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SUPPORT BY APPLIED MATHS

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 will provide support to research laboratories in developing new and highly special-
ized applications, as well as to diagnostic laboratories where speed, efficiency 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.applied-maths.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 ©1998-2020, Applied Maths NV. All rights reserved.

BIONUMERICS is a registered trademark of Applied Maths NV. All other product names or trade-
marks are the property of their respective owners.
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BIONUMERICS uses following third-party software tools and libraries:

» Python 2.7.4 release from the Python Software Foundation, http://www.python.org/

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

* NCBI toolkit version 2.2.28, http://www.ncbi.nlm.nih.gov/BLAST/

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

» Boost c++ libraries, http://www.boost.org/

« Samtools for interacting with SAM / BAM files, http://www.htslib.org/download/
» 7-Zip (7za.exe), http://wuw.7-zip.org/

* Zlib library, https://z1ib.net/

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

+ Cairo 2D graphics library version 1.12.14, http://cairographics.org/

* Crypto++ library version 5.5.2, http://www.cryptopp.com/

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

* libSVM library for Support Vector Machines, http://www.csie.ntu.edu.tw/~cjlin/libsvm/
+ SQLite version 3.7.17, http://wuw.sqlite.org/

* pymzML Python module for high throughput bioinformatics on mass spectrometry data,
https://github.com/pymzml/pymzML

* Numpy Python library version 1.8.1, http://www.numpy.org/
» BioPython Python library version 1.64, http://www.biopython.org/
» PIL Python library version 1.1.7, http://www.pythonware.com/products/pil/

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

+ SPAdes genome assembler version 3.13.1, http://bioinf.spbau.ru/spades *
+ SKESA version 2.3.0, https://github.com/ncbi/SKESA/releases
» Unicycler version 0.4.8, https://github.com/rrwick/Unicycler/releases *

* Velvet for Windows, source code can be downloaded from https://www.applied-maths.
com/download/open-source

» Ray for Windows, source code can be downloaded from https://www.applied-maths.com/
download/open-source

» Bowtie2 version 2.2.5 (http://bowtie-bio.sourceforge.net/bowtie2/index.shtml)*
* SNAP version 1.0.18, http://snap.cs.berkeley.edu/
* RAXML version 8.2.11, https://github.com/stamatak/standard-RAxML/releases

+ FastTree version 2.1.10, http://www.microbesonline.org/fasttree/
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» Prokka version 1.12, https://github.com/tseemann/prokka *
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Chapter 1

Introduction

The SarsCoV2 plugin facilitates the processing and analysis of SARS-CoV-2 genomic sequences,
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 relative 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 SarsCoV2 plugin is a free add-on. The minimum configuration for installation of the plugin
includes the Character data, Sequence data, Tree and Network inference and Genome Analysis
Tools modules.



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.applied-maths.com/
download/software). The installation manual can be downloaded from https://www.applied-maths.
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).

@
2 >

| Numerlcs

Database Last accessed Comment Path b4

-
DemoBaze Connected Downloaded tutorial database [HOMEDIRI\Demc
£ >

Copyright © Applied Maths 1998-2019 www.applied-maths.com Download example databases |

Figure 2.1: The BIONUMERICS Startup window.

A new BIONUMERICS database is created from the Startup program by pressing the A out-
ton.


https://www.applied-maths.com/download/software
https://www.applied-maths.com/download/software
https://www.applied-maths.com/download/manuals
https://www.applied-maths.com/download/manuals

8 2. Starting and setting up BIONUMERICS

An existing database is opened in BIONUMERICS with \) or by simply double-clicking on a
database name in the list.

2.2 Creating a new database

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

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

2.3 Leave the default option Create new selected and press <Next>.
A new dialog box pops up, prompting for the database engine.

2.4 Leave the default option selected (see Figure 2.2) and press <Finish> to complete the setup
of the new database.

MNew database ? *

Engine
Select which engine to use for storing data.

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

MS SQL server express® based
A scalable, fast solution with storage up to 10Gb.

Use M5 Access® based

Limited storage and not compatible with 64-bit applications.

< Back Cancel

Figure 2.2: Select database engine.

The Plugins dialog box pops up which allows you to install additional functionality.

2.5 Press <Proceed> to start BIONUMERICS.

2.3 Installing the Sequence Extraction plugin

Before installing the SarsCoV2 plugin (see 2.4), please make sure you install the Sequence ex-
traction plugin first:

3.1 Select File > Install / remove plugins... from the Main window to call the Plugins dialog box.

3.2 Select the Utilities tab in the Plugins dialog box, select the Sequence extraction plugin from the
list and press the <Activate> button.

3.3 Confirm the installation of the plugin (see Figure 2.3).

All rights reserved. Not for Diagnostic Use.
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:' Do you want to install the plugin "Sequence extraction”?

Cancel

Figure 2.3: Confirm installation of plugin.

Plugins ? *
Applications Utilities  Database Functionality
Activate functionality for specific applications.
Database tools This plugin provides functionality to extract
Dendrogram tools subsequences from whole-genome sequences,
Fingerprint processing reports based on a BLAST search for reference
" Sequence extraction SEqUENCEs.

Geographical module
Manual extensions
Sequence translation tools
User management tools

[15how only activated

Show Manual

Figure 2.4: Installed plugin.

Once the plugin is successfully installed, it is marked with a green V-sign in the Plugins dialog box
(see Figure 2.4).

3.4 Close the Plugins dialog box.

2.4 Installing the SarsCoV2 plugin

4.1 Select File > Install / remove plugins... in the Main window to call the Plugins dialog box
again.

4.2 Select the Database Functionality tab in the Plugins dialog box and press the <Add / Up-
date...> button.

4.3 Check the SarsCoV2 plugin in the list of online plugins (see Figure 2.5).
4.4 Press <OK> to download the plugin.
4.5 Confirm the installation of the plugin (see Figure 2.6).

