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Abstract

Tilapia lake virus (TiLV) is the main tilapia-infecting virus worldwide, causing serious economic losses to
the tilapia aquaculture. However, there is no vaccine for this viral disease. Here, TiLV ORF10 (TiLV-ORF10)
encoding a protein with abundant epitopes was constructed into the eukaryotic expression vector pcDNA3.1,
and then used to evaluate the immune protective effects in Nile tilapia (Oreochromis niloticus). RT-PCR and
western blot analyses confirmed pcDNA3.1-ORF10 expression in tilapia. Moreover, the transcription levels
of immune-related genes such as immunoglobulin M, toll-like receptor 2, myeloid differentiation factor 88,
interleukin 8, tumor necrosis factor alpha, gamma-IFN, and nuclear factor kB were significantly upregulat-
ed in the spleen, liver, and kidney of vaccinated tilapias (P < 0.05). TiLV challenge experiments showed that
relative percent survival (RPS) was significantly enhanced in fish vaccinated with the DNA vaccine. More-
over, the RPS was significantly higher in fish vaccinated with a high antigen dose of the DNA vaccine
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(85.72% RPS at a DNA dose of 45 pg vaccine plasmid). Vaccination with pcDNA3.1-ORF10 significantly
reduced virus replication, as evidenced by the low amount of virus in the spleen, liver, and kidney of vac-
cinated tilapia comparing with pcDNA3.1 vaccination. Thus, pcDNA3.1-ORF10 could induce protective
immunity in tilapia and may be a potential vaccine candidate for controlling disease caused by TiLV.
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1. Introduction

Tilapia (Oreochromis spp.) is the second largest farmed fish and is an important protein source for develop-
ing countries (FAO, 2016). Tilapia is primarily farmed in Asia, Africa and America, and its production is
increasing yearly (Surachetpong et al., 2020; Thammatorn et al., 2019). However, an emerging viral patho-
gen, tilapia lake virus (TiLV), causes mass mortality of wild and farmed Nile tilapia (Oreochromis niloticus),
which has a considerable impact on tilapia aquaculture in several countries (Thawornwattana et al., 2021;
Skornik et al., 2019). TiLV is a negative-sense single-stranded RNA virus (-ssRNA virus), the only member
in the genus Tilapinevirus, of the family Amnoonviridae (ICTV, 2018b). The virus is approximately 60—
80 nm in size with a negative-sense RNA genome consisting of 10 segments and is approximately 10,323 kb
in length (Al-Hussinee et al., 2018; Subramaniam et al., 2019). The structural characterization and protein
functions from the TiLV genome are still under investigation, including TiLV ORF10 (TiLV-ORF10, here
and after). Currently, large knowledge gaps exist regarding TiLV and its TiLV-ORF10, which need to be
addressed in future studies.

The emergence of this viral disease, termed tilapia lake virus disease (TiLVD), has been reported across ti-
lapia production countries in Southeast Asia, Africa, and South and North America, and it causes high mor-
talities leading to high economic losses (Kembou Tsofack et al., 2017; Mugimba et al., 2018; Nicholson et
al., 2017; Surachetpong et al., 2017; Surachetpong et al., 2020). Therefore, development of biosecurity
measures or advanced vaccine tools against TiLV infection is necessary (Bergmann et al., 2017; Zhao et al.,
2020). Previously, chemical reagents such as iodine, NaOCl, H»0,, formalin, Virkon, etc common disin-
fectants effectively reduced viral loads and have been used to prevent or control the spread of TiLV
(Jaemwimol et al., 2019). In recently, heat-killed (HKV) and formalin-killed TiLV inactivated vaccines have
been reported effectively preventing TiLV infection (Mai et al., 2021), however yet no work has been car-
ried out for the characterization of a DNA vaccine against TiLV. Studies have been reported that DNA vac-
cines expressing viral proteins in vivo induced immune response and decreased fish mortality after virus in-
fection (Hu et al., 2019; Chen et al., 2018a). Development of a DNA vaccine will reduce mortality in vac-
cinated fish and can pave the way for the design of disease control strategy against TiLV.

