factors can vary depending upon the factors
delivered, one of ordinary skill in possession of this disclosure can determine an optimal ratio
of factors.

[06026] The skilled artisan will appreciate that the advantageous efficiency of
introducing all factors via a single vector rather than via a plurality of vectors, but that as total
vector size increases, it becomes increasingly difficult to introduce the vector. The skilled
artisan will also appreciate that position of a factor on a vector can affect its temporal
expression, and the resulting reprogramming efficiency. As such, Applicants employed
various combinations of factors on combinations of vectors. Several such combinations are
here shown to support reprogramming.

[0027] After introduction of the reprogramming vector(s) and while the somatic cells
are being reprogrammed, the vectors can persist in target cells while the introduced
transgenes are transcribed and translated. Transgene expression can be advantageously
downregulated or turned off in cells that have been reprogrammed to a pluripotent state. The

reprogramming vector(s) can remain extra-chromosomal. Af extremely low efficiency, the
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vector(s) can integrate into the cells' genome. The reprogramming vector(s) replicate
coordinately with the recipient cell's genome and, as such, are reasonably stable for about two
weeks, longer than episomal vectors that cannot replicate their DNA. Nevertheless, because
the vectors are not partitioned evenly at cell division, in the absence of selective pressure,
cells lose the episomal vector(s) so one can readily recover vector-free pluripotent cells in the
method. For example, it usually takes two-to-three weeks for oriP/EBNA-1-based episomal
plasmids to be stably maintained in somatic cells. During the initial two-to-three weeks, cells
quickly lose episomal plasmids. Once the cells are stabilized, the cells continue to lose
episomal vector at ~5% per generation.

[6028] Pluripotent cells produced in the method can be cultured in any medium that
supports pluripotent cell growth, including but not limited to a defined medium, such as
TeSR™ (StemCell Technologies, Inc.; Vancouver, Canada), mTeSR™ {StemCell
Technologies, Inc.) and StemLine® serum-free medium (Sigma; St. Louis, Mo.), ora
conditioned medium such as mouse embryonic fibroblast (MEF)-conditioned medium, As
used herein, a "defined medium” refers to a biochemically defined formulation comprised
solely of biochemically-defined constituents which can include constituents of known
chemical composition or constituents derived from known sources. As used herein,
"conditioned medium" refers to a growth medium that is further supplemented with soluble
factors from cells cultured in the medium. Alternatively, cells can be maintained on MEFs in
culture medium.

[00628] The invention will be more fully understood upon consideration of the

following non-limiting Examples.
EXAMPLES

Example 1

Design and construction of expression cassettes
[0030] Suitable expression cassettes structures were created using conventional
methods by direct polymerase chain reaction (PCR) amplification of open reading frames
(ORFs) from some or all of the transgenes, using the first and last 20-22 bases of the coding
region as primers, and from the Internal Ribosome Entry Sites listed in Table 1. The sources
of SV40 T Antigen and human telomerase reverse transcriptase, plasmids pBABE-puro SV40
LT and pBABE-hygro-hTERT, are commercially available from Addgene, Inc, Cambridge,
MA, as plasmids 13970 and 1773, respectively. The sources of IRES1 and IRES2, plasmids



pIRESpuro3 and pIRES2EGFP, are commercially available from Clontech Laboratories, Inc.,
Mountain View, CA. Foot-and-mouth disease virus segment 2, was chemically synthesized.
In-frame expression cassettes are described using the codes set forth below in Table 1. For
example, "E-O28" refers to an expression cassette having an EF1o promoter upstream of the
OCT4 and SOX2 coding regions, with IRES2 therebetween. Likewise, "C-M2K" refers to an
expression cassette having a CMV promoter upstream of the c-Myc and K14 coding regions,
with IRES2 therebetween. In several constructs, none of which was used in subsequent
reprogramming, a variant O2S expression cassette ("O2S(2)") was employed that differed
from O2S in that it contained a TK promoter - Hyg - TK polyA cassette (compare FIG. SA
and 5B). Cassettes having the indicated structures were selected for subsequent use in
reprogramming methods by empirical determination of expression levels of various factors.
The promoter designated as EF2 (SEQ ID NO:12) was a slight variant from the known EFla
promoter (SEQ ID NO:11) that did not differ from EF 1o in activity and which was not used
in subsequent episomal vector reprogramming trials, infra. The F2A is a peptide linker that
facilitates co-translation of distinct coding regions expressed from a single transcript. F2A
was tested but was not used in subsequent reprogramming trials using episomal vectors.
IRESI was tested but was ﬁot used in subsequent reprogramming trials using episomal
vectors.

[0031] The relative effects of various promoters, IRES sequences, and transgene
arrangements on the expression of the upstream and downstream ORFs were evaluated by
separately cloning various transgene expression cassettes into pSind, a modified lentivirus-
based vector, to test their ability to reprogram human somatic cells after transfection, as
previously described (Yu ef al., supra). 293FT cells were transfected with lentiviral plasmid
vectors expressing OCT and SOX2 linked by IRES] or IRES2 using SuperFect (Qiagen,
Valencia, CA), as depicted below. Cells were collected two days post-transfection. FIG. 1A
shows a Western blot analysis of OCT-4 and SOX2 in 293FT cells. Lane 1, pSIN4-EF2-
OCT4-IRES1-S0X2; lane 2, pSIN4-EF2-OCT4-IRES2-SOX2; lane 3, pSIN4-EF2-OCT4-F2A-
SOX2; lane 4, pSIN4-EF2-OCT4-IRES1-PURQ; lane 5, pSIN4-EF2-SOX2-IRESI-PURO;
lane 6, no plasmid (control), Mouse anti-human OCT4 monoclonal antibody (1:500, Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, sc-5279) and goat anti-human SOX2 polyclonal
antibody (1:500, R&D Systems, Minneapolis, MN AF2018) were used to detect the relative
expression of OCT4 and SOX2 respectively.

[6032] FIG. 1B shows reprogramming using linked potency-determining factors in
0.2 x 10° mesenchymal cells derived (Yu ef al., supra) from OCT4 knock-in human ES cells
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(US Patent Application No. 2006/0128018 and Zwaka and Thomson, Nature Biotechnology
21:319-321 (2003), each incorporated herein by reference as if set forth in its entirety). This
line was maintained under neomycin selection (geneticin: 100 pg/ml, Invitrogen Corp.).
Human iPS cell colonies were counted on day 16 post-transduction. The gene combinations
were pSIN4-EF2-OCT4-IRES1-SOX2 (O18); pSIN4-EF2-OCT4-IRES2-SOX2 (028); pSIN4-
EF2-QCT4-F24-S0X2 (OF2AS8); pSIN4-EF2-NANOG-IRES1-LIN28 (N1L); pSIN4-EF2-
NANOG-IRES2-LIN28 (N2L); pSIN4-EF2-OCT4-IRES1-PURO (O); pSIN4-EF2-50X2-
IRESI-PURQ (SY; pSIN4-EF2-NANOG-IRESI-PURO (N); pSIN4-EF2-LIN28-IRES1-PURCQ
(L). The abbreviation used for each lentiviral plasmid vector is shown in parentheses after

the vector name.

Example 2

Reprogramming human newborn foreskin fibroblasts using lentiviral constructs
[0033] Preliminary reprogramming experiments were conducted by introducing
lentiviral vectors into human neonatal foreskin fibroblasts. FIG. 2A shows that NANOG has
a profound positive effect on reprogramming efficiency when OCT4, SOX2, LIN28, and c¢-
MYC are also introduced, and that in combination with QCT4, SOX2, and LIN28, NANOG
can support reprogramming, even in the absence of ¢-MYC or KLF4. Lentiviral constructs
used were pSIN-EF2-OCT4-IRES2-SOX2 (O28Y, pSIN4-EF2-NANOG-IRES2-LIN28 (N2L);
PSIN4-EF2-LIN28-IRESI-PURO (L); pSIN4-CMV-c-Myc-IRESI-PURQ (M); pSIN4-EF2-
KLF4-IRESI-PURQ (K). Twenty-one days after transduction, alkaline phosphatase-positive
human iP§ cell colonies were counted. The number of iPS cell colonies were derived from
an input of 2.5 x 10* human newborn foreskin fibroblasts (passage 9). The light gray bars
represent the total number of reprogrammed colonies formed having typical human ES cell
morphology; dark gray bars indicate the number of large colonies with minimal
differentiation.
[0034] FIG. 2B evidences reprogramming using linked potency-determining factors.
Lentiviral constructs used were pSINS-EF2-c-Myc-IRES2-KLF4 (EF2-M2K); pSIN4-CMV-c-
Myc-IRES2-KLF4 (CMV-M2K); pSIN4-EF2-KLF4-]RES2-c-Myc (EF2-K2M); pSIN4-CMV-
KLF4-IRES2-c-Myc (CMV-K2M); pSIN4-CMV-c-Myc-IRES2-LIN28 (M2L); pSIN4-EF2-
NANOG-IRES2-KLF4 (N2K). Fourteen days afier transduction, alkaline phosphatase-
positive human iPS cell colonies were counted. The number of iPS cell colonies were

derived from an input of approximately 7.0 x 10 foreskin fibroblasts (passage 12). The
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asterisk indicates that most of the alkaline phosphatase-positive colonies appeared
morphologically loose.
[0035] FIG. 2C shows the effect of SV40 large T antigen gene expression on
reprogramming efficiency. SV40 large T antigen prevents c-Myc-induced in murine
fibroblasts (Hermeking ef al., PNAS 91:10412-10416 (1994)) and enhances reprogramming
efficiency (Hanna et al., Cell 133:250-264 (2008); Mali et al., Stem Cells doi:
10.1634/stemcells.2008-0346 (2008)). Abbreviations of gene combinations are the same as
in FIG. 2B, with the addition of SV40 large T antigen (T). c¢-Myc also promotes cell
proliferation. Twelve days after transduction, alkaline phosphatase-positive human iPS cell
colonies were counted. The number of iPS cell colonies were derived from an input of
approximately ~3.5 x 10* foreskin fibroblasts (passage 17). Fig. 2C demonstrates that if
present at levels achieved during lentiviral-based reprogramming, T antigen inhibits final
stages of iPS cell derivation. In contrast, see infra, wherein T antigen does not have this
effect when present for the temporal expression time and/or level achieved during
reprogramming using episomal vectors. In addition, T antigen prevents c-Myc-induced
apoptosis but does not adversely affect c-Myc-induced cell proliferation.
Example 3

