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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
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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 Introduction

1.1.1 About the BIONUMERICS HIV Drug Resistance plugin

The HIV Drug Resistance plugin is a plugin tool of the BIONUMERICS software. BIONUMER-
ICS is a very comprehensive software suite, designed for generic analysis of virtually all types of
biological data. The software has a rich scripting environment that allows for highly specific appli-
cations to be developed on top of the powerful databasing and analysis platform that is offered by
BIONUMERICS. A number of script-based applications are provided and officially supported by
Applied Maths. These applications are compiled into plugins and are available from the BIONU-
MERICS installation or the BIONUMERICS website.

The HIV Drug Resistance plugin is supported in the BIONUMERICS-SEQ and BIONUMERICS-
SUITE configurations.

1.1.2 Principles

The functionality of the HIV Drug Resistance plugin is based upon the viral HIV-1 POL gene. This
gene codes for the POL poly-protein, which is cleaved into the enzymatic proteins: protease (PR),
reverse transcriptase (RT), RNaseH, and integrase (IN). PR and RT are currently the main targets
for HIV drugs.

The software can import either processed nucleotide sequences or translated amino acid se-
quences (see [2] on Figure 1.1). It is also possible to import raw trace files from automated
sequencers and assemble them into contigs using BIONUMERICS’ powerful Assembler applica-
tion (step [1]). Supported sequencers include Applied Biosystems, Amersham and Beckman. The
BIONUMERICS batch import routine has been designed for automatic assembly of large batches
of trace files into consensus sequences, thereby generating reports for errors and unresolved
positions. Nucleic acid sequences are automatically translated by the plugin ([4]).

The plugin then compares the proteins with the HIV-1 wild type reference sequence ([5]). Most
algorithms use the ”Consensus B” from the Los Alamos HIV database. The ”HXB2” sequence
can also be chosen, or the user can store any other sequence. Amino acids that deviate from the
reference sequence are stored in mutation lists. These lists can also directly be imported into the
database ([3]).

For the interpretation of drug resistance in function of AA mutations, the plugin uses publicly avail-
able algorithms, including HIVDB (Stanford University, CA, USA), REGA (REGA Institute, Leuven,
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Figure 1.1: Schematic overview of the work flow from sequence import to reporting
in the HIV Drug Resistance plugin.

Belgium) and ANRS (Agence Nationale de Recherches sur le Sida, France). The algorithms, pro-
vided as XML files containing rules ([6]), are parsed by the software into Decision Networks: one
Decision Network is generated per algorithm and per drug ([7]). A Decision Network is an opera-
tional network that carries out a series of [logical] operations on data, and based on the outcome
of these operations, leads to an answer (decision). Decision networks are discussed in detail in
the Reference manual, Chapter Decision networks.

For each analyzed POL sequence, a report is generated based upon one or more algorithms and
the selected drugs ([8]). If multiple algorithms are installed, comparative reports can be generated
as well.

1.2 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 1.2).

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

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

All rights reserved. Not for Diagnostic Use.
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1.3. Creating a new database 7

Figure 1.2: The BIONUMERICS Startup window.

1.3 Creating a new database

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

3.2 Enter a name for the database, and press <Next>.

A new dialog box pops up, prompting for the type of database (see Figure 1.3).

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

Figure 1.3: The New database wizard page.

A new dialog box pops up, prompting for the database engine (see Figure 1.4).

All rights reserved. Not for Diagnostic Use.
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Figure 1.4: The Engine wizard page.

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

All rights reserved. Not for Diagnostic Use.



Chapter 2

Installing the HIV Drug Resistance
plugin

The Plugins and Scripts dialog box can be called from the Main window by selecting File > Install
/ remove plugins... ( ) (see Figure 2.1).

Figure 2.1: 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
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window.

0.1 Select the HIV Resistance plugin from the list and press the <Install> button.

0.2 The program will ask to confirm the installation of the plugin. Confirm the installation.

The HIV plugin sequence settings dialog box pops up, prompting you for a number of options (see
Figure 2.2).

Figure 2.2: The HIV plugin sequence settings dialog box.

HIV-1 POL gene experiment : The name for the experiment type that will hold the HIV-1 POL
nucleotide sequences (NT) or amino acid sequences (AA) in case the Amino acids check box is
checked.

