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General overview 
 
MolliGen is a database dedicated to the exploration and the comparison of mollicute genomes [1].  
 
Bacteria belonging to the class Mollicutes were among the first ones to be selected for complete 
genome sequencing because of the minimal size of their genomes and of their pathogenicity for 
humans and for a broad range of animals and plants. An ever-growing number of genome sequences 
becomes available and constitutes a precious basis for a wide diversity of applied and fundamental 
researches including, development of typing markers, vaccine design, metabolic networks 
reconstructions, evolution and “omics” studies and, recently, synthetic biology.  
 
In order to provide tools for the comparative genomics of mollicutes to the scientific community, we 
have developed a web-accessible database named MolliGen that was first released in 2003 (Barré et 
al., NAR, 2004). We present here the functions that have been implemented in the release 3.0. 
 
This database is freely accessible as a web-ressource at URL: http://molligen.org/. Note: We 
recommand the use of Mozilla FireFox browsers; popup option of the navigator should not be 
desactivated. 
 

What you can do with MolliGen 
Exploring mollicute genomes 
Usual tools required to explore genomes have been inferred in MolliGen. They include various ways to 
search for genes or groups of genes and to access to a wide range of related data. General 
information describing whole genome properties are also available as well as graphical 
representations.  
 
Comparing genomes 
One of the most challenging aspects of genomic studies is to compare genomes, with the aim of 
deciphering genome evolution and identifying particular genetic elements which could be responsible 
for specific biological properties. Many tools, specifically developed for MolliGen or incorporated from 
academic sources are associated with the database. They allow the comparison of mollicute genomes 
at the chromosome level and at the gene level. A particular effort is in progress to facilitate the 
identification of homologous genes within and among genomes.  
 

Information sources and tools 
Genomic sequences and annotation 
The genomic sequences deposited in MolliGen as well as related annotation data are inferred from the 
corresponding GenBank [2] entries. Most genomes implemented in MolliGen are all publicly 
accessible from such general databases. Additionally, some unpublished genomes can be integrated 
in MolliGen (see “Private sessions”, page 4). 
 
Predictions and tools 
Data sources for CDS predictions and annotations are inferred from GenBank files; Metabolic 
pathway, enzymes and functional categories are from the KEGG [3]. Several tools available in 
MolliGen were developed by others; links and information are also provided in this tutorial. 

  

http://molligen.org/
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Home page  
Home page 
MolliGen home page gives access to most of the tools and data included in the database. 
 
The menu that appears on the home page can be accessed from most pages of the database by 
clicking on the small triangle circled in red. 
 

 
 

 ToolBox: access to various tools for genome analysis and comparisons (see page 23-27) 

 Search: access to gene search forms (see page 9) 

 Species: access to genome files (see page 5) 

 Workspace: access to personal workspace where query results can be stored. (pages 4, 27) 

 MyMolliGen: access to the login/password form (see page 4) 

 Contacts and credits: information on MolliGen’s related publications and people involved in 
development of the database (see page 31) 
 

Workspace 
The workspace is a space where the user can store lists of elements obtained from queries and files 
generated by some tools of MolliGen. When using “public session”, the results will be stored until the 
MolliGen session is closed. When using private session (see the following paragraph), results will 
remain stored even when the MolliGen session is closed. To access the workspace, click on 
“workspace” on the main menu of the homepage.  

 Results: this menu shows the lists of elements that have been saved by the user. Content can 
be accessed by clicking on the small triangle in front of a list name. Lists can be combined 
using the combine tool (see page 27). To discard a list, click on the corresponding recycle bin 
icon. 

 Files: some tools in MolliGen generate files that are automatically stored here. In this case, a 
pop up message indicates that the result file is available in the workspace. To discard a file, 
click on the corresponding recycle bin icon. 

 Jobs: indicates if a complex query that requires a significant calculation time is running. 
 

Private sessions 
Creation of a private session 
MolliGen offers the possibility to integrate, analyse and compare unpublished genomes. This 
possibility was developed with the aim of facilitating the analysis of new genomes after the annotation 
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process. These genomes can then be analysed in private sessions which access is restricted to 
identified users. If you wish to benefit from a private session, please contact a member of the MolliGen 
team which email are available in the “Contacts and credits” section of the database (see also p31 of 
this tutorial). General conditions of use, login and password will be provided. To be implemented in 
MolliGen, annotated genomes should be provided in standard GenBank or embl format. Please note 
that the incorporation of a new genome in MolliGen requires a few days since it implies some 
computing work.  
Private session also gives the possibility to store results that will remain available in the workspace 
after MolliGen session is closed. 
 
Starting a private session 
From the MolliGen homepage, you can start a private session by selecting “MyMolliGen” and filling the 
login and password fields. Password can be changed by the identified user, by clicking on “My profile”. 
The genomes deposited in your restricted section of MolliGen will appear as additional genomes in the 
list included in the pages of the web-site. 

 

 

Genome exploration 

Looking for general information on genomes 
Species 

Genome selection 
General information on mollicutes genomes are available from the “species” menu of the home page. 
Genomes implemented in MolliGen can be chosen using the “list” menu. When several genomes are 
available for a species, these can be viewed by clicking on the blue bubbles icon.  
  
 

 
Alternatively, genomes can be selected from the “Phylogeny” menu. In this case, all genomes 
available appear in the phylogenetic tree. Complete name of species and strain appear by mouse-
over. 
 
