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Since the first recognition in North America, 1941, Infectious Pancreatic Necrosis Virus
(IPNV) have been detected in many countries including Turkey, as a result of international
trade. Sicnificant economic loss primarily occurs in fishes less than six months age. The
causative agent belongs to the genus Aquabirnavirus of the family Birnaviridae and is a
non-enveloped virus with a 60 nm icosahedral structure and a bi-segmented double stranded
RNA genome. Segment A which codes VP2, VP3, VP4 and VP5 while segment B encodes
VP1, an RNA-dependent RNA polymerase. The objective of this study was to investigate
whole genome properties of IPNV isolated from six different regions of Turkey (Duzce,
Sanliurfa, Tokat, K. Maras, Trabzon and Gaziantep) between 2004 and 2013. Phylogenetic
analysis of whole genomic data showed that six isolates were clustered with genogroup 5,
and group 1, based on segment A and Segment B data, respectively. Moreover, several
substitutions in VP2 hypervariable region associates with low virulence and point mutations
in the VPS5 coding sequence were detected. This research may provide valuable information
on the characterization of IPNV isolates circulating different geographical area of Turkey.
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Tiirkiye'den Elde Edilen infeksiyoz Pankreatik Nekrozis Virusu izolatlaninin Molekiiler Karakterizasyonu ve Tam Genom Analizi

Ozet

Infeksiyéz Pankreatik Nekrozis Virusu (IPNV), Kuzey Amerika'da 1941 yilindaki ilk tespitinden bu yana uluslararasi ticaretin bir sonucu olarak Tiirkiye de
dahil olmak tzere birok ilkede saptanmugtir. Kayda deger ekonomik kayiplar ozellikle alti aylik yastan kiiciik baliklarin enfekte olmasiyla ortaya
¢tkmaktadir. Enfeksiyonu olusturan ajan Birnaviridae ailesi icerisinde yer alan Aquabirnavirus genusuna yer almakta olup 60 nm ¢apinda, ikozahedral
simetrili, zarfsiz kapside ve iki segmentli ve iki iplikli RNA genoma sahiptir. Segment A VP2, VP3, VP4 ve VP5 proteinlerini, segment B ise bir RNA-bagimli
RNA polimeraz enzimi olan VP1'i kodlamaktadir. Bu calismada alti farkli ilden 2004-2013 yillani arasinda Tiirkiye'de toplam alti ilden (Diizce, Sanlurfa,
Tokat, K. Maras, Trabzon ve Gaziantep) elde edilen IPNV izolatlarinin tam genom dizililiminin saptanarak molekiiler karakterizasyonunun yapilmasi
amaglanmistir. Tam genomik verilerin filogenetik analizi secilen alt: izolatin segment A'ya gére genogrup 5%, segment B'ye gére grup 1'e déhil oldugunu
ortaya ¢tkarmigtir. Ayrica VP2 geninin ¢ok dedisken bélgesi (zerinde diisiik viriilense isaret eden mutasyonlar ve VP5 geni (izerinde nonsense nokta
mutasyonlar saptanmigstir. Bu calismanin Tiirkiye'de farkli cografik alanlaninda sirkile olan IPNV izolatlaninin nitelendirilmesine yénelik Gnemli katki
saglayabilecegi disiinilmektedir.

Anahtar sozciikler: infeksiydz pankreatik nekrozis virusu, sekans analizi, filogenetik analiz, molekiiler karakterizasyon, tam genom.

Introduction by water, vertically by the eggs, and disinfection of the
eggs does not prevent vertical contamination. Agent is
shed for lifelong in all excretions, body fluids including

sexual fluids of fishes that survive the infection. (Hill &

Infectious Pancreatic Necrosis (IPN) is an acute,
contagious viral disease that causes significant
economic loss, especially in young salmonids.

