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Summary. The family Tymoviridae comprises the genus Tymovirus, from which it derives
its name, the genus Marafivirus and the newly established genus Maculavirus. Members of
the family share the following characteristics: (i) non-enveloped isometric particles
c. 30 nm in diameter, with a rounded contour and prominent surface structures, and
clustering of coat protein subunits in pentamers and hexamers; (ii) the presence in prepara-
tions of purified virus particles of two centrifugal components, made up of non-infectious
protein shells (T) that may contain small amounts of RNA (primarily subgenomic coat
protein mRNA) and of infectious nucleoproteins (B), that contain the virus genome;
(iii) possession of a positive-sense, single-stranded RNA genome with an unusually high
cytidine content (32 to c. 50%), capped at the 5' terminus and containing a very large ORF
encodes replication-related proteins analogous to those of other taxa of the “alpha-like”
supergroup of ssRNA viruses; (iv) a replication strategy possibly encompassing post-
translational proteolytic cleavage of the polypeptide encoded by ORF1 by a papain-like
virus-encoded protease, and coat protein expression via a subgenomic RNA; (v) the
presence in infected cells of cytopathic structures, thought to be the sites of RNA replica-
tion, originating from severely altered chloroplasts and/or mitochondria, the periphery of
which is lined with vesicles produced by the localized invaginations of the bounding
membrane. There are 23, 4, and 2 known species in the genera Tymovirus, Marafivirus and
Maculavirus, respectively. The genus Marafivirus also contains one tentative species.

Introduction

Tymovirus [6], Marafivirus [7], and Maculavirus [15] are three plant virus genera that have
the following traits in common: appearance, structural organization, and physicochemical
properties of virus particles, a monopartite single-stranded RNA genome with a very high
cytidine content, peripheral vesiculation of chloroplasts and/or mitochondria in infected
cells, and similar genome organizations. Most of these properties seem to be specific to
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these genera, so as to differentiate them from other plant virus taxa, and represent useful
characters for defining a higher taxon. Furthermore, phylogenetic analysis of the coat
protein (CP) and polymerase (RdRp) genes showed that the three genera are related. In
these trees, members of these genera form three distinct clusters [16].

The establishment of a novel family called Tymoviridae, after the oldest and the best
known of the three genera in question, was therefore proposed and approved by the ICTV in
June 2002.

Taxonomic structure of the family

Family Tymoviridae has the following taxonomic structure:

Genus Tymovirus
Genus Marafivirus
Genus Maculavirus

Virion properties

Morphology

Virions are isometric, non enveloped, c. 30 nm in diameter, with a rounded contour, and
prominent surface structure, with clustering of coat protein subunits in pentamers and
hexamers. The capsid of tymoviruses is made up of 20 hexameric and 12 pentameric
subunits arranged in a T = 3 icosahedron and the RNA appears to be at least partially ordered
in an icosahedral arrangement in the centre of the protein shell.

Physicochemical and physical properties

Virus particles sediment as two centrifugal components: T, made up of non-infectious
protein shells that contain a small amount of RNA (primarily subgenomic coat protein
mRNA) and B, composed of intact nucleoprotein particles. Sedimentation coefficients
(Sw20) of component T and B range from 42 to 55 and from 109 to 125, respectively.
Buoyant densities in CsCl of component T and B are 1.26-1.28 g/cm3 and 1.40–1.46 g/cm3

respectively. Virions resist high temperatures (thermal inactivation point is 60–65 °C up
to above 80 °C for some tymoviruses) and organic solvents, but are disrupted by SDS
[2, 9, 11].

Nucleic acid

Virions contain a single molecule of positive-sense, single-stranded RNA constituting 25 to
35% of the particle weight. The RNA has a very high cytidine content (from 32 to about
50%) and ranges from 6.0 to 7.5 kb in length. The genomic RNAs of seventeen species of
the genus Tymovirus (see list of species), five of the genus Marafivirus (see list of species)
including Grapevine asteroid mosaic-associated virus (GAMaV) [1] and two of the genus
Maculavirus (GFkV, GRGV) have been sequenced completely, or in part. Sequenced
tymovirus genomes are capped at the 5' terminus and have a tRNA-like structure at the 3'
end which, for TYMV and several other species, accepts valine. The genome of all
sequenced marafiviruses is capped at the 5' end, but it may (OBDV, PnMV, GAMaV) [3,
6–8] or may not (MRFV) [10] be polyadenylated at the 3' terminus. Maculavirus genomes
so far sequenced (GFkV, GRGV) are capped and polyadenylated [17, and unpublished
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information]. Infectious RNA transcripts have been generated from cDNA clones of the
tymoviruses TYMV, EMV, and OYMV.

