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classified as a member of the genus Chloriridovirus. The
impact of this virus in the natural environment is un-
known. Although, it is not known whether or not this iri-
dovirus can infect any other mosquito species, many
members of the Iridoviridae, such as |IV-6 and ranavi-
ruses, are known to have large host ranges.

Interest in invertebrate iridoviruses has been limited by
the perception that they have little potential as biological
control agents against insect pests. However, there is now
growing awareness of the potential impact of sublethal 11V
disease on the dynamics of insect populations, including
insect vectors of medical importance worldwide. Studies
with insects indicate that sublethal iridovirus infections can
also seriously impact host fithess through reduction in re-
productive capacity, body size, and longevity [7]. The mos-
quito iridovirus Ae. flavescens can be promising biological
control agent against insect pests, as it causes covert dis-
ease and reduces mosquito stocks.

Therefore, future experiments are required to establish
whether AflV is a new species within the genus Iridovirus
or just an isolate of a previously known virus species. In
addition, it would be worthwhile to investigate the suscepti-
bility of AflV to other species of Aedes and to explore the
prevalence of these viruses in wild stocks.

Conclusion. Electron microscopy and molecular ap-
proaches vyielded results consistent with the suggestion
that mosquito iridovirus Ae. flavescens was a member of
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the family Iridoviridae. Moreover RFLP analysis of viral
DNA, number of virus proteins and molecular weight of
MCP distinguished iridovirus Ae. flavescens from another
mosquito iridovirus Ae. taeniorhynchus, the type species of
the genus Chloriridovirus. Presently, a large numberof
mosquito iridoviruses, that have been reported in literature,
are insufficiently studied and consequently they are not
classified. Our observation may help to understand the
relatedness of mosquito iridovirus Ae. flavescens within
family Iridoviridae.
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DETECTION AND IDENTIFICATION OF VIRUSES AFFECTING IRISES
IN LITHUANIA AND UKRAINE

Po6oma eukoHaHa 32i0H0 3i cninbHor JlumoecbKo-YKpaiHCbLKOH Nnpo2pamoro criepobimHukamu kaghedpu eipyconoeii Kuie-
CbKO20 HauyioHanbHo20 yHisepcumemy imeHi T. LLleeyeHka ma nabopamopii eipycie pocnuH iHcmumymy 6omaHiku 8 pamMkax
npoekmy "MoHimopuHe cknady eipycHux namozeHie dekopamueHo-keimkosux Kynbmyp e Ykpaini ma Jlumei". Mema daHoi po-
6omu — docnidxeHHs 8ipycHuUx 3axeoprosaHb nieHukie (Iris L.) 6omaHi4Hux cadie Jlumeu ma YkpaiHu; ideHmudpikayiro 36ydHu-
Kie npoeodusu 3a G0MOMO2010 K/lacU4YHUX ma HO8iMmHix, MosieKynsipHo-6ionoe2iyHux, memodis. Bipyc nomipHoi Mo3aiku nigeHukie
(IMMV) 6ye esusieneHuli 8 ycix docnidxeHux 3pa3kax ik Jlumeu mak i YkpaiHu. Memodamu pocnuH iHOukamopie, eflekKmpoHHOI
mikpockonii, iMyHoghepMeHmHoz20 aHanisy, e modudpikayii DAS, ma 3e60pomHoO-mpaHCcKpunyitiHoi nonimepasHoi naHyr2080i
peakuyii (RT-PLR) 3 desikux nnumoecbKkux 3pa3kie 6ynu i3onboeaHi ma ideHmudikoeaHi eipycu mromioHoeoi mo3aiku (TMV), Kinb-
yeesoi nnsimucmocmi mromioHy (TRSV) ma kinbyeeoi nnsmucmocmi momamie (ToRSV).

