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Spring viremia of carp virus (SVCV), an OIE reportable rhabdovirus and fish pathogen, was
identified in Canada in 2006 in Hamilton Harbour but has not been reported subsequently.
SVCV can have a significant impact on cyprinids, and so the susceptibility of three baitfish
species (emerald shiner Notropis atherinoides, fathead minnow Pimpheles promelas, white
sucker Catostomus commersonii from the order Cypriniformes was assessed using experimental
infection. Millions of baitfish are moved around the province to support the sports fishing
industry, and this represents a risk for spread of the virus. Emerald shiner, fathead minnow and
koi (43, 53, and 33% mortality, respectively) were highly susceptible, but white sucker or
rainbow trout (12.5 and 0% mortality), were not. Infection was confirmed by virus isolation and
RT-qPCR and SVCV was immunolocalized in association with histological lesions using
immunohistochemistry. A one-step reverse transcription quantitative PCR (RT-qPCR) was
adapted and used retrospectively to test samples collected by the Ontario Ministry of Natural
Resources for surveillance from 2008 to 2012. A total of 1432 fish from 35 water bodies in
Ontario were examined using RT-qPCR, but no additional fish were identified with SVCV.
Finally, the pathogenesis of the Rhabdovirus-host interaction at the gill epithelium was

investigated using the RTgill-W1 cells. The cell line was pretreated with UV-inactivated (killed)
VHSV and recombinant FliC and then infected with viral hemorrhagic septicemia virus (VHSV).
The viral load and gene expression was investigated 1, 3, and 6 d post infection (PI) with qPCR.
In addition, the transcriptome response of RTgill-W1 cells at 36 h post-treatment with SVCV,
VHSV, UV-inactivated VHSV and FliC were tested using microarray and RT-qPCR.
Pretreatment of RTgill-W1 cells with killed VSHV induced a reduction in viral load
(nucleoprotein copy number by RT-qPCR) after infection. Transcription profiles in VHSV- and
SVCV-infected or killed VHSV and FliC pretreated RTgill-W1 cells 36 h post-exposure detected
24, 22, 123 and 190 differentially expressed probes, which contained several important gene
candidates with a potentially key role in innate immunity to rhabdovirus infection in gill
epithelium.
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1.1

CHAPTER 1: LITERATURE REVIEW

INTRODUCTION
Spring viremia of carp is a disease that was previously described as part of a syndrome that

was a complex infection with either or both a virus and bacteria. The name infectious dropsy of
carp (IDC), hemorrhagic septicemia, red contagious disease or rubella were terms used to
describe this syndrome of carp. IDC has usually manifested in two distinct forms; acute dropsy
and chronic ulcerative. The syndrome was thought to be caused by a bacterium until the first
successful isolation of a cytopathogenic agent from acute IDC in carp using a kidney cell line
(Tomasec, Brudnjak, Fijan & Kunst 1964, Osadchaya 1964). The virus was named spring
viremia of carp virus (SVCV) for its’ ability to produce disease primarily in yearling common
carp Cyprinus carpio, particularly in the spring time. However, SVCV pathogenicity was not
limited to common carp, as disease was also reported in many other cyprinids and non-cyprinid
fish species (Reviewed in, Sano, Nakai & Fijan 2011).
The disease has an economic impact not only due to its’ ability to cause high mortality,
ranging from around 30% in most outbreaks up to 70% (Svetlana, V & V 2006, Dikkeboom,
Radi, Toohey-Kurth, Marcquenski, Engel, Goodwin, Way, Stone & Longshaw 2004, Ghittino,
Fijan & de Kinkelin 1980), but also through trade restrictions applied upon confirmed isolation.
SVC is notifiable to the World Organization for Animal Health (OIE) mainly due to its
significant negative impact on aquaculture production and wild fish populations, as well as its
ability to spread internationally via live fish or fish products (OIE 2012).
SVCV is a negative-sense single-stranded RNA virus. First classified as a tentative member
of genus vesiculovirus of the family Rhabdoviridae in the order Mononegavirales (King, Adams
1

& Lefkowitz 2011), it has since been reassigned to genus Sprivivirus (Adams, King & Carstens
2013). The complete virus genome of two isolates (Fijan reference strain and A-1 isolated from
common carp in China) has been published. The virus genome encodes 5 viral proteins, which
are nucleoprotein (N), phosphoprotein (P), matrix protein (M) glycoprotein (G), and RNA
polymerase (L) (Hoffmann, Schutze & Mettenleiter 2002, Teng, Liu, Lv, Fan, Zhang & Qin
2007).
Experimental studies on virus invasion and multiplication indicated that virus uptake occurs
in the gill at 2 hours post infection. The virus then spreads by day 3 and becomes detectable in
the kidney, liver, and spleen in high titers, indicating that these organs represent the primary
tissue targets for virus replication (Ahne 1978, Baudouy, Danton & Merle 1980b, Fijan, Petrinec,
Sulimanovic & Zwillenberg 1971). Further details regarding the pathogenesis of the virus will be
covered in greater detail later in the review.
High mortalities among cyprinids in spring at water temperatures below 20oC and fish with
clinical signs that include a swollen belly, exophthalmia, and petechial hemorrhages on the gills
and skin are the classic appearance for SVCV infection (Fijan et al. 1971). A definitive diagnosis
requires isolation of SVCV in cell culture and identification by PCR and sequencing or virus
neutralization (VN) (OIE 2012). Additionally, SVCV can be identified in fish tissues by direct
ELISA or IFAT (Dixon & Hill 1984, Rodak, Pospíšil, Tomanek, Veselý, Obr & Valíček 1993).
Screening for neutralizing antibodies in fish serum has been successful (Dixon, HattenbergerBaudouy & Way 1994). However, serology is not yet a reliable method for exposure history due
to inadequate knowledge of serological responses of fish to viral antigens (OIE 2012). In
particular, the speed and uniformity of neutralizing antibody production and the optimal function
of the fish’s immune system are inhibited if the temperature at which exposure occurred was at
2

the low end of the species thermo-neutral range (Fijan, Petrinec, Stancl, Kezic & Teskeredzic
1977, Kennedy-Stoskopf 1993). But, recently, Luo, Ruan, Zhang, Li, Wang & Liu (2014)
characterized two SVCV glycoprotein-specific monoclonal antibodies which can improve the
reliability of serology as a diagnostic method in this context.
In Canada, SVCV was first isolated in carp from Hamilton Harbor, Lake Ontario (Garver,
Dwilow, Richard, Booth, Beniac & Souter 2007). This discovery has unknown implications for
fish health in the Great Lakes region. The purpose of this thesis was in part, to determine the
potential impacts of the presence of the virus in susceptible species and to determine if the virus
is present elsewhere in Ontario.

1.2

SVC IN THE WORLD AND NORTH AMERICA
SVCV was first reported in the former Yugoslavia (Fijan et al. 1971) and subsequently it

has been reported in many other European countries including: England, The Netherlands,
France, Spain, Germany, Italy, Czech Republic, Austria, Croatia, Bosnia and Herzegovina,
Hungary, Poland, Serbia, Romania, Moldavia, Slovakia, Bulgaria and the former Soviet Union
(Reviewed by; Ahne, Bjorklund, Essbauer, Fijan, Kurath & Winton 2002). SVC is now
established in most European countries. However, some countries are notably SVCV-free
including Denmark, Finland, Ireland, and Sweden, in addition to SVCV-free regions in England
including Northern Ireland, The Isle of Man, Jersey, and Guernsey (Bovo 2005). SVC has also
been reported from Korea (Oh, Jung, Choi, Kim, Rajendran, Kim, Park & Chun 2001), China
(Gao, Shi, Gu, Jiang & Chen 2004), the Middle East (Perelberg, Smirnov, Hutoran, Diamant,
Bejerano & Kotler 2003, Soliman, Aboeisa, Mohamed & Saleh 2008) the United States of
America (USA) (Dikkeboom et al. 2004) and most recently in Canada (Garver et al. 2007).
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Hawaii was the first locale to report the isolation of SVCV from outside Europe and Asia as
well as the first report of SVCV in an invertebrate host. Affected fish were from ponds
containing cultured shrimp and that also contained a mixed fish population (Johnson, Maxwell,
Loh & Leong 1999). The first isolation of SVCV from finfish in mainland USA was in 2002
from a koi Cyprinus carpio koi farm in North Carolina that was suffering from moderate
mortalities (Goodwin 2002). In June 2002, an SVC outbreak occurred in Cedar Lake, Wisconsin
and killed 1500 common carp Cyprinus carpio (Dikkeboom et al. 2004). Later SVCV was
isolated in Washington, Missouri and Illinois (Warg, Dikkeboom, Goodwin, Snekvik & Whitney
2007). The virus has yet to be reported from the southern USA probably due to high water
temperatures, in which the virus can be efficiently cleared by the more robust fish immune
system (Fijan et al. 1971, Fijan 1976b).
In 2006, SVCV was first isolated in Canada from Hamilton Harbor, Lake Ontario during
exportation of apparently healthy live carp. The water temperature at the time of sample
collection decreased from 27.3oC to 24.2oC over 13 days sampling period. It is known that
SVCV can be present in asymptomatic fish (Bekesi & Csontos 1985). Unlike the screening and
exportation efforts in previous years, this particular group of fish was held in net pens for an
extended period because the lab was too busy to perform virus isolation. It was also spawning
time and the stress incurred under these conditions may have favored sufficient virus replication
to allow its detection by virus isolation (Garver et al. 2007). It is unknown if SVCV was present
in Ontario before it was isolated from fish in Hamilton Harbor.

1.3

TAXONOMY
The family Rhabdoviridae belongs to the order Mononegavirales, which previously

included only the genus Vesiculovirus and the genus Lyssavirus based on electrophoretic protein
4

profiles (Hoffmann, Beer, Schutze & Mettenleiter 2005). Recently, due to the use of PCR-based
approaches and sequence analysis studies, four genera were recently added to the family
Rhabdoviridae; they are Ephemerovirus, Cytorhabdovirus, Nucleorhabdovirus, and
Novirhabdovirus. SVCV was initally assigned within the genus Vesiculovirus (King et al. 2011)
but was more recently reassigned with pike fry rhabdovirus (PFRV) to the genus Sprivivirus
(Adams et al. 2013).
Fish rhabdoviruses are enveloped bullet-shaped, negative-sense, single-stranded RNA
viruses. All fish rhabdoviruses have at least five open reading frames (ORF) encoding five
proteins. Nearly all rhabdoviruses that infect fish group into either the genus Vesiculovirus or the
genus Novirhabdovirus. One fish rhabdoviruses known as Flanders virus has not yet been
assigned to a genus (King et al. 2011). SVCV morphology is typical of the Rhabdoviridae,
containing a bullet shape with glycoprotein spikes on its surface. It measures 60-90 nm wide and
80-180 nm long. It has a helical inner nucleocapsid bordered by a lipid-containing envelope with
spikes of glycoprotein (Ahne et al. 2002).
The first complete RNA sequence was published in 2001, which indicated that the viral
RNA includes 5 ORFs, and their genomic order is 3′-NPMGL-5′, which is identical to the genus
Vesiculovirus and the genus Lyssavirus. SVCV, however, does not contain the non-virion (NV)
gene present in viruses of the genus Novirhabdoviruses, such as VHSV (Kurath, Higman &
Bjorklund 1997) nor the large non-coding region between the G and L genes (ORFs), which is
characteristic for fish rhabdoviruses of the genus Lyssavirus (King et al. 2011).
In common with vesiculoviruses, SVCV has highly conserved gene junctions and intergenic
regions, which differs in its genomic sequence from viruses in other genera in the family
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Rhabdoviridae. On the other hand, SVCV differs from other vesiculoviruses because it has an
un-translated ten-nucleotide sequence upstream from the ATG-codon start signal of each gene.
These ten nucleotides are the same in all SVCV genes except the P gene (G instead of C in
position-4) (Hoffmann et al. 2002). Complete sequencing of the SVCV genome allowed
predictions of the molecular weights of the proteins, which were 23.8, 57.3, 47, 35.6, and 25.6
kDa for the L, G, N, P and M protein, respectively (Ahne et al. 2002). The molecular mass
determined using electrophoresis were 16, 85, 50, 40, and 23 kDa for the L, G, N, P and M
protein, respectively (Roy 1981). The buoyant densities of SVCV in different gradient media are;
1.195 to 1.200 cm-3 in cesium chloride (Ahne 1973), 1.150 cm-3 in sucrose, 1.031 cm-3 in percoll
and 1.154 cm-3 in metrizamide (Deuter & Enzmann 1986).

1.4

FISH SPECIES AND LESIONS PRODUCED
SVCV has been reported to produce natural infections in many fish including cyprinid and

non-cyprinid species. These were reviewed in (Sano et al. 2011), but briefly, they include
Cyprinus carpio carpio (Fijan et al. 1971), koi carp Cyprinus carpio koi (Goodwin 2002),
crucian carp Carassius carassius (Kölbl 1975), silver carp Hypophthalmichthys molitrix
(Shchelkunov, Yukhimenko, Shchelkunova, Trombitsky & Manchu 1984), bighead carp
Aristichthys nobilis (Shchelkunov & Shchelkunova 1989), grass carp Ctenpharynodon idella
(Ahne 1975) goldfish Carassius auratus (Ahne 1973), orfe Leuciscus idus (Stone, Ahne,
Denham, Dixon, Liu, Sheppard, Taylor & Way 2003), tench Tinca tinca (Ahne 1982), rainbow
trout Oncorhynchus mykiss (Svetlana et al. 2006) and penaeid shrimp (Johnson et al. 1999).
Species that were susceptible by experimental infection but are not known to have been naturally
infected include roach Rutilus rutilus (Haenen & Davidse 1993), zebrafish Danio rerio (Sanders,
Batts & Winton 2003), northern pike Esox lucius, guppy Lebistes reticulatus and pumpkinseed
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Lepomis gibbosus. Recently, Caspian whitefish Rutilus frisii kutum (Ghasemi, Zamani, Hosseini,
Haghighi Karsidani & Bergmann 2014), along with fathead minnow and emerald shiners (Misk,
Garver, Nagy, Isaac, Tubbs, Huber, Al-Hussinee & Lumsden 2015) were also reported as
susceptible to SVCV by experimental infection.
Pathology and mortality can be variable between infections with different SVCV strains
(Basic, Schachner, Bilic & Hess 2009). The manifestation of SVCV can also be impacted
through changes in water temperatures by modulating immune responses of carp and other fish
to SVCV (Ahne 1986). Additionally, as mentioned previously, the virus has been isolated from
asymptomatic fish (Garver et al. 2007, Bekesi & Csontos 1985). Manifestation of clinical signs
and lesions of SVC in cyprinids vary but in general include; reduced fright and feed responses,
loss of balance, exophthalmia, abdominal distention, inflammation of the vent, hemorrhages on
the skin and fins, pale gills with hemorrhages, ascites, peritonitis, edematous and enlarged
kidney and spleen, catarrhal and hemorrhagic enteritis, and petechial hemorrhages in the internal
wall of the swim bladder (Negele 1977, Dikkeboom et al. 2004, Misk et al. 2015).
In carp, histopathological lesions can be observed in all the major organs. In the kidney,
there is necrosis, hyaline degeneration and vacuolation of the renal tubular epithelium and
tubular luminal casts, in addition to necrosis and inflammation of the renal interstitium (Negele
1977). Necrosis and karyolysis were also reported (Chen, Liu, Li & Zhang 2008). In the liver,
there was multifocal parenchymal necrosis and necrotizing vasculitis, hyperemia and an
infiltration of inflammatory cells consisting most numerously of lymphocytes and histiocytes. In
the spleen, hyperplasia of the reticuloendothelium, enlarged melanomacrophage centers, and
hemorrhage were observed. In the intestine, there was cell-poor enteritis and perivascular
inflammation with necrosis and sloughing of the epithelium. In the heart, there is a pericarditis,
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endocarditis, and myocarditis along with focal degeneration and necrosis of the myocardium. In
the swimbladder, there was a change from an intact and continuous epithelial monolayer to a
disrupted multilayer; presumably areas of necrosis interspersed by areas of hyperplasia and
dysplasia. Also, there was submucosal hemorrhage and dilated blood vessels. There can also be a
peritonitis, and the lumens of the vessels of the secondary vascular network can be filled with
detritus and macrophages (Negele 1977). Additional histopathological lesions described include
an encephalitis and congestion of blood vessels in the brain although no further details were
given (Osadcaja & Rudenko 1981).
Few histopathological lesions have been described for other infected fish species. In roach,
notable lesions included exocrine pancreatic necrosis. In rainbow trout, Oncorhynchus mykiss, no
lesions were noted following an experimental waterborne infection (Haenen & Davidse 1993).
In zebrafish, the lesions described were gill necrosis and inflammation, multifocal hepatic and
splenic necrosis and increased numbers of melanomacrophages in gills, liver, and kidney
(Sanders et al. 2003). In the Nile tilapia lesions included an encephalitis and congestion of the
internal organs (Soliman et al. 2008), however, once again the description was not detailed.

1.5

PATHOGENESIS OF THE DISEASE

1.5.1 STRAINS OF THE VIRUS
A phylogenic analysis of the SVCV and PFRV glycoprotein genes of different isolates
obtained from tench, grass carp, roach, bream, false harlequin, sheathfish, and orfe indicated that
there were four genogroups (I, II, III, IV). All SVCV isolates belong to genogroup I. Moreover,
the analysis of a 550 bp sequence of the G gene performed on the 15 SVCV isolates recognized
four geographically-restricted subgroups (Ia-d) (Stone et al. 2003). Genogroup Ia is isolated from
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Asia, USA, and Canada; genogroup Ib and Ic are isolated from Moldova, the Ukraine, and
Russia, and genogroup Id isolates are derived from the United Kingdom (UK) (Dikkeboom et al.
2004) (Garver et al. 2007, Stone et al. 2003). A more detailed phylogenetic analysis of Austrian
SVCV isolates, again based on analysis of a 630 bp segment of the G gene, indicated 91.1 % to
99.4 % nucleotide similarity within the Id group and further classified Id into three gene clusters;
Id1, Id2, and Id3 (Basic et al. 2009).
An epidemiological study of 43 SVCV (35 were Ia isolates) from across the world was
performed to consider the diversity of nucleotide sequences of the phosphoprotein gene
compared with the G gene. The study identified two distinct subgroups Iai and Iaii through
analysis of an 898 bp portion of the P gene. A separate phylogenic analysis from the same study
focused on the Ia genogroup isolated from North America and the UK and compared 898 bp and
426 bp sequences from the P and G genes, respectively. This study revealed a nucleotide
sequence identity between 97.75% and 100 % of the P gene and 95.5% to 100% of the G gene
(Miller, Fuller, Gebreyes, Lewbart, Shchelkunov, Shivappa, Joiner, Woolford, Stone, Dixon,
Raley & Levine 2007).

1.5.2 MECHANISTIC BASIS OF LESION DEVELOPMENT
A study of the steps of viral entry and multiplication in carp after experimental waterborne
infection at 13oC revealed gills as the entry point and primary site of the multiplication of SVCV.
Virus could be isolated from gill tissue within 2 hrs post infection on cell culture. SVCV was
then shown to spread via the blood stream causing primary and secondary phases of viremia by 6
and 11-day post-infection, respectively. After virus isolation from blood, SVCV was detected in
the kidney, liver, spleen, heart, and alimentary tract at which time clinical signs and pathological
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lesions were observed. At 11 days post infection, virus shedding occurred via mucous casts and
feces where the virus remained viable for several days (Ahne 1978). The osmoregulatory
imbalance was postulated to be a possible cause of death due to the multiplication of the virus in
hematopoietic and excretory kidney tissue. External and internal hemorrhages were likely caused
by SVCV multiplication in the blood vessel endothelium (Ahne et al. 2002).

1.5.3 INNATE IMMUNITY TO SVCV
The resistance of fish to SVCV and other rhabdoviruses such as VHSV are partly governed
by the development of an appropriate immune response. The induction of anti-viral innate
response after infection is a fundamental element in disease resistance. The ability of the cells to
identify a viral agent and elicit an initiate immune response is largely controlled by the ability of
the host pattern recognition receptors (PRRs) to identify pathogen-associated molecular patterns
(PAMPs) on the SVCV and trigger an anti-viral innate response. Recently, Toll-like and retinoic
acid-inducible gene-(RIG) like receptors were expressed after SVCV infection in zebrafish
(Encinas, Garcia-Valtanen, Chinchilla, Gomez-Casado, Estepa & Coll 2013).
In addition, the intracellular PRR, retinoic acid-inducible gene-I (RIG-I) and melanoma
differentiation-associated gene 5 (mda5), can recognize cytosolic SVCV nucleic acids and
induce the production of type 1 interferons (Zou, Chang, Li, Huan Zhang, Fu, Chen & Nie 2015).
mda5 was upregulated in cell lines after infection with both SVCV and VHSV (Zou, Chang,
Xue, Liu, Li, Fu, Chen & Nie 2014, Ohtani, Hikima, Kondo, Hirono, Jung & Aoki 2011) and an
mda-overexpressing hirame natural embryo (HINAE) cell line had reduced VHSV titer
compared with normal cells (Ohtani et al. 2011).
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SVCV and VHSV infection induce type 1 interferon(s), and their induction can be
protective (Adamek, Rakus, Chyb, Brogden, Huebner, Irnazarow & Steinhagen 2012, Encinas et
al. 2013, Chen, Hu, Zou, Ren, Nie & Chang 2015, O'Farrell, Vaghefi, Cantonnet, Buteau,
Boudinot & Benmansour 2002). Several interferon-stimulated genes were found to be
upregulated after SVCV and VHSV infections. For example, the use of DNA vaccines encoding
glycoproteins from snakehead rhabdovirus (SHRV) and SVCV elicited detectable MX proteins
at 7 days post vaccination that correlated with protection (Kim, Johnson, Drennan, Simon,
Thomann & Leong 2000). Also, acute VHSV infection in Pacific herring led to the upregulation
of transcription of myxovirus resistance (mx) and inducible immunoproteasome subunit (9
PSMB9) (Hansen, Woodson, Hershberger, Grady, Gregg & Purcell 2012). Although ifn and mx
expression are known to mediate anti-viral resistance in some fish models (Adamek et al. 2012),
there have been exceptions to this reported. For example, pretreatment of RTgill-W1 cells with
heat-inactivated VHSV induced temporary protection against VHSV, determined by lower virus
titer and a delay in CPE, and yet there was no significant expression of ifn1, ifn2, or mx1 (AlHussinee, Pham, Russell, Tubbs, Tafalla, Bols, Dixon & Lumsden 2015).
The glycoprotein of SVCV and VHSV was found to induce autophagy. The transcriptomic
responses of zebrafish vaccinated with SVCV and VHSV glycoprotein DNA vaccines suggested
that induction of autophagy occurred after immunization. This was mediated by the regulation of
gene transcription at several stages of autophagosome formation and lysosome function (GarciaValtanen, Ortega-Villaizan Mdel, Martinez-Lopez, Medina-Gali, Perez, Mackenzie, Figueras,
Coll & Estepa 2014, Liu, Zhao, Ilyas, Lalazar, Lin, Haseeb, Tanaka & Czaja 2015). Although the
induction of autophagy is an important part of the antiviral innate immune response, other
studies have shown that autophagy promoted SVCV replication by eliminating the damaged
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mitochondrial DNA in the EPC cell line (Liu et al. 2015). Therefore, the mechanisms of
autophagy regulation and its role during viral infection needs further investigation.

1.5.4 TRANSMISSION
SVCV is transmitted mainly by horizontal transmission, primarily through shedding in
infected fish feces, and possibly, through mucous casts, infected scale pockets and skin blisters
(Ahne 1978). Water transmission is the primary source of horizontal transmission and SVCV
survived in 10oC tap water and 4oC mud (pH 7.4) for six weeks. In stream water at 10oC, SVCV
retained infectivity for up to 2 weeks. Dried virus (at temperatures from 4-20oC) survived for
more than three weeks (Ahne 1982). The fish louse, Argulus foliacetis L., and the leech,
Piscicola geometra L. can occasionally transmit SVCV (Ahne 1985, Baudouy et al. 1980b);
However, they acted as mechanical vectors because the virus did not replicate in them (Ahne
1985). SVCV can also be transmitted by fish-eating birds, and it was recovered from heron
(Ardea cinerea) regurgitant 120 min after feeding on infected fish (Peters & Neukirch 1986).
Vertical transmission is likely possible, and SVCV has been successfully isolated from
ovarian fluids but very rarely. In a study including 491 ovarian fluid and 211 seminal fluids
samples from common carp only three ovarian fluid samples were positive (Bekesi & Csontos
1985); therefore, prophylactic disinfection of eggs with iodophor treatment is recommended
(Ahne & Held 1980).

1.5.5

INFECTION TEMPERATURE

SVCV can replicate in cell culture over a wide temperature range; from 4oC to 31oC (Ahne
1973, Clark & Soriano 1974). The optimum temperature for virus replication and RNAdependent polymerase activity is between 20 - 25oC (Roy & Clewley 1978). On the other hand,
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the temperature at which SVCV infects and replicates in fish is restricted by the
immune/inflammatory response and mortality mostly occurs at water temperatures between 10
and 17oC (Fijan 1976b). A study of the effect of water temperature on the fish immune response
to SVCV indicated that the development of neutralizing antibody at 20oC is faster and more
efficient than at 10oC (Ahne 1986).
A study of waterborne exposure to SVCV at different temperatures indicated that above
18oC, infection but no mortality occurred, between 11 to 18 oC, fish became infected and
exhibited clinical signs of disease while at temperatures lower than 10oC the disease was always
fatal (Baudouy, Danton & Merle 1980a). However, in less than 1-month-old carp and sheatfish
(Silurus glanis) infection can occur at 23oC likely due to their immature immune systems (Fijan,
Matasin, Jeney, Olah & Zwillenberg 1984, Pasco, Torchy & De Kinkelin 1987). Interestingly,
during experimental infection using waterborne exposure with rising spring water temperatures,
a common environmental predisposing condition, SVCV pathogenicity was not influenced
(Baudouy et al. 1980a).

1.6

DIAGNOSIS
It is recommended that the OIE guidelines for the diagnosis of SVCV be followed because

the disease is notifiable.

1.6.1 HISTORY, CLINICAL SIGNS, AND PATHOLOGICAL LESIONS
Commonly the history of dead yearling carp in water temperatures below 20oC in addition
to gross lesions including abdominal distention, pale gills, and petechial hemorrhage would
increase the expectations for a diagnosis of SVC and would require necropsy and virological
examination. The disease can be presumptively diagnosed by history, behavioral signs and gross
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external and internal changes while a confirmatory diagnosis is obtained by virus isolation
followed by one or more of the techniques described below, although RT-PCR followed by
sequence analysis of the product is now the most commonly used technique (OIE 2012).
Behavioral signs of fish infected with SVCV are aggregation at the pond banks, side
swimming, sluggish movement, and resting in normal or abnormal positions. While some of
these were mentioned previously, the range of external and internal gross lesions in fish infected
with SVCV are: dark skin with petechial hemorrhage, distended abdomen as well as the presence
of variable amounts of translucent fluid in the peritoneal cavity, exophthalmia and hemorrhage in
the anterior chamber of the eye, petechial hemorrhage on pale gills, inflamed and protruding
vent, which may shed white-yellow thick mucoid fluid due to catarrhal enteritis, edema and
hemorrhages in all internal organs, adhesion of organs to the parietal peritoneum and to each
other due to fibrinous peritonitis, enlarged spleen with hemorrhage and sometimes infarction.
Hemorrhage in the lamina epithelialis of the swim bladder can also be commonly observed
(Bachmann & Ahne 1974, Dikkeboom et al. 2004, Fijan et al. 1971, Fijan 1972, Fijan 1976a,
Negele 1977, Misk et al. 2015).
Only a few studies have examined the clinical chemistry of SVC-affected fish (OIE 2012).
In SVCV experimentally-infected sheatfish Silurus glanis L. blood had lowered hematocrit
values due to necrosis in hematopoietic tissues, in addition to an increase in aminotransferase
(Jeney, Jeney, Olah & Fijan 1990). Differential leukocyte counts and serum biochemistry were
performed in carp before, during and after a pond outbreak over a period of 67 days from April
to June. Samples collected on April 14th, May 13th, and June 6th indicated that there was a
neutrophilia in infected fish throughout the period, but it was particularly pronounced in the
sample taken in May. Also, there were elevated monocytes, eosinophils, and basophils in May
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and June. The study also compared serum biochemical parameters of fish with and without
lesions. Fish with typical lesions had a decrease in Ca2+, inorganic phosphate, alkaline
phosphatase, total protein and cholesterol and a marked increase in total bilirubin, alanine
aminotransferase, lactic acid dehydrogenase and α-hydroxybutyryl dehydrogenase (Řehulka
1996).

1.6.2 VIRUS ISOLATION.
The OIE recommends the use of Epithelioma papulosum cyprini (EPC) and fathead
minnow (FHM) cell lines for the isolation of SVCV. Both cell lines produce high SVCV titers
when infected. EPC produces a titer of greater than 108 pfu/ml (Fijan, Sulimanovic, Bearzotti,
Muzinic, Zwillenberg, Chilmonczyk, Vautherot & De Kinkelin 1983) and in FHM the virus titer
should be at least 106 pfu/ml (Clark & Soriano 1974). There are, however, numerous other cell
lines of piscine origin such as rainbow trout gonad (RTG-2) (Clark & Soriano 1974), northern
pike gonad (Wolf & Mann 1980), rainbow trout embryo, rainbow trout tail, snakehead embryo,
epithelioma papulosum goldfish, wakasagi fin, snakehead heart (Fernandez, Yoshimizu, Kimura
& Ezura 1993), Japanese striped knife jaw gonads, embryos of a hybrid of kelp, Epinephelus
moara, and red spotted grouper, E. akaara, a cell line derived from the skin of greater
amberjack, Seriola dumerili, eel ovary (Fernandez, Yoshimizu, Kimura, Ezura, Inouye &
Takami 1993) and ovary of grass carp (Gao et al. 2004) were also permissive for replication of
SVCV. In addition, non-piscine cell lines such as human diploid cell strain, hamster cell line,
green monkey cell line, viper cell lines, gekko lung and terrapene heart (Clark & Soriano 1974)
have also been used to propagate the virus and produced titers of SVCV varying from 107 to 108
TCID50/ml. The optimum in vitro growth temperature depends on the type of the cell line used.
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However, in EPC and FHM cell lines the optimum temperature is 20-25oC and the cytopathic
effect (CPE) usually develops within 2 or 3 days (Fijan et al. 1983, Gravell & Malsberger 1965).

