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The ability of Pseudomonas syringae pv. tomato DC3000 to be
pathogenic on plants depends on the Hrp (hypersensitive response
and pathogenicity) type lll protein secretion system and the effector
proteins it translocates into plant cells. Through iterative application
of experimental and computational techniques, the DC3000 effector
inventory has been substantially enlarged. Five homologs of known
avirulence (Avr) proteins and five effector candidates, encoded by
genes with putative Hrp promoters and signatures of horizontal
acquisition, were demonstrated to be secreted in culture and/or
translocated into Arabidopsis in a Hrp-dependent manner. These 10
Hrp-dependent outer proteins (Hops) were designated HopPtoC (Avr-
PpiC2 homolog), HopPtoD1 and HopPtoD2 (AvrPphD homologs),
HopPtoK (AvrRps4 homolog), HopPtoJ (AvrXv3 homolog), HopPtoE,
HopPtoG, HopPtoH, HopPtol, and HopPtoS1 (an ADP-ribosyltrans-
ferase homolog). Analysis of the enlarged collection of proteins
traveling the Hrp pathway in P. syringae revealed an export-associ-
ated pattern of equivalent solvent-exposed amino acids in the N-
terminal five positions, a lack of Asp or Glu residues in the first 12
positions, and amphipathicity in the first 50 positions. These charac-
teristics were used to search the unfinished DC3000 genome, yielding
32 additional candidate effector genes that predicted proteins with
Hrp export signals and that also possessed signatures of horizontal
acquisition. Among these were genes encoding additional ADP-
ribosyltransferases, a homolog of SrfC (a candidate effector in Sal-
monella enterica), a catalase, and a glucokinase. One ADP-ribosyl-
transferase and the SrfC homolog were tested and shown to be
secreted in a Hrp-dependent manner. These proteins, designated
HopPtoS2 and HopPtoL, respectively, bring the DC3000 Hrp-secreted
protein inventory to 22.

he organism Pseudomonas syringae pv. tomato DC3000 is an

important model in molecular plant pathology whose pathoge-
nicity depends on effector proteins injected into host plant cells by
the Hrp (hypersensitive response and pathogenicity) type III pro-
tein secretion system. We have reported the development of a draft
sequence of the DC3000 genome (http://www.tigr.org/tdb/mdb/
mdbinprogress.html) and the use of that sequence for genomewide
identification of virulence-related genes in the Hrp regulon (1). We
now have extended our genomewide investigation of the Hrp
system by identifying characteristics that enable the prediction of
DC3000 proteins that may travel the Hrp pathway and, therefore,
are candidate effectors.

Type III protein secretion systems are central to the virulence of
many bacteria, including animal pathogens in the genera Salmo-
nella, Yersinia, Shigella, and Escherichia and plant pathogens in the
genera Pseudomonas, Erwinia, Xanthomonas, Ralstonia, and Pan-
toea (2). Loss of the secretion system usually abolishes pathoge-
nicity in mutants, whereas mutation of a single effector gene
commonly has little or no effect because of apparent redundancies
among the effectors (3). This observation highlights both the
collective importance of effectors in pathogenesis and the difficulty

7652-7657 | PNAS | May 28,2002 | vol.99 | no. 11

in identifying them through loss of function. Given this problem,
effector genes have been alternatively sought through the identifi-
cation of proteins secreted to the medium and of genes coordinately
regulated with those encoding the secretion machinery (4). How-
ever, some effectors are poorly secreted in culture and/or expressed
independently of the secretion system regulon (5, 6). Thus, despite
the availability of genomic sequence data for several pathogens that
use type III secretion systems, we still have only a fragmentary
inventory of the effectors underlying their pathogenicity.

Our genomewide analysis of the Hrp regulon in DC3000 revealed
that several of the 48 Hrp promoters with highly significant hidden
Markov model E values expressed homologs of known effector
proteins, which are designated as Avr (avirulence) or Hop (Hrp-
dependent outer proteins) (1). Our analysis also revealed limita-
tions in such a promoter-based search for P. syringae effector genes:
(/) Some Hrp promoters express regulatory or toxin biosynthesis
proteins rather than effectors. (if) Some avr genes are preceded by
Hrp promoters with relatively poor E values, which substantially
enlarges the set of candidate promoters. (iii) Many of the ORFs
downstream of Hrp promoter sequences encode unknown proteins.
And, as noted above, some effector genes may not be associated
with Hrp promoters.

Thus, additional criteria are needed to winnow from the many
thousands of potential ORFs in an unfinished bacterial genome a
collection of candidate effectors that is usefully comprehensive but
small enough for experimental testing. One such criterion is evi-
dence of horizontal acquisition. G+C content, codon preference, or
location near mobile DNA elements have been widely used to help
the identification of virulence genes (7, 8). This criterion is appli-
cable with P. syringae because most avr genes have atypical G+C
content and are associated with mobile genetic elements (9-11). A
second potentially useful criterion involves the identification of
export-associated signals.

The first 15 or 17 aa of YopE or YopH, respectively, are sufficient
to direct a CyaA (Bordetella pertussis adenyl cyclase) reporter to the
type III pathway although no consensus secretion sequence has
been recognized in these or other Yops (12). Some frameshifts
altering the amino acid sequence in this region do not prevent
secretion of an Npt reporter, which suggests an mRNA targeting
signal (13). However, recent observations with native YopE suggest
that targeting information resides in the protein rather than the
mRNA and that amphipathicity in amino acids 2-11 is important
(14). The mechanism by which the secretion machinery recognizes
proteins with amphipathic N termini is unknown, and this property
is too general to support efficient genomewide searches for novel
effector genes.

Abbreviations: Hrp, hypersensitive response and pathogenicity; Avr, avirulence; Hop,
Hrp-dependent outer protein.

*T.P.-O. and D.J.S. contributed equally to this work.
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P. syringae has a single type III secretion system. The Hrp system
is known to secrete harpins (HrpZ and HrpW), the HrpA pilus
subunit, and effector proteins. Deletion mutations have demon-
strated that the N-terminal 10-15 residues are required for the
secretion of AvrPto and AvrB, respectively (15). Fusions with an
AvrRpt2 reporter have further demonstrated that additional signals
for translocation into plant cells reside within the N-terminal 58
residues of the Xanthomonas campestris pv. vesicatoria AvrBs2
protein (16). In general, the effector proteins of plant and animal
pathogens appear to carry targeting information in the N-terminal
portion (15-150 residues), but the nature of that information is
unclear.

Our genomewide identification of ORFs in the Hrp regulon
yielded both a founding inventory of candidate effectors with
homology to known Avr proteins or Hops and a collection of
effector candidates (1). Here, we enlarged the inventory by dem-
onstrating that five effector homologs and five proteins travel the
Hrp pathway. Analysis of the N-terminal sequences of these and
other known effector proteins yielded six distinct features or “rules”
potentially useful in predicting Hrp secretion substrates. These rules
were then used in a genomewide analysis of DC3000 that yielded
32 ORFs that were not preceded by Hrp promoters but had a strong
likelihood of encoding novel effectors. Two of these candidate
proteins were tested and shown to travel the Hrp pathway.

Materials and Methods

Strains and Media. Escherichia coli strain DHSa was used for cloning
experiments, and P. s. tomato DC3000 or derivatives and P. s.
phaseolicola 3121 were used for secretion or translocation assays,
respectively. Routine culture conditions for bacteria are similar to
those described (6). Antibiotics were used at the following concen-
trations: 100 pg/ml ampicillin, 20 ug/ml chloramphenicol, 10
pg/ml gentamicin, 100 pwg/ml rifampicin, 10 ug/ml kanamycin, and
20 pg/ml tetracycline.

Secretion Assays. All of the secretion assays used P. s. fomato
DC3000 strains carrying a pML123 derivative containing a PCR-
cloned ORF (encoding a candidate Hrp-secreted protein) fused to
nucleotide sequences that encoded either the hemagglutinin or
FLAG epitopes along with their native ribosome binding sites (17).
Details about the primers and the constructs are provided in Table
3, which is published as supporting information on the PNAS web
site, www.pnas.org). Constructs carrying different epitope-tagged
ORFs were electroporated into DC3000 and a DC3000 ArcC
mutant and grown in Hrp-inducing conditions (18). Additionally, all
of the DC3000 strains also carried pCPP2318, a construct that
contains blaM lacking signal peptide sequences (19). DC3000
cultures were separated into cell-bound and supernatant fractions
as described (6). Proteins were separated with SDS/PAGE by
standard procedures (20), transferred to polyvinylidene difluoride
membranes, and immunoblotted by using anti-FLAG (Sigma),
anti-hemagglutinin (Roche Molecular Biochemicals), or anti-B-
lactamase (5 Prime — 3 Prime) as primary antibodies. Primary
antibodies were recognized by goat anti-rabbit IgG-alkaline phos-
phatase conjugate (Sigma), which were visualized by chemilumi-
nescence by using a Western-Light chemiluminescence detection
system (Tropix, Bedford, MA) and X-Omat x-ray film.

Plant Materials and Translocation Assays. Arabidopsis thaliana ac-
cession Columbia (Col-0) and rps2-201 (21) mutant plants were
grown in a growth chamber with 12 h of light at 24°C (22°C at night)
and 70% relative humidity. Details about the primers and con-
structs described here are listed in Table 3. The partial avrRpt2 gene
with the N-terminal 40 codons deleted was amplified by using
standard PCR procedures and cloned into pMOD (Epicentre
Technologies, Madison, WI). After confirmation by sequence
analysis, it was cloned into the Kpnl and Sall sites of the broad-
host-plasmid pLK, resulting in pAavrRpt2. DNA fragments span-
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ning 200 bp upstream of the Hrp boxes and the complete ORFs for
hopPtoK and hopPtoG were cloned into pAavrRpt2 to produce
phopPtoK-AavrRpt2 and phopPtoG-AavrRpt2, respectively. Each
construct was introduced in P. s. phaseolicola 3121 by electropora-
tion. Bacterial strains in 10 mM MgCl, at a cell density of 103
colony-forming units/ml were infiltrated into A. thaliana Col-0 and
Col-0 rps2-201 plants with a needleless syringe.

Bioinformatic Techniques. Routine DNA analysis of the draft nu-
cleotide sequence of P. s. tomato DC3000 (http://www.tigr.org/
tdb/mdb/mdbinprogress.html) used BLAST searches (http://
www.ncbi.nlm.nih.gov/BLAST/index.html), the Artemis genome
viewer and annotation tool (http://www.sanger.ac.uk/Software/
Artemis/), and LASERGENE software (DNAStar, Madison, WI).
The two core motifs, described for simplicity in standard Prosite
syntax (22), of the algorithm used to identify ORFs that shared
general features with Hrp-secreted proteins was written as follows:
<M-[CGHKNPQRSTY]-[ILV]-{DEFWY }-{DEMILVFWY }-
{DE}-{DE}-{DE}-{DE}-{DE}-{DE}; and <M-[CGHKN-
PQRSTY]-[CGHKNPQRSTY]-[ILV]-{DEMILVFWY }-{DE}-
{DE}-{DE}-{DE}-{DE}-{DE}. Briefly, the < at the left of the
Met indicates that the following pattern must appear at the N
terminus of the peptide (i.e., an ORF needed to start with Met).
Characters in square brackets are alternatives for a single position
(i.e., [ILV] denotes a single Ile, Leu, or Val residue). Characters in
curly brackets are excluded (i.e., {DE} denotes any single residue
except Asp or Glu). Dashes are used to separate residues. Other
requirements were as follows: First, for an ORF to be selected it
needed a minimum overall length of 150 residues. Second, to select
OREFs that encoded polar amino termini, ORFs were required to
have a minimum combined number of Ser, Thr, and GlIn residues
of 7 within the first 50 residues. Finally, the candidate sequences
were screened to eliminate those containing the following Prosite
patterns: [MIVLFYW]-[MIVLFYW]-[MIVLFYW]; [MLIV]-
[MLIV; [FYW-FWY]; [AG-AGLKRIKR]; and [NQJ-{NQ].
This step simply eliminates sequences containing runs of residues
from containing these particular residue classes. This genomewide
search yielded genes that were manually screened for validity as
ORFs by using the Artemis genome viewer.

Results
Demonstration that Several P. s. tomato DC3000 Proteins with Ho-

mology to Known Avr Proteins Are Secreted in Culture or Translocated
into Plant Cells via the Hrp Secretion System. Our genomewide
analysis of ORFs preceded by Hrp promoter sequences yielded
eight ORFs with homology to proteins with avirulence activity in
other P. syringae pathovars (Fig. 1). We tested four of these DC3000
proteins for their ability to be secreted by the native Hrp system and
found all of them to be secreted (Fig. 24). Because the secretability
of these proteins was demonstrated (and the avirulence activity of
these DC3000 homologs is unknown), the proteins were renamed
as HopPtoC (AvrPpiC2 homolog), HopPtoD1 and HopPtoD2
(AvrPphD homologs), and HopPtoJ (AvrXv3 homolog). We also
used the AvrRpt2 translocation assay to test whether the DC3000
OREF that is similar to AvrRps4 (23) was translocated into Arabi-
dopsis plant cells (16, 24). P. s. phaseolicola carrying a broad-host-
range plasmid expressing the AvrRps4 homolog fused to the Avr
domain of AvrRpt2 (but lacking the secretion signals of AvrRpt2)
elicited an RPS2-dependent hypersensitive response (HR) on A4.
thaliana Col-0 (Fig. 2D), indicating that the amino terminus of the
AvrRps4 homolog supplied sufficient information to direct trans-
location of the fusion protein into plant cells. Consequently, the
AvrRps4 homolog was renamed HopPtoK. P. s. phaseolicola ex-
pressing HopPtoK did not elicit an HR, indicating that although
translocated into host cells, HopPtoK is probably not recognized by
the RPS4 protein present in A. thaliana Col-0, in contrast to its P.
s. pisi 151 homolog (23) (Fig. 2D).

PNAS | May 28,2002 | vol.99 | no.11 | 7653
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A. Promoter-based search for novel effectors

| 63 ORFs with 5' Hrp promoter sequencesl

1 \» 10 known Hops and|
o functlonal Avrs
\>| 8 ORFs known Avr homulogsl

| 6 ORFs rejected because G+C% |<
I was similar to DC3000

4 ORFs were not pursued because ! 4. .
| they ‘were not near Hrp promoter \

5 Avr homologs confirmed

|7 ORFs shared sequence
! d to be Hops

| identity with non-secreted proteins |

. 5 novel Hops
l 28 candidate novel effector ORFsl —_

B. Export signal-based search for novel effectors

129 candidate novel effector ORFs
identified in computer-based
search

I 36 ORFs had G+C% similar to | <
1 that of DC3000 (i. e. 58-61%) |

1 ZB ORFs were not near Hrp- <_
| regulated genes or mobile DNA l

1 33 ORFs shared sequence [P -
| identity with non-secreted proteins |

2 novel Hops confirmed
32 novel candidate effectors J
that are associated with possible
pathogenicity islets/islands 22 confirmed DC3000

Avr/Hops total

Fig. 1.  Flowchart of the two independent searches for novel Hrp effectors. (A)
ORFs with 5’ Hrp promoters were analyzed for horizontal transfer indicators to
yield a set enriched in candidate effectors for secretion testing. (B) Valid ORFs
found by the genomewide search for export signals were analyzed for indicators
of horizontal acquisition and association with possible pathogenicity islands or
islets to yield a set enriched in candidate effectors for secretion testing.

Identification of Additional Hops Encoded by Candidate Effector
Genes with 5' Hrp Promoter Sequences. Our previous genomewide
identification of Hrp promoter sequences with hidden Markov
model E values <le-3 had yielded many that were upstream of
unknown ORFs (1). From this group we identified 28 candidate
effector ORFs that were not homologs of known Avr proteins/
Hops or of any proteins unlikely to be secreted and whose low
G+C% content and association with mobile genetic elements
suggested horizontal acquisition (Fig. 1). Several of the predicted
proteins shared amino acid identity with proteins likely to be
effectors. For example, ORF5 yields several ADP-ribosyltrans-
ferases in BLASTP searches (highest BLAST E value 1e-5), including
a type IlI-secreted ADP-ribosyltransferase from P. aeruginosa (25),
and ORF?2 is homologous to an ORF adjacent to the avrPpiC2 avr
gene of P. s. pisi (26) (Table 1 and Table 4, which is published as
supporting information on the PNAS web site). To test whether
these proteins travel the Hrp pathway, we cloned the ORFs into a
broad-host-range vector fused to either the hemagglutinin or
FLAG epitope. DC3000 wild-type and Hrp mutant cultures car-
rying these constructs were separated into supernatant and cell
fractions and analyzed with SDS/PAGE and immunoblots. Five of
the eight proteins tested were secreted via the DC3000 Hrp system
(Fig. 2B) and consequently were designated as HopPtoE,
HopPtoG, HopPtoH, HopPtol, and HopPtoS1, respectively. Al-
though three ORFs were not detectably secreted in culture, they
may still be effectors because AvrB similarly is not secreted in
culture although translocated in planta (6, 27).

AvrRpt2 Translocation Assay Indicates That at Least One of the
Additional Hops Is Translocated into Plant Cells. We chose HopPtoG
to test for translocation into plant cells because it shared no
similarities with any sequences in the databases and was shown to
be secreted (Fig. 2B). P. s. phaseolicola carrying a plasmid express-
ing hopPtoG-AavrRpt2 elicited an RPS2-dependent hypersensitive
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Fig.2. Assays for Hrp system-dependent secretion in culture or translocation in
planta of candidate effector proteins. P. s. tomato DC3000 and a Hrp secretion
mutant derivative were used for tests of Avr homologs (A) or unknown candidate
effectors (B and C). (A-C) DC3000 or a DC3000 hrcC mutant (18) carrying test ORFs
(i.e., candidate effectors) fused to either the FLAG (F) or hemagglutinin (HA)
epitopes were grown in Hrp-inducing media, and cultures were separated into
cell (lanes 1-3) and supernatant (lanes 4 and 5) fractions and analyzed by SDS/
PAGE and immunobloting. Lanes 1 and 4, wild-type DC3000; lanes 2 and 5,
wild-type DC3000 (pTestORF); lanes 3 and 6, DC3000 hrcC mutant (pTestORF). As
an additional control against leakage, we included pCPP2318 in all strains, which
encodes the mature form of B-lactamase (8-lac). The presence of an epitope-
tagged protein in the supernatant fraction of the wild type (lane 5), but absence
in the hrcC secretion mutant (lane 6), indicated that the test ORF encoded a
secreted product. (D and E) AvrRpt2 translocation assays performed with a
DC3000 AvrRps4 homolog (D) or HopPtoG (E). Test strains were infiltrated into A.
thaliana Col-0 (RPS2) and Col-0 rps2-201 (rps2) plants (for E only). Plant responses
were scored 18 h after inoculation for hypersensitive response (HR) or no visible
response (N).

response in A. thaliana Col-0 (Fig. 2F), indicating that targeting
information in HopPtoG directed translocation of the AvrRpt2
fusion protein into plant cells. Thus, HopPtoG appears to be a
Hrp-injected effector protein.

Identification of Predictive Patterns in the N-Terminal Regions of
Proteins Secreted by the P. syringae Hrp System. To enable genome-
wide identification of Hrp effector genes (regardless of the presence
of 5" Hrp promoter sequences), we examined the N-terminal
regions of our enlarged set of Hrp-secreted proteins for conserved
patterns and properties. We constructed a training set of 28
nonredundant proteins thought to be secreted by the P. syringae Hrp
system (as indicated by previous avirulence or secretion tests), and
whenever possible we represented a protein family with a homolog
from P. s. tomato DC3000 (Fig. 34). Attempts to align or find motifs
in the first 50 aa of these proteins using known programs failed.
However, when these amino acids were examined on the basis of
their biophysical properties and solvent-exposed substitutability,
several patterns emerged, which are expressed as predictive rules in
Fig. 34. In general, the rules define a specific pattern of solvent-
exposed, equivalent amino acids that occur in the first five positions,
an absence of acidic residues in the first 12 positions, and an overall
amphipathicity and richness in polar amino acids in the N-terminal

Petnicki-Ocwieja et al.



Table 1. ORFs with 5’ Hrp promoter sequences and encoding proteins demonstrated to be secreted by the P. syringae Hrp system

Initial New GenBank accession no.
designation* designation Size, bp % G+C Homolog (BLAsTP E value) and/or reference
ORF1 HopPtol 1,899 48.9 None NA

ORF2 HopPtoH 657 47.2 ORF3 from P. s. pisi avrPpiC2 locus (1e-114) CAC16702 (26)
ORF3 HopPtoE 636 50.7 None NA

ORF4 HopPtoG 1,482 43.7 Hypothetical protein from R. solanacearum (1e-137) NP_521884

ORF5* HopPtoS1 852 46.5 Chicken ADP-ribosyltransferase (1e-5) P55807 (39)

NA, not available.

*Nucleotide sequences of all ORFs (including ORFs 6-8, which encode proteins that failed the secretion tests) are provided as supporting information on the PNAS web

site.

*Determined to possess an ART domain (pfam1129), further confirming its similarity to ADP-ribosyltransferases.

50 or so residues. Notably, each of four representative proteins that
are expressed by the Hrp regulon but are not secreted by the Hrp
system (CorS, Taal,, HrcC, and HrpL) failed multiple rules (Fig.
3B). Thus, these export signal rules appeared sufficiently specific to
support a genomewide search for additional candidate effector
genes, which could then be submitted to Hrp secretion tests.

