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NOVEL TILAPIA VIRUS AND USES THEREOF 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The present application claims priority of United States Provisional Application Serial 

5 No. 62/091,824, filed December 15, 2014, which is hereby incorporated by reference in its 

entirety. 

FIELD OF THE INVENTION 

The invention is in the field of viruses and is related to a new virus found in tilapia, 

10 denoted Tilapia Lake Virus (TiLV). The invention includes isolated TiLV, and isolated 

nucleic acids sequences and polypeptides thereof. The invention also relates to primers and 

probes. The invention also relates to antibodies against antigens from TiLV. The invention is 

related to methods for detecting the presence or absence of TiLV in an animal using primers, 

probes, and antibodies. The invention also relates to iRNAs which target nucleic acid 

15 sequences of TiLV. The invention is also related to immunogenic compositions for inducing 

an immune response against TiLV in an animal. 

BACKGROUND OF THE INVENTION 

Tilapines are the second most important group of farmed fish worldwide, with 

20 production of 2.5 million tons annually (Food and Agriculture Organization 2010), and they 

serve as a primary protein source in the developing world. The Sea of Galilee (Kinneret 

Lake) in Israel is one major source of commercial fishing. In recent years, the catch fish 

quantities have been subjected to a persistent decline. 

Although the lake hosts some 27 species of fish, encompassing members of the 

25 families Cichlidae, Cyprinidae, Mugillidae, and Claridae, only a decrease in the catch of 

tilapines (Cichlidae) was noticeable. The main edible fish of the lake, Sarotherodon (Tilapia) 

galilaeus (St. Peter's fish), saw annual yields decreased from 316 tons in 2005 to 51, 8, and 

45 tons in 2007, 2009, and 2010, respectively. 

S. galilaeus contributes to the maintenance of the ecological balance of this lake. 

30 Hence, beyond its economic impact, the significant decline of St. Peter's fish populations, as 

well as the other lake tilapines (such as Tilapia zilli [common tilapia], Oreochromis aureus 

[Jordan tilapia], and Tristamella simonis intermedia) represents a definite threat to the entire 

ecosystem. 
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This decrease in the lake tilapine in the Sea of Galilee was due to a serious emerging 

disease in wild populations of tilapine species, including S. galilaeus, T. zilli, O. aureus, and 

T. simonis intermedia, and as well as in the pond-raised hybrid tilapia O. niloticus x O. 

aureus in Israel. The association of disease outbreaks with seasonality (May to October, 

5 when the water has relatively high temperatures) further indicated the involvement of an 

infectious agent, since water temperature affects the emergence of a wide range of parasitic, 

bacterial, and viral diseases of fish. Routine monitoring of known parasites, bacterial, viral 

pathogens or toxins did not reveal any abnormalities, and no causal agent was identified. 

A similar outbreak of disease in tilapia was also found in Ecuador. 

10 Thus, there was a need to identify the causal agent of this decline in tilapia 

populations in the two different geographical locations, as well as a need for tools and 

methods for detecting the presence of the causal agent within fish populations and protecting 

fish poulations from the causal agent of this decline. This invention addresses these needs. 

15 SUMMARY OF THE INVENTION 

In certain aspects, the invention relates to the finding that the causal agent of the 

tilapines disease is a novel Tilapia Lake Virus (TiLV) RNA virus. The wide distribution of 

the virus and the existence of different clinical features of its associated disease make the 

results described herein of significance to fish farming and wild-life preservation. 

20 In certain aspects, the invention relates to diagnostic tools useful for screening a 

sample for TiLV. 

In certain aspects, the invention described herein relates to vaccines for the protection 

of fish from viral diseases. In certain aspects, the invention relates to vaccine compositions 

for the prevention of Tilapia Lake Virus (TiLV)-induced disease in fish, particularly tilapines. 

25 In certain aspects invention relates to methods for using the vaccines to protect tilapines from 

TiLV-induced disease. 

The particular aspects, invention is related to isolated TiLV nucleic acid sequences 

(including cDNA sequences corresponding to sense or anti-sense TiLV RNA sequences) and 

peptides thereof. The invention is also related to antibodies against antigens derived from 

30 TiLV. The invention is also related to iRNAs which target nucleic acid sequences of TiLV. 

The invention is related to methods for detecting the presence or absence of TiLV in an 

animal (e.g. in a fish). The invention is also related to immunogenic compositions for 

inducing an immune response against TiLV in an animal (e.g. in a fish). 
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In certain aspects, the invention relates to an isolated nucleic acid sequence having the 

sequence of any of SEQ ID NOs: 1-11, sequences complementary to any of SEQ ID NOs: 1-

11, and fragments and variants thereof. In certain embodiments, the nucleic acid is a DNA 

sequence, including cDNA. In certain embodiments, the nucleic acid is an RNA sequence. 

5 In certain aspects, the invention relates to a synthetic nucleic acid comprising an 

isolated (or non-isolated) nucleic acid having the sequence of SEQ ID NOs: 1-10, sequences 

complementary to any of SEQ ID NOs: 1-11, and variants thereof. These synthetic nucleic 

acids include primers and probes. 

In certain aspects, the invention relates to a primer set for determining the presence or 

10 absence of TiLV in a biological sample, wherein the primer set comprises at least one 

synthetic nucleic acid sequence selected from the group consisting of the synthetic nucleic 

acids described herein. 

In certain aspects, the invention relates to a method for determining the presence or 

absence of TiLV in a biological sample, the method comprising: a) contacting nucleic acid 

15 from a biological sample with at least one primer which is a synthetic nucleic acid described 

herein, b) subjecting the nucleic acid and the primer to amplification conditions, and, c) 

determining the presence or absence of amplification product, wherein the presence of 

amplification product indicates the presence of RNA associated with of TiLV the sample. 

In certain aspects, the invention relates to oligonucleotide probes for determining the 

20 presence or absence of TiLV in a biological sample. 

In certain aspects, the invention is directed to iRNA molecules which target nucleic 

acids from TiLV, for example but not limited to any of SEQ ID NOs: 1-11, and variants 

thereof, and silence a target gene. 

In certain aspects, the invention relates to a method for reducing the levels of a TiLV 

25 protein in an animal, viral mRNA in an animal or viral titer in a cell of an animal, the method 

comprising administering to the animal an iRNA described herein. 

In certain aspects, the invention relates to an isolated polypeptide encoded by the 

nucleic acid of any of SEQ ID NOs: 1-11, nucleic acids with sequences complementary to 

any of SEQ ID NOs: 1-11, and fragments and variants thereof. 

30 In certain aspects, the invention relates to an isolated polypeptide of SEQ ID NO: 12, 

and fragments and variants thereof. 

In a further aspect, the invention provides a computer readable medium having stored 

thereon: (i) a nucleic acid sequence selected from the group consisting of: a nucleic acid 
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sequence of any of SEQ ID NOs: 1-11, a sequence substantially identical to a nucleic acid 

sequence of any of SEQ ID NOs: 1-11, and a sequence variant of a nucleic acid sequence of 

any of SEQ ID NOs; 1-11; or (ii) an amino acid sequence encoded by a nucleic acid sequence 

selected from the group consisting of: a nucleic acid sequence of any of SEQ ID NOs: 1-11, a 

5 sequence substantially identical to a nucleic acid sequence of any of SEQ ID NOs: 1-11, and 

a sequence variant of a nucleic acid sequence of any of SEQ ID NOs; 1-11. 

In certain aspects, the invention relates to an isolated antibody that specifically binds 

to a polypeptide of the invention (e.g. a polypeptide of SEQ ID NO: 12 or a polypeptide 

encoded by any or SEQ ID NOs: 1-11 or sequences complementary thereto or fragments or 

10 variants thereof). 

In certain aspects, the invention relates to a method for determining whether or not a 

sample contains TiLV, the method comprising: a) contacting a biological sample with an 

antibody that specifically binds to a polypeptide of any of an isolated (or non-isolated) 

polypeptide of SEQ ID NO: 12 or fragments or variants thereof, or a polypeptide encoded by 

15 any of SEQ ID NOs: 1-11 or sequences complementary thereto or fragments or variants 

thereof, and b) determining whether or not the antibody binds to an antigen in the biological 

sample, wherein binding indicates that the biological sample contains TiLV. In certain 

embodiments, the determining comprises use of a lateral flow assay or ELISA. 

In certain aspects, the invention relates to a method for determining whether or not a 

20 biological sample has been infected by TiLV, the method comprising: a) determining whether 

or not a biological sample contains antibodies that specifically bind to a polypeptide of any of 

an isolated (or non-isolated) polypeptide of SEQ ID NO: 12 or fragments or variants thereof, 

or a polypeptide encoded by any or SEQ ID NOs: 1-11 or sequences complementary thereto 

or fragments or variants thereof. 

25 In certain aspects, the present invention provides immunogenic compositions capable 

of inducing an immune response against TiLV including TiLV of the invention comprising a 

nucleic acid of any of SEQ ID NOs: 1-11 or fragments or variants thereof, or comprising a 

cDNA sequence complementary to the sense or an anti-sense strand of any of SEQ ID NOs: 

1-11 or fragments or variants thereof, or comprising a polypeptide encoded by any of SEQ ID 

30 NOs: 1-11, or a cDNA sequence complementary to the sense or an anti-sense strand of any of 

SEQ ID NOs: 1-11, or comprising a polypeptide comprising SEQ ID NO: 12 or fragments or 

variants thereof, or comprising a killed or attenuated TiLV. 
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In certain aspects, the invention relates to a method of inducing an immune response 

in an animal, the method comprising administering an immunogenic composition described 

herein. 

In another aspect, the invention provides a method for preventing or reducing TiLV 

5 infection in an animal, the method comprising administering a TiLV immunogenic 

composition described herein. 

In another aspect, the invention provides a method for preventing or reducing TiLV 

infection in an animal, the method comprising administering a TiLV antibody described 

herein. 

10 In one embodiment, the method of administration is oral, immersion or injection. 

In another aspect, the invention provides for use of any of the immunogenic 

compositions described herein in the manufacture of a vaccine for the treatment or prevention 

of TiLV infection in an animal. 

In certain aspects, the invention relates to an isolated virus comprising at least 24 

15 consecutive nucleotides from an isolated (or non-isolated) nucleic acid having the sequence 

of any of SEQ ID NOs: 1-11; an isolated (or non-isolated) nucleic acid complementary to the 

sequence of any of SEQ ID NOs: 1-11; an isolated (or non-isolated) nucleic acid having at 

least about 60% sequence identity to any of SEQ ID NOs: 1-11; or an isolated (or non­

isolated) nucleic acid having at least about 60% sequence identity to a nucleic acid 

20 complementary to the sequence of any of SEQ ID NOs: 1-11. 

In certain aspects, the invention relates to an isolated virus comprising at least 8 

consecutive amino acids from the polypeptide encoded by an isolated (or non-isolated) 

nucleic acid having the sequence of any of SEQ ID NOs: 1-11; an isolated (or non-isolated) 

nucleic acid complementary to the sequence of any of SEQ ID NOs: 1-11; an isolated (or 

25 non-isolated) nucleic acid having at least about 60% sequence identity to any of SEQ ID 

NOs: 1-11; or an isolated (or non-isolated) nucleic acid having at least about 60% sequence 

identity to a nucleic acid complementary to the sequence of any of SEQ ID NOs: 1-11. 

In certain aspects, the invention relates to an isolated cell comprising an isolated (or 

non-isolated) nucleic acid having the sequence of any of SEQ ID NOs: 1-11, sequences 

30 complementary to SEQ ID NOs: 1-11 and fragments and variant thereof described herein. 

In certain aspects, the invention relates to a method for culturing cells comprising: a) 

infecting a cell with TiLV, or an isolated (or non-isolated) nucleic acid having the sequence 
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of any of SEQ ID NOs: 1-11, sequences complementary to SEQ ID NOs: 1-11 and fragments 

and variant thereof described herein, and b) culturing the cells. 

In certain aspects, the invention relates to a method of testing a TiLV vaccine, 

comprising: a) contacting cells with a TiLV vaccine; b) contacting cells with TiLV; and c) 

5 measuring the number of cells infected with TiLV. 

In certain aspects, the invention relates to a method of testing a TiLV drug, 

comprising: a) contacting cells with a TiLV drug; b) contacting cells with TiLV; and c) 

measuring the number of cells infected with TiLV. 

In certain aspects, the invention relates to a method of testing a TiLV drug, 

10 comprising: a) contacting cells with TiLV; b) contacting cells with a TiLV drug; and c) 

measuring the replication of TiLV. 

In other aspects, the invention provides methods for identifying and/or generating anti­

viral drugs. For example, in one aspect the invention provides methods for identifying drugs 

that bind to and/or inhibit the function of TiLV-encoded proteins of the invention, or that 

15 inhibit the replication or pathogenicity of TiLV of the invention. Methods of identifying 

drugs that affect or inhibit a particular drug target, such as high throughput drug screening 

methods, are well known in the art and can readily be applied to the proteins and viruses of 

the present invention. 

The present invention also provides for methods and tools for drug design, testing of 

20 agents, and tools for basic research into the causes and etiology of TiLV. 

BRIEF DESCRIPTION OF THE FIGURES 
For the purpose of illustrating the invention, there are depicted in drawings certain 

embodiments of the invention. However, the invention is not limited to the precise 

25 arrangements and instrumentalities of the embodiments depicted in the drawings. 

Figure 1 shows characteristics of tilapia disease and pathological findings in 

commercial hybrid tilapia (O. niloticus x O. aureus hybrid) (Figure 1A and Figure 1C to 

Figure IE) and in wild tilapia (S. galilaeus) from the Sea of Galilee (Figure IB and Figure IF 

to Figure 1H). Figure 1A is a photograph showing tilapia disease outbreak in a commercial 

30 pond resulting in massive mortality (August 2013). Figure IB is a photograph of a diseased 

tilapia demonstrating shrinkage of the eye and loss of ocular functioning (phthisis bulbi). 

Figure 1C shows the gross pathology of skin includes multifocal to coalescing dermal 

erosions and ulcers denoted by arrows. Figure ID shows hematoxylin and eosin stain of 
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kidney and interstitium. The arrows mark a dilated vein packed with large numbers of red 

blood cells (congestion). Hematoxylin and eosin (H&E) stain xlO. Figure IE shows 

hematoxylin and eosin stain of brain and cortex. The arrows mark dilated blood vessels 

packed with large numbers of red blood cells within the leptomeninges and gray and white 

5 matter. H&E stain x 10 was used. Figure IF shows hematoxylin and eosin stain of brain and 

cortex. Perivascular cuffs of lymphocytes are encircled. H&E stain x 40 was used. Figure 

IGa shows shows hematoxylin and eosin stain of lens. Cataractous changes are characterized 

by formation of eosinophilic spherical structures (morgagnian globules) accompanied by 

degeneration of crystalline fibers (encircled). H&E stain x 10 was used. Figure 1Gb show 

10 shows hematoxylin and eosin stain of control lens from healthy fish. H&E stain x 10 was 

used. Figure 1H shows shows hematoxylin and eosin stain of eye and cornea. Loss of 

integrity of the overlying squamous epithelium with inflammatory infiltrate (arrowheads) and 

multiple capillaries within the stroma (neovascularization; encircled). The collagen fibers 

within the superficial stroma are smudged and are stained pale eosinophilic (corneal edema). 

15 H&E stain x 10 was used. 

Figure 2 shows cytopathogenic effect or CPE induction in infected cultures and 

electron microscopy (EM) analyses. Figure 2A shows images of E-ll infected cells with CPE 

at day 5 postinoculation. Plaque formation and vacuolated cells are shown at the rims of the 

plaques. The centers of two plaques are marked with asterisks. Figure 2B shows images of 

20 infected primary tilapia brain cells with CPE at day 10 postinoculation. Conversion of the 

typical elongated cells into swollen, rounded, and granulated cells is marked with arrows. 

Figure 2C and Figure 2D are images of controls, mock-infected E-ll or primary tilapia brain, 

respectively. Figure 2E and Figure 2F are transmission EM of thin sections of infected E-ll 

cells with electron-dense particles (diameter, 55 to 60 nm) aggregated and enclosed in the 

25 intracytoplasmic membrane (Figure 2E, marked with an arrow) or within the cytoplasm 

(Figure 2F). Scale bars, 200 and 500 nm for Figure 2E and Figure 2F, respectively. Figure 2G 

is an EM image of negatively stained virions, pelleted from infected Ell culture 

supernatants. Scale bar, 100 nm. 

Figure 3 shows PCR detection of TiLV. Figure 3A show the detection of TiLV by 

30 PCR. Total RNA was extracted from brains of TiLV infected fish (lanes 1 to 7) and a healthy 

fish (lane 10), as well as from E-ll and primary tilapia brain infected cell cultures (lanes 8 

and 9, respectively), and was used as a template for cDNA generation. A 250-bp fragment 

was amplified with ME1 (SEQ ID NO: 23) and clone 7450/150R (SEQ ID NO: 16) primers. 
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Figure 3B shows that reverse transcription was required for PCR amplification of TiLV. 

Total RNA was extracted from the supernatant (lanes 1 and 2) or from cell extracts (lanes 3 

and 4) of TiLV-infected E-ll culture, or from naive E-ll culture (lanes 5 and 6). The 

samples were not treated with DNase, and reverse transcription was carried out (+) or not (-) 

5 prior to the PCR step. A "no RNA" negative control (lane 7) was also included. A 491-bp 

fragment was amplified with the primers Nested ext-1 (SEQ ID NO: 24) and Nested ext-2 

(SEQ ID NO: 25). Figure 3C shows the results of nuclease sensitivity assays. Nuclease -

protected nucleic acids were extracted from purified virions and were treated (+) or not (-) 

with reverse transcriptase and/or RNase I prior to PCR amplification with TiLV-specific 

10 primers (Nested ext-1 (SEQ ID NO: 24) and Nested ext-2 (SEQ ID NO: 25) resulting in 

amplified product, 491 bp) or SnRV-specific primers (Snakehead gag-pol fw (SEQ ID NO: 

26) and Snakehead gag-pol rev (SEQ ID NO: 27), resulting in amplified product, 284 bp). M 

is the DNA size marker. 

Figure 4 shows kinetics of TiLV-induced mortality. Fish were divided into groups of 

15 30 specific pathogen-free (SPF) fish. Groups 1 (solid diamond) and 2 (solid triangle) were 

infected by intraperitoneally (i.p.) injection or cohabitation, respectively. The control group 

(solid circle) was composed of an identical number of fish inoculated with the supernatants of 

naive E-ll cultures. Variability between the three experimental groups was determined by 

chi-square tests, in which a P value of 0.05 was considered significant. Bars represent 

20 standard errors. 

Figure 5 shows Northern Blot analysis of nucleic acids from diseased tilapia in Israel 

and Ecuador. Figure 5A shows Northern Blot analysis of total RNA extracted from diseased 

Ecuadorian tilapia liver and analyzed with three mixes of probes representing segments 1, 4, 

7, and 10 (Combo 1); 3, 6, and 9 (Combo 2); or 2, 5, and 8 (Combo 3) to prevent signal 

25 overlap from similar sized segments (three right-hand panels). Influenza A virus RNA 

hybridized with three probes representing HA, NA, and matrix proteins served as size 

references (left panel). Figure 5B shows Northern Blot analysis of total RNA extracted from 

culture cells infected with brain derived TiLV from Israeli tilapia or from culture supernatant 

and analyzed with the three mixes of probes. Lanes 5, 8, and 11 show results from extracts 

30 from infected culture cells (6 dpi); lanes 6, 9, and 12 show results from extracts from infected 

culture supernatant; lanes 4, 7, and 10 show results from extracts from non-infected culture 

cells. 
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Figure 6 shows the results of conventional diagnostic PCR using primers designed to 

amplify segment 3 of the TiLV genome. The figure is an image of an agarose gel 

electrophoresis of amplification products obtained from nucleic acid extracts of TiLV-

infected cell culture supernatant. Lane 1 and 12 are size markers. Lanes 2-10 are serial 2-

5 fold dilutions of nucleic acid extract. Lane 11 is a negative control of non-infected cell 

culture supernatant. 

Figure 7 shows the results of real-time PCR. Figure 7A is a calibration curve using 

quantitated plasmid standards representing TiLV segment 1 target sequence, ranging from 1 x 

106 to lxlO1 molecules per assay. Figure 7B is a calibration curve using quantitated plasmid 

10 standards representing tilapia beta-actin target sequence, ranging from 1 x 106 to lxlO1 

molecules per assay. Figure 7C shows the detection of authentic TiLV in various tissue 

specimens of diseased tilapia from Israel using primers designed from and specific for TiLV 

nucleic acid sequences. 

15 DETAILED DESCRIPTION OF THE INVENTION 

Tilapines are important for the sustainability of ecological systems and serve as the 

second most important group of farmed fish worldwide. The invention described herein 

relates to the observation of significant mortality of wild and cultured tilapia both in Israel 

and Ecuador. 