The Create database components dialog pops up displaying all database components required by
the plugin: entry fields, a character type experiment and sequence type experiments (see Figure

All rights reserved. Not for Diagnostic Use.
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Database plugins ? *
Load from file
Browse...
Add files with button [Browse] e
or drag and drop from explorer. Delete All
Online plugins
Plugin Installed version Latest version &
[] MTBC functional genotyping 1.0
[ Import fingerprint tools 0.30
[ Import trend data tools 0.20
SarsCoV/2 Client hd
Figure 2.5: Select online plugin.
Install
:' Do you want to install the SarsCoV2 Client plugin?
Yes No
Figure 2.6: Confirm installation of the plugin.
2.7). The default suggested names can be changed if desired.
Create database components ? *
Component Mame D ()
Entry field BioSample BIOSAMPLE
Entry field Publications PUBLICATIONS
Character type SMP SMP
Sequence type genome genome
Sequence type ORFO1_nsp01 nspl
Sequence type ORFO1_nsp02 nsp2
Sequence type ORFO1_nsp03 nsp3
Sequence type ORFO1_nsp04 nspd
Sequence type ORFO1_nsp03 nsp3 hd

Figure 2.7: New database components.

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

A message pops up, displaying the successful installation of the plugin (see Figure 2.8).

4.7 Press <OK>.
The plugin is marked with a green V-sign in the Plugins dialog box (see Figure 2.9).

4.8 Close the Plugins dialog box.

4.9 Close and reopen the database to activate the features of the SarsCoV2 plugin.

The Main window should now look like Figure 2.10.

All rights reserved. Not for Diagnostic Use.



2.4. Installing the SarsCoV2 plugin 11

Plugin installation *

} ﬂ—- _ The plugin has been installed.

. Flease restart the software to refresh the interface.

Figure 2.8: Installed plugin.

Plugins ? *

Applications  Utilities [Database Functionality

Plugins and scripts can be stored in the database. Updating does not require administrative rights.

# SarsCoV2 Client

' Add / Update... | | Delete | | Show Manual

Activate Exit

Figure 2.9: Installed plugin.

The SarsCoV2 plugin installs menu items in the main menu of the software under SARSCoV2
(see Figure 2.11) and following components (see Figure 2.10):

» 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.

» 26 sequence types, for the storage of the extracted subsequences.

+ 27 information fields, comprised of standard GenBank metadata fields and NCBI's SARS-

CoV-2 data hub columns.

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.

4.10 Click on the green colored dot in the Experiment presence panel, corresponding to the genome
experiment (i.e. the second column in default configuration) to open the Sequence editor win-
dow.

The sequence is displayed in the upper panel and a graphical representation of the sequence is
displayed in the panel below (see Figure 2.12). The Annotation panel holds the NCBI features,
and the header information is stored in the Header panel.
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12 2. Starting and setting up BIONUMERICS

[ Sars-CoV-2 - BioNumerics - m] ®
File Edit Database Analysis Scripts SARSCoVZ Window Help
— I Atc [
b Experim types
b i A i ﬁ i ’E [ <Al Entries> Ln SR <Al Experiment ty)
Key Level Modified date ID-LOCUS  AC - ACCESSION SV - VERSION vll 23456788910 % Name Type -
Wuhan-Hu-1 20210216 08:14:11  NC_045512  NC_045512 BCOESON » « » = » o » o o = 2] 1 SNP Character types ~
| 2 SHP_TRANSL Character types
i) 3 genome Sequence types.
i) 4 ORFO1_nsp01 Sequence types.
B 5 ORFO1_nsp02 Sequence types.
i) & ORFO1_nsp03 Sequence types.
29 7 ORFO01_nspdd Sequence types.
i) & ORFO1_nsp0s Sequence types.
29 9 ORFO01_nsp0& Sequence types. v
Entry fields.
o
I3 i <Al Fingerprint fies>
File name Experiment type Link -
< >
Power assemblies | Metagenomics projects | idenification projects
m IS0
Er L <Al Comparisons=
Name Modified date Level
1
~
v
< >R < > < >
Database design | || omparisons.| Decision networks | Algnments | chrom. Comp. | Amnotations | BLAST |
Database: Sars-CoV/-2 (_DefaullUser_) | Entries: Loaded=1, View=1, T2 Tc NUMERICS\SarsCov2 | |

Figure 2.10: The Main window after installation of the SarsCoV2 plugin.

@ Sars-CoV-2 - BioMumerics
File Edit Database Analysis Scripts | SARSCoV2  Window Help

@ Extract sequences

Find missing sequences

Unselect entries with missing sequences
Find SMNPs
GG AT
Wuhan-Hu-1 .i Update SNPs

[E Cluster SNPs

A'[C
Met

Translate SNPs

Define shared SMPs for selected entries

Screen selected entries for shared SNPs

Define common SMPs by frequency

Determine reference positions for selected SNPs
Export accessions to Batch Entrez

Extract PCR products

Get qualifiers

Get haplotypes

Figure 2.11: Menu items.

4.11 Close the Sequence editor window.

The subsequences found on the NCBI reference sequence for SARS-CoV i.e. 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 4.1).

4.12 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 (see Figure 2.13).

4.13 Check ID and press <OK>.
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[) Wuhan-Hu-1 (Sequence Viewer)
File Sequence Header Annotation View Tools Window Help

T

Eq
CTGARRRATG GGAATCTGGA GTARRAAGACT GTGTTGTATT ACACAGTITAC
CATGTTACCT TCTTCATCTA CAATAARATT GTTGATGAGC CTGAAGARACA
TTATGATGAA CCGACGACGA CTACTAGCGT GCCTTTGTAA gcacaagctg
GCGTACTTCT TTTTCTTGCT TTCGTGGTAT TCTTGCTAGT TACACTAGCC
AAACCTTCTT TTTACGTTTA CTCTCGTGTT AAAAATCIGA ATTCTTCTAG

TTCACTTCAG ACTATTACCA GCIGTACTCA ACTCAATTGA GTACAGACAC TGGIGITGAA 28070 ~
TGTCCAAATT CACACARATCG ACGGTTCATC CGGAGTTGTIT AATCCAGTAA TGGARCCAAT 26180
atgagtacga acttATGTAC TCATTCGTTT CGGAAGAGAC AGGTACGTTA ATAGTTAATRA 26230
ATCCTTACTG CGCTTCGATT GTGTGCGTAC TGCTGCAATA TTGTTAACGT GAGTCTTGTA 28400

AGTTCCTGAT CTTCTGGTCT Aﬂhcgaa:ta aatattatat tagtttttct

gtttggaact 25510

42 <

34 |E & gene GU280_gpoa”
3 [Bp@cCOS 21563 25384 3822 3732 GeneID:43740570"
3% |m @ oene 25393 26220 828 39.54
37 | DS 25383 26220 828 3954
38 H ¢ gene 26245 26472 228 3833
B COS 26245 26472 228 3833
40 | H ¢ gene 26523 27191 569 4266
41 B¢ C0S 26523 ang 4266 v

26245..26472

mjnu_mnsjmmjmﬁ_m]mmj

Sequence: Wuhan-Hu-1 | Experiment: genome = 2624526472 | 29903 bp

Figure 2.12: The Sequence editor window.