HIV-1 POL gene reference: The reference sequence that will be used for aligning the sample se-
quences and determining the mutations/SNPs. Currently two reference sequences are available:
ConsensusB and HXB2. The selected sequence can be viewed using the <View> button.

Figure 2.3: The Reference sequence dialog box.

The Reference sequence dialog box displays the nucleotide (left) and amino acid sequence (right).

The user can also specify an own-defined reference sequence by selecting User . Using the
<View> button, a nucleic acid and amino acid sequence can be pasted in the editor.

For the selected reference sequence, it is possible to change the start and stop positions for the
protease (PR), reverse transcriptase (RT ) and integrase (IN) proteins, respectively. The default
values are PR: 57-155, RT: 156-585, and IN: 716-1003. The sequences can be viewed using the
<View> button.

All rights reserved. Not for Diagnostic Use.
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Figure 2.4: The Reference amino acid sequence dialog box.

The Reference amino acid sequence dialog box displays the amino acid sequence.

0.3 Press <OK> when finished setting the options.

The Import XML algorithms dialog box prompts for choosing which algorithms to install (see Figure
2.5).

Figure 2.5: The Import XML algorithms dialog box.

XML algorithms can be automatically downloaded from the BIONUMERICS website (which acts
as a mirror for the Stanford HIVDB website) or can be imported as files from your local computer.

With XML algorithms online enabled, the text box will show the URL from which three classes of
algorithms are available:

• HIVDB (Stanford University, CA, USA)

• REGA (REGA Institute, Leuven, Belgium)

• ANRS (Agence Nationale de Recherches sur le Sida, France).

With the <View> button, the algorithms in XML format can be visualized in the default browser,
e.g. to check version dates.

When the option XML algorithms on this computer is checked, the XML file is prompted for in
the next step:

In a first step, the plugin checks the XML file for the presence of the ALGORITHM element’s start
(<ALGORITHM>) and end (</ALGORITHM>) tags. If these tags are not present in the selected
XML file, the algorithm cannot be parsed by the plugin and the software warns for this.

All rights reserved. Not for Diagnostic Use.
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If the ALGORITHM element tags are detected in the selected XML file, the plugin checks for the
presence of the ”<!DOCTYPE ALGORITHM...> ” tag. If no ”<!DOCTYPE ALGORITHM...> ” tag
is present in the XML file, the plugin warns you for this. If the selected XML file is a valid algorithm
XML document, pressing <Yes> imports the algorithm.

For each algorithm that is checked in the Import XML algorithms dialog box, a Character type ex-
periment will be created, which will contain the final results from analyses with the algorithms. The
name of each character experiment should at least include the name of the algorithm ([AlgID]).
Optionally, one can choose to add a prefix and/or edit the default suggested suffix.

When working in an Oracle database, make sure the length of the character names
does not exceed 24 characters.

0.4 Press <OK>.

The XML files of the selected algorithms are downloaded (default option), thus ensuring that al-
ways the latest version is used. The downloaded XML files are stored in a sub-folder HIV XML

algorithms of the database folder. The algorithms are parsed by the software into Decision Net-
works: one Decision Network is generated per algorithm and per drug.

Additional algorithms can be installed at any time using Import decision networks
(see 3.5).

When the HIV Resistance plugin is successfully installed, a confirmation message pops up.

0.5 Press <OK>.

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

0.7 Close and reopen the database to activate the features of the HIV Resistance plugin.

The Main window now contains a menu HIV with specific menu items for the HIV Resistance
plugin (see Figure 2.6).

Figure 2.6: The HIV menu inserted by the HIV Drug Resistance plugin.

In addition, a number of Experiments have been automatically created to hold the HIV sequence
data and results (see Figure 2.7).

The experiments marked with are Sequence types.

• HIV1 POL NT will hold the full nucleotide sequences for the POL gene.

• HIV1 POL NT TRANSL will hold the translated sequences derived from the nucleotide se-
quences in HIV1 POL NT.

All rights reserved. Not for Diagnostic Use.
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• HIV1 PR AA mutations will store the mutated amino acid positions for the processed pro-
tease data.

