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BioNumerics Tutorial: A BIOMERIEUX COMPANY

wgMLST typing in the Staphylococcus aureus demon-
stration database

1 Introduction

This guide is designed for users to explore the wgMLST functionality present in BioNumerics without
having to create their own projects, or buy Calculation Engine credits. The whole genome demonstration
database used in this tutorial contains the results obtained from the full wgMLST analysis in BioNumerics
on publicly available sequence read sets of Staphylococcus aureus from three studies, as they were published
on NCBI’s sequence read set archive.

Although this guide provides the necessary information to start working with the wgMLST functionality
present in BioNumerics, it is recommended to read the following documentation available for download on
the tutorial page on our website:

o Tutorial "Whole genome MLST typing in BioNumerics: routine workflow”
e Tutorial "Whole genome MLST typing in BioNumerics: detailed exploration of results”

o WGS tools plugin manual

2 Preparing the database

The WGS demo database for Staphylococcus aureus can be downloaded directly from the BioNumerics
Startup window (see 2.1), or restored from the back-up file available on our website (see 2.2).

2.1 Option 1: Download demo database from the Startup Screen

1. Click the Download example databases link, located in the lower right corner of 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 > Down-
load ().

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

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

2.2 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 BioNumerics.

6. Download the file wgMLST_SAUR.bnbk file from http://www.applied-maths.com/download/
sample-data, under "'WGS demo database for Staphylococcus aureus’.

In contrast to other browsers, some versions of Internet Explorer rename the
@ wgMLST_SAUR.bnbk database backup file into wgMLST_SAUR.zip. If 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.

]
L
7. In the BioNumerics Startup window, press the ; 3 button. From the menu that appears, select Restore
database....

8. Browse for the downloaded file and select Create copy. Note that, if Overwrite remains selected, an
existing database will be overwritten.

9. Specify a new name for this demonstration database, e.g. “Whole genome Staphylococcus aureus de-
mobase”.

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

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

3 About the demonstration database

The demobase contains links to sequence read set data on NCBI’s sequence read archive (SRA) for 97
publicly available sequencing runs of three Staphylococcus aureus whole genome sequencing studies ([ 1]
[2] [3]) (see Figure 3). Sequence read set experiment type wgs contains the link to the sequence read set
data on NCBI (SRA) with some raw data statistics.

The full wgMLST analysis (de novo assembly, assembly-based calls and assembly-free calls) was performed
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Backup file
C:\Users\Public\Documents\wgMLST_SAUR.bnbK | | Browse...

Destination

Overwrite

Overwrite the current data in database Whole genome Staphylococcus aureus
demobase 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 will be
recovered.

O

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.

MNew database name: Whole genome Staphyloc

Figure 2: Restoring the whole genome demonstration database from the BioNumerics
backup file wg_SAUR . bnbk.
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Figure 3: The Staphylococcus aureus demonstration database: the Main window.

on this set of samples using default settings and the S. aureus wgMLST scheme on the Applied Maths Cloud
Calculation Engine.

1. Select WGS tools > Settings..., click on the wgMLST tab (see Figure 4) and press the <Auto submission
criteria> button (see Figure 5).

By default, the Use nomenclature acceptance criteria option will be checked, meaning that the automatic
submission settings are defined by the curator of the allele database.

2. Click <Cancel> in both dialog boxes.

Five experiment types linked to wgMLST are present in the database for each of the entries and are displayed
in the Experiment types panel:
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Settings ? X

Calculation engine  Organism  Experiment types  wgMLST

MNew allele submission
oo

Submit new alleles automatically

Auto submission criteria...
Multiple allele calls character values
(® Store lowest common allele ID

(O Store as absent value

Allele mapping experiments

wgMLST_tst_campy_core
[ wgMLST_tst_jejuni_mlst

Figure 4: The wgMLST tab of the Calculation engine settings dialog box.

{® Use nomenclature acceptance criteria ;

() Set custorn submission criteria
Require start/stop codons (for CDS loci only)
Allow internal stop codons (for CDS loci only)
Minimurm hormaology

Maximurn nurnber of gaps

Figure 5: The Auto submission criteria dialog box.

e Character experiment type wgMLST contains the allele calls for detected loci in each sample, where
the consensus from assembly-based and assembly-free calling resulted in a single allele ID.

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

e Character experiment type quality contains quality statistics for the raw data, the de novo assembly
and the different allele identification algorithms.

e Sequence read set experiment type wgs_TrimmedStats: contains some data statistics about the reads
retained after trimming.

e Character experiment type wgMLST _CallTypes: contains details on the call types.

