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Maize viral diseases especially maize dwarf mosaic disease (MDMD), which is caused by potyviruses,
lead to significant crop losses worldwide. Aim. The aim of this work was to identify the causal agent of
mosaic symptoms, observed on maize plants during 2018—2020 in Kyiv region. Methods. Enzyme-linked
immunosorbent assay in the DAS-ELISA modification using commercial Loewe Biochemica test systems
for Maize dwarf mosaic virus (MDMYV), Sugarcane mosaic virus (SCMV), Wheat streak mosaic virus
(WSMYV) were applied to identify the causal agent of maize disease in collected samples. Transmission
electron microscopy was used in order to direct viral particle visualisation. Aphids, which are natural
vectors of plant viruses, were found on diseased plants. Results. Plants with typical mosaic symptoms
were observed in corn crops of the Kyiv region in early June 2018. The pathogen was transmitted by
mechanical inoculation to maize and sweet maize plants with the manifestation of mosaic symptoms.
Electron microscopy of the sap from diseased plants revealed the presence of flexible filamentous virions
750 nm long and 13 nm in diameter, typical for the genus Potyvirus. In August, mosaic symptoms and
aphids Rhopalosiphum padi were found on previously healthy plants in the same maize crop. In 2020, in
the same sown area, maize plants were free of viral infection during inspection in June, but a re-inspection
in September revealed mosaic symptoms on maize crop and the presence of aphids in the leaf axils. The
presence of SCMV in maize samples collected in June and August/September 2018 and 2020, as well as
in inoculated maize and sweet maize plants, was confirmed by ELISA using a commercial test system. The
obtained data allow suggesting that Rhopalosiphum padi is a natural vector of SCMV in agrocenoses
of Ukraine. It should be noted that co-infection with MDMYV and WSMYV in the affected plants was not
detected. Conclusions. This study presents the first report of SCMV in maize in Ukraine.

Keywords: Sugarcane mosaic virus, identification, Double antibody sandwich-ELISA, maize, Rhopa-
losiphum padli.

Maize (Zea mays L.) is one of the most
cultivated crops in the world. Ukraine is among
the leaders of maize production and ranks sixth
in the world after the United States, China,
Brazil, the EU, and Argentina. A further increase
in maize acreage in Ukraine is expected. Maize
dwarf mosaic disease (MDMD) is one of the most
common and economically important viral diseases
of maize in many countries [1]. For a long time two
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potyviruses, Maize dwarf mosaic virus (MDMV)
and Sugarcane mosaic virus (SCMV), were
considered as the causative agents of this disease,
due to similar virion morphology, range of host
plants, transmission modes, physical and chemical
properties [2]. These pathogens share a virion
morphology, and composed of filamentous flexible
virus particles 13 nm in a diametr, 770 nm in
length for MDMYV and 750 nm for SCMV. In 1992
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Shukla et al. showed that the cereal potyvirus
group consists of four different viruses, including
MDMYV, SCMYV, Sorghum mosaic virus (STMV),
and Johnsongrass mosaic virus (JGMV) [3]. A pro-
cedure has been developed to assess the presence
of potyviruses in samples of infected cereals,
followed by identification of the virus species
or mix of species (in case of co-infection) of the
genus Potyvirus [4]. MDMYV and SCMV have been
identified in maize plants on all continents [5-16],
JGMV was found in Johnsongrass (Sorghum
halepense), elephant grass (Pennisetum purpureum)
and maize in Australia, USA, Brazil and Africa [17,
18], and StMV was identified in maize only in the
USA and on sugar cane in China and India [1, 3, 19,
20]. MDMV is the most common pathogen among
all the viruses that infect maize worldwide [21]. In
general, maize yield losses caused by MDMV can
reach up to 70 % [22], mainly due to a decrease
in photosynthesis rate and an increase in the
respiration rate [23, 24]. SCMYV is known to cause
yield losses up to 50 % in susceptible varieties
of both maize and sugar cane [25]. MDMYV and
SCMYV are important causative agents of viral
diseases in European maize production, leading
to severe yield losses of grain and animal forage
in susceptible maize varieties [20, 26, 27]. In the
Czech Republic SCMYV prevails over MDMYV in
maize: during 3-year observations it occurred in
98.7 % samples, while MDMYV was identified only
in 1.3 % samples [28]. In Poland SCMV is also
considered to be more economically important in
maize production compared to MDMYV, however
these viruses are also found in mixed infections in
different regions of the country [29].

