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in cereal crops. These viruses are reported in almost every grain-growing region
around the world. All YDVs share common biological properties such as aphid
transmission, and phloem limitation. However, the replication mechanism and
genome organization of these viruses are different and based on these characteristics,
these viruses are classified into two genera; Luteovirus, represented by Barley yellow
dwarf virus (BYDV), and Polerovirus represented by Cereal yellow dwarf virus
(CYDV). This review covers the latest findings on these viruses, including
reclassification and elimination of family Luteoviridae, genome organization,
protein functions, and replication mechanisms, providing useful information for their
management.
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Extended Abstract
Introduction

Yellow dwarf viruses (YDVs) represent one of the most
economically significant groups of plant viruses affecting
cereal crops globally. These viruses are responsible for the
yellow dwarf disease, which causes substantial yield losses
in wheat, barley, and oats, with reductions reaching up to
30% during epidemic years, and in severe cases, leading to
total crop failure. While they also infect maize, rice, and
numerous species within the Poaceae family, they are most
critical in small grain cereals. The disease is characterized
by symptoms such as leaf discoloration (yellowing or
reddening), stunting, reduced seed number and weight, and
premature plant death.

These viruses are obligately transmitted by aphids in a
persistent, circulative, and non-propagative manner. They
are phloem-limited and cannot be transmitted mechanically
or through seed. Historically, YDVs were grouped together
based on these shared biological properties. However,
advancements in  molecular sequencing revealed
fundamental differences in their genome organization and
replication strategies. This review details the significant
taxonomic restructuring of these viruses, leading to the
elimination of the family Lufeoviridae and the
reclassification of its genera into Tombusviridae and
Solemoviridae.

Historical Classification and the Luteoviridae Era

The classification of YDVs has undergone profound
changes since their discovery by Oswald and Houston in
1951(0swald & Houston, 1951). Initially, differentiation
was based on vector specificity. In 1969, Rochow
established a serotyping system based on the efficiency of
transmission by specific aphid species (Rochow, 1969). For
example, isolates transmitted efficiently by Sitobion avenae
(formerly Macrosiphum avenae) were designated MAV,
while those transmitted by Rhopalosiphum padi were
designated RPV. Isolates transmitted non-specifically by

both vectors were named PAV. Later, SGV (transmitted by

Schizaphis ~ graminum) and RMV (transmitted by
Rhopalosiphum maidis) were added.

In 1976, these viruses were grouped under the name
Luteovirus (from the Latin luteus, meaning yellow). By the
late 1990s, the International Committee on Taxonomy of
Viruses (ICTV) established the family Luteoviridae,
comprising three genera: Luteovirus, Polerovirus, and
Enamovirus. This classification separated the viruses based
on genome sequence and organization. The genus Luteovirus
included Barley yellow dwarf virus (BYDV) species such as
BYDV-PAV and BYDV-MAV. Conversely, the genus
Polerovirus included Cereal yellow dwarf virus (CYDV)
species, such as CYDV-RPV.

Genomic Divergence and Reclassification

The primary driver for the recent reclassification is the
RNA-dependent RNA polymerase (RdRp) gene. ICTV uses
the RdRp gene as a primary criterion for classifying RNA
viruses because it is universal, essential for replication, and
defines the replication mechanism.

Phylogenetic analyses revealed that the RdRp of viruses in
the genus Luteovirus (e.g., BYDV-PAV) shares significant
homology with the family Tombusviridae. In contrast, the
RdRp of the genus Polerovirus (e.g., CYDV-RPV) is closely
related to the family Solemoviridae (formerly genus
Sobemovirus). This dichotomy suggests that the former
Luteoviridae family members arose from recombination
events between ancestors contributing structural protein
genes and ancestors contributing different replication
modules.

Consequently, in 2021, the ICTV officially abolished the
family Luteoviridae. The genus Luteovirus was moved to the
family Tombusviridae (Phylum Kitrinoviricota), aligning it
with flaviviruses. The genus Polerovirus was moved to the
family Solemoviridae (Phylum Pisuviricota), aligning it
with picornaviruses. Currently, species such as BYDV-
PAV, BYDV-MAV, BYDV-PAS, and BYDV-kerll are
classified as Luteovirus, while CYDV-RPV, CYDV-RPS,
and Maize yellow dwarf virus-RMV are classified as
Polerovirus.

Genome Organization and Expression Strategies
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The genome of YDVs is a single-stranded, positive-sense
RNA. While they share a conserved block of genes encoding
structural and movement proteins (the "Luteo-Polero
block"), their replication-associated genes and expression
strategies differ significantly.

Poleroviruses (e.g., CYDV-RPV): The genome contains a
VPg (Viral Protein genome-linked) at the 5’ end and includes
an ORF0. ORFO0 encodes the PO protein, a suppressor of
RNA silencing (VSR). Translation of ORF1 occurs via leaky
scanning past the ORFO start codon. ORF2 (RdRp) is
expressed as a fusion protein with ORF1 via a -1 ribosomal
frameshift. This frameshift relies on a slippery sequence and
downstream secondary RNA structures.

