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Yellow dwarf viruses (YDVs) are economically destructive viral diseases of cereal crops,
which cause the reduction of harvested yield and quality of grains. Up to now the
identification of such viruses was limited to monocotyledonous Poaceae weed hosts, and was
not investigated in dicotyledons. In this study, using DAS-ELISA and RT-PCR methods, 6
dicotyledonous weed species, collected from Trakya, Turkey, were examined for the
presence of the YDVs pathogens BYDV-PAV, BYDV-MAV, BYDV-RMV, BYDV-SGV and
CYDV-RPV. The screening tests revealed certain samples of Geranium dissectum L. and
Juncus compressus Jacq. were infected with BYDV-PAV, while other samples of the same
species were positive for BYDV-MAV. Additionally, RT-PCR tests of both weed species
revealed cases of mixed infection by BYDV-PAV and BYDV-MAV. Transmission experiments
using the aphid species Rhopalosiphum padi L. showed that BYDV-PAV was transmitted
persistently from Geranium dissectum to barley cv. Barbaros seedlings. To our knowledge,
this is the first report of Geranium dissectum and Juncus compressus as possible plant hosts
of BYDV-PAV and BYDV-MAV in Turkey.

Keywords: BYDV, dicotyledon weed host, cereal

Introduction

Trakya is one of the most fertile cereal growing areas in Turkey. However, prevailing
pests and diseases have reduced the grain yield and quality, which almost never reach the
production potential (Ilbagi et al. 2013). Beside the very damaging fungal diseases of
cereals, YDVs (also known as Barley yellow dwarf viruses, BYDVs) occur worldwide
since they were first reported in California (Oswald and Houston 1951). With regards to
Turkey, Bremer and Raatikainen related the first sporadic BYDVs infections in 1975 in
the Western regions of the country, and later, 52 Poaceae host species were identified in
the neighboring Greece (Panayotou 1982). In the subsequent years, the spread of
BYDV-PAV and CYDV-RPV was observed in Spain (Moriones and Garciaarenal 1991).
At present, the Yellow dwarf viruses (YDVs), of the Luteoviridae family, represent the
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most widespread group of cereal viruses worldwide. To prevent BYDV disease epidem-
ics and to develop control strategies in field condition it is imperative to assess and
identify the host range, the environmental conditions, the infecting viral strains and the
transmitting aphid species (D’ Arcy and Burnett 1995). With regard to the host range, in
addition to cultivated cereals, D’Arcy (1995) compiled a list of 96 annual, 2 biannual
and 111 perennial Poaceae weed hosts worldwide. In Trakya, YDVs diseases with typi-
cal symptoms such as yellowing, dwarfing, reddening and reduction of grain yield and
quality were recorded in winter wheat (Triticum aestivum L.), barley (Hordeum vulgare
L.), oat (Avena sativa L.), triticale (X Triticosecale Wittmack) and bird seed (Phalaris
canariensis L.) (Ilbag1 2003). BYDVs, CYDV-RPV and WDV were also reported in 15
other cereal producing provinces of Turkey (Pocsai et al. 2003; Ilbagi et al. 2003). Con-
cerning YDVs virulence, Garrett et al. (2004) investigated the presence of YDVs in four
dominant tallgrass species in the American Midwest, and identified BYDV-MAYV, BY-
DV-RMV and BYDV-SGV as the infecting agents. Bisnieks et al. (2004) confirmed the
differences between the virulent BYDV-PAV and the weakly virulent BYDV-MAV spe-
cies by assessing the molecular diversity of the CP encoding regions. Compiled studies
of incidence and the rate of infections revealed that BYDV-PAV is the most virulent ce-
real virus species in Turkey (Ilbagi et al. 2005). Pakdel et al. (2010) studied the Luteovi-
rus species hosted by wheat, barley and wild grass in Southern Iran. The outcomes re-
vealed genetically distinct BYDV-PAV isolates and a new species, BYDV-PAS was,
thus, suggested. Weed grasses have been identified as the sources of YDVs infection in
many countries as reported in Latvia (Bisnieks et al. 2004), The Chech Republic and
Sweden (Pokorny 2006), Australia (Hawkens and Jones 2005) and in Bulgaria (Bakard-
jeiva et al. 2006). In the Trakya Region, common reed (Phragmites communis Trin.) was
identified as the oversummering and overwintering host of BYDV-PAV and CYDV-
RPYV, (Ilbag1 2006), and the bird seed Phalaris canariensis L. was also identified as an-