According to the joint Lithuanian—Ukrainian program the research workers of Department of Virology T. Shevchenko Kyiv Na-
tional University and Plant Virus Laboratory of Nature Research Center Institute of Botany are fulfilling research project "Monitor-
ing of diversity of virus pathogens infecting ornamental plants in Ukraine and Lithuania”. The aim of this work was to investigate
viral diseases affecting irises (Iris L.) grown in Botanical gardens in Lithuania and Ukraine; to identify their agents applying the
classical and modern, molecular biology methods. Iris mild mosaic virus (IMMV) was detected in all investigated Lithuanian and
Ukrainian samples; Tobacco mosaic (TMV), Tobacco ringspot (TRSV), and Tomato ringspot (TORSV) viruses have been isolated
and identified in some investigated Lithuanian samples by the methods of test-plants, electron microscopy, double—antibody
sandwich enzyme—linked immunosorbent assay (DAS-ELISA), and reverse transcription polymerase chain reaction (RT-PCR).

Introduction. Irises have been used for centuries both
as ornamentals and as a source of perfumes and medicine.
This wide-ranging genus of more than 200 species is na-
tive to the temperate regions of the Northern hemisphere.
There are many hybrids. Irises are divided into main two
groups: rhizomatous and bulbous.

Spread of viruses in irises remains a serious problem.
Until now 15 viruses affecting irises have been described in
literature: Iris mild mosaic virus, Narcissus latent virus, Iris
severe mosaic virus, Bean yellow mosaic virus, Tomato
spotted wilt, Impatiens necrotic spot virus, Turnip yellow
mosaic virus [1], Tobacco ringspot virus, Tobacco mosaic
virus, Tobacco rattle virus, Iris fulva mosaic virus, Cucum-
ber mosaic virus, Broad bean wilt virus, Lilac chlorotic leaf-
spot virus, Iris germanica virus.

According to the joint Lithuanian—Ukrainian program the
research workers of Department of Virology T. Shevchenko
Kyiv National University and Plant Virus Laboratory of Na-

ture Research Center Institute of Botany are fulfilling joint
research project "Monitoring of diversity of virus pathogens
infecting ornamental plants in Ukraine and Lithuania". The
aim of this work was to investigate viral diseases affecting
Iris L. grown in Botanical gardens in Lithuania and Ukraine;
to identify their agents applying the classical and modern,
molecular biology methods.

Materials and methods. Plant material was collected
in Botanical Garden of Vilnius University, Experimental
Station of Field Floriculture and collection of iris breader
O. Griniuviene in Lithuania; Botanical garden of Kiyv
T. Shevchenko university, and N. N. Grisko Kyiv National
Botanical Garden in Ukraine.

Viruses have been identified by the methods of test—
plants [2], electron microscopy (EM), double—antibody
sandwich enzyme-linked immunosorbent assay (DAS-
ELISA) and reverse transcription polymerase chain reac-
tion (RT-PCR) [3, 4, 5, 6].

© Samuitiené M., Navalinskiené M., Zitikaité |., Kompanets T., Korotyeyeva A., Bysov A., 2011



BIOJNIOriA. 59/2011

~ 19 ~

The test—plants were inoculated in early stages of
growth by mechanical sap transmission, applying car-
borundum as an abrasive. The inocula were prepared by
homogenizing infected plant tissue in 0.1 M phosphate
buffer pH 7.0, containing 1 % nicotine acide as virus—
stabilizing additive.

Virus particles were examined in leaf dip EM prepara-
tions negatively stained with 3 % uranyl acetate using a
JEOL-100S electron microscope, at magnification 25000.

DAS-ELISA was carried out using commercial Kkits
(DSMZ Plant Virus Collection, Germany), according to
standard procedure. Immunoglobulins (IgGs) and IgG alka-
line phosphatase conjugates were used at a dilution of
1/1000. 50 mg of sample leaf tissue was extracted in 1 ml
of sample buffer. 0.1 % p-nitrophenylphosphate was used
as substrate. The reactions were measured after 90 min
incubation with substrate photometrically at 405 nm (Lab-
systems Multiskan RC).

RT-PCR was accomplished using the TMV specific
primers: F (5-GAC CTG ACA AAA ATG GAG AAG ATC
T-3") and R (5-GAA AGC GGA CAG AAA CCC GCT G -3') [41.

RT-PCR for TRSV identification has been carried out
using forward primer 5= CTT GCG GCC CAA ATC TAT
AA-3' and reverse primer 5-ACT TGT GCC CAG GAG
AGC TA-3' which anneal to the conserved region in coat
protein gene. The reaction produced an amplification prod-
uct of 348 bp [5].

