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PacBi® SMRT?® Link user guide (v26.1)

Introduction

This document describes how to use SMRT Link software from PacBio®. SMRT Link
is the web-based end-to-end workflow manager for Revio and Vega systems. SMRT
Link includes the following modules:

A Instruments: View information about instruments connected to SMRT
Link. (See “Instruments” for details.)

A Sample Setup: Calculate loading concentrations for sequencing
libraries on all Revio and Vega systems. (See “Sample Setup” for
details.)

A Runs: View information about sequencing runs, monitor run progress,
status and quality metrics, design sequencing runs and create and/or
import run designs. (See “Runs” for details.)

A Data Management: Create Projects and Data Sets; generate QC
reports for Data Sets; view, import, or delete sequence, reference,
barcode, and BED files. (See “Data Management” for details.)

A SMRT Analysis: Perform secondary analysis on the basecalled data
such as sequence alignment, variant detection, and RNA analysis
after a run has completed. (See "“SMRT Analysis” for details.)

Note: The SMRT Analysis module is not included when you install
SMRT Link Lite.

Some analysis workflows have updated backends in SMRT Link 26.1.
Older workflow versions are still available and labeled “(legacy)”.

Supported instruments:
A Revio systems with v13.5 instrument software.
A Vega systems with v1.1 instrument software.

A Sequel, Sequel II, and Sequel lle systems are not supported and require a
separate local installation of SMRT Link v13.1.

This document also describes:
A The data files generated by secondary analysis. (See “Secondary
analysis output files” for details.)

A Configuration and user management. (See “Configuration and user
management” for details.)

A SMRT Link client hardware/software requirements. (See “Hardware/
software requirements” for details.)

Installation instructions for SMRT Link server software, including client
hardware/software requirements are found in the document SMRT Link software

installation guide.

When you first start SMRT Link, in Settings > Instrument Settings >
Supported Instruments you must specify which system you are using:
Revio and/or Vega. This choice affects some of the initial values used in
the Sample Setup and Runs modules. In those modules, you can switch
between the systems as needed. Users with administrator access can
configure SMRT Link to support all instrument types.
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Using SMRT Link

SMRT Link should be accessed from a Chrome web browser.

A SMRT Link is not available on the instrument — it must be accessed
from a remote workstation.

A Depending on how SMRT Link was installed, logging in with a user
name and password may be required.

A SMRT Link needs a Secure Sockets Layer (SSL) certificate to ensure a
secure connection between the SMRT Link server and your browser
using the HTTPS protocol.

If an SSL certificate is not installed with SMRT Link, the application will use
the PacBio self-signed SSL certificate and will use the HTTP protocol. In
this case, each user will need to accept the browser security warnings
described in “Using the PacBio® self-signed SSL certificate”.

After accessing SMRT Link, the Instruments module displays.

A Click the PacBio logo at the top left to navigate back to the
Instruments page from within the application.

A Select a module name from the Module menu (next to the PacBio
logo) to access that module.

A Click the Settings menu to configure for the sequencing system,
view version information, or perform administrative functions
(Admins only).

A Click Help to be directed to PacBio SMRT Link documentation.
A Select User Name > Sign Out to log out of SMRT Link.

Modules
A Instruments: for viewing instruments and instrument status.

A Sample Setup: for accessing the loading calculator.
A Runs: for creating, viewing, and managing runs.
A Data Management: for viewing and creating Data Sets.

A SMRT Analysis: for running analyses. SMRT Link Lite does not
include the SMRT Analysis module.
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Settings

A General

& Admin users only: Use the Time Zone control to specify the time
zone to use with all instruments connected to this instance of
SMRT Link.

O To specify how numbers are formatted, click Number Formatting

and select Period or Comma as the decimal separator.
A Instrument settings
d Select the instrument type(s) to support with this instance of SMRT
Link
& Admin users only. Set up a file transfer location and connect an
instrument. See “Appendix C - Adding and modifying Revio or Vega
systems” for more details.
A Notification settings

d Specify the number of days when to automatically archive
notifications.

8 Specify the types(s) of notifications to include in the red notification
count on the main page: Informational, Warning, Error, and Critical.
(Note: All notification types still display in the Notification Center
dialog; only the checked types are reflected in the red notification
count.)

A User management

& Admin users only: Add/delete SMRT Link users and specify their

roles. See “Adding and deleting SMRT Link users” for details.
A Updates

O To update Human Genome hg38 with Gencode v39 annotations, or
Mouse Genome mm39 with Gencode vM28 annotations, click the
appropriate button.

0 View version numbers for all software components of SMRT Link.

A Audit Logs

O Admin users only: View and filter audit events and export audit
reports as PDF files. Note: Only Admins will have Audit Logs as a
menu option. See “Appendix E = Audit Logs” for details.

A About

& SMRT Link Status displays status information about SMRT Link Server

directories

O Space Available on Server is provided for the Analysis Directory and
Temporary Directory

O Analysis Usage Information: Click Send to send analysis usage
information. Data does not include sample names or sequence
data

O Troubleshooting Information: Click Send to send
troubleshooting information to PacBio Technical Support for
help in troubleshooting failed jobs.

O Additional Information: Displays information about this instance of
SMRT Link.
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Sending
information to
Technical
Support

O Usage Log: Click Download to obtain a log file listing user actions
that modified the SMRT Link server, such as
adding/editing/deleting records. (This log file does not include any
view-only operations.)

Notifications menu
A Displays SMRT Link system-level notifications. Click a notification to
see additional information.

A To clear all notifications, click Mark All As Read. You can also select
individual notifications and mark them as Read or Unread.

