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BACKGROUND

[0002] Bats have evolved features unique amongst mammals, including flight, laryngeal
echolocation, and an immune system that shows unusual tolerance for viruses that cause life-
threatening diseases in humans (e.g., SARS-CoVs, MERS-CoV, Ebola). Recent comparative
genomic studies uncovered bat-specific changes to key immunity genes and exposed
numerous integrated viral sequences, suggesting a particularly intimate and deep-rooted
accord between bats and viruses. Still, what makes bats most distinctive is that they are home
to the richest virosphere among mammals with some of the bat-related viruses causing
significant outbreaks, including SARS, Ebola, and COVID-19. Remarkably, bats can be
infected with viruses that are lethal to other mammals without causing any symptoms. Even
more, the bat genome seems to act as a sponge for viral sequences. While endowed with a
small genome, bats house a spacious number of ancient and contemporary viral insertions of
retroviral and non-retroviral origin. Because some of the viral sequences are full length and
even of non-bat origin, bats might supply an essential template for zoonotic viruses and act as
super-spreaders. Nonetheless, how bats deal with viruses so well is poorly understood. It is

clear that, although bats are a critically needed new model organism, limited access to animal
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and cell models has hindered their study. Bat breeding colonies are notoriously challenging to
establish, and bat primary cell lines typically have a limited lifespan in vitro. Therefore,

induced pluripotent stem cells would offer a research tool for bat research.

SUMMARY

[0003] In one aspect, the disclosure provides a composition for an induced pluripotent bat
stem cell (bat IPSC), wherein the cell is in a pluripotent state. In some embodiments the bat
IPS cell is in a pluripotent state characterized by the expression of one or more factors for
example of Kif4, KIf17, Essrb, Tfcp2ll, Tfe3, Dppa, Octd, Sox2, Nanog, and Dusp6. In some
embodiments, the IPSC cell is in a naive pluripotent state. In some embodiments, the cell is
characterized by the expression of one or more factors for example Otx2 or Zic2. In some
embodiments the cell is a bat fibroblast or a bat embryonic fibroblast. In some embodiments
the bat is a Rhinolophus bat or a Rhinolophus ferrumequinum bat, alternatively the bat is a
Myotis bat or a Myotis myotis bai. In some embodiments, the IPS cell is capable of
differentiating into embryonic bodies. In some embodiments, the embryonic bodies are
capable of differentiating into three-dimensional structures comprising three germ layer
markers.

[0004] In another aspect, the disclosure provides a method of producing induced
pluripotent bat stem cells (bat IPSCs), the method comprising: (i) reprogramming isolated bat
cells with Oct4, Sox2, cMyc, and Klf4 factors, (ii) culturing the reprogrammed cells on
feeder cells in a medium comprising FGF, Leukemia inhibitory factor (Lif), SCF, and
Forskolin until colonies appear; and (iii) splitting cells using a low concentration EDTA
buffer; thereby producing IPSCs from bats. In some embodiments, the isolated bat cell is a
fibroblast or an embryonic fibroblast. In some embodiments the cell is derived from a bat is a
Rhinolophus bat or a Rhinolophus ferrumequinum bat, altematively the bat is a AMystis bat or
a Myotis myotis bat.. In some embodiments, the Lif is at a concentration of 10°4 U/ml. In
some embodiments, the FGF is at a concentration of 100 ng/ml. In some embodiments, the
SCF is at a concentration of 100 ng/ml. In some embodiments, the Forskolin is at a
concentration of 20 nM. In some embodiments, the feeder cell is a mouse CF1 mouse
embryonic fibroblasts (MEF). In some embodiments, the method further comprises passaging
the bat IPSCs every 5 days onto feeder cells. In some embodiments, the bat IPSC is further
differentiated into embryonic bodies. In some embodiments, the embryonic bodies are further

differentiated into three-dimensional structures comprising three germ layer markers.
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[0005] In another aspect the disclosure provides a method of producing induced
pluripotent bat stem cells (bat IPSCs), the method comprising; (i) reprogramming isolated bat
cells with Oct4, Sox2, cMyc, and Klif4 factors; (ii) culturing the reprogrammed cells in feeder
free medium comprising FGF, Leukemia inhibitory factor (Lif), SCF, and Forskolin until
colonies appear; and (iii) splitting cells using a low concentration EDTA buffer thereby
producing IPSCs from bats.

[0006] In another aspect the disclosure provides a composition for reprogramming a bat
cell to produce pluripotent stem cells comprising a medium comprising FGF, Leukemia
inhibitory factor (Lif), SCF, and Forskolin. In some embodiments, the Lif is at a
concentration of 10"4 U/ml. In some embodiments, the FGF is at a concentration of 100
ng/ml. In some embodiments the SCF is at a concentration of 100 ng/ml. In some
embodiments, the Forskolin is at a concentration of 20 nM.

[0007] In another aspect the disclosure provides a method of obtaining viral sequences
from bat IPSCs, the method comprising obtaining bat IPSCs; identifying viral sequences
residing in the bat iPSC genome or intracellular virus genome; and assembling the viral
sequences; thereby obtaining viral sequences from the bat iPSCs. In some embodiments, the
identifying comprises sequencing the bat genome or the genome of viral particles residing in
the bat IPSCs, or of viral particles shed by the bat IPSCs. In some embodiments, identifying
comprises sequencing the RNA of the bat genome or the genome of viral particles residing in
the bat IPSCs, or of viral particles shed by the bat IPSCs. In some embodiments, the
identifying the proteins and peptides produced by the viral genome by proteomics e.g., LC-
MS. In some embodiments, the method comprises translating the sequence into a protein
sequence and determining whether the translated sequence has a significant homology to a
known protein sequence in a viral protein database. In some embodiments, the sequence is
selected from SEQ ID NO: 1-349. In some embodiments, the virus is selected from the group
of a SARS-CoV-2 virus, endogenous retrovirus (RfRV), and sindbis virus. In some
embodiments, the virus is a coronavirus. In some embodiments, the sequence encodes a gag
protein, a pol protein, or an env protein.

[0008] In another aspect the disclosure provides a method of obtaining viral sequences
from virus particles shed by bat IPSCs or cells derived from bat IPSCs, the method
comprising obtaining bat IPSCs or cells derived from bat IPSCs; culturing the bat IPSCs or
cells derived from bat IPSCs under conditions that allows shedding of virus particles into the

culture media; collecting the culture media; identifying viral sequences residing in the culture
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media; and assembling the viral sequences, thereby obtaining viral sequences from virus
particles shed by bat iPSCs or cells derived from bat IPSCs.

[0009] In another aspect the disclosure provides for the use of any one of the viral
sequences described above for the development of a vaccine.

[0010] In another aspect the disclosure provides for a recombinant nucleic acid molecule,
comprising a promoter, and a nucleic acid selected from SEQ ID NO: 1-349 encoding for a
viral protein or fragment thereof. In some embodiments, a recombinant, replication deficient
adenovirus, comprising nucleic acid described above is provided. In some embodiments,
mRNA comprising the nucleic acid described above is provided.

[0011] In another aspect the disclosure provides for an expression vector comprising a
promoter and a nucleic acid set forth in SEQ ID NO: 1-349 encoding for a viral protein or
fragment thereof.

[0012] In another aspect the disclosure provides for an isolated protein or peptide
comprising an amino acid sequence encoded in a nucleic acid set forth in SEQ ID NO: 1-349,
wherein the peptide is no more than 100 amino acids in length, and an optional
pharmaceutically acceptable carrier. In some embodiments, the protein or peptide is no more
than 30 amino acids in length or 20 amino acids in length. In some embodiments, the protein
or peptide is synthetic.

[0013] In another aspect the disclosure provides for a pharmaceutical composition
comprising the adenovirus of described above, the mRNA described above, or the protein or
peptide of any described above and a pharmaceutically acceptable carrier or excipient. In
some embodiments, the pharmaceutical composition comprises a plurality of (e.g., 2, 3, 4, 5,
6,7, 8,9, 10, or more) proteins or peptides described above and a pharmaceutically
acceptable carrier or excipient. In some embodiments, the pharmaceutical composition
comprises a nucleic acid encoding the mRNA described above or the protein or peptide
described above and a pharmaceutically acceptable carrier or excipient. In some
embodiments, the pharmaceutical composition comprises one or more nucleic acids encoding
aplurality of (e.g, 2,3, 4,5, 6,7, 8,9, 10, or more) mRNAs of described above or proteins
or peptides of described above, and a pharmaceutically acceptable carrier or excipient. In
some embodiments, the pharmaceutical composition further comprises a liposome, wherein
the protein or peptide or the nucleic acid encoding the protein or peptide is disposed within
the liposome. In some embodiments, the pharmaceutical composition further comprises a

lipid nanoparticle, wherein the protein or peptide or the nucleic acid encoding the protein or
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peptide is disposed within the lipid nanoparticle. In some embodiments, the pharmaceutical
composition comprises an immunogenicity enhancing adjuvant.

[0014] In another aspect the disclosure provides for a vaccine that stimulates a T cell
mediated immune response when administered to a subject, the vaccine comprising the
pharmaceutical composition described above. In some embodiments, the vaccine is a priming
vaccine and/or a booster vaccine.

[0015] In another aspect the disclosure provides for a recombinant cell comprising a
nucleic acid or a portion of a nucleic acid set forth in SEQ ID NO: 1-349. In some
embodiments, the recombinant cell comprises a protein or a portion of a protein encoded by a
nucleic acid set forth in SEQ ID NO: 1-349.

[0016] In another aspect the disclosure provides for a composition comprising an
inhibitor of a protein encoded by a nucleic acid selected from SEQ ID NO: 1-349.

[0017] For a fuller understanding of the nature and advantages of the present disclosure,
reference should be had to the ensuing detailed description taken in conjunction with the
accompanying figures. The present disclosure is capable of modification in various respects
without departing from the present disclosure. Accordingly, the figures and description of

these embodiments are not restrictive.

DESCRIPTION OF THE DRAWINGS

[0018] These and other features, aspects, and advantages of the present disclosure will
become better understood with regard to the following description, and accompanying
drawings, where:

[0019] FIG. 1A-FIG. 11 illustrate the derivation of pluripotent bat stem cells. FIG. 1A,
illustrates the bat pluripotent stem cell derivation strategy. BEF, embryonic fibroblasts;
OSMK, Oct4, Sox2, cMyc, Klf4; FB, fibroblast medium; PSC, pluripotent stem cell medium;
PSC+, PSC with additives, FIG. 1B, shows exemplary morphologies of established BiPS cell
colonies grown on mouse embryonic fibroblasts. FIG. 1C, Immunofluorescent detection of
Oct4 in BiPS cells. FIG. 1D, MA plot of RNA-seq data illustrating the transcriptional
differences between bat embryonic fibroblast (BEF) and pluripotent stem cells (BiPS).
Selected genes with known functions in the establishment or maintenance of pluripotency are
highlighted in dark filled circles. FIG. 1E, shows a Kmean cluster analysis of ATAC-seq
signals obtained from BEF or BiPS cells. C, cluster. FIG. 1F, shows a density plot of RRBS
results obtained from BEF and BiPS cells. PCC, Pearson correlation coefficient. FIG. 1G,

shows scatter plots of histone 3 methylation status at K4 (activating chromatin modification)
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or K27 (repressing chromatin modification) after ChIP-seq from BEF or BiPS cells as
indicated. FIG. 1H, shows a scatter plot of H3K4me3 and H3K27me3 in BiPS cells
illustrating the occurrence of bivalent chromatin sites in BiPS cells. FIG. 11, shows RNA-
seq, ATAC-seq and H3K4me3 or H3K27me3 ChIP-seq signals of selected genes with known
roles in reprogramming that are activated (Nanog, Kit) or repressed (Thy1) in BiPS when
compared to BEF cells.

[0020] FIG. 2A-FIG. 2M. illustrate the characterization of pluripotent stem cells
generated from Rhinolophus ferrumequinum and Myotis myotis fibroblasts. FIG. 2A, shows
exemplary microscopic images of human embryonic stem cells (H9)(lower panels) and bat
pluripotent stem cells (upper panel) at indicated magnifications showing cytoplasmic
vesicles. FIG. 2B, shows a karyotype analysis of BiPS cells at passage 17. Shown is a
representative image after Giemsa staining of a metaphase spread with 56 chromosomes.
FIG. 2C, shows PCR verification of reprogramnung-associated virus clearing. Bat iPS cells
(BiPS) at passage 92 were tested for Sendat virus clearance in comparison to the embryonic
fibroblasts used as starting material (BEF), adult fibroblasts as negative control (NC}, and
freshly-transduced cells at passage 3 as a positive control {PC). bp, base pairs; SeV, Sendai
virus; KOS, KLF4-0CT4- 50X2. FIG. 2D, shows a correlation scatter plot of methylation
level at common CpG sites in duplicate samples of BEF or BiPS cells. BEF, bat embryonic
fibroblast cells; BiPS, bat pluripotent stem cells; PCC, Pearson correlation coefficient. FIG.
2E Venn diagram illustrating the overlap of bivalent genes in bat iPSCs and human ES cells.
FIG. 2F, Correlation plot of shrunken log2-fold changes in ATAC-seq signal with log2-fold
expression changes. Shown are all values with p<0.05. FIG. 2G, Correlation of log2-fold
changes in H3K4 trimethyla- tion (H3K4me3, left) or H3K27 trimethylation (H3K27me3,
right) with log2-fold changes in gene expression. FIG. 2H, Correlation of log2-fold gene
expression changes with the difference in the methylated fraction of promoters (left) or gene
bodies (right) fractions. FIG. 21, Characterization of Myotis myotis induced pluripotent stem
cells. Microscopic images of Myotis myotis iPS cells after immunostaining to detect
pluripotency marker Oct4. FIG. 2J, Microscopic images of Myotis myotis iPS cells that
underwent differentiation and immunostaining to detect Pax6, Brachyury (T) and Afp as
markers of ectoderm, mesoderm and endodem, respectively. FIG. 2K-FIG. 2M illustrate the
characterization of pluripotency markers in pluripotent stem cells generated from
Rhinolophus ferrumequinum fibroblasts FIG. 2K, Sequencing tracks showing expression,
ATAC-seq signal, Histone H3K27 trimethylation (H3K27me3) and Histone H3K4

trimethylation (H3K4me3) status of pluripotency markers Oct4,and Sox2 in bat embryonic
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fibroblasts (BEF) or induced pluripotent stem cells (BiPS). FIG. 2L, Fraction of methylated
sites in promoters of pluripotency genes that did show promoter methylation. FIG, 2M,
Immunofluorescence images of bat pluripotent stem cells after staining of markers of naive

(Tfe3 and Tfcp2l1) or primed pluripotency (Zic2 and Otx2).

[0021] FIG. 3A-FIG. 3G illustrate the differentiation potential of bat pluripotent stem
cells. FIG. 3A, illustrates exemplary immunofluorescence microscopy images after staining
with antibodies detecting the expression of lineage-specific markers Pax6, Afp or Brachyury
(T) following specific directed differentiation into ectoderm, endoderm or mesoderm,
respectively. FIG. 3B illustrates exemplary immunofluorescence images of embryonic bodies
(EB) that formed after 3D-differentiation of BiPS cells and were stained with antibodies to
detect markers specific to all three germ layers as in FIG. 3A. FIG. 3C shows RNA-seq
signal of selected lineage-specific marker genes in BiPS cells that underwent monolayer
differentiation as in (FIG. 3A) or embryonic body differentiation as in (FIG. 3B). EB,
embryonic body differentiation, EC, human ectoderm differentiation protocol; EN, human
endoderm differentiation protocol; M, human mesoderm differentiation protocol. FIG. 3D,
illustrates exemplary microscopic images of Hematoxylin-Eosin-stained sections of tumor
tissue after injection of BiPS cells into immunocompromised mice exhibiting ectodermal
(left), mesodermal (middle) and endodermal (right) features. FIG. 3E shows exemplary
images of floating blastoids that were obtained from BiPS cells after exposure to Bmp4 to
capture their morphology by phase-contrast microscopy (left) and to detect Oct4 expression
in inner-cell mass-like cell clusters by after immunofluorescence staining (middle,

right). FIG. 3F illustrates Phase-contrast microscopy image of a typical blastocyst outgrowth-
like cell cluster that formed after attachment of blastoids to the cell culture vessel surface
during Bmp4-induced differentiation as in FIG. 3E. ICL, Inner cell mass-like; TLO,
trophoblast-like outgrowth. FIG. 3G shows an expression profile of genes associated with
tumor suppression. The data sets were from this study (bat), GSE53212 (mouse, GEO),
PRINA400257 (Naked mole-rat, BioProject), and GEOGSE175070 (human, GEO). ARF,
ADP ribosylation factor; BEF, bat embryonic fibroblasts; BiPS, bat induced pluripotent stem
cells, ERAS, ES cell-expressed Ras; FOXO06, Forkhead Box 06; H9, human ES cells; HAS,
Hyaloron-synthase; MEFs, mouse embryonic fibroblasts; NMR, naked mole-rat.

[0022] FIG. 4A-FIG, 41, diustrate the differentiation potential of bat pluripotent stem
cells. FIG. 4A, Schematic of differentiation strategies. ¥FIG. 4B, Representative image of

embrvoid bodies differentiated for 3 davs. FIG. 4C, shows a MA plot depicting the log2
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mean expression and fog 2 fold expression changes of all genes in bat pluripotent stem cells
(BiPS}) after exposure to the noted differentiation conditions tllustrated n FIG. 4A. EB,
Embryoid body differentiation; EC, human ectoderm differentiation conditions; EN, human
endoderm differentiation conditions; M, human mesoderm differentiation conditions. FIG.
4D, shows a heatmap depicting expression changes of genes known as markers for human
ectodermo, mesoderm, or endoderm during the differentiation of BiPS under the conditions

described in FIG. 4A.

[0023] FIG. 5A-5D. illustrate distinct characteristics of pluripotent bat stem cells. FIG.
SA shows prncipal coroponent analvsis of induoced pluripotent bat stem cells (BiPS) 1o
comparison to those derived from other species. b, haman; m, mouse. PS, pluripotent stem
cells, iPS, mnduced pluripotent stem cells, S, embrvonic stem cells, EF, embryonic fibroblasts.
FIG. 5B shinws a plot of genes that contnibuie 1o the differences of pluripotent bat and mouse
stem cells as part of principal component 1 {PCT) Highlighted w light bhee s the “leading
sdge” compmised of the top 3% of PC L-contnibuting genes. FIG. 5C shows sclected GO and
FIG. 5D shows ¥.E{z( pathways identified to be significantly enniched among the top 5 % of
P -contributing genes/leading edge genes defined in (FIG. 5B} were plotied by their odds
ratio, with the color of each circle indicating the enrichment p-value and the size indicating
the number of genes prasent i the respective category. ER. endoplasmic reticndum: PT

profein targeting, Fos, positive; Reg, regulation.

[0024] FIG. 6A illusiraies the interaction of genes that are part of the KEGG Corona
Virus Disease pathway. Nodes are colored based on the log2 fold change between BiPS and
mouse iPS cells. Red ndicates genes that are expressed at a higher level in BiPS, blue
indicates those that are expressed at a lower level. Bold borders indicate proteins that were
present in the top 5% of genes in PCI leading edge). FIG. 6B illustrates that the selection
analyses of leading edge- genes by comparative genomics analyvses of the R ferrumequinum
lineage identified eight genes showing significant evidence of positive selection. Additional
lineages and the number of genes showings selection found in them, are highlighted in

brackets.

[0025] FIG. 7A-7J illustrate viral tolerance of pluripotent bat stem cells. FIG. 7A shows
the expression of indicated ERV elements in bat embryonic fibroblasts (BEF) and iPS cells
(BiPS) as determined by extracting the overlap between RNA-seq reads mapped to the R.

ferrumequinum genome and known mapped ERV elements. Shown are the elements with the
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most evident differences. FIG. 7B, shows an exemplary electron microscopy image of
cytoplasmic vesicles of BiPS cells containing virus-like structures. Bottom: higher
magnification of viroid structures: Intracellular inclusions of virus-like particles (black
arrows) with granular and electron-dense content (white arrowheads),typically surrounded by
double membrane structures (white arrows), and some of them coated with protrusions (black
arrowheads). FIG. 7C, Western blotting in human 293FT (kidney tumor cell line) and
embryonic stem cells (H9), mouse 3T3 (fibroblasts) and embryonic stem cells (R1), and bat
pluripotent stem cells (BiPS) with a HERV K capsid (Cap) specific antibody detecting human
endogenous retroviruses. FIG. 7D, shows exemplary immunofluorescence images of BiPS
cells detecting the HERVK Gag/Cap protein. FIG. 7E, shows Western blotting in human
293FT, H9, mouse 3T3 and R1, and BiPS with a pan coronavirus antibody known to be
specific for the nucleocapsid; its reactivity includes but might not be limited to feline
infectious peritonitis virus type 1 and 2, the canine coronavirus (CCV), pig coronavirus
transmissible gastroenteritis virus (TGEV), and ferret coronavirus. FIG. 7F, illustrates
exemplary immunofluorescence images of BiPS cells after detection of pan coronavirus
antigen. FIG. 7G, shows exemplary immunofluorescence images of BiPS cells after

detection of double stranded RNA characteristic RNA viruses.

[0026] FIG. 8A-FIG, BC illustrate exemplary microscopic images of bat pluripotent stem
cells. FIG. 84, shows a 40x magnification of a bat pluripotent stem cell colony. FIG. 8B and
FIG. 8C show an overview of transmission electron microscopy of bat pluripotent stem cells.
Vi, vesicles confaiming viral-like structures; OV, other vesicle structures filled with
homogenous content; Nu, Nucleus; A, autophagosome; M. mitochondria. FIG. 8D shows a

higher magnification of the structurss.

[0027] FIG. 9A-9H illustrate exemplary virome nmining in BiPS cella. FIG. 9A {low
diagram of the sequence mining for viral sequences in the bat genome. FIG. 9B chows the
taxononic distribution of virome reads as determined by the metagenomic classifier Kraken?2.
The distribution of the reads that were mapped according to the virus data base are shown in
a phviogenetic tree. The green color coding represents the number of taxa observed, the red
nodes denote particular taxg of interest. FIG. 9B shows the numiber of vival species ag
classified by Kraken through RINA-seq and iso-seq sequencing. FIG. 9C shows the mnnber
of individual viruses species and subspecies obtainad from iso-seq (top panel) and RNA-seq

{bottom panel). FIG. 9D shows RNA and Iso-seq sequencing tracks for a newly discovered
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full-length retrovirus sequence, RFe-V-MD1, aligned to the R. ferrumequinum genome. The
Iso-seq fragment represents a 6088 bp-long transcript. FIG. 9E shows genonue and seguence
track for short mtegrated viral sequences for Columbid/Falconid herpesvirus and Sindbis
virus. FIG. 9F illustrate the short viral insertion shown in FIG. 9E form stem-loop structures.
FIG. 9G illustrates another example of a short viral integration showing homology to two
human herpesvirus 4 isolates (HKD40 and HKNPC60), the human respiratory syncytial virus
(Kilifi isolate), and a fragment of about 500 bp that was identified at the end of a SARS-
CoV2 isolate in an infected patient (OU077605.1). FIG. 9H shows a genome track for a
Scotophilus bat coronavirus 512 homologous sequence of the spike protein coding region.
FIG. 91 ImageStream analysis after immunofluorescence staining of BiPS cells. A brightfield
image, Crystal Violet nuclear staining (Nucleus), dsRNA staining (dsRNA) and an overlay is

shown for each representative cell.

[0028] FIG. 10A shows exemplary results of long-read RNA sequencing (iso-seq). the
sequencing reads were mapped against a virus database, using a metagenomic classification
tool (Kraken) including viruses from several significant viral families, including
Paramyxoviridae, Rhabdoviridae, Filoviridae, Bornaviridae, Flaviviridae, Coronaviridae,
Picornaviridae, and Retroviridae. FIG. 10B shows the number of viral species as classified in
BEFs and BiPS. FIG. 10C illustrates an exemplary assembly of full-length viruses, shorter
viral insertions, and novel, more distant viruses based on the sequencing data from BiPS cells
such as the shown full-length bat retrovirus (RFeRV). The top shows short nucleotide reads
aligned to a full length sequence. The middle and lower prat of the figure shows the position

of a Gag, Pol, and Env protein in the genome.

[0029] FIG. 11A-11D illustrate exemplary protein and nucleotide sequences identified in
the BiPS cells that are associated with viruses. FIG. 11A shows a protein sequence with
homology to a hypothetical protein CoVHLIJ 8- from Columbid alphaherpesvirus 1 and a
nucleotide sequence that is similar to a Sindbis virus defective interfering particle di-2. FIG.
11B shows a protein or a protein fragment with homologies to an RNA-dependent DNA
polymerase of the lymphocystis disease virus and of the erythrocytic necrosis virus. FIG.
11C illustrates the results of mapping of a region residing in the first intron of the XPA gene
(a DNA damage and repair factor) on chromosome 12. A BLAST search with the fragment
showed homology to two human herpesvirus 4 isolates (HKD40 and HKNPC60), the human
respiratory syncytial virus (Kilifi isolate), and a fragment of about 500 bp that was identified

10
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at the end of a SARS-CoV2 isolate in an infected patient. FIG. 11D shows a phylogenic
analysis of the genomic sequences mostly resembled the spike protein-encoding genomic

portion of human coronavirus 229E and the human coronavirus OC43.

DETAILED DESCRIPTION

[0030] Various features and aspects of the disclosure are discussed in more detail below.
[0031] The disclosure is based, in part, upon the discovery that induced pluripotent bat
stem cells can be produced and are stable in culture, readily differentiate into all three germ
layers, and form complex embryoid bodies, including organoids. Bat iPSCs (BiPS) and their
differentiated progeny can be used for example as an accessible and versatile tool required to
advance bats as a new model system. Further, BiPS can provide the platform to further
understand the role bats play as virus reservoirs and enable new insights into emerging
viruses, such as SARS-CoV-2, and better prepare for future pandemics. BiPS can enable
studies that directly impact every aspect of bats’ particular biology, including this mammal’s
unique adaptations of flight, echolocation, extreme longevity, and unique immunity. Further,
BiPS are also useful for example in understanding of bats’ asymptomatic response to viral
pathogens.

[0032] Accordingly, the disclosure provides BiPS, methods of producing and using BiPS,
and compositions for reprogramming bat cells.

[0033] In another aspect, the disclosure is based in part on the discovery of viruses and
viral nucleic acids and proteins in BiPS. The viruses, viral nucleic acids, viral proteins, viral
nucleic acid sequences, and protein sequences are useful in the development of therapeutics
and prophylactics for viral diseases, such as vaccines, antibodies, and small molecule
antivirals.

[0034] Accordingly, the disclosure provides viral nucleic acid and protein sequences,
expression constructs, vectors comprising the expression constructs, methods of making and
using therapeutics and prophylactics against viral diseases such as vaccines, antibodies, and
small molecule antivirals.

[0035] Unless otherwise defined herein, scientific and technical terms used in this
application shall have the meanings that are commonly understood by those of ordinary skill
in the art.

[0036] Generally, nomenclature used in connection with, and techniques of,
pharmacology, cell and tissue culture, molecular biology, cell and cancer biology,

neurobiology, neurochemistry, virology, immunology, microbiology, genetics and protein
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and nucleic acid chemistry, described herein, are those well-known and commonly used in
the art. In case of conflict, the present specification, including definitions, will control.
[0037] The practice of the present disclosure will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant
techniques),microbiology, cell biology, biochemistry and immunology, which are within the
skill of the art. Such techniques are explained fully in the literature, such as, Molecular
Cloning: A Laboratory Manual, second edition (Sambrook ef al., 1989) Cold Spring Harbor
Press; Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Methods in Molecular Biology,
Humana Press; Cell Biology: A Laboratory Notebook (J.E. Cellis, ed., 1998) Academic
Press; Animal Cell Culture (R.I. Freshney, ed., 1987); Introduction to Cell and Tissue Culture
(J. P. Mather and P.E. Roberts, 1998) Plenum Press; Cell and Tissue Culture: Laboratory
Procedures (A. Doyle, J.B. Griffiths, and D.G. Newell, eds., 1993-1998) J. Wiley and Sons;
Methods in Enzymology (Academic Press, Inc.); Gene Transfer Vectors for Mammalian
Cells (J.M. Miller and M.P. Calos, eds., 1987); Current Protocols in Molecular Biology (F.M.
Ausubel et al., eds., 1987); PCR: The Polymerase Chain Reaction, (Mullis et al., eds., 1994),
Sambrook and Russell, Molecular Cloning: A Laboratory Manual, 3rd. ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY (2001); Ausubel et al., Current Protocols
in Molecular Biology, John Wiley & Sons, NY (2002); Harlow and Lane Using Antibodies:
A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY
(1998); Coligan et al., Short Protocols in Protein Science, John Wiley & Sons, NY (2003);
Short Protocols in Molecular Biology (Wiley and Sons, 1999).

[0038] In general, terms used in the claims and the specification are intended to be
construed as having the plain meaning understood by a person of ordinary skill in the art.
Certain terms are defined below to provide additional clarity. In case of conflict between the
plain meaning and the provided definitions, the provided definitions are to be used.

[0039] Throughout this specification and embodiments, the word “comprise,” or
variations such as “comprises” or “comprising,” will be understood to imply the inclusion of
a stated integer or group of integers but not the exclusion of any other integer or group of
integers.

[0040] It is understood that wherever embodiments are described herein with the
language “comprising,” otherwise analogous embodiments described in terms of “consisting
of” and/or “consisting essentially of” are also provided.

29 ¢¢

[0041] The term “including” is used to mean “including but not limited to.” “Including”

and “including but not limited to” are used interchangeably.
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[0042] Any example(s) following the term “e.g.” or “for example™ is not meant to be
exhaustive or limiting,

[0043] Unless otherwise required by context, singular terms shall include pluralities and
plural terms shall include the singular.

[0044] The articles “a” and “an” are used herein to refer to one or to more than one (i.e.,
to at least one) of the grammatical object of the article. By way of example, “an element”
means one element or more than one element. Reference to “about™ a value or parameter
herein includes (and describes) embodiments that are directed to that value or parameter per
se. For example, description referring to “about X includes description of “X.” Numeric
ranges are inclusive of the numbers defining the range.

[0045] Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the disclosure are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found in their
respective testing measurements. Moreover, all ranges disclosed herein are to be understood
to encompass any and all subranges subsumed therein. For example, a stated range of 1 to
10” should be considered to include any and all subranges between (and inclusive of) the
minimum value of 1 and the maximum value of 10; that is, all subranges beginning with a
minimum value of 1 or more, e.g., 1 to 6.1, and ending with a maximum value of 10 or less,
e.g.,551t010.

[0046] Where aspects or embodiments of the disclosure are described in terms of a
Markush group or other grouping of alternatives, the present disclosure encompasses not only
the entire group listed as a whole, but each member of the group individually and all possible
subgroups of the main group, but also the main group absent one or more of the group
members. The present disclosure also envisages the explicit exclusion of one or more of any
of the group members in an embodiment of the disclosure.

[0047] Exemplary methods and materials are described herein, although methods and
materials similar or equivalent to those described herein can also be used in the practice or
testing of the present disclosure. The materials, methods, and examples are illustrative only

and not intended to be limiting.

1. Definitions

[0048] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as is commonly understood by one of skill in the art to which the claimed
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subject matter belongs. It is to be understood that the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive of
any subject matter claimed. The section headings used herein are for organizational purposes

only and are not to be construed as limiting the subject matter described.

[0049] The practice of some methods disclosed herein employ, unless otherwise
indicated, techniques of immunology, biochemistry, chemistry, molecular biology,
microbiology, cell biology, genomics and recombinant DNA. See for example Sambrook and
Green, Molecular Cloning: A Laboratory Manual, 4th Edition (2012); the series Current
Protocols in Molecular Biology (F. M. Ausubel, et al. eds.); the series Methods In
Enzymology (Academic Press, Inc.), PCR 2: A Practical Approach (M.J. MacPherson, B.D.
Hames and G.R. Taylor eds. (1995)), Harlow and Lane, eds. (1988) Antibodies, A Laboratory
Manual, and Culture of Animal Cells: A Manual of Basic Technique and Specialized
Applications, 6th Edition (R.I. Freshney, ed. (2010)) (which is entirely incorporated by

reference herein).

[T I

[0050] As used herein, the singular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates otherwise. Furthermore, to the extent
that the terms “including”, “includes™, “having”, “has”, “with™, or variants thereof are used in
either the detailed description and/or the claims, such terms are intended to be inclusive in a

manner similar to the term “comprising”.

[0051] The term “about™ or “approximately” means within an acceptable error range for
the particular value as determined by one of ordinary skill in the art, which will depend in
part on how the value is measured or determined, i.e., the limitations of the measurement
system. For example, “about” can mean within one or more than one standard deviation, per
the practice in the art. Alternatively, “about” can mean a range of up to 20%, up to 15%, up

to 10%, up to 5%, or up to 1% of a given value.

[0052] As used herein, “residue” refers to a position in a protein and its associated amino
acid identity.

[0053] As used herein the term “antigen” is a substance that induces an immune response.
An antigen can be a neoantigen.

[0054] As used herein the term “antigen-based vaccine™ is a vaccine composition based

on one or more antigens, e.g., a plurality of antigens. The vaccines can be nucleotide-based
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(e.g., virally based, RNA based, or DNA based), protein-based (e.g., peptide based), or a

combination thereof.

[0055] As used herein the term “coding region™ is the portion(s) of a gene that encode

protein.

[0056] As used herein the term “coding mutation™ is a mutation occurring in a coding

region.
[0057] As used herein the term “ORF” means open reading frame.

[0058] As used herein the term “epitope™ is the specific portion of an antigen typically

bound by an antibody or T cell receptor.

[0059] As used herein the term “immunogenic” is the ability to elicit an immune

response, e.g., via T cells, B cells, or both.

[0060] As used herein the term “HLA binding affinity” “MHC binding affinity” means
affinity of binding between a specific antigen and a specific MHC allele.

[0061] As used herein the term “ELISPOT” means Enzyme-linked immunosorbent spot
assay — which is a common method for monitoring immune responses in humans and

animals.

[0062] The term “lipid” includes hydrophobic and/or amphiphilic molecules. Lipids can
be cationic, anionic, or neutral. Lipids can be synthetic or naturally derived, and in some
instances biodegradable. Lipids can include cholesterol, phospholipids, lipid conjugates
including, but not limited to, polyethyleneglycol (PEG) conjugates (PEGylated lipids),
waxes, oils, glycerides, fats, and fat-soluble vitamins. Lipids can also include

dilinoleylmethyl- 4-dimethylaminobutyrate (MC3) and MC3-like molecules.

[0063] The term “lipid nanoparticle” or “LNP” includes vesicle like structures formed
using a lipid containing membrane surrounding an aqueous interior, also referred to as
liposomes. Lipid nanoparticles includes lipid-based compositions with a solid lipid core
stabilized by a surfactant. The core lipids can be fatty acids, acylglycerols, waxes, and
mixtures of these surfactants. Biological membrane lipids such as phospholipids,

sphingomyelins, bile salts {(sodium taurocholate}, and sterols {cholesterol} can be utilized as
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stabilizers. Lipid nanoparticles can be formed using defined ratios of different lipid
molecules, including, but not limited to, defined ratios of one or more cationic, anionic, or
neutral lipids. Lipid nanoparticles can encapsulate molecules within an outer-membrane shell
and subsequently can be contacted with target cells to deliver the encapsulated molecules to
the host cell cytosol. Lipid nanoparticles can be modified or functionalized with non-lipid
molecules, including on their surface. Lipid nanoparticles can be single-layered (unilamellar)
or multi-layered (multilamellar). Lipid nanoparticles can be complexed with nucleic acid.
Unilamellar lipid nanoparticles can be complexed with nucleic acid, wherein the nucleic acid
is in the aqueous interior. Multilamellar lipid nanoparticles can be complexed with nucleic
acid, wherein the nucleic acid is in the aqueous interior or and/or can be sandwiched between

the layers.

[0064] Unless specifically stated or otherwise apparent from context, as used herein the
term “about™ is understood as within a range of normal tolerance in the art, for example
within 2 standard deviations of the mean. About can be understood as within 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value. Unless
otherwise clear from context, all numerical values provided herein are modified by the term

about.

[0065] As known in the art, “polynucleotide,” or “nucleic acid,” as used interchangeably
herein, refer to chains of nucleotides of any length, and include DNA and RNA. The
nucleotides can be deoxyribonucleotides, ribonucleotides, modified nucleotides or bases,
and/or their analogs, or any substrate that can be incorporated into a chain by DNA or RNA
polymerase. A polynucleotide may comprise modified nucleotides, such as methylated
nucleotides and their analogs. If present, modification to the nucleotide structure may be
imparted before or after assembly of the chain. The sequence of nucleotides may be
interrupted by non-nucleotide components. A polynucleotide may be further modified after
polymerization, such as by conjugation with a labeling component. Other types of
modifications include, for example, “caps™, substitution of one or more of the naturally
occurring nucleotides with an analog, interucleotide modifications such as, for example,
those with uncharged linkages (e.g., methylphosphonates, phosphotriesters,
phosphoamidates, carbamates, etc.) and with charged linkages (e.g., phosphorothioates,
phosphorodithioates, etc.), those containing pendant moieties, such as, for example, proteins

(e.g., nucleases, toxins, antibodies, signal peptides, poly-L-lysine, etc.), those with
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intercalators (e.g., acridine, psoralen, etc.), those containing chelators (e.g., metals,
radioactive metals, boron, oxidative metals, etc.), those containing alkylators, those with
modified linkages (e.g., alpha anomeric nucleic acids, etc.), as well as unmodified forms of
the polynucleotide(s). Further, any of the hydroxyl groups ordinarily present in the sugars
may be replaced, for example, by phosphonate groups, phosphate groups, protected by
standard protecting groups, or activated to prepare additional linkages to additional
nucleotides, or may be conjugated to solid supports. The 5 ' and 3 ' terminal OH can be
phosphorylated or substituted with amines or organic capping group moieties of from 1 to 20
carbon atoms. Other hydroxyls may also be derivatized to standard protecting groups.
Polynucleotides can also contain analogous forms of ribose or deoxyribose sugars that are
generally known in the art, including, for example, 2'-O-methyl-, 2'-O-allyl, 2'-fluoro- or 2'-
azido-ribose, carbocyclic sugar analogs, alpha- or beta-anomeric sugars, epimeric sugars such
as arabinose, xyloses or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses, acyclic
analogs and abasic nucleoside analogs such as methyl riboside. One or more phosphodiester
linkages may be replaced by alternative linking groups. These alternative linking groups
include, but are not limited to, embodiments wherein phosphate is replaced by
P(O)S(*thioate™), P(S)S (“dithioate™), (O)NRi (“amidate™), P(O)R, P(O)OR', CO or CH2
(“formacetal), in which each R or R' is independently H or substituted or unsubstituted alkyl
(1-20 C) optionally containing an ether (-O-) linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl
or araldyl. Not all linkages in a polynucleotide need be identical. The preceding description
applies to all polynucleotides referred to herein, including RNA and DNA.

2 ¢

[0066] The terms “polypeptide,” “oligopeptide,” “peptide” and “protein” are used
interchangeably herein to refer to chains of amino acids of any length. The chain may be
linear or branched, it may comprise modified amino acids, and/or may be interrupted by non-
amino acids. The terms also encompass an amino acid chain that has been modified naturally
or by intervention; for example, disulfide bond formation, glycosylation, lipidation,
acetylation, phosphorylation, or any other manipulation or modification, such as conjugation
with a labeling component. Also included within the definition are, for example, polypeptides
containing one or more analogs of an amino acid (including, for example, unnatural amino
acids, etc.), as well as other modifications known in the art. It is understood that the
polypeptides can occur as single chains or associated chains.

[0067] The term “expression”, as used herein, generally refers to the process by which a
nucleic acid sequence or a polynucleotide is transcribed from a DNA template (such as into

mRNA or other RNA transcript) and/or the process by which a transcribed mRNA is
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subsequently translated into peptides, polypeptides, or proteins. Transcripts and encoded
polypeptides may be collectively referred to as “gene product.” If the polynucleotide is
derived from genomic DNA, expression may include splicing of the mRNA in a eukaryotic

cell.

EEINNY3

[0068] As used herein, “operably linked”, “operable linkage”, “operatively linked”, or
grammatical equivalents thereof generally refer to juxtaposition of genetic elements, e.g., a
promoter, an enhancer, a polyadenylation sequence, etc., wherein the elements are in a
relationship permitting them to operate in the expected manner. For instance, a regulatory
element, which may comprise promoter and/or enhancer sequences, is operatively linked to a
coding region if the regulatory element helps initiate transcription of the coding sequence.
There may be intervening residues between the regulatory element and coding region so long

as this functional relationship is maintained.

[0069] A “vector” as used herein, generally refers to a macromolecule or association of
macromolecules that comprises or associates with a polynucleotide and which may be used to
mediate delivery of the polynucleotide to a cell. Examples of vectors include plasmids, viral
vectors, liposomes, and other gene delivery vehicles. The vector generally comprises genetic
elements, e.g., regulatory elements, operatively linked to a gene to facilitate expression of the

gene in a target.

[0070] As used herein, “an expression cassette” and “a nucleic acid cassette” are used
interchangeably generally to refer to a combination of nucleic acid sequences or elements that
are expressed together or are operably linked for expression. In some cases, an expression
cassette refers to the combination of regulatory elements and a gene or genes to which they

are operably linked for expression.

[0071] As used herein, the term percent "identity," in the context of two or more nucleic
acid or polypeptide sequences, refer to two or more sequences or subsequences that have a
specified percentage of nucleotides or amino acid residues that are the same, when compared
and aligned for maximum correspondence, as measured using one of the sequence
comparison algorithms described below (e.g., BLASTP and BLASTN or other algorithms
available to persons of skill) or by visual inspection. Depending on the application, the

percent "identity" can exist over a region of the sequence being compared, e.g., over a
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functional domain, or, alternatively, exist over the full length of the two sequences to be
compared.

[0072] The term “sequence similarity,” in all its grammatical forms, refers to the degree
of identity or correspondence between nucleic acid or amino acid sequences that may or may
not share a common evolutionary origin.

[0073] “Percent (%) sequence identity” or “percent (%) identical to” with respect to a
reference polypeptide (or nucleotide) sequence is defined as the percentage of amino acid
residues (or nucleic acids) in a candidate sequence that are identical with the amino acid
residues (or nucleic acids) in the reference polypeptide (nucleotide) sequence, after aligning
the sequences and introducing gaps, if necessary, to achieve the maximum percent sequence
identity, and not considering any conservative substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino acid sequence identity can be achieved
in various ways that are within the skill in the art, for instance, using publicly available
computer software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software.
Those skilled in the art can determine appropriate parameters for aligning sequences,
including any algorithms needed to achieve maximal alignment over the full length of the
sequences being compared. One example of an algorithm that is suitable for determining
percent sequence identity and sequence similarity is the BLAST algorithm, which is
described in Altschul et al., J. Mol. Biol. 215:403-410 (1990). Software for performing
BLAST analyses is publicly available through the National Center for Biotechnology
Information.

[0074] For sequence comparison, typically one sequence acts as a reference sequence to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are input into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. The sequence
comparison algorithm then calculates the percent sequence identity for the test sequence(s)
relative to the reference sequence, based on the designated program

parameters. Alternatively, sequence similarity or dissimilarity can be established by the
combined presence or absence of particular nucleotides, or, for translated sequences, amino
acids at selected sequence positions (e.g., sequence motifs).

[0075] Optimal alignment of sequences for comparison can be conducted, e.g., by the
local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the
search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444
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(1988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575
Science Dr., Madison, Wis.), or by visual inspection (see generally Ausubel et al., infra).
[0076] “Homologous,” in all its grammatical forms and spelling variations, refers to the
relationship between two proteins that possess a “common evolutionary origin,” including
proteins from superfamilies in the same species of organism, as well as homologous proteins
from different species of organism. Such proteins (and their encoding nucleic acids) have
sequence homology, as reflected by their sequence similarity, whether in terms of percent
identity or by the presence of specific residues or motifs and conserved positions.

[0077] However, in common usage and in the instant application, the term
“homologous,” when modified with an adverb such as “highly,” may refer to sequence
similarity and may or may not relate to a common evolutionary origin.

[0078] The term “transgene” refers to a polynucleotide that is introduced into a cell and is
capable of being transcribed into RNA and optionally, translated and/or expressed under
appropriate conditions. In aspects, it confers a desired property to a cell into which it was
introduced, or otherwise leads to a desired therapeutic or diagnostic outcome. In another
aspect, it may be transcribed into a molecule that mediates RNA interference, such as
miRNA, siRNA, or shRNA.

[0079] As used herein, “isolated molecule” (where the molecule is, for example, a
polypeptide, a polynucleotide, or fragment thereof) is a molecule that by virtue of its origin or
source of derivation (1) is not associated with one or more naturally associated components
that accompany it in its native state, (2) is substantially free of one or more other molecules
from the same species (3) is expressed by a cell from a different species, or (4) does not occur
in nature.

[0080] The term “subject” encompasses a cell, tissue, or organism, human or non-human,
whether in vivo, ex vivo, or in vitro, male or female. The term subject is inclusive of
mammals including humans.

[0081] The term “mammal” encompasses both humans and non-humans and includes but
is not limited to humans, non-human primates, canines, felines, murines, bovines, equines,
pteropines, and porcines.

[0082] As used herein, a “vector,” refers to a recombinant plasmid or virus that comprises
anucleic acid to be delivered into a host cell, either in vitro or in vivo. A “recombinant viral
vector” refers to a recombinant polynucleotide vector comprising one or more heterologous

sequences (i.e. a nucleic acid sequence not of viral origin). In the case of recombinant AAV
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vectors, the recombinant nucleic acid is flanked by at least one inverted terminal repeat
sequence (ITR). In some embodiments, the recombinant nucleic acid is flanked by two ITRs.
[0083] The phrase “pharmaceutical composition™ refers to a mixture containing a
specified amount of a therapeutic, e.g., a therapeutically effective amount, of a therapeutic
compound in a pharmaceutically acceptable carrier to be administered to a mammal, e.g., a
human, in order to treat a disease.

[0084] The phrase “pharmaceutically acceptable carrier” means buffers, carriers, and
excipients suitable for use in contact with the tissues of human beings and animals without
excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

[0085] Each embodiment described herein may be used individually or in combination

with any other embodiment described herein.

I1. Bat Pluripotent Stem Cells (BiPS)

[0086] The disclosure is based, in part, upon the discovery that bat induced pluripotent
stem cells (iPSC) (BiPS) can be produced and are stable in culture, proliferate, readily
differentiate into all three germ layers, and form complex embryoid bodies, including
organoids.

[0087] Accordingly, compositions and methods of making and using the BiPS are

provided herein.

BiPS of the Disclosure

[0088] In some embodiments, BiPS are provided. In some embodiments the pluripotent
state of the BiPS is characterized by the expression of one or more factors selected from the
group of KIf4, KIf17, Essrb, Tfcp2l1, Tfe3, Dppa, Oct4, Sox2, Nanog, and Dusp6. In some
embodiments, 1, 2, 3, 4,5, 6,7, 8,9, or all 10 factors are expressed in the BiPS. Pluripotent
stem cells can be classified into at least naive and primed stem cell states based on the growth
characteristics in vitro and their potential rise to all somatic lineages and the germ line in
chimeras. In some embodiments, the BiPS are in a naive pluripotent state. In some
embodiments, the BiPS are further characterized by the expression pf one or more factors for
example Otx2 or Zic2.

[0089] Bats are divided in two groups: fruit-eating megabats, and the echolocating
microbats. Megabats are further divided info Yinpterochiroptera that include the
Pteropodidae, or megabat family, as well as the family of Rhinolophoidea, and
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Yangochiroptera. Rhinolophoidea can be further divided into Hipposideridae,
Craseonycteridae, Megadermatidae, Rhinopomatidae and Rhinolophidae. In some
embodiments, the BiPS can be derived from isolated source bat cells from embryonic, young,
or adult bats. In some embodiments, the bat is a Rhinolophus bat. In some embodiments the
bat is a wild horseshoe bat (Rhinolophus ferrumequinum). In some embodiments, the bat is a
Myotis bat ot a Myatis myotis bat. In some embodiments, embryonic fibroblasts (BEF) cells
can be isolated from the bat. In some embodiments, adult fibroblasts cells can be isolated
from the bat.

[0090] A BiPS of the disclosure may be isolated, substantially isolated, purified or
substantially purified. The iPSC is isolated or purified if it is completely free of any other
components, such as culture medium, other cells of the disclosure or other cell types. The
iPSC is substantially isolated if it is mixed with carriers or diluents, such as culture medium,
which will not interfere with its intended use. Alternatively, the iPSC of the disclosure may

be present in a growth matrix or immobilized on a surface as discussed below.

[0091] In some embodiments, the BiPS are further differentiated into embryonic bodies.
In some embodiments, the BiPS can be further differentiated into endoderm (Afp+),
ectoderm (Tbxt+), and mesoderm (Pax6+). The embryonic bodies derived from the BiPS can
be further differentiated into three-dimensional structures comprising the three germ layer
markers.

[0092] Techniques for producing and culturing iPSCs are well known to a person skilled

in the art. Suitable conditions are discussed below.

Method of Producing an BiPS of the Disclosure

[0093] The one aspect, the disclosure also provides a method of producing a population
of BiPS, comprising culturing source bat cells under conditions which reprogram the source

bat cells to produce the BiPS. Any of the source bat cells discussed above may be used.

[0094] Induced pluripotent stem cells (iPSCs) are a type of pluripotent stem cell that can
be generated (reprogrammed) from a non-pluripotent cell of a multicellular organism, such as
a somatic cell. iPSCs are characterized in that they propagate indefinitely and can
differentiate into the three germ layers endoderm, mesoderm and ectoderm, form embryonic
bodies, develop into teratomas in vivo, and can form fully differentiated tissues including but
not limited to neurons, cardiomyocytes, hepatocytes, and immune cells. Typically, iPSCs

express a group of markers for stem cells on the surface of the cell such as SSEA-4, TRA-1-
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60, and CD30, though expressed markers and timing of expression for the markers can vary
(for example as described in Pomeroy et al., Stem Cells Transi Med. (2016) 5(7): 870-882).
Recently, two protocols to produce bat reprogrammed stem cells were published (Mo et al.,
Theriogenology (2014)15:82(2):283-93, Aurine et al., BioRxiv (2019)). However, neither of
the protocols provides for BiPS that are able to differentiate into the three germ layers or
form embryonic bodies or teratomas in vivo. Thus, lack of access to robust cell models has

hindered further understanding of bat asymptomatic response to viral pathogens.

[0095] To establish bats as new model study species, initially the Yamanaka
reprogramming protocol based on four reprogramming factors (Oct4, Sox2, KIf4, and cMyc)
(Takahashi K. et al., Cell (2006) 25;126(4):663-76, and . Hochedlinger K. et al., Cold Spring
Harb Perspect Biol. (2015) 7(12): a019448), that is highly effective in mice, humans, and
other mammalian species (e.g., dog, pig, marmoset) was tried to produce induced pluripotent
stem cells (iPSCs) from a wild horseshoe bat (Rhinolophus ferrumequinum). However, the
protocol failed to produce BiPS that were stable in culture, and that proliferated. Though the
protocols failed, the Yamanaka factors triggered the formation of rudimentary stem cell-like

colonies even though they ceased to expand.

[0096] Here, methods of making BiP§S are provided that overcome these problems.
[0097] The method preferably comprises culturing the source bat cells with a Sendai
virus system, a retroviral system, a lentiviral system, microRNA or other reprogramming
factors which is/are capable of reprogramming the source bat cells to produce the BiPS. In
some embodiments, the method of making bat iPSCs comprises (i) reprogramming isolated
bat cells with Oct4, Sox2, cMyc, and KlIf4 factors; (ii) culturing the reprogrammed cells in a
medium comprising FGF, Leukemia inhibitory factor (Lif), SCF, and Forskolin until colonies
appear; and (iii) splitting cells using a low concentration EDTA buffer.

[0098] In some embodiments, the reprogramming factors can be delivered to the bat cells
with viruses such as a Sendai virus, retrovirus, AAV, nonviral vector systems, physical
delivery, mechanical and chemical methods, or with mRNA delivery. In some embodiments,
the reprogramming factors comprise Oct4, Sox2, cMyc, and Klf4 factors. In some
embodiments, the reprogramming factors comprise additional factors.

[0099] In some embodiments, the method comprises culturing the cells in a feeder free
medium. In some embodiments, the cells can be cultured on feeder cells, such as CF1 mouse

embryonic fibroblasts.
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[0100] In some embodiments, the feeder cell free or the feeder cell culture medium
comprises FGF, Leukemia inhibitory factor (Lif), SCF, and Forskolin. In some embodiments,
the Lif is at a concentration of 10"4 U/ml. In some embodiments, the FGF is at a
concentration of 100 ng/ml. In some embodiments, the SCF is at a concentration of 100
ng/ml. In some embodiments, the Forskolin is at a concentration of 20 nM. In some
embodiments, the Lif is at a concentration of 10"4 U/ml, the FGF is at a concentration of 100
ng/ml, the SCF is at a concentration of 100 ng/ml and the Forskolin is at a concentration of
20 nM. In some embodiments, the Lif is at a concentration of 10”4 to 10"5 U/ml. In some
embodiments, the FGF is at a concentration of 100 ng/ml. In some embodiments, the SCF is
at a concentration of 10-100 ng/ml. In some embodiments, the Forskolin is at a concentration
of 5-20 nM. In some embodiments, the Lif is at a concentration of 10”4 to 10”5 U/ml, the
FGF is at a concentration of 4-100 ng/ml, the SCF is at a concentration of 10-100 ng/ml and
the Forskolin is at a concentration of 5-20 nM. In some embodiments, the concentration of
Lif is 40%, 30%, 20%, 10%, or 5% more or less than 1074 U/ml. In some embodiments, the
concentration of FGF is 40%, 30%, 20%, 10%, or 5% more or less than 100 ng/ml. In some
embodiments, the concentration of SCF is 40%, 30%, 20%, 10%, or 5% more or less than
100 ng/ml. In some embodiments, the concentration of Forskolin is 40%, 30%, 20%, 10%, or
5% more or less than 20 nM. In some embodiments, the concentration of Lif is about 10"4
U/ml. In some embodiments, the concentration of FGF is about 100 ng/ml. In some
embodiments, the concentration of SCF is about 100 ng/ml. In some embodiments, the
concentration of Forskolin is about 20 nM.

[0101] In some embodiments, the BiPS are passaged, i.e. moved into fresh media. In
some embodiments the BiPS are passaged every 1, 2, 3,4, 5, 6,7, 8, 9, or 10 days. In some
embodiments, the BiPS are passaged every 5 days. In some embodiments, the BiPS are
passaged when they are 50%. 60%, 70%, 80%, 90%, or 100% confluent. In some
embodiments, the BiPS are passaged before they are confluent. In some embodiments, the
feeder cells are freshly changed every passage. In some embodiments, the feeder cells are
irradiated. In some embodiments, the BiPS are passaged using a low concentration EDTA
buffer. In some embodiments, the BiPS are passaged using a low concentration EDTA buffer
with a EDTA concentration less than 0.48 mM EDTA. In some embodiments the BiPS can be
passaged indefinitely. In some embodiments the BiPS can be passaged at least to passage 78.
[0102] In some embodiments, the BiPS are further differentiated into embryonic bodies.

In some embodiments, the BiPS can be further differentiated into endoderm (Afp+),
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ectoderm (Tbxt+), and mesoderm (Pax6+). The embryonic bodies can be further differentiated
into three-dimensional structures comprising the three germ layer markers.

[0103] In some embodiments, a medium is provided that is conducive to producing and
maintaining BiPS comprising FGF, Leukemia inhibitory factor (Lif), SCF, and Forskolin. In
some embodiments, the medium comprises FGF at a concentration of 20nM, Leukemia
inhibitory factor (Lif) at a concentration of 104 U/ml, SCF at a concentration of 100 ng/ml,
and Forskolin at a concentration of 100 ng/ml. In some embodiments, the Lif is at a
concentration of 10°4 U/ml, the FGF is at a concentration of 100 ng/ml, the SCF is at a
concentration of 100 ng/ml and the Forskolin is at a concentration of 20 nM. In some
embodiments, the Lif is at a concentration of 1074 to 10”5 U/ml. In some embodiments, the
FGF is at a concentration of 100 ng/ml. In some embodiments, the SCF is at a concentration
of 10-100 ng/ml. In some embodiments, the Forskolin is at a concentration of 5-20 nM. In
some embodiments, the Lif is at a concentration of 10°4 to 10"5 U/ml, the FGF is at a
concentration of 4-100 ng/ml, the SCF is at a concentration of 10-100 ng/ml and the
Forskolin is at a concentration of 5-20 nM. In some embodiments, the medium comprises
FGF at a concentration of 40%, 30%, 20%, 10%, or 5% more or less than 20nM, Leukemia
inhibitory factor (Lif) at a concentration of 40%, 30%, 20%, 10%, or 5% more or less than
1074 U/ml, SCF at a concentration of 40%, 30%, 20%, 10%, or 5% more or less than 100
ng/ml, and Forskolin at a concentration of 40%, 30%, 20%, 10%, or 5% more or less than
100 ng/ml.

[0104] An important method for reprogramming is the use of messenger RNA specific
for the reprogramming factors since this does not involve any genetic modification of the
cells and the risk of tumorigenesis. Another method is to produce from the reprogramming
genes, recombinant proteins modified to permit their penetration of the plasma and nuclear
membranes. Other reprogramming factors include, but are not limited to, small compounds

synthesized through medicinal chemistry.

[0105] The method preferably further comprises isolating clonal lines of BiPS of the
disclosure. For instance, the method preferably further comprises isolating clonal lines of

BiPS of the disclosure by limiting dilution or the manual ‘picking’ of individual colonies.

[0106] Standard methods known in the art may be used to deternune the detectable

expression and level of expression of the various markers discussed above. Suitable methods
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inchude, but are not limited to, immunocvtochemistry, flow cylometry, western blotling and

guantitative PCR.

I11. Viruses and Viral Sequences

[0107] Provided herein are also methods and compositions for using the viruses and viral
sequences identified herein from the bat pluripotent stem cells. In particular, viruses, viral
families, and viral sequences are disclosed herein.

[0108] In some embodiments, the method of obtaining viral sequences from bat IPSCs,
comprises obtaining bat IPSCs; identifying viral sequences residing in the bat iPSC genome
or intracellular virus genome; and assembling the viral sequences. In some embodiments, the
bat IPSCs (BiPS) are produced by the methods described above. In some embodiments, the
nucleic acid sequences are obtained by sequencing RNA transcripts such as RNA seq, long
read sequencing such ss Iso-seq (PacBio), or sequencing the genomic DNA such as by DNA
sequencing of samples derived from the BiPS. In some embodiments, amino acid sequences
can be obtained by LC-MS or amino acid sequencing of samples derived from the BiPS. In
some embodiments the samples can be derived directly from the BiPS or the medium BiPS
were grown in. In some embodiments, the samples can be derived from differentiated cells
derived from the BiPS.

[0109] In some embodiments, the obtained nucleic acid sequences are assembled into
longer nucleic acid sequences. Short and long assembled sequences can be classified as
potentially viral origin or non-viral origin for example as described in Example 10. The
sequences can be further classified into virus clades by comparing with known sequences
from virus nucleic acids in databases such as the NCBI Assembly database
(www.ncbi.nlm.nih.gov/assembly) or Virus Pathogen Resource
(www.viprbrc.org/brc/home.spg?decorator=vipr). Nucleic acid sequences can be also
classified using metagenomic classifiers, such as Kraken2.

[0110] TABLE 1 Exemplary virus families and viruses found in a taxonomic distribution

of virome reads from BiPS as determined by the metagenomic classifier Kraken2.

