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Figure 1 

A: mRNA encoding ORF3a Leader-Body Junctions 
ORF3a Transcript Organization 

GATCTGTTCTCTAACCGGAT 
ACGAAC 

ORF3a Start 

GATCTGTTCTCTAACCGAACTTATGGATTTGTTAATG 1/6 
WT CS Site A Cryptic Site 

GATCTGTTCTCTAACC 8bp deletion GGATTTGT'TAATG 5/6 
CH- 5 AA deletion 
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B: leader body junctions in mRNA encoding M glycoprotein 
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METHODS AND COMPOSITIONS FOR 
NFECTIOUS CDNA OF SARS CORONAVIRUS 

STATEMENT OF PRIORITY 

0001. This application is a continuation-in-part applica 
tion claiming priority to PCT Application Serial No. PCT/ 
US2004/023548, filed Jul. 21, 2004, which was published in 
English on Apr. 21, 2005 as PCT Publication No. WO 
2005/035712 and which claims the benefit of U.S. provi 
sional application No. 60/488,942, filed Jul. 21, 2003, the 
entire contents of each of which are incorporated by refer 
ence herein. 

STATEMENT OF FEDERAL SUPPORT 

0002 This invention was supported by government fund 
ing under grant numbers A123946 and GM 63228 from the 
National Institute of Health, Allergy and Infectious Dis 
eases. The United States Government has certain rights to 
this invention. 

FIELD OF THE INVENTION 

0003. The present invention relates to compositions of 
infectious cloNA of the severe acute respiratory syndrome 
(SARS) coronavirus, recombinant SARS coronavirus vec 
tors, SARS coronavirus replicon particles, methods of mak 
ing the compositions of this invention and methods of using 
the compositions as immunogens and/or vaccines and/or to 
express heterologous nucleic acids. 

BACKGROUND OF THE INVENTION 

0004 Severe acute respiratory syndrome is a life-threat 
ening respiratory disease that probably originated in Guang 
dong Province, China in the fall of 2002 1, 2). The agent 
responsible for the disease spread rapidly 3, 4). A novel 
coronavirus (SARS-CoV), isolated from febrile and dying 
patients, is the etiologic agent responsible for the disease 
5-8). SARS-CoV infection is associated with overall case 
fatality rates thought to approach ~14-15%, with selected 
populations being at increased risk (>50% in the elderly). 
SARS-CoV has infected over 8,000 individuals worldwide 
and caused over 800 deaths, before aggressive infection 
control measures successfully contained the scope of the 
outbreak. Despite intensive efforts, no effective antiviral 
treatments against SARS have been described. 
0005 Coronaviruses, members of the order Nidovirus, 
contain the largest single-stranded, positive-polarity RNA 
genome in nature and are divided into three main sero 
groups; group I: transmissible gastroenteritis virus (TGEV) 
and human coronavirus 229E (HCV-229E), group II: mouse 
hepatitis virus (MHV) and bovine coronavirus (BoCV), and 
group III: infectious bronchitis virus (IBV). Sequence analy 
ses suggest that SARS-CoV represents the prototype strain 
of group IV 6, 8-10). The SARS-CoV genomic RNA is 
~29,700 base pairs in length and has several large open 
reading frames (ORFs) encoded in subgenomic and full 
length mRNAs 8-10). The subgenomic mRNAs are 
arranged in the form of a nested set from the 3' proximal end, 
and leader RNA sequences, encoded at the 5' end of the 
genome, are joined to body sequences at a highly conserved 
consensus sequence (CS) located just upstream of each of 
the ORFs. The exact SARSCS sequence has been reported 
as either CUAAAC or AAACGAAC by different laborato 

Oct. 26, 2006 

ries 8, 9). The SARS-CoV genome length RNA is likely 
packaged by a 50-kDa-nucleocapsid protein (N) 8). As with 
other coronaviruses, the virion contains several viral struc 
tural proteins including the ~140 kDa spike glycoprotein (S), 
a 23 kDa membrane glycoprotein (M) and a ~10 kDa protein 
(E). 
0006 The coronavirus gene 1, or replicase gene, com 
prises two-thirds of the genome. MHV contains two over 
lapping open reading frames, ORF1a and ORF1b, which are 
connected by a ribosomal frameshift structure. In MHV. 
three proteinases, papain-like proteinases 1 and 2 (PLP-1. 
PLP-2) 11-13 and 3C-like proteinase (3CLpro) 14), are 
expressed as part of the replicase gene polyprotein and 
mediate cleavage of the polyproteins into at least 15 mature 
proteins. Continuous protein processing is crucial for ongo 
ing virus transcription so MHV replication is sensitive to 
protease inhibitors that prevent replicase processing 11. 
Additional functions have been predicted for proteins pro 
cessed from the replicase polyprotein, including an RNA 
dependent RNA polymerase (pol), an RNA helicase (hel) 
and a capping enzymatic activity 6, 15, 16. The SARS 
virus replicase gene is similarly organized except that the 
SARS virus replicase has been predicted to encode only the 
PLP-2 equivalent and the 3CLpro proteases 6, 7). 
0007. The present invention provides a full length cDNA 
of the SARS coronavirus, from which transcripts are pro 
duced that replicate and/or are infectious in vitro or in vivo, 
multiplication-defective replicon vector particles produced 
from the cDNA and methods of making and using these 
compositions as immunogens, vaccines and/or nucleic acid 
delivery vectors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIGS. 1A-B. Leader body TRS junctions in wild 
type and chimeric recombinant viruses. Leader-containing 
cDNAS were isolated, Subcloned and sequenced as 
described. The expected leader body junctions were noted 
for icSARS-CoV and icSARS-CoV CRG, using the body 
TRS CS junctions ACGAAG and CCGGAT. Leader con 
taining transcripts were analyzed for M, and ORF3a-encod 
ing mRNAs. Panel A. Leader-body junctions in ORF3a 
encoding mRNAS. Panel B: Leader-containing junctions in 
ORF M-encoding mRNAs. 
0009 FIG. 2. Mechanism of secondary genetic trap. In 
the recombinant virus, there is miscommunication between 
the leader TRSCS and the body TRS CS. In this example, 
Subgenomic transcripts of the essential S gene are directed 
to initiate within the S gene, resulting in N terminal trun 
cations in the S glycoprotein product. Similar mutations can 
be introduced in the essential M and N structural protein 
genes. 

SUMMARY OF THE INVENTION 

0010. The present invention provides a cDNA of the 
SARS coronavirus, from which transcripts are produced that 
replicate and/or are infectious in vitro or in vivo. Two 
examples of a nucleic acid sequence encoding a cDNA of 
this invention are provided in the attached Sequence Listing 
as SEQ ID NO:1 and SEQ ID NO:3. As this invention 
encompasses all such cDNAs of all SARS coronavirus 
isolates, in one embodiment, the present invention provides 
an isolated nucleic acid comprising, consisting of and/or 
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consisting essentially of a nucleotide sequence selected 
from the group consisting of: a) SEQ ID NO:1 or SEQ ID 
NO:3 or a fragment of at least 25 contiguous nucleotides of 
SEQ ID NO:1 or SEQ ID NO:3; b) a nucleotide sequence 
that is functionally equivalent to the nucleotide sequence of 
SEQ ID NO:1 or SEQ ID NO:3 but comprises different 
codons encoding the same amino acid sequences; c) a 
nucleotide sequence having at least 70% homology to the 
nucleotide sequence of SEQ ID NO:1 or SEQ ID NO:3; d) 
a nucleotide sequence having at least 95% homology to the 
nucleotide sequence of SEQ ID NO:1 or SEQ ID NO:3: e) 
a nucleotide sequence that hybridizes to the complement of 
SEQ ID NO:1 or SEQID NO:3 under stringent conditions: 
and f) a nucleotide sequence having complete complemen 
tarity to the nucleotide sequence of (a)-(e) above. 
0011) Further provided herein is a cDNA of a SARS 
coronavirus, wherein all or part of a nucleotide sequence of 
the cDNA is deleted and wherein the nucleotide sequence is 
selected from the group consisting of a nucleotide sequence 
encoding ORF1, ORF2, ORF3a, ORF3b, ORF4, ORF5, 
ORF6, ORF7a/b, ORF8a/b, ORF9a, ORF9b and any other 
ORF of a SARS coronavirus now known or later identified, 
and any combination thereof. 
0012. The present invention further provides a cDNA of 
a SARS coronavirus, comprising a mutation in a nucleotide 
sequence of the cDNA, selected from the group consisting 
of a nucleotide sequence encoding ORF1, ORF2, ORF3a, 
ORF3b, ORF4, ORF5, ORF6, ORF7a/b, ORF8a/b, ORF9a, 
ORF9b, ORF 10, ORF 13, ORF 14, any other ORF of a 
SARS coronavirus now known or later identified, and any 
combination thereof, wherein the mutation results in a 
nonfunctional gene product. 
0013 In an additional embodiment, the present invention 
provides a cDNA of a SARS coronavirus, wherein the order 
of nucleotide sequences of the cDNA encoding replicase, 
accessory ORFs and/or structural proteins S, E, M and N is 
rearranged in comparison to the order in wild type SARS 
coronavirus. 

0014) Additionally provided herein is a cDNA of a SARS 
coronavirus, wherein one or more of the nucleotide 
sequences encoding replicase, accessory ORFS and/or struc 
tural proteins S, E, M and N is present two or more times. 
0015 The present invention further provides a cDNA of 
a SARS coronavirus, comprising an attenuating mutation in 
a consensus sequence of the nucleotide sequence of the 
cDNA, selected from the group consisting of a leader 
consensus sequence, an S(ORF2) consensus sequence, an 
ORF3a consensus sequence, an E consensus sequence, an M 
consensus sequence, an ORF6 consensus sequence, an 
ORF7 consensus sequence, an ORF8 consensus sequence, 
an N consensus sequence, and any combination thereof. 
0016. In one embodiment provided herein, the present 
invention provides a cDNA of a SARS coronavirus com 
prising a 29 bp insertion in ORF8a/b. 
0017 Also provided herein is a cDNA of a SARS coro 
navirus, wherein all or part of a nucleotide sequence of the 
cDNA is deleted and wherein the nucleotide sequence is 
selected from the group consisting of a nucleotide sequence 
encoding ORF1, ORF2, ORF3a, ORF3b, ORF4, ORF5, 
ORF6, ORF7a/b, ORF8a/b, ORF9a, ORF9b, or any other 
ORF of a SARS coronavirus now known or later identified, 
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and any combination thereof and furthermore, wherein the 
order of nucleotide sequences of the cDNA encoding repli 
cation, accessory ORFs and/or structural proteins S. E. M 
and N is rearranged in comparison to the order in wild type 
SARS coronavirus. In this embodiment, the cDNA can 
further comprise an attenuating mutation in a consensus 
sequence of a nucleotide sequence of the cDNA, selected 
from the group consisting of a leader consensus sequence, an 
S consensus sequence, an ORF3a consensus sequence, an E 
consensus sequence, an M consensus sequence, an ORF6 
consensus sequence, an ORF7 consensus sequence, an 
ORF8 consensus sequence, an N consensus sequence, and 
any combination thereof. 
0018. The present invention also provides a SARS coro 
navirus replicon RNA comprising a coronavirus packaging 
signal and a heterologous RNA sequence, wherein the 
replicon RNA lacks a sequence encoding at least one coro 
navirus structural protein. 
0019 Furthermore, the present invention provides an 
infectious, multiplication-defective, coronavirus particle, 
comprising a SARS coronavirus replicon RNA, wherein the 
replicon RNA comprises a coronavirus packaging signal and 
a heterologous RNA sequence, and wherein the replicon 
RNA lacks a sequence encoding at least one coronavirus 
structural protein. 
0020 Additionally provided is a population of infectious, 
multiplication defective, coronavirus particles, wherein each 
particle comprises a SARS coronavirus replicon RNA, and 
wherein the replicon RNA comprises a SARS coronavirus 
packaging signal and a heterologous RNA sequence, and 
wherein the replicon RNA lacks a sequence encoding at least 
one coronavirus structural protein, wherein the population 
contains no detectable replication-competent coronavirus 
particles as determined by passage on coronavirus permis 
sive cells in culture. 

0021. The present invention further provides a method of 
introducing a heterologous RNA into a subject, comprising 
administering to the Subject an effective amount of the 
particles or populations and/or compositions of this inven 
tion. 

0022. Also provided herein is a method of inducing an 
immune response and/or treating and/or preventing a SARS 
coronavirus infection in a Subject, comprising administering 
to the subject an effective amount of the viruses, vectors, 
particles or populations and/or compositions of this inven 
tion. 

0023. In further embodiments, the present invention pro 
vides a helper cell for producing an infectious, multiplica 
tion-defective, coronavirus particle, comprising: (a) a SARS 
coronavirus replicon RNA comprising a coronavirus pack 
aging signal and a heterologous RNA sequence, wherein 
said replicon RNA lacks a sequence encoding at least one 
coronavirus structural protein; and/or (b) at least one sepa 
rate helper RNA encoding the at least one coronavirus 
structural protein absent from the replicon RNA, said helper 
RNA lacking a coronavirus packaging signal; wherein the 
combined expression of the replicon RNA and the helper 
RNA produces an infectious, multiplication-defective coro 
navirus particle. Thus, the present invention includes the 
embodiment of a helper cell comprising a helper RNA 
encoding at least one coronavirus structural protein and the 
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embodiment of a helper cell comprising a SARS coronavirus 
replicon RNA comprising a coronavirus packaging signal 
and a heterologous RNA sequence, wherein said replicon 
RNA lacks a sequence encoding at least one coronavirus 
structural protein. 
0024. The present invention additionally provides a 
method of making infectious, multiplication-defective, coro 
navirus particles, comprising: a) providing the helper cell of 
this invention; and b) producing coronavirus-particles, in the 
helper cell. 
0.025 The foregoing and other objects and aspects of the 
present invention are explained in detail in the specification 
set forth below. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0026. As used herein, “a” or “an or “the can mean one 
or more than one. For example, “a” cell can mean one cell 
or a plurality of cells. 
0027. Also as used herein, “and/or refers to and encom 
passes any and all possible combinations of one or more of 
the associated listed items, as well as the lack of combina 
tions when interpreted in the alternative (“or 
0028. Furthermore, the term “about, as used herein 
when referring to a measurable value Such as an amount of 
a compound or agent of this invention, dose, time, tempera 
ture, and the like, is meant to encompass variations of t20%, 
+10%, +5%, +1%, +0.5%, or even +0.1% of the specified 
amount. 

0029. As used herein, the transitional phrase “consisting 
essentially of means that the scope of a claim is to be 
interpreted to encompass the specified materials or steps 
recited in the claim, “and those that do not materially affect 
the basic and novel characteristic(s) of the claimed inven 
tion. See. In re Herz, 537 F.2d 549, 551-52, 190 USPQ 461, 
463 (CCPA 1976) (emphasis in the original); see also MPEP 
S 2111.03. 

0030) “Nidovirus' as used herein refers to viruses within 
the order Nidovirales, including the families Coronaviridae 
and Arteriviridae. All viruses within the order Nidovirales 
share the unique feature of synthesizing a nested set of 
multiple subgenomic mRNAs. See M. Lai and K. Holmes, 
Coronaviridae: The Viruses and Their Replication, in Fields 
Virology, pg. 1163, (4" Ed. 2001). Particular examples of 
Coronaviridae include, but are not limited to, toroviruses 
and coronaviruses. 

0031 “Coronavirus' as used herein refers to a genus in 
the family Coronaviridae, which family is in turn classified 
within the order Nidovirales. The coronaviruses are large, 
enveloped, positive-stranded RNA viruses. They have the 
largest genomes of all RNA viruses and replicate by a unique 
mechanism that results in a high frequency of recombina 
tion. The coronaviruses include antigenic groups I, II, and 
III. While the present invention is described primarily with 
respect to SARS coronavirus, the invention may be carried 
out with any coronavirus, Such as transmissible gastroen 
teritis virus (TGEV), human respiratory coronavirus porcine 
respiratory coronavirus, canine coronavirus, feline enteric 
coronavirus, feline infectious peritonitis virus, rabbit coro 
navirus, murine hepatitis virus, sialodacryoadenitis virus, 
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porcine hemagglutinating encephalomyelitis virus, bovine 
coronavirus, avian infectious bronchitis virus, and turkey 
coronavirus, as well as chimeras of any of the foregoing. See 
generally M. Lai and K. Holmes, “Coronaviridae: The 
Viruses and Their Replication,” in Fields Virology, (4" Ed. 
2001). 
0032. A “nidovirus permissive cell' or “coronavirus per 
missive cell as used herein can be any cell in which a 
coronavirus can at least replicate, including both naturally 
occurring and recombinant cells. In some embodiments the 
permissive cell is also one that the nidovirus or coronavirus 
can infect. The permissive cell can be one that has been 
modified by recombinant means to produce a cell Surface 
receptor for the nidovirus or coronavirus. 
0033) A "heterologous RNA” as described herein can 
encode any protein, peptide, antisense sequence, ribozyme, 
etc., to be administered to a subject of this invention for any 
purpose. For example, the heterologous RNA can encode, 
and be expressed in the Subject to produce, a protein or 
peptide. The protein or peptide may, for example, be an 
antigen or immunogen in embodiments where it is desired to 
produce antibodies in an animal Subject, which antibodies 
can be collected and used for diagnostic and/or therapeutic 
purposes, or where it is desired to elicit an immune response 
to the protein or peptide in a subject. 
0034. A “structural protein’ as used herein refers to a 
protein required for production of coronavirus particles of 
this invention, such as those encoded by the S, E, M and N 
genes, as well as any other structural proteins now known or 
later identified in the coronavirus and in particular in the 
SARS virus genome. In embodiments of this invention 
wherein the replicon RNA and/or helper RNAs lack a 
nucleotide sequence encoding a structural protein, the nucle 
otide sequence can be wholly or partly deleted, or the 
sequence can be present but in a mutated form, so that the 
net effect is that the replicon RNA and/or the helper RNA is 
effectively incapable of producing the necessary structural 
protein in functional form. Thus, for example, in an embodi 
ment that recites a replicon RNA or helper RNA that “lacks 
a sequence encoding at least one coronavirus structural 
protein, it is meant that the nucleotide sequence encoding 
the at least one coronavirus structural protein is deleted 
completely or in part from the replicon RNA or helper RNA 
or it is meant that the nucleotide sequence encoding the at 
least one coronavirus structural protein is present on the 
replicon RNA or helper RNA but in a form (e.g., mutated or 
otherwise altered) that cannot be expressed to produce a 
functional protein. 
0035) “Multiplication-defective” or “replication-defec 
tive' as used herein means that the replicon RNA contained 
within viral particles produced according to the present 
invention does not itself contain Sufficient genetic informa 
tion to allow for the production of new infectious viral 
particles. 

0036) As noted above, the present invention is based on 
the discovery of a full-length cDNA of the SARS coronavi 
rus. As used herein, a “cDNA of a SARS coronavirus' or 
“infectious cDNA of a SARS coronavirus' is a nucleic acid 
molecule comprising the nucleotide sequence of a SARS 
coronavirus, from which RNA transcripts are produced that 
replicate and/or are infectious in vitro or in vivo. A SARS 
coronavirus cDNA of this invention can encode the 
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sequence of any SARS coronavirus isolate now known or 
later identified. The genomic sequences of some of the 
known SARS coronavirus isolates are set forth in Genbank 
and assigned Accession numbers AY278741 (SEQID NO:2. 
provided herein), AY274119, AY278554 and AY278554 and 
the entire contents of each of these sequences are incorpo 
rated by reference herein in their entireties as embodiments 
of this invention. (See also Rota et al. (2003) Science 
300:1394; Marra et al. (2003) Science 300:1399; the entire 
contents of each of which are incorporated by reference 
herein for the teachings of the identification and character 
ization of the genomic sequence of a SARS coronavirus). 
0037. Two examples of a nucleic acid sequence encoding 
a cDNA of this invention are provided in the attached 
Sequence Listing as SEQ ID NO:1 and SEQ ID NO:3. As 
this invention encompasses all such cDNAs of all SARS 
coronavirus isolates, in one embodiment, the present inven 
tion provides an isolated nucleic acid comprising, consisting 
of and/or consisting essentially of a nucleotide sequence 
selected from the group consisting of: a) SEQ ID NO:1 
and/or SEQID NO:3 or a fragment of at least 25 contiguous 
nucleotide sequences of SEQ ID NO:1 and/or SEQ ID 
NO:3; b) a nucleotide sequence that is functionally equiva 
lent to the nucleotide sequence of SEQID NO:1 and/or SEQ 
ID NO:3 but comprises different codons encoding the same 
amino acid sequences; c) a nucleotide sequence having at 
least 70% homology to the nucleotide sequence of SEQ ID 
NO:1 and/or SEQID NO:3; d) a nucleotide sequence having 
at least 95% homology to the nucleotide sequence of SEQ 
ID NO:1 and/or SEQID NO:3; e) a nucleotide sequence that 
hybridizes to the complement of SEQID NO:1 and/or SEQ 
ID NO:3 under stringent conditions; and f) a nucleotide 
sequence having complementarity (e.g., partial or complete) 
to any of the nucleotide sequences of (a)-(e) above. 
0038. The present invention further provides nucleic acid 
molecules comprising, consisting of and/or consisting essen 
tially of a fragment of at least 25, 50, 100, 200, 300, 400, 
500, 600, 700, 800, 900, 950 or 1000, 2000, 3000, 4000, 
5000, 6000, 7000, 8000, 9000, 10,000, 15,000, 20,000, 
25,000, 26,000, 27,000, 28,000, 29,000, 29,500, etc. con 
tiguous nucleotides (including any values within this range 
not specifically recited herein, e.g., 56 nucleotides or 6345 
nucleotides) of the nucleotide sequence of SEQID NO:1, or 
a complement thereof. A fragment of this invention can be 
a fragment that hybridizes to a sequence that is unique to the 
cDNA of this invention. The production, identification and 
characterization of Such fragments for desired properties as 
described herein is carried out according to protocols well 
known in the art. 

0039. An "isolated nucleic acid molecule is one that is 
chemically synthesized (e.g., derived from reverse transcrip 
tion) or is separated from other nucleic acid molecules that 
are present in the natural Source of the nucleic acid mol 
ecule. Preferably, an "isolated nucleic acid molecule is free 
of sequences (preferably protein encoding sequences) that 
naturally flank the nucleic acid (i.e., sequences located at the 
5' and 3' ends of the nucleic acid) in the genomic DNA of the 
organism from which the nucleic acid is derived. For 
example, in various embodiments, the isolated nucleic acid 
molecule can contain less than about 5 kB, 4 kB, 3 kB, 2kB, 
1 kB, 0.5 kB or 0.1 kB of nucleotide sequences which 
naturally flank the nucleic acid molecule in genomic DNA of 
the cell from which the nucleic acid is derived. Moreover, an 
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"isolated nucleic acid molecule, such as a cDNA molecule, 
can be substantially free of other cellular material, or culture 
medium when produced by recombinant techniques, or 
substantially free of chemical precursors or other chemicals 
when chemically synthesized. (e.g., as described in Sam 
brook et al., eds., Molecular Cloning: A Laboratory Manual, 
2nd ed., Cold Spring Harbor Laboratory, Cold Spring Har 
bor Laboratory Press, Cold Spring Harbor, N.Y., 1989). 
0040. In another embodiment of this invention, an iso 
lated nucleic acid molecule of the invention comprises a 
nucleic acid molecule that is a complement of the nucleotide 
sequence of SEQ ID NO:1 or a fragment thereof. A nucleic 
acid molecule which is complementary to a given nucleotide 
sequence is one which is sufficiently complementary to the 
given nucleotide sequence that it can hybridize to the given 
nucleotide sequence under conditions described herein, 
thereby forming a stable duplex. 
0041. The invention further encompasses nucleic acid 
molecules that differ from the nucleotide sequence of SEQ 
ID NO:1 due to degeneracy of the genetic code and thus 
encode the same proteins as those encoded by the nucleotide 
sequence of SEQ ID NO:1. 
0042. In particular embodiments, a nucleic acid of this 
invention has at least about 50%, 60%, 70%, 75%, 80%, 
85%, 90%. 95%, 98% or more nucleic acid sequence homol 
ogy with the sequences specifically disclosed herein. The 
term “homology” as used herein refers to a degree of 
similarity between two or more sequences. There can be 
partial homology or complete homology (i.e., identity). A 
partially homologous sequence that at least partially inhibits 
an identical sequence from hybridizing to a target nucleic 
acid is referred to using the functional term “substantially 
homologous.” The inhibition of hybridization to the target 
sequence can be examined using a hybridization assay 
(Southern or northern blot, solution hybridization and the 
like) under conditions of low stringency. A substantially 
homologous sequence or hybridization probe will compete 
for and inhibit the binding of a completely homologous 
sequence to the target sequence under conditions of low 
stringency. This is not to say that conditions of low strin 
gency are such that non-specific binding is permitted; low 
stringency conditions require that the binding of two 
sequences to one another be a specific (i.e., selective) 
interaction. The absence of non-specific binding can be 
tested by the use of a second target sequence, which lacks 
even a partial degree of complementarity (e.g., less than 
about 30% identity). In the absence of non-specific binding, 
the probe will not hybridize to the second non-complemen 
tary target Sequence. 

0043 Alternatively stated, in particular embodiments, 
nucleic acids encoding a cDNA of a SARS coronavirus that 
hybridize under the conditions described herein to the 
complement of the sequences specifically disclosed herein 
can also be used according to the present invention. The term 
“hybridization” as used herein refers to any process by 
which a first strand of nucleic acid binds with a second 
Strand of nucleic acid through base pairing. 
0044) The term “stringent” as used here refers to hybrid 
ization conditions that are commonly understood in the art 
to define the commodities of the hybridization procedure. 
High Stringency hybridization conditions that will permit 
homologous nucleotide sequences to hybridize to a nucle 
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otide sequence as given herein are well known in the art. As 
one example, hybridization of Such sequences to the nucleic 
acid molecules disclosed herein can be carried out in 25% 
formamide, 5xSSC, 5x Denhardt’s solution and 5% dextran 
sulfate at 42°C., with wash conditions of 25% formamide, 
5xSSC and 0.1% SDS at 42°C., to allow hybridization of 
sequences of about 60% homology. Another example 
includes hybridization conditions of 6xSSC, 0.1% SDS at 
about 45° C., followed by wash conditions of 0.2xSSC, 
0.1% SDS at 50-65° C. Another example of stringent 
conditions is represented by a wash stringency of 0.3 M 
NaCl, 0.03M sodium citrate, 0.1% SDS at 60-70° C. using 
a standard hybridization assay (see SAMBROOK et al., 
EDS., MOLECULAR CLONING: A LABORATORY 
MANUAL 2d ed. (Cold Spring Harbor, N.Y. 1989, the entire 
contents of which are incorporated by reference herein). 

0045. As is known in the art, a number of different 
programs can be used to identify whether a nucleic acid or 
amino acid has sequence identity or similarity to a known 
sequence. Sequence identity or similarity may be deter 
mined using standard techniques known in the art, including, 
but not limited to, the local sequence identity algorithm of 
Smith & Waterman, Adv. Appl. Math. 2, 482 (1981), by the 
sequence identity alignment algorithm of Needleman & 
Wunsch, J. Mol. Biol. 48,443 (1970), by the search for 
similarity method of Pearson & Lipman, Proc. Natl. Acad. 
Sci. USA 85,2444 (1988), by computerized implementations 
of these algorithms (GAP, BESTFIT. FASTA, and TFASTA 
in the Wisconsin Genetics Software Package, Genetics 
Computer Group, 575 Science Drive, Madison, Wis.), the 
Best Fit sequence program described by Devereux et al., 
Nucl. Acid Res. 12, 387-395 (1984), preferably using the 
default settings, or by inspection. 

0046) An example of a useful algorithm is PILEUP. 
PILEUP creates a multiple sequence alignment from a group 
of related sequences using progressive, pairwise alignments. 
It can also plot a tree showing the clustering relationships 
used to create the alignment. PILEUP uses a simplification 
of the progressive alignment method of Feng & Doolittle, J. 
Mol. Evol. 35, 351-360 (1987); the method is similar to that 
described by Higgins & Sharp, CABIOS 5, 151-153 (1989). 
0047 Another example of a useful algorithm is the 
BLAST algorithm, described in Altschul et al., J. Mol. Biol. 
215, 403-410, (1990) and Karlin et al., Proc. Natl. Acad. Sci. 
USA 90, 5873-5787 (1993). A particularly useful BLAST 
program is the WU-BLAST-2 program that was obtained 
from Altschul et al., Methods in Enzymology, 266, 460-480 
(1996). WU-BLAST-2 uses several search parameters, 
which are preferably set to the default values. The param 
eters are dynamic values and are established by the program 
itself depending upon the composition of the particular 
sequence and composition of the particular database against 
which the sequence of interest is being searched; however, 
the values may be adjusted to increase sensitivity. An 
additional useful algorithm is gapped BLAST as reported by 
Altschul et al. Nucleic Acids Res. 25, 3389-3402. 

0.048. The CLUSTAL program can also be used to deter 
mine sequence similarity. This algorithm is described by 
Higgins et al. (1988) Gene 73:237: Higgins et al. (1989) 
CABIOS 5:151-153; Corpet et al. (1988) Nucleic Acids Res. 
16: 10881-90; Huang et al. (1992) CABIOS 8: 155-65; and 
Pearson et al. (1994) Meth. Mol. Biol. 24: 307-331. 
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0049. The alignment may include the introduction of 
gaps in the sequences to be aligned. In addition, for 
sequences that contain either more or fewer nucleotides than 
the nucleic acids disclosed herein, it is understood that in 
one embodiment, the percentage of sequence identity will be 
determined based on the number of identical nucleotides in 
relation to the total number of nucleotide bases. Thus, for 
example, sequence identity of sequences shorter than a 
sequence specifically disclosed herein will be determined 
using the number of nucleotide bases in the shorter 
sequence, in one embodiment. In percent identity calcula 
tions, relative weight is not assigned to various manifesta 
tions of sequence variation, such as, insertions, deletions, 
Substitutions, etc. 

0050. In certain embodiments of this invention, the 
nucleic acid of this invention can comprise a promoter that 
directs the production of an RNA transcript from the cDNA. 
This promoter can be active in vitro or in vivo to produce an 
RNA transcript from the SARS coronavirus clNA that can 
replicate and/or is infectious. Non-limiting examples of the 
promoter of this invention include a T7 promoter, a SP6 
promoter a T3 promoter, a CMV promoter, a MoMLV 
promoter, a metallothionein promoter, a glucocorticoid pro 
moter, a SV40 promoter, a CaMV 35S promoter, a nopaline 
synthatase promoter, and any other promoter that directs 
RNA transcription in vitro or in a cell. 

0051. Also provided herein is an RNA and a SARS 
coronavirus particle produced by the cDNA of this invention 
and a SARS coronavirus particle comprising the RNA 
produced from the cDNA of this invention. Further provided 
herein is a vector comprising the cDNA or RNA of this 
invention and a cell comprising the vector of this invention. 

0.052 The present invention further provides a cDNA of 
a SARS coronavirus, wherein all or part of a nucleotide 
sequence of the cDNA is deleted and wherein the nucleotide 
sequence is selected from the group consisting of a nucle 
otide sequence encoding ORF1, ORF2, ORF3a, ORF3b, 
ORF4, ORF5, ORF6, ORF7a/b, ORF8a/b, ORF9a, ORF9b, 
any other ORF of a SARS coronavirus now known or later 
identified, and any combination thereof. It is also intended 
that the ORF sequence of this invention can be intact but 
altered to have the same effect as a total or partial deletion. 
Methods of deleting all or part of an ORF and/or altering an 
ORF of a cDNA of a SARS coronavirus of this invention and 
testing the resulting genotype and phenotype are set forth in 
the Examples and Such methods are also routine to one of 
ordinary skill in the art. Examples of deletion mutants of this 
invention are provides in the Sequence Listing provided 
herein as SEQID NOs:4-9. These are sequences of subclone 
F having deletions in ORFX1 (SEQID NO:4), ORFX1 and 
X2 (SEQID NO:5), ORFX3 (SEQID NO:6), ORFX4 (SEQ 
ID NO:7) ORFX4 substituted with green fluorescent protein 
(GFP) (SEQ ID NO:8) and ORFX4 substituted with 
luciferase (SEQ ID NO:9). 
0053. Further provided herein is a cDNA of a SARS 
coronavirus, comprising a mutation in a nucleotide sequence 
selected from the group consisting of a nucleotide sequence 
encoding ORF1, ORF2, ORF3a, ORF3b, ORF4, ORF5, 
ORF6, ORF7a/b, ORF8a/b, ORF9a, ORF9b, ORF 10, ORF 
13, ORF 14, any other ORF of a SARS coronavirus, and any 
combination thereof, wherein the mutation results in a 
nonfunctional gene product. Methods of producing the vari 
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ous mutants of this invention and testing the resulting 
genotype and phenotype are set forth in the Examples 
provided herein and Such methods are also routine to one of 
ordinary skill in the art. 

0054. In additional embodiments, the present invention 
provides a cDNA of a SARS coronavirus, wherein the order 
of nucleotide sequences encoding replicase, accessory ORFs 
and/or structural proteins S, E, M and N is rearranged in 
comparison to the order in wild type SARS coronavirus. In 
addition, or alternatively, one or more of the nucleotide 
sequences encoding replicase, accessory ORFS and/or struc 
tural proteins S, E, M and N can be present two or more 
times on the cDNA. Nonlimiting examples of these embodi 
ments include cDNAs wherein the order of nucleotide 
sequences encoding structural proteins is: a) 5' S, N, E and 
M3', b) 5' N, S, E and M3', c) 5' E, M, S and N3', d) 5' E, 
M, N and S 3', e) 5' S, N, E, M, N 3'. These examples are 
provided to show the order of the nucleotide sequences 
encoding the structural proteins S, E, M and N. relative to 
one another, with respect to the 5' and 3' ends of the cDNA 
molecule. However, these examples are not intended to be 
limiting in any way with respect to the positioning of the 
replicase, accessory ORFs and/or any other coding 
sequences present in the cDNA sequence. Thus, for 
example, the replicase, accessory ORFs and/or other coding 
sequences present in the cDNA sequence can be positioned 
anywhere (e.g., before, after, in multiple repeats before 
and/or after) relative to the each of the coding sequences of 
the S, E, M and N proteins. Furthermore, any of the coding 
sequences of the structural proteins, replicase, accessory 
ORFs and/or other coding sequences can be modified by 
mutation and/or deletion in this embodiment. 

0.055 The present invention also provides a cDNA of a 
SARS coronavirus, comprising an attenuating mutation in a 
consensus sequence, ACGAAC, which can be, but is not 
limited to, a leader consensus sequence, an S(ORF2) con 
sensus sequence, an ORF3a consensus sequence, an E 
consensus sequence, an M consensus sequence, an ORF6 
consensus sequence, an ORF7 consensus sequence, an 
ORF8 consensus sequence, an N consensus sequence, and 
any combination thereof. The mutations of this invention 
can also include any mutation in any combination of the six 
consensus nucleotides and the Surrounding flanking nucle 
otides (+/-50 nucleotides) that function as regulatory junc 
tions to direct transcription of full length and Subgenomic 
mRNAs. Two nonlimiting examples of mutations in the 
consensus sequence include “ACGAAC’ to “ACCAAC 
and “ACGAAC’ to AGGAAG. Other examples of muta 
tions of this invention are provided in Tables 1 and 2. 

0056 Further provided herein is a cDNA of a SARS 
coronavirus comprising a 29bp insertion in ORF8a/b, or any 
other modification or alteration that reproduces a full length 
ORF8 protein sequence. In some embodiments, the full 
length ORF8 protein sequence provides an attenuating phe 
notype to the SARS coronavirus. 

