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Abstract

The aim of the research conducted was to detect and identify allexivuruses: GarV-A, GarV-B, GarV-
C, GarV-D, GarV-E, GarV-X and ShVX in garlic plants from Australia, Egypt, Mexico, Turkey and
Italy available on the Polish retail market by ELISA as well as RT-PCR. Allexiviruses of garlic plants
have always occurred in mixed inflections. GarV-A, GarV-B, GarV-C, GarV-D, GarV-E and GarV-X
were detected in garlic from Australia, Egypt and. The Mexican materials were infected with GarV-A,
GarV-B, GarV-D, GarV-E and GarV-X. GarV-A and GarV-C were not detected in garlic from Turkey,
whereas the garlic from Italy were GarV-C and GarV-E-free. As regards the material gathered in
different parts of the world, the largest amount of onions were infected with GarV-D and GarV- X,
whereas GarV-C was detected in few garlics from Australia and Egypt. ShVX was detected in none of
the tests conducted.
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1. INTRODUCTION

Allium sativum L. belongs to the family Liliaceae. 1t is one of the oldest crop plants and it is not only a
valued spice plant, but also a major pharmaceutical raw material due to its pro-health properties
(Marjanowski 1988).

Allexiviruses comprise the most sizable group of viruses endangering garlic crops. Virions of
Allexivirus species are very flexuous filamentous about 800 nm in length and 12 nm in diameter, have
helical symmetry and a surface pattern of cross-banding. The genome is a single-stranded positive
sense RNA (size ~ 9.0 kb) and comprises six ORFs, encoding, in order, the replication-related
proteins, the first two proteins of a triple gene block (TGB), a serine-rich protein of unknown function,
the coat protein (CP) and a putative nucleic acid-binding regulatory protein [Koo et al. 2002, Chen et
al. 2004].

The eight species recognized by the ICTV (International Committee on Taxonomy of Viruses) are
designed Garlic virus A (GarV-A), Garlic virus B (GarV-B), Garlic virus C (GarV-C), Garlic virus D
(GarV-D), Garlic virus E (GarV-E), Garlic virus X (GarV-X), Garlic mite-borne filamentous virus
(GMDFV) and Shallot virus X (ShVX).

The serious damage of viruses of the genus Allexivirus in garlic cultivations is mainly due to
significant decrease of crop quality. Investigations carried out in Argentina showed that infection of
garlic cultivars Blanco-IFFIVE and Morado-INTA with GarV-A resulted in decrease of bulb weight
(14 to 32%) and reduction in their diameter (6 to 11%). In case of infection with GarV-C the bulb
weight and diameter dropped by 15% and 5%, respectively [Cafrune et al. 2006]. Similar data were
reported by Perotto et al. [2010] who investigated the effect of Garlic virus A and Garlic virus C on
the bulb weight of cultivar Blanco-IFFIVE for 4 years. They also demonstrated that in case of
additional infection of plant material with Onion yellow dwarf virus (OYDV) and/or Leak yellow strip
virus (LYSV) the bulb weight dropped by 25 to 43%.

Allexiviruses in garlic crops were detected in Argentina (Helguera et al. 1997; Lunello et al. 2000;
Conci et al. 2003), Australia (Wylie et al. 2014), Brazil (Melo-Filho et al. 2004; Fayad-Andre 2011),
China (Chen et al. 2001), Czech Republic (Klukackova et al. 2007), Greece (Dovas et al., 2001), Spain
(Tabanelli et al. 2004), Iran (Shahraeen et al. 2008), Japan (Yamashita et al. 1996; Sumi et al. 1999;
Takaichi et al. 2001), South Korea (Song et al. 1998; Kwang-Sook et al. 2007; Lee et al. 2007), New
Zealand (Ward et al. 2009), Italy (Dovas and Volvas 2003; Lanzoni et al. 2006), Slovenia (Mavric and
Ravnikar 2005), Russia (Kanyuka et al.1992), the USA (Gieck et al. 2009).
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The serious damage of viruses of the genus Allexivirus in garlic cultivations is mainly due to
significant decrease of crop quality. Investigations carried out in Argentina showed that infection of
garlic cultivars Blanco-IFFIVE and Morado-INTA with GarV-A resulted in decrease of bulb weight
(14 to 32%) and reduction in their diameter (6 to 11%). In case of infection with GarV-C the bulb
weight and diameter dropped by 15% and 5%, respectively (Cafrune et al. 2006). Similar data were
reported by Perotto et al. (2010) who investigated the effect of Garlic virus A and Garlic virus C on
the bulb weight of cultivar Blanco-IFFIVE for 4 years. They also demonstrated that in case of
additional infection of plant material with Onion yellow dwarf virus (OYDV) and/or Leak yellow strip
virus (LYSV) the bulb weight dropped by 25 to 43%.

