O B~

O 00 N O

10
11
12
13
14
15
16
17
18
19
20

bioRxiv preprint doi: https://doi.org/10.1101/848903; this version posted November 21, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC 4.0 International license.

Genetic diversity of tilapia lake virus genome segment 1 from 2011 to 2019

and a newly validated semi-nested RT-PCR method

Suwimon Taengphu®?, Pakkakul Sangsuriya 2, Kornsunee Phiwsaiya?, Partho Pratim
Debnath?, Jerome Delamare-Deboutteville®, Chadag Vishnumurthy Mohan®, Ha Thanh Dong*®",
Saengchan Senapin®?*

!Fish Health Platform, Center of Excellence for Shrimp Molecular Biology and Biotechnology
(Centex Shrimp), Faculty of Science, Mahidol University, Bangkok, Thailand

National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science and
Technology Development Agency (NSTDA), Pathum Thani, Thailand

3Aquatic Molecular Genetics and Biotechnology Laboratory, BIOTEC, NSTDA, Pathum Thani,
Thailand

*WorldFish, Dhaka, Bangladesh

SWorldFish, Penang, Malaysia

SFaculty of Science and Technology, Suan Sunandha Rajabhat University, Bangkok, Thailand

Running title: Diversity of TiLV segment 1 and a new PCR protocol
*Corresponding authors:

S. Senapin (E-mail: saengchan@biotec.or.th)

H.T. Dong (Email: hathanh.do@ssru.ac.th)


mailto:hathanh.do@ssru.ac.th
https://doi.org/10.1101/848903
http://creativecommons.org/licenses/by-nc/4.0/

21

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

44

bioRxiv preprint doi: https://doi.org/10.1101/848903; this version posted November 21, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available

under aCC-BY-NC 4.0 International license.

Abstract

The gene of RNA viruses, encoding RNA-directed RNA polymerase (RdRp) is relatively
conserved due to its crucial function in viral genome replication and transcription making it a
useful target for genetic diversity study and PCR detection. In this study, we investigated the
genetic diversity of 21 tilapia lake virus (TiLV) genome segment 1 sequences predictively coding
for RdRp subunit P1. Those sequences were obtained from infected fish samples collected in
Ecuador, Israel, Peru, and Thailand between 2011 and 2019 (nine sequences from this study and
12 sequences from GenBank). Primers were then designed from the highly conserved regions
among all 21 TiLV segment 1 sequences and used in semi-nested RT-PCR condition optimization.
The result revealed that all 21 TiLV segment 1 sequences showed 95.00-99.94 and 99.00-100%
nucleotide and amino acid sequence identity, respectively. These isolates were phylogenically
clustered into three separate genetic clades, called i) Israeli-2011 clade (containing of TiLV
isolates from Israel collected in 2011, Ecuador, and Peru isolates), ii) monophyletic Israel-2012
clade (containing only TiLV isolates collected from Israel in 2012), and iii) Thai clade (containing
only sequences obtained from Thailand isolates). The newly established PCR protocol was 100
times more sensitive than our previous segment 3-based protocol when comparatively assayed
with RNA extracted from infected fish. The assay was also shown to be specific when tested
against negative control samples, i.e. RNA extracted from clinical healthy tilapia and from
bacterial and viral pathogens (other than TiLV) commonly found in aquatic animals. Validation
experiment with RNA extracted from naturally infected fish specimens collected in 2013-2019
yielded positive test results for all samples tested, confirming that our newly designed primers and
detection protocol against TiLV segment 1, have a potential application for detection of all current
genetic variants of TiLV.

Keywords: detection, semi-nested PCR, tilapia lake virus, TiLV, genome


https://doi.org/10.1101/848903
http://creativecommons.org/licenses/by-nc/4.0/

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

65
66
67
68
69
70
71
72
73
74
75

bioRxiv preprint doi: https://doi.org/10.1101/848903; this version posted November 21, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available

under aCC-BY-NC 4.0 International license.

Introduction

A novel disease termed syncytial hepatitis of tilapia (SHT) associated with high mortality in
farmed tilapia (Ferguson et al. 2014) caused by Tilapia lake virus (TiLV) (Eyngor et al. 2014).
TiLV is a segmented RNA virus that has been taxonomically assigned to Tilapia Tilapinevirus
(Bacharach et al. 2016; Adams et al. 2017). TiLV has been reported in 16 tilapia farming countries
and this is likely to increase due to some underreporting (Jansen et al. 2018; Pulido et al. 2019).
Rapid and accurate detection of the virus is crucial for selection of TiLV-free fish broodstock in
view of the vertical transmission possibilities of the virus from parents to offspring (Yamkasem et
al. 2019; Dong et al. 2020) and to prevent disease spread through movement of live fish for
aquaculture (Dong et al. 2017a; Jansen et al. 2018). Following the characterization of the TiLV
genomes (Eyngor et al. 2014; Bacharach et al. 2016), several PCR methods have been published,
including RT-PCR (Eyngor et al. 2014), nested RT-PCR (Kembou Tsofack et al. 2017), semi-
nested RT-PCR (Dong et al. 2017b), RT-qgPCR (Kembou Tsofack et al. 2017; Tattiyapong et al.
2018; Waiyamitra et al. 2018), and RT-LAMP (Phusantisampan et al. 2019; Yin et al. 2019). Most
of the aforementioned methods used genome segment 3 of TiLV as the target for primer design.
There are insufficient information and understanding on genetic diversity and functional role of
segment 3. Due to the nature of RNA viruses, we hypothesized that there was a certain level of
sequence variation in the TiLV genomes. If so, there might be a possibility for mismatches of the
designed primers and thus the current molecular detection methods may not be applicable for all

genetic variants, if any, of TiLV.