A reference mapping has been calculated for all entries from the Neonatal MRSA study and the resulting
sequences are stored in the SNP outbreak sequence type. These sequences are used in the tutorial ”Perform-
ing whole genome SNP analysis on Staphylococcus aureus genomes” to illustrate the wgSNP functionality
present in BioNumerics.

© 2018 Applied Maths NV. All rights reserved.



3. About the demonstration database 5

Additional information (in entry info fields Organism name, Instrument, Study accession, etc.) was collected
from the corresponding publications and added to the demonstration database. Additionally, a number of
comparisons were created that include all the samples together or grouped per study.

By clicking on one of the green dots next to an entry in the database, the corresponding results can be
viewed, either in a separate window or in an experiment card for the character data types:

3. Click on the green colored dot for one of the entries in the first column in the Experiment presence 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 6).

=

File Preprocessing Analysis Window Help

FSequence read set report

Sequence read set information

Storage
Storage by link: NCBI[ERR101899

.- Read set size

Mumber of sequences: 443784

Mumber of paired-end sequences: 443784

Mumber of bases: 134022768, 1st end 66567600, 2nd end 67455168

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

Awverage base quality: 34.65, 15t end 34.94, 2nd end 34.37

Standard deviation of the base quality: 7.39, 1st end 6.65, 2nd end 8.05

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

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

Q20: 127696707 (95.28%), 15t end 64122111 (96.33%), 2nd end 63574596 (94.25%)
Q125: 126006437 (94.02%), 1st end 63295265 (95.08%), 2nd end 62711172 (92.97%)
Q30: 119139872 (88.90%), 15t end 59982543 (90.11%), 2nd end 59157329 (87.70%)

: - Base statistics
Mumber of bases A 44909294 (33.51%)
Mumber of bases C: 21992386 (16.41%)
Mumber of bases G: 21857234 (16.31%)
Mumber of bases T: 45263847 (33.77%)
Mumber of other bases: 7 (= 0.01%)
Mumber of bases GC: 43849620 (32.72%)

Field value

Analysis name Analysis type

Figure 6: The sequence read set experiment card for an entry.

4. Close the Sequence read set experiment window.

5. Click on the green colored dot for one of the entries in the second column in the Experiment presence
panel. Column 2 corresponds to the second experiment type listed in the Experiment types panel, which
is wgMLST in the default configuration.

Character experiment type wgMLST contains the allele calls for detected loci in each sample, where the
consensus from assembly-based and assembly-free calling resulted in a single allele ID (see Figure 7).

6. Close the character experiment card by clicking on the triangle in the top left corner.
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Figure 7: The character experiment card for an entry.

7. 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. con-
catenated de novo contig sequences (see Figure 8).

atcaggtaca taaattcaga aaaacagcag taagatattt ttctatttga aatatcttac tgctgttctt tatttgcata attcgcacteoc 12420
tgttaaattec atataaaagt tcgctttaat gtcattgacg tatgtataag ctctcatgtt taataaaatt aatacacctt taaaaacgect 12510
tacacggaaa atttagaaag gaggtacatg ttaaATGCTT GATAGACACT TAARACTACT CCAGTTTTTT ATTAAARAATC CATCAAAGCA 12500
CATTAGTTCT ARATGAAARTTG CTGAARCATGT CAATGTTTCA ARCCGCACAG TTCGCRATGA TATCCATGTT ATCRATAGCA ATTTTATGGA 12650
TGRTATCATC GTAAGTARATTA RATCTRAAGG ATATCAATTR ARATRCATCGC AGTATACCTT AGARACGATR ACTGRACGTT RCACGCRTAT 12780
TCRATCATAT RRARGRARRLC TATTATTATC TATGGCGTAT CRACTGCTRA TGCACARATARR ATCGCRAGACR TTGCRACRAC TRGLAGCRAGR 12370
TTATCTATTA TCTAAAACTG TGCTCAACGA CTATTTCATT CGTATTCAAC AATGGTGTCA AAAATTTAAT ATCGCTTTAA CAATTAAGAA 12380

AhAACAAGGT ATTGTGGTCG ATGGAACAGA TAATGATATC ACTAATGCCA TCATCCATTT AAATCAATTA TCATCAGGGC ATGTACATGT 13050

equence Viewer

UR_..SAUR_.. SA..SAUR_3122  SAUR_1..5..SAUR_3..SAU..SALL.

