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What is MuGeN ?

TheMulti-Genome Navigatgor MuGeN, is a bioinformatics software package providiogj$ for
exploring multiple annotated genomes along visitisilico analysis results. It offers two distinct
programs, one for interactive vizualization and navigagod another for the generation of images in
various formats. Both programs can load annotated sequktadrom a local file or retrieve it from
databases across the network. Most of the parameters gogéne way annotations and analysis results
are displayed are customizable, either through the graphger interface or with command-line
parameters. The following sections show how to install angse MuGeN before describing how to
format home-made analysis results in order to integratetineMuGeN.

What's New ?

Release 20050504 marks an important technical upgrade &féluthe older graphical toolkit Gtk has
been replaced with Gtk2, and the installation procedure canforms to the canonical Perl module
installation. Other enhancements include the possilidityonfigure data sources (both for annotated
genomic information and for computational results) throtige graphical user interface.

Installing MuGeN

System Requirements

MuGeN has been used successfully on Intel/Linux and SpalaxiS platforms. It is not intended for use
on Windows machines. Disk space requirements are minirass than 7 Mb for the programs/modules
and documentation, and an additionnal 25 Mb for the examgig)dut memory footprint can grow as
more feature-rich genomes and/or complex analysis reatdt®aded. For example, the display of two
reasonably-sized microbial genomes (about 4 Mb each) aod albt of the conserved portions between
the two of them consumes about 70 Mb of RAM on an Intel/Linuxkstation. Line plots having one or
more data points per base can be especially memory-congumin

Software dependencies

MuGeN'’s programs and modules are all written in Perl. Théy oa a set of more or less specialized
third-party modules whose list is givenTrable > (required modules) antable 2> (optional modules).
Notice that these tables only list modules not commonly éiarPerl distributions. For a more extensive
list of dependencies, ségppendix A>. All of these components are freely available, mostly flGRAN.
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Table 1. Modules Needed by MuGeN

> >
Component Release |Available at
bioperl 1.4 bio.perl.org (http://bio.perl.org)
Error 0.15 CPAN (http://www.cpan.org/modules/by-module/Error/)
GD 1.41 CPAN (http://www.cpan.org/modules/by-module/GD/)
Gtk2 0.95 CPAN (http://www.cpan.org/modules/by-module/Gtk2/)
I0-String 1.01 CPAN (http://www.cpan.org/modules/by-module/IO/)
libxml 0.07 CPAN (http://www.cpan.org/modules/by-module/XML/)
PodParser 1.18 CPAN (http://www.cpan.org/modules/by-module/Pod/)
Usage 0.10 CPAN (http://www.cpan.org/modules/by-module/Usage/)
XML-DOM 1.42 CPAN (http://www.cpan.org/modules/by-module/XML/)
XML-Writer 0.4 CPAN (http://www.cpan.org/modules/by-module/XML/)
XML-Twig 3.15 CPAN (http://www.cpan.org/modules/by-module/XML/)
Table 2. Optional Modules for MuGeN

>>>>>
Component Release ‘Available at

SeqDB, Micado and Agmial data retrieval

DBD-Pg 1.01 CPAN (http://www.cpan.org/modules/by-

module/DBDY/)

DBI 1.20 CPAN (http://www.cpan.org/modules/by-
module/DBI/)

Origami feature data and analysis results retrieval

SOAP-Lite 0.55 CPAN (http://www.cpan.org/modules/by-
module/SOAP/)

Installation procedure

MuGeN is available as a gzipped archive. Download the aecinian installation directory and expand
its contents by issuing:

gzi p -dc nugen- XXXXXXXX.tgz | tar xf

wherexXXXXXXxX stands for the release number. This will create a subdingctdlednugen- XXXXXXXX
containing all of MuGeN'’s programs, modules and documéntatd in this directory and type the
usual commands for installing a Perl module:
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perl Makefile.PL
make
make install

The executablesiugen mugenbandmugenvare located in a system-wide program directory, like
/ usr/ bi n and should be accessible without any specific $PATH settings

MuGeN relies on a preferences file to fix display and databaseection parameters. By default, it
looks for a file namedmugenr ¢ in the user’'s $HOME directory. If no template file is found whe
mugenis run for the first time, a default template file will be credte

A set of example files, used throughout this document, idaiai in thenugen- dat a- XXXXXXXX. t gz
archive. This archive can be extracted anywhere and craatégen- dat a- XXXXXXXX directory
containing several annotated genomes in GenBank formatgkhss some computer analysis results.

Using MuGeN

The following sections offer a guided tour of MuGeN’s maiatigres and of how to make them wérk
The examples use the data files found in the MuGeN data arcfowein the commands given in these
sections, make theugen- dat a- XXXXXXXX directory your current directory, and make sure thegen
andmugenbcommands are located in a direcory accessible through yeAF .

Using mugen for Interactive Genome Exploration

To start a visual exploration session just run thegencommand. This opens MuGeN'’s graphical user
interface consisting of the three windows detailed below.

The Map List Window

This window Figure ) displays all loaded maps and computer analysis restlsd allows the
manipulation of these maps and associated analysis regthtthe button row located below the map
list.

To load a new map, select a data source from the availablessir the popup menu, then click on the
Add button. Depending on the datasource, some additionnahireftion will be requested (typically a
filename or an access number). For instance, to load a loceB& file, make sure the current data
source id_ocal File and use théddd button to select the GenBank file (try it out to load the gensofe
Bacillus subtilis(resp.B. haloduran}genome contained in ttgsub. gbk (resp.Bhal . gbk) file of the
data directory.

It may be useful to work with several copies of the same mapirfiance to compare different portions
of the same genome). To add a copy of the currently selectgd usa theéDuplicate (when duplicating
a map, its associated analysis resultsrexeduplicated).

The order in which the maps are displayed can be modified Wéhwo arrow buttons. They shift the
currently selected map up or down. A map can be hidden andplegied with thedide/Show button.
Any map can be "flipped" with thElip button, meaning that the base positions decrease fronoleft t
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right, instead of increasing, and that the strands of thieifea are switched: features ont the forward
strand move to the reverse strand and vice versa. This eemtuiseful to compare genome portions
which are conserved but whose directions are oppositellfFmanap can be removed using the
Remove button. Notice that if there is only one map in the list, it nahbe removed.

