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License: This is an open access protocol distributed under the terms of the Creative Commons Attribution License, which

permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited

Protocol status: Working
We use this protocol and it's working

Created: April 05, 2022
Last Modified: April 05, 2022
Protocol Integer ID: 60337

Keywords: GenomeTrakr, wastewater, SARS-CoV-2, crAssphage, murine norovirus, process control, extraction control,
endogenous control, RT-qPCR, AB 7500 Fast, qpcr detection assay, gpcr assay, gpcr detection, murine norovirus, mnv as an
extraction control, mnv extraction control, multiplexed detection assay, mnv extraction control from the sample, applied nutrition
for genometrakr, qpcr, rna extraction, wastewater, norovirus, determination crassphage, genometrakr, wastewater collection,
extraction control, center for food safety, assay, qpcr detection of process control

Disclaimer
DISCLAIMER - FOR INFORMATIONAL PURPOSES ONLY; USE AT YOUR OWN RISK

The protocol content here is for informational purposes only and does not constitute legal, medical, clinical,
or safety advice, or otherwise; content added to protocols.io is not peer reviewed and may not have
undergone a formal approval of any kind. Information presented in this protocol should not substitute for
independent professional judgment, advice, diagnosis, or treatment. Any action you take or refrain from
taking using or relying upon the information presented here is strictly at your own risk. You agree that
neither the Company nor any of the authors, contributors, administrators, or anyone else associated with
protocols.io, can be held responsible for your use of the information contained in or linked to this protocol
or any of our Sites/Apps and Services.

Abstract

This method was developed at the FDA's Center for Food Safety and Applied Nutrition for GenomeTrakr's
pandemic response project, monitoring SARS-CoV-2 variants in wastewater. Protocols developed for this project
cover wastewater collection, concentration, RNA extraction, RT-qPCR detection, library prep, genome
sequencing, quality control checks, and data submission to NCBI. This protocol describes the murine norovirus
(MNV; extraction control) and crAssphage (human indicator) RT-gPCR assay developed for use on the AB 7500
platform using software version 2.0 or 2.3. The assay incorporates an internal amplification control (IC) to prevent
the reporting of false negatives due to inhibition or failure of the RT-qPCR. This multiplexed detection assay was
developed for the determination crAssphage extracted from wastewater, as an endogenous control, and MNV as
an extraction control. The assay is designed to be used in conjunction with the SARS-CoV-2 RT-qPCR detection
assay. Valid sample results for SARS-CoV-2 detection are contingent upon the detection of the MNV extraction
control from the sample being tested.
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Materials
Equipment and Supplies:

1. 7500 Fast Real-Time PCR System (ThermoFisher 4351106)

2. MicroAmp Fast Optical 96-Well Reaction Plate with Barcode, 0.1 mL (ThermoFisher 4346906), or MicroAmp
Fast 8-Tube Strip, 0.ImL (ThermoFisher 4358293)

3. MicroAmp Optical Adhesive Film (ThermoFisher 4311971), or MicroAmp Optical 8-Cap Strips (ThermoFisher
4323032)

4. Platefuge (Fisher Scientific NC1823435), or Stripfuge (USA Scientific 2621-0016), or equivalent for either

5. 96-well cool block (USA Scientific 4051-0525), or equivalent

6. Reagent cool block (USA Scientific 2312-2721), or equivalent

7. Adjustable calibrated micropipettes (0.2 — 1000 pl), two separate sets; one set dedicated for master mix setup
and the other for template addition

8. Aerosol resistant pipet tips (0.2 — 1000 pl)

9. Personal microfuge (Labsource C90-044, or equivalent)

10. Hype-Wipe Disinfecting Towelettes (Fisher Scientific 14-412-56, or equivalent)

11. Vortex mixer (Labsource S16-200 or equivalent)

Reagents:

&3 Internal Control RNA BioGX Catalog #750-0001 (Contact sales@biogx.com for ordering)
&2 Murine Norovirus ATCC Catalog #VR 1937

