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Argumentation to create a new family:

HaRNAV is a single-stranded, positive sense, RNA virus that infects several strains of the red-tide
forming Raphidophyte Heterosigma akashiwo from coastal British Columbia waters. Our analysis of the
HaRNAYV genome establishes that it is clearly in the picorna-like superfamily based on the following
criteria HaRNAV particles are icosahedral with a diameter of approximately 25 nm (Tai, 2003), a size
and structure consistent with picorna-like viruses (reviewed in Liljas, 2002).The genome is 8587 nts in
length, plus a poly(A) tail The determined genome sequence contains 1 large open reading frame (orf)
on the positive strand that is 7743 bases long and predicted to encode a protein of 2581 amino acid
residues. The 5’ and 3’ untranslated regions (UTRs) are 483 and 361 nucleotides long, respectively,
accounting for a total of 9.8 % of the genome. There is a potential stem-loop structure (with 14 of 15
bases capable of hybridizing and a loop of 4 bases) starting at the fifth nucleotide The secondary
structure near the 5’ end is likely functionally important for the virus for replication of the RNA as seen in
other picorna-like viruses (e.g. poliovirus (Andino, 1993). Secondary structures close to the start of the
polyprotein are likely functionally important as part of an internal ribosome entry site (IRES) for
translation of the polyprotein as in other picorna-like viruses (reviewed in Martinez-Salas, 2001). There
is a notable pyrimidine-rich stretch of sequence wherein 22 of 29 bases are pyrimidines that ends 8
bases upstream of the predicted start codon of the large orf, and such sequences are conserved in
picorna-like viruses and important as part of the IRES (Pestova, 1991). We performed N-terminal
sequence analysis of protein bands from purified virus particles. These sequences were found in the
amino acid sequence predicted for the large orf in the genome sequence, which therefore encodes the
viral structural proteins Analsysis of the predicted polyprotein sequence by BLAST (Altschul et al., 1997)
revealed the presence of conserved domains defined for picorna-like helicase and RNA-dependent RNA
polymerase (RDRP) proteins, and capsid proteins (Figure 1).

The structure of the viral genome and the patterns of sequence relationships of HaRNAV proteins to
other known viral picorna-like proteins clearly shows that it does not belong with any of the currently
established picorna-like families. The HaRNAV genome structure is most like the potyviruses [e.g.
tobacco etch virus; (Allison, 1986) in that the non-structural protein domains are located at the N-
terminus and the structural proteins are at the C-terminus of a single large polyprotein encoded on a
monopartite genome. However, potyvirus capsids are filamentous and NCBI database searches with
putative HaRNAV open reading frames, as well as phylogenetic analyses demonstrated no significant
homology with this family. We constructed phylogenetic trees to evaluate the evolutionary relationship of
the HaRNAV RNA-dependent RNA polymerase (RdRp) to RdRp sequences from other families within
the picorna-like superfamily. The alignments were done with residues 1362-1619 of the HaRNAV
polyprotein that represent the conserved regions I-VIII (Koonin and Dolja, 1993) and the corresponding
regions from the other viruses included. The trees we constructed using the maximum likelihood and
neighbor-joining methods (Figure 2) support previously established family classifications within the
picorna-like superfamily. However, these analyses do not place the HaRNAV sequence within any of
these established families. This is not surprising that HaRNAV is in a new family as it is the first picorna-
like virus that has been described that infects a protist.

Origin of the proposed family/genus name

Marna is a sigla derived from mare (mare: the sea (latin)), referring to the environment from
which the virus was isolated and RNA, referring to the genetic material of the virus.
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Annexes:

L ETG |rore | | ] Jves | ve |

Figure 1. Representation of the HaRNAYV polyprotein. The location of conserved picornalike protein
domains are indicated within the polyprotein box: H, helicase; P, protease; RDRP, RNA-dependent RNA
polymerase; VP3 and VP1, structural proteins. The location of the N-termini found by sequencing the
HaRNAV structural proteins are shown by black lines in the box.
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Figure 2. Phylogenetic analysis of picornalike RNA dependent RNA polymerase domain protein
sequences. The tree is based on maximum likelihood distances and the sequence from the carnation
mottle virus (CarMV) was used as an outgroup. Support values based on 10,000 puzzling steps are
shown above the branches. Bootstrap values (based on 1,000 replicates) for branches that are
supported by > 50 % by neighbor-joining analysis are labeled below the branches (a dash indicates there
was no corresponding branch in the neighbor-joining tree). The scale bar represents the expected
number of changes per residue position.
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