Tilapia is a valuable fish species in regions of tilapia production worldwide, as well as southern China in
Guangdong, Hainan, Guangxi, and Taiwan provinces. TiLV may cause serious economic losses in tilapia
production if the virus is epidemic in these regions. In this study, TiLV-ORF10 was amplified and its en-
coded protein was characterized by bioinformatics analysis. Subsequently, a DNA vaccine of pcDNA3.1—
ORF10 expressing TiLV-ORF10 was constructed. Furthermore, the effects of the DNA vaccine on tilapia
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immune-related genes and virus amounts were investigated. Our study will establish a DNA vaccine for ef-
fective protection the tilapia against the TiLV infection.

2. Materials and Methods
2.1. Fish and Virus

A total of 140 Nile tilapias fish, Oreochromis niloticus (118 = 11.23 mm in body length) were used for vac-
cination and viral challenge experiments in this study. The fish were maintained in aerated freshwater at
room temperature (27 + 3 °C) and fed once daily with fishing bait. Eight fish were randomly selected and
used for RT-PCR detection to ensure that the fish used in the study were free of TiLV infection. Previously,
the TiLV-infected tilapias were kept at —80 °C in the laboratory (Chen et al., 2021). Approximately 35 g of
TiLV-infected spleen, liver, and kidney tissues of fish were ground in 1x PBS buffer and subsequently
passed through 0.2 pm filters. The prepared virus suspension (LDso= 10'?) was stored at -20 °C for viral
challenge experiments. This TiLV 2017A isolate was kindly provided by the Pearl River Fishery Research
Institute, Chinese Academy of Fishery Sciences (Wang et al., 2018).

2.2. TiLV-ORF10 Cloning and Sequence Analysis

Total RNA from TiLV-infected spleen, liver, and kidney tissues of tilapias was extracted using TRIzol rea-
gent (Invitrogen, USA), and reverse transcribed into first-strand cDNA using EasyScript Reverse Transcrip-
tase (Trans, China). According to the full-length sequence of TiLV segment 10 in NCBI (NC_029930.1), the
specific primers TILVORF10-F/R targeting the TiLV-ORFI10 ORF were designed for PCR amplification
(Table 1). PCR cloning was performed as described by Yu et al. (Yu et al., 2019a). The PCR product was
purified and ligated into a pMD18-T vector (Takara, China). Three randomly selected clones were subjected
to Sanger sequencing (Invitrogen, China).

The TiLV-ORF10 amino acid sequences of the 2017A-Hainan isolate (2017A-H), two Thailand isolates
(AOE22907.1 and AWKG60422.1), an Israel isolate (YP_009246485), an Ecuador isolate (QAB07944.1),
and a Peru isolate (QDC17502.1) were retrieved from the National Center for Biotechnology Information
(NCBI) for computer-assisted analysis. Sequence alignment of the six proteins was performed in Clustal X
1.83, and edited by GeneDoc software. Conserved domains were predicted using a domain search in NCBI
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). The 113 amino acid polypeptide sequence of
TiLV-ORF10 (2017A-H) was used to predict an antibody epitope using Bepipred Linear Epitope Prediction
(IEDB analysis resource) at http://tools.immuneepitope.org/beell/ (Jespersen et al., 2017).

2.3. Plasmid Construction

The TiLV-ORFI10 ORF was amplified from prepared cDNA as described above using TILVORF10-F2/R2.
The amplified DNA fragment was cloned into the eukaryotic expression vector pcDNA3.1 (Invitrogen, USA)
using EcoRl and EcoRV restriction enzyme sites. The recombinant plasmid, designated as pcDNA3.1-
ORF10, was confirmed by EcoRI and EcoRV restriction enzyme digestion and bidirectional DNA sequenc-
ing using primers TILVORF10-F2 and TiLVORF10-R2 at Thermo Fisher (Guangzhou, China) (Table 1).
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The plasmids pcDNA3.1-ORF10 and pcDNA3.1 were purified from the Endo-free Plasmid Midi Kit (Ome-
ga Bio-Tek, USA) and used for DNA vaccination.