Phylogeny 
Select “complete tree” to access a phylogenetic tree inferred from 16S rDNA sequences. A particular 
focus is made on species which genome has been completed or is being deciphered.  
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Select a species by clicking the icon or the name to access the corresponding genome page.  
 
 

Genome page  
This page contains general information about the genome 

 
 General features: available from the genome page. When genome includes several scaffolds 

or contigs, associated features can be obtained after selection using the drop-down menu. 

 GC content / GC skew: access to an interactive page with scalable graphs. These graphs are 
also available from the Toolbox menu at the homepage. Rolling the mouse will make the 
genome shift. The scroll bar can be used to modify the size of the window used for calculation. 

 Statistics: graphs or tables with statistics related to CDSsize, protein size, CDS strand 
distribution, intergenic distance, amino acids usage, codon usage, start and stop codon usage 
and functional categories implemented from KEGG. 

 Two parameters analyses: access to an interactive query page where genome data can be 
explored as two dimensions graphs. Various features can be combined, including general 
properties (GC content, start codon, pHi, molecular weight, transmembrane domain number, 
protein length, strand) and amino acids and codon frequencies. 

 Download: generate files from genome (or selected scaffold/contig) in various formats 
(FASTA, GenBank, GenBank features, embl). The generated files are then stored in the 
workspace (see also page 27). 
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Circular genome browser 
This browser is available from the “ToolBox” menu of the homepage. Select the genome of interest 
from the drop-down list. This will open the CGview browser [4] implemented in MolliGen. 
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The toolbar enables to zoom and rotate to view specific regions of the genome. One can also click on 
tick marks to zoom in. Clicking on gene name/mnemonic opens the related gene file (see page 12 for 
description). 
Note: CGviewer always represents genomes as circular. This could be misleading when considering 
linear genomes (e.g. Ca. phytoplasma mali) or genome parts (scaffold or contig) of an uncompleted 
draft. 

Generic genome browser 
This browser is available from the “ToolBox” menu of the homepage. Select the genome of interest 
from the drop-down list. This will open the Generic Genome Browser [5] implemented in MolliGen. 

 
Genomic region can be defined and zooming options are available. Clicking on a CDS will open the 
related gene file. 

Metabolic pathways 
The KEGG database [6,7] proposes a wide range of general maps representing metabolic and other 
cellular pathways. Those maps are implemented in MolliGen and can be accessed from the Toolbox 
at the homepage for genome exploration (“toolbox/simple/metabolic path.”) or for genome comparison 
(see page 25). 
For genome exploration, select a genome and a pathway from the drop-down lists. On the right side of 
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the KEEG map, the list of enzyme found in the genome is provided. These enzymes are framed in red 
on the map. Clicking on a framed enzyme will open a new page with the list of corresponding CDS.  

 

Searching for genes 
Many genomic investigations start using a particular gene as an entry. In MolliGen, genetic elements 
can be searched in one or a selection of genomes using the “simple” and “natural language” forms 
from the “search” menu accessible from the homepage. 

Genome selection 
The target genomes of a query can be selected by clicking the button at the left of “all species 
selected”. By default, one genome for each species is selected. In order to select all genomes from all 
species, click on “all strains”. Default selection can be erased by cliking on the “+/-“ button. Manual 
selection of one or several genomes can be achieved by simple clicks. Complete groups of genomes 
can be selected using the appropriate sorting list: sort by “phylogeny”, “name (alphabetic)”, “host”. 

Simple queries 
Single gene search 
The “simple query” form allows searching for genetic elements using usual names or specific entries. 
As an example, we will search for the recA gene in the genomes of M. genitalium, M. pulmonis, M. 
capricolum and Ca. phytoplasma asteris Aster Yellows strain. 
 

 Select the target genomes from the list 

 Enter “recA” in the field “Gene name”  

 Clicking on “Submit”, we obtain the result of the query. Selected genomes are indicated in the 
left side of the page. The number of CDS associated with a gene name “recA” is indicated for 
each genome, in brackets. Mouse over the triangle to make the complete name of the 
species/strain visible. 

 

 

 
 The complete table of results in presented below the query panel. A selected view of the 

results corresponding to a specific genome can be obtained by clicking the associated 
triangle. See below for exploiting the information associated with genes (page 12). 

 

 Genes may also be searched using “mnemonics” that have been associated with CDS during 
the annotation (ex: the recA gene correspond to the mnemonic MYPU_2520 in the M. 
pulmonis genome). The “product” field can also be used.  

 

 From the result page, the parameters of the query can be direct modification of the “Query” 
panel or the list of selected genomes, available by clicking on the paper-clip icon. 
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Searching for groups of genes 
Groups of genes can be searched from the “simple query” form using: 

 A list of gene names separated by a coma (e.g. recA, dnaA, gyrB) 

 A degenerated gene name (ex: rec*). The star is a wildcard character which specifies that any 
character downstream is allowed. 

 A list of mnemonics(e.g.  MPN001, MPN045, MG065) 

 A general “product” (e.g.  *polymerase*). The wildcard character (*) can be used on each side 
or on both sides of the query word. 

 
A complete list of the protein-encoding genes can be obtained using a degenerated mnemonic (e.g. 
“MYPU*” in the “mnemonic” field will generate to the list of the 782 CDS from M. pulmonis). 
 
