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PURPOSE: This standard operating procedure (SOP) describes a standardized laboratory protocol for
whole genome sequencing (WGS) of bacterial organisms on the Illumina iSeq 100 platform, including
instrument requirements and maintenance.

SCOPE: This document provides guidance to PulseNet WGS certified laboratories performing WGS using

the iSeq 100 Illumina platform, from libraries generated with the Illumina DNA Prep Kit on enteric
bacterial isolates for foodborne surveillance. Laboratories may amend this procedure as necessary for use
within their laboratories after validation per their laboratory’s guidelines.
ACRONYMS & DEFINITIONS:

management, and storage, including data sharing

3.2. CDC: Centers for Disease Control and Prevention

3.3.  CMOS: complementary metal oxide semiconductor

3.4. DNA: Deoxyribonucleic acid

3.5. FASTQ: A text-based file format for storing both sequence and its corresponding quality scores
3.6. GHS: Globally Harmonized System

3.7.  LRM: Local Run Manager

3.8.  nM: nanomolar

3.9. PhiX: acontrol library used in lllumina sequencing runs that is derived from a well characterized

bacteriophage genome. It has average size of 500 bp and balanced base composition.

3.10. PHL: Public Health Laboratory
3.11. PPE: Personal Protective Equipment
3.12. pM: picomolar

3.13. PN: PulseNet

3.14.

PulseNet Central: PulseNet team at CDC comprising of the Database Unit and the Next Generation
Subtyping Methods Unit.

3.15. QC: Quality Control
3.16. RFID: Radio-frequency identification

4.

3.17. RSB: Resuspension Buffer

3.18. SDS: Safety Data Sheet

3.19. SOP: Standard Operating Procedure
3.20. SRP: Software restriction policy
3.21. WGS: Whole Genome Sequencing

RESPONSIBILITIES

4.1. PulseNet Public Health Laboratories:

4.1.1. Sequence isolates and perform quality check of the sequencing run and subsequent sequence data

4.1.2. Re-sequence any isolates that do not meet quality thresholds
4.1.3. Communicate any instrument or reagent issues with PulseNet Central, as necessary

4.2. PulseNet Central:

5.
5.1.

4.2.1. Perform additional sequence data quality analysis, if necessary
4.2.2. Notify PN PHL if any sequences submitted do not meet quality thresholds
4.2.3. Assist PN PHL with troubleshooting as necessary

SAFETY
Biosafety warning: This document describes handling of DNA and associated products and does not
describe best practices for handling of biological infectious material.

BaseSpace: Illumina cloud-based computing environment for next generation sequencing data analysis,
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5.2. Chemical Safety Warning: Take proper precautions and wear appropriate PPE when handling
potentially hazardous chemicals. Ensure that chemicals, spent containers, and unused contents are
disposed of in accordance with local and governmental safety standards.

5.2.1. The iSeq 100 reagent cartridge contains potentially hazardous chemicals such as formamide (GHS

classification Category 1B for reproductive toxicity). Although the cartridge is a closed system,
injury could occur through inhalation, ingestion, skin contact and eye contact with these

chemicals. Waste (1.4% formamide) is collected in an underside sealed reservoir of the cartridge.

See the lllumina SDS for additional information.
5.2.2. Ethanol is flammable (GHS Flammability Category 2); take precautions when handling, storing
and disposing of ethanol in the laboratory.

REAGENTS:
NOTEZ: It is imperative to ensure that iSeq reagents are always received and stored at the proper
temperature and orientation. Sequencing kits are shipped in double Mylar packaging; if upon receipt the

Mylar bilayer is not intact, there is no dry ice, or the cartridges are not in the proper orientation (cartridge

labels facing up), contact Illumina.
NOTEZ2: All reagents are stored at room temperature unless otherwise indicated.

6.1.

6.2.

6.3.
6.4.

6.5.

7.

7.1.
7.2.
7.3.
7.4.
7.5.

8.

