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Background
Cophylogeny reconciliation is a powerful method for analyzing host-symbiont coevo-
lution (see e.g.  [1–6]). It consists of mapping the phylogenetic tree of the symbionts 
into the one of the hosts. Such mapping, called a reconciliation, allows the identifica-
tion of four types of biological events: (a) cospeciation, when the symbiont diverges in 
correspondence to the divergence of a host species; (b) duplication, when the symbi-
ont diverges but not the host; (c) host switch, when a symbiont switches from one 
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Abstract
Background  Cophylogeny reconciliation is a powerful method for analyzing 
host-symbiont coevolution. The cophylogeny problem consists of mapping the 
phylogenetic tree of the symbionts into the one of the hosts, including events such 
as duplications, co-speciation, host-switches, and extinctions by comparing the 
discrepancies between the topologies of the associated symbiont evolutionary trees. 
Visualizing tree reconciliations is important for biologists as it aids in understanding and 
identifying specific patterns in the coevolution of hosts and symbionts. Additionally, 
when multiple optimal solutions exist, it allows for the quick comparison of different 
reconciliations between the same pair of trees.

Results  Here, we present VIRI (visual inspector of reconciliation instances), a new 
tree reconciliation visualizer. We adopt a hybrid metaphor combining space-filling 
(for host trees) and node-link (for symbiont trees) approaches, implementing the 
algorithms described in Calamoneri et al. (Theor Comput Sci 815:228–245. ​h​t​t​p​s​:​
/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​t​c​s​.​2​0​1​9​.​1​2​.​0​2​4​​​​​, 2020). The visualizations produced by VIRI are 
designed to be clear and interpretable, thanks to an unambiguous, top-down layout 
of tree reconciliations and the preservation of the user’s mental map when comparing 
multiple reconciliations on the same pair of trees. In particular, the consistent use of 
a shared host tree layout across visualizations is a novel feature that facilitates direct 
comparison. Moreover, VIRI proposes a crossing-free visualization whenever possible. 
Finally, VIRI allows users to store datasets and download their visualizations, offering a 
convenient way to organize and share data. An example of visualization produced by 
VIRI is depicted in Fig. 1.

Conclusions  VIRI efficiently produces clear and easy-to-read visualizations of tree 
reconciliations. VIRI is free and available at https://viri.di.uniroma1.it/.
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host species to another independently of any host divergence; and (d) loss, which can 
describe, for instance, the speciation of the host species independently of the symbiont, 
which then follows just one of the new host species.

Visualizing cophylogeny reconciliations is essential for the researchers to get biologi-
cal insights into the data. Moreover, for the same dataset, there are often several optimal 
solutions. Thus, it becomes necessary to be able to visualize them in order to easily com-
pare different reconciliations between the same pair of trees by quickly looking at them 
and better understanding the differences.

The representation conventions adopted by the available tools for computing and 
exploring reconciliations can be roughly classified into two families, the first one rep-
resents the two trees next to each other, with the traditional node-link metaphor, where 
the nodes of the symbiont tree are drawn close to the nodes of the host tree they are 
associated with; the second one represents the host tree as a background shape, such 
that its nodes are shaded disks and its arcs are thick pipes, while the symbiont tree is 
drawn in the traditional node-link style, inside the pipes representing the host tree.

The advantage of the first strategy lies in its simplicity and in the availability of sev-
eral algorithms for drawing binary trees in small areas. However, when several symbiont 
nodes are associated with the same host node, the drawing becomes cluttered, and the 
attribution of symbiont nodes to host nodes becomes unclear. Additionally, overlapping 
the host and symbiont trees often results in a high number of crossings.

The straight-line representation of the trees obtained with CoRe-PA [7] and orthog-
onal drawings output by Jane 4  [8] and by eMPRess  [4] fall within this strategy (see 
Figs. 2a,  b and 3a).

The tools in the second category are many including: CophyTrees (the viewer associ-
ated with Eucalypt [11]), Treerecs [12], DoubleRECVIZ [13] (see Figs. 3b, 4a, b).