Reprogramming of human newborn foreskin fibroblasts using non-viral episomal constructs
[0036] Human newbom foreskin fibroblasts (Cat# CRL-2097™, ATCC) were
maintained in foreskin fibroblast culture mediom (DMEM (Cat# 11965, Invitrogen)
supplemented with 10% heat-inactivated fetal bovine serum (FBS, HyClone Laboratories,
Logan, UT), 2 mM Glutamax, 0.1 mM non-essential amino acids, and 0.1 mM B-
mercaptoethanol).
[0037] Various combinations of potency-determining factors provided as transgene
expression cassettes constructed as in Example 1 and as detailed below in Table 3 were
introduced into somatic cells using an episomal construct pCEP4-EGFP (as shown in Fig.
3A) resulting in reprogramming with varying efficiency. pCEP4-EGFP was created from
commercially available mammalian episomal expression vector pCEP4 (Invitrogen Corp.,
Carlsbad, CA) by inserting the EGFP coding region between the pCEP4 BamHI and Nhel
sites. The episomal vectors of Table 2 were created by inserting the designated expression
casseftes into pCEP4-EGFP or into a related backbone lacking Pewy (designated pEP4). See
Fig. 3A and Table 2 footnotes for cloning sites into which expression cassettes were inserted.
[0038] Vectors were introduced into the fibroblasts via a single nucleofection event,
using Human Dermal Fibroblasts Nucleofector Kit (Normal Human Dermal Fibroblasts,
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Amaxa, Inc. Cat. No, VPD-1001), in accord with the manufacturer’s instructions. After
nucleofection, the transfected fibroblasts (~ 0.8 to 1.0 x 10° cells each) were immediately
plated onto three 10 cm dishes seeded with irradiated mouse embryonic fibroblasts (MEF).
Foreskin fibroblast culture medium was replaced every other day. After four days, the
foreskin fibroblast culture medium was replaced with human ES cell culture medium
(PMEM/F12 culture medium supplemented with 20% KnockQut serum replacer, 0.1 mM
non-essential amino acids (all from Invitrogen Corp.), 1 mM Glutamax, 0.1 mM B-
mercaptoethanol and 100 ng/ml zebrafish basic fibroblast growth factor (zbFGF) as
previously described (Amit ef al., Developmental Biology 227:271-278 (2006); Ludwig et
al., Nature Methods 3:637-646 (2006), each of which is incorporated herein by reference as if
set forth in its entirety). When the seeded MEF could no longer sustain the reprogramming
culture, about 8 to 10 days after plating, human ES cell culture medium conditioned with
irradiated MEF was used instead. When appropriate (about 2-3 weeks after transfection), the
cultures were stained for alkaline phosphatase as an indication of human iPS colony
development.

[00389] To determine suitable parameters for introducing transgene constructs,
temporal expression was initially evaluated by measuring EGFP level over time after
introduction of EGFP from pEGFP-N2 (control) and pCEP4-EGFP episomal vector into
293FT cells was evaluated (Fig. 3B).

[0040] The effect of the amount of transgene construct introduced on human newborn
foreskin fibroblast cell survival was also evaluated in preliminary experiments. FIG, 3C
shows the effect of amount of pCEP4-EGFP episomal vector used on nucleofection
efficiency and survival of human newborn foreskin fibroblasts, estimated from cell
confluence on the day after nucleofection. Approximately 1 x 10° nucleofected foreskin
fibroblasts were plated into each well of a 6-well plate. Gray lines represent non-transfected
control fibroblasts; black lines represent transfected fibroblasts.

[0041] Fig. 4A depicts schematic transgene expression constructs from Table 3
containing various expression cassettes that when introduced in certain combinations into
human newbom foreskin fibroblasts result in reprogramming of the fibroblasts to pluripotent
cells. Three combinations of introduced episomal reprogramming vectors have yielded
reprogrammed pluripotent cells: (1) pEP4-E-O2S-E-T2K, pEP4-E-Q2S8-E-N2K and pCEP4-
C-M2L; (2) pEP4-E-025-C-K2M-E-N2L and pEP4-E-028-E-T2K; and (3) pEP4-E-O28-E-
NZL, pEP4-E-O2S-E-T2K and pEP4-E-O2S-E-M2K. Table 3 indicates the amount of each
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vector used in each successful combination. One vector in each successful reprogramming
combination encoded T antigen under control of the EFla promoter.

[0042] FIG. 4B shows a bright-field microscopy image of a typical colony with
morphological changes observed 18 days after episomal vector transfection. FIG. 4C shows
a bright-field microscopy image of an alkaline phosphatase-positive colony 18 days after
episomal vector transfection.

[0043] Twenty-five to thirty days after transfection, the reprogramming cultures were
passaged once to fresh 10 cm MEF dishes (1:3 ratio), due to the presence of many non-iPS
cell colonies with morphologies similar to human iPS cell colonies. Colonies were then
picked for further analysis. FIG. 4D shows a bright-field microscopy image of a human iPS
cell colony 6 days after the first passage of day 28 post-transfection reprogramming culture.
The scale bar represents 0.1 mm. Reprogrammed cells were maintained for subsequent
analysis in feeder-free culture on Matrigel (BD Biosciences, Bedford, MA) with conditioned
medium as previously described (Xu ef al., Nat. Biotechnol. 19:971 (2001), incorporated
herein by reference as if set forth in its entirety).

[0044] Advantageously, the reprogramming efficiency of greater than 1% of the
newborn foreskin fibroblast cells reprogrammed was achieved, at significantly lower
reprogramming time than was achieved using four gene combinations,

{6045] It is understood that certain adaptations of the invention described in thig
disclosure are a matter of routine optimization for those skilled in the art, and can be
implemented without departing from the spirit of the invention, or the scope of the appended
claims. All publications and patents mentioned in the above specification are herein
incorporated by reference. Various modifications and variations of the described method and
system of the invention will be apparent to those skilled in the art without departing from the
scope and spirit of the invention. It is understood, however, that examples and embodiments
of the present invention set forth above are illustrative and not intended to confine the
invention. The invention embraces all modified forms of the examples and embodiments as

come with the scope of the following claims.
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TABLE 1 -- Reprogramming genes and translation elements

Gene Symbel | Abbr, Source SEQIDNO Accession # or sequence
OCT4 O hESC 1 NM_002701
SOX2 S hESC 2 NM_003106

NANOG N hESC 3 NM_024865
LN28 L hESC 4 NM_ 024674
c-Myc M hESC 5 NM_002467
KLF4 K RESC 6 NM_004235
sor | 1 | PRAPERWO 7 EF579667

SV40 LT p
TERT | TERT | PO TYE: 8 NM_198253
hTERT

IRES1 1 pIRESpuro3 -
IRES2 2 | pIRESJEGFP -

F2A F2A (synthesized) 9

CMV C 10

EFla E 11

EF2a - 12

14



TABLE 2: Episomal constructs

# kame Size (bp)

1  [pCEP4-EGFP 10984
2% HEP4-E-025(2) 13523
3°  pEP4-B-M2K 14293
4°*  pCEP4-M2K 13643
5%  pEP4-E-X2M 14268
6°  pCEP4-K2M 13636
7°  pEP4-E-N2K 13819
8°  DPEP4-E-T2K 15071
9 bCEP4-M2L 12852
16°>  pEP4-E-N2L 13020
11°  [pEP4-E-T2L 14284
12° - pEP4-E-02S8-C-M2K 16038
13°  |pEP4-E-O2S-E-MZK 16680
14°  pEP4-E-02S-C-K2M 16010
15° [pEP4-E-02S-E-K2M 16652
16° pEP4-E-02S-E-N2K 16206
17°  pEP4-E-02S-E-T2K 17458
18°  |pEP4-E-O2S-E-N2L 15415
19¢  [pEP4-E-O2S-E-T2L 16679
20° pEP4-02S-C-M2L 15247
21°  |pEP4-E-02S-E-K2T 17474
22°  pEP4-E-028-C-M2L-E-N2K 19956
23°  pEP4-E-028-C-M2K-E-N2L 19956
24°  |pEP4-E-025-C-K2M-E-N2L 19949
25° pEP4-E-025-C-M2L-E-T2K 21220
26°  |pEP4-E-02S-C-M2K-E-T2L 21220
27°  [pEP4-E-02S-C-K2M-E-T2L 21213
28°  pEP4-E-028-C-M2L-E-K2T 21224

15




* All linked gene cassettes were cloned into the pCEP4-EGFP between BamHI and Nhel

restriction sites.

® All linked gene cassettes plus the EF 1o promoter were cloned into the pCEP4-EGFP
between BamHI and Spel (19) restriction sites. .

¢ All expression cassettes were cloned into the pCEP4-EGFP between BamHI and Nrul

restriction sites.

