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SARS-COV-2 LACKING THE ENVELOPE PROTEIN AS AN
ATTENUATED VACCINE VIRUS AGAINST COVID-19

CROSS-REFERENCE TO RELATED APPLICATIONS
5 This application claims the benefit of the filing date of U.S. application
No. 63/368,324, filed on July 13, 2022, the disclosure of which is incorporated

by reference herein.

STATEMENT OF GOVERNMENT SUPPORT
10 This invention was made with government support under AI165077
awarded by the National Institutes of Health. The government has certain rights

in the invention.

INCORPORATION BY REFERENCE OF SEQUENCE LISTING
15 A Sequence Listing is provided herewith as an xml file, “2350480.xml”
created on July 11, 2023 and having a size of 275,824 bytes. The content of the

xml file is incorporated by reference herein in its entirety.

BACKGROUND
20 Most available vaccines against severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) including mRNA vaccines, viral vector vaccines,
and recombinant protein vaccines, induce serum antibodies to block the function
of the spike (S) protein that is essential for viral entry. However, the induction of
mucosal immunity in the upper respiratory tract is insufficient with current

25  vaccines.

SUMMARY
To develop a vaccine that can elicit protective immune responses in
mucosa, a coronavirus, e.g., SARS-CoV-2, vaccine based on an attenuated
30 coronavirus was prepared. An attenuated virus demonstrates reduced virulence
in vivo. In one embodiment, the attenuated coronavirus has a genome that does
not encode all the viral proteins (it is a mutant viral genome) needed for viral
replication but may still produce progeny, but does express spike (S) protein.

An attenuated virus may be a “semi-virus" (or “semi-live virus”), which is a
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virus that expresses viral proteins to invade cells and induce immunity for
infection defense, but does not produce new infectious progeny particles, e.g., as
a result of the lack of viral proteins for multiple rounds of replication and the
generation of infectious progeny virus. Multiplication of a virus occurs when
5  the virus produces infectious progeny virus particles from cells that the virus

enters, and this step can be repeated by the progeny viruses and their progeny [or
multiple generations. An attenuated virus that does not express one or more of
the viral proteins necessary for viral replication may be employed to induce
mucosal immunity. An attenuated vaccine virus based on a whole virus may

10  generate an immune response not only against the spike protein (the target of
most SARS-CoV-2 vaccines), but also against other SARS-CoV-2 proteins,
thereby eliciting a more robust and durable protection profile. The efficacy of a
semi-live virus as a type of vaccine against SARS-CoV-2 in animal models and
in clinical studies in humans may be enhanced relative to an attenuated virus that

15  produces some progeny virus.

Therefore, a coronavirus vaccine based on the attenuated virus has the
following advantages over current vaccines: it can induce not only humoral but
also cellular immunity as effectively as live-attenuated vaccines, e.g., FluMist
{(an influenza vaccine based on a cold-adapted live-attenuated influenza virus);

20  the risk of reversion to the wild-type virus with pathogenicity, which is a
concern with live-attenuated vaccines, is low; local mucosal immunity can be
induced through intranasal administration; because the attenuated virus is not a
viral vector vaccine, multiple inoculations (vaccinations) are feasible and it
would likely induce immune responses against structural proteins other than the

25  spike protein; and because innate immune responses can be activated after a
single inoculation with the attenuated virus, there is no need for an adjuvant(s).

In one embodiment, the genome of the attenuated coronavirus is a mutant
genome where expression of coronavirus 5, E, M, N, ORF1, e.g., ORF ia,
ORF3, e.g., ORF3a, ORF6, ORF7, andfor ORF3E, is knocked down or knocked

30 out, e.g., by a genetic modification including but not limited to one or more
nucleotide deletion(s}, substitution(s), insertion(s), or any combination thereof.
In one embodiment, the coding region for E is deleted. In one embodiment, a
poriion of the coding region for E is deleted, e.g., a deletion of 3, 10, 20, 30, 40,

50, 66, 70 or more amino acids. In one embodiment, the coding region for M is
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deleted. In one embodiment, a portion of the coding region for M is deleted,
e.g., adeletion of 5, 10, 20, 30, 40, 50, 60, 70, 80, 94, 100, 103, 110, 120, 130,
140, 150, 160, 170, 180, or more amino acids,

In one embodiment, the genome of the attenuated coronavirus is a mutant
genome having one or more modifications that result in a cold-adapted
coronavirus. In one embodiment, a cold-adapled coronavirus encodes one or
more of nsp2 (non-structiral protein 2) having amino acid residues from §2 to
84 {e.g., residues glycine {{3), histidine {(H), and valine {V)) deleted, and/or
methionine (M} or valine (V} at position 35; napb having 3609K (lysine}, and/or
3671T (threonine}); nsp7 having 3926A (alanine); nspl3 having 5604F
{phenylalanine); and/or S protein having 951, 185K, and/or 9684, or any
combination thereof. In one embodiment, a cold-adapted coronavirus encodes a
12-amino acid-deletion located in the junction of §1 and 52 region including the
tfurin cleavage site (PRRAR); and/or 2 371-nuclectide-deletion resulting in
partial orf7b (117 amino acid residues); the complete deletion of the orf8
protein; nsp3 having 494K, 579V, 763M, 7935, and/or14561; nspl6 having 69Y,
andfor 8131, H having 32V, ort72 having 441; and/or N having 1981, or any
combination thereof.

Since the vaccine virus genome can be generated by reverse genetics,
the original S gene can easily be replaced with the S gene from other strains,
which makes it possible to prepare a new seed virus quickly when a variant with
different antigenic properties emerges. A semi-live SARS-CoV-2 that is
effective in humans establishes a different vaccine modality and may be applied
to infectious diseases other than COVID, e.g., immunogenic non-coronavirus
gene products may be expressed from a genome with a knock-out.

As described herein, a SARS-CoV-2 semi-live, attenuated vaccine virus
based on the original Wuhan genome, e.g., the semi-live virus encodes S protein
of the Wuhan strain, but lacking the envelope (E) open reading frame was
prepared and this vaccine virus replicated efficiently in Vero cells that stably
express the E protein. To demonstrate the safety of this vaccine virus (CoV-2
AE), human (h)ACE2 transgenic mice were used, which are highly susceptible to
infection and serve as a lethal animal model for SARS-CoV-2 infection.
Infection with 10,000 plaque-forming units (pfu) of wild-type SARS-CoV-2

{Wuhan isolate generated by reverse genetics) of hACE2 mice resulted in
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significant body weight loss, and all of the mice succumbed to infection by day
7. In contrast, hACE2 mice infected with the same dose of CoV-2 AE, had the
same body weight and survival profiles as mock-infected animals.

To determine the protective efficacy of CoV-2 AE, Syrian hamsters were
vaccinated with 100,000 pfu of CoV-2 AE by intranasal inoculation. Two weeks
alter vaccination, the hamsters had antibody titers against the SARS-CoV-2
spike receptor-binding domain antigen ranging from 1:320 to 1:1280. At 4-
weeks after vaccination, the hamsters were challenged with 1,000 pfu of an early
SARS-CoV-2 isolate. Three days after challenge, three of the four vaccinated
hamsters had no detectable infectious virus in their lung tissue, and the fourth
hamster had a viral load in its lung tissue of approximately 10* pfu/gram. In
contrast, the control hamsters had high virus titers, close to 10® pfu/gram in their
lung tissue. Vaccine efficacy in the nasal turbinate (N'T) tissues was less
pronounced, but there was a significant reduction in viral load in the vaccinated
compared to control hamsters. The data demonstrate the near-complete
protection of hamsters from infectious virus in the lungs after a single
vaccination with CoV-2 AE.

The CoV-2 AE mutant virus is not completely replication-deficient.
Other deletions in the CoV-2 genome, optionally in combination with one or
more other deletions in open reading frames including AE, may provide for
enhanced attenuation of the virus. Those viruses with genomes having one or
more knock outs of viral proteins, e.g., deletion of at least part of the open
reading frame of one or more viral proteins (and the expression of those
protein(s) in tfrans, for instance, in Vero cells during viral growth/amplification,
if needed) may provide for enhanced attenuation of the virus in vivo. For
example, a CoV-2 AEM mutant virus is replication-deficient.

The disclosure thus provides for methods of making an attenuated virus.

In one embodiment, a recombinant CoV-2 is provided that completely
lacks the E gene, e.g., from nucleotide 26,245 to 26,472, and/or the M gene,
e.g., from nucleotide 26,523 to 27,191 in the ancestral Wuhan reference
sequence (NCBI Accession number MN908947.3). The intergenic regions
flanking the 5° and 3’ ends of the E gene (e.g., nucleotide 26,221 to 26,244 and
26,473 to0 26,522, respectively) and/or M gene (e.g., 26,473 to 26,522 and
27,192 to 27,201, respectively) may also be deleted with the respective open-



WO 2024/015510 PCT/US2023/027622

10

15

20

25

30

reading frame. In one embodiment specific functional domains of the E and M
gene may be deleted such as the ransmembrane domain (e.g., amino acids 11 to
37 of E protein, and/or amino acids 20 to 38, 46 to 70, and/or 76 to 100 of M
protein, or any combination thereof) or C-terminal intracellular region of M
protein (e.g., amino acids 104 to 222) that interacts with N protein leading to
ellicient virion [ormation.

The disclosure also provides for isolated attenuated virus and
compositions, for example, vaccines, having the isolated attenuated virus.

Also provided are isolated host cells that express one or more SARS-
CoV-2 viral proteins, e.g., from an exogenously introduced vector, isolated host
cells comprising an exogenous vector comprising a mutated SARS-CoV-2 viral
genome, and isolated host cells that express one or more SARS-CoV-2 viral
proteins in trans and comprise an exogenous vector comprising a mutated
SARS-CoV-2 viral genome and virus obtained from those host cells. In one
embodiment, the host cell comprises a vector comprising a nucleic acid sequence
encoding an E protein, e.g., a nucleic acid sequence comprising SEQ ID NO:13
or a nucleic acid sequence having at least 80%, 82%, 84%, 85%, 87%, 89%,
0%, 92%, 94%, 95%, 96%, 7%, 98% or 99%v nucleotide sequence identity to
SEQ ID NO:13, e.g., one that encodes an E protein with at least 80%, 82%, 84%,
85%, 87%, 89%, 90%, 92%, 4%, 95%, 96%, 97%, 98% or 99%v amino acid
sequence identity to a polypeptide encoded by SEQ ID NO:13. In one
embodiment, the host cell comprises a vector comprising a nucleic acid sequence
encoding a M protein, e.g., a nucleic acid sequence comprising SEQ ID NO:14
or a nucleic acid sequence having at least 80%, 82%, 84%, 85%, 87%, 89%,
90%, 92%, 94%, 95%, 96%, 1%, 98% or 99%v nucleotide sequence identity to
SEQ ID NO:14, e.g., one that encodes a M protein with at least 80%, 82%, 84%,
85%, 87%, 89%, 90%, 92%, 94%, 95%, 96%, 97%, 98% or 99%v amino acid
sequence identity to a polypeptide encoded by SEQ ID NO:14. In one
embodiment, the host cell comprises a vector comprising a nucleic acid sequence
encoding a human ACE?2 protein, e.g., a nucleic acid sequence comprising SEQ
ID NO:17 or a nucleic acid sequence having at least 80%, 82%, 84%, 85%, 87%,
89%, 90%, 92%, 94%, 95%, 96%, 97%, 98% or 99%v nucleotide sequence
identity to SEQ ID NO:13, e.g., one that encodes a hACE2 protein with at least
80%, 82%, 84%, 85%, 87%, 89%, 90%, 92%, 94%, 5%, 96%, 97%, 98% or
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99%v amino acid sequence identity to a polypeptide encoded by SEQ ID NO:17.
In one embodiment, the host cell has two or more vectors, e.g., to express E, M,
and/or hACE2. In one embodiment, one or more of the vectors is/are integrated
into the host cell genome.

5 Further provided is a method to induce an immune response in a
mammal.

In one embodiment, an isolated nucleic acid comprising a recombinant
coronavirus genome having a genetic modification that inhibits or prevents
expression of coronavirus envelope (E) protein is provided. In one embodiment,

10  anisolated nucleic acid comprising a recombinant coronavirus genome having a
genetic modification that inhibits or prevents expression of coronavirus E protein
comprises SEQ ID NO:15 or a nucleic acid sequence having at least 80%, 82%,
84%., 85%, 87%, 89%, 390%, 92%, 94%, 95%, 96%, Y1%, 98% or 99%v
nucleotide sequence identity to SEQ ID NO:15. In one embodiment, an isolated

15  nucleic acid comprising a recombinant coronavirus genome having a genetic
modification that inhibits or prevents expression of coronavirus E and M
proteins comprises SEQ ID NO:16 or a nucleic acid sequence having at least
80%., 82%, 84%, 85%, 87%, 89%, 90%, 92%, 94%, 5%, 96%, 97%, 98% or
99%v nucleotide sequence identity to SEQ ID NO:16.

20 In one embodiment, an isolated nucleic acid comprising a recombinant
coronavirus genome having a genetic modification that inhibits or prevents
expression of coronavirus integral membrane (M) protein is provided.

In one embodiment, the modification is a deletion of at least part of the
open reading frame encoding the E protein. In one embodiment, the modification

25  is a deletion of the entire open reading frame encoding the E protein. In one
embodiment, the modification is an insertion into the open reading frame
encoding the E protein. In one embodiment, the modification is a substitution of
one or more nucleotides in the open reading frame encoding E protein, e.g., that
results in a termination codon. In one embodiment, the modification is a deletion

30 of the entire open reading frame encoding the E protein. In one embodiment, the
isolated nucleic acid further comprises one or more genetic modifications that
inhibit or prevent expression of coronavirus M protein. In one embodiment, the
isolated nucleic acid comprises DNA. In one embodiment, the isolated nucleic

acid comprises RNA. Also provided is a cell comprising the isolated nucleic



WO 2024/015510 PCT/US2023/027622

10

15

20

25

30

acid. In one embodiment, the cell is a mammalian cell, e.g., a Vero cell or other
non-human primate cell. In one embodiment, the cell is a non-human primate
cell. In one embodiment, the cell stably expresses coronavirus E protein. In one
embodiment, the cell stably expresses hACE2.

In one embodiment, the modification is a deletion of at least part of the
open reading [rame encoding the M protein. In one embodiment, the
modification is a deletion of the entire open reading frame encoding the M
protein. In one embodiment, the modification is a deletion of at least part of the
open reading frame encoding the E protein and a deletion of at least part of the
open reading frame encoding the M protein. In one embodiment, the
modification is a deletion of the entire open reading frame encoding the E
protein and a deletion of at least part of the open reading frame encoding the M
protein. In one embodiment, the modification is a deletion of at least part of the
open reading frame encoding the E protein and a deletion of the entire open
reading frame encoding the M protein. In one embodiment, the modification is a
deletion of the entire open reading frame encoding the E protein and a deletion
of the entire open reading frame encoding the M protein, optionally including
the intergenic region therebetween. In one embodiment, the modification is an
insertion into the open reading frame encoding the M protein. In one
embodiment, the modification is a substitution of one or more nucleotides in the
open reading frame encoding M protein, e.g., that results in a termination codon.
In one embodiment, the modification is a deletion of the entire open reading
frame encoding the M protein. In one embodiment, the isolated nucleic acid
further comprises one or more genetic modifications that inhibit or prevent
expression of coronavirus E protein. In one embodiment, the isolated nucleic
acid comprises DNA. In one embodiment, the isolated nucleic acid comprises
RNA. Also provided is a cell comprising the isolated nucleic acid. In one
embodiment, the cell is a mammalian cell. In one embodiment, the cell is a non-
human primate cell. In one embodiment, the cell stably expresses coronavirus M
protein. In one embodiment, the cell stably expresses hACE2. In one
embodiment, the entire open reading frame encoding the E protein, the entire
open reading frame encoding the M protein and intergenic region between the E

and M genes are deleted.
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Further provided is a composition comprising an attenuated recombinant
coronavirus comprising a coronavirus genome having a genetic modification that
inhibits or prevents expression of coronavirus envelope E protein, which virus
comprises E protein embedded in the envelope. In one embodiment, the

5  coronavirus genome further comprises a genetic modification that inhibits or
prevents expression
of coronavirus M protein, which virus comprises M protein embedded in the
envelope.

Also provided is a composition comprising an attenuated recombinant

10  coronavirus comprising a coronavirus genome having a genetic modification that
inhibits or prevents expression of coronavirus M protein, which virus comprises
M protein embedded in the envelope. In one embodiment, the coronavirus
genome further comprises a genetic modification that inhibits or prevents
expression

15  of coronavirus E protein, which virus comprises E protein embedded in the
envelope.

The disclosure provides a system comprising: i) an isolated cell that
stably expresses coronavirus E protein, or coronavirus E protein and coronavirus
M protein; and ii) an isolated nucleic acid comprising a recombinant coronavirus

20  genome having a genetic modification that inhibits or prevents expression of
coronavirus E protein, or an isolated nucleic acid comprising a recombinant
coronavirus genome having a genetic modification that inhibits or prevents
expression of coronavirus E protein and M protein. In one embodiment, the
isolated cell stably expresses coronavirus E protein and the isolated nucleic acid

25  comprises a recombinant coronavirus genome having a genetic modification that
inhibits or prevents expression of coronavirus E protein. In one embodiment, the
isolated cell stably expresses coronavirus E protein and M protein and the
isolated nucleic acid comprises a recombinant coronavirus genome having a
genetic modification that

30 inhibits or prevents expression of coronavirus E protein and M protein.

A recombinant coronavirus is provided, wherein the genome of the
recombinant coronavirus contains a deletion of one or more nucleotides in a
polynucleotide sequence for a viral protein corresponding to SARS CoV-2 E

protein which deletion is effective to prevent expression of a functional viral
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protein corresponding to SARS CoV-2 E protein upon infection of a cell with
the recombinant coronavirus, wherein the genome encodes one or more
coronavirus glycoproteins, and wherein the coronavirus comprises E protein. In
one embodiment, the cell that is infected does not express functional E protein.
5 In one embodiment, the recombinant coronavirus further comprises a deletion of
one or more nucleotides in a polynucleotide sequence having an open reading
frame for a viral protein corresponding to coronavirus M protein. In one
embodiment, the recombinant coronavirus comprises M protein. In one
embodiment, at least 90% of sequences corresponding to E or M protein coding
10  sequences, or any combination, in the viral genome of the virus, are deleted. In
one embodiment, the recombinant genome further comprises a nucleotide
sequence encoding a prophylactic or therapeutic heterologous gene product. A
vaccine having an effective amount of the recombinant coronavirus is further
provided. In one embodiment, the vaccine of is formulated for intranasal
15  delivery. In one embodiment, the vaccine is formulated for subcutaneous
delivery.
A recombinant coronavirus is provided, wherein the genome of the
recombinant coronavirus contains a deletion of one or more nucleotides in a
polynucleotide sequence for a viral protein corresponding to SARS CoV-2 M
20  protein which deletion is effective to prevent expression of a functional viral
protein corresponding to SARS CoV-2 M protein upon infection of a cell with
the recombinant coronavirus, wherein the genome encodes one or more
coronavirus glycoproteins, and wherein the coronavirus comprises M protein. In
one embodiment, the cell that is infected does not express functional M protein.
25  In one embodiment, the recombinant coronavirus further comprises a deletion of
one or more nucleotides in a polynucleotide sequence having an open reading
frame for a viral protein corresponding to coronavirus E protein. In one
embodiment, the recombinant coronavirus comprises E protein. In one
embodiment, at least 90% of sequences corresponding to E or M protein coding
30 sequences, or any combination, in the viral genome of the virus, are deleted. In
one embodiment, the recombinant genome further comprises a nucleotide
sequence encoding a prophylactic or therapeutic heterologous gene product. A
vaccine having an effective amount of the recombinant coronavirus is further

provided. In one embodiment, the vaccine of is formulated for intranasal
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delivery. In one embodiment, the vaccine is formulated for subcutaneous
delivery.
A method to immunize a mammal is provided, comprising administering
to the mammal an effective amount of the vaccine. In one embodiment, the
5 mammal is a human. In one embodiment, the method includes administering two
or more doses.

In one embodiment, the method comprises administering one dose.

BRIEF DESCRIPTION OF THE FIGURES
Figures 1A-1B. A) Genomes of the wild-type Wuhan genome (top) and
10  the CoV-2 AE open reading frame (ORF) vaccine virus. B) CoV-2 AE plaque
[ormation on Vero cells stably expressing the E protein.
Figures 2A-2B. Body weight changes (A) and survival (B) of hACE2
mice infected with wild-type, CoV-2 AE, or control (mock-infected).
Figure 3. Replication of challenge virus in the lung and nasal turbinate
15  (NT) tissues of control hamsters and hamsters vaccinated once with CoV-2 AE.
Figure 4. Overview of semi-virus.
Figure 5. Constructs for AE and AEM genomes.
Figure 6. Pathogenicity and protective effect of AE virus vaccination.
Figure 7. Growth of AE virus in cell culture.
20 Figure 8. AEM with various spike proteins.
Figure 9A. Generation of cell clone stably expressing hACE2, E and M.
Figure 9B. Pathogenicity of AEM and potential for recombination.
Figure 10A-D. Immunity induction and infection protection in animals
inoculated with AEM.
25 Figure 11. Testing of AEM vaccine in humans. 10° pfu = high dose;

10* pfu = low dose.

Figures 12A-12C. Exemplary SARS-CoV-2 sequences. A) Delta variant
(SEQ ID NO:1 is amino acid sequence for E; SEQ ID NO:2 is amino acid
sequence for M; SEQ ID NO:3 is amino acid sequence for N; SEQ ID NO:4 is
30 nucleotide sequence for viral genome) (SEQ ID NOs: 32-40). B) Omicron
variant (SEQ ID NO:5 is amino acid sequence [or E; SEQ ID NO:6 is amino
acid sequence for M; SEQ ID NO:7 is amino acid sequence for N; SEQ ID NO:8
is nucleotide sequence for viral genome) (SEQ ID NOs: 41-49). C) Wuhan
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variant (SEQ ID NO:9 is amino acid sequence for E; SEQ ID NO:10 is amino
acid sequence for M; SEQ ID NO:11 is amino acid sequence for N; SEQ ID
NO:12 is nucleotide sequence for viral genome) (SEQ ID NOs: 50-58).

Figure 13. Schematic of genome.

Figure 14. Assembly of infectious clone.

Figure 15. Sequences [or an exemplary codon-optimized CoV-2 E gene
(SEQ ID NO:13), codon-optimized CoV-2 M gene (SEQ ID NO:14), AE
genome (SEQ ID NO:15), AEM genome (SEQ ID NO:16), and hACE2 open
reading frame (SEQ ID NO:17).

Figures 16A-16D. Efficacy of one vaccination of CoV-2 AE+AM. Virus
titers three days after challenge with the Delta variant or Omicron XBB variant
in non-vaccinated, control hamsters or hamsters vaccinated once (prime) with
CoV-2 AE+AM. Dotted line indicates limit of detection (1.3 logio pfu/g). Each
dot in the bar graph indicates individual hamsters in each group.

Figures 17A-17D. Efficacy of two vaccinations of CoV-2 AE+AM. Virus
titers three days after challenge with the Delta variant or Omicron XBB variant
in non-vaccinated, control hamsters or hamsters vaccinated (prime + boost
[P+B]) with CoV-2 AE+AM. Dotted line indicates limit of detection (1.3 logio
pfu/g). Each dot in the bar graph indicates individual hamsters in each group.

Figure 18. NCBI Accession number MN908947.3 (SEQ ID NO: 59).

DETAILED DESCRIPTION

Definitions

A "vector" or "construct” (sometimes referred to as gene delivery or gene
transfer "vehicle") refers to a macromolecule or complex of molecules
comprising a polynucleotide or virus to be delivered to a host cell, either in vitro
or in vivo. The polynucleotide or virus to be delivered may comprise a coding
sequence of interest for gene therapy. Vectors include, for example, viral vectors
(such as coronavirus, filovirus, adenovirus, adeno-associated virus (AAV),
lentivirus, herpesvirus and retrovirus vectors), liposomes and other lipid-
containing complexes, and other macromolecular complexes capable of
mediating delivery of a polynucleotide to a host cell. Vectors can also comprise
other components or functionalities that further modulate gene delivery and/or

gene expression, or that otherwise provide beneficial properties to the targeted
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cells. Such other components include, for example, components that influence
binding or targeting to cells (including components that mediate cell-type or
tissue-specific binding); components that influence uptake of the vector nucleic
acid by the cell; components that influence localization of the polynucleotide
5  within the cell after uptake (such as agents mediating nuclear localization); and

components that influence expression ol the polynucleotide. Such components
also might include markers, such as detectable and/or selectable markers that can
be used to detect or select for cells that have taken up and are expressing the
nucleic acid delivered by the vector. Such components can be provided as a

10  natural feature of the vector (such as the use of certain viral vectors which have
components or functionalities mediating binding and uptake), or vectors can be
modified to provide such functionalities. A large variety of such vectors are
known in the art and are generally available. When a vector is maintained in a
host cell, the vector can either be stably replicated by the cells during mitosis as

15  an autonomous structure, incorporated within the genome of the host cell, or

maintained in the host cell's nucleus or cytoplasm.

A "recombinant viral vector" refers to a viral vector comprising one or
more modifications, including deletions, insertions, substitutions, and/or
heterologous genes or sequences. Since many viral vectors exhibit size

20  constraints associated with packaging, the heterologous genes or sequences are
typically introduced by replacing one or more portions of the viral genome. Such
viruses may become replication-defective or replication-incompetent, e.g.,
requiring the deleted function(s) to be provided in trans during viral replication
and encapsidation (by using, e.g., a helper virus or a packaging cell line carrying

25  genes for replication and/or encapsidation). Modified viral vectors in which a
polynucleotide to be delivered is carried on the outside of the viral particle have

also been described.

"

"Gene delivery," "gene transfer,” and the like as used herein, are terms
referring to the introduction of an exogenous polynucleotide (sometimes referred

30 toasa "transgene") into a host cell, irrespective of the method used for the
introduction. Such methods include a variety of well-known techniques such as
vector-mediated gene transfer (by, e.g., viral infection/transfection, or various

other protein-based or lipid-based gene delivery complexes) as well as
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techniques facilitating the delivery of "naked" polynucleotides (such as
electroporation, "gene gun” delivery and various other techniques used for the
introduction of polynucleotides). The introduced polynucleotide may be stably
or transiently maintained in the host cell. Stable maintenance typically requires
that the introduced polynucleotide either contains an origin of replication
compatible with the host cell or integrates into a replicon ol the host cell such as
an extrachromosomal replicon {e.g., a plasmid) or a nuclear or mitochondrial
chromosome. A number of vectors are known to be capable of mediating

transfer of genes to mammalian cells, as is known in the art.

By "transgene" is meant any piece of a nucleic acid molecule (for
example, DNA) which is inserted by artifice into a cell either transiently or
permanently, and becomes part of the organism if integrated into the genome or
maintained extrachromosomally. Such a transgene may include at least a portion
of an open reading frame of a gene which is partly or entirely heterologous (i.e.,
foreign) to the transgenic organism, or may represent at least a portion of an
open reading frame of a gene homologous to an endogenous gene of the
organism, which portion optionally encodes a polypeptide with substantially the
same activity as the corresponding full-length polypeptide or at least one activity

of the corresponding full-length polypeptide.

By "transgenic cell” is meant a cell containing a transgene. For example,
a cell stably or transiently transformed with a vector containing an expression
cassette is a transgenic cell that can be used to produce a population of cells
having altered phenotypic characteristics. A "recombinant cell" is one which has
been genetically modified, e.g., by insertion, deletion or replacement of

sequences in a nonrecombinant cell by genelic engineering.

The term "wild-type" or "native" refers to a gene or gene product that has
the characteristics of that gene or gene product when isolated from a naturally
occurring source. A wild-type gene is that which is most frequently observed in
a population and is thus arbitrarily designated the "normal" or "wild-type" form
ol the gene. In contrast, the term "modilied" or "mutant” relers o a gene or gene
product that displays modifications in sequence and or functional properties (i.e.,
altered characteristics) when compared to the wild-type gene or gene product. It

is noted that naturally-occurring mutants can be isolated; these are identified by
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the fact that they have altered characteristics when compared to the wild-type

gene or gene product.

The term "transduction" denotes the delivery of a polynucleotide to a
recipient cell either in vivo or in vitro, via a viral vector and optionally via a

replication-defective viral vector.

The term "heterologous" as it relates to nucleic acid sequences such as
gene sequences encoding a protein and control sequences, denotes sequences
that are not normally joined together, and/or are not normally associated with a
particular cell, e.g., are from different sources (for instance, sequences from a
virus are heterologous to sequences in the genome of an uninfected cell). Thus,
a "heterologous" region of a nucleic acid construct or a vector is a segment of
nucleic acid within or attached to another nucleic acid molecule that is not found
in association with the other molecule in nature. For example, a heterologous
region of a nucleic acid construct could include a coding sequence flanked by
sequences not found in association with the coding sequence in nature, i.e., a
heterologous promoter. Another example of a heterologous coding sequence is a
construct where the coding sequence itself is not found in nature (e.g., synthetic
sequences having codons different from the native gene). Similarly, a cell
transformed with a construct which is not normally present in the cell would be

considered heterologous for purposes of this disclosure.

By "DNA" is meant a polymeric [orm ol deoxyribonucleotides (adenine,
guanine, thymine, or cytosine) in double-stranded or single-stranded form found,
inter alia, in linear DNA molecules (e.g., restriction fragments), viruses,
plasmids, and chromosomes. In discussing the structure of particular DNA
molecules, sequences may be described herein according to the normal
convention of giving only the sequence in the 5' to 3' direction along the
nontranscribed strand of DNA (i.e., the strand having the sequence
complementary to the mRNA). The term captures molecules that include the
four bases adenine, guanine, thymine, or cytosine, as well as molecules that

include base analogues which are known in the art.

As used herein, the terms "complementary” or "complementarity” are

used in reference to polynucleotides (i.e.. a sequence of nucleotides) related by
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the base-pairing rules. For example, the sequence "A-G-T," is complementary to
the sequence "T-C-A." Complementarity may be "partial,” in which only some
of the nucleic acids' bases are matched according to the base pairing rules. Or,
there may be "complete” or "total” complementarity between the nucleic acids.
The degree of complementarity between nucleic acid strands has significant
ellects on the efliciency and strength ol hybridization between nucleic acid
strands. This is of particular importance in amplification reactions, as well as

detection methods that depend upon binding between nucleic acids.

DNA molecules are said to have "5' ends" and "3' ends" because
mononucleotides are reacted to make oligonucleotides or polynucleotides in a
manner such that the 5' phosphate of one mononucleotide pentose ring is
attached to the 3' oxygen of its neighbor in one direction via a phosphodiester
linkage. Therefore, an end of an oligonucleotide or polynucleotide is referred to
as the "5" end" if its 5’ phosphate is not linked to the 3' oxygen of a
mononucleotide pentose ring and as the "3' end" if its 3' oxygen is not linked to a
5' phosphate of a subsequent mononucleotide pentose ring. As used herein, a
nucleic acid sequence, even if internal to a larger oligonucleotide or
polynucleotide, also may be said to have 5' and 3' ends. In either a linear or
circular DNA molecule, discrete elements are referred to as being "upstream" or
5' of the "downstream" or 3' elements. This terminology reflects the fact that
transcription proceeds in a 5' to 3' fashion along the DNA strand. The promoter
and enhancer elements that direct transcription of a linked gene are generally
located 5' or upstream of the coding region. However, enhancer elements can
exert their effect even when located 3' of the promoter element and the coding
region. Transcription termination and polyadenylation signals are located 3' or

downstream of the coding region.

"on "on

A "gene," "polynucleotide,” "coding region,” "sequence," "segment, "
“fragment” or "transgene" which "encodes” a particular protein, is a nucleic acid
molecule which is transcribed and optionally also translated into a gene product,
e.g., a polypeptide, in vitro or in vivo when placed under the control of
appropriate regulatory sequences. The coding region may be present in either a
cDNA, genomic DNA, or RNA form. When present in a DNA form, the nucleic
acid molecule may be single-stranded (i.e., the sense strand) or double-stranded.

The boundaries of a coding region are determined by a start codon at the 5'
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{amino) terminus and a translation stop codon at the 3' (carboxy) terminus. A
gene can include, but is not limited to, cDNA from prokaryotic or eukaryotic
mRNA, genomic DNA sequences from prokaryotic or eukaryotic DNA, and
synthetic DNA sequences. A transcription termination sequence will usually be

5 located 3' to the gene sequence.

The term "control elements” refers collectively to promoter regions,
polyadenylation signals, transcription termination sequences, upstream
regulatory domains, origins of replication, internal ribosome entry sites
("IRES"), enhancers, splice junctions, and the like, which collectively provide

10  for the replication, transcription, post-transcriptional processing and translation
ol a coding sequence in a recipient cell. Not all of these control elements need
always be present so long as the selected coding sequence is capable of being

replicated, transcribed and translated in an appropriate host cell.

The term "promoter” is used herein in its ordinary sense to refer to a
15  nucleotide region comprising a DNA regulatory sequence, wherein the
regulatory sequence is derived [rom a gene which is capable of binding RNA
polymerase and initiating transcription of a downstream (3' direction) coding

sequence.

By "enhancer” is meant a nucleic acid sequence that, when positioned
20  proximate to a promoter, confers increased transcription activity relative to the
transcription aclivily resulting [rom the promoter in the absence of the enhancer

domain.

By "operably linked" with reference to nucleic acid molecules is meant
that two or more nucleic acid molecules (e.g., a nucleic acid molecule to be
25  transcribed, a promoter, and an enhancer element) are connected in such a way
as to permit transcription of the nucleic acid molecule. "Operably linked" with
reference to peptide and/or polypeptide molecules is meant that two or more
peptide and/or polypeptide molecules are connected in such a way as to yield a
single polypeptide chain, i.e., a fusion polypeptide, having at least one property
30  of each peptide and/or polypeptide component of the fusion. The fusion

polypeptide may be chimeric, i.e., composed of heterologous molecules.
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"Homology" refers to the percent of identity between two
polynucleotides or two polypeptides. The correspondence between one sequence
and to another can be determined by techniques known in the art. For example,
homology can be determined by a direct comparison of the sequence information

5  between two polypeptide molecules by aligning the sequence information and
using readily available computer programs. Alternatively, homology can be
determined by hybridization of polynucleotides under conditions which form
stable duplexes between homologous regions, followed by digestion with single
strand-specific nuclease(s), and size determination of the digested fragments.

10  Two DNA, or two polypeptide, sequences are "substantially homologous" to
each other when at least about 80%, e.g., at least about 90%, such as at least
about 95% of the nucleotides, or amino acids, respectively match over a defined

length of the molecules, as determined using the methods above.

By "mammal" is meant any member of the class Mammalia including,
15  without limitation, humans and nonhuman primates such as chimpanzees and
other apes and monkey species; farm animals such as cattle, sheep, pigs, goats

and horses; domestic mammals such as dogs and cats; laboratory animals

including rodents such as mice, rats, rabbits and guinea pigs, and the like.

By "derived from" is meant that a nucleic acid molecule was either made
20  or designed from a parent nucleic acid molecule, the derivative retaining
substantially the same functional features of the parent nucleic acid molecule,
e.g., encoding a gene product with substantially the same activity as the gene
product encoded by the parent nucleic acid molecule from which it was made or

designed.

25 By "expression construct" or "expression cassette” is meant a nucleic
acid molecule that is capable of directing transcription. An expression construct
includes, at the least, a promoter. Additional elements, such as an enhancer,

and/or a transcription termination signal, may also be included.

The term "exogenous.”" when used in relation to a protein, gene, nucleic
30  acid, or polynucleotide in a cell or organism refers to a protein, gene, nucleic
acid, or polynucleotide which has been introduced into the cell or organism by

artificial or natural means. An exogenous nucleic acid may be from a different
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organism or cell, or it may be one or more additional copies of a nucleic acid
which occurs naturally within the organism or cell. By way of a non-limiting
example, an exogenous nucleic acid is in a chromosomal location different from
that of natural cells, or is otherwise flanked by a different nucleic acid sequence

than that found in nature.

The term "isolated" when used in relation to a nucleic acid, peptide,
polypeptide or virus refers to a nucleic acid sequence, peptide, polypeptide or
virus that is identified and separated from at least one contaminant nucleic acid,
polypeptide or other biological component with which it is ordinarily associated
in its natural source, ¢.g., so that it is not associated with in vivo substances, or is
substantially purified [rom in virro substances. Isolaled nucleic acid, peptide,
polypeptide or virus is present in a form or setting that is different from that in
which it is found in nature. For example, a given DNA sequence (e.g., a gene) is
found on the host cell chromosome in proximity to neighboring genes; RNA
sequences, such as a specific mRNA sequence encoding a specific protein, are
found in the cell as a mixture with numerous other mRNAs that encode a
multitude of proteins. The isolated nucleic acid molecule may be present in
single-stranded or double-stranded form. When an isolated nucleic acid molecule
is to be utilized to express a protein, the molecule will contain at a minimum the
sense or coding strand (i.e., the molecule may single-stranded), but may contain
both the sense and anti-sense strands (i.e., the molecule may be double-

stranded).

As used herein, the term "recombinant nucleic acid" or "recombinant
DNA sequence, molecule or segment" refers to a nucleic acid, e.g., to DNA, that
has been derived or isolated [rom a source, thal may be subsequently chemically
altered in vitro, and includes, but is not limited to, a sequence that is naturally
occurring, is not naturally occurring, or corresponds to naturally occurring
sequences that are not positioned as they would be positioned in the native
genome. An example of DNA "derived" from a source, would be a DNA
sequence that is identified as a useful fragment, and which is then chemically
synthesized in essentially pure form. An example of such DNA "isolated" from
a source would be a useful DNA sequence that is excised or removed from said

source by chemical means, e.g., by the use of restriction endonucleases, so that it
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can be further manipulated, e.g., amplified, for use in the disclosure, by the

methodology of genetic engineering.

The term "recombinant protein” or "recombinant polypeptide" as used
herein refers to a protein molecule that is expressed from a recombinant nucleic

acid molecule.

"on

The term "peptide", "polypeptide" and protein" are used interchangeably

herein unless otherwise distinguished.

The term "sequence homology"” means the proportion of base matches
between two nucleic acid sequences or the proportion amino acid matches
between two amino acid sequences. When sequence homology is expressed as a
percentage, e.g., 50%, the percentage denotes the proportion of matches over the
length of a selected sequence that is compared to some other sequence. Gaps (in
either of the two sequences) are permitted to maximize matching; gap lengths of
15 bases or less are usually used, 6 bases or less or 2 bases or less. When using
oligonucleotides as probes or treatments, the sequence homology between the
target nucleic acid and the oligonucleotide sequence is generally not less than 17
target base matches out of 20 possible oligonucleotide base pair matches (85%);
e.g., not less than 9 matches out of 10 possible base pair matches (90%), or not

less than 19 matches out of 20 possible base pair matches (95%).

The term "selectively hybridize" means to detectably and specifically
bind. Polynucleotides, oligonucleotides and fragments of the disclosure
selectively hybridize to nucleic acid strands under hybridization and wash
conditions that minimize appreciable amounts of detectable binding to
nonspecific nucleic acids. High stringency conditions can be used to achieve
selective hybridization conditions as known in the art and discussed herein.
Generally, the nucleic acid sequence homology between the polynucleotides,
oligonucleotides, and fragments of the disclosure and a nucleic acid sequence of
interest is at least 65%, and more typically with increasing homologies of at least

about 70%, about 90%, about 95%, about 98%, and 100%.

Two amino acid sequences are homologous if there is a partial or
complete identity between their sequences. For example, 85% homology means

that 85% of the amino acids are identical when the two sequences are aligned for
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maximum matching. Gaps (in either of the two sequences being matched) are
allowed in maximizing matching; gap lengths of 5 or less or 2 or less.
Alternatively, two protein sequences (or polypeptide sequences derived from
them of at least 30 amino acids in length) are homologous, as this term is used
5 herein, if they have an alignment score of at more than 5 (in standard deviation
units) using the program ALIGN with the mutation data matrix and a gap
penalty of 6 or greater. The two sequences or parts thereof may be homologous
if their amino acids are greater than or equal to 50% identical when optimally

aligned using the ALIGN program.

10 The term "corresponds to" is used herein to mean that a polynucleotide
sequence is homologous (e.g., is identical, not stricly evolutionarily related) to
all or a portion of a reference polynucleotide sequence that encodes a
polypeptide or its complement, or that a polypeptide sequence is identical in
sequence or function to a reference polypeptide sequence. For illustration, the

15  nucleotide sequence "TATAC" corresponds to a reference sequence "TATAC"

and is complementary to a reference sequence "GTATA".

The following terms are used to describe the sequence relationships

"oon

between two or more polynucleotides: "reference sequence”, "comparison
window", "sequence identity", "percentage of sequence identity", and

20  ‘“substantial identity". A "reference sequence" is a defined sequence used as a
basis for a sequence comparison; a reference sequence may be a subset of a
larger sequence, for example, as a segment of a full-length cDNA or gene
sequence given in a sequence listing, or may comprise a complete cDNA or gene
sequence. Generally, a reference sequence is at least 20 nucleotides in length,

25  [requently at least 25 nucleotides in length, and often at least 50 nucleotides in
length. Since two polynucleotides may each (1) comprise a sequence (i.e., a
portion of the complete polynucleotide sequence) that is similar between the two
polynucleotides, and (2) may further comprise a sequence that is divergent
between the two polynucleotides, sequence comparisons between two (or more)

30 polynucleotides are typically performed by comparing sequences of the two
polynucleotides over a "comparison window" to identify and compare local

regions of sequence similarity.
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A "comparison window", as used herein, refers to a conceptual segment
of at least 20 contiguous nucleotides and wherein the portion of the
polynucleotide sequence in the comparison window may comprise additions or
deletions (i.e., gaps) of 20 percent or less as compared to the reference sequence

5  {which does not comprise additions or deletions) for optimal alignment of the
two sequences. Oplimal alignment of sequences [or aligning a comparison
window may be conducted by using local homology algorithms or by a search
for similarity method, by computerized implementations of these algorithms
(GAP, BESTFIT, FASTA, and TFASTA Genetics Software Package or by

10  inspection, and the best alignment (i.e., resulting in the highest percentage of
homology over the comparison window) generated by the various methods is

selected.

The term "sequence identity" means that two polynucleotide sequences

are identical (i.e., on a nucleotide-by-nucleotide basis) over the window of

15  comparison. The term "percentage of sequence identity” means that two
polynucleotide sequences are identical (i.e., on a nucleotide-by-nucleotide basis)
over the window of comparison. The term "percentage of sequence identity" is
calculated by comparing two optimally aligned sequences over the window of
comparison, determining the number of positions at which the identical nucleic

20 acid base (e.g., A, T, C, G, U, or I) occurs in both sequences to yield the number
of matched positions, dividing the number of matched positions by the total
number of positions in the window of comparison (i.e., the window size), and
multiplying the result by 100 to yield the percentage of sequence identity. The
terms "substantial identity" as used herein denote a characteristic of a

25  polynucleotide sequence, wherein the polynucleotide comprises a sequence that
has at least 85 percent sequence identity, e.g., at least 90 to 95 percent sequence
identity, or at least 99 percent sequence identity as compared to a reference
sequence over a comparison window of at least 20 nucleotide positions,
frequently over a window of at least 20-50 nucleotides, wherein the percentage

30  of sequence identity is calculated by comparing the reference sequence to the
polynucleotide sequence which may include deletions or additions which total

20 percent or less of the reference sequence over the window of comparison.
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As applied to polypeptides, the term "substantial identity" means that two
peptide sequences, when optimally aligned, such as by the programs GAP or
BESTFIT using default gap weights, share at least about 80% sequence identity,
at least about 90% sequence identity, at least about 95%percent sequence

5 identity, or at least about 99% sequence identity.

A "protective immune response” and "prophylactic immune response”
are used interchangeably to refer to an immune response which targets an
immunogen to which the individual has not yet been exposed or targets a protein
associated with a disease in an individual who does not have the disease, such as

10  a tumor associated protein in a patient who does not have a tumor.

A "therapeutic immune response” refers to an immune response which
targets an immunogen to which the individual has been exposed or a protein

associated with a disease in an individual who has the disease.

The term "prophylactically effective amount” is meant to refer to the
15  amount, in the case of infectious agents, prevent an individual from developing
an infection, and in the case of diseases, prevent an individual from developing a

disease.

The term "therapeutically effective amount” is meant to refer to the
amount, in the case of infectious agents, reduce the level of infection in an
20 infected individual in order to reduce symptoms or eliminate the infection, and

in the case of diseases, to reduce symptoms or cure the individual.

"Inducing an immune response against an immunogen" is meant to refer
to induction of an immune response in a naive individual and induction of an
immune response in an individual previously exposed to an immunogen wherein

25  the immune response against the immunogen is enhanced.

As used herein, "substantially pure" means an object species is the
predominant species present (i.e., on a molar basis it is more abundant than any
other individual species in the composition), and optionally a substantially
purified fraction is a composition wherein the object species comprises at least

30  about 50 percent (on a molar basis) of all macromolecular species present.
Generally, a substantially pure composition will comprise more than about 80

percent of all macromolecular species present in the composition, more than
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about 85%, about 90%, about 95%, and about 99%. For example, the object
species is purified to essential homogeneity (contaminant species cannot be
detected in the composition by conventional detection methods) wherein the

composition consists essentially of a single macromolecular species.

5 "Transfected," "transformed" or "transgenic" is used herein to include
any host cell or cell line, which has been altered or augmented by the presence of
at least one recombinant DNA sequence. The host cells of the present disclosure
are typically produced by transfection with a DNA sequence in a plasmid
expression vector, as an isolated linear DNA sequence, or infection with a

10  recombinant viral vector.

Exemplary Vectors, Viruses and Methods

Most of the vaccines (mRINA vaccines, viral vector vaccines,
recombinant protein vaccines, etc.) against SARS-CoV-2 currently implemented
are intended to induce antibodies in the blood to inhibit the function of the spike

15  protein on the virus particles by intramuscular administration. The purpose of
these vaccines is to induce blood antibodies to inhibit the function of spike
proteins on viral particles by intramuscular administration. However, the
induction of immunity in the upper respiratory tract mucosa is not sufficient. A
“semi-live virus" (attenuated) SARS-COV-2 vaccine that can induce immunity,

20  e.g.,in the nasal mucosa through intranasal inoculation, is described herein.

The “semi-viable viruses" are viruses that, by lacking the viral proteins
essential for multiplication, invade cells and express viral proteins to induce
immunity in the upper respiratory mucosa for infection defense, but do not
produce new infectious progeny particles. As with other attenuated live viruses

25  (e.g., FluMist vaccine using cold-acclimated influenza virus), it is possible to
induce not only liquid immunity but also cellular immunity. In addition, since
“semi-viable viruses" do not have proliferative capacity, the risk of reversion to
virulence is low, and they are safer than attenuated live viruses.

Because certain attenuated viruses induce local mucosal immunity, they

30  can be used through intranasal administration. And because it is not a viral
vector vaccine, it can be administered multiple times. Moreover, unlike mRNA,
viral vector, or recombinant protein vaccines that target only spike proteins,

these vaccines are expected to induce immune responses against structural
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proteins other than spike proteins. Further, since innate immunity can be
activated by the establishment of a single infection, there is no need to use
immunostimulants (adjuvants).

Since this vaccine is produced using reverse genetics, the S-protein gene
can be casily replaced, making it possible to respond to epidemics of mutant
strains with diflerent antigenic properties. Therelore, an attenuated virus such as
a "semi-viable" vaccine can make a significant contribution to the development
of vaccines against infectious diseases other than SARS-CoV-2.

The disclosure provides isolated vectors, e.g., plasmids, which encode
positive-sense, single stranded RNA viruses and/or express vRNA from
recombinant nucleic acid corresponding to sequences for mutant positive-sense,
single stranded RNA viruses. When introduced into a cell, a combination of
these vectors is capable of yielding recombinant infectious but not necessarily
replication competent virus after infection of a cell such as a non-helper cell.
Thus, the disclosure includes host cells that produce recombinant infectious,
attenuated (semi-live) virus of the disclosure. In one embodiment, the disclosure
provides isolated vectors, e.g., plasmids, which encode coronavirus proteins
and/or express mutant coronavirus vRNA which, when introduced into a cell, are
capable of yielding recombinant infectious, attenuated coronavirus. The
disclosure includes host cells that transiently or stably produce recombinant
infectious, attenuated coronavirus, including helper cells, and isolated

recombinant coronavirus prepared by the methods disclosed herein.

The vectors include those for mRNA production and vRNA production.
In one embodiment, the vectors include coronavirus DNA, for example, vectors
for mRNA production with sequences corresponding to one or more open
reading frames encoding coronavirus proteins, or vectors for vRNA production
that include a genetic modification such as a deletion in the full-length genomic
sequence, ¢.g., the modification may be a deletion including internal coronavirus
sequences corresponding to at least a portion of one open reading frame. The
RNA produced from the vRNA vector is capable of being packaged into virions
in the presence of coronavirus proteins but as part of the resulting virion, is not
capable of being replicated and so does not result in virus production when that

virion is introduced to a cell that otherwise supports coronavirus replication and
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which cell does not express at least one coronavirus protein in trans, e.g., a cell

that is not a coronavirus helper cell.

Candidate sequences for mutation including deletion, substitution or
insertion, in any combination, and optional replacement with heterologous
5  sequences include but are not limited to E, M or N encoding sequences or
corresponding sequences in other positive-sense, single stranded RNA viruses,
e.g., sequences for nonstructural, nonpolymerase and/or nonglycosylated viral
proteins or non-coding regions. The vectors may include gene(s) or portions
thereof other than those of a positive-sense, single stranded RNA virus such as a
10  coronavirus (heterologous sequences), which genes or portions thereof are
intended o be expressed in a host cell, either as a protein or incorporated into
vRNA. Thus, a vector may include in addition to viral sequences, for instance,
coronavirus sequences, a gene or open reading frame of interest, e.g., a
heterologous gene for an immunogenic peptide or protein useful as a vaccine or

15  a therapeutic protein.

Il more than one vector is employed, the veclors may be physically
linked or each vector may be present on an individual plasmid or other, e.g.,
linear, nucleic acid delivery vehicle. The vectors or plasmids may be introduced
to any host cell, e.g., a eukaryotic cell such as a mammalian cell, that supports
20  viral replication. Host cells useful to prepare virus of the disclosure include but
are not limited to insect, avian or mammalian host cells such as canine, feline,
equine, bovine, ovine, or primate cells including simian or human cells. In one

embodiment, the host cell is one that is approved for vaccine production.

The viruses produced by methods described herein are useful in viral
25  mutagenesis studies, drug screening and in the production of vaccines and gene
therapy vectors (e.g., for cancer, AIDS, adenosine deaminase, muscular
dystrophy, ornithine transcarbamylase deficiency and central nervous system
tumors). In particular, an attenuated coronavirus of the disclosure which induces

strong humoral and cellular immunity may be employed as a vaccine vector.

30 Thus, a virus for use in medical therapy (e.g., for a vaccine or gene
therapy) is provided. For example, the disclosure provides a method to

immunize an animal against a pathogen, e.g., a virus, bacteria, or parasite, or a
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malignant tumor. The method comprises administering to the animal an
effective amount of at least one isolated virus of the disclosure which encodes
and expresses, or comprises nucleic acid for an immunogenic peptide or protein
of a pathogen or tumor, optionally in combination with an adjuvant, effective to

immunize the animal.

To prepare expression cassettes for transformation herein, the
recombinant DNA sequence or segment may be circular or linear, double-
stranded or single-stranded. A DNA sequence which encodes an RNA sequence
that is substantially complementary to a mRNA sequence encoding a gene
product of interest is typically a "sense” DNA sequence cloned into a cassette in
the opposile orientation (i.e., 3° to 5° rather than 5° to 3°). Generally, the DNA
sequence or segment is in the form of chimeric DNA, such as plasmid DNA, that
can also contain coding regions flanked by control sequences which promote the
expression of the DNA in a cell. As used herein, "chimeric"” means that a vector
comprises DNA from at least two different species, or comprises DNA from the
same species, which is linked or associated in a manner which does not occur in

the "native" or wild-type of the species.

Aside from DNA sequences that serve as transcription units, or portions
thereof, a portion of the DNA may be untranscribed, serving a regulatory or a
structural function. For example, the DNA may itself comprise a promoter that
is active in eukaryotic cells, €.g., mammalian cells, or in certain cell types, or
may utilize a promoter already present in the genome that is the transformation
target of the lymphotropic virus. Such promoters include the CMV promoter, as
well as the SV40 late promoter and retroviral LTRs (long terminal repeat
elements), e.g., the MMTYV, RSV, MLV or HIV LTR, although many other
promoter elements well known to the art may be employed in the practice of the

disclosure.

Other elements functional in the host cells, such as introns, enhancers,
polyadenylation sequences and the like, may also be a part of the recombinant
DNA. Such elements may or may not be necessary [or the [unction of the DNA,
but may provide improved expression of the DNA by affecting transcription,

stability of the mRINA, or the like. Such elements may be included in the DNA
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as desired to obtain the optimal performance of the transforming DNA in the

cell.

The recombinant DNA to be introduced into the cells may contain either
a selectable marker gene or a reporter gene or both to facilitate identification and
selection of transformed cells from the population of cells sought to be
transformed. Alternatively, the selectable marker may be carried on a separate
piece of DNA and used in a co-transformation procedure. Both selectable
markers and reporter genes may be flanked with appropriate regulatory
sequences to enable expression in the host cells. Useful selectable markers are
well known in the art and include, for example, antibiotic and herbicide-
resistance genes, such as neo, hpt, dhfr, bar, aroA, puro, hyg, dapA and the like.
See also, the genes listed on Table 1 of Lundquist et al. (U.S. Patent No.
5,848,956).

Reporter genes are used for identifying potentially transformed cells and
for evaluating the functionality of regulatory sequences. Reporter genes which
encode [or easily assayable proteins are well known in the art. In general, a
reporter gene is a gene which is not present in or expressed by the recipient
organism or tissue and which encodes a protein whose expression is manifested
by some easily detectable property. e.g., enzymatic activity. Exemplary reporter
genes include the chloramphenicol acetyl transferase gene (cat) from Tn9 of E.
coli, the beta-glucuronidase gene (gus) of the uidA locus of E. coli, the green,
red, or blue fluorescent protein gene, and the luciferase gene. Expression of the
reporter gene is assayed at a suitable time after the DNA has been introduced

into the recipient cells.

The general methods for constructing recombinant DNA which can
transform target cells are well known to those skilled in the art, and the same
compositions and methods of construction may be utilized to produce the DNA

useful herein. For example, Sambrook et al., Molecular Cloning: A Laboratory

Manual (2002) provides suitable methods of construction.

The recombinant DNA can be readily introduced into the host cells, e.g.,
mammalian, yeast or insect cells, by transfection with an expression vector

comprising the recombinant DNA by any procedure useful for the introduction
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into a particular cell, e.g., physical or biological methods, to yield a transformed
(transgenic) cell having the recombinant DNA so that the DNA sequence of
interest is expressed by the host cell. In one embodiment, at least one of the
recombinant DNA which is introduced to a cell is maintained
extrachromosomally. In one embodiment, at least one recombinant DNA is

stably integrated into the host cell genome.

Physical methods to introduce a recombinant DNA into a host cell
include calcium-mediated methods, lipofection, particle bombardment,
microinjection, electroporation, and the like. Biological methods to introduce
the DNA of interest into a host cell include the use of DNA and RNA viral
veclors. Viral veclors, e.g., retroviral or lentiviral veclors, have become a widely
used method for inserting genes into eukaryotic, such as mammalian, e.g.,
human, cells. Other viral vectors useful to introduce genes into cells can be
derived from poxviruses, e.g., vaccinia viruses, herpes viruses, adenoviruses,

adeno-associated viruses, baculoviruses, and the like.

To conlirm the presence of the recombinant DNA sequence in the host
cell, a variety of assays may be performed. Such assays include, for example,
molecular biological assays well known to those of skill in the art, such as
Southern and Northern blotting, RT-PCR and PCR; biochemical assays, such as
detecting the presence or absence of a particular gene product, e.g., by

immunological means (ELISAs and Western blots) or by other molecular assays.

To detect and quantitate RNA produced from introduced recombinant
DNA segments, RT-PCR may be employed. In this application of PCR, RNA is
reverse transcribed into DNA, using enzymes such as reverse transcriptase, and
then the DNA is amplified through the use of conventional PCR techniques. In
most instances PCR techniques, while useful, will not demonstrate integrity of
the RNA product. Further information about the nature of the RNA product may
be obtained by Northern blotting. This technique demonstrates the presence of
an RNA species and gives information about the integrity of that RNA. The
presence or absence ol an RNA species can also be determined using dot or slot
blot Northern hybridizations. These techniques are modifications of Northern

blotting and only demonstrate the presence or absence of an RNA species.
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While Southern blotting and PCR may be used to detect the recombinant
DNA segment in question, they do not provide information as to whether the
recombinant DNA segment is being expressed. Expression may be evaluated by
specifically identifying the peptide products of the introduced DNA sequences or
evaluating the phenotypic changes brought about by the expression of the

introduced DNA segment in the host cell.

The recombinant viruses described herein have modifications in genomic
sequences relative to a corresponding wild-type viral genome, i.e., the genome
of the recombinant virus has a modification which includes a deletion, and
optionally an insertion, in a region corresponding to sequences for a viral protein
that is associated with transcription, is nonstructural or is nonglycosylated. The
mutation in the viral genome is effective to inhibit or prevent production of at
least one functional viral protein from that genome, e.g., when those sequences
are present in a nontransgenic cell which supports viral replication. In one
embodiment, the deletion includes from 1 up to thousands of nucleotides, e.g.,
1%, 10%, 50%, 90% or more of sequences corresponding to the coding region
for the viral protein. In one embodiment, the deleted sequences correspond to
sequences with a substantial identity, e.g., at least 80% or more, e.g., 85%, 90%
or 95% and up to 100% or any integer in between, nucleic acid sequence
identity, to E sequences and/or M sequences. In one embodiment, the deletion
includes from 1 up to hundreds of nucleotides, e.g., 1%, 10%, 50%, 90% or

more of sequences corresponding to at N coding sequences.

In one embodiment, the viral genome provides for an attenuated, e.g.,
replication-incompetent, positive-sense, single-stranded RNA virus, which
genome includes a delelion in sequences corresponding (o those in a wild-type
viral genome for a protein that is associated with viral assembly and/or progeny
production, and may include heterologous sequences that are nontoxic to host
cells including cells in an organism to be immunized. In one embodiment, the
heterologous sequence is a marker sequence, a selectable sequence or other
sequence which is detectable or capable of detection, e.g., GFP or luciferase, or a
selectable gene such as an antibiotic resistance gene, e.g., a hygromycin B
resistance gene or neomycin phosphotransferase gene, which marker gene or

selectable gene is not present in the host cell prior to introduction of the vector.
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Pharmaceutical Compositions

Pharmaceutical compositions, suitable [or inoculation, e.g., nasal,
parenteral or oral administration, such as by intravenous, intramuscular,
intranasal, topical or subcutaneous routes, comprise one or more virus isolates,
e.g., one or more recombinant attenuated positive-sense, single stranded RNA
virus isolates, optionally further comprising sterile aqueous or non-aqueous
solutions, suspensions, and emulsions. The compositions can further comprise
auxiliary agents or excipients, as known in the art. The composition is generally
presented in the form of individual doses (unit doses). Preparations for
parenteral administration include sterile aqueous or non-aqueous solutions,
suspensions, and/or emulsions, which may contain auxiliary agents or excipients
known in the art. Examples of non-aqueous solvents are propylene glycol,
polyethylene glycol, vegetable oils such as olive oil, and injectable organic
esters such as ethyl oleate. Carriers or occlusive dressings can be used to
increase skin permeability and enhance antigen absorption. Liquid dosage forms
for oral administration may generally comprise a liposome solution containing
the liquid dosage form. Suitable forms for suspending liposomes include
emulsions, suspensions, solutions, syrups, and elixirs containing inert diluents
commonly used in the art, such as purified water. Besides the inert diluents,
such compositions can also include adjuvants, wetting agents, emulsifying and

suspending agents, or sweetening, flavoring, or perfuming agents.

When a composition is used for administration to an individual, it can
further comprise salts, buffers, adjuvants, or other substances which are
desirable for improving the efficacy of the composition. For vaccines,
adjuvants, substances which can augmenl a specific immune response, can be
used. Normally, the adjuvant and the composition are mixed prior to
presentation to the immune system, or presented separately, but into the same

site of the organism being immunized.

The pharmaceutical compositions comprise a therapeutically effective
amount ol the virus, and a pharmaceutically acceplable carrier. In a specilic
embodiment, the term "pharmaceutically acceptable” means approved by a
regulatory agency of the Federal or a state government or listed in the U.S.

Pharmacopeia or other generally recognized pharmacopeiae for use in animals,
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and more particularly in humans. The term "carrier" refers to a diluent, adjuvant,
excipient, or vehicle with which the pharmaceutical composition is administered.
Saline solutions and aqueous dextrose and glycerol solutions can also be
employed as liquid carriers, particularly for injectable solutions. Suitable

5  pharmaceutical excipients include starch, glucose, lactose, sucrose, gelatin, malt,
rice, [our, chalk, silica gel, sodium slearate, glycerol monostearate, talc, sodium
chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol and the
like. These compositions can take the form of solutions, suspensions, emulsion,
tablets, pills, capsules, powders, sustained-release formulations and the like.

10  These compositions can be formulated as a suppository. Oral formulation can
include standard carriers such as pharmaceutical grades of mannitol, lactose,
starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate,
etc. Examples of suitable pharmaceutical carriers are described in "Remington's
Pharmaceutical Sciences" by E. W. Martin. Such compositions will contain a

15  therapeutically effective amount of the virus, e.g., in purified form, together with
a suitable amount of carrier so as to provide the form for proper administration

to the patient. The formulation should suit the mode of administration.

The compositions may be systemically administered, e.g., orally or
intramuscularly, in combination with a pharmaceutically acceptable vehicle such
20  as aninert diluent. For oral administration, the virus may be combined with one
or more excipients and used in the form of ingestible capsules, elixirs,
suspensions, syrups, wafers, and the like. Such compositions should contain at
least 0.1% of active compound. The percentage of the compositions and
preparations may, of course, be varied and may conveniently be between about 2
25  to about 60% of the weight of a given unit dosage form. The amount of active
compound in such useful compositions is such that an effective dosage level will
be obtained.
The compositions may also contain the following: binders such as gum
tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium
30 phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid
and the like; a lubricant such as magnesium stearate; and a sweetening agent
such as sucrose, fructose, lactose or aspartame or a flavoring agent such as
peppermint, oil of wintergreen, or cherry flavoring may be added. Various other

materials may be present. For instance, a syrup or elixir may contain the virus,
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sucrose or fructose as a sweetening agent, methyl and propylparabens as
preservatives, a dye and flavoring such as cherry or orange flavor. Of course,
any material used in preparing any unit dosage form, including sustained-release
preparations or devices, should be pharmaceutically acceptable and substantially
non-toxic in the amounts employed. The composition also can be administered
intravenously or intraperitoneally by inlusion or injection. Solutions of the virus
can be prepared in water or a suitable buffer, optionally mixed with a nontoxic
surfactant. Dispersions can also be prepared in glycerol, liquid polyethylene
glycols, triacetin, and mixtures thereof and in oils. Under ordinary conditions of
storage and use, these preparations contain a preservative to prevent the growth
of undesirable microorganisms.