Moreover, Thirdkind [15] (see Fig. 5a) is able to show both reconciliations (two lev-
els) and pairs of reconciliations, the gene/symbiont and the symbiont/host ones, in a 
single representation (three levels).

All these representations are particularly effective, as they are unambiguous. However, 
they are still cluttered when a symbiont subtree has to be squeezed inside the reduced 
area of a host node. Moreover, in some cases (e.g., CophyTrees), a greedy strategy to 
reduce the crossings between the two trees is adopted but, in fact, it does not effectively 
reduce the crossings in the presence of multiple host switches.

Reconciliation viewers like Primetv [14] and SylvX [16] (see Figs. 5b and 6) adopt 
this strategy, using a model that maps the symbionts to both edges and nodes. This is 
effective when one wants to convey a degree of uncertainty in the association of sym-
bionts to hosts, but is not appropriate for representing our model of reconciliation, 

Fig. 1  An example of output of VIRI

 



Page 3 of 12Patrignani et al. BMC Bioinformatics          (2025) 26:241 

Fig. 4  a An example of a cophylogenetic tree drawn by Treerecs (courtesy from the authors of [12]); b cophyloge-
netic tree produced running DoubleRECVIZ [13]

 

Fig. 3  a An example of cophylogenetic tree drawn by eMPRess; (courtesy of the authors of [4]); b reconciliation 
drawn by CophyTrees, the viewer associated with Eucalypt [11]

 

Fig. 2  a Visualization of a reconciliation of seabirds & chewing lice coevolution trees obtained with CoRe-PA [7]. The 
image is taken from CoRe-PA tutorial [9]; b cophylogenetic analysis of the gymnosporangium-malus pathosystem 
conducted with Jane 4 [8]; the image is taken from [10]

 



Page 4 of 12Patrignani et al. BMC Bioinformatics          (2025) 26:241 

requiring a clear association of symbionts to hosts. Moreover, like the previously men-
tioned viewers, it also suffers from becoming cluttered when numerous host switches 
occur, which complicates even more the visualization and data interpretation.

In view of the weaknesses highlighted in each kind of visualization strategy, it is 
important to search for an alternative metaphor. In particular, space-filling methods, 
presenting extensive hierarchical or clustered data, seem to be attractive. Icicle  [17] is 
a space-filling approach where the nodes are represented through a series of rectangles, 
and the arcs are represented by the contact of rectangles, such that the bottom side of 
the rectangle representing a node touches the top sides of the rectangles representing 
its children. The strength of space-filling visualizations, in general, lies in their ability to 
efficiently present large datasets in a two-dimensional space. Icicles have already been 

Fig. 6  An example of cophylogenetic tree drawn by SylvX. The image is taken from( http://www.sylvx.org/)

 

Fig. 5  a An example of a cophylogenetic tree drawn by Thirdkind. The image is taken from ​h​t​t​p​s​:​/​/​g​i​t​h​u​b​.​c​o​m​/​s​i​m​
o​n​p​e​n​e​l​/​t​h​i​r​d​k​i​n​d​/​w​i​k​i​​​​​; bPrimetv-generated illustration of the reconciled tree showing the evolution of the gene 
family major histocompatibility complex class I in gorilla, orangutan, and tamarin. The image is taken from [14]

 

http://www.sylvx.org/
https://github.com/simonpenel/thirdkind/wiki
https://github.com/simonpenel/thirdkind/wiki
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applied successfully in bioinformatics, for example, in visualizing phylogenetic trees [18] 
or transcriptome data [19].

It should also be said that most of the surveyed tools are integrated within specific 
reconciliation applications and cannot visualize reconciliations produced by other algo-
rithms. This means the visualization is typically the direct output of their reconciliation 
process, and it is not possible to bypass this step by transforming the output of another 
reconciliation tool into the input format required by the visualizer.

In this context, we propose VIRI (visual inspector of reconciliation instances), a new 
tree reconciliation visualizer, which is conceived to overcome the limitations of the pre-
vious approaches as detailed in the following sections.