A To save the notification log as a text file, click View Notification Log.
Working with tables

A To sort table columns: Click a column title.
A To see additional columns: Click the > symbol next to a column title.

A To search within a table: Enter a unique search string into the Search
field. (For details, see “Appendix B - Data search”)

For additional help from PacBio Technical Support, open a case through
the PacBio Customer Hub or by sending an email to support@pacb.com.

Troubleshooting information can be sent to PacBio Technical Support
two ways:

A From the SMRT Link menu: Settings > About > Troubleshooting
Information > Send.

A From a SMRT Link “Failed” analysis Results page: Click Send Log
Files.
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Instruments Use the SMRT Link Instruments module to view information about sequencing
systems connected to SMRT Link, as well as any ongoing runs.

Viewing 1. When you first login to SMRT Link, you are directed to the Instruments module
instrument automatically.
information 2. (Optional) If three or more instruments are connected to SMRT Link,

click Expand All to view information about all instruments. Click
Collapse All for a more compact display.

3. For each instrument connected to the instance of SMRT Link, the
Instruments page displays:

A The instrument name, as defined by the user.
A The instrument type (Revio or Vega).

A The current instrument status (Starting, WarmUp, SelfTest, Ready,
Running, ShuttingDown, Problem.) A red alarm bell symbol displays
next to the instrument status if any system-critical errors appear
during a sequencing run. Move the mouse over the alarm bell to see a
brief status message; check the Notifications center for more
information.

A The time until preload available; that is, the time when you can access
the work deck (Revio) or drawer (Vega) and queue up the next run
while the current run is sequencing.

A The individual run name. (Click the run name link to see information
about the specific run in the Runs module.)

A SMRTe Cell status (Pending, Loading, Sequencing, Complete.) This
also displays the number of SMRT Cells in each status category, as
well as the total number of SMRT Cells used in the run.
d Click a small black SMRT Cell icon to display a plot of how many ZMWs on
that SMRT Cell are actively sequencing during a movie collection.
O Note: A red box with an exclamation point indicates that the cell
failed. A crossed out red box indicates that the run was stopped by
the user.
A Run Completion: Displays the estimated time remaining to complete
the sequencing run or the time elapsed since the sequencing run

completed. Also displays the date (in YYYY-MM-DD format) when the
last sequencing run was completed.

Multi-use Cell For Revio systems, when multi-use cells are present on the instrument, the
Status (Revio- Instruments page also displays Multi-use SMRT Cell Status information.

only) A SMRT Cell: The Cell ID.

A Start within: The remaining time to start the next use or Expired if no
time remains.

A Remaining Uses for Next Run: The number of uses remaining for the
cell.

A Information: Status or warning message for the cell.
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Sample Setup To prepare your samples for sequencing, use the SMRT Link Sample Setup
module to calculate the final loading dilution for prepared polymerase-bound
SMRTbell libraries. Sample Setup for annealing, polymerase binding, and cleanup
(ABC) can only be used for Revio non-SPRQ/Vega polymerase kits. You can print
the instructions for use in the lab.

Creating a new

. 1. Select Sample Setup from the Module menu.
calculation

2. Click +Add Calculation and select one of two choices from the drop-
down menu. (After you select a choice from the drop-down menu, it
becomes the default value for adding new calculations. You can also
export the calculated values to a CSV file for laboratory automation.)

Annealing, binding, cleanup (ABC) calculator

v Loading calculator

A Annealing, binding, and cleanup (ABC) calculator: This option should
be selected for ABC calculations and can only be used for Revio non-
SPRQ/Vega polymerase kits. Process multiple samples with similar
library properties (such as mean insert size and DNA concentration)
in parallel. (This was called Revio polymerase kit mode in the
previous releases). This setting calculates the amount of sample
required to load a specified number of cells; it outputs protocols for
primer annealing, polymerase binding and cleanup. The entire volume
of the prepared sample is loaded.

A Loading calculator: This setting should be used with the Revio
polymerase kit 96, Revio SPRQ™ and SPRQ-Nx polymerase kit, and
Vega polymerase kit. The annealing, binding and cleanup steps
should have already been completed. The Loading calculator provides
instructions for the final loading dilution for previously prepared
polymerase-bound SMRTbell libraries. Input the number of sample
wells being prepared, followed by the input concentration, average
insert size, and loading concentration of each sample. The tool will
return instructions for making the final dilution for each sample well.

Using the Annealing, binding, and cleanup (ABC) calculator

Note: The ABC calculator should only be used with the Revio polymerase kit.

1. Enter the sample name.
2. Select a sequencing application for the sample. The following fields
are auto-populated and display in green:

O Library type
O Polymerase kit
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0.

Enter the number of samples for this calculation. Samples should be
substantially equivalent to each other; all should have insert sizes and
concentrations within +/- 15% of the specified values.

Enter the number of SMRT® Cells per sample.

Enter the available volume per sample, in uL. When preparing multiple
samples, this should be the minimum volume available for any
sample.

Specify an insert size, in base pairs. The insert size is the length of the
double-stranded nucleic acid fragment in a SMRTbell template,
excluding the hairpin adapters. This matches the mean insert size for
the sample; the size range boundaries are described in the library
preparation protocol. Enter the mean insert size of the sample(s).

Enter the sample concentration(s), in ng/ul. Note that the acceptable
range of input concentrations depends on insert size:

Insert size Concentration
range
10kb and up 20 - 60 ng/ul
3kb - 9999 bp 6 — 20 ng/ul
1.5kb —2999bp | 3 -10ng/ul
500bp - 1499 bp | 1 - 3 ng/ul

If necessary, edit the Cleanup anticipated yield. Adjust this
percentage based on previous experience. (Cleanup removes
excess primers/polymerase from bound complexes, which results in
higher quality data.)

