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Abstract

Elimination of viruses in garlic (Allium sativum L.) by different methods

Garlic (Allium sativum L.)js aromatic annual herbaceous plant known fovdgd wide
application. Overtime, myriad of viruses have iméecgarlic causing a serious decline in
both harvest quality and quantity and big econolosses to producers. The aim of this
work was to examine effect of different methodlimination of viruses using vitro
culture system. Four viruses - garlic common latenis (GCLV), leek yellow stripe
virus (LYSV), onion yellow dwarf virus (OYDV) andhallot latent virus (SLV) were
screened. The influence of thermotherapy of cldelewed by meristem isolation on
the viruses elimination was evaluated. Moreoveristem isolation in combination with
ribavirin application was investigated in respect its antiviral properties. Results
obtained from thermotherapy treatment in combimatigath meristem isolation show
various positive/negative virus presence among edowf the same bulb. After
chemotherapy treatment two cultivars were virus-fréhe most frequent virus was
OYDV and most difficult to eliminate. From our rdsuit can be seen that more
successful technique for obtaining virus-free @amtas combination of meristems

isolation and chemotherapy.
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Abstrakt
Eliminace viri u ¢esneku kuchiiskeho @llium sativum L.) r iznymi metodami

Cesnek (Allium sativum L.),je aromaticka jednoleta bylina znaméa po celénstésv
Cesnek infikuje velké mnoZzstvi vir které zfisobuji pokles v kvalita mnozstvi sklizé
¢imz zpisobuji velké ekonomické ztratywgitelim. Cilem této prace bylo zjistit vliv
riznych metod odstra&ni vird za pouZitiin vitro technik. Ctyii viry - garlic common
latent virus (GCLV), leek yellow stripe virus (LYSV onion yellow dwarf virus
(OYDV) a shallot latent virus (SLV) byly detektowan Byl vyhodnocen vliv
termoterapie s naslednou izolaci meristému na amsir viri. Krom¢ toho, byla
zkoumana izolace meristému v kombinaci s aplikdlcavirinu s ohledem na jeho
antivirové vlastnosti. Po vyhodnoceni termoterapi&ombinaci s izolaci meristému
byly prokazany zné vysledky fitomnosti viru (pozitivni / negativni) mezi stroyzk
pochazejici ze stejné cibule. P& chemoterapii byly dvodridy bez vif. Negast;ji
vyskytujici se a nejife odstranitelny virus byl OYDV. Z vysledkje Zejmé, Ze

Vv s

meristému a chemoterapie.

Kli¢ova slova: termoterapie, chemoterapie, izolacestéru
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1 INTRODUCTION

Garlic (Allium sativum L.)js aromatic annual herbaceous plant known fovgdd wide
application. It is widely used as a vegetable, raditional medicine, as a human
nutrition, for its antibiotic and antiseptic effecind many other reasons and purposes.
Allium sativumis one of the most consumed alliums which beloagthe family
Alliaceaealso known as onion family.

In general, reproduction is done by underground/edoor vegetative top sets on the
flower. This kind of propagation allows various fgeand diseases caused by different
types of fungi, bacteria and mainly viruses to dgenlaulbs. Overtime, myriad of viruses
have infected garlic causing a serious declineoih harvest quality and quantity and big
economic losses to producers. Viruses which comynattack garlic belongs to
genera’s: Potyvirus - Onion yellow dwarf virus (OVD Leek yellow stripe virus
(LYSV), Carlavirus - Garlic common latent virus (G€) and Shallot latent virus
(SLV). Viruses as Fijivirus — Garlic dwarf reovirasd Allexivirus are also commonly
found in garlic. Beside those tree main genera’'vinfses, garlic can be affected by
many others viruses which are not of economic ingme.

Main pathway of viruses transfer is through vegetapropagation where significant
role has vectors which are predominately — aphius thrips. Moreover, viruses are
accumulated within host and spread within healtigngs every production season

reducing yield and bulb quality.

Due to big economic losses and reduction in qualig quantity in production of garlic

it is necessary to find a certain method of yiefgcrément and disease control.
Propagation of pathogen-free garlic plants by daitimal agronomic system is
expensive and difficult, since it has to be carpetlin an area free of disease vectors. To
overcome those problems, one of the possible pathwsa viruses’ elimination and
further multiplication of disease-free plantsinvitro conditions which could be used as
a solution to obtain a large number of plants ishart time, without the risk of re-
infection. Throughn vitro culture system there are possibilities for obtagnpathogen-
free plants by meristem culture, followed by thetinevapy and chemotherapy

treatments.



2 AIM OF THE RESEARCH

The aim of this work was to examine effect of diéiet methods in elimination of viruses
using in vitro culture system. Four viruses GCLV, LYSV, OYDV and\Swere

screened. The influence of thermotherapy of cldedlewed by meristem isolation on
the viruses’ elimination was evaluated. Moreovegrisiem isolation in combination

with ribavirin application was investigated in respto its antiviral properties.
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3 LITERATURE REVIEW

3.1 Botanical classification of garlic

Allium sativum L belongs to the familplliaceae,genusAllium. The taxonomic position
of Allium and related genera had been a matter of controf@rtong.
Takhtajan (1997) suggested the following clasdiitcawhich was adopted:
1. Class -Liliopsida,
Subclass +iliidae,
Superorder +ilianae,
Order —Amaryllidales,
Family —Alliaceae,
Subfamily -Allioideae,

N o g M wDd

Tribe —Allieae,

According to Block (2010) current taxonomic clagsifion of alliums is:
1. Class -Monocotyledons

Superorder Liliiflorae

Order —Asparagales

Family —Alliaceae

Tribe —Alliae

Genus -Allium

S

Carl Linnaeus, in 1753 described gendBium and put this genus into a group
Hexandria monogyniavhich was counting fifty genuses and thirty speciestheir
work, Fritch and Keusgen (2006) confirmed the taliig of the following information
obtained from different publications - contemporatgssification acknowledged more
than seven hundred and fifflium species (Stearn, 1992; Hanelt et al., 1992). Hatel
al. (1992) classified genuéllium into 6 subgenera and 57 sectiorgased on
classification proposal which is established prilgaon sequences of the internal
transcribed spacer (ITS) region of nuclear ribodoBidA, genus is divided on 780
species, 15 subgenera and 56 sections (Fritschragskn, 2002; Friesen et al., 2006). In
2010 Fritsch et al., reveals that gendlium include more than 800 species. This
11



classification is based on morphological and mdbercucharacters. Infrageneric
taxonomy and evolution of genédlium still remains incompletely explained (Li et al.,
2010). On the Fig. 1 the phylogenetic classificaticcording to Fritsch (2001) is
represented:

Evolutionary subg. (epa
advanced || fines of genus (split tunics)

4 Atlium (retic.tunics|
(short 5pathe]l .

3 (long spathe) Subg. Alium

subg. Rhizirideum s. str.

subg. Cyathophora

d / subg. Butomissa

subgenus
Reticulatobulbosa

subg. Anguinum
>l subg. Melanocrommyum
2 & subg. Porphyroprasum
subg. Caloscordum
subg. Microscordum

1 < (0dWori) ;
x (New Wolld subg. Amerallium
& subg. Nectaroscordum

Nothoscordum, [pheion, Tulbaghia etc.

ol

basal

other genera

Fig.1 Phylogenetic classification afliums (Fritsch, 2001)

3.2 General characteristics of garlic

Cultivation of garlic and some oth@dliums started together with the extension of the
civilization and development of the human race enegal. Its botanical name Adlium
sativumwhere %sativum” means cultivated. That is because wild garlic doasexist
(Block, 2010). This vegetable is an obligate apamifNovak et al., 1986) seed sterile
plant (Novak et al., 1986; Maal3 and Klaas M., 19@&3rlic was used not only for food
and to add flavor to the dishes but as well it was of the earliest documented plants
used as a medicament (Block, 2010). Its chemicalposition contains allicin, sulfuric
compound which is mostly related with its medicirgfects (Schulz et al., 1998).
According to McCollum (1976)Allium sativum the same aéllium cepais a diploid

plant, having 2n=16 chromosomes.
12



3.2.1 Origin of Garlic

Garlic is one of the oldest known horticultural gso There are many evidences that it
was used in the Egyptian and Indian culture 50@0syago, Babylonians 4500 years ago
and in Chinese tradition over 2000 years ago. Asa$ mentioned before, garlic was
used for centuries mainly in traditional medicirérst quotations about medical
application ofAllium sativumappeared in the Codex Ebers (1550 B.C.), an Egypti
medical papyrus (Ghalehkandi, 2014). An English @dan Allium sativumcomes from
an old English word garleac, which has a meanimpgds leek”. In this old word “gar”
means spear, due to garlic’s spear shaped leavkYeak” means leek (Neeraj et al.,
2014). Common foAlliums, is that they have Central Asian and East Asiagiror
(Pekarkova, 2005; Etoh et al., 2001). It is welbwm that garlic is native to Central
Asia, but what is exact country of its origin stldmains questionable. From the other
hand, it can be considered that garlic originatesifsouthwest of Siberia and from there
it was spread to Europe where it was naturalizez(Bj et al., 2014)Alliums are native
plants of temperate climate zones grown worldwidam the Arctic Circle to tropical
areas thanks to its taste characteristics and pbytes content with bactericidal and
fungicidal properties (Pekarkova, 2005). Even sty of garlic cultivation is very long,
little is known about early production or plant &gpused for its cultivation (Simon et al.,
2004).