2.4 DNA Vaccination and Viral Challenge Experiments

For vaccination with different amounts of DNA vaccine, the plasmid pcDNA3.1-ORF10 was diluted to 150
ug/mL, 300 ug/mL, or 450pg/mL with sterile 1x PBS buffer, whereas pcDNA3.1 was diluted to 450 pg/mL.
A total of 120 healthy fish were randomly divided into four groups (30 animals per group). Each group was
intramuscularly injected with 100 uL of pcDNA3.1-ORF10 (150 pg/ mL), pcDNA3.1-ORF10 (300 pg/mL),
pcDNA3.1-ORF10 (450 pg/mL), or pcDNA3.1 (450 pg/mL) at 7th day, and a second booster vaccination
was conducted using the same dose of DNA vaccine at 15th day, designated as pcDNA3.1-ORF10(a),
pcDNA3.1-ORF10(b), pcDNA3.1-ORF10(c), and pcDNA3.1 group, respectively. The remaining 12 tilapias
were vaccinated with 100 uL of pcDNA3.1-ORF10 (450 pg/mL) or pcDNA3.1 (450 pg/mL) at 7th day, and
were necropsied to collect muscle (of injection sites), spleen, liver, and kidney tissues at 7 days post vac-
cination (dpv). Samples were immediately frozen in liquid nitrogen and stored at —80 °C until used.

The vaccinated 120 fish were challenged with 100 uL LDso= 10"2 TiLV via intraperitoneal injection at 22nd
day. Fish from the same group were randomly distributed into three separate tanks and cultured as described
above at room temperature (27 + 3 °C). The dead animals were collected daily, and mortality rates were
calculated 22 days post viral challenge. Relative percentage survival (RPS) was calculated according to the
following formula: RPS = [1 - (death vaccinated group/total vaccinated group) / (death control group/total
control group)] x 100% (Amend, 1981). The statistical significance of RPS in different groups was deter-
mined by two-way analysis of variance, and Duncan’s multiple range test was used to compare the means
(SAS Institute Inc, Campus drive Cary, NC, USA).

2.5. Detection of Transcription and Expression of Vaccine Plasmids in Tilapias

Total RNA from the injection site in the muscle was extracted using TRIzol reagent (Invitrogen), following
the manufacturer's instructions. Three micrograms of RNA was pretreated with gDNA Eraser (Takara) and
reverse transcribed into the first strand cDNA using EasyScript Reverse Transcriptase (Beijing, China). PCR
was conducted to detect the transcripts of the vaccine plasmid using the specific primers TiILVORF10-F2/R2.
p-actin mRNA was used as an internal control.

To prepare total protein lysates, frozen muscle tissues were homogenized in 50 mM Tris-HCl buffer (pH 7.5)
with a protease inhibitor cocktail (Roche, USA). Lysates were separated by 12% SDS-PAGE and transferred
onto a polyvinylidene difluoride membrane for western blot analysis. Mouse anti-His serum (Vector Labor-
atories, USA) was used as the primary antibody (1: 2000), and peroxidase-conjugated goat anti-mouse IgG
(H + L) antibody (Vector Laboratories, USA) was used as the secondary antibody (1: 2000). The signals
were detected using a chemiluminescent horseradish peroxidase substrate (Millipore). Simultaneous internal
control was performed by detecting the B-actin protein with an anti-f-actin antibody (Boster; 1: 2000).

