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ABSTRACT: The Missouri River sturgeon iridovirus (MRSIV) is an important factor contributing to
losses during the hatchery rearing of juvenile pallid Scaphirhynchus albus and shovelnose S. plato-
rynchus sturgeon. As the virus has not been isolated in cell culture, current detection procedures rely
upon a combination of light and electron microscopy. Detection of characteristic virus-infected cells
in the integument, usually of the fins, in hematoxylin and eosin (H&E)-stained tissue sections pro-
vides a presumptive finding. Confirmation requires observation by electron microscopy of character-
istic doubly enveloped hexagonal virions of the appropriate size in the host cell cytoplasm. To
improve these diagnostic procedures, a conventional polymerase chain reduction (PCR) assay was
developed as a sensitive and specific method for detection of MRSIV DNA as found in numerous tis-
sues of both naturally and experimentally infected pallid and shovelnose sturgeon. Sequences of
amplicons obtained from testing of wild-caught shovelnose sturgeon and juvenile pallid sturgeon
during hatchery outbreaks were identical, suggesting that the viruses found in both sturgeon are
similar or closely related. In addition, a TagMan PCR was developed that allowed estimates of the
concentrations of MRSIV DNA present in the tissues of pallid and shovelnose sturgeon during acute
and persistent infection. These new PCR assays are improved methods to detect MRSIV, but equally
importantly, they provide insights into to the biology of the agent for more effective management of

viral diseases in captive and wild Missouri River sturgeon populations.
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INTRODUCTION

Large double-stranded DNA viruses, commonly
referred to as iridoviruses, have been found as the
cause of serious infections of the integument with
resultant mortality of several species of sturgeon. The
white sturgeon iridovirus (WSIV) was the first to be
described as associated with losses among hatchery-
reared juvenile white sturgeon Acipenser transmon-
tanus in California, USA (Hedrick et al. 1990). The
virus has also been observed among hatchery and wild
white sturgeon found in the Pacific Northwest of the
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United States and Canada (LaPatra et al. 1994, Raverty
et al. 2003). Outbreaks due to WSIV continue among
juvenile white sturgeon in hatcheries that utilize both
domestic and wild broodstocks, likely due to either
vertical transmission and/or stressors in the hatchery
environment (LaPatra et al. 1996, Georgiadis et al.
2000, 2001, Drennan et al. 2005, 2006). The principal
site of virus infection is the skin, although the epithe-
lium of the gills also contains numerous hypertrophied
virus-infected cells with a characteristic amphophilic
to basophilic appearance in hematoxylin and eosin
(H&E)-stained tissue sections (Hedrick et al. 1990).
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These enlarged cells have been shown to contain
numerous cytoplasmic virions (Hedrick et al. 1990,
Watson et al. 1998). The isolation of WSIV with cell
lines developed from host origin has allowed further
virus characterization and development of improved
diagnostic methods, including a PCR test (Hedrick et
al. 1991, 1992, Kwak et al. 2006). The presence of
viruses similar to WSIV has also been reported as the
cause of serious infections of the integument of Russian
sturgeon A. guldenstadi, lake sturgeon A. fluvescens,
and Italian sturgeon A. naccarii (Adkison et al. 1998,
authors' unpubl. data) and most recently from pallid
Scaphirhynchus albus and shovelnose S. platorhyn-
chus sturgeon (Kurobe et al. in press). Unlike WSIV,
none of these viruses have been isolated in cell culture,
even when newly developed cell lines of host origin
have been employed (authors’ unpubl. data).

Compromised habitats and overfishing have re-
sulted in declines among many species of sturgeon
throughout their holarctic distribution (Birstein 1993).
The pallid and shovelnose sturgeon are 2 species
indigenous to the Missouri and Mississippi Rivers and
their tributaries in the USA (Duffy et al. 1996, Bemis &
Kynard 1997, Kapuscinski 2002). Pallid sturgeon have
been the most impacted and are currently listed as
endangered (Braaten et al. 2009), and a restoration
program involving supplementation of wild popula-
tions with hatchery-reared fish has been underway
since 1998. Investigations of mortality experienced by
juvenile pallid and shovelnose sturgeon have identi-
fied an iridovirus, designated as the Missouri River
sturgeon iridovirus (MRSIV), as a significant pathogen
(Kurobe et al. in press). Despite the inability to isolate
the virus in cell culture, many characteristics of the
agent and the disease, including routes of transmission
and the establishment of a carrier state, have been
recently described (Kurobe et al. in press).

In the present study, we report the development of
new PCR assays to detect MRSIV DNA in experimen-
tally and naturally infected populations of Missouri

River sturgeon. The initial application of these new
conventional and quantitative PCR tests has provided
insights into key target tissues and levels of virus pre-
sent during acute and or persistent virus infections of
pallid and shovelnose sturgeon. These new tests will di-
rectly assist management strategies aimed at minimiz-
ing the potential disease impacts of the MRSIV when
using hatchery-reared juveniles for the supplementa-
tion or recovery of threatened or endangered popula-
tions of pallid sturgeon in the Missouri River drainage.