# Name Type

a EI e Character type: Restore default settings
a E 2 genome Sequence type o

A Find in table...
2 3 ORFO01_nsp0i Sequence type _
18§ 4 ORFO01_nsp02 Sequence type Clear selection
18§ 5 ORFO01_nsp03 Sequence type Copy content to clipboard
[] 29 & ORFO01_nsp04 Sequence type Save content to file

AC|
D% 7 ORF01_nsp0s Sequence type e —— e
2 3 ORF01_nspl6 quence type._
8 9 ORFO1_nsp07 Sequence types
3 £ 10 ORFO1_nsp0d Seguence types
2 11 ORF01_nsp0g Sequence types
] E 12 ORFO1_nspi0 Sequence types
[ 13 ORFO01_nsp11 Seguence types

Figure 2.13: Set active fields.

The ID column is now displayed in the Experiment types panel (see Figure 2.14).
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#

1

2
Hi 3
2 4
2 5
2 5
2 7
Hi 3
Hi 3
Hi 10
Hi 1
il 12
Hi 13
Hi 14
Hi 15
8 16
Hi 17
Hi 18
Hi 19
2 20
Hi 21
Hi 22
Hi 23
Hi 24
il 25
Hi 25
Hi 27
Hi 28
8 29

<

B

SNP
SNP_TRANSL
genome

nspl

nsp2

nsp3

nspd

nsps

nspd

nsp?

nspd

nspd

nspl10

nspll

nspl2

nsp13

nsplé

nspls

nspl6
GU280_gpl2
GU280_gp03
GU280_gp04
GU2B0_gp05
GU280_gp05
GU280_gp07
GU280_gp0a
GU280_gp0g
GU2B0_gp10
GU2B0_gpl1

SNP_TRANSL
genome
ORFO1M_nspl1
ORFO1M_nspl2
ORFO1_nsp03
ORFO01_nsp04
ORFO1_nspl5
ORFO1_nspls
ORFO1M_nspl7
ORFO1_nspl8
ORFO1_nsp08
ORFO1M_nspl10
ORFOM_nspl1
ORFO1M_nspl12
ORFO1M_nsp13
ORFO1M_nspl14
ORFO1M_nspl15
ORFO1M_nspl16
ORFO2
ORFO3a
ORFO4
ORFOS
ORFO5
ORFOTa
ORFOTD
ORFO3
ORFO9
ORF10

Type

Character types ~
Character types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types
Sequence types W

Figure 2.14: 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 dialog box.

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

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

Import ? *
Import data
Select the kind of data to import:
+® F—ﬁt")‘ ianrmatiun data Preview and import sequences
+--== Fingerprint type data in FASTA format from text files,

,f,___-'_ Character type data

529 Sequence type data

= Import and assemble trace files

24 Import and assemble traces from FASTA text files
24 Import sequence assemblies from BAM files

3l

24 Import EMBL/GenBank sequences from text files
2% Download sequences from internet

"5 Matrix type data

1%, Trend data type data

FASTA tags can optionally be
stored in database fields oras
sequence header information.

A Spectrum type data

| Whole genome maps data

%] Sequence read sets data

[ Data exchange Manage import templates

-
-

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
Applied Maths website (https://www.applied-maths.com/download/sample-data, "COVID-19
import template”). With this import template, NCBI/EMBL tags are mapped to entry fields created
by the plugin.

0.3 In the Import dialog box, select <Manage import templates>.


https://www.applied-maths.com/download/sample-data

16 3. Importing sequences

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

Figure 3.2).
Import import template ? *
Input file narme:
C:\Users\Desktop\SarsCoV2 templatexml| | Browse...

Figure 3.2: XML template.

The import template maps the EMBL/NCBI tags to the entry fields created by the SarsCoV2 plugin.

0.5 Press <OK> to add the import template to the database and close the dialog (see Figure 3.3).

Import template information ? *

Save this import template in the database

Name: My EMBL/NCEI template]

Description: Maps the EMBL/NCBI tags to the entry fields
created by the SarsCoV2 plugin.

Share this import template

Figure 3.3: Import xml template.

0.6 In the Import dialog box, choose the option Download sequences from internet under the
Sequence type data item in the tree and click </Import>.

0.7 Enter the accession codes (e.g. MT385458,MT385436,MT385431) in the Accession codes
input field, separated by the separation character “,.

0.8 Specify “” as the Separation character and choose one of the available download sites from
the list, e.g. EBI.

0.9 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).

0.10 Press <Next>.

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 3.6).

0.11 Make sure the My EMBL/NCBI template is selected and press the <Preview> button to check
the mapping (see Figure 3.5).

0.12 Close the preview.
0.13 Make sure My EMBL/NCBI template and genome are selected and press < Next>.
0.14 Press <Finish>. Confirm the import.

The entries are created and are automatically selected. The entry fields are updated and the
sequences are stored in the genome experiment (see Figure 3.7).
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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_MT385438 29861 MT385458
1 EBI_MT385436 29391 MT385436
1 EBI_MT385431 20892 MT385431

< Back Cancel

Figure 3.4: Fetched information.

Preview ? X
Nr. ID-LOCUS AC - ACCESSION DE - DEFINITION V-V
1 MT385458 MT385458 Severe acute respiratory syndrome coronavirus 2 is...
2 MT385436 MT385436 Severe acute respiratory syndrome coronavirus 2 is...
3 MT385431 MT385431 Severe acute respiratory syndrome coronavirus 2 is...
£ >
Close

Figure 3.5: Preview.
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3. Importing sequences

Import sequences

Import template
Specify how to import data into the database.