Implementation
VIRI is a web application allowing users to visualize their own reconciliations as output 
by any tool reconciling pairs of trees (e.g., Capybara [5]). By simply uploading a .nex 
file and the corresponding .out file, it is possible to visualize the corresponding recon-
ciliations contained in the .out file. Notice that reconciliations generated by other tools 
can also be used, provided a simple conversion script is written to match the Capybara 
.out format. VIRI is designed with sharing in mind, so users can register and share their 
own datasets with the wider community, making it easier for others to build on their 
work and contribute to the field of cophylogenetics. Alternatively, they can just use VIRI 
to visualize their reconciliations without sharing them.

VIRI is an interactive tool. When hovering over a node with the mouse, the name of 
the associated species appears, and both the parent and children nodes are highlighted 
(see Fig. 7). Symbiont nodes are highlighted in yellow (parent) and red (children), while 
host nodes are highlighted in a darker shade of light blue compared to the other rect-
angles representing hosts.

Sometimes, the optimal solutions may include host-switches of the symbiont that 
result in a contradictory chronological ordering for the internal nodes of the host tree, 
resulting in a co-evolutionary history that is biologically inconsistent (time-unfeasible). 
In such cases, when the reconciliation is time-unfeasible (see [20, 21] for the formal defi-
nition of time-unfeasible reconcilation), we highlight the switch edges that result in time 
inconsistency by drawing them in orange (see, for example, Fig. 12b)

VIRI also includes a drop-down menu that allows users to choose various visualiza-
tion options. These options include selecting straight or curved edges, deciding whether 
leaves are aligned to the floor level, setting the dimensions of the drawing, and specify-
ing the space width between rectangles in the icicle plot.

Fig. 7  Two screenshots of the output of VIRI for a reconciliation of Rodents & Pinworms [22], which highlight what 
can be seen when hovering over a portion of the drawing
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Finally, the user can choose from the following visualization heuristics, each designed 
to reduce the number of crossings (indeed, minimizing crossings is an NP-hard 
problem [20]).

Heuristic ShortenHostSwitches (see as an example Fig. 8a) comes from [20] and 
is based on the observation that ‘long’ host-switch arcs are more likely to cause cross-
ings than ‘short’ ones; hence, it searches for an embedding of H that reduces the distance 
between the end-nodes of host-switches of S; even the placement of symbiont nodes 
inside the representation of host nodes is done trying to avoid crossings.

Heuristic SearchMaximalPlanar (see as an example Fig. 8b) also comes from [20] 
and is based on the strategy of drawing first a large planar portion of the given reconcili-
ation and then adding non-planar arcs. To this aim, we construct an auxiliary graph G, 
composed by the trees H and S, with their leaves joined by an edge if and only if there 
exists a symbiotic relation. We then construct a maximal planar subgraph of graph G 
using the Graph Drawing Toolkit GDT [23, 24]. If G is not planar, we iteratively remove 
edges that cause crossings until the remaining subgraph is planar. This subgraph is 
drawn in a planar fashion (that is, crossing-free), and the previously removed edges are 
reintroduced in a post-processing step.

The heuristic RandomMethod (illustrated in Fig.  8c) embeds the host tree by ran-
domly selecting which child will be placed on the left for each internal node. This method 
serves as a pre-processing step for the subsequent heuristic, HierarchySorting, and 
is presented here both for its inherent interest and because it offers a baseline for com-
parison with the other methods.

Heuristic HierarchySorting (illustrated in Fig.  8d) exploits heuristic Random-
Method as a starting point and proceeds by eliminating as many crossings as possible. 

Fig. 8  Output of VIRI for a reconciliation of Rodents & Pinworms [22], when the used heuristic is: aShortenHost-
Switches; bSearchMaximalPlanar; cRandomMethod; dHierarchySorting
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More specifically, it is inspired by Sugiyama’s work on layered graphs [25], which aims to 
reduce the number of crossings by adjusting the order of nodes within each layer.

It is worth noting that before this heuristic is executed, SearchMaximalPlanar is 
called. If G is found to be planar, this heuristic is not run, and the planar drawing of G 
produced by SearchMaximalPlanar is output.