other host of YDVs (Ilbagi et al. 2008). Giincan (2010) suggested effective weed control
in and around cereal fields to eliminate sources of YDVs to prevent these primary infec-
tions, as well as competition for nutrients and moisture with cultivated cereals. Aphid
species transmit YDVs in a persistent manner. Kinaci and Yakar (1984) identified 2
aphid vectors. Calt and Yurdakul (1996) reported 4 others aphid vectors in the Central
Anatolia Region of Turkey. Halbert and Voegtlin (1995) biologically characterized 25
aphid vectors of which 10 are commonly found in cereal fields. Seven of these aphids
were found in wheat fields in the Tekirdag Province of Turkey (Ozder and Toros 1999).
Power and Gray (1995) cited that, beside aphid vector species, vector density and popu-
lation dynamics have a significant impact on the rate of BYDYV diseases. Viral spread is
especially, influenced by the movement of the vector when selecting infected plants for
their yellow color, and then moving to healthy green plants on the basis of gustatory
cues. Because of the direct interactions between viruses and aphid vectors and their host
plants including weed hosts, it is crucial to investigate all the components of this system.
One such component, is the ecological niche. Power et al. (2011) investigated the ecol-
ogy of BYDVs and CYDVs in grassland of the Western USA, and established that YDV
were localized in the latitudinal gradient (33.8—48.8°N) from Southern California to
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Southern Canada. They proved that annual grass species introduced from Europe were
necessary for prevalence and coinfections of YDVs. The same study showed that the
epidemics of YDV diseases were shaped by interactions of host plants, vectors, verte-
brate herbivores and the abiotic conditions like plant nutrients. Similarly, Parry et al.
(2012) investigated the geographical distribution of YDVs and aphid vectors in the
Australian grasslands and wheat fields. They determined that BYDV-PAV and its vector
Rhopalosiphum padi L. were widespread in wheat fields and grasslands across the coun-
try, except Queenland where BYDV-RMYV and its vector R. maidis L. were prevalent.
Lamptey et al. (2012) investigated, under greenhouse conditions, the susceptibility to
YDVs of 3 major biomass grasses in the UK (Phalaris arundinacea L. Miscanthus sine-
sis Anderss. and Echinochloa crus-galli (L.) Beauv.). The results showed E.crus-galli
was susceptible to BYDV-PAV, BYDV-MAV and CYDV-RPV, P. arundinacea to
BYDV-MAYV and CYDV-RPV, and M. sinesis only susceptible to BYDV-MAV. These
infections caused 20—40% reduction of dry matter yield in the UK grassland. Finally, in
Turkey, BYDV-PAV was identified in a number of Poaceae weed hosts in Trakya Region
(Ilbag et al. 2011). At present, 8 species of YDVs have been identified, and classified
into Luteoviridae family (Domier 2012). The BYDV strains were separated into BYDV
and CYDV species, and classified into 2 respective genera, Luteovirus and Polerovirus.
Krueger et al. (2013) suggested that BYDV-RMV be renamed “Maize yellow dwarf
virus” (MYDV) and classified into the Polerovirus genus with the other CYDVs such as
Wheat yellow dwarf virus (WYDYV). Traditionally, worldwide including in Turkey
(Ilbagi et al. 2013), YDVs host range studies focused on monocotyledonous Poaceae
species. More recently, Ju et al. (2017) investigated the systemic infection of BYDV and
the molecular characterization of these viruses in a dicotyledonous species, Nicotiana
benthamiana. BYDV synthesis and cell to cell movement through plasmodesmata was
thus confirmed in a dicotyledonous indicator plant. In this study, field surveys were
conducted in the Turkish Trakya Region during the years of 2011 and 2012 to screen for
the presence of Barley yellow dwarf viruses (BYDV-PAV, BYDV-MAV, BYDV-RMV,
BYDV-SGV) and Cereal yellow dwarf virus-RPV (CYDV-RPV) in weed hosts other
than the species of Poaceae family. For this purpose, a total of 40 weed leaf samples
belonging to 6 species were screened for BYDVs and CYDV-RPV using polyclonal
antibodies with DAS-ELISA and RT-PCR methods. Concerning the detection of the
BYDV-SGV and BYDV-RMYV isolates, only RT-PCR was performed. The amplified
products were sequenced, and phylogenetic trees were constructed and compared with
published sequences of other BYDVs available in the GenBank/ EMBL databases.