16



TABLE 3: Combinations of episomal constructs tested for reprogramming activity

Egqgnivalent of Morph. | AP+ colony
PJCEP‘&-EGF_Qgg) Test # |Plasmids Bg Changes /plate
EXPERIMENT 1
6.3 1 EP4-E-O28-C-M2K 9.2 +/- 0
6.3 2 EP4-E-O28-K2Neo 9.3 +- 0
6.3 CEP4-M2L 7.4
6.3 3 EP4-E-Q2S-E-N2K 9.3 +/- 0
6.3 CEP4-M2L 7.4
6.3 4  pEP4-E-O2S-E-T2K 10 - 0
6.3 CEP4-M2L 7.4
6.3 5 EP4-E-O2S-E-TERT2K | 108 +/- 0
6.3 CEP4-M2L 7.4
6.3 6 EP4-E-025-C-M2L 8.7 +/- 0
6.3 EP4-E-N2K 7.9
6.3 7 EP4-E-O02S-C-M2L 8.7 + 0
6.3 EP4-E-T2K 8.6
6.3 8 EP4-E-O28-C-M2L 8.7 +- 0
6.3 EP4-E-TERT2K 9.4
EXPERIMENT 2
3.3 1 EP4-E-02S8-C-M2K 5.0 +/- 0
3.3 2 EP4-E-O28-E-M2K. 5.0 +/~ 0
3.3 3 EP4-E-025-C-K2M 5.0 +- 0
3.3 4 EP4-E-O2S-E-K2M 5.0 +/- 0
2.5 5 pEP4-E-0285(2) 3.0 +/- 0
2.5 CEP4-M2K 3.0
2.5 6 EP4-E-O25(2) 3.0 +- 0
2.3 EP4-E-M2K 3.0
2.5 7 EP4-E-025(2) 3.0 +/- 0
2.5 »CEP4-K2M 3.0
2.5 8 EP4-E-02S8(2) 3.0 +/- 0
23 EP4-E-K2M 3.0
1.7 S9N pEP4-E-028(2) 2.0 +/- 0
1.5 EP4-E-N2K 2.0
1.7 CEP4-M2L 2.0 - 0
1.7 10N pEP4-E-02S(2) 2.0 +/- 0
1.7 EP4-E-N2L 2.0
1.7 CEP4-M2K 2.0
1.7 1IN pEP4-E-028(2) 2.0 - 0
1.7 EP4-E-N2L 2.0
1.5 EP4-E-M2K 2.0
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1.7 12N [pEP4-E-025(2) 2.0 +- 0
1.7 EP4-E-N2L 2.0
1.7 CEP4-K2M 2.0
1.7 13N |pEP4-E-025(2) 20 +- 0
17 EP4-E-N2L 2.0
1.5 EP4-E-K2M 2.0
2.3 14N pEP4-E-O2S-E-N2K | 3.5 - )
21 CEP4-M2L 2.5
2.5 15N [pEP4-E-O2S-E-N2L 3.5 +- 0
2.1 CEP4-M2K. 25
2.5 16N |pEP4-E-O2S-E-N2L 35 +- 0
1.9 EP4-E-M2K. 2.5
2.5 17N [pEP4-E-O2S-E-N2L 3.5 +/- 0
2.1 CEP4-K2M 2.5
2.5 18N  pEP4-B-02S-E-N2L 3.5 +- 0
1.9 EP4-E-K2M 25
EXPERIMENT 3
17 9T IbEP4-E-028(2) 2.0 4 0
1.4 / EP4-E-T2K 2.0
1.7 CEP4-M2L 2.0
1.7 | 10T |pEP4-E-025(2) 2.0 + 0
1.5 EP4-E-T2L 2.0
1.7 EP4-M2K 2.0
1.7 11T |pEP4-E-02S(2) 2.0 + 0
15 PEP4-E-T2L 2.0
1.5 EP4-E-M2K. 2.0
1.7 12T [pEP4-E-025(2) 2.0 +- 0
1.5 EP4-E-T2L 2.0
1.7 CEP4-K2M 2.0
1.7 13T |pEP4-E-025(2) 2.0 +/- 0
1.5 EP4-E-T2L 2.0 '
1.5 EP4-E-K2M 2.0
22 14T [pEP4-E-O2SET2K. 3.5 e 0
2.1 CEP4-M2L 2.5
23 15T |pEP4-E-O2S-E-T2L 3.5 + 0
2.1 CEP4-M2K. 2.5
2.3 16T [pEP4-E-O2S-E-T2L 35 + 0
19 EP4-B-M2K 2.5
23 17T [pEP4-E-02S-E-T2L 3.5 +/- 0
2.1 CEP4-K2M 2.5
23 18T [pEP4-E-O2S-E-T2L 35 |- - 0
1.9 pEP4-E-K2M 2.5

18



EXPERIMENT 4

pEP4-E-02S-C-M2K-E-
N2L

10.9

pEP4-E-O2S-C-M2K-E-
N2L

EP4-E-O2S-E-T2K

|pEP4-E-02S-C-K2M-E-

INZL

T EP4.E.O2S-ENoL

3 7 +/-

3 EP4-E-028-C-M2K 4.4

3 8 EP4-E-O2S-E-N2L 42 +

2 EP4-E-028-E-T2K. 3.2

3 EP4-E-02S-C-M2K 4.4

3 9 EP4-E-O2S-E-N2L 42 +-

3 EP4-E-O2S-E-K2M 45

3 10  [pEP4-E-02S-E-N2L 42 +-

2. EP4-E-02S-E-T2K. 3.2

3 EP4-E-02S-E-K2M 4.5

3 11 pEP4-E-02S-E-N2L 4.2 +-

3 EP4-E-02S-C-K2M 4.4

3 12 [pEP4-E-O2S-E-N2L 42 +

2 EP4-E-028-E-T2K 3.2

3 EP4-E-028-C-K2M 4.4
pEP4-E-02S-C-M2L-E-

2 13 2K 3.9 +

4 EP4-E-028-B-N2K 5.9
pEP4-E-028-C-M2K-E-

6 14 [T2L 11.6 +
pEP4-E-028-C-M2K-B-

3 15 T2l 58 +

3 EP4-E-028-E-N2K 4.4
pEP4-E-028-C-K2M-E-

6 16 [T2L 11.6 -
pEP4-E-028-C-K2M-E-

3 17 (T2L 5.8 +

3 EP4-E-02S-E-N2K 4.4
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DEPA-E-02S5-C-M2L-E-
6 18 Kot 116 /- 0
PEPA-E-02S-C-M2L-E-
3 19 Kot 5.8 +- 0
3 EP4-E-O2S-E-N2K. 44
3 20 [pEP4-E-O2S-E-K2T 48 - 0
3 EP4-E-O2S-E-N2K 44
2 EP4-E-O25-C-M2L 2.8

+/~: No or very few colonies with morphological change were observed (fg- FIG. 4B).
+, ++ and ++: Different number (from less to more) of colonies with morphological change
were observed.
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CLAIM OR CLAIMS
WE CLAIM:

1. A method of reprogramming primate somatic cells, the method comprising the

steps of:

exposing the primate somatic cells to a plurality of potency-determining
factors under conditions sufficient to reprogram the cells; and

culturing the exposed cells to obtain reprogrammed cells having a higher
potency level than the primate somatic cells, the reprogrammed cells being substantially free
of any component associated with exposing the potency-determining factors to the somatic
cells.

2. The method of Claim 1, wherein the primate somatic cells are obtained from a
fetal or post-natal individual.
3. The method of Claim 1, wherein the primate is a human.

4. The method of Claim 1, wherein the reprogrammed cells are genetically
identical fo a fetal or post-natal individual.

5. The method of Claim 1, wherein the exposing step includes the step of
introducing at least one vector encoding one or more potency-determining factors into the
primate somatic cells.

6. The method of Claim 5, wherein the vector is a non-viral episomal vector.

7. The method of Claim 5, wherein the one or more potency-determining fagtors
comprise human OCT-4, human SOX2, human LIN28, human NANOG, human ¢-Myc, and
human KLF4, wherein when the vector comprises c-Myc, the method further comprises the

step of exposing the primate somatic cells to SV40 T Antigen.

8. The method of Claim 5, wherein the at least one vector is a single vector.

21



9. The method of Claim , wherein the single vector comprises at least one

internal ribosomal entry site.

10.  The method of Claim 8, wherein the single vector comprises, in order, a first
promoter, OCT4, IRES2, SOX2, a second promoter, SV40 T antigen, IRES2, and KLF4.

11.  The method of Claim 8, wherein the vector comprises, in order, a first
promoter, OCT4, IRES2, SOX2, a second promoter, ¢-Mye, IRES 2, KLF4, a third promoter,
NANOG, IRES2, and LN28.

12.  The method of Claim 5, wherein a first vector comprises, in order, a first
promoter, OCT4, IRES2, SOXZ, a second promoter, SV40 T antigen, IRES2, and KLFY,
wherein a secor;d vector comprises, in order, a third promoter, OCTY, IREsz, SOX2, a fourth
promoter, NANOG, IRES2, and KLF4, and wherein a third vector comprises, in order, a fifth
promoter, ¢-Myc, IRES 2, and LN28, wherein the promoters need not be identical.

13.  The method of Claim 12, wherein each of the first, second, third, and fourth

promoters is an clongation factor la (EFl¢) gene promoter.

14,  The method of Claim 5, wherein a first vector comprises, in order, a first
promoter, OCT4, IRES2, SOX2, a second promoter, KLF{, IRES2, c-Myc, a third promoter,
NANOG, IRES2, and LN28, wherein a second vector comprises, in order, a fourth promoter,
QOCT4, IRES2, SOX2, a fifth promoter, SV40 T antigen, IRES2, and KLF4, wherein the

promoters need not be identical.
15.  The method of Claim 14, wherein each of the first, third, fourth, and fifth

promoters is an EFla gene promoter and wherein the second promoter is a cytomegalovirus

immediate early gene (CMV) promoter,
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, 16.  The method of Claim 5, wherein a first vector comprises, in order, a first
promoter, OCT4 IRES?, SOX2, a second promoter, NANOG, IRES2, and LN28, wherein a
second vector comprises, in order, a third promoter, OC74, IRES2, SOX2, a fourth promoter,
SV40 T antigen, IRES2, and KLF4, and wherein a third vector comprises, in order, a fifth
promoter, OCT4, IRES2, SOX2, a sixth promoter, c-Myc, IRES 2, and XLF4, wherein the

promoters need not be identical.

17.  An enriched population of primate pluripotent cells produced according to a
method comprising the step of: '
exposing primate somatic cells to a phurality of potency—detérmining factors
under conditions sufficient to express the potency-determining factors, thereby
reprogramming the somatic cells to produce the primate pluripotent cells;
the cells being substantially free of any component associated with exposing

the potency-determining factors to the somatic cells.

18.  The population of Claim 17, wherein the primate somatic cells are obtained
from a fetal or post-natal individual.

19.  The population of Claim 17, wherein the primate is a human.

20.  The population of Claim 17, wherein the pluripotent cells are substantially
genetically identical to a post-natal individual.