Global Analysis of the P. s. tomato DC3000 Genome for ORFs Predicted
to Be Secreted by the Hrp System. An algorithm based on the export
signal rules permitted a computer-based search for candidate
Hrp-secreted proteins. The DC3000 genome was searched in all six
reading frames for ORFs (at least 150 aa in length) with N termini
(starting with Met) that satisfied the export rules. The large number
of contigs and ambiguous nucleotides in the DC3000 draft sequence
precluded an exhaustive search. The search process was based
entirely on the direct translation of the contiguous sequences of
unambiguous nucleotide codes, and no attempt was made to restrict
the search to ORFs as defined by various gene-finding packages.
This genomewide search yielded 400 hits that were manually
screened for redundancy with known effectors and for validity as
OREFs by using the Artemis genome viewer, based on the presence
of BLASTP hits (28), Glimmer 2.0 OREF calls (29), ribosome binding
sites, and transcription termination sequences (30). The resulting
129 apparently valid, additional ORFs were then analyzed for
features characteristic of known effectors in pathogenicity islands
(or islets), such as atypical G+C% content and presence in the
same region of known virulence factors, Hrp promoters, or mobile
genetic elements. A flow chart shown in Fig. 1B summarizes how
we reduced the pool of 129 ORFs to 32 effector candidates that
shared several characteristics of Hrp-secreted proteins. The nucle-
otide sequence of all 32 ORFs is published as supporting informa-
tion on the PNAS web site, and an abbreviated list of the six most
interesting ORFs based on BLASTP hits to other virulence genes is
provided along with other relevant features in Table 2. Interestingly,
our search found a putative effector, SrfC, that is predicted to travel
the type III pathway encoded by SPI2 of S. enterica (4). A further
indicator of the efficacy of the search was the finding of three
additional ADP-ribosyltransferases, ORF 30, 31, and 32, all with
significant amino acid sequence identity to HopPtoS1 (Table 2).

Confirmation That Two ORFs Identified in the Export Signal-Based
Search Encode Hrp-Secreted Proteins. To determine whether our
genomewide search had identified any novel Hrp-secreted proteins
we performed secretion assays on two ORFs, 29 and 30, which
seemed to be particularly promising candidates. As noted above, the
products encoded by ORFs 29 and 30 share similarity with a
putative type III effector from S. enterica, SrfC, and ADP-
ribosyltransferases, respectively. Both ORFs were PCR-cloned into
a broad-host-range vector fused to the FLAG epitope, and each
construct was introduced into DC3000 wild-type and Hrp mutant
strains. The epitope-tagged ORF29 and ORF30 proteins were
secreted by DC3000 in a Hrp-dependent manner without leakage
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of a cytoplasmic marker protein (Fig. 2C), and consequently they
were designated as HopPtoL and HopPtoS2, respectively.

Discussion

We have used two general approaches to mine the DC3000 genome
for genes encoding novel Hops. In the first, we identified ORFs that
were downstream of Hrp promoters and also appeared to be
horizontally acquired. Experimental testing of a subset of these
yielded five Hops. In the second approach we used our enlarged set
of Hrp-secreted P. syringae proteins to identify common charac-
teristics in the first 50 aa of these proteins. These characteristics
have permitted genomewide identification of novel proteins pre-
dicted to travel the Hrp pathway in P. s. fomato DC3000. Two of
these ORFs were then tested and both were found to be Hrp-
secreted. We also demonstrated that several DC3000 proteins with
homology to Avr proteins in other P. syringae strains are, in fact,
secreted in a Hrp-dependent manner, and these were consequently
designated as Hops. The iterative process of sequence pattern-
based prediction and experimental testing we pursued has yielded
22 confirmed Hrp-secreted proteins and an orderly process for
eventual completion of the inventory of effector proteins.

The export signal rules also permitted us to predict which of the
two ORFs in the AvrPphF locus is the effector. This locus was
previously described in P. s. phaseolicola (31) and is also present in
DC3000. We found that AvrPphF locus ORF1 violates all of the
rules, but AvrPphF locus ORF2 none (Fig. 3C). Furthermore,
ORF1 shares many of the general characteristics of type III
chaperones (3). We were unable to detect secretion of the ORF1
product in secretion assays, and only ORF2 was shown to be
translocated into plant cells on the basis of its delivery of an
AvrRpt2 reporter (L.S., M. Guo, J.R.A., and X.T., unpublished
data). Another demonstration of the selectivity of the export signal
rules is that only the chicken ADP-ribosyltransferase NRT2cpxk
shows major violations of the rules even though this protein is more
similar to HopPtoS1 and S2 than either of the type III-secreted
ADP-ribosyltransferases from P. aeruginosa, ExoS and ExoT
(Fig. 3C).

The observation that there is no overall difference in the N-
terminal residue patterns of effectors that are chaperone-associated
or chaperone-independent suggests that entry into the pathway is
the same for nascent and preformed effectors. Also, we observed
no significant difference in the N-terminal residue patterns between
effectors and accessory secretion factors such as the HrpA pilus
subunit and the harpin-like proteins. Perhaps the simplest method
for sorting proteins to be secreted from those to be injected is by
timing, with those proteins entering the pathway before the Hrp
pilus has connected with host cells being preferentially released to
the milieu.

There is presently little knowledge of how effector proteins
(particularly those lacking chaperones) are targeted for entry into
type III secretion pathways and what component(s) of the secretion
machinery serve as gatekeepers. Recently, Lloyd ef al. (32) have
elegantly demonstrated the importance of amphipathicity in the
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Fig.3. Sequence of the first40 aa of P. syringae Hrp-secreted proteins and other
relevant proteins and patterns that are predictive of export signals in secreted
proteins. (A) The first 40 aa of a nonredundant set of Hrp-secreted proteins and
Auvr proteins from P. syringae pathovars are color-coded by functional class. Below
the aligned amino acids are bars indicating which positions are pertinent to the
various export-associated patterns, expressed as six predictive rules: (a) lle, Leu,
Val, Ala, or Pro are found in positions 3 or 4, but not in both, and often preceded
by a Pro, polar, or basic amino acid; (b) position 5 is rarely occupied by a Met, lle,
Leu, Phe, Tyr, or Trp; (c) Asp or Glu do not occur within the first 12 positions; (d)
Cys rarely occurs after position 5; (e) the first 50 aa are amphipathic and rich in
polar residues, especially Ser and GIn (only 40 residues shown); and (f) no more
than three consecutive residues consisting of either Met, lle, Leu, Val, Phe, Tyr, or
Trp occur in the first 50 residues. The sequences of proteins from P. s. tomato
DC3000 are indicated with a Pto subscript. (B) Representative P. s. tomato DC3000
proteins associated with the Hrp regulon but not secreted by the Hrp system: CorS
(coronatine biosynthesis regulator), laaL (N-(indole-3-acetyl)-L-lysine synthetase);
HrcC, (outer membrane Hrp translocator); and HrpL (alternative sigma factor). (C)
Application of the export-signal rules to two ORFs in the AvrPphF locus and six
ADP-ribosyl transferases produced by P. s. tomato DC3000 (HopPtoS1, HopPtoS2,
and ORF31), P. aeruginosa (ExoS and ExoT), and chicken (NRT2cy). Proteins
violating the export signal rules are listed below B and C (with the violations). The
GenBank accession numbers are M15194 (AvrA), M21965 (AvrB), M22219 (AvrC),
721715 (AvrRpt2), NC_002759 (AvrRpm1), L20425 (AvrPto), AJ277495 (AvrPpiG1),
AF232005 (HopPsyV), AF232004 (AvrE, HopPtoB (EEL ORF1), HopPtoA1 (CEL
ORF5), HrpA, HrpK, HrpW, HrpZ), AAF67151 (AvrPphF ORF1), AAF67152 (AvrPphF
ORF2), AAC34756 (HrcC), NP_252530 (ExoS), NP_248734 (ExoT), and P55807
(NRT2chi). The full sequences for all other P. syringae proteins are published as
supporting information on the PNAS web site.

first 8 aa in type III secretion signals. Our study suggests that
positional effects in the first few amino acids of the export signal are
also important. The patterns we observed suggest that solvent-
exposed amino acids in the N terminus function as a “key” that is
engaged by a receptor “lock” in the Hrp machinery. The key-way
in the lock is likely to have a net negative charge (as suggested by
the lack of acidic amino acids in the first 12 residues of Hops) and
appears to recognize a specific pattern in the first five residues. This
pattern occurs in almost all Hops. The subsequent 6-50 or more
residues of Hops have the general property of amphipathicity

7656 | www.pnas.org/cgi/doi/10.1073/pnas.112183899

(which seems to be the universal characteristic of type III effector
proteins) without any positional specificity. Unlike the Salmonella-
translocated effectors secreted by SPI12 (33), many of the P. syringae
Hops do not appear to be homologs. Thus, the pattern in the first
five residues likely represents convergent evolution to fit a Hrp
system receptor.

To determine whether the algorithm that we used to search for
export-associated patterns would be useful in identifying type
III-secreted proteins in other pathogens that use type III secretion
systems we searched the genomes of P. aeruginosa PAO1 (http://
www.Pseudomonas.com/) and R. solanacearum GMI1000 (http:
sequence.toulouse.inra.fr/R.solanacearum.html). Whereas the al-
gorithm yielded 129 ORFs in DC3000, it identified 54 and 73 ORFs
in P. aeruginosa and R. solanacearum, respectively. Several, but not
all known, type III effector genes were identified in these organ-
isms. For example, the type III effectors ExoS and ExoT both were
identified in P. aeruginosa as well as several proteins secreted by the
flagellar type III system. In R. solanacearum, the algorithm iden-
tified the P. syringae Avr homologs AvrPphD, AvrA, and AvrPpiC2,
the Ralstonia PopA harpin-like protein, a hypothetical protein that
is similar to PopC, and interestingly, HrpV, a protein encoded
within the Arp/hre cluster, whose function is unknown. We also
searched the genomes of two nonpathogens, E. coli K12 MJ1655
(http://www.genome.wisc.edu/k12.htm) and Bacillus subtilis 168
(http://genolist.pasteur.fr/SubtiList/) and identified 54 and 40
ORFs, respectively. These latter bacteria do not have type III
secretion systems other than the flagellar system, and it seems
unlikely that all of these ORFs represent secreted proteins. Thus,
genomewide searches with the current algorithm yield a collection
of ORFs that is only enriched in type III-secreted proteins. How-
ever, as we have demonstrated, winnowing of this collection using
other characteristics associated with effector genes, such as signa-
tures of horizontal acquisition, can efficiently yield a subset (inde-
pendent of 5" Hrp promoter sequences) that can be systematically
tested for secretion. This process yields DC3000 effector genes
unlikely to be found by other means, as we have demonstrated.

HopPtoS1 and HopPtoS2 share sequence similarity with ADP-
ribosyltransferases, proteins that have long been implicated in
bacterial pathogenesis in animals through the modification of host
signal transduction pathways (34), but until now have not been
implicated in the bacterial pathogenesis of plants. The DC3000
genomic studies described in an earlier paper clearly show that
several of the effectors in DC3000 are redundant (1). By using the
pattern-based export prediction described here we have identified
three ADP-ribosyltransferase genes (in addition to sopPtoSI) in the
genome of DC3000 that have N-termini putative export signals.
One of these, ORF32, may not be a functional gene because the
OREF is truncated. The other two, HopPtoS2 and ORF31, are
full-length genes based on sequence alignments (data not shown).
HopPtoS2 is secreted by the Hrp system (Fig. 2C) and ORF31
shares high amino acid sequence identity with the Hrp-secreted
HopPtoS1. Interestingly, HopPtoS1 contains putative myristoyl-
ation and palmitoylation sites at its N terminus (as does AvrPphF
ORF?2; Fig. 3C), whereas the other two do not, indicating that
HopPtoS1 may be localized to the plasma membrane. Thus, there
appear to be at least three Hrp-secreted ADP-ribosyltransferases
and these may localize to different regions of the plant cell. The
existence of these proteins in P. syringae is particularly noteworthy
given that ADP-ribosyltransferase genes have not been identified in
the bacterial plant pathogen genomes that have been published thus
far (35-38). Significantly, our genomewide search for export signals
yielded a homolog of the S. enterica candidate effector SrfC, further
adding to the growing list of effectors shared between plant and
animal pathogens. It is also noteworthy that one of the 32 ORFs
found by the genomewide search (ORF48) is a homolog of a
bacterial catalase (BLASTP le-126), and another (ORF49) is a
glucokinase homolog (BLASTP 3e-42). These putative effectors
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Table 2. Selected ORFs encoding candidate effector proteins that were identified by the genomewide search based on

export-signal patterns

New Size, Hrp promoters Mobile DNA GenBank accession no.

Designation* designationt bp % G+C  within 10 kb*  within 10 kb$ Homolog (BLAsTP E value) and reference

ORF29 HopPtoL 2700 61.0 n n SPI-2 regulated SrfC (1e-21) AAF74575 (4)

ORF307 HopPtoS2 795 46.5 y n Clostridium exoenzyme C3 NP_346979 (40)
ADP-ribosyltransferase (1e-5); 20.5%
identical to HopPtoS1!

ORF317 NA 897 49.8 y y Chicken ADP-ribosyltransferase (5e-3); P55807 (39)
also 71.7% identical to HopPtoS1!

ORF321 NA 507 54.2 y y Chicken ADP-ribosyltransferase (5e-3); P55807 (39)
also 51.3% identical to HopPtoS1!

ORF33 NA 2823 55.2 n y SepC insecticidal toxin (1e-128) NP_065279 (41)

ORF34 NA 534 63.5 y n Lytic enzyme (3e-36) BAA83137 (42)

NA, not available; n, no; y, yes.

*The nucleotide sequences for these ORFs as well as the other ORFs identified in the export-signal-based search are available as supporting information on the PNAS web

site.

If protein was determined to be Hrp-secreted by either secretion or translocation assays the protein was given a Hop name.
*Indicates that the ORF is within 10 kb of a HrpL-responsive Hrp promoter identified in Fouts et al. (1).

SIndicates that a transposon, plasmid, or a phage-related sequence is within 10 kb.
TORF was determined to possess an ART domain (pfam1129), further confirming its similarity to ADP-ribosyltransferases.
ISequence comparisons were carried out with Emgoss software (http://bioweb.pasteur.fr/seqanal/interfaces/needle.html).

could have a role in oxidative stress and regulation of sugar
metabolism, respectively.

We have increased the inventory of DC3000 Hrp-secreted pro-
teins to 22 with our characterization of HopPtoC, HopPtoD1,
HopPtoD2, HopPtoE, HopPtoG, HopPtoH, HopPtol, HopPtol,
HopPtoK, HopPtoL, HopPtoS1, and HopPtoS2. This enlarged
collection of candidate effectors should help us better understand
how these proteins promote plant pathogenesis, and further inves-
tigation of their export signal patterns should aid our understanding
of type Il secretion mechanisms and the targeting of proteins to the
pathway.
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Table 3. Primer and construct information for ORFsused in typelll protein
secretion assays

Enzyme
sites
Geneor or other
ORF relevant
cloned Seguences of primer pairs features  Plasmid
F: BamHI
R: Xhol,
hopPtoC ~ F: 5-AGTCGGATCCGAATAGGGCGCTGAAAATATGACAATCGTGTC FLAG
R: 5-AGTCCTCGAGTCACTTGTCATCGTCGTCCTTGTAGTCGTGTATTTTTGAAGCGAA codons PLNS50
F: BamHI
hopPtoD1 ~ F: 5-CCACACATTGGATCCGATTACTTCATCCGGGACAGCTGATAGCGC R oo,
R: 5-ATTCTCGAGTCATTTATCATCATCATCTTTATAATCGGGTGCGGGCTGCCGCGAC codons PLN167
F: Hindlll
hopPtoD2  F: 5-ATGCAAGCTTATCCAATGCCTTTCGTCA R ol HA pLN130
R:5ATGCCTCGAGTCAAGCGTAATCTGGAACATCGTATGGGTATTCTAACGCTATTTTTG
c
F: Hindlll
hopPtoJ F: 5-AGTAAAGCTTGAGCTGCACGCATGCGAG R Xoal, PLN164
R: 5-AGTATCTAGATCACTTGTCATCGTCGTCCTTGTAGTCTTGTGCGACCAGATGTTT codons
F: BamHI
R: Xbal,
hopPtoE ~ F: 5-AGTAGGATCCATAGAAAAATACCATAGGGGTGCA FLAG LN162
R: 5-AGTATCTAGATCACTTGTCATCGTCGTCCTTGTAGTCGTCAATCACATGCGCTTG codons P
F: BarHI
hopPtoG ~ F: 5-ATGCGGATCCCGTATGACCTTGTAAAAT R Xbal HA - piNis
R:5-
ATGCTCTAGATCAAGCGTAATCTGGAACATCGTATGGGTAGCCGTTGTAAAACTGCTT
F: BamHI
.o R: Xhol, pLN150
hopPtoH ~ F: 5-AGTCGGATCCGATAATCCTGGATGATCCATTG A
R: 5-AGTCCTCGAGTCACTTGTCATCGTCGTCCTTGTAGTCTTGATGTGCCCTGTACTT codons
F: BamHI
hopPtol F: 5-AGTAAAGCTTACGGGCAGGTATTGCAAG R Xoal, PLN165
R: 5-AGTATCTAGATCACTTGTCATCGTCGTCCTTGTAGTCTTTTTTGGGCAGCCAGCG codons
hopPtoL F: 5-AGTAGGATCCTGCCTCCAACTATTGGCT F: BaHI
R:5'-AGTATCTAGATCACTTGTCATCGTCGTCCTTGTAGTCTCTCGCTTTGAACGCCTG R Xoal. pLN224
codons
F: BamHI
hopPtoSL  F: 5~ATAGGATCCCGAGAACGGCGCGGACGTG R Xoal, N1
R: 5-ATATCTAGATCATTTATCATCATCATCTTTATAATCCTCGTCAGAGCTCTCTGC codons P
hopPtoS2  F: 5-GATGGATCCACGCACATAACAACGGTG F: BaHI

R:5-ATATCTAGATCATTTATCATCATCATCTTTATAATCAATCTGACTTAATAC R Xoal, PLN223

codons




Enzyme

sites
Geneor or other
ORF relevant
cloned Seguences of primer pairs features  Plasmid
F: Kpnl,
. Xbal, BamHI
avrRp2 F: 5ATTGGTACCTCTAGAGGATCCAACCTTCAATCTGAA ApSY AR
R: 5-ATGTCGACTTAGCGGTAGAGCATTGCG P2
hopPtoK- F: 5-GCGAATTCATCGGTTTAATCACGCAAGGC F: EcoR phopPtoK
“avrRpt2 R: 5-AAGGATCCGCAGAGCGTGTCGCGACC R: BamH h;Aaerp
t
hopPtoK F: 5-GCGAATTCATCGGTTTAATCACGCAAGGC F: EcoRl phopPtoK
R: 5-TTGGTACCTCAGCAGTAGAGCGTGT R Kpnl
hopPtoG-  F: 5-GCGAATTCGTTAGTTGATTTTGTCTAGCG F: EcoRl phopPtoG
‘avrRpt2 R: 5'-GAGGATCCGCCGTTGTAAAACTGCTTAGA R: BamHl In;Aaerp

F, Forward; R, reverse.
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Table 4. ORFs with 5' Hrp promoter sequences representing candidate
Hrp-secreted proteins

N-terminal  Type lll Homolog GenBank

Size, Hop chaperone  (BLASTP E accession
Designation  bp %G+C  features features' value) no.
ORF6* 393  49.9 + + NA NA

MutT mutator
Mesorhizobium

ORF7 387 55.6 - - loti (3e-7) NP_10455
6
Mesorhizobium NP_10577
ORF8 1014 585 - - loti putative 6
esterase/lipase
(1e-12)

ORF4 from P. s.

ORF9 483 44.1 - - eriobotryae (3e- BAA8706
50) 3

ORF10 1467 63.1 + - DnaJ protein (2e- BAB1768
11) 9

ORF11 864 58.5 + - HrpA -like protein  AAB0012
(5e-7) 6.1

ORF12 1668 56.6 + - Pectate lyase NP_38974
(1e-54) 6

ORF13® 429  54.8 - + NA NA

oRF14" 474  59.1 - + NA NA

orF15/ 534  56.0 - - NA NA

ORF16 1137 51.8 + - NA NA

ORF17" 1173 51.3 - - NA NA

Putative Yersinia  NP_40699
ORF18 474 44.7 - - pestis exported 3
protein (1e-6)




Hypothetical

ORF19 1344 51.1 + - protein from R. NP_51836
solanacearum 6
(2e-92)

ORF20 366 61.5 + - NA NA
Putative

ORF21 1242 55.7 - - transglycolase NP_25268
from P. 1
aeruginosa and N*-
R. solanacearum
(1e-106) P_522801
Putative sorbitol

ORF22 960 48.0 - - dehydrogenase NP_38911
(2e-18) 5

ORF23 675 47.8 + - Riboflavin-
specific NP_21330
deaminase RibD 7
(8e-38)

ORF24 588 45.8 - - Putative NP_34726
phosphatase 9
from Clostridium
(5e-32)

ORE25" 474  57.6 - + NA NA

ORF26 357 54.1 + - NA NA
Carboxypeptidas

ORF27 1299 56.0 - - e from Bacillus NP_24121
(4e-29) and 8

hydrolase from NP_52183
Ralstonia (5e-22) 4

ORF28 459 53.0 + - NA NA

NA, not available.

"ORFs were assessed for whether their encoded products had N termini that suggested that they
were Hrp-secreted.

ORFs were assessed to determine whether they shared the general characteristics of type I
chaperones.
*This ORF is directly upstream of ORF17 and may encode a type Il chaperone for the ORF17

roduct.

his ORF is upstream of the hopPtoS1 gene and is likely to encode a chaperone for HopPtoS1.

Tshares weak similarity with CEL ORF8, a candidate chaperone for the product of CEL ORF7,
and is likely to encode a type Ill chaperone for the product of ORF15.
rhe product of ORF15 does not share all of the N-terminal features associated with known Hops,
however, it is 34% identical with the product of ORF26, which does.



"~ The ORF17 product does not have several of the N-terminal features associated with known
Hops, however, it is preceded by a good candidate chaperone gene, ORF6, and may encode a
Hop.

M The ORF25 product is a putative chaperone for the product of ORF26.