The pharmaceutical dosage forms suitable for injection or infusion can
include sterile aqueous solutions or dispersions or sterile powders comprising the
active ingredient which are adapted for the extemporaneous preparation of sterile
injectable or infusible solutions or dispersions, optionally encapsulated in
liposomes. In all cases, the ultimate dosage form should be sterile, fluid and
stable under the conditions of manufacture and storage. The liquid carrier or
vehicle can be a solvent or liquid dispersion medium comprising, for example,
water, ethanol, a polyol (for example, glycerol, propylene glycol, liquid
polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters, and
suitable mixtures thereof. The proper fluidity can be maintained, for example,
by the formation of liposomes, by the maintenance of the particle size in the case
of dispersions or by the use of surfactants. The prevention of the action of
undesirable microorganisms can be brought about by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid,
thimerosal, and the like. In many cases, it may be preferable to include isotonic
agents, for example, sugars, buffers or sodium chloride.

Sterile injectable solutions are prepared by incorporating the virus in the
amount in the appropriate solvent with various of the other ingredients
enumerated above, followed by filter sterilization.

Useful liquid carriers include water, alcohols or glycols or water-
alcohol/glycol blends, in which the present viruses can be dissolved or dispersed
at effective levels, optionally with the aid of non-toxic surfactants. Adjuvants

such as fragrances and additional antimicrobial agents can be added to optimize



WO 2024/015510 PCT/US2023/027622
33

the properties for a given use. The resultant liquid compositions can be applied
from absorbent pads, used to impregnate bandages and other dressings, or
sprayed onto the affected area using pump-type or aerosol sprayers.

Useful dosages of the viruses of the disclosure can be determined by

5  comparing their in vitro activity and in vive activity in animal models.

Pharmaceutical Purposes

The administration of the composition may be for either a “prophylactic”
or “therapeutic” purpose. When provided prophylactically, the compositions of
the disclosure which are vaccines are provided before any symptom or clinical

10  sign of a pathogen infection becomes manifest. The prophylactic administration
of the composition serves to prevent or attenuate any subsequent infection.
When provided prophylactically, the gene therapy compositions of the
disclosure, are provided before any symptom or clinical sign of a disease
becomes manifest. The prophylactic administration of the composition serves to

15  prevent or attenuate one or more symptoms or clinical signs associated with the

disease.

When provided therapeutically, a viral vaccine is provided upon the
detection of a symptom or clinical sign of actual infection. The therapeutic
administration of the compound(s) serves to attenuate any actual infection.

20  When provided therapeutically, a gene therapy composition is provided upon the
detection of a symptom or clinical sign ol the disease. The therapeutic
administration of the compound(s) serves to attenuate a symptom or clinical sign

of that disease.

Thus, a vaccine composition of the present disclosure may be provided
25  either before the onset of infection (so as to prevent or attenuate an anticipated
infection) or after the initiation of an actual infection. Similarly, for gene
therapy, the composition may be provided before any symptom or clinical sign
of a disorder or disease is manifested or after one or more symptoms are

detected.

30 A composition is said to be “pharmacologically acceptable” if its
administration can be tolerated by a recipient mammal. Such an agent is said to

be administered in a “therapeutically effective amount” if the amount
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administered is physiologically significant. A composition of the present
disclosure is physiologically significant if its presence results in a detectable
change in the physiology of a recipient patient, e.g., enhances at least one
primary or secondary humoral or cellular immune response against at least one

5 strain of a virus.

The “protection” provided need not be absolute, i.e., the infection need
not be totally prevented or eradicated, if there is a statistically significant
improvement compared with a control population or set of mammals. Protection
may be limited to mitigating the severity or rapidity of onset of symptoms or

10  clinical signs of the virus infection.

Pharmaceutical Administration

A composition may confer resistance to one or more pathogens, e.g., one
or more virus, bacterium or parasite strains, by either passive immunization or
active immunization. In active immunization, a live vaccine composition is

15  administered prophylactically to a host (e.g., a mammal), and the host’s immune
response to the administration protects against infection and/or disease. For
passive immunization, the elicited antisera can be recovered and administered to

a recipient suspected of having an infection caused by at least one virus strain.

The present disclosure thus includes methods for preventing or
20  attenuating a disorder or disease, e.g., an infection by at least one strain of
pathogen. As used herein, a vaccine is said to prevent or attenuate a disease if its
administration results either in the total or partial attenuation (i.e., suppression)
of a clinical sign or condition of the disease, or in the total or partial immunity of

the individual to the disease.

25 At least one virus isolate of the present disclosure, may be administered
by any means that achieve the intended purposes. For example, administration
of such a composition may be by various parenteral routes such as subcutaneous,
intravenous, intradermal, intramuscular, intraperitoneal, intranasal, oral or
transdermal routes. Parenteral administration can be accomplished by bolus

30 injection or by gradual perfusion over time.

A typical regimen for preventing, suppressing, or treating a viral related

pathology, comprises administration of an effective amount of a vaccine
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composition as described herein, administered as a single treatment, or repeated
as enhancing or booster dosages, for instance, over a period up to and including

between one week and about 24 months, or any range or value therein.

According to the present disclosure, an “effective amount” of a
5  composition is one that is sufficient to achieve a desired effect. It is understood
that the effective dosage may be dependent upon the species, age, sex, health,
and weight of the recipient, kind of concurrent treatment, if any, frequency of
treatment, and the nature of the effect wanted. The ranges of effective doses
provided below are not intended to limit the disclosure and represent dose

10  ranges.

Exemplary doses include but are not limited to from about 10* to 10®
virus particles (vp) or genomes (vg), 10° to 10° vp or vg, 10° to 10'° vp or vg, or
10® to 10" vp or vg, or more, or from about 10° to 10® vp or vg, 10 to 10'° vp or
vg, or 10! to 10'2 vp or vg, or from about 10? to 10° plaque forming units (pfu)

15 or TCIDso, 10° to 10* pfu or TCIDso, 10* to 10° pfu or TCIDso, 10° to 107 pfu or
TCIDso, 10° to 10® pfu or TCIDsg, 10° to 10*° pfu or TCIDsp, or 10% to 10™ plu
or TCIDsg, or more, or from about 10° to 10® pfu or TCIDso, 10® to 10'° pfu or
TCIDso, or 10'% to 10'2 pfu or TCIDso.

Exemplary Coronavirus Proteins

20 In one embodiment, there is reduced or an absence of expression from
the mutant viral genome of an E protein having SEQ ID NO:1, SEQ ID NO:5, or
SEQ ID NO:9, or a protein having at least 80%, 82%, 84%, 85%, 87%, 89%,
90%, 92%, 94%, 95%, 91%, 98% or 99%, amino acid sequence identity thereto.
In one embodiment, there is reduced or an absence of expression from
25  the mutant viral genome of a M protein having SEQ ID NO:2, SEQ ID NO:6, or
SEQ ID NO:10, or a protein having at least 80%, 82%, 84%, 85%, 87%, 89%,
90%, 92%, 94%, 95%, 97%, 98% or 99%, amino acid sequence identity thereto.
In one embodiment, an isolated host cell expresses an E protein having
SEQ ID NO:1, SEQ ID NQO:5, or SEQ ID NO:9, or a protein having at least
30  80%, 82%, 84%, 85%, 87%, 89%, 90%, 92%, 94%, 95%, 97%, 98% or 99%,

amino acid sequence identity thereto.
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In one embodiment, th an isolated host cell expresses a M protein having
SEQ ID NO:2, SEQ ID NO:6, or SEQ ID NO:10, or a protein having at least
80%, 82%, 84%, 85%, 81%., 89%, 90%, 92%, 94%, 95%, 91%, 98% or 99%,
amino acid sequence identity thereto.

Exemplary Embodiments

The disclosure provides a vaccine comprising an eflective amount ol a
recombinant positive-sense, single stranded RNA virus, the genome of which
contains, in one embodiment, a deletion of viral sequences corresponding to
those for a structural, nonstructural and/or nonglycosylated viral protein that is
essential in trans for viral replication and/or progeny production and in one
embodiment, one or more insertions of a nucleotide sequence encoding one or
more heterologous gene products, wherein the insertions may be in coding or
non-coding sequences. In one embodiment, the heterologous gene product is
from a heterologous virus, or a bacteria or fungus. In one embodiment, the
heterologous gene product is a glycoprotein. In one embodiment, the insertions
may replace coding sequences, or may replace non-coding sequences. In one
embodiment, the deletion is effective to inhibit or prevent viral genome
replication or progeny production upon infection of a cell with the recombinant
positive-sense, single stranded RNA virus. For example, the deletion of viral
sequences corresponding to those for a structural, nonstructural and/or
nonglycosylated viral protein that is essential in trans for viral replication or
progeny production may be effective to prevent expression of a functional
structural, nonstructural or nonglycosylated protein upon infection of a cell with
the recombinant positive-sense, single stranded RNA virus. In one embodiment,
the deletion of viral sequences corresponds to those for a structural,
nonstructural or nonglycosylated viral protein that is essential in trans for viral
replication or progeny production, e.g., the deletion may be in coronavirus
sequences for a viral protein corresponding to the E protein, the M protein, the N
protein, or any combination thereof. In one embodiment, the genome of the
recombinant, attenuated coronavirus comprises heterologous sequences, for
instance, positioned within the deletion in E protein, the M protein, the N
protein, or any combination thereof, related sequences. Any of the deletions in
viral sequences of a positive-sense, single stranded RNA virus may include a

deletion of 1 or more nucleotides, e.g., a deletion of at least 0.1%, 1%, 5%, 10%,
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50%, 60%, 70%, 80%, 90%, or any integer in between, and up to 100% of the
viral coding sequences corresponding to those for a structural, nonstructural,
glycosylated or nonglycosylated viral protein. The deletion of viral sequences
corresponding to those for a structural, nonstructural or nonglycosylated viral
5 protein that is essential in trans for viral replication is one that is stable over
multiple passages and is readily detectable, e.g., by RT-PCR. In one
embodiment, the genome of the recombinant virus has a deletion in viral
sequences for two or more structural, nonstructural or nonglycosylated proteins,
for example, a deletion in coding sequences for viral proteins that are contiguous
10  with each other, such as sequences for a viral protein corresponding to E protein
and for a viral protein corresponding to M protein. In one embodiment, the
genome of the recombinant virus has a deletion in viral sequences for two or
more structural, nonstructural or nonglycosylated proteins, for example, a
deletion in coding sequences for viral proteins that are not contiguous with each
15  other, such as sequences for a viral protein corresponding to E protein and for a
viral protein corresponding to N protein. In one embodiment, where the genome
of the recombinant virus has a deletion in viral sequences for a structural,
nonstructural, glycosylated or nonglycosylated protein, at least a portion of the
deleted viral sequences may be replaced with a nucleotide sequence encoding an
20  antigen or other gene product that is expressed in the recombinant coronavirus
which, when administered to a mammal, is prophylactic or therapeutic. In one
embodiment, where the genome of the recombinant virus has a deletion in viral
sequences for two or more proteins that are structural, nonstructural,
glycosylated or nonglycosylated proteins, at least a portion of one of the deleted
25  viral sequences may be replaced with a nucleotide sequence encoding an antigen
that is expressed in the recombinant coronavirus which, when administered to a
mammal, is prophylactic or therapeutic. The vaccine of the disclosure may
provide for subtype cross protection, for coronavirus cross protection and
optionally as a bi- or multi-valent vaccine for pathogens other than coronavirus.
30 In one embodiment, a monovalent recombinant coronavirus vaccine comprises
one or more adjuvants and a recombinant coronavirus, the expression of the
genome results in a virus having a heterologous glycoprotein, e.g., inserted into

sequences corresponding to coronavirus E, M or N.
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In one embodiment, the mutant genome further comprises a nucleotide
sequence encoding a prophylactic or therapeutic heterologous gene product. In
one embodiment, the nucleotide sequence is inserted within 500 nucleotides of
the deletion site or at the site of the deletion. In one embodiment, the nucleotide
sequence is inserted into the coronavirus genome at a site other than the site of
the deletion in the polynucleotide. In one embodiment, the nucleotide sequence
replaces E or M sequences or a portion thereof. In one embodiment, the
nucleotide
sequence is inserted into E or M coding sequences. In one embodiment, the
heterologous gene product comprises a heterologous glycoprotein. In
one embodiment, the vaccine of further comprises a pharmaceutically acceptable
carrier. In one embodiment, the recombinant coronavirus in the vaccine is
inactivated.

A method to immunize a mammal using a composition having the
recombinant coronavirus is also provided. In one embodiment, the mammal is a
human. In one embodiment, two doses of the composition are administered. In
one embodiment, a single dose is administered.

The disclosure provides for bi- or multi-valent vaccines to address
combinations of diseases that impact particular areas. Monovalent vaccines may
be particularly useful in response to any outbreaks that don’t correspond well to
other vaccines. Multivalent vaccines may be based on the addition of exogenous
sequences into any of several positions in the coronavirus genome including but
not limited to: 1) the E, M or N open reading frame, 2) the E open reading frame,
or 3) the M open reading frame. In one embodiment, a bivalent vaccine virus
may express a one or more nonglycosylated proteins, one or more glycosylated
proteins, or at least one nonglycosylated protein and at least one glycosylated
protein.

Thus, in one embodiment, a recombinant coronavirus, wherein the
genome of the recombinant coronavirus contains a deletion of one or more
nucleotides in a polynucleotide sequence for a viral protein corresponding to
SARS-CoV-2 E protein which deletion is effective to prevent expression of a
functional viral protein corresponding to SARS-CoV-2 E protein upon infection
of a cell with the recombinant coronavirus, and the genome encodes one or more

coronavirus glycoproteins.
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Thus, in one embodiment, a recombinant coronavirus, wherein the
genome of the recombinant coronavirus contains a deletion of one or more
nucleotides in a polynucleotide sequence for a viral protein corresponding to
SARS-CoV-2 M protein which deletion is effective to prevent expression of a

5  functional viral protein corresponding to SARS-CoV-2 M protein upon infection
ol a cell with the recombinant coronavirus, and the genome encodes one or more
coronavirus glycoproteins.

Further provided is a multivalent vaccine comprising an effective amount
of a recombinant coronavirus, wherein the genome of the recombinant

10  coronavirus contains a deletion in one or more nucleotides for a polynucleotide
sequence for a viral protein corresponding to E M or N, or a combination
thereof, which deletion is effective to prevent expression of a functional viral
protein corresponding to E, M or N protein upon infection of a cell with the
recombinant coronavirus, and wherein the genome encodes one or more

15  coronavirus glycoproteins and at least one heterologous gene product.

In one embodiment, the prophylactic or therapeutic heterologous gene
product is not a glycoprotein, e.g., a nonglycosylated protein. In one
embodiment, the prophylactic or therapeutic heterologous gene does not encode
a protein. In one embodiment, the gene product comprises a glycoprotein.

20 Further provided is a method to immunize a mammal, e.g., a human, by
administering to the mammal an effective amount of the vaccine. For example, a
human in contact with coronavirus infected individuals or inadvertently exposed
to coronavirus, e.g., in a laboratory, may be administered the recombinant
attenuated virus of the disclosure in an amount effective to inhibit or

25  substantially eliminate coronavirus replication in the human.

Positive-sense, single stranded RNA viruses other than SARS-CoV-2
may likewise be manipulated, e.g., the genome of alphaletovirus,
alphacoronavirus, betacoronavirus, gammacoronavirus, deltacoronavirus,
nidovirales, and the like, may be manipulated to mutate or delete sequences

30 corresponding to those for a nonstructural or nonglycoslyated viral protein that
may be required for viral genome replication or progeny production. Thus,
genomes of viruses in the above-mentioned families may be manipulated to

provide for an attenuated virus that resembles wild-type virus in its life cycle,
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morphology, and growth properties, can be grown to reasonably high titers in

helper cells, is genetically stable, and is safe.

The disclosure also provides a method to prepare an attenuated positive-
sense, single stranded RNA virus, e.g., coronavirus. In one embodiment, the
method includes providing a host cell, e.g., a Vero cell, having one or a plurality
of vectors which when expressed (stably or transiently) are effective to yield
attenuated positive-sense, single stranded RNA virus. In one embodiment, the
plurality of vectors includes a vector for vRNA production comprising a
promoter operably linked to a virus DNA which contains a deletion of sequences
for a viral gene in the viral genome, which results in a mutant viral genome,
which deletion is ellective Lo prevent expression ol a [unctional viral protein
corresponding to, for example, E, M or N protein, linked to a transcription
termination sequence, and optionally an insertion of heterologous sequences as
discussed above. The host cell also includes a vector for mRNA production
comprising a promoter operably linked to a DNA segment encoding the viral
protein that is not expressed from the mutant viral genome. Then attenuated
virus is isolated from the cell. In one embodiment, the host cell is transiently
transfected with the plurality of vectors and virus collected within 1, 2, 3, and up
to 7 days post-transfection. In one embodiment, the host cell is one that is
approved for vaccine production. In one embodiment, additional heterologous
sequences are included in the vRNA vector or in mRNA vectors subsequently
introduced to the host cell, and/or are introduced to the host cell via a mRNA
vector. In one embodiment, the additional heterologous sequences are for an
immunogenic polypeptide or peptide of a pathogen, a tumor antigen, or a

therapeutic protein.

In one embodiment, a method to prepare a multivalent attenuated
coronavirus is provided. The method includes providing a host cell comprising a
plurality of coronavirus vectors which, when expressed in the host cell, are
effective to yield attenuated coronavirus, wherein the plurality of vectors
includes a vector for vVRNA production comprising a promoter operably linked
to a coronavirus DNA which contains a viral genome having a deletion in
sequences for a functional viral protein corresponding to, for example, E, M or N

protein, which deletion is effective to prevent expression of the functional viral
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protein linked to a transcription termination sequence, and a vector for mRNA
production comprising a promoter operably linked to a DNA segment encoding
the coronavirus protein corresponding to E, M or N, and a vector for mRNA
production comprising a promoter operably linked to 2 DNA segment encoding
a coronavirus protein corresponding to E, M or N; and isolating attenuated
coronavirus [rom the host cell. In one embodiment, the cells are mammalian
cells. In one embodiment, the cells are primate cells. In one embodiment, the
cells are Vero cells. In one embodiment, the gene product sequences for an
immunogenic polypeptide or peptide of a pathogen, a tumor antigen, or a
therapeutic protein. In one embodiment, each vector encoding a coronavirus

protein is on a separate plasmid.

Exemplary Mutations for Cold-Adaptation

Table 1
Mutation sites of SARS-CoV-2 TS compared with WA strain.

Nucleotide WA1 Ts-11 .
Position Protein
Nucleotide Amino Acid Nucleotide Amino Acid
344 CTC L TTC F
548 ATT I CTT L nspl
2393 GTC Y ATC I
4200 ATG M AAG K
4455 GCC A GTC Vv
5007 ACG T ATG M nsp3
5097 ATT N AGT S
7086 ACT T ATT I
15,240 AAC N AAT N nspl12
16,411 GAT D AAT N nsp13
19,893 GAT D GAG E nspl5

20,863 CAT H TAT Y nspl6
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Nucleotide WA1 T5-11 .
Position Protein
Nucleotide Amino Acid Nucleotide Amino Acid
22,120 TTC F TTT
22,296 CAT H CGT
23,594—
23,629 TNSPRRARSVAS  36-nt-Del S
24,000 AGC S ATC
24,554 ACA T GCA
26,339 GCC A GTC E
26,571 CTT L TTT
M
26,907 CTG L TG
27,524 TCA S TTA orf7a
27,807- deletion of aa 18-43 of
28,177 371-nt-Del orf7b; deletion of orf8
28,366 ACT T ATT N




5

Table 2. ORF1ab Structural protein genes
nsp3 nsp4  nsp5 nsp6 nsp9 nsp10 nsp12 nsp13 nspl4 nspl16 S E M N
D-37 ’ i T - - - - [t S - A21965C - - -
C23926G
G24822C
D-ca LAY - TSRS - - L. CETT
D-B4 TEIEE PSR - GAzrean - - TRLATLN DAAETT -
D-D2 IR - - ¥ TV -

ORF - open reading frame; nsp - nonstructural protein; structural proteins: S - spike, E - envelope, M - membrane, N -
nucleocapsid; N - undefined nucleotide.
#reen color highlights substitutions common for all virus variants; biue and «:z#:2 color highlights substitutions common only for ca

variants; sringe color highlights substitutions characteristic only for a given variant. An "*" indicates unique substitutions in SARS-CoV-2
variants in relation to viruses deposited in GenBank.”

194
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Table 3. ORF1ab Structural proteins

ORF1a

nsp3 nspd nsp5 nsp6 nsp9 nsp10 nspi12 nsp13 nspi4 nspil6 M N

D-37 T - - - - - - TRLALEE - - -

D-ca 233 EXEELE: 4% 77 Y
G4178D*

D-B4 123817 T 1333587 - G4178? TARDTL T

D-D2 YA "3t BREY G4178? - ALEEY - - TG e

ORF - open reading frame; nsp - nonstructural protein; structural proteins: S - spike, E - envelope, M - membrane, N -
nucleocapsid. ? - unspecified amino acid.
“rean color highlights substitutions common for all virus variants; &iye and «4553¢ color highlights substitutions common only for ca
variants; srege color highlights substitutions characteristic only for a given variant. An "*" indicates unique substitutions in SARS-CoV/-2
5  variants in relation to viruses deposited in GenBank.
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The invention will be described by the following non-limiting examples.
Example 1

Method for the geperation of delta E or E/M viruses

Stable cells

Stable E cells: HEKZ93T E cells (nmman embryonic kidney cell ine
stably expressing CoV-2 By and Vero E/TMPRSS2 cells {African green roonkey
kidney cell line stably expressing CoV-2 E and human TMPRSS2) were
generated as follows: a cDNA fragment encoding the codon-optimized CoV-2 E
gene (Addgene) (SEQ ID NO:13; Figure 15) was cloned into the murine
levkernia virus (ML V)-based retroviral vector pMXs-IRES-puromycin {(phiXs-
IP) (Cell Biolabs}). To generate the retrovirus, Plat-GP cells (Cell Biolahs) were
co-transtected with pMXs-IP vector encoding CoV-2 E along with an expression
vector for VSY G by using Lipofectanine 2000 (Invitrogen). Two days later, the
culture supernatanis containing the retroviruses were collected and vsed wo
transduce HEKZ93T cells and Vero E6 TMPRSS2 cells (JCRB Cell Bank
[1R19]). Stable cells were selected with 2 pg/ml and 7 pg/mi puromycin
{InvivoGen) for HEK293T B cells and Vero E/SS2 cells, respectively.

Stable E/M cells: HEK293T E/M cells (HEK2937T cell line stably
expressing CoV-2 E and M) and Vero E/M/TMPRSS?2 cells (Vero cell line
stably expressing CoV-2 E and M and human TMPRSS2) were generated in a
similar manner as stable B cells: briefly, pMXs-IP vector encoding the codon-
optirpized CoV-2 M gene (Addgene) (SEQ 1D NO:14; Figure 15 was used to
generate the retrovirus. Then, a mixture of retroviruses encoding CoV-2 E and M
was used to transduce HEK293T cells and Vero E6 TMPRSS52 cells. Stable cells
were selected with 2 pug/ml and 7 ug/ml puromyein (nvivoGen) for HEK293T
E/M cells and Vero E/M/TMPRSSZ cells, respectively.

HEKZ93T stable cells were maintained in high-glucose Dulbecco’s
modified Fagle’s mediom (DMEM) containing 10% PBS in the presence of 2
ug/mi of puromycin. Vero stable cells were maintained in DMEM containing
10% FBS in the presence of 7 yg/m! puromycin and 1000 ug/mi G418
(InvivoGen). All cells were incubated at 37 °C and 5% CQOq.

CPER fragment preparation

Six fragments (F1-6; Figure 13A) for the CPER reaction were amplified

from the full-length cDNA of CoV.-2 (Wuhan-Hu-1 isolate) cloned into the
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pBeloBAC11 vector by using high-fidelity PrimeSTAR GXL DNA polymerase

{TakaRa Bio) and the corresponding primer pawrs with overlapping sequences at

the 5° end (see Table below), which enables sequence-specific assembly.

Fragment Primers Sequences (5'to 3')
1 F1 _forward TCCCAGGTAACAAACCAACCAACTTTCG (SEQ ID NO:18)
F1_reverse CTTGCGTGTGGAGGTTAATGTTGTCTACTG (SEQ ID NO:19)
F2_ forward CATTAACCTCCACACGCAAGTTGTGGACATG (SEQ ID NO:20)
2 GTCTGTCCTGGTTGAATGCGAACAAACTTATAC (SEQ ID
F2_reverse NO:21)
3 F3 forward CGCATTCAACCAGGACAGACTTTTTCAGTG (SEQ ID NO:22)
F3_reverse GCCACACATGACCATTTCACTCAATACTTGAG (SEQ ID NO:23)
GTGAAATGGTCATGTGTGGCGGTTCACTATATG (SEQID
4 F4 forward NO:24)
F4_reverse CCTGGTGCAACTCCTTTATCAGAACCAG (SEQ ID NO:25)
GATAAAGGAGTTGCACCAGGTACAGCTGTTTTAAG (SEQID
5 F5_forward NO:26)
F5_reverse GTCGTCGTCGGTTCATCATAAATTGGTTCC (SEQ ID NO:27)
F6_forward TATGATGAACCGACGACGACTACTAGCG (SEQ ID NO:28)
6 GTCATTCTCCTAAGAAGCTATTAAAATCACATGGGG (SEQID
F6_reverse NO:29)
Linker_forward CCATGTGATTTTAATAGCTTCTTAGGAGAATG (SEQ ID NO:30)
Linker CAAGAGATCGAAAGTTGGTTGGTTTGTTACCTGGG (SEQ ID

Linker_reverse

NO:31)

Fragment F6 for the AE virus, which lacks its entire ORF region, or for

the AE/M virus, which lacks both the entire ORF regions including the

intergenic region between the ORFs, was cloned into the pCAGGS vector.

The hnker {ragment (Figure 13B) used 1o connect {ragments F1 and F6

contains a polyA tail (30 adenines) and the hepatitis delia virus ribozyme

{HDVr) for generating the authentic 3 end of the viral RNA, a simian virus 40

sequence followed by a cytomegalovirus (CMV) promoter {or viral RNA

franscription.

Hach PCR product was purified with a (JlAquick Gel Extraction Kit

{Qiagen) after separation by agarose gel electrophoresis, and then used for the

CPER reaction.

CPER reaction
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To generate an infectious cDNA clone, six CoV-2 fragments and a linker
fragrent were mixed at 8.1 pmol each in 3 3G-pl reaction volume and osed for
the following PCR reaction with PrimeSTAR GXIL DNA polymerase (TaKaRa
Bio): initial denaturation at 98 °C for 1 min; 15 cycles of denaturation at 98 °C
for 10s, annealing at 55 °C for 20 5, and extension at 68 °C for 15 min; and a
final extension at 68 "C for 15 min

CPER transfection and virus rescue

The CPER product (30 ul of a 50-ul reaction volume) was directly
transfected into HEK293T stable cells (E or E/M cells) sesded in a 6-well plate
(8.0 x 10° cells/well) by using TransTT-LT1 transfection reagent (Mirus Bio).
The next day, the cultare supernatant was replaced with fresh culture mediom
containing 3% FBS. On the foarth day after transfection, the supernatant was
collected and 1 ml of supernatant was added to a T-25 flask of confluent Vere
stable cells (B/TMPRSSZ or E/M/TMPRASZ cells).

Supernatants containing viruses were harvested when cytopathic effect
{{"PE} appeared (47 days post-infection}. To obtain high-titer viras stocks, the
supernatant was passaged in fresh Vero stable cells if needed.

Results

Many vaccines against COVID-19 are either against the spike protein
based on mRINA or virus vector platforms or inactivated whole-virus vaccines. A
SARS-CoV-2 attenuated vaccine virus based on the original Wuhan genome but
lacking the envelope (E) open reading frame was prepared (Figure 1A). This
vaccine virus replicates efficiently and forms plaques on Vero cells that stably
express the E protein (Figure 1B).

To demonstrate initial safety of this vaccine virus (CoV-2 AE), human
(h)ACE2 transgenic mice were used, which are highly susceptible to infection
and serve as a lethal animal model for SARS-CoV-2 infection. Infection with
10,000 plaque-forming units (pfu) of wild-type SARS-CoV-2 (Wuhan isolate
generated by reverse genetics) of hACE2 mice resulted in significant body
weight loss, and mice succumbed to infection by Day 7 (Figure 2A and 2B). In
contrast, hACE2 mice infected with the same dose of CoV-2 AE, had the same
body weight and survival profiles as mock-infected animals (Figure 2A and 2B).

To determine the protective efficacy of CoV-2 AE, Syrian hamsters were

vaccinated with 100,000 pfu of CoV-2 AE by intranasal inoculation. Two weeks

PCT/US2023/027622
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after vaccination, the hamsters had antibody titers against the SARS-CoV-2
spike receptor-binding domain antigen ranging from 1:320 to 1:1280. At 4-
weeks after vaccination, the hamsters were challenged with 1,000 pfu of an early
SARS-CoV-2 isolate. Three days after challenge, three of the four vaccinated
hamsters had no detectable inlectious virus in their lung tissue, and the fourth
hamster had a viral load in its lung tissue of approximately 10* pfu/gram (Figure
3). In contrast, the control hamsters had high virus titers, close to 10% pfu/gram
in their lung tissue (Figure 3). Vaccine efficacy in the nasal turbinate (NT)
tissues was less pronounced, but there was a significant reduction in viral load in
the vaccinated compared to control hamsters (Figure 3). The data demonstrate
the near-complete protection of hamsters from infectious virus in the lungs after
a single vaccination with CoV-2 AE.
Example 2

Most of the current socially implemented vaccines against SARS-CoV-2
are aimed at inducing antibodies to inhibit the function of spike proteins on viral
particles. Socially implemented vaccines include mRNA vaccines, viral vector
vaccines, and recombinant protein vaccines. These vaccines induce spike
protein-specific antibodies in the blood through intramuscular administration.
However, the induction of immunity in the nasal mucosa is not sufficient.
Therefore, a "semi-live virus" was developed as a new modality vaccine that can
induce immunity in the nasal mucosa through intranasal inoculation. The "semi-
viruses" are viruses that express viral proteins to invade cells and induce
immunity for infection defense, but do not produce new infectious progeny
particles by lacking viral proteins essential for multiplication (Figure 4).

Therefore, "half-living viruses" have the following features and
advantages. As with attenuated live viruses (e.g., FluMist; a vaccine using cold-
acclimated attenuated live virus of influenza), it is possible to induce not only
liquid immunity but also cellular immunity, and since "semi-live viruses" do not
have proliferative capacity, they have a low risk of virulence reversion and are
safer compared to attenuated live viruses. Intranasal administration is expected
to induce local mucosal immunity. Because it is not a viral vector vaccine, it can
be administered multiple times. Unlike mRINA, viral vector, or recombinant
protein vaccines that target only spike proteins, these vaccines are expected to

induce immune responses against structural proteins other than spike proteins.
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Since innate immunity can be activated by the establishment of a single
infection, there is no need to use immunostimulants (adjuvants).
Does AE SARS-CoV-2 function as a "semi-viral" vaccine

AE SARS-CoV-2 (AE virus) was generated as a "half-live SARS-CoV2"

candidate by deleting the region encoding the envelope (E) protein [rom SARS-
CoV-2 (Figure 5). Vero cells expressing E protein were established to propagate
the AE virus, and the AE virus was generated in E-Vero cells. When transgenic
mice expressing human ACE2 (hACE2 mice) were inoculated with wild-type
SARS-CoV-2, the mice showed severe weight loss and all individuals died,
while mice inoculated intranasally with AE virus showed no weight loss and all
individuals survived (Figure 6A). This clearly indicates that the AE virus is
highly attenuated in virulence. Next, AE virus was administered intranasally to
hamsters, and four weeks later, an attack test by wild-type SARS-CoV-2 was
conducted. The results showed that the amount of virus in the respiratory tract of
the group intranasally administered AE virus was significantly lower than that of
the control group (Figure 6B). This indicates that the AE virus has a protective
effect against infection. However, since the AE virus was found to be able to
multiply even in cells that did not express the E protein (Figure 7), it was
determined that the AE virus was not a "half-live virus”.
AEM SARS-CoV-2. a "half-live virus"

AEM SARS-CoV-2 (hereafter referred to as AEM virus) was generated

from AE virus by further deleting the region encoding the matrix (M) protein
(Figure 5). AEM virus can grow in newly established Vero cells expressing E
and M protein (EM-Vero cells), but not in wild-type cells. Thus, the AEM virus
is a semi-living virus. Since the spike protein that contributes greatly to infection
defense is the same as that of the AEM virus, it is expected to have the same
level of infection defense ability as the AE virus. Therefore, a "half-live virus"
based on this AEM SARS-CoV-2 is developed as a vaccine.

Materials and Methods

Using mice and hamsters, it is tested whether the AEM virus induces
humoral and cellular immunity, and whether animals immunized with the AEM
virus are protected against infection when infected with wild-type SARS-CoV-2.

The efficiency of AEM virus multiplication has a significant impact on

facilities and production costs during vaccine production. Therefore, expression
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cells are established in which AEM viruses multiply efficiently. hACE2
expression is predicted to improve virus multiplication, so cell clones expressing
hACE?2, E and M proteins, are established and screened based on AEM SARS-
CoV-2 multiplication efficiency. Based on the screening results, cell clones with
high AEM SARS-CoV-2 proliferation elficiency are established.

Toxicity (safety) and pharmacology studies of the AEM virus are
conducted, including whether cellular and/or humoral immunity (antibody
production) is/are induced.

Experimental

Current mRNA, inactivated, and recombinant protein vaccines are
insufficient to induce immunity in the upper respiratory tract mucosa. However,
the AEM SARS-CoV-2 semi-live vaccine is expected to induce high mucosal
immunity in the upper respiratory tract because it invades upper respiratory tract
mucosal cells and expresses viral proteins. In addition, since this vaccine is
produced using reverse genetics, the S protein gene can be easily replaced,
making it possible to respond to epidemics of mutant strains with different
antigenic properties. Therefore, the efficacy of the semi-viral SARS-CoV-2 in
humans supports that a "semi-viral" vaccine is a new modality, which will
greatly contribute to the development of vaccines against infectious diseases
other than SARS-CoV-2.

A strain of SARS-CoV-2 is selected, e.g., the BA.2 strain of SARS-CoV-
2 omicron mutant. The expression plasmid of the AEM virus is produced by
utilizing the artificial chromosome (BAC) system of E. coli of the Wuhan strain.
E and M protein expression plasmids are generated for the AEM virus. 293T
cells are transfected with the E and M protein expression plasmids and the AEM
virus expression BAC to generate the AEM virus. In addition to producing AEM
viruses in Wuhan strains, a platform is established to allow easy replacement of
the S protein gene in order to respond quickly when a new epidemic strain with
different antigenicity arises (Figure 8).

To ensure high vaccine production efficiency, cells in which the AEM
virus can efficiently multiply are established. AEM virus multiplication occurs in
cells expressing the E and M proteins of SARS-CoV-2. Expression of hACE2,
the human receptor of SARS-CoV-2, in cells increases the efficiency of virus

entry into cells and improves virus multiplication. On the other hand, the balance
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of expression levels of hACE2, E protein and M protein is thought to affect the
efficiency of AEM virus multiplication. Therefore, using gene transfer
technology, we will establish a Vero cell line that constantly expresses hACE?2,
E protein, and M protein, and from this cell line, a cell clone with an increase in
AEM virus is selecled (Figure 9).

The AEM viruses are inoculated into hamsters and hACE2 mice, which
are highly susceptible to SARS-CoV-2, and the presence of infectious virus in
respiratory tract of the mice and the weight changes are measured to determine if
the AEM virus is pathogenic (Figure 9A). Wild-type cells are infected with
viruses obtained by repeated passages of AEM virus in hACE2, E and M
protein-expressing cells to confirm that nonproliferative properties are
maintained. Furthermore, the virus obtained by passaging is inoculated into
hACE?2 mice to confirm that it is non-pathogenic (Figure 9B).

To test whether AEM virus induces liquid and cellular immunity, hACE2
mice and hamsters are inoculated once or twice with AEM virus and it is tested
whether SARS-CoV-2 specific antibodies and cellular immunity are induced.
Furthermore, animals inoculated with the AEM virus are infected with the
Whuhan strain and various mutant strains, and weight changes, survival rates, and
virus levels in the respiratory tract, are measured and compared to the control
(PBS-inoculated) group to verify the protective effect of the AEM virus against
infection (Figure 10A).

Many people have a certain level of immunity against SARS-CoV-2,
either by vaccine or natural infection. To verify the efficacy of AEM virus as a
booster vaccine, hACE2 mice or hamsters that had already been inoculated with
mRNA vaccine are inoculated with AEM virus and it is tested whether the
booster effect was observed (e.g., whether humoral and cellular immunity to
SARS-CoV-2 was induced more strongly than immediately before inoculation
with AEM virus). The booster effect of the AEM virus is also tested by infecting
the hamsters with the Wuhan strain and various mutant strains, then measuring
weight change, survival rate, and virus levels in the respiratory tract in those
hamsters and comparing that data to the control (PBS inoculated) group (Figure

10B).

PCT/US2023/027622
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The AEM virus induces high mucosal immunity in the upper respiratory
tract and suppresses viral replication. It is tested whether AEM virus has a
protective effect against transmission.

AEM virus-inoculated animals are inoculated with the Wuhan strain or
various mutant strains, [ollowed by cohabitation ol uninfected animals. After
several days of cohabitation, the amount of virus in the respiratory tract of
uninfected animals is measured to verify whether transmission to uninfected
animals is inhibited (Figure 10C). Naive animals are inoculated with the Wuhan
strain or various mutants, and then cohabitation with AEM virus inoculated
animals is begun. After several days of cohabitation, the amount of virus in the
respiratory tract of the AEM virus animals is measured to verify whether
transmission and viral replication to the AEM virus-inoculated animals is
suppressed (Figure 10D).

Creation of AEM virus and establishment of a cell bank to be used for

propagation
The hACE2/E/M-expressing Vero cell clones are used to prepare a cell

bank in accordance with Good Manufacturing Practice (GMP) standards. The
master and working cell bank is stored and managed in a vapor phase liquid
nitrogen storage container.

Creation of AEM virus bank

Cells, e.g., from a portion of the working cell bank, are transfected with
AEM virus expression plasmids to generate AEM viruses. Full-length
sequencing of the AEM viruses may be conducted. At least 1 ml tubes of master
virus banks of AEM virus with a titer of at least 1x10° pfu/mL are prepared. The
master virus bank is stored and maintained in a freezer at -70°C or lower. The
working virus bank is stored and maintained in a freezer at -70°C or below.
Characteristic tests such as sterility test, mycoplasma negativity test, and stray
virus negativity test may be conducted.

Non-clinical drug production

For nonclinical drugs, the working cell bank is inoculated with AEM
virus from the virus bank and the virus is grown under established culture
conditions. The resulting virus culture medium is concentrated by ultrafiltration
after removing cellular residues by filtration. Non-clinical drugs with a titer of

1x10% pfu/mL or higher are produced by cryopreservation after adding

PCT/US2023/027622
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appropriate additives thereto.
Pharmacodynamic studies (hamsters and monkeys: non-GLP)

Hamsters are inoculated intranasally with one or two doses of nonclinical
drug, and blood is drawn 3-4 weeks later to determine neutralizing antibody titer.
After blood collection, intranasal inoculation with Wuhan strain (10° pfu:
calculated with EM-expressing cells) as a challenge infection is conducted and
weight changes are observed for 2 weeks after infection. Three and six days after
infection, hamsters are dissected to quantify virus levels in the lungs and nasal
turbinates, and pathological analysis of the lungs, nasal turbinates, and major
organs of the body are performed.

Monkeys are inoculated intranasally with one or two doses of a
nonclinical drug, and blood is drawn 3-4 weeks later to see if neutralizing
antibodies and cellular immunity have been induced. After blood sampling,
intranasal and intratracheal inoculation with Wuhan strain (10’ pfu: calculated
with EM-expressing cells) as a challenge infection are performed. Weight
changes and general symptoms after infection are observed. Nasal, pharyngeal,
and rectal swabs are collected at 1, 3, 5, and 7 days post-infection to quantify
viral load and to obtain CT images to confirm the presence of pneumonia.
Monkeys are dissected at 3 and 7 days post-infection, and virus levels in the
lungs, trachea, and pharynx are quantified. Pathological analysis is performed on
the dissected monkeys' lungs, nasopharynx, and major organs throughout the
body. Body temperature is measured as needed with an implantable telemetry
transmitter implanted in each individual.

Biodistribution test (monkey: non-GLP)

Monkeys are inoculated intranasally with a nonclinical drug and
dissected 6 days after inoculation to confirm the presence of AEM virus in the
brain, olfactory bulb, nasal concha, pharynx, trachea, lungs, heart, liver, kidney,
spleen, stomach, small and large intestine, genital organs, bladder, urine, blood,
stool, oral and rectal swabs by RT-qPCR.

Repeated dose toxicity study (hamster: GLP)

Safety pharmacology and local irritation are evaluated in parallel. As for
the safety pharmacology core battery (organ systems of vital importance),
functions on the central nervous, cardiovascular and respiratory systems are

evaluated. Local irritation is evaluated in the analysis of the nasal turbinates

PCT/US2023/027622
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during histopathological examination of repeated dose toxicity studies.
Specifically, hamsters are inoculated intranasally with the nonclinical drug two
or three times and general symptoms are observed before and after inoculation,
and hematology, blood biochemistry, and histopathology in the brain, olfactory
bulb, nasal concha, trachea, lung, heart, liver, kidney, spleen, stomach, small
intestine, colon, and genital tract are determined. Heart rate and body
temperature are measured as needed with an implanted telemetry transmitter.
Respiratory function is measured by prestimograph after each vaccination.
Subjects
Based on the doses studied in the non-clinical studies (safety, drug
efficacy, etc.), the subjects are divided into the three groups: high dose, low
dose, and placebo (Figure 11). Although it is desirable that eligible subjects
should be those who have no history of novel coronavirus infection and
vaccination against novel coronavirus, it is assumed that recruiting such
participants is difficult. Therefore, the safety and efficacy (immunogenicity) in
boosted vaccinated healthy adult males, e.g., 20 to 64 years old, is studied.
As an example, the following exclusion criteria may be assigned
(1) Persons with COVID-19 or in close contact with a person with COVID-
19 at the time of vaccination with the clinical study drug
(2) Patients with a history of anti-SARS-CoV-2 monoclonal antibody
administration within 3 months prior to clinical study drug inoculation
(iii) Those with underlying diseases such as serious cardiovascular disease,
kidney disease, liver disease, blood disease, developmental disorder,
respiratory disease, and diabetes mellitus.
(4) Those who have been diagnosed with immunodeficiency in the past or
those who have a close relative with congenital immunodeficiency.
(5) Persons who are judged by the investigator to be unsuitable for
participation in this clinical trial as a result of the screening test
Recruitment of clinical trial participants is done through contract
research organizations (CROs).

Safety and tolerability

Percentage of subjects reporting at least one adverse event of any kind
Percentage of subjects reporting at least one relevant adverse event by

degree (grade)
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Summary statistics of safety-related laboratory tests (subject background
investigation, physical examination findings, clinical examination, vital
signs, serious adverse events, specific adverse events, unspecified adverse
events, and COVID-19 disease status)

Adverse events are deflined as all unwanted or unintended illnesses or
signs of illness (including abnormal laboratory values) that occur in subjects
inoculated with an investigational drug, regardless of whether they are causally
related to the investigational drug. Adverse events will be collected from the
time of study drug immunization to the 4-week post-immunization examination,
but will continue to be collected for serious adverse events and COVID-19 until
follow-up is completed. Adverse reactions are defined as reactions that have at
least a reasonable possibility of being related to the clinical trial drug and for
which an association cannot be ruled out.

Immunogenicity (neutralizing antibody titer)

Neutralizing antibody titer against SARS-CoV-2 strain and SARS-CoV-2
mutant strain after immunization with the study drug in each group and by
subject is measured.

T-cell IFN-y production in response specifically to SARS-CoV-2 antigen
after immunization with the study drug in each group and by subject is
determined.

S-protein, N-protein, and RBD protein antibody titers (ELISA method)
of SARS-CoV-2 are determined.

Conclusion

A live-attenuated vaccine virus based on a whole virus generates an
immune response not only against the spike protein (the target of most SARS-
CoV-2 vaccines), but also against other SARS-CoV-2 proteins, thereby eliciting
a more robust and durable protection profile. Moreover, a live-attenuated
SARS-CoV-2 vaccine platform that can be readily updated with new SARS-
CoV-2 sequences as needed, offers a robust and durable platform solution for

Covid immunizations.

Example 3
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The M protein along with the E protein are essential for proper SARS-
CoV-2 virus-like particle formation. To allow for CoV-2 AE+AM virus growth,
Vero cells that stably express both the E and M proteins were generated.

To examine the vaccine efficacy of CoV-2 AE+AM, hamsters were first
vaccinated once by intranasal inoculation of 5 x 10* plaque-forming units (pfu)
of CoV-2 AE+AM. Six weeks after the last vaccinations, hamsters were
challenged intranasally with the SARS-CoV-2 Delta variant (10° pfu) or a more
recent and antigenically advanced variant, Omicron XBB (10° pfu). On day three
after infection, titers of the challenge viruses were determined by plaque assay in
the lung and nasal turbinate tissues.

One vaccination resulted in a 10-fold reduction in virus titers in the lung
tissue of hamsters challenged with the Delta variant with undetectable virus in
the lung tissue of one of the vaccinated hamsters (Figure 16A). There was no
reduction in the virus titers in the nasal turbinate tissue of the same animals
compared to the control group (Figure 16B). In vaccinated hamsters challenged
with Omicron XBB, there was a 10- to 100-fold reduction of the challenge virus
in the lung and nasal turbinate tissues (Figure 16C and 16D).

Another group of hamsters received two doses of the vaccine virus, CoV-
2 AE+AM, with four weeks between vaccinations. Six weeks after the last
vaccination, hamsters were infected with either challenge virus. On day three
after infection in vaccinated hamsters challenged with the Delta variant, the
prime + boost (P+B) vaccine regiment provided better protection compared to
the single vaccination in the lung tissue with no infectious Delta virus detected
(Figure 17A). Virus replication of the Delta variant was also reduced by over
1,000-fold in the nasal turbinate tissue of the vaccinated hamsters (Figure 17B).

Similar protective efficacy results were observed in CoV-2 AE+AM
vaccinated hamsters after challenge with Omicron XBB. No infectious challenge
virus was detected in half of vaccinated hamsters, while there was a 1,000 to
10,000-fold reduction in Omicron XBB virus titers in the remaining two animals
(Figure 17C). In the nasal turbinate tissue, vaccination with CoV-2 AE+AM
reduced challenge virus titers by 1,000-fold when compared to non-vaccinated
control hamsters (Figure 17D).
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WHAT IS CLAIMED IS:
1. An isolated nucleic acid comprising a recombinant coronavirus genome
having a genetic modification that inhibits or prevents expression of coronavirus

envelope (E) protein.

2. The isolated nucleic acid of claim 1 wherein the modification is a

deletion of at least part of the open reading frame encoding the E protein.

3. The isolated nucleic acid of claim 1 or 2 further comprising one or more
genetic modifications that inhibit or prevent expression of coronavirus M
protein.

4. The isolated nucleic acid of claim 1, 2 or 3 which comprises DNA.

5. The isolated nucleic acid of claim 1, 2 or 3 which comprises RNA.

6. An isolated cell comprising the isolated nucleic acid of any one of claims

1to 5.

7. The isolated cell of claim 6 which is a mammalian cell.

8. The isolated cell of claim 7 which is a non-human primate cell.

9. The isolated cell of any one of claims 6 to 8 that stably expresses

coronavirus E protein.

10. The isolated cell of any one of claims 6 to 8 that stably expresses hACE2

and optionally M protein.

11. An isolated cell that stably expresses coronavirus E protein.

PCT/US2023/027622
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12. The isolated cell of claim 11 which is a mammalian cell.
13. The isolated cell of claim 12 which is a non-human primate cell.
5 14. The isolated cell ol any one ol claims 11 to 13 that stably expresses
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30

hACE2.

15. The isolated cell of any one of claims 11 to 14 further comprising one or
more genetic modifications that inhibit or prevent expression of

coronavirus M protein.

16. The isolated cell of claim 15 that stably expresses coronavirus M protein.

17. A composition comprising an attenuated recombinant coronavirus
comprising a coronavirus genome having a genetic modification that
inhibits or prevents expression of coronavirus envelope E protein, which

virus comprises E protein embedded in the envelope.

18. The composition of claim 17 wherein the coronavirus genome further
comprises a genetic modification that inhibits or prevents expression of
coronavirus M protein, which virus comprises M protein embedded in

the envelope.

19. A system comprising:

i) an isolated cell that stably expresses coronavirus E protein, or
coronavirus  E protein and coronavirus M protein; and

ii) an isolated nucleic acid comprising a recombinant coronavirus
genome having a genetic modification that inhibits or prevents expression
of coronavirus E protein, or an isolated nucleic acid comprising a
recombinant coronavirus genome having a genetic modification that inhibits or

prevents expression of coronavirus E protein and M protein.

20. The system of claim 19 wherein the isolated cell stably expresses

coronavirus E protein and the isolated nucleic acid comprises a

PCT/US2023/027622
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recombinant coronavirus genome having a genetic modification that

or prevents expression of coronavirus E protein.

The system of claim 19 wherein the isolated cell stably expresses

coronavirus E protein and M prolein and the isolated nucleic acid

comprises a recombinant coronavirus genome having a genetic modification

that

22.

23.

24.

25.

26.

27.

28.

inhibits or prevents expression of coronavirus E protein and M protein.

A recombinant coronavirus, wherein the genome of the recombinant
coronavirus contains a deletion of one or more nucleotides in a
polynucleotide sequence for a viral protein corresponding to coronavirus
E protein which deletion is effective to prevent expression of a functional
viral protein corresponding to coronavirus E protein upon infection of a
cell with the recombinant coronavirus, wherein the genome encodes one
or more coronavirus glycoproteins, and wherein the coronavirus

comprises E protein.

The recombinant coronavirus of claim 22 wherein the cell that is infected

does not express functional E protein.

The recombinant coronavirus of claim 22 or 23 further comprising a
deletion of one or more nucleotides in a polynucleotide sequence having
an open reading frame for a viral protein corresponding to coronavirus M

protein.
The recombinant coronavirus of claim 22 which comprises M protein.

The recombinant coronavirus of claim 24 or 25 wherein at least 90% of
sequences corresponding to E or M protein coding sequences, or any

combination, in the viral genome of the virus, are deleted.

The recombinant coronavirus of any one of claims 22 to 26 wherein the
recombinant genome further comprises a nucleotide sequence encoding a

prophylactic or therapeutic heterologous gene product.

The recombinant coronavirus of any one of claims 22 to 27 wherein the

genome encodes a heterologous S protein.

PCT/US2023/027622
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

63

The recombinant coronavirus of any one of claims 22 to 28 which is cold

adapted.

A vaccine having an effective amount of the recombinant coronavirus of

any one of claims 22 to 29.
The vaccine of claim 30 which is formulated for intranasal delivery.
The vaccine of claim 30 which is formulated for subcutaneous delivery.

The vaccine of claim 30, 31 or 32 which includes a pharmaceutically

acceptable carrier.

A method to immunize a mammal, comprising administering to the
mammal an effective amount of the vaccine of any one of claims 30 to

33.

The method of claim 34 wherein the mammal is a human.

The method of claim 34 or 35 which comprises administering two doses.
The method of claim 34 or 35 which comprises administering one dose.

The method of claim 37 further comprising administering a different

coronavirus vaccine.

The method of claim 38 wherein the different coronavirus vaccine is a

mRNA vaccine.

The method of claim 38 wherein the different coronavirus vaccine is

administered before the vaccine of any one of claims 30 to 33.

The method of any one of claims 34 to 40 wherein the mammal is

immunocompromised.
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EXAMINEE HUMAN SUBJECT SEX AGE VACCINATION RECORD/CoV—2 INFECTION RECORD

GROUP 1 ) INE

, MORE THAN 2 TIMES WITH mRNA VACOINE
AEM VIRUS 20 M 2064 ( o
HGH DOSE (PFIZER OR TAKEDA/MODERNA)
GROUP 2 ADE T i

MORE THAN 2 TIMES WITH mRNA VACCIND

AEM VIRUS 20 M 20-64 / o
LOW DOSE (PFIZER OR TAKEDA/MODERNA)
GROUP 3 %0 y 2064 MORE THAN 2 TIMES WITH mRNA VACCINE
PLACERD - (PFIZER OR TAKEDA/MODERNA)
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GROS1006 Z2%83% bp Ria linear VRL 13-5EpP-—

Severe acute resplratory syvndrome coronavirus £ isolate
SARE-CoV=-2/human/JPN/SARS~CoV~2, B.1.617.2 linsage, Delta
variant /2021, complete genome.

OR0%1008

OK091006. 2

Severe acute resplratory syndrome coreonavirus 2 (SARS-CoV-2)

Severs acubte respiratory syndrome coronavirus 2
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REFERENCE
BIITHORS
TITLE
JOURNAL

Retrovirus

COMMENT

FEATUIRES

sourcs

Viruses:;

Riboviria; Orthorpavirae; Plisuviricota; Piscniviricebes;

Midovirales; Cornidovirineas; Corcnaviridae: Orthocoronavirinas:

Betacoronavirus; Sarbecovirus.
1 {bhases 1 Lo 238B36)
Raijibk,M.5.A., Hossain,M.B., Zatou,¥. and Ikeda,T.

Direct Submlission
Submitted (13-3EP-Z2021} Joint Research Center for Human

Infection, Kumamoto University, 2-2-1 Honjo, Chuc~ku, KumamoLho

8600811, Japan

tiassenbly-Data—-START#E

Baszembly Method r: Burrows—Wheeler Allgoment (BWA-MEM) Lool
v, $0.7.1

Sequencing Technology :: Illumina
#¥assenbly-Data~-END#$

Location/Qualifiers
1..28%83%
forganism="Severe acute resplratory syndrome coronavirus
23!

fmol _type="genomic RNAT

/Z/f /jjmmirmed
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fisolate="3ARS-CoV—-2/ hunan/JPN/ BARS-CoV—2,
linsage, Delta variant/2021°
Fisclation_source="nasal swab®

fhost="Homo sapliens®

Jdb mref="taxon: 2687048"

/eountry="Japan®

feollection date="2021-08-24"7

T TG 23%9..21528
/gene="ORFlab™
DLs oini{239%..13441,13441,.215283

fgene="0RFlab”
frivosomal_slippage
foodon_start=1
/product="CRFlab polyprotein”
/protein id="UALO4545, 1%

/translation="MESLVPGFNEKTHVOQLSLPVLOVRDVLVRGFGDEVEEVLEEARD

HLEDGTCGLVEVERGVLPQLEGPYVFIKREDARTAPHGHVMVELVAELEGIQYGREGE

B.L.617.2
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TLGEVEYPHVGE I PVAYREVLLRENGNEGAGGHEYGADLEEFDLEDELGTDRPYEDFQEN

W TKHESSGVIRELMBELNGGAY TRYVDNNFCGPDEYPLECIRKDLLARACGKABCTLEED

L DT RCVYCCREHEHE TANY TERSERSYRELOTPFEIRLARKFDTRFHGELPHEVED

LNS L TR T IGPRVERKRKLDGEMGREREVYPVASPHNECNOQMULETLMEODHCGETSHWRTG

DEVEATCEFCGTENLTEEGATTCGY LPONAVVE IYUPACHNEEVGPEHBLAEYHNESG

LET I LREGGRTIAFGGOUVE BYVOCHNECAYWVP RASAN T GUNHT GVVGEGSEGLNDNL

LE I LR ERVNINIVGDEELNEE AT T LASF A TSARVETVREGLDYKAFKGIVESCGH

FRVIRGRARKGAWNIGEQES ILEPLYAFASEAARVVREIFERTLETAQNSVRVLUEAA

I DGIBOY S LRLIDAVMMF TS D LATHN I VVMAY TTCGOVVOLT BQULTHIFCTVYERERL

EPVLDWLEERFREGVEF LRDGREIVEF ISTCACEIVGEQIVICAKEIREEVOTEFFRLY

MRFLALCADSI I IGGARLEALNLGETFVIHSKCGLYRECVESREETGLIMPLEAPKELL
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PLLSAGIFGADR IHELRVCVDTVRINVY LAVEDENLYDELVESFLEMESERQVEDQRIA

EIPREEVRPEF ITES KPP SVEQREGODDERIRACVEEVI TTLEETEF LTENLLLY IDINGHN

LAPDEATILVEDIDITFLEEDAPY IVCDVVQEGVLTAVVIPTERKEGETTEMLARALREY
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PO T CCRATRY LVOQESPEFVMMEAPPAQY ELRHCTY TCABEY TONYQUCGHYRKHITSK

BT LY I DGAL LTRSS SEY RGP I TDVEYRENSY TITIRPVIYHLDGVVCTEIDPRLDNYY
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FFPDLNGDVVAIDYREY TP SFPRRGARLLEEP IVHEVNNATNRATYEPNTHWC I RCLWEA

ARERE A RAX AV LRSS EDAGGHMDN LACEDLRLVEEEVVENP TIQRDVILECHNVE T TEVVGD

ITILRPANNSLKITEEVGHTDLMAAYVDNS SLTIKRPHNELSRVLGLETLATHGLAAVNE

VP T L ANY A P LN LV ST T I N IVIRCLNRVC TN YMPYFFTLLLOLOCTEFTRETHNERT

EASMP T T AN TVESVORFC LEASEFNY LESPNPSELINI T IWEF LLLSVOCLGESLIYRTA

ALGVLMONLGMPSYCTGYREGYLNSTHNVI IATYCTGS I SCAVOLSGLDSLDTYPSLET

I T LB KW L TArGLVARWE LAY T L P T RFFYVLGLAATMO L FEYFAVHE TENEWL

MULT INLYOMAP ISAMVEBMY TFFASEFYYVWESYVHVVDGCHNSSTOCMMCYERNBATRVE
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NPT RS Y IVLSVIVENGS THLYFDEAGORTYERHSLEHF VRN LDNLRANNTRGSLP L

WY IVPDGKSRUELSSARSASVYY SQLMCOP I LLLDOQALV SDVGDEAEVAVEMEPDAYVHN

T TP NVPMER LE T LVATARAELAFNYE LDNVLETF I SARRQGEFVDEBDVETEDVVELD

LEL BB DIEVIGD SCNN Y ML TY NEVENMTPRDLGACIDUSARBINAQVARKSHNIALL

WNVEDFME LSEQLRED TRSAAKENNLPFREL TCATTROVVHNVVITRIALKGGR TVNNWL

RO IRKVI LV LFVAATFYLITPVHVMESRHTDFSSE T IGYRAIDGGVTRDIASTDTCR A

WEHADFDTWE SORGGEYTHDEACPLIAAVITREVGEVVPGLPGTILRTTHGDEF LHFLY

BVESAVGHNICY TIPSR LIEYTRDFATSACVLAARCT IVEDASCRPLPYCYDRTHNVLEGSV A

YESLERPDTRYVIMDGS I IQF PNTYLEGESVRYVVITFPLSEYCRHGTCERSEAGVIVETSG

BRYVLMNNDYYRELPGVEFCGVDAVNLLTNMEF TP LIQP IGALDISAR IVAGGIVATYVTCL
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A FMREFRRAFGEY SHVVAFNTLLFLMBFIVLOLTEVY SFLPGVYSVIYLYLTFYLTN

VSR LAHIOWMVME T LV PR I T I AY I T I ST RHE Y HE F SN Y LERRVVENGYEF ZTEFE

AL LT L LN EMY LE LR DV L P LT OYNRY LALY NEY KYF EGAMDTTEYREAACCHL

ARALNDESNEGEDVLYQPPOISITEAVLOSCFREMAFP SCGEVEGCMVOVTCGTTTLNG

LWLDDYVVYCPREVICT SEDMLNPNY EDLLIRE ENHNF LVQAGHYVOLERVI GHBMOMNCVL

KLEVDTANPRIPRYRFVEIQPGOTFEVLACYNGEPSGVYQUAMEBPHETIRGEFLNGEC

GEVEEFNIDYDOVSECYMBHMELPTGVHAGTDLEGNEYGPEVDROTAQBAGTDTTITVN

V9IAWLYBAVINGDRWF LNRFTTTLNDFNIVAMEYNYEPLTQDHVD ILGPLIAQTGIAY

LDMCASLEE LLONGMNGRT ILGEALLEDEFTRPFPDYVVROQUEGVIFQSAVERT IRKGTHHW

LLL T IL S L LIV S TOW S L P LY ENAF LPFAMGC T IAMEAF AMMEVEHRHAF LOLF L
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LPELAANVAYFHNMVYMPASWVMEIMIWLOMVDT S LEGFRLEDOCVMYASAVVILLILMTAR

TVYDDGARRVW T LMV LT LVYRVYYCHALDOATI SMWAL I ISVISNYSGVVTTVMIELAR

GIVEMOVEY P IR L TG T L C I MLVYCF LGY P CTCY P GLE CLLNRY FRLTLGVYDY L

VESTORFRYMNSQGLLPPRNS IDAFKIN IKLLGVGGREPCIEVATVOSKMEDVRCOTEVVL

LEVLDGLRVESSSKLWAQUVOLHND I LLARDTTEAFEEMY S LLSVLLEMDGAVD INKL

CEEMLDNRATLOALASEFESLPSYAATATAQEAYEQAVANGDSEVVLERLERSLNVAK

SEFDRDAAMORKLERKMADOQAMT UMY KOARSEDKRARKVT SAMOTMLE THMLRELDNDALN

NI INMARDGOVPILNI TP LT TAARK LMYV IPDYNTYRNTCDGT TR TYASALHE LQOVVDA

DRIV LEELISMDNSPNLAWE LIVIALRANSAVELONNELSPVALROMEBCARCTTRTA

CTDDHALAYYNTTRGGREVLALLEDLODLEWNARFPRSDGTGTIVTELEPPCREPVTDTE
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KEPREVEYLYFPIRGLENLNRGMVLGE LAATVRLOAGNATEVPANSTVLEFCAFAVDARK

AYRDYLASGGOPITHCVEMLCTHTGTGRATTVIPEANMDQESFGGASCOCLYCROHTIDH

PRHPRGFCDLEGRYVQIPTTUANDEPVGE TLRENTVOTVOGMWRGYGUSCDOLREPMLDSA

BAGEFLNRVOCVEAARLIPCETCTETDVVYRAFD IYHNDREVACFARP LETNCORPQERD

EDDHLIDSYFVVERHTF SNYQHEET IYNLLEDCPAVARHDEFFRFRIDGDMYPHI BROR

LTRY THMAD VYA LRHFDEGNC DT LREE L LYV TYNCCODDDYFNEEDWYDFVENPD I LEVYA

MLGERVROALLEIVOFCDAMRNAGIVGV LT LDNQDLNGNWYDFGDE LQTIRPGEGVEVVY

DEYYSLIMP I LT LT RALTAESHVDTDLTHPY TKHDLLEYDEFTEERLKLEDRYFREYUD

TYHPMOVNCLDDRC ILHCANPNVLE STV P LT BFGPLVER IFVDGVPEVVETGY HFRE

LOGVVHNGDVNLHSSRLEFRELLVYAADPAMHAASGHLLLDRRTITCF SVAALTHNNVAEQ

¥S$T/9T

/%ﬁ fjjcantinued

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd



(92 3TNY) L133IHS ILNLILSANS

TR P GNEFNEDE Y DF AV SRGF FREGESVELRKEFFFAQDGRAATISDYDYYRYNLEPTMOD T

ROLLEYVVEVVDEYFDCYDGGUINANGV IVNNLDEKSAGE PENEWGEARLYYDSMBY EDG

DALFAYTRRNVIP T ITOMNLEY AL SARNBARTVAGVS ICSTMINRQFHORLLES IAAT

RCATVVIGT SEFY GOWHMMLE TVY SOVENPHIMGHDY PRKCDRAMPNMLRIMAS LVLAR

KHTTCOBLSHRFYRLANECAQV LEEMVMUGSS LY VERPGGTSSGRATTAYANSVENICR

AV IANVNALLSTDGHE I ADKY VRN LOHRLYECLYRNRDVDTDEVNEFYAYLREKHF SMM

LS DDAV RN S TY ASQCLVAS TRNFK SV LY YONNVEFMEEARCWTETDLTKGRHEFLCS

CHTMLVREQGDRY VY LPYPDEPSRILGAGCEF VDD IVRETRDOGTLMIERFVSLATDAYP LTEH

PHOEYADVEFHLY LOY IRELEDELTGHMLDMY SVMLTHDN TS RYWEPEFYEAMYTPHTIV

LOAVGACV LONSOT S LRCGACTRRPF LOCCKCOYDHV IS TEHELVLEVNPYVCNAPGCD
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VIDVTIOLYLGGMSYYCESHRELP I SFPLCANGOVFCLYRNTOVESDNVTDENATATCDW

THAGDY I LANTCIERLELFARE T LEATEETFRLEYGIATVREVLEDRELHLIWEVGRE

RPPLMERNYVE ITGYRVTENGEV IGEY TP ERGDYGDAVVYRGTTI TYRLNVEDY PV LTSH

TVMPLSAP T LVPOEHYVRITGLYPTINISDEF SSNVANYQEVGMOEY STLRQGPPETGK

SHFEATGLALYYPSARIVYTACSHAAVDALUCERKALKYLPIDKCERITPARARVECFDEF

KYNSTLEQYVECTVHALPETTADIVVFDEISMATHY DLSVVNARIRAKHYVY IGDPAQ

LPAPRITLLIRGTLEPEYFHSVCRLMET IGPDME LGTCRRCPAEIVDIVEALVYDNELEK

AHRDK AU FEMEFY GV ITHDVSBATNRPOQIGVVREF LTRNEPAWRKAVE ISPYNEONA

VASK I LGLEP TG TVD A SQGEEY DY VIR TQTTETAHSCHNVNRFNVATI TRAEVGILOIMED

ARDLYDRLOF TS LEIPRENVATLOARNVIGLFRDCSEVITGLHPTQAP THLSVDTEF KT
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EGLOCVDIPGIPRDMTYRRLI SMMGEPEMNYOQVNGYPNME ITREEATIRHVEAWIGFDVEG

CHATREAVOTHLEPLOLGE S TGVNIVAVE TGY VD TPNNTDE SRVSAKDPPPGDQFEHLIP

LM RGLPWR VR IR IV LD T LEN LS DRYVEVLAAHGIELTSMEYFVEIGPERTCCL

CDORBATCF ETASDTYACHHHS IGEF DY VY NPFMIDVOOWGEF TONLOSNHDLYCOVHGNA

HVASCDATMTRCLAVHECEFVERVOW T IEYP LI IGDELEINAACREVOHMVYVEAALLADRK

PPV LHD IGNPRAIRCVPOADVERRF Y DAQPCSDEAY K IEELFY SYATHSDREFTDEVEL

FWNCHVYDRYPVNEIVCRFDTRVLENLNLPGUDGLS LY VNEHAFHTRPAFDEISAFVNLED

LPFRYYSDEPCESHGREOVVESDIDY VP LESATC I TRONLGGAVURHHANEYR LY LDAYN

MMISAGE SLWVYROFDTYNLWNTE TRLOSLENVAFRNVVHEGHFDGQOQGEVPVE L INNT

VY TRV DGV DVE L EH R T T LPVHNVAFELWARRN IEPVPEVE I LUNLGVO TAANTVIWDY
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KRDAPAHISTIGVUSHMTD IARKPTRETICARP LTV FDGRVDGOVDLEFRNARNGVLITEG

SYRGLOPSVGERPROA S NGV I LIGEAVE TOFNY Y REVDGVVOQILPETYFTOSRNLOEFK

PROGME LD LELAMDEF I ERYRKLEGYAFEH IVYGRDESHEQLGGLHLLIGLARKREFRESDE

FELEDF IPMOSTVENYF ITDAQTGSSKCVESVIDLLLDDEVEIIRSQDLEVVIEVVEY

TIDYTREISFMLHCKDGHVETFYPRLOS SOAWOP GVAMPN LY KMORMLLERCDLONYGD

SATLPRGIMMNVAKY TOLCOY LNT LT LAVEYNMRV THFGAGSDEGVAPCTAVLROWLEY

TGILLVDED LNDEFVEDAD S TLIGDCATVHTANRKYWD LI ISDMYDPETRENVIRENDSRKEG

FETYILCGE IR LALGLEVATK I TEHEWNAD LY R LMGHFARW T AFVINVNASESEAF L

TGO Y LGEP REQIDGY VMHANY TP WRNTHNRP IQLSSY SLPOMBEFPLELRGTAVMELEE

GOINDMILSLLEKGRLITRENNRVVISEDVLVNN®
mat peptlde 238..7778
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mab_peptide

mat peptide

mal peptlids

mat peptide

mat pophizds

mat _pephids

mat peotlde

/gene="CRFlab®

fproduct="leader protein®

779..2632
/gene="CRFlab"
/product="napa®
2693, .8527
fgene="CRFlab®
/product="nsp3”
g528..10027
foene="0ORFlab”
/product="nsp4”
10028, .10%45
fgene="0ORFlab®

fproduct="3C-l1ke proteinasa®

10946..11815
/gene="CRFlak”
fproduct="nape®
11816..12064
/gene="0ORFlab®
/product="nagp7?®
12065, .12658
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mab pentide

mat peptlide

mat peptide

mat peptide

mat pephtide

mat peptids

/gene="0RFlab®

/product="nspi"

12659, .12997

fgene="0RFlab¥

/product="nap’%”

12898..13414

fgene="QRFlab"®

/product="nspli”
doin(i3415..13441,1344%..16209)
fgene="0RFlab®
/product="RNA—-dependent RNA polvmerass®
16210..18012

/gene="RFlab®
/product="helicase®

18013, .18593

/gene="ORFlabh"
/product="3"-to-5' exconuclease”
19594, . 20631

foene="0RFlab¥

/product="endoRNAse" /%ﬁ fjjcantinued
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mal peptids 20632..21525

/ogene="CRFlab®

/product="2"'-0~ribose methyltransferase”
LDEB 239..1345¢

/ogene="CRFlab?