Import templates:

<Default>

Maps the EMBL/NCEI tags to the entry
fields created by the SarsCoV2 plugin.

emplate

Copy...
Experiment type: genome v
| < Back || Mext = | | Cancel
Figure 3.6: Import template.
[ Sars-CoV-2 - BicNumerics
File Edit Database Analysis Scripts SARSCoV2 Window Help
—_— g ATG |
periment ip
™ e
Key Level Modified date 1D - LOCUS AC - ACCESSION SV—VEII“| 12 3 45678 910 # Name Type

_ Wuhan-Hu-1 2021-02-16 08:14:11 NC_045512 NC_045512 NC 0455122  H+ o « o & & ¢ & & = 1 SNP Character types

¥ | sarscov20000001 2021-02-16 08:21:29 MT385458 MT385458 . @ ﬂ 2 SMP_TRANSL Character types

¥ | sarscowv20000002 2021-02-16 08:21:29 MT385436 MT385438 . [8d 3 genome Sequence types

¥ | sarscovz0000003 2021-02-16 08:21:29 MT385431 MT385431 . ()i} 4 ORFO1_nsp01 Sequence types.
189 5 ORFO1_nsp02 Sequence types
(i) & ORFO1_nsp03 Sequence types.
Eed 7 ORFD1_nsp04 Sequence types.
[ 4 8 ORFO01_nsp05 Sequence types.
el 9 ORFD1_nsp06 Sequence types.
rnqerprrn Tiles

< >« > <
Database: Sars-CoV-2 (_DefautUser_) | Entries: Loaded=4, View=4, Selected=3 | 29 i T INUMERKC o | T

Figure 3.7: The Main window after import of some genome sequences.
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Chapter 4

Processing sequences

Genomic sequences, imported and stored in the genome experiment (see 3) can now be pro-
cessed with the SarsCoV2 plugin:

The process includes the following:

1. Extract 26 subsequences from the genomic sequence stored in the genome experiment
(where possible) and save these sequences in the corresponding destination experiments
(see 4.1).

2. Screen the 26 subsequences for SNPs with the reference sequence (see 4.2).

We highly recommend to re-process all entries analyzed with a Sars-CoV-2 plugin ver-
sion lower than 0.32 for consistent results.

4.1 Sequence extraction

The SarsCoV2 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.

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_nsp01.

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 > Extract sequences or click the (@) button to start the sequence extrac-
tion.

After the BLAST screening, a message box pops up asking to display a report with the BLAST
results (see Figure 4.1).

1.3 Click on < Yes> to open the Report window.

If all subsequences could be extracted from the genomic sequences, the Report window opens
and can be consulted immediately. However, if sequences could not be extracted because the
length of the detected sequence is not the same as the length of the reference sequence a mes-
sage box pops up on top of the Report window. When detected subsequences do not have the



20 4. Processing sequences

Confirmation

':e:' Do you want to open the reports?

[ Dont ask again

Figure 4.1: Confirmation dialog.

correct length or when subsequences could not be detected based on the specified BLAST cri-
teria (often due to the presence of deletions in the subsequences) the Find missing sequences
dialog box automatically pops up (see Figure 4.2) allowing you to perform a second sequence
search which allows to extract sequences which contain deletions.

Find missing sequences ? X

Maximum number of mismatches | 20 |

Minimurmn coverage (%) | 20.0 |

Figure 4.2: Find missing sequences dialog box.

The maximum number of allowed mismatches and the minimum sequence coverage for the sec-
ond sequence search can be adjusted.

1.4 Click on <OK> to search for missing sequences.

Searching for missing sequences can also be performed independently for entries that
have already been processed by selecting SARSCoV2 > Find missing sequences in
the Main window.

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

Find missing sequences hed

':0:' Saved 6 new sequences

Figure 4.3: Detected missing sequences.

1.5 Click on <OK>.

The Report window can now be consulted and contains a report for each of the processed entries
(see Figure 4.4). The processed entries are grouped in the Entries panel.

The Report window only lists the subsequences which were detected by the Extract
sequences action, not the subsequences detected by the Find missing sequences
action.

1.6 Select an entry in the Entries panel.

All rights reserved. Not for Diagnostic Use.



4.1. Sequence extraction

21

@ Report Window ] X
File Entries Report Window Help
COVID 19 DEMO0000021 - Seauence extraci
Key |y ; <Dsfaut report>

#/ COVID_19_DEWMO0000021

# | COVID_19_DEMO0000022

# | COVID_19_DEMO0000023
COVID_19_DEMO00000021
Sequence extraction report

Date: 05/05/20 16:52:36
Name: COVID_19_DEMO0000021
Similarity-based gene extraction
Result BLAST

Locus Found Start End  Identity (%)  Length(%) Ref length Mismatches  Open gaps Start End
ORFO1_nspl8  Yes 12079 12672 100.00 100.00 594 0 0 12079 12672
ORFO01_nspl6  Yes 20646 21539 100.00 100.00 894 0 0 20846 21539
ORF01_nsp12  Yes 13455 16223 100.00 100.00 2769 0 0 13455 16223
ORF10 Yes 29545 29661 100.00 100.00 ur 0 0 29545 29661
ORF04 Yes 26232 26459 100.00 100.00 228 0 0 26232 26459
ORF01_nsp14  Yes 18027 19607 100.00 100.00 1581 0 0 18027 19607
ORF09 Yes 28261 29520 100.00 100.00 1260 0 0 28261 29520
ORFO01_nspl5  Yes 10042 10959 100.00 100.00 913 0 0 10042 10959
ORF07a Yes 27381 27746 100.00 100.00 366 0 0 27381 27746
ORFO01_nspl9  Yes 12673 13011 100.00 100.00 33 0 0 12673 13011
ORF08 Yes 27881 28246 100.00 100.00 366 0 0 27881 28246
ORFO01_nsp04  Yes 8542 10041 100.00 100.00 1500 0 0 8542 10041
ORFl3a Yes 25380 26207 100.00 100.00 828 0 0 25380 26207
ORFO01_nspl5  Yes 19608 20845 100.00 100.00 1038 0 0 19608 20645
ORF06 Yes 27189 27374 100.00 100.00 186 0 0 27189 27374
ORFO01_nspl3  Yes 2707 8541 100.00 100.00 5836 0 0 2707 8541
ORF02 Yes 21550 25374 99.97 100.00 3822 1 0 21550 25371
ORF05 Yes 26510 27178 100.00 100.00 669 0 0 26510 27178
ORFO1_nspl2  Yes 793 2706 100.00 100.00 1914 0 0 793 2706

Figure 4.4: The Report window.

The results of the selected entry are displayed in the Report panel. The date of processing (Date)
and the entry Key (Name) are displayed.

For each destination sequence type (Locus column), it is indicated whether or not a BLAST hit
was Found, its position on the screened genome sequence (Start and Stop), sequence identity
(Identity (%)) and sequence overlap (Length (%)).

Furthermore, the length of the retrieved subsequence is reported (Ref length), the number of
mismatches with the reference sequence (Mismatches), number of gaps (Open gaps) and length

correction (if applied).

