BIOMERIEUX

BIONUMERICS®

version 8 - PLUGINS

Yo
,ML::W; \
%._.qm






Contents

1 Introduction

2 Starting and setting up BIONUMERICS

2.1 Startup program . . . . . L
2.2 Creatinganewdatabase . . ... ... ... ... . ... .. ...
2.3 Installing the Sars-CoV-2plugin . . . . ... ... ... ... . ... . . ... ...

3 Importing sequences

4  Processing sequences

41 Procedure . . . . . .
4.2 Sequence extraction . . . . . . L
4.3 Calculating SNPs . . . . . . . . o
4.4 Translating SNPs . . . . . . .

4.5 Defining shared SNPs and screening for shared SNPs

5 Clustering SNP data

6 Miscellaneous tools

6.1 Definingcommon SNPs . . . . . . . . . . ... ...

6.2 Exporting accessions to BLAST Entrez

6.3 Extracting PCR products . . . . . . . . . .
6.4 Getqualifiers . . . . . . . L
6.5 Haplotype determination . . . . . . . .. .. ... .. .. ...

6.6 Exporting and importing character views






NOTES

SUPPORT BY APPLIED MATHS, A BIOMERIEUX COMPANY

While the best efforts have been made in preparing this manuscript, no liability is assumed by the
authors with respect to the use of the information provided.

Applied Maths, a bioMérieux company, will provide support to research laboratories in developing
new and highly specialized applications, as well as to diagnostic laboratories where speed, effi-
ciency and continuity are of primary importance. Our software thanks its current status for a part
to the response of many customers worldwide. Please contact us if you have any problems or
questions concerning the use of BIONUMERICS®, or suggestions for improvement, refinement
or extension of the software to your specific applications:

Applied Maths NV Applied Maths, Inc.

Keistraat 120 11940 Jollyville Road, Suite 115N
9830 Sint-Martens-Latem Austin, Texas 78759

Belgium U.S.A

PHONE: +32 9 2222 100 PHONE: +1 512-482-9700

FAX: +32 9 2222 102 FAX: +1 512-482-9708

E-MAIL: BE-DAU-INFO@biomerieux.com E-MAIL: US-DAU-INFO@biomerieux.com
URL: https://www.bionumerics.com

LIMITATIONS ON USE

The BIONUMERICS® software, its plugin tools and their accompanying guides are subject to the
terms and conditions outlined in the License Agreement. The support, entitlement to upgrades
and the right to use the software automatically terminate if the user fails to comply with any of the
statements of the License Agreement. No part of this guide may be reproduced by any means
without prior written permission of the authors.

Copyright ©1998-2022, Applied Maths NV. All rights reserved.

BIONUMERICS® is a registered trademark of Applied Maths NV. All other product names or
trademarks are the property of their respective owners.


https://www.bionumerics.com

BIONUMERICS® uses following third-party software tools and libraries:

e Python 3.8 release from the Python Software Foundation, https://www.python.org/

e Xerces library for XML input and output from the Apache Software Foundation, https://
xerces.apache.org/

e NCBI toolkit version 2.11.0, https://www.ncbi.nlm.nih.gov/BLAST/

e SRA Toolkit, https://ncbi.github.io/sra-tools/

e Boost c++ libraries, https://www.boost.org/

e Samtools for interacting with SAM / BAM files, https://www.htslib.org/download/
e 7-Zip (7za.exe), https://www.7-zip.org/

e Zlib library, https://zlib.net/

e Pigz for parallel gzip compression, https://zlib.net/pigz/

e Cairo 2D graphics library version 1.12.14, https://cairographics.org/

e Crypto++ library version 5.5.2, https://www.cryptopp.com/

e OpenSSL library, https://www.openssl.org/

¢ [ibSVM library for Support Vector Machines, https://www.csie.ntu.edu.tw/~cjlin/libsvm/
e SQLite version 3.7.17, https://www.sqlite.org/

e pymzML Python module version 2.4.7, https://github.com/pymzml/pymzML

e NumPy Python library version 1.19.1, https://www.numpy.org/

e BioPython Python library version 1.78, https://www.biopython.org/

e pyodbc Python module version 4.0.30, https://pypi.org/project/pyodbc/

e jinja2 Python library version 2.11.2, https://pypi.org/project/Jinja2/

e MarkupSafe Python library version 1.1.1, https://pypi.org/project/MarkupSafe/
e regex Python library version 2.5.91, https://pypi.org/project/regex/

e Chromium Embedded Framework, https://bitbucket.org/chromiumembedded/cef/wiki/
Home

e SPAdes genome assembler version 3.15.3, https://bioinf.spbau.ru/spades *
e SKESA version 2.3.0, https://github.com/ncbi/SKESA/releases
e Unicycler version 0.5.0, https://github.com/rrwick/Unicycler/releases *

¢ Velvet for Windows, source code can be downloaded from https://www.bionumerics.com/
download/open-source

e Bowtie2 version 2.2.5 (https://bowtie-bio.sourceforge.net/bowtie2/index.shtml)*
e SNAP version 2.0.0, https://www.microsoft.com/en-us/research/project/snap/

e RAXML version 8.2.11, https://github.com/stamatak/standard-RAxML/releases
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Chapter 1

Introduction

The SARS-CoV-2 plugin facilitates the processing and analysis of SARS-CoV-2 genomic se-
quences, whether downloaded from a public data repository or generated locally. Each genomic
sequence is separated ("extracted”) into subsequences, each of which is analyzed for SNPs rela-
tive to the reference sequence. All SNPs are stored together in an open (dynamic) character set,
which allows for easy comparisons and strain typing based on the highest resolution available.

The SARS-CoV-2 pluginis a free add-on available in the BIONUMERICS-SEQ and BIONUMERICS-
SUITE configurations.



1. Introduction
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Chapter 2

Starting and setting up BIONUMERICS

2.1 Startup program

Make sure the latest version of BIONUMERICS is installed (https://www.bionumerics.com/
download/software). The installation manual can be downloaded from https://www.bionumerics.
com/download/manuals.

When BIONUMERICS is launched from the Windows start panel or when the BIONUMERICS
shortcut on your computer’s desktop is double-clicked, the Startup program is run. This program
shows the BIONUMERICS Startup window (see Figure 2.1).

BIOMERIEUX

_4

BIONUMERICS

VERSION 8.1.1

Database Last accessed Comment

DemoBase Connected 2022-02-2310:18

© 1558-2022 — Applied Maths

Figure 2.1: The BIONUMERICS Startup window.

A new BIONUMERICS database is created from the Startup program by pressing the button.

An existing database is opened in BIONUMERICS with ] or by simply double-clicking on a


https://www.bionumerics.com/download/software
https://www.bionumerics.com/download/software
https://www.bionumerics.com/download/manuals
https://www.bionumerics.com/download/manuals
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database name in the list.

2.2 Creating a new database

2.1 Press the button in the BIONUMERICS BIONUMERICS Startup window to enter the New
database wizard.

2.2 Enter a name for the database, and press <Next>.
A new dialog box pops up, prompting for the type of database (see Figure 2.2).

2.3 Leave the default option selected and press < Next>.

MNew database ? *

New database
Create a new BioNumerics database

ics uses a relational datab: as data storage.

Create new

Create a database on this computer.

Use existing

Usze an existing database created on this computer or another
computer in your network.

« Back Cancel

Figure 2.2: The New database wizard page.

A new dialog box pops up, prompting for the database engine (see Figure 2.3).

MNew database ? *

Engine
Select which engine to use for storing data.

Use default (SQLite)
RECOMMENDED: SQLite is an optimal solution for file-based databases.

M5 SOL server express® based

A scalable, fast solution with storage up to 10Gb.

Use M5 Access® based

Limited storage and not compatible with §4-bit applications.

< Back Cancel

Figure 2.3: The Engine wizard page.

2.4 Leave the default option selected and press <Finish> to complete the setup of the new
database.

All rights reserved. Not for Diagnostic Use.