2.6. Transcription Levels of Immune-Related Genes by Reverse Transcription Quantitative PCR
(RT-qPCR)
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Total RNAs from the spleen, liver, and kidney tissues of tilapias of pcDNA3.1-ORF10 and pcDNA3.1 at 7
dpv were extracted and subjected to first-strand cDNA synthesis as described above. RT-qPCR was used to
measure the relative RNA levels of immune-related genes, which included immunoglobulin M (IgM,
KC677037.1), toll-like receptor 2 (TLR2, XM _019360109.2), myeloid differentiation factor 88 (MyD8S,
NM 001311322.1), interleukin 8 (IL8, NM _001279704.1), tumor necrosis factor alpha (TNFa,
NM 001279533), gamma-IFN (IFNy, NM 001287402.1), and nuclear factor kB (NF-kB,
XM 019363515.2) genes. RT-qPCR was performed using SYBR green real-time PCR master mix reagent
kit (CWBIO, China) in a StepOne real-time PCR system (Applied Biosystems, USA) with a cycle condition
of 95 °C for 5 min, followed by 40 cycles of 95 °C for 15 s, and 60 °C for 1 min. All samples were tested in
triplicate. The fish vaccinated with pcDNA3.1 was used as reference sample. The transcription level of ti-
lapia immune genes, normalized to the internal control S-actin, was evaluated based on the 224 method
(Livak et al., 2001). All data were analyzed using the Student’s t-test. Statistical significance was set at P <
0.05.

2.7. Determination of the TiLV Amount in vaccinated tilapias Using RT-qPCR

In order to determine the TiLV amount in dead or surviving fish in pcDNA3.1-ORF10(c) group and
pcDNA3.1 group, three dead fish (collected at 4-8 dpi) and three survivors (collected at 22 dpi) from the
pcDNA3.1-ORF10(c) group, and three dead fish (collected at 4-8 dpi) and three survivors (collected at 22
dpi) from the pcDNA3.1 group were selected from the viral challenge experiments. Then their spleen, liver,
and kidney tissues were collected to evaluate the amount of virus. Total RNA was prepared and re-
verse-transcribed into first-strand cDNA, as described above.

The quantity of virus was determined by TiLV segment 1 (TiLV RNA1) using RT-qPCR. According to the
full-length sequence of TiLV RNA1 in NCBI (NC_029926.1), the specific primers TILVRNAT1-F/R target-
ing TiLV RNAT1 were designed for PCR amplification (Table 1). PCR cloning was conducted on first-strand
cDNA from TiLV-infected spleen, liver, and kidney tissues as described above, and the PCR product was
ligated to pMD18-T (Takara). The virus amount in various tissues of vaccinated fish in two groups was
quantified by qPCR using specific primers TILVRNA1-qF/qR (Table 1). The recombinant plasmid was di-
luted to 6.50x10° copies/uL as an initial template. The initial template was further diluted to 107!, 102, 107,
10*and 107 by ddH»0, and were used for establishing the standard curves. The gPCR was carried out using
the SYBR green real-time PCR master mix reagents kit (CWBIO, China) in the StepOne real-time PCR sys-
tem (Applied Biosystems, United States) as described by Yu et al (Yu et al., 2019b). The copy number of
TiLV was calculated by the following formula: Copy number/uL= [Concentrationplasmid (ng/pL) x 1pL] x
10 / [(Lengthplasmia + Lengthinsert) X 660] x 6.02 x 10%. The virus amount of TiLV in the spleen tissues of
surviving fish of the pcDNA3.1-ORF10 group was set as 1. All data were analyzed using the Student’s t-test.
Statistical significance was set at P < 0.05.

3. Results

3.1. RT-PCR Cloning and Sequence Analysis
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RT-PCR results showed that a specific DNA band of expected size (423 bp) was obtained. The complete
ORF of TiLV segment 10 is 342 bp long and encodes a protein with a predicted molecular weight of ap-
proximately 12.73 kDa and a theoretical isoelectric point of 4.68. Amino acid sequence analysis showed that
TiLV-ORF10 (2017A-H isolate) is identical to the protein sequence of the Thailand isolate (AOE22907.1),
and has 98.2~99.1% sequence homology with other TiLV-ORF10s. Bioinformatic analysis indicated that
TiLV-ORF10 contains the bromodomain, which specifically recognizes acetylated lysine and regulates gene
expression (Figure 1A). However, blastn analysis indicated that TiLV-ORF10 shares a weak amino acid se-
quence similarity with other known aquatic viruses at NCBI.