Feature key Start End Length %GC i 12545..14419
=l ¢ /allele="10"
- cDs 5645
i “e 3 il e - /locua_tag="5RUR_1842"
&5 |wocos 6831 7945 1285 3354 | N cordence=100.0
. & 4 cos 8122 2289 168 2575 /note="fwd=1; start=12544; stop=14419; cid=denovo_0"
=R <@ CDS 8292 8741 450 29.40
- 8 o4 CDS 12545 14418 1875 3085 v
3 3 < >
HeﬁhrJ().ﬂnnFeﬂs JMMJW JFralEAmiyss Jmﬂrﬂnlﬂﬂyss
Sequence: ERR101859 | Experiment: denove | 12962 2865049 bp

Figure 8: The Sequence editor window.

8. Close the Sequence editor window.

9. Click on the green colored dot in column 4 to open the quality character card for an entry in the database.

The quality character card contains quality statistics for the raw data, the de novo assembly and the different
allele identification algorithms (see Figure 9).

10. Close the character experiment card by clicking on the triangle in the top left corner.
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[ erriotae

Character Value Mapping ]‘
AvgQuality 35 <> -~
AvgReadCoverage 48 <> |E|
N50 51416 <+>

NrContigs. 125 <+=

NrionACGT 563 <+>

Length 2864925 <+>»

KeywordCov I <=

NrAFMultiple B4 <+=

NrAFPerfect 2587 =+

NrAFPresent prp g

NrBAFMultiple 0 <=

NrBAFPerfect 2308 <+

NrToBeSubmitted 123 <+» -
Press Insert to add character

Figure 9: The character experiment card for an entry.

4 Subschemes

1. In the Main window double-click the character experiment type wgMLST in the Experiment types panel
to call the Character type window (see Figure 10).

Settings Characters  Fields Mapping Window Help

:
g

LocusName LocusTag

N :-.UR00001 SACOL0001
T - UR00002 SACOL1613
T - UR00003 SACOL2111
T - UR00004 SACOLD00S
T - UR00005 SACOLD180
T - UR00008 SACOL10SS
T - UR00007 SACOL2327
N - UR00008 SACOL1248

IR SRR SR AR R
o0 oo oooe

wgMLST settings
wgMLST: numerical values, open data set (3904 characters)

Similarity coefficient
Categorical (values)
Calculate as distance: Mo
Fuzzy logic: Mo
Tolerance: 0
Character type wglLST | Characters in view=3904

Figure 10: The Character type window.

Within a character experiment type, a character view can be defined that specifies a particular subset of
characters.

2. Click on the drop-down bar in the toolbar (see Figure 11).

In this database, four views have been defined at the curator level and are synchronized upon installation:
the default view All loci, the MLST PubMLST view for the traditional seven housekeeping loci, the Core
loci view and the wgMLST loci view containing all loci except the ones present in the MLST PubMLST
view.
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E Character type 'wgMLST'

File Settings Characters Fields Mapping Window Help

Character Enabled Min. [ <All Characters> cale
SAUR_T ul [ <Selected Characters=> _ ~
SAUR_2 v -
SAUR_3 w <Manage user defined views...» _
SauR_s v Al —
oci
SAUR_S v -
SAUR_G o Core loci |
SAUR_T ' wgML5T loci |
v
calD 2 e MLST PubMLST _)
Mapping |
omparison setting
~
wgMLST settings
wgMLST: numerical values, open data set (3904 characters) v
Crossinks | Attachmens |
Character type wgMLST | Characters in view=3804

Figure 11: Views defined at the curator side.

3. Select the MLST PubMLST view from the list.

After selecting a character view, the window is updated (see Figure 12), and the number of characters in
view is displayed in the status bar at the bottom of the window.

& Character type 'wgMLST'

File Settings Characters Fields Mapping Window Help

Character Enabled  Min. Max. Color scale LocusName LocusTag
SAUR_3898 v 0 5000 N :-uRo3sge MLST:arcC ~
SAUR_3899 v 0 5000 T - UR03399 MLST:aroe
SAUR_3900 v 0 5000 T - UR03300 MLST:gipf
SAUR_3901 v 0 5000 T - UR03301 MLST:gmk
SAUR_3802 v 0 5000 T :UR03802 MLST:pta
SAUR_3903 v 0 5000 N - UR03303 WLST:Api
SAUR_3904 v 0 5000 T - UR03304 MLST:ygil v
£ >
Mappng
omparison setting
~
wgMLST settings LY
Crossinks | Atachmerts
Character type wgMLST | Characters in view=7

Figure 12: MLST loci from PubMLST.