Proteins

The coat protein (CP) of virus particles contains either a single protein species with a
molecular mass of 20 kDa (tymoviruses), 24.5–25 kDa (maculaviruses), or a major protein
of 21–21.5 kDa and a minor protein of 24.4–25 kDa (marafiviruses OBDV and MRFV).
The CP of two additional marafiviruses, PnMV and a strain of Bermuda grass etched line
virus (BELV), is made up of a single protein of c. 21 kDa [3, 8, 10, 12, 17].

Lipids: None reported.

Carbohydrates: None reported.

Genome organization and replication

The genome organization and the position and number of ORFs differ according to the
genus or individual viral species. Genomes of tymoviruses do not seem to vary with the
species and contain three ORFs, one of which (ORF1) is always very large [6]. The genome
of marafiviruses and maculaviruses may differ according to the species. In particular, the
genome of marafiviruses is basically structured as a single large ORF with CP genes nested
at its 3' end [3, 8]. An exception is MRFV, which has a second putative ORF in a frame
overlapping the 5' terminus of the genome [10]. Viral RNA of tymoviruses replicates in the
cytoplasm in association with the double membran-bounded vesicles that line the periphery
of the chloroplasts [11]. Comparable vesicles occurring at the periphery of mitochondria or
chloroplasts in cells infected by maculaviruses or some marafiviruses (PnMV, GAMaV)
[4, 13, 14, 16] may have the same function. Genome expression may be through post-
translational autocatalytic cleavage of the largest ORF by a papain-like virus-encoded
protease, and synthesis and translation of a 3'-co-terminal subgenomic RNA for CP
expression [6, 7, 10].

Antigenic properties

Virions are moderately to highly antigenic. Monoclonal antibodies have been produced to
GFkV. Tymoviruses cluster roughly into two serological groups with cross-reactivities
ranging from strong to weak within each group. Cross-reactivities between members are
weak to undetectable. Serological relationships occur between some marafiviruses, but not
between individual maculaviruses [7, 11, 16].

Biological properties

Host range

Tymoviruses and maculaviruses infect dicotyledonous plants, whereas marafiviruses pref-
erentially infect Poaceae, with the noteworthy exception of PnMV. Natural and experi-
mental host ranges of individual virus species are restricted, sometimes to a single type
of host (e.g., GFkV, GRGV, GAMaV infect only Vitis; MRFV only Zea; PnMV, only
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Euphorbia). Disease symptoms are a bright yellow mosaic or mottling (tymoviruses),
chlorotic stripes, white etched lines or dwarfing (marafiviruses), and flecking of the leaves
(maculaviruses).

Transmission

Tymoviruses and PnMV, but not other members of the family, are transmissible by
mechanical inoculation. In vegetatively propagated crops, long distance virus dissemina-
tion is primarily via infected propagating material. Transmission through seeds is rare and
has been reported only for some tymoviruses. Natural vectors are coleoptera and leafhop-
pers which transmit tymoviruses or marafiviruses in a semi-persitent or persistent manner,
respectively.

Geographical distribution

Members of the family have been recorded from most parts of the world. Geographical
distribution of individual species varies from restricted to widespread.

Cytopathic effects

Most species elicit derangement of the internal structure and alteration of the shape of
chloroplasts and/or mitochondria, which also show rows of peripheral vesicles derived from
localized invaginations of the limiting membrane.

Genus Tymovirus

Type species: Turnip yellow mosaic virus (TYMV).

Distinguishing features

The genomic RNA (6.0–6.7 kb in size) contains three ORFs (Fig. 1). ORF1 encodes a
206 kDa protein with the conserved sequence motifs of methytransferase, papain-like
protease, helicase, and RNA polymerase. The C termini of these large polypeptides are
highly conserved. ORF2 almost entirely overlaps ORF1 and encodes a 69 kDa proline-rich
protein that is dispensable for replication but is required for cell-to-cell movement. ORF3
codes for the viral CP (20 kDa), which is expressed via a subgenomic RNA. Genome RNA
contains a 16 nt sequence known as the “tymobox”, which functions as subgenomic RNA
promoter [5]. All species induce the intracytoplasmic formation of “polyplasts”, i.e. highly
characteristic aggregates of swollen and modified chloroplasts, which presumably clump
because of the aggregating action of the viral CP that accumulates around them. All main