Supporting information for Petnicki-Ocwiga et al. (2002) Proc. Natl. Acad. Sci. USA 99
(12), 7652—-7657. (10.1073/pnas.112183899)

Nucleotide sequences of P. s. tomato DC3000 ORFs addressed in this paper

>avrPphD1pc
atgaatcctctacgatctattcaacacaacattgcaactcccccaatcagtggcggtcagecattagacgcggtgggcecctcaggecca
gcaatcccatcctaaaaggatttcaccttctcaattgagccaaagcegctcaccaggcetctagaacgcctttcagctaatgccgaacacca
acgccttgcatcactggtacgcaacgctctgcaggatggcacatttcaatttcaatccagtaaccacacgcaagtaacctataaagegtc
aatctgtctgccagctgacaccgataccgtgagaaccgaccacttgattaataacgagctgacggttcaggcccgattaaatgatcaatc
ggagtacgacatcgtcagcgcacatttgcatggctcticgaaagccatatccttcgacgtacccagcecccccgeccgcacatggttcage
atcttctgtcttgagtgaacggacccatctaggtatgagtcgcgttctctcacaagatgcagtagacagcagtagcectggaaactcegttac
tgagctcgccagaccattctcgtccgecatcacagccaaagceccgtgcatatcgggteggtccgcagggactetggtagecttgtttceg
ataacccggtagtgcaggccctgctatcgtttgcgcaggccgaccaggcatttccaccacaggecgcgagcattgeccggggtccagcet
ggaaatgcggccacgtcgggatattgagaaagcacttgaggaattcaaaggcgccttcacggtggtgaaggcgcaactgatgtcecggt
gccaactcgtcggagcegtgtagatgaggatgtcaacgcagacatccatatccccttattgctcaaggccatcgagcggggggcetgegg
catttggtccaaacgcatcaatcggccagaatagcgcgaaagcgtttctcgcectcatgtgctcccaagatcacgtccaatgacgatgtect
ctccgagttcatcaaccagaaactcaagggggacgacgatcttcaggttcgectgggegcacaggaattgttgcatgtagccaccaag
aaggaattccagctcggceggtctagccggeagcatcggggtcagcagcatactcggetcggecatgggagcettggegcttctgagetgtt
gaaaaatgccatcttcggcaaaaatttctcaccgagccaatatgccctgcaattggectggaatcgattcagtgectcctttgattatcgagtc
catggacaccatgtgcgtacttgccatcatcaagggcatgaagggtgaggagtggtccatgagcgatctacttcccaaggegttgaagg
ccggtgctatttcctcggtggtgtcattccccaataatgttttgcagtatgcaggtttcaaatccagagtcggcegatcttgcggcaaactcagt
gacaactgaagcggccatctttggcgecgcectececggtatticcacccgaggtcaaggaaagtgaagagcetgatgegtgetggcettattee
agagcatgaaggacggcgtgatggctcattcaggcgagggggtggacaccaaaaaaacgattgagcggatgacgcgccatgegct
ggatatcgctccgggcgaaagcaccgctgtcaagtccatggggcetggceatcgattgtcgggatgattccactgattgccagcaacaagg
caaccgggctgctgtcggaacaggtactgcgtattttccggagcgccgtcttcaatccaatcgaagccatcgcetctgaacgcegttggegct
tggcgggcgtgtcaacgttcccgggctatttgattccgacaatgccaagcatgcacgcegtggtacaaaccatccttgcgegggecagcec
agcacatggaagctggagaccgtgacatttccgcagaggagctacatcaaatgctggctccccggagcgagttcctgegecatgtggg
atctgcgattgtcaacggcatgaatgccagctttgaggcaattcccgecctggticggaagcttggatatggtgaggctccattggccgaa
cgtattccgtatcaagacctggctgtgcccgacacgtcgecggeageccgceaccctga

>avrPphEpc
atgaaaatacataacgctggcctaaccccacctttgccgggcatttcgaatggaaacgttggaaaggcggegceaatcatcaataactca
accgcagagccagcaaggctcttatggcettgccaccagaaagctctgagactcgecctgatagggegegtgcgaactatccatattcat
cagtacaaacacggttgccgccecgttgecgtctgetgggaaaccgctgectgatacaccatcttctttgcccggcetacttactgttgcgaagg
ctggaccatcgccctgtggatcaggaaggtaccaaaagtctgatcccggcagacaaggctgtggcetgaagegegecgtgeattgecct
ttggaagaggcaatattgatgtggatgcgcaactttccaatctggaaagtggagcccgcacccttgcagcaaggtgcttgagaaaagat
gccgaggccgcecggtcatgagcectatgectgcgaatgagccgatgaactggcatgttcttgttgcgatgtcaggccaggtgttcggegeg
ggcaactgtggcgaacatgctcg
tatagcgagcttcgectatggagctttggcccaggaaaacggacgatctgaatatgaaaacatctacttggctgcatcgactgaggaag
atcatgtgtgggctgaaaccgacgaatcccagtctggcacctcaacgattgtcatggatccgtggtcaaatggttcagccatattigcgga
ggacagtaggtttgcgaaaaatcgaaatgctgtagagcgtacggatacgtttaatctttcaaccgcagccgaagcgggcaaaattacgce
gtgagacagccgagaaggctttgacgcaggtcacaacccgattgcagaaacgcctggcggatcagcaggagcaagtctcgeccatc
aaaagtggtcgctatcgaccagaaaaatcggtacttgatgatgcatttgtccgcagagtgagcgacaagttgacctcccctgatttgegg
cgtgcactacaggtagatattgaagcggtcggagtcgcaatgtcgetcggcaccaagggcegtcaaggacgctactcgacaageccga
cctttggttgagcttgcagtgaaggtcgcectetcctcaaggcttggcgagacgagatgtetga

>avrPpiBlpc
atgcacgcaaatcctttaagctctttcaacagagctcaacatggcaatctgactaatgtagaggccagccaagttaaatcggcaggaac
ctcttccaccactaatatagacagtaaaaacattgaagaacatgttgcagacagactcagtgatttaggcagacctgatggtggatggttt
ttcgagaagtcacttggcaccttgaaaaatttaaatcttgagcagttagccggaatccatgatgtactaaaattaacagatggcgtaaaga
acattgtctcttttggagctcgggaaggaggcttcgagttggcaatgcagtttcgtcatgatttatacagatctcaacatccggatgaaaact
cgccgcacgatgccgcaactcattatctigatgcaatcagcctgcaatcaaacaaatttacaaaacttgaaaaactacaacatgtagatg
tatttaaaatgcaaaacccgttttgggatgtcgggtacaaaaacggaattgcgcacgcaaaaaaaatggcattcttcataacgccagag
tggctgggttctgatttctgtaaacaggaattccagtggcettagcgaaacaaaaaacaaagacataaaatctgcatttgtgatctttaaaga
tgtagacttaaaaagcaaaaatatgacaagtatcttcaattttgcagacttccataaatcacgcgtcatgatggcaagcacacctcccga
atcgggattgaataatgtaaaaatcgaaaatagcgttgacctgaatttcaagaggttattaactgaccgtgagtcatgggaactaaataat
ttcctaggcgactaa



>avrPpiC2pc
atgacaatcgtgtctggacacatcggaaaacacccaagcctaaccactgttcaagctgggtcttcggcetticggtcgagaatcaaatgcct
gatcctgcacagttcagtgatggacggtggaaaaagcttccgacccaattgtcgtcaattacattggcgagattcgatcaggatatttgca
cgaataatcatggcatcagtcagcgtgcaatgtgctttggcctttcattgagctggattaacatgattcatgccgggaaagatcatgttacgce
cctatgcatcggcagaaagaatgaggtttctgggttcctttgaaggggtggtgcatgctcgtactgttcataacttctatcggactgagcaca
aatttctgatggagcaagcttccgcaaaccccggagtatcaagtggegegatggetggcacagaaagtttattgcaagcetgetgagttga
aggggttaaagcttcaacctgttctagaggacaagtcgaactcaggcctacccttcctaattgcgtgtaagcagtcagggcggcaggtg
agcacagatgaagctgcgctaagctccttatgtgatgcaattgtagaaaataagagaggggtaatggtgatatacagccaagaaattg
cccacgctttgggctttictgtatcatcagatggcaaaagagcgaccttatttgatcccaatctcggagagtticatacacactcgaaagcegt
tggctgatactatcgaaaacatatcatcggcagatgggctgcectttaatcggcgttcaagtatticgcticaaaaatacactga
>avrPtoBpc
atggcgggtatcaatagagcgggaccatcgggcgcttattttgttggccacacagaccccgagccagtatcggggcaagcacacggat
ccggcagcggcegcecagctcctcgaacagtccgcaggticagccgegaccctcgaatactccecccgtcgaacgcgeccgceaccgcecg
ccaaccggacgtgagaggctttcacgatccacggcgctgtcgcgccaaaccagggagtggctggagcagggtatgectacagcgga
ggatgccagcgtgegtcgtaggccacaggtgactgccgatgeccgcaacgcecgegtgcagaggcaagacgecacgcecggaggcaac
tgccgatgccagegceaccgegtagaggggcggttgcacacgccaacagtatcgttcagcaattggtcagtgagggcegctgatatttcge
atactcgtaacatgctccgcaatgcaatgaatggcgacgcagtcgctttttctcgagtagaacagaacatatttcgccagcatttcccgaa
catgcccatgcatggaatcagccgagattcggaactcgctatcgagcetecegtggggcegcttcgtcgageggttcaccaacaggeggceg
tcagcgccagtgaggtcgeccacgecaa
caccggccagccctgeggceatcatcatcgggcagcagtcagcegttctttatttggacggtttgeccgtttgatggcgccaaaccagggac
ggtcgtcgaacactgccgcectctcagacgccggtcgacaggagcccgecacgcgtcaaccaaagacccatacgcgtcgacagggcet
gcgatgcgtaatcgtggcaatgacgaggcggacgecgegcetgcgggggttagtacaacagggggtcaatttagagcacctgcgecac
ggcccttgaaagacatgtaatgcagcgcctccctatcccecctcgatataggcagegcegttgcagaatgtgggaattaacccaagtatcg
acttgggggaaagccttgtgcaacatcccctgctgaatttgaatgtagcgttgaatcgcatgctggggcetgcgtcccagegctgaaagag
cgcctcgtccagcecgtecccgtggcetcccgecgaccgcectccaggcgaccggatggtacgcgtgcaacacgattgecgggtgatgeegg
agcgggaggattacgaaaataatgtggcttatggagtgcgcttgcttaacctgaacccgggggtgggggtaaggcaggctgttgegge
ctttgtaaccgaccgggctgagcggecagcagtggtggctaatatccgggcagcecctggaccctatcgegtcacaattcagtcagetge
gcacaatttcgaaggccgatgctgaatctgaagagcetgggttttaaggatgcggcagatcatcacacggatgacgtgacgcactgtctttt
tggcggagaattgtcgctgagtaatccggatcagcaggtgatcggtitggecgggtaatccgacggacacgtcgcagcecttacageccaa
gagggaaataaggacctggcgttcatggatatgaaaaaacttgcccaattcctcgcaggcaagcctgagcatccgatgaccagagaa
acgcttaacgccgaaaatatcgccaagtatgcttttagaatagtccectga

>avrRpsdpc
atgaatcgcatttcaaccagctcagtaaattccagcttcaattacacggceccctacggaggaagcgcaaaaccgcttcgcctcagecgec
cgacaattcccctctagttgtcaccacaacatctatcgcccaagcegtcggaagggctacaaaggccgggggcaacgctaagcatgca
ggcccagcgactgcgcecaattgatggggagceccgtctgagcagtgccggagggacacaatgttagctaaagcttttgatgctcaacgce
ctaaacattaacactcaagcaggctcttccaacagcccacacttgaacgctctcaacacgctccaacaacgacacttcaaacctgcgg
ctggtgggctagaaatcccagttacatccaactccttattgggcggtggcaggcaagtctatcaaattggctcatcgtcacgcgagctaag
ccaccgaccggtcaatgatcaggaccgcgegcccttcagggcegcttgagecggcetgcacgecgagttgtttagaggtgggecgattgag
tttgtgcctagaggcagcaacgtgttggcctcaaacgtgagggatgtcgacatggacgagttcgatgtcatcaactctaaagacggcetge
caaggcattggcaccactggcctgggaccctgcattgcagtgtgtgcaagaggcatggatagagaagggcttccggtgetgggtgtcta
tcaccacagtggtatcggctcaccagaggataccatggctactcttgatcaagcgatgcgcgataaaggtgcetttgcaaatcaaatactc
cctggtaggecggcatgatcatgcctaaagaggaagaggctggcagctatgacgacgagcaaagctttttggcattgaaaggceagttatt
caatcgaaggggcgcgcttgcatgtatccgaaggcgaagaggacgtgcataccggcgaggacaacagtgtcaatgttctgctgatgce
ctgaccgcgttctgtacggtcgcgacacgctctactgctga

>avrXv3pc
atggggctatgtatttcaaaacactctggtagcagttacagctacagtgatagcgaccgctggcaagtgcctgcatgccctccaaacgcec
aggtctgtatccagtcatcaaacagcatctgcgagtgacatcgcatcaggcgatgtggatgaacgtcctgcaacgttttctcattttcaactt
gcgcggtgeggtggagagtacacgcttagcatggtttctgcagcggcttatcaagcagaaagacggcatcgeggtaatttaataaaag
atcgtagtcaatccatactcccatgggtccaggtatatcattctaaaaaaggtttggattacagcttccagatcgacagaactacgactgtt
aaagtggctggattcaactgctctatccccaataacagagggactcggcatttatacagcgctggtacgagtcagacaaacatgcctgtc
atcgcagacaacatgagcgcatgcattgctgtcgegtgtgcggcggaaaacgtggatgctggcacgggtgaacgtaggecgggggce
gaaagttcgcgtattccatctactcecttttcgacgcgaagaccttgtgccagaagaagttttagcttctgtgcgegattatctgcgaacgac
caaagaacaggggctaacaatgcgcgtagctatgcatggagggaatacagagggtgatttctcagtcagcactgcgcaggcattgaa
aggcctgtttgctaatgaagggatcccgcttgaatttgacgagacctgtgcaaaccgaacgtctgaaacactgcttggtgcecgttatcttag
atgacaactcgactcattticataaaacatctggtcgcacaataa

>hopPsyApc



atgaaccccattcagtcacgcttctccagtgtgcaagagctcagacgatccaacgttgatattccggcgctcaaagccaatggccaactg
gaggtcgacggcaagaggtacgagattcgtgcagccgatgacggaacaatttcggtccticgaccggagcaacaatccaaagcgaa
aagttttttcaagggcgcttcccagttgataggtggcagcagccagcgegcegcagattgcccaggegctcaacgagaaggtcgceateg
gcacgcactgtcttgcaccagagcgctatgacgggcggacgcttggacacccttgagcggggcgaaagcagctcagccacaacagce
catcaaacccactgccaaacaggctgcgcaaagtacttttaacagctttcatgagtgggccaaacaggcagaggcgatgcgaaaccce
gtctcgaatggatatctacaagatctataaacaagatgcacctcactcacaccccatgagcgacgagcagcaagaagagttcctgcac
acgctaaaggcattgaatggcaaaaacggcattgaggtgcgcactcaggaccacgacagcgtcagaaataaaaaagaccgcaac
ctggacaagtacatcgcagagagcccggatgcaaagaggtttttctatcgaattatccccaaacatgagcgccgagaagataagaatc
aagggcgattgaccattggcgtgcaaccccaatatgcaacacagttgacccgcgccatggcaaccctgatagggaaggaaagtgca
atcacgcatggcaaagtaataggccccgcctgccacggccaaatgaccgattcggcagttttgtatatcaacggtgatgttgcaaaggce
agaaaagctgggcgagaaactgaaacagatgagcggcattcctctggatgcgttcgttgagcacacccctttgagcatgcaatccctg
agtaaaggtctgtcctatgcagaaagcatcctgggcgacaccagaggccatgggatgtcgcgagcggaagtgatcagcgatgccttg
aggatggacgggatgccatttctggccagattgaagctatcactgtctgccaatggctatgacccggacaacccggceccticgaaacac
gaaatga

>corS
gtgaggcacgacgctcgctcataccaggaggccctgcgactcattctggtcgaactcacccagtcgetggtcaagactacccetgetcge
taccagcctgatcctgaccttcagcctgatcgacggctttcaggeccgegtgtcttggtcagecctagcgcaactgagecggcgactggga
ccctgacgcecatccaaacgcaattgttgcetttggtatgtcgecgtegtgagtettagggtgggecaagtcatctatgcgegtcaggtattget
actccgcectggacgctggcecgggttaagccagtggcetcgggtectaatgctggecggtatcttggaaagcegtcgtctgggtaatactgtge
gaaattgccctccaacaggcctttcctacgceccttcatcggcettgetgttggtgetgttcgccacgetcggecatgecatggtgtcgctgaac
tgtgccgtgcccagtctttatctg
ggacgcatcctgctgccggtggcactgatcgcetatgtggtttctgcgeattggtgatgacctgcacaggattctggggatcaccgtgcetgcett
tacggcttgggtctctgccgattggcgegctecgggttgtcagcacctggtgaagcaattgaaaaggcaattgctictggatgaaaccgcce
aagcgggcacgccgtgacctgcagcagctccgcatcgcetttgcaacgggcgeggcagtcgaatacggcgcegctgtcagttgetggetg
gagccagccatgatctgcgcecagceccctgcaggctcagggcttttttctggcagecctggccggcagtccgctagatccccaacagegg
caattgctggtcagggcccgaacggccgtcaagactactaccgacatgctgaataccttactggacctatcacgcatcgaactaggag
ccttgcagccgacattgcaagtctttgeccctgcagecactgctggataaactggaaatggagcettgegeccctcgeccaacggcaagggce
ctcagctaccgcacgctggatacggagctattgtctctatccgatccaaccttgectggagcetgatactgcgaaatctcatcggcaatgega
tccgcetacaccctgagaggcggcegtectgatcgettgccageggcegcecatggcetaccttcagatcgaggtegtcgacaccggegteggt
atcgctctccagcaccagcaggaaatctttcgegactttcaccaactcgatcatccgacccggaacaaccacgaagggctaggectgg
ggcttgccatcgttgccaggcetggcetcgectattaggecatccgttgaccctggettcccgagaggggeacggceagceacttttcgggtgea
tctccecctggtcaggcecggtgagagcetgatggtgagacggtcattgtgcccaatacatccaagactgagcgagagtettgtgtgeecgge
gccgttttag

>jaal
atgactgcctacgatgtagaaaaggaatggagcagaattticcaatactgccgctaaaactcaccagaacaacgattttgaaggtttcac
ctaccaggacttcagaacccacgtaccgatcatggacaaggaaggcttcgcggcacaaaccgaacgctgccttgagcgcaacgagce
gcaactgcctgatcggctttaccagtggcaccagcggcaacctcaaacgctgttattactactacgactgtgaagtcgatgaagacagtt
cccgctccaacgtettccgcagcaatggtttcattcaacccggtgatcgetgcgcecaacctgttcaccatcaacctgttttctgcectgaaca
acatcaccaccatgatggccggtaactgcggtgcgcatgtggtgtccgtaggcgatatcaccctgctgaccaagagtcacttcgaggeg
ctcaactcgatcaagctcaacgtactgctcggegtaccctcgaccatcctgcagttcatcgatgccatgcagcagcacggtgtgcacatc
gatatcgaaaaggtcgtcttcaatggcgagggcctgaaaacctttcagaagaaaatcatcagggaagcctttggcgaacaggtctccat
cgtcggcgtatatggcagttccgagggcggcattctgggtttcaccaacagcccttgccacaccgaatacgagtttctttccgacaaatac
ttcatcgagaaagaaggcgacagcatcctcatcacctcgttgacccgcgagaacttcacaccgcetgcetccggtatcgectgggagaca
ccgcaacgctttcgctgaaaggcgacaagctctatttgactgacatccagcgggaggacatgagcttcaacttcatgggcaacctcattg
gtctgggcatcatticaacaagcgatcaaacagacactgggccgcacgctggaaatccaggttcacctgtcagtgactgatgcgegcaa
agaactggtgaccgttttcgttcaggcctcggaagtcaacgaagatgaacgcgccagaatcgaaacagccatcgccgatattccggac
atcaacgaggcctatcagaaagaccagggcagcgtgctggttgtgcgcaaggatgccagagactacgecgtctcggagcgaggcea
aaatgctctacatcattgaccgcaggaattga

>0ORF1
atgcttatcgggcacagcttgcatcacatgcgacccactgctgtggattctagcctaccaacttccgcaactagccagactatcagcaata
ccaaaagtcggctggatccgceatcgtgtccgtgaacttacattcatcggagtgggtagtagtgttgectacctactcaatgagcttaatggt
cgctttgccgatagcggggtaacaacgccgtttttaggaaaagtcagtattgtaggcaaggacgactcttgggccgagaatgttcgtggg
aaaggttatattaaccaccagactgaaattataagccaatgggaccaacaggttccaaaatatgatcctaactatgctgctcgtgccgaa
ttttctgcgagtaaccgaagacagttgacgcgaacagtggagttaggcgcagaacatttgaaagcacaggtaacaggcatttcgcegatt
ggatgacggttgttttcgaataaatctggacaatggccagattttgcaaagccgacagattgtactggggactggtgccggaccccatac
cagtatctggaacagcgttacatcacacactcaagcagaaaaacgactggacaacatcaaattgcatgagcagaaagccttgcgtgg



caaggtgctggacctggatgagtttatgcgagcgagtgatgectctccccagacgtttgctggaaaaacggtggtgatacatggaccaa
atgcaggcattgatgcagctgaacgtgccggggagcettggggcaaatgeggtttggtttacccgcagtacgaatceggtattgctggatg
gcaatcaactaaaattcgcgccagagctggccaaaagcgctatacataaagttgacaaattagatattcgcccaacaaaactagaga
atggtttcgcattgcgactacattacagttcgctaggacaagactcacgggagccaaagaaggtgctagatgcggactattatgtgtacg
ccatgggtcaagatattcataagccgggtagcgcagceggcecatactaggcagtcttcttgaccacctagaacctatatatgactacgatc
aagtctatagcgaccagcctttcaagacagtaataggcttgcaaagtcgecggctccaatagcgataatggtttaattattgtcggggegge
agttgctcagctggccactaatgttcagcatagctataaggaccacgcgttggatcgtatacttgaggaaatgaccaggctccccgaaa
agcaaacagaaaagctatcacaaatgctgttagaaggtgcgcecatcagtacagatccagacatatctaaaaacctggcagttagatag
cggtcaaccgccagataaacaggtactgcagaatcaagtagaaaactatctggcggceccgagactacttccagcggcaaaccaacg
aacaaaagggcaacctggacggggttgccgcagaggtaaaaaatcaaaccttaaccgaggttgcatcggtcatcgtgtcaccacagt
taggcacgatcaaggcctccgetgcagcattgtcgggacttatgccagcatatgtggctaacggcgaaaataactttaccaccgataatc
gaactatgctccgtgccggeattgcagcaagatatccgaatataggtaacgctgaagcecagtgcatttatcgatgaagtagtaactttgeg
tcaccttaatagtcagcgttttattgagaaggtagcaggcgaaatgatggacaaaggagctcaaccactggtgtcgttacgcccceeggt
cctaggtgtcccggegteggtcaggactgcttatgaggcettacttgcacgegcetgaattctggagecgeacgatggtacgecgttaagtcag
cgctggctgcccaaaaaatag