4. To view all characters again, select <All loci> again from the drop-down list.

Besides these curator views, the user can create as many additional local character views as needed and use
them as subscheme e.g. for clustering or when inspecting the allele calls for a subset of loci. Creating a
character view can be done in two ways:

e The first method is based on a character selection.

e The second method is based on a dynamic query using the character information fields.
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5. Select a few characters by selecting the characters directly in the Character type window (Ctrl+click or
Shift+click).

The selection is synchronized with the database: any selection of characters made in the Character type
window is reflected in other windows, e.g. the Comparison window, and vice versa.

6. Click on the drop-down bar in the toolbar and choose Manage user defined views, alternatively select

Characters > Character Views > Manage user defined views... (| characiers> ).

7. Press <Add...>, specify a name, e.g. MySubsetExample, make sure Subset based is selected, and press
<OK> and <Exit>.

The new view is added to the database and is automatically selected in the Character type window. The
new view is available for use e.g. in the Character type window, wgMLST quality assessment window or
Comparison window.

8. To view all characters again, select <All loci> again from the drop-down list.

As a second example we will create a query-based view of all loci encoding a ribosomal protein. Because all
those loci have a gene name starting with ”rpl” (ribosomal proteins of the large subunit) or ”rps” (ribosomal
proteins of the small subunit), this subset can be easily defined with a query-based view.

9. Click on the drop-down bar in the toolbar and choose Manage user defined views, alternatively select

Characters > Character Views > Manage user defined views... (|z4lCharacters= ).

10. Select <Add...>, specify a name, e.g. “ribosomal proteins”, make sure Query based is selected and click
<OK>.

11. Select the *Gene’ field, change the Equals condition to Contains and type “rpl” in the white box.
12. Press <Add new> in the Statements panel and edit it to *Gene’ Contains “rps”.
13. Press <Remove all unused>.

14. Finally, select both remaining rules (use Ctrl+click) and press <OR> in the Group by panel.
The query should now look like in Figure 13.
15. Press <OK> to validate the query and <Yes> to confirm and press <Exit>.

The new query-based view is created with the 46 characters that fulfill the specified criteria (see Figure 14).
The new view is available for use e.g. in the Character type window, wgMLST quality assessment window
or Comparison window.

16. To view all characters again, select <All loci> again from the drop-down list.

17. Close the Character type window.

5 Obtaining MLST profiles and sequence types

Using the WGS tools plugin, MLST profiles with public allele numbers can be obtained, i.e. using the same
allele numbering as PubMLST. Additionally, the plugin allows the retrieval of public sequence types.

First, we need to activate the corresponding allele mapping experiment in the wgMLST settings:

1. Select WGS tools > Settings... to open the Calculation engine settings dialog box.

2. Click on the wgMLST tab to bring the wgMLST settings into focus.

© 2018 Applied Maths NV. All rights reserved.
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Character field values Statements

Include all visible
fields

Figure 13: Query based view.

File Settings Characters Fields Mapping Window

LocusTag

SACOLOS4S
SACOL2239
SACOL001S
SACOL1254
SACOL0S83
SACOLOSE4
SACOL0S8S
SACOLZ215

IR AE AR SRR R
o0 o0 oo ooe

wgMLST settings
wgMLST: numerical values, open data set (3904 characters)

imilarity coefficient

Categorical {(values)
Calculate as distance: Mo
Fuzzy logic: Mo
Tolerance: 0

Character type wgMLST | Characters in view=45

Figure 14: New query based view.

3. Under Allele mapping experiments, check wgMLST _MLST PubMLST and press <OK>.

A character experiment type called wgMLST_MLST PubMLST is created in the database in case it did
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6. Import of sample-specific allele sequences into the database 11

not exist yet. Now, MLST profiles with exactly the same allele IDs as used on PubMLST can be obtained
for all entries with a wgMLST experiment:

4. In the Experiment types panel, highlight the wgMLST experiment type and select Database > Entries
> Select entries with experiment to make the entry selection.

5. Select WGS tools > Get alleles mapping.

The allele numbers from the wgMLST experiments will be submitted to the Calculation Engine, where
they are translated into public nomenclature. The public allele numbers are then retrieved and stored in the
wgMLST _MLST PubMLST experiments. Optionally, this can be verified in the Comparison window:

6. Highlight the Comparisons panel and select Edit > Create new object... (&) to open a comparison with
the selected entries.

