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Abstrakt

Zucchiny yellow mosaic virus (virus zZluté mozaiky cukety) je kazdér@é zodpowdny
za vyznamné celogtové ztrdty v produkci tykvovité zeleniny. HIubSi
studium molekularnich interakci a mechanizmedoucich k $éni a distribuci viru
v rostlinach nize gispét k lepSimu porozugmi vyvoje infekce a také jeji nasledné
kontrole. Tato bakaftdka prace si dava za cil pozorovate8i viru Zluté mozaiky
cukety v tykvi obecnéQucurbita pepo L.) a poznat zrény v koncentraci viru viiznych
¢astech rostliny #hem vyvoje systémoveé infekce.



Abstract

Zucchiny yellow mosaic virus is responsible for significant loses in yield andlity of
cucurbitaceous vegetable worldwide. The furthereaesh of molecular interaction
and mechanisms that leads to virus movement angdistsbution inside the plant can
contribute to better understanding of infection elepment and subsequent disease
control. The thesis aims to observe the spreadinguochini yellow mosaic virus in
Zucchini squashCucurbita pepo L.) and to illuminate virus concentration changes in
different parts of the plants during the systemfegtion.
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INTRODUCTION

This thesis should illuminate the mechanisms ofeaging and the symptom
development oZucchini yellow mosaic virus (ZYMV) in Zucchini squashCucurbita
pepo L. (Fig. 1). Zucchini squash is one of the host plants of ZYM\VCizech Repubilic.
ZYMV is one of the most dangerous viruses of pldm& family Cucurbitaceae. The
virus affects mainly plants of the clagSucurbitaceae. Infection decreases the
production which leads to significant economic &sssThe virus can be found mainly in
south Moravia but during last decade it was spreatfiom Moravia to Silesia and last
years even to some parts of Bohemia. Globally thesvs very variable and occurs all
around the world. The virus was firstly charactedizn northern part of Italy by Lisa
al. (1981).

Molecular aspects of ZYMV local and systemic movatnare still the objects of
scientific researches and need more attention. eftver some review chapters
summarize the molecular mechanisms and featuresowdi;ed among the genus
Potyvirus.

Fig. 1: Electron micrograph of purified ZYMV a) 1000x b) 370 000x (Liset al., 1981).



1. CHARACTERISTICS OF ZYMV

1.1. Classification

The present classification system designed by natemal Committee for Taxonomy
of Viruses is used since 2009. ZYMV can be clasdifias member of family
Potyviridae, genus Potyvirus, speciesZucchini yellow mosaic virus (International
Committee for Taxonomy of Viruses, 2009). The ordestill unassigned. Virus code in
ICTVdB is 00. 057. 0. 01. 077. NCBI taxon ident#ion number is 12232.

1.2. Morphological properties of ZYMV

Virions are encapsidated possessing helical synymdthe capsid is made from
flexuous, filamentous particles with the length760nm and 12-15nm in diameter. The
virus is non- enveloped. Virions are composed of structural protein (Lisa&t al.,
1981).

1.3. Host plants of the ZYMV

Natural host of ZYMV belongs usually to famiQucurbitaceae. The most important
are the zucchini squasHCucurbita pepo L.), watermelon Citrullus lanatus
Thunh), muskmelon Cucumismelo L.), cucumber (Cucumis sativus L.). These
representatives are able to cause severe systese@msds (Lisa&t al., 1981) Later, it
has been proved that the some of the susceptilsks hoe present in the other families
e. g.Chenopodium amaranticolor (Coste & Reynaud)Chenopodium quinoa (Willd.)
etc. from Chenopodiaceae or Ranunculus sardous (Crantz) fromRanunculaceae and
Senecio wulgaris (L.) from Asteraceae (International Commitee for Taxonomy of
Viruses, 2006).

1.4. ZYMV transmission

The virus is transmitted by the vectors from thenifg Aphididae in a non
persistent manner (Lis& al., 1981; Lecocgt al., 1981; Aldrez, 1987). The transmission
occurs as a highly specific interaction betweetestgnd viral proteins (Ammaat al.,
1994).
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1.5. Symptoms
The common symptoms of the ZYMV infection are ldesions, chlorotic mosaic, vein

netting, yellowing and stunting. Necrosis developthe late stage of the infection (Lisa
etal., 1981).