MDMYV and SCMYV are transmitted by aphids
in an non-persistent mode. There are more
than 20 different species of aphids capable of
transmitting MDMYV, in particular, Rhopalosiphum
maidis, Myzus persicae, Rhopalosiphum padi
and Brevicoryne brassicae; SCMV vectors are
Hysteroneura setariae, Rhopalosiphum maidis,
Rhopalosiphum padi, Schizaphis graminum, Aphis
gossypii, Myzus persicae [30, 31]. The efficiency
of MDMYV transmission by aphids is directly
and/or indirectly affected by various factors
such as temperature and humidity, virus strain,
vector species. The characteristics of host plant
(species, variety, age) and environmental factors
significantly affect the in vivo virus concentration
in plants [30, 32]. Transmission of the virus by
aphids depends on virion retention in aphid stylets;
MDMYV retention was much longer with increasing
time of virus acquisition [33, 34].
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In addition to aphid transmission, MDMV and
SCMV can also be transmitted by mechanical
inoculation and seeds. The percentage of MDMV
seed transmission in maize ranges from 0.006 %
[35]t0 0.5 % [36], and SCMYV seed transmission in
maize and sweet maize is about 0.4 % [37].

MDMYV and SCMV are systemic viruses
that infect most parts of the plant; the main
manifestations of infection are the development
of mosaic leaves, light or yellow-green chlorotic
areas, and there may also be redness and necrosis
on the leaves and stems. Severely infected plants
demonstrate plant growth retardation, increased
tillering and a poor seed yield. Infected plants are
more susceptible to root rot pathogens [23, 38].
SCMV in co-infection with Maize chlorotic mottle
virus (MSMV) causes fatal maize necrosis in some
parts of East Africa [39].

In 1970-1971 Naumenko [40] identified the
causative agent of maize mosaic in Ukraine. Com-
paring the range of host plants, ways of trans-
mission, properties in the sap, virion morphology
of the pathogen detected in Ukraine, the researcher
concluded that this virus is identical to the virus
described in Europe (maize mosaic virus) and in
the United States (MDMYV) [40]; the presence of
mosaic in maize fields in Kyiv, Dnipropetrovsk,
and Kherson regions was shown [41]. The pathogen
was transmitted from mosaic plants to healthy ones
by mechanical inoculation of the sap, as well as by
aphids Myzus persicae and Rhopalosiphum maidis
without an incubation period in the insects [40].
After these reports, there was no information about
maize viruses and viral diseases in Ukraine.

Material and Methods

Maize Leaf Samples and Plant Inoculation

We conducted a monitoring of industrial maize
fields for the presence of viral diseases in the Kyiv
region at the beginning of June 2018 and 2020.
Plants with characteristic symptoms of mosaic
were selected for further examination. In August/
September inspections of the fields were repeated;
special attention was paid to the examination of
the fields, where infected plants were found in
June.

For infection biotesting we took leaves from
symptomatic plants of maize “Mosquito” and sweet
maize “Brusnytsia”, homogenized them with a
mortar in 0.05 M potassium phosphate buffer pH
7.0 (ratio 1:10) and inoculated directly on young
plant leaves (5 weeks old) with carborundum as
an abrasive [42]. Three weeks after infection, the
results were recorded.
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Transmission electron microscopy (TEM)

Extracts obtained from various symptomatic
maize plants were placed on grids and negatively
contrasted with 2 % uranyl acetate. Samples were
observed under JEOL (JEM-1400) transmission
electron microscopy in the Centre of collective
usage of the NAS of Ukraine at D.K. Zabolotny
Institute of Microbiology and Virology of the
NASU [43].

Double antibody sandwich-ELISA (DAS-ELISA)

Enzyme-linked immunosorbent assay in the
DAS-ELISA modification was used to identify the
pathogen. Collected samples of maize were tested
for MDMYV, SCMV, and Wheat streak mosaic
virus (WSMV) using commercial test systems
Loewe Biochemica (Germany). The analysis was
performed according to standard methods following
the manufacturer’s instructions. Standard (positive
and negative) commercial controls were used in the
analysis. The reaction was considered positive if
the optical density at a wavelength of 405 nm of the
test sample exceeded the negative controls at least
three times and was higher than 0.2 [44].

Aphid species identification

Aphids were identified using morphological
identification keys [46, 47—48].

Results. During inspection of industrial maize
fields in Kyiv region in early June 2018, in one
field we found plants at the stage of four-five leaves
with virus-like mosaic symptoms (Fig. 1). It should
be noted that the plants with mosaic symptoms

A

were solitary and distributed evenly throughout the
sown area, which may indicate the seed origin of
the infection.

Fig. 1. Mosaic symptoms on Zea mays plants
sampled in the fields of Kyiv region in
June 2018

Biotesting of the pathogen on plants of maize
“Mosquito” and sweet maize “Brusnytsia” showed
symptoms at the base of the youngest leaves in
two weeks post inoculation, and in three weeks
after inoculation symptoms of clear mosaic were
recorded on the maize leaves (Fig. 2).