Mortality is higher in fry and fingerlings, along with
salmonids, which are transferred from freshwater to sea
water cages. Since Infectious Pancreatic Necrosis Virus
(IPNV) was firstly isolated from salmonid fishes, more
than 65 different marine species, including mollusks
and crustaceans were reported as a potential hosts of
this agent (Dobos & Roberts, 1983; Wolf, 1988).
Manifestation is subclinical and asymptomatic in large
fish for more than 6 months and stress may activate
disease in older fishes. IPNV is transmitted horizontally

Way, 1995; McAllister & Owens, 1995).

IPNV is a prototype species of Aquabirnavirus genus,
belonging to the family of Birnaviridae. The virus
consists of a non-enveloped icosahedral capsid and
double stranded, two segmented RNA genome. Segments
are named as -A and -B, which are 2.5 and 2.3 kbp in
length, respectively (Cutrin et al., 2004). Whole genome
codes five viral polypeptides (VPs): VPI is a RNA
polymerase encoded by segment B; and rest of four are
encoded by segment A, including VP2 (major capsid

1



protein), VP3 (internal virion protein), VP4 and VPS5
(non-structural protein) (OIE, 2009). IPNV are divided
into two major serogroups, serogroup A and B.
Serogroup A, to which most of the field strains belong,
consists of nine serotypes, A1(WB), A2 (Sp), A3 (Ab),
A4 (He), AS (Te), A6 (C1), A7 (C2), A8 (C3), A9 (Ja).
Serogroup B includes a single serotype, B1 (TV-1) (Hill
& Way, 1995). Serological classification has been
associated with genogroups and widely approved in
recent years. This was conducted based on VP2 surface
protein, being responsible for immunity and groups
were divided as follows: genogroup 1 (Al and A9),
genogroup 2 (A3), genogroup 3 (A5 and A6),
genogroup 4 (A7 and A8), genogroup 5 (A2 and Bl),
genogroup 6 (A4) (Blake et al., 2001; Cutrin et al.,
2004; Bain et al., 2008; Romero-Brey et al., 2009).

IPNV has a wide geographical area in the world and is
widespread in North and South America, Europe and
Asia (OIE, 2009). The one of major reason is to
conduct virus infected egg and tiddler transaction
between countries. For example, Chilean IPNV
outbreaks were originated from virus infected breeding
materials imported from Norway (Mutoloki & Evensen,
2011). IPNV was first reported in trout in 2002
(Candan, 2002). Epidemiological studies having been
conducted since 2004 have revealed that some
enterprises were infected with IPNV as a consequence
of sharing same water supply, while others which were
located in either another water supply or cities were
infected by purchasing contaminated materials. IPNV
associated outbreaks have been reported almost all
regions where aquaculture farms were operated in
Turkey (Toplu et al., 2010; Albayrak & Ozan, 2010;
Kalayci et al., 2012).

Difference in virulence among IPNV strains may effect
mortality rates during outbreaks. 217, 221 and 247t
amino acid residues in VP2 polypeptide is known to be
determinant for the virulence. Virus strains with
threonine at 217t and alanine at 221t position
(T217A221) are regarded as highly virulent, while
proline at 217t and alanine at 221t position
(P217A221) are moderate-virulent and threonine or
proline at 217th and threonine at 221th (T217T221 and
P217T221) are avirulent strain (Santi et al., 2004; Santi
et al., 2005a; Gadan et al., 2013; Julin et al., 2013). It
has also been reported that avirulent strains
occasionally become virulent due to mutations.
Therefore, naturally attenuated strains cannot be used as
a live vaccine (Gadan et al., 2013).

In this study it was aimed to reveal whole genomic
analysis of six IPNV isolates obtained from various
provinces in Turkey. We also characterized these
isolates according to molecular methods.
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Material and Methods

Samples and Cell Culture Isolation: In total, fourty
tissue samples which were obtained both routine field
monitoring and outbreaks occurred between 2004 and
2013 in six regions (Duzce, Sanliurfa, Tokat, K.Maras,
Trabzon and Gaziantep) of Turkey (for further
information, see supplementary Table 1). All samples
were transferred to the Ministry of Agriculture and
Forestry Central Fisheries Research Institute Laboratory
in Trabzon at 4 °C and inoculum of all samples were
prepared within twenty four hours. All inoculums and
remaining tissues were stored at -80 °C until use. All
samples were tested for the IPNV presence with use of
primers for diagnostic PCR targeting structural gene as
described before (Williams et al., 1999).