1.6. Genome and its expression
Genomic structure can be categorized like positigase single stranded RNA with

linear structure (Revers al., 1999). Complete genome sequence is usually 6o nt
long (Glasa and Pittnerové, 2006).

Genomic sequence is translated to polyprotein psecwf molecular mass assigned to
351 kDa. The length of polyprotein was establisi®e@ kb (Reverset al., 1999).
Thereafter the polyprotein precursor is processéal 10 functional proteins which are
cleaved by self-encoded viral proteases into sévergtional proteins (Fig. 2). The

proteins composition is common (homologous) tgatlyviruses.
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Fig. 2: Polyprotein genome map of the ZYMV-Kuchyisolate. The amino acid
sequences of the putative cleavage sites are shader the schematic representation
of the genome. The length in amino acids of eadetfanal product is indicated in the

diagram (Glasa and Pittnerova, 2006).
The P1 protein (P1) is the most variable part of potyviral genorobjecting

to molecular mass and therefore has a potentia tased to distinguish the potyviruses.
P1 is autocatallytically active serine type proged#sat enables the cleavage between
cylindrical inclusion protein (Cl) and HC Pro (Vent et al., 1991). P1 proteinase is
also known as N-terminal protein. It participateshwP3 protein in tolerance braking
(Wisleret al., 1995).

The helper component proteas€HC-Pro) is involved in an aphid transmission. The
discovery was supported by the evidence that HGsBnees as a link between the stylet
of the aphid and the virus (Ammaeral., 1994). The mutation in the sequence leads to
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defects in aphid transmissibility or may resulicomplete loss of the function (Hueit
al., 1994; Cantoet al., 1995). The presence of non-specific RNA bindirgmdin
supports the hypothesis that HC Pro interacts WiNA and therefore participates in
virus replication. Involvement of HC Pro in systemiovement was studied by Cronin
in 1995 (Maiaet al., 1996). The protein was structurally characterig Plissoret al.
(2001). The cystein protease activity was assaye@darington in 1989 (Liret al.,
2007). The substitution of Cys-Cys-Cys region of PI©® boxes caused the delay in the
cell to cell movement and replication. The systesgpead of the virus was completely
abolished. The observations have suggested tlatdéfiect was present in sieve
elements or in the exit of vascular tissues (Craatial., 1995). The evidence points to
the association of HC Pro with symptomatology, ipatarly with severity (Pruss et al.,
1997; Desbhiez et al., 2010). The protein plays molgost transcriptional gene silencing
as a suppressor of genes (Anandalakshmi, et a@8;1®u et al., 2010). The
suppression of RNA interference molecules leads significant changes in
plant metabolism and therefore in growth and dgwelent. The changes usually
culminate in symptom development.

The P3 protein (P3) has a potential to participate in virus reggion and movement
because of it's the presence in inclusion bodie$ pwossible interaction with other
replication involved proteins (Jenneral., 2003). Recently, the P3N PIPO protein has
been identified as part of P3 as plus two framéskifjuence (Churg al., 2008). It has
been proved that P3 is avirulence determinant oMV (Jenneret al., 2003). The
central Europe isolates (Fig. 4) revealed very \@nability between isolates, based on
the analysis of P3 protein (Glasa and Pitnerov@®620The highest diversity within
central Europe isolates was observed in P1 proiéie.results are supported by the fact
that the other isolates from overseas possess die significant divergence in the P1
protein sequence.

The coat protein (CP) or capsid protein plays major role in encagsoeh of viral
nucleic acid and in the regulation of viral RNA difigation. But it also participates in
transmission by aphids, cell-to-cell and systemiawement. Coat protein is encoded at
the C-terminal of polyproteins (Fig. 2). Moleculaass assigned 31 kDa. CP is widely
used for phylogenetic analysis (Shuldaal., 1991; Rybicki and Shukla, 1992). Coat
protein coding region is one of the most variabéetgp of the potyviral genome but

the most of the ZYMV isolates has highly identieahino acid sequence usually over
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90%. The exception was found in Reunion and Singafsolates (Zhaet al., 2003).
The amount of CP in the cell correlates to sympsawerity (Choi.et al., 2003). The
role of CP in cell to cell and systemic movemenswaarched by Dolja (Mait al.,
1996). The CP is three domains protein. N-termid@iain is involved in aphid
transmission. Alternation in the conserved amind aequence leads to abolishment of
the transmission (Atreyet al., 1991). The mutations in some parts of the domsbiw
down the cell to cell movement (Dokhal., 1994, 1995). C-terminal forms filamentous
capid particularly the core subunit structure (#diet al., 1986; Domieret al., 1986;
Shuklaet al., 1988; Doljaet al., 1991). The conserved part of the domain interadts
viral RNA (Shukla and Ward, 198Polja et al., 1994, 1995). The CP of ZYMV
functions as the determinant of Avr genes (Ullat @numet, 2002).