20 Reported herein is the isolation of a previously undescribed virus, designated Tilapia 

Lake Virus or TiLV, from spontaneously diseased fish and the induction of disease in tilapia 

by this agent. The incubation of extracts from diseased, but not healthy, tilapines with 

cultures of fish cells (E-ll and primary tilapia brain cells) resulted in the appearance of 

cytopathogenic effect or CPE in infected cultures. Moreover, the inoculation of supernatants, 

25 harvested from these cultures, into naive tilapines resulted in the appearance of disease. TiLV 

was reisolated in cell cultures from experimentally infected fish, and the agent induced a 

similar disease upon inoculation of new naive fish. Furthermore, an experimentally induced 

disease was achieved with a purified TiLV obtained by endpoint dilutions. Of note, the signs 

of the naturally occurring disease (discoloration, skin patches, ocular alterations, and 

30 lethargy) were observed in the experimentally induced disease. The TiLV sequences were 

amplified from diseased fish and TiLV-infected cell cultures but not from naive fish, mock-

infected cultures, or cultures infected by another agent (VNN). 
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Several lines of evidence indicated that this infectious agent is a virus. First, the agent 

went through 0.2 Dm filters while retaining its infectivity, ruling out the possibility of 

infection by microorganisms larger than this filter size (such as bacteria and fungi). Second, 

the appearance of CPE after serial passages of the agent in cell cultures excludes the 

5 possibility of a filterable toxin-induced CPE. Third, virion-like structures were visualized by 

EM in infected cells and in the supernatants of cultures of these cells. Fourth, CPE activity 

was demonstrated for relatively dense fractions of sucrose gradients, similar to known 

assembled virions. Fifth, the encapsidated TiLV genome is made of RNA, as evidenced by 

the fact that it was amplified by RT-PCR only (and not by PCR) from samples of sick fish 

10 and from cell cultures that were inoculated with extracts of such fish, as well as by the fact 

that this amplification was sensitive to initial digestion with RNase I. RNA genomes are only 

known to occur for viruses. EM analyses and the sensitivity of TiLV to organic solvents 

(ether or chloroform) further indicate that TiLV is an enveloped virus. 

TiLV-induced disease in tilapines was achieved either by intraperitoneal (i.p.) 

15 injections or by cohabitation. The cohabitation mode of transmission demonstrates the ability 

of TiLV to spread by the waterborne route. It should be noted that in these experiments, 

relatively high mortality rates were observed for both the i.p. and waterborne routes. 

The existence of fish that survived the TiLV-induced disease strongly indicated that 

an effective immune response against this pathogen can be mounted. This has important 

20 applications for future disease containment strategies. Besides the possibility of vaccine 

development, the determination of the susceptibility of different tilapia species to TiLV 

should be considered a measure of disease containment. This notion is based on the well-

documented differences in disease resistance among species of the same genus. 

This work also provides molecular characterization of TiLV isolated from diseased 

25 fish in both Israel and Ecuador. Ten segments of the TiLV genome were identified from 

virus in fish from both venues, resulting in SEQ ID NOs: 1-11. (SEQ ID NO: 1 is a shorter 

version of SEQ ID NO: 9 - both are segment 3 of the TiLV genome). Homology searches in 

the NCBI database yielded a single hit for segment 1 of the genome (SEQ ID NO: 7) that 

indicated a very distant homology to orthomyxoviral RNA-dependent RNA polymerase. 

30 This further indicates that TiLV is a new emerging pathogen for tilapia. In light of the 

extensive commercial production of tilapia and the fact that tilapia serves as a primary protein 

source in the developing world, it is highly important to diagnose this new pathogen. The 

amplification of TiLV sequences from diseased fish and TiLV-infected cultures, described in 
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this work, provides the basis for a PCR-based diagnosis, allowing prompt screening, 

surveillance, epidemiological studies, and disease containment. Additionally, the TiLV 

sequences can be used for vaccines, i.e., immunological compositions, for inducing immune 

responses against TiLV in tilapia populations. 

5 The TiLV identified herein is a novel RNA virus. Thus, cDNA nucleic acid sequences 

do not exist in nature. In other words, the nucleic acid sequences of SEQ ID NO: 1-11 are 

non-naturally occurring compositions that are markedly different in structure than naturally 

occurring TiLV RNA sequences. Additionally any embodiments of the invention such as 

primers, probes, antibodies, immunogenic compositions and cells and cell lines, comprising 

10 the nucleic acids of SEQ ID NOs: 1-11 would also not naturally occur. 

In certain aspects, the invention relates to the finding that the etiological agent of this 

disease is a novel RNA virus. In certain aspects, the invention also relates to the methods 

useful for isolating and detecting the virus. As is described further herein, the virus, 

denominated Tilapia Lake Virus (TiLV), can be propagated in primary tilapia brain cells or in 

15 an E-ll cell line. In certain aspects, the invention relates to the finding that the virus can 

induce a cytopathic effect at 5 to 10 days postinfection. In certain aspects, the invention 

relates to electron microscopy findings showing the presence of enveloped icosahedral 

particles of 55 to 75 nm. In certain aspects, the invention relates to the finding that low-

passage TiLV, injected intraperitoneally in tilapia, induced a disease resembling the natural 

20 disease, which typically presents with lethargy, ocular alterations, and skin erosions, with 

greater than 80% mortality. 

In certain aspects, the invention relates to the finding that histological changes 

included congestion of the internal organs (kidneys and brain) with foci of gliosis and 

perivascular cuffing of lymphocytes in the brain cortex; ocular inflammation included 

25 endophthalmitis and cataractous changes of the lens. In certain aspects, the invention relates 

to the finding that the cohabitation of healthy and diseased fish demonstrated that the disease 

is contagious and that mortalities (80 to 100%) occur within a few days. In certain aspects, 

the invention relates to the finding that fish surviving the initial mortality were immune to 

further TiLV infections, indicating the mounting of a protective immune response. 

30 In certain aspects, the invention relates to the finding that screening cDNA libraries 

identified a TiLV-specific sequence, allowing the design of a PCR-based diagnostic test. In 

certain aspects, the invention relates to testing enabling the specific identification of TiLV in 

tilapines. Such testing is helpful for controlling the spread of this virus worldwide. 
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Definitions 

The terms used in this specification generally have their ordinary meanings in the art, 

within the context of this invention and the specific context where each term is used. Certain 

terms are discussed below, or elsewhere in the specification, to provide additional guidance 

5 to the practitioner in describing the methods of the invention and how to use them. 

Moreover, it will be appreciated that the same thing can be said in more than one way. 

Consequently, alternative language and synonyms may be used for any one or more of the 

terms discussed herein, nor is any special significance to be placed upon whether or not a 

term is elaborated or discussed herein. Synonyms for certain terms are provided. A recital of 

10 one or more synonyms does not exclude the use of the other synonyms. The use of examples 

anywhere in the specification, including examples of any terms discussed herein, is 

illustrative only, and in no way limits the scope and meaning of the invention or any 

exemplified term. Likewise, the invention is not limited to its preferred embodiments. 

In accordance with the present invention, there may be numerous tools and techniques 

15 within the skill of the art, such as those commonly used in molecular immunology, cellular 

immunology, pharmacology, and microbiology. See, e.g., Sambrook et al. (2001) Molecular 

Cloning: A Laboratory Manual. 3rd ed. Cold Spring Harbor Laboratory Press: Cold Spring 

Harbor, N.Y.; Ausubel et al. eds. (2005) Current Protocols in Molecular Biology, John Wiley 

and Sons, Inc.: Hoboken, N.J.; Bonifacino et al. eds. (2005) Current Protocols in Cell 

20 Biology, John Wiley and Sons, Inc.: Hoboken, N.J.; Coligan et al. eds. (2005) Current 

Protocols in Immunology, John Wiley and Sons, Inc.: Hoboken, N.J.; Coico et al. eds. (2005) 

Current Protocols in Microbiology, John Wiley and Sons, Inc.: Hoboken, N.J.; Coligan et al. 

eds. (2005) Current Protocols in Protein Science, John Wiley and Sons, Inc.: Hoboken, N.J.; 

and Enna et al. eds. (2005) Current Protocols in Pharmacology, John Wiley and Sons, Inc.: 

25 Hoboken, N.J. 

The singular forms "a," "an," and "the" include plural reference unless the context 

clearly dictates otherwise. 

The term "about" is used herein to mean approximately, in the region of, roughly, or 

around. When the term "about" is used in conjunction with a numerical range, it modifies that 

30 range by extending the boundaries above and below the numerical values set forth. In 

general, the term "about" is used herein to modify a numerical value above and below the 

stated value by a variance of 20%. 

As used herein, "TiLV" refers to isolates of the Tilapia Lake Virus described herein. 
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As used herein, a "TiLV gene" refers to any one of the genes or gene segments as 

described in SEQ ID Nos: 1-11, identified in the TiLV genome. 

As used herein, the term "animal" refers to a vertebrate, including, but not limited to, 

fish, (e.g. tilapia). 

5 "Substantially identical," in the context of two nucleic acids or polypeptides, refers to 

two or more sequences or subsequences that have at least 98%, at least 99% or higher 

nucleotide or amino acid residue identity, when compared and aligned for maximum 

correspondence, as measured using one of the following sequence comparison algorithms or 

by visual inspection. 

10 "Percent identity" in the context of two or more nucleic acids or polypeptide 

sequences, refers to the percentage of nucleotides or amino acids that two or more sequences 

or subsequences contain which are the same. A specified percentage of nucleotides can be 

referred to such as: 60% identity, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 

95%, 96%, 97%, 98%, or 99% or more identity over a specified region, when compared and 

15 aligned for maximum correspondence over a comparison window, or designated region as 

measured using one of the following sequence comparison algorithms or by manual 

alignment and visual inspection. 

A "comparison window", as used herein, includes reference to a segment of any one 

of the number of contiguous positions selected from the group consisting of from 20 to 600, 

20 usually about 50 to about 200, more usually about 100 to about 150 in which a sequence can 

be compared to a reference sequence of the same number of contiguous positions after the 

two sequences are optimally aligned. Methods of alignment of sequences for comparison are 

well-known in the art. Optimal alignment of sequences for comparison can be conducted, 

e.g., by the local homology algorithm of Smith and Waterman (1981) Adv. Appl. Math. 2: 

25 482, by the homology alignment algorithm of Needleman and Wunsch (1970) J. Mol. Biol. 

48: 443, by the search for similarity method of Pearson and Lipman (1988) Proc. Natl. Acad. 

Sci. U.S.A. 85: 2444, by computerized implementations of these algorithms (FASTDB 

(Intelligenetics), BLAST (National Center for Biomedical Information), GAP, BESTFIT, 

FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer 

30 Group, 575 Science Dr., Madison, Wis.), or by manual alignment and visual inspection (see, 

e.g., Ausubel). 

In the context of nucleic acids base symbols can be used to represent a position on a 

nucleic acid sequence that can have multiple possible alternative. For example, "W" 
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represents A or T; "S" represents C or G; "M" represents A or C; "K" represents G or T; "R" 

represents A or G; "Y" represents C or T; "B" represents C, G, or T; "D" represents A, G, or 

T; "H" represents A, C, or T; "V" represents A, C, or G. 

It will be understood that, for the particular TiLV polypeptides described here, natural 

5 variations can exist between individual TiLV strains. These variations may be demonstrated 

by (an) amino acid difference(s) in the overall sequence or by deletions, substitutions, 

insertions, inversions or additions of (an) amino acid(s) in said sequence. Amino acid 

substitutions which do not essentially alter biological and immunological activities, have 

been described, e.g. by Neurath et al in "The Proteins" Academic Press New York (1979). 

10 Amino acid replacements between related amino 15 acids or replacements which have 

occurred frequently in evolution are, inter alia, Ser/Ala, Ser/Gly, Asp/Gly, Asp/Asn, Ile/Val 

(see Dayhof, M. D., Atlas of protein sequence and structure, Nat. Biomed. Res. Found., 

Washington D.C., 1978, vol. 5, suppl. 3). Other amino acid substitutions include Asp/Glu, 

Thr/Ser, Ala/Gly, Ala/Thr, Ser/Asn, Ala/ Val, Thr/Phe, Ala/Pro, Lys/Arg, Leu/Ile, Leu/Val 

15 and Ala/ Glu. Based on this information, Lipman and Pearson developed a method for rapid 

and sensitive protein comparison (Science (1985) 227:1435) and determining the functional 

similarity between homologous proteins. Such amino acid substitutions of the exemplary 

embodiments of this invention, as well as variations having deletions and/or insertions are 

within the scope of the invention as long as the resulting proteins retain their immune 

20 reactivity. It is know that polypeptide sequences having one or more amino acid sequence 

variations as compared to a reference polypeptide may still be useful for generating 

antibodies that bind the reference polypeptide. 

Nucleic Acids and Uses Thereof 

The present invention provides TiLV nucleic acid sequences. These nucleic acid 

25 sequences may be useful for, inter alia, expression of TiLV-encoded proteins or fragments, 

variants, or derivatives thereof, generation of antibodies against TiLV proteins, generation of 

primers and probes for detecting TiLV and/or for diagnosing TiLV infection, generating 

immunogenic compositions against TiLV, and screening for drugs effective against TiLV as 

described herein. 

30 In certain aspects, the TiLV nucleic acid sequences are provided in SEQ ID NOs: 1-

11, corresponding to TiLV genome segments (see Table 2). 

In certain aspects, the invention is directed to a TiLV isolated nucleic acid sequence 

as provided in any of SEQ ID NOs: 1-11 
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In certain aspects, the invention is directed to an isolated nucleic acid complementary 

to any of SEQ ID NOs: 1-11. 

In certain aspects, the invention relates to variants of TiLV nucleic acid sequence 

having greater that 60% similarity to the sequence of any of SEQ ID NOs: 1-11. 

5 In certain aspects, the invention is directed to isolated nucleic acid sequence variants 

of any of SEQ ID NOs: 1-11 and fragments thereof. Variants of any of SEQ ID NOs: 1-11 

include, but are not limited to, nucleic acid sequences having at least from about 50% to 

about 55% identity to that of any of SEQ ID NOs: 1-11. Variants of any of SEQ ID NOs: 1-

11 include, but are not limited to, nucleic acid sequences having at least from about 55.1 % to 

10 about 60% identity to that of any of SEQ ID NOs: 1-11. Variants of any of SEQ ID NOs: 1-

11 include, but are not limited to, nucleic acid sequences having at least from about 60.1% to 

about 65% identity to that of any of SEQ ID NOs: 1-11. Variants of any of SEQ ID NOs: 1-

11 include, but are not limited to, nucleic acid sequences having at least from about 65.1 % to 

about 70% identity to that of any of SEQ ID NOs: 1-11. Variants of any of SEQ ID NOs: 1-

15 11 include, but are not limited to, nucleic acid sequences having at least from about 70.1% to 

about 75% identity to that of any of SEQ ID NOs: 1-11. Variants of any of SEQ ID NOs: 1-

11 include, but are not limited to, nucleic acid sequences having at least from about 75.1% to 

about 80% identity to that of any of SEQ ID NOs: 1-11. Variants of any of SEQ ID NOs: 1-

11 include, but are not limited to, nucleic acid sequences having at least from about 80.1% to 

20 about 85% identity to that of any of SEQ ID NOs: 1-11. Variants of any of SEQ ID NOs: 1-

11 include, but are not limited to, nucleic acid sequences having at least from about 85.1% to 

about 90% identity to that of any of SEQ ID NOs: 1-11. Variants of any of SEQ ID NOs: 1-

11 include, but are not limited to, nucleic acid sequences having at least from about 90.1% to 

about 95% identity to that of any of SEQ ID NOs: 1-11. Variants of any of SEQ ID NOs: 1-

25 11 include, but are not limited to, nucleic acid sequences having about 95.1%, about 95.5%, 

about 96%, about 96.5%, about 97%, about 97.5%, about 98%, about 98.5%, about 99%, 

about 99.5% or about 99.9% identity to that of any of SEQ ID NOs: 1-11. Programs and 

algorithms for sequence alignment and comparison of % identity and/or homology between 

nucleic acid sequences are well known in the art, and include BLAST, SIM alignment tool, 

30 and so forth. 

In a further embodiment, the invention provides an isolated nucleic acid having a 

sequence substantially identical to a nucleic acid of any of SEQ ID NOs: 1-11, or a fragment 

thereof. In a further embodiment, the invention provides an isolated nucleic acid having a 
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sequence substantially identical to a nucleic acid complementary to any of SEQ ID NOs: 1-

11, or a fragment thereof. 

In one embodiment, the invention is directed to an isolated nucleic acid sequence 

comprising from about 10 to about 50 consecutive nucleotides from any one or SEQ ID NOs: 

5 1-11 or a sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In 

one embodiment, the invention is directed to an isolated nucleic acid sequence comprising 

from about 10 to about 100 consecutive nucleotides from any one or SEQ ID NOs: 1-11 or a 

sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

10 about 10 to about 200 consecutive nucleotides from any one or SEQ ID NOs: 1-11 or a 

sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

about 10 to about 300 consecutive nucleotides from any one or SEQ ID NOs: 1-11 or a 

sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

15 embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

about 10 to about 400 consecutive nucleotides from any one or SEQ ID NOs: 1-11 or a 

sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

about 10 to about 500 consecutive nucleotides from any one or SEQ ID NOs: 1-11 or a 

20 sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

about 10 to about 600 consecutive nucleotides from any one or SEQ ID NOs: 1-11 or a 

sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

25 about 10 to about 700 consecutive nucleotides from any one or SEQ ID NOs: 1-11 or a 

sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

about 10 to about 800 consecutive nucleotides from any one or SEQ ID NOs: 1-11 or a 

sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

30 embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

about 10 to about 900 or more consecutive nucleotides from any one or SEQ ID NOs: 1-11 or 

a sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 
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about 10 to about 1000 or more consecutive nucleotides from any one or SEQ ID NOs: 1-11 

or a sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

about 10 to about 1200 or more consecutive nucleotides from any one or SEQ ID NOs: 1-11 

5 or a sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

about 10 to about 1400 or more consecutive nucleotides from any one or SEQ ID NOs: 1-11 

or a sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. In one 

embodiment, the invention is directed to an isolated nucleic acid sequence comprising from 

10 about 10 to about 1640 or more consecutive nucleotides from any one or SEQ ID NOs: 1-11 

or a sequence complementary to any one of SEQ ID NOs: 1-11 or a variant thereof. 

Encompassed by the invention are polynucleotide sequences that are capable of 

hybridizing to the claimed polynucleotide sequences, including any of the nucleic acid 

sequences disclosed herein, and fragments thereof under various conditions of stringency 

15 Polynucleotides homologous to the sequences illustrated in SEQ ID NOs: 1-11, can be 

identified, e.g., by hybridization to each other under stringent or under highly stringent 

conditions. The term "nucleic acid hybridization" refers to anti-parallel hydrogen bonding 

between two single-stranded nucleic acids, in which A pairs with T (or U if an RNA nucleic 

acid) and C pairs with G. Nucleic acid molecules are "hybridizable" to each other when at 

20 least one strand of one nucleic acid molecule can form hydrogen bonds with the 

complementary bases of another nucleic acid molecule under defined stringency conditions. 

The stringency of a hybridization reflects the degree of sequence identity of the nucleic acids 

involved, such that the higher the stringency, the more similar are the two polynucleotide 

strands. Stringency of hybridization is determined, e.g., by (i) the temperature at which 

25 hybridization and/or washing is performed, and (ii) the ionic strength and (iii) concentration 

of denaturants such as formamide of the hybridization and washing solutions, as well as other 

parameters. Hybridization requires that the two strands contain substantially complementary 

sequences. Depending on the stringency of hybridization, however, some degree of 

mismatches may be tolerated. Under "low stringency" conditions, a greater percentage of 

30 mismatches are tolerable (i.e., will not prevent formation of an anti-parallel hybrid). 

Hybridization conditions for various stringencies are known in the art and are disclosed in 

detail in at least Sambrook et al. 
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In certain aspects, the invention relates to a synthetic nucleic acid comprising the 

nucleotides of an isolated (or non-isolated) nucleic acid having the sequence of any of SEQ 

ID NOs: 1-11; an isolated (or non-isolated) nucleic acid complementary to the sequence of 

any of SEQ ID NOs: 1-11; an isolated (or non-isolated) nucleic acid having at least about 

5 60% sequence identity to any of SEQ ID NOs: 1-11; an isolated (or non-isolated) nucleic acid 

having at least about 60% sequence identity to a nucleic acid complementary to the sequence 

of any of SEQ ID NOs: 1-11; an isolated (or non-isolated) nucleic acid which comprises at 

least 10 consecutive nucleotides of any of SEQ ID NOs: 1-11; an isolated (or non-isolated) 

nucleic acid which comprises at least 10 consecutive nucleotides of a nucleic acid 

10 complementary to the sequence of any of SEQ ID NOs: 1-11; an isolated (or non-isolated) 

nucleic acid which comprises at least 10 consecutive nucleotides of a sequence having at least 

about 60% identity to any of SEQ ID NOs: 1-11; or an isolated (or non-isolated) nucleic acid 

which comprises at least 10 consecutive nucleotides of a sequence having at least about 60% 

identity to a nucleic acid complementary to the sequence of any of SEQ ID NOs: 1-11. 

15 In yet another aspect, the invention provides a synthetic nucleic acid which has a 

sequence consisting of from about 10 to about 30 consecutive nucleotides from a nucleic acid 

sequence selected from the group of sequence consisting of SEQ ID NOs: 1-11. 

In yet another aspect, the invention provides a synthetic nucleic acid which has a 

sequence consisting of from about 10 to about 30 consecutive nucleotides consisting of 

20 consecutive nucleotides having a sequence which is a variant of any of SEQ ID NOs: 1-11 

having at least about 95.1%, about 95.5%, about 96%, about 96.5%, about 97%, about 97.5%, 

about 98%, about 98.5%, about 99%, about 99.5% or about 99.9% identity to that of any of 

SEQ ID NOs: 1-11. 

In yet another aspect, the invention provides a composition comprising one or more 

25 nucleic acids which has a sequence consisting of from about 10 to about 30 consecutive 

nucleotides from a nucleic acid sequence selected from the group of sequence consisting of 

SEQ ID NOs: 1-11. 

In yet another aspect, the invention provides a composition comprising one or more 

nucleic acids which has a sequence consisting of from about 10 to about 30 consecutive 

30 nucleotides consisting of consecutive nucleotides having a sequence which is a variant of any 

of SEQ ID NOs: 1-11 having at least about 95.1%, about 95.5%, about 96%, about 96.5%, 

about 97%, about 97.5%, about 98%, about 98.5%, about 99%, about 99.5% or about 99.9% 

identity to that of any of SEQ ID NOs: 1-11. 
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In yet another aspect, the invention provides a synthetic nucleic acid which has a 

sequence consisting of from about 10 to about 30 consecutive nucleotides from a nucleic acid 

sequence which is complementary to a nucleic acid sequence selected from the group of 

sequence consisting of SEQ ID NOs: 1-11. 

