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No. 60/622,486,  filed October 27, 2004, which is herein incorporated by
this reference in its entirety. 5 ACKNOWLEDGEMENTS  This invention was made
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government has certain rights in this invention. 10 FIELD OF THE INVENTION
The present invention relates to nucleic acid sequences and cellular
proteins encoded  by these sequences that are involved in infection or are
otherwise associated with the life  cycle of one or more pathogens, such as
a virus, a bacteria, a fungus or a parasite. The 15 invention also relates
to modulators of nucleic acid sequences and cellular proteins encoded  by
these sequences that are involved in infection or are otherwise associated
with the life  cycle of a pathogen. BACKGROUND  20 Traditional treatments
for viral infection include pharmaceuticals aimed at specific  virus
derived proteins, such as HIV protease or reverse transcriptase, or
recombinant (cloned)  immune modulators (host derived), such as the
interferons. However, the current methods  have several limitations and
drawbacks which include high rates of viral mutations which  render
anti-viral pharmaceuticals ineffective. For immune modulators, limited
effectiveness, 25 limiting side effects, a lack of specificity all limit
the general applicability of these agents.  Also the rate of success with
current antivirals and immune-modulators has been  disappointing. The
current invention focuses on genes that are not essential for cellular
survival  when disrupted in one or both alleles, but which are required for
virus replication. This may  30 occur with a dose effect, in which one
allele knock-out may confer the phenotype of virus resistance for the cell.
As targets for therapeutic intervention, inhibition of these cellular  gene
products, including: proteins, parts of proteins (modification enzymes that
include, but  are not restricted to glycosylation, lipid modifiers
[myristylation, etc.]), lipids, transcription WO 2006/047673
PCT/US2005/038740  elements and RNA regulatory molecules, may be less
likely to have profound toxic side  effects and virus mutation is less
likely to overcome the `block' to replicate successfully. The present
invention provides a significant improvement over previous methods of
attempted therapeutic intervention against viral infection by addressing
the cellular genes 5 required by the virus for growth. Therefore, the
present invention also provides an innovative  therapeutic approach to
intervention in viral infection by providing methods to treat viruses  by
inhibiting the cellular genes necessary for viral infection. Inhibition of
these cellular genes can also be useful in treating infection by other
pathogens such as bacteria, fungi and  parasites. Because these genes are
nonessential to the cell's survival, these treatment methods  10 can be
used in a subject without serious detrimental effects to the subject, as
has been found  with previous methods. SUMMARY OF THE INVENTION The present
invention provides nucleic acid sequences and cellular proteins encoded  by
these sequences that are involved in infection or are otherwise associated
with the life 15 cycle of one or more pathogens, such as a virus, a
bacteria, a fungus or a parasite. The  invention also provides methods of
identifying modulators of nucleic acid sequences and  cellular proteins
encoded by these sequences that are involved in infection or are otherwise
associated with the life cycle of a pathogen. Also provided are modulators
of nucleic acid  sequences and cellular proteins encoded by these sequences
that are involved in infection or 20 are otherwise associated with the life
cycle of a pathogen. BRIEF DESCRIPTION OF THE FIGURES 



Figure 1 shows the characterization of phenotypic properties of cloned
RIE-1 cells  25 resistant to reovirus type 1 infection. (A) Cells were
stained for reovirus antigen as  previously described [3]. Only the PI
cells contain reovirus antigen as detected by  immunohistochemistry (dark
wells). Upper wells are cloned mutant RIE-1 cells from two sets of RIE-1
mutant cell lines selected for reovirus resistance. Lower wells, PI RIE-1
(left), and  uninfected wild type RIE-1 (right). (B) Reovirus susceptible
L-cell monolayers, maintained  30 in 1 ml of completed medium, were used to
detect the presence of virus in a 100 l lysate obtained of mutant cells
(upper two wells), PI RIE-1 cells (lower left) or uninfected parental
RIE-1 cells (lower right). Note, that only L- cell monolayers exposed to a
lysate from PI RIE- 1 cells lysed within one week of exposure (gentian
violet stain). 2 WO 2006/047673 PCT/US2005/038740  Figure 2 shows RIE-1
mutant cells resist lytic infection by reovirus. The columns contain an
unselected RIE-1 cell library, RIE-1 40C, and representative reovirus
resistant  mutant cell clones. Serial two-fold dilutions of reovirus were
made with the highest titer in  the upper row, MOI= 1x104. Resistance to
reovirus type 1 infection was observed in the 5 mutant cells 3 to 7 days
post-infection. The bottom row of cells, denoted "C", were not  infected to
serve as controls for cell viability and proliferation. Cells were stained
with  gentian violet four days post-infection. A clear well indicates cell
death following virus  infection. Figure 3 shows a model of the life cycle
of reovirus and proposed checkpoints based  10 on function of the cellular
genes identified by insertional mutagenesis in the present  application.
The virus life cycle begins (top, clockwise) with virus binding to cell
surfac e  receptor and being endocytosed into early endosomes. These
endosomes then associate with  annexin-II (Anax2) [85] and fuse with
annexin-II-associated vesicles containing newly  synthesized lysosomal
enzymes migrating from the Golgi [86], which further fuse with the 15
lysosome. The vacuolar H+-ATPase acidifies the lysosome, allowing
acid-dependent  proteases to digest the outer coat from the virus particles
and activate them [87]. These  activated particles then pass through the
lysosomal membrane and begin transcription of  mRNA. The Golgi protein gm
13 0 (Golga2) is believed to mediate the docking of vesicles as  they carry
their newly synthesized cargo through the Golgi stack [88, 89]. N 20
acetylglucosaminyl transferase I (Mgatl) initiates the glycosylation of
cell surface proteins  (for example, receptors) and may play a major role,
through kinship recognition, in helping  maintain the correct assortment of
lysosomal enzymes [90-94]. The Igf2r shuttles enzymes  bound for the
lysosome from the Golgi [95] and transfer cathepsins to the lysosome. Igf2
over expression may alter the delivery of igf2r bound cargo to the lysosome
(Sheng J, Organ 25 EL, Hao C, Wells, KS, Ruley HE, Rubin DH. 2004.
Mutations in the IGF-II pathway that  confer resistance to lytic reovirus
infection. BMC Cell Biology, 5:32 (27 August 2004).  Calcyclin and the
a-tropomyosins specifically bind each other, and calcyclin is known to bind
Anxa2 [16, 20]. Thus, they could be involved in endosome fusion. Eif3s10
specifically binds  the virus message to begin its preferential
translation. The DnaJal protein could facilitate the 30 proper folding of
virus proteins with its chaperone function [96]. However, Dna.Ial protein
and Eif3 could play additional roles in virus trafficking or apoptosis,
respectively. Eventually, morphogenesis is complete when crystalline-like
arrays of new virions forni, cell  lysis occurs, and virus is released.
Many of the cellular proteins encoded by mutated genies 3 WO 2006/047673
PCT/US2005/038740  have direct or indirect roles in trafficking of
endosomes or lysosomal fusion and thus could  play roles in the early
disassembly or delivery of transcriptionally active virions to the
appropriate cell location. DETAILED DESCRIPTION OF THE INVENTION 5 The
present invention may be understood more readily by reference to the
following  



detailed description of preferred embodiments of the invention and the
Examples included  therein. Before the present compounds, compositions,
articles, devices, and/or methods are  disclosed and described, it is to be
understood that this invention is not limited to specific 10 nucleic acids,
specific polypeptides, or to particular methods, as such may, of course,
vary. It  is also to be understood that the terminology used herein is for
the purpose of describing  particular embodiments only and is not intended
to be limiting. As used in the specification and the appended claims, the
singular forms "a," "an" and  "the" include plural referents unless the
context clearly dictates otherwise. The term "or" 15 refers to a single
element of stated alternative elements or a combination of two or more
elements, unless the context clearly indicates otherwise. As used herein,
"comprises" means  "includes." Thus, "comprising A or B," means "including
A, B, or A and B," without  excluding additional elements. Ranges may be
expressed herein as from "about" one particular value, and/or too  20
"about" another particular value. When such a range is expressed, another
embodiment  includes from the one particular value and/or to the other
particular value. Similarly, when  values are expressed as approximations,
by use of the antecedent "about," it will be  understood that the
particular value forms another embodiment. It will be further understood
that the endpoints of each of the ranges are significant both in relation
to the other endpoint,  25 and independently of the other endpoint.
"Optional" or "optionally" means that the subsequently described event or
circumstance may or may not occur, and that the description includes
instances where said  event or circumstance occurs and instances where it
does not. For example, the phrase  "optionally obtained prior to treatment"
means obtained before treatment, after treatment, or  30 not at all. As
used throughout, by "subject" is meant an individual. Preferably, the
subject is a  mammal such as a primate, and, more preferably, a human. The
term "subject" includes  domesticated animals, such as cats, dogs, etc.,
livestock (for example, cattle, horses, pigs, 4 WO 2006/047673
PCT/US2005/038740  sheep, goats, etc.), laboratory animals (for example,
mouse, rabbit, rat, gerbil, guinea pig,  etc.) and avian species (for
example, chickens, turkeys, ducks, pheasants, pigeons, doves,  parrots,
cockatoos, geese, etc.). The subjects of the present invention can also
include, but  are not limited to fish, amphibians and reptiles. 5 The
present method provides several cellular genes that are necessary for viral
growth  in the cell but are not essential for the cell to survive. As used
herein, a cellular gene  "nonessential for cellular survival" means a gene
for which disruption of one or both alleles  results in a cell viable for
at least a period of time which allows viral replication to be  decreased
or inhibited in a cell. Such a decrease can be utilized for preventative or
10 therapeutic uses or used in research. A gene "necessary for viral
growth" means the gene  product of this gene, either protein or RNA,
secreted or not, is necessary, either directly or  indirectly in some way
for the virus to grow, and therefore, in the absence of that gene  product
(i.e., a functionally available gene product), at least some of the cells
containing the  virus die. As utilized throughout, "gene product" is the
RNA or protein resulting from the  15 expression of a gene. These cellular
genes or host nucleic acid sequences involved in viral infection were
identified using gene trap methods. These gene trap methods are set forth
in the Examples as  well as in U.S. Patent No. 6,448,000 and 6,777,177.
U.S. Patent Nos. 6,448,000 and  6,777,177 are both incorporated herein in
their entireties by this reference. For example, the 20 host nucleic acid
sequences set forth herein can be identified by a method of identifying a
cellular gene necessary for viral growth in a cell and nonessential for
cellular survival,  comprising: (a) transferring into a cell culture a
vector encoding a selective marker gene  



lacking a functional promoter, (b) selecting cells expressing the marker
gene, (c) infecting  the cell culture with the virus, and (d) isolating
from the surviving cells a cellular gene 25 within which the marker gene is
inserted, thereby identifying a gene necessary for viral  growth in a cell
and nonessential for cellular survival. The host nucleic acid sequences can
also be identified by a method of identifying a cellular gene necessary for
viral growth in a  cell and nonessential for cellular survival, comprising
(a) transferring into a cell culture  growing in serum-containing medium a
vector encoding a selective marker gene lacking a 30 functional promoter,
(b) selecting cells expressing the marker gene, (c) removing serum  from
the culture medium, (d) infecting the cell culture with the virus, and (e)
isolating from  the surviving cells a cellular gene within which the marker
gene is inserted, thereby  identifying a gene necessary for viral growth in
a cell and nonessential for cellular survival. The identification of these
host sequences and their encoded proteins pennits the 35 identification of
sequences that can be targeted for modulation (for example, decreasing gene
5 WO 2006/047673 PCT/US2005/038740  expression and/or activity of the gene
product or increasing gene expression and/or activity of  the gene product)
and/or therapeutic intervention. Table 1 sets forth host nucleic acid
sequences that are involved in viral infection or  otherwise associated
with the life cycle of a virus. For example, these nucleic acids and their
5 encoded proteins can be involved in all phases of viral life cycles
including, but riot limited to, viral attachment to cellular receptors,
viral infection, viral entry, internalization,  disassembly of the virus,
viral replication, genomic integration of viral sequences, translation  of
mRNA, assembly of viral particles, cell lysis and egress of virus from the
cells. As used herein, a gene is a nucleic acid sequence that encodes a
polypeptide under the  10 control of a regulatory sequence, such as a
promoter or operator. The coding sequence of the  gene is the portion
transcribed and translated into a polypeptide (in vivo, in vitro or in
situ)  when placed under the control of an appropriate regulatory sequence.
The boundaries of the  coding sequence can be determined by a start codon
at the 5' (amino) terminus and a stop  codon at the 3' (carboxyl) terminus.
If the coding sequence is intended to be expressed in a 15 eukaryotic cell,
a polyadenylation signal and transcription termination sequence can be
included 3' to the coding sequence. Transcriptional and translational
control sequences include, but are not limited to,  DNA regulatory
sequences such as promoters, enhancers, and terminators that provide for
the  expression of the coding sequence, such as expression in a host cell.
A polyadeaylation 20 signal is an exemplary eukaryotic control sequence. A
promoter is a regulatory region  capable of binding RNA polymerase and
initiating transcription of a downstream (3'  direction) coding sequence.
Additionally, a gene can include a signal sequence at the  beginning of the
coding sequence of a protein to be secreted or expressed on the surface of
a cell. This sequence can encode a signal peptide, N-terminal to the mature
polypeptide, which  25 directs the host cell to translocate the
polypeptide. Table 1 (column 2) also provides the protein encoded by the
genes listed in Table 1. In several instances, the gene trap vector
utilized to trap the genes disrupted two genes, one of  which is due to
location of the vector as it resides in a gene transcribed off the negative
strand. An example of such an occurrence is the disruption of the gene
encoding aprataxin  30 and the gene encoding DnaJ (Hsp40) homolog,
subfamily A, member 1 by the same vector.  Table 1 also provides the
chromosomal location of the gene in the rat and human genome (columns 3 and
column 4, respectively). Thus, the present invention identifies the
genomic loci of genes associated with viral infection. By identifying the
gene and its location  6 WO 2006/047673 PCT/US2005/038740  in the genome,
the invention provides both the gene and its product(s) as targets for
therapies  such as antiviral, antibacterial, antifungal and antiparasitic
therapies, to name a few. 



Also provided in Table 1 are the GenBank Accession Nos. for the rat mRNA
sequences (column 5), the GenBank Accession Nos. for the human mRNA
sequences 5 (column 6) and the GenBank Accession Nos. for the human protein
sequences (column 7).  The nucleic acid sequences and protein sequences
provided under the GenB ank Accession  Nos. mentioned herein are hereby
incorporated in their entireties by this reference. One of  skill in the
art would know that the nucleotide sequences provided under the GenBank
Accession Nos. set forth herein can be readily obtained from the National
Center for 10 Biotechnology Information at the National Library of Medicine
(http//www ncbi nlm nih.gov/entrez/query.fcgi?db=nucleotide). Similarly,
the protein  sequences set forth herein can be readily obtained from the
National Center for  Biotechnology Information at the National Library of
Medicine (http//www ncbi nlm.nih.gov/entrez/query.fcgi?db=protein). The
nucleic acid sequences and  15 protein sequences provided under the GenBank
Accession Nos. mentioned herein are hereby  incorporated in their
entireties by this reference. Table 1 also provides the GenBank Accession
Nos. for the partial sequences of the rat  genes obtained upon the
insertion of the gene trap vector (column 9). Briefly, these genes  were
isolated by generating gene trap libraries by infecting cells with a
retrovirus gene trap 20 vector and selecting for cells in which a gene trap
event occurred (i.e., in which the vector  had inserted such that the
promoterless marker gene was inserted such that a cellular  promoter
promotes transcription of the marker gene, i.e., inserted into a
functioning gene).  Genes into which the retrovirus gene trap vector
inserted were then isolated from the colonies  using probes specific for
the retrovirus gene trap vector. Thus nucleic acids isolated by this 25
method are isolated portions of genes. These portions were then utilized to
identify the  complete sequences of each gene via sequence comparisons and
other bioinformatics  methods. Further provided are the Entrez Gene numbers
for the rat gene and human gene  (columns 10 and 11, respectively). The
information provided under the Entrez Gene numbers  30 listed in Table 1 is
also hereby incorporated entirely by this reference. One of skill in the
art can readily obtain this information from the National Center for
Biotechnology Information  at the National Library of Medicine (http//www
ncbi nlm.nih.gov/entrez/guery.fcgi?db=gene). By accessing Entrez Gene, one
of  skill in the art can readily obtain additional information about every
gene listed in Table 1, 7 WO 2006/047673 PCT/US2005/038740  such as the
genomic location of the gene, a summary of the properties of the protein
encoded  by the gene, information on homologs of the gene as well as
numerous reference sequences,  such as the genomic, rnRNA and protein
sequences for each gene. Thus, in addition to the  sequences set forth
under the GenBank Accession Nos. in Table 1, one of skill in the art can  5
readily obtain additional sequences, such as genomic, mRNA and protein
sequences by accessing additional information available under the Entrez
Gene number provided for each  gene. Thus, all of the information readily
obtained from the Entrez Gene Nos. set forth  herein is also hereby
incorporated by reference in its entirety. Table 2 provides classification
of numerous genes set forth in Table 1 according to 10 their cellular
roles. Several examples of regulatory sequences (e.g., transcription
factors) are  provided in Table 2 (for example, Brd2, Brd3, Ctcf, E2f2,
Gtf2el, Hnrpl, Hoxc13, Hpl-bp74,  Ida, Znf207 and Zfp7). Therefore, these
transcription factors control multi-gene pathways.  In some cases,
disruption of the transcription factor has a direct impact on viral growth.
In  other cases disruption of the transcription factor affects viral growth
by affecting transcription 15 or translation of the gene or genes that are
under its control. Therefore, the genes that are  under the control of the
transcription factors set forth in Table 1 and Table 2 are also  provided
by the present invention as targets for therapy, such as antiviral,
antibacterial,  antiparasitic and antifungal therapy. Table 2 also provides
examples of genes involved in  