1.6.3 VIRUS IDENTIFICATION
The methods recommended by the OIE for detection of SVCV are virus isolation followed
by VN, IFAT, ELISA, and RT- PCR followed by sequencing of the PCR product (OIE 2012).
The use of ELISA, fluorescent antibody (FAT) and immunoperoxidase (IPT) tests are faster
for diagnosis of SVCV than virus isolation followed by subsequent identification. FAT and IPT
have a similar sensitivity and in certain occasions where there are few virions in tissues, FAT
and IPT can detect virus where virus isolation on cell lines may not (Faisal & Ahne 1984) and
both FAT and IPT can be performed on either cell culture or directly on infected fish (Faisal &
Ahne 1980). IPT had the additional advantage that it can be preserved indefinitely and observed
under an ordinary light microscope (Faisal & Ahne 1984).
ELISA is in greater widespread use than either IPT or FAT, and is very rapid and specific
for detection of SVCV from cell culture as well as from fluid or tissues of infected fish and can
detect as little as 104 pfu/g tissues (Way 1991). However, low antibody titers (1: 3500 dilution to
produce a 50% reduction in plaque titer) can lead to false negatives (Dixon & Hill 1984). Fish
rhabdoviruses most commonly are antigenically distinct, and a clear-cut identification almost
always occurs in neutralization tests (Frerichs 1989). However, SVCV shares antigenic
determinants with PFRV and studies have identified serological cross-reactivity that occurs using
polyclonal antibodies in both ELISA (Way 1991) and IFAT (reviewed by Ahne et al. 2002). The
common antigenic determinants in the G and N proteins shared by SVCV and some other
rhabdoviruses, including PFRV, makes the specificity of tests such as IFAT, IP, and ELISA
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depend on the quality of the antibody used. Hence, antisera need to be adequately validated (OIE
2012). In a study of two commercial diagnostic kits, TestLine ELISA and Bio-X IFAT, the
TestLine ELISA kit, which uses a rabbit polyclonal antibody was broadly specific and reacted
with all 4 genogroups of piscine vesiculovirus while the Bio-X IFAT, which uses a mouse
monoclonal antibody, reacted only with SVCV subgenogroup Id (Dixon & Longshaw 2005).
Currently, there are monoclonal and neutralizing mouse antibodies against the SVCV 0504
strain isolated from common carp in China, that are able to recognize three structural proteins
(G, N, and P) by western blotting indicating the presence of a common epitope in these proteins
(Chen et al. 2008). However, in another study, a monoclonal antibody was also developed that
specifically detected the SVCV glycoprotein (Luo et al. 2014). The development of monoclonal
antibodies is expected to be useful for developing rapid and specific diagnostic tests as well as
explaining some aspects of SVCV pathogenesis.
Fish produce antibody to SVCV following infection, which can be helpful to screen for
previous exposure (Dixon et al. 1994), however, the antibody response is influenced by water
temperature and is best detected in fish at water temperatures around 20oC or during outbreaks
(Dixon 2008). Also, the antibody can be detected in fish that is negative by virus isolation after
the fish have recovered from infection (Baudouy, Danton, Merle, Torchy & De Kinkelin 1989).
Detection of antibodies as a routine screening method is not yet accepted by OIE due to
insufficient knowledge of the serological response to SVCV (OIE 2012).
Nucleic acid-based methods such as the ribonuclease protection assay have managed to
differentiate SVCV from PFRV (Ahne, Kurath & Winton 1998). Reverse-transcription

17

polymerase chain reaction (RT-PCR) targeting the G gene is highly sensitive and can identify all
four genogroups of vesiculoviruses and the four sub-genogroups of SVCV (Stone et al. 2003).
The OIE recommends that the RT-PCR product is sequenced to confirm a diagnosis of
SVCV (OIE 2012). However, a macroarray assay using digoxigenin (DIG)-labeled amplicons
that are mixed with immobilized genogroup-specific probes on a nylon membrane followed by
reaction with a 5-bromo-4-chloro-3-indolyl phosphate (BCIP)/nitro blue tetrazolium (NTB)
alkaline phosphatase system can also be used. This method is useful in laboratories that do not
have access to sequencing to confirm the specificity of the RT-PCR product (Sheppard, Le
Deuff, Martin, Woolford, Way & Stone 2007).
One step loop-mediated isothermal amplification (LAMP) was also developed and
promoted as a reliable, sensitive, simple to perform and cost-effective alternative method for the
diagnosis of SVCV. This method combined reverse transcription and DNA amplification in a
single tube. Furthermore the results can be obtained either directly by color change with dsDNA
dye or by electrophoresis (Liu, Teng, Xie, Li, Lv, Gao, Tian, Jiang, Chu, Xie & Liu 2008).
A sensitive and quantitative real-time RT-PCR that targeted a conserved region of the G
gene was tested against five isolates of SVCV from China and Germany and was considered to
be a method with a real potential advantage over the conventional RT-PCR. The major reasons
making real-time PCR more preferable in various situations are higher throughput, reduced
contamination, free of gel hazards, quantification and higher sensitivity (Yue, Teng, Liang, Xie,
Xu, Zhu, Lei, He, Liu, Jiang, Liu & Qin 2008). A greater number of isolates from a wider range
of genogroups would need to be tested, however, before broad use could occur.
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RATIONALE, HYPOTHESES, AND OBJECTIVES
After isolation of SVCV in Ontario (Garver et al. 2007) it became crucial to understand
how the virus might impact fish populations in the Great Lakes. The susceptibility of a few
endemic fish species to SVCV using experimental infection trials was assessed as a first step to
assessing potential risk. In particular, it was of interest to determine susceptibility of highly
traded baitfish species belonging to the family Cyprinidae, which includes the susceptible
species such as the common carp. The susceptibility of these species is of great interest as
movement of potentially susceptible baitfish species is a mechanism for the spread of the virus to
other waterbodies.
Therefore, the hypothesis of Chapter Two was that “SVCV infection will induce morbidity
and/or mortality in some Ontario baitfish and that the more similar a species is to carp the more
likely they will be susceptible”. Several objectives were laid out to test this hypothesis:
a) Perform an SVCV experimental infection trial in fathead minnow, emerald shiner,
and white sucker to determine infectivity and survival;
b) Describe the clinical signs and gross and light microscopic lesions after infection in
each species;
c) Confirm the infection by isolation of SVCV in tissue culture and by RT-qPCR; and
d) Produce an anti-SVCV polyclonal antibody for immunohistochemistry (IHC) to
localize SVCV in tissues with histological lesions.
Since SVCV infection can occur without clinical signs it is possibile that SVCV could go
undetected and in reality the virus could be more widespread than just Hamilton Harbor where it
was initially identified in Canada. Therefore, a retrospective study was performed using RT-
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qPCR on tissues from fish collected for disease surveillance by the Ontario Ministry of Natural
Resources (OMNR). Tissues from all fish samples submitted to the Fish Pathology Laboratory
from 2008 to 2012 were tested. The hypothesis for this chapter therefore was “SVCV will be
detected in other locations in Ontario other than Hamilton Harbor”. Several objectives were laid
out to test this hypothesis:
a) Extract RNA from fish tissues fish collected by OMNR between 2008 to 2012;
b) Determine the specificity and sensitivity of the SVCV RT-qPCR;
c) Identify the minimum detection limit of the SVCV RT-qPCR assay in infected
tissues; and
d) Perform RT-qPCR on extracted RNA from tissues to evaluate the presence of
SVCV.
In Chapter Four, an investigation of the role of innate immunity to protect against rhabdoviral
infection in gills was performed. The involvement of gill tissue in several rhabdovirus infections
is well documented, for example, SVCV initially infects gills and then spreads to other organs,
and VHSV was localized the gill epithelium throughout the course of experimental infection of
rainbow trout. In fish, the innate immune system is very important in the overall host immunity
and has the key role in disease prevention. Therefore, the ability of fish to elicit an innate
immune response in gills may be a crucial factor in protection against disease pathogenesis.
Exposure of RTgill-W1, a cell line from rainbow trout gill epithelium, to heat-killed VHSV was
previously shown to reduce VHSV load following infection. However, this response was not
associated with expression of ifn 1 or 2 or mx1. This phenomenon and the transcriptomic
response of RTgill-W1 was investigated using killed VHSV, recombinant FliC, and virus
infection. Three hypotheses were posed:
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a) The stimulation of the innate immune system of RTgill-W1 cells with UV-inactivated
VHSV but not recombinant FliC will reduce viral loads after VHSV infection, and
b) The protective effect of treatment with UV-inactivated VHSV will be associated with
genes other than ifn or mx, and
c) The study of the transcriptome response in infected RTgill-W1 cell line will highlight
potentially important molecules involved in innate antiviral response in gill epithelium.
In order to fulfill these hypotheses, the following objectives were constructed:
a) Determine suitable MOI for SVCV and VHSV infection of RTgill-W1;
b) Purification of VHSV on sucrose gradient;
c) Inactivation of VHSV using ultra-violet irradiation and evaluation of cytotoxicity of
the inactivated virus;
d) Verification of FliC-NusA (complex) and NusA (carrier protein) band-size
verification and removal of endotoxin;
e) Determine the effect of pretreatment of RTgill-W1 cells with UV-inactivated VHSV
and FliC-NusA-complex on VHSV copy numbers by RT-qPCR;
f) Design, perform, and validate a microarray experiment in RTgill-W1 to detect the
transcriptome profiles at 36 h following infection with SVCV, VHSV, and
pretreatments (above) using salmonid custom microarray (Agilent cGRASP 4x 44k)
and detect the expression of genes of interest by qPCR.
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CHAPTER 2: PATHOGENESIS OF SPRING VIREMIA OF CARP
IN EMERALD SHINER NOTROPIS ATHERINOIDES
RAFINESQUE, FATHEAD MINNOW PIMEPHALES PROMELAS
RAFINESQUE AND WHITE SUCKER CATOSTOMUS
COMMERSONII (LACEPEDE)
Misk E, Garver K, Nagy E, Isaac S, Tubbs L, Huber P, Al-Hussinee L, and Lumsden J.
(2015) J Fish Dis. DOI: 10.1111/jfd.12405.
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ABSTRACT
Spring Viremia of Carp (SVC) is a reportable disease to the World Organization of Animal
Health (OIE) as it is known to cause a significant international economic impact. In Canada, the
first and only isolation of SVC virus (SVCV) was in 2006, from common carp Cyprinus carpio
L., at Hamilton Harbour, Lake Ontario. The susceptibility of fathead minnow Pimephales
promelas Rafinesque, emerald shiner Notropis atherinoides Rafinesque, and white sucker
Catostomus commersonii (Lacepede) to intraperitoneal injection of the Canadian isolate
(HHOcarp06) was evaluated using survival analysis, virus isolation, quantitative reverse
transcription polymerase chain reaction (RT-qPCR), histopathology and immunohistochemistry
(IHC). Emerald shiner and fathead minnow were most susceptible to SVCV with 43 & 53 %
cumulative mortality, respectively, compared with koi at 33 %. Quantitative RT-PCR
demonstrated that koi had high viral loads throughout the experiment. At 34 days post infection,
SVCV was detected from sampled emerald shiner and white sucker in very low titer and was not
detected from fathead minnow. Koi, fathead minnow, and emerald shiner had gross lesions
typical of SVC disease. The histopathological picture was mostly dominated by necrotic changes
in kidney, spleen, liver, pancreas, and intestine. IHC further confirmed SVCV infection and
staining was largely correlated with histological lesions.

Keywords: spring viremia of carp virus, experimental infection, fathead minnow, emerald shiner,
white sucker
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2.1

INTRODUCTION
SVCV is a negative-sense single-stranded RNA virus. Currently, it is a member of genus

Sprivivirus of the family Rhabdoviridae (Tordo, Benmansour, Calisher, Dietzgen, Fang, Jackson,
Kurath, Nadin-Davis, Tesh & Walker 2005). SVCV is capable of producing mortalities in many
species of fish but most commonly those that belong to the family Cyprinidae (Sano, Nakai &
Fijan 2011).
SVC is an established disease in much of continental Europe (Bovo 2005). However, there
have only been nine documented occurrences of SVC in North America beginning in 2002 in
North Carolina (Goodwin 2002) and including Hamilton Harbour, Canada (Garver, Dwilow,
Richard, Booth, Beniac & Souter 2007) and most recently in wild common carp in Minnesota
(Phelps, Armien, Mor, Goyal, Warg, Bhagyam & Monahan 2012). Species infected in the wild
include the emerald shiner Notropis atherinoides Rafinesque and sports fish including
largemouth bass Micropterus salmoides and bluegill Lepomis macrochirus (Cipriano, Bowser,
Dove, Goodwin & Puzach 2011). The Canadian SVCV isolate was obtained from apparently
healthy common carp, in water temperatures ranging from 24.2 – 27.3 oC; from fish that had
been held for 7 days in a confined net pen at spawning (Garver et al. 2007). Typically, the
greatest mortality due to SVC occurs in the spring and at water temperatures from 10-17 oC,
while mortality occurring above 20 oC is unusual (reviewed by; Ahne, Bjorklund, Essbauer,
Fijan, Kurath & Winton 2002). The subclinical infection has been documented in several species
and isolation of virus from survivors of a mortality event, or experimental infection has been
documented, supporting a carrier state (Ahne et al. 2002, Ghasemi, Zamani, Hosseini, Haghighi
Karsidani & Bergmann 2014).
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Phylogenic analysis of a portion of the G gene of SVCV and pike fry rhabdovirus (PFRV)
grouped all SVCV isolates in genogroup I and identified 4 geographically-restricted subgenogroups (Ia-Id) (Stone, Ahne, Denham, Dixon, Liu, Sheppard, Taylor & Way 2003). All
North American isolates are in subgenogroup Ia. However, further phylogenic investigation
using portions of the glycoprotein and phosphoprotein genes indicated that the isolates could be
further subdivided into Iai and Iaii. The Canadian isolate is grouped with those from Wisconsin
and Illinois as Iai (Miller, Fuller, Gebreyes, Lewbart, Shchelkunov, Shivappa, Joiner, Woolford,
Stone, Dixon, Raley & Levine 2007).
Ontario contains the largest freshwater baitfish market in Canada. The last available
Ontario Ministry of Natural Resources (OMNR) report stated that there were 1,439 harvest
licenses issued and 261 baitfish dealers in 2005 (Kerr 2012). There is an extensive movement of
baitfish, and the industry may aid in the inadvertent dissemination of SVCV. Therefore, the
purpose of this study was to determine the experimental susceptibility of three highly traded
baitfish species to the Canadian isolate of SVCV Iai (HHOcaro06). Intraperitoneal (i.p.)
injections were performed in emerald shiner Notropis atherinoides Rafinesque, fathead minnow
Pimephales promelas Rafinesque and white sucker Catostomus commersonii (Lacepede) to
understand better the potential impact of SVCV on these species of fish.

2.2

MATERIALS AND METHODS

2.2.1 VIRUS PROPAGATION AND PLAQUE ASSAY
A low-passage aliquot of SVCV was propagated in epithelioma papulosum cyprinidae
(EPC) (Fijan, Sulimanovic, Bearzotti, Muzinic, Zwillenberg, Chilmonczyk, Vautherot & De
Kinkelin 1983) grown in 175 cm2 tissue culture flasks (Corning Life Sciences, CA, USA) at a
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multiplicity of infection (MOI) of 0.01. The SVCV isolate HHOcarp06 from Hamilton Harbour,
Lake Ontario (Garver et al. 2007) was used for experimental infection. Leibovitz’s L-15 (L15)
pH 7.6 was filtered (0.22 µm) and supplemented with 1% antibiotic-antimycotic (Gibco, ON,
Canada) which contained 10,000 IU penicillin, 10,000 µg streptomycin, and 24 µg amphotericin
B. The media was supplemented with fetal bovine serum; 10% to propagate cells or 2% during
virus growth. SVCV was incubated for 1 h on the EPC monolayer at 21 oC followed by washing
of the monolayer surface using phosphate buffered saline (PBS). Inoculated flasks were
maintained at 21 oC and monitored for cytopathic effect (CPE). Upon complete destruction of the
cell monolayer, tissue culture fluid was collected and centrifuged (3500 x g, 20 min, 4 oC) to
remove the cells debris. Before infection, SVCV was quantified by plaque assay (pfu) using a
modified method as described by Batts & Winton (1989). Briefly, EPC was seeded into 6-well
plates (Corning) and was infected using a 10 fold serial dilution of virus supernatant. After
incubation for 1 hr for virus adsorption, the monolayer was washed with PBS and then topped
with 0.9% methylcellulose in L15 media supplemented with 2 % FBS and 1 % antibioticantimycotic. The infected monolayer was then incubated at 21 oC and monitored for plaque
formation.
To assess detection of SVCV using the rabbit antibody (see below), EPC cells were grown
as described above in 8-well culture slides (BD Falcon, ON, Canada) and were infected with
SVCV at an MOI of 0.16 as described above. At 3 d post infection (PI) cells were fixed with
10% (v/v) buffered formalin. To assess cross-reactivity of the rabbit antibody to SVCV, viral
hemorrhagic septicemia virus (VHSV) IVb was grown in EPC as described by Al-Hussinee,
Huber, Russell, Lepage, Reid, Young, Nagy, Stevenson & Lumsden (2010) in 8-well culture
slides (BD Falcon).
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2.2.2 FISH
Fathead minnow (average weight 3 g), emerald shiner (3.5 g) and white sucker (6 g) were
obtained from commercial baitfish suppliers. All the fish were healthy, and the commercial
suppliers had had no known historical occurrence of SVC. The positive control species, koi
Cyprinus carpio koi, Linnaeus (16 g) were obtained from a pet store and the negative control
species, rainbow trout Oncorhynchus mykiss (Walbaum) (149 g), were obtained from a
commercial trout farm.

2.2.3 EXPERIMENTAL INFECTION AND SAMPLING
Three pilot experimental trials were conducted to validate infection conditions, positive
control species, and water temperature (Appendix 1.1; 1.2; and 1.3). All species were held in 60
L circular tanks in the following arrangement; koi and rainbow trout each in a single, separate
tank (n=15); emerald shiner, fathead minnow, and white suckers each in triplicate tanks
(n=15x3), For all species used, one sham-infected control tank was included (n=15). All fish
were habituated for 7 d before infection at a water temperature of 11 oC in a single-pass system
using aerated well water (4.5 Lmin-1). The infection room had a 12 h photoperiod and the
effluent water contained 10 mgL-1 sodium hypochlorite. Fish were fed a commercial pelleted diet
(Martin Mills, ON, Canada), which was crushed to a suitable size, at a rate of 1 % of biomass
daily. During acclimation, the health of three fish of each species was evaluated using
histopathology, bacterial culture and virus isolation. RT-PCR was used to test for SVCV
(Bartholomew 2001).
All fish were sedated using 100-150 mgL-1 of benzocaine, and 0.1 ml of SVCV containing
1x106 pfu was injected i.p. Control fish received 0.1 ml of sterile L15 media. One fish from each
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tank was sampled from infected fathead minnow, emerald shiner, and white sucker at 3 and 6
dpi. Similarly, one infected fish was sampled at days 3, 6 and 9 from koi and at days 3 and 6
from rainbow trout. In all species, RT-qPCR was performed on sampled and moribund fish, and
from 5 surviving fish at the end of the experiment. The experimental trial continued for 34 dpi
and tanks were checked three times a day. Fright and feed response and visible lesions were
assessed daily and moribund fish were removed promptly and euthanized with an overdose of
benzocaine. All animal experiments were performed with the approval of the University of
Guelph Animal Care Committee.

2.2.4 TOTAL RNA EXTRACTION
Homogenized tissue pools; kidney, spleen, heart, and liver were processed according to
Bartholomew (2001), and RNA was extracted using Trizol reagent (Invitrogen, ON, Canada)
according to manufacturer’s protocol. Briefly, original pools were maintained on the ice after
thawing, and 50 mg of tissue from each corresponding tissue pool was placed in 1.5 ml
centrifuge tubes with 300 µl of Trizol reagent and homogenized. The homogenate was topped
with another 700 µl of Trizol and left for 5 min. Two hundred µl of chloroform was added, and
the tubes were gently inverted 20 times. After 10 min tubes were centrifuged (12000 x g, 15 min,
4 oC). The aqueous phase was then gently removed (~420 µl) into new tubes, and 500 µl of cold
isopropanol was added before centrifugation at 12000 x g for 30 min. The pellet was washed and
centrifuged (12000 x g for 5 min) twice using 75% ethanol before being re-suspended in PCR
grade diethylpyrocarbonate (DEPC) water. RNA was extracted from tissue culture supernatant
by heating (95 oC for 2 min) a dilution (1:1 with DEPC water) of the supernatant. The
concentration of extracted RNA was measured using the Nanodrop ND-100 (Nanodrop
Technologies, DE, USA).
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2.2.5 REVERSE TRANSCRIPTION POLYMERASE CHAIN REACTION
A one-step RT-qPCR assay was developed for SVCV and was methodologically similar to
an assay for VHSV (Hope, Casey, Groocock, Getchell, Bowser & Casey (2010) Briefly, reverse
transcription of 552 nucleotides of the SVCV G gene was performed using a semi-nested
protocol. The forward primer used was (SVCV F1) 5’-TCT-TGG-AGC-CAA-ATA-GCT-CARRTC-3’ in the 1st and 2nd rounds of amplification and the reverse primers were (SVCV R2) 5’AGA-TGG-TAT-GGA-CCC-CAA-TAC-ATH-CAN-CAY-3’ in the 1st round and (SVCV R4)
5’-CTG-GGG-TTT-CCN-CCT-CAA-AGY-TGY-3’ in the 2nd round (Stone et al. 2003).
Amplified cDNA was extracted from gels using MinElute Gel Extraction Kit (QIAGEN, ON,
Canada) and sequenced for confirmation (Molecular Supercenter, University of Guelph). cDNA
was cloned into E. coli (TOP10) using pCRtm2.1 Vector (Invitrogen, ON, Canada) and TA
cloning method. Bacteria were cultured on LB base medium, and positive clones were selected
based on ampicillin resistance and Xgal hydrolysis. The plasmid was collected and purified using
a Plasmid Mini Kit (QIAGEN, ON, Canada) and linearized using sodium acetate and Xho 1
enzyme. Linearization of the target segment (606 bp) of plasmid DNA was confirmed on the gel.
mRNA was transcribed using MAXIscript T7 Kit (Invitrogen, ON, Canada). Copy numbers of
RNA transcript or viral load was determined using molecular weight after measuring RNA
concentration Nanodrop ND-100 (Nanodrop Technologies) using the following formula:
𝐶𝑜𝑝𝑦 𝑛𝑢𝑚𝑏𝑒𝑟 = X (g/µl) ÷ [transcript length of nucleotides × 340] × 6.022 × 1023
Ten-fold serial dilutions of the transcribed mRNA were used to construct a standard curve.
Primers and probe (Sigma-Aldrich, ON, Canada) to detect the SVCV G gene were 5’GTGTGTGAAATGAAAGGG-3’, as a forward primer and 5’-GTGCTTTCCACATTCATG-3’,
as a reverse primer and 5’-[6FAM]CACGGTCTCATCTGTGATCCAA[BHQ1]-3’ as a probe.
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The RT-qPCR reaction was performed using Roche LightCycler® 480 RNA Master Hydrolysis
Probe kit (Roche Diagnostics, QC, Canada) according to the manufacturer’s protocol.

2.2.6 VIRUS ISOLATION
Virus isolation was performed on one fish from each species sampled at 6 dpi as described
by Bartholomew (2001). Briefly a tissue pool; kidney, spleen, heart, liver (divided for both virus
isolation and RT-qPCR), and intestine was homogenized and diluted with balanced Minimum
Essential Media (MEM) followed by centrifugation (3000 x g, 20 min, 4 oC). The fluid was
filtered (0.45 µm) and diluted (1:50 or 1:100) then inoculated onto previously prepared EPC 48well tissue culture plates and monitored for 14 d for CPE. Fluid from wells without CPE was
reinoculated onto new cells and monitored for another 14 d. Supernatant with CPE was assayed
using RT-qPCR for SVCV.

2.2.7 GROSS PATHOLOGY, HISTOPATHOLOGY, AND IHC
Whole fish were fixed in 10% (v/v) buffered formalin and were routinely processed,
sectioned at 5 µm and stained with hematoxylin and eosin (H&E). Tissue sections were
deparaffinized with xylene and rehydrated in graded series of isopropyl alcohol. Antigen was
retrieved using either microwave irradiation (Cuevas, Bateman, Wilkins, Johnson, Williams,
Lee, Jones & Wright 1994) including immersion in a citrate buffer and irradiation for 6 min for
tissue sections, or proteinase k (≥ 10 mg ml-1) (Sigma-Aldrich) for cells on tissue culture slides.
Endogenous peroxidase activity was quenched using 3% hydrogen peroxide in absolute
methanol solution for 10 min. Tissue sections were washed with phosphate-buffered saline
(PBS) (pH 7.4) for 2 min. Several dilutions ranging from 1:200 to 1:1600 of rabbit-anti-SVCV
(RaSVCV) serum was used to determine the best dilution to use in IHC staining.
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AEC chromogen Histostain® -SP Kit (Invitrogen, ON, Canada) for rabbit antibody was
used according to the manufacturer protocol. Briefly, slides were covered with blocking solution
for 10 min followed by a 1:800 dilution of RaSVCV in PBS for 1 h. Controls were treated with
the same dilution of rabbit preimmune serum. Sections were washed with PBS (three successive
times for 2 min each) and incubated with biotinylated goat anti-rabbit IgG for 30 min, washed
and covered with a streptavidin-peroxidase conjugate for 10 min. Following an additional wash,
slides were covered with 3-amino 9-ethylcarbazol (AEC) chromogen solution for 10 min and
finally stained with hematoxylin for 5 min and counterstained by PBS.

2.2.8 VIRUS PURIFICATION
Infected EPC supernatant was collected after formation of complete CPE 3 dpi and virus
purification was performed as described by Al-Hussinee et al. (2010). Briefly, the supernatant
was centrifuged (3500 x g, 20 min, 4 oC) to remove cellular debris and centrifuged again (90000
x g, 3 h, 4 oC) over 5 ml of a 25 % glycerol cushion (SW28 rotor, Beckman Coulter Canada Inc.,
ON, Canada). Pellets were resuspended in 100 µl of TNE buffer and applied to a previously
prepared 10 to 60% (10% increments) continuous sucrose gradient in TNE buffer and
centrifuged (90000 x g, 14 h, 4 oC) (SW28 rotor, Beckman). The resultant band was collected,
measured using an Abbe refractometer at room temperature (refractive index – 1.392) and was
stored at -80 oC.

2.2.9 RABBIT ANTIBODY
The purified virus was inactivated at 37 oC for 18 h and mixed 1:1 with Freund’s
incomplete adjuvant (Sigma-Aldrich) and subcutaneously injected into two New Zealand White
rabbits (Chalk River, ON, Canada) followed by an identical injection after 4 weeks. Blood was
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collected from rabbits before immunization (preimmune) and at euthanasia three weeks after the
booster injection. Blood was centrifuged (1500 x g, 30 min, room temperature) and serum was
stored at -20 oC.

2.2.10 STATISTICAL ANALYSIS
Log rank test for survival analysis test (SigmaPlot software, version 12, Systat Software
Inc, CA, USA) was used to compare infected replicate tanks for each species and combined
infected groups to their control for each species. When P < 0.05 results are considered
statistically significant. Cumulative mortality was calculated as described by Martin, Meek &
Willeberg (1987).
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2.3

RESULTS

2.3.1 EXPERIMENTAL TRIAL
SVCV was not detected using RT-qPCR from any fish sampled for testing before the
infection trial began. In addition, no CPE was detected using virus isolation on EPC from any
fish. All fish examined at this time using histopathology had no significant lesions. Additionally,
all fish examined from control groups were SVCV-negative at the end of the experiment using
RT-qPCR.
There were no statistically significant differences in mortality between the biological
replicates within each of the infected baitfish species (fathead minnow, emerald shiner, and
white sucker). The mean mortality after combining replicates in infected koi, fathead minnow,
emerald shiner, and white sucker, was 33, 53, 43, and 12.5 %, respectively and the mean survival
time was 29.6 ±2.7; 23.8 ±1.7; 26.3 ± 1.6 and 32.3 ± 1.17d, respectively. Mortality in koi,
fathead minnow, and emerald shiner was statistically significant from their controls with a P
value of 0.034, 0.002, and 0.006 respectively. Infected white sucker had no significant mortality,
and infected rainbow trout experienced no mortality during the period of the experiment.
Behavioral changes were noted in infected fish, apart from rainbow trout, including a
decrease in feed intake and loss of a fright response. Visible lesions started to appear at 9 dpi for
koi and fathead minnow and 13 dpi for emerald shiner. The most notable gross lesions in koi,
fathead minnow, and emerald shiner were mainly cutaneous and ocular hemorrhages,
exophthalmia, and distention of the abdomen (Figure 2-1), which contained serosanguinous
fluid. At the end of the trial surviving fish of these three species had reduced feed response
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compared with controls and had minimal lesions. Rainbow trout and white suckers had no gross
visible lesions for the duration of the trial.
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Figure 2-1 Pimephales promelas 14 dpi with SVCV displaying abdominal distention,
exophthalmia and dermal hemorrhage.
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2.3.2 DETECTION OF SVCV BY RT-QPCR AND VIRUS ISOLATION
SVC viral genome was detected using RT-qPCR from fish sampled at multiple times PI In
koi, the viral genome copy number (viral load) was 2.6×105 at 3 dpi and remained at least as high
until 34 dpi; the last sample time. Fathead minnow (Appendix 2.1) and emerald shiner
(Appendix 2.2) had a similar pattern but approximately 1 log lower viral load compared with koi
at 3 and 6 dpi. The virus wasn’t detected from fathead minnow at 34 dpi and viral load were very
low in emerald shiner. White sucker had moderate to low viral loads (3.2×102 to 9.8×103) for the
duration of the experiment. In rainbow trout, SVCV was only detected at 3 dpi. SVCV was
detected by virus isolation from sampled koi at 6 dpi. RT-qPCR was also used to confirm SVCV
from culture supernatant after the appearance of CPE.

2.3.3 IMMUNOHISTOCHEMISTRY SVCV AND EPC CELLS
In all replicates, a dilution of RaSVCV (1:800) was able to detect SVCV within infected
EPC cells (Figure 2-2). Intense intracellular staining was visible in SVCV infected cells. SVCV
infected cells did not stain using preimmune antiserum (Figure 2-2, inset). In addition, the
RaSVCV did not detect EPC cells that were infected with VHSV IVb (not shown).