Warning: Most annotations available in MolliGen correspond to the original annotations decided by the 
annotators. Consequently, “product” and “gene names” are not homogenous among genomes. For 
example, obvious orthologs may have been named differently according to the species. It should also 
been noticed that, until now, no gene names have been attributed to the CDS from M. florum. An 
alternative solution to find genes is to use homology relationship (see “Looking for homologs from a 
gene file”, page 15). 
 
Looking for genetic elements within a genomic fragment 
All the genetic elements located on a particular genome fragment can be retrieved from the “simple 
query” form. As an example, we will search for all CDS located between positions 11298 and 20356 in 
the genome of M. gallisepticum R (low). 

 Select “M. gallisepticum R (low)” in the genome list 

 Fill the two fields below “Positions between” with values 11298 and 20356, respectively. 

 Submit query 

 Five elements are found in the selected fragment. See below for exploiting the information 
associated with genes (page 12). 

 

Advanced queries using natural language form 
More sophisticated queries can be formulated in the “natural language form”, available from the 
“search” tab of the homepage or from the “simple query form” by clicking on “(mode)” at the top of the 
query panel. 

 
A complete lexicon of the language that can be used if provided when clicking the book icon at the 
right of the query field. This language uses “fields” and “operators” that can be freely combined. 
 
 

Fields :  

name (text) :  gene name 

mnemonic (text) :  gene mnemonic 

product (text) :  gene product 
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begin (numeric) :  start position 

end (numeric) :  stop position 

strand (text) :  DNA strand of the gene (+/-) 

type (text) :  element type (CDS, gene , rna ...) 

enzyme (text) :  enzymatic classification (ex : 2.7.7.1) 

phi (numeric) :  isoelectric point 

mw (numeric) :  molecular weight 

tm (numeric) :  number of TM domain 

group (text) :  phylogenetic group (spiroplasma, pneumoniae, hominis or phytoplasma ) 

domain (text) :  protein domain name 

nsize (numeric) :  nucleic sequence size 

psize (numeric) :  proteic sequence size 

 

Operator :  

Inter field  and, or  
  

ex: name=dnaa or name=dnab  

Numeric fields  = / > / >= / < / <=  
  

Text fields  =  
  

For text fields you can use * as joker (ex: name=rec*) 

 
An example of complex query is provided. Note that the form is not case sensitive. 
 
Searching for genes encoding rRNAs and tRNAs 
Genes encoding rRNAs, tRNAs, tmRNA, sRNA and ncRNAs can be searched from the “natural 
language form”, using: “type=rRNA”, “type=tRNA”, “type=tmRNA, “type=sRNA or “type=ncRNA”, 
respectively. Note that all RNAs can be retrieved using: “type=*RNA. 
 
Searching for genes which have been modified 
Some genomes included in MolliGen are not complete. Therefore, mnemonics associated with a CDS 
might change upon draft version. In other cases, genome annotation improvements can lead to modify 
some entries. If you which to find an element that was previously present in the database but that you 
do not find at present, please use the “use history” option.  
 

Exploring information associated with genes 
Results from a simple or an advanced query are displayed as a table composed of several rows, each 
one corresponding to a CDS or another genetic element. As an example, the following table was 
obtained after searching the gtsA gene in all available genomes and clicking the “all results” button. 
Several features associated with the elements can be visualized directly from this result table 
(mnemonic, gene name, position and orientation on the chromosome...); others are available by 
clicking onto the “info” link. 
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Primary annotation and general gene features 
Click on the “info” button corresponding to the gtsA gene from M. agalactiae (MAG2310). All data 
available for a particular gene are accessible from the gene page. The “Annotation” section of the 
page includes general features on the gene and protein: position and strand, gene and protein 
lengths, functional category (from the KEGG [6]), enzyme prediction and predicted domains of the 
protein: transmembrane domains predicted by TMHMM [8], domains predicted by PROSITE [9] and 
PFAM [10]. Details on the domain predictions can be accessed by clicking on the graphical 
representation of the domains. Nucleotide and amino acids sequences are directly available from this 
page. 
 

 
 
 
 
Specific gene features 
More specific features are available from the other menus of the CDS page: 
 

 Homology: This part of a CDS page gives access to several predictions related to protein 
homology.  See page 15 for the complete description of this menu. 

 

 Historic: This page lists any modification of the annotation of the CDS. See also page 13. 
 

 Analysis: This menu gives access to complementary information on the CDS, including (1) 
amino acid and (2) codon usages, (3) a localization tool and (4) a micro-synteny tool. 

 The localization tool can be used to identify the CDS in its genomic context, on a complete 
circular map of the chromosome and on a scalable linear map. The reference CDS appears as 
a dot on both maps. To zoom in on a specific region of the linear map, one can left-click and 
extend a rectangle defining the region of interest. Click right gives indications on the chosen 
CDS. 
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Gene re-annotation 
MolliGen offers the possibility to modify features of a CDS. Access to modification tools requires a 
specific authorization (see also page 4). Please, contact us if you wish to get such re-annotation 
rights. When you have rights for the re-annotation of a genome, all CDS files will present two star 
signs in the annotation page. Click on stars to open specific re-annotation panels. 
 

 
 
 
 
Clicking on the star at the right of the word “annotation” will open a panel where several fields can be 
updated: 

 Type: a drop-down menu enables to choose the type of genetic element (CDS, tRNA, 
Pseudogene…). Can be particularly useful to declare pseudogene a CDS that has not been 
previously identified as so. 
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 Mnemonic: Except on very special cases, this field does not have to be changed since the 
mnemonic is the identification code for the CDS. 