Jondon._start=1

/product="0RFla polyprotein®
/protein id="UaL04446, 1%

translation="MESLVPGFNERTHVRLSLPVLOVRDVILVRGFGDEVEEVLEEARY

HLEDGICGLVEVERGCVLPOLEQP YV IRKREDARTAPHGHVMVELVAEBLEGIQYGREGE

TLGVILVPHVGE IPVAYREVLLRENGNKGAGGHEYGADLESFDLGDELGTDPYEDEFQEN

WNTHERSSGVTRELMEBELNGGAY TRYVDNNPCGPLRGY P LECIKDLLARAGRASCTLEREG

P I T RRGVICOREHEHE IAWY TERSEKSYELOTPFE IR LARKKEFRDTFNGECPNEVEDR

LRSI IR T IOPRVERRRLRGEFMGRIRSVYRPVASPHNECHDMO LS TLMECDHOGETSWOTG
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DEVREATCEY COGTENLTREGAT TCGRY LPQNAVVE LY CPACHNSEVGPEHELAEYHNESG

LETILREGGRTIAFGOOVE SYVEUENECAYWVP RASANIGCHHT GVVGEGSECLNDHNL

LEI LGRERVHN INIVGDEFRELNEEIAT I LASEF SASTSAYVETVRGLDYRAFKQIVESUGH

FRVTRGCERAKKGAWN IGEQRES L LSPLYAYAREAARVVREIFIRTLETADNSVRVLOKAA

I T LGSy s LRLIDAMME TEDLATHNNIVVMAY I TGOVVOLT QWL TNIFGTVYERL

KPPV LW LEER PR EGVEF LEDGWEIVRP ISTCACRE IVGEQIVTCAREIRESVOTFEELY

NEF LALCADS I I IGGARLEALNLGETEVTHSRGLYRROCVESREETGLLMP LEAPRELL

FLEGRETLPTEVILITEEVVIETGCDLOPLEQRPTSFAVEAR LVETPVC INGLMLLEIRDTER

YOALAPNMMY THNTEF TLRGGAPTEVIPGODTVIEVOGYRKEVHNITFELDERIDEVLNEER

COAY TVELGTEVHNEFACVVADAVIRETLOPVSELLTIPLGIDLDEWSHMATYYLFDESGEY
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KLASHMY U SEYPPDEDEREGDUERERFEPSTOYEYCTEDDY QGEPLEFGATSAALOPE

EROEEDW LD SO TVEOUDGEEDNG T T T IQT IVEVOPQLEMELTPVVOTIEVNSF S

YLELTDNVY ITENAD IVEEARKVERP TVVVNAANVY LEAEGGGVAGALHEATNHAMUVESD

DY IATHNGP LEVGGSCVLEGHNLAKECLEHVVGPNVRKGED IQLLESAYENFHOHEVLLA

PLLEAGIFGADP IHSLRVIOVDTIVRINVY LAVPDENLYDELVESF LEMESERQVEQELA

EIPREEVRPE ITESRPEVEQRRQDDREIKACVEEVITTLEETRF LTENLLLY IDINGHN

LHPDSATILVEDIDI TR LEEDAPY IVGDVVOECGVLTAVVIPTRESGGTTEMLAKALREY

P DNY I T Y PGOGLNGY ITVEEARK TV LERCESAFY I LPS T I SHNERKQE I LGTVERNLREM

LAHAEETRELMPVCOVETRAIVET IQRRYKGIRIQEGVVDYGARFYFYTSKTTIVASLIN

TLHDLNET IV IMP LGYVTHGLNLEEAARYMRELEVPATVIEVESPDAVTAYNGYILTEEE
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K PEEHE IET IS LAGEYRDWSY SCOSTQLGIEY LERGDESVYY T SNRPTTFHLDGEVIT

FONLETLLILREVRTIEVE TTVDHN INLHTOVVDMOMTY GOQOFGRPTYLDGADVTRIRPH

HSHEGRTFYVLEPND DT LRVEAFEY Y HT TP SFLGRYMSALNHTREWREYPQVHNEGLTEIE

WADNNCY LATALL T LOQIELEFNPPALODAYYRARAGEAANFCAL T LAY CHETVEEL:

DYVRETMSY LEFQHEANILDSCERVLNAVCKTCGROOTTLEGVEAVMY MGTLEYEQFREK GV

TP CGRA TR Y LV SPFVMMES AP PAQY R LEHGTFTCASEY TGNYQUGHYRHITSEER

ETLYCIDGALLTRESEYRGP ITDVEFYRENSYTTITIRPVIYRKLDGVVCTEIDPRELDNYY

KEDHEYRFTEQP IDLVPNOPYRNASE DNFRKEPVUDHIEFADDLNQLTGYRERPASRELEVT

FRFPDLNGDVVAIDYREY TP SPRRGARLLEEP IVRHHVNNATNRATYRPNTWC I RCLWXY

KRR AR AR LAV LR S EDAGGHMDNLACEDLRLVESEREVVENRP TIQEDVLECHVETTEVVGD
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ITLKPANNSLEITEEVGHTDIMAAYVDHS S LT IKKPNELSRVILGLEKTLATHGLAAVRS

VPWD T IANYAKPE LNEVVETTTHIVIRCLNRVOUTNYMPYFETLLLOLCTEFTRETNGRI

RASHMP I T IARNIVESYGEYF CLEASFNY LESPHNFSKLINIIIWFLLLEVOLGELIYESTA

ALGVIMSNLGMEPSYCUTGY REGY LNSTNVT IATYCTGSISCEVCLEGLDSLDTYRPSLET

I I T IS EF KW L TAPGLVARWE LAY ILFTRPFYVLGLAAIMOLEFEYFAVHP T ENEWL

MWL I IWNLVOMAR I SAMYVRMY LFFPASEYYVWRESYVHVVDGUONSSTCHMMOCYRRNRATRVE

T IVHNGVRREFYVY ANGORGEF CELHNWNCVNCDTFCAGETF ISDEVARDLELOFERY

NPT DS EY IV EVIVENGE THLYFDRKAGOKTYERHBLSHEVHLDNLRANNTEGSLE T

MY IVEDGRSECEESSARSASVYY SQILMCOP ILLILDQALVEDVGD SAEVAVEMEDAY VI

TR T NVPMERK LK TLVATARAELARKNVELONVLETF ISAARQUFVDEDVETKEDVVEC
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LELSHOBD IEVIGDECNNYMLTYNKVENMIPRDLGACIDCEARHINAQVAKSHNIALT

WNVREDEFMS LEEQLREOIREAARKKNNLPFRLTCATTROVVNVVTITE IALKGOE IVNNWL

RLIBVI LV LEVAA L FY LITPVHVMSKRHTDF S SR T IGYRATDGGVIRDIASTOTCEA

WEKHADFDTWE SQRECESYTINDEACPLIAAVITREVCYVVRGLPGTILRTTHNGDFLHELE

RV AV NI CY TP SR L IEY TR AT BACVIAARCTIFRDASGEPLPYCYDTHVLEGEVA

YESLEPDTRYVILMDGE I IO PNTY LEGEVRVVI TP RDEEYCRHGTCERSEAGVIVETEG

RWVLNNDY YRS LP GV CGVDAVHNLLTNME TP LIQP IGALDISAS IVAGGIVAIVVICL

AYYFMEFRBAFCEY SHVVAFNT LLEP LMEFITVLOLTPVYSFLPOGVYSVIYIYLTIEYLTN

DV e LAHIOWMYVME TP LVPEPW I T LAY T TC I STRHEY W F SNY LERBVYVENGVYEESTEE

EAA LT LLNKEM Y LELRS DV L L P LT OY NRY LALY NRYRYF SGAMDTTSYREAACUHL
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AR AL NDE SN GERVIY PP I SITSAVLOEGEREMAF P BGEVEGCHMVOVTCLTTTLHNG

LWLDDVVYCPREVICTEEDMINPNYEDLLIRESNHNF LVQAGNVOLRVIGHEBMONCV,

RLEVDTANPRTPRYEFVRIGPGOTF SVLACYNGSE SGVYQUAMRBPHFTIRGSFLNGSC

GEVGFNIDYDOVEFCYMEEMELP TGVHAGTDLEGNFYGPEFVDROTADAAGTDTTITVH

VELAWLY AAYV I NGDRWE LNRF TTTLNDEP NI VAMEYNYERP LTQRDHVD I LGP LEAQTGIAY

LOMCAS LEELLONGMNGRT ILGEALLEDEF TPFDVVRQUCSCVIFQSAVERT IRGTHEYW

L LT I LT L LY IV S TN S LFFF LY ENAF LPFAMG I TAMSAF AMMEVEHEHAFLOLEL

LPELAAVAYFNMVYMPASWVME IMTWLDMVD TS LEGFELEDCVMYASAVVLLIIMTAR

TVYRDGARRVW T LMV LILVYRVYYCGNALDOQAT SMHWAL I I SVISNYSGVVITVMELAR

GIVEMOVEY P I I TG T L ML VY O LY FOCTOYFGLE CLLNRY FRLTLGYYDY L
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VS TOEFRYMNEOGLLPPENS IDAFRLNIKLLGVGGRPCIRVATVOSEMEDVECTEVVL

VLGOI RVESSER I WAQUVOLENDILLARK DT TEAF B KMV ELLEVLLEMOGAVD INEL

CEEMLDNRATLOATASEFEELPEYAAFATACEAYEOAVANGDEEVVLRELKEELNVAK

SEFDRDAAMORKLERMADQAMTOMYROARSEDKRARVT SAMOTMLE TMLERKLDNDALN

ML INNARDGOVPLNI TP LT TAARKI MYV IPDYNTYENTCDGT TR TYASATIWE I QUVVIDA

RERIVOLSE LSMUDNEPNLAWY LIVITALRANSZAVELUNNELEPVALROMECAAGTTOTA

CTDDHNALAY YNNI TRGGRFVLALLEDLODLEWARFPRSDETGTIYTELEPPLCREVTIDTP

RGP RVEY LY P T RGLHN L HRGMV LGS LA ATVRLOAGNATEVPANETVLEFCAFAVDARK

AYKDYLASGGOP ITHCVREMLCTHTGTGRAI TVIRPEANMDOESF GGASCCLYCRCHIDH

PHPRGFCDLEGEYVOIPTTCANDPVEF TLENITVCITVCCMWKGY GUBCDQLREPMLBA
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mat peptide

mat meotide

mat peptide

mat,  oenhide

mal peotids

mat peptide

mat peptide

DAQSEFLNGFAV™
23%..778
/gene="0ORFlab”
/product="leader protein®
78, 20682
/gene="0RFlab®
/product="ngp2®
2693, . 8527
fgene="0RFlab®
Fproduct="nsp3®
B8528..10027
/uene="0RFlab”
/product="nsp4*
10028, 10545
/gene="CRFlab®
/product="3C~1like proteinase®
10846, , 11815
Fgene="0RFlab"”
/product="nsps®
11l8le,. .12064
/oene="CRFlab®
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malt peptlids

malb peptlids

malb peptlide

malt pept ide

sbem  Loop

sthem Loop

Jproduct="nsp7?"
12065, .12658
/gene="QRF lab"
/product="nspi"
12658, .12987
/gene="0ORFlab®
/product="nspi"
12988, .,.13414
/gene="0ORFlab™
loproduct="nspld®
13415, .13453
/gene="0RFlab®
fproduct="napll®
13449, .13474%
/gene="ORFlab”

Inote="Coronavirus frameshifting stimulation element

stem—-loop 17

13461..13515

/gena="0ORFlab®

fnote="Coronavirus framesghifting stimulation elemer
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stem~loop 27

T 21536, .25357
/gena="5"
CDE 21536, .25357

/gene="8%7

foodon_start=1
product="gsurface glycoprotein®
/protein id="UALO4647,1"

Jtranslation="MFVFLVLLPLVSBQUVNLRTRTOLPPAYTHNSFTRGVYYPLDEVER

eV LHSTOD L PR SNVIWFHALHVIGTINGTERFDNPVLPFNDGYYFASKXEESNIIR

GEUIFGTTLD SR TS L L IVNNATHVVIRVCEFQFCHNDPE LDVY Y HENNESWMES X XREVY

SSANNCTFEY VSO LMD LEGROQGNFRNLREFVF RN IDGYFRIYSEATP INIVRDLED

GEFSALEPLVDLPIGINITRFOTLLALHRSYLTPGCDSSEGHTAGAAAY YVEYLOPRIFL

LEYMENGTITDAVDCALDP LEETKCTLESFPITVERGIYOTSNFRVOEPTESTIVRFPNITH
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LR FGEVEFNATREASVY AWNRERISNCVADY SVLYNEASF STFROCYGVSRTELNDLCY

THVYADBEFVIRCDEVROIAPGOTCGREIADYNYRLPDDEFTGUVIAWNSNNLDSEVGEHNYN

¥ RYRLFRESHLEPFERDISTEIYQAGERPCHNGVEGFNOYPPLOBYGF QP TNGVGYQPY

RVYVLSFELLHAPAITVOGPRES TN LVENRCVNFNFNGLTGTGVLTESNERFLPFQQFG

RO IADTTRDAVRDPOILEILDITPOSFGEGVEVITPETNT SNOVAVLYQGVHOTEVEVAT

HADGLIP TWRVY STGENVEFQTRAGULIGARHVNNSYECDIP IGAGICASYQTOTNERR

RARSVASOS I IAY TS LGAEMSVAY SNNSIAIPTNEF TISVITEILPVIMIRTEVDOIM

YIRS TRECSNLLLYGSFUTOLNRALTGIAVEQRDENTOEVFAQVROIYRTPP IRKDFEG

GENESGILPDPSEP SERSFIEDLILFNEVTILARAGER THGYGDUCLED TAARDLICAQKEN

GLIVLPPLLTDEMIAGYTSALLAGT ITEGW TR CAGAALGIPTAMOMAYRFNGIGVIQN

16°1%h 4 4
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VL ENOE LI ANQGFNSATGRIQDSLESTASALGKLONVVNONAGALNTLVEQLESNFGA

IEEVINDILERLDRVEAEVOIDRLITGRLOSLOTYVTIQOLIRAARTRASANLAATEMS

ECVLEOSERVDPCCREYHLMEFPOSAPHGVVE LHVIYVRPAQERNE T TAPA T CHDGEAH

FPREGVEVSNGTHREVIQRNEYEP QI T T TDNTEVIGHCDVVIGIVRNTVYDP LOPELD

SEREELDBERYFRNATSPDVDLGRDISGINASYVNIQRE IDRLNEVARNLNES LIDLGELG

Y EOY IEWPWY W LGF IAGLIAIVMYTIMLCCMTECCECLEGLCBUGECCKFDERDSE

PYLEGVELHEYT™
gane 253266, .26133

/gene="CRF3a®
CDE 25366, . 261983

/fagene="CRFIa"
feodon start=1

product="0RF3a protein”®
/protein id="URLU4548 1%

YST/SY
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/transliation="MDLFMRIFIIGIVILEQGEIEDATPLDFVRATATIPIQASLPFG

WL IVGYALLAVEOSASKI T T LR RO LA S RGVHEVONLLLLEVIVY SHLLLVAAGLE

AP LY LY ALNY R LB THNEFVR I TME LW LCWHCHSKNP LLYDANY P LCWHTHNCYDYCIPY

NEVIESIVITSGDEITSPISEHDYQIGGY TERWESGVEDCYVLHESYETSDYYQLYSTQ

LETDTGVERVIFF LYNKIVDEPEERVOIETIDGESSGVYVNRVMERP IYDERPTTTITSVEREL®

GRNES £6218..26445
fgene="EY

DS 262418, .20445
/gene="E"

foodon_start=1l
/product="envelope protein®
Jprotein 1d="UALO464%.1"

frranslation="MYSFVEEETGCTLIVNEVLLFLAFVVFLLVILATILTALRLCAYCC
HIVNVELVEPSFYVYSRVENLNSSRVPDLLVY

¥ST/9Y
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FENE 20496, 27164
fgene="M%

LS 264986..271¢64
/gene="M"

fecodon, start=1
/product="membrane glvocoprotein®
fprotein_ 1d="UBLO4650,. 1"

/translation="MADSNGTITVEELEKLLEQWNLVICFLPLIWICLLOFAYANRNR

LY LI LI L L LA PV T LACEFVLAAVYRINWITGCIAXAMACLVGIMWLSYFIASFRL

FARTREMWSFNPETHNILLNVPLHGTILTRPLLESELVIGAVI LRGHLR IAGHHALGRID

TR LPEE I TVAT SRT LY YR LGASQRVAGDEGFAAY SRYRIGHNYELNTDHSEESDNIA

LLYVG®
gane 27175, .27360
/gene="0RF&"
oDps 23175, 27360

/gena="CRF&Y
Joodon_starh=1

PST/LY
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(92 3TNY) L133IHS ILNLILSANS

fproduct="0RF6 protein®
fproteln 1ld="UALD465L . 1"

translation="MFHLVDFOVITIARILLI IMRTIFEVSIWNLDY IINLT IKNLSKSL

TENBEYSQLDEEQPMETID®
e 27367 .. 27732
/gene="CRF7a™
GRS 27367 .,.27732

fgene="CRF7a"
/eodon_start=1
/product="0RF7a protein®
fprotein id=Y"UALI44£52. 1%

‘translation="MEKIILFLALITLATCELYHYQECVRGTIVLLEEPCESGTYEGNS

PFHPLADNKEFALTCE STOFARACPDGVEREVYQLRARSASPRLEF IROQEEVORELYSPTIF L
IVAARIVFITLCFTLERKTE"R

TRTIE 27329, 278860
/gene="CRF 7"
Cog 27729,  2T7BED

YST/8Y
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fgene="ORF 7R
/oeodon__start=1
/product="0ORF 7"
fprotein_id="UALO4653, 1%

/translation="MIELSLIDFYLCFLAFLLFLVLIMLIIFWF SLELODHNEICHAY

GENe 27867, . 28232
Jgeng="0RF3"
LB 27867..28232

/gene="QORFE"
foeodon_start=1
/product="0RF8 protein”
/protein id="UaL044654, 1%

translation="MRFLVFLGIITIVAAFHQECSLOSCTQHOPYVVDDPCPIHEFYSK

WY IRVGARK AP LIELCVDEAGSKSPIQY IDIGNY ITVECLPFTINCOEPKLGSINVVRO
SEYEDPLEYHDVRVVLDLI®

garne 282477 . .2950¢%
/gene="N¥
D5 28247..29508

rsT/or

jéééz /iﬁ%fcanﬁnued

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd
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Joeodon_start=1

/product="nucleccapsid phosphoprotein”

/protein_id="UALL4655 1%
foranslation="MSDNGPONORNAPRITFGGPEDETGENONGERSGARSKEORRPOS

LPHNNTASWF TALTOQHGEEGLEFPRGUCGVPINTNISSPDROQIGYYRRATRRIRGGDGEME
DLEPRWYFYYLOCTCPEAGLPYGANKDGI TWVATEGATLNTRPEDHIGTRNPANMNAR TV
LPOGT T LRPEGE Y ARGESRGGEQASSRESSSRERNSSRNESTRPESEMGTEPARMAGHNGCDAR
LALLLLODRILNOLESEMSCRGUQUOGDTVIKESAAEASKEPROERTATRAYNVTIOAFGR
RGPREOTOGNEFGDOELIRGGTDYKHEWPOTAQF AP SABAFFPCMERIGMEVTIPEGTRHLTYT
GAIRLDDEDPNERDOV I LLNKH I DAY RKTPRPPTEPRKEDEEKRKEAYETQALPQROKEQUTV
TLLPAADLDDEBEQLOOEMESADSTOA®

28 28531 . .29647
fgene="CRF10%

¥ST/08
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-

D

shem loop

shem loop

stem 1o

CRIGIN

61
121
181
241

CAAATCIACC
ghggoctghca
tgtocgitgac
ghtittgcage
ggagagoott

29531 . . 29647
Joens="0ORF10%
foodon_start=1
/product="CRF10 protein”
Jprotein _id="UALJ4658,.1"

/translation="MGYINYFAFPFTIYSLLLORMNSRNY IAQVDVVNENLT®

29582 . . 258617
/gene="0RF10"
/note="Coronavirus 3°
29602, .29630
/gene="0RF10"
/note="Coronavirus 3°
29701, .28741

/note="Coronavirus 3°

aactttoegat ctobighbaga Lotgbhotot

ctoggehygoa btgottagtyge acheoacgoag

aggacacgayg Laactogibct atcticigea

cgatcatcag cacatotagyg thtbgtoogy

gteocbggtt tcaacgagaa aacacacgto

aaacgaactt
tataattaat
ggctgectitac
ghogbgaccgsa
caactecaghtt

UTR pseudoknot stem—-lcoop 17

PST/IS

UTR pseudoknot stem—loop 2%

stem—loop II-like motif {s2m}"®

taagaatotgh
aactaattarn
ggtittogtoc
asaggtaagat
tgootgbttt

jz}?ﬁ ffjcaminued

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd



(9 37NY) 133HS ILNLILSANS

361
361
421
481
541
601
661
721
78l
841
401
96l
1021
1081
1141
1201
1261
1321
1381
1441

acaggticge
ggcacygbcas
goctcaactt
tggtoatgtt
tgagacactt
tettetitogt
ghecatttgac
gaacactass
atacactogo
taaagacctL
tattgacact
cacggaacgt
gaaattigac
caagactatt
atctgtetat
gaagtgtgat
cgaattittgt
ccaagatget
gratagtott
toegeactatt

gacgbgotog
natottasag
gaacagocot
atggtigage
ggtgtootitg
aadgaacggta
thaggogacy
catagoagtyg
tatgtocgata
ctageacghyg
aagaggggtyg
Ltehgaaaaga
acotitoastag
caaccaaggy
ccagttgogt
cattgbtggtyg
gygcactygaga
gtigttasaa
goeocgaataco
gootthggag

Lacgbggett
atggeactiyg
atgtgttocat
Laggtagocaga
toecctoatgt
ataaaggage
agettggeac
gtgttaccog
acaacttoety
ctggtasaagoe
tatactgctyg
goetatgaatt
gogaatghboo
ttgaaaagaa
caccaaatga
azaacttcaty
atttgactaa
tttattgtoc
ataatgaatc
goetgbgtgtt

tggagachog
tggoettagta
casacgtitog
actcgaagge
gggcygaaata
tggtaggecat
tgateottat
tgaactoaty
tggooetgat
ttoatgeact
cogbgaacat
goagacaccth
gaattttgta
aaagettgat
atgcaaccasa
Feagacgygyc
agaaggtgoo
ageatgteac
Lggctitgaaa
ctottatgtt

ghtggaggagy
gaagttgaaa
gatgotocgaa
attocagtacyg
coagtggett
agtacggcy
gaagattite
cgtgagotta
gogoracooto
titgtocgaac
gagcatgaaa
titgaaagtitsa
tttcocttas
ggctittatgyg
atgtgeottt
gattbtgtta
actacttgtyg
aattcagaay
accattctto
gattgocata

tettatoaga
aaggogttbt
cthgoacotaa
gtegtagtgy
accgoaagyt
cogatctaas
ZAgaaaacty
ACgUagygyc
togagtgeat
zactggactt
ttgottggta
aattggcaaa
attaecataat
ghagaattcyg
caactoteat
aagoecactiy
ghtacttacc
taggacoetga

gtaaggaltgy
acaagbgtgc

jz}?ﬁ ffjcaminued
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1501
1561
1621
1681
1741
1801
18861
1821
1881
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701

ctattgggtt
agottocgas
caatattgtt
tgoettocaca
aattgtigasa
gaatattggt
toghgttgia
titacagaag
tgatgctatyg
tacaggtggt
tgaaaasachc
tecttagagac
tggacaaatt
tgtaaataas
agoetigaat
taaatocaga
cttagaggga
tgatttacas
accagtttgt
cottgcacct

aaaggttact

ccecacgtgota
gagtettaaty
ggtgacttta
agtgottttyg
toctgtggta
gaacagaaat
cgatogattt
goecgetataa
atgtteoacat
gttgttcagt
aaaccoghcc
ggtigggaaa
gtcacotgtyg
tttttggott
Ltaggtgaaa
gaagasacty
gaaacactitoc
ceattagasc
attaacgggc
aatatygatgy
tttggtgaty

gogotaacat
acaacctiot
aacttaatga
tggaaactgt
atittaaagl
caatactgayg
Locthoecogoan
caatactaga
ctgatttgge
tgacticgoa
ttgattgget
ttgttaaatt
caaaggasat
tgtgtgeciga
cattigtbecac
greoetacteat
coacagaagt
aacctactay
ttatghttget
taacaaacasa

acactgtgat

aggtigtaac
tgaaatacte
agagatcgcoce
gasaggtttyg
Lacasaagga
Leoctotttat
Lettgagact
Logaatittoa
tactaacaat
gtggeltaact
Lgaagagasayg
tatctcaaco
Laaggagaygt
ctotateatt
gecacttcaaaqy
goeoctotaass
gthtaacagag
tgaagotgtt
cgaaatcass
taccttocaca

agaagbycas

catacaggtg
cagasagaga
attattttgg
gattataasg
aaagctaaaa
guatttgcat
gotoaaaatt
cagtattcac
ctagttgtaa
agoatoetiitg
ttitaaggasag
tgtgcttogtyg
gtitcagacat
attggtggayg
ggattgiaca
gooocasaasy
gaagbtgtoct
gaagotocat
GRCACAgasa
CLoAsSagques

ggbtacaaga

ttgttggaga
aagtcaacat
catocttittte
cattcaasaca
aaggbgocty
cagaggctge
ctotgogtgt
tgagactoat
tggoctacat
gractgitia
gtgtagagtt
aaattgbocgg
tetttasget
ctaaacttaa
gaaagtgtgt
aaattatcoty
tgaaaactgyg
tggttggtac
agtactgigo

gtgocacoaac

gtgtgaat: ‘/;}?ﬁ ,«/fjcaminued
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2761
2821
2881
2941
3001
3061
S3121
gs
Ziaiel
H
23241
_|
M 3301
oL
T 3361
m
— 3421
o 3481
[ e
3541
N 3601
3661
3721
3781
3641
3901

cactititigas
agttgaactc
aacttigcaa
tatggetaca
ttgttettit
tgagocatoa
atttggtges
tgatgatagh
tattcaaaca
gactattgaa
aaatgcagac
caatgtititac
tgecatgoaa
tagttgtgtt
tgttaacaas
cgaagibbcha
tttaagagtt
tetetatgac
gaagatogeh
agttgaacag

chigatgaaa
gugtacagaayg
cecaghatoctg
tactacttat
taccotooag
actcaatatg
acttobgetyg
caacaaactyg
attgttgagy
gtgaataght
attgtggaag
ctitaaacatyg
gttgaatotyg
ttaagoggac
gotgaagacsa
chtihgcacoat
togtgtagata
aaacttgitt
gagatibocota
aYAAAATEAY

guattgataa
taaatgagtt
aattactitac
titgatgagto
atgaggatyga
agtatggtac
ctettecaaco
ttggtcaacs
ttcaacctoa
ttaghbggtta
aggciaaaas
gaggaggtgt
atgattacat
acaatcttge
tteaactich
tatitatcago
ctgttogoac
caagottito
aagaggaagt
atgataagaa

agtacttaat
cgcotgtgtt
accactgygn
togtgaghtit
agaagaayggh
Lgaagatgat
tgaagaagay
agacyggeagh
attagagaty
tttaaaactt
ggtaaaacca
Lgcaggages
agoebactaalt
taaacactgt
taagagtgoelt
tgogtatttilL
aaatgtectac
goaaatgasy
taageocattt
aatcaaagoclh

gagaagtget
gtggragatg
attgatttag
aaatibggott
gattgtgaay
taccaaggta
caagaagnay
gaggacaato
gaacttacac
actgacasaty
acagtggttyg
ttaaataagyg
ggavcactia
chtoatgtitg
tatgaaagatt
gutygchgacao
ttagetgtoet
agrLgaaaags
ataachtygaasa
tgtgttygaag

chagcotatac
ctgtcataas
atgagtggag
cacatatgtsa
sagasgagtt
gacotttgga
attggttaga
agacaactac
cagtitgtitca
tatacattasa
ttaatgcage
ctactaacasa
aagtgggtgy
toggeoccaaa
ttaatcagea
ctatacatto
ttgataaaas
aagttgaaca
gtasacoctic

aagtitacaac

jz}?ﬁ ffjcaminued
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3%61
4021
4081
4141
4201
4261
4321
4281
4441
4501
4561
4621
4681
4741
4801
488l
45821
4941
5041
5101
5161

aactobyggaa
caatetieat
agatgotocs
acctactaas
aacagacaat
gycasagaca
taatgagaag
tgcagaagaa
tatacagoegt
attttactitt
aaatgaasact
agetygoctogy
tgotgttaca
Lattgaaacs
acaactaggt
taccacattc
tttgagagas
goaagttgty
agectgatgtih
acctaatgat
Lttt otyggt

gaaacbaagh
coagatbohbyg
tTatatagtgyg
aagtotggty
tatataaccsa
gtgctiaaas
caagaaattc
acacgcaaal
anatatsagyg
tacaccagta
cttgttacas
tatatgagat
gogtataatyg
atclbcactiyg
atagaatite
cacotagaty
gtgaggacta
gacatgtcaa
actLaaagaltas
gacactotac
aggtacatgt

tectcacaga
ceachtobitotb
gtgatgttygt
geactactga
cttacoocggy
agtgtaaaayg
ttggaactgt
taatgootgt
gtattaasat
aaacaactgt
tgocactigg
ctetcaaagt
gttatcttac
cbtggttocta
ttaagagagy
gtgaagttat
ttaaggtgtt
tgacatatygyg
aacctcataa
gtgttgagyc
cagcattaaa

aaactigbta
tagtgacatt
teaagagyggt
aatgchagoeg
teagggtita
Lgoetittac
thoettggaat
chgbgtggaa
acaagagggh
agogteactt
ctatgtaaca
gocagetaca
ttottotbot
tasagaltiagy
tgataaaagt
cacctitigac
tacaacagta
acaacagttt
Ltcacatgaa
ttittgagtac
toacactaaa

ctittatattg
gacatbcactt
gttttaacty
aaagoetitga
aatggtiaca
attoctaccat
ttgogagasa
actaaagoca
gtggttgatt
atcascacac
catggetitas
gttbobgbit
aaaacaccty
toctattchg
gtatatiaca
gatcttaaga
gacaacatta
ggtccaactt
ggtazaaacal
taccacacas
aagtgygaaat

acattaatygy
tettaaagas
ctgtggttat
gaaaagtgeo
ctgtagagga
ctattatoto
tgettgeaca
taghitibeaac
atgytgotag
thaacgatet
attitggaagsa
cttocacotyga
aagaacattt
gacaatctbac
ctagtaatce
cacttotito
acchccanac
atttggatgy
titatgttit
chgatcotay

atooacaag /z}?ﬂ ffjwminued
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5221
5281
5341
2401
5481
5521
5581
5641
5701
5761
5821
5881
59541
6001
el6l
6121
£l81
6241
2301
6361

taabtggttia
aacactocaa
agraaggget
agbaggtgay
agattotigoe
cottaagygt
aggtgticag
gtocacottitt
tacttgtget
taaagaaact
toctattacy
ttataaatig
gaaagacaat
aaacgcasago
aaaccagtta
tgacttaaatl
aggagetaaa
cacgtataas
ONONOnnnnng

cgaagatcta

acbtictatta
caaatagagt
gotgaagoty
thaggbgatg
aaaagagtot
gragaagoety
atacotibgta
gttatgatgt
agtgagtaca
ttgtatigca
gatgtttict
gatggtgityg
tottattica
ttogataatt
actggtiata
ggtgatgtgg
trtgttacata
craaatacot
nnnnatghac

aaactaghot

aatgugcagsa
tgaagitttaa
ctaacttttg
tLhagagaaac
tgaacgoggt
ttatgtacat
cobagtggtaa
CRGCACCaTs
ctggtaatta
tagacygghgc
acaaagaaig
tttgtacaga
CaAgagoaans
ttaagtttgt
agasacoctge
tggctattga
aacctattgt
ggtgtatacy
tgaagtcaga
ctgaagaagl

taacaactgl
tocaochget
tgocacttato
aatgagttac
gtgtaaaach
gggeacactt
acaagetaca
tgotcagtat
coagbtgtggt
tttacttaca
cagttacacs
aatbgaccoot
aattgatott
atgtgataalb
ttoaagagay
Ltataaacac
ttggeatgti
ttgtoebtitgy
ggacygcgiay
agtgygaaaat

tatcttgeca
ctacaagaty
ttagoctact
thgtititoaac
tgtggacaac
tettatgaac
aaatatotag
gaacttaago
cactataaac
aagtocteay
acaaccatasa
aagtitggaca
ghtaccaaace
atoaaatttg
citaasgttsa
tacacaceot
aacaatgcaa
ANNNANNNND
gogaatggata
cotaccatac

ctgeattgth
cttattacag
gtastaagac
atgoccaattt
AgCagacaac
aatttaagas
Lacaacagga
atggtacatt
atataactto
aatacaaagy
aacragtitac
attattataa
aaccatatec
ctgatgattt
catttttoce
cttttaagaa
ctaataaage
NNNANNRNNANn
atctbgeotg

agaaagacgt

jz}?ﬁ ffjcaminued
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6421
6481
8541
6601
5661
6721
6781
5841
59201
6361
021
7081
7141
7201
7281
7321
1381
7441
7501
7281
7621

tottgagtgt
taatagttta
caattetagt
coettgotact
tgotaagoot
aaaccgtgtt
ttttactaga
tactghtaag
Taatittititot
trhoetttasto
ttacktgtacth
ctgtactagt
teocttottta
tggottaglit
tggattgget
thottggott
tagaatgtag
agacggttgt
cgaatgtaca
taaaggoettt
tagtacattt

aatgtgaasa
aaaattacaqg
cttactatta
catggtitag
titcttasaca
tgtactaatt
agtacaaalt
agtgbtoggta
aaactgataa
tactcanocg
guttacagag
tectatatott
gasactatac
goagagtggt
graatcatgoe
atgtggttaa
atobttebitg
aattcatcaa
actattgtta
tgeaaactac
attagtgatyg

ctaccgaagt
aagaggttgg
agaaacotaa
ctgotgtitaa
aagttgttag
atatgoctta
ctagaattaa
aatittighbch
atattataat
ctgoetiitagy
aaggchtattt
gtagtgtttyg
aaattaccat
tthtggcata
aattgttttt
taattaatct
caboatititta
ctigtatgat
atggtgttag
acaatiggas
aagtigcgag

tgtaggagac
ccacacagat
tgaattatct
tagbgtcact
tacaactackt
tttetitach
agoatoctaty
agaggctica
ttggttttta
tgttttaaty
gaactchact
tettagtggt
ttoatoetton
tattoebttto
cagoctatttt
tgtacaaaty
ttatgtatgyg
gtgttacaaa
aaggtocttt
ttogtgtiaat
agacttgtca

attatactta
ctaatggoty
agagtattag
tgggatacta
aacatagttsa
ttattgetac
cogactacta
tbtaattatt
ctattaagty
tobtaattiagy
aatgtcacta
ttagattott
aaatggygatt
actagghttt
gragtacatt
goocoocgattt
aaaagttaty
cgtaatagag
tatgbctaty
tgtgatacat
ctacagtita
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gtaactacat
gtgtgtaaca
Lacgatcgayg
gtgtaaaaltt

tgagggagoec
tgraatogty
gagoagaggo
aaattcaact
tgatgotgot
tggltagaggo
Laagaagooh
cagacgbggt
aactgattac
cggaatgtoy
tgocatcaas
geatattgac
ggctiatgaa
Loctgotgea
ctocaactoagy
cgetttibooyg
agracaagta
ttaggygagga
tgtacagtga
aatitttagta

ttgaatacac
cthacaactic
ggcaghcaag
CCAgUCaAgCa
cttgoetitage
CEACAACBAT
sletrfe BT R ES
CCAGARTAAG
agacatigge
cgcatitggoa
tbggatgaca
gratacaaas
actoaagoeoct
gattiggaty
gootagacic
tttacgatat
gatgtaghta
cttyaaagay
acaatgotag
gbhgctatoce

caaaagatoa
ctoaaggaac
cotettboctog
gtatgggaac
tgetgoecttga
CETsfafalel-F-F-Te:
gtactgocac
COCAIYGGARH
cgcaaatibgoe
tggaagtcac
sgagatcraas
cattocoace
tacogoagagy
atttoctbocas
atgcagacoes
atagtctact
actttaatot
cecaccacati
ggagagobgo
catgtgatit
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Severe acute resplratorv syndrome corconavirus 2 isclate
SBRE~-CoV-2 /human/NLD/EMC-Cmicron-1/2021, complete genome.
OMZBTEE3

OMZ2BT7553.1

Severe acubte respiratory syndrome coronavirus 2 {SARE-CoV-2)

Sevaere agute respiratory syndroms coronavizus 4
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BEFERENCE
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Hidovirales; Cornidovirineae; Corconaviridae; Orthocoronavirinae;
Betacoronavirus;: Sarbecovirus.

L {bases 1 Lo 29743}

GeurtsvanKessel, C.H., Gesra,D., Schmitz,¥X.38., Mykyvivn,A.Z.,
Lamers, M.M., Boegers,S., Scherbeiin,S., Gommers,L.s
Sablercliles,R.5.6., Hieuwkoop,HN.N., Riijsbergen,L.C., wvan
Dijk,L.L.A., de Wilde,J., Alblas,X., Breugem,T.I.,

Ridnders,B.J.A.,

TITLE

JOURNAL
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HEMARK
REFERENCE
AUTHORSE
TITLE
JOURNAL

de Jager,H., Weiskopf,D., van der Xuy,P.H.M., SBette,A.,
Koopmans, M. P.5,., Grifoni,A., Hsagmansg,B.L. and de Vries,R.D.
Divergent SARS CoV~Z2 Omicron—resactive T— and B cell responses in
COVID=-19% wvaccine reciplents

Sci Immuncl, eabeZ22 (2022} In press

35113647

Publication SBtatus: Avallable~Cnline prior to print

2 {bases 1 to 253743}

Lamers, M., Mvkyvibyn,A., Bestebroer,T. and Haagmans,B.

Direct Submission

Submitted {18-JAN-2022) WViroscience, Erasmus MC, Wytemaweg 80,
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COMMENT

FEATURES

SOUTCE

gene

Cha

$#assembly-Data-STARTHE
Assembly Method
Seguencing Technology :: Sanger didecxy seguencing;
$#Assemblyv-Data-ENDE#

Location/CQualifiers

1..29743

L

CLC genomics workbench .

21.0.3

Tilumina

forganism="Severe acute respiratory syndrome coronavirus

2’&%
/mol _types="ganomic RNAT

Fisclate="8ARE~CoV~-2/ human/NLD/EMC~Omicron—-1/2021°

Fisclation source="oronasopharynx®
fhost="Homo sapiens”
Jdio_xref="taxon:26%87049"%
fcountry="Hetherlands®
feollection_date="2021-11-2987
212..21485

/gene="CRFlab"

qoin{212. .13402,13402. . 21480}
/gene="CRFlab®

fribosomal_slippage

YST/6L
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foodon_start=1

/product="0RFlab polyprotein®

/protein_ id="Uapl7627.1"
/translation="MESLVPOFNEKTHVOLSLPVLOVROVIVEGPFEDSVERVLERARD

HLERGCTOGLYEVERGVYLPOLEQPYVEF IRESDARTAPHGHVMVELVARE LEGIQYGREGE

TLGVLVPHVCE IPVAYREVLLRENGCHECACGHEYCADLREFDLCDELGTDPYEDFQEN

HNTEHSSGVITRELMRELNGGAY TRYVDNNFOGPDGYPLECIKDLLARAGKASCTLEED

L IDTRRGVYCOREHEHE LAWY TERSEREY E L TPFE IR LARRFDTENGECPNEVER

LNS L IR T IQPRVERRKELDGFMGRIRSVYPVASPNECNGMULSTIMECDECGETSWOIG

DFYRATCEFCGTENLTREGAT TCOY LPONAVVEKI Y CPACHNSEVGPEHSLAERYHNESG

LETILRRGGRT LA GLCVEESYVGUHNECAYWVIPRASAN I GUNHTGVVGEGSEGLNDNL

LEILORERVNINIVGDFELNEEIATILASF BASTEARVETVRGLDYRAFRQIVESCGHN
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FRVIRGEARKGAWNIGEQREILSPLYAFASEAARVVRSIFSRTLETAQNEVRVILOKAA

1T L DGI Y S LR L IDAMME TS DLATHNNLYVVMAY ITCEVVOLTSQWLTNIFGTVYERL

RV LW LEERPREGVEN LRDGREIVRY I STCACEIVELL IVTICARETRESVOTIFFRLY

REFLALCARDS I L IGGARLRKALNLGETEVIHSRGLY RECVESREETGLLMP LEAPEEL L

FLEGETLPTEVLIEEVVLETGDILOPLEQPTSRAVEAPIVETPVC INGIMLLETEDTEEK

YA LAPNMMY INNTE T LEGGAP TEVIPGLDRDTVIEBVOGYRSYNITFELDER IDEVLNER

AT IVELGTEVHNEFACYVADAVIKTLOPVEELLTPLGIDLDEWSMATYYLFDESGER

KLASHMYC EFYPPDEDEREEGDCEEEEFEPETOYEYCTEDDYQGKPLEFGATSAALORE

EEROEE DR LD SO TV OO DGSEDNO T T T IOTIVEVORPO LEMELTPVVQT IEVINSFEG

YLELTDNVY IENAD IVEREAREVER TVVVNAAN VY LEHGGGYAGALNEATNNAMOVESD
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DY TATHGPLEVGGSCVLSGHNLAKHU LEVVGPNVHNKGED TQLLESAYENFROHEVLLA

PLLEAGIFGADP THSLRVOVD TVRITNVY LAVEDENLYDELY ESP LEMREERQVEQRILA

EIPREREVEP I TESERPSVEQREGQDDRRIRACVEEVITILEETEFLTENLLLY IDINGH

LHPDSATILYSDIDITPLEEDAPYIVEDVVOEGVLTAVVIPTREAGOTTEMLAKATLREY

PrDNY I T DY PGRGLNGY TVERAR TV LERCRGA Y TLPS T ISNERQE LLGTVSHNLEREM

LAHAEETRKILMPVCVETRA IV E T IOREYRG IR IQEGVVDYGARFYFYTSETTVASLIN

TLANDLNETLVIMP LGYVTHCGLNLEEAARYMRELEVPATVIVSSPDAVTAYNGYLTESE

KIPEREHF IET LS LAGEY EDWHSY SGRETOLGIEF LERGDESVYY YT SN TTFHLDGEVIT

FONLETLLSLREVRTIEVETIVDNINLETOVVDMSMTYGROFCP TYLDGADVTKIEPH

HSHEGK TRV L PN DD T LEVEAFEY YHTTD PSP LGRYMEALNETHEWEY POVNGLT S IK

¥ST/T8
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WADNNCY LATAL L T LOR I ELEPNPPALODAY Y RARAGEAANFCALI LAY CHNETVGEELG

DVRETMEY LFOQHANTDSCRKRYV LNV VIR TCGOOOTTLREGVEAVMY MGTLEYREQF KKGVD

TP CROA T RY LVOURES P FVMME AP PAQY R LEHGTFTCASEY TOGNYQUGHY KHITSERE

ElLYCIDGALLTRS SEY RGP LT TDVEYRENSY TTTIERPVIYELDGVVCTEIDPRLDNYY

KEDNSYFTECR I LY PNOPYPHASFDNPRPVCDNTIEKFADDILNQL TGYKEPASRELEVT

FPrPDLNGDYVAIDYRHY TP SPREGAR L LHEP IVWHVNNATNRATYRPNTHWC TRCLHST

KPVETSNSEFDVLESEDADGMDN LACEDLEPVEEEVVENP TIQRDVLECHVETTEVVED

ITTLEPANNIKITEEVGHTDLMAAYVDNSSLTIRERPNELERVLGLKTLATHCLAAVINEV

PWOTIANYARPF LNKVVSTTTNIVTRCILNRYVOTNYMPYFFTLLLOLOCTETRETHNERIK

AEMP T T IARNIVEEVGRFCLEASFNYLESPNF BRLINITIWFLLLEVOCLEGESLIYSTAR
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LGV ILMESN LGME S Y CTGY REGY LNE TNV IATYCTES TRPCAEVCLSGIDSIODTYPRLETT

Gl LS EP R L TArGLYVARWY LAY T LF TRFFYVLGLAA T MO LY SYFAVHE L BNSWLM

WLILNLVOMAR LEAMVRMY [FFASFIYVWRSIVHEHVVDGUNESTCMMOCYRKRNRBRATRVEC

T IVNGVRREF Y VY ANGERGF CRLHNWNCVNCD TR CAGES TR ISDEVARDLELOFKRP T

NP TROESY IVLDEVIVENGE THLYFREAGQRTYERHSLOHPVNLDN LRANNTEGSLP IN

VIVEDCGESECEESSARBASVYYSQLMUOP T LLLDOALVSDVELEAEVAVEME DAY VNT

FES TNV PMER LE T IVATAEAE LARNY S LDNVLETF IBAARQGEFVREDVETKDVVECL

BELEHAQEDIEVIGRSCHNYMLTYNEVENMTPRDLGAUIDUSARBINAQVARSHNITLIW

NVEDFMELSEQLREQIRSAARENNLPFRLTCATTROVVNYVITRE IALRKCCE IVNNWLEK

LIV LNV L VAR T Y LI TPVHEVMESKH TR SEET TGYRATDGOVTRDTIASTDTOFAN
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RHADFDTWEBOQRGGEY THDEACPLIAAVITREVGEFVVEGLPGTILRTTNGDELHELPR

VE S AVONICY TR R LIEY TDFATSACVLAAECTIFRKDASCGREVRPYCYDTNVLEGEVAY

EELRPDTRYVLMDGE L IQFPHIYLEGEVRVVTTEFDEEYCRHEGTCEREEAGVIVETEGRH

WVLNNDYYRELPGVECGVDAVNLLTNMEIPLIQP LGALDISASIVAGGIVAIVVTICLA

MR R RAF GEY SHYVAFNT L L LM VL LT PVY BF LPGVY SVIYLYLTFYLTND

WO LAHIQWMVME TP LV PRI T IAY T ICIETREHEYWE R SHY LERRVVEFHGVSFSTFEER

AALCTF LLNKEMY LELRSDVLLPLTOYNRY LALYNRKYRYFSGAMDTTSYREAACCHLA

KA LNDE SN SGSDVLYQPPOI S I TEAVLOSGFREMAF P SGRVEGCMVOVICGTITLNGL

WLDDYVVYCPRHVICTSEDMLNPRYEDLL IRKSHNHNP LVQAGHNVOQ LRV IGHSMONCVLE

LEVD TANPETPRYREFVRIQPGQIF SVLACYNGESPSGVYQCAMRHNF TIKGEFLNGECEG

PST/S8

FE g s j 2 E contirnued

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd



(9 371NY) 133HS ILNLILSANS

SYGENIDY DOV SFOYMHEMELP TOGVHAGTDLEGHNEPY GPFVDROTAQAAGTDTT ITVNY

LAWLY AAVINGDRWE LNRPTTTLNDENLVAMEYNYERPLTODEVD I LGP LBADTGIAVL

DMCASLERELLONGMNGRT ILGSALLEDEF IPFVVROCEGVIFGSAVERT IRGTHHWL

LT LS LV IV S TOW S LFFF LY ENAF LPFAMGTI TAME AR AMMEVEHKHAF LOCLELL

PESLATVAYFNMYVYMPASWVMRIMIWLDMVDTEFKLEDCVMYASAVVLLILMTARTVYD

DEARRVWTLMNYV LT LVYRVYYCGRALDQAT SMWALT I SVISNYSGVVTTVMEF LARGVVE

MOVEYCPIFF ITGNTLOCIMLVYCFLGYFCTOYFGLECLLNRYFRLTLGVYDYIVETO

EFRYMENSOGLLPPENS IDAFK LN IKLLGYGGRPCIKVATVOSEMBDVRECTBVVLLSVL

QULRVESSSKELWAQUVOLHND I LLAKDTTEAFERKMVSLLEBVLLIMODGAVDINKLCEEM

LONBRATLOATASEF BSLPSYAAFATAQEAYEQAVANGD SEVVILEKLEKSLNVARKSERFD
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ROAAMORELERMAD QAMTOMYKOARSEDERARVTSAMOTHMLF TMIRELDNDALNNIIN

MARDGCVPLN I TP LT TAAK LMYV VIPDYNTYENTCDGTTFTYASATHEIQUVVDADSEKT

VOLSEISMDNEPNLAWP LIVTALRANDAVELONNELSPVALRGMECAAGTTOTALTDD

NALAYYNTTRGGREVLALLSDLODLEWARFPREDGTGTIYTELEPPCREVIDTIPRGPR

VRY LY F IRGLENNLNRGMY LGS LAATVRLOAGNATEVPANS TV LS FCAFAVDAAKAYKD

YLASGGUP ITNCVREMLOCTHTGTGRATTVIPEANMDOQESPGGASCCLYCRCHIDHEPNPER

CFCDLEGRYVQIPTICANDPVEE TLENTVCIVCGHMRKGY GUSCOOLREPMLGSADALS

FLNRVOCEVEAARLTPCETCTSTDVVYRAFD IVYNDEVACFAKFLETNCCRFOEXDEDDN

LIDSYEPYVRERHTPONYQHERET IYNLLKDCPAVAKHDFPRFRIDGDMVPHISRORLTKY

TMADLVYALRHFDEGHCDTLEEILVIYNCCDDDYFNEEDRWYDEVENPD I LRVYANLGE

PST/LS

FE g s j 2 E contirnued

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd



(9 371NY) 133HS ILNLILSANS

RVROALLEITVOFCDAMBNAGT VGV LT LDNQDLNCGNEYDFGDFIQTTRPGEGVRPVVREYY

SLLMPILTLTRALTAERSHVD TDLTRPY IEWD LLRY DFTEERLELYFDRYPRYWDLOTYHP

HCVHCLDDRCILHCANFNVLE STVFPLTSFGPLYRRIFVDGYVPEFVVETGYHERELGVVY

HNODVHNLHSSRLSFEELLVY2ZADPAMEARASCGNLLLDERTTCF SVAALTHNVAFQTVED

GHENRKDEYDEPAVSKGFFREGESVELRBFFFAQDGHAAT SDYDYYRYNLP TMCDIROLL

FVYEYYDRRYEFDOYDGECINANGVIVHNLDKSACF PFNEHGEARLY YD SMEYEDQDALE

Ay TKRNVIPTITOMNLEY AT SAKNRARTVAGVS ICSTMTNROFEQKLLESTAATRGAT

YV IGTSKFYGEWHNMLEKIVY SDVENPHLMGWDYPRCDRAMPNMLRIMAS TV LARKHTT

CCSLEHRFYRLANECAQVLSEMVMCGGELYVEPGGTSEGDATTAYANSVERICQAVTA

NYHALLSTDONRIADRY VRN LOHBLYECLY RNRDVOTDFVNEF Y AYLEREHF SMMILSD

YST/88
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AN OFH BT AL OGNV AL T RN ROV LY NV EEAR CHTE T LT RGP HEF CEOHTY

LVROGGDDYVYLPYRPDP S RILGAGUEFVDD IVRETDGTLMIERFVELAIDAYPLTEHPNGE

YAV HLY LY LR LHDE L TGHML DMY VYL TN T B RYHEPEP Y EAMY TP HTV LAY

GACVLCHEQTELRCGACIARPF LOCCHCCYDHV I STBHELVLBVHNEPYVCHAP GCDYVT DY

PO LGGMEY Y RS HEP P Lo P LU ANV Y G LY RN T UGNV TDFNALATUDW T HAL

DY L LANTO T ERLALEFAAE T LEATEE TP R LS G EATVREVLEDRELHLBWEVGRPREP L

WRNYVE TGy RV I RN SRV L GEY TP ERCGR Y GDAY VY RGT T T RLNVGRY EVLITSHIVHE

LEAP TIVPORHYVRITCLY P TLHNI EDEF BENVAN Y QEVEMOEY BTLOEEPCTCRERF A

LGLALYYPBAR VY TACEHABV DALUERALEY L LD UGRLIPARBRVECEFDRFPEVHE

LBV IVHALPET TAD IVVEDE I BMATNY D LEVVNARLPARIYVY IGDPAGLPAY
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R LLTRGTLEPEY FHEVORLMB T I GPOMP LOTURROPAR IN DIV EALV Y DHE LEARED

AEBAGUFRME Y EGY I THOVERARTHRP QI GYVREF LT RMP AWREAV Y L 5P YHEQHAVALE

LG L TV E G E Y DYV I TOT TETARGUHVNRPNVALTRARYCGILOIMEDRDLY

R L L E I PR BNV AT L AR NV T GLERDC SRV ITGLEP TOAPTHLEVOD T RFRTEGLC

VOVR G PR T R LI MM RN Y QVNGY PNME TTREEAT REVRAW TGP DVELGCHAT

REAVEGTIHLPLOLGEF STGVH LVAVEP TEYVDTIPHNTDF SRV ERRPPPODOFRELIPLMY K

GLPWHRYVYRIFIVOMLED T LEN LD RVYEFVLHARGE ELT SMEYEVEIGPERTCCLODER

ATCP S TASD T Y ACWHHEE TG DY VY NP PM I DV W R TN LD SHNHD LY COVHGHAHVAE

COAIMIRCLAVHECEVERVDE T IEY P L LCDELE INAACREV HMVVEAALLADEEPV L

MO GNP R A L ROV P A DV E W Y DA PO S DR AY R I R E LY BY AT HEDEF TGV O LW
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NYDRYPANSIVCREFDTRVLSNLNLPCUDGES LY VNEHAFHTPAF DESAFVHLEQLPEE

Y SDEPCESHGROVVSDIDY VP LESATCITRCONLGGAVCEHHANEYRLY LDAYNMMIES

AGE S LWVYEOF DT NLWNT P TRLO S LENVAR TNV VNEGHP DGROGEVEVE T INNTVYTE

VDGYDVELFENET T LPVNVAFELRARRNIKPVRPEVEILNNLGYD IAANTVIWDYRRDA

PAHISTIGVCEMID IARKP TET ICAPLTVEFFDGRVDGOQVDLFRNARNGVLITEGEVERG

P SVGPROAS LNGY T LIGEAVE TOFNYYREVDGVVOQLEPETYFTQSRENLOEFERP RS

MEIDFLELAMDEF IERYRLEGYAFEHIVYGDESHEQLGGLHLLIGLARRFKESPFELE

DI PMDETVRNYF I TDAQTCESKOVOCEVIDLLLDDFVEI TEEQDLEVVERVVEVTIDY

TEISFMLWCEDGHVETPYPRILOESQAWOQPGVAMPN LY KMORMLLERCDLONYGDEATL

PRGIMMNVARYTOLOCOY LNTLTLAVPYNMRVIHFCGAGSDREGVAPGTAVILROWLPTETL
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WWREDLNDEVESDADSTLIGDCATVHTANRKHDE L ISDMYDPETENVTRENDSEEGEFFTY

TCGRIQURLALGESVAIR I TEOSWNAD LY KLMGHP AWW T AP VI NVNASSSEAT LIGON

YLGRPREQIDGYVMHANY IFWRNINP IQLSBY SLEDMSEEFP LELRGTAVMS LEEGRIN
DMITSLLBKGRLIIRENNRYVISSDVILVNNKN™

mat pephide

mat peptide

mat peptide

mat pepibide

mat peptide

212 ..751
/gene="0RFlab®

/product="1leader protein®

T2, .26865
/gene="0RFlab®
/product="napl2”
2666, 8497
/gene="0RFlab"
fproduct="nsp3®
B498.,.93%%7
/gene="CQRFlab®
/product="nsp4"
29588, .10815
Fgene="ORFlab®
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mat peptide

mat peptide

mat peptide

mat peptide

mat peptide

mat peptide

fproduct="3C~-1like proteinase”
10916, .11776
/gene="CRFlab®
/product="naps®
1L777..12025
/gene="0ORFlab®
/product="nsp7®
12026..12619
/gene="0RFlah"
fproduct="nspd®
12620..12958
fgene="0RF1lab"