MATERIALS AND METHODS

Initial cloning of MRSIV genomic DNA fragments.
Pectoral fin samples from pallid sturgeon with MRSIV
infections as confirmed by histologic and electron
microscopic exams were obtained from the Gavins
Point National Fish Hatchery (NFH), Yankton, South
Dakota, USA, in 2001 (Kurobe et al. in press). Genomic
DNA was extracted from a pool of 3 pectoral fins using
a QIAamp DNA Mini kit according to the manufac-
turer's instructions (Qiagen). Approximately 300 ng of
the genomic DNA was then used for PCR with degen-
erate primers based upon conserved amino acid
sequence motifs for the viral DNA polymerase (Knopf
1998) for members of the Herpesviridae (GenBank
accession #AAA66438), Phycodnaviridae (GenBank
accession #AAA88827), and Iridoviridae (GenBank
accession #BAA28669). The conserved amino acid
motifs SLYPSII and YGDTD and the respective DNA
sequence were utilized as a target for the degenerate
PCR using the forward primer dDPf and reverse primer
dDPr (Table 1). The PCR cocktail for a reaction mixture
of 50 pl included: 200 uM of dNTPs, 1.5 mM of MgCl,,
40 pmol of each primer, 1 unit Platinum® Tag DNA
polymerase (Invitrogen) and 5 pl of 10x buffer. The
cycling conditions were as follows: initial denaturation
step of 95°C for 5 min, then 40 cycles of 95°C for 30 s,
37°C for 30 s, and 72°C for 1 min, followed by a final

Table 1. Degenerate primers developed for the amplification of the viral DNA polymerase sequence and specific primers de-
signed to a putative serpin gene sequence found in genomic DNA of the Missouri River sturgeon iridovirus (MRSIV). The MRSIV
serpin gene was unintentionally obtained by the primer sets designed for DNA polymerase genes based on an alignment of Her-
pesviridae (GenBank accession #AAA66438), Phycodnaviridae (accession #AAA88827), and Iridoviridae (accession #BAA28669)

Target Primer Sequence (5' to 3') Product size (bp)

MRSIV polymerase gene dDPf CTG TAT AYC CBA GBA THA TC 1191
dDPr ATR CCS CTR TGS CTG AG

MRSIV serpin gene MRSIV1043F GTC CAC TGT TGA TAC TAA GCC TGC 340
MRSIV1382R TAC CTC TAC ATT TCC ACT CCA CC

Sturgeon gonadotropin I Gnd326F ATG GCATCG GTT CTG TTT TG ~390 (cDNA)
Gnd327R CTA GTC CTC CTG GCT GAA GC
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extension step at 72°C for 5 min, then held at 4°C. The
PCR products were separated and then excised from
2% agarose gels and DNA recovered with a QIAEX II
gel extraction kit (Qiagen). The extracted DNA was
ligated into pGEM-T Easy vector (Promega Bio-
Sciences) for transformation of Escherichia coli DH5o
competent cells (Invitrogen). The plasmid containing
the inserted fragment was extracted using QIAprep
Spin Mini Kit (Qiagen) according to the manufacturer's
instructions. The sequence of the inserted fragment
was determined using M13 forward and reverse
primers by fluorescently labeled dideoxy terminator
sequencing using an ABI 377 automated DNA se-
quencer (Applied Biosciences) from 3 clones carrying
the suspected MRSIV genomic DNA fragment. Evi-
dence that the putative MRSIV genomic fragment was
of viral rather than host origin was deduced by the
inability to amplify fragment-specific sequences from
uninfected pallid and shovelnose sturgeon tissues as
taken directly from fish (pectoral fins) or cell lines
established from each fish species.

Development of conventional PCR assay for MRSIV.
Specific primer sets for the MRSIV diagnostic PCR
were designed with the assistance of Amplify version
1.2 (http://engels.genetics.wisc.edu/amplify/) from the
MRSIV genomic fragment. A range of concentrations
of the PCR reagents and annealing temperatures were
examined for optimum amplification. These included:
primer concentrations of 10, 20, 30, or 40 pmol; MgCl,
at either 0.5, 1.5, 2.0, or 2.5 mM; and Platinum® Taq
polymerase at 0.5, 1.0, 1.25, or 1.5 units; PCR cycles of
35 or 40; and annealing temperatures of 50, 55, 60, or
65°C. Following the PCR, 10 pl of the reaction mixture
was examined by electrophoresis for 30 min on a 2%
agarose gel. The gel was stained with a 0.1 % ethidium
bromide solution and then observed with a UV transil-
luminator.

The detection limit (analytic sensitivity) of the opti-
mized MRSIV diagnostic PCR assay was examined
using 10-fold serial dilutions of plasmid DNA harbor-
ing the target sequence representing 1 x 10°to 1 x 107*
copies per reaction. The plasmid with the MRSIV
genomic DNA fragment was obtained by amplification
of the target sequence from DNA extracted from the
pectoral fin of a pallid sturgeon naturally infected with
MRSIV. The forward primer, MRSIV1043, and reverse
primer, MRSIV1382, were used to amplify a 340 bp
fragment of the putative MRSIV genomic region
(Table 1). The PCR cocktail (50 pl) contained 200 pM of
dNTPs, 1.5 mM of MgCl,, 40 pmol of each primer,
1 unit Platinum® Taq DNA polymerase, and 10x buffer
at 1/10 the volume. The PCR cycling conditions were
as follows: initial denaturation step of 95°C for 5 min,
then 40 cycles of 95°C for 30 s, 60°C for 30 s, and 72°C
for 30 s, followed by a final extension step at 72°C for

5 min, and then held at 4°C. The PCR product was
cloned into a vector and sequenced as described in
‘Initial cloning of MRSIV genomic DNA fragments'.
The copy number of the plasmid DNA was calculated
according to the molecular weight and the concentra-
tion converted into the copy number based on Avo-
gadro's number (1 mol = 6.022 x 10%® molecules). To
test the influence of sturgeon genomic DNA on the
PCR, 300 ng of genomic DNA extracted from a cell line
established from pallid sturgeon gills (authors’' unpubl.
data) was added to the cocktail for each PCR.