1.7 Close the Report window.

The Report window can be consulted again by selecting the entries in the Main window
and selecting Analysis > Sequence types > Extract sequences > Show reports.

1.8 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

4.5 for an example).

1.9 Close the Sequence editor window.
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[E) MY_DATABASEDDDDDOT (Sequence Viewer) - O X
File Sequence Header Annotation View Tools Window Help

L) .M.b-l—.v1v2v>§
‘Sequence Edito
ktggagagec ttgtccctgg tttcaacgag asaacacacg tccaactcag tkttgcctgtt ttacaggttc gogacgtget cgtacgtgge tttggagact cecgtggagga 110 ~
ggtcttatca gaggcacgtc aacatcttaa agatggcact tgtggcttag tagaagttga aaaaggcgtt ttgcctcaac ttgaacagcc ctatgtgttc atcaaacgtt 220
cggatgctcg aactgcacct catggtcatg ttatggttga gotggtagca gaactcgaag gocattcagta cggtcgtagt ggtgagacac ttggtgtcct tgtccctcat 330
gtgggcgaaa taccagtggc ttaccgcaag gttcttcttc gtaagaacgg taataaagga goctggtggce atagttacgg cgccgatcta aagtcatttg acttaggcga 440
cgagcttgge actgatcctt atgaagattt tcaagaaaac tggaacacta aacatagcag tggtgttacc cgtgaactca tgcgtgagct taacggaggg

Feature key Start End Length %GC lallele= | ¥
=l
= ¢
ala
PO
=
2 < >

Annotation | Header |Cus(um Fields | Sequence Search ‘Conbgs ‘FraneAnﬂlyss ‘RﬁmnAmu’ss ‘
Sequence: MY_DATABASEND00001 | Experiment: ORFON_nspdd | 1 | 540 bp

Figure 4.5: The ORF01_nsp01 sequence.

4.2 Calculating SNPs

After the subsequence extraction (see 4.1), the subsequences can be screenend for SNPs:

2.1 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.

2.2 Select SARSCoV2 > Find SNPs or press the i button.

The subsequences are screened for SNPs using the built-in BIONUMERICS SNP analysis tool
(accessible via Analysis > Sequence types > Start SNP analysis).

The resulting SNP set is filtered based on the Relaxed SNP filtering template and the retained
SNPs are stored in the SNP character experiment.

With the Relaxed SNP filtering template non-ACGT bases are included in the analysis.
However, non-ACGT bases are not actually saved in the SNP character set, leaving an
absent value for that position instead.

After the SNP screening, a message box pops up displaying the number of detected SNPs (see
Figure 4.6). If new SNP positions are detected, this is also reported.

Finished *

) Saved 24 SMNPs.
@R Mew SMPs added: ORFO1_nsp02:0635, ORF01_nsp03:0172,
‘W ORF01_nsp03:4225 ORFO01_nsp04:0876, ORFO1_nsp05:0578,
ORF02:0333

Figure 4.6: SNP information.

2.3 Click <OK > to close the confirmation dialog.

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 4.7).
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Add new SMNPs

OK to add new SMNPs to older entries?

Figure 4.7: Update SNPs.

2.4 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.

2.5 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 characer experiment card.

The character experiment card lists all SNPs detected for the sample. The bases are listed in the
Mapping column (see Figure 4.8).

COVID1S_NEWO000001

Character Value Mapping ‘:‘
ORFO01_nsp02:0254 3C ~

ORFO1_nsp02:0635 4 G

ORFO1_nsp03:0172 4 G

ORFO1_nsp03:0318 3|C

ORFO01_nsp03:4225 2 A

ORFO01_nsp04:0228 ic

ORFO1_nsp04:0876 3| e

ORFO1_nsp05:0578 3|C

ORFO01_nsp12:0957 ic

ORFO1_nsp13:1511 3|C

ORFO01_nsp13:1622 2 A

ORFO1_nsp14:0021 3|C v

Press Insert to add character A

Figure 4.8: SNP character card.

2.6 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.

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

The reference position for each SNP is indicated in the RefPos information field in the character
experiment type (see Figure 4.9).

p) 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.

2.8 Close the Character type window.
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Similarity coefficient

Character type 'SNP' - O *
File Settings Characters Fields Mapping Window Help
| ||
- = -
¥ |oRFo3a07s1 - 0 16
¥ | ORFo4:0019 v 0 16
¥ | oRFo8:0183 v 0 16
[] | ORF08:0071 v 0 16
[] | oRFo8:0251 v 0 16
| orFos:0180 v 0 16
[] | oRFog:0199 v 0 16
[[] | ORF09:0581 v 0 16
[[] | ORF09:0596 v 0 16
[] | oRFog:0608 v 0 16
[1 | orFos.0s09 - 0 16
[] | oRFog:0610 v 0 16 v
L4 >
tiapoing
omp on setting
~
SNP settings
SMP: numerical values, open data set (39 characters)
Comparison
W

Character type SNP | Characters in view=39

Figure 4.9: The SNP character experiment type with the RefPos information field.
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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 character view dialog box appears (see Figure 5.1). The user can choose between
the following character views:
« _All_: All SNP positions present in the SNP character experiment will be included in the

comparison.

« _Selected_: All selected SNP positions in the SNP character experiment will be included in
the comparison.

« common: All common SNP positions (see 6.3) 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 6.2).

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

Select character view ? *

<All Characters> ~

[JSelect polymorphic characters

Figure 5.1: The Select character view dialog box.

When a character view is selected, the Comparison window appears and should look like Figure
5.2 with following settings:
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+ A similarity matrix is calculated based on the SNP experiment, using the Categorical (dif-
ferences) similarity coefficient and is displayed in the Similarities panel.

» The dendrogram is calculated based on the Complete linkage clustering algorithm and is

displayed in the Dendrogram panel.

[E Comparison

File Edit Layout Groups Clustering Statistics
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Sequence

g E g R Rl

TrendData GenomeMaps RezdSets Spectra Compo

site Window  Help
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Figure 5.2: The Comparison window.

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

0.5 To view the number of SNP differences on the nodes, select Clustering > Dendrogram display
settings... (lit), 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.

0.6 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 Advanced cluster analysis win-
dow. This window can be launched from the Comparison window:

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

0.8 Select Clustering > Calculate > Advanced cluster analysis... or press the  button and
select Advanced cluster analysis to launch the Create network wizard.