3.2.2 Morphology of garlic

The garlic is the herbaceous perennial plant, vidhage leaves attached to an
underground stem (Fig. 2). Leaves of garlic emdrgm the stem are situated on the
base of the bulb which looks like the flat platealies are without stalk, V-shaped in
cross section, with both solid scape and foliageerestingly, after the death of the stem
(in case of mature bulb), the living basal plaggyston each clove, in order to carry out
future growth. Inflorescence (flower cluster) stemAllium sativumis without leaves.

The only leaves on this plant part are those fogine inflorescence.

13
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Fig. 2 Morphological appearance of garlttp://goo.gl/grEnPy

The perianth is formed from twelve parts-six artbearing and six petal-like. Garlic
and otherAliums have“pseudostem” which represents aboveground stentettdeom
leaf sheaths where each new leaf grows througlcenger of pseudostem having the
highest position comparing to other leaves. The emof leaves and their height is
variable. Adventitious roots are without root haarsd thanks to the mycorrhizal fungi
and its symbiotic relationship, garlic is able {mtake needed nutrients for growth. The
bulb is formed from cloves which are made from blads storage leaves. Typical for
garlic is that cloves are protected with death ésasheaths but the clove is saved from
drying by abscission layer. Garlic clove is coreisfrom protective leaf, storage leaf,
sprout leaf, foliage leaf primordia, root primordiad basal plate. The inflorescence is
called umbel and it is composed from small floweeslicels. Each of pedicels has its
own flower stalk and six petals which is pink, vehitoff-white or purple colored,
depending on cultivar. Garlic also has small ballhich are asexual propagules and
after planting those can develop in the mature Méredith, 2008). The other ways of
vegetative reproduction dfllium sativumare by axillary bulbs, topsets and division of

rhizomes as well (Kamenetsky and Rabinowitch, 2006)

14



3.2.3 Usage and importance of garlic

After Allium cepa,garlicis the second most importaspecies in the genudlium. The
mostly consumed part of the plant is bulb, which b composed from few to many
cloves. Beside the bulb, the other parts of thatdlke fresh leaves and topsets are also
used (Fritsch and Friesen, 2002). Major usageadicgs due to its medicinal properties
i.e. against bacterial infections. The first whactiébed its antibacterial effect was Louis
Pasteur. Garlic is characterized by antibactermdcsum against gram-positive and
gram-negative bacteria. It is commonly used agaimshy pathogenic bacteria which
cause diarrhea in humans but as well in animalslicGa showing its effect even with
those bacteria strains which are resistant to it and even against toxins originated
by microorganisms (Sivam, 2001). Beside antibaatgnioperties, garlic also has effects
against many genera of fungi and viruses (Gebraywdg and Gebreyohannes, 2013).
According to Reuter et al. (1996), it also has dpeutic effects on the cardiovascular
system and it is very useful as an antioxidantamttiotic. Furthermore, it was seen that
garlic has immunomodulatory, anti-inflammatory, bgfycemic, anticancer and many

other beneficial effects on human health.
3.2.4 Active substances in garlic

In garlic composition it can be found around thittyee sulfuric compounds, several
enzymes, amino acids and the minerals such as gemma calcium, copper, iron,
potassium, magnesium, selenium and zinc. Fromrgpgof vitamins garlic has vitamin
A, B1 and C (Josling, 2005).

From all Alliums garlic has the highest concentration of sulfurampounds. Those
compounds are not responsible only for garlic’srdaltt as well for many other medical
effects (Kamenetsky et al., 2018yiderski et al., 2007; Randle et al., 2002). Thesmo
important and biological active enzymeAfium sativumis allicin. Interestingly allicin
does not exist in garlic but it appears after cinglor slicing the cloves. Conversion is
done under the influence of enzyme alliinase whiadtabolizes alliin into allicin (an

unstable product of strong garlic odor, pyruvicddeand ammonia) (Fig. 3).
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Fig. 3 Conversion of alliin to allicihttp://goo.gl/d810ut

Allicin has bactericidal properties in relation both gram-positive and gram-negative
bacteria and it also stimulates appetite. Furtheemiv is believed to have antiparasitic
properties, stabilizing intestinal flora and hypatize activity. Concurrently, it may have
irritating influence on skin and respiratory trattthas been proven to prevent blood
platelet aggregation and to decrease the levelriatytogliceroles in blood serum.
Synthetic preparations based on allicin model aeduas antifungal means. On the
market could be found many products with contekenarom garlic, such as - garlic oll,
aged garlic extract, powder garlic and many otlertsnone of them consist allicin due

to its great instability§widerski et al, 2007).
3.3 Diseases and pests attacking garlic

Plant disease in general

Healthy plant, with its meristematic cells has #imlity to perform various functions
related to plant growth, multiplication, developrhand survival. Functions as dividing
and differentiation of the cells, absorbing watendanutrients, carrying on
photosynthesis, production of seeds or other remtdce organs for survival and
multiplication are of the essential meaning for ph@nt. In the case that plant cells are
not able to perform or when they are disturbed evbdring out any of these functions by
any negative environmental factor or plant pathagemcroorganism’s plant becomes
diseased. At the beginning changes are not vidilg@eause affliction is localized to one
or a few cells, but with spreading, symptoms becamae apparent. Based on
measurable or visible changes caused by negativieoeamental factor or pathogen
microorganisms, amount of the disease in the ptamt be measured. Under the

conception of disease, it is understood a groupisible or invisible responses of plant
16



cells and tissues to negative influence of pathageanvironmental factor which may
lead to changes in the integrity, function or plorn and as well may cause damage or
death of particular plant parts or even entire pl@rdinary, each kind of plant can be
affected by a various plant diseases. While sontbogans stick to only one variety
there are those affecting even hundreds of spedfiethe plant. According to the
symptoms of cause, organs they affect or plant, tylzent diseases could be divided into
different groups. Very useful criteria for groupiage the type of pathogen causing the
disease. This way of grouping could help to preyassible development and spreading

of the disease, but as well which control meastorese (Agrios, 2005).

Diseases caused by abiotic factors

The cause of diseases could be different abiotatofa (abiotic diseases, abiotic
disorders). Even if they are noninfectious, abiaiseases can predispose the plant to
those diseases caused by infectious agents. Somhesd diseases could be caused by
chemical injuries (by herbicides, fungicides, irts®#des), mechanical injuries, soil
factors (soil pH, soil structure), moisture extremeeficiencies in available water,

temperature extremes (Kennelly et al., 2012).

Diseases caused by biotic factors

According to diseases in garlic caused by fundfedent authors in different world parts
specified fungi species reported as pathogens wbéch cause a various number of
symptoms. In United States and China, Dugan et(2007), reported occurrence of
Aspergillus niger, A. ochraceus, Botrytis porri, Beflisia alli, Fusarium oxysporum f.
sp. cepae, F. proliferatum, F. verticillioidesd Penicilium hirsutumin Venezuela, it
was found thaBotrytis porri occurred for the first time oAllium sativumcausing the
disease called neck rot (Cedefio et al., 2003).appearance dfusarium proliferatum
on garlic was reported in different countries ireltaly (Tonti et al., 2012), United States
(Dugan et al., 2003), Serbia (Stankoet al., 2007), India (Sankar and Babu, 2012),
Spain (De Cara et al., 2010) and in Mexico (Fueates., 2013).

Many authors reported that furgclerotium cepivoruns one of the most recognized for
attacking garlic (Coventry et al., 2002; Melero-&aR000; Mifnambres et al., 2010;
Mordue, 1976; Pinto et al., 1998; Zewide et al.020 Petrov (2012) found that the

17



main causes of mycoses and pseudo mycoses on garl®erbia areSclerotinia
sclerotiorumand S. cepivorunfcausing white mold)Puccinia porri(causing rust) and
Botrytis cinerea(causing grey mold) but as wdHusarium oxysporum if sp. Cepae,
Aspergillus niger, Penicillium s@nd Peronospora destructoFungi of less importance
are Alternaria porri, Stemphylium vesicam and Phoma terrestris According to
Safrankova (2016) the main fungi species affectidjum sativumin the Czech
Republic arePeronospora destructprFusarium oxysporum f. sp. cepaeenicilium
hirsutum var. hirsutumPuccinia alli and Stromatinia cepivora Bacteria which are
attacking garlic and causing diseases are genegalyn negative microorganisms,

composed from only one cell (Schwarts and Howa®d6).

