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-  Project started in 2001 

-  250+ annotated genomes (mostly food processing or 

animal pathogens) 

-  29 publications 

-  Projects initially organism-centred, now multi-strains 

-  In 2008, started dev of complementary tool in 

comparative genomics: Insyght 
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Mathématique, Informatique et Génome, INRA, 78352 Jouy-en-Josas Cedex, France, 1Flore Lactique et
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ABSTRACT

We have implemented a genome annotation system
for prokaryotes called AGMIAL. Our approach
embodies a number of key principles. First, expert
manual annotators are seen as a critical component
of the overall system; user interfaces were cyclically
refined to satisfy their needs. Second, the overall
process should be orchestrated in terms of a global
annotation strategy; this facilitates coordination
between a team of annotators and automatic data
analysis. Third, the annotation strategy should allow
progressive and incremental annotation from a time
when only a few draft contigs are available, to when
a final finished assembly is produced. The overall
architecture employed is modular and extensible,
being based on the W3 standard Web services
framework. Specialized modules interact with two
independent core modules that are used to annot-
ate, respectively, genomic and protein sequences.
AGMIAL is currently being used by several INRA
laboratories to analyze genomes of bacteria relevant
to the food-processing industry, and is distributed
under an open source license.

INTRODUCTION

Around 10 years ago, the first prokaryotic genomes were
sequenced and annotated (1). Each project represented a
milestone for biology and was often carried out by a consor-
tium of laboratories with substantial resources, including
adequate bioinformatics support.

The subsequent decade has seen enormous advances in
sequencing technologies, with the result that small teams
within individual laboratories are now able to sequence

their favorite prokaryotes. Information gleaned from such
studies has accelerated the pace of both fundamental and
applied biology. However, for many small laboratories, a bot-
tleneck in their progress has been finding bioinformatics
expertise to allow them to annotate their genomes of interest.
It is now clear that the highest quality annotation arises from
manual annotation by experts in the particular organism. So,
without bioinformatics support available, one of the key roles
of an annotation system is to enable expert biologists to
annotate raw genomic data themselves.

Genome annotation is a complex process and involves a
number of different dimensions. A substantial aspect is sim-
ply coherent data management. Any sequencing project will
result in the large numbers of contigs being sequenced and
combined, over time, into different assembled versions of
the genome. Each assembly requires the application of
large numbers of specialist bioinformatics tools, resulting in
information about different regions of the genome or proteins
expressed therein. The management of such data throughout
this complex process is daunting; it is essential that such
details are automatically handled by the annotation system.

After basic data management, a second aspect is the overall
interpretation of bioinformatics results to form manual
annotation. Generally, the expert biologist needs to examine
all the automatic analysis and, combined with his/her own
knowledge of the organism, form an overall decision on the
nature of the different genomic elements, such as genes.
This is where bioinformatics expertise is often required, inter-
preting the results, understanding appropriate thresholds for
the different scores, etc. Without bioinformatics support
available, it is essential that the analysis system facilitates
the annotator to interpret the different analysis results.

Yet another factor to consider is the rapid progress that is
also being made in the field of bioinformatics. New tools and
databases are constantly under development leading to more
accurate predictions. Often the incorporation of complete sys-
tems would help annotation, e.g. the inclusion of information
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Use case for synteny and homologues browsers: 
 -  Identification of evolutionary events 

-  Inference of gene functions (functional annotations) 

-  Detection of niche-specific genes 

-  Phylogenomic profiling,… 
 

Examples of challenges: 
  - Navigating large amount of comparative data 

 - Clear detection of complex rearrangements (scattered, 

different scales, multiple genomes, …) 

 - Emphasizing both conserved and idiosyncratic genomic 

regions 



(1) Genomic organisation view : 

visualisation of / navigation among 

complex genomic rearrangements 

 

Insyght 



 Parallel 
trapezoid 

Combining the trapezoid view… 

…with the symbols representation 



Pros :  

 - Good for simple genomic reshaping occurring at a few loci 

Cons : 