5 In yet another aspect, the invention provides a synthetic nucleic acid which has a 

sequence consisting of from about 10 to about 30 consecutive nucleotides which is 

complementary to a nucleic acid consisting of consecutive nucleotides having a sequence 

which is a variant of any of SEQ ID NOs: 1-11 having at least about 95.1%, about 95.5%, 

about 96%, about 96.5%, about 97%, about 97.5%, about 98%, about 98.5%, about 99%, 

10 about 99.5% or about 99.9% identity to that of any of SEQ ID NOs: 1-11. 

In yet another aspect, the invention provides a composition comprising one or more 

nucleic acids which has a sequence consisting of from about 10 to about 30 consecutive 

nucleotides from a nucleic acid sequence which is complementary to a nucleic acid sequence 

selected from the group of sequence consisting of SEQ ID NOs: 1-11. 

15 In yet another aspect, the invention provides a composition comprising one or more 

nucleic acids which has a sequence consisting of from about 10 to about 30 consecutive 

nucleotides which is complementary to a nucleic acid consisting of consecutive nucleotides 

having a sequence which is a variant of any of SEQ ID NOs: 1-11 having at least about 

95.1%, about 95.5%, about 96%, about 96.5%, about 97%, about 97.5%, about 98%, about 

20 98.5%, about 99%, about 99.5% or about 99.9% identity to that of any of SEQ ID NOs: 1-11. 

In other aspects the invention is directed to isolated nucleic acid sequences such as 

primers and probes, comprising nucleic acid sequences of any of SEQ ID NOs: 1-11. Such 

primers and/or probes may be useful for detecting the presence of TiLV of the invention, for 

example in samples of bodily fluids such as blood, saliva, or urine from an animal, and thus 

25 may be useful in the diagnosis of TiLV infection. Such probes can detect polynucleotides of 

any of SEQ ID NOs: 1-11 in samples which comprise TiLV represented by any of SEQ ID 

NOs: 1-11. The isolated nucleic acids which can be used as primer and probes are of 

sufficient length to allow hybridization with, i.e. formation of duplex with a corresponding 

target nucleic acid sequence, a nucleic acid sequences of any of SEQ ID NOs: 1-11, or a 

30 fragment or variant thereof. 

The isolated nucleic acid of the invention which can be used as primers and/or probes 

can comprise from about 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 

24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 40, 45, 50, 55, 60, 65, 70, 75, 
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80, 85, 90, 95 and 100 consecutive nucleotides from any of SEQ ID NOs: 1-11, or sequences 

complementary to any of SEQ ID NOs: 1-11 or variants thereof. The invention is also 

directed to primer and/or probes which can be labeled by any suitable molecule and/or label 

known in the art, for example but not limited to fluorescent tags suitable for use in Real Time 

5 PCR amplification, for example TaqMan, cybergreen, TAMRA and/or FAM probes; 

radiolabels, and so forth. In certain embodiments, the oligonucleotide primers and/or probe 

further comprises a detectable non-isotopic label selected from the group consisting of: a 

fluorescent molecule, a chemiluminescent molecule, an enzyme, a cofactor, an enzyme 

substrate, and a hapten. 

10 In another aspect, the invention provides an oligonucleotide probe which comprises 

from about 10 to about 50 nucleotides, wherein at least about 10 contiguous nucleotides are at 

least 95% complementary to a nucleic acid target region within a TiLV nucleic acid sequence 

in any of SEQ ID NOs: 1-11, wherein the oligonucleotide probe hybridizes to the nucleic acid 

target region under moderate to highly stringent conditions to form a detectable nucleic acid 

15 target:oligonucleotide probe duplex. In one embodiment, the oligonucleotide probe is at least 

about 95.5%, about 96%, about 96.5%, about 97%, about 97.5%, about 98%, about 98.5%, 

about 99%, about 99.5% or about 99.9% complementary to SEQ ID NOs: 1-11. In another 

embodiment the oligonucleotide probe consists essentially of from about 10 to about 50 

nucleotides. 

20 In certain aspects, the invention is directed to primer sets comprising isolated nucleic 

acids as described herein, which primer sets are suitable for amplification of nucleic acids 

from samples which comprises TiLV represented by any one of SEQ ID NOs: 1-11, or 

variants thereof. Primer sets can comprise any suitable combination of primers which would 

allow amplification of a target nucleic acid sequences in a sample which comprises TiLV 

25 represented any of SEQ ID NOs: 1-11, or variants thereof. Amplification can be performed 

by any suitable method known in the art, for example but not limited to PCR, RT-PCR, 

transcription mediated amplification (TMA). 

In certain aspects, the invention relates to a primer set for determining the presence or 

absence of TiLV in a biological sample, wherein the primer set comprises at least one 

30 synthetic nucleic acid sequence selected from the group consisting of the synthetic nucleic 

acid described herein. 

In certain aspects, the invention provides a primer set for determining the presence or 

absence of TiLV in a biological sample, wherein the primer set comprises at least one 

20 
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synthetic nucleic acid sequence selected from the group consisting of: a synthetic nucleic acid 

which has a sequence consisting of from about 10 to about 30 consecutive nucleotides from a 

nucleic acid sequence selected from the group of sequence consisting of SEQ ID NOs: 1-11 

or variants thereof as described herein; or a synthetic nucleic acid which has a sequence 

5 consisting of from about 10 to about 30 consecutive nucleotides from a nucleic acid sequence 

which is complementary to a nucleic acid sequence selected from the group of sequence 

consisting of SEQ ID NOs: 1-11 or variants thereof as described herein. 

Primer sets can be designed by those of skill in the art using the sequences of SEQ ID 

NOs: 1-11. Examples of primer pairs useful for the detection methods usin PCR are: 

In certain aspects, the invention relates to a method for determining the presence or 

absence of TiLV in a biological sample, the method comprising: a) contacting nucleic acid 

from a biological sample with at least one primer which is a synthetic nucleic acid of an 

isolated (or non-isolated) nucleic acid having the sequence of any of SEQ ID NOs: 1-11; an 

20 isolated (or non-isolated) nucleic acid complementary to the sequence of any of SEQ ID 

NOs: 1-11; an isolated (or non-isolated) nucleic acid having at least about 60% sequence 

identity to any of SEQ ID NOs: 1-11; an isolated (or non-isolated) nucleic acid having at least 

about 60% sequence identity to a nucleic acid complementary to the sequence of any of SEQ 

ID NOs: 1-11; an isolated (or non-isolated) nucleic acid which comprises at least 10 

25 consecutive nucleotides of any of SEQ ID NOs: 1-11; an isolated (or non-isolated) nucleic 

acid which comprises at least 10 consecutive nucleotides of a nucleic acid complementary to 

the sequence of any of SEQ ID NOs: 1-11; an isolated (or non-isolated) nucleic acid which 

comprises at least 10 consecutive nucleotides of a sequence having at least about 60% 

identity to any of SEQ ID NOs: 1-11; or an isolated (or non-isolated) nucleic acid which 

30 comprises at least 10 consecutive nucleotides of a sequence having at least about 60% 

identity to a nucleic acid complementary to the sequence of any of SEQ ID NOs: 1-11, b) 

subjecting the nucleic acid and the primer to amplification conditions, and, c) determining the 

10 ME1 (SEQ ID NO: 23) and clone 7450/150R (SEQ ID NO: 16); 

Nested ext-1 (SEQ ID NO: 24) and nested ext-2 (SEQ ID NO: 25); 

NM-CLU7-SF1 (SEQ ID NO: 28) and NM-CLU7-SRI (SEQ ID NO: 29); 

TiLV-CLU5-cFl (SEQ ID NO: 30) and TiLV-CLU5-cRl (SEQ ID NO: 31); and 

CLU5-mRNA-qFl (SEQ ID NO: 34) and CLU5-mRNA-qRl (SEQ ID NO: 35), 

with optional probe, C LU 5 - m R N A - Probe (SEQ ID NO: 36). 15 
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presence or absence of amplification product, wherein the presence of amplification product 

indicates the presence of RNA associated with of TiLV the sample. 

The invention also relates to a method for determining the presence or absence of 

TiLV in a biological sample, the method comprising: a) contacting nucleic acid from a 

5 biological sample with a primer pair chosen from the group consisting of: ME1 (SEQ ID NO: 

23) and clone 7450/150R (SEQ ID NO: 16); Nested ext-1 (SEQ ID NO: 24) and nested ext-2 

(SEQ ID NO: 25); NM-CLU7-SF1 (SEQ ID NO: 28) and NM-CLU7-SRI (SEQ ID NO: 29); 

TiLV-CLU5-cFl (SEQ ID NO: 30) and TiLV-CLU5-cRl (SEQ ID NO: 31); and CLU5-

mRNA-qFl (SEQ ID NO: 34) and CLU5-mRNA-qRl (SEQ ID NO: 35), b) subjecting the 

10 nucleic acid and the primer pair to amplification conditions, and, c) determining the presence 

or absence of amplification product, wherein the presence of amplification product indicates 

the presence of RNA associated with of TiLV the sample. 

In other aspects, the invention is directed to expression constructs, for example but 

not limited, to plasmids and vectors which comprise the nucleic acid sequence of any of SEQ 

15 ID NOs: 1-11, complementary sequences thereof, fragments and variants thereof. Such 

expression constructs can be prepared by any suitable method known in the art. Such 

expression constructs are suitable for viral nucleic acid and/or protein expression and 

purification. 

In certain aspects, the invention is directed to interfering RNA (iRNA) molecules 

20 which target nucleic acids from TiLV, for example but not limited to any of SEQ ID NOs: 1-

11, and variants thereof, and silence a target gene. 

In certain aspects, the invention provides an iRNA comprising a sense strand having 

at least 15 contiguous nucleotides complementary to the anti-sense strand of a gene 

comprising a nucleic acid sequence selected from the group of sequences consisting of SEQ 

25 ID NOs: 1-11. 

In certain aspects, the invention provides an iRNA comprising an anti-sense strand 

having at least 15 contiguous nucleotides complementary to the sense strand of a gene 

comprising a nucleic acid sequence selected from the group of sequences consisting of SEQ 

ID NOs: 1-11. 

30 In certain aspects, the invention relates to iRNA comprising at least 15 contiguous 

nucleotides of an isolated (or non-isolated) nucleic acid having the sequence of any of SEQ 

ID NOs: 1-11; an isolated (or non-isolated) nucleic acid complementary to the sequence of 

any of SEQ ID NOs: 1-11; an isolated (or non-isolated) nucleic acid having at least about 
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60% sequence identity to any of SEQ ID NOs: 1-11; or an isolated (or non-isolated) nucleic 

acid having at least about 60% sequence identity to a nucleic acid complementary to the 

sequence of any of SEQ ID NOs: 1-11. 

An "iRNA agent" (abbreviation for "interfering RNA agent") as used herein, is an 

5 RNA agent, which can down-regulate the expression of a target gene, e.g. a TiLV gene. An 

iRNA agent may act by one or more of a number of mechanisms, including post-

transcriptional cleavage of a target mRNA sometimes referred to in the art as RNAi, or pre-

transcriptional or pre-translational mechanisms. An iRNA agent can be a double stranded (ds) 

iRNA agent. 

10 A "ds iRNA agent" (abbreviation for "double stranded iRNA agent"), as used herein, 

is an iRNA agent which includes more than one, and in certain embodiments two, strands in 

which interchain hybridization can form a region of duplex structure. A "strand" herein refers 

to a contigouous sequence of nucleotides (including non-naturally occurring or modified 

nucleotides). The two or more strands may be, or each form a part of, separate molecules, or 

15 they may be covalently interconnected, e.g. by a linker, e.g. a polyethyleneglycol linker, to 

form but one molecule. At least one strand can include a region which is sufficiently 

complementary to a target RNA. Such strand is termed the "antisense strand". A second 

strand comprised in the dsRNA agent which comprises a region complementary to the 

antisense strand is termed the "sense strand". However, a ds iRNA agent can also be formed 

20 from a single RNA molecule which is, at least partly; self-complementary, forming, e.g., a 

hairpin or panhandle structure, including a duplex region. In such case, the term "strand" 

refers to one of the regions of the RNA molecule that is complementary to another region of 

the same RNA molecule. 

iRNA agents as described herein, including ds iRNA agents and siRNA agents, can 

25 mediate silencing of a gene, e.g., by RNA degradation. For convenience, such RNA is also 

referred to herein as the RNA to be silenced. Such a gene is also referred to as a target gene. 

In certain embodiments, the RNA to be silenced is a gene product of a TiLV gene. 

As used herein, the phrase "mediates RNAi" refers to the ability of an agent to silence, 

in a sequence specific manner, a target gene. "Silencing a target gene" means the process 

30 whereby a cell containing and/or secreting a certain product of the target gene when not in 

contact with the agent, will contain and/or secrete at least 10%, 20%, 30%, 40%, 50%, 60%, 

70%, 80%, or 90% less of such gene product when contacted with the agent, as compared to a 
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similar cell which has not been contacted with the agent. Such product of the target gene can, 

for example, be a messenger RNA (mRNA), a protein, or a regulatory element. 

In the anti-viral uses of the present invention, silencing of a target gene can result in a 

reduction in "viral titer" in the cell or in the animal, wherein "reduction in viral titer" refers to 

5 a decrease in the number of viable virus produced by a cell or found in an organism 

undergoing the silencing of a viral target gene. Reduction in the cellular amount of virus 

produced can lead to a decrease in the amount of measurable virus produced in the tissues of 

an animal undergoing treatment and a reduction in the severity of the symptoms of the viral 

infection. iRNA agents of the present invention are also referred to as "antiviral iRNA 

10 agents". 

In other aspects, the invention provides methods for reducing viral titer in an animal, 

by administering to an animal, at least one iRNA which inhibits the expression of a TiLV 

gene. 

In certain aspects, the invention provides a methods for reducing the levels of a viral 

15 protein, viral mRNA, or viral titer in a cell in an animal comprising: administering an iRNA 

agent to an animal, wherein the iRNA agent comprises a sense strand having at least 15 

contiguous nucleotides complementary to a gene or genome segment from TiLV comprising 

a nucleic acid sequence selected from the group of sequences consisting of SEQ ID NOs: 1-

11 and an antisense strand having at least 15 contiguous nucleotides complementary to the 

20 sense strand. In one embodiment, the method further comprises co-administering a second 

iRNA agent to the animal, wherein the second iRNA agent comprises a sense strand having at 

least 15 or more contiguous nucleotides complementary to a second gene or genome segment 

from the TiLV comprising a nucleic acid sequence selected from the group of sequences 

consisting of SEQ ID NOs: 1-11 and an antisense strand having at least 15 contiguous 

25 nucleotides complementary to the sense strand. 

In certain aspects, the invention provides a method for reducing the levels of a viral 

protein from at least one gene of TiLV in a cell in an animal comprising: administering an 

iRNA agent to an animal, wherein the iRNA agent comprises a sense strand having at least 

15 contiguous nucleotides complementary to a gene from TiLV comprising a nucleic acid 

30 sequence selected from the group of sequences consisting of SEQ ID NOs: 1-11 and an 

antisense strand having at least 15 contiguous nucleotides complementary to the sense strand. 

Isolated Polypeptides and Uses Thereof 
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The invention is also directed to isolated polypeptides and variants and derivatives 

thereof. These polypeptides may be useful for multiple applications, including, but not 

limited to, generation of antibodies and generation of immunogenic compositions. For 

example, the invention is directed to an isolated polypeptide of SEQ ID NO: 12. For 

5 example, the invention is also directed to any isolated polypeptide encoded by the nucleic 

sequence acid of any of SEQ ID NO: 1-11, fragments and variants thereof. A peptide of at 

least 8 amino acid residues in length can be recognized by an antibody MacKenzie et al. 

(1984) Biochemistry 23: 6544-6549). In certain embodiments, the invention is directed to 

fragments of the polypeptides described herein, which can, for example, be used to generate 

10 antibodies. 

Thus, in certain aspects, the invention relates to an isolated polypeptide having at least 

about 80% sequence identity to the polypeptide of SEQ ID NO: 12. In certain aspects, the 

invention relates to an isolated polypeptide comprising at least 8 consecutive amino acids of 

the polypeptide of SEQ ID NO: 12. In certain aspects, the invention relates to an isolated 

15 polypeptide comprising at least 8 amino acids having at least about 80% identity to the 

sequence of the polypeptide of SEQ ID NO: 12. 

In one aspect, the invention is directed to polypeptide variants of an isolated 

polypeptide of SEQ ID NO: 12. Variants the isolated polypeptides of SEQ ID NO: 12 

include, but are not limited to, polypeptide sequences having at least from about 50% to 

20 about 55% identity to that of an isolated polypeptide of SEQ ID NO: 12. Variants of an 

isolated polypeptide of SEQ ID NO: 12 include, but are not limited to, polypeptide sequences 

having at least from about 55.1 % to about 60% identity to that of an isolated polypeptide of 

SEQ ID NO: 12. Variants of an isolated polypeptide of SEQ ID NO: 12 include, but are not 

limited to, polypeptide sequences having at least from about 60.1% to about 65% identity to 

25 that of an isolated polypeptide of SEQ ID NO: 12. Variants of an isolated polypeptide of SEQ 

ID NO: 12 include, but are not limited to, polypeptide sequences having at least from about 

65.1 % to about 70% identity to that of an isolated polypeptide of SEQ ID NO: 12. Variants 

of an isolated polypeptide of SEQ ID NO: 12 include, but are not limited to, polypeptide 

having at least from about 70.1% to about 75% identity to that of an isolated polypeptide of 

30 SEQ ID NO: 12. Variants of an isolated polypeptide of SEQ ID NO: 12 include, but are not 

limited to, polypeptide sequences having at least from about 75.1% to about 80% identity to 

that of an isolated polypeptide of SEQ ID NO: 12. Variants of an isolated polypeptide of SEQ 

ID NO: 12 include, but are not limited to, polypeptide sequences having at least from about 
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80.1% to about 85% identity to that of an isolated polypeptide of SEQ ID NO: 12. Variants of 

an isolated polypeptide of SEQ ID NO: 12 include, but are not limited to, polypeptide 

sequences having at least from about 85.1% to about 90% identity to that of an isolated 

polypeptide of SEQ ID NO: 12. Variants of an isolated polypeptide of SEQ ID NO: 12 

5 include, but are not limited to, polypeptide sequences having at least from about 90.1% to 

about 95% identity to that of an isolated polypeptide of SEQ ID NO: 12. Variants of an 

isolated polypeptide of SEQ ID NO: 12 include, but are not limited to, polypeptide sequences 

having at least from about 95.1%, about 95.5%, about 96%, about 96.5%, about 97%, about 

97.5%, about 98%, about 98.5%, about 99%, about 99.5% or about 99.9% identity to that of 

10 an isolated polypeptide of SEQ ID NO: 12. 

In one aspect, the invention is directed to polypeptide variants of any isolated 

polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11. Variants of 

any one of the isolated polypeptides encoded by the nucleic acid sequence acid of any of SEQ 

ID NOs: 1-11 include, but are not limited to, polypeptide sequences having at least from 

15 about 50% to about 55% identity to that of any isolated polypeptide encoded by the nucleic 

acid sequence of any of SEQ ID NOs: 1-11. Variants of any isolated polypeptide encoded by 

the nucleic acid sequence of any of SEQ ID NOs: 1-11 include, but are not limited to, 

polypeptide sequences having at least from about 55.1 % to about 60% identity to that of any 

isolated polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11. 

20 Variants of any isolated polypeptide encoded by the nucleic acid sequence of any of SEQ ID 

NOs: 1-11 include, but are not limited to, polypeptide sequences having at least from about 

60.1% to about 65% identity to that of any isolated polypeptide encoded by the nucleic acid 

sequence of any of SEQ ID NOs: 1-11. Variants of any isolated polypeptide encoded by the 

nucleic acid sequence of any of SEQ ID NOs: 1-11 include, but are not limited to, 

25 polypeptide sequences having at least from about 65.1 % to about 70% identity to that of any 

isolated polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11. 

Variants of any isolated polypeptide encoded by the nucleic acid sequence of any of SEQ ID 

NOs: 1-11 include, but are not limited to, polypeptide having at least from about 70.1% to 

about 75% identity to that of any isolated polypeptide encoded by the nucleic acid sequence 

30 of any of SEQ ID NOs: 1-11. Variants of any isolated polypeptide encoded by the nucleic 

acid sequence of any of SEQ ID NOs: 1-11 include, but are not limited to, polypeptide 

sequences having at least from about 75.1% to about 80% identity to that of any isolated 

polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11. Variants of 
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any isolated polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 

include, but are not limited to, polypeptide sequences having at least from about 80.1% to 

about 85% identity to that of any isolated polypeptide encoded by the nucleic acid sequence 

of any of SEQ ID NOs: 1-11. Variants of any isolated polypeptide encoded by the nucleic 

5 acid sequence of any of SEQ ID NOs: 1-11 include, but are not limited to, polypeptide 

sequences having at least from about 85.1% to about 90% identity to that of any isolated 

polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11. Variants of 

any isolated polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 

include, but are not limited to, polypeptide sequences having at least from about 90.1% to 

10 about 95% identity to that of any isolated polypeptide encoded by the nucleic acid sequence 

of any of SEQ ID NOs: 1-11. Variants of any isolated polypeptide encoded by the nucleic 

acid sequence of any of SEQ ID NOs: 1-11 include, but are not limited to, polypeptide 

sequences having at least from about about 95.1%, about 95.5%, about 96%, about 96.5%, 

about 97%, about 97.5%, about 98%, about 98.5%, about 99%, about 99.5% or about 99.9% 

15 identity to that of any of SEQ ID NOs: 1-11. 

The invention is also directed to a polypeptide encoded by a nucleic acid that is 

complementary to a nucleic acid sequence of any of SEQ ID NOs: 1-11 or a fragment or 

variant thereof. 