2.3.4 LIGHT MICROSCOPY AND IHC
Notable histopathological lesions were detected in infected koi, fathead minnow, and
emerald shiner and the lesions were largely similar in all three species. Due to the small size of
the fathead minnow and emerald shiners not all tissues from every fish were examined. In the
kidney, there was mild nephrosis and peritubular edema. The renal tubular epithelium was
commonly immunopositive, especially the apical portion of the cells (not shown). There was also
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mild multifocal renal interstitial necrosis, and multiple cells were immunopositive (Figure 2-3).
In the intestine, there was moderate necrosis of cells in the lamina propria, which also contained
scattered nuclear debris and hypertrophied macrophages containing cellular debris. There was
also multifocal single-cell necrosis of the intestinal epithelium (Figure 2-4). Brightly
immunopositive cells were commonly present in the lamina propria. These were both intact and
necrotic cells as well as hypertrophied macrophages (Figure 2-4). In the spleen, particularly
prominent in koi, there was moderate multifocal necrosis of ellipsoids and leukocytes (Figure
2-5) and these cells were mildly immunopositive (Figure 2-6). Mild scattered necrosis was
present in hepatocytes and exocrine pancreatic cells with faint immunopositive staining (not
shown). A summary of immunopositive tissues compared with the number examined for each
species from fish that died during the trial are presented in (
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Table 2-2).
White sucker tissues were rarely immunopositive. Gills, kidney, and intestine had the
highest frequency of immunopositive staining in koi, emerald shiner, and fathead minnow. This
was also true for the spleen of fathead minnow and koi but not emerald shiner.
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Table 2-1 SVCV G gene copy number using RT-qPCR in 50 mg of pooled tissues from sampled
fish.
Species / Sampling day

Day 3

Day 6

Day 9

Day 34

KOI

2.6 x 105 (n=1)

8.0 x 107 (n=1)

1.2 x 107 (n=1)

2.6 x 106 (n=5)

Fathead minnow

1.5 x 104 (n=3)

3.2 x 106 (n=3)

NA

Neg (n=5)

Emerald shiner

7.8 x 103 (n=3)

1.9 x 107 (n=3)

NA

1.5 x 101 (n=5)

White sucker

9.8 x 103 (n=3)

2.6 x 103 (n=3)

NA

3.2 x 102 (n=5)

Rainbow trout

3.0 x 104 (n=1)

Neg (n=1)

NA

Neg (n=5)

Neg: No detectable virus; NA: No sample taken.
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Table 2-2 Immunohistochemical detection of SVCV from fish (n=32) that died during
experimental infection. Numbers of immunopositive tissues examined (numerator) and the total
number of tissues examined from each species (denominator).
Host species

Test species

Species*/tissues
Koi

Fathead minnow

Emerald shiner

White sucker

Gills

3/3

10/16

6/10

0/2

Kidney

3/3

12/16

7/10

0/2

Spleen

2/3

5/5

0/5

0/1

Heart

1/3

0/8

0/6

0/1

Liver

1/3

8/16

5/10

0/2

Pancreas

3/3

5/11

6/10

0/2

Intestine

3/3

12/16

8/9

0/2

Others**

-

-

-

-

*No mortality occurred in rainbow trout

**Other tissues including gonads and brain were negative by IHC.
Note: The number of positive detection from each species was 3/3 in koi, 15/16 in fathead minnow, 9/11
in emerald shiner, and 0/2 in white sucker.
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Figure 2-2 Epithelioma papulosum cyprini (EPC) cells 3 dpi with SVCV. There is intense
intracellular immunopositive staining. Inset: pre-immune rabbit serum replaced rabbit-antiSVCV.
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Figure 2-3 Pimephales promelas 22 dpi with SVCV. Renal nephrosis and multifocal interstitial
necrosis with intracellular immunopositive staining. Inset: pre-immune rabbit serum replaced
rabbit-anti-SVCV.
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Figure 2-4 Pimephales promelas 25 dpi with SVCV. Intestinal lamina propria with
immunopositive necrotic and intact cells. The intestinal epithelium has single-cell necrosis and
hypertrophied cells with bright intracellular immunopositive staining. Inset: pre-immune rabbit
serum replaced rabbit-anti-SVCV.
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Figure 2-5 Cyprinus carpio koi 27 dpi with SVCV. Multifocal necrosis of splenic ellipsoids and
intact macrophages containing debris.

44

Figure 2-6 Pimephales promelas 16 dpi with SVCV. Multifocal necrosis of splenic ellipsoids
with immunopositive staining of hypertrophied macrophages with intracellular immunopositive
staining. Inset: pre-immune rabbit serum replaced rabbit-anti-SVCV.
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2.4

DISCUSSION
SVCV Iai (HHOcarp06) was originally isolated from Hamilton Harbour in Lake Ontario

(Garver et al. 2007). However, there have been no subsequent isolations of SVCV in Canada,
despite ongoing surveillance. Ontario has a robust baitfish industry that includes harvest of
fathead minnows, emerald shiners, and white suckers and, therefore, these species were used
experimentally. Fathead minnow and emerald shiner were expected, and were demonstrated to
be, more susceptible to the lone Canadian SVCV isolate because they are members of family
Cyprinidae. This family includes many known susceptible species, including common carp
Cyprinus carpio Linnaeus (Fijan, Petrinec, Sulimanovic & Zwillenberg 1971) crucian carp
Carassius carassius Linnaeus (Kölbl 1975), silver carp Hypophthalmichthys molitrix
Valenciennes (Shchelkunov & Shchelkunova 1989), bighead carp Arishtichthys nobilis
Richardson (Haenen & Davidse 1993), grass carp Ctenopharyngodon idella Valenciennes (Ahne
1975), goldfish Carassius auratus Linnaeus (Ahne 1973), orfe Leuciscus idus Linnaeus (Dixon,
Hattenberger-Baudouy & Way 1994), tench Tinca tinca Linnaeus (Ahne 1982), roach Rutilus
rutilus Linnaeus (Haenen & Davidse 1993), zebrafish Danio rerio Hamilton (Sanders, Batts &
Winton 2003), and kutum, Rutilus frisii Nordmann (Ghasemi et al. 2014). White sucker is in a
different family, Catostomidae, but are from the same order; Cypriniforms. White sucker was
therefore expected to be less susceptible, and this was determined to be the case. Koi and
rainbow trout are highly and not susceptible, respectively (Goodwin 2002, Haenen & Davidse
1993). Therefore, they were used as positive and negative controls.
A notable result of the present study was that koi, which is considered to be a highly
susceptible species, experienced 33 % cumulative mortality and yet had lower mortality than
either fathead minnow (53 %) or emerald shiner (43 %). Koi did, however, have the highest viral
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loads. Although the relative mortality might be partly explained by the larger size of the koi used
in the present study, these results support the potential that both of these species of baitfish could
be involved in the transmission of SVCV. Previous studies have reported variable mortality in
experimental infections of koi with SVCV due to different experimental conditions including
dose, temperature, route of infection, as well as the use of different isolates. When koi (7-10 cm
in total length) were experimentally injected i.p. with 106 TCID50 SVCV using isolates [WI02131; Iai] or [NC02-46;(Goodwin 2002); Iaii] at 15-18 oC, the resultant mortalities were 0% and
75%, respectively (Dikkeboom, Radi, Toohey-Kurth, Marcquenski, Engel, Goodwin, Way,
Stone & Longshaw 2004). Emmenegger & Kurath (2008) used a similar dose and route in an
experimental infection with SVCV (NC02-46) and reported higher mortalities (100%) in onemonth-old specific pathogen free koi held at lower water temperature (10 - 12 oC). The NC02-46
and WI02-131 isolates share 98.6 % nucleotide similarity based on sequence alignment of a 426
base-pair segment of the glycoprotein gene but are in different sub-genogroups. The Canadian
isolate (HHOcarp06) used in the present study, is grouped with WI02-131 as SVCV Iai based on
sequence analysis of the phosphoprotein and glycoprotein genes, respectively (Miller et al.
2007). While isolates WI02-131 and HHOcarp06 are very similar phylogenetically, HHOcarp06
under our experimental conditions did cause notable mortality, and in more than one trial (not
shown). WI02-131, while isolated from a wild carp mortality event in Wisconsin, was
experimentally relatively avirulent (Dikkeboom et al. 2004). Taken together these results support
the likelihood that the Canadian isolate of SVCV has the potential to cause clinical impacts in
emerald shiners and fathead minnow.
Detailed histopathological descriptions of SVC have not often been performed (Ahne et al.
2002), and none of the other studies performed in NA included histology. Two patterns of
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lesions have been described previously in experimentally infected carp with SVCV
(Sulimanovic, Bambir, Sabocanec, Culjak & Miyazaki 1986) reviewed by (Sano et al. 2011);
acute necrosis with little inflammation and chronic infection and lesser necrosis but with
pronounced inflammation. Gaafar (2011) described an acute necrotizing pattern affecting
hepatocytes, pancreas, intestinal epithelium, renal tubules and renal interstitium as well as
depletion of splenic white pulp and renal interstitial nephritis in common carp after i.p. infection
with SVCV [isolate CAPM V 539; (Koutna, Vesely, Psikal & Hulova 2003)] at 15 oC. A similar
pattern of lesions, in addition to branchial necrosis, was noted in Caspian white fish (Rutilus
frisii kutum) infected using multiple routes [isolate 56/70; (Ghasemi et al. 2014, Stone et al.
2003)]. Fish that survived experimental infection had no histological lesions.
In the present study, acute necrotizing lesions dominated and there were no substantial
differences between the pattern of lesions noted in koi, fathead minnow, and emerald shiner. The
overall pattern and severity of these lesions were similar to the description by (Negele 1977),
with a few notable differences. Fish in the present study lacked evidence of a vasculitis in the
liver and intestine. In addition, the splenic lesions did not include hyperplasia of the
reticuloendothelium or notable enlargement of the melanomacrophage centers. Finally, there
were no or minimal heart lesions in fish in the present study. The absence of some of these
lesions could be due to the use of an i.p. route of infection with a relatively high virus dose
compared with a natural infection in carp (Negele 1977).
Roach, common carp, and grass carp infected with SVCV at water temperatures of 17.7 oC
for roach and 16.6 oC for common carp and grass carp, respectively, had ‘degenerative’ lesions
in the pancreas, kidney and skeletal muscle by 14 dpi (Haenen & Davidse (1993). In the present
study, however, necrotizing lesions in fathead minnow, emerald shiner and koi were evident as
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early as 6 dpi in liver, pancreas, kidney and spleen and became more severe in mortalities
starting from 9 to 16 dpi. Intestinal lesions became more prominent in fish that died from 17 dpi
to the end of the experiment.
The polyclonal antibody successfully detected SVCV in cell culture and tissues. SVCV and
PFRV are known to share antigenic determinants that cause cross-reactivity with polyclonal and
several monoclonal antibodies (mAb) (Ariel & Olesen 2001, Reschova, Pokorova, Nevorankova,
Hulova & Vesely 2007, Chen, Liu, Li & Zhang 2008), however, PFRV has not been reported in
Canada. Immunohistochemistry has been uncommonly performed on fish infected with SVCV.
SVCV was detected in cryosections of gill, kidney, heart, liver, spleen, and intestine of
experimentally-infected crucian carp Carassius auratus by IHC using an mAb (Chen et al. 2008)
and immunopositive staining was demonstrated in necrotic hepatocytes and in renal tubules
(Gaafar 2011). The present study demonstrated virus associated with lesions in the liver,
pancreas, kidney, spleen, and intestine in koi, fathead minnow, and emerald shiner. Limited
staining was present for the first 9 dpi. While the degree of the staining was variable between
tissues, a notable pattern was an increase in intensity in the intestine after 20 dpi (paralleled by
increasing the severity of lesions), possibly reflecting the process of viral shedding in feces,
which has been reported (Ahne et al. 2002). As expected, IHC was less sensitive for the
detection of SVCV in tissues than RT-qPCR. White sucker tissues were largely negative using
IHC, yet low quantities of SVCV genome were detectable in tissues using RT-qPCR.
Virus detection using RT-qPCR demonstrated the presence of SVCV through the course of
infection in koi, emerald shiner, and white sucker and to up to 32 d in fathead minnow. These
four species therefore all have the capacity to play a role in the transmission of the virus, should
they become infected in the wild. There were too few fish used to allow sampling throughout the
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course of the experiment, and therefore, no conclusions are made regarding peak virus load;
further experimentation could provide this information. Co-habitation is known to cause a
delayed onset of mortality and lower cumulative mortality than i.p. and immersion routes in
Caspian white fish (Ghasemi et al. 2014), however, it would provide more realistic evidence to
support transmission between fish.
The detection of virus in fish that survived experimental infection and had few clinical
signs suggests that carriage and shedding of SVCV in some baitfish is likely. Both emerald
shiner and white sucker had detectable virus 34 d after infection when mortality had ceased.
Shedding of the virus by clinically normal fish would greatly increase the risk of spread of
SVCV through baitfish movement. SVCV has been detected from asymptomatic fish (Ahne et
al. 2002) including from common carp in the only Canadian isolation of SVCV to date (Garver
et al. 2007).
In conclusion, fathead minnow and emerald shiner were more susceptible to SVCV
experimental infection than koi and demonstrated typical clinical signs as well as gross and
histological lesions. While white sucker had no gross and minimal histological lesions, SVCV
was still detectable in the fish throughout the 34 day period of the experiment. Thus, all three
baitfish species are of potential concern for carriage and transmission of SVCV
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3

CHAPTER 3: SPRING VIREMIA OF CARP VIRUS: A RT-QPCR
ASSAY AND SURVEILLANCE IN ONTARIO FROM 2008 TO 2012

This chapter is formatted according to guidelines of the Journal of Fish Diseases
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ABSTRACT
Spring viremia of carp (SVC) is a contagious and economically important reportable
disease of fish. It is caused by a single-stranded negative-sense RNA virus. In 2006, SVC was
first reported in Canada at Hamilton Harbour, Ontario; this remains the only report of SVC virus
(SVCV) in Canada. A one-step reverse transcription quantitative PCR (RT-qPCR) was
developed and used to test retrospectively samples collected for surveillance. The assay was
demonstrated to be specific and had a sensitivity of 50 copies of RNA or 1x103 PFU ml-1 from
spiked tissue samples. A total of 1432 fish, representing 31 different species, from 35 locations
around Ontario were examined using the RT-qPCR assay. SVCV was not detected using RTqPCR from any wild-caught fish examined.
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3.1

INTRODUCTION
Spring viremia of carp is a contagious widespread viral disease of fish. The virus, spring

viremia of carp (SVCV), mainly affects fish from family Cyprinidae including common carp
Cyprinus carpio Linnaeus (Fijan, Petrinec, Sulimanovic & Zwillenberg 1971), koi Cyprinus
carpio koi, Linnaeus (Goodwin 2002) and goldfish Carassius auratus Linnaeus (Ahne 1973).
Most outbreaks occur during spring when temperature range between 10 to 17oC (Fijan 1976).
The disease is one of nine reportable fish diseases to the World Animal Health Organization
(OIE) and accordingly it’s isolation or clinical impacts affect the international trade of live fish
(OIE 2012). In most of Europe and Asia, the disease is endemic, but it was not reported until
2002 in North America, from a North Carolina koi farm that experienced a mortality event
(Goodwin 2002). Later, SVCV was reported from many areas across USA including Wisconsin
(Dikkeboom, Radi, Toohey-Kurth, Marcquenski, Engel, Goodwin, Way, Stone & Longshaw
2004); Illinois, Washington, Missouri and Ohio (Warg, Dikkeboom, Goodwin, Snekvik &
Whitney 2007); and Minnesota (Phelps, Armien, Mor, Goyal, Warg, Bhagyam & Monahan
2012). The first and only SVCV isolation from Canada was at Hamilton Harbor, Ontario from
asymptomatic common carp (Garver, Dwilow, Richard, Booth, Beniac & Souter 2007).
Phylogenetic studies have indicated that all SVCV isolates from North America group along
with isolates from China, Italy, and the UK into two subgroups (Iai and Iaii) within genogroup Ia
(Stone, Ahne, Denham, Dixon, Liu, Sheppard, Taylor & Way 2003). Subgroup Iai contains
isolates from Ontario, Canada, Illinois and the first wild common carp outbreak from Cedar
Lake, Wisconsin in 2002 while Iaii contains isolates from Washington, Missouri and the original
isolate from North Carolina (Miller, Fuller, Gebreyes, Lewbart, Shchelkunov, Shivappa, Joiner,
Woolford, Stone, Dixon, Raley & Levine 2007). The use of real-time PCR as a screening tool to
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detect fish viruses is gaining widespread use because of high specificity and reduced time for
diagnosis compared to conventional isolation on cell culture (Garver, Hawley, McClure,
Schroeder, Aldous, Doig, Snow, Edes, Baynes & Richard 2011). Current reverse transcription
real-time PCR assays have also demonstrated higher sensitivity over conventional virus isolation
in cell lines for other fish rhabdoviruses such as viral haemorrhagic septicemia virus (VHSV)
(Hope, Casey, Groocock, Getchell, Bowser & Casey 2010) and infectious haematopoietic
necrosis virus (IHNV) (Knusel, Bergmann, Einer-Jensen, Casey, Segner & Wahli 2007).
Since the only detection of SVCV in Canada to date was from asymptomatic common carp
in Hamilton Harbour Ontario (Garver et al. 2007) the goal of the present study was to see if the
virus might be present elsewhere in Ontario. The Ontario Ministry of Natural Resources and
Forestry (OMNRF) conducted surveillance by collecting a variety of fish species from Southern
Ontario water bodies. Fish from mortality events that yielded suitably preserved material were
also included and all fish were tested using a RT-qPCR assay. A total of 1432 fish collected
between 2008 and 2012 and representing 31 different species were included in the present
survey.
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3.2

MATERIALS AND METHODS

3.2.1 VIRUS
A low-passage aliquot of Canadian isolate of SVCV (HHOcarp06) was propagated in
epithelioma papulosum cyprini (EPC) cells (Fijan, Sulimanovic, Bearzotti, Muzinic,
Zwillenberg, Chilmonczyk, Vautherot & De Kinkelin 1983) at a multiplicity of infection (MOI)
of 0.01. Virus in infected tissue culture supernatant was quantified by plaque assay using a
modified method from that described by Batts & Winton (1989).

3.2.2 TOTAL RNA EXTRACTION
Total RNA was extracted from cell culture virus supernatant and tissue samples using
Trizol reagent (Invitrogen, ON, Canada) according to the manufacturer’s protocol. Briefly, tissue
(100 mg) was homogenized with 300 µl of Trizol reagent in 1.5 ml centrifuge tubes then topped
with Trizol (700 µl) after homogenization. The mix was kept for 5 min at room temperature then
chloroform (200 μl) was added, and the tubes were gently inverted 20 times. After 10 min, tubes
were centrifuged (13000 x g, 15 min, 4 oC). The aqueous phase was then gently withdrawn (~420
µl) into new tubes and cold isopropanol (500 µl) was added before centrifugation at 13000 x g
for 30 min. The pellet was washed and centrifuged (12000 x g for 5 min), twice in ice-cold 75%
ethanol (500 μl) before it was re-suspended in PCR grade diethylpyrocarbonate (DEPC) water
(20 μl). The concentration of extracted RNA was measured using the Nanodrop ND-1000
(Nanodrop Technologies, DE, USA).
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3.2.3 RT-QPCR ASSAY
One-step, RT-qPCR using known concentration of glycoprotein transcripts as standards for
quantification was performed as described in (Misk, Garver, Nagy, Isaac, Tubbs, Huber, AlHussinee & Lumsden 2015) Briefly, forward and reverse internal primers were designed to
amplify a 552 bp product of the SVCV glycoprotein gene. A labeled probe (5` 6FAM and 3`
BHQ1) was designed to complement within the amplified sequence for real-time detection of
amplification. The assay was prepared using LightCycler® 480 Master Hydrolysis Probes
(Roche Diagnostics, Laval, Quebec, Canada) and was performed using 96 well plates (Roche).
Master Mix was prepared as per the manufacturer’s instructions. Briefly, the reaction was
prepared in a total volume of 10 µl, containing 3.6 µl PCR grade water, 0.5 µM Primer/Probe,
3.25 mM Mn(OAc)2, 3.7 µl LightCycler® 480 RNA master hydrolysis probes and finally 1 µl
(250 ng µl-1) of the sample RNA. For each sample, two technical replicates were used. The
following RT-qPCR cycling conditions were adjusted using the Roche LightCycler® 480 II: 63
o

C for 3 min, 95 oC for 30 sec, and a loop of 40 cycles of 95 oC for 12 sec, 60 oC for 45 sec, and

70 oC for 1 sec. Controls included RNA extracted from known SVCV positive and negative
(Misk et al. 2015) fish as well as an RNA negative control with PCR grade water replacing
template RNA. At least three standards were included in each reaction. Quantification was based
on the standard curve using the second derivative maximum method in the instrument software
(Roche LightCycler® instrument II).

3.2.4 ANALYTICAL SPECIFICITY
Viral hemorrhagic septicemia virus (VHSV) positive samples were tested using the SVCV
RT-qPCR to test for cross-reactivity. VHSV was selected specifically because it is also a fish
rhabdovirus, is endemic in the Great Lakes and there is a probability that the survey included
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VHSV positive fish (Bain, Cornwell, Hope, Eckerlin, Casey, Groocock, Getchell, Bowser,
Winton, Batts, Cangelosi & Casey 2010). To further verify cross-reactivity with SVCV types
and other viral agents, Geneious (ver8.0.5) and a Primer-BLAST search were employed to
compare the designed primers and probe with other sequences on National Center for the
Biotechnology Information (NCBI). The primers and probe were compared against 172 SVCV
glycoprotein gene nucleotide submissions.

3.2.5 ANALYTICAL SENSITIVITY
Ten-fold serial dilutions of the standards were prepared (1×109 copies to 101) copies and the
linear correlation between copy number and corresponding crossing points (CP) values was
evaluated by fitting a regression line. The analytical sensitivity was estimated as the lowest
standard concentration that crossed the threshold before or at 37 PCR amplification cycles.
An SVCV-free pool of common carp tissues from kidney, liver, heart and spleen were
homogenized into 50 mg pooled aliquots. Tissue pools were spiked with 10-fold serially diluted
SVCV starting at 1×105 PFU ml-1 to 101 PFU ml-1 in duplicate. RNA was extracted from these
homogenates using Trizol® reagent (Invitrogen) as described earlier. The extracted RNA
concentration was measured using a Nanodrop ND-100 (Nanodrop Technologies, DE) and
assayed using RT-qPCR.

3.2.6 DETECTING SVCV IN INFECTED FISH TISSUES
The RT-qPCR was used to detect SVCV in fish tissues collected from dead fathead minnow
Pimephales promelas Rafinesque and emerald shiner Notropis atherinoides Rafinesque after
experimental infection with SVCV (Misk et al. 2015). A total of 45 fish from each species were
held in three 60 L circular tanks (n=15) were injected intraperitoneally with 100 µl of SVCV
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containing 106 PFU at a water temperature of 11oC in a single-pass system (4.5 Lmin-1). In the
same experimental settings, a control tank (n=15) was intraperitoneally injected with 100µl of
sterile L15 media.
A tissue pool including kidney, liver, spleen, and heart was collected from dead fish. Total
RNA was extracted as previously described and samples were tested using the SVCV RT-qPCR
assay.

3.2.7 SURVEILLANCE SAMPLES
Tissue samples with an unknown SVCV status were collected from 35 water bodies in
Ontario (Figure 3-1). A total of 1432 fish, representing 31 species of fish (Figure 3-2), from 2008
(291 fish), 2009 (129 fish), 2010 (260 fish), 2011 (436 fish), and 2012 (316 fish) (Appendix 2.3.)
Fish were alive (80 fish), chilled on ice (193 fish), or frozen (1,159 fish) when shipped to the
Fish Pathology Laboratory.
Samples were processed upon reception as described in the U.S. Fish and Wildlife Service &
American Fisheries Society-Fish Health Section (2007). A pool of 1 g of tissue portions from
kidney, spleen, liver, and heart was placed in 1.5 ml Eppendorf tubes containing 1 ml RNA later
(Ambion, Life Technologies, Burlington, ON, Canada). Pooling of tissues was performed when
fish were less than 25 g in weight, or there were more than 5 fish of a given species in a lot, and
a maximum of five fish was included in a pool. All collected tissue samples were preserved at 80 oC for future use.
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Figure 3-1 A map showing locations and number of fish tested from each location between
years 2008 and 2012
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Figure 3-2 Number of collected fish from each location per year
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3.3

RESULTS

3.3.1 EVALUATION OF THE ASSAY
All positive control tissues included in extractions for the RT-qPCR were successfully
detected by the assay and all negative controls, and negative tissues were negative.
The correlation between 10-fold diluted transcripts and crossing point (CP) value was
linear. The linear correlation had 0.9949 coefficient of determination and an efficiency of 95.3%.
The minimum detectable concentration of standard was 50 copies. The minimal detection limit
of the SVCV from spiked tissue was 1x103 PFU ml-1. No amplification occurred when SVCV
RT-qPCR assay was used to test known VHSV positive samples. The primers and probe were
compared against 172 SVCV glycoprotein nucleotide submissions and were only found to
complement with sequence EF194965. For 40 sequences the reverse primers did not match, and
in one sequence JQ247697, both primers matched, but the probe was outside the amplification
area. The Primer-BLAST program (NCBI), a search query for the primer sequences, revealed no
sequence similarities to any fish viruses presently archived except that of SVCV.
In infected fathead minnows and emerald shiners, 53 % and 43% of fish died during the
experimental infection, respectively. However, no mortalities occurred in the sham-infected
control group. The current SVCV RT-qPCR assay positively detected SVCV in 86% and 100%
of infected fathead minnow and emerald shiner, respectively. No fish from the sham-injected
control group were detected as positive. The amount of virus detected in the tissues of infected
fish was between 105 and 107 gene copies.
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3.3.2 TESTING SVCV IN SURVEILLANCE SAMPLES
There was no detection of SVCV in any tested surveillance fish. From the same collection
of samples VSHV was detected in 4 cases (data not shown).
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3.4

DISCUSSION.
Surveillance of Ontario fish for SVCV is important since there is no other information

available on the status of SVCV since it was detected in 2006 (Garver et al. 2007). The OMNR
may investigate fish mortality events from Ontario waterways using cell culture when a viral
etiology was suspected. Non-targeted surveillance may fail to detect SVCV particularly if the
condition(s) causing the mortality are complex, which can be expected in cases of SVCV (Fijan
1976, Fijan 1972). Moreover, subclinical cases without obvious lesions and with lower viral
loads have a higher probability of being missed. This research includes the first report of targeted
surveillance for SVCV in Ontario and describes a method for a one-step RT-qPCR assay for
SVCV. The assay will be useful to study several aspects of SVCV pathogenesis including
susceptibility studies and viral shedding in important Ontario fish.
The use of PCR to detect virus is typically more sensitive than conventional virus isolation
in cell culture partly because it detects viable virus particles as well as viral genome (Hope et al.
2010, Bae, Nitsche, Teichmann, Biel & Niedrig 2003). Hope performed a survey for VHSV and
tested 1,428 fish from the Great Lakes using RT-qPCR and conventional virus isolation in cell
culture. Using RT-qPCR VHSV was detected in 24% of examined fish, compared with cell
culture, which detected only 5% of the same fish. In addition, when the sensitivity of RT-qPCR
was compared with viral titration, the detection by RT-qPCR had higher sensitivity with at least
three orders of magnitude in 97% of samples examined in 8 independent experiments.
Quantitative RT-PCR is typically more sensitive than cell culture but can also out-perform
conventional RT-PCR. An SVCV RT-qPCR detected as few as 40 copies versus 1000 copies for
conventional RT-PCR Yue, Teng, Liang, Xie, Xu, Zhu, Lei, He, Liu, Jiang, Liu & Qin (2008).
The RT-qPCR method described in the current study detected 50 copies of SVCV. The strength
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of a RT-qPCR as a surveillance tool is partly due to the higher sensitivity, particularly important
with an OIE reportable virus, but also due to faster turnaround times and reduced labor costs.
qPCR assays can be used to screen sensitively for all strains of a virus (Garver et al. 2011) or
several viruses. A quantitative multiplex real-time RT-PCR was able to detect three viruses
(SVCV, VHSV and IHNV) representing two different genus groups within family
Rhabdoviridae yet demonstrate a minimal detection sensitivity of a 100 copies (Liu, Teng, Liu,
Jiang, Xie, Li, Lv, Gao, He, Shi, Tian, Yang & Xie 2008).
The detection limit of an assay can be determined by a dilution series of RNA extracted
from tissue culture virus supernatant (Koutna, Vesely, Psikal & Hulova 2003) or by a dilution
series of a known copy number of in vivo RNA transcripts (cRNA) (Liu et al. 2008, Yue et al.
2008). For detection of VHSV, the use of cRNA demonstrated similar amplification efficiencies
as viral RNA (Garver et al. 2011). Moreover, it allows quantitative estimation of the detection
limit by copy number. The present assay did not amplify VHSV-positive RNA, and there was no
genomic cross-reactivity with other viruses was found on BLAST search in the National Center
for Biotechnology Information (NCBI) (Liu et al. 2008, Yue et al. 2008, OIE 2012).
SVCV was detected from 86% (19 out of 22) and 100% (14 out of 14) of experimentally
infected fathead minnow and emerald shiner, respectively. The virion loads ranged between 105
and 107 gene transcript µl-1, which are high. However, only mortalities were sampled in the
present study. The three fathead minnow that were negative were also autolyzed to a degree. A
broad range of SVCV titers (2.8 to 7.5 TCID50 ml-1) were detected from waterborne-infected 2year-old carp sampled periodically after experimental infection (Faisal & Ahne 1983).
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SVCV was not detected from any field-collected fish (n=1432). A minority of fish (95)
assayed in the present study were collected from mortality events; the remaining were apparently
healthy fish collected for surveillance for VHSV. There were a wide variety of lesions reported
from mortality events involving bacterial and fungal pathogens, or no infectious diseases were
identified. There were four VHSV positive cases in all examined fish. Although the first
detection of SVCV in Canada was also from apparently healthy fish, these fish were stressed by
containment for 13 d in a net pen during spawning. The fish were also in poor condition, and the
cumulative stressful factors were proposed to account for an increased titer of SVCV in these
fish leading high viral loads and detection using cell culture (Garver et al. 2007). Most of the
SVCV detections in North America have been from symptomatic fish or mortality events
(Goodwin 2002, Dikkeboom et al. 2004, Phelps et al. 2012).
The samples in the present study were collected predominantly from across southern
Ontario. However, since no fish were collected from Hamilton Harbour, where the original
isolation of SVCV occurred, the RT-qPCR assay could be used as a reliable method to help
identify whether SVCV persists in this location in Ontario.
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4

CHAPTER 4: INNATE HOST-PATHOGEN INTERACTION OF
RAINBOW TROUT GILL EPITHELIUM: A TRANSCRIPTOMIC
STUDY

This chapter was prepared according to the guidelines of Journal of Fish Diseases
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Abstract
The RTgill-W1 cells were used to model the responses of rainbow trout gill epithelium
following exposure to a bacterial antigen, inactivated virus, or an infectious virus. The viral load
was evaluated in infected RTgill-W1 after treatment with UV-inactivated viral hemorragic
speticemia virus (VHSV) and a recombinant flagellin protein from Edwardsiella tarda (FliC)
using RT-qPCR at 1, 3, and 6 days post-infection (dpi). In addition, the transcriptomic profiles of
RTgill-W1 cells 36 hours post-exposure to spring viremia of carp virus (SVCV), VHSV, UVinactivated VHSV, and FliC, were created by using Agilent 4x 44k cGRASP custom salmonid
microarray. The gene expression of twenty-five genes selected after studying RTgill-W1 cells
transcription responses from the microarray and 8 additional genes known for their anti-viral
function, including ifn, mx, mda5, and lgp2a, were then studied in the model above using qPCR.
RTgill-W1 cells pretreated with UV-inactivated VHSV had significantly lower VHSV load by 6
dpi, however, ifn(s) mda5 and mx(s) expression was not correlated with the reduction. The
transcriptome profile responses of RTgill-W1 cells revealed differential regulation of 24, 22, 123
and 190 probes after SVCV or VHSV infection, or exposure to UV-inactivated VHSV or FliC,
respectively. The functional groups of all differentially expressed probes were studied using The
Database for Annotation Visualization and Integrated Discovery (DAVID) and\or InnateDB. The
investigation of differential expression of 25 selected genes in the experiment above indicated
that 12 were significantly upregulated following the pretreatment with UV-inactivated VHSV
and temporally correlated with the reduction of VHSV at 6 dpi.
Keywords: Microarray, VHSV, SVCV, FliC, Edwardsiella tarda, innate immunity, gill
epithelium
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4.1