 Name: to modify the gene name. 

 Product: This field is commonly modified in the re-annotation process as knowledge on the 
function of genes is regularly improved. 

 Comment: this field enables to add any information on the CDS. 
 
After modifications, it is required to validate by clicking on “record”. 
 
Clicking on the star at the right of the word “localisation” will open a panel where several fields can be 
updated: 

 Begin: first nucleotide of the start codon 

 End: last nucleotide of the stop codon 

 Strand: + or – 
 
When any of this field has been modified, click on “generate sequence” to redefine the nucleotide and 
amino acid sequences of the CDS. A check that the last codon of the newly defined CDS is a stop 
codon will generate a star at the end of the amino acid sequence. This has to be manually deleted.  
 
After modifications, it is required to validate by clicking on “record”. 
 
Notes:  

 At present, deletion of an existing CDS or creation of a new CDS requires additional rights 
only given to the declared “owner” of the genome. Please contact us if you need to delete or 
create CDS. These actions will soon be possible to any user with the Read & Write rights. 

 Once a genome annotation has been updated, a genbank or an embl file can be generated 
from the genome page (see page 6). Such files can be used to send update genomes to 
public databases. 

 

Other tools 

Pattern search 
From the homepage, choose “ToolBox”, then “Pattern search”. Enter the nucleotide sequence to be 
searched. Select one or several genome(s) and the number of mismatch accepted. Submit query. 
Note that the search is performed on both strands of the genome. 

In silico restriction digests  
From the homepage, choose “ToolBox”, then “Restriction sites” in the main toolbar.  
Select a genome, and a restriction enzyme; submit query. From the page result, the number and 
position of sites is provided in a table. Positions of the restriction sites can be seen on a circular map 
of the chromosome. More information on the ReBase, used to generate these data, [11] is available at 
http://rebase.neb.com/rebase/rebase.html 

Intergenic regions 
In order to explore the intergenic regions of the genomes, a special tool has been designed and is 
avalaible in the toolbox. Select a genome and define the minimal and maximal length of the intergenic 
regions. The result list contains all intergenic regions with length compatible with the chosen limits. 
Localization on the genome and size of the predicted intergenic regions are indicated. Clicking on 
“save” will generate a text file with the nucleotide sequence of all selected intergenic regions, in a poly 
FASTA format.  This tool can be used in combination with the graph of intergenic regions available in 
each genome page, at “statistics”.  

http://rebase.neb.com/rebase/rebase.html
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Genome comparisons 

Comparing genes 
Homologous genes are defined as having evolved from a common ancestor gene [12]. They are 
searched among genomes on the basis of sequence conservation. Well known programs such as 
BLAST [13], FASTA [14] and SSEARCH are commonly used for measuring sequence similarity 
between a query gene (or gene product) and a gene (or protein) within a targeted database. Besides 
the BLAST and SSEARCH tools, three complementary methods are implemented in MolliGen to 
predict homologs. These are BDBH, BBH and clusters. 
 

Pre-computed homology relationship in MolliGen 
 
Bi Directional Best Hit (BDBH): BDBH defines pair of genes that are reciprocal best hits and have 
limited size difference. This definition is frequently used in comparative genomics as it often leads to 
identify rapidly orthologous pairs between two genomes. This is of particular interest when duplication 
events have generated several paralogs with significant sequence similarity. However, one should be 
aware that in mollicutes that have encountered dramatic gene loss, BDBH relationship prediction 
might be misleading as it may link CDS that are only pseudo-orthologs. For a complete overview of 
homology relationship definitions, we recommend to read the E. Koonin’s review [15]. In MolliGen, the 
BDBH were calculated using the ssearch alignment program with the substitution matrix MOLLI60 [16] 
with an evalue threshold (10

-4
) and an alignment covering at least 50% of the longest protein.  

 
Best Blast Hits (BBH): this corresponds to the results of a Blastp query using the CDS amino acid 
sequence as query and the predicted proteome associated with a chosen genome, as target. In 
MolliGen, these blast queries have been precomputed and a threshold of 10

-8
  as Evalue is applied to 

filter the results to get a meaningful prediction of homologs. Contrasting with the BDBH, such definition 
of homology will retrieved every CDS with a significant sequence similarity. Therefore, several 
paralogs will not be distinguished and many members of protein families may be retrieved. This is the 
case of ABC transporters. 
 
Clusters: this prediction of orthologs is based on a more sophisticated approach including several 
steps: (1) all-against-all alignment with the program ssearch using all predicted proteomes 
implemented in MolliGen 3.0 and using the dedicated MOLLI60 similarity matrix [16], (2) clustering 
step of predicted homologs with Evalue threshold (10

-5
) and an alignment covering at least 50% of the 

longest protein, (3) multiple alignment of homologs with MUSCLE [17], (4) phylogenetic tree 
reconstruction using PhyML [18] and (5) analysis of the tree topology to get orthologs families. As the 
complete process requires significant calculation times, clustering prediction will be updated 2 to 4 
times a year, depending of the number of new genomes incorporated in the database. Therefore, 
cluster predictions may not be available for your favorite genome yet. Please contact us if you have an 
urgent need of these predictions. 
 
Note: whatever the method used, homology search are based on the amino acid sequence of the 
corresponding protein. 
 

Looking for homologs from a gene file 
From a gene file, predicted homology relationships can be accessed from the “homology” menu. 
 