21.  The population of Claim 17, wherein the exposing step includes the step of
introducing at least one vector encoding one or more potency-determining factors into the

primate somatic cells.
22.  The population of Claim 21, wherein the vector is a non-viral episomal vector.
23.  The population of Claim 21, wherein the one or more potency-determining
factors comprise human OCT-4, human SOX2, human LIN28, human NANOG, human ¢c-

Myec, and human K1LF4, wherein when the vector comprises c-Mye, the method further
comprises the step of exposing the primate somatic cells to SV40 T Antigen.
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24.  Primate induced pluripotent cells substantially free of any component

associated with induction of phiripotency.
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<110> WARF

Final Sequence Listing - 960296 00914 _workFile.txt

SEQUENCE LISTING

<120> NON-VIRAL REPROGRAMMING
<130> 960296.00914

Sequence

- -t o

<213> OrganismName : Homo sapiens

<400> PreSequenceString

ccttegeaag
ggacacctgg
999999ccgg
ggagggccag
tgceeoeege
gggctagtge
gtggagagca
aagctggaga
cagaaagaac
acacaggccg
accatctgec
ttgetgeaga
gcagaaacce
ggcaacctgy
atcgcecage
cagaagggca
teteetttet
ccaggctatg
gaagccrtte
geetgeectt
agtrtgtgec
caaaggytyy
tgctcttgat

cacagtagat
<212> Type

: DN
«211> Length :

ccctcattte
cttoggattt
agcegggetg
gaatcgggeo
cgtatgagtt
cccaaggogg
actecgatog
aggagaagcet
tegagcaatt
atgtggggct
gctttgagge
agtgggtoga
tegtgcagge
agaatttgtt
agcttgggct
agcgatcaag
cagggggacc
ggagcectca
ceeetgtcte
ctaggaatag
agggtttttg
gggcagggga
titagtccca
agacacactt
§411

SequenceName i SE
sequencebescription :

accaggeeee
cgeeticteg
gottgateet
g999g9ttgag
Ctgtgggggg
cttggagace
ggeccteeeey
ggagcaaaac
tgccaagete
caccetgggg
tctgcagett
ggaagctgac
ccgaaagaga
ccrgcagtge
cgagaaggat
cagegactat
agtgtcetrtt
cttcactgea
cgtcaccact
gggacaggyg
ggattaagtt
gtitgoggea
catcatgtat

asddaddaaaa

SEQ ID NO:l

cggettygog
ceeectecag

cggacetgge
ecaggetotg
atggcgtact
tetcagecty
gagccctgea
ceggaggagt
ctgaagcaga
grrctatttg
agcttcaaga
aacaatgaaa
aagcgaacca
ccgaaaccea
gtggtccgag
gcacaacgag
cetetggece
ctgtactect
ctgggctere
gaggggagga
cttcattcac
actggttgga
cacttititre

a

Page

cgeettectt
gtggtagang
taagetteca
aggtgtoggg
gtgggececa
agggcgaage
cegrcaceee
cccaggacat
agaggatcac
ggaaggtart
acatgtgtaa
atcrtcagoga
gtatcgagaa
cactgcagea
tgtggttctg
aggattttga
cagggceeca
cggtecettt
ccatgeatte
gctagggaaa
taaggaagga
gggaaggtga
ttaaataaay

1

ceceatggeg
tgatgggeca
aggeeetect
gattceoeea
ggtiggagtg
aggagrtcogy
tggtgeegtyg
caaagctety
cctgggatat
cagccaaacg
getgeggece
gatatgcaaa
ccgagtgaga
gatcagecac
taaccggege
ggetgetggg
trrtggtace
ccctgaggay
aaactgaggt
gaaaacctgg
attgggaaca
agttcaatga
aagectggga

120
180
240
300
360
420
480
540
600
660
720
780
840
800
360
1020
1080
1140
1200
1260
1320
1380
1411



Sequence

<213> OrganismName
<400> PreSequencestring

ctattaactt
aagggggaaa
gaaagaaagg
aatcatcgge
tceagtttge
gceetgeget
ccccaaagtc
cgeecgeaty
ggggygcyge
ggaccgcgte
gatggcecag
gtggaaactt
agcgctgeac
gctcatgaag
catggcgage
cagttacgeg
gggctaceeg
ccgetacgac
cggctegeee
ctccatgggt
cteecactee
cceceggegec
ccagagegyc
agggeeggac
goggtgcaaa
aaaggaaaaa
teecatecac
ctggacttct
cggoggaatg

Final Sequence Listing -~ 960296 00914_workrFile.txt

gttcaaaaaa
gragtttgct
gagagaagtt
ggcggeagga
cretctettt
ceegacacee
ccggeeggac
tacaacatga
ggcggcaact
aagcggecea
gagaaccccea
ttgtcggaga
atgaaggagce
aaggataagt
g99gtcgogy
cacatgaacy
cagcacceygy
gtgagecgeec
acctacagea
tcggtgotca
agggegeect
gaggtgcagg

gtatcaggag
gectetttaa
tgagceocag
teggecagag
ttttcecccca
cegeeegeet
cgagggtcgg
tggagacgga
€Cacegegge
tgaatgcctt
agatgcacaa
CYgRCaagCy
acccggatta
acacgctgee
tgggcgccgg
gctggageaa
gcctcaatge
tgcagtacaa
tgtecctacte
agtccgagge
gceaggeegg
aaccegeege

: Homo sapiens

ttgtCcaagge agagaagaga gtgtttgcaa

gactaggact
gcttaagect
gaggagggaa
aattattctt
ceeectectce
cggcegeegy
gctgaagecg

gagagaaaga
ttccaaaaaa
gCgeTLTLLL
cgectgattt
tcteecceey

£gggecgage
ccgggeeeye

ggcggeegge ggcaaccaga
catggtgtgg tocogeggge
ctcggagate agcaagegec
geegttcate gacgaggeta
taaataccgg ccccggegga

cggcgggctag ctggocococeeg

cegotgeetyg goeacggeeat
agcgaactgg aggggggaga
agaggagagt aagaaacage
adaasaticce dtcarcoaca
actcacgcaa aaaccgoegat
ttttggggga ctatttttgt
gaccttgtat agatctggag

cetgogegey
cggcagetac
gcacggegea
ctecatgace
gcagcagggc
cagctccage
ggacctecgg
ccceageaga
taacggeaca
aattttcaaa
atggagaaaa
gcaaatgaca
gecgacaaga
acagagaaaa
gaaagaaagce

Page

ggcgtgaacc
agcatgatge
gcgcagatge
agctcgcaga
acccctggea
cceectgtgg
gacatgatca
cttcacatgt
ctgeeectct
gaaaaacgag
cecggracge
getgcaaaag
asacttitat
cctggggagg
tacgaaaaac
2

agaggagaga
taataataac
tgatcctgat
tcctegegga
ccegeggyec
ccgegeacag
agcaaacttc
aaaacageee
agcggegeaa
tgggcgecga
agcggetgeg
aaaccaagac
gcggcaatag
agcgcatgga
aggaccagct
agcccatgea
cctacatgaa
tggctettgy
ttacctette
gcatgtatct
cecageacta
cacacatgtg
ggaaatggga
tcaaaaagaa
agaacaccaa
gagagagatc
gtggagageg
tttttaaaag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740



ttctagtggt
agagctagtc
tatttatcga
aatatttite
gtigcaaacg
gtacaaaagg
aggucaaaag
atgcaggttyg
tgttcagata
tatttctgta
attttaaaag
ttgaactaat
cacagtttoa

<212

Type
<211> Length
Sequencename H

Final Sequence Listing - 960296 00914 workrile.txt

acggtaggay
tcecaagogac
gataaacatg
éaggagaggc
tgaaaldgaag
aaaaaattag
tittagactg
acaccgttygg
aaaaadacca
aatttatigt
atteggetet
arcatcctia

gataaataaa

2518

ctttgcagoa
gaaaaaaatyg
geaatcaaaa
ttettgetga
aaaattattc
aataagtact
tactaaattt
taatttataa
tgaaattact
gatattttaa
gtattatttg
taacaggtac
tttttgaaat

SEQ ID NO:2

Sequencebescr1pt10ﬂ :

Sequence

agtttgcaaa
ttttaatatt
tgtccatior
attttgatrte
aaatttggac
ggcgaaccat
tataacttac
tagerrttgt
gtgtttgaaa
gottttecocee
aatcagtctg
attittcaact

atggacactg

<213> oOrganismname : Homo sapiens
- <400> PreSequenceStr1ng :
attataaatc tagagactcc aggattttaa

gttattatge aggcaactca cittatccca

tatttctcta
ctettaaatt
caaagettge
tgtggucctg
gagactgtct
tccaccagtc
gacaaggtcc
gtactcaatg
tccaacatee
aaatctaaga
gceteageac
ccgactggga

acatctteea
tttrectect
cttgettiga
aagaaaacta
cteetctice
ccaaaggcaa
cggteaagaa
atagartica
tgaaccteag
ggtggragaa
ctacctacce

accrrecaat

gaaaagtctt
cttcCictat
agcatccgac
tccatectty
ttectoeaty
acaacccact
acagaagacc
gagacagaaa
ctacaaacag
aaacaactgg
cagcetttac
grggagcaac

cgttctgety
atttcttgat
aaagctgeet
actaacatga
tgtaaagaat
caaatgtctt
gatctgerta
tctgeagaga
agaactytgt
taccteagee
gtgaagacct
cogaagaata
tcttectace
cagacctgga

agtctttacc
tgcaagcaac
ttataagctg
tgecagetgaa
attttaatty
ctetgtggte
tgttaaaage
tcgateoccaa
tattitetta
cctttatttt
cegagaatec
taagtttita

afadzdadaa

gactgagctg
acttitcett
taacctttiy
gtgtggatece
cttcacctat
ctgetgagat
ttcaggacag
agagtgtege
Tctettecae
tceageagat
ggttccagaa
geaatggtgt
accagggatg
acaaticaac

Page 3

aataatattt
ttttgtacag
agaatttycc
atttaggaca
tttaaaaatt
ttgtttaaaa
aaaaatggee
ctttccattt
tggtttgtaa
ccgtagttgt
atgratatat
ctccattatg

daagaddd

gttgccteat
ctggaggtee
tccagtecac
agcttgtece
gcetgtgatt
gcctcacacy
ceetgattet
aaaaaaggaa
ccagetgtgt
gcaagaactc
ccagagaatg
gacgcagaag
cectggtgaac
ctggageaac