¥ST/€6

/product="nsp?”™

1295%9..13375

/gene="0OREFLah"

/product="ngpl{®
Join{l3376..13402,13402..16170}
/gene="0RFlab"

/product="RNA~dependent RNA polymerase®

FE g s j 2 E contirnued

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd



(9 371NY) 133HS ILNLILSANS

mat peptide

mat peptlide

mat pepblds

malt_ poptlde

CRE

16171, .1797%3
fgene="QRFlak"
fproduct="helicase"”
17974, .19554
/gene="0RFlab®
/product="3"'-£o-5" exonucleasge®
19555, .20592
/gene="0ORFlab®
/product="endocRNAza"
20593, .2148¢6
/gene="ORFlab®

fproduct=%2°*-0O-riboge methylitransferase®

2L2..13417

Jgene="0ORFlab®
Joodon_start=1
fproduct="0RFla polyprotein®
/protein_ id="UJD17628.1%

/translation="MESLVPGFNEKTHVQLSLPVLOVRDVLVRGFGDSVEEVLSEARD

HLEDGTCGLVEVERGVLPQLEQPYVE IRRSDARTAPHGHVMVELVAELEGIQYGREGE

¥ST/v6
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TLGVLVPHVGE IPVAYREVLLBENGNREGAGGHSYGADLRSFDLGDELGTDPYEDEQEN

WHNTRHSSGVTRELMBELNGGAY TRYVDNNFCGPDOYPLECTIRDLLARAGEASCTLSED

Lo LT RRGVY CCREHEHE LAWY TERSERGY B LT PP E I R LARRKF DT NGECPHNEVED

LS L IKTIOPRVERKELDGFMGRIRSVYPVASPNECHNQMCLSTLMECDHCGETSHQTG

DEVEATCEFCGTENLTREGATTCGY LPONAVVEIYCPACHNSEVGPEESLARYHNESG

LETILRRGGRT IAR GGOVESYVGUHNECAYRVEPRASANIGONHTGVVGRGSEGLNDHL

LEILOKEREVNINIVEDFRLNEE IATILASE SASTSAPVETVRGLDYRAFRQIVESCGN

FRVIEGRARKGAWN IGEQKS ILSPLYAFASERABRVVREIFSRTLETAQNEVEVLOELD

I ILDG LSO S LRLIDAMME TS D LATHNLVYVVMAY I TGOV LT SOWLTH I FGTVYER L

KPVLOWLEERRFREGVEF LRDGHEIVEF ISTCACE IVGGRIVTCAREIRESVQTFFELY
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HEFLATCADEBITIGGAR LEATLNLGETFVIHSKGLYRECVESREETGLIMPLEAPKETT

FLEGETLPTEVLITEEVVLETGDLOPLEQP TEEAVEERPLVGTEVOINGLMLLEIEKDTER

TCALAPNMMYV THNTEF T LEGGAPTEVIFGRDTVIEVOGYRSVNITTELDERIDRVLNER

CHRAYTVELGTEVHNEFACVVADAVIKTLOPVERELLTPLGIDLDEWSMATYY LFDESGEY

KLASHMYC EFYPPDEDEEEGDCEREEFEP STOQYEYGTEDDYQGEPLEFGAT SAALPE

EEQERDWLDDDSQUIVGLOUDGEEDNYTTT IQT IVEVOPRLEMELTPVVQTIEVHNEFSG

YLELTDNVY IKNAD IVEEAKKVEP TVVVNRANVY LEHGGOGVAGALNKATNNAMOVESD

DY IATHGR LEVGEESCVLEGHNLAKHC LEVVGPHNVNEGED IQLLESAYENFNQHEVLLA

PLLEAGIFGADP IHSLRVOVDTVRINVYLAVFDENLYDELVESFLEMEKSERQVEQRILA

EIPKEEVEPFITESKPSVEQREQDDER IKACVEEVTTTLEETRKFLTENLLLYIDINGHN
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LAPDSATINEDIDITRLERDAPY IVCDVVOREGCVLTAVVIPTREAGCTTEMLAKALREY

P DNY I T TY PG LNGY TVERAR TVILEECK AT YT LPS I T SNERKQETLOTVSWNLREM

LAHARETRELMPVUOVETEAIVET LOREYRGIRIQEGVVDYGARFYPYTERTTVASLIN

TLNDLNETLVIMP LGYVIHGLN LEEAARYMRS LEVPATVEVESPRDAVTAYNGYLTESS

KIPEEHFIET IS LAGSYREDUSY SGOETOLGIEF LERGDRESVYY TSNP TTFHLDGEVIT

FONLE T LS LREVRT IREVE T TV DN TN LETOVVDMSMTY GQUFGP TYLDGADVTE TEPH

NESHEGETFYVLPNDD TLRVEAFEYYHTTDP SEFLGRYMSALNATEKREWEYPOVNGLTSIRK

WADNNCY LATALLT LI R LEPNPPAL QDAY Y RABAGEAANFCALT LAY CHNKTVECELG

DVRETMEY LFQHAN LD SCKRVINYVORKTOCOOO T T LRGVEAVMY MET LAY EQFRREEY

P TR A TR Y LV OESPFVMMSAPRPAQYELRHCTFTCABEY TGNYQCGHYREITEEK
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ETLYCIDGALLTE S EY RGP I TDVEYRENSY TTTIERPVIYRELDGYVVUTEIDPELDNYY

RN Y P TEGR T DLV PN PY PHNASFONFPRPVCODN I RFADD LN LTOYRERPASRELEVT

FEFPRLNGDYVAIDYRHY TP SFRRGARLLHRP IVRHVNNATNRATYRPNTWC I RCLHWST

RPVE BN ROV LR SEDAQGMDN LACEDLEPVSEEVVENP TIQRDVILECHNVETTEVVGD

IILRPANNTIRITEEVYGHTDIMAAY VIONSE LTI ERPNELSRVLGLETLATHG LAAVNSY

PHDT IANYARPF LNEVVETTTNIVIRCLNRVOCTNYMPYFFTLLLQLOCTETRETHNSRIK

ABMPT T IARNTVESVGKFCLEASFNY LESPNF SELINI I IWFLLLSVCLGELIYSTAA

LGV LMSNLGMP SYCTGY REGY LNSTRV T IATYCTGE IPCSVILEGLLELDTYPELETT

I T I SEPEWD L TAFGLVARW LAY ILF TRFFYVLGLAATMOLFF SYFAVHF I SHNEWLYM

WLITHLVOMAP T SAMYV MY ITFFASFYYVWESYVHVVDGONSSTOMMOYRERNEBATRVEC
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T IVHNGVRRSFYVYANGCRGFCRLENWNCVNCDTEPCAGSTF ISDEVARDLSLOFRREP T

WP IS SY IVDESVIVENGEIHLYFDRAGDKTYERHELEHFVNILDNLRANNTRGESLEPIN

VIV DGESROCEESEARSASVY Y SQLMOCOP L LLLDQALVEDVED S AEVAVEMF DAY VNT

PSS TN VPMER LE T LVATAEAELARNVELDNVLETF ISAARQGEVDEDVETEDVVECL

ELEHQEDIEVIGDECNHNYMLTYNEVENMTPRDLGACIDCSARHINAQVARSHNITLIW

WYRDFPMSLSEQLRREOIRSAARKBNNLPFRLTCATTROVVNVV T TR IALRGGE IVHNNYWLE

OLIBRVILVELEVAAIFYLITPVHVMSEHTIDF SSE L IGYRATIDGGVIRDIASTODTCRAN

KHADFLTWE SQRGEEY TNDEACPLIAAVITREVEEVVPGLPGTILRTTHNCGDFLEFLER

VESAVENICYTPSKELIEYTDRAT SACVILAARRCTIFRDASGREPVPYCYDTRNVLEGEVAY

ESLRPDTRYVIMDGS L IQFPNITYLEGSVREVVITFDSEYCREGTCERSEAGVEIVETSGR
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WY LNNDYYRSLPGVEFCGVIAVNLLTNMPTPLIQPIGALDISASIVAGGIVAIVVTICLA

YYEPMBEE RRAFGEYSHYVVARFN T LLELMSFTVLOLTPVYEFLPGVYSVIY LY LTEFYLTND

VEF LAHIOWMVME TP LY PPWITIAY I IC I STRHEYHE P SNY LERRYVENGVSFSTFEE

AATLCTFLINEKEMY LELRSDVLLPLTOYNRY LALYNEYRYFSGAMDTT SYREAACCHLA

KALNDFBNEGEOVLYQPPO IS I TEAVLOSGR REMAFP SGRVEGCMYVVTCGTTTLNGL

WLDDVVYCPREVICTSEDMLNPNYEDLLIRKSNHNF LVOAGHNVQ LRVIGHIMONCVLE

LEVODTANPRTPRYRFVRIQPGQTFSVLACYNGEPSCGVYQUAMBHNFTIKGEFLNGELG

SYGENIDYDCVEFCYMHEME LY TGVHAGT DLEGNEPYGPFVDROTAGARGTDTTITVNY

LAWLYAAVINGDREFLNRFITTTLNDEFNLVAMEKYNYEPLTODAVD ILGPLEAQTG IAVL

DMCAS LEELLONGMNGRTILGEALLEDEFTPFDVVRQUSGVIFOSAVERTIKGTHREWL
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LLI IS LLVLVOETOWSLEFFFLYENAF LPFAMGI TAMSAF AMMEFVREHKHAF LCOCLEFLL

P AT VAYFNMYVYMPASHVMRIMIWLDMV D TSFRELEDCVMYASAVVLLILMTARTVYD

DGARRVWIT LMNY LT LVYEVYYGNALDQAT BMRAL L I SVTBNY SGVV T TVME LARGVVE

MOVEYCP IFF I TGN T LOCIMLVYCFLGYFUTICYPGLPCLLNRYFRLTLGVYDYLVETQ

EFRYMHNSOGLLPPRNS IDAFKINIKLLGYVGGEPCIEVATVOSEMEDVKCTEVVLLEVL

R LRVESSSRLWAQCVOLHND I LLAKDT TEAFERMVS LLEVLLEMOQGAVD INKLCEEM

LONRATLOATASEF SSLPSYARFATAQEAYEQAVANGDSEVVLERLEES LNVAKSERD

ROAAMORELERMADGAMTOMYEQARSEDERAKVTSAMOTMLFTMLEKLDNDALNNIIN

NARDGOVP LN I P LT TAAR LMYV I P DY NTYENTCRGTT P TYASALWE TQUVVDADSKT

VO LS EISMDNSPNLAVWP LIVIALRANSAVELONNELSPVALROMSCAAGTTQTACTDD
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MALAYYNTTHGERFVLALLSDLODLEWARFPESDGTGT IV TELEPRPCREVTDTRPEGPE

VRY LY F IRGLNNLNREGMV LGS LAATVRLOAGNATEVRPANSTVLEFUAYAVDAAKAYRD

TLASGGOP ITHNCVEMLCTHTIGTGRAITVIPEANMDOESFGGASCCLYCRCHIDHPNPEK

GFCRDLEGEYVOIPTTICANDPVGEFTLENTVCIVOGMWRGY GUSCDOLREPMLOSADROS

mat_ peptide

mat_peptide

mat_ peptide

FLENGEFARV®

212 ..751
/gene="0RFlab”®
/product="leader protein®
152 ..2065
/gene="0RFlab¥
/product=Ynapa”
2666, .3497
/gene="QRFlab®
/product="nsp3"
B498..9997
/gene="0RFlab®
/product="nspi”

¥ST/201
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mat peptide

mat peaptide

mat_pepbide

mat_peplide

mat _peptide

mat_ peptids

mat peptide

9598, .10%15
/aene="0RFlab¥
/product="3C~1ike proteinasge”
1081le..11776
/gene="0RFlab®
/product="nsps”
1377979 ..12025
/gene="0RFlab®
product="nsp7"
12026..12619
/gene="0ORFlab¥
/product="nspi™
12¢20..125858
/gene="0RFlab¥
/product="naps®
1285%..133%5
/gene="0ORFlab®
fproduct="nsplo®
13376..13414
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/gene="0ORFlab®

Jproduct="nspll"
stem_ loop 134710.,.13437

/gene="0RFlab"

/note="Coronavirus frameshifting stimulation slement

stem—lcoop 17
stem loop 13422..1347¢
/gene="0RFlab?

/note="Coronavirus frameshifting stimulation element

stem—-loop 2%

2rne 2314977, .2830%
/gene="58"%
CDs 21497, .28530%

fgene="5"

Jcodon_start=1

eroduct="surface glvooprotein®

/protein_id="UJD17629.1%
Ftranslation="MFVFLVLLPLVSSQUVNLTTRTQLPPAYTNSFTRGVYYPDREVFR

SEVLHETODLE LD PP ONVIWEHVIECTNCTERFDNDVLPFNDOVYFASIERSNIIRGR

YSTU/YO0L
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TFGTITLDERTOSLLIVNNATNYVIEVCEFQF CHDPF LDHENNESWMESEFRVY 354NN

IR R YV SO PR LMD L EGROGHNF RN LEEFVERNIDGYFRIYEEHTIP IIVRERPEDLPOQGES

ALEPLVDLE IGINITRFOTLLALHREY LTPGRESDGWTAGARA Y YVEY LOPRTFLLEY

NENGTITDAVDLCALDP LSETRCTLRSF TVERGIYQTSNFRVOPTES IVRIPHNITHLCE

FREVEFNATREABVY AWNBKRISHCVADY BVINNLAPFFTFROYGVEPTEKLNDLCETNY

YADSEPVIRGDEVRO IAPGU TGN IADYNYRLPDDE TGOV IAWNSNELDEEVEGHNYNYLY

RLFRESHNLEPPFERD ISTEIYQAGCNRKPUNGVAGFNCYPPLRSYSFRPTYGVGHOPYRYY

VLEFEL LA P ATV CPRE S THLYVRENECVNENENGLEGTOGVLTESNKEPLPFPQOFGRDT

ADTTRDAVREDPOTLE I LD ITPOSFGEVEVITPETNT SNOVAV LY QGYNCTEVEVATHAD

L TP ITWRVYSTGSHNVEQTRAGCLIGAEYVHNNEYECDIPIGAGICASYUTOTKSHRRAR

¥ST/S01
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SVASOD I I AY TME LCARNSVAY SNNSTATPTHNFTISVITEILPVEMTETEVDOTMYIC

GRS TECEN LLLGYGSPCTOLRRALTGTAVEQDENTOEVFAQVEDTYKTPP TEYFGGEEN

PEQlLPDPSEPSKRSF IEDLLEFNEVI LADAGE TRQYGRUCLGDIAARDLICAQRF RGLT

VILPPLLTDEMIADY TSALLAGTITESORTFGAGAALQIPFAMDMAYRFNGIGVTONVLY

ENQELIANCQFNEALIGRIDLELEETASALGELODVVNHNADALNT LVEQLSSEFGALBS

VIHDIFSRLDEVEARVOIDRLITGRLOELOTYVTOOLIRAAEIRASANLAATKMEECY

LGRS RRVDEFCGRGY HLMSFPOSAPRGYVE LEVIYVPAQERNFTTAPALVEDGRAHEPR

EGVEVENGTHWE VT ORNFYEPQITTTDNTEVEGNCDVVIGTIVNNTVYDP LOPELLDSFR

EELDRYFRNETSPOVDLGDISGINASVVNIQREIDRLNEVARNLNESLIDLOELGEYE

Y THWPWY IWLGF TAGLIATVMY T IMLOCCMT SCLCECTLKGLOSCGECCKFDEDDBERPVL
BGVRLAYTF

¥ST/901
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gens £Z5318..26145
/gene="0RF3a"™
cps 20318, .26145
/gene="CRF3as"

foodon _start=1

{product="0RF3a protein®
/protein id="UJD17630.1°%

Jtranslation="MDLFMRIFTIGTIVILRQGEIKDATPEDFVRATATIPIQASLPEG

WLIVGVALLAVEQSASK I I TLERRWQLALSEGVHEVCNLLLLFVIVY SHLLLVAAGLE

APFLYIYAILVYFLOSINFVRITMRIWLOCWKCRSKNPLLYDANYF LCHHTNCYDYCIRY

NSV TS IVITSGDGTIEP I CEHDYQIGGY TERWESGVRDCVVLHEBYFTEDYYQLYETQ

LETDTGVERVIFF IYNRIVDEPEERVOQIHTIDGESGYVNPVMEDP JYDEPTITTTISVELY

2T1Es 26170, .26397
fene="E"
CDE 26170, .26387

YST/LOL
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/gene="E"

foodon_start=1
/product="envelope protein®
fprotein_id="UJDl17631.1"%

Jtranslation="MYSEVSEEICTLIVNSVLLFLAFVVEFLLVTLATLTALRLCAYCC
NIVNVESLVREPSFYVYSRVENLHESBRVPDLLVY

gane 26448, .27116
Jaane="M"

cDs 26448, . 27116
Jgena="M"

Jeodon_start=1
/product="menbrane glyvcoprotelin™
Jprotein id="UJDI7632.1%

/translation="MAGCSNGTITVEELRKRLLEEWNLVIGFLFLTIWICLLOFAYANRNR

FLY I IKLIFLWLLWPVILTCEVLABVYRINWITCEIATAMACLVGLMWLEYFIASFRL

AR T RSMW S FNPETHNILINVELEGTILTRPLLESELVIGAVILRGHLRIAGHEHLGRCD

¥ST/801
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IR DLPREI VAL BRI LSYYRLGASORVAGD SGFAAY SRYRIGNYELNTDHS5S5DNIA

LLVG®
gene 27127..27312
/gene="0RF&"
DRSS 21127, .27312

/gene="CRFs"
focodon_start=1
/product="CRF& protein®
fprotein id=YUJD17633 1%

/rranslation="MPHLVDROVTIARILLIIMRIPERVS IWNLDY TINLIITRNLESKSL

TENEYRZQLDEROPMETID™
Bne 27319..27684
fgene="0ORF7a"%
oDg 27319.,.27684

/gene="0RF7a"
Joodon_starts1
/product="0RF7a protein”
protein id="0JD17634.,1%

¥ST/601
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/translation="MEKIILFLALITLATCELYRYQECVRGTIVLLKEPCSEGTYEGNS

PPHPLADNREFPALTCE STOFAFACPDGVHHVYQLRARSVEPELF IRQEEBVOELYSPIFL
IVAATVEITLCFTLKRETEY

ene 27681..27812
/gene="0ORF 7Th"
Crps 27681, ,27812

/gene="0ORFTh"
foodon_start=l
fproduct="0RFTL"
Jprotein id="UJD17635.1"

Jtranslation="MIELSLIDFYLCFLAF LLF LVLIMLIIFWFSLELQDHNETCHA®

eng 27818, .28184
/gene="0ORFE"
ChE 27819, .28184

fgene="0ORF2"
feodon_start=l
fproduct="0RFE8 protein”®
Fprotein_id="UJD17636.1"

¥ST/011
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/translation="MEFLVFLGIITIVAAFHQECSLGSCTQHOPYVVDDPCPIHFYSE

WY IRVGARKSAPLIELCVIDEAGBRSPIQYIDTIGNYTVECLPFTINCQERPRLGETLVVRC
SEYEDFLEYHDVRVVLDEI®

geng 28189, .23448
/gena="TH"

foi 5)c) £819%,.29443
/gene="N"

feodon_start=1
/product="nucleccapsid phosphoprotein”®
fprotein_id="UJR17637.1%

/rranslation="MSDNGPONORNALRITFGGPEDSTGSNONGEARSKQRRPQELPY

Z 37Nd) L133FHS FLNLILSANS

2 NTASWFTALTQHGKEDLKFPRGOGVP INTNSSPDDQIGYYRRATRRIRGGDGKMKDLS

PR Y P Y LGTGPEAGLEPYGANKDGI IWVATEGALNTP EDHIGTRNPANKNAA TV LOLPQ

GCT T LPRGEFYARGERGGSUASSRSSERERNESERNETPGESERTSPARMAGHNGGDAATAL

PSTUILL
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LILDRIUNQLESEMSCREGQOOUGOTVTRESARRASKRPROERTATRAYNVTOAFGRRGP

BT OGHEGDOELIRGGTDY RENPQIAQF AP SASAFFGMERIGMEVTRPSGTRLTYTGAT

RLODDEDENFRDOVILLNEHIDAYRIFPPTEPREDREERADETQALPQROFEOQQTIVTLL

gens

LDs

stem loop

stem loop

PARDLDDEFESEOLOOSMEEADETOAY

294774, ,29590

/gene="0RF10"

28474, .2%9590

/gene="0RF1LO"

Jeodon_start=1

/product="0RF10 protein”®

fprotein 1d="UJDL7&38,1%
Jtranslation="MGYINVFAFPFTIYSLLLCRMNSRNY IAQVDVVHFNLT®
289525, .29560

/gene="0RF10"

/note="Coronavirus 3°' UTR pseudoknot stem—loop 17
28545, .29573

/gene="0RFI1O"

PSTU/TIL

/note="Coronavirus 3°' UTH pseudoknot stem—loop 27
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stem 1oop

DRIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
801
46l

agatchgbtc
tgoactcacy
toctatottct
aggttitigte
JEASBCACAC
ctitggagac
ttgtggoetta
catcaaacgt
agaactocgasa
tgtgggegas
agctggtggo
cactgatoch
cogtgaacto
ctgtggooct
agettcatyge
ctogcoghgas
attgcagaca

28644 ..29684

/note="Coronavirus 3°

tobaaacgas
cagtataatt
gcecaggotget
cgggtgtgac
gtocaactca
tecgtggagy
gtagaaghtyg
toggatgoto
ggcattcagth
ataccagbgy
catagttacg
tatgaagatt
atgogtgage
gatggctaco
actittgtcog
catgageaty
cotttigaaa

cthtbaaaatc
aataactaat
tacggtttog
cgaaagutas
gtttgcetgt
aggtcttato
aaaaaggogt
gaachgcaco
acggtegtayg
cttaccgeas
gegoeogatol
tihcaagaaaa
trhaacggagy
ctottgagtyg
aacaactgga
aaattgcityg
ttaaattggo

stem—loop II-like motif (s2m}"

tgtgbggotyg
tactgbtogtt
teogtgttge
gatggagage
tttacaggtt
agaggcacygh
tttgeoteaa
tecatggtbeat
cggtgagaca
gattobicht
aaagtcatit
chggaacact
ggeatacact
cattazagac
cthittatigac
gLhacacgyas
aaagaaatit

tcactoggot
gacagygacac
agoogateat
cttgbocoty
cgogacgtgo
caacatctta
cttgaacage
gttatggtty
cttggtgteo
cgtaagaacy
gacttaggocy
aaacatagca
cgotatghbcy
cttoctageac
actaagaggy
cgthothgaas
gacacoctitca

geatgotibag
gagtaactocy
cagocacatel
gtitcaacga
tegtacgigy
aagatggcac
cobatgtgti
agotggtagoe
ttgtecotoa
ghaataaagy
acgagchbtgg
ghoggtgttac
ataacaactt
gtgctggtaa
ghbgtatactyg
agagoctatga
atggggaaltg
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1021
1081
1141
1201
1261
1321

Z1381

o

Ni1441

=

21501

_|

M15671

o

m1521

H1681

21741

o

1801

Niggl
1821
1981
2041
2101
2161
2221

tocagatttt
gaaagagobi
tgaatgoaac
atggcagacyg
Laaagasaqgyh
tooagreatgt
atoctggetig
gttctottat
cataggttgt
tettgasata
tgaagagatc
tgtgaaaggt
agttacaaas
gagboohott
cactcttgaa
agatggaatt
ggotactaagc
geagtggeta
gotligaagayg
atttatotoa
aattaaggaqg

gtatttoceoot
gatggeotita
caaatgtgoc
ggogatttty
gooactactt
cacaattcag
aaaaccatto
gtbggbtgoo
aaccatacay
crhoccaaaaag
goocattattt
ttggattata
guaaaagota
tatgratttyg
actgotcaaa
tcacagtatt
aatctagttyg
actaacatct
aagtttaagy
acctgtgott
agtgttcaga

taaattocat
tgggtagaat
ttteaactot
ttaaagocac
gtyggtiacto
aagbaggaco
tthegtaaggg
ataacaagty
grtgttglligg
agaaagtcas
tggratchtt
aagrattcaa
aagaaggge
catcagaggo
attoctgtgeg
cactgagach
taatggocta
ttggcactgt
aaggbglLags
gtogaaatitglh
cattocittaa

aatcaagact
Loegatetgto
catgaagtgh
ttgegeaattt
acuccaaaat
tgagecatagt
Lggtogeact
Logoctatbhgy
agaaggttoo
catcaatatt
ttoetgoetioo
acaaattgtt
ctggastati
Lgntogtogtt
tgttttacag
cattgatgoelt
cattacaggt
ttatgaaaaa
gtttcttaga
cggbogacas
gettgtaaat

attoeaaccas
tatocaghty
gatcattgty
tgtggcacty
goehagttgbha
cttgoogaat
attgoctittyg
ghitocacgty
gaaggtotta
gtiggtgact
acaagtgoeit
gaatcchgtyg
ggtgascaga
ghavgatcaa
aaggoogoeta
atgatgiica
ggtgitigiic
cLCaaaccoy
gacggliggy
abttgtcacet
aaattitigg

gggttgaaaa
cgteaccaas
gtgaaactboc
agaatttgac
azabtitattg
accataatga
gaggetgigt
crtagoegcktaa
atgacaacct
ttasactiaa
ttgbggaaac
gtaattttaa
aatcaatact
titbctoceg
taacaatact
catctgatitt
agtitgactic
tecttgattyg
aaattgttaa
gtgcasagga

PSTUTIL
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2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
32431
3301
3361
3423

tgactotato
cacgcactoa
catgootcta
agtgtitaacs
tagtgaagect
gotogaagato
caatacchio
gatagaagly
taaagtaoctt
gttogoochgt
tacaccacty
gtoctggtgag
tgaagaagaa
tactgaagat
acotgaagas
ACARGACTYD
tcaattagay
Ltatitaaaa
aaaggtazaa
tgttgcaggsa

attattggty
aagggattagt
agageoccas
gaggaagtiy
gttgaagobo
aaagacacay
acactcasay
caaggbtaca
aatgagagght
grLbgtggeag
ggcatitgatt
tttasatitgy
ggtgattgtyg
gattaccaayg
gageasgaay
agbgaggacsa
atggaactta
cittactgacsa
coaacagtgy

goeocttaaats

gagohaaact
acagaaagtyg
aagaaattat
tettgaaaac
cattggttag
aaaagtactyg
goggbygcacs
agagbgtgaa
goetotgeocota
atgotgteat
tagatgagtyg
cttcacatat
aagaagaaga
gtaaacotit
aagattggtt
atcagacaac
caccagtigh
atgtatacat
ttgttaastgo

aggctactas

taaagootitg
tgttaaatoc
cttoettagag
tggtgatitia
tacaccagtt
tgooctigos
aacasaggtl
tatocactttt
tacagtigaa
aaaaactttyg
gagtatggot
gtattgttct
gtttgageca
ggaattiggt
agatgatgat
tactaticaa
teagactatt
tassaatgeca
agocaatgt

caatgocatg

aatttaggty
agagasgaza
ggagasacac
caaccatbag
tgtattaacy
coctaatatga
acttititagty
gaactigatyg
ctoggtacay
caaccagtat
acatactact
ttttaccoctoe
tcaactcaat
gecactihobg
aghcaacassa
acaattgtty
gaagigaata
gacattgbogy
taccttasac
caagbitgaat

aaacatitgt
cbtggoctact
theoccacagsa
aacaacotac
ggcttatgtt
tggtaacass
atgacactglh
agaggatiga
aagtaaatga
ctgaattact
tatttgatyga
cagatgaggsa
atgagtatgy
ctgobtoetica
ctgttggica
agatitcaaco
gttttagigy
aagaageiasa
atggaggagy
ctgatgatta
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3981
40241
4081
4141
4201
4461
4321
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4501
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4621
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catagetact
tgctaaacac
tottasgagt
agetggtatt
cacaaatgte
tttggaaaty
agtiaagcos
gaaaatcaas
agaaaactig
tgttagtgac
tgticaagag
tgasatgcta
gggtcagggt
aagtgeetit
tgtttottgy
tgtoctgtgtyg
aatacaagayg
tgtagogica
tggctatgtsa
agtgocaget
tactictict

astggaccac
tgtoetteaty
gehtatgaas
tttggtgotg
tactitagoety
aagagbtgaas
tttataacty
goettogbgttyg
ttactittata
attgacatcs
ggbtgtittasa
gegaaagots
trtasatggttc
tacatictac
aatttgogayg
gaaactaaag
gagtgtggtiy
ctiatcaaca
acacatggelt
acagtitoeLyg

totagaacac

ttaaagtggg

thotoggoce
attttaatca
accotataca
tetttgataa
agcaagttga
aaagtaaacc
aagaagtiac
titgarcattaa
ctttcttaaa
chgctghggh
tgagaasagt
acactgtaga
catchatiat
aaatgcttyge
cecatagtttc
attatggtgc
cacttaacga
tagatttgyga
tttocttcaco

ctgaagaaca

tggtagtibgt
aaatgtiaac
geacgaaght
ttotttaaga
aaatototat
acaaaagatc
ttcagtitgaa
aacaactobg
tggraatott
gaaagatgot
Latacctagct
gooaaragac
ggaggcaaag
otoetaatgag
acatgragas
aactatacay
tagattttac
tctaaatgas
agaagctgot
tgatgotgit
ttttatigaa

gtitttaagodg
aaaggtygaay
chactbgeac
gtttgtgtag
gacaaachtyg
gotgagattc
cagagaaaac
gaagaaacta
catcoagatt
croatatatag
agaaaggetyg
aattatataa
acagtgetta
aageaagasa
gaaacacygca
cgtaaatata
ttihtacacca
actettgtta
cggtatatga
acagegtata

acoatotLcac

gacacaatot
acaticaact
cattattate
atactgttog
thtoaagoctl
ctaaagagya
aagatgatas
agttoeochcac
cbgocactot
tgggtgatgL
ghoggcactac
cracttacoo
aasagitgtas
thotiggaac
aattaatgeo
agggtatias
gtaaaacaac
caatgeoact
gatctctcas
atggbitatol
ttgotggite
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ctataaagat
aggtgataas
tatcacottt
gthtacascs
tggacaacay
taattcacat
ggotittgag
aaatcacact
agataacaac
taatccacect
ttgtgoactt
aacaatgagh
ggbtgtgtaaa
catgggeaca
taaacaageh
acctgetoag
ttaccagtgt
tgotttactt
aaacagttac

sgasattgac

tggtoctatt
agtgtatatt
gacaatctta
gLagacascs
thttggtocaa
gaaggtagaa
tactaccaca
aaazagtyygsa
tgttatcttyg
gohctacaag
atettageot
tactitghite
actitgtbggac
ctttottatg
acaaaatabto
tatgaactta
ggtcactata
acasagtoot
ATHRCRACTCA
cotaagttgg

ctggacaato
acactagtaa
agacacttct
ttaacotoca
cttatitgga
catitttatgtl
caactygatos
aatacocaca
cocactgoeatt
atgettatta
actgtaataa
aacatgocaa
AACAYOAGAC
aacaatttaa
tagtacaaca
agcatggtac
aacatataac
cagaatacas
taasaccagt
acaattatta

tacacaacta
tectacrcaca
ttetttgaga
cacgoaagtt
Lggagohgat
Citacctaat
tagtitttoty
agttaatggt
gttaacacto
cagagcangy
gacagtaggt
Littagatioh
aagcettaayg
gaaaggbgtl
ggaghbcacct
atttactigt
ttotasagaa
aggtootatt
tacttataaa

LARgaAaAgAC

ggtatagaat
ttocacctag
gaagtgaggsa
gtggacatgt
gttactaaas
gatgacacte
gotagghaca
ttaacticta
cascasatag
getggtgaay
gagttagygty
tgcaaaagayg
ggtgtagaay
cagatacoett
tttgttatga
gotagtgagh
actttgtatt
acggatgttt
trggatggty
aattottatt

ttethaagay
atggtgaagt
ctattaaggt
caatgacata
Ltaasaccica
tacgtigtitga
tgbteageatt
tLaaatgougo
agtitgasagtt
cggetaschtt
atgttagaga
toettgascgt
ctgttatgta
gtacgiglgyg
tgtocageaco
acactggtasa
geatagacygy
totacasags
ttgttigtac

toacagagcea
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5541
6001
6061
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618l
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6301
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6421
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6601
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696l
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7141

accaattgat
tgtatgbtgat
tgctteaaga
tgattataas
tgtttggoat
acgtigbtett
agaggacgoeg
agtagtggas
agtigtagygsa
coacacagat
tgaattatch
tagtgtooct
tacaactacth
tttetttact
agcatctatyg
agaggottca
ttoggttitta
tgttttaaty
gaactctact
toettagtggt
thecatotttt

ctitgtaccaa
aatatcaaatlt
gagetbasag
cactacacac
gttaacaatyg
Lggagoacasa
cagggaatgy
aatcotacea
gavattatac
ctaatggotyg
agagtatiag
tgggatacta
aacatagtta
thattygetac
cogactacta
tttaatitatt
chattaagtyg
tetaatttag
aatgtcacta
ttagattott
aaatggygatt

accaaccata
ttgctgatga
trtacatttit
cctoettttaa
caactaatas
aaccagtiga
ataatctige
tacagaaagsa
ttaaacoaye
cttatgtaga
gtitgaaaac
tagetaatta
cacggtgtit
aattgtgtac
tagcaaagaa
tgaagLoaco
ttbgoctagy
geatgectio
ttgoaaceta
tagacacota
taactgottit

Locaagcgos
Lttaaaocaqg
ceotgactta
gaaaggagen
agocacgbat
aacatcaaalt
chgogaagat
cgttotigay
asaataatata
caatitctagl
cottgetach
tgotaagoch
aaaccgtgtt
Lottactagsa
tactgttaag
taatttittet
ttatitaato
ttactgtact
chtgtactggh
tecttottta
Lggettagtt

agettoegata
trtaactggtl
aatggtgaty
gaattgtiac
aaaccaaata
tegttitgatyg
clhaaaaceayg
tgtaatgbga
saaatiacay
ctiactatts
catggititag
tttettaaca
tgtactaaltt
agtacaaatl
agtgtoggta
aaactgataa
tactcaaccy
ggttacagag
tetatacctt

gaaactatac

goagagtggt

attttasgtt
ataagasaco
tgutggctat
ataaacctat
cotggtghat
tactgaagtc
toetotgaaga
agactacoyga
aagaggiigy
agaaacciaa
ctgotgtitaa
aagttgttag
atatgeotita
crtagaatiaa
aattttgtet
atattataat
chtgctihtagy
aaggetatit
gragbtgttig
aaattaccat
ttttggcecata
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1201
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tattotttte
cagetatttt
tgtacaaatyg
ttatgtatgy
gtgttacaas
aaggbcotto
ttgtgttaat
agacttgtca
tgatagtgtt
gacttatgaa
cactasagygt
atcatotygea
actagatcag
tgatgottac
actagttgea
tactittatt
tgttgaatgt
taactatatyg
tattgactgt
gatatggaac

actaggbtit
geagtacatt
gocccgattt
aaaagtitatg
cgtaatagag
tatgbctatg
tagtgatacat
octacagttia
acagtyaaga
agacaticte
teattgoota
agaltcagogt
goattagtgl
gttaatacglh
actgcagaay
toageagote
ciLtsaatigt
ctoacctata
agtgoegogte
gttaaagatt

totatgtact
ttattagtaa
cagectatggt
tgoatgtigt
caacaagagt
crtaatggagy
tohgtgctgy
aaagaccasat
atggttceat
Lebobeattt
Ltaatgttat
chgtttactsa
ctgatgtitgg
titoatcaac
chgaacttgo
ggeaagggtt
cacatcaaltc
acaaagttga
atattaatgo
teatgtecatt

tggattggot
ttottggett
tagaatgtac
agacggiitgt
cgaatgbaca
tagaggottt
tagtacattt
Zaatoctact
ceatctttac
tgttaactta
aghtttitgat
cagtoagett
Lgatagbgog
ttttaacgta
aaagaatgtyg
Lgttgattcsa
tgacatagas
aaacatgaca
gcaggtagca
gtotgaacaa

gocaatoatge
atgtggttaa
atcttotttg
aatitcatcaa
actattgtta
tgoagactac
attagtgatyg
gaccagtobt
tttgataaag
gacaacobga
gugbaaatcaa
atgtgtcaac
gaagtigcagy
ceaatgygaaa
teocttagaca
gatgtagasa
gtiactgygco
cocoglbgaco
aaaagtoaca

CLaCcYaaaac

aattgttttt
taattaatct
catcatttta
ctibhgtatgat
atggbtgttag
acaattggaa
aagtibgogag
cttacatogh
ctggtbcaaaa
gagetaataa
aatgtygaayga
ctatactgtt
ttaaaatgtt
aactcaaaac
atgtocttate
ctaaagatgt
atagtitgiaa
ttggtgettyg
acattactit
aaatacgtag
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B401
8461
8521
8581
8641
8701
8761
8821
gegl
8941
8001
906l
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8241
9301
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9421
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9541
8601

tgoetgetaas
taatgttgta
geagttaatt
acctgttecat
tattgatggt
tgctgatttt
cocattgatt
cacgatatita
agtitggtaac
agoettgtgtt
atattgttat
cacacgttat
trtetgttaga
atcagaaget
cagatcttta
tacaccacta
tattgtaget
tggtgaatac
actotbgtitta
ctbgacattt
gttcacacct

aagaataact
acaacasaga
aaagttacac
gtcatgtcocta
gubgtoacto
gacacatyggt
goetgeagtoa
cgeacaacta
atctgttaca
rtggetgotyg
gataccaaty
gbtgctoatgy
gtggtaacas
ggtgttigtyg
coaggagttt
attcaaccia
atcgtagtaa
agtcatgtag
acaccagtit
tatottacta
ttagtacctt

taccottttaa
tageactiaa
ttgtgtteot
aacatactga
ghgacatago
Litagecagoey
taacaagaga
atggtgactt
caccatcaaa
aatgrtacaat
tactagaagy
atggctotat
ctittgatto
tatctactag
tetgbggtgt
Liggtgoettt
catgoectibgoe
ttgooctttaa
actcattott
atgatgtitto
tctggataac

gtitgacatgt
gggtggtaaa
ttttgtbget
cttttcaagt
atctacagat
tggtggtagt
agtgggtttt
Lttgecatito
acttatagay
ttrtrasagat
ttotghtgot
tattcaattt
tgagtactgt
tggtagatygy
agatgctgta
guacatatoa
ctactatttit
tactttacta
accthggtgtt
ttttttageoa
aattgcttac

geaactacta
attgitaata
getattitet
gaaatcatag
actigtitiyg
tatactaatyg
gtogtgootg
ttacctagag
tacactgact
gorttotggra
tatgaaagtt
cohascacet
aggcacggca
gtacttaaga
aatttactta
goatotatagy
atgagottta
tteoocttatgt
tattoctgtta
catabttcagt
atcatttota

gacaagtbigt
attggttgas
atttaataac
gatacaagge
ctaacaaaca
acaaagcettyg
gtttgeooctgyg
ttettagigo
ttgcaacato
AgCCAgLACC
tacgoecoiga
accttgaagy
cttgtgaaag
atgattatta
ctaatatgtt
tagctggtgyg
gaagagaotitt
cattcactgt
tttacttgtsa
gogatggttat
Lttccacaaa

Fig. 12B
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geatttotat
ctttagtact
aaagttgogt
taataagtac
ttgtcatcte
ACCACCACAs
cocatehggl
cggtetttgy
catgecttaac
acaggchggt
gottaaggtt
aggacagact
tgotatgagy
tggttittaac
aactggagtt
goasacages
gtacgoigot
tgactttaac
catactagga

azaagaatita

tggttottta
tttgaagaay
agtgatgtge
aagtattita
geaaagygohoc
atctctatea
aaagtigagy
cttgatgacyg
cctaattatg
aatgticaac
gatacageos
ctttecagtgt
cacaatttca
atagatitaltyg
catgotggea
caageagoety
gttataaaltg
cttgtggeota
cotetttoty

ctygcaaaaby

gtaattacct
ctgoegetgta
tattacotct
gtggagoasat
tcaatgactt
cotcagotgt
gtigtatggt
tagtttactyg
aagattitact
tcaggobtat
atcctaagac
tagettgtta
ctattaagoy
actgtgtcto
cagacttaga
ghtacggacac
gagacaggtg
tgaagtacaa
cteaaactygy
gtatgaatgg

asagagangt
cacctitityg
tacgecaatat
ggatacaact
cagtaactca
tttgeagagt
acaagtaact
tecaasgacat
cattcecgtaag
toggacattot
acchaagtat
caatggtibca
Ltecattocht
ctttitgtiac
aggtaascttt
aactattaca
gtitctcocaat
ttatgaacct
aattgoaegtt

acgbaccata

gtagtotita
ttaaatazaay
aatagatact
agotacagay
ggttctgatyg
gottttagaa
tgtgogtacasa
gtgatctgca
totaatcata
atgecazaaatt
aaghttgtic
ceatctggty
aatggttoeat
atgoacceata
tatggacott
gttaztaoitt
cgatitiacca
ctaacacaag

tLagatatgt
tLtgggtagtyg

atggtgttio
azatgtatot
tagetettta
aagetgotityg
ttctttacca
aaatggcatt
ctacacttas
cetotgaags
atttotitggt
gt.gtacttasa
geattcaace
tttaccaaty
gtggtagtgt
tggsatitaco
ttgttgacay
tagettggit
caactoebtas
accatgttga
gtgetteatt
ctttattaga
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agatgaattt
agtgaaaaga
tittagtttta
tttacotttt
taagcatgoa
tatggtotat
tactagtttt
tatgacagos
cttgacactc
ggoetcttata

ggcoagaggt

tacacttcay

tggoctottt
agbtttoctarca
catagatgoo
agtagoocacth
agbtttgcas
acacaatgac
actttotgtt
goebggacaas
tgoagetttt

acacctitttg
acaatcaagy
gtocagagta
goetatgggta
tttototgtl
atgecoctgeta
aagetaaaad
agaactgbgt
gtttataaag
atctctgita
gtitgtitita
tgtatastgo
tgtttactes
caggagttia
tteasactca
gtacagtcta
caactcagay
attectocttag
rttgchttoca
agggeaacct
gotactgete

atgttgttag
ghacacacoa
ctcaatggtc
ttattgotat
tgtbtotgtt
gttgggtgat
actgtgttat
atgatgatyg
tttattatygg
cttctaacta
togtogtgtitga
tagtitattg
aoegetactt
gatatatgaa
acattaaatt
aagtgtcaga
tagaatcate
ctaaagatac
tgoagogtgs
tacaagoetbat

aagaagctta

acaatgotea
ctggttgtta
tttgbttottt
gtotgetttt
acctibotoett
gogtattatyg
gtatgeatca
Logchaggagsa
taatgctita
cteaggtgta
gtattgoocth
tttotiagge
tagactgact
Lttcacaggaa
gttgggtgtt
tgtaasagtge
atctaaatity
tactgaagoo
tgtagacata
agectoagay
tgagcaggcet

ggtgtbtactt
checacaattt
tttttgtatg
goaatgatgt
gocactgtay
acatggttgy
gotgtaghtgr
agtatggacac
gatcaagoca
gttacaactg
atitttctica
tattttigta
chtgghgitt
ctactoocad
gubggoaaac
acatcagtag
tgggoteaat
ttitgaaagaa
aacaagoettt
tttagticoo
gttgctaatg

tecaaagbgo
tgacticact
aaaatgoott
ttgtcaaaca
etitattttaa
atatggttyga
tactaatoct
ttatgaatgt
tttocatgtg
tecatghtttt
taactggtas
cttgttactt
atgattactt
coaagaatag
cttgtatcas
tettactete
gtgtocagtt
tggtttcact
ghuaagaaat
ttocatcata
gtgattctga
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12841
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13021
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agbttgbtott
tgeagecaty
acaggotaga
mactatgott
tggttgtgtt
accagactat
attgtgggas
tagtatggac
ttetgetgte
tgoctgcoggt
azcazaguga
tagattocct
gtttgttaca
aaacaaccta
tggtaatgosa
agatgotgoel
tgttaagaty
caatatggat
agatcatoca
aacttgbgcet

aassaagtiga
caacygtaagt
toctgaggaca
agasagtigg
coctitgaacs
aacacatata
atcecaacagy
aattcaccta
aaattacagsa
actacacaasa
ggtaggtityg
aagagrgaty
gacacacocta
asatagaggta
acagaagtygc
aaagcitiana
titgtgtacac
caagaatcol
aatoctaaagy

aatyacootg

agaagtottt
tggaaaagat
agagggcaaa
ataatgatgo
taatacoctch
aagatacgtyg
tigtagatgo
atttagoatyg
ataatgagelh
ctgctibgea
tacttgeact
gaactggtac
aaggtboctaa
tggtactigg
ctgoecaatto
aagatbatct
acactggtac
titggtggtgo
gattttgtga
tgggtttiac

gaatgtggoh
ggotgatoas
agttactagt
actcaacasc
tacaacagca
tgatggtacs
agatagtaaa
gooctottatt
taghtoeoctgit
tgatgagaat
gttatocogat
tatctataca
agtgaagtat
tagtttaget
aactgtatta
agetagbgyy
tggicaggca
atogtgtitgt
cttaaaaggt
actitaaaaac

aaatotgaat
grtatgacoo
gotatgoaga
attatcaaca
goeasactaa
acatttactt
attgticaac
gtaacagebl
goactacgac
gogbtagett
ttacaggatt
gaactggaac
ttatactita
goeacaghac
totttetgbg
ggacaacocaa
ataacagtca
chgbtactgoe
aagtatgtac
acagtoctgta

ttgacogtga
aaatgtataa
caatgetttt
atgoaagaga
tggttgtcat
atgcatcagoe
ttagtgaaat
Laagggooas
agatgtotty
actacaacac
tgaaatggyge
cacottgtag
ttasaggatt
ghectacaage
cttttgotgt
toacthaatig
CACCgUaRAYGT
gttgocacat
aaatacotac
cogtotagogy
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13741
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14161
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14401
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14521

tatgtggaas
tgatgoacasa
TYCACAGUCS
getggttttyg
gacaabitas
JaAgaAacasa
aagtttagas
acaatggoayg
saagaaatac
tatgatittty
cgecaagott
ggtgtactga
atacaaacca
cotatattaa
aagcectiaca
tttgacogtt
gatgacagat
cttacaagtt
toaactggat
agototagac
gottoectggta

ggttatgget
toegtiitias
ctagtactga
ctaasattoch
Ligaticiia
titataattt
tagacggtga
acctoegtoeta
titgtcacata
tagaaaacoo
tgttagaaac
cattagataa
cgccaggtay
cobtgacoay
ttaagtggga
attttaaata
geattetgoa
tiggaccact
aocacticag
tiagtitias
atctattact

gtagtigiga
acgggtitigoe
tgtogtatac
aagaactaat
cLtigtagtbt
acttaaggat
catggtacces
tgetttaagy
caattgtigt
agatatatta
agtacaattoc
teaagatceto
tggagticch
ggotttaacth
tttgttaaaa
ttgggatcay
ttogtgecazac
agtgagaaaa
agagctaggt
goaatitactt

agataaacgo

teaactoogs
gubgtaagty
agggebiittyg
tgttgbeget
ZAGAGATACE
tgteocagety
catatatcac
catitigaty
gatgatgatt
cgogtatacy
tgtgatgooa
aatggtaact
gtitgtagat
goagagtoac
tatgactica
acatacoaco
thtaatgti
atatttgtig
ghtgtacats
gtagtatgohyg
actacgbgot

gascocatygo
cagooogtol
acatoetacaa
tocaagaaaa
chtictchaa
ttgotaaaca
gteocaacgtoet
aagogtaatiyg
atttocaataa
ceaactitagy
tgogaaatgo
ggtatgattt
cihtattattco
atgtitgacac
cggaagagag
caaattgbgt
tattctoetac
atggtgttco
atcaggatgt
ctgacootgo
tttcagtage

ttecagteage
tacacegtbyge
tgataaagta
ggacgaagat
chaccaacat
tgactiottt
tactaaatac
tgacacatia
saaggactgy
tgaacgtgta
tggtatigit
cggtgattie
attgtitaaty
tgactitaacsa
gttaaaacto
taactgtttyg
agtghitocca
atttgtagtt
aaacttacat
tatgoacgot
tgecacttact

Fig. 12B

continued

YSTUYTL

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd



14581
14641
14701
14761
14821
14881

&

C 14941

W3]

315601

ci5061

_|

M15121

o

L5181

m

—H15241

glﬁﬁﬁl

mi5361

515421
15481
15541
15601
15661
15721

aacaatgtiyg
gotgtgbocta
goeteaggatyg
atgtagtgsts
tacgatggtyg
ggttttococat
gatcaagatyg
aatcttaagt
tgtagtacta
agaggagota
aaaactgttt
gatagagoca
acaacgbtgtt
ttgagtgaas
ggagatgoca
aatgttaaty
ttacaacaca
aatgagtitt
gtitgtgtgte
aaghbcaghitc

chtitttoaaac
aggotitobt
ghaatgctge
toagacaact
gotghattas
titaataaaltg
cacttitiboge
atgocattag
tgaccaatay
crtogtacgtaat
atagtgatgt
tgoctaacat
gtagetitgho
tggteatgtyg
caactgoita
cacttitate
gactittatga
acgeatattt
toastageac
tthtattatca

tgtocaaacce
taaguaagyga
tatcagogat
actatttgta
tgotaacoas
gggtaaggeth
atatacaaaa
tgcaaagaat
acagtttcat
LOgaAlaCaage
agaaaaccct
gettagaatt
acaccgtitoe
tggoggttca
tgctaatagt
tactgatggt
gbgtototat
goeghaaacat
thatgcatot

asacaatgtt

ggtaatitta
agtictgtig
tatgactact
ghitgaaglty
gtcatoghoa
agactttatt
cagtaatagbca
agagoetogoa
caaaaatiat
aaattoetatyg
caccttatgg
atggocteac
tatagattag
ctatatgita
gtitittaaca
aacaaaatty
agaaatagayg
ttetecaabga
caaggtohay
thtatgbtotg

acaaagactt
aattazazaca
avtcgttatas
ttgataagta
acaacctags
atgatitcast
teoctactat
cogtagotgyg
tgaaaltcaat
gtggttggoa
gttgggatta
ttgttottge
ctaatgagty
aaccaggtgy
tttgtecaage
cogataagta
atgtitgacac
tgatactcte
tggoctageat

aagoasaaty

ctatgactit
cttottottt
toetaccaaca
chittgattgt
caaatcagot
gagttatgag
aactcaaaty
tgtoboetato
agoogocact
caatatotta
toctaaatgt
togeaaacatlt
tgctcaagta
aacchcatca
tgtecacggoes
tgtecgeaat
agactitgtg
tgacgatget
aaagaactit
ttggactgag
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actgacctta
ggtgatgatt
tttgtagatyg
gotatagatyg
ttgtacthitac
tattotgtita
gotatgtacs
cagacticat
tacgacoaly
aatgcitoccag
tattgtasat
gotttatata
acatgtgsact
aagehtiittg
attgoctactyg
aaacctagac
agtazagtac
taccgaggta
acagtaatgo
gouctitataco
aaggttgogta

ctaaaggacs
atgtgtacoct
atatcgtaaa
ctrtacocact
aatacataag
tgcttactas
cacogoatac
taagatgtgy
Teatatcaac
gbtgtgatgt
cacataaacc
anaatacatyg
guacaaatgo
CAYCAgalac
tacgtgaagt
caccacttaa
aaataggags
caacaactta
cattaaghge
caacachcaa

tgraazagta

tecatgaattt
tecttacoca
aacagatggt
tactasacat
aaagoebacat
tgataacact
agtcttacag
tgottgecata
atcacataaa
cacagatgtyg
acocattagth
tgttggtage
tyggtgatiac
gobtocaaageh
gotgtoctgac
cogaaattat
gtacaccttt
caaattaasat
acctacacta
tatotocagatlt

ttctacacto

cgototoaas
gatccateaa
acacttatga
cotaastcagyg
gatgagtitasa
tcaaggtatt
gotgligggg
cgtagaccat
ttagtottgt
actcaacttt
titccatitgt
gataatgtta
attitagcta
actgaggagsa
agagaattac
ghetittactyg
gasasaggty
gttggtgatt
ghgccacaay
gagtittitota

Cagggancan

atacaatget
gaateotagy
ttgaacggtt
agtatgetga
caggacacat
gggaacctga
ctitghtgtitoct
toktatgttyg
ctgttaatcco
acttaggagy
gtgctaatgy
chgactttaa
acaccthgtac
catttaaact
atctttecaty
gttatocgtbgt
actatggtga
attttgtget
agoactatygt
graatgtitge
ctggtactgyg

agttasscag
ggcoggotgt
cgtgtottta
tgtottteat
ghitagacaty
gttttatgag
ttgcaatica
taaatgotgt
gtatgtitge
tatgagctat
acaagtitittt
tgeaattgca
tgaaagacte
gtettatogt
ggaagtiiggt
aaclLasasac
tgotgttagtt
gacatcacat
tagaattact
aaattatcaa
taagagtcat
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tthgotattg
catgcogoty
agtagasatta
acattagaag
gttgtotttyg
ttacgbgctsa
titgotaacta
actataggtc
actgtgagtyg
tgctittasasn
cecacaaatag
tttatttcac
caaactgtitg
gaaacagolLc
ggcatacttt
gaaattocac
gattgtagta
gacactaasat
acctatagaa

cotaacatgh

gootagotot
ttgatgcact
tacctgeacdg
agbatgteott
atgaaatito
agcactatglt
agggcacact
cagacatght
ctttggtita
Lgtttitatas
gogtggtaay
cttataattc
atteatcaca
actetigtas
geataatgho
gtaggaatgt
aggtaatcac
toaasactga
gactcatcohc
ttatcaccog

ctactaccot
atgtgagaag
tgotegtgta
ttgtactgbta
aatggocaca
gtacatiggo
agaaccagaa
coboggaact
tgatastasay
guatgttato
agaattoctt
acagaatget
gugctcagaa
tgtaaacagsa
tgatagagac
ggcaactita
tgggttacalt
aggtttatgt
tatgatggot
cgasgaaget

totgotogoa
geattaaaat
gagtgttttyg
aatgoatibge
aattatgatt
gacoctgoto
tatttcaatt
tgtoggogtt
cttasagocac
acgeatgaty
acacgtaaco
gtagcocctcas
tatgactaty
tttaatgttg
ctttatgaca
caagoigaas
cetacacagyg
gttgacgtac
tittasaatga

ataagacaltg

tagtgtatac
atttgeoctat
ataaaticaa
chgagacgas
togagtgtitgt
aattacctgco
cagtogtgbag
ghootgotga
atagagacas
tttecatctge
cbgottggag
agatttbtggg
tcataticac
ctatiaccag
agttgoaatt
atgtaacagyg
cacctacaca
ctggeatace
attatcaagt
tacgtgeatyg

agoettgotot
agataaatgt
agtgaatica
agcagatata
caatgocaga
BCCABCYgCaca
acttatgaas
gattgtitgac
atcagetcas
aattascagy
aaaagotgtc
actaccaact
toagaceact
agceaaaaglLa
tacaagteht
actottiaaa
cotoaghgtt
taaggacatyg
taatggttac
gattggoetio
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gatgtogagy
ggtttticta
aatacagatt
ataccactta
ttaagtgacsa
thtygagttga
tgtgatagac
techattggat
acaggtaace
gotagttgtg
gtbhgactgga
agaaaggttc
cacgacattyg
ttotatgaty
tatgocacac
gatagatatc
gacttgootyg
gettttgata
agtoccatgtyg
tetgotacgt
gagtacagat

ggtgtoatge
caggtgttasa
titocagagt
tgtacaaagyg
Ccactiaaaaa
catotatgas
gitgoocacabg
Ligatiacgt
tacasagcas
atgcaatcat
cihattogaatsa
aacacatgght
gtaacoectas
Ccagagoectiyg
attctgaraa
cigotaaltic
gttgtgatgy
aaagtgoettt
agtctcatygg
gtataacacy
tgtatotega

tactagagaa
cotagtitget
tagtygctaaa
acttoccttgg
toboctotbgas
gtattttagty
ctitttoecact
ctataatoccyg
ceatgatoty
gactaggtgt
toctataatt
tgttaaaget
agetattasag
tagbgacaaa
attcacagat
catitgiitglt
tggoagtittg
tgttaattta
asaacaagta
ttgraattta
tgottataac

goetgtitggta
gracctacag
ceacoygecty
aatgtagtge
agagtogtat
aasataggac
goettecagacs
tttatgattyg
tattgtoaag
ctagortgtoo
gutgatygaac
geattattag
tgtgtaceto
goettataasa
ggtgtatgco
agatitgaca
tatgtaaata
aaacaattac
gtgtcagata
ggtgutgoety
atgatgatct

coaatttaco
gttatgtiga
gagatcaatt
gtataaagatlt
ttgtotiatyg
chyagogoac
cttatgeotg
atgttcaaca
tocatggtaa
acgagtgett
tgaagatiaa
cagacaaatt
aagotgatgt
tagaagaatt
tattttggaa
ctagagigoel
gacatgoatt
cattitticta
tagattatgt
totgbagaca
cagotggett

tttacageta
tacacctaat
taaacaccto
tgtacaaatg
gugoacatgygs
chtgttgtets
ttggeateat
atggggtitt
tgcacatgta
tgttaagogt
tgoggottat
coecagttott
agaastggang
attoetattet
ttgraatgtco
atcbaaccht
ceacacacca
ttactotgac
accactaangy
tcabtgotaat
tagoetigigy

Fig. 12B

continued

YST/8TI

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd



18501
19561
19621
19681
19741
19801

C 19861

= 986

4192921

=

219981

_|

moandl

o

L20101

m

— 20161

220221

o

20281,

No0341
20401
204618
205821
20581
20641
20701

gtitacaaac
gaaaatgtyy
ccagtittaota
tttgaaaata
attasacoay
actgtgatot
tectatgactyg
tttgatggta
attacagaagyg
aatggagtca
gatggtgtty
tttaaacoca
gaacggtata
agtecagttag
tttgaattag
GUUCASATAaY
gttgaaataa
gactatacag
coaaaattac
atgcaaagaa

cotaaaggea

aatittgatac
cttttastgr
tecattaataa
aaacaacatt
taccagagglt
gggactacaa
acatagooaa
gagtitgatgy
gtagtgiitaa
cattaattgg
tecaacaatt
ggagtcaaat
aattagaagy
gtggtitaca
aagattttat
gtibcatoctaa
taaaatocoa
aaatittcatt
aatctagtca
tgctattags
aatgatgasa

ttataaceto
tgtaaataag
cactgtttac
acctgttaat
gaaaatacto
aagagatget
gaaaccaact
Leaagtagac
aggtttacasa
agaagoogta
acctgaaact
gogaaattgat
chatgectio
toctactgatt
tocotatggac
gbgtgtgtgt
agatttatot
tatgetttigy
agogtggeas
aaagtgtgac

tgtocgcanasa

Lggaacactt
ggacactity
acagaagbty
gtageatittg
agataattigy
coagoacata
gaaacgatti
ttatttagaa
coatobtgtag
aaaacacagt
tactttacte
ctottagaat
gaacatatoy
ggactagcta
agtacagtta
Loetgttatiyg
gtagtttota
tgtaaagatg
cogggtgbty
cttoazasatt

tatactoaac

ttacaagact
aLgUAcCaaca
atggtgttyga
agetttggge
gtgtggacat
tatotgotat
gtgraccact
atgoeccgtaa
ghooccaaaca
tcaattatta
agagtagaaa
tagotatgga
tttatggaga
aacgtittaa
aaaactattt
atttattact
aggttgtcaa
gocatgtaga
ctatgoctaa
atggtogatay
tgbgtoaata

tcocagagtita
gggtgaagta
tgtagaatty
taagcegcaac
tgotagetaat
tggtgtitigt
cactagtettt
tggtgttott
agotagtott
taagaaagit
tttacaagaa
tgaattcatt
ttttagtcat
ggaatcacct
cataacagat
tgatgatitth
agtgactatt
aacattttac
totttacaaa
tgcaacatta

titaasacaca

Fig. 12B
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ttaacatitayg
ggagttgcac
gattcagatc
actgtacata
aaaaatgtia
atacaacaasa
aatgebgato
gtyaatgegt
gaacaaatag
attcagtigt
actgctgtta
aaagglagsac
aacaactaas
tgttaatobt
tgtttattac
cttaccttte
gagyttigat
gtctaacata
acttattgtt
tgatocattt

ctgtaccota
caggtacago
ttaatgactt
cagotaatas
CHAAAGARAD
agotagetetr
tttataaget
catcatoetga
atggttatglt
otboctattc
tgbotttaas
ttataattag
cgazacaatgl
ACAACCAGEAS
cotgacaaag
tihttocaaty
aaccctgtoe
ataagaggolh
aataascgohta
ttyggaccaca

taatatgags
tgttttaagsa
tgtototgat
atgggatttc
tgactoctaaa
tggaggticc
catgggacac
ageatttita
catgeatgosa
tetatttgac
agaaggtcaa
agaaracasac
Ltgtitttiot
ctoaattaco
ttttcagato
ttactitggtt
taccatttas
ggatttttgy
ctaatgtigt
ABABCHBCHR

gttatacati
cagbtggtigo
geagattcaa
attattagtyg
gagggLttio
gtggctataa
ttogratgglt
attggatgta
aattacatat
atgagtaaat
atcaatgata
agagttgtta
tgtibttattg
cockbgeatac
clhcagtitta
coabtgttato
tgatggtgtt
cactacttta
tattasagtc
aagttggatg

ttggtgotgy
ctacgggtac
chittgattgyg
atatgtacga
tcacttacat
agataacaga
ggacagoett
attatcttgy
ttbggaggaa
tteccottaa
tgattitato
tttetagtga
ccactagtot
actaattett
cattcaacto
Lotgggacca
tatttigott
gattcgaaga
tgtgaastitc
gaaagtgagt

ttotgataaa
gotgettgte
tgattgtgoa
cochaagact
ttgtgggttt
acattottgy
tgttactaat
CAABCCACYT
tacaaatoca
attaaggggt
tottottagt
tgttetigtt
ctagbcagty
toacacogbygy
aggactitgtt
atggtactasa
ceattgagaa
cocagtoccet
aattttogtas
toagagtitta
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ttctagbgog
aggaasancay
ttttaaaata
gogttiitteg
teaaactita
gacagobggt
atataatgas
aacasagtgt
tagagtccas
tgatgaagit
cagoaactgt
gtgttatgga
tteatttgta
tgotgattat
taacaagott
gtoetaatceto
accttgtaat
acocacttat
acatgcacca
tgtcaattto

astaattgca
gotaattica
tattctaage
gohittagaac
cttgetitac
goebhgecagett
aatggaanca
acgttgaaat
coaacagaat
ttitaacgoca
gttgotgatt
gtgtctecta
attagaggtyg
aattataaat
gatitotaagy
aaaccottity
gotgttgcayg
ggtgbtggtce
goeaactygttt

aacticaaty

ctttbgaata
aaaatcttag
acacgeotat
cattggtaga
atagaagtta
attatgtggg
ttacagatgo
cotteactygt
ctattgttag
coagatittge
attoctgtect
ctaasattaaa
atgaagteayg
taccagatga
ttagtggtaa
agagagatat
gtittaattg
accaaccata
gtyggacctaa
gtitaaaagy

tgtoctotoayg
ggaatitogtyg
tatagrtgogt
tttgoceaata
tttgactoct
ttatcttecaa
tgtagactgt
agasasagga
atttcctaat
atctgittat
atataatotbc
tgatctotgo
acaaatoeget
ttttacagge
ttatasttac
tteoaactgaa
Ltactitcct
cagagtagta
aaagtctact
cacaggtgtt

cottttobta
tttaagaata
gagocagaag
gutatiaaca
ggtgatictt
cotaggactt
gracttgaco
atctatcaaa
attacaaact
gotbggaaca
graccatitit
tittactaatyg
COAGUgeaaa
tgogthatag
ctgtatagat
atcbtatcagy
ttacygatcat
gtactttcht
aatttggtia
cttactgagt

tggacotiga
ttgatggtta
atctococctca
toactaggit
cttecaggttg
ttctattaas
choebctocags
cttetaactt
tgtgocoocttt
goaagagaat
tecacttttaa
tetatgoaga
ctggaaatat
cttggastto
tgbttaggasa
cogugtascas
atagtttcoy
trtgaactitct
aaascasaty

chascasaas
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gtttoctgeot
Locacagacs
aacaccagga
agaagtooot
aggtictaat
ctoatatgag
taagtoetcat
acttggtges
tactattagt
tacastgtac
trttttgtaca
coaagaagtt
tggttttaat
tgaagatota
tgattgoott
tactgttttyg
AagUgggtacsa
tgotatgcasa
g3ACCAARAE
ttottocaca

tttaaacacy

ttoccaacaalt
ottgagatic
acaaatactt
gtitgetatte
gtititbcaaa
tgtgacatac
COUogggCac
gaaaatiocag
gtitacocacay
atttgtggty
caatiasaac
tttgcacaag
thittcacaaa
ctttitcaaca
gytgatattyg
coacotitige
atcachtoetyg
atggcttata
thgattgeca
goaagtycac
cttgittaaac

tigugcagaga
titgacattac
ctaaccagygt
atgeagaltca
cacglbgragy
ceattggtac
gtagbgtago
ttgottacto
aagattctace
attcaactga
gtgottiaac
tcaaacaaat
tattaccaga
aagbtgacact
ctygctagaga
teacagatga
gtiggaceit
gogtttaatgg
accaatttaa
ttyggaaaact

aacttagetc

catibgotygac
acoatgtiot
tgotgttott
acttactoct
ctgttiaata
agagtatatgn
Ctagtcaator
taataactot
agtgtotatyg
atgcagceast
tggaatagot
ttacasaaca
tecatcaaaa
tgcagstoot
cotcatttat
gatgattgoet
tggtgeagat
tattggagtt
tagtgctatt
toaagatoty
caaattitggt

actactgatyg
tLtggtgaty
tatcagggtyg
acttggegtg
guggchgasat
gotagttato
atcattgoct
attgocatag
accaagacat
cttttgtitgo
ghigaacaag
coaccaatta
COAAYCaaAya
ggetitcatca
gcacaaaagt
caatacactt
gotgcathac
acacagaatg
ggcasaatic
gteaaccata

goeaatticaa

chgtocgtogs
toagtbgttat
ttaactgeac
tttattetac
atgtcaacas
agactoagac
acactatghc
coacaaatitt
cagtagattg
aatatyggcay
ACARAARCAC
aatattttgy
ggtcatttat
aacaatatgy
ttaasaggect
ctygcactgtt
aaatacoatt
ttetetatga
sagactcact
atgecacaago
gtgttttaaa
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tgatatoetit
aggoagactt
cagagottoct
aagagtbtgat
tggtgtaghc
tectgoecatt
Lggoacacac
caacacattt
tgatcotttg
teatacatea
caticaaaaa
cgatoetocas
aggtitittata
cagtitgoebtgt
agacgactolt
gatbtghbtia
gatgcoctactc
cotttoggat
atcataacto
aactitgotgt

tecacgtbottyg
casagtttge
gebhaatettg
tithbtgtoggsaa
tiocttgecatyg
tgtcatgaty
tggttigtaa
gtgtctggta
caacctgaat
ceagatgbtyg
gaaattgaco
gaactbggas
gotggetitga
agttgtctoa
gagocagtgo
tgagaatott
cttocagattt
gycttattgt
Loaaaaagay
cgttgtttgt

acaaagbitga
agacatatgt
chtgotactasa
agggctatca
tgacttatgt
gasaagcaca
CAcANAGIAS
actgtgatagt
tagattecatt
attitaggtga
goectcaatga
agtatgagesa
titgocatagt
agggoeigtiy
tcaaaggagt
cacaatibogga
tgttogogot
tggogttges
atggcaacta

agcagtititac

ggotgaagty
gactcaacas
aatgbcagayg
Lottatghoo
coctgoacaa
ctttoctoght
Lttttatgaa
tgtaatagga
caagygagyay
catctotggo
ggtibgocasay
gtatatasaa
aatggtgaca
ctottgtbgga
caaattacat
actgtaactt
actgcaacyga
cttotbtgoty
geactoetoos