8.1.
8.2.
8.3.
8.4.
8.5.

iSeq 100 test cartridge and flow cell. (Included with iSeq 100)
e Reusable up to 130 times or for 5 years from the date of manufacture, whichever comes first.
NOTE: The iSeq software will display the remaining number of uses.
iSeq 100 i1 Reagent v2, 300-cycle (Illumina, single - Cat# 20031371or 4 pack — Cat# 20031374 or 8
pack — Cat# 20040760)
6.2.1. Box 1 of 2. Store upright in foil packaging at -15°C to -25°C
e Cartridge (contains clustering and sequencing reagents)
6.2.2. Box 2 of 2. Store in foil packaging at 2-8°C
o Patterned flow cell with CMOS sensor

RSB - included with lllumina library prep kits

Ethanol, lab-grade, 70% or equivalent for disinfection purposes (Fisher Scientific, Cat# 04-355-309 or

equivalent)

OPTIONAL: 10nM PhiX Library (Illumina, Cat# FC-110-3001). Store at -25°C to -15°C.
SUPPLIES

Ice

iSeq 100 Spare Air Filter (Illumina, Cat# 20023928)

Microseal B film (BioRad, Cat# MSB-1001)

Microcentrifuge tubes, 1.5 ml (Fisher Scientific, Cat# 05-408-129 or equivalent)

Pipette tips, sterile, filtered: 20 ul, 200 pl and 1000 pl volumes (Rainin, Cat# 30389225, 30389239, and

30389212 or equivalent)
EQUIPMENT

Ice bucket

iSeq 100 Sequencer

Plate centrifuge

Micropipettes, single channel: 1 pl, 10 pl, 20 ul, 100 pl, 200 pl, 1000 ul volumes

Vortex
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8.6. OPTIONAL.: Uninterruptible Power Supply (UPS) back-up for the iSeq 100 (Recommended: APC
UPS, 1500V A Battery Backup & Surge Protector, Staples, Cat# BX1500M)

8.7. OPTIONAL.: External encrypted hard drive for data transfer and/or storage (if BaseSpace or
networking of the instrument is not available) (Suggested: DatalLocker H350 Basic Hard Drive 1 TB
USB 3.0, CDW, Cat# 4075102)

9. PROCEDURE
9.1. Prepare the Reagent Cartridge
9.1.1. Thaw the bagged cartridge with the label facing up and so that air can circulate on all sides,
including the bottom (e.g., place the bagged cartridge securely on a tube rack). Follow the
guidelines in Table 1 to plan sufficient time for thawing. After thawing, use within the
recommended timeframe and do not refreeze.

Thawed Cartridge Storage
Method Necessary Thaw Time 172 (B S
temperature used for
thawing)
2°C -8°C 36 hours 72 hours
20°C - 25°C 9 hours 18 hours
. 2°C — 8°C overnight
Combined thaw 20°C - 25°C for 5 hours 18 hours

Table 1: Guidance for cartridge thawing methods and storage

9.2. Set Up a Sequencing Run:
9.2.1. To generate a sample sheet and create a run manually:
9.2.1.1. Enter the run details below:
e Run name (labID-MXXXX-YYMMDD), Run Settings (Library Prep kit, Read Type (“Paired
End”), Read Lengths (“Read 1 151” and “Read 2 151”)), and Sample information (Sample ID,
Index 1 and Index 2 information)
NOTE: If the library prep kit used is not present in the drop-down options, the specific module
for the respective library kit will need to be downloaded and installed. A custom module will
need to be generated/installed for non-lllumina kits. Contact Illumina Tech Support for
assistance if necessary. See appendix PNL40-1 for instructions on how to remove and add
Software Restriction Policy (SRP) rules in order to complete the installation.
9.2.1.2.  Click “Save run”.
9.2.2. To generate a sample sheet and set up a run using PNL35.W1 or PNL35.W2 PN Illumina DNA
Prep workbook:
9.2.2.1. Open the “iSeq_SampleSheet” tab of the library prep workbook.
9.2.2.2. Export in *.csv file format.
9.2.2.3. Open Chromium to access LRM.
9.2.2.4. Select “Create Run” to set up run parameters.
9.2.2.5. Select “GenerateFASTQ” analysis module.
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9.2.2.6. Select “Import Sample Sheet” and navigate to the location of the saved .csv file generated

from the workbook.

