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BIONUMERICS R© uses following third-party software tools and libraries:

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

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

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

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

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

• Samtools for interacting with SAM / BAM files, https://www.htslib.org/download/

• 7-Zip (7za.exe), https://www.7-zip.org/

• Zlib library, https://zlib.net/

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

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

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

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

• libSVM library for Support Vector Machines, https://www.csie.ntu.edu.tw/~cjlin/libsvm/

• SQLite version 3.7.17, https://www.sqlite.org/

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

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

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

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

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

• MarkupSafe Python library version 1.1.1, https://pypi.org/project/MarkupSafe/

• regex Python library version 2.5.91, https://pypi.org/project/regex/

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

• SPAdes genome assembler version 3.15.3, https://bioinf.spbau.ru/spades *

• SKESA version 2.3.0, https://github.com/ncbi/SKESA/releases

• Unicycler version 0.5.0, https://github.com/rrwick/Unicycler/releases *

• Velvet for Windows, source code can be downloaded from https://www.bionumerics.com/

download/open-source

• Bowtie2 version 2.2.5 (https://bowtie-bio.sourceforge.net/bowtie2/index.shtml)*

• SNAP version 2.0.0, https://www.microsoft.com/en-us/research/project/snap/

• RAxML version 8.2.11, https://github.com/stamatak/standard-RAxML/releases

All rights reserved. Not for Diagnostic Use.
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• FastTree version 2.1.10, https://www.microbesonline.org/fasttree/

• CFSAN SNP pipeline version 2.2.0, https://github.com/CFSAN-Biostatistics/snp-pipeline
*

• Prokka version 1.14.5, https://github.com/tseemann/prokka *

• sourmash version 4.1.0, https://github.com/dib-lab/sourmash **

• SeqSero2 for Windows, source code can be downloaded from https://www.bionumerics.

com/download/open-source

• Fastp version 0.22.0, https://github.com/OpenGene/fastp

*: On Calculation Engine only **: See license conditions below

Sourmash license conditions:

Copyright: 2016, The Regents of the University of California. License: BSD-3-Clause

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

• Redistributions of source code must retain the above copyright notice, this list of conditions
and the following disclaimer.

• Redistributions in binary form must reproduce the above copyright notice, this list of condi-
tions and the following disclaimer in the documentation and/or other materials provided with
the distribution.

• Neither the name of The Regents of the University of California, nor the names of contribu-
tors may be used to endorse or promote products derived from this software without specific
prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS ”AS
IS” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PUR-
POSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIB-
UTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTER-
RUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING
IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBIL-
ITY OF SUCH DAMAGE.
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Chapter 1

Starting and setting up BIONUMERICS

1.1 Startup program

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

com/download/manuals.

When BIONUMERICS is launched from the Windows start panel or when the BIONUMERICS

shortcut ( ) on your computer’s desktop is double-clicked, the Startup program is run. This
program shows the BIONUMERICS Startup window (see Figure 1.1).

Figure 1.1: The BIONUMERICS Startup window.

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

https://www.bionumerics.com/download/software
https://www.bionumerics.com/download/software
https://www.bionumerics.com/download/manuals
https://www.bionumerics.com/download/manuals
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An existing database is opened in BIONUMERICS with or by simply double-clicking on a
database name in the list.

1.2 Installing the RDP plugin

The Plugins and Scripts dialog box can be called from the Main window by selecting File > Install
/ remove plugins... ( ) (see Figure 1.2).

Figure 1.2: The Plugins and Scripts dialog box.

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

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

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

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

2.1 To install the RDP plugin in your database select the RDP plugin from the list of plugins.

2.2 Press the <Install> button and confirm the installation of the plugin.

2.3 Press <Close> to close the Plugins and Scripts dialog box and to continue to the Main window.

2.4 Close and reopen the database to activate the features of the RDP plugin.

All rights reserved. Not for Diagnostic Use.
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The RDP plugin installs menu items in the Main window under the menu item Analysis > Se-
quence types and in the Sequence editor window under RDP.

The RDP plugin is supported in the BIONUMERICS-SEQ and BIONUMERICS-SUITE configura-
tions.