0057. In additional embodiments, the present invention 
provides a cDNA of a SARS coronavirus wherein all or part 
of a nucleotide sequence of the cDNA is deleted and wherein 
the nucleotide sequence is selected from the group consist 
ing of a nucleotide sequence encoding ORF1, ORF2, 
ORF3a, ORF3b ORF4, ORF5, ORF6, ORF7a/b, ORF8a/b, 
ORF9a, ORF9b, any other ORF of a SARS coronavirus now 
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known or later identified, and any combination thereof and 
furthermore, wherein the order of nucleotide sequences of 
the cDNA encoding replication, accessory ORFs and/or 
structural proteins S, E, M and N is rearranged in compari 
son to the order in wild type SARS coronavirus. In some 
variations of this embodiment, it is also contemplated that 
the cDNA can further comprise an attenuating mutation in a 
consensus sequence of a nucleotide sequence of the cDNA 
selected from the group consisting of a leader consensus 
sequence, an S consensus sequence, an ORF3a consensus 
sequence, an E consensus sequence, an M consensus 
sequence, an ORF6 consensus sequence, an ORF7 consen 
Sus sequence, an ORF8 consensus sequence, an N consensus 
sequence and any combination thereof. 
0058. Furthermore, in additional embodiments, the 
present invention provides a SARS coronavirus replicon 
RNA comprising a coronavirus (e.g., SARS) packaging 
signal and a heterologous RNA sequence, wherein the 
replicon RNA lacks a sequence encoding at least one coro 
navirus structural protein. 
0059) Further provided herein is a DNA encoding a 
replicon RNA of this invention. In certain embodiments, the 
DNA can comprise a promoter to direct the transcription of 
the RNA, either in vitro or within a cell. 
0060. The present invention additionally provides an 
infectious, multiplication-defective, coronavirus particle, 
comprising a SARS coronavirus replicon RNA, wherein the 
replicon RNA comprises a coronavirus (e.g., SARS) pack 
aging signal and a heterologous RNA sequence, and wherein 
the replicon RNA lacks a sequence encoding at least one 
coronavirus structural protein. 
0061. In some embodiments, the replicon RNA of this 
invention can comprise a nucleic acid sequence encoding at 
least one coronavirus structural protein, provided the repli 
con RNA does not comprise nucleic acid sequences func 
tionally encoding all of the coronavirus structural proteins. 
In other embodiments, the replicon RNA can comprise a 
promoter. In yet other embodiments, the replicon RNA may 
or may not comprise a nucleic acid sequence encoding a 
replicase protein. It is also contemplated that the replicon 
RNA can lack a coronavirus packaging signal under circum 
stances wherein the replicon RNA is packaged into coro 
navirus particles nonspecifically or under conditions 
wherein it is contacted with a coronavirus structural protein 
comprising a nucleic acid binding site that facilitates pack 
aging of the replicon RNA in the absence of a coronavirus 
packaging signal. 

0062. It is also an embodiment of this invention wherein 
the nucleic acid of the replicon RNA encodes, and/or the 
particle itself comprises, a coronavirus structural protein that 
is produced from nucleic acid of a coronavirus that can be, 
but is not limited to, SARS coronavirus, human respiratory 
coronavirus, mouse hepatitis virus, porcine transmissible 
gastroenteritis virus, porcine respiratory coronavirus, canine 
coronavirus, feline enteric coronavirus, feline infectious 
peritonitis virus, rabbit coronavirus, murine hepatitis virus, 
sialodacryoadenitis virus, porcine hemagglutinating 
encephalomyelitis virus, bovine coronavirus, avian infec 
tious bronchitis virus, turkey coronavirus and/or any other 
coronavirus now known or later identified, as well as any 
combination thereof, thereby resulting in chimeric coronavi 
rus particles. 
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0063. In embodiments wherein one or more of the struc 
tural proteins are from different coronaviruses in a particle 
and/or one or more structural proteins are encoded by the 
nucleic acid of the replicon RNA, the coronavirus structural 
protein encoded by the nucleic acid of the replicon RNA can 
be S, E, M, N or combinations thereof. 

0064. The coronavirus packaging signal of this invention 
can be a packaging signal of any coronavirus now known or 
later identified. For example, the packaging signal can be 
from a coronavirus that can be, but is not limited to, SARS 
coronavirus, human respiratory coronavirus, mouse hepatitis 
virus, porcine transmissible gastroenteritis virus, porcine 
respiratory coronavirus, canine coronavirus, feline enteric 
coronavirus, feline infectious peritonitis virus, rabbit coro 
navirus, murine hepatitis virus, sialodacryoadenitis virus, 
porcine hemagglutinating encephalomyelitis virus, bovine 
coronavirus, avian infectious bronchitis virus, turkey coro 
navirus. 

0065. Further provided herein is a population of infec 
tious, multiplication defective, coronavirus particles, 
wherein each particle comprises a SARS coronavirus repli 
con RNA, and wherein the replicon RNA comprises a 
coronavirus (e.g., SARS) packaging signal and a heterolo 
gous RNA sequence, and wherein the replicon RNA lacks a 
sequence encoding at least one coronavirus structural pro 
tein, wherein the population contains no detectable replica 
tion-competent coronavirus particles as determined by pas 
sage on coronavirus permissive cells in culture. Methods of 
detecting replication competent particles by passage on cell 
culture are standard in the art. These assays can also be 
carried out by passage of the replicon particles of this 
invention on cells constitutively expressing nucleic acid 
encoding the missing coronavirus structural protein(s), with 
the expected result of obtaining replication competent coro 
navirus particles. 

0066. It is also contemplated that the replicon RNA 
and/or replicon particles of this invention can comprise 
coronavirus RNA and/or structural proteins that comprise 
any or all of the gene order rearrangements, deletions and/or 
mutations described herein that can be present in the SARS 
coronavirus cDNA of this invention. 

0067. Another aspect of the present invention is a renet 
worked or rewired nidovirus genome and/or replicon RNA 
that results in a genetic trap for wild type viruses should 
recombination occur, e.g., when the genome or replicon 
RNA is contacted with wild type virus. Thus, in one embodi 
ment, the present invention provides an isolated nucleic acid 
comprising, consisting essentially of and/or consisting of a 
nucleotide sequence encoding a Nidovirus genome or rep 
licon RNA, wherein the genome or replicon RNA com 
prises, consists essentially of and/or consists of one or more 
of the same mutations in a consensus sequence (CS) present 
in a transcription regulatory sequence (TRS) of a leader 
sequence and in the TRS located upstream of each of the 
structural genes and further wherein wild type CS sequences 
are present in the CS of the TRS for the group specific ORFs 
3a/b, ORF4, ORF5, ORF6, ORF7a/b, ORF8a/b and ORF9a/ 
b. This remodeled genome or replicon RNA can be consid 
ered to be partially remodeled (e.g., PRG). Other mutations 
in the genome or replicon RNA may or may not be present, 
provided Such other mutants do not affect the genetic trap 
function of the rewired (e.g., mutated) CSs. 
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0068. Further provided herein is an isolated nucleic acid 
comprising, consisting essentially of and/or consisting of a 
nucleotide sequence encoding a Nidovirus genome or rep 
licon RNA, wherein the genome or replicon RNA com 
prises, consists essentially of and/or consists of one or more 
of the same mutations in a consensus sequence (CS) present 
in a transcription regulatory sequence (TRS) of a leader 
sequence and in the TRS located upstream of each of the 
structural genes and further comprising one or more of the 
same mutations in the CS of the TRS located upstream of 
open reading frame (ORF) 3a/3b, ORF 4, ORF 5, ORF6, 
ORF 7a/7b, ORF 8a/b and ORF 9a/b and downstream of the 
leader RNA. This remodeled genome or replicon RNA can 
be considered to be completely remodeled (e.g., CRG). 
Other mutations in the genome or replicon RNA may or may 
not be present, provided such other mutants do not affect the 
genetic trap function of the rewired (e.g., mutated) CSS. 
0069. The isolated nucleic acids described herein can be 
from a Nidovirus that is a severe acute respiratory syndrome 
(SARS) coronavirus having the CS of ACGAAC. In this 
embodiment, the mutation can be a single mutation in the CS 
sites (e.g., ACGGAC, etc.), two mutations in the CS sites 
(e.g., ACGGAT, CCGGAC, CCGAAT, etc.), three muta 
tions in the CS sites (e.g., CCGGAT, CCGCGC,CGCAAC, 
etc.), four mutations in the CS sites (e.g., CCCGAT, AGC 
GAT, etc.), five mutations in the CS sites (CGCGAT. 
CCCGTT, etc.) and six mutations in the CS sites (CGCGTT, 
TGCGGT, etc.). It is contemplated in this invention and 
applicants are in possession of the embodiment wherein the 
CS sequence is mutated according to any one of 4 possible 
combinations of sequence variations, which combinations 
can be readily calculated and identified according to meth 
ods standard in the art. Factors governing site selection for 
mutation are based on 1) a unique sequence element that is 
not repeated elsewhere in the genome and 2) a mutant CS 
that functions as a regulatory start site when coupled with 
compensating changes at the leader CS site. Thus, the 
mutation(s) can be any possible combination of changes in 
the body CSS and in the leader CS and a particular mutation 
or combination of mutations is not critical as long as the 
same mutations are present in the body CSS as in the leader 
CS. In other words, the actual mutant CS sequence is not 
critical, the major factor being that CS sites must allow for 
communication via efficient base-pairing for discontinuous 
transcription of Subgenomic RNAS, thus the same muta 
tion(s) is present in the leader CS as in the body CS(s). 
0070). In further embodiments, the Nidovirus of this 
invention can be a group I coronavirus having the CS of 
CUAAAC and the mutation can be a single mutation (e.g., 
GUAAAC, etc.), two mutations (e.g., GCA AAC, etc.), three 
mutations (e.g., CGAAAG, etc.), four mutations (e.g., 
GCTAAAG, etc.), five mutations (e.g., GCTTAG, etc.) 
and/or six mutations (GCTTGG, etc.). It is contemplated as 
part of this invention and applicants are in possession of a 
total of 4 possible combinations of sequence variation in the 
CS of this invention, as could be identified and produced 
according to standard methods. Factors to consider in select 
ing mutations include whether the mutation(s) are unique 
and able to interact with an identical leader CS site to drive 
expression of Subgenomic mRNAS. 

0071. The Nidovirus of this invention can also be a group 
II coronavirus having the CS of TCTAAAC and the muta 
tion can be a single mutation (e.g., CCTAAAC, etc.), two 
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mutations (e.g., CCGAAAC, etc.), three mutations (e.g., 
CGTAAAG, etc.), four mutations (e.g., CCGAAGG, etc.), 
five mutations (e.g., CGTCCGC, etc), six mutations (e.g., 
CGGATTG. etc) and/or seven mutations (e.g., CGGCCTG, 
etc). It is contemplated as part of this invention and appli 
cants are in possession of a total of 47 possible combinations 
of sequence variation in the CS of this invention, as could be 
identified and produced according to standard methods. As 
noted herein for other nidoviruses, the principle require 
ments for mutation selection are that the sequence not be 
located elsewhere in the genome and that it function to 
regulate Subgenomic transcription when paired with a leader 
TRS of like sequence. 

0072. In yet further embodiments, the Nidovirus of this 
invention can be a group III coronavirus having the CS of 
CUUAACAA and the mutation can be a single mutation 
(e.g., CUUAAGAA, etc.) two mutations (e.g., GUUAA 
GAA, etc.) three mutations (GUUGAGAA, etc.), four muta 
tions (e.g., GUUTTCAG, five mutations (e.g., CAAG 
GCAA, TCCAAGAT, etc.), six mutations (e.g., 
GUUCCTTC, etc.), seven mutations (e.g., GCCTAGCG, 
etc.) and/or eight mutations (e.g., GCCTGGCT, etc.). It is 
contemplated as part of this invention and applicants are in 
possession of a total of 4 possible combinations of sequence 
variation in the CS of this invention, as could be identified 
and produced according to standard methods. 

0073. The present invention further provides an embodi 
ment wherein the Nidovirus is a torovirus having a CS 
regulatory sequence of UUUAGA and the mutation is a 
single mutation (e.g., GUUAGA, etc.) two mutations (e.g., 
GUUGGA, etc.), three mutations (e.g., GUUGCA, etc.), 
four mutations (e.g., GCUCCA, etc.) five mutations (e.g. 
GCCACT, etc.) and/or six mutations (e.g., GCCTCT, etc.). 
It is contemplated as part of this invention and applicants are 
in possession of a total of 4 possible combinations of 
sequence variation in the CS of this invention, as could be 
identified and produced according to standard methods. As 
noted herein for other nidoviruses, the exact mutation(s) are 
dependent upon the uniqueness of this sequence in the 
different Torovirus genome CS regions coupled with its 
ability to regulate Subgenomic transcription via a matching 
mutation in the leader CS region. 

0074 The nidovirus of this invention can also be an 
arterivirus having a CS of UCNUUAACC, U(A/G)(U/ 
A)AACC, or UUAACC and the mutation can be a single 
mutation (e.g., CUAACC, etc.) two mutations (e.g., 
CCAACC, etc.), three mutations (e.g., CCAAGC, etc.) four 
mutations (e.g., CCAGGC, etc.) five mutations (e.g., 
CCAGGT, etc.) and/or six mutations (e.g., GGTTAG, etc.). 
including a cluster of mutations in a six nucleotide segment 
of these CSs. It is contemplated as part of this invention and 
applicants are in possession of a total of 4 possible com 
binations of potential mutant CS sites available for use in 
this invention. The mutated CS sequence should be unique 
to that particular arterivirus and able to interact with the 
identically mutated leader CS site located at the 5' end of the 
genome. 

0075. The present invention further provides the isolated 
nucleic acids described herein having all of the body and 
leader CS sites reengineered by mutation (e.g., CRG), 
wherein the nucleic acid further comprises a secondary CS 
trap that is preferentially recognized in RNA recombinant 
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viruses. These secondary CS trap sites are engineered wild 
type CSs located within a structural protein gene that lead to 
expression of one or more Subgenomic mRNAS that do not 
encode a full length structural protein when present in a 
recombinant virus. 

0076) Thus, a CRG genome or replicon RNA of this 
invention can further comprise, consist essentially of and/or 
consist of a wild type CS engineered within one or more 
structural protein genes. As one example, the genome or 
replicon RNA can be of a SARS coronavirus having a wild 
type CS sequence of ACGAAC. In addition to mutations in 
the body CSS and leader CS, additional mutations would be 
introduced into the N. M., E and/or S gene(s) in any 
combination to provide an artificial CS having the same 
nucleotide sequence as the wild type CS, ACGAAC. This 
artificial CS is introduced into the structural gene sequence 
as described herein in Example 6. 
0077 Thus, in one embodiment, the present invention 
provides an isolated nucleic acid comprising, consisting 
essentially of and/or consisting of a nucleotide sequence 
encoding a Nidovirus genome or replicon RNA, wherein the 
genome or replicon RNA comprises, consists essentially of 
and/or consists of one or more of the same mutations in a 
consensus sequence (CS) present in a transcription regula 
tory sequence (TRS) of a leader sequence and in the TRS 
located upstream of each of the structural genes and further 
comprising one or more of the same mutations in the CS of 
the TRS located upstream of open reading frame (ORF) 
3a/3b, ORF 4, ORF 5, ORF6, ORF 7a/7b, ORF 8a/b and 
ORF 9a/b and downstream of the leader RNA and further 
comprising one or more than one artificial CS having the 
nucleotide sequence of the wild type CS of the nidovirus, in 
one or more of the structural protein genes (e.g., N. M. E. 
and/or S). 
0078. Additionally provided is an isolated nucleic acid 
comprising, consisting essentially of and/or consisting of a 
nucleotide sequence encoding a Nidovirus genome or rep 
licon RNA, wherein the genome or replicon RNA com 
prises, consists essentially of and/or consists of one or more 
of the same mutations in a consensus sequence (CS) present 
in a transcription regulatory sequence (TRS) of a leader 
sequence and in the TRS located upstream of each of the 
structural genes S, E, M and N and further wherein wild type 
CS sequences are present in the CS of the TRS for the group 
specific ORFs 3a/b, ORF4, ORF5, ORF6, ORF7a/b, 
ORF8a/b and ORF9a/b and further comprising one or more 
than one artificial CS having the nucleotide sequence of the 
wild type CS of the nidovirus, in one or more of the 
structural protein genes (e.g., N. M., E and/or S). 

0079 The present invention further provides a nidovirus 
particle as well as a population of nidovirus particles com 
prising any of the nucleic acids of this invention 
0080. The nidovirus and/or nidovirus particle of this 
invention can be a coronavirus, a torovirus, an arterivirus 
and chimeras thereof, as are known in the art. 

0081. A coronavirus of this invention can be, but is not 
limited to, transmissible gastroenteritis virus (TGEV), 
human respiratory coronavirus, human coronavirus, porcine 
respiratory coronavirus, porcine epidemic diarrhea virus, 
respiratory bovine virus, canine coronavirus, bat SARS 
CoV, human coronavirus NL63, human coronavirus HKU1, 
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human coronavirus OC43, human coronavirus 229E, feline 
enteric coronavirus, bat coronaviruses, feline infectious 
peritonitis virus, rabbit coronavirus, murine hepatitis virus, 
sialodacryoadenitis virus, porcine hemagglutinating 
encephalomyelitis virus, bovine coronavirus, avian infec 
tious bronchitis virus, turkey coronavirus, and a chimera of 
any combination of these viruses. 
0082 An arterivirus of this invention can be but is not 
limited to, equine arteritis virus, lactate dehydrogenase 
elevating virus, simian hemorrhagic fever virus, porcine 
reproductive and respiratory disease virus, human arterivi 
ruses, and chimeras of any combination of these viruses 
containing, e.g., replicase protein genes from one arterivirus 
fused with structural ORFs and group specific ORFs of other 
arteriviruses. 

0083. A torovirus of this invention can include, but is not 
limited to, bovine torovirus, equine torovirus, human tor 
ovirus, porcine torovirus and a chimera of any combination 
of these viruses. 

0084 An example of a chimera of any combination of 
these nidoviruses is a chimeric virus comprising-replicase 
protein genes from one nidovirus fused with structural ORFs 
and group specific ORFs of other nidoviruses 
0085 Additionally provided herein is a composition 
comprising the nucleic acids, nidovirus particles and/or 
population of nidovirus particles as described herein and a 
pharmaceutically acceptable carrier. 

0086. In further embodiments, the present invention pro 
vides a method of eliciting an immune response in a subject, 
comprising administering to, delivering to, and/or introduc 
ing into the Subject an effective amount of the nucleic acids, 
viruses, particles, compositions and/or populations of this 
invention. 

0087 Also provided herein is a method of treating and/or 
preventing a Nidovirus infection in a Subject, comprising 
administering/delivering/introducing into to the Subject an 
effective amount of the nucleic acids, viruses, particles, 
compositions and/or populations of this invention. 

0088 Methods are also provided herein for producing a 
nidovirus particle comprising a replicon RNA or a nucleic 
acid comprising a nucleotide sequence encoding a Nidovirus 
genome, wherein the genome or replicon RNA comprises 
one or more of the same mutations in a consensus sequence 
(CS) present in a transcription regulatory sequence (TRS) of 
a leader sequence and in the TRS located upstream of each 
of the structural genes S, E, M and N and further comprising 
a wild type CS sequence in a TRS for ORFs 3a/b, ORF6, 
ORF7a/b and ORF8a/b, comprising introducing the replicon 
RNA or nucleic acid into a nidovirus-permissive cell under 
conditions whereby nidovirus particles are produced. 

0089. Further provided herein is a method of producing a 
nidovirus particle comprising a replicon RNA or a nucleic 
acid comprising a nucleotide sequence encoding a Nidovirus 
genome, wherein the replicon RNA or genome comprises 
one or more of the same mutations in a consensus sequence 
(CS) present in a transcription regulatory sequence (TRS) of 
a leader sequence and in the TRS located upstream of each 
of the structural genes S, E, M and N and further comprising 
one or more of the same mutations in the CS of the TRS 
located upstream of open reading frame (ORF) 3a/3b, 
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ORF6, ORF 7a/7b, ORF 8a/b and ORF 9a/b, comprising 
introducing the nucleic acid or replicon RNA into a nidovi 
rus-permissive cell under conditions whereby nidovirus par 
ticles are produced. 
0090. In addition, the present invention provides a 
method of producing a nidovirus particle comprising a 
replicon RNA or a nucleic acid comprising a nucleotide 
sequence encoding a Nidovirus genome, wherein the repli 
con RNA or genome comprises one or more of the same 
mutations in a consensus sequence (CS) present in a tran 
Scription regulatory sequence (TRS) of a leader sequence 
and in the TRS located upstream of each of the structural 
protein genes and further comprising one or more of the 
same mutations in the CS of the TRS located upstream of 
open reading frame (ORF) 3a/3b, ORF6, ORF 7a/7b, ORF 
8a/b and ORF 9a/b and further comprising one or more than 
one artificial CS having the nucleotide sequence of the wild 
type CS of the nidovirus in one or more of the structural 
protein genes, comprising introducing the nucleic acid or 
replicon RNA into a nidovirus-permissive cell under con 
ditions whereby nidovirus particles are produced. 
0091 Methods are also provided herein for producing a 
nidovirus particle comprising a replicon RNA or a nucleic 
acid comprising a nucleotide sequence encoding a Nidovirus 
genome, wherein the genome or replicon RNA comprises 
one or more of the same mutations in a consensus sequence 
(CS) present in a transcription regulatory sequence (TRS) of 
a leader sequence and in the TRS located upstream of each 
of the structural protein genes (e.g., S, E, M and/or N) and 
further comprising a wild type CS sequence in a TRS for 
ORFs 3a/b, ORF6, ORF7a/b and ORF8a/b and further 
comprising one or more than one artificial CS having the 
nucleotide sequence of the wild type CS of the nidovirus in 
one or more of the structural protein genes (e.g., S. E. M 
and/or N), comprising introducing the replicon RNA or 
nucleic acid into a nidovirus-permissive cell under condi 
tions whereby nidovirus particles are produced. 
0092. In methods wherein nidovirus particles are made 
that comprise a replicon RNA of this invention, a “nidovi 
rus-permissive cell' is a cell that contains transcripts encod 
ing the structural proteins that are not encoded for on the 
replicon RNA, as described herein. For example, a replicon 
RNA comprising a remodeled TRS CS site in the leader 
region and in the N gene can be packaged by transfection 
into cells containing transcripts encoding the remaining 
structural proteins, S., E and M. 
0093. The present invention further provides nidovirus 
particles produced by the methods described herein. 
0094. Also provided herein is a method of producing a 
nidovirus genome or replicon RNA comprising reengineered 
CS sequences for the purpose of preventing recombination 
repair of a live attenuated or replicon viral construct and/or 
preventing repair of attenuating alleles and/or for stabilizing 
attenuating mutations, comprising producing the nucleic 
acids of this invention. Additionally provided herein is a 
method of preventing recombination repair or repair of 
attenuating alleles of a live attenuated or replicon construct 
to be used in a therapeutic and/or immunological method 
comprising producing the nucleic acids of this invention. 
Thus, the present invention provides therapeutic and immu 
nological compositions that are engineered to prevent 
recombination repair or repair of attenuating alleles if the 
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nucleic acids of the compositions are contacted with wild 
type virus under conditions whereby recombination can 
occur. Further provides are therapeutic and immunological 
compositions that are engineered to stabilize attenuating 
mutations in the nucleic acid therein. 

0.095 The nucleic acids, viruses, vectors, particles and 
populations are intended for use as therapeutic agents and 
immunological reagents, for example, as antigens, immu 
nogens, vaccines, and/or nucleic acid delivery vehicles. 
Thus, in various embodiments, the present invention pro 
vides a composition comprising the nucleic acid, virus, 
vector, particle, and/or population of this invention in a 
pharmaceutically acceptable carrier. The compositions 
described herein can be formulated for use as reagents (e.g., 
to produce antibodies) and/or for administration in a phar 
maceutical carrier in accordance with known techniques. 
See, e.g., Remington, The Science And Practice of Phar 
macy (latest edition). In the manufacture of a pharmaceutical 
composition according to embodiments of the present inven 
tion, the composition of this invention is typically admixed 
with, inter alia, a pharmaceutically acceptable carrier. By 
“pharmaceutically acceptable carrier is meant a carrier that 
is compatible with other ingredients in the pharmaceutical 
composition and that is not harmful or deleterious to the 
Subject. The carrier may be a solid or a liquid, or both, and 
is preferably formulated with the composition of this inven 
tion as a unit-dose formulation. The pharmaceutical com 
positions are prepared by any of the well-known techniques 
of pharmacy including, but not limited to, admixing the 
components, optionally including one or more accessory 
ingredients. Exemplary pharmaceutically acceptable carriers 
include, but are not limited to, Sterile pyrogen-free water and 
sterile pyrogen-free physiological saline solution. Such car 
riers can further include protein (e.g., serum albumin) and 
Sugar (sucrose, Sorbitol, glucose, etc.) 

0096. The pharmaceutical compositions of this invention 
include those Suitable for oral, rectal, topical, inhalation 
(e.g., via an aerosol) buccal (e.g., Sub-lingual), Vaginal, 
parenteral (e.g., Subcutaneous, intramuscular, intradermal, 
intraarticular, intrapleural, intraperitoneal, intracerebral, 
intraarterial, or intravenous), topical (i.e., both skin and 
mucosal Surfaces, including airway Surfaces) and transder 
mal administration. The compositions herein may also be 
administered via a skin scarification method, or transder 
mally via a patch or liquid. The compositions may be 
delivered subdermally in the form of a biodegradable mate 
rial that releases the compositions over a period of time. The 
most Suitable route in any given case will depend, as is well 
known in the art, on Such factors as the species, age, gender 
and overall condition of the subject, the nature and severity 
of the condition being treated and/or on the nature of the 
particular composition (i.e., dosage, formulation) that is 
being administered. 
0097 Subjects to whom the viruses, vectors, particles, 
populations and/or other compositions of this invention can 
be administered according to the methods described herein 
can be any subject, generally vertebrates, for which the 
particles, populations and/or compositions are infectious, 
including but not limited to, birds and mammals such as 
pigs, mice, cows, and humans. 

0.098 As used herein, an “effective amount” refers to an 
amount of a compound or composition that is Sufficient to 
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produce a desired effect, which can be a therapeutic, pro 
phylactic and/or beneficial effect. 
0099 Thus, the present invention provides a method of 
inducing an immune response in a subject, comprising 
administering to the Subject an effective amount of a virus, 
vector, particle, population and/or composition of this inven 
tion. 

0.100 The present invention also provides a method of 
treating and/or preventing a SARS coronavirus infection in 
a subject, comprising administering to the Subject an effec 
tive amount of a virus, vector, particle, population and/or 
composition of this invention. 
0101 Also as used herein, the terms “treat,”“treating 
and “treatment include any type of mechanism, action or 
activity that results in a change in the medical status of a 
Subject, including an improvement in the condition of the 
Subject (e.g., change or improvement in one or more symp 
toms and/or clinical parameters), delay in the progression of 
the condition, prevention or delay of the onset of a disease 
or illness, etc. 
0102 One example of an effective amount is from about 
10 to about 10', preferably 10 to 10, and in particular 10 
to 10 infectious units (IU, as measured by indirect immu 
nofluorescence assay), or virus particles, per dose, which can 
be administered to a Subject, depending upon the age, 
species and/or condition of the Subject being treated. 
0103) In some embodiments of the present invention, the 
compositions can be administered with an adjuvant. As used 
herein, “adjuvant” describes a substance, which can be any 
immunomodulating Substance capable of being combined 
with the polypeptide or nucleic acid vaccine to enhance, 
improve or otherwise modulate an immune response in a 
subject without deleterious effect on the subject. 
0.104) Non-limiting examples of adjuvants that can be 
used in the vaccine of the present invention include the RIBI 
adjuvant system (Ribi Inc., Hamilton, Mont.), alum, mineral 
gels such as aluminum hydroxide gel, oil-in-water emul 
sions, water-in-oil emulsions such as, e.g., Freund's com 
plete and incomplete adjuvants, Block copolymer (CytRX, 
Atlanta Ga.), QS-21 (Cambridge Biotech Inc., Cambridge 
Mass.), SAF-M (Chiron, Emeryville Calif.), AMPHI 
GENTM. adjuvant, saponin, Quil A or other saponin fraction, 
monophosphoryl lipid A, and Avridine lipid-amine adjuvant. 
Non-limiting examples of oil-in-water emulsions useful in 
the vaccine of the invention include modified SEAM62 and 
SEAM 1/2 formulations. Modified SEAM62 is an oil-in 
water emulsion containing 5% (v/v) squalene (Sigma), 1% 
(v/v) SPANTM 85 detergent (ICI Surfactants), 0.7% (v/v) 
TWEENTM 80 detergent (ICI Surfactants), 2.5% (v/v) etha 
nol, 200 pg/ml Quil A, 100 g/ml cholesterol, and 0.5% (v/v) 
lecithin. Modified SEAM 1/2 is an oil-in-water emulsion 
comprising 5% (v/v) squalene, 1% (v/v) SPANTM 85 deter 
gent, 0.7% (v/v) Tween 80 detergent, 2.5% (v/v) ethanol, 
100 lug/ml Quil A, and 50 lug/ml cholesterol. Other immu 
nomodulatory agents that can be included in the vaccine 
include, e.g., one or more interleukins, interferons, or other 
known cytokines. 
0105 SARS coronavirus vectors also provide a system 
for the incorporation and expression of one or more heter 
ologous nucleic acids, as coronaviruses contain a polycis 
tronic genome organization and synthesize multiple Subge 
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nomic-length mRNAs (Enjuanes and van der Zeijst (1995) 
In: S. G. Siddell (ed.). The Coronaviridae. Plenum Press, 
New York, N.Y., p. 337-376). 
0106. In certain embodiments, the present invention 
describes the assembly of recombinant transmissible virus 
and replicons that express heterologous nucleic acids, which 
can be used to deliver Such nucleic acids and/or make 
vaccines/immunogenic compositions against homologous 
and heterologous pathogens (Agapov et al. (1998) Proc. 
Natl. Acad. Sci. USA 95:12989-12994: Balasuriya et al. 
(2000).J. Virol. 74: 10623-10630; Berglund et al. (1998) Nat. 
Biotechnol. 16:562-565; Bredenbeek et al. (1993) J. Virol. 
67:6439-6446; DiCiommo and Bremner (1998) J. Biol. 
Chem. 273:18060-18066; Dollenmaier et al. (2001) Virology 
281:216-230; Dubensky et al. (1996) J. Virol. 70:508-519; 
Hevey et al. (1998) Virology 251:28-37; Johanning et al. 
(1995) Nucleic Acids Res. 23:1495-1501; Khromykh (2000) 
Curr. Opin. Mol. Ther. 2:555-569; Khromykh and Westaway 
(1997).J. Virol. 71:1497-1505; Liljestrom and Garoff (1991) 
Bio/Technology 9:1356-1361; Percy et al. (1992) J. Virol. 
66:5040-5046; Porter, et al. (1993) J. Virol. 67:3712-3719; 
Pushko et al. (2000). Vaccine 19:142-153; Schultz-Cherry et 
al (2000) Virology 278:55-59; Varnavski and Khromykh 
(1999) Virology 255:366-375; Varnavski et al. (2000) J. 
Virol. 74:4394-4403). 
0107 The use of replicons as a vaccine delivery system 
offers a number of important advantages over the use of live, 
attenuated virus vaccines, which are capable of independent 
spread and recombination with wild-type virus populations. 
Replicon vectors are an inherently safer alternative to the 
use of live, attenuated virus vaccines due to the lack of 
progeny virus production. In addition, high-level expression 
of heterologous nucleic acids can result in the use of a 
relatively low dose of virus replicon particles (VRPs) for 
vaccination and immune induction. Moreover, gene order 
rearranged and/or otherwise attenuated replicon particles 
will be inherently more stable and less pathogenic than 
attenuated wild-type strains. 

0108 Thus, the present invention also provides a method 
of introducing a heterologous RNA into a subject, compris 
ing administering to the Subject an effective amount of the 
particles and/or the populations and/or compositions of this 
invention comprising these particles or populations. The 
heterologous RNA can encode any protein or peptide or 
antisense sequence or ribozyme and can be administered to 
impart any type of effect (e.g., immunological or therapeu 
tic, etc.). 
0109 The production of virus replicon particles is well 
known in the art for a variety of virus systems, including 
coronaviruses (see, e.g., Curtis et al. (2002) J. Virol. 
76:1422-1434; PCT Publication No. WO 02/086068, the 
entire contents of each of which are incorporated by refer 
ence herein). The present invention can also be implemented 
in any of a variety of ways, including by techniques, 
compositions and formulations known in the art (see, e.g., 
U.S. Pat. No. 6,593.311 to Baric et al.; U.S. Pat. No. 
6,156,558 to Johnston et al.; and U.S. Pat. No. 5,639,650 to 
Johnston et al.; U.S. Pat. No. 6,342.372 to Dubensky et al.) 
modified in light of the teachings set forth herein. Applicants 
specifically intend that the disclosures of all United States 
patent references and patent publications cited herein be 
incorporated herein by reference in their entirety. 
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0110. The synthesis of large RNA transcripts (-27 to 29 
kb) in vitro is problematic, and the electroporation of such 
large RNA constructs, even in the presence of enhancing N 
transcripts, has also proven difficult, resulting in a 1% 
transfection efficiency. Therefore, transfecting cells with 
helper packaging constructs and Subsequently passing the 
coronavirus VRPs in the presence of VEE-(E) VRPs can 
address this issue. In this way, VRPs can be amplified and 
high concentrations may amplify replicon titers for future 
applications. In addition, the use of a DNA launch platform, 
Such as with a cytomegalovirus promoter, may be used to 
overcome any problems associated with an RNA launch 
system. 

0111. The strategy presented herein for the assembly of 
SARS replicon constructs was based on a similar strategy 
for the construction of TGEV cDNA, employing six cloNA 
subclones that span the entire length of the SARS genome 
(see Yount et al. J. Virol. 74:10600-10611 (2000)). Each 
fragment is flanked by restriction sites that leave unique 
interconnecting junctions of 3 or 4nt in length. These sticky 
ends are not complementary to most other sticky ends 
generated with the same enzyme at other sites in the DNA, 
allowing for the systematic assembly of SARS cDNAs by in 
vitro ligation. 
0.112. The infectious, replication defective, coronavirus 
particles can be prepared according to the methods disclosed 
herein in combination with techniques known to those 
skilled in the art. As one example, the method can comprise 
a) introducing into a coronavirus-permissive cell 1) a SARS 
coronavirus replicon RNA comprising a coronavirus pack 
aging signal and a heterologous RNA, a first helper RNA 
encoding at least one coronavirus structural protein and a 
second (and possibly third, fourth, etc.) helper RNA encod 
ing at least one coronavirus structural protein that is different 
from that encoded by the first helper RNA; b) producing the 
coronavirus particles in the cell; and c) optionally collecting 
the particles from the cell. The step of introducing the 
replicon RNA and helper RNA(s) into the coronavirus 
permissive cell can be carried out according to any Suitable 
means known to those skilled in the art. For example, uptake 
of the RNA into the cell can be achieved by any suitable 
means, such as for example, by treating the cells with 
DEAE-dextran, treating the cells with “LIPOFECTINTM,” 
and/or by electroporation, with electroporation being the 
currently preferred means. These techniques are well known 
in the art. See e.g., U.S. Pat. No. 5,185,440 to Davis et al., 
and PCT Publication No. WO92/10578 to Bioption AB, the 
disclosures of which are incorporated herein by reference in 
their entirety. Alternatively, a DNA encoding the replicon 
RNA and/or a DNA encoding the helper RNA(s) can be 
introduced into the cell according to known methods and the 
DNA can be transcribed into RNA within the cell. 

0113. The present invention also provides methods for 
producing SARS coronavirus replicon particles, as well as 
helper RNAs and helper cells employed in the production. 
Thus, in further embodiments, the present invention pro 
vides a helper cell for producing an infectious, multiplica 
tion-defective, coronavirus particle, comprising: (a) a SARS 
coronavirus replicon RNA comprising a SARS coronavirus 
packaging signal and a heterologous RNA sequence, 
wherein said replicon RNA further lacks a sequence encod 
ing at least one coronavirus structural protein; and (b) at 
least one separate helper RNA encoding the at least one 
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structural protein absent from the replicon RNA, said helper 
RNA lacking a coronavirus packaging signal; wherein the 
combined expression of the replicon RNA and the helper 
RNA produces an infectious, multiplication-defective coro 
navirus particle. 

0114. As noted above, the replicon RNA can further 
comprise a sequence encoding at least one of the coronavi 
rus structural proteins, provided that the replicon RNA does 
not comprise nucleic acid encoding all of the coronavirus 
structural proteins. 

0115) In the helper cells of this invention, the helper RNA 
can comprise a nucleic acid sequence encoding a coronavi 
rus structural protein that can be E. M. N. S. or any 
combination thereof, provided that the helper RNA does not 
comprise nucleic acid encoding all of the coronavirus struc 
tural proteins. The nucleic acid encoding the coronavirus 
structural protein can be from a coronavirus that can be 
SARS coronavirus, human respiratory coronavirus, mouse 
hepatitis virus, porcine transmissible gastroenteritis virus, 
porcine respiratory coronavirus, canine coronavirus, feline 
enteric coronavirus, feline infectious peritonitis virus, rabbit 
coronavirus, murine hepatitis virus, sialodacryoadenitis 
virus, porcine hemagglutinating encephalomyelitis virus, 
bovine coronavirus, avian infectious bronchitis virus, turkey 
coronavirus and/or any other coronavirus now known or 
later identified, as well as combinations thereof, thereby 
resulting in chimeric coronavirus particles. 

