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ABSTRACT

Following the random sampling of saffron (Crocus sativus L.) leaves and corms from six provinces of Iran, during growing
seasons of 2011-2015, a total of 890 leaf tissue samples were investigated by enzyme-linked immunosorbent assay (ELISA)
tests. The results revealed that 641 samples showed positive reaction only with Potyvirus genus specific and exactly with
Bean common mosaic virus (BCMV) specific antibodies. The molecular mass of several isolates of the virus coat protein
(CP) was estimated as 35 kDa by western blotting. Following total RNA extraction from virus infected samples, three
discontinuous fragments (corresponding to genomic 3', partial Cl and HC-Pro regions) were amplified. The CP region of the
virus infecting saffron has the highest nucleotide identity with Ceratobium mosaic virus (CerMV) and Telosma mosaic virus
(TelMV) (74%) and the highest deduced amino acid identity with Bean common mosaic necrosis virus (BCMNV) (78.8%).
Despite the high serological relationship with BCMV and a close phylogenetic relationship with BCMV subgroup based on
CP region, the identity values are less than described species demarcation criteria for Potyviridae family. Overall, it seems
that the saffron infecting Potyvirus is a new species of Potyvirus genus but the definitive statement requires sequencing the
entire genome of the virus.
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Table 1. List of antibodies used in this study for preliminary assays of saffron viral infection

Virus Assay Antibody code
Alfalfa mosaic virus (AMV) DAS-ELISA DSMZ-AS-0779
Bean common mosaic virus (BCMV) DAS-ELISA DSMZ-AS-0242
Bean common necrosis mosaic virus (BCMNV) DAS-ELISA DSMZ-AS-0239
Bean yellow mosaic virus (BYMV) DAS-ELISA DSMZ-AS-0471
Cowpea aphid borne mosaic virus (CABMV) DAS-ELISA DSMZ-AS-0417
Cucumber mosaic virus (CMV) DAS-ELISA DSMZ-AS-0929
Genus Potyvirus ACP-ELISA DSMZ-AS-0573/1
Lettuce mosaic virus (LMV) DAS-ELISA DSMZ-AS-0886
Potato virus Y (PVY) DAS-ELISA DSMZ-AS-0137
Soybean mosaic virus (SMV) DAS-ELISA DSMZ-AS-0543
Tobacco etch virus (TEV) DAS-ELISA DSMZ-AS-0138
Tobacco necrosis virus (TNV) DAS-ELISA DSMZ-AS-0070
Tobacco rattle virus (TRV) DAS-ELISA DSMZ-AS-0208
Tomato spotted wilt virus (TSWV) DAS-ELISA DSMZ-AS-0580
Turnip mosaic virus (TuMV) DAS-ELISA DSMZ-AS-0132
Watermelon mosaic virus (WMV) DAS-ELISA DSMZ-AS-0203
Zucchini yellow mosaic virus (ZYMV) DAS-ELISA DSMZ-AS-0234

solasl @bt bl @ s vansss
L g bl wsgs ool lis cuie iuS1lg BCMV
2y Simbe S GlalS ) (S b,
OlalS aus IS WS s calie Lulys
Gomphrena Jsls Jiak sl eolatwl o900 Soxe
Lhenopodium amaranticolor globosa

[Phaseolus vulgaris Cucumis sativus .C. quinoa

GLlS byl 55 (S o Lol (ymand
2Ol w9295 e (Selle JEL )y jslated
laalaz) Gl 1o 5l alaa oo 1Y Geeil s
obiwl & sliws, 5l IFT2 5 IFTL (luls ke
oz bl b oS (bl Gl dese 5l IF-12