The analytic specificity of the PCR was examined
with DNA from WSIV (Kwak et al. 2006), a Frog virus 3
(FV-3)-like ranavirus isolated from pallid sturgeon at a
hatchery in Missouri, USA (authors’ unpubl. data) and
3 herpesviruses, the shortnose sturgeon herpesvirus
(SSHV) from shortnose sturgeon Acipenser breviro-
strum, Acipenserid herpesvirus 1 (AciHV1) and
AciHV2 both from white sturgeon (Kurobe et al. 2008).
Approximately 10 ng of the genomic DNA of WSIV,
pallid sturgeon ranavirus, AciHV1 and 2 were ob-
tained from supernatant of viral infected cells was used
for evaluation of the optimized PCR assay for MRSIV.

Development of TagMan PCR for MRSIV. The
primers and the probe for the MRSIV TagMan PCR
assay were designed using Primer Express version 3.0
software (Applied Biosystems) based on sequence of
the MRSIV genomic fragment (GenBank accession
#HQ176497) obtained in the present study (Table 2).
The target sequence chosen for the primers and the
probe was a conserved region identified from 5 isolates
of MRSIV (DNA from infected fish tissues) collected
from captive pallid sturgeon and wild shovelnose stur-
geon from the Missouri River. The probe was labeled
with the fluorescent reporter FAM (6-carboxy-fluores-
cein) at the 5' end and with the minor groove binding
(MGB) quencher at the 3' end. The components of the
PCR cocktail are listed in Table 3. The reaction cocktail
was placed in MicroAmp fast optical 48-well reaction
plates and sealed with MicroAmp 48-well optical
adhesive film (Applied Biosystems). The TagMan PCR
assays were run using a StepOne Real-Time PCR sys-
tem (Applied Biosystems). The PCR program was
determined according to the optimal condition for the
primers and the probe as designed by Primer Express
version 3.0 software: 50°C for 2 min, 95°C for 10 min,
40 cycles of 95°C for 15 s, and 60°C for 60 s.

The analytical sensitivity of the MRSIV TaqgMan PCR
assay was examined with serial dilutions of the plas-
mid DNA used for development of the conventional
assay as described in ‘Development of conventional
PCR assay for MRSIV' (1 x 107 through 10 copies per
reaction). Water was added as a negative control.
Amplification efficiency and R? were calculated by
StepOne software version 2.0 (Applied Biosystems).
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Table 2. Primers and probes for the TagMan PCR assay for detection of Missouri River sturgeon iridovirus (MRSIV) and the host
gene gonadotropin I from pallid and shovelnose sturgeon

Sturgeon gonadotropin I StgGnd-880f
StgGnd-937r

StgGnd-899p Probe

Target Primer/Probe Use Sequence (5' to 3')

MRSIV MRSIV-251f Forward primer CCATGC TAGTGC GGCAGAT
MRSIV-319r Reverse primer CCA AAT GAT TCA AGA TAA TAA GTC CAA GA
MRSIV-271p Probe AAG CGT ATATTG TCC TCT G

Forward primer
Reverse primer

TGT GGC GCT CAG CTG TGA
AGG GTG CCA CAGTCA GTGTAGTC
TGT GGC CAG TGT GCC A

Table 3. Components of TagqMan PCR assays for Missouri
River sturgeon iridovirus serpin and sturgeon gonadotropin I
gene. UNG: uracil-N-glycosylase

Components Volume per reaction
(12l
2x TagMan Universal Master 6 pl
Mix with UNG*

Primers (20 pM) 0.24 pl each
(400 nM each)

Probe (10 pM) 0.096 nl

(80 nM)

Water 0.65 ul

DNA sample® 5nul

“Applied Biosystems

bConcentration of genomic DNA less than 300 ng pl™*

The amplification efficiency and threshold cycle (Cy)
values were compared with or without the addition of
genomic DNA (300 ng per reaction) extracted from
uninfected fish to evaluate the potential influence of
fish DNA in the reaction.

Development of TagMan PCR assay for the fish
gene gonadotropin I. A second TagMan PCR assay
was developed for a host (pallid and shovelnose stur-
geon) gene to allow for calculations of the number of
host cells present in each assay (Gilad et al. 2004).
Cloning of the host genes from pallid and shovelnose
sturgeon were conducted as follows: A primer set for
conventional PCR, forward primer, Gnd326F, and
reverse primer, Gnd327R (Table 1), was designed for
the gonadotropin I  subunit gene from Amur sturgeon
Acipenser schrenckii (GenBank accession #AY575920).
PCR was performed with genomic DNA extracted from
cell lines derived from pallid and shovelnose sturgeon
gills (authors' unpubl. data) as template DNA. The
PCR cycling conditions were as follows: initial denatu-
ration step of 95°C for 5 min, then 30 cycles of 95°C for
30 s, 55°C for 30 s, and 72°C for 1 min, followed by a
final extension step at 72°C for 5 min, and then held at
4°C. Components of the reaction cocktail and the pro-
cedure for cloning PCR products were the same as

described in ‘Initial cloning of MRSIV genomic DNA
fragments'. The amplified DNA fragments were ana-
lyzed by similarity search with the BLASTN program
(GenBank), and alignments were generated using
ClustalW program version 1.83 (Thompson et al. 1994).

The primers and the probe for the TagMan PCR
assay for a region of the open reading frame for the
gonadotropin I gene were designed using Primer
Express version 3.0 software as indicated in Table 2.
The probe, StgGnd-899p, was labeled with the fluores-
cent reporter FAM at the 5' end and with the MGB
quencher at the 3' end. A standard curve was gener-
ated by running the TagMan PCR assay on serial dilu-
tions of plasmid DNA harboring the target sequence
amplified from pallid sturgeon with the forward
primer, Gnd-326F, and reverse primer, Gnd-327R
(Table 1). Conditions for the reaction were identical to
those described for the TagMan assay for the genomic
fragment of MRSIV.