TABLE 1
Virus Family Virus
Retroviridae ND
Picornavirales Rotavirus
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Coronaviridae ND
Hantaviridae ND
Herpesvirales ND
Poxviridae ND
Adenoviridae ND
Papillomaviridae ND
Myoviridae ND
Flaviviridae ND
Siphoviridae ND
Baculoviridae ND
Duplondaviria ND
Riboviria ND
Filoviridae Ebola
Filoviridae Cueva
Filoviridae Dianlovirus
Mononegavirales ND

ND, virus was not determined

[0111] More exemplary viral families, viruses and sequences identified from the BiPS are
shown in TABLE A.

[0112] In some embodiments the nucleic acid sequences are derived from sequencing
transcripts derived from the BiPS by Iso-seq. Exemplary Iso-Seq derived sequences are set
forth in SEQ ID NO: 1-7. The sequences can be classified using Kraken 2. Exemplary
Kraken 2 classification of Iso-Seq derived sequences and bat genome sequences are presented
in TABLE 2. Exemplary full-length retrovirus sequence identified are RFe-V-MD1, RFe-V-
MD2 RFe-V-MD3 RFe-V-MD4, and RFe-V-MDS5, set forth in SEQ ID NO: 1-7. A detailed
analysis of the sequence of RFe-V-MD1 is shown in FIG. 9D, showing the location of the
Env, Pol, and Gag proteins in the genome. A detailed analysis of RFe-V-MD?2 sequences is
shown in FIG. 9E. The sequences comprise Columbid/Falconid herpesvirus and Sindbis
virus sequences as shown. Detailed alignments of exemplary protein sequences are shown in
FIG. 11A. A detailed analysis of RFe-V-MD3 sequences show similarities with HKHD40,
HKNPC60, human respiratory synscytial virus and SARS-CoV2 (FIG. 9G). Detailed

alignments of exemplary protein sequences of the SARS-CoV?2 similar sequence with the
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sequence of a SARS-CoV2 virus isolated from a patient is shown in FIG. 11C. A detailed
analysis and comparison of RFe-V-MD4 sequences with Scotophilus bat coronavirus spike
protein is shown in FIG. 9H.

[0113] In some embodiments, exemplary nucleic acid sequences and an alignment with
known viruses such as Scotophilus bat coronavirus 512 are shown in TABLE 3 and RaTG13
bat coronavirus are shown in TABLE 4,

[0114] FIG. 11B shows alignments of sequences identified to be similar to Lymphocystis
disease virus and Erythocytic necrosis virus.

[0115] Other viral sequences such as presented in TABLE 3 and TABLE 4, or SEQ ID
NO: 1-349 can be identified. Translated into amino acid sequences, and aligned with known

viral sequences as described herein.

II1. Antigens and T cell epitopes

[0116] Methods for identifying antigens (e.g., antigens derived from an infectious disease
organism) include identifying antigens that are likely to be presented on a cell surface (e.g.,
presented by MHC on an infected cell or an immune cell, including professional antigen
presenting cells such as dendritic cells), and/or are likely to be immunogenic. As an example,
one such method may comprise the steps of: obtaining at least one of exome, transcriptome or
whole genome nucleotide sequencing and/or expression data from an infected cell or an
infectious disease organism (e.g., RFe-V-MD1, RFe-V-MD2 RFe-V-MD3 RFe-V-MD4, and
RFe-V-MDS35, Columbid/Falconid herpesvirus, and Sindbis virus), wherein the nucleotide
sequencing data and/or expression data is used to obtain data representing peptide sequences
of each of a set of antigens (e.g., antigens derived from the infectious disease organism);
inputting the peptide sequence of each antigen into one or more presentation models to
generate a set of numerical likelihoods that each of the antigens is presented by one or more
MHC alleles on a cell surface, such as an infected cell of the subject, the set of numerical
likelihoods having been identified at least based on received mass spectrometry data; and
selecting a subset of the set of antigens based on the set of numerical likelihoods to generate a
set of selected antigens. Antigens can include nucleotides or polypeptides. For example, an
antigen can be an RNA sequence that encodes for a polypeptide sequence. Antigens useful in
vaccines can therefore include nucleotide sequences or polypeptide sequences. Antigens can
be selected that are predicted to be presented on the cell surface of a cell, such as an infected
cell or an immune cell, including professional antigen presenting cells such as dendritic cells.

Antigens can be selected that are predicted to be immunogenic. Exemplary antigens predicted
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using the methods described herein to be presented on the cell surface by an MHC include
predicted MHC class I epitopes and predicted MHC class II epitopes. Exemplary nucleic acid
sequences or polypeptide sequences for antigen prediction are presented in SEQ ID NO: 1-
349, FIG. 9D-9H and FIG. 11A-11C, TABLE 3 and TABLE 4.

[0117] Protein sequences for the desired antigen are analyzed for potential HLA specific
antigens by using for example the SYFPEITHI algorithm (Rammensee et al. (1999)
Immunogenetics 50:213-219), and the artificial neural network (ANN) and stabilized matrix
method (SMM) algorithms from IEDB (Peters ef al. (2005) PLoS Biol. 3:e91). Peptides are
selected based on a predicted binding value of either >21 for SYFPEITHY, <6000 for ANN,
or <600 for SMM. Selected peptides are synthesized.

[0118] Binding assays can be performed using a fluorescence polarization (FP) assay as
previously described (e.g., Buchi ef al. (2004) Biochemistry 43:14852-14863; Sette ef al.
(1994) Mol. Immunol. 31:813-822). To determine binding capacity of the peptides,
percentage inhibition relative to controls can be determined in an FP competition assay with
the placeholder peptide.

[0119] In some embodiments, the peptides bound to the pMHC multimers are from an
unbiased library of peptides derived from the antigen. In some embodiments, the peptides are
9-mers. In some embodiments, the peptides bound to the pMHCI multimers are 9-mers
which include an HLA-A2 binding motif with key amino acids at positions 2 and 9 which can
include isoleucine (I), valine (V) or leucine (L).

[0120] In some embodiments, the library comprises all k-mer peptides produced by
transcription and translation of any polynucleotide sequence of interest, for example, in silico
production of the transcription and translation products of both the forward and reverse
strands of a genome or metagenome in all six reading frames.

[0121] In some embodiments, a library of the disclosure comprises all k-mer peptides that
can be derived from in silico translation of an exome of interest. In some embodiments, a
library of the disclosure comprises all k-mer peptides that can be derived from in silico
translation of a transcriptome of interest. In some embodiments, a library of the disclosure
comprises all k-mer peptides that can be derived from a proteome of interest. In some
embodiments, a library of the disclosure comprises all k-mer peptides that can be derived
from in silico translation of an ORFeome of interest. In some embodiments, an algorithm can
be used to select peptides in a peptide library. For example, an algorithm can be used to
predict peptides most likely to fold or dock in an MHC/HLA binding pocket, and peptides

above a certain threshold value can be selected for inclusion in the library.
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[0122] In some embodiments, a library of the disclosure comprises all peptides that can
be derived from in silico transcription and translation or translation of a group of genomes,
proteomes, transcriptomes, ORFeomes, or any combination thereof. In some embodiments,
the peptides are derived from in silico transcription and translation or translation of
polynucleotide sequences from a group of samples, for example, clinical samples from a

patient population, or a group of pathogen genomes.

[0001] One or more polypeptides encoded by an antigen nucleotide sequence can
comprise at least one of: a binding affinity with MHC with an IC50 value of less than
1000nM, for MHC Class I peptides a length of 8-15, 8, 9, 10, 11, 12, 13, 14, or 15 amino
acids, presence of sequence motifs within or near the peptide promoting proteasome
cleavage, and presence or sequence motifs promoting TAP transport. For MHC Class II
peptides a length 6-30, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23, 24, 25,
26,27, 28, 29, or 30 amino acids, presence of sequence motifs within or near the peptide
promoting cleavage by extracellular or lysosomal proteases (e.g., cathepsins) or HLA-DM
catalyzed HLA binding.

[0002] One or more antigens can be presented on the surface of an infected cell (e.g., a .,
RFe-V-MD1, RFe-V-MD2 RFe-V-MD3 RFe-V-MD4, and RFe-V-MD5, Columbid/Falconid
herpesvirus, or Sindbis virus infected cell).

[0003] One or more antigens can be immunogenic in a subject having or suspected to
have an infection (e.g., a RFe-V-MD1, RFe-V-MD2 RFe-V-MD3 RFe-V-MD4, and RFe-V-
MDS5, Columbid/Falconid herpesvirus, or Sindbis virus infection), e.g., capable of eliciting a
T cell response or a B cell response in the subject. One or more antigens can be immunogenic
in a subject at risk of an infection (e.g., a RFe-V-MD1, RFe-V-MD2 RFe-V-MD3 RFe-V-
MD4, and RFe-V-MD5, Columbid/Falconid herpesvirus, or Sindbis virus infection), e.g.,
capable of eliciting a T cell response or a B cell response in the subject that provides
immunological protection (i.e., immunity) against the infection, e.g., such as stimulating the
production of memory T cells, memory B cells, or antibodies specific to the infection.
[0004] One or more antigens can be capable of eliciting a B cell response, such as the
production of antibodies that recognize the one or more antigens (e.g., antibodies that
recognize a RFe-V-MD1, RFe-V-MD2 RFe-V-MD3 RFe-V-MD4, and RFe-V-MD5,
Columbid/Falconid herpesvirus, and Sindbis virus antigen and/or virus). Antibodies can
recognize linear polypeptide sequences or recognize secondary and tertiary structures.

Accordingly, B cell antigens can include linear polypeptide sequences or polypeptides having
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secondary and tertiary structures, including, but not limited to, full-length proteins, protein
subunits, protein domains, or any polypeptide sequence known or predicted to have
secondary and tertiary structures. In general, antigens capable of eliciting a B cell response to
an infection are antigens found on the surface of an infectious disease organism (e.g., RFe-V-
MDI1, RFe-V-MD2 RFe-V-MD3 RFe-V-MD4, and RFe-V-MDS35, Columbid/Falconid
herpesvirus, and Sindbis virus). Exemplary antigens capable of eliciting a B cell response
include, but are not limited to, ORF1ab, spike (S), envelope (E), membrane (M), and
nucleocapsid (N).

[0005] One or more antigens that induce an autoimmune response in a subject can be
excluded from consideration in the context of vaccine generation for a subject.

[0006] The size of at least one antigenic peptide molecule (e.g., an epitope sequence) can
comprise, but is not limited to, about 5, about 6, about 7, about 8, about 9, about 10, about 11,
about 12, about 13, about 14, about 15, about 16, about 17, about 18, about 19, about 20,
about 21, about 22, about 23, about 24, about 25, about 26, about 27, about 28, about 29,
about 30, about 31, about 32, about 33, about 34, about 35, about 36, about 37, about 38,
about 39, about 40, about 41, about 42, about 43, about 44, about 45, about 46, about 47,
about 48, about 49, about 50, about 60, about 70, about 80, about 90, about 100, about 110,
about 120 or greater amino molecule residues, and any range derivable therein. In specific
embodiments the antigenic peptide molecules are equal to or less than 50 amino acids.

[0007] Antigenic peptides and polypeptides can be: for MHC Class I 15 residues or less
in length and usually consist of between about 8 and about 11 residues, particularly 9 or 10

residues; for MHC Class II, 6-30 residues, inclusive.

[0123] In some embodiments, a recombinant cell is provided comprising a nucleic acid or
polypeptide set forth in SEQ ID NO: 1-349. The recombinant cells can be used in therapeutic
development, such as vaccines, small molecules and biologics. In some embodiments, a
recombinant cell is provided comprising a nucleic acid or protein or part thereof set forth in
FIG. 9D-9H and FIG. 11A-11C, TABLE 3, and TABLE 4. In some embodiments, the
recombinant cell expresses a protein encoded by the nucleic acid or a portion thereof acid or a
polypeptide set forth in SEQ ID NO: 1-349. In some embodiments, the recombinant cell
expresses a protein encoded by the nucleic acid or a portion thereof acid set forth in FIG. 9D-
9H and FIG. 11A-11C, TABLE 3, and TABLE 4. In some embodiments the recombinant
cell is used to assay for suitable antigens. In some embodiments the recombinant cell is used

to produce a selected antigen.
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IV. Pharmaceutical Compositions

[0124] The present disclosure also features pharmaceutical compositions that contain a
therapeutically effective amount of one or more T cell epitopes, nucleic acids coding for T
cells epitopes or peptides. The composition can be formulated for use in a variety of drug

delivery systems. One or more physiologically acceptable excipients or carriers can also be

included in the composition for proper formulation.

[0125] In various embodiments, the pharmaceutical compound includes an acceptable
pharmaceutically acceptable carrier. The carrier(s) should be “acceptable” in the sense of
being compatible with the other ingredients of the formulations and not deleterious to the
subject. Pharmaceutically acceptable carriers include buffers, solvents, dispersion media,
coatings, isotonic and absorption delaying agents, and the like, that are compatible with
pharmaceutical administration. In one embodiment the pharmaceutical composition is
administered orally and includes an enteric coating suitable for regulating the site of
absorption of the encapsulated substances within the digestive system or gut.

[0126] Pharmaceutical compositions containing a therapeutic, such as those disclosed
herein, can be presented in a dosage unit form and can be prepared by any suitable method.
A pharmaceutical composition should be formulated to be compatible with its intended route
of administration. Useful formulations can be prepared by methods well known in the
pharmaceutical art. For example, see Remington's Pharmaceutical Sciences, 18th ed. (Mack
Publishing Company, 1990).

[0127] Pharmaceutical formulations, in some embodiments, are sterile. Sterilization can
be accomplished, for example, by filtration through sterile filtration membranes. Where the
composition is lyophilized, filter sterilization can be conducted prior to or following

lyophilization and reconstitution.

Vaccines

[0128] Disclosed herein is an immunogenic composition, €.g., a vaccine composition,
capable of raising a specific immune response, e.g., a tumor-specific immune response.
Vaccine compositions typically comprise a plurality of viral antigens, e.g., selected using a
method described herein. Vaccine compositions can also be referred to as vaccines.

[0129] The viral nucleic acids, proteins, antigens, and T cell epitopes can be used to
design prophylactic or therapeutic vaccines comprising such composition (e.g.,

pharmaceutical compositions) for immunizing subjects at risk of contracting, or subjects
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having already contacted, a virus set forth in TABLE 1 or TABLE A. In certain
embodiments, the vaccine is a subunit vaccine. In certain embodiments, the vaccine elicits a
protective immune reaction against a plurality of viruses (e.g., RFe-V-MD1, RFe-V-MD2
RFe-V-MD3 RFe-V-MD4, or RFe-V-MD?5). In certain embodiments, the vaccine elicits a
protective immune reaction against a virus set forth in TABLE 1 or TABLE A.

[0130] In some embodiments, the vaccine comprises a recombinant nucleic acid molecule
comprising one or more promoter and a nucleic acid encoding for a T cell epitope. In some
embodiments the nucleic acid is set forth in SEQ ID NO: 1-349, TABLE 3, TABLE 4, or a
functional portion thereof.

[0131] A vaccine composition of the disclosure can comprise a peptide composition(s)
comprising the T cell epitope(s). Alternatively, a vaccine composition of the disclosure can
comprise a nucleic acid composition, e.g., an RNA composition or DNA composition,
encoding the T cell epitope(s). For such nucleic acid vaccines, suitable regulatory sequences
are included such that the peptide epitope is expressed from the nucleic acid (RNA or DNA)
in cells of the subject being immunized. In some embodiments, the nucleic acids or the
peptides are synthetic.

[0132] A vaccine can contain between 1 and 30 peptides, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 different peptides, 6, 7,
8,9,10 11, 12, 13, or 14 different peptides, or 12, 13 or 14 different peptides. Peptides can
include post-translational modifications. A vaccine can contain between 1 and 100 or more
nucleotide sequences, 2, 3,4, 5,6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73, 74,75, 76,77, 78. 79, 80. 81, 82. 83, 84. 85, 86, 87. 88. 89. 90, 91, 92, 93, 94.95. 96, 97.
98, 99, 100 or more different nucleotide sequences, 6, 7, 8,9, 10 11, 12, 13, or 14 different
nucleotide sequences, or 12, 13 or 14 different nucleotide sequences. A vaccine can contain
between 1 and 30 viral antigen sequences, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57. 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68,69, 70,71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94,95, 96, 97, 98, 99, 100 or more different viral antigen sequences, 6,7, 8,9, 10 11, 12,
13, or 14 different viral antigen sequences, or 12, 13 or 14 different viral antigen sequences.
[0133] In some embodiments, the pharmaceutical composition comprises a plurality of
(e.g,2,3,4,5,6,7,8,9, 10, or more) proteins or peptides and a pharmaceutically acceptable

33



WO 2023/049892 PCT/US2022/077012

carrier or excipient. A pharmaceutical composition comprising a nucleic acid encoding the
mRNA of claim 44 or the protein or peptide of any one of claims 46-48 and a
pharmaceutically acceptable carrier or excipient.

[0134] In some embodiments, the pharmaceutical composition comprises one or more
nucleic acids encoding a plurality of (e.g., 2, 3,4, 5,6, 7, 8,9, 10, or more) mRNAs and a
pharmaceutically acceptable carrier or excipient.

[0135] In one embodiment, antigens or T cell epitopes are for example ORF1ab, spike
(S), envelope (E), membrane (M) and nucleocapsid (N), RNA polymerases, kinases, and viral
proteases. Exemplary antigens are shown in FIG. 9D-9H and FIG. 11A-11C, exemplary
nucleic acids encoding antigens or portions of antigens are set forth in TABLE 3 and
TABLE 4.

[0136] In certain embodiments, the two or more of the T cell peptides collectively
recognize MHC molecules in at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least 95%, or at least 99% of the human population. In certain embodiments, the
vaccine contains individualized components according to the personal need (e.g., MHC

variants) of the particular patient.

[0137] In one embodiment, different peptides and/or polypeptides or nucleotide
sequences encoding them are selected so that the peptides and/or polypeptides capable of
associating with different MHC molecules, such as different MHC class I molecule. In some
aspects, one vaccine composition comprises coding sequence for peptides and/or
polypeptides capable of associating with the most frequently occurring MHC class I
molecules. Hence, vaccine compositions can comprise different fragments capable of
associating with at least 2 preferred, at least 3 preferred, or at least 4 preferred MHC class 1
molecules.

[0138] The vaccine composition can be capable of raising a specific cytotoxic T-cell
response and/or a specific helper T-cell response.

[0139] A vaccine composition of the disclosure can comprise one or more short (e.g., 8-
35 amino acids) peptides as the immunostimulatory agent. In certain embodiments, a cell
surface antigen sequence is incorporated into a larger carrier polypeptide or protein, to create
a chimeric carrier polypeptide or protein that comprises the T cell epitope(s). This chimeric

carrier polypeptide or protein can then be incorporated into the vaccine composition.
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[0140] Recombinant cells can be engineered to express proteins and peptides of the
disclosure. Vectors can be designed for the expression of cell surface antigens (e.g. nucleic
acid transcripts, proteins, or enzymes) in prokaryotic or eukaryotic cells. For example, cell
surface antigens can be expressed in bacterial cells such as Escherichia coli, insect cells
(using baculovirus expression vectors), yeast cells, or mammalian cells. Suitable host cells
are discussed further in Goeddel (1990) Gene Expression Technology: Methods in
Enzymology 185, Academic Press, San Diego, Calif. The cell surface antigens can be
purified from the recombinant cells and used in antibody development or further formulated
into pharmaceutical compositions. Additionally or alternatively, the recombinant cells
expressing the cell surface antigens can be used for producing antibodies or T cells specific to

the cell surface antigens.

[0141] It is understood that a peptide can be expressed from a nucleic acid (e.g., an
mRNA) in a cell of the subject. Exemplary methods of producing peptides by translation in
vitro or in vivo are described in U.S. Patent Application Publication No. 2012/0157513 and
He et al., J. Ind. Microbiol. Biotechnol. (2015) 42(4):647-53. The present disclosure
provides a composition (e.g., pharmaceutical composition) comprising one or more nucleic
acids (e.g., mRNAs) encoding one or more cell surface antigens or derived peptides. It is
understood that a peptide can be expressed from a nucleic acid (e.g., an mRNA) in a cell of
the subject. Exemplary methods of producing peptides by translation iz vifro or in vivo are
described in U.S. Patent Application Publication No. 2012/0157513 and He ef al., J. Ind.
Microbiol. Biotechnol. (2015) 42(4):647-53. The present disclosure provides a composition
(e.g., pharmaceutical composition) comprising one or more nucleic acids (e.g., mRNAs)
encoding one or more peptides disclosed herein, optionally further comprising a
pharmaceutically acceptable carrier or excipient. In certain embodiments, the composition
comprises nucleic acid sequences encoding two or more (e.g., three or more, four or more,
five or more, six or more, seven or more, eight or more, nine or more, ten or more, 11 or
more, 12 or more, 13 or more, 14, or more, 15 or more, 16 or more, 17 or more, 18 or more,
19 or more, or 20 or more) of the peptides disclosed herein. In certain embodiments, the two
or more peptides are derived from the same cell surface antigen. In certain embodiments, the
two or more peptides are derived from at least two different cell surface antigens. In certain
embodiments, the two or more peptides collectively are recognized by MHC molecules in at
least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99%

of the human population. In certain embodiments, the vaccine contains individualized
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components according to the personal need (e.g., MHC variants) of the particular patient. In
certain embodiments, each of the nucleic acids further comprises one or more expression
control sequences (e.g., promoter, enhancer, translation initiation site, internal ribosomal
entry site, and/or ribosomal skipping element) operably linked to one or more of the peptide

coding sequences.

[0142] A vaccine composition can further comprise an adjuvant and/or a carrier.
Examples of useful adjuvants and carriers are given herein below. A composition can be
associated with a carrier such as e.g. a protein or an antigen-presenting cell such ase.g. a
dendritic cell (DC) capable of presenting the peptide to a T-cell.

[0143] Adjuvants are any substance whose admixture into a vaccine composition
increases or otherwise modifies the immune response to a viral antigen. Carriers can be
scaffold structures, for example a polypeptide or a polysaccharide, to which a viral antigen, is
capable of being associated. Optionally, adjuvants are conjugated covalently or non-
covalently.

[0144] The ability of an adjuvant to increase an immune response to an antigen is
typically manifested by a significant or substantial increase in an immune-mediated reaction,
or reduction in disease symptoms. For example, an increase in humoral immunity is typically
manifested by a significant increase in the titer of antibodies raised to the antigen, and an
increase in T-cell activity is typically manifested in increased cell proliferation, or cellular
cytotoxicity, or cytokine secretion. An adjuvant may also alter an immune response, for
example, by changing a primarily humoral or Th response into a primarily cellular, or Th
response.

[0145] Suitable adjuvants include, but are not limited to 1018 ISS, alum, aluminium salts,
Amplivax, AS15, BCG, CP-870,893, CpG7909, CyaA, dSLIM, GM-CSF, IC30, IC31,
Imiquimod, ImuFact IMP321, IS Patch, ISS, ISCOMATRIX, Juvimmune, LipoVac, MF59,
monophosphoryl lipid A, Montanide IMS 1312, Montanide ISA 206, Montanide ISA 50V,
Montanide ISA-51, OK-432, OM-174, OM-197-MP-EC, ONTAK, PepTel vector system,
PLG microparticles, resiquimod, SRL172, Virosomes and other Virus-like particles, YF-17D,
VEGF trap, R848, beta-glucan, Pam3Cys, Aquila's QS21 stimulon (Aquila Biotech,
Worcester, Mass., USA) which is derived from saponin, mycobacterial extracts and synthetic
bacterial cell wall mimics, and other proprietary adjuvants such as Ribi's Detox. Quil or
Superfos. Adjuvants such as incomplete Freund's or GM-CSF are useful. Several

immunological adjuvants (e.g., MF59) specific for dendritic cells and their preparation have
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been described previously (Dupuis M, et al., Cell Immunol. 1998; 186(1):18-27; Allison A C,
Dev Biol Stand. 1998; 92:3-11). Also cytokines can be used. Several cytokines have been
directly linked to influencing dendritic cell migration to lymphoid tissues (e.g., TNF-alpha),
accelerating the maturation of dendritic cells into efficient antigen-presenting cells for T-
lymphocytes (e.g., GM-CSF, IL-1 and IL-4) (U.S. Pat. No. 5,849,589, specifically
incorporated herein by reference in its entirety) and acting as immunoadjuvants (e.g., IL-12)
(Gabrilovich D 1, et al., J Immunother Emphasis Tumor Immunol. 1996 (6):414-418).

[0146] CpG immunostimulatory oligonucleotides have also been reported to enhance the
effects of adjuvants in a vaccine setting. Other TLR binding molecules such as RNA binding
TLR 7, TLR 8 and/or TLR 9 may also be used.

[0147] Other examples of useful adjuvants include, but are not limited to, chemically
modified CpGs (e.g. CpR, Idera), Poly(I:C)(e.g. polyi:CI2U), non-CpG bacterial DNA or
RNA as well as immunoactive small molecules and antibodies such as cyclophosphamide,
sunitinib, bevacizumab, celebrex, NCX-4016, sildenafil, tadalafil, vardenafil, sorafinib, XL-
999, CP-547632, pazopanib, ZD2171, AZD2171, ipilimumab, tremelimumab, and SC58175,
which may act therapeutically and/or as an adjuvant. The amounts and concentrations of
adjuvants and additives can readily be determined by the skilled artisan without undue
experimentation. Additional adjuvants include colony-stimulating factors, such as
Granulocyte Macrophage Colony Stimulating Factor (GM-CSF, sargramostim).

[0148] A vaccine composition of the disclosure can comprise one or more short (e.g., 8-
35 amino acids) peptides as the immunostimulatory agent. In certain embodiments, a T cell
epitope sequence is incorporated into a larger carrier polypeptide or protein, to create a
chimeric carrier polypeptide or protein that comprises the T cell epitope(s). This chimeric

carrier polypeptide or protein can then be incorporated into the vaccine composition.

[0149] A vaccine composition can comprise more than one different adjuvant.
Furthermore, a therapeutic composition can comprise any adjuvant substance including any
of the above or combinations thereof. It is also contemplated that a vaccine and an adjuvant
can be administered together or separately in any appropriate sequence.

[0150] A carrier (or excipient) can be present independently of an adjuvant. The function
of a carrier can for example be to increase the molecular weight of in particular mutant to
increase activity or immunogenicity, to confer stability, to increase the biological activity, or
to increase serum half-life. Furthermore, a carrier can aid presenting peptides to T-cells. A

carrier can be any suitable carrier known to the person skilled in the art, for example a protein
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or an antigen presenting cell. A carrier protein could be but is not limited to keyhole limpet
hemocyanin, serum proteins such as transferrin, bovine serum albumin, human serum
albumin, thyroglobulin or ovalbumin, immunoglobulins, or hormones, such as insulin or
palmitic acid. For immunization of humans, the carrier is generally a physiologically
acceptable carrier acceptable to humans and safe. However, tetanus toxoid and/or diptheria
toxoid are suitable carriers. Alternatively, the carrier can be dextrans for example sepharose.
[0151] Cytotoxic T-cells (CTLs) recognize an antigen in the form of a peptide bound to
an MHC molecule rather than the intact foreign antigen itself. The MHC molecule itself is
located at the cell surface of an antigen presenting cell. Thus, an activation of CTLs is
possible if a trimeric complex of peptide antigen, MHC molecule, and APC (antigen
presenting cell) is present. Correspondingly, it may enhance the immune response if not only
the peptide is used for activation of CTLs, but if additionally APCs with the respective MHC
molecule are added. Therefore, in some embodiments a vaccine composition additionally
contains at least one antigen presenting cell.

[0152] Viral antigens can also be included in viral vector-based vaccine platforms, such
as vaccinia, fowlpox, self-replicating alphavirus, marabavirus, adenovirus (See, e.g., Tatsis et
al., Adenoviruses, Molecular Therapy (2004) 10, 616—629), or lentivirus, including but not
limited to second, third or hybrid second/third generation lentivirus and recombinant
lentivirus of any generation designed to target specific cell types or receptors (See, e.g., Hu et
al., Immunization Delivered by Lentiviral Vectors for Cancer and Infectious Diseases,
Immunol Rev. (2011) 239(1): 45-61, Sakuma et al., Lentiviral vectors: basic to translational,
Biochem J. (2012) 443(3):603-18, Cooper et al., Rescue of splicing-mediated intron loss
maximizes expression in lentiviral vectors containing the human ubiquitin C promoter, Nucl.
Acids Res. (2015) 43 (1): 682-690, Zufferey et al., Self-Inactivating Lentivirus Vector for
Safe and Efficient In Vivo Gene Delivery, J. Virol. (1998) 72 (12): 9873-9880). Dependent
on the packaging capacity of the above mentioned viral vector-based vaccine platforms, this
approach can deliver one or more nucleotide sequences that encode one or more viral antigen
peptides. The sequences may be flanked by non-mutated sequences, may be separated by
linkers or may be preceded with one or more sequences targeting a subcellular compartment
(See, e.g., Gros et al., Prospective identification of neoantigen-specific lymphocytes in the
peripheral blood of melanoma patients, Nat Med. (2016) 22 (4):433-8, Stronen et al.,
Targeting of cancer neoantigens with donor-derived T cell receptor repertoires, Science.
(2016) 352 (6291):1337-41, Lu et al., Efficient identification of mutated cancer antigens

recognized by T cells associated with durable tumor regressions, Cl/in Cancer Res. (2014) 20(
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13):3401-10). Upon introduction into a host, infected cells express the viral antigens, and
thereby elicit a host immune (e.g., CTL) response against the peptide(s). Vaccinia vectors and
methods useful in immunization protocols are described in, e.g., U.S. Pat. No. 4,722,848,
Another vector is BCG (Bacille Calmette Guerin). BCG vectors are described in Stover et al.
(Nature 351:456-460 (1991)). A wide variety of other vaccine vectors useful for therapeutic
administration or immunization of viral antigens, e.g., Salmonella typhi vectors, and the like
will be apparent to those skilled in the art from the description herein. In some embodiments,
the viral vector is a adenovirus vector.

[0153] The compositions (e.g., pharmaceutical compositions) disclosed herein may be
formulated for delivery into cells (e.g., APCs, such as dendritic cells, monocytes,
macrophages, or artificial APCs). In certain embodiments, the composition comprises an
agent that facilitate transfection in vitro or in vivo, such as a liposome or a nanoparticle (e.g.,
lipid nanoparticle). In certain embodiments, the liposome or nanoparticle further comprises a
binding moiety (e.g., an antibody or an antigen-binding fragment thereof) for delivering the
liposome or nanoparticle to a target T cell (e.g., a professional APC). Another delivery
method employs virus particles (e.g., adenovirus, adeno-associated virus, vaccinia virus,
fowlpox virus, self-replicating alphavirus, marabavirus, or lentivirus). In certain
embodiments, the composition comprises a pharmaceutically acceptable carrier or excipient,
such as a diluent, an isotonic solution, water, etc. Excipients also can be selected for

enhancement of delivery of the composition.

[0154] Suitable routes of administration and dosages for vaccines are known in the art
and can be determined by a person of medical skill. In certain embodiments, the vaccine is
administered parenterally, e.g., by intramuscular, intradermal, subcutaneous, intravenous,
topical, nasal, or local administration. In certain embodiments, the vaccine comprising
peptide(s) is administered via skin scarification. In certain embodiments, the vaccine
comprising peptide(s) is administered at a dosage of 0.1-10 mg, e.g., 0.1-0.5 mg, 0.5-1 mg, 1-
3 mg, 1-5 mg, or 5-10 mg of total amount per human patient. In certain embodiments, the
vaccine comprises a plurality of different peptides, wherein each peptide is provided at a
dosage of 0.01-0.05 mg, 0.05-0.1, or 0.1-0.5 mg per human patient. Stimulation of an anti-
virus T cell immune response in a subject by the vaccine can be monitored by methods
established in the art, e.g., by isolating T cells from the subject and measuring reactivity of

the T cells to the viral T cell epitope(s) contained within the vaccine (see, e.g.,
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Immunohistochemistry, ELISPOT, binding assays such as Biacore and ELISA, and LC-MC

techniques).

Small molecule drugs

[0155] Small molecule drug therapeutics generally refer to therapeutics of low molecular
weight (e.g., below 1 kDa) that modulate cellular behavior to treat a disease. Such small
molecule drugs bind one or more biological targets of a target cell, thereby causing a change
in the activity or function of the biological target of the target cell. Given their size, small
molecule drug therapeutics are able to penetrate cellular membranes, thereby enabling them
to bind or affect biological targets located within cells.

[0156] In various embodiments, small molecule drug therapeutics are inhibitors that serve
to inhibit a biologic target that is involved in a disease. For example, small molecule drug
therapeutics may be kinase inhibitors, proteasome inhibitors, proteinase inhibitors, or protein
inhibitors. Additionally, small molecule drug therapeutics can be chemotherapeutics that
prevent cell replication such as alkylating agents, anti-microtubule agents, topoisomerase
inhibitors, DNA intercalators, and the like.

[0157] More comprehensive lists of small molecule drug therapeutics are found in
publicly available databases such as DrugBank, ChemSpider, ChEMBL, KEGG, and
PubChem. In some embodiments, the small molecule is an inhibitor of a protein or portion
thereof encoded by the nucleic acid sequence set forth in SEQ ID NO: 1-349. In some
embodiments, the small molecule is an inhibitor of a protein or portion thereof set forth in
FIG. 9D-9H and FIG. 11A-11C, or encoded by the nucleic acid sequence or a portion
thereof set forth in TABLE 3 and TABLE 4.

Biologics

[0158] Biologics generally refer to therapeutics that are manufactured from biologic
sources (e.g., produced in cells). Biologics are larger than small molecule drugs and often
times more complex in structure and molecular makeup. In various embodiments, biologics
are synthesized through manufacturing methods that include 1) inserting a DNA sequence
encoding for the biologic or a portion of the biologic into a living cell, 2) having the cell
produce transcribe/translate the DNA sequence into a protein, 3) isolating the protein from
the cells, where the protein serves as the biologic or a component of the biologic. Example of
biologics include antibodies (e.g., monoclonal or polyclonal antibodies), cytokines, growth

factors, enzymes, immunomodulators, recombinant proteins, vaccines, allergenics, blood
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components, hormones, therapeutic cells (e.g., stem cells), tissues, carbohydrates, and nucleic

acids.

V. Kits

[0159] In some embodiments, any of the BiPS or viral sequences disclosed herein is
assembled into a pharmaceutical or diagnostic or research kit to facilitate their use in therapeutic,
diagnostic or research applications. A kit may include one or more containers housing any of the
vectors, nucleic acids, proteins, peptides, or viruses disclosed herein and instructions for use.
[0160] The kit may be designed to facilitate use of the methods described herein by
researchers and can take many forms. Each of the compositions of the kit, where applicable, may
be provided in liquid form (e.g., in solution), or in solid form, (e.g., a dry powder). In certain
cases, some of the compositions may be constitutable or otherwise processable (e.g., to an active
form), for example, by the addition of a suitable solvent or other species (for example, water or a
cell culture medium), which may or may not be provided with the kit. As used herein,
"instructions" can define a component of instruction and/or promotion, and typically involve
written instructions on or associated with packaging of the disclosure. Instructions also can
include any oral or electronic instructions provided in any manner such that a user will clearly
recognize that the instructions are to be associated with the kit, for example, audiovisual (e.g.,
videotape, DVD, etc.), Internet, and/or web-based communications, etc. The written instructions
may be in a form prescribed by a governmental agency regulating the manufacture, use or sale of
pharmaceuticals or biological products, which instructions can also reflect approval by the agency
of manufacture, use or sale for animal administration.

[0161] Throughout the description, where compositions are described as having, including,
or comprising specific components, or where processes and methods are described as having,
including, or comprising specific steps, it is contemplated that, additionally, there are
compositions of the present disclosure that consist essentially of, or consist of, the recited
components, and that there are processes and methods according to the present disclosure that
consist essentially of, or consist of, the recited processing steps.

[0162] In the application, where an element or component is said to be included in and/or
selected from a list of recited elements or components, it should be understood that the element or
component can be any one of the recited elements or components, or the element or component
can be selected from a group consisting of two or more of the recited elements or components.
[0163] Further, it should be understood that elements and/or features of a composition or a
method described herein can be combined in a variety of ways without departing from the spirit

and scope of the present disclosure, whether explicit or implicit herein. For example, where
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reference is made to a particular compound, that compound can be used in various embodiments
of compositions of the present disclosure and/or in methods of the present disclosure, unless
otherwise understood from the context. In other words, within this application, embodiments have
been described and depicted in a way that enables a clear and concise application to be written
and drawn, but it is intended and will be appreciated that embodiments may be variously
combined or separated without parting from the present teachings and disclosure. For example, it
will be appreciated that all features described and depicted herein can be applicable to all aspects
of the disclosure described and depicted herein.

[0164] It should be understood that the expression “at least one of” includes individually
each of the recited objects after the expression and the various combinations of two or more of
the recited objects unless otherwise understood from the context and use. The expression
“and/or” in connection with three or more recited objects should be understood to have the same
meaning unless otherwise understood from the context.

23 < 2% ¢

[0165] The use of the term “include,” “includes,” “including,” “have,” “has,” “having,”

29 ¢

“contain,” “contains,” or “containing,” including grammatical equivalents thereof, should be
understood generally as open-ended and non-limiting, for example, not excluding additional
unrecited elements or steps, unless otherwise specifically stated or understood from the context
[0166] Where the use of the term “about” is before a quantitative value, the present
disclosure also includes the specific quantitative value itself, unless specifically stated otherwise.
As used herein, the term “about” refers to a +£10% variation from the nominal value unless
otherwise indicated or inferred.

[0167] It should be understood that the order of steps or order for performing certain actions
is immaterial so long as the embodiments remain operable. Moreover, two or more steps or
actions may be conducted simultaneously.

[0168] The use of any and all examples, or exemplary language herein, for example, “such
as” or “including,” is intended merely to illustrate better the embodiments and does not pose a
limitation on the scope of the invention unless claimed. No language in the specification should
be construed as indicating any non-claimed element as essential to the practice of the present

mvention.
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EXAMPLES

[0169] The following Examples are merely illustrative and are not intended to limit the

scope or content of the invention in any way.

EXAMPLE 1 Isolation of bat embryonic fibroblasts

[0170] This example describes the isolation of embryonic fibroblasts from bats. An
embryo (approximately developmental stage 20) acquired from a Spanish Rhinolophus
ferrumequinum bat (wild horseshoe bat) was cut into several pieces while removing the head
and as much as the inner organ tissue as possible. The pieces were then flushed with PBS and
processed separately. The tissue was covered with 0.05% trypsin, minced with a scalpel, and
incubated in a cell culture incubator at 37°C and 5% COz for 45 minutes. The trypsin was
deactivated with fibroblast medium consisting of DMEM (Life Technologies, CA), 10% fetal
bovine serum (Sigma, MO), 0.1 mM MEM Non-essential amino acids (Life Technologies,
CA), 2 mM GlutaMax supplement (Life Technologies, CA), and Penicillin-Streptomycin (10
U/ml and 10 ug/ml, respectively; Life Technologies, CA). The cells were broken up by
pipetting up and down 20 times, collected by centrifugation, transferred to a gelatin-coated
(Sigma-Aldrich, MO) T75 cell culture treated flasks (Corning, AZ) in 15 ml of fibroblast
medium, and cultured at 37°C and 5% COz. After 3 days, when reaching ~80% confluency,
the attached cells were washed with DPBS (Life Technologies, CA), treated with 0.05%
trypsin-EDTA, (Life Technologies, CA) to obtain a single cell solution and either split at a

ratio of 1:4 or used directly in a reprogramming experiment.

EXAMPLE 2 Isolation of bat fibroblasts from tail biopsies

[0171] This example describes the isolation of fibroblasts from tail biopsies from adult

bats.

[0172] M. myotis bats were sampled in Morbihan, Brittany in North-West France in
accordance with the permits and ethical guidelines issued by “Arrété’ by the Préfet du
Morbihan and the University College Dublin ethics committee. This population has been
transponded and followed since 2010 as part of on-going mark-recapture studies by Bretagne
Vivante and the Teeling laboratory (Huang et al., 2019). Once captured, all bats were placed
in individual cloth bags before processing. A single 3 mm biopsy was taken from the
outstretched uropatagium of each bat using a sterile biopsy punch and immediately

submerged in a Cryotube with 2ml of DMEM cell culture medium supplemented with 20%
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FBS, 1% NEA, and 1% Antibiotic-Antimycotic containing Streptomycin, Amphotericin B
and Penicillin, maintaining as sterile conditions as possible. All bats were offered food and
water and rapidly released after processing. Biopsies were then stored at 4°C and transported
to the laboratory for processing within 6 days. Samples were further processed through a cell
extraction methodology similar to a previously established protocol (Kacprzyk et al., 2021)
with a few modifications. The samples were rinsed with DPBS and cut finely within a
minimal amount of cell culture medium using sterile blades to result in six 0.5 mm pieces.
These pieces were then transferred aseptically to a cryotube containing cell culture medium
and incubated for 18 hours with collagenase type I at 37°C with 5% COx2 to allow for
digestion. The pieces were collected by centrifugation for 5 minutes at 300 rcf, resuspended
in 2 ml of fresh cell culture medium and transferred to a 35 mm cell culture treated plate for
initial P1 expansion. Cells were then fed every 2-3 days with cell culture medium as above
but a reduced 0.2% concentration of antibiotic-antimycotic. For the first feeding a % media
change was performed to avoid sudden changes in antibiotic-antimycotic concentration from
1% to 0.2%. When the cells reached 70% confluency, they were transferred to a T25 flask in
cell culture medium after treatment with 0.05% Trypsin and were fed every 2-3 days as
necessary. At 85% confluency, the cells were trypsinized as before and 1x10"6 cells were

frozen in 1 ml cell culture medium containing 10% DMSO.

EXAMPLE 3 Reprogramming and expansion of bat embryonic and adult fibroblasts
into bat iPSCs

[0173] This example describes the reprogramming of bat embryonic fibroblasts for the
generation of bat iPSCs. First, the original Yamanaka reprogramming protocol (Takahashi et
al., Cell (2006) 126, 663-676) based on four reprogramming factors (Oct4, Sox2, KlIf4, and
cMyc) was tried, because it provides the most direct way to generate pluripotent stem cells in
most species. Strikingly, the standard protocol that is highly effective in mice, humans and
other mammalian species (domestic dog, (Canis familiaris), domestic pig, (Sus scrofa),
common marmoset (Callithrix jacchus)) failed in bats. Even though the standard
reprogramming protocol failed, it provided the crucial insight that the Yamanaka factors
triggered the formation of rudimentary stem cell-like colonies even though the reprogrammed
cells ceased to expand. Thus, the core pluripotency network might be conserved in bats.
However, the signaling cascades that usually shield this network from differentiation cues are

different. An exemplary bat pluripotent stem cell derivation strategy is illustrated in FIG. 1A.
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[0174] Briefly, 150,000 embryonic Rhinolophus ferrumequinum fibroblasts at passage 2,
adult Myotis myotis at passage 3, or CF1 mouse embryonic fibroblasts at passage 3 were
resuspended in 1 ml of fibroblast medium and mixed with Sendai-virus particles containing
the reprogramming factors Oct4, Sox2, cMyc, and Kif4 (CytoTune iPS 2.0, Life
Technologies, CA) with a final multiplicity of infection (MOI) of 10, 10, 10, and 15,
respectively. The cells were plated on one gelatin-coated well of a 6-well plate and cultured
at 37°C with 5% COz. The medium was replaced every 24 hours. 6 days after transduction,
the cells of each well were collected by treatment with 0.05% trypsin-EDTA, seeded at a
density of 50,000 cells per 60 cm? on irradiated CF1 mouse embryonic fibroblasts (MEFs;
ThermoFisher, MA) in fibroblast medium. After 24 hours, the medium was switched to 50%
fibroblast medium and 50% pluripotent stem cell (PSC) medium consisting of DMEM/F-12
(Life Technologies, CA), 20% knockout serum replacement, 0.1 mM MEM Non-essential
amino acids , 2 mM GlutaMax supplement, Penicillin-Streptomycin (10 U/ml and 10 pg/ml,
respectively), 100 uM 2-mercaptoethanol , and 40 ng/ml FGF2. From then on, the medium
was replaced every day with PSC medium until day 14 when the FGF concentration was
increased to 100 ng/ml and the medium was supplemented with 10°4 U/ml Leukemia
inhibitory factor (Lif), 100 ng/ml SCF (R&D Systems, MN) and 20 nM Forskolin Forskolin.
Colonies appeared 14 to 16 days after transduction, were picked on day 20 and expanded on
irradiated MEFs with Gentle Cell dissociation Reagent (StemCell Technologies, MA). After
that, cells were passaged approximately every 5 days, or when they were confluent, at a ratio
of 1:6 to 1:12 onto irradiated MEFs. Cell and colony morphology were recorded with an
EVOS digital inverted microscope (Invitrogen, MA).

[0175] Thus, specific ratios of reprogramming factors, and the addition of Lif, Scf, the
Pka activator forskolin and Fgf2 to the culture medium allowed for the uninterrupted growth
of bat pluripotent stem cells. Under these conditions, bat stem cell colonies typically
appeared after 14-16 days of culture. These initial stem cell colonies were, however, not
readily pickable and expandable using conventional EDTA- (Versene), collagenase- or
trypsin-based methods that are normally used to passage pluripotent stem cells from other
species. To split cells for further passaging and growth cells were lightly flushed off the
feeder cell layer after gentle treatment with low concentrations of EDTA. Exemplary cell
morphology of the reprogrammed bat iPSCs is shown in FIG. 1B and FIG. 2A. Bat
pluripotent stem cell colonies appeared tight and homogeneous. The cells had a large,

apparent nucleus with one or two prominent nucleoli. Their proliferation rate was similar to
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human pluripotent cells despite a somewhat lower clonogenicity. The iPSC reprogramming
protocol was further validated by developing iPS cells from an evolutionary distant bat
species Myotis myotis (greater mouse-eared bat) non-lethally sampled in the wild, which
exhibited similar attributes to the greater horseshoe bat iPS cells, suggesting that this unique
pluripotent state evolved in the ancestral bat lineage. The iPSC cells derived from the M.
myotis tail cell show that these fibroblasts were also readily reprogrammable using the new
‘batified’” Yamanaka protocol and yielded similar bat iPSCs that were Oct4 positive in
immunostaining and differentiated into all three germ layers (FIG. 2I-J), suggesting that the

protocol is applicable across the deepest basal divergencies in bats.

EXAMPLE 4 Characterization of the reprogrammed cells

[0176] This example illustrates the characterization of the reprogrammed cells. After
reprogramming, cells were analyzed for karyotype, chromatin organization, and gene and

RNA expression.

Karyotyping

[0177] This example illustrates the karyotyping of reprogrammed cells. Briefly, cells
were treated with 100 ng/ml KaryMax Colcemid Solution in HBSS (Life Technologies, CA)
for 16 hours, then treated with 0.05% trypsin-EDTA for 15 minutes and filtered through a 40
um cell strainer to remove clumps. Cells were collected by centrifugation, resuspended in

1 ml 0.075 M potassium chloride (Sigma-Aldrich, MO) and incubated for 20 minutes at room
temperature. 0.5 ml fixative (1 part glacial acetic (Fisher Scientific, MA) mixed with 3 parts
methanol (Sigma-Aldrich, MO) were added, cells were collected as before, resuspended in

4 ml fixative, and incubated for 20 minutes at room temperature. The fixation step was
repeated, the cells collected as before and all but about 200 ul of the fixative was removed.
The cells were resuspended in the remaining fixative and dropped onto slides that were
precooled at -20°C. The slides were airdried and the cells stained for 10 minutes with Giemsa
Staining solution consisting of 1 part KaryoMax Giemsa solution (Life Technologies, CA)
and 3 parts Gurr buffer (Invitrogen, MA). The slides were washed with water, dried, and
mounted in Cytoseal 60 (Thermo Scientific, MA). High-resolution pictures of chromosome
spreads were acquired with an AxioObserver microscope (Zeiss) using the 100x oil objective.
Even after prolonged culture (over 50 passages), the cells retained a normal karyotype, with

most cells containing 56 chromosomes (FIG. 2B).
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RT-PCR

[0178] mRNA was extracted with the RNeasy Mini Kit (Qiagen). 500 ng of each sample
were used to generate cDNA by reverse transcription using the SuperScript™ IV VILO™
Master Mix (Invitrogen). 2 ul of the cDNA were used to detect the presence of Sendai virus
transcripts using GoTaq Green Polymerase (Promega), and the oligos as recommended in the
CytoTune iPS 2.0 kit (Invitrogen). Gapdh was amplified as loading control using oligos with
the following sequence: Z25-132:GAPDH_F1_GHB: TGGTGAAGGTCGGAGTGAAC and
725-133:GAPDH_R1 GHB: GAAGGGGTCATTGATGGCGA). The PCR products were

analyzed on a 2% agarose gel containing ethidium bromide.

Immunofluorescence staining

[0179] For immunofluorescence staining, cells were plated on p-slides (Ibidi, Germany).
After 4 days, cells were washed once with DPBS and fixed with Cytofix/Cytoperm solution
(Becton Dickinson, NJ) for 20 minutes at 4°C. Cells were rinsed with Perm/Wash buffer
(Becton Dickinson, NJ) and then incubated overnight at 4°C in Perm/Wash buffer containing
primary anti-Afp (R&D Systems, MN) anti-Pax6 (BioLegend, CA), J2 anti-dsRNA (Scicons,
Hungary), anti-(gag/pol) HERVK (Austrial Biological) or FIPV3-70 anti-Pan Corona (Life
Technologies, CA) or directly conjugated anti-Oct3/4-AF488 (Santa Cruz, CA) or anti-
Brachyury (R&D Systems, MN) anti-Otx2 (R&D Systems), anti-Zic2 (Abcam), anti-Tfe3
(Sigma Aldrich) or anti-Tfcp2l1 (R&D Systems) in a 1:50 (anti-Oct3/4) or 1:100 dilution (all
others). Cells were rinsed and washed 3 times for 2 minutes with Perm/Wash solution at
room temperature followed by a 1-hour incubation with a 1:200 dilution of the corresponding
secondary antibodies (Donkey anti-chicken-Cy3, Millipore, AP194C; Goat anti-chicken-
AF488 ; Donkey anti-rabbit-AF647; Goat anti-rabbit-AF488, Goat anti-mouse-AF488) in
Perm/Wash buffer. Cells were rinsed, washed twice for 2 minutes with Perm/Wash Buffer
and then incubated for 5 minutes with Perm/Wash buffer containing 2 drops per ml NucBlue
Dapi stain (Invitrogen, MA). The buffer was removed, and the cells were cover-slipped in
Prolong Dimond antifade mounting medium (Invitrogen, MA). Images were acquired with an
AxioObserver fluorescence microscope with Apotome (Zeiss). For the simulated emission
depletion (STED) microscopy (super-resolution), the cells were plated on coverslips that
were placed in wells of 6-well plates. The staining was performed as described above but
with a 1:200 dilution of the Abberior Star 635P secondary antibody in Perm/Wash buffer.

Cells were rinsed, washed twice for 2 minutes with Perm/Wash Buffer and then incubated for
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5 minutes with Perm/Wash buffer containing 2 drops per ml DyeCycle Violet stain. The
coverslips were mounted face down on glass slides with Prolong Dimond antifade mounting
medium (Invitrogen). Images were acquired with a TCS SP8 confocal microscope with
STED 3x and White Light Laser (Leica) with a 100x oil objective. 405 nm and 594 nm lasers
were used for excitation and 775 nm laser for depletion. Image resolution obtained was 19.8
um by 19.8 um using a zoom factor of 6x.. Exemplary immunofluorescent detection of
Oct4/Pou5f2 in BiPS cells shows that the cells were positive for the pluripotency factor Oct4
(FIG. 10).

RNA isolation and RNA-seq

[0180] For RNA-seq, RNA was extracted from BiPS cells at passage 22 and BEFs at
passage 3. RNA was extracted with the RNeasy RNA isolation kit (Qiagen, Germany)
following the manufacturer’s recommendations including the DNase digest (Qiagen,
Germany) and eluted in 50 ul RNase/DNase free H20. The libraries were prepared with the
SMART-Seq v4 Ultra Low Input kit (Takara Bio, undifferentiated cells) or the Stranded
Total RNA with Ribo-Zero Plus kit (Illumina, differentiated cells) and 100 bp paired-end
sequencing reads were (PE100) were generated by Illumina sequencing (NovaSeq 6000 S1)

to a depth of 50 million reads (100 million total reads).

RNA-seq mapping and visualization

[0181] The quality of the reads from the RNA sequencing was analysed with FastQC
v0.11.9 (Andrews, 2010 ), and visualized using MultiQC (Ewels et al., 2016. With the mean
phred score of around Q35 across each base position no filter or processing was performed.
To carry out the differential expression analysis, the genome of Rhinolophus ferrumequinum
was used as reference genome, RefSeq assembly accession GCF_004115265.1, assembled
and annotated by the Vertebrate Genomes Project (www.vertebrategenomesproject.org). The
reads were mapped with HISAT2 v2.2.1 (Kim et al., 2019 ), the .sam files resulting from
each mapping were converted into .bam files and indexed using samtools v1.10 (Lietal.,
2009 ). The reads were mapped against each gene using featureCounts v2.0.1 (Liao et al.,
2014 ) and the differential expression analysis was performed with DESeq2 v1.10.1 (Love et
al., 2014 ). To visualize the RNA-seq data in the UCSC genome browser, bigwig files were
generated using the bamCoverage command from deepTools
(www.deeptools.readthedocs.io/en/develop/content/tools/bamCoverage html; Ramirez et al.,
2016).
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MA Plot

The MA plots were generated based on the DESeq?2 (see above) results with the ggmaplot
function (www.rpkgs.datanovia.com/ggpubr/reference/ggmaplot.html) from the R package
ggpubr (www.rpkgs.datanovia.com/ggpubr/). Genes are indicated by dots, plotted by their
log2 fold change between bat fibroblast and pluripotent stem cells and the log2 mean of
normalized counts (ratio of means). Blue dots indicate genes with an adjusted p value of (or
FDR) of <0.05 and a fold change of 2 (log2 fold change of 1), red dots indicate genes with an
adjusted p value (or FDR) of <0.05 and fold change of -2 (log2 fold change of -1). Dotted
lines are drawn at fold change of 2/-2 (log2 fold change of 1/-1).

[0182] RNA-seq analyses revealed the induced expression of canonical pluripotency-

associated genes (FIG. 1D).

[0183] However, closer data inspection revealed that the expression profile did not
necessarily match any known pluripotency state. Instead, factors indicative of the so-called
naive pluripotent state (KIf4, KIf17, Essrb, Tfcp2l1, Tfe3, Dppa, and Dusp6) were expressed
alongside genes typically found in the more advanced primed pluripotent cells (e.g., Otx2,
Zic2). Double immunostainings detecting four of the most commonly used primed/naive
factors, Otx2/Tfe3 and Tfcp2l1/Zic2, respectively, showed co-expression of naive and primed
markers in most cells (FIGs. 2K-M). No methylation in the promoters of Nanog, Pou5f1, or
Sox2 was detected, which might be related to under-annotation of the Rhinolophus
ferrumequinum genome at this point in time Germ cell factors such as Dnmt3l and Dazl were
absent. Thus, while cellular heterogeneity might be at play, their uniform appearance makes it
most likely that bat stem cells occupy a novel, yet-to-be-characterized pluripotent default

state.

ATAC-seq

[0184] To analyze the effects of the reprogramming approach on the bat chromatin and
epigenetic structures a global epigenetic landscape survey using ATAC-seq was performed.
ATAC-seq and bioinformatics analysis to detect open chromatin in bat fibroblasts and bat
pluripotent stem cells was performed by Active Motif, CA from 100,000 cryopreserved cells
(ATAC-seq service). In brief, nuclei were isolated and libraries of open chromatin were
prepared with the Nextera Library Prep Kit (Illumina) by Tn5 tagmentation. The tagmented
DNA was purified using the MinElute PCR purification kit (Qiagen, Germany), amplified
with 10 cycles of PCR, and purified using Agencourt AMPure SPRI beads (Beckman
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Coulter, CA). 42 bp paired-end sequencing reads (PE42) were generated by Illumina
sequencing (using NextSeq 500) to a depth of at least 83 million total reads and mapped to
the GCA_004115265.2 genome (Ensembl, annotation version 102) using the BWA algorithm
with default settings (“bwa mem™). Alignment information for each read was stored as BAM
file. Only reads that passed the [llumina’s purity filter, aligned with no more than 2
mismatches, and mapped uniquely to the genome were used in the subsequent analysis.
Duplicate reads (“PCR duplicates™) were removed. Genomic regions with high levels of
transposition/tagging events were then determined using the MACS2 peak calling algorithm
(Zhang et al., Genome Biology (2008) 9:R137). To identify the density of transposition
events along the genome, the genome was divided into 32 bp bins and the number of
fragments in each bin was determined. The data were then normalized by reducing the tag
number of all samples by random sampling to the number of tags present in the smallest
sample. Peak metrics between samples were compared by grouping overlapping Intervals into
“Merged Regions,” which are defined by the start coordinate of the most upstream Interval
and the end coordinate of the most downstream Interval (= union of overlapping Intervals;
“merged peaks™). In locations where only one sample has an Interval, this Interval defines the
Merged Region. Intervals and Merged Regions, their genomic locations along with their
proximities to gene annotations and other genomic features were determined and average and
peak (i.e. at “summit”) fragment densities were compiled. The sequencing tracks (number of
fragments in each 32 bp bin stored as .bigwig file) were visualized with the UCSC genome

browser.

[0185] The global epigenetic landscape survey using ATAC-seq revealed significant
chromatin configuration changes when bat fibroblasts transitioned into the pluripotent state
(FIG. 1E). Generally, there were strict correlations between newly opened sites and gene
expression and conversely closed regions and gene shutdowns (FIG. 1F). Similarly, mapping
the DNA methylome by RRBS-seq exposed significant CpG methylation changes across the
genome after reprogramming (FIG. 2G-H and ).

Reduced representation bisulfite sequencing (RRBS) of bat iPSCs

[0186] Reduced representation bisulfite sequencing of bat fibroblasts and pluripotent
stem cells was performed by Active Motif, CA(RRBS Service, Active Motif, CA). Briefly,
500,000 cells were provided as a frozen pellet. Genomic DNA was isolated, and 100 ng were
digested with Taqal (NEB, MA) at 65°C for 2 hours followed by Mspl (NEB, MA) at 37°C

50



WO 2023/049892 PCT/US2022/077012

overnight. Following enzymatic digestion, samples were used for library generation with the
Ovation RRBS Methyl-Seq System (Tecan, Switzerland) following the manufacturer’s
instructions. In brief, digested DNA was randomly ligated, and, following fragment end
repair, bisulfite converted using the EpiTect Fast DNA Bisulfite Kit (Qiagen, Germany)
following the Qiagen protocol. After conversion and clean-up, samples were amplified
resuming the Ovation RRBS Methyl-Seq System protocol for library amplification and
purification. 75 bp single-end sequencing reads (SE75) were generated by Illumina
sequencing (using NextSeq 500) to a depth of at least 27 million reads (total of 54 million
reads), with at least 2.9 million covered CpGs. The reads were mapped to the

GCA 004115265.2 genome (Ensembl, annotation version 102) and the percentage of
methylation at CpG sites across the genome was calculated. To visualize the methylation
ratios aligned to the gnome with the UCSC genome browser, the methylation ratio files
containing the methylation ratio for each chromosomal position were first converted to bed
files, that were then used to generate bigwig files with the bedGraphToBigWig v4 tool
(www.encodeproject.org/software/bedgraphtobigwigy/). Correlation scatter plots were
generated to show the level of methylation at common CpG sites. To visualize the global
differences between bat fibroblast and pluripotent stem cells, the RRBS methylation data
were combined for all samples based on chromosome position, the ratios of the duplicates
were averaged and the methylation ratio for each chromosomal position was plotted using the
geplot2 function “stat_density 2d_filled” with fill based on density. Only chromosomal
positions that were present in all replicates were included in the analysis.