1800
i860
1820
1980
2040
2100
2160
2220
2280
2340
2400
2460
2518

60
120
180
240
300
360
420
480
540
600
660
720
780
840



cagacccaga
caatcctgga
cagtectgea
gctgergogg
accatggatt
gtgaaactga
tcecatcect
catccagtca
trtritttet
aacggagtct
agetcegtet
caggcgeecg
tgtgttagee
aacagotogg
ccrtggotge
ggtttagaat
tcgtattgtt
taagctgtaa
taatttgttg
acatgagtac
gttgatttta

<212> Type

Final Sequence Listing - 960296 00914 workrFile.txt

acatccagte
acaatcagge
tgcagtteca
aaggccttaa
tattcctaaa
tattactcaa
cataggattt
atctcatgga
ttectattgg
tgctetgteg
ccegggttea
ccaccteogee
aggatggtet
atttacagge
cgtetetgge
ctaacctcaa
toggattogy
catacttaat
gttgtgctaa
tgctttagtt
cectgattte

H

NA
<21l> Length : 2098
sequenceName ; SE
SequenceDescription @

Seguence

<213> OrganismName :

<400> PreSeguencestring

ctggagcaac
ctggaacagt
gccaaatict
tgtaatacag
ctactocatg
tttecagtetg
ttettgttty
gggtggagta
atettectgg
cccaggetgg
cgeeaticte
cggctaatat
cgatcteety
gtgagccace
tatagataag
gaataagaaa
aggetttget
tgatttetta
tctttgtaga
ggtttaagtt
accgagtgtt

SEQ ID NO:3

Homo sapiens

cactectgga
cccttctata
cctgecagtg
cagaccacta
aacatgcaac
gacactggct
gaaaccacgt
tggitggage
agaaaatact
agtgeagtay
ctgeetcage
tttgtatttt
accttgtgat
gegecetgee
tagatctaat
tacaagtaca
tattttttaa
cegrttttog
aagaggtctc
caaatgaaty
tcaatgagta

gtgcggugga agatgtagca gettcticic cgaaccaace
gygyceagea geegoecgac Caggygeocy gggccacgag
tccgtytoca accagcagtt tgcaggtgge tgcgocaagyg
gaggegecgg aggacgegge cogggcggeg gacgagecte
atctgtaagt ggttcaacgt gecgcatgggg tteggettee

Page

acactcagac
actgtggaga
acttggagge
ggtattttag
ctgaagacgt
gaatecttee
gttctggtit
ctaatcageg
Trrrtrtrtt
cgeggtettg
cteecgagea
tagtagagac
ceaceegect
tagaaaagac
actagttigg
aattggtgat
aaactattga
cretgttttg
gtatttgety
aaacaactat
aatatacage

ctrrgeettc
ctcagecgac
cggcagaaga
agctgetgea
tgtccatgac
4

ctggtgeace
ggaatctctg
tgccttggaa
tactccacaa
gtgaagatga
tctecceted
ccatgatgee
aggtricttt
trttttttga
gctcactgea
gctgggacta
ggggtttcac
cggccteect
attttaataa
atatcrttag
gaagatgtat
ggtaaaggot
ctatatceec
catcgtaatg
ttttcettta

ttaaacat

ggacttciee
gaccatgogo
ggcgeecgag
cggtgeggge
cgeeegegee

00

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2098

60
120
180
240
300



ggggtcgege
gggtrccgga
ggtctggaat
cggccaaaag
ggaggtciag
ttetgeeaga
agtgeacagy
ctgereeegy
aagttttgag
cactgccatg
ggaaaggotg
ggggcaacca
aatttceage
tataataatt
gccactacat
tgtatcoctea
gatgatggea
ccgeeceatt
gtcecacttt
ttttaacttt
aaggecctea
agcageteeca
aactatttgg
tctgecatag
ttttaactgg
aacaggaaat
geaagecaag
cagatctgtt
ttgtaaaact
tgergtcgag
gttecagaga
tacagtagty
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tegaccecee
griigaagga
ccatccgtgt
gaaagagcat
atcatcatgce
geatcageea
gaaageeaac
aggcacagaa
gagcaggeag
tatctcagye
agtcaaagga
ggagggggga
ttttgaaagt
cccatgeeag
tctgtygaay
tacccacttt
aaaagggtgt
ctgggecaat
ctccaggatg
trttecttag
tttectgeac
ggtctgegea
agtgcacagc
tgtcctetty
gtggeeceat
ggtggtacac
attagotoag
crreaccaga
agagttocta
ggatggatat
gacacacaag
attaatagty

agtggatgte
gggtgaggca
caccggacct
gcagaagcge
caaggaatyc
tatggtagec
ctactttcga
ttgagceaca
agtggagaas
ttgggtteac
actccaacca
atcaccctac
ggectggata
agtgasatga
gagatctete
tgggataggg
ttgggggaac
gtgattttat
ccaactgeac
tataaatatt
tgtgtictca
gcaggaatta
ctattgaact
aaaccoeete
gacttgattg
agaggcragg
ggtrgtctaa
ttaggttagg
aggataagtt
atgaagtaag
cgagggtttt
tcatggtage

tttgtgcace

gtggagtica ¢

ggtggagtat
agatcaaaag
aagctgeeac
teatgtooge
gaggaagaag
atgggigooy
gtgggaatag
accatcaceco
tgetctgtce
aacctgcata
gggaagtigt
ttaagtataa
aggagtaagce
tgctggeage
agetgcagac
ttatttgete
tagcigtgtyg
crggrtrigt
ggtacatgag
ctitttgtty
accreattrt
tgcettgaaa
cecttcracty
agaggctogy
Teetatggea
cctaccatgt
taaagaccaa
gtgagatcet
gtggtgecty

taarggagaa
Page

agagtaagct

tctgtatigg
gagacaggtg
ceccageeeaa
tgaagyccea
aagasateccea
getattettt
ggtgcattgg
Trtettecct
aaatgcaagt
ctttgagtct
tttcetttta
gaccagattc
attgteetee
tgtececaage
ctgetgetet
ccttggatac
cgaatgacgy
artritgtat
taatcteagy
tttttgecac
tgccaataay
atgtittatg
gaagattgyug
cceggigaaa
caggacgtge
gccacaggot
taccectgta
taacctttea
gagccetgtgt
gaagggggtt

geacatggaa
gteagecaag
gagtgagagg
ctacaacigt
gaagtgeeac
gcagggecct
éagccctacc
tgctateagg
ggcragttygg
Ctaggtoggg
gagggticty
ceatceocag
aagaaggata
atggagccaa
tticacatce
aatgggtaat
atgctcacec
tgcacettgy
atctigtgea
attttaatct
gatageeage
cgtggagage
agetggettt
ggagactagg
aattagtcta
aggccagaga
Tetacatcic
gtgtgtgtgt
Citaatecty
aaatrttcgg
cctgecetge
tegtttacac

360
420
480
540
600
660
720
780
840
%00
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220



getgtgagat
cattggotgg
tactgtattt
gtgtaaatat
ttictgratt
aaagatctga
tttettttgt
tgricectac
catacacatt
gaagctagga
tetetertec
tgeagtggca
cteagectee
tttagtagag
tgatctgeee
geccaaccatt
ggtggeteac
acgagttcaa

aattagccgg

ggaatcgett
cageetgott
actgratttt
tgcaattggy
tgtatatcea
ccacaagatt
aagcttigtyg
grreitytec
titgotgacc
tTtectitece
ttcecctggga

«212> Type
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caccgeaaac
tgtgtgtety
gretpggett
aatgtattyg
gagagaaaaa
aacattagtt
atteccocttc
cetgeectet
teatgertgy
aaacceteca
trTtttLttt
tgateggete
tgagtagetg
acggggtite
accttggett
tettggtgta
acctgraate
aactatecty
gtgtogtogt
gaacccgaga
acagagcaag
ggatggatca
ggeettceat
agtcactcag
gtttaatagg
tasaatctty
tgatcertet
ceateactgy
attttctaat

aaatacaatyg

DRA

ctaccttact
atcctgggtt
tgtaggactt
tetttetoey
tagccaaage
tgggggocee
ccectattace
trtcrgttea
agtgteteea
teecttgttc
trtrttaaaa
actgcagect
ggatttcagg
accatgttot
cccaaagtgc
ttecatgecaa
ccageacttt
gccaacacag
gcatgeettt
ggcagaggtt
actcrgtete
aacctectta
gtagaaagtg
gaacttttat
agacgaacga
aatttatogg
ceotcatico
ggtgtgrita
cattrtitaa

aataaataas

gtgttgaaac
cttgtctece
cactacgttg
tgttctttog
atcttigaca
tcrtcttaaa
tattagacca
cccecaaaay
caactettaa
gcaacctect
Tggagtctca
ctgeotettg
caccegecac
ccaggetogt
tgggattaca
acacttaaga
ggaaggciga
tgaaaccecy
agteetaget
gcagtgaget
aaacaaaaca
attttaattt
gggtcaggag
geaggigeta
atgtaactceo
g<gggaggogt
tgaactgeag
tttgatggtt
cacaagcerga
gacttattgy

Page

gggacaaatg
ctaaatgctg
attgctaggt
gggttttgtt
gaaggttctg
gtggggatct
gatcrtetgt
aazactraca
atgatgtatg
aagtcaagac
ctgtgteacc
gertcaagty
actcagctaa
ctggaactec
ggcatgagec
cactgcigta
ggegageyga
retotactaa
attcaggags
gagatrcgcac
aaacaaaaca
ctaatectaa
gccaagaaag
gaaactttat
atgtttactyg
aggaaageot
gagactgage
gattttgoty
ctcttecett

tacgraaact

caatagaacg
cccecccaagt
ggcetagttt
tacaaactic
caccaggcaa
tgaaccatee
cctaaaaact
cacccacaca
raaaaatact
cattaccatt
caggetgaag
atrcteetyge
tttttgtatt
tgacctecagg
accatgetgg
gececaggege
tcacaaggte
aatacaaaaa
ctgaggcagg
cactgcactc
aaaacacact
agtaaagaga
ggaatatgaa
gtcaaagtoo
ftaaasacca
gtacctgtet
cecetttgage
tactgggtac
ceectteteet

grca

2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3300
3960
4014
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<211> Length : 4014
SequenceName ; SEQ ID NO:4
Sequericebescription :