0116 Furthermore, the helper RNA can comprise nucleic 
acid of any other non-coronavirus, including, but not limited 
to, vaccinia virus, alphavirus, flavivirus, Vesicular stomatitis 
virus, poxvirus, adenovirus, herpesvirus, paramyxovirus, 
parvovirus, papovavirus, adeno-associated virus, and retro 
virus. The helper RNA can also be a vector of non-viral 
origin that provides nucleic acid encoding the coronavirus 
structural protein(s) not present on the replicon RNA in the 
helper cell. 

0117. In certain embodiments, the replicon RNA and/or 
the helper RNA contains at least one attenuating gene order 
rearrangement among the 3A, 3B, HP, S, E, M and N genes. 
Helper or replicon RNAs (and their corresponding DNAs) 
that contain two or more genes optionally but preferably 
include a gene order rearrangement to attenuate (e.g., reduce 
the virulence) as compared to a corresponding wild-type 
virus that does not contain Such a gene order rearrangment 
(i.e., comparing a virus with all of the necessary genes and 
the order rearrangement with a wild-type virus). Depending 
upon the number of genes within the helper or replicon 
RNA, it may contain two, three, or four or more gene order 
rearrangements. The wild-type gene order, from 5' to 3', is: 
S, 3A, 3B, E, M, N, and HP. For example, modified orders 
for the replicon RNA, when the helper RNA(s) contains the 
E gene, may include: S, 3B, M, N, HP and 3A: 3A, 3B, M, 
N, HP and S; S, 3A, 3B, N, Hp, and M. etc. In other 
embodiments, the E gene may be provided alone on the 
replicon RNA, and the helper RNA(s) may contain the genes 
described above in the orders given above. Modified orders 
for the replicon RNA, when the helper RNA(s) contains the 
M and N (in natural or reverse order) genes, may include: 
3A, 3B, E, S and HP; S, E, 3A, 3B, and HP; S, 3A, 3B, E, 
and HP, S, E, HP 3A, and 3B, etc. In other embodiments, 
the replicon RNA may contain the M and N genes (in natural 
or reverse orders), and the remaining genes may be provided 
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on the helper RNA(s) in orders such as given above. In still 
other embodiments, where the helper RNA(s) contains the S 
gene, the replicon RNA may contain the remaining genes in 
the order 3B 3A, E, M, N, and HP: 3A, 3B, E, N, M, and HP; 
3B, 3A. E. N. M., and HP; etc. Again, the replicon RNA may 
contain the S gene, and the helper RNA(s) may contain the 
remaining genes in the orders given above. The 3A, 3B, and 
HP genes are nonessential and some or all may be deleted, 
or they may be included in an alternate order to serve as 
attenuating mutations. The genes may be divided among 
multiple helper RNAs, some or all of which contain gene 
order rearrangements. The foregoing examples are merely 
illustrative, and numerous additional variations will be 
readily apparent to those skilled in the art. 
0118. In other embodiments, an attenuating mutation can 
be introduced by deleting one or more of the nonessential 
genes 3A, 3B, and HP. 
0119). In additional embodiments of the helper cells of 
this invention, the helper RNA(s) and/or the replicon RNA 
can comprise a promoter. 

0120 Additionally provided herein as an embodiment of 
this invention is a DNA encoding a helper RNA of this 
invention and a helper cell comprising said helper RNA 
encoding DNA, as well as a DNA encoding a replicon RNA 
of this invention and a helper cell comprising said replicon 
encoding DNA. The DNA can be present in the cell tran 
siently or in a stably transformed state. The DNAs of this 
invention can further comprise a promoter to direct the 
transcription of the helper RNA and the replicon RNA, 
respectively, in the helper cell. 

0.121. A further embodiment of this invention is a method 
of making infectious, multiplication-defective, coronavirus 
particles, comprising: a) providing the helper cells of this 
invention: and b) producing coronavirus particles in the 
helper cell. Optionally, the particles can be collected from 
the cells. 

0122) In certain embodiments, the helper cell can be 
provided by introducing the replicon RNA and/or the helper 
RNA into the helper cell by electroporation. However, the 
replicon RNA and/or helper RNA, as well as their respective 
DNAs can be introduced into the helper cell according to 
any methods known in the art for introducing nucleic acid 
into a cell. The nucleic acids can be present in the helper cell 
transiently or as stable transformants. 
0123 The present invention additionally provides infec 
tious coronavirus particles produced by the methods of this 
invention. 

0.124. The step of producing the infectious viral particles 
in the helper cells can also be carried out using conventional 
techniques. See e.g., U.S. Pat. No. 5,185,440 to Davis et al., 
PCT Publication No. WO 92/10578 to Bioption AB, and 
U.S. Pat. No. 4,650,764 to Temin et al. (although Temin et 
al. relates to retroviruses rather than coronaviruses). The 
infectious viral particles may be produced by standard cell 
culture growth techniques. 

0.125 The step of collecting the infectious coronavirus 
particles can also be carried out using conventional tech 
niques. For example, the infectious particles can be collected 
by cell lysis, or collection of the Supernatant of the cell 
culture, as is known in the art. See e.g., U.S. Pat. No. 
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5,185,440 to Davis et al., PCT Publication No. WO 
92/10578 to Bioption AB, and U.S. Pat. No. 4,650,764 to 
Temin et al. (although Temin et al. relates to retroviruses 
rather than coronaviruses). Other suitable techniques will be 
known to those skilled in the art. Optionally, the collected 
infectious coronavirus particles can be purified if desired. 
Suitable purification techniques are well known to those 
skilled in the art. 

0126. In some embodiments, VEE replicon vectors can 
be used to express coronavirus structural genes in producing 
combination vaccines. Dendritic cells, which are profes 
sional antigen-presenting cells and potent inducers of T-cell 
responses to viral antigens, are preferred targets of VEE and 
VEE replicon particle infection, while SARS coronavirus 
targets the mucosal Surfaces of the respiratory and gas 
trointestinal tract. As the VEE and SARS replicon RNAs 
synergistically interact, two-vector vaccine systems are fea 
sible that may result in increased immunogenicity when 
compared with either vector alone. Combination prime 
boost vaccines (e.g., DNA immunization and vaccinia virus 
vectors) have dramatically enhanced the immune response 
(notably cellular responses) against target papillomavirus 
and lentivirus antigens compared to single-immunization 
regimens (Chen et al. (2000) Vaccine 18:2015-2022: 
Gonzalo et al. (1999) Vaccine 17:887-892; Hanke et al. 
(1998) Vaccine 16:439-445; Pancholi et al. (2000).J. Infect. 
Dis. 182:18-27). Using different recombinant viral vectors 
(influenza and vaccinia) to prime and boost may also syn 
ergistically enhance the immune response, sometimes by an 
order of magnitude or more (Gonzalo, et al. (1999) Vaccine 
17:887-892). Thus, the present invention also provides 
methods of combining different recombinant viral vectors 
(e.g., VEE and SARS) in prime boost protocols. 
0127. The examples, which follow, are set forth to illus 
trate the present invention, and are not to be construed as 
limiting thereof. In the following examples, mM means milli 
molar, ug means microgram, ml means milliliter, ul means 
microliter, V means Volt, LLF means microfarad, cm means 
centimeter, h means hour, ORF means open reading frame, 
GFP means green fluorescent protein, PBS means phos 
phate-buffered saline, M means molar, S means second, nt 
means nucleotide, and min means minute. 

EXAMPLES 

Example 1 

Production of Full-Length Infectious cDNA of 
SARS Coronavirus 

0128 Virus and Cells. The Urbani, Tor-2 and Tor-7 
Canadian strains of SARS-CoV were propagated on VeroE6 
cells in Eagle's MEM supplemented with 10% fetal calf 
serum and kanamycin (0.25 ug/ml) and gentamycin (0.05 
ug/ml) at 37°C. in a humidified CO incubator (Tor isolates 
were kindly provided by H. Feldmann). For virus growth, 
cultures of VeroE6 cells were infected at a multiplicity of 
infection (MOI) of 5 for 1 hr and samples were titered by 
plaque assay. At 1 hr postinfection, Some cultures were 
treated with the cysteine protease inhibitor E64-d (2S, 
3S-trans-epoxysuccinyl-L-leucylamido-3-methylbutane 
ethyl ester) at a concentration of 500 g/ml. Virus plaques 
were visualized by neutral red staining at 2 days postinfec 
tion. 
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0129. Strategy for Cloning the SARS-CoV cDNAs. 
Reverse transcription was performed using Superscript IITM, 
oligodeoxynucleotide primers and intracellular RNA from 
SARS infected cultures 17, 18). The cDNA was denatured 
for 2 min at 94° C. and amplified by PCR with Expand Long 
TAO polymerase (Boehringer Mannheim Biochemical) for 
25 cycles at 94° C. for 30 sec, 58° C. for 25-30 sec and 68° 
C. for 1-7 min. The amplicons were cloned into Topo IITA 
(Invitrogen) (SARS subclones D-F) or in pSMART vectors 
(Lucigen) (SARS subclones A-C). All clNAs were 
assembled as consensus sequences based on independent 
sequence analysis of 4-7 sibling clones and the reported 
Urbani sequence 8. The following primers were used in the 
isolation of the SARS A subclone (forward: tactaatacgact 
cactatagatattaggtttittacctacccagg-1; reverse: acaccatagtcaac 
gatgcc-4452), SARS B subclone (forward: gcctatatgcatggat 
gttagat-4359; reverse: tgaaccgccacgctggctaaacc-8727), 
SARS C Subclone (forward: agccagcgtgg.cggttcatac-8710; 
reverse:aggcctctgggcagtggcataag-12,085), SARS D Sub 
clone (forward: actg.cccaagatgcctatgagc-12,070; reverse: 
cagccaggagggcagactitcacaacc-18.939), SARS E subclone 
(forward: gtctg.cccticctggctgataagttccag-18,923; reverse: 
gagcagccgtgtaggcagcaat-24066) and SARS FSubclone (for 
ward: attgctgcctacacggctgctc-24.045: eVeSe: 
(ttt),gtcattcticctaagaagc-29,710). 

0.130. To repair sibling clones, primer pairs were 
designed that contained a Class IIS restriction enzyme (e.g., 
Aarl). Using high fidelity PCR, the consensus portions of 
different sibling clones were amplified, digested with Aarl 
and ligated into plasmid. The Aarl junctions were designed 
to seamlessly link consensus fragments, resulting in the 
production of a full-length cDNA17). Using an automated 
ABI DNA sequencer, 2-3 candidate DNAs were sequenced 
to identify the consensus clone. 
0131 Systematic Assembly of a Full-Length SARS-CoV 
cDNA. The SARS A through F inserts were restricted, 
separated through 0.8% agarose gels, visualized with a 
Darkreader Lightbox (Claire Chemical), excised, and puri 
fied using the Qiaex II DNA purification kit. The SARS 
A+B, C+D and E+F subclones were ligated overnight and 
isolated 17, 18). The SARS AB+CD+EF cDNAs were 
ligated overnight at 4°C., phenol/chloroform extracted and 
precipitated under isopropyl alcohol. Full-length transcripts 
were generated in vitro as described by the manufacturer 
(Ambion, mMessage mMachine) with certain modifications 
17). For SARS N transcripts, 1 ug of plasmid DNA encod 
ing the N gene (primer: 5'ninggccticgatggccatttaggtgacac 
tatagatgtctgataatggaccccaatc-3' and reverse primer 
5'-nnntttitttttitttitttittttitttitttittatgcctgagttgaatcagcag-3") was tran 
scribed by SP6 RNA polymerase with a 2:1 ratio of cap 
analog to GTP. 

0.132 Transfection of Full-Length Transcripts. RNA tran 
scripts were added to 800 ul of the BHK cell suspension 
(8.0x10) in an electroporation cuvette and three electrical 
pulses of 850 V at 25 uF were given with a Gene Pulser II 
electroporator (BioRad) 17, 18). The transfected BHK cells 
were seeded with 1.0-2.0x10 uninfected Vero E6 cells in a 
75 cm flask and incubated at 37° C. for 2 days. Virus 
progeny were then passaged in Vero E6 cells at ~30 hr 
intervals and purified by plaque assay. 

0133) Detection of Marker Mutations Inserted in 
icSARS-CoV. Intracellular RNA was isolated from either 



US 2006/0240530 A1 

wild type or icSARS-CoV infected cells at 24 hrs postin 
fection. After RT-PCR, a 1668 nt amplicon (nt position 
1007-2675) was obtained, spanning the Bgll site at position 
1572 that had been ablated in the icSARS-CoV component 
clones, but not wild type SARS-CoV. Other PCR products 
included a 799 nt amplicon spanning the SARS-CoV B/C 
junction (nt position 8381-9180), a 544 nt amplicon (nt 
position 11,721-12.265) spanning the SARS-CoV C/D junc 
tion, a 652 nt amplicon spanning the SARS-CoV D/E 
junction, and a 1594 nt amplicon (nt position 23,665-25, 
259) spanning the SARS-CoV E/F junction. The 1594 nt 
SARS E/F junction-containing amplicon was subcloned and 
sequenced. 

0134 RT-PCR of Leader-containing Transcripts. Leader 
containing amplicons were obtained from wild type and 
icSARS-CoV infected cells using primers at the 3' end of the 
genome (5'-tttittttittttittttitttitttgtcattcticctaagaagc-3") and in the 
SARS leader RNA sequence (5'-aaag.ccaaccaacctcgatc-3'). 
Leader-containing amplicons were excised from gels, Sub 
cloned into TopolI vectors and sequenced using appropriate 
primers. 

0135 Assembly of Coronavirus Full Length cDNAs. 
Rapid response and control of exigent emerging pathogens 
requires an approach to rapidly generate full-length infec 
tious cloNAs that afford genetic control over the genome. 
Full-length infectious cDNAs were isolated for TGEV. 
HCoV-229E, IBV and MHV strain A59 17-21). The 
approach described herein has been to isolate a panel of 
cDNAS spanning the entire coronavirus genome, which can 
be systematically and directionally assembled into a 
genome-length cDNA by in vitro ligation 17, 18. 

0.136 Patterned after the strategy devised for TGEV18), 
the SARS genome was cloned by RT-PCR as six contiguous 
Subclones linked by unique Bgl I restriction endonuclease 
sites. Bgl I is a class IIS restriction endonuclease that cleaves 
the symmetrical sequence GCCNNNNNGGC, but leaves 
64 different asymmetrical ends. Consequently, pairs of con 
tiguous Subclones encoded junctions that allow unidirec 
tional assembly of intermediates into a full-length cDNA. 
Two Bgl I junctions were derived from sites encoded within 
the SARS-CoV genome at positions nt 4373 (A/B junction) 
and nt 12,065 (C/D junction) 8-10). A third Bgl I site at 
position nt 1557 was removed and new Bgl I sites were 
inserted by the introduction of silent mutations into the 
SARS-CoV sequence at positions nt 8700 (B/C junction), nt 
18,916 (D/E junction) and at nt 24,040 (E/F junction). These 
mutations are shown in the Sequence Listing as SEQ ID 
NOs: 10-14. SARS-CoV sequence toxicity was circum 
vented by disruption of toxic domains and the use of stable 
cloning vectors 17. The resulting cDNAs include SARSA 
(nt 1-4436), SARS B (nt 4344-8712), SARS C (nt 8695-12, 
070), SARS D (nt 12,055-18,924), SARS E (nt 18,907-24, 
051) and SARS F (nt 24,030-29,736) subclones. The SARS 
A subclone contains a T7 promoter and the SARS F sub 
clone terminates in 21 Ts, allowing for in vitro transcription 
of capped, polyadenylated transcripts. 

0137 Numerous mutations were noted in each of the four 
to seven sibling subclones encoding a given SARS cDNA. 
To rapidly assemble a consensus clone, the “No Seem' 
approach was used with another group of class IIS restric 
tion endonucleases that cut at asymmetric sites and leave 
asymmetric ends. These enzymes cut strand specific and 
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allow the seamless ligation of cDNAs with the loss of the 
restriction site used to join two component clones 17. As 
illustrated with the SARSF sibling clones, primer pairs were 
designed that contained terminal Aar I 
(CACCTGCNNNNNNNN) sites that flanked each of the 
various consensus portions of different sibling clones. In 
Some instances (amplicons 3 and 2 in sibling clones 1 and 4. 
respectively), primers were also designed to repair specific 
mutations located near the ends of a given amplicon. The 
combination of high fidelity PCR, oligonucleotide primer 
repair and the seamless ligation of sequence fragments 17. 
rapidly generated Urbani consensus cDNAs for each of the 
SARSA, B, C, D, E and F subclones. Silent changes retained 
in the full length construct included an A to G change at nt 
position 6460, a T to C change at nt position 14,178, a T to 
C change at nt position 15,740, a C to T change at nt position 
19,814, an A to G change at nt position 20,528 and a T to C 
change at nt position 20,555. These mutations are shown in 
the Sequence Listing as SEQ ID NOS:15-21. 

0138 Rescue of Molecularly Cloned SARS-CoV. To 
build full length SARS-CoV cDNAs, individual subclones 
were digested with the appropriate restriction enzymes, 
ligated together in vitro and used as template for in vitro 
transcription with the T7 RNA polymerase. Since N tran 
scripts enhance RNA transfection efficiencies of TGEV and 
MHV 17, 22), and are essential for IBV transcript infec 
tivity 20, SARS-CoV full-length transcripts were either 
electroporated into cells alone or mixed with SARS-CoV N 
transcripts. Within 48 hrs post transfection, SARS-CoV 
infected cells were detected by fluorescent antibody stain 
ing. Infectious virus (icSARS-CoV) titers approached 1.0x 
10 PFU/ml at 48 hrs postinfection in the mixed transcript 
transfected cultures. Recombinant viruses were also 
detected in cultures transfected with genome-length SARS 
transcripts alone, but titers were reduced. As described with 
MHV 17. SARS N transcripts may enhance infectivity of 
SARS full-length transcripts, but are not essential. The 
molecular cloned viruses were plaque purified in VeroE6 
cells and produced similar sized plaques as wild type SARS 
Urbani. 

0139 icSARS CoV Marker Mutations. Rescued icSARS 
CoV, but not wild type SARS-CoV should contain several 
Bgl I sites that were engineered as junctions between the 
SARS B/C, D/E and E/F subclones and lack the Bgl I site at 
nt position 1557. Intracellular RNA was isolated from 
infected cultures, RT-PCR amplified using primer pairs 
flanking these various sites and Subjected to restriction 
fragment length polymorphism (RFLP) analysis with Bgl I. 
Clearly, icSARS-CoV contained the marker mutations 
inserted within and between the component clones. To 
confirm these findings, selected amplicons were cloned and 
sequenced, demonstrating that the icSARS-CoV originated 
from transcripts derived from the full-length cDNA con 
Struct. 

0140) Phenotype of Rescued icSARS-CoV. Cultures of 
cells were infected with an MOI of 5. In untreated cultures, 
intracellular RNA and virus titers were determined as 
described herein. At 1 hr., cultures were treated with E64-d 
at a concentration of 500 lug/ml and virus titers determined 
by plaque assay in VeroE6 cells. 

0.141. The recombinant icSARS CoV isolate replicated as 
efficiently as wild type Urbani, but less efficiently than the 
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Canadian isolates, Tor-2 and Tor-7 SARS-CoV. These data 
demonstrate that the introduced alterations were not debili 
tating to virus growth in culture as both replicated to titers 
of about 107 within -24–48 hrs postinfection. To further 
characterize the transcription strategy of SARS-CoV, intra 
cellular RNA was isolated from Urbani wild type and 
icSARS-CoV-infected cultures. Following RT-PCR ampli 
fication of leader containing amplicons, sequence analysis 
indicated that wild type and icSARS-CoV subgenomic tran 
scripts originated at identical CS sites, defined by the core 
sequence ACGAAC, as illustrated by leader-containing tran 
scripts encoding X1, E. M. X3 and X4. SARS S and N 
encoding transcripts initiated Subgenomic transcription at 
similar CS sites. This sequence represents a truncation of the 
AAACGAAC CS site that had been predicted by Rota et al., 
2003 and is different from the group I, II and III coronavirus 
CS sequences, CUAAAC (TGEV), UCTAAAC (MHV), and 
CUUAACAA (IBV), respectively. Although previous stud 
ies had suggested that the SARS E protein and ORF X3 
might be expressed from polycistronic mRNA, these find 
ings indicate that independent transcripts are initiated at the 
core CS sequence ACGAAC noted at nt positions 26,109 for 
E transcripts and 26.913 for ORF X3 transcripts, respec 
tively. 

0142. In vitro inhibition of SARS-CoV Replication. 
Given the high virulence of SARS-CoV infection in humans, 
antiviral drugs will be required to reduce the scope and 
severity of disease. In MHV, the cysteine proteinase inhibi 
tor E64-d blocks replicase polyprotein processing and 
thereby inhibits viral RNA synthesis and virus growth 11). 
To determine ificSARS-CoV was susceptible to the inhibi 
tory effects of E64-d, growth analysis was performed in the 
presence and absence of 500 g/ml of drug. In the absence 
of E64-d, wild type and icSARS-CoV grew to equivalent 
titers of -1.0x107 PFU/ml after 24-48 hrs postinfection. 
Treatment of cells with a single dose of E64-d at 1 hr pi 
resulted in almost complete elimination of viral CPE and 
viral antigen expression and a significant ~3-4 log reduction 
in virus yield for both wild type SARS-CoV and icSARS 
CoV at 24 and 48 hrs postinfection. 

Example 2 

Development of SARS Virus Single Hit Replicon 
Vector Vaccines 

0143 SARS Replicon Particle Assembly. Viral replicon 
particles are single hit vectors that are incapable of spread 
ing beyond the site of initial infection and are novel vaccine 
candidates for human and animal diseases. The SARS single 
hit replicon particles will be produced in the helper cells as 
described herein. Specifically, the SARS E, M, S and/or N 
structural proteins will be produced in helper cells from 
helper RNA or DNA, e.g., VEEVRPs, noncytotoxic Sindbis 
virus replicons, BAC or vaccinia vectors, CMV eukaryotic 
expression plasmids, etc., using standard protocols in order 
to provide SARS coronavirus structural proteins in trans for 
assembly of coronavirus replicon particles in helper cells. 
The SARS E. M. S and/or N coding sequences will be 
deleted from the replicon RNA and one or more heterolo 
gous coding sequences will be inserted into the replicon 
RNA. The replicon RNA will be packaged into coronavirus 
particles in the helper cells. Populations of the particles 
produced in the helper cells as described herein can be tested 
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for the ability to maintain only a single round of infection by 
passage on coronavirus-permissive cells. 

0144) Cell Preparation: VERO E6 Cells Expressing 
SARS E protein or M glycoprotein. Sindbis noncytotoxic 
replicon Vectors (pSinRep) induce persistent infections in 
VERO and BHK cells, and constitutively express resistance 
to puromycin and a foreign gene of interest. these vectors 
have been used to constitutively express human CEA recep 
tors in BHK cells, converting these cells to susceptible hosts 
for the MHV host range mutant V51. SARS E and M coding 
sequences will be inserted into pSinRep or CMV expression 
vectors, VERO E6 cells will be transfected and selected with 
puromycin (or G-418 for CMV vectors) for clones that 
stably express high concentrations of selected SARS struc 
tural proteins. The SARS E protein and M glycoprotein will 
also be expressed from VEE VRPs, and inoculated into mice 
for the production of monospecific antisera against each of 
these proteins. VEE VRPs have been used to produce high 
titer antiserum against Norovirus antigens, as well as the 
TGEV M and N proteins. Using flow cytometry and 
polyspecific antisera directed against the SARS E protein 
and M glycoprotein, enrichment for cells expressing high or 
low levels of the desired protein will be carried out. As 
VERO E6 cells are susceptible hosts for SARS replication, 
these cells will allow for additional rounds of infection with 
SARS VRPs with subsequent packaging and release of 
progeny VRPs. 

0145 SARS Vector Replicon Design: First, a determina 
tion will be carried out regarding whether any of the group 
specific ORFs (X1-X5) can be deleted and replaced with 
either luciferase or GFP. Specifically, the focus will be on 
ORFs X1, X4 and X5 because of their position in the 
genome and the possibility that they encode luxury functions 
that are not essential for replication in vitro. The overall goal 
is to identify a group specific ORF that can be deleted and 
replaced with an indicator gene that allows for easy visual 
ization of replication and gene expression. Such mutants 
will also be of value for drug screening. Essential points in 
these experiments are to leave the CS and Surrounding 
flanking sequences intact, so that foreign gene expression is 
maximized. A second issue is that foreign genes may encode 
noncanonical CS sites that are transcriptionally active. To 
circumvent this problem, noncanonical “TAAACGAAC 
CS sites in GFP or luciferase will be altered at the 3" codon 
to prevent spurious expression of cryptic Subgenomic 
RNAs. Growth curves will be performed to determine if 
rescued viruses replicate at equivalent levels with wild type 
SARS coronavirus and cultures will be examined for GFP or 
luciferase expression. The most viable of the ORFX1-X3 
constructs will be used for future studies. 

0146 SARS replicon genomes will be assembled by 
systematically deleting the E and/or M genes using the No 
See’m Strategy described in Yount et al. (2002). These 
constructs will be built within a backbone that encodes the 
luciferase gene as described above. In the case of M, the M 
ORF will be deleted and GFP or luciferase will be inserted, 
leaving the MCS site intact. In the latter two instances, this 
approach will allow for coordinated and equivalent levels of 
expression of upstream genes, while inserting a heterolo 
gous foreign nucleic acid for easy quantitation of VRP titers. 

0147 SARS replicon constructs will be assembled as 
described, except that Not 1 sites will be encrypted at the 5' 
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end of Clone A and 3' end of Clone F. Following assembly, 
the DNA will be restricted with Not 1 and inserted into BAC 
vectors. This allows for BAC propagation in bacteria and 
circumvents tedious reconstructions of SARS replicon con 
structs. The stability of these BAC vectors will be evaluated 
by serial passage and sequence analysis. 
0148 Stable VRP Single Hit Expression Vectors. Suc 
cessful development of stable single hit SARS replicon 
vectors will be demonstrated by standard approaches. To 
titer VRP stocks, quantitative methods have been developed 
that rely on serial dilution and counting cells expressing 
nucleic acid encoding GFP or viral and heterologous anti 
gens by fluorescent antibody staining in a number of ran 
domly chosen but defined (um) fields. Titers are estimated 
by counting the number of fluorescent cells in a known area, 
statistically determining the mean and then adjusting for 
total area of the plate. Alternatively, viral VRP stocks can be 
quantified by endpoint PCR or quantitative PCR, potentially 
compromised by an unknown particle/PFU ratio. It is 
expected that the SARS M glycoprotein and E protein will 
be essential for assembly and release, based upon experience 
with TGEV. However, it has been suggested that SARS is 
more closely akin to the group II coronaviruses like MHV. 
so it is also possible that SARS E protein may be nones 
sential for packaging and release. 
0149. A number of VRP phenotypes will be analyzed. 
The SARS VRPs lacking E protein should be single hit 
vectors in VERO E6 cells, but should serially passage in 
VERO E6 cells expressing E in trans. Similarly, SARS 
VRPs lacking M glycoprotein should be packaged and 
released from VERO E6 cells expressing M, but not E. 
SARSVRP protein expression will be determined by West 
ern Blot assays, to determine if E or M excision alters 
expression levels of other SARS structural and nonstructural 
ORFs as compared with wild type. This will be accom 
plished with antiserum generated from the VEE VRPs 
inoculated into mice. GFP or luciferase expression will be 
measured by fluorescence and Western Blot assays, using 
commercially available antibodies and screens. The ability 
of different packaging cell lines (e.g., alphavirus vectored, 
CMV vectored) to support the production of high titered 
SARS VRPs will be compared. RNA recombination is 
always a concern with a vectored packaging cell lines, so 
progeny VRPs will be isolated and passaged several fold in 
a packaging cell line and passaged onto control cells lacking 
the appropriate structural protein in trans. 
0150 SARS-CoV Recombinant Protein Assays. Venezu 
elan equine encephalitis virus (VEE) is a member of the 
alphavirus genus of the family Togaviridae. The virus con 
sists of an icosahedral nucleocapsid composed of 240 copies 
of the capsid protein (C) surrounded by an envelope con 
taining spikes formed from two glycoproteins, E1 and E2. 
The VEE genome is a positive sense single stranded RNA of 
11.5 kb, which replicates through a minus Strand interme 
diate. A subgenomic 26S mRNA, transcribed from the 26S 
promoter resident internally on the minus Strand, encodes 
the structural proteins and is synthesized at ~10x molar 
excess relative to genome. Four nonstructural replicase 
proteins (insp1-4) mediate all transcription steps, which 
occur in the cell cytoplasm, and virus budding is at the 
plasma membrane. 
0151. The VEE genome, when introduced into a cell, can 
be viewed as a highly efficient machine for the production of 
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large amounts of its own structural proteins through the 
transcription of a Subgenomic mRNA encoding these pro 
teins. If a nucleic acid of interest is substituted for the 
structural protein genes, then the VEE replicative machine 
expresses high levels of that gene product. In the VEE 
replicon Vaccine vectors, an immunizing gene is substituted 
for the structural protein genes. Upon electroporation of 
replicon RNA into cells, the VEE replication machinery 
produces high levels of the subgenomic mRNA and vectored 
gene product. However, as the structural protein genes are 
not present in the replicon RNA, no new virus particles are 
released. One can package the replicon into “replicon par 
ticles' by Supplying the structural proteins in trans from 
helper RNAs. The replicase proteins encoded on the replicon 
RNA provide the machinery for replicating the helper 
RNAs, while the structural proteins encoded by the helpers 
encapsidate and envelope the replicon RNA. Only the rep 
licon RNA is packaged into VEE replicon particles (VRP), 
because only the replicon RNA contains the cis-acting 
packaging signal. When VRPs infect another cell, either in 
culture or in vivo, the replicon RNA synthesizes high levels 
of the gene product, but no new replicon particles are formed 
due the absence of the structural protein genes. Therefore, 
these vectors are not cell to cell transmitted. 

0152 Alphavirus Vectored Expression of Recombinant 
SARS-CoV Proteins. The SARSS, E, N, M, and the group 
specific ORFs were cloned into VEE and packaged into 
VRPs. Following infection with VRP-S and VRP-N, cul 
tures were radiolabeled with S-Met from 12-16 hrs post 
infection, resulting in the expression of a SARS ~46 kDa N 
protein and a ~177/205 kDa S glycoprotein. VRP-E and 
VRP-M also expressed appropriately sized products using 
these conditions. Various VRP-group specific ORFs have 
also been inoculated into mice and cells. These data Suggest 
1) VRP immunization induced significant antibodies to 
authentic S protein expressed from three different SARS 
isolates or with the rescued molecularly cloned icSARS 
CoV (Similar results have been obtained with VRP-E, 
VRP-M and VRP-N antiserum), 2) patient serum was reac 
tive with the S protein expressed by the VRPs and by 
icSARS-CoV, and 3) SARS ORF3a is immunogenic and 
detected by convalescent patient serum. The SARS-S gene, 
designed to produce either membrane-bound or secreted 
forms, is also available and antiserum against the group 
specific ORFs is being raised in mice. SARS-CoV PRNT 
titers were ~1:905 with VRP-S vs. <1:80 with VRP-HA (flu 
HA). 
0153 VEE replicon particles (VRPs) expressing the 
SARSS protein have been constructed and antigen derived 
from cells infected with these vectors was initially evaluated 
as a target for EIA assays. Vero cells were infected with 
VRP-SARS(S) at a MOI of 6.0 for 15 hours and the cells 
were lysed with 0.5% NP-40. The optimal antigen concen 
tration was found to be a 1:300 dilution. Using this assay, the 
human convalescent serum was shown to have an endpoint 
(the last dilution with an O.D. reading 20.200) anti-SARS 
virus IgG titer of 1:3200, while serum from two uninfected 
control individuals had titers of <1:200. Sera from mice that 
received a primary inoculation of VRP-SARS(S) in the rear 
footpads, followed by a boost at week 5 post primary 
inoculation, were evaluated at two weeks post boost and 
ranged from 1:1600 to 1:6400 (ave. =3300, n=12), while 
control animals that received VRP expressing the influenza 
virus A/PR/8 HA gene had titers of 1:100-1:200 (ave=150, 
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n=2). Similar assays were developed for other SARS struc 
tural protein, providing a unique panel of reagents to mea 
sure immune responses following SARS-CoV infection in 
rodents. 

0154) To perform CTL assays and other immunologic 
experiments, the SARSS and N proteins were inserted into 
vaccinia virus vectors. 

Example 3 

Deletion of SARS Virus Group Specific ORFs 
0155 The SARS virus genome encodes several group 
specific ORFs at the 3' end of the genome including ORFs 
3a/b (X1, X2), 6 (X3), 7a/b (X4), 8a/b (X5) and 9b. By 
analogy with other coronaviruses, it is believed that one or 
more of these group specific ORFs encode luxury functions 
that do not specifically contribute to virus replication in vitro 
but disable virus pathogenesis in vivo. This invention 
includes the systematic and combined deletion or knocking 
out of expression of these various ORFs and rescue of the 
molecularly cloned viruses containing these genetic lesions. 
All recombinant viruses are obtained following transfection 
in Vero cells similar to those certified for cultivation and 
production of human virus vaccines. 
0156 Protocols are carried out wherein the group specific 
nucleic acid sequences designated ORFs 3a/b, 6, 7a/b, 8 and 
9a are deleted. Initially, each of the ORFs is systematically 
deleted, either by deletion of individual ORFs (ORF3a-X1, 
ORF6-X3, ORF7a, ORF7b, ORF8a, ORF8b), entire TRS 
cistrons (e.g., ORF3a/b: ORF7a/b-X4: ORF8a/b-X5), or by 
mutations that specifically ablate ATG start codons and 
introduce premature stop codons in an overlapping gene 
(ORF3b-X2, ORF9b). For deletions, a particular gene and 
its corresponding CS site (when appropriate) is excised, and 
the flanking upstream and downstream ORFs seamlessly 
Stitched together. For example, two amplicons are isolated 
using primer pairs that are designed to contain external Bsal 
sites that are lost but leave complementary four nucleotide 
asymmetric sites that direct seamless ligation of the SARS 
CoVORF 6 and ORF 8 CS sites, simultaneously deleting the 
entire ORF 7a/b sequence. The ATG start is knocked out and 
a premature stop is inserted into ORF3a (X 1) and ORF6 
(X3) because virus phenotypes are not confounded by 
changes in transcription. 