So far, the functions of the putative protein products of the 10 genomic segments of TiLV have
not been elucidated, except for the sequence of segment 1, that has weak percent identity (~17%
amino acid identity, 37% sequence coverage) to the PB1 gene of influenza C virus (Bacharach et
al. 2016). Influenza virus PB1 gene encodes for RNA-directed RNA polymerase (RdRp) catalytic
subunit sometimes called polymerase basic protein 1 or RNA-directed RNA polymerase subunit
P1. Generally, sequences encoding the RdRp genes of RNA viruses show a reasonably high level
of conservation due to their crucial replication and transcription functions. RdRp gene was
therefore considered a useful molecular marker for virus classification and detection (Koonin and
Dolja 1993; Culley et al. 2003; Culley and Steward 2007; Senapin et al. 2007). Therefore, this
study aims to i) investigate the genetic diversity of TiLV genome segment 1 from TiLV-infected

fish samples and sequences available from GenBank and ii) to develop a new semi-nested RT-
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76 PCR method based on primers designed from highly conserved regions of TiLV genome segment

77 1 for disease diagnosis and surveillance.
78  Materials and methods

79  Fish samples and RNA preparation

80  For amplification of TiLV genome segment 1, nine TiLV-infected specimens obtained from years
81 2013 to 2019 were used. They were archived specimens from our previous works (Dong et al.
82 2017a; Dong et al. 2017b) and a newly collected set (Table 1). Suspected TiLV-infected fish and
83  experimentally challenged fish samples (Table 2) were subjected to TiLV diagnosis using the
84  newly developed semi-nested RT-PCR described below. RNA was extracted from the fish tissues
85 using Trizol reagent (Invitrogen) following protocols recommended by the manufacturer. Quality
86  and quantity of the obtained RNA was measured by spectrophotometry at 260 and 280 nm. RNA
87  extracted from clinically healthy red and Nile tilapia tested negative for TiLV were used in

88  negative control PCR reactions.
89  Amplification of TiLV genomic segment 1

90  Primers used for amplification of the putative open reading frame (ORF) of TiLV genomic
91  segment 1 were TiLV-S1-F; 5-ATG TGG GCA TTT CAA GAA-3’ and TiLV-S1-R; 5’-TTA
92 GCA CCC AGC GGT GGG CT-3’ as previously described by Pulido et al. 2019. They were
93  designed based on the segment 1 sequence of the TiLV Israeli isolate TiL-4-2011 (accession
94  number KU751814, Eyngor et al, 2014, Bacharach et al, 2016). RNA extracted from 9 TiLV-
95 infected fish specimens obtained as described above were individually used as template. RT-PCR
96 reaction of 25 pl composed of 200 ng RNA template, 300 nM of each primer, 1 pl of SuperScript
97 Il RT/Platinum Taq Mix (Invitrogen), and 1x supplied buffer (containing 0.2 mM of each dNTP,
98 2.6 mM MgSOs, and stabilizers). Amplification profiles consisted of a reverse transcription step
99  at 50 °C for 30 min; 35 cycles of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 1.5 min; and a final
100  extension step at 72 °C for 5 min. After agarose gel electrophoresis, expected 1,560 bp amplicons
101 obtained from each of the nine reactions were removed from the gel, purified and cloned into
102  pGEM-T easy vector (Promega). Recombinant clones were then sent to Macrogen (South Korea)
103  for DNA sequencing using T7 promoter and SP6 promoter primers.

104
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105  DNA sequence analysis

106 A total of 21 TiLV segment 1 sequences listed in Table 1 were used for comparison and
107  phylogenetic relationship analysis. Nine sequences were obtained from the present study and other
108 12 sequences were retrieved from the GenBank database. Multiple sequence alignments were
109  performed using MEGA 7 (Kumar et al. 2016) and a consensus sequence of 1,559 nucleotide
110  residues out of the putative 1,560 nucleotide-ORF segment 1 were obtained. Deduced amino
111 sequences of 519 nucleotide residues were translated from these consensus TiLV segment 1 using
112 ExPASy translate tool and then used for sequence comparison. Putative PB domain of the
113 translated sequences was predicted using InterPro database (https://www.ebi.ac.uk/interpro/).
114  Phylogenetic tree based on TiLV segment 1 nucleotide sequences was constructed using
115  Maximum-Likelihood with GTR+G (General Time Reversible model + Gamma distributed)
116  method as suggested by a best model feature of the MEGA 7 program. An ORF coding for a
117  putative PB1 of influenza virus C isolate Ann Arbor 1950 (NC_006308) was used as outgroup.

118  Pairwise distance analysis was also conducted using MEGA 7.
119  Development of a new semi-nested RT-PCR method based on segment 1

120  Inthisstudy, a new semi-nested RT-PCR detection of TiLV was developed. Primers were designed
121 from the highly conserved regions from the multiple sequence alignments of the 21 sequences of
122 TiLV segment 1. These sequences derived from TiLV isolates collected from the period from 2011
123 to 2019 (Table 1). Primer specificity was initially confirmed in silico with the NCBI primer-blast
124  tool. Primers TiLV/nSeglF; 5°- TCT GAT CTA TAG TGT CTG GGC C-3’ and TiLV/nSeglR,;
125 5’- AGT CAT GCT CGC TTA CAT GGT-3” with an expected amplified product of 620 bp were
126 used in the first round RT-PCR. Primers TiLV/nSeglF and TiLV/nSeglRN; 5’- CCA CTT GTG
127 ACT CTG AAA CAG -3’ with an expected product of 274 bp were employed in the second round
128  PCR. Amplification conditions such as annealing temperature, number of cycles, buffer and primer
129  concentration were evaluated to obtain optimized conditions. Consequently, the first RT-PCR
130  reaction of 25 pl composed of 200 ng of RNA template, 400 nM of each primer, 0.5 pl of
131 SuperScript Ill RT/Platinum Tag Mix (Invitrogen), and 1x of supplied buffer. Amplification
132 profiles consisted of a reverse transcription step at 50 °C for 30 min; a denaturation step at 94 °C
133 for 2 min, 30 PCR cycles of 94 °C for 30 s, 60 °C for 30 s, and 72 °C for 30 s; and a final extension

134  step at 72 °C for 2 min. Positive control consisted of a reaction containing RNA extracted from
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135  TiLV-infected red tilapia as template while no template added in the negative control. 5 pl of
136 product from the first round PCR was then used as template in the second round PCR reaction of
137 25 pl containing 500 nM of primer TiLV/nSegl1F, 600 nM of primer TiLV/nSeg1RN, 0.16 mM of
138  each dNTP, 0.8 mM MgCl,, 1 unit of Platinum Tag DNA polymerase (Invitrogen), and 1.2x
139  supplied buffer. Thermocycling conditions consisted of a 5 min initial denaturation step at 94 °C
140  followed by 30 thermocycles and a final extension step described above. 10 ul of the amplified
141  products were analyzed by 1.5% agarose gel electrophoresis stained with ethidium bromide or

142  RedSafe DNA staining dye.
143  Validation of TiLV segment 1 semi-nested RT-PCR assay

144  Detection specificity of the assay was performed with RNA extracted from common viral and
145  bacterial pathogens found in aquatic animals as listed in Table 3. Viral infected fish tissues were
146  subjected to RNA extraction using Trizol reagent as mentioned above. For bacterial RNA isolation,
147  each bacterial strain was cultured in appropriated broth medium of 5 mL overnight at 30 °C with
148  shaking at 200 rpm. After centrifugation, bacterial cell pellets were washed once with nuclease-
149  free water and homogenized with Trizol reagent followed by the manufacturer’s protocol.
150  Detection sensitivity of the TiLV segment 1 protocol (this study) was performed by comparison
151 with our previous semi-nested PCR protocol targeting TiLV segment 3 (Dong et al. 2017b). This
152 was done using serially diluted RNA template extracted from 3 individual TiLV-infected fish. Two
153  fish samples were assayed by Centex Shrimp in Thailand while another by WorldFish Khulna
154  laboratory, Bangladesh. The newly established semi-nested RT-PCR protocol was then employed
155  to screen for TiLV infection in both clinically healthy and clinically sick fish samples, including
156  representative from archived samples as well as naturally and experimentally infected fish (Tables
157 land 2).