Material and Methods
Survey studies and sampling

Survey studies were implemented in 12 counties of Trakya that were visited in June 2011
and 2012 (Fig. 1). A total of 40 symptomatic weed leaf samples belonging to 6 dicotyle-
donous weed species of 5 families were collected from road side verges, hedge grows of
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Figure 1. Twelve districts in the Trakya Region of Turkey where YDVs investigated

cereal fields, rice field dikes and banks of creeks. Intact weed plants representing each
species were also collected to identify aphid transmissions and herbariums. Intact weeds
for each species were transplanted into 5 L pots and kept alive in greenhouse conditions.

Indicator plant production and aphid transmission

Barley (cv. Barbaros) was selected as indicator plants of BYDVs. Six seeds were sown
into 500 ml pots filled with sterilized mixture of soil, sand and compost (1:1:1). Aphid
species Rhopalosiphum padi L. Rhopalosiphum maidis L. Sitobion avenae (Fab.),
Metopolophium dirhodum (Walker) and Schizaphis graminum (Rondani) were identified
and cultured on healthy wheat (cv. Attila 12) plants. Aphid transmissions were performed
as suggested by Du et al. (2007). Using a camel hair brush, apteral individuals were col-
lected in petri dishes and placed on transplanted weeds and left to feed for 72 h for acqui-
sition of YDVs viral particles. For plant inoculation, at the 2-leaf stage, 1 pot was allo-
cated for each aphid species and 5 viruliferous aphids were placed per plant. This proce-
dure was repeated for all transplanted weeds saving 1 pot of healthy barley plants as
control. Five days of post-inoculation, the aphids were killed by spraying insecticide and
the plants were maintained at 20 °C in an insect-proof greenhouse till the plants exhibited
viral symptoms.
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Serological test

A total of 40 weeds leaf samples were tested with polyclonal antibodies (manufactured by
AGDIA Inc. Elkhart IN, USA) for the presence of BYDV-PAV, BYDV-MAV and CYDV-
RPV viruses. Double Antibody Sandwich Enzyme-Linked Immunosorbent Assays
(DAS-ELISA) was performed as described by Clark and Adams (1977). Optical densities
at 405 nm (OD405) were measured with an ELISA reader (Thermo Fischer Scientific
Instruments Co. Ltd. Waltham, MA, USA), and a positive reaction was recorded when the
0ODA405 of a sample was twice that given by the sample of the healthy control plant.

Nucleic acid isolation from YDVs infected samples

The obtained 40 weed and aphid transmitted barley leaf samples were subjected to the
isolation of the viral nucleic acids by employing the total nucleic acid extraction method
described by Falke et al. (2000).

c¢DNA synthesis

First strand cDNA was synthesized from total isolated RNA by using RevertAid™ First
Strand cDNA Kit (Fermentas; Vilnius, Lithuania). In each reaction, 0.5 pg RNA sample
and 20 pmol of Reverse complementary primer pair of BYDVs and CYDV-RPV were
used and processed according to the manufacturer’s instructions.