0157 SARS-CoV from civet cats and human patients 
early in the epidemic contained a 29bp insertion in ORF8a/b 
that resulted in a single ORF 8 protein. As it has been 
suggested that this deletion may have enhanced SARS-CoV 
pathogenicity in humans and perhaps transmission, the Civet 
cat full length ORF8 by fusing ORF8a and 8b will be 
reconstructed by insertion of the 29 bp sequence identified 
in this virus, with the expectation that the addition of a 
full-length civet cat ORF8 will attenuate pathogenesis. 
0158. In mRNA3 transcripts encoding ORF 3a, ORF3b 

is encoded as an overlapping out of frame 124 amino acid 
ORF that cannot be deleted without removing a significant 
portion of ORF 3a. If both ORFs encode luxury functions in 
vitro, recombinant viruses lacking each ORF will be rescued 
separately. While deletion of ORF 3a is straightforward, 
ORF 3b also contains ten in frame ATG start codons, thus 
selective mutagenesis of ORF3b start codons will only 
N-terminally truncate ORF X3b (if internal ATGs translate 
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efficiently). Consequently, premature ORF3b stop codons 
will be introduced into the sequence: “7CAGTGTCA 
CAGAT to “CAGTGTGACAGAT. This alteration intro 
duces a stop codon that truncates ORF3b after 24 amino 
acids, but doesn't change the protein sequence of ORF3a. A 
global approach is to combine this termination codon with 
additional mutations that destroy the ORF3b ATG start 
codon at residues 1 and 2, but leave the ORF 3a amino acid 
sequence intact. Changes will be introduced into the SARS 
CoV F subclone, which will be re-sequenced and then 
reassembled into full-length cDNAs. A similar strategy will 
be used to knockout ORF9b in mRNA9, which also encodes 
the N protein (ORF9a). Following in vitro transcription, 
full-length transcripts will be mixed with N transcripts (to 
enhance infectivity), introduced into cells by electropora 
tion. Rescued viruses will be quantified by plaque assay. 
0159) Deletion of SARS-CoV Group Specific Genes. The 
SARS-CoV ORF3a (X 1), ORF 6 (X3) and ORF 7a/b (X4) 
domains have been deleted and recombinant viruses have 
been isolated that replicated in Vero cells. Moreover, 
ORF7a/b has been replaced with luciferase under control of 
the 7a?b TRS and is expressed in icSARS-CoVAX4 infected 
cells. Following transfection, leader containing transcripts 
were identified, and ORF3a/ORF6/ORF 7a/b deletions were 
confirmed by RT-PCR and sequencing. Passage of progeny 
virions revealed abundant viral protein expression in 
icSARS-CoV, icSARS-CoV AX3 and AX4-infected cul 
tures, although protein expression in icSARS-CoV AX1 
infected cultures was less robust. At this time it is not 
possible to determine if this reflected a lower initial trans 
fection efficiency or lower rates of virus replication. The 
SARS-CoV X1 and X3 ORFs encode interferon antagonist 
genes. It seems likely that virus growth might be boosted in 
certain cell types by providing IFN antagonist genes in trans, 
should the AX1 molecularly cloned variant be highly attenu 
ated in replication. Based on findings with other highly 
pathogenic viruses, the deletion of IFN antagonists should 
attenuate virus replication and pathogenesis in vitro. More 
importantly, the data demonstrate the feasibility of using 1) 
the SARS-CoV cDNA reverse genetics to modify the SARS 
CoV genome, 2) that several group specific genes of SARS 
CoV encode luxury functions for in vitro growth (ORF3a, 
ORF3b, ORF6 and ORF7a and ORF7b) and 3) it can be 
determined if deletion of SARS-CoV IFN antagonist genes 
and group specific genes attenuate pathogenesis in vivo in 
the mouse, ferret and eventually primate model for SARS 
CoV pathogenesis. Deletion of ORF3a/b (X1 and X2 pro 
tein) also results in the rescue of viable progeny viruses, 
Supporting the notion that deletion of multiple accessory 
(group specific) ORFs still allow for the recovery of robust 
viruses. All deletion mutants tested replicate to titers in 
excess of 107 PFU/ml in 32 hrs. We have also produced a 
SARS-CoV isolate expressing GFP from the ORF7a/b loca 
tion. Recombinant viruses encoding either the Luciferase or 
GFP indicator molecules provide a rapid screen for identi 
fying compounds that block SARS-CoV replication and 
gene expression. Reduced expression of either luciferase or 
GFP in the presence of drug allows for rapid identification 
of compounds with antiviral activity. 
0160 SARS-CoV Minimal Genome Recombinants/Mul 
tiple Accessory Gene Knockouts. In addition to deleting 
each of the group specific ORFs, the nonessential ORFs can 
be deleted in combination. The goal is to produce a minimal 
SARS genome lacking as many of the group specific ORFs 



US 2006/0240530 A1 

as possible (SARS A3a/b, 6, 7a/b, 8a/b), while retaining 
adequate levels of virus replication in vitro. In the case of 
MHV, deletion of group specific ORFs significantly attenu 
ated MHV pathogenesis in mice and recombinants lacking 
combinations of group specific genes were generally more 
attenuated than isolates lacking a single group specific ORF, 
but not always. No experiments were conducted to deter 
mine if mutant-infected animals were protected against wild 
type challenge. 

0161 All TGEV and MHV group specific ORFs were 
nonessential for in vitro replication and at least ORF3a (X 1), 
ORF3a/3b (X1/X2), ORF6 (X3) and ORF7a/b (X4) are 
nonessential for SARS-CoV replication. Thus, most, if not 
all, of the SARS virus group specific ORFs are believed to 
be capable of being deleted, resulting in a minimal genome 
that should be attenuated in vivo. Following mutagenesis of 
the SARS F subclone, assembly of the cDNAs and elec 
troporation of transcripts, recombinants will be rescued from 
transfected cultures. 

0162. Other attenuating mutations. Mutations can be 
inserted virtually anywhere in the SARS-CoV genome 
including the replicase, the replicase ribosome frame shift 
ing site, 5' and 3' transcriptional regulatory sequences, and 
alterations in the SARS-CoV structural genes as examples. 
0163 Characterization of Rescued Viruses. Rescued 
viruses will be harvested between 24 to 36 hrs post trans 
fection and plaque purified prior to isolating low passage 
stocks in Vero E6 cells. During production of the recombi 
nant virus stocks, passage numbers will be kept to a mini 
mum so that potential 2" site compensatory changes that 
restore virus replication and fitness do not have time to 
evolve and severely complicate an accurate interpretation of 
the effects of particular changes on SARS replication fitness. 
0164 Genotype Analysis. Plaque purified molecularly 
cloned viruses will be inoculated into Vero E6 cells and 
intracellular RNA isolated using Trizol reagents. Using 
RT-PCR and primer-pairs that flank the various group spe 
cific ORFs, the presence or absence of group specific ORFs 
will be determined in recombinant viruses by size analysis 
of PCR product and by sequence analysis of amplicons. The 
S gene through the 3' end of the genome will also be cloned 
and sequenced to identify potential 2" site alterations that 
may have evolved in response to group specific gene dele 
tion. As the gene order has been restructured by deleting 
various group specific ORFs, it is possible that these rear 
rangements may restructure TRS networks and the function 
of individual CS sites involved in the synthesis of a par 
ticular Subgenomic transcript (most likely a gene upstream 
or downstream of the deleted ORF). To determine if sub 
genomic RNA synthesis originated from the appropriate CS 
sites, leader containing amplicons that flank the various 
group specific ORF deletions will be RT-PCR cloned and 
sequenced. 
0165 Phenotype Analysis. There are no precise in vitro 
correlates to in vivo SARS pathogenesis, so a variety of 
phenotypic characteristics will be measured to provide a 
global view of rescued-virus fitness in cell culture. Virus 
growth will be evaluated in culture, as well as plaque 
morphology. Rescued molecularly cloned viruses will be 
analyzed for SARS protein expression by immunoprecipi 
tation or Western blots using antiserum from mice inocu 
lated with alphavirus VRPs encoding the various SARS 
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virus structural and group specific ORFs. By immunoblot, 
the expression of the structural and various group specific 
nonstructural proteins that are produced following gene 
deletion will be measured. Northern Blot analysis will be 
used to identify the viral mRNAs and determine if selected 
gene deletion(s) alter the molar ratio of the upstream and 
downstream viral-mRNAs. In selected instances, cultures 
will be radiolabeled with H-uridine and the labeling kinet 
ics of viral mRNAs and replicative forms RNAs analyzed. 
These experiments will also determine 1) deletion effects on 
RNA expression patterns, and 2) deletion effects on relative 
molar ratios of mRNA. These experiments will also deter 
mine if full length and Subgenomic length replicative form 
RNAs are present in SARS virus infected cells, as shown 
with other group I and II coronaviruses. 
0166 Stability of Rescued Virus with Passage: Compen 
satory Evolution. TGEV deletion and gene rearranged 
viruses have been shown to rapidly evolve 2" site compen 
satory changes that restore virus growth fitness in vitro. It is 
believed that the 2" site changes will subtly alter coronavi 
rus gene networks and protein-protein interactions to restore 
virus growth in vitro, yet enhance attenuation in animal 
models by Subtly changing the affinity of these highly 
orchestrated interactions that influence replication in the 
human host. To test this hypothesis, the most debilitated 
rescued viruses that have deletions in one or more group 
specific ORFs will be tested. Recombinant viruses will be 
inoculated onto Vero E6 cells and progeny viruses passaged 
into fresh cultures at 24 hrs intervals. After 15-20 passages, 
progeny virus will be plaque purified and compared to wild 
type virus by growth curves and gene expression patterns. 
The corresponding SARS E and F genome fragments will be 
cloned and sequenced. Consensus SARS E and F subclones 
will be assembled into the full length cDNA to identify the 
exact 2" site mutations that restore replication fitness. In the 
case of multiple alterations, the mutation that confers the 
strongest fitness recovery phenotype will be tracked. 
Although replicase mutations may also restore growth, 
preliminary data Suggests that most of the compensatory 
changes will cluster at the 3' end of the genome. 
0.167 Rewiring the Coronavirus Genome. Mutation in 
the SARS Transcription Regulatory Sequence Attenuates 
Replication and Recombination. Live virus vaccine devel 
opment provides an approach for identifying virulence alle 
les and pathogenic determinants, providing a template our 
understanding viral pathogenesis. Live viruses that lack 
several of the SARS-CoV group specific ORFs have been 
rescued, and are being tested for whether such viruses are 
attenuated. 

0.168. The coronavirus TRS includes the highly con 
served CS and flanking sequences, which regulate the effi 
ciency of coronavirus transcription. It is believed that 1) 
mutations in the leader and body CS will attenuate SARS 
CoV gene expression, and 2) SARS-CoV CS regulatory 
networks can be rewired, making these rescued viruses 
highly resistant to RNA recombination repair at the 3' end of 
the genome. The goal is to develop viruses that have 
significantly different TRS regulatory networks that upon 
recombination create incompatibility networks that disrupt 
expression of subgenomic mRNAs. These “rewired SARS 
CoV will be highly resistant to recombination repair from 
wild type viruses and other coronaviruses. These experi 
ments will enhance the feasibility of safe SARS-CoV attenu 
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ated seed stocks for killed vaccines and serve as a model for 
engineering recombination resistant viruses. 
0169 Leader/body CS Compensatory Mutations. Previ 
ous studies with arteriviruses and TGEV indicated that 
mutations in the leader CS globally suppress transcription of 
all Subgenomic mRNAS, unless the corresponding mutations 
are also duplicated into the body CS. Rewiring the Nidovirus 
transcription regulatory network provides a novel approach 
to selectively attenuate gene expression of certain genes 
while maintaining efficient expression of other genes. The 
current hypothesis is that the actual CS sequence is not so 
critical, the major factor being that CS sites must allow for 
communication via efficient base-pairing for discontinuous 
transcription of subgenomic RNAs. It is believed that double 
and triple compensatory mutations in the leader/body CS 
will allow for viable viruses with robust gene expression, but 
be highly resistant to recombination repair. 

0170 Selected mutations (CS mutations 1 and 2) will be 
inserted into the 5' leader CS and body CS of the N structural 
gene (Tables 1 and 2), in essence producing SARS-CoV 
single hit replicon RNAs as described herein. NCS sites are 
targeted initially, as N Subgenomic transcripts are closest to 
the 3' end of the genome and expressed most abundantly, 
providing a reliable signal for detection. N transcript expres 
sion from single hit TGEV replicons has been detected under 
similar conditions. The CS mutational spectra were chosen 
as: 1) the sequence is unique in the SARS-CoV genome and 
2) it differs from CS sites present in other group I-III 
coronaviruses. Cultures will be transfected with recombi 
nant virus RNA genomes and Subgenomic transcription will 
be measured by quantitative RT-PCR using primers in the 
leader sequence and the body sequence of several structural 
genes, including N and genomic RNA. It is expected that 
robust N transcript expression will be demonstrated, with 
little if any expression of other subgenomic mRNAs. It may 
prove necessary to test other potential leader/body CS 
sequences that effectively optimize Subgenomic expression 
of N, but not the other SARS-CoV transcripts. This will be 
tested empirically should the initial mutations prove unsat 
isfactory for driving mRNA expression (as determined by 
the relative ratio of genome to mRNA expression). 

0171 Using the most robust CS sites identified in the 
initial experiment, the remainder of the SARS-CoV CS sites 
will be converted to the new consensus sequence. Recom 
binant viruses (csSARS-CoV) will be assembled and tran 
scripts electroporated into cells. Such viruses will be viable 
in culture and should express normal ratios of mRNA, RF 
RNA and protein. 

0172 At 24-36 hrs post transfection, rescued viruses will 
be plaque purified and stocks grown in Vero E6 cells as 
previously described. Virus passage will be minimized to 
prevent the emergence of 2" site compensatory changes that 
restore virus growth fitness in culture. If recombinant 
viruses grow inefficiently, virus will be passaged 15-20x and 
mutants with increased growth kinetics and gene expression 
patterns will be identified by comparison with wild type 
(e.g., growth curves, structural protein expression, and 
northern blots). Given that reversion to wild type sequence 
in the leader/body CS sites is unlikely because of the 
requirement for multiple mutations (~18-27 changes in total 
genome CS sites), revertants will likely contain compensa 
tory changes that reside in replicase proteins that interact 
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with SARS-CoV TRS sites or in the flanking TRS sites that 
regulate discontinuous transcription (less likely as several 
would be required). These will be identified by sequence 
analysis followed by reintroduction of specific mutations 
into the full length cDNA construct. 
0173 Genotype Analysis. Plaque purified molecularly 
cloned viruses will be inoculated onto Vero E6 cells and 
intracellular RNA isolated using Trizol reagents. Using 
RT-PCR and primer-pairs that flank selected leader and body 
TRS mutations, amplicons will be sequenced to confirm that 
rescued viruses contain the expected alterations. Using RT 
PCR, leader-containing amplicons representing each of the 
downstream transcripts that are synthesized during infection 
will also be cloned and sequenced. However, it is possible 
that altered CS mutants might initiate Subgenomic tran 
Scripts from noncanonical sites. Any such aberrant leader 
containing amplicons will be identified by sequencing. 
Depending upon the level of expression, the aberrant CS 
sequence in newly emerged TRS sites will be mutated to 
knock out indiscriminant Subgenomic transcription. 
0.174 Phenotype Analysis. Virus growth will be evalu 
ated in culture and by plaque morphology. Rescued molecu 
larly cloned viruses will be analyzed for SARS protein 
expression by Western Blot using antiserum from mice 
inoculated with alphavirus replicon particles encoding the 
various SARS structural and selected group specific ORFs. 
The ratios of structural proteins that are expressed in the 
rescued viruses will be determined by Western blot. North 
ern blot analysis will be used to identify the viral mRNAs 
and determine if selected TRS mutations alter the molar ratio 
of the upstream and downstream Subgenomic viral mRNAS 
or the emergence of additional transcripts originating from 
newly recognized body CS sites. In selected instances, 
cultures will be radiolabeled with H-uridine and the label 
ing kinetics of viral mRNAs and replicative form RNAs will 
be analyzed. 

0175 New CS sites will be demonstrated to be stable in 
the SARS-CoV genome and allow for efficient gene expres 
sion and virus growth. The stability of selected mutants will 
be determined by serial passage in Vero E6 cells with 
particular focus on: 1) stability of leader/body CS sites and 
the evolution of group specific gene expression, and 2) 
mechanisms of fitness recovery. Putative compensatory 
mutations that restore virus replication fitness will be rein 
troduced into the full-length construct to prove causality 
between particular alterations, growth recovery and 
enhanced gene expression. 

0176 RNA Recombination with wild type SARS-CoV. 
Several approaches will be used to test whether “re-net 
worked SARS-CoV can recombine efficiently with wild 
type SARS-CoV. In one approach, select wild type CS sites 
will be introduced back into the SARS-CoV re-networked 
genome. For example, the MCS site will be altered back to 
“ACGAAC’ and a determination will be made regarding 
whether viable recombinant viruses can be isolated. As the 
M glycoprotein is essential for growth, this is a strong 
selective screen for viability. It is anticipated that such 
viruses will grow poorly and require passage for selection of 
compensatory changes that reestablish growth. Such 
changes would likely evolve within the CS site, given only 
1 or 2 mutations might be required to restore functionality of 
the body CS. In a second approach, a theoretical single 
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crossover recombinant virus that contains the “mutated 
leader CS will be coupled with all 3' end CS sites derived 
from the wild type virus. Reflecting what would happen if a 
recombination event occurred in the replicase of a “re 
networked virus and wild type virus, it will be determined 
if the engineered leader CS site will communicate and drive 
Subgenomic transcripts from a wild type 3' end genome. It 
is anticipated that such viruses would be heavily impaired 
and that Subgenomic transcription might occur from nonca 
nonical sites. Subgenomic transcription will be measured by 
quantitative RT-PCR using primer sets in the leader 
sequence and in various structural genes. Transfected cul 
tures and supernatants will be passaged (15-20x) to allow for 
the emergence of revertants that will be analyzed as 
described herein. Reversion, if it occurs, would likely occur 
through the emergence of one or more mutations in the 
leader CS. In a third approach, as in the second approach, a 
similar experiment will be performed, but in this instance, 
the 3' end of the re-networked SARS-CoV genome will be 
replaced with the 3' end of MHV (S through N). In one 
construct, the 3'-most ~500 nucleotides of the SARS-CoV 
genome that might contain cis-acting sequences needed for 
replication will be maintained and in a second construct, the 
entire SARS-CoV N gene and CS site will be included. In 
essence, a potential double recombinant genome will be 
generated that might occur between another group II coro 
navirus and SARS-CoV. Such viruses are not anticipated to 
be viable because of communication problems between the 
SARS-CoV replicase and the leader/body CS sites and 
potential encapsidation sequence problems associated with 
an MHV N protein (construct 1). In the second construct, the 
N protein will be derived from SARS-CoV but it must 
communicate with the MHV M, E and S proteins to mediate 
assembly of infectious virus, which is not likely. 

0177. Other rewiring approaches to prevent recombina 
tion repair of live attenuated viruses: Other approaches to 
produce recombination resistant viruses include: 1) reposi 
tioning the SARS-CoV encapsidation sequence to different 
locations in the genome, 2) rewiring the replicase protein 
cleavage sites to a different recognition sequence, 3) reor 
ganizing the SARS-CoV gene order and 4) any other meth 
ods that establish genome incompatibilities following 
recombination with any other circulating human Strain. 

Example 4 

SARS Virus Gene Order Rearrangement 

0178 Because N gene rearrangements are well tolerated 
in the group I and II coronavirus genomes, in initial studies, 
the N gene position will be moved to new sites immediately 
downstream (SARS SNEM) and upstream of S (SARS 
NSEM). Second generation constructs will include rear 
rangement of ORF7 or 8, the N gene upstream of S (SARS 
7/8NSEM6) and an E protein/M glycoprotein reposition 
upstream of S as well (SARS EMSN). The SARS S glyco 
protein will also be repositioned to the 3' proximal location 
(SARS EMNS). The putative IFN antagonist genes encoded 
in ORF3a and ORF6 will also be repositioned, potentially 
altering levels of gene expression and activity. Depending 
upon the outcome of these experiments, more radical rear 
rangements may be performed in which multiple genes are 
repositioned to multiple sites. Care will be taken to maintain 
tight genetic juxtaposition and the appropriate TRS control 
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such that rearranged genes will use their normal CS site for 
expression of Subgenomic mRNAs. After introducing these 
rearrangements into the SARS F Subclone, sequence analy 
sis will be used to identify the consensus cDNA used in the 
assembly of full length SARS cDNAs. Molecularly cloned 
viruses will be rescued as described. Any number of rear 
ranged SARS-CoV genomes can be built using the molecu 
lar clone or any other method to alter the 3' end of the 
SARS-CoV genome. Gene order rearranged viruses should 
be significantly resistant to recombination repair. 
0.179 Phenotype and Genotype Analysis of Rescued 
Viruses. Rescued viruses will be isolated between 24-36 hrs 
post transfection, plaque purified and stocks grown in Vero 
E6 cells as previously described. Virus passage will be 
minimized to prevent the emergence of mutations that 
restore growth fitness in culture. 
0180 Genotype Analysis. Plaque purified molecularly 
cloned viruses will be inoculated into Vero E6 cells and 
intracellular RNA isolated using Trizol reagents. Using 
RT-PCR and primer-pairs that flank the newly rearranged 
genes, the presence of the mutant gene order in rescued 
viruses will be demonstrated. The amplicons will be 
sequenced to confirm the expected gene rearrangements. As 
rearrangements may alter expression of flanking genes, 
leader-containing amplicons will be RT-PCR cloned and 
sequenced to determine if Subgenomic RNA synthesis has 
originated from appropriate CS sites. 
0181 Phenotype Analysis. Virus growth will be evalu 
ated in culture and by plaque morphology. Rescued molecu 
larly cloned viruses will be analyzed for SARS protein 
production by Western Blot using antiserum from mice 
inoculated with VRPs encoding the various SARS virus 
structural proteins and group specific ORFs. By Western 
Blot or immunoprecipitation with S-methionine labeled 
cell extracts, the expression of the structural and various 
group specific nonstructural proteins that are expressed 
following gene rearrangement will be measured. Northern 
Blot analysis will be used to identify the viral mRNAs and 
determine if selected gene rearrangements alter the molar 
ratio of the upstream and downstream viral mRNAs. In 
selected instances, cultures will be radiolabeled with 
H-Uridine and the kinetics of viral mRNA and replicative 
forms (RF) RNA synthesis will be analyzed. These experi 
ments will allow for the determination of 1) whether full 
length and subgenomic length RF RNAs are present in 
SARS-CoV infected cells, 2) effects of reorganization on 
RNA expression, and 3) reorganization effects on relative 
molar ratios of mRNA and RF RNA. 

0182 Stability and Recombination Repair. Compensa 
tory Evolution. Recombinants will be inoculated into Vero 
E6 cells and progeny viruses passaged into fresh cultures at 
24 hrs postinfection. After 15-20 passages, growth curves 
and plaque size will be compared to wild type virus. Then, 
consensus SARS E and F subclones that contain mutations 
of interest will be reintroduced back into the full length 
cDNA to identify 2" site mutations that restore replication 
fitness in the rearranged viruses. 
0183 RNA Recombination Repair: Gene order rear 
ranged viruses are expected to be highly stable and several 
fold more resistant to RNA recombination repair by wild 
type viruses. Using SARS NSEM and SARS wild type as an 
example, it is noted that most recombination events origi 



US 2006/0240530 A1 

nating from SARS NSEM to SARS wild type will result in 
an N gene deletion, a lethal event which reduces the recom 
bination frequency by one-half. In contrast, recombination 
events originating from SARS wild type to SARS NSEM 
will predominantly lead to recombinant genomes containing 
two copies of N, which at least in the case of TGEV reduces 
replication fitness by about 1 log of titer. Only recombina 
tion events occurring within the pol genes of both viruses 
will reconstruct wild type virus, hardly a significant problem 
as it would only add to the wild type virus burden already 
present. Consequently, it is expected that gene order rear 
rangements will attenuate RNA recombination repair to give 
wild type genomes. In the absence of wild type virus, it is 
highly unlikely that RNA recombination can restore the gene 
order of SARS NSEM. This is because several recombina 
tion events are necessary, including duplication of the N 
gene at the 3' end of the genome (a double recombination 
event), followed by deletion of N from the upstream posi 
tion. 

0184 To test this hypothesis, two approaches will be 
used. In the first approach, cultures of cells will be coin 
fected with selected gene order rearranged viruses (SARS 
SNEM) and SARS wild type virus containing a deletion in 
the SCS and N-terminal S protein sequence and a GFP 
indicator. This genome should replicate but result in nonin 
fectious virus particles lacking S. Rescue of the genome can 
occur by recombination or by phenotypic mixing of S 
glycoprotein provided by SARS SNEM in trans. The basic 
approach is to transfect with SARS AS and then infect with 
SARS SNEM at a MOI of 2 and passage progeny 3x (at high 
MOI-SARS AS should passage if S provided in trans). 
Using quantitative RT-PCR and primer pairs spanning the 
N/adjacent gene (SARS SNEM would be N/ORF3a; SARS 
wild type would be ORF8/N), virions will be harvested from 
Supernatants at each passage, concentrated through gradi 
ents, and titered by plaque assay and quantitative RT-PCR 
using primer sets that detect SARS SNEM, SARS wild type 
and SARS SNEMN recombinant viruses. Green plaques 
(3x) can also be plaque-purified and the genotype of recom 
binant viruses characterized. In the second approach, a 
SARS 2N virus (the progeny of a wild typexSNEM recom 
bination event) is constructed, which is expected to be 
replication impaired as compared to wild type. 

Example 5 

Remodeling SARS-CoV Genome Regulatory 
Networks Obstructs RNA Recombination 

0185 Live virus vaccines are a crucial intervention strat 
egy documented to improve the overall health of commu 
nities because they have induced long-term immune 
responses that protect against a variety of highly pathogenic 
human and animal pathogens over the past century. Con 
cerns regarding reversion to virulence by mutation and 
recombination, coupled with the associated challenges in 
commercially developing these vaccines, have diminished 
the appeal of using live virus vaccines in human and animal 
populations. The dichotomy between the well known pro 
tective efficacy and costs and risks of developing live virus 
vaccines has been recognized as one of the grand challenges 
in global health by the National Foundation for Infectious 
Diseases, calling for the development of new methods to 
stabilize and prevent reversion or recombination repair of 
attenuating alleles in live virus vaccines. 
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0186 SARS-CoV was recognized as a highly pathogenic 
respiratory human pathogen that emerged suddenly and 
subsequently spread worldwide during the first few months 
of 2003. By the end of the outbreak, over 8,000 people had 
been infected, resulting in some 800 deaths worldwide. 
Demonstration of Zoonotic forms of the SARS-CoV, both in 
farm animals and in bat populations, dictate a need for 
continued surveillance and the development of efficacious 
vaccines and therapeutics targeted to prevent reemergence 
and spread of this important human pathogen. SARS-CoV is 
an excellent model system for coronavirus vaccine devel 
opment as this pathogen replicates efficiently in a variety of 
animal models, it is highly pathogenic in its normal host, the 
genome is well characterized, a reverse genetic system exists 
to manipulate the genome (49), and other important coro 
naviruses have been identified that cause significant diseases 
in human and in animal populations. 
0187. The SARS-CoV virion contains a single-stranded 
positive polarity 29,700 nucleotide RNA genome bound by 
the nucleocapsid protein, N. The capsid is Surrounded by a 
lipid bilayer containing at least four structural proteins, 
designated S, ORF3a, M and E. The SARS-CoV genome 
contains nine open reading frames (ORFs), the first of which 
encodes the viral replicase proteins required for Subgenomic 
and genome length RNA synthesis. ORFs 2-8 are encoded in 
eight subgenomic mRNAs synthesized as a nested set of 3' 
co-terminal molecules in which the leader RNA sequences, 
encoded at the 5' end of the genome, are joined to body 
sequences at distinct transcription regulatory sequences 
(TRS) which contains a highly conserved consensus 
sequence (CS), ACGAAC (SEQ ID NO: ) in SARS 
CoV and ACTAAAC (SEQ ID NO: ) in other group 
II coronaviruses, respectively. Based on studies with other 
coronaviruses, SARS-CoV likely uses transcription attenu 
ation to synthesize both full length and Subgenomic length 
negative strand RNAS containing antileader sequences, 
which then function as the templates for the synthesis of 
like-sized mRNAs (44, 47, 48). It has been well established 
that alterations in body TRS sequences attenuate expression 
of individual subgenomic mRNAs while alterations in the 
leader TRS globally impact the synthesis of all subgenomic 
mRNAs. Interspaced among the SARS-CoV structural 
genes are the accessory or group specific genes, ORF3a/b, 
ORF6, ORF7a/b, ORF8a/b and ORF9b, which are not 
conserved in other coronaviruses and whose function in 
replication and pathogenesis are generally unknown. Group 
specific ORFs encoded in the SARS-CoV, mouse hepatitis 
virus (MHV), feline infectious peritonitis virus (FIPV) and 
transmissible gastroenteritis virus (TGEV) genome often 
encode luxury functions for replication in vitro, but may 
attenuate virulence in vivo (22,46, 51). The exact functions 
of the SARS-CoV group specific ORFs are unclear in 
replication and pathogenesis. Importantly, coronaviruses 
undergo RNA recombination events at high frequency, pre 
Sumably because of the large size of the genome, the 
presence of transcriptionally active full length and Subge 
nomic length templates and a transcription strategy that 
requires disassociation/reassociation with template strands. 
0188 In the present invention, the SARS-CoV transcrip 
tion network has been globally remodeled by engineering a 
novel six nucleotide TRS domain that is not present in the 
genome of SARS-CoV or any other known coronavirus. 
Studies described herein demonstrate that the recombinant 
virus, icSARS-CRG, replicates efficiently in cell culture and 
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expressed normal levels of the expected complement of 
subgenomic mRNAs that encoded both structural and non 
structural proteins. A second recombinant virus, icSARS 
PRG, containing a new TRS network that regulated expres 
sion of the genome length RNA as well as the Subgenomic 
RNAs encoding essential structural proteins, but not the 
group specific ORFs 3a/b, ORF6, ORF7a/b and ORF8a/b, 
also replicated efficiently, demonstrating that the group 
specific ORFs were not essential for in vitro and in vivo 
replication. In contrast, chimeras containing a mixture of 
natural and rewired TRS networks that influenced essential 
gene expression were lethal. This is the first example of 
Successfully designing new regulatory circuits into the 
genome of a mammalian virus. These studies serve as a 
paradigm for designing unique networks of interacting alle 
les that function as lethal genetic traps following RNA 
recombination with wild type viruses. 
0189 Viruses and Cells. The Urbani and icSARS strains 
of SARS-CoV (AY278741), icSARS-CoV Luc, icSARS 
CoV Luc1, icSARS-CoV Luc-2 and the icSARS-CRG and 
PRG recombinant viruses were propagated on VeroE6 cells 
in Eagle's MEM supplemented with 10% fetal calf serum, 
kanamycin (0.25 ug/ml) and gentamycin (0.05ug/ml) at 37° 
C. in a humidified CO incubator. For virus growth, cultures 
of VeroE6 cells were infected at a multiplicity of infection 
(MOI) of 0.1 PFU for 1 hr, the monolayer washed 2x with 
2 mls of PBS and overlaid with complete MEM. Virus 
samples were harvested at different times post infection and 
titered by plaque assay in 60 mm dishes. Plaques were 
visualized by neutral red staining and counted at 48 hrs. All 
virus work was performed in a biological safety cabinet in 
a biosafety level 3 laboratory containing redundant exhaust 
fans. Personnel were double-gloved and dressed in TYVEK 
suits with full hoods and face shields. Powered air purifying 
respirators (PAPR) with high efficiency particulate air 
(HEPA) and organic vapor filters were used to provide 
positive pressure environment within the hoods. 
0190. Construction of Renilla Luciferase encoding 
SARS-CoV Recombinant Clones. Plasmid DNAS were 
amplified in One Shot(R) Top 10 chemically competent cells 
(Invitrogen) and purified with the QIAPREP miniprep kit 
(Qiagen Inc., Valencia, Calif.). All restriction enzymes were 
purchased from New England BioLabs (NEB, Beverly, 
Mass.) and used according to manufacture’s instructions. 
DNA fragments were isolated from 1.0% agarose gels with 
the QIAQUICK gel extraction kit (Qiagen Inc.). All DNA 
was visualized using DARKREADER technology (Clare 
Chemical Research, Denver, Colo.) to prevent UV-induced 
damage that potentially could affect efficacy of assembly at 
later stages, such as transcription. The six subgenomic 
cDNA clones (A to F) that include the entire ic SARS 
genome when combined were isolated using known molecu 
lar techniques. ORF 7a/b is located within cDNA F, nucle 
otides 27273-27772. The Renilla luciferase gene was 
inserted to replace ORF 7a/b. 
0191 Mutations were introduced to the TRS site by 

utilizing the no seem strategy. Three primer sets were 
designed to amplify three cDNA fragments. A forward 
primer (Ppum3: 5'-GCTGTGACATTAAGGACCTGC 
CAAAAG-3'; SEQ ID NO: ) extending from the 
PpumI site was used concurrently with a reverse primer 
(3MUT3: 5'-AGGTGCACCTGCAGCCATTTTAATT 
TATCCGGTTTATGGATA-3'; SEQ ID NO: O 
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2MUT3: 5'-AGGTGCACCTGCAGCCATTTTAATT 
TATCCGTTTTATGGATA-3'; SEQ ID NO: ) ending 
at the ORF 7a/b TRS site, which included the appropriate 
TRS mutations and the outside cutter restriction site for Aar 
(Fermentas). This resulted in Amplicon 1 (TRS2), by PCR, 
with three mutations (CCGGAT: SEQID NO: ) in the 
TRS site and Amplicon 2 (TRS1), with two mutations 
(ACGGAT (SEQ ID NO: ) in the TRS site. The third 
amplicon was created using a forward primer (3MUT5: 
5'-GGTGCACCTGCAAATAAATGGCTTCCA-3'; SEQ ID 
NO: ) that overlapped with the previously mentioned 
Aarl site designed into AMP1 and AMP2. The reverse 
primer (PacI3: 5'-TAAAGTGAGCTCTTAATTAATTACT 
GCTCG-3'; SEQID NO: ) ended at the downstream 
PacI site. This created, by PCR techniques, Amplicon 3 
(AMP3). Each amplicon was digested with the appropriate 
restriction enzyme cocktail: AMP1 and AMP2-PpumI/Aar 
and AMP3-Aarl/PacI. AMP1 and AMP2 were separately 
ligated to AMP3 for a 1.34 kb clNA fragment that was 
subsequently cloned into pTOPO PCR-XL plasmid (Invit 
rogen). The ic SARS wild type luciferase (icSARS wt-Luc) 
construct and the new mutated clones were digested with 
PpuMI and PacI and the 7.91 kb band of the icSARS wt-Luc 
and the 1.34 kb band of the mutated clones were gel purified 
and ligated overnight at 4°C. in the presence of 1% T4DNA 
Ligase (NEB). Clones with the correct mutations were 
verified by DNA sequencing with an automated sequencer 
(UNC-CH Genome Analysis Facility). 