The polish production of garlic maintains the level of circa 15-20.000 tons and is conducted on a
surface of around 3.000 ha, mainly in the following voivodeships: Lodz, Masovian, Lesser Poland and
Pomeranian. Apart from domestic garlic crops, material coming from different parts of the world is
also available on the Polish retail market.

The research on allexiviruses in Poland has been conducted since 2010. Chodorska et. al. (2012;
2013; 2014) had detected Garlic virus A, Garlic virus B, Garlic virus C, Garlic virus D, Garlic virus E
and Garlic virus X in bulbs of garlic from production fields located in the following voivodeships:
Lodz, Masovian, Lesser Poland and Pomeranian. Detection and identification of allexiviruses was
carried out in 2011-2012. It was based on ELISA and RT-PCR assays. Samples of plant material were
collected from 26 garlic production fields located in different regions of Poland. Garlic virus D, Garlic
virus B and Garlic virus X were the most abundant viruses in all examined regions and were identified
in 79%, 64% and 59% of all garlic samples, respectively. Garlic virus A and Garlic virus C were
identified in all studied regions with low frequency. Garlic virus E was detected with 100% frequency
in east-central Poland. None of the tested garlic samples were infected with Shallot virus X.
Allexiviruses were always present in garlic plants in mixed infections.

The aim of the research conducted was to detect and indentify seven virus species belonging to the
Allexivirus genus: GarV-A, GarV-B, GarV-C, GarV-D, GarV-E, GarV-X and ShVX in garlic plants
from different parts of the world available on the Polish retail market using ELISA test (enzyme-
linked immunosorbent assay) as well as RT-PCR technique (reverse transcription polymerase chain
reaction).

2. MATERIALS AND METHODS

The research was conducted in the Department of Plant Pathology WULS-SGGW, Warsaw in the
years 2013-2014. The plant material (bulbs) originating from Australia, Egypt, Mexico, Turkey and
Italy was available on the Polish retail market. A total of 49 bulb samples were tested on the presence
of allexiviruses (Table 1).

Viruses were detected by DAS-ELISA in garlic bulb tissues with specific antibodies against GarV-A,
GarV-B, GarV-C and ShVX obtained from Leibniz Institut DSMZ-German Collection of
Microorganisms and Cell Cultures (Braunschweig, Germany). Samples were prepared by grinding 0.5
g of fresh bulbs in phosphate buffer saline with 2% polyvinylpyrrolidone and 0.2% of egg albumin in
the ratio of 1:10 (w:v) and tested according to the manufacturer’s protocol. After 1 h of incubation at
room temperature, substrate hydrolysis was measured as a change in absorbance at OD 405 nm using
Infinite® 200Pro microplate reader (Tecan, Austria GmbH). Samples were considered positive if their
optical density (OD 405 nm) readings were at least twice those of healthy controls.

RT-PCR with total RNA and appropriate primers was used in order to confirm DAS-ELISA results
and to detect and identify isolates of GarV-D, GarV-E and GarV-X in garlic. Total RNA was extracted
from leaf tissue using the Spectrum™ Plant Total RNA Kit according to the manufacturer’s protocol
with modification provided by Kalinowska et al. (2012). For RT-PCR, Transcriptor One-Step RT-PCR
Kit (Roche, Mannheim, Germany) was used with the primer pair, designed by the authors, specific to
the segment of the GarV-A, GarV-B, GarV-C and GarV-D RNA encoded the coat protein (CP) and
nucleic acid binding protein (NABP) genes. Primers pairs for detection of GarV-E, GarV-X and ShVX
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were designed in the open reading frame I (ORFI, replicase). A primer pair specific to the ribulose 1.5-
bisphosphate carboxylase chloroplast (Rbcl) gene (Rbc1-F/Rbc1-R 5’-
TACTTGAACGCTACTGCAG-3" and 5’-CTGCATGCATTGCA CGGTG-3’) (Sanchez-Navarro et
al. 2005) was used as the internal control to amplify the corresponding mRNA in garlic leaf tissue by
RT-PCR. Samples were subjected to a reverse transcription 30 min at 50°C, 2 min of denaturation at
94°C, followed by 35 cycles of 30 s of denaturation, 45 s annealing at -°C (variable), and 45 s
elongation at 68°C with a final extension of 7 min at 68°C. The reaction products were resolved by
electrophoresis in the TBE buffer in 1.2% agarose gel (Table 2.).