Below the map operations panel, Anchor textfield can be found. Each map can have it's own anchor
which "fixes" its relative position. An anchor is either ateiger value (positive or negative), representing
a base position, or a gene name. In the latter case, the esatiop of this gene (if it exists in the selected
map) will be used as anchor. Moreover, the map will be flipfi¢ldd gene is on the reverse strand.
Anchors are useful to simultaneously display distant pogiof genome maps. For example, after
loading two genome maps of closely related organisms, theegbof a gene bearing the same name in
the two organisms can be examined by selecting each mamimtut entering the common gene name
in the anchor textfield. In the case Bf subtilisandB. haloduransa possible anchor for both genomes is
thecadgene.

The remaining part of the map list window contains a list aipater analysis results loaded for the
currently selected genome map. Results can be added (tegbheremoved) through thadd (resp.
Remove) button. As for annotated sequence data, analysis resalfcome from various sources which
can be selected in tteomputational Analysis Result Source menu. A sample analysis result file
Bsub_orfs. xm contains all ORFS over 300 bp detected bydgleéorf program included in the
EMBOSS package. It can be loaded whetal File as the current analysis result source.

MuGeN has now built in functionalities for plotting vario®C content related results on a map as well
as flagging the occurrences of nucleotide patterns. Thesgifunalities are available as specific

computer analysis result sources. To display the positbasgiven pattern in the current map, select the
"Pattern Search" result source and click onMuzl button. In the dialog that appears enter the pattern of
interest (all the letters of the IUPAC DNA alphabet are usabhd select on which strands to search.
Once accomplished the positions of the patterns are disglay green and red bars on the sequence axis,
depending on the strand they are located on.

Plotting the GC content is done by selecttB@ Content menuitem as the result source and clicking on
the Add button. A dialog allows to fix the size of the moving windowtkall be used to compute de GC
content, and the intervals (steps) at which to place eacawnFor large genome maps (exceeding 1
Mb) fixing large window sizes and small steps can lead to laggssing times. Once achieved the plot
will show the GC content at each position of the window, antua borizontal line denotes a 50%
content. Plotting of the GC skew and the cumulative GC skevatso achieved by selected the
appropriate entry of thResult Source meny
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Figure 1. The Map List Window

(G O ttions E

Bacillus halodurans - Chr. N/A
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rComputational Result Operations—
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>

The map list window with two genome ma@4cillus subtilisandBacillus halodurans The selected
map B. subtili§ is anchored on thead gene which has caused the map to be flipped. A computer
analysis resultGETORF outpubhas been added to tlige subtilismap.

The Map Drawing Window

This window gives a graphical display of the annotated gemoraps along with the computer analysis
results. The main area is divided in "strips" or lines. Eatip sepresents a portion of an annotated
genome with its associated computer analysis result. Wéegral annotated maps are loaded, their
strips are displayed one above the other (i.e. the first sfripe first map followed by the first strip of the
second map followed by the second strip of the first map dtcthat case, each map will have a different
background color, ranging from white to light grey. When gqauter analysis results exist for a given
map, they are either overlaid on the map features, or lodgatetediately below the map they belong to.

Map displays can be obtained with three different detaileva brid’s eye view for viewing large
genome portions (strips of a few hundred kb to several Mb)hictvfeatures are draw with simple
boxes, an intermediate view valid for strips ranging fronea hundred bp to a few hundred kb) in
which each feature is draw according to its type is sensitivaouse clicks and/or movements, and a
sequence view displaying the actual DNA sequence possilityits translation in the six reading frames
(usable for portions below a few hundred bp). The switch frome view mode to another is
automatically performed when the strip size crosses uderatde thresholds.

By default, six lines per strip are used to draw CDSs, on focheaading frame of each strand. Other
features are drawn either on the axis, if they are posititeetlres (promoters, terminators, RBSs), or on
a separate line below the CDS lines if they extend more thaszardbp. (different RNAs, miscellaneous
features and others). Also by default, CDSses are coloreatding to the strand they are located on, and
filled if they have a known function (meaning they have a fiorcgualifier not containing "unknown",
"putative” or "hypothetical"), and empty otherwise.

The majority of display settings can be modified with the wgetrols at the bottom of the Map Drawing
Window or with the menu entries it offers. The topmost row séucontrols contains arrow buttons to
move forward or backward along the maps. The row below allivesn be to zoomed in or out. Precise
starting points, number of lines and bases per line can bgiethe text fields below the zoom buttons.
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Finally, the thresholds for switching between the différéew modes can be fixed with the sliders at the
bottom of the window. The rightmost slider defines the minimmelative size for features whose names
will be displayed (for instance, a setting of 0.01 will nospliay feature names for features covering less
than 1% of a strip).

ThePreferences menu offers several items influencing the map display:

- Expand Strands: When checked, features belonging to different strandisbsidisplayed on separate
lines. Otherwise they will be displayed on the same line.

- Show Frames: When checked, CDSs are displayed on different lines adaogto their reading
frame.

- Visible Features: This submenu offers one entry per feature type. Only thelkdnfeatures are
displayed on the map.

- Map Area Width: The width in pixels of the area on which the maps are drawrbeaselected in this
submenu.

« Colormaps: unfolds a submenu with items to load a customized colormeim, revert to the default
color map.

- Configure Data Sources... opens a new window where the access parameters (databass aath
hosts, URLs...) for every annotation data source can beeatkfin

- Configure Result Sources... opens a new window where the access parameters (databass aad
hosts, URLSs...) for every computational analysis resultse can be defined.