2.3. Installing the Sars-CoV-2 plugin 9

2.3 Installing the Sars-CoV-2 plugin

The Plugins and Scripts dialog box can be called from the Main window by selecting File > Install
/ remove plugins... (/=) (see Figure 2.4).

Plugins & Scripts ? *

Pluging  Scripts

[l ~niibiotics susceptibilty ~| Versont18
Standard installation
BandScoring
Custom Genotyping This plugin tool provides extra
functionality for the import of antibiotic
susceptibility data based on MIC or disk
Fingerprint processing reports diffusion method. The tools will also
convert the range into S--R categories.

E. coli functional genotyping

GenotypingTools (internal)
Geographical module

HIV Resistance

Import fingerprint tools

Import trend data tools

iTOL integration

Listeria functional genotyping
Manual extensions (internal)
MIRU-WVNTR

|:| Show only activated

|:| Show 'always active’ plugins

Install Show Manual

Manage database plugins

Close

Figure 2.4: The Plugins and Scripts dialog box.

When a particular plugin is selected from the list of plugins, a short description appears in the right
panel.

A selected plugin can be installed with the <Install> button. The software will ask for confirmation
before installation. Some plugins are only supported in specific BIONUMERICS configurations. If
the plugin is not supported by your BIONUMERICS configuration, it cannot be installed and an
error message will be generated.

Once a plugin is installed, it is marked with a green V-sign. It can be removed again with the
< Uninstall> button.

If the selected plugin is documented, pressing <Show Manual> will open its manual in the Help
window.

An older version of the plugin (i.e. version 0.41) comes with the installation of BIONUMERICS and
can be installed by selecting the plugin in the Plugins tab of the Plugins and Scripts dialog box
and pressing the <Install> button. However, an updated version of the plugin is available online
and can be added to the database by clicking the < Manage database plugins> button which will
open the Manage database plugins dialog box.

3.1 Select File > Install / remove plugins... (&) in the Main window to call the Plugins and Scripts
dialog box.

3.2 Select the <Manage database plugins> button to open the Manage database plugins dialog
box.

The Manage database plugins dialog box lists the plugins that are currently stored in the relational
database. In a new BIONUMERICS database, this list will initially be empty. Adding or updating

All rights reserved. Not for Diagnostic Use.



10 2. Starting and setting up BIONUMERICS

database plugins can be done in the Add database plugins dialog box which can be accessed by
clicking the <Add/Update> button.

3.3 Select the <Add/Update> button to open the Add database plugins dialog box.

The Online plugins panel lists all available online plugins which can be added by checking the
check box in front of the plugins.

3.4 Check the check box in front of the SARS-CoV-2 plugin and click <OK>.

A message appears indicating that the plugin will be loaded after the database is restarted (see
Figure 2.5).

Pluging  Scripts

Version 0.41

, : "
o oic IR hring Ctandard inetallatinn

Plugins stored in the database can be added or removed without Windows
Administrator privieges.

Database plugins

| Plugin State \ersion

Information *

D ':0] The plugin will be loaded after the database is restarted.

— M |
Os
DS Add/Update Delete

In Close

r.haﬁaga database plugins I

Close

Figure 2.5: Information message indicating that the online plugin will be loaded after
the database is restarted.

After adding a database plugin to the database, its status in the Manage database plugins dialog
box will be inactive as it is not installed yet (see Figure 2.6).

3.5 Select the < Close> button two times and close and reopen your BIONUMERICS database.

3.6 Select File > Install / remove plugins... (&) in the Main window to call the Plugins and Scripts
dialog box.

After restarting the BIONUMERICS database, the added database plugins will be loaded into the
database and can be recognized in the Plugins tab of the Plugins and Scripts dialog box as they
are preceded by a database icon = (see Figure 2.7).

3.7 Select the SARS-CoV-2 plugin in the list and press the <Install> button.

3.8 Confirm the installation of the plugin (see Figure 2.8).

The Create database components dialog pops up displaying all database components required by
the plugin: entry fields, character type experiments and sequence type experiments (see Figure
2.9). The default suggested names can be changed if desired.

All rights reserved. Not for Diagnostic Use.
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Pluging  Scripts

Polymorphic WNTR typing

A Version D..41

Manage database plugins

Administrator privieges.

Database plugins

Plugins stored in the database can be added or removed without Windows

Plugin
SARS-CoV-2

State

Inactive

Version

0.54

g
=

In

Close

Manage database plugins [

Close

Figure 2.6: The online SARS-CoV-2 plugin added to the Manage database plugins

dialog box.

Plugins 8 Scripts

Pluging  Scripts

Python Tools (internal)
Qlaxcel

Quick Import

ROP

Resistance detection
RiboPrinter

S. aureus functional genotyping

lla functional genotypi

=

SNP calling

Spa typing

User management tools
wgMLST admin

wgMLST Biological Validation

g

A Version 0.54
Database installation

GENOMIC SEqUences.

|:| Show only activated
|:| Show 'always active’ plugins

Install Show Manual

Manage database plugins

High-resolution typing of SARS-CoV-2

Close

Figure 2.7: The online SARS-CoV-2 plugin added to the Plugins tab.

3.9 Press <OK > to confirm the creation of the database components.

A message pops up, displaying the successful installation of the plugin (see Figure 2.10).

3.10 Press <OK >.

All rights reserved. Not for Diagnostic Use.



12 2. Starting and setting up BIONUMERICS

Install

:' Do you want to install the SarsCoV2 Client plugin?

Figure 2.8: Confirm plugin installation.

Create database components ? *
Component Name I} 2
Entry field Izolate ISOLATE
Entry field Locality COUNTRY
Entry field Country COUNTRY_CALC
Entry field Region REGION
Entry field Geo_Location GEOQ_LOCATION
Entry field Haplotype HAPLOTYPE
Entry field ID- LOCUS ID__LOCUS
Entry field AC-ACCESSION AC__ACCESSION
Fntrv field OF - DFFINMION OF DFFINMION &

Cancel

Figure 2.9: Create database components.

Warning *

The "SarsCoV2 Client plugin has been installed. Please restart your
I .~ database in order for the changes to take effect.

Figure 2.10: Installation confirmation.

The plugin is marked with a green V-sign = in the Plugins and Scripts dialog box.

3.11 Close the Plugins and Scripts dialog box.

3.12 Close and reopen the database to activate the features of the SARS-CoV-2 plugin.

The Main window should now look like Figure 2.11.

The SARS-CoV-2 plugin installs menu items in the main menu of the software under SARSCoV2
(see Figure 2.12) and following components:

A character type called SNP, for the storage of the SNPs.

A character type called SNP_TRANSL, for the storage of the translated SNPs.

A sequence type called genome, for the storage of the (assembled) whole genome.

27 sequence types, for the storage of the extracted subsequences.

33 information fields, comprised of standard GenBank meta data fields and NCBI's SARS-
CoV-2 data hub columns.

All rights reserved. Not for Diagnostic Use.
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i3 CoVID - Bioh: - o x
File Edit Database Analysis Scripts SARSCoV2 Window Help
=B 0 h EEEEDR
& + B e8| 8 < T £l + 508 & <. <AllEntries> () + 5 e8| 8 2. <Al Comparisons>
o Tame == o= T TN e oocus e scorsson sy vorson Toc D2 3 <5 o 7 P ne = fuoteiane i
o, 1 sup Character types A [ |WemanHu1 2021027081442 HC_048512 NC_045512 NC_0455122  Severe o = o o o o =
s 2 SNP_TRANSL Character types
0 3 genome Sequence types
O & 4 ORFO1_nspo Sequence types
o S ORF01_nsp02 Seguence types
0O & € ORFOT_nsp03 Sequence types
O 7 ORFO1_nsp04 Sequencs types v
O |« > < >
Entry fiekis | Database design n:mm-m
+E 8 B = 1t 4 2 +P &I B v e
0 e I T T T
[J= |p-Locus Foxed ~
[J# | AC- ACCESSION Fixed
[Ju  |sv-veRsioN Fixed
[ |DE - DEFINTION Fixed
[ |m-nD Ficed
[ | KW - KEYWORDS Fixed
[Jw |0S-SOURCE Fixed
s |OC-ORGANSM Fixed e
B +BE e8| & <. <Alfinoal + B0 8| &8 A <Al Algnments>
Frorame ——Jopermencore i 13 e anesane S
< > < 5 G >

Database: COVID (_Defauliiser_) | Entries: Loaded=1, View=1, Selected=0 | 29 experiments | Cisers\Pubic\Documents\BIONUMERICS\COVID

Figure 2.11: The Main window after installation of the plugin.