Table 2. RT-PCR primer pairs specific to the segment of the GarV-A, GarV-B, GarV-C, GarV-D,
GarV-E, GarV-X and ShVX RNA together with nucleotide sequence and annealing temperatures.

Virus |Primer |Nucleotide sequence T (°C) | Annealing temperature (°C)
ACPF |5’-ATGTCGAATCCAACTCAGTCG-3’ 52.4
GarV-A 52
ACPR |5’-AGACCATGTTGGTGGCGCG-3’ 554
BCPF |5-TGACGGGCAAACAGCAGAATAA-3’ 53
GarV-B 50
BCPR |5’-ATATAGCTTAGCGGGTCCTTC-3’ 52.4
GarV-C CCPF |5’-TTGCTACCACAATGGTTCCTC-3’ 52.4 51
arv-
CCPR |5’-TACTGGCACGAGTTGGGAAT-3’ 51.8
DCPF |5’-AAGGAGCTACACCGAAGGAC-3’ 53.8
GarV-D 52
DCPR |5’-TAAAGTCGTGTGGATGCATCAGA-3’ 53.5
GarV-E EF2 5’>-TTGCTAGACCACCTCAGTATTGAGAA-3’ |56.4 s
arv-
ER2 5’-TAT TGG GCG TAC ATC GGT GACTGT-3’ |57.4
XF 5’- GCGGTAATATCTGACACGCTCCA-3’ 57.1
GarV-X 55

XR 5’-ACGTTAGCTTCACTGGGGTAGAATAT-3’ [56.4

ShVXF |5’-ACCGAAATCACAGTTAACTCCTTTGG-3’ [56.4

ShvX 54

ShVXR |5’-TCTACGGTTGTCGATTTTGTGCGT-3’ 55.7

3. RESULTS AND DISCUSSION

The garlic bulbs used in the research by the authors of this work originated from Australia, Egypt,
Mexico, Turkey and Italy and were available on the Polish retail market.

The presence of GarV-A, GarV-B and GarV-C was noticed by DAS-ELISA and confirmed by RT-
PCR in bulb samples. Products of the expected size (444 bp for GarV-A, 576 bp for GarV-B and 679
bp for GarV-C) were amplified only from the DAS-ELISA-positive samples. RT-PCR with the
appropriate primers also revealed the presence of GarV-D, GarV-E and GarV-X in tested garlic
materials (Fig. 1., 2., 3.).

Page 61




Agriculture & Food Journal of International Scientific Publications
ISSN 1314-8591, Volume 4, 2016 www.scientific-publications.net

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 KN

Fig. 1. Agarose gel analysis of GarV-X amplicons obtained by RT-PCR tests. Lane M: GeneRuler™1
kb DNA Ladder (Fermentas); lanes 1-14 samples infected with GarV-X, line KN healthy garlic plants
(DAS-ELISA-negative samples).
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Fig. 2. Agarose gel analysis of GarV-D amplicons obtained by RT-PCR tests. Lane M: GeneRuler™1
kb DNA Ladder (Fermentas); lanes 18-30 samples infected with GarV-D, line KN healthy garlic
plants (DAS-ELISA-negative samples).
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Fig. 3. Agarose gel analysis of GarV-B amplicons obtained by RT-PCR tests. Lane M: GeneRuler™1
kb DNA Ladder (Fermentas); lanes 18-31 samples infected with GarV-B, line KN healthy garlic
plants (DAS-ELISA-negative samples).

The presence of GarV-A, GarV-B, GarV-C, GarV-D, GarV-E and GarV-X was detected in garlic from
Australia and Egypt. Mexican garlic plants were infected with GarV-A, GarV-B, GarV-D, GarV-E i
GarV-X. GarV-A and GarV-C did not occur in bulbs from Turkey while bulbs from Italy were not
infected by GarV-C or GarV-E. The largest amount of bulbs from different parts of the word were
infected with Garlic virus D and Garlic virus X whereas Garlic virus C was detected in only a few
bulbs from Australia and Egypt. ShVX was not detected in any of the samples tested (Table 1).