RT-PCR amplification

RT-PCR was carried out with different sets of specific and degenerate primer pairs for the
amplification of coat protein region of the Yellow dwarf viruses (YDVs) as shown in
Table 1. For the amplification of BYDV-PAV cDNA fragments, degenerate primers were
used (Robertson et al. 1991), while specific primers were used for BYDV-MAV, BYDV-
RMYV, BYDV-SGV and CYDV-RPV (Deb and Anderson 2007). The PCR reaction mix-
ture contained 2 pl cDNA, 10 mM dNTPs, 10 uM each of forward and reverse primers,
10x PCR buffer, MgCl, (25 mM), 2.5 U of Taq DNA polymerase (Fermentas; Vilnius,
Lithuania) and RNase free water in a 25 pl reaction volume. PCR conditions were opti-
mized for each virus against a range of concentrations and annealing and extension tem-
peratures. The PCR cycling conditions for BYDV-PAV consisted of an initial denatura-
tion at 94 °C for 2 min, followed by 40 cycles at 94 °C for 1 min, 43 °C for 1 min, 72 °C
for 1 min. and the final extension step at 72 °C for 10 min. The thermal cycling conditions
for BYDV-MAYV, BYDV-RMV and BYDV-SGV consisted of 40 cycles at 95 °C for 30
sec, 55 °C for 1 min, 72 °C for | min and the final extension step at 72 °C for 10 min.
Cycling conditions of CYDV-RPV comprised an initial denaturation at 94 °C for 2 min,
followed by 40 cycles at 94 °C for 30 sec, 60 °C for 45 sec, 72 °C for 1 min and the final
extension step at 72 °C for 10 min in thermal cycler. The obtained PCR products were
analyzed by electrophoresis in 1.5% agarose gel, stained with EtBr and viewed under UV
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Table 1. Specific and degenerate primer pairs of YDVs using in RT-PCR detection method

Virus Primer Sequence NCBI accession Amplicon
size (bp)
BYDV-PAV Lul CCAGTGGTTRTGGTC D11032.1 530
Lu4 GTCTACCTATTTGG
BYDV-MAV L1 CAACGCTTAACGCAGATGAA D11028.1 175
R1 AGGACTCTGCAGCACCATCT
BYDV-RMV L1 GACGAGGACGACGACCAAGTGGA L12757.1 365
R GCCATACTCCACCTCCGATT
BYDV-SGV L2 ACCAGATCTTAGCCGGGTTT AY541039.1 237
R2 CTGGACGTCGACCATTTCT
CYDV-RPV L ATGTTGTACCGCTTGATCCAC AF235168.2 400
R GCGAACCATTGCCATTG

illumination in a gel documentation system (Vilber Lourmet; Marne La Vallee Cedex 1,
France).

Sequencing of RT-PCR products

For sequence analysis, the PCR products were purified from agarose gels using QIAquick
gel extraction kit (MBI Fermentas; St. Leon-Rot, Germany) in accordance with the man-
ufacturer’s protocol and sequenced by Refgen (Biotechnology Company, Ankara, Tur-
key). The resulting nucleotides and deduced amino acid sequences were aligned with the
Bioedit Program. The alignments were used as input data to construct phylogenetic trees
with the neighbor joining distance method implemented in Mega 5.0 program (Tamura
et al. 2011). Pairwise sequence comparisons were calculated with the BioEdit Program.
Bootstrap analysis with 1000 replicates was performed to assess the robustness of the
branches.

Results

The present survey study included 12 districts of Trakya and resulted in the collection of
40 symptomatic dicotyledonous weed samples from 6 species belonging to 5 families
(Table 2).