To establish a highly efficacious DNA vaccine against TiLV, a specific antibody with an abundant epitope is
required. The TiLV-ORF10 protein sequence was scanned using the Bepipred Linear Epitope Prediction
method and five peptide sequences were predicted to produce specific antibodies. According to BLAST data,
these peptide sequences were conserved in all TiLV-ORF10s (Figure 1B), which can be used for preparing
the DNA vaccine further.

3.2. The DNA Vaccine Expressed TiLV-ORF10 in Vaccinated Fish

The putative epitopes were widely distributed in TILV-ORF10. Thus, the full-length amino acid sequence of
TiLV-ORF10, whose N-terminus is linked with a 6xHis tag, was expressed in the eukaryotic expression
vector pcDNA3.1-ORF10. RT-PCR was performed at 7 dpv to analyze the transcription of pcDNA3.1-
ORF10 in muscle tissues of vaccinated tilapias. The results showed that the transcripts of the TiLV-ORF10
gene were detected by a pair of specific primers TILVORF10-F2/R2, while no amplification was obtained
for the negative control group (Figure 2A). The transcripts of the reference gene, f-actin, were maintained at
a similar level in the pcDNA3.1-ORF10 and pcDNA3.1 groups.

To analyze the protein expression of TiLV-ORF10 in muscle tissues of vaccinated tilapias, western blotting
was performed at 7 dpv. The result showed that the specific immunoreactive bands of approximately 14 kDa
(His-TiLV-ORF10) was detected in the pcDNA3.1-ORF10 group; however, no band was observed in the
pcDNA3.1 group (Figure 2B). Equal amounts of loading were evident by similar amounts of -actin protein
in the two groups (Figure 2B, lower panel). Collectively, these results demonstrated that the DNA vaccine,
pcDNA3.1-ORF10, expressed TiLV-ORF10 in vaccinated tilapias.

3.3. Transcription Level of Immune-Related Genes After DNA Vaccine Administration

We evaluated the transcription levels of seven immune-related genes, namely IgM, TLR2, MyDS&S, ILS,
TNFa, IFNy, and NF-xB genes in the spleen, liver, and kidney of tilapias from pcDNA3.1-ORF10 and
pcDNA3.1. Compared with the pcDNA3.1 group, all seven examined genes were upregulated to different
levels in tested organs of vaccinated tilapias (Figure 3). Compared with the pcDNA3.1 group, the transcrip-
tion levels of IgM were highly upregulated (3.3-fold) in the spleen of the pcDNA3.1-ORF10 group, fol-
lowed by IFNy (2.53-fold) and NF-kB (2.41-fold). The upregulation of TLR2, MyD88, IL8, and TNFo. tran-
scription levels were between 1.53- and 1.89-fold (Figure 3A). Compared with spleen tissues, the fold
change of some immune-related genes were further upregulated, while others were downregulated in liver
tissues. Transcription levels of TLR2, MyD&88, IL8, TNFa, and IFNy increased to 2.74-, 1.89-, 2.67-, 1.77-,
and 3.53-fold, respectively. Meanwhile, the transcription levels of /gM and NF-xB genes decreased to 1.77-
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and 1.69-fold, respectively (Figure 3B). Moreover, the transcription levels of these immune-related genes
were further changed in kidney tissues comparing with spleen or liver tissues. Notably, the transcription lev-
els of /L8 and TNFo increased into 2.89- and 3.53-fold, respectively; however, upregulation of other im-
mune-related genes transcription levels were between 1.53- and 1.89-fold (Figure 3C). In summary, the
DNA vaccine can significantly induce upregulation of immune-related gene expression (P < 0.05); however,
the degree of upregulation is different in spleen, liver, and kidney tissues.

