WY AFRY Ol /) ojled / T4 as / alS slagsles

29 oS g (K380 G S F s SHS1,

Ol 53 puS KNy esps

DISTRIBUTION AND PARTIAL BIOLOGICAL
CHARACTERIZATION OF WHEAT AND BARLEY STRAINS OF
WHEAT DWAREF VIRUS IN IRAN

o%:ﬁ|d|u‘;jﬁ)u}.‘>|uﬂlﬁ¢ @w;‘&bwuﬁﬂo&b

o AS>

SN 5,5 (S5 sS (BYDV) g 3,5 (K558 05,5 o g pg s 45 OB 53 63,5 5 HN5sS o s5lew
Blas aulas o0 3,05 Ol js OV pame cpl 4 (63L) Ol L g 0 sbm! (WDV) C.Lf NFsS wsps 5 (CYDY)
WDV sLag s (2S5 andllas cpl 53 Klodd 5,058 (WDV-W) oS 4 g 5 (WDV-B) g & 9w WDV 3l 4 5 5
5 ol ol 5 Jlowe sl Dbl dw 55 g 5 0 pl50 5 s s (S35 1E gy 0550 0Ll OB gLl 50
SEAYAY AYAD sladle 4 bg o sladigad 5 ad gad cpl 3,90 53 LS fl’v‘ S5 5 4 5ad \WWAANYAR sadle b sy
B35 S 5 4 g gl 53 ol | gla ST L PCR 05051 s ns sl OF 63 gl puinl Jorl o Ko Ol i
9 NS rﬁﬁﬁlgdy.}\’\/' S ayls g 0l (g ls p 4 ged blue pled 53 929 ol &S 51 LS e )y kS fbv‘
03531 (A2 )3 ¥0) w505 Ve s WDV-W 4 05 31 (das;300) 4 305 AO gl o 51 45 iz g 38T WDV & 45505 100 (3,5
Lol A8 o 03531 5515 5 pi oMo WDV-W ks Jal 53 48 503 U () 2 00l 6 sy WDV-B &
SIBYDV 05,8 (sla s s L ol or WDV g 53 g2 ol gy 35 (oo i 03401 g 51 g5 (aeb )5k 4 WDV-B
izt Gblis ;s WDV awy ST 4 4 5 b it Ol pl &8 150 53 (K558 5 53,5 ediSsloml ool Jul go
i S Il K3 4 42 5 LWDV U plalid sy ST 4 g 5 2 DL 4 S 5 Jaw s O JU () 528

AL b gme O pl 53 WDV 86 Ol 2o 4 Psammotettix alienus & S 5 A5 ploxil 5

C.J.:f SNFS s rIns Sl ‘(:.\;f Psammotettix alienus S 265 o « w335 o (50 slao5lg

e ol (63,5LES 0l w ol &l ol 0,0 il ol )18 asl OLL 51 ise
behjatni @shirazu.ac.ir : K55 S oy (LK J gns ¥

Sl aL<iJ134L§j)}USaMIA4JALSwM ooy Dlides S e skl 5 oLl (bl Wbl 8 Ble (gamdils O 5w )

\V



WA AFRY Ol /) ojled / T4 as /LS glagsles

.(Behjatnia et al. 2011) &3 S
Mastrevirus  pi 4 Gaze p xS SNES esms
shls e ol glael .ol Geminiviridae s 45 )
S A nse SO Y SO il gl O 6o 55
e clr s ol L ool Tl
(virion-sense strand) js— o4y 55, V2 5 VI
i GRS s e S A S b S
(movement protein, MP) S > 4 (coat protein, CP)
< s>l 5 .(Briddon et al. 1990) 4_cS » 45,