Lteacacottt

cagatigata
ttaattagag
tgtgtacttg
thooctcagh
gaaaagaach
gaaggtgtct
cecataaatoa
attgtcaaca
ttagataaat
attaatgotl
aatttaaaty
tggoecatggh
attatgeohtl
tococtgotgea
tacacataaa
tgaageaagy
tacocgataca
thtttoagag
agaggtgttca
tgetoegttgo

gattgatcac
ctgragaast
gacaatcaas
cagoacctoa
tecacaactge
ttgtttcaasa
ttactacags
acacagttts
attttasgaa
caghitgbtaasa
aatchoctecat
acatttgget
gotgtatgac
aattbgatga
cgaacttaty
tgaaatcaayg
agoohcactc
cgettocaas
chttitgthtgo
tgetggoett
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25621
25681
25741
25801
25861
25921
25981
26041
26101
26161
26221
26281
26341
26401
26461
26521
26581
26641
267010
26761
26821

gaageeoctt
agaataataa
gatgocaact
agtgtaactt
cabtgactacoe
gtattacaca
gacactggtg
gaacatgibco
ccaatttatyg
tacgaactta
chtetittic
cgattgtatyg
ghtbtactclhe
aachaaatab
acggtactat
gtttooctatt
tittitgtatat
ttgtgottge
chtghotitgt
ghacgoghtto
atggcactat

ttetctatot
tgaggottiyg
atttteotttg
ctteaattgt
agatLygygtyy
gttacticac
ttgaacatgt
aaaticacac
atgsaccgac
tgtactcatt
ttgotitogt
cgtactgety
gtuttaaaaa
tatattagtt
taccegttgaa
cocttacatgy
aattaagtita
tgotgtttac
aggottgatyg
catgbggtca

totgaccaga

trtatgettta
goetttgoetgg
chggeatact
cattacttos
thatactgaa
ticagactat
tacottotto
aatcgacggt
gacgactact
cgtttoggas
gotattettyg
caatattgtt
Ctotgaatioct
titoctotitg
gagcttaaaa
atttgtctto
atttitocotot
agaataaatt
tggotecagot
titcaatoccay
cogettctag

ghtotacttcot
aaatgoogtt
aattgttacyg
ggtgatggca
aaatgggaatl
tacecagocigt
atctacaata
Leatcogugay
agegtgoett
gagatagygtsa
ctagttacac
aavgtgagtc
Letagaghito
gaactitaat
agctoecctigsa
tacaattitgo
ggotgttatyg
ggatcacogy
acttecattygo
aaactaacat

aaaghgaact

tgcagagtat
COBARBATOC
actattgtat
casacaagtoo
chogagiaaa
acteaactoa
aaattgttga
thgttaatco
tgtaagoacs
cgttaatagt
tagocatooh
ttgtaaaaco
chgatoeitel
tttagocaty
agaatggaac
cbatgocaac
goeagtaach
tggaattget
ttetittocaga
tettoctecaac
cgtaatcgga

aaacttitgta
attactttat
accttacaat
tatttotgaa
agactagtght
attgagtaca
tgagoctgaa
aghaatggaa
agcetgatgag
taatagoegts
tactgogott
ttettitttac
ggtctasacy
geaggticesa
ctagtaatag
aggaataggt
ttaactight
atcgecaatgy
chgtttogoge
gtgocactoo
gotgtgatoo

Fig. 12B

continued
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26881
26941
27001
27061
271213
27181
271241
27301
27361
27421
27481
27541
27601
27661
27721
271781
27841
27801
27861
28021

Lhoegbtggacs
ctassgaaat
agegtgtagoe
aatiaaacac
caacagatgt
atgcggactt
aatttatota
gagattTgatt
tgtgagoettt
tgotettotyg
gractgactt
tatcagbttac
gaactttact
acactcaaaa
tagectttct
Lgeaagatoca
gaatcatcac
atcaacecata
gagtaggage
aatcacceat

tottogtatt
cactgttgot
aggtgactca
agacgatiboo
ticatctogt
ttaasagtitc
aghbcactaac
aaacgaacat
atcactacoa
gaacatagga
getttageac
gtgocagate
ctoecaatitt
JRARGACHYGH
gttattccitt
taatgaaact
aactgtaget
tgtagttgat
tagaaaatca

tecagtacato

gotggacaco
acatcacgas
gottttgetg
agtagcagtyg
tgactttcag
catittggaat
tgagaatbaas
gaaaattatl
agagbtgtgtt
guocaatibca
teaatttget
agtttcacct
tottattogtt
atgatbgaac
gtitttaatta
tgtoacgaoot
geatticacc
gaccogtgto
gcacchttasa
gatatcggta

atotaggacy
cgottictia
catacaghog
acaatattgoc
gttactatayg
cttgattacs
tattotcaat
ctttiottgy
agaggtacaa
ceattteate
tttgottogto
aaactgttoca
gegygcaatay
Cttecatitaat
tgettattat
aaacgaacat
aagaatgtay
ctattcactt
ttgaatigtg
attatacagt

ctgtgacato
ttacasattg
cthacaggatt
tthgottgta
cagagatatt
toatasacct
tagatgaaga
cactgataac
cagtactttt
ctobagebga
ctgacggegt
toagacaaga
tgtttataac
tgactictat
ctitttggtte
gaaatittbott
tttacagtca
ctattctaaa
cgtggatyay
ttooctgttta

aaggacctgoe
ggagoettoge
ggcaactata
cagtaagtga
actaattatt
cataattaaa
goaaccaaty
actogotact
paaggaacct
taacaaattl
aaaacacgto
ggaagttcas
acttitgetic
ttgtgotttt
teactigaac
gttthottag
tgtactcaac
tggtatatta
getggttcta
cocttttacasa

PST/SEL
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28081
28141
28201
28261
28321
28381
28441
28501
28561
28621
28681
28741
28801
28881
28321
28581
29041
259101
29161
29221
29281

ttaattgoca
titttagagta
gtotgataat
agattcaact
Ltitacccaat
taaattcoet
tggctactac
cagbccaaga
tgctaacaaa
toacattgge
aacascatty
tegttoctca
aacttctcotr
tgacagattyg
aactgtcact
cactaaagoa
aaatttiggy
tgoacaattt
cacaccttog
aaatttcaas
ACCaALCAgAY

ggaacctaas
teatgacght
stet-Tolalolel-1-¥-1
ggcagtaacc
aatactgogt
CUaAggacaay
cgaagageta
tggtatttct
gacggeaica
aooogoaato
coasaaguect
tcacgtagtco
gotagaatgg
aaccagetiy
aagaaatctyg
tacaatgbaa
gaccagysac
gouoooagoy
ggaacgbggt
gatcaaghca
cotaasasgy

ttgggtagtbo
cghgtightit
atcagogaas
agaatggtgg
ctitggbtocac
goegtitocaat
coagacgaat
actacctagg
tatgggttge
ctgotaacas
tetacygcags
geaacagtto
crtoggeaatgg
agagcasaaat
ctgotgagge
cacaagettt
taatcagaca
cttocagogtt
tgacctacac
titttgoctgasa
acadsaagas

ttgragbgoyg
tagatttcat
tgcactocyge
ggcgogatca
cgototcach
taacaccaat
tegtggtggt
aactgggoca
aactgaggga
tgotgoaatc
agodgadgeadga
aagaaattca
cggtgatget
gtotggtaaa
ttoctaagaag
cggcagacgt
aggaactgat
cttoggaatyg
aggtgocatc
tazagcatatt
gaaggotgat

ttgttogtte
cihasacgaac
attacgtttyg
aaacaacgtc
caacatggea
agcagtccay
gacggtaasas
gaagotggac
goctigaats
grtgctacaac
ggcggcagto
actocaggesa
gotottgett
GUCCARCARC
cotoggcasa
ggtocagaac
tacaaacatt
togogoattg
aaatigygaty
gacgoatacsa
gaaactcaay

tatgaagacht
aaacttaaat
gtggacoeto
gUoCcocaaysg
aggaagacet
atgaccaaat
tgaaagatet
thooctatgy
CACCA3A3YE
ttootoaagg
gagoctoette
goagtaaacy
tgctgotgen
gacaaggeca
aacgtactgcoc
daacicaayd
goUoogeaaat
geatggaagt
acaaagatocc
aaacattococ
cottacogea

Fig. 12B

continued
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28341
25401
29461
28321
22581
29641
28701

agacagaay
caaacaatiyg
Coacacaagy
actecLtgtge
totcacatag
atttitcacoy
tgectatatyg

aAaacagcaas
caacaatocca
cagatyggoet
agaatgaatt
caatctttasa
aggocacgoyg

gaagagooct

ctgtgactoet
tgageaghbgo
atataasaocght
ctogtaacta
teagbgbgta
gagtacgatbtc
aatgbgtaasa

toetboatgot
tgactcaact
ttteoegottott
catageacas
acattaggga
gagtgtacag
attaatitta

gragatbttgy
caggoectaaa
cogbtittacga
gtagatgtayg
ggactigaaa
tgaacaatygo

gta

atgatitoto
cheatgoaga
tatatagtal
thaactitaa

gagoccaccac

tagggagage

PST/LEL
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NCBI

Reference Seguence: NC_045512.2

FASTA Graphics

& VERSION
DBLINK
KEYWORDS
SOURCE

ORGANTSM

NC_ 045512 299203 bp ss-~-REHA linear VREI 18~-JUL~

PST/8EL

Severe acute respliratory syndrome coronavirus 2 isclate Wuhan-Hu~

complets genoms.
WC_045512

NC_045512.2

BioProject: PRINALB548]
Refbeqg.

Severe acubte respiratory syndrome coronavirus 2 (BARS~CoV-2}

Severe acubte respiratory syndrome coronavirus 2
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REFERENCE
AUTHORS

TITLE

JOURNAL
BUBMED
REMARRK
REFERENCE
AUTHORS

TITLE
genome
JOURNAL
PUBMED
REFERENCE

Viruses; Riboviria; Orthornavirae; Pisuviricota; Pisoniviricetes:;
Nidovirales; Cornidovirineas; Coronaviridae; Orthocoronavirinas;
Betacoronavirus; Sarbecovirus.

1 {bkases 1 to 23503}

Wa,¥., Zhao,85., Yu,B., Chen,¥Y.¥M., Wang,W., Song,&.G., Hu,Y.,
Tap,2.W., Tian,J.H., Pei,¥.¥., Yuan,™M.L., Zhang,¥.L., Dai,F.H.,
Liv, Y., Wang,0.M., Zheng,J.J., ¥u,L., Holmes,E.C. and Zhang,¥.2.
A new corgnavirus assocliated with human respiratory dissase in
China

Nature 579 {7798, 265-26% (2020}

32015508

Erratum: [Nature, Z020 2pr;580(7803):E7., PMID: 32296181

2 {bases 1347¢ to 13503}

Baranov,P.V., Henderson,U.M., Anderson,.B., Gesteland,R.F.,
Btking,J.F. and Howard,M.T,

Programmed ribosomal frameshifting in decoding the 3AR5-CoV

Virclogy 332 {2}, 49%8-510 (20045}
15680415

3 f{bases 289728 to 29768)

PST/6€1
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ATTHORSE
and

TITLE
ARG

JOURNAT
PUBMED
REFERENCE
AUTHORS
TITLE

JOURMNATL
PUBMED
REFERENCE
CONSRTM
TLTLE
JOURNAL

REFERENCE

Bobertson M. P., Igel,H., Basrtsch,R., Haussler,D., Ares, M., Jr.

Scott, W.G.

The structure of a rigorously conserved RNA element within the

Virus genome
PLoS Biol., 3 (1}, &5 {2005}
15830477

4 {ibases 29608 Lo 28657}

Williams,G.D., Chang,R.Y¥Y. and Brian,D.A.

A phvlogenetically conserved halrpin-type 3' untranslated reglion
peeudoknot functions in coronavirus RNA replication

J. Viroeld., 73 {10}, 83498352 (1999}

LO482585

5 {bases 1 to 299033

NCBRI Genome Proisct

Direct Submission

Submitted {17-JBN-2020) HNatlional Center for Biotechnology
Information, NIH, Bethesds, MD 20834, U333

& i{basges 1 Lo 298303}

¥ST/0v1
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AUTHORS

and

TITLE
JOURNAL

COMMENT

hawve

Wi, F., 2hao,5., Yu,B., Chen,¥.~M., Wang,¥®., Hu,¥Y., Song,Z.-G.,
Tamyz»“w»f ?iaﬂ;J,"H., ?@iy?{»mysg Yu&ﬁ;M,L,y Zhaﬁq;Yo"ng
Dai,F.~-H., Liu,¥., Wang,Q.-¥., Zheng,J.~J., Xu,L., Holmes, B.C.

Zhang,¥.~2.

Direct Submission

Submitted {(05-JAN-2020) Shanghai Public Health Clinical Center &
School of Publio Health, Fudan University, Shanghai, China
REVIEWED REFSEQ: This zrecord has been curated by HCRBI staff. The

reference seguence 1is identical to MNS0BS47.

On Jan 17, 2020 this sequence version replaced W _045512.1.
annotation was added using homology to SARSr—CoV WC_004718.3. #4#4#

Formerly called "Wahan seafood market pneumonia virus.' If vou

gquaestions oy suggestions, please email us at

infolnckhi.nln.nih.gov

and include the aceession number MNC (045512 .44% Protein structures
can be found at

htitps://www.ncbl.nlm.nibh.gov/structure/term=sars—cov—2.#44 Find

all other Severs acube respiratory syndroms coronavirus 2

{SARS~CoV—Z2} seguences at

PSTU/IPL
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FEATURES

sOUTCae

5'0UTR

e

hotps: //wew.nebi . nlm.nih.gov/genbank/sars—cov-2—seqgs/

#¥Assembly~Data-STARTE4

Assembly Method :: Megahit v,

Sequencing Technology 3: Illumina

$¥hnsembly-Data-ENDE$

COMPLETENESS: full length.
Location/Qualifiers
1..29303

forganism="%Severe acute respiratory syndrome coronavirus

L
/mol_tvpe=Ygenomic RHAY
/isclate="Wuhan-Hu-1"
host="Home sapiens®

/i _xref=%taxon:2697045%
feountry="China®™
feollection _date="Dec-2018"
1..265

266..21555

fgene="0RFlab"

Flocus _tag="GU2B0_gpll™

Vi.1.3

1679044
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Fdb_xref="GCeneIl:4374(578"%
cps doln{266..13468, 13468, .21555}

fgene="0ORFlab"

locus_tag="GU280_ gpll®

/ribosomal_slippage

/note="pplab; translated by -1 ribosomal frameshift®

Joodon_start=1
/product="0RFlab polyprotein®
fprotelin id="YP (0372438%.,1%
i xref="CenelD: 437405747

/translaetion="MESLVPEGFNELKTHVOLSLPVLOVRDVLVREFGDSVEEVLEEARG

HLEDGICGLVEVERGVLPQLEQPYVFIKRSDARTAPHGHVMVELVAELEGIQYGCREGE

TLGYLVPEVGE IPVAYREVLLRENGNEGAGGHBYGADLESFRLGDELGTDRPYEDFQEN

WHNTRHSSGVTRELMRBELNGGAY TRYVDMNHNPOCGPRGYP LECIKDLLARAGEASTTLEED

L LD TRRGYYCOREHEHE IAWY TERSEXKSYELQTPFEIR LARKFDTEFNGECPNEVEP

PST/Er]
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LS I IKTICPRVERKRELDGFMGRIRBVYPVASPNECHNOMCLETLMECDHOGETSHOTC

DFVEATCEFCGIEN LT REGAT TOLY LPONAVVRE IYCOPACHN SEVGPEHELAEYHNESG

LETLLRRERGGRT IAF GLOVESYVGUCHNRCAYWVPRAGAN I GUNHTGVVGEGERGLNDHNL

LEILOKERVNINIVGDFRELNEE AL I LASF SASTEAFVETVREGLDYEAFRQIVESCGH

FEVIKCKARRKGAWNIGECQKETLEP LY AFASEARRVVREIFERTLETADNEVRVLOKAA

I I LG IERY S LRLIDAMME T EDLATNNLVVMAY T TCOVVOLT S QWL THIFGTVYER L

KPVLDWLEEBRFREGVEFLRDGWEIVRI ISTCACEIVGEGQIVITCAREIRESVOTEFFRLY

MEFLALCADS T I IGGAR L AN LGETFVIHSEGLYRECVEEREETGLIMP LEAPHETL T

FLEGETLPTEVLTEEYVILETGDLOP LEQP TEEAVEAP LVETPVO INGLMLLEIKDTER

YCALAPNMMY THNTE TLEGGARPTKVIFGDDIVIEVQCGYRSVNITFELDERIDEVLNEK

16°7%had!
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CEAYTVELGTEVREFACVVADAVIRKTLOPVIELLTPLGIDLDEWSMATYYLEFDESGER

ELaSHMY U SFYPPDEDEERGDURERERFEP STQYEY GTEDDY QGRP LEFGAT SAALUPE

EEQEEDWLDDDSQLIVGRODGSEDNQTTTIQT IVEVOP QLEMELTRPVVQTIEVNEFEG

YLELTDNVY IKNAD IVERAKEVED TVVVNAANVY LEKHCGGGVAGALNEATNNAMOVESD

DY TATHNGPLEVGGSCVLAGHNLAKHCLEVVGPNVNKGED T QLLESAYENFNOHEVLLA

PLLBAGITGADP IHSLEVOVDTVRTNVYLAVEDENLYDELVESF LEMESERQVEQEIA

EIPREEVRPFITESEPSVEQRRODDERIRACVEEVTTTLEETEF LTENLLLY IDIHNGN

LAPDSATINSDIDI TR LERDARY IVGDYVOREGCVLTAVVIPTERAGGTTEMLAKALREY

Pl LT TP GOGLNGY TVEEAR TV LERCESAT Y ILPS T I SHERQE I LGTYSWNLREM

LAHARETRELMPVOVETRAIVETIQREYRGIKIQEGVVDYGARFYFYTSRTTIVASLIN
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TLHDLNETLVIMP LGYVIHGLNLEBAARYMRELEVPATVEVESPDAVIAYNGYLTESS

K P EEHF I I L A EY K DWSY SGOSTOLGIEFLERGDEEVY YT ENPTTFHLDGEVIT

FONLRETLLELREVR T IEVEP T TVRN I NLETOVVIMESMTY GOUFGPTYLDGALDVTEKIEPH

NSHEGKTFYVLPHNDDTLRVEAFEYYHTTDP SFLGRYMSALNHTRKEWKYPQVHCLTIIK

WADNNCYLATALLTLOQIELKFNPPALODAY YRARAGEAANFCALILAYCHNRTVGELG

DVRETMSY LPQHANLDSCRREVILEVVOEKTCGRQUTTLEGVEAVMYMGT LEYREQFERGVY

LT CGRQATRY LVQUESPFVMMEAPPADYELKHEGTETCASEY TGNYQUGHYKHITSR

ETLYCIDGAL LTRSS EY RGP I TDVFYRENSY TTTIKPVIVELDGVVCTEIDPKLDNYY

KEDNSY P T RGP DLV PN PY PHASFDNFRFVOCDN L EFPADD LN LTGYERPASRELEVT

FFPDLNGDVVAIDYRHEYITPSFREGARLLERKP IVHHVHNNATNREATYRPNTRCIRCLWSET

YST/9T1
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KPVE TSN EF DV LEREDAQGMDNLACEDLEPVSEEVVENPTIQRDVIECHVETTEVVGD

LILEPANNS LEITEEVGHT D LMAAYVDNES LT IRREPHNELSRYV LGLETLATHGLAAVNG

VEWD T IANY ARPF LNEVVETITHNIVIRCLNRVCINYMPYFETLLLOGLCTETRSTHNSRE

RASMP T T IARKNTVESVGRFCLEASFNY LESPNEFSKLINITIWFLLLSVCLGELIYETA

ALGVIMSHNLGHME Y C TG REGY NG TNV I TATYC TGS IPCSVOLGGLBELDTYPSLET

I LT IS BF WD LT AP GLVAEWF LAY ILFTRFFYVLGLAATMOLEFSYFPAVHE LENEWL

MWL INILVOMAP ISAMVRMY IFFASEFYYVHESYVEVVYDGONSSTCMMOYERNEATRVE

CTTIVNGVRREPYVYANGGRGPCELENWNCVYVNCDTFCAGSTF ISDEVARDLSLOFERDP

NP T ESY IVDEVIVRNGS THLYFDRKAGORKTYERHS LEHF VHLDNLRANNTRESLP L

NYIVFDCGRSRCEESSARSASVY Y SQIMOQP ILLLDOALVIEDVGD SAEVAVEMFDAYVHN

PST/LYL

FE g s j 2 6 contirnued

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd



(9 371NY) 133HS ILNLILSANS

ITFSSTIFNVPHMERLETLVATAEAELARNVESLDNVLETEF ISARROCEVDEDVETKDVVEC

LELSHOSDIEVTIGD SCHNNYML TYNEVENMTPRDLGACIDCEARH INAQVAR SHNIALT

WHNVEDPMS LS EQLRRO IRSAARKKNN LPFELTCATTROVVNVVI TR IALEGGRIVHNKEL

B L IRVILVE LEVAAIPY LI TPVHVMSKHTDESSEIIGYRATIDGGVIRDIASTDICEFA

NEHADFDTWE BQRGGEY TNDRACPLIAAVITREVGEFVVRPGLPGT ILRTTHGDFLEFLE

RVE SAVGHNICY T PER L IEY TOFAT SACV LAARCTIFEDARGKPVRPYCYDTNVLEGEVA

TESLRPDITRYVLMDGE L IQF PN IYLEGSVREVVITERSEY CREGT CERSEAGVOVETSG

RUVLNNDYYRSLEPGVFOGYDAVNLLINMFTPLIQPIGALDISAS IVAGGIVAIVVTICL

A PMR I RRA GEY S HVVAF N T LLP LM TV LOLTPVY P LPGVYSVIY LY LTFYLTH

DV S LA I OWMYME TP VP FWI T IAY T ICI STRHEYWEFSNYLERRVVENGVEF STFE
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BAA LT LLNREMY LELREDVL LP LT OYNRY LALYNREY RYF S GAMDT TS Y REAACCHL

BEALNDESNEGEDVLYQPPOT S I TEAVILQEGRREMAFPEGRVEGUMVQVTCGTTTLNG

LULDDVVYCPREVICTSEDMLNPNYEDLLIRKSNHNFLVOAGN VLRV IGHEMONCVL

KLEVDTANPRIPRYRFVRIQPGOTF OSVLACYNGSPSGVYQCAMRPNET IRGEF LNGSC

GOVGEFNIDY DOV SR CYMHEME LP TGVHAGT D LEGHNEFYGPEVDRODTAQAAGTDTT I'TVH

V9LAWLYAAVINGDRWE LNRFITTLNDFNLVAMEYNYEPLTODHVDILGPLEAQTGIAVY

LOMCALSLRELLONGMNGRT ILGSALLEDEF TRPFDVVROUSGVIFRSAVERT LRGTHHW

LLLTILT S LIV LV ETORELFFF LY ENAPLPFAMGT IAMO A BMMEVEHKEHAF LOLE L

LPSLATVAYFNMYVYMPASWVMRIMIWLDMY DTS LOGFRLEDCVMYASAVVLLILMTAR

TVYDDGARRVH T ILMNV LT LVYRVYYGNALDOQAT SMEAL T I SVTENYSGYVVITVME LAR

YST/orl
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GIVEMCVEYCPIFF ITCNTLOCIMLVYCFLGYFCTCYFGLECLLNRYFRLTLEVYDYL

Ve TOEFRYMN S QU LLPPRENS IDARFK LN TRLLGVGGRPCIEVATVOSKMIDVECTSVVL

LSVLOOLRVESSSELRAQUVOLHND I LLARDTTRAFE KMV S LLSVLLEMOGAVD T NKL

CEEMLDNRATLOGAIASEF SSLP SYAAFATAQEAYEQAVANGDSEVVLERLEKRSLNVAK

SEFDRDAAMOBELERMADQAMTOMYRQARSEDERARV T SAMOTMLE THMLRELDNDALN

NEIINMHARDGOVP LN I I PLT TAAK LMYV IPDYNTYENTCDGTTFTYASALWE LQQVVDA

DERIVOLIEISMDNSPNLAWPLIVIALRANSAVELONNELSPVALROMSCAAGTTRTA

CTIDDNALAYY NI THGGREVLALLSDLODLKWARFPESDGTGTIYIELEPPCREVIDTP

KGRPRVREY LY F IR GLMNLHRCGMY LGS LAATVRLDAGNATEVPANSTVLEFCAFAVDAAK

ABYRDYLASGGOP ITHNCVEMLCTHIGTIGRALITVIPEANMDQESF GGASCCLYCRCHIDH

¥ST/0ST
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PHNPRCFCLDLEGRYVOIPTTCANDPYVGETLRNTVOTVIGMENKGY GCSCDOLRERPMLOSA

DAQSPLNRVOGVESAARLTPCETGTETDVVYRAFD IYNDEVAGF ARKF LEKTNCCREPQEKD

ERDNLIDSYFVVEROTFSHNYQHEET IYNLLEDCPAVARHDEFFEFRIDGDMVEHISROR

LTEYTMADLVYALRHEFPDEGNCDTLEEILVTYNCCDDDYFPNEKEDWYDEFVENPDILRVYA

NLGERVEROQALLETVOFCDAMRMNAGIVEVLTLDNOQDLNGNWYDFGRE IQTITPGEGVEVY

DY YSLIMP I LI LT RALTAESHVDIDLTRPY IKWDLLEYDFTEERLELFDRYFEYWD

TYHPNCVRCLDDRC ILHCANERVLESTVEPRTEFGP LVERIFPVDGVPEFVVETGYHEPRE

LGVVHNGDVHLHSSRLEFEELLVYAADPAMHARSGHLLLDERTTCRFEVALLTHNVAE(

VR PGHENEDFYDF AVSRGFFREGSSVELEHEFFAQDCGNAALSDYDYYRYNLPTMCDT

ROLLFYVVEVVDEYFDCYDGGUINANQV IVNNLDESAGEFPFNEKWGKARLYYDSMISYEDD
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DALFAYTRRNVIPTITOMNLEYATI SARNRBARTVAGCVEICETMINROFHORKLLES TAAT

BCATVVIGI SR YGOWHNMLETYVY SDVENPHLMGWRYPROCDRAMPNMIRIMASLVLAR

KHTTCOSLSHRP YR LANECADV LSEMVMOGLS LY VREPGETSS5GRATTAYANSVENTICYG

AVIANVNALLEIDGHRE IADKYVRNLOHARLYECLYRNBRDVDTDEVHEF YAY LREHE SMM

ILEDDAVV RN T A G LVAS TR NP R SVLY Y QNNVFMESEARCWTETDLTRGPHEFCE

GHIMLVEOGRDY VY LPYPDRPER I LGAGURVDDIVETDOTLMIERPVE LAT DAY P LTEH

PHOEYADVFHLYLOY IRELEDELTGHMLDMY SVMLTNDNTSRYWEPEFYEAMY TPHTYV

LOAVGACVLOCHNSOT S LROCGACIRRPFLCCKCCYDEVISTERKLVLSVNPYVCNAPRPGOD

VIOV IQLY LEGOMEY ¥ URKSHEPRP ISFPLCANGOQVEGLYRNTOVESDNVTOFNATATCDW

ITNAGDY ILANITCTERLELFAAETLEATEETFRLEYGIATVREVL BDRELHLSWEVGKD

PST/TS]
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RP P LRV TG Y RV I RN EVO IGEY TFERGDY GDAVVY RGT I TYRELNVGRDYFVLT SR

TVMPLSAP T ILVPOEHYVRITELYPTLNISDEFSSNVANYQRVEMORY ETLOGPPGTGK

SHEALGLALYYPSARIVYTACSHAAVDALCERALEYLPIDRUSRIIPARARVECEDRY

KNS TLEQYVEFCTVNALPETTADIVVFDEI SMATNYDLESVVNABLRAKEYVY IGDPADQ

LPAPRTLLIRKGTLEPEYPNSVORLMETIGPDME LGTCRROCPAEIVDTVEALVYDNKLE

ARKDRESAQUFEMPYRGVITHDVESAINRPQIGVVREF LTRNPAWRKAVE ISPYNSQNA

VASKILGLPTOIVDSSQGEEYDYVIFTOTTETAHSCHVNREFNVAITRAKVGILUIMSED

R LY DKL TS LE I PREBNVAT LOARNVIGLFEDCEEVITCLHEP T QAP THLEVDTEFET

EGLCVRIPGIPEDMIYRRLISMMCEPRMNYQVNGYPNME ITREEA IRAVRANIGEDVEG

CHATREAVGTNLPLOLGE STGVNLVAVETGY VD TPNNTDE SRVSARPPPGDOFRHELIP

PST/EST
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LMY RGLPWRVVRIRKIVOMLSDTLEN LEDRYVEVLEWAHGFELTSMEYEVRIGPERTCCL

CoRBATCF BT AR D TY ACHHHES TG DY VYNPFMIDVOOWGF TENLOSNHDLYCQVHGNA

HVALCRAITMIRCLAVHECEVERVDWT IEYP I IGRDELRINAACREVOHMVVEAAL LADK

FPVLHDIGNPRAIRCVEOADVEWREFYDAQPCEDERYRIEELFYSYATHSDEFTDGVCL

FWNCHVDRYPANSIVCREDTRVLEHLNLPGUDGGELYVNRHAFHTD AFDESAFVNLED

LPFEY Y SDEPCRSHGROVVEDIDY VP LESATCI TRONLGGAVCRHHANEYRLY LDAYH

MMISAGE SLWVYKOQFDTYNLWNTFITRLOSLENVAFNVVNEGHEFDGROGEVPVS T INNT

VY THVDGVDVELFPENRK TTLEPVNVAFELWAKRN IKRPVPEVEILNNLGVYVD I AANTVIWDY

KRUDAPAHISTIGVCEMTRIARKPTETICAP LTV FDORVIDGOVDLFRNARNGVLITES

BVRGLOPSVEPREQAS NGV I LIGEAVETOFNY YREVDGVVQULPETYFTQSRNLQEFK

PSTUPSL
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PREOME I D LELAMDEF IERYKLEGY AFEHIVYGUFSHSQLGELEHLLIGLAKRFKESP
FELEDFIPMDETVENY FITDAGQTGEERCVCEVIDLLILDDEVEITEEQDLEVVERVVEY
Iy TE I SFMLECRDGHVE TP Y PR LGS SQAWHQP GVANMPNLY RMORMLLERCDLONYED
BAILPRGIMMNYARY T LY LN T LT LAVEPYNMRY IHFGAGSDREGVAPGTAVLROWLE
TEITLLVDEDLNDEVEDADETLIGDCATVHTANKHD LI ISDMYDPRETERVIRKENDEKEG
FEF LY Gy IO LALGESVAIR ITEHSWHAD LYK LMGHF AWWIATPVINVNASSSEAT L
ITGONYLGRPREQIDGY VMHANY ITPHRN TN IOLSSY S LFDMSKFPLELRGTAVMS LEERE

GRINDMILSLLSRGRLITBRENNRVVYISSDVLVENNY

mat peptlde 266..805
/gene="0RFlab"

/locus_tag="GU280_gpll®

/product="leader protein®

PST/SSl

/note="nspl; produced by hoth ppla and pplab®

/proteln id="YP_0097252%7.1"
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mat peptide

mat peptide

mat peptlide

g06..2719

/gene="0RF lab®

Flocus_tag="GU280_gpol"

/product="nap2®

/note="produced by both prla and pplab®
Jprotein id="YPp_ (03725298,1%

2720.. 8554

/gene="0RFlab®

flocus _tag="GU2B0_gpll®

Jproduct="nap3"”

/note="former nspl; conserved domains are: N-terminal
acidic {(Ac), predicted phosphoesterase, papain-like
proteinase, Y-domain, transmembrane domain 1 {TM1),
adenosine diphosphate-ribose 1°'-phosphatase {(ADBEP);
produced by both ppla and pplab®

Jprotein id="Yp_00%72529%,1"

8555..10054

fgene="0RFlab™

Jlocus_tag="GUZ80_gplli®

/product="nspi"®

¥ST/9€1
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by

mat_ peptide

mat peptlide

mat_peptide

/note="nspidB_THM; contains transmembrane domain 2 {TM2);
produced by both ppla and pplab®
fprotein id="YP (09725300.1"

10055, .140%72

/gene="0RFlab®

Flocus_tag="GU280_gpll™

/product="3C~1like proteinase®

note="napbh 3CLpro and nspbB_3CLpro; main probteinase
{(Mpro); mediates cleavages downstream of nspéd. 3D

structure of the SARSr-CoV homolog has been determined

PST/LSL

{Yang et al., 2003); produced by both ppla and pplab®
fprotein id="YP _008725301.1°"

10673, .11842

[ gene="0RF lab®

flocus_tag="GU280_gpldl™

/product="nsp6t"

fnote="ngp6_TH; putative tLransmembrane domain; produged

both ppla and pplab®
/protein id="YP Q0%9725302.1"
11843..12091 Fig. 120 continued
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mat _peptide

mat_ peptide

mat peptids

/oene="0RFlab®

locus tag="GUZ280_gp(l”

/product="ngp7®

/fnote="produced by both ppla and pplab®
/protein ld="YP 009725303.L"

12092, .12685

fgene="CRFlab"

flocus_tag="GUZB0_gpdl"®

fproduct="ngpi®

/note="produced by both ppla and pplab®
Jorotein id="YPp_009%725304.1°
12686..13024

/gene="0ORFlab®

Flocus _tag="GUZ80_gpll"

/product="nsps"

PST/8S1

/note="gsRNA-binding protein; produced by both ppla and
prlab™

‘protein_id="YP (09725305,.1"

13025, .13441

fgene="0RFlab"®

flocus_tag="CU2B0_qgpll"® Fig iz2C contined
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like

mat peptlide

mat peptlids

binding

product="napli?®
/note="ngpll CysHis; formerly known as growth—factor-

protein {(GFL); produced by both prla and pplab®
fprotein_id="¥Pp 009725306.1"%
Join{13442..13468,13488. 16236}

foene="0RFlah®

/locus_tag="GUZR0_gpll”

fproduct="RNA~dependent RBRNA polymerase?

/note="napl2; NiRAN and RdRp; produced by pplab only®
protelin id="Yp_0093725307.1"

16237..1803%

/oene="0RFlah®

Flocus_tag="GUZE0_gpll®

/product="helicase®

/note="ngpll3 ZIBD, nsplild TB, and nsp HELlcore; zinc-

domain {(ZD), NTPase/helicase domain (HEL), RHA
ST +triphosphatase;: produced bv pplab only®
/protein id="¥p 009725308.1°7

PST/6S1

FE g s j 2 6 contirnued
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only®

mat pepbide

mat peptlide

mat_peptide

18040, ,.19620

Sgene="0RFlab®
flocus_tag="GU280_gpdl®
/product="3"-Lo~5" exonuclease”
fnote="napldAZ ExcoN and nspldB_NMT; produced by pplab
only®
/protein id="YP_ ((972530%,1°7
138621, .208658

/gene="0ORFlab®

flocus _tag="GUZ280_opbl®
/product="endoRNaAszse®

¥ST/091

fnote="nspls-a21 and nspliB-Nendol; produced by pplab

fprotein_id="YP_(09725310.1°%
20659, .21552

Sgene="CRFlab"
flocus_tag="GUZ80_gpll®

fproduct="2'~O-riboge methyltransferase®

/note="naplé_OMT; 2 —o-MT; produced by pplab only®
/protein id="YP_ 008%7285311.1"7 S .
.{L Eg, j 26 continved
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Ccps 266..13483
fgene="CORFlab"
flocus_tag="GU280_gpdl®
/note="ppla®™
foodon_start=1
Sproduct="CRFla polyprotein®
/protein_ld="YP_009725295,1%
fdb _xref="GeneID:43740578%"

rranslation="MESLVRGFNELKTHVOLSLPVLOVRODVLVAGFGREVEEVLSEARD

HLEEDGTOGLVEVEKGVLPOLEQPYVE IERSDARTAPHGHVMVE LVAELEGIQYGREGE

TLGVLVPHVGE IBPVAYREV L LRENGNEGAGGHSYGADLESFDLGDELGTDREYEDEFQEN

WHTRHSSGVTRELMBELNGGAY TRYVDNNPCGPDGYPLECI KDL LARAGKASCTLEEDG

LOP LT RRGVYICCREHEHE IAWY TERBERSYELOTPFPRIRLARKFDTENGECRNEVEDR

NS IKTIGPRVERKEHLDOFHMGRIRSVYPVASPNECNOMCLETLMECDHCGETEWOTG

PST/191
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DEVEATCEFCGTENLIREGATTCCY LPQNAVVE Y CPACHNSEVGPEAS LAEYHNESG

LETILREGGRTIAFGGUVE SYVGUHNECAYWVPRASAN I GUNHTGVVGEGSEGLNDNL

LEILOEERVHNINIVGDEPELNEEIAT ILASF SASTSATVETVEGLDYRAFKQIVESCGHN

FPRVIRGERARKGAWNIGEQRE ILSPLYAFASEARRVVES IFSRTLETAQNSVREVLOEAA

I LGy LR LI DAMME T S DL A TN L VVMAY I TGEVVOLT EGRULTHIFGTVYERL

KV LW LEERFREGVEF LRDGHEIVRE ISTCACE IVGGRIVTCARE IRESVQTEFFRELY

NEFLALCADS I T IGEAKLEALNLGETFVTRERGLYRRCVEEREETGLLMPLEAPEET T

FLEGETLPTEVLIEEVVLETGDLOPLEQPTSEAVEAPLYGIPVCINGILMLLEIKDTER

YA LAPHMMYVINNTF TLREGGAPTEVIFGLDTVIEVQOGYKESVNITFELDERIDEVLNERK

CEAY IVELGITEVNEFACYVADAVIEILOPVEELLIPLGIDLDEWSMATY Y LEDESGEY

¥ST/T91
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KLABHMYCSFYPPLEDEREEGDCEREEFEPSTOYEYGTEDDY QGEPLEFGAT SAALOPE

ERGCEEDWLDDLDSOOTVGRUDGEEDNQT T T IQT IVEVOPQLEMELTPVYVOTIEVNSY S G

LR LT ONVY IEHAD IVEEARKVEP TVVVNAANVY LEKHCCEVAGALNKATNNAMOVESD

DY ITATHNGPLEVGGSCVLSGHNLARKHCLEVVGPNVNEGED TOLLESAYENFNQHEVLLA

PLLSAGIFGADY IHSLBRVOVDITVRINVY LAVEDENLYDRELVESFLEMRKSEROVEQRT A,

EIPREEVEPE ITESKP SVEQREQDDERIKACVEEVITTLEETEPLTENLLLY IDINGN

LHPDEATLVSDIDITF LRADAPY IVGDVVOEGVLTAVVIPTREAGCTTEMLAKALREY

PrONY I T TY PGOGLNGY TVEEAR TV LERCREAFY L LP S T I SNEROE T LGTVSHWNLEREM

LAHAEE TRELMPVCVETRAIVS TIQRRKYRGIK IQEGYVDYGARFYEFYTEKTIVASLIN

TLHDLNETLVIMP LGYVTHGLNLEEAARYMRSLEVPATVISVESPRDAVTAYHGYLTESES

PST/€91
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KIPEEHF IET IS LAGEYRDWESY SCOBTQLGIEF LERGDESVYY TSNP TIFHLDGEVIT

FDONLETLLELREVRT IREVE TIVDNINLETQVVDMEMTYGOOFGPTY LDGADVTRKIKPH

HMoHEGRTEFYVLENDDT LRVEAFEYYHTTDRP SPLGRYMSALNHTREWKYPQVNGLTEIK

WADNNCYLATALLTLOO IELEFNPPALODAYYRARAGEAANFCALILAY CNRTVGELG

DYRETMSY LEQHANLDSCRRVLNVVCRTCGROQTTLEGVEAVMYMGT LY EQFREGVD

IPCTCGROATRY LVOQESPEVMMS AP PAQYELRHGTEF TCASEY TGHNYQUGHYKHITSR

BT LY CIDGALLTRE SEYRGP ITDVEFYRENSYTTTIEPVIYRLDGVVCTEIDPKLDNYY

RERDHSYFTEQP IDLYPHNOPYRHNASPDNFEFVODNIRFADDLNQLTGY KEDPASRELEVT

FEPDLNGDVVAIDYRHYTPEFREGAKLLHEP IVHHVNNATNRATYEPNTWC IRCLUWST

KPVETSNEFDVLESEDAGCMDNLACED LEPVSEEVVENP TIQKDVLECHNVETTEVVED

161 % 2!
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TTLRPANNSLEITEEVGHTDIMAAYVDNE SLTTKEPRELSBVLGLET LATHGLAAVNG

VPR T IANY AR LNRVVE T T THIVIRCLNRVU THYMPY PFTLLLGLCTFTRSTHNSGRL

EASMP T T IARNIVESVGRYFCLEASFNY LEKSPNFSKLINIITHFLLLEVCLGSLIYSTA

ALGVILMESNLGMP SYCTGY REGY LNSTHNVT IATYCTGRTIPOSVILSGLDSLDTYPELET

T T LGSR DL TARGLVARWF LAY I LF T RFFYVLGLAA MO LFFEYFAVHE L ENGWL

MWLIITNLVOMAP I SAMVRMY IFFASFYYVWKSYVHVVDGCHS BTCMMCYKRNRATRVE

CrT T IVHGVRRSFY VY ANGGRGFCKLHNWHNCVNCDTFCAGSTF I SDEVARDLILOFRRY

IHPTROSSY IVDSVIVENGS LTHLYPDRAGQR ITYRERHSLGHPVNLDNLRANNTRKGSLEP L

MVIVFDCEKSKCERES SARSASVYYSQLMCQP ILLLDQALVEDVEGDSAEVAVEME DAYV

TR S TENVEMER LE T VAT ARAELARKNV S LONVILSTFISAARQGEF VD EDVETEDVVEC

PST/S91
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LELSHOSD I EVIGD SCHNYMLITYNEVENMIPRDLGACIDUCSARHINAQVARSHNIALIL

WNVE D FMS LS E LR IR B A AR R NN L PFRELTCATTROVVNVVITR I ALEGGE IVNNWL

R L IEVI LV LEVAAIFY LI TPVAVMIRHTDE S5E T IGYRAIDGGVIRDIASTRTCRA

HEHADFDTWEEORGGESY TNRDRACPLIAAVITREVGEVVEPGLPGTILRTTHGRFLEFLP

BV SAVGNICY TIPSR LIEYTOFAT SACVIAARCTIFEDASGEPVRYCYDTHNVLEGEVA

YESLRPDITRYVIMDGS I IQFPNTY LEGEVYRVVITFLDSEYCRHGTCERSEAGVIVETSEG

RWVLNNDYYRSLPGVFCGVDAVNLLINMEFIPLIQPIGALDIBASIVAGGIVAIVVTCL

AYYFMRFRRAFGEY SHYVVAFNTLLFLMSFIVLOLTPVY SFLPGVYSVIYLYLTEFYLTN

VS LA IOWMVME TP LY PP I T LAY I IO I S TRHFYWE P SNY LERRVVEFNGVEF STEFE

EAALC T LLNEEMY LELREDVLLP LIQYNRY LALY NEYRY P SCAMDTTEYREAACCHL

¥ST/991
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ARALNDE BNSGEDVLYQPPOT S IT8AVIQEGEF REMAF P S GEVEGCMVOVTCOTTTLHG

LRLDDVVYCPREVICTSEDMINPNYED LLIBRRENHNE LVOAGHVO LRV IGHSMONCV L

ELEVDIANPRIPRYREFVRIQPGUTFBVILACYNCEPECVYQUANMBPNE TIKGEBFLNGST

GEVGENIDY DOV SFOYMHEEMELP TGVHAGTDLEGNEYGPFVDROTADAAGTRTTITVN

VAW LY AR I NGOR W LR T T T LNDF N L VAMRKYNYEP LTODEVDILGPLEAGTLIAY

LM AS LEELLGNGMNGRTILGSALLEDEFIRPFDVVROCSGVIFQSAVERT IRGTHHY

L LT L S L LY LV S TR S L PP LY ENAF LPFAMG I TAMIS AR AMMEVEHRHAF LCLEL

LPELATVAYPNMYYMPASWVMRIMIWLDMYDTSLEGHELEDOVMYASAVVLLIIMTAR

ITVYDDGARRVEW I LMNVLILVYEVYYCHNALDOQAT SMWALIIBVIESNYSGVVTITVMILAR

GIVFMOVEY P IR I TG T L IMLY Y CFLGY FCTCYFGLEFCLLNRYFRLTLGYYDYL

PST/LIT
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VB IOEFRYMNESQCLIPPENSIDAFKLNIKLLGVGCEPUCIREVATVOSEMSDVECTEVVL

LV Lo LRVESSER LHWAQOVOLEHND I LLARD T TEAFERMVE LLEVLLEMOGAVD INEL

CEEMLONRATLOQATAGEFESLPSYAAPATAQEAYEQAVANGDEEVVLERLERESLNVAR

SEFDRDAAMORRILERMADQAMTOMYKOQARSEDKRARKVT SAMOTMLE TMLRELDNDALN

HIINNARDGOVPINIIPLTTASKIMVVIPDYNTYRENTCDGTIFTYASATHEIQQOVVDA

DER IV LSE LEMDNEPNLAWP LIVIALKANSAVE LONNELSPVALROMECAAGTTOTA

CIDDNALAYYNITRGGRFVLALLEDLOD LEWARFPEEDGTICTIYTELEPPCREVTDIPR

KGPEVREY LY IRGLNNLNRGMV LGS LAATVRLOAGNATEVPANS TVLSFCAFAVDAAK

AYRDYLASGGOP ITHCVEMLCTHTGTGRAT TVIPEANMDOQESFGGASCCLYCRCHIDH

PHPRGFCDLEGRYVOIPTTCANDPVGFTLENTVOCTVOGMWRGYGUSCDQLREPMLUSA
DAQEFLNGFAVT

¥ST/891
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mat peptide

mat peptide

mat_ peptide

(9 37INY) 133HS ILNLILSANS

264, . 805

Soene="0RFlab®

flocus_ _tag="GU280_gpldl®

Sproduct="]leader protein®

/nete="naspl; produced by both ppla and pplab®
/protein id="Y¥p 009742608.17%

806,..2719

/gene="0RF lLab®

Flocus_ tag="GU280_gpol®

Iproduct="nsp2®

¥ST/691

/note="produced by both ppla and pplab®
Sprotein_id="YP 00974260%9,.1"

2720..8554

Jgene="0QRFlab"”

flocus_tag="GUZ2B0_gpll™

/product="nap3"

/note="former nspl; conserved domains are: N-terminal
acidic {Ac}, predicted phosphoesterass, papain-like
proteinase, ¥-domain, transmembrane domain 1 {TM1},

adencsine diphosphate-riboge 17°-phosphatase Q&EH?};ﬁ@g 12C .
s A continued
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mat_pephide

mat peptide

mat pepihide

produced by both ppla and pplab®
Fprotein id="YP_009742610.1°7
B555..10054

/gene="0RFlab®
Jlocus_tag="GU280_gpil®
/product="nasp4"®

/note="ngpdB_TM; contains transmembrane domain 2 (TM2);
produced bv both pple and pplab”®

Jprotein id="¥P_(09742611.1"

100585, .10972

/gene="0RFlab"®

/locus_tag="(GU280_ gpll®

/product="3C~1like proteinase”

/note="nspda 3CLpro and nspdB _3CLpro; main proteinase
{(Mpro):; mediates cleavages downstream of nspd. 3D
structure of the SARSr—CoV homolog has besen debtermined
{Yang et al., 2003}); produced by both ppla and pplab®
/protein id="¥YP 009742612, 1%

10873, .11842

/gene="0RFlab"®

YST/OLT
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mat _peptlide

mat_peptlde

mat_peptids

/locus_tag="GU280_gpll1®
Jproduct="napé”

/note="nspé_TH; putative transmembrane domain; produced

both ppla and pplab”™
/protein id="¥P (09742613.1"
11843, .120491

/gene="QRFlab"®
/locus_tag="GU280_gpll™
/productk="nasp7®

/note="produced by both ppls and pplab®

protein 1d="¥p (08742614.1"
12082, .12685

/gene="QRFlab®
flocus_tag="GURE0_gpll™®
/product="nspl®

/note="produced by both ppla and pplab®

/provein_id="¥YP (09742615.1"
12686, .13024

/gene="0RFlab"

/locus _tag="GU280_gpol”

PSTU/ILL
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like

mat_ peptide

mat_peptide

stem loop

/note="ssRNA-binding protein; produced by both ppla and

rplab®™
/protein id="Yp_ 009742616, ,1°7
13025..13441

fgene="0RFlab®

flocus tag="GUZ280_gpli~®
/product="nsplo"®

fnote="ngpll_CyaHis; formerly known as growbth-factor-

protelin {(GFL); produced by both ppla and pplab®
fprotein 1d=%"Yp_00%742617.1"

13442, .13480

/gene="0RFlab”

flovus _tag="GU280_gpdl®

/product="nspll®

/note="produced by ppla only”®
/protein id="¥YP 009%725312.1"
13476, .13503

/gene="0RFlak”
/locus_tag="GU2E0_gpli”

PSTU/TLL
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stem loop

D5

Jinference="CO0RDINATES

profile:Rfam-release—~14. 1 :RFOUELG7, Infernal:l.1.27

/function="Coronavirus frameshifting stimulation element

stem~iocop 17
13488..13542
/fgene="CRFlab®

Flocus tag="GUZ80_gpll®
finference="COORDINATES:

profile:Rfam~release~-14.L:RPO0507, Infernal:1.1.2%

ffunction="Coronavirug frameshifting stimulation element

stem—loop 2%

<1563..25384

fgene="5%

Flocus_tag="0GU280_gpl2®

/gene svnonyvm="spike glvooprotbein®
Fd _xref="GCenell: 437405687
2L563..25384

fgene="5"

flocus_Lag="GUZ80_gplz®
/gene_synonvyne="splilke glycoprotelin®

PST/ELT
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fnote="gtructural protein; spike protein®
foodon_start=1

fproduct="surface glycoprotein®
/protein_id="¥YP (QUR3724392Q0,L1L"
Fdb_xref="GCenelD 437405687

Ftranslation="MFVFLVLLPLVSSQCVNLTTRTOLPPAYTNSFTRGVYYPLDRVFR

SEVLHESTOD LY LPPFENVIWFHATHVEGTNGTRRFDNEPVLPFHNDGVYFASTERSNIIR

GWIFGTTLDSKIQESLLIVNNATHVV IEVCEFQFCNDP P LGVYYHENNKSWHME SEFRVY

SEANNCTEREYV S OP P LMD LEGROGHF ENLBREFVIFRNIDOGYFRIY SKHETR THLVRDLPQ

GEREALEPLVDLP IGINITRFOTLLALHREY LT PGS EEGWTAGARAY YVEY LOPRTEL

LEYNENGTITDAVDCALDY LSETRCTLESP TVERGIYOTEHNERVOPTES IVRFPHITH

L PR GEVEFNATRFASBVY ARNRERIENCVADY SVLYNSASFESTRFRECYGVEP TELNDLOE

THVYARSEVIRGREVROIAPGUTCGKIADYNYKLPDDE TGUOVIAWNSHNNLDSEVEGNYN

YSTUYLI
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LY RLERRSHNLEPFERD IETE LY QAGE TPUNGVEGEFNCYF PLOSY G QP TNGVGYQRPY

RVVVLSFELLEAPATVOGPRKETNLYVENRCVNFNEFNGLTGTGVLTESHNEEF LPFOOF G

B IADTTDAVRDPOTLEILDITRPCER GOVEVITPCTHNT SHNOVAVLYQDVNCTEVPVATL

HADQLIPITWRVYSTGSHVEQIRAGULIGAERVNNEYECDIPIGAGLCASYQTIQTNSPR

RARSVASOS I TAYTME LGARNSVAYSHNSTATPTNFTISVITREILEPVEMTRT EVOCTH

YICGRETECSHNLLLY GEFCTQLNRALTGIAVEQDENTOEVFAQVEQITRIPPIEDEG

GEFNESQILPDPSKPSEREBFIEDLLENEVILADAGF IRQYGDULGD LAARDLICAQKEN

GLIVILPRLLTDEMIAOY T AL LAGT ITSCWTFCAGAALQTPFAMOMAYRFNGIGVTON

VLY ENQRLIANQIPNGAIGRIGDELSSTASALGELODVVNOHAQALNT ILVEQLESNFGA

ISSVINDILERLDEVEAERVQIDRLITGRLOESLOTYVIQQLIRAAR I RASANLAATEMS

PST/SLI
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ECVLGOSERVDFCGRGYHLMSFPOSAPHGYVE LHVITYVPAQERNFTTAPAICHDGRAH

P REGYEV SNGTHW Y T RN Y E PO L T T TONTEVEGNC DYV IGIVRENTVY DR LOPELD

SEPREELDEYFRNHTEPDVDLGD I SGINASVYVNIQREIDRINEVAXNLNESLIDLOELG

KYEQY IKWPHY IWLGF IAGLIAIVMVTIMLCCMISCCBCLEGLUUSCGECCKFDEDDSE

PVLEGVELHEYT®

gene £5393..26220
/gene="0RF3a"
Flocus_Tag="GUZ280_gp(3®
Fdo _xref="CenellD:43740569"

Zps 25393.,.26220
fgene="0ORF3a"
Flocus_tag="GUZ80_gpl3®
Jcodon_start=1

/product="0RF3a protein®
/protein id="YP_009724391.,1"
/db mref="GenelD:4374056%"

PST/9LT
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frranslation="MDLEMRIFTIGITVTILKQGEIKDATPSDFVRATATIPIQASLYPFG

WLIVGVALLAVERSASK I I TLREERWOLALSKGVHPVONLLLLEFVIVY SHLLLVARGLE

APFLYLYALVYPLOSITNEFVRIIMELWLCWECREBRENP LLY DANYF LOHHTNCYDYCIPY

eV TS S IVITEGDGT TEP LEEHDY QIGGYTERHEEGVEDOVVLHSYFISDYYQLYSTE

LETDIGVEHVIFF IYHNRE IVDEPEREVO IHT IDEESBCVVNRPVMEPIYDEPTTTTEVR LY
gene 26245, .26472
fgene="g"
flocus_tag="GU280_gpi4®
/db_xref="GenelD:43740570"
cos 26245..26472
fgena="E"%
/locus_tag="GU2B80_gpl4®

PST/LLY

/note="0RF4; structural protein; E protein®

foodon_start=1
/product="envelope protein”®
protein id="YPp_ 009724332.1"
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/b _zref="CenelD:437405%707

/translation="MYSFVSEETGTLIVNEVLLFLAFVVFLLVTLAILTALRLCAYCC
NIVNVSLVEPSEFYVYSRVENLNSSERVPDLLY®
ane 26523..27191
fgeng="M"
flocus_tag="GU280_gpih®
Jdb_xref="GanelD:43740571"
CDE 28523, .27191

/gena="M"
/locus_tag="CUZ280_gpl5”
/rnote="0RF5; structural protein®
feodon_start=1
/product="membrane glvcoprotein®
/protein_id="¥P (092724383, 1°

/db _xref="GenelD: 437405717

/translation="MADSNGTITVEELKELLEQWNLVIGFLFLTHICLLOFAYANRNR

FLY I IRLIF LW LIWE VI LACEVLAAVYIRINWITGEIAIAMACLVGLMWLEYF IASFRL

PST/8LI
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FARTREMWSFNPETNILINVPLHGTILTRPLLESELVIGAVILRGHLRIAGHHLGROD

TRDLPREITVAT SRTLSYYK LGASORVAGDEGFAAY ERYRIGHNY K ILNTDHESEEDNT A
LLYG®
e1e 27202 ..27387

/gene="ORF6"
flocus tag="GUZ80_gpl6*®
/b nref="GenelID: 437405727

cos 21202 . . 27387
fgene="CRF&"
flocus _Tag="GUZ80_gpie*®

feodon_starth=1
fproduct="0RF& protein®
fproteln id="¥P_0087243%4 .17
/3 _xref="CeneID:437405727

Jtranslation="MFPHLVDFQOVIIAEILLIIMRIFRVSIWNLDY IINLIIKNLSKSL
TENRKYSOLDEEQPMEID®
gene 27394,.27759
Jgene="CRF7a"%

PST/6LY
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CDE

Jlocus_tag="GUZ280_qgpl7®
Jdb rref="CenelD:43740573"
27394..2771759

/gene="0RFTa"
JSlovus_tag="GUZ80_gpl7”

/codon_start=1
/product="0RFT7a protein®™
JSprotein id="Yp 0097243585 ,1"
Jdn mref="CenelD:437405873"

Ftranslation="MRIILFLALITLATCELYHYQECVRETIVLLEEPCESOTYRBGENS

PFHPLADNEF AL TCF STOFAFACPDOVEEVYQLRARSVEPELF IRQEEVOELYSPIFL

CD3

ITVARAIVE ITLOFTLERKTE®
27756, .27887

/S gene="0RFTh"
Jlocus_tag="GUZE0_gpls~
Jdb_xref="CenellD:43740574"
21 756..27887

foene="0RF7L"
/locus_tag="GU2B0_gpl8"

¥ST/081
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feodon_start=1
Sproduct="0RFTh"
/protein_id="¥Yp (0%725318.1°
Jdb _xref="CenelD:43740574"

Ftranslation="MIELELIDFYLOFLAFLLFPLVLIMLI IFWFSLELQDHNETCHA®

gang

CDE

27834..282505

/gene="CRFE"
Flocus_tag="GUZ80_gpl9"
Jidb_xref="CenelD:43740577"
27894, ,2825%

fgene="0RFE"
Flocus_tag="GUZ280_gpha”
Joodon_starts=1

/product="CRFE protein”
/protein id="¥Yp_ (098724326,.1°%
Jodn wref="CenaelD 1437405777

/translation="MEFIVFLGIITIVAAFHQECELOSCTQHOPYVVDDPCRPIHFYSK

PST/I81

FE g s j 2 6 contirnued

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd



(9 371NY) 133HS ILNLILSANS

WY IRVGARRSAP LIELCOVDEAGESEEPIOYIDIGHNY TVECLPFTINCOEPELGELVVRC

SEYREDFLEYHDVRVVLDEL®

gene 248274, .,29033
/gene="N"
Jlocus_tag="GUZB0_gpll®
Jdb _xref="CenalID:43740575"

cps 28274..29533
/gena=TH"
flocus _Lag="GU280_qgpll®

/note="0RF%; structural protein®

Jocodon _start=l

fproduct="nucleccapsid phosphoprotein®
protein 1d="¥P_ 0(09724387.2"

fdb wref=YGeneID:43740575"