158
159  Results

160  Genome segment 1 based phylogenetic relationship of TiLV isolates

161  After amplification of TiLV genome segment 1 from the nine TiLV-infected tilapia, their
162  sequences were compared to that of 12 sequences retrieved from the GenBank database.

163  Consequently, 21 TiLV segment 1 sequences obtained from samples collected in 2011 to 2019

6
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164  were used for phylogenetic analysis. The results showed that the TiLV segment 1 sequences were
165  clustered into three separate clades namely Israeli-2011 clade, Israeli-2012 clade, and Thai clade
166  while the RdRp PB1 sequence of influenza C virus used as an outgroup diverged into another
167  linage (Fig. 1). The Thai clade comprised all studied isolates from Thailand was closely related to
168  the monophyletic Israel-2012 clade, whereas Israeli-2011 clade composed of three TiLV isolates
169  (i.e. IL-2011-Til-2011, EC-2012, PE-2018-F3-4) from lIsrael, Ecuador, and Peru respectively.
170  Additionally, the phylogenetic tree revealed 2 subclades within the Thai clade (Fig. 1). Further
171  investigation using pairwise distance analyses, revealed that the three proposed clades diverged
172 among each other from 0.029 to 0.044 (i.e. 2.9-4.4%), with the lowest and highest values being
173 between lIsraeli-2012 & Thai clades and Israeli-2011 & Thai clades, respectively. Average
174  divergence within Israeli-2011 clade and within Thai clade were 0.033 and 0.035 (i.e. 3.3-3.5%),
175  respectively. The pairwise genetic distance is shown in Table S1.

176 Conserved regions of TiLV segment 1 gene sequences and primer design

177  Segment 1 gene sequences of the 21 TiLV isolates were compared using Clustal Omega and
178  MEGA 7 programs. Among the 21 sequences, there were 94.29-99.94 and 97.11-100% identity at
179  the nucleotide and amino acid sequence levels, respectively. Noted that among the 17 Thai isolates,
180  the respective percentages were 95.00-99.94 and 97.50-100%. PB domains and four RdRp motifs
181  were detected from all of the deduced amino acid sequences (Fig. S1). Based on prediction
182  published by Chu et al. 2012 for influenza virus and Bacharach et al. 2016 for TiLV, the four RdRp
183  motifs of TiLV containing motif | “TGDL®, motif 1l *°CPGGMLMGMF?®°, motif 111
184  282DRFLSFSDDFITS?*, and motif 1V 32CHNLSLKKSY132?; where bold and underlined letters
185  represent residues matching to those of influenza virus sequences. Those specific residues were
186  found inall 21 TiLV isolates (Fig. S1).

187  The obtained multiple nucleotide sequence alignments displayed conserved regions along segment
188 1 gene sequences for the 21 TiLV isolates (Fig. 2). In this study, we aimed to design conserved
189  primers to be used in a semi-nested RT-PCR assay enabling amplification of all genetic variability
190 (known to date) of TiLV isolates if any. Primers TiLV/nSeglF, TiLV/nSeglR, and
191  TiLV/nSeglRN are 21-22 nucleotides long and locate at nucleotide positions 717-737, 1315-1336,
192  and 1063-1083; all locate in the segment 1 ORF, showing 100% identity among all of the 21 TiLV
193  isolates analyzed (Fig. 2). Amplicon sizes of 620 and 274 bp were expected to be produced from
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194  primers TiLV/nSeglF and TiLV/nSeglR; and TiLV/nSeglF and TiLV/nSeglRN, respectively
195  (Fig. 2). Additionally, these primer pairs were shown, in silico, to be TiLV specific using primer-
196  blast tool (https://www.ncbi.nlm.nih.gov/tools/primer-blast/). Thus, PCR condition optimization
197  for TiLV detection using the newly designed primers was conducted as described below.

198  Development of a validated TiLV detection protocol

199 The designed primer pairs described above were evaluated for their optimal annealing
200 temperatures which were found to be 60°C for both first and nested amplification (figure not
201 shown). Other parameters including numbers of cycles, buffer and primer concentration were also
202  evaluated and optimized. Finally, our new TiLV segment 1 detection protocol was shown to be
203  specific for only TiLV when tested against other 16 viral and bacterial pathogens (Fig. S2). The
204  detection sensitivity assay was conducted by comparing between the present newly established
205  TiLV segment 1 based protocol and our previous method which was based on segment 3 (Dong et
206  al. 2017b) using serially diluted RNA from three individual TiLV-infected fish specimens. Results
207  revealed that the new protocol described in this study was 100 times more sensitive than the
208  previous one (Fig. 3a). This assay was done in two different laboratories i.e. 2 samples (i.e. fish 1
209  and 2) performed in Thailand and fish 3 in WorldFish Khulna laboratory, Bangladesh. Note the
210 presence of a ~1.1 kb band predicted to be derived from cross hybridization of the amplified
211 products was visible at higher concentrated templates (Fig. 3a). Moreover, one set of specimens
212 from experimentally TiLV infected fish (Table 2, set 2, n=20) obtained from our previous study
213  (Dong et al. 2020) was assayed using both segment 1 and segment 3 based detection protocols (Fig
214  3Db), also confirming higher sensitivity of the current semi-nested PCR detection targeting TiLV
215  segment 1 gene. This was evidenced by the numbers of positive tests obtained for segment 1 and
216  segment 3 protocols, which were 19 and 13 out of 20, respectively (Table 2). Representative test
217  results are shown in Fig. 3b. Comparison of TiLV infected fish samples collected from Thailand
218  (2013-2019) and from Peru in 2018 (Tables 1 and 2) confirmed that the new detection protocol
219  can be used to detect TiLV from all the samples tested representing Thai clade and Israeli-2011
220 clade in this study (Fig. 4). In addition, in one population, both clinically sick fish and apparently
221 healthy fish were all tested positive for TiLV segment 1 (Table 2, set 3). Remaining sets (Table 2,

222 sets 4-7) from field samples subjected to the test for TiLV were all negative.
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223 Discussion