Primers for ToRSV identification by RT-PCR included
U1, 5'- GACGAAGTTATCAATGGCAGC-3' (nt 1,078 to
1,098) and D1, 5'-TCCGTCCAATCACGCGTAATA-3' (nt
1,506 to 1,527) of putative viral polymerase gene, resulting
in a 449 bp amplification product [6].

Total RNA was extracted from symptomatic plant mate-
rial stored frozen at —20°C using Plant RNA Purification TRI-
zol reagent (Carlsbad, CA. USA). Extraction procedure was
carried out according to the manufacturer's instructions.

All PCR procedures were carried out in Biometra Tgra-
dient Thermocycler. RNA denaturation mixture (for each
sample) of 9 yl RNA and 1 pl of 20 pM reverse primer was
incubated 5 min at 70 °C and 5 min at 4 °C.

Reverse transcription (RT, cDNA synthesis) reaction
mixture (for one sample): 4 pl 5x PCR buffer; 1 pyl RNasin;
2 pl 10 mM dNTPs; 1 pl 200 U/pyl MulRev Transcriptase
and 11 pl of denatured RNA mix. Reaction was performed
incubating at 42 °C for 60 min, at 70 °C for 10 min and at
4.°C for 5 min.

TMV PCR mixture contained (for one sample): 10 pl
cDNA; 34.75 pl PCR water, 4 yl 2 mM dNTPs, 1 upl 20 pM

primer F, 1 pyl 20 pM primer R, 5 pyl 10xPCR buffer, 3 pl
MgCl,, 0.25 ul 5 U/ul Tag DNA polymerase. Reaction mix-
tures were incubated at 94 °C for 2 min (for first step),
35 cycles of 94 oC for 30 sec, 62 °C for 45 min, 72 °C for
1 min, and at 72 °C for 5 min (final step).

TRSV PCR reaction mixtures contained (for one sam-
ple): 10 pl cDNA; 34.75 pl PCR water; 1 pl 20 pM forward
primer; 1 pl 20pM reverse primer; 4 pyl 2mM dNTPs; 5 pl
10xPCR buffer; 3 pyl MgCly; 0.25 pl 5 U/ pl Tag DNA poly-
merase. Reaction was performed incubating at 94 °C for
4 min (for first step), 40 cycles of 94 °C for 1 min, 52 °C for
2 min, 72 °C for 2 min, and at 72 °C for 10 min (final step).

ToRSV PCR reaction mixture contained (for one sam-
ple): 10 pl cDNA; 34.75 pl PCR water; 1 pl 20 pM forward
primer; 1 yl 20pM reverse primer; 4 yl 2mM dNTPs; 5 ul
10xPCR buffer; 3 pyl MgCly; 0.25 pl 5 U/ pl Taqg DNA poly-
merase. Reaction was performed incubating at 94 °C for
4 min (for first step), 40 cycles of 94 °C for 1 min, 53 °C for
2 min, 72 °C for 2 min, and at 72 °C for 10 min (final step).

Resulting PCR products were analyzed by electropho-
resis through 1 % agarose gel, stained with ethidium bro-
mide. DNA bands visualized and documented using Bio-
Rad Gel Doc XR.

Results. Samples for investigations have been col-
lected from irises bearing symptoms of chlorotic and ne-
crotic streaks; various shape spots, including ringspots on
leaves and flower bud sheaths; flower breaking. For inves-
tigations 47 samples of symptomatic iris have been col-
lected in Lithuania and 10 in Ukraine.

EM investigation of negatively stained dip preparations
from naturally infected plants revealed the presence of flex-
uous filamentous particles, 750 nm long and isometric parti-
cles 30 nm in diameter. Filamentous particles have been de-
tected in all investigated Lithuanian and Ukrainian samples.

Symptomatic host plants and inoculated test—plants
were tested in DAS-ELISA using the IgGs and IgG alkaline
phosphatase conjugates specific for ArMV, CMV, TMV,
TRSV, ToRSV. Reaction was considered positive when
absorbance at 405 nm was twice and higher the mean of
healthy plants (negative controls). All collected Ukrainian
samples gave negative reaction to tested viruses. TMV,
CMV, ToRSV infection was reliably confirmed for one,
ArMV, TRSV for two tested Lithuanian iris samples.

