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Abstract: Iris belongs to the Iridaceae family. It is one of the most important pharmaceutical and ornamental plants in the world. To 
assess the potyvirus incidence in natural resources of iris plants in Iran, Antigen Coated-Plate ELISA (ACP-ELISA) was performed 
on 490 symptomatic rhizomatous iris leaf samples, which detected the potyvirus in 36.7% of the samples. Genomic 3’ end of one 
mechanically non-transmitted potyvirus isolate, comprising a 3’ untranslated region (390 bp) and C-terminus of the coat protein (CP) 
gene (459 bp), was amplified by reverse transcription polymerase chain reaction (RT-PCR), which was ligated into pTG19-T vector. 
The nucleotide sequence of amplicons was compared with related sequences, using Blastn software available at NCBI GenBank, and 
showed the highest similarity with Iris severe mosaic virus (ISMV) isolates. The nucleotide and deduced amino acid sequence of the CP 
C-terminus region was more than 83% identical with other ISMV isolates, therefore this isolate was designated as ISMV-Ir. This new 
ISMV isolate is closely related to the Chinese ISMV-PHz in phylogenetic analysis, based on the partial nucleotide and deduced amino 
acid sequence of the CP region. This is the first report of ISMV occurrence on Iris spp. in Iran.
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Introduction
Irises have been cultivated and used for centuries, not 
only as ornamentals but also as a source of perfume, 
medicine, and for decoration (Köhlein 1987). The rhi-
zomatous iris plants belong to one of the important 
groups of irises. The rhizomatous Iris plants are used in 
the medical field as a pharmaceutical plant, in the gar-
den as ornamentals, and produced commercially as cut 
flowers in the greenhouse (De Munk and Schipper 1993). 
Some potyviruses, such as Iris mild mosaic virus (IMMV), 
Iris severe mosaic virus (ISMV), Bean yellow mosaic virus 
(BYMV), Turnip mosaic virus (TuMV), and Ornithogalum 
mosaic virus (OrMV), have been previously detected on 
infected Iris plants around the world (Inouye and Mitsu-
hata 1978; Asjes 1979; Brunt and Phillips 1980; Derks et al. 
1980; Hammond et al. 1985). All the above-mentioned vi-
ruses are transmitted by aphids in a non-persistent man-
ner, and also transmitted by mechanical sap inoculation 
onto diagnostic host plants (Harrison and Robinson 1988; 
Atreya et al. 1991; Van der Vlugt 1994). Tobacco ring spot 
nepovirus (TRSV), Tobacco mosaic tobamovirus (TMV), and 
Tobacco rattle tobravirus (TRV) are other viruses naturally 
infecting Iris spp. (Asjes 1979). 

ISMV is a member of the genus Potyvirus, family Poty-
viridae. This virus has filamentous particles (750 × 12 nm),  
transmitted especially by Macrosiphum euphorbiae and 
Myzus persicae (Brierley and McWhorter 1936; Asjes 1979). 
A severe mosaic symptom was described by Brierley and 

McWhorter (1936) as occuring in the bulbous and rhi-
zomatous Iris, and in Crocus vernus by Brunt et al. (1988). 
The virus was also partially characterised by several re-
searchers (Brunt and Phillips 1980; Alper et al. 1984; Derks 
1985; Derks and Hollinger 1986). ISMV produces inclu-
sions such as cylindrical inclusions. Morphological anal-
ysis of these inclusions indicated that they belonged to 
type II according to the classification of Edwardson, with 
a pinwheel-like configuration in the cross section and 
parallel lines in the longitudinal section (Edwardson et al. 
1984; Yan et al. 2010). ISMV causes conspicuous chlorotic 
stripes and/or mosaic patterns in the leaves, and break-
ing in the flowers of sensitive cultivars of bulbous and 
rhizomatous Iris spp. and C. vernus (Van der Vlugt 1994), 
resulting in considerable damage to iris plants. Three 
strains of the virus have been recognised by the sever-
ity of the symptoms they induce on Iris domestica [Belam-
canda chinensis (L.) DC] (Brunt et al. 1988). This virus can 
infect in combination with other viruses such as IMMV or 
Cucumber mosaic virus (CMV). When infection occurs in 
combination with other viruses, the symptoms are mild 
or severe mosaic on the leaves, consisting of pale-green 
and yellowish-green stripes and wider bands in irregu-
lar patterns extending upward from below the soil level 
(Asjes 1979; Van der Vlugt 1994).