>0ORF2
atgatcactccgtctcgatatccaggcatctatatcgccccectcagtaacgaaccgacagcagctcacacatttaaagaacaagcaga
ggaagcacttgaccatatcagcgccgcaccctctggcgataagctattgcgaaaaatatccactcttgccagtcaaaaagatagaaaa
gtcacgctaaaagagattgaaataaataaccagtgttataccgaagctgttctgagcagraggcaactggaaaagtacgaaccagaa
aactttaacgagaaccggcacattgcatcacagctatcacgaaaggggacctitaccaaaggtgaaggaagcaacgcgattattgget
ggtcaccagacaaagcaagcatacgcttaaatcagaatggctcaccgttacaccttggaatggataacgacgacaaaatcacgaccc
tagctcatgagctcgttcatgctcgacatgtgttaggtggcagctccttagcggatggcggagatcgctataatccacgtacgggatctgg
caaagaggaacttagggccgttggattagataagtaccgctattcacttacaaaaaaaccgtcagagaactccatccgagctgaacac
ggcctgcctetgcgcatgaagtacagggcacatcaatag

>0ORF3
atgaatagagtttccggtagctcgtcagcgacttggcaggcagtcaacgatcttgtggagcaagtaagcgagagaaccacgttgtctac
gacaggttatcagacggcaatgggccgcttgaacaaaccggaaaaatcagatgcggatgcgcetgatgactatgaggagggegcaa
cagtacacggatagcgcgaagcgaacttatatttcggaaacgctgatgaatctggcagatttgcagcaaaggaaaatctatcgcacca
acagcgggaacttgcgtggcgegattgagatgacgcctacgcaactcacagattgcgtacagaagtgccgcgaagaggggttctcca
attgtgacatacaggcgctggaaatcggcttgcaccttcgacataagttaggaatctcagatttcaccatctacagcaaccgtaagttaag
ccataactatgtggtcatccaccccagcaatgcatttccgaaaggagcegattgtagactcttggacgggacagggegtggtggagetgg
acttcaagacccgattgaaattcaagcaccgggaagagaactacgcagtgaacgccaatatgcacgagtggatcgagagatacggce
caagcgcatgtgattgactga

>0ORF4
atgcaaataaagaacagtcatctctattcagcttcaagaatggtgcagaatacttttaatgcctcgcctaagatggaagtaactaatgcaa
tagcaaaaaataatgaacctgctgcgctgagegcetacgcaaactgcaaagacacacgaaggcgattcaaaaggccaatccagcaa
taactctaaattgcccttccgegecatgaggtacgctgcataccttgcaggcagegcectacctctacgataaaactgccaataatttttttcttt
ctaccacttctctgcatgatggcaaaggtggttttaccagcgatgccaggcttaacgatgcacaagataaagcgcgaaagegctaccaa
aacaaccatagcagcactcttgaaaataaaaactcgcttttaagcccgettaggctitgcggagagaatcagttcttaacgatgattgatta
tcgtgcagcaactaagatttacctctccgacctagttgacacggagcaagcgcacacatcaattctgaagaatattatgtgcctgaaagg
tgagcttaccaatgaagaggcaataaaaaaactcaacccggaaaaaacaccaaaagactatgaccttacaaatagcgaagcectata
taagcaagaacaaatattctttgaccggcgttaaaaatgaggagacgggatctactggttatacatctcgttctatcacaaagccatttgtg
gaaaaaggcctgaaacactttataaaagcgactcatggcgaaaaagctctcacgcccaagcagtgtatggaaactcttgataacttact
tcgaaaaagtatcacgctcaacagtgattcccaattcgcagcaggccaggcacttttggttttcagacaggtctatgcgggtgaagacge
ttggggggatgcggaacgggtcatattgaaaagccattataatcggggceactgtactccaagatgaagctgataaaatagaactaagt
aggccgttctcagagcaagatttagcaaagaacatgtttaagaggaataccagcattgcagggccagtgctctaccacgcatatatttat
atacaagaaaaaatcttcaagctaccccccgacaaaatagaagatttgaaacataaatcaatggcagacttgaaaaacctgectttga
ctcatgttaagcttagcaattccggtgtgggatttgaagacgcectcagggttaggagactcgtttacagctctcaacgcgacgtcctgtgtta
atcacgcaagaataatgagtggtgagcctccctigtcaaaagatgatgttgtgattctgataggttgcctcaacgccgtatacgacaattcg
agcggaataaggcattctctccgcgaaattgcacgagggtgctitgtgggtgcetggttitacggtccaggacggtgacgacttctacaaac
agatctgcaaaaacgcctctaagcagttttacaacggctaa

>0ORF5
atgggtaatatttgtggtacttctggctccaatcatgtgtatagtccgcectattagccctcaacatgcatctggttcgtccacaccagtgecca
gtgcttctgggacgatgctttctctcagtcatgaacaaatattaagccagaactatgctagcaatataaaggggaaatatcgcacgaacc
cccgaaaaggaccatctcctaggctttctgatacgetgatgaagcaggegctgtcttcagtgatcacacaagagaaaaagcgacttaa
aagtcaaccaaagtcaatagcccaagatattcagcctccaaacagcatgatcaaaaatgcacttgatgaaaaagacagcecaccctttt



ggtgattgcttttcagacgatgaatttcttgcgatccatctctatacgagttgtctttacagaccgatcaaccatcatctgcggtatgccccgaa
aaatgatgtcgcgcctgttgtcgaggcaatgaatageggtttggccaaacttgctcaataccctgattatcaggtgtctggtcagetgcata
gaggcatcaagcaaaagatggatgatggtgaagttatgagtcgcticaagccgggtaatacttatcgtgatgacgcegttcatgagcacat
cgactagaatggatgttacagaagaatttacttccgatgtcacgttacatctgcagtcctcatcagccgtcaatataggtcccttttcaaaaa
acccatacgaggacgaagcgctcatcccgeccctgacgectttcaaagtaaccggtctgcacaagcaggacgataggtggeacgtec
acttgaacgagatcgcagagagctctgacgagtga

>0ORF6
atgagcttatcgccgacgcetgcaaaagctaactaatatattgggcccgacaaaaaatgccaagectgtcacagaggctatccagtgge
aggaaggcatggatataacgctgcatgtcagcggcgacagccttaccttactagctaaaatcatagaactgcgtacagaccctaaaga
cgacattttattgcgcaagctgcttacccatacgtttccgggcectgegtetgcgecgtggegegcttaccatcaaccctgatgaaagtgece
tggttttctcttatgaacacgattttcaccttctggacaaagceccgttttgagagcctgctggecaactttgctgaaacggcgcaggagctteg
agacacagcgacacattttcgttttaactga

>0ORF7
atgaaacaacgagcgacagtcatctgcaaacgtgacggccaggtgctttacgtacgcaaaccaaaatcccgctgggcetttgccaggtg
gcaagattgaagccggggaaacgcctttccaggetgecgtgcgegagcetttgcgaagaaaccggtctggaaaatctcgatctgttgtac
ctggcggtgtacgagaaaggtgaggtcacgcactacgtgttcaccactcaggttcctgcctacagecgagcecttcgccccagaacgaga
tttctgcctgcaaatggcttgcgeccaaaaatcttggcgaccttaaggccagcagegcegaccaaggctatcgtcaagtegtatggecgec
aggctgaagacggtttactcagcgctaactag

>0ORF8
gtgctcgctittgcatacgtcagcctgattagagagcagaaattggacatcaaaaaacgttggecttccagtgagcaggagttggtagaa
gtccgacggtttaacaaaaccctcgeccggcetgecgegtttccaggttcgcaatcgectcacgecccgcettgattcaggegetgetgegg
gcggctcagattggtcgegcegttgaaaccggtcaaacatgacctgcggattgaaacaaccatcgtcagcaccggtaacgtccctgtttc
agtgcgaatcataaggcccaaaggcaaacccaaaggcgtggtgtttgatattcacggeggeggttgggtgatcggcaacgceccagat
gaacgatgacctcaatatcggtatcgttaacgcgtgcaacgtggeggtegtgtccgttgattacagattggctttatcgacccecgtcgaag
ggctgatggatgactgcttttctgccgceatgctggetgctgggtagegactgtaaggagtttgccggectgecggttattgtcgtcggtgagt
ccgcgggcegggcatcttgccgecagcecactttgctcaaattgaaagccaggeccgacttgctcaagegegtagtcggceacggttetgtatt
acggcgtgtacgacctgaccgggacaaaaagcgttcgtaccgcaggcccggaaacgctggtgctcgacggeccgggeatggtegg
cgcaatgcgcttgctcgcececcggacagaaccgacgagaagegecgegagcecgecgttatcgeccttgtatggegacctcacggatct
gccgceccgcecctgatgtttgtcggcgaactcgaccegetgetggacgacacgetggaaatggecgagegatggaaaaactcggeag
acgttgaaatgcatcttctgcccgagtctccacatgggttcatccacttcccgactgecttggcgegcaaggtacttgcgecgcagecacga
gtggataaacgcgaggatggaaggacggccttaa

>0ORF9
atgcaaacctatataccctatccaaaaaaccctcccaccgttggtacagttctgctgacttcctatggctcattcgcccatgaaaacgagat
acctaaatcttgtgctgccgacgctttaagagtaggcaaagagctcgcetgatggtttcgatggcgaggttcatcatctaggegctetgatge
tgatgatttccgactttccagcagagccgctgctgaaagcatctgctgctaagaaaggttetttgctaggaattacttcgcettggcetacctatt
atcctatggatctactggtgaaaaagcgaagcgaatcatcgaagcaggttgtggtatttttctcgtcagagtgagtggtgatattgaaaacc
ctaaagcaaaaattgaagtttatagctcttggtctgaataccagaagttccttgaacccattttgaagacaggtgacttttatccagtgaaaa
cgtcgtcgtittccgaataa

>0ORF10
atgatcaacctcacccacattgcgtcttcattggcgcgggcagegctcagecgattcgacaaagccgaagatggagegegegataaac
gtcgcgagcecacatcgetggcaaagtcgegttgcaggtcaccagcteattactggagcagaaaggtetgcttaacgagegtcagcaga
aagggctctcgatgattctgaaggcecttgagcggcaaggagcecggtgaacaatgtcgagacgcacgaagggggaggecgattcaat
ctggcgegagcecgccttcgacgtggecagegttgtctgggagegcgacaagtcgatgcataacgtgatgagcetttctgggegtcagega
cagcaagggcaagatgttgttctctctgggcaagaagetggcggatgcaatggccaagcectgagectggcaaggacaacagtgagg
ccacaaatgcgcgccatgcctatttctccagcaacttgaaactgaacaagttgatgaacgacctcactgaccaggttttcaacaagattc
gccagtcgaacggtgatcgegtgcgacgacccatgccagaaccattctggagaccttacggegeccaacagcaagegegeecgea
aacgcctcceggceactcgeccacaagccaacagcegcecccgecaccgecgecgaaagcagagcecacgacctgegtegggeecgge
ctgacggcgceccaacagcaggcegcegeccggaaacgecgectegtactcgaccgcaggecaatageactecgecaccgecgecga
aagcagagccacgacctgcgtcgggecggcctgacggcgeccagcagcaagcacgeccggaaacgecgecgegeactegeecg
caggcgaacagcacgccgccaccgcecgceccaaggcagagecacgacctgegtccggecggectgacggegeccaacageaag
cacgcccggaaacgccacctcgcactcgceccccaagcgaacagcegcegcecgectcegecgeccaaagcagagecacgacctgegt
ccggcecggectgacggcacccaacagcaageacgceccggaaacgccacctcgeactcgeeccccaagcgaacagegegecgect
ccgccgeccaaagcagaacccagegcaggeggcegaacggccttcaacggegeggceccaataacacatcggctgctgacgcatctg
ccagggtgggcgattccgcacctgccaagecgeccgtcaagecgttgtacgageacttgggectcactgacatgtcggtagacttatce
gccgttaaaaaggcttacagagatgccgcgatgaagaaccaccctgataaaaaccgcggcaacgaggccgaggcggeecgagege



ttcaaagtcatttcaaatgcgtacaagattttgtccgacccggagttgcgcaaagcatacgacaacggccgtatcaatgaggctggtaat
agggcatga

>0ORF11
atgaacattacgccgctcacgtcagccgcgggcaagggctcgtccgcacaaggcacagacaaaatttccattcccaactccacgege
atgatcaatgccgcttcaatcaagtggttgaataaggtgcgtagcgecatcagtgaccacatccgcaccagcatcgagaaagggaaa
ctgttcgagctcgectecttgggcagcaacatgttcggtgtcccggcetetttcagegegeccctegacgctccaacctgtgttggegtttgag
gctgaccccaatcacgacctgaaccttgtcagggtctatatgcaggacagcgccggcaagctcactceectgggacccgacgeccaac
gcggtcacgacgacgtcgaatccatcagagcectgatgcgcagagcegatacggcttcgtcatcattacctcggeggectceccgeaggct
cggtgctgagtttgctgggeattgcgetggatcacgcgcaacgccacagtectcgegeggacaggtctgccaagggacgacctggecg
agaggagaggaacggggcaaggttcaatgccaagcaaacaaagccgacagaggctgaagectacggtgatcatcagacaccca
atcctgatttgcacaggcaaaaagagacagctcaacgcegttgctgaaagcatcaacagcatgcgagagcagcaaaatggaatgcaa
cgcgccgaagggctictcagagccaaagaagegttgcaagcetcgggaagecgegegcaageagcettetggacgtgctcgaggecat
ccaggctggccgtgaagactccaccgacaagaagatcagcgcecactgaaaagaacgecacgggcatcaactaccagtga
>0ORF12
atgaatacgatcaacagaaacatctaccccgtctccgggatttctgcgcaggatgeccctgtacaaactgatcagctccagecgcaagg
ccagggcatcaggccggggcacaatagcaacctgatcgacttcggactgatacagcaggecaatggtccgcactcatcgetgaacac
atcgagctccagaattcagccgactgacaccagcacatcctcaaacaggctggggggtaatggegatcagttactgaacaaactegtg
gaagcgatccgtaatatcctcaacaacctgctctctctgctggaaggcaatcaacaccagggctcttcgectgcacagacccagegtga
acagacgccgacgtccactcaatcgcacgcttcgccttcctcgtcgtcttcatcttcgecgtcgacatcctcccagtettcaccctcagtgec
ttcaacgcctcagggcaacgcagaaaaaccgtitgtggtgcagagcegatcatccggcggaaaaaccggtatcgctgcagagaacctc
agagccaacgtctgtgacgccgccacaaacaccaccgcaggctgtcgagcgaaacagcattaccccggacaaggcaccggcecaa
acccgaagcggtaaagccggcagtggtcaacgacccggtgetgccgaaaacctcgatcecctgecgecgecaagectgacageacy
gtgaccgccgcaaaacacgcgacgcccgctgecegtggecagggegctgacatgtccggeatgatcggttttgccaaggaagcecaat
accaccgggggcaacaacggcgaagtggtcaccgtgaacacggttgccgacctcaagaagtacatggaggacgacaaagcccge
accgtcaagctgggggccaacctgtctgccgacagtaaagtgtcgataaatttcggggccaacaaaaccctgctgggcaccgataaa
ggcaacaccctgcacaacatctatctggccagcggcaagaccgccagcaacgacattttccagaatctgaacttcaaccacgacgcec
cgttaccgtgaaaacggcgacatgcagatgttcatcagcagcggtcagaaatactggatcgaccacatcaccgctaccggaaccaag
gatcagaaccccaaaggtctggataaactgctctacgtgggcggcaaggcagataacgtcagectgaccaattcgaaattccagaac
aacgagtatggcgtgattctcggtcagccggacgactcggcagecgecaaagecgagta
caagggctacccacggatgacaatcgccaacaacgtgttcagcaacctcgatgtccgegggeccggtctgtttcgtcagggcecaatttg
acgtagttaacaactcgatcgacaaattccacctcggtttcactgcgaccgggaacgctaccatcctgtcgcaggccaactatttcagea
acggtgtcgatgtttccaacaaggcaagtaatagcggegtgctggatgactacggcgatgcgceacttcaaagacatcggcagtaacgt
cagtttcactcagaaatcgccggttaccgcectggacaccgagctacaaccgggacgtgaaaacagccgaagcagcecagagcectatg
acctggccaatgcgggtgcacaggtcgtgaaataa

>0ORF13
atgcgcacatccgttaatggtctgcttgagcacagcctgaagaccctgggctttgatacttcggceattgcaggcecttgcgcgacgacggtt
atttactgtggcaaggcaaggataagcaagccagtcttctggttcectctactgacggcgacgcgcttttcgctatctgtaccttgagecgtg
tcgatcccgagcacgacggacgtctgetggegcttgeattgcacctgaacctgtctectgtccacacgatgagcgceatgtatagcacttga
tgtcgagcaaaacacgttgtgtcttcgctacacccatgaccttggcgggaacggggcagataccctgttgcttgcgctcgaaaacgcecc
aagcgcttgctgaacagatcaagcaggtaatcgaaaactttaggcacgatcagggacgccgatag

>0ORF14
atgatcgcgttcgcaaccggactgctagaacacagcectgaaacggcttggatacgacgccgceagatttgcaatcccttcgggatgaag
ggtatttgctgtggcacgggaaaaacggtcacaccagcctgttggtgccecgcetgetggeggggatgegctttttgtcatcagcaccctgag
ctacatcgatcctgaacaggacgggcggctgctggegettgegetgceatttgaacttgtcgccageccacactctgggegecagtatcge
gctggatatcgagcaaaataccttgtgcctgegttacacgcacgacctcactgggcacggcacagacaatttgtcccgegegcttgaaa
gcactcaggcacttgccgagcagatcaagcaggtcatcgaaaccttccgcagtgaattcggacgeccgcecaatgceccgeccacaca
gcccgacggcecagatgecgtggegctttag

>0ORF15
gtgaaaaagtctggcgctggaactcaagcctatgegttgttcgectctgcgacgggaagcetcgtcgaagggcegttctaagtaccattgec
aggcacctgacgggatgttttgcacccaacaagactgcgcttcattcagcaacagccgtttcgtatgagctattgccgggceaattattetgt
cgccgcecagtgtgcatggettgtcggttgatcaccgccagecggegctgacacgactgagtaacgtgctgttcaatcaggcactggegct
ggacctggagcgttttgacgagggcgcgccagcecgacgaaatgttcaggcecttcactgaaacgcgaaggtgeccatccecegattgge
cgactcactgggtggcgagcaactggctgtgcaaaccatggagaagggccttaaacggctggcagaggatcctgegeagtectttgeg
cgatgccattcatttttitacccgatcagtagtgataccacttcacctcaagcatcacttcattctgtggcgagctcatctggcetga
>0ORF16



atgaaaacagtcagcaatcactcgatacccagtacaaatctcgtcgtggatgcgggaacggaaacttcggcgcagaaatcccagecg
gtttgcagcgaaatccagcgtaacagcaagatcgaaaaagcagtcatcgaacacattgccgaccacccggcagcgaaaatgacaat
aagcgcgctggttgacacgttgacagacgtttttgtcagggctcatggggaggttaaggggtgggcecgaaatcgtccaggeagtctcteg
ccctcatgacagtaatcgacacggcagtggagtgctcageccgegctttgatgtaatggggagtgttggttggaatgcggeagctateeg
ggccaccagtcgcgtcgggacgcticgagagaaaggtacactgttcactaaccttatgctcagtaacaactttaaacatttgcttaaacga
gtggttaacgatccagccttgcagcaaaagctcgacggtgggttagacctcaactatctgaaggcettgtgaaggcgatctttatgtcatgtce
agggtgggctgcacgggctagcgaaagtcgtgaacaaattggcaaagceccggtatgaaacggcatcaaatcttagccagacgetgat
cagtgcacgtgagttggcttttcatcgtcacaatccggttaatcatccgtctgcccaaacgaaagtgggcttcgataagggtttgcctgagg
aatctgatctgcaggttctgagaggccatggcagceagtgtatggagtgtaaaaccgggcagcgatttcgcaaagegtgctgaagtttctg
gaaagcctattatcgccggceccegtecggtaccgettcgegeatggtegetgttgegegttttctggcaccggcttgtttgaaaagectgggt
attgagagtgagcagaacctgaaagagcttgtgcggtatgcctgctatgcctatttcggtcaggacagccaccattcgatgcettgaagtga
atcttggtgtcgcttcccatggaatgccggaacaatgggacgacacgctitataacgagcectttcagtaattcaattaaaggtcgegggttt
ggtatagacaatctcgcgcataggcaagtcgtcaggcaggceggcetcaaaagtcatga