INTRODUCTION
There are a variety of viruses in the family Rhabdoviridae that can infect fish. The

infections result in serious fish diseases such as infectious hematopoietic necrosis virus (IHNV)
and viral hemorrhagic septicemia virus (VHSV) from the genus Novirhabdovirus and spring
viremia of carp virus (SVCV) in the genus Sprivivirus (International Committee on Taxonomy of
Viruses 2014) and others. The role of the innate immune system in combating rhabdoviral
infection in fish has been fairly well studied and shown to play a critical role in disease
progression (Verrier, Dorson, Mauger, Torhy, Ciobotaru, Hervet, Dechamp, Genet, Boudinot &
Quillet 2013). However, the contribution of the gill epithelium towards this immunity is rarely
studied despite these being the first cells to encounter most infectious agents of fish. In addition,
several studies have reported an increase in cytokine expression in gills following waterborne
infection with VSHV (De Zoysa, Nikapitiya, Oh, Whang, Lee, Jung, Choi & Lee 2010, Montero,
Garcia, Ordas, Casanova, Gonzalez, Villena, Coll & Tafalla 2011, De Zoysa, Nikapitiya, Oh,
Whang, Shin & Lee 2012, Ordas, Castro, Dixon, Sunyer, Bjork, Bartholomew, Korytar, Kollner,
Cuesta & Tafalla 2012).
Regardless of the role of adaptive immunity, the role of innate immune response is crucial
for the induction of protection against these viruses (Olson, Emmenegger, Glenn, Simchick,
Winton & Goetz 2013). Stimulating innate immunity with killed VHSV in a rainbow trout gill
cell line (RTgill-W1) led to the temporary protection of cells and a decrease in viral loads and
cytopathic effect (Al-Hussinee, Pham, Russell, Tubbs, Tafalla, Bols, Dixon & Lumsden 2015).
Innate immunity alone induced a reduction of VHSV loads in infected turbot Scophthalmus
maximus Linnaeus. Turbot were vaccinated 30 d previous to infection with a pMCV1.4 plasmid
that did not encode any VHSV proteins, and yet the fish had reduced VHSV loads (Pereiro, Dios,
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Boltana, Coll, Estepa, Mackenzie, Novoa & Figueras 2014). The use of immunostimulatory CpG
sequences increased expression of type I interferon (ifn-I) and major histocompatibility complex
class I (MHC-I) in muscle and spleen of rainbow trout Oncorhynchus mykiss Walbaum after
DNA vaccination using the pMCV1.4 encoding the glycoprotein (G) gene (Martinez-Alonso,
Martinez-Lopez, Estepa, Cuesta & Tafalla 2011).
While the fins are also involved in VHSV replication in rainbow trout (Quillet, Dorson,
Aubard & Torhy 2001), gills have an important role in the early triggering of local and systemic
antiviral immune responses. Modulation of cytokine expression in rainbow trout gills after
VHSV infection (1 and 3 dpi) and the up-regulation of IgM+, IgT+ cells, CD3 and perforin in
infected fish (1 dpi) highlights the role of gills in the initiation of antiviral response (Aquilino,
Castro, Fischer & Tafalla 2014). Also, different gene expression patterns were reported in
RTgill-W1 cells following infection with two sub-genotypes of VHSV IV (a vs. b). The genes
lgp2a, ifn-I, ifn-II, mx1, and mx2 were expressed to a greater extent following infection with
VHSV IVa (Pham, Lumsden, Tafalla, Dixon & Bols 2013). VHSV IVb has also been
immunolocalized in necrotic gill epithelium of rainbow trout for up to 38 d following
experimental infection, indicating the involvement of this tissue in viral shedding (Al-Hussinee,
Huber, Russell, Lepage, Reid, Young, Nagy, Stevenson & Lumsden 2010). Although RTgill-W1
cells also contain class A scavenger receptor which can bind low-density lipoproteins and poly
I:C, a synthetic dsRNA, ifn expression was not mediated by these receptors (Poynter, Weleff,
Soares & DeWitte-Orr 2015).
In the present study, we investigated the innate immune capacity of RTgill-W1 cells
(rainbow trout Oncorhynchus mykiss Walbaum gill epithelium) using a microarray transcriptome
analysis and RT-qPCR to describe pathways and molecules potentially involved in virus
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infection and resistance. Since pretreatment of RTgill-W1 cells with heat-killed VHSV
previously led to reduced virus load and delayed CPE without stimulation of ifn-I (Al-Hussinee
et al. 2015), this phenomenon was investigated in more detail. In addition, the impact of
pretreatment of RTgill-W1 cells with a TLR-5 ligand; recombinant bacterial flagellin from
Edwardsiella tarda FliC (He, Xu, Fossheim & Zhang 2012) was investigated. FliC is a major
virulence gene of E. tarda (Morohoshi, Yokoyama, Ouchi, Kato & Ikeda 2009, He et al. 2012).
It was hypothesized that E. tarda evades innate immunity by translocating its FliC along with
other bacterial proteins to host cells using a type III secretion system while downregulating FliC
expression in itself. The upregulated expression of FliC in the bacterial cells induced lower
virulence in a fish model of infection while its translocation into host macrophages promoted
cytotoxicity (Xie, Lu, Rolhion, Holden, Nie, Zhou & Yu 2014). As a TLR-5 ligand, however,
FliC may become a good candidate as a vaccine adjuvant since it induced protective immunity
against E. tarda (Jiao, Zhang, Hu & Sun 2009). How FliC can affect viral infection, however,
has not been investigated in fish. Finally, the transcriptomic response of gill epithelium was also
examined after infection with SVCV and VHSV.
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4.2

MATERIALS AND METHODS

4.2.1 CELL LINES
RTgill-W1 cells (Bols, Barlian, Chirino-Trejo, Caldwell, Goegan & Lee 1994) was cultured
in 175 cm tissue culture flasks (Corning Incorporated, Corning, NY) and 6-well plates
(FalconTM, Corning Incorporated – Life Sciences, Durham, NC). Leibovitz’s 15 Medium (L15)
supplemented with l-glutamine (Gibco® Life Technologies Corporation, Grand Island, NY) was
used. The cells were passaged 25 times before it was used in the experiment. The pH of the
culture medium was adjusted to 7.6 then filtered (0.20 µm; Thermo Scientific™ Nalgene™
MF75™; Waltham, MA) and supplemented with 2% or 10% fetal bovine serum (FBS) (Gibco®)
and 1% antibiotic-antimycotic (Gibco®). In all conditions, cells were incubated at 15oC.
The epithelioma papulosum cyprini (EPC) cells (Fijan, Sulimanovic, Bearzotti, Muzinic,
Zwillenberg, Chilmonczyk, Vautherot & De Kinkelin 1983) was used to propagate both VHSV
and SVCV in similar culture conditions as RTgill-W1 cells but only supplemented with 2% FBS
at 15oC.

4.2.2 UV-INACTIVATED VHSV (KILLED VIRUS)
The virus in VHSV-infected EPC cell culture supernatant was purified on a sucrose
gradient (Sullivan & Wickersham 2014) and quantified by RT-qPCR. The purified virus was
inactivated by exposure to two rounds of UV radiation 1 Joule cm-2 (Crosslinker; Electronics
Corporation, Westbury, New York, USA) as suggested by Garcia-Valtanen, Ortega-Villaizan
Mdel, Martinez-Lopez, Medina-Gali, Perez, Mackenzie, Figueras, Coll & Estepa (2014). Briefly,
the virus supernatant was centrifuged (90, 000 x g 3 h; 4 oC; in the SW28 rotor; Beckman
Coulter Canada, Mississauga, ON) over a cushion of 25% glycerol (FisherBiotech, Fair Lawn,
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New Jersey BP229.1) in TBS buffer (300 mM NaCl; 100 mM Tris-HCl; pH 7.4). Pellets were
resuspended in 100 µl TBS buffer for 24 h at 4 oC. The collected suspension was ultracentrifuged (90,000 g, 18 h, 4 oC) on a continuous sucrose gradient (from 60% to 10 %) in TBS
buffer (SW41; Beckman Coulter). The virus band was collected, diluted with 10 ml TBS, and repelleted by ultracentrifugation (90,000 g; 4 h; 4 oC; SW41) and then re-suspended in 10 ml TBS
buffer and stored at -80 oC for future use.

4.2.3 VHSV AND SVCV PROPAGATION
EPC cells were infected at multiplicity of infection (MOI) = 0.01 with VHSV IVb
(U13653) (Lumsden, Morrison, Yason, Russell, Young, Yazdanpanah, Huber, Al-Hussinee,
Stone & Way 2007), and SVCV (HHOcarp06) (Garver, Dwilow, Richard, Booth, Beniac &
Souter 2007). The infected cells were incubated with the virus for 1 h, washed with sterile PBS
(1x; 0.0067M PO4; Hyclone®, Hyclone Laboratory Inc., Logan, Utah), and incubated at 15 oC
and 21 oC for VHSV and SVCV, respectively until 70% cytopathic effect (CPE) was reached.
Supernatant was clarified by centrifugation (4,000 x g for 30 min) and the virus titer was
determined using plaque assay (Batts & Winton 1989). Briefly, EPC cells in a 6-well tissue
culture plate (FalconTM) were infected with ten-fold serial dilutions of the virus for 1hr
incubation then washed with PBS (Hyclone®). After infection and washing, each well was
topped with L15 Medium (2% FBS, Gibco®; and 1% antibiotic-antimycotic, Gibco®; and 0.9%
methylcellulose, Sigma-Uldrich Co, St.Louis MO) and incubated at a suitable temperature
(above) for 14 days until adequate size plaques developed. Cells were fixed and stained with
0.1% crystal violet in 10% buffered formalin. The virus titer was expressed in plaque forming
units (PFU)/ml.

72

4.2.4 FLIC
FliC, an Escherichia coli recombinant Edwardsiella tarda flagellin protein C, was
generously donated by Dr. Janet MacInnes (Pathobiology, OVC, University of Guelph). Briefly,
the FliC sequence was cloned in E. coli using a translation vector (PET43). Then, it was cotranslated with a tag protein, NusA, in the form of FliC-NusA complex to allow purification
using ion affinity chromatography (IMAC). The translated tag-protein alone, NusA, was used as
a negative control for FliC treatment. The recombinant proteins were filtered through endotoxin
removal resin column (Thermo Scientific™ Pierce™ High-Capacity Endotoxin Removal
Column) using the manufacturer's protocol followed by quantification using Nanodrop (ND-100;
Nanodrop Technologies, DE, USA). The sizes of the purified proteins were confirmed by SDS
PAGE. Briefly, proteins were mixed with Laemmli buffer (Laemmli 1970), and it was heated at
95 oC for 10 min then separated on 15% polyacrylamide gel.

4.2.5 TOTAL RNA EXTRACTION FROM RTGILL-W1 CELLS
Before trypsinization (GibcoTM TrypLE Express, life Technologies Corporation, Grand
Island, NY), cells were washed with versene (130 M NaCl; 1.47 M KH2PO4; 2.68 M KCl;
20.42 M Na2HPO4.12H2O). The collected cells were pelleted by centrifugation (4000 x g for 5
min). Total RNA was extracted using Trizol (Ambion® by Life Technologies; Carlsbad, CA)
and a standard protocol. Briefly, cells were homogenized in 0.3 ml Trizol then topped with
another 0.7 ml TRIzol® reagent. After 5 min, 0.2 ml of chloroform (ACROS Organics, New
Jersey) was added and mixed gently for 10 min. The mix was centrifuged at 13,000 x g (15 min,
4oC) and the aqueous phase was collected into a clean tube. An equal amount of ice-cold
isopropanol (Fisher Scientific, Fair Lawn, new Jersey; ~ 0.6 ml) was added to the aqueous phase
and centrifuged at 13,000 g (30 min, 4oC). The supernatant was decanted, and the RNA pellet
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was washed two times with ice-cold 75% ethanol (Commercial Alcohols, Brampton Ontario).
Finally, the RNA pellet was suspended in 30 µl of RNase-Free PCR grade water (Sigma) and
mixed very well.
To eliminate the genomic DNA, RNA was DNase-treated with RNase-Free DNase Set
(Qiagen®, Toronto, ON). Enzymatic reactions were performed following the kit manual in 100
ul volume for 10 min followed by purification of the RNA by RNasey Mini Kit (Qiagen®,
Toronto, ON) and according to the manufacturer's protocol. Extracted RNA concentration and
purity was measured using a Nanodrop and stored immediately at -80 oC for future use. For all
RNA used for microarray, the RNA integrity was assessed by 2100 Bioanalyzer (Agilent) and
was confirmed to have an RNA integrity number (RIN) higher than 9.

4.2.6 QUANTITATIVE REAL-TIME PCR
cDNA was prepared from RNA samples using a High-Capacity cDNA reverse transcription
kit (Applied Biosystems, Ottawa, Ontario). RNase inhibitor was added to the cDNA master mix
during the processing. The preparation of cDNA was performed in a 20 ul volume and following
the manufacturer's protocol. The cycling condition for cDNA synthesis was 25oC for 10 min,
37oC for 120 min, 85oC for 5 min, and on hold at 4oC. Finally, the cDNA was stored at -20 oC
for future use.
Primers used for gene expression analysis were designed using Primer3Plus (Version:
2.4.0) (Untergasser, Cutcutache, Koressaar, Ye, Faircloth, Remm & Rozen 2012). qPCR was
performed in a 10 ul reaction volume in 96 well plates (LightCycler® 480 Multiwell Plate 96,
Ottawa, Ontario) using Evagreen® SsoFastTM Supermix (BioRad, Mississauga, Ontario) and
following standard protocols. The cycling conditions, using the Light Cycler (Roche LC480®,
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Ottawa, Ontario), were adjusted to 98oC for 3 min followed by 40 cycles of 98oC for 5 sec, 60oC
for 5 sec, and 72oC for 1 sec and finally a melting curve from 65oC to 95 oC.

4.2.7 VHSV RT-QPCR
VHSV nucleoprotein gene transcripts (hereafter viral load) were quantified using a one-step
absolute quantification RT-qPCR developed by Al-Hussinee et al. (2015). The product is a 101
bp sequence from the VHSV nucleoprotein gene. The PCR reaction was performed in a total
volume of 10 ul containing 100 ng of template RNA using Roche LightCycler 480 Master
Hydrolysis Probes (Roche Applied Science) and a standard protocol. The cycling conditions
were reverse transcription 63 °C for 3 min; denaturation, 95 °C for 30 s; and amplification (37
cycles) 95 °C for 12 s, 60 °C for 45 s at, and 72 °C for 1 s.

4.2.8 EFFECT OF PRETREATMENT OF RTGILL-W1 CELLS ON VHSV LOAD
A preliminary study was performed to investigate the effects of pretreatment of RTgill-W1
cells with FliC-NusA, NusA, and the killed VHSV on VHSV viral load in cells. At 36 h post
treatment, RTgill-W1 cells were infected with VHSV (MOI=0.1) then cells were collected at 1,
3, and 6 dpi and quantified using RT-qPCR (above). All treatments were administered in 6-well
cell culture plates (FalconTM) in which, each well represented a separate unit. For every
biological replicate, six separate wells were pooled. Three biological replicates were performed
for each treatment.
The killed VHSV was applied in a final concentration of 10 MOI and the FliC-NusA
complex was applied at a final concentration of 50 µg ml-1. Moreover, the vector’s NusA was
diluted to a final concentration of 38.8 µg ml-1 for use on cells.
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4.2.9 TRANSCRIPTOMIC PROFILE OF PRETREATED OF RTGILL-W1 CELLS
FOLLOWING STIMULATION
4.2.9.1 THE EXPERIMENT
The transcriptomic responses of RTgill-W1 cells to a stimulus was investigated using
microarray. The differential gene expression in pretreated RTgill-W1 cells compared to a
common reference (untreated RTgill-W1 cells; 2% FBS; 1% anti-anti) was calculated. The
common reference was applied to all arrays. The cells were exposed to pretreatments in 6-well
cell culture plates (FalconTM) in which, each well represented a separate unit. For every one
biological replicate, six wells on each plate were trypsinized and pooled. Three or four biological
replicates were used for each treatment. At 36 h post-pretreatment of RTgill-W1 cells, with
VHSV; SVCV; killed VHSV; FliC-NusA complex; and NusA cells, they were collected for
RNA extraction. In VHSV and SVCV infections, cells were infected at 0.1 MOI. In the killed
VHSV pretreatment, cells were exposed to 10 MOI inactivated virus. FliC was diluted in L15
(2% serum; 1% anti-anti) to a final concentration of 50 µg ml-1 and similarly, NusA was diluted
to 38.8 µg ml-1. All treatments were administered in a total volume of 2 ml (L15, 2% FBS). The
extracted RNA was DNase treated and column purified as described previously, before it was
submitted to Princess Margaret Genomics Center, University Health Network, Ontario, where
the RNA was converted to cDNA and the labeling and processing of the microarray were
performed. In this microarray experiment, a custom 44k salmonid Oligo-array from the
Consortium for Genomic Research on All Salmon Project (cGRASP; Agilent Technologies) was
adopted to study differential gene expression in submitted samples.
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4.2.9.2 ANALYSIS OF MICROARRAY DATA
The universal reference design was used to compare all treatments to a common reference.
The data from a total of 17 arrays were analyzed. The statistical analysis of the microarray data
was performed using R (ver. 3.2.0) and linear models for microarray analysis (LIMMA) package
(Smyth 2004). The background was corrected by subtracting the background median signal
intensities from foreground in each spot with an offset of 16, meaning that data from spots that
had values less than 16 were deleted. Within-array variations were corrected using global loess
normalization method. Between-array normalization was performed using the “T-quantile”
function that ensured that all A-Values for each group had the same distribution across arrays
without changing the M-values (log-ratios) (Yang, Dudoit, Luu & Speed 2001). The common
reference samples were dye-swapped to enable the normalization of dye bias.
Differentially expressed probes were annotated using cGRASP project (1e-08 to SwissProt)
annotation files (last updated Feb 2010). The remaining, non-annotated, probes were manually
annotated by blasting the probe sequences to the database using Megablast to search for highly
similar sequences in Atlantic salmon or rainbow trout.
Gene ontology (GO) analysis and pathway analysis were performed using the database for
annotation visualization and integrated discovery (DAVID, version 6.7). The human genome was
used as background to obtain best functional annotation results. The homologs for annotated
unique gene identifiers, Gene ID(s), in the human genome (Homo sapiens; HS) or zebrafish
(Dano rerio; DR), were identified using HomoloGene, UniGene programs, or similar gene
names at the National Center for Biotechnology Information (NCBI). The functional annotation
analysis was performed for all Entrez-Gene ID lists using the modified Fishers exact P value
(EASE) score of 0.1 to determine all significantly enriched GO terms and pathways. A
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significantly enriched GO term identifies that gene members in under this category represent a
significant value from the total gene members in this group. The GO analysis of genes lists was
performed using InnateDB for VHSV and SVCV.
4.2.9.3 VALIDATION OF MICROARRAY DATA ANALYSIS BY PCR
Relative gene expression analysis was performed for 10 selected genes that demonstrated
differential gene expression by microarray; these were APOA1BP, ENOSF1, HSPD1, IL-11,
LITAF, MALT1, METB, MMP13, PLK2, and TPM1. Primers used and the accession codes of the
target gene are listed in Table 4-1. Pearson product-moment correlation coefficient (pearson
correlation) was estimated using STATA13. To correlate PCR data with microarray, similar
cutoffs for expression values were used i.e. only values with significant adjusted P values and
differential expression higher than 0.75 log2 fold change were introduced to the correlation
analysis.

4.2.10 EFFECT OF PRETREATMENT OF RTGILL-W1 CELLS WITH KILLED
VIRUS ON GENE EXPRESSION
Differential gene expression was studied in RTgill-W1 cells pretreated with the killed virus.
The differential gene expression was compared between cells that were both pretreated and
infected and cells that were only infected cells or control cells. The expression of a panel of
genes commonly associated with antiviral innate immune response in teleosts was examined,
including, mx1, mx2, mx3, ifn1, ifn2, ifn3, mda5, and lgp2a. In addition, a group of 25 genes was
also selected representing functional annotation groups detected by microarray. Primers and
accession codes of targeted genes are listed in Table 4-1.
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4.2.11 GENE EXPRESSION OF INNATE ANTIVIRAL RESPONSES IN RTGILL-W1
CELLS FOLLOWING PRETREATMENT WITH KILLED VHSV
To further investigate the potential role of known antiviral genes on VHSV inhibition, the
differential gene expression of RTgill-W1 cells 2 d after treatment with the killed VHSV (MOI =
1) compared to untreated cells was studied. Only genes related to innate antiviral response were
investigated; these were ifn1, ifn2, mx1, mx2, mx3, mda5, and lgp2a. All primers and accession
codes of target genes are listed in Table 4-1.

4.2.12 STATISTICAL ANALYSIS
For absolute quantification of VHSV nucleoprotein by RT-qPCR, all CT values were
compared to those of the known standards. The quantification values were compared between
pretreatment groups using a Students t-test (Stata 13). Comparisons of viral load between
treatments with P values less than 0.05 were considered statistically significant.
For microarray, the ratios of differential expression values were fitted in a generalized least
square linear model followed by an empirical Bayes method to calculate the differential
expression. Differential expression values that had less than a 0.7 log2 fold change were not
considered biologically significant. Expression values that had a false discovery rate (FDR)
adjusted P values less than 0.05 were considered statistically significant.
For gene expression using qPCR, all gene expression CT values were normalized to the
average CT values of the internal controls, -tubulin and -actin. Differential gene expression
was calculated from δδCT values and expressed as log2 fold change from the normal untreated or
infected controls. One-way ANOVA was used if expression values were normally distributed
using Shapiro-Wilk test (STATA 13) or Students t-test was adopted to compare expression
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values between groups if data was not normally distributed. Expression values that had P values
less than 0.05 were considered statistically significant.
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Table 4-1 Primers designed for this study and accession number of their target sequences
Orthologue Name Direction
Tubulin
Forward
Reverse
APOA1BP
Forward
Reverse
APOH
Forward
Reverse
-actin
Forward
Reverse
BLMH
Forward
Reverse
CDK1
Forward
Reverse
CEBPB
Forward
Reverse
CFH
Forward
Reverse
CIDEC
Forward
Reverse
DCN
Forward
Reverse
EIF4E
Forward
Reverse
ENOA
Forward
Reverse
ENOSF1
Forward
Reverse
HSP90AA1
Forward
Reverse
HSPA4
Forward
Reverse
HSPD1
Forward
Reverse
IL-11
Forward
Reverse
KPNA2
Forward
Reverse
LGP2A
Forward
Reverse
LMBRD1
Forward

Sequence
GGTTCACCTCCCTGCTGAT
ACCTGGGGAGCTGGATAGA
TCCCTGGCTAAGAAGCAG
TCGAATATGCGCAGGTGGC
ATACCCTGCAAGGAGCCAG
GGAGGAAGACCACACGTCA
TTTGAGCAGGAGATGGGCA
CTCGTTGCCGATGGTGATG
CTACTTCCTGCAGGCCTGT
TGGTGGGATTGGAGAGCAG
CAAGCTGGCAGACTTTGGG
AGCCCTGTACCACAGTGTC
AAGTGGCCGGTTTCTACGA
TCAATGGGCTGCTTGCAAG
AAACGGCGGTACCAGAGAA
CTTGTACGCTGAAGGGGGA
GTATCAGCCAGTGCCTCCA
CCTTCTTAACGCTGCGGTC
AAGGGCCTCAAGAACCTGG
TGAGGAACCATGGCCAGAG
GGACCGCTTCTGGCTAGAA
TTGACTACTGCTCCGCACA
TTCAAGGAGGCCATGCGTA
CCTCGTCTCCCACATTGGT
GGAAGCAGCAGAGAGTGGA
AGCAGCTGGTCGGAGTATC
TTCTACGGATGGCGAGGAC
TGTCTTGGAGCTGGTAGCC
GATCGCTGGGCTGAATGTG
GTTGCGTTCCCTGGACTTG
ACGAAGACATTGAGGCCCA
ATCCAGTTGAGTCCAGGCC
TGAACAACAGGGCCAGTGA
CCAGGCAAAATGGTGCTCA
TAAGGAGGTGCTGGCAGAC
CCAGTCTGAACCACCACCA
GTGGGGACTGTGACCAGAA
GGTCAGGGCATTCTCCAGT
CTGTTTGAGGAGCTGGGGA

Accession
AY150303.1
FR905703.1
FR917347.1
AF157514.1
FR905489.1
FR904548.1
NM_001124447.1
FR913714.1
FR904383.1
NM_001160486.1
FR904332.1
FR904825.1
FR904272.1
HG421285.1
AB062281.1
FR905744.1
AJ867256.1
FR911688.1
FN396359.1
XM_014123004.1
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Orthologue Name Direction
Reverse
MAP2K4
Forward
Reverse
MDA5
Forward
Reverse
MEF2C
Forward
Reverse
METb
Forward
Reverse
MMP13
Forward
Reverse
MX1
Forward
Reverse
MX2
Forward
Reverse
MX3
Forward
Reverse
PEBP1
Forward
Reverse
PGAM1
Forward
Reverse
PLK2
Forward
Reverse
PREP
Forward
Reverse
PSMD11
Forward
Reverse
RNASEK
Forward
Reverse
RTN3
Forward
Reverse
SRGN
Forward
Reverse
TPM1
Forward
Reverse
TRIM16
Forward
Reverse
Type I Interferon1 Forward
Reverse
Type I Interferon2 Forward
Reverse

Sequence
CTGCCAGCATGCCAATCAA
TGGTCCCATGCACCACTAG
TGAGGGATTGACCTGCCTG
AAACCAATGACCGCTGCAG
GACCCTCTTCAGCCACTGT
CTCCCAGTCAGCACAGTCA
GTGGAGATGGCTGATGGGT
GCAATTGCTCAAACTGCGC
TTGCACACACAGCCTGAAG
ACGTCAACGGTATCCAGCA
CACAGGCATTAGGGGTGGA
GGACAACATCGAGCAGCTG
GTAGCTGCGTGCCTTCATC
CACTGGGGAGGAGCTGAAA
TTTCCAGAGCGATCCACGT
CAGCTGCTGAAGGAGGACT
GTAGCTGCGTGCCTTCATC
AAAGTGCTCACGCCAACAC
TCATGGCCAGGGTGTACAG
CCATGGAGGAGGAGCACAA
TTCAGGCTCTCACAGGACG
AGCAGCTGAGGGACACAAT
ACTGCCCATGGTACTGTCC
GGGTGGAGATGCACTTCCT
TCCAGGACATGCAGCTGAA
ACATGGAGGCAGCTACAGG
GGGCCTGTCTGAGGAATGT
TCTTCACCACCCACTCTGC
TAGATGGAGTGGGGAGGCT
GTGCGCTATGAACGCTTCA
CAAAGGCCACCGCAGATTT
GAGGGTTCTGCCACAGGAA
GCCAGGGTAGTCAATCCCA
TGACAACTGCCCTGACCAA
ATCCTTGGAGGCCCTGTTC
TCCCACGGATGATGGCTTT
TCCTTGATCTCTGCCACGG
AGCGTGTGTCATTGCTGTG
TCTCCTCCCATCTGGTCCA
TGCAGAGTTGGACGTGTCT
TCTGCGCTTAAGTGACCGA

Accession
FR905369.1
NM_001195179.1
FR909044.1
KC679074.1
FR904528.1
U30253.1
U47945.1
U47946.1
BT073678.1
FR907236.1
FR904408.1
FR906944.1
FR904803.1
FR906169.1
BT073036.1
FR905063.1
BT045316.1
FR904308.1
AY788890.1
AJ582754.2
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4.3

RESULTS

4.3.1 EFFECT OF PRETREATMENT OF RTGILL-W1 CELLS ON VHSV LOAD.
Pretreated and infected cells had variable reduced VHSV loads at 3 and 6. By 3 dpi, only
the FliC-NusA complex pretreated cells had a significant reduction in viral load. At 6 d,
however, the killed VHSV, FliC-NusA complex, and NusA treated cells all experienced
significantly reduced viral loads. The cells pretreated with the killed VHSV had the highest
reduction to viral load and, there was no significant difference between the reduction caused by
FliC-NusA complex and NusA alone at 6 dpi (Figure 4-1).