Exportation of ornamental bulbous and rhizomatous 
plants such as iris, narcissus, and lilium adds a significant 
contribution to the economy of many countries including 



236	 Journal of Plant Protection Research 55 (3), 2015

the Netherlands, Israel, and Germany. It should also be 
noted, that Iran is one of the most important countries 
famous as “the land of tulip and iris flowers” and has 
a great potential for cultivation of various wild ornamen-
tal and cutting species. Recently, the total cultivation area 
of the cut flower plants has been reduced, and may be 
affected by diseases such as viral ones. The objective of 
this survey was to partially characterise the potyvirus in-
fecting iris plants in Iran. This potyvirus is named the Iris 
potyvirus isolate.

Materials and Methods

Sampling and plant materials

During the 2012–2013 time period, a total of 490 indi-
vidual rhizomatous iris (Iris spp.) plants with symptoms 
including mosaic, yellowing or stunting, were collected 
from greenhouses and natural sites located in the Tehran, 
Isfahan, Alborz, and Markazi provinces of Iran (Table 1).

ACP-ELISA

Collected symptomatic samples were investigated for 
the presence of Potyvirus genus by Antigen Coated-Plate 
ELISA (ACP-ELISA) (Joisson et al. 1992) using DSMZ- 
-AS-0573/1 broad-spectrum monoclonal antibody against 
potyviruses (1 : 1,000) and RAM-AP conjugate (1 : 500). To 
detect positive reactions, p-nitrophenyl phosphate sub-
strate (1 mg ∙ ml–1) was used. The absorbance of each well 
was measured at 405 nm (OD405) by ELISA-reader (Beck-
man AD340). Samples were considered positive only if 
the absorbance value was more than three times that of 
the negative control. Such samples were subsequently 
used in biological and molecular assays.

Mechanical inoculation and laboratory host range studies

Crude sap (1 g of fresh leaves ground in 10 ml of 0.01 M so-
dium phosphate buffer, pH 7, containing active charcoal) 
from symptomatic iris plant leaf extract was mechanically 
inoculated on test plants species including Gomphrena glo-
bosa L., Chenopodium amaranticolor L., C. quinoa L., C. album 
L., Cucurbita pepo L., Cucumis sativus L., Capsicum frutes-

cens L., Phaseolus vulgaris L. cv. Red Kidney, P. vulgaris cv. 
Bountiful, P. vulgaris, Vigna unguiculata (L.) Walp., Nico-
tiana tabacum L. cv. White Burley, N. tabacum cv. Sumsun, 
N. glutinosa L., N. clevelandii L., N. debneyi, N. benthamiana 
(A. Gray), N. rustica L., Datura stramonium L., D. metel  
(A. Gray), Vicia faba L., and Lactuca sativa L. The plants 
were pre-dusted with carborundum (600 mesh) and then 
kept in a glasshouse for symptoms development. All inoc-
ulated plants were assayed by ACP-ELISA, 20 days post-
inoculation (dpi), and assayed by reverse transcription 
polymerase chain reaction (RT-PCR) as described below.