The cylindrical inclusion protein (Cl) contributes to virus movement and replication.
RNA nucleotide binding motif suggests a helicasaviig (Fernandezet al., 1995,
1997; Gomez de Cedrabal., 2006). On the beginning of the infection the cehaped
inclusions are observable anchored in the cell wallon the membrane close to
plasmodesmata (Langenberg, 1986; Lawson and Heagifi,; Rodriguez-Cerezet
al., 1997; Robertst al., 1998). As the infection progress the pinwheelpghlastructures
aggregate in the cytoplasm (Lesemann, 1988).

The nuclear inclusion protein A (Nla) a virus genome linked protein, is 49kDa long.
The protein is composed of 2 domains. Proteinaseadois situated on the C-terminal.
N-terminal possesses VPg domain (Murmyal., 1990; Doughertyet al., 1993) The
VPg is transported to nucleus. The RNA binding @rotplays important role in
replication, translation, systemic and local movetm¥Pg is linked with 5’end of virus
RNA. This is a diagnostic feature of picornaviruparfamily (Kooninet al. 1993). It is
thought that it acts as primer for RNA replicased @hat it interacts with RNA
polymerase (Fellergt al., 1998). It was proved that VPg acts as virus &smnce
determinant.

The nuclear infusion protein B (NIb) is RNA directed RNA polymerase
involved mainly in maturations of the replicatiossaciated protein and capsidation
(Darros et al., 1999). Both nuclear inclusion proteins aggregataucleus to form
crystal shaped bodies, nuclear inclusions.

Other proteins found in the viral genome &r&Da protein 1(6K1), 6 kDa protein 2

(6K2). Proteins are essential for protheolytic sappan of P3 from Cl and are suggested
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to be involved in viral replication. Potyvirus 6 &Dprotein was proposed to have
a membrane-binding activity (Restrepo-Hartwig andrridgton, 1994). It cleaves
autoprotheolytically from VPg. 6kDa protein stapsciytoplasm but VPg is transported

to nucleus.

1.7. Phylogenetic relationships

First phylogenetic analysis performed in 2003 sstgge the phylogenetic relationships
of ZYMV (Fig. 3). The diversity among the ZYMV isssociated especially with
biogeographical distribution. The analysis was bdasesequencing of coat protein. The
sequencing distinguished three major groups (Zlehoal., 2003). First group
involve mainly European isolates, one Californisolate, isolate form Japan and some
Chinese isolates. The leaves display mosaic omethees and cause distortion of fruit.
Second group abound exclusively in Asia. Observaglaptoms on leaves strongly
resemble to mentioned first group. Last group idelisolates form Reunion, Singapore
and other islands from Indian Ocean. The surfadeafes show strong mosaic but the
fruit stay symptomless. The most significant difece in genetic diversity was
recognized in Asia particularly in China. The clgdom represents results of
evolutionary dynamic analysis (Simmoetsal., 2008). The scientists, using Bayesian
coalescent approach, suggested that the ancesiiyY dates back no more than 800
years. These results impute the dispersal of vioubiuman activities. The second
cladogram represents more detailed information alptwylogenetic relationships of
ZYMV isolates found in Central Europe additionaltyghlighting the placement of

isolates we used for our experiment (Fig. 4).
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assess the robustness of the branches. Only agotasttues >70% are shown. The scale
bar represents a distance of 0. 1 substitutionssiper The divergent ZYMV isolates

from Singapore (AF014811) and Reunion Island (LZ)5@ere used as outgroups. The
subcluster of Central European isolates is surredrxy dot and dashed line (Glasa and
Pittnerov4, 2006). The arrow represents the isoleteis the most closely related to the

isolate we were working with.