Specify the concentration on plate, in pM.

10.Specify the Minimum pipetting volume, in uL. This allows you to set a

11.

lower limit on pipetting volumes to use in certain protocol steps, such
as sample annealing and binding. We recommend setting thisto 1 L,
though in some cases, for example if sample availability is very
limited, it may be appropriate to set a value below 1 pL. Some
protocol steps include fixed values of 1 pL that will not be affected by
this setting.

(Optional) Enter a comment, such as a batch identifier for a LIMS, or
information about the sample.

O Optionally, do one of the following: Click Copy to duplicate the
sample group using the information entered. Then, edit
specific fields for each sample group.

O Click Remove to delete the current calculation.

O Click Lock to lock the calculation. This is required before samples
can be imported into the Runs module, and also sends a finalized
version of the instructions to the server for use in Data Set reports.
Note: You can lock calculations, but you cannot import sample
calculations into Revio Run Designs.

After locking, no further changes can be made to a calculation.
(Click View to see the locked Sample Setup instructions.) Locking
ensures that calculations are always synchronized with their run
time state if a report is generated later.
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Lock is only available If there are one or more samples visible and

most fields have values entered.
O Click Download CSV to generate a CSV file. This exports the
calculated values to a CSV file for lab automation.
12.To print the calculation(s) and instructions, click the Print button.

Using the Loading Calculator

Use this tool to calculate the final sample dilution for the Revio
sequencing plate when you are starting with polymerase-bound SMRTbell
libraries prepared using liquid handler automation or previously prepared
manually. The setting produces instructions for making the final dilution
for each sample well.

The Loading Calculator should only be used with the Revio polymerase kit
96, Revio SPRQ and SPRQ-Nx polymerase kits, and the Vega polymerase
kit.

1. Specify the number (1-4) of sample wells to use per Revio sequencing
plate. Note: If you are using only one Revio sequencing plate, specify 0
for Plate 2.

2. Foreach well ID, enter the sample name, the concentration (ng/ul),
the average insert size (in base pairs), the loading concentration (in
pico- molars), and any comments. Use the tab key to move between
fields. Note: If using a partially used Revio sequencing plate, change a
Well ID by clicking on it and using the drop-down menu. For example,
wells A and B are used and you want to start with CO1.

3. Repeat Step 2 for any additional sample wells. Note: All sample wells must be

filled in for the instructions to display.

4. Click Lock to lock the sample calculation. This is required before samples can
be imported into the Runs module. After locking, no further changes can be

made to a calculation. When importing a sample into Run Design, the
sequencing plate must be selected first.
5. To print the calculation(s) and instructions, click the Print button.

Note: Samples created by the Loading Calculator cannot be exported or re-

imported in Sample Setup.

If using the Revio polymerase kit 96 or pooling multiple biological samples together

in one well, click Pooling Calculator:

Sample Setup | Loading ca

H Pooling Calculator m

The Loading calculator provides instructions for the final loading dilution for previously-prepared
polymerase-bound SMRTbell libraries. Input the number of sample wells being prepared, followed by the
input concentration, average insert size, and loading concentration of each sample. The tool will return
instructions for making the final dilution for each sample well.

Sequencing plates @

Polymerase
kit

Revio SPRQ polymerase kit | #

Plate 1 1.
wells
Plate 2 0 =
wells

Page 12



Enter the number of samples to be multiplexed together (between 2 and 384.)
Specify the pooled library target volume (in pL).

Specify the unit to use for the output concentration.

Specify the pooled library concentration, using the unit specified.

For each sample, specify the concentration and the sample

volume. (Use the tab key to move between fields.)

Repeat Step 5 for the rest of the samples to be multiplexed.

To print the pooling calculation, click Print.

To export the pooling calculations as a CSV file, click Export.

N kN =

Custom ABC calculations
1. Toaccommodate new or unigue sample types, choose Application > Other >
Custom and enter all settings manually.
1. Click Set Custom Preset Values to save any custom application settings you
may have specified. The next time you select Application > Other > Custom,
those settings are retrieved.

Editing or printing calculations
1. Onthe Sample Setup screen, select one or more calculation names.
2. Click Edit. (Note: If the samples use different versions of chemistry, a warning
message displays.)
3. Edit the sample(s) as necessary.
4. To print the calculation(s), use the Print button.

Deleting calculations
2. 0Onthe Sample Setup screen, select one or more calculation names to delete.
3. Click Delete.

Importing/exporting calculations
Sample Setup supports importing and exporting calculations in CSV format
for the ABC calculator only.

To import a calculation, export a similar calculation as a CSV file, edit it as
needed, and then import the modified file.

Select Sample Setup from the Module menu.

Select an existing calculation.

Click Export, then click Download.

Edit the exported calculation in Excel (changing sample names,
concentrations, and so on), then save it under a new name.

In Sample Setup, click Import.

Click Browse, then select the CSV file you previously modified in Step 5 and
click Open. If everything is correct, click Continue. The imported calculation is
displayed.

M=

oo

A You can select multiple calculations to export to the same CSV file.

A You can also import multiple calculations by adding rows to the CSV
file.

CSV file general requirements

A Each line in the CSV file represents one sample.
A The CSV file may only contain ASCII characters.
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Runs Use the SMRT Link Runs module to:

A View information about sequencing runs performed on sequencing
systems connected to the instance of SMRT Link. This includes
completed runs, as well as runs still in progress.

