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Genome Watch

Extreme dimensions — how big (or 
small) can tailed phages be?
Maureen Berg & Simon Roux
This month’s Genome Watch high-
lights the search for unusually 
large (or small) tailed phages 
driven by metagenomics.

Bacteriophages  (phages)  that  is,
viruses  that  infect  bacteria,
represent an extremely diverse, yet
under-characterized,  group  of
viruses.  Although  most  known
phages  harbour  genomes  that  are
shorter  than  200kb  packaged  into
capsids with a diameter under 100 Å,
more  and  more  ‘extremely  large’
phages  are being discovered.  Early
reports  of  phages  with  genomes
larger than 200kb defined them as
‘jumbo  phages’  (Ref.  1).
Phylogenetic analysis of these jumbo
phages  revealed  that  they  form
distinct  and  cohesive  groups  with
multiple  independent  origins.  This
suggested  that  jumbo  phages  are
not  merely  mistakes  or  aberrations
of smaller phages that got too big,
but  that  large  genome  size  is
generally  a  stable  trait.  In  fact,  a
larger  genome  can  be
advantageous;  almost  all  jumbo
phages  encode  their  own  specific
transcription  factors,  at  least  some
parts  of  the  replication  machinery,
and many also have their own tRNA
genes,  which  enables  increased
independence from their host. Large
genomes  also  provide  more
flexibility  in  terms  of  transcription
strategy;  smaller  phage  genomes
tend  to  have  a  strict  modular
genome  structure  to  increase
efficiency,  whereas  jumbo  phage
genomes  may  be  much  less
organized in the absence of a strong
selection  pressure  to  maintain  a
compact genome.

Early reports were based on a
handful of isolated jumbo phages,
but a recent study reported more
than  350  (near-)complete  large
phage genomes assembled from
metagenomes and revealed how
extensive  and  pervasive  large
phages  really  are  in  nature2.
These metagenome-derived large
phages,  the  largest  harbouring
genomes  of  ≥700kb,  spanned
across multiple clades, and were
identified in various environments
from freshwater  lakes  to  human
gut. Functional annotation further
confirmed  some  of  the  initial
jumbo phage work, showing that
these  large  phages  encode  a
large diversity of genes, including
many  involved  in  replication.
Several  CRISPR  loci  were
detected  in  these  large  phages,
although  most  lack  the  CRISPR
machinery  for  spacer  acquisition
and  tend  to  only  include  the
spacer  arrays.  Notably,  some
large phages in the Biggiephage
clade encode a special  family of
hypercompact  Cas  proteins  that
can target foreign DNA, such as
that  from  competing  phages,
which  suggests  that  some
selection  pressure  towards  gene
coding  optimization  and
compactness remains3.

More  than  a  hundred  years
after  the  discovery  of
bacteriophages,  we  have  still
barely begun to characterize the
full  diversity,  ecology  and
evolutionary  history  of  jumbo
phages.  This  probably  results
from  several  methodological
biases,  which  render  these ultra
large  phages  challenging  to

isolate  and  study.  For  instance,
jumbo  phages  are  usually  retained
by  0.2µm  filters  typically  used  to
purify  phage  particles  prior  to
isolation,  and  they  can  have  a
limited ability to diffuse through agar
overlays1.  Meanwhile,  only  recently
have  sequencing  and  bioinformatic
technologies  enabled  the  assembly
of  such  large  (>500kb)  genomes
from  metagenomes.  By  providing
reference sequences  and ecological
distribution for these clades of large
phages,  these  metagenome
assemblies  now  enable  the
establishment  of  modified  and
targeted  isolation  protocols  to
eventually  obtain  a  better
representation  of  large  phages  in
isolate collections.

Strikingly, the same is true at the
other  end  of  the  genome  size
spectrum,  where  the  existence  of
ultra  small  dsDNA  phages  (<10kb)
has  been  posited  based  on
theoretical  analysis  of  capsid
structures  and  suggested  by
corresponding  metagenome circular
contigs,  but  not  confirmed  yet  via
laboratory  cultivation4.
Metagenomics can thus guide us in
the exploration of the ultra large and
ultra  small  phages  to  eventually
better  understand  the  eco-
evolutionary  and  biophysical
constraints  operating  on  double-
stranded  DNA phage  genomes  and
capsids.
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