Fig. 1. Genome structure of Turnip yellow mosaic virus (TYMV), the type species of the genus
Tymovirus showing the relative position of the ORFs and their expression products. MTR, methyl-
transferase; PRO, papain-like protease; HEL, helicase; POL, polymerase (RdRp); CP, coat protein;

p69, putative movement protein
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tissues of the hosts are invaded. Cells react with cytological modifications that can be used
for discriminating group of species or individual species [14]. Empty virions shells accumu-
late in the nuclei. Virions accumulate in parenchyma cells from where they are acquired by
the vectors. These are coleoptera of the families Chrysomelidae and Curculionidae, which
transmit in a semi-persistent manner. All members of the genus are mechanically transmis-
sible and a few (TYMV, EMV, DuMV) are transmitted through seeds.

List of species demarcation criteria in the genus

The criteria demarcating species in the genus are:

– Differences in the 3'-terminal structure
– Overall sequence identity of less than 80%
– Capsid protein sequences less than 90% identical
– Serological specificity
– Vector type
– Different extent of seed transmissibility
– Different effects on cell ultrastructure
– Differential host range

List of species in the genus

Official virus species names are in italics. Tentative virus species names, alternative names
( ), strains or serotypes are not italicized. Virus names, CMI/AAB description numbers ( ),
genome sequence accession numbers [ ], and assigned abbreviations ( ) are:

Species in the genus

Andean potato latent virus (124) [AF035402] (APLV)
Belladonna mottle virus (52) [X54529] (BeMV)
Cacao yellow mosaic virus (11) [X54354] (CYMV)
Calopogonium yellow vein virus [U91413] (CalYVV)
Clitoria yellow vein virus (171) [M15963] (CYVV)
Desmodium yellow mottle virus (168) [AF035201] (DYMoV)
Dulcamara mottle virus (124) [AF035634] (DuMV)
Eggplant mosaic virus [J04374] (EMV)
Erysimum latent virus (222) [AF098523] (ErLV)
Kennedya yellow mosaic virus [D00637] (KYMV)
Melon rugose mosaic virus (MRMV)
Okra mosaic virus (128) [AF035202] (OkMV)
Ononis yellow mosaic virus [J04375] (OYMV)
Passion fruit yellow mosaic virus [AF47107] (PFYMV)
Peanut yellow mosaic virus (PeYMV)
Physalis mottle virus [Y16104] (PhyMV)
Plantago mottle virus (PlMoV)
Scrophularia mottle virus (113) (SrMV)
(Anagyris vein yellowing virus)
Turnip yellow mosaic virus (2, 230) [J04373, X16378, X07441] (TYMV)
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Voandzeia necrotic mosaic virus (VNMV)
Wild cucumber mosaic virus [AF035633] (WCMV)

Tentative species in the genus

Chayote mosaic virus [AF195000] (ChMV)
Petunia vein banding virus [AF210709] (PetVBV)
None reported

Genus Marafivirus

Type species: Maize rayado fino virus (MRFV).

Distinguishing features

The distinct feature of the marafivirus genome (6.0–6.5 kb in size) is the possession of a
single large single ORF encoding a polypeptide of 221–227 kDa (OBDV, Fig. 2) that
contains the conserved signature motifs of the replication-associated proteins (methytrans-
ferase, helicase, RdRp), a papain-like protease domain, and the “marafibox” [12], a
conserved 16 nucleotide stretch comparable to the “tymobox”, from which it differs by two
or three residue changes. Virions have two CP subunits whose cistrons are located at the
extreme 3' end of the polypeptide, of which they are an integral part. The MRFV genome
differs from the above by the presence of a second ORF in a frame overlapping the 5' region.
This ORF codes for a 43 kDa proline-rich protein showing weak sequence similarity with
the putative movement protein of tymoviruses. Another feature that distinguishes MRFV
from other members of the genus is the lack of a poly(A) tail at the 3' terminus (MRFV,
Fig. 2).

