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BIONUMERICS Tutorial:

Extracting subsequences from (whole genome)
sequences

1 Introduction

With the sequence extraction tools in BIONUMERICS, subsequences can be extracted from (whole
genome) sequences and stored in separate sequence experiments. Any subsequence can be
searched for (resistance gene sequences, virulence gene sequences, etc) and used for more
in-depth study.

In this tutorial we will screen the whole genome sequences of some Staphylococcus aureus sam-
ples for the mecA sequence. The different steps are illustrated using the whole genome demon-
stration database of Staphylococcus aureus. This database is available for download on our web-
site (see 2) and contains 97 publicly available sequence read sets of Staphylococcus aureus with
already calculated de novo assemblies.

2 Preparing the database

2.1 Introduction to the demonstration database

The whole genome demonstration database of Staphylococcus aureus can be downloaded di-
rectly from the BIONUMERICS Startup window (see 2.2), or restored from the back-up file avail-
able on our website (see 2.3).

2.2 Option 1: Download demo database from the Startup Screen

1. To download the database directly from the BIONUMERICS Startup window, click the
button, located in the toolbar in the BIONUMERICS Startup window.

This calls the Tutorial databases window (see Figure 1).

2. Select the WGS_demo_database_for_Staphylococcus_aureus from the list and select
Database > Download ( £ ).

3. Confirm the installation of the database and press <OK> after successful installation of the
database.

4. Close the Tutorial databases window with File > EXxit.
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Figure 1: The Tuforial databases window, used to download the demonstration
database.

The WGS_demo_database_for_Staphylococcus_aureus appears in the BIONUMERICS Startup
window.

5. Double-click the WGS_demo_database_for_Staphylococcus_aureus in the BIONUMERICS
Startup window to open the database.

2.3 Option 2: Restore demo database from back-up file

A BIONUMERICS back-up file of the whole genome demo database for Staphylococcus aureus
is also available on our website. This backup can be restored to a functional database in BIONU-
MERICS.

6. Download the file wgMLST_SAUR.bnbk file from https://www.applied-maths.com/download/
sample-data, under 'WGS_demo_database_for_Staphylococcus_aureus’.

f In contrast to other browsers, some versions of Internet Explorer rename the

wgMLST_SAUR.bnbk database backup file into wgMLST_SAUR.zip. [f this happens, you

should manually remove the .zip file extension and replace with .bnbk. A warning will

appear ("If you change a file name extension, the file might become unusable.”), but

you can safely confirm this action. Keep in mind that Windows might not display the

.zip file extension if the option "Hide extensions for known file types” is checked in your
Windows folder options.

7. In the BIONUMERICS Startup window, press the button. From the menu that appears,
select Restore database....

8. Browse for the downloaded file and select Create copy. Note that, if Overwrite is selected, an
existing database will be overwritten.
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9. Specify a new name for this demonstration database, e.g. “Whole genome Staphylococcus
aureus demobase”.

10. Click <OK> to start restoring the database from the backup file (see Figure 2).

Restore database =

Backup file
ChUsersiDownloads\wgMLST_SAUR1 . bnbk Browse...

Destination

Overwrite

O Overwrite the current data in database WGS demo database for Escherichia
coli with a previous version of the data as stored in a backup. Any new data
since the backup will disappear, any old data that was erased wil be
recovered.

Create copy

@ Create a new database from the data stored in a backup. Use this option to
have access to both old and current versions of an existing database or to
copy a database from another computer.

New database name: fa'u’hule genome Staphyloco

Figure 2: Restoring the whole genome demonstration database from the BioNumer-
ics backup file wgMLST_SAUR. bnbk.

11. Once the process is complete, click < Yes> to open the database.

The Main window is displayed (see Figure 3).
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Figure 3: The Staphylococcus aureus demonstration database: the Main window.

3 About the demonstration database

The whole genome demonstration database of Staphylococcus aureus contains links to sequence
read set data on NCBI’'s sequence read archive (SRA) for 97 publicly available sequencing runs.
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The sequence read set experiment type wgs contains the link with some raw data statistics.

1. Click on the green colored dot for one of the entries in the first column in the Experiment pres-
ence panel. Column 1 corresponds to the first experiment type listed in the Experiment types
panel, which is wgs in the default configuration.

In the Sequence read set experiment window, the link to the sequence read set data on NCBI
(SRA) with a summary of the characteristics of the sequence read set is displayed: Read set size,
Sequence length statistics, Quality statistics, Base statistics (see Figure 4).