J A<AA” Z.)LSJ.) C2)C1d~r‘9_>-

;i U &S des ((complementary-sense strand )
o5 5, «(spliced transcript ) Ol N T S
|y (replication-associated protein, Rep ) (g jlwdiles L of o
La s, 5 = .(Gabriele et al. 1999 ) LS e S
03531 1, Poaceae o3l il a4 laze 4 S OlalS (LR
&, 50 4 « (leafhoppers) S 5 sbaS 255 L 5 JuS s
DS > Mg o e IS b s 5 S
P. striatus (Linnaeus) s Psammotettix. alienus (Dahlbom)
WDV 5L ol e+ Cicadellidae o3l 5l 4 3l
P. alienus 458 La 5|58 iy 55 Ll 5,58
33 ol 3 s b il sl il g s 36 Ol g 4
as P Striatus & S acssy 5 pim 53 5 4555 55 a AOLS
Wang et al. ) 1Sleds 3 2o WDV 50 Ol e
.(2007; Lemmetty and Huusela-Veistola 2004
T o R UN U T P
4y 5 5SS 53 WDV U Ol e 4 provincialis
.(Ekzayez and Kumari 2011) .l eas 3,055
LU 3| P. striatus s P. alienus 55 35 jasis

o S S5 T b 5 S5 e
eIl as S 55 ) S ol L .(Nielson 1968)

4ndle
gl oo by (Dl 5l Slise 5 62,5 ki SssS
5 o3b 05 SSUS sligolen Jolge liil o OO
Lo s el Ole 3 & Al 28 e ol s
Ll e sl s lons Sl 5 aLS sliolen
Cilie LS oy, s 00 3 i (Zilinisky 1983)
L5 ailae o 55 cpl 3y betiS e T 1) p S 5 s
Al e slwdlace b as s 5l ooled 2SSl sl
253 S5 58 05,5 Slams s 055 L5 0l 5o
Sl s ((Barley yellow dwarf viruses, BYDVs) o>~
«( Wheat streak mosaic virus, WSMV) t.x_'f B
«(Maize rough dwarf virus) o3 5 35S
«(Iranian maize mosaic virud) o ,5 Sl 1 S5l 5
((Iranian wheat stripe virus) r.x_zf ! Sl e
( Cereal yellow dwarf virus, CYDV-RPV ) <& 3,5 S 3558
«( Wheat soil-borne mosaic virus ) fv\_;f SISl Sl e
5 (Wheat dwarf virus, WDV) t.x_'f SN5S e
( Barley yellow striate mosaic virus ) s> 3,5 4l 55 S5l 40
e S s S Sl lAS LIS 5 el
ol WDV s WSMV BYDVs ol | 55 Ll
.(Behjatnia et al. 2011; Izadpanah et al. 2003)
5355 Gl s s Bdas OO 55 6255 Jolo
ods S jasiis 5ol esly Lasii OS5 e oay)
e s, 05,5 sl IBYDV-PAV &5 .l
J 5 Ol=b (Izadpanah et al. 2003) c—.l Ol =l
pdS (S5 sS ws e 35 s PCR SLaS s Y000
asalsl 53 sls Qi gy Olul = Oleal 55 | (WDV)
D030 5 6l aals O pnl s pd 555 5l eslizal b Sl
o=l 35 >5 WDV _sla =l gls S5LeT L PCR

Y @\-

% QL;A .jrl A)Jum'j’_i)

A



e S P B SRy (F s SKS| 0 Ken 5 g A

s 5 08 Slaase (S| s« PCR 055
At S il Gble o3l 150 5> WDV
WDV 50 5550 55 Dbl s 055U O (oo
ol 4 Gl Gaod (pl 3 s e s 3 Ol gl o

A3 el 53 WDV s

IR I

TUIRI

Eole S VYM=IYAL 5 ITAY-1TAD sladle Job s
Jees am ol i S Calie bl s 5 pdS 2iS
b3 30 S5 5S 5 53,5 @ Dle b OS5l 5 el
LS)JTC"".' e 5 oLS ps A S8 S5 55
Els i 03 SIS 5 60,5 ole ks olalS

Sl ol eJJjT

WDV asuis
Indirect- o531 3l WDV jSledlie Laseis sk 4
Lo o dﬂ L (Converse and Martin 1990) ELISA
A o3l OLJTDSMZ S 5 WDV (glalues
O sl Olas ke ST Ogesl pl 3 &S placsl
e by ) o mmis RS1s Ol 53 03 T il Ol

L& eslazwl ( polymerase chain reaction, PCR)