Some species induce peripheral vesiculation of chloroplasts but these vesicles are
either double membrane-bound (GAMaV) or single membrane-bound (PnMV), as they
derive from localized invaginations of the inner lamella of the organelle’s envelope. Most
species are strictly confined to the phloem of infected hosts and are not transmissible by
inoculation of sap. An exception is PnMV, which is mechanically transmissible, invades
most host tissues, and behaves intracellularly like a tymovirus (e.g. intranuclear accumula-
tion of empty shells). None of the species is transmitted through seeds. PnMV and GAMaV
have no known vector. Other members of the genus, however, are transmitted by leafhop-

Fig. 2. The two known types of genome structure in the genus Marafivirus, exemplified by Maize
rayado fino virus (MRFV), the type species of the genus, and Oat blue dwarf virus (OBDV),
showing the relative position of the ORFs and their expression products. MTR, methyltransferase;
PRO, papain-like protease; HEL, helicase; POL, polymerase (RdRp); CPs, coat proteins;

p43, proline-rich protein
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pers, each by a different genus, i.e. MRFV by Dalbulus, OBDV by Macrosteles, and BELV
by Aconurella. Transmission is of the persistent-propagative type with viral replication
occurring in the insect host. Insect-transmitted species infect primarily Poaceae.

List of species demarcation criteria in the genus

The criteria demarcating species in the genus are:

– Differences in the 3'-terminal structure and in the number of ORFs
– Overall sequence identity of less than 70%
– Capsid protein sequences less than 85% identical
– Serological specificity
– Vector specificity
– Different effects on cell ultrastructure
– Differential host range

Species in the genus

Bermuda grass etched-line virus [AY040531] (BELV)
Maize rayado fino virus (220) [U977717, U97730, AF265566] (MRFV)
Oat blue dwarf virus (123) [U87832] (OBDV)

Tentative species in the genus

Grapevine asteroid mosaic-associated virus [on request] (GAMaV)
Poinsettia mosaic virus (311) [AJ271595] (PnMV)

Genus Maculavirus

Type species: Grapevine fleck virus (GFkV).

Distinguishing features

The genomic RNA of GFkV (7.5 kb in size) is the largest in the family and consists of four
ORFs (Fig. 3). ORF1 encodes a polypepetide of 215 kDa that contains the conserved
signature motifs of the replication-associated proteins (methytransferase, helicase, RdRp),
a papain-like protease domain. ORF2 codes for the 24 kDa CP. ORF3 and ORF4, which are
located at the extreme 3' end of the genome, code for proline-rich proteins of 31 and 16 kDa,
respectively, which show a distant relationship with the putative movement proteins of

Fig. 3. Genome structure of Grapevine fleck virus (GFkV) the type species of the genus Macula-
virus showing the relative position of the ORFs and their expression products. MTR, methyltrans-
ferase; PRO, papain-like protease; HEL, helicase; POL, polymerase (RdRp); CP, coat protein;

p31 and p16, proline-rich proteins
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tymoviruses. The RNA does not seem to have a conserved sequence comparable to the
“tymobox” or the “marafibox”. There are two known species in the genus (GFkV and
GRGV), both of which infect latently only Vitis species, with the exception of V. rupestris,
which reacts to GFkV with translucent spots (flecks) on the leaves. Both species are strictly
confined to the phloem of infected hosts and are not transmissibile by sap inoculation. The
cytopathology of GFkV infections is characterized by a severe modification of mitochon-
dria into structures called “multivesiculate bodies” [4]. Field spread of GFkV has been
reported but the vector is unknown. GFkV is not transmitted through seeds, thus virus
dissemination is primarily by distribution of infected propagative material.

List of species demarcation criteria in the genus

The criteria demarcating species in the genus are:

– Overall sequence identity of less than 70%
– Capsid protein sequences less than 85%
– Serological specificity

Species in the genus

Grapevine fleck virus [AJ309022] (GFkV)

Tentative species in the genus

Grapevine redglobe virus [AF521977] (GRGV)

Unassigned species in the family: None reported.

Phylogenetic relationships within the family

See Fig. 4.

Similarity with other taxa

Replication-associated proteins (RdRp, methyltransferase, and helicase) contain signature
sequences homologous to those of other taxa of the “alpha like” supergroup of ssRNA
viruses, especially those of the genera Carlavirus and Potexvirus.

Derivation of names

Tymo: sigla from turnip yellow mosaic virus; Marafi: sigla from maize rayado fino virus;
Macula: from macula, Latin for fleck.
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Fig. 4. Phylogenetic tree showing the relationships between the species and genera of the family
Tymoviridae based on the RdRp (A) and CP (B) sequences. The tree was produced using

CLUSTALW. Branch lengths are proportional to sequence distances

A

B
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