A Create, edit, or import run designs. A run design specifies:

3 The samples, reagents, and SMRT Cells to include in the
sequencing run.

O The run parameters such as movie time and loading to use for the

sample.
Viewing 1. Select Runs from the Module menu.
information 2. Runs can be sorted and searched for:
about runs O To sort runs, click a column title.
O To search for a run, enter a unique search string into the Search
field.

3. To view some basic information about a run, click the magnifying
glass next to the run name. This displays instrument and run details
including run state and cell status.

4. Run information displayed in the table includes:
O The name of the run.

A The status of the run: Ready, Started, Running, Stopped, Terminated, or
Complete.

O The name of the instrument and what type of instrument.

d Who created the run, when it was created, when it was
started, and when it was completed.

A Any run comments.
O The number of samples in the run.
d The number of SMRT Cells used in the run.

O The number of files successfully transferred to the network; one per
SMRT Cell.

5. To export run information to a CSV file: Click the checkbox next to the
run to export, then click Export Selected.
6. Click arun link.

o If the run is not completed, this displays summary information
about the run design used for the run.

O If the run is completed, this displays information used to monitor
performance trends and perform run QC remotely:

Table fields
A Run Created: The date and time when the run was created.
A Run Start: The date and time when the run was started.
A Run Complete: The date and time the run was completed.
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A Created By: The name of the user who started the run.
A Instrument Name: The name of the instrument.
A Completed Cells: The number of successfully completed SMRT Cells.

A Failed Cells: The number of SMRT Cells that did not successfully
generate data.

A Time remaining for PostProcessing: The time needed, after movie
acquisition ends, to convert sequencing data to HiFi reads.

A Transfer Status: Whether or not the data was successfully transferred
from the instrument to the network. Possible values are: Transferring,
Failed, Complete, or blank if the cell is still acquiring or has not started
acquiring yet.

A Run ID: An internally generated ID number identifying the run. (This is
different from a UUID, which identifies individual Data Sets.)

A Instrument SN: The serial number of the instrument.

A Instrument software: The versions of Instrument Control Software
(ICS) installed on the instrument.

A Transfer Directory: The path to run sequencing data determined by
the configured transfer scheme, and the transfer subdirectory
specified during run design.

7. Click the > arrow at the top of the Consumables table to see, for each
sample well, the consumable type, lot number, expiration date, and
other information.

A Click Expand All to expand all of the table columns. Click Collapse All

to collapse the table columns.

A To see additional table fields for a specific column, click the > symbol
next to a column title.

Run settings and metrics

A Well

O Plate well: The plate number and well ID of an individual well used
for this sample.

d Well name: The name of the individual well used for this sample. Allowed
characters: alphanumeric, hyphen, underscore.

& Well comment: User-specified comment for the individual well.
O Movie: m<instrument-number_date_time>
A Run

O Status: The current collection status for the SMRT Cell, which can
be one of the following: Complete, Collecting, Paused, Queued,
Stopped, Failed, Running, or Pending.

A Movie time: The length of the movie, in hours, associated with this
SMRT Cell.

O Loading concentration: The on-plate loading concentration, in
picomolarity.
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0 Workflow: The instrument robotics workflow used for the run.
o Loading time: The time the system took for loading to progress
before proceeding to sequencing.

A Cells

The Cells section is displayed in the Run Details table only when at least one
sample/collection in the run used a multi-use cell.
O Cell type: Indicates whether the cell is Single use or Multi-use.
d Use: For multi-use cells, displays the use count (for example,
1,2, or 3). For single-use cells, this field displays “-".
O Cell ID: The identifier for the cell.

A Productivity
O Total bases: Calculated by multiplying the number of productive
(P1) ZMWs by the mean polymerase read length; displayed in
Gigabases.
d PO: Empty ZMW; no signal detected. (Revio only)
3 P1: ZMW with a high quality read detected. (Revio only)
d P2: Other, signal detected but no high quality read. (Revio only)
8 Loading level: Estimated percent loading on a Vega SMRT Cell (Vega only)

A HiFi reads: CCS reads whose quality value is equal to or greater than
20.

O Reads: The total number of CCS reads whose quality value is equal
to or greater than 20.

O Yield: The total yield (in base pairs) of the CCS reads whose quality
value is equal to or greater than 20.

8 Length (mean): The mean read length of the CCS reads whose
quality value is equal to or greater than 20.

8 Read quality (median): The median QV of the CCS reads whose
quality value is equal to or greater than 20.

O Q30+ bases: The percentage of bases in CCS reads whose quality
value is equal to or greater than 30.

A Polymerase reads: Polymerase reads are trimmed to the high-quality
region and include bases from adapters, as well as potentially
multiple passes around a SMRTbell template.

d Pol. read length (mean): The mean high-quality read length of all
polymerase reads. The value includes bases from adapters as well
as multiple passes around a circular template.

8 Pol. read length (N50): the length L such that 50% of all
sequenced bases from polymerase reads are contained
in reads of length > L.

8 Longest subread (mean): The mean subread length, considering
only the longest subread from each ZMW.

8 Longest subread (N50): the length L such that 50% of all bases
(considering only the longest subread per ZMW) are in subreads of
length > L.

O Base rate: The average base incorporation rate, excluding
polymerase pausing events.

A Control reads

® Reads: The number of control reads obtained.
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d Read length (mean): The mean read length of the control reads.

8 Concordance (mean): The average concordance (agreement)
between the control raw reads and the control reference sequence.

A File transfer

o Status: Whether or not the data was successfully transferred from
the instrument to the network. Possible values are: Transferring,
Failed, Complete, or blank if the cell is still acquiring or has not
started acquiring yet.

o Action: If the Status is Failed, the Retry File Transfer button
becomes available. Click the button to retry the file transfer. (If the
file transfer doesn't work after several tries, contact PacBio
Technical Support for help.)