[0187] Similarly, mapping the DNA methylome by RRBS exposed significant CpG
methylation changes across the genome (FIG. 1A and 2G) after reprogramming,

Chromatin immunoprecipitation sequencing (ChIP-seq)

[0188] 5 million cells were fixed cells in 1% formaldehyde by adding 1/10 volume of
freshly prepared Formaldehyde Solution (11% formaldehyde, 0.1 M NaCl, 1 mM EDTA, pH
8.0, 50 mM HEPES, pH 7.9) to the existing medium. Cells were agitated for 15 minutes at
room temperature and the fixation was stopped by addition of 1/20 volume of 2.5 M glycine
solution (final concentration of 0.125 M) to the existing medium and incubation at room
temperature for 5 minutes. The cells were scraped off the wells, collected by centrifugation at
800 g and washed with 10 ml chilled 0.5 % Igepal in PBS per tube by pipetting up and down.
Cells were pelleted by centrifugation as before and resuspended in 10 ml chilled PBS-Igepal

containing 1 mM PMSF. Cells were collected as before, and the cell pellet was snap-frozen in
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liquid nitrogen. Further processing, chromatin immunoprecipitation and bioinformatics
analysis to detect H3K4me3 and H3K27me3 was performed by Active Motif, CA(HistoPath
ChIP-seq service). In brief, chromatin was isolated by adding lysis buffer, followed by
disruption with a Dounce homogenizer. Lysates were sonicated and the DNA sheared to an
average length of 300-500 bp with Active Motif’s EpiShear probe sonicator. Genomic DNA
(Input) was prepared by treating aliquots of chromatin with RNase, proteinase K and heat for
de-crosslinking, followed by SPRI beads clean up (Beckman Coulter, CA) and quantitation
with Clariostar (BMG Labtech). An aliquot of chromatin (20 ug) was precleared with protein
A agarose beads (Life Technologies, CA). Genomic DNA regions of interest were isolated
using 4 pg of antibody against H3K4me3 (Active Motif, CA) or H3K27me3 (Active Motif,
CA). Complexes were washed, eluted from the beads with SDS buffer, and subjected to
RNase and proteinase K treatment. Crosslinks were reversed by incubation overnight at 65°C,
and ChIP DNA was purified by phenol-chloroform extraction and ethanol precipitation.
Illumina sequencing libraries were generated from the ChIP and Input DNAs with the
standard consecutive enzymatic steps of end-polishing, dA-addition, and adaptor ligation.
After a final PCR amplification step, 75-nt single-end (SE75) sequence reads were generated
by Illumina sequencing (using NextSeq 500) to a depth of at least 36 million reads per sample
and mapped to the GCA_004115265.2 genome (Ensembl, annotation version 102) using the
BWA algorithm with default settings. Duplicate reads were removed, and only uniquely
mapped reads (mapping quality >= 25) were used for further analysis. Alignments were
extended in silico at their 3’-ends to a length of 200 bp, which is the average genomic
fragment length in the size-selected library and assigned to 32-nt bins along the genome. The
resulting histograms (genomic “signal maps™) were stored in bigWig files. To find peaks, the
generic term “Interval” was used to describe genomic regions with local enrichments in tag
numbers. Intervals were defined by the chromosome number and a start and end coordinate.
Peak locations were determined using the MACS algorithm (v2.1.0) with a cutoff of p-value
= le-7 (Zhang et al., 2008). Signal maps and peak locations were used as input data to Active
Motifs proprietary analysis program, which creates Excel tables containing detailed
information on sample comparison, peak metrics, peak locations and gene annotations. No
normalization was performed on the H3K27me3 data, while standard normalization was
applied to the H3K4me3 data. The tag number of all samples (within a comparison group)
was reduced by random sampling to the number of tags present in the smallest sample. To
compare peak metrics between 2 or more samples, overlapping Intervals were grouped into

“Merged Regions,” which are defined by the start coordinate of the most upstream Interval
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and the end coordinate of the most downstream Interval (= union of overlapping Intervals;
“merged peaks™). In locations where only one sample has an Interval, this Interval defines the
Merged Region. The sequencing tracks (number of fragments in each 32 bp bin stored as
bigwig file) were visualized with the UCSC genome browser.

[0189] ChIP-seq analysis showed that histone marks associated with active (H3K4me3)
and developmentally repressed genes (H3K27me3) showed many changes (FIG. 1G,
Approximately 18.2% of the bat stem cell genes were associated with a “bi-valent” domain
(H3K4mes and H3K27mes; FIG. 1H), a pluripotency chromatin hallmark initially found in
human and mouse pluripotent cells. Interestingly, while there was overlap between human
and bat bivalency genes there were also some bat- or human-specific genes (FIG. 2E).
Generally, there were strict correlations between newly opened sites and gene expression, and
conversely, closed regions and gene shutdowns during the reprogramming process that also
corresponded to the absence or presence of histone modifications, respectively (FIG. 1I).
However, there are instances when there were simultaneously active and repressive
epigenetic marks, most likely as a result of spontaneous differentiation in the cultures (FIG.
2F).

[0190] Collectively, the results establish that the bat pluripotent stem cells are

reprogrammed both transcriptionally and epigenetically.

EXAMPLE 5 Three germ layer differentiation

[0191] This example illustrates the further functional characterization of the
reprogrammed bat IPS cells. After reprogramming, cells were analyzed in pluripotency
assays for pluripotency potential.

[0192] The differentiation of bat pluripotent stem cells was carried out with the
STEMJiff Trilineage differentiation kit (StemCell Technologies, MA) following the
manufacturer’s protocol. Cells were plated at the desired densities in mTeSR medium
(StemCell Technologies, MA), and plated on Vitronectin-coated (StemCell Technologies,
MA) cell culture plates. After 5 days (endoderm or mesoderm) or 7 days (ectoderm) in
culture as directed by the manufacturer. For the ectoderm differentiation, the floating three-
dimensional structures were then replated and grown for 4 additional days in fibroblast
medium. The cells were stained with antibodies detecting the appropriate lineage markers as
described above or cells were collected (surface area of 10 cm? per replicate) for RNA
isolation and RN Aseq after addition of 600 pl lysis buffer RTL (part of the RNeasy kit;

Qiagen, Germany).
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[0193] Results show that the bat iPSCs differentiate into ectodermal, mesodermal, and
endodermal fates (FIG. 4A). In each case, the cells responded to the altered culture
conditions by shifting their morphology profoundly. The differentiated iPSCs turned positive
for Pax6 (ectoderm), T (mesoderm) or AFP (endoderm). Since the cells used in this
experiment were at an advanced passage (passage 37, an equivalent of about 6 months of

continuous culture), the results also suggest that pluripotency can be maintained long-term.

Embryonic body differentiation

[0194] To analyze the bat stem cells” developmental plasticity, the cells were subjected to
embryoid body (EB) differentiation. Briefly, bat pluripotent stem cells grown on irradiated
mouse embryonic fibroblasts from a total area of 60 cm? were washed with PBS, treated for
10 minutes with Gentle Cell Dissociation Reagent (StemCell Technologies, MA), collected
by centrifugation and resuspended in 12 ml differentiation medium consisting of DMEM/F-
12 (Life Technologies, CA), 10% fetal bovine serum (Sigma, MO), 0.1 mM MEM Non-
essential amino acids (Life Technologies, CA), 2 mM GlutaMax supplement (Life
Technologies, CA), Penicillin-Streptomycin (10 U/ml and 10 ug/ml, respectively; Life
Technologies, 15140122) and 100 uM 2-mercaptoethanol (Fluka, NC). The cells were then
transferred to one uncoated 60 cm? petri dish (Corning, 351029). After 3 days in culture, as
much as possible of the medium (about 2/3) was carefully exchanged without disturbing and
removing the floating EBs that had formed. The floating EBs were collected after 3 more
days (total of 6 days) in culture, fixed in Cytofix/Cytoperm fixation buffer (Becton
Dickinson, NJ) overnight, and then stained with antibodies against as described above to
detect differentiation markers of all three germ-layers by immunofluorescence. For RNA
isolation and RNA-seq, EBs were formed as described, collected, resuspended in 6 ml
differentiation medium, and distributed into three wells of cell-culture treated 6-well plates
(10 cm? each). After 2 more days in culture, the cells were washed with PBS, lysed with 600
ul buffer RTL (part of the RNeasy kit; Qiagen, 74104) and RNA was isolated as described
above.
[0195] In the assay, cells differentiated and formed the for EBs’ typical spherical
arrangements. They subsequently matured into elaborate three-dimensional structures that
were positive for all three germ layer markers (FIG. 4B). EBs were also analyzed by RNA-
seq as described in Example 4. The RN A-seq analysis of RNA isolated from the monolayer
differentiation and EB formation confirmed the respective cell fate changes (FIG. 4C, FIG.
5A-D).
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Teratoma formation

[0196] To assay the potential of the bat iPSCs to form teratomas in vivo, cells were
injected into immunocompromised mice and then analyzed. Briefly, two 6-well plates (12
wells) of bat pluripotent stem cells grown on irradiated mouse embryonic fibroblasts were
scraped off in 2 ml DMEM/F-12 medium (Life Technologies, CA), collected by
centrifugation and resuspended in 500 ul DMEM/F-12 medium. 100 pl of the cell suspension
were injected into the hindleg muscle of 8-week-old male Fox Chase SCID Beige Mice
(Charles River, MA). Tumor tissue that had formed after 16 weeks was harvested, fixed in
10% Formalin (Fisher Scientific, MA) overnight and then transferred to 70% ethanol. The
tissue was embedded in paraffin and hematoxylin and stained with eosin of 5 um sections.
Images were acquired with an AxioObserver microscope (Zeiss) and analyzed.

[0197] The analysis showed, that the bat iPSCs formed a particular tumor (teratoma) at
the injection site after four to five months albeit infrequently (33%) and very small (2-4 mm).
The tumors were comprised of immature tissue with epithelial, neural and stromal
characteristics (FIG. 4D). Transcriptional profiling of pivotal genes previously reported
critical for teratoma formation (FIG. 4G) revealed that while some genes are downregulated
in bat iPSCs in comparison with mouse iPSCs (like Eras), other genes like the hyaluronidases
(HAS) and ADP ribosylation factors (ARFs) are indistinguishable between the experimental
groups, making it likely that the anti-tumor effect seen in the rudimentary teratomas is a
complex phenomenon. While the host mice were severely immunocompromised and
immune-related tissues were not analyzed the immaturity and delay in growth may suggest a
yet to be characterized anti-tumorigenic property of bat stem cells similar to, for instance, the
naked mole rat which could also underlie the extended healthspans and cancer resistance

reported in bats.

Blastoid differentiation

[0198] To analyze the potential of the iPSCs to form embryoid structures, the cells were
subjected to a modified blastoid protocol. Cells were harvested and plated as described for
the embryonic body formation above. After 3 days in culture, 100 ng/ml BMP4 (R&D
Systems, 314-BP-010) were added to the medium. 24 later the supernatant was diluted with
2/3 of fresh medium and transferred to two fresh uncoated petri dishes. The medium was
exchanged after 3 more days in culture and floating blastoids were harvested 4 days later

(total of 12 days of differentiation). The blastoids were fixed in Cytofix/Cytoperm fixation

55



WO 2023/049892 PCT/US2022/077012

buffer (Becton Dickinson, BDB554714) overnight, and stained as described above to detect
the expression of Oct4 by immunofluorescence microscopy.

[0199] Further analysis showed, that bat blastoids recapitulate critical aspects of
preimplantation embryos, including an Oct4-positive inner cell mass, the cystic cavity and a
bilayered epithelium consisting of trophoblastic and yolk sac cells (FIG. 3E). Replating these
embryo structures resulted in their attachment to a flattened trophoblastic epithelium to grow
and an expansion of the inner cell mass (FIG. 3F). These differentiation studies exemplify
the unique potential of pluripotent bat cells to recapitulate important developmental events
and serve as a powerful model to study the unique physiological adaptations of bats,
including their reduced cancer phenotype.

[0200] Embryonic stem cell lines were derived from these outgrowths, confirming these
embryoids’ blastocyst nature.

[0201] The differentiation studies exemplify the unique potential of the described
pluripotent bat cells to recapitulate important developmental events and serve as a powerful

model to study the unique physiological adaptations of bats.

Example 6 Analysis of the distinct characteristics of pluripotent bat stem cells

[0202] To assay distinct characteristics of pluripotent bat stem cells, gene expression
patterns in bat stem cells were analyzed such as the ground state transcriptome and then
compared to other species. Transcriptome profiles of pluripotent stem cells from an assorted
set of species (Bats, mouse, pig, dog, marmoset, human) and different cell types (EF, iPSCs,
MEF, ESC) were assembled and principal component analysis was performed to obtain a
high-level overview of the number of commonalities and differences between bats and other
mammals (FIG. 5A)

Principal Component Analysis (PCA)

[0203] The DESeq?2 output files of the RNA-seq analyses described above were subjected
to a Variance Stabilizing Transformation (VST) using within-group-variability (Anders and
Huber, 2010) to compare the bat pluripotent stem cell transcriptional profile with that of other
species. The first two principal components of this result were plotted using the ggscatter
function (https://rpkgs.datanovia.com/ggpubr/reference/ggscatter.html) from the R package
ggpubr (www.cran.r-project.org/web/packages/ggpubr/index.html). The datasets used in the
PCA were: GSM4616525, GSM4616526 and GSM4616527 (dog iPS), GSM4617887,
GSM4617889, GSM4617890, GSM4617891, GSM4617895, GSM4617900 and
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GSM4617901 (marmoset iPS), GSM4616532 (human iPS), GSM4616535 and GSM4616536
(pigIPS) from study GSE152493 (Yoshimatsu et al., 2021), and GSM1287734,
GSM1287745 and GSM1287746 (mouse ESC) and GSM 1287736, GSM 1287747 and
GSM1287748 (mouse iPS) from GSE53212 (Carter et al., 2014), as well as GSM2718393
and GSM2718399 (mouse iPS) from GSE101905 (Knaupp et al., 2017).

[0204] PCA showed that bats were unique to all mammals, even the more distant ones
like dogs, clustered together in the PCA plot, while bats formed a separate distinctive group
(FIG. 5A) despite including other closely related laurasiatherian mammals. Further analysis
of the gene signature that contributed the most to the bat-specific gene expression profile in
the PCA analysis was performed. The “leading edge,” was extracted, corresponding to the

top 5% of the genes that fortified the difference in principal component 1 (FIG. 5SB) when
comparing bat with mouse pluripotent stem cells, corresponding to 674 genes. The list

covered genes belonging to a broad spectrum of transcription factors, kinases, metabolic and
homeostatic enzymes. For instance, it included the HMG-CoA synthase HMGCS2, the
apolipoprotein APOAL, the cyclin CCNT]1, plasminogen PLG, the pluripotency factors
OCT#4 and Nanog, Tmprss2 which is required for SARS-CoV-2 entry in humans and the
ubiquitin ligase NEDD4 among many other categories. Given the broad spectrum of
categories it was analyzed if the leading-edge genes were enriched for any particular
biological pathway in gene ontology analyses. The leading-edge genes were further enriched
for developmental controllers, proteins targeting membranes, including the endoplasmatic
reticulum, lipid and cholesterol biosynthesis, and fibrinogen production. However, the most
prominent groups were viral gene expression, viral transcription, and many sets of genes
activated or suppressed after viral infection (FIG. 5C).

[0205] When analyzing the enrichment of any KEGG pathway, by far the most
significantly enriched category was “Corona virus disease” (FIG. 5D, FIG. 6A). It almost
seemed like bat stem cells executed a program normally activated after a virus infection.
Interestingly, out of the set of leading-edge genes, only a total of eight genes showed
significant evidence of positive selection in R. ferrumequinum, five of which showed at least
one highly probable BEB site with no visual issues in the alignment region, while three genes
(designated with “*”) did not (AARD, COL3A1, FAMI111A, LAMB3, MUC1*, NES*,

RGS5, RSPHI*) (FIG. 6B). Two of these genes, COL3A1 and MUCI, have roles in collagen
formation in connective tissues:-protect against pathogen infections and showed evidence of

selection in another bat species suggesting unique, bat-specific adaptations in these genes.
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The results might indicate that the unique bat signature is likely the consequence of the
present viral sequences and that most of the coding leading edge genes are not under positive

selection pressure.

[0206] Further, data were analyzed for the enrichment of transcription factor footprints in
the mapping of open chromatin regions to these genes in the ATAC-seq data. Surprisingly,
only two transcription factor motifs were significantly enriched, KIf5 and Ctcf. Notably,
however, these factors accompanied the majority of the genes in this set. KIf5 is a canonical
pluripotency factor, which is essential for early embryogenesis and self-renewal of
pluripotent stem cells. The recruitment of KIf5 binding sites to a new set of genes makes it
likely that bat stem cells acquired novel features under the influence of this transcription
factor. Ctcf, on the other hand, contributes to the establishment of higher-order genome
structures (topologically associating domains), which are evolutionarily stable.

[0207] The leading-edge genes showed that they were under a purifying and positive
selection. Of the 655 orthologous genes analyzed, a significant intensifying, purifying

selection was observed in only five (Rsphl, Nes, Col3al, Rgs5, and Lamb).

MEME-ChIP

[0208] First, the ATAC-seq regions were identified that showed a shrunkelog2 fold
change of 5 between bat fibroblast and pluripotent stem cells and an adjusted p value of less
than 0.1 that were within 10 kb (i.e., any interval within 10 kb upstream or downstream) of
any gene that is part of the top 5 % of genes contributing to the differences in PC1 in the PCA
analysis described above. The DNA sequences corresponding to these ATAC-seq regions
were extracted from the GCF_004115265.1 reference genome und used in a MEME-ChIP
motif search to identify sequence motifs (6-15 bp in width) for protein binding sites that are
enriched in this set of genes (Machanick and Bailey, 2011; www.meme-
suite.org/meme/tools/meme-chip). The sequence motifs with a p-value below 0.05 were then
used in a FIMO analysis to identify the genomic positions and gene association of these
motifs within the gene set. The number of genes associated with each motif within the gene
set was then plotted against the factor known to bind to the and labeled with the protein know

to bind to the motif

Evolutionary selection analysis
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[0209] To explore evidence of positive selection in R. ferrumequinum for the 674 genes
identified as part of the “leading” edge in the PCA analysis described above, all gene
alignments were extracted that were available for these transcripts (n = 491) and had
previously been annotated (Jebb ef a/., 2020), in addition to annotating 169 alignments that
had been made available as part of BAT1K but were currently unannotated. These alignments
contained a maximum of 48 species from all eutherian mammalian superorders, with the
species tree published by Jebb ef al. (2020) used for all selection analyses. A total of 660 of
these alignments contained representative genes for R. ferrumequinum and were analysed for
positive selection using the branch-site models in the codeml package of the PAML suite of
software (Yang, 2007). Positive selection was inferred using likelihood-derived dN/dS ()
values under both a null (foreground and background o constrained to be less than 1) and
alternative (foreground m can vary) model. The R. ferrumequinum lineage was designated as
foreground branch to detect unique instances of taxon-specific positive selection. A
likelihood ratio test (LRT, 2*InLa—InL nun) was used to compare the fit of both models, with
a p-value calculated assuming chi-squared distributed LRTs. P-values were corrected for
multiple testing using the Benjamin-Hochberg False Discovery Rate (FDR) method via
‘padjust’ implemented in R. Any significant gene showing a p-value greater than 0.05 with ®
>1 was explored further. Significant sites showing positive selection were identified using
Bayes Empirical Bayes (BEB) scores with a probability > 0.95. All significant genes were
subject to a visual inspection of the alignment, to rule out potential false positive results
having occurred due to misaligned sequences. In addition to R. ferrumequinum, the Myotis
myotis (n=637 representative genes), Homo sapiens (n=652), Mus musculus (n=628), Canis
lupus (n=593) and Felis catus (n=603) lineages were also independently designated as
foreground branches for all genes containing a representative sequence shared with R.
ferrumequinum. This served as a means of determining whether positive selection identified
in R. ferrumequinum was truly unique to the species lineage or a consequence of bat-specific,

Laurasiatherian-specific, or eutherian mammal-specific instances of sequence evolution.

Gene ontology and KEGG pathway analyses

[0210] Gene ontology and KEGG pathways that are enriched within a group of genes
were identified with the Enrichr tool (Xie et al., 2021; www.maayanlab.cloud/Enrichr/). The
odd ratios were then plotted with ggplot2 (Wickham, 2016; www.cran.r-
project.org/web/packages/ggplot2/index.html) with the odds ratio displayed on the x-axis, the
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dot size reflecting the gene count (number of genes present in the top 5% of PC1 contributing

genes) and the dot color reflecting the p-value.

Protein Interaction Network in bat IPSCs

[0211] In order to understand if the leading-edge genes that make horseshoe bats unique
were enriched for any particular functional gene ontology category (FIG. SC - D). The genes
of the Corona virus disease related KEGG pathway were retrieved from the PathCards
database (www.pathcards.genecards.org).

[0212] The differential expression analysis was performed between bat (this study) and
mouse iPS cells (GEO accession number: GSM1287736, GSM 1287747 and GSM 1287748
from Study GSE53212 (Carter et al., 2014 ) using DESeq2 (Love etal., 2014 ). The Corona
virus disease-related genes were then illustrated with Cytoscape (Version 3.8.2, Shannon et
al., 2003 ) using the STRING protein query with a 0.8 confidence score cutoff. The nodes
were colored based on the log2FoldChange with a negative (blue) fold change indicating
down-regulation and a positive (red) fold change indicating upregulation in bat pluripotent
stem cells cells. Bold borders indicate proteins that were present in the top 5% of PC1 in the
PCA analysis described above.

[0213] When analyzing the enrichment of any KEGG pathway, by far the most
significantly enriched category was “Corona virus disease” (FIG. 5D, FIG. 6A). It almost
seemed like bat stem cells executed a program normally activated after a virus infection.
Interestingly, out of the set of leading-edge genes, only a total of eight genes showed
significant evidence of positive selection in R. ferrumequinum, five of which showed at least
one highly probable BEB site with no visual issues in the alignment region, while three genes
(designated with “*”) did not (AARD, COL3A1, FAMI111A, LAMB3, MUC1*, NES*,

RGSS5, RSPHI*) (FIG. 6B). Two of these genes, COL3A1 and MUCI, have roles in collagen
formation in connective tissues;-protect against pathogen infections and showed evidence of
selection in another bat species suggesting unique, bat-specific adaptations in these genes.
The results might indicate that the unique bat signature is likely the consequence of the
present viral sequences and that most of the coding leading edge genes are not under positive

selection pressure.

EXAMPLE 7 Identification of virus like structures in bat IPSCs

[0214] This example describes the identification of virus like structures in bat IPSCs.
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[0215] Briefly, bat IPSCs were imaged with differential interference contrast microscopy
and Image-based flow cytometry. Images of the bat IPSCs highlighted prominent
cytoplasmic vesicles. Bat stem cells were observed to be packed with small, luminescent

vesicles that filled a significant proportion of the cytoplasm (FIG. 7A, FIG. 8A).

Llectron microscopy and Immunostaining

[0216] In order to analyze the vesicles, ultrastructural studies were performed using
electron microscopy. Cells were grown in chambered Permanox slides (LabTek, MI) on
irradiated mouse embryonic fibroblasts as described above for 5 days and then further
processed by the Biorepository and Pathology core at the Icahn School of Medicine at Mount
Sinai. Briefly, the cells were rinsed once with DPBS and fixed overnight with 2%
paraformaldehyde and 2% glutaraldehyde in 0.01 M sodium cacodylate buffer at 4°C.
Sections were rinsed in 0.1 M sodium cacodylate buffer, followed by a quick rinse with
ddH20. Cells were post fixed with 1% aqueous osmium tetroxide for 1 hour, followed with
an En bloc stain of 2% aqueous uranyl acetate for 1 hour. Sections were washed again in
ddH»20, dehydrated through graduated ethanol (25-100%), infiltrated through an ascending
ethanol/epoxy resin mixture (Embed 812, EMS), and then covered with pure resin overnight.
Chambers were separated from the slides, and a modified #3 BEEM embedding capsule
(EMS) was placed over defined areas containing cells. Capsules were filled with pure resin
and placed in vacuum oven to polymerize at 60 °C for 72 hours. Immediately after
polymerization, the capsules were snapped from the substrate to dislodge the cells from the
slide. Semithin sections (0.5 - 1 um) were obtained using a Leica UC7 ultramicrotome
(Leica, Buffalo Grove, IL), counterstained with 1% Toluidine Blue, cover slipped and viewed
under a light microscope to identify successful dislodging of cells. Ultra-thin sections (85
nms) were collected on 300 hexagonal mesh copper grids (EMS) using a Coat-Quick
adhesive pen (EMS). Sections were counter-stained with uranyl acetate and lead citrate and
imaged with a Hitachi 7700 Electron Microscope (Hitachi High-Technologies) using an
advantage CCD camera (Advanced Microscopy Techniques). Images were adjusted for
brightness, contrast, and size using Adobe Photoshop CS4 11.0.1.

[0217] Data analysis showed that the vesicles were lipid or glycogen-filled vesicles and
autophagosomes (FIG. 8B), all reported previously in bat inner cell mass cells and other
pluripotent stem cells. The most prominent vesicles, some surrounded by lipid membranes,

contained a significant number of structures resembling viruses-like particles (FIG. 7B).
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[0218] Interestingly, the virion structures did not belong to a uniform set of virus
categories. While some exhibited features of (endogenous) retroviruses, other virus-like
particles were packed in highly electron-dense material and resembled DNA viruses. Finally,
numerous intermediate assemblies were much smaller than the more “mature viruses™ but
could also be defective exogenous retroviruses and many of them were embedded in double-
membrane structures (FIG. 7B). Some of the virus-like particles must have been shedding
into the supernatant as significant levels of retroviral activity (1.21 * 10! viral particles per
mL) were detected in the culture medium. These observations suggest that bat cells either
produce active particles through endogenized sequences in their genome or through persistent
infection that was already present in the BEFs. Previously, ERV-like particles have been
reported in naive pluripotent stem cells in mice and humans, and westerm blotting and
immunostaining revealed high quantities of ERV antigen in the cytoplasm of bat stem cells
(FIG. 7D, and FIG. 7F). Additionally, bat stem cells were positive for coronavirus antigen in
western blots and immunostaining (FIG. 7C, and FIG. 7E) and stained positive with an
antibody raised against double stranded RNA viruses (FIG. 7G), suggesting endogenous
infection and expression of endogenized viruses or fragments of endogenized viruses on an

unprecedented scale, not seen in other tumor or stem cell lines.

Image-based flow cytometry (ImageStream)

[0219] Cells were seeded onto 6-well plates and separated from irradiated MEFs via two-
stage trypsinization after four days. Wells were dosed and incubated with 0.25ml prewarmed
(37°C) trypsin which was removed and discarded at 4 minutes. An additional 0.25ml trypsin
was added and the plate was again incubated. After eight minutes cells were removed and
pelleted via centrifugation. The cells were washed twice in PBS containing 0.5% BSA, fixed
and permeabilized with Cytofix/Cytoperm. The Primary antibody was added at a dilution of
1:200 in wash buffer incubated overnight at 4°C. The cells were washed twice with 0.5%
BSA/PBS, resuspended in wash buffer containing the secondary antibody at a 1:200 dilution
Cells were then resuspended in wash buffer, the secondary goat anti-mouse AF568 antibody
and incubated for 1 hour at 4°C. The cells were washed as before resuspended in 0.5%

BSA/PBS containing two drops/ml DyeCycle Violet to stain the nuclei.

[0220] Imaging was conducted with the ImageStream MKII, at 60x magnification with
the extended depth of field mode for probe resolution. Images were acquired using the

INSPIRE 2.0 software at the lowest flow speed. Fluorophores were excited by the 405 nm
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and 568 nm lasers at 60mW and 100 mW, respectively. Cells in focus were gated via
histogram of brightfield gradient R.M.S. values and an aspect ratio vs. area plot was used to
select the population of single cells. 5000 individual images of focused single cells were
taken. Gating was refined further post-acquisition via the IDEAS 6.2 software suite by the
same methods and plots, yielding n=1846 (BiPS). This software was used also for image
processing, in which a set of custom masks defined by logical operators were used to denote
vesicles and sensitively assess probes. For vesicles, it was observed that they may be
selected from other cell component by contrast (bright and dark) and also by aspect ratio, and
therefore are defined here by “Dilate(Range(Dilate(Range(System(Peak. (Threshold(MO1,
BF, 70), BF, Bright, 1), BF, 20), 0-5000, 0.4-1), 1), 0-5000, 0.4-1), 1) Or Range
(AdaptiveErode(LevelSet(MO1, BF, Dim, 5), BF, 75), 0-5000, 0.5-1).” BF and BF2 represent
each brightfield image taken of a single cell from each of the two cameras, MO1 and M09
represent the corresponding channel masks for each channel and the remaining terms
represent mask modifiers and their associated values in the IDEAS software. For resolving
immunofluorescence, “Peak(System(MO05, Ch05, 3), Ch05, Bright, 1)” where Ch05
represents the staining of interest and MO5 represents the corresponding channel mask.
Modification was necessary to sensitively include all representative fluorescence, and to
distinguish individual foci. The nuclear mask corresponding to DyeCycle Violet staining was
defined “Object(MO07, Ch07, Tight)” and the cytoplasm was defined through subtraction of
the nuclear and vesicle masks from the cell mask through the logical operator available in the
software (“Not™). Vesicle-nucleus overlap was determined in favor of vesicles by excluding
them from the nuclear mask (*Not"). Probe localization was then defined according to these
entities using the respective definitions and the operator “And.” Statistics for foci were
generated using the Spot Count feature with a connectedness of 4. Prism 9 was used for

graphs and statistics.

[0221] The results show that the bat stem cells were positive for coronavirus antigen in
western blots and immunostaining (FIG. 7H and I), and double-stranded RNA in
immunostaining (FIG. 7J). The latter is considered a hallmark for the presence of replicative
genomes from positive-strand and double stranded RNA viruses. Super-resolution imaging
showed that the dsSRNA was present in aggregates (micron-order) throughout the cytoplasm
but essentially absent from the nucleus. Further, ImageStream analysis indicated a close
quantitative relationship between viral antigens and the intracellular vesicles. Based on these

findings, it appears that pieces of endogenous viruses are being expressed at a scale that has
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not been observed before in any other tumor or stem cell lines originating from other animals

and humans.

EXAMPLE 8 Identification of retroviral sequences in the bat pluripotent stem cell

[0222] This example describes the identification of retroviral sequences in the bat IPSC.

Retrovirus assay

[0223] 2 ml of tissue culture medium were collected, and retroviral particle
concentrations were determined using the QuickTiter Retrovirus Quantitation Kit (Cell

Biolabs) according to the manufacturer’s instructions.

Reverse Transcriptase Assay

[0224] Reverse transcriptase enzyme levels were determined with the colorimetric
reverse transcriptase kit (Roche) per the manufacturer protocol. Cells lines represented were
lysed in RIPA buffer, frozen at -80°C, thawed on ice, collected and resuspended in the kit
lysis buffer (10 pL pellet in 40 pL lysis buffer per colorimetric well). Incubation duration
(15h at 37°C) was selected for maximal sensitivity to the limit of the kit (1-5 pg RT).
Absorbance at 405nm was measured by microtiter ELISA plate reader. Sample absorbance
measurements were fitted to a linear regression of the measured HIV-1 RT standards
(Y=2.549X) to obtain RT concentrations in units of ng/well. The results show, that some of
the virus-like particles shed from the BiPS into the supernatant as substantial levels of viral
particles (1.21 * 1010 viral particles per mL as determined in a retroviral assay and 0.3

ng/well in a direct reverse transcriptase assay) were detected in the culture medium.

Plaque Assay

[0225] Supernatants were centrifuged at 10000 rpm for 5 min to remove cellular debris,
and the cleared lysates transferred to new tubes. Lysates were then diluted in 10-fold
dilutions 6 times. Quantification of infectious titer was then performed by plaque assays in
comparison to SARS-CoV-2 infection as positive control. Briefly, Vero-E6 cells were plated
as confluent monolayers in 12 well dishes. Media was removed, and wells washed in Iml of
PBS. 200ul of diluted lysates was then added per well and allowed to incubate for 1 hour at
37°C. After viral adsorption, lysates were removed from the well and cells were overlaid with
Minimum Essential Media supplemented with 2% FBS, 4 mM L-glutamine, 0.2% BSA,

10 mM HEPES and 0.12% NaHCO3 and 0.7% agar. 72h post infection, agar plugs were
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fixed in 10% formalin for 24h before being removed. Plaques were visualized by staining
with TrueBlue substrate (KPL-Seracare) and viral titers calculated and expressed as PFU/ml.
Immunostaining with an antibody detected the endogenous retrovirus protein Herv K or a Pan
Corona antibody in Rhinolophus ferrumequinum embryonic fibroblasts. Immunostaining
with a Pan corona antibody in Myotis myotis fibroblasts or induced pluripotent stem cells
(iPS) is shown in FIG. The results show that inoculated Vero cells with cell culture
supernatant of the bat iPSCs in the plaque assay did not detect any measurable cytotoxic
effects in contrast to acute infectious virus particles that served as positive controls (SARS-

CoV-2 particles).

Metapneumovirus (MPYV) infection of BiPS and mES cells

[0226] 50,000 mouse ES cells (R1) or BiPS cells were plated per well of a 12-well plate
on irradiated CF1 mouse embryonic fibroblasts using mouse and bat culture medium
respectively. After 24 hours, culture medium containing human Metapneumovirus with GFP
(MPV-GFP) (ViralTree) with a final multiplicity of infection (MOI) of 3. Medium was
changed daily, and samples were dissociated at 3 and 5dpi using trypsin/EDTA and the

infection rate was determined by fluorescence activated cell sorting (FACS).

[0227] In line with the pro-viral environment that was observed transcriptionally, bat
stem cells infected with an exogenous Metapneumovirus (MPV) in comparison with mouse
stem cells revealed a particularly permissive environment for viral persistence, further
underscoring the supportive nature of bat stem cells for viruses. These results suggest that bat
stem cells execute a program that in other mammalian cells is activated only after a virus

infection.

EXAMPLE 9 Identification of viral sequences in the bat pluripotent stem cell
transcriptome

[0228] This example describes the identification of viral sequences in the bat IPSC
transcriptome.

[0229] Endogenization of an unusually varied group of viral genomes has occurred in
bats (for example described in Banerjee et al. 2020; Katzourakis and Gifford 2010; Jebb et al.
2020). Endogenized viral sequences are reactivated and tolerated by all pluripotent stem cells
(Grow et al. 2015). As aresult, bat pluripotent stem cells should express and tolerate a
particularly wide range of endogenized viral sequences. First, endogenous retroviruses,which

are abundant and diverse in bat genomes (Jebb et al. 2020; Hayward et al. 2013; Skirmuntt
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and Katzourakis et al. 2019) were analyzed. As a starting point, anchor points of retroviral
sequences that had been previously mapped (Jebb et al. 2020) were picked. To obtain a
broader portrait of the virus-like particles and approximate their identity more specifically,
RNA-seq data was re-analyzed and additional long-read RNA sequencing (iso-seq) was

performed.

Iso-Seq library preparation and sequencing

[0230] Cells were lyzed in 400 pl Trizol reagent (Life Technologies) and total RNA was
extracted using the AllPrep DNA/RNA Mini Kit (Qiagen) including a DNase digest to
remove any potential contamination from carryover of genomic DNA using RNase-free
DNase (Qiagen,) according to the manufacturer’s instructions. The extracted RNA was then
purified using 1.8X RNAClean XP beads (Beckman Coulter) to remove any molecular
impurities. Iso-Seq SMRTbell libraries were prepared as recommended by the manufacturer
(Pacific Biosciences). Briefly, 300 nanograms of total RNA (RIN > 8) from each sample was
used as input for cDNA synthesis using the NEBNext Single Cell/Low Input cDNA
Synthesis & Amplification Module (NEB,), which employs a modified oligodT primer and
template switching technology to reverse-transcribe full-length polyadenylated transcripts.
Following double-stranded cDNA amplification and purification, the full-length cDNA was
used as input into SMRThbell library preparation, using SMRTbell Express Template
Preparation Kit v2.0. Briefly, a minimum of 100 ng of cDNA from each sample were treated
with a DNA Damage Repair enzyme mix to repair nicked DNA, followed by an End Repair
and A-tailing reaction to repair blunt ends and polyadenylate each template. Next, overhang
SMRThbell adapters were ligated onto each template and purified using 0.6X AMPure PB
beads to remove small fragments and excess reagents (Pacific Biosciences). The completed
SMRThbell libraries were further treated with the SMRTbell Enzyme Clean Up Kit to remove
unligated templates. The final libraries were then annealed to sequencing primer v4 and
bound to sequencing polymerase 3.0 before being sequenced on one SMRTcell 8M on the
Sequel II system with a 24-hour movie each. After data collection, the raw sequencing
subreads were imported to the SMRTLink analysis suite, version 10.1 for processing.
Intramolecular error correcting was performed using the circular consensus sequencing
(CCS) algorithm to produce highly accurate (>Q10) CCS reads, each requiring a minimum of
3 polymerase passes. The polished CCS reads were then passed to the /ima tool to remove
Iso-Seq and template-switching oligo sequences and orient the isoforms into the correct 5° to

3’ direction. The refine tool was then used to remove poly A tails and concatemers from the
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full-length reads to generate final full-length, non-chimeric (FLNC) isoforms. The FLNC
isoforms were then clustered together using the cluster tool to generate final, polished

consensus isoforms per sample.

[0231] Briefly, the existence of viruses in the Rhinolophus ferrumequinum transcriptome
was explored by analyzing the RN A-seq and Iso-seq data based on a metagenomic approach
using Kraken2 v2.1.2 (Wood et al, 2019 ). First, the adaptors in the RNA-seq data were removed
with Trimgalore v0.6.7 (Krueger et al., 2021) and all replicates for corresponding datasets were
joined in one file. The reference library “RefSeq complete viral genomes / proteins” was downloaded
and a custom database was built to identify matches within the processed RNA-seq or Iso-seq. To
eliminate false positive hits that could be due to matches with any cellular transcript such as
oncogenes that are carried by some viruses, a second analysis was performed after eliminating all
reads from the RNA-seq and Iso-seq datasets that matched any annotated Rhinolophus ferrumequinum
transcript. To do this, the Iso-Seq FLNC isoforms or RNA-seq trimmed fastq sequences were first
mapped to the “Rhinolophus ferrumequinum genomic rma exons RefSeq” file
“GCF_004115265.1_mRhiFerl vl.p_rna from_genomic.fha” using gmap/gsnap
(doi.org/10.1093/bioinformatics/bti310). The sequences with no mappings were then used to identify

viral sequences using Kraken?2 as before.

Mapping of RNA-seq reads to bat genomes and quantifying expression of ERVs

[0232] To trim adapters and generate quality metrics of the fastq files, Trimmgalore
v.0.6.6 (www.github.com/FelixKrueger/TrimGalore), a wrapper for Cutadapt
(www.github.com/ marcelm/cutadapt) and FastQC
(www.bioinformatics.babraham.ac.uk/projects/fastqc/) were used. Then, reads were mapped
to the genome of R. ferrumequinum (Bat1K assembly HLrhiFer5) using HISAT2 v.2.2.1
(PMID: 31375807) suppressing unpaired alignments for paired reads (--no-mixed),
suppressing discordant alignments for paired reads (--no-discordant), and setting a function
for the maximum number of ambiguous characters per read (--n-ceil L,0,0.05). Output files
were then filtered to remove any unmapped reads (-F 4), sorted and indexed using samtools
(PMC2723002). Aligned reads were then assembled into transcripts using stringTie v2.2.1
(PMC4643835) in stranded mode (-rf). To generate a Ballgown readable expression output
with normalized expression units of fragments per kilobase of transcript per million mapped
fragments (FPKMs), the Bat1K annotation of known endogenous retrovirus (ERVs) for R.
ferrumequinum (PMID: 32699395) (www.genome.senckenberg.de/) were also used as input

in strigTie. Output counts were post-process and plotted with a custom R script.
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Mapping of Iso-seq reads to bat genomes and identifying ERVs

[0233] Iso-Seq transcripts were mapped to the genome of R. ferrumequinum (Bat1K
assembly HLrhiFer5) using minimap2 (PMC6137996) in mode for long-read/Pacbio-CCS
spliced alignment (-ax splice:hq), giving priority to known splice sites from an input
annotation (Bat1K), to find canonical splicing sites GT-AG in the transcript strand (--junc-
bed -uf ), with a cost of 5 for a non-canonical GT-AG splicing (-C5), and excluding from the
output any secondary alignments (--secondary=no). Output files were then filtered to remove
any unmapped reads or those not aligned to the primary alignment (-F 260), sorted and
indexed using samtools (PMC2723002). Aligned transcripts to the genome were intersected
with known ERVs.

De novo assembly of potential virus-derived RNA-seq

[0234] The trimmed reads that were identified by Kraken2 v2.1.2 to map to viral
sequences with a confidence score of 0 as described above were classified as either
mammalian or non-mammalian using the VIRION database (Carlson et al., 2022) based on
their viral taxonomic ID assigned by Kraken2. The data were converted to FASTA format
using the Seqtk v1.3 program and the reads were assembled using the Trinity v2.12 software.
To check and gather successful assemblies that had produced at least one contig, a custom

BASH script was applied for both groups of mammalian and non-mammalian viruses.

Mapping transcripts to viral and mammal databases

[0235] To determine if the assembled transcripts represented an expressed viral sequence,
all transcripts were mapped to a database of viral genomes using BLAST. The viral database
consisted of genomes whose host species contained either human’ or “vertebrate’ as
specified in the NCBI database. Initially this list contained over 17,000 genomes. However,
this was reduced to 3,922 genomes by taking only unique virus/strain names. An additional
non-mammalian virus database was generated by combining all genomic sequences of

viruses identified by Kraken2 and classified as non-mammalian via VIRION.

[0236] Transcripts were also mapped to a combined database of bat, human and mouse
genomes to both confirm their presence in the bat and to exclude the possibility of false
positives through contamination. For each of these transcripts, expected values for both bat
and viral genome BLAST results were combined into a single metric via the following

formula: Log (bat-expected valuet1 x virus-expected value+1). A threshold of less than 0.3,
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representing a combined e-value of less than 1e° for both viral and bat hits, was used to rule
out potential false positives. In addition, SQUID (www.eddylab.org/software.html) was used
to shuffle the 63 (bottom-up) and 82 (top-down) sequences while preserving the dinucleotide
distribution (parameter -d) to obtain a conservative threshold to distinguish bona fide viral
homology from matches by random chance. Shuffled sequences were mapped to both the bat
genome and viral genome databases, with the same BLAST threshold applied. All transcripts
passing this threshold were extended by 5000 bp flanks within the bat genome and these
regions were subsequently mapped to the viral database to confirm their presence in a viral

genome.

[0237] The resulting sequencing reads were mapped against a virus database, using a
metagenomic classification tool (Kraken). Mapping of the RNA-seq data revealed the
expression of a widely diverse set of retroviral families in bat pluripotent stem cells, which
was undetectable in BEFs. The results revealed a taxonomically highly diverse “zoo” of
assigned viruses belonging to several significant viral families (FIG. 9A-C, FIG. 10A). They
included, but were not limited to, Paramyxoviridae, Rhabdoviridae, Filoviridae,
Bornaviridae, Flaviviridae, Coronaviridae, Picornaviridae, and Retroviridae (FIG. 9A-C,
FIG. 10A). Similarly, viral sequences in BEFs were analyzed, notably yielding some viral
sequences but to a much lesser degree (FIG. 10B). This finding is surprising as post-
implantation tissues typically do not exhibit endogenous viral activity, underscoring pro-viral
environments that bats create. Hence, the metagenomic analysis strongly suggests the

remarkable possibility that bat stem cells harbor a significant number of viral-like sequences.

[0238] The potential for confounding effects that might impact the metagenomic
assessment could be three potential sources for distortions: (i) statistical stringency, (i7)
cellular genes containing viral-like sequences (e.g., oncogenes), and (iii) potential xeno
sequence pollution originating from the feeder cells. To address the first point, progressively
higher statistical stringency was used, yielding an expected decrease in matches. However,
even under the most binding conditions, it still resulted in a sizable number of hits. To
exclude potential cellular genes misinterpreted by the classification algorithm as viruses, the
RNA-seq and iso-seq were depleted from all sequences that match exons, which only
marginally affected the number of hits. Finally, some of the classified sequences were
checked for murine origin as was the case for several retroviruses. Somatic tissue-derived

cells, such as mouse fibroblasts, do not express endogenous viruses in measurable quantities.
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Hence, the ability to readily detect such sequences may suggest the intriguing possibility that
the BiPS cells triggered their activation and expansion or even the infection of the BiPS cells.
While confounding effects could affect the metagenomic classification process, it is highly

likely that a significant body of proviral sequences inhabits BiPS cells.

EXAMPLE 10 Assembly of novel viral sequences

[0239] This example describes the assembly of novel full-length viruses, shorter viral
insertions, and novel, more distant viruses based on the sequencing data from BiPS cells.
[0240] As a starting point, anchor points of retroviral sequences that had been previously
mapped were picked. Curation of the RNA sequences predicted to match those genomic
sequences allowed the identification of not only previously described full-length bat
retroviruses (RFeRV, FIG. 10C) but also an undiscovered full-length retrovirus sequence,
RFe-V-MDI1 (FIG. 9D, SEQ ID NO:1). The RNA sequencing also readily revealed short
integrated viral sequences, for instance, Columbid/Falconid herpesvirus and Sindbis virus
(FIG. 9E, FIG. 10A). In this case, the metagenomic classification tool pointed to this
sequence. Upon closer inspection, it was found that the transcripts came from a genomic
region immediately adjacent to a LINE-1 sequence. Furthermore, it was discovered that some
of the sequences formed stem-loop structures, thus suggesting a potential functional role of
the RNA (FIG. 9F). Another case at point was a region residing in the first intron of the XPA
gene (a DNA damage and repair factor) on chromosome 12. A BLAST search with the
fragment showed homology to two human herpesvirus 4 isolates (HKD40 and HKNPC60),
the human respiratory syncytial virus (Kilifi isolate), and a fragment of about 500 bp that was
identified at the end of a SARS-CoV2 isolate in an infected patient (FIG. 11C, FIG. 9G).
Additionally, a protein translation search discovered homologies to an RNA-dependent DNA
polymerase of the lymphocystis disease virus and the erythrocytic necrosis virus (FIG. 11B).
Finally, expression data in conjunction with the bat genome was analyzed for more distant
viral sequences using metagenomic classification taxonomies. Analysis for spike protein-like
sequences found distant matches, a nearly 50% identical sequence to either RaTG13
(TABLE 4) or the Scotophilus bat coronavirus 512 (TABLE 3) covering most of the spike
encoding sequences (FIG. 9H,). A phylogenic analysis revealed that these genomic
sequences mostly resembled the spike protein-encoding genomic portion of human
coronavirus 229E and the human coronavirus OC43, respectively (FIG. 11D). In both cases,
a flanking LINE-1 sequence was present. This suggests that potential LINE elements are

directly involved in the homing of viral RNA.
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TABLE 2
Identifier Fragment/Read ID Source Size Identified Homology | Summary of result
RFe-V-MD1 | m64019 210624 011 | Iso-seq 6088 bp | Overlap of Full length | Iso-seq sequence overlapping
637/39584940/ccs RNA Iso-seq endogenou | with a predicted retroviral gag
sequence s retrovirus | sequence allowed for
with identification of a novel full
previously retroviral sequence.
predicted
gag
sequence of
an
endogenous
retrovirus
RFe-V-MD2 | m64019 210624 011 | Iso-Seq; | 3350 bp | Kraken Columbid | Kraken analysis of Iso-seq
637/330171/ccs analysis of alphaherpe | reads identified homology
kraken:taxid|93386 Iso-seq data | svirus 1; with Columbid
and Tax ID: alphaherpesvirus 1. A
sequence 93386 subsequent Blast search
alignments confirmed a partial alignment
with the Columbid and

Falconid herpesvirus 1 as well
as the Sindbis virus. The
homologous sequence codes
for a 24 aa strech that has 79%
homology with hypothetical
proteins
CoHVHLJ 080/FaH\HV1S18
80 of the Columbid or
Falconid herpesvirus,
respectively. Part of the
sequence that shows
homology to the Sindbis virus
defective interfering particle
di-2 which has been shown to
inhibit viral replication in
infected cells in vitro (Monroe
SS, Schlesinger S. RNAs from
two independently isolated
defective interfering particles
of Sindbis virus contain a
cellular tRNA sequence at
their 5' ends. Proc Natl Acad
SciU S A. 1983
Jun;80(11):3279-83. doi:
10.1073/pnas.80.11.3279.
PMID: 6304704; PMCID:
PMC394024) and can form a
hairpin structure.

71




WO 2023/049892

PCT/US2022/077012

Identifier Fragment/Read ID Source Size Identified Homology | Summary of result

RFe-V-MD3 | m64019 210624 011 | Iso-Seq 7955 bp | Kraken Ranid Kraken analysis of Iso-seq
637/128451663/ccs analysis of herpesvirus | reads identified reads that
kraken:taxid|85655 Iso-seqdata | 1, show homology with the

and Tax ID: Ranid herpesvirus 1.

sequence 85655 Alignment analysis revealed

alignments that the particular Iso-seq read
matches a genomic DNA
fragment in the first intron of
the Rhinolophus
ferrumequinum XPA gene (a
DNA damage and repair
factor) on chromosome 12 that
is known to harbor a predicted
LINE-1 sequence. Closer
inspection of this Iso-seq read
revealed homology with two
Human herpesvirus 4 isolates
(HKD40 and HKNPC60), the
Human respiratory syncytial
virus (Kilifi isolate) and an
about 500 bp DNA fragment
that was identified at the end
of a SARS-CoV?2 isolate from
an infected patient.
Additionally, a BlastX search
discovered homologies to an
RNA-dependent DNA
polymerase of the
Lymphocystis disease virus
and the Erythrocytic necrosis
Virus.

RFe-V-MD4 | m64019 210618 193 | Bat 6404 bp | Kraken Scotophilus | Genomic sequence found that
151/159712964/ccs genome analysis of bat has 42% Identity and 42%
kraken:taxid|693999 genomic coronavirus | Similarity with the

reads 512; Scotophilus bat coronavirus
Tax ID: 512.
693999
NCBI
Reference:
NC 00965
7.1

RFe-V-MD5 | hub 1489433 GCA | Bat 4860 bp | Target Bat Genomic sequence found that
004115265.2 dna genome analysis of coronavirus | shows 44% identity and 44%
range=chrl:3815123 RFe genome | RaTG13 similarity with RaTG13
9-38156098 with spike Tax ID: coTonavirus.

protein 2709072:
coding NCBI
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[0241] To investigate the nature of the viruses identified by Kraken2 systematically in
detail, pipelines that integrate these sequencing reads to identify viral-like sequences with
high confidence were developed (FIG. 9A). First, a metagenomic classification method
(Kraken2) was employed to detect possible viral sequences. Next, a two-pronged strategy for
assembling the RN A-seq into transcripts that can be utilized for viral sequence analysis was
used. The first strategy was bottom-up: a de novo assembly (using 4,707,164 of the total) of
the RNA-seq reads was performed that classified them as viruses and separated them into
putative mammalian or non-mammalian viruses based on the VIRION database and then
verified that the respective transcripts map to the bat genome. Additionally, 5 kb flanks per
transcript locus within the genome were extracted to determine the extent of each potential
viral integration. Using the bat genome as a scaffold, the second method was a “top-down”
approach and involved mapping the Kraken2 codified RNA-seq reads to the bat genome and
then extracting the respective genomic sequences with or without adding 5 kb flanking
regions on each side. Then BLAST was utilized against a mammalian and a non-mammalian
virus database to discover viral hits. Importantly, to avoid viral matches by chance, all
transcripts or genomic sequences to each database were mapped after randomizing them by

dinucleotide shuffling.

[0242] When the pipelines were applied to the bat stem cell transcriptome data, 311 and
82 transcripts estimated to be mammalian viruses and 351 and 58 non-mammalian viruses

(bottom-up and top-down, respectively) were obtained. Direct genome mapping yielded 56
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hits (out of 63 transcripts, bottom-up; 25 unique) and 82 (all transcripts from top-down
approach; 19 unique) mammalian virus hits against the R. ferrumequinum genome. After
applying the BLAST threshold, 31 transcripts, with 13 transcripts shared between both
methods, mapped to both a viral sequence and a locus in the bat genome. The BLAST step on
extended sequences from both methods yielded a total of 16 sequences within the R
Sferrumequinum genome that aligned with known viruses at high confidence. Validating this
stringent approach, using the shuffled sequence data, no hits were found for the bottom-up
sequences and only two top-down BLAST hits passed the threshold, indicating that the vast
majority of the viral hits are not chance matches but reflect bona fide homology. Indeed, this
was confirmed by manual inspection of the alignment hits, which showed numerous longer,
well-aligning regions substantially exceeding the length and quality of the matches of
randomized sequences. The results indicated a taxonomically diverse collection of attributed
viruses from a number of major viral families. Included among them are Flaviviridae,
Herpesviridae, Poxviridae and Retroviridae. Overall, this exhaustive analysis shows that bat
stem cells contain a surprising diversity of sequences that resemble viral genomes. To
implement an orthogonal metagenomic strategy, a direct alignment method using the
Microsoft Research Premonition pipeline was employed. Using bat stem cell RN A-seq reads
as input, this classifier positively recognized 419 different putative viral-like sequences.
Again, the taxonomy included a number of important viral families, such as
Paramyxoviridae, Flaviviridae, Retroviridae, Coronaviridae and Poxviridae. Manual
examination of the expressed virus-sequence revealed a wide range of lengths ranging from
(near) full-length viral sequences to specific viral protein encoding domains to short
fragments of viral regulatory sequences. As before, the Premonition pipeline predicted
sequences were mapped to the bat genome, extended 5000 bp flanks, and performed BLAST
searches against the VirusDB and shoed that a total of 13 extended bat genome sequences
mapped to know virus genomes, 9 of which overlapped with the bottom-up/top-down
approaches, indicating a high degree of consistency. Viruses linked to Hardy-Zuckermann 4
feline sarcoma virus, Friend murine leukemia virus, Porcine endogenous retrovirus E, and
PreXMRV-1 provirus were examples. Consequently, both metagenomics pipelines methods
reveal a significant number of endogenized sequences that resemble viral genomes with a
final count of 20 high-confidence viral hits across all methods. Exemplary sequences of

possible viral origin discovered with this method are listed in SEQ ID NOs: 1-349.
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EXAMPLE 11 Identification of viral proteins useful in vaccine development

[0243] This example describes the identification of viral nucleic acid sequences and viral
proteins present in the bat genome and in bat cells for the use in vaccine development.

[0244] Briefly, viral DNA and RNA sequences can be identified as described in Example
8 Example 9, and Example 10. The viral DNA or RNA sequences can be assembled into
long contigs such as SEQ ID NO: 1-349. The contigs can be translated into amino acid
sequences. The identified amino acid sequences can be compared to known nucleic acid
sequences and proteins using methods like BLAST (www.web.expasy.org/blast) and the
sequences can be aligned and translated into amino acid sequences of peptides and proteins.
Vital viral enzymes such as the essential genes are replicase ORF 1ab, spike (S), envelope (E),
membrane (M) and nucleocapsid (N), RNA polymerases, kinases, and viral proteases can be
identified using homology models and sequence alignment as described in Example 10.
[0245] In order to develop a vaccine, immunogenic CD8+ T cell epitopes in the identified
vital virus proteins can be predicted using for example a machine learning platform such as
described in Bulik-Sullivan et al. (2018) Deep learning using tumor HLA peptide mass
spectrometry datasets improves neoantigen identification. Nature Biotechnology 2018, 37(1).
Predictions for these epitopes can be run for each HLA class I allele. Candidate CD8+
epitopes can be maximized for coverage of the prevalent HLA-types in a given population.
The method described for generating candidate CD8/MHC class I epitopes can be used to
generate peptides with sizes between 9 and 20 amino acids. Further, potential HLA-DRB,
HLA-DQ, and HLA-DP MHC class II epitopes can be predicted. The predicted epitopes can
then be displayed by MHCs and recognized by human T cells can be tested with methods
such as mass spectrometry based HLA I and HLA II epitope binding prediction tools (e.g.,
Immune Epitope Database and Analysis Resource, www.iedb.org). Epitopes such as for
HLA-I or HLA-II can be scored and identified for peptide sequences derived from the
identified vital viral enzyme. Top-ranking peptides can be prioritized based on expected
population coverage (allele frequencies). Predicted peptides can be tested for T cell responses
using PBMCs from human donors and MHC multimers loaded with peptides and ranked.
Further assays of T cell reactivity (e.g., interferon-gamma ELISpots, tetramers), which are
stricter measures for T cell immunogenicity to epitopes, can be performed to further identify

top immunogenic peptides.