other pathways such as vesicular trafficking, ubiquitination, apoptosis,
metabolism etc. Thus, 20 other genes in these pathways, either upstream or
downstream of the genes set forth for these  pathways in Table 2 are also
provided herein as targets for therapeutic intervention (therapy).  For
example, a gene that produces a gene product that interacts with Ubel c
either upstream  or downstream in the ubiquitination pathway is considered
a target for therapy against intracellular pathogens. For example, this can
be a transcription factor that regulates 25 expression of Ubelc or another
protein that binds to Ubelc. These examples are merely  exemplary as this
applies to all of the genes set forth herein and the cellular pathways that
they are involved in. When referring to a gene(s) in Table 1, this includes
any gene, nucleic acid, cDNA or  RNA from any organism that can function as
the gene or nucleic acid listed in Table 1. 30 When referring to a
protein(s) listed in Table 1 this includes any protein or fragment thereof
from any organism that can function as the protein listed in Table 1. For
example, the term  ANXA1 (annexin 1) includes any ANXA1 gene, nucleic acid,
cDNA or RNA, from any  organism that can function as an ANXA1 gene or ANXA1
nucleic acid. The term ANXA1  also includes any protein from any organism
that can function as an ANXA1 protein. 8 WO 2006/047673 PCT/US2005/038740
As used herein, the term "nucleic acid" refers to single or multiple
stranded molecules which may be DNA or RNA, or any combination thereof,
including modifications to those  nucleic acids. The nucleic acid may
represent a coding strand or its complement, or any 5 combination thereof.
Nucleic acids may be identical in sequence to the sequences which are
naturally occurring for any of the moieties discussed herein or may include
alternative codons  which encode the same amino acid as that which is found
in the naturally occurring sequence.  These nucleic acids can also be
modified from their typical structure. Such modifications  include, but are
not limited to, methylated nucleic acids, the substitution of a
non-bridging 10 oxygen on the phosphate residue with either a sulfur
(yielding phosphorothioate  deoxynucleotides), selenium (yielding
phosphorselenoate deoxynucleotides), or methyl  groups (yielding
methylphosphonate deoxynucleotides), a reduction in the AT content of AT
rich regions, or replacement of non-preferred codon usage of the expression
system to  preferred codon usage of the expression system. The nucleic acid
can be directly cloned into 15 an appropriate vector, or if desired, can be
modified to facilitate the subsequent cloning steps.  Such modification
steps are routine, an example of which is the addition of oligonucleotide
linkers which contain restriction sites to the termini of the nucleic acid.
General methods are  set forth in in Sambrook et al. (2001) Molecular
Cloning - A Laboratory Manual (3rd ed.)  Vol. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor Press, NY, (Sambrook). 20 Once the nucleic
acid sequence is obtained, the sequence encoding the specific amino  acids
can be modified or changed at any particular amino acid position by
techniques well  known in the art. For example, PCR primers can be designed
which span the amino acid  position or positions and which can substitute
any amino acid for another amino acid.  Alternatively, one skilled in the
art can introduce specific mutations at any point in a 25 particular
nucleic acid sequence through techniques for point mutagenesis. General
methods  are set forth in Smith, M. "In vitro mutagenesis" Ann. Rev. Gen.,
19:423-462 (1985) and  Zoller, M.J. "New molecular biology methods for
protein engineering" Czurr. Opin. Struct.  Biol., 1:605-610 (1991), which
are incorporated herein in their entirety for the methods.  These
techniques can be used to alter the coding sequence without altering the
amino acid  30 sequence that is encoded. The sequences contemplated herein
include full-length wild-type (or native)  sequences, as well as allelic
variants, variants, fragments, homologs or fusion sequences that  retain
the ability to function as the cellular nucleic acid or protein involved in
viral infection.  In certain examples, a protein or nucleic acid sequence
has at least 70% sequence identity, for 9 



WO 2006/047673 PCT/US2005/038740  example at least 75%, 80%, 85%, 90%, 95%,
or 98% sequence identity to a native sequence  set forth in Table 1. In
other examples, a nucleic acid sequence involved in viral infection  has a
sequence that hybridizes to a sequence set forth in Table 1 and retains the
activity of the  sequence set forth in Table 1. For example, a nucleic acid
that hybridizes to an ANXA1 5 nucleic acid sequence set forth in Table 1
(for example the nucleic acid sequence set forth  under GenBank Accession
No. NM 000700) and encodes a protein that retains ANXA1  activity is
contemplated by the present invention. Such sequences include the genomic
sequence for the genes set forth in Table 1. The examples set forth above
for ANXA1 are  merely illustrative and should not be limited to ANXA1 as
these examples would apply to 10 every nucleic acid and protein listed in
Table 1. Unless otherwise specified, any reference to a nucleic acid
molecule includes the  reverse complement of the nucleic acid. Except where
single-strandedness is required by the  text herein (for example, a ssRNA
molecule), any nucleic acid written to depict only a single  strand
encompasses both strands of a corresponding double-stranded nucleic acid.
For 15 example, depiction of a plus-strand of a dsDNA also encompasses the
complementary minus- strand of that dsDNA. Additionally, reference to the
nucleic acid molecule that encodes a  specific protein, or a fragment
thereof, encompasses both the sense strand and its reverse  complement.
Fragments of the nucleic acids set forth in Table 1 and throughout the
specification are also contemplated. These fragments can be utilized as
primers and probes to 20 amplify or detect any of the nucleic acids or
genes set forth in Table 1. Hybridization conditions resulting in
particular degrees of stringency will vary  depending upon the nature of
the hybridization method and the composition and length of the  hybridizing
nucleic acid sequences. Generally, the temperature of hybridization and the
ionic  strength (such as the Na+ concentration) of the hybridization buffer
will determine the 25 stringency of hybridization. Calculations regarding
hybridization conditions for attaining  particular degrees of stringency
are discussed in Sambrook et al., (1989) Molecular Cloning,  second
edition, Cold Spring Harbor Laboratory, Plainview, NY (chapters 9 and 11).
The  following is an exemplary set of hybridization conditions and is not
limiting: 30 Very High Stringency (detects sequences that share 90%
identity)  Hybridization: 5x SSC at 65C for 16 hours Wash twice: 2x SSC at
room temperature (RT) for 15 minutes each  Wash twice: 0.5x SSC at 65C for
20 minutes each 10 WO 2006/047673 PCT/US2005/038740  High Stringency
(detects sequences that share 80% identity or greater) Hybridization: 5x-6x
SSC at 65C-70C for 16-20 hours  Wash twice: 2x SSC at RT for 5-20 minutes
each 5 Wash twice: lx SSC at 55C-70C for 30 minutes each  Low Stringency
(detects sequences that share greater than 50% identity)  Hybridization: 6x
SSC at RT to 55C for 16-20 hours Wash at least twice: 2x-3x SSC at RT to
55C for 20-30 minutes each.  10 Also provided is a vector, comprising a
nucleic acid of the present invention. The  vector can direct the in vivo
or in vitro synthesis of any of the proteins or polypeptides  described
herein. The vector is contemplated to have the necessary functional
elements that  direct and regulate transcription of the inserted nucleic
acid. These functional elements 15 include, but are not limited to, a
promoter, regions upstream or downstream of the promoter,  such as
enhancers that may regulate the transcriptional activity of the promoter,
an origin of  replication, appropriate restriction sites to facilitate
cloning of inserts adjacent to the  promoter, antibiotic resistance genes
or other markers which can serve to select for cells  containing the vector
or the vector containing the insert, RNA splice junctions, a transcription 



20 termination region, or any other region which may serve to facilitate
the expression of the  inserted gene or hybrid gene. (See generally,
Sambrook et al.). The vector, for example, can  be a plasmid. The vectors
can contain genes conferring hygromycin resistance, ampicillin  resistance,
gentarnicin resistance, neomycin resistance or other genes or phenotypes
suitable  for use as selectable markers, or methotrexate resistance for
gene amplification. 25 There are numerous other E. coli (Escherichia coli)
expression vectors, known to one  of ordinary skill in the art, which are
useful for the expression of the nucleic acid insert.  Other microbial
hosts suitable for use include bacilli, such as Bacillus subtilis, and
other  enterobacteriaceae, such as Salmonella, Serratia, and various
Pseudomonas species. In these prokaryotic hosts one can also make
expression vectors, which will typically contain 30 expression control
sequences compatible with the host cell (e.g., an origin of replication).
In  addition, any number of a variety of well-known promoters will be
present, such as the  lactose promoter system, a tryptophan (Trp) promoter
system, a beta-lactamase promoter  system, or a promoter system from phage
lambda. The promoters will typically control 11 WO 2006/047673
PCT/US2005/038740  expression, optionally with an operator sequence, and
have ribosome binding site sequences  for example, for initiating and
completing transcription and translation. If necessary, an  amino terminal
rnethionine can be provided by insertion of a Met codon 5' and in-frame
with  the downstream nucleic acid insert. Also, the carboxy-terminal
extension of the nucleic acid 5 insert can be removed using standard
oligonucleotide mutagenesis procedures. Also, nucleic  acid modifications
can be made to promote amino terminal homogeneity. Additionally, yeast
expression can be used. The invention provides a nucleic acid  encoding a
polypeptide of the present invention, wherein the nucleic acid can be
expressed by  a yeast cell. More specifically, the nucleic acid can be
expressed by Pichia pastoris or S. 10 cerevisiae. There are several
advantages to yeast expression systems, which include, for  example,
Saccharomyces cerevisiae and Pichia pastoris. First, evidence exists that
proteins  produced in a yeast secretion systems exhibit correct disulfide
pairing. Second, efficient  large scale production can be carried out using
yeast expression systems. The  Saccharomyces cerevisiae pre-pro-alpha
mating factor leader region (encoded by the MFa-1 15 gene) can be used to
direct protein secretion from yeast (Brake, et al.). The leader region of
pre-pro-alpha mating factor contains a signal peptide and a pro-segment
which includes a  recognition sequence for a yeast protease encoded by the
KEX2 gene: this enzyme cleaves the  precursor protein on the carboxyl side
of a Lys-Arg dipeptide cleavage signal sequence. The  nucleic acid coding
sequence can be fused in-frame to the pre-pro-alpha mating factor leader 20
region. This construct can be put under the control of a strong
transcription promoter, such  as the alcohol dehydrogenase I promoter,
alcohol oxidase I promoter, a glycolytic promoter,  or a promoter for the
galactose utilization pathway. The nucleic acid coding sequence is
followed by a translation termination codon which is followed by
transcription termination  signals. Alternatively, the nucleic acid coding
sequences can be fused to a second protein 25 coding sequence, such as Sj26
or beta-galactosidase, used to facilitate purification of the  fusion
protein by affinity chromatography. The insertion of protease cleavage
sites to  separate the components of the fusion protein is applicable to
constructs used for expression  in yeast. Efficient post translational
glycosylation and expression of recombinant proteins  can also be achieved
in Baculovirus systems. 30 Mammalian cells permit the expression of
proteins in an environment that favors  important post-translational
modifications such as folding and cysteine pairing, addition of  complex
carbohydrate structures, and secretion of active protein. Vectors useful
for the  expression of active proteins in mammalian cells are characterized
by insertion of the protein  coding sequence between a strong viral
promoter and a polyadenylation signal. The vectors 12 WO 2006/047673
PCT/US2005/038740  



can contain genes conferring hygromycin resistance, genticin or G418
resistance, or other  genes or phenotypes suitable for use as selectable
markers, or methotrexate resistance for  gene amplification. The chimeric
protein coding sequence can be introduced into a Chinese  hamster ovary
(CHO) cell line using a methotrexate resistance-encoding vector, or other
cell 5 lines using suitable selection markers. Presence of the vector DNA
in transformed cells can  be confirmed by Southern blot analysis.
Production of RNA corresponding to the insert  coding sequence can be
confirmed by Northern blot analysis. A number of other suitable  host cell
lines capable of secreting intact human proteins have been developed in the
art, and  include the CHO cell lines, HeLa cells, myeloma cell lines,
Jurkat cells, etc. Expression 10 vectors for these cells can include
expression control sequences, such as an origin of  replication, a
promoter, an enhancer, and necessary information processing sites, such as
ribosome binding sites, RNA splice sites, polyadenylation sites, and
transcriptional  terminator sequences. Preferred expression control
sequences are promoters derived from  immunoglobulin genes, SV40,
Adenovirus, Bovine Papilloma Virus, etc. 15 The expression vectors
described herein can also include nucleic acids of the present  invention
under the control of an inducible promoter such as the tetracycline
inducible  promoter or a glucocorticoid inducible promoter. The nucleic
acids of the present invention  can also be under the control of a
tissue-specific promoter to promote expression of the  nucleic acid in
specific cells, tissues or organs. Any regulatable promoter, such as a 20
metallothionein promoter, a heat-shock promoter, and other regulatable
promoters, of which  many examples are well known in the art are also
contemplated. Furthermore, a Cre-loxP  inducible system can also be used,
as well as a Flp recombinase inducible promoter system,  both of which are
known in the art. Alternative vectors for the expression of genes or
nucleic acids in mammalian cells,  25 those similar to those developed for
the expression of human gamma-interferon, tissue  plasminogen activator,
clotting Factor VIII, hepatitis B virus surface antigen, protease  Nexinl,
and eosinophil major basic protein, can be employed. Further, the vector
can include  CMV promoter sequences and a polyadenylation signal available
for expression of inserted  nucleic acids in mammalian cells (such as
COS-7). 30 Insect cells also permit the expression of mammalian proteins.
Recombinant proteins  produced in insect cells with baculovirus vectors
undergo post-translational modifications  similar to that of wild-type
proteins. Briefly, baculovirus vectors useful for the expression of  active
proteins in insect cells are characterized by insertion of the protein
coding sequence  downstream of the Autographica californica nuclear
polyhedrosis virus (AcNPV) promoter 13 WO 2006/047673 PCT/US2005/038740
for the gene encoding polyhedrin, the major occlusion protein. Cultured
insect cells such as  Spodoptera frugiperda cell lines are transfected with
a mixture of viral and plasmid DNAs  and the viral progeny are plated.
Deletion or insertional inactivation of the polyhedrin gene  results in the
production of occlusion negative viruses which form plaques that are 5
distinctively different from those of wild-type occlusion positive viruses.
These distinctive  plaque morphologies allow visual screening for
recombinant viruses in which the AcNPV  gene has been replaced with a
hybrid gene of choice. The invention also provides for the vectors
containing the contemplated nucleic acids  in a host suitable for
expressing the nucleic acids. The host cell can be a prokaryotic cell, 10
including, for example, a bacterial cell. More particularly, the bacterial
cell can be an E. coli  cell. Alternatively, the cell can be a eukaryotic
cell, including, for example, a Chinese  hamster ovary (CHO) cell, a COS-7
cell, a HELA cell, an avian cell, a myeloma cell, a Pichia  cell, or an
insect cell. The coding sequence for any of the polypeptides described
herein can  be introduced into a Chinese hamster ovary (CHO) cell line, for
example, using a 15 methotrexate resistance-encoding vector, or other cell
lines using suitable selection markers.  Presence of the vector DNA in
transformed cells can be confirmed by Southern blot analysis.  



Production of RNA corresponding to the insert coding sequence can be
confirmed by  Northern blot analysis. A number of other suitable host cell
lines have been developed and  include myeloma cell lines, fibroblast cell
lines, and a variety of tumor cell lines such as 20 melanoma cell lines.
Expression vectors for these cells can include expression control
sequences, such as an origin of replication, a promoter, an enhancer, and
necessary  information processing sites, such as ribosome binding sites,
RNA splice sites,  polyadenylation sites, and transcriptional terminator
sequences. Preferred expression control  sequences are promoters derived
from immunoglobulin genes, SV40, Adenovirus, Bovine 25 Papilloma Virus,
etc. The vectors containing the nucleic acid segments of interest can be
transferred into the host cell by well-known methods, which vary depending
on the type of  cellular host. For example, calcium chloride transformation
is commonly utilized for  prokaryotic cells, whereas calcium phosphate,
DEAE dextran, Lipo fectamine, or lipofectin  mediated transfection,
electroporation or any method now known or identified in the future 30 can
be used for other eukaryotic cellular hosts.  Poly eeptides The present
invention provides isolated polypeptide comprising the polypeptide or
protein sequences set forth under GenBank Accession Nos. in Table 1. The
present invention  14 WO 2006/047673 PCT/US2005/038740  also provides
fragments of these polypeptides, for example, fragments of an annexin Al
protein, fragments of an annexin A2 protein, fragments of an annexin A3
protein, etc. These  fragments can be of sufficient length to serve as
antigenic peptides for the generation of  antibodies. The present invention
also contemplates functional fragments of the proteins set 5 forth in Table
1 that possess at least one activity of the protein, for example, necessary
for  viral infection, but not necessary for survival of the cell. It will
be known to one of skill in  the art that the polypeptides set forth in
Table 1 possess other properties. For example,  ABCA4 is a member of the
superfamily of ATP-binding cassette transporters. Therefore one  of skill
in the art could assess a ABCA4 fragment for its ability to function as an
ATP 10 binding cassette transporter. If there is ATP-binding cassette
transporter activity, one of skill  in the art would know that the ABCA4 is
a functional fragment of ABCA4. Fragments and  variants of the polypeptides
listed in Table 1 can include one or more conservative amino  acid residues
as compared to the amino acid sequence listed under their respective
GenBank  Accession Nos. 15 By "isolated polypeptide" or "purified
polypeptide" is meant a. polypeptide that is  substantially free from the
materials with which the polypeptide is normally associated in  nature or
in culture. The polypeptides of the invention can be obtained, for example,
by  extraction from a natural source if available (for example, a mammalian
cell), by expression  of a recombinant nucleic acid encoding the
polypeptide (for example, in a cell or in a cell 20 free translation
system), or by chemically synthesizing the polypeptide. In addition,
polypeptide may be obtained by cleaving full length polypeptides. When the
polypeptide is a  fragment of a larger naturally occurring polypeptide, the
isolated polypeptide is shorter than  and excludes the full-length,
naturally-occurring polypeptide of which it is a fragment. The polypeptides
of the invention can be prepared using any of a number of chemical  25
polypeptide synthesis techniques well known to those of ordinary skill in
the art including  solution methods and solid phase methods. One method of
producing the polypeptides of the  present invention is to link two or more
peptides or polypeptides together by protein  chemistry techniques. For
example, peptides or polypeptides can be chemically synthesized  using
currently available laboratory equipment using either Fmoc (9 30
fluorenylmethyloxycarbonyl) or Boc (tert -butyloxycarbonoyl) chemistry.
(Applied  Biosystems, Inc., Foster City, CA). One skilled in the art can
readily- appreciate that a  peptide or polypeptide corresponding to the
antibody of the present invention, for example,  can be synthesized by
standard chemical reactions. For example, a peptide or polypeptide  