• HIV1 RT AA mutations will store the mutated amino acid positions for the processed reverse
transcriptase data.

• HIV1 IN AA mutations will store the mutated amino acid positions for the processed inte-
grase data.

Figure 2.7: The Experiment types panel in the Main window, containing experiment
types created by the HIV Resistance plugin.

In case the Amino acids check box was checked in the HIV plugin sequence set-
tings dialog box (see Figure 2.2), the sequence experiment HIV1 POL AA is cre-
ated and listed in the Experiment types panel instead of HIV1POL NT and HIV1 POL
NT TRANSL.

The experiments marked with are Character type experiments, which will contain the final results
from analyses with the algorithms.

• Rega*** HIV1-drug-resistance will contain results from analysis using the REGA algorithm.

• HIVDB*** HIV1-drug-resistance will contain results from analyses using the HIVDB algo-
rithm.

• ANRS****** HIV1-drug-resistance will contain results from analyses using the ANRS algo-
rithm.

0.8 Double-click on a character type experiment (e.g. HIVDB*** HIV1-drug-resistance) to open the
Character type window (see Figure 2.8).

All drugs used by the algorithm are listed in the Characters panel. A default color scale is given to
each drug, going from green (susceptible), over yellow (intermediate), to red (resistant).

For the HIVDB algorithm (see Figure 2.8), the degree of resistance is subdivided in 5 levels,
ranging from Susceptible (1, dark green), over Potential low-level resistance (2, light green), Low-
level resistance (3, yellow) and Intermediate resistance (4, orange) to High-level resistance (5,
red). Note that these levels are determined by the algorithm, not by the plugin. Other algorithms,
for example REGA, use a slightly different resistance scale.

0.9 Click on the Mapping panel in the Character type window (see Figure 2.9).

The Mapping panel shows the mapping of the resistance levels to the ”SIR” (Susceptible / Inter-
mediate / Resistant) scale.

All rights reserved. Not for Diagnostic Use.
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Figure 2.8: The Character type window.

Figure 2.9: The Character type window: Mapping panel.

For the HIVDB algorithm, level 1 and level 2 are mapped to S (susceptible). Level 3 and level 4 are
mapped to I (intermediate), and level 5 is mapped to R (resistant). Other algorithms use a slightly
different mapping, depending on the number of resistance levels.

0.10 Close the Character type window with File > Exit .

The reference is saved in the database entry HIV-1 Reference. The protein sequences of pro-
tease, reverse transcriptase and integrase are stored in the HIV1 PR AA mutations, HIV1 RT AA
mutations, and HIV1 IN AA mutations sequence types respectively, allowing easy comparison
with sample sequences.

0.11 Click on the tab Decision networks in the Main window.

All rights reserved. Not for Diagnostic Use.
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The Decision networks panel lists a decision network for each algorithm/drug combination (see
Figure 2.10).

Figure 2.10: The Decision networks panel with decision networks created for each
algorithm/drug combination.

All rights reserved. Not for Diagnostic Use.
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Chapter 3

Importing and analyzing sequences

3.1 Importing sequences

Sequence data can be entered in several ways in BIONUMERICS using the sequence import tools
in the Import data wizard. Choose File > Import... ( , Ctrl+I) to call the Import data wizard and
press <Next> to display all import options in a tree overview.

• Sequences in FASTA format and EMBL/GenBank format can be imported from text format-
ted files and linked to new or existing entries in the database using the import options Im-
port FASTA sequences from text files and Import EMBL/GenBank sequences from text
files, respectively.

• With the import routine Download sequences from internet , sequences can be fetched
from online repositories and linked to new or existing entries in the database.

• Sequences can be imported and assembled with the options Import and assemble trace
files and Import and assemble traces from FASTA text files. Binary chromatogram files
from Applied Biosystems, Beckman, and Amersham automated sequencers are accepted,
and FASTA formatted sequences stored in text files.

A sample data set HIV Dataset.txt of HIV POL nucleotide sequences in FASTA format can be
downloaded from the download page on the BIONUMERICS website (https://www.bionumerics.
com/download/sample-data, click on ”HIV POL sequences data file”). The descriptions below are
based on this data set.