Sequence

@ etz o o v e 40 e

<213> OrganismName :

Homo sapiens

<400> PreSequencesString :
acccrogage tgtgoetgeie goggrogooa cogoegyggee coggeegtcec

tectgeeteg
gategegetg
agcgagaggc
gergegetge
gcragecete
TLigcecata
cgactcteee
aggaccocget
tagtggaaaa
actatgacct
tctaccagea
agaaattcga
cgeeerecta
ggagettcte
tgaaccagag
aggactgtat
cetaccagye
gcrecaccte
ccteggtagt
aagactecag
cgcagggcag
actctgagga
aggcrectgg
ctcacagece
cgecteecte
gagtectgag
aggagaatyt

agaagggcag
agtataaaag
agagogagcy
gggcgtectg
cecgectgatec
gcagegygeg
gacgcgggga
tctctgaaag
ccageagect
cgactacgac
gcagcageag
getgetygeee
cgrrgcggre
cacggeegac
tttcatetge
gtggagegge
tgcgogeaaa
cagettgtac
ctteeoctac
cgectictet
ceeegageee
ggaacaagaa
Caaaaggtea
actggtocte
cacteggaag
acagatcage

caagaggega

ggcttctcayg aggetigygcy ggaaaaagaa

ceggtttteg gggetttate taactcgetg

agcgggcgge
ggaagggaga
cocageeage
ggractrige
ggetattety
gectctectty
ccegegacga
tcggtgeage
agcgagetge
acceogeeee
acaceetrtet
cagcrggaga
gacccggacg
ttcteggecg
gacagcggea
ctgcaggatc
cctetcaacy
cegtectegy
ctggtgetee
gatgaggaag
gagtctggat
aagaggtgcee
gactateety
aacaaccgaz

acacacaacy

cggetagggt
tceggagega
ggteegraac
actggaactt
cccatttogg
cagctgetta
tygccoctcaa
cgtatttcta
agceecoyge
tgtccectag
CCCLtegony
tggtgaccga
acgagacctt
cegecaaget
geecgaacee
tgagegecge
acagcagctc
attctetget
atgaggagac
aaatcgatgt
caccrietye
acgtetecac
ctygccaagag
aatgcaccag

tertggagey
Page

ggaagagcoy
atagggggcet
ccttgeegea
ACaacacceg
gacacttcec
gacgctggat
cgttagerte
ctgegacgag
geecagegag
cegeegetec
agacaacgac
gctgetggga
catcaadaac
cgtctcagag
cgeocgoegge
cgceteagag
gcccaagtoec
ctectegacy
accgeecace
tgtttctgtg
tggaggeeac
acatcagoac
ggtcaagtig
cceccaggieo

ceagaggagy

ctggeteece
Cggagggagy
tagtaattee
ggcgagcaga
tegoetetgg
tccacgaaac
agcaaggacs
cgeegetgee

ttttticggg

accaacagga
gaggagaact
gatatctgga
gggetotget
90Co0toocy
ggagacatgg
atcatcatec
aagctggoct
cacagegict
tgcatcgace
tgcgeetege
gagtcetece
accagcageg
gaaaagagye
agcaaacctc
agcracgeag
gacagtgtca
teggacaccy

aacgagcraa

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680



aacggagert
ccaaggtagt
aaaagctcat
tigaacagct
gaaatgtcct
caacettgac
gactttgggc
tgtatttaag
tgccattaaa
ctagtatata
atttigettt

aatatatcat
<212> Type
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ttttgeccty
tatccttaaa
ttctgaagag
acggaactct
gagcaatcac
tgagtettga
ataaaagaac
aattgrretr
tgtaaataac
gtacctagta
ttaaagttga

tgagccaaaa
2 D

NA
<211> Length : 2377

SequenceName :

cgtgaccaga
aaagccacag
gacttgttoc
tgtgcgtaag
ctatgaactt
gactgaaaga
ttttttatge
aaaaaatttt
tttaataaaa
ttataggtac
tttttticta

addaaddaang

SEQ ID NO:S

SequenceDescription :

Sequence

o s i 3 D B R

<213> Organismiame

Homo sapiens

<400> pPreSeguencestring @

agrrteecga
99gcggcage
ctecoceacecy
ccgegectty
cggraccgee
accgegacag
tacttactcg
atacaaagga
teteggecas
ttcaggtgee
cagecacetg
trcgegtety
cgctggcogg
tatgacctyy
Tgcggcggta

ccagagagaa
ggcaccggga
ccegtggeec
cgeegeegac
cgececaccye
tggtggggga
ccttgctgat
actttttaaa
trtggggttt
ccagctgett
gcgagtctga
geeegyeggy
aggagetete
£ggegglgac
geaacctgge

cgaacgtyte
gecgecgagt
gcgeccatgy
cagttcgeag
cecggecaca
cgetgotgag
tgtetatttt

aaagacgert

tagottttgg
cgggetgeeg
catggetgte
aagggagaag
ccacatgaag
cgtggceaca

goeectacct

tcecggagtt
catacatcet
ggaaacgacg
gaaaagtaag
gtttcaaaty
tttagccata
ttaccatctt
aagattrtaca
cgtttatage
tataaaccct
ttgtttttag
aamaaaa

tgcgggcgcy
gacceteeee
cogegegesge
cteegegeca
geoceetgege
tggaagagag
tgcgtttaca
ccaagttata
crtegttict
aggacctict
agegacgege
acactgegte
cgactreces
gacctggaga
cggagagaga

Page

ggaaaacaat
gteegtocaa
agaacagttg
gaaaacgatt
catgatcaaa
atgtaaactg
treterttet
caatgtrict
agttacacag
aartttttet

azaaaataaa

cggggagcag
cgeecetetg
Tecacacaac
cggcagecag
ccacggoage
cgcageccgg
acttttctaa
tttaatccaa
terettegtt
gggceeccac
tgeteccate
aagoaggtge
cagtgettee
geggeggage
ccgaggagtt
8

gaaaaggeoce
gcagaggage
aaacacaaac
cecrictaaca
tgcaacctca
cCctcaaatty
ttaacagatt
ctgtaaatat
aatttcaatc
atttaagtac
ataactggea

aggcggtage
geeeeecace
tcaccggagt
teteacctgg
actcgagycg
ccaceggace
gaacttttgt
agaagaagga
gactrigege
attaatgagy
tttetecacg
ccogaataac
cggeegeece
cggtgcgoct
gaacgatcte

1740
1800
1860
1920
1980
2040
2100
2360
2220
2280
2340
2377

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800



ctggacetog
accgtgtoct
agegegeect
gegoegggeg
gcteeetiea
ctectgegge
ggcgggerga
gocageccgt
gtggcgeeet
Tertegtgca
cacgacttecc
gaagrgetga
caccegggge
ctccattaco
aggggaagac
tgcggeaaaa
gagaaacctt
ctgaccagge
cgagcatitt
gacagtggat
tctteccgat
ctgagteate
agaacagatg
atrcetggac
ttatateegt
tataagcata
tagaagaaga
cttggtgagt
atactrigac
taatatacct
ttcagatgtg
tgrgtereee
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actttatict
cgteagegte
ccacctgeag
gcacggygcay
acctggeoga
cagaattgga
tgggcaagtt
cggtcatcag
acaacggegg
cccacttggg
ceetggggeg
gcagcagaga
ccaattaccc
aagagcteat
gategtggee
cctacacaaa
accactgtga
actaccgtaa
ccaggtcgga
atgacccaca
gagggaagga
ttgtgagtog
gogtctgtga
ttacaaaatg
gagttgggag
aaagatcacc
ggaagaaatt
cttggticta
aaggaaaatc
ggtttacttc
caataatttg
tatatagtrc

ctccaattey
agectectey
cttcacctat
aggeetecte
catcaacgac
cceggtgtac

ctgacceatc
tegtogtege
cegatoeoygy
tatggcaggg
gtgagccect
attcegocga

cgtgctgaag gogtcgetga

cgtcagcaaa
geegeogoge
cgctggacce
gcagetecee
ctgteacect
atecttectg
gccacccgot
ccggaaaagy
gagttcceat
ctgggacgge
acacacgggg
cecacetegee
ctgccagaag
gcceageeay
ataatcagga
ctggatctic
ccaaggoggt
agggaagacc
ttgtattctc
caggtacaga
aaggtaccaa
tatatttgLc
tttagcattt
tacaatggtt
cttgeettaa

ggcageocty
acgtgeecea
cctcteagea
agcaggacta
geectgecge
ccecgatcaga
tectgeatge
accgecacee
ctcaaggceac
tgtggatgga
caccgecegt
ttacacatga
agaattcagt
aaagcactac
aaaatgagga
tatcattecra
gactggaagt
agaatteect
titacctct
aaacatgttt
acaaggaage
tteegatcaa
ttatgragac
tattcccaag

taaatatgta
page

ctecggagte
cgregagcan
£Cgogaacya
agtececgetcc
cgggcggett
agcageegea
gcgeceetgy
acggeageca
agatcaagca
atggecaccyg
geecgacoct
ttccteccgg
tgeageegea
cagaggagcc
acacttgtga
acctgegaac
aattecgecceg
tceagtgeca
agaggcaftt
attttttact
aatcatggtce
atccaaadga
attctaaate
tgtggatate
tgaattgtgt
aaaagccatt
aaatagceta
caaagtitte
catttatgac
agtctgttat
tatgeettaa

gtataaattt

agtggeogee
cggeectgec
ceegygegty
ceetocgacy
cgtggcogag
gecgecaggt
cagcgagtac
cceggtogtyg
ggaggcggtc
gceggetygea
gggtctigag
ctteeateee
agtecegeeg
caagccaaag
ttacgeggge
ccacacaggt
cteagatgaa
aaaatgcgac
ttaaatceca
titcacacty
aagttceccaa
caaaaatcaa
cgactigaat
agggtataaa
attgatgeaa
attatgatgt
aatgatggty
aaactgctge
ctaagtcagg
gecactgtggr
gcagaacaaa

aagcaaacgt

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
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crattttgta tatttgtaaa ctacaaagta aaatgaacat tttgtggagt ttgtattitg 2880
catactcaay gtgagaatta agttttaaat aasacctataa tattttatct gaaaaazaaa 2940
:§§g§a$;§e ! DNA 2949
<211> Length : 2949