& One-Step RT-qPCR Kit Qiagen Catalog #210210 or 210212

&3 Nuclease-free water Life Technologies Catalog #AM9937

&3 Superase-In Life Technologies Catalog #AM2696

&3 FAM reference dye Bio-Rad Laboratories Catalog #1708780 , or equivalent

&3 Tris (1 M) pH 8.0 RNase-free Thermo Fisher Scientific Catalog #AM9856

%3 EDTA (0.5 M) pH 8.0 RNase-free Thermo Fisher Scientific Catalog #AM9261

Primers and probe sequences in following table. &3 Custom Primers and Probes IDT Technologies
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Identification | Primers (Sequence 5’ -> 3’) Location*
MNVFa CACAGAGGCCAATTGGTAAA 6645-6626
MNVR® TGCAAGCTCTACAACGAAGG 6520-6539
crAssF® CAGAAGTACAAACTCCTAA 14363-14381
crAssR® TGACCAATAAACAAGCCAT 14486-14468
IC46F° GACATCGATATGGGTGCCG N/A

IC194Re AATATTCGCGAGACGATGCAG DA
Identification | Probes Location*
MNVP Cy5- CCTTCCCGACCGATGGCATC -IB-RQ* 6578-6594
crAssPro JOE- AATAACGATTTACGTGATGTAACTCGT -IB-RQ* 14404-14430
IACP® TxRed- TCTCATGCGTCTCCCTGGTGAATGTG -IB-RQ* | VA

#pased on accession nos. JF320650, MT006214.1, and NC_045512
aHewitt, et al., 2009
bModifiedfrom Stachler, et al., 2017

®Depaola, Jones, Woods et. al. 2010, U.S. Patent Application 0060166232
*|B RQ- lowa Black RQ

Before start

Always wear gloves during this procedure and never wear the same gloves when going between master mix and
samples.

Always use aerosol resistant pipette tips for PCR.

Safety information

Assembly of master mix should be done in a designated Master Mix PCR hood or BSC that has been decontaminated
with 10% Bleach solution or HypeWipes followed by 70% Ethanol, or similar product and UV irradiated for 20 minutes
prior to use. RNA sample template should be added in a separate designated area, physically separated from the
Master Mix hood/area. Equipment should not be shared between the two areas.
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Master Mix Preparation

1 Prepare Master Mix for all sample and control reactions based on the volumes per 25 pl
reaction in this table. Composition of mixes are listed here: Reagent Mixes for RT-qPCR
Detection of Process Controls from Wastewater Samples (protocols.io) and should be

prepared in advance and stored appropriately. Alternatively, Master Mixes can be

prepared from individual components as described here:

ﬁ Master Mix Table for MNV-crAss A...

Volume per 235 pl

Reagent _
reaction
Buffer Mix 15.55 pl
Primer Mix 2 ul
Probe Mix 1wl
Enzyme Mix 1.25 ul
FAMA 2 ul
Internal Control (IC) RNA* 0.2 ul
RNA 3ul

A Use a 1:1000 dilution (made in Primer TE) of FAM reference dye in the N1-N2-IC triplex

assay.

*Amount varies with concentration of IC RNA. The amount of IC RNA template needs to be adjusted
based on the prepared stock concentration to report a Cycle threshold (Ct) of 20-25 when no inhibition is

present in the reaction (i.e., the negative control reaction).

Safety information

Do not add IC or sample RNA at this step!
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11

1.2

1.3

1.4

2.1

2.2

2.3

Thaw Master Mix reagents in bench top cool block (chilledat § 2-8°C )or § Onice

in master mix preparation hood.

Safety information

Keep Enzyme chilled continually; these enzymes are in glycerol and do not need to be
thawed.

Vortex reagent tubes for @) 00:00:03 +/- 1sec at setting medium high to high (if vortex

has settings).

