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Maize dwarf mosaic virus (MDMV) and Sugarcane mosaic virus (SCMV) belong to
the genus Potyvirus in the family Potyviridae. The viruses cause maize dwarf mosaic
(MDM) which is widespread and one of the most dangerous viral diseases of maize
in the world. In Poland MDMV was detected for the first time in 2005 and SCMV in
2006. The presence of new pathogens of maize plants prompted us to undertake
these studies. The research aimed at: biological and molecular characterization of
MDMV and SCMV, comparison of Polish and foreign isolates of the studied vi-
ruses on the basis of nucleotide sequences deposited in the GenBank database, ef-
ficiency evaluation of the available serological and molecular diagnostic methods,
verification of some maize cultivars susceptibility to MDMV and SCMV infections
and assessment of both species harmfulness to maize crops in two-year field condi-
tion experiment.

Maize plants showing leaf mosaic, some leaf discoloration, stunting or
symptomless were collected in six different regions in the years 2006–2010. The
samples were tested with ELISA. MDMV and SCMV occurred in: Wielkopolska,
Lower Silesia, Małopolska and Podkarpacie regions. SCMV was found also in
Lubelskie region.

For further investigations two virus isolates were chosen: MDMV-P2 and
SCMV-P1, both originating from the Wielkopolska region. The viruses were main-
tained and propagated in fodder maize plants in greenhouse.
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The set of 16 different herbaceous plant species was mechanical inoculated
with both viruses. MDMV-P2 and SCMV-P1 induced similar symptoms in all
tested maize plants but sweet maize cultivars were more sensitive to infection than
fodder ones. Three differential hosts were found. MDMV-P2 induced mild leaf mo-
saic on Panicum milliceum L. cv. ‘Jagna’. SCMV-P1 caused symptomless reaction of
Avena sativa L. cv. ‘Bohun’. Sorghum bicolor (L.) Moench cv. ‘Friggo’ was susceptible
to both viruses. The characteristic symptoms of MDMV infection manifested with
leaf mosaic whereas SCMV induced only local leaf necrosis of inoculated plants. Bi-
ological tests showed that infected perennial grass species Bromus mollis L. and B.
tectorum L. can become reservoir of the studied viruses. The host range was typical
of MDMV and SCMV species. The results were consistent with reports presented
by other authors. Bird cherry-oat aphid (Rhopalosiphum padi L.) which is a dominant
species among cereal aphids in Poland was used as a vector. The effectiveness of
transmission depended on the virus species and maize cultivars. Seed transmis-
sion of MDMV-P2 and SCMV-P1 was determined with seed grow-out tests. The
percentage of infected seeds was determined at three–five leaf-stage seedlings by
indirect-ELISA. Seed transmission rate ranged from 1.1% to 4% for MDMV-P2 and
from 1.7% to 6.2% for SCMV-P1. These data were higher than those presented in
the literature. In the light of the above described results it may be concluded that
seed transmission could play an important role in the epidemiology of maize mo-
saic disease in our country. Biological characterization of causal agents of maize
mosaic disease included also classical descriptions of properties of the viruses in vi-
tro. Longevity in vitro (LIV), dilution end point (DEP) and thermal inactivation
point (TIP) values were typical of potyviruses but differed between both viruses.

Ultrastructure of infected maize cells was studied. Single virions or aggregates
of entangled flexuous virus particles were found in the cytoplasm of mesophyll
cells and in the epiderm cells. Big coils of virions appeared in close contact with cell
walls and plasmodesmata. The observation of ultrastructural changes in
MDMV-P2 infected cells showed a very low concentration of the virions in the cy-
toplasm. In contrast, SCMV-P1 particles were definitely more numerous. Observa-
tions in electron microscope revealed the presence of typical of potyviruses
cytoplasmatic inclusions: pinwheels and scrolls in ultrathin-sections of leaves in-
fected with MDMV-P2. The pinwheels were seen in cross sections as 11-arms
structures or in longitudinal sections as bundles. In the early stage of infection the
bundles were located perpendicularly to the cell wall, mostly in contact with
plasmodesmata. In the advanced phase the number of scrolls increased. SCMV-P1
caused pinwheels, scrolls and laminated aggregates in the tissue of host plants.
Pinwheels and scrolls were found more frequently in the early stage of disease. In
contrast, laminated aggregates inclusions were more numerous in the late stage of
disease. Besides, necrotic and semi-necrotic cells were often found in the late stage
of MDMV-P2 and SCMV-P1 disease.