can be synthesized and not cleaved from its synthesis resin, whereas the
other fragment of an 15 WO 2006/047673 PCT/US2005/038740  antibody can be
synthesized and subsequently cleaved from the resin, thereby exposing a
terminal group which is functionally blocked on the other fragment. By
peptide condensation  reactions, these two fragments can be covalently
joined via a peptide bond at their carboxyl  and amino termini,
respectively, to form an antibody, or fragment thereof. (Grant GA (1992) 5
Synthetic Peptides: A User Guide. W.H. Freeman and Co., N-Y. (1992);
Bodansky M and  Trost B., Ed. (1993) Principles of Peptide Synthesis.
Springer-Verlag Inc., NY.  Alternatively, the peptide or polypeptide is
independently synthesized in vivo as described  above. Once isolated, these
independent peptides or polypeptides may be linked to form an  antibody or
fragment thereof via similar peptide condensation reactions. 10 For
example, enzymatic ligation of cloned or synthetic peptide segments allow
relatively short peptide fragments to be joined to produce larger peptide
fragments,  polypeptides or whole protein domains (Abrahmsen L et al.,
Biochemistry, 30:4151 (1991)).  Alternatively, native chemical ligation of
synthetic peptides can be utilized to synthetically  construct large
peptides or polypeptides from shorter peptide fragments. This method 15
consists of a two-step chemical reaction (Dawson et al. Synthesis of
Proteins by Native  Chemical Ligation. Science, 266:776-779 (1994)). The
first step is the chemoselective  reaction of an unprotected synthetic
peptide-alpha-thioester with another unprotected peptide  segment
containing an amino-terminal Cys residue to give a thioester-linked
intermediate as  the initial covalent product. Without a change in the
reaction conditions, this intermediate 20 undergoes spontaneous, rapid
intramolecular reaction to form a native peptide bond at the  ligation
site. Application of this native chemical ligation method to the total
synthesis of a  protein molecule is illustrated by the preparation of human
interleukin 8 (IL-8) (Baggiolini M  et al. (1992) FEBS Lett. 307:97-101;
Clark-Lewis I et al., J.Biol.Chem., 269:16075 (1994);  Clark-Lewis I et
al., Biochemistry, 30:3128 (1991); Rajarathnam K et al., Biochemistry 25
33:6623-30 (1994)). Alternatively, unprotected peptide segments are
chemically linked where the bond  formed between the peptide segments as a
result of the chemical ligation is an unnatural  (non-peptide) bond
(Schnolzer, M et al. Science, 256:221 (1992)). This technique has been
used to synthesize analogs of protein domains as well as large amounts of
relatively pure 30 proteins with full biological activity (deLisle Milton
RC et al., Techniques in Protein  Chemistry IV. Academic Press, New York,
pp. 257-267 (1992)). The polypeptides of the invention can also be prepared
by other means including, for  example, recombinant techniques. Examples of
appropriate cloning and sequencing  techniques, and instructions sufficient
to direct persons of skill through many cloning 16 WO 2006/047673
PCT/US2005/038740  exercises are found in Sambrook et al. (2001) Molecular
Cloning - A Laboratory Manual  (3rd ed.) Vol. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor Press, NY,  (Sambrook). Also provided by the
present invention is a polypeptide comprising an amino acid 5 sequence at
least about 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical
to the polypeptide sequences set forth under GenBank Accession Nos. in
Table 1 or  fragments of these polypeptide sequences. It is understood that
as discussed herein the use of the terms "homology" and  "identity" mean
the same thing as similarity. Thus, for example, if the use of the word  10
homology is used to refer to two non-natural sequences, it is understood
that this is not necessarily indicating an evolutionary relationship
between these two sequences, but rather is  looking at the similarity or
relatedness between their nucleic acid sequences. Many of the  methods for
determining homology between two evolutionarily related molecules are  



routinely applied to any two or more nucleic acids or proteins for the
purpose of measuring 15 sequence similarity regardless of whether they are
evolutionarily related. In general, it is understood that one way to define
any known variants and derivatives  or those that might arise, of the
disclosed nucleic acids and polypeptides herein, is through  defining the
variants and derivatives in terms of homology to specific known sequences.
In  general, variants of nucleic acids and polypeptides herein disclosed
typically have at least, 20 about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,  93, 94, 95, 96, 97,
98, or 99 percent homology to the stated sequence or the native sequence.
Those of skill in the art readily understand how to determine the homology
of two  polypeptides or nucleic acids. For example, the homology can be
calculated after aligning  the two sequences so that the homology is at its
highest level. 25 Another way of calculating homology can be performed by
published algorithms.  Optimal alignment of sequences for comparison maybe
conducted by the local homology  algorithm of Smith and Waterman Adv. Appl.
Math. 2: 482 (1981), by the homology  alignment algorithm of Needleman and
Wunsch, J. Mol. Biol. 48: 443 (1970), by the search  for similarity method
of Pearson and Lipman, Proc. Natl. Acad. Sci. U.S.A. 85: 2444 (1988), 30 by
computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group,
575  Science Dr., Madison, WI; the BLAST algorithm of Tatusova and Madden
FEMS Microbiol.  Lett. 174: 247-250 (1999) available from the National
Center for Biotechnology Information  (http://www ncbi nhn nih
gov/blast/bl2seq/bl2.html) ),or by inspection. 17 WO 2006/047673
PCT/US2005/038740  The same types of homology can be obtained for nucleic
acids by for example the algorithms disclosed in Zuker, M. Science
244:48-52, 1989, Jaeger et al. Proc. Natl. Acad.  Sci. USA 86:7706-7710,
1989, Jaeger et al. Methods Enzymol. 183:281-306, 1989 which are  herein
incorporated by reference for at least material related to nucleic acid
alignment. It is 5 understood that any of the methods typically can be used
and that in certain instances the  results of these various methods may
differ, but the skilled artisan understands if identity is  found with at
least one of these methods, the sequences would be said to have the stated
identity. For example, as used herein, a sequence recited as having a
particular percent  10 homology to another sequence refers to sequences
that have the recited homology as  calculated by any one or more of the
calculation methods described above. For example, a first sequence has 80
percent homology, as defined herein, to a second sequence if the first
sequence is calculated to have 80 percent homology to the second sequence
using the Zuker  calculation method even if the first sequence does not
have 80 percent homology to the 15 second sequence as calculated by any of
the other calculation methods. As another example,  a first sequence has 80
percent homology, as defined herein, to a second sequence if the first
sequence is calculated to have 80 percent homology to the second sequence
using both the  Zuker calculation method and the Pearson and Lipman
calculation method even if the first  sequence does not have 80 percent
homology to the second sequence as calculated by the 20 Smith and Waterman
calculation method, the Needleman and Wunsch calculation method,  the
Jaeger calculation methods, or any of the other calculation methods. As yet
another  example, a first sequence has 80 percent homology, as defined
herein, to a second sequence if  the first sequence is calculated to have
80 percent homology to the second sequence using  each of calculation
methods (although, in practice, the different calculation methods will 25
often result in different calculated homology percentages). Also provided
by the present invention are polypeptides set forth under GenBank
Accession Nos. in Table 1, with one or more conservative amino acid
substitutions. These  conservative substitutions are such that a naturally
occurring amino acid is replaced by one  having similar properties. Such
conservative substitutions do not alter the function of the 



30 polypeptide. For example, conservative substitutions can be made
according to the following  table: 18 WO 2006/047673 PCT/US2005/038740
TABLE 1: Amino Acid Substitutions Original Residue Exemplary Substitutions
Arg Lys  Asn Gln  Asp Glu  Cys Ser  Gln Asn  Glu Asp  Gly Pro  His Gln  Ile
leu; val Leu ile; val  Lys arg; gin  Met leu; ile Phe met; leu; tyr  Ser
Thr  Thr Ser  Trp Tyr  Tyr trp; phe  Val ile; leu Thus, it is understood
that, where desired, modifications and changes may be made in  5 the
nucleic acid encoding the polypeptides of this invention and/or amino acid
sequence of  the polypeptides of the present invention and still obtain a
polypeptide having like or  otherwise desirable characteristics. Such
changes may occur in natural isolates or may be 19 WO 2006/047673
PCT/US2005/038740  synthetically introduced using site-specific
mutagenesis, the procedures for which, such as  mis-match polymerase chain
reaction (PCR), are well known in the art. For example, certain  amino
acids may be substituted for other amino acids in a polypeptide without
appreciable  loss of functional activity. It is thus contemplated that
various changes may be made in the 5 amino acid sequence of the
polypeptides of the present invention (or underlying nucleic acid
sequence) without appreciable loss of biological utility or activity and
possibly with an  increase in such utility or activity. Thus, it is clear
that naturally occurring variations in the  polypeptide sequences set forth
herein as well as genetically engineered variations in the  polypeptide
sequences set forth herein are contemplated by the present invention. By 10
providing the genomic location of genes that are involved in viral
infection, the present  invention has also provided the genomic location of
any variant sequences of these genes.  Thus, based on the information
provided herein, it would be routine for one of skill in the art  to
identify and sequence the genomic region identified by applicants and
identify variant  sequences of the genes set forth herein. It would also be
routine for one of skill in the art to 15 utilize comparison tools and
bioinformatics techniques to identify sequences from other  species that
are homologs of the genes set forth herein and are also necessary for
infection,  but not necessary for survival of the cell. Antibodies  20 The
present invention also provides antibodies that specifically bind to the
gene  products, polypeptides, proteins and fragments thereof set forth in
Table 1. The antibody of  the present invention can be a polyclonal
antibody or a monoclonal antibody. The antibody  of the invention
selectively binds a polypeptide. By "selectively binds" or "specifically  



binds" is meant an antibody binding reaction which is determinative of the
presence of the 25 antigen (in the present case, a polypeptide set forth in
Table 1 or antigenic fragment thereof  among a heterogeneous population of
proteins and other biologics). Thus, under designated  immunoassay
conditions, the specified antibodies bind preferentially to a particular
peptide  and do not bind in a significant amount to other proteins in the
sample. Preferably, selective  binding includes binding at about or above
1.5 times assay background and the absence of  30 significant binding is
less than 1.5 times assay background. This invention also contemplates
antibodies that compete for binding to natural  interactors or ligands to
the proteins set forth in Table 1. In other words, the present  invention
provides antibodies that disrupt interactions between the proteins set
forth in Table  1 and their binding partners. For example, an antibody of
the present invention can compete 20 WO 2006/047673 PCT/US2005/038740  with
a protein for a binding site (e.g. a receptor) on a cell or the antibody
can compete with a  protein for binding to another protein or biological
molecule, such as a nucleic acid that is  under the transcriptional control
of a transcription factor set forth in Table 1. The antibody  optionally
can have either an antagonistic or agonistic function as compared to the
antigen. 5 Preferably, the antibody binds a polypeptide ex vivo or in vivo.
Optionally, the  antibody of the invention is labeled with a detectable
moiety. For example, the detectable  moiety can be selected from the group
consisting of a fluorescent moiety, an enzyme-linked  moiety, a biotin
moiety and a radiolabeled moiety. The antibody can be used in techniques or
procedures such as diagnostics, screening, or imaging. Anti-idiotypic
antibodies and affinity 10 matured antibodies are also considered to be
part of the invention. As used herein, the term "antibody or fragments
thereof' encompasses chimeric  antibodies and hybrid antibodies, with dual
or multiple antigen or epitope specificities, and  fragments, such as
F(ab')2, Fab', Fab and the like, including hybrid fragments. Thus,
fragments of the antibodies that retain the ability to bind their specific
antigens are provided. 15 Such antibodies and fragments can be made by
techniques known in the art and can be  screened for specificity and
activity according to the methods set forth in the Examples and in  general
methods for producing antibodies and screening antibodies for specificity
and activity  (See Harlow and Lane. Antibodies, A Laboratory Manual. Cold
Spring Harbor Publications,  New York, (1988)). 20 Also included within the
meaning of "antibody or fragments thereof' are conjugates  of antibody
fragments and antigen binding proteins (single chain antibodies) as
described, for  example, in U.S. Pat. No. 4,704,692, the contents of which
are hereby incorporated by  reference. Optionally, the antibodies are
generated in other species and "humanized" for 25 administration in humans.
In one embodiment of the invention, the "humanized" antibody is  a human
version of the antibody produced by a germ line mutant animal. Humanized
forms  of non-human (e.g., murine) antibodies are chimeric immunoglobulins,
immunoglobulin  chains or fragments thereof (such as Fv, Fab, Fab',
F(ab')2, or other antigen-binding  subsequences of antibodies) which
contain minimal sequence derived from non-human 30 immunoglobulin.
Humanized antibodies include human immunoglobulins (recipient  antibody) in
which residues from a CDR of the recipient are replaced by residues from a
CDR of a non-human species (donor antibody) such as mouse, rat or rabbit
having the desired  specificity, affinity and capacity. In one embodiment,
the present invention provides a  humanized version of an antibody,
comprising at least one, two, three, four, or up to all CDRs 21 WO
2006/047673 PCT/US2005/038740  of a monoclonal antibody that specifically
binds to a protein set forth in Table 1. In some  instances, Fv framework
residues of the human immunoglobulin are replaced by  corresponding
non-human residues. Humanized antibodies may also comprise residues that  



are found neither in the recipient antibody nor in the iirxported CDR or
framework sequences. 5 In general, the humanized antibody will comprise
substantially all of or at least one, and  typically two, variable domains,
in which all or substantially all of the CDR regions  correspond to those
of a non-human immunoglobulin and all or substantially all of the FR
regions are those of a human immunoglobulin consensus sequence. The
humanized antibody  optimally also will comprise at least a portion of an
inirnunoglobulin constant region (Fc), 10 typically that of a human
immunoglobulin (Jones et al., Nature, 321:522-525 (1986);  Riechmann et
al., Nature, 332:323-327 (1988); and Pr(--sta, Curr. Op. Struct. Biol.,
2:593-596  (1992)). Methods for humanizing non-human antibodies are well
known in the art. Generally,  a humanized antibody has one or more amino
acid residues introduced into it from a source  15 that is non-human. These
non-human amino acid residues are often referred to as "import" residues,
which are typically taken from an "import" variable domain. Humanization
can be  essentially performed following the method of Winter and co-workers
(Jones et al., Nature,  321:522-525 (1986); Riechmann et al., Nature,
332:323-327 (1988); Verhoeyen et al.,  Science, 239:1534-1536 (1988)), by
substituting rodent CDRs or CDR sequences for the 20 corresponding
sequences of a human antibody. Accordingly, such "humanized" antibodies
are chimeric antibodies (U.S. Pat. No. 4,816,567), wherein substantially
less than an intact  human variable domain has been substituted by the
corresponding sequence from a non- human species. In practice, humanized
antibodies are typically human antibodies in which  some CDR residues and
possibly some FR residues are substituted by residues from 25 analogous
sites in rodent antibodies. 22 WO 2006/047673 PCT/US2005/038740
Identification of Agents A method of identifying an antiviral agent
comprising a) administering the agent to a  cell containing a cellular gene
listed in Table 1, b) detecting the level and/or activity of the 5 gene
product produced by the cellular gene, a decrease or elimination of the
gene product  and/or gene product activity indicating a compound with
antiviral activity. The present invention also provides a method of
identifying an antiviral agent  comprising: a) administering the agent to a
cell containing a cellular gene listed in Table 1, b)  contacting the cell
with a virus; c) detecting the level of viral infection; and d) associating
the 10 level of viral infection with the level of expression of the gene
from Table 1 or the activity of  the protein encoded by the gene from Table
1, a decrease or elimination of viral infection  associated with a decrease
or elimination of gene expression and/or activity indicating that  the
agent is an antiviral agent. For example, the agent can interfere with gene
expression  and/or the activity of the protein or polypeptide product of
the gene. In the methods of the 15 present invention, the test compounds or
antiviral agents of the invention can be delivered  before or after
contacting a cell with a virus or simultaneously with the virus. The
methods described above can be utilized to identify any agent with an
activity  that decreases infection, prevents infection or promotes cell
survival after infection with a  pathogen(s). Therefore, in the methods of
the present invention, the step of contacting the 20 cell with the virus
can be replaced with contacting the cell with any infectious pathogen.
Infection includes the introduction of an infectious agent, such as a
non-recombinant virus,  recombinant virus, plasmid, bacteria, prion,
eukaryotic microbe, or other agent capable of  infecting a host, such as a
cell in cell culture or a cell of a subject. Such infection can be in
vitro, ex vivo or in vivo. 25 The test compounds used in the methods
described herein can be, but are not limited  to, chemicals, small
molecules, drugs, proteins, cDNAs, antibodies, morpholinos, triple helix
molecule, siRNAs, shRNAs, antisense RNAs, ribozymes or any other compound
now known  or identified in the future that interferes with the expression
and/or function of the cellular  genes described herein. The test compounds
can also modulate the activity of the gene 