Briefly centrifuge all reagents Q') 00:00:05 +/- 2 sec in a personal microcentrifuge to

bring liquid to the bottom of tube.

Return all reagents to bench top cool block (chilledat § 2-8°C )or § Onice .

Proceed to hood/area or room where the template is added and thaw IC RNA and sample
RNA in this hood/area.

Safety information

RNA templates should be added to reaction tubes in a designated area separate from
location where master mixes are prepared. A negative (water) and positive PCR control
should be added to each reaction set-up.

Briefly centrifuge IC RNA &) 00:00:05 +/- 2 sec in a personal microcentrifuge to bring
liquid to the bottom of tube.

Add appropriate volume of ICRNA ( & 0.2 uL per reaction) to Master Mix from Step 1.4

in cold block/on ice.

Vortex briefly and centrifuge Q) 00:00:05 +/- 2 sec in a personal microcentrifuge.
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Reaction Set-Up

3 Add 4 22 puL of Master Mix to each designated reaction tube or sample wells.

4 Briefly centrifuge sample RNA &) 00:00:05 +/- 2 sec in a personal microcentrifuge to
bring liquid to the bottom of tube.

S) Add &4 3 puL of sample RNA template to each of three reaction tubes or wells.

6 Ensure each plate or run has appropriate controls (positive and negative controls)
included.

Note

Positive control prepared as described here: Positive Control Material for RT-gPCR of
SARS-CoV-2 and Process Controls (protocols.io).

7 Seal sample plate or strip tubes. Then, briefly spin Q) 00:00:05 +/- 2 sec -

8 Start run on Applied Biosystems 7500 Fast instrument.

Note

Assay parameters were optimized using the AB 7500 software versions 2.0-2.3. If other
instruments or software versions are used, additional optimization may be needed.

8.1  Use the following settings for the Experiment Properties:
"7500Fast (96 wells)"
"Quantitation Standard Curve"
"TagMan Reagents"
"Standard (~2 hours to complete run)"
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@ 7500 Software v2.3
Flb B fabumant Anatss Tos Welp
=) tiewErperment - (5 Open el Save - Close | 9 Een - 3 prntRevot
Experiment Menu« | Expenment: Untitied Type: Standard Curve Reagents: TagMan® Reaganls
L

How do you want to identify this experiment?

7500 Fast (96 Wells)

What type of experiment do you want to set up?
T uarttaion - Stardard Gur 0 Gucbistion Rolaa Sianders I Busiiaton G
Geactypog J [

et Curve

Which reagents do you want to use t detect the target sequence?
SYB5R.

+/ TaoMan® Resgeris

Which ramp speed do you want to use in the Instrument run?

/Standard (- 2 hours to compiete o)

Discannocted

Identify the appropriate target reporters (MNV-Cy5, crAss-JOE, IC-TexasRed) and leave

8.2
all quenchers as "NFQ-MGB".

Expenmant Menu « | Expariment: Unlitled Type: Standard Curve

[ Define Targets and Samples | Assign Targets and Samples |

u Instructions:  Dafing M tasgets bo quanbily and the sampios 1o basd in ta resction plate

Exparimant Propertes
| Define Targets
L erlmp |
| | Aaatiew Target | Aca saved Target | Save Taiger | Deete Tasgot | |
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8.3  Select appropriate passive reference dye (FAM for the triplex assay).
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8.4

Experiment: Untitied

T sef up standarss: Click ‘Tafine and Set Up Stancars.”

Define Targets and Samples | Assign Targets and Samples |

u Tosetup Select wells, assign targed(s), seled "U” (Unknown) as the task for each targel assignment, nen a
To sal up negalive controls: Seled wells assign target(s] then select "N” (Negative Conlrol) as ihe task lor each targel z

Assign target(s) to the selected wells. <| View Plate Layout |

B Mo ] Uninown [ Standard [ Negative Control

>
e i} 5:::c:omm B @@ B [@ | show in welis ¥ ]E
O SARS-Cov-2N2 LIEIE -
O |w LIEIE

Assign Sampie

Assign sample(s) to the selected wells. (o

Select the dye to use as the passive reference.