[0246] The nucleotide sequences for the identified epitopes and peptides can be cloned

into vectors with expression cassettes in order to express viral proteins for use in vaccines in
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recombinant cell. Recombinant cells for example HEK cells or CHO cells can be transfected
with these vectors to produce vaccines, such as adenovirus based vaccines. mRNA based
vaccines can be synthesized chemically or enzymatically and packaged into lipid particles,

nanoparticles or liposomes for further delivery to a subject.
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EQUIVALENTS / OTHER EMBODIMENTS
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may be applied to the essential features herein before set forth.
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SEQUENCE LISTING
SEQ
ID Sequence
NO:
1 RFe-V-MD1

GGAGAGAATTGATCAGAACTCCTGTCTTGTCTCCGGTCTTTGTGTCTCCCATTTTCCTCCCTTCTAGGTG
CTTCGGGGTCCCTCGTGTAGTGTCCCGCGGGTCGGGACAACTGGCGCCCAACGTGGGGCCTGAAGTCTCC
TAGAAGACGAGACGCCTGAGTTCGTCCGGTCTAAGGAGCTGCAGCATATTTCTTCTTTGATCACCATAAG
ACTACCCAACTTGTGGGAGATCTGTACAGGTAAGCGGACGACT CCTTCAAAAAAATGGGACATATATTTG
TGTTCTAGACTTATGTATAGTCTACAGGCTTCCCCTCAGACACTTAGACTAGGGTTCCCCTAACCTGTTG
TCCCAGTCTCCCTTTTTATCTGCTCTCAGCTCACTTTGGGTTTTAGT CGTTCACCAACGAGACAGTTTTC
TAGGTGTTTGGGACCGTTTGAGCGAGATTTTGCCTGCTTACTTTGAGCTCCAATCGTCCACCCAGAGGAT
TTCCCGACCGGTTGAGTCCCGACTGGCTTTCGCCTGAGGGTCGTTACCAGCCGCGTCGCCTCTCGGGATC
CGTGTTGGCGGATTATACCAACCGATTGCTCACGTAAGGGCTTTTTCTCCTCTCACCCCAACACCCCCGT
GGCTCCGGCCGGGTGAGTCCCAAAAGACATTCGTCTGCGGGTCGTTACCATCCGTGCCGTCTCGTTTGGG
TCCATGTTGGTGGATTGTACCAACCGACTGCCTATGTGAGGAGAGTCTTTATTCCTTATCATAATGGGAC
AAGAGGTTAGTGTTCATGACATGTTTATCTCAGGACTAAAAGAGT CCTTACAAATAAGGAGAGTTAAAGT
CAAGAAAAAAGATTTAGTTATCTTTTTTAATTTCTTAAAAGATGTTTGCCCTTGGCTCCCTCAGGAAGGA
ACCATAGACCACAAAAGATGGAAAAGGATCGGAGATGCCCTTAATGACTTTTATAAAACTTTTGGCCCTA
AAAAGAATCCCCATCACTGCTTTCACTTATTGGAATTGCATTATTGAGCTACTTATGGTACATCGCTACA
CCCCTGACATCGACCGAGTGATACAAGAAGGAAACACATTTTTACAAAACGCTTCCCGCCCCTCCTCCTC
CTTACAGGTCCCCTCTTCTAAGTCCTCTCACGATTCAGATTCTATTTCTATTTCAATGCCTCCTGAAGAT
CCTGAGACCACCAAAAAAGATCCTAGTAAGCCTTATATCCTCCCCTACCACCTAATTGTCCTGATCTTAA
TGTAAATTCTAGCCCACCTGAGGACGATCAGTTAAGCCCTGAGGACGAGGCTCGATTTAGAGGAAGCTGCC
GCTAAATATCATAATCCTGTCTGGCAGTTTCTGGCCTCTAATCAATTGCCCCCTCCCTATAATCCCCAAA
TGCCTTTAGCTCCTATCCACGATCCTGATCAAACTCTCCTCTCCCACCAAGTCCAACAATTACAAAGAAC
TGTTCAACTCAAAAAACAACATCTAACTCTCCTTAAACAACTTCAACAATTAGATTTACAACTCTCCTCT
GCTGCTACTCAAAAAATTCCCCCCCCTTTCCATAAATCCTACAAAAACATTTCCCATCTCAAATAAAARA
AACCCTATTAATCTTTTCCCCGTTATTGAATTCCCCCCCAATAAAAACT GAAGGAGGCAGTGCAGATAGT
GATAAAGACCCCGACAGAGACAATATAGAACCCCGCAAGACACTATAAACGCCTTGACTTAAAAACCACA
AAAGAACTCAAAAANGCGGTGGACGAATATGGCCCCACGGCCCCCTTTACACTCTCAATTTTACAATCCC
TAGATGACCTCTGGTTAACCACCCATGATTGGCACTATTTGGCCCATGCCACCCTATCGGGGGGCGATTA
TGTTCTCTGGAAATCTGAGTTTTCTGAGGCCTGTAAAGAAACTGCACACCGCAACGCAGAAGCGGGAGGC
GAGTGCACTGATTCGACCTATGATAAGTTCAGGGGCTTTAAGCCCTACGATACAAATGAAGCTCAACTAC
AATATCCATCTGGCCTTTTTTCTCAAATTTCACCTTGCCGCTACTAAGGCATGGAAAAAACTTCTCCCTA
AGGGGCCGGCCACAACTCAACTCACTAGTATTAGACAGAGGCCAGAGGAACCTTATGCTGACTTCATCAG
TCGCCTAACCAATGCCACTGAAAGACTCCTTGGTAGCACAGAAACTGATAGTGATTTTTTCAAACAATTA
GCTTTTGAAAATACCAATTCTGCCTGTCAGGCAGCCATCTGCCCTAGAAAAAAGGATTCACTCTCTGATT
ACATTCGCCTATGCACTGATATTTGGTCCTGGTCACCAAATGGGCCTCGCTATCGGGGCAGCTTTAAAAG
ATTCATTACTTAATCTGTCTAAAGGCAAAAACAATTGTTTTTCATGTGGCCAGCCCGGACATTTCGCCAA
ACAATGCCCAACCCCTCGCCAGAACACCATTAGGCCAACCCACTCCCACACCCATATTGCCCCCGCGAGT
ATGTCCCAGATGCAAGAGAGACAAACATTGGGCCAATCAATGTAGAT CAAAAATAGATGCCCACAACAAT
CCTCTCCTGCCCCAGCAGGGGAAACTTCCTGAGGGGCCAGCCCCAGGCCCCTACAGGAGAATCCAAACCT
TGGGGCGACTCGGTTTGCTCATCCACAACAAAACTTTGTCCCATCTCAAGTCTCCTCCGAGCAACCCCTG
GCAGTGCTGGACTGGACCTCAGTCCCCTCCTCCAAAT CAATATTAACTCCCTGACATGGGACCTCAGATA
CTACCTACGGGTGTCACCGGACCCCTACCAACCAACACTTTTGGTCTAAAATT GGAAGAGGTAGTTCGAG
CCTACAAGGCCTATATATTTACCCTGGTGTTATAGATAATGATTTTACGGGAGAAATACAGATTGTAGCC
TCCTCCACTTCCTCTCTCATTTCTATACAACCGGGACAGAGAATAGCTCAACTACTCCTTCTCCCACTCC
AGACCACCCATAAATCTGCCAACAATGAGCCTAGAAACAACAAAAATTTTAGATCCTCAGATGCTTATTG
GATTCAAAATCTCTCCCCCAATAAGCCCATGCTAGATTTAAAACTTGATGGAAAAACCTTTTAAAGGCCT
TATCGACACTGGTGCTGATGCAACCATTATTAGACAAAAAGACTGGCCGCTTTCTTGGCCCCTTTTCTGA
CACACTTACTCACCTACAAGGCATAGGACAAACAACTAACCCCAGACAAAGTGCCAAGTTCCTAACATGG
CTAGATAAAGAAAATAACTCTGGCACAGTACAACCTTACGTTGTACCCAACCCTCCCAGTAAATCTGTGG
GGCCGTGACATATTATCCCAAATGGGAGTAATCATGTTCAGCCCCAATTCCAAGATAACCATCCAGATGT
TAAAACAAGGGTTTCTCCCAGGTCAGGGATTAGAAAAACAAGGACAGGGAATTAAAAAACCCCTGTCTAC
TGCTTCAGTGCCTGCCTTCGATTAGGCTTAGGACATTTTCACTAGTGGCCTCTGACCAACCTGCACCCCA
TGCTGACCCTATATCCTGGAAAGGACAACTCGCCCATATGGGT GGAT CAGTGGCCACTAAATTCAGAAAA
ACTAAATGCTGCCAATCAGTTAGTGCAGAAACAATTGGCGGCAGGGCATCTAGAGCCCAGTAACTCCCCC
CTGGAACACACCTATCTTTGTCGTAAAAAGAAATCTGGAAATTGGAGACTT CTCCAAGACCATAGGGAAG
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TCAATAAAACAATGATAATTATGGGCGCCCTTCAACCAGGCCTACCTACCCCCTGGAGCTATTCCCTCGG
GGATCCTTAAAAATCATTATTGATCTCAAAGACTGCTTCTTCACTATCCCTCTACACCCTCAAGATAGAC
AATGTTTTTGCTTTCAGCATACCTATAACTAATTTCCAAGGGCCCATGCAGAGATTTCAGTGGAAGGTCT
TACCTCAGGGGCATGGCCAACAGCCCGACACTGTCAAATATTTGTTTGCTCTGGCCATCGATCCCATTCG
AACTCAGTGGCCCTCTCTTTATATTATTCATTATATGGATGATAT CTTAATAGCTGGCAAGAATGGGTCT
GTACTTCCTCTCCCCAATATAAACAAGAAAAACCTCAGCCTTGTCCCGCTAAATGCTCTACTATTTACCC
TATTATTCATAGTTCTTGTTACAATACCTATAAAACATGTACAGAAAAGATAACTCCTCTTATTATACGG
CTGTCATGACAAGCACTGGTCCCGCTGTCCCTCATTCTGACTGGT CTAACACCCCTGCTGCGGTTGGCAT
TTGGCTCCCATAAACCCGCACCCTGCGCGGCATCTAATATGTTAGAAAAAAATATTTGCTGGGCAGATCG
AATCCCCTATACCATATGTTTCTGACGGCGGGGGGTCCAGCCGATCTCCAATCCAATGAAAAACGCATTA
AAANATTTGCTAAATACAAAAGACCCTTAACCCTAAATTTACCTATCACCCTTTGGCCCACCCTAAAANA
CCGGGGTCACGTGGACATTGATCCTCAGACTTTTGACATTCTTAGTTCTACCCACAAGTTATTGCTTTCT
GTTAATTCATCCTACGCCAGAGACTGCTGGCTGTGTTTACTACAAGGTACCCCTTTACCATTAGCTATAC
CCTATCCCTTTGTCACCTCTGACTACCAATAATTCATACAACATAGCTCTCCCCTTTTTTTAGTCCAACC
CCTTGGCTTTAACAATACCCCGTGCATCCTCTCTCCCATTCAAAACAATACTACAGAGGTTATATTTAGG
AAGCCTCTCCTTTACAAATTGCTCCTCCTTCATTAATGTATCCTCTCCTATGTGTACACCCAATGGATCG
GTATATATTTGTGGAAATAATTATTGGCCTACACCTATTTACCACAAAACTGGACAGGAGTTTTGTACCC
TAGGCTCCCTCCTCCCAGATGTATCCATCATTCCAGGAGATGAGCCAGTCCCTATCCCGACTTTCGAACA
TATTGCAGGACGCACTAAACGTGCAGTCCATTTTATTCCCTTATTAGCGGGTCTAGACATCACCAGCACA
CTTGCCACCGGGGTCCGCGGGGATAGGAACATTCCCTAGTACAATACCATAAATTATCTGGACAACTCAT
ATCAGATGTCCAGGTACTCTCAGAAACTAATCCAAGATCTTCAAGATCAGGTTGATTCCCTAGCAGAAGT
TGTCCTCCAAAACAGGAGGGGGATTAGATTTACTTACTGCAAAAAAAGGGGGCATCTGTCTGGCCCTCGG
AGAAAAATGCTGTTTTTTATGCTAACAAATCTGGAATTGTTCGTGAACAGAGT CAAAAAAATTACAAAAA
GACTTGAAAAAAAGAAGGGACCTCCTTTCCAACCCTCTCTGGACCGGATTCAATGGACTTTTACCCTACT
TACTACCCCCTGCTTGGCCCCATACTCGGGTGCTTTATCCTACTATCACTGGGACCACATCCCTCCTCAA
TAAACTCATGCGCTTTCTCAGACAACAAATAGAGGCCTTGCAGGCCAAGCCCATACAGGTCCATTACACC
CGACGGGAGATGCAAGAGCGAGGAGATCCCTATCTCCCAATAACAGGAGTCATAAAACAGGACTCCTCCC
CTGTGAGATGAACTGGATAGCCAATGACGGGTAAGAGGACAGCTCTCTAAGTAACATTAAAAAAT CAAAA
ACCTGTCGCTGTACCAGGTTTCACAGAGATGGACTGTCCCAACCTAAGACAGGCACAGTTCCCTAGGTGG
CTCAGAGCTCTTTTTTATAAAACAGAAACGGGGGGACCTGTAGTGGGCGGGTGCCTGTAAGGCACCAATC
ACATGACTGAGAAGCATGAGATAGAGGAAGTTACTTGGGTCTTTAGATAACACCCACATTCTGTAAGGTA
TGTCCAGAGGGCTTAAGACCATCAGCCTGCGGCAACCCTGCTTATGTTAATGCCCCTCCACCCAGCACAA
AAATGTATAATAACCCATGATTGAGCTGCAATAAAGAGAGACTTGATC

2 RFe-V-MD2
GGAGACCTCGTCGCGCAGCGGAGCGETGCACCAGCCGGTCCTTCGTTACTAAAGGACTCAGGTGGAGGTA
GGTGTGCGTTGEECCGCTGATACTCGAGCTTGTGT GACCGGACTGCT TT TAAGAAATAGACATTTACACA
CATATATAATTTAAAAAAGCAAACAAACATTTCAGGATGCATTACGTACCTTTATTGCCTGTCCTGCACT
CTATTCAGTGTTCTGTTCCTTTGTCAGTTTTAAAATGTTGGTCCTGACT CACT GTATTGCTTTCATGACT
CTCAGATGGGTCGCAACACACATTTTAAAAAAT GCTGTAAGAATCCGGGAAGT GGGTGGTACCACGTTTT
GACCGACTAGTGCCCCETGTATACCTGCGTCAAACAGCACGTAGGTGTGAATGAGCCCAAGACCGGTCTC
ACTGTGTCGTTGGCAGAARAGAAT CCTTGGCAGTTTCTGACAARACTAAACAAAAAAGGATGARATTCAC
AGAAAATTTAAGTTATAGCCCTGCCTTAGTTATGTATCTTTTTGCACAATGACTAGGACTTTGGTAATAA
CCTGTTTGTTTTCAACTTGAAAAATGCATAATGAATATCGTAGTATGTCAT CAATAAATATTCATGTATA
ACATACCTTTCAGTGACAGCAAAAGTTTGCATCCTACTGAT GGACATTTTTAAAAGAARAATATTTACTG
AAGTTTAACAATTACACAAAAAGCATAT GAAAGTGAACAACTCAATATATTTACACAAAGCAAGCAGACC
CACGTACCTAGCACCCACTGTGAGAACCAAAAT CATTACCAGAATCCCAGAGACTCCTGCCARAGGTAGT
GGGACCTCCCAGTCACTACCTTCCAAGCGTAATAATTAT CCTGATTTCTACCACGGTATTAGTTTCACCT
ATCCCTTCAGACCAGGCTGTCTCCCATAAACCACTGAATTT CTTTTGTCGCAACCACT TTTCTCTCCCTC
TCCTCTCTCCCTTCTTATCCCTCTTCCTCTTTT CTCTGTTTAGGAGACCTGATTTCTCCATTTGCARARR
GTATTTTTGCCCAACCTTCGTTTCACCTGGAGGTCTGTCTTCCTTTGCARAGT TACTTTCTTGCTTTGTA
CAACAGGCAACTGTCATCTCTGTATCCTTCCTTATCT GGAACTAGAAGAGAGT TAGAGTCGTGTAGTCGT
GGCCGAGTGGTTAAGGCGATGGACTAGAAAT CCATTGGGGTCTCCCCGCGCAGGTTCGAATCCTGCCGAC
TACGGGGTTCTTTTTCTTCCCGAACCGCGAGTGACTCGGCARAACCCGT GGCTGAACTTGCCGGGCCAGA
GCTCCAGCGACGGGGAGGGAAGGTTCCGCGAGGAGCATGGCCCAGTTTCTGTCGCTCCTTCTTTTTAGGA
CAGCTCTTCGTGAATTTTCCTCCCTATGATARAGGGCTGCGGTCCCTGGGT CGCAGTCTCGGGTCAGCGA
GAGATTCCAAGGGATCAGTGGGCCCAGCAGCCATCCTCGTTAGTATAGT GGTGAGTATCCCCGCCTGTCA
CGCGGGAGACCGEGETTCGATT CCCCGACGEGEAGGCAGTATGTTTTGTTTTGCACTCAGTCACCTGTTT
TGGAGTTCCTGGAGACTCTGTGGTCCCTGCTAAGGACATGAAT GCTACAGAGCTCTGTGTGGGTGCCACA
GGTTCTGTGGGTCCTTCCCCTTGCAGCTCTCGGCGACCGCCCCTGCAGGGCTCTGGGGACTGAAT GGCAG
GGGACCTTCCTGTCAGCTCTTTTCAACTTGACCCTGCCCCCTGCCAGGCTTGT GCCACTCCCCGTTCTGE
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CGCTCTCTGATCAGAGAAACACTTCAGAGCGACTCTAAACTACCAAAACCTAGAGGGGAACTTAGGTTTT
AAGTGACGCAGGACTTAGAACACTTACTGAGACTTAGTAAGAGTGTGGTTGTCTGCACGCGCCTCCCATT
TGCAGAAAGAGCCACTGGGGGCAATGTGCGAGATGGCAAAAAAAATCCACGTGGGTCTTCAGGCCCTCCT
TCCTCCTAGAGGTCACCTGGGAATGGGGACCGCCCACAGGCTCAGCTGGGGCTCTTTACTCCATCCTGGG
CAACTGCTGCCCCTAGGCTCTTGCACCCAAGTGTGTGTAGCAAGGTGGTTAAGTGGTCTCGGACCTGT GG
GAACAGGAGGCCTCCAAGTTCCAGGATACTGCTTTCAACAAGATCTGAAGCTCCTAGCAGTGTGCTTTTG
AGTGTATGTTAGACTTTATGAACTAAAGCTTTCTGAAAGGAAAAAAAAANACCACTGTTATAAAGCCATGG
CAGTCGAGACAGTGTGGCCCTTACTCAGGAATGCATAACTAAACGGATGGAACAGAACGCATCCTAAACA
GATCCACTCATACAGCCATTTGGTTTAAAACAAAGGTGATGCCGCAATGCACTAGGGAAAGACCGTTCTT
TTCAATAAATTGAAAATCAATAAATTGGTGGTTCAATTGGATATCAATATGGAAATAAAT GAATTACAAC
ATACCCCAAACTCAGTCACACGGAAGTATATTTAAACAT CAAAGGCGAAAGCAATAATGTTTCTGAAAGGT
AACAGGATAATTTCTTCATGACTTTGGAGTATGCAAGAATTTCTAAAACAGCACAAAAAGCAGTCGTCAC
AAAAGATAAGATATATGTATACATTACACTTCACCAATATTGGAAACTTTTGTTCATGACTAGCCACCAG
TAAGCAAGTACAAGGCAAATGTTAGAGCAGGTGTTTGTATTACATGTACCTAATAAGAGACTGTGTCCCT
AGACAGAGTTCTCCAGAGAAACAGAACCAATAAGAGGTATGCGTATGTAACAAGAGATCTGTTTTGAGGA
ATTGGCTCACGCCATTCATTTCAACAATGTTTTGTGGCTTTCAGAGTATAACTTTTATACTTATTTTGTT
AAATTTATTCCTATTTTATTTTTGCTATGATTTTTAAATGGAAGTATTTACTTTTGTCCTTTTTCTTTTC
CTGTGAAACATTAGGAGGCTGACACCTCCCAGATGCAAGTATGAAGTGCTGAAAGATAGCAGGGAT TAAT
GTCCGCTAGGAGGGATACTCCATAAACATGCAAAGAAATATAGCCCACACAGGGAGAGTTTGAAAAAACT
GCTTCAGACTCATAGGATAATGGCACAGATAAAGT GAGAAGCATACATACAATTGAAATGTGCAGTGTTT
AGCTGGCTAGGACTTGAAGATGCTGATTGGAAGAAAGTGCTGATCCATGTCTTTCCATGTACAAGATGCA
GCTCATGGAACTCGACCCTTAAAGTGGTGCCTGTTTGTTCTCAGAAGCAACAAGATAGAG

3 RFe-V-MD3

GAGAATTGGAGATGGCGGCGGCGCAGGGAACTTCGCAGGAACCGGCGGTTTCAGAACAGCCCGCTGAGCT
GACTGCCTCCGTGCGGGCGAGCATCGAGCGGAAGCGGCAGCGGGCACTGATGCTGCGCCAGGCCCGGCTG
GCGGCCCGGCCCTACCCGACGACGGAGGTTGCGGCTACCGEAGGTTCGGGECCCTGECGGCGCCTGCCCCT
GCCTTCTCCCGECGGGCCEEGCEETGCCGCGTCCCETGTGTGGCGTCTACGCCTCCGGACTCCCAGECCT
GGGCTTTCCTCACT GCACCTGGGCGGTCCAGCTGCGGTCTTTAGCTTGGGGGTGCAGCCCCCCTCTCCGT
CTGGAGGT GCCCACTAGTGCCCETCCGCGCCGCAGCT CTCCCTTTCTGTTCTCTTCCGATAGCCTCCACT
ATTCCCAGAGATGATGCTTGCAGAAAACTTTTAGACCTGTAACCCATCTCAGTAAT CTGCACCCGCCTCT
TCTTTCGTCCTCAGAGGGCACATT CCGGATCCAGCACAATGCTTGCCACGCGCAAGGCACCAAGAGGAGC
AGAGAGACAGTAGCCACCGCCTTCGCGGGECTCACAGAGTAGCCTCTGTTGTGCTTCATATGTTTGATTC
TCGGAGCTAACCTGGAAAATTAGGGCAGGGTTTGGTATCCGTGTTGGTGAGGT GGTCGTTGCGGACAAGA
AAAACGGGGTTTGCTTAGGTCCGTCTCAGTAAGTGCACAGGCTAATCAGGACTCGAACTCGGGTCATCCG
ACACTGGGTTCAGGGCCTTTCCTTGCCACCAGCTGCCCCTGCTACACAAAGCACCTCTCCTACCCTTAGG
AAGAAAGGCTGTTATTGTCTGGATTTCATCTTCCTCCTTTCTTAGGGTAGCTCTTCGCTGCGTATCTGTC
GTGTATGTATTAATATGTGTAATTCTCCACT GTGGTCAAATAATAAT CTTCCCCAGGGTGCCTAAAATAT
AGTTTGGGTCTTCAGGGCTAGCTCTATAACGTGAAGTACATGTGTTCCTARAGCTAATCCCATACTGTGT
GAGTAGTTGAGCACAGTTTAAAGCTGTGTTATCTACTATCCTTTTGCAACAGT CAGAGTAAGGAAGAGTG
ACCAGTCTGGGTCTGACTGCGTGTCTTGATATT GATACACTGAAT CTGCARATTCCAGCCACCTTTAATA
ATTCTGGTCTTGTCCTTATTGCTTGTGTGTGTGTATGTT TTAATT CCTTTT TCAGCTTGAGGCATTCTAG
AGTCAGGAGAAAAAGTTGTTCATTTGCATTGAT TAATAT TTAT GATTCTATAAAGGATTCTAGATCTGTA
CAGACAGTCCCCAACTTACAGTGATTTGACTTACGGTGGTGTGAATGTTATTCAGTAGAAACCATACTTT
GAATTTTGATCTTTTCCTGGGATAGCCATATGTAGTACTATACTCTTGGGATGCTGAGCCACAGCTCCCT
GCTAGCCACGTGAT CATGTGGGTARACAACCGATACT CTACAGTATAGTATTAAATGCATTTTCTTTTTT
TAATGTTGTAAACATTAAAATATTATAGAGCAGAGATGTGTATTCAAAARACACAGTCATARACAGARAC
AAAATGTATTGGAT GAAAAARAGACAGT GCGCATTTGGGAAGGGT GATAGT GGAAAACTATTTAACACAT
CATTAAATGCATTTTTGACT TAAAAAATTTT CTATTTATGATAGGTTTCTCTGGATGTAACCCCATTATA
AACTGAGGAGCATTTGTACTAAATGTAGAAT GGATGCAAAATAGAGTATAAACTAGTATTAAACTTCTGG
TCATGGAAAGCAAGGTAGAATGAATATTCTGTAAGATTTCT TAGGCAGT TACCCAAGAAGTGAACT GTGT
TGTAGTATTGCATACAACCCGCTGTGCTTTTAAGACTTAGGTAGGTACTGAGATTTTTATCTTCGCAGTA
GTTTTATTTCAATGTACTGTACAATTTTCCATTTTCT GTATGT GCTCTGACATACACCATGARAAAGATG
GGGAAGAACTTGCTTAGAAT GTGGTGCTAAGAAGT GETGCTGAGGGCCT GGTGARACAGCARGGCATAGC
AGCTGAGAAARACTGGCATGATTTAGCATTGTTCAGGATCTTGCTCTAGTTTCAGCCTTGACTACTTTAG
CTTCCCCTCTTCTTAATTCT CATTGCACTCTTGGTCATTCCAGTTATGT GCTACACGATT CATGAAATCA
ATATCATTCTGGTATATTTATTGATTTCTATCCATCCAGTAGATATTCATGGAATGTTTAACTATCAGAA
TTACAGAGATAAAACACT CAGTCTAATGGATGGATATACAGCCACCACTTCCGGAACCTTAGAAGTTTCC
CTAAAGCCACGTTTTAGTCAATCAGCAACCCTCAGACATAACTACTGTT CTAACCATTTGATTAGTAATA
GTATCTTTTTTTGAACCTCATGTAAATGGAATCATACAGTGCCTGGATAGTTTTGCTCAGCATAATATCT
GCCAGATTCATCCATGTTGTTGCATGTTTTGGTAGTTTATTTATATGCTATATAGTTATT TTTTTT GTAT
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TATACCACAATTCTTCCATTTTTCCTTTTGGTGGATGTTTGGGTTGTTTGCAGTTTGGAGCTATCATGAA
GAAAACTTTTGTGAACATTCTTTTAAAATTTTCAATTACATTTGACACACAGTATTAGTTTCAGGTGTAT
ATCATAGTGATTAGACATTTATACAACTTACAAGTGATCACTCTGATTAAGTCTTGTAGCCATCTGACAC
CATACATAGTTATTATAATATTATTGACTATATTTCTTTTCCCATGACTGTTTATAATTGGCAATTTGTA
CTTCTTAATCTCTTCACCATTTTCATCCATTCCCCCACCCCCCTCCCATCTGGCAGCCATTCAGTTTGTT
CTCTATATCTATGAGTTTGTTTTGTTTGTTCGTTTATCTTGTTTTTTAGATTCCACATTTAAGTGAAATC
ACATGGTATTTGTCTTTCTCTGTTTGACATTTCACTTAGTATAATATCCACTAGGTTCATCCATGTCACA
AATGACAAGATTTTGTTTTTTATAGCTGAGTAATATT CCATTGTATACATATACCACATCTTCTTTGTGT
ATTCGTCTGTCAGTGAACTTTGGTTACTTCCATATCTTGGCTGTTGTAAATAATGCTGCAGTGAACATAG
GGGTGTGTATATCTTTTCGAATTAGTATTTTGGATTTTTTT CAGATAAATACCCAGAAGTGGAATTGCTG
GGTCATATGGTAATTCTATTTTTAATTTTTTGAGGGACCTCCATACTGTTTTCCGTAGTGGCTGCACCAA
TTTACAAGGTGCTTTTCTCTACATCCTTGCCAACACTTGTTGTTTATTGATTTATTGATGATGGCCATTC
TGACACGTGTGACATGATAGCTCATTGTGGTTTTAATTTGCATGTCCCTGATGCGATTAGTGACATTGAGTA
TTTTTTCATATGTCTATTGGCCATCTCTGTGTCCTCTGGAGAAATGTCTGTTCAGGTCCTCTGCCCATTT
TTTAAATCAGATTGTTTCGTTTTGTGTGTTAAGTTGTATGAGTTCCTTATATATTTTGGATATTAAACCC
TTATTGGCATCTTCTCCCATTCAGCAGGTTATCATTTTGTTTTGCTAATGGCATCCTTCACTGTGCAAAA
ACTGTTTAGTTTGATGTAGTCCCATTTGTTTATTTTTTTTCTTTTGTTTCCCCTGCCAGAGGAAACATAT
TCAAAGAAATACTACTAAAAGAGATGTAAAAGCGTTTACTGCCTATATTTTCTTCTAGGAGTTTTACGGT
TTTGGGTCTTAAATTTAACTCCTTAATCCATTTTTAGTTTATTCTTATATGTATACAGTGATCCAGTTTC
ATTCTTTTGCATGTATCTGTCTATAGTTTTTCCAACACCATTTACTGAAGAGACTGTCTTTACCCAATTA
TATATTTTTGCCTCCTGTCATAGATTAATTGACCATGTGGGCATGGGTTTATTTCTGGGTTCTGTTCCAT
TGATTTATGTGTCTGTTTTTATGTCAGTACCATGATGTTTTGATTACTATGGT CTAGTAGTATAGTTTGA
TATCAAGTAGCATGATACCTCCAGCTTTGTTCTTCTTTATCAAGATCGCTTTAGCTATCTGGGGTCTGTT
GTGGGGTCTACAAATTTTAGGGTTACTTGTTCTGGTTCTGTGAAAATGCCATTGGTATTTTGATAGGAAT
TGCATTGAATCTGTAGATTGATTTGGGTAGTATGAACATTTTAATGATGTTAATTCTTTCTATTCACAAA
CATAGTATATGCTTCCATTTATTAGTATCTTAACTTTCATTCTTCAGTGTCTTACAGTTTTCCAAGCACA
GGTCTTTTACTTCCTTAAATTCATTCCTAGGTATTTTATTCTATTTAATGCAATTTTAAATGGGATTGTT
TTCTTAATCTCTCTTTCTGATAGTTTGTTATTGGTGTATAAAAATGCAACCAATTTCTGAATATTAATTT
TGTGTCCTGATACTTTACTGAATTCATTTATTAGTTCTAATTGTTTTTTTGGT GGAATCTTAAGGTTCTC
TCTATATAGTATCATGTCATCTGTGAATAATGACAATTTTACTTCTTCCTTTTCAATTTGGATGGCTTTT
ATTTCTAGTCTGACTGCTGTGGCTGGGACTTCTAGTACTATGTTGAATAAAAGTGAAAGTGGCTTGTTCC
TGATCTTAAAGGAAAAGCTTTCAGCTCTTCACTACTGAGTATGATGTTAGCTGTGGGTTTGTCCTATATG
GCCTTTATTATGTTGAGGTATTTTCCCTCTATTCCCAATTTGCTGAGAGTTTTTAT CATAAATAGATGTT
GGATTTTGTCAAATGCTTTTTCTGCATCTATTGATATGATCATATGATTTTTATCTTTCATTTTGTTTAT
ATAGTTTATCACATTAATTGATTTGCAAATATTGAACCAACCTTGCATGCCAGGAATAAATCCCACTTAA
TCATGGTGTATGAACTTTTTAATGTACTGCTGAATTTGGTTTGCTAATACTTTGTTGAGGATTTTTGCAT
CTATGTTGTTCATCAGGGATGTTGGGCATTTTTTTTTTTTTTTTGTATTGTCTCTGGTTTTGGTATCAGG
CTAATGCTGGCCTTGTAAATGAGTTTGAGAGCCTTCCCTCCTTTTCAGTTTTTTGGAATGTTTGGTAAAA
TTTACCTGTGAAGTCATTTGGTTCAGGGCTTTTGTTTGTTGGGAGTTTTTTGATTACTGATTCGATTTTG
TTAGCAGTTACTGGTCTGTTCAGATTTTCTGTTACTGATTCAGCCTTAATTTTCTGCTGATTCAAGCCTT
GGAAGATTGTATGTGTCTAGCGATTTATCCATCTCTTCCAGTTTGTCCAATTTGTCAGCATATAGTTGTT
CTAGTGTTTCCTTATACTTCTTTGTATACCTGTGGTGTCAGTTGTCGTATCTCTTTCATTTCTGATTTTA
TTTTGGCCCTCTCTCTTTTCTTCTTGAGTCTGGCTAAAGGTTTATCAATTTTGTTTATCTTTTCAGAGAA
CCATCTCTTGCTTTTGTTCATCTTTTCTATTGTCTTTTTAGACTCTATTTTTGTTTCTACTGATCTTTAT
TATCTCCTTCCTTTTACACACTTTGGGCTTTCTTCTTTTTCTAGTTCCTTCAGGTATAAGGTTAGATTGT
TTATTTGATATTTTTTTTTTGTTTCTTGAGGTAGGCCTGTATTGCTATAAATTTCCTCTTAGAACTGCTT
TCGCTGTGTCCCATAGATTTTGGGCTGTCGTGTTTTTATTTGTCTCAAGGTATTTTTTGATTTTCTCCTT
AATTGCATTGTTGACCCAGTCATTGTTTAGTAACATGTTATTTAGCCGCCATGTGTTTGTGTGTGTTTCA
GTTTTTTTCTTGTAATTGATTTCTAGTTTCATACCAGAGAAGATGCTTGGTATAATTTCAATTTACTGAG
ACTTATTTTGTGGCCTAACGTGGTCTATCCTAGACAGTGTTCCATGTGCACTTGAATATACTGCCGCTTT
TTGGTGAAATATCCTAAAATTATCATTCAAGTCCATCTGGTCTTATGTGTCATTTAATGTCACTCTTTCC
TTGTTGGTGGGAATATAGTGATATTTTATTATGGTTTTAATTTGTATTTTCCCAGTGACCAGTGATGATA
ACTTTTTCATGTGTTTACTAGCTATTTGGATACCCTCATTTGTGAAGTCCCTATTCAGGTCTTTTGCCTT
TTTTTTTTTTTTTCAGTTGGGTAATTTGTCTTTTATTTATTTATAGGATTTCATTACATATTCTGGATGT
GAATCCTTTGTCAGATATGCATCTTGCAAATAGCTTCTCCCAGTTTGCATCCTGTCTTTTCACTCTCCTA
ATGGTGTCTTTTGATGAATAGAGGTTCTTTTAATCAAGACCAGTTTAACAATATTTTTTCCCCAATGGTT
AGTACGTTAGGCCACTAAGAAAGTTTTAGCTATCTCAAGTTCATGAAGTTATTCTCTTGTGTTTTTTATT
TTCTGGAAGCATTGTGTTTCACATTCAAGATTATGATCCATTAAAAAATGTTTTTTGGTGTATATTGCAT
GAAGTAGGGTTAAAGTTCCTTTATTGAAAAGACCATTTTTTCCTCACTGTTTTGTAGTGTCACTTTTGTC
ATAAATCCCAGTGTCATTTACTGAAAAGATTATTATTATTATTATTTTTTTAACCACAGAATTGCCTTGG
AGCATTTGCTGTAAATTAAATGACCAAATATGTGTAGGTCTATTTCAAGATTCTCTCCTATTCCATTGAT
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CTCTTTGTTTGTCTTTGTGTCAGTATCACACTGTCTTAATTTATAGTAAATAGCTTTATAGTAAATCTTT
AAAACCTCCAATTATTACATATAAATGTGAGAATCAGCTTGTCAGCGCCCACCTCAAGGTCCCCCCCCCC
CCGATCCCTCCAACTACTGAGGTTTTGACTGGGAT CATATTGGAGAGATAAATTTGGGGAGGCTGAGATC
TTTACAGTATTGAGGCTTCCAATCTGCACATGGTATATTTCTCCATTTATTTAGGTCTTTGATTTCTCTT
ACTGGTGTTTTCAGTGTAGACGTTTTATACATCTCTTCCTAGGTGTTATTTCTTAATT CTAATTGTAGAT
TCCAATGGATATTCTACATACATAATCATATATTTGTGAATAAAGACTGATCTATTGCCAGCCTTGATGC
TTGTTTTGATTTCTTACCATCGTGCACTAGCTGGCACCTTCAGATAATGTTGAATGGAAATGTAATAGTG
GACAGTGCTTGTCCTGTTTGATATATATTAAATTTAGTGAAAGTTCCTGTTTCTACACGAGGGAT CATAT
GGGTTTACCTCGTTCAATTATTGACCACTTTTACTTATTTTTTGTAGGCATGGCTAATGTAAAAGCAGCC
CCAAAGACAATTGACACAGGAGGAGGCTTCTTTCTGGAAGAGGAAGAAGAAGAAGAACATACAATTGGAA
AAGTTGTTCATCAACCAGGACCTGTTATGGAATTTGATTATGCGATATGTGAAGAATGTGGTAGAGACTT
CATGGATTCTTATCTTATGAACCACTTTGATTTGGCGACTTGTGATAACTGCAGAGATGCTGATGATAAA
CACAAGCTTATAACTAAAACAGAAGCAAAACAAGAATACCTTCTGAATGACTGTGATTTAGAAAAAAGAG
AACCAGCTCTTAAGTTTATTGTGAAGAAGAATCCTCATCATTCACAATGGGGTGATATGAAACTCTACTT
AAAATTACAGATTGTGAAGCGGGCTCTTGAAGTTTGGGGTAGT CAGGAAGCATTAGAAGAAGCTAAGGAA
GTTCGACAGAAAAACCGAGAAAANNT GAAACAGAAGAAGTTTGAT
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AAGCAAATCCTAGAGCTTTTTGTTTTTTATACTATTCTATTGAAACAAAGT GGAAGGTTTAAAGAGGCAG
CACATATACAAGTAGGTCAGTATCCCAGT CAATAAAAGTATTGTTTTATTGTCAACAAGCTGAAT CTAAT
GCACCACACACACATATATACACATCATCAGATAGATACAGACTTGGTTAATTT GATGAGTGGAGCAAAT
GAGAACTAGACT GCTGCATCTACTGTTTTCTATGGAAGT GGACATTGAGCAACATAAATAGCTGAT CARA
GATCTATAAGCACTGTCAGGAAACAAGAATTCCAGGT GTTTTCATGCTGTGACAATGAGCAACTCCAAGA
AGATTAATCAGAAAAATGCATACCAAAAAAAAAAAAAAAAAAAGGAAGAAAAAAAARAAGAAAAATGCATT
CCTACTCACAACCATACCATTTTGTCTTTTGTGAACT CCGTGTGCTGTCTTGGCGGTAGTGT GACACTGG
AGAAATCTGTCCAGCAGCAT CCTCCCTGTTAGATACCCTCACTCTTTCAACCTACAAT GAAATATATTGT
TTCCACTGAAATATCACGAGGGCCATCTACACAGCTTTTTCACGTTTTTGGCAGACCTCACTCCTTAGTG
AACTCCTGGGGCAGTAACCT CTTCCTTCTCAAAATCATCTGGATGAATCCTCCTGTTATTTGARAATCAT
CTCACTGAGCTTCAAGGGTCCTCTTGTGAATTGTGACCATAGCCTACCTCATAT CAACAAAAGTTTCCAR
TATGAGGTGTGGAAAGAGGATAAACTTTATT CAGCTGAACAGT TGGTAAACAGGAAAAACCGARAGTGCA
CACCAAGACAAAGGGGAAGGGGCCTTTTACAGAGAAAGTTAGT GCCCTGGTTCCCATTTGGTCCATTTTT
ATGCAAATGAGAAATCCAAATCACACAGTTCTGAT CAGTCAGCAT CATATGTTCTGATTGGTTGTTGTGA
ATCAGTTCTGATTGGT CAGTATAGAT GCAAATGAGGATATAACGCCACAGTTCTGATTGGATGGGACTAG
TCTCAGTCCTTTGGAAGT TCCATCAGGAGTTCCAT CAGGAAGT TCCT GACAAT GGTTGACTTAGGCAGCA
GCAGGAGCACAGTTCGGGAGGT GGAAATTTCAGTCTGTGGCTTTTCCCTGARAT GCAGAGTGTGCGAGAG
GCTTGTGT CAGGAATGGCTGTTAGACTCTATTAAGAATTTGAGCT CAGTTAACCATGAGGAATCCTTCTT
GGCAGATTATTTCTTCTCAAGGTTCACACTTAT GAGGGAGACT GCTTCAGAGCT TCCAATGARAGGGCGG
GTACAAGGGTGGTGATTGGACTACTGATATGTCTTTCAGCCATAAGGCTCACAT TGAT GCTGGTAGGGAT
CCCATTGCATCTGCAGAT GGAT GTGTGCTTTACGATT TGAGAATTGACT CTGACCCAT GAGARAACAGAG
CTCGAAGACTGGCTGAGGAGGGTACATTT GGGT CAAT GTGACACAGAGTAT TAAAGTTAAGGCACACTGT
TGTCAATTCATGTATTCAGAGTTGCTCTGTAATGTCCACAGTTTTTTAGTT GTTCTTCCTAGAACTTCTT
TCTCAGGAAGCACTTGAAACTT CATT GTAACAGAT GAAACCAAGAAGTCAT TTTAAGCTCTTTTTTTTTT
TTTAAACTCTTTTTAAAAAGGTATTTTAGTGTTTTGTTTCTTAGTTGACTAAGAACAATGGCACATCATT
ATATTAAATACTAAAATTCAGTGGTCAAATTGGCTTATTTGAAAT TTAGAAGGTARAGTGAACTTTGGCC
AAATTCCTTTCARATGTAAAATAATTTCATTGT GATTCACT CAGCAACACT TTGAGATTAAT TTGGGATT
TGGGGATCAAAAACTATCAAGCTTTTAGGTT GATGGTTAGAGGACTCTAGAACTATAATTATTAATTTCC
TTGGTTGTGCCAGACAGAGTTGGGCATTATTGCTCAGAAATGAATAAAT CAAAGTTGTTTTGCAT GAGAA
ACTCACARAGTTGCAT GAGGGACAGAGT GGGTGTTGAGTGCTAGAGT GAAGGATACAGAGTGTTAAGCAA
GTAAAGAGAAGCAACCCAGAATAAACATAATGCCAGAACACATTTCTAAAATTAGGTTATGCTAAAGATG
ATTCTAAAGAAATATGTGGGTGTGGCAAGCARAATAATGGCCCCT CARAATGT GCTAATCCTAATCCCTG
AAATATGTTAACATGT TACT TTATACAGCAAAATGGACCTTGTACAAAT GATTAAATTAAGACTATTGAG
ATGGGGAGATTGTTTTGTAT TATCTGTGTGGAT CCAT TGTAATCT CAAGGGTCCTTGTAAGT GAAAGAGG
TAGACAAGAGAATCATACAAAGAGAT GTGATTATGGAAGCAGAGGTCAGAGTAATGTGGTCTCACATGAT
GCCAAGTTTTGGAACTGGATGAGTGAGTGCCAT TCAATAAAGGAGGGTCAGGTATTATTTGTTAATTCTT
GACATCCATTTGCTTTATTCTGACAGCAGCTCTGTGTTTCATTTGAGGTTCTGT CCCT CTTTCCCCCACT
CTCAGCCCGTGGGAGGTACCCATGAGCCCTGCGATGATGTGAAACGGCTARACAGAGCAGTTCATTGCAT
CTCTCTGGCTAACGTATTTGGT TCAGTGT TGGACATGTGACCTTAGCCGTTCTAATCTGAGT GACTGTCA
AAACTTTGGTGGAARATACTAGGAARAATAGTAAAAACAGAAGCTGCACAGTTCTTTTCTGCCTGGTTAGAA
TCTGGAAGCATGCAGTTTAGGGAGAT GGTGGTAGT CATTTGTGGTCACAAATGACCAGCATTCTGAAGGT
GAAATTAAAAAAAAAAAAGAGAAATGAGAAGGAACTAGCAAAACAGAAATGGCGCATGATCAGTGAGACT
TGGAGCTTCTGCATCCAACGAGTCTTATCCTGGAACCAAAAGGTTAT TTTGAGT TTTTTGTTTTTGTTTT
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TTCTACACAATTTGATTTTGACTTTCTCTTACTTGCAATCAAACTAATCTGAAGAGAGTACAGAAGAAAG
GGCAGGCATGGATGTTTAAATTTAAAGACAT CCACGTGGATTATGCTGTAAGGAAATGGAAAAATGGATT
TAATGATCAGAAAGTAGTGTATATAGAAGATGTTTATTTGGGATTTATCAGCT CATAGAT GGGAGAAAGC
CGGGCATATTGATCATATTGAGTGAGACTAGAAGGGGTTTAAGGT CAGAAGTTGAAGAATACCAATGTTT
AATAGTCAGGCACAGTACAAGAAAACTTCTAAAAGACAGGGAGAAATCATTGCCAGAGACTAAACCTAAA
TTTGTCAGTTTTCAAAAGTGTAGT GTAGAGATTAAATAAAGAGAAGACACTTTAAGGAAATTTATTAAAA
TGTGAAGCAGTGCTGTGTTTTTGTCTTTGGATATTGGGAATATGAATGATTTTTTCTCTTTTCACCTAAT
TTTCTGTATCACTTCTGAAATAAACAATACGTTTTGTTGGGGTGGCCTAATGGCTCAGTTGGTTAGACTG
TGAGCTCTCAACAACAAGGTTGCTGGTTCAATTCCCGCATGGGATGGTGGGCTGCGCCCCCTGCAACTAA
AGATTGAAAAACGGCGACTGGACTTGGAGCTGAGCTGTGCCCTCCACACCTAGATTGAAGGGCAATGACT
TGGAGCTGATGGGCCCTGGAGAAACACACTGTTCCCCTATATAGCACAATAAAAANAATTTAAATAAAATA
CTCATAATAAGTCAACATAGAACATTGACTGTATTGAAAATCTTGAAATGTTTGTCAAAATATGGGGTCT
TAAAATTAAGTTCGAGAACTTGCCACCTTGCGTTTACATTGGCAGCACTGTACAAACAGCTCGATAAGGT
TTCATAACCTTGGTATATAAATCTCACAGCTGTGTCCGTGTGGACATGTGGCGGTGTTGCTGAATGGCAT
TCATTATTGTTGTTGTGTGTTTTTGTGTTGCATCGCAAGAATGTCTGAGCTTGAATTAGAACAATGAACA
AACATTAAATTTCTTGGTAAACCTGGCAAGAGT GGAAGTGAAATCAGGGACGTGTTAGTCCAAGTCTATG
AGGATAATGCCAAGAATAAAATGGCAGTGTACTAGTGGAGTAAACGTTTTTTCCGAGGGGAGAGAACGTG
CAACTGATAAAGAGAGGT CAGGGCATCCAATAACGAGTAGAACTGATGAAAAAAATTGCAAAAATTCATC
AAATGATCCATCAAAGTTATTGGCTGACTCTGAGAAGCATAGTAGTCCAAGGTAAAAT CAATAGAGAAAG
ACAAAATCTGAACTGAAAATCTTGGCATGAGGAAGATGTGTGCAAAAATGGTCCCGAAGTAGCTCACCGG
TGAACAAAAACAAAAGAGAGTCCAAGTTTGT CAAGACCTTTTGGAGAGGCAACATGACATTTTAGGCCAT
GTTGTCACTGGTGATGAAACATGGGTGTACCAATATGAT CCTATAACAGAATGTCAAAGTACAAAATGGA
AGTCAGCCAATTCTCCACGAAGAAAAAAGTTCCATCAGTCCAAATCAAGGGTCCAAACGATGTTGCTGAC
CTTTTTTGATATCAGAGGGATTATTCATTATGAATTTGTACCAACTGGACAAACAGTTAACCAAGTTTAC
TATTTAGAAGTGCAGAAAAGGCTGCGTGAAAAACTTCAGACGAAAATGGCCTGAACGTTTCTCCAACAAT
TCATGGATTTTGCATCATGACAATACACCGGCTCACACAGT CTGTGAGGGAGTTTTTAACCAGCAAACAA
ATAACCGTATTGGAACACCCTCCCTACTCACTTCACCTGGCCCCCAATGCCTTCTCTCTTTACCTGATGA
TAAAGGAAATATTGAAAGGAAAACATTTTGATGACATTCAGGACATCAAGGGTAACACGACGAGAGCTCT
GATGACCATTCCAGGAAAAGAGTTCCAAAATTGCTTTGAAGGGTGGACTAGGCGCTGGCATCAGTGCACA
GCTTCCCAAGGGGAGTACTTTGAAGGTGACCACAGTGATATTCACCAATGAGATATGCATTACTTTTTCT
AGAATGAATTCACGAATGTAATTGTCAGACCTCGTATACTATAAGACAAGAATCGTAACCTCCAGTGCTT
ATGGAGACAAAGAAGGTGACCAAAGTAAGTGAAGAACCCAGGTGGGGACAGTAGCAAACTAGAGAACACA
TGTCTGATCTAAAAGGCACAGCACAGTAAGTGATCAAGAAGGACCAGGTTTGATTCTTTAGAGAAGCTTG
ACATCCACATTCTACGTGAGTCTCCAAAATTGTCAGCGTTGAT CAATACATGGAGGCAAATTAAACATAT
CCAGGAGACACATTTAGTCTATAGGGCACTTGGCATTTTATATTTGCTGTTTCCAAATGGCTTGTGTATAA
TGTGAATATTTGTATGTAAAATCTTTCCTTTCTTTGGTATCCTACGTTTTATCCAAAAATTGGGCCGCAG
CTTGCAATAAAGACAGCTTGTCATTTAGACTCATTTTACCCACTTCAGGAATTTTTCAAAACTTATTCAC
ACCACAGTCCATTTGCATTTATTTTTCACAGATTGTTAATCAAATACTCAATTCCTGCATAGGACCGCTG
ATTCTAAATTATTGAAACAGTTCCGTTCTGTTTTGGTACGAACTCCAGGTTCTTGATGTTTTGATGTTTA
AACCTACCCTCCTGATTATGCCAGGGCTGTAGGAATTAAACAGACATATTGAGACAGT CTATCGCACAGC
TTCAACTAAAAGGAAGGTTCATGATTTCTTACTGCTGCAGGAAAAGCATGCTGGTGGTAAACATTTATTG
ATCTAACGACCTGAGCGTGAACAGAGATGCAAAACTCTTTCTTCAAGGGTCGGATTCTACTTATTAGTAG
ACTACCCATCAGCAAATGTCTAAAGAGTCTCTGAGCGCCAGTGAATGACTGATGGCAAAAAGGAAACAGG
TGTACTTCTGTAGGCCAGCAGATACCGCCAATGATATCCCTTTCACTTCTCGAGCCCACTGGTAAAGACA
GTTCAAGTCAGCCTAAGCGTGTTGCAAAGGAGAGAGATGAAGTAAGTACCCCTCACTAACTGTACCTTTT
CTAGAGGTTTCTTACGCTTTTGAAAT CTGTGAAGTGATACATTACACTTATACATTCAGTACTTTTGAAA
CAAGGGTTGTATCAGAAACTCGGGGAACTATTTCTAAATACACAATGTCCAGGCCTTATTAGATTGACTC
AGTCAAAAACCTTCAGGGAGGAGTCCAGGCCTGTAAAGGTTTGTAAAGTTCCTCAAGTGACTGTGAGTCG
CCAGCACAACTCTAGCTGAGAAATACTGCAGTAG
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TTCCCTCCTCCACTTACACCTGGAATGGTTGGATGGGTCCAGTGACATAGAAGGTGTGGTGGCTGGCARA
ATTCTGCCATACTTTGGGGTTACATGTATATAGATGTTAACTACTATACAGATGTGCCAGGCATTGTTCA
CTATGTATTACATATTGAATTTTCACAATAATGTTAAGAGGCAGGTACAATTAATACCTCCACTTTCAGA
TGAGAAAATTAAGGCAGAGAGGTTACATAATGT GCCCAAGGTACCACACCTTGATAAACAGCAGCTGGGA
TTCTCACCCATCCAGTCAGCTTCAGAATCTGTGCACTTAACTACTAGATGCTATATAGAATTAAT GCCAA
AACTCTCAAAATCAGAGTCATGAGAGAAAAGCCAAAGCCATCATGCCAATATTTGTTAGGTTAGGTTAGG
CTATGTTAGGTTCGTTTTATTTTTTATTCCCCTAATTTCCTAATCTTCTACATTTAGGGGAAGAGATGTG
CTTCTATATTCATGAATGTTTATGAATGAACATCGTATGGGACCATTATAACT GGACCCTAAGGAGATAT
GTTCTTGACATAAT TCATTATCAATGATCAGCATTCT CTTTGGGTTGAT TGGCCATGTCTTTATCATCTC
CACGTCCTATAGAACTGTTCTTATGAAGAATATAGTCAGGACACACACACACATACACACACGCGCGCGC
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GCGATGGGGACTCTTAACTAGCTCACCCCCACCAAAAAGCCTCATCTAGAAGCACAGAGTTATCATGAAA
TACTCTGGGGGAGGGGGCATCATGGGGGTGGCAATTCAAAGAGAAAT GAGAAAAAT CACAAGATGTTTAA
ATCAATGGGGATAGCGCTGGAATTTTCCATCCTGAAGATTTTTTCCAGGGCTAAACCTCTGACTGAGTTT
TGTTTCTTTAACAAAGGAGGTGGTGGTGGTGGTAGATTACCTTATTTTCAAAAACGTTCTTTGTAAACAT
CCAAAATTATTTCCATGAAAATTGTTTCTCTTACATGTGACCTCAATTGTACT CAGCTGACCCTGTGACT
ACTTGGAGTTGTGGTGGAACAAAGTGCAACAGTTTCCTCCTGGAAGTCTTTCATTTTCATTGTATGAGGT
GTGATAAAAAAAATACAGTGAATGTTTAAATAAAAAATTTATTACAGTAAAAGACACATTACCATTAATT
CTCCTCAAAATACTCCCCCTTGCTTTGAACACATGTATCCCTTTGTTTTTGCCACTTTCTGAAGCAGTTC
TGGAAGTCCTCTTTTATGAGTGTCTTTAATTGTACTGTAGTGGCTGCTTTGATGTCCTGAATCAATTCAA
AAAGTTTACCTTTTGTGGTCATTTTTTCTTTAGGGAAGAGCCAGCAGTCGCACGGTGCCAGATCTGGTTA
ATAAGGCGGATGAGGACACACCATAATGTCTTTAGTTGACAGAAATTGCTGTATACCAGAAGCGATGTTG
GAGCATTGTCATGATAGAGGATGATTTACAGCACACTGTAAAACACACCTTCTCTCAAGTGTATCTCACA
CCCAACTGACTGCACCAAACAAGTTGAAACTTGTCACACAT CATTACTAAGGTTTGACATGCAGCTTCTT
GTATTGAATATCCCTGCCTTTCCATTGGATGGCACTTAGCAGCAACGTTCACTGTATTGTTTAATCACAC
CTCGTACTTATTCTGATGGAGAAATTTTTGTCAGTTGAGCACACTTTCCTCTCTCATCCTTTTATTTTCT
GTGTCTAGCTTTAGTTTGGGAT GAGGGAGGACAAAGTACTATTATTATGAAATTACAGTGGCTCTGGAGG
CCTCTCAAATCCTGACTATGACACAGAAAATTCTGAAATAATTCACAGCAGGAGTACTATAGGACTTGGT
CAGCTTTGCATTGAACATAACTCCACATCTATATTGGCTCTGCTTTTGCTTCTCAATATTAAATGCTCAA
ATATGTCAGTGCTAGGCACTATTATTTATATCCCTCTGAAACATGTTTCTATTCAAGGATGCAGCATTCA
GAAGACTCAGTCCAGCGAGTGACAGAAAAAGACTTCCCTTGGATTATCTATGAGATTGTAATAGCTTATC
TGCATATCTGCTCACTGAATACTGCCTCGATCATTCATATATCTGGCTCACAATGGGTAATCAATAAATG
TGTGATGAATGGTCTACAATTCCCAGATTGCAGCCCTAACTTGCTCATGATGGCTTCCAGTAGTTTTCTA
TCAAAGCCACATGTGGTCAGTGTGCAGGATGAGGAGT CGAGCCCTTAAAACTCAACTCTAGAAGACCTAC
TGAAGCAGTTATTACAACATGCTACAATACACAAAGAACAAGACTTGTACATCAGAAACAGGTTGTCTGA
AAANGTTTTCTATTGGGGGAATGAAGCAAATTGAGCCTAAGTTTTCTGGACAAAAAGAAAAGGCTGATTT
ACTCAGTTTAAGTCTAAGACCAAAGAATAAGTCTGAGAAAAACAAGATGTTACCTGATCTTATATGCACT
CTATTATTATTTTTGCTTTGCATGTCCCTTGTAATAGTGATTGGTTTTAATGATCATTTCATATAAAAAT
TAAAAAGAAGTACATTTTTTAACTTCCTGTCAAAAATTCTGCCTAAGGTACTTCCTCAACACACACACGT
TAGTTGCTACCCCTCCTTCAAGGCTCTGTTCATGCCCGTCTCCTCCACGAAGACTTTTTTGTTCTACACC
TAGAAAGGCTCTGCCTACTCAGGCAGTTGTTATTACCTCCGATTTCCTACTATCAGATCTCTTCGTATTA
TCTTCTTATATGACTAGGTCTCATCTCCCCCTCAACCACAATCTCTCTGAGGGCTGGAATATTGTGCACA
TTGCCTTGCACATAATAAAGGCTCCAGAGGTATCTGTCTAAACTGGCTTTATTTCCTTGAGACTACAAGC
ACTTATTCTGTGCCAGGCACTTTTAGGTTCCAGGGAAAAAGAGGTACAAAACCAGACACAAACCCTACCG
TTATGGAGCTTACCTTTTTAATTAAAAGGTGGAAGGGATGAACCTTTTTTTGGTCTCTCTAGAAAGTTGC
AGCAGGAGACCATAGGAAATAGTATAAAATAGTTGAAAGCACTGTGGAGTGTGAGT CAGCGATACCTTGGT
CTCATCTCTAATTTGATGTATCTTGAGCACATTTCTTAAACATTGGTCATCTGTTTCCCTGTATGCCATA
TAGGAATCATATGGTTACTGGGAAAACTGAATCAGAAAACAGATGCAAATCATGTTGGAGGGAACTTTCT
CAACCTGATAAAAAGCATCTATGAAAAACCCACAGCTAACACCATACTTAAAGGTGAAAGACTGGAAGCC
TTCTTCCGAAGATCAGTAACAAGACAAGGATGTCTGCTCTCACCACTGCTATTCAACATTCTACCGGAAG
TTCTAGCCAGGTTCTAAGTAAGAAAATGAAATAAAANGAAT CAAGATTGGAAAT GAAGAAGTACTAAAAC
TATCTATTTTCATATGACATGACCTTACTTAGAAAATGCTAAAGAATCCACCCCCAACCCCCACCCCAAC
AAAACTATTAAAGCTAATAAGTGAATTCAGCAAGATTTCAGGATACAAGGT CAATACGGAAAAAAAANAG
TTGTATTTCTATAAACTAACAATGAACAATCTGAAAATGAAATTAAAAAACAACACCATTTATGATAGCA
TTAAAAAGAAATTAAGGAATAAATTTAGCAAAGAAGTGTAACACTTGTACGTGGAAAACAACAAAACATT
GTTGAAAGAAATCAAAGACCTAAATAAAATTTTTAAAATCCTGCCTTTGTGGATTAGAACACTTAATTTT
GTTAAAATAGCAGTACTCCTCAATTTGAATTATTCACAGCAAATCCTACAAAAATCTTAGCTACCTTTAT
TTTCCTGCAGAAATTGACAAGCTGAGTTTAAATTTTACATGGAAATGCAAGGAACCCAGAATATCCAAAA
CAATCTTGAAAAAAAGGAACAAAGTGGGAAGACTCATACTTCCTAATTTAAAAACTGACGGCAAAGCTAC
AGTAATCAAGACTATGAGGTACTGGCATAAAGACAGACATATAAATCAATGGAATAGACTATGAGTCCAG
AATAAATCCATGGTCAATTGATTTTTGATAAATGTGCCAAGACAATT CAATGGAAGAAAATAATCTTTTC
AACAANATGGTGCTAAGACAACTGGATATCCACATGCAAAAGGATGAATTTTGAAACCCTACCTCACACCA
TATACAAAAATTAGCTTGAAATGGAT CAAAGATATACAAATAAGT GTTACAACTATAAAACTTGAAGAAA
ACATAGGTGTAAATCTCCATGACCTTGGATTAAGCAATGTCTTCTTAGATACAACATCAAAGCACAAGCA
ACAAANAGAAAACAATTGGATTTCATCAAAATTGAAAACTTTTGTGAGCCAACCCTCACAACCCTCACACG
GTGGCTCAGGTGGTTGGAGCGCCATGCTGGTTCGATTCCCACGTGGGCCAGTGCGCTGCATCCTCTACAG
CTAAGACTGTGAACAACGGCTCTCCCTGGAGCTGGGCTGCCACGGGCTGCCGTGGGCTACCATGTGCTGC
CAGGAGCGGCTGGTGGCCAGCGTGAGTGACCGGCAGCCAGCGAGAACTGACATGAAGTGCTGTGAGTGGC
CGAGAGGTCCAACCAGTAACCGACTGCCTCAGCTGGGGGGAGCGCAAGGCTCATAATACCAGCATGGGCC
AGGGAGCTGTGTCCTACATAGCTAGACTGAGAAACAATAGCTTACGCCGGAGT GGTGGGGGAGGCGGAAG
GGGAAAACAACAACAACAACAACAACAAAA
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6 RERV