Iris mild mosaic virus (IMMV) was detected in all in-
vestigated Lithuanian and Ukrainian iris plants. IMMV
causes mosaic in the leaves consisting of pale-green and
yellowish green stripes. Flowers show a breaking pattern
as stripes or spots (Fig. 1).

Fig. 1. Flower breaking symptoms induced by IMMV on iris flower



~ 20 ~

B 1 C H MU K Kuiscbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleByeHka

The test—plants were inoculated by mechanical sap inocu-
lation. Virus infected only Chenopodium quinoa causing
chlorotic local lesions. EM investigation of negatively stained
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dip preparations from naturally infected plants and inoculated
C. quinoa plants revealed the presence of flexuous filamen-
tous particles, 750 nm long (Fig. 2).

Fig. 2. IMMV particles. Bar represents 100 nm

IMMV is a member of Potyvirus genus. Virus is distributed
worldwide, most important cultivars are totally infected [1].
Virions filamentous; usually flexuous with modal length of 750
nm. Transmissible in non persistent manner by Aphis gossipi,
Macrosiphum euphorbiae, and Myzus persicae [2].

Tobacco mosaic virus (TMV) was isolated from irises
bearing symptoms of chlorotic turning to necrotic mottling
and streaks on leaves (Fig. 3).

Fig. 3. Symptoms of TMV on iris leaves

The test—plants were inoculated by mechanical sap in-
oculation. The most specific reaction to this virus was in-
duced on Nicotiana glutinosa expressed by local dark ne-
crotic ringspots, which appeared in 2-3 days after inocula-
tion. Local (L) lesions were induced by virus infection on
following test-plants: Amaranthus caudatus,
A. paniculatus, Chenopodium amaranticolor, C. foetidum,
C. quinoa, C. urbicum; local necrotic spotting on Datura
metel, Datura stramonium, Gomphrena globosa, Nicandra
physalodes; Petunia hybrida, Physalis floridana, Tetragonia
expansa reacted expressing grey necrotic spots and leaf
necrosis. Nicotiana debneyi and N. tabacum 'Samsun'
showed local necrotic spotting, followed by systemic (S)
mosaic and leaf distortion. N. rustica developed local ne-
crotic spots; systemic reaction was expressed by vein and
plant top necrosis. EM investigation of negatively stained dip
preparations from naturally infected plants and inoculated

test-plants revealed the presence of rod-shaped particles,
300 nm long. Symptomatic host plant and inoculated test—
plants were tested in DAS-ELISA. All tested plants gave
clearly expressed positive reaction confirming TMV infection.

Total RNA for performing RT-PCR was extracted from
frozen leaf tissue of naturally infected iris plant and inocu-
lated C. quinoa (L), N. glutinosa (S) and N. rustica (S) test-
plants. Leaf tissue from healthy N. glutinosa was used as
negative control (K-). TMV isolate from Petunia hybrida
was used as positive control (K+). Specific for TMV PCR
products were obtained with all investigated samples and
positive control, but not with negative control. Specific
bands in agarose gel of analyzed products after electro-
phoresis at a position corresponding to the expected size
of amplification product of 422 bp were obtained, confirm-
ing TMV identity (Fig. 4).

Fig. 4. RT-PCR products of amplified DNA fragments from TMV (EF 1 % agarose gel).
1, 8 — DNA size standard SMO371,
fragment sizes: 1000, 900, 800, 700, 600, 500, 400, 300, 250, 200, 150, 100, 50 bp.;
2 —iris (host-plant); 3 — C. quinoa (L);
4 — N. glutinosa (S); 5 — N. rustica (S); 6 — K—; 7 — K+.
Size of TMV specific product 422 bp
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On the basis of particle morphology data, symptom ex-
pression on inoculated test—plants, positive reaction in
DAS-ELISA test, RT-PCR results, and in accordance with
published descriptions of TMV [2], the virus with rod-
shaped particles isolated from irises was identified as TMV.