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

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

0.10 Close the Advanced cluster analysis window.

0.11 Save the comparison with File > Save as... and close the comparison with File > EXxit.
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Figure 5.3: Minimum Spanning Tree with groups defined.
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Chapter 6

Miscellaneous tools

6.1 Translating SNPs

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

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

1.2 Select SARSCoV2 > Translate SNPs or click on the & button.
The Select character view dialog box appears. The user can choose between the following
character views:
« _All_: All SNP positions present in the SNP character experiment.
+ _Selected_: All selected SNP positions in the SNP character experiment.
« common: All common SNP positions (see 6.3).

+ All user-defined character views in the SNP character experiment e.g. character views which
contain shared SNPs (see 6.2).

1.3 Select a character view from the drop-down 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.

1.4 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 characer exper-
iment card.

The amino acids are listed in the Mapping column (see Figure 6.1).
1.5 Close the experiment card by clicking in the left upper corner of the card.

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

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

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



30 6. Miscellaneous tools

CoviD19
Character Value Mapping Lvd
ORF0M_nsp02:0085 17T ~
ORFOM_nsp02:0212 8 G
ORFO01_nsp03:0058 1A
ORFO1_nsp03:0106 14 F
ORFOM_nsp03:1409 101
ORFO1_nsp04:0076 16 5
ORF01_nsp04:0292 10 1
ORF01_nsp05:0193 1 A
ORFO1_nsp12:0323 12 K
ORFO1_nsp13:0504 15| P
ORFO1_nsp13:0541 19| ¥
ORFO1_nsp14:0007 11|L v

Press Insert to add character A

Figure 6.1: Character card.

1.8 Click on the - next to the experiment name SNP_TRANSL in the Experiments panel to display
the data in the Experiment data panel.

Initially, the character values are displayed as colors.

1.9 Select Characters > Show mappings (1) to show the mapping values.

1.10 Select Characters > Show mappings+colors (E3) to show the mapping values and colors in
overlay (see Figure 6.2).

Experiment data

NN =W

.| SNP_TRANSL
c8EBggEEgzEfggesc=282
Ss=S558s8:28888s888888%& 8
2222223232823 2222232388
g| %l %l %l %l %l %l %l %l %l %l %l %l %l %l %l E| %l %l
ERC O O 0 O OO0 CO0OOC OO0 O0OO0OO0C OO 0
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L Weeisle Wneophoelle @a @k k
L Weeisle Wneophnoelle Wa @k k
L Weeisle Wneophoelle @a @k k
L We e e Wnenonelecila Wk k
L Weeisle Wneophoelle @a @k k
L Weeisle Wneophnoelle Wa @k k
L Wlc c 80 Wln e o v c Elc WMk k

Figure 6.2: The Comparison window.

6.2 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
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serves as a rapid screener for variants of concern, such as B.1.1.7, B.1.1.351, and P.1.

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

2.2 Select SARSCoV2 > Define shared SNPs for selected entries.

2.3 Specify a name for the new SNP character view which will contain the SNPs shared between
the selected entries (see Figure 6.3) and press <OK>.

SNP character view ? *

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

Figure 6.3: SNP character view.

2.4 Press <OK> to close the dialog.
The shared SNPs are saved to the newly created character view of the SNP experiment:

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

2.6 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 6.4 for an example).

[E Character type 'SP’ - O X
File Settings Characters Fields Mapping Window Help

[Characters

Character Enabled Min. Max. Color scale L‘A
ORFO1_nsp03:0548 16
ORF01_nsp03:2669 16
ORFO01_nsp03:4235 16
ORF0M_nsp05:0316 186
ORF01_nsp06:0317 186
ORF01_nsp06:0318 186
ORF01_nsp06:0319 186
ORF01_nsp06:0320 186
ORF01_nsp06:0321 186
ORF01_nsp06:0322 16
ORFO1 :0323 16
Characters | Mapping

AR Ry
(=T =T =T =T =T — T = = T = ]

Comparison setting

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

< > t

u‘cﬂmhm |Attachrrents |

Character type SNP | Characters in view=34

Figure 6.4: The SNP character experiment type with the shared SNPs listed in the
newly created character view 'B.1.1.7".

2.7 Close the Character type window.
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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.

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

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

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 and this entry view will
automatically be selected (see Figure 6.5 for an example).

[E) Sars-CoV-2 - BioNumerics - m] ®
File Edit Database Analysis Scripts SARSCoV2 Window Help

Key Modified date Isolate Variant Locality I_'J 1 2 3 45 6 # Name Type I_'J
¥ |mwsaies0 2021-02-09 17:37:32 SARS-CoV/-2/human!. BA1T Bangladesh ~ i) 1 SNP Character types ~
v MW434424 2021-02-09 17:37:32 SARS-CoV-2/human/P... B.1.1.7 Peru ﬁ 2 genome Seguence types
| Mwasaazs 2021-02-09 17:37:32 SARS-CoV-Zhuman/.. BAAT USA: California i) 3 ORFO1_nsp04 Sequence types
o | Mwegsadn 2021-02-09 17:37:32 SARS-CoV-Zhuman/. BA1T USA: California Hil 4 ORFO1_nsp02 Sequence types
7 | Mws13693 2021-02-09 17:37:32 SARS-CoV-Zhuman/.. B.AAT USA: Colorada i) 5 ORFO1_nsp03 Sequence types v
¥ | Mws18052 2021-02-09 17:37:32 SARS-CoV-2/humanl.. BA.17 USA: Florida Experiment types | Entry fields,
o |Mw4s3056 2021-02-09 17:37:32 B.1.1.7 USA: Florida e
| Mwaga3gg 2021-02-09 17:37:32 SARS-CoV-Zhuman/. BA1T USA: Florida =
¥ | MW462653 2021-02-08 17.37:32 BT USA: Minnesota = X ¥l <All Fingerprint files>
o |mwaes2ss2 2021-02-09 17:37:32 BT USA: Minnesota File name Experiment type Link =
¥ | mwes2851 2021-02-09 17:37:32 BA1T USA: Minnesota -
¥ | MwaszB50 2021-02-09 17:37:32 BA1T USA: Minnesota
¥ | Mw520940 2021-02-08 17.37:32 SARS-CoV-2/human/.. BA17 USA: Minnesota a > v
¥ | Mws20939 2021-02-09 17:37:32 SARS-CoV-2/humanl.. BA.17 USA: Minnesota N , - -
o | mwesszez 2021-02-09 17:37:32 SARS-CoV-2/human/. BA1T USA: New Wexico R " seriies | Metagenomics projects | Werd oo
| Mwag3s7E 2021-02-09 17:37:32 SARS-CoV/-2/human!. BA1T USA: New Mexico Con ns
| MwaTaTaZ 2021-02-08 17:37:32 SARS-CoV-2/human/.. BA17 USA: Oklahoma I I i > %Ji w4 <Al Comparisons>
o | Mw4gsd4ds 2021-02-09 17:37:32 SARS-CoV-2/humanl.. BA17 USA: Oregon '
| mwagoess 2021-02-09 17:37:32 SARS-CoV-2human/.. B.1.17 USA: Tennessee = s L=z =
¥ |Mv4s0632 2021-02-0917:37:32  SARS-CoV-Zhumanl.. B.1.17 USA: Tennessee voc 2021-02-09 18:18:04 2
| MwadTTT 2021-02-08 17:37:32 BA17 USA: Texas
¥ | Mwss8280 2021-02-09 17:37:32 BA17 w v
a |« >l < > < >
Database enfries | Database design Comp. | Decis. NW. Alignments Chrom. Comp. Annotations BLAST