>0ORF17
atgcggtttgatgctgcccgaggccagaagceccaaagcccctatggatgcaccgtcatcattacgtttgcgagegatagcaggtggceat
gcccagtgaagaagcaggaacgactgcacctgctgacgtgaatcagectccacctgctgatgttcgtccagaaatgggtgtaggtectg
tgagactcttcgttaaactgatggtaggaactctggcgctgtcgacaggagtecgttttgcaagatacccaggtgatttcgcgaaggatcc
gggaggcagtgtatgggcagcaatcaatctgcagcatcgcetcgagegtcacacatcttgaacaaggcaataagacggttcttgagegtt
tcggtgcacatattccaaaagacagtgcgtgtttcaaagctcgcgctgacgtcacacacgatgttccctcaggegtggcagggeagtgg
aaccacaaaacccaacgggtaaaactgaaccctaacattcatttcgagagccatccggcacaggtcgecggacatgagttcatacac
tgttacacgcatcctgagtttgtcga
acgccatataaaacatccgcactggaaagccctgaacgaagggttgacgactcgtttgacagagaaactgccagaccctaagegtct
cttgcccattcccttggcaaaggatccctatcatggtttcaagcetgtccaccggggactectggecggatgcggecaggegaatcgaaga
cgaagttggcgaagatgtgttgttgaaagcgttctttggcggcgatgaccaggctattagtgaagtagctaaagecgetgcetcagatetac
cccaagattgcctcacgtattaccgagagggagttgtatcaagcgggcagceatgcgtggaggacaacagctggecgagtgttacgtag
gtgctttgctcaaaaacggtcagaaactgcctgacagttttacgaattatctgctacctgtatttagctattcagatataagccctggtcacge
gaaaaaaatacaggcgcaagcggaaaaaagtcaaaagcggatgggaattgtgttcgatacagegtttttttcacctgacctgaagacc
cagagactggcacttggcatgctacgggaggacctgctgatgcactggaaaaaagttattccggatagaaagtaa

>0ORF18
atgaacaggcttcacaagaccagtctgctggcggctatattgaccgcatccccctgcattatggcagctaacgctcatgctatgagttgtc
ctgtcccgcaaagcgtgaagtacgttaatggtatctatatcgcgecggaaacgtttgetggtigggaggggaactgggtttctcaaccaca
caagaaacactccattaaagagttttccactgctttatatctttcagtggataaaagtcagaagggaggaacattgactaactgtagttattc
actaagcggagataatggcgtaatagatcttgagtatcgaaaatcaggaaatgagaatagactaaagacacttatcgtttccattgaag
gtcagcacaattggattaaagagcgtggcgcggttggaaticaaggatatgaatgtacaaagtcagcatctgagtgtcagttcgttccget
gcggctaaacgaggactga

>0ORF19
atgcatcgtcctatcaccgcaggccataccacctcacgtctcatcctagatcagtcaaaacaaatatcacgtaccccatcggaaagtag
cgcgcaatcagcgctttctcagcaagcaagcatgagcageccagttttggagcggtcgaaaagtgegecagctttattgactgcggeac
agcgcacgatgcttgcacaagtgggagcctgtaacgctcatctgacctcagatgaaaacatggccatcaacgaactgagatcacaca
agccccttttacctaaggatacgtggtttttcactgatcctaacaaggacccagatgatgtcgtgacctacaccttgggcaagcaattgcag
gctgagggctttgtgcacatcacggatgtagtggcgacactgggtgatgctgaagttcgctctcaacgtgccgagatggccaaaggegt
gttcaacaagcttgagttgcatgacgtgcatgtgtcgcgtggtcgggattacgcaatgaattcgcttcagtcgaaggaacatgccaaattttt
actggaaggtcatgctttaagggctggacctggtgaaatacaccgcgacagcttgcaggacatgagcaggcgcctggeccgtgegee
acatggagtcggtattgtcgtaattgcaggcatgagtgatatcaatgcgctcatcactacctgcccggatatggtgcgcgaacgggttgat
gacatcaccatcatgggcggcgtcgagcectttaaaggacgcagatggttttgtacagcctgatgcacgcegcttacaacaatgcgaccga
catggacgctgcgcgceagtctttatcggaaagcgcaggagcettggcattccacttcgtatagtgacaaaggaggceggcectataaaacy
gcggtttcgecttcattttacgaagggatagcggggagcggacatccagtaggecactacctgagagacgttcagaagagtgegttgaa
aggcctctgggaaggtattcaagctggattgcettcccgggttggatgactcatggttctticggacgttcatgccgaatgcacagattgaag
cagcacaactggataaaaataaagagagttcgtttgaagatatctggcctaaggtgacgaagctaaacctgtatgatcctctgacattac
tggcctcagtgccaggggcggcaaaactgctatttaaaccaaaagctatacacacagaaggatttggtgttgtagagcaagtaggteca
gatgatgtgacgcatccagagaaagcaaagttattgatgtccgctttagccaaatctgcgcttgtccagtcgacggtageccccagattga
>0ORF20
gtgaaaatcaatctcccecgegcetcagaacaacgtceticacgcgtgcagatctgettgaccgeagtectgctgtgcacaccgctgctgtttte
cgcgcatgcccaggcagcecggeacggcttctgaacaagccaatgtggaagtgatgattcgtcagctcaacgegctcgaggecgtege
ccagcgcagtgtcgatcttccacaagaccecggeccaacgctatcacctggactatcceceggttggtcagegacatcgegegeateege



cagggcttgcaagactacctgtcgccgtcccgegcacagecccgegaccecgtggagctatcaggecattacaacgtcageggtgate
acacgccatga

>0ORF21
atgcgttccagggttataactacatcgctggtagtcattatgctctcatgtgcatcagccgetccagettgettctccgcagacatgactceca
gcgtgtcgaacgagagcacgtcggaggceggattitcagcaatggctggctactttccgcagcaatgcaactactaagggceatcgacac
agccacactcgatcttgctttccaaaacatcacgcttgacccgactgtgcaccagttggatatggcgcaaccagagttcacgacggecat
ctgggattatttgtctgaacgtctgactccgaagaatatccagcaagggcaggagcttctgcaaaaagagccagttctgaacgaggtag
agcgtcactacggtgtggatgcgaagattatcgcggecatctggtgtattgaaagcggcetacggtaaggatattggtagtcgegatgtgat
tcgttccttggecacgcttgcttacaagggecggeggatggattacggggcetacacagttgatggecgeccttcatatcgtgcaaaacaa
agacatcgcccgtgcgcaattgattggctcgtgggctggegegatggggeagacgcaattcatcccgacgacctatctcgactatgecag
ttgattttaaccacgacaatcggcgcgacgtttggagttcccgggecgatgegcetggectecactgcctcttatttacaacgcagegcettgg
aactcgcgcgtctcttggggacaggaggtgcagttgcccgagaatttcgattacgctcaggcetgacatgtcgatcaagaageccgttgee
gaatggcaacggctcggggtgatgggaacgaagcaagcegattccgggegagctcgcacaggagcaagceatcggtectgetgeccg
caggttatcgcgggccagcatttatggtcctaagtaatttccgtagcatcctgegetataacaactccactgectatgegcetaacgatcggg
ctactagccgacagttatgctggcgggaccggcegtgtctcaccegtggecaactgataatceteecttgggcagcattgecgcaggtaace
gatttgcagaaactgctgactgctaagggctactccctgggtgetgetgacggtgttataggggcegatgacccgggeggecatcegggct
taccagaaggatcagcatttgccacccgacggttacgccagceactgtactactggagagcectgcgecgatag

>0ORF22
atgcttgctcctgacggcegtagaaatcgatatcgtgctatcaggtatatgcggaactgatctggeggtattgtcgggecgtgaaggtggag
aggtgggcattatacgcgggcacgaagcagttggcattattatcgatgtaggtaaggatgtagtacacctacaaaaagggatgegggt
ggtggttgatcccaacgaatactgtggegtitgcgaaccttgecgtcttgctaaaacgcacctatgcaatgggggggtgaacgctgggttg
gatatcgcaggtgtcaacaaacatggaacttttgccgagcegcttcgttactcgtgagegttttgtgtatcaattgccagacgatatgagetgg
gcagctggtgtgttggttgagcectgttgcectgcattctgaataatatagaccaggegttcattcgagcgggagagegtgtgttgatcctagg
gtctggccctatgagtctgattgcgcagatcgttctgegetcaatgggagttgacacgcetcgecactgatcgaaacacacatcgeataca
gttcggccgcetcacaaagtcttgatgttatacatgccgatgatcttgagttgcagatgcagcaccaagaaaagtttgatgttgttatcgatact
gtcggtaatcagatcgatacagcttcacgctacatcggtcgecggtgggagaattgtacttittggatttgatagtgactatcactacatgetge
ctgtaaagtacttcctggttaacgctatcagtattatttctgctggagaatacaatcagcactttcctagagcaattcgtcttgtgcaaaaactt
cctgagctagggeggctggtaacgeatcgctacgtactagaaaatcactcggaggttitcgatgcacttctgaacgatgcttccgeecce
aatataaaaagcgtattcacaccaaatctcgcttatctttaa

>0ORF23
atgaaagttactgtattcagtcagatatcaattgatggcaagttgacgatgggcaaaggcgcatccagcaagccgttgtttcagaactttg
atgatgatgacatgcgttttattcataagttccgcggcgaagtcgacgcaatcatggtagggcgcaatacaattgttactgacgatccaca
attgaccaatcgctatgagtcgggtcgtaacccaatacgtatcattcccaccacctccttagatctgectacttccgecagtattttcaaatca
ccagagaaaactattatcgcaactagcgaacaggctcgtgatcatgaaatggtcaaacatatccgtgcetigtggaaaggaggtgetettt
gccggtgcaaagcatgtcgactttacacgacttttccctatgctggaggegegeggaataaaccacatcatggttgagggeggtggeca
cctgaactggcaggtattcaatctcgatctggtagatgaaattatactcatgcaggtgcectatcatcataggtggtgcggcaactgcaacg
cttgctgacggggtggggtatcgggatatcaacatggccaattegtttacgctgcatgctttagaagcacgcccccattacaatctcatgca
cttcaagcgcgaatcgaacaatcggagcccgtactga

>0ORF24
atggagcaggaaaagagttcctgtttgcgctacggegtgacccttaatgaaaaagatctgtcacgttttitgggaactacacagcactaca
tgtggagcacgattaaaaatgagtacgcgctcactgaatccatcgaccacttgatggcacagcatcaacagcaattaatgcgcetcaatc
agttttgaattgtttcaatccatgcctggcgtggaggcegcttctcaatttactggagcataccggagtgccctgtgeccgtagectcettegtctec
acgtaatttggtcgagcttatattgaagaaaacgaaattgcgtcgatttttcaaagaggttatitgtggtactgatgttaaagagagtaaacc
gaatccggagatttttcttacggcggcecaagggacttggagtgtcacctegtgeatgtctggttattgaagactcccatcacggtgttaccge
tgcgaaggccgcccatatgttttgtataggtttgcgtcattccagctcatttcagcaggatctgagcegctgcetgatctgatcgccaataatcatt
atgacatcaagcaatggtttgcagaaaaatag

>0ORF25
atgaatgcgttcgcaaccggtcagcttgaatacagcctgaaaaagctgggatacgatgccgecgctttgcaggecctgcgcgaagaag
ggtacttgctgtggaaagggaaaaacgaccagaccagcttgctggtgccctcggecgatctggatgeacttttcgttatcaacacgttga
gctacatcgaccccgagcatgacggacgtctgetggegcettgeattgcaccttaacctgtceectgtccatacgatgagegcectgeatag
ccctcgatgtcgagcaaaacacgttatgcctgecgctacacccatgaccttggcgggageggggctgatacectgttgettgegetcgaaa
acgcccaggcegctggecgaacaggtcaggcaggtgatcgaaaccttcaggegtgaccaagggegtecgtccgggceaaacgtetttgt
cccggcaatccagtgcetctgatgegataa

>0ORF26
atgaaaatatccggctccacatcgcectgcacacacttcaacgaattccgcgcagaagtcctcttcaaaagggctgetgagtggtttggec
aagcatttcaaggggatgctcgtttctggcaacacttctggtcattcggegetcgggceattacgegtcatccagcagcggctccaaagge



aaggcaccggtacgggacgattacagcaacggaccgcaaacacgccttaacaacacacctctgaaacgagcactggcccgagag
cttgatcgctttggctacggttcatcggcgaccgagtcttttgaccgctcattgcagegtaaggataaaaatccagagettgggaaggtcetg
a

>0ORF27
atgaaaaaatgtattgctctgctccttactctggtcgtetgcgaaggtgeattggcaggaacggceacgtgatgaacagaacatcacgtctt
acatcgacagtcacggcaccgaacagatcgcegttgcttgagaagctggtcaacatcaacagcgggacagacaacgttgagggtgte
gtcaaggtcggtaacctgatcaagccggagctggaggcegttgggtttcgagaccgectggcacgacctgecctcggcaatgaaccatg
ccggcagccttgtcgetgtgcatgacggcagcaagtctgcaaaacgtattctgctgataggcecatctggatacggtctttcctcaaacaag
ccgctttcagacgttcgettacctggacggcggcaaaaaagecaagggecccggcgteattgatgacaaaggeggegtggtcacgat
gctttatgcattgcaggcgcetcaagcacageggegegcetggaaaagatgaacatctcggtagtcttgataggcgatgaagagetggeg
gccaaaccgaccgagatttccagagagtggctgatcgccgaagccaaaagaagegacattgegetgggcttcgaattcgecttgtege
ccaatcaactgatcaccgagcgaagagggctgagcgaatggtttttgaccagcaccggcatcgacaaacattcagcgacgatctttca
gcctgagaccggtittggtgcgatgtacgagtcggeccgagtgcttgacgagattcgtcagaaactgtcgaacgagcagggcctgace
atcaatccgggactcattctgggcggctcaacggetgtggaagatagegecagtgggcaaggeacggcttctggaagaaagacaac
agttgcccggatcacgtcggtgeatggtgatitgegettcagcagtgaagaccagagggcectctgcggaaacccgaatgaaggacata
gccagtcacccgctgccgcagaccaacagcgacctgaaaataaaagecatcatgeccggtcatggeggatcgcgaaagcaatcgec
aactactggcagcctacagtcaggtcagccaggatctcgacggacctgetitggagtcggegecttcagcagaacgaggeggegeag
atatttcctatgtgaacaagtatgtgactgcgagcctggacggtcttggtgcgtggggg
gcaggtgcgcacagtgaaaatgaaaccatcgagttgggctccttgecccgtggtgacgaaacgggceggctattttcctgagecgetatgg
taaccagtga

>0ORF28
atgaaccctataacacacagctttagtcatcttgggttttcaaacgctcaaagtacgtcagcgctggegeccggeggtaataaagtgecg
aactttgtttcgcgagggcgaggcaaaggagtcccgcttgagcatttcaacaccgctgatgagtatcgtttggcacgccagcagggegg
cgtgctgaaatcaatagacggcagagagttcatgctactgctgcagaagtacacggccgccgaaacaagcgacgaagaatttgcgg
atttgagggccgccataccgcegctattccattgacctggecgagecgggtcaaactaaagtgetitatcgggggatatcgetgeccggaga
agactgcggcgcgattactgaatatctcttggggttacgaaagtcgcgaaatagceccatggtcttatccatggcettgecgggtagttaagga
aggtctgaagtag

>0ORF29
atgactactctgaccaccagacagatacaactcgcccacgcttggacatccgttcatacaggcgcetggectggecctggactgggtege
cgatgtggccgaaaaggtcgaggaaatcgccaccaaggccgacgcecctcagecgtgacttgcaccgegegegeaacctgteeege
agccttgggcgggtetcgacgacacccatgggtatcggtttcttcggcttgtctcaggcaggcaagagctacctgatttcegetetggegg
cggacgagaaaggccagttgctgacccggcetgggtactcagcaactggacttcatcaagcacgtgaacccggtgggeggeggtaag
gaggccaccggtctggtcacgcggttcacccgcaccgecgcegcecaagtctggaccegeactttccggtggagcetgegtetgtttcgega
ggtcgagatcgccatcattttggccaacgectggtttgaggatttcgatcatcagegcttgaacagccaagtcaccgatgcgcagatcgat
gcccttttgcagcgtttcgaggggcaattggcagecgetccgacacctggegtcagcagtgacgacgtggtgcetgetatgggattacctg
gagcaccattacgctaacgccatgcgcccgctgaacgeccgttattggecttgcgtggtcaaactggegecgegcttgtcggcacgega
gcgcgctcaattgttcgagecgetgtggggeggeatcggcaaaatgaccgaaacctatgagcaactggectcggecctgcaccgectg
gggctggcagagacagtttttgcgeccatcagegegetggtcaccgagegegatgggcaactggtacaaagcaaaagceatcatcaac
gtcgacattctcagccgtcttggecggceagegceggactcggecatcgaggtacgtccggecagtgaaggceactttgegecctgecgtgte
ggtgaatcgggccgaactggcggcegcetcaccaacgagttgatttttcgectggataacgaaccggccaacgcecatcgtcaatagegte
gatctgctcgacttcccgggctaccgcagecggceagaagctgatgageatcaacgaggccagcgaagtcgacagcaatggeaccgc
caacaatccggtcgccaggctgttgctgcgeggcaaggtcgcttacttgtttgagegttacaccaacgagcaggaaatgaacgegctgg
tgatgtgcaccagcaccttcaagcagagcgaagtggtgagegtcggtceggtactcaagagcetggatcgacaagacccaaggeace
agcccccagcagegcegatggtcgggecageggtctgatctgggegttgaccatgtgtgacggctttatcggeggegegcetcaacggeg
aggttgtgcagtttcccgaaggttgcgacaacatgctcaaactgaccatgatcgagcgattcggcaacgaagactggatgaaacaatg
gggcagcacgcctttcaaaaacacctatctggtgcgcaagcecgegcttcaagaccagcttcatcgagttggcggeggacggtgaaga
acgcgcttacaacgactcatcgcactctgcgttacaggcattgcaacaagcgttcagcaacagtgaactggtcaagcgcecatgtggea
gaaccgcaggacgcctggcaggcaatgctgacactgaacgacggcggcatgactcgtttcagetcggegttcagecccgattgecaac
atcgacttcaagttacagcgtattgccgagcaactggacgagttgatggtgcaattactgccgegectggagcagtactacgaagecgg
tggcgaagacgaacgggccaggaagaaggttatcgccaacctgattgcccgeccgttcgcgaccacgccgcacggcaaacacgtg
cttggcgaactgctcggttacatgtcgttgccggaacagceagttgcgegacctitacctgaacggtgatttcgccagecctgccagegacg
ccactgcaccggtgcaggcecgtcggcaagcectgaagtggaatacgacatattcggcgaggccatcgcagcecactgccacggtggaa
atacccgcggceaccggcecgtagcgecgcaataccagagecacgaacaccgtttcgcccgageggcecttcgacctgtgggcaacgea
cctgcgcaacctcagecgtcgecageacctgetggacctgtiggagcetgectgecgaggcecatcgecctgetggtcaaggaactggtg
gtctgcgecgagcegcectggacttgeccattgcagetcagcaacgcegctgctcaagegegeccagageggtgtgcgcaaagaaaacctg
gtgcagcgcecaagtgctgaccgegcaactgctgctcaacgacttcgecgectggttcgggcacaccgeccagecggegggtcagegg



ccaacgggcctgctgggtgccaaacaaccgctgtttgctttitatcaaaaggaaatgccagggegcttccegeacctcgcagegcaage
cgacgaccagagcgtgattttcgccgatgactggatttctggcattgccattcatacccagaaaaacgtcggcecaccgcaagggcaaa
gaaatcactcctgagcagaacgaggccatgggccgcegtcatccaggegttcaaagcgagataa

>0ORF30
atgaatataaatcgacaactgcctgtatcaggctcggagcegattgttgactcccgacgtgggegtatctcgccaggcettgttccgaaaggce
attattctactggacaggatcggcatgatttttaccgttttgctgccaggctacatgtggatgcgeagtgttitggtctgtcaatagacgatttga
tggataagttttctgacaagcacttcagggctgagcatcctgaatacagggatgtctatccggaggaatgttctgecatttatatgcataccg
ctcaagactattctagtcacctcgtaaggggggaaataggaacgccgctgtaccgagaggtcaataattatcttcgacttcaacatgaga
attctgggcgagaagctgaaattgataatcacgacgaaaagctatcgcctcacataaaaatgctttcatctgcgettaatcgtttaatggat
gtcgccgcttttagaggaacggtttatagaggcattcgcggtgatttagataccattgctcggctctaccatctattcgatacgggeggecg
gtacgtagagcccgctttcatgagtacaactcgaataaaggacagtgcccaggtgtttgagccaggcacgccaaacaacatagctttce
agataagcctaaaaagaggcgccgacatttcgggatcttcccaagcgecctcagaggaagaaatcatgetacccatgatgagtgagtt
cgtcattgaacatgcatccgctctttccgaaggaaagcatttatttgtattaagtcagatttga

>0ORF31
atgaatatcagtcctgtatcgggtgcccacggtagcagctacccttcagctcaatccacagcatcgacggcatcgaaaggtccectctgga
tcctttctcaaacagctcggeggcetgtttttcaccetgectgggtagcagcetctactggggcecatactttctccegcetcatgagcaggtattga
gccacacctattccagcaatattaaaggaaagttgcgcacgacgcccccaaaaggaccgtcgeccaggttgtctgacacacctatgaa
gcaggcgctticttcaatgatcgtacaggagcgaaaacggcttaaaagtcaacccaagtcattggcctcggatatagaacgtccagac
agtatgatcaaaaaagcgcttgatgaaaaagacggccacccgtttggcgagcgcttttcagacgacgaatttcttgcgattcatctctata
cgagctgtctttataggccgatcaatcatcatctgeggtatgccccgaacaatgatgttgcaccggttgtcgaggcactgaaaagtggtttg
gcaaagcttgctcaagaccctgattatcaagtgtctagccagcttcatagaggcatcaagcaaaagatgagtgatggcgaggtcatgag
tcgtttcaaaccgggtaagacctatcgtgatgaagcgttcatgagcacatcaactcatatgcaggtttcagaagagtttacctccgacgtta
cgttgcacctgcggtectcatcagctgtcaatataggcecccttttcgaaaaatccatacgaggacgaagcegcttatctcgeccetgacgec
tttcaaagtaaccggtctgcgcaagcaggacgataagtggcacgtcgatttgaacgagatagcagataattcagacgagtga

>0ORF32
atgaatattaacccttccctgggcgctcatggcagegcctactcgtcgectcaaagtgatacttcgaaggcecactggaaaagcacctgeg
ccttcttttttcaaacagttgggeggctgtttttcgccgtgecttggttcccatgcgtcaagcagcecaacaactgtccgecagtcatgcgcaga
cgctcagtcagaattactccagcaacattcaggggacgagccgcacacgccagccgagagcacccetegecacgectgtcagatacg
cccatgaagcaggcgctttcctcaatgatcgaacgcgagcegtttgcggcttcaaggtctttcgggaggaatgttctcgggeattgactecg
ccgatgccatgattggtcgagcgctcacgaagaaggattcaaacccaaaggctgegcegttttagtgatgatgagtttctcgecgttcacct
ctacacaacttgcctctacagacctatcaatcatcatcttcggtatcaacactag