224  Recently, Pulido et al. 2019 proposed two genetic clades of TiLV (Israeli and Thai clades) based
225  on multilocus sequence phylogenetic analysis (MLSA) of 8,305 nucleotides of 5 TiLV genomes.
226 Due to limited number of complete TiLV genomes available in the GenBank database, this study,
227  therefore, aimed to explore the genetic diversity of TiLV based on the open reading frame (ORF)
228  of segment 1 PB1 gene (1,560 nucleotides) from 21 TiLV isolates which comprised of the isolates
229  from lsrael, Peru, Ecuador, and Thailand. Although bootstrap values were not relatively high,
230 phylogenetic tree inferred from the segment 1 dataset indicates three separate clades (Israeli-2011,
231 lIsraeli-2012, and Thai clades). It is likely that the Israeli-2012 and Thai clades evolved from the
232 Israeli-2011 clade. However, to gain a better understanding on TiLV evolution and how the virus
233  emerged and widespread, larger number of complete TiLV genomes or sequences of segment 1 of
234  TiLV from a broader origin should be made available. Note that no correlation between sequence
235  variation or phylogenetic branches and disease severity was observed in this study.

236  Comparative nucleotide sequences revealed that TiLV segment 1 is relatively well conserved with
237  95.00-99.94% identity among all isolates used in this study, which is similar to that of
238  Orthomyxoviruses such as Salmon isavirus RNA polymerase PB1 (97.60-99.86%) and Influenza
239  Cvirus polymerase PB1 (97.12-99.34%) (BLAST search in this study). Taken together, the results
240  from this study, suggest that TiLV segment 1 is a promising gene candidate for the study of the
241  genetic diversity of TiLV globally.

242 Majority of tilapia farming countries are located in low and middle-income countries. In those
243  countries, conventional PCR remains the preferable technique for many laboratories (in terms of
244  costs and ease of use) compared to less accessible and more expensive guantitative PCR machine
245  (Charoenwai et al. 2019). The semi-nested PCR method in this study therefore was designed based
246  on conserved regions of genome segment 1 that was able to amplify representatives from both
247  Thai, Israeli-2011 and Israeli-2012 clades. For its higher sensitivity and specificity, this new

248  protocol, thus, might be able to reduce chance of false negative due to genetic variation if any.

249  Using serial dilutions of DNA plasmid containing insert of targeted TiLV segment 3 gene, our
250  previous semi-nested RT-PCR targeting segment 3 (Dong et al. 2017b) has a detection limit of 7.5
251  copies per reaction. Similar approaches have been used in previously reported TiLV detection
252 protocols (Kembou Tsofack et al. 2017; Tattiyapong et al. 2018). While detection limits are based

9
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253 onserial dilutions of DNA plasmid containing target gene, diagnostic assays in reality started from
254  extracted RNA from infected fish, comprising both host and viral RNA. Thus, detection limit of
255 the PCR assay for clinical samples might not be comparable with the results obtained from
256  standard serial dilutions of DNA plasmid in the laboratory. This study, therefore, compared the
257  sensitivity of two detection protocols together instead of using plasmid template to find out which
258  protocol was the best for field detection purpose. Interestingly, inter-laboratory tests consistently
259  proved that segment 1 PCR method was 100 times more sensitive than our previous segment 3
260 PCR protocol, when assayed with RNA extracted from diseased fish samples. In this study,
261  segment 1 PCR detection method showed no cross-amplification against a panel of extracted RNA
262  from various bacterial and viral pathogens of freshwater fish. When applied to field samples, this
263 new segment 1 protocol was able to detect the virus not only from clinically sick fish but also from
264  asymptomatically infected fish, indicating its potential use for screening early infected fish
265  samples. Taken together, we recommend the use of this newly established segment 1 PCR method

266  as an alternative tool for TiLV diagnosis and in active surveillance programs.
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375  Tables and Figures
376  Table 1 Sources of TiLV sequences used to create the consensus segment 1 sequences in this
377  study
No. Code Sample | Accession Fish host Fish health Ref.
collection no. status
1 TH-2013 Jan-2013 MN687685 | Nile tilapia Not specified This study
fertilized eggs
2 TH-2014 Aug-2014 MNG687695 | Nile tilapia fry 90% mortality This study
3 TH-2015 Aug-2015 MNG687705 | Nile tilapia 50% mortality This study
fingerling
4 TH-2016-CN Dec-2016 MN687725 | Red tilapia 90% mortality This study
juvenile
5 TH-2016-CU Dec-2016 MN687715 | Tilapia fingerling | 20% mortality This study
6 TH-2017 2017 MN687735 | Nile tilapia 90% mortality This study
7 TH-2018-K Aug-2018 MNG687755 | Nile tilapia 50% mortality This study
juvenile
8 TH-2018-N Jul-2018 MN687745 | Red tilapia 40-60% mortality This study
fingerling
9 TH-2019 Feb-2019 MN687765 | Nile tilapia 30-50% mortality This study
fingerling
10 TH-2016-TV1 | Feb-2016 KX631921 | Red tilapia 20-90% mortality Surachetpong
11 | TH-2015-TV2 | Dec-2015 | KX631931 | Red tilapia etal. 2017
12 TH-2016-TV3 | Jan-2016 KX631932 | Red tilapia
13 TH-2016-TV4 | Jan-2016 KX631933 Nile tilapia
14 TH-2016-TV5 | Jan-2016 KX631934 Red tilapia
15 TH-2016-TV6 | May-2016 KX631935 | Red tilapia
16 TH-2016-TV7 | May-2016 KX631936 Nile tilapia
17 TH-2018- Apr-2018 MH319378 | Nile tilapia Not specified NCBI
WVL18053-
01A
18 IL-2011- Til- 01-May- KU751814 | Tilapia >80% mortality Eyngor et al.
4-2011 2011 2014;
Bacharach et
al. 2016
19 IL-2012-AD- 14-Aug- KU552131 | Hybrid tilapia Not specified NCBI
2016 2012
20 EC-2012 2012 MK392372 | Nile tilapia Up to 90% Subramaniam
mortality etal. 2019
21 PE-2018-F3-4 | Feb-2016 MK425010 | Nile tilapia apparently healthy | Pulido et al.
2019
378  Country code: TH, Thailand, IT, Israel, EC, Ecuador, PE, Peru
379  Red tilapia (Oreochromis spp.); Nile tilapia (Oreochromis niloticus); Hybrid tilapia
380  (Oreochromis niloticus x Oreochromis aureus)

14


https://doi.org/10.1101/848903
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/848903; this version posted November 21, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC 4.0 International license.