30 products of the cellular genes set forth herein. Short interfering RNAs
(siRNAs) are double-stranded RNAs that can induce  sequence-specific
post-transcriptional gene silencing, thereby decreasing or even inhibiting
gene expression. In some examples, siRNA molecules are about 19-23
nucleotides in length,  such as at least 21 nucleotides, for example at
least 23 nucleotides. In one example, siRNA 23 WO 2006/047673
PCT/US2005/038740  triggers the specific degradation of homologous RNA
molecules, such as mRNAs, within the  region of sequence identity between
both the siRNA and the target RNA. For example, WO  02/44321 discloses
siRNAs capable of sequence-specific degradation of target mRNAs when
base-paired with 3' overhanging ends. The direction of dsRNA processing
determines 5 whether a sense or an antisense target RNA can be cleaved by
the produced siRNA  endonuclease complex. Thus, siRNAs can be used to
modulate transcription, for example, by  silencing genes, such as one or
more genes set forth in Table 1. The effects of siRNAs have  been
demonstrated in cells from a variety of organisms, including Drosophila, C.
elegaiis,  insects, frogs, plants, fungi, mice and humans (for example, WO
02/44321; Gitlin et al., 10 Nature 418:430-4, 2002; Caplen et al., Proc.
Natl. Acad. Sci. 98:9742-9747, 2001; and  Elbashir et al., Nature
411:494-8, 2001). In certain examples, siRNAs are directed against certain
target genes, to confirm results of  the gene-trap method used against the
same nucleic acid sequence. Utilizing sequence  analysis tools, one of
skill in the art can design siRNAs to specifically target any gene set 15
forth in Table 1 for decreased gene expression. siRNAs that inhibit or
silence gene  expression of any gene set forth in Table 1 can be obtained
from Ambion Inc. 2130  Woodward Austin, TX 78744-1832 USA. The siRNAs
synthesized by Ambion Inc. can by readily obtained by providing the
GenBank Accession No. for a coding sequence or the Entrez Gene number for a
gene, both of  20 which are provided for rat and human coding sequences in
Table 1. Also provided herein are examples of sequences that can be
utilized to decrease gene  expression of the genes listed in Table 1.
Specifically, Table 3 provides sense RNA  sequences and antisense RNA
sequences for the genes listed in Table 1. Therefore, any of the sense or
antisense sequences set forth in Table 3 can be used alone or in
combination with  25 other sequences to inhibit gene expression. These
sequences can comprise a 3'TT overhang  and/or additional sequences that
allow efficient cloning and expression of the siRNA  sequences. These
sequences were obtained by analyzing the open reading frames of the genes
listed in Table 3. Therefore, Table 3 provides the name of each gene
analyzed, the  GenBank Accession No. for the mRNA of the gene, the length
of the mRNA, the ORF region  30 of the mRNA and the Locus number for each
gene. The Locus number for each gene is equivalent to the Entrez Gene
number listed in Table 1. Table 3 also provides the start site  of the
sequence in the open reading frame of the gene that is targeted by the
sense RNA  sequence and/or the antisense RNA sequence set forth in Table 3.
The start site for the target 24 WO 2006/047673 PCT/US2005/038740  sequence
is indicated in the Name column and in the Start column. The Name column
also  provides a GenBank Acession No. identifier for each target sequence.
Thus, it would be clear  that a row in Table 3 that had the Name NM 000350
siRNA 458 indicates that the sesnse  and antisense sequences correspond to
GenBank Accession No. NM 000350 and the start 5 site for the target
sequence is 458. For example, a target sequence for the ABCA4 gene starts
at position 458. Therefore, a sequence comprising SEQ ID NO: 1 and/or a
sequence  comprising SEQ ID NO: 2 are two sequences that can be utilized to
target ABCA4 and  decrease ABCA4 gene expression. Similarly, a sequence
comprising SEQ ID NO: 3 and/or a  sequence comprising SEQ ID NO: 4 can be
utilized to target ABCA4 expression. These 10 examples are not meant to be
limiting and pertain to every sense and antisense RNA 



sequence set forth in Table 3. Sequences comprising the sense and antisense
RNA sequences  set forth herein can be utilized to inhibit gene expression
in any cell (eukaryotic or  prokaryotic), animal or any other organism.
These sequences can be cloned into vectors and  utilized in vitro, ex vivo
or in vivo to decrease gene expression. 15 shRNA (short hairpin RNA) is a
DNA molecule that can be cloned into expression  vectors to express siRNA
(19-21nt RNA duplex) for RNAi interference studies. shRNA has  the
following structural features: a short nucleotide sequence ranging from
about 19-29  nucleotides derived from the target gene, followed by a short
spacer of about 4-15  nucleotides (i.e. loop) and about a 19-29 nucleotide
sequence that is the reverse complement 20 of the initial target sequence.
For example, the sense siRNa sequence for any of the genes set  forth in
Table 3 can be utilized to design and shRNA. As an example, a sense RNA
sequence  for C l Oorf3 (SEQ ID NO: 292) was utilized to design an shRNA
with an exemplary linker  sequence (CGAA). As shown below, the sense
sequence is linked via the linker (CGAA) to  the antisense sequence to form
the top strand. The top strand and the bottom strand are 25 annealed to
make a double stranded oligonucleotide that can be cloned into an
appropriate  vector for expression. The double stranded oligonucleotide can
have nucleotide overhangs as  depicted below to facilitate cloning. These
sequences can be cloned into vectors and utilized  in vitro, ex vivo or in
vivo to decrease gene expression. 25 WO 2006/047673 PCT/US2005/038740  Top
Strand 5 ' CACCG'CCAGAAGTACCAAAGATTTCGAAAAATCTTTCGTACTTCTGG-3' (SEQ ID NO:
B37)  Bottom Strand 5'-AAAACCAGAAGTACCAAAGATTTTTCGAAATCTTTGGTACTTCTGGC.-3'
(SEQ ID NO: 838) 5'-CACCGCCAGAAGTACCAAAGATTTCGAAAAATCTTTGGTACTTCTGG-3' (SEQ
ID NO: 839):  ds Oligo for cl0orf3  shRNA
3'-CGGTCTTCATC-G`T'TTCTAAAGCTTTTTAGAAACCATGAAGACC.AAAA-5' (SED ID NO:
1840) Therefore, any sense sequence set forth in Table 3 can be linked to
its corresponding  antisense sequence with a linker to make a top strand
for an shRNA. The bottom strand is the  5 reverse complement of the top
strand. The "U"s in the sequence set forth in Table 3 are replaced with
"T"s to make DNA strands. The top strand and the bottom strand are then
annealed to form the double stranded shRNA. As mentioned above, the top and
bottom  strand can have overhangs or additional sequence to facilitate
cloning into an expression  vector. 10 Ribozymes are enzymatic RNA
molecules capable of catalyzing the specific cleavage  of RNA. The
mechanism of ribozyme action involves sequence specific hybridization of
the  ribozyme molecule to complementary target RNA, followed by a
endonucleolytic cleavage.  Methods of using ribozymes to decrease or
inhibit RNA expression are known in the art (for  example see
Kashani-Sabet, J Investig. Dermatol. Symp. Proc., 7:76-78, 2002). 15
Generally, the term "antisense" refers to a nucleic acid molecule capable
of  hybridizing to a portion of an RNA sequence (such as mRNA) by virtue of
some sequence  complementarity. The antisense nucleic acids disclosed
herein can be oligonucleotides that  are double-stranded or
single-stranded, RNA or DNA or a modification or derivative thereof,  which
can be directly administered to a cell (for example by administering the
antisense 20 molecule to the subject), or which can be produced
intracellularly by transcription of  exogenous, introduced sequences (for
example by administering to the subject a vector that  includes the
antisense molecule under control of a promoter). Antisense nucleic acids
are polynucleotides, for example nucleic acid molecules that  are at least
6 nucleotides in length, at least 10 nucleotides, at least 15 nucleotides,
at least 20  25 nucleotides, at least 100 nucleotides, at least 200
nucleotides, such as 6 to 100 nucleotides_ However, antisense molecules can
be much longer. In particular examples, the nucleotide is  modified at one
or more base moiety, sugar moiety, or phosphate backbone (or combinations  



thereof), and can include other appending groups such as peptides, or
agents facilitating  transport across the cell membrane (Letsinger et al.,
Proc. Natl. Acad. Sci. USA 1989, 26 WO 2006/047673 PCT/US2005/038740
86:6553-6; Lemaitre et al., Proc. Natl. Acad. Sci. USA 1987, 84:648-52; WO
88/09810) or  blood-brain barrier (WO 89/10134), hybridization triggered
cleavage agents (Krol et al.,  BioTechniques 1988, 6:958-76) or
intercalating agents (Zon, Pharm. Res. 5:539-49, 1988). Examples of
modified base moieties include, but are not limited to: 5-fluorouracil, 5-
5 bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine,
acetylcytosine, 5- (carboxyhydroxylmethyl) uracil,
5-carboxymethylaminomethyl-2-thiouridine, 5-
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine,
inosine, N-6- sopentenyladenine, 1-methylguanine, 1-methylnosine,
2,2-dimethylguanine, 2- methyladenine, 2-methylguanine, 3-methylcytosine,
5-methylcytosine, N6-adenine, 7 10 methylguanine,
5-methylaminomethyluracil, methoxyarninomethyl-2-thiouracil, beta-D-
mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil,
2-methylthio-N6- isopentenyladenine, uracil-5-oxyacetic acid, pseudouracil,
queosine, 2-thiocytosine, 5- methyl-2-thiouracil, 2-thiouracil,
4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid  methylester,
uracil-S-oxyacetic acid, 5-methyl-2-thiouracil, 3-(3-amino-3-N-2 15
carboxypropyl) uracil, and 2,6-diaminopurine. Examples of modified sugar
moieties include, but are not limited to: arabinose, 2- fluoroarabinose,
xylose, and hexose, or a modified component of the phosphate backborie,
such as phosphorothioate, a phosphorodithioate, a phosphoramidothioate, a
phosphoramidate,  a phosphordiamidate, a methylphosphonate, an alkyl
phosphotriester, or a formacetal or 20 analog thereof. In a particular
example, an antisense molecule is an a-anomeric oligonucleotide. An
a-anomeric oligonucleotide forms specific double-stranded hybrids with
complementary  RNA in which, contrary to the usual a-units, the strands run
parallel to each other (Gautier et  al., Nucl. Acids Res. 15:6625-41,
1987). The oligonucleotide can be conjugated to another 25 molecule, such
as a peptide, hybridization triggered cross-linking agent, transport agent,
or  hybridization-triggered cleavage agent. Oligonucleotides can include a
targeting moiety that  enhances uptake of the molecule by host cells. The
targeting moiety can be a specific binding molecule, such as an antibody or
fragment thereof that recognizes a molecule present  on the surface of the
host cell. 30 In a specific example, antisense molecules that recognize a
nucleic acid set forth  herein, include a catalytic RNA or a ribozyme (for
example see WO 90/11364; WO 95/06764; and Sarver et al., Science
247:1222-5, 1990). Conjugates of antisense with a :metal  complex, such as
terpyridylCu (II), capable of mediating mRNA hydrolysis, are described in
27 WO 2006/047673 PCT/US2005/038740  Bashkin et al. (Appl. Biochem
Biotechnol. 54:43-56, 1995). In one example, the antisense  nucleotide is a
2'-O-methylribonucleotide (Inoue et al., Nucl. Acids Res. 15:6131-48,
1987), or  a chimeric RNA-DNA analogue (Inoue et al., FEBS Lett.
215:327-30, 1987). The antiviral agents identified utilizing these methods
can be used to inhibit viral  5 infection in cells either in vitro, ex vivo
or in vivo. In the methods of the present invention any cell that can be
infected with a virus or  other pathogen, such as bacteria, parasite or
fungi can be utilized. The cell can be  prokaryotic or eukaryotic, such as
a cell from an insect, fish, crustacean, mammal, bird,  reptile, yeast or a
bacterium, such as E. coli. The cell can be part of an organism, or part of
a 10 cell culture, such as a culture of mammalian cells or a bacterial
culture. The viruses of the present invention include all RNA viruses
(including negative  stranded RNA viruses, positive stranded RNA viruses,
double stranded RNA viruses and  retroviruses) and DNA viruses. Examples of
viruses include, but are not limited to, HIV  



(including HIV-1 and HIV-2), parvovirus, papillomaviruses, measles,
filovirus (for example, 15 Marburg), SARS (severe acute respiratory
syndrome) virus, hantaviruses, influenza viruses  (e.g., influenza A, B and
C viruses), hepatitis viruses A to G, caliciviruses, astroviruses,
rotaviruses, coronaviruses, (for example, human respiratory coronavirus),
picornaviruses, (for  example, human rhinovirus and enterovirus), Ebola
virus, human herpesvirus (such as, I3SV- 1-9, including zoster,
Epstein-Barr, and human cytomegalovirus), foot and mouth disease 20 virus,
human adenovirus, adeno-associated virus, smallpox virus (variola), cowpox,
monkey  pox, vaccinia, polio, viral meningitis and hantaviruses. For
animals, viruses include, but are not limited to, the animal counterpart to
any  above listed human virus, avian influenza (for example, strains H5N1,
H5N2, H7N1, H7N7  and H9N2), and animal retroviruses, such as simian
immunodeficiency virus, avian 25 immunodeficiency virus, pseudocowpox,
bovine immunodeficiency virus, feline  immunodeficiency virus, equine
infectious anemia virus, caprine arthritis encephalitis virus  and visna
virus. The methods of the present invention can also be used to assess
bacterial infection and  identify antibacterial agents. Specifically, the
same methods are employed but instead of 30 contacting a cell with a virus,
the cell is contacted with a bacterium. Therefore, the present  invention
provides a method of identifying an antibacterial agent comprising a)
administering  the agent to a cell containing a cellular gene listed in
Table 1, b) detecting the level and./or  activity of the gene product
produced by the cellular gene, a decrease or elimination of the  gene
product and/or gene product activity indicating a compound with
antibacterial activity. 28 WO 2006/047673 PCT/US2005/038740  The present
invention also provides a method of identifying an antibacterial agent
comprising: a) administering the agent to a cell containing a cellular gene
listed in Table 1, b)  contacting the cell with a bacteria; c) detecting
the level of bacterial infection; and d)  associating the level of
bacterial infection with the level of expression of the gene from Table 5 1
or the activity of the protein encoded by the gene from Table 1, a decrease
or elimination of  bacterial infection associated with a decrease or
elimination of gene expression and/or activity indicating that the agent is
an antibacterial agent. Examples of bacteria include, but are not limited
to, the following: Listeria (sp.),  Mycobacterium tuberculosis, Rickettsia
(all types), Ehrlichia, Chylamida. Further examples  10 of bacteria that
can be targeted by the present methods include M tuberculosis, M bovis, M.
bovis strain BCG, BCG substrains, M. avium, M intracellulare, M africanum,
M. kansasii,  M. marinum, M. ulcerans, M. avium subspecies
paratuberculosis, Nocardia asteroides, other  Nocardia species, Legionella
pneumophila, other Legionella species, Salmonella typhi, other  Salmonella
species, Shigella species, Yersinia pestis, Pasteurella haemolytica,
Pasteurella 15 multocida, other Pasteurella species, Actinobacillus
pleuropneumoniae, Listeria  monocytogenes, Listeria ivanovii, Brucella
abortus, other Brucella species, Cowdria  ruminantium, Chlamydia
paeumoniae, Chlamydia trachomatis, Chlamydia psittaci, Coxiella  burnetti,
other Rickettsial species, Ehrlichia species, Staphylococcus aureus,
Staphylococcus  epidermidis, Streptococcus pyogenes, Streptococcus
agalactiae, Bacillus anthracis, 20 Escherichia coli, Vibrio cholerae,
Campylobacter species, Neiserria meningitidis, lVeiserria  gonorrhea,
Pseudomonas aeruginosa, other Pseudomonas species, Haemophilus influenzae,
Haemophilus ducreyi, other Hemophilus species, Clostridium tetani, other
Clostridium  species, Yersinia enterolitica, and other Yersinia species.
Antibacterial agents found to be effective for one bacterium, can also be
effective for  25 other bacteria, particularly bacteria from the same
family. Therefore, antibacterial agents  identified for one bacteria can be
tested utilizing the methods of the present invention for  antibacterial
activity against other bacteria. The methods of the present invention can
also be used to assess parasitic infection and  identify antiparasitic
agents. Specifically, the same methods are employed but instead of 



30 contacting a cell with a virus, the cell is contacted with a parasite.
Therefore, the present  invention provides a method of identifying an
antiparasitic agent comprising a) administering  the agent to a cell
containing a cellular gene listed in Table 1, b) detecting the level and/or
activity of the gene product produced by the cellular gene, a decrease or
elimination of the  gene product and/or gene product activity indicating a
compound with antiparasitic activity. 29 WO 2006/047673 PCT/US2005/038740
The present invention also provides a method of identifying an
antiparasitic agent comprising: a) administering the agent to a cell
containing a cellular gene listed in Table 1, b)  contacting the cell with
a parasite; c) detecting the level of parasitic infection; and d)
associating the level of parasitic infection with the level of expression
of the gene from Table 5 1 or the activity of the protein encoded by the
gene from Table 1, a decrease or elimination of  parasitic infection
associated with a decrease or elimination of gene expression and/or
activity indicating that the agent is an antiparasitic agent. Examples of
parasites include, but are not limited to, the following: Cryptosporidium,
Plasmodium (all species), American trypanosomes (T. cruzi). Furthermore,
examples of 10 protozoan and fungal species contemplated within the present
methods include, but are not  limited to, Plasmodium falciparum, other
Plasmodium species, Toxoplasma gondii,  Pneumocystis carinii, Trypanosoma
cruzi, other trypanosomal species, Leishmania donovani,  other Leishmania
species, Theileria annulata, other Theileria species, Eimeria tenetla,
other  Eimeria species, Histoplasma capsulatum, Cryptococcus neoformans,
Blastomyces 15 dermatitidis, Coccidioides irnmitis, Paracoccidioides
brasiliensis, Penicillium marneffei, and  Candida species. Antiparasitic
agents found to be effective for one parasite, can also be effective for
other parasite, particularly parasites from the same family. Therefore,
antiparasitic agents  identified for one parasitic can be tested utilizing
the methods of the present invention for  20 antiparasitic activity against
other parasites. In the methods described herein, once the cell containing
a cellular gene listed in  Table 1 has been contacted with an agent, the
level of infection can be associated with the  level of gene expression
and/or activity, such that a decrease or elimination of infection 25
associated with a decrease or elimination of gene expression and/or
activity indicates that the  agent is effective against the pathogen. These
methods can be utilized to assess the effects of  an agent on bacterial
infection, antiviral infection, antifungal infection, antiparasitic
infection,  to name a few. For example, the level of viral infection can be
measured in a cell after administration of siRNA that inhibits expression
of a gene set forth in Table 1. If there is a  30 decrease in viral
infection, then the siRNA is an effective antiviral agent. The level of
viral  infection can be assessed by measuring an antigen or other product
associated with a particular viral infection (for example, p24 for HIV
infection). If there is a decrease in p24  levels after administration of
an siRNA directed to a gene set forth in Table 1, the siRNA  targeting that
gene is an effective antiviral agent against HIV. The level of viral
infection can 30 WO 2006/047673 PCT/US2005/038740  also be measured by
real-time quantitative reverse transcription-polymerase chain reaction
(RT-PCR) assay (See for example, Payungporn et al. "Single step multiplex
real-time RT- PCR for H5N1 influenza A virus detection." J Virol Methods.
Sep 22, 2005; Landolt et la.  "Use of real-time reverse transcriptase
polymerase chain reaction assay and cell culture 5 methods for detection of
swine influenza A viruses" Am J Vet Res. 2005 Jan;66(1):119-24)  Smilarly,
the level of viral infection can be measured in a cell, utilizing the
methods  set forth above and known in the art, after administration of a
chemical, small molecule, drug,  protein, cDNA, antibody, morpholino,
antisense RNA, ribozyme or any other compound. If  there is a decrease in
viral infection, then the chemical, small molecule, drug, protein, cDNA, 10
antibody, morpholino, antisense RNA, ribozyme or any other compound is an
effective  