Tobacco ringspot virus (TRSV) was isolated from
irises expressing symptoms of chlorotic streaks and rings-
pots (Fig. 5).

Fig. 5. Symptoms of TRSV on iris leaves

Virus has been identified basing on positive reaction
in DAS-ELISA, EM data and test—plant inoculation re-
sults. Specific for TRSV local symptoms have been ob-
served on Chenopodium amaranticolor, C. quinoa, Gom-
phrena globosa, Petunia hybrida, Tetragonia expansa,
systemic symptoms on Cucumis sativus, Datura stramo-
nium, Nicandra physalodes, Nicotiana tabacum, Phaseo-
lus vulgaris. The inoculated test—plants have been tested
in DAS-ELISA. Both tested plants gave clearly expressed
positive reaction confirming TRSV infection. EM investi-

gation revealed isometric particles 30 nm in diameter in
symptomatic test—plants.

RT-PCR was carried out with tissues from two naturally
infected plants. TRSV isolate from Echinacea purpurea
was used as positive control (K+), leaf tissue from healthy
N. glutinosa as negative control (K-). Specific for TRSV
bands in agarose gel of analyzed products after electro-
phoresis in 1 % agarose gel at a position corresponding to
the expected size of the amplification product of 348 bp
have been obtained with both iris samples and positive
control, but not with negative control (Fig. 6).

Fig. 6. RT-PCR products of amplified DNA fragments from TRSV (EF 1 % agarose gel).
1, 6 — DNA size standard SMO371;
2, 3 —irises (host-plants); 4 — K—; 5 — K+.
Size of TRSV specific product 348 bp

On the basis of test—plant reaction, morphology of virus
particles, DAS-ELISA, RT-PCR results and according to
literature data [2] it was established, that virus with isomet-
ric particles affecting iris plants was TRSV.

TRSV is a type member of Nepovirus genus. It is trans-
mitted by nematodes Xiphinema americanum and other
closely related Xiphinema spp., Thrips tabaci, some aphid
and mite species are reported as vectors of this virus. Re-
ports of natural spread are largely confined to North America
but the virus has been disseminated to many countries in
infected planting material. It causes serious disease prob-
lems in those regions where the nematode vectors also oc-
cur. Particles are 30 nm in diameter sedimenting as three
components and with a bipartite RNA genome. The virus is
readily transmitted by sap inoculation and has a wide host
range, including woody and herbaceous plants, annuals and
perennials [2]. Ormamental hosts including Anemone L., Bego-
nia L., Crocus L., Gladiolus L., Hyacinthus L., Hydrangea L.,
Impatiens L., Iris L., Lilium L., Narcissus L., Rosa L., Tulipa L.
have been reported as host plants of TRSV. TRSV has been
isolated and identified from Dicentra Bernh., Gladiolus L.,
Echinaceae Moench. and Tulipa L. in Lithuania [7].

Tomato ringspot virus (ToRSV) was isolated from
irises bearing viral symptoms, similar to symptoms induced
by TRSV, chlorotic streaks and ringspots on leaves.

EM investigation of negatively stained dip preparations
from naturally infected plants revealed the presence of
isometric particles, 30 nm in diameter. The test-plants
were inoculated by mechanical sap inoculation. Virus in-
duced local and systemic reaction in inoculated test—plants
except Nicotiana glutinosa, N. rustica and Physalis flori-
dana, which reaction was only local. Celosia argentea,
Gomphrena globosa and Chenopodium quinoa developed
the most conspicuous and specific for TORSV reactions.
Inoculated leaves of C. argentea showed dark brown
ringspots, which later extended along veins and became
necrotic. Systemic reaction was expressed by malformation
of leaves, vein chlorosis, small brown spots and lines lo-
cated mainly on the base of leaf lamina. G. globosa devel-
oped local necrotic spots. Systemic reaction was ex-
pressed by mild leaf distortion and light green spots on
leaves. Inoculated C. quinoa leaves showed local chlorotic
spots, necrosis, distortion, systemic reaction was ex-
pressed by distortion of young leaves, chlorotic and ne-
crotic spots on the base of leaf lamina. Tip of plant was
distorted with necrosis and turned downwards.