381 Table 2 Sample sets subjected to TiLV detection using the present semi-nested RT-PCR

382  segment 1 protocol

Fish stage Type of sample Year No. of
collected +veltested
sample
Setl Nile and hybrid red | Archived extracted RNA from | 2013-2019 9/9
tilapia, various clinically sick fish
stages
Set 2 Nile tilapia, Experimentally TiLV infected 2019 19/20*
broodstock and samples
eggs
Hybrid red tilapia, | Frozen specimens of clinically 2019 4/4
Set 3 fingerlings sick fish
Frozen specimens of clinically 2019 4/4
healthy fish
Set 4 Nile tilapia, Blood from apparently healthy 2019 0/8
broodstock fish preserved in Trizol
Set5 Nile tilapia, Blood from apparently healthy 2019 0/6
broodstock fish preserved in Trizol
Set 6 Nile tilapia, Frozen specimens of clinically 2019 0/3
fingerlings healthy fish
Set7 Nile tilapia, Blood from apparently healthy 2019 0/40
broodstock fish preserved in Trizol
Liver biopsy sample preserved 2019 0/40
in Trizol
Total 36/134

383  *13/20 samples tested positive by TiLV segment 3 protocol
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384  Table 3 RNA samples used for specificity assay in this study

Code* | Samples Strain Origin References
S SDDV-infected Asian sea 2016 Asian sea Senapin et al. 2019
bass bass
vV NNV-infected tissue G2019 Grouper Laboratory archived
sample

. . Asian sea Laboratory archived
I ISKNV-infected tissue SB2019 bass sample
N1, . e . Laboratory archived
N2 Clinical healthy Nile tilapia | NA Nile tilapia sample
R1, - _ _— Laboratory archived
R Clinical healthy red tilapia NA red tilapia sample
Vo Vogesella sp. 1754 Nile tilapia Laboratory strain
Ps Plesiomonas shigelloides NA Nile tilapia Laboratory strain
Ac Aeromonas caviae 1926 Betta fish Dong et al. 2018
Aj Aeromonas jandaei NT-01 Nile tilapia Dong et al. 2017c
Sa Streptococcus agalactiae NA Nile tilapia Laboratory strain
Ch Chryseobacterium sp. 2074 Betta fish Dong et al. 2018
Et Edwardsiella tarda VMCUO06 Nile tilapia Laboratory strain
Ve Vibrio cholerae NA Nile tilapia Laboratory strain
Si Streptococcus iniae VN2396 Qasslgn sea Nguyen et al. 2019

. . . . Striped
Ei Edwardsiella ictaluri T1-1 catfish Dong et al. 2015
Av Aeromonas veronii NT-03 Nile tilapia Dong et al. 2017c
Fc Flavobacterium columnare 2846 g\asslgn sea Laboratory strain
Francisella noatunensis VMCU- —

Fn subsp. orientalis ENO131 Red tilapia Nguyen et al. 2016

385  *Code in Fig. S2

386  NA, not applicable

16



https://doi.org/10.1101/848903
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/848903; this version posted November 21, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC 4.0 International license.

100 TH-2019
7 _E TH-2018N
L L TH-2016-TV7
54 TH-2016-TV5

Sub-clade 1

—— TH2016.Tv4 Thai
99— TH.2016-TV1
TH-2018K
o8 —— TH-2016-TV6
= L TH-2016-CN
53 TH-2018-WVL18053-01A | Sub-clade 2
TH-2016-CU
e —— TH2016.TV3
82— TH2015-TVv2
IL-2012-AD-2016

1L-2011-Til-4-2011

61

Israeli 2012

- EC-2012 Israeli 2011
_34{: PE-2018-F3-4 !

Inf C/Ann Arbor/1/50 § Influenza C virus

387

388  Figure 1 Maximum-likelihood phylogenetic trees based on TiLV genomic segment 1 PB1
389  nucleotide sequences depicting TiLV being clustered into 3 clades. Isolates with and without
390 underlines represent sequences obtained from this study and those from the GenBank database,
391  respectively. Codes of the viral isolates are listed in Table 1. The influenza C virus sequence was

392  used as outgroup. Percent bootstrap values from 1,000 replications are shown.
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393 717 TiLV/InSeg1R 737
JAB [ e e s e s e s  we wae e s wee s we s aae s ww e wesaaaea s e wee e | 801

1.TH-2013 THcecacTcaTecTcoeTTACATGGTGCGCAMArMTeoceTlicTcaTlaracacaclicTleTlceAcTeTCccAGoAGeaTcliTEATGGGH
2.TH-2014 THGGAGTCATGCTCGCTTACATGGTGCGC AlliTeceoTlicTcaTlArrAGACAClicTEHGTHGAGTGTCCAGGAGGATGTH

391i 3.TH-2015 THGGAGTCATGCTCGCTTACATGGTGCGC AflTeceTlcTcaTlArrrcACACHCTEGTEGAGTGTCCAGGAGGIATGHE
4.TH-2016-CN THecacTcaTeeTCcoCcTTACATGGTGCGCAEBAANTocoTlcTcaTAAAGACACHlcTHGTcAGToTCCAGGAGGATClTEATGGCE
5. TH-2016-CU THlccacTcaTecTCcGCeTTACATGGTGCGCAEMAAlTocoTlicTcaTlaracacaclicTEcTHcAGcTGeTCcCcAGGAGGaTGliTEATGGGH
6.TH-2017 THGGAGTCATGCTCGCTTACATGGTGCGC AfliTecoTlictcaTlarArcAacAClicTHoTHoAcTeTCcCcAGGAGGATCTEATGGCH

395 7.TH-2018-K THGGAGTCATGCTCGCTTACATGGTGCGC AltcceTlictcaTlraarcacacBcTloTlcAacTeTCcCcAGGAGGlATGlTEATGGC
8.TH-2018-N THccacTcaTteeTcoeTTACATGGTGCeGCAEMAAlTGoeceTlicTcaTlAaracacaclicTleTlcAacTGoTCcCcAGGAGGATclTHATGGGHH
9.TH-2019 THecAGTCATGCTCGCTTACATGGTGCGCAEEMAANTGoceTlicTcaTlArAAGACACHcTEHGTHcAGTGTCCAGGAGGATGHTEATGGGHE
10. TH-2016-TV1 THGGAGTCATGCTCGCTTACATGGTGCGC AfiteceTlctcaTlarrcacaclicTBoTEGcAGTGTCCAGGAGGEATGlTEATGGGH
11, TH-2015-TV2 THGGAGTCATGCTCGCTTACATGGTGCGE AllTecoTlicTcaTlArAAGACACHlicTHoTHoAGTGTCCAGGAGGATClTEATGGCH