Table 1. Primers used in this work.

Primers Segment Sequences (5’-3%) Positions
IPNV-1F A CGTTAGTGGTAACCCACGAG 17
IPNV-2F A AGAGGTATCCGAATCAGGAAG 248
IPNV-3F A ATCGCACCAAGGAGGTATGA 714
IPNV-4F A CCCAAACCCAGACCTACTGA 1244
IPNV-5F A AAAGCCAACAAAGGGAGTCA 1724
IPNV-6F A CACATCTCTCGCATCACACC 2213
IPNV-7F A ATGTGCGAAAACCGATAACC 2731
IPNV-8F B ACAGTGGGTCAACGTTGGTG 5
IPNV-9F B CGACAAATGGTGGAAGACG 341
IPNV-10F B CAGCCGGCCTACCATACATA 837
IPNV-11F B AACTGCACTCCACAGCACAT 1325
IPNV-12F B CGAGAGACTAATTGCCTCAGC 1840
IPNV-13F B TCAAGCACTAGCGCTAAAACC 2326
IPNV-1R A CCTTGGATGTGCTCATGATTC 135
IPNV-2R A CCTTGTCCTGTGGGTTTGTT 573
IPNV-3R A TCTGCTGGTTGAGCTGGTAG 1071
IPNV-4R A TGAGTTGGTCTTGGTGAGGTC 1577
IPNV-5R A ACCATCCTTGGAATCCCTTC 2077
IPNV-6R A GTGAAATCCTGGTGGCCTTT 2589
IPNV-7R A CAGGGGATCAGTCAGGAAAG 3068
IPNV-8R B GCACGTCCTCTACGTCTCCT 188
IPNV-9R B GTTCGTTCGTGTAGCCCACT 686
IPNV-10R B CTCCGTGGAATGGTGAGAAC 1190
IPNV-11R B TTTTTCAGCTCGCGCTCTAT 1668
IPNV-12R B CTTGGGGTCAAAGCTGTCC 2179
IPNV-13R B GAGTCCAGCTGATTCATTTCG 2682
IPNV-14R B TTTTCAGGGGTCATGTTGGT 2761

RTG-2 (ATCC® CCL55™) and BF-2 (ATCC®
CCL-91™) cell lines were thawed and propagated using
Eagle’s Minimal Essential Medium (EMEM; Biochrom,
Germanv) including 10% Fetal Bovine Serum (FBS: non-
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Figure 1. Illustration of CPE for two different cell lines, RTG-2 and BF-2. A. 96 hour post incubation of RTG-2
monolayers as a negative control. B. RTG-2 cell lines at 72 h after being inoculated with IPNV positive samples. CPE
foci are indicated by white arrows. C. 36 hour post incubation of BF-2 as a negative control. D. BF-2 cell lines at 96 h

after being inoculated with IPNV positive samples.

USA originated, Sigma-Aldrich, USA), 1% antibiotic-
antimycotic solution (10000 IU/ml penicillin, 10 mg/ml
streptomycin, 0,025 mg/ml amphotericin B; Biological
Industries, USA) and 1% 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES; Biological
Industries, USA). Cells were incubated at 24°C in a 5%
CO; incubator. Temperature were decreased to 17°C 24
h before virus inoculation and EMEM w/o FBS was
used for viruses. PCR detected positive samples were
inoculated into 90% confluent cell cultures grown in 25
cm? flasks and blind passaged up to ten times. CPE
observed flasks were used for plaque purification (see

Figure 1). Briefly, cell damage observed flasks were
frozen thawed. and supernatants were collected. These
supernatants were santrifuges at 3000 x g for 5 minutes
and passed to 6-well plates in which both RTG-2 and
BF-2 were plated seperately. After one hour adsorption
process, all wells were washed two times and covered
with DMEM including 1.5% methyl cellulose (1500 CP).
Plaques were assessed day by day and randomly selected
and confirmed again by PCR.