= ERR103403 - | X
File Preprocessing Analysis Window Help

& L

~
Sequence read set information

- Storage
Storage by link: NCBI[ERR 103403

- Read set size

Mumber of sequences: 438522

Mumber of paired-end sequences: 438522

Mumber of bases: 132433644, 1stend 65778300, 2nd end 66655344

- Sequence length statistics

Average sequence length: 151.00, 1st end 150.00, 2nd end 152.00
Standard deviation of the sequence length: 1.00, 1stend 0, 2nd end 0
Minimum sequence length: 150, 1st end 150, 2nd end 152

Maximum sequence length: 152, 1st end 150, 2nd end 152

- Quality statistics

Average base quality: 34.62, 1stend 34.92 2nd end 34.33

Standard deviation of the base quality: 7.45, 1stend 6.72, 2nd end §.10

Minimum base quality: 2, 1stend 2, 2nd end 2

Maximum base quality: 41, 1stend 41, 2nd end 41

Q20: 126071395 (95.20%), 1st end 63308955 (96.25%), 2nd end 62762440 (94.16%)

Q25 124374102 (93.91%), 1st end 62477601 (94.98%), 2nd end 61896501 (92.86%)

Q30: 117580110 (88.78%), 1st end 59225531 (90.04%), 2nd end 58354579 (87.55%) v

ﬁ B & Field value -

Analysis name v

Figure 4: The sequence read set experiment card for an entry.

2. Close the Sequence read set experiment window.

The sequence experiment type denovo contains the results from the de novo assembly algorithm,
i.e. concatenated de novo contig sequences.

3. Click on the green colored dot for one of the entries in the third column in the Experiment
presence panel. Column 3 corresponds to the third experiment type listed in the Experiment
types panel, which is denovo in the default configuration.

The Sequence editor window opens, containing the results from the de novo assembly algorithm,
i.e. concatenated de novo contig sequences (see Figure 5).

4. If not all panels are in place select Window > Restore default configuration to restore the
default configuration of the Sequence editor window.

In this tutorial we will extract subsequences in batch from the sequences stored in the denovo
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4. Extracting subsequences
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Figure 5: The Sequence editor window.

sequence experiment. We will search for the mecA sequence.
5. Close the Sequence editor window.

Additional information, stored in entry info fields (Organism name, Instrument, Study accession,
etc.) was collected from the corresponding publications and added to the demonstration database.

4

The wgMLST analysis settings and results (assembly-based calls and assembly-free
calls) performed on the Applied Maths Calculation Engine are in depth discussed in
the tutorial "wgMLST typing in the Staphylococcus aureus demonstration database”
available on our website.

4 Extracting subsequences

4.1 Principles

The sequence extraction tools in BIONUMERICS use a BLAST approach to extract subsequences
in batch from sequences stored in an Origin experiment type and saves the retrieved subse-
quences in a Destination experiment type. The BLAST search is based on a single query se-
quence per destination experiment type.

Before we can extract subsequences from the sequences stored in the denovo experiment, we
first need to specify a query sequence in our demonstration database (see 4.2), and specify the
sequence extraction settings (see 4.3).
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4.2 Provide query sequence

A FASTA formatted text file can be found on our website, containing the mecA sequence extracted
from the reference sequence with accession number BX571856.1 (see Figure 6). The exam-
ple file can be found on the download page on our website (https://www.applied-maths.com/
download/sample-data, ‘mecA reference sequence”).

File Edit Format View Help

bmecA -
ttattcatctatatcgtattttttattaccgttctcatatagetcatcatacactttacctgagatttteggcattetage
tagccattcctttatcttgtacatctttaacattaatagecatcatcatgtttggattatctttatcatatgatataaac
cacccaatttgtctgocagtttoctecttgtttcattttgagttctgcagtaccggatttgccaattaagtttgcataaga
tctataaatatcttetttatgtgttttatttacgacttettgcataccatcagttaatagattgatattttctttggaaa
taatatttttcttccaaactttgtttttcgtgtcttttaataagtgagetegcegttaatattgoccattattttctaatgee

ctatagattgaaaggatctgtactgggttaatcagtatttcaccttgtccgtaacctgaatcagectaataatatttecatt
atctaaatttttgtttgaaatttgagcattataaaatggataatcacttggtatatcttcaccaacacctagttttttea
tgcctttttcaaatttcttactgoctaattcgagtgctactctagcaaagaaaatgttatctgatgattctattgcttet
tttaagtcgatattaccatttaccacttcatatcttgtaacgttgtaaccaccccaagatttatctttttgocaaccttt
accatcgattttataacttgttttatcgtoctaatgttttgttatttaacccaatcattgectgttaatattttttgagtte
aacctgetgaagttgtaatctggaacttgttgagcagagettcttttttatcttoggttaatttattatattcttegtta
ctcatgccatacataaatggatagacgtcatatgaagetgtgcttacaagtgctaataattcacctgtttgagestegat
agcagtacctgagccataatcatttttcatgttgttataaatactcttttgaactttagecatcaatagttagttgaatat
ctttgocatcttttttctttttoctectattaatgtatgtgecgattgtattegctattatcgtcaacgattgtgacacgatag w

Figure 6: mecA reference sequence.