0192 Construction of SARS Plasmids Containing 
Mutated Leader and Intergenic Sequences. To create a leader 
with the consensus sequence CCGGAT (SEQ ID 
NO: ), the SARS A plasmid was PCR amplified with 
primer set M13R3 (CAGGAAACAGCTATGAC; SEQ ID 
NO: ) and Mul1-(AAAATCCGGTTAGAGAACA 
GATCTACAAGAG: SEQ ID NO: ) or Mul1 + 
(CTAACCGGATTTTAAAATCTGTGTAGCTGTC: SEQ 
ID NO: ) and SARS 453-(ATAGGGCTGT 
TCAAGCTGGGG: SEQ ID. NO: ). The resulting 
fragments were combined in an overlapping PCR reaction to 
create an approximately 620 bp product that was Subse 
quently cloned and sequenced. A plasmid containing the 
appropriate changes was digested with restriction enzymes 
Mlul and Avril and this fragment was used to replace the 
same fragment from the SARS A plasmid. Further sequenc 
ing of this plasmid confirmed that it was identical to the 
SARSA plasmid except for the altered leader. To mutate the 
spike (S) gene TRS, the SARS E fragment was PCR 
amplified with either primer set SARS #37 (TGCTG 
GCTCTGATAAAGGAG: SEQ ID NO: ) and MuS 
gene-(NNNCACCTGCACATATCCGGTTAGTTGT 
TAACAAGAATATCAC (SEQ ID NO: ) or 
MuSgene+(NNNCACCTGCAACCGGATATGTT 
TATTTTCTTATTATTTCTTACTCTC; SEQ ID 
NO: ) and #10AgeI-(CATCAAGCGAAAAGGCAT 
CAG: SEQID NO: ). These fragments were digested 
with restriction enzyme Aar, ligated and Subcloned. A 
consensus clone with the desired changes, was digested with 
BSmBI and Age, and used to replace the corresponding 
fragment in the SARSE plasmid. Next, the SARSF plasmid 
was PCR amplified with the following sets of primers: 
SARS #44 (TGATCCTCTGCAACCTGAGC (SEQ ID 
NO: ) and MuEgene-(NNNCACCTGCATAAATC 
CGGACTCACTTTCTTGTGCTTAC: SEQ ID 
NO: ); MuEgene+(NNNCACCTGCGTCCGGATT 
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TATGTACTCATTCGTTTCGG, SEQ ID NO: ) and 
MuMgene-(NNNCACCTGCAATAGTTAATCCGGTTA 
GACCAGAAGATCAGGAAC; SEQ ID NO: ); and 
MuMgene+(NNNCACCTGCGGATTAACTATTATTAT 
TATTCTGTTTGG: SEQID NO: ) and 28033-(TAC 
CAACACCTAGCTATAAGC: SEQ ID NO: ). The 
three fragments were digested with the restriction enzyme 
Aar, directionally ligated and Subcloned. A clone, contain 
ing the new consensus sequence CCGGAT (SEQ ID 
NO: ) for the E and M genes, was digested with Swal 
and Ndel and this fragment was inserted into the SARS F 
plasmid that had been identically digested. The resulting 
plasmid was designated FmuEandM. The SARS N gene 
TRS was mutated by PCR amplifying the F plasmid with 
primers MuNgenel (GCTGCATTTAGAGACGTACTTGT 
TGTTTTAAATAACCGGATAAATTAAAA TGTCT 
GATAATGG: SEQ ID NO: ) and SARS 3' Ng 
(TTAATTAATTATGCCTGAGTTGAATCAGCAG: SEQ 
ID NO: ). The product was digested with BsmBI and 
used to replace the corresponding section in plasmid FmuE 
andM, this new plasmid was called FmuE/M/N. Altering the 
ORF 3a TRS consisted of amplifying plasmid FmuE/M/N 
with the following primer sets; SARS #44 and SARSX1 
(CGTCTCATGTGTAATGTAATTTGACACCC: SEQ ID 
NO: ) or SARSX1+(CGTCTCACACATAACCG 
GATTTATGGATTTGTTTATGAGATTTTT TAC; SEQ ID 
NO ) and 28033-, and then joining the two fragments 
using the restriction endonuclease BsmBI. This product was 
used to replace the Swai-Ndel portion of FmuE/M/N. 
Primer sets SARS #47 (GTGCTTGCTGTTGTCTACAG: 
SEQ ID NO: ) and SARSX3-(CGTCTCCGTCCG 
GGATGTAGCCACAGTGATCTC: SEQ ID NO: ), 
SARSX3+(CGTCTCCGGACGCTTTCTT-ATTA 
CAAATTAGGAG: SEQ ID NO: ) and SARSX4 
(CGTCTCTCATATCCGGTTTATG 
GATAATCTAACTCCATAG: SEQ ID NO: ), and 
SARSX4+(CGTCTCATATGAAAATTATTCTCTTCCT 
GAC; SEQ ID NO: ) and 28033– were used to 
generate three PCR fragments that were digested with 
BsmBI, ligated with T4 DNA ligase and subcloned. A clone 
containing only the required changes was digested with 
Avril and inserted into plasmid FmuE/M/N/X1 that had also 
been digested with Avril. Finally, primer set SARS #48 
(GGACTTTCAGGATTGCTATTTG; SEQ ID NO: ) 
and SARSX5-(CGTCTCATCCGGTTAGACTTTGGTA 
CAAGGTTC: SEQ ID NO: ) and set SARSX5+ 
(CGTCTCCCGGATATGAAACTTCTCATTGTTTTGAC; 
SEQ ID NO: ) and SARS3'X5 (NNNTTAATTAAT 
TAATTTGTTCGTTTATTTAAAACAACA: SEQ ID 
NO: ) created PCR products that were similarly 
joined using BSmBI and T4 DNA ligase. This product was 
introduced into plasmid FmuE/M/N/X1/X3/X4 using the 
Ndel-BstEII restriction sites. This plasmid, named FmuE/ 
M/N/Xorfs, was sequenced to verify all mutations. 
0193 Assembly of Full Length cDNAs. The SARS A 
through F inserts were digested, separated through 0.8% 
agarose gels, visualized with a DARKREADER lightbox 
(Claire Chemical), excised and purified using the QIAEX II 
DNA purification kit. The SARS A+B, C+D and E+F 
fragments were ligated overnight, and the products isolated 
(17, 49). The SARS AB+CD+EF fragments were ligated 
overnight at 4°C., phenol/chloroform extracted and precipi 
tated under isopropyl alcohol. Full-length transcripts were 
generated in vitro as described by the manufacturer 
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(Ambion, MMESSAGE MMACHINE) with certain modi 
fications. To produce full length capped SARS N gene 
transcripts, 1 lug of plasmid DNA encoding the SARS N 
gene was PCR amplified using forward primer (5'-NNGGC 
CTCGATGGCCATTTAGGTGACACTA-TAGATGTCT 
GATAATGGACCCCAATC-3'; SEQ ID NO: ) and 
eVeSe primer (5'- 
NNNTTTTTTTTTTTTTTTTTTTTTTTTT 
TATGCCTGAGTTGAATCAGCAG-3'; SEQ ID 
NO: ) and the amplicons purified from gels. Full 
length, polyadenylated N gene transcripts were transcribed 
by SP6 RNA polymerase with a 2:1 ratio of cap analog to 
GTP (Ambion, Austin, Tex.), mixed with full length tran 
Scripts and electroporated into cells. 
0194 Transfection of Full-Length Transcripts. RNA tran 
scripts were added to 800 ul of the Vero E6 cell suspension 
(8.0x10') in an electroporation cuvette and four electrical 
pulses of 450 V at 50 uF were given with a GENE PULSER 
II electroporator (BioRad) similar to protocols previously 
described (17.49). The presence of full length cDNAs and 
transcripts was verified by separation on agarose gels and 
visualization by UV light. The transfected Vero cells were 
seeded in a 75 cm flask and incubated at 37° C. for 2 days. 
Viruses were plaque purified in Vero E6 cells and stock 
grown in 75 cm flasks. 
0.195 Northern Blot Analysis. Cultures of Vero E6 cells 
were inoculated with the wild type SARS-CoV Urbanistrain 
and various recombinant viruses at a MOI of 1.0 and 
incubated for 1 hr at 37° C. At 12 hrs post infection, 
intracellular RNA was isolated using RiboPureTM reagents 
as directed by the manufacturer (Ambion, Austin,Tex.). The 
mRNA was isolated using Qiagen's OliogtexR mRNA spin 
Column reagents according to the manufacturer's direction 
(Qiagen, Valencia, Calif.). The mRNA was treated with 
glyoxal and separated on agarose gels using Northern MaX(R)- 
Gly according to the manufacturer's directions (Ambion, 
Austin, Tx). The RNA was transferred to BRIGHTSTAR 
PLUS membrane (Ambion) for 4-5 hrs and the RNA cross 
linked to the membrane by UV light. The blot was prehy 
bridized and probed with an N gene-specific 
oligodeoxynucleotide probe (5'-CTTGACTGCCGCCTCT 
GCTTCCCTCTGC-3'; SEQ ID NO: ), where 
biotinylated nucleotides are designated with a superscript. 
Blots were hybridized overnight and washed with low and 
high Stringency buffers as recommended by the manufac 
turer. Filters were incubated with streptavidin-AP, washed, 
and then incubated with chemiluminescence substrate CDP 
STAR. The blots were overlaid with film and developed. 
0.196 Western Blot Analysis. Twelve hours post infec 
tion, Urbani, icSARS-CoV, icSARS-CoV Luc, icSARS 
CoV Luc-1, icSARS-CoV Luc2, icSARS-CRG or icSARS 
PRG virus infected cells were washed in 1xRBS, lysed in 
buffer containing 20 mM Tris-HCl, pH 7.6, 150 mM. NaCl, 
0.5% deoxycholine, 1% nonidet-p-40, 0.1% sodium dodecyl 
Sulphate (SDS), and post nuclear Supernatants were added to 
an equal volume of 5 mM EDTA/0.9% SDS, resulting in a 
final SDS concentration of 0.5%. Samples were then heat 
inactivated for 30 minutes at 90° C. in the BL3 facility prior 
to removal. In a BL2 facility, Samples were again heat 
inactivated for 30 minutes at 90° C. before use. Equivalent 
sample volumes were loaded onto 4 to 20% Criterion 
gradient gels (BioRad) and transferred to PVDF membrane 
(BioRad). For detecting SARS-CoV antigens, lots were 
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probed with polyclonal mouse antisera directed against 
Venezuelan equine encephalitis virus replicon particles 
(VRPs) that expressed the SARS-CoV ORF3a (VRP 
ORF3a), S (VRP-S) or N (VRP-N) proteins diluted 1:200 
and developed using ECL chemiluminescence reagents 
(Amersham BioSciences). Renilla luciferase expression was 
verified using antibodies purchased from commercial ven 
dors. 

0197) TRS Function in SARS-CoV Transcription. Previ 
ous studies using TGEV as a model have established that 
high fidelity complementary base-pair communication 
between sequences encoded within the body TRS and the 
leader TRS encoded in the genome is absolutely essential for 
efficient expression of coronavirus Subgenomic RNAS. As a 
first step toward remodeling the SARS-CoV TRS network, 
the nonessential ORF7a/b domain was replaced with the 
Renilla luciferase gene under the control of the ORF7a/b 
TRS motif (icSARS-CoV Luc). Double (icSARS-CoV 
Luc1) and triple (icSARS-CoV Luc2) mutations were then 
engineered in that should disrupt the ORF7a/b TRS com 
munication network in the genome, ablating efficient mRNA 
7 subgenomic transcription. Although the wild type SARS 
CoV TRS is ACGAAC (SEQ ID NO: , the double 
mutant (TRS1-ACGGAT (SEQ ID NO: ) and triple 
mutant (TRS2-CCGGAT (SEQ ID NO: ) TRS 
sequences were unique with the latter not being encoded 
elsewhere in the Urbanigenome and not used as a regulatory 
sequence in any known coronavirus. Recombinant cDNA 
genomes were assembled as previously described and 
recombinant viruses isolated by plaque purification. RT 
PCR RFLP and sequence analysis demonstrated the appro 
priate AORF7a/b and luciferase replacement. Recombinant 
viruses encoding the luciferase gene replicated as efficiently 
as wild type virus, achieving titers greater than 107 PFU/ml 
within 20 hrs post infection, consistent with previous reports 
that demonstrated that ORF7a/b deletion did not signifi 
cantly reduce virus replication in vitro or in vivo. In Vero 
cells, a progressive increase in Renilla luciferase expression 
was noted over the course of infection that peaked at 4-5 
logs above background in icSARS-CoV Luc infected cul 
tures. Under identical conditions, icSARS-CoV Luc-1 and 
icSARS-CoV Luc-2 displayed significant 90-95% reduc 
tions in global levels of luciferase protein expression, 
respectively over the course of infection. Western blot 
analysis confirmed the significant reduction in Renilla 
luciferase expression, but not N protein expression follow 
ing infection of Vero cells. Further, Northern blot analyses 
clearly demonstrated that the TRS-1 and TRS-2 motifs 
significantly ablated expression of subgenomic mRNA 7 
encoding luciferase. 
0198 Rewiring Coronavirus TRS Transcription Net 
works. Having demonstrated that the remodeled TRS-2 
motif significantly attenuates communication with leader 
TRS elements and results in significant reductions in sub 
genomic mRNA synthesis, all of the SARS-CoV TRS ele 
ments were changed to the TRS-2 signature (icSARS-CoV 
CRG). A second mutant was engineered that contained the 
novel TRS-2 regulatory network, effectively establishing 
efficient communication between the leader sequence and 
the four essential structural genes, S, E, M and N (icSARS 
PRG). However, this second regulatory network retained the 
wild type TRS sites that normally regulate expression of the 
group specific genes ORF3a/b, ORF6, ORF7a/b and ORF8a/ 
b. The inefficient communication between the leader TRS-2 
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site and wild type TRS sites located just upstream of the 
group specific genes should significantly attenuate expres 
sion of the group specific genes. Recombinant viruses 
encoding the new TRS-2 and chimeric networks were 
readily isolated and plaque purified. Recombinant viruses 
icSARS-CRG and icSARS-PRG both replicated efficiently 
in Vero cells, approaching titers of mid 107 PFU/ml within 
20 hrs post infection, equivalent to wild type viruses. 
Northern blot analyses revealed appropriately sized subge 
nomic mRNAs in icSARS-CRG infected cells, typical of 
wild type SARS-CoV infection. Importantly, subgenomic 
RNA profiles in icSARS-PRG infected cells displayed the 
expected set of Subgenomic mRNAS encoding the structural 
genes (mRNA 2, 4, 5 and 9) that were driven from net 
worked TRS-2 sites, but reduced and/or mis-sized subge 
nomic mRNAs driven from the wild type TRS sites regu 
lating expression of the group specific ORFs. For example, 
expression of mRNA 3 is reduced by about 50%, while 
mRNAs 6 and 8 are mis-sized and mRNA7 is apparently not 
expressed. Western blot analyses confirmed abundant levels 
of expression of the structural proteins S and N in all 
recombinant and wild type viruses, abundant expression of 
ORF3a in wild type and icSARS-CRG, but little if any 
expression of ORF3a in icSARS-PRG infected cultures. 
Analysis of leader-body TRS junctions in wild type and 
icSARS-CRG revealed usage of the appropriate wild type or 
mutant TRS sites. In icSARS-PRG, leader-body TRS-2 sites 
drove expression of Subgenomic mRNAS encoding the 
structural proteins demonstrating efficient communication 
between networked leader/body TRS sites. The wild type 
TRS site ACGAAC (SEQ ID NO: ) was rarely used 
for initiating expression of the group specific ORF encoding 
subgenomic RNAs. When this was the case, the body TRS 
sequence was preserved in mRNA consistent with the tran 
scription attenuation model for Nidovirus mRNA synthesis. 
Most often, upstream and downstream noncanonical TRS 
sites were typically activated; most likely because they 
displayed increased homology with TRS-2. Aberrant leader 
body junction sites oftentimes result in mRNAs that encode 
deletions in a group specific ORF or potentially silence 
group specific ORF expression because new upstream ATG 
start codons and small ORFs are encoded in the mRNA that 
are likely recognized and translated by host translational 
machinery, interfering with efficient translation and expres 
sion of the group specific ORF. The data demonstrate that 
deletion or efficient expression of the group specific ORFs is 
not essential for SARS-CoV replication in vitro 
0199 Remodeled TRS Networks Encode Lethal Genetic 
Traps Following RNA Recombination with Wild type 
Viruses. A series of wild type and chimeric recombinant 
viruses were engineered as described herein. In the first 
example, wild type or TRS-2 networks were preserved to 
efficiently express mRNA2 encoding the S glycoprotein, but 
encode the heterologous TRS site for driving expression of 
the other structural genes (icSARS-Rec 1: icSARS-Rec2). In 
another case, only the N gene TRS site was misaligned with 
the leader TRS site (icSARS-Rec3). 
0200 Full length cDNAs were constructed for wild type 
icSARS-CoV, icSARS-CRG and the three chimeric recom 
binant viruses and full length transcripts were electroporated 
in Vero cells. One-fifth of the electroporated cells were 
overlaid onto confluent monolayers, allowed to attach for 3 
hrs and overlaid with agarose for plaque assay to determine 
the number of infectious centers. The remaining cells were 
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maintained in complete medium and virus samples and RNA 
harvested at different times post-electroporation. Approxi 
mately 10 infectious centers were detected for icSARS 
CoV and icSARS-CRG, but no infectious centers were 
detected from icSARS-Rec1-3 transfected cultures. More 
over, infectious virus was readily detected, which increased 
to greater than 107 PFU/ml after about 72 hrs in icSARS 
CoV and icSARS-CRG, but no virus was detected in 
cSARS-Rec 1-3 transfected cultures. 

0201 Using RT-PCR, leader-containing transcripts were 
detected in all wild type and icSARS-CRG transfected 
cultures at 24 and 48 hrs. These leader-containing transcripts 
originated at the appropriately networked combination of 
leader/body TRS sites. In contrast, only low levels of 
subgenomic mRNA transcripts were detected in icSARS 
Rec1-3 transfected cultures at 24 hrs that had mostly dis 
appeared by 48 hrs post-electroporation. Sequence analysis 
revealed that most leader-containing RNAs originated from 
noncanonical TRS sites located upstream or more often, 
downstream of the appropriate start location (FIG. 1A). In 
many cases, the noncanonical site usage results in large 
lethal deletions in critical structural genes like M (FIG. 1B) 
that prevent the production of infectious progeny. 

0202 Animal studies. Mice and ferrets are inoculated 
with 1.0x10 plaque forming units (PFU) of icSARS-CRG 
and icSARS-PRG. A variety of immune responses (e.g., 
innate, mucosal, humoral, cellular) are measured according 
to standard protocols well known in the art at different times 
postinfection. 

Example 6 

Secondary Genetic Traps 

0203 ATRS consensus sequence (which is the wild type 
sequence and not a mutation) is engineered into a nidovirus 
genome or replicon RNA upstream or downstream from the 
normal TRS consensus sequence (e.g., of an essential struc 
tural protein gene such as S. Mand/or N) site. This is done 
by identifying locations that are “CS-like, e.g., that naturally 
have 3-5 nucleotides of a six nucleotide CS and that fall just 
upstream or downstream of the wild type CS. The primary 
nucleotide sequence is modified at the “CS-like site to be 
as close to the wild type CS as possible without altering the 
amino acid sequence of the protein. This modified CS site 
functions as a site for Subgenomic transcription in recom 
binant virus progeny after recombination with wild type 
virus. In a resulting recombinant genome, expression of wild 
type genes is driven from these engineered start sites, 
resulting in N-terminal truncated proteins and/or out-of 
frame ORFs. 

0204. In one embodiment, the sequence of the CRG or 
PRG genome S. M and N genes is analyzed and six 
nucleotide domains with close homology to the wild type 
TRS sequence, ACGAAC, are identified and characterized. 
Close sequence motifs within about 50, 75, 100, 150, 200, 
250, 300, 350, 400, 450 or 500 nucleotides (upstream or 
downstream) of the normal mRNA CS initiation site are 
identified and those that can be mutated to near exact (5/6 or 
6/6) duplicates of the wild type TRS sequence, ACGAAC, 
are introduced within one or more of the essential gene 
coding sequences, simultaneously maintaining the normal 
protein sequence. Following recombination events in which 
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the wild type TRS site is joined to the body of a CRG 
genome, the secondary trap becomes activated as a preferred 
site for Subgenomic mRNA synthesis. Secondary traps can 
be introduced in the S. M or N proteins to introduce 
N-terminal or C-terminal deletions or to introduce out-of 
frame ATG starts as the translated product of the subge 
nomic mRNA. All result in poor expression and/or deleted 
protein products. Using the sequence of the virus genes, the 
rewired TRS CS sites and the wild type TRS CS sites, 
different secondary traps can be introduced into any nidovi 
rus rewired genome of this invention. 
0205. In a particular example, the CS of a SARS coro 
navirus is ACGAAC. Locations nearby this sequence in a 
structural protein gene (e.g., S. E. M, N) of a rewired 
genome or a replicon RNA comprising a structural protein 
gene would be identified that have 4 or 5 of the 6 nucleotides 
of this CS (e.g., AGGAAG). This site would be changed 
using standard procedures from AGGAAG to ACGAAC. 
This site would then be preferentially used when a wild type 
leader TRS is present in a recombinant virus genome. In an 
example where the secondary trap is introduced into the S 
gene, the S protein is truncated by 37 amino acids and a new 
ATG start site is used to produce a Smaller S glycoprotein. 
The truncated protein functions poorly, resulting in a lethal 
phenotype. 
0206. The foregoing examples are illustrative of the 
present invention, and are not to be construed as limiting 
thereof. The invention is described by the following claims, 
with equivalents of the claims to be included therein. 
0207 All publications, patent applications, patents and 
other references cited herein are incorporated by reference in 
their entireties for the teachings relevant to the sentence 
and/or paragraph in which the reference is presented. 
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TABLE 1. 

SARS Consensus Sequences 

TRS SITE WT SEQUENCE CS MUTANT #1 CS MUTANT #2 

Leader CS TAAACGAAC TAAACGgtC TAAcCGgtC 

S CS TAAACGAAC TAAACGgtC TAAcCGgtC 

ORF3a TAAACGAAC TAAACGgtC TAAcCGgtC 

E CS AGTACGAAC AGTACGgtC AGTcCGgto 

M. CS TAAACGAAC TAAACGgtC TAAcCGgtC 

ORF6 CS ATCACGAAC ATCACGgtC ATCCCGgtc 

ORF7 CS AAAACGAAC AAAACGgtC AAAcCGgtC 

ORF8 CS TAAACGAAC TAAACGgtC TAAcCGgtC 

N CS TAAACGAAC TAAACGgtC TAAcCGgtC 

* the CS is an ACGAAC 

0257) 

TABLE 2 

SARS Consensus Seculences 

TRS SITE WT SEQUENCE CS MUTANT #1 CS MUTANT #2 

Leader CS TAAACGAAC TAAACGgAt TAAcCGgAt 

S CS TAAACGAAC TAAACGgAt TAAcCGgAt 

ORF3a TAAACGAAC TAAACGgAt TAAcCGgAt 

E CS AGTACGAAC AGTACGgAt AGTcCGgAt 

M. CS TAAACGAAC TAAACGgAt TAAcCGgAt 

ORF6 CS ATCACGAAC ATCACGgAt ATCCCGgAt 

ORF7 CS AAAACGAAC AAAACGgAt AAAcCGgAt 

ORF8 CS TAAACGAAC TAAACGgAt TAAcCGgAt 

N CS TAAACGAAC TAAACGgAt TAAcCGgAt 

* the functional CS is an ACGAAC 
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ttgaagaaag toccagttga tigagtatata accacgtacc citggacaagg atgtgctggit 4200 

tatacactitg aggaagctaa gacitoctott aagaaatgca aatctgcatt titatgtact a 4260 

ccttcagaag caccitaatgc taaggaagag attctaggaa citgitatcct g gaatttgaga 4320 

gaaatgcttg citcatgctga agaga caaga aaattaatgc citatatgcat ggatgttaga 4.380 

gccataatgg caaccatcca acgtaagtat aaaggaatta aaattcaaga ggg catcgtt 4 440 

gactato.gtg toc gattctt cittittatact agtaaag agc citgtagctitc tattattacg 4500 

aagctgaact citctaaatga gcc.gcttgtc. acaatgccaa ttggittatgt gacacatggit 45 60 

tittaatcttg aagaggctgc gcgct gtatgc gttctotta aag citcc toc cqtagtgtca 462O 

gtat catcac cagatgctgt tactacatat aatggatacc toactitcgtc atcaaag aca 4680 

totgaggagc actttgtaga aac agtttct ttggctggct cittacagaga ttggtoctat 474. O 

to aggacago gtacagagtt aggtottgaa tttcttaa.gc gtggtgacaa aattgttgtac 4800 

cacactctgg agagcc.ccgt. c gagtttcat cittgacggtg aggttctitt.c acttgacaaa 4860 

citaaag agtc. tcttatcc cit gcgggaggitt aagacitataa aagtgttcac aactgtggac 4920 

aacactaatc. tccacacaca gcttgttggat atgtctatoa catatggaca gcagtttggit 4.980 

ccaa.catact toggatggtgc tigatgttaca aaaattaaac citcatgtaaa totato agggit 5040 

aag actittct ttgtactacc tagtgatgac acactacgta gtgaagctitt cqagtactac 51OO 

Catacticttg atgagagttt tottgg tagg tacatgtctg. Ctttaaacca Cacaaagaaa 5 160 

tggaaattitc citcaagttgg toggtttaact tca attaaat gggctgataa caattgttat 5220 

ttgttctagtg ttittattagc acttcaacag cittgaagttca aattcaatgc accagdactt 528 O 

caag aggott attatagagc cc.gtgctggit gatgctocta acttttgtgc act catactic 5340 

gottacagta ataaaactgt togcgagctt gotgatgtca gagaalactat gacccatctt 5 400 

citacagoatg citaatttgga atctgcaaag cqagttctta atgttggtgtg taalacattgt 546 O 

gg to agaaaa citactacctt aacgggtgta gaagctdtga tigtatatggg tactictatot 552O 

tatgataatc ttalagacagg tottt coatt coatgtgttgt gtggtogtga tigctacacaa 558 O 

tatctagtac aacaagag to ttcttttgtt atgatgtctg. caccaccitgc tigagtataaa 5640 

ttacagdaag gtacattctt atgttgcgaat gagtacactg gtaactato a gtgtggtoat 5700 

tacact cata taactgctaa goaga.cccitc tatcgtattg acggagcto a ccttacaaag 576 O. 

atgtcagagt acaaagg acc agtgactgat gttittctaca aggaaac atc ttacactaca 582O 

accatcaa.gc ctdtgtcgta taaactcg at ggagttacitt acacagagat tdaac caaaa 588 O 

ttggatgggt attataaaaa goataatgct tactatacag agcagoctat agaccttgta 594 O 

ccaactcaac cattaccaaa tacgagttitt gataattitca aactcacatg ttctaacaca 6 OOO 

aaatttgctg atgatttaaa toaaatgaca ggctt cacaa agc.ca.gcttic acgagagcta 6060 

totgtcacat tottcc caga cittgaatggc gatgtag togg citattgacta tag acactat 61.20 

tdagogagtt to aagaaagg togctaaatta citgcataagc caattgtttg gcacattaac 618O 

caggctacaa ccaaga caac gttcaaacca aac acttggit gtttacgttg totttggagt 624 O 

acaaag.ccag tagatact to aaatt cattt gaagttctgg cagtagaaga cacacaagga 6300 

atggacaatc ttgcttgttga aagttcaacaa cccaccitctgaagaagtagt ggaaaatcct 6360 

accatacaga aggaagtcat agagtgttgac gtgaaaacta cc.gaagttgt aggcaatgtc. 642O 
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gcattattoa 

agcc.ca.gatc 

gatataagct 

aacttggcgg 

aattagagga 

aaac aggttc 

agataataaa 

atgctgagat 

aactacaa.gc 

aaagaatgct 

aaggaataat 

citttagctgt 

ttgcaccagg 

cagatcttaa 

tacatacggc 

atgtgacaaa 

agcaaaaact 

citg acctitta 

atgcatcatc 

aaattgatgg 

agttgttctitc 

citgitaatgtc 

gtaggctitat 

actaaacgaa 

accggtgcac 

tgaggggggt 

atttatttct 

gcaa.ccct gt 

ttgtc.cgtgg 

ttaacaattic 

totttgctgt 

ttaattgcac 

gtaattittaa 

ataagggcta 

alaccitattitt 

cotttitcacc 

taaag.ccaac 

attgttctda 

acagttgcct 

acaaatggaa 

c gagggctat 

tottcattta 

titttatcc ct 

atcaaaatgt 

gtoacaagat 

ttcattcatg 

aagtcaag.cg 

tottgaaaag 

gatgaatgtc 

accostacaac 

tacagotgtg 

tgactitcgto 

taataaatgg 

agagaatgac 

agc cct gggit 

caagct tatg 

atcggaagca 

citataccatg 

citattoactic 

tottaaggag 

cattagagaa 

catgtttatt 

cacttittgat 

ttacitatic ct 

to catttitat 

cataccttitt 

ttgggtttitt 

tactaatgtt 

ttctaaa.ccc. 

tittcgagtac 

acacttacga 

toalaccitata 

taagttgcct 

tgctdaagac 

tacatttatg 

aaatccactt 

gaalaccitact 

actgactittc 

gcc titcgaac 

atgataggct 

atggacagoa 

gtgtgttctg 

ttgtcagtga 

citttggtgta 

tggcaaccag 

tgttgacctitc 

gcaaagtata 

atgagagitta 

citcagacaat 

to C gacgcag 

gaccttatta 

totaaagaag 

ggttctatag 

ggccatttct 

tttittaattg 

catgctaact 

tittgacatga 

aatcaaatca 

aacaacagag 

titotitatitat 

gatgttcaag 

gatgaaattit 

totaatgtta 

aaggatggta 

ggttctacca 

gttatacgag 

atgggtacac 

atatotgatg 

gagtttgttgt 

gatgtagttc 

cittgg tatta 

atttggggca 

citcaagtatg 

gctgaactica 

ttacticagag 

to gag citcgc 

acatcgttta 

tagccaag.cg 

cagtgaaaaa 

tgattgatct 

tittcaaaagt 

aggacggaca 

gtgttgc gat 

aga attatogg 

citcaactgtg 

ttcactittgg 

ggttgccaac 

attctactitt 

ttagogatat 

ggtttittcac 

Ctgtaaagat 

catggtggac 

gggctaacta 

acattttctg 

gcaaattitcc 

atgatatgat 

ttgttggitttc 

titotitactict 

citcc taatta 

ttagatcaga 

cagggitttca 

tittattittgc 

tgaacaacaa 

catgtaactt 

agacacatac 

cctttitc.gct 

ttaaaaataa. 

gtgatctacc 

acattacaaa. 

cgtcagotgc 

atgaaaatgg 

aatgctotgt 

36 

-continued 

cagagacitta gaggattitta 

tatggatgaa ttcatacago 

tggagatttic agt catggac 

citcacaagat tcaccactta 

ttactitcata acagatgcgc 

tttacttgat gacitttgtc.g 

ggtoaaggitt acaattgact 

tgttgaaacc ttctacccaa 

gcc taacttig tacaagatgc 

tgaaaatgct gttataccala 

tdaatacitta aatacactta 

tgctggctot gataaaggag 

tgg cacacta cittgtcgatt 

aattggagac totgcaa.ca.g 

gtatgaccot aggaccaaac 

ttatctgttgt ggatttataa 

aacagag cat tcttggaatg 

agcttttgtt acaaatgtaa 

tottggcaag cc.gaaggaac 

gaggaacaca aatccitatcc 

tottaaatta agaggaactg 

ttattotctt citggaaaaag 

aagtgatatt cittgttaa.ca 

cactagtggt agtgaccttg 

cacticaa.cat actitcatcta 

cactcittitat ttaactcagg 

tactattaat catacgtttg 

tgccacagag aaatcaaatg 

gtoac agtcg gtgattatta 

tgaattgttgt gacaa.cccitt 

tatgatatto gataatgcat 

tgatgtttca gaaaagttcag 

agatgggittt citctatgttt 

ttctggittitt aac actittga 

ttittagagcc attcttacag 

agcctattitt gttggctatt 

tacaatcaca gatgctgttg 

taagagctitt gagattgaca 

2016 O 

2O220 

2028O 

2O340 

2O4 OO 

2O460 

2O520 

2O640 

2O 940 

21 OOO 

21 O60 

21120 

2118O 

2124 O 

21300 

21360 

21420 

21480 

21540 

21600 

21660 

21720 

21780 

21840 

21900 

21960 

22 O20 

22080 

221 4 0 

22200 

22260 

22320 

22.380 

Oct. 26, 2006 
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aaggaattta cca gacct cit aattitcaggg ttgttcc citc aggagatgtt gtgagatto c 22440 

ctaatattac aaacttgttgt cottttggag aggtttittaa tactactaaa titcccttctg. 22500 

totato catg g gagagaaaa aaaatttcta attgttgttgc tigattacitct gtgctictaca 22560 

actcaacatt tttittcaacc tittaagtgct atgg.cgtttctg.ccactaag titgaatgatc. 22620 

tittgcttcto caatgtctat gcagattott ttgtagt caa go.gagatgat gtaag acaaa 22680 

tagcgc.cagg acaaactggit gttattgctg attataatta taaattgcca gatgattitca 22740 

tgggttgttgt cottgcttgg aatac tagga acattgatgc tacttcaact ggtaattata 22800 

attataaata taggitatctt agacatggca agcttaggcc ctittgagaga gacatat cita 22860 

atgttgcctitt citcccctgat ggcaaaccitt gcaccccacc td citcttaat tigittattggc 22920 

cattaaatga titatggittitt tacaccacta citgg cattgg citaccaacct tacagagttg 22980 

tagtacttitc titttgaactt ttaaatgcac cqgccacggit ttgttggacca aaattatcca 23040 

citgaccittat taagaaccag totgtcaatt ttaattittaa togg acto act g g tactggtg 23100 

tgttaactcc ttcttcaaag agatttcaac catttcaaca atttgg.ccgt gatgtttctg. 23160 

atttcactga titcc.gttcga gatcctaaaa catctgaaat attag acatt to accittgct 23 220 

cittittggggg totaagtgta attacaccitg gaacaaatgc titcatctgaa gttgctgttc 23280 

tatatoaaga tigittaactg.c act gatgttt citacagdaat tcatgcagat caacticacac 23340 

Cagcttgg.cg Catatattot actggaaaca atgtattoca gacitcaag.ca ggctgtctta 23400 

taggagctga gcatgtcgac acttctitatg agtgc gacat toc tattgga gctgg cattt 23 460 

gtgctagtta coatacagtt totttattac gtag tactag coaaaaatct attgttggctt 23520 

atactatgtc tittaggtgct gatagttcaa ttgcttactic taataac acc attgctatac 23580 

citactaactt ttcaattagc attactacag aagtaatgcc tatttctatg gctaaaacct 23640 

cc.gtag attg taatatgtac atctg.cggag attctactgaatgtgctaat ttgcttctoc 23700 

aatatggtag cittittgcaca caactaaatc gtgcacticto agg tattgct gctgaac agg 23760 

atc.gcaacac acgtgaagtg titcgctdaag toaaacaaat gtacaaaacc cca actittga 23820 

aatattittgg tagttittaat ttittcacaaa tattacctga cccitctaaag ccaactaaga 23880 

ggtotttitat tdaggacittg citctittaata aggtgacact c gctdatgct ggctt catga 23940 

agcaatatgg cqaatgccta ggtgatatta atgctagaga totcatttgt gcgcagaagt 24000 

totaatggact tacagtgttg ccaccitctgc ticact gatga tatgattgct gcc tacacgg 24060 

citgctotagt tagtgg tact gcc actocto gatggacatt togtoctogc gctgctott c 24 120 

aaatacctitt togctatocaa atggcatata ggttcaatgg cattggagtt accolaaaatg 241.80 

ttct citatga galaccaaaaa caaatc.gc.ca accalatttaa caaggcgatt agtcaaattic 24240 

aagaat cact tacaacaa.ca totaactgcat tdggcaa.gct gcaagacgtt gttalaccaga 24.300 

atgctdaag.c attaaacaca cittgttaaac aacttagctd taattittggit gcaatttcaa 24360 

gtgtgctaaa toatat cott togcg actitg ataaagtcga gg.cggaggta caaattgaca 24 420 

ggittaattac agg cag actt caaag.cct to aaaccitatgt alacacaacaa citaatcaggg 24480 

citgctgaaat cagggcttct gctaatcttg citgctactaa aatgtctgag totgttcttg 24540 

gacaatcaaa aagagttgac titttgttggaa agggctacca cct tatgtcc titc.ccacaag 24 600 

cagoccc.gca toggtgttgtc titcctacatg to acg tatgt gcc atcc cag gagaggaact 24 660 
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to accacago go.ca.gcaatt totcatgaag goaaag cata citt.cccitcqt galaggtgttt 24.720 

ttgttgtttaa tagg cacttct tdgtttatta cacagaggaa cittcttittct coacaaataa 24780 

ttactacaga caatacattt gtc.tcaggaa attgttgatgt cqttattggc atc attaa.ca 24840 

acacagttta to atcc totg caacctgagc ticgacitcatt caaagaagag citggacaagt 24900 

acttcaaaaa toatacatca coagatgttg atcttgg.cga catttcaggc attaacgctt 24960 

citgtcgtoaa cattcaaaaa gaaattgacc gcc to aatga ggtogctaaa aatttaaatg 25 020 

aatcactcat tacct tcaa gaattgggaa aatatgagca atatattaaa togccittggt 25 080 

atgtttggct cqgcttcatt gctgg actaa ttgccatcgt catggittaca atcttgctitt 25 140 

gttgcatgac tagttgttgc agttgcctica agggtgcato citcttgttggit tottgctgca 25200 

agtttgatga ggatgactict gag coagttc. tca agggtgt caaattacat tacacataaa 25260 

cgaactitatg gatttgttta toagatttitt tactcittgga toaattact.g. cacagdcagt 25320 

aaaaattgac aatgcttcto citgcaagtac tagttcatgct acagdaacga taccgctaca 25380 

agccitcactc cctittcggat ggcttgttat tigg.cgttgcatttcttgctg tttittcagag 25440 

cgctaccalaa ataattgcgc ticaataaaag atggcagota gcc ctittata agg gottcca 25500 

gttcatttgc aatttactgc tigctatttgt taccatctat tca catcttt tacttgtc.gc. 25560 

tgcagg tatg gagg.cgcaat titttgtacct citatgccittg atatatttitc tacaatgcat 25 620 

Caacgcatgt agaattatta togagatgttg gCtttgttgg aagtgcaaat CCaagaaccC 25680 

attactittat gatgccaact actttgtttg citgg cacaca cataactatg actact.gitat 25740 

accatataac agtgtcacag ataca attgt cqttactgaa gotgacggca tttcaac acc 25800 

aaaactcaaa galagacitacc aaattggtgg ttattotgag gataggcact caggtgttaa 25860 

agacitatgtc gttgtacatg gctatttcac cqaagtttac taccagottg agtctacaca 25920 

aattactaca gacactggta ttgaaaatgc tacattctitc atctittaaca agcttgttaa 25.980 

agacco accg aatgtgcaaa tacacacaat cqacggctot to aggagttg citaatccago 26040 

aatggatcca attitat gatg agc.cgacgac gacitactago gtgcctttgt aag cacaaga 26100 

aagtgagtac gaactitatgt act cattcgt titcggaagaa acaggtacgt taatagittaa 26160 

tag.cgtactt citttittcttig cittitcgtggit attcttgcta gtcacactag ccatccttac 26 220 

tgcgctitcga ttgttgttgcgt actgctgcaa tattgttaac gtgagtttag taaaaccaac 26.280 

ggtttacg to tactc.gc.gtg ttaaaaatct gaacticttct gaaggagttc citgatcttct 26340 

ggtotaaacg aactaactat tattattatt citgtttggaa citttaacatt gcttatcatg 26400 

gcagacaacg gtactattac cqttgaggag cittaaacaac toctogalaca atggalaccita 26460 

gtaataggitt toctattoct agcctggatt atgttactac aatttgccta ttctaatcgg 26520 

aacaggittitt totacataat aaagcttgtt titcctctggc ticttgttggcc agtaacactt 26580 

gcttgttittg togcttgctgc tigtctacaga attaattggg to actgg.cgg gattgcgatt 26640 

gcaatggctt gtattgtagg cittgatgtgg cittagctact tcgttgcttic cittcaggctg. 26.700 

tittgctcgta cocgctcaat gtggtoattcaacco agaaa caaac attct tctdaatgttg 26760 

ccitcto cqgg ggacaattgt gaccagaccg citcatggaaa gtgaacttgt cattggtgct 26820 

gtgatcattc gtgg to actt gcgaatggcc ggacaccc.cc taggg.cgct g togacattaag 26 880 

gacctgccaa aagagatcac totggctaca toacgaacgc titt cittatta caaattagga 26940 
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gcgt.cgcago 

alactatalaat 

taagtgacaa 

tatcattatg 

agtgagacaa 

accitatggag 

ttgtatttac 

tactaaaaga 

citgacaataa 

gtactic gaca 

alagaggaggt 

ttittaatact 

cittctatttg 

ttggittittca 

gaaacttcto 

gc gctgtgca 

gtaatactta 

ggcacactat 

gtggtgcgct 

gagacgtact 

tdaalaccaac 

alaccagaatg 

aataatactg 

ccitc gaggcc 

tacic galagag 

agatgg tact 

aaagaaggca 

ggcaccc.gca 

ttgccaaaag 

tdatcacgta 

cctgctcqaa 

ttgaac cago 

actaagaaat 

cagtacaacg 

ggggacCaag 

tittgctccaa 

togggaac at 

aaag acaacg 

gtgtaggcac 

taaatacaga 

cagatgtttc 

agg actitt.ca 

ttatttaag.c 

ttagattatc 

atcttgcgag 

accittgcc.ca 

atttgcacta 

tacctatoag 

tdaacaagag 

ttgcttcacc 

tgctttittag 

citcgaaatcc 

attgttittga 

totaataaac 

tag cactgct 

ggttcaaaca 

tatagottagg 

tgttgttitta 

gtagtgcc cc 

gaggacgcaa. 