Southern blotting was conducted to demonstrate the
copy number of the gonadotropin I gene for pallid and
shovelnose sturgeon. Approximately 20 ng of genomic
DNA extracted from pallid and shovelnose sturgeon
cell lines was digested with 60 U of Sacl restriction
enzyme overnight at 37°C. Digested DNA was sepa-
rated on a 0.8% gel and then transferred to a nylon
membrane (Roche). The pallid sturgeon gonadotropin I
B subunit gene fragment (approximately 600 bp, no
Sacl site) was labeled with digoxigenin (DIG) using
DIG high prime DNA labeling and Detection Starter
Kit I (Roche) and then used for hybridization. The
hybridization reaction was performed according to the
manufacturer's instructions.

Examination of sturgeon with experimental MRSIV
infections. Samples from prior experimental exposures
of juvenile pallid sturgeon were used as known virus-
positive controls for evaluations of the new MRSIV
PCR assays. All the exposure studies were conducted
prior to the development of the TagMan PCR, and thus
the concentrations of viral DNA in the virus inocula
were not determined. The new conventional PCR was
compared to histologic detection of MRSIV for experi-
mentally infected sturgeon at 2 mo (Study 1) and 5 mo
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(Study 2) post virus exposure. In Study 3, we compared
experimentally infected fish for agreement between
the conventional and TagMan PCR assays for detec-
tion of MRSIV DNA in the pectoral fins of sturgeon
during the peak period of mortality.

Study 1: Healthy juvenile pallid sturgeon were ob-
tained from the Gavins Point NFH in 2005. Fifty fish
(10 g, n=100) were placed into each of two 1301 aquaria
receiving 13°C well water at 0.8 1 min~!. The method for
experimental MRSIV exposures of pallid sturgeon by
Kurobe et al. (in press) was employed. Briefly, water flow
to aquaria was arrested, and a homogenate prepared
from the fins of MRSIV-infected pallid sturgeon was
added to one aquaria for a 1 h static exposure. Fish in the
second aquarium served as controls and received only
minimal essential media (MEM), the medium used in the
homogenization of the MRSIV-infected sturgeon fins.
Ten fish from each of the virus-exposed and control
aquaria were randomly removed and euthanized with an
overdose of benzocaine (500 mg 1) at 2 mo post virus
exposure. A pectoral fin from each fish was placed into a
tube and held on ice for later DNA extraction. In addi-
tion, one of each of the paired fins (pectoral and pelvic),
the dorsal, anal and caudal fin, and a portion of the fleshy
edge of the operculum and the tip of the rostrum were
placed into a tube with 10 % neutral buffered formalin.
The fixed tissues were then processed by standard histo-
logical procedures for the preparation of H&E stained tis-
sue sections (Humason 1979). Fish tissues for this study
were collected using tubes labeled by a random number
generator, which allowed for blinding during the histo-
logical and PCR analyses. For histological analyses, the
number of characteristically enlarged and amphophilic-
stained cells present in each tissue was enumerated in 10
random microscope fields at a total magnification of
200x. A fish was considered positive if virus-infected
cells were found in the integument of any of the fins, op-
erculum, or rostrum (Kurobe et al. in press). For PCR
analyses, DNA from the pectoral fin was extracted using
a Qiagen DNA extraction kit (Qiagen) and the concen-
tration determined by spectrophotometer prior to a con-
ventional PCR to detect MRSIV DNA.

Study 2: A second experimental exposure following
methods described in Study 1 was conducted in 2006
with fish from the same lot of healthy pallid sturgeon
from Gavins Point NFH. The only variations from
Study 1 methods were fish weight (15 g) at the time of
virus exposure and the sampling time at 5 mo rather
than 2 mo post virus exposure.

Study 3: A third experimental exposure following
methods described in Study 1 and 2 was conducted in
2007 with healthy juvenile sturgeon (6.0 g, n = 200)
originating from the Garrison Dam NFH, Riverdale,
North Dakota, USA. Differences from Study 1 and 2
were source and numbers of fish (n = 100) in each of

the exposed and control treatments. An additional
variation from Study 1 and 2 was sampling focused on
fish dying (n = 44) in the virus-exposed treatment dur-
ing the peak mortality period at 53 to 58 d post virus
exposure. To serve as controls, an equal number of live
fish (n = 44) was sampled during the same time period
from the control aquarium. Concentrations of DNA as
extracted from the pectoral fin of each fish were
adjusted to approximately 300 ng pl™! for the TagMan
PCR assays for both MRSIV DNA and the sturgeon
gonadotropin I gene. The threshold value of the Taqg-
Man PCR was automatically determined by StepOne
software version 2.0 to obtain the highest possible cor-
relation coefficient (R?) for the standard curve. Host
cell copy numbers in each reaction were calculated by
dividing the raw copy number for the gonadotropin I
gene by 4 since pallid and shovelnose sturgeon are
diploid (Ludwig et al. 2001) and possess 2 copies of the
gonadotropin I gene per cell based on the results of
Southern hybridization in the present study. TagMan
reactions were performed in triplicate for each sample
and expressed as the mean copy number. The copy
number of MRSIV was expressed as equivalents per
1 x 10° host cells and per ug of host genomic DNA.