9.2.2.7. Review run parameters and click “Save run”.

9.3. Dilute Pooled Libraries to Desired Loading Concentration
NOTEL: PNL35.W1/PNL35.W2 PN Illumina DNA Prep workbook “LibraryPrep’ tab or PNL35.W3
Illumina Library Prep Checklist may be used as guidance for diluting and loading the iSeq.
NOTEZ2: The library pool is denatured into single strands and diluted further within the cartridge inside
the instrument. Libraries do not need to be denatured prior to loading.

9.3.1
9.3.2.
9.3.3.

9.3.4.
9.3.5.

9.3.6.

9.3.7.

Remove the flow cell from 2 — 8°C and allow to acclimate, unopened, at room temperature for
10-15 minutes prior to loading.
Bring RSB (from library preparation kit) to room temperature.
Retrieve the pooled libraries, and, if frozen, thaw on ice.
Centrifuge the plate at 800 — 1200 rpm (or 280 x g) for 1 minute, if necessary.
Dilute the pooled libraries to 200 pM using room temperature RSB in a new well of the plate (or
equivalent).

e For 4 nM library pool (Illumina DNA Prep):

= 2.5 ul of the 4 nM pool + 47.5 ul of RSB = 200 pM

Dilute the 200 pM library pool to the desired loading concentration in a new well of the plate (or
equivalent):

e EX. 20 pl of the 200 pM library pool + 30 pul of RSB = 80pM

Volume of pool Resulting
(initial Volume of diluent (RSB) pool
concentration) concentration
2.5 ul (4 nM) 47.5 ul 200 pM
20 ul (80 pM) 30 ul 80 pM

Table 2: Chart for dilution of pool to loading concentration.

OPTIONAL: Spike PhiX into the pooled libraries:

9.3.7.1. Dilute the PhiX to the same loading concentration as the library pool (80 pM).
9.3.7.2.  Spike in PhiX in desired percentage.

e Example: 4% PhiX: Add 2 pl of 80 pM PhiX to 50 pl of the 80 pM pool
NOTE: It is possible to spike 2.1 ul to be closer to 4% technically, but 0.1 ul is not a
significant volume for this purpose.

9.4. Load Diluted Library Pool

9.4.1.
9.4.2.

9.4.3.
9.4.4.

Remove the reagent cartridge from the packaging.

Invert the thawed reagent cartridge 5 times to mix.

NOTE: It is normal for internal components to rattle during inversion.

Gently tap the cartridge on the bench to ensure reagents are not trapped on the sides of wells.
Use a new pipette tip to pierce the foil covering the library reservoir and push the foil to the
edges to enlarge the hole.
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Figure 1: Piercing the foil on the cartridge

9.4.5. Add 20 pl of diluted library pool to the bottom of the reservoir; taking care to avoid the foil and
to avoid the creation of bubbles while pipetting.

9.5. Load the Flow Cell
9.5.1. Carefully remove the flow cell from the package, handling only the plastic grip points.
NOTE: Avoid touching the electrical interface, CMOS sensor, glass, and gaskets on either side
of the glass.

Figure 2: Removing the flow cell from the package

9.5.2. Insert the flow cell into the slot on the front of the cartridge, label up, until the audible click
indicates that the flow cell is in place.
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A B

Figure 3A and 3B: Inserting flow cell into the cartridge
NOTE: When properly loaded, the grip protrudes from the cartridge and the glass is visible
from the access window.

9.6. Load the Cartridge into the iSeq 100

9.6.1.
9.6.2.
9.6.3.

9.6.4.

9.6.5.

Confirm that the flow cell and diluted library pool have been loaded.

Select “Sequence” on the operating screen.

Once the iSeq opens the door and ejects the tray, place the cartridge onto the tray so that the
access window faces up and the flow cell is oriented towards the interior of the instrument. Do
not push the cartridge or tray into the instrument.

Figure 4: Loading the cartridge

Select “Close Door” to retract the cartridge and to close the door. Do not manually close the
door.
Confirm that the run parameters that appear on screen are correct.
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9.6.6. After the RFIDs are successfully read, the “Start Run” button will illuminate. Click “Start Run”.
The run will begin after successful completion of pre-run checks, which takes approximately 15
minutes.