Electron microscopic examination of the sap
from symptomatic maize plants revealed the
presence of flexible filamentous viral particles
about 750 nm long and 13 nm in diameter (Fig. 3).

Fig. 2. Symptoms on inoculated maize plants: a) “Mosquito” variety; b) “Brusnytsia” variety;
¢) “Mosquito” variety non-inoculated control
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Fig. 3. Electron microscopic image of viral
particles detected in the sap from maize plants
showing mosaic symptoms (scale bar 200 nm)

During re-examination of maize field in August
2018, we found mosaic symptoms along with
Rhopalosiphum padi aphids on previously healthy
plants (Fig. 4).

In 2020, maize was sown again on the same
field, and a visual inspection of the plants in June
revealed no symptoms typical of a viral infection
in that crop. Upon re-examination of the field
in September, we found plants with symptoms
of mosaic and growth retardation. Aphids Rho-
palosiphum padi were observed in the leaf axils
(Fig. 5).

Serological testing with DAS-ELISA using a
commercial test system showed the presence of
SCMYV in maize samples collected in both June
and August/September 2018 and 2020, as well as in
inoculated maize and sweet maize plants (Fig. 6).
It should be noted that co-infection with MDMV
and WSMYV in the infected plants was not detected.

Fig. 4. Symptoms of mosaic and aphid Rhopalosiphum padi on maize plants in August 2018 (a);
aphids under magnification (b)

Discussion. The results obtained by visual
inspection of the industrial maize field, and by
biotesting with mechanical inoculation method with
the appearance of the same symptoms of mosaic
on maize plants, as well as electron microscopic
examination and analysis of facts indicating the
possibility of transmission of the pathogen by
seeds and aphids, allowed to conclude that plants
were infected with one of potyviruses [4, 24]. The
analysis of the publications focused our attention
on three potyviruses that can infect maize and are
common on cereals in Ukraine and/or neighboring
countries: MDMV, SCMV and WSMYV, which is
a representative of the genus Tritimovirus of the
family Potyviridae. In addition, there was a need
for an excluding of co-infection with these maize
plant viruses, as such facts have been repeatedly
described in the literature [28-29, 48—49].
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Serological testing showed that the maize was
infected by the SCMV and confirmed the absence
of a mixed infection with MDMYV and WSMV. It
should be noted that this is the first report of SCMV
in Ukraine. Similar data on the distribution of
SCMYV in maize in other European countries have
been published repeatedly, particularly in the Czech
Republic [28], Poland [29], Germany [48], Spain
[26] and France [27].

The fact that in 2018 mosaic symptoms were
observed on sporadic and evenly distributed maize
plants at the stage of only four-five leaves give
us the possibility to assume the seed origin of
the infection in this field. It should be noted that
in 2020, during a detailed examination of maize
plants on the same sown area, we did not find
the characteristic symptoms of mosaic. Detection
of mosaic symptoms together with aphids on
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Fig. 5. Symptoms of mosaic (a) and aphids Rhopalosiphum padi (b) on maize plants in September

2020
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Fig. 6. DAS-ELISA detection of 3 (MDMY, SCMV, WSMYV) viruses in maize plants with mosaic
symptoms. Collected plant samples: 1 — mosaic (June 2018); 2 — mosaic and aphids
(August 2018); 3 — mosaic and aphids (September 2020); 4 — mosaic, aphids and growth
retardation (September 2020). Maize plants of the “Mosquito” variety (5) and sweet maize plants
of the “Brusnytsia” variety (6) inoculated with the sap of diseased plants. “k +” — positive control;
“k —1” and “k — 2” — negative controls.
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previously healthy maize plants in August 2018,
and the appearance of plants with mosaic and
growth retardation symptoms and aphids in
September 2020, as well as identification of the
virus in these plants using DAS-ELISA suggests
that Rhopalosiphum padi is a natural vector of
SCMYV in agrocenoses of Ukraine. Our observations
are in accordance with the data of Hasan et al.
(2003), they showed that R. padi and R. maidis had
the highest viral transmission rates (92 %) among
the tested aphid species [31]. Polyphagous R. padi
is widely distributed in all regions of Ukraine. This
is a major pest in cereals such as wheat and corn,
and it is regarded to be a vector for several harmful
plant viruses [47, 50-51].

Thus, the spread of SCMV in the agrocenoses
of Ukraine most likely is due to a combination of
two modes of transmission: by seed and by vector.

According to the literature reviewed, MDMV
was detected on maize plants in Kyiv region
of Ukraine in 1970-1971 based on plant host
range, properties in the sap, particle morphology
and transmission modes [40]. Analyzing these
results after 50 years we cannot say with certainty
which virus was circulating at that time, since it
is impossible to distinguish MDMV and SCMV
without serological and molecular methods.