SARSCOV2vD0.33 - BioMumerics

File Edit Database Analysis Scripts ERGSIOWER Window Help

w - E fu @ h. B+  Process sequences
(emermentoves [
Experiment types
Find SNPs
& + 5 ® 8| Update SNPs
_ DL e s
O = 1 SNP g
O '.. 2 SNP_TRANSL E Screen selected entries for shared SNPs
AL
6T 3 genome g
Cluster SNPs
O & 4 nspl g FE
[ ¢ 5 nsp2 fi Define shared SNPs for selected entries
[ &% 6 nep3 d Define common 5NPs by frequency
O &f 7 nspd q
[ &% & nsps ld Determine reference positions for selected SNPs
0 & <Eu i Export character views
1 at
Import character views
s sy
Unselect entries with missing sequences
+ 5 @6 B s :
Export accessions to Batch Entrez
= T R products
[[Jwe | AC- ACCESSION Fixed »
1w |Authors Fixed Get qualifiers
[]we | CC- COMMENT Fixed Get haplotypes
M e ~ e - - .

Figure 2.12: New menu items after installation of the plugin.

One entry is present in the database, with key Wuhan-Hu-1. The NCBI reference sequence for
SARS-CoV-2, i.e. NC_045512, is stored in the sequence type genome for this entry.

3.13 Click on the green colored dot in the Experiment presence panel, corresponding to the genome
experiment (i.e. the third column in default configuration) to open the Sequence editor window.

The sequence is displayed in the upper panel and a graphical representation of the sequence is
displayed in the panel below (see Figure 2.13). The Annotation panel holds the NCBI features,
and the header information is stored in the Header panel.

3.14 Close the Sequence editor window.

All rights reserved. Not for Diagnostic Use.
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Wuhan-Hu-1 (Sequence Viewer) - ] x
File Sequence Header Annotation View Teels Window Help
=N
BiE & 29aX836 dbwvawe
Sequence Editor
TGTGCAARCTG TACATACAGC TAATAARTGG GATCTCATTA TTAGTGATAT GTACGACCCT ARGACTAAAR ATGTTACAAA AGAARATGAC TCTAAAGAGG 21100
GTTTTTTCAC TTACATTTGT GGGTTTATAC AACAAAAGCT AGCTCTTGGA GGTTCCGTGG CTATARAGAT AACAGAACAT TCTTGGAATG CTGATCTTTA 21200
TAAGCTCATG GGACACITCG CATGGTGGAC AGCCTTITGIT ACTAATGTGA ATGCGTICATC ATCTGAAGCA TITTTAATTG GATGTAATTA TCTIGGCAAA 21300
CCACGCGAAC AAATAGATGG TTATGTCATG CATGCAAATT ACATATTTTG GAGGAATACA AATCCAATTC AGTTGTCTTC CTATTCTTTA TTTGACATGA 21400
GTAAATTITCC CCTTAAATTA AGGGGTACTG CTGITATGIC TTTAAAAGAA GGICARATCA ATGATATGAT TTITATCTCTT CTTAGTAAAG GTAGACTTAT 21500
AATTAGAGAA AACAACAGAG TTGTTATTTC TAGTGATGTT CTTGTTAACA ACTARhcgaa caATGTTTGT TTTTCTTGTT TTATTGCCAC TAGTCTCTAG 21600 v
@ O
——
< >
Feature list g| + @I I +r @ E
v # B ¢ source ! Flap
i * * i & & g locus GU280_gp0l /ribosomal slippage™”
- O 2 H  SUTR 1 265 265 4432 ~pplab; translated by -1 ribosomal frameshift™
3 H § gene 285 21558 21290 748 -1
5. &= 4 B¢ C0S 266 21555 21290 37.48 Flab polyprotein”
5 m¢matpepide 265 05 540 4542 [YE_DOS724388. 10
- W @ mat_peptide 808 2719 1914 39.88 GenelD: 43740578
R "MESLVPGFNEKTHVQLSLEVLQVRDVLVRGFGDSVEEVLSEARQHLKDGTCGLVEVEKGVLEQL
How 7 IO'""U”-W‘“ 2720 8554 5835 3581 v EQPYVFIKRSDARTAPHGEVMVELVAELEGIQYGRSGETLGVLVPEVGET PVAYREVLLRENGN
= b g KGAGGHSYGADLKSFDLCDELGTDPYEDFOENWNTKES SGVIRELMRELNGGAYTRYVDINECE w0
I o ey ey ey ey ey

Sequence: Wuhan-Hu-1 | Experiment: genome | 266-21555 | 28903 bp |

Figure 2.13: The Sequence editor window.

The subsequences found on the NCBI reference sequence for SARS-CoV (accession NC_045512)
are stored in the corresponding destination sequence type experiments. These sequence types
are composed of the tag ORF (Open Reading Frame) followed by a number and optionally a nsp
(Nuclear Shuttle Protein) tag. For example: ORF01_nsp01. These subsequences are used as
reference sequences for the BLAST search when sample sequences are screened (see 4.2).

3.15 To display the ID column next to the sequence type Name, click on the column properties button
+ in the header of the Experiment types panel and select Set active fields.

3.16 Check ID and press <OK> (see Figure 2.14).

Set active fields ? *

Active fields:

#
Name
Type
[ Owner
[ Shared
[ Locked

Figure 2.14: Show the ID column.

The ID column is now displayed in the Experiment types panel (see Figure 2.15).

All rights reserved. Not for Diagnostic Use.
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& +EBI B = .
O O

O = 1 SNP SHP Character types
sk 2 SNP_TRANSL SNP_TRANSL Character types
O & 3 genome genome Sequence types
O & 4 nspl ORFO1M_nsp01 Sequence types
O & 5 nsp2 ORFO1_nsp02 Sequence types
O &f 6 nsp3 ORFO1_nsp03 Sequence types
O & 7 nspéd ORFO1_nsp04 Sequence types
O &f 8 nspS ORFO1_nsp05 Sequence types
O & 9 nspb ORFO1_nsp0§ Sequence types
O i 10 nsp? ORFO1M_nsp07 Sequence types
O & 11 nspd ORFO1_nsp08 Sequence types
O &f 12 nspd ORFO1_nsp09 Sequence types
O & 13 nspll ORFO1_nsp10 Sequence types
O &f 14 nspl1 ORFO1_nspii Sequence types
O & 15 nsp12 ORFO1_nspi2 Sequence types
O &f 16 nsp13 ORFO1_nsp13 Sequence types
O & 17 nspl4 ORFO1_nspi4 Sequence types
O &f 18 nspl13 ORFO1_nsp15 Sequence types
O & 19 nspl16 ORFO1_nspi6 Sequence types
[ & 20 GU280_gp02 ORF02 Sequence types
[ & 21 GU280_gp03 ORFO3a Sequence types
O &f 22 GU280_gp04 ORFO4 Sequence types
O & 23 GU280_gp05 ORFO5 Sequence types
O &f 24 GU280_gp06 ORFOE Sequence types
[ & 25 GU280_gpd7 ORFO7a Sequence types
O &f 26 GU280_gp08 ORFOTH Sequence types
O & 27 GU280_gp09 ORFOE Sequence types
[ & 28 GU280_gp10 ORF09 Sequence types
O & 25 sarsSb ORFOSb Sequence types
[ & 30 GU2B0_gpi1 ORF10 Sequence types .,
O |« >

Figure 2.15: The Experiment types panel with the ID column displayed.
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Chapter 3

Importing sequences

Genomic sequences can be imported into the database using the import routines available in
BIONUMERICS.