Homolog table 
This table lists the homologs predicted by the three above-mentioned methods. Green circles indicate 
that the CDS was predicted as an homolog to the query CDS by the corresponding method. Lists can 
be ordered by clicking on the double triangles at the right of the words “BDBH”, “BBH” and “Cluster”. 
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Synteny  
This page presents several graphical representations of the BDBH relationship of the reference CDS 
and flanking CDSs. BDBH predictions are indicated by colour code. Only CDSs presenting a BDBH 
relationship with CDSs of the reference genome are coloured. In other words, homologs from other 
genomes will not be coloured if no BDBH is present in the reference genome.  
 
For all tools available here, the size of the genome region and the width of the generated picture can 
be defined using the top left panel. 
 
On the graphs, complete information on CDS can be seen by mouse over and direct access to the 
associated gene page is available by simple click. 
 
Synteny/Synteny with same orientation: When using the “same orientation” option, the all genomes 
will be orientated so that the reference orthologs have the same orientation than in the reference 
genome. The “compute score on this image” option will order the genomes in function of the similarity 
level to the reference, taking all CDS of the visible genome region into account. A screenshot 
corresponding to such ordered graph is presented below. 
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Co-occurrence: this graph summarizes the presence of CDSs that are BDBH with the CDS of the 
reference genome. The main difference with the “synteny” tool is that co-occurrence does not mean 
the predicted orthologs are located in the same genome region than in the reference genome. 
Considering the general lack of synteny of mollicutes genomes, this graph might be more informative 
than the “synteny” graph, when genomes that are not phylogenetically related are compared. The 
“compute score on this image” option will order the genomes in function of the similarity level to the 
reference, taking all CDS of the visible genome region into account. 
 

 
The PhyloView tool available from “co-occurrence” and “synteny” pages show a phylogenetic tree 
with the number of CDS with predicted orthologs (BDBH) for the considered genome region. 
 
Homolog graph: predicted orthologs are represented as clusters where each CDS is represented by 
a circle with connecting edges indicating BDBH relationship with other CDS. Using the “visualization 
method” menu, everal options are available to modify the aspect of the graph. The picking mode 
allows to manually modifying the position of the circles, for better clarity. 

 
By clicking on “extended graph” and “draw”, a new calculation will lead to an extended view where all 
CDS with a BDBH relationship to a CDS initially connected to the reference CDS will appear. By 
clicking on “clustering”, a clustering algorithm can be applied to identify the different clusters that can 
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be distinguished among the connected homologs. Each cluster appears with a specific colour and 
corresponding CDSs can be shown or individually checked by mouse over. 
 
Clustering: this table lists the CDS that are members of the same cluster than the reference CDS, 
according to the method described on page 15. The cluster number is indicated and a phylogenetic 
tree is provided in newick format. This phylogenetic tree was constructed by the maximum likelihood 
method, using the PhyML programme [18]. Using a phylogenetic tree browser such as TreeView 
(http://taxonomy.zoology.gla.ac.uk/rod/treeview.html) [19] or the one implemented in the MEGA 
platform (http://www.megasoftware.net/) [20], the phylogenetic tree corresponding to the predicted 
cluster of orthologs can be obtained very rapidly. 
A graphical representation of the cluster is also available by clicking on “cluster graph”. 
 
Remark: It should be noted that this cluster may have a different composition than the ones presented 
in the “homolog graph” paragraph that are based on the BDBH calculation method. 
 

 
Other links: This page gives access to two other databases that are very useful for comparative 
genomics with non mollicutes species, STRING [21] and MBGD [22]. These databases contain very 
interesting possibilities to study genes associations, however, it should be mentioned that the 
integration of new mollicute genomes in these databases is often delayed for several months. 

Further investigations on gene relationship 
Several tools are available in the drop-down menu of the pages corresponding to a query result (see 
page 9), a homolog table (see page 15) or a BLAST result (see page 22). The following section 
illustrates the use of these tools.  
 
As an example, let’s start by searching CDS associated with the gene name “gtsA” in all mollicute 
species, using the simple query form (see page 9). A screenshot of the result page is provided 
thereafter. 
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All genetic elements have the gene name “gtsA”, two are typed PSEUDOGENE, the others are CDS. 
From the drop-down menu at the top right of the result list, several tools are available: 
 
Save this list as: 
Selecting this tool will open a new panel where you are asked to give a name to the list. The list of 
elements is then stored and can be retrieved from the workspace. Note that if you are using a “public 
session”, the workspace content will be emptied when closing MolliGen. In a “private session”, results 
remain stored, even after closing (see page 4 for further details). 
 
Make file: 
This tool generates files including (1) nucleotide FASTA sequences (with possibility to extend retrieved 
sequences on each side – very useful for PCR primer design), (2) amino acids FASTA sequences and 
(3) configurable table summarizing element features. 

 
 
Clustalw, Muscle and Tcoffee: 
These tools generate multiple alignments of the selected sequences. In each case, extra sequences 
can be added to be integrated in the alignment. This can be done using the “add sequences” option in 
the panel that appears when selecting these tools. An example of Clustal result is provided below. 
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 Black and white ClustalW version of the alignment is available by clicking on “here” (1) above 
the ClustalX colored alignment. ClustalW and ClustalX softwares are described in [23] and 
[24], respectively. Note that ClustalX is only an interface for the ClustalW multiple sequence 
alignment program. 