>0ORF33
atgagctcgatcacgcacaccaacacgccgcaattggcggtcagcgattcacggggtctgccggtacgcagtgtgeagttctatcgtgg
cgctgatggtcagectgttgacgcgagggtgacgcagceactatttcgacaaggcecgggcegactgatcgeecagtcgegatccacgttttte
cagtcgtttgaaatacggtgtctgtgcgectgtgaacctgatgcaaatcgtcagcttgtccggggctttgctgttatcgaaaagtgtcgattca
ggttggcgggtgagectgaacggcgaageggggcagttagtcgacagetgtgacggacgtgacaaccecgcgecagatcgaatacg
acgggctgttgcgecctttggcgatcaacgaatcaggccgaatgaccgagegcttcacttatggcgggectgcecactgctgagcataac
cagtgcaatcaactgattcgccatgacgatacggcaggctcgegcttgctgcgggactatggactgtcgggtagggegttgagcgaaa
aaaggtacttcctgcagtcgcccgacagceccggactggecacttgccgagcectgatcgtgatgcactgcetcgagecggteggectgea
gacgcgctgggctttcaacgcgcagggcgaggacctggcgcagactgacgcaaacggtaatgtccagegtttcagtcacggtgtggct
gggcaactgcacgctgttgaactgaccctggccaatacggcacagcggcaaacgctggtcagtgcaattcactacgacgegttcaatce
aggccgagcaggagacggcaggaaatggtgtggtcagtcgetatgtgtatgatcaacaggacggtcggcetgactgagetcagtgegcet
atctgccgacggctcagtgttgcaaaaactgaactacagctatgacccggcaggtaacgttctactcatcaacgatgcctcgcaaccag
accggtattgcggcaatcagcgtatcgagccgataaaccgttactgttacgacacgttgtatcagttgatcgaagccacggggegggag
gtcagaaacggggccagccatggtccggegctaccecggtcetgcaacctetgccgacgcetcgatecttgccaggtcagcaactacacac
agcgttacagctacgacgctgcgggtaacctgctgcaaatgcgccacgaaggcgcgeacaacttcacccgcaacatgcacgttgatce
ccgacagcaatcgcagcctgcccgacaatgacaggtatgtggatttcgccacgagttttgatgccaacggcaatctgctgcaactegtg
cgtgggcagaccatgagctgggatgtgcgtaatcagttgcggcaaatcactaccgtgcaacgtgaagacgcaccgaatgatgaagag
cgctatgtatacgacggccagggccagcgctgccgcaagatcagcaccgecgcaggeatcaggtcgcacactgaccaatgaagtteg
ctacctgccgggactggaagttcggaccacggccgatggagaaactcttcacgtegttacggctcaggegggtcgcaacagegtgeg
ggtgttgcactgggaagccggaaaaccaggcgctattgcgaacgatcaggtgegttacagectgggtgatcatctgggcetcgageacg
ctggagcttgatcagcaaggcggcctgatcagccaggaaagttattaccectttggcggeacggcectggtgggeggegegtagtgecagt
ggaggccaagtacaaaacagtgcgttattcgggtaaagagcgcgatgccagegggctttattattacgggttcaggtattacgecgecgtg
gttgcagcggtggatcaatcctgacccggegggggatgtggatgggttgaatctgtacaggatggtcagaaataatccgcttgtttacgtt



gatgcgaagggccagcaacctgaacctgttccaaaaactattcaccagatctggataggtgaaaacaagaatgcecttgagagctcag
gttagcaatatcaacagaaccgttgaaatggcttgggggtataaagtgaagttgcatctggaaacgaggacgccggaagcttattcgga
aatcgaaaaggatctgagatccgaagtggttctgcttcctgattcccaggtttttcaaaacttcaaggagaagcecgctttatgcggectatg
aagatttccgaagaaacaatcagaattacgctttcgcggtagacgttttacgtatgcataccgttcatgagttgggcgggatttattcagatg
tcgatgacgtttatgcaggtgcggagactggcggaatgacgcagttgggggataatccgcetgtttgcagaacctgatgaggttttgacgct
ggatcctgttcatgtcccttgggagecccagaattctgttgaaagttttatggtcaataacagctcatttgccgctcattcaggtgcaggegtct
tacttgacatgatgggggaaggagcgaaacgatatgatgaagccgttgagggcggaagttatccggatccgacgggeatgaacggta
taggtctaagtctgctctggaatcctaacccggcagtaagagticgaacgttatcgaatgtagtaggcecccggcttgtitacagacacact
gcacgcttcggacacagcatacggtgagctttttagtaatctgaaaggcegtcgtctttcaaaaacagccgttcacgtttgccgaccaaatg
gccaggaagatgccgctgcatcggcatataaaaagcggegeggegcaaacctggegetga

>0ORF34
atgccgatcaccgcgcagcagttgctgcagatactcccgagegcetggeccagaaagecggcgtttttgcaccegtectgaacacagega
tgagcaagcaccagatcttgacgccgctgcgcatcgeggctttcatcgcccaggteggtcatgagtecggecaactgegcetacgteege
gagatttgggggccgactccgcagceagetgggttatgaaggccgcaaggacctcggcaataccgtggegggtgatggttcgaagtac
cgcgggcegeggcctgatccagatcaccggecgggecaactatgccgaatgcggegaggegctgggectagacctgatccatcacce
ggaactgctcgagcagccggagcacgccacaatgtcggcagegtggtactggagcagecgtggectgaactcgetggccgacaaa
ggggactttcttcaaattacccgaagaatcaacggaggcaccaatggactggcggatcggcaggegctgtacgaccgggegetgaa
ggtgctggegtga

>0ORF 35
atgaatctaacagctttaggttcaaagctgtctcggtatcgcaagcagcttgcgatgagcgaggaagaagtgtgtgcggtcacccacatc
ccccttgagegectgcagtcagttgaagecggctctcaggegectacgggtgatgaagtgcttatcctggecgatctctaccactgcaact
tcaaattcttcatctcgaacgagccgctcgecccectitgagcagaccgaaatcctgtatcgcaggcacggagctgagttcatcaaggag
gatcgtagagccgtccaagaattcetgtacctctgcgaaacagaggacttcctgatgagtgagttgaaggctatgaagctcgaatttceg
ctgccgeaggcttctgggaattitaagaatgatggaatccgageggcetgaagcectttcgecttttcaatcagcaccccacaaacgecegtg
cctcgggatgtgtatcaggagattcgccaaaccggagtgcatgtgttccgtagaaagcttggtaactctaacatttcggggcttttcctggct
caccccacggctgggaagtgcattctggtcaactacagcgaagacgtataccggcageggtttagcgcetgecgceatgaatttgctcacge
tcttttcgatgcgcagggtggecccagtattacctactcccgtacgactaaggctgacctagtcgaagtgagagcaaacacctttgectce
cggtatctgatgccttcagaaatcctccgacagctgcccaaccctgagcaatggacacaggaaaataccecagtattgggetcatgagtt
gcgagtcagctgcegttgccttgggcataggtctgaagtccgagggcttaattagcgagcaagceattccagaggataaagtcgtaccgeg
ttcctcgtgaactgaagattgacccagaattgccggeccaattgacgacgcaacagcgtgagcgaaaggctaagttactggaaaagg
ggttatctgacagctacgtcgcactgtgcctagacgctcagagecgtggcatcatcactcaaggtcgattggctgaagecttgettagtga
cttgggaggccttcaagagctgctcagectttatggaagatcgcgcaatggcecattga

> ORF 36
atgaatatcaaccccttggcttcttcattacagaatcaacagcgcactctcttaggcccgecccccctcaattcatetgetgetctgecgate
aagatccctgtggcgcatgataaagcgcegtgaccctaacgctgaattctataccaccgaggaaacgcecctggtttgccggcetacaaaa
agtcggaggcaggacgcgctattttagagaaaatgtctgagaaggaagcaaaagatatccgaggcgagtatctgggaaactacatg
aaagcctttgacgaaaccatatgtcgtatgtacgacaattttcacgatttcaaacagcagcttttttaccttaatacggagctgtcaaaaaag
catttcggcttcacgctgggctttaatcaggacattcaggtgaccgacccggacgaggtactcaccccggcagagttcacgtacctgacc
gagaagctgaacgaacgccaacaactgaaagaggatctgcgtgcgcacgcaaaaattgtgatgacgcetgctcgaccattacaccga
aaaattcgataaccggcacaccctcaatctggagagttacagcaaggtcatcgactacggacagatcttcagccgcaatcatattggca
atttcatggacacgattatctaccagatcgagcgcaatgcgccgaagcgtgaggaagaaccaaaacctctggttgatgtgcacgcttga
>0ORF 37
atgggcctgatcggcgtcaaacagaacaaaccgcaacaggcgcagacctacctgacgcgectgcaagegetgtcgeccagegeect
ggcaggcggtgcagcetggagcaggacattgccctcggecagcecgcaaaatcaggegcetgetggatgatgcecgacgectggeecgac
gccggtgagegtgacaaggcgaccggggtgtttcgccagttgttcaacggcecgtttgcctcaaggeactgtcggecgegagtactacac
caacctgggcttcaacaatgcggactggcccgaggegegcaagggtittgaacgcectgatgcggcagaaccctgacgactcgattctg
gcgctgttetttgccaagcacctggeccgecgcgaagacagcecgegecgaaggeategecgetetggegegectgageacteateeg
gacatcgccggcegatgccgatcagagetggegeatggegetggtetggatcggeccgectgeggcetgcgecaagtgecactgttcgacg
cgtttctcaaggttcatcccgacgatcaggaaatccgcgaccagttgaacaagggtcgccageagcatgccageggegctgectcagg
ctggcagcaagacccgctggtggcgcgeggcttgaaggegctggaaaaaaatgatcatgtggcggecgaagaagcectttgcegecc
gcctgaaaatcaaggcggacgatgccaacgtgcettggcggectgggegtggtgegtcagcagcagaaccggttgectgaagecgaa
caattgctgacccgcgccacgcgcecagcagggeggtgcgegetggaaaaacgegctggaaaacgtacagcetetggacctegetgca
agaggcccgtgacctgcaggccaaagggcagaccggcaaggctcaagegttgetggctcaggcgcageggcaaaaccctgacaa
tatcgacgtgcgtttgaccctggccgacgtgcaggtgcaggcecgggeaactggacgcecgegcaagegggctatcgtcaggtactgge
gacccagcgcggtaatccgcaggcaatccgegggctgatcaacgtgetggeccagegtggtcaggcetgatgaagcegttgegectgete
gacacattgtcgccaggcgaacaggccaaactgggcgacageggtcgcttcaaggegetgegetccacccaggtggegeggetgge



cgagcagcgtggcegatgttcgecgetgeccaggtggecttgaaagacgcggtgaagaacgacccggacaatgtctggacgegttttgat
ctggcgcegcectgtacctcaagaccgacgaagcgceccaaggeccgegegcetgatcgacgagcetgctcaaggetcageccaacaatat
cgatgcgctctacaccagcgegctgctgtcagtggaaatgggecagtggcaggacgcgcagaccacgtttacgcgcatccecggttgat
cagcgcacgccggacatgaaagcgcttgctgacgaagtcaccatgaccgtgcagatcaatctggecatcggeatcgeccggegeggt
cagcgccaggaagcgttggegetgctcgatcgcttgcaaccggtcgecageggcageccggagegtcaactcacgcetggecagege
ttacatcgatgcgggcgagceccgegegeggtcgggaaatggeccgtgcggecatcgetcaggeccctttgecgtcggecgacctgatg
ctgcaatacgccggtctgctgctcgcagegggegatgacgtgcaggtcaatgcgatectgcgcaacgtgcagggtcagecgatgage
gtgcagacccgcaaacgttttgatgaccttttgtaccgctaccgcattcgtcaggccgatctgctgcgtgaaggeggtgatctggegggeg
cgtacgacacgctggcacctgctttggcgcagcgeccggacgacattcaggeggtgtcggcecttcgecegceatgtacaccgcecaatgg
cgacagcgcccgagcgttcgagetgtacaagcectttgttgcagcgccagcccaatgacccgcaagtgttgctgggegeagecgatgeg
gcggtcaaagegcatgattatggctttgccgaaaaagcecctgagecagttccgcaaactggagegtaacgacccgeagaccctgacg
gaggccgcacgtatctaccaaagcatggggcagaccggcegcggecaccgagttgctgcgcaaggcecgtggecatcgaacagagtg
aaaaacagcgcgcgatggctgtgcaggctgtgtcgaccagcaccacgtcgtccaacccegtttgcgacgggeggctcacgtagectgg
cggcggcttcggcetattccggcetccggetcaggtgtcgetcageggtgggagagegettgaaacaaacagtgcgectgaaatatctgec
ccgcegtgacaccgcttatcccggecagatcgecgeaccacaaccgctgtctgccgeacgtacgcaaagtgtgcgeggeaatecgttca
tggcagccaccgaccgcgatcaggccagcagcgcacagcaggcegcetcaatcgeattcttgagcagegcagtggcttcgtcagtcagg
gcctggecgtgcgcagcaataacagcgagtcgggtctgagcaaactgaccgtggtcgagacceegetagaggtcaatttgectgecg
gtgataaccgggtggccgtgcgegtcacgecggtgtcgctgaatgetggcagcettgaagtcagatgcaggtgeccgttttggeggtgge
accagcggtgctgceggttcgcagagcgacaagggtgtcggtcetggeggtggegttcgagegecccgaagaaggcctcaaggecga
tatcggcaccacgccgatgggtttcaaatacaccacggttgccggcggegegagtgtcgaccggecgttgggtaacaacccggacctg
cgctacggcctcaacgtgtcacggegtccggtgacggacagegtgacttegtttgccggttccacagacgagegceageggcectgtectg
gggcggcgtcacggccaacggegggcegeggtcagetcagetatgacgaccagaccatcggeggttatggcetacggetegtggecaca
aactggttggcaacaacgtgaaatccaacacccgaggcgaagtgggtggeggegtttactggtacctgcgcaatgccgaggacage
aaactgaccgcaggcctgagcctgatgggcatgagcetatgacaatgaccagagctacttcacgtacggccacggtggctatttcagec
cgcagagcttctatgccatcggegtgccggtgatgtgggcacagcgeaccgagcgtttcagctatcaggtcaagagetcggtcggggte
cagcacttcaagcaggacggcgccgaattcttccccgacgacagcacgctacaggecgcttccgeccagegctacacagggcaaag
caaaaccggaattggctacaacctgagcgcggcaggcegagtacaagctcgattccagectgttcatgggggecagtctgggectgga
caatgcccgggactatcgccagttcagcggegegctitacctgegttacatgticgaggacataaccggeccgatggeactgeeggtca
gcccttaccgttcaccttattccaactga

>ORF 38
atgaaactgatacgacagatccgctcgcagggtcgtcagtcgeccttgttcgaggaccttgcccagetcgaggggcgcaagcegtcaat
ggctggccgagegegecgtgeagttcgecactgggcettgcacggecgecggecagaggtcgataaccecttcaaaggcaaactgegtg
aagacctgtgctgcatcatgttcgatgacctgtcgcetgcacaccctggtcgagegttacgcggcecagtgaagecctgcgacgacacgac
agcgagtacttcagcaaactgatcgccacgacacgaaataccgtggaacggcgcatcgtctttcacgggcetgctggaacacttcgaca
ggctgttgcctatcgaaaagagcatctaccaactcaactaccgcagcegttcaatacgcgcacctggagcaggaagaagcecctgtacg
gcaaactgataatggaacaacccattagtgcactgctggaagtgcacacgcectgagtggcttcttgagaatctgtcttegtttgagttttcga
ttgattga

>ORF 39
atgcgactgactactaaaggccgatacgctgtgacagccatgcttgacctggegttacatgcgcagaacgggccagtgtctctggecga
catctccgagcggcagggcatttcectgtcttatctcgaacagttgttcgccaaactgegtcgecggceaatctggtttccagtgttcgtggtecg
ggcggcggttatcagetgtctcgtgacatgaaaggcatccaggtcgeccaagtegtcgacgeggtcaatgaatcggtcgatgecacge
gttgtcaggggctgggtgattgccacgctggcegatacctgectgacccaccacttgtggtgcgatctgageccagcagattcacgaatttct
aagcggtatcagcttggcggatcttgtcactcgccgtgaggtacaagaagtcgetcagegeccaggatatgcgecgtggtcataaccaca
cgtcgcaactgggtaagatcgaaacgtccgecgtcgaatga

>0ORF 40
atgaataccgtcagaaaacccataacaccacggatgctcagcatgaccgataaaaacggcacccatcgacaacgacgtgctgcact
gttccccaaaaccccggcgaccgcecaccagcctgtgecctttcagagggcctaatatcgecategtceecggtgegctatgegetggate
gctcgegctatgacgctgaccccgegcaactgaagecactgcccaaagacggecaatgggeccacctgecgacgcetgaaaactege
agttacaccttacgccaactgtacgacggctacgtttacgtgttcgacgaaacggccggcacgttgcacgaatacgcagcctcagccag
cgacggccatctgagccgceatcgtctggaccgatgcacacatcggtaacgaccagcgaageggtgccggtgaagggeaaccctttgt
gctttacccgegtgaccaccgectgcacatcgcecttttctcccetgcaatggacatggcegaatgtgcgagcacatgegetcccacgecce
aagccgcgcgttgtggatgaaggegctggacctggecagctactgectcaccatggccgaaccggacaccctgecgetggatcgeat
cgccgaggcecgtggeggatatcgacaaagactgtgttgtggaagatggecgttttgcagattcggcegattcccagtgttcgeeccgecatc
agaaggtgcagaaccctatccgttatgggcaccgcetgggegecgatgtettctggcagggcagegtctacgatcaggacagctctctgg
tcattgccctcaatgacccgctcgecgttttcaacgacttgggcatgcagetggeggecgatcaggeggcttttcgggaatggcaaageg
cccacgaacacaagatccagattgcccagaccgtcgecacgctgtgcggtgcagagagcgaagcagagaagctgccagceatceggt



gcgceggtgatgegetgegeacgceatcagtacctgagegaggtcgaagectactttgaacaatgcattcttgaagaagcacagatcage
agtagcaacgttcctggagattttctgctgctgccggacatgttcaagagectggacatgcgcaaatcgatcgaaacacgttatggcage
gcgccgaccgatgagggcegcgcaggectggaaagatcgecacaaatggeggegcegaggtcgatctgageagtgegegtcagtace
ttttgcagcacctgccgaccggagacaaacgcctgcaacaggtgegtgacacgcaaagcgatttccagcactgggeggceacatatag
gcaccgaaccgctcaagctgttcatcgacaccacacacccgaaaaccctgctgtatttgcagacgatcatgctcaatctgcagatcatct
atgcgcaggacagcgccgcaaatgcectggetcgecgagcaggaagecaacaccagceagectgtttggcaccctgegttatggtttttceg
ccagcgctcaagcacgccctgcatcaggaagccgacgcactgctgaacggcectcggecgacgtcactaatctggecacgegeatcggt
gaactcaatggcgtgctcaaccatcagggttitgccgacaagecgtggatgaaggcgctgaaacagcectgttcaagacaccticaaag
ccctcggegaactggecageggtgecggcaaagecaggtttgaaagtgtattactggcatgggtgeccatcgacagecgeatggecct
tggcaagcagcagaacatcgttgcgttgcttcgcaccctgctgatcggecagatattgctcgactcgacagcacgegtcgcgatcaatg
agcagacagtgaccaagctcaaacagtgggtaagtgagtggcaagtcctcaacaagcaaatcagcgagcetggtgegeagttggcaa
tacccgaacgcctacaacacgcgccaaagcaccgctcgcaaattgcaggeccataaacacaaactgegegttcacgaactgageat
ccctgecctgetecgactttcagaacaacgaatacgccaagctattgcaggacgagattcgtcagtacttccagtctggcaaaaccctege
cacggactggctcgeececgegecaaaggcetggaccgaccgactgggeggcgttgctggecacgatcacctggggegtggtcatgcttaa
cctgatcaataccgccttcctctatcgggaccttacccgggacggggatttcagtaccaaggacattggcaaggtgacgtatggattggg
gtacagcttcaatctgttgatggcggtgtttgtggacgcgecgtggagcatcataagggacgcaacgccagcegcetgatcgatggcaaga
atgtggccattctggacaggtcc
agtgcgtactggaaagccaagggaaatgcagcegtggggtgatgcgatacgtgggttcagggtitcgatggtggegatgggtgggttigg
gcttgcggeggttacgcttgaattatttgatgttacagatgattttcacgcagctaaaacatcagaagaaacatatggaattggcatcaagg
ggttttccgtagtggtgatgggattgggtgctgcggeccagcetaatggcaggceatttctcecgetggegtttttacgattatcgcaatgagtec
gtggttcagcgtagcgctactggcagcaggcttgatttatcttittgctacgatggcccttaattacttcaagcaagacagtgtcggetggtgg
ctacgcaagtgctgttggtccataacccaagactatcgctatgctgagactgcggaaggtaagcatgacgaagtgegegegetgatgg
aaataaaattatctccgcaggtccatgtaaaaagcaccgtgaattatgaaaaccgttatctiggcaaaaacgatcactacagcgtageg
gtacaaaatggcgcgggggtacaagtgcgcttgccgaatcttctacgcgggctgteecgtgcatttcaatatcgttagtagcaagagacca
tggggcgtgctgcccgtagaaaaaatagatcagccgatacatgaagctttictggaccacgggcaattcaggaaagtcgaacagttcg
ggatgtttaccaacaagcctgctggcaaggcgagtgaagactatacctaccceccgeatgccacctgaaaacgaagacctcatctggg
aaacctgggtgccgetcgacaaggacgcaacgtatcttgagttgcaaatctggtacccggccaatcttttaaatcctggcggagacgata
gaagctatctgtttcagatggagcttggcacaaaaggcgataccgctattgacggcctggcetgcagtggaactcgaggtaaaggcatca
agcaggattggcgctctgaccctagaagtcgcagagggceacacctgtatga