396 12. TH-2016-TV3 THecacTcaTeeTcoeTTACATGGTGCGCAMAAMTcceTlicTcaTAaracacaclicTlcTHGcAGTGeTCCAGGAGGATCETEATGGGH
13.TH-2016-TV4 THGGAGTCATGCTCGCTTACATGGTGCGE AfitecoTlicTcaTaracacacficTloTHoacTeTcCcAGAGGlAaTcliTEATCGC
14, TH-2016-TV5 THGGAGTCATGCTCGCTTACATGGTGCGC AfllteceTlictcaTllaarcacaclicTHeTlcacTeTccAGAGGlATGlTEATCGG
15. TH-2016-TV6 THGGAGTCATGCTCGCTTACATGGTGCGC AfiteceTlicTcaTlAaAAGACACHllcTHGTHcAGTGTCCAGGAGGATGlTEATGGGH
16. TH-2016-TV7 TlcecacTcaTeeTCcGCeTTACATGGTGCGCAEMAANTGoceTEecTcAaTEARAGACACHicTEcTHcAGTGTCCAGGAGGATGlTEATGGGHE

397

398

17. TH-2018-WVL18053-01A
18. IL-2011-Til-4-2011
19.1L-2012-AD-2016
20.EC-2012
21.PE-2018-F3-4

T.GGAGTCATGCTCGCTTACATGGYGCGC
T§GGAGTCATGCTCGCTTACATGGTGCGC
T.GGAGTCATGCTCGCTTACATGGTGCGC
T.GGAGTCATGCTCGCTTACATGGTGCGCA

AfiteceTllcTcaTrsarcacaclcTHGTERGAGTGTCCAGGAGGATGH
arlltecoTlicTcaTlArrAGACAClicTHcTHGAGTGTCCAGGAGGATGlTEATGGGH

AllteceTllctcaTlasrscacaclicTBoTHcAcTeTCCAGGAGGlATGHTE

THocacTcatocTcocTTACATGeTGCGCAMAAMTcceoTlcTcaTlAarAGcAacACicTHGoTcAGTeTCccAGoAGGATGliTHATGGG