Pests attacking garlic

Beside all abiotic and biotic causes of diseasesethre also a various number of pests
that are attacking garlic. Sapakova (2013) as pasasking garlic named nematodes -
Ditylenchus dipsacand Aphelenchoides subtenumites -Acetia tulipag Rhizoglyphus
echinopus Rhizoglyphus robinand Tyrophagus putrescentia¢hrips - Thrips tabacj
wireworms (Elateridae) - belonging to the genuseAgriotes and Hemicrepidius
butterflies Acrolepiopsis assectelland Dyspessa ululabut also some polyphagous
caterpillars -Triodia sylving Noctua pronubandHydraecia micaceaFrom aphids the
most important ardyzus ascalonicuand Dysaphis tulipaebut also few polyphagous
species -Aphis fabae Myzus persicaeMyzus ornatusMacrosiphum euphorbiaand
Macrosiphum rosadg-rom those polyphagous aphids attacking gaHenost important
is Myzus persicaavhich is considered as the most important vecfoplant viruses
worldwide. Beetles attackingllium sativumareLilioceris lilii, Lilioceris merdigeraand
Oprohinus suturalisFrom the group of gnats attacking garlic, Sapak®013) named
pests -Delia antiqua Eumerus strigatussmall narcissus fly)Eumerus funeralis
Merodon equestriglarge narcissus fly)Phytomyza gymnostom&uillia univittataand
Suillia lurida.

3.4 Plant viruses

Plant viruses are small size, transparent nucleéemobehaving like microorganisms but
as well as chemical molecules. Those virulent pgghe infecting plants are obligate

intercellular parasites, without possibility to wwe and replicate without a host. The
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simplest plant virus as any other virus is compdsauh nucleic acid, only DNA or only
RNA, in which they carry genetic material, andtpno protective coat (capsid) which
surrounds nucleic acid. Viral genetic material ¢@nDNA or RNA, single or double
stranded. Usually, plant viruses are composed foaiy one protein, but there are also
viruses formed from two or more.

Because of their inability to be active withoutitig cells, viruses require vectors in
order to be able to pass from one organism intah&ncAll types of living organisms
including animals, plants, fungi, and bacteria hosts for viruses, but most viruses
infect only one type of host. Viruses cause manypartant plant diseases and are
responsible for losses in crop yield and qualityaihparts of the world (Gergerich and
Dolja, 2006).

3.4.1 Entering a virus into a plant andtransmission of plant viruses

Plant viruses the same as other plant pathogensetieved to enter the plant because
during their evolution they have acquired the cdpgbto use the substances
manufactured by their host for their own use (Agri@005). The entering is possible
through natural openings or damaged parts of glaaotinds) (Agrios, 2005; Schwarts
and Howard, 1996).
The essential meaning for viruses is to spread fptent infected to another healthy
plant and to be introduced into living cells. Thexa several ways of virus transmitting:

* mechanical transmission

* vegetative, graft and dodder transmission

» transmission by pollen seeds

* insect and mite transmission

* nematode and fungal transmission.
Organisms involved in the virus transmission ardledavectors. This type of
transmission involves temporary biological intei@ctbetween vector and virus, but in
many cases a particular organism will interact omith a particular virus (Stevens,
1983).

3.4.2 Symptoms of plant viruses

In plants, viruses are causing a various numbesyoiptoms, or plants remaining

symptomless (Fig.4). That is of course dependindype of virus, amount of virus in
19



plant, plant age and other. Typical sings that tpilannfected by viruses are chlorotic
spots, mosaics, necrosis, changes in plant steycn@duction of yield etc. Those
symptoms also may be caused not by virus but sdhex pathogenic organism or even

abiotic factor as it was mentioned before.

Fig. 4 Symptoms of plant viruses on plartt://goo.qgl/xJjb2l http://goo.gl/IxT{8V,

http://qoo.gl/1JpDsP

3.4.3 Common viruses attacking garlic

Due to the vegetative method of reproductidhium sativumis one of the most
vulnerable vegetable crop attacked by large nurobg@ilant viruses. There are several
economically significant viruses belonging to thengsPotyviruswhich is one of the
most important virus genus attackiAgfium sativumand all otheAlliums (Bagi et al.,
2010; Dovas et al., 2001; Kluiéova et al., 2007). From the viruses belonginghis t
genus in garlic could be found: Onion yellow dwairus (OYDV), Leek yellow stripe
virus (LYSV), but also viruses belonging to ger@@arlavirus as Garlic common latent
virus (GCLV) and Shallot latent virus (SLV) (Kéldova, 2010). FromFijiviruses
appearing in garlic the most important is Garlicadfimeovirus (GDR) while viruses
from genusAlexivirus can also be found (Klukkova et. al, 2007; Dovas et al., 2001;
Bagi et al.,, 2010). Those pathogenic viruses maguiom all areas where garlic is
cultivated. This plant is usually attacked by a tmig of viruses at once (Kaitova,
2010; Kluk&kova et al., 2007; Dovas et al., 2001).

Potyvirus

Potyvirus is an aphid-transmitted genus of viruséscking plants, belonging to the virus

family Potyviridae. All the members ofPotyviridae are positivestrand RNA viruses
20



(LépezMoya et al., 2009). Genus got the name becausés gfrototypical member
Potato Virus Y and it is the largest genus of tlamily (Danci et al., 2009). The
members of the Potyvirus genus have non-envelopgdhaped flexuous particles 680-
900 nm long and 1113 nm in diameter, helix pitch-35 nm, encapsidating a genome
of about 9.7 kb with multiple copies of a singl®tgin species of 30-47 kDa (Danci et
al., 2009). From allAllium viruses, the Onion yellow dwarf virus (OYDV) ancek
yellow stripe virus (LYSV) belonging to this genase the best studied (Klukéova et
al., 2007).

Onion yellow dwarf virus (OYDV)

Onion yellow dwarf virus (OYDV) is an economicaliypportant plant virus causing a
diseases in all the members of gemlBum, including Allium sativum (Koch and
Salomon, 1994). Virus is discovered in 196@ has virion particles with dimensions of
750 to 775 x 14 to 16 nm. Heat inactivation poiiP( is 60-65°C, point where the virus
is still detectable in the subsequent plant juib&R) is from 1x10-2 to 1x10-4 and
ability to stay alive inin vitro condition (LIV) is two to three days (Bos et dl978;
Sutié et al., 1999). Onion yellow dwarf virus may deseaxpecting yield in annual
crops for 25 % and potential yield loses varyingnir50 % up to 75 % (Sutiet al.,
1999). On the diseased plants symptoms are eadjeviSchwarz et al., 1996), but
usually the symptoms may be similar to symptomihécase of physiological disorders
(Sutié et al., 1999). Leaves of those plants are wilted drooped with pale green and
yellow stripes (Fig. 5). The most vulnerable aends of seedlings because viroses occur
right in the second year of growing. Spreadingrdéctious agents by seeds or soil is
unknown (Schwarz et al., 1996). The virus is nameltbw dwarf since it is causing
crinkling of flower stems and leaves which are obiiz with narrow stripes. OYDV can
be transmitted vegetatively or by aphids. Them@roind sixty aphid species transmitting
this virus. Some of the most important akphis fabae(black bean aphid)Aphis
craccivora(cowpea aphid)Acrythosiphon pisur{peaaphid), Hyalopterus prun{mealy
plum aphid), Myzus ascalonicugshallot aphid),M. cerasi(black cherry aphid)M.
persicae(green peach aphidiRhopalosiphum maidigkorn leaf aphidandR. padi(bird
cherry-oat aphid) (Sutiet al., 1999).
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Fig. 5 Symptoms of Onion yellow dwarf virus on gafhttps://goo.gl/n3ULcP

Leek yellow stripe virus (LYSV)

Leek yellow stripe virus oAllium sativumwas first described by Walkey et al. (1987) in
England, affecting mostly leek but also otdilums This virus may cause reduction of
yield up to 50 % (Diekman, 1997). Symptoms are agpg in form of chlorotic spots
firstly from the base of leaf going to apex (Fig.Bgllow stripes are starting to grow and
then whole leaf becomes chlorotic. Stems of thdsate are weak and lighter and
usually plant dies during the winter or after overering. Those symptoms are visible
only in September when plant are already fully etdd and then after overwintering
LYSV continues with infecting other plants (Suét al., 1999). In garlic symptoms are
in form of lighter and darker green stripes onybanger leaves then changing to yellow
color in case of basal and central leaves (Diekni&®9,7). This virus is transmitted
mostly by aphids in non-persistent manner or byeteg/e propagation (Diekman, 1997;
Suti et al., 1999). Virion particles are going in lemgf 815 to 820 nm and are flexuous
(Suti¢ et al., 1999). Heat inactivation point (TIP) is&0°C, point where the virus is still
detectable in the subsequent plant juice, (DERpi® 1x10-2 to 1x10-3 and ability to
stay alive inin vitro condition (LIV) is three to four days. Garlic, dloa and onion are
essential hosts to Leek yellow stripe virus (Setial., 1999).
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Fig. 6 Symptoms of Leek yellow stripe virdgtp://goo.gl/lJguXd3

http://goo.gl/U9WXpd

Carlavirus

This group of viruses was first proposed in 19%&lthe “Carnation latent virus group”
but during the years changed the name several .tilned975 it was renamed in
Carlavirus Group, in 1995 i@arlavirus, in 2005 was placed into a plant virus family
Flexiviridae (namedFlexiviridae because all the members of this group are having
flexuous virions) and finally in 2009 it was placedthe Betaflexiviridae(Adams et al,
2004; ICTV, 2015). This genus of viruses is curgehfiving 52 members and the family
belongs to ordefTymovirales(ICTV, 2015). Carlaviruses are having filamentdesfgth
about 610-700nm, 12-15nm in diameter which araufiex. Genome of this plant virus
group is ssRNA 7.4-7.9kb in size and including gpen reading frames (ORFs) while
symmetry is helical. Genus has a one type of coatem subunits of size 31-36kDa.
Carlaviruses are transmitted mechanically or byidgplnon-persistent) or they can be
seed born e.gPea streak virusndRed clover vein mosaic viryddams et al., 2004;
Foster, 1992)