SequenceName : SEQ ID NO:6

SequenceDescription @
Sequence
ziig;“a;ganismName : Simian virus 40
<400> PreSequencesString :
agtttceccga ccagagagaa cgaacgtgic tgcgggeocg cggggageay aggeggtgge 60
gogCgycooe ggeaccggga googecgagt gaccctoece cgeecctotg geecececace 120
ctcececaceeg cocgtggeee gegeeeatgyg ccgogegoege tocacacaac tcacoggagt 180
ccgegecttn cgecgecgac cagttegeayg ctocgogeca cggeagecag tetcacctog 240
€ggCaccgee cgoecaccge cocggecaca gecectgege ccacggeage actegaggcg 300
accgegacag tggtyoggga cgotgotgag Tggaagagag Cgcagocegyg ccaccggacce 360
tacitactcg ccttgoigat tgtctatitt tgogtttaca acttttcotas gaacttttgot 420
atacaaagga actttttaaa asagacgctt ccaagttata tttasatccaa agaagaagga 480
tcteggecaa tttggogtit toggttttyg cttegtitet tctettegitt gactttogog 540
ttcaggtgece ccagetgett cgggoetgccg aggaccttct gggeccccac attaatgagg 600
cagccactty gegagtetga catggeigtc agcgacgege tgeteccate ttitctccacg 660
ttegegtetg goccggeggy aagggagaag acactgegtc aagcaggtge cccgaataac 720
cgctggcggyg aggagetcte ccacatgaag cgacttccee cagtgetice cggecgeece 780
tatgacctygg cggcoggcygac cgtggccaca gacctggaga geggeggage cggtgegget 840
tgcgygcggta geaacctygge geccctaccet cggagagaga cogaggagtt caacgatcto 900
ctggaccigg actttatitct ctccaattcy ctgacccate cteeggagte agtggeegee 960
accgtgrect cgteagegte agectectet togtegtoege cgtegagecag cggocctgee 1020
agcgegeecct ccacctgcag cticacctat ccgatocgygg coggoaacga c©ocgygogty 1080
gegecgogey geacgygegy aggectocte tatggeaggy agtecgetee coctecgacyg 1140
geteoctica acctggegga catcaacgac gtgageecet cgogeggott cgtggecgag 1200
cICCtgegoe cagaattgga cocgotgtac attocgecge ageagecgea geogecagat 1260
gocgggctga tgggeaagtt cgtgctgaag gogtegetoa gegoooctyy cagcgagtac 1320
ggcageccgt cggtcatcag cgtcageaaa gyeageocty acggcageca ceegytggtg 1380
gtggcgecot acaacggegg googocgege acgtgececa agatcaagea ggaggeggte 1440
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tcttegtgea
gacgacttce
gaagtgctga
€aceccgggoc
ctceattacc
aggggaagac
tgcggcaaaa
gagaaacctt
ctgaccagge
cgageattit
gacagtggat
tetteccgat
ctgagtcate
agaacagatg
attectggac
ttatatcegt
tataagcata
tagaagaaga
ctiggtgagt
atactttgac
taatatacct
ttcagatgtg
tgtgttttte
ctattttgta
catactcaag

aaaaaaaaa
<212>

Final Sequence Listing - 960296 00914_workrile.txt

cccacttggg cgctggacce cctctcagea

ccectggggcy geagetecee agcaggacta

gcagcaggga
ccaattacce
aagagcteat
gatcgtgged
cctacacaaa
accactgtga
actaccgtaa
ccaggtcgga
atgacceaca
gagggaagga
trgtgagtgy
gggtctgtga
ttacaaaatyg
gagttggggg
aaagatcacc
ggaagaaatt
cttggttecta
aaggaaaatc
ggtttactic
caataatttg
tatatagttc
tatttgtaaa
gtgagaatta

M

Type
<211> Length : 2949

SequenceName : SEQ ID NO:7
Sequencenescr1pt1on

Sequence

<213> OrganismName : Homo sapiens
<400> PresequenceStr1ng

ctgtcaccet
atccttecty
gecacceggt
ccygaaaagy
gagttececat
ctgggacgge
acacacgugy
ccacctegee
ctgccagaag
geecagecag
ataatcagga
crggatcite
ccaaggaggt
agggaagacc
ttgtattcte
caggtacaga
aaggraccaa
tatatttgte
ttiagcattt
tacaatggtt
crtgecttaa
ctacaaagta
agttttaaat

gcectgeege
ccegatcaga
tcctgeatge
acegecacee
ctcaaggeac
tgtggatgga
caccgeeegt
ttacacatga
agaattcagt
aaagcactac
aaaatgagga
tatcattcca
gactggaagt
agaattecect
tttacctict
aaacatgttt
acaaggaagc
ttccgatcaa
ttatgcagac
tattcccaag
taaatatgta
aaatgaacat

aaacctataa

atggeeacey
ccecgaceet
ttectecegy
tgeagcegea
cagaggagee
acacttgtga
acctgegaac
aatregeccy
tccagtgeca
agaggeattt
attttttact
aatcatggtc
atccaaaaga
atictaaatc
tgtggatate
tgaattgtot
aaaagccatt
aaatagceta
caaagttttc
catttatgac
agtctgttat
tatgcocttaa
atataaattt
tttgtggagt
tattrtatct

gceggetgea
gggtcitgag
cttccatece
agteecgeeg
caagccaaag
ttacgeonyc
ceacacaggt

ctcagatgaa

aaaatgcgac
ttaaatcecca
tticacactg
aagtteccaa
caaazatcaa
cgacttgaat
agggtataaa
attgatgeaa
attatgatgt
aatgatggtg
aaactgetge
ctaagtcagg
gcactgtgot
gcagaacaaa
aagcaaacgt
ttgtattttg

gaaaaaaaaa

caggcagege tgcgtcctge tgcgeacgtyg goaagoecty gococggeea cococgegat

geegegeget cecocogetgee gageegtoeg ctccctgctg]?gcagccact accgegangt
Page 11

1500
1560
1520
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
2948

60
320



getgocgltg
c€ggggacccg
cgeacggeey
ggcccgagtg
cgegetgetg
ctacetgeee
gcgecgegty
ggtggrieec
cactcaggec
ggeetggaac
gaggaggege
cgectgeeect
gacgcgtgga
agccacctet
ccageaceac
teeceeogty
geggecctee
ggagaccatc
cergececag
gcagtgceec
agcagccggt
ggacacagac
gtacggetic
gcacaacgaa
caagctcteg
caggagceca
ggceaagttc
ttatgtcacy
gagcaagttg
gteggaagea
cegetteate

Final Sequence Listing - 960296 00914 _WorkFile.txt

gccacgtteg
geggetttee
cceeccgeeg
ctgcagaggc
gacggggeec
aacacggtga
ggcgacgacy
agcrgegeet
cggeeeeege
catagcgtca
ggoggcagty
gagccggage
ccgagtgace
ttggagggty
gcgggecece
tacgccgaga
ttooctactca
tttetggott
cgetactygge
tacggggtgo
gtctgtgeee
ceceegtegee
gtgcgggect
cgeegettec
ctygcaggage
gaggtigget
ctgeactyge
gagaccacgt
caaagcattyg
gaggtcagge
cccaagecty

tgcggegeet ggggocccag ggetggcgge tggtgeagoy
gcgegetggt ggcccagtge ctggtygtgeg tgccctggga

cceecteett
tgtgegagcy
gcgggggecc
ccgacgeact
tgctggttca
accaggtgtg
cacacgctay
gggaggccgg
tcagccgaag
ggacgeeegt
gtggtttctg
tgetetetgy
catccacatce
ccaageactt
getectetgag
tcaggeecty
aaatgeggec
tcectcaagac
§ggagaagcc
tggtgcaget
geetgegeeg
tcaggaacac
tgacgtggaa
gtgttecgge
tgatgagtgt
ttcaaaagaa
gaatcagaca
agcatcggga
acgggetgeg

ccgeecagatg
Ctggcgegaag
ceoegaggee
gcgggggage
cctgetggea
cgogeegeeg
tggacccega
ggtccececty
tetgeegttg
taggcagggg
tgtggtgtca
cacgegeeac
geggceacea
cctectactee
geecagoeetg
gatgccaggg
cetgtttetg
gcactgeeceg
ccagggetct
geteegeeag
gctggtgeec
caagaagtrtc
gatgagcgtg
cgcagageac
gtacgtegte
gcaggetettt
gcacttgaag
agceaggeec
gecgattgty

teetgectga
aacgtgergg
ticdccacca
ggggcgTagy
cgctgcgege
ctgtaccage
aggcgtctgy
ggeetgoeag
cccaagagge
teetgggeec
cctgccagac
teecacocat
cgteectgyg
tcaggegaca
actggegeic
actcececcgea
gagctgettg
ctgegagetg
gtggeggecc
cacageagec
ccaggeetcet
atetecetgy
cgggactgcg
cgtctgegtg
gagctgetea
trctacegga
agggtgeage
geectgetga
dacatggact
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aggagcetggt
cetteggert
gcgtgegeag
ggctgcetget
tctttgtget
tcggegetge
gatgcgaacy
cceegogtyc
tcaggcgtgy
acccgggeag
cecgecgaaga
cegtgggecg
acacgecttg
aggagcaget
ggaggctogt
ggttgeeceey
ggaaccacgc
cggteacece
ccgaggagga
cctggcaggt
ggggrtccag
ggaageatge
cttggctgeg
aggagatcct
ggtctttott
agagtgrcty
tgcoggaget
cgtecagact

acgtcotoeg

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980



agccagaacyg
gttcagcgty
gggccrggac
cecegeegect
ccaggacagg
gegreggtat
ccacgteict
ggagaccage
cagcagtggce
gggcaagtce
ctgcagecty
getgetecty
aaccttecte
gaagacagtg
gatgeeggee
ggtgcagage
cegeggette
gtgtecacage
ctacaagatc
tecatcageaa
cctctgetac
cgeeggecct
getgactega
gcagctgagt
ggcactgeeo
cgagagcaga
geecacacec
ctycatgtec
gcrgagtgte
cecagggeeag
tccecagatt
tccaggtgga