Such samples exhibited systemic symptoms, like mosaic, reddening, irregular necrotic
patches, yellowing, necrotic leaf spots and distortions similar to symptoms of YDVs on
Poaceae weeds. Among these Dicotyledonae weed species, Geranium dissectum which is
a member of Geraniaceae family as exhibited in Figure 2, revealed green and red color
mixture of mosaic and the bright red leaves. Another Dicotyledonous weed was an aquat-
ic weed, Juncus compressus, being a member of Juncaceae family, occurred solely on rice
field borders and dikes also exhibited some degree of chlorosis and yellowing as shown
in Figure 2.
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Figure 2. Juncus compressus (A) and Geranium dissectum (B) weed hosts of YDVs exhibiting systemic
symptoms like mosaic, reddening, necrotic leaf spots

The results of the aphid transmission tests showed that apterous Rhopalosiphum padi
L. transmitted BYDV-PAV from G. dissectum to barley (cv. Barbaros) seedlings. On the
contrary, transmission attempts of BYDV-PAV from J. compressus to Barbaros barley
seedlings failed. All other tests using other aphid species to transmit BYDV-MAV,
BYDV-RMV, BYDV-SGV and CYDV-RPV from suspected Dicotyledonae weed sources
to barley seedling were negative. The results of DAS-ELISA and RT-PCR tests (Table 2)
revealed that 4 out of 17 (23.53%) G. dissectum samples were infected with BYDV-PAYV,
and 2 out of 17 (11.76%) samples were BYDV-MAV positive. Also, 2 out of 17 samples
(11.76%) were infected with the mixture of BYDV-PAV+BYDV-MAV. In the case of
J. compressus, 2 out of 3 samples were, respectively, BYDV-PAV and BYDV-MAV posi-
tive, and the third sample was infected with the mixture of both viruses. Virus detection
tests, were negative for the remaining weed species and viruses screened in this study.
The genomic region of the coding coat protein (CP) of BYDV-PAV was amplified via
RT-PCR in order to complete the molecular characterization of the strain. The DNA frag-
ments (530 bp) were amplified from 2 isolates of BYDV-PAV from G. dissectum and
J. compressus samples collected in Tekirdag, Saray district and Edirne, Ipsala district.
The DNA fragments (175 bp) of BYDV-MAV were amplified from 3 isolates obtained
from 2 samples of G. dissectum collected in Tekirdag (Malkara district) and 1 sample of

Table 2. Screening of BYDYV in the symptomatic Dicotyledonae weed samples collected in 2011 and 2012
in the Trakya Region of Turkey. Samples were tested using DAS-ELISA and RT-PCR

Names of species Number of | pypypav | BYDV-MAV | PAV+Mav | Virus infected
samples samples
Carex divisa Huds. 1 - - — —
Galium aparine L. 13 - - — —
Geranium dissectum L. 17 4 2 2 8
Juncus compressus Jacq. 3 1 1 1 3
Lactuca seriola L. 2 - - — —
Sonchus asper (L.) Hill 4 - - — —
Total 40 5 3 3 11
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J. compressus from Edirne (Ipsala district). Upon amplification, multiple sequence align-
ments and pairwise sequence comparisons were performed using Bioedit Software
Program (Tables 3, 4). Thus, the sequence analysis of the Turkish BYDV-PAV and

Table 4. Percentage of nucleotide (above the diagonal) and amino acid (below the diagonal) sequence identity
of coat protein sequenced region among studied BYDV-MAV isolates obtained from Dicotyledon weed
species in the Trakya Region of Turkey

MAV-JOR MAV-PS1 MAV-Malkaral MAV-Ipsalal
MAV-JOR 91.33 98.27 94.22
MAV-PS1 78.95 93.06 95.95
MAV-Malkaral 94.74 84.21 95.38
MAV-Ipsalal 84.21 91.23 87.72