Run preview
Run previews are estimates of run performance at two different time points:
4 hours after sequencing acquisition begins and 1 hour before the end of
acquisition. These estimates are based on a subsample of ZMWs. This
information is approximate and intended to guide future runs by providing
early information on loading, library fragment size, and representation of
barcodes in the pool.

Preview metrics

Click the > arrow at the top of the Preview metrics table to see estimated
metrics for all SMRT Cells within a given run. Note: These preview metrics
can also be seen by clicking on a SMRT Cell on the Instruments page.

Basic preview (estimates)
Note: Estimate is displayed at 4 hours after acquisition begins

A P1: An estimate of the percentage of ZMWs rated as P1, meaning
that a high-quality read was detected. Note: The P1% in the run
preview table will be greater than the percent active ZMWs in the
Sequencing ZMW's plot in the same table. This is because the
Sequencing ZMW's plot reports percent active ZMWSs at a given time
point, while the run preview estimates the percent of ZMW's that will
produce a high-quality read over the entire acquisition.

A HiFiread length, mean: An estimate of the mean length of the HiFi
reads per SMRT Cell for the sequencing run. Note: This value is
typically an underestimate as some of the longer molecules require
more time to be fully sequenced.

Full preview (estimates)

Note: Estimate is displayed 1 hour before end of acquisition

A HiFi yield: An estimate of HiFi yield generated per SMRT Cell for the
sequencing run. Note: This value is based on a subsample of ZMWs
and may be an overestimate or an underestimate.

A HiFiread length, mean: An estimate of the mean length of the HiFi
reads per SMRT Cell for the sequencing run.

A HiFi read quality, median: An estimate of the median HiFi read quality
per SMRT Cell for the sequencing run.
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Barcode counts

Click the > arrow at the top of the Barcode Counts table to see estimated
metrics for all barcoded and unbarcoded reads included in the run. Select
the desired SMRT Cell and time point under the Well name and Time point
drop-down menus, respectively.

Note: The values displayed may overestimate the number of unbarcoded
reads. In addition, all estimates may be less accurate for barcodes at low
frequency (<10%) due to sample size. Any barcodes below a 1% frequency
are not displayed and are grouped into the “Other” category.

A Barcode: An individual barcode detected in the sample, as well as
unbarcoded reads.

A HiFi reads: An estimate of the percent of reads with each barcode, as
well as the percent of unbarcoded reads.

A HiFiread length, mean: An estimate of the average HiFi read length
for each barcode or for unbarcoded reads.

Plots
View plots for each SMRT Cell where data was successfully
transferred. Clicking on an individual plot displays an expanded view.
These plots include:

A Polymerase Read Length: Plots the number of reads against the
polymerase read length.

A Control Polymerase RL: Displays the polymerase read length
distribution of the control, if used.

A Control Concordance: Maps control reads against the known control
reference and reports the concordance.

A Base Yield Density: Displays the number of bases sequenced in the
collection, according to the length of the read in which they were
observed. Values displayed are per unit of read length (i.e. the base
yield density) and are averaged over 2000 bp windows to gently
smooth the data. Regions of the graph corresponding to bases found
in reads longer than the N50 and N95 values are shaded in medium
and dark blue, respectively.

A Read Length Density: Displays a density plot of reads, hexagonally
binned according to their high-quality read length and median subread
length. For very large insert libraries, most reads consist of a single
subread and will fall along the diagonal. For shorter inserts, subreads
will be shorter than the HQ read length, and will appear as horizontal
features. This plot is useful for quickly visualizing aspects of library
quality, including insert size distributions, reads terminating at
adapters, and missing adapters.

A HiFi Read Length Distribution: Displays a histogram distribution of
HiFi reads (QV >20), other CCS reads (three or more passes, but
QV<20), and other reads, by read length. Note: Other reads means
single- pass subreads and anything else that the software could not
determine a consensus sequence for.

A Read Quality Distribution: Displays a histogram distribution of HiFi
reads (QV >20) and other CCS reads by read quality.
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A Read Length vs Predicted Accuracy: Displays a heat map of CCS read
lengths and predicted accuracies. The boundary between HiFi reads
and other CCS reads is shown as a dashed line at QV 20.

A 5mC Detections: This plot displays a reverse cumulative distribution
of all detected CpG motifs according to their predicted probability
of methylation.

A run design specifies:

A The samples, reagents, and SMRT Cells to include in the sequencing
run.

Run Design A The run parameters such as movie time and loading to use for the
sample.

After a run design is created, it becomes available on the instrument.

Run designs created in SMRT Link are accessible from all sequencing
systems linked to the same SMRT Link server.

SMRT Link includes two different ways to create a run design:

A Use the SMRT Link New Run Design screen to create a new run
design.

A Create a CSV file, then import it using the SMRT Link Runs module.
See “Creating run designs by importing a CSV file” for details.

Character requirements:

Several fields in Run Design have character requirements. This
ensures a consistent user experience and compatibility with
downstream SMRT Link and 3" party tools and workflows. Please
reference the Run Design CSV file structure table for each field’s
requirements. Requirements apply when creating or editing via GUI or
CSV import.

Note: To create a run design, either use the New Run Design screen, or
import a CSV file. Do not mix the two methods.

1. Select Runs from the Module menu and click + Create New Run.
2. In Run Information, ensure that Revio is selected as the instrument type.
3. Enter a Run Name. Supported characters: alphanumeric, space,
hyphen, underscore, colon, period, and apostrophe. Comma and
Creating run newline are not permitted. By default, the software creates a new run
designs for the name based on the current date and time; edit the name as needed.