Examinations of sturgeon with naturally acquired
MRSIV infections. Wild adult shovelnose sturgeon
were captured from the same site on the Missouri River
near the towns of Virgelle and Loma, Montana, USA,
on October 6 (n = 20) and November 16 (n = 33), 2006,
respectively. The wild shovelnose ranged in size from
66 to 121 cm in fork length. A clip of 1 cm? was
removed from the pectoral fin of each fish. The tissue
was divided with approximately a 2/3 portion placed
into Davidson's fixative for standard histological pro-
cessing. The remaining portion of the pectoral fin was
placed into a tube with lysis buffer for subsequent
DNA extraction. On the second collection of 33 fish,
pectoral fins from 17 fish for DNA extraction were sent
to the Western Fisheries Research Center, US Geolog-
ical Survey, Seattle, Washington, USA, and 16 samples
were sent to our laboratory. After DNA extraction, the
samples were divided into equal portions, and one por-
tion was sent to the other laboratory such that both lab-
oratories had complete 33 fish sample sets. The sam-
ples in both laboratories were examined using the
conventional PCR test for MRSIV. Amplicons obtained
from 15 fish from the first collection were cloned and
sequenced for comparison with the known target
sequence from MRSIV from pallid sturgeon. H&E
tissue sections of the pectoral fins from all fish were
evaluated for the presence of MRSIV as described in
'Examination of sturgeon with experimental MRSIV
infections'.

Statistical analyses. The kappa statistic and its 95 %
confidence interval (Cohen 1960) was used to evalu-
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ate the level of agreement between the qualitative
outcomes obtained from histologic examination com-
pared to PCR detection of MRSIV in Study 1 and 2
and for comparisons of the conventional and TagMan
PCR for wild shovelnose sturgeon. The Pearson's
correlation coefficient (Rodgers & Nicewander 1988)
was calculated to measure the degree of depen-
dence or linear relationship between the 2 expres-
sions for viral DNA content (copy number per 10°
host cells and copy number per 1 png of host genomic
DNA) obtained from the TagMan PCR for detection
of MRSIV DNA in experimentally infected pallid
sturgeon (Study 3). Copy numbers of viral DNA for
each fish were logy, transformed for the normalized
assumption. The Student's t-test was performed to
compare the mean copy numbers of MRSIV DNA
between 2 collections of wild adult shovelnose
sturgeon.

RESULTS
Cloning of putative serpin gene of MRSIV

Although the initial target for PCR amplification with
degenerate primers was the viral DNA polymerase, the
MRSIV genomic fragment (1191 bp) obtained showed
most similarity (45 % deduced amino acid) to the serpin
gene of cattle (E-value: 1E-15). The fragment also con-
tained a region (205 bp) which does not show any sim-
ilarity to other DNA sequences deposited in the Gen-
Bank database.

Development of conventional PCR assay for MRSIV

Optimal amplification as assessed by band strength
in stained agarose gels was obtained using the follow-
ing parameters for the conventional PCR for MRSIV
DNA: The template used was 300 ng of DNA extracted
from fish tissue. Cycling conditions were 95°C for
3min, 95°C for 30 s, 65°C for 1 min, 72°C for 2 min, 39
cycles, 72°C for 7 min. Forward and reverse primer
were MRSIV1043F and MRSIV1382R, respectively
(Table 1). The size of amplicon was 340 bp, and the
components of the reaction cocktail are listed in
Table 4.

The analytical sensitivity of the conventional PCR
assay as determined by serial dilutions of plasmid DNA
was 1 copy of the target DNA as present in 300 ng of
fish genomic DNA (Fig. 1). Testing of the analytic
specificity of the conventional MRSIV PCR assay indi-
cated no evidence for amplification of DNA as
obtained from WSIV, a ranavirus from pallid sturgeon,
SSHV, AciHV1, or AciHV2 (Fig. 2).

Table 4. Components and their optimised concentrations for
the conventional PCR assay developed to amplify Missouri
River sturgeon iridovirus (MRSIV) DNA

Component Volume Final
concentration

5x PCR buffer 5ul 1x

10 mM dNTP mixture 1pl 0.2 mM each

50 mM MgCl, 1.5pul 1.5 mM

20 pM primer 2yl each 0.8 mM each

DNA polymerase® 0.25 ul 1.25U

DNA sample® 300 ng

Water Up to 50 pl

aplatinum® Taq DNA polymerase (Invitrogen)

PDNA extracted from fish tissue

TaqMan PCR for MRSIV and host gene

The primers and the probe designed for TagMan
PCR amplification of MRSIV and the sturgeon
gonadotropin I gene are listed in Table 2. The opti-
mized cycling conditions for both assays included a
holding step at 50°C for 2 min, initial denaturation of
95°C for 10 min, followed by 40 cycles of denaturation
at 95°C for 15 s and annealing extension at 60°C for
1 min. The components of the reaction mix are indi-
cated in Table 3. The analytic sensitivity of the new
TagMan PCR for MRSIV as determined with serial
dilutions of plasmid was at least 10 molecules of target
DNA as present in 300 ng of fish genomic DNA
(Fig. 3A). Testing of the analytical specificity for the
MRSIV TagMan PCR assay demonstrated no evidence
for amplification of DNA obtained from white sturgeon
cell cultures infected with WSIV, pallid sturgeon
ranavirus, SSHV, AciHV1, or AciHV2.