- Save Preferences: The current settings of thHereferences menu are saved in the default
preferences filefHOVE/ . nugenr c).
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Figure 2. The Map Drawing Window
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>

The Map Drawing Window showing portions of the genomeB o$ubtilisandB.haloduransanchored
on thecadgene. Results of the GETORF program are overlaid on the mBp saibtilis

The Information Window

The Information Window contains two panels. The top pandedicated to computer analysis result
highlights. It displays the list of loaded maps, and for eaictihem, a sublist of loaded computer analysis
results. These results in turn display a series of highdighthighlight defines a portion of interest on the
corresponding map. When selecting a highlight, the mapnaatically moves to display the start of this
portion. The bottom panel gives "live" information about fleature currently under the mouse pointer
(i.e. its location and the list of qualifiers with their asgded values). Note that this live update
functionality is not provided in bird’s eye view mode.
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Figure 3. The Information Window

Map Highlights
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The Information Window. Top panel: highlights of the GETORBLUIts forB. subtilisconsisting of the 5
largest ORFs and the 5 smallest ORFs. Selection of the "sa@RF 1" moved the map to the start of

the corresponding genpKsP. Bottom panel : information associated with fhkesPgene over which the
mouse was moved.

The Result Information Window

The Result Information Window is used by the various analyssult sources tod display status
information which can be saved as a local file on demand. Bbamte, when extracting the list of
atypical genes from the Origami result source, some gldhasiktics about the atypical genes of the
selected element are displayed in the Result Informatiamddiiv as well as the list of atypical genes
with their locations (see figzigure 4>).

Figure 4. The Result Information Window

Tue May 3 15:28:08 2005 2

Atypical Genes from Bacillus subtilis-chromosome

Organism Gene Classification Satistics:
chromosome -
Ratio of Forward Strand Genes Classified As Such: 0.8B6577183
Ratio of Reverse Strand Genes Classified As Such: 0.82801664
Ratio of Atypical Genes: 0.13219512

Atypical Genes Details

Name StartStop Strand

yaaC 14845 15792 -1

csfB 35529 35723 1

abrB44846 45136 -1

ctsR101446 101910 1

rnmis 11734R 177405 1 T
K] =)

Save Window Contents Clear Window

>

The Result Information Window. List of atypical genesofsubtilisas displayed when loading the
atypical genes from Orgiami.

Generating Annotated Genome Images with  mugenb

Using MuGeN in batch mode allows for automatic creation cdigies containg annotated genome maps
including computer analysis results. Most of the displasap@eters accessible in interactive mode have a
command-line equivalent (séiee Section calleMuGeN Option List for the list of options). Other
parameters can be set using the preferences filaligegection calledhe MuGeN preferences fig

which is also used bsnugenbThe examples below illustrate some frequent use casesd@eWl in

10
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batch mode, and can be run from MuGeN’s data directory.

Example 1. PNG image generation

The following command line generates an image of the firstld 6fkhe map oB. subtilisspread across
4 lines.

mugenb -d Bsub.gbk -f 1 -1 10000 -s 2500 -o PNG exl. png

The- d argument defines which map to load. Ftfeand- | arguments define the first and last bases to
display, the s argument defines the "strip length" or the number of baseBrperFinally, the- o
argument specifies the output file format. The last argunsathid name of the output file.

Example 2. Loading multiple maps and analysis results

The following command line generates an image of the firstd 6fkhe maps oB. subtilisandB.
halodurans Results of the GETORF program will be placed over the map. gubtilis

nmugenb -d Bsub.gbk -d Bhal.gbk -f 1 -1 10000 -s 2500 -c Bsub_orfs.xm, 1\

-0 PNG ex2. png
As can be seen, multipled options can be used to load multiple maps. Moreover; thargument
references a results file to be used. The map it will be relmtésidefined by the number after the comma
added after the filename (here 1 denotes the first map loade#, subtilig.

Example 3. Anchoring maps

The following example shows how to anchor each map to a speaSition.

nmugenb -d Bsub. gbk -d Bhal.gbk -f 1 -1 10000 -s 2500 -c Bsub_orfs.xm, 1\

-r rpnH -r cad -0 PNG ex3. png

The-r flags specify anchor points for each map, there can be as nidingra as there are loaded maps.
The rank of the r option determines which map it relates to (the finstapplies to the first map, the
second r to the second map and so on). Here, the map. &ubtilisvill be anchored on thepmH gene,
and the map oB. halodurann thecad gene. Anchor points can either be strings, standing for gene
names, or numbers denoting base positions. When anchansedethe f and-1 argument define the
extents of the displayed portion relative to the startingppof the anchor. In the above example, the
generated image will generate an image displaying 10 kbponlines, starting with the anchor point.

Example 4. Using remote data sources and flipping maps

The following example shows how to load remote maps and taHem.

mugenb -d genbank:\!AY357726.1 -f 1 -1 8000 -s 2000 -o PNG ex4. png

This loads the entry with accession number AY357726.1 freenBank across the network. The format
of the argument following thed switch is composed of a datasource, a colon and an identfieen
datasource and colon are omitted (as in the first examplesjiémtifier refers to a local file. Otherwise,
it is specific to the datasource. Here, the identifier is ptedeby an exclamation mark do indicate that

11
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the map is to be flipped (the exclamation mark is escaped lmegdneg it with a backslash, this is
necessary because some shells give a special meaning tactamation mark).

Example 5. Generating clickable image maps

The following example shows how to generate image maps taddeded in Web pages for generating
clicable annotated genome maps.

nmugenb -d genbank: AY357726.1 -o IMAP -f 1 -1 8000 -s 2000 \

-u http://1ocal host/htm docs/vi ewmrap. cgi ? ex5. png

This generates the same PNG file as the previous examplesuyprhts on the standard output a series
of HTML instructions defining clickable areas correspompio the map’s features. The destination of
links activated by a click is composed of a root URL which isdfied with the- u argument to which
specific information is appended (i.e. a tag attribute fertifpe of the feature, a name tag for CDS
features representing the gene name and a start and enditag thie start and end positions, in bp., of
the feature in the map). Dynamic map pages can thus be buitichyding this generated output in
CGl-generated Web pages.

The MuGeN preferences file

A major part of MuGeN'’s run-time parameters (like displayiops or remote feature retrieval settings)
are held in MuGeN'’s preferences file. By default, MuGeN wieLa file called nugenr ¢ located in the
user's $SHOME directory, but a different file can be loadedtlyh the p command option. The
preferences are stored in XML format and the DTD is speciftedestart of the file. The following
sections detail the contents of the preferences file.