Garlic common latent virus (GarCLV)

This plant virus is an aphid-borne (Adams et alQ0£ Van Dijk, 1993) but as well
transmitted by vegetative propagation (Barg etl#194; 1997; Van Dijk, 1993). It was
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first discovered in Argentina (Conci et al., 200@)ich is on the second place in the
world for exporting the garlic (Burba, 2008). Acdorg to Van Dijk (1993) this virus is
one of the most common viruses affectifjum sativum Garlic common latent virus
has an intraspecific diversity which can be probgnphylogenetic and recombination
analyses established on gene of capsid protein (Té&¥Yico et al., 2010). Virion
filamentous particles are flexuous around 650 nngl{Diekman, 1997; Adams et al.,
2004). In infected garlic plants, alone any sympare not visible but in mixture with
OYDV and LYS yellowing and mosaic is appearing. &ating toPramesh et al. (2013),

molecular characteristics Gfarlic common latent virus are still not very wedsearched.
Shallot latent virus (SLV)

This virus is described by Bos et g1978) in Netherlandas a new virus attacking
shallots without causing symptoms and also detetteélllium cepaandA. porrum
which are natural hosts. SLV has filaments paicles50 nm long, straight or lightly
curved and it is transmitted by aphiddygus ascalonicuand probablyAphis fabae)n

the non-persistent manner and mechanically. Bebgtat is very widespread in shallots
but also attacking garlic and oth&ltiums Bos et al.,1978) In shallots and garlic, SLV
is mostly transmitted vegetative. There are no mspibat it can be transmitted by seeds
(Van Dijk, 1993).Chenopodium amaranticolaand C. quinoaare reported as testing
plants in which symptoms appears in form of smalirotic lesions on older leaves or
chlorotic lesions on young leaves (Sutit al., 1999; Bos et al1979. Plant used for

virus propagation iallium porrum(Bos et al.1978.
3.5 Virus detection methods

In order to detect and suppress plant diseasesnm before they cause losses in
guantity, quality or both, it is very important ientify with certainty, pathogen which
causes the disease.

Usage of molecular techniques, especially of pohase chain reaction (PCR), made a
big difference in plant pathogen diagnostic andec®in. With knowing of genome
structure of those organisms the new way of itgmbatic emerged. Because of high
sensibility, specificity and speed, molecular mehare widely used, especially for
identification and detection of those pathogensafbich is impossible or very hard to be
grownin vitro or those with the inability to be grown in a shopetiod of time. Diagnosis
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based only on visible symptoms is very inaccurat @nreliable (lvanoviet al., 2004;
Webster et al., 2004). Some viral diseases cawssdme symptoms or the symptoms
may be caused by other influence or the infectedtpinay stay symptomless. Because
of those reasons, the diagnosis based on symptmgatdas to be followed by
identification of pathogen in the laboratory withetusage of microscope, selective
nutrient media, biological and physiological teatsl serological tests (lvanévet al.,
2004). With development of methods related to tsmhaand growing of pathogen on
nutrient medium or test-plants, accurate pathogagnastic is ensured (lvandvet al.,
2004).

For the detection of plant viruses conventionalhmodtis biotest which is very reliable
but it is also very time consuming and conditiooala number of factors. The other
method is immunoelectron microscopy but even ilvésy sensitive and can detect
viruses in small amounts it is not commonly usedabee it is expensive so it founds a
place in fundamental research. The most used avkgial techniques which are based
on virus coat protein and other virus coded preteAmong them DAS-ELISA is the
most used. Comparing to biotest, with DAS-ELISA theults are obtained in a shorter
amount of time (Krsti and Tost, 1994).

The “dot-blot” hybridization is a method for detect of biomolecules and proteins and
as well for protein analyzation, detection and tdemation. It is used in molecular
biology for the plant virus detection (lvanéwvet al., 2004; Loebenstein efl., 1997;
Pallas etal., 1998; Pokorny personal communication, 2016yrédver, PCR technique
used in molecular biology is based on identificatd the nucleic acid segments specific
to the given organism (Pokorny personal commurocat2016; Ivanowi etal., 2004). In
cases when is needed to detect more different gatisoat the same time, the Multiplex
PCR is used (lvano¥iet al., 2004). For the reason of not having direct hoet
developed in order to control diseases causedrogas, the early and correct detection

is essential in a fight against those infectiousnag (Pallas el., 1998).
3.6 Virus elimination methods in garlic

Thermoterapy

This method is based on placing the cloves or windiected garlic bulbs under the
different temperatures after what the garlic vifuee material may be obtained.

According to Senula et al., (1999), the most effectemperature for approaching good
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results is 36 °C or higher. On that temperatureeigeved that multiplication of virus in
infected cells is reduced or even completely stdppet the meristematic cells are

continuing with multiplication and that can leadotataining of virus free material.

Chemotherapy

This method is based on the usage of chemicalshwarie affecting nucleic acid of virus
which is after not able to multiply. Among growelss method is not very favorable
because used chemicals may cause mutations inlané genetic material (Pokorny
personal communication, 2016). The chemicals apieapto media (Senula et al., 1999)
or on garlic embryos (Ramirez-Malagonaet 2006). Chemotherapy is very successful
in virus elimination but there is also a risk thatthis practice is possible to damage the

tissue.

Both, thermo - and chemotherapy methods are usoaitybined with meristem culture
technique. Meristem is isolated from cloves whicdvér been subjected to the high
temperature, specific number of days or embeddatdamutritional media which was
used for growth with antivirotics applied. The frmature and number of days in
thermotherapy is varying and it is dependent taewar plant cultivar and the type of
virus. As well the amount and the type of chemicdlssen are also varying. According
to some authors, the combination of chemo- andrtb#irerapy is leading to elimination
of viruses (Cassells and Long, 1980; Senula e1889; Szyndel et al., 2003).
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4 MATERIALS AND METHODS

4.1 Laboratory

Experiments were performed in the tissue cultubmdatory at Faculty of Agronomy,
Department of Plant biology. Laboratory is divided four parts: unsterile part for
washing glassware (here is placed autoclave andetalith chemicals which are every
day used); the second part of the laboratory i® alssterile and used for media
preparations (here are placed pH meters, refrigevéth different solutions, microwave,
analytical balance, vortex, heating magnetic stiete.); third part is sterile part where
five flow boxes are placed; last part is the caltion room where after being transferred

on nutritional media explants are left to grow.
4.2 Plant material

Plant material was obtained from Seed Company SEMOSmrzice in order to test if
there are possible virus infection and if yes toecine explants and multiply virus-free
plants on nutritional media. For experimental psgsofour different cultivars (cv.) were
used i.e. Véaclav, $pan, Karel IV and Ivan (Fig. 7). Evaluation and fpenance of
ELISA test for virus detection was done in Vyzkumdgtav Bramborgky Havlgkiv
Brod S.r.o. Virus detection was performed in H&kdv Brod due to economical reason

and lacking of ELISA kit for certain viruses at Mg University.
Plant cultivars used in this work are:

Cv. Vaclav

Cultivar Véaclav is a medium late broadleaf hard kn@earvested around 25July).
Medium size bulb with cream-like color peel dotteih brown brindle. Cloves are of
medium size, 8-10 pieces, peel is light brownigbue to late sprouting it shows very
high resistance to frosting. Leaves are wide meehigh, blue-green, does not suffer

from yellowing tips. Good health conditions in #tand and long-term shelf life.
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Cv. Ivan

This cultivar is not licensed yet. It is a medilee broadleaf violet hard neck garlic
cultivar. The leaves are upright, with no bendimgl® no yellowing tips. The massive
stature, good health, bulb medium to large, shglitit, peel yellowish white with a
distinctive purple veining. Bulb contains 6-7 biggéoves. Medium late variety - harvest
is roughly in the first half of July (approximatddy7 days earlier than Karel 1V).

Cv. S&pan

It is medium late variety of broadleaf soft neckligaBulbs are large; weighting 80 -100
g consisted of eight to ten large cloves protegtgd light brown peel. Peel enclosing a
bulb are white with fine light brown veining. Chateristics of this variety are

distinctive, delicate flavor, wide leafs, very gobdalth condition and long-term shelf
life. Harvesting time is around T®f July.

Cv. Karel IV

This cultivar is a medium late broadleaf hard nedth a large bulbs weighing around
90-110 g. Bulb is white with peel having purple n&i composed from five to six
relatively big cloves. Each clove is enclosed impbetbrown peel. Leaf is big, wide,
upright and in the end slightly bent. Strong gafli&wor is one of characteristics of this
cultivar. Karel 1V has a high yield, steadily inthovet and dry harvesting seasons. It is
characterized by very good health condition andj{tarm shelf life. Harvesting time is
around 28 of July.