AAATTAAGACTCACGTTAGGGAAGGCTGAGACAAGCAGCAGAAACCACTAGATAGGAACAAGAAATGTGA
GGAAAT CAAGGCAGGGAGCATGTGAAGT GGCAGGGAGGGGACAATGGAAGAGT GAAACAGAGCAGAGGTG
ACAGGCAGCAGAAGAGAAAGTGATTAGAAGAGAAGGT GGTACATTAAGCTGTTGGTAATAACAGAGACAA
GAAATCGCAATAGAGGAAGAGTGTTGCTTCT GAAAGGAAAAAATCTAAATTAACTAACTAAAAGCAATCT
ACGATCACAACTCTACCTGTTAGGAGCAAATAGCACTATATACCTACATACCT CTGTCAT CCCACATGCA
TTACAGTGCT GCCCTGGACAAACATGAGGGTGAATAAGT CCCCGCTTTCCCTGGGAATGTCCCAGT CTTA
GCACGGAAAGTCCTGTATCCCAAGAAAACACACACACAGTAGCAGTCTAATCAGGACAGTTGTTCACCCT
GATTAGCATTGACTCAAAATAGCAGT GCAGT TTGGGGCT GGTCTGTAAAGT GTCCCCTTAGT GGTACTCA
GGATTATTACTGCTTCACAGTAACCACACACATGCTAGTAAGT GTTAAGAT CCGGAATTGTCCCCCTCAG
ACAGACAGAGAACCCGCACAATAATGCAAGT CACACAGCGAGGTTTATTACCAGCCGGCTGGGGETCCCCE
TCTCTGCCCGACGCAGCGGETTTTTAACAAGGACCCCARACACTTAAAGCCAAGGGGT TATATAGTATTT
TTAAGGCCTTCCATAGCTTCTGAGAGTACAAGATAAACTTACAGGACTTACATAGT TTCAAAGAGTATAA
GATTTACTACAGGACAAGGAGACCAGGAGTATAAGATAAGCTACAGGACTTCTAGT CGCCATGCTGCAAC
TGCCCACATCCTGGAATTTTATAATTAT GTTGT TTCAGGCTAGGGGCTGTTAACCCTGACCTGAAGATAG
CAGTTCTCATGCTAACAGTCTCTTACATGCTAACAGTCT CTTACATTTCCCCCCTGTGTGTTGTT CATAA
TGAGGAAT CTTGCTCATGTACGGGCCAGCCGTAGAGGTCCTCACGGGTGGGCACTGTCTTATACTGTTGT
CTTAGGACCATGAGCT GGACAGTATTAACACGATCTTTTACAAAATTAATAAGCTTGTTTAATAT GCAAG
GGCCCAAGGTTAGAATAAGCACAAGCAAGATAATTGGGCCCACTAAGGTAGATACTAAGGTGGTGAGCCA
AGGAGATCTGTTAAACCAAGCCTCAAACCAGTTCTCCTGAGCTTCCCTTTCCCGTTTTCT CTTAGCTAAC
CCTTCTCTCACCTTTGCCATGGATTCTTTTACCACACCAGTATGGTCAGCATAAAAACAACATTCCTCCC
CCAGCGCGGCACACAGTCCCCCTTGT TGGAGGAACAACAAATCAAGTCCTCTTTTATT CTGGAGTACTAC
CTCGGATAGAGAGGTGAGCGACTTCT CTAAATGACTAAT CGAGGTTTCCAACCT TTCTATGTCCTCATCT
ATGGCTGCCCTTAGGGAGGTCATT CCTGATTGTTGAGTAGCCAGGGAAGCTATGCCGGTCCCAGCTCCGG
CTATTCCCAAACTGAACAGGGTGGCAATGCT TAGTGCGGTGATGGGCTCTCTTTTACTTCTTGTGTCACT
ATCCCAATGCGAATACATACTCTCCTCAGGGTGATAGAGGATGCGGGGCAGCACTGTTACTAGGACACAG
AATTCATTGGCGGCATTAAAGACCGAGGTAGATAAGCACGGGGTGAGGCCAGTCTTTGAACATAT CCACC
ATCCATCAGTTCTGGGGATTAACCACT TAGT GTCACT TTTCCAACTAGGGGAGCTGTCTATGGAGGCACA
TAAACTTTGTTTAGCCTGGGGCACCTTT CCTAGACAGGTCCCATTGCCGCT CACTAGT TGCATGGTTAAG
CCAATTTTACGATTTCCCCATGAACACTGAGAAGGGTTCTTACCGTTAGAGGCGTTGTAAGT GGCATTAA
GTCCTATTGCCTCATAGAACGGGGGCTTTATAT CATAGCACAGCCAACAGGAGGTTGTGAGGTTAGGACT
GGTGGCATTAAGGGTCTCGTATACAGTGCGCACCAGTTT CCGCAATGAGTCTTTGETTGGCTGCGTAGCA
GGCGTCAAAGGAGTTACAGAGGTCTTTGGCT GGGTTCCCGCAGTCCCTCCTGCGGT GTTTTTATCCCTTG
ATATACCTGGGTTCTTGGTAGGGACGAGAGGGGCCAGCACCTTATTT GGACCCACCTGAGTGCTGATCAT
TTCCACCGATAGTCGAATAGTTAGGAGACCGCCGGGGTGGGGACCTATCCATGCCCAACGGCCTATATCT
AATTGGAACCCCCAAGTTAATCCTGATAACCAACCACGCTCTCTT CGCGCCACGTCTTGGTTAAACTGGA
CACGTACCTGGGGCACCCGGTTGTGGGEGTCCCTAAAGGAGAATTTAACTAGAT CCCTGTTCCCAACGTC
CCACTGTCGGGGCCCGTCATAGGAGGTGACACAACT CCAACTACCACAATAGTAGCGGTCTGGGCCGCCA
CAGGTTTTCCAATTGTTTCTTAGGTTCCCTGGGCAGGCCCAAAACCCTTGTGCACTATGTCCTTGAGAGG
TGTCAATTACAGCCCGCTTGGACCTGACTGAGTAGTCATACTGCCGTCCACGTTTAGT GCCGAAAATGTC
ACGCAGGTCGAAAAACAAGTCTGGCCACCACGTATTGAT GGGGGCAGTATGTGTGGTGCTAT TAAGGGTT
GTTTGGGTCTGTCCAT CTGTTAGGGT CCATGTTAGCTTATGGGGTTGGT GTGGGTTGATCCCCGCGTGGC
TCTTCTCCCAGATATTGAGCAGAGTTAGGGCTAGCAGCCATTCCATCGTTAGCTGAGGCAGGGGGCTTGA
CGCTTCCCCGAGGTCGGEAGAGCTGCAGCTT CAGAGGGT TATCAGGGTGTCGCCGTACGATCCACTCCTT
AGCTTGCGTCTTCT CCAGCTGGCTGGCTCGGCGCACCTGAGAGTGAT GGACCCAAGGCCCAATGCCGTCA
ACCTTTAAGGCAGT GGGGGTAACCAGAATAACCACATAAGGACCTTT CCATCTCTCCTCCAGTGT CCGGG
ACCTGTGTCTCCTTACCCATACCCAATCCCCTGGAACGATGCCATGT TCCGGGTTTGGGGCGTCCTTAAT
TTCATACAGGGAACTCACTAGGGGCCATATCTCATGTTGGACCCCTTGTAGGGCCTTTAAACTGGCCAGA
TAACTTGGGGCCACATTGGGGT CATGAT CTGCTAGAGTACGAACAATAATGGGGGGTGGTGCCCCATACA
GAATTTCGAAAGGTGT CAAACCAT GTACATATGGTGAGT TCCGGACCCGGAAGATGGCATAGGGTAAGAG
GGTCACCCAGTCCCCGCCAGTCTCGATGGCTAGTTTGGACAAGGTCTCCTTTAGAGTCCGATTCATTCTC
TCTACCTGCCCTGAGCTCTGGGGATTATATTCACAAT GTAACT TCCAATTGAT CCCTATCGCTCGGGCTA
GTCCTTGTAGGACGTTACTGATGAAAGCTGGGCCGTTAT CGGAGCCTAAAACCT CAGGAACCCCATATCT
GGGAATAATTTCTTCTAGTAATGCCTTAGCAACCACTTGGGCAGTCTCCCETTTCGTGGGGAAGGCTTCC
ACCCAGCCCGAAAATGTGTCAACCATTACTAGCAAGTACTTATACCCACACCTCCCAGGCTTTACCTCAG
TAAAATCCACTTCCCAACTCCGTCCCGGCGCTCTTCCCCETACCCTCGTACCTGTATGTTGGGGTCCTTT
TCTACTGGGT CTCATAGCCTGGCACCCAATGCACTGATCTACAATCTCTTGAAT CT GAGCCGCTTGTCGG
GGAAACCGGAGGCGGGCGGACTCGAGAATTGTCAGCAACTTCTTTTT TCCTAAGTGGGTGGCTTGATGCA
GGTTGGAGAGAAGAAACAGTCCTAGCTGTGCCCGCAGTATCAATCTTCCTTCTGTATCCCGATGCCACCC
CTGCTGAT CAGATTCCGGGCAGTGGT GGTTCTGGAT CCATCGCAGGTCTTCTGGAGTGTAGTCAGGTCGC
GGGGGCAGGCGAGGGAGCTCAGGTGT GGGCAGGGT GAGT GCTAAAGCTGAT GAAGCTACTGCCACTGCCT
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TGGCGGCTTCATCCGCTCGCCGGTTTCCTTTAGCTTCCGGGGTCTGGGCAGACTGGTGCCCAGGGATGTG
GACAACTGCGACTGCCCGGGGCATTTGTACAGCCATCAGCAGTCTTCGTACCT CAGGAAGATTGCGCAGA
GTCTTTCCTTCCGCTGTAACAAAGCCTCTTTCCCGGTAGATAGCGCCATGCACATGGACAGTGCCAAAGG
CGTAGCGGCTATCGGTGTAGACAGTCACTCGTCTCCCTTCGGCCCGTTCCAGCGCTTCCGCCAGCGCGAT
CAGTTCGGCCTTCTGTGCTGATGTCCCCGGGGAAAGCGAGGCACTCCAAATGATGTTTCCCCCTTGGTCT
ACCACCGCTGCGCCTGCCCTCCGCACACCATCTATAACGAAGCTGCTTCCATCAGTGTACCATACCAACT
CACTGTTGGGTAGTGCGGTGTCCTGGAGGTCGGGGCGCACCTGGGTGACTTCTGCCATGATCTCTTGGCA
GTCATGCAGGGGAGCTCTCAGATCCGGGGTCGGCAGCAGGGTGGCTGGATTCAGAGCGGTGGGTTCAGCG
AAGATGATCCGGGGTGCATCTAGCAAGAGTCCTTGGTAATGTGTTAGTCGGGCATTAGTCATCCACCTAC
CAGGGGGATATTTCAGGACCCCCTCGATCGCATGGGGGGTTACTACCTTCAGATGTTGCCCAAAAGTGAG
TTTATCAGCATCCTTCACCATTAGGGCTACTGCCGCAATGATCCTCAAGCACGGGGGCCATCCTGCTGCA
ACTGGATCTAGCTTCTTGGATAAATAGGCAACCGGGCGTTTCCAGGGCCCCAGACGCTGCATTAGCACCC
CTTTCGCTATTCCCCTCCTCTCATCAACAAAGAGAGTGAAGGGCTTCAGGGGGTCTGGCAATGCCAGAGC
CGGGGCTCTTAGGAGAGCGACCTTGAGTTCATCGTAGGCCTTCTGTTGGTCTGACCCCCAGGCCCAAGGG
ACCTTATCCTTGGTTGCCTCATACAGAGGTTTTGCTATTTCAGCATACCCCAAAATCCACAGCCGGCAGT
AGCCTGTCGTCCCTAAAAACTCACGGACCTCTCGTGCTGAGGTCGGGACTGGAAGT CTAAGAATAGTCTC
TTTCATGGCCTCTGTCAGCCATCTGGCTCCTTTTTTTAGTTTATACCCCAGGTAGGTGACTGTTTGCCTG
CATATTTGAGCCTTCTTTGCACTGGCCCGATAGCCCAACTGCCCCAGCTCCTGGAGGAGGTCTCCAGTGG
CCTGTCGGCATTCAGCTTCGGAGGGGGCTGCCAGAAGCAAGTCAT CTACGTACTGCAGGAGCGTAACTGA
ATTATGGCTCTGGCGAAACGAGTCCAAATCCTGATTTAGGGCTTCATTAAACAGAGTTGCGAGAGTTTTTG
AAGCCTTGCGGTAGTCTAGTCCAGGTCAGCTGCCCGGGGGTTCCCGTATTGCCATCATTCCATTCGAAAG
CAAAAATGTGTTGGCTGCTGGGTGCCAGGGCTATGCTAAAAAACCCATCCTTTAGGTCTAAGGTAGTATA
CCAGACATGTGAAGGGGGCAAGTGACTTAGTAAGGTATAAGGGTTGGGGACCGTGGGATGGATGTCTTCA
ACCCTCTTATTTACTTCCCTCAAGTCCTGGACTGGCCTATAATCTTTTCCCCCCGGTTTCTTAACGGGGA
GAAGTGGGGTGTTCCAGGCAGAATGGCAAGGTTTCAGTATTCCAGCTTCCAGTAAACGGTTAATGTGCGG
GGCAATCCCTTTCCGCGCCTCTGCAGACATGGGGTACTGGCGGAT CCGGATAGGCTGGGCTGAGGCTTTA
AGTTCCACCACTACTGGTGCTCGGCGGGCCGCCCGGCCCACACCCGCTATTTTTGCCCACGCCTGAGGGT
ATGTTTTAAGCCAATAATCCATATCACGGGGCCATTCTGTAGAGGGAGGGTTGTAGGGGTTGTCCTGCAG
GGCGAACAGGCGATGTTCATCCACAAGAGACAGGGTCAAAATGTGGAGGGGCTGTCCTTGGCCATCCAAT
AGCTTAATGCCATCCGGCTCAAAATGGATCTGAGCCCTGATCTTAGT CAGGAGATCGCGCCCCAATAAGG
GGGCAGGGCATTCAGGGATAACTAGGAAGGAGTGGGTCACTTGGTGGCGGCCTAAGTCTACTTGGCGCCT
ACTAGTCCACCGATAAGCCTTGGACCCAGTTGCCCCTTGCACCAAACTGGTTTTCTGAGATAAGGGCTCT
GTGGGCTTATTCAAAACTGAGTACTGGGCTCCTGTGTCTACCAGGAATCCTACTGGCTTCCCCTCCACAT
ACGCAGTTACCCAAGACTCGGGGAGGGGATCCGAGTCCCGTCTCCCCTAGTCACTCTCCATCCCCGCCAG
CAGGACCCGTGCGTCTTGCCCTGTTTGGCCCTGGCGCTTGGGGCACTCCCTCTTCCAATGTCCATACTCT
TTGCAGTTTGCACACTGTCCCCTATCCAGTCGGGGCCGCGGTCTCCACGGTCGGGCTGGTCCGGCCGGAC
TCGGTCCCACCCTGACTGTGCTTTGCACGCCTGCCAACAAGATCTTGGCCATCTCCCTCTGCTGCCTCCT
GTTCTCCCTACTCTGATGCTCTCTGTCTTCCTTCCTGATTCGTTCCTGTAATTCCTGATTTTCTTTTCTA
ATTCTATCCTCCCTTTCTTCGGGAGTCTCTCGAGTGTTGAAGACTCTCTCCGCTACTTTCATTAAATCCC
GGATAGACATTTCTCCCAGTCCCTCCTGTTTGTACAATTTCTTCCTAATATCTGGGGCAGCCTGGTTTAT
AAAGGACATAATTACAGCCGACTGGTTTTCCTCTGCCAGGGGGTCCAACGGGGTGTACTGTCTGTAAGCA
TCATAGAGGCGTTCTAAAAACAGGGCCGGGCTTTCATTATCCCCTTGCATTATAGCTTTTACCTTGGCCA
AATTGGTGGGGCGGCGTGCCGCCGCTCGGAGACCTGCCATAAGAGTCTGGCGGTAGACTCGGAGACGCTC
CCTACCTTCTGCGTTCCCAAAGTCCCAATCCGGTCTATTCAGGGGAAAGCGCTCGTCTATCAGGTTCGGC
AAGGTCGTCGGTCTTCCGTTGTCGCCGGGGACATTTTTTCTGGCCTCGGTGAGGATTCGCTCGCGCTCCT
CGGTGGTGAATAAGGCTCTTAAGAAGCTGCTGGCAATCATCCCAAGTGGGACTGTGTGTGTGCATGACAGA
CTCGAACAGGTCAGTTAGGCCTTTCGGGTCCTCAGAAAAAGGAGGGTTTTGAGCCTTCCAGTTGTACAGA
TCACTGCTAGAAAAAGGCCAGTACTGGTATGCTCGCTCCCCATCTGGACCAGTTCCTCCTAGTGCTCGCA
CAGGGAGAATCGGCGCCCCAGCGGAGGTGGAGGAGGACGGTTCCTCCTCTGGGGTCTCTTCCCGGCGTCT
GCGAGGCCTCAATCCCCTCGCCGGCCCTTGAGCTGGGGCAGGGGAACCCGGGGGAGGGGGAGCCATCGGG
GAGGCGGTAGAGTGAGGCAGCTCGGAAGGAGCGGCAGCCTCAGGCGGGAGCGGCGCCATCGGGCTGGGLG
CGCGCCGCGGCTGGAGCGGCGCCACCGGCGCGTAAGGAGGGGGGGTCTCTTCCAGATCTAGGTCTATCAG
GGAGGGGTATATGTCTGACCCCTCCTGAAGGATGGGTCCCTGGGTCGGCTTCTCCGGGGGTTTCGGGCCG
GCCGTGGGCACTGCCGACTGGCGGGAGGGTCCCCAAACGGT CAGGACTTTAAGGGGGAGGGGGGGATCTT
CTGGCTTGTCGGGGATAAAGGGCTTAAGCCAGGAGGGAGGACT CTCTACTAAGGCTTGCCACATCAAAAT
ATAGGGATATTGGTCCGGATGGCGCCGATTAATAATATCTCGGACCTTTTTAATAATGTCTAGGGAAAAN
GTTCCCTGGGGGGGCCAGCCCACATTAAAAGTAGGCCATTCTGCAGAGCAGAATGTATCAAACTTACCTT
TCTTCACTTCCACACCATGATTACGAGCCTTGGCGCGGATTTCAGGAAAGTGGTTCAGGAGCAGGGTCTT
AGGTGTTACCTGAACCTGTCCCATAATTGTCACAAAGAGAAACCAAGAAANGGCAAAAGAAAGGACAAAN
GACACAGTGCCAGCAAATACACAACTTCGCACAGGACTCTTCAACACCCACCGGCCGGTCAACCACACCA
CATCCACAGGCGCCGTTTCAATCACACCAGTCTCACCACGCTCAAGATCCTTACCTAGGGCCCGTCCAAA
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CGGCGTCCACTGTGGACGTCGCTGGGCCACCTTCTCGTCGGGGACGTCTCCCACGACTTCAAGTAACGAA
GCCTCCAGGGTCGTAACCTGCACTTTCCTTCCCGTGAGAATTCTCAACTGGGCGACCGGGCAGAGACCTGTT
TCAGTCTCTCCGGTCGAGGACCTGTTTCAGTCCTCCCCTGTTTGGCGACCGGGCAGAGACCTGTTTCAGTC
TCTCCGGTCGAGGACCTGTTTCAGTCCTCCCCTGTTTGGGACCGGGCAGAGACCTGTTTCAGTCTCTCCG
GTCGAGGACCTGTTTCAGTCCTCCCCTATTGGAGGTGGCCAAACCTCCTTCCGCGGTTCCCTATGTAAAC
CTCGGTATCGGGAGTTGTCTGTTCCCCTGAGGGGGGGCGTCCCGGGCGAGCCCCCAAATGTTAAGATCCG
GAATTGTCCCCCTCAGACAGACAGAGAACCCGCACAATAATGCAAGTCACACAGCGAGGTTTATTACCAG
CCGGCTGGGGTCCCCGTCTCTGCCCGACGCAGCGGGTTTTTAACAAGGACCCCAAACACTTAAAGCCAAG
GGGTTATATAGTATTTTCAAGGCCTTCCATAGCTTCTGAGAGTACAAGATAAACTTACAGGACTTACATA
GTTTCAAAGAGTATAAGATTTACTACAGGACAAGGAGACCAGGAGTATAAGATAAGCTACAGGACTTCTA
GTCGCCATGCTGCAACTGCCCACATCCTGGAATTTTATAATTATGTTGTTTCAGGCTAGGGGCTGTTAAC
CCTGACCTGAAGATAGCAGTTCTCATGCTAACAGTCTCTTACATGCTAACAGTCTCTTACAGTAAGAAGT
TCCAAAGCCTGTGGTGGCAGTAAGTGAATTTCTTCCTTTTCAATAGACTAT GAAGGAGGGACATTGCATT
TGAACTCAGTCCATGAGTCATGATGCTCTTTATGTCCATTAAAAGGATTAACTTTCTCTCTATTCACTAT
TTCTTTCACACTATTGTATAGGGTAACGTGTTTGGGGAGAAAAAT CAATAAAAATGCTTAAAATAAAAGT
TTCCATGCTCATAAGGTTTTTATCTTCCATTATAGGAAAATGAAT CTATATGCAAGGGTACATTTTCTGA
TGATGTTTTGTAAGAAGCATTATTCTATCAATCTATTAAAATATATTGATGCACTTTCC

7 Part of RFe-MD-2 sequence with Columbid/Falconid DNA homology
TCCTCGTTAGTATAGTGGTGAGTATCCCCGCCTGTCACGCGGGAGACCGGGGTTCGATTCCCCGACGGGG
AGGCAGv

8 Protein sequence ofRFe-MD-2 fragment that shows homology with Columbid
and Falconid herpesvirus homologous with hypothetical proteins
CoHVHLJ 080/FaH\HV1518 80 of the Columbid or Falconid herpesvirus
PRRGIEPRSPA*QAGILTTILTRM

9 Part of RFe-MD-2 sequence with Sindbis virus (hairpin)homology
TATAGTGGTGAGTATCCCCGCCTGTCACGCGGCGAGACCGGGGTTCGATTCCCCGACGGGGAGGCA

10 Part of RFe-V-MD3 sequence with Human herpesvirus 4 isolate HENPCO
homology
'TTC‘{\) CCATGTCACRAATGACAAG, T’f' TTCTTTTTTATACGCTGAGTAATATTCCATTGTATACATATACC

TCG PGAACTTTGG 1 CTTCCATATCTTGGUTETTGTAAATAATG
AGTATTTT T CAGATARATACCCE
JGGG”CATAT””TAA’ GAGGGACCTCCATACTGETTTTCCG
TAGTGGC hbﬁpbAATTTniAﬁDLTGCmTTT TUT\CAT””TTbLbAACnCT“C T
TGATGATGGCC! ‘THETTTG:AT’TCC-'UATbEm
MTTTT??bATATGT TCTGT ,VTLTGGA GTCTGTTCAG
TTTAAATC. 5 TTATATATT
hé\z’\z’\’\
f:C”TAAA” AACTCCTTAATC ;

! m“TGTCTATACTTT CCAAbALCA““T“FTGnnuAuACT
CCTCCTGETTCATAG ATTCGACCATGETGGGCATCGGTTTATTTC
TGbGTTC GTTCCKL'GATTTA*UTGTC“GL- TTATGTCACGTACCATGATGTTTTCGATTACTATGGTCT
TATCAAGTAGCATGATACCTCCAGCTTTG “mT TT“Aﬂ”“A”PTPGiTTTnGC
GTGGEETCTACAAATTTTAGGGTTACTTGT Y AAAATGCCATTGG

) GGCTAGTAT uu_\ GA

A‘"NTTTF? AGTATCTTAACTTTC CTTCAGT

AATTC T2 TATTTAATGCAAT

ST EATA TTGTATAAAAAT GCAR
: WCTGAATTCATTTATTAGTTCTAATTGTTTTTTTGGTGG
AATC UTAT A CATCTGTGAATAA CTTCTTCCTTTTCA
ATTT ATTTCTASTCTGACTGCTGTGECTGGGACTT zuTACTATGTTGXALnAAAbTb
AAAGTGGC TGATCTTAAAGGAAAAGCTTTCAGCTCTTCACTACT GAGTATGATGTTAGCTGTG
GGTTTETCCTATATGGCCTTTATTATGTTGAGGTA LLTZCCTC“Al=CCLAATTm,VTGaGAGTTTTTA
GGATT TCAAATC ! ’ ] ANTATGATCATATGATTTTTATC
’_’TAGTL*nTvAux TGATT TATTGAACCAACCT “TCCC“GGA

AT
TmmﬁYTTTT
11 of RFe-V —MB3 with Human herpesvirus 4 isclat

TAMNATACCCAG aAu.QQAATTFP“uuuTVATAﬁC”TAuTTLTATTTTTﬁATTTTTTG

HK) i0homology
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TTPJ&TTTLT'\,ATGT‘CCCT@ \TGATTAGTGA
CCTCTGGAGAAATGTCTGTTCAGGTCCTC
ATTTTGG

lalal
(L)

CGTTTTGETETG
ATTCAG CI

TTTAARTCE

Z\CuCTTATTbbu

CGTTCTA

GCTAATGGCAT

3T

? TACGG
TTTA T TAT .' CAGTGATCCAGTTTC, .
CAACALT \’_‘,A‘l“l“l’AC ' CCCAATTATATA TT TGCCTCCTGTCATAGATTAATTGA
T TGATTTA ; TTTTATGTCAGTACCA
\TCAAGTAGCATGA ’"P COTCCAGCTTTETTC

PTTTTC

GA

C]AAGATCSCTT—’X CT? GTGGGGTCTACARLN AGGGTTACTTGTTC
LL:AA TTCCATTGAAT \;T&:TIU_-:AL TG XTT—‘GE'L AGTA

SAATCTTAAGGTTC
CA ATTTbe T TGCTGETGGCT
AAGT CCTGATCTTAAAGGAARAGTCTTTCAG
;TnGCTGL GGGTTTI_—, ATATGGCCTTTATTATGTTGAGGT. 7\'1'TT'“CCC,TUTAI
TCCCAATTTGCTGAGAGTTTTTAT CATAAA SATGTTE! FCAAATGCTTTTTCTGCATCTA T'“
GATAT ”“\TCATATJATTTT"’A"‘ CTTTCATTTTGTTTATA CACATTAATT GATT"‘GCZ‘qu
TGEAN CAATAAATCCCACTTAAT "G TTTTAATG
I ;vTTTf‘anA nL,Tﬁﬁ""'Tvz\G(JA* TTTTGCATC ATL,;\(;(;GT\TcTTL;-

e e

CAGATTTTOTET
TTTATCOAT

PCGATTTTGT

N elalouL
Ll

AALGLLUL

\GCAGTTACTG
TGTGTCT
CTTATACTTCTTTCTATACCTG
TCTCTTTTCTTCTTGAGTCTS

AAGA

TTCTAG

-

oS
(SR

TETYT

IGTCAGCATATAGTTE
CTTTCATTTCTGATTTTATTTTGGCC

12

seguence with Human resplratory syncytial virus

AATCCATTTTTAGTT
] T”TCTZLA"TTTT—‘C AACACC
CCL,HATT; TATATTTTTGCCTCCTSTCATAGATTAATTGACCATGTG

TETTCCEH ATTTATCETETCTY TTATGTCAGTACCATGATGTT
'] Tl\(‘TTTLJIXszTku_\)\() FAGCATGATACCTCCAGCTTTGTTCTTCTTTA
STC CTACAAA G

TCATAGCAATTGCATTGAATCTG

homologyTTTICT
TATTCTTATATGT

ATT T\Cr‘”ﬂ]{m LGA

TAGCGAGTTTTACGGTTTTGGGET
r TGAl'C,\.LxG—‘—’ »ATTL,T;;;

or:

SAACAT
STTTOA

AT

K ( CCAAGCACAG
TCTATTTAATGCAATT TT LLA_ TGGGATTGTTTTOTTAL

o

13

Part of RFe-V-MD3 sequence with SARS-CoV-2
homologyAGGTTCATCCATGTCACAAATGACAAGATTTTGTTTTTTATAGCTGAGTAATATTCCATTGT
ATACATATACCACATCTTCTTTGTGTATTCGTCTGTCAGTGAACTTTGGTTACTTCCATATCTTGGCTGT
TGTAAATAATGCTGCAGTGAACATAGGGGTGTGTATATCTTTTCGAATTAGTATTTTGGATTTTTTTCAG
ATAAATACCCAGAAGTGGAATTGCTGGGTCATATGGTAATTCTATTTTTAATTTTTTGAGGGACCTCCAT
ACTGTTTTCCGTAGTGGCTGCACCAATTTACAAGGTGCTTTTCTCTACATCCTTGCCAACACTTGTTGTT
TATTGATTTATTGATGATGGCCATTCTGACACGTGTGACATGATAGCTCATTGTGGTTTTAATTTGCATG
TCCCTGATGATTAGTGACATTGAGTATTTTTTCATATGTCTATTGGCCATCTCTGTGTCCTCTGGAGAAA
TGTCTGTTCAGGTCCTCTGCCCATTTTTTAAATCAGATTGTTTCGTTTTGTGTGTTAAGT TGTATGAGTT
CCTTATATATT

14

Part of RFe-V-MD3 with RNA-dependent DNA polymerase of Erythrocytic
necrosis virus homology
PTSLMNNIDAKILNKVLANQIQQYIKKFIHHD*VGFIPGMOGWENICKSINVINYINKMKDKNHMIISID
AEKAFDKIQHLFMIKTLSKLGIEGKYLNIIKAT

15

Part of RFe-V-MD3 with RNA-dependent DNA polymerase of Lymphocystis
disease virus homology
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MTSQVNFTKHSKKLKRREGSQTHLOGOH* PDTKTRDNTkkkkKC-PTSLMNNIDAKILNK
VLANQIQQYIKKFIHHD*VGEFIPGMOGWENICKSINVINYINKMKDKNHMIISIDAEKAF
DKI QHLFMI KTLSKLGIEGKYLNI IKAI*DKPTANIILS SEELKAFPLRSG

16

a potential new spike pr
"‘C\/S‘v"\,lﬂ SVLCRTQLPGPCWYY
iVAHGS PW"" SSRESRC QQS RMORT iR
] QVLLH’”\/J{_.‘

SPLGHSQ

PRCEGCE

RSWOT

Fb
L/LMJ S‘~"\/’AL,H
HLLKRLFSSIELSWHIYOKSIDHGE
CEGYS \FPCKITQLVNFPCRKIKVAK
RTEVT ,IYS CCFLISEFRDCS] VYRN"‘TE‘f
AFS E\. FHFLTNLAR'
SMLE TWE YuM“N‘
WSPAATFRD THPFHLLI] SSITVGEFVSGEVPLE
OUADYSSP [
DREKLENVLLEN
NLGSICFIPPIL ROPVIDVQVLEFFY L "f\’ps\’w}?APLLILHTI VRAATW
ELTIHATFIDYPLARYMNDRGSIQADMOI SYYNLIDNPRE JEMLE ‘“"“""RG; VPSTDL
FEHLILRSKSRANIDVELCSMQOSPSPIVLLLIISEFSVS FHNNSTLSSLIPNSTCKIKGE
PY\;’CSTDIG\IF\TT“‘TPLDTI“"“‘ LDA OWKGRDIQYKE 3}A"°Tr\7"[>TL:PPf“v'* ocC
AVNHPLS APCD {GKLFELIQODIKAATTVOL
}’TIM

LDS3E

INRVHI RSGN

5 IMFKQFQWIIT"W “.MSSCWKJL PALSPLIT
o

il

WW & u"\S B3P ‘3 R
TEAH L""“\'“ KIRKLGE
\AVYOGEVY
WIHPTIPG

T C REC
MTLI
NTTM

17

SERDI TGGICWE
RHLLM VYHOHAFPARVANHERSE:
SGEVTSKHQEPGVE Kihpr*”N\»LCAVLCR‘VEDO\“\MhFhw:'"
PNFWIKRRIPKKGKILHTNIHIIHNHLETANIKSQVEYRLNVSPGYVFASMYS
NQTWS FLITYCAVPFRSDMCSLVCYCEHLGS SLTLVIFFVSISTGGY
LIGEYHCGHLOSTZLGKL CTDASASTLOSNFGTLFLEWSSELSSC
WGPGEVSREGY FVCWLE
KETMNN2SDIK: JVVHRLDDTGLMFTEWWVRIGJPF LiFC\RII_vH CF:
FTGE '

Su YVCLIPTALA
KWVRVMTSCLYCKLR
CGCQASL
SCL 1 HSRKSKNAY
EC'JT’\I\\’TLSIFPL SGRKERRH
NLVNCLSSWY

CLIVY

LVAG LjAAHH PM‘? L‘LA C
SLKCLLELSE E
SQINIFYIHYFLIIKS
FCGSRIRLVGCRSSKSHS
"'T'P SI ST RVL TVT\= If T.’\.I/" /TC
NNTPSFIEWH
JQLFNU YKVH
o\r"?‘brf‘h LNTHSVPRHA

‘u‘&,K'\l
(NNETVDI
i "(LLS‘«"”,, PLYPP

PELCSCCCLSQPR

CLAVE 11* HDR"

YN FV SSAS E'.R 3
Jﬂ 3T H St\LAML:, PASMA]
ILNRVOPEFLTOASRTLCLSGKSHRLE
NSWNEQRTET PI’W Pl’ILI CIYTDOSELIHNNOSEHMM A_.TDQNCVI» I SHLHKNGENGNQ
KRPLPLCLGVHER FTNC SAESL3SEFHTSYW IGRLWSQETRGP SEMIEKQEDSSR
FEGRGYCPRSSLRSEVCOKREKA _Q_TJ‘TI{QYIQL-\,TEP-\/-P‘TCI\IPFE‘nqu_nD ISHYRDDSTRSSQX
TKWYGCEECTIFLEFFFLE [ FLINLLGVAHCHSMKTPGILVIQOCL FHREKOMO
CSSBHLLHSSNPSLYLSDDVYICVCGALDSACONNT I DWDTDLLVYVLPLTFHEVSIEYKKOKALGEA

18

ORF number 1 in reading frame 1 on the direct strand extends
from base 610 to base 837
TCTCACCTAGCAGGAAGGscadmtctcaggaccatcccatacagcagggtggaggattggtgga
tcaggtacataggcccaatacgtctggtcttecttectgecattgetgagggtcatcaatgtecateca
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gcaggtagagggtccacatgtcgcaccaatcgttctggcageccaccgagggecttetgecatect
gtggaaaaacacaaacatgccctcggccccatatga

19

Translation of ORF number 1 in reading frame 1 on the direct
strand
SHLAGRXXLRTIPYSRVEDWWIRYIGPIRLVFFCIAEGHQCHQQVEGPHVAPIVLAATEGLLHP
VEKHKHALGPI

20

ORF number 2 in reading frame 1 on the direct strand extends
from base 3349 to base 3699
Ccttggatgcccatggtaagagtgectgtggagegettttggecatecttectgectgeccectecagge
tttggtcaaatggaaagacccacttacaggctcecttggcaaggcccagateccagtectecatatgg
ggccgagggcatgtttgtgtttttccacaggatgcagaaggeccctecggtggectgecagaacgat
tggtgcgacatgtggaccctctacctgectgatgacattgatgascadmeccctetgecatectgtg
gaaaaacacaaacatgccctcggecccatatgaggactggatctgggecttgecaagagectgt
aagtgggtctttccatttgaccaaagectga

21

Translation of ORF number 2 in reading frame 1 on the direct
strand
PWMPMVRVLWSAFGILLLPLRLWSNGKTHLQALGKAQIQSSYGAEGMFVEFFHRMQKALGGCQOND
WCDMWTLYLLMTLMXXPSASCGKTQTCPRPHMRTGSGPCQEPVSGSFHLTKA

22

ORF number 3 in reading frame 1 on the direct strand extends
from base 4186 to base 4740
agggtccacatgtcgcaccaatcgttctggcageccaccgagggeccttetgecatecctgtggaaaa
acacaaacatgccctcggccccatatgaggactggatctgggeccttgecaagagectgtaagtyg
ggtctttccatttgaccscadmaatggaaagacccacttacaggcttttggcaaggeccagate
cagtcctcatatggggccgagggcatgtttgtgtttttccacaggatacagaaggecccteggtyg
gctgccagaacgattggtgcgacatgtggaccctctacctgectgatgacattgatgaccctcaa
caatgcagaagaagaccagacgtattgggcctatgscadmATCCCATACAGCAGGGTGGAGGAT
tggtggatcaggtacataggcccaatacgtctggtcttecttectgtattgetgagggtecatcaat
gtcatcagcaggtagagggtccacatgtcgcaccaatcgttectggcagccaccgagggecttet
gtattctgtggaaaaacacaaacatgccctcggecccatatga

23

Translation of ORF number 3 in reading frame 1 on the direct
strand
RVHMSHQSFWQPPRAFCILWKNTNMPSAPYEDWIWALPRACKWVEPFDXXNGKTHLQAFGKAQT
QSSYGAEGMEVFFHRIQKALGGCONDWCDMWTLYLLMTLMTLNNAEEDQTYWAYXXIPYSRVED
WWIRYIGPIRLVFFCIAEGHQCHQQVEGPHVAPIVLAATEGLLYSVEKHKHALGPI

24

ORF number 4 in reading frame 1 on the direct strand extends
from base 4792 to base 6306
ccaaagccscadmtcgaatttccagagecctctgaaaagatatcagtggecgagtecttecccaag
acatggcaaatagccccaccttgtgtcagaagtttgttagtaaaacaattgataacaccagaaa
acagtttccttctgtgtacattattcattatatggatgacattttattggcttgtaagaaagaa
ggagtattgttagcttgctttgcaaatctgcaaaagaatcttctaacctecgggtecttattattg
cacccgaaaaaatacagagaagtgagccttgttcttacttgggatttcagttgtttgetcagta
tttcactccacaaaaaaaagagcttagaaaagatcatcttaaatctcttaatgattttcaaaag
ttgttgggagatattaattggctgcacccttectttgggattaactactggagatcttaaaccac
tgtttgaaattttaaaaagagattctgatccgaccteccececcaggtectettactgageectgecacg
gaaggctctctctaaggttgagaaagccattcagcaacagcatgtttectttttagattattet
aaacctctatatgtgtatattttagataccaaacacacgcccacggcggtgttatggcaagaag
ggccacttagatggatacacctccacgtggctgectcaaaagaatcttacteccttattatgaact
tgtggccagtttaattcaggagagtcgcttagaagctcgaaaatattatggaaaggagccagat
tctattgttatcccttttacaaaaatgcagattcaaggcctgatgcagtttacaaacagtttte
ctatcgccttggctcattttgecggggactttggataatcattatcctaagcataaattgcttcea
attttttcaacatcatgatccaattttteccttcaattgtgtecccatgetectettectgetgta
cctaatgtttttactgatggatctagcaatggtgtagectgtctatgcactcaatgaaaaagtca
ccaagagagtgcagacacctccagcctcagctcaaattgttgagettecgagcagttcatatggt
attgcttgattttgcttcccagtecttttaatttattctectgacageccattatgtggttecgtgee
gtcagaaatttagaaacagtaccttttattagcaccagtaatcctgttattcaggatectgttte
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ttcagatacaacaagccattcagctgcgctgtaacaaattttatattggeccatattagagetca
ctctaatcttccaggccectttagectcaggaaatcaaactgecagattetgeccacacagectecatt
gttttaactcaaatagaaaaggcacaaaaggctcttagcttccaccatcaaaacaaccagagcet
taagactgcaatatactataactagagaaacagcacgccagatagtaaaacaatgcccagattg
ttcgcatttacagecctgtgectcattatggagtcaacccttga

25

Translation of ORF number 4 in reading frame 1 on the direct
strand
PKPXXEFPEPLKRYQWRVLPQDMANSPTLCQKEVSKTIDNTRKQFPSVYIIHYMDDILLACKKE
GVLLACFANLQKNLLTSGLIIAPEKIQRSEPCSYLGFQLFAQYFTPQKKELRKDHLKSLNDFQK
LLGDINWLHPSLGLTTGDLKPLFEILKRDSDPTSPRSLTEPARKALSKVEKAIQQQHVSFLDYS
KPLYVYILDTKHTPTAVLWQEGPLRWIHLHVAAQKNLTPYYELVASLIQESRLEARKYYGKEPD
SIVIPFTKMOQIQGLMQFTNSFPIALAHFAGTLDNHYPKHKLLQFFQHHDPIFPSIVSHAPLPAV
PNVFTDGSSNGVAVYALNEKVTKRVQTPPASAQIVELRAVHMVLLDFASQSEFNLEFSDSHYVVRA
VRNLETVPFISTSNPVIQDLFLOQIQQATIQLRCNKEFYIGHIRAHSNLPGPLASGNQTADSATQLI
VLTQIEKAQKALSFHHONNQSLRLOYTITRETARQIVKQCPDCSHLQPVPHYGVNP

26

ORF number 5 in reading frame 1 on the direct strand extends
from base 6307 to base 6987
ggcctacgtcctaatgatttatggcaaatggatgtaacacatatacctgaatttggaaaattaa
aatatgttcatgtctccatagacacattttctggectttgtecgtggectaccgectcaaactggaga
ggacacatctcatgttattagacattgtcttgctgecttttgectatgattggaacacctaaaaaa
cttaaaacagataatggctcaggttataccagcaaaaaattctctttattttgccagcaattet
cgatcaatcatgttactggcattccttacaatccccaagggcaagggattgttaaacgcacteca
tggcacattaaaagtcaatttacagaaaataaaaaagggggagttatatcccctgacgccccat
aattacctgtctcattctctctttatccaaaattttttgaccttggatgeccatggtaagagtyg
ctgcggagtgcttttggcatccttctactgeccactcaggetttggtcaaatggaaagacccact
tacgggctcttggcaaggcccagatccagtecctcatatggggeccgaggacatgtttgtgttttt
ccacaggatgcagaaggccctcecggtggctgeccagaacgattggtgecgacatgtggaCCCTCTAC
CTGCTGATGACATTGATGACscadmggctttggtcaaataa

27

Translation of ORF number 5 in reading frame 1 on the direct
strand
GLRPNDLWOMDVTHIPEFGKLKYVHVSIDTEFSGEVVATAQTGEDTSHVIRHCLAAFAMIGTPKK
LKTDNGSGYTSKKEFSLFCQQFSINHVIGIPYNPQGQGIVKRTHGTLKVNLOQKIKKGELYPLTPH
NYLSHSLFIQONFLTLDAHGKSAAECEFWHPSTATQALVKWKDPLTGSWQGPDPVLIWGRGHVCVE
PODAEGPRWLPERLVRHVDPLPADDIDDXXALVK

28

ORF number 6 in reading frame 1 on the direct strand extends
from base 7282 to base 7590
TGGACACATAAAACAACATTTGAAAAGTTTTGTAAATCAGGCACTCCCTGCAGTCAGGTGACTG
ATTTACAAGATGGGACTAGAGACTGGTCTAAAAAATCTGTTAATGTATCtgcttgtgttescad
mgggtcatcaatgtcatcagcaggtagagggtccacatatcgcaccaategttectggecagecac
cgagggccctctgtatcectgtggaaaaacacaaacatgcectecggeccecccatatgaggactggat
ctgggccttgeccaagagecctgtaagtgggtettteccatttgaccaaagectga

29

Translation of ORF number 6 in reading frame 1 on the direct
strand
WITHKTTFEKFCKSGTPCSQVTDLOQDGTRDWSKKSVNVSACVXXGSSMSSAGRGSTYRTNRSGSH
RGPSVSCGKTQTCPRPHMRTGSGPCQEPVSGSFHLTKA

30

ORF number 7 in reading frame 1 on the direct strand extends
from base 8518 to base 8751
GGCGTGAgtgtcattgacataatctggaatctcaggaccatcccatacagcagggtggaggatt
ggtggatcaggtacataggcccaatacgtctggtectttttectgcattgttgagggtcatcaatg
tcatcagcaggtagagggtccacatgtcgcaccaatcgttttggcagecaccgagggecctectg
tatcctgtggaaaaacacaaacatgccctcecggecccatatga

31

Translation of ORF number 7 in reading frame 1 on the direct
strand
GVSVIDIIWNLRTIPYSRVEDWWIRYIGPIRLVFFCIVEGHQCHQQVEGPHVAPIVLAATEGPL
YPVEKHKHALGPI
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32

ORF number 8 in reading frame 1 on the direct strand extends
from base 14551 to base 14847
agggtccatatgtcgcaccaatcgttctggcageccaccgagggeccctetgecatectgtggaaaa
acacaaacatgccctcggccecccatatgaggactggatctgggecttgecaagagectgtaagtyg
ggtctttccatttgaccaaagecctgagtggcagtagaaggatgccaaaagecgectectgecagecact
cttaccatgggcatccaaggtcaaaaaattttgaataaagagagaatgagacaggtaattatgg
ggcgtcaggggatacaactccceccttttttattttttgtaa

33

Translation of ORF number 8 in reading frame 1 on the direct
strand
RVHMSHQSFWQPPRALCILWKNTNMPSAPYEDWIWALPRACKWVEPFDQSLSGSRRMPKALCST
LTMGIQGOKILNKERMRQVIMGRQGIQLPLFYFL

34

ORF number 9 in reading frame 1 on the direct strand extends
from base 15370 to base 15627
ctttggatgcctatgttaagagtgcagctgaacgtttcectggecatccttetgecgtecctgagge
tttggtcagaaagaaggatccacttactggatcatggcaaggcccagacccagtectcatatgg
ggccgagggcatgtttgtgtttttccacaggatgcaaascadmAGGAGAAACAAGAATGGTGGT
GGCTTTATATCGCAGATAGGAAGGAACAGACATTCGTATCTATGCCATATCATGTCTGTACATT
AA

35

Translation of ORF number 9 in reading frame 1 on the direct
strand
LWMPMLRVQLNVSGILLPSLRLWSERRIHLLDHGKAQTQSSYGAEGMEVEEFHRMOXXRRNKNGG
GFISQIGRNRHSYLCHIMSVH

36

ORF number 10 in reading frame 1 on the direct strand extends
from base 17263 to base 17661
cattatacccctcaatacctgaacacgtatcttctaagaacaagggecttttacatcagcacaa
tacaattattatattcaggaagtttaacattgatatggtattattgtctaatatgcaatccgta
ttcaaatttcctcaaatactccactaataccecgttacagtectttgtecttgtttttaagttcagg
atccaatcagggatcacacattgcatttggttgccattcctegttagcacacttecttggecttt
ttctttttaaatttttcatgeccattgatatttttgaggegtccaggcaaggtattttgtaaatt
agcccttaatttgaatttgtctcattggttactcctgattgtattcatcttaaatatttttgge
aaaaatacaacatag

37

Translation of ORF number 10 in reading frame 1 on the direct
strand
HYTPQYLNTYLLRTRAFYISTIQLLYSGSLTLIWYYCLICNPYSNFLKYSTNTRYSLCLVFKFR
IQSGITHCIWLPFLVSTLLGLFLFKFFMPLIFLRRPGKVFCKLALNLNLSHWLLLIVEFILNIFG
KNTT

38

ORF number 11 in reading frame 1 on the direct strand extends
from base 18964 to base 19221
ttcagtgctgacactgtctacctggatctgataatatcagatcccacaggtcaagggetcagte
ccacaggacggctgtcceccececcttcagatgeccaatcacaagtecgcaggttgtcacctatataca
ccaaatggctataaatcagggtacccgcgactceccecctecttgggttcagtaatttgecggaatgg
ttcacagaactcaggaaaacacattaccagtttattatgaaagactatgataaaggatatatat

ga

39

Translation of ORF number 11 in reading frame 1 on the direct
strand
FSADTVYLDLIISDPTGQGLSPTGRLSPPSDANHKSQVVTYIHQMAINQGTRDSLLGEFSNLPEW
FTELRKTHYQFIMKDYDKGY I

40

ORF number 12 in reading frame 1 on the direct strand extends
from base 19894 to base 20241
aggttagatatagatattttcctattatctcacaGCATTTATCTTAGAAATAAGAACTTGGTTA
GAATGATTGCCTTTCTGGTGAAGTCTATTTTATTTCAACATTTCTTTCATTATTTTATTTTAAA
Ataccaaattaacatgttgtatgccttaaatttgcacaatgttacatgtcaaatacattttttt
tttaaacttttacttattttaagtgtgttttcccaggacccatcagctccaagtcaagtagttt
caatcgagttgtggagggcgcagctcacagtggcccatgtggggattgaaccagcaaccttgtt
gttaagagctcacgctctaaccgactga
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41

Translation of ORF number 12 in reading frame 1 on the direct
strand
RLDIDIFLLSHSIYLRNKNLVRMIAFLVKSILFQHFFHYFILKYQINMLYALNLHNVTCQIHFF
FKLLLILSVESQDPSAPSQVVSIELWRAQLTVAHVGIEPATLLLRAHALTD

42

ORF number 13 in reading frame 1 on the direct strand extends
from base 21031 to base 21306
CATTTTAGAGTATACTCTTTGTGTATGTATCATTTGAAGCACACTCCCATTAGTGTTTACCATT
TTACTTGGGATTTTTATAAAAGTCATTCTATGGTGTTAAAGAGATTGTGCTGCAGTATAGTTTC
ACTGTGTACTGCAGTCCCAAAGGAAAGGGAGCCAGTAAAGACGTGCCGCTTTTTTTCCACAAGA
GTACCATATTTCTTAACGTTGGCTATAAAATTTTACTTCATGAGTCCCGAAGCAGCAAAATACC
TCTTTGAAAGTCACATTTGA

43

Translation of ORF number 13 in reading frame 1 on the direct
strand
HFRVYSLCMYHLKHTPISVYHFTWDEFYKSHSMVLKRLCCSIVSLCTAVPKEREPVKTCRFEFSTR
VPYFLTLAIKFYFMSPEAAKYLFESHI

44

ORF number 14 in reading frame 1 on the direct strand extends
from base 21622 to base 21849
TGTCTACATTTAATTCTTTGTAGTTGGAAGTTCACGAGGCTAAGCCCGTGCCAGAAAATCACCC
GCAGTGGGATACAGCAGTGGAGGGGGATGAAGACCAGGAGGACAGCGAGGGCTTTGAAGACAGC
TTTgaggaagaggaggaagaagaggaagatgacgaCTAAGCAGTACTGCAAACGGACCACAATA
CTTTCACATTTTCACTGTTTTGGAAGTGTAGAATAA

45

Translation of ORF number 14 in reading frame 1 on the direct
strand
CLHLILCSWKETRLSPCQKITRSGIQQWRGMKTRRTARALKTALRKRRKKRKMTTKQYCKRTTI
LSHFHCFGSVE

46

ORF number 15 in reading frame 1 on the direct strand extends
from base 22447 to base 22875
ctttggatgcctatgttaagagtgcagctgaacgtttectggecatecttectgeggtecectgagge
tttggtcagaaagaaggatccacttactggatcatggcaaggcccagacccagtectecatatgg
ggccgagggcatgtttgtgtttttccacaggatgcagaaggeccctecggtggectgecagaacgat
tggtgcgacatgtggaccctctacctgectgatgacattgatgaccctcagcaatgcagaagaag
accagacgtattgggcctacgtacttgatccacctattctccacecctgetgtgtgggatggtee
tgagattccagactatgtcaatgacacTCACGCCCTAGGATTGCCTTCTGATGGACACATAARAA
CATTTGGAAAGTTTTGTAAATCAGGCACTCCCTGCAGTCAGGTGA

47

Translation of ORF number 15 in reading frame 1 on the direct
strand
LWMPMLRVQLNVSGILLRSLRLWSERRIHLLDHGKAQTQSSYGAEGMFVEFFHRMQKALGGCQND
WCDMWTLYLLMTLMTLSNAEEDQTYWAYVLDPPILHPAVWDGPEIPDYVNDTHALGLPSDGHIK
HLESEFVNQALPAVR

48

ORF number 16 in reading frame 1 on the direct strand extends
from base 23074 to base 23310
tacttaaacaaccatcttttgttatgcttcctgttaatatctctggaccttggtatactaaaag
aaatttggcatgatgttaatgtgtctttagatatgtttcagcttcatgagaaaattcaaaatsc
admtcatcagcaggtagagggtccacatgtcgcaccaatcecgttctggcagecactgagggectt
ctgcatcctgtggaaaaacacaaacatgccctecggeccecatatga

49

Translation of ORF number 16 in reading frame 1 on the direct
strand
YLNNHLLLCFLLISLDLGILKEIWHDVNVSLDMFQLHEKIQONXXHQOVEGPHVAPIVLAATEGL
LHPVEKHKHALGPI

50

ORF number 17 in reading frame 1 on the direct strand extends
from base 23362 to base 23859
ccaaagcctgaggggcagcagaaggatgccagaaacgttcagetgecactettaccascadmetg
gcattccttacaatccacagggacaagggattgttgaacgcactcatggcacattaaaagtcaa
tttacaaaaaataaaaaagggggagtcatatcccctgacgccccataattatctgtectcattet
ctctttattcaaaattttttgaccttggatgecccatggtaagagtgectgcagagegettttgge
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atccttccactgccactcaggectttggtcaaatggaaagacccacttacgggectcttggcaagg
cccagatccagtcecctcatatggggccgagggcatgtttgtgttttteccacaggatgcagaagge
cctcggtggctgeccagaacgattggtgcgacatgtggacecctectacctgetgatgacattgatg
accctaagcaatgcagaagaagaccagacgtattgggcctatgtacctga

51

Translation of ORF number 17 in reading frame 1 on the direct
strand
PKPEGQQKDARNVQLHSYXXXGIPYNPQGQGIVERTHGTLKVNLQKIKKGESYPLTPHNYLSHS
LFIQONFLTLDAHGKSAAERFWHPSTATQALVKWKDPLTGSWQGPDPVLIWGRGHVCVFPQDAEG
PRWLPERLVRHVDPLPADDIDDPKQCRRRPDVLGLCT

52

ORF number 18 in reading frame 1 on the direct strand extends
from base 23947 to base 24384
tggacacatgaaacaacaTTTGGAAAGTTTTGTAAATCAGGCACTCCCTGCAGTCAGGTGACTG
ATTTACAAGACGGGACTAGAGACTGGTCTAAGAAATCTGTTAATATATCTGCTTGTGTTCCTTC
CCCATATACACTTTTGATTscadmttggtcaaatggaaagacccacttacaggctcttggcaag
gcccagatccagtcecctecatatggggeccgagggecatgtttgtgttttteccacaggatgcagaagg
ccctecggtggttgccagaacgattggtgcgacatgtggaccctctacctgetgatgacattgat
gaccctcagcaatacagaagaagaccagacgtattgggcctatgtacctgatccaccaatceccte
caccctgttgtatgggaaggtcctgagattccAGTscadmaaataaaactataa

53

Translation of ORF number 18 in reading frame 1 on the direct
strand
WITHETTFGKFCKSGTPCSQVTDLODGTRDWSKKSVNISACVPSPYTLLIXXWSNGKTHLQALGK
AQIQSSYGAEGMFVFFHRMOKALGGCONDWCDMWTLYLLMTLMTLSNTEEDQTYWAYVPDPPIL
HPVVWEGPEIPVXXIKL

54

ORF number 19 in reading frame 1 on the direct strand extends
from base 24625 to base 24948
cgccccataattacttgtectttttattcaaaattttttgactttggatgectatgttaagagtyg
cagctgaacgtttctggcatccttetgecgaccectgaggetttggtcagaaagaaggatccact
tactggatcatggcaaggcccagacccagtcctcatatggggccgagggecatgtttgtgttttt
ccacaggatgcagatagtcctcggtggectgeccagaacgattggtgcgacatgtggacectctac
ctgctgatgacattgatgaccctcagcaatgcagaagaagaccagacgtattgggecctacgtac
ctga

55

Translation of ORF number 19 in reading frame 1 on the direct
strand
RPIITCLFIQNFLTLDAYVKSAAERFWHPSADPEALVRKKDPLTGSWQGPDPVLIWGRGHVCVFEF
PODADSPRWLPERLVRHVDPLPADDIDDPQQCRRRPDVLGLRT

56

ORF number 20 in reading frame 1 on the direct strand extends
from base 25126 to base 25380
ACCACTGTTGTTAAAACTGTTAATATATCtgcttgtgttecctteccecttatatacttttgatta
aaaatattaatgtacacscadmagaacaggtctggggtattttccccaggggtcatagatttac
ctgtactccaccaaaaaactacaaaggcaataatttggaaaacagatacacctgtgtggataga
tcagtggccecttacacaggaaaagatatcggeccgeccaggegettgtacaggagecagettga

57

Translation of ORF number 20 in reading frame 1 on the direct
strand
TTVVKTVNISACVPSPYILLIKNINVHXXEQVWGIFPRGHREFTCTPPKNYKGNNLENRYTCVDR
SVAPYTGKDIGRPGACTGAA

58

ORF number 21 in reading frame 1 on the direct strand extends
from base 28306 to base 28737
ccttggatgcccatggtaagagtgetgcagagegettttggecatecttectactgecactcagge
tttggtcaaatggaaagacccacttacaggctcecttggcaaggcccagateccagtectecatatgg
ggccgagggcatgtttgtgtttttccacaggatgcagagggeccctcggtggectgecaagacgat
tggtgcgacatgtggaccctctacctgectgatgacattgatgaccctcagcaatgcagaagaag
accagacgtattgggcctatgttcctgatccaccaatecteccaccctgetgtatgggaaggtece
tgagattccagactatgtcaatgacactcacgccctaggattgeccTTCTGATGGACACATAAAA
CAACATTTGGAAAGTTTTGTAAATCAGGCACTCCCTGCAGTCAGGTGA
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59

Translation of ORF number 21 in reading frame 1 on the direct
strand
PWMPMVRVLOSAFGILLLPLRLWSNGKTHLQALGKAQIQSSYGAEGMEFVEFHRMOQRALGGCQDD
WCDMWTLYLLMTLMTLSNAEEDQTYWAYVPDPPILHPAVWEGPEIPDYVNDTHALGLPSDGHIK
QHLESFVNQALPAVR

60

ORF number 22 in reading frame 1 on the direct strand extends
from base 30907 to base 31191
ctttggatgcccatggtaaaagtgcagctgcacgttttttggcatccttcaactagecectecagg
ccttggtcaaatggaaggacccacttacgggtgtctggcaaggcccagatccagtectecatatg
gggccgagggcatgtttgtgtttttccacaggatgcagatagtccteggtggetgetagaacga
ttggtgcgacatgtggaccctctacctgectgatgacattgatgaccctcagcaatgcagaagaa
gaccagacgtattgggcctacgtacctga

61

Translation of ORF number 22 in reading frame 1 on the direct
strand
LWMPMVKVQLHVEFWHPSTSPQALVKWKDPLTGVWQGPDPVLIWGRGHVCVEFPQDADSPRWLLER
LVRHVDPLPADDIDDPQQCRRRPDVLGLRT