0.1 Select File > Import... (&, Ctrl+l) to call the Import data wizard.

0.2 Highlight the option <Manual selection> and press <Next>.

All import routines that import (assembled) genome sequences in BIONUMERICS are bundled
under the Sequence type data topic.

0.3 To display all sequence import routines, expand the tree by pressing the "+” sign next to Se-
quence type data (see Figure 3.1).

Import data ? *

Manual selection
Select the kind of data to import.

@ Recently used Use this option to import a small number of
@ Entry information data large sequences.
=2 Fingerprint type data

Character type data

Import and aszemble trace files

¥ Import and assemble traces from FASTA text files

Import sequence assemblies from BAM files

Import FASTA sequences from text files

Import EMBL/GenBank sequences from text files

Download seguences from internet

Matrix type data

12, Trend data type data

-4 Spectrum type data

- ¥ Seguence read sets data

@ Data exchange

¥
¥
5
5

e

Manage import templates...

=« Back Cancel

Figure 3.1: The Import tree.

As an example, we will fetch some sequences from EMBL/NCBI. More detailed information about
the other sequence import routines can be found in the sequence tutorials available on our website.

A SarsCoV2 import template can be downloaded from the sample data download page on the
BIONUMERICS website (https://www.bionumerics.com/download/sample-data, "COVID-19im-


https://www.bionumerics.com/download/sample-data
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port template”). With this import template, NCBI/EMBL tags are mapped to entry fields created by
the plugin.

0.4 In the Import data wizard, select <Manage import templates>.

0.5 Select <Import from file>, browse for the SarsCoV2 template.xml file and press <OK> (see

Figure 3.2).
Import import template ? *
Input file name:
s\10023342\Desktop\Covid 1901 £\SarsCoV2 template.xm: ‘ Browse...

Figure 3.2: Import template.

The import template maps the EMBL/NCBI tags to the entry fields created by the SARS-CoV-2
plugin.

0.6 Press <OK> to add the import template to the database and close the dialog.

0.7 In the Import data wizard, choose the option Download sequences from internet under the
Sequence type data item in the tree and click <Finish>.

0.8 Enter the accession codes (e.g. “MT385458, MT385436,MT385431”) in the Accession codes

input field, separated by the separation character ;.

0.9 Specify “” as the Separation character and choose one of the available download sites from

3

the list, e.g. EBI (see Figure 3.3).

Import sequences ? *
Download
Download sequences from online repositories.
Accession code(s): MT385458 MT385436 MT385431|
Separation character: I:I

Preferred download site: EBI (EMBL-Bank) ~

Pick up accession codes from field: ~ | | Fetch

Search the other sites for unknown accession codes.

Preview sequences

Figure 3.3: Download sequences.

0.10 With the option Preview sequences checked, press <Next>.

The import routine fetches the sequences from the selected database and shows detailed infor-
mation in the next step (see Figure 3.4).

0.11 Press <Next>.

All rights reserved. Not for Diagnostic Use.
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Import sequences ? *

Sequences preview

Double-click on a sequence to open in the Sequence Viewer.

Nr.  File name Length Accession Keywords
1 EBI_MT385458 25861 MT385458
1 EBI_MT385435 25851 MT385435
1 EBI_MT385431 25852 MT385431

<« Back £ MNext> Cancel

Figure 3.4: Fetched sequences.

The next step of the import wizard lists the templates that are present to import sequence infor-
mation in the database. The predefined import template that was imported in the database in one

of the previous steps is listed (see Figure 3.5).

Import sequences

Import template
Specify how to import data into the database.

Import templates:
=Default= Maps the EMBL/NCBI tags to the entry
My EMBL/NCEI template fields created by the SarsCoV2 plugin.
Experiment type: genome ~

= Back Next =

Create new...

Edit...

Preview...

Copy...

Cancel

Figure 3.5: Import template.

0.12 Make sure the My EMBL/NCBI template is selected and press the <Preview> button to check

the mapping (see Figure 3.6).

0.13 Close the preview.

0.14 Make sure My EMBL/NCBI template and genome are selected and press <Next>.

0.15 Press <Finish>. Confirm the import.

The entries are created and are automatically selected. The entry fields are updated and the

All

rights reserved. Not for Diagnostic Use.
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Preview ? hed
Nr.  ID-LOCUS AC - ACCESSION DE - DEFINITION SV - VERSION NI
1 MT385458 MT385458 Severe acute respira...
2 MT385436 MT385436 Severe acute respira...
3 MT385431 MT385431 Severe acute respira...
£ >

Figure 3.6: Preview.

sequences are stored in the genome experiment (see Figure 3.7).

COVID - BioNumerics - m] X
File Edit Database Analysis Scripts SARSCoV2 Window Help

=B & h BEEAEBR
& + B e 8 ﬂ+ﬁ®a,|§f:| . <AllEntriss= + B ®E
ER - -_mﬂs w- EEENE ~[XEE-

mf 1 SNP ~ Wuhan-Hu-1 2021-02-1214:4352  Wuhan-Hu-1  China:Wuhan  NC_045512  NC_045512 Seversacute * o & s & & &

[ & 2 genome COVIDO0D0001  2021-02-12 14:50:11 WT385458 WT385458 Severe acute .

[ & 3 ORFO1_nsp01 COVIDOOD0002  2021-02-12 14:50:11 WT385436 WT385436 Severe acute .

[ & 4 ORF01_nsp02 COVIDO0D0003  2021-02-12 14:50:11 WT385431 WT385431 Severe acute .

[ & & ORFO1_nsp03

[ &f & DRFO1_nsp04

[ & 7 ORF01_nspls

O & & DRFO1_nspls < >

ac

] &f S ORF01_nsp07

[ & 10 ORFO1_nsp08 v identification p... ...

Ok < 2 -@ + ﬁ

ems
+ B e & &

I T ~

[[Ja= | Country A

[I# | Region

(1w | Geo_Location
[[14 | Haplotype
[ ] | sVv-VERSION

e

=~ + B e
o e T Lo | ume |
B + B e8Il

T -

Database: COVID (_DefaultUser_) Entries: Loaded=4, View=

Figure 3.7: The Main window after import of three sample sequences.
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Processing sequences

4.1 Procedure

Genomic sequences, imported and stored in the genome experiment (see 3) can now be pro-
cessed with the SARS-CoV-2 plugin.

1.1 In the Database entries panel of the Main window, select the entries you wish to process using
the Ctrl-key. Alternatively, use the check box next to the entries in the Database entries panel.

1.2 Select SARSCoV2 > Process sequences or click the E+ button to start the processing of the
sequences.

The processing includes the following actions:

1. Extract 27 subsequences from the genomic sequence stored in the genome experiment
(where possible) and save these sequences in the corresponding destination experiments
(see 4.2).

Screen the 27 subsequences for SNPs with the reference sequence (see 4.3).
Add the new SNP positions to the character set of previously processed entries (see 4.3).

Translate the detected SNPs (see 4.4).

o ~ w0 D

Screen the selected entries for shared SNPs (see 4.5).

These five actions can also be performed independently by selecting the corresponding menu-
items (i.e. SARSCoV2 > Extract sequences, SARSCoV2 > Find SNPs, SARSCoV2 > Update
SNPs, SARSCoV2 > Translate SNPs and SARSCoV2 > Screen selected entries for shared
SNPs).

We highly recommend to re-process all entries analyzed with a SARS-CoV-2 plugin
version lower than 0.54 for consistent results.

4.2 Sequence extraction

The SARS-CoV-2 plugin uses a BLAST approach to extract subsequences from the sequence
stored in the genome experiment. The subsequences of entry Wuhan-Hu-1 are used as reference
sequences for the BLAST search.
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The subsequences found on the genome sequences of the selected entries, are stored in the
corresponding destination sequence type experiments. These sequence types are composed of
the tag ORF (Open Reading Frame) followed by a number and optionally a nsp (Nuclear Shuttle
Protein) tag. For example: ORF01_nspO01.

