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Project Goals: Environmental viral diversity is quickly being mapped through large-scale
metagenomics  (meta)analyses.  A  major  challenge  of  such  approach,  compared  to
traditional viral isolation, is the lack of host information for uncultivated viruses. Over the
last several years, multiple tools have been released to predict host taxonomy from (partial)
genome  sequences  of  uncultivated  viruses.  Here,  we  review  the  major  types  of  host
predictions  proposed  so  far,  and  describe  the  prototype  of  a  new  neural  network
framework able  to integrate  results  from multiple  tools  in a  single  reliable  host  genus
prediction.

Abstract  text: Viruses  are  critical  components  of  soil  microbial  ecosystems.  By  shaping
microbial  communities’  structure  and altering  host  cell  metabolism during infection,  viruses
exert  strong  constraints  on  microbiomes,  with  downstream  effects  on  nutrient  cycling  and
metabolic outputs. Viral genomic diversity in the environment, especially in soil, is progressively
being mapped primarily through the assembly of novel viral genomes from metagenomes. In the
last  five  years  alone,  the  number  of  such  “uncultivated  virus  genomes”  available  in  public
databases has increased by more than 3 orders of magnitudes (from a few hundreds to several
millions1). These genomes have enabled multiple discoveries on the diversity and distribution of
viruses across different ecosystems, yet one limitation inherent to these datasets is the lack of
host information for these viruses. 

Linking novel uncultivated viruses to their host(s) is a critical step towards understanding the
influence and potential impacts of these viruses on microbiomes and ecosystems. Accordingly,
more than  15 different tools have been released over the last  few years aiming at predicting
virus:host pairs and/or host taxonomy for uncultivated viruses. Overall, these rely on four major
types of genomic signal:  (i) sequence similarity  to known viruses, (ii)  sequence similarity  to
putative  host  genomes,  including due to host-encoded CRISPR-Cas systems, horizontal  gene
transfer, and provirus integration, and (iii) similarity in terms of nucleotide composition (i.e., k-
mer frequency) between virus and host genome2-5. These different approaches differ greatly in
their  recall  (i.e.,  ability to predict host taxonomy for as many viruses as possible) and false-
discovery rate (i.e., frequency at which the predicted taxonomy correspond to the correct host),
so that aggregating the results obtained from different tools on a single virus is challenging6-7.

We describe here the prototype of a machine-learning framework taking as input multiple results
of host prediction tools and using a deep neural network structure to provide as output a single
host taxonomy prediction, at the genus rank, along with a confidence score. We illustrate how



this  integration step maximizes  both recall  and precision,  enabling robust host prediction for
more input sequences than any individual tool. In addition, rather than directly predicting a host
taxonomy,  the  neural  network  is  designed  to  learn  to  distinguish  patterns  of  “reliable”  and
“unreliable” host prediction based on a combination of all signals considered. Hence, it is not
limited by the virus-host pairs currently described, and could be applied to entirely novel virus
and host communities.

Overall, integrating independent signals for host prediction appears to be a promising approach
to progressively populate uncultivated virus genome databases with reliable host information at a
satisfactory taxonomic resolution (i.e., genus rank). Coupled with a continuing expansion of the
global collection of isolated phages and innovative experimental methods to link uncultivated
viruses to hosts, these pave the way towards a more comprehensive reconstruction of virus:host
network from complex microbial communities.
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