62

ORF number 23 in reading frame 1 on the direct strand extends
from base 31279 to base 32070
TGGACACATGAAACAACATTTGGAAAGTTTTGTAAATCAGGCACTCCCTGCAGTCAGGTGACTG
ACTTACAAGACGGGACTAGAGACTGGTCTAAGAAATCTGTTAATGTATCTGCTTGTGTTCCTTC
CCCTTATACACTTTTGATTGAAAATATTAATGTACATTTTGTAGGAGTTCAGTTTAtggaagat
gtgattcagagtataaaagttaaatcttatttagaatgtcattcagaatatcattggatacgtg
ttacttctaaaaggtataataatagtcaatatgattggaatcgggttcecgtttacatcttcaagg
aatttggcatgatgctaatgtgtctttagatascadmCGAGGAGTGCAGATAGAGCCGGCGGCG
GCGGCGCAGCGAGCGAGCAGTGACCGCGCTCCTACCCAGTTCTGCCCCACGGCTCCTACCTGCT
TGCCTCCCTCAGCCCCTCGCCCGGCTGTGACTAACCGCGACCATGATGTTCTCCAGCTTCAACG
CCGACTACGACGCGGCCTCTTCCCGCTGCAGCAGCGCCTCCCCAGCTGGGGACAGTCTCTCCTA
CTACCACTCACCCGCCGACTCCTTCTCCAGCATGGGCTCTCCTGTCAATGCGCAGGTAAGGCTG
GCTTCACCGAGCCCAGGGCTCGGGGTCACTGGGGTGGAGGCATCGGGCGGGAAGCTCAGGAAGA
CGAGTCGGGTACCCCTTTTGGCGGGGAGGGAGCAGCCCTAACTCGCGAGTCCCGGACTTGTGGG
GCGCTCACACACGCTTGTCAGTAA

63

Translation of ORF number 23 in reading frame 1 on the direct
strand
WITHETTFGKFCKSGTPCSQVTDLODGTRDWSKKSVNVSACVPSPYTLLIENINVHEVGVQFMED
VIQSIKVKSYLECHSEYHWIRVTSKRYNNSQYDWNRVRLHLOQGIWHDANVSLDXXRGVQIEPAA
AAQRASSDRAPTQFCPTAPTCLPPSAPRPAVINRDHDVLQLOQRRLRRGLFPLOQRLPSWGQSLL
LPLTRRLLLOQHGLSCQCAGKAGFTEPRARGHWGGGIGREAQEDESGTPFGGEGAALTRESRTCG
ALTHACQ

64

ORF number 24 in reading frame 1 on the direct strand extends
from base 34747 to base 35073
CAGACCTCCTGCCCTGGCGGATGCCATGGATTCCAGAGCCCTAGTCTCCCACCCCTCACTGTCG
CAGGACAGTCTGGGCATGTTTGCACATGCTCCTGCTGCACAGGGCACTCTCTCGTAATGTATCT
CAGAGTTCAGTCCCATAGATGGCCTTATAACGTAAGTACTCTTCTAAGCACTGAAGGACATTAT
CATCCACTTTGGGGTCAAACTTGTTGGCCAACAGGTGAGGGTTACGAAGAATCCAGTGCAGGTC
CCCAGCCCCATAAATGCAGATACCCCGCTGGTGGGTTCCAGAGCAAGGTCCATAAGGTGCCCCC
TTACTGA

65

Translation of ORF number 24 in reading frame 1 on the direct
strand
QTSCPGGCHGFQSPSLPPLTVAGQSGHVCTCSCCTGHSLVMYLRVQSHRWPYNVSTLLSTEGHY
HPLWGQTCWPTGEGYEESSAGPQPHKCRYPAGGFQSKVHKVPPY

66

ORF number 25 in reading frame 1 on the direct strand extends
from base 36097 to base 36516
GAGAAAGTCTCAGAGCGACAATGGCCAGCAGGAAATAGCAGCCCAGAGCCCACAGGTAGTGCTT
CTGGAAGAGTTTCTTCTTCCACCAAATCATCTTCATGGAATGGAAGATCGGTAGAATTTGGGCA
CCAGGAAGAAGAAGGATGGGATCCTTscadmACCCTGGCCGCGGGGGCGGCGCGCACCGTCCAC
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GCGTCCGGGGCCCAGCGGGGCCGGGCCCGGAGTCGGCATGAATCGCTGCTGGGCGCTCTTCCTG
TCTCTCTGCTGCTACCTGCGTCTGGTCAGCGCCGAGGTGAGTTGCGACAGCCGTGGGGCTGGTT
CGCTTCATTCATTGCCCCCACCCCCATCCCTGTTGCCCCCTCCCCTCCCTGCAGTGAACTTTGG
ACCCTTGCAGCCCGTGGGCCTGGCGCCCGGCGCTAG

67

Translation of ORF number 25 in reading frame 1 on the direct
strand
EKVSERQWPAGNSSPEPTGSASGRVSSSTKSSSWNGRSVEFGHQEEEGWDPXXTLAAGAARTVH
ASGAQRGRARSRHESLLGALPVSLLLPASGQRRGELRQPWGWFASFIAPTPIPVAPSPPCSELW
TLAARGPGARR

68

ORF number 26 in reading frame 1 on the direct strand extends
from base 36649 to base 36957
TCTTATCCCCCACCTCCTCAGAAACCCCAGAATAAGCCCCTAACTGGCCTAAGGGAGAGGGGGT
GGGGTGGTGCCGAGGGTGCAGAAGGCGGCGCGTCCTTCCAAGCCCACTTCAGTTCCAGCTTAGG
TTCTGTCCGGGAACCGGCTTGCACGGAAGGTGCGAGCTCGCGCACTGGTGGCAGCCACGCCAAC
CTACGGCAGGGGTTTGCGTCCCACCCTGGCTCCCGCTCCAGCTCTTGCTTGCTCGGCCCCAGAG
CGTGGTGCAGGAGCAGCTTGTGTCTTGGGCGCGGCGGGGGTACAGAGAGATAG

69

Translation of ORF number 26 in reading frame 1 on the direct
strand
SYPPPPQKPONKPLTGLRERGWGGAEGAEGGASFQAHFSSSLGSVREPACTEGASSRTGGSHAN
LRQGFASHPGSRSSSCLLGPRAWCRSSLCLGRGGGTER

70

ORF number 27 in reading frame 1 on the direct strand extends
from base 37270 to base 38031
GGTGAAGAGGCTCAGGGGCTGCGAGGAGCGCTACGCGCCTGGTCCCGTCCCGCCTCAGCTCGGL
GGCCGCCGGGAGCCCGCACCGAGCCGGCTCCTGGGAGGGCCGGCCCCTCTCGGGCCTCCAACGA
GGAGCAGGAAGGAGGCGGCGGCGGCGGCGAAGGGGTTAAGGTGAAGGGCTTCGAGGCCGLCGGLC
GGGCCTTGGGCCGCAGCCAGCGCAGGTTGTTTTGACCACGGAGGAGCCGTCTCCGTCTCCTTTT
GTTCTCGGGGCTCCTCGAGGGCCGCCGGCCGTCCGCCCTGGGGCCCCGCCCTTCCGCGGCCGTC
CCCCGTGGCCCGCACCCGGGAGGGAGGACGCGGGGATCAGCCTGGCTGCCTGCAGTCCCCTCCC
GACGCCCCCTCCTCTCCTCCTGCTGATGCCCCCCGGGCCGCGGCCAGCTGTTGGGGCGGGGGGL
GCCGGCCGGCCCCAGCTGCCGCCTCGCCGCggggecctgggggectgggecctgtgecagggegte
ctgggAACGGCGGCGCCCCAGCCGCTGCTCTCCGCAGCCCACCCCGCCCGGCCCCCCGACTCGL
TCACTCACCCCACGCATGCACACTCTTGGCCGGAGGCGATGCTGCGCTCCGGCGGGCGGGCGLG
CAGGGCGACGGGCACGCACTGGCGCGGCCGGGTegegegeccgeccgeccacgcccgtgecacatge
gggacacacgcgcgcgcactacacacacacacgcatggtecceccgecacacacggettga

71

Translation of ORF number 27 in reading frame 1 on the direct
strand
GEEAQGLRGALRAWSRPASARRPPGARTEPAPGRAGPSRASNEEQEGGGGGGEGVKVKGFEAAA
GPWAAASAGCEFDHGGAVSVSFCSRGSSRAAGRPPWGPALPRPSPVARTREGGRGDQPGCLQSPP
DAPSSPPADAPRAAASCWGGGRRPAPAAASPRGLGAGPCARASWERRRPSRCSPQPTPPGPPTR
SLTPRMHTLGRRRCCAPAGGRAGRRARTGAAGSRARRHARAHAGHTRAHYTHTRMVPAHTA

72

ORF number 28 in reading frame 1 on the direct strand extends
from base 38401 to base 38718
GCTTCCGAGGGGGCTCCCACCCCCCACTGTTCTGTGCTCTTTGCTGATCCCAGCCAGCACGCTG
CAGAGAGGCTGGGTGACAGCTGGATAAGGCTTTCCCGCCTGCCCTTACCATTCCCAGCTTCATC
CAGCACCTCCTCCTCCTTTCCCACAACTCCCTGGGTGTGTGTTTGGGGGGTGAGCCTATGGCAC
AGAAACTGGTGCCTGTCTCCTCACTTTAATCACAGCATCCTTGGACACATGGCTCTCAGGAACC
CACAGTTGTGTGGTGCTTTGCAGTTTACGAAGCACTTTCCTGCTAAGCCTTACTCTGAGTAA

73

Translation of ORF number 28 in reading frame 1 on the direct
strand
ASEGAPTPHCSVLFADPSQHAAERLGDSWIRLSRLPLPFPASSSTSSSFPTTPWVCVWGVSLWH
RNWCLSPHFNHSILGHMALRNPQLCGALQFTKHFPAKPYSE

74

ORF number 29 in reading frame 1 on the direct strand extends
from base 39607 to base 39849
TCCTCAGCCCAGGGTAGCCTAGAATGGCCACACTGCTCTTCACCAGGCATCCTCATTCGAGCCC
CCCCGGCCCCCCATCTTGAGAGACAAGCATATCTTTCTTTTCCATGTCTTGGGCTGCCAATATT

110
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GGACAGGACAGAGGGGAAGAAACAGAAGGAAAATCAGATCGCAAGGCTTCTGTGTATCTTGAGC
AGGCCTGGGCCTCAGTTGCCGCCGCGTGAGAATATGAGAAGGTTGGATTAG

75

Translation of ORF number 29 in reading frame 1 on the direct
strand
SSAQGSLEWPHCSSPGILIRAPPAPHLERQAYLSFPCLGLPILDRTEGKKQKENQIARLLCILS
RPGPQLPPRENMRRLD

76

ORF number 30 in reading frame 1 on the direct strand extends
from base 41215 to base 41634
gCAATCCAGGTTTCCTTGGCAGCTGAAGCTCTACAgtttctetgectectecactgttgacattt
ggggccagacagttcttgattgtgggggaggectgtcctgtgcatagtaggatgtttagcagcaa
ccctggectcectacctactagacaccagtagcaggeccteccagttgtgataaccaaaagtgecctee
agacctggccagtgteccecctgggggtcaCTCACTCCCTGCTCTATGACCTCCACTGGGTGAAGA
GTGGACCTGAACTGAAAACAGTCCATGAAAGAGGGAGGGGCCCGCTCTGCTCCTTACCAGTCGT
GTTGACCTTTAGCCATTTACTTAATTTTTCTAAGCCTCAGCTTCCTCATTTGGAAGACAGGGAT
ACAAACAGTGACAGCCTCTTGATTGTATTTGATTGA

77

Translation of ORF number 30 in reading frame 1 on the direct
strand
ATQVSLAAEALQFLCLSTVDIWGQTVLDCGGGCPVHSRMESSNPGLYLLDTSSRPPVVITKSAS
RPGQCPLGVTHSLLYDLHWVKSGPELKTVHERGRGPLCSLPVVLTFSHLLNFSKPQLPHLEDRD
TNSDSLLIVFED

78

ORF number 31 in reading frame 1 on the direct strand extends
from base 41872 to base 42114
GGGAATCATGCAGGAGAGAACCCCAGGGAGAAGGGGAGAGTCCTTCATGCATTTTACCAGTGTT
TAGTGAGCACCTACTCTGTGCTTTCCCCCAGTCTCTGTCCTGGGCTCTTCCCCGTGCAGGCTGG
GAGGGTGGGGTTCTGGGTTTGTTTCCATAAGACATCATCGTCTCTTTTTTATTATAGGCCGGGT
CCAGGGTGTCCACTGGGCCCAGCTGGGATCTGCCTACTCTGCCATGGCTAG

79

Translation of ORF number 31 in reading frame 1 on the direct
strand
GNHAGENPREKGRVLHAFYQCLVSTYSVLSPSLCPGLFPVQAGRVGFWVCFHKTSSSLEYYRPG
PGCPLGPAGICLLCHG

80

ORF number 32 in reading frame 1 on the direct strand extends
from base 42115 to base 42393
CAGCTGCAGCCAGCTCTCCAGTGGGCAAGGAGGTCTTGGCATGAGTGTTACGTGCCATTTGGTA
CTGGGTCTTCAGTCCGCTCTCCTAAGAGGTTAATTGATTCATTATGCCACAAACAGCCTGGGAG
ACCTGGCTGGGCACCCCCACTTCGGCTTCCTCTGCTGCTGCCTCTCCTGCCAACCCCAGACAGA
ATTAGAATTAAAATCAAATCAAATGGCTACAACCCCCTCAGTTCACAGGTGATAGCCAGGACCC
GAGAGGGGCAGCAACCAACCTGA

81

Translation of ORF number 32 in reading frame 1 on the direct
strand
QLOPALOQWARRSWHECYVPFGTGSSVRSPKRLIDSLCHKQPGRPGWAPPLRLPLLLPLLPTPDR
IRIKIKSNGYNPLSSQVIARTREGQQPT

82

ORF number 33 in reading frame 1 on the direct strand extends
from base 44644 to base 44922
AGGGTGGGGCTGTGGGAGGGGAGGCAGGCAGGGAGAAGGTGCCCAGGGCATCTGCACCCTGAGT
ATCCAGGTGTGGACTCAGCCAGGGAGGGTGGTGCTGGAGGAGCCACCTCCCTGTCTCTCTGGCC
AAAGGCCCGCTCTACAAGGTCTCCCGGGGACACCTGGCCGGGACCAGTGGGCAGCCCTGCCCGT
GCCCAAGAGGGCACTCAGAGAATGGGCACGTGCTTGGTGGCACACACGTGGCAGGGCTGGCGGG
CTGTGTCGGGAATGTATTTATAA

83

Translation of ORF number 33 in reading frame 1 on the direct
strand
RVGLWEGRQAGRRCPGHLHPEYPGVDSAREGGAGGATSLSLWPKARSTRSPGDTWPGPVGSPAR
AQEGTQRMGTCLVAHTWQGWRAVSGMYL

84

ORF number 34 in reading frame 1 on the direct strand extends
from base 44923 to base 45165
ACGCTGTCTTCAGAGCAAATTCCATTCTATTCTAACCTCTGGCCTGTTCCCTGGAGCCCTGGTC
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AGCACCCCCCTGCACCCCCAGCTCCCCTTCCCTCTGGGGTTTTGTCTCTTTGTCACTTTGTAAT
CCTTGCCCAGACTGCTATCTACGGGGGACAGCATTTCCTGCCTTTGTTTCCTCTCCCAGTTGGG
CCCCTGGCTCCCTCTCAAAAGCATTCCCCGGGCCCTTTCAAACCCGCCTAG T

85

Translation of ORF number 34 in reading frame 1 on the direct
strand
TLSSEQIPFYSNLWPVPWSPGOQHPPAPPAPLPSGVLSLCHEVILAQTAIYGGQHFLPLEFPLPVG
PLAPSQKHSPGPFKPA

86

ORF number 35 in reading frame 1 on the direct strand extends
from base 45313 to base 45786
CTTTTCTGCTGTTTCTTTCCAAGGTCCTTCGCCCCCACCCTCATATTGCCCCTCCACACCCCGG
GTGGGGGTCGGGTCGGAGAAGACGAGGTTTTCAATAGCAGGCCTGTTTCGAGGCAACCATGTGG
CTATTTTTTCCTAATCAACTTAACCTTTCCACAAAGCACATCTTTTCCCCATCTCCTCCCAACC
AGGGACATTCCAGAAATGGCAGAGAGAAAGGAATGGAGCCAGAGGGACAGACAGACACACTGTT
CGTGGGACAATAGGCTAGACGGAAGTGCATCAGTTTTAGGAAAGTCTGCTCTAAACAGGGCCCC
TTGGGAGCCCACAGGGACGAGCAATAGTTTTGTCATGGGCAGTGGCAGTGGGATGGGGAGACAG
TGTGACCCTGAGATGCTGTGTGGAGGGGGACAGAGCTTGTCCCCGACACCCTTCAGTGTATTTG
CTGGCTTTCAGCCATCAGAGAGCTAG

87

Translation of ORF number 35 in reading frame 1 on the direct
strand
LEFCCFFPRSFAPTLILPLHTPGGGRVGEDEVENSRPVSRQPCGYFFLINLTFPQSTSEFPHLLPT
RDIPEMAERKEWSQRDRQTHCSWDNRLDGSASVLGKSALNRAPWEPTGTSNSEVMGSGSGMGRQ
CDPEMLCGGGQSLSPTPFSVFAGFQPSES

88

ORF number 36 in reading frame 1 on the direct strand extends
from base 45787 to base 46023
AAGAGTCTGCCCACCATTCAACGTCAAGCTCAAAGTTCCCCTGTCCAGCCCTCACTTTCCGCAG
CCGGCTTCCGGCTGCCTCTACCCAGAGGGATGTCTCCAAGGAGTGCTGATGGTGCTGAGATGAG
GGCCTCCAGGCTAGAGAAGGGAGCTGTAGTTGTGACCTTAGGAATAAATGTACAGCTTAGGGCA
GGCATGGGGCAAAAGGTCAGAGGGAGAGAGACAGAAACACAATGA

89

Translation of ORF number 36 in reading frame 1 on the direct
strand
KSLPTIQRQAQSSPVQPSLSAAGFRLPLPRGMSPRSADGAEMRASRLEKGAVVVTLGINVQLRA
GMGQKVRGRETETQ

90

ORF number 37 in reading frame 1 on the direct strand extends
from base 46072 to base 46383
GGGCTCCCCTATCCCAGCAGTTCCAGctcecctacctectetetgectttagtececccacecccacce
caccccacccctcectecttecccaccctetectecegeccaacTGAACCATTGTCAGGGGCTCCACA
GGGGCTGTGTCCAGGGCATGCTGGTCCCCCCTGGGGACTATGGGAATTTCTCCATTCAGCACTT
CCTATGGGAACGCTGGGTGGAGGGGCACTGGAAAGTGGCCTCAGAGCTCTGGGTCCTTGCCCTG
CCCTGGAGGCCGAGGAGGGTTCGCTTACAGTAGCAAAAGGGAACGGTTATTTTTAA

91

Translation of ORF number 37 in reading frame 1 on the direct
strand
GLPYPSSSSSLPLSAFSPHPTPPHPSPSHPLSRPTEPLSGAPQGLCPGHAGPPWGLWEFLHSAL
PMGTLGGGALESGLRALGPCPALEAEEGSLTVAKGNGYF

92

ORF number 38 in reading frame 1 on the direct strand extends
from base 46576 to base 46890
GGGGCAAGAGGCAATCCTTCCGTCTGTCCCAGAGCCCCCACTGGAGTCCCCAGCCCGTGGTATG
ACCAGCCAGCACTTGTCACAGTGCTTCTGACTGTGCCTTCTCTTGCAGATGAAGACGGGGCTGA
GTTGGACCTGAATTTGACTCAGTCCCATTCTGGAGGCAAGCTGGAGAGCTTATCCCGAGGGAGA
AGGAGCCTAGGTAAGAATGAGGGTGCAAACGGGGGCCCCTCAAAGGTGGGGGCCAGGGAAGAAG
AACTGAGCACACAGCCTGCCGGAGGCTGTGAGGGTGGGCCCTGTTTGTCCCACACTTAG

93

Translation of ORF number 38 in reading frame 1 on the direct
strand
GARGNPSVCPRAPTGVPSPWYDQPALVTVLLTVPSLADEDGAELDLNLTQSHSGGKLESLSRGR
RSLGKNEGANGGPSKVGAREEELSTQPAGGCEGGPCLSHT
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94

ORF number 39 in reading frame 1 on the direct strand extends
from base 47176 to base 47406
GGGCTGTGGCCTGGGACAGCAGGCATGGAGCAAGCCTGGGACCTGCCTCCTGCTGTACTGCAGA
AACCAAAAGGAGAATGTAGATCAGGGAAGGCAAGTGCCCACTCCACGCCCCTCTTCCTCTGTGC
CCACCTGCAGTCCCCAAAACACTGTAGACAGTGGCTGGGGGGCCTCCAGGTAAGAGTCAGTGGC
CTGAGTTCCACTCTTTGCTCTGTGAATTTGGGCATCTAA

95

Translation of ORF number 39 in reading frame 1 on the direct
strand
GLWPGTAGMEQAWDLPPAVLOQKPKGECRSGKASAHSTPLFLCAHLQSPKHCROQWLGGLQVRVSG
LSSTLCSVNLGI

96

ORF number 40 in reading frame 1 on the direct strand extends
from base 47863 to base 48297
CAGCCAGTACTTAAAACCTCCCCTGACGTGGAAGGAAGAGGGAATCGGCCAACCGTTTTGGAGG
TGCTCCACTTCCTGCCGGCTAGGGGCCCTGAGCAGCCCTCCACCCCACTCCTGACGGAGTTCCC
TCTCCCTTCAGATTCCCAGCCGGTCGCCGAGCCAGCCATGATCGCGGAGTGTAAAACGCGCACT
GAGGTGTTTGAGATCTCCCGGCGCCTGGTTGACCGCACCAACGCCAACTTCCTGGTGTGGCCGC
CCTGCGTGGAGGTGCAGCGCTGCTCCGGCTGCTGCAACAATCGCAACGTGCAGTGCCGCCCCAC
CCAGGTGCAGCTGCGACATGTCCAGGTGTGCAGGCCCCACGTCCCCTCCTGGGCTGGCCCAGCT
GAGAGCAGGGGCTGCCCCTCTGGGGCTGGCACTCACGGACCAGGCTCTTGA

97

Translation of ORF number 40 in reading frame 1 on the direct
strand
QPVLKTSPDVEGRGNRPTVLEVLHFLPARGPEQPSTPLLTEFPLPSDSQPVAEPAMIAECKTRT
EVFEISRRLVDRTNANFLVWPPCVEVQRCSGCCNNRNVQCRPTQVQLRHVQVCRPHVPSWAGPA
ESRGCPSGAGTHGPGS

98

ORF number 41 in reading frame 1 on the direct strand extends
from base 48298 to base 48570
ATGCGTCAAAAGGCATTCCTGGCAGGGTGTGGGCTCAGTCCAGAGAAGGCGCTCTCAGGAAGCT
CTCCGGACAGGTGTGCGGAGGCTGCCCAAGAATCCTCTATGGCCTCCCAAGCCACTGTGACAAA
AAGTCACAGGCAGACCTCCAGACAGGCTGGGTATGGGACATTAAGTAAAAGGCATTGCCTCATT
CTTTACAGGGATAAAATCCCAAAATGTCTCTTGAAGAGACATGTCTACAAACATATTGGACCCT
CAGGATGTTCTGGGTAG

99

Translation of ORF number 41 in reading frame 1 on the direct
strand
MRQKAFLAGCGLSPEKALSGSSPDRCAEAAQESSMASQATVTKSHRQTSRQAGYGTLSKRHCLI
LYRDKIPKCLLKRHVYKHIGPSGCSG

100

ORF number 42 in reading frame 1 on the direct strand extends
from base 49246 to base 49800
AGCCTCCCCTCACTTCCTTCCAGACAACCATCTCCCGCCTCTGCCACAGCCCCTGACCTTGGCT
GGCGCTCCAGGAATGAGGACACCACAGGCTCCACGCTCCACCCGGAAATGCCTTTCTCCCTCTC
TGAGAGCACCGAGGGGGGCTGTGGCCAAGCTGGAGGCCAGGTCGGGAGGGCTTGTTTTGATGGA
AAAGCTACAAGAAGGGCAGAGGGCAAGGTCCTGCTATTGTTTTGGCCGCAGTGTCTGCACTGCT
GCTCTTCAGGCTTTCGAGGAAAGATTCCCCACAGAGGACGCTGGGGTGGGAAGAGAAGGCAGGC
AGCTACCTCAGCCCCTGCCCAAGTGGTCTTACAGAGGCACTTGGGTGGTTCTGTCCTCCAGGTG
AGGAAGATCGAGATTGTACGGAAGAAGCCAAGCTTTAAGAAGGCCACAGTGACCCTGGAGGACC
ACCTGGCGTGCAAGTGTGAGACGGTAGTGGCTGCACGACCTGTGACCCGAAGCCCAGGGAGTTC
CCAGGAGCAGCGAGGTAACCTTCAGTCCAGGGTTGGTCTCTGA

101

Translation of ORF number 42 in reading frame 1 on the direct
strand
SLPSLPSRQPSPASATAPDLGWRSRNEDTTGSTLHPEMPFSLSESTEGGCGQAGGQVGRACFEFDG
KATRRAEGKVLLLFWPQCLHCCSSGFRGKIPHRGRWGGKRRQAATSAPAQVVLQRHLGGSVLQV
RKIEIVRKKPSFKKATVTLEDHLACKCETVVAARPVTRSPGSSQEQRGNLQSRVGL

102

ORF number 43 in reading frame 1 on the direct strand extends
from base 53419 to base 536897
TATTGTTCCCCTCGTCCGTCTGTCTCGATGCCTGATTCGGACGGCCAATGGTGCTTCCCCGCCC
CTCCACGCGTCCGTCCACCCCTCTGCCAGTGGGTCTCCCCTCAGTGGCscadmCTCAGGGGCTG
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CGAGGAGCGCTACGCGCCTGGTCCCGTCCCGCCTCAGCTCGGCGGCCGCCGGGAGCCCGCACCG
AGCCGGCTCCTGGGAGGGCCGGCCCCTCTCGGGCCTCCAACGAGGAGCAGGAAGGAGGCGGLCGG
CGGCGGCGAAGGGGTTAAGGTGA

103

Translation of ORF number 43 in reading frame 1 on the direct
strand
YCSPRPSVSMPDSDGQWCEFPAPPRVRPPLCOWVSPOWXXLRGCEERYAPGPVPPQLGGRREPAP
SRLLGGPAPLGPPTRSRKEAAAAAKGLR

104

ORF number 44 in reading frame 1 on the direct strand extends
from base 53698 to base 54324
AGGGCTTCGAGGCCGCGGCCGGGCCTTGGGCCGCAGCCAGCGCAGGTTGTTTTGACCACGGAGG
AGCCGTCTCCGTCTCCTTTTGTTCTCGGGGCTCCTCGAGGGCCGCCGGCCGTCCGCCCTGGGGL
CCCGCCCTTCCGCGGCCGTCCCCCGTGGCCCGCACCCGGGAGGGAGGACGCGGGGATCAGCCTG
GCTGCCTGCAGTCCCCTCCCGACGCCCCCTCCTCTCCTCCTGCTGATGCCCCCCGGGCCGCGGC
CAGCTGTTGGGGCGGGGGGCGCCGGCCGGCCCCAGCTGCCGCCTCGCCGCggggectggggget
gggccctgtgeccagggegtectgggAACGGCGGCGCCCCAGCCGCTGCTCTCCGCAGCCCACCC
CGCCCGGCCCCCCGACTCGCTCACTCACCCCACGCATGCACACTCTTGGCCGGAGGCGATGCTG
CGCTCCGGCGGGCGGGCGCGCAGGGCGACGGGCACGCACTGGCGCGGCCGGGTegegecgeccecge
cgccacgcccgtgcacatgegggacacacgcgecgegcactacacacacacacgcatggteececeg
cacacacggcttgagcacacgtgcgcgcacacccacgcacgcacAGCCTAG

105

Translation of ORF number 44 in reading frame 1 on the direct
strand
RASRPRPGLGPQPAQVVLTTEEPSPSPFVLGAPRGPPAVRPGAPPFRGRPPWPAPGREDAGISL
AACSPLPTPPPLLLLMPPGPRPAVGAGGAGRPQLPPRRGAWGLGPVPGRPGNGGAPAAALRSPP
RPAPRLAHSPHACTLLAGGDAALRRAGAQGDGHALARPGRAPAATPVHMRDTRARTTHTHAWSP
HTRLEHTCAHTHARTA

106

ORF number 45 in reading frame 1 on the direct strand extends
from base 54394 to base 54621
CTCTGTTTCCTTCTTGGGTGTTCTGAGGGAGGGGAAACAGGAACCCTCCCTCGGGTCCCTCTCC
ACAGCACCCATGGGTGTGTTTTTTTTTTTTTTTGGTCAGGTCAGTTCCACACCCTTTGCGCATT
ACCCTTCTATGATTGCTTTCTTTCAGCCACTCCCATGTGGCTGAAAATAGTGTCGATGTGCTTG
GGGGGTACTGTTCAGAGCATTTCTCCCTTCAAGTAA

107

Translation of ORF number 45 in reading frame 1 on the direct
strand
LCFLLGCSEGGETGTLPRVPLHSTHGCVFFFFWSGQFHTLCALPFYDCFLSATPMWLKIVSMCL
GGTVQSISPFK

108

ORF number 46 in reading frame 1 on the direct strand extends
from base 54838 to base 55116
GCCTATGGCACAGAAACTGGTGCCTGTCTCCTCACTTTAATCACAGCATCCTTGGACACATGGC
TCTCAGGAACCCACAGTTGTGTGGTGCTTTGCAGTTTACGAAGCACTTTCCTGCTAAGCCTTAC
TCTGAGTAAGCAAGCCTCAGGCAGCTCTTGGGGAAGAGACCTAAAGGGAAAACCTATCGACATG
GGGACCAGTCCAGGAAGGTGGACTTCAGGAGATCTTACTGGCAGAGGTGGCCTTGGGGCTGGCC
ACGTCTCAGGCCTGTGTGGCTGA

109

Translation of ORF number 46 in reading frame 1 on the direct
strand
AYGTETGACLLTLITASLDTWLSGTHSCVVLCSLRSTFLLSLTLSKQASGSSWGRDLKGKPIDM
GTSPGRWTSGDLTGRGGLGAGHVSGLCG

110

ORF number 47 in reading frame 1 on the direct strand extends
from base 56464 to base 56892
ATTAGGCCTGAGACTCTCAGGCAGGCTGGCGCTTGGAGGTATGGTCGGCTTCTGCCTCTGCCAA
CCATAGACAACGCCCCTGGGTGCTGGGGCCAAGAGCGACGTCCTCTCTCAGCTGAACGGCGCAC
TGGGGAgtgtgtatctgtgtgcagagtgtgtgtctgtgtgCGCTGGGGCCCAGGTGGAGGGTGG
GGTCCAAGCCCCTTTGATCTGCCAGCATGGTTGGGAGCAGGTAATTCACCTGGCCTCACGCTTC
CTACCTTCTGCAGCTGGTGTTGGGGGTGGGGTGGGGTGGGGAAGAGACTGTTTGCCTTGGCTCC
CAAGGCTGGCTGTGCCCCAGCTGCCTTCTCGCCACGCCCTCACCCTGCTAGGAACCCCAGGCCT
GAGATCTGGGACAGTTTCCTCATAGTACCAAGCCTCCTTTCCTAG
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111

Translation of ORF number 47 in reading frame 1 on the direct
strand
IRPETLRQAGAWRYGRLLPLPTIDNAPGCWGQERRPLSAERRTGECVSVCRVCVCVRWGPGGGW
GPSPFDLPAWLGAGNSPGLTLPTFCSWCWGWGGVGKRLFALAPKAGCAPAAFSPRPHPARNPRP
EIWDSFLIVPSLLS

112

ORF number 48 in reading frame 1 on the direct strand extends
from base 57937 to base 58194
GAGTTAGTTGTGGTATTATCAAACCCAGGGCCTCTTAGTGAGTTCTGGGCACCCAGTGGTCAAA
TTGCTAGAAGCATGTGCAGGAATGACCTCTCTGCTAAGAATAAAGTGGACTCTATAGGAAACAA
TTTGCATGTGTGGGGGGTGGTATGGGAGACTATCCCAGGTGGTCCTCCTGGTGGAGGAGGTGAG
GGAATCATGCAGGAGAGAACCCCAGGGAGAAGGGGAGAGTCCTTCATGCATTTTACCAGTGTTT
AG

113

Translation of ORF number 48 in reading frame 1 on the direct
strand
ELVVVLSNPGPLSEFWAPSGQIARSMCRNDLSAKNKVDSIGNNLHVWGVVWETIPGGPPGGGGE
GIMQERTPGRRGESEFMHFTSV

114

ORF number 49 in reading frame 1 on the direct strand extends
from base 58198 to base 58467
GCACCTACTCTGTGCTTTCCCCCAGTCTCTGTCCTGGGCTCTTCCCCGTGCAGGCTGGGAGGGT
GGGGTTCTGGGTTTGTTTCCATAAGACATCATCGTCTCTTTTTTATTATAGGCCGGGTCCAGGG
TGTCCACTGGGCCCAGCTGGGATCTGCCTACTCTGCCATGGCTAGCAGCTGCAGCCAGCTCTCC
AGTGGGCAAGGAGGTCTTGGCATGAGTGTTACGTGCCATTTGGTACTGGGTCTTCAGTCCGCTC
TCCTAAGAGGTTAA

115

Translation of ORF number 49 in reading frame 1 on the direct
strand
APTLCFPPVSVLGSSPCRLGGWGSGFVSIRHHRLEFFITIGRVQGVHWAQLGSAYSAMASSCSQLS
SGQGGLGMSVTCHLVLGLQSALLRG

116

ORF number 50 in reading frame 1 on the direct strand extends
from base 59461 to base 59850
GGCACTGAGTTGTTAGACCCAAGGTTAAACAGTGGTAAGTCAAGTCAGCTGACACCCTCCCAGG
GCTCCTCCCACGAGACCATGCCGTCCTGTGTGTTTGTGCACACACGTGTGTGTTTGTGCACACA
CGTGTGTGTTTGCCTGGGAGTGAGTGCGGAGGTACAGCAGCATCTTATGCATTTTCTTTGCCCT
GAGGCGCTGCGTGTCAGCTTTGTGTATCTCAGATTCTCATCTGCCCTCACTTCTTTCTCTAGAC
CTCTGGCTTCAGCCCCTTGGGTCTCCCTGGACAGGGGGGGATGTGGCTGCGTCCTTCCTATCGG
GCTGCTCTCATGTCATTGTGGGTCCTGTGGTTTCCCTGGAGGAAGCCCAGCTCCGAGTGGGGCC
TGTTAA

117

Translation of ORF number 50 in reading frame 1 on the direct
strand
GTELLDPRLNSGKSSQLTPSQGSSHETMPSCVEVHTRVCLCTHVCVCLGVSAEVQQHLMHEFLCP
EALRVSEVYLRFSSALTSESRPLASAPWVSLDRGGCGCVLPIGLLSCHCGSCGFPGGSPAPSGA
C

118

ORF number 51 in reading frame 1 on the direct strand extends
from base 60442 to base 60786
CCCGGCTGTCCACCTGTCCATGTCCAAGAGGCCCCGTGGGAACTTTCTGTAGGGGATAGTGTCT
GTTGGGGCGAAGAGGGCTGTGGCTGGAAAGTCCTTACTCCCAGCGTGTTTGCCTGGCAGGGGGA
CCCCATTCCTGAGGAACTCTATGAGATGCTGAGTGACCACTCGATCCGCTCCTTCGATGACCTC
CAGCGCCTGCTGCACGGAGACTCCGTAGGTAAATTGAATCCTCGCCCAGGGCTCTGGCCCTCCA
CTGAGTCCTCGCGTGCCAGGGGGTGGGGAGTGGGTGCCGGGCAAGGGCCATCCTCTCTTTTGTG
CCATCCAGAGACCTGTGGCAGCTGA

119

Translation of ORF number 51 in reading frame 1 on the direct
strand
PGCPPVHVQEAPWELSVGDSVCWGEEGCGWKVLTPSVFAWQGDPIPEELYEMLSDHSIRSEFDDL
QRLLHGDSVGKLNPRPGLWPSTESSRARGWGVGAGQGPSSLLCHPETCGS

120

ORF number 52 in reading frame 1 on the direct strand extends
from base 60787 to base 61305
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GGGAGGACTTGGCCACACCTGTCTGGGGCAGGGCTGAGTAGGCGGACGGGCTGGTACCTAGGGT
GTGAGGTGTGGCAGGAGAAGCATCCACATGTGGCTCTGGCTTGGGGTAGAGGGTGGGGCTGTGG
GAGGGGAGGCAGGCAGGGAGAAGGTGCCCAGGGCATCTGCACCCTGAGTATCCAGGTGTGGACT
CAGCCAGGGAGGGTGGTGCTGGAGGAGCCACCTCCCTGTCTCTCTGGCCAAAGGCCCGCTCTAC
AAGGTCTCCCGGGGACACCTGGCCGGGACCAGTGGGCAGCCCTGCCCGTGCCCAAGAGGGCACT
CAGAGAATGGGCACGTGCTTGGTGGCACACACGTGGCAGGGCTGGCGGGCTGTGTCGGGAATGT
ATTTATAAACGCTGTCTTCAGAGCAAATTCCATTCTATTCTAACCTCTGGCCTGTTCCCTGGAG
CCCTGGTCAGCACCCCCCTGCACCCCCAGCTCCCCTTCCCTCTGGGGTTTTGTCTCTTTGTCAC
TTTGTAA

121

Translation of ORF number 52 in reading frame 1 on the direct
strand
GRTWPHLSGAGLSRRTGWYLGCEVWQEKHPHVALAWGRGWGCGRGGRQGEGAQGICTLSIQVWT
QPGRVVLEEPPPCLSGQRPALQGLPGTPGRDOQWAALPVPKRALREWARAWWHTRGRAGGLCREC
IYKRCLOSKFHSILTSGLFPGALVSTPLHPQLPFPLGEFCLEVTL

122

ORF number 53 in reading frame 1 on the direct strand extends
from base 61306 to base 61710
TCCTTGCCCAGACTGCTATCTACGGGGGACAGCATTTCCTGCCTTTGTTTCCTCTCCCAGTTGG
GCCCCTGGCTCCCTCTCAAAAGCATTCCCCGGGCCCTTTCAAACCCGCCTAGGCCGGGGGCTGA
TGATGCAGGCAGGAGGGGGCCCCAGCTGGGCCCACCTATTGTTCACCAGGCCCCCCACCCGATG
TCTCCCACACCCCCACCCCATGCCCGACTGGCCAGCCCTGGCCAACACAATGGGGCAACTTCCA
AATTTAGCTTTTCTGCTGTTTCTTTCCAAGGTCCTTCGCCCCCACCCTCATATTGCCCCTCCAC
ACCCCGGGTGGGGGTCGGGTCGGAGAAGACGAGGTTTTCAATAGCAGGCCTGTTTCGAGGCAAC
CATGTGGCTATTTTTTCCTAA

123

Translation of ORF number 53 in reading frame 1 on the direct
strand
SLPRLLSTGDSISCLCFLSQLGPWLPLKSTIPRALSNPPRPGADDAGRRGPQLGPPIVHQAPHPM
SPTPPPHARLASPGQHNGATSKFESFSAVSFQGPSPPPSYCPSTPRVGVGSEKTREFSIAGLERGN
HVAIFS

124

ORF number 54 in reading frame 1 on the direct strand extends
from base 61879 to base 62169
ACAGGGCCCCTTGGGAGCCCACAGGGACGAGCAATAGTTTTGTCATGGGCAGTGGCAGTGGGAT
GGGGAGACAGTGTGACCCTGAGATGCTGTGTGGAGGGGGACAGAGCTTGTCCCCGACACCCTTC
AGTGTATTTGCTGGCTTTCAGCCATCAGAGAGCTAGAAGAGTCTGCCCACCATTCAACGTCAAG
CTCAAAGTTCCCCTGTCCAGCCCTCACTTTCCGCAGCCGGCTTCCGGCTGCCTCTACCCAGAGG
GATGTCTCCAAGGAGTGCTGATGGTGCTGAGATGA

125

Translation of ORF number 54 in reading frame 1 on the direct
strand
TGPLGSPQGRAIVLSWAVAVGWGDSVTLRCCVEGDRACPRHPSVYLLAFSHQRARRVCPPEFNVK
LKVPLSSPHFPQPASGCLYPEGCLQGVLMVLR

126

ORF number 55 in reading frame 1 on the direct strand extends
from base 62218 to base 62616
ATGTACAGCTTAGGGCAGGCATGGGGCAAAAGGTCAGAGGGAGAGAGACAGAAACACAATGAGG
GACTGGGAGATGGAGAGAGACCAAGACCTAGAAGGACGCTGGGTGAGGGCTCCCCTATCCCAGC
AGTTCCAGctccctacctectetetgectttagteccccacecccacceccaccccaccectetectt
cccaccctctcectececegeccaacTGAACCATTGTCAGGGGCTCCACAGGGGCTGTGTCCAGGGCA
TGCTGGTCCCCCCTGGGGACTATGGGAATTTCTCCATTCAGCACTTCCTATGGGAACGCTGGGT
GGAGGGGCACTGGAAAGTGGCCTCAGAGCTCTGGGTCCTTGCCCTGCCCTGGAGGCCGAGGAGG
GTTCGCTTACAGTAG

127

Translation of ORF number 55 in reading frame 1 on the direct
strand
MYSLGQAWGKRSEGERQKHNEGLGDGERPRPRRTLGEGSPIPAVPAPYLSLPLVPTPPHPTPLL
PTLSPAQLNHCQGLHRGCVQGMLVPPGDYGNFSIQHFLWERWVEGHWKVASELWVLALPWRPRR
VRLQ

128

ORF number 56 in reading frame 1 on the direct strand extends
from base 62677 to base 62925
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AGAGCCCAGAGTGGGGCTGAAGGCCCTCCGAGGGTACAGTCTGGGCCCCATCACCTCCTGAACC
CCATGGCCACCCTGGGGTTTGCCTGGAGGGCGCCTCCTCAGAGGCAGGGAGCCAGAAGGGGAGT
ATGTTCTCTGGAGTGGGGTCCCAGTGAGGGGCAAGAGGCAATCCTTCCGTCTGTCCCAGAGCCC
CCACTGGAGTCCCCAGCCCGTGGTATGACCAGCCAGCACTTGTCACAGTGCTTCTGA

129

Translation of ORF number 56 in reading frame 1 on the direct
strand
RAQSGAEGPPRVQSGPHHLLNPMATLGFAWRAPPQRQGARRGVCSLEWGPSEGQEAILPSVPEP
PLESPARGMTSQHLSQCF

130

ORF number 57 in reading frame 1 on the direct strand extends
from base 63295 to base 63612
ccctattttataaaattggagactggagcccagagaagggaaagaagtggectgtggtgacacag
ctagcatgtggtacggctgggatcccaaTAGCTCTTCTCAGTGCCGCCTGCTGTGTGTCTCTGC
TGTGGCTAAGGGCTGTGGCCTGGGACAGCAGGCATGGAGCAAGCCTGGGACCTGCCTCCTGCTG
TACTGCAGAAACCAAAAGGAGAATGTAGATCAGGGAAGGCAAGTGCCCACTCCACGCCCCTCTT
CCTCTGTGCCCACCTGCAGTCCCCAAAACACTGTAGACAGTGGCTGGGGGGCCTCCAGGTAA

131

Translation of ORF number 57 in reading frame 1 on the direct
strand
PYFIKLETGAQRRERSGCGDTASMWYGWDPNSSSQCRLLCVSAVAKGCGLGQQAWSKPGTCLLL
YCRNQKENVDQGRQVPTPRPSSSVPTCSPONTVDSGWGASR

132

ORF number 58 in reading frame 1 on the direct strand extends
from base 63946 to base 64236
AATGGATGGGGGCTGGCGGAAGGAAACTGGCATTTACAACATGCAGCAGCCTCTGAATTACCTC
ACTTGATCCTGACAGTGGTTCTTGGGTGTAGACCTCATCACCCCCACTTGCACAGGGGGAAACA
GATTCAGAACCCATCAGCGACCTGCCCAAATACCATGGCTGATAACAGCCAGTACTTAAAACCT
CCCCTGACGTGGAAGGAAGAGGGAATCGGCCAACCGTTTTGGAGGTGCTCCACTTCCTGCCGGC
TAGGGGCCCTGAGCAGCCCTCCACCCCACTCCTGA

133

Translation of ORF number 58 in reading frame 1 on the direct
strand
NGWGLAEGNWHLQHAAASELPHLILTVVLGCRPHHPHLHRGKQIQNPSATCPNTMADNSQYLKP
PLTWKEEGIGQPFWRCSTSCRLGALSSPPPHS

134

ORF number 59 in reading frame 1 on the direct strand extends
from base 64288 to base 64677
TCGCGGAGTGTAAAACGCGCACTGAGGTGTTTGAGATCTCCCGGCGCCTGGTTGACCGCACCAA
CGCCAACTTCCTGGTGTGGCCGCCCTGCGTGGAGGTGCAGCGCTGCTCCGGCTGCTGCAACAAT
CGCAACGTGCAGTGCCGCCCCACCCAGGTGCAGCTGCGACATGTCCAGGTGTGCAGGCCCCACG
TCCCCTCCTGGGCTGGCCCAGCTGAGAGCAGGGGCTGCCCCTCTGGGGCTGGCACTCACGGACC
AGGCTCTTGAATGCGTCAAAAGGCATTCCTGGCAGGGTGTGGGCTCAGTCCAGAGAAGGCGCTC
TCAGGAAGCTCTCCGGACAGGTGTGCGGAGGCTGCCCAAGAATCCTCTATGGCCTCCCAAGCCA
CTGTGA

135

Translation of ORF number 59 in reading frame 1 on the direct
strand
SRSVKRALRCLRSPGAWLTAPTPTSWCGRPAWRCSAAPAAATIATCSAAPPRCSCDMSRCAGPT
SPPGLAQLRAGAAPLGLALTDQALECVKRHSWQGVGSVQRRRSQEALRTGVRRLPKNPLWPPKP
L

136

ORF number 60 in reading frame 1 on the direct strand extends
from base 65287 to base 65886
TCTGGTGACTTCACCACGCCCCCTCCCCTGCGGTCAGCTGTGGCCCTTCCTCTTGCCCACCTTC
CATCCCAGGGCTGGGCCCTGAGCCCGAGATTACGAGTGTCACTCTCCACCCCACCTCCCACTGC
CATGGTATCTCCTGTCCCCAATGCTTCCAGCTCTATGGATGGACACCTGACAGCTGACCTCCCC
CTTCCCGCCTCCCTCCTGGATAAAGCCTCCCCTCACTTCCTTCCAGACAACCATCTCCCGCCTC
TGCCACAGCCCCTGACCTTGGCTGGCGCTCCAGGAATGAGGACACCACAGGCTCCACGCTCCAC
CCGGAAATGCCTTTCTCCCTCTCTGAGAGCACCGAGGGGGGCTGTGGCCAAGCTGGAGGCCAGG
TCGGGAGGGCTTGTTTTGATGGAAAAGCTACAAGAAGGGCAGAGGGCAAGGTCCTGCTATTGTT
TTGGCCGCAGTGTCTGCACTGCTGCTCTTCAGGCTTTCGAGGAAAGATTCCCCACAGAGGACGC
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TGGGGTGGGAAGAGAAGGCAGGCAGCTACCTCAGCCCCTGCCCAAGTGGTCTTACAGAGGCACT
TGGGTGGTTCTGTCCTCCAGGTGA

137

Translation of ORF number 60 in reading frame 1 on the direct
strand
SGDFTTPPPLRSAVALPLAHLPSQGWALSPRLRVSLSTPPPTAMVSPVPNASSSMDGHLTADLP
LPASLLDKASPHFLPDNHLPPLPQPLTLAGAPGMRTPQAPRSTRKCLSPSLRAPRGAVAKLEAR
SGGLVLMEKLQEGQRARSCYCFGRSVCTAALQAFEERFPTEDAGVGREGRQLPQPLPKWSYRGT
WVVLSSR

138

ORF number 61 in reading frame 1 on the direct strand extends
from base 65995 to base 66225
CCCGAAGCCCAGGGAGTTCCCAGGAGCAGCGAGGTAACCTTCAGTCCAGGGTTGGTCTCTGATT
GCTCAGCCTGGCCAGCCCCTTCTCCTGTGGCAGCTGCCGGGTGGGGGGAAATTGGATCAGGCAT
GCGCCCCACCCCCcactcctggttaaattcatctgaagctttccatctcacagaacaatccaga
ttcatcccceccgactgcaaggecctatatgaggatgtag

139

Translation of ORF number 61 in reading frame 1 on the direct
strand

PEAQGVPRSSEVTFSPGLVSDCSAWPAPSPVAAAGWGE IGSGMRPTPHSWLNSSEAFHLTEQSR
FIPPTARPYMRM

140

ORF number 62 in reading frame 1 on the direct strand extends
from base 67639 to base 67965
TCAGAACCCTGGGCTAAAATTTCTGCTCTGTCACTTGTGAGTTGTACGACAACCTTGAGCTGGC
TCGGGCTTTGCCAGTCCAGTGTCCTGCTGGTGGCCTGGTCTCTGGATCAGAAACTCCAGGCCCT
CAATGGTTCTTCTGGGTACAAAGGTCCCAAGTCCCTGAATTGCAGAGATAGGGTAACTACTTTA
TGGGAGCTTGTGTCTGCAAGGTGGGAGGTCAAGTGTTTAACCCAAAGAGTGGGGTGGGCCTTGA
GCTTGGCAGAGAAAGCTTTCATTTTCTACTTGGGGGCCCAGGAGGAAGAGAGATGTAAGCGCAA
ACCTTGA

141

Translation of ORF number 62 in reading frame 1 on the direct
strand
SEPWAKISALSLVSCTTTLSWLGLCQSSVLLVAWSLDQKLOALNGSSGYKGPKSLNCRDRVTTL
WELVSARWEVKCLTQRVGWALSLAEKAFIFYLGAQEEERCKRKP

142

ORF number 63 in reading frame 1 on the direct strand extends
from base 68611 to base 68883
gtctgtgggcggatggggctcagectgggtggttctactgetgtectectcatagtttecggtecagte
atctggaggccacactgggacagctgggecctcectgtecattcagggectetettttecatatggte
tcceccagcagggtaaccagacttecttatgtggeggecacagggectceccacaaagtgcaaaggtggg
acctaccaggcctttttaggcttatgecctggacctggcacagcactgectcectgectecttttatt
gTTTAACAGatagatag

143

Translation of ORF number 63 in reading frame 1 on the direct
strand
VCGRMGLSWVVLLLSLIVSVSHLEATLGQLGLCHSGPLESIWSPQOGNQTSYVAAQGSTKCKGG
TYQAFLGLCLDLAQHCSASFYCLTDR

144

ORF number 64 in reading frame 1 on the direct strand extends
from base 69562 to base 69948
GCGTGGCATGGAGTTCCTAGGCTGCTTCTGACCCCGTGTTCCTCTGCTTACCTTACAGGGTTAT
TTAATATGGTATTTGCTGTATTGCCCCCATGGGGTCCTTGGAGTGATAATATTGTTCCCCTCGT
CCGTCTGTCTCGATGCCTGATTCGGACGGCCAATGGTGCTTCCCCGCCCCTCCACGCGTCCGTC
CACCCCTCTGCCAGTGGGTCTCCCCTCAGTGGCscadmCTCAGGGGCTGCGAGGAGCGCTACGC
GCCTGGTCCCGTCCCGCCTCAGCTCGGCGGCCGCCGGGAGCCCGCACCGAGCCGGCTCCTGGGA
GGGCCGGCCCCTCTCGGGCCTCCAACGAGGAGCAGGAAGGAGGCGGCGGCGGCGGCGAAGGGGT
TAA

145

Translation of ORF number 64 in reading frame 1 on the direct
strand
AWHGVPRLLLTPCSSAYLTGLFNMVFAVLPPWGPWSDNIVPLVRLSRCLIRTANGASPPLHASV
HPSASGSPLSGXXSGAARSATRLVPSRLSSAAAGSPHRAGSWEGRPLSGLQRGAGRRRRRRRRG
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146

ORF number 65 in reading frame 1 on the direct strand extends
from base 70192 to base 70821
TGCCCCCCGGGCCGCGGCCAGCTGTTGGGGCGGGGGGCGECCGGCCGGCCCCAGCTGCCGCCTCG
CCGCggggcctgggggctgggececctgtgeccagggegtectgggAACGGCGGCGCCCCAGCCGLT
GCTCTCCGCAGCCCACCCCGCCCGGCCCCCCGACTCGCTCACTCACCCCACGCATGCACACTCT
TGGCCGGAGGCGATGCTGCGCTCCGGCGGGCGGGCGCGCAGGGCGACGGGCACGCACTGGCGCG
GCCGGGTcgecgecgececcgecgeccacgecegtgcacatgegggacacacgecgecgegecactacacac
acacacgcatggtccccgcacacacggecttgagcacacgtgecgecgecacacccacgcacgcacAG
CCTAGCGCCAGGTGCCCACCCCCGCGCCACAGGTGGGCCCACGGTAGGCCCTGGAACCTCGTCA
ACTCTAGTGACTCTGTTTCCTTCTTGGGTGTTCTGAGGGAGGGGAAACAGGAACCCTCCCTCGG
GTCCCTCTCCACAGCACCCATGGGTGTGTTTTTTTTTTTTTTTGGTCAGGTCAGTTCCACACCC
TTTGCGCATTACCCTTCTATGATTGCTTTCTTTCAGCCACTCCCATGTGGCTGA

147

Translation of ORF number 65 in reading frame 1 on the direct
strand
CPPGRGQLLGRGAPAGPSCRLAAGPGGWALCQGVLGTAAPQPLLSAAHPARPPDSLTHPTHAHS
WPEAMLRSGGRARRATGTHWRGRVARPPPRPCTCGTHARALHTHTHGPRTHGLSTRARTPTHAQ
PSARCPPPRHRWAHGRPWNLVNSSDSVSFLGVLREGKQEPSLGSLSTAPMGVEFFEFFGQVSSTP
FAHYPSMIAFFQPLPCG

148

ORF number 66 in reading frame 1 on the direct strand extends
from base 71266 to base 71607
AGGGAAAACCTATCGACATGGGGACCAGTCCAGGAAGGTGGACTTCAGGAGATCTTACTGGCAG
AGGTGGCCTTGGGGCTGGCCACGTCTCAGGCCTGTGTGGCTGAGCCTCAGGTAGAGGGTAGAGG
CCTCAGCAGCTGGGAAGGAGGGTTGGGACGGCTGAGGCAGGGCCTGGCAGGGGGTCAGCTGAGG
CCTGTGAGGTTCCACCTCCATCAGCTGAACTGGCTTCAGGAGAGTGACTCCCACTGTCACGTGA
GGCCTCCTGCCTTAGCACCCTTCTGCTGGGAAAGAGTGAAGGGGCACTACCGCCCTTCACCACC
CAGCTTCCTTCTGGTTTGCTAA

149

Translation of ORF number 66 in reading frame 1 on the direct
strand
RENLSTWGPVQEGGLQEILLAEVALGLATSQACVAEPQVEGRGLSSWEGGLGRLRQGLAGGQLR
PVRFHLHQLNWLQESDSHCHVRPPALAPFCWERVKGHYRPSPPSFLLVC

150

ORF number 67 in reading frame 1 on the direct strand extends
from base 71608 to base 71940
TGCCTTAGGTGGTGGGAGACCAACTTGCTGGAATCTCCCAGCCCTAGACGTGTCTGCAAGGTTA
AGATCAAACAGAATTTGGAGCTCTGGTGCAAAGCTAGGAACAGTGCGTGCATGCGCATgagaga
gagagagagagagagagagagagagagagagagagagagagCCCTCTTCAGCAGGAGTGGTAAA
GAGGTGTTTACCATGGGCCTCATAAATCTCTCAAAGTCTTCCCCCCCAACCCACCCGGTTGAAA
TGCCCCTTCTAGACAGCTATTTTCATTTTCTGGTttatttagttgtttattatctgttttttet
cactggagtgtaa

151

Translation of ORF number 67 in reading frame 1 on the direct
strand
CLRWWETNLLESPSPRRVCKVKIKONLELWCKARNSACMRMRERERERERERERERALFSRSGK
EVFTMGLINLSKSSPPTHPVEMPLLDSYFHFLVYLVVYYLFEFLTGV

152

ORF number 68 in reading frame 1 on the direct strand extends
from base 72526 to base 72789
CAGTTTTTCTGCTCAAGGGAGAGGTGGGGAGCCCAGTGGGAGGCTGGGCTCACATTAAGGAGGG
GTGGGGGGGGGAGGGCCTCTGGAGCACTAGGAAAGGGAAATGGTAGGTGGGAAAGGCTGGGTCT
AAATGGCTTCTGTGGTCTGCCCAGAGGAGGCGTCTTCAAAGGGCTTGGCTTTGGCGTTGAATCT
AAATTAGGCCTGAGACTCTCAGGCAGGCTGGCGCTTGGAGGTATGGTCGGCTTCTGCCTCTGCC
AACCATAG

153

Translation of ORF number 68 in reading frame 1 on the direct
strand
QFFCSRERWGAQWEAGLTLRRGGGGRASGALGKGNGRWERLGLNGEFCGLPRGGVEFKGLGEFGVES
KLGLRLSGRLALGGMVGECLCQP

154

ORF number 69 in reading frame 1 on the direct strand extends
from base 72790 to base 73128
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ACAACGCCCCTGGGTGCTGGGGCCAAGAGCGACGTCCTCTCTCAGCTGAACGGCGCACTGGGGA
gtgtgtatctgtgtgcagagtgtgtgtctgtgtgCGCTGGGGCCCAGGTGGAGGGTGGGGTCCA
AGCCCCTTTGATCTGCCAGCATGGTTGGGAGCAGGTAATTCACCTGGCCTCACGCTTCCTACCT
TCTGCAGCTGGTGTTGGGGGTGGGGTGGGGTGGGGAAGAGACTGTTTGCCTTGGCTCCCAAGGC
TGGCTGTGCCCCAGCTGCCTTCTCGCCACGCCCTCACCCTGCTAGGAACCCCAGGCCTGAGATC
TGGGACAGTTTCCTCATAG

155

Translation of ORF number 69 in reading frame 1 on the direct
strand
TTPLGAGAKSDVLSQLNGALGSVYLCAECVSVCAGAQVEGGVQAPLICQHGWEQVIHLASRFLP
SAAGVGGGVGWGRDCLPWLPRLAVPQLPSRHALTLLGTPGLRSGTVSS

156

ORF number 70 in reading frame 1 on the direct strand extends
from base 74314 to base 74541
GAAACAATTTGCATGTGTGGGGGGTGGTATGGGAGACTATCCCAGGTGGTCCTCCTGGTGGAGG
AGGTGAGGGAATCATGCAGGAGAGAACCCCAGGGAGAAGGGGAGAGTCCTTCATGCATTTTACC
AGTGTTTAGTGAGCACCTACTCTGTGCTTTCCCCCAGTCTCTGTCCTGGGCTCTTCCCCGTGCA
GGCTGGGAGGGTGGGGTTCTGGGTTTGTTTCCATAA

157

Translation of ORF number 70 in reading frame 1 on the direct
strand
ETICMCGGWYGRLSQVVLLVEEVRESCRREPQGEGESPSCILPVFSEHLLCAFPQSLSWALPRA
GWEGGVLGLEP

158

ORF number 71 in reading frame 1 on the direct strand extends
from base 75868 to base 76191
GTGCGGAGGTACAGCAGCATCTTATGCATTTTCTTTGCCCTGAGGCGCTGCGTGTCAGCTTTGT
GTATCTCAGATTCTCATCTGCCCTCACTTCTTTCTCTAGACCTCTGGCTTCAGCCCCTTGGGTC
TCCCTGGACAGGGGGGGATGTGGCTGCGTCCTTCCTATCGGGCTGCTCTCATGTCATTGTGGGT
CCTGTGGTTTCCCTGGAGGAAGCCCAGCTCCGAGTGGGGCCTGTTAAAGTGCTTATTAAGTTTC
AAGTGTTTTTGGTAACAGGCCAGAGAGGCTCTAAAAATAGGGTTTGCCTGGGCACCGGGCATGG
GTAA