2.1 In the Database entries panel of the Main window, select the entries you wish to process using
the Ctrl-key. Alternatively, use the check box next to the entries in the Database entries panel.

2.2 Select SARSCoV2 > Extract sequences to open the Extract sequences dialog box (see Figure
4.1.

Extract sequences ? X

Maximum mizmatches | 20 |

Minimum coverage (%) | 80.0 |

|:| Overwrite existing seguences

Figure 4.1: The Extract sequences dialog box.

The Extract sequences dialog box allows you to adjust the maximum number of allowed mis-
matches and the minimum sequence coverage).

2.3 Click on <OK>.

The Select experiment(s) dialog box pops up and allows you to select ORFs of interest to extract
from the genomes of the selected entries (see Figure 4.2).

Select experiment(s) ? e
ORFOM_nspl1 ~
ORFO1M_nspl2
ORFO1M_nspl3
ORFO1_nspl4
ORFO1M_nspl5
ORFO1M_nspls
ORFOM_nspl7
ORFO1M_nspl@

ORFO1M_nspl8

ORFO1_nsp10

ORFO1M_nsp11

ORFO1M_nspl12

ORFOM_nspl13

ORFO1M_nspl14

ORFO1M_nspl15

ORFO1M_nspl16

ORFO3a

ORFO4

ORFOS o
Cancel

Figure 4.2: The Select experiment(s) dialog box.

2.4 In the Select experiment(s) dialog box, select the ORFs which you wish to extract from the
genomes of the selected entries using the Ctrl-key. Alternatively, select all ORFs by using the
Ctrl + A shortcut.

2.5 Click on <OK> to start the sequence extraction.

A message box will pop up indicating how many sequences were extracted and saved in the
database (see Figure 4.3).

2.6 Click on <OK>.

All rights reserved. Not for Diagnostic Use.
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Extract sequences *
@ Saved 27 new sequences

Figure 4.3: Extracted sequences.

2.7 Click on a green colored dot in the Experiment presence panel for one of the ORF sequence
type experiments of the selected entries.

This action opens the Sequence editor window, containing the extracted sequence (see Figure
4.4 for an example).

Bc

File

==
i
g9
at
tg

BIE & 290X036 dbakvunwe
atggagagcc ttgtccctgg tttcaacgag Iaaaacacacg tccaactcag tttgcctgtt ttacaggttc gocgacgtgct cgtacgtgge tttggagact 100 ~

Sequence Viewer

© @ e

e Qlz @1 T L ® D
o o Ml RN -

- O

5. @

L Qﬁ

B

) <
v L Lcomm s [src o e Lo praos L o

OVIDOD0D0D (Sequence Viewer) - O X

Sequence Header Annotation View Tools Window Help

gtggagga ggtcttatca gaggcacgtc aacatcttaa agatggcact tgtggcttag tagaagttga aaaaggcgtt ttgcocctcaac ttgaacagec 200
atgtgttc atcaaacgtt cggatgctcg aactgcacct catggtcatg ttatggttga goctggtagca gaactcgaag goattcagta cggtcgtagt 300
tgagacac ttggtgtcct tgtccctcat gtgggcgaaa taccagtgge ttaccgcaag gttcttcttc gtaagaacgg taataaagga geotggtggec 400
agttacgg cgccgatcta aagtcatttg acttaggcga cgagcttgge actgatcctt atgaagattt tcaagaaaac tggaacacta aacatagcag 500
gtgttacec cgtgaactca tgcgtgagct taacggaggg v

g
g

< >

>

Sequence: COVIDO00DD04 | Experiment: ORFO1_nsp01 | 31 | S40bp

4.3

Figure 4.4: The Sequence editor window containing an extracted sequence.

2.8 Close the Sequence editor window.

Calculating SNPs

After

After

the subsequence extraction (see 4.2), the subsequences can be screened for SNPs:

3.1 Make a selection of entries in the Database entries panel of the Main window using the Ctrl-key.
Alternatively, use the check box next to the entries in the Database entries panel.

3.2 Select SARSCoV2 > Find SNPs or press the & button.

the SNP screening, a message box pops up displaying the number of detected SNPs (see

Figure 4.5). If new SNP positions are detected, this is also reported.

3.3 Click on <OK> to close the confirmation dialog.

All rights reserved. Not for Diagnostic Use.
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Find 5NPs X

Saved 4 SNPs.
':0] Mew SNPs added and selected: ORFO1_nsp02:0635,
ORFO01_nsp03:0172, ORFO1_nsp03:4225, ORFO1_nsp04:0876

Figure 4.5: SNP information.

If new SNPs were detected, a dialog box pops up asking if you would like to add the new SNPs to
the entries already processed (see Figure 4.6).

Add new SMNPs

OK to add new SMNPs to older entries?

Figure 4.6: Update SNPs.

3.4 Click on <OK> to add the new SNP positions to the SNP character set of previously processed
entries.

The SNP character sets of processed entries can be searched for missing SNPs at any
time by selecting the entries of interest in the Main window and selecting SARSCoV2
> Update SNPs or pressing the [@ button.

3.5 Click on a green colored dot in the Experiment presence panel corresponding to the SNP char-
acter experiment of one the selected entries to open the character experiment card.

The character experiment card lists all SNPs detected for the sample. The bases are listed in the
"Mapping’ column (see Figure 4.7).

COVIDO000004

Character v
ORF01_nsp02:0254 3| C ~
ORFO_nsp02:0635 4 G
ORFO_nsp03:0172 4G
ORFO1_nsp03:0318 3|C
ORFO01_nsp03:4225 2 A
ORFO01_nsp04:0228 ic
ORFO_nsp04:0876 3| e
ORFO1_nsp05:0578 3|C
ORFO01_nsp12:0957 ic
ORFOM_nsp13:1511 3|C
ORFO01_nsp13:1622 2 A
ORFO1_nsp14:0021 3|C W

Press Insert to add character

Figure 4.7: SNP character card.

3.6 Close the experiment card by clicking in the left upper corner of the card.

When new SNPs are detected the reference position is automatically determined and saved in
the SNP character experiment type. This makes it easier to select SNPs that correspond to a
published variant and to create a character view that can be used for entry screening.

3.7 In the Main window double-click on the character experiment type SNP in the Experiment types
panel to call the Character type window.

All rights reserved. Not for Diagnostic Use.
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The reference position for each SNP is indicated in the RefPos information field in the character
experiment type (see Figure 4.8).

Character type 'SNP' - O *
File Settings Characters Fields Mapping Window Help
-
& i HE
+ ® B = ex| t 1 |\ -<aichamacters- (3}
Min. A

[} | orFo1_nspot:0009 v ] & T ~

[] |ORFO1_nsp02:0254 v 0 . 00|

[} | ORFD1_nsp02:0453 v 0 e 0 e

[] |ORFO1_nsp03:0160 v 0 G B

[] | ORFD1_nsp03:0318 v 0 &«

[] |ORFO1_nsp03:1128 v 0 15 ::

[] | ORFO1_nsp03:3a74 v 0 e S

[] |ORFO1_nspd3:4881 v 0 15 [ 7500

] | oRFO1_nsp03:5132 - 0 15 N s v

) | < >

SNP settings

SMNP: numerical values, open data set (35 characters)

Character type SNP | Characters in view=35 =

Figure 4.8: The SNP character experiment type with the RefPos information field .

The reference position of SNPs already present in the database can be determined by
selecting the SNPs in the SNP character experiment type or Comparison window and
selecting SARSCoV2 > Determine reference positions for selected SNPs in the
Main window.

3.8 Close the Character type window.

4.4 Translating SNPs

With SARSCoV2 > Translate SNPs, SNPs stored in the SNP character experiment, are trans-
lated.

4.1 Make a selection of entries in the Database entries panel of the Main window for which a SNP
character experiment is available.

4.2 Select SARSCoV2 > Translate SNPs or click on the [£] button.

The Select 'SNP’ views dialog box appears. The user can choose between the following character
views:

e All characters: All SNP positions present in the SNP character experiment.
e Selected characters: All selected SNP positions in the SNP character experiment.
e common: All common SNP positions (see 6.1).