J |S=msh 1
D
E
Assign sample(s) of selected weli(s) to biological group.
Assign Blological Group | .
]

NH
Fal » )
b
1
Ml / weits: [TJ 0 Unknown o S
‘-""!-n-._‘_-_-__ f e ——

Assign targets and samples.
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@

Select the dye to use as the passive reference.

FAM w|

wets: [T] 11 Unimown [ o Standara [T] 0 Negative Control

.

8.5  Use the following settings for Run Method: 1h 6m 35¢
& 25 L reaction volume

Holding stage 1: § 50 °C for &) 00:50:00

Holding stage 2: § 95°C for &) 00:15:00

Cycling stage: 45 cycles of § 95°C for &) 00:00:15 , & 55°C for &) 00:00:20 ,
§ 62°c for &) 00:01:00

Enable data collection on Step 3 of Cycling stage
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I Data Analysis

9 Adjust analysis settings to appropriate thresholds. All thresholds should be set at 0.01.
Baseline start cycle should be set at 3 and baseline end cycle should be set at 10.
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Q Analysis Settings for Untitled x

[Cr Seftings || Flag Settings | Advanced Settings |

~
n Review the default setlings for analysis of targets in this experiment. To edit the defaull setlings, click "Edit Default Sstings " To use different setfings for a target. select the target from the
Table, deselect "Use Default Seftings,” hen change the seflings that are displayed
Default Cr Settings.
Diefault C1 seffings are used lo calculate the C1 for largets without cusiom seffings. To edit he default seffings, dick "Edit Default Sefiings ~

Threshold: AUTO. Baseling Start Cycle: AUTO  Baseline End Cycle: AUTO | [Edt Defuit Settnga |

Select a Target Cr Settings for iC
Target Threshold Baseline Start Baseline End CT Semngs 1o Use: D Uise Dataull Ssnings
[+ 001 T jauTo. || [0 auomatic mreshoia
My 0.01 AUTO. AUTO Threshold 001
crdss 0.01 AUTO lAUTD Automatic Baseling

Basstine Start Cycle- | 3.5 End Cyde: | 155

<

10  Verify positive and negative calls for each reaction using either linear or log amplification
plots.

10.1
Linear Amplification Plot

Ampification Pt
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Virus Positive Sample
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10.2
Log Amplification Plot
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10.4
Amplification Plot
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False Positive

11  Sampile is invalid if any of the following are observed:

1. Negative RT-gPCR control is positive (Ct value indicated) for any of the expected
targets (MNV or crAssphage);

2. Positive RT-qPCR control is negative (undetermined) for expected target/s (MNV or
crAssphage);

3. Sample is negative (undetermined) for MNV; or

4. 1C is negative (undetermined) in the sample, or the average of the IC Ct values from
the sample replicates are greater than 4 Cts than the IC Ct of the negative RT-qPCR
control.

Note

Sample is invalid and RT-gPCR should be repeated. If still invalid, an additional
concentrate from Virus Concentration from Wastewater Using PEG Precipitation and
Ultracentrifugation (protocols.io) should be extracted and tested.

12 Sample is valid if all of the following are observed:
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1. Negative RT-gPCR control is negative (undetermined) for expected target/s (i.e., MNV
and crAssphage);

2. Positive RT-gPCR control is positive (Ct value indicated) for expected target/s (i.e.,
MNV and crAssphage); and

3. Internal amplification control (IC) is positive in all sample reactions with the average IC
Ct values for the sample is less than 4 Cts greater than the IC Ct of the negative RT-
gPCR control.

Note

Sample is valid, proceed to determination of SARS-CoV-2 results as described RT-qPCR
Detection of SARS-CoV-2 from Wastewater Using the AB 7500 (protocols.io).
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