NOTEL: The instrument takes up to 2 minutes to read and display the radio-frequency
identification (RFIDs) of the flow cell and cartridge. A panel appears on the left side of the
screen to show the information from the scanned consumables. Reagents are considered expired
by 12:01am on the date of expiration listed and if expired will not be accepted by the iSeq.
NOTEZ2: Pre-run checks include an instrument check and a flow check. The flow check pierces
the cartridge seals and passes reagents through the flow cell; consumables cannot be reused
after the flow check starts.

NOTES3: If an error occurs during the instrument check, select “Retry’” to repeat the checks.
To troubleshoot recurring errors, see appendix PNL40-2.

9.7.  Evaluate the Run:

9.7.1. Record run statistics displayed on the screen in the workbook after the run has finished. Run
progress and metrics may be monitored during the run on the sequencing screen. Run metrics
will appear after cycle 26 (approximately 6 hours into the run). See description of run metrics
below.

NOTEZL: Runs with metrics in the optimal range listed below will yield the most quality data,
however they are target metrics and do not pass or fail a run. Individual sequences will need to
be evaluated. See PNQO7, PND20 and PNDO5 for additional information on sequence

evaluation.
NOTE?2: Cluster density on the iSeq will always be 327 K/mm? and is not a relevant iSeq run
metric.
_ L Illumina Optimal PulseNet Desired
Run statistics Definition range Range
The percentage of flow
% Occupancy cell wells containing 70 to 95% ~90%
clusters.
. The percentage of
Clusters Passing clusters that passed > 50% ~70%

Filter quality filters.

The percentage of
% Q30 Read 1 Read 1 base calls with > 80% > 80%
a QQ score > 30.

The percentage of
% Q30 Read 2 Read 2 base calls with > 80% > 80%
a QQ score > 30.

The expected number
Projected Total Yield | of bases called for the 1to 1.2Gb 1.5-1.7Gb
run.

Table 3: iSeq run metrics.
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9.8. Export Data:
NOTEL: This section is only necessary for users unable to stream data to BaseSpace or if a secondary
data repository (i.e. local server) is desired for local data analysis or storage. The data and files listed
below to transfer are those recommended by PulseNet, but each PHL may determine its own storage
requirements.
NOTEZ2: If fastq data is unavailable for a given isolate(s) due to incorrect index assignment or sample
sheet error, the run can be requeued for analysis after editing the respective sample sheet in LRM. See
appendix PNL40-3 for instructions.

9.8.1. Transfer the following data/files to long term storage locations. (Folder file path information is in
parentheses below):
e Fastq files (D:\ drive — Run folder (choose the most recent run folder) — Alignment_1 —

Run folder — Fastq.gz)

e Run files and folders (located in the main run folder on the D:\ drive):

Interop folder

CompletedJoblInfo.xml

GenerateFASTQRunStatistics.xml

RunInfo.xml

RunParameters.xml

O O0OO0OO0OOo

9.9. Unload Consumables:

9.9.1. Select “Eject Cartridge” to eject the used cartridge from the instrument.

9.9.2. Remove the cartridge from the tray.

9.9.3. Remove the flow cell from the cartridge and dispose of per laboratory guidelines.

9.9.4. Dispose of the cartridge per laboratory chemical waste guidelines.
NOTE: iSeq 100 cartridge contains 1.4% formamide waste and should be disposed of as
chemical waste. See section 5.3.1 for safety details.

9.9.5. Select “Close Door” to reload the tray and return to the Home screen.

9.10. Instrument maintenance:
9.10.1. Every 6 Months — Air filter replacement
NOTE: The instrument will prompt when it is time for an air filter replacement.
9.10.1.1. Open the air filter panel by pressing on the right side of the top panel to disengage the
panel on the back of the instrument.




LABORATORY STANDARD OPERATING PROCEDURE FOR WHOLE GENOME SEQUENCING ON
ILLUMINA ISEQ

Doc. No. PNL40 Ver.No. 01 | Effective Date: 03/30/2021 Page 9 of 14

Figure 5: Pressing the back panel to access the air filter. Figure 6: Removing the panel.

9.10.1.2. Remove the panel (See Figure 6).
9.10.1.3. Remove the foam air filter from the center of the panel and discard.

Figure 7: Removing the air filter.