1063 TiLV/nSeg1RN 1083
399 1.TH-2013 coflccacTtTeTcacTcTcAAACAGcToCcAGCTATGlITHTCToeBocToTTGABTCAGGAGTIHATGCClTTEBCABTCAGCAGAIClTCTG
2.TH-2014 cGflccacTTeTcacTcTcAracAGlcTecAaceTATGlTHTCcTecBecTaTToABTCAGGAGT|ATGCCHT a€tcaccacalicBrcTe
3.TH-2015 GGECCACTTGTGACTCTGAAACAGHCTGCAGCTATGTHTCTGGEGCTGTTGAGTCAGGAGTATGCCHT
4.TH-2016-CN GGECCACTTGTGACTCTGAAACAGHICTGCAGCTATG TCTGGEGCTGTTGABTCAGGAGTEATGCCHT
5.TH-2016-CU GGECCACTTGTGACTCTGAAACAGHCTGCAGCTATGHTHTCTGGEGCTOTTGABTCAGGAGTATGCCTTECA
400 6.TH-2017 cGllccacTTreTcacTcTearacaclcTacaccTATGffTHTCcTecBocTaTTcAgTCAGGAGTaATGCClT
7.TH-2018-K GGcCACTTGTGACTCTGAAACAGHCTGCAGCTATGTHTCTGGEGCTGTTGAGTCAGGAGTATGCCHTT
8.TH-2018-N cGflccacTToTeAacTcTGAAACAGHcTGCcAGCTATGlTHTCTGGEGCTGoTTGABTCAGGAGTATGCCHTTECA
9.TH-2019 coffccacTreTeAacTCcTGAAACAGHCTGCAGCTATGTHTCTGGBGCTETTGAlTCAGGAGTATGCCHT A
10. TH-2016-TV1 coficcacTTeTcacTcTeAaracaclcTecaceTATGfTHTCcTocBecTaTTGABTCAGGAGT|aTGCClT A
4()1 1. TH-2015-TV2 GGEcCcACTTGTGACTCTGAAACAGIICTGCAGCTATGTHTCTGGEGCTGTTGABTCAGGAGTATGCCTTECAR
12. TH-2016-TV3 cGficcacTTeTeacTcTeArACAGlcTecAGeTATGlTHTCTGGEGCcTeTTGAGTCAGGAGTATeCClTTECcAGTCAGCAGA
13.TH-2016-Tv4 ccffccacTtToTeacTcTcAAACAGcToCcAGCTATOliTETCTocBeCcToTTGABTCAGCAGTATGCClTTlicABTCAGCAGACTCTG
14, TH-2016-TVS ccficcactTreTcacTcTcAaracaclcTecaceTATGfiTHTCcTecBccTaTTcABTCcAGGAGT§ATGCClTTECcAliTcaccacalicBTcTe
4()2 15. TH-2016-TV6 cGfflccacTTeTcacTcTGeAAACAGECTGCAGCTATGliTHTCTGeB6eCcTeTTGABTCAGGAGTATGCCliTTECABTCAGCAGACHTCTG
16. TH-2016-TV7 coflccacTTeTeAacTCcTGAAACAGHCcTGCAGCTATGlTHTCToGEeCcTaTTeABTCAGGAGTATGCCTTECcABTCAGCAGAlclTCTE
17.TH-2018-WvL18053-01A GGiccacTTeTeAcTCTGAAACAGHCTeCcAGCTATGlTHTCToGllecTeTToAgTCAGGAGTATGCClTTECABTCAGCAGAICETCTG
18.IL-2011-Tik-4-2011 cGllccacTTeTeacTcTeAracAGlcTecaceTATGlTHTCcTecBccTaTToABTCAGGAGTaATeCcClTTECcABTCcAGCcAGAcBTCTE
19. IL-2012-AD-2016 ceffccacTtreTeacTcTeAAACAGECTGCAGCTATGITHTCTGGEecTeTTGABTCAGGAGTATGCCliTTECABTCAGCAGACETCTG
4()3 20.EC-2012 cGflccacTTeTeAacTcTeAAACAGHcTGCcAGCTATGlTHTCTGeEeCcToTToABTCAGGAGTATGCCHTTECAGTCAGCAGAlClTCTS
21. PE-2018-F3-4 cGlccacTToTcAacTCcTGAAACAGHECTGCAGCTATGTHTCTGGEBGCTGTTGABTCAGGAGTIIATGCCMTTECAliTCcAGCAGANCETCTG
1315 TiLV/nSeg1F 1336
4()4 12537 "7 Fr rrr s aasaaaaaaaa] aa maraaaaas aaaar e aaaaaaas 2 aaaaaa s a e 2 111342
1.TH-2013 THAcBTTlEcAaATCcTCTACTGACTTGGGABTGllcacccaTTTliceTACCAllcTocACcCcCllcafllcocccacacacTAaTAGATCAGAAGTEC
2.TH-2014 TlAcBTTllcaaTcTCcTACTGACTTGGGABTGllcaAcccaTTTllceTAccAllcTocacccflcaflisccccacacacTaTAGATCAGAAGTEC
3.TH-2015 THAcETTEcAATCTCTACTGACTTGGGABTGECACCCATTTlceTACCAllcTocAaCCCllcaflcccccacacacTATAGATCAGARAGTC
4()5 4.TH-2016-CN THArcBTTlcaaTcTCTACTGACTTGGGAlTcBcacccaTTTllceoTACccAllcTocAacccl GGCCCAGACACTATAGATCAGANAGTEC
5.TH-2016-CU THAGETTECAATCTCTACTGACTTGGGATGECACCCATTTIGGTACCAMGTGCACCCGABGGCCCAGACACTATAGATCAGARAGTEC
6.TH-2017 TEAac@TTllcaAaTcTCTACTGACTTGGGABTGECACCCATTTliceTACCAcTocAacccllcafllcocccacacacTAaTAGATCAGARAGT]C
7.TH-2018K THArc@TTEcAATCTCTACTGACTTGGGAllTGllcacccaTTTllceTACCAlcTocacccflcaflcecccacacacTATAGATCAGAAGTEC
8.TH-2018-N THAcBTTHlcaAaTCcTCTACTGACTTGGGABTGEBCcACCCATTTIiceTACCAllcTGecAacCccl GGCCCAGACACTATAGATCAGANAGTEC
4()6 9.TH-2019 THAGETTEHCAATCTCTACTGACTTGGGABTGEBCACCCATTTEGGTACCAMGTGCACCCGAIGGCCCAGACACTATAGATCAGAAGTEC
10.TH-2016-TV1 THAcETTlcAaAaTCcTCTACTGACTTGGGAETGEBCACCCATTTliceTACCAllcTGCcACCCH GGCCCAGACACTATAGATCAGABAGTEC
1.TH-2015-TV2 THAGEBTTHCAATCTCTACTGACTTGGGATGECACCCATTTIGGTACCAMGTGCACCCGABGGCCCAGACACTATAGATCAGANAGTEC
12.TH-2016-TV3 THAc@TTlicaaTcTCcTACTGACTTGGGAliTcBcAacccaTTTliceTACCAllcTocAacccllcaBoccccacacacTATAGATCAGAAGTEC
13.TH-2016-Tv4 THAGETTEHCAATCTCTACTGACTTGGGABTGECACCCATTTGGTACCAMGTGCACCCHGAGGCCCAGACACTATAGATCAGARAGTEIC
407 14.TH-2016-TV5 THAceTTlcaAaTCcTCTACTGACTTGGGAGBTGECACCCATTTliceTACCAcToCcAaCcCcCflcaflicecccacacacTATAGATCAGAlAGTEC
15.TH-2016-TV6 THAGETTHCAATCTCTACTGACTTGGGABTGECcACCCATTTcGTACCAlcTeCcACCC GGCCCAGACACTATAGATCAGARAGTEC
16.TH-2016-Tv7 THAaclTTlcaaTcTCTACTGACTTGGGABTGEBCACCCATTTliceTACCAllcTocAacccllcafllcccccacacacTAaTAGATCAGAAGTEC
17.TH-2018-WWVL18053-01A T AGEBTTlicaATCTCTACTGACTTGGGATcBcAacccATTT GG TACCAGTGCACCCGABGGCCCAGACACTATAGATCAGANAGTEC
408 18.1L-2011-Til-4-2011 THAGETTHCAATCTCTACTGACTTGGGATGECACCCATTTIHGGTACCARGTGCACCCEGAIGGCCCAGACACTATAGATCAGARAGTEC
19, 1L-2012-AD-2016 THrcEBTTlcAATCTCTACTGACTTGGGAToBcACCCATT TGO TACCAlGTGCACCCGAGGCCCAGACACTATAGATCAGAMAGTEC
20.EC-2012 THAc@TTlcaaTcTCTACTGACTTGGGAliTcBcAacccaTTTficeTACcCcAflcTocacccflcafflcecccacacacTaTAGATCAGAAGTEC
21.PE-2018-F3-4 THrcEBTTHcaaTcTcTACTGACTTGGGAlTGlicacccaTTTliceTACCAleTocacccllcallcecccacacacTATAGATCAGANAGTEC

409

410  Figure 2 Multiple nucleotide sequence alignments of TiLV segment 1 PB1 genes of 21 viral

411  isolates. A partial portion of an alignment is shown. Numbers represent nucleotide positions of the
412  coding strand in the putative PB1 ORF. Arrows indicate sites that were used to design primers for
413  the semi-nested RT-PCR protocol developed in this study. * marks nucleotide identity. Columns

414  with differences in colors indicate nucleotide variability.
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418 Bis 250 bp
0.1

Segment 3

419 kb
620 bp

3.0
1.0
274 bp

420 05

Segment 1
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423 MP123456789N MP1234567389N
424
425
426

427  Figure 3 a) Sensitivity tests of two semi-nested RT-PCR protocols (segment 1 and 3) using serial
428  dilutions of RNA from three TiLV-infected fish. A starting 100 ng of RNA from three individual
429  TiLV-infected fish was 10-fold serially diluted and subjected to semi-nested RT-PCR protocols
430 using primers targeting genome segment 3 (Dong et al. 2017b) and segment 1 (this study). M, 2
431  log DNA marker; N, no template control; #, cross hybridized PCR products. b) Representative
432  comparison tests with 9 archived samples (1-9) obtained from Dong et al. (2020); P, positive

433 control (infected tissue) and N, negative control (no RNA template).
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620 bp
274 bp

434

435  Figure 4 Validation of the newly developed semi-nested RT-PCR assays in detecting TiLV
436 segment 1 from archived samples obtained from years 2013 to 2019. *sample from Peru described
437 in Pulido et al. (2019); M, 2 log DNA marker; P, positive control (infected tissue); TH, samples
438  from Thailand; PE, sample from Peru; N’, non-infected fish RNA; N, no template control; #, cross

439  hybridized PCR products.
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440 Table S1 Pairwise genetic distance between TiLV isolates and influenza virus C as outgroup. (a)
441  Divergence between sequences (b) Mean divergence within clades (c) Divergence between clades.
442  The number of base substitutions per site from between sequences are shown below diagonal.
443  Standard error estimate(s) are shown above the diagonal. Analyses were conducted from 1,000
444  bootstrap replicates using the Tajima-Nei model in MEGA 7 (Tajima and Nei 1984; Kumar et al.
445  2016).