Fig. 7 Cultivars Vaclav, $pan, Karel IV and Ivan used in this research
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4.3 Preparation and sterilization of plant material

Before work, flow box were sterilized for 15 minsitavith UV lamp and afterwards
cleaned with 70% ethanol. Bulbs of cv. Vaclawpdhn, Karel IV. and lvan were peeled
and split into individual cloves and selected byesito standardize thén vitro
development. All cloves which had wounds or sighslecay were removed. Cloves in
beaker were washed with tap water and soap. Funtirer beaker with cloves was filled
with sterilization agent 0.2 % of sodium hypochiesolution and left for 13 minutes, as
previously explained by Kutkova (2010). After sterilization, the solution wdscanted
and the cloves were rinsed three times with stetiilled water in the flow box.
Isolated meristems comprised of first set of pridmarleaves were transferred to Petri
plates (Fig. 8).

Fig. 8 Meristem isolation
4.4 Media preparation

The basic culture media used to induce shoot graetisisted of mineral salts of MS
with full-strength vitamins (Murashige and Skoo§62) (Tab. 1)., with addition of 3%
sucrose, 0.7% agar, naphthalene acetic acid 0.25 mgrisopentenyladenine 0,5 mg.L-
1 and with/without 30 mg.L-1 ribavirin. pH 5.8 wadjusted before autoclaving.

Media preparation procedure

Preparation of one liter media was done by dividsetutions into two parts. For first
part beaker was filled with 500 ml of distilled watwhere 4.4 g/l of MS mineral salts
were added. After adding mineral salts pH was aeguso 5.8 with HCI/KOH 0.1/1M
solution. In this solution 30g/I of sucrose wassaiived. In other beaker with 500 ml of

distilled water 7g/l agar was dissolved in microeawhile first beaker with rest of the
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medium was also heated for one minute. Afterwasdkijtions were merged, stirred and
put in autoclave for sterilization (121°C, 100 kR8, min) (Fig. 9). After autoclaving
when medium cooled off at about 50 °C all thermidabomponents i.e. naphthalene
acetic acid, 2-isopentenyladenine and ribavirinewsterilized separately by usage of
syringe and filter (Milipore with size of pores @.21m). After mixing all components,
the 40 ml of medium was put into sterilized Magemaes.

Table 1. Basal culture medium according to Muraslaigd Skoog (1962)

Inorganic salts (mg/l) Inerganic salts (mafl) Vitamins etc. {mg/l}
NH,NO, 1650 HiBO, 6.2 Nicotinic acid 0.5
KNO, 1900 MnSQ, - 4H;0 223 Pyridoxine-HCI 0.5
CaCl; - 2H,0 440 ‘ ZnS0, - 4H,0 8.6 Thiamine . HCI 0.1
MgS0, - 7TH,0 370 Kl 0.83 Myoinositol 100
KH.PO, 170 Na:MoQ, - 2H,0 0.25 Glycine 2
Na,-EDTA 373 CuS0, - 5H,0 0.025

FeS0, - 7TH,0 278 CoCl; - 6H;0 0.025

Fig. 9 Media preparation procedure
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4.5 Thermoterapy

Groups of 10 cloves per cultivar were put in tragsl kept under 38 °C for 10, 20 and 35
days. For thermotherapy treatments laboratoryligi@ion oven with air circulation was
used (Fig. 10).

Fig. 10 Laboratory sterilization oven
In order to produce virus-free plants from all @ewsubjected to thermoterapy treatment
mersitem were isolated and put on prepared mediutmout ribavirin. The isolated
meristems were cultivated at 23 °C, photoperiodtliggh and 8h night for one month.

After that pair of leaves per cultivar was cut wsttissors and sent for ELISA analysis.
4.6 Chemoterapy

After obtaining results from thermoterapy treatnsemthich were positive on virus

appearance, it was decided to perform chemoterapyments with usage of 30 mg.L-1
ribavirin, as previously published by K&lkova (2010). Isolated meristem were left to
grow on medium with ribavirin for one month in gu#ttion room at 23 °C, photoperiod

light 16h and 8h night. Ribavirin is a guanosingébdnucleic) analog used in

chemotherapy treatments to stop viral RNA synthasi viral mMRNA capping (Carter

and Saunders, 2007).
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4.7 ELISA test (Enzyme-linked immunosorbent assay)

For detection and quantification of viruses in pdaare described different methods and
techniques.

From all methods used nowadays, the most favoialit& ISA test, due to its sensitivity
for virus detection and the fact that it is relatiwvinexpensive (Dovas et al., 2001). It is
used not only for qualification but also for virggantification (Kranz and Rotem, 1988).
ELISA, the same as other serological methods ietas the antigenic properties of the
virus coat protein. It is a biochemical techniquedi in medicine and plant pathology
and also in various industries, to detect antibodgn antigen in a sample. In general, it
consists of virus detection by utilizing antibodadslity to recognize a protein substance
(usually the virus coat protein) or antigen asgdedavith the virus of interest (Webster
et al.,, 2004; Kranz and Rotem, 1988; Kaya and Gg&dp 2015). May be used for
testing several plants to one virus using one wetl plant sample, or one plant can be
tested for more than one virus on a single platé different antibodies coated to each
well (Webster et al., 2004). The detection is basedisual methods which are based on
color changes coming as a result of interactionwbeh the substrate and the
immobilized enzyme (Fang and Ramasamy, 2015). dntplirology is commonly used
method called DAS-ELISA (Double antibody sandwichlI¥A) based on double
reaction antibody — antigen (Dovas et al., 200IncCet al., 2003).
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5 RESULTS AND DISCUSSION

In order to produce virus-free plants thermotherapyeristem tip culture and

chemotherapy in different temperature/time comliomat were used as a treatment. All
tested cultivars were infected with two or moreus@s in control samples. Furthermore,
since cloves subjected to thermotherapy treatmastwsed for mersitem isolation it was

noticed appearance of viruses in second part cérampnts (days 20 and 35).
In the control samples, cv.&#n was infected only with GCLV virus (Fig.11). Aft10
days of thermotherapy treatment, viruses GCLV, OYand SLV were detected while

after 20 and 35 days of thermotherapy it was ie@cnly with OYDV virus.

Cultivar Stépan

Positive

=—GCLV
== OYDV
SLv

= LYSV

i

0 10 20 35
Thermotherapy treatment (days)

Negative

Fig. 11 Appearance of viruses in cultivaé&n during 35 days of thermotherapy

In the beginning of experiments cv. Vaclav was ¢téd with GCLV, OYDV and SLV
viruses in control samples and in the end it wéectdd with all four viruses (Fig.12).
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Cultivar Vaclav

TN

Positive

=GCLV
=YDV
-

eSS ———

= LYSV

o —

Negative

0 10 20 35
Thermotherapy treatment (days)

Fig. 12 Appearance of viruses in cultivar Vaclavidg 35 days of thermotherapy

Similar results were obtained with samples of @an| where control was infected with
OYDV, SLV and LYSV, but after 10 and 20 days ofrthetherapy virus GCLV appears
(Fig.13).

Cultivar Ivan

L T

Positive

=GCLV
=YDV
== SLV
| YSV

e

Negative

0 10 20 35
Thermotherapy treatment (days)

Fig. 13 Appearance of viruses in cultivar lvanidgr35 days of thermotherapy

In the control samples, cultivar Karel 1V, was ictled with 3 viruses OYDV, SLV and
LYSV. After 35 days of thermotherapy treatmentsderation of GCLV and LYSV
viruses was obtained (Fig. 14).
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Cultivar Karel IV

Positive

==GCLV
==0YDV
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Thermotherapy treatment (days)

Fig. 14 Appearance of viruses in cultivar Kareld\ring 35 days of thermotherapy

Since, virus-free plants were not obtained aftegrriotherapy treatments, further
experiments were performed with addition of ribawvito growth media. In the end of
chemotherapy treatments in combination with isolateeristems virus-free plants were
obtained in cv. $pan and Karel IV while cv. Vaclav was still infedteith OYDV and
cv. lvan with LYSV, OYDV, respectively (Fig.15).
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Fig. 15 Appearance of viruses in all cultivars Iremotherapy treatments
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After obtaining virus free plants in cv.&ptn and Karel IV, plantlets were grownvitro

on nutrirional media for multiplication purposesqFL6).

4 ’

Fig. 16 Plantlets of virus free cv. grownvitro for multiplication purposes

Results obtained from thermotherapy treatment mhioation with meristem isolation
show various positive/negative virus presence amuages of the same bulb. Since
starting material - cloves which undergone therrapy during different sampling
days, was used for meristem isolation, variationgppearance and disappearance of
viruses during ELISA test were observed. This camfiom that among cloves from the
same bulb different combinations of viruses carido@d. Conci et al. (2010) published
the similar results where in 6% from all clovestédsby ELISA test, positive and
negative cloves were found in the same bulb. Furtbee, the tests of virus
concentration in relation to the layers of eachbbrévealed important differences.
Moreover, presence of potyvirus in single garliovels from the same bulb, and in five
single leaves excised from commercial field-growdividual plants was studied using
ELISA (Ramirez-Malagon et al., 2006). It was obserthat some cloves of the same
bulb were infected with potyvirus but some otheerevpotyvirus-free. However, this
positive reaction detected in individual leavesgethfrom 20 to 60% for both cultivars
tested. These results also demonstrate that poggsrare not uniformly distributed in all
organs of an infected garlic plant.
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Senula et al. (2000) tested different treatmentsG¥DV, LYSV, GCLV, SLV and
MbFV elimination in garlic. Hot air treatment of Ibus at 36 °C for six weeks did not
affect plant regeneration but virus elimination wsagnificantly increased. From the
other hand, in chemotherapy treatment plant reg¢iner was decreased but virus
elimination was increased with addition of ribawito nutritional media. Moreover, the
highest virus elimination was observed when thermasd chemotherapy were
combined. Walkey et al., (1987) tested thermotherapatment in combination with
meristem tip culture isolation. Both shallot andligawere infected with OYDV, SLV
and a second potyvirus. It was observed that whigitied parent plants were subjected
to thermotherapy (38 °C) prior to tissue culture plercentage of virus-free garlic plants
regenerated, increased up to 85%.