3.4. Protection of Fish Using DNA Vaccination

Fish were monitored daily for clinical signs and mortality after TiLV challenge until 22 days
post-inoculation (dpi). As shown in Figure 4, death was first recorded at 3 dpi in the pcDNA3.1 group;
however, it was reduced in pcDNA3.1-ORF10 vaccinated groups. Cumulative mortality reached 93.33% in
the pcDNA3.1 group at 22 dpi, whereas it reduced to 36.67% in the pcDNA3.1-ORF10(a) group when using
15 pg pcDNA3.1-ORF10. Furthermore, the cumulative mortality was further reduced to 20.00% and 13.33%
in the pcDNA3.1-ORF10(b) and pcDNA3.1-ORF10(c) groups, respectively, when using high quantity of
DNA vaccine (Figure 4). The Duncan’s range test showed that cumulative mortality of pcDNA3.1 group is
significantly higher than other groups, as well as the groups between pcDNA3.1-ORF10(a) and pcDNA3.1-
ORF10(c), but not for the pcDNA3.1-ORF10(b) group with pcDNA3.1-ORF10(a) or pcDNA3.1-ORF10(c)
group (Table 2). Compared to the pcDNA3.1 group, RPS value of pcDNA3.1-ORF10(a) reached 60.71%
using 15 pg vaccine plasmid, which further increased to 78.57% and 85.72% in the pcDNA3.1-ORF10(b)
and pcDNA3.1-ORF10(c) groups, with 30 pg and 45 pg vaccine plasmid respectively (Table 2). Overall,
these data indicate that plasmid pcDNA3.1-ORF10, at a dose of 15 pg or more, could function as an effec-
tive vaccine against TiLV infection in tilapias.

3.5. The Virus Amount of TiLV in Vaccinated Tilapias

The quantity of virus in the spleen, liver, and kidney tissues of dead and surviving tilapias of pcDNA3.1—
ORF10(c) and pcDNA3.1 groups was further determined by RT-qPCR. Overall, surviving tilapias had a
lower amount of TiLV compared with dead tilapias, and the virus amount of pcDNA3.1-ORF10(c) vac-
cinated tilapias was lower than that in pcDNA3.1 vaccinated tilapias (Figure 5). The virus amount from sur-
viving tilapia spleens of the pcDNA3.1 group was 7.33-fold higher than that in the pcDNA3.1-ORF10(c)
group; however, it was 4.51- and 2.92-fold higher within liver and kidney tissues, respectively. The virus
amount in the spleen, liver, and kidney tissues of dead tilapias in both groups was increased dramatically.
The virus amount in dead tilapia spleens of pcDNA3.1-ORF10(c) and pcDNA3.1 was 99.03- and
322.63-fold higher than the surviving tilapia spleens in the pcDNA3.1-ORF10(c) group, which is less than
the virus amount in liver tissues, with 633.4- and 580.99-fold higher. Moreover, the virus amount in dead
tilapia kidney tissues in the two groups were 167.11- and 417.5-fold higher, respectively, at medium levels
(Figure 5).

4. Discussion
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TiLV contains 10 negative-sense single-stranded RNA segments; however, the structural characteristics of
these segments and the functions of the viral proteins are unclear. TILV-ORF10 has richer epitopes, which
are distributed throughout the protein; comparatively, the other nine putative viral proteins have fewer
epitopes (Supplementary Fig. 1). In this case, TiLV-ORF10 was used for DNA vaccine preparation and anti-
viral effect research. In addition, TiILV-ORF10 contains a bromodomain, which was found to be a class of
conserved protein domains that specifically recognize acetylated lysine and form a protein complex that
drives transcription active, thereby regulating gene transcriptional activation or transcriptional repression
(Fujisawa and Filippakopoulos, 2017; Jain and Barton, 2017). As shown in Figure 1, three epitopes of
TiLV-ORF10 were overlapping with this domain. Therefore, we speculate that the bromodomain may have
the function of regulating immune gene response. However, the mechanism of regulating immune gene re-
sponse via specific epitope should be studied further.