1.1 Select File > Import... ( , Ctrl+I) to call the Import data wizard.

1.2 Browse for the HIV Dataset.txt data file and press <Open>.

1.3 Highlight the Import FASTA sequences from text files option and press <Finish>.

This brings up the The Input dialog box (see Figure 3.1).

1.4 Make sure the option Preview sequences is checked and press <Next>.

The Preview dialog box displays all sequences found in the selected file (see Figure 3.2). The
File name column holds the name of the selected file; the Length column displays the size of the
sequences; and the Header column holds the information that is present in the description line.

1.5 Press <Next>.

https://www.bionumerics.com/download/sample-data
https://www.bionumerics.com/download/sample-data
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Figure 3.1: The Input dialog box.

Figure 3.2: The Preview dialog box.

The way the sequence information should be imported from the selected file into the database
needs to be specified with an import template.

1.6 Press the <Create new> button to create a new import template.

This brings up the Import rules dialog box (see Figure 3.3). When sequences are stored in FASTA
format, each sequence begins with a single-line description, followed by lines of sequence data.
The description line is distinguished from the sequence data by a greater than (”>”) symbol. The
description line contains the FASTA tags, separated by a pipe (”|”) symbol. Each FASTA tag
corresponds to a row in the grid (maximum 20 FASTA tags can be parsed from the description
line). The text FASTA field is specified in the Source type column and the position of the tags in
the description line is displayed in the Source column. The last row in the grid holds the name of

All rights reserved. Not for Diagnostic Use.
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the file.

Figure 3.3: The Import rules dialog box.

1.7 Select the first row entry in the grid, press <Edit destination> and select the BIONUMERICS
Key field from the list. Press <OK>.

1.8 Highlight the second row entry in the grid and press the <Edit destination> button once more.
Select the option <Create new> under the topic Entry info field and press <OK>. Provide a
name for the new entry information field (e.g. Accession number ), press <OK> and confirm
the creation of the new field with <Yes>.

The grid is updated (see Figure 3.3).

1.9 Press <Next> to go to the next step.

1.10 Make sure the Key field is checked and press <Finish>.

1.11 Specify a template name e.g. “HIV FASTA”, optionally add a description and press <OK>.

The import template is added to the list and is automatically selected (see Figure 3.4).

1.12 Select the HIV1 POL NT sequence type from the Experiment type list and press <Next>.

1.13 In the last step, leave all settings unaltered and press <Finish>.

Some 143 sequences are imported and appear as entries in the database.

The entry with key HIV-1 Reference was automatically created by the plugin during the
installation, and contains the reference sequence ConsensusB (or HXB2).

All rights reserved. Not for Diagnostic Use.
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Figure 3.4: Import template added to the list of templates.

3.2 Finding mutations on amino acid sequences

To correctly find the mutated positions on the amino acid sequences, each POL amino acid se-
quence is aligned against the reference wild type sequence. The plugin uses the sequence types
HIV1 PR AA mutations, HIV1 RT AA mutations, and HIV1 IN AA mutations, to store the mu-
tated amino acid positions, insertions and deletions of these proteins.

When using POL nucleotide sequences as starting point in the database, the POL nucleotide
sequences are first translated into amino acid sequences. The translation frame is chosen from the
6 possible frames by pairwise alignment with the reference amino acid sequence. The translation
is saved in the POL amino acid sequence type experiment (HIV1 POL NT TRANSL).

2.1 Use the Ctrl- and Shift-keys to select the entries in the database for which you want to perform
the mutation search (do not select the HIV-1 Reference). Check boxes for selected entries are
indicated as .

2.2 In the HIV menu, select Find mutations.

2.3 Press <Yes>.

When the calculations are finished, a report pops up (see Figure 3.5).

All mutated positions that were found for the different proteins are listed under Mutations. These
mutated positions are stored in entry attachment files in the database. The presence of degen-
erate bases, (possible) stop codons and frame shifts on nucleotide sequences (usually due to
sequencing problems and/or base-calling errors) are reported under Mutations warnings.

2.4 Close the Find mutations report window .

A colored dot is shown in the Experiment presence panel for the mutation data of each protein that
was present in the sample sequences (see Figure 3.6). In our example data set, only protease
(PR) and reverse transcriptase (RT) are present in the sequences, whereas the integrase protein
(IN) is not present.

