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1.0 INTRODUCTION

1.1 The Principles of qPCR and RT-qPCR

Polymerase chain reaction (PCR) implies that there is an amplification reaction in the
assay. The term “chain reaction” refers to several cycles of copying a specified stretch of
deoxyribonucleic acid (DNA) from a target nucleic acid, in this case from the genome of
an infectious agent. The amplified region is defined by two primers that are complementary
to DNA regions flanking the target sequence. By repeating ~ 40 times a heat-cycling
regime, the amount of copied target DNA gained is enough for further operations, such as

may also be very high, as determined by the specific n
oligonucleotides (primers). The primers are designed t

The genomes of many infectious agents contain ribonu€leic annot be
amplified directly by the PCR. For PCR amplifica ded DNA target is
necessary, and this is not available in the case ¢ m can be solved
by the addition of a step before the PCR riptase, RNA is

can be used in a PCR assay (the procedu
The reverse transcription reaction i
c¢DNA produced is then transferf
alternatively, the PCR reaction g
tube (one-step RT-PCR). Afté; :
electrophoresis iermine if the sample is positive or negative for a

dte reaction vessel and the
PCR (two-step RT-PCR);

eporter is added to the PCR mixture for that purpose.

reporter
amplified

¢ to the assay as they complement the DNA strand
several types of probe chemistry. Theoretically, there is a

a small part of the genome of the infectious agent. Analytical sensitivity is relatively high
with a minimum number of 100 to 1000 copies of the genome detectable. Analytical
specificity is also rather high, in comparison to virology or histology for example.
However, the specificity is determined by selection of the primers. Primers can detect
“universal” or conserved portions of DNA commonly found between pathogens. Primers
can also be selected to recognize only specific DNA sequences that are unique to an
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As RNA viruses are usually prone to mutation, primer design for their detection by RT-
PCR is particularly crucial. Mutations, which may occur within the primer sites, can affect
the established performance characteristics of the assay. It is also advisable to regularly
sequence the selected genomic regions in recent isolates of these infectious agents. This is
especially true for the primer sites, to ensure their specificity so that the validity of the RT-
PCR assay cannot be questioned.

PCR can be used as a screening assay. It can also be used as a confirmatory assay when
applied to a suspected pathogen detected by other methods. As well, it can be used as a
preliminary step for further molecular assays such as DNA sequencing, restriction

fragment length polymorphism (RFLP), cloning, etc. The experiences of the last decade

or impossible to culture. Although PCR assays were ini
use, they have now become relatively inexpensive, safe
diagnostic laboratories.

The technique is highly sensitive and requires rigorous controls i
results are finite (yes-no) in end-point PCR, or ¢ ntitative 2 I-time PCR or

are formed during the procedure.

The scope of this diagnostic test method pr thication by two-step

| RT-gPCR of viruses infecting fish.
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United States. Although there is experimental evidence that rainbow trout (Oncorhynchus
mykiss) and sea trout (Salmo trutta) can act as asymptomatic carriers of the virus, LAtlantic

salmon is the only species known to develop the disease. [ ___.--1 Comment [MSOfficel]: I thought
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ disease has beeni‘seen in Coho inChile
and 1 the Faroe Islands?

ISA virus is shed in urine and feces resulting in fish to fish transmission of the disease. The (Nellie): the coho case reported in 1999 is
gills appear to serve as a portal of entry for the virus. Spread of the virus has resulted from anigue and controversial, | would leave

out:
the introduction of subclinically infected smolts into cage culture sites, and from the

discharge of non-disinfected fish offal and processing water in the vicinity of sea-cages. {Deleted_ ;
The spread and impact of the disease can be significantly reduced by restricting the //{D — d'F -
. . . . . . / eleted:
movement of live fish, implementing sanitary slaughter procedures and strict sanitary /- [Detered oy
/" .| Deleted: 21
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procedures at sea-cage sites, disinfection of fish offal and processing water, and by the
prompt removal and testing of mortalities.

1.3  Description of Test Method Development

The RT-PCR assay was designed to target as many isolates of ISAV as possible, based on
current knowledge. ISAV RNA sequences publicly available through databases such as
GenBank (National Center for Biotechnology Information) were gathered, aligned, and
conserved regions of the segment 8 gene were examined carefully for the selection of
primers appropriate for PCR. Segment 8 encodes a matrix protein that is expressed

ISAYV, hence constitutes a good candidate gene for the develop sensitive assay.
: on of sensitivity

and specific amplification was retained.