In order to use this sequence as query sequence we first need to import this sequence in our
demonstration database.

1. Select File > Import... (&7, Ctrl+l) to open the Import dialog box.

2. Choose the option Import FASTA sequences from text files under the Sequence type data
item in the tree and click <Import>.

3. Press <Browse>, navigate to the downloaded file, select the Reference.txt file and press
<Open>.

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

The import wizard now displays a preview of the sequence data in the FASTA file. From this
preview, it is clear that the first (and only) FASTA field contains the name of gene (see Figure 7).
We will use this name for our sequence experiment in our database.

5. Press <Next>.

The next step of the import wizard lists the templates that are present to import sequence infor-
mation in the database. As this is the first time we import FASTA formatted sequences in the
database, we need to create a new import template by specifying Import rules.

6. Click <Create new> to create a new import template.

7. Select Field 1in the list and click < Edit destination> or simply double-click on "Field 1”. Select
Sequence type from the list and press <OK>.

8. Scroll down the list in the grid using the scroll bar on the right and select the last row in the grid,
File Name, and press < Edit destination>. Choose Key and press <OK>.

9. Press <Preview> to obtain a preview of the data you are about to import (see Figure 8).
10. Close the preview and click <Next> and <Finish>.

11. Specify a template name, e.g. FASTA, and optionally enter a description. Press <OK>.
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Import sequences ? *

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

Nr.  File name Length Header
1 Reference 2007 mech,

<« Back E Next> Cancel

Figure 7: Preview.

Preview ? X

Nr.  Sequence type Key

1 mecA Reference

Figure 8: Preview.

12. Highlight the newly created template (see Figure 9) and press <Next>.

13. Press < Yes> twice to confirm the creation of the mecA sequence experiment in the database
(see Figure 10).

The Database links wizard page will indicate that 1 new entry will be created during import.
14. Press <Finish> to start the import into the database.

An entry with key Reference is created in the database and the sequence from the text file is
linked to the mecA sequence experiment.
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Specify how to import data into the database.
Import templates:
FASTA -

Edit...

Preview...

Copy...

Experiment type: <From import template

<« Back Next = Cancel

Figure 9: Import template.

MNew experiment types ? *

Thesze 1 new experiment types will be created:

mech

Do you want to continue?

Yes ] No

Figure 10: Add new sequence type to the database.

4.3 Specify sequence extraction settings

15. Select Analysis > Sequence types > Extract sequences > Settings... in the Main window
to call the Sequence extraction settings dialog box.

This dialog box gives access to Sequence extraction settings per sequence experiment type and
the general Reports settings. Initially, the tree control on the left will be empty.

16. Press the <Add> button to call the Extract gene from genome dialog box.

17. Select denovo as Origin experiment type (see Figure 11). This is the sequence experiment,
containing the whole genome sequences, that will be screened and from which a subsequence
will be copied from.

18. Check the mecA experiment as Destination experiment type (see Figure 11).

19. Press <Next> to call the second step of the wizard.

The Search sequence is what the BLAST algorithm will use to screen the origin experiment type
(here denovo) for. In our demonstration database, entry with key Reference contains the query
sequence, stored in the Destination experiment type.

20. Press <Pick> to open the Select entry dialog box.
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Extract gene from genome ? *

Similarity-based sequence extraction
This tool extracts a subsequence from an origin experiment type (usually a
genomic sequence) into a destination experiment type.

Origin experiment type: denovo ~

Destination experiment type(s): [ denove
[0 SNP outbreak

Figure 11: Specify the origin and destination sequence types.

21. Scroll down the list, highlight Reference and press <OK>. Alternatively, start typing the text
Reference in the Search for text box, highlight the reference entry and press <OK>.

The BLAST settings include two thresholds that a BLAST hit should fulfill in order to be consid-
ered:

o A Minimum sequence identity (%) between the search sequence and the matched subse-
quence in the origin sequence experiment, expressed as a percentage.

e A Minimum length for coverage (%), i.e. a minimum overlap between the search sequence
and the matched subsequence.

In case more than one BLAST result is found that fulfills both criteria, the best match will be copied
to the destination experiment.

Optionally, the length of the extracted sequence can be corrected (see Extracted sequence cor-
rection options).