159

Translation of ORF number 71 in reading frame 1 on the direct
strand
VRRYSSILCIFFALRRCVSALCISDSHLPSLLSLDLWLQPLGSPWTGGDVAASFLSGCSHVIVG
PVVSLEEAQLRVGPVKVLIKFQVFLVTGQRGSKNRVCLGTGHG

160

ORF number 72 in reading frame 1 on the direct strand extends
from base 76456 to base 76749
CAGACGCTGGCTGTCATCTGTCAGGTGTGGAGGAGAAGCATAAAGATTGTGGGGTTTCCCGGAA
CCTGTAGTGTGATGAGGGAGATGGATGTATACAATCAATCAGAGCAAACTGGGGGTCCTCTTTG
GAGGCGAGGGATACAGCATCCTCTCTGGGTCTTCAAGGCTTCGGCAGATTCTGGCCCTTGGGCC
TTTGTGTTCCTGGTTCTCAGGCCTGGAATCTACCTCCTGCCCACCCCTAGCCCGGCTGTCCACC
TGTCCATGTCCAAGAGGCCCCGTGGGAACTTTCTGTAG

161

Translation of ORF number 72 in reading frame 1 on the direct
strand
QTLAVICQVWRRSIKIVGEFPGTCSVMREMDVYNQSEQTGGPLWRRGIQHPLWVFKASADSGPWA
FVEFLVLRPGIYLLPTPSPAVHLSMSKRPRGNFL

162

ORF number 73 in reading frame 1 on the direct strand extends
from base 77218 to base 77469
GTATCCAGGTGTGGACTCAGCCAGGGAGGGTGGTGCTGGAGGAGCCACCTCCCTGTCTCTCTGG
CCAAAGGCCCGCTCTACAAGGTCTCCCGGGGACACCTGGCCGGGACCAGTGGGCAGCCCTGCCC
GTGCCCAAGAGGGCACTCAGAGAATGGGCACGTGCTTGGTGGCACACACGTGGCAGGGCTGGCG
GGCTGTGTCGGGAATGTATTTATAAACGCTGTCTTCAGAGCAAATTCCATTCTATTCTAA

163

Translation of ORF number 73 in reading frame 1 on the direct
strand
VSRCGLSQGGWCWRSHLPVSLAKGPLYKVSRGHLAGTSGQPCPCPRGHSENGHVLGGTHVAGLA
GCVGNVFINAVFRANSILFE

164

ORF number 74 in reading frame 1 on the direct strand extends
from base 77470 to base 77925
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CCTCTGGCCTGTTCCCTGGAGCCCTGGTCAGCACCCCCCTGCACCCCCAGCTCCCCTTCCCTCT
GGGGTTTTGTCTCTTTGTCACTTTGTAATCCTTGCCCAGACTGCTATCTACGGGGGACAGCATT
TCCTGCCTTTGTTTCCTCTCCCAGTTGGGCCCCTGGCTCCCTCTCAAAAGCATTCCCCGGGCCC
TTTCAAACCCGCCTAGGCCGGGGGCTGATGATGCAGGCAGGAGGGGGCCCCAGCTGGGCCCACC
TATTGTTCACCAGGCCCCCCACCCGATGTCTCCCACACCCCCACCCCATGCCCGACTGGCCAGC
CCTGGCCAACACAATGGGGCAACTTCCAAATTTAGCTTTTCTGCTGTTTCTTTCCAAGGTCCTT
CGCCCCCACCCTCATATTGCCCCTCCACACCCCGGGTGGGGGTCGGGTCGGAGAAGACGAGGTT
TTCAATAG

165

Translation of ORF number 74 in reading frame 1 on the direct
strand
PLACSLEPWSAPPCTPSSPSLWGFVSLSLCNPCPDCYLRGTAFPAFVSSPSWAPGSLSKAFPGP
FOQTRLGRGLMMQAGGGPSWAHLLFTRPPTRCLPHPHPMPDWPALANTMGQLPNLAFLLEFLSKVL
RPHPHIAPPHPGWGSGRRRRGFQ

166

ORF number 75 in reading frame 1 on the direct strand extends
from base 78691 to base 78993
ACCATTGTCAGGGGCTCCACAGGGGCTGTGTCCAGGGCATGCTGGTCCCCCCTGGGGACTATGG
GAATTTCTCCATTCAGCACTTCCTATGGGAACGCTGGGTGGAGGGGCACTGGAAAGTGGCCTCA
GAGCTCTGGGTCCTTGCCCTGCCCTGGAGGCCGAGGAGGGTTCGCTTACAGTAGCAAAAGGGAA
CGGTTATTTTTAACTCCATTGACATGGGTTCTGTCCAAAAATGTGGCTGAAGAGCCCAGAGTGG
GGCTGAAGGCCCTCCGAGGGTACAGTCTGGGCCCCATCACCTCCTGA

167

Translation of ORF number 75 in reading frame 1 on the direct
strand
TIVRGSTGAVSRACWSPLGTMGISPESTSYGNAGWRGTGKWPQSSGSLPCPGGRGGFAYSSKRE
RLFLTPLTWVLSKNVAEEPRVGLKALRGYSLGPITS

168

ORF number 76 in reading frame 1 on the direct strand extends
from base 80761 to base 80985
GAGCAGGGGCTGCCCCTCTGGGGCTGGCACTCACGGACCAGGCTCTTGAATGCGTCAAAAGGCA
TTCCTGGCAGGGTGTGGGCTCAGTCCAGAGAAGGCGCTCTCAGGAAGCTCTCCGGACAGGTGTG
CGGAGGCTGCCCAAGAATCCTCTATGGCCTCCCAAGCCACTGTGACAAAAAGTCACAGGCAGAC
CTCCAGACAGGCTGGGTATGGGACATTAAGTAA

169

Translation of ORF number 76 in reading frame 1 on the direct
strand
EQGLPLWGWHSRTRLLNASKGIPGRVWAQSREGALRKLSGQVCGGCPRILYGLPSHCDKKSQAD
LOTGWVWDIK

170

ORF number 77 in reading frame 1 on the direct strand extends
from base 81946 to base 82179
TGGAAAAGCTACAAGAAGGGCAGAGGGCAAGGTCCTGCTATTGTTTTGGCCGCAGTGTCTGCAC
TGCTGCTCTTCAGGCTTTCGAGGAAAGATTCCCCACAGAGGACGCTGGGGTGGGAAGAGAAGGC
AGGCAGCTACCTCAGCCCCTGCCCAAGTGGTCTTACAGAGGCACTTGGGTGGTTCTGTCCTCCA
GGTGAGGAAGATCGAGATTGTACGGAAGAAGCCAAGCTTTAA

171

Translation of ORF number 77 in reading frame 1 on the direct
strand
WKSYKKGRGQGPAIVLAAVSALLLFRLSRKDSPOQRTLGWEEKAGSYLSPCPSGLTEALGWECPP
GEEDRDCTEEAKL

172

ORF number 78 in reading frame 1 on the direct strand extends
from base 82474 to base 82701
ggatgtagcccccagttggecctttggtecttgetgecaaccaateccececectcactgtgacaccee
cagccagcctggectttttgaatggeccagectacatttetgectcagggectttgecacatgecac
tctgtctgaaactcacttctctcagectettcacaagectactecttectettecatttggatetta
gctcagaagtcatctcctcecectagaagtectgecctga

173

Translation of ORF number 78 in reading frame 1 on the direct
strand
GCSPQLALWSCCQPIPPHCDTPASLAFLNGQLHFCLRAFAHATLSETHFSQLFTSLLLLFIWIL
AQKSSPPRSLP
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174

ORF number 79 in reading frame 1 on the direct strand extends
from base 84400 to base 84645
gggtttctggctattttcatatactatctcctaatecctaggaggeccagggectgetggecatectee
attttagagatgtggaaattgaggcacagggagtttatatgacttgcccaaaccacatgactaa
cacgtgggagagcccagatttgaacccaggtGGTCTGGCCCACCATCTGAGCTCTGGACTGCCC
CACTGTGCCGTTACTCTAAGTGGCGAGGGTAAGGCAGACGTCAGGCGCAACTGA

175

Translation of ORF number 79 in reading frame 1 on the direct
strand
GFLATIFIYYLLILGGQGCWHLHFRDVEIEAQGVYMTCPNHMTNTWESPDLNPGGLAHHLSSGLP
HCAVTLSGEGKADVRRN

176

ORF number 80 in reading frame 1 on the direct strand extends
from base 85966 to base 86799
TTCGGACGGCCAATGGTGCTTCCCCGCCCCTCCACGCGTCCGTCCACCCCTCTGCCAGTGGGTC
TCCCCTCAGTGGCscadmCTCAGGGGCTGCGAGGAGCGCTACGCGCCTGGTCCCGTCCCGCCTC
AGCTCGGCGGCCGCCGGGAGCCCGCACCGAGCCGGCTCCTGGGAGGGCCGGCCCCTCTCGGGLL
TCCAACGAGGAGCAGGAAGGAGGCGGCGGCGGCGGCGAAGGGGTTAAGGTGAAGGGCTTCGAGG
CCGCGGCCGGGCCTTGGGCCGCAGCCAGCGCAGGTTGTTTTGACCACGGAGGAGCCGTCTCCGT
CTCCTTTTGTTCTCGGGGCTCCTCGAGGGCCGCCGGCCGTCCGCCCTGGGGCCCCGCCCTTCCG
CGGCCGTCCCCCGTGGCCCGCACCCGGGAGGGAGGACGCGGGGATCAGCCTGGCTGCCTGCAGT
CCCCTCCCGACGCCCCCTCCTCTCCTCCTGCTGATGCCCCCCGGGCCGCGGCCAGCTGTTGGGG
CGGGGGGCGCCGGCCGGCCCCAGCTGCCGCCTCGCCGCggggectgggggectgggecctgtgee
agggcgtcctgggAACGGCGGCGCCCCAGCCGCTGCTCTCCGCAGCCCACCCCGCCCGGCCCCC
CGACTCGCTCACTCACCCCACGCATGCACACTCTTGGCCGGAGGCGATGCTGCGCTCCGGCGGG
CGGGCGCGCAGGGCGACGGGCACGCACTGGCGCGGCCGGGETecgegegeccgecgeccacgecegt
gcacatgcgggacacacgcgcgcgcactacacacacacacgcatggtceccecgecacacacggett
ga

177

Translation of ORF number 80 in reading frame 1 on the direct
strand
FGRPMVLPRPSTRPSTPLPVGLPSVAXXQGLRGALRAWSRPASARRPPGARTEPAPGRAGPSRA
SNEEQEGGGGGGEGVKVKGFEAAAGPWAAASAGCEFDHGGAVSVSEFCSRGSSRAAGRPPWGPALP
RPSPVARTREGGRGDQPGCLQSPPDAPSSPPADAPRAAASCWGGGRRPAPAAASPRGLGAGPCA
RASWERRRPSRCSPQPTPPGPPTRSLTPRMHTLGRRRCCAPAGGRAGRRARTGAAGSRARRHAR
AHAGHTRAHYTHTRMVPAHTA

178

ORF number 81 in reading frame 1 on the direct strand extends
from base 87169 to base 87486
GCTTCCGAGGGGGCTCCCACCCCCCACTGTTCTGTGCTCTTTGCTGATCCCAGCCAGCACGCTG
CAGAGAGGCTGGGTGACAGCTGGATAAGGCTTTCCCGCCTGCCCTTACCATTCCCAGCTTCATC
CAGCACCTCCTCCTCCTTTCCCACAACTCCCTGGGTGTGTGTTTGGGGGGTGAGCCTATGGCAC
AGAAACTGGTGCCTGTCTCCTCACTTTAATCACAGCATCCTTGGACACATGGCTCTCAGGAACC
CACAGTTGTGTGGTGCTTTGCAGTTTACGAAGCACTTTCCTGCTAAGCCTTACTCTGAGTAA

179

Translation of ORF number 81 in reading frame 1 on the direct
strand
ASEGAPTPHCSVLFADPSQHAAERLGDSWIRLSRLPLPFPASSSTSSSFPTTPWVCVWGVSLWH
RNWCLSPHFNHSILGHMALRNPQLCGALQFTKHEFPAKPYSE

180

ORF number 82 in reading frame 1 on the direct strand extends
from base 88375 to base 88617
TCCTCAGCCCAGGGTAGCCTAGAATGGCCACACTGCTCTTCACCAGGCATCCTCATTCGAGCCC
CCCCGGCCCCCCATCTTGAGAGACAAGCATATCTTTCTTTTCCATGTCTTGGGCTGCCAATATT
GGACAGGACAGAGGGGAAGAAACAGAAGGAAAATCAGATCGCAAGGCTTCTGTGTATCTTGAGC
AGGCCTGGGCCTCAGTTGCCGCCGCGTGAGAATATGAGAAGGTTGGATTAG

181

Translation of ORF number 82 in reading frame 1 on the direct
strand
SSAQGSLEWPHCSSPGILIRAPPAPHLERQAYLSFPCLGLPILDRTEGKKQKENQIARLLCILS
RPGPQLPPRENMRRLD
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182

ORF number 83 in reading frame 1 on the direct strand extends
from base 89983 to base 90402
gCAATCCAGGTTTCCTTGGCAGCTGAAGCTCTACAgtttctctgecctecteccactgttgacattt
ggggccagacagttcttgattgtgggggaggctgtectgtgcatagtaggatgtttagcagecaa
ccctggectectacctactagacaccagtagcaggectcecagttgtgataaccaaaagtgectee
agacctggccagtgtccecctgggggtcaCTCACTCCCTGCTCTATGACCTCCACTGGGTGAAGA
GTGGACCTGAACTGAAAACAGTCCATGAAAGAGGGAGGGGCCCGCTCTGCTCCTTACCAGTCGT
GTTGACCTTTAGCCATTTACTTAATTTTTCTAAGCCTCAGCTTCCTCATTTGGAAGACAGGGAT
ACAAACAGTGACAGCCTCTTGATTGTATTTGATTGA

183

Translation of ORF number 83 in reading frame 1 on the direct
strand
AIQVSLAAEALQFLCLSTVDIWGQTVLDCGGGCPVHSRMFSSNPGLYLLDTSSRPPVVITKSAS
RPGQCPLGVTHSLLYDLHWVKSGPELKTVHERGRGPLCSLPVVLTFSHLLNFSKPQLPHLEDRD
TNSDSLLIVFED

184

ORF number 84 in reading frame 1 on the direct strand extends
from base 90640 to base 90882
GGGAATCATGCAGGAGAGAACCCCAGGGAGAAGGGGAGAGTCCTTCATGCATTTTACCAGTGTT
TAGTGAGCACCTACTCTGTGCTTTCCCCCAGTCTCTGTCCTGGGCTCTTCCCCGTGCAGGCTGG
GAGGGTGGGGTTCTGGGTTTGTTTCCATAAGACATCATCGTCTCTTTTTTATTATAGGCCGGGT
CCAGGGTGTCCACTGGGCCCAGCTGGGATCTGCCTACTCTGCCATGGCTAG

185

Translation of ORF number 84 in reading frame 1 on the direct
strand
GNHAGENPREKGRVLHAFYQCLVSTYSVLSPSLCPGLFPVQAGRVGEFWVCFHKTSSSLEYYRPG
PGCPLGPAGICLLCHG

186

ORF number 85 in reading frame 1 on the direct strand extends
from base 90883 to base 91161
CAGCTGCAGCCAGCTCTCCAGTGGGCAAGGAGGTCTTGGCATGAGTGTTACGTGCCATTTGGTA
CTGGGTCTTCAGTCCGCTCTCCTAAGAGGTTAATTGATTCATTATGCCACAAACAGCCTGGGAG
ACCTGGCTGGGCACCCCCACTTCGGCTTCCTCTGCTGCTGCCTCTCCTGCCAACCCCAGACAGA
ATTAGAATTAAAATCAAATCAAATGGCTACAACCCCCTCAGTTCACAGGTGATAGCCAGGACCC
GAGAGGGGCAGCAACCAACCTGA

187

Translation of ORF number 85 in reading frame 1 on the direct
strand
QLOPALOQWARRSWHECYVPFGTGSSVRSPKRLIDSLCHKQPGRPGWAPPLRLPLLLPLLPTPDR
IRIKIKSNGYNPLSSQVIARTREGQQPT

188

ORF number 86 in reading frame 1 on the direct strand extends
from base 93412 to base 93680
AGGGTGGGGCTGTGGGAGGGGAGGCAGGCAGGGAGAAGGTGCCCAGGGCATCTGCACCCTGAGT
ATCCAGGTGTGGACTCAGCCAGGGAGGGTGGTGCTGGAGGAGCCACCTCCCTGTCTCTCTGGCC
AAAGGCCCGCTCTACAAGGTCTCCCGGGGACACCTGGCCGGGACCAGTGGGCAGCCCTGCCCGT
GCCCAAGAGGGCACTCAGAGAATGGGCACGTGCTTGGTGGCACACACGTGGCAGGGCTGGCGGG
CTGTGTCGGGAATGTATTTATAA

189

Translation of ORF number 86 in reading frame 1 on the direct
strand
RVGLWEGRQAGRRCPGHLHPEYPGVDSAREGGAGGATSLSLWPKARSTRSPGDTWPGPVGSPAR
AQEGTQRMGTCLVAHTWQGWRAVSGMYL

190

ORF number 87 in reading frame 1 on the direct strand extends
from base 93691 to base 93933
ACGCTGTCTTCAGAGCAAATTCCATTCTATTCTAACCTCTGGCCTGTTCCCTGGAGCCCTGGTC
AGCACCCCCCTGCACCCCCAGCTCCCCTTCCCTCTGGGGTTTTGTCTCTTTGTCACTTTGTAAT
CCTTGCCCAGACTGCTATCTACGGGGGACAGCATTTCCTGCCTTTGTTTCCTCTCCCAGTTGGG
CCCCTGGCTCCCTCTCAAAAGCATTCCCCGGGCCCTTTCAAACCCGCCTAG

191

Translation of ORF number 87 in reading frame 1 on the direct
strand
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TLSSEQIPFYSNLWPVPWSPGQHPPAPPAPLPSGVLSLCHEFVILAQTAIYGGQHFLPLFPLPVG
PLAPSQKHSPGPEFKPA

192

ORF number 88 in reading frame 1 on the direct strand extends
from base 94081 to base 94554
CTTTTCTGCTGTTTCTTTCCAAGGTCCTTCGCCCCCACCCTCATATTGCCCCTCCACACCCCGG
GTGGGGGTCGGGTCGGAGAAGACGAGGTTTTCAATAGCAGGCCTGTTTCGAGGCAACCATGTGG
CTATTTTTTCCTAATCAACTTAACCTTTCCACAAAGCACATCTTTTCCCCATCTCCTCCCAACC
AGGGACATTCCAGAAATGGCAGAGAGAAAGGAATGGAGCCAGAGGGACAGACAGACACACTGTT
CGTGGGACAATAGGCTAGACGGAAGTGCATCAGTTTTAGGAAAGTCTGCTCTAAACAGGGCCCC
TTGGGAGCCCACAGGGACGAGCAATAGTTTTGTCATGGGCAGTGGCAGTGGGATGGGGAGACAG
TGTGACCCTGAGATGCTGTGTGGAGGGGGACAGAGCTTGTCCCCGACACCCTTCAGTGTATTTG
CTGGCTTTCAGCCATCAGAGAGCTAG

193

Translation of ORF number 88 in reading frame 1 on the direct
strand
LECCFFPRSFAPTLILPLHTPGGGRVGEDEVENSRPVSRQPCGYFFLINLTFPQSTSFPHLLPT
RDIPEMAERKEWSQRDRQTHCSWDNRLDGSASVLGKSALNRAPWEPTGTSNSEFVMGSGSGMGRQ
CDPEMLCGGGQSLSPTPFSVEFAGEFQPSES

194

ORF number 89 in reading frame 1 on the direct strand extends
from base 94555 to base 94791
AAGAGTCTGCCCACCATTCAACGTCAAGCTCAAAGTTCCCCTGTCCAGCCCTCACTTTCCGCAG
CCGGCTTCCGGCTGCCTCTACCCAGAGGGATGTCTCCAAGGAGTGCTGATGGTGCTGAGATGAG
GGCCTCCAGGCTAGAGAAGGGAGCTGTAGTTGTGACCTTAGGAATAAATGTACAGCTTAGGGCA
GGCATGGGGCAAAAGGTCAGAGGGAGAGAGACAGAAACACAATGA

195

Translation of ORF number 89 in reading frame 1 on the direct
strand
KSLPTIQRQAQSSPVQPSLSAAGFRLPLPRGMSPRSADGAEMRASRLEKGAVVVTLGINVQLRA
GMGQKVRGRETETQ

196

ORF number 90 in reading frame 1 on the direct strand extends
from base 94840 to base 95151
GGGCTCCCCTATCCCAGCAGTTCCAGctcecctacctectectetgectttagtececcacceccaccee
caccccacccectctecttececcaccectetetecegeeccaacTGAACCATTGTCAGGGGCTCCACA
GGGGCTGTGTCCAGGGCATGCTGGTCCCCCCTGGGGACTATGGGAATTTCTCCATTCAGCACTT
CCTATGGGAACGCTGGGTGGAGGGGCACTGGAAAGTGGCCTCAGAGCTCTGGGTCCTTGCCCTG
CCCTGGAGGCCGAGGAGGGTTCGCTTACAGTAGCAAAAGGGAACGGTTATTTTTAA

197

Translation of ORF number 90 in reading frame 1 on the direct
strand
GLPYPSSSSSLPLSAFSPHPTPPHPSPSHPLSRPTEPLSGAPQGLCPGHAGPPWGLWEFLHSAL
PMGTLGGGALESGLRALGPCPALEAEEGSLTVAKGNGYF

198

ORF number 91 in reading frame 1 on the direct strand extends
from base 95344 to base 95658
GGGGCAAGAGGCAATCCTTCCGTCTGTCCCAGAGCCCCCACTGGAGTCCCCAGCCCGTGGTATG
ACCAGCCAGCACTTGTCACAGTGCTTCTGACTGTGCCTTCTCTTGCAGATGAAGACGGGGCTGA
GTTGGACCTGAATTTGACTCAGTCCCATTCTGGAGGCAAGCTGGAGAGCTTATCCCGAGGGAGA
AGGAGCCTAGGTAAGAATGAGGGTGCAAACGGGGGCCCCTCAAAGGTGGGGGCCAGGGAAGAAG
AACTGAGCACACAGCCTGCCGGAGGCTGTGAGGGTGGGCCCTGTTTGTCCCACACTTAG

199

Translation of ORF number 91 in reading frame 1 on the direct
strand
GARGNPSVCPRAPTGVPSPWYDQPALVTVLLTVPSLADEDGAELDLNLTQSHSGGKLESLSRGR
RSLGKNEGANGGPSKVGAREEELSTQPAGGCEGGPCLSHT

200

ORF number 92 in reading frame 1 on the direct strand extends
from base 95944 to base 96174
GGGCTGTGGCCTGGGACAGCAGGCATGGAGCAAGCCTGGGACCTGCCTCCTGCTGTACTGCAGA
AACCAAAAGGAGAATGTAGATCAGGGAAGGCAAGTGCCCACTCCACGCCCCTCTTCCTCTGTGC
CCACCTGCAGTCCCCAAAACACTGTAGACAGTGGCTGGGGGGCCTCCAGGTAAGAGTCAGTGGC
CTGAGTTCCACTCTTTGCTCTGTGAATTTGGGCATCTAA

124




WO 2023/049892 PCT/US2022/077012

201

Translation of ORF number 92 in reading frame 1 on the direct
strand
GLWPGTAGMEQAWDLPPAVLQKPKGECRSGKASAHSTPLFLCAHLQSPKHCROQWLGGLQVRVSG
LSSTLCSVNLGI

202

ORF number 93 in reading frame 1 on the direct strand extends
from base 96631 to base 97065
CAGCCAGTACTTAAAACCTCCCCTGACGTGGAAGGAAGAGGGAATCGGCCAACCGTTTTGGAGG
TGCTCCACTTCCTGCCGGCTAGGGGCCCTGAGCAGCCCTCCACCCCACTCCTGACGGAGTTCCC
TCTCCCTTCAGATTCCCAGCCGGTCGCCGAGCCAGCCATGATCGCGGAGTGTAAAACGCGCACT
GAGGTGTTTGAGATCTCCCGGCGCCTGGTTGACCGCACCAACGCCAACTTCCTGGTGTGGCCGC
CCTGCGTGGAGGTGCAGCGCTGCTCCGGCTGCTGCAACAATCGCAACGTGCAGTGCCGCCCCAC
CCAGGTGCAGCTGCGACATGTCCAGGTGTGCAGGCCCCACGTCCCCTCCTGGGCTGGCCCAGCT
GAGAGCAGGGGCTGCCCCTCTGGGGCTGGCACTCACGGACCAGGCTCTTGA

203

Translation of ORF number 93 in reading frame 1 on the direct
strand
QPVLKTSPDVEGRGNRPTVLEVLHFLPARGPEQPSTPLLTEFPLPSDSQPVAEPAMIAECKTRT
EVFEISRRLVDRTNANFLVWPPCVEVQRCSGCCNNRNVQCRPTQVQLRHVQVCRPHVPSWAGPA
ESRGCPSGAGTHGPGS

204

ORF number 94 in reading frame 1 on the direct strand extends
from base 97066 to base 97338
ATGCGTCAAAAGGCATTCCTGGCAGGGTGTGGGCTCAGTCCAGAGAAGGCGCTCTCAGGAAGCT
CTCCGGACAGGTGTGCGGAGGCTGCCCAAGAATCCTCTATGGCCTCCCAAGCCACTGTGACAAA
AAGTCACAGGCAGACCTCCAGACAGGCTGGGTATGGGACATTAAGTAAAAGGCATTGCCTCATT
CTTTACAGGGATAAAATCCCAAAATGTCTCTTGAAGAGACATGTCTACAAACATATTGGACCCT
CAGGATGTTCTGGGTAG

205

Translation of ORF number 94 in reading frame 1 on the direct
strand
MROKAFLAGCGLSPEKALSGSSPDRCAEAAQESSMASQATVTKSHRQTSROAGYGTLSKRHCLI
LYRDKIPKCLLKRHVYKHIGPSGCSG

206

ORF number 95 in reading frame 1 on the direct strand extends
from base 98014 to base 98568
AGCCTCCCCTCACTTCCTTCCAGACAACCATCTCCCGCCTCTGCCACAGCCCCTGACCTTGGCT
GGCGCTCCAGGAATGAGGACACCACAGGCTCCACGCTCCACCCGGAAATGCCTTTCTCCCTCTC
TGAGAGCACCGAGGGGGGCTGTGGCCAAGCTGGAGGCCAGGTCGGGAGGGCTTGTTTTGATGGA
AAAGCTACAAGAAGGGCAGAGGGCAAGGTCCTGCTATTGTTTTGGCCGCAGTGTCTGCACTGCT
GCTCTTCAGGCTTTCGAGGAAAGATTCCCCACAGAGGACGCTGGGGTGGGAAGAGAAGGCAGGC
AGCTACCTCAGCCCCTGCCCAAGTGGTCTTACAGAGGCACTTGGGTGGTTCTGTCCTCCAGGTG
AGGAAGATCGAGATTGTACGGAAGAAGCCAAGCTTTAAGAAGGCCACAGTGACCCTGGAGGACC
ACCTGGCGTGCAAGTGTGAGACGGTAGTGGCTGCACGACCTGTGACCCGAAGCCCAGGGAGTTC
CCAGGAGCAGCGAGGTAACCTTCAGTCCAGGGTTGGTCTCTGA

207

Translation of ORF number 95 in reading frame 1 on the direct
strand
SLPSLPSRQPSPASATAPDLGWRSRNEDTTGSTLHPEMPFSLSESTEGGCGQAGGQVGRACFEFDG
KATRRAEGKVLLLFWPQCLHCCSSGFRGKIPHRGRWGGKRRQAATSAPAQVVLQRHLGGSVLQV
RKIEIVRKKPSFKKATVTLEDHLACKCETVVAARPVTRSPGSSQEQRGNLQSRVGL

208

ORF number 96 in reading frame 1 on the direct strand extends
from base 102187 to base 103830
TATTGTTCCCCTCGTCCGTCTGTCTCGATGCCTGATTCGGACGGCCAATGGTGCTTCCCCGCCC
CTCCACGCGTCCGTCCACCCCTCTGCCAGTGGGTCTCCCCTCAGTGGCscadmatctgtggecca
gcctaattcaagaaagtcgtttggaagctcgaaaatattacggaaaggagccagatttgattgt
tgttccttttacaaaaatgcagattcaaggcttgatgcagtttacagttttecccatecgecttygg
ctcattttacaggaactttagataatcattatcctaagcataaattgcttcagttttttcaaca
tcatgatccaatttttccttcaattgtgtcacatgectcecctecttectgetgtteccaaatgttttt
actgatggatctaataatggagtagctgtttatgcactcaataaaaaagtcaccaagagagtac
agacacctccagcttcagctcaaatagttgagecttcgagcagtacataaggtgetgettgattt
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tgcttctcagtcttttaatttattctectgacageccattatgtggttegtgcagtcagaaattta
gaaacagtaccttttattagcactagtaatcctgttattcaggatttgtttcttcagatacaac
aggccattcagctgcgectgtaaaaaattttatattggccatattagagctcactctaatcttee
aggtcctttagcagcaggcaatcaaattgcagattctgeccacgcagettattgecttaactcaa
atagaaaaagcacaaaaggctcatagcctccaccatcaaaatageccagagecctaagattacagt
ataagatcctcagagaagcagcacgccagattataaaacaatgtccagattgectegcatttaca
acctgtgcctcattatggcattaaccctcgaggecttgegtcccaatgatetgtggcaaatggat
gttactcatatacctgaatttggaaaattaaaatacgtccatgtctctatagacacgttttctg
gctttgtaatagcttctgctcaatcaggagaagctacatctcatgttattagacattgtettge
tgcttttgccatgattggcactcecctaaaaaacttaaaacagataatggctccggectacaccagt
aaaaaatttgctttattttgtcaacaatttttaattaatcatgttactggcattccttacaate
cccagcgacaagggattgttgaacgtactcatggcacattaaaagtcattttacaaaaaataaa
aaagggggagttatatcccctaacgccccataattacttgtctcattetetttttattcaaaat
tttttgaccttggatgcccatggtaagagtgectgcagagegettttggcateccttetactgeca
ctcaggctttggtcaaatggaaagatccacttactggatecttggcaaggecccagatccagtect
catatggggccgagggcatgtttgtgtttttccacaggatgcagaaggceccteggtggectgeca
gaacgattggtgcgacatgtggaccctctacctgectgatgacattgatgascadmATGTTGTTT
TATGTGTCCATCAGAAGGCAATCCTAGGGCGTGAGTGTCATTGA

209

Translation of ORF number 96 in reading frame 1 on the direct
strand
YCSPRPSVSMPDSDGQWCFPAPPRVRPPLCOWVSPOWXXICGQPNSRKSFGSSKILRKGAREDC
CSFYKNADSRLDAVYSFPIALAHFTGTLDNHYPKHKLLQFFQHHDPIFPSIVSHAPLPAVPNVE
TDGSNNGVAVYALNKKVTKRVQTPPASAQIVELRAVHKVLLDFASQSFNLEFSDSHYVVRAVRNL
ETVPFISTSNPVIQDLFLQIQQATQLRCKKFYIGHIRAHSNLPGPLAAGNQIADSATQLIALTQ
IEKAQKAHSLHHONSQSLRLOQYKILREAARQITKQCPDCSHLQPVPHYGINPRGLRPNDLWQMD
VTHIPEFGKLKYVHVSIDTEFSGEFVIASAQSGEATSHVIRHCLAAFAMIGTPKKLKTDNGSGYTS
KKFALFCOQQFLINHVTGIPYNPQROQGIVERTHGTLKVILOKIKKGELYPLTPHNYLSHSLEFIQN
FLTLDAHGKSAAERFWHPSTATQALVKWKDPLTGSWQGPDPVLIWGRGHVCVEPQDAEGPRWLP
ERLVRHVDPLPADDIDXXXVVLCVHQKAILGRECH

210

ORF number 97 in reading frame 1 on the direct strand extends
from base 107215 to base 107613
tgtgggacacagctccctagecccatgectggtattatgagecttgegeteccectaattectece
ccatcactggtcgttggtcgactgctcacagcagectcacggcagetecttgecggetgeccageca
ctcatgctggttgccggeccactcacgctgaccatcggecgetecctggcagcacacggcagecaca
cagcagcccgcggcagctcacgecgacctetggetgetegecageccagetccagggagececgttyg
ttcacaatcttagctgtagagggtgcagctcactggecccatgtgggaatcgaaccggtgaccte
gttgttaggcgcacggcgctccaaccacctgageccaccaggeggecccTGATTGTGTTTCTATAT
ACTGtgtttccctga

211

Translation of ORF number 97 in reading frame 1 on the direct
strand
CGTQLPSPCWYYEPCAPPNSSPITGRWSTAHSSSRQLLPAASHSCWLPATHADHRPLLAAHGST
QQOPAAAHADIWLLAAQLQGAVVHNLSCRGCSSLAHVGIEPVTSLLGARRSNHLSHQAALTIVELY
TVEP

212

ORF number 98 in reading frame 1 on the direct strand extends
from base 107752 to base 107897
aataagaccgggttttatattaagttttgctccaaaagacgcattagagctgattgtccageta
ggtcttattttcggggaaacatggTAGAGAATCATACAGATTCTCTGCATATAAGGAATTTTGT
AAAGGAGAAGGGTACTGAGCAGAGATTATATCTCTCAAATAACACTATTCTCTCTTCCTTTTTG
ATTTTACAGTGGAGGAAAGGAGGACAAAGTACTAAAGTGAAAAGTAGATCTTGA

213

Translation of ORF number 98 in reading frame 1 on the direct
strand
NKTGFYIKFCSKRRIRADCPARSYFRGNMVENHTDSLHIRNFVKEKGTEQRLYLSNNTILSSFL
ILOQWRKGGQSTKVKSRS

214

ORF number 99 in reading frame 1 on the direct strand extends
from base 113266 to base 113505
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AGAGAACTGAGGTTGCTTGTCTTTATAGCTACTAGTGGCCTCAAAAGGCCAATACATCTGTCTC
CATTTGTCCCTTGCTCAATACCCTCTGATTTACAAAGCCTTTCTTCTCTTAGGAAACGAATGGC
AGAGAATGAACTGAGCCGGTCGGTGAATGAGTTTCTGTCCAAGCTGCAGGATGACCTCAAAGAG
GCAATGAATACCATGATGTGCAGCCGATGCCAGGGAAAGCATAGGTAG

215

Translation of ORF number 99 in reading frame 1 on the direct
strand
RELRLLVFIATSGLKRPIHLSPEVPCSIPSDLQSLSSLRKRMAENELSRSVNEFLSKLQDDLKE
AMNTMMCSRCQGKHR

216

ORF number 100 in reading frame 1 on the direct strand extends
from base 113818 to base 114210
GGAGTTGTCCTTTTGTTGGGTTGTAGGAGGTTTGAAATGGACCGGGAACCTAAGAGTGCCAGAT
ACTGTGCTGAGTGTAATAGGCTGCATCCCGCTGAAGAAGGAGACTTTTGGGCAGAGTCTAGCAT
GTTGGGCCTGAAAATCACCTACTTTGCGCTGATGGATGGAAAGGTGTATGACATCACAGGTACA
CTTCTGTCCTCTAGAATTCCAGACTCATGTATGCTCAAAACTGTTATGTATTGGCTAATTATTT
CTCATGCTTGCAGAGTGGGCTGGATGCCAGCGTGTGGGAATCTCCCCAGATACCCACAGAGTCC
CCTATCACATCTCATTTGGTTCTCGGATCCCAGGCACCAGTGGGCGACAGAGGTGGGTGATATT
TTCCAATAA

217

Translation of ORF number 100 in reading frame 1 on the direct
strand
GVVLLLGCRRFEMDREPKSARYCAECNRLHPAEEGDFWAESSMLGLKITYFALMDGKVYDITGT
LLSSRIPDSCMLKTVMYWLIISHACRVGWMPACGNLPRYPQSPLSHLIWESDPRHOQWATEVGDI
FQ

218

ORF number 101 in reading frame 1 on the direct strand extends
from base 114376 to base 114630
CTCTTAATTTCTTTTGCCTCATTATTCTTTTGTTTTCCACCCAGAGCCACCCCAGATGCCCCTC
CTGCTGACCTTCAGGATTTCTTGAGCCGGATCTTTCAAGTACCCCCAGGACAGATGTCTAATGG
GAACTTCTTTGCAGCTCCTCAGCCTGGCCCTGGGGGCACCGCAGCCTCCAAGCCTAACAGCACA
GTACCCAAGGGAGAAGCCAAACCGAAGAGGCGGAAGAAAGTGAGGAGGCCCTTCCAACGTTGA

219

Translation of ORF number 101 in reading frame 1 on the direct
strand
LLISFASLFFCFPPRATPDAPPADLODFLSRIFQVPPGOMSNGNFFAAPQPGPGGTAASKPNST
VPKGEAKPKRRKKVRRPFQR

220

ORF number 102 in reading frame 1 on the direct strand extends
from base 114631 to base 114945
CACCCCTTCTCTTCTCTCCTCAAATCAATGTCAGGGAGTCAAAAGGGCTGTGTACAGCACAGGA
TGGAGTTTGATTTGTTTATTTTTAAATATTTAAAAAGGAAAATTTTAAGCTCAAATTGTTCACT
CAGTACTTGTAGscadmgagaacaggtctggggtattttccccaggggtcatagatttacctgt
actccaccaaaaaactgcaaaggcaataatttggaaaacagatacacctgtgtgaatagatcag
tggccccttacacagaaaaagatatcggeccgeccaggegettgtacaggagcagettga

221

Translation of ORF number 102 in reading frame 1 on the direct
strand
HPEFSSLLKSMSGSQKGCVQHRMEFDLEFIFKYLKRKILSSNCSLSTCXXREQVWGIFPRGHRETC
TPPKNCKGNNLENRYTCVNRSVAPYTEKDIGRPGACTGAA

222

ORF number 103 in reading frame 1 on the direct strand extends
from base 119038 to base 119274
gtgatagctccacgacctcecgtgttacggagecttgagtgggctecgtaactgegttteccggecactyg
tcttacggctaaacggcgatcaaaacttecggttttgeccagggecgggggtttataccgecacget
taattgccacgatagtcttggteccecgecgaggggcacggeccagecgagecatectgtgtgTTTTACT
TGTGTGAAAGAAGGGCCGAGGATAAAGGGAAATGGGTCACGCTAA

223

Translation of ORF number 103 in reading frame 1 on the direct
strand
VIAPRPRVTELEWARNCVSGTVLRLNGDONFGFARAGVYTATLNCHDSLGPARGTASRASVCET
CVKEGPRIKGNGSR

224

ORF number 104 in reading frame 1 on the direct strand extends
from base 121210 to base 122190
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caaagacggcaaacccttacagggaaactgggtgaggggccagccccaggccceccgactcagecaa
tgttatggggcactgcaggttcaggaacagacccaggagceccgaaaaagaacgaacccctgetag
gaagcatgtcacagacttattcagggccaccacaggcagcecgcaggattggacttgtgttceccace
tccgacatcatattaactecctgaaatgggaatgcaagttttgecccactggagtttttgggeccee
tgccacctaaaacggtgggtttactgttaggaagaagcagctcecgttataaagggaattcatgt
ttctccagggattattgatgaggattttacaggagaaataaaaattatggctcattctecctett
aatatttctgccattcctgectggaaccecgtattgcacaactgtttattttgectegtettaata
ttggaaaaaacaggcaaaatcaagagcgggggaaccaaggatttggectcttctgatgtatattg
gattcaagaaataaaaaaggatcgacccgtattgttactcaaaataaatggaaaagattttcaa
ggacttctggacactggagccgatgtctcgtgecatatectgectgaacattggeccctecagttgge
cgacgcgctttactaataccaatttacaaggcataggccaatcgcaatccccececteccaaagtag
tgatcttttgtcttggcaagatccggagggtcatcaggggacgtttcageccatatattatecect
ggtcttccagttaatttatggggaagagatgttatgagtaaaatgggagtttatctttacagte
ctagttcacaagtaactcaacagatgtttgatcaaggctttctcecctggtcagggettaggete
ggtgggacaagggcgccgagagectatttcaactaatcctaacttacagagaacaggtctgggg
tattttccccaggggtcatag

225

Translation of ORF number 104 in reading frame 1 on the direct
strand
QRROTLTGKLGEGPAPGPDSAMIWGTAGSGTDPGAEKERTPARKHVTDLFRATTGSAGLDLCST
SDIILTPEMGMQVLPTGVEFGPLPPKTVGLLLGRSSSVIKGIHVSPGIIDEDFTGEIKIMAHSPL
NISAIPAGTRIAQLFILPRLNIGKNRONQERGNQGFGSSDVYWIQEIKKDRPVLLLKINGKDEFQ
GLLDTGADVSCISAEHWPSSWPTREFTNTNLOGIGQSQSPLOSSDLLSWQDPEGHQGTEFQPYITIP
GLPVNLWGRDVMSKMGVYLYSPSSQVTQOMEFDQGFLPGQGLGSVGQGRREPISTNPNLQRTGLG
YFPQGS

226

ORF number 105 in reading frame 1 on the direct strand extends
from base 122728 to base 123048
ctttggatgcctatgttaagagtgcagctgaacgtttctggcateccttectgecgtececctgagge
tttggtcagaaagaaggatccacttactggatcatggcaaggcccagacccagtectecatatygg
ggccgagggcatgtttgtgtttttccacaggatgcagatagteccteggtggectgecagaacgat
tggtgcgacatgtggaccctctacctgetgatgacattgatgaccctcagcaatgcagaagaag
accagacgtattgggcctacgtacctgatccacctattctceccacccectgetgtatscadmatgta
a

227

Translation of ORF number 105 in reading frame 1 on the direct
strand
LWMPMLRVQLNVSGILLPSLRLWSERRIHLLDHGKAQTQSSYGAEGMEFVEFHRMQIVLGGCQND
WCDMWTLYLLMTLMTLSNAEEDQTYWAYVPDPPTILHPAVXXM

228

ORF number 106 in reading frame 1 on the direct strand extends
from base 123565 to base 123798
ggcgtgagtgtcactgacataatctggaatctcaggaccatcccatacagcagggtggagaata
ggtggatcaggtacgtaggcccaatacgtctggtcttettectgecattgetgagggtcatcaatg
tcatcagcaggtagagggtccacatgtcgcaccaatcecgttectggcagecaccgaggactatcectg
catcctgtggaaaaacacaaacatgccctecggeccccatatga

229

Translation of ORF number 106 in reading frame 1 on the direct
strand
GVSVTDIIWNLRTIPYSRVENRWIRYVGPIRLVEFFCIAEGHQCHQQVEGPHVAPIVLAATEDYL
HPVEKHKHALGPI

230

ORF number 107 in reading frame 1 on the direct strand extends
from base 125896 to base 126126
GCGGTGAGGACGTGTGCGCCCTTCCTCCTTCCTCTTTCTCGACTCCATCTTCGCGGTAGCGGTA
GCGGCCGCAGTTCAGGTAAGATTTGGGCCACGGCTGGATCCGGACGACTTAATAGGTTAGCCGC
GAGGTCTGACGGCTTGGGAAAAATAGAGGAAGAGGGGCTGCTCTGTGGGCCGGGTTCTTGTCAC
CACCCGACCTCCCTGGCTGGCCTGGCCTTAGGCACGTGA

231

Translation of ORF number 107 in reading frame 1 on the direct
strand
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AVRTCAPFLLPLSRLHLRGSGSGRSSGKIWATAGSGRLNRLAARSDGLGKIEEEGLLCGPGSCH
HPTSLAGLALGT

232

ORF number 108 in reading frame 1 on the direct strand extends
from base 126127 to base 126387
GACCCGCGATCGTCCCCGGCCCGCCACCCACTCCCCGACTCCCTTACTCCCAGAGCATTTCTTC
TCTTACAAGCATTTCTTTCCTCAGTCGCCGACATGCAGCTCTTTGTTCGCGCCCAAGATCTACA
CACCCTCGAGGTGACCGGCCAGGAGACTGTCTCCCAGATCAAGGTAAGGCTGCGTGGTGCTCCT
GGTCTGCATCCTCTTGTGTTCTTTAACCTCGCTCCCCACGGGAGCGCTGAGCCTCACTTTCCCC
TGTAG

233

Translation of ORF number 108 in reading frame 1 on the direct
strand
DPRSSPARHPLPDSLTPRAFLLLOAFLSSVADMOQLEFVRAQDLHTLEVTGQETVSQIKVRLRGAP
GLHPLVFFNLAPHGSAEPHFPL

234

ORF number 109 in reading frame 1 on the direct strand extends
from base 126961 to base 127260
AGTCCATGGTTCCTTGGCCCGTGCTGGGAAAGTAAGAGGTCAGACTCCCAAGGTAAGAGAGTAT
TAGTGGTGCCCTTTGGACTTTTGTTTTCCTGTCACCTTCCTCATGAAATGAGCCTGAGGGAAGG
CACGGAAGAGATGAACCAGGGTCTGATTAGCCCTCCTTTTTCCCAGGTGGCCAAACaggagaag
aagaagaagaagaCTGGCCGAGCCAAGCGGCGGATGCAGTACAACCGGCGTTTTGTCAATGTTG
TGCCCACCTTTGGCAAGAAGAAGGGCCCCAATGCCAACTCTTAA

235

Translation of ORF number 109 in reading frame 1 on the direct
strand
SPWEFLGPCWESKRSDSQGKRVLVVPFGLLFSCHLPHEMSLREGTEEMNQGLISPPEFSQVAKQEK
KKKKTGRAKRRMQYNRREFVNVVPTFGKKKGPNANS

236

ORF number 110 in reading frame 1 on the direct strand extends
from base 129976 to base 130284
ccttggatgcccatggtaagagtgctgecagagegettttggecatecttecactgecactecagge
tttgttcaaatggaaagacccacttacaggctcttggcaaggcccagatccagtectecatatgg
ggccgagggcatgtttgtgtttttceccacaggatgcagaaggececcteggtggttgecagaacgat
tggtgcgacatgtggaccctctacctgetgatgacattgatgascadmTTACAAAACTTTCCAA
ATGTTGTTTTATGTGTCCATCAGAAggcaatcctagggecgtgagtgtcattga

237

Translation of ORF number 110 in reading frame 1 on the direct
strand
PWMPMVRVLQSAFGILPLPLRLCSNGKTHLQALGKAQIQSSYGAEGMEVFEFHRMQKALGGCQND
WCDMWTLYLLMTLMXXLONFPNVVLCVHQKAILGRECH

238

ORF number 111 in reading frame 1 on the direct strand extends
from base 130801 to base 131133
aggggaatgggacttaattggggaacagtgtgtacttccaggacattttccaagtcaagttgte
ctttcagtcttagttgtggagggcactgttcagcceccaggtecagttgecgttgttagttgecag
ggggtggagcccagcaccccttgecgggagttgaaccagcaagettgtggttgagageccactygg
cccatgtgggctctggaaccggcagecttcaatgttaggagcacagagctccaaccgectgage
cactgggccggcccACCCCCCCTTTTTTTTTTTTTAAGAAAAAGTATTTTTTTCTCTCAAAAGC
TTCCTTATATTAG

239

Translation of ORF number 111 in reading frame 1 on the direct
strand
RGMGLNWGTVCTSRTEFSKSSCPEFSLSCGGHCSAPGPVAVVSCRGWSPAPLAGVEPASLWLRAHW
PMWALEPAAFNVRSTELQPPEPLGRPTPPFFFFKKKYFFLSKASLY

240

ORF number 112 in reading frame 1 on the direct strand extends
from base 131335 to base 131946
GGGAGAATGAATGAATTAGCCTTTGAAGCTGATGTGTCTGATTTGGTTCTTTTCCTCTCAGGTG
AAAAGCTCCGGGTCTTAGGCTACAATCACAATGGCGAATGGTGTGAAGCCCAAACCAAAAATGG
CCAAGGGTGGGTTCCCAGCAACTACATCACGCCCGTCAACAGCCTGGAGAAACATTCCTGGTAC
CACGGGCCCGTGTCCCGCAATGCTGCCGAGTACCTGCTGAGCAGTGGGATCAACGGCAGCTTCC
TGGTGCGGGAGAGTGAGAGCAGCCCCGGGCAGAGGTCCATCTCGCTGAGATACGAAGGGAGGGT
GTACCACTACAGGATCAACACAGCTTCGGACGGCAAGGTgggcggggcggggcgccgggggcygyg

129
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ggcCTGAGTCTTGGGCCAGAACTCAGAGATCCCTCTGCTGGGTGGATAATGTTTTTACGACAAT
ACTCGAGAAGTGGTTGGCAGACACTTTCATGTAAACAGCAGGCGTCATTCATTAGCCTCATCGA
TGATCCCCTGTGGAGGACTGATCATGTGACATTACAAGTCCACGGGCTGGGCTGGTTCTCTGGT
TGTCCTGCTGGACGTTTGTTGTTAACAGTTTCATAA

241

Translation of ORF number 112 in reading frame 1 on the direct
strand
GRMNELAFEADVSDLVLFLSGEKLRVLGYNHNGEWCEAQTKNGQGWVPSNYITPVNSLEKHSWY
HGPVSRNAAEYLLSSGINGSFLVRESESSPGQRSISLRYEGRVYHYRINTASDGKVGGAGRRGR
GLSLGPELRDPSAGWIMFLRQYSRSGWQTLSCKQQASFISLIDDPLWRTDHVTLQVHGLGWESG
CPAGRLLLTVS

242

ORF number 113 in reading frame 1 on the direct strand extends
from base 132532 to base 132804
GGGTGTAGCCAGATGGATTGTCGGTGTGGCTCCAGATGGTGTATATATTTTTTAGTAATATGTA
ATGTATGCACACGGTTTTTAAAAAAATCAATTACAGTGAAAGGTAATTTCGTTTCTAGTTTAGT
TCCCTGCCCAGAAGCAATCACTGTAACCACCTTCTTCCAGAGTAACACGGTGTTATATACACGG
TGTATATActgtgtttccctgaaaataagacctaaccggacagtaagccctagcatgattttte
aggatgacgtcccctga

243

Translation of ORF number 113 in reading frame 1 on the direct
strand
GCSQMDCRCGSRWCIYFLVICNVCTREFLKKSITVKGNEFVSSLVPCPEAITVTTFFQSNTVLYTR
CIYCVSLKIRPNRTVSPSMIFQDDVP

244

ORF number 114 in reading frame 1 on the direct strand extends
from base 134401 to base 134862
CTTGTAGAATTTGAGAGTCAGCCAATGAGGAAGCCGACCCCTCTGTCTAAAAGCTGGTGTGTGC
TGGGGCTCCTTTCACTCCGGGTGGAACTCAGGGAGTTCATTTGCTCAAGCACTGTCCACCCCCG
GGCAGCTCGTCAGACAGTTCTGGGCTTCTCGececctectececcteeccteccteccAGCTGTCTGAGC
ACCTGGAGCCTCCTGGGCCTACAGGGTCATCGGGCAGACCCTCTGCAGAGGCTCCTGCCTGTGT
TGGGTGGGAGCACATTCCAAAAGGAGTGGAACAGTGTCTGCATGGGGAGGTACTCCAGTGATGC
AGGCGACAGCCTGGCACTGAGGAGCTGCTCCAAGCGGAGCTTTGAGGGGATCCTTTTAGGATTT
CTAAGGGGAACATTTAAGGCTGGTAGGAGGGACAGGCTGGGGTTGAAGAAATTTAGTTCTTATT
TTCAAATGAGCTGA

245

Translation of ORF number 114 in reading frame 1 on the direct
strand
LVEFESQPMRKPTPLSKSWCVLGLLSLRVELREFICSSTVHPRAARQTVLGFSPSSLPPSSCLS
TWSLLGLOQGHRADPLORLLPVLGGSTFQKEWNSVCMGRYSSDAGDSLALRSCSKRSFEGILLGFE
LRGTFKAGRRDRLGLKKESSYFQMS

246

ORF number 115 in reading frame 1 on the direct strand extends
from base 136801 to base 137037
GGTAGTAGGATCGCTACGAAAAGACTGTCAGTTATAAAACCTCTGAGCCAGAGTTTGCTATTGG
CTTGCCTGACTTTTAACTGTCCATGTGTGTCATCTCCCCAGAACagagagagagagagagagag
agagagagagagaaagagagagagaATCTCCTTGTTAATGAATCCTGCTTACCTTCTTGAGGGT
TATAGAAGGTATCAACTTGTATATGTTGTTATTTCTCTCTTTTAA

247

Translation of ORF number 115 in reading frame 1 on the direct
strand
GSRIATKRLSVIKPLSQSLLLACLTEFNCPCVSSPONRERERERERERKRERISLLMNPAYLLEG
YRRYQLVYVVISLF

248

ORF number 116 in reading frame 1 on the direct strand extends
from base 137737 to base 138054
AAAGAGAAGAAAAATGATAGCTGTCCCCATCCACATTGCGCCCTCTGTCGTGTGCTCCTTTCCC
TTCTCTCGTCTCAGTTGGTCCGGACGAGAACTCCTTGTGGAGGGGCTTCCTGCACAGGTGCTCA
CCACTGTCCATCTCACAGGAGACTCATGTGCGTGTGTCTGAAAACCCTCTTCCTGCCTTCCCGG
CCATGGAAAAACCTGGATGGCCTTGGGCAGCCCTCCAGCCCCTGCTCTGTTCCTGGAGAGCACT
GGCCAAGGAACCACGGGGTGTATTACTGGGTCACGGGGTGTACTGCAGGTCTTGATCTATGA

249

Translation of ORF number 116 in reading frame 1 on the direct
strand

130




WO 2023/049892 PCT/US2022/077012

KEKKNDSCPHPHCALCRVLLSLLSSQLVRTRTPCGGASCTGAHHCPSHRRLMCVCLKTLFLPSR
PWKNLDGLGQPSSPCSVPGEHWPRNHGVYYWVTGCTAGLDL

250

ORF number 117 in reading frame 1 on the direct strand extends
from base 138724 to base 139011
GGCTTCGCTGTGCATCGCGTTTCGTTAGCAGCAAAGCTGGTTCGTTGGCGTTGTTTGCGTTGGT
GTCTGCTCTGTGGCCTGAAGGCTGTCCCTGTTTTCCTCAGCTCTACGTCTCCTCAGAGAGCCGC
TTCAACACTTTGGCCGAGTTGGTTCATCATCACTCCACTGTGGCAGACGGGCTCATCACCACTC
TCCACTATCCAGCCCCCAAGCGCAACAAGCCCACCGTCTACGGCGTGTCTCCCAACTATGACAA
GTGGGAGATGGAGCGCACGGACATCACCATGA

251

Translation of ORF number 117 in reading frame 1 on the direct
strand
GFAVHRVSLAAKLVRWRCLRWCLLCGLKAVPVFLSSTSPQRAASTLWPSWEITITPLWQTGSSPL
STIQPPSATSPPSTACLPTMTSGRWSARTSP

252

ORF number 118 in reading frame 1 on the direct strand extends
from base 139498 to base 139740
CCAAAAAGCGCTCAGCTCTTCTGTGGATTTTTGTTGGCAGATTTGAAATGCAAGTGCTGCTTAG
TTCCTAGCAGGTTCCTGTTCTTTGTATTGTGTGTCCAGACTTCTGGAATGAAGCAAACATTAAG
GCTTCTTACTAACTCAGATCAGCCCTTCCCCCCTTCTTTCTTGTTATCTGTGACTTGCACCCTC
GCCACTAATGCACAGTGTTTGTGGTTTCCAGGCGCTTTGTTTTTCTTTTGA

253

Translation of ORF number 118 in reading frame 1 on the direct
strand
PKSAQLFCGFLLADLKCKCCLVPSREFLFEFVLCVQTSGMKQTLRLLTNSDQPFPPSEFLLSVTCTL
ATNAQCLWEFPGALFFF

254

ORF number 119 in reading frame 1 on the direct strand extends
from base 142240 to base 142551
AAATCACTTCTTCCCCTCTCCCCTTCTCCGCCATTTGCCCCCCTCAGAGTCTATAGCTGTGATC
TACCTTGCTCTTCAAGACTCCTTGGGAAACCCGTGCAGCTCCAGCTCCAGCTTTCGTTTGCTCA
GCGGTTCTCACCAAGCACCTCTTCACCTCTCCATGCCAGTCCTCACTGGGCACCTGAGTCTCGG
TCCCCTCCTGCCTCCCTGTCCTGCCTGTTTTGCCTTGCTGGCCCCGCAAAGGGCAGTGCCAGCT
CCTCCTTAGCCAGCAGGGGGAGCAAGGCCGGACTTTTAACCGCGACTCCATATTGA

255

Translation of ORF number 119 in reading frame 1 on the direct
strand
KSLLPLSPSPPFAPLRVYSCDLPCSSRLLGKPVQLOQLQLSFAQRFSPSTSSPLHASPHWAPESR
SPPASLSCLFCLAGPAKGSASSSLASRGSKAGLLTATPY

256

ORF number 120 in reading frame 1 on the direct strand extends
from base 143080 to base 143724
AAGCACATGGCAGCATGCTGTGGACACTGGTCTGTAGCCTACTGTCCACTGACTGTATCCGCAC
AGCTGTTCCTTGTCGGTACACATAAGGTCGCCTTGTTTTTATGTGGTGGATGTCAGCATGTAGC
AGCCCTCTGTGGGCATTTGCGTTCTTCCCAGTGCGTGGCTGTTACAGAAGTGCTGCAGGGATTC
TCCTTGTTTGCACACAGGGGACAGTGTCCTGGAGGGCCAGCACTCAGAGGGGAACGACTGCGTC
AGGGGCCGTGTGTGTTTGTCGTCTTCCTCACACTCCCAAAGCCTCCCAAGGAGCTCGTACCTGT
CTGCGCTCTGCCGCGCGTGTTGGGGGAGTGCCTGCTTCCCGTCCCTGCACTGACACAGTGTGCT
TTGCTTTGGGGTTTATTTTTGTCATTTTCCCCCAGGAAATTTATTGGCAAGCTCAGAAACGAGC
AGAGAAGGAAAGGTTCCGTGACAGCACTGACACTAGACCGGCCCACGCAGTGGCCATGTGACTA
CGCGGGGGGTGTGCACCAGGGAGAGGCCACCATTGCCGTGTGGCACTTGCTGTTACACTGGGTT
CTCTTCTGGCTGTGCAGCGAGACCCAGCTGCCGTGTTTGGGGACCAGACTTCTGGGGGCTCCTC
TGTGA

257

Translation of ORF number 120 in reading frame 1 on the direct
strand
KHMAACCGHWSVAYCPLTVSAQLFLVGTHKVALFLCGGCQHVAALCGHLRSSQCVAVTEVLQGFEF
SLFAHRGQCPGGPALRGERLRQGPCVEVVFLTLPKPPKELVPVCALPRVLGECLLPVPALTQCA
LLWGLFLSFSPRKFIGKLRNEQRRKGSVTALTLDRPTQWPCDYAGGVHQGEATIAVWHLLLHWV
LEFWLCSETQLPCLGTRLLGAPL