The results presented correspond with the data published in literature on the subject of the occurrence
the Allexivirus genus in garlic plants in different parts on the world (Helguera et al. 1997; Lunello et
al. 2000; Conci et al. 2003; Wylie et al. 2014; Melo-Filho et al. 2004; Fayad-Andre 2011; Chen et al.
2001; Klukackova et al. 2007; Dovas et al., 2001; Tabanelli et al. 2004; Shahraeen et al. 2008;
Yamashita et al. 1996; Sumi et al. 1999; Takaichi et al. 2001; Song et al. 1998; Kwang-Sook et al.
2007; Lee et al.2007; Ward et al. 2009; Dovas and Volvas 2003; Lanzoni et al. 2006; Mavric and
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Ravnikar 2005, Kanyuka et al. 1992; Gieck et al. 2009). On the other hand, the research results are a
source of new previously unpublished data.

In addition to GarV-A, GarV-B, GarV-C, GarV-D GarV-X detected by Wylie et al. (2014) in bulbs of
Australian garlic, GarV-E was also detected therein.

Research concerning the occurence of allexiviruses in garlic crops cultivated in Egypt, Mexico and
Turkey is yet to be conducted. The authors of this work found GarV-A, GarV-B, GarV-C, GarV-D,
GarV-E, GarV-X in Egyptian garlic, GarV-A, GarV-B, GarV-D, GarV-E, GarV-X in Mexican garlic
and GarV-B, GarV-D, GarV-E, GarV-X in Turkish garlic.

According to our knowledge, this type of research was conducted in Poland for the first time.
Chodorska et al. (2012; 2013; 2014) detected and identified the Allexivirus genus in garlic crops from
fields located in the following voivodeships: Lodz, Masovian, Lesser Poland and Pomeranian. Upon
analyzing the results of ELISA and RT-PCR technique, they established that GarV-D, GarV-X and
GarV-B were the most frequently occurring viruses. GarV-A and GarV-C were detected in the
voivodeships listed above, albeit with a frequency lower than the other species. All the plants from
Masovian and Pomerian voivodeships tested were 100% infected with GarV-D and GarV-E as well as
GarV-D and GarV-X. ShVX was not detected.

The detection of allexiviruses in garlic available on the retail market in different parts of the world is
of unquestionable significance for basic research. It provides the Main Inspectorate of Plant and Seed
Inspection, whose main task is to carry out phytosanitary inspections of plants in places of their
importation into Poland, with significant data as well as is of importance for Polish garlic producers. It
is sometimes possible that batches of bulbs imported for human consumption are used for cultivation.
Worse still, it is common for a large part of garlic available on the Polish retail market to be imported
without compliance with applicable regulations. This can result in the introduction of new virus
species as well as new isolates of viruses already present, which could constitute a real threat to
domestic planting in the future. Therefore, the intense development of trade in plant materials,
especially in propagating material, which contributes significantly to the spread of plant pathogens,
should take place in compliance with the appropriate phytosanitary requirements.

Although ELISA has often been employed for virus diagnosis in garlic [Shahraeen et al. 2008], RT-
PCR is a more efficient and sensitive method of virus detection. Standard RT-CR has been used to
detect allexiviruses [Dovas et al. 2001]. In our study we designed RT-PCR primers for the
amplification of CP and NABP genes of GarV-A, GarV-B, GarV-C and GarV-D and three primer
pairs for the detection GarV-E, GarV-X and ShVX by amplification of replicase gene. The amplicons
of GarV-A, GarV-B and GarV-C were obtained only for DAS-ELISA-positive plants. The information
concerning the incidence of garlic viruses is important for virus indexing for virus-free propagative
material. Infected plants, including mother plants, comprise the pathogen source for the already
existing and new plantations. What is more, some of the viral species described in literature may be
transmitted by vectors, which also spread garlic viruses and the diseases they cause.

This report presents the results of the detection and identification of garlic viruses belonging to the
genus Allexivirus. Furthermore, it is a source of important information concerning the protection of
domestic garlic crops against these pathogens as well as breeding for virus resistance of the new garlic
cultivars to the tested viruses.
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Table 1. Incidence of A/lexivirus in garlic plants in different parts of the world

Country | The number of | The number of the samples infected with virus/The percentage of the
the samples samples infected with virus
tested GarV-A | GarV-B | GarV-C | GarV-D | GarV-E | GarV-X | ShVX
Australia | 6 4 1 2 5 4 4 0
/66,67/ | /16,67/ | /33,33/ |/83,33/ |/66,67/ | 66,67 0
Egypt 10 9 8 3 8 4 10 0
/90/ /80/ /30/ /80/ 40/ /100/ /0/
Mexico | 10 8 10 0 10 3 10 0
/80/ /100/ /0/ /100/ /30/ /100/ /0/
Turkey |8 0 4 0 4 1 4 0
/0/ /50/ /0/ /50/ /12,8/ /50/ /0/
Italy 15 2 1 0 1 0 1 0
/13.33/ | /6.67/ /0/ /6.67/ /0/ 6,67 0
Total 49 23 24 5 28 12 29 0
/46.94/ | /48.98/ |/10,20/ | /57.14/ |/24.49/ |/59.18/ |/0/

ACKNOWLEDGEMENTS
Research supported by grant 2012/07/N/NZ9/00037 from National Science Center, Poland.