4.3.2 MICROARRAY ANALYSIS OF DIFFERENTIAL GENE EXPRESSION IN
RTGILL-W1 CELLS AFTER STIMULATION.
4.3.2.1 ANALYSIS OF MICROARRAY DATA
RNA integrity testing and quality control of the microarray hybridization indicated that all
arrays met acceptable standards, and data represent the differential gene expression after
analysis. The normalized microarray data diagnostics is presented graphically using a box plot
(Appendix 3.1) and MA plot (Appendix 3.2). The coefficients quantiles of the fitted model were
plotted against the theoretical quantile of a Student’s t-distribution to demonstrate graphically the
differentially expressed probes and highlight that the majority of the data was normally
distributed. Differential expression with a log2 fold change more than 0.75, and with an adjusted
P value less than 0.05 were considered significant. Biologically important clusters of functional
annotation groups are presented. Clusters are grouped based on similarity of biological meaning
indicated by shared genes within these groups.
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To validate the microarray results a separate qPCR was developed for 10 genes selected
from the microarray. A Pearson correlation coefficient of 0.9023 was calculated for the
comparison between the data obtained by microarray and that from RT-qPCR (Figure 4-3). The
qPCR gene expression profiles induced by killed VHSV and FliC highly matched the microarray
data in all and nine genes; respectively. However, the expression profiles for both VHSV and
SVCV infections matched the RT-PCR in six genes out of the ten tested. Generally, gene
expression by qPCR had higher expression values and was more sensitive (Figure 4-4).
4.3.2.2 PRETREATMENT WITH UV-INACTIVATED VHSV
The treatment of rainbow trout gill epithelium with the killed VHSV resulted in the
significant alteration of 123 probes. The currently available information on these probes allowed
mapping of 96 genes to HS and 2 genes to DR homolog backgrounds. Five significantly enriched
functional annotation categories were considered in this chapter (Table 4-2). These categories
will be mentioned along with any related categories based on similarity of their gene members. A
complete list of the differentially expressed probes is listed in Appendix 3.3.
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Figure 4-1 The difference in virus VHSV load determined by quantitative PCR between cells
pretreated 36 hours previously with FliC, NusA or UV-inactivated VHSV and untreated cells at
1, 3 and 6 d following infection with VHSV. The difference in VHSV expression load is
presented as the mean log2fold change (+/-Standard error, red bars) from the untreated control. A
statistically significant (p<0.5) reduction in viral load is indicated by black diamonds.
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Figure 4-2 The coefficients quantiles of the fitted model were plotted against the theoretical
quantile of a Student’s t-distribution. Showing standard microarray t-test data distribution. The
data were non-skewed or had heavy tails. The tails of the plot represent differentially expressed
genes.
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Figure 4-3 Scatter plot and best fit line of the change in expression (log2 fold) of 10 genes
identified by microarray and then validated using qPCR. The scatter plot demonstrates the
correlation between gene expression results obtained by both methods. The estimated Pearson
correlation coefficient from the plotted data was 0.9023.
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Figure 4-4 The differential gene expression by microarray (red) and qPCR (blue) for 10 genes
examined after four treatments. The gene expression in treated cells was plotted as log2 fold
change from untreated RTgill-W1 cells (negative control).
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The selected categories chosen were antigen processing and presentation, host-virus
interaction, response to wounding, positive regulation of signal transduction, and anti-apoptosis.
The pathway “antigen processing and presentation” is clustered with other related categories
such as response to protein stimulus and response to unfolded protein based on shared genes. The
gene members of this category are heat shock proteins (HSP), including HSP70a, HSP70b,
HSP70-like, and HSP90AA1, all of which were significantly downregulated.
The keyword “host-virus interaction” is clustered with other categories such as translation
initiation factor activity and regulation of cellular protein metabolic processes. Six genes were
significantly regulated in this category; EIF4H, LMBRD1, EIF4E, and EIF4G1 were upregulated
whereas RTN3, HSP8, and KPNA2 were downregulated.
The biological process “response to wounding” which is clustered in other categories such
as immune response, innate immune response, positive regulation of immune system process and
defense response. There were nine genes regulated in this group, genes IFGBP4, TPM16, PEB1
were upregulated while genes APOH, IL-8, CLU, CFH, CEBPB, and IL-11 were downregulated.
The biological process “positive regulation of signal transduction” is clustered in other
categories such as regulation of protein kinase cascade and regulation of I-kappaB kinase/NFkappaB cascade. There were six genes regulated in this group, PEBP1 was upregulated and,
genes TRIM16, PLK2, LITAF, MALT1, and IL-11 were downregulated.
Finally, six genes involved in the biological processes “apoptosis” were regulated. All of
which were downregulated, they are RTN, LITAF, SRGN, MEF2C, CIDEC, and CLU.
Furthermore, anti-apoptosis, an related biological process, was also represented by an additional
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seven genes MALT1, CEBPB, MEF2c, CDC2, CLU, ATF5, and HSP70 all of which were also
downregulated.
4.3.2.3 INFECTION WITH VHSV AND SVCV
After VHSV and SVCV infections, a total of 26 and 27 probes were regulated, respectively.
The genes regulated by VHSV and SVCV infections were functionally annotated to HS
homologs 19 & 23 or DS homologs 1 & 0, respectively. The regulated genes were predominantly
upregulated, 17 & 20 genes versus 5 and 4 downregulated, for VHSV and SVCV, respectively.
Due to a smaller number of regulated genes, gene ontology analysis of these groups was
performed for individual molecules using InnateDB. There were some molecules of particular
interest in both infections. For VHSV, the genes ACTA2, metB, TPM1, ENOA, PMSD3, EIF4E,
RPS23 were upregulated while IRE5 and LITAF were downregulated. Infection with SVCV
upregulated the genes, TPM1, ENOA, DCN, FLNA, and TXN, while IER5, DUSP6, MMP13, and
IL-11 were downregulated. A complete list of differentially regulated probes in VHSV and
SVCV is in Appendix 3.4 and Appendix 3.5, respectively.
4.3.2.4 PRETREATMENT WITH FLIC-NUSA PROTEIN COMPLEX
The pretreatment of RTgill-W1 cells with FliC-NusA complex resulted in significant
regulation of 190 individual probes (Appendix 3.6) of which, 125 were upregulated and 65 were
downregulated. The functional annotation of regulated probes using DAVID resulted in 158
significant functional annotation categories that were clustered based on similarity among their
gene members. Only five groups of particular interest are described (Table 4-3).
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Table 4-2 Selected functional annotation categories after treatment of RTgill-W1 cells with the
killed VHSV.
Count

P-Value

Enrichment
Fold

4

0.020327

6.62325

SP_PIR_KEYWORDS Host-virus interaction

7

0.002899

4.921235

GOTERM_BP_FAT

Response to wounding

9

0.010348

2.945138

GOTERM_BP_FAT

Positive regulation of signal
transduction

6

0.026338

3.52751

SP_PIR_KEYWORDS Apoptosis

6

0.040519

3.155348

GOTERM_BP_FAT

7

0.001119

5.893453

Category

Term

KEGG_PATHWAY

Antigen processing and
presentation

Anti-apoptosis
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The biological process “proteolysis” was significantly enriched. There were 18 genes
regulated in this group; PREP, BLMH, PSMD2, PSMC1, PSMD7, PSMD3, PSMD11, VCP,
PSMA6, PSMC1, BIRC6, and PEPD were upregulated while MALT1, CDCA3, MMP13, RBX1,
CFH, MMP14, SKP1, and BLMH were downregulated. The genes PSMD2, PSMC1, PSMD11,
PSMA6, BIRC6, CDCA3, MMP14, and SKP1 were exclusively regulated by exposure to the
FliC-NusA complex and were not altered by NusA protein alone. The biological process
“proteolysis” clustered in other related significant biological processes such as positive
regulation of ubiquitin-protein ligase activity, proteasome complex, and protein catabolic
process.
The second significantly enriched biological process was macromolecular complex
assembly. This category includes 14 upregulated genes HSPA4, TUBB8, PEBP1, HSPD1, FLNA,
TUBB2C, VCP, COX10, NPM1, and HP1BP3 and five downregulated genes including H1FX,
MALT1, HSP70A, HSD17B10, and MYC.
A third group, immune effector process, was also significantly enriched. This category was
represented by 5 genes; four were upregulated: MSH6, TDX, HSPD1, and TUBB2C while one,
CFH, was downregulated. This functional group clustered with categories such as positive
regulation of programmed cell death and leukocyte mediated immunity. The immune effector
process group was clustered with several biological processes but most importantly with the
“positive regulation of programmed cell death”, which was represented by 8 significantly
regulated genes of which, three were shared with the biological process “immune effector
process” MSH6, TDX, and TUBB2C. In the remaining five genes, AIFM1 and COL18A1 were
upregulated, and CEBPB, RPS3A, and MYC were downregulated. In all groups, MSH6,
TUBB2C, RPS3A, and MYC are exclusively regulated by exposure to the FliC-NusA complex.
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Finally, four genes belonged to the biological process “B cell activation” were regulated,
genes MSH6 and HSPD1 were upregulated while MALT1 and IL-11 were downregulated. B cell
activation is also clustered with other biological processes such as immune system development,
lymphocyte activation, and leukocyte activation. However none of these functional groups were
significantly enriched.

4.3.3 EFFECT OF THE KILLED VHSV PRETREATMENT OF RTGILL-W1
CELLS ON GENE EXPRESSION
After VHSV infection, the expression of both internal controls -tubulin and -actin genes
was relatively similar at days one and three but at day 6 it started to increase (Figure 4-5).
The differential expression in infected RTgW1 cells at 1,3, and 6 dpi in a total of 25 genes
selected genes based on biological significance was detected by qPCR, They are APOH, BLMH,
CDK1, CEPEB, CFH, CIDEC, DCN, EIF4E, ENOA, HSPA4, HSPA90AA1, IL-11, IL-8, KPNA2,
LMBRD1, MAP2K4, MEF2C, PEBP1, PGAM1, PREP, PSMD11, RNASEK, RTN3, SRGN, and
TRIM16. In addition, the differential expression of the innate anti-viral panel genes (above) was
also tested.
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Table 4-3 Selected functional annotation categories after treatment of RTgill-W1 cells with FliCNusA complex.
Count

P-Value

Enrichment
Fold

18

0.010677

1.925237

Macromolecular complex
assembly

12

0.004907

2.678812

GOTERM_BP_FAT Immune effector process

5

0.030526

4.206468

GOTERM_BP_FAT B cell activation

4

0.029326

5.933333

Category

Term

GOTERM_BP_FAT Proteolysis
GOTERM_BP_FAT
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There was significantly increased expression in 12 of the 25 selected genes in the pretreated
and infected cells in at least one-time point post-infection (Figure 4-6). Some of the differentially
expressed genes were members of the functional annotation categories described above. These
are; HSPA4 and HSP90AA1 involved in antigen processing and presentation; CEBPB and CFH
involved in the response to wounding; TRIM16, which plays a role in positive regulation of
signal transduction; and CIDEC MEF2C, and SRGN, involved in the regulation of apoptosis. The
remaining four significantly upregulated genes were selected based on their potential
involvement in immunity against viral infection; these were PREP, PSMD11, MAP2k4, and
BLMH. Interestingly, ribonuclease K (RNASEK) was downregulated in non-pretreated cells
more than in treated cells.
In general, the differential expression in pretreated then infected or infected only RTgillW1 cells from the untreated nor infected control cells were lower at 1 and 3 d than observed at 6
dpi. All innate antiviral genes were significantly upregulated at one dpi except mx1 and mx3. At
3 dpi, all genes were significantly upregulated except ifn1 was downregulated. Whereas at 6 dpi
all genes were significantly upregulated (Figure 4-7).
The expression of ifn(s) and mx(s) at 6 dpi was higher in untreated infected RTgill-W1 cells
and, only mda5 and lgp2a were significantly increased in pretreated infected cells at six dpi.

4.3.4 EXPRESSION OF INNATE ANTIVIRAL GENE PANEL IN THE KILLED
VHSV PRETREATED RTGILL-W1 CELLS.
The expression of the innate anti-viral gene panel in the killed VHSV pretreated RTgill-W1
cells examined only at 2 d post treatment was modulated significantly higher for genes ifn1, ifn2,
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mx2, and lgp2a and, lower for genes mx1 and mx3, while mda5 was not significantly altered
(Figure 4-8).
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Figure 4-5 Box blot of CT values of internal controls -tubulin and -actin at 1, 3 and 6 days
following VHSV infection. The graph showing increase in CT values of both genes at 6 dpi.
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Figure 4-6 The differential gene expression by qPCR in 25 selected genes between killed VHSVpretreated and untreated RTgill-W1 cells following infection with VHSV at 1, 3 and 6 dpi. The
differential gene expression in both infected groups is compared to untreated or infected
(negative control) RTgill-W1. Genes that were significantly upregulated in infected pretreated
cells more than in untreated infected cells are marked with a black ‘x’
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Figure 4-7 The differential gene expression by qPCR in selected antiviral innate gene markers
between killed VHSV-pretreated and untreated RTgill-W1 cells following infection with VHSV
at 1, 3 and 6 dpi. The differential gene expression in both infected groups is compared to
untreated or infected (negative control) RTgill-W1. Genes that were significantly regulated in
pretreated then infected from untreated then infected cells are marked with a black ‘x’
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Figure 4-8 The expression by qPCR in selected antiviral innate gene markers at 2 d after
pretreatment of RTgill-W1 cells with killed VHSV. The graph shows the log2 fold change in
gene expression in pretreated cells and untreated cells (negative control). Genes that were
significantly regulated are marked with a triangle. The red bars at the bottom of each bar
represent the standard error between the biological replicates (n=3).
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4.4

DISCUSSION

4.4.1 EFFECT OF PRETREATMENT OF RTGEILL-W1 CELLS ON VHSV LOAD
Previous work in our laboratory demonstrated that the pretreatment of RTgill-W1 cells with
heat-inactivated VSHV induced a significant reduction of VSHV load and less CPE following
infection with low MOI of virus (Al-Hussinee et al. 2015). The present study has replicated these
results using pretreatment of RTgill-W1 cells with heat-inactivated VHSV and there was a
significant reduction of VHSV load by 6 dpi. The stimulation of RTgill-W1 cells by the FliCNusA complex led to a limited or to no reduction in viral load at 3 and 6 dpi, respectively. It
would seem that the viral structures that stimulate the innate immune response and lead to a
reduced viral load after infection are both UV- and heat-stable. The use of UV irradiation to
inactivate VHSV by altering its RNA (Huber, Petri, Allen & Lumsden 2010) may have
maintained better integrity of the glycoprotein G since the virus challenge dose in the
experiments herein were higher than that in Al-Hussinee et al. (2015), yet the phenomenon was
still demonstrated.

4.4.2 EFFECT OF THE KILLED VHSV PRETREATMENT ON RTGILL-W1
CELLS GENE TRANSCRIPTION
In the killed VHSV treated cells, four functional annotation categories related to immune
system were significantly enriched. In ‘Antigen Processing and Presentation’, a total of four
genes hsp70-like, hsp70b, hsp70a, and HSP90AA were downregulated. HSP70 is a major heat
shock-like protein in rainbow trout and its corresponding cDNA clone is similar to a mammalian
heat-shock-cognate (hsc71) gene (Zafarullah, Wisniewski, Shworak, Schieman, Misra &
Gedamu 1992). HSP70 can influence VHSV infectivity at the stage of viral entry due to its
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predicted interaction with fibronectin (FN) 1, actins (ACTB, ACTG, F-actin) and gelsolin (GSN).
Fibronectin is a known receptor for VHSV in rainbow trout (Bearzotti, Delmas, Lamoureux,
Loustau, Chilmonczyk & Bremont 1999). In addition, downregulation of HSP70 correlates with
a reduction of VHSV titers in infected fathead minnow cells (Jeong, Vaidya, Cho, Park,
Kaewintajuk, Kim, Oh, Choi, Kwon & Kim 2015). Furthermore, the protein product of HSP90
can form a complex with Beclin1, a central molecule for autophagy, and stabilize it. The use of a
HSP90 inhibitor in monocytes promoted Beclin1 degradation by the proteasome and was able to
block TLR3 and TLR4 mediated autophagy after Salmonella typhimurium infection (Xu, Liu,
Hsu, Luo, Xiang & Chuang 2011). Autophagy is also known to be induced by VHSV infection
(Kong, Moon, Nam, Kim, Kim, Lee, Kim, Kim, Yeo, Lee, Kang & Lee 2011) and its
glycoprotein (Garcia-Valtanen et al. 2014). In the present study, however, no autophagy-related
gene markers were regulated. It is highly likely that autophagy was also induced in the untreated
common reference control cells due to the use of restricted serum (2% FBS); a condition that is
known to induce autophagy in cells (Codogno & Meijer 2005) and observed previously in
RTgill-W1 cells used in our laboratory (J. Liu, unpublished).
In the second group, ‘Host-virus Interaction’, expression of three translation initiation
factors was upregulated, they were EIF4E (if4ea); EIF4G1 and EIF4H (eIF4H-like). Vesicular
stomatitis virus (VSV), another rhabdovirus, can alter protein synthesis by the host by
dephosphorylating eIF4E protein cap and reduce its association with eIF4G (Connor & Lyles
2002). The inhibition of eIF4H by siRNAs inhibited the ability of herpes simplex virus (HSV)
virion host shutoff (Vhs) protein to degrade host mRNA (Sarma, Agarwal, Shiflett & Read
2008). To evade the immune system, viruses such as VSV induce phosphorylation of eIF2α to
block the transcription of ISGs; during VSV infection host gene phosphorylation was induced
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only after viral protein translation was completed (Connor & Lyles 2005). However, the
similarity between these translation initiation factors and their role in the innate immune
response in rainbow trout epithelium against VHSV infection is yet unclear. However, these
factors would be an important area for future research especially since another elongation factor,
eIF5A, was constitutively expressed in healthy flounder but it’s expression was increased in
VHSV infected hirame natural embryo (HINAE) cells or flounder kidney cells infected before
CPE developed (Kong, Hong, Kim, Kim, Nam, Lee, Do, Lee, Lee & Kim 2009). Another gene
in the same group is reticulon 3 (RTN3), which was downregulated in the present study.
Reticulon 3 has an important role in the replication cycle of other viruses such as enteroviruses
and hepatitis C virus (HCV). In enteroviruses, RTN3 directly interacted with a viral protein
associated with host membrane vesicles, which are necessary for replication (Tang, Yang, Wu,
Jheng, Chen, Shih, Lin, Lai, Tang & Horng 2007). Similarly, in HCV, RNT3 interacts with the
viral encoded non-structural protein 4B (NS4B) and aids in the formation of the replicationassociated membranes (Wu, Ke, Hsu, Yeh & Horng 2014). In both studies, reduced RTN3 was
markedly associated with decreased virus synthesis. Two additional important genes were
modulated in the same group, LMBRD1 was upregulated, and KAPNA2 was downregulated,
however, their role is not completely clear during VHSV infection. LMBRD1 can mediate and
regulate endocytosis by insulin receptors (Tseng, Lin, Tzen, Chang & Chang 2013), while
KPNA2 is an inducer of a nuclear transport protein that mediates HIV latency. The protein acts
by facilitating the nuclear export and RNA processing of the virus (Yang, Yang, Lv, Lou, Wang
& Wu 2013).
In the third category ‘Response to Wounding’, the expression of two important cytokines,
IL-8 and IL-11, was downregulated. The only similar observation reported in rainbow trout was
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suppression of the expression of the IL-8 receptor in head kidney, spleen, and muscle after
VHSV infection (Montero, Estepa, Coll & Tafalla 2008). Also, IL-11 is regulated by respiratory
syncytial virus, parainfluenza virus, and rhinovirus in the epithelium of airways in Homo sapiens
(Einarsson, Geba, Zhu, Landry & Elias 1996, Elias, Zheng, Einarsson, Landry, Trow, Rebert &
Panuska 1994). The downregulation of IL-11 and IL-8 is potentially a VHSV evasion mechanism
in rainbow trout. Another gene, CEBPB, was also downregulated. CEBPB is a proinflammatory
transcription regulator of innate immune genes and inflammation (Mayer, Simard, Cloutier,
Vardhan, Dubois & McDonald 2013, Leutz, Pless, Lappe, Dittmar & Kowenz-Leutz 2011). It
was also modulated (upregulated) by infectious pancreatic necrosis virus (IPNV) infection in
zebrafish (Wang, Liu, Gong, Hong, Lin & Wu 2011). The role of CEBPB in the innate response
to VHSV infection is not yet investigated.
In the ‘Positive Regulation of Signal Transduction’ group several potentially influential genes
were regulated, however only selected genes of greatest potential interest are discussed. The
lipopolysaccharide-induced TNFα factor (LITAF), which is a regulator of TNFα transcription,
was downregulated. A virus-encoded LITAF homolog is associated with iridovirus evasion in
Singapore grouper through the modulation of cell proliferation, apoptosis, and viral replication
(Huang, Huang, Gong, Yan & Qin 2008, Yu, Huang, Wei, Li, Zhou, Ni, Huang & Qin 2015).
LITAF is also involved in the pathogenesis of other viruses including avian influenza virus
(Esnault, Bonsergent, Larcher, Bed'hom, Vautherot, Delaleu, Guigand, Soubieux, Marc & Quere
2011), baculovirus (Chimeno Zoth, Carballeda, Gomez, Gravisaco, Carrillo & Berinstein 2012)
and frog virus 3 (Eaton, Ferreira Lacerda, Desrochers, Metcalf, Angers & Brunetti 2013).
Another downregulated gene was mucosa-associated lymphoid tissue lymphoma translocation
gene 1 (MALT1). Also known as NF-kappB activator, it cleaves a ubiquitin-editing enzyme
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(TNFAIP3), which in turn is involved in the termination of NFκβ signaling (Malinverni,
Unterreiner, Staal, Demeyer, Galaup, Luyten, Beyaert & Bornancin 2010). MALT1 also
complexes with CARD-protein and Bcl10 in ITAM receptors to mediate cytokine release in
innate and adaptive immune cells (Gross, Grupp, Steinberg, Zimmermann, Strasser,
Hannesschlager, Reindl, Jonsson, Huo, Littman, Peschel, Yokoyama, Krug & Ruland 2008).
Polo-like kinase 2 (PLK2), which is a serine-threonine protein kinase involved in positive
regulation of I-κB kinase/NF-κB signaling, was downregulated as was tripartite motif 16
(TRIM16), which is a member of a highly diversified protein family. TRIM16 is involved in
innate immunity against viral infection, and it was identified, along with many of its protein
family members, as VHSV-induced transcripts in rainbow trout (van der Aa, Jouneau,
Laplantine, Bouchez, Van Kemenade & Boudinot 2012). TRIM16 is a member of a newly
described TRIM subfamily in teleosts, finTRIM, which shares a protein domain (B30.2) with
NOD-like receptors suggesting its role in viral recognition in rainbow trout (van der Aa,
Levraud, Yahmi, Lauret, Briolat, Herbomel, Benmansour & Boudinot 2009, van der Aa et al.
2012).
4.4.2.1 EFFECT OF VHSV AND SVCV INFECTION ON RTGILL-W1 CELLS GENE
TRANSCRIPTION
The transcription profile of RTgill-W1 cells following VHSV and SVCV infections
indicated that 22 and 24 genes were regulated, respectively. VHSV and SVCV were expected to
modulate a lower number of genes than the killed VHSV. This expectation is based on virus
infection shutting off cell transcription as was previously demonstrated through the viral evasion
mechanism of reduced translation of ISGs (Alcami & Koszinowski 2000). However, it can also
be due to cell damage or technically induced by hybridization of the microarray chip with total
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RNA rather than messenger RNA, which will allow RNA from VHSV and SVCV to contribute
to the total RNA concentration isolated from the cells. In a separate microarray study in olive
flounder, total RNA was similarly used to detect responses to VHSV. The researchers, during the
qPCR validation step, reported approximately two-fold downregulation in the expression of
reference genes; -actin and α-tubulin (Cho, Kim, Moon, Nam, Kim, Kim, Park, An, Cheong &
Kong 2015). This is similar to our results with -tubulin (Figure 4-5). We attribute this change in
expression of housekeeping genes to the replicating virus or the increase in cell lysis.
There were, however, several potentially important genes modulated by VHSV and SVCV
but not with the killed VHSV. Those genes are of particular interest as they may have a role in
viral evasion of immune responses. Genes MRPL27, ENOA, LIPG, C14orF1, TPI1, IER5,
ACTA2, PSMD3, RPS23, PPAP2A and two unknown transcripts were regulated after VHSV
infection but not by the killed VHSV. Similarly, TAGLN, COTl1, C14orf1, ACTA1, AACS,
FLNA, INSIG1, ACAT2, TXN, and DUSP6 were regulated after SVCV infection but not by the
killed VHSV.
Interestingly, the protein products of genes like FLNA and ENOA are involved in viral entry
through fibronectin receptors. In a study of the proteomic changes in curcumin treated fathead
minnow cells, FLNA protein was increased in concentration following VHSV infection of
fathead minnow cells but was decreased in pretreated cells that had lower viral loads. However,
the reverse was the case for ENOA (Jeong et al. 2015). Another possibly important molecule is
PSMD3, which is a part of the 26 proteasome complex that is involved in several pathways
including MHC class I-mediated antigen processing and presentation, and regulation of
apoptosis.
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4.4.2.2 EFFECT OF FLIC-NUSA COMPLEX PRETREATMENT ON RTGILL-W1 CELLS
GENE TRANSCRIPTION
The transcription profile of RTgill-W1 cells following exposure to FliC-NusA, as expected,
was distinct from that observed after viral infection. Exposure to the FliC-NusA complex led to
the regulation of a large number transcripts that were not regulated by NusA alone. These
regulated genes fell into a large number of functional annotation categories. Only those relevant
to innate immune response were listed in the results section (Table 4-2). The large number of
regulated genes following exposure to FliC-NusA complex indicates the potentially crucial role
of gill epithelium in early innate response to bacterial infections. The four highlighted functional
annotation categories ‘Proteolysis, Macromolecular Complex Assembly, Immune Effector
Process, and B cell Activation’ (Table 4-3), include many genes potentially associated with
epithelial immunity against bacteria. Some genes already discussed above were also regulated
after pretreatment with FliC, such as HSP4A, FLNA, IL-11, and MALT1. Interestingly, one of the
genes regulated in ‘Immune Effector Process’ was peroxiredoxin (TDX). Peroxiredoxin is known
to enhance the cytotoxicity of natural killer cells, and it is a member of an anti-oxidant family of
proteins, which is present in organisms from all kingdoms (Rhee, Chae & Kim 2005).
Peroxiredoxins has been characterized in several fish species such as the disk abalone Haliotis
discus discus (Nikapitiya, De Zoysa, Whang, Kim, Lee, Kim & Lee 2009), common carp
Cyprinus carpio (Huang, Gao, Wang, Hu & Guo 2009), and the Atlantic salmon Salmo salar
(Loo, Sutton & Schuller 2012). Peroxiredoxins is involved in innate immunity against several
viral diseases of fish including infectious hematopoietic necrosis caused by IHNV in Atlantic
salmon (Booy, Haddow, Ohlund, Hardie & Olafson 2005), white spot syndrome virus in shrimp
Fenneropenaeus indicus (Kiruthiga, Rajesh, Rashika, Priya & Narayanan 2012), SVCV in
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common carp (Huang et al. 2009) and VSHV in rainbow trout (Cuesta & Tafalla 2009). In this
study, TDX has upregulated in both the FliC-NusA complex and NusA control pretreatments,
which may help to explain why the FliC-NusA complex induced a VSHV load reduction at 3 dpi
and both pretreatments induced reduction at 6 dpi. Although the role of TDX in innate anti-viral
immunity is becoming more evident, it may also play a role in immunity against bacterial
infection and requires further investigation particularly since it was also regulated after
Neoparamoeba perurans infection (Amoebic gill disease) in Atlantic salmon (Loo et al. 2012).

4.4.3

EXPRESSION OF INNATE ANTI-VIRAL GENE PANEL IN THE
KILLED VHSV PRETREATED RTGILL-W1 CELLS.

mx1 and mx3 were downregulated after the killed VHSV pretreatment of RTgill-W1 cells at
2 dpi, which may hint at a viral mechanism to regulate mx1 expression and evade host defenses.
Similar phenomena were noted by Olson et al. (2013), who reported that the mx gene was
downregulated in juvenile yellow perch hematopoietic tissues, head kidney and spleen after
VHSV infection.

4.4.4 EFFECT OF KILLED VHSV PRETREATMENT OF RTGILL-W1 CELLS ON
SELECTED INNATE IMMUNE GENE EXPRESSION.
In this study, ifn1, ifn2, mda5, mx1, mx2, mx3, and lgp2a were modulated in RTgill-W1
cells after VHSV infection. There was significantly greater induction of mx1, mx2 & mx3
expression in the untreated VSHV-infected RTgill-W1 cells than that induced by pretreatment
with the killed VSHV, which does not agree with the reduction of VHSV load in pretreated cells.
Heat-inactivated VHSV did not modulate ifn1, ifn2 and mx1 expression in RTgill-W1 cells but,
was also able to reduce VHSV load and cytopathic effect after infection (Al-Hussinee et al.
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2015). UV-irradiation targets the viral RNA, which can have a significant role in viral evasion.
For example, a recent transcriptome study indicated that the VSHV NV gene was responsible
down-regulation of ifn1, ifn2, many IRFs, mx1, mx2, and mx3 (Chinchilla, Encinas, Estepa, Coll
& Gomez-Casado 2015). The microarray results reported here also support that likelihood ifn
and mx proteins are not the only contributors to the protection of RTgill-W1 cells against VHSV
infection, but they are well known to contribute to the overall immunity against VHSV by
inducing micro-(mi)RNAs (Bela-Ong, Schyth, Zou, Secombes & Lorenzen 2015).
The melanoma differentiation associated gene 5 (mda5) was significantly expressed in
pretreated infected cells over non-pretreated infected cells. mda5 encodes an important RIG-like
receptor (RLR) that is responsible for recognizing viral RNA in the cytoplasm. In Hirame natural
embryo (HINAE) cells overexpressing mda5, VHSV-infected cells had reduced CPE and
reduced viral loads (Ohtani, Hikima, Kondo, Hirono, Jung & Aoki 2011), emphasizing the role
of mda5 in the anti-viral innate response to VHSV.
In the gene expression analysis of the microarray-based 25 selected genes, 12 out of 25
selected gene transcripts representing the selected functional annotation groups identified by
microarray were significantly upregulated in the killed VHSV pretreated cells compared to
VHSV-infected untreated cells. These differentially expressed genes are potential contributors to
VHSV reduction in pretreated cells. All of these genes were also regulated by the killed VHSV
pretreatment in the microarray experiment; they are HSPA4, HSP90AA1, CEBPB, CFH,
TRIM16, CIDEC MEF2C, SRGN, PREP, PSMD11, MAP2k4, and BLMH.
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4.5

CONCLUSION
Teleost epithelium, in this case, RTgill-W1 epithelial cells, will be found to play a pivotal

role in innate immunity to both bacterial and viral infection. There are few studies that have
evaluated the potential role of RTgill-W1 cells in innate immunity. There were diverse molecules
that were described that are deserving of further investigation to increase our understanding of
the pathogenesis and host-pathogen interaction during VSHV or SVCV infection and molecules
that might be stimulated to reduce viral replication.
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5