Jtranslatlion="MSDNGPONQRNAPRITFGGPSDETGSNQNGERSGARSEQRRRPOG

LPHNNTASRP TALTQHGREDLEFPROGOGVEP INTHSEPDRO IGYYRRATRRIRGGDGEMK

DLEPRWYEYY LGTGRPEAGLPYGANRDCIITWVATEGALNTPREDH IGTRNPANNAATIVILYG

PST/T81
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LPOQGTTLPRGFYAEGSRGGSOASERESSRERNSSRNESTPGS ERGT SPARMAGHGCGDAA

LAaTTLILDRINQLESKMEGRGOOOOGRTVITEESAARASKEPROQERTATEAYNVTQATGR

RGP EOTUGNE GROE LIRQGTDYRARP QLAQE AP SASAFTGMERIGMEVTIEGGTWLTYT

CAIELDDKDPNEFKDOVILLNEHIDAYKTFPPTEPRKDRKEKKADETQALPORORKKOQOTV
TLLPAADLDDFEEQLOUSHMESADITOAY
geneg 28558, .29674
/gene="OREFL0®
/locus_tag="GU280_gpll®
Fdb _xref="Cenell :43740878%
cos 29558, .29674
/gene="CRF10"
Jlocus_tag="0G0280_oplil®
Jcodon_start=1
/product="0RF10 protein®™
/protein id="¥p_ 008725255, 1"
Jdb_nmref="GenelD:43740576"
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stem loop

stem lLoop

3TUTRH

stem loop

[itranslation="MGY INVFAFRPFTIYSLLLCRMNSRNY TAQVDVVHFRLTY
296058, .29644

/gene="0RF10¥"

flocus _tag="GUZE80_ gpll®

/inference="COORDINATES

profile: :Rfam—release-14,1 :RFO0165, Infernal:1.1.2"%
FFunction="Coronavirug 3°' UTR pseudoknot stem—loop 1°
D623, .23657

fugene="0RF10"

Flocus_tag="GUZ80_gpll®

/inference="COU0RDINATES:

profile: :Rfam—release~14.1:RFO0016E5, Infernal:1.1.2%
Jfunction="Coronavirus 3°' UTR pseudoknot stem—loop 2%
29875, .29%03

29728, .29768

finference="CO0RDINATES
profile:Rfam—release—14.L:RFO0164, Infernal:1.1.27
/note=hagepalir exception: alignment to the Bfam model
implies coordinates 29740:29758 form a noncanconical &7
basepalir, but the homologous positions form a highly

conserved C:G basepair in other viruses, including SARS

PST/PSI

Fig. 12C

continued
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ORIGIN

61
121
181
241
301
361
421
481
541
601
6ol
721
781
841
301
361

attasaggtbt
gticthctaaa
cacgoagtat
ttotgeoagge
cgteegggtyg
acacghocas
agactooghyg
cttagtagas
acgttcecggatl
cgaaggeatt
cgaaatacea
tggeoccatagh
tocttatgaa
actcatgogt
cootgatgyge
atgecacttiyg
tgaacatgay

(B 004718,

Jfunction="{oronavirus 3°

tatacotteo
cgaactttaa
aatiaataac
tgettacggt
tgaccygaaay
cteaghttge
gaggaggtot
gttgaazaay
getogaactyg
cagtacgghc
gtggettace
tacggoygoog
gatibttoaag
gagotitaacy
taccctbottyg
Loeogaacaac
catgaaatty

3}1’5

caggtaacas
aatctgtgtyg
taattactgt
ttegtecegtg
gtaagatgya
ctgttttaca
tatcagagyc
goghittgoo
cacctecaltgy
gragtggtyga
goaaggttot
atctaaagtc
aaaactggaa
gaggggcata
agtgcattaa
tggactttat
chtggtacac

ACCAATCRAT
gotgtecactco
cgttgacagy
ttgcagooga
gagooetitgio
ggttogogac
acgbcaacat
Lcaactigaa
Ceatgttatg
gacacttggt
Lettoegtaag
atttgactta
cactaaacat
cactogetbat
agacotitcta
tgacactaay
gyaacgtict

stem—-loop II-1like

ttitogatcho
ggctgeatge
acacgagtaa
tcabtcageac
cotgghtica
gtgotogrtac
ctiaaagaty
cageoctaty
gttgagotgy
gtocbhtgtoc
aacggtaata
googacygage
ageagtgghg
gtoegataacsa
goacgtgotyg
aggygtgtat
gaaasgagoet

motif {(sZ2m)®

thgtagatet
tragtgoacth
chogtotato
atctaggttt
ACYATRAZA0
gtggechtigy
goacttglbag
tgttcateas
tagcagaact
checatghggy
aaggagetygy
ttggeactgsa
ttacocogtags
acttoebtgtgs
gtaaagetto
actgotgooy
atgaattgca

PST/S81
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1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
L6221
1681
1741
1801
1881
1821
1981
20471
2101
2161
2221

gacaccetibtt
ttttgtattt
gettgatgge
caaccaaatyg
gacgggegat
aggtgocact
atgtcacaat
cttgaasaco
trtatgttggt
ttgtaacoat
satactocaa
gatcgogatt
aggtttggat
aaaaggazaa
totttatgea
Ltgaaacbgol
aatttoacay
taacaatcia
gotaactaac
agagaaghtt

ctoaacebgh

gaaatibaaat
cocttaaatt
tttatgggta
tgcctitihcasa
tttgttasag
acttgtggtt
tcagaagtag
attecttegta
tgoccataaca
acaggbgttyg
Adayaganay
attttggoat
tataaagesat
getaaaaaayg
tttgeatcag
caagatitcly
tattocactya
gttgtaatgg
atetittggeca
aaggaagytyg
goettgtgaaa

Ltggeaaagaa
coataatcaa
gaatitcgate
ctotcatgaa
ccacttgoga
acttacooeca
gacctgagea
agggtggtcy
agtgtgoocta
thggagaagy
Leaacatcaa
chtttitctyge
ccasacaaat
gtgoctggaa
aggotgoteg
tgoeghbgtit
gacteatiga
cotacattac
ctgbitatyga
tagagtttot

titgteggtagg

atttgacaco
gactattoaa
tgtetatooea
gtogbgatcat
attrttgtggce
saatgotgtt
tagtctigoo
cactattgeo
Ctgggttoca
tteocgaagah
tattgttagt
ttocacaagt
Lgttgaatco
tattggtygaa
tgttgtacgs
ACagaagyoc
tgoctatgaty
aggiggtgtt
agaactoass
tagagacggt

acasatigto

ttcaataggoay
coaagggtty
gttgegtcac
tgtggtgaasa
actgagaatt
gttaaaattt
gaataccata
tttggaggct
cgbgotagey
cttaatgaca
gackhittaaac
getttitgtgy
tgtggtaatt
cagaaatcaa
tcaattttct
goetabaacaa
tteacatoty
gticagiiga
ceogboectty
tgggaaattyg

acctgtgraa

aatgtboccaas
BABATARAARE
caaatgaaty
cticatggesa
tgactasaga
attgtocags
atgaatctgg
gtgtgticic
ctaacatagy
accticttgs
thaatyaaya
aaactgtgas
ttasaghtac
tactgagtoo
coogeactalt
tactagabgy
atttggctac
ottogoaghg
attggctitgsa
ttazatittat

aggaaattaa

Fig. 12C

continued
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2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421

ggagagbgt
tatcattatt
checaaaggua
toetaaaagoe
aacagaggas
agetgttgas
aatcaaagac
cttoacacto
agtgcaaggt
acttaatgayg
ctgtgttgty
actgggoatt
tgagttiaaa
agaaggbgat
agatgattac
agaagageaa
cggcagtgay
agagatggaa
aaaacttacth

A34BCCaRCE

cagacatitclt
gotggagota
ttgtacagaa
coasaagasa
gttgtottga
getocattgy
acagaaaagt
aaaggoggly
tacaagagtg
aagtgotoetyg
geagatgelLg
gatttagatg
ttggotioac
tgtgaagaag
caaggtaaagc
gaagaagatt
gacaatcaga
cttacaoecay
gacaatgtat
gtogttgtta

Litaagetibgh
aacttaaage
agtgtgttaa
trhatcttott
aaactggtga
ttggtacaco
actgtgooct
CACCAACHAA
tgaatatcac
coetatacagt
Leataaaaac
agtggagtat
atatgtattg
aagagtttga
chttggaatt
ggtitagatga
cgactactat
titgttecagac
acattaaaaa

atgcagecaa

aaataaatth
ctigaattta
atcecagagas
agaggyagaa
tttacaacea
agtittgtatt
Ltgocacotaat
ggttactttt
ttttgaactt
tgaactoeggt
tttgecaacoa
ggctacatac
ttetttebtac
goratcaact
cggtgocact
tgatagtoaa
teasacaatt
tattgaagty
Lgcagacatt
tgtbtacott

ttggotibgt
gatgaaacat
gaaactggoe
acactitococa
ttagaacaac
aacgggotta
atgatgotaa
ggtgatgaca
gabtgaaagga
acagaagtaa
gtatctgaat
tacttatttg
coetocagaty
caatatgagh
totgotgoete
caaactgbity
gttgaggtic
aatagtitta
gtggaagaay
asaacatggag

gtgoctgacho
tigtcacgea
tactcatgoe
cagaaghtght
ctactagtga
tgttgotoga
cazacaatac
ctutgataga
ttgataaagtlt
atgagticge
tacttacacc
atgagbtotgy
aggatgaaga
atggtactga
ttcaacoctga
gtcaacaaga
aacchcaatt
gtggtitattt

ctasaaaggh

gaggbtgtige

PST/LSI
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3481
3541
3601
366l
3721
3781
3841
3301
3961
4021
4081
4141
4201
426l
4321
4381
4441
4501
4561
4621
4681

aggagectia
tactaatgga
acactgtcott
gaghtgoettat
tatttttogt
tgtctactta
aatgaagagt
gecatttata
caaagoettgt
chtgttactt
tgacattgac
agagggtgtt
gotagoegaas
gggtittaaat
chtttacatt
tbtggaatitg
tgtggaasact
agagggtgtyg
gtoactbate
tgtaacacat

agctacagtt

aataaggcts
ccacttaaag
catgttgltcg
gaaaattitta
gobtgacoocta
gotgtobtttg
gaaaagoaay
actysaagls
grtigaagaayg
tatattgacs
atoactibot
ttaactgety
goebititgagas
ggttacactyg
ctaccatcta
cgagaaabgo
asagocatag
ghtgattatyg
aacacactita
ggettaaatt
tobgbttett

ctaacaatgle
tgggtggtag
goccaaatgt
atcagcacya
tacatteotbit
ataaazatot
titgaacaaaa
aaccbtcagh
ttacaacaac
ttastggraa
Lasagasaga
tggttataco
aagbgocaac
tagaggagygc
ttatctctaa
ttgcacatgo
tttcaactat
gtgctagatt
acgatctaaa
tggaagaage

cacctgatgoe

catgcaaght
ttgtgtttta
taacaaaggh
agttotacti
aagagttigt
ctatgacasa
gatogotgag
tgaacagaga
totggaagaa
tottcatoca
Lygctocatbat
tactazaaag
Agacaattat
aaagacagty
CLgagaagrasa
agaagaaaca
acagoegtaas
Ctacttttac
tgaaactot
tgctoggtat
tgttacagoyg

gastoctgaty
AGCYTACACH
gaagacattc
geagcattat
gtagatactyg
cttgtttcas
attcctaaag
agacaagaty
actaagttoco
gattoctgeca
atagtggyty
goetggtggea
ataaccactt
ctitaagaagt
gaaattoettyg
cgcaaatibas
tataagoggta
accagtaaasa
gttacaatgo
atgagatete
tataatggtt

attacatagc
atcttgotaa
aacttottaa
tatcagotgy
ttogeacaaa
goetttttoga
aggaagtitaa
ataagaaaal
tecacagaaaa
crtobtgttag
atgttygtica
ctactgaaat
accogggtca
gtaaaagtge
gaactgtttc
tgoectgtobyg
ttasaataca
caactgrtagoe
cactbggcta
teaaagtgoo

atettactte Fig. 120 o
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2221
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5521
5581
564l
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2821
L2881

ttottoectaaa
agattggtee
taasagtgta
chtitgacaat
aacagtagac
acagtttggt
acatgaaggt
tgagtactac
cactaaasaqg
caactghbtat
acctgetota
acttatctta
gagttactibg
taaaacttgt
cacactttor
agolLacaszaa
tcagtatgaa
gtotggtcac
actitacasag

Lttacacaaca

acacotgasyg
tattotggac
tattacactsa
ctihaagacac
aacattaaco
coaacttatt
aaaacatiiLl
cacacaachyg
tggaaatace
ctbgocactyg
caagatgeit
goectactgta
tthocaacatg
JUACARCAGT
tatgaacaat
tatctagbac
cttasgeatyg
tatasacata
Ltocicagaat
aceataaaac

aacatittat
aatctacaca
gtaatoctac
tbettbotit
tocacacgca
tggatggago
atgtbtttacc
atcotagtotc
cacaagttaa
cattgttaac
attacagage
ataagacagt
coaatttaga
agacaaccct
ttaagaaagy
ascaggagtc
gtacatttac
taactteotaa
acaaagglbco
cagttactta

Lgaaaccatc
actagygtata
cacattocac
gagagaagty
agttgtggac
tgatgttacht
taatgatgac
Ectgggtagg
tggtittaact
actocaacasa
aagggciggl
aggtgagtta
thoettgoaasa
taagoggtgta
tgttocagata
acottithgtt
ttgtgoetagh
agaaactittg
tattacggat
taaattggat

tecactihgotyg
gaatttotta
crhagatggtyg
aggacitatta
atgtcaatyga
aaaataasac
actotacgtyg
tacatgtcag
toctattaaat
atagagttga
gaagetbgeta
ggtgatgtta
agagtettga
gaagoctgtta
cotbghacgt
atgatgbtcayg
gagtacacty
tattgcatag
gttiictaca
ggtgttgtti

gttoctataa
agagayggtaga
sagttatcac
aggtgtittac
catatguacs
cteataatto
ttgaggetts
cattaaatca
gggcagataa
agtitaatco
actittgtgo
gagaaacaat
acgtggtghyg
tgtacatggy
gtggtaaaca
caccacetgo
gtaattacos
acggtgottt
AagaaaAcay

gtacagaaat
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tgacocotaag
tgatottogta
tgataatatc
azgagagoett
taaacactac
goatgttaac
tettitggage
CUCgCayYygUs
ggaagatoolh
aggagacatt
cacagatota
attatctaga
Ltgtocooctigy
aactactaac
ctittacttta
atctatgooy
ggottoatit
gtttittacta
tttaatgtct
ctetactaat
tagtggtitta

ttggacastt
CCABACCAAC
aaattigctg
aaagttacat
acancotott
aatgcaacta
acaaaaccag
atggataatc
accatacaga
atacttasac
atggchygott
grhattaggtt
gatactabagy
atagttacac
ttgotacaat
actacbatag
aattatttga
titaagtglitt
astttaggoca
grtcactattg
gattetitag

attataagaa
catatccaaa
atgatttaaa
thtthooctga
ttaagaaagy
ataaagocac
ttgaaacatc
ttgeotgoga
aagacgtiot
cageaaataa
atgtagacaa
tgaaaacect
ctasttatgoe
ggtgtitaaa
tgtgtacttt
caaagaatac
agtoacctaa
gocthagghtc
tgecttetta
caacctactyg

acacctatoo

agacaattot
cgcaagette
ceagtitaact
cttaaatggt
agcetasattyg
gtatasacca
aaatibogttt
agatctasas
tgagtgtaat
tagttiasasas
Lhotagtobt
tgoetactoat
Laagootittt
coegbtgttigt
tactagaagt
Lottaagaglh
cttttotaas
tttaatctac
chgtactggt
ractggttot
ttotttagaa

tatitcacag
gataatttta
ggttataagsa
gatgtggtgy
ttacataaac
aatacotggt
gatgtactga
cragtoetetyg
gtgaaagacta
attacagaag
acvtattaaga
gagtetagety
chitaacaang
actaattata
acaaattcta
gtoggtaaatlt
ctgatasata
tcaacogoelty
tacagagaay
atacotigta

actatacassa

agraaccaat
agtttogtate
gacctgeltic
chattgatta
ctattgtttyg
gtatacgtty
agtcagagga
aagaagtagh
cogaagtigh
aggtitggoca
aacctaatga
ctgttaatay
ttgttagtac
tgecttattt
gaattaaagc
titgtbctaga
ttataattiyg
chttaggtgt
getatttgaa
gtgtttgtor

ttaccattto ng «ng
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7741
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7921
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2041
8101
8lel
8241
8281
5341

atctttltaaa
tettitteact
ctattttgea
acaaatggoc
tgtatgyaaa
ttacaaacgt
gtocthtitat
tgttaattgt
chigtcacta
tagtgttaca
ttatgasaga
taaaggtica
atchgraaaa
agatcaggca
tgettacgtto
agttgcaact
thttatttoa
tgaatgtoctt
ctatatgoto
tgactgtagt

Lgggatitaa
aggtttiteot
gtacatitta
cogatibtoag
agttatghgo
aatagagoasa
gtotatgota
gatacattoct
cagtitasasa
grtogaagaaty
cattoetetoct
titgoectatia
teageghcho
ttagtgtchg
aatacgttit
geagaagoty
goagotoggo
asattgbcagc
acetabaaca

gegogheata

chgotbtigg
atgtacttygy
ttagtaattoc
ctatggtiag
atgttygtags
caagagtcga
atggaggtaa
gtgctggtag
gaccaaltaasa
gbttceatoca
chocattttgt
atgttataght
tthactacag
atgttggtga
catcaacttt
aactitgcaaa
aaguggtttgt
atcaatetga
aagbitgaaaa
ttaatgogoa

cttagttgoa
attggotygca
Ltggottaty
aatgtacatc
cogttgtaat
atgtacaact
aggcbitittgo
tacatttatt
toectactgac
totttbacttt
taacttagac
ttttgatggt
toagethtatyg
tagbgoggaa
Caacgtacca
gaatgtgtoc
tgattcagat
catagaagtt
catgacacoco

gotagcaaaa

gagbgghttt
atcatgecaat
tggttaataa
tootthtgeat
tcatcaactt
attgttaatyg
aaactacaca
agbgatgaag
cagtottett
gataaagoty
aacctygaygay
aagtcaaaat
tagteoaaccts
gttgocagtta
atggaaaaac
ttagacaasty
gtagaaacta
actggogata
cgtgacctig
agtcacaaca

tggoecatatatb
tgttttteoagy
ttaatotitgl
cattibhatta
gtatgatgtg
gbgttagaag
attgoaattyg
ttgogagaga
acatogtiga
gteaaaagac
chaataacac
gtgaagaato
tactabttact
aaatgtitga
tcaaaacach
tottatotac
aagatgttgt
gttgtaataa
ghgctitgtat
ttgoetttgat
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2061
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atggaacgtt
tgotaaaaag
tgttgtasca
gttaatiaaa
tgttcatgto
tgatgatgagt
tgattittgac
attgattgot
gatattacgo
tggtaacato
ttgtgtttiy
ttgttatgal
acgttatgtg
tgttagagty
agaagcectggt
atcttibacca
accactaatt
tgtageotatc
tgaatacagto
ctgttitaaca
gacattttat

azgagatttca
aataacttac
acaaagatay
gttacactty
atgtoctaaac
ghcactoghy
acatggtita
goagtcataa
acaactaatg
tgttacacac
gotgctgaat
accaatgtac
chocatggatg
gtaacaactt
gtttgtgtat
ggagtitibch
caacctattyg
gtagtaacat
catgbagttg
ceagtttact
cttactaatg

tgtcatigtc
cttttaagtt
cacttaaggy
tgttootitt
atactgactt
aeatagoate
gocageghgyg
caagagaagt
gtgactttet
catcaaaact
gtacaattit
tagaaggtic
gotocbattat
ttgattotga
ctactagtgg
gtggtgtaga
gtgettigga
goeoctibgoota
cetitaatac
cattottace
atgtttcttt

tgaacaacta
gacatgtgea
tggtaaaatt
tgtigotget
ttcaagtgas
tacagatact
tgghagtialt
gggttttgto
gratttotta
tatagagtac
taaagatgct
tgttgettat
tcaatttoch
gtactgtagy
tagatgggta
tgchgtaaatlt
catatcagea
ctattttatyg
tttactattoc
tggtatttat
Cttagcacat

Cgasaacaas
actactagac
gttaataatt
attttctatt
atcatagyat
tghtttgeta
actaatgaca
gtgcotggtt
cotagaghtt
actgactitg
tctggtaago
gaaagbttac
aacacctacc
cacggcactt
cttaacaatyg
ttacttacta
totatagtag
aggtttagas
cttatgtecat
tobgttatit
attcagtgga

tacgbagbao
aagtitgttaa
ggttgaagca
Laataacacc
acaaggotat
acasacatgo
aagetitgooe
tgootyggoac
ttagtgcagt
caacatcage
cagtaccata
goeotgacac
ttgaaggtic
gtgaaagatc
attattacay
atatgtttac
ctyggtggtat
gagottttgg
tocactgtact
acttgtactt
tggttatgtt

Fig. 12C
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cacacctita
ttictattgy
tagtactitt
gtigcgtaglt
taagtacaag
toatctbtogea
BACCACIAAACC
atctggtaaa
toetttggott
gottaacoch
ggctggtaat
taaggtigat
acagactibtt
tatgaggoco
ttttaacata
tggagticat
aACAGoaCAR
cgoetgotgtt
ctttaacoht
actaggacch

grhaccttibot
ttetttagta
gaagaagetg
gatgtgctat
tattttagtyg
aaggcectotbca
tohatcacct
gttgagggit
gatgacgtag
aattatgaag
ghtoaactca
acagoecaate
teagtabtag
aatttcacta
gattatgact
gotggcacayg
goagoetggta
ataaatggadg
gtggotatga
chttoctgeto

guataacaalt
attacctaaa
cgotgtgoac
tacchotbac
gagraatyga
atgacttoag
cagobgbitt
gtatggtaca
tttactgtce
atttactocat
gggttaltigy
crtaagacaco
cttgttacaa
ttaagggtic
gtgtboctobtt
actiagaagy
COGACACRac
acaggtggtt
agtacaatia

aaachggaat

Lgottatato
gagacgtgta
ctttttgtta
goaatataat
tacaactagoc
taactcaggt
gragagboggt
agtaactitglt
aagacatgtyg
togtaagtot
acatitctatyg
taagtataay
toggtitcacca
attoecttaat
ttgttacatyg
taactittat
tattacagtt
totocaatega
Lgaacctcia
tgoogttita

attbgtatit
gtotttaaty
aataaagass
agatactiag
tacagagaayg
tobgatghito
tttagaaaaa
ggtacaacia
atotgoacet
aatcataatt
caaaatigbyg
tttgttogesa
totgogtgtbht
ggttcatgtg
cacoeatatgy
ggacottiiyg
aatgttttag
tttaccacas
acacasagace

gatatgtgbyg

CCACARAGCa
gbgtttoctt
tgtatctaas
chetttatas
ctgottgtty
tttaccaaco
tggeattoog
cacttaacgy
cltgaagacat
tettggtaca
tacttaagoet
ttecaacoagy
arocaatgtgo
gtagigiigyg
aattaccaac
Ltgacaggcsa
cttggttgta
ctoettastga
atgttgacat
ctteattaaa
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11281
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11401
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11521
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11641
117401
11781
ilazl
11881
11241
12001
12061

agaattactyg
tgaatttaca
gaaaagaaca
agbtttagtc
accttttgot
goatgeattt
ggtotatatg
tagtittgtet
aatcottatyg
gaatgtottg
cabtgbgygget
gtitttggeoe
tggtaataca
ttactttgge
ttacttagtt
gaatagcata
tatcaasgta
actctcagtt
ceaghtacac
ttecactactt
agaaatgoty

casaatggbsa
cottttogatg
atcaagggts
cagagtactbo
atgggtatta
ctotgtttgt
ccbgotagtt
gottttaage
acagraagas
acactogtit
cthataatol
agaggtattyg
citcagtgta
ctotttiott
toctacacagy
gatgcobtca
gocactgtac
tigeaacaac
aatgacatic
rotgthttge

gacaacaggy

tgaatggacy
ttgttagaca
cacaccactg
aatgghottt
ttgotatgteo
tttbgttace
gggtgatgeyg
tanasgacty
ctgtgtatga
ataaagtitsa
ctgtitacttc
ttettatgtyg
taatgctagt
tactocaaccy
agtttagata
aactcaacat
agbtotaaaat
tcagagtaga
tettagotas
tttocatgea

caacoctitaca

taccatattyg
atgotocaggt
gttgttactc
gttoettttht
tgotttigoa
ttototigeo
tatitatgaca
tgttatgtat
tgatggtget
ttatggtast
Laactactca
tgttgagbalt
ttattgtito
ctactitaga
tatgaattca
tasattgtLtyg
gtcagatgta
atcatcatol
agatactact
gggtgoetgta
agcoctatagoeo

gagtagtgott
grrtactttoc
acaatttitgsa
titgtatgaaa
atgatgttty
actgtagett
tggtitggata
geatcagety
aggagagtygt
gotbttagsto
ggtutagtta
Ltgoocetattt
titaggeotatt
ctgactottyg
cagggactac
ggtgtiggtyg
sagtgoacat
aaattgtggyg
gaagceotity
gacatasaca

tcagagttta

tattagaaga
aaagtgcagt
cbticactittt
atgoctiitit
tcaaacatas
attttaatat
tggttgatac
tagtgtitact
ggacacttalt
aagocattto
caactgtcat
tottoataac
ttitgtacttg
gtgtttatga
tecocacocaa
goaaacobig
cagtagtott
chcaatgtgt
aaaaaatggl
agetttgtga
gtitcoctice
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13021
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atcatatgca
ttotgaagtt
ceghgatgea
gtataaacag
gottttoact
aagagatggt
tgtocatacos
atcagcatiyg
tgaaattagh
ggecaattoh
gtottgtgot
Caacacaaca
atgoggotaga
ttgtaggttt
aggattaaac
acaagetbggt
tgctgtagat
taattgtgtt
ggaagccaat
ceacatagat

getbttgoeba
gttottaaas
gocatgoaac
goetagatobyg
atgcttagaa
tgtgttcoct
gactatazaca
tgggaaatoo
atggacaatl
getgtcaaat
geoggtacta
aagggaggta
trtocctaags
gttacagacsa
aacctaaata
#atgCaacay
goihgotaaay
aagatgttgt
atggatcaag
catecaaatc

chgoctcaaga
agttyaagasa
gtaagtigga
aggacaagagy
agttggatasa
tgaacataat
catatasaasa
aacaggttgt
cacctaattt
tacagaataa
cacaaactge
ggttitghact
gtgatggsac
cacctaaaygg
gaggtatggt
aagtgooctge
cttacaaags
gtacacacac
aatcctttgyg
ctaaaggatt

agottatgag
gtotttgaat
aaagatggoelt
ggcaaaagti
tgatgcacthc
acctotiaca
tacghghgat
agatgcagat
agoatggoct
tgagettagt
ttgractgat
tgoeactgtta
tggtactato
tceoctaaagty
acttggtagt
cagttcaact
ttatoctagolt
tggtactggh
tggtgcatoyg
ttgtgactta

caggetgthyg
gtggectaaat
gatcaagclta
actagtgota
zaacaacatta
acagcecagoca
gotacaacat
agbaaaattg
cttattgtaa
cotgttgcac
gacaatgeygt
toocgatttac
tatacagasac
gzagtatttat
ttagoctgocas
gtattatett
agtgggaygac
caggeastas
Ltgbtgtotgt
aaaggtaagt

ctaabtggbga
ctygaatittga
tgacocaaat
tgcagacaat
teaacaztygo
aactaabtggt
ttacttatgo
ttcaacttay
cagehittaay
tacgacagat
tagottacta
aggatttgas
tggaaccaco
actttattaa
cagtacgbet
tetgbgoots
aacoaatcac
cagttacace
attgoogbiy
atgtacaaat
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14101
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14221
14281
14241
14401
14461
14521

acctacaact
ctgoggtatyg
gteagotgat
cegtgoggcsa
aaagbagoty
gaagatgacs
caacatgaayg
ttotttaagt
azatacacaa
acattaaaag
gactggtatg
cgtgtacgec
attgttgghtyg
gatttcatac
ttaatgoota
LLaacaaago
aaactoebtty
tgtittggaty
ttoccacota
gtagtttoaa
trtacatagetrh

togbgotaatyg
tggaaaggtt
geacaastogh
caggeactag
gttttgctaa
atttaattgsa
azacaatiita
trtagaatags
tggoagacet
aaatacttgt
attttgtaga
aagoettitgtt
tactgacath
ABACCATYTT
tattaacctt
cttacattaa
acogttattt
acagatgcat
caagttittgy
ctggatacea
ctagacttag

accototagg
atggcetgtag
ttttaaacgy
tactgatgtc
attocctaaaa
ttettactit
taatttactt
cggtgacatyg
cgtoetatgot
cacatacaat
aaacccagalt
aagaacagta
agataatcaa
aggtagtgga
gaccagggol
gLgggattig
taaatattygy
toctgeoattgt
accactagtyg
cttoagagay
ttttaaggaa

tttLtacactt
ttgtgatcasa
gttigeggty
gtatacaggy
actaattgtt
gragttaagsa
aaggatitgto
gtaccacata
ttaaggeatt
tgttgtgatg
atattacgeyg
caattotgty
gatctcaatg
gttectgttyg
ttaactgeay
Ltaagabtalty
gatcagacat
goaaactita
agaaaaatat
ctaggtatbty
ttactitgbgt

RABAACACAY
ctocgogaas
taagtgcage
ctittgacat
gtogettcora
gacacachtt
cagotgbtgo
tatcacgtoa
ttgatgaagy
atgattatit
tatacgoceaa
atgooatgeoyg
gtaactggta
tagattetta
agtocacatgt
acticacgga
ACCACCCARA
atgttttatt
ttagttgatgy
tacataatoa
atgotgotga

totgtacogt
coatgottca
cogtettaca
chtacaatgat
AgH3ABYTAC
ctetaactac
taaacatgag
acgtocttact
taattgtgac
caatagaaay
cttaggtygaa
aaatgotggt
tgatttoogl
ttattoattyg
tgacactgac
agagaggbia
ttgtgttaac
ctectacagtg
tgbhtocattt
ggatgtazac
cootgetaty

Fig. 12C
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cacgebtgett
cttactaaca
gactttgctg
tLtottigoebe
coaacaatgt
gatitgttacyg
teagetggtt
tatgaggato
caastgaatc
toektatctgta
geoactagag
atgttasaas
agatgtgata
anacatacas
caagtattga
ceatcaggay
acgygccaaty
cgoaatttac
tittgtgaatyg
gatgotbgtty

chggtaatoch
ategttgottt
tgthctaaggy
aggatggtas
gtgatatcag
atggtgygcly
ttecatttaa
aagatgeact
Ttaagtatgc
gtactatgac
gagetactgl
ctgtttatag
gagoratgon
cgtgttgtayg
gtgaaatggh
atgecacaac
trtaatgcact
aacacagact
agbtitacgo
togtgtitcas

attactagat
teaaactygto
tthtetttaag
tgctgctato
acaactacta
tattaatgot
taaatggogt
tttogoatat
cattagigoa
caatagacagy
agtaattgga
tgatgtagaa
taacatgott
cttgtocacac
catgtgtbgge
tgottatget
thttatctact
ttatgagbygt
atatitgogt
tagoactitat

aaacgcacta
aaacocggta
gaaggaagtt
agogatitaty
trhgrtagbty
aagccaagbca
aaggetagac
acasaacgta
aagaatagay
Lttcatcaaa
acasgcaaat
aacoctcace
Agaattatgg
cogttbctata
ggttcactat
aatagtgtbtt
gatggtaacs
ctotatagas
aaacattoch

goatctcaay

cgtgetibito
attttaacaa
ctgttgaatt
actachaltog
aagttgttga
togtoaacas
tttattatga
atgtcatooo
ctagcaceglh
aattatitgaa
toctatggtgy
trtatgggttyg
cotcacttogh
gattagctaa
gtgttaaace
ttaacatittyg
aaattgocyga
agtagagatgt
caatgatgat
gtobtagbgge

agtagotgea
agactioctat
aaaacacttc
ttataatcita
taagtacttts
cotagacaas
tteaatgagt
tactataasct
agortggtgtc
atcaatagoo
ttggoacaac
ggattatoch
tottgotoge
tgagtgtgcet
aggtggaace
toaagotgbo
taagtatgtc
tgacacagas
actcthohgac

tagecatasagy

YST/L6L
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15781
15841
15801
15861
15021
15081
16141
16201
18261
16321
18381
16441
18501
i858l
168621
16681
18743
16801
16861
16921
16381

aacttiaagt
actgagacty
agacagggty
ggotgbitity
totttageta
trttcatttgt
gacatgtatt
tatgaggota
aattcacaga
tgectgttacyg
gtttgoaatyg
agetattatt
gthttttggtt
attgcaacat
agactcaagoe
tatggtatiyg
gttggtaaac
asagacagta
gttgtttaco
teacatacay
attactgget

cagttoctita
accttactas
atgattatgt
tagatygatal
tagatgotia
acttacaata
chgttatget
tgtacacaco
cttoattaag
accatgbcat
ctoecagghbty
gtaaatcaca
tatataaaas
gtgactggac
tttttgeage
chactgbacy
chagaccaso
aagtacaaat
gagULaACaAsc
taatgooatt

Talacoolasac

thatcaazsac
aggacoctcat
gtaccttoot
cgtasasaca
cocacttact
cataagasag
tactaatgat
goatacagto
atgtggtgot
atcaacatca
tgatgtcaca
tagacocaner
tacatgtgtt
aaatgotggt
agaaacgotc
tgaagtgctyg
acttaaccyga
aggagagtac
aactLacaaa
aagbgeacet

actoaatasto

aatagtitititta
gaattttgot
taccocagatc
gatggtacag
agacatccta
cracatgaty
aagactitcaa
ttacaggoty
tgoatacgta
cataaatiag
gatgtgactc
attagtitttc
gotagegata
gattbacattt
aaagctacty
Lobgacagay
aattatgtot
acctittgasaa
ttaaatgbtg
acactaghbgre
tcagatgagh

tgtotgaage
ctocaacatac
catcaggaat
ttatgattga
atcaggagta
agttaacagyg
ggtattggga

rtgggyettg
gaccattott

tettgtotgt
agctttactt
cattgtgtge
atgttactga
tagetaacas
aggagacatt
aattacatoct
ttactgagtta
aaggtgacta
gtgattatht
CACRAYRAGOD
trttoctageaa

zaaatgttogy
aatgotagtt
cotagggooe
acggbtoeghy
tgotgatgto
acacatghita
acoetgagti
tgttotttge
atgtitgtaasa
taatcogtat
aggaggtatyg
taatggacaa
chttaatgea
ctgtactgaa
taaactgtct
ttecatgggaa
tegtgtaact
tggtgatgoet
tgbgotgaca
ctatgttagsa
tgttgcasat

Fig. 12C

continyed
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170641
17101
17161
17221
17281
173241
17401
17461
17521
17581
17641
17701
17781
17823
17881
17541
18001
18061
18121
18181

tabtcaaaagy
agteatttty
tgoetoctoecatg
agatgtagta
aattcaacat
gatatagttyg
goecagabtaco
cgoacatigo
atgaasacta
gttgacactyg
gebeaatget
AACAgYCTAT
grtgtottita
coaactcaas
accactgaas
asagtagges
agtcttgaas
tittaaagatt
agtgttgaca
gacatgacct

titggtatgoa
ctattaggect
cogetgtitga
gaatitatacc
tagascagta
tehttgatga
gtgctaagoa
taactaaggy
taggtocagsa
tgagbgotit
ttasastgit
aaataggoegt
tticacctta
ctgttgatto
cagetoacto
tactitbgeat
titocacgtay
grtagtaaggt
CrLaaaticaa

atagsagact

aaagtatict
agetetctac
tgcactatgt
tgcacagbgct
tgtottttgt
aatttcaatg
ctatgbgtbac
cacactagaa
catgttoctc
ggttiatgat
ttataagggt
gJotaagagaa
taatioacag
atcacagggce
ttgtaatgta
aatgtotgat
gaatgtggca
aatcactgyy
aactgaaggt
catctotatyg

acactoocagy
tacoettotyg
gagaaggcat
cgtobagagt
actgtaaaty
gocacaaatt
attggcegaco
coagaatatt
ggaactigto
aataagotta
ghtatcacgo
ttecottacac
aatgctgtag
tcagaatatyg
aacagattta
agagaccttt
actitacaag
ttacatoceta
Ltatgtgityg
atgggttita

gaccacobygyg
ctegeatagt
taaaatattt
gbitttgataa
cattgoctya
atgatttgag
ctgoeteaatt
tcaattocagt
ggcgtigioo
aagcacataa
atgatgtttc
ghaaccobgo
cotcasagat
actatgtcat
agtgttgetat
atgacaagtt
ctgaasatgl
CACAGgYrace
acatacoctgyg

aaatgaatta

tactggtaag
gtatacaget
goctatagat
attcaaagtyg
JEACYACATCR
tgttgtoaat
acebgoacea
grtgtagactt
tgotgaaatt
agacaaatca
atctgeaatt
tiggagaaaa
tttgoggacta
attcactcaa
tacoagageca
goaatttaca
aacaggactc
tacacaccto
catacchtaag

toaagtiaat
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18241
18301
18361
18421
18481
18541
18601
18661
18721
i8781
18841
18301
18861
18021
13081
19141
18201
18261
192321
18381
12441

ggttacocta
gygcttogatyg
cagetagght
cetastaata
cacctcatac
caaatgttaa
catggetittg
tgtotataty
catcaticta
ggtitttacag
catygtagota
aagegtgttg
gebigbagaa
grttetteacy
tggaagttor
tattctitatyg
aatgtogata
aaccttaact
acacoagett
tobtgacagto
ctaaagbotg

acatgtittat
tegaggugty
tttctacagy
cagatittttc
cacttatgta
gtgacacact
agttgacatc
atagacgtge
ttggatttgsa
ghaacctaca
gtigtgatgo
actggactatlt
agogtbbcaaca
acattgotas
atgatgoeaca
coacacatic
gatatcoctge
tgoctggttg
ttygataaaag
cabtgbgagtc
ctacgtgtat

Cancoygogasa
teatgoctact
tgttascota
cagagttagt
caaaggactt
taaaaatocic
tatgaagtat
cacatgettt
ttacgtoctat
aggcaaceat
aatcatgact
tgaatatoct
catggtibgtl
coctasagct
geottgtagt
tgacaaatic
taattccatt
tgatggtggc
tgchtttgtt
teatggaaas

aacacgtibge

gaagctataa
agagaagcty
gLhtgectgtac
gotaasacoac
cottggaaty
totgacagay
tttgtgaaas
tooactgett
aatcogtita
gatctgtatt
aggtgtoetag
ataattggty
aaageigeat
attaagtgtyg
gacaaagoett
acagatogty
gtttgtagat
agtttgtatyg
aatttagaac
caagtaghtgt
aatttaggtyg

gacatgtacy
ttggtacecaa
ctacaggtta
cgoectggaga
tagtgegtat
togtatttgt
taggacctga
cagacactta
tgattgatgt
gheaagtoca
chatecacyga
atgaactgaa
Lattagoaga
tacchcaage
ataaastaga
tatgoctatt
ttgacactag
taaataaaca
aattaccatt
cagatataga

gtgotgbeh g

tgeatggatih
tttacettta
tgttgataca
teaatttaasa
agdagattgta
cttatgggea
gogecacotgt
tgectgttagg
teaacasatygy
tggtaatgoa
gtagctitgtt
gattaatgcy
caaabiooca
tgatgtagas
agaattatto
ttggaatige
agtgetatcot
tgcattocac
tttotattac
ttatgtacos

tagacatcat

Fig. 12C

continued
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18501
19581
19621
13681
19741
12801
12861
1989821
18581
20041
20101
20161
20221
20281
20341
20401
20461
20521
20581
20641

gotaatgagt
ttgtgggttt
agtttagaasa
gaaghacoay
gasttgrbtty
cgoaacatta
gctaataoty
gtttgttota
gtobtitttg
gttoettatta
agtoettaatyg
aaagtigatyg
caagaattita
ttcattgaac
agtcatagte
teacotitnyg
acagatgoge
gattttgttg
actattgactht
titiacccasa

acagattgta
acaaacaatt
atgtggotitt
tittetateat
aaaatazaac
aaccagtaco
tgatchggga
tgactgacat
atggtagagt
cagaaggtag
gagtcacatt
gtgttgtcocoa
aACCOAGYRY
ggtataaatt
agttaggtgg
aattagaags
aaacaggttc
aaataataaa
atacagaaat

aattacaaltc

tcbogatgot
tgatacttat
taatgbtgta
Laataacact
aacattacct
agaggtgaaa
chacazaaaga
AGCoaagaaa
tgatggtcaa
tgttaaagyt
astitggagaa
acaattacct
tcasatggas
agaaygygcetat
tttacatota
thttattoot
atctaagtygt
ateocaagat
tLhocatttatg
tagtcaageg

tataacatyga
aacctotgya
aataagggac
gibtiacacaa
gttaatgtag
atactcaata
gatgchooagy
coaactgaaa
grtagactiat
ttacaaccat
guogbaaasa
gaaacttact
attgatittot
gooctiocgaac
ctgattggac
atggacagta
gtgtgbttety
ttatctgtag
ctittggtgta
Lggeaaccyy

tgatoboago
acacttitac
actttgaltgg
aagtitgatbygy
catttygaget
atttgggtgt
cacatatatc
cgattitgtgo
ttagagatygo
ctgtaggtoo
cacagticas
trtactcagag
tagaattago
atatogttta
tagotaaacy
cagthtazass
ttattgatit
tttotaaggt
aagatggeoa
gtgtigotat

tggetittago
aagacttoayg
acaacagggh
tgbtigatgta
ttgygctaag
ggacattgot
tactattggt
aocactoeact
cogtaatggh
caaacaagoh
ttattataag
tagaaatitta
tatggatgaa
tggagatttt
ttttaaggaa
ctattioata
attacttgat
tgtcaaagtyg
tgtagaasacsa
geotaatett

¥ST/10T

FE g s j 2 6 contirnued

0ISST0/¥20T OM

TT9LT0/€20TSN/LDd



(9 371NY) 133HS ILNLILSANS

20701
20761
20821
20881
20941
21001
21061
21121
21181
212431
21301
21361
21421
21481
21541
21601
21661
21721
21781
21841
21301

tacaaaatgoe
acattaccia
aacacattaa
gataaaggayg
cttgtogatt
tgtgcaacty
aagactazasa
gggtttatac
Toettggaatg
actaatgtga
CCACYCTAAc
aatocaatic
aggggtacig
cttagtaaay
cttgttaaca
Lecagtbgbgtt
acgtggtgtt
ctigttctta
caatggtact
ttocactgay

gacccagtod

asagaatgct
aaggcataat
cattagetgt
thgcacoagyg
cagatcttas
racatacage
atgttacaaa
aacaaaagot
chgatebtita
atgoegtecate
aaatagatgy
agtitgtotto
cihgttatgto
gtagactitat
actaaacgas
aatcttacaa
tattacoectyg
cotttetttt
aagaggttig
aagtctaaca
clhacttattg

attagaaasag
gatgaatgtc
accctatasat
tacagebgtls
tgactttgto
taataaatgy
agaaaatgac
agetotitgga
taagotoatg
atctgaagea
ttatgtcatyg
ctabttotita
titaasaagaa
aattagagaa
caatgtttgt
coagaactoa
acaaagtbtit
coaatgttac
ataaccotgt
taataagagy

ttaataacge

tgtgacotic
grasaatata
atgagagtita
ttaagacagh
totgatgoay
gatocbcattsa
totaaagagy
ggttoocgtgy
ggacactiog
tttttaatig
catgcaaatt
tittgacatygs
ggtcaaatca
aacaacagay
ctttottgtt
attacococt
cagatoectocs
Ctggttcecat
cotaccattt
ctoggattitt
tactaatgbt

aaaatitatgy
ctoaactgbg
tacattittgg
gathgeotac
attocaactit
rttagtgatat
ghtbttbcac
ctatasagat
catggtggac
gatgtaatta
acatatitty
gtaaattico
atgatatgat
ttgtiatitc
ttattgocac
goatacacta
gttttacatt
gotatacatg
aatgatggty
ggtactactt
gttattasaag

tgatagtgoa
tcaatattta
tgectggtict
gggtacgety
gattggtgat
gtacgaocct
ttacatttgt
aacagaacat
agootititgto
tettggeaaa
gaggaataca
cottaaatta
tttatotolht
tagtgatgtt
tagtetotag
attecttitcac
caactcagyga
tctoctgggac
tttattttgeo
tagattogaa
tetgigaatt

Fig. 12C

continued
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21961
22021
22081
22141
22201
22261
22321
22381
22441
22501
22561
22621
22681
22741
22801
22861
229821
22981
23041
23101

teaabttibtgt
gyasaagtgag
gootibtiett
gtitaagaat
gogtgatoto
taacatcacht
ttettettea
gacttttota
tgaccochoto
teagactitot
gaactigtgo
gaacaggaag
attttccact
taatgtotat
goaaactggs
tatagobtgy
tagattgttt
toeaggnoggt
atcatatgglt
ttettttgaa

aatgatceat
tteagagttt
atggaccttyg
attgatggtt
cotoaggght
aggtittcaas
gattgygacay
ttaaaatata
Lcagaaacas
aactitiagayg
cottthggtyg
agaatcagca
tttaagtgtt
geagatitcat
aagatttgctg
aattotaaca
aggaagtcta
agcacagcctt
ttocaaccea

cttotacatg

tihttggutgt
attotagtge
2aggassaca
attibtaaaat
tttoggotit
chttacttge
chggtgoetyo
atgaaaatgy
agtgtacgtt
tacaaccaac
aagttittaa
actgtgtitge
atggagtgbc
ttgtaattag
attataatta
atcbtgatto
atcbcaaacc
gtaatggtgt
ctaatggtgtb

CACCAGUAAT

titattaccac
gaataattgc
gugtaatihic
atattctbtaayg
agaaccatty
tttacatags
agettattat
aaccartaca
gaaatoctio
agaatatati
COCCACCAYR
tgattattot
tectactaaa
aggtgatgaa
taasattaccs
taaggtbggt
ttttgagaga
tgaaggiitit
Lggttacoaa
tgtthgtyga

BaBaaCaAacTa
actttigasat
aaaaatoetta
cacacgoecta
gtagatttge
agttatttga
gtggattate
gatgetgtag
actgtagaas
ghtagattte
trtgoatohyg
gtaoctatata
ttaaatgato
gtoagacana
gatgattitita
ggtaattata
gatatitcaa
gattgttact
coatacagay

cotasaaagh

aaagtibggat
atgtetetes
gggaattigt
ttaatitagt
caataggtat
ctoectggtga
tteaacctag
actgtgoact
aaggaatcta
ctaatattac
tttatgocttg
attocgeatc
totgotttac
tocgotocagg
caggoetgogt
attacoctgta
ctgaaatcta
ttectttaca
tagtagtact
ctackaattt
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2321861
23221
23281
23341
23401
23461
23521
£3581
23641
23701
23761
23821
23881
235841
24001
24061
24121
24181
24241
24301
24361

gottaaaisac
tgagtctaac
tgatgoctgic
tggbgtocagt
ggatgttaao
gogtgtttat
tgaacatgtc
ttatcagact
tgoctacact
catacoccaca
gacatcagia
gttgcaatat
ACAAGACAas
aattaaagat
caagaggtca
cabtcaaacaa
aaagtittaac
cacttctgca
attacaaats
gaatgttobo

aattcaagac

aaatgtgtca
aaaaagtittc
cgtgatecac
gttataacac
tgcacagaag
totacaggtt
aacaactoat
cagactaatt
atgtcactitg
aattttacta
gattgtacaa
gocagttitt
BACaCCoasy
tttogtgght
tttattgaag
tatggtbgatt
ggcettacty
ctgttagogg
coatttgota
tatgagaacc
tcacttbott

atttcaactt
tgooctitoca
agacactiga
caggaacaas
tooctgttge
crtaatgbitot
atgagtgtyga
ctoctoggoy
gtgcagaaaa
ttagtgttac
tgtacatttyg
ghacacaatt
aagbitittgo
ttaatttttce
atctactttt
gootiggtyga
ttttgocace
gtacaatcac
togcaasatggo
aaaaatigat

CCacCageang

caatgghtta
acaatttgge
gattcttgac
tacttotaac
tattcatgea
toasacacgh
catacoecatt
ggcacgtagh
Cteagttget
cacagaaati
tggtgattca
aaaccgtget
acaagtcaaa
acaaatatta
caacaaagny
tatitgoetget
tttgctcacs
ttotggitgy
ttatagghtt
tgocaacoaa
tgcacttggsa

aCaPIgeaACay
agagacattg
agttacaccat
caggtitgcty
gatcaactta
graggetgte
ggtgecaggha
gtagoetagtho
tactectaatsa
chaccagtgt
actgaatgca
ttaacktggaa
caaatitaca
ceagateoat
acactbtgcag
agagaccioca
gatgazatyga
acctttggtg
aatggtattg
tttaatagtyg

aaacttcaag

gtogttottac
ctgacactac
gttottttgg
ttotttatea
ctoctacttyg
taatagygggs
tatgegetag
aatccatcat
actbotattge
ctatgaceaa
gecaatotttt
tagotgtiga
AZJACACCACC
Caazaccaay
atgotggoett
tthghgoaca
ttgctcaata
caggtgotge
gagttacaca
ctattggeas
atgtggtcas

Fig. 12C

coritinued
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24421
24481
245471
24601
24861
2ETZY
24781
24841
2438041
24961
25021
25081
25141
25201
25261
25321
25381
25441
25501
25561

coaaaatgoes
tteaagtgbt
tgataggtiyg
Lagagehgca
acttggacasa
toaghocagea
gaacticaca
tgtetttgtt
aatcattact
caacaacaca
taaatatt
tgettoaght
aaatgastot
atggtacatt
gottbgotgh
ctagcaaatit
ataaacgaac
caaggtgaas
atacaagoct

cagagogett

caagotitaa
ttaaatgata
atcacagygcsa
gaaatcagay
tcaaaaagaqg
cotoatggtg
actgetocty
toaaatggos
Bcagacaaca
ghtitatgate
aagaatcata
gtaaacattc
cteatogate
tggoctaggtt
atgaccagti
gatgaagacyg
ttatggatit
tLecasggatyge
cactocotit

coaaaatcat

acacgoetibgt
teckticacy
gacticaaay
chtchgotaa
thgattttiyg
tagtcttoctt
coattigbea
cacagotggtt
catttghbgtc
ctitgoaacs
catcaccagsa
aaaaagaant
tocaagaact
ttatagoctgg
gotgtagttg
actetgagod
gtttatgaga
tactoctica
cggatggoett

saaccotcaas

tasacaactt
tottgacaasa
titgcagacs
toettgetbget
tggaaagyge
goatgigacth
tgatggaaaa
tgtaacacaa
Cggtaactigh
Lgaatitagac
tgttgattta
tgaccgoecto
toggaaagtat
cttgattgoo
tetcaagggoe
agtgeotocaas
atcticacas
gatttitghitc
attgtiggog
aagagatyge

agebtoccaatt
gttgaggety
tatgtgactc
actaaaatgt
tatcatctita
tatgtcoectg
geacactitc
aggasattttt
gatgtitgtas
teaticaagy
ggtgacatoct
aatgaggtty
gagcagtata
atagtaatgg
tgttgttott
ggagbtcaaat
ttggaactgt
gogotaoetge
tthgoacttot

aactagoact

ttggtgoaat
aagtgcaaat
aacaalttaat
cagagtagtglt
tgtocotioce
cacaagaaas
ctoegtgaagy
atgaaccacsa
taggaastgl
aggagttaga
ctygeatiag
coaagaattt
taaaatggoec
tgacaattat
gtggatootyg
tacattacac
aactitgaag
aacgataccy
tgoetgtiititi
ctocaagggt
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25621
25601
25747
25801
25861
25921
25881
26047
26101
26161
206221
26281
26341
26401
26461
26521
26581
26641
26701
267861
26821

ghtcacttiyg
ghtgoctgoety
agtataasact
aaccoattac
tgtatacctt
agteotattt
gtaaaagact
actcaattygs
gttgatgagoe
aatocagtas
geacaagoehy
atagtiaata
atcoctiactg
agacctbtcett
chtoctggtoet
coabggeaga
ggaacctagt
coaacaggasa
taactittage
ttgetatoege
teagactgtt

tttgeoaactt
goottgaago
thgtaagaat
tittatgatgce
acaatagtgt
chgaacatga
gtgttgtatt
ghacagacac
ctgaagaaca
tggaaccaat
atgaghacga
gegtactich
cgoticgatt
tttacgttta
aaacgaacta
Ltihocaacggl
aatagutitc
ftaggtiiitg
ttgtbtititgty
aatggettgt
tgcgogtacyg

gohgttogbtyg
cocttitoto
aataatgagy
caactatittt
aacttcttoa
ctaccagatt
acacagttac
tggtgttgas
tgtocaaatt
ttatgatgaa
acttatgbac
ttrtcttget
ghogtgoglbac
chotegtgtt
aatattatat
actattacoy
ctattoetta
tatataaltta
ctitgoctgety
ctigtagyct
cgttcocatgt

ttitgtaacag
tatctttaty
chittggotit
chittgchgge
attgtcatta
ggtggttata
ttecacticag
catgtitaccet
cacacaatey
Cogacgacyga
teatbogbit
ttogtggtat
tgctgcaata
aaaaatoctga
tagttittot
Lhgaagageh
catgyattty
agttastittt
tittacagaat
tgatgtggot
ggtcattcasa

tLttactcaca
cttbtagtota
gotggsaatg
atactaatity
cthoaggtgs
octgasaaatyg
actattacea
tctbeateta
acggbtoato
ctactagegt
CYgAasgagac
totbgetagt
titgttsasacgt
attottctag
gtttggaact
Laaaaagchc
tocttetacas
cototggetyg
aaabttggatc
cagotactto

tocagaaact

sotttihgoto
cttottgcag
cogittcoaaa
ttacgactat
tggoacaaca
gagaatctggsa
gotgtactoa
caataaasatt
cggagbtgtt
goecthttogtaa
agugbtacgtta
tacachageo
gaghcoctigta
agttectgat
ttasttttag
cttgaacaalt
tttgoctaty
tLatggoocayg
acogutaggas
attgottott

aacattcttc

Fig. 12C
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26881
26941
27001
27061
27121
27181
27241
27301
27361
27421
27481
27541
27601
27601
27721
27781
27841
27901
281
28021

Ltocaacgbgoo
teggagetgt
acatcaagga
aatboggyuage
ggattggcasa
ttgtacagta
atattactas
aacctcataa
gaagagcaac
ataacactoyg
ctbitaaaay
gctgataaca
gogoegtasaac
Caagaggaay
ataacacttt
toetatitgtyg
gygttotoact
trhettgtttt
agLcatgtac
ctaaatggta

actcoatggoe
gatcoctiogt
cctgoctaasa
Lttogoeagogh
ctataaatta
agbtgacaacs
tihatiatgayg
tTasaaattt
caatggagat
ctacttgtga
aaccttgote
aagtttgoact
acgtotatca
ttcaagaact
gethtocacact
ctittititagoc
tgaactgcas
cttaggaate
tcaacatcas

tattagagha

actattocbga
goacatetto
gaaatcactyg
gtagcaggtyg
aacacagaco
gatgbtbcat
gactittaasa
atctaagtca
tgattaaacy
gchttateac
ttotggaacsa
gactibgobtt
gttacgtgoo
ttactctcca
Ccasaagaaag
tttotgotat
gatcataatyg
atcacaactyg
ccatatgtag
guagctagaa

coagacogoeh
gtattgotagy
ttgetacato
actcagotit
attccagtayg
ctogtitagact
gtibtocatti
ctaactgaga
aacaltygasas
taccaagagt
Lacgaggyca
agoacteaat
agatcagtit
attitticttsa
acagaatgat
Loeottghtiti
aaacttgtoca
tagetgoatt
ttgaltgacco
aatcageacc

totagaaagt
acaccateta
acgaacgehtt
Lgctgeatac
cagtgacaat
ttoaggttac
ggaatcbbga
ataaatattic
ttattctttt
gtgttagagy
attcaccatt
thgottittge
cacctaaact
ttgbtgogge
tgaacttitca
aattatgctt
cgootasacy
tcaccaagas
gtgbcobatt
tttaatigaa

gaactboghaa
ggacgoetyty
toettattacsa
agboegehaca
attgotitge
tatagcagag
ttacatcata
teaattagat
cttggeacty
tacaacagta
teatoctots
ttgtooctgac
gttoeatcaga
aatagtgttt
ttasttgact
atvatctitt
sacatgaaat
tgtagtttac
cactibotatt

ttogtgeghgy
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28081
28141
28201
28261
28321
28381
28441
28501
28561
28621
28681
28741
28801
28861
28221
28581
29041
29101
29161
29221
28281

atgaggctyy
gtttacottt
cgttcectatga
cgascaaacth
gritggtgga
atcasaacas
cactcaacat
caatagoeagh
tggtgacgght
goragaagoeh
ggygagootliy
aatcgtgoeta
Cagaggoygyc
ttoaactoca
tgotgotott
taaaggocas
gaagoectogy
acgtggtcca
tgattacaas
aatgtogoge

catcaaattyg

Cictaaatoa
tacaattaat
agactiittits
aasatgboty
ccotcagatt
COnogUooos
ggeaagygaag
ceagatgace
aaaatgaaaqg
gaacttooot
astacaccas
cascbttectc
agtoaagooth
guecagecagta
gotittgotge
CaAcCAACAAY
caszanacygta
SET-Tar-F-F-Tolalel
catbggooge
attggcatgy

gatgacasaqg

cooattoagh
LYoCaggasc
gagtatcatg
ataatggace
caactygoay
aaggtttace
accttaaatt
aaattggcta
atctecagtoo
atggtgetas
aagatcacat
aaggascaac
ctitctoegtte
gygggaacttc
tgottgacag
gecaaactgt
chgocactas
aaggaasattt
gaastibgoaca
aagtcacaco

atoccaaattt

acatcgatat
ctaaattggy
acgttoghtglt
coazaatcag
tagocagaat
cagtaatact
cechocgagga
cLaccgasgs
aagatgghat
casagacgge
Lgycacoogs
attgocaass
cteatocacgt
tectgetaga
attgaaccag
cactaagaaa
agcatacaat
tggggaccag
attigooccoe
ttogggaacy

casagatcaa

coggtaattat
tagtcttata
tgttttagat
cgasatgoac
gUagascyca
gogtoebtggt
caaggegtic
geLACCAYRC
ttotactace
atcatatggg
antoctyoia
ggctitctaog
AGLOogCaacsa
atggchggca
ctitgagagoa
tocbhgochgotyg
gtaacacaay
gaactaatca
agoegetbtcay
tggttgacet
gtcatttitge

acaghttooh
gtogogttobt
ttcatctaas
cocygcathac
gtgyggygogey
tcaccgotot
caattaacac
gaattcgtyy
taggaactgy
trgoasctga
acaatgcbyc
Cagaagyggay
gbticasagaaa
atggoggtga
aaatgtotgyg
aggotitcbasa
cttioggcay
gacaaggasac
cgttotitoegy
acacaggbge

tgaataagea

Fig. 12C
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29341
23401
29461
29521
28581
296471
29701
29761
29821
29881

tattgacgca
tgatgaaact
tgotgeagat
aactcaggoe
ttttooghtt
acaagtagalt
gggaggactt
acagtygaaca
tihtagtagtyg

D[SLDEGRER

tacaaaacat
caagecttac
thggatgatt
taaactcatyg
acgatatata
gtagttaact
qaaagagooca
atgctagoga
ctatoceocat

dadasasaada

tooccaccaac
CYCAYAGRCa
totocaaaca
CRGACCACAC
gtotactott
ttaatcteac
cocacattito
gagetgorta
gtgattitiaa

a4aa

agagectaaa
GAAGABACAY
attgcaacaa
aaqgucagatg
gtgcagaatg
atagoastot
accgaggoca
tatggasgag
Lagettotia

aaggacaaas
caaactgtga
tocatgagosa
gactatatbaa
aattetaegta
ttaatcaglty
cgoggaghtac
coctaatgtyg
ggagaatgac

Agaagaagygo
ctettottice
gtgctgacto
acgtbittogo
actacatage
tgtaacattsa
gatogagtglt
taaaattast
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Codon-optimized CoV-2 E gene (Addgene)

ATGTACTCTTTCGTGAGCGAGGAAACCGGLACCCTGATCGTGAACTCCGTGCTGO TG TTCCTGGCCTTCGTGGTGT
TOCTGCTGGTGACCCTGGCTATCCTGACCGCTCTGAGACTGTGCGCTTACTGC TG CAACATCGTGAACGTGTOCCTG
GTGAAGOCCTCTTTCTACGTGTACAGCCGUGTGAAGAACCTGAACAGCTCCAGGGTGUCTGACCTGCTGG TG TAA
(SEQID NO:13)

Codon-optimized CoV-2 M gene {Addgene)

ATGGCTGACTCTAACGGTACCATCACCGTGGAGGAACT GAAGAAGUTGUT GG AGLAGTGGAACTTGGTCATCGG
CTTCCTGTTCCTGACCTGOATUIGUUTGUTGLAGTTOGUCTAL GUTAACCGULAALAGGT TLCTGTACATCATCAAGT
TGATCTTCCTGTGGECTGCTG TG GCCTGTGACCOTGEOTTGUTTCGTGCTGGUTGCCGTGTACCGCATCAACTGOATC

SACLGLLGHAATCGLLCATCGLTATOLLLTGLUIGGTGLOLCTGATGIGOGUIGTUTTACTICATCGLUTAGUTICAGGL
ETGW{:G CCAGAACCCGTTCCATGTGGTCTITCAACCUCG AGACCAACATCOTIGCTGAALGTGCCTCTGUALGGAAL
o CATCCTGACCAGACCACTEUT GGAGAGLGAACTGGTCATCGGOGUIGTGATCOT GAGAGGACACCTGLGTATCGC
S CGGACACCACCTGGGTCGTTGCGACATCAAGGACCTGCCCAAGGAAATCACCGTGGCTACCAGUCGCACCCTGTC
CTACTACAAGUTGGGAGCT TCTCAGAGAGTGGUIGGTGACTUTGGTTTCGCTGCTTACTCICGCTACAGGATCGGT
AACTACAAGUTGAACACCGACCACAGCTCCTCTAGLGACAACATCOCCCTGCTGGTGCAGTAA [SEC D NOG:14)