AJ007929 PAV-MA9501
AJ563415 PAV-Sweden

_’7 EU332332 PAV-06KM14

EF408177 PAV-Sl-sh1

—— DQ28567 PAV-WS3603
KF176939 PAV-TR-SARAY 1

AJ563413 PAV-Priekuli1

KF176938 PAV-TR-IPSALA1
EF408168 PAV-T2B1-1
AY450454 PAV-IR

KT222667 PAV-P-Chk04

D85783 PAV-JPN

0.005

Figure 3. Constructed phylogenetic tree of BYDV-PAV based on partial nucleotide sequencing results of PCR
products

| D11208 MAV-JOR
| KU744849 MAV-MALKARA1

HM488003 MAV-PS1
KU744850 MAV-IPSALA1

0.005

Figure 4. Constructed phylogenetic tree of BYDV-MAV based on partial nucleotide sequencing results of PCR
products
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BYDV-MAV isolates were compared with 12 accessions available in GenBankEMBL
database. These public accessions included (PAV-NY, PAV-DB2b, IR-PAV, JPN-PAYV,
PAV T2B1-1, MA9502, 06KM 14, PSW2, Sweden, Priekulil, MAV-JOR, MAV-PS1). The
constructed phylogenetic tree of these sequences, obtained using Mega5, revealed two
clustered groups, placing the two BYDV-PAV isolates of this study within the second
group with a 94.83-99.60% similar nucleotide identity. The similarity of the amino acids
of our BYDV-PAV isolates was 88.02-98.80% with BYDV-PAYV isolates from the USA,
China, New Zeland and Sweden (Fig. 3). Both Turkish BYDV-MAV that we isolated
were compared with the other MAV strains. Our MAV-MALKARAL isolate exhibited
93.06% nucleotid identity with MAV-PS1 strain from the USA. The other MAV-
MALKARALI isolate of this study showed more similar nucleotid identity (98.27%) with
MAV-JOR. However, the similarity of the amino acids of our BYDV-MAV isolates were
84.21-94.74% with BYDV-MAV isolates from the USA and Jordan (Fig. 4).

Discussion

Up to now, the diseases caused by BYDVs were limited to Monocotyledonous Poaceae
weeds, which were identified as the natural hosts of such pathogens (Panayotou 1982;
Moriones and Garciaarenal 1991; D’Arcy 1995; Bisnieks et al. 2004; Pokorny 2006;
Bakardjeiva et al. 2006). The most exhaustive list of Poaceae weed species that are hosts
of BYDVs includes 209 species that are all of the Monocotyledonous group (D’Arcy
1995). In the present study, we discovered two Dicotyledonous weeds that are host spe-
cies of two viral types, BYDV-PAV and BYDV-MAV, in fact, G. dissectum and J. com-
pressus were identified as over summering hosts of such viruses. These results are in ac-
cord with the various host range studies of YDVs in different parts of the world, which
established that pastures and grasslands are hubs of infectious agents (Garrett et al. 2004;
Hawkens and Jones 2005; Bisnieks et al. 2006; Ilbagi et al. 2011; Power et al. 2011;
Parry et al. 2012; Lamptey et al. 2012; Ilbag1 et al. 2013). The vector R. padi is a perma-
nently anholocyclic aphid species reproducing abundantly in autumn, and is considered
to be the most important vector of BYDV-PAV and CYDV-RPV (Halbert and Voegtlin
1995). Hence, such an efficient vector may transmit BYDV-PAV from Monocotyledonae
cereal species to Dicotyledonae plant species. Because of the worldwide climatic chang-
es, winter season has been getting warmer than ever recorded before. In that regard, de-
tailed investigations on BYDVs host range may provide new susceptible. Thus, the life
cycle of aphids might be altered from holocyclic reproduction type to anholocyclic type
of reproduction. Since vector aphid behaviors are changing so drastically, the host range
of BYDVs also might be changing host plants as identified in the present study. Thus,
with these results, it is possible to confirm that 2 Dicotyledonae weeds in the Edirne and
Tekirdag Provinces of Turkey, plant species, namely, G. dissectum and J. compressus
might be added as the first recorded indication that the host range of BYDV-PAV as well
as BYDV-MAYV expands to other plant species. As a matter of fact, Ju et al. (2017) re-
cently investigated systemic infection of BYDV species, synthesis of viruses and cell to
cell movement through plasmodesmata in a Dicotyledonae indicator plant. To our knowl-
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edge, this is the first report of BYDV-PAV and BYDV-MAV in Geranium dissectum and
Juncus compressus weeds in Turkey.
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