RNA Extraction: Virus isolates that not being passaged
more than two times were chosen for RNA extraction.
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Figure 2. Phylogenetic tree of IPNV based on VP2 gene sequence. Tree was built based on Tamura-Nei genetic
distance model and Neighbor-Joining tree building method were used as a general approach. Six Turkish isolates used

in this work were illustrated with light blue.

Commercial RNA Extraction Kit (Vivantis
Technologies, USA) were used for RNA extraction in
order to manufacturer’s instructions. All RNA extracts
were measured with spectrophotometer and diluted to
100 ng/pl.

Reverse Transcription and PCR Amplification:
Complementary DNA library were established
according to standard RT enzyme protocol. Briefly,
total RNA (~1 pg), 60 Random Primer Mix (60 pM)
and ANTP (10 mM) mixture was denatured for 5
minutes at 65°C. Then, M-MuLV RT (20 U/ul) with
buffer RNase Inhibitor (0.8 U/ul) were added. Finally,

solution were incubated at 25°C for 5 min, 42°C for 30
min, and 65°C for 20 minutes to inactivate enzyme.

Oligonucleotides were designed for our primer walking
sequencing strategy on the basis of IPNV genome
sequence data. All primer sets were determined from
aligned sequence datas using Geneious v. 11.1.4 software
(Kearse et al., 2012). The primers used in this work are
listed in Table 1. The reaction conditions for the PCR
were optimized for each primer pair and 5 pl aliquots of
each amplification products were visualized following
standard agarose gel electrophoresis under UV light.
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Figure 3. Phylogenetic tree of IPNV based on VP1 coding sequence in segment B. Same approach with the VP2
analysis were taken in order to build the phylogenetic tree. Six Turkish isolates used in this work were illustrated with

purple.

Amplicons with expected size were purified by a
QIAquick PCR clean up kit (Qiagen, Germany).

Sequencing: Total six amplicons with expected size
were purified by a QIAquick PCR clean up kit (Qiagen,
Germany). The PCR amplicons were purified with the
Wizard SV Gel and PCR Clean-Up System (Promega,
USA) and sequenced bidirectionally using the BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems,
USA) on an ABI 3100 automated sequencer (Applied
Biosystems, USA).

Phylogenetic analysis: All sequence datasets obtained
from sequencing were aligned with Geneious v. 11.1.4
software (Kearse et al., 2012) and whole genome
sequences for six samples were revealed. These were
compared with data from National Center for
Biotechnology Information (NCBI).

Results

Isolates obtained from six different provinces (Duzce/17,
S.Urfa/17, Tokat/17, K.Maras/17, Trabzon/17 and
G.Antep/17) were chosen to reveal their whole genome
sequence data. Segment A genome coding for VP2, VP4,



VP3 and VPS5 proteins and segment B genome coding
for an RNA dependent RNA polymerase enzyme were
3097 and 2784 bp in length, respectively.

Segment A Genome Analysis: Data from segment A for
six isolates were compared among each other as well as
data obtained from NCBI database. Comparison were
conducted based on both nucleotide and amino acid
sequences of VP2 gene which is the outer capsid
protein coding gene and known as determinant of
virulence and genotype (Blake et al., 2001; Dadar et al.,
2013; Biiyiikekiz et al., 2018). 1021 base sequences of
VP2 capsid gene were aligned with MUSCLE
alignment model, and phylogenetic tree was
constructed based on Tamura-Nei genetic distance
approach, along with Neighbor-Joining tree building
method. It was revealed that all of the Turkish isolates
were included in genotype 5, as is shown in Figure 2.
Moreover, identity between Turkish isolates were 97.75
—99.31% and 95.03-98.43% with other isolates. All six
isolates had closely related with Sp strain (AF342728)
(96.76% — 97.45%).