9.10.1.4. Place a new air filter into panel and press to secure.
9.10.1.5. Insert the two panel hooks into the holes in the instrument and press the panel into place.
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Figure 8: iSeq panel hooks.

9.10.1.6. Select “Filter changed”.
9.10.2. As needed — Power Cycle:
NOTE: Power cycling the instrument safely shuts down and restarts the system to restore a lost
connection, align a specification, or resolve an initialization failure. Perform a power cycle at
least once every month or when prompted by the software to resolve an error or warning.
9.10.2.1. From the menu, select “Shut Down System”.
NOTE: If the system does not shut down, hold the power button on the left side of the
instrument until the lights fade.
9.10.2.2. When the power button pulses, press the power off (O) side of the toggle switch on the rear
panel.
NOTE: The power button might continue to pulse after the power is turned off.
9.10.2.3. Wait 30 seconds.
9.10.2.4. Press the power on (1) side of the toggle switch.
9.10.2.5. When the power button pulses, press it, and the system will prompt for a log-in.
9.10.3. Management of Disk Space on the Data (D:\) Drive:
NOTE: A sequencing run requires approximately 2 GB of hard drive space, and 10 GB must be
free on the hard drive to proceed with sequencing. The following steps may be performed to
make space available on the hard drive. Data should be cleared only after any data
transfer/back-up is complete, and if no troubleshooting is necessary for runs being deleted.
9.10.3.1. From the control software menu, select “Process Management” to view a list of runs saved
to the hard drive.
9.10.3.2. Select “Delete” on the desired run. The output folder of every run is retained, regardless of
deletion in this screen.
9.10.3.3. In the dialog box, select “Yes” to confirm deleting the run.
9.10.3.4. Repeat steps 9.10.3.2. and 9.10.3.3. for each run to be removed.
9.10.3.5. Close “Process Management” to return to the Home screen.
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10. FLOWCHARTS:
10.1. PulseNet WGS Workflow

Library Preparation:
DNA Extraction
& Quality e Nextera XT (PNL34)

Control: ¢ lllumina DNA Prep (PNL 35)

Sequence Analysis:

Sequencing:
a 8 e Quality Check (PNQO7)

e MiSeq (PNL38)

e Analysis in
BioNumerics 7.6
(PND20, PNDO5, PNDO6)

¢ Qiagen DNeasy ¢ QIASeq FX (PNL36)

* MiniSeq (PNL39)
e iSeq (PNL40)

Blood & Tissue

KAPA Hyperplus (PNL37
Kit (PNL33) y e R

e NEBNext Ultra Il FS (PNL42)

10.2. iSeq Sequencing Workflow.

Load diluted Load the

Dilute pooled

Evaluate Run

Prepare Set up the o i Load the flow B g _

reagent sequencing run libraries to library poal cell into the cartridge into drnr_-lllu":'lixplur:
" i i i . iSe ata, and Unloac

cartridge in LRM Ll e cartridge e consumables

concentration cartridge start run

(Section 9.1)  (Section 9.2) (Section 9.3) (Section 9.4)  (Section 9.5) (Section 9.6) (Sections 9.7-9.9)

11. RELATED DOCUMENTS:

Document Number | Title

PNL33 DNA Extraction and QC SOP

PNL35 IHlumina DNA Prep (formerly Nextera DNA Flex) SOP
PNL35.W1 IHlumina DNA Prep Workbook, 96 CD/UD Indexes
PNL35.W2 IHlumina DNA Prep Workbook, 24 CD Indexes
PNL35.W3 IHlumina DNA Prep Checklist Workbook

PNQO7 Illumina Data QC SOP

PND20 BioNumerics RefID Database Workflow SOP

PNDO5 BioNumerics Organism-Specific Database Workflow SOP
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12.1. [llumina, Inc. BaseSpace Sequence Hub article.
https://help.basespace.illumina.com/articles/tutorials/requeue-analysis-for-run/

12.2.  Illumina, Inc. iSeq 100: How to Start a Run training video.
https://support.illumina.com/sequencing/sequencing_instruments/iseq-100/training.html