446 a) Pairwise distance
TILV isolate & Outgroup 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22
1 TH-2016-TV7 0005 0004 0006 0006 0006 0006 0005 0005 0004 0006 0007 0006 0004 0005 0005 0006 0005 0004 0004 0007 0226
2 TH2016-TV6 0.035 0005 0005 0005 0005 0006 0006 0003 0005 0005 0006 0005 0004 0005 0006 0005 0005 0005 0005 0007 0232
3 TH-2016-TV5 0025 0032 0006 0006 0006 0005 0005 0005 0004 0006 0006 0006 0004 0005 0005 0006 0004 0004 0004 0006 0233
4 TH2016-TV4 0039 003 0041 0007 0007 0006 0006 0005 0006 0006 0007 0002 0005 0006 0005 0006 0005 0005 0005 0006 0250
5 TH-2016-TV3 0043 0033 0037 0044 0.001 0.006 0.006 0005 0.006 0.006 0.003 0.006 0.005 0006 0006 0.001 0.006 0.005 0.005 0.007 0222
6 TH-2015-TV2 0.044 0034 0038 0.044 0.002 0.007 0.007 0.006 0.006 0.006 0.003 0.007 0.005 0.006 0.006 0.001 0.006 0.005 0006 0007 0219
7 EC2012 0042 0041 0039 0041 0044 0045 0006 0006 0006 0006 0007 0006 0005 0004 0006 0006 0005 0005 0005 0004 0223
8 TH2019 0029 0044 0031 0050 0047 0048 0049 0006 0002 0007 0007 0006 0005 0006 0006 0006 0005 0005 0005 0007 0254
9 TH-2016-CN 0043 0018 0.041 0044 0042 0.043 0047 0.053 0.006 0.006 0.006 0.005 0.004 0005 0.006 0.005 0.006 0.005 0.005 0006 0.245
10 TH-2018-N 0021 0035 0023 0041 0040 0041 0042 0008 0044 0008 0007 0006 0005 0006 0005 0006 0004 0004 0004 0007 0247
1 TH2018K 0042 0035 003 0045 0041 0042 0045 0049 0043 0041 0006 0007 0005 0005 0006 0006 0006 0006 0006 0007 0224
12 TH-2018-WVL18053-01A 0048 0038 0041 0047 0010 0010 0049 0051 0047 0044 0045 0007 0006 0007 0007 0002 0006 0006 0006 0008 0.231
13 TH2016-TV1 0041 0039 0043 0006 0046 0047 0044 0052 0047 0044 0049 0049 0005 0006 0005 0006 0005 0005 0005 0006 0.251
14 IL-2012-AD-2016 0027 0026 0026 0032 0031 0032 0027 0036 0033 0027 0032 003% 0034 0004 0005 0005 0004 0004 0004 0006 0220
15 IL-2011-Ti4-2011 0034 0032 0035 0038 0037 0038 0028 0044 0039 0035 0038 0044 0040 0023 0005 0006 0004 0004 0004 0006 0231
16 TH2017 0032 0039 0032 0039 0044 0045 0044 0041 0050 0032 0044 0049 0039 0032 0038 0006 0002 0005 0005 0007 0.231
17 TH-2016-CU 0042 0031 0036 0043 0002 0003 0044 0047 0040 0039 0041 0008 0045 0030 0036 0044 0006 0005 0005 0007 0223
18 TH2015 0025 0032 0025 0034 0038 0039 0039 0034 0043 0025 0036 0043 0034 0025 0032 0008 0037 0004 0004 0006 0231
19  TH-2014 0025 0.030 0022 0034 0035 0.036 0034 0033 0039 0025 0036 0.040 0.036 0.021 0027 0029 0.034 0.022 0.001 0.006 0.227
20 TH-2013 0025 0031 0023 0035 0036 0036 0035 0.034 0.040 0.025 0.036 0.041 0.037 0.022 0028 0029 0.035 0.023 0.001 0.006 0.230
21 PE2018-F34 0055 005 0053 0052 0055 005 0029 0062 0061 005 005 0061 0054 0043 0044 0053 0055 0047 0047 0047 0223
22 Inf_C/Ann_Arbor/1/50 2348 2331 2327 2431 2319 2297 2301 2507 2420 2425 2366 2375 2441 2288 2342 2334 2319 2345 2324 2334 2296
b) Within Clade Mean Distance c) Between Clade Mean Distance
Clade d SE Clade 1 2 3 4

1 Israeli-2011 clade 0.033  0.004 1 lIsraeli-2011 clade 0004 0.004 0.075

2 lIsraeli-2012 clade NA NA 2 lIsraeli-2012 clade 0.03 0.003 0.075

3 Thaiclade 0.035  0.004 3  Thaiclade 0.044  0.029 0.078

4 Outgroup NA NA 4 Outgroup 1.147 1138 1171
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466  Figure S1 Multiple alignment of the deduced amino acid sequences of TiLV segment 1 PB1
467  coding genes of 21 viral isolates. Length of amino acid sequence is indicated on the right margin.
468  *marks amino acid identity. The shaded amino acid sequences represent putative PB domains
469  while the 4 predicted RdRp motifs are marked by boxes (I, 11, 11, and V). Arrows indicate positions

470  and orientation of the primers used in the newly developed TiLV detection assay.
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475  Figure S2 Specificity of the semi-nested TiLV detection assays. M, 2-log DNA marker (New
476  England Biolabs); P, positive control using RNA extracted from TiLV-infected fish tissue as
477  template; N, no template control; S, Scale Drop Disease Virus (SDDV); V, Nervous Necrosis Virus
478  (NNV); I, Infectious Spleen and Kidney Necrosis Virus (ISKNV); N1/N2, clinically healthy Nile
479  tilapia; R1/R2, clinically healthy red tilapia; Vo, Vogesella sp.; Ps, Pleisiomonas shigelloides; Ac,
480  Aeromonas caviae; Aj, Aeromonas jandaei; Sa, Streptococcus agalactiae; Ch, Chryseobacterium
481  sp.; Et, Edwardsiella tarda; Vc, Vibrio cholerae; Si, Streptococcus iniae; Ei, E. ictaluri; Av,
482  Aeromonas veronii; Fc, Flavobacterium columnare; Fn, Francisella noatunensis subsp. orientalis.

483  Details of bacterial isolates are shown in Table 2.

23


https://doi.org/10.1101/848903
http://creativecommons.org/licenses/by-nc/4.0/