As part of the optimization of the assay, the efl 7 ith various
equipment and conditions was_tested. Also, one-stej ere
compared. Due to sensitivity losses, and the practicali or the
detection of multiple pathogens in the same sample, a assay was chosen.
Commercial reagent kits were tested, with critgridisel sensitivi d suitability with
multiple targets (¢.g. VHSV, IPN, etc.). Assa measuring the

assay sensitivity with serial dilutions of tis I lysate extracts.
Assay conditions such as primer and prob:
optimized.

salmon with different apparent prevalences
ab) and reproducibility (between lab) of the assay were
ples, with a prevalence of approximately 50%. Two

specificity of
estimation (TAG
standard.

A latent class model (LCM) using Maximum Likelihood
am) and Bayesian approaches was used in absence of gold

1.5 Intended Use of the Protocol

This test method was developed in support of Canada’s National Aquatic Animal Health

¥

Program (NAAHP). The Canadian Food Inspection Agency (CFIA) and Fisheries &
Occans Canada (DFO) are responsible for the co-delivery of the NAAHP. While CFIA has
the overall responsibility for NAAHP programs and field operations, DFO provides
diagnostic services, test method development, regulatory research, and expert scientific
advice to its CFIA partners.
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The assay described in this protocol is primarily intended to be used as a screening assay. It
can also be used as a confirmatory assay when applied to a suspect PCR result (if the
confirmation is done with a second sample of the suspect animal). As well, it can be used
in the preliminary characterization of virus isolates.

The protocol has been validated with Atlantic salmon infected and non-infected kidney
tissues. Due to the nature of PCR, analytical assay characteristics should not vary
significantly if the sample tissue differs, since most biological materials are amenable to
RNA extraction. However, the Laboratory Manager should be consulted if the assay is
applied to tissues other than kidney, spleen, gills, blood, brain, eye, muscle or heart. Body
fluids (e.g. serum) or cell lysates are also potential samples.

| Tissue preservation is yery important; this should be disc
control measures can be used to determine the suitab
choice of tissue to maximize the probability of detec

blood are both documented in the literature as appropr

pling. Quality

t. Kidney and

Note: The Laboratory Manager/Supervisor is responsib

2.0

Note: the purpose of providing
s not constitute a guarantee or

ment over other products not

2.1.4 Vortex

2.1.5 Mini-centrifuge
2.1.6 Liquid Handling robot (optional)
2.1.7 Freezers, -70+10°C and -20+5°C

2.1.8 Refrigerator, 4£3°C
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2.1.9 Timer (time is not critical i.e. timers do not need calibration to ISO standard).
2.1.10 Biosecurity cabinet (class II highly recommended)
2.2 Supplies

2.2.1 Filter tips with low retention, polypropylene ¢.g. Progene, Eppendorf, etc. The tips
must be of good quality. Be careful when changing the brand; verify that the tips fit
well with the pipettors.

with plastic

2.2.2 PCR tubes, either 0.2 mL, strips of tubes and covers, or P
: e thermocyclers

film, aluminum seal or plastic cover (optically clea

require specific types of plates. A plate sealer ma __--{ Deleted: qrT-

gPCR plates.

2.2.3 Rack for tubes, cooled racks for PCR tubes.
2.2.4 Permanent markers, fine tip

2.2.5 Powder free disposable gloves (e.g. nitrj

3.0 REAGENTS

3.1 Chemicals

Notes:

3.1.
| 312 /{Deleted:
may need to be validated agam n full or partially).
3.1.3 Primers and probe specific to the assay (order primers and probes from a reputable
supplier e.g. Invitrogen, Sigma Genosys, ABI) — see section 5.1.2 for primers and
probes.
3.1.4 DMPC (dimethyl pyrocarbonate) or DEPC (diethyl pyrocarbonate) H,O, or
| molecular grade water, or sterile type 1 4.0, | Deleted:
3.2 Biologicals (Deleted: 4
{ Deleted: February
{ Deleted: 21
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3.2.1 c¢DNA prepared from standard RNA extracts during the cDNA step (see SOP GFC-
DIA-MBU-18 Reverse Transcription using High Capacity cDNA kit with RNA
denaturation or equivalent site-specific SOP). It is highly desirable to avoid

Whenever possible, a positive control that is reacting to the assay like a true sample
but that can be distinguished from the true pathogen is used. For ISAV, we use
RNA transcripts produced from plasmids. with an insert of 26bp. They are

