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Table 1. Oligonucleotide primers used in PCR for amplification of WDV DNA fragments

Primers Nucleotide position® Annealing Sequence (5'to 3'")
Skl g g Temperature (°C) O~ ) Gl 5
Jlasl gles
WDVIR1887" 1887- 1907 55 CTTACGGAGTAGAGATGTTC
WDVIR328 ¢ 308-328 55 AACAGAGTGTAAGCAAGCCA
WDV Chinal130" 1130-1155 58 CTACGGCGTTTGATGTTGATAGTG
WDV Chinal430° 1405-1430 58 AGGCGAGWCDTTCATCAACTACTCG

* Nucleotide position of WDV-IR and WDV-China primers as in the GenBank database under accession number FJ620684 and
EF536881, respectively

V virion-sense strand primer

€ complementary-sense strand primer

WDV-Bar [TR]
WDV-Bae [C212]
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WDV-HBaJ206-11
WDV-HNZ205
WDV-G36605-1
WDV-Enkopingl
WDV-3XA23 3
WDV-B X 5 ATCE LACEGAGTAGTTEATG AT CACTCGY TC
WDV-BBZ1 TEACTGCGAAGCAGTGACATECTC SCCGEAGECGAACGAGTAGT TGATGAAT GACTCGCCTTC

3 GCTCATCAACTACTTDCWAGCGGA S
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Fig. 1. Nucleotide sequence alignment of the C-terminus of replication-associated protein (Rep) of the Iranian isolate of

barley strain of WDV (WDV-Bar[IR]) with the same region of the wheat and barley strains of WDV sequences

available in GenBank. The position of 12 conserved nucleotides (CGAGTAGTTGATG) in the wheat strains that are

absent in the barley strains of WDV are marked with dashes ( - ). The position of WDVChina1430° oligonucleotide
primer is shown by an arrow. See Table 2 for source of sequences.
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Table 2. Mastreviruses used in this study in sequence comparisons with Iranian isolates of WDV

Virus Abbreviation Host Country Accession
number
GTIRS @l S Ol e 2355 b
Dl
Wheat dwarf virus-[Bgl7] Bgl7 Barley Bulgaria AM989927
Wheat dwarf virus-[ Tayuan] WDV-[TA] Wheat China DQ868525
Wheat dwarf virus-[ SXYLO05-1] SXYLO05-1 Wheat China EF536877
Wheat dwarf virus-[Henan zhengzhou] [HNZZ05 ] Wheat China EF536861
Wheat dwarf virus-[Hebei Shijiazhuang] [HBSJZ06-11] Wheat China EF536870
Wheat dwarf virus-[GSGGO05-1] GSGGO05-1 Wheat China EF536859
Wheat dwarf virus-[Cz8100] Cz8100 Wheat Czech Republic FJ546179
Wheat dwarf virus-[Cz19] CZ19 Barley Czech Republic AM?296019
Wheat dwarf virus-[ SxA23] SxA23 Wheat Germany AM?296023
Wheat dwarf virus-[BB21] BB21 Secale cereale Germany AM?296021
Wheat dwarf virus-[SxA57] SXAS7 Barley Germany AM942044
Wheat dwarf virus- [B] WDV-[ B] Psammotettix Hungary AMO040732
Wheat dwarf virus-[HE] WDV-[HE] Barley Hungary FM999833
Wheat dwarf virus-[ IRAN ] WDV-IR Barley Iran FJ620684
(WDV-Bar[IR])
Maize streak virus-A[Kenya] MSV-KE Maize Kenya AF329885
Wheat dwarf virus-[Enkoping1] WDV-[SE] ‘Wheat Sweden AJ311031
Wheat dwarf virus-[Sweden] WDV-[SW] Wheat Sweden X02869
Wheat dwarf virus- [Ukraine:Glevakha] [UK-g] Wheat Ukraine FN806783
Wheat dwarf virus-[HU-Pula] WDV-[HU-P] Wheat Ukraine- FN806786
Hungary
Wheat dwarf virus-[HU-2Marton] HU-M Wheat Ukraine- FN806785
Hungary
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Fig. 2. Yellowing and dwarfing symptoms (A and C) and proliferation of dwarfed tillers (B and C) in naturally infected
barley plants collected in barley fields in, Bajgah (A) and Sivand (B and C) and transferred to the pots.
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Fig. 3. Electrophoresis pattern of PCR products amplified from WDV-infected plants from different regions as indicated at

the top of each lane. M= DNA ladder mix (Fermntas).
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Fig. 4. Distribution of WDV.barley and wheat strains in Iran. Numbers-indicate locations on the map as follow and
corresponding number of each site on the map.
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Table 3. Number of tested wheat and barley plants infected with WDV and wheat and barley strains of the virus (WDV-W
and WDV-B, respectively) in different provinces of Iran based on PCR data