RT-PCR

An extraction of the total RNA was taken from a potyvi-
rus-infected Iris plant using RNeasy Plant Mini Kit (Qia-
gen, Germany) according to the manufacture’s protocol. 
The extract was then used in an RT-PCR protocol to ampli-
fy 3’ end of iris infecting potyvirus genome using a com-
bination of Potyvirus genus specific forward (Pot) and 
Potyviridae family specific reverse (M4T) primers (Table 
2). Effective cDNA synthesis was performed in 20 µl of 
reaction mixture containing 5 µl RNA, 4 μl PCR buffer 5×, 
10 mM dNTPs, 100 mM DTT, 40 U RNase inhibitor en-
zymes (Fermentase) and 100 pM M4T reverse primer, and 
sterile distilled water. The samples were incubated at 72°C 
for 3 min, immediately placed on ice, and 200 U MMLV 
reverse transcriptase (Fermentase) was added to each re-
action. The reaction was incubated at 42°C for an hour in 
a thermocycler (Eppendorf, Autorisierter, Germany), then 
reverse transcription was inactived by heating at 72°C. 
Five  μl of the RT reactions were used for PCR contain-
ing 5 µl cDNA, 14 μl H2O, 2.5 μl PCR buffer 10×, 10 mM 
dNTPs, 50 mM MgCl2, 5 U SmarTaq polymerase, 100 pM 
of each M4T reverse and Pot forward primers. 

The cycling parameters were the initial denaturation 
at 95°C for 3 min, followed by 35 cycles at 94°C for 1 min, 
53°C for 90 s and 72°C for 90 s, and a final extension step 
at 72°C for 10 min. An analysis of the PCR products was 
done by electrophoresis on 1% agarose gel with 0.5× TBE. 
Finally, the gel was stained with 1 µg ∙ ml–1 of ethidium 
bromide solution for 20 min and photographed with gel 
documentation (White/Ultraviolet transiluminotor-UVP-
UK) )Feinberg and Vogelstein 1983(.

Table 1.	 Location and the number of symptomatic and potyvirus infected Iris spp. samples based on ACP-ELISA

Geographical location Symptomatic samples No. Potyvirus infected No. Potyvirus infection rate [%]

Alborz 60 26 43.3

Tehran 120 45 37.5

Isfahan 250 82 32.8

Markazi 60 27 45.0

Total 490 180 36.7

Table 2.	 Characteristics of primer pair used in this study to amplify 3’ genomic end of iris infecting potyvirus

Primer Sequence Tm [°C] Reference

M4T (reverse) 5’-GTT TTC CCA GTC ACG ACT(15)-3’ 64.0 Hasiów-Jaroszewska et al. 2013

Pot (forward) 5’-TGA GGA TCC TGG TG(CT) AT(ACT) GA(AG) AA(CT) GG-3’ 64.5 Langeveld et al. 1991
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Cloning, sequencing and phylogenetic analysis

Following electrophoresis of the PCR product on agarose 
gel, the amplified fragment of the viral genome in the 
predicted size was excised from agarose gel, cleaned with 
a QIAquick gel extraction kit (QIAGEN Inc.), and ligated 
into a T-cloning vector (pTG19-T Promega, Madison, Wis-
consin, USA) using T4 DNA ligase (Fermentase). Ligated 
pTG19-T plasmids were transformed into Escherichia coli 
strain DH5α by using heat shock. Recombinant clones 
were selected on Luria broth (LB) agar containing 100 µg ∙  
∙ ml–1 ampicillin. Recombinant plasmids were extracted 
by standard alkaline lysis protocol (Sambrook et al. 1989). 
Insertion of amplified DNA fragment in the expected size 
was verified by digestion reaction using BamHI. Recom-
binant plasmids were subjected to nucleotide sequencing 
in both directions using M13 and T7 universal primer 
pair, which was done by Bioneer Inc. (South Korea). The 
contigs were assembled based on forward and reverse 
nucleotide sequence of amplicon using DNA STAR La-
sergene (SEQMAN and EDITSEQ, version 10). The ob-
tained nucleotide sequences were compared with related 
sequences based on the Blastn analysis software available 
at NCBI GenBank. Nucleotide sequence of Ir isolate ge-
nomic 3’ end was deposited in the NCBI GenBank data-
base with the accession number (KJ878662). Nucleotide 
and deduced amino acid sequence multiple alignments of 
amplified fragment against sequence data of related po-
tyviruses (Table 3) were performed by MEGA 6 (Tamura 
et al. 2013). Phylogenetic analysis was carried out using 
the maximum likelihood method and bootstrap analysis 
of 1,000 replications. Barley yellow mosaic virus (Bymovirus, 
Potyviridae) was used as an outgroup in this analysis.