7. In the Experiments panel, click on the *|icon next to wgMLST _MLST PubMLST to visualize the
MLST profiles in the Experiment data panel.

8. Close the Comparison window.
Next, sequence types can be assigned for the selected entries, based on the MLST PubMLST subscheme.
9. In the Main window, select WGS tools > Assign wgMLST sequence types....

This opens the Assign sequence types dialog box, where available typing schemes can be checked to be
included in the assignment of the sequence types (see Figure 15).

Assign sequence types 7 x

Select one or more typing schemas:

MLST PubMLST

Figure 15: The Assign sequence types dialog box, with a single typing scheme listed.

10. Leave the subscheme MLST PubMLST checked and press <OK> to assign a sequence typing based on
the 7 loci used for traditional MLST analysis.

Per entry and typing scheme, a list of allele identifications is sent to the allele database and sequence type
information is returned. The sequence types are then saved to a dedicated entry information field.

In our example database, a sequence type is added in the field " MLST PubMLST ST’ for the selected entries.

y In case an entry has an incomplete profile for the MLST PubMLST subscheme, no sequence
type can be assigned and an error message will be generated for that entry.

6 Import of sample-specific allele sequences into the database

Once the wgMLST allele results have been imported in the database, it is possible to import the actual allele
sequences for a specific wgMLST locus or a combination of loci, as defined in a subscheme, using WGS
tools > Store wgMLST locus sequences....

As an example, we will describe how to retrieve the allele sequences for the seven MLST loci into the
database, using sequence type names that can be recognized by the MLST online plugin. First, a character
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info field should be created and the exact locus names as defined in the MLST scheme should be entered for
those seven loci.

1. Open the wgMLST Character type window by double-clicking the character experiment type in the
Experiment types panel (top right of Main window).

2. In the character views drop down menu, select MLST PubMLST .

3. Fill in the names of the seven MLST loci as they are defined in the S. aureus MLST scheme on http:

//saureus.mlst.net/, in the new 'Gene’ field: “arcc”, “aroe”, “glpf”, “gmk”, “pta”, “tpi”, and “yqil”
(see Figure 16). A field becomes editable by clicking it after it was selected (click twice slowly).

File Settings Characters Fields Mapping Window Help

:
:

LocusHame LocusTag

N - UR03238 MLST:arcC
N - -.UR03E99 MLST:aroe
T - UR03900 MLST:glpf
T - UR03901 MLST:gmk
T - UR03902 MLST:pta
T - UR03903 MLST:tpi
T - UR03904 MLST:ygil

SAUR_3898
SAUR_3899
SAUR_3900
SAUR_3901
SAUR_3902
SAUR_3903
SAUR_3904

L4 << <K

wgMLST settings
wgMLST: numerical values, open data set (3904 characters)

= Similarity coefficient

Categorical {(values)

Calculate as distance: Mo
Crossinks | Attachments |

Character type wgMLST | Characters in view=7

Figure 16: The Character type window for wgMLST, with locus names for the 7 MLST
loci, as known on PubMLST.net, filled in in the *Gene’ character information field.

4. Close the Character type window.

Now the allele sequences can be imported into sequence type experiments that have the correct name for
analysis by the MLST online plugin.

5. Make sure the Database entries panel is the active panel and select Edit > Select all (Ctrl+A) to select
all entries at once.

6. Select WGS tools > Store wgMLST locus sequences... (see Figure 17). Specify “MLST PubMLST” as
the Subschema and select “Gene” for the Sequence experiment type.

7. Click <OK > to start importing the allele sequences and < Yes > to confirm the creation of new experiment
types.

The database now contains the allele sequences for the 7 MLST loci, stored in 7 sequence experiment types
that can be accessed by the MLST online plugin. This can be illustrated as follows:

8. Install the MLST online plugin, via File > Install / remove plugins... (@). Select MLST online, press
<Activate> and confirm with <OK>.

9. Choose Select organism from online list and select Staphylococcus aureus from the list. Leave all the
other settings at default: press <Next> several times, then <Finish> and confirm with <OK>. Close
the Plugins dialog box.
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equences

Subschema

For each locus in the subschema, a
sequence experiment type will be created:

Core loci (1861 loci)
wgMLST loci (3897 loci)

MLST PubMLST (7 loci)

Sequence experiment type

Select the identifier you want to use for the
sequence experiment type names:

|Gene

- |

[ oK Cancel

Figure 17: The Store sequences dialog box.