Sampling region

Number of plants
infected with WDV

& o3l OlalS sl

Number of plants
infected with WDV-W

4 031 olalS sl

Number of plants
infected with WDV-B

4 031 OlalS sl

(province) Host Number of
S5t g5 s Sl SAmPles o, 45 alel L WDV iS5 oLl s WDV-W  ote Lol , WDV-B
- @ g dldaS
(Okewl) 53 ool ca VIVY 33 b ca Y b e Y WL LS
PCR 0 4031 PCR 5051 PCR 0030 53 554
Kermanshah Wheat 2 2 2 -
barley 1 1 1 -
Fars Wheat 50 37 37 -
barley 70 46 5 41
Lorestan Wheat 1 1 1 -
Wheat 40 5 5 -
Yazd
barley 6 3 1 2
Tehran Wheat 4 2 2 -
Khuzistan Wheat 1 1 1 -
[lam Wheat 2 1 1 -
Khorasan Wheat 8 6 6 -
barley 3 3 1 2
Kerman barley 2 2 - 2
Isfahan Wheat 1 1 1
barley 1 1 1
Kohguiloyeh and barley 3 3 1 2
Boyer Ahmad
Gorgan Barley 1 1 - 1
Mazandaran Wheat 2 - - -
barley 2 2 2
East Azerbaijan Wheat 4 1 1 -
Chaharmahal and Wheat 34 13 13 -
Bakhtiari
barley 32 23 5 18
Total 270 155 85 70
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Fig. 5. Percent sequence identity and diversity of a 290 bp DNA fragment (comprising the end of the small intergenic region
and part of the Rep gene) between selected WDV isolates used in this study (Iranian wheat and barley isolates of
WDV from 6 provinces are boxed). See Table 2 for source of isolates.
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Fig. 6. Severe stunting and, yellowing symptoms in barley plants 45 days post-inoculation with viruliferous (WDV-B)
Psammorettiy alienus leathoppers.
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Fig. 7. Electrophoresis pattern of PCR products amplified from five individually tested leafhoppers using specific WDV
primer pair p1887'/ p328° (Table 1 ) and the DNA extracted from each leafhopper (lanes 1-5). M= DNA ladder

mix (Fermntas).
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Fig. 8. The male insect genitalia (A, side view, B, full view) of Zsammoretsiv alienus leathoppers collected from Bajgah

(Shiraz) fields. Differentiating part is boxed.
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Abstract

Barley yellow dwarf viruses (BYDVs), Cereal yellow dwarf virus (CYDV) and Wheat dwarf virus (WDV)
are the causes of dwarfing and yellowing in small grain cereal crops in Iran. WDV consists of at least two
strains each adapted to wheat (WDV-W) or barley (WDV-B). In this research, the distribution and genetic
variation of WDV-B and WDV-W isolates in Iran were investigated. Infected barley and wheat plants
showing dwarfing and yellowing symptoms were collected from cereal fields of Chahar Mahal and
Bakhtiari, Fars, and Yazd provinces during 2009-2010 and from other provinces in 2004-226 growing
seasons. These samples were subjected to DNA extraction; PCR, and sequencing, using specific WDV
primers at species and strain levels. Results showed that WDV was detected in 155 of 270 samples. WDV-
W and WDV-B accounted for 55% and 45% of WDV positive samples, respectively. While WDV-B was
only isolated from naturally infected barley plants, isolates of WDV-W was isolated from both wheat and
barley. The results of this study indicated that in-addition to BYDVs, WDV is a major component of yellows
complex in cereal fields in Iran. WDV was transmitted from wheat and barley infected plants to healthy
plants using leafhoppers collected from cereal fields and reared on plants in the greenhouse. Morphological
characteristics especially those of male genitalia indicated that Psammotettix alienus is the WDV vector in
Iran.
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