The invention is directed to a polypeptide comprising from about 10 to about 50 

20 consecutive amino acids of SEQ ID NO: 12 or variants thereof. The invention is directed to a 

polypeptide comprising from about 10 to about 100 consecutive amino acids of SEQ ID NO: 

12 or variants thereof. The invention is directed to a polypeptide comprising from about 10 to 

about 150 consecutive amino acids of SEQ ID NO: 12 or variants thereof. The invention is 

directed to a polypeptide comprising from about 10 to about 200 consecutive amino acids of 

25 SEQ ID NO: 12 or variants thereof. The invention is directed to a polypeptide comprising 

from about 10 to about 250 consecutive amino acids of SEQ ID NO: 12 or variants thereof. 

The invention is directed to a polypeptide comprising from about 10 to about 300 consecutive 

amino acids of SEQ ID NO: 12 or variants thereof. The invention is directed to a polypeptide 

comprising from about 10 to about 350 consecutive amino acids of SEQ ID NO: 12 or 

30 variants thereof. The invention is directed to a polypeptide comprising from about 10 to about 

400 consecutive amino acids of SEQ ID NO: 12 or variants thereof. The invention is directed 

to a polypeptide comprising from about 10 to about 420 consecutive amino acids of SEQ ID 
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NO: 12 or variants thereof. In certain embodiments, the invention is directed to isolated and 

purified peptides. 

In certain embodiments, the polypeptides of the present invention can be suitable for 

use as antigens to detect antibodies against SEQ ID NO: 12, and variants thereof. In other 

5 embodiments, the polypeptides of the present invention which comprise antigenic 

determinants can be used in various immunoassays to identify animals exposed to and/or 

samples which comprise SEQ ID NO: 12, and variants thereof. 

The invention is directed to a polypeptide comprising from about 10 to about 50 

consecutive amino acids from any isolated polypeptide encoded by the nucleic acid sequence 

10 of any of SEQ ID NOs: 1-11 or complementary sequences or variants thereof. The invention 

is directed to a polypeptide comprising from about 10 to about 100 consecutive amino acids 

from any isolated polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 

1-11 or complementary sequences or variants thereof. The invention is directed to a 

polypeptide comprising from about 10 to about 150 consecutive amino acids from any 

15 isolated polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 or 

complementary sequences or variants thereof. The invention is directed to a polypeptide 

comprising from about 10 to about 200 consecutive amino acids from any isolated 

polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 or 

complementary sequences or variants thereof. The invention is directed to a polypeptide 

20 comprising from about 10 to about 250 consecutive amino acids from any isolated 

polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 or 

complementary sequences or variants thereof. The invention is directed to a polypeptide 

comprising from about 10 to about 300 consecutive amino acids from any isolated 

polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 or 

25 complementary sequences or variants thereof. The invention is directed to a polypeptide 

comprising from about 10 to about 350 consecutive amino acids from any isolated 

polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 or 

complementary sequences or variants thereof. The invention is directed to a polypeptide 

comprising from about 10 to about 400 consecutive amino acids from any isolated 

30 polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 or 

complementary sequences or variants thereof. The invention is directed to a polypeptide 

comprising from about 10 to about 450 consecutive amino acids from any isolated 

polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 or 
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complementary sequences or variants thereof. The invention is directed to a polypeptide 

comprising from about 10 to about 460 consecutive amino acids from any isolated 

polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 or 

complementary sequences or variants thereof. The invention is directed to a polypeptide 

5 comprising from about 10 to about 470 consecutive amino acids from any isolated 

polypeptide encoded by the nucleic acid sequence acid of any of SEQ ID NOs: 1-11 or 

complementary sequences or variants thereof. The invention is directed to a polypeptide 

comprising from about 10 to about 480 consecutive amino acids from any isolated 

polypeptide encoded by the nucleic acid sequence acid of any of SEQ ID NOs: 1-11 or 

10 complementary sequences or variants thereof. The invention is directed to a polypeptide 

comprising from about 10 to about 490 consecutive amino acids from any isolated 

polypeptide encoded by the nucleic acid sequence acid of any of SEQ ID NOs: 1-11 or 

complementary sequences or variants thereof. The invention is further directed a polypeptide 

comprising from about 10 to about 550 consecutive amino acids or more from any isolated 

15 polypeptide encoded by the nucleic acid sequence acid of any of SEQ ID NOs: 1-11 or 

complementary sequences or variants thereof. In certain embodiments, the invention is 

directed to isolated and purified peptides. 

In certain embodiments, the polypeptides of the present invention can be suitable for 

use as antigens to detect antibodies against TiLV represented by any of SEQ ID NOs: 1-11, 

20 and variants thereof. In other embodiments, the polypeptides of the present invention which 

comprise antigenic determinants can be used in various immunoassays to identify animals 

exposed to and/or samples which comprise TiLV represented by any of SEQ ID NOs: 1-11, 

and variants thereof. 

Antibodies, Methods of Making and Methods of Using 

25 In another aspect, the invention is directed to an antibody which specifically binds to 

amino acids from the polypeptide of an isolated polypeptide of SEQ ID NO: 12, fragments 

and variants thereof, as described herein. In one embodiment the antibody is purified. The 

antibodies can be polyclonal or monoclonal. The antibodies can also be chimeric (i.e., a 

combination of sequences from more than one species, for example, a chimeric mouse-human 

30 immunoglobulin), humanized or fully-human. Species specific antibodies avoid certain of the 

problems associated with antibodies that possess variable and/or constant regions from other 

species. The presence of such protein sequences from other species can lead to the rapid 
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clearance of the antibodies or can lead to the generation of an immune response against the 

antibody by an antibody. 

In another aspect, the invention is directed to an antibody which specifically binds to 

amino acids from the polypeptide of any isolated polypeptide encoded by the nucleic 

5 sequence acid of any of SEQ ID NOs: 1-11, fragments and variants thereof, as described 

herein. In one embodiment the antibody is purified. The antibodies can be polyclonal or 

monoclonal. The antibodies can also be chimeric (i.e., a combination of sequences from more 

than one species, for example, a chimeric mouse-human immunoglobulin), humanized or 

fully-human. Species specific antibodies avoid certain of the problems associated with 

10 antibodies that possess variable and/or constant regions from other species. The presence of 

such protein sequences from other species can lead to the rapid clearance of the antibodies or 

can lead to the generation of an immune response against the antibody by an antibody. 

An antibody described in this application can include or be derived from any 

mammal, such as but not limited to, a bird, a dog, a human, a mouse, a rabbit, a rat, a rodent, 

15 a primate, or any combination thereof and includes isolated avian, human, primate, rodent, 

mammalian, chimeric, humanized and/or CDR-grafted or CDR-adapted antibodies, 

immunoglobulins, cleavage products and other portions and variants thereof. 

Any method known in the art for producing antibodies can be used to generate the 

antibodies described herein. Examplary methods include animal inoculation, phage diplay, 

20 transgenic mouse technology and hybridoma techonology. 

The antibodies of the present invention can be used to modulate the activity of any 

polypeptide encoded by the nucleic sequence acid of any of SEQ ID NOs: 1-11, variants or 

fragments thereof. In certain aspects, the invention is directed to a method for treating an 

animal, the method comprising administering to the animal an antibody which specifically 

25 binds to amino acids from the polypeptide of any polypeptide encoded by the nucleic 

sequence acid of any of SEQ ID NOs: 1-11, fragments and variants thereof, as described 

herein. 

In certain embodiments, antibody binding to the polypeptide of any polypeptide 

encoded by the nucleic sequence acid of any of SEQ ID NOs: 1-11, fragments and variants 

30 thereof, as described herein, may interfere or inhibit the function of the polypeptide, thus 

providing a method to inhibit virus propagation and spreading. In other embodiments, the 

antibody binds to the polypeptide of any polypeptide encoded by the nucleic sequence acid of 
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any of SEQ ID NOs: 1-11, fragments and variants thereof, as described herein, and does not 

interfere or inhibit the function of the polypeptide. 

In other embodiments, the antibodies of the invention can be used to purify a 

polypeptide of SEQ ID NO: 12, variants or fragments thereof as described herein. In other 

5 embodiments, the antibodies of the invention can be used to identify expression and 

localization of the polypeptide of SEQ ID NO: 12, variants, fragments or domains thereof. 

Analysis of expression and localization of the polypeptide of SEQ ID NO: 12 can be useful in 

determining potential role of the polypeptide of SEQ ID NO: 12. 

In other embodiments, the antibodies of the invention can be used to purify 

10 polypeptides of any polypeptide encoded by the nucleic acid sequence of any of SEQ ID 

NOs: 1-11, variants or fragments thereof as described herein. In other embodiments, the 

antibodies of the invention can be used to identify expression and localization of the 

polypeptide of any polypeptide encoded by the nucleic acid seqence of any of SEQ ID NOs: 

1-11, variants, fragments or domains thereof. Analysis of expression and localization of the 

15 polypeptide of any polypeptide encoded by the nucleic acid sequence of any of SEQ ID NOs: 

1-11 can be useful in determining potential role of the polypeptide of any polypeptide 

encoded by the nucleic acid sequence of any of SEQ ID NOs: 1-11 and fragments and 

variants thereof. 

In other embodiments, the antibodies of the present invention can be used in various 

20 immunoassays to identify animals exposed to and/or samples which comprise antigens from 

TiLV represented by SEQ ID NO: 12, and fragments and variants thereof, as described 

herein. 

In other embodiments, the antibodies of the present invention can be used in various 

immunoassays to identify animals exposed to and/or samples which comprise antigens from 

25 TiLV represented by any of SEQ ID NOs: 1-11, and fragments and variants thereof, as 

described herein. 

Any suitable immunoassay which can lead to formation of antigen-antibody complex 

can also be used. Variations and different formats of immunoassays, for example but not 

limited to ELISA, lateral flow assays for detection of analytes in samples, 

30 immunoprecipitation, are known in the art. In various embodiments, the antigen and/or the 

antibody can be labeled by any suitable label or method known in the art. For example 

enzymatic immunoassays may use solid supports, or immunoprecipitation. Immnunoassays 
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which amplify the signal from the antigen-antibody immune complex can also be used with 

the methods described herein. 

In certain aspects the invention provides methods for assaying a sample to determine 

the presence or absence of a TiLV comprising SEQ ID NO: 12, and fragments and variants 

5 thereof, as described herein. In certain embodiments, methods for assaying a sample, include, 

but are not limited to, methods which can detect the presence of nucleic acids, methods which 

can detect the presence of antigens, methods which can detect the presence of antibodies 

against antigens from a polypeptide of SEQ ID NO: 12, or a polypeptide of SEQ ID NO: 12, 

fragments and variants thereof, as described herein. 

10 In certain aspects the invention provides methods for assaying a sample to determine 

the presence or absence of a TiLV comprising any of SEQ ID NOs: 1-11, and fragments and 

variants thereof, as described herein. In certain embodiments, methods for assaying a sample, 

include, but are not limited to, methods which can detect the presence of nucleic acids, 

methods which can detect the presence of antigens, methods which can detect the presence of 

15 antibodies against antigens from polypeptides encoded by any of SEQ ID NOs: 1-11, or any 

polypeptide encoded by the nucleic sequence acid of any of SEQ ID NOs: 1-11, fragments 

and variants thereof, as described herein. 

Kits 

Also provided for are kits for practicing one or more of the above-described methods. 

20 The subject reagents and kits thereof may vary greatly. Reagents of interest include 

reagents specifically designed for use in determining if an animal has TiLV. 

One type of regent that is specifically tailored for the detection of the TiLV is at least 

one oligonucleotide primer specific SEQ ID NOs: 1-11 to amplify nucleic acid obtained from 

a biological sample, and, optionally, at least one primer suitable to enable sequencing of the 

25 amplified nucleic acid and determination of the presence of the mutation. 

Examples of primers that can be included as reagents are: 

ME1 (SEQ ID NO: 23) and clone 7450/150R (SEQ ID NO: 16); 

Nested ext-1 (SEQ ID NO: 24) and nested ext-2 (SEQ ID NO: 25); 

NM-CLU7-SF1 (SEQ ID NO: 28) and NM-CLU7-SRI (SEQ ID NO: 29); 

30 TiLV-CLU5-cFl (SEQ ID NO: 30) and TiLV-CLU5-cRl (SEQ ID NO: 31); and 

CLU5-mRNA-qFl (SEQ ID NO: 34) and CLU5-mRNA-qRl (SEQ ID NO: 35), 

with optional probe, C LU 5 - m R N A - Probe (SEQ ID NO: 36). 
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A further type of reagent is one or more nucleic acid probes comprising or 

complementary SEQ ID NOs: 1-11. In one embodiment, one or more probes are in an array 

formation. A variety of different array formats are known in the art with a wide variety of 

different probe structures, substrate compositions, and attachment technologies. In some 

5 embodiments, the arrays include at least 2 nucleic acid probes, in a more preferred 

embodiment, at least 5 nucleic acid probes, in a more preferred embodiment, at least 10 

nucleic acid probes, in a more preferred embodiment, at least 15 nucleic acid probes, in a 

more preferred embodiment, at least 25 nucleic acid probes, and in a most preferred 

embodiment, at least 50 nucleic acid probes, said nucleic acid probes comprising or 

10 complementary SEQ ID NOs: 1-11. 

A further type of reagent is one or more antibodies as described herein that 

specifically binds to amino acids from the polypeptide of an isolated polypeptide of SEQ ID 

NO: 12, fragments and variants thereof, or amino acids from the polypeptide of any isolated 

polypeptide encoded by the nucleic sequence acid of any of SEQ ID NOs: 1-11, fragments 

15 and variants thereof. 

The kit of the invention may include the above-described primers, probes, arrays, and 

antibodies as well as additional reagents employed in the various methods, such as: labeling 

reagents; enzymes such as reverse transcriptase, DNA and RNA polymerases, and the like; 

various buffers, such as hybridization and washing buffers; signal generation and detection 

20 reagents; and reagents for isolation of nucleic acid from a sample. In addition, the kit may 

include instructions for practicing the methods of the present invention. 

The invention also covers systems for practicing one or more of the above-described 

methods. The subject systems may vary greatly but typically include at least one element to 

detect TiLV, i.e., one or more reagents described above for detection of TiLV, including 

25 primers, probes, arrays, antibodies, and additional reagents for practicing the methods of the 

invention. 

Immunogenic Compositions, Methods of Making and Methods of Using 

As used herein, the term immunogenic composition refers to a composition capable of 

inducing an immunogenic response in an animal or a cell. As used herein, reference to an 

30 immunogenic composition can include a vaccine. 

In certain aspects, the present invention provides immunogenic compositions capable 

of inducing an immune response against TiLV including TiLV of the invention comprising a 

nucleic acid of any of SEQ ID NOs: 1-11 or fragments or variants thereof, or comprising a 
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cDNA sequence complementary to the sense or an anti-sense strand of any of SEQ ID NOs: 

1-11 or fragments or variants thereof, or comprising a polypeptide encoded by any of SEQ ID 

NOs: 1-11, or a cDNA sequence complementary to the sense or an anti-sense strand of any of 

SEQ ID NOs: 1-11, or comprising a polypeptide comprising SEQ ID NO: 12 or fragments or 

5 variants thereof or comprising a killed or attenuated TiLV. 

In certain aspects, the invention relates to an immunogenic composition comprising 

any TiLV nucleic acid or polypeptide described herein, including variants and fragments. 

In one embodiment, the immunogenic compositions are capable of ameliorating the 

symptoms of a TiLV infection and/or of reducing the duration of a TiLV associated disease. 

10 In another embodiment, the immunogenic compositions are capable of inducing protective 

immunity against TiLV associated disease. The immunogenic compositions of the invention 

can be effective against the TiLV viruses disclosed herein, and may also be cross-reactive 

with, and effective against, multiple different clades and strains of TiLV, and against other 

orthomyxoviruses. 

15 In another embodiment, the invention provides a method of inducing an immune 

response in an animal, the method comprising administering a TiLV nucleic acid, a TiLV 

polypeptide or a TiLV immunogenic composition to the animal. Methods for administering 

polypeptides to animals and methods of generating immune responses in animals by 

administering immunogenic peptides in immmunogenically effective amounts are known in 

20 the art. 

The types of immunogenic composition encompassed by the invention include, but 

are not limited to, attenuated live viral immunogenic compositions, inactivated (killed) viral 

immunogenic compositions, and subunit immunogenic compositions. 

The TiLV viruses of the invention may be attenuated by removal or disruption of 

25 those viral sequences whose products cause or contribute to the disease and symptoms 

associated with TiLV infection, and leaving intact those sequences required for viral 

replication. In this way an attenuated TiLV can be produced that replicates in animals, and 

induces an immune response in animals, but which does not induce the deleterious disease 

and symptoms usually associated with TiLV infection. One of skill in the art can determine 

30 which TiLV sequences can or should be removed or disrupted, and which sequences should 

be left intact, in order to generate an attenuated TiLV suitable for use as an immunogenic 

composition. 
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The novel TiLV of the invention may be also be inactivated, such as by chemical 

treatment, to "kill" the viruses such that they are no longer capable of replicating or causing 

disease in animals, but still induce an immune response in an animal. There are many suitable 

viral inactivation methods known in the art and one of skill in the art can readily select a 

5 suitable method and produce an inactivated "killed" TiLV suitable for use as an 

immunogenic composition. 

The immunogenic compositions of the invention may comprise subunit immunogenic 

compositions. Subunit immunogenic compositions include nucleic acid immunogenic 

compositions such as DNA immunogenic compositions, which contain nucleic acids that 

10 encode one or more viral proteins or subunits, or portions of those proteins or subunits. When 

using such immunogenic compositions, the nucleic acid is administered to the animal, and the 

immunogenic proteins or peptides encoded by the nucleic acid are expressed in the animal, 

such that an immune response against the proteins or peptides is generated in the animal. 

Subunit immunogenic compositions may also be proteinaceous immunogenic compositions, 

15 which contain the viral proteins or subunits themselves, or portions of those proteins or 

subunits. 

To make the nucleic acid and DNA immunogenic compositions of the invention TiLV 

sequences disclosed herein may be incorporated into a plasmid or expression vector 

containing the nucleic acid that encodes the viral protein or peptide. Any suitable plasmid or 

20 expression vector capable of driving expression of the protein or peptide in the animal may 

be used. Such plasmids and expression vectors should include a suitable promoter for 

directing transcription of the nucleic acid. The nucleic acid sequence(s) that encodes TiLV 

protein or peptide may also be incorporated into a suitable recombinant virus for 

administration to the animal. Examples of suitable viruses include, but are not limited to, 

25 vaccinia viruses, retroviruses, adenoviruses and adeno-associated viruses. One of skill in the 

art could readily select a suitable plasmid, expression vector, or recombinant virus for 

delivery of TiLV nucleic acid sequences of the invention. 

To produce the proteinaceous immunogenic compositions of the invention, TiLV 

nucleic acid sequences of the invention are delivered to cultured cells, for example by 

30 transfecting cultured cells with plasmids or expression vectors containing TiLV nucleic acid 

sequences, or by infecting cultured cells with recombinant viruses containing TiLV nucleic 

acid sequences. TiLV proteins or peptides may then be expressed in the cultured cells and 

purified. The purified proteins can then be incorporated into compositions suitable for 
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administration to animals. Methods and techniques for expression and purification of 

recombinant proteins are well known in the art, and any such suitable methods may be used. 

Subunit immunogenic compositions of the present invention may encode or contain 

any of TiLV proteins or peptides described herein, or any portions, fragments, derivatives or 

5 mutants thereof, that are immunogenic in an animal. One of skill in the art can readily test the 

immunogenicity of TiLV proteins and peptides described herein, and can select suitable 

proteins or peptides to use in subunit immunogenic compositions. 

Production of the TiLV viruses and immunogenic compositions can also be 

performed using a recombinant expression system that expresses TiLV, a TiLV protein, a 

10 fragment of a TiLV protein or a variant of a TiLV viral protein. The expression system can 

comprise any suitable plasmid or a linear expression construct known in the art. 

The TiLV viruses and immunogenic compositions described herein can be produced 

in cells. Production of the TiLV viruses and immunogenic compositions described herein 

may also be accomplished on any useful media and permissive cell or tissues, which may be 

15 derived from fish or other animal cell lines. As used herein, a cell or a tissue can include, but 

is not limited to individual cells, tissues, organs, insect cells, fish cells, mammalian cells, 

hybridoma cells, primary cells, continuous cell lines, and/or genetically engineered cells, 

such as recombinant cells expressing a virus. For example, production of the TiLV viruses 

and immunogenic compositions can be in any cell type, including but not limited to tilapia 

20 cells. Cell lines suitable for producing the TiLV viruses and immunogenic compositions 

described herein The cell culture system for producing the TiLV viruses and immunogenic 

compositions described herein can be a traditional adherent monolayer culture. Alternatively, 

suspension and microcarrier cell culture systems can also be utilized. 

The immunogenic compositions described herein can comprise an inactivated or 

25 killed TiLV vaccine. Inactivated immunogenic composition can be made by methods well 

known in the art. For example, once TiLV is propagated to high titers, TiLV antigenic mass 

could be obtained by methods well known in the art. For example, the TiLV viral antigenic 

mass may be obtained by dilution, concentration, or extraction. All of these methods have 

been employed to obtain appropriate TiLV antigenic mass to produce immunogenic 

30 compositions. TiLV may be inactivated by treatment with formalin (e.g. 0.1-10%), 

betapropriolactone (BPL) (e.g. 0.01-10%), or with binary ethyleneimine (BEI) (e.g. 1-10 

mM), or using other methods known to those skilled in the art. 
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In addition to killed TiLV production, various means of attenuation are also possible 

and are well known and described in the art. Attenuation leading to modified live 

immunogenic compositions can also be used in conjunction with the compositions and 

methods described herein. Methods of attenuation suitable for use with the viruses described 

5 herein include continuous passaging in cell culture, continuous passaging in animals, various 

methods for generating genetic modifications and ultraviolet or chemical mutagenesis. 