Results and Discussion

Serological assays and laboratory host range of the virus

Antigen-coated plate enzyme-linked immunosorbent 
assay results showed that 32.8–45% of symptomatic rhi-
zomatous iris plants collected from four different prov-

inces of Iran, were infected with a potyvirus, maximally 
in the Markazi and minimally in the Isfahan provinces 
(Table 1). Infected plants mainly showed mosaic, stunting 
and conspicuous chlorotic stripes on leaves with different 
severity, compared to healthy plants (Fig. 1). Following 
mechanical inoculation of indicator plants with potyvirus 
infected symptomatic Iris leaf extract, no symptoms de-
veloped on the plants. The virus-free status of inoculated 
test plants was confirmed by ACP-ELISA at 20 dpi. 

RT-PCR, sequencing and phylogenetic analysis

Reverse transcription-polymerase chain reaction (RT- 
-PCR) assays were performed using the Pot/M4T prim-
er pair and resulted in amplification of a fragment with  
917 bp in length, with no amplification in healthy iris 
plants. Nucleotide sequence of Iris potyvirus isolate am-
plified fragment was determined as 917 bp, comprising 
the PolyA signal, 3’ untranslated region (3’-UTR, 390 bp) 
and the partial coat protein (CP) gene (459 bp). The nucle-
otide sequence comparison of the amplicon showed the 
highest homology with ISMV isolates, as 84–86%, using 
NCBI Blastn tool. Based on multiple alignments of par-
tial nucleotide and amino acid sequence data of this po-
tyvirus isolate coat protein with available sequence data 
of related potyviruses by DNAMAN version software 
package7 (Lynnon, Biosoft, Quebec, Canada), the highest 
identity was seen as 86.6 and 87.1%, with Chinese ISMV-
PHz isolate, respectively, therefore, the designation was 
ISMV-Ir (Table 4). The maximum likelihood phylogenetic 
trees, based on nucleotide and deduced amino acid se-
quence alignment of carboxyl terminus of CP, were simi-
lar in topology and showed an ISMV separated clade in-
cluding the Ir isolate (Fig. 2).

Despite the occurrence and vegetative transmission 
importance of viral infections in iris plants, there has been 
little research conducted on ISMV throughout the world. 
This means that there should be further investigations 
done on ISMV, and determination of complete genome 
nucleotide sequence of more isolates should follow. Iris-
es are perennial plants growing from bulbs or creeping 

Table 3.	 Properties of isolates used in phylogenetic analysis in this study

Virus isolate Origin Host Accession number

ISMV-Ir Iran Iris spp. KJ878662

ISMV-Indian India Iris x hollandica AJ549755

ISMV-Netherland Netherlands Crocus vernus (L.) Hill X75939

ISMV-Korean (ISMV-K) Korea Iris spp. AF034839

ISMV-Chinese (ISMV-PHz) China Iris ensata Thunb. FJ481099

Onion yellow dwarf virus (OYDV) Japan Allium wakegi Araki AB000472

Onion yellow dwarf virus (OYDV) India (Dehli) A. sativum L. DQ519034

Ornithogalum mosaic virus (OrMV) Japan (Akita) Ornithogalum dubium Houtt. AB091836

Ornithogalum mosaic virus (OrMV) Japan O. thyrsoides Jacq. AB079649

Iris mild mosaic virus (IMMV) New Zealand Iris x hollandica cv. Wedgewood DQ436918

Iris mild mosaic virus (IMMV) New Zealand Iris x hollandica cv. Wedgewood DQ436919