Feature data sources

Parameters used to connect to remote data sources areespatifie <featuredatasources>tags. The
following lists explains which data sources are supportatifzow to configure them. Access to certain
data sources is essentially restricted to people workingneriNRA campus at Jouy-en-Josas, but
outside accesses may be opened on demand if required.

- The <origami> elements has an attribute containing the URIhéch the Origami services ara
available. The feature data in Origami is publicly accdssind the default value for the URL should
enable MuGeN to tap into this resource.

- The <micado> element has attributes specifying how to ccitoehe Micado database (see
http://www-mig.jouy.inra.fr/bdsi/Micado/). By defaulihese parameters have dummy values. To be
able retrieve data from Micado a valid username and passarercequired.

- The <seqdb> element has attributes specifying how to cdia¢lce SeqDB database. By default,
these parameters have dummy values. To be able retrievérdat&eqDB a valid username and
password are required. The feature data available in Segifizisame as what Origami offers.

12
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Hence, access to SeqDB only provides a speedup compareslpalticly available Origami feature
data source.

- The <agmial> element has attributes specifying how to contaethe Agmial CAM database. By
default, these parameters have dummy values. To be alikvesttata from CAM a valid username
and password are required.

Analysis result data sources

As for annotated feature data, MuGeN is also capable of hggalhalysis results from remote locations.
The <resultdatasources> element enumerates where trsests ian come from.

- Theori ganiresul t s element defines how to reach the Origami service to extraalteof various
types regarding microbial comparative genomics (genes$ypi@al composition, gene context
conservations between pairs of genomes, homology mapsngesubtraction etc.)

Display parameters

These parameters are attributes of the <mapdisplay> elemen

- Thewi dt h attribute fixes the preferred width for the map drawig arepixels.
- Thebpl attribute defines the number of bases per line of the mapajispl

- Thestrands attribute can take to valuesol | apsed which will display all CDSs, regardless of
their orientation, on the same line, asdpanded where the two strands are separate. The default
value isexpanded.

- Thefranesattribute can also take two valuesgi:si bl e which will draw each CDS in it's own
reading frame, andi dden where all CDSs of a given strand are drawn on the same linedéfaailt
value isvi si bl e

Feature Display

Some features present in GenBank tend to clutter the gralpdtigplay (i.e. thesour ce andgene
features). Customization of which features to display ahéttvfeatures to hide is performed in the
section delimited by théeat ur es tags. This section contains a set efat ur e element having a single
vi si bl e attribute which can be set ta ue orf al se, the default beingr ue.

Display Thresholds

Thet hr eshol ds section contains the values of the various thresholds ugdduigseN. It's

namet hr esh element has ger cent attrinute to define the minimum size (in percent of the lindtiw)
for a feature whose name is to be displayed. $bgt hr esh sets the threshold (in bp) for swicthing
between the default view mode and the sequence viewmodaghiits bp attribute. Finally, the
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bi r dseyet hr esh element has kbp attribute defining the threshold for switching between thtadlt
view mode and the bird’s eye view mode (in kbp).

Highlight visibility
In bird’s eye view mode, regions defined in analysis resgjhhghts are surrounded by boxes. This
behaviour is inappropriate for results having multiple 8rhighlights. Thus, the visibility of these boxes

can be switched on or of with the si bl e attribute of thehi ghl i ght s element. This attribute can be
settot rue orf al se (t r ue being the default).

Links to external resources

MuGeN is capable to communicate with Web browser to viseaksources related with currently
displayed features. The following tags define which resesiduGeN should use and how the Web
browser will be invoked.

« The <links> tags delimit a set of <links. Each <link> tag defimn external resource : thene
attribute defines the name of the resource as it will be dygolan the resources menu, the resource
defines the prefix of thedb_xr ef qualifier. For instance, for adb_xr ef ="t axon: 71421"
qualifier, the prefix ig axon. Theur | attribute defines the URL leading to the resource. MuGeN will
add the specific suffix when invoking the resource. (For mstataking the same example, the string
71421 will be appended to the URL leading to the taxon database.

« The <browser> tag defines how to invoke an external browsen frvithin MuGeN. It'sconmrand
attribute specifies the exact command line necessary tatetine chosen browser. Inside the
command line the stringURL_ will be replaced by the actual URL of the external resourcemvtiis
resource is activated.

Computer Analysis Result formats

MuGeN is capable of loading computer analysis results dtaseXML files and conforming to the DTD
defined in theConpAnal Resul t s. dt d file located in thebat a subdirectory of MuGeN's installation
directory. Basically, anaylsis results come in 4 flavors] aach plot can define a set of highlights
delimiting interesting regions. These highlights will liged in the Information Window as selectable
items. On selection, the Map Drawing window will automallicacroll to show the start of the highlight.
Moreover, one result file can contain a mix of various reguges (each with their own highlights) as
well as a section defining specific colors.

- Line plots adapted to "curves" having one ore more data ppiet base. Example of line plots include
GC% pots, state probabilities generated by Hidden Markgmaatation programs and others. Line
plots can either be located on a separate strip below an atedanap, or drawn as overlays on the
map. Each plot can be attached to one of the two strands amra#asf thre their three reading frames.

- Box plots listing a series of boxes defined by their start ardifgositions as well as optional
parameters as thickness and color attributes. They canduetasingle out regions of interest such as

14
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sets of unique genes, or trains of genes conserved amon@gkerganisms. As for line plots, box
plots can be drawn separately of annotated maps or on togfffatures according to specific
strands and/or reading frames.

- Histograms suited to represent a given quantity below aot@ted map. They can be used to for
instance to plot the number of genomes in which orthologafgiven gene occur. Contrary to the
previous plot types, histograms are always drawn below @t@d maps. The aspect of each bar of the
histogram (starting point, width, color, filled or empty)ser-definable, as well as the overall height
of the plot. This height is expressed in lines where a lineesgnts the vertical space occupied text
written in the standard font.