1x10° 10 10*  10° 10 1 01

MWM

500 bp
400

300

340 bp

Fig. 1. Ethidium bromide-stained agarose gel demonstrating
the analytic sensitivity of the conventional PCR assay for Mis-
souri River sturgeon iridovirus (MRSIV). The detection limit
was evaluated with 10-fold serial dilutions from 1 x 10° to 1 x
10! copies of the plasmid carrying the target sequence as
mixed with 300 ng of pallid sturgeon Scaphirhynchus albus
genomic DNA. Arrow: expected amplicon size (340 bp),
MWM: molecular weight marker
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500 bp)

340 bp
300
200

Fig. 2. Examination of the analytic specificity of the con-
ventional PCR assay for Missouri River sturgeon iridovirus
(MRSIV) using DNA as obtained from white sturgeon irido-
virus (WSIV), a ranavirus from pallid sturgeon, shortnose
sturgeon herpesvirus (SSHV), and 2 herpesviruses from white
sturgeon, AciHV1 and 2. Amplicon size of 340 bp for MRSIV
is indicated for the positive control. MWM: molecular weight
marker

40
35
30
251
201

MRSIV standard curve A

Cq value

151 y =-3.5436x + 40.141
10 R% =0.9978

10' 102 108 10* 105 108 107
Plasmid DNA copies
35

301
251
20+
15
10+

Sturgeon gonadotropin | gene B

Cy value

y =-3.4725x + 32.966
R? = 0.9957

103 104 105 106 107
Host DNA copies

Fig. 3. Standard curves based on the threshold cycle (Cr) val-

ues from the TagMan PCR assays of serially diluted plasmid

DNA of (A) 1 x 107 through 10 copies of Missouri River stur-

geon iridovirus (MRSIV) target sequence and (B) 1 x 107

through 1 x 10% copies of target sequences for the host
gonadotropin I gene

Nucleotide sequences of portions of the gonado-
tropin I gene (939 bp) amplified from pallid and shov-
elnose sturgeon by PCR were deposited in GenBank
database (pallid sturgeon gonadotropin I B (accession
#HQ176498) and shovelnose sturgeon I B (accession
#HQ176499). The amplified fragment was longer than
expected when compared to the cDNA sequence
(approximately 350 bp) due to the presence of one
intron (data not shown). Southern blotting performed
with Pstl-digested pallid and shovelnose sturgeon
genomic DNA using a 600 bp (no Pstl site) gonado-
tropin fragment as a probe revealed 2 bands at approx-
imately 6.5 and 5.0 kb (data not shown). This suggests
that 2 copies of the gonadotropin I gene are present in
the sturgeon genome. PCR was conducted using these
2 bands as template from pallid and shovelnose stur-
geon, and an alignment was generated based on the
obtained sequences. Although there were some minor
base differences observed in the gene from pallid and
shovelnose sturgeon, none were observed in the target
region used for the TagMan PCR (data not shown). The
standard curve generated with serial dilutions of the
plasmid DNA harboring the target sequence is shown
in Fig. 3B (1 x 107 through 1 x 10 copies per reaction).

Examination of sturgeon with experimental MRSIV
infections

Study 1 (2 mo post virus exposure)

All 10 fish sampled from the virus-exposed treat-
ment were found positive by histology (Table 5).
Virus-infected cells were observed in all of the tissues
sampled from 5 fish with the pelvic fin as the most fre-
quent site of infection (9/10) followed closely by the
pectoral fin, operculum, and rostrum (8/10). The
greatest concentrations of virus-infected cells were
found in the operculum, followed by pelvic and pec-
toral fins. There was no evidence for virus-infected
cells in tissues sampled from 10 control fish. The con-
ventional PCR for MRSIV was positive for the pectoral
fins from all 10 virus-exposed fish and negative for all
10 control fish. There was perfect agreement (kappa =
1.0) between the 2 tests for detection of MRSIV in
virus-exposed sturgeon.

Study 2 (5 mo post virus exposure)

There was no evidence by histology for virus-
infected cells in any of the tissue sites of the MRSIV-
exposed or the control sturgeon sampled at 5 mo post
exposure. The conventional PCR for MRSIV detected
viral DNA in the pectoral fins of 5/10 virus-exposed
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Table 5. Scaphirhynchus albus. Comparison of the conventional PCR assay and histology for detection of Missouri River sturgeon

iridovirus (MRSIV) among experimentally infected juvenile pallid sturgeon examined at 2 mo post virus exposure (Study 1).

Seven tissue sites including pectoral, pelvic, dorsal, anal, and caudal fins and the operculum and rostrum were sampled for each

fish and then examined for the presence and number of virus-infected cells in stained tissue sections. DNA extracted from the

pectoral fin was examined for presence of MRSIV DNA by PCR. There was no evidence of virus-infected cells or MRSIV DNA
found in 10 control unexposed pallid sturgeon

Fish no. PCR result Histology tissue sites (no. infected cells?)
Pectoral Pelvic Dorsal Anal Caudal Operculum Rostrum

1 + 2 7 8 3 4 9 6
2 + 7 1 10 1 18 3 1
3 + 2 1 0 0 3 6 2
4 + 11 13 1 15 9 10 6
5 + 4 10 2 3 6 6 3
6 + 10 5 1 0 0 4 0
7 + 0 2 0 4 0 0 1
8 + 3 1 10 1 0 11 4
9 + 0 0 0 1 0 0 4
10 + 2 3 0 0 8 2 0
“No. of virus-infected cells counted in 10 random microscopic fields (200x total magnification) for each tissue

sturgeon. There was no evidence of viral DNA in any
of the 10 control sturgeon examined with the conven-
tional MRSIV PCR assay. There was no agreement
(kappa = 0) between results obtained for the histology
and PCR detection of MRSIV among sturgeon 5 mo fol-
lowing experimental exposures to the virus.

Study 3

The pectoral fin samples from all juvenile pallid stur-
geon (n = 44) dying following an experimental expo-
sure to MRSIV were found positive with the newly
developed TagMan PCR assay. In contrast, 44 fish
examined from the control unexposed group were all
negative (Cr > 40). The log;, mean copy number of
MRSIV target DNA per pg of genomic DNA was 4.2
(95% CI =4.1, 4.3). Alternatively, the log,;, mean copy
number of MRSIV target DNA per 10° host cells was
5.3 (95% CI=5.1, 5.4). There was a strong and signifi-
cant correlation coefficient (r 094, p < 0.001)
between the 2 units (per 10° host cells or per pg of host
DNA) used to express the copy numbers of viral DNA
detected (Fig. 4).