In the study, pcDNA3.1-ORF10 was highly transcribed and expressed in vivo. As we expected,
TiLV-ORF10 could increase transcription levels of fish-related immune genes. In spleen tissue, the most
significantly upregulated gene was IgM, which was triggered by an innate immune response and plays an
important role to against TiLV infection. However, the most significantly upregulated gene in the liver tis-
sue was [FNy, while the TNFa in the kidney tissue. The upregulation of immune-related gene transcriptions
response to innate immune response, which may play a key role against virus in vertebrates. The study indi-
cates that immune-related genes derived from different tissues and organs may be diverse in response to
DNA vaccines. Similar results have been reported using DNA vaccines to protect the fish against virus
(Chang, 2020), such as mandarin fish against Infectious spleen and kidney necrosis virus (ISKNV) (Zhao et
al., 2020). The results showed that the specific immune response in the specific organ. However, the detailed
mechanism of immune genes regulation in different tissues and organs responses to DNA vaccine should be
further researched.

In the study, the pcDNA3.1-ORF10 could improve tilapia survival rate considerably. The RPS of tilapia was
60.71% when using 15 pg of pcDNA3.1-ORF10, and its RPS reached 78.57% when using twice the amount
of DNA vaccine (30 pg), an increase of 17.86%. Furthermore, it further increased by only 7.51% at a dosage
of 45 pg, which is far lower than the dosage of 30 pg. However, the statistical test showed that it is only sig-
nificant difference between using a dosage of 45 pug comparing with those of a dosage of 15 ug. Therefore,
more DNA vaccine (>45 pg) used, RPS can be increased significantly. In addition, to determine this feasi-
bility, the viral challenge experiments have been repeated, and the similar results were obtained. Interest-
ingly, the survived fish injected by control plasmid have less virus amount in their tissues than dead fish in-
jected with the DNA plasmid. We suppose that despite the fish injected with DNA vaccine, the protective
effect of the vaccine is not a 100%. Therefore, the dead fish injected with the DNA plasmid have more virus
is understandable. DNA vaccine is another new type of vaccine after inactivated vaccine, attenuated vaccine,
subunit vaccine and recombinant peptide vaccine. Compared with traditional vaccines, it has many ad-
vantages such as simple preparation, stability, relative low cost. At present, DNA vaccine has been used in
human, animal and fish for controlling or reducing virus infection (Yu et al., 2019c; Yu et al., 2020; Mata-
moros et al., 2020; Corbeil et al., 2000). However, considering the cost price and profit, the DNA vaccine
cloud be used by the method of immersion vaccine or other economical ways. The tilapia production center
is located in a tropical and subtropical region, which may result in TiLV outbreaks when water temperature
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ranges from 22 °C to 32 °C (Eyngor et al., 2014). In short, this study suggested a viral protein from TiLV
ORF10 could be used for against TiLV.

In conclusion, our results showed that pcDNA3.1-ORF10, a DNA vaccine encoding a protein with five
epitopes, conferred effective protection against TiLV challenge in tilapia. Moreover, pcDNA3.1-ORF10
expressing TiLV-ORF10 enhanced the innate immune response in tilapia, which is essential for combating
TiLV infections.
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Table 1 Primers used in this study.

Primers Primers sequences (5°-3”) Usage

TiLVORF10-F AAATCTTTCCCTCTGACACCC RT-PCR
TiLVORF10-R  CAGGATGAGTGTGGCAGATT

TiLVORF10-F2  GGgaattctATGCACCATCATCATCATCATATGAG- pcDNA3.1-ORF10
TGTGGCAGATTATTTGTC (EcoRI)

TiLVORF10-R2  GGgatatcCTAAGACTGCACGTCAAGAGAC (EcoRV)