- Link plots for giving visual clues about relations betwedsmeents of different genomes. Link plots
define a set of links consisting of a base position in the meplbt is associated with, and a base
position in the next map of the display. On the scale of a gendiney can be used to link orthologous
genes of two organisms. As for histograms, link plots areaglswdrawn as separate plots below a map
and their overall height is customizable.

The computer analysis results DTD

<! ELEMENT conpanal results (col ors| i nepl ots|boxplot| histogranlinks)x*>
<! ELEMENT col ors (col or)=*>
<! ELEMENT col or EMPTY>

10

15

20

25

30

<I ATTLI ST
nane
red
green
bl ue
<! ELEMENT
<! ELEMENT
<I ATTLI ST

col or
CDATA #REQUI RED
CDATA #REQUI RED
CDATA #REQUI RED
CDATA #REQUI RED>
hi ghl i ghts (highlight)*>
hi ghl i ght EMPTY>
hi ghl i ght

| abel CDATA #REQUI RED
begi n CDATA #REQUI RED

end
<! ELEMENT
<! ATTLI ST

type

CDATA #REQUI RED>
l'ineplots (lineplot]|highlights)x*>
l'i neplots

(separate| overl ay) "separate”

comment CDATA #REQUI RED

mn
max

CDATA #| MPLI ED
CDATA #| MPLI ED

snoot hi ng CDATA #l MPLI ED>

<! ELEMENT
<! ATTLI ST

I'i nepl ot (#PCDATA) >
i nepl ot

frame (none|all|1]2]|3) "none"
strand (1]-1) "1"

col or CDATA #| MPLI ED

start CDATA #| MPLI ED

step CDATA #l MPLI ED>

<! ELEMENT
<! ATTLI ST

boxpl ot (box| hi ghlights)x*>
boxpl ot

type (separate|overlay) "separate"
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conment CDATA #REQUI RED>
<! ELEMENT box EMPTY>
<! ATTLI ST box
35 begi n CDATA #REQUI RED
end CDATA #REQUI RED
t hi ckness CDATA #| MPLI ED
| abel CDATA #| MPLI ED
halign (left|mddle|right) "m ddle"
40 val i gn (above|i nsi de| bel ow) "bel ow
| abel col or CDATA #| MPLI ED
frame (none|all|1]2|3) "none"
strand (1]-1) "1"
col or CDATA #l MPLI ED
45 filled (yes|no) "yes"
i nk CDATA #I MPLI ED
target CDATA #l MPLI ED>
<! ELEMENT hi st ogram (bar| hi ghl i ghts) *>
<I ATTLI ST hi st ogram
50 conment CDATA #REQUI RED
m n CDATA #l MPLI ED
max CDATA #| MPLI ED
barwi dt h CDATA #l MPLI ED
bar col or CDATA #l MPLI ED
55 filledbars (yes|no) "yes">
<! ELEMENT bar EMPTY>
<! ATTLI ST bar
begi n CDATA #| MPLI ED
wi dt h CDATA #| MPLI ED
60 hei ght CDATA #REQUI RED
col or CDATA #l MPLI ED
filled (yes|no) "yes">
< ELEMENT 1inks (Iink|highlights)=*>
<! ATTLI ST li nks
65 conment CDATA #REQUI RED>
<! ELEMENT 1ink EMPTY>
<I ATTLI ST link
from CDATA #REQUI RED
to CDATA #REQUI RED
70 col or CDATA #| MPLI ED>

DTD explanation

- Color definitions: colors must have a name and three colobates defining the amount of color in
each of the three color channels. These values range from @na conform to the RGB color model.
Example:

<col or name="turquoi se" red="0.25" green="0.88" blue="0.8">
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- Plot highlights: regions of interest can be defined as higitd. Each highlight will have it's own entry
in the highlight section of the Information Window. Hightits are defined by a label and begin and
end points expressed in bases. Example:

<hi ghl'i ght nane="putative gene transfer" begi n="1695413" end="1878744">

- Lineplots: this container tag groups a set of lineplots drairtassociated highlights. It defines how the
lineplots will be positioned wrt. the features through tlyge attribute. If it's value is set to
"separ at e", the lineplots will be drawn on a separate line below theuest they are related to; if
setto"overl ay" they will be mixed with the features. Th@ment attribute is used to set the name
of the set of lineplots. This name will be displayed in the Qomer Analysis Result panel of the Map
List Window. For a given map, there can only be one result witiiven name. Thei n andnax
attributes are optional and can be used to specify the ertiauies of the plots. By default, these are
computed automatically. Finally, t@root hi ng is meant to improve drawing speed by allowing a
series of points whose values do not differ by more than ttative amount given, to be drawn as a
horizontal line. For instance, if this parameter is s€t@o1" and the plot contains a series of
consecutive values in the range 0.9 to 0.99, only the entipofrihe series will drawn and linked with
a horizontal segment.

- Lineplot: this tag encloses the actual data values to béggloThe position of this plot relative to the
features is fixed with thér ame andst r and attributes. The former allows toposition a plot in a
specific reading frame (valueg", "2" or"3"), to make a plot span all three reading frames (value
"al | " or position it below the CDSs with the other types of featxegue" none"). Additionnally,
thest r and attribute defines over which of the two strands the plot wélldvawn. Thecol or defines
the color of the plot. Thet art attribute sets the position of the base corresponding tifdtelata
point, and thest ep attribute defines the number of bases separating each datafpamples:

<lineplots type="separate" comment="Line plot exanple 1">
<lineplot frane="all" color="red" start="1000" step="10">
100

0

50

0

100

</linepl ot >

</linepl ots>

This will draw a line plot on a separate line below the mapuesg. The plot starts at base 1000 with
value 100, drops to value 0 at base 1010, raises to value %3atl®20 etc.

<lineplots type="overlay" coment="Line plot exanple 2">

<lineplot franme="1" strand="1" col or="green" start="1000" step="10">
100

0

50

0

100

</linepl ot >

</linepl ots>

This will plot the same curve as above, except that it will bsiponed over de CDSs of the leading
strand and in reading frame 1. A screenshot of a line plotismin figureFigure 5>
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Figure 5. A lineplot example
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This map shows the first 120 kb. Bf subtilis A lineplot representing its GC content is drawn below
the annotations.