1.8. Viral replication, gene expression protein procesag

ZYMV virions are made of genomic RNA and coat prate The precursor is processed
into functional products by Nla proteinase, protesponsible for the major cleavage
(Li et al., 1997). The P1 and HC Pro cleave autocatalytic@tig. 5). 6K1 enable
separation of P3 from CI then VPg is uridylylatedtbe polymerase and is covalently
attached to the 5'-end of the genomic RNA duringtyp@nscriptional modification.
This uridylylated form acts as a nucleotide-peppdener for the polymerase.

Potyvirus (TEV) replication occurs in the cytoplagmt its replication complexes are
associated with endoplasmic reticulum derived mamés (Schaaet al., 1997).

elF4E is likely to be involved in the onset of VIRINA translation and therefore aids to
express all viral proteins and accumulation of ons. It seems to act as a
guiding molecule in intercellular transport througlasmodesmata (Lellig al., 2002;
Gaoet al., 2004).

S [vPg ]| polyprotein 3
Y
P1- pro HC-Pro | P3 Cl VPg Nla-pro NIb CP
M Auto-catalytical cleavages <> Cleaved by Nla-pro

Fig. 5: Polyprotein processing schema Rityvirus with marked cleavage sites of
functional products (adapted from ViralZone: wwwagy.org/viralzone, Swiss
Institute of Bioinformatics).
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2. SPREADING OF POTYVIRUS IN PLANTS

2.1 Cell-to-cell movement

Once the virus penetrates to cell it interacts #&medins to spread through the
plasmodesmata between the cells. These eventsraegeis of highly specific
interactions to overcome natural barriers. Many ke&chanisms are still researched and
demand further experiments.

Generally the virions or protein complex interaststh docking complex and
plasmodesmata. Then size exclusion limit of plassothta is increased due to
interplay of specific proteins and inner translamatsystem is transferred to cytoplasm
of adjacent cell to function (Otula#&t al., 2010). The groups of movement proteins
usually enable the cell-to-cell movement. No specifovement proteins are encoded in
potyvirus genome but the cell-to-cell movement mesu CP and some additional
proteins that play essential role of movement pnst€¢Scholthof, 2004). The known
proteins involved in potyviral cell to cell moventeare CI, CP, HC Pro and NIb
particularly VPg domain and part of P3, P3N-PIP@jéRet al., 1997; Nicolaset al.,
1997; Carringtoret al.,1998; Dunoyeet al., 2004; Weret al., 2010).

The results of the experiments support the idetwin@n formation is necessary for
the movement (Doljat al., 1994, 1995; Robertst al., 1998). More detailed studies
performed on CP significance showed that core donmateracts with viral RNA.
Additionally, alternations of the sequence at Nviimial domain slow down intercellular
transport (Doljaet al., 1994, 1995). Mutations in central region of HC Hnoited the
cell-to-cell movement or in some cases abolishéildassachaet al., 1997; Kleinet al.,
1994). Interaction between HC Pro and CP evokedisigeof size exclusion limit and
therefore promoted transport in plasmodesmata &®tlal., 2010). Direct evidence
for association of Cl with plasmodesmata was showleen the transport nucleoprotein
complexes inside plasmodesmata contained CP, RX& and Cl (Rodriguez-Carezo
et al.,, 1997). Further studies lead to the proposal oftyyus cell-to-
cell movement model. The model represents genoteeastion with CP to form virion
or ribonucleoprotein complex that is directed viap@tein channel to plasmodesmata
and then to adjacent cell. The complex is likelypéocomposed of the CP, CI, Nla, Nib
and 6kDa (Fig. 6) (Otulaét al., 2010).
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New model of cell-to-cell movement was proposed mtie role of P3N-PIPO protein
as movement protein was suggested (Weal., 2010). Primary the newborn virions

interact with Cl at membrane bound sites of refilbcato form movement complex.
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The complex is transported to the aperture of ptasrama where it interacts with P3N-
PIPO protein. The act facilitates the transporthef virion to adjacent cell and leads to
formation of conical structures (inclusion bodi&sat are typical for potyviruses (Wei
et al., 2010).