TiLVRNAI-F GTGGGTTGTTCCAAGCCTAAGGAC RT-PCR
TiLVRNAI1-R CACTCTAGTAGAGTGTCCAGGAGG

TiLVRNAl-gF  GGCATGTGGGGAGGAAGTCCTC RT-qPCR

TiLVRNA1-qR  CAGGGGACCACTTGTGACTCTGA

IgM-qF AGGAGACAGGACTGGAATGCACAA RT-gPCR
IgM-qR GGAGGCAGTATAGGTATCATCCTC

TLR2-qF GTATCTCAGTGCTCGTCGCTCA RT-qPCR
TLR2-qR TTTCATTATCGTCTCCAGTGCG

MyD88-qF TTTACGCTTCCTCACCATTTGT RT-qPCR
MyD88-qR CCGCCTGCTCCACAGTTAT

IL8-qF GCACTGCCGCTGCATTAAG RT-gPCR
IL8-qR GCAGTGGGAGTTGGGAAGAA

TNFa-qF GAGGTCGGCGTGCCAAGA RT-gPCR
TNFo-qR TGGTTTCCGTCCACAGCGT

IFNy-gF TGACCACATCGTTCAGAGCA RT-qPCR
IFNy-gR GGCGACCTTTAGCCTTTGT

NF-kB-qF CGACCACTACCTACACGCTC RT-gPCR
NF-kB-qR GATGTCGTTTGAGGCATCGC

B-actin-qF AACAACCACACACCACACATTTC RT-PCR, RT-qPCR
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B-actin-qR TGTCTCCTTCATCGTTCCAGTTT
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Table 2 Cumulative mortality and relative percentage survival (RPS) of vaccinated tilapia challenged with tilapia lake virus

(TiLV).
Cumulative mortality
Vaccinated tilapia RPS% Duncan’s range test
(death/total)
pcDNA3.1-ORF10 (c) 13.33% (4/30) 85.72 cd
pcDNA3.1-ORF10 (b) 20.00% (6/30) 78.57 be
pcDNA3.1-ORF10 (a) 36.67% (11/30) 60.71 b
pcDNA3.1 93.33% (28/30) - a

RPS = [1 - (death vaccinated group/total vaccinated group)/(death control group/total control group)] x 100%. ¢4 Dif-

ferent letters in the same column indicate significant differences (p < 0.05).
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Figure 1. Multiple sequences alignment of TiLV-ORF10 and its antibody epitope prediction. (A), multiple sequences
alignment of TiLV-ORF10 and its homologues. Bromodomains, 51~105 aa, are shown under the blue line. (B), the antibody
epitope prediction of TILV-ORF10. The five-peptide sequences with antigenicity are shown.
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Figure 2. Transcription and expression of TiLV-ORF10 in vaccinated tilapia muscles. RT-PCR (A) and western blot (B)

analysis of transcription and expression of the 7iLV-ORF'10 gene in muscle tissues from vaccinated tilapias at 7 dpv (n = 3).

p-actin mRNA and its protein were used as internal controls.
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Figure 3. RT-qPCR analysis of transcription levels of IgM, TLR2, MyD&8, ILS, TNFa, IFNy, and NF-kB genes in spleen
(A), liver (B), and kidney (C) tissues from vaccinated tilapias. The mRNA level of each gene was normalized to that of
f-actin mRNA. For each gene, the mRNA level of the pcDNA3.1 group was set as 1. Asterisks indicate significant differ-

ences from the control group. Data are presented as the mean + SE (n = 3). *P < 0.05.
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Figure 4. Cumulative mortality curves of vaccinated tilapias upon challenge with tilapia lake virus (TiLV). Tilapias vac-
cinated with pcDNA3.1, pcDNA3.1-ORF10(a), pcDNA3.1-ORF10(b), pcDNA3.1-ORF10(c) were intraperitoneally chal-

lenged with TiLV and monitored daily for mortality over a 22 dpi observation period. Data are presented as the mean + SE
(n=3).
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Figure 5. RT-qPCR analysis of the virus amount of TiLV. RT-qPCR analysis of the virus amount of TiLV in spleen, liver, and
kidney tissues of dead fish and survivors from the pcDNA3.1-ORF10(c) group and pcDNA3.1 group. The virus amount of
TiLV in spleen tissues of pcDNA3.1-ORF10 vaccinated surviving tilapias was set as 1. Data are presented as the mean + SE
(n=3). *P <0.05.
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