Barley yellow mosaic virus (BaYMV) China Hordeum vulgare L. NC-002990

ISMV – Iris severe mosaic virus
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rhizomes, so these vegetative propagation organs are an 
important and critical source of the virus, as described 
before by Van der Vlugt (1994). In this study, infection of 
the rhizomatous type of Iris plants with potyviruses was 
proved. In our surveys, 36.7% of plant samples show-
ing mosaic symptoms were positively reacted with Po-
tyvirus genus specific antibody in ACP-ELISA (Table 1). 
Pakdasht, in the Tehran province, is one of the major dis-
tributive centres of ornamentals, cut flowers, and vegeta-
tive propagation organs in Iran. Symptomatic iris plants 

collected from this location showed a high infection rate 
with potyvirus(es). Biological and molecular aspects of 
a potyvirus isolate, originating from an individual Pak-
dasht infected iris, was further studied. 849 bp fragment 
of genomic 3’ end of this isolate (excluding polyA tail), 
showed the highest identity (84–86%) with ISMV iso-
lates sequences. While, 3’-UTR of the genome maximally 
showed only 64.8% identity with the Netherland isolate 
of ISMV; its CP carboxyl terminal was > 83% identical 
with other ISMV isolates. According to the genetic spe-

Table 4.	 Comparison between sequences (% identity) of 3’ end ISMV-Ir genome and the most closely related potyviruses by observed 
divergence method using DNAMAN version7

*Virus Accession No.
Partial CP 

[%] 3’-UTR 
[%]

(nt) (aa)
ISMV-Indian AJ549755 83.8 84.1 –
ISMV-Netherland X75939 84.9 85.2 64.8
ISMV-K AF034839 84.9 85.2 –
ISMV-PHz FJ481099 86.6 87.1 64.2
OYDV AB000472 66.6 65.7 37.7
OYDV DQ519034 68.5 68.4 30.8
OrMV AB091836 63.6 62.9 37.1
OrMV AB079649 65.2 64.6 –
IMMV DQ436918 59.5 59.3 42.1
IMMV DQ436919 60.8 60.7 44.7
BaYMV NC-002990 38.6 39.0 27.7

CP – coat protein; (nt) – nucleotide; (aa) – amino acid 
*explanations – see table 3

Fig. 1.	 Disease symptoms caused by ISMV on Iris spp.: A–D – mosaic and chlorotic stripe symptoms of different severity; E – healthy 
iris plant
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cies demarcation criteria in the Potyviridae family, iso-
lates with more than 76% and 82% identity in nucleotide 
and amino acid of the coat protein gene, belong to a single 
species (Adams et al. 2005). For this reason, the Iris poty-
virus in this investigation was characterised as an Iranian 
isolate of ISMV and designated as ISMV-Ir. Phylogenetic 
analysis of partial CP nucleotide and deduced amino 
acid sequence showed that ISMV-Ir is closely related to 
the Chinese ISMV-PHz isolate, which demonstrates their 
probable common origin. To our knowledge, it is the first 
report of ISMV occurrence in Iran. We found that ISMV-Ir 
was not able to infect the number of mechanically inocu-
lated test plant species, which was similar to the results 
of previous research carried out by Barnett et al. (1971), 
Brunt et al. (1980, 1988), Derks and Hollinger (1986), Van 
der Vlugt et al. (1994). Only a couple of tested plant spe-
cies (C. vernus and I. domestica) are diagnostically suscep-
tible to ISMV. For our study, these plant species were not 
available to be inoculated with ISMV-Ir, and other tested 
plant species did not show any symptoms following me-
chanical inoculation – even after a long period of time.

On the other hand, potyviruses are one of the most 
commonly encountered viruses in Crocus spp. (Miglino 
et al. 2005). The presence of potyvirus latent infections 
in C. sativus (Russo et al. 1979) and C. cartwrightianus, 
and probably progenitor species of saffron (Caiola and 
Canini 2010), demonstrate an ancient infection of Crocus 
spp. with potyviruses which resulted in the selection of 
mild virus strains (Caiola and Faoro 2011). Four tenta-
tive consensus (TC) sequences from symptomless saffron 
stigma cDNA library with potyviral sequence similarity 
were identified by D’Agostino et al. (2007). Transmission 
and distribution of ISMV is not only a serious threat on 
iris plants but also on the other natural host plants such 
as C. vernus and even C. sativus. Iran now accounts for 
approximately 90% of the world’s production of saffron, 
which explains the fact that further studies need to be 
performed about the natural distribution of ISMV on oth-
er host plants and ISMV transmission by aphids, in Iran. 