cgtcttggitt 

agggcgttcc 

citaccc.gacg 

totattacct 

togtatgggit 

atcc taataa. 

gcttctacgc 

gtogcggtaa 

tggctagogg 

ttgaga.gcaa 

citgctgctga 

toacticaag.c 

acctaatcag 

gtgccitctgc 

ggctgacitta 

tdatactgct 

tgatticaggit 

ccacgc.cggit 

atcttgttga 

ggattgctat 

citctalactala 

cataaaacga 

citatatoact 

to aggaac at 

acttgcacta 

citgcgtgcaa 

citctactc.gc 

attaa.gagaa 

cctittctgct 

aggat.ctaga 

cittgtattitc 

citcatgttgct 

tggctttgtg 

tgcacaccita 

tgttggtacc 

aataaacgaa 

cc.gcattaca 

tgggg Caagg 

cacag citcto 

aatcaiacacc 

agttcgtggit 

aggaactggC 

tgcaactgag 

caatgctgcc 

agagggaagc 

ttcaagaaat 

aggtogtgaa 

agtttctggit 

ggcatctaaa 

atttgggaga 

acaaggaact 

attctittgga 

to atggagcc 

gaacaag cac 

tittgctgcat 

agcaa.cgaca 

cittccaggitt 

ttggaatctt 

gaagaattat 

acatgaaaat 

atcaggagtg 

acgagggcaa. 

gcacacactt 

gatcagtttc 

cacttitt tot 

agacagaatg 

attccittgtt 

agaac cittgt 

totatgcagt 

tgaagat.cct 

Ctctaggaaa 

atgttacitat 

ttcatgaagg 

caa attaaaa. 

tittggtggac 

ccaaaacago 

acticago atg 

aatagtggto 

ggtgacggca 

ccagaag citt 

ggagccttga 

accgtgctac 

agaggcggca 

tdaactcctg 

actg.cccitcg 

aaaggccaac 

aagccitc.gc.c 

cgtgg to cag 

gattacaaac 

atgtcacgca 

attaaattgg 

attgacgcat 

39 

-continued 

acaa.ccgcta cc.gtattgga 

atattgctitt gctagtacag 

acaatagoag agatattgat 

gacgittataa taagttcaat 

toggagittag atgatgaaga 

tattotctitc citgacattga 

tgttagaggt acg actotac 

ttcaccattt caccotcittg 

tgcttittgct totgctgacg 

accaaaactt ttcatcagac 

cattgttgct gctctagtat 

aatgagcto a ctittaattga 

ttaataatgc titattatatt 

accaaagttct aaacgaacat 

tgcatatgca citgtag taca 

tgtaaggtac alacactaggg 

ggittttacct titt catagat 

caactgtcaa gatccagotg 

tdaccaaact gctgcattta 

tgtctgataa togg acco cala 

ccacagattic aactgacaat 

gcc gaccc.ca aggtttaccc 

gcaaggagga acttagattic 

cagatgacca aattggctac 

aaatgaaaga gcticagoccc 

cactt.cccita cqgcgctaac 

atacacccaa agaccacatt 

aactticcitca aggaacaa.ca 

gtoaag.cctc ttctogctcc 

gcagoagtag gggaaattct 

cgctattgct gctag acaga 

aacaacaagg ccaaactgtc 

aaaaacgtac toccacaaaa 

aacaaaccoa aggaaatttic 

attggcc.gca aattgcacala 

ttggcatoga agt cacacct 

atgacaaaga tocacaattic 

acaaaa.catt coccaccalaca 

27 OOO 

27 120 

27 18O 

2724 O 

273OO 

2736 O 

2742O 

27480 

2754 O 

276 OO 

27660 

2772O 

2778O 

2784 O 

279 OO 

2796 O 

28 O20 

28 080 

2814. O 

282OO 

28260 

2832O 

28380 

28440 

285 OO 

285 60 

28 620 

2868 O 

2874 O 

288 OO 

28.860 

28920 

2898O 

29 O40 

29 100 

29160 

29.220 

Oct. 26, 2006 
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ggtgctaaac cactitcagtc. tttacaagtg tdcgtgcaga C ggttcgtac acaggttitat 372 O 

attgcagtica atgacaaagc tictittatgag caggttgtca toggattatct togata acctg 378 O. 

aa.gc.ctagag toggaag cacci taaacaagag gagccaccala acacagaaga titccaaaact 384 O 

gaggagaaat citgtcgtaca gaa.gc.ctgtc gatgtgaagc caaaaattaa gocct gcatt 39 OO 

gatgaggitta ccacaa.cact ggaagaaact aagtttctta ccaataagtt act cittgttt 396 O 

gctgat atca atggtaagct ttaccatgat totcagaa.ca to cittagagg togalagatatg 4020 

totttccttg agaaggatgc accittacatg gtaggtgatg ttatcactag togtgat atc 408 O 

acttgttgttg taatacccitc caaaaaggct ggtgg cacta citgagatgct citcaagagct 414 O 

ttgaagaaag toccagttga tigagtatata accacgtacc citggacaagg atgtgctggit 4200 

tatacactitg aggaagctaa gacitoctott aagaaatgca aatctgcatt titatgtact a 4260 

ccttcagaag caccitaatgc taaggaagag attctaggaa citgitatcct g gaatttgaga 4320 

gaaatgcttg citcatgctga agaga caaga aaattaatgc citatatgcat ggatgttaga 4.380 

gccataatgg caaccatcca acgtaagtat aaaggaatta aaattcaaga ggg catcgtt 4 440 

gactato.gtg toc gattctt cittittatact agtaaag agc citgtagctitc tattattacg 4500 

aagctgaact citctaaatga gcc.gcttgtc. acaatgccaa ttggittatgt gacacatggit 45 60 

tittaatcttg aagaggctgc gcgct gtatgc gttctotta aag citcc toc cqtagtgtca 462O 

gtatcatCac Cagatgctgt tactacatat aatggatacc toactitcgtc atcaaag aca 4680 

totgaggagc actttgtaga aac agtttct ttggctggct cittacagaga ttggtoctat 474. O 

to aggacago gtacagagtt aggtottgaa tttcttaa.gc gtggtgacaa aattgttgtac 4800 

cacactctgg agagcc.ccgt. c gagtttcat cittgacggtg aggttctitt.c acttgacaaa 4860 

citaaag agtc. tcttatcc cit gcgggaggitt aagacitataa aagtgttcac aactgtggac 4920 

aacactaatc. tccacacaca gcttgttggat atgtctatoa catatggaca gcagtttggit 4.980 

ccaa.catact toggatggtgc tigatgttaca aaaattaaac citcatgtaaa totato agggit 5040 

aag actittct ttgtactacc tagtgatgac acactacgta gtgaagctitt cqagtactac 51OO 

catact cittg atgagagttt tottggtagg tacatgtctg. citttaalacca cacaaagaaa 5 160 

tggaaattitc citcaagttgg toggtttaact tca attaaat gggctgataa caattgttat 5220 

ttgttctagtg ttittattagc acttcaacag cittgaagttca aattcaatgc accagdactt 528 O 

caag aggott attatagagc cc.gtgctggit gatgctocta acttttgtgc act catactic 5340 

gottacagta ataaaactgt togcgagctt gotgatgtca gagaalactat gacccatctt 5 400 

citacagoatg citaatttgga atctgcaaag cqagttctta atgttggtgtg taalacattgt 546 O 

gg to agaaaa citactacctt aacgggtgta gaagctdtga tigtatatggg tactictatot 552O 

tatgataatc ttalagacagg tottt coatt coatgtgttgt gtggtogtga tigctacacaa 558 O 

tatctagtac aacaagag to ttcttttgtt atgatgtctg. caccaccitgc tigagtataaa 5640 

ttacagdaag gtacattctt atgttgcgaat gagtacactg gtaactato a gtgtggtoat 5700 

tacact cata taactgctaa goaga.cccitc tatcgtattg acggagcto a ccttacaaag 576 O. 

atgtcagagt acaaagg acc agtgactgat gttittctaca aggaaac atc ttacactaca 582O 

accatcaa.gc ctdtgtcgta taaactcg at ggagttacitt acacagagat tdaac caaaa 588 O 

ttggatgggt attataaaaa goataatgct tactatacag agcagoctat agaccttgta 594 O 
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ccaactcaac cattaccaaa tacgagttitt gataattitca aactcacatg ttctaacaca 6 OOO 

aaatttgctg atgatttaaa toaaatgaca ggctt cacaa agc.ca.gcttic acgagagcta 6060 

totgtcacat tottcc caga cittgaatggc gatgtag togg citattgacta tag acactat 61.20 

tdagogagtt to aagaaagg togctaaatta citgcataagc caattgtttg gcacattaac 618O 

caggctacaa ccaaga caac gttcaaacca aac acttggit gtttacgttg totttggagt 624 O 

acaaag.ccag tagatact to aaatt cattt gaagttctgg cagtagaaga cacacaagga 6300 

atggacaatc ttgcttgttga aagttcaacaa cccaccitctgaagaagtagt ggaaaatcct 6360 

accatacaga aggaagtcat agagtgttgac gtgaaaacta cc.gaagttgt aggcaatgtc. 642O 

atacittaaac catcagatga aggtgttaaa gta acacaag agittaggtoa toaggat citt 64.80 

atggct gott atgtggaaaa cacaa.gcatt accattalaga aacctaatga gottt cacta 654. O 

gccittaggitt taaaaacaat tdccactcat gg tattgctd caattaatag tottccttgg 6600 

agtaaaattt toggctitatgt caaac cattc ttagg acaag cagdaattac alacatcaaat 6660 

tgcgctaaga gattagcaca acgtgtgttt aacaattata toccittatgt gtttacatta 672O 

ttgttccaat tigtgtactitt tactaaaagt accaatticta gaattagagc titcactacct 678 O. 

acaactattg citaaaaatag totta agagt gttgctaaat tatgtttgga tigc.cggcatt 6840 

aattatgtga agt cacccaa attittctaaa ttgttcacaa togctatot g g c tattgttg 69 OO 

ttaagtattt gcttaggttc. tctaatctgt gtaactgctg. cittittggtgt actcittatct 696 O 

aattittggtg citccttctta ttgtaatggc gttagagaat tigitatcttaa titcgtctaac 7 O2O 

gttact acta toggatttctg tdaaggttct titt.ccittgca gcatttgttt aagtggatta 708O 

gacitcc ctitg attcttatcc agctottgaa accattcagg to acgatttic atcgtacaag 714. O 

citagacittga caattittagg totggcc.gct gagtgggttt togg catatat gttgttcaca 72OO 

aaattcttitt atttattagg totttcagot ataatgcagg tagttctittgg citattittgct 726 O 

agtcatttica totagdaattic ttggctdatg togtttatca ttagtattgt acaaatggca 732O 

ccc.gtttctg caatggittag gatgtacatc ttctittgctt citttctacta catatggaag 738O 

agctatottc atatoatgga tiggttgcacc tottcgacitt gcatcatgtg citataag.cgc 440 

aatcgtgcca cacgc.gttga gtgtacaact attgttaatg gcatcaagag atctttctat 7500 

gtotatgcaa atggaggc.cg togcttctgc aagacitcaca attggaattig totcaattgt 756 O 

gacacatttit gcactggtag tacattcatt agtgatgaag ttgctcqtga tttgtcactic 762O 

cagtttaaaa gaccalatcaa cccitactgac cagtcatcgt atattgttga tagtgttgct 768O 

gtgaaaaatg gcgc.gcttca cottctactitt gacaaggctd gtcaaaagac citatgagaga 774. O 

catcc.gctict cocattttgt caatttagac aatttgagag citaacaacac taalaggttca 7800 

citgcct atta atgtcatagt ttittgatggc aagtccaaat gcgacgagtic togcttctaag 786 O 

totgcttctg totact acag to agctgatg tdcca accita ttctgttgct to accaagtt 7920 

cittgttatcag acgttggaga tagtactgaa gtttcc.gtta agatgtttga tigctitatgtc. 798O 

gacaccittitt cagdaactitt tagtgttcct atggaaaaac tta aggcact tottgctaca 804. O 

gcto acagog agittagcaaa gogtgtagct ttagatggtg toctittctac attcgtgtca 8100 

gctg.ccc.gac aaggtgttgttgataccg at gttgacacaa aggatgttat tdaatgtc.tc 81 60 

aaactittcac atcactctga cittagaagtg acaggtogaca gttgtaacaa titt catgctic 8220 
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titcc ctaaga gtgatggtac aggtacaatt tacacagaac toggalaccacc ttgtaggttt 284 O 

gttacagaca caccaaaagg gcctaaagtg aaatacttgt actitcatcaa aggcttaaac 29 OO 

aacctaaata gagg tatggit gctgggcagt ttagctocta cagtacgtot to aggctgga 2960 

aatgctacag aagtacct gc caattcaact gtgctitt.cct tctgtgcttt to cagtagac 3020 

cctgctaaag catataagga ttacctagoa agtggaggac aaccalatcac caactgttgtg 3O8O 

aagatgttgt gtacacacac togtacagga caggcaatta citgta acacic agaagctaac 314 O 

atggaccalag agticcitttgg togtgctt.ca tottgttctgt attgtagatg ccacattgac 3200 

catccaaatc ctaaaggatt citgttgacittgaaaggtaagt acgtocaaat accitaccact 326 O 

tgtgctaatg accoagtggg ttttacactt agaaacacag totgtaccgt citgcggaatg 3320 

tggaaaggitt atggct gtag ttgttgaccala citcc.gc.gaac ccttgatgca gtctg.cggat 3380 

gcatcaacgt ttittaaacgg gtttgcggtg taagtgcago cogtottaca cogtgcggca 34 40 

Cagg cactag tactgatgtc gtctacaggg cittittgatat ttacaac gala aaagttgctg 3500 

gttittgcaaa gttcctaaaa actaattgct gtc.gctitcca ggaga aggat gagga aggca 356 O 

attt attaga citcttactitt gtagittaaga ggcatacitat gtotalactac caa.catgaag 362O 

agacitattta taacttggitt aaagattgtc. cagcggttgc tigtc.catgac tttittcaagt 3 680 

ttagagtaga tiggtgacatg gtaccacata tat cacgtoa gcgtctaact aaatacacaa 3740 

tggctgattt agtctatogct citacgtoatt ttgatgaggg taattgttgat acattaaaag 38 OO 

aaatactcgt cacataca at to citgttgatg atgattattt caataagaag gattgg tatg 3860 

actitcgtaga gaatcc toac atcttacgcg tatatgctaa cittaggtgag cqtgtacgc.c 392 O 

aatcattatt aaag actota caattctg.cg atgctatocg tdatgcaggc attgtagg.cg 398O 

tactgacatt agataatcag gatcttaatg ggaactggta C gattitcggit gattitcgtac 4040 

aagtag cacc aggctg.cgga gttcc tattg toggattoata ttact cattg citgatgcc.ca 41 OO 

to ct cactitt gacitaggg cattggctgctg agtcc catat ggatgctgat citc.gcaaaac 416 O 

cacttattaa gtgggatttg citgaaatatg attittacgga agagagacitt totcitctitcg 4220 

accgittattt taalatattgg gaccagacat accatcc caa ttgtattaac totttggatg 428O 

ataggtgitat cottcattgt gcaaactitta atgtgttatt ttctact.gtg tittccaccita 434 O 

caagttittgg accact agta agaaaaat at ttgtagatgg togttccttitt gttgtttcaa 4 400 

citggatacca tttitcgtgag ttaggagtcg tacataatca ggatgtaaac ttacatagot 4 460 

cgc.gtotcag tittcaaggaa cittittagtgt atgctgctga to cagot at g catgcagott 4520 

citggcaattt attgctagat aaacgcacta catgcttittc agtagctgca citaacaaaca 4580 

atgttgcttt toaaactgtc. aaaccoggta attittaataa agacttittat gactittgctg 4 640 

tgtctaaagg tittctittaag gaaggaagtt citgttgaact aaaac acttic ttctttgctic 47 OO 

aggatggcaa cqctgctato agtgattatg act attatcg ttataatctg. ccaacaatgt 476 O 

gtgatatoag acaacticcita titcgtagttg aagttgttga taaatactitt gattgttacg 482O 

atggtggctg. tattaatgcc aaccalagtaa togttaacaa totggataaa totagotggitt 488 O 

toccatttaa taaatggggit aaggctagac titt attatga citcaatgagt tatgaggatc 494. O 

aagatgcact titt.cgc gitat actaag.cgta atgtcatccc tactata act caaatgaatc 5 OOO 

ttaagtatgc cattagtgca aagaatagag citc.gcaccgt agctggtgtc. tctatotgta 5060 
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aaaataagac 
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taataatgct 

aac act tcct 

agagattaag 

citacaaaaga 

tgccaagaaa 

ggalaggacag 

agtcaaaggit 

aattggagaa 

acagttgcct 

acaaatggaa 

c gagggctat 

tottcattta 

titttatcc ct 

atcaaaatgt 

gtoacaagat 

ttcattcatg 

aagtcaag.cg 

tottgaaaag 

gatgaatgtc 

accostacaac 

tacagotgtg 

tgactitcgto 

taataaatgg 

agagaatgac 

agcc.ctgggit 

caagct tatg 

atcggaagca 

citataccatg 

citattoactic 

tottaaggag 

cattagagaa 

catgtttatt 

cacttittgat 

ttacitatic ct 

to catttitat 

cataccttitt 

ttgggtttitt 

tactaatgtt 

gtttacacaa 

gttaatgttg 

a tact calata 

gaa.gc.cccag 

cct actoaga 

gtag acctitt 

citalacaccitt 

toagtaaaaa 

gaalaccitact 

actgactittc 

gcc titcgaac 

atgataggct 

atggacagoa 

gtgtgttctg 

ttgtcagtga 

citttggtgta 

tggcaaccag 

tgttgacctitc 

gcaaagtata 

atgagagitta 

citcagacaat 

to C gacgcag 

gaccttatta 

totaaagaag 

ggttctatag 

ggccatttct 

tttittaattg 

catgctaact 

tittgacatga 

aatcaaatca 

aacaacagag 

titotitatitat 

gatgttcaag 

gatgaaattit 

totaatgtta 

aaggatggta 

ggttctacca 

gttatacgag 

aggtagatgg 

catttgagct 

atttgggtot 

cacatgitatc 

gtgcttgttc 

ttagaaacgc 

CalaagggacC 

cacagtttaa 

ttacticagag 

to gag citcgc 

acatcgttta 

tagccaag.cg 

cagtgaaaaa 

tgattgatct 

tittcaaaagt 

aggatggaca 

gtgttgc gat 

aga attatogg 

citcaactgtg 

ttcactittgg 

ggttgccaac 

attctactitt 

ttagogatat 

ggtttittcac 

citgtaaagat 

catggtggac 

gggctaacta 

acattttctg 

gcaaattitcc 

atgatatgat 

ttgttggitttc 

titotitactict 

citcc taatta 

ttagatcaga 

cagggitttca 

tittattittgc 

tgaacaacaa 

catgtaactt 

49 

-contin 

tattgatgtg 

ttgggctaag 

tgatatogct 

tacaataggit 

titcact tact 

cc.gtaatggit 

agcacaagct 

citactittaag 

cagagacitta 

tatggatgaa 

tggagatttic 

citcacaagat 

titactitcaita 

tttacttgat 

ggtoaaggitt 

tgttgaalacc 

gcctaacttg 

tgaaaatgct 

tdaatacitta 

tgctggctot 

tgg cacacta 

aattggagac 

gtatgaccot 

ttatctgttgt 

aacagag cat 

agcttttgtt 

tottggcaag 

gaggalacaca 

tottaaatta 

titattotott 

aagtgatatt 

cactagtggit 

cacticaa.cat 

cactictititat 

tactattaat 

tgccacagag 

gtoac agtcg 

tgaattgttgt 

ued 

gag atctittg 

cgtaacatta 

gctaatactg 

gtotgcacaa 

gtottgtttg 

gttittaataa 

agcgtcaatg 

aaagtag acg 

gaggattitta 

ttcatacago 

agt catggac 

toaccactita 

acagatgcgc 

gacitttgtc.g 

acaattgact 

ttctacccala 

tacaagatgc 

gttataccala 

aatacactita 

gatalaaggag 

cittgtc.gatt 

tgtgcaa.ca.g 

aggaccaaac 

ggatttataa 

tottggaatg 

acaaatgtaa 

CCgaaggaac 

aatccitaticc 

agaggaactg 

citggaaaaag 

cittgttaaca 

agtgaccittg 

actitcatcta 

tta acto agg 

catacgtttg 

aaatcaaatg 

gtgattatta 

gacaaccott 

1968O 

1974. O 

1980 O 

19860 

1992 O 

1998O 

2004 O 

2010 O 

2016 O 

2O220 

2028O 

2O340 

2O4 OO 

2O460 

2O520 

2O640 

2O 940 

21 OOO 

21 O60 

21120 

2118O 

2124 O 

21300 

21360 

21420 

21480 

21540 

21600 

21660 

21720 

21780 

21840 

21900 
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totttgctgt ttctaaacco atggg tacac agacacatac tatgatatto gataatgcat 21960 

ttaattgcac tittcgagtac atatotgatg cctttitc.gct tdatgtttca gaaaagttcag 22020 

gtaattittaa acacttacga gagtttgttgt ttaaaaataa agatgggittt citctatgttt 22080 

ataagggcta toaaccitata gatgtagttc gtgat citacc ttctggttitt aac actittga 22140 

aaccitattitt taagttgcct cittgg tatta acattacaaa ttittagagcc attcttacag 22200 

ccttittcacc td citcaagac atttgggg.ca cqtcagotgc agcctattitt gttggctatt 22260 

taaag.ccaac tacatttato citcaagtatg atgaaaatgg tacaatcaca gatgctgttg 22320 

attgttctoa aaatccactit gctgaactica aatgctotgt taagagctitt gagattgaca 22380 

aaggaattta cca gacct cit aattitcaggg ttgttcc citc aggagatgtt gtgagatto c 22440 

ctaatattac aaacttgttgt cottttggag aggtttittaa tactactaaa titcccttctg. 22500 

totato catg g gagagaaaa aaaatttcta attgttgttgc tigattacitct gtgctictaca 22560 

actcaacatt tttittcaacc tittaagtgct atgg.cgtttctg.ccactaag titgaatgatc. 22620 

tittgcttcto caatgtctat gcagattott ttgtagt caa go.gagatgat gtaag acaaa 22680 

tagcgc.cagg acaaactggit gttattgctg attataatta taaattgcca gatgattitca 22740 

tgggttgttgt cottgcttgg aatac tagga acattgatgc tacttcaact ggtaattata 22800 

attataaata taggitatctt agacatggca agcttaggcc ctittgagaga gacatat cita 22860 

atgttgcctitt citc.ccctgat ggcaaaccitt gcaccccacc tactcittaat tattattgg c 22920 

cattaaatga titatggittitt tacaccacta citgg cattgg citaccaacct tacagagttg 22980 

tagtacttitc titttgaactt ttaaatgcac cqgccacggit ttgttggacca aaattatcca 23040 

citgaccittat taagaaccag totgtcaatt ttaattittaa togg acto act g g tactggtg 23100 

tgttaactcc ttcttcaaag agatttcaac catttcaaca atttgg.ccgt gatgtttctg. 23160 

atttcactga titcc.gttcga gatcctaaaa catctgaaat attag acatt to accittgct 23 220 

cittittggggg totaagtgta attacaccitg gaacaaatgc titcatctgaa gttgctgttc 23280 

tatatoaaga tigittaactg.c act gatgttt citacagdaat tcatgcagat caacticacac 23340 

cagottgg.cg catatattot actggaaa.ca atgtattoca gacitcaa.gca ggctgtc.tta 23 400 

taggagctga gcatgtcgac acttctitatg agtgc gacat toc tattgga gctgg cattt 23 460 

gtgctagtta coatacagtt totttattac gtag tactag coaaaaatct attgttggctt 23520 

atactatgtc tittaggtgct gatagttcaa ttgcttactic taataac acc attgctatac 23580 

citactaactt ttcaattagc attactacag aagtaatgcc tatttctatg gctaaaacct 23640 

cc.gtag attg taatatgtac atctg.cggag attctactgaatgtgctaat ttgcttctoc 23700 

aatatggtag cittittgcaca caactaaatc gtgcacticto agg tattgct gctgaac agg 23760 

atc.gcaacac acgtgaagtg titcgctdaag toaaacaaat gtacaaaacc cca actittga 23820 

aatattittgg tagttittaat ttittcacaaa tattacctga cccitctaaag ccaactaaga 23880 

ggtotttitat tdaggacittg citctittaata aggtgacact c gctdatgct ggctt catga 23940 

agcaatatgg cqaatgccta ggtgatatta atgctagaga totcatttgt gcgcagaagt 24000 

tdaatgg act tacagtgttg ccaccitctg.c toactgatga tatgattgct gcctacact g 24060 

citgctotagt tagtgg tact gcc actocto gatggacatt togtoctogc gctgctott c 24 120 

aaatacctitt togctatocaa atggcatata ggttcaatgg cattggagtt accolaaaatg 241.80 
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ttct citatga galaccaaaaa caaatc.gc.ca accalatttaa caaggcgatt agtcaaattic 24240 

aagaat cact tacaacaa.ca totaactgcat tdggcaa.gct gcaagacgtt gttalaccaga 24.300 

atgctdaag.c attaaacaca cittgttaaac aacttagctd taattittggit gcaatttcaa 24360 

gtgtgctaaa toatat cott togcg actitg ataaagtcga gg.cggaggta caaattgaca 24 420 

ggittaattac agg cag actt caaag.cct to aaaccitatgt alacacaacaa citaatcaggg 24480 

citgctgaaat cagggcttct gctaatcttg citgctactaa aatgtctgag totgttcttg 24540 

gacaatcaaa aagagttgac titttgttggaa agggctacca cct tatgtcc titc.ccacaag 24 600 

cagoccc.gca toggtgttgtc titcctacatg to acg tatgt gcc atcc cag gagaggaact 24 660 

to accacago go.ca.gcaatt totcatgaag goaaag cata citt.cccitcqt galaggtgttt 24.720 

ttgttgtttaa tagg cacttct tdgtttatta cacagaggaa cittcttittct coacaaataa 24780 

ttactacaga caatacattt gtc.tcaggaa attgttgatgt cqttattggc atc attaa.ca 24840 

acacagttta to atcc totg caacctgagc ticgacitcatt caaagaagag citggacaagt 24900 

acttcaaaaa toatacatca coagatgttg atcttgg.cga catttcaggc attaacgctt 24960 

citgtcgtoaa cattcaaaaa gaaattgacc gcc to aatga ggtogctaaa aatttaaatg 25 020 

aatcactcat tacct tcaa gaattgggaa aatatgagca atatattaaa togccittggt 25 080 

atgtttggct cqgcttcatt gctgg actaa ttgccatcgt catggittaca atcttgctitt 25 140 

gttgcatgac tagttgttgc agttgcctca agggtgcatg Ctcttgtggit tottgctgca 25200 

agtttgatga ggatgactict gag coagttc. tca agggtgt caaattacat tacacataaa 25260 

cgaactitatg gatttgttta toagatttitt tactcittgga toaattact.g. cacagdcagt 25320 

aaaaattgac aatgcttcto citgcaagtac tagttcatgct acagdaacga taccgctaca 25380 

agccitcactc cctittcggat ggcttgttat tigg.cgttgcatttcttgctg tttittcagag 25440 

cgctaccalaa ataattgcgc ticaataaaag atggcagota gcc ctittata agg gottcca 25500 

gttcatttgc aatttactgc tigctatttgt taccatctat tca catcttt tacttgtc.gc. 25560 

tgcagg tatg gagg.cgcaat titttgtacct citatgccittg atatatttitc tacaatgcat 25 620 

caacgcatt agaattatta toagatgttg gctttgttgg aagtgcaaat coaagaacco 25 680 

attactittat gatgccaact actttgtttg citgg cacaca cataactatg actact.gitat 25740 

accatataac agtgtcacag ataca attgt cqttactgaa gotgacggca tttcaac acc 25800 

aaaactcaaa galagacitacc aaattggtgg ttattotgag gataggcact caggtgttaa 25860 

agacitatgtc gttgtacatg gctatttcac cqaagtttac taccagottg agtctacaca 25920 

aattactaca gacactggta ttgaaaatgc tacattctitc atctittaaca agcttgttaa 25.980 

agacco accg aatgtgcaaa tacacacaat cqacggctot to aggagttg citaatccago 26040 

aatggatcca attitat gatg agc.cgacgac gacitactago gtgcctttgt aag cacaaga 26100 

aagtgagtac gaactitatgt act cattcgt titcggaagaa acaggtacgt taatagittaa 26160 

tag.cgtactt citttittcttig cittitcgtggit attcttgcta gtcacactag ccatccttac 26 220 

tgcgctitcga ttgttgttgcgt actgctgcaa tattgttaac gtgagtttag taaaaccaac 26.280 

ggtttacg to tactc.gc.gtg ttaaaaatct gaacticttct gaaggagttc citgatcttct 26340 

ggtotaaacg aactaactat tattattatt citgtttggaa citttaacatt gcttatcatg 26400 

gcagacaacg gtactattac cqttgaggag cittaaacaac toctogalaca atggalaccita 26460 
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gtaataggitt toctattoct agcctggatt atgttactac aatttgccta ttctaatcgg 26520 

aacaggittitt totacataat aaagcttgtt titcctctggc ticttgttggcc agtaacactt 26580 

gcttgttittg togcttgctgc tigtctacaga attaattggg to actgg.cgg gattgcgatt 26640 

gcaatggctt gtattgtagg cittgatgtgg cittagctact tcgttgcttic cittcaggctg. 26.700 

tittgctcgta cocgctcaat gtggtoattcaacco agaaa caaac attct tctdaatgttg 26760 

ccitcto cqgg ggacaattgt gaccagaccg citcatggaaa gtgaacttgt cattggtgct 26820 

gtgatcattc gtgg to actt gcgaatggcc ggacaccc.cc taggg.cgct g togacattaag 26 880 

gacctgccaa aagagatcac totggctaca toacgaacgc titt cittatta caaattagga 26940 

gc gtc.gcago gtgtagg cac to attcaggt tittgctdcat acaa.ccgcta cog tattgga 27000 

aactataa at taaatacaga ccacgc.cggit agcaa.cgaca atattgctitt gctagtacag 27060 

taagtgacaa cagatgtttc atcttgttga cittcc aggtt acaatagoag agatattgat 27 120 

tatcattatg agg actittca ggattgctat ttggaatctt gacgittataa taagttcaat 27 180 

agtgagacaa ttatttaa.gc citctaactaa gaagaattat toggagittag atgatgaaga 27240 

accitat ggag titagattatc cataaaacga acatgaaaat tattotctitc citgacattga 27.300 

ttgtatttac atcttgcgag citatato act atcaggagtg tottagaggt acg actotac 27360 

tactaaaaga accittgcc.ca totaggaac at acgagggcaa ttcaccattt caccotcittg 27420 

citgacaataa atttgcacta acttgcacta gcacacactt tacttittgct tatgctgacg 27480 

gtactcgaca tacctatoag ctg.cgtgcaa gatcagtttc accaaaactt titcatcagac 27540 

aagaggaggit toaacaagag citctactc.gc cacttitttct cattgttgct gctctagtat 27600 

ttittaatact ttgcttcacc attaagagaa agacagaatgaatgagctca ctittaattga 27660 

cittctatttg td citttittag cotttctgct attccittgtt ttaataatgc titattatatt 27720 

ttggttittca citcgaaatcc aggat.ctaga agaac cittgt accaaagttct aaacgaacat 27780 

gaaacttcto attgttittga cittgtattitc. tctatgcagt to catatgca citgtagtaca 27840 

gc gctgtgca totaataaac citcatgtgct talagatcct totalaggtac alacac taggg 27900 

gtaatactta tag cactgct toggctttgttg citctaggaaa ggttttacct tittcatagat 27960 

ggcacactat ggttcaaaca tocacaccita atgttacitat caactgtcaa gatccagot g 28020 

gtggtgcgct tatagotagg togttggtacc titcatgaagg to accaaact gctgcattta 28080 

gagacgtact tottgttitta aataaacgaa caaattaaaa totctgataa togg acco cala 28140 

totaalaccaac gtagtgcc cc cc.gcattaca tttggtggac ccacagattic aactgacaat 28200 

alaccagaatg gaggacgcaa toggggcaagg ccaaaa.cago goc gaccc.ca aggtttaccc 28260 

aataatact g c gtc.ttggitt cacagotcitc acticago atg gcaag gagga acttagattic 28320 

ccitc gaggcc aggg.cgttcc aatcaiacacc aatagtgg to cagatgacca aattggctac 28380 

tacic galagag citaccc.gacg agttcgtggt ggtgacggca aaatgaaaga gcticagoccc. 28440 

agatgg tact tct attacct aggaactggc ccagaagctt cactt.cccta C gg.cgctaac 28500 

aaagaagg catcgitatgggit togcaactgag g gagc cittga atacacccaa agaccacatt 285 60 

ggcaccc.gca atcctaataa caatgctgcc accgtgctac aactticcitca aggaacaa.ca 28 620 

ttgccaaaag gottctacgc agagggaagc agaggcggca gtcaa.gc.ctic ttctogcto c 28680 

toatcacgta gtc.gcggtaa ttcaagaaat tdaactcctg gcagoagtag gggaaattct 28740 
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atgtgtgttgt ggtogt gatg citacacaata totagtacaa caagagt citt cittttgttat 5640 

gatgtctgca ccacct gctg agtataaatt acago aaggit acattctitat gtgcgaatga 5700 

gtacactggit aactatoagt gtggtoatta cactcatata actgctaagg aga.cccticta 576 O. 