@ -oooeoo {Formatted: Indent: First line: 0" J
If there is no other choice than to use true pathogen material for the test. the RNA { Deleted: T ]

infected animal. Two positive RNA samples; one classifi
standard, or an RNA extract giving a Ct in the mid :

lab policy on positive controls (GFC-DIA-MB
controls for PCR-type assays) or equivalent sit

3.2.2 Standards to include in the assay may vary, ¢.g. a

included at all steps, and positive control
can be demonstrated that all steps of th X i ) are working,
and a positive result is not obtained i
DNA. A reference gene (housekeepi
purposes, see SOP GFC-DIA-MB

| faboratory specitic SUP. v & £ { Deleted: site ]
4.0
4.1
4.1.
* passed alf gertinent proficiency panels (as required)
e completed Workplace Hazard Management Information System (WHMIS)
training and has been instructed on all hazards associated with the test
(biological and chemical) and must be familiar with the pertinent MSDSs
located in the laboratory
e documented all the training done.
4.2  Preparation of Equipment
{ Deleted: g ]
4.2.1 Refer to lab specific SOPs (Appendix 2) for preparation of equipment used in this ' ( Deleted: February )
protocol. It is the responsibility of each laboratory to ensure that all equipment used { Deleted: 21 )
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are properly calibrated (if required), stabilized and maintained within specified

requirements.

4.2.2 The PCR workstation in the clean area is decontaminated before use. Follow the
SOP on PCR workstation. If using a laminar flow hood or another type of enclosure
with UV, follow the appropriate SOP.

Before and after each use, wipe the interior space with ~ 70% ethanol and 1%
Sparkleen (or appropriate disinfectant). Wipe dry with a paper towel. Whenever
necessary, all components may be washed gently with water and a non-abrasive
detergent, and rinsed and dried with a paper towel.

4.2.3 The Stratagene Mx3000P real-time thermocycler is utes prior to
running the machine to make sure the lamp is wag the samples to
the machine. If using another thermocycler, re OP (Appendix
2).

4.3  Preparation of Reagents

4.3.1 H0 used for the preparation of PCR > type 11 H>O in
the clean area. Aliquots are for singl

4.3.2 Primers and probes are aliquoted in bed in the SOP on
primers (Appendix 2).

4.3.4 TaqMan Universal PCR repared in the clean area, as

described in

Note:

Continuity of the identification of the original specimen and all subsequent samples
and aliquots from the time of arrival in the laboratory to the time of reporting of the
test results is of critical importance. Specimens arriving at the laboratory must be
accompanied by an Official Submission Form. The laboratory will assign a unique
laboratory case number to each submission which is written on the Official
Submission Form, tubes, worksheets etc. maintaining full traceability from the time
of arrival to disposal.
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AR (ot

TRI or TRI-LS reagent) or comparable SOP.

| 441 RNA extraction is done according the GFC-DIA-MBU-13 (RNA extraction with -] Deleted: 4.4.1 . The following

information is entered on the lab

normalization) or comparable SOP.

| 443 Reverse transcription is described in GFC-DIA-MBU-18 (Reverse Transcription
using High Capacity ¢cDNA kit with RNA denaturation or equivalent). A maximum
of 1000ng of RNA is used for reverse transcription. For example, with Sul of RNA
normalized at 200 ng/ul, the amount of RNA used is 1000ng. RT reactions are
diluted 50:50 with H,O before PCR, so the final concentration is approximately a

maximum of 1000ng/ 40ul or 25ng/ul.

| 4.4 4  gPCR is done using 2ul of the cDNA, which is app of template.

reverse transcription SOP are considered a cru

to use a different RNA extraction SOP, i.e. a d dure
such as column-based methods versus phase : r, the
| laboratory must demonstrate their proficiency using thig SOP and the RT: -qPCR
protocol before proceeding with furthe ) transcription SOP

should be used as described. Note th A sed for different
PCR assays. It is therefore usual t \ ion, and reverse
transcription SOP, followed by s ct the desired target /
pathogen.

| 4.46 Samples for this protocol :

¢ following areas: (1) a main areca (or main
ssed and RNA and DNA are extracted; (2) a clean area,
ining materials are allowed, for reagents and mix

necessary, adjust volumes depending on stock concentrations.
5.1.2  For the amplification of ISAV, the specific details for the worksheet are:

- Expected product length: 179 bp (for information)
- Mix to prepare for one sample (multiply by the number of tubes needed):

12.5 ul,2x TagMan Universal PCR master mix

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
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0.6 ul of primer F (20 uM stock), 5° tgg gca atg gtg tat ggt atg a
0.6 ul of primer R (20 uM stock), 5° gaa gtc gat gaa ctg cag cga
0.5 ul of probe (10 uM stock), 491 ISA8-FamMGB:

(6-Fam) cag gat gca gat gta tgc-MGB

2 ul of cDNA (maximum of ~25ng/ul. see 4.4.3) /,/{Deleted: 4

Total: 25w

5.2  Preparation of the Master Mix

5.2.1 Ifusing an automated liquid handling system, refer to the SOP of this equipment.

The master mix and aliquoting in gPCR plates will be hanglled by the liquid | Deleted: qr1-

)

handling system. Vortex each reagent (thaw if nece ) w the SOP of

the liquid handling system. ,

__.---1 Deleted: Continue with Section 5.3
””””””””””” : (Addition of Templates).

|

5.2.2 The master mix is prepared in the clean area. A
for clean work only.

assigned

5.2.3 Ifusing a PCR workstation (or laminar flow hood), foll SOP of the

equipment.

5.2.4 Wipe the interior space with ~ 70% ate disi ant. Wipe dry
with a paper towel.

5.2.5 Prepare your PCR tubes (str iv : on a clean cold rack,

526

Primer F
Primer R

527 er, stock identification of primers and probe, expiry dates

5.2.8 Inaclean microtube (or 5.0ml tube if using liquid handling robot), on the
cold rack, prepare the master mix by pipetting the quantities of reagents as
calculated initially. Start with H,O (if appropriate) and TagMan Universal Enzyme,
and finish with the probe. Work cautiously, avoiding movements over open tubes,

etc.
5.2.8 When the master mix is ready, vortex briefly and distribute in the gPCR tubesor __—-{ Deleted: r1-
wells or follow Liquid Handling Robot SOP. Close the tubes or cover the plate.
.1 Deleted: RT-
5.2.9 Store reagents, leave the clean lab coat in the clean area, clean the workstation as %Delete e
indicated in Section 4.2, and bring the rack of qPCR mixes, and the aliquots of , { Deleted: —
water (you will use it as your negative control) to the inoculation area. (oa d' oy
L eleted: 21
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5.2.10 If using a liquid handling robot, bring the master mix to the main lab and let the

53

| 53.1
532
533
534

Note:

| Q-Pulse # NAT-PROT-RT-gPCR-ISAV-1, Revision 1, October 2011

robot aliquot the master mix in the selected wells.

Addition of Templates

Zone).

Use clean pipettors to work with the cDNA ex
laboratory practices). A dedicated pipette is used

important to observe the lab policy on
Avoid air circulation during inoculatj

The PCR area is considered a contaminated zone. Do not take anything out of
this room. If you need to put something on a counter, it has to remain there or
it will need to be decontaminated before it can re-enter the main lab. Hold

racks of tubes in your hands if you want to bring them back. This rack will be
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decontaminated with bleach immediately afterward as a precaution, but not
brought to the clean area. Hands are washed before leaving this area.

5.4.2 Inthe PCR area, open the lid of a pre-warmed real-time thermocycler, and put the
tubes or plate in place, making sure that the tubes or plate are well closed.

| 543 Close the real-time thermocycler cover, and start the run. Note: a gPCR run can be

| 5.4.4 Verify the program details, see the SOP on Mx3000 Q-PCR system for more

(Program name: ANNGOElongation7240cycles)
Quantitative PCR (Multiple Standards) :

5.4.5 Click on the start run button on the computer screen to
prompted to save the run, if it was not savegds
previously (see SOP on real-time ther

5.4.6 Wash hands, leave lab coat in PCR
decontamination.

values in the appropriate databases.

6.0 INTERPRETATION OF THE TEST

| 6.1.1 Check the results of the RT-gPCR assay:

6.1.1.1 PCR positive controls (¢cDNA introduced at the PCR step): low positive
control should show a Ct similar between runs (in the 30’s), and the high
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positive control should show a Ct around the mid 20’s, or as per
characterized material used for controls and determined through trend
analysis. The difference in Ct between the high and low control should be
consistent. Control values are captured and monitored closely for obvious
signs of problems with the assay. For more details, see SOP on preparation

and storage of controls for PCR-type assays.

6.1.1.2 PCR negative control: should be clean. If showing a Ct value, there is a

contamination in the qPCR mixture and all positive results are invalid. This

is not normal and the problem should be solved before any other test is
performed with samples.