Furthermore, garlic shoot tip culture associatethvdry heat thermotherapy (cloves
exposed to 37 °C for 35 days) were essential foowering virus free plants of the cv.
Amarante (Torres et al., 2000). Cloves which weubjected to thermotherapy
treatments (37 °C) had higher regeneration ra@% @f the explants develop&d vitro
and produced plants and 77 % of those plants wens-free. However, the percentage
of regeneration decreased to 20 % as the temperiaitneased up to 40°C. However 90
% of those plants were virus free, leading to alfindex of 18 % virus free plants out of
treated cloves. In preliminary tests, it was radicthat only combination of
thermotherapy and meristem isolation could leadingses’ eradication since separately
done thermotherapy and meristem isolation were %0ihfected with viruses. Bruna
(1997) tested different temperatures (38 °C) dudifiggrent time periods (48, 54, 60, 67
and 75) for obtaining virus free plants. This waspared to garlic cloves precondioned
at 30 °C for seven days before being exposed t6C38The percentage of virus free
plants obtained increased within 38 % for 48 day$(0 % to 75 days exposed but plant
regeneration decreased. Ramirez-Malagon et al.6j2@@ated two infected garlic
cultivars by potyviruses with thermotherapy - at € for one week, 36 °C for two
weeks, and 38 °C for three weeks. This treatmestfaand to affect survival of explants
and 36.5% cloves from one and 26.8% from the atb#ivars were recovered after the
usage of this method. Nevertheless, after testyngldSA test obtained results showed
that 63% of the cloves from the first cultivar weretyvirus free and from the second
cultivar 70.9 %.
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Chemotherapy treatments are commonly used for aa@oln of viruses. Ramirez-
Malagon et al. (2006) applied 205 uM ribavirin gmos to nutritional media and
obtained that the explants (cloves) survived, lmly @an average of 27.0-34.8% were
virus free. After meristematic dissection, 41.7%lants of first and 34.2% of the second
cultivar were alive. From both cultivars, around64f explants were potyvirus free.
Krajickova (2012) tested meristem isolation and comlonatbf chemotherapy with
meristem isolation for elimination of viruses in §énotypes. For the chemotherapy to
the MS media was added ribavirin in the amount®frig/L. It was concluded that for
the elimination of GCLV and SLV viruses is bettes tise a combination of
chemotherapy with meristem isolation while for ehation of the virus LYSV is better
to use only apical meristem isolation. Furthermd@&,DV was the hardest virus for
elimination. Kudlkova et al., (2014) reported that for eliminatiof virus GCLV in
three garlic cultivars, the best method is usagehemotherapy with ribavirin in amount
of 25 mg/L. Soliman et al., (2011) tested methoti®lectrotherapy, thermotherapy,
chemotherapy or meristematic dissection followed ibyvitro culture in order to
eliminate virus OYDV fromAllium sativum He combined methods of electro- and
chemotherapy (15 mA/10 min + 20 mg"lvirazol) and obtained the best results.
According to him, the 85% of the plantlets thatvseed were OYDV virus free.

Sidaros et al., (2004) for obtaining the virus fgeelic plants isolated meristems 1, 3 and
5 mm big and cultivated them on the media withviba in amount of 50 mg/L. The
best results were achieved with chemotherapy caomdbiith isolated meristem in size

of 3mm.

Methods, such as meristem isolation, chemo- andmibtherapy may be used in
obtaining virus free plants not only in garlic lo&ny other virus infected plants. Cassels
and Long (1982), used the method of chemotherapyitazole to eliminate potato
viruses X, Y, S and M. Ciénska (2007) for the elimination of viruses Rrunus sp.
trees used the techniques of thermotherapy andathenapyin vitro while Deogratias
et al., (1989) used the same methods for virusimdition in sweet cherries. Those two
methods are successful in obtaining healthy planmtisout viruses in sand pear (Hu et
al., 2012), banana (Kabir Shiragi et al., 2008) apple (Hu et al., 2015). Griffiths et al.,
(1990) used ribavirin for the chemotherapy treatinienobtaining the virus free potato

plants. According to Balamuralikrishnan et al. (2D6ombination of chemotherapy and
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meristem culture is useful in elimination of sugare mosaic virus, while eliminating of

viruses in apricot may be done by thermotheragyzé and OndruSikova, 2008).
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6 CONCLUSIONS

Results obtained from thermotherapy treatment mhgoation with meristem isolation
show various positive/negative virus presence anotouyes of the same bulb. In the end
of thermotherapy treatment the lowest number afsés was observed in cvégan and
Karel IV. After one month of chemotherapy treatmemt Stpan and Karel IV was
virus-free while cv. Vaclav was infected with onieug (OYDV) and cv. Ivan with two
viruses (OYDV and LYSV).The most frequent virus wa¥DV and most difficult to

eliminate.

From our results it can be seen that more sucdetesfianique for obtaining virus-free

plants was combination of meristems isolation amehwotherapy.

40



7 LITERATURE

Adams MJ., Antoniw JF., Bar-Joseph M., Brunt AAar@dresse T., Foster GD., Martelli
GP., Milne RG., Zavriev SK., Fauquet CM. (2004)rdfogy Division News: The new
plant virus family Flexiviridae and assessment obleaular criteria for species
demarcation. Archives of virology. 149(5): 1045-006

Agrios GN. (2005): Plant Pathology, 5th edition.riBygton, Ma. USA. : Elsevier
Academic Press, ISBN 978-0-12-044565-3

Bagi F., Gvozdano¥iVJ. , Budakov D., Stojin V., Jafjevi¢ M., Santé M., Jasnt S.
(2010): Zarazenost belog luka virusom zute patoktiviuka (OYDV) i virusom zute
pegavosti praziluka (LYMV). Zbornik rezimea radovaX savetovanje o zastiti bilja,
Zlatibor. p: 57

Balamuralikrishnan M., Doraisamy S., Ganapathywiswanathan R. (2002): Combined
effect of chemotherapy and meristem culture on agee mosaic virus elimination in
sugarcane. Sugar Tech, 4(1-2): 19-25

Barg E., Lesemann DE., Vetten HJ., Green SK. (X9%entification, partial
characterization, and distribution of viruses imifeg allium crops in South and
Southeast Asia. Acta Horticulturae. 358: 2258

Barg E., Lesemann DE., Vetten HJ., Green SK. (199#uses of alliums and their
distribution in different allium crops and geogragath regions. Acta Horticulturae. 433:

6072616

Block E. (2010): Garlic and Other Alliums: The Loead the Science. The Royal
Society of Chemistry Publishing. ISBN: 978-0-8541EB-9

Bos L., Huttinga H., Maat DZ. (1978): Shallot laterus, a new carlavirus. Netherlands
Journal of Plant Pathology. 84(6): 227-237

41



Burba JL. (2008): Los grupos varietales del &diym sativumL.). Contribucion para

su entendimiento. Horticultura Argentina. 27220

Carter J., Saunders V. (2007): Virology, Principbesd Applications. John Willey &
Sons Ltd. The Atrium, Southern Gate, Chichestegl&d. ISBN: 978-0-470-02386-7.
p.358

Cassells AC., Long RD. (1980): The regeneratiorvinis-free plants from cucumber
mosaic virus-and potato virus Y-infected tobaccelanxts cultured in the presence of
virazole. Zeitschrift fur Naturforschung C. 35(3-350-351

Cassells AC., Long RD. (1982): The elimination aftgio viruses X, Y, S and M in
meristem and explant cultures of potato in the gmes of Virazole. Potato Research.
25(2): 165-173

Cedeio L., Carrero C., Quintero K., Segovia P. 808otrytis porri causante de
pudricion en el cuello del ajo en Mérida Venezubiterciencia. 28(5): 273-275

Cieslinska M. (2007): Application of thermos- and chemadbgin vitro for eliminating
some viruses. Journal of Fruit and Ornamental FRasearch. 15: 117-124

Conci VC., Canavelli A., Lunello P., Di Rienzo Blpme S. F., Zumelzu G., Italia R.
(2003): Yield losses associated with virus-infectdllic plants during five successive
years. Plant Disease. 87(12): 1411-1415

Coventry E., Noble R., Mead A., Whipps JM. (2002pntrol of Allium white rot
(Sclerotium cepivoruinwith composted onion waste. Soil Biology and Biemistry,