10. In the Main window, select all the entries via Edit > Select all (Ctrl+A) and choose MLST > Identify
alleles and profiles.

The character type MLST now contains the allele numbers for the 7 loci as they are known in the public
PubMLST scheme, the public sequence types are written to the entry field MLST ST (see Figure 18). For
two entries, one of the loci was not called, so no sequence was stored in the database and no sequence type
could be assigned.

=
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Window Help
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Figure 18: The Main window.

11. Click on the green colored dot for one of the entries in the MLST column in the Experiment presence

panel.

12. Close the character experiment card by clicking on the triangle in the top left corner.

Please consult the MLST online plugin manual for detailed instructions on how to proceed to submit the
alleles to PubMLST and obtain public MLST sequence types.
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Character Value Mapping I._v.l
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Figure 19: The MLST character experiment card.

7 Follow-up analysis

A cluster analysis on the wgMLST character experiment (or a subscheme thereof) is created in the Compar-
ison window or the Advanced cluster analysis window. We will detail here how a dendrogram and minimum
spanning tree (MST) can be created from the Comparison window and the Advanced cluster analysis win-
dow, using data from [2].

7.1 Comparison window

In the WGS demonstration database, three comparisons are already created, corresponding to the three
studies (see Figure 20).

7

- & X 7“[’; | ‘ ., i : <All Comparisons= |
Name Number of entries v
Neonatal MRSA study 14 ~
Pilot study 26 =
WGS for MRSA outbreak 57

<

Comparisons | Decision networks | Alignments  Chromosome comparisons | Annotations | BLAST projects

Figure 20: The Comparisons panel with the three comparisons.

Creating a new comparison is easily achieved by selecting the entries you would like to include in the Main
window and clicking on the &, icon in the Comparisons panel. Here we will work with the selection of
entries present in the saved WGS for MRSA outbreak comparison:

1. Open comparison WGS for MRSA outbreak by double-clicking it in the Comparisons panel in the Main
window.

2. Select the wgMLST character experiment in the Experiments panel of the Comparison window.

A valuable addition in the analysis of wgMLST data is the use of character views, i.e. wgMLST subschemes
consisting of a subset of loci for a specific research question. Default All characters are included in the
analysis. Another character view can be selected from the drop-down list in the Aspect column (see Figure
21).
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lExperiments |
§<A\I Experiment types= |
Name Aspect =

3 IL‘ wgs <Default= ~
»] ) woMLsT <AllCharacters> ¥

3 Iﬁ denc <All Characters>

3 Iﬂ qual <Selected Characters>

3 IL‘ wgs All'loci

* Iﬂ wah Core loci

HiE wgMLST loci

- MLST PubMLST v
£ 5 5 >
Experi ] ribosomal proteins

Figure 21: Character views in the wgMLST experiment type.

7.2 Similarity based clustering

The WGS for MRSA outbreak comparison contains saved cluster analyses, stored in the Analyses panel.
The experiment and subscheme (between brackets) are indicated (e.g. wgMLST (Core loci)).

3. Switching between the analyses can be done by double-clicking them from the Analyses panel.
As an example we will perform a new cluster analysis, only based on the 7 traditional MLST loci.

4. Select the MLST PubMLST character view of the wgMLST character experiment in the Experiments
panel.

5. In the Experiments panel click on the eye icon ( * ) that proceeds wgMLST to display the values of the
7 MLST loci.

6. Select Clustering > Calculate > Cluster analysis (similarity matrix)..., select Categorical (values),
make sure Calculate as distance is unchecked, press <Next>, choose UPGMA in the last step and press
<Finish>.

The resulting dendrogram is displayed in the Dendrogram panel and the analysis is stored in the Analyses
panel (see Figure 22). The subscheme that was used is indicated between brackets: wgMLST (MLST
PubMLST).

From the dendrogram it is clear that all the samples with ST 2371 cluster closely together. All these samples
were isolated as part of an outbreak, either from patients or from one of the health care workers in the same
facility. We will now calculate a dendrogram based on the core loci (alternatively double-click on the saved
analysis wgMLST (Core loci) in the Analyses panel):

7. Select the Core loci character view of the wgMLST character experiment in the Experiments panel.
8. Select Clustering > Calculate > Cluster analysis (similarity matrix)... to start a cluster analysis.

9. Select the Categorical (values) similarity coefficient, press <Next>, and select the UPGMA clustering
method. Press <Finish> to start the calculation of the dendrogram.