> ORF 41
atgtgcctggtggcgagcctgtcggtgctggcaggceatgaccgatgccatcggcttcatggecaccggegatttcgtetegttcatgageg
gcaacaccacgcgccttgcggtggcgatcagtgatggegatttgagegtcacactcegtctggecctggecatctttgegtttattgecegge
aatgcactgggcgttgtcgttgcgegectgggcaaccggegegccctgeccttactgctggetatcgecacgcetgttgtgtgeecgetgegg
cgtggccegttggcgaacaatatgcettgecctgatctgggegattctggegatgggeatgetcaacgecgcetgtcgagcaggtcaacggg
ctgccggtgggectgacctacgtgaccggegegetgtcgegactggggegeggtetgggecgcetggatgetcggegaacgecgggat
ggctggcgcattcaactggtccecgtgggecgggatgttcattggegceagtgatcggegegttgettgaacatcgtcetggggcetcaatgectt
gctggtcagcgecagectgtcagegttaatggegetggtgtcgetgaaaatcccgeatcgetggcaacgtcagtacatgeegegetga
>0ORF 42
atgagagggcttggtgttctgagcatgaaccaccagtttcagggcaataccctgttcaaagaaataagcggtaccagcttttccgegecct
acatcacccatcttgcgggccgtctccttaacgagcacccagaggcatcggcgaacctctigcgegctatgetggtgaatcatgegtcatt
gtctagcgaggtcgagacgactttctccgacgacatgaggaagggctacaaagctaataaggegacccacaaccgtgaaatatcge
gcgatgtgagtggttacggccaagtgaatgaggcagacctgtttcggtcttccgaccattgegttgtgctgatgtgtgaagagtccattgag
aaggactcgtgccagttctacgaactgcctttgcccacttegtttcttcgcagggctagaggggcaaggcacctgagegtcacgctggcett
attctcctgccgtcaggacaactcggttggactatctggcaactcagatcagttatcgcctagtgaaaggttcgtcgettgaggaagtccag
gcctcgtttaactacgacaagcaggacgaaacgaagacccgtggagatgacgctgagcagaatcgagacatcactgctcagttgag
aagccgcgggaccgtccagtcctcgeggtggacgticaagaagcgaaatccagaagaaaaatggtttgtagttgtgatccgecaggat
cgggaatggaatcatcccgacgtgctggatcgagaatcttacgecctggtggtaacagttgetgatcgtgacaacgaacacgcgceagtt
gtatgccgaaattcaagccaagctgacgcttcaaaatcaggtgcgtgaagaggcaaggcagcegggcetgtictgtaa

>0ORF 43
atgggcattggcggtttgcttaaacctttggtcgattttttaccgaagttgccgaccttacgcaccaagatttcctcgecttccatcagetacge
gcgtttgcaaagcgatgcgtcccaggtacgcagtaaattgggattgggtgagegcagegtgcetgggttatgaagegctgatcgecgagtt
caaggcgtgcggggceggttctggtgeccgttctttgygggacaaaagcagcaacacaagaatgcgttgcacattctattgccggegtcag
atgtcacctttgtcttcgtcaacctggataccaagctggaagacttcaagttttggatggcccacgagttagcgcatgtctacactcctgage
ttgcgggtagtgacgagggggaggattttgcggatgectttgccggtgecctgcetgtttcctgaggcttgegtgcagctagegtatgecgag
gcggcgcaagcegcectagegcagetggggaggtgagtgtecttcagcagceatgeccggceatcaccaaatttcactgaacacggtgttee
agcaggcgcagggatatgcggcggaaaacaatctgccatccttacgggtaccggaaaggacaattcacgcggtgcgcaacagctce



acgccgceagttggtcagtacgatcctgtttgatccgactccacccaaaccggcgcaatacattgccgcagegtcgaatgtgtttcagtetg
agttcttcctggcgctgaaacgcatgattcgcgagcacgggacgggcccgtegtatgttcagcaaatcatggatgtatcactcagtgatge
ctccgegctttacggecgagetcgegegttga

>0ORF 44
atgaagcagctcgcggcaggcagcaatgtgcatgttcttgaaaatgagtctttccagatagataaggtgegctttttgggggcecacagctt
ggacagatttcgcaacaggtgaaagcgtgtaccaagcgtcccaggaggcaaggcgaggceatgaatgactttcgcttgatcecgtgecag
gcgagggttaccgcgceattgagcatcagtgatgtgatcagtcgaaatcatcgaacttacgagtggctcaaggaagagctcgecatgga
gttcgatggtcagaccattgtcatcactcatcattgcccgttggtcaattactgtggcccagagcagggctcaccgcetaatgectgcttatte
aaatgattggccagaactcgttcgtcaggetgatgtgtgggtctttgggcacacgcacagtcatgtcgatgtcatggtggaaggatgecga
ctcattagtaaccctagaggttatccaggtgagagttgcggctttgccaatgactttgtggtcgatattaactag

>0ORF 45
atgacgctgacgcagcgtcaggcatggcatcgcgaggcacagceggtitggcgagcaggtggtgaacatgcgcaaagccagcaagg
agcacttcggccaggcggaaaatgacagccgeacctatccggegegctttatcgaccagcaactggctcaactgctgaaccggctate
catcgctgcaacggcgcaacagatcaatatttcactgacctacaggacgggcaccgaagtgctcgaaattcccggegegcectgtattge
cagaaaccgagaccgagaacgtttcactcaggcaactggtgcatacccaggccctgcgcaccaaggccaaggatgecgtgcttctac
gcgctgtcgacgccgaaggcegteeeccttgecgeactiggacaagcaggecgtaaccgagctgattgccacgctggaagatcaccgat
acctcagtgattaccttgacctgcacctgaaaacctcggegtatgcacagcagctcaagcggtcagaaaaagccatgttgcaagcetca
gatgaagatggcgctgctggagatcgagcaacaggcttttgcaccagcecggtcgegagtggatcaaggetgtgetggattcgecagec
ccccaaggacgtcgaaccatggcaggggaaagcattgaagtecgtittttcagcgtcaaccaattcaagatgaccaatgtcatgctgatt
gctccagcecggtaaattcgagaaggggcecgctggtgcetttgcacgctggatgcttccgacggtgtggttttccgctggtttaacageatgta
tcacctgaccaccagctttctggaagaggcacccttccagcagtatctgattcagcaaataccggtttccaggcegtcttgagacgctgeat
gccatgcagtacgaaaaggaagccaagcattggcgtccgccagaagtattcacccaactgacgctgctaccgatceccgtcaaggetg
ctgcgcccagtegtgtttgtcagccagagcaaagacatttacgaggaaaatcacgagaccaagatcaaccatctgatcaacgaagcc
aaacggcagatgagcctgtccaccggtacagggcaatcgggtcggggcttcgatctgatcgcgagcattgegattetgtttctgectgge
gcgatcatgatgcctgtctcgetgggegcetggectitacaaaacctggagcegctttttcgaaaatcgatgaaaacgacctggaaggtgec
gccgaggagtttctgagcegccctcagctatcttgecattaccttggtcggecatttggegetggecttgaaaccggcaggaagegecgea
aaaacggtgagacgtccgcacctggtacgcagagtcggtcgtgatgggcaggcacagatcggctacctectgtcgeattcaaaageg
ccgcgtttcccagactcgaaattgatcgcetgcaatggaccccaaacgcticgtcgecattgaggtagaaggcecagacctgcttaataag
ccggcgggcecaacctgttcggecactcacgcectttatcgggtaaacccgatggatgcaacgcaactggtgcacgagcaggagtttgect
tgcgcagcaccaacggcacctggaaaatcgtgggcaaacagatcctgcgeatgagtcagtccgcaatccgcaatgcccaggctcaa
ctgaccagcctgacaaatctctggccggegtetctggaggaagcaagtagcgccgaacgcttgagettcgagaccgactacctggege
tggcccagacatccaacgcagaaaactattccgaaatagtcgectacgtggaaagceggttcaacagacatcaacccgetgetgcgaa
gcggcegtgcgcaacgcecaccacgcgceagatttttacgtcagttccataaactcaatgcgtgggaaggcactgectttcgecgecacctatg
tgtccagcgacggggtggcatgecttgagcgcgaagtgggttcggtgttcaccgacaacggegtgcagtctgcatcggtgtcgegagec
aatgcctccagatggagcecaggacgggttcgtgagcagcaacgccaatgccgcaaaccacceggtgticttcatctttgcaccgggag
tgcccaagaagaacatgttcaccggctttcttggcgatcacgtggcaatcccgeccaggceacgtgegtgcaactgggtgecgaccaageg
gataaacggacagctgtttgcctggttcgatgcgcccgaacaaatggtcgatcagacctacgatctctatacaggagaacaggaactct
gggtctga

>ORF 46
atgactcagctaaaccctgcgggacaaccgcccgcagaaccgacccgaatcgtcaaagctcacattgacctcatggatcctgccgaa
agcgctgactacgaggcgacccgaatggceattgctcgcagegatgcaaagecggcaatgccgegatcaacctcgaacagattcggcet
caagcccgacccagcgtccgggticggegaatactgcgetgagaaagctgegcetacctcacceggtccaggccgaaaaccaggaa
ctcccgtttcagatagacagcgatggcagcgtcagtctggcattgatgctgcgcetataactacgggttgtcgetgecgeaatcgectgacg
aaacagcgatcaaaaccctgctcaatacgctggcagaacttcgcaccagtcaagaactggggcttattgatcagttcgacatcaaggce
catgctgaccatgcaaaatctgcaggatctgaagcgagcectgcattgagtaccttggcaccgacggtggcacgctgctaggcaagctg
ggtgctgaaataattgcctcctgeccactggcagatgtgcagaactccceggtgacggttattgccecggattctcagatcggaaccggea
agggcattggggcaaacgctgctggcacagcttggtcggcctgaagaagaaacggacgcgtccctgacaacactcgtggaccggatt
ttatggtatgccatcagtagcgatcttcatgatccagaaaaccggaagccaggagaaattgccggctatccattcacccaggccgaaaa
ccagggacgccgccacgctgacatcctgaacgatattcacaaccacctgatcaccacgggcaaggctgagtctgtcaacgaagcaat
aattgcctgcttcatacttgcactcgatgactgcccggaatggcetggtcageagtgttcccgatgatctgccatacggetgtacagaggtgt
gggtcaactttcaacatggggtcacacttgcggaagtcatcgagtttggctcgtcacgctggatgaactttgaagacctgatcgagctgec
ggtgattttcaacaaaaagatggacaccgaagagcagcaagtcgcectatgtcgcaacgcgcatgeccattcttetgacttgggeccagg
ccaacggttacattcgtacccagagcgacctgccttactccgaacaagagatagaacaggecgccagegcegtitgaacactccgaga
aacaatcccttgaagctgcgaacgccttgatccggaaagcgcecagaacgcaaagcecatggctatcagtgccatgaaagaagegegg
aggacgcctgaaatagaaaaaatacttgagcaggaagattactggtttccgeccatcgatctcggcatcaggetggeggtgctacgea
aaaatcacacgcctgtctatcgcgatcaccaaggcacgctctcaccgtcaaatctgccatacgacccectacggcataaaacacaagg



cgtcgtcgttgctggagatctacatggcaggtgaaaacattgatgactggagactgccggggcegcaacagcaacgagggcctgcttee
catcaaccgtgaaatgcagttgttgtacaaggcgctgccagacatcaatcaaaggttcgagagtgaatttcaggcttatctggcagatge
ccgtaaggcgtatgcgacgattatcagaaagttgctgactcacctgccgetcaagcaccgceatggegatcgaaaatggtgaggtgtcge
tacactcactcagattgccgaccaaggacgtgctggcggcgacagagagcgaaaaacatcgggagecgtigcgagggegeacggg
ctttgtcatcaaagctgtctacgagggcaaaaccacgttttacgaggtgtttccgttatcgatgattgtacgctatcgecctgatctggaggec
cttctcaagaacggtgtggtcggtatagatttttgggacattctgcctcccaccegtataccggtageggtttataacggaatcacaatgcca
tttgatcagggagcctatttgaacggtcagctacctgagcctggggcaagcegctgtgatgattgcagaaaccattggtgaacgatttgattc
ttcaagtgcagaggtcgggcaacaccagcctcecgacctegttttcaaaacgctctactggcattgccgagaccatcacaacatcgctttte
tacgtcaacgaagatgcactctitgcacactgcaaaagcctcacgcaggtagaaatagataacggtgccccaggtgegetcgaagag
gtgtccagctttctgatacacctgacgccctggccggaaatcgaaaacattctgtccggagagaaagcegcttatgaggggaggageaa
tcggtctggcegctttacatgattcectatgtgggaccecgegggcaagttgctcgcaggcacggcaaaagtcgttacccgectgggcaaa
agcctcataaccagcggtagcaaagtccaggtctcgaaattgctcatcacggecggeaccaccctgaaagacgecccgcetgatcatg
atcagacaggcccctgacatgaccagtaaagcaatgactggcegtttcgcaattcgtcgtgaaacacgtcacctggaaatttctggegata
cgtataggtattggtttaagccgcaggcttgtagccatcatgagcaggcagcaggceccaggecgcaaagcaagaggecacgtaa
>0ORF 47
atgtctgttacttcatctgtcctgcgactgtcgecgectgagegtgtegttatcacttttgggeatgcetgtegtctgeactgtttgccggegeggea
ttcgccagcgacgagacgcaactgatcgaatccctcaacgectaccgtggccaggegceagegctgtggegageaggtgtccatggaa
ctgccgecgetgagcaccgaccegegtctggtgetgccecgecagtggcaacctgaacctgcaacagtcgcetgaccegegegtettate
cgatggtcaccgtgcaggcgatcagtctgtccggaccgcgagatgcggegtcggegttgaaggeggtgcaggagagtttctgecgegt
ggtgctggacccgeagttcgtcgatatcggggtcagecgggacgggcegegactggegeatcgtgctggegegcetegetggtggeatca
cgtctgggtgactggcaagcagaaggtcagaaaattctggagatgatcaacaccgceccgtacccaggegegtcagtgeggttcgeaat
ccttcgecggecactacaccgttgagctggaatcaggtattggggacggecgcacaaggacactcgcaggcaatggcecaatcagaact
tctttgaccacaaggggcgcgacggcecgcacgccgggtgacagggcecgagcettgecggctatctgggecageagatcggtgagaat
attgccgcaggccaggacactgcccgcaaggtggtggacggctggcetggtcageccgggecactgcgcaaacctgatgacceeegg
ttttcgcgagctgggagcecgectacgcgatggaccccaaaagtgacgcggggatttactggacagccatgttcggcacgcagcaatag
>ORF 48
atgccgttattaaactggtccagacacatggttcatttaacagccatcggccttatcagcattccggctgectatgcagcggacaccctgac
ccgcgacaatggcegcagceggtcggcgacaaccagaactctcagactgcaggegceccaagggcectgtectgctgcaagacgtacag
ctgctgcagaagctgcagcgttttgatcgcgagegtatcccggagegtgtggtccacgcacgeggeactggegtgaaaggegaattca
cagcgtccgecgacatcagcgacctgagcaaggcegaccgtctticaaatcgggtgagaagacccecggtattcgtacgtttttcttcegtgg
tccacggcaaccactcgccagaaacccetgegegaccegeatggcetticgccaccaagttctacaccgctgatggcaactgggacctggt
aggcaacaacttcccgacgttcttcatccgecgacgccatcaagttcccggacatggtgcacgcecttcaagectgacccgegtaccaace
tggacaacgactcgcgccgcttcgacttcttctcgcatgtaccggaagecacgcgeacgctgaccctgctgtactccaacgaaggeaca
ccgaccggctatcgettcatggacggcaacggcgttcacgcctacaaactggtcaacgccaaaggcgaagtgcactacgtcaagttce
actggaagacgctgcaaggcatcaagaacctcgaccctaaagaagtcgctcaggttcagtccaaggactacagecacctgaccaac
gacctggtcggcgccatcaagaagggtgacttcccgaaatgggacctgtacatccaggtgctgaaacctgaagacctggecaagttcg
acttcgacccgetggacgccaccaaaatctggectgatgtgccagagaagaaaatcggecagatggtcctgaacaagaacgtcgac
aacttcttccaggaaaccgagcaggtcgccatggcacccgecaacctggteecctggtatcgagecttccgaagaccgtetgetgcaag
gtcgagtgttctcctatgccgacacgcaaatgtatcgectgggtgccaacggcctgagectgeccggtcaaccagccaaaggttgcagtg
aacaacggcaatcaggatggcgcgatgaacagcggcaaaaccaccagcggcgtgaactacgagcctagecgtctggaacceegt
cctgccgatgagaaagcacgttacagcgagctgccaatcagecggcactacccagcaggcgaagatcacgcegtgagcagaacttca
agcaggcgggtgatctgtatcgcetcttacaacgcgaaagagcagaccgacctggtgcagagcttcggtgaatcgctggecgacactga
caccgaaagcaagaacatcatgctgtcgttcctctacaaggcagaccccacctatggcactcgggtaaccgaagcggcecaaaggeg
atctggccaaggtcaagtcactggctgccagectgaaagactga

>ORF 49
atgggggtttcgagctgcggcaaaagtgecgtcggtgcagaaatcgeccgtaacageggeggtcgectgatcgaaggegatgegttee
atccccaggccaacatcgacaagatgagcgccggcacccccctcaccgacgaagaccgtgccggctggetgaceegtetgggtgaa
gaactggccgcagceccttgccaagggcgaacatccggtgetgacctgttcggcactcaagctcatttatcgtgaacgectgegtgegge
ggtgcecgggcectgggttttgtetttctcgaactgagcaaagagcetggecaccgagegttgcgecaaccggaccgggcatttcatgectge
gagtctggtcgatagccagttcgcgaccctggaaccaccgatcggcgagecactgaccctggtggtcgatgeccagcaagcectatcgat
gtaattggtgaacaagccgeggceatggtggaaaggctctcacgectga

>0ORF 50
atgcgaccggtgtctatgttttccctgegttecatttgtgctgecgeactgtttgegetttgectgtctatcttcccggegetggecgecgagecg
cccacccgcgatgecgtgcagcaaagcctcgacaagattgeccgaccgcaagctgeccggatgecgatcagaaggecttgcagcaggt
gcttgagcagacgctggcegtitctcaacagcaaagacgacagcgagcaaaagctgaccgegctcaagcageagctggctcaageg
ccaaaacagacctcggacaaccagcgcgagctggeccggttgaaagaaagcaaagtcgttgecgttgcacagegcetacggtggect



cgatgtgccgcaactggagcaactgctcagccagcgcagcacccagcaaagtgatctgcaaagcgagcttaacgacgecaacage
ctggccatcaccgecgcaaacccggecggagegggegecagactgaaatcagegecaatcagacacgcatccagcagatcaatgcec
atcctcaagaatggcaaagacaacggcaagaccctgagtgccgatcagcgcaatctgetcaatgcggaactggectcgatcaacge
gctgaacctgctgcgecgtcaggaactggccggcaacagecagttacaggacctgggcaacagecagcacgacttgctgaccgaaa
aagtcgcccgecaggagcaggaaattcaggacctgcaaaccctgatcaacgacaagcgcecgageccagtcgcagaaaaccgtgg
cggacctgtctctggaagcgcagaaatccggtggcagcagectcectggcgaccgagagegecgecaacctcaagetgtcecgattace
tgctgcgcggeaccgaccgtctcaacgagcetgacccagcaaaacctcaagaccaagcagcaactggacaacctgacgcagaccg
atcaagccctcagcgagcagatcaacgtgctgagcggceagcectgetgctgtccaagattctctacaagcaaaaacagtcgttgcecgea
cctggaactggacaaaggcctggctgacgaaatcgccaacatcegectttatcagttcgacatcaatcagcaacgcgagcagatgag
cacaccgaccgcttacgtcgaacgactgctcgccacccageccccggaaaatatcaccccgcaactgcgcaggacgctgettgatet
ggccatcacccgcagcegacctgetcgaacgectgaaccgcgagctgagegegttgctcaacgagtecatcacgctgcaattgaacca
gaagcagttgaccagtaccgccgtcggectgegcetccacgctggacgageagatgttctggatccccagcaacaagecgetggatetg
gagtggttccagaacatctggccgegectgcaaaaacaggtcgegaccctgecctggacgtccagectcagecgagcetgtcggacgge
ttgacacaacgcccgctgctgtttctgccattgttactgctgatcggtgtactgacctggaggegcaaggcegctttaccagaagcetcaacc
ggctgcacgccgacatcggccacttcaaacgcgacagtcagtggaaaaccecgttggegcetgcetgatcaacgtgetgctggecatgec
ggtcgcattggggctggegetgtgcggcetacgcecttgcaaatcgatgcgegecgggcaaaacgecaacctiggcgaggecttgctgeag
atcgcgctggcctggctagtgttctacaccgectaccgegtgetggeeccgteccggegttgcgcaactgeactttcgctgggaaccggeg
caggtcgcgttcttgcgeggctgggttcgtcgectggggttggtggtgctggegetggtegecgtggtggeggtegecgageatcaaccg
gccgcegcetggecgacgacgtgetgggtatcggegtggtgctgacctgttacgcgetgatgacctggcetgetgggecgattgetgcteteca
gccctacgcaccacaacgcgtegetgttccgcaagacgcetgggtgtggegttcacggceattgeecggtegegctgtttctggeggtgtgett
cggctactactacaccgcactcaagctcagcgaccgtctgatcgacacgctgtacctgatgatgatctggcetgatggtcgaggcecacctt
cgttcgtggtctgggcegttgccgegeggegactggectaccagegtgegetggecaaacgtcaggetgcgcgagaaaacggtgacag
cgacatcccegtcgaagaaccgaaactggacatcgaacaggtcaaccagcagtcgctgcgcectgattegtctggecttgetggcetggttt
cgtcggegcegttgtacctggtctgggecgagcetgatcacggtgticgectacctggacaacatcatectctacgaatacacaagcggeac
aggcgccaacatgagcatggtgccgatcagectgagegacttcctcggtgeccggggtcatcategtcattacctttgtgctggegggeaa
cctgeccggcttgctcgaggtgcetggttetgtcacgcatgaacctggegcaaggceagegcectatgcgaccaccacgctgctctectacac
catcgccggcatcggctttgtgaccacgctgtccacattaggcgtgagetgggacaagetgcagtggetggtcgcagegcetgteggtgg
gcctggggttcggeatgcaggagatcttcgecaacttcatttccggceatcatgatcctcttcgagegeccggtacggatcggcgacaccat
caccatcggcgccctgtcgggtacggtcagcaagatcecgeatccgegecacgaccatcaccgacttcgaccgcaaggacattatcgte
ccgaacaagaccttcatcaccggccagctcatcaactggtcactgactgacaccgtcacccgcgtaacgctcaagetgggtgtggatta
cggctcggacctggacctegtgegetcectgetgctgcaagccgcacgggaaaacccetcgggtgctcaaggagecagageccattgt
ctacttcctgaacttcggcgaaagcaccctcgaccacgaactgcgceatgcacgttcgcgacctgggegaccgcaacceggtactcgac
gagatcaaccgcttcatcaaccgcgagticaagaaacagcacatcaacatctcgttccgccagatggagatctacctcaaaaacaccc
agggcctggaatacaaactggtgcccgecgaaccaggcgaaaagcacggegeaccggctgggcaaaccacgetgcaaccggta
aacaccaaagtagccccggcaaccaaagatgcgccagagecgecggagtigaggetggactga