34(7): 1037-1045

Danci O., Ziegler A., Torrance L., Gasemi S., Davici(2009): Potyviridae family-short
review. Journal of Horticulture, Forestry and Badteology. 13: 410-420

42



De Cara M., Iglesias C., Moreno MM., Gonzéalez NeJld JC. (2010): First report of

Fusarium proliferatuntausing rot of garlic bulbs in Spain. Plant Di4(X: 277

Deogratias JM., Dosba F., Lutz A. (1989): Eradmaf prune dwarf virus, prunus
necrotic ringspot virus, and apple chlorotic lgadtsvirus in sweet cherries by a
combination of chemotherapy, thermotherapy, andtio culture. Canadian Journal of
Plant Pathology. 11(4): 337-342

Diekmann M. (1997)Allium spp.Bioversity International. 18: 59. ISBN: 92-904363¢

Dovas ClI., Hatziloukas E., Salomon R., Barg E.,bSleth Y., Katis NI. (2001):
Comparison of methods for virus detectionAtium spp. Journal of Phytopathology.
149 (1112): 731-737

Dugan FM., Hellier BC., Lupien SL. (2003): Firstpoet of Fusarium proliferatum
causing rot of garlic bulbs in North America. RlI&athology. 52(3): 426-426

Dugan FM., Hellier BC., Lupien SL. (2007): Pathogsfungi in garlic seed cloves from
the United States and China, and efficacy of fudgg against pathogens in garlic
germplasm in Washington State. Journal of phytagaty. 155(78): 437-445

Etoh T., Watanabe H., Iwai S. (2001): RAPD Variataf Garlic Clones in the Center of
Origin and the Westernmost Area of Distribution. iveies of the Faculty of

Agriculture, Kagoshima University 37: 21-27

Fang Y., Ramasamy RP. (2015): Current and Prosedliethods for Plant Disease
Detection. Biosensors. 5(3): 537-561

Foster GD., (1992): The structure and expressionthef genome of carlaviruses.
Research in virology. 143: 103-112

43



Friesen N., Fritsch RM., Blattner FR. (2006): Plydoy and new intrageneric
classification ofAllium (Alliaceag based on nuclear ribosomal DNA ITS sequences.
Aliso. 22(1): 372-395

Fritsch RM., Friesen N. (2002): Evolution, domestion and taxonomy. In:
Rabinowitch HD. and Currah L. (eds.pllium crop Science: Recent Advances.
Wallingford UK, CAB International pp: 5-30

Fritsch RM., Blattner FR., Gurushidze M. (2010):wWelassification ofAllium L. subg.
Melanocrommyum (Webb and Berthel.) Rouklliaceag based on molecular and

morphological characters. Phyton; annales rei bca@9:145-320

Fritsch RM., Keusgen M. (2006): Occurrence and naxoic significance of cysteine
sulphoxides in the genudlium L. (Alliaceag. Phytochemistry, 67(11): 1127-1135

Fritsch RM. (2001): Taxonomy of the genddlium L. - contributions from IPK
Gatersleben. Herbertia. 56: 19-50

Fuentes YMO., Ortiz JCD., Chavez EC., Castillo FDBlivas AF., Morales GG.,
Guerra RR. (2013): The first report Blisarium proliferatuncausing garlic bulb rots in

Mexico. African Journal of Agricultural Researcli68 570-573

Gebreyohannes G., Gebreyohannes M. (2013): Medlivelaes of garlic: A review.

International Journal of Medicine and Medical Scen5 (9): 401-408

Gergerich RC., Dolja VV. (2006): Introduction t¢taRt Viruses, the Invisible Fodhe
Plant Health InstructorDOI: 10.1094/PHI-1-2006-0414-01

Ghalehkandi JG. (2014): Garlidl{lium sativun) juice protects from semen oxidative

stress in male rats exposed to chromium chloridemal Reproduction Science. 11(4):
526-532

44



Griffiths HM., Slack SA., Dodds JH. (1990): Effemftchemical and heat therapy on
virus concentrations in in vitro potato plantlefanadian journal of botany. 68(7): 1515-
1521

Hanelt P., Schultze Motel J., Fritsch R., KruséMhass HI., Ohle H., Pistrick K. (1992):
Infrageneric grouping of Allium-the Gatersleben aggezh. The genus Allium-taxonomic
problems and genetic resources Inst. Pflanzender&tiKulturpflanzenforschung:
Gatersleben. 107-123

Hu GJ., Hong N., Wang LP., Hu HJ., Wang GP. (20Eljicacy of virus elimination
from in vitro-cultured sand pealPyrus pyrifolig by chemotherapy combined with
thermotherapy. Crop Protection. 37: 20-25

Hu G., Dong Y., Zhang Z., Fan X., Ren F., Zhow2016): Virus elimination fronn
vitro apple by thermotherapy combined with chemotherBfant Cell, Tissue and Organ
Culture.121(2): 435-443

ICTV (2015): "Virus Taxonomy: 2014 Release"
http://www.ictvonline.org/virustaxonomy.asp Retéglvl5 June 2015

lvanovic M., Koprivica M., MilijaSevt S., Duké N., Duduk B. (2004): Molecular
methods in plant disease diagnosis. Pesticidbirfédicina. 19(4): 223-231

Josling PA. (2005): The heart of garlic Nature®d & healing the human body, HEC
Publishing, Chicago lllinois. pp: 20

Kabir Shiragi MH., Baque MA., Nasiruddin KM. (200&radication of Banana Bunchy
Top Virus (BBTV) and Banana Mosaic Virus (BMV) froimfected Plant of Banana cv.

Amritasagar Through Meristem Culture. South Pa@fiedies. 29 (1): 17 — 41

Kamenetsky R., Rabinowitch HD. (2006): The genusuAd: A developmental and
horticultural analysis. Horticultural Reviews. 329-378

45



Kamenetsky R., Faigenboim A., Shemesh Mayer E, Biehael TB., Gershberg C.,
Kimhi S., Esquira I., Rohkin Shalom S., Eshel DapiRowitch HD., Sherman A. (2015):
Integrated transcriptome catalogue and organ-speurbfiling of gene expression in
fertile garlic @Allium sativumL.). BMC genomics. 16(1): 1 — 12

Kaya E., Gokdogan EY. (2015): Virus eradicatiomirplants via novel biotechnological
processes one step freezing methods based oncatioh of cryotherapy techniques.
Mugla Journal of Science and Technology. 1(2): 84-4

Kennelly M., O’'Mara J., Rivard C., Miller GL., SmitD. (2012): Introduction to abiotic
disorders in plants. The Plant Health Instructd@I10.1094/PHI-1-2012-10-29-01

Klukackova J., Klukakova, J., Navratil M., Duchoslav N200Q7): Natural infection of
garlic (Allium sativumL.) by viruses in the Czech Republic/Natirlichéektion von

Knoblauch Allium sativumL.) durch Viren in der Tschechischen Republik. rdal of

Plant Diseases and Protection. 114(3): 97-100

Koch M., Salomon R. (1994): Serological detectidnoaion yellow dwarf virus in
garlic. Plant Disease. 78(8): 785-788

Krajickovéa J. (2012): Ozdravovanésneku. Sbornikifspivki ze seminge ,Cesnek ve
21. stolei“. Regionalni centrum Olomouc - Centriagionu Hana pro biotechnologicky
a zenmddelsky vyzkum, Oddleni genetickych zdréj zelenin, I€ivych rostlin a
specialnich plodin, Vyzkumny Ustav rostlinné vyrpby.i. p:53 — 57

Kranz J., Rotem J. (Eds.). (1988): Experimentalhmégues in plant disease
epidemiology. Springer Science and Business Mé8BIN-13: 978-3-642-95536-5

Kfizan B., Ondrusikova E. (2008): Thermotherapy ofc cultivars. In | International
Symposium on Biotechnology of Fruit Species: BIOHERUIT. 839: 269-274

Krstic B., ToSt M. (1994): Biljni virusi-Neke osobine i dijagnoz&lniverzitet u

Beogradu, Poljoprivredni fakultet, Beograd

46



Kudélkova M. (2008): Virové chorobyesneku a navrh ozdaveni. Bakaka prace.