¢ All user-defined character views in the SNP character experiment, e.g. character views which
contain shared SNPs (see 4.5).

All rights reserved. Not for Diagnostic Use.
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4.3 Select a character view from the list and click on <OK>.

The SNPs stored in the SNP experiment of the selected entries are translated and the amino acids
are stored in the SNP_TRANSL experiment.

4.4 Click on a green colored dot in the Experiment presence panel corresponding to the
SNP_TRANSL character experiment of one the selected entries to open the character experi-
ment card.

The amino acids are listed in the Mapping column (see Figure 4.9).

COVZ0000129

Character A
ORFOM_nsp01:0016 11|L ~
ORFOM_nsp01:0023 20 v
ORFO1_nsp01:0030 8 G
ORFO1_nsp01:0032 8 G
ORFO1_nsp01:0034 16 5
ORFO1_nsp01:0037 f|E
ORFO1_nsp01:0038 20 v
ORFO1_nsp01:0045 9 H
ORFO1_nsp01:0075 4 D
ORFO1_nsp01:0083 9 H
ORFO1_nsp01:0098 8 G
ORFO1_nsp01:0100 16 5
ORFO01_nsp01:0105 8 G
ORFOM_nsp01:0111 20 v
ORFOM_nsp01:0117 1 A
ORFOM_nsp01:0118 19|Y
ORFO1_nsp01:0129 12 K
ORFO1_nsp01:0130 8 G
ORFO1_nsp01:0136 19|¥
ORFO1_nsp01:0152 4D
ORFO1_nsp01:0166 16 5

ORF01_nsp02:0008 3N

Figure 4.9: SNP_TRANSL character card.

4.5 Close the experiment card by clicking in the left upper corner of the card.

f This translation tool assumes that the frame for each sequence starts at position 1.

4.5 Defining shared SNPs and screening for shared SNPs

The plugin allows to identify SNPs that are shared by selected entries. The shared SNPs can be
saved as a character view in the SNP character experiment type and this character view can then
be used to screen other entries in the database for the presence of these defined SNPs. This
serves as a rapid screener for variants of concern, such as B.1.1.7, B.1.1.351, and P.1.

5.1 In the Database entries panel of the Main window, select the entries you wish to include in the
SNP screening.

5.2 Select SARSCoV2 > Define shared SNPs for selected entries.

The Select experiment(s) dialog box appears. The user can choose between the character exper-
iment which contains the detected SNPs (SNP) and the character experiment which contains the
translated SNPs (SNP_TRANSL).

5.3 Select a character experiment from the list and click on <OK>.

5.4 Specify a name for the new SNP character view which will contain the SNPs shared between
the selected entries (see Figure 4.10) and press <OK>.

All rights reserved. Not for Diagnostic Use.
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*

SNP character view ?

Character view (e.g. variant) name: | B.1.1 .7.|

Figure 4.10: SNP character view.

5.5 Press <OK> to close the dialog.

The shared SNPs are saved to the newly created character view of the SNP or the SNP_TRANSL
experiment:

5.6 In the Main window, double-click the character experiment type SNP or the SNP_TRANSL in
the Experiment types panel to call the Character type window.

5.7 Click on the drop-down bar in the toolbar and select the newly created character view from the
list.

The shared SNPs identified with the command SARSCoV2 > Define shared SNPs for selected
entries are listed (see Figure 4.11 for an example).

O
X

Character type 'SMP* —
File Settings Characters Fields Mapping Window Help

&l E =

+ ® B srex|t LI\

ORFO1M_nsp03:0548
ORFO1M_nsp03:26569
ORFO01_nsp03:4235
ORFO1M_nsp05:0316
ORFO01M_nsp0§:0317
ORF01_nep06:0318
ORFO1M_nsp05:0319
ORFO1M_nsp05:0320
ORFO1_nsp0§:0321
ORFO1M_nsp05§:0322

16
16
16
16
16
16
16
16
16
16

OooOoooooon

L4444 44448
o0 oo o oo o oo

SNP settings

SMP: numerical values, open data set (14751 characters)

Character type SNP Characters in view=34 I’

Figure 4.11: The SNP character experiment type with the shared SNPs listed in the
newly created character view B.1.1.7.

5.8 Close the Character type window.

This character view can now be used to screen other entries for the presence of these defined
SNPs. The screening will not exclude entries with additional SNPs.

5.9 In the Database entries panel of the Main window, select the entries you wish to include in the
SNP screening.

5.10 Select SARSCoV2 > Screen selected entries for shared SNPs or click on the [ button.

All rights reserved. Not for Diagnostic Use.
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The Select experiment(s) dialog box appears. The user can choose between the character exper-
iment which contains the detected SNPs (SNP) and the character experiment which contains the
translated SNPs (SNP_TRANSL).

5.11 Select a character experiment from the list and click on <OK>.

The Select character view dialog box appears and the user can choose a character view which
contains the SNPs of interest. Entries which contain the defined SNPs are automatically added to
an entry view with the same name as the selected character view (see Figure 4.12 for an example).

Sars-CoV-2 - BioNumerics - O X
File Edit Database Analysis Scripts SARSCoV2 Window Help

E=Hc 0 h

B> E &

& |+ B8 & = 1 |+ &I & 2 v I'v tBH e8I B = =
e e Bl oo oain — ravioe o ocus P e Y e i
mES 1 8NP Characer types ~ Bangladesh LGLYP.OT HWS31650 MWS31650 Severeacuters © ° ° °
O & 2 genome Sequence types. Peru LELYPQT MW494424 w4444 Seversacutern ¢ © °
O & 3 ORFO01_nsp01 Sequence types. UsA LELYPQT MW494325 MW454325 Seversacutern ¢ © ° o
O & 4 ORFO1_nsp02 Sequence types. UsA LELYPQT MW485449 MW485449 Seversacutern ¢ © °
O 5 ORF01_nsp03. Sequence types USA: Colorado LGLYP.OI MWS13698 MWS13698 Severeacuter ¢ 0 ¢ 4
O & ORFO1_nsp04 Sequence types USA: Florida, Alachua... LGLYP.QT MWS18052 MWS18052 Severeacuter ¢ o ¢ 4
O 7 ORF1_nspls Sequence types UsA:FL LGLYP.OT MVW483056 MW463056 Severeacuter ¢ 0 ¢ 4
O & ORFO1_nspl6 Sequence types Usa:FL LGLYP.OT V4943299 11494299 Severeacuter ¢ o ¢ 4
(i 9 ORFD1_nsp07 Sequence types USA: Minnesota LGLYPQT MW462653 MW462653 Severeacuter * ¢ @ %

O 10 ORFO1_nsp08 Sequence types v USA: Minnesota LGLYPQT MW462652 MW462652 Severeacuter ® ¢ @ %
ass |« > USA: Minnesota LGLYPQT MW452651 MW462651 Severcacuten ® ¢ @ @
USA: Minnesota LGLYP.OT MW462650 MW462650 Severeacutern ®* * * 9
USA: Minnesota LGLYP.QT MWS520940 MWS520940 Seversacuten © o o
+ B e 8 B <. [ USA: Minnesota LGLYP.OT MWS20939 MWS20839 Severeacuters © ° o °
USA: New Mexico LGLYP.OT HW4B5292 1W485252 Severeacuters © ° o °
I~ USA: Hew Mexico LGLYP.OT V493576 MW433676 Severeacuters © ° o °
[ isolate hoad ~ usA LGLYP.Q! MW4T4T42 uw4T4742 Severeacuten °© o ° = < >
[Jws | Varant (=] usa LGLYP.OT MVW/4B5448 MW485448 Severeacuten & ¢ 4 o
Ll Localty =t usa LGLYP.OT MW490633 MW490633 Severeacutern © o o o
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Database: Sars-Cow-2 (_DefautUser ) | Entries: Loaded=162, View=22, Selected=22 | 62 experiments | C:Users\10029961\Documents\BioNumericss. D\Sars-CoV-2

Figure 4.12: Screening of selected entries for the SNPs present in the B.1.1.7 char-
acter view.
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Clustering SNP data

0.1 In the Database entries panel of the Main window, select the entries you wish to cluster.

Entries for which one ore more subsequences are missing, have an incomplete SNP character
set and can be excluded from the comparison by selecting SARSCoV2 > Unselect entries with
missing sequences.