VY0 b 9 5mb oF 8)Leds Y 5,90 oyl ) (Si5palS idls A4

oo9p9  (Mini purification) s sile Al
@ 03g)] oLS S, cél 5l «Jensen et al., 1986)
Sl glls S el jlas eolaul Ir-Khld s
Sl o hre sald Glyied 25 mgnSe
3o ladiges 556 S 2l 51 6,8 Y ol oolaiwl s
aoys N Jeblgnls eV deys YO (ol
3w 9 GySolas PVP usyo V9 NA-DIECA
L adds G Do @ aYaz Jolo ax )b 5l jeue
FoLoeids, a Seayle Veeeorpm e
shie U1 o Triton X-100 wusyo YY Jelore yid Lo
b 53 535 e 003 T Jgbono S22l (53, 5 Logbine
YEeoorpm Cepn b g el s Do 45 (6 050 lac
dos 33gal 5 JS cpagp sloodgel ol 5oy il
Pierce ) BTy )faLw.: o‘).a.m 4 (w929 ua.'l?
Unstained Protein MW Marker, Thermo Fisher
doys B awewl 5, (Scientific, USA
aol ST b daSlax woye VY g oS ST
Jasl g bopsisy gilolas 51 e il eolarl
progl 3 silshe glad 4 Sy slaal
&y (DSMZ-AS-0242) BCMV  slaluwsois
by oegn Wb (Db b ool gy (b9,
035 WLl gy eyl b ooy (25Sly g
Nitro blue tetrazolium chloride ¢ 5 L VO ylojen
0 g5 ambeyd e il Vo (NBT)
5-bromo-4-Chloro-3™-Indolyphosphate  p- ,5 Jwe
Jesd yd ke ), Toluidine Salt (BCIP)
PH 4/ jblawd S JIIT 3L ol Lo Ve 0 auslo
5 LS GaoSgn (o S5 > b 285 Ojg0
5 mes SeesSy b3 dapl JsSlse (5 @S
OBy ronsSn hn (Bsn JVge by

{(Fried & Crothers, 1981) o yuss

STy — wgSxo (510 pagmi g JS 1oyl 5T 1 yoiw!

(RT-PCR) 30 ly (slo yuzmi s
arasn p8) J @by Jlg G jslaieas
5 111 ArTL dr-Kh2 dr-Khl &las zi olic;

Cdl S e Voo 5l US Lol o ol Ir-FL

Nicotiana .Vigna unguigulata [Pisum sativum
N. tabacum cv. dabacum cv. White Burley
N. debneyi N. clevelandii N. glutinosa Samsun
[Datura stramonium N. rustica N. benthamiana
.sg Vicia faba 4 Cicer arietinum .D. metel
YV pely Slansd 3L 1 Gl cnl (Siab ¢l
NaDIECA Jgo oo YI¥ L olyen (PH Y) Vs
J€; ,99 5 (Natrium diethyldithocarbamate)

o eoliiul b

o9 58895l gpg (o GilwAlls
5 (SDS-PAGE) sl JiS1 (b J5 55 ceiian

@by ¢y 903
Oy lerdsopd Sl Sh S oin ln
saSossll (wonsin s Gesn JsUse 0o
J3 00 boeSen ogee 5898l by, 5l e
sodium dodecyl ) Jwsgd i sol> axol i ,ST L
sulfate polyacrylamide gel electrophoresis, SDS-
Leammli, 1970; Sambrook & Russel, ) (PAGE
Towbin et al., 1979; ) &b g 305! 9 (2001
yokie cpads ol oolaxwl (Sambrook et al., 1989
Ir- g Ir-12 dr-T2 dr-T1 dr-Kh2 dr-Khl slaaslas
(shre 2alD) (g g e 5l sle dged 93 ol e 4 F2
oA des 3gel olyem 4 5 bl (H2 4 HI
OBgn gl Gln Wad (o (g9 5l Sl
osliiul b (5 sbadiges o5 /) 5l 5 ,u50 las o JS
B sl i Joaishes B0 (s9l>) glyl 3
shie Ol 3 Sy el 0050 0 oSy sl Jsoshes
Ossmdes il 2oy 0 eslitul a4y oS
@ Jblgnls Y ssys +/+) 5 (MW 40000) (PVP)
@ Sl VIO sladly) (50 5 el (ad ALl )]
Vo G N ool 18 ey j0 aads w O
P g e wor Ayl a4 s, @be 5l s S
o) & @x Lammli buffer) JLoJ L g0 8L 5l LSS
3o laitenl gla iy ol en 4y badiges ol adls]
o Sde 4 (Benchmark™) oo s el S5, ioo
Ol 5 o s b8 ol J 0 ol o aids