L
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ATTAAAGGETITATACCTTCCCAGGT AACAAACCAACCAACTTTCGATCTICTIGTAGATCTIGTICTCTAAALGAACTT Y
ALAATCTGTGTGGUTGTCACTCGGUTGUATGUTTAGTGCACTCACGCAGTATAATTAAT AACTAATTACTGTCGTIG
ACAGGACACGAGTAACTCGTCTATCTTCTGCAGGOTGUTTACGGTTTCGTCCGTGT TGUAGCCGATCATCAGCALA
TCTAGGTITCGTCCGGOGTGTGACCHAALGGT AAGATOGAGAGCCTTGTCOCTGETTICAALGAGAALACACACHT
CCAACTCAGTTTGUUTGTTITACAGGTTCGUGACGTGUTCGTACGTGGUTITGGAGACTCCGTOGAGHAGHTOTTA
TCAGAGGLACGTCAACATCTTAAAGATGLECACTIGTGGOTTAGTAGAAGTIG AALBAAGGLGTTTTGCCTCAACTTG
N AACAGCLCTATGTOTTCATCAAACGTICGGATG UTUGAACTGCACCTCATGOTCATGTTATG G TIGAGUTGGTAGT
GAGAACTCGAAGGCATTCAG TACGGTCGTAGTGGTGAGACACTTGG TG TCCTTGTCCCTCATG TGGGCG AAATALC
£ AGTGGUITACCGCAAGGTTOTTCTTICOTAAGAACGGTAAT AAAGH AGUTRGTGLCCATAGTTACGGLGCLGATCT
DAAAGTCATTIGACTTAGGCGACGAGCTIGGCACTGATCCTTATG AAGATTITCAAGAAAACTGGAACACTAAACAT
M AGCAGTGGTGTTACCCGTGAACTCATGCGTGAGCTTAACGGAGGGGCATACACTCGCTATG TCGATAACAACTTCT
DEGTGLLLCTGATGGLTACCCTUTTGAGTGCATTAAAGACCTTCTAGCACGTGUTGGTAAAGCTICATGCACTTTGTCC
MGAACAACTGGACTTTATTGACACTAAGAGGGGTGTATACTGCTGCCGTGAACATGAGCATGAAATTIGCTTGGTAC
: ACGGAACGTICTGARAAGAGUTATGAATTGUAGACACTTTITGAAATIAAATTGGLAAAGARATTTGACALCTITCA
SATGGGGAATGTCCAAATTTIGTATTTCCOTTAAATICCATAATCAAGACTATICAACCAAGGGTTGAAAAG AAAAA
mGCTTIGATGGCTTTATGGGTAGAATICGATCTGTCTATCCAG TIGCG TCACCAAATGAATGLAACCAAATGTGCCTTT
NCAACTCTCATGAAGTGTGATCATIGTGGTGAAACTTCATGLUAGACGLGCGATITIG T TAAAGLCACTTGLGAATT
TTTGTGGCACTGAGAATTTGACTARAG AAGGTGUCACTACTIGTGG T TACTTACCCCAARAATGUTIGTTIGTTASAATTT
ATTGTCCAGCATGICACAATTICAGAAGTAGGALCTGAGUATAGTCTTGLULGAATACCATAATGAATCTGGUTTGAA
AACCATTCTTCGTAAGGGTGETLGCACTATIGCOCTTTGGAGGUIGTGTGITCICTTATGTIGGTTGUCATAACAAGT
GTGLCTATTIGGGTTCCALGTGUTAGLGUTAACATAGGTIGTAACCATACAGGTGTTGTTGOAGAAGGTTCLGAAG
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GTCTTAATGACAACCTTCTTGAAATACTCCAAAAAGAGAAAGTCAACATCAATATTIGTIGHETGACTITAAACTTAAT
GAAGAGATCGLCATTATTTTGGUATCITITICTGUITCCACAAGTGUTTTIGTGGAAALIGTOAAAGGTITGGATTA
TAAAGCATTCAAACAAATTGTTGAATCCTGTGGTAATTTTAAAGTTACAAAAGGAAAAGUTAAAAMAGGTGCCIGG
AATATTOGGTGAACAGAAATCAATACTGAGTCCTCTTTATGCATTTGCATCAGAGOCTGCTCOGTGTTIGTACGATCAAT
TTCTCCOGCACTCTTGAAACTGCTCAAAATTCTGTGLGTGTTT TACAGAAGGCOGCTATAACAATACTAGATGGAA
THCACAGTATICACTGAGACTCATTGATGUTATGATGTTCACATCIGATTTGGCTACTAACAATCTAGTTGTAATG
GLCTACATTACAGGTGGIGTIGTICAGTTGACTTCGLAGTGGUTAACTAACATCTTTGGCACTGTTTATOAAAAALT
CAAACCCGTCOTTGAT TG GUTTGAAGAGAAGTTTAAGGAAGGTGTAGAGTTTCITAGAGALGGTTGGGAAATTGT
TAAATTTATCTCAACCTGTGUTTIGTGAAATIGTCGGTGGACAAATTGTCACCTGTGLAAAGGAAATTAAGH AGAGT
GTTCAGACATICTTTAAGCTIGTAAATAAATTTITIGGLTTTGTGTGUIGACTCTATCATIATIGOEIGGAGUTAAACTT
ABAGCCTTOAATTTAGOTGAAACATTIGTCACGUACTCAAAGGGATTGTACAGAAAGTGTOTTAAATCCAGAGAA
GAAACTGGUUTACTCATGUUTCTAAAAGUCCCAAAAGAAATTATCTICTTAGAGGGAGAAACACTICCCACAGAAG
TGTTAACAGAGGAAGTTIGTCTIGAAAALTGGTGAT I TACAACCATTAGAACAACCTACTAGTGAAGLCTGTTGAAGT
TCCATTGOGTTIGOTACACCAGTTTIGTATTIAACGGGCTTATGT TGUICGAAATCAAAGACACAGAAAAGTACTGTGCC
CTGCACCTAATATGATGGTAACAAACAATACCTTCACACTCAAAGGUGGTGCACCAACARALAGGTTACTITIGGTG
ATGACACTGTOATAGAAGTGLAAGETTACAAGAGTOTGAATATCACTTTTGAACTTGATGAAAGGATTGATAAAG
TACTTAATGAGAAGTGOTCTGOCTATACAGT TGAACTCGGTACAGAAGTAAATGAGTTCGLCTGTGTIGTGGCAGA
TGCTGTCATAAMAACTTTGCAACCAGTATCTGAATTACT TACACCACT GG GCATTGATTTAGATGAGTGGAGTATG
GUTACATACTACTTATITGATGAGTICTGGTGAGT T TAAATTGGUITCACATATGTATIGTTCTTTCTACCOTCCAGAT
GAGGATGCAAGAAGAAGGTOATIGTGAAGAAGAAGAGTTITGAGLCATCAACTCAATATGAGTATGGTACTGAAGA
TGATTACCAAGGTAAACCTTITGGAATTTGGTGCCACTTCTGOTGCTCT TCAACCTGAAGAAGAGLAAGAAGAAGAT
TGGTTAGATGATGATAGTCAACAAACTGT TGO TCAACAAGACGGLAGTGAGGACAATCAGACAALTACTATICAA
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ACAATTOTTIGAGOTICAACCTOAATTAGAGATOGAACTTACACCAGTIGITCAGACTATTGAAGTGAATAGTTTTA
GTGGTTATTTAARACTTACTGACAATGTATACATTAAAAATGCAGACATTGTGRAAGAAGUTAAAAAGGTAAAACC
AACAGTGGTIGTTAATGCAGLCAATGTTTACCTTAAACATGGAGGAGGTGT TGCAGGAGUCT TARATAAGGLUTAC
TAACAATGCCATG CAAGTTGAATUTGATGATTACATAGUTACT AATGGACCACTTAAAGTGGGTGGTAGTTIGTGTY
TTAAGOGGACACAATCTIGUTAAACACTGTCTTCATGTIGTCGGCCCAAATGTTAACAAAGGTGAAGACATICAAC
TICTTAAGAGTGCTTATGAAAATTTTAATCAGCACGAAGTICTACTIGCACCAT AT TATCAGCTGGTATIITIGGTG
CTGACCCTATACATICTTTAAGAGTTTGTGTAGATACTGTTCGCACAAATGTCTACTTAGCTGTOTTTGATAAAAATC
TCTATGACAAACTTGTTICAAGCTTTITIGGAAATGAAGAGTGAAAAGUAAGTTGAACAALAGATCGCTGAGATTCC
TAAAGAGGAAGTTAAGCCATTTATAACTGAAAGTAAACCTTCAGTTIGAACAGAG AAAACAAGATGATAAGAAAAT
CAAAGUTTGTGTTGAAGAAGTTACAACAACTCTGGAAGAAACTAAGTTCOTCACAGAAAACTIGTTACTITATATIG
ACATTAATGGCAATCTTCATCCAGATTCTGCCACTOCTIGTTAG TG ACATTGACATCACTTTCTTAAAGAAAGATGCTC
CATATATAGTGGGTGATGTTIGTICAAGAGGGTGTTITAACTGOIGTGGTTATACCTACTAAAAAGGCTGGTGOL CAC
TACTGAAATGCTAGCGAAAGUTTTGAGAAAAGTGCCAACAGACAATTATATAACCACTTACCCGGGTCAGLGTTTA
AATGGTTACACTGTAGAGGAGGCAAAGACAGTGUTTAAAAAGTGTAAAAGTGLOTTTTACATICTACCATCTATTA
TCTCTAATGAGAAGCAAGALAATTCTTGGAACTGTTTCTTGGAAT TTGUGAGAAATGCT TG CACATGCAGAAGAAAL
ACGUAAATTAATGLUTGICTGTGTGGAAACTAAAGCCATAGTTICAACTATACAGLGTAAATATAAGGGTATTAAA
ATACAAGAGGLTGTGGTTGATTATGLTGCTAGATTITTALTITTACALCAGTAARALAACTOTAGLOTCACTTATCA
ACACACTTAACGATCTAAATGAAACTCTTGTTACAATGCCACTTGGCTATGTAACACATO GCTTAAATTTIGGAAGAA
GETGCTCOGTATATGAGATOCTCTCAAAGTGUCAGCTACAGTTTICTGTITCTTCACCTGATGUTGTTACAGCGTATAA
TGGTTATCTTACTTCTTICTTCTAAAACACCTOAAGAACATITTATTGAAACCATCTCACTIGUTGOT TCCTATAAAGA
TTGGTCCTATICTGGACAATCTACACAACTAGGTATAGAATTTCTTAAGAGAGGTGATAARAGTGTATATTACACTA
GTAATCCTACCACATTICCACCTAGATGOGTGAAGTTATCACCTTITGACAATCTTAAGACACTTCITICTTTIGAGAGAA
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GIGAGGACTATTAAGGTGTITACAACAGTAGACAACATTAACCTCCACACGCAAGTIGTGGACATGTCAATGACAT
ATOGACAACAGTTTGGTCCAACTTATTTIGGATGGAGUTGATGTTACTAAAATAAAACCTCATAATTCACATGAAGEG
TAARACATITTATGITITACCTAATGATGACACTCTACGIGTIGAGGUITTIGAGTACTACCACACAACTGATCCTA
GTTTICTGGGTAGGTACATGTCAGCATTAAATCACACT AAAAAGTGOAAATACCCACAAGTTAATGGTTTAACTTCY
ATTAAATGGGLAGATAACAACTGTTATCTTGUCACTGCATIGTTAACACTCCAACAAATAGAGTTGAAGTITAATCC
ACCTGOTCTACAAGATGUT TATTACAGAGCAAGGGUTGGTGAAGCTGUTAACTTITGTIGCACTTATCI TAGOCCTACT
GTAATAAGACAGTAGGTGAGTTAGGTGATGTTAGAGAAACAATGAGTTACTIGTTICAACATGUCCAATTTAGATITC
TTGCAAAAGAGTCTTIGAACGTGGTGTGTAAAACTTG TG GACAACAGCAGACAACCCTTAAGOGGTGTAGAAGCTGT
TATGTACATGGGCACACTTTICTTATGAACAATTTAAGAAAGGTGTTCAGATACCTTGTACG TG TGGTAAACAAGTT
ACAABATATCTAGTACAACAGGAGTCACCTTTTGT TATGATGTCAGCACCACCTGCTCAGTATGAACT TAAGCATG
GTACATTTACTTGTGCTAGTGAGTACACTGGTAATTACCAGTGTGGTCACTATAAACATATAACTTCTAAAGAAACT
TTGTATTGCATAGACGGTGUTTTACTTACAAAGTCCTCAGAATACAAAGG TUCCTATTACGGATGTTTTICTACAAAGA
AAACAGTTACACAACAACCATAAAACCAGTTACTTATAAATTGRATGGTGTTGTITOTACAGAAATTGACCCTAAG
TTGGACAATTATTATAAGAARAGACAATTCTTATTTCACAGAG CAACCAATIGATCTIGTACCAAACCAACCATATCC
AAACGCAAGCTTCGATAATITTAAGTTTIGTATGTGATAATATCAAATTIGUTGATGATT TAAACCAGTTAACTGGTT
ATAAGAAACCTGUTTCAAGAGAGUTTAAAGTTACATTTTICCCTGACTTAAATGGTGATGTGGTGGLCTATTIGATTAT
AAACACTACACACCCTCT T TRAGAAAG GAGCTAAATTGTTACATAAACCTATTGTTIGGUATGTTARCAATGCAAC
TAATAAAGOCACGTATAAACCAAATACCTGGTGTATACGTIGICTTTIGLAGCACAAAALCCAGTTIGAAACATCAAAT
TCGTITGATGTACTGAAGTUAGAGGACGUGCAGGGAATGGATAATCTTGUCTG CGAAGATCTAAAACTAGTCTCT
GAAGAAGTAGTGGAAAATCCTACCATACAGAAMAGACGTTICTIGAGTGTAATGTGAAAACTACCGAAGTIGTAGGA
GACATTATACTTAAACCAGCAAATAATAGTTTAAAAATTACAGAAGAGGTTGGUCACACAGATCTAATGGCTIGCTT
ATGTAGACAATICTAGTCTIACTATTAAGAAACCTAATGAATTATCTAGAGTATIAGGTITGAAAACCCTIGUTACT
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CATGGTTITAGUTGUTGTTAATAGTGTCCCTTGGGATACTATAGCTAATTATGUTAAGCCTTITCTTAACAAAGTTGTT
AGTACAACTACTAACATAGTTACACGGTGTTTAAACCGTGTITGTACTAATTATATGLCTTATTICTTTACTITATIG
CTACAATIGTIGTACTTTTACTAGAAGTACAAATICTAGAATTAAAGCATCTATGLLGACTACTATAGCAAAGAATAL
TGTTAAGAGTGTCGGTAAATTTTGTCTAGAGGUTTCATITAATTATTTGAAGTCACCTAATITTICTAAACTGATAAA
TATTATAATTTGGTTIITACTATIAAGTGTTIGCCTAGGT TCTTTAATCTACTCAACCGCTGCTTTAGGTGTITIAATG
TCTAATITAGGCATGCUTICTIACTGTACTGOTTACAGAGAAGGUTATITGAACTCTACTAATGTCACTATIGCAAL

CTACTETACTGGTICTATACCTIGTAGIGITIGTCTTAGTIGGTITAGATTCTTTAGACACCTATCCOTTCT I TAGAAACT

ATACAAATTACCATITCATCTITTAAATOGOATTTAACTGCTTTIGGLTTAGTTGCAGAGTGGTITITGGCATATATT
CTTITCACTAGGTTITICTATGTACTTGOATIGGUTGCAATCATGUAATTIGT T TICAGCTATTTIGUAGTACATITTA
TTAGTAATTCTIGGUTTATGTGGTTAATAATTAATCTTGTACARATGGUCCCGATTICAGUTATGGTTAGAATGTAC
ATCTTCTTIGCATCATTTTATTATGTATGGAARAGTTATGTGCATGTIGTAGACGOTTGTAATICATCAACTTGTATG
ATGTGTTACAAACGTAATAGAGCAACAAGAGTCGAATGTACAACTATIGTTAATGLTGTTAGAAGGTCLTTTTATG
TCTATGCTAATGGAGG TAAAGGCTTTTGCAAACTACACAATTGGAATTGTGTTAATIGTGATACATTCTGTGOTGGT
AGTACATTTATTAGTGATGAAGTTGCGAGAGACTTGTCACTACAGTTTAAAAGACCAATAAATCCTACTGACCAGT
CTTCITACATCGTIGATAGTGTTACAGTGAAGAATGGTTCCATCCATCTTTACTI TGATAAAGCTGGTCAAAAGACT
TATGAAAGACATTCTCICTCTCATITIGTTAACTTAGACAACCTGAGAGCTAATAACACTAAAG GTTCATTGCCTATY
AATGTTATAGTTITIGATGGTAAATCAAAATGTGAAGAATCATCTIGLAAAATCAGCGTCTGTTTACTACAGTCAGLY
TATGTGTCAACCTATACTOTTACTAGATCAGGCATTAGTGTCTGATGTIGOGTOATAGTGCGGAAGTTGCAGTTAAA
ATGTITGATGCTIACGTTAATACGTITICATCAACTTITAACGTACCAATGLAAAAACTCAAAACACTAGTTIGCAAL
TGCAGAAGCTGAALTIGLAAAGAATGTGTCCTTAGACAATGTCTTATCTACTTITATTI TCAGCAGUTCGGUAAGGG
TTTGTTIGATICAGATGTAGAAACT AAAGATGTTGTTGAATGTCTTAAATIGTCACATCAATITGACATAGAAGTTAC
TGGLGATAGTIGTAATAACTATATGUICACCTATAACARAGTTGAAAACATGACACCCLGTGACCTTGETGUTIGT
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ATTGACTGTAGTGUGCOTCATATTAATGCGCAGGTAGCAAAAAGTCACAACATTIGCTTIGATATGGAACGTTAAAG
ATTTCATGICATIGTCTGAACAACTACGAAAACAAATACGTAGTGCTIGUTAAAAAGAATAACTTACTTITTAAGTITG
ACATGTGCAACTACTAGACAAGTIGTTAATGTIGTAACAATCAAAGATAGCACTIAAGGGIGGTAAAATIGTTAATA
ATTGGTTGAAGCAGT T AATTAAAGTTACACTTGTGTICCTTITIGTTGCTGCTATTITCTATITAATAACACCTGTTCA
TETCATOTCTARAACATACTGACTTITCAAGTGAAATCATAGGATACAAGGUTATTGATGGTGGTGTCACTCGTGAC
ATAGCATCTACAGATACTIGIT THTGUTAACAAACATGUTGATT TTGACACATGETTTAGCCAGLGTGETGGTAGTTA
TACTAATGACAAAGCTTGUCCATTGATTGCTGCAGTCATAACAAGAGAAGTGGETTTIGTCGTGCLTGETTTGCCT
GLCACGATATTACGCACAACTAATGGTGACTITTTGCATTTICTTACCTAGAGT TTTTAGTGLCAGTTGGTAACATCTG
TTACACACCATCAARAACTTATAGAGTACACTGACTTTGLAACATCAGCTIGTGTITTGGLTGUTGAATGTACAATTT
TTAAAGATGCTTCTGGTAAGCCAGTACCATATTGTTATGATACCAATGTACTAGAAGGTTCIGTTGCTTATGAAAGT
TTACGCCCTGACACACGTTATGTGCTCATGGATGGCTCTATTAT ICAATTTCCTAACACCTACCITGAAGGTICTGTY
AGAGTGGTAACAACTTITGATICTGAGTACTGTAGGCACGGCACTTGTGAAAGATCAGAAGCTGETGTITIGTGTAT
CTACTAGTGGTAGATG GLRTACTTAACAATGATTATTACAGATCTTTACCAGGAGTTTICTGTGGTGTAGATGUTGTA
AATTTACTTACTAATATGTTTACACCACTAATTCAACCTATTGOGTGCTTIGGACATATCAGCATCTATAGTAGCTGGT
GGTATIGTAGCTATCGTAGTAACATGUCTTGUCTACTATTTTATGAGGTTTAGAAGAGCUTTTIGGTGAATACAGTCA
TETAGTTGCCTITAATACTTTACTATTCCTTATGTCATTCACTGTACTCTGT T TAACACCAGTTTACTCATTCTTACCT
GETGHTTATTCIGITATTTACTTOTACTIGACATITTATCITACTAATGATGTTICTTTTITAGCACATATICAGTGGA
TGGTTATGTTCACACCTTTAGTACCTTICTGGATAACAATTIGUT TATATCATTTGTATTTCCACAAAGCATTTCTATIG
GTTCTITAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGTGTTTCCTTTAGTACTT TTGAAG AAGCTGCGOTGT
GCACCTTTTIGTTAAATAAAGAAATGTATCTAAAGTTGOGTAGTGATGTGCTATTACCTCTTACGCAATATAATAGA
TACTTAGCTCTTTATAAT AAGTACAAGTATTTTAGTGGAGCAATGGATACAACT AGCTACAGAGAAGCTGCTTGTT
GICATCTCOGCAAAGLUTUTCAATGACTTCAGTAACTCAGGTTCTGATG T TCTT TACCAACCACCACAAACCTCTATC
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ACCTCAGCTIGTTITGCAGAGTGGTTTITAGAAAAATGGCATICCCATCTGLGTAAAGTTIGAGGGTTGTATGGTACAAG
TAACTTOGTOGGTACAACTACACTTAACGGTCTTTGGUTTGATGACGTAGT I TACTGTCCAAGACATGTGATCTGUACC
TCTGAAGACATGUTTAACCOTAATTATGAAGATITACTCATTCGTAAGTCTAATCATAATITCTTIGGTACAGGUTGE
TAATGTTCAACTCAGGGTTATIGHACATICTATGCAAAATIGTIGTACUTTAAGUT TAAGGTTGATACAGCCAATLOTA
AGACACCTAAGTATAAGTTIOTTCGCATICAACCAGGACAGACTTITICAGTGT TAGCTTIGTTACAATGGTTCACCA
TCTGGTGTITACCAATGTIGCTATGAGGUCCCAATTTCACTATTAAGGG T TCATICCTTAATGGTTCATGTGOTAGTGT
TGGTTTTAACATAGATTIATGACTGIGTCTCTITITGTTACATGCACCATATG GAATTACCAACTOGAGTTCATGCTG
GCACAGACTTAGAAGGTAACTTTTATGGACCTTTTGTTIGACAGGLAAACAGCACAAGCAGUTGOTACGGACATAA
CTATTACAGTTAATGTTTTAGUTIGGTTIGTACGUTGCTGTTATAAATGGAGACAGGTGGTTTCTCAATCGATTTACC
ACAACTCTTAATGACTTTAACCTTOTGOUTATGAAGTACAATTATGAACCTUTAACACAAGACCATGTTGACATACLT
AGGACCICTITCTOOTCAAACTGGAATTGLUCG T T TTAGATATOGIGTOUT TCATTAAAAG AATTACTGUAAAATGGT A
TEAATGHACGTACCATATTGGGTAGTGUTTTATTAGAAGATGAATTTACACCTTTTGATGTTGTTAGACAATGCTCA
GGIGHTACTTICCAAAGTGCAGTGAAAAGAACAATCAAGGOTACACACCACTGGTIGT TACTCACAATTITGACTY
CACTTTTAGTTTTAGTCCAGAGTACTCAATGGTICTTTIGTTCTTITITTITGTATGAAAATGLOCTTTITACCTTITGCTAT
GEGTATIATIGCTATGTCTGOCTITTGCAATGATGTITGTCAAACATAAGCATGCATITCTCTGTITGTTITIGTTACC
TTCTCTTGCCACTGTAGCTTATTTTAATATGGTCTATATGCCTGCTAGTTGGGTGATGUGTATTATGACATGGTIGG
ATATGGTTGATACTAGTTITGTCIGGTITTAAGUTAAAAGACTGTGTTATGTATGCATCAGCTGTAGTGTTACTAATC
CTTATGACAGCAAGAALTGTOTATGATGATGGTGCTAGGAGAGTGTGGACACTTATGAATGTCTITGACACTCGTTT
ATAAAGTTTATTATGGTAATGUTTTAGATCAAGUCATTTCCATGTGGGUICTTATAATCTCTGTIACTTCTAALTACT
CAGGIGTAGTTACAACTGTCATGITITIGGLCAGAGGTATTIGTITTITATGTGIGTTIGAGTATIGUCCTATTITICTICA
TAACTGOGTAATACACTTCAGTGTATAATGUTAGTITATIGTITCTTAGGCTATITITGTACTTIGTTACTITGGCCICTT
TTGTT TACTCAACCGUTACTITAGACTGACTOUITGOTOTT TATGATTACTTAGTTTCTACACAGGAGTTTAGATATAT
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GAATTCACAGGGACTACTCCCACCCAAGAATAGLATAGATGCCTTCAAACTCAATCATTAAATIGTTGGGTGTIGET
GGUAAACCTTIGTATCAAAGTAGUCACTIGTACAGTUTAAAATGTCAGATGTAAAGTGUACATCAGTAGTCTTACTCT
CAGTTTTGCAACAACTCAGAGTAGAATCATCATCTAAATTGTGGGCTCAATGTGTCCAGTTACACAATGACATICTC
TTAGCTAAAGATACTACTGAAGUCTTIGAAAASATOGTTTCACTACTTICTOTTTTGCTITCCATGCAGGGTGCTGT
AGACATAAACAAGCTITGTGAAGAAATGCTGGACAACAGGGCAACCTTACAAGITATAGCCTCAGAGTTTAGTTCC
CTTCCATCATATGCAGCTTTTGCTACTGUTCAAGAAGUTTATGAGCAGHUTGTTGCTAATGGETGATTCTGAAGTTGT
TCTTAAAAAGTIGAAGAAGTCTTTGAATGTGGUTAAATUTGAATTIGALCGTGATGUAGLCATGLAACGTAAGTTG
GAAAAGATGGCTGATCAAGCTATGACCCAAATOTATAAACAGGCTAGATCTGAGGACAAGAGGGUAAAAGTTAC
TAGTGCTATGUAGACAATGUITTTTCACTATGCT TAGAAAGT TGGATAATGATGCACTCAACAACATTATCAACAATG
CAAGAGATGGTTIGTGTICCOTTGAACATAATACCTCTTACAACAGCAGCCABAACTAATGGTIGTCATACCAGACTAT
AACACATATAAALRATACGTGTIGATGGTACAACATITACTTATGCATCAGCAT IGTGGOAAATCCAACAGGTIGTAG
ATGCAGATAGTAAAATTGT TCAACTTAGTGAAATTAGTATGGACAATTCACCTAATITAGCATGGCCTCTTATIGTA
ACAGCTTTAAGGGUCAATTCTGUTGTCAAATTACAGAATAATGAGCTTAGTCCTIGTIGCACTACGACAGATGTCTT
GTGCTGCCGGTACTACACAAACTGCTTGLACTGATGACAATGCGT TAGCTTACTACAACACAACAAAGGGAGGTA
GGITTGTACTTGCACTGTTATCCGATTTACAGGATITGAAATGGGUTAGAT TCLCTAAGAGTGATGGAACTGGTAC
TATCTATACAGAACTGGAACCACCTIGTAGGTTITGTTACAGACACACCTAAAGGTCCTAAAGTGAAGTATTTATALT
TTATTAAAGGATTAAACAACCTAAATAGAGOTATGGTACTTGGIAGTTTAGCTGUCACAGTACGTCTACAAGCTGG
TAATGCAACAGAAGTGUCT GCCAATTCAACTGTATTATCTITCTGTGUI TITGUTGTAGATGUIGUTAAAGLTTACA
ALAGATTATCTAGCTAGTGGEGGGACAALCAATCACTAATTIGTGTIAAGATGTIGIGTACACACACTGGTACTGGICA
GGCAATAACAGTTACACCGGAAGOCAATATGGATCAAGAATCCTTTGGTGGTGCATCGTGTTGTCTGTACTGLCGT
TGCCACATAGATCATCCAAATCCTARAGGATTTITGTGACT TAAAAGGTAAGTATGTACAAATACCTACAACTIGTGC
TAATGACCCTGTGGGTTTTACACTTAAAAACACAGTCTGTACCGTCTGUGGTATGTGGALAAGHGTTATGGCIGTAGT
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TGTGATCAACTCCGUGAACCCATGUTTCAGTCAGUTGATGLACAATCGTTTTTAAACGGGTTTGUGGTGTAAGTGC
AGCCCGTCOITACACCGTGLGGLACAGGLACTAGTACTGATGTCGTATACAGGGUTTTIGACATCTACAATGATAAA
GTAGCTGGTTITGUTAAATTCCTAAAAACTAATTGTTGTCGCT TOCAAGAAAAGGACGAAGATGACAATITAATIG
ATTCTTACTTTGTAGTTAAGAGACACACTTTCTCTAACTACCAACATGAAGAAACAATTTATAATTTACTTAAGGATT
GTCCAGCTGTIGCTAAACATGACTICTTTAAGT TTAGAATAGACGGTGACATGGTACCACATATATCACGTICAALGT
CTTACTAARATACACAATG GLAGACCTCGTCTATGUTTTAAGGCATTTTIGATGAAGGTAATIGTGACACATTAAAAL
AAATACTTGTCACATACAATTGTIGTGATGATGATTATTTCAATAAAAAGGACTGGTATGATTTTGTAGAAAACCCA
GATATATTACGCGTATACGCCAACTTAGOGTOAACGTGTACGUCAAGCTTTIGTTAAAAACAGTACAATTCTGTGATG
CCATGCORAAATGUTGOTATTGTTGG TG TACTGACATTAGATAATCAAGATCTCAATGETAACTGGTATGATTTCGE
TGATTTCATACAAACCACGUCAGGTAGTGOAGTTCCTGTTGTAGATTCTITATTATICATTOTTAATGUCTATATTAAC
CTTGACCAGGOCTITAACTGLCAGAGTCACATGTTGACACTGACT TAACAAAGCCTTACATTAAGTGGGATTIGTTA
AAATATGACTTCACGGAAGAGAGGTTAAAACTOTTIGACCGTIATITIAAATATIGGOATCAGALATALCACCCAA
ATTGTGTTAACTGTTTGLATGACAGATGCATTCTGOATTGTGLAAACTITAATGTTTTATTCICTACAGTGTICCCAC
CTACAAGTTTTGGACCACTAGTGAGAAAAATATTTIGTIGATGGTGT TCCATTTGTAGTTICAACTGGATACCACTTC
AGAGAGCTAGGTGTTGTACATAATCAGGATGTAAACTTACATAGCTCTAGACTTAGTTTTAAGGAATTACTIGTGY
ATGUIGUTGALCUTGUTATGLALGUIGCUITOTGG TAATCTATIACTAGATAAACGUACTACGTGUTITTCAGTAGCT
GCACTTACTAACAATGTIGUTTTICAAACTGTCAAACCOGGTAATTTTAACAAAGACTTCTATGACTITGLIGTGTICT
AAGGGTTTCTTT AAGGAAGGAAGTICTGTIGAATTAAAACACTICTICTTTGCTCAGGRATGGTAATGUIGCTATCAG
COATTATGACTACTATCGT TATAATCTACCAACAATG TG TGATATCAGACAACTACTATITGTAGTTGAAGTIGTIG
ATAAGTACTTTOATIGTTACGATGOTGGCTGTAT TAATGCTAACCAAGTCATCGTCAACAACCTAGACAAATCAGCT
GGITTTCCATTTAATAAATGGGEGTAAGGCTAGACTITATIATGATTCAATGAGT TATGAGGATCAAGATGCACTITY
CGCATATACAAAACGTAATGTCATCCCTACTATAACTCAARATGAATCTTAAGTATGLCATTAGTGCAAAGAATAGA
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GUTCGCACCGTAGCIGETGTCTCTATCTGTAGTACTATGACCAATAGACAGTTICATCAAARATTATTGAAATCAAT
AGCCGLCACTAGAGGAGCTACTGTAGTAATT GG AACAAGCAAATTICTATGGTGGTTGGCACAACATG T TAAAARAL
TGTTTATAGTGATOTAGAAAACCOTCACCTTATGGOTIGGUATTATCCTAAATGTGATAGAGCCATGLCTAACATG
CITAGAATTATGGCCTCACTTGTTCTTGOTCGCAAACATACAACGTGTIGTAGCTTGTCACACCETITCTATAGATTA
GUTAATGAGTGTGUTCAAGTATIGAGTGAAATGLTCATGTGTGGUGGTTCACTATATGT TAAACCAGGTGGAALCT

CTTTTATCTACTGATGGTAACAAAATTGCCGATAAGTATGTCCGCAATTTACAACACAGACTITATGAGTGTCTICTA
TAGAAATAGAGATGTIGACACAGACTTIGTGAATGAGTTITACGCATATITGCGTAAACATTTCTCAATGATGATAC
TCTCTGACGATGUTGTTGTGIGTITCAATAGCACTTATGCATCTCAAGH TCTAGTGECTAGCATAAAGAACTTTAALG
TCAGTTCTTTATTATCAAAACAATGTITITATGTCTGAAGCAAAATGTTGGACTGAGACTGACCTTACTAAAGGACC
TCATGAATTTITGCTCTCAACATACAATGCTAGTTAAACAGGGETGATGATIATGTGTACCTTCCTTACCCAGATCCAT
CAAGAATCCTAGOGGULGGUTGT T TTGTAGATOATATOGTAAAAACAGATGGTACACTTATGATTIGAALGETICGT
GTCTTTAGCTATAGATGUT TACCCACTTACTAAACATCCTAATCAGGAGTATGUTGATGTCTTICATITGTACTTACA
ATACATAAGAAAGCTACATGATGAGTTAACAGGACACATGTTAGACATGTATICIGTTATGCTTACTAATGATAAC
ACTTOCAAGGTATTIGGGAACCTGAGTTTTATGAGGUTATGTACACACCGCATACAGTOUTTACAGGCTGT TGGGGCTT
GTGTTCTITGCAATTCACAGACTTICATTAAGATGTGOTGUT TG CATACGTAGACCATTCTTATGTTGTAAATGCTIGT
FTACGACCATGTCATATCAACATCACATAAATTAGTCTTGTCIGITAATCCOTATGITIGCAATGUICCAGGTIGIGAT
GTCACAGATOTGACTCAACTTTACTTAGGAGGTATGAGUTATIATIGTAAATCACATAAACCACCCATTAGTITICC
ATTGTGTGUTAATGGACAAGTITTIGGTTTATATAAAAATACATGTOTTIGOTAGCGAT AATGTTACTGACTTTAATG
CAATTGCAACATGTGACTGGACAAATGOCTGGTGATTACATTITAGCT AACACCTGTACTGAAAGACTCAAGCTTTIT
GUAGCAGAAACGUTCARMAGUTACTGAGGAGACAT I TAAACTGTCTTATGGIATIGCTACTGTACGTGAAGTGOTGT
CTGACAGAGAATTACATCTTTCATGGGAAGTTGGTAAACCTAGACCACCACTTAACCGAAATTATGTCTTTACTGGT
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TATCGTGTAACTAAAAACAGTAAAGTACAAATAGGAGAGTACACCTTTGAAAAAGGTGACTATGGTIGATGCIGTT
GTTTACCGAGGTACAACAACTTACAAATTAAATGTTGGTGATTATTITGTGUTGACATCACATACAGTAATGCCATT
AAGTGCACCTACACTAGTGCCACAAGAGCACTATGTTAGAATTACTGGUITATACCCAACACTCAATATCTCAGATG
AGTTTTCTAGCAATGTTGCAAATTATCAAAAGGTIGGTATGCAAAAGTATICTACACTCCAG GGACCACCTGGTAL
TEGTAAGAGTCATTTTGCTATIGGCOTAGUTCTCTACTACCCTTCTGUTCGCATAGTGTATACAGUTTGUTCTCATGL
CECTGTTGATGCACTATGTGAGAAGOCATTAAAATATITGCCTATAGATAAATGTAGT AGAATTATACCTGCACGT
GUTCGTGTAGAGTGTTTTGATAAATICAAAGTIGAATICAACATTAGAACAGTATGTCTTITGTACTGTARATGCATT
GLOTGAGACGACAGLAGATATAGTIGICTTIGAIGAAAT TTCAATGGUCACAAATTATGATT TGAGTGTTGTCAAT
GCCAGATTACGTGCTAAGCACTATGTGTACATTGGCGACCCTGCTCAATTACCTGCACCACGCACATIGCTAACTAA
GLGUACACTAGAACCAGAATATTTCAATTCAGTGTGTAGACTTATGAAAACTATAGGTCCAGACATGTICCTCGGA
ACTTGICGGLGITGTCOIGUIGAAATTGTTGACACTGIGAGTGCTTIGG T T TATGATAATAAGCTTAAAGCACATAA
AGACAAATCAGCTCAATGCTTTAAAATGTTTITATAAGGGTGTTATCACGCATGATGTITCATCTGCAATTAACAGGC
CACAAATAGGUGTGGTAAGAGAATTCCTTACACGTAACCCTGUTTIGGAGAAAAGCTGTCTTTATTICACCTTATAAY
TCACAGAATGUTIGTAGCCTCAAAGATITIGGGACTACCAACTCAAALTGTIGATTCATCACAGGGLTCAGAATATG
ACTATGTCATATTCACTCAAACCACTGAAACAGCTCACTOTIGTAATGTARACAGATITAATGTIGUTATTACCAGA
GCAAAAGTAGGCATACTTITGCATAATGTCTGATAGAGACCT ITATGACAAGTTGCAAT TTACAAGTCTTGAAATICC
ACGTAGGAATGTGGCAACTTITACAAGCTGAAAATGTAACAGGACTUITTAAAGATTIGTAGTAAGGTAATCACTGG
GTTACATCCTACACAGGUACCTACACACCTCAGTOTIGACACTAAATTCAAAMACTGAAGGTITATGTGTIGACATAC
CTGGCATACCTAAGGACATGACCTATAGAAGACTCATCTCTATGATGOGT T TTAAAATGAATTATCAAGTTAATGE
TTACCCTAACATGTTTATCACCCGUGAAGAAGUTATAAGACATGTACGTGCATGGATTGHLTTICGATGTCGAGGGS
TGTCATGCTACTAGAGAAGCTGTTGGTACCAATTTACCTITACAGCTAGGTITTTCTACAGGTGTTAACCTAGTTGC
TGTACCTACAGGTTATGTTGATACACCTAATAATACAGATTTTICCAGAGTTAGTGCTAAACCACCGUCTGGAGATC
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AATTTAAACACCTCATACCACTTATGTACAAAGGACTTOCTTGGAATGTAGTGLOTATAAAGATTGTACAAATGTTA
AGTGACACACTTAAAAATCTCTCTGACAGAGTCGTATTIGTCTTATOGGCACATGGUTTTGAGTIGACATCTATGAA
GTATTTIGTGAAAATAGGACCTGAGCGLACCTOTIGTCTATGTIGATAGACGTGUCACATGUTITTCCACTGOTICAG
ACACTTATGCCTGTTGGCATCATICTATIGRATTTGATTACGTCTATAATCCGTITATGATIGATGTICAACAATGRE
GTTTTACAGGTAACCTACAAAGCAACCATGATCTIGTATIGTCAAGTUCATGETAATGLACATCTAGCTAGTIGTGA
TGCAATCATGACTAGGIGTCTAGUTGTCCACGAGTGUTTIGTTAAGCGTGT IGACTGGACTATIGAATATCCTATAA
TTGGTGATGAACTGAAGATTAATGCGGOTTGTAGAAAGGTTCAACACATGGTTGTTAAAGCTGCATTATTAGCAGA
CAAATTCCCAGTTCTTCACGACATTGG TAACCCTAAAGCTATTAAGTGTGTACCTCAAGCTGATGTAGAATGGAAG
TTCTATGATGUACAGCCTTGTAGTGACAAAGCTTATAAAATAGAAGAATTATTCTATICTTATGCCACACATICTGA
CAAMATTICACAGATGGTGTATGLCTATTTTGGAAT TGLAATGTCGATAGATATCUTGUTAATTCCATIGTTIGTAGAT
TTGACACTAGAGTGCTATCTAACCTTAACTTGLCTIGGTTGTOATGGTGGCAGTTTGTATGTAAATAAACATGCATTC
CACACACCAGCTTTIGATAARAAGTOCTTITTGTTAATTTAAAACAATTACCATTTTTCTATTACTCTGACAGTCCATGT
GAGTCTCATGGARAACAAGTAGTGTCAGATATAGATTATGTACCACTAAAGTUTGCTACGTGTATAACACGTIGCA
ATTTAGGTGGIGUIGTCTGTAGACATCATGUTAATGAGTACAGATIGTATCICGATGUTTATAACATGATGATCICA
GUTGGUTITAGUTTGTGGETI TACARACAATTTGATACTTATAACCTCTGGAACACTTITACAAGACTTCAGAGTTY
AGAAAATGTGLUTTTTAATGTTGTAAATAAGGGACACTTTGATGGACAACAGLGTGAAGTACCAGTTICTATCATT
AATAACACTGTTTACACAAAAGTTIGATGGTGTTGATGTAGAATTIGTTTGAARAATAAAACAACATTACCTGTTAATGT
AGCATIHTGAGCTTTGGGCTAAGCGCAACATTAAACCAGTACCAGAGGTGAAAATACTCAATAATTIGLGTGTGGA
CATTGUTGUTAATACTGTGATCTGGLACTACAAAAGAGATGUTCCAGCACATATATCTACTATIGETGTTIOTICTA
TGACTGACATAGLCAAGAAACCAACTOAAACGATTIGTGLACCACTCACTGTCTTITTIGATGGTAGAGTIGATGE
TCAAGTAGACTTATTITAGAAATGCCCGTAATGGTGTTCTTATTACAGAAGGTAGTGTTAAAGGTITACAACCATCTG
TAGGTCCCAAACAAGUTAGTCTTAATGGAGTCACATTAATTIGGAGAAGLCGTAAAAACACAGTICAATTATTATAA
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GAAAGTTGATGGIGTIGTCCAACAATTACCTGAAACTTACTITACTCAGAGTAGAAAT TTACAAGAATITAAACCCA
GGAGTCAAATGGAAATIGATITCTTAGAATTAGCTATGGATGAATTCATIGAACGGTATAAATTAGAAGGCTATGL
CTTCGAACATATCGTTTATOGAGATTITAGTCATAGTCAGTTAGGTGGTTTACATCTACTGATTIGGACTAGCTAAAL
GTITTAAGGAATCACCTITIGAATIAGAAGATTTTATTICOTATGGACAGTACAGTTAAAAALTATITCATAACAG AT
GUGUAAACAGGTICATCUTAAGTGTGTIGIGTICTGTIATIGATTTATTACTIGATGAT T T TG T TGAAATAATAAAATC
CCAAGATTTATCTGTAGTTTICTAAGOTIGTCAAAGTOGACTATTIGACTATACAGAAATTTCATTTATGCTITGGTGTA
AAGATGOLCATGTAGAAACATTTITACCCAAAATTACAATCTAGTCAAGLGTGGUAACUGGLTGTIGLTATGOCTAA
TCTTTACAAAATGUAAAGAATGLUIATTAGAAAAGTGTOACCTTCAARATIATOLTGATAGTGUAACATTALTTAAA
GGEATAATGATGAATGTCGCAABATATACTCAACTGTGTCAATATITAAACACATTAACATTAGCTGTACCCTATAA
TATGAGAGTTATACATITIGGTGOTGETTCTGATARAGGAGTIGCACCAGGTACAGUTIGT T TTAAGACAGTGGTIG
COTACGGGTACGUTGUTTGTCGATICAGATCTTAATGACTITGTCTCIGATGCAGATTCAACTITGATTGGTGATITG
TGCAACTGTACATACAGCT AATAAATGGGATCTCATTATTAGTGATATGTACGACCCTAAGACTAARAATGTTACA
ARAGAAAATOACTCTAAAGAGGOTTTTITCACTTACATTTGTGOGTT TATACAACAAAAGCTAGCTCTIGGAGGTT
CCOTOGUTATAAAGATAACAGAACATICTIGGAATGUIGATCTITATAAGUTCATGGGACACTTICGCATGGTGGAC
AGCCTTTGTTACTAATGTGAATGCGTCATCATCTGAAGCATTTTTAATIGGATETAATTATCTTGGCAAALCACGLG
AACAAATAGATGGTTATGTCATGCATGCAAATTACATATTTTGGAGGARATACAAATCCAATTCAGTTGTCTTCCTAT
TCTTTATTIGACATGAGTAAATTTCCCCTTAAATTAAGGGGTACTGOIGTTATGTCTTTAAAAGAAGGTCAAATCAA
TGATATGATITIATCTCTICTTAGTAAAGOTAGACTTATAATTAGAGAAAACAACAGAGTIGTIATT TCTAGTGATG
TTCTIGTTAACAACTAAACGAACAATGTTTGTITITCTTIGTITTATIGCCACTAGTCTICTAGTCAGTGTGTTAATCTTA
CAACCAGAACTCAATTALULCCTGCATALALTAATTCTITCACALGTGGTGTITATTACCOTGACAAAGTTTTCAGAT
COTCAGTTTTACATTCAACTCAGGACTTGTTOTTACCTITOTTTTLCAATGITACTTGGTTCCATGUTATACATGTCTC
TGOGACCAATGOTACTAAGAGGTTTGATAACCCTGTCCTACCATTITAATGATGETGT T TATTTTOCTTCCACTGAGA
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AGTCTAACATAATAAGAGGCIGGATTTITOGTACTACTTTAGATICGAAGACCCAGTCCCTACTTATIGTTAATAAL
GUTACTAATGTTGTTATTAAAGTOTGTGAAT T TCAATTTTGTAATGATCCATITTITGOGTGTT TATTACCACAAAAAC
AACAAAAGTTGGATGGALAGTGAGT TCAGAGTTTATTICTAGTGCGAATAATTGCACTTTTGAATATGTCTCTCAGC
CTTITCTTATGGACCTTGAAGGAAAACAGGGTAATTTCARAAATCTTAGGGAATTIGTGTTTAAGAATATIGATGG
TTATTTTAAAATATATTCTAAGCACACGCOCTATTAAT T TAGTGLGTGATCTCCOTCAGOGTTITICGLCTTTAGAALC
ATTGGTAGATTTOUCAATAGGTATTAACATCACTAGOTTTCAAACTTTACTIGUITTACATAGAAGTTATTIGACTCC
TGGTGATTCTTOITCAGOTIOGACAGCTGGTGUTGCAGCTTATTATGTGGGTTATCTTCAALCTAGGACTTITCTAT
TAALATATAATGAAAATGLAACCATTACAGATOCTGTAGACTGTGCACTTGACCCTCTCTCAGARAACAAAGTGTAC
GTTGAAATCCTTCACTGTAGAAAALGGAATCTATCAAACTTCTAACTTITAGAGTCCAACCAACAGAATCTATIGTTA
GATTTCCTAATATTACAAACTIGTGOCCTTTTGGTGAAGTITT TAACGUCACCAGATTIGCATCIGTITATGCTIGGA
ACAGGAAGAGAATCAGLAACTGTGTIGCTGATTATTICIGTCCTATATAATICCGUATCATTTTCCACTTITAAGTGTT
ATGGAGTGTCTCCTACTAAATTAAATGATUTCTGUTTTACTAATGICTATGCAGATICATTIGTAATTAGAGGTGAT
GAAGTCAGACAAATCGUTOCAGGGCAAACTGOAAAGATTIGCTGATTATAATTATAAATTACCAGATGATITTACAG
GCTGCOTTATAGCTTGGAATTCTAACAATCTIGATTCTAAGGTTGGTGGTAATTATAATTACCTGTATAGATIGTTT
AGGAAGTCTAATCTCAAACCTTTIGAGAGAGATATTTCAACTGAAATCTATCAGGUCGGTAGUACACCTIGTAATG
GTGTTGAAGGTTITAATIGTTACTTTCCTITACAATCATATGGT TICCAACCCACTAATGGTGTTGGTTACCAACCAT
ACAGAGTAGTAGTACTITTCTTITGAACTTCTACATGCACCAGCAACTOTTIGTGGACCTAARAAGTCTACTAATTIG
GITAAAAACAAATOTGTCAATTTCAACTICAATGOT TTAACAGGCACAGG TG TTCTTACTOAGTCTAACAAAAAGTT
TCTGCOTTTCCAACAATT T GGUAGAGACATTGUIGACACTACTGATGUTGTCCGTGATCCACAGACACTIGAGATTC
TTGACATTACACCATETICTTTTIGGTGGTGTCAGTGTTATAACACCAGGAACAAATACTTCTAACCAGGTTGCTGTT
CTTTATCAGGATGTTAACTGCACAGAAGTCCCTGTTGCTAT TCATGLAGATCAACTTACTCCTACTIGGCGTGT T TAT
TCTACAGGTTCTAATGTTTTITCAAACACGTGCAGGCTGTITAATAGGGGUTGAACATGTCAACAACTCATATGAGT
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GTGACATACCCATTGGIGCAGGTATATGUGCTAGTTATCAGACTCAGACTAATTCTCCTCG GUGGGLCACGTAGTGY
AGCTAGTCAATCCATCATTIGOCTACACTATCTCACTTIGGTGUAGAAAATTCAGTTGUTTACTCTAATAALCTCTATIGC
CATACCCACAAATTITACTATTAGTGTTACCACAGAAATICTACCAGTGTOTATGACCAAGACATCAGTAGATIGTA
CAATGTACATTIGTGGTGATTCAACTGAATGLAGCAATCTTTTGTTGLAATATGGCAGTITITGTACACAATTAAAC
COTGCTITAACTGGAATAGCTGTTGAACAAGACAAAAACACCCAAGAAGTTTTTGCACAAGTCAAACAAATITACA
AAAMCACCACCAATTAAAGATTTIGGTGGTT T TAATTITTCACAAATATTACCAGATCCATCAAAACCAAGCAAGAGG
TCATTTATTGAAGATCTACTTTTCAACAAAGTGACACTIGCAGATGUTGRUTTCATCAAACAATATGGTGATTGCCT
TGGTGATATIGCIGCTAGAGACCTCATTTGTGCACAAAAGTTTAACGGCCTTACTGTITTGCCACCTTIGCTCACAG
ATGAAATGATTGCTCAATACACTTICTGLACTGTTAGCG GG TACAATCACTTICTGGTTGGACCTI TGGTGCAGGTGCT
GCATTACAAATACCATTTGCTATOCAAATGGUTTATAGGTTTAATGGTATTGGAGTTACACAGAATGTTCTCTATGA
GAACCAAAAATTOATTGUCAACCAATITAATAGTGCTATTIOGUAAAATTCAAGALTCACT TTCTTCCACAGUAAGTG
CACTTGGAAAACTTCAAGATOTGGTCAACCAAAATGCACAAGCTITARACACGCTTGTTAAACAACTTAGCTCCAA
TTTIGGTGCAATITCAAGTGTITTAAATGATATCOTTTCACGTCHIGACAAAGTTGAGGUIGAAGTGLAAATTGATA
GETTGATCACAGGCAGACTTCAAAGTTTGCAGACATATOTGACTCAACAATTAATTAGAGCTGCAGAAATCAGAG
CTTCTGCTAATCTTGOTGCTACT AAAATGTCAGAGTGTGTACTTGGACAATCAAAAAGAGTIGATTTTTIGTGGAAA
GGGUTATCATCTTATGTCOTTCCCTCAGTCAGCACCTCATGGTGTAGTCTTCTIGCATGTGACTTATGTCCCTGLACA
AGAAAAGAACTTCACAACTGCTCCTGCCATTTGTCATGATGGAAAAGCACACTTTCCTCGTGAAGGTGTCTTTGTIT
CAAATGGCACACACTGGTTTGTAACACAAAGGAATTTTITATGAACCACAAATCATTACTACAGACAACACATTIGT
GTCTGGTAACTGTIGATGTTGTAATAGGAATTGTCAALCAACACAGTTTATGATCCTTIGCAACCTGAATTAGALTCAT
TCAAGGAGGAGTTAGATALATATTITAAGAATCATACATCACCAGATGTIGATTTAGOTGACATCTCTGECATTAA
TGCTICAGTIGTAAACATICAAAAAGAAATTGACCGLCTCAATGAGGTIGCCAAGAATTTAAATGAATCICTCATCG
ATCTCCAAGAACTTGGAAAGTATIGAGLAGTATATAAAAT GG UCATGOTACATIIGGUTAGOTITTATAGCIGEOTT
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GATTGCCATAGTAATGGTCACAATTATGCTTTGCTGTATGACCAGTIGUIGTAGTIGTCTCAAGGGCTGTTGTICTT
GTGGATCCTGCIGUAAATTIGATGAAGACGACTCTGAGCCAGTOCTCAAAGGAGTCAAAT TACAT TACACATAAAC
GAACTTATGGATTTIGTTTATGAGAATCTICACAATTGLAACTGTAACTTTGAAGCAAGGTGAAATCALAGGATGLTA
CTCCTTCAGATITTGTTCGCGCTACTGUAACGATACCOGATACAAGLCTCACTCCOTITCGOATGGCTTATIGTIGGC
GTTGCACTTCTTIGUIGTT T ICAGAGCGUIT TCCAAAATCATAACCCTCAAAAAGAGATGGUAACTAGCACTCTCCAA
GEGTGITCACTITGTITGCAACTTGUTGTTGTTOTITOTAACAGTTTACTCACACCTITTGUTCLTTGUTGUTGGUCT
FTEAAGUCCOITITCTCTATCTITATGUTTTAGTCTACTTOITGCAGAGTATAAACTTTGTAAG AATAATAATO AGGCT
TIGGCTTTOCTGGAAATOCCGTICCAAAAACCCATTACTITATGATGOCAACTATITICTTIGCTGGCATACTAATIG
TTACGACTATIGTATACCTTACAATAGTGTAACTICTTCAATTGTCATTACTTCAGGTGATGGLACAACAAGTCCTAT
TTCTGAACATGACTACCAGATTGETGEGTTATACTGAAAAATGGGAATCTGGAGTAARAGACTGTGTIGTATTACAC
AGTTACTTCACTTCAGACTATTACCAGUTGTACTCAACTCAATIGAGTACAGACACTGGTGTTGAACATGTTACCTHY
CTTCATCTACAATAAAATTGITOGATGAGLUTGAAGAACATGTCCAAAT TCACACAATCGACGGTTCATOCGGAGTT
GTTAATCCAGT AATGGAACCAATITATGATGAACCGACGACGACTACTAGCGTGCCT T TG TAAGCACAAGUTGATG
AGTACGAACTTACGAACTAAATATTATATTAGTTTITCTIGTTTGGAACTTTAATTTITAGCCATGHRCAGATICCAALG
GTACTATTACCGTIGAAGAGCTTAAAAAGUTCCTTGAACAATGGAACCTAGTAATAGGTTICCTATTCCITACATGG
ATTTGTCTTCTACAATTTGCCTATGCCAACAGGAATAGGTTTTTGTATATAATTAAGTTAATITICCTCTGGCIGTTA
TGGCCAGTAACTITAGCTTGTITIGTGOTTGUIGCTGTTITACAGAATAAATTGGATCACCGOTOGAATTGUTATIGC
AARTGGUTIGTICTIGTAGGUTTOATGTGGCICAGUTACTTCATTGUITCT TICAGACTOTTTGUG LG TALGCGTTLCA
TGTGETCATICAATCCAGAAACTAACATTCTTCTCAACGTGCCACTCCATGGUACTATTCTGACCAGACCGCTTICTA
GAAAGTGAACTCGTAATCGGAGOTGTGATCOTTCGTGGACATCTTCETATTGOTGGACACCATCTAGGACGOTGTG
ACATCAAGGACCTGCCTAAAGAARATCACTGTTGCTACATCACGAACGUTITCTTAT TACAAATTGGGAGCTTCGCA
GCGTGTAGCAGGTGACTCAGGTTITGCTGCATACAGTCGCTACAGGATTGGCAACTATAAATTAAACACAGACCAT
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TCCAGTAGCAGTGACAATATIGCTTIGUTTGTACAGTAAGTGACAACAGATGTTTCATCTCGTIGACTITCAGGTTA
CTATAGCAGAGATATTACTAATTATTATGAGGACTTITAAAGTTTCCATTIOGAATCTTGATTACATCATARAALCTCA
TAATTAAAAATTTATCTAAGTCACTAACTGAGAATAAATATTCTCAATTAGATGAAGAGCAACCAATGGAGATTGA
TTAAACGAACATGAAAATTATTCTITICTTIGGCACTGATAACACTCGUTACTIGTGAGUTITATCACTACCAAGAGT
GTGTTAGAGGTACAACAGTACTTITAAARAGAACCTTGUTCTICTG GAACATALGAGGGUAATTCACCATTTCATCCY
CTAGCTOATAACAAATTTGCACTGACTTGCTITAGCACTCAATTTGCTITIGCTTGTCCTGACGOCGTAAAACACGT
CTATCAGTTACGTGUCAGATCAGTTTCACCT AAACTGTTCATCAGACAAGAGGAAGT TCAAGAACTTTACTCTCCAA
FTHTTCHTATIGTIGUGLCAATAGTGT TTATAACACTITTIGUT TCACACTCAAAAGAAAGALAGAATGATIGAACTTIC
ATTAATTGACTICTATITGTGUTTITTAGCCTTICTGCTATICCTTGTITTAATTATGCITATTATCTTITGGTICTCAC
TIGAACTGCAAGATCATAATCAAACTIGTCACGCCTAAACGAACATGARAATTTICTTGTITICTTAGGAATCATCACA
ACTGTAGCIGCATTTCACCAAGAATGTAGTTTACAGTCATGTACTCAACATCAACCATATGTAGTTGATGACCCGTG
TCCTATTCACTTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTTAATTGAATIGTGCGTGE
ATGAGGCTGOTTCTAAATCACCCATTCAGTACATCGATATCOGTAATTATACAGTTTICCTGTITACCTTITACAATTA
ATTGUCAGGAACCTAAATTGGLTAGTUTTIGTAGTGUGTIGITCGTICTATGAAGACTT TITAGAGTATCATGACGTT
COTGTTGTTTTAGATTICATCTAAACGAACAAALTAAAATOTCTGATAATGGACCCCAAAATOAGCGAAATGCALC
CCGCATTACGTTIGGTGGACCCTCAGATTCAACTGGCAGTAACCAGAATGGAGAACGCAGTG GGG CGLGATCAAA
ACAACGTCGGLLUCCAAGGTTTACCCAATAATACTGLGTCTTGG T TCACCGUTCTCACTCAACATGLCAAGGAAGAC
CTTAAATTCCCTCGAGOACAAGG UG TICCAATTAACACCAATAGCAGTUCAGATGACCAAATIGGUTACTACCGAA
GAGCTACCAGACGAATTCGTGGTGGTGACGG TAAAATGAAAGATCTCAGTCCAAGATGGTATTTCTACTALITAG
GAACTOGLCCAGAAGUIGGACTTCCCTATGGTGLTAACAAAGACGELATCATATGGGTIGCAACTGAGLGAGLCT
TGAATACACCAAAAGATCACATTC GUALCLGUAATCCIGUTAACAATGUTGUAATCOTGUTACAACTTCCTCAADG
AACAACATIGCCAAAAGGUTTCTACGCAGAAGGGAGCAGAGGCGGCAGTCAAGUCTCTTCTCGTTOCTCATCACG
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TAGTCGCAACAGTTCAAGAAATTCAACTCCAGGCAGCAGTAGGGG AACTTCTCCTGCTAGAATGGCTGGCAATGG
CGGTGATGCTGCTCTTGCTTTGCTGCTGCTIG ACAGATTGAACCAGC TTGAGAG CAAAATGTCTGG TAAAGGCCAA
CAACAACAAGGCCAAACTGTCACTAAG AAATCTGETGCTGAGGLTICTAAGAAGCCTCGGUAAAAACGTACTGLC
ACTAAAGCATACAATGTAACACAAGCTTTCGGUAGACGTGG TCCAGAACAAACCCAAGGAAATTTTGGGGACCAG
GAACTAATCAGACAAGGAACTGATTACAAACATTIGGCCGCAAATTGCACAATTTGCCCCCAGCGLTTCAGCGTTCT
TCGGAATGTCGCGCATTG GCATGGAAGTCACACCTTCG GG AACGTEGTTGACCTACACAGGTGCCATCARATIGG
ATGACAAAGATCCAAATTTCAAAGATCAAGTCATTTTGCTGAATAAGCATATTGACGCATACAAAACATTCCCACCA
ACAGAGCCTAAAAAGGACAAAAAGAAGAAGGCTGATGAAACTCAAGCCTTACCGCAGAG ACAGAAGAAACAGTA
AACTGETGACTCTTCTTCCTGC TGCAGATTTGGATGATTTCTCCAAACAATTGCAACAATCCATGAGCAG TGCTGACT
CAACTCAGGCCTAAACTCATGCAGACCACACAAGGCAGATGGGCTATATAAACGTTITCGCTTTTCOGTTITACGAT
ATATAGTCTACTCTTG TGCAGAATGAATTCTCGTAACTACATAGCACAAG TAGATGTAGTTAACTTTAATCTCACAT
AGCAATCTTTAATCAGTG TG TAACATTAGGGAGGACTTGAAAGAGCCACCACATTTTCACCGAGGLCACGCGGAG
TACGATCGAGTGTACAGTGAACAATG CTAGGGAGAGCTGCCTATATGGAAGAGCCCTAATGTGTAAAATTAATTT
TAGTAGTGCTATCOLCATGTGATTTTAATAGCTTCTTAGGAGAATGACAAAAAAAAAAAAAAAAAARAAAAAAAA
ABAAAA (SEQ ID NO:15)

AEM GENOME

ATTAAMAGGTTTATACCTTCCCAG GTAACAAACCAACCAACTTTCGATCTCTTGTAGATCTGTTCTCTAAACGAACTTT
AAAATCTGTGTGGUIGTCACTCGGUTGLATGUITAGTGCACTCACGCAGTATAATTAATAACTAATTACTGICGTITG
ACAGGACACGAGTAACTCGTCTATCTICTGCAGGCTGCTTACGGTTTCGTCCGTGTTGCAGCCGATCATCAGCACA