Database: Sars-CoV-2 (_DefaultUser_) = Entries: Loaded=162, View=87, Selected=87 = 62 experiments = C:\Users\10023961\Dos i cs\Data\ CoV-2

Figure 6.5: Screening of selected entries for the SNPs present in the 'B.1.1.7’ char-
acter view.

6.3 Defining common SNPs

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

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

3.2 Select SARSCoV2 > Define common SNPs by frequency.

3.3 Specify the minimum frequency in the dialog (see Figure 6.6) and press <OK>.

The number of common SNPs - identified based on the provided frequency - is displayed (see
Figure 6.7 for an example).

3.4 Press <OK> to close the dialog.
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Common SNP settings ? *

Minor allele frequency threshold (%) | 5

Figure 6.6: Specify threshold.

Finished hed

@® 5 sNPs found at 5% threshold

Figure 6.7: Result.

The common SNPs are saved to the Common character view of the SNP experiment:

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

3.6 Click on the drop-down bar in the toolbar and select the common character view from the list
(see Figure 6.8).

[E Character type 'SNP' - O *
File Settings Characters Fields Mapping Window Help

[P I e 8

- ’\_;I[s.lﬂ"lﬂ‘|1‘v|lllémmmﬂﬂ .U
Character Enabled Min.
ORFO1_nsp02:0635
ORFO01_nsp03:0172
ORFO01_nsp03:4225
ORFO01_nsp04:0876
ORFO01_nsp05:0578
ORF02:0333

<All Characters>
<Selected Characters=>

<Manage user defined views...»

~  common

le
0 1e I

L L << K

Figure 6.8: Character view.
The common SNPs identified with the command SARSCoV2 > Define common SNPs are listed.

The MAF character field displays the allele frequency (see Figure 6.9).

3.7 Close the Character type window.

6.4 Exporting accessions to BLAST Entrez

There is a standard BIONUMERICS import tool available in the Import dialog box 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:

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

4.2 Select SARSCoV2 > Export accessions to Batch Entrez.
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[E Character type 'SNP' - O *
File Settings Characters Fields Mapping Window Help

I'Characters

Character Enabled Min. Max. Color scale MAF | vl

ORF03a:0171 v 0 16 N 454 ~
ORF02:1841 v 0 15 N :: 02
ORFO1_nsp03:0318 v 0 16 I 37
ORF0&:0251 v 0 15 N :: 14
ORFO1_nep04:0228 v 0 15 N -1 63
ORFO1_nep02:0254 v 0 15 N o c2
ORFO1_nep14:0021 v 0 15 N - 62
ORFO1_nep13:1622 v 0 16 I - 45
ORFO1_nsp13:1511 v 0 16 I - +9

Characters | Mapping

SNP settings
SMNP: numerical values, open data set (1006 characters)

. Similarity coefficient

Crossinks | Attachments |
Character type SNP | Characters in view=9

Figure 6.9: The MAF character field.

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

Select output folder ? hed
Folder: Ch\Users\Public | [ EBrowse.. |
OK Cancel

Figure 6.10: 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
website in the default browser (see Figure 6.11), from which the accessions file can be selected
(with the < Browse> button) to retrieve GenBank-formatted sequences in bulk.

6.5 Extracting PCR products

With the SarsCoV2 plugin, PCR products can be extracted based on the WHO-standard primer se-
quences (https://www.who.int/publications/m/item/molecular-assays-to-diagnose-covid-19-summary

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

5.2 Select SARSCoV2 > Exctract PCR products.

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

The extracted PCR products are stored in the corresponding PCR sequence type experiments
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- O X
22 https://www.nchi.nlm.nih.gov/sites/batchentrez - @& & | Search.. 0~
«(-j Batch Entrez LT
S e A
=~ NCBI Batch Entrez

All Database: PubMed Hucleotide Protein Genome 5 OMIM PMC

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 6.11: Batch Entrez.

(see Figure 6.12).

I —
Experiment types

4 M % L X ')'[’; T A 4+ | <Al Experime

# Name Type A 4

ﬁ 28 ORF10 Sequence types l_nj
ﬁ 29 China-CDC_ORF1ab Sequence types
ﬁ 30 HKU-ORF1b-nspi14 Sequence types
ﬁ 31 NID_2018-nCOV_N Sequence types
ﬁ 32 nCoV_IP2 Sequence types
ag 33 NID_WH-1_S Sequence types
ﬁ 34 nCoV_IP4 Sequence types
ﬁ 35 China-CDC_N Sequence types
ag 36 RdRP_SARSr Sequence types
ﬁ 37 NID_WH-1_nsp1 Sequence types
il 38 2019-nCoV_N1 Sequence types
ag 39 2018-nCoV_N2 Sequence types
ag 40 2018-nCoV_N3 Sequence types
ﬁ 41 HKU-N Sequence types
il 42 WH-NIC_N Sequence types
ﬁ 43 E_Sarbeco Sequence types

v

Experiment types | Entry fields

Figure 6.12: Sequence types for the storage of PCR products.

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

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

5.4 Highlight the Comparisons panel in the Main window and select Edit > Create new object...
to create a new comparison for the selected entries.