EM investigation of negatively stained dip preparations
from infected test—plants revealed the presence of isomet-
ric particles, 30 nm in diameter.
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Symptomatic host plants and inoculated test—plants
were tested in DAS-ELISA. All tested plants gave clearly
expressed positive reaction confirming ToRSV infection.

RT-PCR was carried out with leaf tissue from naturally
infected host—plant and inoculated C. quinoa (S). ToRSV
isolate from pelargonium was used as positive control (K+),

leaf tissue from healthy Nicotiana glutinosa as negative con-
trol (K-). Specific for TORSV bands of analyzed products
after electrophoresis in 1 % agarose gel at a position corre-
sponding to the expected size of the amplification product of
449 bp have been obtained with both samples (Fig. 7).

Fig. 7. RT-PCR products of amplified DNA fragments from ToRSV (EF 1 % agarose gel).
1, 8 — DNA size standard SMO371;
2 —iris (host-plant); 3 — C. quinoa (S); 6 — K—; 7 — K+.
Size of ToRSV specific product 449 bp

On the basis of test—plant reaction, morphology of virus
particles, DAS-ELISA, RT-PCR results and according to
literature data [2] it was concluded, that investigated iris
plant was infected by ToRSV.

ToRSV is a member of genus Nepovirus and causes
economically important diseases in a wide range of crops.
It is readily transmissible by inoculation of sap and has a
wide host range, including both woody and herbaceous
plants. It is transmitted by the nematode Xiphinema spp.
Seed transmission has been reported in several crops. The
infected plants show distinctive symptoms as a shock reac-
tion. Chronically infected plants usually exhibit no obvious
symptoms but show a general decline in productivity [2].
The virus occurs in nature mostly in perennial crops. Ornamen-
tal hosts including Anemone L., Gladiolus L., Hydrangea L, Ins L.,
Narcissus L., Pelargonium L'Her., Petunia Juss. sp. have
been found naturally infected by ToRSV. The range of
ToRSV host—plants in Lithuania includs 15 ornamental plant
species belonging to 10 botanical families [8].

Identification of ArMV and CMV viruses by the RT-PCR
have been described earlier [9, 10].
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SPREAD AND PHYLOGENETIC RELATIONSHIPS OF WHEAT DWARF VIRUS ISOLATED
IN UKRAINE AND HUNGARY

Bipyc kapnukoeocmi nweHuyi (BKI) € munoeum namozeHoM 3/1aKo8UX Ky/ibmyp ma 6UKJIUKae 3Ha4yHi empamu epoxaro. Y
OaHili po6omi docnidxyeanocsi nowupeHHsi BKIM e azpoekocucmemax YkpaiHu. Peaynbomamu ceid4amb rnpo eUcOKy 20MOJI02it0
YKpaiHCcbKux i3onsimie 3 eeponelickkumu npedcmaeHukamu BKI ma npo HasieHicmb yHikasibHO20 SIYMiHHO20 i3onsImy,

30amHo20 90 iHGhiKyeaHHSI POC/TUH MWeHuyi.

Wheat dwarf virus (WDV) is ubiquitous virus in cereals causing huge losses. This paper analyses spread of WDV in Ukrainian
agriecosystems. The results show high homology of Ukrainian isolates to European representatives of WDV and presence of

unique barley isolate capable of infecting wheat.

Introduction. During the last decade Wheat dwarf virus
(WDV) became the most frequently isolated and most
ubiquitous cereal-infecting virus in Hungary and now it be-
comes a serious problem in Ukraine [19, 25]. WDV is a
frequent causal agent of dwarfing, mottling, yellowing or
reddening in cereals and suppressed heading and root
growth in infected plants can drastically reduce yield. WDV

was first described by Vacke (1961) [29] in the former
Czechoslovakia and later it has been found in Sweden
[18], Bulgaria [24], Hungary [3], France [16], Germany [7],
Poland [8], Finland [15], Romania [9], Spain [1], Tunisia
[20], Turkey [12], Zambia [11], Ukraine (for the first time
approximately in 1975, then in 2007) and China [30]. WDV
is transmitted by the leafhopper Psammotettix alienus [29]
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