 
Acknowledgements
The authors would like to acknowledge Keivan Ghaza-
nfari and Nahid Hamzeh for their technical assistance. 
The authors are thankful for the partial financial support 
of the University of Tehran for this research; under grant 
number 7110012/6/25. 

References
Adams M.J., Antoniw J.F., Fauquet C.M. 2005. Molecular criteria 

for genus and species discrimination within the family Po-
tyviridae. Archives of Virology 150 (3): 459–479.

Alper M., Salomon R., Loebenstein G. 1984. Gel electrophoresis 
of virus-associated polypeptides for detecting viruses in 
bulbous irises. Phytopathology 74 (8): 960–962. 

Asjes C.J. 1979. Viruses and virus diseases in Dutch bulbous iris-
es (Iris hollandica) in the Netherlands. Netherlands Journal 
of Plant Pathology 85 (6): 269–279.

Atreya P.L., Atreya C.D., Pirone T.P. 1991. Amino acid substitu-
tions in the coat protein result in loss of insect transmis-
sibility of a plant virus. Proceedings of the National Acad-
emy of Sciences 88 (17): 7887–7891.

Barnett O.W., de Zoeten G.A., Gaard G. 1971. Bearded iris mosaic 
virus: transmission, purification, inclusions, and its differ-
entiation from bulbous iris mosaic. Phytopathology 61 (8): 
926–932. 

Brierley P., McWhorter F.P. 1936. A mosaic disease of iris. Journal 
of Agricultural Research 53 (8): 621–635.

Brunt A.A., Derks A.F.L.M., Barnett O.W. 1988. Iris severe mosaic 
virus. Commonwealth Mycological Institute. Association 
of Applied Biologists. Descriptions of Plant Viruses No. 
338. Available on: http://www.dpvweb.net/dpv/showdpv.
php?dpvno=338 [Accessed: November 15, 2014]

Brunt A.A., Phillips S. 1980. The detection, separation from natu-
rally occurring complexes, and partial characterisation of 
four aphid-borne viruses infecting bulbous iris. ISHS Acta 
Horticulturae 109: 503–508.

Fig. 2.	 Phylogenetic trees of different virus species which belong to Potyviridae based on partial coat protein sequence: A – 459 
nucleotide; B – deduced amino acid sequence of the carboxyl terminus region of the coat protein alignments of ISMV-Ir and 
other related sequences using the maximum likelihood method and MEGA6 with 1,000 bootstrap replicates. Bootstrap values 
in percentages are shown at the branch point. BaYMV was defined as outgroup



240	 Journal of Plant Protection Research 55 (3), 2015

Caiola M.G., Canini A. 2010. Looking for saffron (Crocus sativus 
L.) parents. In: “Saffron” (A.M. Husaini, ed.). Functional 
Plant Science and Biotechnology 4 (Special Issue 2): 1–14. 

Caiola M.G., Faoro F. 2011. Latent virus infections in Crocus sa-
tivus and Crocus cartwrightianus. Phytopathologia Mediter-
ranea 50 (2): 175–182.

D’Agostino N., Pizzichinin D., Chiousano M.L., Giuliano G. 
2007. An EST database from saffron stigmas. BMC Plant 
Biology 7: 53–60.

De Munk W.J., Schipper J. 1993. Iris, bulbous and rhizomatous.  
p. 349–379. In: The Physiology of Flower Bulbs (A. De Her-
togh, M. Le Nard, eds.), Elsevier Science, Amsterdam, The 
Netherlands, 812 pp. 

Derks A.F.L.M. 1985. Recent advances in bulb virus research. 
Acta Horticulturae 164: 281–289.