Boxplot: this container tag encloses a set of box descrigtitt hag ype andconment attributes
identical to line plots.

Box: this tag describes the precise characteristics of alobgomponent. It'$ r ame, strand and
col or attributes have the same meaning as for line plots.bEye n andend attributes define the
range of base positions the box should cover. flieckness attribute defines the vertical width of
the box and can take values in [0..1]. Tihebel attribute allows the definition of a text string
accompanying the box. The position of this string wrt. th& tsoset with thenal i gn andval i gn
attributes and it’s color with theabel col or attribute. The two last attributes allow hyperlinking a
box to a URL: thd i nk attribute contains de target URL to be displayed when thealsgks on the
box, and the ar get attribute names the target frame in which the link shouldibpldyed. Example:

<boxpl ot type="separate" coment="Box pl ot exanple">

<box begi n="1" end="1000" thickness="0.2" color="red" filled="yes"

| abel ="First Kb" | abel col or="bl ue" val i gn="above"/>

<box begi n="1001" end="2000" thickness="1" col or="bl ack" filled="no"

| abel ="Left of 2nd Kb" | abel col or="green" valign="inside" halign="right"/>
</ boxpl ot >

A screenshot of a more complete boxplot is given in Figure 6.
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Figure 6. A boxplot example
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This map shows the syntenies betw@&subtilisandB. haloduransn a 40 kb. portion. Syntenies are
drawn as boxes with colors denoting the direction of geneiocdnservation (green for same
direction, red for opposite direction). A blue box shows glena simple homolog relationship as
opposed to gree or red boxes standing for orthology.

Histogram: this type of plot allows the drawing of bars beltv annotated maps. Like for the other
plots, this element has a requirednment attribute where the title of the plot must be given. Another
required attribute is theei ght attribute. It specifies the global height of the histograrteixt line

units. Optional attributesi n andnax can be used to specify the range of values for the bar heights.
Two remaining attributes are offered to globally controt bapects: theéar col or attribute which can
take any defined color name as value defines their color, a&fd tH edbar s attribute can be set to
true orf al se to generate filled or empty bars.

A histogram is described kyar elements, which are positioned with thear t attribute and whose
with is given by thewi dt h attribute. Their height is found in theei ght attribute. Finally, single bar
rendering parameters are defined bydloeor andfi | | ed attributes. The following example draws a
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histogram composed of three bars :

<hi st ogr am conment =" Hi st ogr am Sanpl e" >
<bar hei ght="10" info="Bar 1"/>
<bar hei ght="20" info="Bar 2"/>
<bar hei ght="30" info="Bar 3"/>
<bar begi n="100" w dt h="50" hei ght="30" filled="no" info="Bar 4"/>
<bar begi n="151" wi dt h="50" hei ght="20" filled="yes" info="Bar 5"/>
<bar begi n="201" w dt h="50" hei ght="10" filled="no" info="Bar 6"/>

</ hi st ogr an®
An example of a histogram is given in figurggure 7.

Figure 7. A histogram example
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This map shows a histogram of gene occurrences for a porfi8@®kb. ofB. subtilis The bar height
gives the number of organisms in which the corresponding d¢pas an ortholog.

Links : when comparing annotated maps it can be useful todgtéblish links between their elements.
Linkplots allow this by definining endividuali nk elements inside ki nks container element. The

I i nks elements itself has theomment attribute used to label the plot. The overall height of that pl
can be set through theei ght attribute. Eachi nk> element has attributes defining the position of
the start of the link (thé r omattribute) and its endpoint (the attribute). Thecol or attribute

specifies the color of the link itself. The following sample®/s how to build a link plot.
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<l'i nks comment ="Li nk Pl ot Sanple" hei ght="10">
<link from="1" to ="1" info="Link 1"/>
<link from="1000" to "2000" info="Link 2"/>
<link from="2000" to "1000" info="Link 3"/>
<link from="3000" to = "5000" info="Link 4"/>
</links>
A linkplot illustration is given in figurd=igure 8>.

Figure 8. A linkplot example
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This map shows the orthology relationships between genBs &iibtilisandB. haloduransn a
portion of 60 kb. Pairs of orthologs are linked with greenex fines depending on their respective
strands.
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MuGeN Option List

Table 3. Options common to mugenb and mugenv

Option Multi a Functionality

-d source:id Yes Specifies a resource from which to load annotated genome.maps
Each resource consists of two partsoarceand and. The
source can be one fife, genbank, embl, xembl or origami(for
publicly accessible sources) micado, seqdb, mosaior agmial
(for sources needing a valid login and password). When nacsou
is specifiedfile is taken as default. The id points to the specifi
map in the source. When the latter is a file, the id is simply th
filename (in GenBank, EMBL, BSML or fasta format). When the
source is a databasgdgnbank, embl, xembl, origami, micado,
seqdb, mosaic, agmiglthe id is the access number of the
database entry. Maps will be displayed from top to bottonfén {
order they are entered on the command line. Ifithstart with a
"1I" the map will be flipped.

-f firstbase No Specifies the starting point of the image to build. In the absef]
any reference points, this is the first base of the map thabwil
located in the upper left corner of the image. If a referermatp
is given, the upper left corner will be the reference poirisetf by
the amount specified by this option.

-l lastbase No Specifies the ending point of the image to build. In the abseh¢
any reference points, this is the last base of the map thbbwil
located in the upper lower right corner of the image. If arefiee
point is given, the lower right corner will be the referenaem
offset by the amount specified by this option.

-sstep No Specifies the number of bases per display line.

-r refpos Yes Specifies aeference positior anchorfor a genome map. If the
reference position is an integer, the start of the displayedje
will be computed by adding the value of the -f option to the
integer. If the reference position is a string, MuGeN wilbkofor
a CDS feature having a gene qualifier whose value equals thg
given string. If such a CDS is found, it’s start base will bediso
compute the start of de displayed image as explained above.
Moreover, if the gene is on the reverse strand, the map will be
flipped. The genome map for which the reference position is
defined is determined by the index of #hreoption wrt. the-d
option (i.e. the firstr option will be applied to the map defined
by the first-doption, the second applies to the second and so
on).