Comparisons of diagnostic methods with wild
shovelnose sturgeon

The pectoral fins collected from nonlethal sampling
of wild adult shovelnose sturgeon (n 53) were
examined by histological, conventional, and TagMan
PCR detection methods for MRSIV. All wild shovel-
nose sturgeon sampled were healthy in appearance
and, following length measurements and pectoral fin

Viral copies

clipping, were released into the river. There was no
evidence of virus-infected cells found by histology in
the pectoral fin clips from any wild shovelnose stur-
geon from either collection date. From the first fish
collection, the conventional PCR detected MRSIV
DNA in 15 of 20 fish and the TagMan PCR in 19 of 20
fish (Table 6) with the log;, mean virus copy number
per pg of DNA = 2.5 (95% CI = 2.0 to 3.1). Sequenc-
ing of the amplicons from all 15 fish indicated near
identity (1 bp difference) with the putative serpin
gene fragment from MRSIV-infected pallid sturgeon.
In the second fish collection (n = 33), MRSIV DNA
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Fig. 4. Fitted line and 95% CI for the relationship between 2
expression methods for viral copy numbers for Missouri River
sturgeon iridovirus (MRSIV). The pectoral fins removed from
dying pallid sturgeon (n = 44) following virus exposure (Study
3) were analyzed by the MRSIV and host gene TagMan PCR
assays. The units of expression were the logj,-transformed
virus copies pg of DNA™! or 1075 host cells. Pearson's corre-
lation coefficient (r = 0.94, p < 0.001) indicates the high de-
gree of correlation between the 2 expressions for virus copy
numbers
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Table 6. Scaphirhynchus platorynchus. Detection and logig
copy numbers of Missouri River sturgeon iridovirus (MRSIV)
DNA as found in the pectoral fins of 2 groups of wild adult
shovelnose sturgeon from the Missouri River on October 6,
2006 (Collection 1) and on November 16, 2006 (Collection 2)
using the conventional PCR and TagMan PCR assays. The
viral copy number is expressed as per ng of host DNA

Fish no. Conventional TagMan PCR
PCR (viral copy no.)
Collection 1
1 + 3.6
2 + 4.5
3 + 2.4
4 + 3.3
5 + 3
6 + 4.2
7 + 3.3
8 + 3.5
9 _ _
10 + 3.2
11 - 0.6
12 + 2
13 - 1.1
14 + 1.6
15 + 2.2
16 + 1.8
17 + 3.2
18 - 1.5
19 + 3.7
20 - 2.3
15/20 positive Average 2.5
Collection 2
1 - 1
2 - 1.7
3 _ _
4 _ _
5 - 0.7
6 - 1.2
7 - 0.8
8 - 0.6
9 _ _
10 - -
11 + 2.8
12 - 0.5
13 -
14 - 0.6
15 - -
16 + 3.3
17 - 0.6
18 + 2.5
19 + 1.3
20 - 1.7
21 - 0.9
22 0.7
23 -
24 - 1.6
25 + 1.2
26 + 2.4
27 - 1.8
28 - 1.4
29 - -
30 - 0.8
31 + 1.8
32 + 1.5
33 + 2.4
10/33 positive Average 1.1

was detected by the conventional PCR in 10 fish and
by the TagMan PCR in 25 fish with the log;q mean
virus copy number per ng of DNA = 1.1 (95% CI =
0.8 to 1.4). The mean copy numbers of MRSIV DNA
were significantly less in fish from the second than
from the first collection (p < 0.001). Performance of
the conventional PCR for MRSIV in shared samples
between 2 laboratories was consistent with agree-
ment on the classification of 32 of 33 fish. The kappa
statistic for comparisons of the conventional and Taq-
Man PCR assays for MRSIV examined from the first
fish collection was 0.27 (95% CI = -0.16 to 0.71). A
kappa of 0.24 (95% CI = 0.06 to 0.43) was obtained
for comparisons of the 2 PCR methods with the sec-
ond collection of wild shovelnose sturgeon.

DISCUSSION

MRSIV has emerged as a key factor contributing to
losses during the hatchery rearing of juvenile pallid
Scaphirhynchus albus and shovelnose S. platoryn-
chus sturgeon. Two new PCR assays were developed
that allow detection as well as quantification of
MRSIV DNA levels in the tissues of naturally and
experimentally infected pallid and shovelnose stur-
geon. Initial validation steps indicated that both tests
show good analytic sensitivity and specificity and the
conventional PCR provided reproducible results in an
inter-laboratory comparison. Both assays detected
MRSIV DNA in experimentally and naturally infected
sturgeon populations during acute or subclinical in-
fection, and in the latter case when histological de-
tection was consistently negative. The application of
these new PCR assays provide an improved means to
detect and manage MRSIV infections in hatchery
populations of pallid and shovelnose sturgeon in-
volved in restoration programs for Missouri River
sturgeon.

The original viral gene targeted for amplification
from MRSIV was the DNA polymerase. However, the
amplicon obtained with the designed primers was
clearly unrelated to known viral DNA polymerases,
showing instead a relationship to the serpin gene of
cattle. Serpins are involved in a wide range of biologi-
cal responses including inflammation via their
inhibitory effects on serine proteases, and gene
homologs have been identified in animals, plants, bac-
teria, and viruses (Law et al. 2006). Viral serpins as
immunomodulators of the host inflammatory response
and apoptosis inhibitors have been described as means
for poxviruses to evade the host immune response
(Guerin et al. 2001). There are no current reports of
serpin genes among fish viruses, including iridoviruses
where the entire genomes have been sequenced (Song
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et al. 2004). A MRSIV serpin-like gene homolog may
also be absent from WSIV, a virus from sturgeon with
similarities to MRSIV as indicated by the specificity of
the new MRSIV PCR test. That the putative serpin
gene sequence is of MRSIV and not host origin was
demonstrated by consistent amplification of the
expected fragment using primers designed to this
sequence from known MRSIV-infected tissues but
never from control pallid or shovelnose sturgeon or cell
lines derived from each fish species.