Locations of six novel strains in phylogenetic tree were
also evaluated. The phylogenetic tree was built based
on Tamura-Nei genetic distance model and Neighbor-
Joining tree building method were used as a general
approach. In order to phlyoenetic analysis, our six
isolates had close relation with Sp strain, which was
obtained from Iran in 2012 (KF279643). Identity of
Iranian strain were between 89.01 — 92.16%, 88.14 —
89.76% and 81.02 — 81.98% for VP3, VP4 and VP5
sequences, respectively. Moreover, G.Antep/17 strain
showed highest identity to Iranian strain (91.16%).

Genomic data of VP2 gene in sequenced isolates were
assesed and synonymous and non-synonymous
mutations were also revealed. Positions of these
mutations were mainly mapped by using reference
sequence of Segment A (NC 001915). For instance,
thymine base in 346t position were generated GTG
codon and synthesized valine, which is unique for
Tokat/17strain. Another thymine base in 436t position
are also unique for Tokat/17, K.Maras/17 and Trabzon/
17, which resulted to synthesize leucine. Furtermore,
T775 for Duzce/17, Tsgs for Tokat/17, Coes for G.Antep/
17 were specific for each strain. All strains except for
G.Antep/17, A—G substitution in 676 nucleotide
created CGG codon and synthesized arginine amino
acid, which is present in some strains belong to
genogroup 4, while GCA codon in 1101-1013t position
presents in genogroup 1 and 4. On the other hand,
G—T substitution at 690t position were shared only
between S.Urfa/17 and He strain (AF342730.1).

The Prosi17, Thrai residues, along with the Alaz
residue in VP2 hypervariable region, which are present
in 6 strains, are specific point mutations which may
indicate wild strains being passaged in cell culture or
low virulence. (Santi et al., 2005b; Ruane et al., 2009;
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Dadar et al., 2013). Moreover, all isolates had second
hypervariable region between 245-257% position which
were highly similar with Iranian IRIPNV strain
(KF279643.1).

VPS5 sequences were also assessed for the six isolates.
Interestingly, all strains except for Urfa/17 had specific
stop codons in several positions of coding sequences.
TAA codon at 44th position was observed in K.Maras/17,
Tokat/17 and Trabzon/17, while Duzce/17 had three stop
codons: at 29t 44t 86th positions. G.Antep/17 had two
stops, at 124t and 129t which were close to the end of
coding sequences.

Segment B Genome Analysis: 2784 base long sequence
data were obtained from segment B for six isolates and
Coding sequence of VP1 (2532 ungapped bases) were
compared among each other as well as data obtained from
NCBI database. Same approach with the VP2 analysis
were taken in order to build the phylogenetic tree.

Similarity matrix revealed that six isolates had high
identity (99.29 - 99.72%) and closely related to strains
belonging to group 1 (see Figure 3). Identity between
Turkish strains and other members of group 1 were varied
from 88.05% to 99.80%. Phylogenetic tree based on
similarity matrix were shown in Figure 2. Tokat/17 and
Duzce/17 isolates were closely related to NVI-016 strain
(AY379743.1) which was isolated in Norway (Shivappa
et al., 2004). Moreover, VP1 genome sequences of six
isolates from this study were showed identity of 97.35 —
97.67% with Sp strain (KC900161), which were closely
related based on VP2 gene. K.Maras/17 strain showed
closest identity to Sp (97.67%).

Amino acid sequences of VPl were revealed for six
isolates, and synonymous and non-synonymous mutations
in genomic data were also detected. For example, Meti2s
residue were existed S.Urfa/17 and Trabzon/17 isolates,
along with only Sp103 strain (AY354522.1) (Shivappa et
al., 2004), while K.Maras/17 had Seris7 residue shared
with Sp116 strain. On the other hand, unique mutations
were also detected among isolates. G.Antep/17 isolates
had Trp residue at 316t position, and Arg at 673t
position which was a result of GC—CG inversion
mutation. Moreover, S.Urfa/17 had "CACATC" motif
started at 2071 position which encoded His-Ile residues.
Despite Ile residue might be presented among strains
belonging to genotype 5, His residue seemed to be unique
among strains.