antiviral agent. Similar methods can be utilized to measure the levels of
other types of  infection such as bacterial infection, fungal infection and
parasitic infection Antiviral agents found to be effective for one virus,
can also be effective for other  viruses, particularly viruses from the
same family. However, it is also contemplated that an  15 agent found to be
effective against HIV can also be effective against influenza or avian flu
or any other virus. Therefore, antiviral agents identified for one virus
can be tested utilizing the  methods of the present invention for antiviral
activity against other viruses. The level of the  gene product can be
measured by any standard means, such as by detection with an antibody
specific for the protein. The nucleic acids set forth herein and fragments
thereof can be 20 utilized as primers to amplify nucleic acid sequences,
such as a gene transcript of one of the  genes set forth in Table 1 by
standard amplification techniques. For example, expression of a  gene
transcript can be quantified by RT-PCR using RNA isolated from cells. A
variety of  PCR techniques are familiar to those skilled in the art. For a
review of PCR technology, see  White (1997) and the publication entitled
"PCR Methods and Applications" (1991, Cold 25 Spring Harbor Laboratory
Press), which is incorporated herein by reference in its entirety for
amplification methods. In each of these PCR procedures, PCR primers on
either side of the  nucleic acid sequences to be amplified are added to a
suitably prepared nucleic acid sample  along with dNTPs and a thermostable
polymerase such as Taq polymerase, Pfu polymerase,  or Vent polymerase. The
nucleic acid in the sample is denatured and the PCR primers are 30
specifically hybridized to complementary nucleic acid sequences in the
sample. The  hybridized primers are extended. Thereafter, another cycle of
denaturation, hybridization, and  extension is initiated. The cycles are
repeated multiple times to produce an amplified  fragment containing the
nucleic acid sequence between the primer sites. PCR has further been 31 WO
2006/047673 PCT/US2005/038740  described in several patents including U.S.
Pat. Nos. 4,683,195, 4,683,202 and 4,965,188.  Each of these publications
is incorporated herein by reference in its entirety for PCR  methods. One
of skill in the art would know how to design and synthesize primers that
amplify any of the nucleic acid sequences set forth in Table 1 or a
fragment thereof. 5 A detectable label may be included in an amplification
reaction. Suitable labels  include fluorochromes, e.g. fluorescein
isothiocyanate (FITC), rhodamine, Texas Red,  phycoerythrin,
allophycocyanin, 6-carboxyfluorescein (6-FAM), 2',7'-dimethoxy-4',5'-
dichloro-6-carboxyfluorescein (JOE), 6-carboxy-X-rhodamine (ROX),
6-carboxy-2',4',7',4,7 hexachlorofluorescein (HEX), 5-carboxyfluorescein
(5-FAM) or N,N,N',N'-tetramethyl-6- 10 carboxyrhodamine (TANM A),
radioactive labels, e.g., 32 P. 35 S, 3 H; etc. The label may be a  two
stage system, where the amplified DNA is conjugated to biotin, haptens,
etc. having a  high affinity binding partner, e.g. avidin, specific
antibodies, etc., where the binding partner  is conjugated to a detectable
label. The label may be conjugated to one or both of the primers.
Alternatively, the pool of nucleotides used in the amplification is
labeled, so as to incorporate  15 the label into the amplification product.
The sample nucleic acid, e.g. amplified fragment, can be analyzed by one of
a number  of methods known in the art. The nucleic acid can be sequenced by
dideoxy or other methods.  Hybridization with the sequence can also be used
to determine its presence, by Southern blots, dot blots, etc. 20 The genes
and nucleic acids of the invention can also be used in polynucleotide
arrays. Polynucleotide arrays provide a high throughput technique that can
assay a large  number of polynucleotide sequences in a single sample. This
technology can be used, for  example, to identify samples with reduced
expression of a nucleic acid set forth in Table 1 as  compared to a control
sample. This technology can also be utilized to determine the effects of 25
reduced expression of a nucleic acid set forth in Table 1. In this way, one
of skill in the art  can identify genes that are upregulated or
downregulated upon reduction of expression of a  nucleic acid set forth in
Table 1. Similarly, one of skill in the art can identify genes that are  



upregulated or downregulated upon increased expression of a nucleic acid
set forth in Table  1. In this way, other genes can be identified as
targets for therapy, such as antiviral therapy,  30 antibacterial therapy,
antiparasitic therapy or antifungal therapy. To create arrays,
single-stranded polynucleotide probes can be spotted onto a  substrate in a
two-dimensional matrix or array. Each single-stranded polynucleotide probe
can comprise at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 25, or 30 or more 32 WO 2006/047673 PCT/US2005/038740  contiguous
nucleotides selected from the nucleotide sequences set forth under
G(--nBank  Accession Nos. in Table 1. The array can also be a microarray
that includes probes to different polyrriorphic  alleles of one or more
genes set forth in Table 1. A polymorphism exists when two or more  5
versions of a nucleic acid sequence exist within a population of subjects.
For example, a polymorphic nucleic acid can be one where the most common
allele has a frequency of 99%  or less. Different alleles can be identified
according to differences in nucleic acid sequences,  and genetic variations
occurring in more than 1 % of a population (which is the commonly  accepted
frequency for defining polymorphism) are useful polymorphisms for certain
10 applications. The allelic frequency (the proportion of all allele
nucleic acids within a population that are of  a specified type) can be
determined by directly counting or estimating the number and type of
alleles within a population. Polymorphisms and methods of determining
allelic frequencies  are discussed in Hard, D.L. and Clark, A.G.,
Principles of Population Genetics, Third Edition 15 (Sinauer Associates,
Inc., Sunderland Massachusetts, 1997), particularly in chapters 1 and 2.
These microarrays can be utilized to detect polymorphic alleles in samples
from  subjects. Such alleles may indicate that a subject is more
susceptible to viral infection or less  susceptible to viral infection. For
example, since the present invention shows that a  disruption in any of the
genes set forth in Table 1 results in decreased viral infection, such 20
microarrays can be utilized to detect polymorphic versions of the genes set
forth in Table 1  that result in decreased gene expression and/or decreased
activity of the gene product to  identify subjects that are less
susceptible to viral infection. The substrate can be any substrate to which
polynucleotide probes can be attached,  including but not limited to glass,
nitrocellulose, silicon, and nylon. Polynucleotide probes 25 can be bound
to the substrate by either covalent bonds or by non-specific interactions,
such as  hydrophobic interactions. Techniques for constructing arrays and
methods of using these  arrays are described in EP No. 0 799 897; PCT No.
WO 97/29212; PCT No. WO 97/27317;  EP No. 0 785 280; PCT No. WO 97/02357;
U.S. Pat. Nos. 5,593,839; 5,578,832; EP No. 0  728 520; U.S. Pat. No.
5,599,695; EP No. 0 721 016; U.S. Pat. No. 5,556,752; PCT No. WO 30
95/22058; and U.S. Pat. No. 5,631,734. Commercially available
polynucleotide arrays, such  as Affymetrix GeneChip.TM., can also be used.
Use of the GeneChip.TM. to detect gene  expression is described, for
example, in Lockhart et al., Nature Biotechnology 14:1675 33 WO 2006/047673
PCT/US2005/038740  (1996); Chee et al., Science 274:610 (1996); Hacia et
al., Nature Genetics 14:441, 1996; and  Kozal et al., Nature Medicine
2:753, 1996. The level of gene product can be compared to the level of the
gene product in a  control cell not contacted with the compound. The level
of gene product can be compared to  5 the level of the gene product in the
same cell prior to addition of the compound. Activity or function, can be
measured by any standard means, such as by enzymatic assays that measure
the conversion of a substrate to a product or binding assays that measure
the binding of a  protein to a nucleic acid, for example. Moreover, the
regulatory region of the gene can be functionally linked to a reporter  10
gene and compounds can be screened for inhibition of the reporter gene.
Such regulatory  



regions can be isolated from the genomic sequences and identified by any
characteristics  observed that are characteristic for regulatory regions of
the species and by their relation to  the start codon for the coding region
of the gene. As used herein, a reporter gene encodes a  reporter protein. A
reporter protein is any protein that can be specifically detected when 15
expressed. Reporter proteins are useful for detecting or quantitating
expression from  expression sequences. Many reporter proteins are known to
one of skill in the art. These  include, but are not limited to,
0-galactosidase, luciferase, and alkaline phosphatase that  produce
specific detectable products. Fluorescent reporter proteins can also be
used, such as  green fluorescent protein (GFP), cyan fluorescent protein
(CFP), red fluorescent protein 20 (RFP) and yellow fluorescent protein
(YFP). Viral infection can also be measured via cell based assays. Briefly,
cells (20,000 to  2,500,000) are infected with the desired pathogen, and
the incubation continued for 3-7 days.  The antiviral agent can be applied
to the cells before, during, or after infection with the  pathogen. The
amount of virus and agent administered can be determined by skilled 25
practitioners. In some examples, several different doses of the potential
therapeutic agent can  be administered, to identify optimal dose ranges.
Following transfection, assays are  conducted to determine the resistance
of the cells to infection by various agents. For example, if analyzing
viral infection, the presence of a viral antigen can be  determined by
using antibody specific for the viral protein then detecting the antibody.
In  30 one example, the antibody that specifically binds to the viral
protein is labeled, for example with a detectable marker such as a
fluorophore. In another example, the antibody is detected  by using a
secondary antibody containing a label. The presence of bound antibody is
then  detected, for example using microscopy, flow cytometry and ELISA. 34
WO 2006/047673 PCT/US2005/038740  Alternatively, or in addition, the
ability of the cells to survive viral infection is determined, for example,
by performing a cell viability assay, such as trypan blue exclusion.  The
amount of a protein listed in Table 1, in a cell, can be determined by
methods  standard in the art for quantitating proteins in a cell, such as
Western blotting, ELISA, 5 ELISPOT, immunoprecipitation, immunofluorescence
(e.g., FACS), immunohistochemistry,  immunocytochemistry, etc., as well as
any other method now known or later developed for  quantitating protein in
or produced by a cell. The amount of a nucleic acid listed in Table 1, in a
cell, can be determined by  methods standard in the art for quantitating
nucleic acid in a cell, such as in situ 10 hybridization, quantitative PCR,
RT-PCR, Taqman assay, Northern blotting, ELISPOT, dot  blotting, etc., as
well as any other method now known or later developed for quantitating the
amount of a nucleic acid in a cell. The ability of an antiviral agent to
prevent or decrease infection by a virus, such as  HIV, Ebola, influenza A,
SARS, smallpox, to name a few, can be assessed in animal models.  15
Several animal models for viral infection are known in the art. For
example, mouse HW models are disclosed in Sutton et al. (Res. Initiat
Treat. Action, 8:22-4, 2003) and Pincus et  al. (AIDS Res. Kum.
Retroviruses 19:901-8, 2003); guinea pig models for Ebola infection are
disclosed in Parren et al. (J. Virol. 76:6408-12, 2002) and Xu et al. (Nat.
Med. 4:37-42, 1998); and cynornolgus monkey (Macacafascicularis) models for
influenza infection are  20 disclosed in Kuiken et al. (Vet. Pathol.
40:304-10, 2003). Such animal models can also be  used to test agents for
an ability to ameliorate symptoms associated with viral infection. In
addition, such animal models can be used to determine the LD50 and the ED50
in animal  subjects, and such data can be used to determine the in vivo
efficacy of potential agents.  Animal models can also be used to assess
antibacterial, antifungal and antiparasitic agents. 25 Animals of any
species, including, but not limited to, birds, mice, rats, rabbits, guinea
pigs, pigs,.micro, -pigs, goats, and non-human primates, e.g., baboons,
monkeys, and  chimpanzees, can be used to generate an animal model of viral
infection, bacterial infection,  



fungal infection or parasitic infection if needed. For example, for a model
of viral infection, the appropriate animal is inoculated with  30 the
desired virus, in the presence or absence of the antiviral agent. The
amount of virus and  agent administered can be determined by skilled
practitioners. In some examples, several  different doses of the potential
therapeutic agent (for example, an antiviral agent) can be  administered to
different test subjects, to identify optimal dose ranges. The therapeutic
agent  can be administered before, during, or after infection with the
virus. Subsequent to the 35 WO 2006/047673 PCT/US2005/038740  treatment,
animals are observed for the development of the appropriate viral infection
and  symptoms associated therewith. A decrease in the development of the
appropriate viral  infection, or symptoms associated therewith, in the
presence of the agent provides evidence  that the agent is a therapeutic
agent that can be used to decrease or even inhibit viral infection  5 in a
subject. The present invention also provides a method of making compound
that reduces  infection, comprising: a) synthesizing a compound; b)
administering the compound to a cell  containing a cellular gene set forth
in Table 1, c) contacting the cell with an infectious  pathogen; c)
detecting the level of infection; d) associating the level of infection
with the 10 level of expression of the gene from Table 1 or the activity of
the protein encoded by the gene  from Table 1, a decrease or elimination of
infection associated with a decrease or elimination  of gene expression
and/or activity indicating that a compound that reduces infection was
made. Also provided is a method of making compound that reduces infection,
comprising: a)  15 administering the compound to a cell containing a
cellular gene set forth in Table 1, b)  contacting the cell with an
infectious pathogen; c) detecting the level of infection; d)  associating
the level of infection with the level of expression of the gene from Table
1 or the  activity of the protein encoded by the gene from Table 1, a
decrease or elimination of  infection associated with a decrease or
elimination of gene expression and/or activity 20 indicating that a
compound is a compound that reduces infection; and e) placing the  compound
in a pharmaceutically acceptable carrier. The compounds that reduce
infection  can be antiviral, antibacterial, antifungal or antiparasitic
compounds or any compound that  reduces infection by an infectious agent..
25 Transgenic Cells and Non-Human Mammals Transgennic animal models,
including recombinant and knock-out animals, can be  generated from the
host nucleic acids described herein. Exemplary transgenic non-human
mammals include, but are not limited to, mice, rabbits, rats, chickens,
cows, and pigs. The  present invention provides a transgenic non-human
mammal that has a knock-out of one or 30 more genes listed in Table 1 and
has a decreased susceptibility to infection by pathogens,  such as viruses,
bacteria, fungi and parasites. Such knock-out animals are useful for
reducing  the transmission of viruses from animals to humans. In the
transgenic animals of the present  invention one or both alleles of one or
more genes set forth in Table 1 can be knocked out. 36 WO 2006/047673
PCT/US2005/038740  By "decreased susceptibility" is meant that the animal
is less susceptible to infection or experiences decreased infection by a
pathogen as compared to an animal that does not  have one or both alleles
of a gene of Table 1 knocked out or functionally deleted. The animal  does
not have to be completely resistant to the pathogen. For example, the
animal can be 5 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% or any
percentage in between less  susceptible to infection by a pathogen as
compared to an animal that does not have a  functional deletion of a gene
set forth in Table 1. Furthermore, decreasing infection or  decreasing
susceptibility to infection includes decreasing entry, replication,
pathogenesis,  insertion, lysis, or other steps in the replication strategy
of a virus or other pathogen into a  



10 cell or subject, or combinations thereof. Therefore, the present
invention provides a non-human transgenic mammal  comprising a functional
deletion of one or more genes listed in Table 1, wherein the mammal  has
decreased susceptibility to infection by a pathogen, such as a virus, a
bacterium, a  parasite or a fungus. A functional deletion is a mutation,
partial or complete deletion, 15 insertion, or other variation made to a
gene sequence that inhibits production of the gene  product or renders a
gene product that is not completely functional or non-functional.
Expression of the sequence used to knock-out or functionally delete the
desired gene can be regulated by an appropriate promoter sequence. For
example, constitutive promoters  can be used to ensure that the
functionally deleted gene is not expressed by the animal. In  20 contrast,
an inducible promoter can be used to control when the transgenic animal
does or does not express the gene of interest. Exemplary inducible
promoters include tissue-specific  promoters and promoters responsive or
unresponsive to a particular stimulus (such as light,  oxygen, chemical
concentration, such as a tetracycline inducible promoter). For example, a
transgenic mouse or other transgenic animal including a disrupted  25 gene
listed in Table 1 can be examined during exposure to various pathogens.
Comparison  data can provide insight into the life cycles of pathogens.
Moreover, knock-out animals (such  as pigs) that are otherwise susceptible
to an infection (for example influenza) can be made to  resist infection,
conferred by disruption of the gene. If disruption of the gene in the
transgenic animal results in an increased resistance to infection, these
transgenic animals can 30 be bred to establish flocks or herds that are
less susceptible to infection. Transgenic animals, including methods of
making and using transgenic animals, are  described in various patents and
publications, such as WO 01/43540; WO 02/19811; U.S.  Pub. Nos:
2001-0044937 and 2002-0066117; and U.S. Pat. Nos: 5,859,308; 6,281,408; and
6,376,743; and the references cited therein. 37 WO 2006/047673
PCT/US2005/038740  The transgenic animals of this invention also include
conditional gene knockdown animals produced, for example, by utilizing the
SIRIUS-Cre system that combines siRNA for  specific gene-knockdown,
Cre-loxP for tissue-specific expression and tetracycline-on for  inducible
expression. These animals can be generated by mating two parental lines
that 5 contain a specific siRNA of interest gene and tissue-specific
recombinase under tetracycline  control. See Chang et al. "Using siRNA
Technique to Generate Transgenic Animals with  Spatiotemporal and
Conditional Gene Knockdown." American Journal of Pathology 165:  1535-1541
(2004) which is hereby incorporated in its entirety by this reference
regarding  production of conditional gene knockdown animals. 10 The present
invention also provides cells including an altered or disrupted gene listed
in Table 1 that are resistant to infection by a pathogen. These cells can
be in vitro, ex vivo or  in vivo cells and can have one or both alleles
altered. Such cells therefore include cells having decreased susceptibility
to HIV infection, Ebola infection, avian flu, influenza A or  any of the
other pathogens described herein, including bacteria, parasites and fungi.
15 Screening for Resistance to Infection Also provided herein are methods
of screening host subjects for resistance to infection  by characterizing a
nucleotide sequence of a host nucleic acid or the amino acid sequence of a
host polypeptide (such as those shown in Table 1). For example, a ANXA1
nucleic acid of a 20 subject can be isolated, sequenced, and compared to
the wildtype sequence for ANXA1. The  greater the similarity between that
subject's ANXA1 nucleic acid and the wildtype ANXA1  sequence, the more
susceptible that person is to infection, while a decrease in similarity
between that subject's ANXA1 nucleic acid and the wildtype ANXA1 sequence,
the more  resistant that subject maybe to infection. Such screens can be
performed for any host nucleic 25 acid or the amino acid sequence of a host
polypeptide set forth in Table 1, in any species.  