 The line under the alignment is used to mark strongly conserved positions. Three characters 
('*', ':' and '.') are used: '*' indicates positions which have a single, fully conserved residue ':' 
indicates that one of the following 'strong' groups is fully conserved (STA/NEQK/NHQK/ 
NDEQ/QHRK/MILV/MILF/HY/FYW); '.' indicates that one of the following 'weaker' groups is 
fully conserved (CSA/ATV/SAG/STNK/STPA/SGND/SNDEQK/NDEQHK/NEQHRK/FVLIM/  
HFY). For more information, see http://bips.u-strasbg.fr/fr/Documentation/ClustalX/ ). 

 The multiple alignment can be retrieved in MEGA format so that it can be directly used for 
phylogenetic analyses using the MEGA5 plateform [20], freely available at 
http://www.megasoftware.net/. 

 A tree generated during the construction of the multiple alignment is directly available (3), 
with colouring option regarding the phylogenetic group. This gives a rapid first view of the 
relationship between sequences. However, it should be noted that this tree cannot be 
considered as a reliable phylogenetic tree. 

 From the alignment, sequences can be selected again (4) and further investigations are 
possible using the drop-down menu (5). 

 
Note: We recommend using Muscle, which is more efficient than ClustalW and faster than Tcoffee. All 
options described above for ClustalW are also available with Muscle and Tcoffee, except the tree. 
 
 
Smith and Waterman matrix, Needleman and Wunch matrix: 
When comparing homologous sequences, it is sometimes interesting to get pairwise identity and 
similarity values. This can be achieved directly in MolliGen using the Smith and Waterman matrix 
(local alignment) or the Needleman and Wunch matrix (global alignment). An example is provided 
below. The generated matrixes are avalaible from the workspace (see page 4). 
 

 
 
Make a multiblast: 
This tools enables to blast all CDS selected from the result table in an single query (see page 22). 
 
MEME: 
The MEME/MAST system [25] (1) allows discover motifs (highly conserved regions) in groups of 
related DNA or protein sequences using MEME and, (2) search motifs in sequence databases using 
MAST. More information is available on http://meme.sdsc.edu/meme/intro.html.  
Conserved motifs can be searched within a list of proteins, by selecting the protein of interest and 
clicking on “MEME” in the bottom menu. Query parameters can be modified and extra sequences can 
be added using the intermediate panel. See a result example below. 
 
 

http://bips.u-strasbg.fr/fr/Documentation/ClustalX/
http://www.megasoftware.net/
http://meme.sdsc.edu/meme/intro.html
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Phylogenetic representation: 
This tool shows the number of CDS selected from the list, for each genome on a phylogenetic tree. 
 
Localisation: 
This tool shows the position of the selected genetic elements on circular maps of the genomes. 
 
Statistics: 
This tools is made to perform two parameters comparisons of selected CDS. Parameters available 
are: 

 General: GC content, start codon, pHi, molecular weight, TM domain number, protein length, 
strand positioning of the gene, end and begin position of the gene. 

 Individual amino acid usage 

 Individual codon usage 
 
An example is provided below. 
 

 
 
On the graph, points of interest can de manually framed and the list of corresponding CDS appears. 
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Looking for homologs with Blast and Ssearch 
Two well-known softwares are implemented in MolliGen to allow sequence similarity search using any 
sequence as query. 
 

 BLAST is the most commonly used sequence similarity search tool. It uses heuristics to 
perform fast local alignment searches. 
 

 SSEARCH is an optimal (as opposed to heuristics-based) local alignment search tool using 
the Smith-Waterman algorithm. Optimal searches guarantee you find the best alignment score 
for your given parameters. In MolliGen, the SSEARCH tool can be used with amino acid 
sequences, using the typical BLOSUM62 similarity matrix or the MOLLI60 matrix that has 
been optimized for mollicutes [16].  

 
BLAST and SSEARCH tools can be used from the Toolbox menu at the homepage. A direct access to 
BLAST is also available for each CDS of a query result. 
 
BLAST options 

BLAST against one or several genomes implemented in MolliGen can be performed with various 
options: 

 BLASTP: Search protein database using a protein query 

 BLASTN: Search a nucleotide database using a nucleotide query (corresponding to CDS or 
complete genome) 

 BLASTX: Search protein database using a translated nucleotide query TBLASTN: Search 
translated nucleotide database using a protein query (corresponding to CDS or complete 
genome) 

 TBLASTX: Search translated nucleotide database using a translated nucleotide query 
(corresponding to CDS or complete genome) 

 
Low complexity filter option can be selected or not. This filter masks regions of low compositional 
complexity that may cause spurious or misleading results. The Evalue threshold can be defined. 
Typically, a threshold of 10

-8
 is a good compromise between sensitivity and specificity. However, it is 

sometimes interesting to relax this threshold (10
-4

 or 10
-2

) when dealing with short proteins. 
 
Performing several BLAST in a single step 
From the BLAST tool available in the Toolbox, it is possible to use a polyFASTA file as query. An 
example is provided below. 
 