The resulting dendrogram is displayed in the Dendrogram panel. It is clear that the core loci provide a much
higher resolution over the MLST set.

To study the relationships in ST 2371 cluster more closely, we can create a new comparison that includes
only those entries. We can select only the entries from within the comparison by emptying the current
selection and then clicking on the node that contains all the ST 2371 entries while holding the Ctrl-key.
Alternatively, we can make a new selection in the Main window.

10. In the Main window, clear the current selection with Database > Entries > Unselect all entries (all
levels) (@i, F4), then use Edit > Find object in list... (., Ctrl+Shift+F) to open the Find dialog box.
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a WGS for MRSA outbreak (Comparison)
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Figure 22: Dendrogram based on the MLST loci.

11. Type “2371” and press <Select all> to select the 45 entries.

12. Create a new comparison for the selected entries by clicking on the &, icon in the Comparisons panel.

We can add some information to the MST we are about to create, by specifying comparison groups. In the
database, samples isolated from a patient have the label ”Yes” in the field Qutbreak, whereas the samples
isolated from a health care worker do not carry a label:

13. Right-click on the Outbreak column header in the Information fields panel and select Create groups
Jfrom database field. In the Group creation preferences dialog box, leave the settings at their defaults and

press <OK>.

14. Select the wgMLST loci aspect for wgMLST in the Experiments panel.

15. In the Experiments panel click on the eye icon ( *|) that proceeds wgMLST to display the values of the
wgMLST loci.

16. Select Clustering > Calculate > Cluster analysis (similarity matrix)....

A disadvantage of the Categorical (values) similarity coefficient is that the number of different loci cannot
easily be deduced from the dendrogram or similarity matrix. The Categorical (differences) coefficient is
more suitable for this purpose.

17. Select the Categorical (differences) coefficient from the list.

The Categorical (differences) coefficient treats each different value as a different state, and results in a
distance matrix.

With the Scaling factor one can deal with the hard-coded maximum of 200 that can be calculated for a
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distance value. Values that make sense are 1, 10 and 100, allowing the correct visualization of maximally
200, 2000 and 20000 different character values, respectively, in a cluster analysis.

18. In this example, choose a Scaling factor of 1.

19. Press <Next>, choose Complete Linkage in the last step and press <Finish>.
The resulting dendrogram is displayed in the Dendrogram panel.

20. To view the number of allele differences on the branches, select Clustering > Dendrogram display
settings... (jgl4), and tick the option Show node information. Press <OK>.

To trace back the number of different loci from the branches or distance matrix, the displayed values needs
to be multiplied with the Scaling factor used (in this example: 1).

21. The polymorphic loci for the set of samples in the selected scheme can be displayed with Characters >
Filter characters > Select polymorphic characters....
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Figure 23: Complete linkage dendrogram.

22. Save the comparison with File > Save as.... Specify a name (e.g. ST 2371).

7.3 Minimum spanning tree

A minimum spanning tree is calculated in the Advanced cluster analysis window which is launched from
the Comparison window.

23. Open the saved comparison ST 2371 or create a new comparison containing all 45 entries in the database
belonging to ST 2371.

24. Select the wgMLST loci character view of the wgMLST character experiment in the Experiments panel.

25. Select Clustering > Calculate > Advanced cluster analysis... in the Comparison window to launch the
Create network wizard.

The predefined template MST for categorical data uses the categorical coefficient for the calculation of
the similarity matrix, and will calculate a standard minimum spanning tree with single and double locus
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variance priority rules. We could use this template but as an example, we will demonstrate here how to
create a new template:

26. Specify an analysis name (for example wgMLST MST), make sure wgMLST (wgMLST loci) is selected,
select No template, and press <Next>.

27. In the next step, leave the settings at default (Character data, Treat characters as categorical, Merge
taxa when distance is zero), click <Next>.

28. For the Network creation algorithm, choose Minimum Spanning Tree with hypothetical nodes and click
<Next>.

29. Leave the algorithm details at their default values and press <Next>.

30. In the last page of the Create network wizard, check Prefer compact network and press <Next>.
A MST is now computed in the Advanced cluster analysis window.

31. To add more information to the MST, go to Display > Display settings. In the Node labels and sizes
panel of the Display settings dialog box, check Show node labels. Choose "Patient ID” in the drop-down
list and leave the other settings at their default values.

32. In the Branch labels and sizes panel of the Display settings dialog box, we can specify that we want to
see the distances between the nodes (i.e. the number of allele differences): check Show branch labels
and set Number of digits to “0”.

