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Did giant and large dsDNA viruses originate before
their eukaryotic hosts?
Chuan Kua,1 and Tsu-Wang Suna

Guglielmini et al. (1) present phylogenetic trees of cel-
lular organisms and Nucleo-Cytoplasmic Large DNA
Viruses (NCLDVs) based on two subunits of DNA-
dependent RNA polymerase (RNAP) and conclude that
NCLDVs originated before their eukaryotic hosts and
contributed RNAP to eukaryotes. While the studymight
provide insights into NCLDV phylogeny, the main con-
clusion is highly disputable. In addition to the small
number of genes analyzed, we are particularly con-
cerned about the accuracy of the trees, how much they
represent the evolution of cellular life and viruses, and
the overuse of lateral gene transfers (LGTs) to explain
tree topologies.

Based on only two genes encoding subunits of
the same enzyme, Guglielmini et al. (1) show trees
with a three-domain (eukaryotes, archaea, and bac-
teria) topology as suggested by small subunit ribo-
somal RNA (2). However, multigene phylogenomic
analyses have clearly shown that single genes can-
not be used to accurately reconstruct deep rela-
tionships and that the archaea-like components of
eukaryotes originate from within, instead of being
sister to, archaea (3, 4). Additional flaws in the trees
are revealed by comparing figure 2 and figures 1
and 3 in Guglielmini et al. (1), where Asfarviridae has
contradictory positions and the Phycodnaviridae–
Asfarviridae–Megavirales (PAM) group is not always
monophyletic, despite the high branch supports in
those trees. Furthermore, the relationships among
eukaryotes in Guglielmini et al.’s figure 2, which are not
displayed in the main text, are often incongruent with
our current understanding of the eukaryotic phylogeny
(5). For example, the red alga Galdieria appears as the
most basal eukaryote in the RNAP-III clade, which also
casts doubt upon the reliability of trees inferred from
divergent RNAP sequences.

Without first resolving these issues with phyloge-
netic inference, Guglielmini et al. (1) evoke LGTs to
explain the observed trees. They suggest NCLDVs ac-
quired RNAP from the ancestral “proto-eukaryote”
lineage, which later, in turn, acquired an additional
RNAP from NCLDVs. For the different Asfarviridae po-
sitions between subunit trees, they suggest piecewise
transfers and replacement of an already existing RNAP
subunit between Asfarviridae and the proto-eukaryote
lineage. These suggestions do not take into account
functional redundancy of the enzyme or subunit in
question. It is also important to note that having di-
vergent sequences does not mean having an older
age. The inherently chimeric genomes of eukaryotes
(6) do not imply that they are older than bacteria or
archaea. It is thus no surprise that giant viruses, which
obtained genes from all cellular life forms (7), can have
such divergent sequences as RNAP.

Even if we put aside problems in inferring and ex-
plaining trees, the NCLDVs-before-eukaryotes hy-
pothesis still has other weaknesses. With their sophis-
ticated life cycles, NCLDVs have only been found in
complex cells—the eukaryotes we know today—and
no evidence exists that they could parasitize prokary-
otes. In addition, NCLDVs infect diverse eukaryotes
and generally have specific host ranges (8). The sce-
nario where NCLDVs diversified while their hosts
remained as a single proto-eukaryote lineage (1) is
therefore questionable. In conclusion, there is little
support for the NCLDVs-before-eukaryotes hypothe-
sis, which tries to explain tree oddities by creating
more unexplainable aspects of viral biology.
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