Revio system
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4.

9.

Select a sequencing plate to specify Plate 1 as the sequencing plate
for position 1 on the Revio work deck associated with this new run
design. You can locate the 6-digit lot number, 5-digit serial number
(labeled SN XXXXX and located under the QR code) and 8-digit
expiration date (YYYYMMDD) on the sequencing plate label.

You can also scan the QR code on the sequencing plate label by using
a laptop or webcam camera, then clicking the Scan button. This fills in
the Lot, Serial and Expiry fields.

Note: Revio SPRQ-Nx sequencing plates are compatible with both the
single-use Revio SMRT Cell tray and the multi-use Revio SMRT Cell
tray — Nx. The Revio SPRQ sequencing plate is not compatible with
the multi-use Revio SMRT Cell tray — Nx.

Plate 1 Required €

Revio SPRQ sequencing plate T G
Lot Serial Expiry

(Optional) Specify Plate 2 as the sequencing plate for position 2 on
the Revio work deck associated with this run design.

(Optional) Enter Run Comments as needed. Supported characters:
alphanumeric, space, hyphen, underscore, colon, period, and
apostrophe. Comma and newline are not permitted.

(Optional) Enter a Transfer Subdirectory, which specifies a
subdirectory within the transfer location. Run files are transferred to
<TransferRoot>/<SubDirectory>/<RunDirectory> instead of
<TransferRoot>/<RunDirectory>.

Specify whether to use Adaptive Loading. Default is ON which is
recommended. Adaptive Loading uses active monitoring of the
ZMW loading process to predict a favorable loading end point.
Note: Adaptive Loading applies to the entire run, not just individual
SMRT Cells

In Sample Information, select a sequencing Application from the list.

10. (Optional) Click Import from Sample Setup if importing sample

11

details from a Sample Setup calculation. To import a Loading
Calculator sample, the sample must first be locked in the Sample
Setup module and the Run Design sequencing plate must be
selected (Step 4).

.Specify the plate well position to use for samples. Use wells on
each plate sequentially and do not leave unused wells between
samples.

12.Specify the Well Name and any Well comments. Well Name

allowed characters: alphanumeric, hyphen, underscore. Well
Comment allowed characters: alphanumeric, space, hyphen,
underscore, colon, period, and apostrophe characters.
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13. Specify the Standard Library type. Note: This can be set to Kinnex or Adeno-
associated Virus based on the application you select in Step 9. Library Type
identifies the structure of the molecules to be sequenced, which determines
how the instrument performs adapter calling and consensus read generation.

O Standard specifies a single sequence for adapter calling.
Standard libraries consist of a single DNA insert with the same
SMRTbell adapter loop on each end of the molecule.

& Kinnex specifies two sequences for adapter calling. Kinnex™
libraries consist of concatenated smaller inserts with different
SMRTbell adapter loops on each end of the molecule. (For a
video on using all Kinnex kits with the Runs module, click here.)

& Adeno-associated Virus disables adapter correction (that is, it
disables splitting molecules with an adapter on only one end)
and enables generating a consensus sequence per strand,
considering only passes from that strand (by-strand mode).
Adeno-associated Virus libraries include a variety of structures,
which may have: 1) A SMRTbell adapter loop on only end or on
both ends, and 2) either complementary or unique forward and
reverse strand sequences.

14.Specify an insert size (500 base pairs minimum). The insert size is

the length of the double-stranded nucleic acid fragment in a

SMRTbell template, excluding the hairpin adapters. This matches the

average insert size for the sample. If the library contains multiple

discrete-sized fragments, enter the size of the shortest fragment.

Note: For libraries <5 kb, do not use Revio SPRQ sequencing plate — Nx with
multi-use Revio SMRT Cell tray — Nx. Use Revio SPRQ sequencing plate — Nx
with single-use Revio SMRT Cell tray.

15.Specify Library Concentration in picomoles.

16.Movie Acquisition Time defaults to the recommendation for the
Application selected.

17.Under Samples, specify whether the sample is indexed.

& If No, enter a Bio Sample Name. This is the name of the biological
sample contained in the sequencing library, such as HG002. Go to
Step 21. Allowed characters: alphanumeric, hyphen, underscore.
Character limit: <40 characters.

O If Yes, go to the next step.

18.Specify the Indexes file. (SMRTbell Adapter Indexes is the default).
Note: Demultiplexing on instrument is only supported for
symmetric indexes. Asymmetric barcode sets (for example,
Twist Universal Adapters with UDI v2 or Barcoded M13 Primer
Plate) are processed off-instrument in SMRT Link. A
Demultiplexing Barcodes job will be scheduled to run in SMRT
Analysis once data transfer is complete. See Appendix G.
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19.Select Biosample Names, either interactively or by downloading a file:
Interactively:

A Click Interactively, then drag barcodes from the Available Barcodes
column to the Included Barcodes column. (Use the check boxes to
select multiple barcodes.)

A (Optional) Click a Bio Sample field to edit the Bio Sample Name
associated with a barcode. Allowed characters: alphanumeric,
hyphen, underscore. Character limit: <40 characters

A (Optional) Click Download as a file for later use.
A Click Save to save the edited barcodes/Bio Sample names. You see
Success on the line below, assuming the file is formatted correctly.

From a File:
A Click From a File, then click Download File.

A Enter the Bio Sample Name associated with the barcodes in the
second column, then save the file. Allowed characters: alphanumeric,
hyphen, underscore. Character limit: <40 characters.

If you did not use all barcodes in the Autofilled Barcode Sample file in
the sequencing run, delete those rows.