In Fig. 9a, the representation of a planar instance is depicted; it is the result of the heu-
ristics SearchMaximalPlanar, ShortenHostSwitches and HierarchySort-
ing; instead, a possible output of heuristic RandomMethod is shown in Fig. 9b and in 
general is not planar, due to the introduction of the randomness.

Finally, ShowMultipleReconciliations is designed to handle input contain-
ing multiple reconciliations by exploiting the SearchMaximalPlanar heuristic. It 
embeds the host tree only once, and thus maintains a consistent host tree drawing across 
all reconciliations. This approach is particularly useful for users comparing different rec-
onciliations of the same instance, as it allows them to focus only on the changes in the 
symbiont tree’s drawing, thus preserving their mental map (see Fig. 10).

Observe that, if the graph G defined above is planar, all the reconciliations to be visual-
ized will be planar, in view of a result in [20].

Fig. 10  The output of VIRI for the six reconciliations of Cichlidogyrus & Tropheini [27]

 

Fig. 9  Output of VIRI for a reconciliation of the planar instance Anicetus (Hymenoptera: Encyrtidae) parasitoids and 
their scale insect hosts (Hemiptera Coccidae) [26], when the used heuristic is: a either ShortenHostSwitches 
or SearchMaximalPlanar or HierarchySorting; bRandomMethod
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We conclude this section by describing the architecture of VIRI   depicted in Fig. 11. 
Depending on the requested URL, the web server calls the appropriate Python func-
tion through the web server gateway interface (WSGI) [28]. The Python logic is respon-
sible for storing and retrieving information from the PostGreSQL database, where the 
information on the users and the available data files are recorded. The input .nex files 
describing cophylogeny instances and the output .out files describing the correspond-
ing reconciliations are stored in the server file system, in suitable sub-directories (one 
for each user). The computation of the actual reconciliations’ drawings is performed in 
two different ways, depending on the heuristics at hand. When the drawing heuristics 
do not involve a graph planarity test step (heuristics ShortenHostSwitches, Ran-
domMethod, and HierarchySorting), the drawing is computed by the client Web 
browser via algorithms implemented in JavaScript. When, instead, the heuristics involve 
a graph planarity test (heuristics SearchMaximalPlanar and ShowMultipleRec-
onciliations), the drawing is computed server-side. In this case, the Python logic 
exploits the GDToolkit C++ library [23, 24] by saving suitable input files in the file sys-
tem, calling GDToolkit to compute the planar embedding of the instance, and then 
retrieving the output from the file system again. In both cases, the drawing is shown to 
the user using the JavaScript libraries Bootstrap [29, 30] and D3.js [31, 32].

Results and discussion
VIRI (visual inspector of reconciliation instances) is a new tree reconciliation visualizer. 
It takes as input a pre-computed reconciliation list, that needs to be visualised, in the 
.out format produced by the Capybara tool. Reconciliations generated by other tools 
can also be used, provided a simple conversion script is written to match the Capybara 
.out format. We also require the corresponding nexus file containing the host tree, sym-
biont tree and the mapping between symbiont and host tips, mainly for dataset storage 
and reference. Then it combines space-filling techniques for the host tree with node-link 
diagrams for the symbiont tree. This approach offers an intuitive and engaging way to 
explore co-evolutionary relationships between hosts and symbionts. By placing symbi-
ont nodes inside the rectangles corresponding to the host they are mapped to, the recon-
ciliation is clearly conveyed without overcrowding symbiont nodes in a confined space.

The proposed metaphor is designed to quickly convey all the information: the rect-
angles representing the host nodes are slanted to suggest which are the left and right 
children; all the reconciliation events can be easily detected:

 	• A loss corresponds to a parasite edge traversing a host rectangular node - see the 
edge connecting the two red nodes in Fig. 12a;

 	• In the presence of duplication, both the children go toward the same host rectangular 
child - see the green nodes in Fig. 12a;

Fig. 11  VIRI architecture
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 	• Host-switches are represented as dashed lines, highlighted in orange if they are 
recognized to introduce a time inconsistency–see Fig. 12b.