12.3. Hllumina, Inc. Local Run Manager Generate FASTQ Analysis Module Workflow Guide. Document#
1000000003344 v02. June 2018. https://support.illumina.com/content/dam/illumina-
support/documents/documentation/software _documentation/local-run-manager/local-run-manager-
generate-fastg-workflow-quide-100000003344-02.pdf
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12.4. lllumina, Inc. iSeq 100 Sequencing System Guide. Document # 1000000036024 v07. April 2020.

https://support.illumina.com/content/dam/illumina-
support/documents/documentation/system_documentation/iseq100/iseg-100-system-quide-
1000000036024-07.pdf
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16. APPENDICES:

Appendix PNL40-1
System Security and Customization:

NOTE: Software restriction policy (SRP) rules may be removed and added to customize system
security. Modifying the rules, installation of analysis modules, and installation of definition files
require temporarily turning off SRP. For more detail, refer to lllumina’s iSeq 100 Sequencing
System Guide and contact your lab’s IT specialist.

1. Log into the operating system with the administrator account to use permissions needed to

modify SRP rules.

Navigate to the directory C:\\lllumina\Security.

Double-click “Disable.reg”.

Select “Yes” to confirm the changes.

Open and install the respective modules/definition files from the external hard drive on iSeq 100.

Double-click “Enable.reg”.

Password: Update administrator and user id password every 180 days or when prompted.

Nogakown
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Appendix PNL40-2
Troubleshooting an error message:

Control software
displays an eror

h

Power cycle the
instrument

b4

o

=2 r‘ Perform a system Systemn check . =5

| it : passad? ; »| Proceed asnormal |

~ System initializes?

Mo Mo
h 4

Gontact lllumina
. Technical Support |/

Figure 9: Error Message Resolution

Instructions to Perform a System Check:
NOTE: Use the iSeq test cartridge and flow cell for system checks as needed for troubleshooting errors
and upon instrument setup. A system check will take approximately 45 minutes and consists of 4 subsystem
tests. See Section Figure 9 for a troubleshooting flow chart.
1. From the control software menu, select “System Check”.
2 Confirm the tests to be performed: mechanical, thermal, optical, and sensor.
3. Select “Unload” to open the compartment door and eject the tray.
4. If present, remove the used cartridge from the tray.
5 Inspect the glass surface of the test flow cell for visible debris. If debris is present (uncommon),
clean as follows:
5.1. Clean the glass surface with an alcohol wipe.
5.2.  Dry with a low-lint lab tissue and ensure flow cell is free of lint or fibers.
Insert the test flow cell into the test cartridge.
Place the test cartridge onto the tray in the correct orientation.
Select “Load”.
Select “Start” to begin the system check.
NOTE: During the system check, the software will eject and retract the cartridge once.
10.  When the system check is complete, review whether each test passed or failed. Refer to Table 4
below for interpretation of results.

©o~N>



LABORATORY STANDARD OPERATING PROCEDURE FOR WHOLE GENOME SEQUENCING ON
ILLUMINA ISEQ

Doc. No. PNL40 Ver.No. 01 Effective Date: 03/30/2021 Page 14 of 14

Result Indication Action

The instrument is functioning
properly, and the issue is likely | The instrument is ready for
consumable or sequencing.

library related.

All 4 tests passed

At least 1 test failed

Contact lllumina Technical Support
(pulsenetngslab@cdc.gov may be cc’d
if desired)

The instrument may have a
hardware issue.

11.
12.
13.
14.

Table 4: Interpretation of system check results.

Select “Unload” to eject the test cartridge.

Remove the test cartridge from the tray.

Remove the test flow cell from the cartridge and return all test components to original packaging.
Close the System Check dialog box.

Appendix PNL40-3
Requeue a Sequencing Run:

NOTE: If fastg data is unavailable for a given isolate(s) due to incorrect index assignment or sample
sheet error, the run can be requeued for analysis after editing the respective sample sheet in LRM.

1.

2
3.
4.
5

o

Open LRM software in Chromium.

Hover over the sequencing run to be requeued.

Select “Actions”.

Select “Requeue”.

In the pop-up menu, select “Edit Setup” to make changes to the sample sheet or run parameters
as needed.

Save the new run setup.

Select “Requeue”. The newly generated files will be in the run folder in the file path: (D:\ drive
— Run folder (choose the most recent run folder) — Alignment_2 — Run folder — Fastq.gz).
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