 - Less good for rearrangements that are: scattered, highly 
segmented, evolutionary branching (partial duplications, 
gene fusion,…)  

Pros and cons of the trapezoid view 



Pros: 
l   - Legibility by human eyes / interactivity 

l   - Display scale independent of genomic size of the 
features of interest 

Cons: 
l   - No genome-wide overview of the conserved regions 

Pros and cons of the symbol view 



Extended set of symbols 

 - Homologue Alignment 
Ref gene 

Compared gene 
Multiple homologs 

 - Gene without 
homologue Compared gene 

Ref gene 

 - Synteny 

 - Reversed 
synteny 

 - Genomic region 
without 
homologue 

Comp 

Ref 



l   - Symbols constitute the chain of annotation events, ordered 
from 5' to 3' for the reference genome→ provide legibility 
and interactions (navigation through duplications, transfert 
to other views,...). 

l   - Trapezoid view → grasp genomic locations and complex 
rearrangements scattered across the genomes and occurring 
at different scales. 

“Genomic organization” view (close up) 



“Genomic organization” view (Full) 



(2) Orthologues table view 

Insyght 



Orthologues table view 
 - Classic rows / columns 

 - Symbols =  orthologues, gene without homologue, duplication,… 

 - background color according to synteny,... 



 

 - Adapt display, visualise genomic position,... 

Orthologues table view 



 

Ideas of improvements : 

 - Group gene set and organisms by phylogenomic profile  

 - Statistics about over-representation of phenotypic traits 
within a phylogenomic profile (i.e. analysis of dispensable 
genome of E. faecalis → use case of paper accepted in 
NAR) 

Orthologues table view (perspectives) 



Transfer gene set from other views, 

or freely (*) build gene set via filter box... 

* Recursively add genes in cart from multiples queries within the 
same reference organism (chromosomes, plasmids) 



… or navigate gene set from core / 

dispensable gene set by coloring a 

taxonomic browser 



(3) Annotations comparator : 

comparing functional 

annotations among orthologues 

Insyght 



Functional annotations of homologues classified in 3 categories: 
 - [Shared] : Presence in both reference et 1+ homologuous gene 

 - [Missing] : Absence in ref gene but presence in 1+ homologue(s) 

 - [Unique] : Presence in ref gene but absence in homologues 

Annotations comparator view 



Cons: 
l   - Relies on annotations based on a controlled vocabulary 

such as gene ontology (i.e. molecular function, biological 
process) ; less relevant for heterogeneous fields (i.e. 
product) 

Pros: 
l   - Classifies the functional annotations into categories ; give 

an idea on their degree of commonality 

Annotations comparator view 



 

    Actual version : ~400 pre-computed organisms 

 How to scale up with the ~ 3000 (and counting) complete 
prokaryotic genomes ? 

 

→ use of cluster at IDRIS (e-Biothon project) 

 decoupling between data pre- and post-processing and main 
calculation (all vs all comparison and syntenies search) 

 Computation (quite) finished for 2960 organisms 

 Raw (blast results) and processed data will be distributed  

  

Ongoing collaboration with IDRIS 



 - Limited by host CPU and memory, currently adapted for ~30 – 
50 genomes 

 - Best option for data security  

 - Externalise management of disk and CPU usage 

 - Harder to use / administrate than platforme solution 
(bioinformatician) 

Privates genomes → virtual machine 

Perspectives on virtual machine 

 - Improved speed of pipeline → more privates genomes 

 - Access to external cluster ? 