Assessing the genetic characteristics of a population can provide
information about  the susceptibility or resistance of that population to
viral infection. For example,  polymorphic analysis of alleles in a
particular human population, such as the population of a  particular city
or geographic area, can indicate how susceptible that population is to
infection. 30 A higher percentage of alleles substantially similar to
wild-type sequences listed in Table 1  indicates that the population is
more susceptible to infection, while a large number of  polymorphic alleles
that are substantially different than wild-type sequences listed in Table 1
indicates that a population is more resistant to infection. Such
information can be used, for  example, in making public health decisions
about vaccinating susceptible populations. 38 WO 2006/047673
PCT/US2005/038740  The present invention also provides a method of
screening a cell for a variant form of  a gene listed in Table 1. A variant
can be a gene with a functional deletion, mutation or alteration in the
gene such that the amount or activity of the gene product is altered. These
cells containing a variant form of a gene listed in Table 1 can be
contacted with a pathogen to  5 determine if cells comprising a naturally
occurring variant of a gene listed in Table 1 differ in their resistance to
infection. For example, cells from an animal, for example, a chicken, can
be screened for a variant form of a gene listed in Table 1. If a naturally
occurring variant is  found and chickens possessing a variant form of the
gene in their genome are less susceptible  to infection, these chickens can
be selectively bred to establish flocks that are resistant to 10 infection.
By utilizing these methods flocks of chickens that are resistant to avian
flu can be  established. Similarly, other animals can be screened for a
variant form of a gene listed in  Table 1. If a naturally occurring variant
is found and animals possessing a variant form of the  gene in their genome
are less susceptible to infection, these animals can be selectively bred to
establish populations that are resistant to infection. These animals
include, but are not limited 15 to, cats, dogs, livestock (for example,
cattle, horses, pigs, sheep, goats, etc.), laboratory  animals (for
example, mouse, rabbit, rat, gerbil, guinea pig, etc.) and avian species
(for  example, flocks of chickens, geese. turkeys, ducks, pheasants,
pigeons, doves etc.).  Therefore, the present application provides
populations of animals that comprise a naturally  occurring variant of a
gene listed in Table 1 that results in decreased susceptibility to viral 20
infection, thus providing populations of animals that are less susceptible
to viral infection.  Similarly, if a naturally occurring variant is found
and animals possessing a variant form of  the gene in their genome are less
susceptible to bacterial, parasitic or fungal infection, these  animals can
be selectively bred to establish populations that are resistant to
bacterial, parasitic  or fungal infection. 25 Methods of Inhibiting
Infection Also provided by the present invention is a method of inhibiting
infection in a cell  comprising inhibiting expression or activity of a gene
or a gene product listed in Table 1. As  discussed throughout, infection
can be a viral infection, bacterial infection, fungal infection 30 or a
parasitic infection, to name a few. Inhibition can occur in a cell in
vitro, ex vivo or in  vivo. Expression of one or more genes from Table 1
can be inhibited. Similarly, the activity  of one or more gene products
listed in Table 1 can be inhibited. Inhibition or a decrease in  expression
does not have to be complete as this can range from a slight decrease in
expression to complete ablation of expression. For example, expression can
be inhibited by 39 WO 2006/047673 PCT/US2005/038740  about
5%,10%,20%,30%,40%,50%,60%,70%,80%,90%, 95%, 99%, 100% or any  percentage
in between as compared to a control cell wherein the expression of a gene
listed in  Table 1 has not been inhibited. Similarly, inhibition or
decrease in the activity of a gene  product does not have to be complete as
this can range from a slight decrease to complete 5 ablation of the
activity of the gene product. For example, the activity of a gene product
can  



be inhibited by about 5%,10%,20%,30%,40%, 50%, 60%, 70%, 80%, 90%, 95%,
99%,  100% or any percentage in between as compared to a control cell
wherein activity of a gene  product listed in Table 1 has not been
inhibited. Antisense oligonucleotides, RNAi molecules, ribozymes and siRNA
molecules can be  10 utilized to disrupt expression and/or decrease the
activity of a gene product. Small  molecules, drugs, antibodies, proteins
and chemicals can also be utilized to inhibit expression  and/or the
activity of a gene product. Antisense oligonucleotides, RNAi molecules,
ribozymes, siRNA, small molecules, chemicals, antibodies proteins, cDNAs,
and any other  compound now known or identified in the future to decrease
ex=pression of a gene and/or 15 activity of a gene product set forth in
Table 1 can be used alone or in combination with other  therapeutic agents
such as anti-viral compounds, antibacterial agents, antifungal agents,
antiparasitic agents, anti-inflammatory agents, anti-cancer agents, etc.
Examples of antiviral compounds include, but are not limited to,
amantadine,  rimantadine, zanamavir and oseltamavir (Tamiflu) for the
treatment of flu and its associated  20 symptoms. Antiviral compounds
useful in the treatment of HIV include Combivir(r) (lamivudine-zidovudine),
Crixivan(r) (indinavir), Emtriva(r) (emtricitabine), Epivir(r)
(lamivudine), Fortovase(r) (saquinavir-sg), Hivid(r) (zalcitabine),
Invirase(r) (saquinavir-hg),  Kaletra(r) (lopinavir-ritonavir), LexivaTM
(fosamprenavir), Norvir(r) (ritonavir), Retrovir(r)  (zidovudine)
Sustiva(r) (efavirenz), Videx EC(r) (didanosine), Videx(r) (didanosine), 25
Viracept(r) (nelfinavir) Viramune(r) (nevirapine), Zerit(r) (stavudine),
Ziagen(r) (abacavir),  Fuzeon(r) (enfuvirtide) Rescriptor(r) (delavirdine),
Reyataz(r) (atazanavir), Trizivir(r)  (abacavir-lamivudine-zidovudine)
Viread(r) (tenofovir disoproxil fumarate) and Agenerase(r)  (amprenavir).
Other antiviral compounds useful in the treatment of Ebola and other
filoviruses include ribavirin and cyanovirin-N (CV-N). For the treatment of
herpes virus, 30 Zovirax(r)(acyclovir) is available. Antibacterial agents
include, but are not limited to,  antibiotics (for example, penicillin and
ampicillin), sulfa Drugs and folic acid Analogs, Beta- Lactams,
aminoglycosides, tetracyclines, macrolides, lincosamides, streptogramins,
fluoroquinolones, rifampin, mupirocin, cycloserine, aminocyclitol and
oxazolidinones. 40 WO 2006/047673 PCT/US2005/038740  Antifungal agents
include, but are not limited to, amphotericin, nystatin, terbinafine,
itraconazole, fluconazole, ketoconazole, griselfulvin. Antiparasitic agents
include, but are not limited to, anthelmintics, antinematodal  Agents,
antiplatyhelmintic agents, antiprotozoal agents, amebicides, antimalarials,
5 antitrichornonal agents, aoccidiostats and trypanocidal agents. The
present invention provides a method of reducing or inhibiting infection in
a  subject comprising administering to the subject an amount of a
composition that inhibits  expression or activity of a gene or a gene
product in Table 1. As discussed throughout, the  infection can be from any
pathogen, for example, a virus, a bacteria, a fungus or a parasite. 10 The
reduction or inhibition of infection does not have to be complete as this
can range from a  slight reduction in infection to elimination of the
infection. For example, in the methods  described herein, there can be a
reduction of infection of 10%, 201/10, 30%, 40%, 50%, 60%,  70%, 800/6,
90%, 95%, 100% or any percentage in between. The reduction can result in
amelioration of the symptoms associated with the infection to complete
amelioration of the 15 infection. However, complete amelioration of the
infection is not necessary for a reduction or  inhibition of infection in a
subject to be effective in reducing the symptoms associated with  the
infection or effective in making the subject less susceptible to infection.
As utilized throughout, preventing infection refers to inhibiting the
development of an  infection. When referring to treatment, this refers to a
method that ameliorates a sign or 20 symptom of a disease or pathological
condition related to a infection, such as inhibiting or  decreasing viral
infection and does not require a complete amelioration of symptoms or of
the  infection. 



The present invention also provides a method of reducing or inhibiting
infection in a  subject comprising mutating ex vivo in a selected cell from
the subj ect a gene listed in Table  25 1 to a mutated gene incapable of
producing a functional gene product of the gene or to a mutated gene
producing a reduced amount of a functional gene product of the gene and
replacing the cell in the subject, thereby reducing infection of cells in
the subject. Any cell that can be infected with a virus or other pathogen,
such as a bacterium, a  fungus or a parasite is contemplated herein. A host
cell can be prokaryotic or eukaryotic, 30 such as a cell from an insect,
crustacean, mammal, bird, reptile, yeast, or a bacterium such as  E. coll.
Exemplary host cells include, but are not limited to, mammalian
B-lymphocyte cells,  hematopoeitic cells, embryonic stem cells, embryonic
germ line cells, pluripotent stem cells  and totipotent stem cells. 41 WO
2006/047673 PCT/US2005/038740  For example, a subject susceptible to or
suffering from an infection can be treated with a therapeutically effective
amount of an antisense oligonucleotide, a RNAi molecule, a  ribozyme or a
siRNA molecule (or combinations thereof). After the antisense
oligonucleotide, an RNAi molecule, a ribozyme or a siRNA molecule has taken
effect (a 5 decreased level of viral infection is observed, or symptoms
associated with viral infection  decrease), for example after 24-48 hours,
the subject can be monitored for symptoms  associated with viral infection.
Similarly, other agents, such as an antibody, polypeptide, small molecule
or other  drug that interacts with a host protein from Table 1 can also be
used to decrease or viral 10 infection. This interaction can be direct,
such as binding to the host protein or indirect, such  as binding to or
modulating a protein that interacts with a host protein from Table 1. After
the antibody, polypeptide, small molecule or other drug has taken effect (a
decreased level of  infection is observed, or symptoms associated with
infection decrease), for example after 24- 48 hours, the subject can be
monitored for symptoms associated with infection. Other agents 15 such as
peptides and organic or inorganic molecules can also be administered to a
subject in a  therapeutically effective amount. The treatments disclosed
herein can also be used prophylactically, for example, to  inhibit or
prevent infection, such as viral infection, bacterial infection, fungal
infection or  parasitic infection. Such administration is indicated where
the treatment is shown to have 20 utility for treatment or prevention of
the disorder. The prophylactic use is indicated in  conditions known or
suspected of progressing to disorders associated with infection. In certain
instances, some genes when disrupted by the present method of retrovirus
insertion, resulted in overexpression of the gene product, and this
o-verexpression inhibited  viral replication. For example, upon disrupting
the genomic locus comprising the sequence 25 of CTCF this resulted in an
overexpression of IGF2 which led to decreased viral replication.
Therefore, the present invention provides a method of decreasing or
inhibiting viral  replication by overexpressing genes that lead to
decreased viral replication. The present  invention also provides a method
of increasing the expression of genes whose overexpression  decreases viral
replication by disrupting the a gene, or inhibiting the gene product of a
gene 30 that results in increased expression of the gene whose
overexpression decreases viral  replication. For example, one could inhibit
CTCF in order to increase expression of IGF2.  This would be similar for
any gene found to increase the expression of another gene and  results in
decreased viral replication. 42 WO 2006/047673 PCT/US2005/038740  Once a
gene is found that upon disruption results in overexpression of another
gene, the gene that is overexpressed can be modulated directly, i.e., via
the overexpressed gene, or  indirectly, i.e., via the gene that was
originally disrupted (or its gene product) or via another  gene (or its
gene product) associated with the overexpressed gene. 



5 Therefore, the present invention provides a method of identifying an
agent that  increases the expression of a gene and/or the activity of a
gene product comprising contacting  a cell with the agent and measuring an
increase in gene expression and/or activity of the gene  product. The
present invention also provides a method of identifying an agent that
decreases or  10 inhibits infection via overexpression of a gene and/or an
increase in the activity of a gene  product comprising administering the
agent to the cell, contacting the cell with a pathogen  and associating an
increase in gene expression and/or activity of the gene product with the
level of infection such that an increase in gene expression and/or activity
of the gene product  accompanied by a decrease in infection indicates that
the agent inhibits infection by the 15 pathogen via overexpression of the
gene and/or an increase in the activity of the gene  product. For example,
one of skill in the art can administer a compound that results in the
overexpression of IGF2. This compound may interact with the IGF2 gene, IGF2
mRNA, the  IGF2 protein or a fragment thereof. Information for the human
IGF 2 gene and its related 20 sequences can be found under Entrez Gene
number 3481. The compound could also interact  with the CTCF gene, CTCF
mRNA, the CTCF protein or a fragment thereof to increase IGF2  expression.
The compound can also interact with other genes, mRNAs or proteins involved
in the IGF2 pathway, resulting in increased IGF2 expression. Therefore, if
disruption of gene X results in overexpression of gene Y, the gene that is
25 overexpressed (Y) can be modulated directly, i.e. via the overexpressed
gene (Y), or  indirectly, i.e., via the gene that was originally disrupted
(X) (or its gene product) or via  another gene (or its gene product)
associated with the overexpressed gene (Y). For example,  one of skill in
the art can administer a compound that results in the overexpression of Y.
This  compound may interact with the Y gene, Y mRNA or the Y protein. The
compound could 30 also interact with the X gene, X mRNA or the X protein to
increase Y expression. The  compound can also interact with other genes,
mRNAs or proteins involved in the gene Y  pathway (i.e. a cellular pathway
in which gene Y is involved), resulting in increased Y  expression. 43 WO
2006/047673 PCT/US2005/038740  Pharmaceutical Compositions and Modes of
Administration Various delivery systems for administering the therapies
disclosed herein are known,  and include encapsulation in liposomes,
microparticles, microcapsules, expression by 5 recombinant cells,
receptor-mediated endocytosis (Wu and 'Wu, J. Biol. Chem. 1987,
262:4429-32), and construction of therapeutic nucleic acids as part of a
retroviral or other  vector. Methods of introduction include, but are not
limited to, mucosal, topical, intradermal,  intramuscular, intraperitoneal,
vaginal, rectal, intravenous, subcutaneous, intranasal, and oral  routes.
The compounds can be administered by any convenient route, for example by
10 infusion or bolus injection, by absorption through epithelial or
mucocutaneous linings (for  example, oral mucosa, rectal, vaginal and
intestinal mucosa, etc.) and can be administered  together with other
biologically active agents. Administration can be systemic or local.
Pharmaceutical compositions can be delivered locally to the area in need of
treatment, for  example by topical application or local injection. 15
Pharmaceutical compositions are disclosed that include a therapeutically
effective  amount of a. RNA, DNA, antisense molecule, ribozyme, siRNA,
molecule, drug, protein,  antibody or other therapeutic agent, alone or
with a pharmaceutically acceptable carrier.  Furthermore, the
pharmaceutical compositions or methods of treatment can be administered  in
combination with (such as before, during, or following) other therapeutic
treatments, such 20 as other antiviral agents, antibacterial agents,
antifungal agents and antiparasitic agents.  Delivery systems The
pharmaceutically acceptable carriers useful herein are conventional.
Remington's  



Pharmaceutical Sciences, by Martin, Mack Publishing Co., Easton, PA, 15th
Edition (1975),  25 describes compositions and formulations suitable for
pharmaceutical delivery of the therapeutic agents herein disclosed. In
general, the nature of the carrier will depend on the  mode of
administration being employed. For instance, parenteral formulations
usually  include injectable fluids that include pharmaceutically and
physiologically acceptable fluids  such as water, physiological saline,
balanced salt solutions, aqueous dextrose, sesame oil, 30 glycerol,
ethanol, combinations thereof, or the like, as a vehicle. The carrier and
composition  can be sterile, and the formulation suits the mode of
administration. In addition to  biologically-neutral carriers,
pharmaceutical compositions to be administered can contain  minor amounts
of non-toxic auxiliary substances, such as wetting or emulsifying agents,
44 WO 2006/047673 PCT/US2005/038740  preservatives, and pH buffering agents
and the like, for example sodium acetate or sorbitan  monolaurate. The
composition can be a liquid solution, suspension, emulsion, tablet, pill,
capsule,  sustained release formulation, or powder. For solid compositions
(for example powder, pill,  5 tablet, or capsule forms), conventional
non-toxic solid carriers can include, for example, pharmaceutical grades of
mannitol, lactose, starch, sodium saccharine, cellulose, magnesium
carbonate, or magnesium stearate. The composition can be formulated as a
suppository, with  traditional binders and carriers such as triglycerides.
Embodiments of the disclosure including medicaments can be prepared with 10
conventional pharmaceutically acceptable carriers, adjuvants and
counterions as would be  known to those of skill in the art. The amount of
therapeutic agent effective in decreasing or inhibiting infection can
depend on the nature of the pathogen and its associated disorder or
condition, and can be  determined by standard clinical techniques.
Therefore, these amounts will vary depending on 15 the type of virus,
bacteria, fungus, parasite or other pathogen. In addition, in vitro assays
can  be employed to identify optimal dosage ranges. The precise dose to be
employed in the  formulation will also depend on the route of
administration, and the seriousness of the disease  or disorder, and should
be decided according to the judgment of the practitioner and each
subject's circumstances. Effective doses can be extrapolated from
dose-response curves 20 derived from in vitro or animal model test systems.
The disclosure also provides a pharmaceutical pack or kit comprising one or
more  containers filled with one or more of the ingredients of the
pharmaceutical compositions.  Optionally associated with such container(s)
can be a notice in the form prescribed by a  governmental agency regulating
the manufacture, use or sale of pharmaceuticals or biological 25 products,
which notice reflects approval by the agency of manufacture, use or sale
for human  administration. Instructions for use of the composition can also
be included. In an example in which a nucleic acid is employed to reduce
infection, for example, a  viral infection, such as an antisense or siRNA
molecule, the nucleic acid can be delivered  intracellularly (for example
by expression from a nucleic acid vector or by receptor-mediated 30
mechanisms), or by an appropriate nucleic acid expression vector which is
administered so  that it becomes intracellular, for example by use of a
retroviral vector (see U.S. Patent No.  4,980,286), or by direct injection,
or by use of microparticle bombardment (such as a gene  gun; Biolistic,
Dupont), or coating with lipids or cell-surface receptors or transfecting
agents,  or by administering it in linkage to a homeobox-like peptide which
is known to enter the 45 WO 2006/047673 PCT/US2005/038740  nucleus (for
example Joliot et al., Proc. Natl. Acad. Sci. USA 1991, 88:1864-8). The
present  disclosure includes all forms of nucleic acid delivery, including
synthetic oligos, naked DNA,  plasmid and viral delivery, integrated into
the genome or not. As mentioned above, vector delivery can be via a viral
system, such as a retroviral  