33. Click <OK> to close the Display settings dialog box.
The MST is now displayed with node and branch labels.

34. Zooming can be done with the zoom slider on the left side of the image, and the size of the nodes can be
adjusted with the zoom slider at the top. By holding the Ctrl-key and dragging a node with the mouse,
the node can be repositioned in any direction.

35. Export the image via File > Export image... and save in the format of your choice.

The resulting MST gives a high resolution map of the outbreak. The colors allow to distinguish easily
between patient samples (P) and MRSA colonies isolated from a health care worker (HC).

The branch labels indicate how many allele differences were found between each linked set of entries. The
conclusions from the whole genome SNP analysis performed in [2] are largely supported by the wgMLST
analysis performed here.

By repeating the analysis steps using the character aspect Core loci”, it can be demonstrated that wgMLST
results in a higher-resolution MST then core genome MLST.

8 Core and pan genome analysis

The pan-genome of a bacterial species consists of a core and an accessory gene pool. As the wgMLST locus
set is defined as pan-genomics scheme over all available organism genome sequences, the analysis can be
limited to the pan-genomic and/or core genomic loci for the selected sample set in the comparison.

For a selected set of samples, the core set of loci can be defined as follows:

1. Select all entries in the Main window and click on the | #&, icon in the Comparisons panel.

2. In the Experiments panel of the Comparison window, highlight the wgMLST character experiment, make
sure the < All characters>" aspect is selected and select Statistics > Core locus analysis....
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Figure 24: MST with hypothetical nodes of the entries with ST2371, after wgMLST analysis
on the data described in [2].

This opens the Core locus analysis dialog box where the Number of repeats and Presence threshold can be
defined.

The determination of the number of core loci is based on sub-sampling the entries in the comparison. As
such, the Number of repeats can be defined, i.e. the number of subsamples taken from the comparison set.

The Presence threshold indicates the minimum presence (expressed in %) for a locus to be called within
the core. Entering 90%, will imply that only loci present in 90% of the entry selection will be identified as
core loci. For a very strict analysis, one can put the presence threshold at 100%, limiting the core to only
those loci which are present in all the entries under evaluation i.e. present in the comparison.

3. When the analysis has finished, the results open in the Charts and statistics window.

4. To create a Core genome analysis plot as shown in Figure 25, highlight Average number of loci and select
Plot > Add new plot from selected properties... (%), choose Profile chart.

5. Repeat Instruction 4 for data sources Minimum number of loci and Maximum number of loci.
The result is shown in Figure 25.

6. The values used to create these curves can be viewed by making a selection of all data sources (click
while holding the Ctrl-key) and selecting Dataset > View selected properties ().

For details on all the possibilities of the Charts and statistics window, please consult the BioNumerics
reference manual.

7. The core loci are now also selected in the wgMLST character experiment, in the form of a subset-based
character view (see 4).

8. Double-click on the wgMLST character experiment in the Experiment types panel of the Main window,
create a selection based query, and specify a name that is different from the pre-defined Core loci sub-
scheme, e.g. Local core loci.

The predefined Core loci subscheme consists of the 1861 loci found to be present in all of 39 reference
sequences, as described in 4.
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Figure 25: Core locus analysis for all samples in the wgMLST demonstration database (Pres-
ence threshold 100%).

From the same Comparison window, also a pan locus analysis can be done.

9. In the Comparison window select Statistics > Pan locus analysis.... As for the Core locus analysis, the
Number of repeats and Presence threshold can be defined from the Pan locus analysis dialog box.

Similar to the determination of the number of core loci, the number of pan loci is also based on sub-sampling
the entries in the comparison. As such, the Number of repeats can be defined, i.e. the number of subsamples
taken from the comparison set.

The Presence threshold indicates the minimum presence (expressed in %) for a locus to be called within
the pan loci. Entering 5%, will imply that only loci present in at least 5% of the selected entries will be
identified as pan loci. For a very non-restrictive analysis, one can put the presence threshold at 0%, defining
the pan loci as all the loci which are present in at least one of the entries.

10. When the analysis has finished, the results open in the Charts and statistics window.

11. To create a Pan genome analysis plot as shown in Figure 26, perform exactly the same steps as in Instruc-
tion 4 and Instruction 5.

The Pan loci are now also selected in the wgMLST character experiment, in the form of a subset-based
character view as described in 4.
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Figure 26: Pan locus analysis for all samples in the demonstration database (Presence
threshold: 5%).
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