Sy iad eols Jlml 7 (gl Bk yg00 4 S5y o


http://en.wikipedia.org/wiki/Chickpea

\t4 w9329 GBS 5l (B p oy 9 2ol e g o5

@UMC)M@wWQ_?)Q\/Y sl o
e Sy ag) olo 18 51 ey g 285 1,8 ands
M'MULV wBSum )LJ)..' :\:Lma pa)j J>‘5 \"
RevertAid Reverse Transcriptase, Thermo )
5 a8lsl ladlg) 51 G, 4 (Lithuania Scientific,
S8 celn G Soe 4 Gugad 42,0 FY gles o
L oSl 5o 5leads sloyumiy (iaSTy .ol ools
FelySen 0 Jolt) s See VO Gl oo
Sl e VFIF ai(Giw) asle JoSe 1olgd
PCR-bUffer ).o..Jsj.im Y/A ‘J.:).M..:‘ Sfuyé g_j
Y MgCly Joo koo ¥ ANTPS Joo Lo +/Y 10X

2l Y10 5 usSas g peiiis ST 50 5l JsosSi
Sinaclon, ) SmartTag DNA Polymerase ;!

0l 53SS gladslad saalin 1y 08,5 bl (Iran

Tris-) TBE ,8L ;0 awo,o V59,51 5 50 5,999,550
A oolaw! (Borate-EDTA

CoS 5l ookl b gy 4 o0sll slaglyie; (S
5 (RNeasy plant mini kit, Qiagen, Germany)
2S5 lp ol gl oaile 88 I ges pl
n Sy sbalie gy 5l atugal ol s
oges T3l cdz ) lyie; sanSesgll Gug s sy
BUTR (>l55 8005 )) g3 ¥ slel 4 by
S5 L bl sla S5l e 5 (NID 51 25y 5 CP
o wsnsdn pey HC-PrO 5 Cl 2ly jl oaso
lo STy e o (Y ooz O JS3) o eslin
FIO o JS Lol pids,Ses O L JoSe Llhss el
FlosSee T i) o Bime o sl S
Jssdes <10 ANTPS Jgo Lus +/VO RT-buffer 5X
RiboLoCk axlg Y+ g weSae ;5521 Jges5s & DTT
L 3 RNase inhibitor (Thermo Scientific, Lithuania)
Palm cycler, CG1-96, ) JSGluge s olKiws 5l oolawl
o STy 28,5 &,50 (Cobett research, Australia

L S HE-Pro P e ol emz| veg | NaPro NI e AL
Y00 bp 00 bp 1637 bp
R R — [ ————
> + +> + > +
HPFer HPH&w ClFar ClR&y B T P S PR

gl 50835 4ol s 5255 (sl ooliisl 9 j90 Lo g 9 S 935 b Bl (cagas sla S5l oo ) S

Olyie; sasSoogll Lugps S
Figure 1. Position of universal primers corresponding to the potyviruses genome used for amplification of three
interrupted regions of saffron infecting Potyvirus genome
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Table 2. Universal primer pairs used in this study for partial amplification of potyviruses genome