togt attgac ggagct cacci ttacaaagat gttcagagtac aaaggaccag tact gatgt 582O 

tittctacaag gaalacatctt acactacaac catcaagcct gtgtcgtata aactc gatgg 588 O 

agttacittac acagagattg aaccaaaatt gatgggitat tataaaaagg ataatgctta 594 O 

citatacagag cagoctatag accittgtacc aactcaiacca ttaccaaat g c gagttittga 6 OOO 

taatttcaaa citcacatgtt cita acacaaa atttgctgat gatttaaatc aaatgacagg 6060 

cittcacaaag ccagottcac gagagctato tdtcacattc titcc.cag act togaatgg.cga 61.20 

tgtagtggct attgactata gacactatto agc gagtttcaagaaaggtg citaaattact 618O 

gcataagcca attgtttggc acattalacca ggctaca acc aag acaacgt toaaaccalaa 624 O 

cacttggtgt ttacgttgtc tittggagtac aaa.gc.cagta gat acttcaa attcatttga 6300 

agttctggca gtagaagaca cacaaggaat ggacaatctt gcttgttgaaa gttcaacaacc 6360 

caccitctgaa gaagtagtgg aaaatcctac catacagaag galagtoatag agtgttgacgt. 642O 

gaaaactacc gaagttgtag goaatgtcat acttaalacca toagatgaag gtgttaaagt 64.80 

aacacaggag ttaggtoatg aggat.ctitat ggctgctitat gtggaaaa.ca caa.gcattac 654. O 

Cattaagaaa Cctaatgagc titt Cactago Cittaggittta aaaacaattig C cacticatgg 6600 

tattgctgca attaatagtg titccttggag taaaattittg gottatgtca aaccattctt 6660 

aggacaag ca gcaattacaa catcaaattg cqctaagaga ttagcacaac gtgttgtttaa 672O 

caattatatg cctitatgttgt ttacattatt gttccaattg tdtacttitta citaaaagtac 678 O. 

caattctaga attagagctt Cactacctac alactattgct aaaaatagtg tta agagtgt 6840 

tgctaaatta totttggatg ccggcattaa titatgtgaag to accolaaat tittctaaatt 69 OO 

gttcacaatc gctatgtggc tattgttgtt aagtatttgc titaggttctd taatctgtgt 696 O 

aactgctgct tittggtgtac tottatctaa ttittggtgct cottcttatt gtaatgg.cgt 7 O2O 

tagagaattig tatcttaatt cqtctaacgt tactactatg gatttctgtg aag gttctitt 708O 

toctitgcago atttgtttaa gtggattaga citcccttgat tcttatccag citcttgaaac 714. O 

cattcaggtg acgattitcat cqtacaagct agacittgaca attittagg to tdgcc.gctda 72OO 

gtgg gttittg goatatatgttgttcacaaa attcttittat ttattagg to tttcagotat 726 O 

aatgcaggtg ttctttggct attittgctag to atttcatc agcaattctt goctoratgtg 732O 

gtttat catt agtattgtac aaatggcacc cqtttctgca atggittagga tigtacatctt 738O 

citttgcttct ttctactaca tatggaagag citatgttcat atcatggatg gttgcaccitc 440 

titcg acttgc atgatgtgct ataag.cgcaa togtgccaca C go gttgagt gtacaactat 7500 

tgttaatggc atgaagagat citttctatot citatgcaaat ggaggcc.gtg gcttctgcaa. 756 O 

gacticacaat toggaattgtc. tca attgttga cacattttgc actgg tagta cattcattag 762O 

tgatgaagtt gctcgtgatt totcactcca gtttaaaaga ccaatca acc citact gacca 768O 

gtocatcgitat attgttgata gtgttgctgt gaaaaatggc gcgcttcacc totactittga 774. O 

caaggctggit caaaag acct atgagaga.ca toc gotcitcc cattttgtca atttaga caa 7800 

tittgagagct aacaac acta aaggttcact gcc tattaat gtcat agttt ttgatggcaa. 786 O 
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agcago caaa 

talacacctitt 

caagattgtt 

tattgttaca 

agtag cacta 

caatgcactt 

agaccaccala 

cacagaactg 

atacttgtac 

agctgctaca 

gcttitcctitc 

tggaggacaa 

ggcaattact 

ttgttctgtat 

aggtaagtac 

aaacacagtc 

cc.gc.gaacco 

agtgcagocc 

tittgatattt 

cgct tccagg 

catactatgt 

gCggttgctg 

to acgtcago 

gatgagggta 

gattatttca 

tatgctaact 

gctato.cgtg 

aactggtacg 

gattcatatt 

toccatatgg 

tttacggaag 

catcc.calatt 

gtgttattitt 

gtagatggtg 

cataatcagg 

gctgct gatc 

tgcttittcag 

tittaataaag 

citcatggttg 

acatatgcat 

caacttagtg 

gctictaagag 

cgacagatgt 

gcc tactata 

gatctoaaat 

gaaccaccitt 

ttcatcaaag 

gtacgtottc 

tgttgcttittg 

ccalatcacca 

gta acaccag 

tgtagatgcc 

gtocaaatac 

tgtaccgtot 

ttgatgcagt 

gtottacacc 

acaacgaaaa 

agalaggatga 

citalactacca 

to catgacitt 

gtotalactaa 

attgttgatac 

atalagaagga 

taggtag cq 

atgcaggcat 

attitcggtga 

acticattgct 

atgctgatct 

agagacitttg 

gtatta acto 

citactgtgtt 

titccttttgt 

atgtaaactt 

cagotato.ca 

tagctocact 

acttittatga 

ttgtc.cctga 

citgcactctg 

aaattalacat 

ccaactcago 

cctgtgcggc 

acaatticgaa 

gggctagatt 

gtaggtttgt 

gottaaacaa 

aggctggaaa 

cagtag acco 

actgttgttgaa 

aagctaac at 

acattgacca 

citaccacttg 

gCggaatgtg 

ctg.cggatgc 

gtgcggCaca 

agttgctggit 

ggalaggcaat 

acatgaagag 

tittcaagttt 

atacacaatg 

attaaaagaa 

ttgg tatgac 

tgtacgc.caa 

tgtagg.cgta 

tittcgtacaa 

gatgcc.catc 

cgcaaaacca 

totctitcgac 

tittggatgat 

to caccitaca 

tgtttcaact 

acatagotcg 

tgcagottct 

aacaaacaat 

citttgctgtg 

titatggtacc 

ggaaatccag 

ggacaattca 

tgttaaacta 

tggtaccaca 

gggaggtagg 

ccctaag agt 

tacagacaca 

cctaaataga 

tgctacagaa 

tgctaaag.ca 

gatgttgttgt 

ggaCCaagag 

to caaatcct 

tgctaatgac 

gaaaggittat 

atcaacgttt 

ggcactagta 

tittgcaaagt 

ttattag act 

actatttata 

agagtagatg 

gctgatttag 

atactcgtoa 

titcgtagaga 

toattattaa. 

citgacattag 

gtag caccag 

citcactittga 

cittattaagt 

cgittattitta 

aggtgitatcc 

agttittggac 

ggataccatt 

cgtctdagtt 

ggcaattitat 

gttgcttittc 

totaaaggitt 

59 

-continued 

tacaagaa.ca cittgttgatgg 

caagttgttg atgcggatag 

ccaaatttgg cittgg cctot 

cagaataatgaactgagtc.c 

caaac agctt gtact gatga 

tttgttgctgg cattactato 

gatggtacag gtaca attta 

ccaaaagggc ctaaagtgaa 

gg tatggtoc toggcagttt 

gtacctgcca attcaactgt 

tataaggatt accitagdaag 

acacacact g g tacaggaca 

toctittggtg gtgcttcatg 

aaaggattot gtgacittgaa 

ccagtgg gtt ttacacttag 

ggctgtagitt gtgacca act 

ttaaacgggit ttgcggtgta 

citgatgtc.gt citacagggct 

toctaaaaac taattgctgt 

cittacitttgt agittaag agg 

actitggittaa agattgtc.ca 

gtgacatggt accacatata 

totatgctdt acgtoattitt 

catacaattig citgtgatgat 

atcctgacat cittacgc.gta 

agact gtaca attctg.cgat 

ataatcagga tottaatggg 

gctg.cggagt toc tattgttg 

citagggcatt gotgct gag 

gggatctgct gaaatatgat 

aatattggga ccaga catac 

ttcattgttgc aaactittaat 

cactagtaag aaaaatattt 

titcgtgagtt aggagtcgta 

tdaaggaact tittagtgitat 

tgctagataa acgcactaca 

aaactgtcaa accoggtaat 

totttaagga aggaagttct 

24.80 

2540 

2600 

2660 

2720 

2780 

284 O 

29 OO 

2960 

3020 

314 O 

3200 

326 O 

3320 

3380 

34 40 

3500 

356 O 

362O 

3 680 

3740 

38 OO 

3860 

392 O 

398O 

4040 

41 OO 

416 O 

4220 

434 O 

4 400 

4 460 

4520 

4580 

4 640 

47 OO 

Oct. 26, 2006 
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aataag catg cattccacac toccagotttc gataaaagtg catttacitaa tittaaagcaa. 932O 

ttgcctittct tttactatto tigatagtcct tdtgagtctd atggcaaaca agtag togtog 9380 

gatattgatt atgttccact caaatctgct acgtgtatta cac gatgcaa tittaggtggit 944. O 

gctgtttgca gacaccatgc aaatgagtac cqacagtact toggatgcata taatatgatg 95 OO 

atttctgctg gatttagcct atggatttac aaacaatttg atacttataa cct gtggaat 956 O 

acatttacca ggittacagag tittagaaaat gtggcttata atgttgttaa taaaggacac 962O 

tittgatggac acgc.cggcga agcaccitgtt to catcatta ataatgctgt ttacacaaag 968O 

gtagatggta ttgatgtgga gatctittgaa aataagacaa cactitcc tot taatgttgca 974. O 

tittgagctitt go.gctaag.cg taac attaaa ccagtgc.cag agattaagat act caataat 98OO 

ttgggtgttg atatogctgc taatactgta atctggg act ataaaagaga agc.cccagoa 986 O 

catgitatcta caataggtgt citgcacaatg actgacattg ccaagaalacc tactgagagt 992 O 

gcttgttctt cacttact.gt Cittgtttgat ggtag agtgg aaggacaggt agacctttitt 998O 

agaaacgc.cc gtaatggtgt tittaataa.ca galaggttcag toaaaggtot aac acct tca 20040 

aagg gaccag cacaagctag cqtcaatgga gtcac attaa ttggagaatc agtaaaaa.ca 20100 

cagtttaact actittaagaa agtag acggc attattoaac agttgcctga aacctactitt 20160 

actcagagca gagacittaga ggattittaag cccagat cac aaatggaaac toactittct c 20220 

gagctogcta toggatgaatt Catacagoga tataag Citcg agggctato C Cttcgaacac 20280 

atcgtttatg gagattitcag to atggacaa cittgg.cgg to ttcatttaat gataggotta 20340 

gccaag.cgct cacaagatto acc acttaaa ttagaggatt ttatc.ccitat ggacago.aca 20 400 

gtgaaaaatt actitcataac agatgc.gcaa acaggttcat caaaatgtgt gtgttctgtg 20460 

attgatctitt tacttgatga citttgtcgag ataataaagt cacaagattt gtoagtgatt 20520 

totaaaagtgg toaaggttac aattgacitat gct gagattt cattcatgct ttggtgtaag 20580 

gacgga catg ttgaaaccitt citacccaaaa citacaa.gcaa gtcaag.cgt g g caaccaggt 20 640 

gttgcgatgc ctaacttgta caagatgcaa agaatgctitc ttgaaaagtg tdaccittcag 20700 

aattatggtg aaaatgctgt tataccaaaa gqaataatga tigaatgtc.gc aaagtatact 20760 

caactgtgtc. aatacttaaa tacacttact ttagctgitac cotacaacat gag agittatt 20820 

cactittggtg citggctctga taaaggagtt gcaccaggta cagotgtgct cagacaatgg 20880 

ttgccaactg goacactact tdtcg attca gatcttaatg actitcgtcto cqacgcagat 20940 

totactittaa ttggag acto togcaa.cagta catacggcta ataaatggga cct tattatt 21000 

agcgatatgt atgaccctag gaccaaac at gtgacaaaag agaatgactic taaagaaggg 21060 

tttittcactt atctgttgttgg atttataaag caaaaactag ccctgggtgg ttctatagot 21120 

gtaaagataa cagagcattc ttggaatgct gacctttaca agctitatggg ccatttcto a 21180 

tggtggacag cittttgttac aaatgtaaat gcatcatcat cqgaag catt tittaattggg 21240 

gctaactato ttggcaa.gcc gaaggaacaa attgatggct ataccatgca togctaactac 21300 

attittctgga ggaacacaaa toctatocag ttgttctitcct attcactictt tdacatgagc 21360 

aaattitcc to ttaaattaag aggaactgct gtaatgtc.to ttaaggaga a toaaatcaat 21420 

gatatgattt attctottct ggaaaaaggt aggcttatca ttagagaaaa caacagagtt 21480 

gtggitttcaa gtgatattot tattaacaac taaacgaaca tatttattitt cittattattt 21540 
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cittact citca citagtggtag to accittgac cqgtgcacca cittittgatga tigttcaagct 21600 

cctaattaca citcaiacatac titcatctatg aggggggittt actatoctda taaaatttitt 21660 

agatcagaca citctittattt aactcagg at ttatttctitc cattttatto taatgttaca 21720 

gggtttcata citattaatca tacgtttggc aaccotgtca taccttittaa ggatgg tatt 21780 

tattittgctg. ccacagagaa atcaaatgtt gttc.cgtggitt go.gtttittgg ttctaccatg 21840 

aacaacaagt cacagtcggit gattattatt aacaatticta citaatgttgt tatacgagca 21900 

tgtaactittgaattgttgttga caaccotttc tittgctgttt citaaaccoat g g g tacacag 21960 

acacatacta toatattoga taatgcattt aattgcactt togagtacat atctgatgcc 22020 

tttitc.gcttg atgtttcaga aaagttcaggit aattittaaac acttacgaga gtttgttgttt 22080 

aaaaataaag atgggtttct citatgtttat aagggctato aacctataga tigtagttcgt 22140 

gatctacctt citggittittaa cactittgaaa cctatttitta agttgccitct tag tattaac 2.2200 

attacaaatt ttagagcc at tottacagoc titttcaccitg citcaagacat ttgggg.cacg 22260 

tdagctgcag cotattttgttggctattta aag coaacta catttatgct caagtatgat 22320 

gaaaatggta caatcacaga tigctgttgat tdttcto aaa atccacttgc tigaactcaaa 22380 

tgctctgtta agagctittga gattgacaaa gqaatttacc agaccitctaa titt cagg gtt 22440 

gttc.ccitcag gagatgttgt gagattcc ct aat attacaa acttgttgtcc ttittggagag 22500 

gtttittaatg citactaaatt cocttctgtc. tatgcatggg agagaaaaaa aatttctaat 22560 

tgttgttgctg attactctgt gctctacaac toaacatttt tttcaacctt taagtgctat 22620 

gg.cgitttctg. ccactaagtt gaatgatctt tacttctoca atgtctatgc agattcttitt 22680 

gtag to aagg gagatgatgt aag acaaata gcgc.caggac aaactggtgt tattgctgat 22740 

tata attata aattgccaga tigattitcatg g gttgttgtcc ttgcttggaa tactaggaac 22800 

attgatgcta cittcaactgg taattata at tataaatata ggitat cittag acatggcaag 22860 

cittagg.ccct ttgagagaga catatotaat gtgcctttct cocct gatgg caaac cittgc 22920 

accocaccitg citcttaattg ttattggcca ttaaatgatt atggitttitta caccactact 22980 

ggcattggct accaacctta cagagttgta gtactittctt ttgaacttitt aaatgcaccg 23040 

gccacggttt gtggaccalaa attatccact gaccittatta agaac cagtg tdtcaattitt 23100 

aattittaatg gacitcactgg tactggtgtg ttaactoctt cittcaaagag atttcaacca 23160 

tittcaacaat ttgg.ccgtga tigtttctgat titcactgatt cogttc.gaga toctaaaaca 23220 

totgaaat at tag acatttc accittgctct tittgggggtg taagtgtaat tacaccitgga 23280 

acaaatgctt catctgaagt togctgttcta tatcaagatg ttaactgcac tdatgtttct 23340 

acagdaattic atgcagat.ca acticacacca gcttggcgca tatattotac toggaaacaat 23 400 

gtatto.ca.ga citcaag cagg citgtc.ttata ggagctdagc atgtcgacac ttctitat gag 23 460 

tg.cg acattc ctattggagc tiggcatttgt gctagttaccatacagtttc tittattacgt 23520 

agtactagoc aaaaatctat tdtggctitat actatgtctt taggtgctga tagttcaatt 23580 

gcttacticta ataacaccat tdctatacct actaacttitt caattagcat tactacagaa 23640 

gtaatgcctg tittctato go taaaacctico gtagattgta atatgtacat citgcggagat 23700 

totactgaat gtgctaattit gcttctocaa tatgg tagct tittgcacaca actaaatcgt 23760 

gcactcitcag gtattgctgc tigaac aggat cqcaacacac gtgaagtgtt cqctdaagtic 23820 
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aaacaaatgt acaaaaccoc aactittgaaa tattittggtg gttittaattt titcacaaata 23880 

ttacct gacc citctaaag.cc aactaagagg tottttattg agg acttgct ctittaataag 23940 

gtgacacticg citgatgctgg citt catgaag caatatggcg aatgccitagg toatattaat 24000 

gctagagatc. tcatttgtgc gcagaagttcaatggacitta cagtgttgcc accitctgctic 24060 

actgatgata tattgctgc ctacacggct gctictagitta gtgg tactgc cactgctgga 24 120 

tgga catttg gtgctggcgc tigctottcaa ataccttittg citatgcaaat gg catatagg 241.80 

ttcaatggca ttggagttac ccaaaatgtt citctatoaga accaaaaa.ca aatc.gc.caac 24240 

caatttaa.ca aggcgattag toaaattcaa gaatcactta caacaa.catc aactgcattg 24.300 

ggcaa.gctgc aagacgttgt talaccagaat gctcaag cat taalacacact tottaaacaa 24360 

cittagctota attittggtgc aatttcaagt gtgctaaatg atatoctittc gcg acttgat 24420 

aaagttc gagg cqgaggtaca aattgacagg ttaattacag goagacittca aag cottcaa 24480 

accitatgtaa cacaacaact aatcagggct gctgaaatca gggcttctgc taatcttgct 24540 

gctactaaaa totctgagtg togttcttgga caatcaaaaa gagttgacitt ttgttggaaag 24 600 

ggctaccacc titatgtc.citt cocacaag ca gcc.ccgcatg gtgttgttctt catacatgtc. 24660 

acgtatgtgc catcc.cagga gaggaactitc accacagogc cagdaatttgtcatgaaggc 24.720 

aaag catact tcc citcgtga aggtgtttitt gtgtttaatg goacttcttg gtttattaca 24780 

cagaggaact tcttittctoc acaaataatt act acagaca atacatttgt citcaggaaat 24840 

tgttgatgtcg ttattgg cat cattaacaac acagtttatg atcctctg.ca acctgagctc. 24900 

gact cattca aagaagagct ggacaagtac ttcaaaaatc atacatcacc agatgttgat 24960 

cittggcgaca tttcagg cat taacgcttct gtcgtcaa.ca ttcaaaaaga aattgaccgc 25 020 

citcaatgagg togctaaaaa tittaaatgaa toacticattg accittcaaga attgggaaaa 25 080 

tatgag caat at attaaatg gcc.ittggitat gtttggctog gottcattgc tigg actaatt 25 140 

gccatcgt.ca toggttacaat cittgctttgttgcatgacta gttgttgcag ttgccitcaag 25200 

ggtgcatgct cittgttggttc ttgctgcaag tittgatgagg atgacitctga gcc agttct c 25260 

aagg gtgtca aattacatta cacataaacg aactitatgga tttgtttatg agattittitta 25320 

citcttggatc aattactg.ca cagdcagtaa aaattgacaa tacttctocit gcaagtactg. 25380 

ttcatgctac agcaacgata cc.gctacaag cctoacticcc tittcggatgg cittgttattg 25440 

gcgttgcatt tottgctgtt tttcagag cq citaccaaaat aattgcgctc aataaaagat 25500 

ggcagdtag.c cctittataag g g ctitccagt to atttgcaa tttactgctg. citatttgtta 25560 

ccatctatto acatcttittg cittgtc.gctg cagg tatgga gg.cgcaattt ttgtacctdt 25 620 

atgccttgat atattittcta caatgcatca acgcatgtag aattattatg agatgttggc 25680 

tttgttggaa gtgcaaatcc aagaacco at tactittatga tigccaactac tttgtttgct 25740 

ggcacacaca talactatogac tactgtatac catataa.cag totcacagat acaattgtcg 25800 

ttactgaagg tacgg catt toaacaccala aactcaaaga agacitaccala attggtggitt 25860 

attctgagga tagg cactica ggtgttaaag act at gtcgt totacatggc tatttcaccg 25 920 

aagtttacta coagcttgag totacacaaa ttactacaga cactgg tatt gaaaatgcta 25.980 

cattcttcat citttaacaag cittgttaaag accoaccgaa tatgcaaata cacacaatcg 26040 

acggct ctitc aggagttgct aatccago aa to gatccaat titatgat gag cogacgacga 26100 



US 2006/0240530 A1 

citactagogt 

Cggaagaaac 

tottgctagt 

ttgttaacgt 

actcittctga 

gtttggaact 

taaacaactic 

gttact acaa 

cctotggcto 

taattgggtg 

tagctactitc 

cc.ca.gaaa.ca 

catggaaagt 

acaccc.ccita 

acgaacgctt 

tgctgcatac 

Caacgacaat 

to Caggittac 

ggaatcttga 

agaattatto 

atgaaaatta 

Caggagtgtg 

gagggcaatt 

acacactittg 

tdagtttcac 

citttittctoa 

acagaatgaa 

tacttgttitt 

aaccittgtac 

tatgcagttg 

aagatccttg 

Ctaggaaagg 

gttactatoa 

catgaaggto 

aattaaaatg 

tggtgg acco 

aaaa.cagogc 

totagoatggc 

gcctttgtaa 

aggtacgitta 

cacactagoc 

gagtttagta 

aggagttcct 

ttaacattgc 

citggaacaat 

tittgccitatt 

ttgttggccag 

actggcggga 

gttgctitcct 

aac attctitc. 

gaacttgtca 

ggg.cgctgtg 

tottattaca 

aac cqctacc 

attgctittgc 

aatagoagag 

cgittataata 

ggagittagat 

titotottoct 

ttagaggtac 

caccatttca 

cittittgcttg 

caaaacttitt 

ttgttgctg.c 

tgagct cact 

aataatgctt 

caaagtictaa 

catatgcact 

taaggtacaa 

titt tacctitt 

actgtcaaga 

accaaactgc 

totgataatg 

acagattcaa 

cg acco caag 

aaggaggaac 

gcacaagaaa 

atagittaata 

atccttactg 

aalaccaacgg 

gatcttctgg 

ttatcatggc 

ggalaccitagt 

citaatcggaa 

taacacttgc 

ttgcgattgc 

to aggctgtt 

totaatgtgcc 

ttggtgctgt 

acattaagga 

aattaggagc 

gtattggaaa 

tagtacagta 

atattgatta 

agttcaatag 

gatgaagaac 

gacattgatt 

gactgtacta 

ccctcittgct 

tgctgacggit 

catcagacaa 

totag tattt 

ttaattgact 

attatattitt 

acgaacatga 

gtag tacago 

cactaggggit 

toatagatgg 

to cagotggit 

tgcatttaga 

gaccc caatc 

citgacaataa 

gtttaccoaa 

ttagattocc 

gtgagtacga. 

gcgtacttct 

cgctitcgatt 

tttacgtcta 

totaaacgaa 

agacaacggit 

aataggtttc 

caggtttittg 

ttgttttgttg 

aatggcttgt 

tgctcgtacc 

totcCggggg 

gatcattcgt 

cct gccaaaa 

gtogcagcgt. 

citatalaatta 

agtgacaa.ca 

to attat gag 

tgaga caatt 

citatggagtt 

gtatttacat 

citaaaagaac 

gacaataaat 

acticgacata 

gaggaggttc 

ttaatactitt 

totatttgttg 

ggittittcact 

aacttcticat 

gctgtgcatc 

aatacittata 

cacactatogg 

ggtgc gotta 

gacgtacttg 

aalaccaacgt. 

ccagaatgga 

taatact gcg 

to gaggc.ca.g 
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actitatgtac to attcgttt 

ttittcttgct titcgtggitat 

gtgtgcgtac toctocaata 

citc.gc.gtgtt aaaaatctga 

citalactatta ttattattot 

act attaccg ttgaggagct 

citattoctag cotggattat 

tacataataa agcttgttitt 

cittgctgctg. tctacagaat 

attgtaggct tatgtc.gct 

cgctdaatgt ggtoattcaa 

acaattgttga cca gaccgct 

ggtoactitgc gaatggc.cgg 

gagat cact g togctacatc 

gtagg cact g attcaggttt 

aatacagacc acgc.cgg tag 

gatgtttcat cittgttgact 

gactittcagg attgctattt 

atttalagcct citaactalaga 

agattatcca taaaacgaac 

cittgcgagct atatoactat 

cittgcc.catc aggaacatac 

ttgcactaac ttgcactag c 

ccitaticagot gcgtgcaaga 

aacaagagct citact.cgc.ca 

gottcaccat taagagaaag 

citttittagoc tittctgctat 

cgaaatccag gatctagaag 

tgttittgact totatttcto 

taataaacct catgtgcttg 

gcactgcttg gctttgtgct 

ttcaaacatig cacacctaat 

tagctaggtg ttggtacctt 

ttgttittaaa taaacgaa.ca 

agtg.ccc.ccc gcattacatt 

ggacgcaat g g g g CaaggcC 

tottggttca cagotctdac 

ggc gttccaa toaacaccala 

26160 

26220 

26,280 

2634. O 

264 OO 

264.60 

2652O 

26.580 

2664 O 

267 OO 

2676 O 

26820 

2688O 

26940 

27 OOO 

27 120 

27 18O 

2724 O 

273OO 

2736 O 

2742O 

27480 

2754 O 

276 OO 

27660 

2772O 

2778O 

2784 O 

279 OO 

2796 O 

28 O20 

28 080 

2814. O 

282OO 

28260 

2832O 

28380 
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tagtggtoca gatgaccalaa ttggctacta cc.gaagagct accogac gag titcgtggtgg 28440 

tgacggcaaa atgaaagagc ticagocccag atggtacttic tattacctag gaactggcc c 28500 

agaagctt.ca citt.cccitacg gogctaacaa agaaggcatc gitatgggttg caact gaggg 285 60 

agccttgaat acacccaaag accacattgg caccc.gcaat cotaataa.ca atgct gccac 28 620 

cgtgctacaa citt.cct caag gaacaa.catt gccaaaaggc titctacgcag agg galag cag 28680 

aggcgg cagt caa.gc.ctcitt citc.gctocto atcacgtagt cqcggtaatt Caagaaattic 28740 

aacticcitggc agcagtaggg gaaattcticc toc to gaatg gctagoggag gtggtgaaac 28800 

tgcc citcgcg citattgctgc tag acagatt galaccagott gaga.gcaaag tittctggtaa 28.860 

aggccaacaa caacaaggcc aaactgtcac taagaaatct gctgctgagg catctaaaaa 28920 

gcct cqccaa aaacgtact g c cacaaaa.ca gtacaac gito acticaag cat ttgggaga.cg 28980 

tggtoc agaa caaaccoaag gaaattitcgg ggaccalagac citaatcagac aaggaactga 29040 

ttacaaac at tiggcc.gcaaa ttgcacaatt tactccaagt gccitctgcat tctittggaat 29 100 

gtoacgcatt gocatggaag to acacct to gggaacatgg citgacittatc atggagc.cat 29160 

taaattggat gacaaagatc. cacaattcaa agacaacgtc. atact gotga acaag cacat 29220 

tgacgcatac aaaacattcc cacca acaga gcc taaaaag gacaaaaaga aaaag actoga 29280 

tgaagctdag cctittgcc.gc agaga caaaa gaagcago.cc actgtgactic ttctitcc toc 29.340 

ggctgacatg gatgatttct CCagacaact tcaaaattcc atgagtggag Cttctgctga. 29.400 

ttcaactcag goataalacac to atgatgac cacacaaggc agatgggcta totaaacgtt 29 460 

titc.gcaattic cqtttacg at acatagtcta citcttgttgca gaatgaattic togtaactaa 29520 

acag cacaag taggitttagt taactittaat citcacatago aatctittaat caatgtgitaa 29580 

cattagg gag gacittgaaag agccaccaca ttittcatcga ggccacgcgg agtacgatcg 296.40 

agggtacagt gaataatgct agg gagagct gccitatatgg aagagcc cta atgtgtaaaa 297.00 

ttaattittag tagtgctato cocatgttgat tittaatagot tottaggaga atgacaaaaa 29760 

aaaaaaaaaa aaaaaagggc gaattctgca g 29791 

<210> SEQ ID NO 4 
&2 11s LENGTH 545 O 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
&223> OTHER INFORMATION SARS F X1 mutant 

<400 SEQUENCE: 4 

gtgtgctgga attc.gc.ccitt cqagtgc.ccg cqgcc.gcatt gct gcctaca C ggctgctot 60 

agittagtggit act gcc acto citggatggac atttggtgct gg.cgctgctic ttcaaatacc 120 

ttittgctato caaatggcat ataggttcaa togcattgga gttacccaaa atgttcticta 18O 

tgagaaccala aaacaaatcg ccaac caatt taacaaggcg attagtcaaa ttcaagaatc 240 

acttacaa.ca acatcaactg. cattgggcaa gotgcaagac gttgttalacc agaatgcto a 3OO 

agcattaaac acacttgtta aacaacttag citctaattitt gotgcaattt Caagttgttgct 360 

aaatgatato cittitc.gc.gac ttgataaagt cqaggcggag gtacaaattig acaggittaat 420 

tacagg caga cittcaaagcc ttcaaaccita totalacacaa caactaatca gggctgctga 480 

aatcagggct tctgctaatc ttgctgctac taaaatgtct gagtgttgttc ttggacaatc 540 
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aattatttaa goctotaact aagaagaatt attcggagtt agatgatgaa galaccitatgg 2880 

agittagatta to cataaaac gaacatgaaa attattotot toctdacatt gattgtattt 2.940 

acatcttgcg agctatat ca citatcaggag totgttagag gtacgacitgt act actaaaa 3OOO 

gaac cittgcc catcaggaac atacgagggc aattcaccat titcacccitct togctgacaat 3060 

aaatttgcac taacttgcac tag cacacac tittgcttittg cittgtgctga C gg tact.cga 312 O 

catacctato agctg.cgtgc aagat cagtt to accaaaac tttitcatcag acaagaggag 318O 

gttcaacaag agctctactic gocactttitt citcattgttg citgctctagt atttittaata 324 O 

citttgctt.ca ccattalagag aaagacagaa taatgagct cactittaatt gacittctatt 33OO 

tgttgctttitt agcctttctg. citattoctitg ttittaataat gcttattata ttittggittitt 3360 

cacticgaaat coaggatcta gaagaaccitt gtaccaaagt citaaacgaac atgaaacttic 342O 

to attgttitt gacittgtatt totctatoca gttgcatatg cactgtagta cagogctgtg 3480 

catctaataa accitcatgtg cittgaagatc cittgtaaggit acaac actag g g g taatact 354. O 

tatago acto cittggctttg togctotagga aag gttttac Cittitt catag atggcacact 3600 

atggttcaaa catgcacacci taatgttact atcaactgtc. aagatccago togtggtgcg 3660 

cittatagota ggtgttggta cottcatgaa gqtcaccalaa citgctgcatt tagagacgta 372 O 

cittgttgttt taaataaacg aacaa attaa aatgtctgat aatgg accoc aatcaaacca 378 O. 

acgtag togcc CCCC go atta catttggtgg accCacagat tcaactgaca ataac Cagaa 384 O 

tggaggacgc aatggggcaa goccaaaa.ca gcgcc gaccc caaggtttac ccaataatac 39 OO 

tgcgtottgg titcacagotc. tcacticagoa togcaaggag gaacttagat toccitcgagg 396 O 

ccaggg.cgtt coaatcaa.ca coaatagtgg to cagatgac caaattggct act accgaag 4020 

agct acco ga C gagttcgtg gtggtgacgg caaaatgaaa gagcticagoc coagatggta 408 O 

cittctattac citaggaactg goccagaagc titcactt.ccc tacgg.cgcta acaaagaagg 414 O 

catcgitatgg gttgcaactg agg gagccitt gaatacacco aaagaccaca ttggcac cog 4200 

caatcc taat aacaatgctg. ccaccgtgct acaactitcct caaggaacaa cattgccaaa 4260 

aggcttctac goagagggaa goagaggcgg cagtcaagcc tottctogct cotcatcacg 4320 

tagt cqcggit aattcaagaa attcaacticc togcagoagt aggggaaatt citcctgctog 4.380 

aatggctago ggaggtggtg aaact gcc ct c gogctattg citgctagaca gattgaacca 4 440 

gcttgaga.gc aaagtttctg. gtaaaggcca acaacaacaa goccaaactg. tcactaagaa 4500 

atctgctgct gaggcatcta aaaag.ccitcq ccaaaaacgt act gccacaa alacagtacaa 45 60 

cgtoacticaa goatttggga gacgtggtcc agaacaaacc caaggaaatt toggggacca 462O 

agacctaatc agacaaggaa citgattacaa acattggcc.g caaattgcac aatttgcto c 4680 

aagtgcct cit gcattctttg gaatgtcacg cattggcato gaagt cacac citt.cgggaac 474. O 

atggctgact tat catggag coattaaatt gatgacaaa gatccacaat toaaaga caa 4800 

cgtoatact g c toaacaagc acattgacgc atacaaaa.ca titc.ccaccala cagagcctaa 4860 

aaaggacaaa aagaaaaaga citgatgaagc ticago citttg cc.gcagagac aaaagaa.gca 4920 

gcc.cactgtg acticttctitc citgcggctga catggatgat ttcto cagac aacttcaaaa 4.980 

titcCatgagt ggagcttctg. citgattcaac to agg cataa acact catga tigaccacaca 5040 

aggcagatgg gctatotaaa C gtttitc.gca attcc gttta cqata catag totactcittg 51OO 
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toctag cotg 

taataaagct 

citgctgtcta 

taggcttgat 

caatgtggto 

ttgttgaccag 

acttgc gaat 

to actotggc 

gcactgatto 

cagaccacgc 

tittcatcttg 

ttcaggattg 

aa.gc.citctaa 

tatic cataaa. 

cgagctatat 

cc catcagga 

actaacttgc 

totagotgcgt. 

agagct citac 

caccattaag 

ttagccttitc 

atcCaggatc 

ttgactitgita 

aaacct catg 

tgcttggctt 

aacatgcaca 

taggtttgg 

tittaaataaa. 

cccc.ccgcat 

gCaatggggc 

ggttcacago 

titccalatcaa. 

gacgagttcg 

accitaggaac 

gggttgcaac 

ataacaatgc 

acgcagaggg 

gtaattcaag 

gattatgtta 

tgtttitccitc 

cagaattaat 

gtggcttagc 

attcaa.ccca 

accgct catg 

ggc.cggacac 

tacatcacga 

aggttittgct 

cggtag caac 

ttgactitcca 

citatttggaa 

citaagaagaa 

acgaac atga 

cactato agg 

acatac gagg 

actago acac 

gcaagatcag 

togccactitt 

agaaagacag 

tgctattoct 

tagaagaacc 

tittctotatg 

tgcttgaaga 

tgtgctictag 

cctaatgtta 

taccttcatg 

cgaacaaatt 

tacatttggit 

aaggccaaaa 

totcactcag 

caccalatagt 

tggtggtgac 

tggcc.cagaa 

tgagggagcc 

tgccaccgtg 

aag cagaggc 

aaattcaact 

ctacaatttg 

tggctcittgt 

tgggtgactg 

tactitcgttg 

gaaacaaaca 

gaaagtgaac 

cc cctagggc 

acgctittctt 

gcatacaacc 

gacaatattg 

ggittacaata 

tottgacgtt 

ttattoggag 

aaattattoct 

agtgttgttag 

gcaattcacc 

actittgctitt 

titt caccalaa. 

ttcto attgt 

aatgaatgag 

tgttittaata 

ttgtaccalaa 

cagttgcata 

to cittgtaag 

gaaaggttitt 

citatcaactg 

aaggtoacca 

aaaatgtctg 

ggacccacag 

cago.gc.cgiac 

Catggcaagg 

ggtocagatg 

ggcaaaatga 

gcttcactitc 

ttgaatacac 

citaca actitc. 

ggCagtCaag 

cctgg cagoa 

cc tattotala 

ggc.cagtaac 

gCgggattgc 

cittccittcag 

ttcttct cala 

ttgtcattgg 

gctgttgacat 

attacalaatt 

gctaccgitat 

citttgctagt 

gcagagatat 

ataataagtt 

ttagatgatg 

cittcctgaca 

aggtacgact 

attitcaccct 

tgcttgtgct 

acttittcatc. 