Discussion

Presence of Aquabirnaviruses in Turkey have been known
since 1993 and was firstly reported in 2002 (Candan,
2002). IPNV was reported in 2008 from Black Sea region
and proved to be endemic among every regions in Turkey
by two articles published in 2012 and 2013 (Kalayci et
al., 2012; Ogut & Altuntas, 2012; Giir¢ay et al., 2013).
Previous publications reported genetic data from only

6



VP2 gene. Thus, in this study we intended to obtain
whole sequence of both segment A and B.

Aquabirnaviruses are divided into six genogroups and
four of these were separated into two genotypes, based
on two step restriction enzyme analysis: Genogroup 1
includes serotype A9 (Genotype 1.1) and A2 (Genotype
1.2); Genogroup II includes serotype A3; Genogroup I1I
includes serotype A2 (Genotype III.1) and serotype Bl
(Genotype I11.2); Genogroup IV and V include serotype
A5, A6, A7 and A8 (IV.1, IV.2, V.1, V.2 genotypes,
respectively) and Genogroup VI includes A4 serotype
(Cutrin et al., 2004). Some aquabirnaviruses, for
example Yellowtail Ascites Virus (AY064396) or
Paralichthys olivaceus birnavirus (EU161285.1) are
evaluated as genogroup 7 (Ji et al., 2017). In this study,
we reported whole genomic sequences of six isolates
which belongs to genogroup 5 and have closely related
to reference sequence Sp (see figure 2). Similarly,
Buyukekiz et al. (2017) conducted a study on 455
samples obtained from six geographical areas in Turkey
and showed all genomic sequences were under the
genogroup 5. Moreover, these sequences showed close
identity to Iranian and Spanish strains (Biiyiikekiz et
al., 2018).

Varies on the VP2 coding sequences determine the
virulence of virus. In this study, all six isolates had the
Proz17, Thrao1 residues, along with the Alazs7 residue in
VP2 hypervariable region, which indicates low
virulence (Santi et al., 2005b; Ruane et al., 2009; Dadar
et al., 2013). Dadar et al. (2013) reported that isolates
obtained from Iranian outbreaks had also exact same
mutations with these six isolates (Dadar et al., 2013)
and emphasized the moderate virulence of isolates. As
with IRIPNV, our isolates had second hypervariable
region located between residues 245-257th position
included a series of mutations. Thus, alanine residue at
247t position might play important role to generate
moderate virulence. On the other hand, several
mutations on VP5 gene which possibly disrupt gene
expression were also detected. Hong et al. (2002)
revealed that stably expressed VPS5 protein enhanced
viability and decreased virus titer (Hong et al., 2002).
Recently, Panzarin et al. (2018) proposed that
decreased replication rate also decelerate evolution in
IPNV and therefore relieve selection pressure on it
(Panzarin et al., 2018). In this study, nonsense
mutations on VPS5 coding sequence may disrupt the
functions of VP35 protein, result to increase virus titer
and thereby mutation rate, which may affect virulence.
Indeed, IPNV pathogenicity is multifactorial and it is
necessary to conduct more detailed studies on the
detection of virulence characteristics in Turkish
isolates.

Segment B has a single coding sequence, VP1, which is
responsible for RNA transcription and genome
replication (Graham et al., 2011). In this study we
compared 2532 base length sequence of six isolates
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with other VP1 sequences in database. It was revealed
that all six isolates were belonged to group 1 (see figure
3). Barrera-Mejia et al. (2010) classified VP1 sequences
under three groups, group 1 including West Buxton
(AF078669) and Jasper (M58756), group 2 including Sp
strains and Marine Birnaviruses (MABYV) (Barrera-Mejia
et al., 2010). Similarly, West Buxton & Jasper being
classified under different group from Sp strains were
published elsewhere (Blake et al., 2001; Nishizawa et al.,
2005). As with the VP2 protein, we revealed the Turkish
isolates having close relationship with Sp strains based on
VP1 sequences. Moreover, mutation rate of VP1 coding
sequence was relatively low and might be ineffective in
the determination of virulence. These findings may be
also the first report on Segment B in Turkey.
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