Attenuation of TiLV may be achieved through cold-adaptation of an TiLV strain. 

Cold-adapted TiLV virus strains may be produced by methods which includes passaging a 

wild-type TiLV virus, followed by selection for TiLV that grows at a reduced temperature. 

10 Cold-adapted TiLV can be produced, for example, by sequentially passaging a wild-type 

TiLV in embryonated cells or chicken eggs at progressively lower temperatures, thereby 

selecting for certain members of TiLV mixture which stably replicate at the reduced 

temperature. A cold-adapted TiLV strain may exhibit a temperature sensitive phenotype. A 

temperature sensitive cold-adapted TiLV replicates at reduced temperatures, but no longer 

15 replicates at certain higher growth temperatures at which the wild-type TiLV will replicate. A 

temperature at which a temperature sensitive TiLV will grow is referred to herein as a 

"permissive" temperature for that temperature sensitive TiLV, and a higher temperature at 

which the temperature sensitive TiLV will not grow, but at which a corresponding wild-type 

TiLV will grow, is referred to herein as a "non-permissive" temperature for that temperature 

20 sensitive TiLV. A cold-adapted TiLV may also be produced through recombinant means. In 

this approach, one or more specific mutations, associated with identified cold-adaptation, 

attenuation, temperature sensitivity, or dominant interference phenotypes, can be identified 

and are introduced back into a wild-type TiLV strain using a reverse genetics approach. 

Reverse genetics entails can be performed using RNA polymerase complexes isolated from 

25 TiLV-infected cells to transcribe artificial TiLV genome segments containing the 

mutation(s), incorporating the synthesized RNA segment(s) into virus particles using a helper 

virus, and then selecting for viruses containing the desired changes. 

Attenuation of a TiLV may be achieved by serial passaging of a wild-type TiLV strain 

in cell culture. TiLV strain can be passaged in a variety of cell systems until its ability to 

30 produce disease is lost whilst its immunogenic character is fully retained. Once inoculated 

into the host, TiLV may be capable of multiplication to some extent. For example, attenuated 

TiLV compositions can be prepared from cell line that has been attenuated by serial passage 
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including serial passage at sub-optimal temperatures to a state where it is no longer capable 

of causing disease, but still capable of eliciting a protective immune response. 

Suitable attenuated TiLV strains may also be obtained by serial passaging to obtain an 

over-attenuated strain. The "over-attenuation" means that the number of passages for 

5 attenuation has been substantially greater than what is normally necessary for the removal of 

pathogenicity. The attenuated TiLV retains its antigenicity after these numerous passages so 

that its immunogenic ability is not impaired. Such strains produce practically no symptoms or 

side effects when administered, and thus are safe and efficacious vaccines. 

Methods of purification of inactivated virus are known in the art and may include one 

10 or more of, for instance gradient centrifugation, ultracentrifugation, continuous-flow 

ultracentrifugation and chromatography, such as ion exchange chromatography, size 

exclusion chromatography, and liquid affinity chromatography. Additional methods of 

purification include ultrafiltration and dialfiltration. 

Other examples of purification methods suitable for use in the invention include 

15 polyethylene glycol or ammonium sulfate precipitation (see Trepanier et al. (1981) Journal of 

Virological Methods 3:201-711; Hagen et al. (1996) Biotechnology Progress 12:406-412; 

and Carlsson et al. (1994) Journal of Virological Methods 47:27-36) as well as ultrafiltration 

and microfiltration (see Pay et al. (1985) Developments in Biological Standardization 

60:171-174; Tsurumi et al. (1990) Polymer Journal 22:1085-1100; and Makino et al. (1994) 

20 Archives of Virology 139:87-96). 

Viruses can be purified using chromatography, such as ion exchange, 

chromatography. Chromatic purification allows for the production of large volumes of virus 

containing suspension. The viral product of interest can interact with the chromatic medium 

by a simple adsorption/desorption mechanism, and large volumes of sample can be processed 

25 in a single load. Contaminants which do not have affinity for the adsorbent pass through the 

column. The virus material can then be eluted in concentrated form. 

Anion exchange resins that may be used include but are not limited to DEAE, and 

EMD TMAE. Cation exchange resins may comprise a sulfonic acid-modified surface. 

Viruses can be purified using ion exchange chromatography comprising a strong anion 

30 exchange resin (e.g. EMD TMAE) for the first step and EMD-SO3 (cation exchange resin) for 

the second step. A metal-binding affinity chromatography step can optionally be included for 

further purification. (See, e.g., WO 97/06243). 
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A resin such as Fractogel EMD can also be used This synthetic methacrylate based 

resin has long, linear polymer chains covalently attached and allows for a large amount of 

sterically accessible ligands for the binding of biomolecules without any steric hindrance. 

Column-based liquid affinity chromatography is another purification method that can 

5 be used invention. One example of a resin for use in purification method is Matrex Cellufine 

Sulfate (MCS). MCS consists of a rigid spherical (approximately 45-105 .mu.m diameter) 

cellulose matrix of 3,000 Dalton exclusion limit (its pore structure excludes 

macromolecules), with a low concentration of sulfate ester functionality on the 6-position of 

cellulose. As the functional ligand (sulfate ester) is relatively highly dispersed, it presents 

10 insufficient cationic charge density to allow for most soluble proteins to adsorb onto the bead 

surface. Therefore the bulk of the protein found in typical virus pools (cell culture 

supernatants, e.g. pyrogens and most contaminating proteins, as well as nucleic acids and 

endotoxins) are washed from the column and a degree of purification of the bound virus is 

achieved. 

15 Inactivated viruses may be further purified by gradient centrifugation, or density 

gradient centrifugation. For commercial scale operation a continuous flow sucrose gradient 

centrifugation would be an option. This method is widely used to purify antiviral 

immunogenic compositions and is known to one skilled in the art. 

Additional purification methods which may be used to purify viruses of the invention 

20 include the use of a nucleic acid degrading agent, a nucleic acid degrading enzyme, such as a 

nuclease having DNase and RNase activity, or an endonuclease, such as from Serratia 

marcescens, membrane adsorbers with anionic functional groups or additional 

chromatographic steps with anionic functional groups (e.g. DEAE or TMAE). An 

ultrafiltration/dialfiltration and final sterile filtration step could also be added to the 

25 purification method. 

The purified viral preparation of the invention is substantially free of contaminating 

proteins derived from the cells or cell culture and can comprises less than about 1000, 500, 

250, 150, 100, or 50 pg cellular nucleic acid/.mu.g virus antigen, and less than about 1000, 

500, 250, 150, 100, or 50 pg cellular nucleic acid/dose. The purified viral preparation can also 

30 comprises less than about 20 pg or less than about 10 pg. Methods of measuring host cell 

nucleic acid levels in a viral sample are known in the art. Standardized methods approved or 

recommended by regulatory authorities such as the WHO or the FDA can be used. 
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The immunogenic compositions of the invention comprise at least one TiLV-derived 

immunogenic component, such as those described herein. The compositions may also 

comprise one or more additives including, but not limited to, one or more pharmaceutically 

acceptable carriers, buffers, stabilizers, diluents, preservatives, solubilizers, liposomes or 

5 immunomodulatory agents. Suitable immunomodulatory agents include, but are not limited 

to, adjuvants, cytokines, polynucleotide encoding cytokines, and agents that facilitate cellular 

uptake of TiLV-derived immunogenic component. 

Immunogenic compositions for use in accordance with the present invention thus may 

be formulated in a conventional manner using one or more physiologically acceptable carriers 

10 comprising excipients and auxiliaries which facilitate processing of the active compounds 

into preparations which can be used to induce an immunogenic response. These 

immunogenic compositions may be manufactured in a manner that is itself known, e.g. by 

means of conventional mixing, dissolving, granulating, dragee-making, levigating, 

emulsifying, encapsulating, entrapping or lyophilizing processes. Proper formulation is 

15 dependent upon the route of administration chosen. 

When a therapeutically effective amount of protein or other active ingredient of the 

present invention is administered by intravenous, cutaneous or subcutaneous injection, 

protein or other active ingredient of the present invention will be in the form of a pyrogen-

free, parenterally acceptable aqueous solution. The preparation of such parenterally 

20 acceptable protein or other active ingredient solutions, having due regard to pH, isotonicity, 

stability, and the like, is within the skill in the art. An isotonic vehicle such as Sodium 

Chloride Injection, Ringer's Injection, Dextrose Injection, Dextrose and Sodium Chloride 

Injection, Lactated Ringer's Injection, Hanks's solution, physiological saline buffer, or other 

vehicle as known in the art can be used to formulate the solution. The immunogenic 

25 composition of the present invention may also contain stabilizers, preservatives, buffers, 

antioxidants, or other additives known to those of skill in the art. For transmucosal 

administration, penetrants appropriate to the barrier to be permeated are used in the 

formulation. Such penetrants are generally known in the art. 

For oral administration, the compounds can be formulated readily by combining the 

30 active compounds with immunogenic acceptable carriers well known in the art. Such carriers 

enable the compounds of the invention to be formulated as powder, tablets, pills, dragees, 

capsules, liquids, gels, syrups, slurries, suspensions, solution, elixir, and the like, for oral 

ingestion by an animal to be treated. Immunogenic preparations for oral use can be obtained 
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solid excipient, optionally grinding a resulting mixture, and processing the mixture of 

granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. 

Suitable excipients are, in particular, fillers such as sugars, including lactose, sucrose, 

mannitol, or sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, 

5 rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-

cellulose, sodium carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, 

disintegrating agents may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or 

alginic acid or a salt thereof such as sodium alginate. Dragee cores are provided with suitable 

coatings. For this purpose, concentrated sugar solutions may be used, which may optionally 

10 contain gum arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or 

titanium dioxide, lacquer solutions, and suitable organic solvents or solvent mixtures. When 

administered in liquid form, a liquid carrier such as water, petroleum, oils of animal or plant 

origin such as peanut oil, mineral oil, soybean oil, or sesame oil, or synthetic oils may be 

added. The liquid form of the immunogenic composition may further contain physiological 

15 saline solution, dextrose or other saccharide solution, or glycols such as ethylene glycol, 

propylene glycol or polyethylene glycol. Dyestuffs or pigments may be added to the tablets 

or dragee coatings for identification or to characterize different combinations of active 

compound doses. 

Immunogenic preparations which can be used orally include push-fit capsules made 

20 of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as glycerol 

or sorbitol. The push-fit capsules can contain the active ingredients in admixture with filler 

such as lactose, binders such as starches, and/or lubricants such as talc or magnesium stearate 

and, optionally, stabilizers. In soft capsules, the active compounds may be dissolved or 

suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene 

25 glycols. In addition, stabilizers may be added. All formulations for oral administration should 

be in dosages suitable for such administration. For buccal administration, the compositions 

may take the form of tablets or lozenges formulated in conventional manner. 

Capsules and cartridges may be formulated containing a powder mix of the compound 

and a suitable powder base such as lactose or starch. The compounds may be formulated for 

30 parenteral administration by injection, e.g., by bolus injection or continuous infusion. 

Formulations for injection may be presented in unit dosage form, e.g., in ampules or in multi-

dose containers, with an added preservative. The compositions may take such forms as 
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suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain formulatory 

agents such as suspending, stabilizing and/or dispersing agents. 

Immunogenic formulations for parenteral administration include aqueous solutions of 

the active compounds in water-soluble form. Additionally, suspensions of the active 

5 compounds may be prepared as appropriate oily injection suspensions. Suitable lipophilic 

solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid esters, such as 

ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may contain 

substances which increase the viscosity of the suspension, such as sodium carboxymethyl 

cellulose, sorbitol, or dextran. Optionally, the suspension may also contain suitable stabilizers 

10 or agents which increase the solubility of the compounds to allow for the preparation of 

highly concentrated solutions. Alternatively, the active ingredient maybe in powder form for 

constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use. 

A carrier for hydrophobic compounds of the invention can be a co-solvent system 

comprising benzyl alcohol, a nonpolar surfactant, a water-miscible organic polymer, and an 

15 aqueous phase. The co-solvent system may be the VPD co-solvent system. VPD is a solution 

of 3% w/v benzyl alcohol, 8% w/v of the nonpolar surfactant polysorbate 80, and 65% w/v 

polyethylene glycol 300, made up to volume in absolute ethanol. The VPD co-solvent system 

(VPD:5W) consists of VPD diluted 1:1 with a 5% dextrose in water solution. This co-solvent 

system dissolves hydrophobic compounds well, and itself produces low toxicity upon 

20 systemic administration. Naturally, the proportions of a co-solvent system may be varied 

considerably without destroying its solubility and toxicity characteristics. Furthermore, the 

identity of the co-solvent components may be varied: for example, other low-toxicity 

nonpolar surfactants may be used instead of polysorbate 80; the fraction size of polyethylene 

glycol may be varied; other biocompatible polymers may replace polyethylene glycol, e.g. 

25 polyvinyl pyrrolidone; and other sugars or polysaccharides may substitute for dextrose. 

Alternatively, other delivery systems for hydrophobic immunogenic compounds may 

be employed. Liposomes and emulsions are well known examples of delivery vehicles or 

carriers for hydrophobic drugs. Liposomes include amphipathic agents such as lipids which 

exist in aggregated form as micelles, insoluble monolayers, liquid crystals, or lamellar layers 

30 in aqueous solution. Suitable lipids for liposomal formulation include, without limitation, 

monoglycerides, diglycerides, sulfatides, lysolecithins, phospholipids, saponin, bile acids, 

and the like. Preparation of such liposomal formulations is within the level of skill in the art. 
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Additionally, the compounds may be delivered using a sustained-release system, such 

as semipermeable matrices of solid hydrophobic polymers containing the therapeutic agent. 

Various types of sustained-release materials have been established and are well known by 

those skilled in the art. Sustained-release capsules may, depending on their chemical nature, 

5 release the compounds for a few weeks up to over 100 days. Depending on the chemical 

nature and the biological stability of the therapeutic reagent, additional strategies for protein 

or other active ingredient stabilization may be employed. 

The immunogenic compositions also may comprise suitable solid or gel phase carriers 

or excipients. Examples of such carriers or excipients include but are not limited to calcium 

10 carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, gelatin, and 

polymers such as polyethylene glycols. Many of the active ingredients of the invention may 

be provided as salts with immunogenicly compatible counter ions. Such immunogenicly 

acceptable base addition salts are those salts which retain the biological effectiveness and 

properties of the free acids and which are obtained by reaction with inorganic or organic 

15 bases such as sodium hydroxide, magnesium hydroxide, ammonia, trialkylamine, 

dialkylamine, monoalkylamine, dibasic amino acids, sodium acetate, potassium benzoate, 

triethanol amine and the like. 

The immunogenic composition of the invention may be in the form of a complex of 

the protein(s) or other active ingredient of present invention along with protein or peptide 

20 antigens. 

The immunogenic compositions and vaccines described herein can also be multivalent 

immunogenic compositions that further comprise additional polypeptides or nucleic acid 

sequences encoding additional polypeptides from other viruses. 

The immunogenic compositions and vaccines described herein can also be multivalent 

25 immunogenic compositions that further comprise additional polypeptide fragments or nucleic 

acid sequences encoding additional polypeptide fragements from other viruses. 

The immunogenic compositions and vaccines described herein can also be multivalent 

immunogenic compositions that further comprise additional viruses (e.g. viruses that are 

either attenuated, killed or otherwise deactivated) or nucleic acid sequences encoding 

30 additional viruses (e.g. viruses that are either attenuated, killed or otherwise deactivated). 

The immunogenic compositions and vaccines described herein can also comprise 

fusions proteins, or nucleic acids encoding fusion proteins comprising a TiLV polypeptide, or 
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a fragment or a variant thereof, and at least one polypeptide, or a polypeptide fragment or 

variant from another virus. 

Other viral polypeptides and nucleic acid sequence suitable for use in the 

immunogenic compositions described herien are discussed in Tucker et al. (2000) 

5 "Assessment of DNA vaccine potential for juvenile Japanese flounder Paralichthys olivaceus, 

through the introduction of reporter genes by particle bombardment and histopathology" 

Vaccine 19(7-8):801; Corbeil et al. (1999) "Evaluation of the protective immunogenicity of 

the N, P, M, NV, G proteins of infectious hematopoietic necrosis virus in rainbow trout 

Oncorhynchus mykiss using DNA vaccines" Dis. Aquat. Organ 39(1):29; Nusbaum et al. 

10 (2002) "Protective immunity induced by DNA vaccination of channel catfish with early and 

late transcripts of the channel catfish herpes virus (IHV-1)" Vet Immunol. Immunopathol. 

84:151; Clark et al. (1992) "Developmental expression of surface antigen genes in the 

parasitic cilate Ichtyophthirius multifiliis" Proc. Natl. Acad. Sci. 89(14):6363-6367; and Sato 

et al. (2000) "Expression of YAV proteins and vaccination against viral ascites among 

15 cultured juvenile yellowtail" Biosci. Biotechnol. Biochem. 64:1494. Numerous nucleic acid 

and amino acid sequences of fish pathogen antigens are known and accessible through the 

Genbank databases and other sources. 

Other additives that are useful in immunogenic composition and vaccine formulations 

are known and will be apparent to those of skill in the art. 

20 In one aspect, vaccination of animals may be performed by directly injecting the 

TiLV polypeptides, fragments or variants thereof into the animal to generate an immunogenic 

response. In certain embodiments, the TiLV polypeptide can be injected by themselves, or an 

immunogenic TiLV compositions comprising other components, including for example, 

excipients, additives and adjuvants. 

25 Vaccination may also be performed by direct vaccination with a DNA encoding a 

TiLV polypeptide. When using such vaccines, the nucleic acid is administered to the animal, 

and the immunogenic polypeptide(s) encoded by the nucleic acid are expressed in the animal, 

such that an immune response against the proteins or peptides is generated in the animal. 

Subunit vaccines may also be proteinaceous vaccines, which contain the viral proteins or 

30 subunits themselves, or portions of those proteins or subunits. Any suitable plasmid or 

expression vector capable of driving expression of a polypeptide may be used. Plasmids and 

expression vectors can include a promoter for directing transcription of the nucleic acid. The 

nucleic acid sequence encoding TiLV polypeptides may also be incorporated into a suitable 
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recombinant virus for administration to the animal. Examples of suitable viruses include, but 

are not limited to, vaccinia viruses, retroviruses, adenoviruses and adeno-associated viruses. 

One of skill in the art will be able to select a suitable plasmid, expression vector, or 

recombinant virus for delivery of the TiLV nucleic acid sequences of the invention. Direct 

5 vaccination with DNA encoding proteins has been successful for many different proteins. (As 

reviewed in for example Donnelly et al. (1993) The Immunologist 2: 20-26 (1993)). 

Vaccination with the TiLV nucleic acids and polypeptides described herein can also 

be performed using live recombinant carriers capable of expressing the polypeptides 

described herein. Live recombinant carriers are micro-organisms or viruses in which 

10 additional genetic information, e.g. a nucleic acid sequence encoding a TiLV polypeptide, or 

a fragment thereof has been cloned. Fish infected with such live recombinant carriers will 

produce an immunological response not only against the immunogens of the carrier, but also 

against the TiLV polypeptide or TiLV polypeptide fragment. 

Alternatively, passive vaccination can be performed by raising TiLV antibodies in a 

15 first animal species (e.g. a rabbit), from antibody-producing cell lines, or from in vitro 

techniques before administering such antibodies (in purified or unpurified form) to second 

animal species. This type of passive vaccination can be used when the second animal is 

already infected with a TiLV. In some cases, passive vaccination can be useful where the 

infection in the second animal cannot, or has not had sufficient time to mount an immune 

20 response to the infection. 

Many methods for the vaccination of fish are known in the art. For example, 

vaccination with the TiLV nucleic acids and polypeptides described herein can be performed 

in fish by injection, immersion, dipping or through oral administration. The administration 

protocol can be optimized in accordance with standard vaccination practice 

25 For oral vaccination of tilapia, the TiLV nucleic acids, polypeptides or immunogenic 

compositions described herein can be mixed with feed, coated on the feed or be administered 

in an encapsulated form. In certain embodiments, vaccination may be performed by 

incubating live feed in a TiLV vaccine suspension prior to feeding an animal (e.g. a tilapia) 

such that ingestion of the live feed will cause the TiLV vaccine to accumulate in the digestive 

30 tract of the animal undergoing vaccination. One skilled in the art will appreciate that these 

methods of administration may expose an antigen to potential breakdown or denaturation and 

thus the skilled artisan will ensure that the method of vaccination will be appropriate for a 

chosen antigen. In the case of oral vaccination, the vaccine may also be mixed with one or 
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more carriers. Carriers suitable for use in oral vaccination include both metabolizable and 

non-metabolizable substances. 

Vaccination of tilapia can also be performed by immersion protocols. Skin and gill 

epithelia in fish have mucosal surfaces that contribute to the recognition of pathogens by 

5 adsorbing antigens. Adsorption in turn results in the activation of antibody producing cells as 

part of the immune response. Thus in one embodiment, vaccination of fish with the 

polypeptides described herein can be performed by immersing fish in water containing a 

TiLV vaccine composition. At least two types of immersion vaccination can be used in 

conjunction with the polypeptides described herein. In dip vaccination, fish are immersed in 

10 water comprising for a short period of time (e.g. about 30 seconds) in a concentrated vaccine 

solution (e.g. 1 part vaccine, 9 parts water). In bath vaccination, immersion occurs for longer 

periods of time (e.g. several hours) in water containing lower vaccine concentrations. One 

skilled in the art will readily be able to determine the dilution of TiLV vaccine and the 

duration of immersion sufficient to induce an immune reaction in an immersion protocol. 