Moreover, VIRI tries to minimize the crossing number, maximizing the clearness of the 
reading.

Finally, as demonstrated in Fig. 10, VIRI enables users to compare multiple reconcilia-
tions of the same host-symbiont tree instance. Unlike other tools, it preserves the user’s 
mental map by keeping unaltered the representation of the host tree. The host tree rep-
resentation is designed to minimize the total number of crossings across all reconcilia-
tions considered.

It is worth noting that the visualization algorithms are rather time-consuming, so they 
are fast when the host and symbiont trees are not too big (order of a few dozen nodes); 
nevertheless, VIRI produces easily-readable visualizations even for larger instances (see, 
for example, Fig. 13).

Fig. 12  Illustrative example based on VIRI output for two reconciliations of Fishes & Dactylogyrus [33]. In a, loss and 
duplication events are manually highlighted in red and green, respectively, for explanatory purposes only; in b, 
orange dashed edges manually added to indicate host-switches introducing time inconsistency
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Conclusions
VIRI is a web application allowing users to visualize their own reconciliations, as output 
by any tool reconciling pairs of trees compatible with the .out format produced by the 
Capybara. It is an interactive tool and stimulates the sharing of reconciliations for a 
common and faster contribution to the field of cophylogenetics. It is designed with opti-
mization in mind; indeed, it is possible to keep the number of crossings small, the host 
switches short, and the time to manually compare reconciliations fast by keeping the 
mental map in case of multiple reconciliations.

In the future, we plan to add several new features and improvements. In particular, 
we plan to give the user the possibility of editing the drawing within the constraints 
imposed by the layout. For example, it could be useful to allow repositioning of symbiont 
tree nodes within the rectangle representing their associated host node.

We also plan to support drawing customization by incorporating additional informa-
tion, such as clearly displaying tip names (with options for abbreviation), and showing 
more informative content on hover, such as reconciliation-derived events on the sym-
biont tree. Further improvements include information such as geographical data visual-
ized through color coding.

We will also improve the interface so that interaction is not needed to disambiguate 
the drawing when an edge-node overlap is present.

To address the long loading times observed for large datasets with a significantly high 
number of reconciliations, we are considering storing, along with the .nex and .out files, 
at least one precomputed visualization to avoid recomputing it from scratch each time. 
Based on user feedback, we will decide whether to store the initial optimal layout or a 
version that includes the user’s modifications, and redesign VIRI to either load this saved 
layout or recompute the visualization as needed. Improving VIRI’s efficiency under these 
conditions remains a key priority for future development.

Finally, while VIRI currently supports reconciliations in the Capybara .out format, 
reconciliations from other tools can be used as well, provided a simple conversion script 
is written to match this format. We plan to extend VIRI to alternative models of cophy-
logeny, such as those using node-to-edge mappings or other macro-evolutionary events, 
in future versions.

Fig. 13  The output of VIRI for a reconciliation of COG  [34], whose host tree has 100 nodes and symbiont tree has 
44 nodes
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Availability and requirements
Project name: VIRI - Visual Inspector of Reconciliation Instances
Project home page: https://viri.di.uniroma1.it/
Operating system(s): Platform independent
Programming language: Javascript browser’s interpreter
License: The VIRI service is provided "as is" and is freely available on the Web at https://
viri.di.uniroma1.it/, without warranty of any kind, express or implied, ​i​n​c​l​u​d​i​n​g but 
not limited to the warranties of merchantability, fitness for a particular purpose, and 
non-infringement. In no event shall the authors or copyright holders be liable for any 
claim, damages or other liability, whether in an action of contract, tort or otherwise, 
arising from, out of or in connection with the service or the use or other dealings in the 
service. The source code is available upon request under the terms of the GNU General 
Public License v3, with the exception of the components Apache2, PostgreSQL, and the 
GDToolkit Library that must be acquired independently
Any restrictions to use by non-academics: no restriction.
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