D
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ne

Option Multi a Functionality

-c filename[,index] Yes Specifies a computational analysis results file to displak wi
genome map. If a comma and iwlexare appended to the
filename, the result will be applied to the genome map of the
corresponding index. Index 1 is the genome map loaded by t
first -d option, index 2 the map corresponding to the secahd
and so on.

-efilename No Specifes a file containing a color scheme to apply to displaye]
features.

-w n No Specifes the width in pixels of the drawing area

-p filename No Specifes the preferences file to load. If4pooption is given, the
preferenes file will be set t§{ HOVE} / . mugenr c.

Notes:

a. Multi options are options that can be used several timge@nommand line.

Table 4. Options specific to mugenb

> >

Option

Multi

Functionality

-o format

No

Specifies the output format of the image file to be generated.
Valid formats are : PNG, IMAP, PS, EPS, XFIG.

-m mediatype

No

Specifies the media type, for PS or EPS output files. Validgyp
are : a7, a6, a5, a4, a3, a2, al, a0, b7, b6, b7, b4, b3, b2, b1,
lettern legal, executive, ledger.

-u urlprefix

No

Specifies the root URL for client-side image maps in IMAP
format. Parameters relative to dislayed features will hgesyoled
to this root URL. For instance, given a root URL of
http://ww. sonewher e. or g/ cgi - bi n/ nyscri pt. pl ?nyid
and an image containing a CDS feature, whose name is abc
positioned from base

1234 to base 5678, the URL generated for it’s clickable ariéée/
http: //ww. sonewher e. or g/ cgi - bi n/ nyscri pt. pl ?nyid

-t anchortarget

No

Sets the target frame of map links in IMAP format. Default is:

FXYZ &,

FXyz & ag=CDS&n

_self.

Notes

1. Table 3> details all command line options supported by MuGeN.
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Appendix A. Secondary dependencies

C libraries

The following list details a set of libraries upon which thedules used by MuGeN relie. They are part
of all major Linux distributions, but may be needed for itistg MuGeN on other platforms.

+ Glib: Glib is a general purpose C library needed by the Gtki2ib. It is available at
ftp://ftp.gtk.org/pub/gtk/v2.6/. (ftp://ftp.gtk.orglib/gtk/v2.6)

- Atk: Atk is also a library also used by Gtk2. It is also avalaht ftp://ftp.gtk.org/pub/gtk/v2.6/
(ftp://ftp.gtk.org/pub/gtk/v2.6).

- Pango: Pango is also a library also used by Gtk2. It is alsitedla at ftp:/ftp.gtk.org/pub/gtk/v2.6/
(ftp://ftp.gtk.org/pub/gtk/v2.6).

- Gtk: Gtk is the library providing all of the graphics intecawidgets and controls. It is available at
ftp://ftp.gtk.org/pub/gtk/v2.6/ (ftp://ftp.gtk.orglp/gtk/v2.6).

- Gd: GD is the library needed for generating PNG images wittGdN. It is available at
http://www.boutell.com/gd/

Perl modules

Below is the list of Perl modules needed by MuGeN. Most of tlagenpart of standard Perl installations
on Linux distributions, but again, installing MuGeN on S@danay require to install some or all of them.
They can all be found on CPAN (http://www.cpan.org).

- Carp: used for errors, warnings and information messages.

- File::Basename: used to separate a path into it's compsnent
« GetOpt::Long: used to process command-line arguments.

- HTTP::Request: used to retrieve data from EMBL (optional).
+ 10O::File: used to write preferences with XML::Writer.

« LWP::UserAgent: used to retrieve data from EMBL (optional)
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Appendix B. Installing MuGeN on MacOS X

The following is a recipe for installing MuGeN on MacOS X siag from a bare-bones system. It lists
the commands that are needed to install all the componen®&aMuelies upon, mostly by recompiling
the packages from source. Release numbers are indicativeltiey reflect the up to date release on the
date the installation was performed. Older releases cdstdlze used. The commands given are
executed in the directory created by the extraction of tha&r . gz archives. As usual, the installation
commands have to be performed as root.

libtool-1.42
ftp://ftp.gnu.org/gnu/libtool/libtool-1.4.2.tar.gz

./configure
make
make install

autoconf-2.58

ftp://ftp.gnu.org/gnu/autoconf/autoconf-2.58.tar.gz

./ configure
make
make install

libiconv-1.9.1
ftp://ftp.gnu.org/gnu/libiconv/libiconv-1.9.1.targ

./ configure
make
make install

gettext-0.12.1
ftp://ftp.gnu.org/gnu/gettext/gettext-0.12.1.tar.gz

./configure
meke
nmake install

jpeg-6b
ftp://ftp.uu.net/graphics/jpeg/jpegsrc.v6b.tar.gz

./lconfigure

make
make install
make install-lib

ranlib /usr/local/lib/libjpeg.a
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Appendix b. Installing MuGeN on MiaCOs A

libpng-1.2.5
http://prdownloads.sourceforge.net/png-mng/libpn@-5.tar.gz?download

cp scripts. makefile.darwin .
make -f nakefile.darw n
make -f makefile.darwin install

tiff-v3.6.0
ftp://ftp.remotesensing.org/pub/libtiff/tiff-v3.6.4ar.gz

./configure
make
make install

pkgconfig-0.15.0
http://lwww.freedesktop.org/software/pkgconfig/reksipkgconfig-0.15.0.tar.gz

setenv CPPFLAGS - no- cpp- preconp
./configure

meke

nmake install

glib-1.2.10
ftp://ftp.gtk.org/pub/gtk/v1.2/glib-1.2.10.tar.gz

setenv CPPFLAGS - no- cpp- preconp
./ configure powerpc-appl e-macos
make

make install

gtk+-1.2.10
ftp://ftp.gtk.org/pub/gtk/vl.2/gtk+-1.2.10.tar.gz

set env CPPFLAGS - no- cpp- preconp
./ configure powerpc-appl e-macos
make

make install

freetype-2.1.7

ftp://ftp.freetype.org/freetype/freetype2/freetypd-.7 .tar.gz

set env CPPFLAGS - no-cpp-preconp
./configure

make

make install
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gd-2.0.15
http://mww.boutell.com/gd/http/gd-2.0.15.tar.gz
After unpacking the ar . gz archive, edit the filggdf t . ¢ and insert line 57 as follows:
#include <ft2build.h