>gi|291546178|emb|CBL19286.1| lipoprotein signal peptidase [Ruminococcus 

sp. SR1/5] 

MISRVNHHQKMSFSKCMSGDIFLLILLVAADQGAKWLSYLYLKGQPSVSLIPGVLELHYLYPENRGIAFG 

MFQGSVLFFAIVSVLFLGVILYAWIRIPKERFYLPLLTIATVLAAGALGNFIDRFFRGYVIDFIYFSLID 

FPVFNLADVYVVVSGIFLILFVCTKYRDDDFAFLNIKQ 

>gi|154496190|ref|ZP_02034886.1| hypothetical protein BACCAP_00474 

[Bacteroides capillosus ATCC 29799] 

MPYAILAAVLVIADQVVKFLIRSNLELGESVPFIPHILNLTYYQNTGAAFSLFREHTWILALISAVVSVA 

LVVVMVKRVFRHPAGQVILAVILAGTVGNLIDRVLFGYVTDMFQTIFINFAVFNVADCCLVCGVIAMMVY 

VLFFYDKLEKATAGQEAGHDAADPEG 

>gi|343491878|ref|ZP_08730257.1| signal peptidase II [Mycoplasma columbinum 

SF7] 

MEQKNETKLTIFQKLKDKLDKKLKEAKKDPYKLVLKYVIFFAIITTLILIDQLTKTFIFKWNSSRTGGAW 

ESGDRTDITNLVIIGFRSVGHRGVTVLPWKDNLAVITIVQTFSILIGLGLLFVPFFATKKTVIVFSAFIF 

AGNFGNMLDRFLFEGGMVKDILFVPFLEKWLNKSLGTFNFADVFILFGAISISIYFIVYEVFFKNSELRE 

KKKEKKKDNKEKVENEN 

 

 
 
 
 



 

 23 

MolliGen 3.0 - Tutorial – February 2012 

 

Using this polyFASTA file with BLASTP against all mollicute species, we obtain the following result 
page. 
 

 
At the top of the page, the results corresponding to the each sequence used as query can be 
accessed (1). By a click on a specific CDS of the result list (2), the BLAST alignment appears at the 
right of the graphical representation (3). Access to the corresponding CDS file is available by clicking 
on “info”, above the alignment. Further analyses can be performed on CDS selected in the result list, 
using the drop-down menu (4, see also page 18). 

 

Comparing whole genomes 
Tools have been developed in MolliGen with the aim of comparing genomes and groups of genomes 
for the identification of shared or specific genomic features that could be related to biological 
properties.  

Genome alignments 
To get a general view of gene order conservation between genomes, pairwise comparisons of their 
organization can be performed by two methods based on (i) nucleotide sequence alignments or (ii) 
homology relationships between genes. In both cases, a dot-plot representation is used, with one 
genome on the X-axis and the other on the Y-axis. This representation is particularly adapted for 
identifying gene duplication, insertions and other large scale chromosomal rearrangements. 
 
Genome alignments (nucleotides) 

 From the homepage, choose “ToolBox”, then “genome alignment” in the menu. Select the two 
genomes to be aligned (for example, Ca. phytoplasma asteris Aster Yellows strain and Ca. 
phytoplasma asteris Onion Yellows strain) and the minimum match length (for example, 20 
nt). Submit query. 
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 Matches are represented by coloured dots: green for sens match, red for antisens match  

 A zoomed window can be obtained by clicking left and extending a rectangle which frames the 
region of interest. 

 The description of the MUMmer algorithm used to produce these data has been published in 
[26]. 

 
 

Genome alignment (CDS) 

 From the homepage, choose “ToolBox”, then “Genome CDS alignment” in the menu. Select 
the two genomes to be aligned (for example, Ca. phytoplasma asteris Aster Yellows strain and 
Ca. phytoplasma asteris Onion Yellows strain). Submit query. 

 BDBH match between two CDS is represented by a coloured dot.  

 Mnemonics of the two homologous CDS corresponding to a particular dot can be obtained by 
a simple mouse over.  
 

Three-genome comparisons (TaxPlot) 

A tool named TaxPlot (http://www.ncbi.nlm.nih.gov/sutils/taxik2.cgi/) has been developed at the NCBI. 
BLAST is used to measure the similarity between each gene of the query genome and its best hits in 
each of the two other reference genomes. The result is displayed as a two dimensional graph where 
each gene of the query genome is a dot which coordinates reflect similarity with the reference 
genomes. A gene equally distant from its two best homologues would appear on the diagonal. The 
Taxplot tool implemented in MolliGen is directly inspired from NCBI Taxplot. 
 

 From the homepage, choose “ToolBox”, then “TaxPlot” in the menu. Select the three genomes 
to be aligned (for example, M. agalactiae 5632, M. fermentans JER and M. mycoides subsp. 
capri GM12). Submit query. 

 
 
 
 
 
 

http://www.ncbi.nlm.nih.gov/sutils/taxik2.cgi/
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 Each diamond represents a single query genome protein, plotted by its BLAST scores to the 
highest scoring protein from each of the selected organisms.  

 Using the “clustering” option (1) and the associated scrawl bar, automatic clustering can be 
obtained to distribute CDS into a defined number of groups 

 Zoom of a particular region of the graph can be performed by left click and manual rectangle 
extension (2). The framed region will appear at the right of the original graph (3). 

 Manual framing of an area will lead to a list of the CDS included (4). 
 
 

Comparative insights into metabolic pathways and cellular functions 
The KEGG database [6,7] proposes a wide range of general maps representing metabolic and other 
cellular pathways. Those maps were re-used for the comparison of enzymes sets in MolliGen.  
 

 Select “Metabolic comp.” from the “comparative” section of the ToolBox. 