15 Another method for vaccinating tilapia with the TiLV nucleic acids and polypeptides 

described herein is by injection vaccination. In injection vaccination, a vaccine is injected 

into the abdominal cavity of the fish. Although one skilled in the art can readily determine the 

proper injection point, a common site for needle insertion in tilapia is the midline of the 

abdomen, one pelvic fin length in front of the base of the pelvic fins. In certain embodiments, 

20 the TiLV nucleic acids, polypeptides or immunogenic compositions can be delivered into the 

body cavity of the fish in an oil emulsion, or other adjuvants or additives that enhance and/or 

prolong immune responses. In addition to intraperitoneal injection, injection vaccination can 

also be performed by intramuscular injection. One skilled in the art will appreciate that 

improper handling and needle insertion can cause mortality of fish and thus light anesthesia 

25 may be used during the vaccination process to reduce stress and mechanical injury to the 

animals. The skilled artisan will also appreciate that needles having the proper length and 

thickness can be important to ensure proper vaccination while avoiding secondary 

complications due to infection, inflammation or tissue damage. 

The TiLV nucleic acids, polypeptides or immunogenic compositions described herein 

30 can also be delivered in the form of an aerosol spray presentation from pressurized packs or a 

nebulizer, with the use of a suitable propellant, e.g., dichlorodifluoromethane, 

trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the 

case of a pressurized aerosol the dosage unit may be determined by providing a valve to 
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deliver a metered amount. Capsules and cartridges may be formulated containing a powder 

mix of the compound and a suitable powder base such as lactose or starch. 

The TiLV nucleic acids, polypeptides or immunogenic compositions described herein 

can be administered in any immunologically effective amount sufficient to trigger an immune 

5 response in an animal. In certain instances, this amount can be between about 0.01 and about 

1000 micrograms of the TiLV nucleic acid, polypeptide or immunogenic composition per 

animal. 

An "immunologically effective amount" of the compositions of the invention may be 

administered to an animal or a human. As used herein, the term "immunologically effective 

10 amount" refers to an amount capable of inducing, or enhancing the induction of, the desired 

immune response in an animal or a human. The desired response may include, inter alia, 

inducing an antibody or cell-mediated immune response, or both. The desired response may 

also be induction of an immune response sufficient to ameliorate the symptoms of a TiLV 

associated disease and/or provide protective immunity in an animal or a human against 

15 subsequent challenge with a TiLV. An immunologically effective amount may be an amount 

that induces actual "protection" against TiLV associated diseases, meaning the prevention of 

any of the symptoms or conditions resulting from TiLV associated disease in animals or 

humans. An immunologically effective amount may also be an amount sufficient to delay the 

onset of symptoms and conditions associated with infection, reduce the degree or rate of 

20 infection, reduce in the severity of any disease or symptom resulting from infection, and 

reduce the viral load of an infected animal or a human. 

One of skill in the art can readily determine what is an "immunologically effective 

amount" of the compositions of the invention without performing any undue experimentation. 

An effective amount can be determined by conventional means, starting with a low dose of 

25 and then increasing the dosage while monitoring the immunological effects. Numerous 

factors can be taken into consideration when determining an optimal amount to administer, 

including the size, age, and general condition of the animal, the presence of other drugs in the 

animal, the virulence of the particular TiLV against which the animal is being vaccinated, and 

the like. The actual dosage is can be chosen after consideration of the results from various 

30 animal studies. 

The immunologically effective amount of the immunogenic composition may be 

administered in a single dose, in divided doses, or using a "prime-boost" regimen. The 

compositions may be administered by any suitable route, including, but not limited to 
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parenteral, intradermal, transdermal, subcutaneous, intramuscular, intravenous, 

intraperitoneal, intranasal, oral, or intraocular routes, or by a combination of routes. The 

compositions may also be administered using a "gun" device which fires particles, such as 

gold particles, onto which compositions of the present invention have been coated, into the 

5 skin of an animal. The skilled artisan will be able to formulate the immunogenic composition 

according to the route chosen. 

Dose sizes of the immunogenic compositions described herein can be in the range of 

about 0.1 to 2.0 ml depending on the route of administration, but dose sizes are not limited to 

this range. For inactivated TiLV compositions can contain suitable TCID50 levels of virus 

10 prior to inactivation. The antigen content in TiLV preparation can have, but is not limited to, 

a titer of between 10 to 10,000 units/ml as the amount administered per dose. One of skill in 

the art will readily be capable of determining a suitable antigen content for the immunogenic 

compositions described herein. 

For immunogenic compositions containing modified live TiLV or attenuated TiLV, a 

15 therapeutically effective dose can be determined by one of skill in the art. For immunogenic 

compositions containing TiLV subunit antigens, a therapeutically effective dose can be 

determined by one of skill in the art. While the amounts and concentrations of adjuvants and 

additives useful in the context of the present invention can readily be determined by the 

skilled artisan. 

20 Cells Comprising TiLV and Uses Thereof 

TiLV can be used to infect cells. Cells may be cultured in any useful media and any 

permissive cell or tissues, which may be, or may be derived from fish cell, including, but not 

limited to tilapia cells, CHSE-214 Oncorhynchus tshawytscha cells, BF-2 Lepomis 

macrocturus cells; BB Ictalurus nebulosus cells, EPC Cyprinus carpio cells, KF-1 Cyprinus 

25 carpio cells, RTG-2 Salmo gairdneri cells, FHM Pimephales promelas cells, and E-ll 

Ophicephalus striatus cells. As used herein, a cell or a tissue can include, but is not limited to 

individual cells, tissues, organs, insect cells, rodent cells, avian cells, mammalian cells, 

hybridoma cells, primary cells, continuous cell lines, and/or genetically engineered cells. Cell 

lines suitable for propagating, growing, or harboring TiLV nucleic acid sequence or for 

30 expressing a polypeptide produced by the TiLV nucleic acid sequence include, tilapia cells, 

CHSE-214 Oncorhynchus tshawytscha cells, BF-2 Lepomis macrocturus cells; BB Ictalurus 

nebulosus cells, EPC Cyprinus carpio cells, KF-1 Cyprinus carpio cells, RTG-2 Salmo 

gairdneri cells, FHM Pimephales promelas cells, and E-ll Ophicephalus striatus cells as 
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well as non-fish cells but are not limited to dog kidney cells, BSC-1 cells, LLC-MK cells, 

CV-1 cells, CHO cells, COS cells, murine cells, human cells, HeLa cells, 293 cells, VERO 

cells, MDBK cells, MDCK cells, MDOK cells, CRFK cells, RAF cells, TCMK cells, LLC-

PK cells, PK15 cells, WI-38 cells, MRC-5 cells, T-FLY cells, BHK cells, SP2/0 cells, NSO, 

5 PerC6 (human retina cells), chicken embryo cells or derivatives, embryonated egg cells, 

embryonated chicken eggs or derivatives thereof. 

Cell culture media formulations to suitable for culturing cells infected with TiLV 

viruses described herein include, but are not limted to, Modified Eagle's media MEM, 

minimum essential media MEM, Dulbecco's modified Eagle's media D-MEM, D-MEM-F12 

10 media, William's E media, RPMI media, HyClone cell culture medium (HyClone, Logan, 

Utah); and serum-free basal epithelial medium (CellnTech), and analogues and derivative 

thereof. These can also be specialty cell cultivation and virus growth media as VP-SFM, 

OptiPro.TM. SFM, AIM V.R media, HyQ SFM4 MegaVir, EX-CELL Vero SFM, EPISERF, 

ProVero, any 293 or CHO media and analogues and derivatives thereof. The culture media 

15 described herein can be supplemented by any additive known from prior art that is applicable 

for cell and virus cultivation as for example animal sera and fractions or analogues thereof, 

amino acids, growth factors, hormones, buffers, trace elements, trypsin, sodium pyruvate, 

vitamins, L-glutamine and biological buffers. One medium is OptiPRO SFM supplemented 

with L-glutamine and trypsin. In certain embodiments, the cell culture media can be 

20 supplemented with 0.1 to 10 units of trypsin. Alternatively, plant derived equivalents of 

trypsin (e.g. Accutase) ranging from 2-100 units can also be used in cell culture. Cell culture 

media can be used in the absence or presence of animal-derived components. An example of 

supplementation with an animal-derived component is gamma-irradiated serum ranging from 

0.5-10% final concentration. 

25 An expression vector can be introduced into cells in order to produce proteins (for 

example, SEQ ID NO: 12 and fragments and variants described thereof herein) encoded by 

nucleotide sequences of the invention (for example any of SEQ ID NOs: 1-11 and fragments 

and variants thereof described herein). Cells can harbor an expression vector via introducing 

the expression vector into an appropriate host cell via methods known in the art. 

30 An expression vector can be introduced into cells in order to produce proteins 

encoded by nucleotide sequences of the invention (for example any of SEQ ID NOs: 1-11 or 

a sequence complementary to any of SEQ ID NOs: 1-11 and fragments and variants thereof 
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described herein). Cells can harbor an expression vector via introducing the expression vector 

into an appropriate host cell via methods known in the art. 

A eukaryotic expression vector can be used to transfect cells in order to produce 

proteins (for example, SEQ ID NO: 12 or proteins encoded by SEQ ID NOs: 1-11) and 

5 fragments and variants described herein encoded by nucleotide sequences of the vector. 

An exogenous nucleic acid (for example any of SEQ ID NOs: 1-11, a cDNA of any of 

SEQ ID NOs: 1-11 or a cDNA complementary to any of SEQ ID NOs: 1-11, fragments, or 

variants thereof described herein) can be introduced into a cell via a variety of techniques 

known in the art. 

10 A eukaryotic expression vector can be used to transfect cells in order to produce 

proteins encoded by nucleotide sequences (for example any of SEQ ID NOs: 1-11, a cDNA 

of any of SEQ ID NOs: 1-11 or a cDNA complementary to any of SEQ ID NOs: 1-11, 

fragments, or variants thereof described herein). Mammalian cells can harbor an expression 

vector via introducing the expression vector into an appropriate host cell via methods known 

15 in the art. 

An exogenous nucleic acid can be introduced into a cell via a variety of techniques 

known in the art, such as lipofection, microinjection, calcium phosphate or calcium chloride 

precipitation, DEAE-dextrin-mediated transfection, or electroporation. Other methods used to 

transfect cells can also include calcium phosphate precipitation, modified calcium phosphate 

20 precipitation, polybrene precipitation, microinjection liposome fusion, and receptor-mediated 

gene delivery. The expression vectors can contain coding sequences, or portions thereof, 

encoding the proteins for expression and production. Expression vectors containing 

sequences encoding the produced proteins and polypeptides, as well as the appropriate 

transcriptional and translational control elements, can be generated using methods well 

25 known to and practiced by those skilled in the art. These methods include synthetic 

techniques, in vitro recombinant DNA techniques, and in vivo genetic recombination which 

are described in Sambrook et al., and Ausubel et al. 

Cells to be infected with TiLV or nucleic acids thereof (for example any of SEQ ID 

NOs: 1-11, a cDNA of any of SEQ ID NOs: 1-11 or a cDNA complementary to any of SEQ 

30 ID NOs: 1-11, fragments, or variants thereof) can be primary and secondary cells, which can 

be obtained from various tissues and include cell types which can be maintained and 

propagated in culture. 
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Cells maintained in culture can be passaged by their transfer from a previous culture 

to a culture with fresh medium. In one embodiment, induced epithelial cells are stably 

maintained in cell culture for at least 3 passages, at least 4 passages, at least 5 passages, at 

least 6 passages, at least 7 passages, at least 8 passages, at least 9 passages, at least 10 

5 passages, at least 11 passages, at least 12 passages, at least 13 passages, at least 14 passages, 

at least 15 passages, at least 20 passages, at least 25 passages, or at least 30 passages. 

In one embodiment, cells that have been infected with TiLV or contain nucleic acids 

thereof (for example any of SEQ ID NOs: 1-11, a cDNA of any of SEQ ID NOs: 1-11 or a 

cDNA complementary to any of SEQ ID NOs: 1-11, fragments, or variants thereof described 

10 herein) can express a variety of markers that distinguish them from uninfected cells. 

Expression of markers can be evaluated by a variety of methods known in the art. The 

presence of markers can be determined at the DNA, RNA or polypeptide level. 

In one embodiment, the method can comprise detecting the presence of a marker gene 

polypeptide expression. Polypeptide expression includes the presence of a marker gene 

15 polypeptide sequence, or the presence of an elevated quantity of marker gene polypeptide as 

compared to non-epithelial cells. These can be detected by various techniques known in the 

art, including by sequencing and/or binding to specific ligands (such as antibodies). For 

example, polypeptide expression maybe evaluated by methods including, but not limited to, 

immunostaining, FACS analysis, or Western blot. These methods are well known in the art 

20 In another embodiment, the method can comprise detecting the presence of nucleic 

acids (for example any of SEQ ID NOs: 1-11, a cDNA of any of SEQ ID NOs: 1-11 or a 

cDNA complementary to any of SEQ ID NOs: 1-11, fragments, or variants thereof). RNA 

expression includes the presence of an RNA sequence, the presence of an RNA splicing or 

processing, or the presence of a quantity of RNA. These can be detected by various 

25 techniques known in the art, including by sequencing all or part of the marker gene RNA, or 

by selective hybridization or selective amplification of all or part of the RNA. In one 

embodiment, in situ hybridization can be used to detect TiLV nucleic acids. 

The resulting transformed cells can be used for basic research as well as testing for 

therapeutic and prophylactic agents. Specifically, for the latter, the host cells can be incubated 

30 and/or contacted with a potential therapeutic or prophylactic agent. The resulting expression 

of the gene construct can be detected and compared to the expression of the gene construct in 

the cell before contact with the agent. 
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These gene constructs as well as the host cells transformed with these gene constructs 

can also be the basis for transgenic animals for testing both as research tools and for 

therapeutic and prophylactic agents. Such animals would include but are not limited to, nude 

mice and fish. Phenotypes can be correlated to the genes and looked at in order to determine 

5 the genes effect on the animals as well as the change in phenotype after administration or 

contact with a potential therapeutic agent. 

A further embodiment of the present invention is a method and/or assay for screening 

and/or identifying a test agent for the prevention and/or treatment of TiLV comprising 

contacting or incubating a test agent to a nucleotide comprising the nucleic acid sequence of 

10 SEQ ID NOs: 1-11 or fragments or variants thereof as described herein, and determining if 

the test agent binds to the nucleotide, wherein if the test agent binds to the nucleotide, the test 

agent is identified as a therapeutic and/or preventative agent for TiLV. 

A further embodiment of the present invention is a method and/or assay for screening 

and/or identifying a test agent for the prevention and/or treatment of TiLV comprising 

15 contacting or incubating a test agent to a nucleotide comprising the nucleic acid sequence of 

SEQ ID NOs: 1-11 or fragments or variants thereof as described herein, and detecting the 

expression of the nucleotide before and after contact or incubation with the test agent, 

wherein if the expression of the nucleotide is decreased after the contact or incubation with 

the test agent, the test agent is identified as a therapeutic and/or preventative agent for TiLV. 

20 A further embodiment of the present invention is a method and/or assay for screening 

and/or identifying a test agent for the prevention and/or treatment of TiLV comprising 

contacting or incubating a test agent to a gene construct comprising a nucleotide comprising 

the nucleic acid sequence of SEQ ID NOs: 1-11 or fragments or variants thereof as described 

herein, and detecting the expression of the nucleotide in the gene construct before and after 

25 contacting or incubating the test agent with the gene construct, wherein if the expression of 

the gene is reduced or decreased after contact with the test agent or compound, the test agent 

is identified as a therapeutic and/or preventative agent for TiLV. 

A further embodiment of the present invention is a method and/or assay for screening 

and/or identifying a test agent for the prevention and/or treatment of TiLV comprising 

30 transforming a host cell with a gene construct comprising a nucleotide comprising the nucleic 

acid sequence of SEQ ID NOs: 1-11 or fragments or variants thereof as described herein, 

detecting the expression of the nucleotide in the host cell, contacting the test agent with the 

host cell, and detecting the expression of the nucleotide in the host cell after contact with the 
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test agent or compound, wherein if the expression of the nucleotide is reduced or decreased 

after contact with the test agent or compound, the test agent is identified as a therapeutic 

and/or preventative agent for TiLV. 

The expression of a nucleotide or gene can be determined using a measurable 

5 phenotype, either one that is native to the gene or one that is artificially linked, such as a 

reporter gene. 

A further embodiment is a method and/or assay for screening and/or identifying a test 

agent for the prevention and/or treatment of TiLV, comprising contacting or incubating the 

test agent with a polypeptide encoded by a nucleotide sequence of SEQ ID NOs: 1-11, or a 

10 fragment or variant thereof, and detecting the presence of a complex between the test agent 

and the polypeptide, wherein if a complex between the test agent and the polypeptide is 

detected, the test agent is identified as a prevention and/or treatment for TiLV. 

A further embodiment is a method and/or assay for screening and/or identifying a test 

agent for the prevention and/or treatment of TiLV, comprising contacting or incubating the 

15 test agent with a polypeptide encoded by a nucleotide sequence of SEQ ID NOs: 1-11, or a 

fragment or variant thereof and a known ligand of the polypeptide, and detecting the presence 

of a complex between the test agent and the ligand, wherein if a complex between the test 

agent and the ligand is detected, the test agent is identified as a prevention and/or treatment 

for TiLV. 

20 Another embodiment of the present invention is a method and/or assay for screening 

and/or identifying a test agent for the prevention and/or treatment of TiLV, comprising 

contacting or incubating the test agent with a polypeptide encoded by a nucleotide sequence 

of SEQ ID NOs: 1-11, or a fragment or variant thereof and a known antibody of the 

polypeptide, and detecting the presence and quantity of unbound antibody, wherein the 

25 presence of the unbound antibody indicates that the test agent is binding to the polypeptide, 

and the test agent is identified as a prevention and/or treatment for TiLV. 

High throughput screening can also be used to screen the test agents. Small peptides 

or molecules can be synthesized and bound to a surface and contacted with the polypeptides, 

and washed. The bound peptide is visualized and detected by methods known in the art. 

30 The invention also provides for polypeptides to be used for rational drug design where 

structural analogs of biologically active polypeptides can be designed. Such analogs would 

interfere with the polypeptide in vivo, such as by non-productive binding to target. In this 

approach the three-dimensional structure of the protein is determined by any method known 
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in the art including but not limited to x-ray crystallography, and computer modeling. 

Information can also be obtained using the structure of homologous proteins or target-specific 

antibodies. 

Using these techniques, agents can be designed which act as inhibitors or antagonists 

5 of the polypeptides, or act as decoys, binding to target molecules non-productively and 

blocking binding of the active polypeptide. 

The term "agent" as used herein means a substance that produces or is capable of 

producing an effect and would include, but is not limited to, chemicals, pharmaceuticals, 

biologies, small organic molecules, antibodies, nucleic acids, peptides, and proteins. 

10 

EXAMPLES 

The present invention may be understood by reference to the following non-limiting 

examples, which are presented in order to more fully illustrate the preferred embodiments of 

the invention. They should in no way by construed to limit the broad scope of the invention. 

15 

Example 1- Materials and Methods Used for Examples 2-9 

Cell Culture: Eight established fish cell lines were used in this study: (1) CHSE-214 (ATCC 

CRL 1681) from the Chinook salmon Oncorhynchus tshawytscha; (2) BF-2 (ATCC CCL 91), 

derived from the bluegill Lepomis micropterus', (3) BB (ATCC CCL 59), from the brown 

20 bullhead Ictalurus nebulosus', (4) and (5) EPC (ATCC CRL 2872 and KF-1), from the 

common carp C. carpio; (6) RTG-2 (ATCC CCL 55), from the rainbow trout Salmo 

gairdneri; (7) FHM (ATCC CCL 42), from the fat head minnow Pimephales promelas', and 

(8) E-ll, from the striped snakehead Ophicephalus striatus (generously provided by M. 

Ucko, Israel Oceanographic and Limnological Research). In addition, a culture of primary 

25 tilapia brain cells was generated, developed as previously described in Hasegawa et al. 1997 

and Hedrick et al. 2000. Briefly, commercial Nile tilapia (O. niloticus) (50 grams) were 

euthanized by anesthetic overdose (600 mg/liter tricaine methanesulfonate [MS-222]; 

Finquel, USA), and the brains were removed aseptically. The minced brains were manually 

homogenized and passed through a 100 (J mesh grinders. The cells were then washed and 

30 seeded in 12.5-ml sealed flasks (Becton-Dickinson, San Francisco, CA, USA) at 25°C. The 

initial culture medium contained 80% Leibovitz (L-15) medium (Gibco, USA), 10% 

inactivated fetal calf serum (FCS) (Gibco), and 10% inactivated tilapia serum medium, 
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supplemented with L-glutamine (300 mg/liter), HEPES (1%), penicillin (100 g/ml), 

streptomycin (lOODg/ml), and amphotericin B (0.25 g/ml). 

During the first 21 days of incubation, 50% of the media were changed every week. 

Thereafter, the monolayers were trypsinized and transferred into new 25-ml flasks (Cellstar; 

5 Greiner Bio-One, Germany) with a 1:1 mixture of conditioned medium (from old cultures) 

and fresh medium. The cultures of the primary cells were passaged every other week. After 

35 passages, the tilapia serum and the condition media were omitted, and the cells were split 

(at a ratio of 1:2) every 2 to 3 weeks in regular medium (L-15 with 5% inactivated FCS). 