Position on Annealing
Primer pair Sequence (5'-3") temperature Reference
the genome °C)
PV1/SP6 GATTTAGGTGACACTATAGAATTTTTTTTTTTTTTTTVN 3'UTR, CP,NIb 58 Mackenzie
etal., 1998
PV21/T7 TAATACGACTCACTATAGGGNAAYAAYAGYGGNCARCC3'UTR , CP, NIb Mackenzie
etal., 1998
ClFor GGIVVIGTIGGIWSIGGIAARTCIAC Cl 40 Ha et al., 2008
CIRev ACICCRTTYTCDATDATRTTIGTIGC Cl Ha et al., 2008
HPFor  TGYGAYAAYCARYTIGAYIIIAAYG HC-Pro 40 Ha et al., 2008
HPRev ~ GAICCRWAIGARTCIAIIACRTG HC-Pro Ha et al., 2008

I=inosine, Y=C/T, R=G/A, W=A/T, V=A/C/G, S=C/G, D=A/G/T, N=A/T/C/G
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2. Cucumber mosaic virus
3. Alfalfa mosaic virus
4. Tomato spotted wilt virus
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Table 3. Infection rate of saffron samples originated from different locations of Iran with detected virus

Sampling region Number of samples

Number of infected samples Infection rate (%)

Isfahan 150 85 56.6
East Azarbayjan 30 22
Alborz 30 24 -
Razavi & South Khorasan 650 487 75
Fars 30 23
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Figure 2. SDS PAGE (A) and western blot (B) of partial purified virus (P) and extracted total protein from virus
infected saffron plants (Ir-12, Ir-Kh1, Ir-Kh2, Ir-T1, Ir-T2, Ir-F2) and healthy saffron plants (H1, H2). M: (Pierce
Unstained Protein MW Marker, Thermo Fisher Scientific, USA)
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Figure 3. RT-PCR product of virus infected saffron total RNA using Potyvirus specific primer pair (A) and primer
pairs corresponding to the partial Cl and HC-Pro regions. M: 1Kb DNA Ladder (Gene Ruler TM, SM0313, 1Kb
DNA Ladder, MBI Fermentas, Germany).
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Table 4. Comparison of nucleotide and deduced amino acid sequences of saffron infecting Potyvirus partial genome
with closely related potyviruses

Region of Potyvirus infecting

Nucleotide identity

Amino acid identity

saffron genome Virus Percentage Virus Percentage
3'UTR, CP, NIb SMV 714 - -
CP CerMV/EAPV 74.8 BCMNV 78.8
Partial Nlb TelMV 73.8 TelMV 78.6
Cl BCMV 77.4 SMV 86.6
HC-Pro SMV 76.9 WMV 87.8
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Table 5. Comparison between the nucleotide and deduced amino acid sequences saffron infecting Potyvirus coat
protein region with related potyviruses based on two alignment using LALIGN program

Virus

Nucleotide identity

Deduced amino

(%) acid identity (%)