6.1.1.3 RNA positive controls (RNA low and high
step): should yield values similar to the P

6.1.1.4 RNA negative control (water introduce
negative control. If showing a Ct value, b
clean, there is a contamination in the cDNZ
samples are invalid. This should be resolved be
performed.

i, step (especially if the
the problem should
samples.

another assay with

results are als
lab policy.

tified immediately and results are not reported until a
dec made. Note that due to the numerous levels of controls, a
case by case decision should be made. These events are recorded in a
database for future reference, and a corrective action is initiated if
necessary.

6.2  Presumptive positive Results, Confirmatory Assays

Note: The choice of method for confirmation is laboratory dependent and may include
virus isolation or additional PCR testing, possibly with other primers, and
preferably starting from the original sample (e.g. a backup piece of tissue, or a
homogenate).
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6.2.1 Ifa viral agent is presumptively identified, it must be confirmed by the appropriate
DFO Reference Laboratory under the following circumstances:

a) the first report of disease/pathogen occurrence or re-occurrence in Canada,

b) the first report of an endemic disease/pathogen in an area previously considered
to be free,

¢) the first report of an endemic disease/pathogen in a new host species, or

d) the first report of a new strain or new discase manifestation of an endemic
pathogen.

If none of the above circumstances apply, it is at the discretion of the laboratory to

Note: Minimally 1-5 (maximum) presumptive positive saiplc ation/case should
be confirmed (depending on the size and type o

6.2.2  An aliquot of the RNA and the corresponding orig
must be sent to the Reference Laboratory for co

purposes.

6.2.3 Methods of confirming the presumptiv
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7.1
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7.4  All specimens and test samples (tissues, homogenates, filtrates and cell culture
supernatants) must be decontaminated prior to disposal in accordance with bio-
containment standards.
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APPENDIX 1

GFC-MBU- SOP # MBU-xx-000-00

PCR ISAV 404F / RA3, 179 bp \

-t:Comment [FaOC11]: The worksheet
Just-says PCRISAV, shouldn’titsay

GRT-PCR 6 RT-QPCR mstead 2 Would
need tomake thechangeson the

|404F: 5'tgg gea atg gtg tat ggt atg a RA3 (583R): 5' gaa gtc gat gaa ctg cag cga
491_ISA8-FamMGB (6-Fam) cag gat gca gat gta tgc-MGB \ worksheet model - Sante thing for PeR
|DATE (¥Y-mm-da): | PcR prog name: TaqMan-FAM-ANNB0-40c|. 550 hanie should changed it for gil=
Technician: Verified By: PcR machine used: GFC-MBU- Y EPER or RTgPER:
Enter tubes tot (incl. neg and pos ctris): Program: Quantitative PCR (Multiple Standards) s
154 [Hold init. [40cyclesat | | Deleted: q
Master MIX Pipette s0¢ : [ Formatted: Font: Bold
x ul Vol (ul) 2 min h
sterile H20 8.8 1373 crc-meu-196 95C Fluorescence read at end (read 3 times
125 1950 crcueu-108 10 min :

2X Taq Man Universal Enzyme Mix
Primer F (20uhM)

93.6 oremeu-051
93.6 cremeu-103
78.0 crcmeu-188
cre-meu-256

|Corbett Robotics
[Prague: |

baseline:
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APPENDIX 2
NAAHLS Supporting Standard Operating Procedures (SOPs):
Gulf Fisheries Centre, Moncton, New Brunswick

e GFC-GEN-9 General molecular laboratory practices

e (GFC-DIA-57 Preparation of Reagents and Media

e (GFC-DIA-FHU-8 Necropsy of Finfish Samples

e GFC-DIA-MBU-13 RNA extraction with TRI or TRI-LS reagent

e GFC-DIA-MBU-18 Reverse Transcription using High Capacity ¢cDNA kit with
RNA denaturation

e GFC-DIA-MBU-54 RNA or DNA normalization

e GFC-DIA-MBU-55 Preparation and storage o

e GFC-DIA-MBU-19 Primers and probes design

e GFC-DIA-MBU-15 Reference Gene Assays

o GFC-EQ-42 Mx3000P QPCR system

e GFC-DIA-MBU-21 Real-time PCR analysis

o GFC-EQ-32 CAS-1200N Robotic Liquid

e GFC-EQ-24 Qiagility Robotic Liquid

e GFC-EQ-28 PCR Workstation

pe assays

Pacific Biological Station, Nanaimo, Bri

{ Deleted: g

END { Deleted: February

{ Deleted: 21

N N —

Q-Pulse # NAT-PROT-RT-gPCR-ISAV-1, Revision 1, October 2011 Page 21 of QL

Cohen ISA-Anne Veniot\NAAHP\Confirmatory\BC ISA\BC
ISA SOP's & Protocols\