258

ORF number 121 in reading frame 1 on the direct strand extends
from base 145531 to base 145887
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CTTGTCCTCTGGAAGTCTTCCCTCAGATCCGCGGCCAGCGGCGAATGCGGCAATCCTGGGCAGT
TGTGCCGTAAGCACACCTTAGAGCCTGGTCGCCCCGAGGGGCAGGTCCCACATTTCAATAAACT
CGATAAAGCTTTCTTCTTGGGGGAGGCTAGTTTTCAAGACGTTCACTCCCCATCTCCCATACAG
TCTTTCTCTTCAGACAATTCAAACTCCCTGTGGAAACTTGAAGGGTGGGCTCTTGCCTCCCTGG
TGGGCCTTTGTAGCCAAGTTCTCACAGCAAACAGATCGTGTCATTTACCGCCACCCGCTTCCTG
TTTTGAGGGTCAGTTCAGAGGACAGTGGGTCCTTTAA

259

Translation of ORF number 121 in reading frame 1 on the direct
strand
LVLWKSSLRSAASGECGNPGQLCRKHTLEPGRPEGQVPHFNKLDKAFFLGEASFQDVHSPSPIQ
SEFSSDNSNSLWKLEGWALASLVGLCSQVLTANRSCHLPPPASCFEGQFRGQWVL

260

ORF number 122 in reading frame 1 on the direct strand extends
from base 146674 to base 146928
TTTCACTACCTTTTTTTCCTACAGGAGGACACCATGGAGGTGGAAGAGTTTTTGAAGGAAGCTG
CGGTAATGAAAGAGATCAAGCACCCTAACCTAGTACAGTTACTTGGTGAGTGCGAGGAGCTCGG
AAGGGGGGGCCTTTGCATTAAACCCGCTGGGGTGATCCAGGTGCTGTCAAAGAGGAGATGGCTG
CCTCGCTACATGAATTCTTCTCATTTGGACATCTGTTCTCTACTAACATTCAGCCCTCGGTAA

261

Translation of ORF number 122 in reading frame 1 on the direct
strand
FHYLFFLQEDTMEVEEFLKEAAVMKEIKHPNLVQLLGECEELGRGGLCIKPAGVIQVLSKRRWL
PRYMNSSHLDICSLLTESPR

262

ORF number 123 in reading frame 1 on the direct strand extends
from base 147094 to base 147399
TTTAGGCCATTTGATGTGTGCCTGGCCTTTGCTTCTGAACTCGGTGGCAGCCTCTTCCTGTTTA
AGTTCATTGGCTTGAGAGGAAGAAAAGAGCAGGCCATGTACCACCCCCTGTCTCCCCCCCCAGA
AACATCATCTCAAGTCACAGGTGCTTGGAACCGTCTTAGCACTGAGTCCAGGGCTTGGGGGCAG
AGTCAGATCCATTTCAGAAGCCTTTTCCTTGAGGTCCAGTCCTTTCTGATGCCTGTGCTGTGTC
TCGTTGGCAGGGGTCTGCACCCGGGAGCCCCCGTTCTATATAATCACTGA

263

Translation of ORF number 123 in reading frame 1 on the direct
strand
FRPFDVCLAFASELGGSLFLFKFIGLRGRKEQAMYHPLSPPPETSSQVTGAWNRLSTESRAWGQ
SQIHFRSLFLEVQSFLMPVLCLVGRGLHPGAPVLYNH

264

ORF number 124 in reading frame 1 on the direct strand extends
from base 147445 to base 147708
CCGGCAGGAGGTGAACGCTGTGGTGCTGCTGTACATGGCCACGCAGATCTCGTCAGCCATGGAG
TACCTGGAGAAGAAAAACTTCATCCACAGGTAGGAGCCTGCCGAGGCCGCCTCCCCACAGGGCC
CCGGCACCCTTCTGTAAAAGGCCCCACCTTGAGGGGTGACCGCTCGGCCTCTCCCTTCAGTGCT
GGCAACATGTTAGGTCTGAGACAAGAGCGCAGCGGTGGGTTCCGACGTGGCCAGCTCTGGGTGT
GTGTCTAG

265

Translation of ORF number 124 in reading frame 1 on the direct
strand
PAGGERCGAAVHGHADLVSHGVPGEEKLHPQVGACRGRLPTGPRHPSVKGPTLRGDRSASPFESA
GNMLGLRQERSGGFRRGQLWVCV

266

ORF number 125 in reading frame 1 on the direct strand extends
from base 147796 to base 148275
GGGGCATACTCAGTGTTTCATACAAGGAGTCGAGTGCTCCTTGTTCCGCCGAGCCCAGCCGGCG
GGCGCCGTAGTGACCTCTTCCCCGGAGCGGGTGGCCCTGCCCTGACACACGGCAAGAGCGGCCA
GTGCATGGGTTTCGGTTTTGTGCTGCGTGTTTTTTTTCTCCCTTCTCTTTATTATCATTTCATT
CTCCACTTAACTTGCTGTCACCGGCCTCGGCAATGTTTCCACAATTGGCAGAATTGTGTAGATG
CGGCTCTAAGTGAAGTGTCTTTGCTGTTTCAAAGCCCGGAGTGTTGTGACCTTCAGGTGCGCCA
CAATTATCCTGGTCTTCACATTCTTTGCTGGTGGAAATGGCTTCCTAGCAGAGTGACAGCCTAT
CCAGGGCAGAGCCTGTGGGCTTTGCCAGAGTCGTTCATACAAGACATTCTCTCTGCCACCACTG
TGACCTTTCCTGTCCAATTATCTCGACTATGA

267

Translation of ORF number 125 in reading frame 1 on the direct
strand
GAYSVFHTRSRVLLVPPSPAGGRRSDLFPGAGGPALTHGKSGQCMGFGEVLRVFFLPSLYYHFTI

132
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LHLTCCHRPRQCFHNWONCVDAALSEVSLLFQSPECCDLQVRHNYPGLHILCWWKWLPSRVTAY
PGOSLWALPESFIQDILSATTVTEFPVQLSRL

268

ORF number 126 in reading frame 1 on the direct strand extends
from base 153391 to base 153885
AAAAAANAAANGGAAACCAACATACCAACATGACAGCATTACTGATGGCTGCTGCTTTTtgtgtt
gtttttgtgtgtgtgtgtgtatgtgGTTCTTAGAAGTGGAAAAGGAACTGGGGAAAAAAGGCAT
GCGAGGGGTTGCAAGCACTCTGCTGCAGGCCCCAGAGCTGCCCACCAAGACAAGAACCTCCAGG
AGAGCTGTGGAACACAAAGACCCCACCGACGTGCCCGAGACACCCCACTCCAAGGGCCCGGGAG
AGCCTGGTATGTCTGCACCCCACCCCCACTGCAGGCTCAGGGTCAGTGCCCTTAGGGCCAGGGT
GGCAGACGGGGAGCAGTGCGCGCAGCCTGCACAGAAAGGCAGGCAAACTCCCATTAGTTGTCCA
GCGGTGGAGAAGGTTCTTCTCTCCCTGCAGCATCCCACCCTCCCTCTGGGAATCGTTAGGGGCC
ATTGGCTTCAGCAGGTAGTTCAGTCTGATGGGCAGAGGTGCTTCTGA

269

Translation of ORF number 126 in reading frame 1 on the direct
strand
KKKRKPTYQHDSITDGCCFLCCFCVCVCMWEFLEVEKELGKKGMRGVASTLLQAPELPTKTRTSR
RAVEHKDPTDVPETPHSKGPGEPGMSAPHPHCRLRVSALRARVADGEQCAQPAQKGRQTPISCP
AVEKVLLSLOQHPTLPLGIVRGHWLQQVVQSDGQRCFE

270

ORF number 127 in reading frame 1 on the direct strand extends
from base 155347 to base 155637
AAACTGGAAAAGGTCACCCCTTCTTGTTTCCCAAGCATAATGGCCCAGTGTCACTGCACTCTGT
GGGATGTGTCCCGTTCCCTCCAGGTCACACCCTGTAGAAACCACCAGTTGGCTGGTCTGAGAGG
CACAGGTTATGACCCTTTGCTCGGCCGTGTCATAGTTTTTACTCACAAGATAGTGAGGGGACTC
TGCAGATATAAAGGAAACCAGTGCAGGGGTGGGGGAGACGGGGACGTCCCGGCTTTTTGTTCTG
CTGTCTTCAAGGAGAGAGACCTAAGCTCTTCCtaa Translation of

271

ORF number 127 in reading frame 1 on the direct strand
KLEKVTPSCFPSIMAQCHCTLWDVSRSLQVTPCRNHQLAGLRGTGYDPLLGRVIVFTHKIVRGL
CRYKGNQCRGGGDGDVPAFCSAVEFKERDLSSS

272

ORF number 128 in reading frame 1 on the direct strand extends
from base 156277 to base 156714
GTGCGGCGGGGGGCGGCCGCGGCCAGTGGGGGGGGGCGCTGGAGTTGGGGCGGCAGGGCCGAGL
GGCCCGGGGCGGGGAGTCGCTGTCCTCGCCGAGCGCGCGGGCGCACGGGGGCGCAGGTGAGCCG
CGGGCGGGGCGCTGCGGCTGGGGGCTGGGGGCGGCAGGGCGGCTTCGTGTGCCACTCGGCCTCG
GCAGGCCAGCTCTTCGAGCTCCGTGTCCCTGGCTCTGTCCTCCTTGGGACCCCACAAGTGCCCT
CAGGAAGGCTGTGGGGTTCCCCTGCGCCGAGGCCCACCCGTGGCCATGCGCTAGGAGGTGTCTC
CCACCCGCCGGAGTCCCAAGGACCCCTCCCAAGAGCTCGGGCACCCTGCGGCCATCACACCCAA
CAGGCGAGTCGGGGTGTAGGAAGTCCACTGCTCACAAGGGCACCCCCTCATTAA

273

Translation of ORF number 128 in reading frame 1 on the direct
strand
VRRGAAAASGGGRWSWGGRAERPGAGSRCPRRARGRTGAQVSRGRGAAAGGWGRQGGEVCHSAS
AGQLFELRVPGSVLLGTPQVPSGRLWGSPAPRPTRGHALGGVSHPPESQGPLPRARAPCGHHTQ
QASRGVGSPLLTRAPPH

274

ORF number 129 in reading frame 1 on the direct strand extends
from base 156715 to base 156966
ACATCAGAAATTGGAGACACCCCGGATGGATGGGGGCCTTGGCCCCAAACCCTTTTTCTGTCCC
ACCTGTTTCCGTGCCCCTACACCTCCTGTGGGTCTTTTCTTGTCTGTGAGTCTGTGCTTACCAG
GGGGAACCCTGGGCCCACAGGGCCTCCTCACTCACCTGCCTTGTTTTCTCAGAACTTCTCATGG
CTGCAGGCCCCATGGGTTTCCCTTAGTTTAACTTatgtgggtettetecttggagegtaa

275

Translation of ORF number 129 in reading frame 1 on the direct
strand
TSEIGDTPDGWGPWPQTLFLSHLFPCPYTSCGSFLVCESVLTRGNPGPTGPPHSPALESQNFESW
LOAPWVSLSLTYVGLLLGA

276

ORF number 130 in reading frame 1 on the direct strand extends
from base 157057 to base 157377
atacttgtcgaatgCACCGACATGCCCAGTGGGGCCTGGAACCTGTCGTCGGTTGGCACTGGCC
TGCCTGGGCACGCTGCTGTGTGCTCCACCGTGGCAGGACCTGTTCCCTTAGGGAGGGGGACTGG

133
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TGACCTCAGCCTGGGCGCCTCCAGTTCGGGCTTTCTGCCTACTCAGCAACTTCTAATTTGGGTG
CGTGGTTGGGAGATGCTCTCAGCTGTCAGTCCTGCCCTTGGGGGGCCAGCTTCCTGCCTCTCAC
AGCCATTAAGTGCAGCTGGACGCAGGACCCCTGTCCCACTCCTGGGCTGCAGGAGCCACAGGTG
A

277

Translation of ORF number 130 in reading frame 1 on the direct
strand
ILVECTDMPSGAWNLSSVGTGLPGHAAVCSTVAGPVPLGRGTGDLSLGASSSGEFLPTQQLLIWV
RGWEMLSAVSPALGGPASCLSQPLSAAGRRTPVPLLGCRSHR

278

ORF number 131 in reading frame 1 on the direct strand extends
from base 157717 to base 158037
CACAAGCTTTTCTGCCTGTTGCACCGAGGGGGACCCTCGTCCTCGGACCTGAGGGCACAAGAGG
TGCAGGGAGGGGCTCGTGGTGCACATACTGCGTCCCAGGAGGGGTGGGGGTCCCTAAGCAGTGT
CCTCGCGCAGGACTCCTACCGGAAGCAAGTGGTCATCGATGGGGAGACGTGTCTGCTGGACATC
CTGGACACGGCGGGCCAGGAGGAGTACAGCGCCATGCGGGACCAGTACATGCGCACCGGCGAGG
GTTTCCTCTGCGTGTTTGCCATCAACAACACCAAGTCCTTTGAAGACATCCACCAGTACCGGTG
A

279

Translation of ORF number 131 in reading frame 1 on the direct
strand
HKLFCLLHRGGPSSSDLRAQEVQGGARGAHTASQEGWGSLSSVLAQDSYRKQVVIDGETCLLDI
LDTAGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHQYR

280

ORF number 132 in reading frame 1 on the direct strand extends
from base 158281 to base 158505
GCTGGCTCCCTGCCCACCTGTAGCCAGGGCCCCGCCCGCCCCGCCAGGGAGCCGTGCTCACCGL
CCCTCTCCCTCGACACAGGGCAGCCGCTCTGGCTCCAGCTCCGGGACCCCGGGACCCAGCGGCC
CCTCGCGCTGTscadmCGGAGCCCATGCGCCGGAGGAGCTgegecgecccggcccccgacccage
ccgacccggeccggGGGGCTGTCGCTCCAGTGA

281

Translation of ORF number 132 in reading frame 1 on the direct
strand
AGSLPTCSQGPARPAREPCSPPLSLDTGQPLWLQLRDPGTQRPLALXXRSPCAGGAARPGPRPR
PTRPGGLSLQ

282

ORF number 133 in reading frame 1 on the direct strand extends
from base 158506 to base 159063
GCGGTGAGTGCGGCGGGGGGCGGCCGCGGCCAGTGGGGGGGGGCGCTGGAGTTGGGGCGGCAGG
GCCGAGCGGCCCGGGGCGGGGAGTCGCTGTCCTCGCCGAGCGCGCGGGCGCACGGGGGCGCAGG
TGAGCCGCGGGCGGGGCGCTGCGGCTGGGGEGCTGGGGGCGGCAGGGCGGCTTCGTGTGCCACTC
GGCCTCGGCAGGCCAGCTCTTCGAGCTCCGTGTCCCTGGCTCTGTCCTCCTTGGGACCCCACAA
GTGCCCTCAGGAAGGCTGTGGGGTTCCCCTGCGCCGAGGCCCACCCGTGGCCATGCGCTAGGAG
GTGTCTCCCACCCGCCGGAGTCCCAAGGACCCCTCCCAAGAGCTCGGGCACCCTGCGGCCATCA
CACCCAACAGGCGAGTCGGGGTGTAGGAAGTCCACTGCTCACAAGGGCACCCCCTCATTAAACA
TCAGAAATTGGAGACACCCCGGATGGATGGGGGCCTTGGCCCCAAACCCTTTTTCTGTCCCACC
TGTTTCCGTGCCCCTACACCTCCTGTGGGTCTTTTCTTGTCTGTGA

283

Translation of ORF number 133 in reading frame 1 on the direct
strand
AVSAAGGGRGOWGGALELGRQGRAARGGESLSSPSARAHGGAGEPRAGRCGWGLGAAGRLRVPL
GLGRPALRAPCPWLCPPWDPTSALRKAVGFPCAEAHPWPCARRCLPPAGVPRTPPKSSGTLRPS
HPTGESGCRKSTAHKGTPSLNIRNWRHPGWMGALAPNPFSVPPVSVPLHLLWVESCL

284

ORF number 134 in reading frame 1 on the direct strand extends
from base 159424 to base 159651
CCTCAGCCTGGGCGCCTCCAGTTCGGGCTTTCTGCCTACTCAGCAACTTCTAATTTGGGTGCGT
GGTTGGGAGATGCTCTCAGCTGTCAGTCCTGCCCTTGGGGGGCCAGCTTCCTGCCTCTCACAGC
CATTAAGTGCAGCTGGACGCAGGACCCCTGTCCCACTCCTGGGCTGCAGGAGCCACAGGTGAGC
GGTCGGCCGTTGTTCGGCTGCTACCCTGATGCCTGA

285

Translation of ORF number 134 in reading frame 1 on the direct
strand

134
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POPGRLOQFGLSAYSATSNLGAWLGDALSCQSCPWGASFLPLTAIKCSWTQDPCPTPGLQEPQVS
GRPLFGCYPDA

286

ORF number 135 in reading frame 1 on the direct strand extends
from base 159919 to base 160251
GCGGGGCTGACTCCCCGCCCAGCCCTAATCCTGACACAAGCTTTTCTGCCTGTTGCACCGAGGG
GGACCCTCGTCCTCGGACCTGAGGGCACAAGAGGTGCAGGGAGGGGCTCGTGGTGCACATACTG
CGTCCCAGGAGGGGTGGGGGTCCCTAAGCAGTGTCCTCGCGCAGGACTCCTACCGGAAGCAAGT
GGTCATCGATGGGGAGACGTGTCTGCTGGACATCCTGGACACGGCGGGCCAGGAGGAGTACAGC
GCCATGCGGGACCAGTACATGCGCACCGGCGAGGGTTTCCTCTGCGTGTTTGCCATCAACAACA
CCAAGTCCTTTGA

287

Translation of ORF number 135 in reading frame 1 on the direct
strand
AGLTPRPALILTQAFLPVAPRGTLVLGPEGTRGAGRGSWCTYCVPGGVGVPKQCPRAGLLPEAS
GHRWGDVSAGHPGHGGPGGVQRHAGPVHAHRRGEFPLRVCHQQHQVL

288

ORF number 136 in reading frame 1 on the direct strand extends
from base 160252 to base 160539
AGACATCCACCAGTACCGGTGAGCTGCCAGCACCCGCGCAGGCCGTCCCTTCTGGCGCCCTGGA
CGCAGCCTGCCGGTGGCTCACACCATCCTCCTTGCAGGGAGCAGATCAAGCGGGTGAAGGACTC
GGACGACGTGCCCATGGTGCTGGTGGGAAACAAGTGTGACCTGGCTGCACGCACTGTGGAGTCT
CGGCAGGCACAGGACCTGGCCCGCAGCTACGGCATCCCCTACATCGAGACCTCGGCCAAGACGC
GCCAGGTGAGCTGGCTCCCTGCCCACCTGTAG

289

Translation of ORF number 136 in reading frame 1 on the direct
strand
RHPPVPVSCQHPRRPSLLAPWTQPAGGSHHPPCREQIKRVKDSDDVPMVLVGNKCDLAARTVES
ROAQDLARSYGIPYIETSAKTRQVSWLPAHL

290

ORF number 137 in reading frame 1 on the direct strand extends
from base 160720 to base 161094
gtcaatttacaaaaaataaaaaagggggagttgtatcccctgacgceccccataattacctgtete
attctctctttattcaaaattttttgaccttggatgcccatggtaagagtgectgcagagegett
ttggcatccttctactgececctcaggetttggtcaaatggaaagacccatttacaggetettgg
caaggcccagatctagtcctcatatggggeccgagggcatgtttgtgttttteccacaggatgecag
aaggccctcggtggectgeccagaacgattggtgecgacatgtggaccctectacctgetgatgacat
tgattactctcagcaatgtagaagaagaccagacatattgggcctatgttcctga

291

Translation of ORF number 137 in reading frame 1 on the direct
strand
VNLOQKIKKGELYPLTPHNYLSHSLFIONFLTLDAHGKSAAERFWHPSTAPQALVKWKDPEFTGSW
QGPDLVLIWGRGHVCVFPQDAEGPRWLPERLVRHVDPLPADDIDYSQQCRRRPDILGLCS

292

ORF number 138 in reading frame 1 on the direct strand extends
from base 163255 to base 163488
GGCGTGAGTGTCATTGACATAGTCTGGAATCTCAGGaccttcccatacagcagggtggagaata
ggtggatcaggtacgtaggcccaatacgtctggtcttecttectgecattgectgagggtcatcaatyg
tcatcagcaggtagagggtccacatgtcgcaccaatcecgttectggcageccaccgagggecttetyg
tatcctgtggaaaaacacaaacatgccctcggceccccatatga

293

Translation of ORF number 138 in reading frame 1 on the direct
strand
GVSVIDIVWNLRTFPYSRVENRWIRYVGPIRLVEFFCIAEGHQCHQQVEGPHVAPIVLAATEGLL
YPVEKHKHALGPTI

294

ORF number 139 in reading frame 1 on the direct strand extends
from base 163810 to base 164130
ccggagecattatcectgttttaagttttttaggagtggcagaagggtgtggtaaccescadmtgg
tcaaatggaaagacccacttacgggctcttggcaaggcccagatccagtecctecatatggggecg
agggcatgtttgtgtttttccacaggatacagaaggcccteggtggectgeccagaacgattggtg
cgacatgtggaccctctacttgctgatgacattgatgaccctcagcaatacagaagaagaccag
acgtattscadmcaagcaGATACATTAACAGATTTTTTAGACCAGTCTCTAGTCCCATCTTGTA
A
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295

Translation of ORF number 139 in reading frame 1 on the direct
strand
PEPLSVLSFLGVAEGCGNPXXVKWKDPLTGSWQGPDPVLIWGRGHVCVFPOQDTEGPRWLPERLV
RHVDPLLADDIDDPQQYRRRPDVXXXSRYINRFFRPVSSPIL

296

ORF number 140 in reading frame 1 on the direct strand extends
from base 164356 to base 164601
agggtccacatgtcgcaccaatcattctggcageccaccgagggecttetgecatectgtggaaaa
acacaaacatgccctcecggeccecccatatgaggactggatcectgggecttgeccaagagectgtaagtyg
ggtctttccatttgaccaaagcctgagtggcagcagaaggatgccaaaagecgectecgecageact
cttaccatgggcatccascadmCTCTAGTCCCGTCTTGTAAATCAGTCACCTGA

297

Translation of ORF number 140 in reading frame 1 on the direct
strand
RVHMSHQSFWQPPRAFCILWKNTNMPSAPYEDWIWALPRACKWVFPFDQSLSGSRRMPKALRST
LTMGIXXXLVPSCKSVT

298

ORF number 141 in reading frame 1 on the direct strand extends
from base 164788 to base 165093
gggtcatcaatgtcatcagcaggtagagggtccacatgtcacaccaatcgttectggcagecacc
gagggccttctgtatcctgtggaaaaacacaaacatgcccteggecccatatgaggactggata
tgggcscadmatttgtggccagecttaattcaagaaageccgtttggaagectcgaaaatattatgg
gaaagagccagatttgattgttgttccttttacaaaaacacagattcaaggcttgatgcagttt
acagacagttttcccatcgeccttggectcattttgcaggaactttagataa

299

Translation of ORF number 141 in reading frame 1 on the direct
strand
GSSMSSAGRGSTCHTNRSGSHRGPSVSCGKTQTCPRPHMRTGYGXXICGQLNSRKPFGSSKILW
ERARFDCCSEFYKNTDSRLDAVYRQFSHRLGSEFCRNFER

300

ORF number 142 in reading frame 1 on the direct strand extends
from base 165112 to base 166104
attgcttcagtttttcaacatcatgatccaatttttccttcaattgtgtcacatgectectette
ctgcggtaccaaatgtctttactgatggatctaacaatggtgtcgetgtttatgcactcaataa
acaaattaaaaagatccagacacctccagcttcagectcaaatagttgagecttcgagcagttcecat
atggtgttgcttgattttgecttcecccagtcecttttaatttattctectgacageccattatgtggtte
gtgcagtcaaaaatttagaaacagtaccgtttattaataccagtaatcctgttattcaggattt
atttcttcagatacaacaagccattcagctgegectgtaaaaaattttatattggeccatattaga
gctcactctagtctteccaggeccecctttagcagcaggecaatcaaattgecagattetgecacgecage
ttattgccttaactcaaatagaaaaagcacaaaaggctcatagecctccaccatcaaaacagcecca
gagcctaagattacagtataagatccccagagaagcagcacgccagattgtaaagcaatgtect
gactgttcacatttacagcctgtgcctcattatggagttaaccctecggggecttgegtecccaatyg
atctgtggcagacggatgtgactcatatacctgaatttgggaaattaaaatacgtccatgtcte
tatagacacgttctctggctttgtaattacttctggtcaatcaggagaagctacgtctcatgtt
atcagacactgtcttgctgettttgeccatgattggcactcctaaaaaacttaaaacagataatg
gctccggctacaccagcaagaaatttgetttattttgeccagecaattttcaattaatcatgttac
tggcattccttacaatccccaaggacaagggattgttgaacgcactcatggcacattaaaagte
attttacaaaaaataaaaaagggggagttatag

301

Translation of ORF number 142 in reading frame 1 on the direct
strand
IASVFQHHDPIFPSIVSHAPLPAVPNVETDGSNNGVAVYALNKQIKKIQTPPASAQIVELRAVH
MVLLDFASQSEFNLFSDSHYVVRAVKNLETVPFINTSNPVIQDLFLQIQQATQLRCKKFYIGHIR
AHSSLPGPLAAGNQIADSATQLIALTQIEKAQKAHSLHHONSQSLRLOYKIPREAARQIVKQCP
DCSHLQPVPHYGVNPRGLRPNDLWQTDVTHIPEFGKLKYVHVSIDTEFSGEVITSGQSGEATSHV
IRHCLAAFAMIGTPKKLKTDNGSGYTSKKFALEFCQQFSINHVTGIPYNPQGQGIVERTHGTLKV
ILOKIKKGEL

302

ORF number 143 in reading frame 1 on the direct strand extends
from base 166105 to base 166485
cccctgacgecccataattacctgtectecattectectetttattcaacattttttgaccttggatyg
cccatggtaagagtgctgcagagcecgettttggcatecttectactgecactcaggetttggtcaa
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atggaaagactcacttacaggctcttggcaaggcccagatccagtecctcatatggggecgaggg
catgtttgtgtttttccacaggatgcagaaggccctecggtggectgeccagaacgattggtgecgac
atgtggaccctctatttgectgatgascadmGCCATGCACTGTGTCCGCGTCCCGCTCGCTACCA
TTGGGAACCAGCAGCAGCCGCTGCAGCTCTCGCCCCTGAAGGGGCTCAGCCTAGCGGATAA

303

Translation of ORF number 143 in reading frame 1 on the direct
strand
PLTPHNYLSHSLFIQHFLTLDAHGKSAAERFWHPSTATQALVKWKDSLTGSWQGPDPVLIWGRG
HVCVFPQDAEGPRWLPERLVRHVDPLFADXXXHALCPRPARYHWEPAAAAAALAPEGAQPSG

304

ORF number 144 in reading frame 1 on the direct strand extends
from base 168031 to base 168300
TGCAACCAATGTCCAGTGACCCAGATTGCGCTGAACTTTGATGTGTTTACCACTAGGTGGAGCG
GTTTAGCCAAGAAGTTCAGATTACAGAAGCCCGCTGTTTCTATGGCTTCCAAATTGCCATGGAA
AACATACATTCTGAGATGTATAGTCTCCTCATTGACACTTACATCAAAGATTCCAAGGAAAGGT
GAGTATTTGAGTGGTATGCCAACATGTTTGGGACTCACTAATTGTTTATTTCAAGTTTTTGGAT
TCAGACCGGGATAG

305

Translation of ORF number 144 in reading frame 1 on the direct
strand
CNQCPVTQIALNFDVFTTRWSGLAKKFRLOQKPAVSMASKLPWKTYILRCIVSSLTLTSKIPRKG
EYLSGMPTCLGLTNCLEFQVEFGEFRPG

306

ORF number 145 in reading frame 1 on the direct strand extends
from base 172837 to base 173121
GCACGCTCGGGCCGGGTTGGGGTGGCGGGTACCTGGGGGACTCGGGCATGCCTCTCACCGCATG
TCTCCCCGCAGCCACCCGCTCTCAACGGCACCCGCGTGCTGGCCAGCAAGGCGGCCCGGAGGAT
CTTCCAGGAGGCGGCGGAGTCCGTGGAGCCGGTGAGCGGATGCCCGAGGGCGGAGACAGCGCAG
TGGGCGTGGCCAGCGCGCAGCGCCTGGGGGCGACAGCCGACTTCGCCGGCTCTCTGGCGCCATG
GCTTTCTTTGTCTTTCTACTTACTCATAA

307

Translation of ORF number 145 in reading frame 1 on the direct
strand
ARSGRVGVAGTWGTRACLSPHVSPQPPALNGTRVLASKAARRIFQEAAESVEPVSGCPRAETAQ
WAWPARSAWGRQPTSPALWRHGFLCLSTYS

308

ORF number 146 in reading frame 1 on the direct strand extends
from base 173212 to base 173502
CAGCTGACACGTAAGACACtggaccacatgaaattgccgacaattgaatgtaactggatgggaa
aaatggcaatttcatatggttcgaTGGATACTTCACATTTTCATTACTTTCTCCCCCAACAGAA
AACTAAGGTGTCTGCCCTCAGCGGGCAGGATGAACCACTGCTGAGAGAAAACCCCCGCCGCTTT
GTCGTCTTTCCCATCGAATACCATGATATCTGGCAGATGTATAAGAAAGCGGAGGCTTCCTTTT
GGACAGCTGAGGAGGTAATCAGATTCAGGAGCTAG

309

Translation of ORF number 146 in reading frame 1 on the direct
strand
QLTRKTLDHMKLPTIECNWMGKMAISYGSMDTSHFHYFLPQQKTKVSALSGOQDEPLLRENPRRF
VVEFPIEYHDIWQMYKKAEASFWTAEEVIRERS

310

ORF number 147 in reading frame 1 on the direct strand extends
from base 178783 to base 179067
GCACGCTCGGGCCGGGTTGGGGTGGCGGGTACCTGGGGGACTCGGGCATGCCTCTCACCGCATG
TCTCCCCGCAGCCACCCGCTCTCAACGGCACCCGCGTGCTGGCCAGCAAGGCGGCCCGGAGGAT
CTTCCAGGAGGCGGCGGAGTCCGTGGAGCCGGTGAGCGGATGCCCGAGGGCGGAGACAGCGCAG
TGGGCGTGGCCAGCGCGCAGCGCCTGGGGGCGACAGCCGACTTCGCCGGCTCTCTGGCGCCATG
GCTTTCTTTGTCTTTCTACTTACTCATAA

311

Translation of ORF number 147 in reading frame 1 on the direct
strand
ARSGRVGVAGTWGTRACLSPHVSPQPPALNGTRVLASKAARRIFQEAAESVEPVSGCPRAETAQ
WAWPARSAWGRQPTSPALWRHGFLCLSTYS

312

ORF number 148 in reading frame 1 on the direct strand extends
from base 179158 to base 179448
CAGCTGACACGTAAGACACtggaccacatgaaattgccgacaattgaatgtaactggatgggaa
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aaatggcaatttcatatggttcgaTGGATACTTCACATTTTCATTACTTTCTCCCCCAACAGAA
AACTAAGGTGTCTGCCCTCAGCGGGCAGGATGAACCACTGCTGAGAGAAAACCCCCGCCGCTTT
GTCGTCTTTCCCATCGAATACCATGATATCTGGCAGATGTATAAGAAAGCGGAGGCTTCCTTTT
GGACAGCTGAGGAGGTAATCAGATTCAGGAGCTAG

313

Translation of ORF number 148 in reading frame 1 on the direct
strand
QLTRKTLDHMKLPTIECNWMGKMAISYGSMDTSHFHYFLPQQKTKVSALSGQDEPLLRENPRRF
VVFPIEYHDIWQMYKKAEASFWTAEEVIRFERS

314

ORF number 149 in reading frame 1 on the direct strand extends
from base 186598 to base 186852
ctttggatgcccatggtaaaagtgcagectgaacgtttttggcateccttcaactagececctecagge
cttggtcaaatggaaggacccacttacgggtgtctggcaaggcccagatccagtectecatatgg
gggcgagggcatgtttgtgtttttccacaggatgcagaaggcccteggtggetgecagaacgat
tggtgcgacatgtggaccctctacctgctgatgacattgatgascadmCTCCGCTTCAGCTAG

315

Translation of ORF number 149 in reading frame 1 on the direct
strand
LWMPMVKVQLNVEFGILQLALRPWSNGRTHLRVSGKAQIQSSYGGEGMEFVEFHRMQOKALGGCQND
WCDMWTLYLLMTLMXXLRFES

316

ORF number 150 in reading frame 1 on the direct strand extends
from base 187354 to base 187623
gacagggagctgatgaatcttttcaagattttgtgtctecgecttactgttgectgecgggacggac
ctttggagcgtccgtggctacggaggctttcattaaacagecttgettatgaaaatgcaaattet
gcctgccaagcgattattaggcccattaagaaaaaaggcactatctectgattttatececgttect
gtgccgatgtcggcccctecttttcacagggagtggeccctggectgecgetttacaaggaaaaag
cattcatgaagtaa

317

Translation of ORF number 150 in reading frame 1 on the direct
strand
DRELMNLFKILCLALLLLRDGPLERPWLRRLSLNSLLMKMQILPAKRLLGPLRKKALSLILSVP
VPMSAPPFHREWPWLPLYKEKAFMK

318

ORF number 151 in reading frame 1 on the direct strand extends
from base 187624 to base 187863
tgcagcaacaggccaagcttcatgectagtggececgegcaggagettgttttaactgtggaaaaat
gggacatcgagcttctcaatgcccacataaaatggaggctaacaatccgtecggetactgetgtg
gttaaaaaacctccagggccttgtcccaggtacaagaaaggcgectcattgggectaataaatgta
aatccaaaactgacaaagacggcaaacccttacagggaaactgggtga

319

Translation of ORF number 151 in reading frame 1 on the direct
strand
CSNRPSFMLVAAQELVLTVEKWDIELLNAHIKWRLTIRRLLLWLKNLOQGLVPGTRKALIGLINV
NPKLTKTANPYRETG

320

ORF number 152 in reading frame 1 on the direct strand extends
from base 188323 to base 188637
ttacttgtctttttattcaaaatttttttgactttggatgecctatgttaagagtgcagectgaac
gtttctggcatccttectgececgtecctgaggetttggtcagaaagaaggatccacttactggate
atggcaaggcccagacccagtcecctcatatggggccgagggcatgtttgtgttttteccacaggat
gcagatagtcctcggtggttgccagaacgattggtgcgacatgtggaccctctacctgetgatyg
acattgatgaccctcagcaatacagaagaagaccagacgtattgggcctacgtacctga

321

Translation of ORF number 152 in reading frame 1 on the direct
strand
LLVFLFKIFLTLDAYVKSAAERFWHPSAVPEALVRKKDPLTGSWQGPDPVLIWGRGHVCVFEFPQD
ADSPRWLPERLVRHVDPLPADDIDDPQQYRRRPDVLGLRT

322

ORF number 153 in reading frame 1 on the direct strand extends
from base 188725 to base 189525
tggacacatgaaacaacaTTTGGAAAGTTTTGTAAATCAGGCACTCCCTGCAGTCAGGTGACTG
ATTTACAAGACGGGACTAGAGACTGGTCTAAGAAATCTGTTAATGTATCTGCTTGTGTTCCTTC
CCCTTATACACTTTTGATTGGAAATATTAATGTACATTTTGTAGGAGTTCAGTTTAtggaagat
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gtgattcagagtataaaagttaaatcttatttaaaatgtcattcagaatatcattggatatgtg
ttacttcscadmcceccggegacggggegegeggggggeggggeggactgtgeccagtgegecce
gggcgggtcecgecgecgtecgggececggggggtttccaggegecacgecgtgaccaaagcacagcecga
agcgagcgcacggggtcagecggecgatgtecggecacccacccgaccecgtecttgaaacacggacca
aggagtctaacacgtgcgcgagtcaggggctecgcacgaaageccgecgtggegecaatgaaggtga
aggccggcgceccgctegecggecgaggtgggatcccgaggectetecagtecgecgagggegecac
caccggcccgtcectegececgecagegecggggaggtggagcacgagegecacgtgttaggaccecgaa
agatggtgaactatgcctgggcagggcgaageccagaggaaactctggtggaggtecgtageggt
cctgacgtgcaaatcggtcgteccgacctgggtataggggecgaaagactaatcgaaccatctagt
agctggttccctceccgaagtttcececctcaggatag

323

Translation of ORF number 153 in reading frame 1 on the direct
strand
WTHETTFGKFCKSGTPCSQVTDLODGTRDWSKKSVNVSACVPSPYTLLIGNINVHEVGVQEMED
VIQSIKVKSYLKCHSEYHWICVTSXXPATGRAGGGADCAQCAPGGSRRRARGVSRRHAVTKAQR
SERTGSAAMSATHPTRLETRTKESNTCASQGLARKPPWRNEGEGRRRSPAEVGSRGLSSPPRAH
HRPVSPAAPGRWSTSARVRTRKMVNYAWAGRSQRKLWWRSVAVLTCKSVVRPGYRGERLIEPSS
SWEPPKFPSG

324

ORF number 154 in reading frame 1 on the direct strand extends
from base 189922 to base 190194
ccttggatgecccatggtaagagtgectgeggagegettttggecatecttetgetgecactecagge
tttggtcaaatggaaagacccacttacaggctcttggcaaggecccagatccagtectecatatgg
ggccgagggcatgtttgtgttttteccacaggatgcagaaggecccteggtggetgecagaacgat
tggtgcgacatgtggaccctctacctgectgatgacattgatgacescadmgttgagggtcatca
atgtcatcagcaagtag

325

Translation of ORF number 154 in reading frame 1 on the direct
strand
PWMPMVRVLRSAFGILLLPLRLWSNGKTHLQALGKAQTIQSSYGAEGMEFVFEFHRMOQKALGGCQND
WCDMWTLYLLMTLMTXXLRVINVISK

326

ORF number 155 in reading frame 1 on the direct strand extends
from base 190195 to base 190644
agggtccacatgtcgcaccaatcgttctggcageccaccgagggecttetgecatecctgtggaaaa
acacaaacatgccctcecggeccccatatgaggactggatctgggecttgecaagagectgtaagtg
ggtctttccatttgaccaaagcctgagtggcagcagaaggatgccaaaagcgectecgecageact
cttaccatgggcatccaaggtcaaaaaattttgaataaagagagaatgscadmGACCGGGCCGG
GCTCATCGCCCGGCGGCCGCCGCCGCCGCTTTCTCGTtaatgateccttecgecaggttcacctac
ggaaaccttgttacgacttttacttcctctagatagtcaagttcgaccgtcecttectcagegetee
gccagggccgtgggecgacccecggeggggecgateccgagggectecactaaaccateccaateggt

ag

327

Translation of ORF number 155 in reading frame 1 on the direct
strand
RVHMSHQSFWQPPRAFCILWKNTNMPSAPYEDWIWALPRACKWVFPFDQSLSGSRRMPKALRST
LTMGIQGQKILNKERMXXTGPGSSPGGRRRRFLVNDPSAGSPTETLLRLLLPLDSQVRPSSQRS
ARAVGRPRRGRSEGLTKPSNR

328

ORF number 156 in reading frame 1 on the direct strand extends
from base 191302 to base 191622
tcgtcttcgaaccteccgactttegttecttgattaatgaaaacattecttggcaaatgettteget
ctggtccgtecttgecgecggtceccaagaatttcacctetageggegecaatacgaatgeccecececggec
gtccctcttaatcatggcctcagttccgaaaaccaacaaaatagaaccgcecggtectattceccats
cadmttgctgagggtcatcaatgtcatcagcaggtagagggtccacatgtcgcaccaatcgtte
tggcagccaccgagggccttcectgecatecctgtggaaaaacacaaacatgcccteggecccatatg
a

329

Translation of ORF number 156 in reading frame 1 on the direct
strand
SSSNLRLSFLINENILGKCFRSGPSCAGPRISPLAAQYECPRPSLLIMASVPKTNKIEPRSYSX
XXAEGHQCHQQOVEGPHVAPIVLAATEGLLHPVEKHKHALGPT
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330

ORF number 157 in reading frame 1 on the direct strand extends
from base 191674 to base 191852
ccaaagcctgagtggcagtggaaggatgccaaaagcgcectceccgecagecactettaccascadmtgt
catcagcaggtagagggtccacatgtcgcaccaatecgttectggcagecaccgagggecttetge
atcctgtggaaaaacacaaacatgccctecggeccccatatgaggactgggtectgggecttgecat
gatccagtaagtggatccttctttectgaccaaagecctcagggacggcagaaggatgeccagaaac
gttcagctgcactcttaacatag

331

Translation of ORF number 157 in reading frame 1 on the direct
strand
PKPEWQWKDAKSAPQHSYXXXSSAGRGSTCRTNRSGSHRGPSASCGKTQTCPRPHMRTGSGPCH
DPVSGSFFLTKASGTAEGCQKRSAALLT

332

ORF number 158 in reading frame 1 on the direct strand extends
from base 192412 to base 192966
CACTGCCCTTCCTTCGAGCACAGGCTGACCTCAGTGACAGATGAACTGGCTGCGGTCACCGCAG
TGGTGTTCAGCCGGCAGGAGGTGGTCACCCAGCTGCAGCGCGAGCTGCGGAATGAGGAACAGAA
CATCCACCCCCGGCAGCGGTCAGTGGGTCCCACCTATTGTAGCCTTGTGCCCGCGCCCCACCCC
ACACACCTGCCCTGCAGCCAGCTGCAGGCTGAGCCCTCTCTCTGCCCCCTCCCACCTCCCACCT
GCCTGTCTCCTTTCAGGGTTTACCTGCTGGGCAAGAGGCAGGTATTGCAGGAGGAGCTCCAGGG
GCTGCAGGTGGCACTGTGCAGCCAGGCCAAGCTGGAGGCCCAGCAGGATCTTTTGCAGGCCAAG
CTGGAGCAGCTGGGCCCCGGGGATCCCCCGCCTGTGCCGCTCCTACAGGACGACCGCCACTCTA
CCTCCTCCTCGGTGAGTGCCCTACTGCCCTCCGTGGTCACCTTGCTGCCAGCCCAGGCTGTGTC
CTCATTTTCGCCCTCCCCCTCCCCAAGCCTGGCCACCCGCTGA

333

Translation of ORF number 158 in reading frame 1 on the direct
strand
HCPSFEHRLTSVTDELAAVTAVVESRQEVVTQLOQRELRNEEQNTITHPRQRSVGPTYCSLVPAPHP
THLPCSQLQAEPSLCPLPPPTCLSPFRVYLLGKRQVLQEELQGLQVALCSQAKLEAQQDLLQAK
LEQLGPGDPPPVPLLODDRHSTSSSVSALLPSVVTLLPAQAVSSESPSPSPSLATR

334

ORF number 159 in reading frame 1 on the direct strand extends
from base 192967 to base 193197
CGTCTGTCCCTGGCCTCAGGAGCAGGAGCGGGAAGGGGTACGGACGCCTACCCTGGAGCTCCTG
AAGAGCCACATCTCAGGAATCTTTCGCCCCAAGTTTTCGGTGAGTGGCACCTGTCTGGGCCTGC
GCCTCTGCCCTTCTCCAAGGGGTGGGCTGGGCCAGGGGTCTCAGACATGCCCCCACTGCACCCC
GCCCACATGGTGTTCTGGTTAGCCCCTGGGTTGCCCTAA

335

Translation of ORF number 159 in reading frame 1 on the direct
strand
RLSLASGAGAGRGTDAYPGAPEEPHLRNLSPQVFGEWHLSGPAPLPFSKGWAGPGVSDMPPLHP
AHMVFWLAPGLP

336

ORF number 160 in reading frame 1 on the direct strand extends
from base 193198 to base 193455
AGAGGAGGCTCTCTCCACGCCGCTTTTATTGGGGTGCCAAGCACCAACGTCCCCAGATCCTGCC
ACTCTCACACCCCCTTCTTCTCTGCCATCACATGTGCTGAAGGGACTCACAGCTTTAGTGACCC
CATGGCTCTCCCTGCTCCAGGAGTGGTTGGGGGGCCGCAGCCTGGTGGAAAAGGCAAAAGTTTG
GTTTGGGACCAGTCAGCCGGCCCCCCCATCCCAGCTGTGCCTGGGCCAGTCTATGGCCTGCTCT
AG

337

Translation of ORF number 160 in reading frame 1 on the direct
strand
RGGSLHAAFIGVPSTNVPRSCHSHTPFFSAITCAEGTHSFSDPMALPAPGVVGGPQPGGKGKSL
VWDQSAGPPIPAVPGPVYGLL

338

ORF number 161 in reading frame 1 on the direct strand extends
from base 193816 to base 194112
CGTGAGTGGTGCCAGGACCCGCGCCCACCCTGCCCCACCCTTCCCTGTCACCAGAATGACCTTG
AGAGGGTAGGAAGAAAGGGGCTGCTAGTCTTAGATGCTAGTCAGAGCTGCAAGGGGCCATGGAG
ACCACTTAGTCCCTATAACAGAACAGGCGTAAGTAGCATGGGTAGCAGGTGTGTTGGGCGCCAT
GAGGTCGTGCCTTCCTGCAGTGTCTCTGCCTCTCGTCCCAGGCAGGCCCTTTCTCCCTGCTACT
CTCCCGCTCCCCTCCCAGGGCTCAGGCCCCCTCAGCAGTAG
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339

Translation of ORF number 161 in reading frame 1 on the direct
strand
REWCQDPRPPCPTLPCHONDLERVGRKGLLVLDASQSCKGPWRPLSPYNRTGVSSMGSRCVGRH
EVVPSCSVSASRPRQALSPCYSPAPLPGLRPPQQ

340

ORF number 162 in reading frame 1 on the direct strand extends
from base 194113 to base 194427
AGGCTGCTGACCCCAAGTTGCCCTGCCCTGCAGAACCTGTACCGACTGGAAGGTGATGGTTTTC
CCAGCGTCCCCTTGCTCATTGACCACCTGCTGCAGTCCCAGCAGCCCCTCACCAAGAAGAGCGG
TATTGTCCTGAACAGAGCTGTGCCCAAGGTGAGCCTGCACCCCACCGGCCCACACCACCCACCA
CAGGGTTTGGGGAGCGCGGGTTCAGGCCCACAGAATCGGGGCAGGAGGGGCTTTCCAGGTCTCT
GGTCTACGGTCTGGGTACCACGCGACTCCTCACTCTCCAAGGGGTCAGCTCCCTCCTAG

341

Translation of ORF number 162 in reading frame 1 on the direct
strand
RLLTPSCPALONLYRLEGDGFPSVPLLIDHLLQSQQPLTKKSGIVLNRAVPKVSLHPTGPHHPP
QGLGSAGSGPONRGRRGFPGLWSTVWVPRDSSLSKGSAPS

342

ORF number 163 in reading frame 1 on the direct strand extends
from base 196108 to base 196377
GTGCGGGCACGGCCTCGTGCTGCCCACGCCAGCCCCCCAGTAACCCCGCCCAAGCACAGGCCAT
GCTGTCACCCCGTGCCCCCTTTCCCGAGGGACCATGAGTCCTGGGCAGGGAGCGGCCCTTGTTC
ATGTCTATGTGTGGAGTCCCCAGCTCAGGGAGGTGACGGGTGCGGTGTGTGGTGGCTGAGTGAG
CCCCTTTCCTGCTTTATCCAGGGACCTTGCTGCTCGGAACTGCCTGGTCACAGAGAAGAATGTC
TTGAAGATCAGTGA

343

Translation of ORF number 163 in reading frame 1 on the direct
strand
VRARPRAAHASPPVTPPKHRPCCHPVPPFPRDHESWAGSGPCSCLCVESPAQGGDGCGVWWLSE
PLSCFIQGPCCSELPGHREECLEDQ

344

ORF number 164 in reading frame 1 on the direct strand extends
from base 196516 to base 196761
GGCTGGGCGTGCCTCTGGCTGATGGACGTGGGTGGCTCACTCACACTGCCTCACCTCCTTGCAG
GCCGCTATTCGTCCGAGAGCGATGTGTGGAGCTTTGGCATCTTGCTCTGGGAGGCCTTCAGCCT
GGGGGCCTCCCCCTACCCCAACCTCAGCAATCAGCAGACTCGGGAGTTCGTAGAAAAAGGTAAG
GCAACCCCACTGCATGACAGCAGCCCGACCCACGCGCTCATCCCAGTGCTATAG

345

Translation of ORF number 164 in reading frame 1 on the direct
strand
GWACLWLMDVGGSLTLPHLLAGRYSSESDVWSFGILLWEAFSLGASPYPNLSNQQTREFVEKGK
ATPLHDSSPTHALIPVL

346

ORF number 165 in reading frame 1 on the direct strand extends
from base 197161 to base 197598
CGCTGTGTTCAGGCTCATGGAGCAGTGCTGGGCCTACGAGCCCAGTCAGCGACCCAGCTTCAGC
ACCATCTACCAGGAGCTGCAGACCATCCGAAAGCGGCATCGGTGAGGCTCGGCCCGCTTCTCAA
GCCAGTGGCTTCTGTTGGCAAGATTATACCTCCTCCCCAGCTCCAGCTCACACCGTGGGACAGC
CCTTCCCAGTCCTGGACTCTGGCCGCCGGCATCCATGCTGCCAGGGGGGATGCAGCTCCATGTC
TGCTGTGCGTCCCCATTCCTGCCAGscadmgatttaacctttatgetttgaatgacatctccca
TATACTGAACTCCTACAAAATGTACATTAATATTTCCAATCAAAAGTGTATATGGGGAAGGAAC
ACAAGCAGATATATTAACAGATTTCTTAGACCAGTCTCTAGTCCCGTCTGGTAA

347

Translation of ORF number 165 in reading frame 1 on the direct
strand
RCVQAHGAVLGLRAQSATQLOHHLPGAADHPKAASVRLGPLLKPVASVGKIIPPPQLOLTPWDS
PSOSWTLAAGIHAARGDAAPCLLCVPIPAXXREFNLYALNDISHILNSYKMYINISNQKCIWGRN
TSRYINRFLRPVSSPVW

348

ORF number 166 in reading frame 1 on the direct strand extends
from base 197797 to base 198024
gggtcatcaatgtcatcagcaggtagagggtccacatgttgcaccaatcgttctggecagecace
gaggactatctgcatcctgtggaaaaacacaaacatgcccteggecccatatgaggactgggte
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tgggccttgccatgatccagtaagtggatceccttecttectgaccaaagectcagggacggcagaa
ggatgccagaaacgttcagctgcactcttaacatag

349

Translation of ORF number 166 in reading frame 1 on the direct

strand
GSSMSSAGRGSTCCTNRSGSHRGLSASCGKTQTCPRPHMRTGSGPCHDPVSGSFLLTKASGTAE

GCQKRSAALLT
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CLAIMS

What is claimed is:

10.

11

An induced pluripotent bat stem cell (bat IPSC), wherein the cell is in a pluripotent

state.

The bat IPSC of claim 1, wherein the cell is in a pluripotent state characterized by the
expression of one or more factors selected from the group of Kif4, Kif17, Essrb,

Tfep2ll, Tfe3, Dppa, Oct4, Sox2, Nanog, and Dusp6.
The bat IPSC of claim 1 or 2, wherein the cell is in a naive pluripotent state.

The bat IPSC of any one of claims 1-3, wherein the cell further is characterized by the

expression of one or more factors selected from the group of Otx2 or Zic2.

The bat IPSC of any one of claims 1-4, wherein the cell is derived from a bat
fibroblast.

The bat IPSC of claim 5, wherein the cell is derived from a bat embryonic fibroblast

or a bat fibroblast from an adult bat.

The bat IPSC of any one of claims 1-6, wherein the cell is derived from a

Rhinolophus bat or a Myotis bat.

The bat IPSC of claim 7, wherein the cell is derived from a Rhinolophus

Sferrumequinum bat or a Myotis myotis bat.

The bat IPSC of any one of claims 1-8, wherein the cell is capable of differentiating

into embryonic bodies.

The bat IPSC of claim 9, wherein the embryonic bodies are capable of differentiating

into three-dimensional structures comprising three germ layer markers.

A method of producing induced pluripotent bat stem cells (bat IPSCs), the method

comprising;

(1) reprogramming isolated bat cells with Oct4, Sox2, cMyc, and Klf4 factors;
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

(i1) culturing the reprogrammed cells on feeder cells in a medium comprising FGF,

Leukemia inhibitory factor (Lif), SCF, and Forskolin until colonies appear; and

(111) splitting cells using a low concentration EDTA buffer;

thereby producing IPSCs from bats.

The IPSCs produced by the method of claim 11.

The method of claim 11 or claim 12, wherein the isolated bat cell is a bat fibroblast.

The method of claim 13, wherein the isolated bat cell is a bat embryonic fibroblast or
an bat adult fibroblast.

The method of any one of claims 11-14, wherein the isolated bat cell is derived from

a Rhinolophus bat.

The method of claim 15, wherein the isolated bat cell is derived from a Rhinolophus

Sferrumequinum bat.

The method of any one of claims 11-16, wherein the Lif is at a concentration of 10"4
U/ml.

The method of any one of claims 11 -17, wherein the FGF is at a concentration of 100

ng/ml.

The method of any one of claims 11,-18 wherein the SCF is at a concentration of 100

ng/ml.

The method of any one of claims 11-19, wherein the Forskolin is at a concentration of

20 nM.

The method of any one of claims 11-20, wherein the feeder cell is a mouse CF1

mouse embryonic fibroblasts (MEF).

The method of any one of claims 11-21, the method further comprising passaging the
bat IPSCs every S days onto feeder cells.
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23.

24.

25.

26.

27.

28.

29.

30.

31

The method of any one of claims 11-22, wherein the bat IPSC is further differentiated

into embryonic bodies.

The method of claim 23 wherein the embryonic bodies are further differentiated into

three-dimensional structures comprising three germ layer markers.

A method of producing induced pluripotent bat stem cells (bat IPSCs), the method

comprising;
(1) reprogramming isolated bat cells with Oct4, Sox2, cMyc, and K1f4 factors;

(i1) culturing the reprogrammed cells in feeder free medium comprising FGF,

Leukemia inhibitory factor (Lif), SCF, and Forskolin until colonies appear; and
(i11) splitting cells using a low concentration EDTA buffer
thereby producing IPSCs from bats.

A composition for reprogramming a bat cell to produce pluripotent stem cells
comprising a medium comprising FGF, Leukemia inhibitory factor (Lif), SCF, and

Forskolin.

The composition of claim 18, wherein the Lif is at a concentration of 104 U/ml.
The composition of claim 18, wherein the FGF is at a concentration of 100 ng/ml.
The composition of claim 18, wherein the SCF is at a concentration of 100 ng/ml.
The composition of claim 18, wherein the Forskolin is at a concentration of 20 nM.
A method of obtaining viral sequences from bat IPSCs, the method comprising
obtaining bat IPSCs;

identifying viral sequences residing in the bat iPSC genome or intracellular virus

genome; and
assembling the viral sequences;

thereby obtaining viral sequences from the bat iPSCs.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

The method of claim 31, wherein the identifying comprises sequencing the bat
genome or the genome of viral particles residing in the bat IPSCs, or of viral particles

shed by the bat IPSCs.

The method of claims 31 or claim 32, wherein the identifying comprises sequencing
the RNA of the bat genome or the genome of viral particles residing in the bat IPSCs,
or of viral particles shed by the bat IPSCs.

The method of claim 31, wherein the identifying the proteins and peptides produced
by the viral genome by proteomics e.g., LC-MS.

The method of claim 31, further comprising translating the sequence into a protein
sequence and determining whether the translated sequence has a significant homology

to a known protein sequence in a viral protein database.
The method of claim 35, wherein the sequence is selected from SEQ ID NO: 1-349.

The method of claim 31, wherein the virus is selected from the group of a SARS-

CoV-2 virus, endogenous retrovirus (RfRV), and sindbis virus.
The method of claim 31, wherein the virus is a coronavirus.

The method of claim 35, wherein the sequence is encoding a gag protein, a pol

protein, or an env Protein.

A method of obtaining viral sequences from virus particles shed by bat IPSCs or cells

derived from bat IPSCs, the method comprising
obtaining bat IPSCs or cells derived from bat IPSCs;

culturing the bat IPSCs or cells derived from bat IPSCs under conditions that allows

shedding of virus particles into the culture media;
collecting the culture media;
identifying viral sequences residing in the culture media; and

assembling the viral sequences,
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thereby obtaining viral sequences from virus particles shed by bat iPSCs or cells

derived from bat IPSCs.

41. Use of any one of the viral sequences of claims 31- 40 for the development of a

vaccine.
42. A recombinant nucleic acid molecule, comprising
a promoter, and

anucleic acid selected from SEQ ID NO: 1-349 encoding for a viral protein or

fragment thereof.

43. A recombinant, replication deficient adenovirus, comprising the nucleic acid of claim
42.

44. A mRNA comprising the nucleic acid of claim 42.
45. An expression vector comprising
a promoter and

anucleic acid selected from SEQ ID NO: 1-349 encoding for a viral protein or

fragment thereof.

46. An isolated protein or peptide comprising an amino acid sequence encoded in a
nucleic acid set forth in SEQ ID NO: 1-349, wherein the peptide is no more than 100

amino acids in length, and an optional pharmaceutically acceptable carrier.

47. The isolated protein or peptide of claim 46, wherein the protein or peptide is no more

than 30 amino acids in length or 20 amino acids in length.

48. The isolated protein or peptide of claims 46 or 47, where the protein or peptide is
synthetic.

49. A pharmaceutical composition comprising the adenovirus of claim 43, the mRNA of
claim 44, or the protein or peptide of any one of claims 46-48 and a pharmaceutically

acceptable carrier or excipient.
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50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

A pharmaceutical composition comprising a plurality of (e.g., 2, 3,4, 5,6, 7, 8,9, 10,
or more) proteins or peptides of any one of claims 46-48 and a pharmaceutically

acceptable carrier or excipient.

A pharmaceutical composition comprising a nucleic acid encoding the mRNA of
claim 44 or the protein or peptide of any one of claims 46-48 and a pharmaceutically

acceptable carrier or excipient.

A pharmaceutical composition comprising one or more nucleic acids encoding a
plurality of (e.g., 2, 3,4,5,6,7, 8,9, 10, or more) mRNAs of claim 44 or proteins or
peptides of any one of claims 46-48, and a pharmaceutically acceptable carrier or

excipient.

The pharmaceutical composition of any one of claims 49-52, further comprising a
liposome, wherein the protein or peptide or the nucleic acid encoding the protein or

peptide is disposed within the liposome.

The pharmaceutical composition of any one of claims 49-52, further comprising a
lipid nanoparticle, wherein the protein or peptide or the nucleic acid encoding the

protein or peptide is disposed within the lipid nanoparticle.

The pharmaceutical composition of any one of claims 49-54, further comprising an
immunogenicity enhancing adjuvant.

The pharmaceutical composition of any one of claims 49-55, wherein the protein or

peptide or nucleic acid encoding the protein or peptide is synthetic.

A vaccine that stimulates a T cell mediated immune response when administered to a
subject, the vaccine comprising the pharmaceutical composition of any one of claims

49-56.
A vaccine comprising the pharmaceutical composition of any one of claims 49-57.

The vaccine of claims 57 or 58, wherein the vaccine is a priming vaccine and/or a
booster vaccine.
A recombinant cell comprising a nucleic acid or a portion of a nucleic acid set forth in

SEQ ID NO: 1-349.

A recombinant cell comprising a protein or a portion of a protein encoded by a

nucleic acid set forth in SEQ ID NO: 1-349.
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62. A composition comprising an inhibitor of a protein encoded by a nucleic acid selected

from SEQ ID NO: 1-349.
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