setenv CPPFLAGS - no- cpp- preconp
./ configure

nake

meke install

expat-1.95.7

http://prdownloads.sourceforge.net/expat/expat-¥.8&r.gz?download

./configure
nake
nmake install

postgresql-7.4
ftp://ftp.fr.postgresql.org/latest/postgresql-7ad.4z

./configure --w thout-readline
make
make install

Heap-0.50

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/Hedgep-0.50.tar.gz

perl Makefile.PL
make
make install

Graph-0.20101

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/Gréptaph-0.20101.tar.gz

perl Makefile.PL
make
make install

XML-Parser-2.34
ftp://ftp.cpan.org/pub/CPAN/modules/by-module/XMIYX -Parser-2.34.tar.gz

perl Makefile. PL EXPATLI BPATH=/ usr/ | ocal /i b EXPATI NCPATH=/ usr/ | ocal /i ncl ude
make
make install

27



Appendix b. Installing MuGeN on MiaCOs A

DateManip-5.42

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/DBiateManip-5.42.tar.gz

perl Makefile.PL
make
make install

Parse-Yapp-1.05

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/P#Psese-Yapp-1.05.tar.gz

perl Makefile.PL
make
make install

MIME-Base64-2.21
ftp://ftp.cpan.org/pub/CPAN/modules/by-module/MIMBME-Base64-2.21.tar.gz"
(ftp://ftp.cpan.org/pub/CPAN/modules/by-module/MINMEME-Base64-2.21.tar.gz)

perl Makefile.PL
make
make install

URI-1.27

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/URRIJ1.27 tar.gz

perl Makefile.PL
make
make install

Digest-MD5-2.30

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/DigBPggest-MD5-2.30.tar.gz

perl Makefile.PL
make
make install

libnet-1.17

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/Nétiet-1.17.tar.gz

perl Makefile.PL

Do you want to nodify/update your configuration (y|n) ? [ no]
make
make install
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HTML-Tagset-3.03

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/HTNMTML-Tagset-3.03.tar.gz

perl Makefile.PL
make
make install

HTML-Parser-3.34

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/HTNTML-Parser-3.34.tar.gz

perl Makefile.PL
make
make install

libwww-perl-5.76

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/HT Mbwww-perl-5.76.tar.gz

perl Makefile.PL
make
make install

libxml-perl-0.07

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/XMb#ml-perl-0.07 .tar.gz

perl Makefile.PL
make
make install

libxml-enno-1.02

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/XMb#tml-enno-1.02.tar.gz

perl Makefile.PL
make
make install

XML-Writer-0.4

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/ XMWY -Writer-0.4.tar.gz

perl Makefile.PL
make
make install

GD-2.11

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/GD/@M 1.tar.gz

perl Makefile.PL
Where is libgd installed? [/usr/lib] /usr/locall/lib
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Buil d JPEG support? [y] vy
Buil d FreeType support? [y] vy
Bui | d XPM support? [y] vy

make

make install

|O-String-1.03

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/I0/8ing-1.03.tar.gz

perl Makefile.PL
make
make install

|O-stringy-2.108

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/IO/#Bingy-2.108.tar.gz

perl Makefile.PL
make
make install

Storable-2.08

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/Stie#Storable-2.08.tar.gz

perl Makefile.PL
make
make install

Text-Shellwords-1.03

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/Téskt-Shellwords-1.03.tar.gz
(ftp:/lftp.cpan.org/pub/CPAN/modules/by-module/Téeit-Shellwords-1.03.tar.gz)
perl Makefile.PL

make
make i nstall

XML-Twig-3.11

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/XMWYX -Twig-3.11.tar.gz

perl Makefile.PL
(default choices)
nake

meke install

Test-Harness-2.36

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/Tésst-Harness-2.36.tar.gz
perl Makefile.PL
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make
make install

Test-Simple-0.47

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/Tésst-Simple-0.47.tar.gz

perl Makefile.PL
make
make install

File-Temp-0.14

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/Hiigd-Temp-0.14.tar.gz

perl Makefile.PL
make
make install

MIME-Lite-3.01

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/MIMBME-Lite-3.01.tar.gz

perl Makefile.PL
make
make install

MailTools-1.60

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/Misidil Tools-1.60.tar.gz

perl Makefile.PL
make
make install

MIME-tools-5.411

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/MIMMBME-tools-5.411.tar.gz

perl Makefile.PL
make
make install

SOAP-Lite-0.55
ftp://ftp.cpan.org/pub/CPAN/modules/by-module/SO8BAP-Lite-0.55.tar.gz
(ftp://ftp.cpan.org/pub/CPAN/modules/by-module/SO8OAP-lite-0.55.tar.gz)

perl Makefile.PL
make
make install
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bioperl-1.4
http://bio.perl.org/DIST/bioperl-1.4.tar.gz

perl Makefile.PL
make
make install

Gtk2 (Perl module)

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/Gtka{2-0.95.tar.gz

perl Makefile.PL --w thout-gdkimib --w thout-gnone --w thout-gnoneprint \
--w t hout-applets --wi thout-glade --w thout-gtkhtm \
--w t hout - gt kxmht ml - - wi t hout - gdkpi xbuf

make

make install

PodParser-1.24

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/PamtiParser-1.24.tar.gz

perl Makefile.PL
make
make install

XML-DOM-1.43

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/XMWYX.-DOM-1.43.tar.gz

perl Makefile.PL
make
make install

Error-0.15

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/EfEaror-0.15.tar.gz

perl Makefile.PL
make
make install

DBI-1.38

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/DBBDB1.38.tar.gz

perl Makefile.PL
make
make install
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DBD-Pg-1.31

ftp://ftp.cpan.org/pub/CPAN/modules/by-module/DBBD-Pg-1.31.tar.gz

perl Makefile.PL
make
make install
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