Sl el 5 S5 S ) gl O (55 ) Pl
WDV ¢ 55 5 o lakad

WS 5l s s ¢l Ol 63 glpel g Al el o
I 5 (55 s 3l oS 5 03 A0S K
J/jwjfﬁ s, s (Mackenzie et al. 1997)
Lo eslest (Boom et al. 1990)

\4

shls P.alienus 458 55 45 A il o i Juls
SalS P. striatus 45 S ;3 «S = 55 ool u.(:.é))fé

ZF . o G
‘ o s S5 5 Ok ;500 S

(Greene 1971)

o3 p S e 5 Glls puiS S5 S es s

e 5 55 bwailaes L .( KoKl ef al. 2007) L3l
5 0bal 2 Ol 53 WDV i S S 5555 ol 5
2335 Gl S L e s ol Bl el
Sl So sy 0l S AL Lasde 05 SSL
s s 4 Sl Al O ¢l 5 <l WDV
Wheat dwarf virus-Barley [IRAN-Barley] r.x;f NS
sl Ul .a_s Clssl WDV-Bar[IR:Bar] aab 5 L
WDV-Bar[IR:Bar] « 315 0Liss edd plowil K535 5k
s s U (Ao, AV/Y Olge 4) oalid o i
S 3 5,05 olJT 51 (WDV-B) kS SysS esns
(WDV-W) a8 (S35558 s s pdoS appm b &S
s Sl ol calls o s ASIY gl ST
Sd b5 osms 4 by s WDV 5 oS slaeg 5
Sy 5005 50 SIS BT aaled S
S5 el Sl 53 Bls s s p s VEr A pS S
R

:Q‘J -

b — (Rep) )\
ILSCan 5 Lo g a> S| .(Behjatnia ef al. 2011)

Cilzes claOlul 53 |, WDV Lazl gble sl
oS glawy s S| 3550 03 Js Laged 2158 0l
el a5 0525 U0l 03 s s ol s s
o Gt e G 53 el 43S O 5o
sy pde by 3y S 5L WDV 2 28 bl
Slaay s 0535 53 5 an TS 5T ankd S
cla 56T > b L 5 as eslizel WDV 4 oS

JJL@JT)‘aJLA;_.A‘jQH‘}MﬁCjG_AJJL;AL@DJ



WA AFRY Ol /) ojled / T4 as /LS glagsles

AY°C la sles o b 5w s 5 sl (o1 ol
Ddes ay pldS 8 VYOC 5 550 a5 a2y OAC L, 00°C
POR by liws s o e 3151 ey 5y 430
5SS Oladas s (541545 VYOC les 3 adds V ks
54 350 oy VY 55,8105 55 5558500 L s
5ok J5 51 5,56 DNA L. 3515 Lo
Qiaquick gel extraction kit <—S ;| eslew!l L DNA
et g C‘ A<l J5 31 (QIAGEN, Germany)
s sS Tech Dragon &5, & 4 gd5 ¢S o sl 5
A Jlo )l &S K

L 0ml 53 WDV g 5 00 (glpdy g ey o
Sl bl 2 05 b )3 592 s WDV (slasy o

IR P55 (AR AT S 5
SIR) S5 S 55 o b 3l ool s & glacssl 5
s 5 pS Glaw e Rep 0507 sl o
G—= b 5l s Clustal W iy, sleslaal b 01,1 ,sWDV
S L MegAlign «sb Ly (3lmciss soa
23 35 e slaaslir wlis U glacisl S L
Sl ey el coatle s e lie 05 ST
el s s Cls s sl 5 (Accession number)
Y dsda 3 bt mBls eslitul 550 amlis cpl 3 &S

el ol 0nls OLES

SlS 5o S Lyl sy WDV S e

i s (D-Vac) S 4 oS oKws sl esliul b
o34l s 5 p S 5150 53 3 g g0 S 25 (6ol e
Slesr Obl 55 5,8 e 5 sl Ol 5 WSl adlats
A BN TAM-YAL ladle b ol 5 Jlms

SU1  asblS as sus L;))Itv. clals =)