5 vector system which can package a recombinant retroviral genome (see
e.g., Pastan et al.,  Proc. Natl. Acad. Sci. U.S.A. 85:4486, 1988; Miller
et al., Mol. Cell. Biol. 6:2895, 1986). The  recombinant retrovirus can
then be used to infect and thereby deliver to the infected cells a  nucleic
acid, for example an antisense molecule or siRNA. The exact method of
introducing  the altered nucleic acid into mammalian cells is, of course,
not limited to the use of retroviral 10 vectors. Other techniques are
widely available for this procedure including the use of  adenoviral
vectors (Mitani et al., Hum. Gene Ther. 5:941 -948, 1994), adeno-associated
viral  (AAV) vectors (Goodman et al., Blood 84:1492-1500, 1994), lentiviral
vectors (Naidini et al.,  Science 272:263-267, 1996), and pseudotyped
retroviral vectors (Agrawal et al., Exper.  Hematol. 24:738-747, 1996).
Other nonpathogenic vector systems such as the foamy virus 15 vector can
also be utilized (Park et al. "Inhibition of simian immunodeficiency virus
by  foamy virus vectors expressing siRNAs." Virology. 2005 Sep 20). It is
also possible to  deliver short hairpin RNAs (shRNAs) via vector delivery
systems in order to inhibit gene  expression (See Pichler et al. "In vivo
RNA interference-mediated ablation of MDR1 P- glycoprotein." Clin Cancer
Res. 2005 Jun 15;11(12):4487-94; Lee et al. "Specific inhibition 20 of
HIV-1 replication by short hairpin RNAs targeting human cyclin Ti without
inducing  apoptosis." FEBS Lett. 2005 Jun 6;579(14):3100-6.). Physical
transduction techniques can also be used, such as liposome delivery and
receptor-mediated and other endocytosis mechanisms (see, for example,
Schwartzenberger et  al., Blood 87:472-478, 1996) to name a few examples.
This invention can be used in 25 conjunction with any of these or other
commonly used gene transfer methods. Throughout this application, various
publications are referenced. The disclosures of  these publications in
their entireties are hereby incorporated by reference into this application
in order to more fully describe the state of the art to which this
invention pertains. It will be apparent to those skilled in the art that
various modifications and variations  30 can be made in the present
invention without departing from the scope or spirit of the  invention.
Other embodiments of the invention will be apparent to those skilled in the
art  from consideration of the specification and practice of the invention
disclosed herein. It is  intended that the specification and examples be
considered as exemplary only, with a true  scope and spirit of the
invention being indicated by the following claims. 46 WO 2006/047673
PCT/US2005/038740  EXAMPLES Viruses are obligate intracellular parasites
that rely upon the host cell for different  steps in their life cycles. The
characterization of cellular genes required for virus infection  5 and/or
cell killing will be essential for understanding viral life cycles, and can
provide  cellular targets for new antiviral therapies. Candidate genes
required for lytic reovirus infection were identified by tagged  sequence
mutagenesis, a process that permits rapid identification of genes disrupted
by gene  entrapment. One hundred fifty-one reovirus resistant clones were
selected from cell libraries 10 containing 2 x 105 independently disrupted
genes, of which 111 contained mutations in  previously characterized genes
and functionally anonymous transcription units. Collectively,  the genes
associated with reovirus resistance differed from genes targeted by random
gene  entrapment in that known mutational hot spots were under represented,
and a number of  mutations appeared to cluster around specific cellular
processes, including: IGF-II 15 expression/signaling, vesicular
transport/cytoskeletal trafficking and apoptosis. Tagged sequence
mutagenesis provides a rapid, genome-wide strategy to identify  candidate
cellular genes required for virus infection Cellular genes are likely to
participate in all phases of viral life cycles including  attachment to
cellular receptors, internalization, disassembly, translation of mRNA,
assembly  20 and egress from the cells [1]. The susceptibility to virus
infection varies greatly among different cell types, and virus-resistant
cells frequently emerge post-infection [2-4]. This  



suggests that genetic determinants can influence host cell contributions to
the virus life cycle.  Despite examples of mammalian genes that influence
virus infection, the identification of  such genes has been hampered by the
lack of practical methods for genetic analysis in 25 cultured cells. In the
present study, whether tagged sequence mutagenesis- a gene  entrapment
strategy widely used to mutate genes in mouse embryonic stem cells [5-10]
could  be used to identify candidate cellular genes required for lytic
infection by reovirus, a small  cytolytic RNA virus that replicates in the
cytoplasm was tested. The mammalian reoviruses  serve as useful models for
virus-host cell interaction due to their capacity to replicate 30
preferentially in proliferating and undifferentiated cells [3]. Gene traps
are efficient mutagens as assessed by studies in mice of mutations induced
originally in embryonic stem cells. In somatic cells, the approach assumes
that loss-of- function mutations induced by gene entrapment may confer
reovirus resistance as a result of 47 WO 2006/047673 PCT/US2005/038740
gene dosage effects (e.g. haploinsufficiency), pre-existing heterozygosity
or loss of  heterozygosity. Following infection with the U3NeoSVL
retrovirus gene trap shuttle vector,  libraries of mutagenized rat
intestinal epithelial (RIE)-1 cell clones were isolated in which  each
clone contained a single gene disrupted by provirus integration [6]. The
entrapment 5 libraries were infected with reovirus type 1, and
virus-resistant clones were selected under  conditions that also selected
against the emergence of persistently infected cells (PI) that may  express
virus resistance in the absence of cellular mutations [4]. Genes disrupted
in a total of  151 reovirus resistant cells were identified by sequencing
regions of genomic DNA adjacent  to the entrapment vector [6]; of these,
111 contained mutations in previously characterized 10 genes and anonymous
transcription units. Reovirus-resistant clones were selected at higher
frequencies from entrapment  libraries than from non-mutagenized cells,
suggesting that reovirus-resistant phenotypes were  induced by gene trap
mutagenesis. However in any genetic screen, clones with the selected
phenotype may arise from spontaneous mutations, and consequently,
additional experiments 15 are required to demonstrate that individual genes
disrupted by gene entrapment actually  contribute to the reovirus-resistant
phenotype. For example, a mutation in Ctcf, a  transcriptional repressor of
insulin growth factor II (IGF-II), was one of 4 mutations  associated with
reovirus resistance that affected IGF-II expression and/or signaling.
Subsequent experiments demonstrated that enforced IGF-II expression is
sufficient to confer 20 high levels of reovirus resistance [4]. In short,
genes collectively identified by tagged  sequence mutagenesis in a panel of
reovirus resistant clones provide candidates for  mechanistic studies of
cellular processes that participate in the virus lifecycle. Since the
disrupted genes do not adversely affect cell survival, drugs that inhibit
proteins encoded by  the genes are not expected to be overtly toxic to
cells. Hence, the candidate genes also 25 include targets for novel
anti-viral therapies.  RIE-1, L-Cells and Virus: Reovirus type 1, strain
Lang, was initially obtained from Bernard N. Fields. Virus was  passaged in
L-cells and a third passaged stock was purified over a CsC1 gradient as 30
previously described and was used for these experiments [59]. To develop PI
cell lines, RIE-1  cells were infected with reovirus type 1, at a
multiplicity of infection (MOI) of 5, and  surviving cells were maintained
in Dulbecco's modification of Eagle's minimum essential  medium (DMEM)
(Irvine Scientific, Santa Ana, CA, USA). The herpes simplex virus  (HSV)-1
clone, HSV-1 KOStkl2, that expresses a reporter gene, lacZ, as an
immediate-early 48 WO 2006/047673 PCT/US2005/038740  gene [46] was a
generous gift of Patricia Spear, Northwestern University, USA. For RIE-1
and L-cells, medium was supplemented with 10% fetal bovine serum, 2 mM per
ml, L- Glutamine 100 units per ml, Penicillin, and 100 gg per ml
Streptomycin (Irvine Scientific,  



Santa Ana, CA, USA) [complete medium]. In some experiments, serum was
omitted from the 5 medium. The continuance of cell monolayers following
infection with reovirus or HSV-1 was  determined by staining with gentian
violet. Tagged sequence mutagenesis and selection for reovirus resistance:
Following infection of RIE-1 cells with the U3neoSV1 vector, MOI of 0.1, 10
mutagenized cells were selected for neomycin resistance in medium
containing 1 mg/ml  G418 sulfate (Clontech, Palo Alto, CA, USA) [6]. Twenty
libraries of mutant RIE-1 cells,  and one library of A549 human
adenocarcinoma cells, each consisting of 104 gene  entrapment events, were
expanded until approximately 103 sibling cells represented each  mutant
clone. These cells were plated at a sub-confluent density and incubated in
serum-free 15 media for 3 days until they became quiescent, and infected
with reovirus serotype 1, MOI of  35 plaque forming units (pfu) per cell.
Eighteen hours following infection, the cells were  detached with trypsin,
and plated in DMEM medium containing 10% fetal bovine serum  (FBS) (Hyclone
Laboratories, Inc., Logan, Utah, USA). After 6 hrs, the medium was  removed
and cells were maintained in serum-free medium until only a few cells
remained 20 attached to the flask. On average, one to ten clones were
recovered from a library consisting  of 107 mutant cells, an enrichment for
selected cells of six orders of magnitude. Cells that  survived the
selection were transferred to cell culture plates in media containing 10%
FBS  and cells were divided for extraction of DNA and cryopreservation. 25
Transcription and translation of HSV-1 immediate early gene reporter: The
transcription and translation of the HSV-1 immediate early gene reporter
gene,  lacZ, was determined by standard northern blot techniques and
fl-galactosidase assay,  respectively. 30 Generation of libraries of
mutagenized RIE-1 cells: Libraries of mutagenized cells were infected with
reovirus serotype-1, strain Lang, t(r)  select for clones resistant to
lytic infection. Selection of virus-resistant clones was performed  in
serum-free medium to suppress the emergence of persistently infected (PI)
cells [4]. This is  important since PI cells, which arise by a process
involving adaptive mutations in both the 49 WO 2006/047673
PCT/US2005/038740  virus and the cell genomes [60], provide a means whereby
RIE-1 cells can acquire virus  resistance in the absence of cellular
mutations. Uninfected RIE-1 cells undergo growth  arrest, whereas PI RIE-1
cells are killed in serum-free medium. 5 DNA sequence analysis: Genomic DNA
immediately adjoining the 5' end of the proviral insert in each of 130 cell
lines was cloned by plasmid rescue [6]. Approximately 300 to 600 base pairs
of this flanking  DNA were sequenced and compared with the non-redundant
(nr) and expressed sequence tag  (dbEST) nucleic acid databases [61]. The
probability of a match with orthologous sequences 10 in the databases
varies due to interspecies variation, the amount of exon in the flanking
DNA  (in cases where the flanking DNA matches cDNA sequences), alternative
splicing and  sequencing errors. Matches with sequences in the database
were considered potentially  significant if probability score was <1 O-5
and the sequence was non-repetitive. In most cases, the matching gene was
in the same transcriptional orientation as the provirus. Moreover,  15
matches involving cDNA sequences were co-linear across exons present in the
flanking  genomic DNA and diverged at splice sites. As indicated, virtually
all of the genes identified  had matches to murine, rat, or human gene
sequences with p<10-10 Tagged sequence mutagenesis and selection of
reovirus resistant clones 20 Twenty libraries of mutagenized RIE-1 cells,
each representing approximately 104  independent gene trap events, were
isolated following infection with the U3NeoSV1 gene  trap retrovirus.
U3NeoSV1 contains coding sequences for a neomycin resistance gene in the
U3 region of the viral long terminal repeat (LTR). Selection for neomycin
resistance  generates clones with proviruses inserted within actively
transcribed genes. Cells pooled 



25 from each entrapment library were separately infected with Type 1
reovirus at a multiplicity  of infection of 35, and reovirus-resistant
clones were selected in serum-free media to suppress  the emergence of
persistently infected (PI) cells (ref). A total of 151 reovirus-resistant
clones  were isolated--approximately 1 mutant per 103 gene trap clones or 1
mutant per 107 reovirus  infected cells. For comparison, the frequency of
recovering resistant clones from RIE-1 cells 30 not mutagenized by gene
entrapment was less than 10-8. This suggests that reovirus-resistant
phenotypes were induced by gene trap mutagenesis. Reovirus-resistant cells
selected in serum-free media did not express viral antigens  (Figure 1) and
did not produce infectious virus as assessed by plaque assay. Most clones
were resistant to infection by high titer reovirus and were further
analyzed (Figure 2). While 50 WO 2006/047673 PCT/US2005/038740  reovirus
resistance did not initially result from the establishment of a persistent
infection,  many clones became persistently infected upon subsequent
passages, presumably because  mutant cells that display virus resistance
are susceptible to the establishment of a PI state [2]  from residual virus
used in selection. 5 Identification of genes disrupted in
reovirus-resistant clones The U3NeoSV1 gene trap vector contains a plasmid
origin of replication and  ampicillin resistance gene; thus, regions of
genomic DNA adjacent to the targeting vector  were readily cloned by
plasmid rescue and sequenced [6]. The flanking sequences were 10 compared
to the nucleic acid databases to identify candidate cellular genes that
confer  resistance to lytic infection by reovirus when altered by gene
entrapment. Altogether, the 151  cloned flanking sequences matched 111
annotated gene and transcription units in the public  DNA sequence
databases [non-redundant (nr), high-throughput genomic sequences (htgs),
and human, mouse, and rat genome sequences [6]. 40 flanking sequences were
15 uninformative because they matched repetitive elements or regions of
genomic DNA not  associated with any annotated transcription unit. Table I
lists genes disrupted in reovirus resistant clones for which some
functional  information is available. The Table also includes genes that
encode proteins that are known  to physically interact. Genes associated
with particular metabolic or signaling pathways are 20 shown in Table 2.
These include gene products that could play potential roles in all aspects
of virus replication: entry, disassembly, transcription, translation, and
reassembly (Table 1, 2,  Figure 3). Eleven genes encoding calcyclin,
insulin growth factor binding protein 5 protease  (prssl 1), type C-like
lectin protein (Clr) f and -C, Dnajal-/Aprataxin+ (Aprx), GATA binding
protein 4 (Gata4), Bc12 like-1 (Bc1211); and chromosome 10 open reading
frame 3  25 (ChrlOorf3) and myoferlin, fer-1 like protein 3 (Ferl13),
S100a6 (encoding calcyclin), and  two functionally anonymous cDNAs were
independently mutated in separate cell libraries  (Table 1). The proviruses
in these independent of mutant clones were located within 7 to  over 1500
nucleotides of each other. 30 Resistance to HSV-1 Experiments were
conducted to determine if genes were resistant to HSV-1 infection.  These
experiments utilized HSV-1(KOS)tk12, an infectious virus that expresses a
lacZ  reporter as an immediate-early gene [46]. Four clones, with mutations
in the Eif3s10, flnxal,  Mgatl, and Igor genes, were resistant to HSV-I
infection and there was a diminished  51 WO 2006/047673 PCT/US2005/038740
capacity to express the immediate-early lacZ reporter gene. Clones with
mutations in  Eif3s10, Mgatl, and Igf2r also show decreases in
transcription and translation of virus  mRNA and cell death. Mutations in
the Igf2r are known to affect HSV replication [ 15, 54,  58]; whereas,
association of HSV replication with proteins encoded by the Eif3s10, Anxal,
5 and Mgatl are novel. These data show that some of the candidate genes
discovered in clones  



surviving reovirus infection can affect common cellular processes that are
used by other  viruses. 52 WO 2006/047673 PCT/US2005/038740  N ~+ w +, 00
00 w a III  M ~D N N [` o G C~ t~ N N n C!~ O N tV CJ~ Q d Q~ 0 O (D 0000
~o~Zo oorn ~~o Ern Z  00  00 No N 00  ~' a., v v v~ Nodp %J Az 4 -t  CIO  O
N N L  w A o ~ r- oc  N N oM  M o 0 6 eC .,.~ o 0 0 0 o ' a o 000  y v o 0
El- 00 Lr) 00 Go N N  0 0  C r o 0 00 0 C> C) O O o0 0 ' a d vi o  pN~~ I N
I  N N - N  N a"  U N  Np U" N~  ~'U N 00  It H  w o~~  a b _ Q) 53 WO
2006/047673 PCT/US2005/038740  00 t,7 , "" C7 ~I MI w a NI I k~ N  



x p V , m C/ O r- N "r nn d dM aM /] O  C; 00 00 00 En Z En 4 Elf) Z V.)
;2"  w w ;o ~ ~ ~ GA rl  ,y O M M U v NI NI  .~ O N a1 .-r O  M ~D M d" N N
N rt C7"  - CC ,~ C Oo00o N 00  ~$ 01 N G1 - N O\  ,yl M_ N N M 2 Vl N O O
O -4-4  CD CD  C'S N 00 N  c~G ~~pq/ 6" M  N N bb  'l"+ M Q o 54 WO
2006/047673 PCT/US2005/038740  cu Q N C\ W 00  00  kn 00 00 00 to O O N O O
O l~ p N N  ;6o rn RJ ~ .fir N ~+ OO c ! O O 5 pp Z- N c ' - 00 Au, ~od0
qtr z OO~Dp  p z En ~' Z+ ~~ dam ~o W Z~ ~ wn~c1~~~o"P1  a) cu c W W W is W
y  M d  I M =  u W a a  00 00 ry Pw O O  



z 00  ON rl- cl, 00 O M  V O 00 o O -~  O 00  L7 I NI  z N  a U O C  cd Q
c~ Q+ O O i  c  W ~, V 55 WO 2006/047673 PCT/US2005/038740  N d 0 w rn  W
LJ `." p U" ) OI N NI 00 110 oo  N ~p M N  w r, a~ N O~ N) w y cd b N O N
W ~j N can M  00 p" Z  00 OC \,O cl\ 00 tom;, u Qv~Z o ~r ~1O' c~ ~, f:~v~~
o W W  cu cr- U A kn .' ~ A m ~o  ~' k p In oc N M N  ^' N d - N  Ln 00  M
O m N  40, 00 00 N ' - `-" ooc  o r-N 00 ,n o  y Op O O M O  Z 00 r- cq 10
00 0 C O\ C7%  0 '- M m ~ dN t d N  00 L7 N~ M~ cnl 



j  m cq rn m  a L) O MM ~~ cdN cdm"Ct UU  to to o p o O  4-4 p V EA EA
y.., O O o U al bi cd C7 ~ ~ ~ ~ C7  56 WO 2006/047673 PCT/US2005/038740  0
C=> 00 00 00  00 00 o t,:, N (r)  06 b 41 d0 + d0 ~d0 a0  EnZ C L1rnZ o
~~C~~Z Q .Z  d~ Z '~ Aa ~w~oa1 ~a~CQ ~w~~pa `~  o W  ~ ~ W W tk W m  N rn
v 00  Cf'l N  cl M  FBI O  kr-A 0  a Ob O N m  U O ~  V 57 WO 2006/047673
PCT/US2005/038740  a~i o 0 0 (01 'Oro,  Z O N M 00 -lob cl W ' NI of 00 -i
i  tn C'C' C/3 oll E~ ~v1 iw y-. ~'O iy H O H M ~D Fw 06 00 C; CE, 6  



W O b N - W N  M N M N M  O -t O\ It d It It O zzzzz  4CI $ -... NN M M C)
N O M -r .-- -- N  CC . O d M M M M 0 0 0 0 0 O  40 ~ C dam' N  CT C _ M  M
N  M N N  N '-+ N  O - N  A m o ~, ai O cd  Cc Cd ~ U U  58 WO 2006/047673
PCT/US2005/038740  l~ N N n o0 p M  y n.r .O~ 00 00 1--' O\ Gl 00 r-,...a
00 w NO'p 0 Nd~ ~O o0 NaO  P_ `EP-1 o .W W W  con  ~ pa y ~, o 00  ct 00 M
O N  CG Q ea  a' U d~ ~  N a w o fi,  o ~ j s3 p., c> s..r W S~ V ,-~ O  A
~ ~ N U f? L7 U U  59 WO 2006/047673 PCT/US2005/038740  0 W N  s. N M  IQ w
, dim O  



d U ~"J M M 06 00 00 a) t  CDj I~ y cNcyy ~O O Pi p wad p p~ , O O wo O Q
P-4 tt~ 'R Ile  110 Cd U  NI k  'n  V7 Vn ~ N ~  ~ ~ v a O d'  40 M_ M  c~!
D - N N  ~ O O  'lid in 00  0 O - M V1  .Q .N ;Z U  0 U d as 2 O  CF4 N M
W p ~ L7 U [~  60 WO 2006/047673 PCT/US2005/038740  00 10 00  N  (~ ~ ~ ~ ~
N) ~ OI i. O  i y M M M  oc, 44  y ir d F >~ ti O M O p O w C6 (5 ~ o d~ a
r o ;4 Z 0 : o d0 o V QtnOv~~CaunO  ~ pa p,~A a~ A Z D - Z~j  c' W W W k o
00  v dM O on C)  z Vr  