Final Sequence Listing - 960296 00914 _workFile.txt

ttcecgeagag
ctcaactacg
gatatccaca
gagctgtact
ctcacggagg
geegtggtec
accttgacag
ccgcrgaggg
ctctrcgacg
tacgtecagt
tgctacggeg
cgtitggtag
aggaccctgg
gtgaacttec
cacggectat
gactactceca
aaggctggga
ctgtttetgg
ctectgetge
gtttggaaga
teccatectga
ctgeecteey
caccgtgtea
cggaagctee
tcagacttca
caccageage
aggeecgeac
ggctgaaggc
cageacacet
cttttectea
cgeeattgtt
gaccctgaga

aaaagagggce
2gcgggegeyg
gggcctggeg
ttgtcaaggt
tcategecag
agaaggeege
acctecagee
atgccgtegt
tcttectacg
gccaggggat
acatggagaa
atgatttett
tccgaggtgt
ctgtagaaga
tcecctggtg
gctatgeeceg
ggaacatgey
atttgcaggt
aggcgtacag
accceacatt
aagccaagaa
aggeegtgea
cctacgtgec
c€ggggacygac
agaccatect
cctgteacge
cgetgogagt
tgagtgtccg
geegtettca
ceaggageee
cacecotege
aggaccetgg

cgagecgtete
gegeeeegge
cacettegty
ggatgtgacg
catcatcaaa
ceatgggeac
gracatgega
categageag
crreatgtye
cCegeagege
caagetgrtt
gtrtggtgaca
ccctgagtat
cgaggecectg
cggcctycty
gaccteccate
tcgeaaactc
gaacagcetce
gtttcacgea
Trrectgege
cgcagggaty
gtggcigige
actcctoogy
gctgactgcec
ggactgatgg
cgggctetac
ctgaggectg

gctgaggect

ctteeegaca
ggcrtecact
cctgeeotee

acctegagag
ctectgggeg
ctgcgtgtge
ggcgegtacg
ccccagaaca

gtccgeaagy

cagttcgtgg
agctectece
caccacgeey
tccatectet
gcggoggatic
cecteacetca
ggctgcgtgg
ggtggcacgg
ctoggatacce
agagccagtc
tttggggtct
cagacggtgt
tgtgtgetge
gtcatctoty
tcgetggogy
caccaageat
tcactecagga
ctggaggceg
ceaccegeee
gtcecaggga
agtgagtgtt
gagcgagtgt
gyctggeget
ccecacatag
titgectice

Tgaaggeact
cctetgtget
gggcccagga
acaccatcec
cgtactgegt
ccttcaagag
ctcacctgea
tgaatgagge
tgcgcatcag
ccacgciget
ggcgagacgg
cccacgegaa
tgaacttgcy
cttttgttca
ggaccetgga
traccttcaa
tgcggetgaa
gcaccaacat
agctecceatt
acacggectc
€Caagugeyc
tectygctcaa
cagcccagac
cageeaacee
acagecagge
9ggagg¢ggcy
tggecgaggc
ccagccaagg
cggetecace
gaatagteca

accoecacea

gagctctoag iasatttggagt gaccaaaggt
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2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
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gtgccctgta cacaggegag gaccctgcac ciggaliggog
gaggagytgc tgtgggagta aaatactgaa tatatgagtt

<212> Type : D

<211> tength : 4018
Sequenceuame : SEQ ID NO:§
5equencebescr1pt1on :

Sequence

P e

<213> OrganismiName : Foot—and-muuth disease
<400> PreSequenceString :
goticcggaa aaattgtcge tcctgtcaaa caaactctta

gcrggggatyg tagaaagcaa tocaggtcca
< >Type:DNA
<211> Length : 90
Sequenceﬂame ! SEQ ID NO:9
sequencebescription :
seguence

- - - ot kg e

<213> OrganismName cytomega1ovirus
<400> PreSequenceString :
tagttattaa tagtaatcaa ttacggggtc attagttcat
cgttacataa cttacggtaa atggeccgoe tggetgaccg
gacgtcaata atgacgtatg ttcccatagt aacgoecaata
atgggtogag tatttacggt aaactgecca cttggcagta
aagtacgcec ccrattgacg tcaatgacgg taaatggeec
catgacctta tgggacttte ctacttggea gtacatctac
catggtgatg cggtittgye agtacatcaa tggocgtoga
atttccaagt ctecacceca ttgacgteaa tgogagtityg
ggactttcca aaatgtegta acaactcege cccattgacy
acggtgggag gtctatataa gcagageigy tttagtgaac
Type DNA
<211> Length 589
Sequencename : SEQ ID NO:10
Sequencenescruptwon :
Sequence
<213> OrganismName : Homo sapiens
<400> PreSequencestring :
ctagcttegt gapgetccgg tgoccgieag tgggeagage
gagaayttyl 99ggaguggt cggcdatiga accggtgect
aactgggaaa gtgatgtcgt gtactggcete cgoectitttc

tatataagtg cagtagtcge cgtgaacgtt ctttttcgea

gtccctgtoa
tttcagrttt

virus
actttgatrtt

agcccatata
cccaacgace
gggactttice
catcaagtgt
geetggeatt
gtattagtca
tagoggttty
ttttggeace
caaatgggeg

cgtcagatc

gcacatcgee
agagaaggrg
cCgagogiog
acgggtttge
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gtcaaattgy
gaaaaaaa

actcaaactg

tggagttccg
cccgeceatt
attgacgtca
atcatatgec
atgcccagta
tcgetattac
actcacgggg
aaaatcaacg

gtaggcgtgt

cacagtoece
gegeggggta

gggagaaccg
cgecagaaca

3960
4018

60
90

60
120
180
240
300
360
420
480
540
589

&G
120
180
240



caggtaagtg
gtgccttgaa
gg98cgggcc
ggcoctyggg
ataagtetct
atagtcttgt
ceggegacgg
ggecaccyag
tcgegeegec
cgtgagegga
ggcgetceggg
cagcegtege
tctggagett
ttceccacac
cgttggaatt
ttcaaagttt

<212> Type :

Final Sequence Listing - 960296 00914 _workFile.ixt

ccgtgtgtgg ttCcogegge cotggectct

ttacttceac
tigecgettta
cegeegegty
agceatttaa
aaatgecgggce
ggeoegtocg
aatcggacyg
gtgtatecgee
aagatggecy
agagcgggcy
ttcatgtgac
ttggagtacg
tgagtgggtg
tgeecttitt
trttctteea

>

NA
<211> Length : 1192
SequenceName : SE
SeguencebDescription

seguence

v et

ctggctecag
ggagcceett
cgaatctggt
aatttitgat
caggatctge
tecccagegea
gggtagrctc
ccgeeetyggy
ctteeeggec
ggtgagtcac
tccacggagt
tcgtetttag
gagactgaag
gagtttggat
tttcaggtgt

tacgtgattc
cgcctegtge
ggcaccticg
gacctgetge
acactggtat
catgttcgge
aagctggecy
cggcaagget
ctgctccagg
ccacacaaag
accgggegee
gttgggggga
ttaggccage
ctiggticat

cgtgaacacg

SEQ ID nNO:11

<213> organismnName : Homo sapiens
<400> PreSequenceString :

ctagertegt
gagaagttgg
aactgggaaa
tatataagtg
caggtaagtg
gtgccttgaa
gggycgggcec
90CoCtgggy
ataagtctct
atagtcttgt
ccggeoacyg

gaggctccgg
ggggaggggt
gtgatgtcgt
cagtagtcge
ccgrgtgtog
tracttecac
ttgegettta
cogecgegty
agecatttaa
aaatgcggyc
ggcoegigoeg

tgccegtcag
cggcaattga
gtactggeic
cgtgaacgtt
ttcececgeggy
ctggetecag
ggageeectt
cgaatctggt
aatttttgat
caggatctge
teccagegea

tgggcagage
accggtgect
cgecttttte
ctttttegea
cctggeetet
tacgtgattc
cgeetegige
ggcaccriey
gacetgoige
acactggtat
catgttcgge
Page

ttacgggtta
trgatcecga
ttgagttgag
cgectgtetc
gacgctrott
tteggtitet
gaggcgggge
geetgoetetg
ggceeggteg
gggctcaaaa
gaaaagggee
gtccaggeac
ggggttttat
ttggeacttg
tctcaagect
tggtegegyc

gtacategec
agagaaggta
Ccgagggtgg
acgggtttge
ttacggotta
ttgateccga
ttgagtigag
cgeotgtoec
gacgertttt
tteggtttit

gaggeggygge
i3

fggeecttge
gctggageca
gectggecty
getgertiey
ttctggeaag
gggccegegg
cigecgageye
gtgcotggee
gecaccagtig
tggaggacyge
trtcegtect
ctegattagt
gcgatggagt
atgtaattct
tagacagtgg

ca

cacagtecce
grgcogagta
gggagaaccg
cgccagaaca
tggecoctige
gectggagoca
gectggerty
getgettteg
ttetgacaag
gggeeagegy
crgegagege

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1192

60
120
180
240
300
360
420
480
540
600
660
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ggccaccgag aatcggacay gogtagtctc aagetggoecg geoctgetctg grgectggec 720
tcgegecger grgtategee ccgeoctggyg cggeaagget ggoccggteg geaccagtty 780
cgtgagogoa aagatggeey ctteccggee ctgetccagy gygetcaaaa tggaggacge 840
ggcgetegog agageggocg ggtgagtcac ccacacaaag gaaaagggec tttcegtect 900
cageegtoge ticatgtgac tocacggagt accgggegee gtccaggoac ctecgattagt 960
tctggagoert ttggagtacg tcgtetttag gttogoggoa gggottttat gegatggagt 1020
ttceccacac tyagtgggtg gagactgaag ttaggecage titggcacttg atgtaattct 1080
cgttgogaatt tgoococtttit gagttitggat cttggttcat totcaagect cagacagtgg 1140
ttcaaagttt ttttcttcca titcaggtgt cgtgaacacg tggicgcgge ca 1192

<212> Type : DNA

<211> Length : 1192
SequenceName : SEQ ID NO:12
SequenceDescription :
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