 - Download pre-computed data (taxonomic node) 



Availability: http://genome.jouy.inra.fr/Insyght/  

Questions ? 
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ABSTRACT

High-throughput techniques have considerably in-
creased the potential of comparative genomics
whilst simultaneously posing many new challenges.
One of those challenges involves efficiently mining
the large amount of data produced and exploring the
landscape of both conserved and idiosyncratic ge-
nomic regions across multiple genomes. Domains
of application of these analyses are diverse: iden-
tification of evolutionary events, inference of gene
functions, detection of niche-specific genes or phy-
logenetic profiling. Insyght is a comparative genomic
visualization tool that combines three complemen-
tary displays: (i) a table for thoroughly browsing
amongst homologues, (ii) a comparator of ortho-
logue functional annotations and (iii) a genomic or-
ganization view designed to improve the legibility of
rearrangements and distinctive loci. The latter dis-
play combines symbolic and proportional graphical
paradigms. Synchronized navigation across multi-
ple species and interoperability between the views
are core features of Insyght. A gene filter mecha-
nism is provided that helps the user to build a bi-
ologically relevant gene set according to multiple
criteria such as presence/absence of homologues
and/or various annotations. We illustrate the use of
Insyght with scenarios. Currently, only Bacteria and
Archaea are supported. A public instance is avail-
able at http://genome.jouy.inra.fr/Insyght. The tool is
freely downloadable for private data set analysis.

INTRODUCTION

Genomic regions undergo various types of rearrangement
at micro and macro scales due to different evolutionary pro-
cesses. This leads to translocations, duplication, fusion, fis-

sion, loss or inversion (1). Those events participate in con-
ferring the uniqueness of each species or individuals (2,3).
From a multi-species comparison perspective, each genome
can be seen as a succession of regions that are either distinc-
tive or conserved at various degrees. Conserved synteny (or
shared synteny) refers to the co-localization of homologous
loci across different species. If in addition the ordering of the
genes is preserved, the conserved synteny is then labelled as
collinear. Often, a variety of terms such as ‘synteny’ or ‘syn-
teny block’ are used in lieu of conserved or collinear synteny
(4).

High-throughput sequencing technologies have become
commonplace and biologists need tools that assist them
in annotating gene functions quickly and accurately at a
genome-wide scale. Together with sequence similarity, gene
neighbourhood conservation and phylogenetic profiles pro-
vide important clues to identify orthologous genes or in-
fer gene functions (5,6). Conservation in the ordering of
genes can help in assigning functions for a train of genes
at once or providing clues for hypothetical proteins (7,8).
Moreover, shared synteny may indicate a relationship be-
tween gene products such as protein–protein interaction (9)
or functional coupling (10,11). Transcriptional activity has
also been correlated to conserved synteny in expression pat-
tern and transcriptional regulation studies (12,13). Several
annotations platforms consider shared synteny as the cor-
nerstone in their analysis strategy (14–19).

Conservation of genes across species can also hint to
valuable information regarding broader biological issues
such as the evolutionary history of a particular genome (20–
22), positive selection arising from evolutionary constraints
(23), rearrangement mechanisms (24–26) or regions with
critical functional activity (27). On the other hand, distinc-
tive genomic regions and niche-specific genes are crucial in
understanding what makes each species and individual dif-
ferent.
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Annexes 



Présentation de Insyght : 

  Domaines d'applications 
 

l Bio-analyse (homologues / synthénie / ontologies) d'un jeu de 
gènes arbitraire d'intérêt biologique : famille de gènes, core 
genome, gène niche spécifique,  profile phylogénétique... 

l Visualiser et naviguer parmi les régions génomiques 
conservées et idiosyncratiques : détection d'événements 
évolutionnaires, régions mobiles,... 

l Outil d'aide à l'annotation fonctionnelle des gènes à l'échelle 
du génome (goulot d'étranglement) : transfert ontologies basée 
sur homologues et synthénies. 



 

l Base de données relationnelle -> sauvegardage / requêtage 
des données 

l Pipeline scripts -> alogorithmique / formatage des 
données 

l Application web -> visualisation des données 

Présentation de Insyght : 

  Composantes de l'outil 



La base de données relationnelle : 

      (1) Données primaires 

 Fichier .embl 
ou .gbk de 
génomes 
complets 

Insertion 
gènes + 

annotations 
dans bdd 

Extraction 
informations sur les 

gènes, position, 
fonctions moléculaires, 

EC number,... 



BlastP CDS 
Insertion 

alignements 
dans bdd 

E-value peu 
stringente 
(< 0.01) 

La base de données relationnelle : 

  (2) Similarités de séquence au niveau 

protéique 

* Bi-
Directionnel 

Best Hit ? 