Given that the scientific community recognizes
the spread of MDMYV in Ukraine, referring to the
work of L.A. Naumenko [52—53], and taking into
consideration the absence of data about distribution
of SCMV we present the first report of SCMV in
Ukraine.

Conclusions. This study presents the first
record of Sugarcane mosaic virus in Ukraine in
maize in Kyiv region. Sugarcane mosaic virus
affected plants in monoinfection and its presence
was confirmed by biotesting, electron microscopy
and serological studies. Sugarcane mosaic virus
circulates in the studied agrocenosis during 2018—
2020, and its spread is likely to occur through two
modes of transmission: seed and Rhopalosiphum
padi aphids.
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Peswome

BipycHi xBopoOu KyKypya3Hu y 0ararbox KpaiHax
3aBJIalOTh 3HAYHUX 30WMTKiB, 30KpeMa XBopoba Kap-
JIMKOBOI MO3aiku KyKypynsu (Maize dwarf mosaic
disease, MDMD), 30ynHHKaMu K01 € TOTIBIPYCH.
Merta. MeToto pob6oTu Oya0 BU3HAYUTH 30yJHUKA
MO3aiKi KyKypy[I3H, II0 CIOCTepirajgach Ha poCiu-
Hax Kykypyma3u y 2018 ta 2020 poxax B KuiBchkiii
obnacti. Meronu. /s ineHTudikaii 30y JHUKa XBO-
poOu KyKypy/a3H y BimiOpaHUX 3pa3kax BHKOPHCTO-
ByBaJu IMyHO(pEPMEHTHUH aHami3 B Moaudikarii
DAS-ELISA i3 3acTOCyBaHHSIM KOMEPLIHHUX TeCT-
cucteMm ¢ipmu Loewe Biochemica no Bipycy kap-
TUKOBOI MO3aiku KyKypyasu (Maize dwarf mosaic
virus, MDMV), Bipycy M03aiki IlyKpOBOi TPOCTHHH
(Sugarcane mosaic virus, SCMV) Ta Bipycy cMmyrac-
To1 Mo3aiku nenuni (Wheat streak mosaic virus,
WSMYV). [l ipsAMOTro BUSABJICHHS BIPYCHUX YaCTOK
3aCTOCOBYBAIM METOJA TPAHCMICUBHOI €JIEKTPOH-
HOI Mikpockomii. Ha XBopux pocinHax BUSBISIH
MOTIETUIh, SIKI € IPUPOAHUMH BEKTOPAMH BipycCiB
pociuH. Pesynbratu. PoCIvHN 3 THIOBUMH CUMII-
TOMaMH{ MO3aiK{ BHSBHIIHU B IOCIBaX KYKYpYyI3U B
KuiBcekiil obnacti Ha moyarky yepBHS 2018 poxky.
30yHUK IepeaBaBCs MEXaHIUHOK 1HOKYIAIIE0 Ha
POCIMHU KYKYpYI3U Ta AECEPTHOI KYKypy/I3HU 3 MPo-

63



SIBOM CHUMIITOMIB MO3aikH. ¥Y COLI XBOPUX POCIHUH
€JIEKTPOHHOMIKPOCKOTIIUHUMHU JIOCT/PKEHHAMHU OYyI10
MOKAa3aHO HASABHICTh THYYKMX HUTYACTHX BipiOHIB
nosxuHOI0 750 HM Ta giamerpoMm 13 HM, THIIOBHUX
JUTS TIPEJICTaBHUKIB pony Potyvirus. B ceprHi Ha pa-
HIIlIe 3J0POBUX POCIMHAX B THX JKE IMOCIBaX KyKypy-
J3U Oy/no BUSIBIIEHO CUMIITOMH MO3aiKi pa3oM 3 I0-
nenmuusaMu Rhopalosiphum padi. Y 2020 poui Ha Til
caMmiii ociBHIH mToni KyKypyasa Oyina 0e3 mposBiB
BipycHOI iH(EKIil Mpr 0O0CTEKEHH] Y YepBHi, a pu
MTOBTOPHOMY OOCTE)KEHHI Y BEepecHi OyJ0 BUSBICHO
CHMITTOMH MO3aiKH Ha POCIHHAX KyKYpYyA3H Ta IPH-
CYTHICTB IOTIEIHNIIb y TIa3yXax JUCTKIB. [IpucyTHicTh
SCMYV y 3pa3kax KyKypya3u, BigiOpanux y 2018 ta
2020 poxkax sIK y 4epBHi, TaK 1 B CEpITHI/BEpECHi, a Ta-
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