Viruses and virus culture: A total of 25 tilapia lake virus (TiLV) isolates were collected from 

10 suspected outbreaks that occurred between May 2011 and June 2013. The isolations were 

obtained from all Israeli regions where fish are commercially cultured: the coastal shore (2 

isolations); the Jordan Valley (comprising the Bet-Shean Valley and the Yizrael Valley; 9 

isolations); and Upper and Lower Galilee (3 isolations). In addition, 11 isolations were 

obtained from various species of wild tilapines from the Sea of Galilee. An outbreak of 

15 farmed fish was defined as a sudden and unexplained rise in mortality (2% or more daily) for 

at least three consecutive days. If two wards were simultaneously affected on the same farm, 

these were classified as a single outbreak. Therefore, each isolate represents a distinct clinical 

outbreak. Viruses from wild fish displaying ocular lesions were isolated from commercially 

caught fish in the Sea of Galilee; each isolate represents a different catch. Fish weighing 20 to 

20 200 grams or 40 to 350 grams (wild and farmed fish, respectively) were collected during the 

hot seasons (May to October; water temperature, between 22 and 32°C). To minimize 

contamination risks, the brains and viscera (kidneys, livers, spleens, and hearts) of the 

suspected fish were removed aseptically, pooled, and manually homogenized with nine 

volumes of Hanks' balanced salt solution (HBSS), centrifuged at 3,000 x g for 10 minutes, 

25 and the supernatants were filtered through 0.22 |i filters (Sarstedt, Germany). The filtrates 

were stored at -80°C until use. For infection, monolayers (about 90% confluence) were 

washed twice with HBSS and incubated with 500 |il of the virus filtrate at 25°C for 1 hour, 

after which the cells were washed with HBSS, supplemented with L-15 medium (2% FCS), 

and incubated at 25°C. The cultures were observed daily for 21 days for cytopathic effects 

30 (CPE). In experiments where the tilapine disease was reproduced by virus injection, a virus 

named TiLVx2 was also used, which was purified by two successive rounds of endpoint 

dilution assays. This was performed with E-ll cultures, infected with serial dilutions of TiLV 
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(isolate 4/2011; obtained from the brain of a diseased St. Peter's fish that was collected from 

the Kinneret Lake on June 2011). 

Titration of virus: The original virus-containing culture supernatant (isolate 4/2011) was 

cultured in E-ll cells and serially diluted in 10-fold increments with HBSS and 50 |il from 

5 each dilution was inoculated onto E-ll monolayers in 96-well plates. Four wells were used 

for each diluted sample. The plates were incubated at 25°C and observed daily for CPE. After 

7 days, the 50% tissue culture infectious dose (TCID50) (ml1) was calculated by the method 

of Reed and Muench 1938. 

Electron microscopy analyses: For examinations of TiLV by transmission electron 

10 microscopy, E-ll-infected cultures were scraped from the flask, centrifuged (2,000 rpm for 7 

minutes), fixed with 1.5% glutaraldehyde in 0.1 M sodium cacodylate (pH 7.2) for 2 hours, 

and then rinsed five times in phosphate buffer (pH 7.2). The pellets, consisting of infected fi­

ll cells, were post-fixed inl% OSO4 in phosphate buffer and dehydrated with increasing 

concentrations of ethanol. The pellets were then washed twice with 100% propylene oxide 

15 and treated with propylene oxide-Epon (3:1) for 30 minutes, followed by propylene oxide-

Epon (1:1) for 15 minutes. Finally, the pellets were embedded in 100% Epon and left 

overnight. Thin sections (70 to 90 nm) were placed on Formvar-coated copper grids and 

stained with uranyl acetate, followed by lead citrate, according to the Reynolds method 

(Reynolds 1963). All micrographs were taken with a JEOL 1200-EX electron microscope 

20 operating at 60 or 80 kV (Electron Microscopy [EM] Unit, Institute of Biotechnology, Bar-

Ilan University, Israel). EM analysis of the negatively stained virion pellets was carried at 

theEMUnit, Tel Aviv University, exactly as described before in Oberpichler et al. 2008, with 

an A JEM 1200-EX transmitting electron microscope (JEOL-USA, Peabody, MA, USA). The 

virions for this analysis were pelleted by ultracentrifugation through 25% sucrose cushions. 

25 Purification of virus from culture supernatants using sucrose gradient fractionation: Cultured 

E-ll cells were infected with TiLV (isolate 4/2011), and the culture supernatant was cleared 

from the cell debris by centrifugation (10 minutes at 3,000 rpm). The supernatant was layered 

onto 2 ml of a 30% (wt/vol) sucrose-Tris-EDTA (TE) buffer cushion and centrifuged for 2 h 

in a T865 rotor at 65,000 rpm (Sorvall Discovery 90SE). The pellet was resuspended in TE 

30 buffer and layered onto a sucrose step gradient (Bacharach et al. 2000; Laham and Bacharach 

2007; Melamed et al. 2004). The gradient consisted of 3-ml layers with sucrose 

concentrations of 70, 60, 50, 40, 30, 20, and 10% (wt/vol) in TE, from bottom to top. 

Ultracentrifugation was performed in a TST41.14 rotor for 2 hours at 40,000 rpm (Sorvall 
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Discovery 90SE). One-milliliter fractions were taken from the top of the gradient, and the 

virions were pelleted from each fraction by ultracentrifugation (for 2 hours at 65,000 rpm; 

T865 rotor; Sorvall Discovery 90SE) and resuspended in 1 ml of TE buffer. 100 |il aliquots 

from each sample were incubated with naive E-ll cells to monitor for CPE. The incubation 

5 of cultures with negative controls, consisting of aliquots from fractions of an identical sucrose 

gradient but with no addition of culture supernatants, resulted in no CPE. 

Isolation of nucleic acids from purified virions and cDNA synthesis: Nucleic acids were 

extracted from purified virion pellets using peqGOLD Trifast for RNA (Peqlab, Germany) or 

the High Pure PCR template preparation kit for DNA (Roche, Germany). Reverse 

10 transcription was performed with the Verso cDNA kit (Thermo, Lithuania), according to the 

manufacturer's instructions. To identify TiLV-specific sequences, the supernatants of TiLV 

(isolate 4/201 l)-infected E-ll cultures were cleared from the cell debris by centrifugation 

(for 10 minutes at 3,000 x g), and the purified supernatants were subjected to further 

purification by ultracentrifugation (for 2 hours in a T865 rotor at 65,000 rpm [Sorvall 

15 Discovery 90SE]) through a 30% sucrose cushion. The pellet was resuspended in TE, and 

virions were further purified by sucrose cushions of 40 to 70% (wt/ vol). After 

ultracentrifugation (TST41.14 rotor for 2 hours at 40,000 rpm; Sorvall Discovery 90SE), the 

40% sucrose fraction was collected, and virions were pelleted by additional 

ultracentrifugation (TST41.1 rotor for 2 hours at 40,000 rpm; Sorvall Discovery 90SE). RNA 

20 was extracted from the pellets by guanidine thiocyanate (peqGOLD Trifast; Peqlab). cDNA 

was generated by reverse transcription and random priming, using the purified RNA as a 

template. The fragments of this cDNA were isolated by shotgun cloning (Nehls and Boehm 

1995). 

Shotgun cloning by random priming: Shotgun cloning was performed as described by Nehls 

25 and Boehm. The purified cDNA (approximately lOng) was double primed with MluI(N)6 

primer (GGAACTCAATGCACGCGTNNNNNN) (SEQ ID NO: 13) using ReddyMix PCR 

master mix (Thermo, Lithuania). The primed products were amplified by PCR with Mlul 

primer (GGAACTCAATGCACGCGT) (SEQ ID NO: 14) and cloned into the pJET1.2/blunt 

vector (CloneJET; Fermentas/Thermo, Lithuania), which was transformed into Escherichia 

30 coli strain HIT-DH5a cells (Real Biotech, Taiwan). Ampicillin-resistant transformants, 

grown at 37 °C on LB agar plates containing 100 (Jg/ml ampicillin, were picked and grown 

overnight in 5 ml of LB supplemented with 100 (Jg/ml ampicillin. Plasmid DNA was isolated 

using the HiYield plasmid minikit (RBC, Taiwan). The inserts were amplified by PCR using 
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the pJET1.2-derived primers, separated by electrophoresis in a 1.0% gel, placed in IX Tris-

acetate-EDTA (TAE) buffer at 80 V for 1.5 hours, stained with ethidium bromide, excised, 

and gel purified using the GeneJET gel extraction and DNA cleanup micro kit (Thermo, 

Lithuania). Single fragments were sequenced by Hy Laboratories (Israel) using ABI 3730. 

5 The sequences were analyzed for homologies to nucleotide sequences in the GenBank 

database using the nucleotide Basic Local Alignment Search Tool (BLASTn) and the Vector 

NTI 6 (InforMax, Inc.) software. Further searches of protein databases were done by 

BLASTx. The internal primers from each sequenced clone were tested for PCR amplification 

of the TiLV genome. The primers derived from clone 7450 specifically amplified the cognate 

10 sequence from TiLV-infected cultures, in reverse transcription-PCRs (RT-PCRs). 

Rapid amplification of cDNA ends (RACE): To extend the sequence of clone 7450 obtained 

by shotgun cloning, 3' and 5' rapid amplification of cDNA ends (RACE) reactions were 

carried out as described before (Scotto-Lavino et al. 2006a; Scott-Lavino et al. 2006b), using 

total RNA that was extracted from TiLV-infected Ell cells by EZ-RNA reagent (Biological 

15 Industries). Briefly, for 3' RACE, cDNA was generated using primer QT 

(CCAGTGAGCAGAGTGACGAGGACTCGAGCTCAAGCTTTTTTTTTTTTTTTTTVN) 

(SEQ ID NO: 15) and the SuperScript III first-strand synthesis system for RT-PCR (catalog 

no. 18080-051; Invitrogen), according to the manufacturer's instructions. The cDNA was 

amplified with clone 7450/150R primer (TATCACGTGCGTACTCGTTCAGT) (SEQ ID 

20 NO: 16) that was derived from an internal sequence of the shotgun fragment, and with Qo 

primer (CCAGTGAGCAGAGTGACG, (SEQ ID NO: 17) derived from QT primer), using 

Ex-Taq enzyme (catalog no. RR001A; TaKaRa). The resulting PCR products were diluted 

1:20 and were subjected to a second PCR with the nested primers Q| 

(GAGGACTCGAGCTCAAGC (SEQ ID NO: 18), derived from Qx primer) and Ell-inf-R 

25 (AAGTTCTCTTGCCTCTTGG (SEQ ID NO: 19), derived from the sequence of the shotgun 

fragment). For 5' RACE, cDNA was generated as above but with primer clone 7450/150F 

(CACCCAGACTTGCGGACATA) (SEQ ID NO: 20). Poly(A) tails were added to the cDNA 

using terminal transferase (catalog no. 3333566; Roche), according to the manufacturer's 

instructions. The tailed cDNA was amplified by PCR using primer E-ll-inf-F 

30 (TCCAAGGAAACAGCTGAGC (SEQ ID NO: 21), derived from the sequence of the 

shotgun fragment), together with a mixture of the Q0 and QT primers. The resulting PCR 

products were diluted 1:20 and subjected to a second nested-PCR using the Ell-inf-F-in 

(GAGGCAATATGGATTCTTCG) (SEQ ID NO: 22) and Qi primers. 
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RT-PCR: Samples from the brain, heart, head kidney, spleen, and liver were taken from 

clinical cases of suspected TiLV outbreaks, pooled, and directly frozen at -80°C. Total RNA 

was purified using peqGOLD Trifast (Peqlab, Germany), according to the manufacturer's 

instructions, followed by reverse transcription and amplification (Verso 1-step RT-PCR 

5 ReddyMix kit; Thermo, Lithuania). The random primers of the kit were substituted with the 

external specific primer ME1 (GTTGGGCACAAGGCATCCTA) (SEQ ID NO: 23) and 

clone 7450/150R (TATCACGTGCGTACTCGTTCAGT) (SEQ ID NO: 16). Cycling was 

performed at 50°C for 15 minutes (reverse transcription), 95°C for 2 minutes (enzyme 

inactivation), and 35 cycles at 95°C for 30 seconds, 56°C for 60 seconds, and 72°C for 60 

10 seconds; the reaction was terminated by 72°C for 7 minutes. The PCR products were resolved 

in 1% agarose gels in 0.5X TAE buffer (40 mM Tris-acetate and 1 mM EDTA). 

Nuclease sensitivity assays: The supernatant (9 ml) of a TiLV-infected E-ll culture was 

collected, and virions were purified and pelleted through a 25% (wt/vol) sucrose cushion, 

using ultracentrifugation (107,000 X g at 4°C for 2 hours). A supernatant of uninfected E-ll 

15 culture was used as a control. To digest free nucleic acids, the pellets were resuspended in 

300 |il of IX DNase buffer (10 mM Tris-HCl [pH 7.5], 2.5 mM MgCl2,and 0.5 mM CaCk) 

and were supplemented with 33 |ig of RNaseA (Sigma R4642) and 1 U DNase (Baseline-

ZERO DNase). The samples were incubated for 40 minutes at room temperature, after which 

each reaction mixture was diluted in 9 ml of Leibovitz (L-15) medium, supplemented with 

20 5% FCS, and virions were pelleted as described above. To release nuclease protected nucleic 

acids from the virions and to digest possible leftovers of RNase A and DNase I, the pellets 

were resuspended in 150 |il of proteinase K buffer (50 mM Tris-HCl [pH 7.5], 100 mM 

NaCl, 10 mM EDTA, 1% SDS), supplemented with 100 (Jg/ml proteinase K (Roche), and the 

proteins were digested for 30 minutes at 37°C. The nucleic acids were extracted by phenol-

25 chloroform-isoamyl alcohol (CIP) and were precipitated with ethanol, 0.3 M sodium acetate 

(pH 5.2), and glycogen as a carrier. The nucleic acids were resuspended in 20 |il of buffer (10 

mM Tris-HCl [pH 8.3], 10 mM MgCl2, 1 mM dithiothreitol [DTT], 60 mM NaCl), and 3 |il 

was added to 100 |il of RNase I buffer (100 mM NaCl, 50 mM Tris-HCl [pH 7.9], lOmM 

MgCl2, ImM DTT) with or without 50 units of RNase I (catalog no. M0243S; NEB). 

30 Digestion was carried out for 5 minutes at 37 °C, and the nucleic acids were CIP extracted and 

precipitated as described above. The nucleic acids were resuspended in 20 |il of reverse 

transcription reaction mixture; a reaction without reverse transcriptase was also assembled to 

ensure the absence of protected DNA. The resulting cDNA was amplified with TiLV-specific 

59 

lcc
Rectangle



WO 2016/100328 PCT/US2015/065795 

primers (Nested ext-1 [TATGCAGTACTTTCCCTGCC] (SEQ ID NO: 24) and Nested ext-2 

[TTGCTCTGAGCAAGAGTACC] (SEQ ID NO: 25)) or with snakehead retrovirus (SnRV)-

specific primers (Snakehead gag-pol fw [CAGATCACTGATCGATGC] (SEQ ID NO: 26) 

and Snakehead gag-pol rev [GTCTGAAAGGTAAGGTGG] (SEQ ID NO: 27)). The 

5 amplified products (491 and 284 bp for TiLV and SnRV, respectively) were separated by 

electrophoresis in 1 % agarose gels. 

Ether and chloroform sensitivity assays: TiLV sensitivity assays for ether and chloroform 

were performed as described before (Crandell et al. 1975; Hutoran et al. 2005). 

Experimental reproduction of the disease and ethical issues: The tilapine species used in this 

10 study, O. niloticus (strain Chitralada), was grown at a specific-pathogen-free (SPF) facility 

(UV-treated pathogen free environment) at a constant temperature of 28°C. The fish were fed 

a daily regimen of 2% (wt/wt); the water parameters (O2 > 5 ppm, NH4+ < 1 ppm, NaCl < 1 

ppt) were kept constant. All experimentally induced infections were carried out with the field 

isolate of TiLV (isolate 4/2011, passage 2), which was aliquoted and kept frozen at -80°C. 

15 Before use, the virus was thawed and cultured once more (passage 3). For artificial 

reproduction of the disease, 2.6 X 105 TCID50 was injected intraperitoneally (i.p.) (group 1) 

into each fish (30 to 35 grams). All experiments were carried out in triplicate with groups of 

30 fish. To prevent waterborne infection, each group of fish was kept in a separate 100-liter 

aquarium. During the cohabitation trials (group 2), groups of 30 fish were kept in 200-liter 

20 aquariums that were divided into three compartments by water-permeable grids, which 

allowed water (but not fish) circulation throughout the aquarium; a control group was kept in 

the middle. The fish surviving primary i.p. infection were pooled and 3 weeks after were 

divided into two groups (each with 15 fish) and infected once again by i.p. injection. The 

control groups were injected with uninfected (naive) E-ll cultures. 

25 When in vivo/ex vivo experiments were conducted, the brains of individual TiLV-

injected fish were collected (5 to 7 days post-injection) and minced as above. The 

homogenates (500 |il) were incubated with confluent E-ll cultures. Upon CPE appearance, 

the supernatants were collected and injected (200 |il) i.p. into naive fish. 

The health conditions of the fish were carefully monitored throughout the growing 

30 and experiment periods; external signs and mortality rates were monitored twice daily for a 

total of 21 days. The animal care, experimental handling, and safety regulations conformed to 

the guidelines established by the Committee on Laboratory Animal Care at the Israeli 
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Veterinary Services and were conducted under permit 020_b5471_6, issued by the Israeli 

Committee for Animal Welfare. 

Histological analysis: Tissue samples were collected from euthanized naturally infected fish 

by abdominal incision and were fixed in 10% neutral buffered formalin. The specimens were 

5 embedded in paraffin (Paraplast Plus; Diapath), cut by microtome (Reichert-Jung 2050) into 

serial 5 |im sections, stained with hematoxylin and eosin (H&E) 277 (Roberts et al. 2012), 

and examined under a light microscope (Leica DMRB). Images were acquired by a Nikon 

digital light system. 

Statistical analysis: The results of the in vivo experiments were presented as percentages of 

10 the mean mortality rates from three (or two, in case of surviving fish) independent 

experiments. Each experiment included three experimental groups (three independent 

repeats) of 30 fish. 

The experiments with the surviving fish were performed in duplicate (two independent 

repeats), in which each group was composed of 20 fish. Variability between the experiments 

15 (infection by direct intraperitoneal injection, infection by cohabitation, and control fish) was 

determined by chi square tests, in which a P value of greater than 0.05 was considered 

significant. 

Culture deposition: TiLV (CNCM accession no. 1-4817) was deposited at the Collection 

Nationale de Cultures de Microorganismes (CNCM) at the Institut Pasteur, Paris, France. 

20 Nucleotide sequence accession number: The GenBank accession number for the extended 

sequence of clone 7450 is KJ605629 (SEQ ID NO: 1). 

Example 2- Geographical Distribution and Characteristics of Diseased Tilapines from 

the Sea of Galilee and Commercial Ponds. 

Disease outbreaks in wild and commercial tilapines were detected in the Sea of 

25 Galilee and in commercial ponds in Israel, located in the Northern coastal shore, Bet-Shean, 

Yizrael, the Jordan Valley, and Upper and Lower Galilee. In commercial ponds, this disease 

resulted in massive mortality (Figure 1A). The sampling of fish from commercial catches at 

the Sea of Galilee revealed that all tilapine species are susceptible to the disease, although 

mass mortalities were not observed. In this case, the diseased fish presented with pronounced 

30 ocular lesions (Figure IB). 

Pathological findings included gross lesions characterized mainly by ocular 

alterations, including opacity of the lens (cataract). In advanced cases, the lesions included 

ruptured lenses with phacoclastic induced uveitis or endophthalmitis accompanied by the 
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formation of a cyclitic membrane, followed by swelling of the eyeball (buphthalmia), loss of 

globe integrity with occasional perforated cornea and poring of inspissated content or 

shrinkage, and loss of ocular functioning (phthisis bulbi) (Figure IB). Other lesions included 

skin erosions (observed in diseased pond-raised tilapines; Figure 1C), hemorrhages in the 

5 leptomeninges, and moderate congestion of the spleen and kidney (Figure ID). 

The histologic lesions of the brain included edema, focal hemorrhages in the 

leptomeninges, and capillary congestion in both the white and gray matter (Figure IE). Foci 

of gliosis and occasional perivascular cuffs of lymphocytes were detected (Figure IF). Some 

neurons within the telencephalon and particularly in the optic lobes displayed various levels 

10 of neuronal degeneration, including cytoplasmic rarefaction and vacuolation and peripherally 

displaced nuclei (central chromatolysis). 

Ocular lesions included an undulated, thin, and frequently coiled and ruptured 

lenticular capsule, surrounded by circular fibroplasia and fibrosis with multiple synechiae to 

the iris and ciliary body (posterior synechia) and moderate numbers of eosinophilic 

15 granulocytic cells and melano-macrophage centers or MMCs. The infiltrate extended into the 

anterior chamber, iris, vitreous humor, and choroid (endophthalmitis). There were cataractous 

changes within the lens characterized by eosinophilic homogenous spherical structures 

(morgagnian globules), markedly enlarged lens epithelial cells with abundant eosinophilic 

microvacuolated cytoplasm (bladder cells), large lakes of proteinaceous fluid (liquefied lens 

20 fibers), mineralization, and flattened elongated cells (fibrous metaplasia) (Figure IGa, 

compared to normal lens in Figure 1Gb). The squamous epithelium of the cornea was 

frequently eroded and ulcerated and infiltrated by moderate numbers of lymphocytes, 

macrophages, and eosinophilic granulocytic cells, and it was underlined by stromal 

neovascularization and edema (Figure 1H). 