2.5 Double-click on one of the entries that was included in the mutation search.
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Figure 3.5: The Find mutations report window .

2.6 Click on the Attachments panel in the Entry window.

All mutated positions that were found for the different proteins during the mutation search are
stored in entry attachment files. The entry attachment files are listed in the Attachments panel
(see Figure 3.7).

2.7 Double-click on an attachment file to view all mutations for an individual protein.

2.8 Close the Entry window.

2.9 To call the Find mutations report window again for a selection of database entries, select HIV
> Find mutations report in the Main window.

3.3 Analyzing resistance levels using algorithms

Using the mutation information as input (see 3.2) resistance levels can be evaluated. More than
one algorithm can be evaluated at once.

3.1 Unselect all entries in the database with Database > Entries > Unselect all entries (all
levels) (F4).
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Figure 3.6: The Main window after completion of the mutation search.

Figure 3.7: The Entry window.

3.2 Select a few entries in the database (e.g. 5). Hold down the Ctrl-key while clicking on an entry
to select it.

3.3 Select HIV > Evaluate resistance levels or press the button.

This calls the Select algorithms to run dialog box (see Figure 3.8).
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Figure 3.8: Select algorithm(s) to run.

This dialog prompts to select the algorithms to run.

3.4 Select all displayed algorithms using the Shift-key and press <OK>.

The mutations recorded for each selected entry (see 3.2) are fed one by one to the decision
networks of the selected algorithm(s) to establish their contribution to the resistance level. In
case of ambiguous amino acid translations, all possible translations are evaluated in the decision
network, and the worst case (i.e. inducing highest resistance) is reported.

Figure 3.9: The Select algorithm to report dialog box.

When the calculations are finished, the plugin asks which algorithm to report in the Select algo-
rithm to report dialog box (see Figure 3.9).

3.5 From the drop-down list, select e.g. ”HIVDB” and press <OK>.

If the resistance levels are determined for only one entry, a detailed Entry report is shown. When
more than one entry was selected, a Batch report is shown (see Figure 3.10).

All selected sequence entries are listed in the Batch report window (see Figure 3.10). By default,
the Key information is displayed in the first column, but this can be changed to any other database
information field (see 3.6). The available drugs in the selected algorithm (see Figure 2.10) are
grouped according to the class (NNRTI = non-nucleoside reverse transcriptase inhibitor; NRTI =
nucleoside reverse transcriptase inhibitor; PI = protease inhibitor, II = integrase inhibitor).

For the HIVDB algorithm, the degree of resistance is subdivided in 5 levels (see Figure 2.8),
ranging from Susceptible (1, dark green), over Potential low-level resistance (2, light green), Low-
level resistance (3, yellow) and Intermediate resistance (4, orange) to High-level resistance (5,
red). In the report, both the resistance scale colors and the SIR scale (see Figure 2.9) are shown.

The report can be resized by pressing the zoom buttons and or by dragging the zoom slider
with the mouse.

The report can be printed with File > Print or copied to the clipboard as a metafile with File >
Copy to clipboard .

The resistance boxes are clickable. When a resistance box is clicked, the Decision Network win-
dow pops up, with the decision network states for the selected drug. With some experience with
the principles of decision networks (see the Reference manual, Chapter Decision networks), this
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Figure 3.10: The Batch report window , with an overview HIV drug resistance report
for multiple selected entries.

view can be used to determine the mutations or combinations of mutations that have led to the
resulting resistance level for the drug.

When clicking on a key, a detailed Entry report appears (see Figure 3.11).

In the Entry report window , the full information for each drug and the mutations that are responsible
for the resistance towards the drug, if any are displayed. By default, no patient information is shown
in the report, but this can changed in the HIV plugin report settings dialog box (see 3.6).

Note that individual mutations may be plotted in green, indicating that the mutation on its own does
not induce resistance, but does so in combination with other mutations. Individual mutations shown
in red induce resistance on their own. For each drug class, positions that are considered important
by the algorithm, but for which the sequence has a different mutation than the one leading to
resistance, are listed in the bottom as Mutations at algorithm positions. Other mutations, at
positions that do not contribute towards resistance according to the version of the algorithm used,
but that were detected by the plugin, are listed as Other mutations.