>ORF 51
atgtcaacgttgaatcatacgtctgctgtaaattgccgcegtcagttttgatggtgaccgttgctatgtagacacccccatccagatcatgcecg
ggtgagcgatgggctgtaaatatcgtacctaacgatttagtcacaatccactacgaggccgccagcaatcacgactaccctttgetgctg
gccagcataaaaaatctgtttaccgatgagegttgtgtcgtgctaaagcceggcecttacacagcaagctttgaacatgtatttttcagaggtt
aacagccttaaacctaacgcgactcatgttcgcttgttgcatcgagcgcagcegtatttttctagaaaacatgatccgtagcgtacagataac
ctcgcaaggtatcagcgtcactttcgcaaccgccgaattcaaaaattataactaccagctaaaggtggataaatatacttttgcaaggcett
gacaaggggtaccctctctattcggagctggttgaaaacacctggataacgaaattatccgtagcccataatattctgtattccatctctgtg
agcctggaccactcaagcacaccttatacacttttttcaggaaccctcgcggaagacaatatagtccagccgatacgggcegcttttcacc
gacaacaccatgactcaactcacctccttggccgatcagaaaaccgtggatgecttgtatacgacggtcaatggcaaccceggttatcag
catcaaaaaacgcgcagattatcggtcttatctgaacatcgcacagaagttactgcttccaagaacctacaccaaagtagtacggacag
tgagcagcctgtctgtgcattttacgggggaggcgtacaaacaattcaactacaagatgcttgtcaacaatgcttatgcatccgagatcac
ccgagggaaggcttattactccagcgtgagcaatggggtgtggaccacttccggtacgcatgacagcgacgacaactgcaaagtcact
tgtgattacaagggcgcaacctacgtcctgtacgagagtaatgcggcagatagacgcactgaaacctgggcacaagacccgtacgtt
actcattgcgacccgagagacctgtaa

>0ORF 52
atgcgcctgatcgcegcagattctgcccggectgccggaaaacaccacttacagcegecgecgctgegtccaacaccctggegegggec
atgcccaacgccattcgcaatgcgetgggeaccctggggetggtggetgegegeacccagecaagceatctttcegttgeecgtcgegeaa
cgtcagcggtggcgaaaaagaggacgacctggagattctgctcaaactcgeggecgecgetgtttcgcgectgcaaagecaccagtt
gggcggcctggagcagaccegtaccaatgccgatggeactcaggtgactacatggcaactggaagtgecgatgcgcaacgceccatg
acatcgtgccgttgcaggtcaaggtgcagcgcgaagacaagcctgatcaggacgccaccgaagaccgcgacgatatcgagatcaa
ggaaacccgtgaaaaactctggaaagtcgatctggctttcgacctggagecgcettggecccatgcaggtgcatgcgcaactgetgege



ggcacgctgtccagcecagttatgggccgagegeccggatagcgcaacactgatcgaacatgaactggggceatttgcgcgagegectg
attgcctgcggcectggecgtcggggaactggegtgcagecatggegttccgecgcaagggecgegeaccgecctcgaacaacgctg
gatcgacgagaacgcctga

>0ORF 53
atgagtagcgtcgcagcactgatcaccatatcgactggacagacgcagttcgttaaagtcgcgeggacgtcattttctgtgctacgaatce
ccctcgecggeagatgtegtgtccgggatcagttgaccactacaataaagacagagcagaaacccataaaaatagggggaagaga
cgtgagcctaaatgatcacttgaaaaaagcattgaattctgattccagcgacgagcttgatgaaatcaccgacctttatgtgacgttgectg
cagaggtcttcagttgcttgaccatttcactcgaagggaattggaaggaaattgatagcgtctggtctgctcggttagacgcagcagattca
aagaataatacaaaatgtcacgtccatatcgccaaaaccaagcatcgatcctcaaaaagcaaacaggtttcttggaacagtgatggta
gccggcatgataaaaaaacattcgatgtaacgctgggacagagcagaaaggeccaggcgatagctaggaaatttttaggcecttggeg
agtccataagccttgaaagcaaagattccaagcagatggttgaaagacctctactcagcactgctacatccttttcgaatgatggaaaag
aggtgaaggtcgagttctacgtggaagaatccaccgcccaccttcccgeatggttacgatggtag

>ORF 54
atgaagccaatccatactgcccgatacaacgcctggaatcagttggagcaggagaccgcccatgactggctgggggecaaacccttg
gccagcagcacccttggctaccgcetacgatgactggaaccagcgatgctgcaccacgaccgatgacaacgtacagacttatgagtatt
cagacccgatcggcagcgacgtacataaaggcccaatccagaaaacctggaaacagagtggcgacccggagggecgceatcagtg
gccgcagegaaacctggcetgaatctgttcggcaaaccggaccggatccggacgctgaccgetggtaaaacgggtcgecagecgeacg
cacagcatgagccgcagccggaacctgaccacgactgagcaggaactgagcaggceagaccttictgtacgacgggctgggacgct
gcaccgagcagcgcgatgcactccagcaaagcaccctgttcagctacgacaactggtcacgcatggtctcctccacgcettgcagacg
gcagcgtcatcaaccggagttatgcgccgcaaagcagcagtgagcetggcaacgatgetcgaggtcgtgcaccagaacggeaccac
cagaaccgtggcaggtacacagaaatttgacgggcttgagcgtgtgacgcagaccaaaacaggtgaccgcgtcgaacagttcaact
acgacgccggtgagatgcagcccaggtcgcgcacaacagcecgggetggacaacatcaactttacctacactcgggegctcactgatc
agattttttccagcacggctccggatgaaacggccaaattcgattatgacaagaccagtgcccgectcatcgaagcgacgaacccgea
aggcacgcgcacttaccgctatgacgtgcacaatcaactgacgggagagacttgggacaatctgctgggtcaggcttgggaaacccg
acaccaatcatcgctgctgggtcggccgatcaagcgeaccgatctcaaaaaaggcgaggceggegggegecagagacccgttacgac
tacgacacgctcggcagaatcaggtttatcaaccagagcaacctgcgcaccacaatcgactatgacgtgctgggecagcetctgcaag
gtggccaccgaggacctgcaggccggaactggegtgatcatcgacatggaatacgacgaccagggacaggaaattctcagaacce
agaccgcaagcaaccaagcggcgttgaccttgactcaaacgtgggcagtggacgggcttttgaaaacccgcgacctgcaacaggeg
ggtagccccctgctgcacgaaacgtttagctacgaccccagaggecgcectgacactggtgaattacctgggtagcagettgccgagag
acgaactgcaaagggagatgaccagacaaatattcagcttcgacgagctggacaacattacgctatgccagaccaggtttaccgatg
gcacctctgagcgagceagctttcaaatacggcagccccggcgacgataagcataaagaccgctgecagcttitgagtattgectacac
gccgceccagaaaaacaccggacccgacattcagttacgacgcecaacggtaaccagcttaaagacgagcatggcaacagtetgeatt
acgatagccagagccgcctgetgcaggtcgcagaaaccggeggtgcccctatcagccaataccgttatgacggccacaatcaactgg
tcgccaccagggatggcaatgaaagcgagattttgcggttctatgagggtcatcaactgagcagcacggtgcaggaagatcaacgcea
ctcagtacctgcatctcggcgaacagcecgcetgggecagceagattgtggacgacgccgagcaaaccctgttgctactgactgacgcaaa
ccagagcgttatgggtgaatttcaacaaggccagctgcgcaaggcggtctacagtgcctacggggagegecacagcgaggaggege
tgctgagcactgccgggtttaacggtgaagtacgcgaagccgccaacggctggtatetgttgggcaatggcetaccgggectacaaccct
ctcctgatgegcettccacagcccggattttctcagecccttcgccgaaggeggegtcaaccectacacctactgcctgggcaaccecatce
gccctgegegaccecgacaggacatgatgccageggtcagactggecggttgagacggeccgatgagggggctttgccaatgcaaca
aggtggcggagatatcatgggttgggtgggtgtaggaataggegttgttttcaccgtattgggegttgccgetaccatagccacgttagga
acagccacaccggttaccggcccggtaactgtcctgggcatttccatgaccgeccagegctgccgeggecgtitcgacagtctcgaccgg
tgcgttgatcgtcggtacggceattgacagcggcttcaactacggccaatacagttgccattgtaaataacgatcagacggccggagaag
tcggeggetggttgggtattgccgetgtgeecgttggettggtagggtttggcgegggggctgtggtggcgagggeagttgeggetgegge
taaagttgcggctgccaacgetggtacgatcggtgtccgcagegtcagcagaataggectegetgctgetggtgecccgecagaaccattt
ccagcgctgccagceagcegcetcggegecaaatcagcaacatgttaggcagaatcttaccecgtgctctaaacaggactgcetgcetactge
acgccggattccaagcgttacaagtggcggatcaggaccagggccatcattatttacacagactacctttaacgaatcgattgggatga
cgcagaccactattttttcaacgaatgcgagcggaatcccaccggccacgcaggtaactcgaatctag

>0ORF 55
atgcggtgtgtgaggcgatcaagaaggttctttaagctgcaagctgcaagetgcaagaaaaagcaggaccgctitagcttagetgacge
tccactgagtactttccatcgaacgatccgaaaaaccctgcctcgaaagcttgtcagacccttttctgaatcagcetatcgaggtagtcatgt
ccatcgaaccccaacgtcagaaagaacagccacccggcecagcacacgccagcggatcagggeccggatcgcaatgatccggeca
tcgagccgeaggtttcggacgtagagccggagactgaaaaaggtgacggccagacgcaaggcecagacccctgececccagecaaa
gccagtcacaaagtcagaatcagagccagcagtccaacggceagcegcttacgtgectgactatgagccgcaggaaaaaaaggaag
accagcgcaatcatcagcccactcaaggcactgatgctgatatcgacaccaatgcgggetga

>0ORF 56



atgcccgtcactggtgcaggctttatcaagegtttgacgcaattgtcectctgcgecggeatggegetggteeccggtggecgtacaggeag
ccgaaagcgatccttgggaaggceatcaaccgttccattttcagcttcaacgatacccttgacgcttatacgctcaagecgctggcaaagg
gttatcagtacatcgctccgeagtttgtcgaagacggtattcataacttcttcagcaatatcggcgatgtcggcaatctggcgaacaacgtct
tgcaggccaaacctgaagcggecggtgtagataccgecacgccttatcgtcaacactacgttcggtctgctgggcettcattgacgtcggea
cccgeatgggcectgcaacgcagtgatgaagacttcggccagacactgggcetactggggtgtgccaageggeccgttcgtggtgattce
gctgctgggeccaagcacggtgcgtgacgecattgccaagtacccggacacctacaccteecccgtaccgctatattgatcacgtaccea
cccgcaacacggcgttgggegtcaatctggtcgacacgegtgccagectgctgtccgecgagegcectggtcagtggtgatcgctacac
cttcatccgcaacgcttacttgcagaaccgcgaattcaaggtcaaggacgggcaggtcgaagacgatttttaa

>0ORF 57
atgacactttcaaccctgcgcecctaccccgegecagcagtatgaatcgcccgagtcageecgaggatttcacccageggetggecgace
tgacccgcacgctggccgaaacagccgageagtacgacatcagcgcegeagttccctcacgecaacttcegcettgctgcacagecacg
gactgctcggcctgaccgtgectgccgaactgggeggeggegctgecgacctgtcgecgggegeageaggtcatcagegeagtggec
agaggcgagccttcgacagcgctgattctggtcatgcagtacctgcagceattccaggctgcaggacaaccgcaactggecgagecac
ctgcgcgaacaggtggccaaagacgcecgtgcacgagggcegcegctgatcaacgegctgegtgtcgaacccgacctgggeacacctg
cgcgtggeggcttgccgggeaccatcgeccggegeagegecgaaggctggegeatcagcggeagcaagatctactccaccggeag
ccatggcctgacctggttcgecgtgtgggegegecagegatgacgaggacccgetggtcggeagttggetggtgcacaaggacacgec
cgggatcagcatcgtcgaggactgggaccatctgggcatgcgecgecacctgcagecacgaggtcaggttcgacaacgtgcgagtge
cgctcgaacacgceggtcagegtcagtccgtggagegeccecgcaatccgagcettgatggtgecggceatgetgtggatgtcggtgctgctg
tcgtcggtctacgatggcatcgctcaatctgccecgegactggetggtgcactggetggaacagegeacgccttccaacctgggegecge
gctgtcgaccctgecgegctitcaggaaacagtcgggcagatcgacacactgctgttcgccaaccgceagectgctggagtccgecgec
caagggcacacacccgcacagcatgccgcgcagatcaaatacctggtgaccggcaatgecatccgegeagtggaactggecattga
ggcctcgggceaatcecgggctttcacgcactaacccgetgcagegtcattaccgcaacgtgcetatgcggecgggtgeatacgecgeag
aacgacgccgtgttgatgggcgtgggcaaagceggtatttgcggcacgcaagcagagcecagtaa

>0ORF 58
atgaatctcacaacacttcctcttgcgctcagcattgettgcgetgcggecatcacacctgecttcgcgggceacaagcegtctctgaggctte
acacaaagtgaatgtgcagcaagttcgtaacgcgacggtaaagatctcctacggcggeacgacctttctgatcgacccgatgetggec
aaaaagggaacctacccagggtttgaaaatacctatcgaagcaatctgcgcaatccactggttgatctgaccgaatcgeccaccgaag
tgatcgccggtatcgacgcagttatcgtcactcatacgcaccttgaccattgggacgatgctgcacaaaaagtgcetgcctaaagacatcc
ctctgttcacccagcatgaaaaagacgcgceagctgattcgetctcaaggtttcaagaacgtacgcegtattgactgatgaagcecgaatteg
gcggcgtcaaaattaccaagaccggtgggcagcatggcaccgacgaaatgtatgccgtgeccagecctcgcgaagectctgggtgaa
gcaatgggcgttgtatttcaagcccecgggctacaagaccctetacctcgetggtgacactgtctggegtaaagaggtcgatcaggctate
gagaactattgtcccgaagtcatcgtactcaatgccggcaaagcaaaaatgacggggtatgagggggcegatcatcatgggggaaga
ggatgtactgcgcgcttcacaggtcgcgaagaacgcgaaaatcgtcgetgtacacatgaatgcaatcaaccatatgtcectgaccegtg
agcaattgcgcgcttacgtcaagcagcagggtatcgaaagtcgtgtagacataccggaagatggcegcttcactggagttctga

>0ORF 59
atgcatctgttgccgtttgcgcegttaccccttatcacctgcagaaacacctaaacccaaggtgaccatgaaggttggagatttcagggctta
cgacaccgctccagcacccggagtgaccactgcegtcctgcggacaactggcaatcggcaccaagttagaaatcatcgagaccgecg
agaatggcgaacttacttatgccaagggtaagattctatctggcagcgtgaagcagggggcaaccaaaaaacgggtcgagggggeg
gaggtctggttcgettatttgaaaaacggcgaaccctacaaaaactcagtccctaagegeatctggetcgctgacgatgtgectgagega
gcaagacccaattactggcagggtaaggtcaaagcctcagtagtgaataagttgccgcetgtacgatgatcctgccagecctacaaatg
gccagcctgcaggcgeccggaaggggactctggagcetggtcatgaacagegtcatcgagtttaactcttcggaagtegtcaacctgge
gctggatggcaagctgcatcggatggccaagtgcacgatgctgagtggeggectgcggggteatggtgeggttcecccecagcttttggg
catgtgttgaaaatgaccctgctaataaagtattgaaatgggactcggtaacgccgaccagttttgatacggtcgttatgacgagcaccgg
agtgaaggcgggcgatccaattggctatcttggacaaaccgaaaatctcaccggtgaaaatggecggegtcagcagcaaataccaggt
tcacgtcgaaattttcacagccgatgctgaggttaaagacttcctcaagaacaccgegggtttgaagattgggaagcaatacctgcacct
tgcaagcggggctgtactcaagcaaaaagcgceccgcgaccggeaccacagceactcaagcaagaccatgeggttgacttggctaaa
gccacaattgtcaaagaaggcaccgatgactggtatgaggtcagcgtgatcgaggacgatcagectgtagccggectgataaaaaaa
gccactgcgctagtcatcacacagcacgattgggaaaaattgggctttcagatcgtagaggagaacaacgcagcagcecgatggtttctt
ggacccggatgcaatgccacagticttcaaagacctattcgcgaagatcgacaagaaccacgatggtgaggtggagectgetgaact
ggctgaggctcttaagaaaccggaaaccagaacccagtgggcecaggcttgttgcccatcaccctacggagtggaaagataaggeag
gctcccccaagtggagcaagttggataaactgctggaaacgtcgccgaagatgttgaaacatgaaaaagaacgcattgataaatatgt
attttgggatgagttgtcagggaaagctaagatgacctcaagtttaatatggcattttcatccggtagaattcatttcaacatttagcgcaaaa
aaagtctgcgcttgcaacgccatagttaaggctactcgetgggtttcttccagtaagacgcactatggcccattgcatacgggtgataaag
agcttgggagtgcacctcagtgggatgacctggtctcagaaggaaaaataacggaagaggagaaaaaaattattgttgtaatgtctgg
aaacgaggcaaaaattaacggagtacaaagttatgatagcgaaataattactgccggcgcgatgcagaaaacaattaacttgtccggt
ggcggtgagetgccactacaagttaagaagtitaaaaatcagcatcccgaggcegtacatcgaatactttgattctcaaggcetggaagttg



gatgagacaggtgattcggcgaaaatgtattatcaagggccggctcgagetagtggcgcaaagetggaaggaaaggcegcetgaagga
taatttaaaaattggttgcagtgaatcgacatttgggaaggtggttgactgtcaacctgtttcagtgatggcectgcgcetatcgcaagtcegtta
tatatccagatacaaataatggattttatagaaaggttacgtagttctttaacgaagaagcccacaggctataactttactgctgggggatttt
tcaagacctctctcggaaaagctgtggttttggatcacgatataaatcgacccgggtatgtgaaggatgacttgggatctgetcttgacactt
tttttgctcaaaatccaacagtcagccgggatattgatacatggggcgcagcatatagegttaatgagcgaaaagttttagacctgtatgg
cgctcgaagaagaatgaccaatgcattgcticgatacaatcacttgaaggcggagttataa

>0ORF 60
atgcggcecgttgectgegttcagtattttgcagtttgatccgttgaaacgttcgggtcctgecgetgacggtcgaacgtgatacaccggtcgat
agcaagcctattaatgacgtgcgttgtcgcttccgtacgtgctacccgaccgaagttcaggegcetggatctgaccgegetgaattactegg
tgaaaggcggtggttcgttgctcagectgcgectggagatgagegetgaaggtcacttgggtgagettgaactgagecgectgegtetge
actttgcaggcgagcgctatatcagccagatgctgtacctctgectgctacgcaatctcgagggtatcgagetgatecctetggacgetge
cggcaagcccatcgacggtgtcaatggcgegcecaatggegttcaagatgccgggegaccgtgtacagecggtagggtttgccgaaga
agaggcgttgatcccgtatccgetgaacacgttccgeggttatcgctacctgcaggagtacttcgegtitcaggacaagttectgttegteg
acatcaacggtctggatctgctcaacgcactgccagaagagacactcaaacaagtgcgeggcecttgagttgegctttgatattcgcaag
agcggcattcagcgtcttcgtcccaccctggataacgtaaagctgtattgcacgecgatcgtcaacttgttcaagcacgacgccttgecga
ttcgccttgatggcaagcaggacgagtacctgctgctgeccgecgaatatggcectggaaacctgtggtgtgttttcggttgaaaccgtgac
cggttggaagccgggaggtcttggctatcaggattatgtgeegttcgaatcctitgagcacgaccecagtttcgacgtgcccaacagecgt
ccgcattacagcattcgccagcgttettctttgctccatgaaggcectcgacacttatctgagtticggceattcgccatacagaagcgeacga
aaccctgtcgatcgagttgatgtgcaccaatcagaacctgccacgcaaactcaaactgggegaaatcaacgtggectgcgaagatac
gccggagtttttgagtttccgcaatatcacaccggctacctccagtttcgcgeccccgetgaaccgtgacttcctgtggaagttgatcagea
atatgtcgctcaattacttgtctctggctgacgtcaatgcgctgaaggtgattctggaaacctacgatttgcceegttactacgaccagcacg
cggaaaaagtcagcaagcgcctgtigggceggtttgaaatcgatcaagcatcaacacgtggacagattgcaccgagggttaccggtac
gcggattgcgeactgagctgaccatcgacccggaagggtatatcggcgaaggcegacatgtttgtattcgcttcggttctcaacgagtitttc
gcgctttacgccagtctcaattcgtaccacgagcetgcgggtaaaaagcacacagggagaggtgtaccaatggacaccacgtatggge
ctccagcccctgctttaa
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