CHAPTER 5: CONCLUSIONS AND GENERAL DISCUSSION

In the second chapter, the following was concluded:
a) The highly traded Ontario baitfish; emerald shiner, and fathead minnow were
susceptible to SVCV infection, and this was confirmed by the presence of clinical signs
and lesions that occurred following infection. Additionally, infectious virus was
isolated in tissues via cell culture and this was verified by, RT-qPCR, and IHC.
The ability to detect the virus in tissues of asymptomatic fish that survived the infection at 34 d
in emerald shiner and white sucker suggests viral persistence and an elevated risk of these
species to act as a reservoir of virus. In the third chapter, the following was concluded:
b) There was no evidence of the spread of SVCV in Ontario through the archival screening
of 1432 samples using RT-qPCR However, surveillance in Ontario is recommended to
continue as the movement of susceptible baitfish species continues.
c) The RT-qPCR developed for SVCV demonstrated high sensitivity and specificity to
detect the Canadian strain of SVCV and should be implemented in surveillance and
further research.
In the fourth chapter, the following was concluded:
d) The pretreatment of RTgill-W1 cells with the killed VHSV induced innate immunity as
determined by a reduced viral load after VHSV infection. The pretreatment of RTgillW1 with FliC did not induce as substantial a reduction in viral load.
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e) The viral load reduction induced by the killed VHSV pretreatment was not explained by
the increase in inf1, ifn2, mx1, mx2, mx3, and lgp2a expression in pretreated cells. Only
mda5 expression was upregulated in the pretreated cells.
f) The transcriptomic profile of killed VHSV pretreated RTgill-W1 cells indicated that
several gene groups that were differentially expressed are good candidates for further
investigation.
g) The reason behind the lower number of regulated probes in the microarray profiles in
response to VHSV and SVCV infection compared to the killed VHSV needs further
investigation.
The study to evaluate the potential of baitfish and their movement as a potential risk factor
associated with the spread of SVCV in Ontario was very much needed (Chapter 2), especially
after the original, and only to date, isolation of SVCV in Ontario (Garver, Dwilow, Richard,
Booth, Beniac & Souter 2007). In the present research, it was demonstrated that fathead minnow
and emerald shiner are susceptible to SVCV infection. The impact of infection in both species
was demonstrated through clinical signs, mortality, gross and histological lesions and
immunolocalization of the virus as well as virus isolation, and RT-qPCR. In addition, the
mortality in infected fathead minnow (53 %) or emerald shiner (43 %) correlated with the
detected SVCV glycoprotein gene concentration by RT-qPCR (Appendix 2.1 and 2.2). At the
time, these species were not yet detected as infected in natural outbreaks, yet they experienced
greater mortality than koi, which is considered to be the most susceptible fish. White sucker, in
contrast, did not express significant clinical disease, mortality or histopathological lesions, but
SVCV was still detectable by RT-qPCR 34 dpi. The potential for SVCV shedding via the
intestine was hinted at by the demonstration of increased staining intensity in this tissue after 20
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dpi (paralleled by an increase in the severity of lesions). The fact that the Canadian isolate of
SVCV (HHOcarp06) was isolated from asymptomatic common carp, which was also the case in
many other known SVCV infections (Reviewed by; Ahne, Bjorklund, Essbauer, Fijan, Kurath &
Winton 2002), combined with the detection of SVCV by RT-qPCR in emerald shiner and white
sucker that survived experimental infection and had few clinical signs suggests that they can
potentially be carriers. Shedding of the virus by clinically normal fish would greatly increase the
risk of spread of SVCV through baitfish movement. The possibility of a carrier status in all three
species should be investigated further.
Detailed histopathological descriptions of SVCV are rare in the literature, and there are no
descriptions reported for North American isolates to date. The histopathological lesions reported
in this study were relatively similar to those reported by (Negele 1977) with a few notable
differences. The lesions resembled the acute necrotizing pattern similar to that reviewed by
(Sano, Nakai & Fijan 2011), probably due to the use of i.p. injection. The association of
histological lesions with the presence of virus was also confirmed by immunolocalization using
IHC. In the future, conducting waterborne experimental infections that extend for longer periods
would allow for monitoring of virus loads, detection of viral shedding, and performance of
histopathology. This would allow confirmation of a carrier status and a better description of
lesions related to natural infection. In addition, cohabitation of any of these species and koi, as a
natural host, for longer periods at variable temperature, and stress could provide further evidence
of a carrier state in the baitfish species under investigation.
Despite the isolation of SVCV from carp in Hamilton Harbour in 2006, Chapter 3 remains
the first and largest attempt at targeted surveillance for SVCV in Ontario. The CFIA has also
planned to perform surveys for SVCV in Ontario. The OMNR routinely screen fish from their
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hatchery system using virus isolation. Fish impacted by mortality events may be screened using
cell culture when viral etiology was suspected, or PCR alone may be used. Virus detection by
RT-qPCR is likely more sensitive than isolation in cell culture (Hope, Casey, Groocock,
Getchell, Bowser & Casey 2010). Therefore, the SVCV RT-qPCR was employed in targeted
surveillance of SVCV using samples collected by OMNR between years 2008 to 2012. A total of
1432 fish samples were included from broadly distributed waterbodies across southern Ontario
(Figure 3-1). There were no SVCV positive samples detected from any of the surveyed fish.
However, some of the species investigated, particularly the non-cyprinids, are not known to be
susceptible to SVCV infection and many fish were sampled in summer when the likelihood of
detection is low. There were also no samples collected from the location of the initial isolation at
Hamilton Harbour. Therefore, in future research it will be imperative to use the RT-qPCR assay
on fish from this area, ideally collected during spring.
The role of the innate immune system in the pathogenesis during viral infection is crucial,
and the ability to mount a stronger and earlier innate response, particularly in epithelial cells that
are involved in virus replication preceding a primary viremia, can modulate resistance and
disease progression. The difference in the susceptibility of a fish species to a rhabdoviral
infection is partly determined by the ability of the fish to mount an early and strong innate
response. The genes ifn and mx are expressed in gill epithelium but expression seems to be
altered by VHSV infection and innate protection in gill epithelium is achieved by alternative or
additional pathways. Two cells lines from rainbow trout, gills (RTgill-W1) and spleen
macrophage (RTS11) were infected with two genotypes of VHSV, VHSV IVa and VHSV IVb
(Pham, Lumsden, Tafalla, Dixon & Bols 2013). Unlike VSHV IVa, which is more pathogenic,
VHSV IVb infection did not induce expression of mx1, ifn2, ifn3 and mda5 but instead only ifn1,
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mx2, and mx3 were expressed. The infection with both VHSV genotypes did not stimulate mx1,
ifn1, ifn2, ifn3, or mda5 in RTS11; instead, mx2 and mx3 were upregulated (Pham et al. 2013).
The reduced ifn and mx expression in VHSV IVb did not correlate with the fact that VHSV IVa
is more virulent in rainbow trout than VHSV IVb. In another study using RTgill-W1 cells, the
induction of innate immunity using heat-inactivated VHSV induced protection from VHSV
reflected by lower virus titer and reduced CPE in gill epithelium cells, and this protective effect
was not modulated through the upregulation of ifn1, ifn2 or mx1 (Al-Hussinee, Pham, Russell,
Tubbs, Tafalla, Bols, Dixon & Lumsden 2015).
In this study, however, the expression profiles of ifn1, ifn2, mda5, mx1, mx2, mx3, and
lgp2a in RTgill-W1 cells at 2 dp treatment with the killed VHSV (Figure 4-8) did indicate
upregulation of ifn1, ifn2, mx2 and lgp2a, while mx1 and mx3 were downregulated and mda5 was
not affected. The difference could be due to the different time of sampling ~1 and 3 dp treatment
in Al-Hussinee et al. (2015) and 2 dp treatment in this study. Gene expression did vary
significantly in the present study at 1, 3 and 6 dp treatment for many genes. In addition, the heatinactivation may have affected the glycoprotein epitopes that might trigger ifn and mx
expression.
The transcriptomic profiles of the killed VHSV pretreated RTgill-W1 cells highlighted
several molecules and pathways expressed other than ifn and mx, some of which are likely to
contribute to the innate protection of gill epithelium. After RTgill-W1 cells was pretreated with
the killed VHSV and then infected with VHSV, the viral load detected by RT-qPCR was reduced
at 6 dpi (Figure 4-1), however, the differential expression profiles of ifn(s), mx(s), and mda5 in
pretreated compared with untreated cells after infection did not explain this protection (Figure
4-7). When the differential expression profiles of 25 genes selected from the microarray were
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studied, 12 genes were upregulated in the pretreated cells and these may explain the observed
protection of RTgill-W1 cells after VHSV infection (Figure 4-6). Some of these genes have been
reported to contribute to several critical biological processes, for example HSPA4 and HSP90AA
in antiviral antigen processing and presentation; CFH and CEBPB in response to wounding;
TRIM16 in positive regulation of signal transduction; SRGN and CIDEC in apoptosis; MAP2k4
in direct activation of MAP kinases in response to a stimuli; PSMD11 and BLMH in antigen
processing and presentation of peptide antigen via MHC class I; MEF2C in negative regulation
of transcription from RNA polymerase II promoter; and PREP in proteolysis. These 12 genes
require further investigation as they are likely candidates, expressed alone or in combination for
the protection afforded from VHSV in RTgill-W1 cells by pretreatment with killed VHSV.
Although 123 probes were differentially regulated in the killed VHSV pretreated RTgillW1 cells there were only 22 and 24 differentially expressed probes after infection with VHSV
and SVCV, respectively. These results may indicate the ability of VHSV and SVCV to shut off
gene expression. However, this needs to be further investigated by microarray using mRNA or
after normalization of the differential expression using an internal control (reference genes).
There have been few studies on the immune capability of rainbow trout gill epithelium.
Recently class-A scavenger receptors that mainly bind low-density lipoprotein were identified in
RTgill-W1 cells (Poynter, Weleff, Soares & DeWitte-Orr 2015). In addition, a few other studies
have described gene expression in rainbow trout gill epithelium including the expression of
common antiviral innate molecules such ifn, mx, mda5, and lgp2a after VHSV infection (Pham
et al. 2013, Al-Hussinee et al. 2015, Poynter et al. 2015); the expression of a few
proinflammatory cytokines after Saprolegnia parasitica infection (de Bruijn, Belmonte,
Anderson, Saraiva, Wang, van West & Secombes 2012); and the expression of tapasin, a
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transmembrane glycoprotein associated with antigen processing through MHC class I after poly
I:C treatment and chum salmon reovirus infection (Sever, Vo, Bols & Dixon 2014). In this study,
several molecules were identified as relevant to innate protection after VHSV infection or
modulated by the exposure to the killed VHSV. The investigation into the role and the
mechanisms by which these molecules can influence virus replication in gill epithelium will add
a lot to the understanding of VHSV host-pathogen interaction.
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CHAPTER 1 APPENDIX

1.1 EXPERIMENTAL INFECTION OF GOLDFISH AND FATHEAD MINNOW
AT 17OC

1.1.1 EXPERIMENT DESIGN:

Appendix Figure 1. Experimental design for the first pilot experiment for SVCV infection of
goldfish and fathead minnow at 17oC.
1.1.2 RESULTS
There were mild gross lesions and no mortality. Histological lesions indicated concurrent
bacterial infection. Bacterial microcolonies and granulomatous lesions were identified from liver
and kidney of infected fathead minnow (Appendix Figure 2) and goldfish (Appendix Figure 3),
respectively.
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Appendix Figure 2. SVCV-infected fathead minnow with bacterial microcolonies and
multifocal necrotic lesions in the renal interstitium.
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Appendix Figure 3. SVCV-infected goldfish kidney with multifocal granulomatous nephritis.
The contents were not acid-fast.
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1.2

EXPERIMENTAL INFECTION OF GOLDFISH AT 11OC

1.2.1 EXPERIMENTAL DESIGN:

Appendix Figure 4. Experimental design of the second pilot trail, in which goldfish were
infected with SVCV at 11oC.
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1.2.2 RESULTS
Fish had more severe lesions than those that were infected at 17oC, however, there was also
no mortalities in this trial. PM lesions included abdominal distention, exophthalmia and
haemorrhage in the peritoneal cavity.

Appendix Figure 5. SVCV-infected goldfish with exophthalmia and haemorrhage in the
peritoneal cavity.
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1.3

EXPERIMENTAL INFECTION OF KOI AT 11OC

Appendix Figure 6. Experimental design of the third pilot trial with infection of koi at 11oC.
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1.3.1 RESULTS
Koi infected with SVCV by i.p. injection at 11oC clearly had more severe clinical signs, and
gross lesions. Only two of forty five fish died during the experimental period. Histopathological
examination revealed lesions related to SVCV. The liver had multifocal necrosis, perivasculitis
and edema of blood vessel walls. The kidney had renal tubules that were either dilated with
thinned epithelium or that had luminal cellular debris and there was multifocal necrosis in the
interstitium. There was no evidence of bacterial infection similar to that noted in pilot trial
number 1 and no significant bacterial growth was obtained with culture.

Appendix Figure 7. Kidney of SVCV-infected koi showing aggregation of melanomacrophages;
dilated blood vessels; and renal tubules with necrotic debris.
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Appendix Figure 8. SVCV-infected koi showing epidermal haemorrhage, exophthalmia and
abdominal distention.
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2
2.1

CHAPTER 2 APPENDIX
SVCV TITER IN INFECTED FATHEAD MINNOW

Appendix Figure 9. Lowess best fit for SVCV glycoprotein gene copy numbers in SVCVinfected fathead minnow.
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2.2

SVCV TITER IN INFECTED EMERALD SHINER

Appendix Figure 10. Lowess best fit for SVCV glycoprotein gene copy numbers in SVCVinfected emerald shiner.
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2.3

FISH SAMPLES USED TO DETECT SVCV

Waterbody name

Date submitted

Species

Number of Fish

Twelve mile Lake
Twelve mile Lake
Twelve mile Lake
Twelve mile Lake
Twelve mile Lake
Twelve mile Lake
Ahimic Lake
Bass Lake
Bella Lake
Belwood Lake
Buckhorn Lake
Buckhorn Lake
Buckhorn Lake
Buckhorn Lake
Buckhorn Lake
Buckhorn Lake
Buckhorn Lake
Buckhorn Lake
Chemong Lake
Chemong Lake
Chemong Lake
Chemong Lake
Chemong Lake
Chemong Lake
Christie Lake
Christie Lake
Christie Lake
Conestogo Lake
Conestogo Lake
Crotch Lake
Crotch Lake
Crotch Lake
Etobicoke Creek
Etobicoke Creek
Gillies Lake
Gillies Lake
Gloucester Pool
Gloucester Pool

11-Sep-06
11-Sep-07
11-Sep-08
11-Sep-09
11-Sep-10
11-Sep-11
08-Aug-19
12-Oct-09
11-Aug-31
12-Jul-11
09-May-26
09-May-26
09-May-26
09-May-26
09-May-26
09-May-26
09-May-29
09-May-29
09-Jun-03
09-Jun-04
09-Jun-05
09-Jun-06
09-Jun-07
09-Jun-08
10-Jul-21
10-Jul-21
10-Jul-21
12-Jul-19
12-Jul-19
10-Aug-25
10-Aug-25
10-Aug-25
11-May-12
11-May-12
12-Oct-09
12-Oct-09
09-May-21
09-May-22

Ciscoe
White sucker
Brown bullhead
Yellow perch
Ciscoe
Rockbass
Common carp
Yellow perch
Yellow perch
Yellow perch
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Golden shiners
Greater redhorse
Yellow perch
Black crappie
Common carp
Pumpkinseed sunfish
Rockbass
Yellow perch
Common carp
White sucker
Rockbass
Yellow perch
Common carp
Common carp

52
8
2
60
4
6
9
61
60
60
2
4
4
4
5
5
5
5
5
4
5
5
1
5
24
1
35
60
2
12
20
22
10
6
49
19
5
5
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Waterbody name

Date submitted

Species

Number of Fish

Gurd Lake
Kashabog Lake
Kashabog Lake
Katchewanooka
Katchewanooka
Lake Couchiching
Lake Couchiching
Lake Couchiching
Lake Dalyrmple
Lake Dalyrmple
Lake Erie
Lake Erie
Lake Erie
Lake Erie
Lake Erie
Lake Erie
Lake Erie
Lake Rosseau
Lake Rosseau
Lake Rosseau
Lake Rosseau
Lake Rosseau
Lake Rosseau
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe
Lake Simcoe

11-Oct-18
08-Sep-19
08-Sep-19
08-Jun-17
08-Jun-18
08-Sep-19
08-Sep-19
08-Sep-19
08-Jul-10
08-Jul-10
09-Oct-09
10-Apr-01
10-May-17
10-May-17
10-May-17
10-May-19
10-Sep-22
11-Aug-31
11-Aug-31
11-Aug-31
11-Aug-31
11-Aug-31
11-Aug-31
08-Jun-27
08-Jun-28
08-Jun-29
08-Aug-29
08-Aug-30
08-Aug-31
08-Sep-01
08-Sep-02
08-Sep-03
08-Sep-04
08-Sep-05
08-Sep-06
09-Jul-19
10-Jun-09
10-Jun-09
10-Jun-09
10-Jun-09

Yellow perch
Cisco
Yellow perch
Common carp
Common carp
Banded killifish
Banded killifish
Banded killifish
Common carp
Common carp
yellow perch
Common carp
Emerald shiner
Rainbow smelt
Rainbow smelt
Rainbow smelt
Mudpuppies
Burbot
Cisco
Lake trout
Lake whitefish
Rockbass
Smallmouth bass
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
pike
Brown bullhead
Gobies
Gobies
Pumpkinseed sunfish

60
1
2
5
4
1
9
12
4
6
6
1
1
10
13
10
20
1
41
2
2
15
8
4
5
5
4
3
4
7
5
5
6
6
3
6
1
1
1
1
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Waterbody name

Date submitted

Species

Number of Fish

Lake Simcoe
Lakeview Cementery Pond
Lakeview Cementery Pond
Lakeview Cementery Pond
Lakeview Cementery Pond
Little Lake
Magpie River
Maskinonge River
Maskinonge River
Maskinonge River
Maskinonge River
Miller Lake
Miller Lake
Musselman's Lake
Musselman's Lake
Musselman's Lake
Musselman's Lake
Musselman's Lake
Otonobee River
Otonobee River
Otonobee River
Otonobee River
Otonobee River
Ottawa River
Ottawa River
Ottawa River
Ottawa River
Ottawa River
Ottawa River
Ottawa River
Ottawa River
Ottawa River
Ottawa River
Ottawa River
Ottawa River
Pefferlaw River
Rice Lake
Rice Lake
Rice Lake
Rice Lake

11-Jun-07
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19
08-Aug-19
10-Jun-09
11-Aug-25
11-Aug-25
11-Aug-25
11-Aug-25
12-Oct-09
12-Oct-09
09-Jun-03
09-Jun-04
09-Jun-05
09-Jun-06
09-Jun-07
08-Jun-24
08-Jun-24
08-Jun-24
08-Jun-24
08-Jun-24
10-Jul-20
10-Jul-20
10-Jul-20
10-Jul-20
10-Jul-20
10-Jul-20
10-Jul-20
10-Jul-20
10-Jul-20
10-Jul-20
10-Jul-20
10-Jul-20
08-Jun-24
08-Jun-26
08-Jul-08
08-Jul-08
08-Jul-08

Gobies
Goldfish
Goldfish
Goldfish
Goldfish
Common carp
Walleye
Bluegill
Pumpkinseed sunfish
Rockbass
Yellow perch
Rockbass
Yellow perch
black crappie
black crappie
black crappie
black crappie
black crappie
Common carp
Common carp
Common carp
Common carp
Common carp
Brown bullhead
Channel catfish
Mooneye
Rockbass
Shorthead redhorse
Silver redhorse
Smallmouth bass
Trout perch
Walleye
WalleyeXsauger
White sucker
Yellow perch
Common carp
Common carp
Common carp
Common carp
Common carp

80
4
4
5
7
5
1
6
3
4
6
26
39
1
1
1
1
1
4
5
5
5
5
5
7
17
1
1
2
4
1
2
5
2
5
5
5
5
5
5
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Waterbody name

Date submitted

Species

Number of Fish

Rice Lake
Rice Lake
Rice Lake
Shadow Lake
Shadow Lake
Shadow Lake
Sharbot Lake
Sharbot Lake
Sharbot Lake
Sharbot Lake
Sparrow Lake
Sturgeon Lake
Sturgeon Lake
Sturgeon Lake
Sturgeon Lake
Sturgeon Lake
Thornbury
Thornbury
Trent Canal
Wollaston Lake
Wollaston Lake
Wollaston Lake
Wollaston Lake
Wollaston Lake
Wollaston Lake
Wollaston Lake
Wollaston Lake
Wollaston Lake
Wollaston Lake
Wollaston Lake
Wollaston Lake
Wollaston Lake

08-Jul-08
08-Jul-08
08-Jul-08
09-Jul-21
09-Aug-27
09-Sep-29
10-Jun-15
10-Jun-15
10-Jun-15
10-Jun-15
08-Jul-08
08-Jun-09
08-Jun-10
08-Jun-11
08-Jun-12
08-Jun-13
08-Sep-19
08-Sep-19
08-Jun-24
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19
08-Sep-19

Common carp
Common carp
Common carp
yellow perch
yellow perch
pike
White sucker
Ciscoe
White sucker
Yellow perch
Brown bullhead
Common carp
Common carp
Common carp
Common carp
Common carp
Koi
Koi
Common carp
Cisco
Common carp
Common carp
Common carp
Common carp
Common carp
Common carp
na
na
na
na
na
Yellow perch

5
5
6
18
18
7
1
6
2
25
9
4
6
5
6
2
4
7
5
2
3
4
4
5
6
9
1
1
2
2
2
2
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3
3.1

CHAPTER 3 APPENDIX
BOX PLOT OF NORMALIZED MICROARRAY DATA

Appendix Figure 11. Box plot for normalized M-Values.
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3.2

MA-PLOTS OF EACH ARRAY (N=17)

159

160

161

3.3

DIFFERENTIALLY EXPRESSED PROBES FOLLOWING KILLED VHSV

PRETREATMENT OF RTGILL-W1 CELLS
Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

TAAAACCTTGTGCTTGGG
GTCTCCAGCACACAGACT
GACTGATTGGCCTAAATG
TGAAAT

il-11

100136075

3589

2.0323334
11

2.03E-06

NA

1.8770062
61

2.25E-06

106586193

10410

1.5239475
29

2.59E-05

AGGAAAATAGCTTTTCTG
TGTTTGGGTGATTGTAAA
ACAGGCTTGGATGTTGTT
GCTTCA
CAGCACTGTGTACCAGAT
CTGATTTGCTCTTCTTTAG
TTTTGTGTTTTAAGGATG
CAAGA
GGTAACATCAGGCCTCTG
TGTATACAGGAGGGTTTG
GTAACATCAGGCCTCTGT
GTATAC

EHBP1L1

254102

254102

1.1099347
25

2.59E-05

CATTCCCTATGAAATTGG
TTGTACCATCTTGAGCCT
AGACTTAGTACTTAAATG
TAAGAA

metB

100136581

569445

2.6741413
9

2.59E-05

TCCCAAGGATCCAGGCTA
CTCCTGTGAGATGTTGGA
GTCGTCAGTGCAGACACA
CCAGTA

ENOSF1

100195487

55556

1.2875488
51

3.99E-05

CTTCTGCTCTGAGGTACA
GTATGTCTCGTCTGGAGA
AGGCCATTGTATCCATGG
TGGAGG

S100-A5-Like

106574877

6276

1.2899359
01

0.0003030
96

CTGCAGAGGCATGATGCA
ACTCTTTGTAACAGTATT
GTCAATGAATTAAGTAAT
CTCTTA

CEBPB

396185

1051

1.3679423
49

0.0003226
04

GAAGTAGAGCTTTATGGG
GCAAACTGCTTTCATGTA
ATCACAAAATCATTATAC
CTTACA

PLEKHB2

424758

55041

1.0869018
86

0.0003374
65
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Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

TCATTGTGGAGGTGCCAT
TTGACTATCCTGGGTAAG
CTACCTGACTCGTAATGT
TCATCA

LOC106582799

106582799

11186

1.1873508
13

0.0006517
61

TGCAGAAACTGGTCTCTA
CCATGGTCAATCGCATGG
AGTACAACAACACCAAC
GCCTGAA

NP

106578021

4860

1.1778730
82

0.0008044
14

AGAAGGCCAGCAAACCA
CCAACCAAGTCACCGAGG
AAGAAGTAGCCTAGTCGC
TATCAAA

H1FX

8971

8971

1.1044382
14

0.0008044
14

GCATTCACATGATCTTTC
ACTGCATTGTGACTTCTG
TGTACCATAGTAGTTTGT
GTATAT

LIPG

9388

9388

1.3125058
58

0.0008044
14

TGATTGATGTGTATGGGC
AGACCTGTTCTGTGCTCT
TACTGGGTTCGGAGAAGA
AATGCT

rbx1

100195784

9978

1.7350913
71

0.0008044
14

CTCTCTTTGTTCTCTTCTG
GCTACCTGAGGAACATCA
CCTGGACGTTGTCAAACT
TGTGC

KPNA2

3838

3838

0.9321854
32

0.0011144
91

AGTTGACGCCGCCCTGTA
CGATGTAGATTCTCGCAA
GACCTTGTTCTTCGTTGAT
GACAA

mmp13

100195495

4322

1.1289085
31

0.0011144
91

CATCTGTGGATCACTCGG
CTTCTTCCTGTGCTGGCC
ATGCTGTTTGATTCCGTTC
TGTGT

LITAF

374125

9516

0.8339823
61

0.0015107
13

AGCCCACTGCAGAGGTAT
GATGCAACTTTTTGTAAC
AGTATTGGCAATGAATGA
AGTAAT

Cebpb

12608

1051

1.3009977
64

0.0015399
8

GAATGCCCACAAGAGGG
CAGAGTCTGTCTATGGTT
GGTGCTTCACTTACCAGC
GTGTCAA

ELOVL4

106613536

6785

1.0786379
15

0.0018727
03
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Sequence

Symbol

AGAAACCTTCAAACAAAC
CAAGAAACTACCAAACC
AGAAGGTCCTCTACCTGA
TCTTTAC

ID

H.S. Homolog

LogFC

Adj.P.Val

57305

2837

1.4817096
76

0.0021785
42

AGAACATCGACCCTCATG
AGCCGTTTAAAGTAGCAG
CCATGAACAACAATGAAT
TCAGCC

mmp13

100195495

4322

1.4974429
05

0.0021785
42

GTCAATAAGACTTGCATA
GCATTTTAGGATTATGGA
ATTTGTCCCCACGAAACT
ATGTCC

Ddt

29318

1652

0.9085094
75

0.0026927
71

AGAGTGACTTCAAGCATC
CATTCCACAGCAGTTGCC
ATTGGAGAGGACAAACC
CTGTCAC

Ddt

29318

1652

0.9520879
01

0.0026927
71

TGGCAGCTAAGGCCCTTC
CCAAATTTATCAAGAAAG
ACAAAGTGAAACATATCA
AATGAA

CYR61

3491

3491

0.9107902
23

0.0026927
71

GTCTGAATAAATGTATGG
TATTTCATGATTGTCCAA
CATGAAATAAAGTGCTGC
TGGTTC

CFH

3075

3075

1.2290001
26

0.0030735
68

TTAGGCAGATGCTCTTGC
TTTAAATAACAGGTGGCA
AACAACAGGCCCCCGAAT
ACAAGT

IGFBP4

106564953

3487

1.1985726
18

0.0030735
68

ACAGTGTTGGCGTGAATG
GGTTTAGATTTAGGTTAT
TTTGTTGTTCTGTGGCCA
GGAGGA

PREP

106607556

5550

1.3924359
67

0.0030735
68

TGCCATTTGGGATGGAAT
CACTGTGTTTTACTGCAG
CACCTAGTTAGTGGCATA
GAAAGT

TACC1

106580293

6867

0.8865931
94

0.0030735
68

TTCCAACGAAGCCTCCTA
TCCCTTCTACAGACTCTTC
AACGACATCCACAAGTTC
AGAGA

CCN1

429089

3491

1.3054809
96

0.0034051
55
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Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

TGAATAACAGGCAACGCC
CCCAGTTTTATGTTGTCA
CTTGTCAGTCCGAGAGAT
GCCCTG

H1FX

8971

8971

0.9692585
38

0.0034051
55

TTCATGGTTTGCGACGTC
TTGGTGTGAATAAGCTGC
TCCTTCCAATACCCTCAA
TGTTCT

Txnip

56338

10628

1.1419593
55

0.0034051
55

GTGACAGGTTGCAGGAA
ATAGTCAGTATGCAAGAG
AGCAACAATCTTGAGAAA
ACAGCAC

mmp2

106606431

4313

1.0239907
67

0.0035646
01

TCTCAACCAGGACTTCAA
AGTGGGAGACATCATGAT
CATGAAAGACCACATCAA
CATGCC

RNASEK

106577886

440400

0.8643173
07

0.0036765
19

GACTGGGAGTTCCTGTGG
CTGGAACCTGCTATCAGG
CAGAATGGGATAATTATG
TCCCTA

PEBP1

431786

5037

0.8150681
64

0.0036830
45

TTTGTCTTAAGCCGTTATT
TTGACCACACCAAGCCCC
ACTGTAATCTGATGTGTT
TCCGA

SNAI2

379615

6591

1.0600569
21

0.0037951
39

TTCTGTTTTTCTCATTGAA
GAATGCTTGGATTTTGGG
TCAAACTACTTTCTAGCC
GCTGC

APOA1BP

128240

128240

1.0117518
95

0.0039467
34

TAGTGAGAAAGTGTCTGG
GAGATTGCAGCCCTAGAG
GTCTGATGAATCTCAAGG
GATTAT

Prr5

315189

55615

1.0561036
98

0.0044781
08

AAAGACCCTGTTTTGGTT
TTGTGAAAGGTGGGATGG
AATTTGGGTGTGAAGAGA
TTTTTT

GAPDH

374193

2597

0.9963846
94

0.0045903
84

106573617

NA

2.2587025
51

0.0046557
77

GTGAATGGAAATAAGAT
GTTTGGCTCCAATCTGAT
CAATCTGATGAAATAAAG
GTTTCTC

165

Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

CGTCATATCCTACTTGAC
CCTCAAACAAATGTATTC
ATGCAAACCTCAGTATAT
TTATTG

Il8

100136039

3576

1.0777251
33

0.0048625
71

CAAGTCAGGTAAAACTAC
ACGCTGAAACAAATTAGG
TACTCATTTCTATTGTCTG
TTGAT

ATF3

467

467

1.1616941
84

0.0048625
71

CACTATCCTGGGTGAGCT
ACCTGCCTCGTAGCGTTT
ATCACGTTATTCTTGTTG
GCAGTA

rassf1

106565980

65059

1.0221670
67

0.0048625
71

CAAAGCAAATTGAGACC
AAGAACATTGATTGCCTG
TGAAATAAATGTCAGTAA
AACCATG

Apoh

468459

350

0.9232892
47

0.0050078
67

TAAAGCAGAGGACACCA
AAAAGGCGCCTAAAGCT
AAAGCCGTTGTGAAACCA
AAGAAGTC

h1f0-B

16480

3005

0.9805586
66

0.0051492
93

GAAACCGGTTTGGATCTG
AAGTGACATGTGCTAAAG
GTTACATTCAAAAGTAGT
ATATTT

cdc2

100196122

983

0.8790996
65

0.0053373
19

AGAGCTTTGGAAGGAGTA
TGAAGGAGTAGCGGCCA
ATGTTGAAATAAACTGAC
ATCATGG

sepp1a

106580619

6414

1.0072621
58

0.0054532
55

AAGAAAGGAAAGAAGTG
CAGCAGAACCAAGAAGT
CTACCCAGGCTCAGAAGT
TCACCTAT

CCN1

429089

3491

1.0843429
71

0.0055065
24

AGAGATGCTCTTCTATGT
TCTGAATATCTGGCTTTCT
GTGGAGGACCACTCTGGC
TATGA

ch25ha

494109

9023

1.3921432
29

0.0060902
35

AGTTCAGGTCGATTACAA
AGGTGAGAACAAATGCTT
CAACCCAGAGGAGATCTC
CTCCAT

hsp70b

100137015

3311

2.1796716
57

0.0073431
75
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Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

TACACATTCTCTTTTGTAC
CCAAAACTCCTCGTGCTG
AGGATGAATCGTGTCTGT
GTGAG

Gsta4

300850

47

0.8365473
94

0.0082385
11

ACTTTTTCAACGGCCGAG
AGCTAAACAAGAGCATC
AACCCAGACGAGGCGGT
CGGCTACG

hsp70b

100137015

3312

2.2338688
54

0.0084454
42

CTGTTTTTCTCATTGAAG
AATGCTTGGATTTTGGGT
CAAACTACTTTCTAGCCG
CTGCAT

APOA1BP

128240

128240

1.0218819
88

0.0084536
86

GCCCTAAACTTCAAGTGG
ATGTAATCAAGACTTTCT
TATCATGTCATGAATCAA
TTAGTC

eif4e

100194533

1977

0.8147622
8

0.0085104
81

TCTGAGGGTTGTTACTAT
ACCTATACTGATTGCACT
ACCTGGAGGAATATGGAC
CCAATG

TMEM168

106561512

64418

1.0274389
94

0.0085104
81

ACCTGTACTGAGTGTGCA
GAGTTTGTTGTAACCTTT
CCACTGGCGTGACTCTTA
ATAAAG

GSTA

414895

2939

0.7736093
19

0.0089352
06

CAGTGTTGTTATCAGACC
TGGGTTCAAATGCGTATT
ATTGTTTTTCAAGGACTTT
CAAAT

hsp70a_HSPA4

100135836

3308

1.2520280
64

0.0093217
76

CAGGTCTACTTGTTTGAT
AGATGACTATATCAGGTA
ACTATCAGGTAAATTGCA
GTCAAA

Atf5

107503

22809

1.4920989
74

0.0101566
43

TCAGTGTATGTATACATG
TGGCATGTGAGTTTGAGG
AGATGATCTCCTGGATTA
TGTTCC

MALT1

10892

10892

1.1839064
85

0.0108700
51

TCAATCAGGACTACAAGG
TTGGGGACATCATGATCA
TCAAAGACCACATCAACA
TGCCTG

PNP

106569594

4860

0.7723487
92

0.0108700
51
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Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