 - Synthénie conservée = co-localisation de loci homologues 

 - Si ordre des gènes preservé = synthénie colinéaire 

La base de données relationnelle : 

      (3) Synthénies 

[1] Vallenet et al. (2006) MaGe: a microbial genome annotation system supported by synteny results. 
Nucleic Acids Res, 34(1):53-65. 



l  Information supplémentaire pour confirmer les 
homologies 

→ conservation putative de la fonction biologique 
l  Peut indiquer une relation entre les produits des gènes à 

l'intérieur d'une synthénie: 

-  Corrélation de l'activité transcriptionelle [1] 
-  Couplage fonctionnel [2] 
-  Intéraction protéine-protéine [3] 

Intérêts de l'information sur les synthénies 

[1] Roy et al. (2002) Chromosomal clustering of muscle-expressed genes in Caenorhabditis elegans. 
Nature, 418, 975-979. 
[2] Overbeek et al. (1999) The use of gene clusters to infer functional coupling. Proc Natl Acad Sci. 
[3] Dandekar et al. (1998) Conservation of gene order: a fingerprint of proteins that physically interact. 
Trends Biochem Sci, 23, 324-328. 



Programmation 
dynamique -> 

trouver le score max 
parmi une chaîne 

d'homologues 
 - BDBH : 4 
 - homologue : 2 
 - gap création : -8 
 - gap extension : -2 
... 

Données de 
similarité de 
séquence de 

l'étape 2 

Insertion 
synthénies 

dans bdd 

Score 
> 2 

La base de données relationnelle : 

      (3) Synthénies 



Données publique / privées dans Insyght 
 

l  Un site web public de 407 organismes bactériens (Janvier 2014) 

-  http://genome.jouy.inra.fr/Insyght/ 
l  Pour les données privées -> machine virtuelle 

-  Téléchargement image .ova en local, ouvrir avec un 
logiciel de virtualisation (ex. VirtualBox) 

-  Contient (1) la la base de données “vide”, (2) le 
pipeline pour intégrer de nouveaux génome (avec 
documentation) et (3) l'outil de visualisation Insyght 

-  On choisit un sous ensemble de génomes à comparer et 
on lance l'analyse / insertion des données 

-  Gestion fine des droits d'accès pour chaque génome / 
base de données : privé, réseau local, public (web) 



Exemple de machine virtuelle Streptococcus salivarius 
 

l  Organismes comparés choisit : 
3 x Streptococcus salivarius : 

 - Streptococcus salivarius 57.I strain 57.I : CP002888 
 - Streptococcus salivarius CCHSS3 : FR873481 
 - Streptococcus salivarius JIM8777 : FR873482 

8 x autres Streptococcus 
 - sanguinis strain SK36 : CP000387_GR 
 - thermophilus strain ATCC : CP000419_GR 
 - Streptococcus pyogenes serovar M49, strain NZ131 : CP000829_GR 
 - Streptococcus pneumoniae strain Taiwan19F-14 : CP000921_GR 
 - Streptococcus dysgalactiae subsp. equisimilis, strain ATCC 12394 : CP002215_GR 
 - Streptococcus suis strain JS14 : CP002465_GR 
 - Streptococcus equi subsp. zooepidemicus, strain H70 : FM204884_GR 
 - Streptococcus mitis strain B6 : FN568063_GR 

2 x Lactobacillus salivarius : 
 - strain UCC118 : AF488831_GR, AF488832_GR, CP000233_GR, CP000234_GR 
 - strain CECT 5713 : CP002034_GR à CP002037_GR 

3 x autres 
 - Lactococcus lactis subsp. lactis, strain KF147) : CP001834_GR, CP001835_GR 
 - Enterococcus faecalis strain V583 : AE016830_GR à AE016833_GR 
 - Lactobacillus johnsonii strain FI9785 : FN298497_GR, FN357112_GR 

 



Sites web : 