P3N-PIPO-directed
O P3N-PIPO formation of Cl
O Cl conical structures CW
* CP
(' \/iral (+)RNA

Movement complex PD transport complex

Fig. 7: Model for potyvirus intercellular transpdirough PD. The virion-Cl movement
complex is intracellularly transported to the maatif plasmodesmata where CI forms
conical structures anchored by the plasmodesmatddd P3N-PIPO. The virion is then
fed through the CI structures and plasmodesmaba toansferred the adjacent cell, cell
wall (Wei et al., 2010). CP coat protein, P3N — PIPO — protein,—CGt¢ytoplasmic

inclusion protein, PD plasmodesmata. CW — cell wall

Eukaryotic translation initiation factor, elF4E, svbound to be susceptibility factor of
plant to potyvirus infection. The elF4E is likely be involved in the onset of viral RNA
translation and therefore aids to express all \prateins and also to accumulation of
the virions. It also seemed to act as a guidingeade in intercellular transport through
plasmodesmata, probably in cooperation with elF&&ofet al., 2004). elF4E — patrticle
complex promises the onset of the translation m®Ee in adjacent cell due to its
association with translation factors via mechancsniiranslational disassembly (Geto
al., 2004).

2.2 Systemic movement

The systemic movement of the viruses generallybsacharacterized as the movement
between organs and vascular tissue. The virioheribonucleic complex is transported
primary by local movement and then through vasctigsue enhanced by phloem

loading and unloading along with assimilates arfetophloem proteins. The virus must
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get inside the sieve element-companion cell comfiieough parenchyma cells, here it
overcomes the specificity.

Plant barriers for tobacco etch virus (potyviruggction appeared to be on the interface
between companion and sieve cells (Schaad., 1996). It was shown that the virus is
disassembled before it was transferred to adjahtThe ribonucleic transport complex
is made. The virions are reassembled in the silmraemt (Blackmaret al., 1998). The
studies based on tracing of GFP suggest that phlogdmg is performed in minor veins
of the leaves contrary the loading of assimilates wbserved only in major veins. The
Aphid transmissible viruses are capable of repboaih companion cell. The virions that
unload of the vascular tissue posse’s differentpmmsition compared to ones that enters.
Once the complex enters the sieve elements it floivsassimilates to sinks. It has been
demonstrated that viral RNAs are capable of intemaawith lectins in the stream. The
process usually leads to systemic infection offtbst that is the result of the plant-virus
factor compatible interaction. HC Pro is one of m®teins involved in successful
systemic movement of the particle (Crorgnal., 1995; Kasschaet al., 2001). The
local movement and replication can be slowed dowihb substitution of Cys-Cys-Cys
region of HC Pro boxes then the systemic spreddeofirus was abolished. It is thought
that the defect was present in sieve elements tireirexit of vascular tissues (Croren
al., 1995). The virus unloading from the phloem occumyathrought the veins
class lll., it has been proved that minor veinscfion mainly as the xylem transport
(Robertset al., 1997). The RTM genes are responsible for the Wistgance movement.
Any mutation in the sequence of RTM1, RTM2 or RTM3ads to the dysfunction of
the movement of potyviruses (Whithagnal., 1999). The RTM1 and RTM2 genes are
expressed in the in the phloem associated tis3unesprotein products are found in the
sieve elements (Chisholehal., 2001). The systemic movement is more tightly emted

to host factor than cell-to-cell movement. The phioloading and unloading is therefore
influenced by the specific host factors. Synergianpathology is an event where one
strain of the virus co-infects the plant and themrefenables the virus to replicate or moves
systemically. This can be represented on the exampére the CMV-M was not able to
cause the systemic infection because of the plefénde mechanisms that slow down
action of CP. But co-infection with ZYMV resulted systemic infection. This could
happen due to suppress of host transcription fatoprobably the virus could have used
HC Pro of ZYMV to move systemically (Chetial., 2002).
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3. METHODOLOGY

Targeting of ZYMV coat protein (CP) by DAS-ELISAqwed the presence of ZYMV
in inoculated plants. Quantitative RT-PCR (qRT-PG#s performed to determine
viral concentration in the leaves during infecta®velopment.

Plant material and cultivation: Two different species of squash the pumpkin GOLIAS
(Cucurbitamaxima L. cv. GOLIAS) and the zucchini Qucurbita pepo L. cv.
STARGREEN) were planted he plants were cultivated on Klasmann 4 substiidte.
seeds were obtained from the company Semo a.szic&mPlants grew in the phytotron
at 22 °C day / 18 °C night and photoperiod 16/8rboit took 8 days before grown
cotyledon leaves of pumpkand over 10 days of grown zucchini’s.

Virusisolates used:

ZYMV KUCHYNA - The isolate was obtained from VU SABratislava.