AGGGACACATCAAACTCC
AGTCCATCAATGATACAA
TCCCTCAGCTCGTCAGCC
AAGCGT

CD200

4345

4345

1.0262082
24

0.0117001
08

CCAGACATCGGTGAAGGC
AGAGCAGCAGTACAACC
ATCAGCAGTATAACCATG
CCCTGTT

GPANK1

106586677

7918

0.8422102
72

0.0119807
82

CCCAAGTCTAAATGAATG
GACATCAGCCTTATTGTA
TGGACCTTACAGCTTGTG
TCCTAT

Hgfac

54426

3083

1.1114908
64

0.0129499
14

CCTGAGGACGAGGACAT
GAAGAAGAGGCATGAAG
AGCAGAAATCTCAGTTTG
AGAACCTC

HSP90AA1

397028

3320

1.0851829
55

0.0135399
13

TGGTGTTCGGGGTGTCCG
TAAAGAACCTGTCCAAGG
CAGAGAGACTGATCTTTG
GAGACT

BLMH

395996

642

1.7551003
69

0.0135399
13

TGTTAGGCTACTATTTATT
ATTCCTCTCTGAACCTTG
GAAACCTGAGGCATATGG
ACCTG

h1f0-B

106578255

321618

1.0248577
25

0.0135399
13

GACATCAAGCGTATGTTG
CCAACTATAGAGACGCTG
AATGGCTTTCTGAGCGAC
GGTTCT

EIF4G1

1981

1981

0.7904967
83

0.0142669
21

CCAGGGTATTGTCTTTCC
CCTCTCGTGTTTGTTGTTT
TCTAGTGGGGAGTATTTG
TAACG

GLUL

403443

2752

1.3348294
75

0.0148417
1

AGTAACCTGGGACCACAT
AGAAAACATCAGTCTAGA
CAAATCCAGCATGGCTGA
TGTCAC

Cd200

24560

4345

0.7584109
76

0.0156083
94

CTTCCATGGTTTTACCAC
AGGGTTTTATTCTCTGTTT
AGGGAATCAACTAAGCA
CTTAGG

aacs

106585920

65985

0.8158642
72

0.0156083
94

168

Sequence

Symbol

ID

H.S. Homolog

TTGTGTAACTAGAGTTCA
TCCTGCTATAAAGAACCT
AACTAGAAATGGTGCCCC
AAATCC

CLU

100380352

GCAAAGAGACAGCTTGTT
ACTCTGTTCTCTGCCCCTA
ACTACTGTGGAGAGTTTG
ATAAT

LogFC

Adj.P.Val

1191

1.2117833
7

0.0156316
35

24668

5499

0.7738610
43

0.0161311
74

TAGTGCTACCATTTTCAC
GAAACAAGGGGAAGCTA
CTCTTTCCTAAGGCTGGA
AATCGTT

GPANK1

106586677

7918

0.8476458
84

0.0167542
66

ATTTTGATTGTTTGGTGCC
AATATTAAGCCCTGGCTA
GAAGAGGATCTACTTACA
CTCCC

TPM1

106573503

7168

0.8673519

0.0167782
87

ATGTTCTTATAGCCACCC
TCCATTCCCACTGTATTTA
TTGCCATGTCTCTCATTAT
AAAC

Cnn3

54321

1266

0.8236539
6

0.0172771
91

TTGGTGGTGGGTAGCCTT
GTTTGATTGTTCTGACAC
TTAGGCTGTTCCTGTTTAC
TCTTT

c19orf24

106574065

55009

0.8100629
67

0.0177637
19

TGAATATCTGGCTTTCTG
TGGAGGACCACTCTGGCT
ATGACCTGCCCTGGTCCA
CGCATA

ch25ha

494109

9023

1.2918040
37

0.0187283
36

CCAGTGGCCCCTTTTCGG
CCCTCTGCTTTGCCTCAA
CGTTTGGCTGCAACATAA
TTTAGG

PSMD11

5717

5717

0.9088899
55

0.0196887
39

GCAGGACGCTGACAAAT
ACAAAGCTGAGGATGAA
GCACAGAGGGAGAAGAT
AGCAGCCAA

heat shock 70
kDa protein-like

106599475

3303

2.2632157
83

0.0208348
87

CTACTTTAACAGGAAACT
GAACAAAAATCAACTGCT
CTCATTTGTCCCATGGAG
ACCGGC

EIF4H

106580669

7458

1.7887021
48

0.0215887
22

169

Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

CCCCCAGTTTTATGTTGTC
ACTTGTCAGTCCGAGAGA
TGCCCTGCTACAAAATGT
TACAT

H1FX

8971

8971

1.0512828
54

0.0215887
22

CCTCATCTAGACAGGCTA
AGCAGCATGGAAACTAA
AGGCCGCAAGTTCAAGG
AGGAAATG

FGL2

10875

10875

1.2089742
96

0.0216495
4

TACCCCCTCCACTCATTCT
AATTCCATGCTGCTGACC
TGTGCTTAGTGTTCTGTGT
GGAA

PGAM1

642969

5223

0.8998936
38

0.0229236
34

GCAACTGTCGTTTTAGAG
ACCAGATCATGTATCAGT
TCACACTGTGCAGTCGCA
CTTCAC

TINAG

106588893

27283

1.2148742
64

0.0232605

TGTGTATTTCTGGCATTGT
GTCTGGACATCGTAGCGT
TATTGAGCCCCGCCTGGG
TAACG

tmem47

432211

83604

0.8475846
23

0.0232605

CTATCCATATGATCGCGT
GTCTAACTTTCTCTGCTGT
TGTACCTGTACCATATTT
AACTC

NCOA4

8031

8031

0.8997103
41

0.0237476
95

GTGCCATCATATGTTTTG
TCTTTATTTCAAGTGTCCG
TATCAGTGTTTTTTGCTAT
CCTG

CDCA3

106605090

83461

1.2299455
34

0.0240699
46

TGGACGACAGAGTGACTT
CAAGCATCCATTCCACAG
CAGTTGCCATTGGAGAGG
ACAAAC

Ddt

29318

1652

0.9042360
03

0.0248614
92

GATTCATTGTATTCTGTG
AATGGAAAGGTTCGATTA
CACTTTCTTAAGCAACTC
CAATTC

CNPY2

10330

10330

0.7886295
31

0.0249329
01

CTGAGCTCTCTTTGTTCTC
TTCTGGCTACCTGAGGAA
CATCACCTGGACGTTGTC
AAACT

KPNA2

3838

3838

0.8785265
12

0.0258277
72

170

Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

TACCTGTTTGACGGAACT
GGATATGCCCTCATCAAC
AACATGGAGAGGAGGGG
TAAATTT

LAMA4

3910

3910

0.7933661
97

0.0258277
72

GGGCCTGTTTTGCATGTT
ATTTTCATACGTGTCACA
TATCAGTTTGCAAACAAT
GTAAAA

Btn1a1

12231

696

0.7672319
66

0.0260806
6

TGCAGACTGGCAGTCAAC
TCGGATTAGGAAAATGGT
GTTAAATGTGTTATCGGA
CATCCC

LIPG

9388

9388

1.2748743
64

0.0268643
09

CTCCCTGGAGGAGTTCCT
GATGTCCACAAACAAGA
AAGAGTTCTTAGAGCCAG
ACAGCTG

Nucb2

59295

4925

0.8678516
3

0.0274868
03

AAACATTCCACAACACTA
GGTGGGGAGTTGGCTTCT
AGCCAGGTGGTCTTTTGC
TAAGCC

Plk2

83722

10769

0.8263764
55

0.0279375
58

CCGTACGGGAGTTGTAGC
GATGAGACAAGATAGTA
GCTACTAAAACAATTGGA
TACCACG

gltpd1

445103

80772

0.7623189
15

0.0296614
55

GATACAGAATGGTGTGTA
GCATCTCTAAAAAGTTTG
TACTCTAATCTGTTTTGA
GGAGAA

RTN3

359721

10313

0.8442130
73

0.0298612
32

TACAGAGCATCCTGATGG
GCAAGACTGCTGTGATGG
GCAAGACTGCTGTGATGG
GCAAGA

CIDEC

63924

63924

0.8958075
54

0.0317313
63

AGATTCAGAATGCTGATT
AGCTGTGCTTCCCAAAAG
GCACCCTGTTCCCTTTAT
AGTCCT

C21orf33

8209

8209

2.0254512
81

0.0317313
63

GACTGACAGTGTTTTCTC
ATCTTTGTTTGCAGCGTA
AAGCTAACCTTAATAAAC
CTTAAT

cdkal1

432014

54901

0.8440455
07

0.0326065
38

171

Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

TAATAAATGTGACCAGCT
GAGTACGGGTCTCTGTTC
CAAACTGCCCAAACTGGA
GAACTT

Rab32

67844

10981

0.7666854
8

0.0328635
73

GTGACAGGTTGCAGGAA
ATAGTCAGTATGCAAGAG
AGCAACAATCTTGAGAAA
ACAGCAC

mmp2

106606431

4313

1.0729753
89

0.0332128
42

TGCTTTGAATAACAGGCA
ACGCCCCCAGTTTTATGT
TGTCACTTGTCAGTCCGA
GAGATG

H1FX

8971

8971

0.9618052
45

0.0332128
42

TGAATAATGTCCAGTAGT
GAGGGATCTTCGTCTTGT
ATGTGTGATTTGTGTGTG
CGATGC

arhgap29

378998

9411

1.0882457
33

0.0345395
66

ACCCCCTCCACTCATTCT
AATTCCATGCTGCTGACC
TGTGCTTAGTGTTCTGTGT
GGAAT

PGAM1

642969

5223

0.8407761
77

0.0346440
42

AAGAAAATACGAGAGGT
TACGACAAAGGCCAAAG
CTCAAGGGATCCAGGGG
AACTTCACT

zgc:85644

406605

127281

0.8083025
71

0.0352649
53

CAAGCATCACCTCAGGGG
TTCCCAGCACTGTCTTCTT
ACTCTTAGTAGCAACTCT
GTACT

Hadha

97212

3030

1.1745701
58

0.0361146
58

AATGGTGAGATAAAGTGC
AACTGTGTTCAGTAACAT
TCCAACTATGGCTTGTAT
TACTAA

CCPG1

427496

9236

0.7606571
84

0.0384755
93

GCCACTTTGTCCTCTGTGT
AATAATGGACTTCTATTC
TGTCTGAAATGTACATAT
GTTTT

KPNA2

3838

3838

1.1681929
05

0.0392554
41

TTGAAATCTTTTAAATGC
TTTTGAGCATTTGCTTTAG
CCTGCCTGGGAGTGCCAG
GTGGG

LMBRD1

421874

55788

1.2727917
02

0.0392554
41

172

Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

CGTGGCTATATAACTCGA
AGCATGTTACTCCATTTC
AAGATGCCCAATTCCTCC
TGCTTT

ABCF2

10061

10061

1.2309073
91

0.0399312
22

GCATATGTGTGGAGAAAC
CAAAGCCAGTGGCATTTC
TGTATTGTAATATTATTC
AACTTT

Mef2c

17260

4208

0.8723605
12

0.0417510
18

CCTGCCAGAATGCTAAAT
ATTGAAATTGTGATGTCA
ATCCGGCTGTGTAAAATA
CATTTT

srgn

100196053

5552

0.7610731
22

0.0420400
11

TGTGGAGCCCCTCTATCC
CGGCTTTGGAGTTGGAAC
CTCGGTCAAGATCTGTCA
ACTCAA

TRIM16

106602865

10626

0.7760895
24

0.0432663
63

TGCTGGGAAGAACTTCAG
GAACCCCCTGGCTTAACT
GAGTGCAATGGGAACAT
ACTCATG

ENOA

106565361

2023

0.8999603
88

0.0441263
74

CCTCATCTAGACAGGCTA
AGCAGCATGGAAACTAA
AGGCCGCAAGTTCAAGG
AGGAAATG

FGL2

10875

10875

1.2703035
03

0.0442748
5

AAACGGTTACTCCAATCA
ATGTGAAATTCCAACCCA
CATTGTCTTCTGTAGTTG
GGGTTG

ASPG

106595288

374569

0.8734098
07

0.0444611
48

CTGAAAGGAAAGTTATTT
TGTCATGAATATTTTTGG
AAGATGTATGCCTCTTGA
AGGGTG

CENTB5

116983

116983

1.3240491
42

0.0445145
2

AACAAGCCTTTACGTGCA
TAAATCTGTGACAATTAC
AGTAGGTAAGCTGACCTG
CGGAGC

DCN

100034120

1634

0.9178136
05

0.0469594
15

GTCAGACAGGTGTGTTCC
GATTGGAGAGCCACGGA
ACTGAAGCATATCCAACC
GAGGAGA

MAP2K4

106611248

6416

1.3171354
64

0.0470438
84

173

Sequence

Symbol

ID

H.S. Homolog

LogFC

Adj.P.Val

ATGTGCTATACCAGGGGT
ACTCAACTCTTAGCCTAC
GAGGTCCGTTGCCTGCAG
GTTTTC

Fam44b

69556

91272

1.1519596
31

0.0471838
3

GAATTCCCCCAACAGCAC
AACCACTGACTGGGTGAG
GGAAACCTACCAGGACTT
CTGATT

dlb

30141

28514

1.1300877
52

0.0487754
94

CAGATCTCTTGGCTTTGT
AGTTTTGGAAATCTAATC
AAAAGTTTAGAATTTTGT
CCAGCC

RNASEK

106577886

440400

1.8388485
29

0.0498302
67

174

3.4

DIFFERENTIALLY EXPRESSED PROBES FOLLOWING VHSV

INFECTION OF RTGILLW1 CELLS
sequence
ATTTTGATTGTTTGGTGCC
AATATTAAGCCCTGGCTA
GAAGAGGATCTACTTACA
CTCCC
GTCTTTGCTGGGAAGAAC
TTCAGGAACCCCCTGGCT
TAACTGAGTGCAATGGGA
ACATAC
GCTGGTGGAAGCATTTGG
TGTATCTGTACTGAGTTT
GAGGCCAGCACACAAAT
AAACAGT
AGAGTGACTTCAAGCATC
CATTCCACAGCAGTTGCC
ATTGGAGAGGACAAACC
CTGTCAC
TATTATCTATGGAGGCTC
CGTGACTGGGGCCAACTG
CAAAGAGCTGGGCTCCCA
AAACGA
CATCTGTGGATCACTCGG
CTTCTTCCTGTGCTGGCC
ATGCTGTTTGATTCCGTTC
TGTGT
TATTGGCTAGAGCGAGCT
TAATGTGACTACACTGTA
AAACTGAAGGACGTGACT
GGGCTA
TAGTGAGAAAGTGTCTGG
GAGATTGCAGCCCTAGAG
GTCTGATGAATCTCAAGG
GATTAT
TCCCAAGGATCCAGGCTA
CTCCTGTGAGATGTTGGA
GTCGTCAGTGCAGACACA
CCAGTA
TGCTGGGAAGAACTTCAG
GAACCCCCTGGCTTAACT
GAGTGCAATGGGAACAT
ACTCATG
CTTCTGCTCTGAGGTACA
GTATGTCTCGTCTGGAGA
AGGCCATTGTATCCATGG
TGGAGG
GTCAATAAGACTTGCATA
GCATTTTAGGATTATGGA
ATTTGTCCCCACGAAACT
ATGTCC

Symbol

ID

Homolog

LogFC

Adj.P.Val

TPM1

106573503

7168

1.434345
866

0.006796
222

ENOA

106565361

2023

1.247120
462

0.006796
222

PSMD3

5709

5709

1.005956
958

0.007689
615

Ddt

29318

1652

1.139759
873

0.008573
792

tpi1

106569985

7167

1.015834
342

0.008573
792

LITAF

374125

9516

0.912719
094

0.009105
844

LIPG

9388

9388

1.219362
306

0.010939
399

Prr5

315189

55615

1.278233
782

0.011305
268

ENOSF1

100195487

55556

0.981050
207

0.012878
891

ENOA

106565361

2023

1.419543
067

0.016299
473

S100-A5-Like

106574877

6276

1.053066
134

0.020868
121

Ddt

29318

1652

0.948614
791

0.020868
121

175

sequence
TGGACGACAGAGTGACTT
CAAGCATCCATTCCACAG
CAGTTGCCATTGGAGAGG
ACAAAC
GTACCCTGTCTGATGTGA
TTGTGTGACATTTGTAAA
GATTTATTAACTGATTCT
GCTCAT
TTTAGCCCACCTCTAGAG
AAAGCTGTGGGATAGTCT
ACTGCTTCTTGCCTTGAA
GAATGA
AGGAAAATAGCTTTTCTG
TGTTTGGGTGATTGTAAA
ACAGGCTTGGATGTTGTT
GCTTCA
GAATGCCCACAAGAGGG
CAGAGTCTGTCTATGGTT
GGTGCTTCACTTACCAGC
GTGTCAA
GCATTCACATGATCTTTC
ACTGCATTGTGACTTCTG
TGTACCATAGTAGTTTGT
GTATAT
CATTCCCTATGAAATTGG
TTGTACCATCTTGAGCCT
AGACTTAGTACTTAAATG
TAAGAA
ACCATCGCAGGGAGCAG
AGATGGCATGACAAGCA
GTATAAGAAGGCTCACCT
GGGCACTG
CAAAATGCTAGCTATGTG
ACAAATAAAGATGGAATT
CCATTTTGGTACTTTGGT
ACAGTG
GCCCTAAACTTCAAGTGG
ATGTAATCAAGACTTTCT
TATCATGTCATGAATCAA
TTAGTC
CAGGTCGAAAGTTTATTC
AACAGGCACCTTTATGAC
TTGTTGTGCTGTAAGAAG
ACATAC
TTGTAAAGATCCATGTGA
ACATGAATGAACACCCAA
GGAAGGAATAAAGCTCTC
ATACAA
CACTATGTGTACTGAAAG
ATGTTTCCAGACGTCCTC
TTCATATTTTGTTTGTATT
CTTGT

Symbol

ID

Homolog

LogFC

Adj.P.Val

Ddt

29318

1652

1.251968
373

0.020868
121

1.011849
841

0.020868
121

11161

1.154116
167

0.021729
274

NA

1.012635
771

0.027357
432

C14orf1

11161

ELOVL4

106613536

6785

1.027888
535

0.027357
432

LIPG

9388

9388

1.128881
484

0.030219
377

metB

100136581

569445

1.732683
113

0.030509
776

rps23

106566598

6228

0.885262
032

0.033207
123

PPAP2A

8611

8611

0.869896
285

0.033207
123

eif4e

100194533

1977

0.888273
756

0.043633
141

MRPL27

510058

51264

1.308794
649

0.043633
141

Acta2

81633

59

1.923819
629

0.044089
223

LOC106562884

106562884

51278

0.820223
278

0.045682
428

176

3.5

DIFFERENTIALLY EXPRESSED PROBES FOLLOWING SVCV

INFECTION OF RTGILL-W1 CELLS
sequence

Symbol

ID

Homolog

GTCTTTGCTGGGAAGAACTT
CAGGAACCCCCTGGCTTAAC
TGAGTGCAATGGGAACATAC

ENOA

106565361

2023

1.350112
0.002096446
309

NA

1.479943 0.002096446
034

AGGAAAATAGCTTTTCTGTG
TTTGGGTGATTGTAAAACAG
GCTTGGATGTTGTTGCTTCA

LogFC

Adj.P.Val

TATTGGCTAGAGCGAGCTTA
ATGTGACTACACTGTAAAAC
TGAAGGACGTGACTGGGCTA

LIPG

9388

9388

1.281683
0.012774343
74

TAAAACCTTGTGCTTGGGGT
CTCCAGCACACAGACTGACT
GATTGGCCTAAATGTGAAAT

il-11

100136075

3589

1.209704 0.013583883
64

AGTTGACGCCGCCCTGTACG
ATGTAGATTCTCGCAAGACC
TTGTTCTTCGTTGATGACAA

mmp13

100195495

4322

1.200612 0.013583883
949

AGAGTGACTTCAAGCATCCA
TTCCACAGCAGTTGCCATTG
GAGAGGACAAACCCTGTCAC

Ddt

29318

1652

1.065947
0.017012571
067

TATTATCTATGGAGGCTCCGT
GACTGGGGCCAACTGCAAAG
AGCTGGGCTCCCAAAACGA

tpi1

106569985

7167

0.931853
0.019315076
884

GAATGCCCACAAGAGGGCAG
AGTCTGTCTATGGTTGGTGCT
TCACTTACCAGCGTGTCAA

ELOVL4

106613536

6785

1.118293
0.019315076
038

CTAGGAGATTTGAGGAGACT
TTTAAAAACTGAACTTGGGC
ACATGATCAATCATTTCAGA

Cotl1

72042

23406

1.327818
0.019315076
493

TGGAGGAGGCTGAGAAGGC
GGCTGATGAGTCTGAGAGAG
GCATGAAGGTCATTGAGAAC
A

acta1

779129

58

1.182619
0.020368273
614

TCCCAAGGATCCAGGCTACT
CCTGTGAGATGTTGGAGTCG
TCAGTGCAGACACACCAGTA

ENOSF1

100195487

55556

0.920017
0.024639424
476

GCATTCACATGATCTTTCACT
GCATTGTGACTTCTGTGTACC
ATAGTAGTTTGTGTATAT

LIPG

9388

9388

1.181547
0.02538779
807

177

sequence

Symbol

ID

Homolog

CAGGTCGAAAGTTTATTCAA
CAGGCACCTTTATGACTTGTT
GTGCTGTAAGAAGACATAC

MRPL27

510058

51264

1.420007
0.026069112
098

CTTCCATGGTTTTACCACAGG
GTTTTATTCTCTGTTTAGGGA
ATCAACTAAGCACTTAGG

aacs

106585920

65985

1.037763
0.026069112
672

GGAAGAGGTGGGTGCACGGC
AGAAGAAGCGGAACTGATTC
CGAGCAGCAGAAAACTGTTT

C14orf1

11161

11161

1.301914
0.026069112
464

CTTCTGCTCTGAGGTACAGT
ATGTCTCGTCTGGAGAAGGC
CATTGTATCCATGGTGGAGG

S100-A5-Like

106574877

6276

1.009532
0.031210851
723

ATTTTGATTGTTTGGTGCCAA
TATTAAGCCCTGGCTAGAAG
AGGATCTACTTACACTCCC

TPM1

106573503

7168

1.055920
0.034385025
266

TTTAGCCCACCTCTAGAGAA
AGCTGTGGGATAGTCTACTG
CTTCTTGCCTTGAAGAATGA

C14orf1

11161

11161

1.086864
0.034385025
119

AGATAAATGAAGCGTTCGCT
GCCCAGTCCATCGCTGTAGT
GAAAGAGCTTGGACTCAACC

Acat2

110460

39

0.898616
0.034385025
498

AAATAGCTTAGCAACATGTA
CCTTCCTTTCCCCACGCAGTG
TTTAGCTGTGGGCTAGTGT

FLNA

2316

2316

1.004391
0.034385025
531

GAACAGTCTCACTAGTATCA
CACAACACTATGACCTGCCC
AATATTACAACCCAAATTTA

TAGLN

396490

6876

1.799359
0.034385025
164

CTTGCTGTCACAGGAGCTTA
CTATTGTGTTGTAACAGACC
GCCAATAAAGCACCATCAAC

txn

106577817

7295

0.835705
0.034385025
162

AGAACATCGACCCTCATGAG
CCGTTTAAAGTAGCAGCCAT
GAACAACAATGAATTCAGCC

mmp13

100195495

4322

1.377388 0.036163848
908

CTTACAAAGTCTGGGAGATG
TTGACAAAAAAGGAGGCCTT
GCCTCTTCAGGGAAATTCTG

DUSP6

1848

1848

0.856278 0.039571742
615

106562884

51278

0.809763 0.048433096
971

CACTATGTGTACTGAAAGAT
GTTTCCAGACGTCCTCTTCAT LOC106562884
ATTTTGTTTGTATTCTTGT

LogFC

Adj.P.Val

178

sequence

Symbol

ID

Homolog

LogFC

Adj.P.Val

AACAAGCCTTTACGTGCATA
AATCTGTGACAATTACAGTA
GGTAAGCTGACCTGCGGAGC

DCN

100034120

1634

1.237397
0.048433096
032

GTGACCTATGACCCCTCAAA
TGAATGGCTGATTTCCTATTT
TGAATTTTCCAGACTTGGC

insig1

334189

3638

0.964284
0.048433096
25

179

3.6

DIFFERENTIALLY EXPRESSED PROBES FOLLOWING

PRETREATMENT OF RTGILL-W1 CELLS WITH THE FLIC-NUSA
COMPLEX
sequence
TGTGAGTAAGAGTGCCTT
TTCTATTTCCTCCCCCAAT
CCCTGTATTGAACCCATT
TCTTC
GTGAATGGAAATAAGAT
GTTTGGCTCCAATCTGAT
CAATCTGATGAAATAAAG
GTTTCTC
CCCCAACGTCCTCTTAGT
GGATATGTAATGTCTACA
TTTTACACTTTGTTATAAA
ATGCA
CAGGTGTGAAACGTTTGC
GAGTGTATTTGCCATGTA
ATGTTAACTATATCTTGT
CGTTGA
GTGAAGGACTGAAGAGT
GCAGCTAGCCTGAAAGTG
ACATTGTCCTGTTTTTGTA
CCTCAT
CTGTGCTGTCTTCTTAAA
GTCATGATAAGGAGACA
AGCTGTCGTAGGAGATTT
GAAGTGG
GAAGTTCTGACACTTGTT
TTCACTGTATGGTTTTCCA
TATTATGTTCCTAGGTTC
ATTTG
TGCTCTCAGTCCAGCCAA
AACACACGTCCCCTGGGT
GACCATTAATAGGGAATA
CACAGG
CCTCCTGCCTTGAGTCAT
AGTGAGAAAGGCTAAGG
TCTTGTCATAGAGGGTCA
AAGACTG
TCCTTGTGTTTTAAGCATC
TTGCCTTACTCATCTCTCA
GCAGTGCTATGCAGCAAA
GTGG
TAACGTGGGAAGGCTCTT
ACGAGGAATTGATAGATA
CAACCCAGAGAACCTGGC
AACATT

Symbol

ID

Homolog

LogFC

Adj.P.Val

MAT2A

4144

4144

3.142607
906

0.023977
504

106573617

NA

2.263990
67

0.004760
345

gpkow

368735_
751796

27238

2.259233
579

0.013586
284

nfkb2

397698

4791

2.201364
134

0.033779
018

IDH2

100194640

3418

2.191835
398

0.012256
511

Skp1

287280

6500

2.188770
914

0.013586
284

myc

106590162

4609

2.187672
525

0.020529
784

IFI30;gammainterferoninducible
lysosomal thiol
reductase-like

106573903

10437

2.147078
834

0.025627
654

MMP14

106608848

4323

2.096994
756

0.043579
051

NA

2.028856
915

0.030881
834

27335

2.028022
15

0.011148
393

EIF3K

515326

180

sequence
TAAAACCTTGTGCTTGGG
GTCTCCAGCACACAGACT
GACTGATTGGCCTAAATG
TGAAAT
TCTCCAGAAACAACACCT
ATCCTCCATGTACTTGTG
TAGACCTGAGAAGAACG
CACAGGT
ACAACATCACTGTCAGAA
ACAGCACTGTCTCCAAGA
TGCTCACTGTTGTTGCAA
CTGTGA
ATTGATATTTCCAGAGTG
TTGTGCTTTTTGGGATTA
GAAGGGGTGTTAATTGGC
ATTAGC
CCTATATACTTATGGATC
TGCCACATACCTTTACCA
AGAATGGAAACAGTGAA
ATGTTGT
AGGAAAATAGCTTTTCTG
TGTTTGGGTGATTGTAAA
ACAGGCTTGGATGTTGTT
GCTTCA
GCAGAACGATGAGGTGG
CCTTCCGCAAGTTTAAGC
TGATCTCAGAAGACGTGC
AGGGAAA
ACAAAAGCTCTGACGAA
GGCCGTTAGGCCGATACG
TAAGCTTATTAAATATCA
GTGATAC
GCCACTTTGTCCTCTGTGT
AATAATGGACTTCTATTC
TGTCTGAAATGTACATAT
GTTTT
AGAGATGCTCTTCTATGT
TCTGAATATCTGGCTTTCT
GTGGAGGACCACTCTGGC
TATGA
ATGACATATGACCCAAAG
TGAAACCAGAAAACCAC
GAGCCAGCTTTTGGTGCT
TTGCAAG
TGCCGTCAAGACTTATAA
CTTCAAAAAGGATGTTCC
CCCCAGTTTAGAAGACTT
CACTAG
TAGCTGCTATAACAGCCC
TACTCAGTCTTTACTTTTA
CCTACGCCTCTGTTATGC
CATAA

Symbol

ID

Homolog

LogFC

Adj.P.Val

il-11

100136075

3589

1.986886
925

2.99E-06

Minpp1

29688

9562

1.857685
265

0.024378
221

Ceacam1

81613

634

1.834088
041

0.040220
304

cdo1

393714

1036

1.822740
172

0.044714
292

106575284

NA

1.705994
098

0.019139
792

NA

1.701853
739

1.18E-05

6189

1.683319
123

0.036874
573

NA

1.681837
512

0.005398
47

rps3a

100049481

KPNA2

3838

3838

1.584398
03

0.004248
603

ch25ha

494109

9023

1.581249
649

0.002352
803

s100v2

100196669

336965

1.570558
567

0.036017
564

HSD17B10

281809

3028

1.560258
227

0.014469
598

MT-ND2

808316

4536

1.505547
017

0.048002
814

181

sequence
GTCTGAATAAATGTATGG
TATTTCATGATTGTCCAA
CATGAAATAAAGTGCTGC
TGGTTC
TTTCTCATGGTTGGGTATT
CTACCATCTACACGATGT
TCCCTGTATTTTCCCTGGT
GCTG
TATCCTCTTAGTTTGGTG
GCTGAGAGAAACGCACTT
TGTTTGCATAGGCTACTG
AAGTCA
AGAACATCGACCCTCATG
AGCCGTTTAAAGTAGCAG
CCATGAACAACAATGAAT
TCAGCC
CAAGCATCACCTCAGGGG
TTCCCAGCACTGTCTTCTT
ACTCTTAGTAGCAACTCT
GTACT
TGATTGATGTGTATGGGC
AGACCTGTTCTGTGCTCT
TACTGGGTTCGGAGAAGA
AATGCT
CAGCACTGTGTACCAGAT
CTGATTTGCTCTTCTTTAG
TTTTGTGTTTTAAGGATG
CAAGA
ATGCTCTTCTATGTTCTGA
ATATCTGGCTTTCTGTGG
AGGACCACTCTGGCTATG
ACCTG
AGTTGACGCCGCCCTGTA
CGATGTAGATTCTCGCAA
GACCTTGTTCTTCGTTGAT
GACAA
CTCCCCCTGTTTGCATGTT
GTTTTGGCATTAATACGT
GTCACATATCAGTTTTTA
AACAA
CAAGCTGCACATGAGAG
AAACGCCCAGCTCCTCCA
GGACTTGCAGAAAATGG
AGAATTGT
TACTACTGCTGTATAACG
ATCCGTTTTTCCCACTGTC
GTTCCTGGTTAACAGCTG
GTTTC
CACAGAACTTGCTATCCT
AATTTTAGTGGTTGCTGG
TGTCCTATTTTATTTGCTT
TACTT