Both new PCR assays for MRSIV demonstrated ade-
quate analytic sensitivity and specificity providing as-
surance that a range from relatively low (e.g. 10) to
higher copy numbers of MRSIV DNA could be detected
without nonspecific amplification of other known viral
agents described from sturgeon (Figs. 1 to 3).

The conventional MRSIV PCR assay also showed
that viral DNA can be detected during different stages
of MRSIV infection. In Study 1, MRSIV infections were
approaching the acute phase (2 mo post exposure), and
as a result there was perfect agreement (kappa = 1.0)
between the conventional PCR and histologic detec-
tion methods for MRSIV (Table 5). Study 1 also pro-
vided evidence that the use of fin samples (e.g. pec-
toral fins), parts, or punches of which can be removed
nonlethally, provide a good site for detection of MRSIV
during or just preceding the onset of acute viral infec-
tions. The integument of the fins, either for histology or
PCR examinations, has also been shown to be a suit-
able tissue for detection of WSIV in white sturgeon
with naturally occurring or experimental infections
(LaPatra et al. 1994, Watson et al. 1998, Kwak et al.
2006). The persistence of MRSIV infections in fish
recovering from acute infections was confirmed by
detection of viral DNA at 5 mo post virus exposure
(Study 2). In contrast to Study 1, in Study 2, histology
was a less reliable indicator of virus infection status,
with a kappa statistic = 0, which indicates a nil level of
agreement between the 2 detection methods (Viera &
Garrett 2005). All fish in Study 2 were healthy in
appearance by 5 mo post exposure, and we presume
that virus concentrations had dropped significantly
by this time, which would explain the inability to
detect infections by histology. As Studies 1 and 2
were conducted prior to development of the TagMan
PCR for MRSIV, we were unable to confirm this
assumption. However, more recent studies by Kurobe
et al. (in press) of pallid sturgeon during this persistent
phase of virus infection have demonstrated viral DNA
copy numbers in pectoral fins can range from 0 to 10°
per 10° host cells.

Quantitative PCR tests generally use 2 types of units
for expressing concentrations of target sequence,
either copy number per pg of host DNA or per 10° host
cells (Gilad et al. 2004, Goodwin et al. 2006). The

strong correlation (r = 0.94) between both types of
expressions for MRSIV DNA copy numbers in our
Study 3 indicates that either unit is appropriate for
expressing DNA concentrations of MRSIV DNA.

The application of the new PCR assays provides evi-
dence for persistent MRSIV infections among wild
shovelnose sturgeon that may be routinely missed by
histologic exams (Table 6). In the collections of wild
shovelnose sturgeon, histology failed to detect any evi-
dence of MRSIV infection, while both PCR tests
demonstrated many fish harboring MRSIV DNA with
both the conventional and TagMan PCR in ‘fair' agree-
ment (0.27 to 0.24) for properly classifying fish as
MRSIV-positive (Viera & Garrett 2005). A substantial
decline in MRSIV-positive fish was encountered in the
second collection of wild shovelnose sturgeon, a situa-
tion perhaps related to declining water temperatures
at this time of year in the Missouri River (K. Staigmiller
pers. comm.).

The development of PCR assays has considerably
improved the ability to detect and to understand the
pathogenesis of several fish viral pathogens including
agents which may or may not be propagated in fish cell
lines (Boyle & Blackwell 1991, Gray et al. 1999, Gilad
et al. 2002, Bercovier et al. 2005, Kwak et al. 2006,
Waltzek et al. 2009, Kurobe et al. 2009, in press). The
new PCR assays for MRSIV can be used immediately
for surveillance/screening of hatchery and wild stocks
of pallid and shovelnose sturgeon and as a replace-
ment for electron microscopy in confirming histologic
results during acute infections. The new assays also
reveal previously unknown aspects of the pathogene-
sis of MRSIV infections such as persistent subclinical
infections undetected by histology (Study 2 and wild
shovelnose sturgeon collections). That sturgeon with
persistent MRSIV infections detected by PCR assays
are true carriers has been demonstrated by experimen-
tal studies which resulted in virus transmission, includ-
ing disease and mortality among cohabitated naive
pallid sturgeon (Kurobe et al. in press). The persistent
phase may represent the major part of the virus life
cycle for MRSIV, an assumption that is consistent with
the observation of viral DNA in the absence of histo-
logical signs in healthy wild shovelnose sturgeon. If
wild shovelnose sturgeon are indeed a major reservoir
for MRSIV in the Missouri River, they represent an
ongoing source for infections among MRSIV-free juve-
nile pallid sturgeon of hatchery origin introduced to
the river for restoration efforts.

Lastly, the new PCR assays provide information crit-
ical to management strategies for reducing the nega-
tive disease impacts of hatchery-reared fish utilized for
supplementation or restoration of existing wild/feral
fish populations. Screening pallid sturgeon throughout
their hatchery rearing and prior to their introduction to
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the river can assure managers that MRSIV is either not
present or at levels (prevalence and concentrations of
virus) below that found in existing wild populations.
Such information allows managers to make informed
decisions on supplementation with fish of hatchery ori-
gin to reduce any negative disease impacts on wild
Missouri River sturgeon populations.
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