22. For this exercise, make sure the Reference entry is specified as query entry, leave the other
settings at their defaults and press <Next> (see Figure 12).

The tree in the Extract gene from genome dialog box is updated (see Figure 13).

Default report settings will be applied when running a report (see 4.4), but can be modified by
highlighting Reports in the tree and pressing <Edit>.

23. Press <OK > to close the Extract gene from genome dialog box.

4.4 Sequence extraction analysis

Now that we have specified the sequence extraction settings (see 4.3), we can now start the actual
sequence extraction process.

24. In the Database entries panel of the Main window select all entries with Edit > Select all
(Ctrl+A) and unselect entry with key Reference.
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Extract gene from genome ? *

Settings
Please enter the BLAST =ettings and determine how to handle the extracted
Sequence.

Search seguence

Pick entry with search seguence:

Reference | I Pick... I

BLAST settings

Minimum sequence identity (%)
Minimum length for coverage (%)

Extracted seguence correction

(®) Take best BLAST hit
(O) Correct BLAST hit based on CDS

(O Correct BLAST hit based on PCR primers

<« Back Cancel

Figure 12: Sequence extraction settings.

Sequence extraction settings ? *

- @ Reports Extract sequences using a
: similarity based method.

Add... Edit... Remove

Figure 13: Sequence extraction settings.

The status bar, displayed at the bottom of the Main window will indicate that 97 entries are se-
lected.

25. Select Analysis > Sequence types > Extract sequences > Analyze or use the Process
data dialog box: select File > Process... (=), highlight Extract sequences under Sequence
type and press <OK>.

A progress bar appears. The complete analysis may take up to several minutes. When the analysis
is finished, the question "Do you want to open the reports?” pops up.

26. Press < Yes> to open the Report window. Alternatively, a sequence extraction report can be
opened for the selected entries with Analysis > Sequence types > Extract sequences >
Show reports.

The Report window displays a summary of the extraction results (see Figure 14).

The Report window contains a gene extraction report for each of the selected entries. For each
destination experiment type ('Locus’) that has sequence extraction settings (here: only one), it is
indicated whether or not a BLAST hit was found, its position on the origin sequence ('Start’ and
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ERR103402 - Sequence extraction report
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= ERR103402

ERR103395 Sequence extraction report

Date:  05/18/20 14:55:16
Name: ERR103402

SLiibiie ] Similarity-based gene extraction

ERR127428

ERR127417

e Result BLAST

ERR127443 Locus Found Start End Identity (%) Length (%) Ref. Length  Mismatches Open gaps Start En
ERR127448 mecA Yes 2034299 2036305 99.95 100.00 2007 1 0 2034299 203630
ERR127432

ERR127431 v -

< > 4 3

Figure 14: Summary of the sequence extraction results.

'Stop’), sequence identity (ldentity (%)’) and sequence overlap ('Length (%)’). Furthermore, the
length of the retrieved subsequence is reported ('Ref length’), the number of mismatches with the
query sequence ('Mismatches’), number of gaps (‘Open gaps’) and length correction applied.

27. Close the Report window.
The extracted sequences - if found - are stored in the mecA sequence experiment type.

28. Clicking on a green colored dot in the Experiment presence panel for a mecA experiment will
open the Sequence editor window, containing the extracted sequence (see Figure 15).

ERR103403 (Sequence Viewer) - | X
File Seq e Header Annotati View Tools Window Help
BIE B a9 X Ee QA Do w1929 @

Sequence Editor
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tgagattttg gcattgtagc tagccattcc tttatcttgt acatctttaa cattaatagc 120
catcatcatg tttggattat ctttatcata tgatataaac cacccaattt gtctgccagt 180
ttctccttgt ttcattttga gttctgcagt accggatttg ccaattaagt ttgcataaga 240
tctataaata tcttctttat gtgttttatt tacgacttgt tgcataccat cagttaatag 300
attgatattt tctttggaaa taatattttt cttccaaact ttgtttttcg tgtcttttaa 360
taagtgaggt gcgttaatat tgccattatt ttctaatgcg ctatagattg aaaggatctg 420

© 1] | | |
I '500 1000 "800 2000
< >
Feature it Qg @11 L ®@
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Sequence: ERR103403 | Experiment: mecA 1 2007 bp

Figure 15: The Sequence editor window.

29. Close the Sequence editor window.
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In the tutorial "MLST analysis starting from whole genome sequences” available on

f our website, the sequence extraction tools are used to extract the seven MLST house-
keeping genes from a set of whole genome sequences of Listeria monocytogenes.
Follow-up analysis is illustrated in combination with the MLST online plugin.
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