0.2 Select SARSCoV2 > Unselect entries with missing sequences if you do not want to include
entries with missing sequences in your cluster analysis.

0.3 Select SARSCoV2 > Cluster SNPs or click on the & button to cluster the selected entries.

The Select experiment(s) dialog box appears. The user can choose between the character exper-
iment which contains the detected SNPs (i.e. SNP) and the character experiment which contains
the translated SNPs (i.e. SNP_TRANSL).

0.4 Select a character experiment from the list and click on <OK>.
The Select character view dialog box appears (see Figure 5.1). The user can choose between the
following character views:
e All characters: All SNP positions present in the SNP character experiment will be included
in the comparison.

e Selected characters: All selected SNP positions in the SNP character experiment will be
included in the comparison.

e common: All common SNP positions (see 6.1) will be included in the comparison.

¢ All user-defined character views in the SNP character experiment, e.g. character views which
contain shared SNPs (see 4.5).

If the option Select polymorphic characters is selected, the polymorphic SNP positions for the
selected entries will be selected in the Comparison window.

When a character view is selected, the Comparison window appears and should look like Figure
5.2 with following settings:

e A similarity matrix is calculated based on the SNP or SNP_TRANSL experiment, using the
Categorical (differences) similarity coefficient and is displayed in the Similarities panel.

e The dendrogram is calculated based on the Complete linkage clustering algorithm and is
displayed in the Dendrogram panel.
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Select 'SMP' view(s) ? e
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mysnps
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|:| Select polymorphic characters

Figure 5.1: Select character view dialog box.
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Figure 5.2: The Comparison window.

0.5 The settings used to calculate the dendrogram that is displayed in the Dendrogram panel can
be called with Clustering > Show information ( & ).

0.6 To view the number of SNP differences on the nodes, select Clustering > Dendrogram display
settings... (i), and tick the option Show node information.

In the Comparison window, groups can be defined from clusters, from database fields (e.g. based
on the geographic location or haplotype), or just from any selection.

0.7 To create groups based on a database field, right-click on the field name in the Information fields
panel, and select Create groups from database field. To create groups based on a selection
of entries in the Comparison window, use the commands under the Groups menu item.

A minimum spanning tree in BIONUMERICS is calculated in the Cluster analysis window. This

All rights reserved. Not for Diagnostic Use.



31

window can be launched from the Comparison window:

0.8 Make sure SNP is selected in the Experiments panel of the Comparison window.

0.9 Select Clustering > Calculate > Advanced cluster analysis... or press the £ button and
select Advanced cluster analysis to launch the Network wizard dialog wizard.

0.10 Select MST for categorical data, and press <Next>.

The minimum spanning tree is calculated and displayed in the Cluster analysis window (see Figure
5.3 for an example).

I8 Advanced cluster analysis - o X
Fie Edt Display Window Help

H B s X BV D

fheworc ]

Yy 7 5 [Bi]  comparson groups Q] O —

Q CoRONAVRUSO0Z024

CORONAVRUS0020650
CORONAVRUS0020720

CORONAVRUS0020759

CORONAVRUS0020764

OEEDEE

CORONAVRUS00208%

CORONAVRUS0020344

CORONAVRUS0020846
CORONAVRUS0020347

CORONAVRUS0020849

CORONAVIRUS0020851

- Input data

= Experiment 'SNP*
= Aspect
<Al Characters>

- Data type

character data

Wei

:
e e

Figure 5.3: The Cluster analysis window.

0.11 Close the Cluster analysis window.

0.12 Save the comparison with File > Save as... and close the comparison with File > EXxit.
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5. Clustering SNP data
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Chapter 6

Miscellaneous tools

6.1 Defining common SNPs

The plugin allows to define common SNPs, i.e. polymorphisms with a minimum frequency above
a specified threshold.

1.1 In the Database entries panel of the Main window, select the entries you wish to include in the
SNP screening.

1.2 Select SARSCoV2 > Define common SNPs by frequency.

The Select experiment(s) dialog box appears. The user can choose between the character exper-
iment which contains the detected SNPs (SNP) and the character experiment which contains the
translated SNPs (SNP_TRANSL).

1.3 Select a character experiment from the list and click on <OK>.

1.4 Specify the minimum frequency in the dialog (see Figure 6.1) and press <OK>.

Common SNP settings ? *

Minor allele frequency threshold (36) | 5

Figure 6.1: Specify threshold.

The number of common SNPs — identified based on the provided frequency — is displayed (see
Figure 6.2 for an example).

Finished hed

'10} 5 SNPs found at 5% threshold

Figure 6.2: Result.

1.5 Press <OK> to close the dialog.
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The common SNPs are saved to the Common character view of the SNP or the SNP_TRANSL
experiment:

1.6 In the Main window double-click the character experiment type SNP or SNP_TRANSL in the
Experiment types panel to call the Character type window.

1.7 Click on the drop-down bar in the toolbar and select the common character view from the list
(see Figure 6.3).

Character type "SNP
File Settings Characters Fields Mapping Window Help

& |l HE
Characters

+ ® B = ex| t 1 ||\ <ichamsctrs (3}

- <All Characters>

[] | oRFO1_nsp02:0254
ORF01_nep02:0635

[] | ORF01_nsp03:0172
ORF01_nep03:0318

[ |ORFI1_nsp03:4225
ORF01_nep04:0228

[] | ORF01_nsp04:0876
ORF01_nep05:0578

[ |ORFI_nspl2:0967
ORF01_nep13:1511

| | ORF01_nsp13:1622
ORF01_nep14:0021

<Selected Characters=
25.00

<Manage user defined views...» 25.00

common

T TS
16
16
16
16
16
16

5.00
5.00

R T T T T T T T T ¥

0
0
0
0
0
0

Figure 6.3: Character view.
The common SNPs identified with the command SARSCoV2 > Define common SNPs are listed.

The MAF character field displays the allele frequency.

1.8 Close the Character type window.

6.2 Exporting accessions to BLAST Entrez

There is a standard BIONUMERICS import tool available in the /Import data wizard to download
GenBank sequences from NCBI, but new sequences might not yet be available for import.

To retrieve GenBank-formatted sequences in bulk follow these steps:

2.1 In the Database entries panel of the Main window, select the entries you wish to export the
accessions for.

2.2 Select SARSCoV2 > Export accessions to Batch Entrez.

2.3 Browse for an existing folder and press <OK>.

*

Select output folder ?

Folder: Ch\Users\Public | [ EBrowse.. |

oK Cancel

Figure 6.4: Browse for folder.

This command exports the accessions (stored in the AC - ACCESSION entry field) for selected
entries to a space-delimited text file in the selected folder, and opens the NCBI BLAST Entrez
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22 https://www.nchi.nlm.nih.gov/sites/batchentrez - @& & | Search.. 0o~

gj Batch Entrez

Batch Entrez “

All Databases Protein Genome OMIM

Database | Nucleotide v|File: Browse...

COVID-19 15 an emerging, rapidly evolving situation.
Get the latest public health information from CDC: hittps://www. coronavirs. gov .
Get the latest research from NIH: https://‘wwnw.nih gov/coronavirs.

Batch Entrez

Given a file of Entrez accession numbers or other identifiers, Batch Entrez downloads the
corresponding records.

Instructions

1. Start with a local file containing a list of accession numbers or identifiers

2. Select the database comesponding fo the type of accession numbers or identifiers in
your input file

. Use the Browse or Choose File... button to select the input file
. Press the Retrieve button o see a list of document summaries

. Select a format in which to display the data for viewing, and/or saving

[T S I S )

. Select 'Send to file' to save the file. V]

Figure 6.5: Batch Entrez.

website in the default browser (see Figure 6.5), from which the accessions file can be selected
(with the <Browse> button) to retrieve GenBank-formatted sequences in bulk.