Molecular characteristics of the viruses was performed. Electrophoretical sepa-
ration revealed that genomes of Polish isolates of MDMV and SCMV consisted of
single-stranded RNA. The sizes of viral RNAs were comparable with genome size
of Spanish isolate MDMV-SP (9414 nt) which was used as a marker. For determi-
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nation of nucleotide sequence of MDMV-P2 and SCMV-P1 genomic RNAs,
RT-PCR were performed with total RNAs isolated from infected maize plants. The
sets of specific primer pairs were originally designed. All of them were used for vi-
ral genome amplification. The partial genome sequences of 5602 nt long for
MDMV-P2 and of 4377 nt long for SCMV-P1 were obtained. These fragments of vi-
ral genomes included full sequences encoded NIa-Vpg, NIa-Pro, NIb and CP pro-
teins of MDMV-P2 and SCMV-P1. Furthermore, amplified genome fragments
contained expected conserved motifs characteristic of potyviruses: RNA-depend-
ent RNA polymerase motif GDD in NIb region and DAG motif important for virus
transmission by aphids in CP region. CP sizes of MDMV-P2 (about 33 kDa) and
SCMV-P1 (about 35 kDa) were typical of viruses belonging to the Potyvirus genus.
Comparative analysis revealed that MDMV-P2 was the most similar to MDMV-Bg
(AJ001691). The nucleotide acid sequence identity was 91% and amino acid simi-
larity was 97%. Analogical nucleotide and amino acid sequence identities between
MDMV-P2 and MDMV-SP (AM110758) were 86% and 94%. In alignment
SCMV-P1 was the most similar (98% nucleotide sequence identity) to Mexican
isolate SCMV-VER1 (EU091075). The Polish isolate of SCMV shared 94%, 85%
and 83% identity of nucleic acids with the Spanish isolate (AM110759), the Chi-
nese isolates Zheijang (AJ297628) and Guangdong (AJ310105). Amino acid se-
quence similarity of SCMV-P1 was higher: 99% with the Mexican and the Spanish
isolates, 93% and 95% with the Chinese SCMV. Nucleotide and amino acid se-
quence identities between the obtained genome fragments of MDMV-P2 and
SCMV-P1 were 68.2% and only 35.7%, respectively.

Phylogenetic tree analyses using Neighbour-joining method in MEGA 3.1
showed that SCMV isolates were grouped into two clusters included isolates ex-
tracted from maize and another ones originated from sugarcane. Analysis showed
that the relationships between SCMV isolates were more correlated to the host
than to the geographical origin.

Biological, electronomicroscopical, serological and molecular diagnostic meth-
ods were tested in this study. DAS and DAC-ELISA tests could be used for MDMV
and SCMV detection. Molecular tests were more sensitive than serological.
IC-RT-PCR was 10 times more sensitive than DAC-ELISA for MDMV detection.
The increase in sensitivity of SCMV detection was a hundred-fold. The primer set
designed in this study was useful for detection and sequencing of MDMV-P2 and
SCMV-P1 genome fragments. Application of own primers designated to core of
coat protein sequence provided reliable detection of MDMV and SCMV by RT-PCR
and Real Time RT-PCR.

The influence of MDMV and SCMV infection on: maize plants height, number
of maize combs, yield and weight of 1000 kernels were evaluated under field exper-
iment conditions. The experiment was performed in Winna Góra in 2009–2010.
Healthy and mechanically inoculated with MDMV-P2 and SCMV-P1 maize plants
were planted to three independent tents covered with special net against aphids.
Every combination included three fodder maize cultivars in five randomized repli-
cations. Each replication contained 10 plants. Virus infections were confirmed by
ELISA. The obtained results were analyzed statistically. Similar reactions of all
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tested maize cultivars were observed. Dwarfing was one of the most important
symptoms of maize plants disease. Furthermore, MDMV and SCMV infections in-
duced statistical important reduction of: the number of maize combs, the yield of
1000 kernels, the yield of maize combs. The most important effect of the viruses
was reduction of the yield of kernels, ranging from: 46.0% to 69.8% for MDMV-P2
and from 48.8% to 69.8% for SCMV-P1. Additionally, infected maize plants were
more susceptible to diseases caused by fungi. The results showed that MDMV-P2
and SCMV-P1 could be dangerous pathogens for maize plants under favourable
conditions.
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