Note: Open the CSV file in a text editor and check that the columns are
separated by commas, not semicolons or tabs.

20.Under Data Options, specify, for this sample only, whether to include kinetics
information (used for epigenetics analysis) in the HiFi reads BAM. Note: 5mC-
CpG calls and 6mA calls for FiberSeq analysis are always provided in the HiFi
reads BAM. Adding kinetics information can increase the amount of storage
used by the output BAM files by up to 5 times.

271.Under Data Options, specify the consensus mode.
— Strand separately generates a consensus sequence from the forward and
reverse strands, and is useful for identifying heteroduplexes formed during
sample preparation.
— Molecule generates a single consensus sequence from both strands.

22.Under Data Options, specify if Data Sets generated by SMRT Cell(s) using this
run design will be associated with a specific Project. (By default, all Data Sets
are assigned to General Project, which is accessible to all users.)

23.Under Analysis Options, specify whether to add an analysis job that will run in
SMRT Analysis using the generated sample data as input. If Yes, enter the
analysis name and the select the analysis workflow to use with the data
generated by this sample. Analysis name limited to alphanumeric, space,
hyphen, underscore, colon, period, and apostrophe characters only. Comma and
newline are not permitted. (For details on SMRT Analysis applications provided
by PacBio and their parameters, see “SMRT Analysis applications”).

24 Click Save at the top of the New Run Design page.
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Select Runs from the Module menu.
1. Click + Create New Run.
2. In Run Information, ensure that Vega is selected as the instrument type.
3. Enter a Run Name. By default, the software creates a new run name
based on the current date and time; edit the name as needed.
Supported characters: alphanumeric, space, hyphen, underscore,
colon, period, and apostrophe. Comma and newline are not permitted.

Select a Vega sequencing plate to specify Plate 1 as the sequencing
plate. You can locate the 6-digit lot number, 5-digit serial number
(labeled SN XXXXX and located under the QR code) and 8-digit
expiration date (YYYYMMDD) on the sequencing plate label.

Note: You can also scan the QR code on the sequencing plate label
by using a laptop or webcam camera, then clicking the Scan button.
This fills in the Lot, Serial and Expiry fields.

Plate 1 Required @

Creating run
designs for the
Vega system

Vega sequencing plate * )

Lot Serial Expiry

4. (Optional) Enter Run Comments as needed. Supported characters:
alphanumeric, space, hyphen, underscore, colon, period, and
apostrophe. Comma and newline are not permitted.

5. (Optional) Enter a Transfer Subdirectory, which specifies a subdirectory
within the transfer location. Run files are transferred to

<TransferRoot>/<SubDirectory>/<RunDirectory> instead of
<TransferRoot>/<RunDirectory>

o

In Sample Information, select a sequencing Application from the list.

7. Specify the Well Name and any Well comments. Well Name allowed
characters: alphanumeric, hyphen, underscore.

8. Specify the Standard Library type. Note: This can be set to Kinnex or
Adeno-associated Virus based on the application you select in Step
6.
Library Type identifies the structure of the molecules to be sequenced,

which determines how the instrument performs adapter calling and
consensus read generation.

O Standard specifies a single sequence for adapter calling. Standard
libraries consist of a single DNA insert with the same SMRTbell
adapter loop on each end of the molecule.

0 Kinnex specifies two sequences for adapter calling. Kinnex™
libraries consist of concatenated smaller inserts with different
SMRTbell adapter loops on each end of the molecule. (For a
video on using all Kinnex kits with the Runs module, click here.)

& Adeno-associated Virus disables adapter correction (that is, it
disables splitting molecules with an adapter on only one end) and
enables generating a consensus sequence per strand,
considering only passes from that strand (by-strand mode).
Adeno-associated Virus libraries include a variety of structures,
which may have: 1) A SMRTbell adapter loop on only end or on
both ends, and 2) either complementary or unique forward and
reverse strand sequences.
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9. Specify an insert size (500 base pairs minimum). The insert size is the length
of the double-stranded nucleic acid fragment in a SMRTbell template,
excluding the hairpin adapters. This matches the average insert size for the
sample. If the library contains multiple discrete-sized fragments, enter the size
of the shortest fragment.

10.Specify Library Concentration in picomoles.

171.Movie Acquisition Time defaults to the recommendation for the Application
selected.

12.Under Samples, specify whether the sample is indexed.

o If No, enter a Bio Sample Name. This is the name of the biological
sample contained in the sequencing library, such as HG002. Go to
Step 17. Allowed characters: alphanumeric, hyphen, underscore.
Character limit: <40 characters.

d If Yes, go to the next step.

13.Specify the Indexes file. (SMRTbell Adapter Indexes is the default).

Note: Demultiplexing on instrument is only supported for symmetric
indexes. Asymmetric barcode sets (for example, Twist Universal
Adapters with UDI v2 or Barcoded M13 Primer Plate) are processed off-
instrument in SMRT Link. A Demultiplexing Barcodes job will be
scheduled to run in SMRT Analysis once data transfer is complete. See
Appendix G.

14.Select Bio sample Names, either interactively or by downloading a file:

Interactively:

A Click Interactively, then drag barcodes from the Available Barcodes
column to the Included Barcodes column. (Use the check boxes to
select multiple barcodes.)

A (Optional) Click a Bio Sample field to edit the Bio Sample Name
associated with a barcode. Allowed characters: alphanumeric,
hyphen, underscore. Character limit: <40 characters.

A (Optional) Click Download as a file for later use.

A Click Save to save the edited barcodes/Bio Sample names. A message
indicating “Success” will appear on the line below if the file is formatted
correctly.