5.5 Click on the = next to the sequence type in the Experiments panel to display the sequences in
the Experiment data panel (see Figure 6.13 for an example).
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The sequences can be further analyzed using the sequence analysis tools available in BIONU-
MERICS.

@) Comparison - [m) x
File Edit Layout Groups Clustering Statistics Fingerprints nce TrendData GenomeMaps ReadSets Spectra Composte Window Help
<AllExperinent iypes> Dend ' [information ie Similart-.—|
1 i i oodhost i, w4 [0 e
1 Name Aspect ™ i T
~ 2] ncov_r2
| 28 wo_2019.ncov_n <Defauts [
ijﬁl nCoV_IP2 <Default-
“| & wio_wh-1_s <Defautt>
T et 3 1 . 20 3 3 A ) . B . & Group Key I
| 28 nco <Defaut
Jm - HTGAGCTTAGTCCTETTECACTACGACABATGTCTTGTGC TGCCGGTAC TACACAAACTGCHW Wuhan-Hu-1
2 8 crinecoc N T ATGAGCTTAGTCCTGTTGCACTACGACAGATGTCTTGTGETGCCGGTACTACACAAAC TG YA COVID_t9_DENOD00000T
| & rore_sarsr <Defautt> ATGAGCTTAGTCCTGTTGCACTACGACAGATGTCTTGTGCTGCCGGTACTACACAAACTGC]W COVID_19_DEN00000002
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| &4 2019-ncov_nz <Defaut>
“| 5 wawn <Default>
| 88w N <Defaut-
| 28 e _sarbeco <Defaut>
v
_mmmmncmm
L
Name. i
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B2
Size Name B |
< > < >f< >
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Figure 6.13: PCR products.

6.6 Get qualifiers

Metadata can be parsed from the sequence annotations - if present - and stored in the Isolate
and Locality entry fields (see Figure 6.14).

6.1 In the Database entries panel of the Main window, select the entries for which you want to
extract the Isolate and Locality information.

6.2 Select SARSCoV2 > Get qualifiers.

Database entries

Iﬁliﬁi—i'ﬁl.iliwaﬁw :

Key Level Modified date Isolate Locality Country
Wuhan-Hu-1 2020-05-06 08:46:40 Wuhan-Hu-1 China: Wuhan China

+ | COVID19_NEW0000001 2020-05-06 08:45:41 SARS-CoV-2/human/USA/CA-CZB-EX00T06/2020 USA:CA

v COVID18_NEWO000002 2020-05-06 08:48:42 SARS-CoV-ZMhuman/USA/CA-CZB-IK00016/2020 USAICA

v COVID18_NEWO000003 2020-05-06 08:48:42 SARS-CoV-Z/human/USA/CA-CZB-EX00458/2020 USAICA

Figure 6.14: Locality and Isolate information extraction.

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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6.7 Haplotype determination

The plugin allows to determine haplotypes. The haplotype as defined in the SarsCoV2 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.

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

7.2 Select SARSCoV2 > Get haplotypes.

The result is displayed in the Haplotype entry field.

Optionally colors can be assigned to every haplotype:

7.3 Right-click on the Haplotype information field in the Database entries panel and choose Field

properties from the floating menu (see Figure 6.15).

Database entries

2 e i .
i ﬁ i % L A /ﬁ | gl Y. .EmIIEntrles> )
Geo_Location Haplotype ID - LOCUS AC - ACCESSION DE - DEFINITION -
USA: CA Field properties... Sewvere acute respiratory syndrome coror
USA: CA Disable highlighted field Severe acute respiratory syndrome coror
usa Severe acute respiratory syndrome coror
usa Sort by field Severe acute respiratory syndrome coror
USA: CA Sort by field (reverse) Severe acute respiratory syndrome coror
USA: CA Sort by field (Numerical) Severe acute respiratory syndrome coror
USA: CA ) . Severe acute respiratory syndrome coror
usa Sort by field (Numerical, reverse) Severe acute respiratory syndrome coror
USA: CA Add information field... Severe acute respiratory syndrome coror
USA: CA . . Sewvere acute respiratory syndrome coror|
Delete information field... p. D
USA: CA ) ) Severe acute respiratory syndrome coror
USA: CA Useas dlspla)r field Severe acute respiratory syndrome coror|
USA: CA Edit field in selection... Ctrl+M Severe acute respiratory syndrome coron
UsA Copy field in selection... Sewvere acute respiratory syndrome coror|
USA: CA MToToeSRY ToToRST Severe acute respiratory syndrome coror
USA: CA MT385472 MT385472 Severe acute respiratory syndrome coror

Figure 6.15: Field properties.

The Database field properties dialog box appears.

7.4 Press <Add all>> to create all existing states for the Haplotype field. Confirm the action.

7.5 Check Use colors to display a specific color code for each field state.

7.6 Press <OK> to accept the new settings.

The Database entries panel is updated (see Figure 6.16).
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Modified date

2020-08-07 17:47:03
2020-08-07 17:46:57
2020-08-07 17:46:57
2020-08-07 17:46:57
2020-08-07 17:46:57
2020-08-07 17:46:57
2020-08-07 17:46:57
2020-08-07 17:46:57
2020-08-07 17:46:57
2020-08-07 17:46:57

Isolate
SAR-CoV-2/human/USAMNY-QDX-00000001/2020
SARS-CoV-2/human/USAMNY-COC-SURVOOS2ZNY C/2020
SARS-CoV-2/human/USAMNY-COC-SURVOOTENY C/2020
SARS-CoV-2/human/USAMNY-COC-SURVOOSTNY C/2020
SARS-CoV-2/human/USAMNY-COC-SURVD1 44Ny C/2020
SARS-CoV-2/human/USAMNY-COC-SURVDIM162NY C/2020
SARS-CoV-2/human/USAMNY-COC-SURVDI185NY C/2020
SARS-CoV-2/human/USAMNY-COC-SURVD166NY C/2020
SARS-CoV-2/human/USAMNY-CDC-SURVDI168NY C/2020
SARS-CoV-2/human/USAMNY-COC-SURVIMTANY C/2020

Figure 6.16: Haplotype information field.

Geo

L.GL.YP.HI USA:
[sopcLar T usa
L.GL.YP.HI USA:
LDP.YP.OT USA:
LDPYP.OT USA:
L.GL.YP.HI USA:
LDPYP.OT USA:
LDP.YP.OT USA:
LDPYP.OT USA:
LGLYPHT USA:

Geo_Location

NY
Ny
NY
Ny
NY
Ny
NY
Ny
NY
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