All rights reserved. Not for Diagnostic Use.
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Chapter 2

Searching the nearest 16S rRNA
sequence from the Ribosomal
Database Project

2.1 Introduction

The RDP plugin will search for each query sequence the nearest 16S rRNA sequences in the Ri-
bosomal Database Project (http://rdp.cme.msu.edu/) by using a k-nearest-neighbor classifier.
The algorithm uses a word-matching strategy not requiring alignment to determine the percent-
age of shared seven-character words between a query sequence and members of a database
of sequences i.e. the RDP database. The RDP plugin functionality is similar to the SeqMatch
functionality on the RDP website (http://rdp.cme.msu.edu/seqmatch).

2.2 Setting up the RDP analysis

The RDP matching analysis can be initiated from the Sequence editor window for one entry, or
from the Main window for one or multiple database entries. When analyzing only one sequence
from the Sequence editor window, RDP > Submit to RDP... should be used to start the analysis.
When starting from the Main window, first the database entries should be selected. One entry
can be selected by hitting the space bar or clicking the check box in front of the entry. Multiple
entries can be selected by Ctrl-clicking or by holding the Shift-key to select a range of entries.
The analysis is automatically launched when selecting Analysis > Sequence types > Submit
to RDP....

If only one sequence type experiment is present for these entries, no further questions are asked.
If multiple sequence experiments are defined for the selected entries, the Select sequence ex-
periment type dialog appears where the sequence experiment type that should be used for the
analysis can be selected from the drop-down list. After confirmation, the RDP analysis is auto-
matically launched and once all data is retrieved from the RDP web service, the RDP overview
window opens.

2.3 The RDP matching results

The RDP overview window (see Figure 2.1) displays the results of the RDP matching analysis.

http://rdp.cme.msu.edu/
http://rdp.cme.msu.edu/seqmatch
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Figure 2.1: The RDP overview window.

The RDP overview window consist of three panels, from left to right:

• The Entries panel: This panel lists all the entries that were submitted for analysis. When
selecting one of the entries, the panels at the right are automatically updated with the rele-
vant information for that entry. When the analysis was launched from the Sequence editor
window, the Entries panel is not present in the RDP overview window as only one entry was
submitted for analysis.

• The Tree of Life panel: This panel shows the results in a hierarchical tree based on the
nomenclatural or NCBI taxonomy, depending on which nomenclature was defined in the
plugin settings (see 2.4). For each taxon, the number of taxon-specific RDP matches and
the total number retrieved matched is indicated next to the taxon name. When selecting a
taxon name, the sequences displayed at the right are updated. Only sequences belonging
to the taxon at hand are displayed. To close or open all sequences below a taxon, click the
<-> or <+> sign, respectively, in front of that taxon.

• The RDP matches panel: This panel presents the (taxon-specific) RDP matches for the
sequence that was matched to the RDP database. Each match result contains, from left to
right,

– The Sid : This sequences identifier is used to uniquely identify the RDP sequence.

– The Definition: This text field often contains organism information such as organism
name, whether or not it is a type strain (T), the strain number and the sequence acces-
sion number.

– The S ab score: This score is calculated as the number of (unique) 7-base oligo mers
shared between the query sequence and a given RDP sequence divided by the lowest
number of unique oligos in either of the two sequences.

– The Similarity score: This similarity score is the percent sequence identity over all
pairwise comparable positions. Comparable positions are aligned positions containing
a base in both sequences. By default, the similarity values are not calculated. To
update this information, select the desired RDP matches and select RDP Matches >
Calculate similarities ( ). This will fetch the sequences from the RDP database,
next, BIONUMERICS will calculate the similarity scores and they are updated in the
RDP overview window.

All rights reserved. Not for Diagnostic Use.
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– Oligos: This number indicates the uniquely occurring oligo mers within a given se-
quence. If the same oligo mer occurs more than once, they are counted only once. As
such, this number only approximately reflects the sequence length.

– Full name information fields: These fields contain the different hierarchical nomencla-
ture ranks. Possible ranks include: superkingdom, kingdom, subkingdom, domain, su-
perphylum, phylum, subphylum, superclass, class, subclass, infraclass, cohort, sub-
cohort, superorder, order, suborder, infraorder, parvorder, superfamily, family, subfam-
ily, tribe, subtribe, genus, subgenus, species group, species subgroup, species, sub-
species, varietas, forma, unclassified.

Note that the rank order may differ between S ab and the pairwise identity scores, but
the top 20 S ab scores will contain the closest sequence by pairwise identity about 95%
of the time [2].