From a File:
A Click From a File, then click Download File.

A Enter the Bio Sample Name associated with the barcodes in the
second column, then save the file. Allowed characters: alphanumeric,
hyphen, underscore. Character limit: <40 characters.

If you did not use all barcodes in the Autofilled Barcode Sample file in
the sequencing run, delete those rows.
Note: Open the CSV file in a text editor and check that the columns are
separated by commas, not semicolons or tabs.

15.Under Data Options, specify, for this sample only, whether to include kinetics
information (used for epigenetics analysis) in the HiFi reads BAM.
Note: 5mC-CpG calls and 6mA calls for Fiber-seq analysis are always
provided in the HiFi reads BAM. Adding kinetics information can increase the
amount of storage used by the output BAM files by up to 5 times.
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16.Under Data Options, specify the consensus mode.

— Strand separately generates a consensus sequence from the forward and
reverse strands and is useful for identifying heteroduplexes formed during
sample preparation.

— Molecule generates a single consensus sequence from both strands.

17.Under Data Options, specify if Data Sets generated by SMRT Cell(s) using this
run design will be associated with a specific Project. (By default, all Data Sets
are assigned to General Project, which is accessible to all users.)

18.Under Analysis Options, specify whether to add an analysis job that will run in
SMRT Analysis using the generated sample data as input. If Yes, enter the
analysis name and then select the analysis workflow to use with the data
generated by this sample. Analysis name limited to alphanumeric, space,
hyphen, underscore, colon, period, and apostrophe characters only. Comma and
newline are not permitted. (For details on SMRT Analysis applications provided
by PacBio and their parameters, see “SMRT Analysis applications”).

19.Click Save at the top of the New Run Design.

Editing or
deleting run
designs

Select Runs from the Module menu.
Click the name of the run design to edit or delete.
A If the run status is Ready: Click Edit.

A If the run status is Completed: Click View Run Design, then click Edit.
(Optional) Edit any of the fields.
(Optional) Click Delete to delete the current run design.
Click Save.
Select Runs from the Module menu.
Click the name of the run design to duplicate.

N —

NOo g~

If the run status is Ready: Click Duplicate.

« Ifthe run status is Completed: Click View Run Design, then click
Duplicate.

8. Edit the Run Name. (The default name is Copy of...).

9. Click Save.
10.0n a remote workstation, open the sample CSV file included with the
installation.
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Creating run

designs by To obtain the sample CSV files
importing a CSV 1. Select Runs from the Module menu.
file 2. Click Import Run.

3. Click Download Template. The ZIP file containing run design
templates and will download to your local computer.

To update and import the CSV file
1. Update the appropriate CSV file as necessary for the run design. (See
the definitions of the run design fields in the following table.)
Save the edited CSV file.
Import the file into SMRT Link.
Select Runs from the Module menu.
Click Import Run.
Select the saved CSV file designed for the run and click Open, then
click Done. The file is now imported and available for selection on the
instrument.
7. If Full Resolution Base Qual or Subread To HiFi Pileup is TRUE, the
imported run design will display these options under Advanced in
Data Options.

‘L Data Options

ok WN

Include Base Kinetics @ YES NO

Consensus Mode @ moLECULE STRAND

Assign Data To Project & General Project

Full Resolution Base Qual lil Subread To HiFi Pileup
Advanced @

Run Design CSV format

The Revio and Vega Run Design CSV file format is divided into three main
sections:

1. [Run Settings] - Settings that apply to the entire run.

2. [SMRT Cell Settings] - Settings that apply to a specific collection,
plate well, or SMRT Cell.

3. [Samples] - Settings that apply to a specific barcoded sample.

Each section begins with a line that starts with the name of the section surrounded by
square brackets.

Run Settings section

Each line in this section (after the [Run Settings] line) represents a single setting,
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Settings

Setting name

Required

Description

Instrument Type

Yes

Must be Revio or Vega.

Run Name

Yes

A human-readable name used to refer to the run in SMRT Link
interfaces. Must contain only alphanumeric, space, hyphen, underscore,
colon, period, and apostrophe characters. Comma and newline are not
permitted. Example: 20170530_A6_VVnC

Run Comments

No

A human-readable comment attached to run. Must contain only
alphanumeric, space, hyphen, underscore, colon, period, and
apostrophe characters. Comma and newline are not permitted.
Example: My first Revio run’

Plate 1

Yes

A part number or plate identifier that specifies the sequencing plate in
workdeck position 1 (See “Plate identifier requirements”.)

Plate 2

No

A part number or plate identifier that specifies the sequencing plate in
workdeck position 2. (See "Plate identifier requirements”.). Not
applicable to Vega.

Transfer Subdirectory

No

Specifies a subdirectory within the transfer location. Run files are
transferred to <TransferRoot>/<TransferSubdirectory>/
<RunDirectory> instead of <TransferRoot>/

<RunDirectory>. Enter alphanumeric characters, hyphens,
underscores, or forward slash only.

CSV Version

Yes

Must be 1

Compute Settings

No

Specifies compute cluster options for auto-analysis jobs. Enter values
automatically generated by the SMRT Link installer in the form
installer.user.config.computecfg_Q0,
installer.user.config.computecfg_01 and so on. The numbering
corresponds to the order in which they display in the Advanced Analysis
Parameters dialog’s Compute Settings drop-down menu when
specifying a new job.

<UWO>SQ —Tnw o oS c o
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SMRT Cell Settings section

g

[SMRT Cell Settings],1_A01,1_B01,1_CO01,1_D01,2_A01,2_B01,2_CO01,2 D01

Page 28





























































































































































































































































































































































