REFERENCES

Cafrune EE, Balzarini M, Conci VC 2006, “Changes in the concentration of an Allexivirus during
the crop cycle of two garlic cultivars” Plant Disease vol. 90, no. 10, pp. 1293-1296.

Chen J, Chen JP, Adams MJ 2001, “Molecular characterization of a complex mixture of viruses in
garlic with mosaic symptoms in China”, Arch. Virology vol. 147, pp. 419-428.

Chodorska M, Nowak P, Szyndel MS, Paduch-Cichal E, Sala-Rejczak K 2012, “First report of
Garlic virus A, Garlic virus B and Garlic virus C in garlic in Poland”, Journal of Plant Patholgy vol.
94, S4.100.

Chodorska M, Paduch-Cichal E, Kalinowska E, Szyndel MS 2013, “Occurrence of the viruses
belonging to the Allexivirus genus on garlic plants in Poland”, Progress in Plant Protection/Postepy w
Ochronie Roslin vol.53, no. 3, pp. 605-609.

Chodorska M, Paduch-Cichal E, Kalinowska E, Szyndel MS 2014, “Assessment of allexiviruses
infection in Garlic plants in Poland”, Acta Sci. Pol. Hortorum Cultus vol. 13 no. 2, pp. 179-186.

Conci VC, Canavelli P, Lunello J, Di Rienzo SF, Nome G, Zumelzu R, Italia R 2003, “Yield
losses associated with vieus-infected galic plantsduring five successive years”, Plant Disease vol.87,
pp. 1411-1415.

Dijk van P, Verbeek M, Bos L 1991, “Mite-borne virus isolates from cultivated Allium species, and
their classification into two new rymoviruses in the family Potyviridae”, Neth. J. Plant Pathol. vol.97,
pp. 381-399.

Dovas CI, Hatziloukas E, Salomon R, Barg E, Shiboleth Y, Katis NI 2001, “Incidence of viruses
infecting Allium spp. in Greece”, Phytopathology vol. 149, pp. 1-7.

Page 64




Agriculture & Food Journal of International Scientific Publications
ISSN 1314-8591, Volume 4, 2016 www.scientific-publications.net

Dovas CI, Vovlas C 2003, “Viruses infecting Allium spp. in southern Italy”, J. Plant Pathol. vol.85,
pp. 135.

Fayad-André M de S, Dusi AN, Resende RO 2011, “Spread of viruses in garlic fields cultivated
under different agricultural production systems in Brazil”, Tropical Plant Pathology vol. 36, no. 6,
pp. 341-349.

Gieck S.L, Hamm PB, David NL, Pappu HR 2009, “First report of Garlic virus B and garlic virus
D in garlic in the Pacific Northwest”, Palnt Did. vol. 93, pp. 431.

Helguera M, Bravo-Almonacid F, Kobayashi K, Rabinowicz PD, Conci V, Mentaberry A 1997,
“Immunological detection of a GarV-type virus in Argentine garlic cultivars”, Plant Disease vol. 81,
pp- 1005-1010.

Kalinowska E, Chodorska M, Paduch-Cichal E, Mroczkowska K 2012, “An improved method for
RNA isolation using extraction kits”, Acta Biochim. Pol. vol. 59, no. 3, pp. 391-393.

Kanyuka KV, Vishnichenko VK, Levay KE, Kondrikov DY, Rybov EV, Zavriev SK 1992,
“Nucleotide sequence of shallot virus X RNA reveales a 5’-proximal cistron related to those of

potexviruses and a unique arrangement of the 3’-proximal cistrons”, Juornal of General Virology
vol. 73, pp. 475-479.

King AMQ, Adams MJ, Carstens EB, Lefkowitz EJ 2012, “Ninth Report of the International
Committee on Taxonomy of Viruses”, Elsevier Academic Press, San Diego, USA.