The RDP matches results can be sorted according to specific column information by highlighting
the column and selecting RDP Matches > Sort ( ). Subsequently selecting RDP Matches >
Sort ( ) on the same column will change the sort direction between ascending and descending
order.

The query sequence can easily be compared to (a subset of) the RDP matches in the Sequence
alignment window. Thereto, first select the RDP matches that will be part of the comparison,
second select RDP Matches > Open in alignment editor ( ). This will open the Sequence
alignment window, where all sequences are imported, aligned and a clustering based on the
sequence alignment similarity values is calculated. Apart from the pre-calculated analysis, all
functionality in the Sequence alignment window is available for detailed analysis of the query
sequence and the RDP match sequences.

This RDP plugin is very well suited for identification projects, and as such, there may be an interest
in transferring the RDP match information for a specific entry to database fields linked to this entry.
The export needs to be defined for each of the entries individually. Once the RDP match sequence
is selected, press RDP Matches > Export to database... ( ) to transfer the information to the
database. Note that no new entry will be created but the information will be transferred to the
query entry in the database. Selecting RDP Matches > Export to database... ( ) opens the
Export dialog (see Figure 2.2).

Figure 2.2: The Export dialog.

Within the Export dialog one can define which columns need to be exported, and if so, to which in-

All rights reserved. Not for Diagnostic Use.
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formation field they should be linked. Checking the boxes in front of the column names determines
whether or not this column information will be copied to the database. For the selected columns,
the information field where the information should be copied to, needs to be selected from the
drop-down list that appears when clicking the information field names. Selecting <Export> will
copy the information to the database information fields of the query entry.

In addition, the information from the RDP matches results can easily be exported to the clipboard
or to e.g. Excel by selecting the column properties and Copy content to clipboard or Copy
content to file, respectively.

Each of the experiment match results is saved in the database. If one prompts an analysis that has
already been run, the cached results will be displayed. To reinforce a new RDP match analysis,
the cached results need to be cleared from the database first. This can be done by selecting Edit
> Clear stored results in any RDP overview window. After confirmation, all stored results will be
cleared.

Note that this action clears all cached RDP match results in the database, for all entries
that have been analyzed, so not only the entry selection present in the opened RDP
overview window.

2.4 RDP SeqMatch settings

The setting for the SeqMatch web service can be entered by Edit > SeqMatch settings. This
opens the SeqMatch settings dialog box (see Figure 2.3).

Figure 2.3: The SeqMatch settings dialog box.

In the SeqMatch settings dialog box, one can define to which sequences should be matched, what
the quality requirements for the sequences should be and which taxonomy is used to report the
results.

The following parameters can be set:

• Strain: Selecting Type restricts the results to only sequences of known type strains. The
option Both will take type as well as non-type strains into account for matching analysis.

• Source: Selecting Uncultured restricts the display to only sequences of environmental
samples. Selecting Isolates restricts the display to only sequences from individual isolates.
Selecting Both will combine data of uncultured and cultured isolates.

• Size: Selecting >1200 bases restricts the display to only near-full-length sequences. Smaller
sequences can be targeted with the option <1200, or both can be used in the analysis.

All rights reserved. Not for Diagnostic Use.
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• Quality : In this context, quality is related to the detection of chimeras by UCHIME [3] and the
detection of systematic errors identified by RDP SeqMatch [2] and Pintail [1]. The options
are to use only good quality sequences, only suspect quality sequences, or both. Sequences
of suspect quality were flagged ().

• Taxonomy : This option defines in which taxonomy sequences will be displayed. The
Nomenclatural taxonomy displays sequences in a hierarchy based on a schema closely
matching that proposed in the new phylogenetically consistent higher-order bacterial tax-
onomy, using a naive Bayesian classifier trained on sequences from known type strains to
assign sequences. NCBI displays sequences as classified in the NCBI taxonomy. This
information is directly obtained from the sequence record.

• kNN matches: This parameter controls the number of matches displayed per sequence.
The maximum value for k is 20.

If one or more parameters were altered in this dialog, <Cancel> will close the dialog without sav-
ing the parameter changes and <Resubmit> will update the parameter settings and recalculate
the analyses displayed in the RDP overview window.

All rights reserved. Not for Diagnostic Use.
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