 

l  Site public : http://genome.jouy.inra.fr/Insyght/ 



Visualisation avec Insyght 
 

l  Vue “Homologs table” : analyse d'un génome ou jeu de gènes 
arbitraires issus d'un même organisme ; combinaison de filtres 
pour trouver les gènes d'intérêts ; trier le tableau, ... 

l  Vue “Annotations comparator” : pour un gène donné et ses 
homologues, quelle sont les annotations fonctionnelles en 
commun ? Dans quelle proportion ? Ontologies unique ?  

l  Vue “Genomic organization” : découpage du génome en régions 
conservées (homologues) et idiosyncratiques ; lisibilité des 
réarrangements grâce aux symboles. 

 

Autres caractéristiques : vues interconnectées, navigation 
synchronisée, gestion d'un grand nombre de données,... 



Vue “Homologs table” 
 

l  Choisir un organisme de référence (et jeu de gènes) 

l  1 colonne = 1 gène de référence ; 1 ligne = 1 génome comparé 

 → presence / absence / multi homologues (ex : duplication) 



 

l  A gauche, informations complémentaires sur les gènes, la 
liste des résultats, les options de triage ou d'affichage,... 

Vue “Homologs table” (et autre vues) 



Example d'analyse : le phénotype “pathogène” des 

E. faecalis : 

E. faecalis OG1RF Human pathogen (Bacteremia, Endocarditis, 
Urinary infection) 

E. faecalis 62 Human pathogen (Endocarditis, Nosocomial 
infection) ; isolate from healthy baby 

E. faecalis D32 Pig (Sus scrofa), pathogenicity unknown 

E. faecalis V583 = ATCC 
700802 

Human pathogen (Endocarditis, Bacteremia, 
Urinary infection) 

E. faecalis Symbioflor 1 Human probiotic 

5 E. faecalis dans la base de donnée, d'après GOLD et IMG: 



Génome comparé 

Génome ref 

Vue “Genomic organization” : disposition ref / comp 
 

l  Haut = génome de référence 

l  Bas = génome comparé 

Exemple avec une vue symbolique : 

 

→ du fait de la dispersion des régions homologues sur 
génome comparé : régions génomiques sans homologue de 
taille réduite et entourent régions homologues 



Vue “Genomic organization” : disposition ref / comp 

Exemple avec plusieurs vues symboliques / proportionnelles 
empilées : 



 

l  Haut = génome de référence 

→ lecture de 5' vers 3' : alternance région non homolgue / 
région homologue, etc... (en boucle) 

Vue “Genomic organization” : disposition ref / comp 



 

l  Bas = génome comparé 

→ Régions génomiques sans homologue de taille réduite et 
entourent les régions homologues 

Vue “Genomic organization” : disposition ref / comp 



Vue “Genomic organization” : la navigation 

Navigation 
symboles 

La navigation peut être synchronisée entre les différents résultats. 

Cacher la représentation 
proportionnelle / symbolique 



Lorsqu'on double-click sur un gène ou un symbole : 

l  Transfert gènes dans les autres vues 

l  Ouvrir / refermer une synténie ou région génomique 

l  Centrer tous les résultats sur le même gène de 
référence 

l  Zoom sur élément 

l  Export... 

Menu contextuel (toutes vues) 



 - Ouvrir une 
synténie →  

 - Ouvrir une région 
génomique → 

Vue “Genomic organization” : selon les actions, les 
symboles peuvent se modifier 

 - Gène ou région coupée 
après zoom →  

 - Homologue manquant 
après zoom →  



Vue “Genomic organization” : le zoom 

2 façons de zoomer : 

l  Menu contextuel → Quick navigation → Zoom → Reference / 
Compared genome → Zoom in elements...  

 

l  Zoom libre (diapo suivante) 



Vue “Genomic organization” : zoom libre (beta) 

zoom 

 

Cliquer sur la représentation proportionnelle du génome, faite 
glisser la souris pour délimiter la zone de zoom (en rouge) .  

Le zoom sur le génome de référence peut être synchronisé entre les 
différents résultats → analyse d'une même région génomique.  