TCTAGGTTTCGTCCGGO TG TG ACCGAAAGGTAAGATGRAGAGLOTTGTCCCT GG TTICAACGAGAAAACACACGT
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CCAACTCAGTTTGOOTGTITTACAGGTTCG CGACGTGUTCGTACG TG GUTTTGGAGALTCLOTGGAGGAGETCTTA
TCAGAGGULACGTUAACATCTIAAAGATGGLACTIGTGGUT TAGTAGAAGTIGAAAAAGGLGTITTGUCTCAACTIG
AACAGULCTATGTGTTCATCAAACGTTCGHATGCTCOAACTGCACCTCATGGTCATGT TATGOTTGAGCTGGTAGC
AGAACTCGAAGGCATTCAGTACGGTCGTAGTGETGAGACACTTIGGTGTCCITGTCCCTCATGTGGGCGAAATACC
AGTGGCTTACCGLAAGGTICITCTICGTAAGAALGGTAATAAAGGAGLTGETGGLCATAGTTACGGUGUCGATCT
ABAGTCATTTGACTTAGGLGACGAGUTTOGCACTGATCCTTATO AAGATTT TCAAGAAAALTGGAACACTAAACAT
AGCAGTGGTGTTACCCGTGAACTOATGUGTGAGUTTAACGGAGHGGUATACACTCGCTATGTCGATAACAACTTCT
GTGGCCCTGATGOITACCCTCTTGAGTGCATTAAAGACCTTCTAGCACGTGUTGOTAAAGUTTCATGCACTTIGTCC
GAACAACTGGACTTTATIGACACTAAGAGGGGTGTATACTGOTGCCGTGAACATGAGLATGAAATTIGLTTGGTAC
ACGGAACGTTCTGAAARAGAGCTATGAATTGCAGACACCTITIGAAATTAAATTGGCAAAGAMATTTGACACCTTCA
ATGGGGAATGTCCAAATTTIGTATTTCOCTTAAATTCCATAATCAAGACTATICAACCAAGGGT TG AAAAG AAAAA
GCTTGATGGCTITATGGOTAGAATTCGATCTGTCTATCCAGTTGCGTCACCAAATGAATGCAACCAAATGTGCCTTT
CAACTCTCATGAAGTGTGATCATTGTGGTGAAACTICATGG CAGACGGGCGATT TTGT TAAAGCCACTTGCGAATT
TIGTGGCACTGAGAAT TTGACTAAAGAAGGTGCCACTACTTIGTGGT TACTTACCCCAAAATGUTGTIGTTAAAATIT
ATTGTCCAGCATOTCACAATTCAGAAGTAGGACCTGAGCATAGTCTTGULCGAATACCATAATGAATCIGLLTTIGAA
AACCATTCTTCGTAAGGGTOGTCGCACTATTGCCTTTGOAGGCTGTIGTGTICTCTTATGTTIGGT TG CCATAACAAGT
GTGCCTATIGOGTTCCACGTGCTAGCGCTAACATAGOTTIGTAACCATACAGGTGTIGTTIGLAGAAGGTTCCGAAG
GTCTTAATGACAACCTTCTTGAAATACTCLAAAAAGAGAAAGTCAACATCAATATTIGT TG TOACTI TAAACTTAAT
GAAGAGATCGLCATTATITIGGCATCTTITICTGOUTTCCACAAGTGCTTTTIGTGGAAACTGTGAAAGGTITGGATTA
TAAAGCATTCAAACAAATTGTTGAATCCTGTGGTAATTTTAAAGTTACAAAAGGAAAAGCTAAAALAGGTGCCTGG
AATATTIGGTGAACAGAAATCAATACTGAGTCCTICTTTATGLATTIGCATCAGAGLUOTGOTCGTGTIGTACGATCAAT
TTTCTCCOCGCACTOTTGAAACTGUTCAAAATTCTGTGLGTGTTTITACAGAAGGUIGCTATAACAATACTAGATGGAA
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TTTCACAGTATICACTGAGACTCATTGATGCTATGATGTTCACATCTGATTTGGETACTAALAATCTAGTTGTAATG
GUCTACATTACAGGTGGIGTIGTICAGTIGACTTCGUAGTGGUTAACTAACATCTTTGGCALTGT T TATGAAAARACT
CAAACCCGTOCTTGATIGGUTTGAAGAGAAGTTTAAGGAAGG TG TAGAGTITCTTAGAGACGGTTGGHRAAATIGT
TAAATTTATCTCAACCTGTGCTTIGTGAAMATTGTCGGTGGACAAATTGTCACCTGTGCAAAG GAAATTAAGGAGAGT
GTTCAGACATTCTITAAGCTTGTAAATAAATTTITGGUTITGTGTGLTGACTCTATCATTATIGGTGGAGCTAAALTY
AAAGCCTTGAATTITAGOTGAAACATTIGTCACGLACTCAAAGLGATTGTACAGAAAGTGTGTTAAATCCAGAGAA
GASACTGECCTACTCATGOCTCTAAAAGCCOCAAAAG AAATTATCTTCTTAGAGGGAGAAAMCACTTCOCACAGAAG
TGTTAACAGAGGAAGTTGTCTTGAAAACTGGTGATTTACAACCATTAGAACAACCTACTAGTGAAGCTGTIGAAGC
TCCATTGGTTGGTACACCAGTTTGTATTAACGGGUTTATGTTGUTCGAAATCALAGACACAGALAAAGTACTGTGLC
CTTGCACCTAATATGATGGTAACAAACAATACCTICACACTCAAAGGUGGTGCACCAACAAAGGTTACTITIGGTG
ATGACACTGTGATAGAAGTGCAAGGTTACAAGAGTGTGAATATCACTITTGAACTIGATGAAAGGATIGATAAAG
TACTTAATGAGAAGTGUTCTGOCTATACAGT TOAACTCOGTACAGAAGTAAATGAGTTCGLCTGTGTTGTGGCAGA
TGCTGTCATAAAAACTTTGCAACCAGTATCTGAATTACTTACACCACTGGOLATIGATI TAGATGAGTGGAGTATG
GCTACATACTACTIATTTGATGAGICTGGTIGAGTITAAATTGGCT TCACATATGTATIGT TCTTTCTACCCICCAGAT
GAGGATGAAGAAGAAGGTGATTIGTGAAGAAGAAGAGTTITGAGLCATCAACTCAATATGAGTATGGTACTGAAGA
TGATTACCAAGGTAAACCTTTGOAATTTGETGCCACTICTGCTGOTCTICAACCTGAAGAAGAGCAAGAAGAAGAT
TGGTTAGATGATGATAGTCAACAAALTGTTGGTCAACAAGACGHUAGTGAGGACAATCAGACAACTACTATICAA
ACAATTOTTIGAGGT TCAACCTCAATTAGAGATOGAACTTACACCAGTIOTTLAGACTATTGAAGTGAATAGTTTTA
GTGGTTATTTAARACTTACTGACAATGTATACATTAAAALATGCAGACATTGTGGRAAGAAGUTAAALAGGTAAAACC
AACAGTGETIGTTAATGCAGCCAATGETITACCTTAAACATGGAGGAGETGTTGCAGGAGLCTTAAATAAGGCTAC
TAACAATGCCATGLAAGTIGAATOTGATGATTACATAGCTACT AATGGALCACTTAAAGTGEGTGGETAGTTGTGTT
TTAAGCGGACACAATCITGCTAAACACTGTCTTCATGTIGTCGGCCCAAATGT TAACAAAGGTGAAGACATTCAAC
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TTCTTAAGAGTGUTTATGAAAATTT TAATCAGCACGAAGTICTACTTGCACCATTATTATCAGCTGGTATTITIGETG
CTOACCCTATACATICTTTAAGAGTTTGTGTAGATACTGTTCGLCACAAATGTCTACTTAGCTGTCTTTGATAAAAATC
TCTATGACASACTIGTITCAAGOTTTITGGAAATGAAGAGTGAAAAGCAAGT TG AACAAAAGATCGCTGAGATICC
TAAAGAGGAAGTTAAGCCATTTATAACTGAAAGTAAACCTTCAGTIGAACAGAGARAAACAAGATGATAAGAAAAT
CAAAGCTTGTGTIGAAGAAGTTACAACAACTCI GG AAGAAACTAAGTICCTCACAGAAARCTIGTTACTITATATIG
ACATTAATOGGLAATCTTCATCCAGATTUTOCCACTCTIGTTAGTGACATTGACATCACTTTCUT TAAAGAAAGATGLTC
CATATATAGTGOGTGATETTGTTCAAGAGGGTGTTITAACTGCIGTGOTTATACCTACT AAAAAGGUTGETGGLAL
TACTGAAATLUTAGUGAAAGUT TIGAGAAAAGTGUCAALAGAUAATTATATAACCACT TALLLGGLICAGGLTTIA
AATGOTTACACTOTAGAGGAGGCAAAGACAGTOCTTAAAAAGTGTAARAGTGUCTTITACATTCTACCATCTATTA
TCTCTAATGAGAAGCAAGAAATICTTGGAACTGTTTICT TGGAATTIGCGAGAAATGCTIGCACATGCAGAAGAAAC
ACGCAAATTAATGLCTGTCIGTGTGGAAACTAAAGCCATAGTTICAACTATACAGUGT AAATATAAGGOGTATTAAA
ATACAAGAGGGTGTGGTTGATTATGGTGCTAGATTTTACTITTACACCAGTAALAACAACTGTAGCGTCACTTATCA
ACACACTTAACGATCTAAATGAAMACTOTTGTTACAATGCCACTTGGCTATGTAACACATGGCITAAATTIGGAAGAA
GUTGCTCGGETATATGAGATCTUTCAAAGTGLCAGUTACAGTTTCTGTI TCTICACCTOATGUTGTTACAGUGTATAA
TGGITATCTTACTTICTICTTCT AAAACACCTGAAGAACATITTATTGAAACCATCTCACTTGUTIGGETTCCTATAAAGA
TTGGTCCTATTOTGOACAATCTACACAACTAGGTATAGAATTTCTT AAGAGAGGTGATAAAAGTGTATATTACACTA
GTAATCCTALCACATICCACCTAGATGOTGAAGTTATCALCTTIGACAATUT TAAGALACTIUTTICT T IGAGAGAA
GTGAGGACTATTAAGGTGTTTACAACAGTAGACAACATTAACCTCCACACGCAAGTTGTGGACATGTCAATGACAT
ATGOACAACAGTTTOGTCCAACTTATITOGGATGGAGCTGATGTTACTAARATAAAACCTCATAATICACATGAAGG
TAAAACATTTTATGITITACCTAATGATOALACTUTACGTGTTGAGGUITTTGAGTACTALCACACAALTGATCCTA
GITITCTGRETAGGTACATGTCAGUATTAAATCACACTAAAAAG TG GAAATACCCACAAGTTAATGGTTTAACTTCT
ATTAAATOLGCAGATAACAACTGTTATCTTIGCCACTGCATTIGTTAACACTCCAACAAATAGAGTTGAAGTTTAATCC
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ACCTGCTCTACAAGATOUTTATTACAGAGCAAGGGUTGLTHAAGCTGUTAACTTTIGTGCACTTATOTTAGCOTACT
GTAATAAGACAGTAGGTGAGTTAGGTGATGTTAGAGAAACAATGAGTTACTIGTITCAACATGLCAATTTAGATIC
TTGCAAAAGAGTUTIGAACGTGLTGTGTAAAALTIGTGGACAALAGUAGACAACCUTTAAGGG TG TAGAAGOTGT
TATGTACATOGGCACACTTTCTTATGAACAATTTAAGAAAGGTGTTCAGATACCTIGTACGTGTGGTAAACAAGCT
ACAABATATCTAGTACAACAGGAGTCACCTITIGTTATGATETCAGUACCACCTGCTCAGTATGAALTTAAGCATG
GTACATITACTTIGTGUTAGTGAGTACACTGGTAATTACCAGTGTGGTCACTATAAACATATAACTICTAAAG AAACT
TIGTATTGCATAGACGOTGCTTTACTTACARAGTCCTCAGAATACAAAGO TCCTATTACGGATGTTTICTACAAAGA
ABACAGTTACACAACAACCATAAAACCAGTTACTTATALATTGGATGGTGTTGTTTGTACAGAAATTGACCCTAAG
TIGGACAATTATTATAAGAAAGACAATTCTTATTICACAGAGUAACCAATTGATCTTGTACCAAACCAACCATATCL
ABACGCAAGCTTCGATAATTTTAAGTTTGTATGTGATAATATCAAATTTGOTGATGATTTAAACCAGTTAALTGGTT
ATAAGAAACCTGCTTCAAGAGAGCTTAAAGTTACATTTTTCCCTGACTTAAATGGTGATGTGETGGITATTGATTAY
AAACACTACACACCCTCTITTAAGAAAGGAGCTAAATTGTTACATAAACCTATIGTTIGGCATOTTAACAATGCAAL
TAATAAAGUCACGTATARACCAAATACCTGOGIGTATACGTIGTIUTTTGOAGCACAAAACCAGTIGAAALCATCAAAT
TCGTTTGATGTACTGAAGTCAGAGGACGCGCAGGGAATGGATAATCTTGUUTGLGAAGATCTAAAACCAGTCTCT
GAAGAAGTAGTOGAAAATCCTACCATACAGAAAGACGTTCTIGAGTGTAATGTGAARACTACCGAAGTTGTAGGA
GACATTATACTTAAACCAGCAAATAATAGTITAAAAATT ACAGAAGAGOTTGGUCACACAGATCTAATGGUTGLTT
ATGTAGACAATICTAGTCTTACTATTAAGAAACCTAATGAATTATCTAGAGTATTAGGTITGAAAACCCTTGCTALT
CATGGTITAGCTIGUTGTTAATAGTGTCOCTTGGGATACTATAGCTAATTATGUTAAGCCTTTICTTAACARAGTIGTT
AGTACAACTACTAACATAGTTACACGLTGTTTAAACCGTGTTTGTACTAATTATATGUCTTATITCITTACTITATIG
CTACAATTGTIGTACTTITACTAGAAGTACAAATTICTAGAATTAAAGCATCTATGCCGACTACTATAGCAAAGAATAL
TGTTAAGAGTGTCGETAAATTTITGTCTAGAGGCTTCATTITAATTATTTIGAAGTCACCTAATTTITCTAAACTGATAAA
TATTATAATITGGTTTTTACTATTAAGTGTTTIGCCTAGGT TICTTTAATCTACTCAACCGUIGCTTTAGGTGTTTTAATG
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TCTAATTTAGGCATGOCTICTTACTGTACTGGTTACAGAGAAGGUTATHTGAACTCTACTAATGTCACTATIGCAAC
CTACTGTACTGGITCTATACCTTIGTAGTGTITGTCTTAGT GO T I TAGATTCTT TAGACACCTATCCTTCTITAGAAACT
ATACAAATTACCATTTCATCTTITAAATGGGATTITAACTGOTTTTGGCTTAGTTGCAGAGTGGTTTTTGLCATATATT
CTITICACTAGGTTITICTATGTACTIGGATTOGUTGCAATCATGCAATIGTTTTICAGUTATITTIGCAGTACATTITA
TTAGTAATTCTIGGOCTTATGTGG T TAATAATTAATCITGTACAAATGGULCCGATTTCAGUTATGGTTAGAATGTAC
ATCTTCTTTGCATCATTTITATTATGTATOGAMMAGTTATGTGCATOTTGTAGACGOTTGTAATTCATCAALTTGTATG
ATGTGTTACAAACGTAATAGAGCAACAAGAGTCGAATETACAACTATTGT TAATGGTGTTAGAAGGTCUTTTTATG
TCTATGUTAATOGAGGTAAAGOUTTTTGCAAACTACACAATTGLAATIGTOTTAATTGTGATACATTCIGTGLTGGT
AGTACATITATTAGTGATGAAGTTIOUGAGAGACTIGTCACTACAGTT TAAAAGACCAATAAATCCTACTGACCAGT
CTTCOITACATOGTTGATAGTOTTACAGTGAAGAATGGTTCCATCCATCTTTACTTTGATAAAGUTGGTCAAAAGACT
TATGAAAGACATTCTCTCTCTCATTTTGT TAACT TAGACAACCTGAGAGCTAATAACACTAAAGGTTCATIGCCTATT
AATGTTATAGTTITTGATGGTAAATCAALAATGTGAAGAATCATOTGLAAAATCAGCGTCTIGTTTACTACAGTCAGCY
TATGTGTCAACCTATACTGTTACTAGATCAGGCATTAGTGTCTGATGTIGGTGATAGTGCGGAAGTTIGCAGTTAAA
ATGTTTGATGUTTACGTTAATACGTTTTCATCAACTTTTAACOTACCAATGGAAAAACTCAAAMACACTAGTTGCAAC
TGCAGAAGCTGAACTTIGLAAAGAATGTGTCCTTAGACAATOTCTTATCTACTITTATTTCAGCAGCTCGGLAAGGEG
TTIGTIGATICAGATGTAGAAACTAAAGATGTIGTIGAATGTCTIAAATIGTCACATCAATCTGACATAGAAGTTAL
TGGCGATAGTTGTAATAACTATATGCICACCTATAACAALGTTGAAAACATGACACCOCGTGACCTTGOTGOTIGT
ATTGACTGTAGTGCGOGTCATATTAATGCG CAGGTAGCAAAAAGTCACAACATTIGCTTTGATATGGAACGTTAAAG
ATTTCATGTCATTGTCTGAACAACTACGAAAACAAATACGTAGTGCTGUTAARRAGAATAACTTACCTTTTAAGTIG
ACATGTGCAACTACTAGACAAGTIGTTAATGTTIGTAACAACAAAGATAGUACT TAAGGL TG GTAAAATTGTTAATA
ATTOGTTGAAGCAGTTAATTAAAGTTACACTTGTGTTICCTTTTTOTITGUTGCTATTITCTATITAATAACACCTGTTCA
TGTCATGTCTAAACATACTGACTITICAAGTGAAATCATAGGATACAAGGUTATIGATGGTGLTGTCACTCGTIGAC
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ATAGCATCTACAGATACTTGTTTTGCTAACAAACATGLTGATITTGACACATGG T TAGCCAGLGTGGTGEHTAGTTA
TACTAATGACAAAGUTTGULCATIGATIGUTGLAGTCATAACAAGAGAAGTGOGTTTTGTCGTGCCTGG T TGCCT
GGCACGATATTACGCACAACT AATGGTIGACTTITIGCATTICTTACCTAGAGTTITTAGTOCAGTTIGGTAACATCTG
TTACACACCATCAAAACTTATAGAGTACACTGACTTTGCAACATCAGCTTIGTGTTTTGGCTGCIGAATGTACAATTT
TTAAAGATGUTTCTGGTAAGCCAGTACCATATIGT TATGATACCAATGTACTAGAAGGTICTGITGCTTATGAAAGT
TTACGCCCTGACACACGTTATGTGCTCATGGATGGCTCTATTATICAATTTCCTAACACCTACCT TGAAGGTTCTGTT
AGAGTGGETAACAACTITIGATTCTGAGTACTOTAGGLACG GUALTTGTGAAAGATCAGAAGUTGGTGTTTGTGTAT
CTACTAGTGO TAGATGOGTACTIAACAATGATTATTACAGATCITTALLCAGGAGTHTTCTGTOOTGTAGATGUIGTA
AATTTACTTACTAATATOTTTACACCACTAATTCAACCTATIGGETIGCT TTGGACATATCAGCATCTATAGTAGCTGGT
GGITATTGTAGCTATCGTAGTAACATGCOTTGUCTACTATTITATGAGGTTTAGAAGAGCTTITGGTGAATACAGTCA
TGTAGTTGUCTITAATACTTTACTATTICCTTATGTCATTCACTGTACTUTGT T TAACACCAGT T TACTCATICTTACCT
GOGTGTTTATICTGT TATITACTTGTACTIGACATTITATCITACTAATGATGTITCTTITTITAGCACATATICAGTGGA
TGGTTATGTTCACACCTTTAGTACCTTTOTGRATAACAATTGCTTATATCATTTIGTATT TCCACAAAGCATTICTATIG
GTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGIGTTICCITTAGTACTT TTGAAGAAGCTGCGCTGT
GCACCTTTTIGTTAAATAAAGAAATGTATCTAAAGTTIGCGTAGTOATOTGCTATTACCTCTTACGCAATATAATAGA
TACTTAGCICTITATAATAAGTACAAGTATTT TAGTGGAGCAATGLATACAACTAGCTACAGAGAAGCTGCTIGTT
GTCATCTCGCAAAGGUTCTCAATGACTTICAGTAACTCAGGTTCIGATGITCTT TACCAACCACCACAAACCTCTATC
ACCTCAGUTGTTTITGCAGAGTGGTTTTAGAAAAATGGCATTCCCATCTGGTAAAGTTGAGGGTIGTATGGTACAAG
TAACTTGTGGTACAACTACACTTAACGOGTCTITGGCTTGATGACGTAGTITACTGTCCAAGACATGTGATCTGCALCC
TCTGAAGACATGUTTAACCCTAATTATGAAGATTTACTCATICGTAAGTCTAATCATAATTTCTTGGTACAGGCTGG
TAATGTTCAACTCAGGGTTATIGGACATTCTATGCAAAATIGTGTACT TAAGUTTAAGGETTGATACAGUCCAATCCTA
AGACACCTAAGTATAAGTTTGTTCGCATTICAACCAGGACAGACTTTTTCAGTGTTAGCTTGTTACAATGGTICALCA
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TOTGGTGTITACCAATOTGUTATGAGGLOCAATTICACTATTAAGGGTTCATICCTTAATGGTICATGTGGTAGTGT
TEGTTTTAACATAGATTATGACTGIGTCTCTITTTGTTACATGCACCATATGGAATTACCAACTGGAGTICATGCTG
GCACAGACTTAGAAGGTAACTTITATGGACCTTTTGTIGACAGGCAAACAGUAC AAGCAGCTOGTACGGACACAA
CTATTACAGTTAATGTTTTAGCTTIGGTIGTACGUTGCTGTTATAAATGLAGACAGHG TG GTTTCTCAATCGATTTACC
ACAACTCTTAATGACTITAACCTTGTGGCTATGAAGTACAATTATGAACCTCTAACACAAGACCATGTTGACATACT
AGGACCTCTTTCTGCTCAARALTGGAAT T GCCOTTTTAGATATGTGTGUT TCATT AAAAGAATTACTGCAAAATOGTA
TGAATGLACGTACCATATIGGGTAGTGUTTTATTAGAAGATGAAT TTACACCTTITGATGTIGTTAGACAATGCTCA
GOGTOTTACTTICCAAAGTGCAGTGAAAAGAACAATCAAGGGTACACACCACTGGTTGTTACTCACAATTITGACTT
CACTITTAGTT TTAGTCCAGAGTACTCAATGGTCTTIGTICTTTTTTTTGTATGAAAATGCCTTITTACCTTTIGCTATY
GGOTATTATTIGOTATGTCTGUTTTTIGCAATGATGTTTOTCARACATAAGLATGCATITCTICTGTITGTTTTIGTTACC
TN GUCACTGTAGUT TAT TTTAATATGGTCTATATGOUTGUTAGTTIGGGTGATOCGTATTATGACATGOTIGG
ATATGGTTGATACTAGTTTIGTCTIGGTT T TAAGCTAAAAGACTGTGTTATGTATGCATCAGCTGTAGTGTTACTAATC
CTTATGACAGCAAGAACTLIGTATGATGATGGTGUTAGGAGAGTGTGLACACTTATGAATGTCTIGACACTOGTTT
ATAAAGTTTATTIATGGTAATGCTTTAGATCAAGCCATTTCCATGTGGGUTCTTATAATCTCTGTTACTTCTAACTACT
CAGGTGTAGTTACAACTGTCATGTTTTTGGCCAGAGGTATTGTT I TTATGTGTGTIGAGTATTGCCCTATTTTCTTCA
TAACTGGTAATACACTICAGTGTATAATGUTAGTTTATIGTITCTTAGGCTATTITTGTACTIGTTACTITGGCCTCTT
TTGTT TACTCAACCGUTACTITAGACTGACTCTTGGTGTTTATGATTACTTAGTTTCTACACAGGAGT I TAGATATAT
GAATTCACAGGGACTACTCCCACCCAAGAATAGCATAGATGCCTICAAACTCAACATTAAATIGTIGGGTGTIGGT
GGCAAACCTTGTATCAAAGTAGCLACTGTACAGTCTAAAATG TCAGATGTAAAG TG CACATCAGTAGTCTTACTCT
CAGTTTTGUAACAACTCAGAGTAGAATCATCATCTAAATTGOTOGGCTCAATGTGTCCAGTTACACAATGACATICTC
TTAGCTAAAGATACTACTOAAGCCTTIGAAAAAATGGTITCACTACTTTCTGTITIGCTTTCCATGCAGGGTGCTGT
AGACATAAACAAGCTITGTGAAGAAATGCTGGACAACAGGGCAACCTTACAAGUTATAGCCTCAGAGTITAGTTCC
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CTTCCATCATATGCAGCTTTTGCTACTGCTCAAGAAGUTTATCGAGCAGGUIGTTIGUTAATGGTGATICTGAAGTTGT
TCTTAAAAAGTTGAAGAAGTCTTTGAATGTGGUTAAATCTGAATTTGACCGTGATGCAGCCATGCAACGTAAGTIG
QAAAMAGATGGCTGATCAAGCTATGACCCAAATGTATAAACAGGCTAGATCTGAGGACAAGAGGO GUAAAAGTTAC
TAGTGCTATGCAGACAATGCTTITICACTATGCTTAGAAAGTTGGATAATGATGCACTCAACAACATTATCAACAATG
CAAGAGATGOETTGTGTTCCOCITGAACATAATACCTCTTACAACAGCAGLCAAACTAATGGTTGTCATACCAGACTAT
AACACATATAAAARATACGTGTGATGOHTALAACATTTACTTIATGLATCAGLATIOTGLGAAATCCAACAGGTIGTAG
ATGCAGATAGTAAAATTGTTCAACTTAGTGAAATTAGTATGGACAATTCACCT AATTTAGCATGGCCTCTTATIGTA
ACAGCTTTAAGGGCCAATTCTGCTGTCAAATTACAGAATAATGAGCITAGTCCTGTTGCACTACGACAGATGICTT
GTGCTGCCGGTACTACACAAACTGCTTGCACTGATGACAATGLGT TAGUTTACTACAATCACAACAAAGGGAGGTA
GGTITGTACTIGCACTGTTATCCOGATTTACAGGATTTGAAATGOGUTAGATICCCTAAGAGTGATGGAACTGGTAL
TATCTATACAGAACTGLAALCACCTIGTAGGTTTGTTACAGACACACCTAAAGGTCCTAAAGTGAAGTATTTATACYT
TTATTAAAGGATTAAACAACCT AAATAGAGGTATGGTACTIGLGTAGTI TAGUTQUCACAGTACGTCTACAAGUTGE
TAATGCAACAGAAGTGCCTGLCAATTCAACTGTATTATCTTTCTGTGCTTITGCTGTAGATGCTGCTAAAG CTTACA
AAGATTATCTAGCTAGTGGEGGGACAACCAATCACTAATTGTGTTAAGATGTIGTGTACACACACTGGTACTGGTCA
GGUAATAACAGTTACACCGGAAGCCAATATGOATCAAGAATCCTTIGETGGTGCATCGTGTTGTCTGTALTGLCGT
TGCCACATAGATCATCCAAATCCTARAGGATTTIGTGACTTAAAAGGTAAGTATGTACAAATACCTACAACTIGTGC
TAATGACCCTGTGOETITTACACTIAAALAACACAGTCTGTACCGTICTOCGGTATGT GGAAAGGTTATGGUIGTAGT
TGTGATCAACTCCGLGAACCCATGUTTCAGTCAGUTGATGLACAATCG T T TTAAACG GG TTTGLGE TG TAAGTGC
AGCCCGTUITACALCGTGUGGCACAGGLACTAGTALTGATOTCGTATACAGGGUTTTIGACATCTACAATGATAAA
GTAGCTGGTTITGCTAAATICCTAAAAACTAATTGTIGTCGUTTCCAAGAAMAGGACGAAGATGACAATITAATIG
ATTCTTACTITGTAGTTAAGAGACACACTTTCTCTAACTACCAACATGAAGAAACAATITATAATITACTTAAGGATT
GTCCAGCTGTTGCTAALACATGACTTCTITAAGTTTAGAATAGACGGTGACATGGTACCACATATATCACGTCAACGT
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CTTACTAAATACACAATGGCAGACCTCGTCTATGUTITAAGGCATITTIGATGAAGGTAATIGTGACACATTAAAAG
AAATACTTOGTCACATACAATTIGTTGTGATGATGATTATTTCAATAAAAAGGACTGGTATGATTITGTAGAAAALCCCA
GATATATTACGLGTATACGLCAACTIAGGTGAALGTGTACGUCAAGCTTTG T TAAAAACAGTACAATTCTIGTGATG
CCATGCGAAATGUIGGTATTIGTTGG TG TACTGACATTAGAT AATCAAGATCTCAATOGTAACTGGTATGATTICGG
TGATTTCATACAAACCACGCCAGGTAGTGGAGTTCCTGTTGTAGATTCTTATTATICATTGTTAATGUCTATATTAAC
CTTGACCAGOGUTTTAACTGCAGAGTCACATGTTGACACTGACTTAACAAAGCCTTACATTAAGTGGGATTIGTTA
AAATATGACTICACGGAAGAGAGGTTAAAACTCTITGACCGT TATTITAAATATIGGGATCAGACATACCACCTAA
ATTGTGTTAACTGTITGGATGACAGATGCATTCTGCATTGTGCAAACTITAATGTTTTATTCTCTACAGTGTTCCCAC
CTACAAGTITIGGACCACTAGTGAGAAAAATATITGTIGATGGTIGTTCCATITGTAGTTTCAACTGGATACCACTIC
AGAGAGCTAGGIGTTGTACATAATCAGGATGTAARACTTACATAGCTCTAGACTTAGTTHTAAGGAATTACTTGIGT
ATGCTGUTGACCCTGUTATGCACGUTIGCTTCIGOTAATCTATT ACTAGATAAACGLACTACGTGUITITICAGTAGCT
GULACTTACTAACAATGTTIGUTTTTCARACTGTCAAACCCGGTAATTITAACAAAGACTTCTATGACTTIGCIGTGICT
AAGGGTTTCTTTAAGGAAGGAAGTICTGT TGAATTAAAACACTTCTITOITTGCTCAGGATGGTAATGUIGCTATCAG
CGATTATGACTACTATCGTTATAATCTACCAACAATGTGTGATATCAGACAACTACTATITGTAGTIGAAGTTGTIG
ATAAGTACTTTGATIGTTACGATGEIGGUTGTAT TAATGUIAACCAAGTCATCGTCAACAACCTAGACAAATCAGCT
GOGITTTCCATITAATAAATG GGG TAAGGUTAGACTTTATTATGATICAATGAGHTATGAGGATCAAGATGCACTTITY
COCATATACAAAACGTAATGTCATCCCTACTATAACTCAAATGAATCTTAAGTATGCCATTAGTGUAAAGAATAGA
GUTCGCACCGTAGUIGGTETCICTATCTGTAGTACTATGACCAATAGACAGTITCATCAAAAATTATTGAAATCAAT
AGCCGUCACTAGAGGAGCTACTGTAGTAATTGGAACAAGUAAATTCTATGGTGGTTGGLACAACATGTTAARAAL
TGTTTATAGTGATGTAGAAAACCCTCACCTTATGGOTIGGGATTATCCTAAATGTGATAGAGCCATGUCTAATATG
CTTAGAATTATGORCCTCACTIGTTOTTGCTCGCAAACATALAALGTGTTGTAGUTTOTCACACCGTTTCTATAGATTA
GCTAATGAGTGTGCTCAAGTATTIGAGTGAAATGOTCATETGTGGCGGTTCACTATATGTTAAALCAGGTGGAACCT
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CATCAGGAGATGUCACAACTGUTTATGCTAATAGTGTTTITTAACATTTGTCAAGUTGTCACGGLCAATGTTAATGLA
CTTTTATCTACTGATGGTAACAAAATTGUCGATAAGTATGTCCOLAATTTACAACACAGACTTTATGAGTGTCTICTA
TAGAAATAGAGATGTIGACACAGACTTIGTGAATGAGTTTTACGCATATTTGCGTAAMACATTITCTCAATGATGATAC
TCTCTGACGATGUIGTIGTGIGT T TCAATAGCACTTATGCATCTCAAGGTCTAGTGGUTAGCATAAAGAACTTTAAG
TCAGTTCTTTATTATCAAAACAATGTITITATGTCTGAAGUAAAATGTTGGACTOAGACTGACCTTACTAAAGGALT
TCATGAATTITGUTCTCAACATACAATGUTAGTTAARACAGGGTGATGATIATOTGTACCTTOCT TACCCAGATCCAT
CAAGAATCCTAGGGGUCGGUTGTTTTGTAGATGATATCGTAAAAACAGATGGTACACT TATGATTGAACGGTTCGT
GTCTITAGCTATAGATGCTTACCCACTTACT AAACATCCTAATCAGGAGTATGCTGATGTCTTTCATTIGTACTTACA
ATACATAAGARAGCTACATGATGAGTTAACAGGACACATGTTAGACATGTATICTGTTATGCTTACTAATGATAAL
ACTTCAAGGTATIGGGAACCTGAGTITTATGAGGUTATGTACACACCGCATACAGTOTTACAGGOTGTTIGGGGOTT
GTGTTCTTTGCAATTCATAGACTTCATT AAGATGTGOTGOT TG CATACGTAGACCATTCTTATGTTGTAAATGCTGTY
TACGACCATGTCATATCAACATCACATAAATTAGTOTTGTCIGTTAATCCGTATGTT IGLAATGCTCCAGGTIGTGAT
GTCACAGATGTGACTCAACTTTACTTAGGAGGTATGAGCTATTATTGTAAATCACATAAACCACCCATTAGTTTICC
ATTGTGTGCTAATGGACAAGTITTTGGTTTATATAAAAATACATGTGTIGOTAGCGATAATGTTACTGACTTTAATG
CAATTGCAACATGTGACTGGACAAATGCTGGETGATTACATTTITAGCTAACACCTGTACTGAAAGACTCAAGCTTTIT
GCAGCAGAAACGCTCAAAGUTACTGAGOAGACATI TAAACTGTCTTATOGTATIGUTACTGTACGTGAAGTGCTGT
CTGACAGAGAATTACATCTTTCATGGGAAGTTGOTAAACCTAGACCACCACT TAACCGAAATTATGTCTITACTGGT
TATCGTGTAACTAAALACAGTAAAGTACAAAT AGGAGAGTACACCTITGAAALRAGGTGACTATGLTGATGCTGTT
GTTTACCGAGGTACAACAACTTACAAATTAAATGTTIGOTGATTATTTTGTGOTGACATCACATACAGTAATGCCATT
AAGTGCACCTACACTAGTGUCACAAGAGCACTATGTTAGAATTACTGGOITATACCCAACACTCAATATCICAGATG
AGTTTTCTAGCAATGTTGLCAAATTATCAARAGGTIGGTATGCAAAAGTATTCTACACTCCAGGGACCACCTGGTALC
TGETAAGAGTCATTITIGCTATTGGCCTAGCTCTCTACTACCCTTCTGOTCGCATAGTGTATACAGCTTGCTCTCATGC
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CGOTGTTGATGCACTATGTGAGAAGGCATTAAAATATITGUCTATAGATAAATGTAGTAGAATTATACCTGCACGT
GCICGTOTAGAGTGT I TIGATARATICARAGTGAATICAACATTAGAACAGTATGTCTT TTGTACTGTARATGCATT
GCCTGAGACGACAGLCAGATATAGTIGTCTTTIGATGAAATTTCAATGGCCACAAATIATGATTTGAGTGTIGTCAAT
GCCAGATTACGTGCTAAGCACTATG TG TACATTIGGCGACCCTGCTCAATTACCTGLACCACGCACATTIGCTAACTAA
GGGCACACTAGAACCAGAATATT ICAATTCAGTGTIGTAGACTTATGARAACTATAGGTCCAGACATGTICCTCGGA
ACTTGTCGGCGTTIGTCOIGUTGAAATTGTTGACACTGTIGAGTGUTTTGET I TATGATAATAAGCTTAAAGCACATAA
AGACAAATCAGUICAATGUTTIAAAATGTTITATAAGGGTGOTTATCACGLATGATG T TCATCTGLAATTAACAGGC
CACAAATAGGUGTGLTAAGAGAAT TCCTTACACGTAACCOTGUTIGGAGAAAAGUTGTCT TTATTICACCITATAAT
TCACAGAATGOTGTAGCCTCAAAGATTTIGGGACTACCAACTCAAACTGTTGATTCATCACAGGGCTCAGAATATG
ACTATGTCATATTCACTCAAACCACTGAAACAGCTCACTCTIGTAATGTAAACAGATT TAATGTTGCTATTACCAGA
GCAAAAGTAGGCATACTTITGCATAATGTCIGATAGAGACCTITATGACAAGTTGLAATTTACAAGTCTTIGAAATICC
ACGTAGGAATGTGGCAACTITACAAGCTGAAAATGTAACAGGACTUT T TAAAGATIGTAGTAAGETAATCACTGG
GTTACATCOTACACAGGUACCTALACACCTCAG TG T IGACACTAAATTICAAAACTGAAGGTTTATG TG T TGACATALC
CTGGCATACCTAAGGACATGACCTATAGAAGACTCATCTCTATGATGOLGTTTTAARATGAATTATCAAGTTAATGE
TTACCCTAACATGTTTATCACCCGUGAAGAAGUTATAAGACATGTACGTGCATGGATTGLUTTCOGATGTCGAGGLG
TGTCATGUTACTAGAGAAGCTGTTGGTACCAATTTACCTTTACAGCTAGGTITTTICTACAGGTGTTAACCTAGTTGC
TGTACCTACAGGTTATGITGATACACCTAATAATACAGATTITICCAGAGTTAGTGCTAAACCACCGCCTGRAGATC
AATTTAAACACCTCATACCACTTATGTACAAAGGACTICCTIGGAATGTAGTGUGTATAALAGATIGTACAAATGTTA
AGTGACACACTTAAAAATCTICTCIGACAGAGTUGTATHIGICTTATGGLCACATGGLUT T IGAGTIGACATCTATIGAA
GTATTITGTGAAAATAGGACCTGAGLGLACCTGTTGICTATGTGATAGACGTGLCACATGCTTTICCACTGCTICAG
ACACTTATGOOIGTTGGCATCATTCTATIGRATTTGATTACGTCTATAATCCGTITATGATTIGATGTTCAACAATGGG
GTTTTACAGGTAACCTACAAAGCAACCATGATCIGTATTIGTCAAGTCCATGG TAATGCACATGTAGUTAGTIGIGA
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TGCAATCATGACTAGG TG TCTAGCTGTCCACGAGTGUTTIGT T AAGLGTGTIGACTGGACTATTGAATATCCTATAA
TGO TGATGAACTGAAGAT TAATGLGGCTTGTAGAAAGGT TCAACACATGETIGT I AAAGUTGCATIATTAGCAGA
CAAATTCCCAGTTCTTCACGACATTGGTAACCCT AAAGUT AT AAGTGTGTACCTCAAGCTGATGTAGAATGGAAG
TICTATGATGCACAGCCTIGTAGTGACAAAGCTTATAAAATAGAAGAATTATTCTATICTTATGCCACACATICTGA
CAMATTCACAGATGGTGTATGUCIATTTIGGAAT TGCAATGTCGATAGATATCCTGCTAATTCCATTGTTTGTAGAT
TTGACACTAGAGTGUTATUTAACCTTAACTIGLOTGOT TOTGATGOTGGLAGTITGTATG TAAATAAACATOLATTC
CACACACCAGCITTTGATAAAAGTGCTTTIGTTAATTTAAAACAATTACCATTTITCTATTACTCTGACAGTCCATGY
GAGTCTCATGGAAAMACAAGTAGTGTCAGATATAGATTATGTACCACTARAGTUTGCTACGTGTATAACACGTTGCA
ATTTAGGTGGIGCIGTCTGTAGACATCATG T AATGAGTACAGATIGTATCTICGATGUTTATAACATGATGATCICA
GETGGCTTITAGCTIGTGGGTI TACAAACAATTTGATACTTATAACCTOTGGAACACTTT TACAAGACTTCAGAGTTT
AGAAAATGTGGCTTTTAATGTIGTAAATAAGGGACACTTTIGATGGACAACAGGGTGAAGTACCAGTTICTATCATT
AATAACACTG T TACACAAAAGTTGATGGTIGTTGATGTAGAATIGT TTGAAAATAAAACAACATTACCTGTTAATGT
AGCATTTGAGCTTTGGGCTAAGUGCAACAT TAARACCAGTACCAGAGGTGAAMATACTCAATAATTIGGGTGTGGA
CATTGCTGCTAATACTGTGATCTGGGACT ACAAMAGAGATGCTCCAGCACATATATCTACTATTGOTGTTIGTTCTA
TGACTGACATAGUCAAGAAACCAACTGAAALGAT TTGTGCACCACTCACTGTUITITITGATGGTAGAGTTGATGE
FTCAAGTAGACTTATTTAGAAATGLCCGTAATGGTGT TCTTATTACAGAAGGTAGTGTTAAAGGTITACAACCATCTG
TAGGTCCCAAACAAGCTAGTUTTAATGGAGTCACATT AATTGGAGAAGCCGTAAAAACACAGTTCAATTATTATAA
GAAAGTTGATGOTGTTGTCOAALAATTACCTGAAACTTACT I TACTCAGAGTAGAAAT TTACAAGAATT TAAALCCA
GGAGTCAAATGGAAATTGATTTCTTAGAATTAGCTATGGATGAATTCATIGAACGGTATAAATTAGAAGGCTATGC
CTTCGAACATATOGTTIATGGAGATTTTAGTCATAGTCAGTTAGOTGOTTTACATCTALTGATTGGACTAGCTAAAL
GTTHTAAGGAATCACCTIT TGAATTAGAAGAT T TTATICCTATGLACAGTACAGT TAAARACTATTTCATAACAGAT
GCGUAAACAGGTTCATCTAAGTGTOTOTOGTTICTGTTATTGATTTATTACTTGATGATTITTIGTTGAAATAATAAAARTC
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CCAAGATTTATCIGTAGTTTCTAAGGTTIGTCAAAGTGACTATTGACTATACAGAAATTTCATTTATGCTITGGTGTA
AAGATGGLCATOTAGAAACATTTTACCCAAAATTACAATCTAGTCAAGCGTOLCAACCGLGTGTTGCTATGUCTAA
TCTTTACARRATGCAAAGAATGOTATTAGAAAAGTGTIGACCTTCAAAATTATGGTGATAGTGCAACATTACCTAAA
GGCATAATGATGAATGTCGLAAAATATACTCAACTG TG TCAATATITAAMCACATTAACATTAGCTGTACCCTATAA
TATGAGAGTTATACATTITGGTGCTGOTTCTGATAAAGGAGTIGCACCAGGTACAGUIGTT T TAAGACAGTGETTG
COTACGOGTACGUIGCTTGTCGATICAGATCTTAATGACTTTGTCTCTGATGCAGATTCAACTTTGATTGGTGATIG
TGCAACTGTACATACAGCTAATAAATGGLATUTCATTATTAGTGATATGTACGALLCT AAGACTAAARAATOTTACA
AAAGAAAATOACTCTAAAGAGGGTTTTTTCACTTACATTITGTGGOL T T TATACAACAAAAGCTAGUTCTIGLAGETT
CLGTGGUTATAAAGATAACAGAACATTCTIGHAATGUIGATCT I TATAAGUTCATGGLACACTTUGLATGGTGGAC
AGCCTTTGTTACTAATGTGAATGCGTCATCATCTGAAGCATTITTTAATIGGATGTAATT ATCTIGHCAAACCACGLG
AACARATAGATGGTTATGTCATGCATGCAAATTACATATITIGGAGGAATACAAATCCAATTCAGTTIGTCTTOCTAT
TCTTTATTIGACATGAGTAAATTTCCCCTTAAATTAAGGGGTACTGUTGTTATGTCTTTAAAAG AAGG TCAAATCAA
TEATATGATTTTATCTCTTICTTAGTAAAGGTAGACTTATAATTAGAGAALAACAACAGAGTTGTTATITCTAGTGATG
TTCTTGTTAACAACTAAACGAACAATGTTIGTITTTCTTGTITTATIGCCACTAGTOICTAGTCAGTGTGTTAATCTTA
CAACCAGAACTCAATTACCCCCTGUATACACTAATTCTITCACACGTGGTGTITATTACCCTGACAAAGTTTICAGAT
COTCAGTTTTACATTCAACTCAGGACTTGTTCTTACCTITCTTTTCCAATGT TACTIGGTTCCATGCTATACATGTCIC
TGGGACCAATGGTACTAAGAGGTTTIGATAALCCTGTCCTACCATI TAATGATGLIGTTTATTTIGCT TCCACTGAGA
AGTCTAACATAATAAGAGGCTGGATITTITGGTACTACTTTAGATTCGAAGACCCAGTCCCTACTTATTGTTAATAAC
GCTACTAATGTTGT TATTAAAGTCIGTGAATTTCAATTITGTAATGATCCATTTTIGGGTGTTTATTACCACAAAAAL
AACAAAAGTTIGGATGGAAAGTOAGTTCAGAGTTTATTCTAGTGLGAATAATTGCACTITTGAATATGICTCTCAGL
CHTICTTATGGACCTIGAAGG AARACAGGGTAAT TTCAAAAATUTTAGGGAATTIGTGTTTAAGAATATIGATGG
TTATTTTAAAATATATTCTAAGCACACGCCTATTAATT TAGTGCGTGATCTCCCTCAGGGT TITTCGGCTTTAGAACC
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ATTGGTAGATITGCCAATAGOHTATTAACATCACTAGOGTTTCAAALTTTACTIGET TTACATAGAAGTTATTTGALTCC
TOGTGATTCTTOTTCAGGTIGGACAGUTGGTGUIGCAGCT TATTATGTGGR TTATCI TCAACCTAGGACTTITCTAT
TAAAATATAATGAAAATGGAACCATTACAGATGCTGTAGACTGTGCALTTIGACCCTCTUTCAGAAACAAAGTGTAC
GTTGAAATCCTTCACTGTAGAAAAAGGAATCTATCAAACTTCTAACTTTAGAGTCCAACCAACAGAATCTATIGTTA
GATTTCCTAATATTACAAACTIGTGUCCTITTIGGTGAAGT T TTAACGOCACCAGATTTGCATCTIGTITATGLUTIGGA
ACAGGAAGAGAATCAGCAACTGTGTTGUTGATTATTCIGTCCTATATAATTCCGCATCATTITCCACTTTTAAGTGTT
ATGGAGTGTOTCCTACTAAATTAAATGATCTCTGOTTIACTAATGICTATGLAGAT ICATTIGTAATTAGAGGTGAT
GAAGICAGACAAATCGUTCCAGGGLAAACTGGAAAGATIGUIGAT TATAATTATAAATIACCAGATGATITTACAG
GETGCGTTATAGCTTGGAATTCTAACAATCTIGATTCTAAGETTGGTIGGTAATTATAATTACCTGTATAGATIGTTT
AGGAAGTCTAATCTCAAACCTTTIGAGAGAGATATITCAALTGAAATCTATCAGGCCGGTAGTACALCTTGTAATG
GTGTTGAAGGTTTTAATTIGTTACTITCCTTTACAATCATATGGT TTCCAACCCACTAATGGTGTTGGT TACCAACCAT
ACAGAGTAGTAGTACTTICTTTTIGAACTTCTACATGCACCAGCAACTGTITTIGTGGACCTAAAAAGTCTACTAATTIG
GTTAAAAACAAATGTGTCAATTTCAACTTCAATGOTTTAACAGGUACAGG TG TTCTTACTGAGTCTAACAARAAAGTT
TCTGCCTTTCCAACAATTIGGCAGAGACATIGCTGACACTACTGATGCTGTCCGTGATCCACAGACACTTGAGATTC
TTGACATTACACCATGTTICTTITGGTGOTOTCAG TG T TATAACACCAGGAACAAATACTTCT AACCAGGTTGUTGTT
CTTTATCAGGATGTTAACTGCACAGAAGTCCCTGTTIGCTATTCATGCAGATCAACTTACTCCTACTTGGCGTGTTTAT
TCTACAGGTTCTAATGTTITTCAAACALGTGCAGOGCIGTTTAATAGGOGUTGAACATGTCAACAACTCATATGALGT
GTGACATACCCATIGGTIGUAGOTATATGUGUTAGTTATCAGACTCAGACTAATTCTCCTCGLUCGHGUACGTAGTGT
AGCTAGTCAATCCATCATIGUCTACACTATGTCACTTGGTGCAGARRATTCAGTTGUTTACTCTAATAACTCTATIGE
CATACCCACAAATTITACTATTAGTGTTACCACAGARATICTACCAGTGTCTATGACCAAGACATCAGTAGATIGTA
CAATGTACATTIGTGETGATTCAACTGAATGCAGLCAATCTTTTGTIGCAATATGGLCAGTITITGTACACAATTAAAC
COTGCTTTAACTGGAATAGCTGTIGAACAAGACAAAAACACCCAAGAAGTTTTTIGCACAAGTCAAACAAATTTACA
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AARACACCACCAATTAAAGATTTTGGTGGTTTTAATTITICACAAATATTACCAGATCCATCAAAALCAAGCAAGALGS
TCATTTATTGAAGATCTACTTTICAACARAGTGACACTIGCAGATGUTGRUTTCATCAAACAATATGGTGATIGCCT
TGGTGATATIGCTGCTAGAGACCTCATTTIGTGCACAAAAGT TTAACGGCCTTACTGTITTGCCACCTITGCTCACAG
ATGAAATGATIGCTCAATACACTTICTGCACTGTTAGLG GG TACAATCACTICTGGTTGGACCTITGGETGCAGGTGCT
GCATTACAAATACCATTTGCTATGCAAATGGUTTATAGGTTTAATGGTATTGGAGTTACACAGAATGTTCTCTATGA
GAACCAAARATTIGATIGCCAACCAATTTAATAGTGCTATTGGCAALAATTCAAGACTCACTITCTTCCACAGCAAGTG
CACTIGGAAAACTICAAGATOTGGTCAACCAAAATGUACAAGUTTTAAACACGUTTG T TAAACAACTTAGCTCCAA
TTHIGGTGCAATITCAAGIGIITTAAATGATATCCTT TCACGTICTIGACAAAGT TGAGGUIGAAGTGUAAATIGATA
GOTTGATCACAGGCAGACTICAAMAGTTIGCAGACATATOTGACTCAACAATT AATTAGAGLTGUAGAAATCAGAL
CTTCTGOTAATCTTGUTGCTACTAARATGTCAGAGTE TG TACT TGGACAATCAAAMAAGAGTTGATTTTTGTGGAAA
GGGUTATCATCITATGTCOTTOCCTCAGTOAGCACCTCATGGTGTAGTOUITCTTGCATGTGACTTATG TCCOTGLALA
AGAAAAGAACTTCACAACTGCTCCTGUCATTITGTCATGATGGAAAAGCACACTTTCCTCGTGAAGGTGTCTTTGTIT
CAAATGGCACACACTGG T TGTAACACAAAGGAATTTITATGAACCACAAATCATTACTACAGACAACACATTIGT
GTCTGGTAACTGIGATGTTGTAATAGGAATIGTCAACAACACAGTTTATGATCCTTIGCAACCTIOGAATTAGACTCAT
TCAAGGAGGAGTTAGATAAATATTTTAAGAATCATACATCACCAGATGTIGATTTAGGTGACATCTCTGGCLATTAA
TGCTTCAGTTGTAAACATTCAAAAAGAAATTGACCGUCTCAATGAG GTTG CCAAGAATTTAAATGAATCTCTCATCG
ATCTCCAAGAACTTGGAAAGTATGAGCAGTATATAARATGGCCATGGTACATTIGGCTAGOGTITTATAGCTGGCTT
GATTGUCATAGTAATOGIGACAATTATGUTTITOLTGTATGACCAGTTGUIGTAGTIGTCTCAAGOGUTGTTIGTTCTT
GTGGATCCTIGUTIGCAAATT TGATGAAGACGACTCTOAGLCAGTGUICAALAGGAGTCAAAT TACATTACACATAAALC
GAACTTATGGATTITGT TTATGAGAATCTTCACAATTGGAACTGTAACTITGAAGCAAGGTGAAATCAAGGATGUTA
CTCCTTCAGATITTTGTTCGOGUTACTGLAACGATACCGATACAAGCCTCACTCCCTTITCGRATGGUTTATTIGTIGGC
GTTGCACTTCTTGCIGTTTTTCAGAGCGOTTCCAAAATCATAACCCTCAAAAAGAGATGGCAACTAGCACTCTCCAA
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GEGTGTICACTITGTITGCAACTIGUTGTTIGTIGHTIGTAACAGT T TACTCACACCTTTTGUTOGTTGUTGLTGGULT
TGAAGCCCCTTTTCTOTATCITTATGCTITAGTOTACTTCTTGCAGAGTATAAACTTTGTAAGAATAATAATGAGGCT
TTGGCTTTGCTGGAAATGUCGTICCAAAAACCCATTACTTITATGATGCCAACTATITICTTTGUTGGCATACTAATTG
TTACGACTATIGTATACCTTACAATAGTGTAACTICTTCAATTGTCATTACTICAGGTEATGLCACAACAAGTCCTATY
TTCTGAACATGACTACCAGATTIGGETGETTATACTGAAAAATGEGAATCTGGAGTAAAAGACTGTGTIGTATTACAC
AGTTACTTCACTTCAGACTATTACCAGUTGTACTCAACTCAATTGALGTACAGACACTGGTGTTGAACATGTTACCET
CTTCATCTACAATAAAATTGTTGATOAGCCTGAAGAACATETCCARATICACACAATCGALGGTTCATCCGGAGTT
GTTAATCCAGTAATGGAACCAATTTATGATGAACCGACGACGACTACTAGUGTGCCTT TG TAAGCACAAGCTGATG
AGTACGAACTIGIGACAACAGATGTTICATCTCGT TGACTITCAGGT TACTATAGCAGAGATATTACTAATTATTATY
GAGGACTTITTARAGTITCCATTIGGAATCTIGATTACATCATAAACCTCATAATTAALMAATTTATCTAAGTCACTAAC
TGAGAATAAATATTCTCAATTAGATOAAGAGCAACCAATGGAGATIGATTAAACGAACATOAAAATTATICTTIIC
TTGGCACTGATAACACTCOCTACTTIGTGAGCTTTATCACTACCAAGAGTGTGTTAGAGGTACAACAGTACTTITAAA
AGAACCTTGCTCTICTGGAACATACGAGGGUAATTCACCATTTCATCOTCTAGCTGATAACAAATTTGCACTGACTT
GUITTAGCACTCAATITGUITTIGUTIGTLCTGALGGLGTAAAACACGTCIATCAGTTALGTGLCAGATCAGTTICA
CCTAAACTGTTCATCAGACAAGAGGAAGTTCAAGAACTTTACTCTCCAATITITCTTATIGTIGCGGCAATAGTGTT
TATAACACTITGCTTCACACTCAAAAGALAGACAGAATGATTGAACTITCATTAATTIGACTTCTATTIGTGCITTITA
GUCOTTTCTGCTATTCOITGT T TAATTATGCTTATTATCTITTGGTTCTCACTTIGAACTGCAAGATCATAATGAAACTT
GTCACGCCTAAACGAACATGAAATTTCTIGTTITTCTTAGGAATCATCACAACTGTAGLTGCATTTCACCAAGAATGT
AGTTTACAGTCATGTACTCAACATCAACCATATGTAGTIGATGACCCGTGTCCTATICACTICTATTICTAAATGGTAY
ATTAGAGTAGGAGCTAGAAAATCAGUACCTTTAATTGAATTGTGUGTGLRATGAGGUIGGETICTAAATCACCCATIC
AGTACATCGATATCGGTAATTATACAGTITCCTGT T TACCTTTTACAATTAATIGCCAGGAACCTAAATIGGGTAGT
CITGTAGTGLGTTGTICGTTCTATGAAGACTTTTTAGAGTATCATRACGTICGTGTIGTTTTAGATTTCATCTAAALCG
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AACAAACTAAAATOTCTOATAATGOACCCCAAAATCAGCGAARTGLACCOCGCATTACGTTITGE TG GALCOTCAGA
TTCAACTOGUAGTAACCAGAATGLRAGAACGUAGTGOLGUGLGATCAAAACAACGTUGOUCCCAAGLTTTALLCAA
TAATACTGCGTCTIGGTTCACCGCTCTCACTCAACATGGCAAGGAAGACCTTAAATTCCCTCGAGGACAAGGCGTT
CCAATTAACACCAATAGCAGTCCAGATGACCAAATTGGCTACTACCGAAGAGCTACCAGACGAATTCGTGGTGGET
GACGGTAAAATGAAAGATCTCAGTCCAAGATGGTATITCTACTACCTAGGAACTGOGUCAGAAGUTGLACTTCCCT
ATGGTGCTAACAAAGACGGLATCATATGGGTTGCAACTGAGGGAGUCTICAATACACCAAAAGATCACATIGGCA
COOGCAATUCTGUTAACAATOUIGCAATCG TG LUTACAACTICCTCAAGGAACAACATIGUCAAAAGGUT TCTACGO
AGAAGGGAGCAGAGGUGGCAGTCAAGCCICTICTCG T TCCTCATCACGTAGTCGLAACAGT ICAAGAAAT TCAAC
TCCAGGCAGTAGTAGGGOAACTTICTOCTGCTAGAATGGUIGGCAATGGLGGTGATGCTGCICTTGCTITGCTGCT
GUTTOACAGATIGAACCAGCTTIGAGAGCAAAATGTCTGGTAAAGGCCAACAACAACAAGGHCCAAACTLGTCACTAA
GAAATCTGOTGUTGAGHUT TCTAAGAAGCCTOGGCAAAAACGTAUTGUCACTARAAGCATACAATGTAACACAAGCT
TTCGGCAGACGTGGTCCAGAACAAALCCAAGGAAATTTTGGGGACCAGGAACTAATCAGACAAGGAATTGATTAC
AAACATIGGCCGCAAATTGCACAATTT GCCCCCAGLGUTTCAGCGTITCTICGGAATGTCGLGCATTGGCATGGAAG
TCACACCTICGGGAACGTGGTIGACCTACACAGGTGLCATCAAATTGGATGACAAAGATCCAAATTTCAAAGATCA
AGTCATTTTGCTGAATAAGCATATTGACGLATACAAAACATTCCCACCAACAGAGLCTAAAAAGGACAAAAAGAA
GAAGGCTGATGAAACTCAAGCCTTACCGCAGAGACAGAAGAAACAGCAAMACTGTGACTCTTICTTCCTGITGAGA
TITGGATGATTTCTCOCAAACAATTGCAACAATCCATGAGCAGTGUTGACTCAACTCAGGUCTAAACTCATG CAGACC
ACACAAGGCAGATGOGUTATATAAACGTTTTCGUTTTTCCGTTTACGATATATAGTCTACTCTIGTGCAGAATGAAT
TCTCGTAACTACATAGCACAAGTAGATGTAGT TAACT TTAATCTCACATAGUAATCTIT AATCAGTGTGTAACATTA
GELGAGGACTIGAAAGAGLLCACCACATTTTCACCGAGGULALGUGGAGTACGATCGAGTOTACAGTGAACAATGLT
AGGGAGAGUTGCCTATATGGRAAGAGUUCTAATGTGTAAAATTAATITTAGTAGTGUTATCCCCATGTGATTITAATY
AGCTTCTTAGGAG AATGACAAAALAALALAALAAAAAALAAAAAAAAAAAAALAAAA (SEQ ID NOILE)
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hACEZ

ATGTCAAGCTCTTCCTGGUTCOTTCTCAGCCTTIGTIGUIGTAACTGOTGOTCAGTCUALD
ATTGAGGAACAGGCCAAGACATTTTTGGACAAGTITAACCACGAAGUCGAAGALCTIGTIC
TATCAAAGTTCACTIGUTICTTGGAATTATAACACCAATATIACTGAAGAGAATGTCCAA
AACATGAATAATGUTGGGGACAAATGGTCTGUCT T TTTAAAGGAACAGTCCACACTIGCC
CAMATGTATCCACTACAAGAAATTCAGAATCTCACAGTCAAGCTTCAGCTOUAGGCTCTT
CAGCAAAATGGETCTTCAGTGUTCTCAGAAGACAAGAGUAAACGGTIGAACACAATICTA
ARTACAATGAGUACCATCTACAGTACTGGAAAAGTTTIGTAACCCAGATAATCCACAAGAA
TGCTTATTACTTGAACCAGGTTTGAATGAAATAATGGUCAAACAGTITAGACTACAATGAG
AGHTTCTGOGITTGGGAAAGCTGRAGATCTGAGETCGHUAAGCAGTTGAGGLCATTATAT
GAAGAGTATGTGGTCTIGAAAAATGAGATGGUAAGAGUAAATCATTATGAGGACTATGGG
GATTATTGGAGAGGAGACTATGAAGTAAATG GGG TAGATGLUTATGACTACAGCCGLGGT

CAGTIGATIGAAGATOTOOAACATACCTTTOAAGAGATIAAACCATTATATGAACATCTT
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CATGUCOCTATOTGAGGGUAAAGTIGATGAATGUCTATCOTTCCTATATCAGTOCAATTGGA
TGCCTCCCTGUTCATTIGCTTGGTGATATGTGGGGTAGATITIGGACAAATCTGTACTCT
TTGACAGTICCCTTIGGACAGAAACCARAACATAGATGTTACTGATGCAATGLTGGACCAG
GLCTGGGATGCACAGAGAATAT TCAAGGAGGLCGAGAAGTICTTIGTATCTGTIGHTCTT
CUTAATATGACTCAAGGATTIUTGOGAAAATTCCATOUTAACG GALCCAGGAAATGTICAG
AAAGCAGTCTGULATCCCACAGUTIGGLACCTGGLGAAGGLUGALT TCAGLATCCOTTATG
TGCACAAAGG TG ACAATGGACGACTTCCTGACAGCTCATCATGAGATGHGGUATATCCAG
TATOGATATOGUATATGCTGCACAACCTTTTCTGCTAAG AAATGOAGITAATGAAGGATIC
CATOAAGLTGTTGGGGAAATCATGICACTTTUTGCAGCCACACCTAAGCATT TAAAATCL
ATTGGTCTTCIGTCACCCGATITICAAGAAGACAATGAAACAGAAATAAACTTCCIGCTL
ARACAAGUACTCACGATTOGTTGOGACTCIGCCATTTACTTACATGTTAGAG AAGTGGAGG
TGGATGOLTUTTTAAAGGGOAAATICCCAAAGACCAGTGGATGAAAAAGTGETGGHAGATS
AAGUOAGAGATAGTTGOGHTIGGTGLRAALCTGTGUCCCATGATGAAALATACTGTGACCOC

GCATCTCTGTTCCATGTTTCTAATGATTACTCATTCATICGATATTACACAAGGACCCET
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TACCAATTCCAGTT TCAAGAAGCACTTTGTCAAGCAGCTAAACATGAAGGCCCTCTGUAL
AAATGTGACATCTCAAACTCTACAGAAGUTGGACAGAAACTGTTCAATATGCTGAGGCTT
GGAAARTCAGAALLCCTGLACCLTAGLATIGGAAAATGTIGTAGGAGLARAGAACATGAAT
GTAAGGUCACTGCTCAACTACTTTGAGCCCTTATITACCTGL OTGAAAGACCAGAACAAG
AATTCTTITIGTGGOATGGAGTACCGACTGGAGTCCATATGCAGACCAAAGCATCAAAGTG
AGGATAAGCCTAAAATCAGCTICTTIGGAGATAAAGCATATGAATGGAACGACAATGAAATG
TACCTGTTCCGATCATCTGTTGCATATGUTATGAGGCAGTACTTTITAABAGTAAALRAAT

CAGATGATTCTTTTTGGGGAGGAGGATGTGCGAGTGRGCTAATTTGAAACCAAGAATCTCC

MTAATITCTITGTCACTGCACCTAAAAATGTGTCTGATATCATTCCTAGAACTGAAGTT
GAAAAGGCCATCAGGATGTCCCGGAGCCOTATCAATGATGCTTICCGTCTGAATGACAAL
AGCCTAGAGTTTICTGGGGATACAGCCAACACTTGGACCTCCTAACCAGCCOCCTGTTICC
ATATGGCIGATIGTTTITGGAGTTOTGATGGGAGTGATAGTGGTTGGCATIGTCATCCIG
ATCTTCACTGGOATCAGAGATLGGAAGAAGAAAAATAAAGCAAGAAGTGGAGAAAATCCT
TATGLCTCCATCGATATIAGCAAAGGAGAAAATAATCCAGGATTCLCAAAACACTGATGAT
GITCAGACCTCOTTTGGTACCGAGACCTCCCAGGTGLOGCCCGCTTAA

(SEQUID NO:17)
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