`-, 00 o  0 0 0  c ~ N r- CI Z M d  Lam"' of NI M M  d N  o k 03 N M ti bA
a  c> vFn U E N L) U U U  61 WO 2006/047673 PCT/US2005/038740  +~-" a~i O
a0i N I I d O W 42 ,~ M N v r--+ A C/j O N M N C/) O N r 1 C/1 N .c w v` c~
r`NcJ fir; N y.. ~N N-a ~N  ooWOr` oWp r`oW0 ter`  75, p W '" a W U .~ MI
~rl ~I r  -I I I  q M a ~ O m O  O _ N m _  . ~: p O O O 00 00 ~D O O  CIA
o o o can  t~ 7 0~ v d- d ~n ~ 8 C=> - - o =  ":t 00 O 0 N  U MI MI NI -
C-A  01  c~eqq~ ~ R'y U n cti N O 0  0 N - it r.A DID  0 C)  1 N C3 U U ~~'
~ q  62 WO 2006/047673 PCT/US2005/038740  rw 00 00 N 00  



U' "" x z7 c~ art 00  -4- y eC aka N 'Clon  ni0't~P~ oomod..n N~O~d Q+ c) 0
CIO En C) 01  C-1 z Z~D  4 o W ~~  d'~ m 'Tt  e N Como \10 Ln  ~ CQ :~ O O
vii O M O~ O  VI 00 p .--r M U O ~O" O  M N kn  en kn M  O 'L U  A p, bA N
bA ~ q O r O .  Q W an W .~  o N ~ Q O w w  63 WO 2006/047673
PCT/US2005/038740  Q a) c w v a, o ON Ln r-- ~I N NI  V N- " C~1 V] cj O N
00 C\ r v rA 00 00 pa 00 "o .. ~" 00 d >~ s~ p Z d o W Z It cy (=> v (1) t
b c) V3 w c> W o W W W a ~I W  O i~ I N `O  bA a, N I  U r' u en  Cl) Q. I
m cn  



M  00 N Zvi ~p M  MM~ a O O it  W ~ v O d' rn N m 00  00 M M N_  O O M O
44 V7  Vn cn  N M U MI OI NI  d- N  ai Z .) N 00  Q M  4~41 M Gi. w ti 00
64 WO 2006/047673 PCT/US2005/038740  O a~ M r-+  W ~ C7 M 00 n p O_ Q M C?
z - W O M O NO r~~ a7  0 N dr1 06 `y d0 Z  ~C) mZ   U' p~ W P, ~ W ` P, `c
Z c W W- W  ool m  M- - d -t  00 ~ of N~ of  '~'" ~ ~ `D M O c N z 42 N d d
M C)  110 Oo O O NO +O~ m 40 rn  ON N  r~idN oo N (r)-  N  U E" oo  ~ - a~
~ .,_. by c~ Y ". aka ~ ~ ;'~ ~t  



e.>  A ' '~ ' F+ CIO w o ~ ~ ~ ~ o  C7 ,,  65 WO 2006/047673
PCT/US2005/038740  00  00 W U` '" C7 N I NI 0  O W a o p O cd O N V] O O y
rl- "n O N  1 (W C\ 00 00 w C* \'O 00  un It CIA  o r~  NI 9z I a MI N  i~
C~ r1  r 00 C'4 r, 00  p N 00  C) 00  xr) O O O O  O dN C"  ;..1 N d0 t _
C N N  G~ C,) Ncs O M N  N N M N o r: 4-1  U a> O ~ ~  PL, : ~ ' O O O bA O
c c*i  A ~~ O N cad p V) O O  N U SL. cd ,-U O O U O y F'" + 0 O  In. C 7 U
' c~ '.. bb v WW N N ~+ ti  U C~  66 WO 2006/047673 PCT/US2005/038740  0 o
ca 00 i  CN ON 



5 M M M  CCq  00  U A NI N n C4 2  A r--+ ~ N O N 00 .Q 00 cn 00 CCMGC '!
,thy O v1 V1 if N N  " '.. Q O C a ~p t0  42 N  N N 00 CCm,  C ~ cc, a a
00 M  00  0 00 cl,  O  U ml C~~ MI QI N M N  M M ~+y r,y .--I lfl M  m e N
MO N   aka v U "3 oo Q  q Cun '~  o (~ o o.o E o ' o (r) p' E tom  W r.~ in
L z (c'1 v A~ v o  67 WO 2006/047673 PCT/US2005/038740  N C. '~ d O E 01 00
W ~ ~ ~ L7 M M  W +' 00 C,4 c) W a N N :~ f O O d O [~ d " ~(~. N p [~ O
00 oc C; r (AU odd r- od`tp-+Z~adp  L o  C7.d Z ~ a~ r:)OnZ , 6Z~ Z o www
'"~  00 r- 0~ N  N N N O1  00 O 00 W) V) M 00  .~ a N O 00 



N N O  C~ 0 00 O C.) CCU 4-~ M  O C ~ M O  61. M  P4 P~ z o  o Q ~, .. 'd
s..  rn 68 WO 2006/047673 PCT/US2005/038740  00 W O NI 00  t. N N  M M (~
rO, ON d , O O n  Qv Qj, 00 00 C', d0 ~ Y o o d0 a' r- o d0 a~i `c~y o d0
cc z E) 12) En c W W WI W  Gy W O N  c_) ppl It MI ~ ~I o~ o  00 00  N (r)
(~  lSt, CK ..~ C N 01 in I'D  N E O N - O  .~, y O O 00 00  00 00 0 M  C14
r ~ M N I  a N 00 M  M ~ N  b  69 WO 2006/047673 PCT/US2005/038740  00 a~ o
y N  00  W ~ a ~ M 



x O V ~..i (r) M M 0 r'- [~ O N O M 00 O ZO00 Z~ ol-- o o M ci o  ~ 'c~ Z
o r, .. o 00 _ 00 0 00 rn , , 00 'o 06 C, (Y  C> W Ell  Q.5 ~e ctl \o c WI
V A NI 00 N cC ~ ,0 N  C3 G O  N y N L'? NI  N  N A 4  W N. z e 70 WO
2006/047673 PCT/US2005/038740  L7 `"'' ~ .C7 e'en) d0-I w m 0  W a, C7 N 06
Ln ~r ice. O M A r+ O O M <T o f O .r ^ ..r 00 Ol y O 00 Cl O 00 .~.., ~ o
~0 y cNy o d~ z 00 o d0 a?  O, W N N  a - can O  O  N N OI !h"~'ll .-1 N 00
cs' N a v 00 00 oU '~ o N r  o'CI  o  &4 45 A  Q, ~ ,~ 'dam ~ ~ to ~a ~  NO
xC7 0 0 W o  71 WO 2006/047673 PCT/US2005/038740  cu o cu m d _I 



00  w - N  W ~ a ~ O ~+ G ~ ~ NN n C/j ~0 N pop nn 'n C/j ~Oi N M ~0  00 01
F es, O F~ l0 F-+ ` 0 (u 00 ~D oo U w v rA C)C) oaO a~i~ cNaodO 00  C4 r:~
M  .d. N d [~ 00 C kn  Ln  .~ . O O - O 41- to to p r,i rm 0 '-~ N C1 00 00
00  .~ C ~ O O N 0 0 0 0  CJ, ~_ d> M m 00 00 00 N  GCt ,~ o ~O M I'D \J a
O0 Off, Oo OOO  i/~ N  M 0 C~ N OI oI oI  M M  a U .-- ~ o  b O c' b O p v
~ _ ~ cd c o o U "S Q ~+  biD ~i cc A U co -' 0 bA ~~ N U 0 0 ' 0 0 v o  72
WO 2006/047673 PCT/US2005/038740  141 ~. N  W a 00 0 r- C7. O iw ,., i'OM
F~ ZP2Mn zv- m00  00  y w v N W) Q+ 00 ad cq L7 d' ~~ Z~ ~olY1 w~~ 4a ~o W
o W W  o ~' NI ~I  r Ln  914 w O CO 



C)I ocI  M  WMR ~ ~ ~ N M  ~i V o ~pq o cct ~, c~ ~ ~ ~  o bA 0 o 0  o C o
El _00 s I 73 WO 2006/047673 PCT/US2005/038740  aNi d r. ~ NI O C) M ooN~
00 8:1 40 oot-d 00 Z  C7 t a "D 1 w ~o pa ~ at o~ W  N  PT~ n Q ~  y x~  rn
O C'I ~, ~  C:;.4 cn  jo, ~ ~ O O M  O O ci 404  W N  N  CS M U o.., U  W
ti L7 74 WO 2006/047673 PCT/US2005/038740  00 ~  o 00  N M N  sue. y G G\ 



00  W a1 N N  :t C v v - ~/2 rO, N , oj 00 00 00  u p CY Fi aair cNyOrQ~+
~00 oa  ,HH :Nz O w w ~  y C4 C'~ /y]  b o tn  Epp r~ ~ N 0 0 N M C) C)  O
O O  ~ M N p s It 00 q of  1110 M  N - N  N M M a V 00 to o bA c  o Cd C'i
t. `~ b p a2 y ~ O U O U L"L Q cd z U iiiH 7 5 WO 2006/047673
PCT/US2005/038740  0 a~i o y M Ln O 000 W w III III  w 00 W ur N \O In N  A
v C!1 Z N I CP) O O M ,r C p z O 00 00 ON l~ 0o O cc 'Co"  c ;~ ~~~ ~~~ ~
\40 clq 00 00 t- za~ Qaza~ az 00 Z as  ~ M ~~ h WI W  O t~ M I -^ c~  00 A
M N kn  - N In  M  00 rn 00  O 00 LO  ~" v O O O O co Q+ O O O O LO  



N n O N -n  C" O N N N C) C) XX)  :.~ 2  O 00  N en N N C.7 ..~ ~I ~I o MI
i M cc N N 6" .M-1  (~ ~" CS a"  N  M  a U O bn ~ Cd  ~ rep 'v A y~~~~
~C7..~ "S O O  P~ w ' ~Q+ 's O v p V  76 WO 2006/047673 PCT/US2005/038740
W C7 4'( ,C9 00 Cd~ 00 W ~ ~ ~ N)n  N 00 00  14 6 C9 w 00 ON  ci, En Z t4
En  1119. 1  W o,  NI  00 00 ~ ~ 'I tn -t 00 cq zzz ~ O\ V  O r- oc N M N
~` O O O N O  C 00 tn  O p1 I O~  00 'n C7 I O~ NI  c_q v p M M ~ M  N  Q.
F+i 00 '-I W)  O O 



~ -moo M o,~ s.  czs C's  y N 00 77 WO 2006/047673 PCT/US2005/038740  0 4.
QP 00 00 C,3 w, N op~~ p d oC0 dam- oa0 1- o a  50 Z L7 <C Ga pq P- P~ P Q1
~,  ~ W WI ~~ W  Cii ~ pq N ~ en 0000 O  V C Z  M N O 00  ..t" Q 001 o v)
00 o o O  Cot ~_ o O O o cl,  O 00  v ~M 00 d ~1  NI NI ~I M p M M  N N  M
M M n k n O 00  k ~' U m ~. C a  E-A  CJ In 0 0 0 0  Cc 0 P, 4~ +5 cc  C7
78 WO 2006/047673 PCT/US2005/038740  +L+. ~ ~ N N ~" C "vy ~, [~ ti Q O N
\O O n ~'+ C~ 00 M f'~ M  ~ '~ C -'~ ~ , ,_..~ i----II ~ ~ O ,'.' ~ q ~ cad
-, O '-' p~'p p1 q ~ ~ ,~ ^' ~  Con 10 \.M   Z C) cn C) PT4  4 0 C) c" Z Z
Z i Z  I-c; in. N ma 9 a a 



C4 CIO  cli rr~~,, U O V W y  O V x zz ~xy  9 CS'  .N3 M 14 a U N ~r" O N
U p  ~ ~ cd CP] ~ 79 WO 2006/047673 PCT/US2005/038740  Fq w C7 N N  r- o"
v5 C r- m Ln C/3 az~a w NI A M 00 a a.  1x w z r O N  C~ O  CD U, ;.w C  M
M  av 0  80 WO 2006/047673 PCT/US2005/038740  N r. A. O N N W W ~. NI M I
i. DD  00 00 O tj d cd y 00 M 00 W N N  O~ M O ty r r1 OC rf1 0 cn f1  iw H
d Z co .0 00 ON 00 00 v ~. Q Q~Z Z  Z p~ P-~ Lr1 P ~c Q (~ p W W WI W  00 W
~ O I  PT4 



W NI W  A O1 U C) IC It  O +~ to to ... m i~r k O 00 00 ~ ~ ~ a O O O O\ cT
O  40-1 7 I'D oll C=) Fi 'y'~ O Op O ON ON O  w ~ V, p ~zl  000 O M  srhyh
y M V v OI OI MI OI  M N cli  O" N {zJ en v'  kn 00 00 00  0 .~+ Cd ,-4  rl
O O va  81 WO 2006/047673 PCT/US2005/038740  N ~ -+ d O 00  y N Co  W C7 ~
~ N 00 Z r- OFloo - Z~OF~00 p p o o ~0 a~i o d0 ' t~  a0 0  L7; _ p; Pa _ P
+ Pa a> w W  ~ ~ N I pa r;  U c~ MINI 2 2  cn 1.4 00  .~ N  v ~I  V'1  4a
o !1 an fir ~ ~  (~ U  r~ h  y C~ 



82 WO 2006/047673 PCT/US2005/038740  c A N M Ln V) W ~l ~I N  N W a C1 ~ _N
M In  U' N - 0 M  to kn C1 CT Ln N :o 00 ON 00 ~D  06 a) z az z7,  W ~ ~W W
... ~ N M  IQ M  CD cq  r- C*~ 00 C) 00 V) m  G1 CA 00 00 O O M M O O  O O
CTS Cn O O  , 4.4 00 W) rl Ln in  C;I\ It  00 Oo - 1 00 00  00 Ln N_ d:'
clq rA N N N M  NI NI  eta N MN~ N N 00  ai) O  40. as  A O , to a) to  ci
~ ~ U o cod W N N N  N "cF.,C O 83 WO 2006/047673 PCT/US2005/038740  Table
2. Classification of trapped genes according to function. Trapped genes are
listed by the official HUGO Gene Nomenclature Committee names, when
available. Functional placement of genes or their products are determined
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1. A method of identifying an antiviral agent comprising: a) administering
the agent to a cell containing a cellular gene listed in Table  1; and b)
detecting the level and/or activity of the gene product produced by the  



cellular gene, a decrease or elimination of the gene product and/or gene
product activity indicating a compound with antiviral activity. 2. A method
of identifying an antiviral agent comprising: a) administering the agent to
a cell containing a cellular gene listed in Table 1;  b) contacting the
cell with a virus; c) detecting the level of viral infection; and d)
associating the level of viral infection with the level of expression of
the  gene from Table 1 or the activity of the protein encoded by the gene
from  Table 1, a decrease or elimination of viral infection associated with
a decrease  or elimination of gene expression and/or activity indicating
that the agent is an  antiviral agent. 3. A method of identifying an
antiviral agent comprising: a) administering the agent to a cell containing
a cellular gene listed in Table 1;  b) contacting the cell with a virus; c)
detecting the level of viral infection; and d) associating the level of
viral infection with the level of expression of the  gene from Table 1 or
the activity of the protein encoded by the gene from  Table 1, a decrease
or elimination of viral infection associated with a decrease  or
elimination of gene expression and/or activity indicating that the agent is
an  antiviral agent. 4. A non-human transgenic mammal comprising a
functional deletion of one  or more genes listed in Table 1, wherein the
mammal has decreased  susceptibility to infection by a pathogen. 5. The
transgenic mammal of claim 4, wherein the pathogen is a virus- 137 WO
2006/047673 PCT/US2005/038740  6. The transgenic mammal of claim 4, wherein
the pathogen is a bacteria. 7. The transgenic mammal of claim 4, wherein
the pathogen is a fungi.  8. A cell including an altered or disrupted gene
listed in Table 1 that has  decreased susceptibility to infection by a
pathogen. 9. The cell of claim 8, wherein the pathogen is a virus.  10. The
cell of claim 8, wherein the pathogen is a bacteria.  11. The cell of claim
8, wherein the pathogen is a fungi. 12. The cell of claim 8, wherein the
cell is a hematopoietic cell. 13. A population of cells including an
altered or disrupted gene listed in Table  1 that has decreased
susceptibility to infection by a pathogen. 14. A method of inhibiting
infection in a cell comprising inhibiting expression  or activity of a gene
or a gene product listed in Table 1. 15. The method of claim 14, wherein
the infection is a viral infection. 16. The method of claim 14, wherein the
infection is a bacterial infection.  17. The method of claim 14, wherein
the infection is a fungal infection.  18. A method of reducing or
inhibiting a viral infection in a subject comprising administering to the
subject an amount of a composition that  inhibits expression or activity of
a gene or a gene product in Table 1. 19. The method of claim 18, wherein
the infection is a viral infection. 20. The method of claim 18, wherein the
infection is a bacterial infection.  21. The method of claim 18, wherein
the infection is a fungal infection. 22. A population of non-human animals
possessing a variant form of one or  more genes listed in Table 1, wherein
the population is less susceptible to  infection. 23. The population of
claim 22, wherein the non-human animals are from an  avian species. 



24. The population of claim 23, wherein population is a flock of chickens.
25. The population of claim 23, wherein the flock of chickens is less
susceptible to avian flu. 26. The antiviral agent identified by the method
of claim 1.  27. The antiviral agent identified by the method of claim 1.
28. The method of claim 14, wherein expression or activity of a gene or a
gene  product listed in Table 1 is inhibited by contacting the cell with a
chemical, a small molecule, a drug, a protein, a cDNA, an antibody, a 138
WO 2006/047673 PCT/US2005/038740  morpholino, a triple helix molecule, an
siRNA, an shRNAs, an antisense  RNA or a ribozyme. 29. The method of claim
18, wherein the composition is a chemical, a small  molecule, a drug, a
protein, a cDNA, an antibody, a morpholino, a triple  helix molecule, an
siRNA, an shRNAs, an antisense RNA or a ribozyme.  139 