Symbol

ID

Homolog

LogFC

Adj.P.Val

CFH

3075

3075

1.500594
752

0.000460
831

ATP9A

10079

10079

1.411815
689

0.023605
513

egr2b

106592202

30190

1.326694
712

0.048030
927

mmp13

100195495

4322

1.315012
886

0.005398
47

Hadha

97212

3030

1.279485
668

0.015848
886

rbx1

100195784

9978

1.278796
975

0.009433
31

106586193

10410

1.271498
466

0.000274
396

ch25ha

494109

9023

1.265008
977

0.016222
032

mmp13

100195495

4322

1.257440
459

0.000355
786

ST6GALNAC5

81849

81849

1.242966
17

0.047862
554

C3orf14

57415

57415

1.225675
574

0.033897
998

TMEM181

57583

57583

1.169102
768

0.033779
018

creb3l4

780164

148327

1.109712
191

0.012482
564
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sequence
AAACGGTTACTCCAATCA
ATGTGAAATTCCAACCCA
CATTGTCTTCTGTAGTTG
GGGTTG
GTGCCATCATATGTTTTG
TCTTTATTTCAAGTGTCCG
TATCAGTGTTTTTTGCTAT
CCTG
CAGTGTTGTTATCAGACC
TGGGTTCAAATGCGTATT
ATTGTTTTTCAAGGACTTT
CAAAT
AAGCTGAAAATGTCCTCG
CTTTTATTTGATGGAGTT
GGAGTTTTGAATACTATT
TGGATC
GAAGTAGAGCTTTATGGG
GCAAACTGCTTTCATGTA
ATCACAAAATCATTATAC
CTTACA
TTCCAACGAAGCCTCCTA
TCCCTTCTACAGACTCTTC
AACGACATCCACAAGTTC
AGAGA
ATTTACAAACTGCTGTAA
AAAGAATGGTCTGCCAGC
CAGCAAAGCTGAATATAG
AAATCA
TAGTGAGAAAGTGTCTGG
GAGATTGCAGCCCTAGAG
GTCTGATGAATCTCAAGG
GATTAT
CTGCAGAGGCATGATGCA
ACTCTTTGTAACAGTATT
GTCAATGAATTAAGTAAT
CTCTTA
AGCCCACTGCAGAGGTAT
GATGCAACTTTTTGTAAC
AGTATTGGCAATGAATGA
AGTAAT
AAGAAAGGAAAGAAGTG
CAGCAGAACCAAGAAGT
CTACCCAGGCTCAGAAGT
TCACCTAT
AGCGTCTACGGTGCCTGA
GACGGGACAAAAAGGAG
GAAAGAGAGAGAAAGAC
AGGAGATG
TCAGTGTATGTATACATG
TGGCATGTGAGTTTGAGG
AGATGATCTCCTGGATTA
TGTTCC

Symbol

ID

Homolog

LogFC

Adj.P.Val

ASPG

106595288

374569

1.091333
785

0.008505
68

CDCA3

106605090

83461

1.083456
66

0.037178
973

hsp70a_HSPA4

100135836

3308

1.074484
481

0.021339
771

106604153

NA

1.039996
07

0.042558
662

PLEKHB2

424758

55041

1.035675
672

0.000516
148

CCN1

429089

3491

1.029326
647

0.016222
032

106580463

NA

1.015567
896

0.015848
886

Prr5

315189

55615

0.962936
782

0.008604
005

CEBPB

396185

1051

0.944158
192

0.008174
523

Cebpb

12608

1051

0.916524
717

0.018047
873

CCN1

429089

3491

0.911366
772

0.017238
243

GABARAPL1

106576832

NA

0.908726
721

0.044714
292

MALT1

10892

10892

0.899229
247

0.047389
331
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sequence
GGTGCAGAGCCTTTGAAG
AAGACTAACATGAATATG
TTTTGCACAATAGTTTTCT
AAATG
CAGTGCTGTTCATGTATC
TCGGGTGAGATGTGTCGC
TCATCAATAAATGCTTTG
CACATT
CTCTCTTTGTTCTCTTCTG
GCTACCTGAGGAACATCA
CCTGGACGTTGTCAAACT
TGTGC
TCATTGTGGAGGTGCCAT
TTGACTATCCTGGGTAAG
CTACCTGACTCGTAATGT
TCATCA
AGAAGGCCAGCAAACCA
CCAACCAAGTCACCGAGG
AAGAAGTAGCCTAGTCGC
TATCAAA
GATACAGAATGGTGTGTA
GCATCTCTAAAAAGTTTG
TACTCTAATCTGTTTTGA
GGAGAA
TGTTAGGCTACTATTTATT
ATTCCTCTCTGAACCTTG
GAAACCTGAGGCATATGG
ACCTG
TGAATAACAGGCAACGCC
CCCAGTTTTATGTTGTCA
CTTGTCAGTCCGAGAGAT
GCCCTG
AGAGCTTTGGAAGGAGTA
TGAAGGAGTAGCGGCCA
ATGTTGAAATAAACTGAC
ATCATGG
AAACATTCCACAACACTA
GGTGGGGAGTTGGCTTCT
AGCCAGGTGGTCTTTTGC
TAAGCC
TACCTGTTTGACGGAACT
GGATATGCCCTCATCAAC
AACATGGAGAGGAGGGG
TAAATTT
TTGGTGGTGGGTAGCCTT
GTTTGATTGTTCTGACAC
TTAGGCTGTTCCTGTTTAC
TCTTT
AAAGACCCTGTTTTGGTT
TTGTGAAAGGTGGGATGG
AATTTGGGTGTGAAGAGA
TTTTTT

Symbol

ID

Homolog

LogFC

Adj.P.Val

TSHZ3

57616

57616

0.892580
461

0.033813
908

COQ4

51117

51117

0.876380
604

0.044542
828

KPNA2

3838

3838

0.854070
7

0.002457
726

LOC106582799

106582799

11186

0.824844
634

0.011248
92

H1FX

8971

8971

0.819675
906

0.009088
563

RTN3

359721

10313

0.815823
778

0.027218
881

h1f0-B

106578255

321618

0.814130
169

0.042558
662

H1FX

8971

8971

0.797671
971

0.013586
284

sepp1a

106580619

6414

0.795959
067

0.024337
335

Plk2

83722

10769

0.784531
868

0.029318
63

LAMA4

3910

3910

0.783906
059

0.020603
821

c19orf24

106574065

55009

0.779473
38

0.017589
747

GAPDH

374193

2597

0.766552
615

0.023977
504

184

sequence
GCAAAGTGCACCAGATG
GGGTGTCAGACTGTTGTG
GAGGAGCTGTTGAAGAA
GAACATGA
CTGAGCTCTCTTTGTTCTC
TTCTGGCTACCTGAGGAA
CATCACCTGGACGTTGTC
AAACT
TGCTATTTAAATGTCTGC
CTTTGTCTCATGACTTGGT
TTGCGCATAAAGATGGTG
GCAAC
GATGGGCAGGACTGAAC
ACAGCTTGACAAATCCAT
ACTGTTGCTCATGTACTC
AGAAAAG
CGGTACCTAGGGGAAAGT
TAATCCCGGTGCTCCTAT
AACCAATTTTCTAGACAA
GTCAAG
ACCCTGCTCCAGGTCATT
GTTTTGGAGTGTACAGAA
GAGAGAATATAAAACAT
AATAGCC
TCACCTGTGTCCCTCGTA
CAGTGGAGGAGATTGAG
GATTTCATGGCCGACCGT
GGAAAAT
TGCTGTCACAGGAGCTTA
CTATTGTGTTGTAACAGA
CCGCCAATAAAGCACCAT
CAACAT
ATTCCGCATGTGAAGTCT
GGATGCTGTCTGTATGTG
ATCTGATTGTTTGGCCAA
TCTCCT
CTTGTTACACATTCTCTTT
TGTACCCAAAACTCCTCG
TGCTGAGGATGAATCGTG
TCTGT
TTCCAAAGTTGTGTAGCC
TATTATGGTGTGTACACT
GTGGCTGTTCATGATAAG
GGGGCA
CTCCATCACTGACAGGCT
GTTTGGGTATCCTAAACC
AGAGAGTCTGCTCCATCA
CTTGAT
CTTAAAAATCCTTCTTTA
ACCTGTCCTCTTCCCCTTC
ATCTACACAAATTAAAGT
GGATT

Symbol

ID

Homolog

LogFC

Adj.P.Val

CD63

967

967

0.754275
025

0.001462
26

KPNA2

3838

3838

0.752708
623

0.046241
48

PPM1G

5496

5496

0.752276
27

0.016222
032

GCN1L1

10985

10985

0.753135
847

0.017589
747

Tomm20

100043869_
100044630_
67952

9804

0.757240
624

0.038197
313

CLTCL1

106567969

8218

0.757458
208

0.035216
149

PEPD

5184

5184

0.758233
479

0.013586
284

txn

106577817

7295

0.761510
724

0.030881
834

tmem183a

106583138

92703

0.762524
815

0.020038
51

Gsta4

300850

406703

0.764244
531

0.024803
819

Acly

104112

47

0.766364
316

0.030908
018

chst12

496355

55501

0.767572
147

0.004760
345

NA

0.770496
78

0.027218
881

185

sequence
TGCCCTGTATTGTCAACC
ACAAGGATGGGAGGGAG
TCTTGAATGTCAAATCCA
GCAACCT
TTTTCCTCCAGTTTGGGG
CTGTAGAATTATTTTCTCT
GTGGGATTGGGATGTGGC
AGTTA
ACCTGTACTGAGTGTGCA
GAGTTTGTTGTAACCTTT
CCACTGGCGTGACTCTTA
ATAAAG
CGGAATTTTACAATCCTG
GTGTAGTCTTGTATGAAT
GCTGTTTTGGAAATAATA
CTTGTG
CCGCGGCCACTCCTCCTC
ACAACTATTACTATTGTT
ATTAAATAGACTTTGACG
GCTTCG
TCTGTAAGTAGGCAGCAA
GTGGGCGCTTGCTCTTGT
AAATGGCATTAAATAAAT
CTAGAC
AAAGCCAAATGAATTCCT
GCTCCAGACATCCAGCAA
CAACAAGGCGTGTCACCG
GCATCC
CTGACTCGACAGAAAGGC
TCTATCATTCCTGGTCAA
CAGGAACCGCCTTTCTGT
GCTGCT
CGTATTCAGGAGAATTTC
AAGGTTTTTGACTTTGTG
TTGAGCGACGAGGAAAT
GAAGACC
CTTGCTGTCACAGGAGCT
TACTATTGTGTTGTAACA
GACCGCCAATAAAGCACC
ATCAAC
TTGCTTGCCTTGAGGTCA
TTTGCTTCTAATTACGTCT
GTATGTACTATTGTAAGA
CGAGG
GCTCCTTCCAGTTCACAA
GTCTGAGAAGACGCATGA
AGAAGTTCTTGCTTCAAC
AGTGAT
TGTTCAGTGGACTTGTGT
CTCTACAGGAGCTCAATC
TGTCCAACTCTGGAGTAA
CGTCAT

Symbol

ID

Homolog

LogFC

Adj.P.Val

purb

393519

5814

0.770581
474

0.020603
821

HP1BP3

106582993

50809

0.771653
819

0.015848
886

GSTA

414895

2939

0.777280
321

0.008451
964

NAMPT

106609207

10135

0.779894
571

0.014736
199

BIRC6

57448

57448

0.781748
265

0.024662
512

rpl13a

100194626

518

0.786400
228

0.012482
564

eef1a

30516

30516

0.786439
887

0.044714
292

ctp

31405

140735

0.787768
92

0.016222
032

AKR1B1

100009122

231

0.788373
79

0.009603
344

txn

106577817

7295

0.789085
569

0.005398
47

Sars

106572754

6301

0.793816
447

0.006403
992

FTH1

106598109

2495

0.794720
434

0.015848
886

tsku

325958

25987

0.797301
678

0.028370
322

186

sequence
AATATATCTCAGTCATTG
GTGCATTTTCATGGTTAC
TGTCCAGCGCCCAGTTCA
ACACCC
TATTATCTATGGAGGCTC
CGTGACTGGGGCCAACTG
CAAAGAGCTGGGCTCCCA
AAACGA
GCAGGACTGAACACAGCT
TGACAAATCCATACTGTT
GCTCATGTACTCAGAAAA
GACCAA
TTCTAATGTCTTGCCCAT
GTTGACATAATATGGAGA
ATGCAGGGGCTGAAAGCT
TGCAAG
AGATAAATGAAGCGTTCG
CTGCCCAGTCCATCGCTG
TAGTGAAAGAGCTTGGAC
TCAACC
CATAGCCTACACTAAATT
CACCATACTCATATCCAA
GACACAAGTTACAAGGTC
TTTCGT
TGATGAGCAAATATGAAG
GACTTGCAAACCTGTGCC
TTACACGTGATTCCAACC
TCTTGA
GAAACAGGAGGGCACAC
CGGAGGGCCTGTACCTCT
AACCTATAACCTCTGACC
TATAACC
GCTGATGAGTACATTTAC
AATTATGAACTGAAATGC
AGTGCACTGTATGAAGGA
AAATCA
CCTATGAGGATGTACTGT
ATGCCTGTAATGTACGTC
TCTGTGGAAAGAGACATT
ATGGCA
CAGTCAGAGAATTGTGGG
ATTTGTAGTCCCCAAGTT
GAAGAACGGAGTTAATCC
TTGTTT
GCCCTGAATTTCATTTTA
CTGTACAGAAGCTCTGTC
TCTCCTTCAAGTTGCATG
TTGAGT
AGGGTAGAGTGAAGCAG
CTAGTTCCCTGTTGACAT
GAATGTCATTTGAAAGTA
AAAATAT

Symbol

ID

Homolog

LogFC

Adj.P.Val

LIPA

3988

3988

0.799841
76

0.043579
051

tpi1

106569985

7167

0.800393
875

0.004586
348

GCN1L1

10985

10985

0.801257
411

0.016222
032

GLS

106586143

2744

0.801379
151

0.037360
686

Acat2

110460

39

0.801541
943

0.008451
964

COL18A1

80781

80781

0.801826
072

0.015848
886

Xylb

316067

9942

0.810010
968

0.029782
842

Psmc1

117263

5700

0.810339
925

0.011666
504

LPL

4023

4023

0.812111
467

0.023977
504

MTMR6

106590584

9107

0.813305
675

0.016552
038

Psma6

29673

5687

0.813534
613

0.015848
886

S100-A5-Like

106563043

6276

0.814558
305

0.016222
032

NPM1

396203

4869

0.815809
382

0.015848
886

187

sequence
AATCTCAGTGGAGTGTAT
TCTTCTGTCTGCAACACA
CTGCTTTAACGCTACACG
GTTCAC
CGCTGCCAGAGCTATGCA
GTTAGTTAACCAATATGT
ATAAGAAGCCATACAATC
ATGACG
GTGACTGGTTTTAGTTGT
GGGATTCTATGTGAGACT
ATAAAAGGGGATTAAAG
AATAGTT
CCAGTGGCCCCTTTTCGG
CCCTCTGCTTTGCCTCAA
CGTTTGGCTGCAACATAA
TTTAGG
GCTGGTGGAAGCATTTGG
TGTATCTGTACTGAGTTT
GAGGCCAGCACACAAAT
AAACAGT
GTGTTTATGGGAAGCTTC
ATTCTACTCCATGTGGCA
TAGAGTAGGGGTAAAGG
GATATGG
CACTAACAGACACTCATT
CTAAGCAATGGACAATCC
CCAAAGTCACTATTTTTA
TATGAT
ATCAGGTCAGCTTTATTC
TGGTATTTCTATCTACAA
CATTCAGTAAATTGCCCC
CTCCCG
CACATAGATACTAGTCAT
GCTGGTGTAGTCTATAGC
TGAGCTGGTTAAACTGTA
GTAGGG
TGGAGGAGGCTGAGAAG
GCGGCTGATGAGTCTGAG
AGAGGCATGAAGGTCATT
GAGAACA
GGCACCTGATGGCTATTT
TTCTGTGAAATGAAAATG
CTGCCTAATAAAATTCTT
TTTGCA
ATCATCTTATGTGGCCAA
AGCGTTAGCTGTCTGAGG
TTGGGAGGACTGGTTATT
TATCCT
GGCCACAAAAGCCAAAT
GAATTCCTGCTCCAGACA
TCCAGCAACAACAAGGC
GTGTCACC

Symbol

ID

Homolog

LogFC

Adj.P.Val

Cox10

70383

1352

0.815929
82

0.039671
969

Myl6

362816

4637

0.815930
992

0.015848
886

VCP

507345

7415

0.816907
055

0.015848
886

PSMD11

5717

5717

0.818061
614

0.029827
65

PSMD3

5709

5709

0.819562
874

0.002352
803

PGAM1

642969

5223

0.821243
378

0.025645
759

C3orf54

389119

389119

0.822653
077

0.003807
705

PSMD7

5713

5713

0.822681
163

0.003454
052

TRIM16

106595825

10626

0.830032
609

0.032904
065

acta1

779129

58

0.833929
264

0.018083
887

SAFB2

9667

9667

0.836853
859

0.009603
344

TMEM245

106573629

23731

0.841484
808

0.012171
751

eef1a

30516

1915

0.841543
635

0.021816
822

188

sequence
TGAACATTTGTGAACCTG
TGGCAAACGCATGCTGTC
GTGTACAGATAAATTGTG
AGATTG
TTGGCTGCACTTCCCAAG
AGGAGCAGGAAATAAAC
TGGTTATGCTCGTATCTA
TCCCAAA
AAGAAAATACGAGAGGT
TACGACAAAGGCCAAAG
CTCAAGGGATCCAGGGG
AACTTCACT
CCACACGTATTCAGGAGA
ATTTCAAGGTTTTTGACTT
TGTGTTGAGCGACGAGGA
AATGA
GACATGTCCAATACCTTT
TTTTGATAGAGCACAGGT
TAAACTGGAACTTAGTTA
ATATTC
TACACATTCTCTTTTGTAC
CCAAAACTCCTCGTGCTG
AGGATGAATCGTGTCTGT
GTGAG
CTGGTAGTGCTTGGTGTC
TCAATGTTATTATGGTGC
GCAATAAATAAATGCTTT
TGTATG
AACAGCAGCTACTTTGTT
GAATGGATCCCCAACAAC
GTCAAGACTGCAGTCTGT
GACATT
AGGAGGGCACACCGGAG
GGCCTGTACCTCTAACCT
ATAACCTCTGACCTATAA
CCCCTGA
TTCCTACAGGAACGTCTT
CACCGTGTGGACGCTGGG
ACGCTTCTCTAACCTCTA
CCCCTA
CCAAGTCTATCGCCACCA
TACTGGAGGTTCTGCATG
ATCTGTAGATGGAGAACA
TCTTAT
ATAGCATGCACTGTATGC
CAGGATCATCTCAATCGC
CTTTTAATAAAGCTTTTTC
TGTCG
GGACTACAGCCAAGAAG
TGTTTTGTTTTTACTGCAT
GCTGACCTTTGCACTTCA
TCCTTC

Symbol

ID

Ewsr1

14030

HABP4

22927

zgc:85644

AKR1B1

Homolog

LogFC

Adj.P.Val

0.845399
912

0.008451
964

22927

0.846427
333

0.005398
47

406605

127281

0.847683
072

0.019139
792

100009122

231

0.847804
543

0.019139
792

NA

0.851458
399

0.005398
47

Gsta4

300850

47

0.854412
422

0.006413
005

mcm4-B

397843

NA

0.854762
058

0.015381
165

TUBB2C

10383

10383

0.854817
363

0.013586
284

Psmc1

117263

5700

0.854921
334

0.011148
393

Iss

106581851

4047

0.856385
233

0.015221
299

AGL

100009066

178

0.859302
059

0.031615
223

PPA1

280701

5464

0.862808
898

0.005398
47

hbb

100196877

2173

0.863210
125

0.022209
236

189

sequence
TTTAGCCCACCTCTAGAG
AAAGCTGTGGGATAGTCT
ACTGCTTCTTGCCTTGAA
GAATGA
ATATCACTACTTGCCCTA
TCTTACTTGCTCTGTGTTC
TTGTGCAAGGTGTGCATT
TCCAC
AAATAGCTTAGCAACATG
TACCTTCCTTTCCCCACGC
AGTGTTTAGCTGTGGGCT
AGTGT
GCACTTTGTATCTAGTCT
CCCCATTTGAAGGTGTCA
TAAGTATTTTGACAATTT
CACTTA
GGACAGCTAGAATTACAG
TACATTTCAAGAGAACAA
TGGTGAAGAGCAGTAGCC
CACCTC
CTATCCATATGATCGCGT
GTCTAACTTTCTCTGCTGT
TGTACCTGTACCATATTT
AACTC
CCACATAAATGTATTACA
CCATCTCTTTCAGCCTCC
ACAATAACTGATCTAGGG
TCAGCC
TGTGGTCATGTTAACCAC
CCCAGTTTTGTATTTGTG
AACTCAATGTCCCAATAA
ATAATT
TCATCCTGGTCAATGGGG
ACTGCCTTTTTCTGTGCTG
CTTTGTTCCTCTTTAAGAA
AAAA
GGGCGACGACCGTGGGA
ATAAAGGTTACCTAATCA
TGACCGACGAGTGGTTCT
CTGAATA
CATTCAAAGCTCTGCTGC
TTCAGGAAACACTTTCTG
TTAGGACTTCCAAGGAAT
GAGTAC
CTGTTTTTCTCATTGAAG
AATGCTTGGATTTTGGGT
CAAACTACTTTCTAGCCG
CTGCAT
GTATGCTGACCGTTGCAC
TTCATCCTTCCAAATGTTT
TATGACATGGGCTGGAAA
TCTTT

Symbol

ID

Homolog

LogFC

Adj.P.Val

C14orf1

11161

11161

0.863692
935

0.015848
886

COX7A2L

540225

9167

0.865049
314

0.021640
089

FLNA

2316

2316

0.869249
622

0.009602
899

L3mbtl2

106586909

83746

0.879157
74

0.005454
855

tdx

100196357

5052

0.883327
193

0.030908
018

NCOA4

8031

8031

0.883564
489

0.020283
573

Psmd2

21762

5708

0.890904
236

0.008785
24

pcna

106585071

5111

0.893105
758

0.024378
221

ctp

31405

140735

0.894250
961

0.009685
853

BLMH

395996

642

0.897433
416

0.000755
5

Txnrd3

232223

114112

0.902460
671

0.047862
554

APOA1BP

128240

128240

0.909694
846

0.015848
886

FABP7

396246

2173

0.910386
323

0.042558
662

190

sequence
TTTGTGTGCTTGAGTTCGT
GTCGATCCAAAATACGAA
TGTACATTTATCCTTTATC
ACAA
GTCAGACATGTTCCTCAT
GCAATTTATTTCACTCAA
GGTTGTGGAAACATGTAT
TTTGTC
GTGCACTACAGAAGTTCA
AAAGAGAAGACTGACCT
AAAATGGTCAAACACAGT
ATAGATG
TCATCCTGGTCAATGGGG
ACTGCCTTTTTCTGTGCTG
CTTTGTTCCTCTTTAAGAA
AAAA
CCGCTTGCTGTCACAGGA
GCTTACTATTGTGTTGTA
ACAGACCGCCAATAAAG
CACCATC
GACTTTATTTGTAGCACA
TTTTTGCATCACTCTGAC
ATGCGACTTTGACTTCAT
GACATC
TTCTGTTTTTCTCATTGAA
GAATGCTTGGATTTTGGG
TCAAACTACTTTCTAGCC
GCTGC
CATTGAGGTGTTTTTGTT
GACAACACTATTGTATTT
TGGAGTCAAGGCATCTTG
TAAAAC
AGGAGCACCATTTCCCTA
CGAGTCTTCAAGAAGCTG
TGTTTGTATGCTGAAGAC
CCCACA
GATTCATTGTATTCTGTG
AATGGAAAGGTTCGATTA
CACTTTCTTAAGCAACTC
CAATTC
TTTCAGAAGGCAAATGCT
CTGAGCTTGAGGAAGAGT
TGAAAACTGTGACCAACA
ACCTGA
GACATCAAGCGTATGTTG
CCAACTATAGAGACGCTG
AATGGCTTTCTGAGCGAC
GGTTCT
TGTCTGTATATATGTTCTG
TGGTCATGTTCACCACTC
AAACTTTTTATTCTTGAA
CCCCA

Symbol

ID

Homolog

LogFC

Adj.P.Val

tmem256

106608719

254863

0.910438
87

0.033779
018

REEP1

106597482

65055

0.914091
023

0.019781
874

HSPD1

424059

3329

0.919826
249

0.023977
504

ctp

31405

140735

0.920977
833

0.002777
921

txn

106577817

NA

0.922801
401

0.009778
096

Pax8

106566842

NA

0.923928
055

0.001059
137

APOA1BP

128240

128240

0.924013
859

0.008174
523

FTH1

106596146

2495

0.928367
56

0.017589
747

MSH6

2956

2956

0.941558
541

0.015119
738

CNPY2

10330

10330

0.945154
768

0.006083
552

779129

58

0.945378
051

0.026020
803

EIF4G1

1981

1981

0.946018
742

0.003470
802

pcna

106580445

5111

0.946726
303

0.014599
969

191

sequence
GGACAGCTAGAATTACAG
TACATTTCAAGAGAACAA
TGGTGAAGAGCAGTAGCC
TACCTC
TTAGGCAGATGCTCTTGC
TTTAAATAACAGGTGGCA
AACAACAGGCCCCCGAAT
ACAAGT
CTTCCATGGTTTTACCAC
AGGGTTTTATTCTCTGTTT
AGGGAATCAACTAAGCA
CTTAGG
AAGAACGGCCACATATA
GTTTCAGCCATGCTGGGA
TTGTGGATCCTTTGCTTGT
AGAACT
TATTGGCTAGAGCGAGCT
TAATGTGACTACACTGTA
AAACTGAAGGACGTGACT
GGGCTA
CACCATTTCCCTACGAGT
CTTCAAGAAGCTGTGTTT
GTATGCTGAAGACCCCAC
AGCAGC
ACAGTCATCGCCAGGCTT
TGGCAGACCCCACTATGA
TGCTGCACTTGAAAAGGG
AGAATC
TCTGAGATTCAGAATGCT
GATTAGCTGCGCTTCCCA
AAAGGCACCCTGTTCCCT
TTATAG
GTCCATGTCGGGGAACAA
GCCCGCCAACGCCGTCCT
GCACAAAGTGCTGAAAC
AGCTGGA
ATGAGAAATTGCACAAA
GACATTGATGCCAAGGAT
GAGCAGATAGCCCAGCTG
AAGACTG
GCCCTAAACTTCAAGTGG
ATGTAATCAAGACTTTCT
TATCATGTCATGAATCAA
TTAGTC
GTTCTCTGTCTCTATGTAA
TTCTCCTCAGTATCATTG
ATCAGCTTGTAGGCTCGG
CCCTA
AAATACTGTTATGTGAAA
TCTATGGTGTTCAGGAGG
GCACAATGGAGTAAAAG
GCTTTGC

Symbol

ID

Homolog

LogFC

Adj.P.Val

tdx

100196357

5052

0.950286
901

0.017589
747

IGFBP4

106564953

3487

0.950960
042

0.015381
165

aacs

106585920

65985

0.956592
149

0.004760
345

EIF4E

1977

1977

0.959599
398

0.029827
65

LIPG

9388

9388

0.966244
02

0.005398
47

MSH6

2956

2956

0.993848
827

0.036017
564

Aifm1

83533

9131

0.994671
566

0.012311
478

C21orf33

8209

8209

1.001229
629

0.014662
493

Chd4

107932

1108

1.003050
501

0.034959
473

GMNN

51053

51053

1.007643
421

0.036017
564

eif4e

100194533

1977

1.015397
476

0.001343
976

TRIM25

7706

7706

1.016295
016

0.013728
044

FASN

106589612

2194

1.030813
975

0.001568
859

192

sequence
GACTGGGAGTTCCTGTGG
CTGGAACCTGCTATCAGG
CAGAATGGGATAATTATG
TCCCTA
GTCACCTCTGCTATTCCT
GTCATTTCTTGTCTGTACA
GAAACATGTCAATAAAAT
TTCTT
GTGTATGCCAACCGCCTC
AAGTTCTACTTCAATGGT
GAGTTTGCTGGCTTTGAC
GAGACC
GTCAATAAGACTTGCATA
GCATTTTAGGATTATGGA
ATTTGTCCCCACGAAACT
ATGTCC
AGAGTGACTTCAAGCATC
CATTCCACAGCAGTTGCC
ATTGGAGAGGACAAACC
CTGTCAC
ACAGTGTTGGCGTGAATG
GGTTTAGATTTAGGTTAT
TTTGTTGTTCTGTGGCCA
GGAGGA
GTGCAGTTAATGCAATTC
TCTTCCCAAGATTACCAG
TAGGGATACAGATGAGTG
TCTCCC
GTTGAGAAACACAAAAC
AGCCAAATACGGGGTGTC
CAATATTTGATAAAAAAT
GTAGCAT
CAGGTCGAAAGTTTATTC
AACAGGCACCTTTATGAC
TTGTTGTGCTGTAAGAAG
ACATAC
TGGACGACAGAGTGACTT
CAAGCATCCATTCCACAG
CAGTTGCCATTGGAGAGG
ACAAAC
GAATGCCCACAAGAGGG
CAGAGTCTGTCTATGGTT
GGTGCTTCACTTACCAGC
GTGTCAA
TGCTGGGAAGAACTTCAG
GAACCCCCTGGCTTAACT
GAGTGCAATGGGAACAT
ACTCATG
CTAGGAGATTTGAGGAGA
CTTTTAAAAACTGAACTT
GGGCACATGATCAATCAT
TTCAGA

Symbol

ID

Homolog

LogFC

Adj.P.Val

PEBP1

431786

5037

1.047474
154

0.000355
786

TUBB8

100136483

347688

1.050854
041

0.030881
834

PSPH

100196629

5723

1.058541
78

0.008174
523

Ddt

29318

1652

1.067003
865

0.000516
148

Ddt

29318

1652

1.068516
652

0.000868
396

PREP

106607556

5550

1.082424
393

0.016222
032

Acly

104112

47

1.083047
253

0.002760
451

PLEKHG6

106565100

55200

1.090362
323

0.036115
975

MRPL27

510058

51264

1.094254
595

0.014662
493

Ddt

29318

1652

1.124738
811

0.004760
345

ELOVL4

106613536

6785

1.125729
975

0.001074
997

ENOA

106565361

2023

1.132826
15

0.008174
523

Cotl1

72042

23406

1.136665
01

0.005064
483

193

sequence
ATTCACTCCACCTGTCAA
TGCAGGCAGCGTACTGTA
ATTTCGGCACATTGACCC
CAGTAC
ATTTTGATTGTTTGGTGCC
AATATTAAGCCCTGGCTA
GAAGAGGATCTACTTACA
CTCCC
GTCTTTGCTGGGAAGAAC
TTCAGGAACCCCCTGGCT
TAACTGAGTGCAATGGGA
ACATAC
CTTCTGCTCTGAGGTACA
GTATGTCTCGTCTGGAGA
AGGCCATTGTATCCATGG
TGGAGG
TCCCAAGGATCCAGGCTA
CTCCTGTGAGATGTTGGA
GTCGTCAGTGCAGACACA
CCAGTA
AACAAGCCTTTACGTGCA
TAAATCTGTGACAATTAC
AGTAGGTAAGCTGACCTG
CGGAGC
TTGTAAAGATCCATGTGA
ACATGAATGAACACCCAA
GGAAGGAATAAAGCTCTC
ATACAA
CAATTAAGGGCCTAACTG
TCAACTCTAGGTCCATAG
GAGTAAAATGGGTAACTA
CAGTTG
GCATTCACATGATCTTTC
ACTGCATTGTGACTTCTG
TGTACCATAGTAGTTTGT
GTATAT
CATTCCCTATGAAATTGG
TTGTACCATCTTGAGCCT
AGACTTAGTACTTAAATG
TAAGAA

Symbol

ID

Homolog

LogFC

Adj.P.Val

HSPA4

474680

3308

1.137640
818

0.005064
483

TPM1

106573503

7168

1.216621
743

0.001029
899

ENOA

106565361

2023

1.226147
624

0.000274
396

S100-A5-Like

106574877

6276

1.287073
588

0.000274
396

ENOSF1

100195487

55556

1.385529
848

2.43E-05

DCN

100034120

1634

1.400917
231

0.001897
137

Acta2

81633

59

1.481770
853

0.023793
58

106600765

2495

1.640764
3

0.008857
288

LIPG

9388

9388

1.687470
531

4.99E-05

metB

100136581

569445

2.379641
096

0.000166
653
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