So St WDV ey 55 S8 655 ) 5 sk &
Glapl e WDV ola sl S5L el e i
=SS5 e (V Jsa) WDVIR328C s WDVIR1887"
A=l ol 5L e VY i b 4 (glankas
MP sRep sla0; 0" slenl 5l ola isn 5 S,y 55
P g La S5l onl i oslizul
3 5 e ankad IS 4y 30 5 0050 Jes olant
#3235 (WDV-B) ;> 5 (WDV-W) oS w50 53 o
Al o paS S psS

S5l & 5l WDV-B 3 WDV-W S g
WDVChinal430° L «— WDV-W _ola |
So S e85 i8S 5 ol 65, 5l aS () Jsir)
EF536881 jla_i o, L o> 555 5| WDV-W wlos
SO Sl eslinal U SHLT ol s eslizal 54 0dis > b
o] s 3 4S8 ol U S 5 VY sl g
A b aib e WDV-W glaw o> Rep o5 sl
G S Y0 Sl Ll ol () S2)
A S VY Gosl 5 g sL> « S WDVChinal430°
s ola sl ey s 55 Y slgnl s WDV-W
S5 4y ;36 WDVChinal130" S5ET 0L ol yen 55 S
S S S5 o bl b cd Yo i (glankas
slaa_lu= 5IRep 050 gl G 5 (SIR)
(Y Js4>) 55 WDV-W

B el (5 1) 5 Koo YO (slagae 55 PCR 0 ol
oS 2) s ST (S 5 3L Sl ek 2l sl (6l Of (6
S 5l ¥ S Yor (G505 S S e
A Al 0 s Dl (65 AT S sy ST e
MU mj oo sares 3l s 5le L 10l g5 Tag
55 adsl il glaass ¥ ads s SO 5l . PCR
e 3l gl 2 YO 4l S els AY°C (gles



e S Pem S SRy F s SES| 0 Ken 5 g i)

WDV 55 Slalad 255 (sl 5l saaly (slo s 2S5 3 o3litul 5,50 sl S5l Y Jsas
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 [IR] TEACTECGAAGCAGTGACATERTC GCCGAAGECGAA -~~~ ~======~ ARACGARITCCCCRTC
WDV-Bar[C212] TRAC TGO GAAGCAGTGACAT R TC GOCGAAGGCGAA ———————————— GAATGARTCACCCTC
WDV=Bar [HU] TCACTGCGAAGCAGTGACATIITC GCCGAAGGCGAA == - === == GAATGARTCACCCTC
WDV-Bac [ 5W] TEACTECGAACGCRAGTCACATIPTC GO GALTCARTCACCCTC
WDV-Bac [3XA57] TRACTGCGAAGCAGTGACAT I TC GOCGAAGGCGAA---- -~ —- -~ -~ GAAT GANI T CACCCTC
WDV-Bar[CZB100] TCACTGECGAAGCTETGACATEDTC SCCETAGECGAL -~~~ —~-~ ===~ GALT CARTCACCCTC

WDV-Bar [HU] TTACTGCGAASCAGTGACATERTC GCCGTAGECGAA—-——~———--——— GAATGARTCACCCTC
WDv-HBaJz0&-11 TEACTECGAAGCAGTGACATCETC GCCGEAGECGAACGAGTAGTTGATGAAC GTCTCECCETC

WDV-HNZ2035 TEACTGCGAAG

GTGACATCRTCGCCGEAGGCGALACCAGTAGTTGATGAAC GTCTCEGCCTTC

WDV-GaeE05-1
WDV-Enkopingl
WDV-3EXAZZ
WDV-B
wWDV-BBZ1

TCACTGECGAAGCAGTEACATCITC GCCHERAGGCEAACGAGTAGTTGATGAACETCTCGCCTTC
TEACTGCGCAACCAGCTGACATCITC GCCEEAGCCGAACCACTAGTTCATGALL CRCTCECCTTC
TCACTECGAAGCAGTGACATCITC GCCGEAGGCGAACGAGTAGTTGATGAAT GACTCG CETC
TCACTGECGAACCAGTGACATCRTC GCCGEACECECAACCGAGTAGTTEATGAAT CACTCEGCCTTC
TCACTGCGAAG?AGTGACATTCTTGCCGGAGGCGAAEG&GTRGTTGATGAATGACTCGCCTTC

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
OIAI aali S Ol see oS el
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 AM296019
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
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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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