25 The hepatic parenchyma displayed occasional randomly distributed foci of 

hepatocellular swelling and clearing, with cytoplasmic accumulation of granular yellow to 

brown pigment. The spleen was hyperplastic, with proliferating lymphocytes surrounding the 

ellipsoids. MMCs were increased in size and number in both the liver and the spleen. MMCs 

are distinctive clusters of pigment-laden cells, commonly seen within the reticuloendothelial 

30 supporting matrix of hematopoietic tissues. MMC proliferation is associated with late stages 

of chronic infection as a response to severe tissue injury in a variety of infections (especially 

viruses) or poor environmental conditions. Therefore, they are considered indicators of fish 

population health (Agius and Roberts 2003). 
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Example 3- Isolation of the Etiological Agent from Infected Specimens 
To culture potential pathogens from diseased tilapines, the organs of fish with the 

characteristics described above were pooled, homogenized, and incubated with eight different 

cell lines as described in Example 1. No known pathogen was identified, and only the 

5 established E-ll cell line and the primary tilapia brain cells consistently showed CPE upon 

incubation with the above-mentioned homogenates. In E-ll cells, CPE became visible 5 to 7 

days postinoculation, with the appearance of cytoplasmic vacuoles and plaque formation 

(Figure 2A), which rapidly progressed to an almost-complete disintegration of the cell 

monolayer (at 9 to 10 days postinoculation). The CPE in primary tilapia brain cells was 

10 characterized by conversion of the typical elongated cells into swollen, rounded, and 

granulated cells, which were clearly observed at 10 to 12 days postinoculation (Figure 2B), 

leading to vast monolayer detachment (days 14 to 19) but without plaque formation. The 

control mock-infected E-ll and primary tilapia brain cultures did not show any CPE (Figures 

2C and 2D, respectively). Similar results were obtained when the supernatants of the cultures 

15 with CPE were used to inoculate naive cultures (tested for up to 18 passages) and when the 

supernatants, or the above-mentioned homogenates, were filtered through 0.22 Dm filters. In 

addition, the number of plaques induced by the agent was directly related to its dilution, 

yielding a one-hit curve. A single infectious unit was therefore sufficient to produce a plaque. 

These results indicated that the described CPE was due to the presence of an infectious agent, 

20 likely a virus. The CPE-causing agent was recovered from 25 samples, collected from all 

Israeli regions where fish were cultured. 

Example 4- Morphological Features of Virus-like Particles 
Further support for viral infection in E-ll cultures showing CPE came from EM 

examination of thin sections of these cells as described in Example 1. This analysis revealed 

25 the presence of sparse electron-dense particles (diameter, 55 to 75 nm), enclosed in the 

intracytoplasmic membrane (Figure 2E) or within the cytoplasm (Figure 2F). No such 

particles were found in the healthy control cell cultures. Of note, these particles do not 

originate from the snakehead retrovirus (SnRV) that is expressed in E-ll, since assemblies of 

this C-type retrovirus are larger and are generated only at the plasma membrane; moreover, 

30 SnRV nascent virions were not visualized by EM in this specific cell line (although SnRV 

sequences could be amplified by PCR). 

Pellets, purified from the supernatants of infected E-ll cultures by ultracentrifugation 

through 25% sucrose cushions, were negatively stained and examined by EM. This analysis 
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revealed virion-like structures (approximately 75 to 80 nm) surrounded by a readily detected 

thick coat (Figure 2G). Such virions were abundant and were not detected in the control 

pellets prepared from naive E-ll cells. 

Example 5- Sensitivity of the Infectious Agent to Ether or Chloroform 

5 The EM analyses from Example 4 indicated that the infectious agent, isolated from 

diseased tilapia, is an enveloped virus. To test this, virions in the supernatants of E-ll-

infected cells were exposed to either ether or chloroform and the effect of these treatments on 

infectivity was measured as described in Example 1. 

Table 1 summarizes the results of two and three repeats of the ether and chloroform 

10 sensitivity assays, respectively. A reduction in the infectivity of approximately three 

(chloroform) to five (ether) orders of magnitude was observed, demonstrating the sensitivity 

of the agent to these solvents. This indicated that the infectious agent is indeed enveloped by 

a lipid membrane. 

T ABLE I Ether and chloroform sensitivity assays. 
TClDr .<!»; 

Expt wil&out TCID^/sit Fold Average fbfcl 
Treatment so, treafmeat. piss trsatmesu r«disdio« redractkss 
Ether I I.0"! HP'*- LS8 X 10s 

2 I04S:i 10 
Chloroform I 104-6S I0:3 0.93 >• !0;s 

2 so" u.r' 
3 K>: '' I0'-15 

15 Example 6- Initial Molecular Characterization of Tilapine Virus 

Having demonstrated that an infectious agent can be isolated from diseased fish and 

can be propagated in specific cell culture (Examples 3), this disease-causing agent was named 

tilapia lake virus (TiLV), as a reference to the site from which it was initially isolated. 

To purify TiLV, TiLV-infected culture supernatants were fractionated through 

20 velocity sucrose step gradients ranging from 10 to 70% sucrose. The CPE-inducing activity 

was mainly localized to the 30 to 40% sucrose fractions. 

To further identify TiLV-specific sequences, RNA was extracted from TiLV virions 

(purified by ultracentrifugation through sucrose cushions) and used as a template in a reverse 

transcription reaction. The fragments of the resulting cDNA were cloned using a shotgun 

25 approach as described in Example 1. This approach allows the cloning of cDNAs that are 

present at small amounts, without prior knowledge of their sequences. One of these fragments 
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(clone 7450) was subjected to 5' and 3' RACE reactions, resulting in the identification of 

1,326 bases of a TiLV sequence (SEQ ID NO: 1) (GenBank accession no. KJ605629), which 

contained an open reading frame (ORF) of 420 amino acids (SEQ ID NO: 12). SEQ ID NO: 

1 was later identified to be part of SEQ ID NO: 9. 

5 No significant homologies were found in both the nucleic acids and protein sequences 

of this clone using BLAST searches (Altschul et al 1997; Johnson et al. 2008) in the 

GenBank databases. 

Example 7- PCR for TiLV Detection 

As described in Example 1, PCR was performed to detect TiLV. To establish a PCR 

10 assay for detecting TiLV, total RNA was extracted from the brains, kidneys, hearts, livers, 

and spleens of moribund fish. In addition, RNA was extracted from TiLV-infected primary 

tilapia brain or E-ll cultures and was used as a template for cDNA generation. These 

samples were subject to RT-PCR with primers that were derived from clone 7450 (SEQ ID 

NO: 1). A 250-bp fragment was amplified with ME1 (GTTGGGCACAAGGCATCCTA) 

15 (SEQ ID NO: 23) and clone 7450/150R (TATCACGTGCGTACTCGTTCAGT) (SEQ ID 

NO: 16) primers. The PCR assays resulted in the amplification of the expected 250-bp 

fragment from the brains of TiLV-infected fish (Figure 3A). 

The amplification of TiLV was achieved only after a reverse transcription step, even 

under conditions in which the samples were not treated with DNase (Figure 3B). Total RNA 

20 was extracted from the supernatant or from cell extracts of TiLV-infected E-ll culture, or 

from naive E-ll culture. The samples were not treated with DNase, and reverse transcription 

was carried out (+) or not (-) prior to the PCR step. A "no RNA" negative control (lane 7) 

was also included. A 491-bp fragment was amplified with the primers Nested ext-1 

(TATGCAGTACTTTCCCTGCC) (SEQ ID NO: 25) and Nested ext-2 

25 (TTGCTCTGAGCAAGAGTACC) (SEQ ID NO: 26), only when reverse transcriptase was 

carried out. This is highly indicative of an RNA genome for TiLV. Consistent amplification 

in the samples of brain tissues was observed compared to the other organs. Amplification was 

also observed in TiLV-infected primary tilapia brain and E-ll cultures but not in a negative 

control that included cDNA prepared from the brain of a healthy (naive) fish (Figure 3B). 

30 No amplification was observed in additional negative controls, which included mock-

infected primary tilapia brain and E-ll cultures, or E-ll cultures infected with the viral 

nervous necrosis (VNN) betanodavirus. Of note, the absence of amplification in the sample 

of VNN-infected cells further indicates that clone 7450 represents a sequence derived from 
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TiLV rather than a fish gene that is upregulated upon infection. In all cases, sequencing of the 

amplified fragments revealed full identity with the expected sequence. 

The above PCR assay was also exploited to further test the RNA nature of the TiLV 

genome. For this, the virions in the supernatants of TiLV-infected E-ll cultures were 

5 exposed to DNase I and RNaseAto digest nucleic acids that are not protected by virions. The 

particles were then pelleted through sucrose cushions and digested with proteinase K, and the 

protected deproteinized nucleic acids were purified. These nucleic acids were exposed to 

RNase I, an enzyme with a preference for single-stranded RNA. The resulting products were 

reverse transcribed or not, and subjected to PCR amplification using TiLV-specific primers. 

10 (Nested ext-1 [TATGCAGTACTTTCCCTGCC] (SEQ ID NO: 25) and Nested ext-2 

[TTGCTCTGAGCAAGAGTACC] (SEQ ID NO: 26); or SnRV-specific primers (Snakehead 

gag-pol fw [CAGATCACTGATCGATGC] (SEQ ID NO: 27) and Snakehead gag-pol rev 

[GTCTGAAAGGTAAGGTGG] (SEQ ID NO: 28). 

The amplification of TiLV sequences was observed only after a reverse transcription 

15 step (Figure 3C, lanes 1 and 3, similar to the result in Figure 3B), and only if RNase I was 

avoided (Figure 3C, lanes 1 and 2). The single-stranded genomic RNA of SnRV, which was 

copurified along the TiLV genome, was used as an internal positive control for this assay 

(Figure 3C, lanes 5 to 8). These results further indicated that the TiLV genome, encapsidated 

in the virion, is composed of RNA in single stranded form. 

20 Example 8- Reproduction of Tilapine Disease by Intraperitoneal Injection 

To test if TiLV can cause disease in tilapines, the supernatants from naive or TiLV-

infected E-ll or primary tilapia brain cultures were filtered (0.22 Dm), and 200 Dl was 

injected i.p. into naive Tilapia nilotica (groups of 30 fish as described in Example 1). All of 

the naive fish that were inoculated with the control supernatants (of naive E-ll cultures) 

25 remained asymptomatic. However, 74 to 85% of the fish that were injected with the 

supernatants of TiLV-infected E-ll or TiLV-infected primary tilapia brain cultures 

developed clinical disease (lethargy, discoloration, ocular alterations, skin patches, and 

ulcerations) and died within 10 days (Figure 4). The same mortality rate was also observed 

for fish injected with TiLV that was purified by endpoint dilution assay (TiLVx2). 

30 Furthermore, the brains from experimentally infected fish were harvested and co-incubated 

with naive E-ll cells. Such cultures developed a characteristic CPE. The supernatants of 

these cultures were then harvested and injected into naive fish, resulting in the appearance of 

the disease in fish. Overall, this in vivo/ex vivo passage experiment was serially repeated three 
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times, with a consistent mortality rate of 75 to 85% in each round within 10 days post-

injection. 

This clearly confirmed that TiLV, isolated from infected fish and propagated in E-ll 

cells, was indeed the etiologic agent of the disease. Importantly, fish that survived the 

5 experimentally induced disease (35 fish) were completely immune to disease development 

upon a challenge consisting of a second i.p. injection (3 to 4 weeks after the first injection). 

This indicates that fish can mount a protective immune response to TiLV. 

Example 9- Reproduction of Tilapine Disease by Cohabitation 

To determine if TiLV is transmissible in a setting resembling natural conditions, a 

10 cohabitation experiment was performed in which naive fish were cohabitated with fish 

experimentally infected with TiLV as described in Example 1. 

These experiments clearly demonstrated that the naive fish developed a lethal disease, 

with a mortality rate similar to the one obtained by the i.p. route but with slower kinetics (2 to 

3 days delay in reaching 50% mortality, P <0.05 (Figure 4)). These experiments provide 

15 proof of the ability of TiLV to spread through a waterborne route. 

Example 10- Bioinformatic Data Analysis 

Ion Torrent data were generated using as a template brain RNA of sick tilapia after 

depletion of ribosomal RNA (two libraries). Illumina data were generated for nuclease treated 

and sucrose gradient purified particles obtained from infected Ell culture cells (two 

20 libraries). Ion Torrent libraries were preprocessed with cutadapt (Martin 2011) to remove low 

quality ends, trimmed to 150 bp maximum length, and stripped of adapter sequences. 

Reads from all four libraries (2 brain and 2 cell culture) were taxonomically classified 

using taxMaps (https^/github.com/nvgenoine/taxmaps) by mapping against the National 

Center for Biotechnology Information's (NCBI) nt database, the NCBI RefSeq database 

25 (Pruitt et al. 2012), the tilapia reference genome sequence (Orenill.l) and corresponding 

annotated tilapine mRNA sequences (Brawand et al. 2014). Unclassified reads (not mapping 

to any known sequence) were then independently assembled using the VICUNA assembler 

(Yang et al. 2012). Contigs from each library were aligned with BLAST (Camacho et al. 

2009) against all contigs from the other 3 libraries, retaining hits with an e-value of le-10 or 

30 lower. Single linkage clustering was used to group together all the contigs that showed any 

similarity. On the assumption that the infectious agent should be present in all 4 libraries, 10 

contig clusters were identified that contained at least one contig from each of the 4 libraries. 
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Within each cluster, contigs were aligned to each other and manually assembled to 

generate maximum length sequence after inverted tandem duplications at the ends of contigs, 

likely resulting from amplification artifacts, were removed. Overlapping predicted ORFs in 

contigs from different assemblies were used to correct for frameshift errors (mostly occurring 

5 due to indels in the Ion Torrent reads) and to infer the longest possible ORF. 

Based on a model wherein the genomic segments are anticipated to contain conserved 

termini, a combination of k-mer analysis, read depth analysis, and manual curation was used 

to build 5' and 3' terminal sequence motifs to refine terminal sequences. Mapping of the 10 

final consensus sequences against the initial raw read data with BWA-MEM (Li 2013) 

10 demonstrated that 99% of the unidentified reads from the Illumina libraries and 87% of 

unidentified reads from the Ion Torrent libraries mapped to the consensus sequences. 

Example 11- Complete Characterization of TiLV genome 

Based on the bioinformatics consensus sequences PCR primers were designed and 

contiguous sequences of all 10 clusters amplified from infected Tilapia specimens. Terminal 

15 sequences of each of the genome segments were revised by 5'- and 3'-Rapid Amplification of 

cDNA Ends (RACE) (Table 2). Analogous analyses by high throughput sequencing and PCR 

amplification was performed on samples from diseased Tilapia from Israel, and then 

performed on samples from Tilapia with a similar disease syndrome from Ecuador. 

Sequences for all 10 segments were obtained that showed a greater than 94% nucleotide 

20 sequence identity to the corresponding sequences from Israeli Tilapia. 

Fragments of each segment were cloned into plasmid vectors to generate probes for 

Northern blotting. Three mixes of probes were used representing segments 1, 4, 7, and 10 

(Combo 1); 3, 6, and 9 (Combo 2); or 2, 5, and 8 (Combo 3) to prevent signal overlap from 

similar sized segments. Total RNA was extracted from the livers of diseased Ecuadorian 

25 tilapia and from the culture cells infected with brain derived TiLV from Israeli tilapia or cell 

culture supernatant. Northern blot demonstrated the presence of all 10 sequences in nucleic 

acid extracts from infected Israeli and Ecuadorian Tilapia (Figure 5). 

Homology searches in the NCBI sequence database yielded only a single hit for 

segment 1 that indicated very distant homology to orthomyxoviral RNA-dependent RNA 

30 polymerase motifs (Table 2). 
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Table 2 TiLV genome segments 

Segment Cluster # 
Size 

[nt] 

Homology to 

known 

sequences 

SEQ ID NO 

1 5 1640 

orthomyxoviral 

PB1 polymerase 

domains 

7 

2 0 1471 none 2 

3 7 1371 none 9 

4 4 1249 none 6 

5 1 1098 none 3 

6 2 1044 none 4 

7 3 111 none 5 

8 9 657 none 11 

9 8 549 none 10 

10 6 465 none 8 

Example 12- Diagnostic PCR 
5 Conventional PCR: Primers NM-CLU7-SF1, 5'-AGT TGC TTC TCA YAA GCC 

TGC TA (SEQ ID NO: 28) and NM-CLU7-SR1, 5'-TCG TGT TCA CAR CCA GGT TTA 

CTT (SEQ ID NO: 29) were designed to amplify an approximately 245-nt region of TiLV 

segment 3 (cluster 7, Accession no. KJ605629). cDNA from TRI-reagent (Invitrogen) 

extracted RNA was synthesized with Superscript III (Life Technologies) and random 

10 hexamers according to vendor's protocol. PCR was performed with Amplitaq Gold (Life 

Technologies) and PCR products visualized on agarose gels, purified with Purelink Gel 

Extraction kit (Invitrogen), and confirmed for target specificity by Sanger sequencing on both 

strands (GeneWiz, NJ). (Figure 6) 
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Quantitative real-time PCR: A quantitative real-time PCR assay for TiLV was 

established targeting TiLV segment 1 and beta-actin as a house-keeping gene control 

(Oreochromis niloticus beta-actin mRNA, XM_003443127) (Figure 7). For both assays the 

respective target regions were cloned into plasmid vectors using primers TiLV-CLU5-cFl, 

5 5'-GGT CAA TTC GAG TCA TGC TCG (SEQ ID NO: 30) / TiLV-CLU5-cRl, 5'-GCT 

GGA CTG CTT TAT AAA TAG CAT AG (SEQ ID NO: 31), or TIL-Actin-cFl, 5'-ATC 

CTG CGT CTG GAC CTG GCT (SEQ ID NO: 32) / TIL-Actin-cRl, 5'-TGC CAA TGG 

TGA TGA CCT GTC (SEQ ID NO: 33) to generate quantitative calibration standards 

(Figures 7A and 7B). 

10 Targeted real-time PCR were performed using the following specific 

oligonucleotides: 

TiLV segment 1 (cluster 5) 

CLU5-mRNA-qFl, 5'-AGC TAT GTT ATC TGG CGC T (SEQ ID NO: 34) 

15 CLU5-mRNA-qRl, 5'-GTT GTT ATA CCT ATA GGC ACA T (SEQ ID NO: 35) 

CLU5-mRNA-Probe, FAM-5'-GCC ATT CCA CTC AGC AGA ACG TCT G-TAMRA 

(SEQ ID NO: 36) 

Tilapia beta-actin 

TIL-Actin-qFl, 5'-GCG TGA CAT CAA RGA GAA GCT G (SEQ ID NO: 37) 

20 TIL-Actin-qRl, 5'-CCA ATG GTG ATG ACC TGT C (SEQ ID NO: 38) 

TIL-Actin-Probe, FAM-5'-CCC TGG AGA AGA GTT ACG AGC TGC-TAMRA (SEQ ID 

NO: 39) 

As shown in Figure 7C, detecition of authentic TiLV was found in various tissue 

samples of diseased tilapia from Israel using real-time PCR with primers specific for TiLV. 

25 

30 
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CLAIMS 

1. An isolated polypeptide encoded by the nucleic acid having a sequence selected 

from the group consisting of SEQ ID NOs: 2-11 or a nucleic acid complementary 

to a sequence selected from the group consisting of SEQ ID NOs: 2-11. 

2. An isolated polypeptide encoded by a variant of any of one of SEQ ID NOs: 2-11 

or a variant of a nucleic acid complementary to a sequence selected from the 

group consisting of SEQ ID NOs; 2-11, wherein said variant has at least about 

80% sequence identity to SEQ ID NOs: 2-11 or a nucleic acid complementary to 

the sequence of any of SEQ ID NOs: 2-11. 

3. The isolated polypeptide of claim 2, wherein the variant ranges from about 

99.5% to about 85% identity to any of SEQ ID NOs: 2-11or a sequence 

complementary to any of SEQ ID NOs: 2-11. 

4. An immunogenic composition comprising the Tilapia Lake Virus polypeptide, 

according to claim 1. 

5. An immunogenic composition comprising the Tilapia Lake Virus polypeptide, 

according to claim 2. 

6. An immunogenic composition comprising the Tilapia Lake Virus polypeptide, 

according to claim 3. 

7. An immunogenic composition comprising a killed virus and/or attenuated virus 

comprising a Tilapia Lake Virus polypeptide, wherein the polypeptide is encoded 

by a nucleic acid having a sequence selected from the group consisting of SEQ ID 

NOs: 2-11 or a nucleic acid complementary to a sequence selected from the group 

consisting of SEQ ID NOs: 2-11. 

8. The immunogenic composition of claim 7 further comprising at least one 

excipient, additive or adjuvant. 

9. An immunogenic composition of claim 5 for use in inducing an immune response 

in an animal. 

10. An immunogenic composition of claim 5 for use in inhibiting or reducing a 

Tilapia Lake Viral infection in an animal.  

11. The composition for use according to claim 9, wherein the immunogenic 

composition is to be administered orally, by immersion or by injection. 
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12. A method for determining whether or not a sample contains Tilapia Lake Virus 

or has been infected by Tilapia Lake Virus, the method comprising: 

a) contacting a biological sample with an antibody that specifically binds to a 

polypeptide encoded by the nucleic acid having a sequence selected from the 

group consisting of SEQ ID NOs: 2-11, fragments and variants thereof; and  

b) determining whether or not the antibody binds to an antigen in the 

biological sample, wherein binding indicates that the biological sample 

contains Tilapia Lake Virus.  

13. An immunogenic composition of claim 6 for use in inducing an immune response 

in an animal.  

14. An immunogenic composition of claim 6 for use in inhibiting or reducing a 

Tilapia Lake Viral infection in an animal.  

15. The composition for use according to claim 14, wherein the immunogenic 

composition is to be administered orally, by immersion or by injection. 

16. An immunogenic composition of claim 4 for use in inducing an immune response 

in an animal.  

17. An immunogenic composition of claim 4 for use in inhibiting or reducing a 

Tilapia Lake Viral infection in an animal.  

18. The composition for use according to claim 18, wherein the immunogenic 

composition is to be administered orally, by immersion or by injection. 

19. The immunogenic composition of any one of claims 4 to 6, further comprising at least 

one excipient, additive or adjuvant chosen from the group consisting of oil, feed, gelatin 

and other additives or adjuvants that enhance and/or prolong the immune response. 

20. The immunogenic composition of claim 19, wherein the at least one excipient, 

additive, or adjuvant is chosen from the group consisting of oil, feed, and gelatin. 

 