Derks A.F.L.M, Hollinger T.C. 1986. Similarities of and differ-
ences between potyviruses from bulbous and rhizomatous 
irises. ISHS Acta Horticulturae 177: 555–561.

Derks A.F.L.M, Vink-van den Abeele J.L., Muller P.J. 1980. Bean 
yellow mosaic virus in some iridaceous plants. ISHS Acta 
Horticulturae 110: 31–37.

Edwardson J.R., Chrisitie R.G., Ko N.J. 1984. Potyvirus cylin-
drical inclusions–subdivision-IV. Phytopathology 74 (9): 
1111–1114.

Feinberg A.P., Vogelstein B. 1983. A technique for radiolabeling 
DNA restriction endonuclease fragments to high specific 
activity. Analytical Biochemistry 132 (1): 6–13.

Hammond J., Derks A.F.L.M., Barnett O.W., Lawson R.H., Brunt 
A.A., Inouye N., Allen T.C. 1985. Viruses infecting bulbous 
iris: a clarification of nomenclature. ISHS Acta Horticul-
turae 164: 395–397.

Harrison B.D., Robinson D.J., Tyrrell D.A.J. 1988. Molecular vari-
ation in vector-borne plant viruses: epidemiological signifi-
cance. Philosophical Transactions of the Royal Society of 
London, Series B, Biological Sciences 321 (1207): 447–462.

Hasiów-Jaroszewska B., Rymelska N., Borodynko N., Pospiesz-
ny H. 2013. Biological and molecular characterization of 

the polish Zucchini yellow mosaic virus isolates. Acta Scien-
tiarum Polonorum, Hortorum Cultus 12 (2): 75–85.

Inouye N., Mitsuhata K. 1978. Turnip mosaic virus isolated from 
Iris. Nogaku Kenkyu 57 (1): 1–16. (in Japanese)

Joisson C., Dubs M.C., Briand J.P., Van Regenmortel M.H. 1992. 
Detection of potyviruses with antisera to synthetic pep-
tides. Research in Virology 143 (3): 167–178.

Kohlein F. 1987. Iris. Timber Press, Portland, Oregon, 370 pp.
Langeveld S.A., Dore J.M., Memelink J., Derks A.F.L.M., van der 

Vlugt C.I.M., Asjes C.J., Bol J.F. 1991. Identification of poty-
viruses using the polymerase chain reaction with degener-
ate primers. Journal of General Virology 72 (7): 1531–1541. 

Miglino R., Jodlowska A., van Schadewijk A.R. 2005. First report 
of Narcissus mosaic virus infecting Crocus spp. cultivars in 
the Netherlands. Plant Disease 89 (3): 342. 

Russo M., Martelli G.P., Cresti M., Ciampolini F. 1979. Bean yel-
low mosaic virus in saffron. Phytopathologia Mediterranea 
18: 189–191.

Sambrook J., Fritsch E.F., Maniatis T. 1989. Molecular Cloning: 
A Laboratory Manual (2nd ed.). Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, New York, 1626 pp.

Tamura K., Stecher G., Peterson D., Filipski A., Kumar S. 2013. 
MEGA6: Molecular Evolutionary Genetics Analysis Ver-
sion 6.0. Molecular Biology and Evolution 30 (12): 2725–
2729.

Van der Vlugt C.I.M. 1994. Distribution and multiplication of Iris 
severe mosaic potyvirus in bulbous Iris in relation to metabol-
ic activity: Implications for ISMV detection. Ph.D. thesis, 
Bulb Research Centre Lisse, Dutch Flower bulb Industry, 
Netherland, 130 pp.

Van der Vlugt C.I.M., Langeveld S.A., Goldbach R.W. 1994. Mo-
lecular cloning and sequence analysis of 3’-terminal region 
of Iris severe mosaic virus RNA. Archives of Virology 136: 
397–406. 

Yan S., Qin Z., Jin L., Chen J. 2010. A new isolate of Iris severe mo-
saic virus causing yellow mosaic in Iris ensata Thunb. Jour-
nal of Nanoscience and Nanotechnology 10 (2): 726–730.