Mendelova Univerzita v B&h Zahradnicka fakulta

Kudélkova M. (2010): Eliminace vir u odiid ¢esneku kuchynského v podminkaoh
vitro. Diplomova prace. Mendelova Univerzita v BrZahradnicka fakulta

Kudélkova M., OndruSikova E., Saskova H. (2014): Eliation of Garlic common
latent virus by meristem culture and chemother§IX International Horticultural

Congress on Horticulture: Sustaining Lives, Livebkls and Landscapes 1113: 233-238

Li QQ., Zhou SD., He XJ., Yu Y., Zhang YC., Wei X@O010): Phylogeny and
biogeography ofAllium (Amaryllidaceae: Allieae) based on nuclear riboabmternal
transcribed spacer and chloroplast rps16 sequeftmesing on the inclusion of species
endemic to China. Annals of botany. 106(5): 709-733

Loebenstein G., Akad F., Filatov V., Sadvakasova Manadilova A., Bakelman H.,
David A. (1997): Improved detection of potato ledfiuteovirus in leaves and tubers
with a digoxigenin-labeled cRNA probe. Plant digedl (5): 489-491

Lépez -Moya JJ., Valli A., and, Garcia JA. (200@gtyviridae. In: Encyclopedia of Life
Sciences (ELS). John Wiley &Sons, Ltd: Chichester.
DOI: 10.1002/9780470015902.a0000755.pub?2. pp: 1-10

Maald HI., Klaas M. (1995): Infraspecific differeation of garlic Allium sativumL.) by
isozyme and RAPD markers. Theoretical and Appliedésics. 91(1): 89-97

McCollum GD. (1976): Onion and allies. In: Evolutiof crop plants. Simmonds, N.W.
(Ed.). Longman, pp. 186-190. London, UK

Melero-Vara JM., Prados-Ligero AM., Basallote-Urebh. (2000): Comparison of

physical, chemical and biological methods of cdiitrg garlic white rot. European
Journal of Plant Pathology. 106(6): 581-588

a7



Meredith TJ. (2008): The complete book of garliqyuade for gardeners, growers, and
serious cooks. Portland: Timber Press. ISBN 978&192-883-9

Mifiambres GG., Conles MY., Lucini El., VerdenellAR Meriles JM., Zygadlo JA.
(2010): Application of thymol and iprodione to cmitgarlic white rot §clerotium
cepivorum and its effect on soil microbial communities. Wlodournal of Microbiology
and Biotechnology. 26(1): 161-170

Mordue JEM. (1976)Sclerotium cepivorumDescriptions of Fungi and BacteridMI
Descriptions of Fungi and Bacteria, (52) ISSN: 09726

Murashige T., Skoog F. (1962): A revised mediumragid growth and bioassays with
tobacco cultures. Physiologia Plantarum. 15: 4738-49

Neeraj S., Sushila K., Neeraj D., Milind P., Minak$>. (2014): Garlic: A pungent

wonder from nature. P. M. International researchijal of pharmacy 5 (7): 523-529

Novak FJ., Havel L., Dolezel J. (1986): Onion, gadnd leek Allium species). IN:
Bajaj YPS (eds.) Biotechnology in agriculture armmestry vol.2, Crops |. Springer
Berlin Heidelberg New York, pp. 387-404

Pallas V., Mas P., Sanchez-Navarro JA. (1998): @ete of plant RNA viruses by
nonisotopic dot-blot hybridization. Plant Virologjrotocols: From Virus Isolation to

Transgenic Resistance. 461-468.

Pekarkova E. (2005): Nejn®gi sntry ve Slechini zelenin (5). Cibulové zeleniny. Ziva
4. pp: 162-164 http://goo.gl/X1S31z Accessed 13.6ha2016

Petrov M. (2012): Najzrtajnije bolesti na belom luku. Poljoprivredna Sadetna
Sluzba AP Vojvodine”Aktuelni savetnik” Priigac: PSS "Poljoprivredna stanica" doo,
Novi Sad. 1(7): 8 -13

Pinto CM., Maffia LA., Berger RD., Mizubuti ES., €ai VW. (1998): Progress of white
rot on garlic cultivars planted at different tim&tant disease. 82 (10): 1142-1146

48



Pokorny R. (2016): Personal communication

Pramesh D., Baranwal VK. (2013): Molecular chanaz#gion of coat protein gene of
Garlic common latent virus isolates from India: @ndence for distinct phylogeny and

recombination. Virus genes. 47(1): 189-193

Ramirez-Malagon R., Pérez-Moreno L., Borodanenko Balinas-Gonzélez G. J.,
Ochoa-Alejo N. (2006): Differential organ infecti@udies, potyvirus elimination, and
field performance of virus-free garlic plants prodd by tissue culture. Plant cell, tissue
and organ culture. 86(1): 103-110

Randle WM., Lancaster JE., Rabinowitch HD., Culta2002): Sulphur compounds in

alliums in relation to flavor quality. Allium crogcience: Recent advances. pp: 329-356

Reuter HD., Koch HP., Lawson DL. (1996). Therapewffects and applications of
garlic and its preparations. In: Garlic: The Sceerand Therapeutic Applications of
Allium sativumL. and Related Species, 2nd ed. (Koch, H. P. &4@awD. L., eds.), pp.
135-213. William Wilkins, Baltimore, MD.

Sankar NR., Babu GP. (2013): First reporEasarium proliferatuncausing rot of garlic
bulbs @llium sativum in India. Plant Disease. 96(2): 290

Sapakova E. (2013): Vyskyt &#ci ¢esneku kuchyského v zavislosti na nadifské
vySce. Doktorska disertai prace. Mendelova Univerzita v B&mAgronomické fakulta.

Schulz V., Hansel R., Tyler VE. (1998): RationalyRitherapy. A Physicians’ Guide to
Herba Medicine. Springer. pp: 107-127. ISBN-13:-37842-97706-0

Schwartz HM., Howard F. (1996): Compendium of Onard Garlic Diseases. 1st ed.
St. Paul: APS Press. ISBN 0-89054-170-1

Schwarz A. (1996): Obrazovy atlas chorob a@d&k zeleniny: Ochrana zeleniny v
integrované produkci. 1.vyd. Brno: Biocont LaborgtdSBN: 80-901874-1-2

49



Senula A., Keller ERJ., Leseman DE. (2000): Elirtiora of viruses through meristem
culture and thermotherapy for the establishmerinof vitro collection of garlic Allium
sativun). In International Symposium on Methods and MaKer Quality Assurance in
Micropropagatiorb30:121-128

Sidaros SA., Omar RA., El-Kewey SA., El-Khalik S®004): Virus Elimination from
Infected Garlic Plants Using Different Techniquegyptian J. Virol. 1: 333-341

Simon PW., Jenderek MM. (2004): Flowering, seedipotion, and the genesis of garlic
breeding. Plant breeding reviews. 23: 211-244

Sivam GP. (2001): Protection agaih#licobacter pyloriand other bacterial infections
by garlic. Journal of Nutrition. 131 (3): 1106-1108

Soliman AM., Mahmoud SM., Dawood RA. (2012): Mole&ouCharacterization of
Onion Yellow Dwarf Virus (Garlic Isolate) with Pradtion of Virus-free Plantlets.
International Journal of Virology, 8: 61-70

Stankové S., Levt J., Petroud T., Logrieco A., Moretti A. (2007): Pathogeniciand
mycotoxin production byFusarium proliferatumisolated from onion and garlic in
Serbia. European Journal of Plant Pathology. 118@5-172

Stearn WT. (1992): How many species Aflium are known? Curtis’s Botanical

Magazine. 9 (4): 180-182

Stevens VA. (1983): Virology of flowering plantspi$ger Science +, Business Media
LLC. ISBN: 978-1-4757-1253-7

Swiderski F., Dabrowska M., Rusaczonek A., Waszkiz#Robak B. (2007): Bioactive

substances of garlic and their role in dietoprogkig and dietotherapy. Roczniki
Paistwowego Zaktadu. 58(1): 41-6

Szyndel MS., Kozera B., Misterek E. (2013): Thanatation of viruses from garlic
(Allium sativum L.) plants by thermotherapy and meristem tip celtuActa
Agrobotanica. 47(1): 83-88

Safrankova (2016): http://www.fytochem.upol.cz/defaspx

50



Sutic DD., Ford RE., To&i MT. (1999): Handbook of plant virus diseases. OREss.
pp: 158-161 ISBN: 0-8493-2302-9

Tonti S., Pra MD., Nipoti P., Prodi A., Alberti [2012): First report ofFusarium
proliferatum causing rot of stored garlic bulb8lifjum sativumL.) in Italy. Journal of
Phytopathology. 160 (11-12): 761-763

Torres AC., Fajardo TV., Dusi AN., Resende RO.,®dUdé. (2000): Shoot tip culture
and thermotherapy in recovering virus free plarftgarlic. Horticultura Brasileira.18
(3):192-195

Torrico AK., Cafrune EE., Conci VC. (2010): Firgiport of Shallot latent virus in garlic
in Argentina. Plant Disease. 94(7): 915-915

Van Dijk P. (1993): Carlavirus isolates from cudtied allium species represent three
viruses. Netherlands Journal of Plant Pathology.: 99332257. DOI:
10.1007/BF01974306

Walkey DGA., Webb MJW., Bolland CJ., Miller A. (188 Production of virus-free
garlic (Allium sativumL.) and shallot A. ascalonicumL.) by meristem-tip culture.

Journal of horticultural science. 62(2): 211-220

Webster CG., Wylie SJ., Jones MG. (2004): Diagnosiglant viral pathogens. Current
Science, 86(12): 1604-1607

Zewide T., Fininsa C., Sakhuja PK. (2007): Managemef white rot Sclerotium
cepivorum of garlic using fungicides in Ethiopia. Crop protion. 26(6): 856-866

51



8 LIST OF ABBREVIATIONS

GCLYV - garlic common latent virus

LYSV - leek yellow stripe virus

OYDYV - onion yellow dwarf virus

SLV - shallot latent virus

ITS - internal transcribed spacer

GDR - Garlic dwarf reovirus

TIP - Heat inactivation point

DEP - Detectable in the subsequent plant juice
LIV - alive in in vitro condition

PCR - Polymerase chain reaction

ELISA — Enzyme-linked immunosorbent assay

MS - Murashige and Skoog medium
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