BCMNV 725 78.8
BCMV 72.6 74.9
CerMV 74 76.6
CLLV 718 75.9
EAPV 73 72.8
FVY 73.1 77.1
PasvVY 735 78

SMV 72.9 78.4
TelMV 74 77.2
Uganadan passiflora virus 73.9 76.3
WMV 72.2 73.6
WVMV 73.7 73.9
YMV 73.6 74.2
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Figure 4. Phylogenetic tree of saffron infecting Potyvirus genome and other closely related potyviruses based on CP
nucleotide sequence reconstructed using MEGAG6 and GTR+G+I model based on analysis with 1000 bootstrap
replication. Triticum mosaic virus was considered as outgroup.
BCMNV: Bean common mosaic necrosis virus (AB735585.1); BCMV: Bean common mosaic virus (KC478389.1); BYMV: Bean
yellow mosaic virus (JX173278.1); CLLV: Calla lily latent virus (EF105299.1); CABMV: Cowpea aphid-borne mosaic virus
(KM597165.1); CerMV: Ceratobium mosaic virus (AF022443.1); CSV: Cocksfoot streak virus (EU119422.1); DsMV: Dasheen
mosaic virus (KJ786965.1); EAPV: East Asian passiflora virus (KP114136.1); FVY: Fritillary virus Y (AM039800.1); ISMV: Iris
sever mosaic virus (NC029076.1); MDMV: Maize dwarf mosaic virus (JQ280313.1); PRSV: Papaya ringspot virus (AY027810.2);
Passiflora virus Y (PasVY) (JF427599.1); PPV: Plum pox virus (KC020125.1); PSbMV: Pea seed-borne mosaic virus
(AJ252242.1); PTV: Peru tomato mosaic virus (NC004573.1); PepMoV: Pepper mottle virus (EU586127.1); PVY: Potato virus Y
(KF770835.1); SMV: Soybean mosaic virus (LC037232.1); SCMV: Sugarcane mosaic virus (JX188385.1); SPFMV: Sweet potato
feathery mottle virus (KP115623.1); SrMV: Surghum mosaic virus (KM025044.1); TeMV: Telosma mosaic virus (DQ851493.1);
ToNStV: Tomato necrotic stunt virus (JQ314463.1); TrMV: Triticum mosaic virus (NC012799.1); TuMV: Turnip mosaic virus
(AY134473.2); Ugandan Passiflora virus (FJ896003.1); WMV: Watermelon mosaic virus (KP164988.1); WVMV: Wisteria vein
mosaic virus (AY656816.1); YMV: Yam mosaic virus (NC004752.1); YBMV: Yam bean mosaic virus, (JN190431.1); ZYMV:
Zucchini yellow mosaic virus (KF976712.1)
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Figure 5. Phylogenetic tree of saffron infecting Potyvirus genome and other closely related potyviruses based on CP
amino acid sequence reconstructed using MEGA6 and GTR+G+l model based on analysis with 1000 bootstrap
replication. Triticum mosaic virus was considered as outgroup.

BCMNV: Bean common mosaic necrosis virus (BAM34499.1); BCMV: Bean common mosaic virus (CAA78912.1);
BYMV: Bean yellow mosaic virus (JX173278.1); CLLV: Calla lily latent virus (EF105299.1); CABMV: Cowpea
aphid-borne mosaic virus (KM597165.1); CerMV: Ceratobium mosaic virus (AAC59614.1); CSV: Cocksfoot streak
virus (EU119422.1); DsMV: Dasheen mosaic virus (KJ786965.1); EAPV: East Asian passiflora virus
(BADB83868.1); FVY: Fritillary virus Y (YP001974445.1); ISMV: Iris sever mosaic virus (NC029076.1); MDMV:
Maize dwarf mosaic virus (JQ280313.1); PRSV: Papaya ringspot virus (AY027810.2); Passiflora virus Y (PasVY)
(ADZ45595.1); PPV: Plum pox virus (KC020125.1); PSbMV: Pea seed-borne mosaic virus (AJ252242.1); PTV:
Peru tomato mosaic virus (NC004573.1); PepMoV: Pepper mottle virus (EU586127.1); PVY: Potato virus Y
(KF770835.1); SMV: Soybean mosaic virus (LC037232.1); SCMV: Sugarcane mosaic virus (JX188385.1); SPFMV:
Sweet potato feathery mottle virus (KP115623.1); SrMV: Surghum mosaic virus (KM025044.1); TeMV: Telosma
mosaic virus (YP001816835.1); ToNStV: Tomato necrotic stunt virus (JQ314463.1); TrMV: Triticum mosaic virus
(YP002956096.1); TuMV: Turnip mosaic virus (AY134473.2); Ugandan Passiflora virus (ACZ43795.1); WMV:
Watermelon mosaic virus (KP164988.1); WVMV: Wisteria vein mosaic virus (AY656816.1); YMV: Yam mosaic
virus (NC004752.1); YBMV: Yam bean mosaic virus (JN190431.1); ZYMV: Zucchini yellow mosaic virus (
KF976712.1).
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