 Select species to be compared in species lists 1 and 2. For example, select A. laidlawii in list 1 
and Ca. phytoplasma asteris Aster Yellows strain and Ca. phytoplasma asteris Onion Yellows 
strain in list 2 (click “uppercase” to be able to select several genomes in a list). 

 Select a metabolic pathway, for example “Glycolysis/Cluconeogenesis”; submit query. 
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 A three-colours code enables the user to identify the enzymes that are specific to each group 
and those that are in common. Note that “enzymes specific of a group” means that the 
enzymes can be present in one, several or all species of this group. 

 A summary table is provided at the right side of the map. 

 Click on a particular enzyme (for example, 2.7.1.11) to access a list of the corresponding 
CDS. This list can then be further explored using the tools available from the drop-down 
menu. 

 

Complex queries 

Multi-proteome differential queries 
Comparative genomics often aims to identify genes that are specific to an organism or a group of 
organisms. For instance, genes potentially involved in pathogenicity might be searched among the 
genes found in a pathogenic strain but missing in a related, non-pathogenic one. Such queries, which 
rely on homology relationships, can be formulated in MolliGen using the « differential query” available 
from the “ToolBox”. 
 

 For example, we will identify genes (proteins) that are common to all available mollicutes 
except phytoplasmas. This query will be formulated as follow on the query page (1): 

 “Proteins from” M. genitalium (first column), “having a hit in” M. hominis AND U. parvum.  
(select the reference strain of these species in the second column. and “having no hit in” Ca. 
phytoplasma asteris Aster Yellows strain AND Ca. phytoplasma asteris Onion Yellows strain 
AND phytoplasma mali AND phytoplasma australiense (select these genome in the third 
column. Operator is AND). 

 Select a relationship type (for example: BDBH); submit query. 
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 The result appears as a table of CDS (2) from which further investigations can be performed 
using the task menu at the bottom (see page 18). 

 For example, you can save this list, with the name “missing in phytoplasmas” 
 
Remark on the operators: 

 In the second column, AND means that the CDS of the genome(s) selected in the first column 
will be retrieved if they have homologs (here, BDBH) in all the genomes selected in the 
second column. 

 In the second column, OR means that the CDS of the genome(s) selected in the first column 
will be retrieved if they have homologs (here, BDBH) in at least one of the genomes selected 
in the second column. 

 In the third column, AND means that the CDS of the genome(s) selected in the first column 
will be retrieved if they don’t have homologs (here, BDBH) in all the genomes selected in the 
second column. 

 In the third column, OR means that the CDS of the genome(s) selected in the first column will 
be retrieved if they don’t have homologs (here, BDBH) in at least one of the genomes selected 
in the second column. 

 

Combining lists of results using the workspace 
During genome exploration and genome comparisons, it may be useful to save and compare lists of 
genes obtained as result of particular queries. Such possibility to compare sets of genes is a powerful 
way to ask complex questions such as: What are the genes shared by the three minimal human 
pathogens M. genitalium, M. hominis and U. parvum that are missing in all phytoplasmas and that 
encode transmembane proteins?  This complex query can be formulated as a combination of simple 
queries: (1) which genes are shared by M. genitalium, M. hominis and U. parvum and missing in all 
phytoplasma genomes? (2) what are the genes of M. genitalium which encode transmembane 
proteins? 
 

 Find the genes that are shared by M. genitalium, M. hominis and U. parvum and missing in all 
phytoplasma genomes as proposed above (page 26). Select all the 47 CDS and save this list, 
with the name “missing in phytoplasmas”. This list is now saved in the workspace. 

 Find the genes encoding transmembrane proteins in M. genitalium using the “Search, natural 
language form” as specified page 10. Select the genome of M. genitalium and fill the query 
panel with “type=CDS and TM>0”. Select all the 109 CDS and save results as “MG 
transmembrane proteins”. 
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 To combine the results of the two queries, open the workspace from the home page main 
menu. 

 

 

 Click on “combine” (1). Select the lists to be combined (2). A graphe indicates the number of 
CDS shared and specific to the lists; 

 Chose a sub selection of interest (here, A and B) (3). Save the list with the name “TM prot 
missing in phyto”. 

 This list is now available as a “result” in the workspace. It can be explored by clicking on the 
small triangle in front of “TM prot missing in phyto” (4). 
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Contacts and credits 
 
MolliGen database is the result of cooperation between the Institut National de Recherche 
Agronomique (INRA) and the Centre de Bioinformatique de Bordeaux (CBiB), cgfb at the Université de 
Bordeaux. 
 
We are working hard at maintaining this server for the scientific community. If you found this server 
useful for your research we would appreciate if you cite the MolliGen database. Mention our NAR 
manuscript and this server name and URL:  
 

- Barré A., de Daruvar A. and Blanchard A., 2004. MolliGen, a database dedicated to the comparative 
genomics of Mollicutes. Nucleic Acids Res. 32, Database issue, D307-310 

 
- URL : http://www.molligen/.org 

 
 
 
 

Please contact us for any question, comment or suggestion that could help improving MolliGen: 
 
 

Macha Nikolski (macha@labri.fr) 
Aurélien Barré (aurelien.barre@u-bordeaux2.fr) 
 
 
 
 
 
Alain Blanchard (ablancha@bordeaux.inra.fr) 
Pascal Sirand-Pugnet (sirand@bordeaux.inra.fr) 

 

 
This tutorial was written by Pascal Sirand-Pugnet. 
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