The resistance boxes are clickable. When a resistance box is clicked, the Decision Network win-
dow pops up, with the decision network states for the selected drug (Figure 3.12). With some
experience with the principles of decision networks (see the Reference manual, Chapter Decision
networks), this view can be used to determine the mutations or combinations of mutations that
have led to the resulting resistance level for the drug.

3.6 Close the Decision Network window and the HIV drug resistance report(s).

3.7 Click on a colored dot in the Experiment presence panel to open a character card for one of the
algorithms.
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Figure 3.11: The Entry report window , with a detailed HIV drug resistance report for
a selected entry and algorithm.

The output values of the decision networks are listed in the Value column. The values are auto-
matically mapped to one of the SIR categories (Mapping column) using the mappings specified
in the Character type window (see Figure 2.9).

3.8 Close the character card(s) by clicking in the top left corner of the card.

3.9 To call the Batch report window again, select HIV > Show resistance report in the Main
window.

The plugin asks which algorithm to report.

3.10 Select an algorithm from the drop-down list, and press <OK>.

If only one entry was selected, the detailed Entry report window is shown (see Figure 3.11). When
more than one entry was selected, a Batch report window is shown (see Figure 3.10).

All rights reserved. Not for Diagnostic Use.



26 3. Importing and analyzing sequences

Figure 3.12: Decision network for selected entry and drug.

(a) (b)

Figure 3.13: Character card: (a) ANRS, (b) HIVDB.

Figure 3.14: Select algorithms to report.

3.4 Comparing the results of different algorithms

Comparing different algorithms takes a lot of computing time; one report is generated per selected
entry.

4.1 Make sure exactly one entry is selected in the database. This entry needs to have resistance
data associated with it.

4.2 Select HIV > Compare algorithms.
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Figure 3.15: The Select algorithms to report dialog box.

The Select algorithms to report dialog box asks to select the algorithms to compare (see Figure
3.15).

4.3 Select the algorithms you want to compare e.g. HIVDB and Rega and press <OK>.

When the calculations are finished, the Compare algorithm report window appears (Figure 3.16).

The Compare algorithm report window is similar to the Entry report window , but it lists for each
drug the results for two (or more) algorithms under each other. Similar as for the other report
windows, the resistance indicator blocks are clickable and will cause the decision network for the
selected drug and algorithm to be opened.

3.5 Managing drug resistance decision networks

After installation of the HIV Resistance plugin, it is possible to update algorithms or install new
algorithms at any time.

5.1 With HIV > Import decision networks, you can add decision networks to the system, based
upon new XML algorithms.

This calls the Import XML algorithms dialog box, as discussed in 2 (see Figure 2.5).

5.2 Selecting HIV > Show decision network brings up the Select Decision Network dialog box
(see Figure 3.17). Alternatively, press the button.

It is possible to search for and display a decision network according to algorithm, version, drug
class and drug name.

5.3 Existing decision networks that are no longer of use (e.g. older versions of algorithms) can be
removed with HIV > Remove decision network(s).

The Remove Decision Network(s) dialog box appears (see Figure 3.18).

It is possible to delete a decision network according to algorithm, version, drug class and drug
name. All can also be chosen for each of the categories.

3.6 Settings of the HIV Drug Resistance plugin

The HIV plugin sequence settings dialog box can be opened with HIV > Settings > Sequences
(see Figure 2.2).

Information fields shown in the reports can be changed with HIV > Settings > Reports. This
calls the HIV plugin report settings dialog box (see Figure 3.19).
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Figure 3.16: The Compare algorithm report window : a detailed HIV drug resistance
report for a single sequence entry and multiple algorithms.

Figure 3.17: The Select Decision Network dialog box.

A Field to be included in batch reports can be selected from the list, and one or more Fields to
be included in the detailed reports.

The Windows user or Database user name can be displayed in the Report windows. If the
Database user is an empty string, the user name will not be displayed.
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Figure 3.18: The Remove Decision Network(s) dialog box.

Figure 3.19: The HIV plugin report settings dialog box.

For information on how to create database users, see the Reference manual, Chapter
User management.
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