Klukackova J, Navratil M, Duchoslav M 2007, “Natural infection of garlic (Allium sativum L.) by
viruses in the Czech Republic”, Journal of Plant Diseases and Protection vol, 114, no. 3, pp. 97-100.

Kwang- Sook P, Bae Y.-J, Jung E.-J, Kang S-J 2007, “RT-PCR based detection of six garlic
viruses and their phyolgenetic relationships”, J. Microbiol. Biotechnol. vol. 15, no. 5, pp. 1110-1114.

Lanzoni C, Ratti C, Turina M, Pisi A, Tedeschi P, Autonell CR 2006, “Molecular characterization
of Allexiviruses from garlic in Italy” J. Plant Pathol. vol.88, pp. 47.

Lee ET, Koo BJ, Jung Ji H, Chang MU, Kang S Gu 2007, “Detection of Allexiviruses in the garlic
plants in Korea”, Plant Pathol. J. vol. 23, no. 4, pp. 266-271.

Lunello P, Bravo-Almonacid F, Kobayashi K, Helguera M, Nome SF, Mentaberry A, Conci VC
2000, “Distribution of Garlic virus A in different garlic production regions in Argentina”, J. Plant
Pathol. vol. 82, no. 1, pp. 17-21.

Marjanowski A 1988, ,Problemy hodowli i ocena warto$ci gospodarczej typow czosnku
znajdujacych si¢ w kolekcji Instytutu Warzywnictwa”, Nowosci Warzywnicze vol. 20, pp. 5-10.

Mavric I, Ravnikar M 2005, “A carlavirus serologically closely related to Carnation latent virus in
Slovenian garlic”, Acta Agric. Slov. vol. 85, pp. 343-349.

Melo-Filho PA, Nagata T, Dusi AN, Buso JA, Torres AC, Eiras M, Resende RO 2004,
“Detection of three Allexiviruses species infecting garlic in Brasil”, Pesquisa Agropecuaria Brasileira
vol. 39, pp. 375-340.

Parrano L, Afunian M, Pagliaccia D, Douhan G, Vidalakis G 2012, “Characterization of viruses
associated with Garlic plants propagated from different reproductive tissues from Italy and other
geographic regions”, Phytopathologia Meditrrranea vol. 51, no. 3, pp. 549-565.

Sanchez-Navarro JA, Aparicio F, Herranz MC, Minafra A, Myrta A, Pallas V 2005,
“Simultaneous detection and identification of eight stone fruit viruses by one-step RT-PCR”, Eur. J.
Plant Pathol. vol. 111, pp. 77-84.

Shahraeen N, Lesemann DE, Ghtbi T 2008, “Survey for viruses infecting onion, garlic and leek
crops in Iran”, OEPP/EPPO Bull. vol. 38, pp. 131-135.

Page 65



Agriculture & Food Journal of International Scientific Publications
ISSN 1314-8591, Volume 4, 2016 www.scientific-publications.net

Song SL, Song JT, Kim CH, Lee JS, Choi YD 1998, “ Molecular characterization of the garlic virus
X genome”, J. Gen. Virol. vol. 79, pp. 155-159.

Sumi S, Matsumi T, Tsuneyoshi T 1999, Complete nucleotide sequences of Garlic viruses A and C,
members of the newly ratified genus Allexivirus”, Arch.Virol. vol. 144, pp. 1819-1826.

Tabanelli D, Bertaccini A, Bellardi MG 2004, “Molecular detection of filamentous viruses infecting
garlic from different geographic origins”, J. Plant Pathol. vol. 86, no. 4, pp. 335-335.

Takaichi M, Nagakubo T, Oeda K 2001, “Mixed virus infection of Garlic determination by
multivalent polyclonal antiserum and virus effects on disease symptoms”, Plant Diseaase vol. 85, pp.
71-75.

Ward LI, Perez-Egusquiza Z, Fletcher JD, Clover GRG 2009, “A survey of viral diseases of Allium
crops in New Zeland”, Australasian Plant Pathology vol. 38, pp. 533-539.

Wylie SJ, Hua Li, Saqib M, Jones MGK 2014, “The global trade in fresh produce and the vagility of
plant viruses: A case study in garlic”, PLoS One 9(8): doi: 10.1371/journal.pone.0105044

Yamashita K, Sakai J, Hanada K 1996, “Characterization of a new virus from garlic (Allium
sativum L.), garlic mite borne mosaic virus”, Annals of the Phytopathological Society of Japan vol.
62, pp. 483-489.

Page 66