Luteoviruses (e.g., BYDV-PAV): These genomes lack a
VPg (possessing a 5’ phosphate instead) and do not contain
ORFO0. Because the 5’ end is uncapped and unstructured,
translation is facilitated by a Cap-Independent Translation
Element known as the BYDV translation enhancer (BTE)
located in the 3" UTR. The BTE interacts with eukaryotic
translation initiation factor 4E and the 5’ end of the genome
to recruit ribosomes. Like poleroviruses, the RdRp is
expressed via a ribosomal frameshift, but in BYDV, this
requires a long-distance interaction between the frameshift
signal and a Long-Distance Frameshift Element (LDFE)
located 4000 nucleotides downstream.

Viral Proteins and Their Functions

The distinct genome organizations result in different protein
complements, particularly regarding silencing suppression
and replication, while maintaining similarities in structural
proteins.

Replication Proteins (ORF1/2): Encoded by the 5’ half of
the genome. In luteoviruses, these proteins are homologous
to Tombusvirus replicases, whereas in poleroviruses, ORF1
encodes a polyprotein containing a protease and VPg,
processed to release the VPg.

Coat Protein (ORF3): The major coat protein (22 kDa) is
highly conserved.

Movement Proteins (ORF4 and ORF3a):

P4: Encoded by ORF4, this protein facilitates cell-to-cell

movement. In luteoviruses (which lack P0), P4 also

functions as the viral suppressor of RNA silencing (VSR),
localizing to the nucleus and cytoplasm.

P3a: A recently discovered small protein involved in long-
distance movement.

Readthrough Protein (ORFS5): Expressed as a fusion with
the coat protein via stop-codon readthrough. The
readthrough domain (RTD) is critical for aphid transmission
specificity and viral persistence in the hemolymph but is not
essential for virion assembly. The N-terminal of the RTD is
conserved, while the C-terminal is variable.

ORF6: Some BYDV isolates contain a small ORF6
downstream of ORF5. While its function remains debated,
hypotheses range from a role in structural protein expression
to acting as a silencing suppressor, given the absence of
ORFO in luteoviruses.

Replication Mechanisms and Cellular Localization

The divergence in taxonomy is mirrored by differences in
replication sites within the plant host cell.

Luteoviruses: Replication appears to involve the nucleus.
BYDV-PAV negative-strand RNA and the P4 movement
protein have been detected in the nucleus early in infection.
Later, replication vesicles with single membranes form in
the cytoplasm near plasmodesmata. The synthesis of
negative-strand RNA requires a GNRA tetraloop at the 3’
end of the genomic RNA.

Poleroviruses: Replication is strictly cytoplasmic. Viruses
like CYDV-RPYV induce the formation of double-membrane
vesicles derived from the endoplasmic reticulum (ER) and
mitochondria.

Conclusion The taxonomy of cereal yellow dwarf viruses
has stabilized following the removal of Luteoviridae. The
new classification into Tombusviridae (for Luteovirus) and
Solemoviridae (for Polerovirus) accurately reflects the
evolutionary lineage of their replication machinery (RdRp).
This split highlights the modular evolution of these viruses,
where a conserved block of structural and movement genes
(likely acquired via recombination) is coupled with distinct
replication modules. Future research should focus on
clarifying the origin of these gene blocks, the precise

function of ORF6, and the mechanisms of RNA silencing
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suppression in the absence of PO in Iluteoviruses.
Understanding these molecular distinctions is vital for
developing targeted management strategies against these
prevalent agricultural pathogens.
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Fig 2. Phylogenetic relationships of the predicted amino acid sequences of RNA dependent RNA polymerase (RdRp) of yellow dwarf
viruses and a few members of Solemoviridae and Tombusviridae. RdRps of yellow dwarf viruses in Luteovirus are more similar to
Tombusviridae. RdRps of yellow dwarf viruses in Polerovirus are more similar to Solemoviridae. Esf-1149, Bou-1146, HMD-1400, TSN-
1400, Krj-1646 and ASB-1400 are Iranian isolates of barley yellow dwarf virus (Pakdel et al., 2010; Radaee & Pakdel, 2023). The

resulting tree consensus is from 1000 bootstrap replications.
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Table 1. Classification of yellow dwarf viruses in cereals

Realm Riboviria
Kingdom Orthonaviria
Phylum Kitrinoviricota Pisuviricota
Class Tolucaviricetes Pisoniviricetes
Order Tolivirales Sobelivirales
Family Tombusviridae Solemoviridae
Genus Luteovirus Polerovirus
BYDV-PAV CYDV-RPV
BYDV-MAV
CYDV-RPS
BYDV-PAS
. MYDV-RMV
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BYDV-GAV
BYDV-SGV WYDV-GPV
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Fig 2. Genome organizations of BYDV-PAV and CYDV-RPV: the ORFs are shown as boxes. The VPg attached to the 5’ terminus of
CYDV-RPV is indicated by a circle. ORFO encodes a suppressor of silencing. ORF1 and ORF2 encode replication-related proteins. ORF3
encodes the major coat protein. ORF3a with a non AUG start codon encodes a protein required for long distance movement. ORF4
encodes a cell to cell movement protein. ORF5 encodes the readthrough protein. BTE facilitates translation initiation of BYDV-PAV
genomic RNA and subgenomic RNA1 (sgRNA1). Interaction of frameshift signal at the 5’ terminus and LDFE (long distance frameshift
element) of BYDV-PAV is required for -1 frameshift of ORF1. The GNRA tetraloops at 3’ terminus of BYDV-PAV genomic RNA are

required for negative strand RNA synthesis and virus replication.
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