tgctgctcta 

citcactittaa. 

atgcttatta 

gtotaaacga 

tgcactgtag 

gtacaac act 

accittitt cat 

totalagat.cca 

aactgctgca 

ataatgg acc 

attcaactoga 

cc caaggttt 

aggaact tag 

accalaattgg 

aagagcticag 

ccitacgg.cgc 

ccaaagacca 

citcaaggaac 

cct cittctog 

gtaggggaaa 
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toggaac agg 

acttgcttgt 

gattgcaatg 

gctgtttgct 

tgttgcctcitc 

tgctgttgatc 

taagg acctg 

aggagcgtcg 

tggaalactat 

acagtaagtg 

tgattatcat 

caatagt gag 

aagaaccitat 

ttgattgitat 

gtact actaa 

cittgctgaca 

gacgg tactic 

agaCaagagg 

gtatttittaa 

ttgacittcta 

tattittggitt 

acatgaaact 

tacagogctg 

aggggtaata 

agatggcaca 

gctggtggtg 

tittagagacg 

coaatcaaac 

caataac cag 

accocaataat 

attcc citcga 

citactaccga 

cc.ccagatgg 

taacaaagaa 

cattggcacc 

aac attgc.ca 

citcct catca 

ttctoctgct 

ued 

ttitttgtaca 

tttgttgcttg 

gcttgtattg 

cgtaccc.gct 

CgggggaCaa 

attcgtggto 

ccaaaag aga 

cagogtgtag 

alaattaalata 

acaacagatg 

tat gagg act 

acaattattit 

ggagittagat 

ttacatcttg 

aagaaccittg 

ataaatttgc 

gacataccta 

aggttcaa.ca 

tactittgctt 

tttgttgctitt 

ttcactcgaa 

totcattgtt 

tgcatctaat 

cittatagdac 

citatggttca 

cgcttatago 

tacttgttgt 

caacgtagtg 

aatggaggac 

actg.cgtott 

ggcCaggg.cg 

agagctaccc 

tactitctatt 

ggcatcgitat 

cgcaatccta 

aaaggcttct 

cgtag togcg 

c gaatggcta 

1680 

1740 

1800 

1860 

1920 

1980 

20 40 

2100 

216 O 

2220 

228O 

234. O 

24 OO 

2460 

252O 

258O 

264 O 

27 OO 

276 O. 

282O 

2880 

2.940 

3060 

312 O 

318O 

324 O 

3360 

342O 

3480 

354. O 

3600 

3660 

372 O 

378 O. 

384 O 

39 OO 
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gc ggaggtgg togaaactgcc citc.gc.gct at tdoctoctaga cagattgaac cagottgaga 396 O 

gcaaagtttctggtaaaggc caacaacaac aaggccaaac totcactaag aaatctgctg 4020 

citgagg catc taaaaag.cct c gccaaaaac gtact gccac aaaac agtac aacgtcactic 408 O 

aag catttgg gagacgtggit coagaacaaa cccaaggaaa titt.cggggac caag accitaa 414 O 

totag acaagg aactgattac aaa.cattggc cqcaaattgc acaatttgct coaagtgcct 4200 

citgcattctt toggaatgtca cqcattggca toggaagt cac accitt.cggga acatggctda 4260 

cittatcatgg agc cattaaa ttggatgaca aagatccaca attcaaagac aacgtcatac 4320 

tgctgaacaa goacattgac goatacaaaa cattcccacc alacagagcct aaaaaggaca 4.380 

aaaagaaaaa gacitgatgaa gotcagoctt toccgcagag acaaaagaag cagoccactg 4 440 

tgacitcttct tcc toc ggct gacatggatg atttcto cag acaacttcaa aattic catga 4500 

gtggagctitc togctgattica acticaggcat aaa.cact cat gatgaccaca caaggcagat 45 60 

gggctatota aac gttitt.cg caatticcgtt tacgatacat agt citactct totgcagaat 462O 

gaattctogt alactaalacag cacaagtagg tittagttaac tittaatcto a catagdaatc 4680 

tittaatcaat gtgtaacatt agg gaggact togaaagagcc accacattitt catcgaggcc 474. O 

acgcggagta C gatcgaggg tacagtgaat aatgctaggg agagctgcct atatggalaga 4800 

gccctaatgt gtaaaattaa ttittagtagt gctatoccoa totgattitta atagottctt 4860 

aggagaatga Caaaaaaaaa aaaaaaaaaa aaagg gC gaa ttctgcagat atcCatcaca 4920 

citgg.cggc.cg citc gag catg catctagagg gcc caattcg ccctatagtg agtcgtatta 4.980 

caattcactg gocgtogttt 5 OOO 

<210> SEQ ID NO 6 
&2 11s LENGTH 5600 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
&223> OTHER INFORMATION SARS F X3 mutant 

<400 SEQUENCE: 6 

gaattic gocc titcgagtgcc cqcggcc.gca ttgct gccta cacggctgct citagttagtg 60 

gtactgccac togctggatgg acatttggtg citggcgctgc ticttcaaata cottttgcta 120 

tgcaaatggc atataggttcaatgg cattg gagttaccca aaatgttct c tatgaga acc 18O 

aaaaacaaat cqccalaccaa tittaacaagg cqattagtca aatticaagaa toactitacaa 240 

caa.catcaac togcattgggc aagctgcaag acgttgttaa cca gaatgct caa.gcattaa 3OO 

acac acttgt taaacaactt agctotaatt ttggtgcaat ttcaagtgtg citaaatgata 360 

toctitt.cgcg acttgataaa gtc gaggcgg aggtacaaat tdacaggitta attacaggca 420 

gacittcaaag cct tcaaacc tatgtaacac aacaactaat cagggctgct gaaatcaggg 480 

cittctgctaa tottgctgct actaaaatgt citgagtgttgttcttggacaa totaaaaagag 540 

ttgacittittg tdgaaagggc taccaccitta totcc titccc acaag cago C cc.gcatggtg 600 

ttgtc.ttcct acatgtcacg tatgtgcc at Cocaggagag gaactitcacc acagogc.ca.g 660 

caatttgtca toga aggcaaa goatact tcc citcgtgaagg totttttgttg tittaatggca 720 

cittcttggitt tattacacag aggaacttct tittctocaca aataattact acagacaata 78O 

catttgtc.tc aggaaattgt gatgtcgitta ttggcatcat taacaacaca gtttatgatc 840 
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actato agga gtgtgttaga ggtacgactg tactact aaa agaac cittgc ccatcaggaa 318O 

catacgaggg caattcacca titt cacccitc ttgctgacaa taaatttgca cita acttgca 324 O 

citagcacaca citttgcttitt gcttgttgctg acggtactcg acatacctat cagotgcgtg 33OO 

caagat cagt titcaccaaaa cittitt catca gacaa gagga ggttcaacaa gag citctact 3360 

cgcc acttitt totcattgtt gctgctotag tatttittaat actittgctitc accattaaga 342O 

gaaagacaga atgaatgagc toactittaat tigacittctat ttgttgcttitt tag cotttct 3480 

gctattoctit gttittaataa tacttattat attittggittt toacticgaaa tocaggatct 354. O 

agaagaacct totaccaaag totaaacgaa catgaaactt citcattgttt to acttgtat 3600 

ttct citatgc agttgcatat gcact gtagt acagogctgt gcatctaata aacct catgt 3660 

gcttgaagat cottgtaagg tacaa.cacta ggggtaatac titatago act gcttggctitt 372 O 

gtgctotagg aaaggttitta cotttitcata gatgg cacac tatggttcaa acatgcacac 378 O. 

citaatgttac tat caactgt caagatccag citggtggtgc gottatagot aggtgttggit 384 O 

acct tcatga aggtoaccala actgctgcat ttagagacgt acttgttgtt ttaaataaac 39 OO 

gaacaa atta aaatgtctga taatggaccc caatcaaacc aacgtag togc ccc.ccgcatt 396 O 

acatttggtg gacccacaga ttcaactgac aataaccaga atggaggacg caatggggca 4020 

aggccaaaac agc gcc gacc cca aggttta cccaataata citgcgtott g gttcacagot 408 O 

Ctcacticago atggcaagga ggaacttaga titcCCtcgag gCC aggg.cgt tocaatcaac 414 O 

accalatagtg gtccagatga ccaaattggc tactacc gala gagctac cog acgagttcgt. 4200 

ggtggtgacg gcaaaatgaa agagctdagc cccagatggit acttctatta cottaggaact 4260 

ggcc.ca.gaag citt cactitcc citacggcgct aacaaagaag goatcgitat g g gttgcaact 4320 

gagggagcct togaatacacc caaagaccac attgg cacco goaatccitaa taacaatgct 4.380 

gccaccgtgc tacaactitcc toaaggaaca acattgccaa aaggcttcta C go agaggga 4 440 

agcagaggcg gcagtcaagc citcttctogc ticcitcatcac gtagt cqcgg taattcaaga 4500 

aattcaactc. citggcagoag taggggaaat totcc togcto gaatggctag cqgaggtggit 45 60 

gaaactg.ccc togcgctatt gctgctagac agattgaacc agcttgagag caaagtttct 462O 

ggtaaaggcc aacaacaa.ca aggccaaact gtcactaaga aatctgctgc tigaggcatct 4680 

aaaaagcc to gocaaaaacg tactgccaca aaa.cagtaca acgtoactica agcatttggg 474. O 

agacgtgg to cagaacaaac coaaggaaat titcgggg acc aag acctaat cagacaagga 4800 

actgattaca aac attggcc gcaaattgca caatttgcto caagtgcctic to cattctitt 4860 

ggaatgtcac goattgg cat ggaagttcaca cctitcgg gaa catggctgac ttatcatgga 4920 

gcc attaa at toggatgacaa agatccacaa ttcaaagaca acgtoatact gctgaacaag 4.980 

cacattgacg catacaaaac attcc cacca acagagccta aaaaggacaa aaagaaaaag 5040 

actgatgaag citcago ctitt gcc.gcagaga caaaagaagc agcc.cactgt gactcittctt 51OO 

cctg.cggctg acatggatga tittcticcaga caactitcaaa attcc at gag toggagcttct 5 160 

gctgattcaa citcagg cata aac actoatg atgaccacac aaggcagatg ggctatotaa 5220 

acgtttitc.gc aattcc gttt acgatacata gtctactictt gtgcagaatgaattctogta 528 O 

actaaa.ca.gc acaagtaggit ttagttaact ttaatctoac atagdaatct ttaatcaatg 5340 

tgtaac atta gggaggacitt gaaagagc.ca ccacatttitc atc gaggcca cqcggagtac 5 400 





US 2006/0240530 A1 Oct. 26, 2006 
75 

-continued 

taac agtgtc. acagatacaa ttgtcgttac talaggtgac ggcatttcaa caccaaaact 1800 

caaagaagiac taccalaattg gtggittatto taggatagg cactcaggtg ttaaagacita 1860 

tgtcgttgta catggctatt to accgaagt titactaccag cittgagticta cacaa attac 1920 

tacagacact g g tattgaaa atgctacatt citt catctitt aacaagcttg ttaaag acco 1980 

accgaatgtg caaatacaca caatcgacgg citcttcagga gttgctaatc cagdaatgga 20 40 

to caattitat gatgagcc.ga cqacgactac tag.cgtgcct ttgtaag cac aagaaagtga 2100 

gtacgaactt atgtactic at togtttcgga agaaacaggit acgittaatag ttaatagogt 216 O 

acttctttitt cittgctttcg togg tattott gctag toaca citagccatcc titactg.cgct 2220 

to gattgttgt gcgtactgct gcaat attgt taacgtgagt ttagtaaaac caacggttta 228O 

cgtotact.cg cqtgttaaaa atctgaactc ttctgaagga gttcc to atc ttctggtota 234. O 

aacgaactaa citattatt at tattotgttt ggaactittaa cattgctitat catgg cagac 24 OO 

aacggtacta ttaccgttga ggagcttaaa caacticcitgg aacaatggaa cctagtaata 2460 

ggitttccitat toctagocto gattatgtta citaca atttg cctattotaa toggaac agg 252O 

ttitttgtaca taataaagct tatttitccitc tdgctcittgt ggccagtaac acttgcttgt 258O 

tttgtgcttg citgctgtcta cagaattaat tdggtgactg gcgggattgc gattgcaatg 264 O 

gcttgtattg taggcttgat gtggcttagc tactitcgttg citt cottcag gotgtttgct 27 OO 

cgtaccc.gct Caatgtgg to attcaaccCa gaaacaaaca ttcttctoaa tatgcCtcto 276 O. 

cgggggacaa ttgttgaccag accgctdatg gaaagtgaac ttgtcattgg togctgtgatc 282O 

attcgtgg to acttgc gaat gg.ccggacac ccc.ctagggc gctgtgacat talagg acctg 2880 

ccaaaagaga toactgtggc tacatcacga acgctttctt attacaaatt aggagcgtog 2.940 

cagogtgtag goactgatto aggttittgct gcataca acc gctaccgitat tdgaalactat 3OOO 

aaattaaata cagaccacgc cqgtagcaac gacaatattg citttgctagt acagtaagtg 3060 

acaacagatg titt catcttg ttgactitcca ggittacaata gcagagatat tdattat cat 312 O 

tatgaggact titcaggattg citatttggaa tottgacgtt ataataagtt caatagt gag 318O 

acaattattt aagcctictaa citaagaagaa ttattoggag titagatgatg aagaaccitat 324 O 

ggagittagat tatccatalaa acgaacatgg caggtgatcg attaattaag agctoactitt 33OO 

aattgactitc tatttgttgct ttittagoctt totgctatto cittgttittaa taatgctitat 3360 

tatattittgg ttittcacticg aaatcCagga totagaagaa ccttgtacca aagttctaaac 342O 

gaacatgaaa cittcto attg ttittgactitg tatttctota to cagttgca tatgcactgt 3480 

agtacagogc tigtgcatcta ataaacctica totgcttgaa gatcc ttgta aggtacaa.ca 354. O 

citaggggtaa tacttatago actgcttggc tittgttgctot aggaaaggitt ttaccttittc 3600 

atagatggca cactato gtt caaacatgca caccitaatgt tactatoaac totcaagatc 3660 

cagotggtgg togcgcttata gctaggtgtt got acct tca toga aggtoac caaactgctg 372 O 

catttagaga C gtacttgtt gttittaaata aac gaacaaa ttaaaatgtc. togataatgga 378 O. 

cc.ccaatcaa accaacgtag toccc.ccc.gc attacatttg gtggacccac agattcaact 384 O 

gacaataa.cc agaatggagg acgcaatggg gcaaggccaa alacago.gc.cg accocaaggt 39 OO 

ttacccaata atactg.cgto ttggttcaca gct citcactc agcatggcaa gaggaactt 396 O 

agattoccitc gaggcc aggg cqttccaatc aacaccalata gtggtocaga tigaccalaatt 4020 
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ggctactacc gaagagctac Cogac gagtt cqtggtogto acggcaaaat gaaagagctic 408 O 

agc.cccagat ggtactitcta ttacctagga actggcc cag aagcttcact tcc citacggc 414 O 

gctaacaaag aaggcatcgt atgggttgca act gagg gag ccttgaatac accolaaagac 4200 

cacattggca ccc.gcaatcc taataacaat gct gccaccg togctacaact tcc to aagga 4260 

acaa.cattgc caaaaggctt citacgcagag ggaag cagag goggcagtca agcct cittct 4320 

cgct cotcat cacgtag tog C ggtaattica agaaattcaa citcctgg cag cagtagggga 4.380 

aattct cotg citc gaatggc tag.cggaggt ggtgaaacto coctogcgct attgctgcta 4 440 

gacagattga accagottga gag caaagtt totggtaaag gocaacaa.ca acaaggccala 4500 

actgtcacta agaaatctgc tigctgaggca totaaaaagc citc.gc.caaaa acgtact gcc. 45 60 

acaaaa.cagt acaacgtcac toaag cattt go.gaga.cgtg gtc.ca.galaca aaccolaagga 462O 

aattitcgggg accaag acct aatcagacaa gqaactoatt acaaacatt g g cc.gcaaatt 4680 

gcacaatttg citccaagtgc citctgcattc tittggaatgt cacgcattgg catggaagtic 474. O 

acaccittcgg galacatggct gacittatcat ggagc catta aattggatga caaagatcca 4800 

caattcaaag acaacgtcat actgctgaac aag cacattg acgcatacaa aac attcc.ca 4860 

ccaacagagc ctaaaaagga caaaaagaaa aag acto atg aagcticago C tittgcc.gcag 4920 

agacaaaaga agcagoccac totgactcitt cittcc to cqg citgacatgga tigatttcto c 4.980 

agacaactitc aaaatticcat gagtggagct tctgctdatt Caactcaggc ataaacactic 5040 

atgatgacca cacaaggcag atgggctato taaacgttitt cqcaatticcg tttacgatac 51OO 

atagtc.tact cittgttgcaga atgaattic to gtaactaaac agcacaagta ggitttagtta 5 160 

actittaatct cacatago aa totttaatca atgtgtaa.ca ttagg gagga cittgaaagag 5220 

ccaccacatt ttcatc gagg ccacgcggag tacgatc gag ggtacagtga ataatgctag 528 O 

ggagagctgc ctatatggaa gag coctaat gtgtaaaatt aattittagta gtgctatocc 5340 

catgttgattt taatagottc ttaggaga at gacaaaaaaa aaaaaaaaaa aaaaaaaggg 5 400 

c gaattctgc agatat coat cacactgg.cg gcc.gcto gag catgcatcta 545 O 

<210 SEQ ID NO 8 
&2 11s LENGTH 615 O 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 

<223> OTHER INFORMATION: SARS F X4/gfp substitution 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (648) . . (648) 
<223> OTHER INFORMATION: n is a c, g, or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (872 ) . . (872) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 8 

agtgc.ccg.cg gcc.gcattgc tigcctacacg gctgctotag titagtggtac toccactgct 60 

ggatggacat ttggtgctgg cqctgctott caaatacctt ttgctatoca aatgg catat 120 

aggttcaatg gcattggagt tacccaaaat gttct citatg agaac caaaa acaaatcgc.c 18O 

alaccalattta acaaggcg at tag to aaatt caagaatcac ttacaacaac atcaactgca 240 

ttgggcaa.gc tigcaagacgt tottalaccag aatgctdaag cattaaacac acttgttaaa 3OO 
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caacttagct citaattittgg togcaattitca agtgttgctaa atgatatoct titc.gc.gactt 360 

gataaagttcg aggcggaggit acaaattgac aggttaatta caggcag act tcaaag.ccitt 420 

caaaccitatg talacacaa.ca actaatcagg gctgctdaaa totagg gottctgctaatctt 480 

gctgctacta aaatgtctga gtgttgttctt gacaatcaa aaagagttga cittttgttgga 540 

aagggctacc accittatgtc. citt.cccacaa goagc.ccc.gc atggtgttgt cittcc tacat 600 

gtoacg tatg togc catcc.ca ggagaggaac titcaccacag cqC cagonat ttgtcatgaa 660 

ggcaaag.cat actitcc citcg tdaaggtgtt tttgttgttta atggc acttic ttggtttatt 720 

acacagagga acttctttitc. tccacaaata attactacag acaatacatt totcticagga 78O 

aattgttgatg togttattgg catcattaac alacacagttt atgatcc tot gcaacct gag 840 

citcg acto at tdaaagaaga gctggacaag tincttcaaaa atcatacatc accagatgtt 9 OO 

gatcttgg.cg acatttcagg cattalacgct tctgtc.gtoa acattcaaaa agaaattgac 96.O 

cgc.citcaatg aggtogctaa aaatttaaat gaatcactca ttgacct tca agaattggga O20 

aaatatgagc aatatattaa atggccttgg tatgtttggc ticggcttcat tdctggacta O8O 

attgccatcg tdatggttac aatcttgctt tottgcatga citagttgttg cagttgcctic 14 O 

aagggtgcat gct cittgtgg ttcttgctgc aagtttgatg aggatgactic toagc.cagtt 200 

citcaagggtg toaaattaca ttacacataa acgaactitat ggatttgttt atgagattitt 260 

ttactCttgg atcaattact gCacago Cag taaaaattga caatgcttct CCtgcaagta 320 

citgttcatgc tacagoaacg ataccgctac aagccitcact coctittcgga tiggcttgtta 38O 

ttgg.cgttgc atttcttgct gtttittcaga gcgctaccala aataattgcg citcaataaaa 4 40 

gatggcagot agcc.ctittat aagggctitcc agttcatttg caatttact g c togctatttg 5 OO 

ttaccatcta titcacatctt ttgcttgtcg citgcaggitat g gagg.cgcaa ttitttgtacc 560 

totatgccitt gatatattitt citacaatgca toaacgcatg tagaattatt atgagatgtt 62O 

ggctttgttg gaagtgcaaa tocaagaacc cattactitta to atgccaac tactttgttt 680 

gctggcacac acatalactat gacitactgta taccatataa cagtgtcaca gatacaattg 740 

togttact ga aggtgacggc atttcaacac caaaacticaa agaagacitac caaattggtg 800 

gttattotga ggatagg cac to aggtgtta aagacitatgt cqttgtacat ggctatttca 860 

cc.gaagttta citaccagott gag totacac aaattactac agacactggt attgaaaatg 920 

citacattctt catctittaac aagcttgtta aag acco acc gaatgtgcaa atacacacaa 98O 

togacggcto ttcaggagtt gctaatccag caatggatcc aattitatgat gag cogacga 20 40 

cgacitactag cqt gcc tittg taagcacaag aaagtgagta C galactitat g tactic attcg 2100 

tittcggaaga aac aggtacg ttaatagitta atagogtact tctttittctt gctitt.cgtgg 216 O 

tattottgct agt cacacta gcc atccitta citgcgctitcg attgttgttgcg tactgctgca 2220 

atattgttaa cqtgagttta gtaaaaccala C ggtttacgt citact.cgc.gt gttaaaaatc 228O 

tgaacticttctgaaggagitt cotgatcttctggtotaaac gaactaacta ttattattat 234. O 

totgtttgga actittaac at togcttatcat ggcagacaac ggtactatta cc.gttgagga 24 OO 

gottaaacaa citcctggaac aatggaacct agtaataggit titcc tattoc tag cotggat 2460 

tatgttacta caatttgcct attctaatcg gaacaggittt ttgtacataa taaagcttgt 252O 

tittcctctgg citcttgttggc cagta acact tacttgttitt gtgcttgctg. citgtctacag 258O 
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<400 SEQUENCE: 13 

gcc.citcctgg c 11 

<210> SEQ ID NO 14 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: SARS coronavirus 

<400 SEQUENCE: 14 

gcct acacgg c 11 

<21 Oc 
<211 

EQ ID NO 15 
ENGTH 15 
YPE DNA 
RGANISM: SARS coronavirus 

<400 SEQUENCE: 15 

ttgg.cgttgc aggtg 15 

EQ ID NO 16 
ENGTH 15 
YPE DNA 
RGANISM: SARS coronavirus : 

<400 SEQUENCE: 16 

Caccitgcgtt attgg 15 

<210 SEQ ID NO 17 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: SARS coronavirus 

<400 SEQUENCE: 17 

atgaaaatgc aggtg 15 

<21 Oc 
<211 

EQ ID NO 18 
ENGTH 15 
YPE DNA 
RGANISM: SARS coronavirus 

<400 SEQUENCE: 18 

cacctg.cgaa catga 15 

EQ ID NO 19 
ENGTH 15 
YPE DNA 
RGANISM: SARS coronavirus 

<400 SEQUENCE: 19 

gacgagttgc aggto 15 

<210> SEQ ID NO 20 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: SARS coronavirus 

<400 SEQUENCE: 20 

caccitgcacc cqacg 15 

<210> SEQ ID NO 21 
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&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: AarI restriction site 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (8) ... (15) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 21 

cacctg.cnnn nnnnn 15 

<210> SEQ ID NO 22 
&2 11s LENGTH 45 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 22 

tactaatacg acticactata gatattaggit ttttacctac coagg 45 

<210> SEQ ID NO 23 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 23 

acaccatagt caacgatgcc 20 

<210> SEQ ID NO 24 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 24 

gcctatatgc atggatgtta gat 23 

<210> SEQ ID NO 25 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 25 

tgaaccgc.ca cqctggctaa acc 23 

<210> SEQ ID NO 26 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 26 

agcc agcgtg gcggttcata c 21 

<210 SEQ ID NO 27 
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<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucletotide primer 

<400 SEQUENCE: 27 

aggcct cittg ggcagtggca taag 

<210> SEQ ID NO 28 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 28 

actg.cccaag atgccitatga gc 

<210 SEQ ID NO 29 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 29 

CagcCaggag g gCagactitc acaac C 

<210 SEQ ID NO 30 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 30 

gtotg.cccitc ctdgctgata agtttccag 

<210> SEQ ID NO 31 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 31 

gag cago.cgt gtaggcagoa at 

<210> SEQ ID NO 32 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 32 

attgct gcct acacggctgc tic 

<210 SEQ ID NO 33 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 

24 

22 

26 

29 

22 

22 
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<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 33 

tttitttittitt tttitttittitt tdtcattcto citaagaag.c 

<210> SEQ ID NO 34 
&2 11s LENGTH 56 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (2) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 34 

ningg cctoga tiggccattta ggtgacacta tagatgtctgataatgg acc ccaatc 

<210 SEQ ID NO 35 
&2 11s LENGTH 50 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 35 

nnntttittitt tttitttittitt tttittttitta tacctgagtt gaatcagoag 

<210 SEQ ID NO 36 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 36 

tttitttittitt tttitttittitt tdtcattcto citaagaag.c 

<210 SEQ ID NO 37 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 37 

aaag.ccalacc aaccitc gatc 

<210 SEQ ID NO 38 
<211& LENGTH: 11 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: BglI recognition sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (4) . . (8) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 38 

39 

56 

5 O 

39 

20 
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-continued 

gcc.nnnnngg c 

<210 SEQ ID NO 39 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: AarI recognition sequence 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (8) ... (15) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 39 

cacctg.cnnn 

<210> SEQ ID NO 40 
&2 11s LENGTH 13 
&212> TYPE DNA 
<213> ORGANISM: SARS coronavirus 

<400 SEQUENCE: 40 

cagtgtcaca gat 

<210> SEQ ID NO 41 
&2 11s LENGTH 13 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Mutant ORF3b premature stop stop sequence 

<400 SEQUENCE: 41 

cagtgtgaca gat 

<210> SEQ ID NO 42 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 42 

gctgttgacat taaggacct g c caaaag 

<210> SEQ ID NO 43 
<211& LENGTH 42 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 43 

aggtgcacct gcago cattt taatttatcc ggtttatgga ta 

<210> SEQ ID NO 44 
<211& LENGTH 42 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 44 

aggtgcacct gcago cattt taatttatcc gttittatgga ta 

11 

15 

13 

13 

27 

42 

42 
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88 

-continued 

SEQ ID NO 45 
LENGTH 27 
TYPE DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: Synthetic oligonucleotide primer 

SEQUENCE: 45 

ggtgcaccitg caaataaatg gottcca 

<400 

SEQ ID NO 46 
LENGTH 30 
TYPE DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: Synthetic oligonucleotide primer 

SEQUENCE: 46 

taaagtgagc ticittaattaa ttact gctcq 

<400 

SEQ ID NO 47 
LENGTH 17 
TYPE DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: Synthetic oligonucleotide primer 

SEQUENCE: 47 

caggaalacag citatgac 

<400 

SEQ ID NO 48 
LENGTH: 31 
TYPE DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Synthetic oligonucleotide primer 

SEQUENCE: 48 

aaaatc.cggit tagaga acag atctacaaga g 

<400 

SEQ ID NO 49 
LENGTH: 31 
TYPE DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Synthetic oligonucleotide primer 

SEQUENCE: 49 

citaaccggat tittaaaatct gtgtagctgt c 

<400 

SEQ ID NO 50 
LENGTH 21 
TYPE DNA 
ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: Synthetic oligonucleotide primer 

SEQUENCE: 50 

atagggctgt toaa.gctggg g 

SEQ ID NO 51 
LENGTH 2.0 
TYPE DNA 

27 

30 

17 

31 

31 

21 
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<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 51 

tgctggctict gataaaggag 

<210> SEQ ID NO 52 
&2 11s LENGTH 43 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 52 

ninncacct gc acatato.cgg ttagttgtta acaagaatat cac 

<210 SEQ ID NO 53 
&2 11s LENGTH 48 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 53 

ninncacctg.c aaccqgatat gtttatttitc ttattatttc titacticto 

<210> SEQ ID NO 54 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 54 

catcaag.cga aaaggcatca g 

<210 SEQ ID NO 55 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 55 

tgatcc totg caacct gagc 

<210 SEQ ID NO 56 
<211& LENGTH: 40 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: n is a c, g, or t 

20 

43 

48 

21 

20 
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-continued 

<400 SEQUENCE: 56 

ninncacctg.c ataaatcc.gg acticacttitc ttgttgcttac 

<210 SEQ ID NO 57 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 57 

ninncacct gc gtc.cggattt atgtactic at togtttcgg 

<210 SEQ ID NO 58 
&2 11s LENGTH 45 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400> SEQUENCE: 58 

ninncacct gc aatagittaat coggittagac Cagaagatca ggaac 

<210 SEQ ID NO 59 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 59 

ninncacctgc ggattaacta ttatt attat tctgtttgg 

<210 SEQ ID NO 60 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 60 

taccalacacc tagctataag c 

<210> SEQ ID NO 61 
&2 11s LENGTH 63 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 61 

gctgcattta gagacgtact tottgttitta aataa.ccgga taaattaaaa totctgataa 

40 

39 

45 

39 

21 

60 
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-continued 

tgg 

<210> SEQ ID NO 62 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 62 

ttaattaatt atgcctgagt togaatcagoa g 

<210 SEQ ID NO 63 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 63 

cgtotcatgt gtaatgtaat ttgacaccc 

<210> SEQ ID NO 64 
&2 11s LENGTH 48 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 64 

cgtotcacac ataaccgg at titatggattt gtttatgaga tttitttac 

<210 SEQ ID NO 65 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 65 

gtgcttgctg ttgtctacag 

<210 SEQ ID NO 66 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 66 

cgtotc.cgto. C gg gatgtag coacagtgat citc 

<210 SEQ ID NO 67 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 67 

cgtotc.cgga cqctttctta ttacaaatta ggag 

<210 SEQ ID NO 68 

63 

31 

29 

48 

20 

33 

34 
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<211& LENGTH: 40 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 68 

cgtotcitcat atccggittta toggataatct aactccatag 

<210 SEQ ID NO 69 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 69 

cgtotcatat gaaaattatt citctitcctga c 

<210 SEQ ID NO 70 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 70 

ggactittcag gattgctatt tog 

<210 SEQ ID NO 71 
&2 11s LENGTH 33 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 71 

cgtotcatcc ggittagacitt togtacaagg titc 

<210 SEQ ID NO 72 
&2 11s LENGTH 35 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 

<400 SEQUENCE: 72 

cgtotccc.gg atatgaaact tctdattgtt ttgac 

<210 SEQ ID NO 73 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 73 

nnnttaatta attaatttgttctgtttattt aaaacaaca 

<210> SEQ ID NO 74 

40 

31 

22 

33 

35 

39 
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-continued 

&2 11s LENGTH 56 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (2) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 74 

ningg cctoga tiggccattta ggtgacacta tagatgtctgataatgg acc ccaatc 56 

<210 SEQ ID NO 75 
&2 11s LENGTH 50 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 75 

nnntttittitt tttitttittitt tttittttitta tacctgagtt gaatcagoag 5 O 

<210 SEQ ID NO 76 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic oligonucleotide probe 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (19) . . (20) 
<223> OTHER INFORMATION: biotinylation 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (24) . . (24) 
<223> OTHER INFORMATION: biotinylation 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (26).. (26) 
<223> OTHER INFORMATION: biotinylation 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (28) ... (28) 
<223> OTHER INFORMATION: biotinylation 

<400 SEQUENCE: 76 

cittgactgcc gccitctgctt coctotgc 

What is claimed is: 

1. An isolated nucleic acid comprising a nucleotide 
sequence encoding a nidovirus genome or replicon RNA, 
wherein the genome or replicon RNA comprises one or more 
of the same mutations in a consensus sequence (CS) present 
in a transcription regulatory sequence (TRS) of a leader 
sequence and in the TRS located upstream of each of the 
structural genes and further comprising a wild type CS in a 
TRS for ORFs 3a/b, ORF4, ORF5, ORF6, ORF7a/b, 
ORF8a/b and ORF9a/b. 

2. An isolated nucleic acid comprising a nucleotide 
sequence encoding a nidovirus genome or replicon RNA, 
wherein the genome or replicon RNA comprises one or more 

28 

of the same mutations in a consensus sequence (CS) present 
in a transcription regulatory sequence (TRS) of a leader 
sequence and in the TRS located upstream of each of the 
structural genes and further comprising one or more of the 
same mutations in the CS of the TRS located upstream of 
open reading frame (ORF) 3a/3b, ORF 4, ORF 5, ORF6, 
ORF 7a/7b, ORF 8a/b and ORF 9a/b. 

3. The nucleic acid of claim 1, wherein the nidovirus is a 
severe acute respiratory syndrome (SARS) coronavirus hav 
ing the CS of ACGAAC. 

4. The nucleic acid of claim 2, wherein the nidovirus is a 
severe acute respiratory syndrome (SARS) coronavirus hav 
ing the CS of ACGAAC. 
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5. The nucleic acid of claim 3, wherein the mutation is 
selected from the group consisting of ACGGAC, ACGGAT, 
ACGGAT, CCGGAC, CCGAAT, CCGGAT, CCGCGC, 
CGCAAC, CCCGAT, AGCGAT, CGCGAT, CCCGTT, 
CGCGTT and TGCGGT. 

6. The nucleic acid of claim 4, wherein the mutation is 
selected from the group consisting of ACGGAC, ACGGAT, 
ACGGAT, CCGGAC, CCGAAT, CCGGAT, CCGCGC, 
CGCAAC, CCCGAT, AGCGAT, CGCGAT, CCCGTT, 
CGCGTT and TGCGGT. 

7. The nucleic acid of claim 1, wherein the Nidovirus is 
a group I coronavirus having the CS of CUAAAC and 
wherein the mutation is selected from the group consisting 
of GUAAAC, GCA AAC, CGAAAG, GCTAAAG, GCT 
TAG and GCTTGG. 

8. The nucleic acid of claim 1, wherein the Nidovirus is 
a group II coronavirus having the CS of TCTAAAC and 
wherein the mutation is selected from CCTAAC, CGAAAC, 
CGTAAAG, CCGAAGG, CGTCCGC, CGGATTG and 
GGCCTG. 

9. The nucleic acid of claim 1, wherein the Nidovirus is 
a group III coronavirus having the CS of CUUAACAA and 
wherein the mutation is selected from the group consisting 
of CUUAAGAA, GUUAAGAA, GUUGAGAA, GUUT 
TCAG, CAAGGCAA, TCCAAGAT, GUUCCTTC, 
GCCTAGCG and GCCTGGCT. 

10. The nucleic acid of claim 1, wherein the Nidovirus is 
a torovirus having a CS of UUUAGA and wherein the 
mutation is selected from the group consisting of 
GUUAGA, GUUGGA, GUUGCA, GCUCCA, GCCACT 
and GCCTCT. 
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11. The nucleic acid of claim 1, wherein the Nidovirus is 
an arterivirus having a CS of UUAACC and wherein the 
mutation is selected from the group consisting of CUAACC, 
CCAACC, CCAAGC, CCAGGC, CCAGGT and GGT 
TAG. 

12. A nidovirus particle comprising the nucleic acid of 
claim 1. 

13. A nidovirus particle comprising the nucleic acid of 
claim 2. 

14. A composition comprising a population of the nidovi 
rus particles of claim 12 and a pharmaceutically acceptable 
carrier. 

15. A composition comprising a population of the nidovi 
rus particles of claim 13 and a pharmaceutically acceptable 
carrier. 

16. A method of eliciting an immune response in a Subject, 
comprising delivering to the Subject an effective amount of 
the nucleic acid of claim 1. 

17. A method of eliciting an immune response in a Subject, 
comprising delivering to the Subject an effective amount of 
the nucleic acid of claim 2. 

18. A method of eliciting an immune response in a Subject, 
comprising administering to the Subject an effective amount 
of the Nidovirus particle of claim 12. 

19. A method of eliciting an immune response in a Subject, 
comprising administering to the Subject an effective amount 
of the Nidovirus particle of claim 13. 