6.3 Extracting PCR products

With the SARS-CoV-2 plugin, PCR products can be extracted based on the WHO-standard primer
sequences (https://www.who.int/publications/m/item/molecular-assays-to-diagnose-covid-19-sun

3.1 In the Database entries panel of the Main window, select the entries you wish to export the PCR
products from.

3.2 Select SARSCoV2 > Extract PCR products.

The first time this menu item is selected, the sequence types are created and added to
the Experiment types panel.

The extracted PCR products are stored in the corresponding PCR sequence type experiments
(see Figure 6.6).

In the Comparison window, one can further analyze specific PCR products:

3.3 In the Database entries panel of the Main window, select the entries you wish to analyze.

3.4 Highlight the Compatrisons panel in the Main window and select Edit > Create new object...
(+) to create a new comparison for the selected entries.

3.5 Click on the icon next to the sequence type in the Experiments panel to display the se-
quences in the Experiment data panel (see Figure 6.7 for an example).

The sequences can be further analyzed using the sequence analysis tools available in BIONU-
MERICS.
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Figure 6.6: PCR sequence type experiments.
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Figure 6.7: PCR products.

6.4 Get qualifiers

Meta data can be parsed from the sequence annotations — if present — and stored in the Isolate
and Locality entry fields (see Figure 6.8).

4.1 In the Database entries panel of the Main window, select the entries for which you want to
extract the isolate and locality information.

4.2 Select SARSCoV2 > Get qualifiers.

f Using the calculated field option in BIONUMERICS, information stored in the Locality

entry field (e.g. China:Wuhan or USA:CA) can be parsed to only contain the country

information (e.g. China and USA respectively). More information on how to create cal-
culated fields can be found in the reference manual.
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fommmoamnes
fl+ D06 B <«

Isolate

<All Entries= [ ]

Wuhan-Hu-1 Wuhan-Hu-1

COVIDOO00O04  SARS-CoV-Zihuman/USASCA-CZBOTOS/Z020

China: Wuhan China China LDPYP.QT

USACA LDPYP.QT
COVID 3 SARS-CoV-Z/h USAICA-CZBO16/2020 USACA LDPYP.QT
COVIDOOOOO0E  SARS-CoV-Zihuman/USAICA-CZBO458/2020 USACA LDPYP.QT

Figure 6.8: Locality and isolate information extraction.

6.5 Haplotype determination

The plugin allows to determine haplotypes. The haplotype as defined in the SARS-CoV-2 plugin is
a set of high-frequency amino acid substitutions, organized by linkage groups. They are ordered
from left to right by the date on which they first appeared.

Position | ORF8: | ORF2: | ORF1nsp12: | ORF1nsp13: | ORF1nsp13: | ORF3a: | ORF1nsp2:
(genome) | 251 1841 941 1622 1511 171 254
Ancestral | S D P Y P Q T

allele

Derived L G L C L H I

allele

Table 6.1: High-frequency amino acid substitutions.

5.1 In the Database entries panel of the Main window, select the entries for which you want to
determine the haplotype.

5.2 Select SARSCoV2 > Get haplotypes.

The result is displayed in the Haplotype entry field (see Figure 6.9).

f + 08 & <

Isolate

<All Entries= [ ]

Wuhan-Hu-1 Wuhan-Hu-1
COVIDOOO0004  SARS-CoV-Zihuman/USAJCA-CZB0T06/2020
COVID > SARS-CoV-2/h JUSAICA-CZBO16/2020
COVIDOOOO0OS  SARS-CoV-Zhuman/USA/CA-CZBO458/2020

China: Wuhan
USAICA
USA:CA
USA:CA

China China LDPYP.QT
LDPYP.QT
LDPYP.QT

LDPYP.QT

Figure 6.9: Haplotype determination.

Optionally colors can be assigned to every haplotype:

5.3 Right-click on the Haplotype information field in the Database entries panel and choose Field
properties from the floating menu (see Figure 6.10).

The Database field properties dialog box appears.
5.4 Press <Add all> to create all existing states for the Haplotype field. Confirm the action.
5.5 Check Use colors to display a specific color code for each field state.

5.6 Press <OK> to accept the new settings.
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Properties for field 'HAPLOTYPE' ? hed
MName: | Haplotype Changes: Allow ~
Field storage type: Optimized for speed |:| Restrict content to states
Content type: Text w [A Use colors
Opacity: I
Field states
Add... Default content:
Add all... | |
Remove... Content validation (regular expr.):
| '
Edit... Level assignment...
Sort Summary settings...
Calculation...
Ok
Cancel

Figure 6.10: Haplotype field properties.

The Database entries panel is updated (see Figure 6.11).

Database entries

'E -+ B @ @Q | Eﬁ R <Selected Entries= | O

Key v
COV20000745 SARS-CoV-2/human/USAJCT-UW-3845/2020 USA L.DPYP.QT CcT USA: CT
COV20001075 SARS-CoV-2/human/USAMNY-PVIS200/2020 USA Ny USA: NY
COV20000269 SARS-CoV-2/human/USAJRI_0556/2020 USA Rl USA: RI
COV20000402 SARS-CoV-2/human/USAMA-UW314/2020 USA SDPCLAT WA USA: WA
COV20001282 SARS-CoV-2/human/USAMWA-UW-5152/2020 USA SDPCLAT WA USA: WA
COV20000510 SARS-CoV-2/human/USAMNA-UW2TTI2020 USA SDPCLAT WA USA: WA
COV20000635 SARS-CoV-2/human/USANAZIZ020 USA SDPCLAT WA USA: WA
COV20000573 SARS-CoV-2/human/USAMA-UW218/2020 USA SDPCLAT WA USA: WA
COV20000543 2018-nCoVIUSA-WA1/2020 USA SDPYP.QT WA USA: WA
COV20000034 SARS-CoV-Z/human/USAMGA_1847/2020 usa SDPYP.AT GA USA: GA
COV20000274 SARS-CoV-2/human/CHNAWuhan_IME-WHO1/201%  China SDPYP.QT Wuhan China: Wu

Figure 6.11: Haplotype information field in the Database entries panel.

6.6 Exporting and importing character views

The default and user-created character views of the SNP and SNP_TRANSL character experi-
ments can be exported and imported into the BIONUMERICS database. This allows users to
easily share character views between BIONUMERICS databases.

6.1 Select SARSCoV2 > Export character views.

6.2 In the File selection dialog box that appears, accept the default proposed file or click the
<Browse...> button to browse for a preferred export file (see Figure 6.12). Click <OK>.

The Select experiment(s) dialog box appears. The user can choose between the character exper-
iment which contains the detected SNPs (SNP) and the character experiment which contains the
translated SNPs (SNP_TRANSL).

6.3 Select a character experiment from the list and click <OK>.
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File selection ? *

File: CUsers\10029951\Documents\BIONUMERICSE. 1\SARSCOVVD S4\character_views.txt | Browse...

Figure 6.12: The File selection dialog box.

The Select 'SNP’ views dialog box appears. The user can choose between the following character
views:

All characters: All SNP positions present in the SNP character experiment.

Selected characters: All selected SNP positions in the SNP character experiment.

common: All common SNP positions (see 6.1).

All user-defined character views in the SNP character experiment, e.g. character views which
contain shared SNPs (see 4.5).

6.4 Select one or multiple character views from the list and click on <OK>.

The exported text file will contain the SNP positions of the selected character views. The exported
character views can now be imported into another BIONUMERICS database. This can be done
by selecting SARSCoV2 > Import character views.

6.5 In another database, select SARSCoV2 > Import character views and browse for the ex-
ported text file. Click <OK>.

An information dialog box pops up indicating the amount of imported characters and character
views (see Figure 6.13).

Finished *

':0:' 88 characters added, 2 views added

Figure 6.13: Information dialog box indicating the amount of imported characters
and character views.
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