ZYMV SRS 7431/97 - The isolate was obtained froate&SPhytosanitary Administration.
ZYMV H - The isolate was obtained from VU SAV Brsitiva.

ZYMV TURKEY — The Isolate is part of field collecin from Turkey-Antakya-Hatay
accomplished by Mgr. Dana S&&4, Ph.D. The source plants w&epepo (L.).

3.1. Inoculation

Plant viruses were forced to develop strategiesvezcome the natural barriers on the
surface of the cell, the cuticle and plasma men#rarich protect plants against the
pathogens. Naturally the penetration is enableoutyin injuries usually caused by insect
like Aphids. We exceeded these barriers by usinglifferent methods of virus
transmission. The standard age of the plants foculation was 8 days. The. pepo
(L.) infected by isolate ZYMV SRS 7431/97 (14 DRlere used as the source of

inoculum.

3.1.1 Mechanical inoculation

One gram of the infected plant tissue was homogenin 2 ml of phosphate buffer

(0. 01 M, pH = 8). The abrasive celit was addedisoupt the tissues on the surface of
the leaf. Activated carbon was added to absorbndefeorganic compounds on the
surface. Generally 10 mg of celit and activatedboarwas used per 1ml of homogenate.
The tissue was disrupted by the sponge soakeaimikture then the plant was left for

3 minutes and washed.
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3.1.2 Biolistic inoculation (Gun bombardment)

The method was suggested by Pradat al. (2010). One gram of the infected plant
tissue was homogenized in 2 ml of phosphate b#*&1 M, pH = 8). The homogenate
was centrifuged 4,500g for 5 min. Supernatant wamowved and mixed with
carborundum (6-Volume: 1-Weight). 30 pl of inoculwas transfected by airgun to
leaf (Fig. 8 and Fig. 9). Plant was left for 3 miesiand washed.

holder dispersing
network
) e
leaf \)
cover ind:
stand

Fig. 8: Schema of plant inoculation using gun bordirent technique.
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Fig. 9: Sites of inoculum bombardment on the leaf.

3.2. Sample collection, preparation and analysis

The samples were taken regularly from inoculatedyledon leaf, uninoculated
cotyledon leaf and first grown leaf of the plar@#cular samples were cut out by cork
knife, which measured 1 cm in diameter. The cirglese packed, marked and then put
into ice for cooling. Afterwards the set of samplas put into freezer (-80°C).
Developments of visible symptoms were regularlyedanto table.

Initial sample collection was performed 2 days pasoculation (DPI) from
uninoculated cotyledons leaves. The first sampkessed from inoculated leaves were
collected 4 DPI to assure that virus could repicatd move freely. Primary collection
of circles cut from first grown leaves has beened@DPIl when the leaves grew to
reasonable size. The sample of uninoculated plastcollected and used as negative
control.

Deep frozen samples were moved from freezer (-80&&)to melt gradually then
the mixed samples were prepared. 4-5 circles o$énee characteristic were chosen and
cut to quarters. Three fourths of the sample wenedgenised and prepared for DAS-ELISA,
diluted 1:7. The rest of sample was homogenisedtatadl RNA was isolated. Mass of

each sample was noted for subsequent analysis.

3.3. DAS-ELISA

We proved the spreading of the virus in plant bieding presence of virus at different
parts of the plants performing DAS-ELISA (Double tdvody Sandwich Enzyme

Linked ImmunoSorbent Assay). The antibodies weoslpced by LOEWE Biochemica
GmbH. The primary antibodies were diluted 1:200couating buffer (18ul of IgG

solution / 3.6 ml of coating buffer). The 200 ul @ifuted antibodies were pipette to

microtiter wells. The microtiter plate was inculzht@ 35 °C for 3 hours then washed
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three times by washing buffer. Sample was dilutad homogenized in extraction
buffer 1:10 (sample : extraction buffer) and 20@funixture were and to ELISA plate
incubated at 4 °C over night. The antibody-antigemplex was formed. IgG-alcaline
phosphatase conjugate was diluted 1:10 (18 pl & &lkaline phospatase / 3.6 ml
conjugation buffer) and 200 pl was pipette to dele@its. The plate was incubated at
35 °C for 3 hours and washed 3 times by washindehuSubstrate solution was
prepared; 3.6 ml of substrate buffer / 2.7 mg ofitpephenyl phosphate disodium salt
(Na&PNP). 200 ul was pipetted to selected wells andtisol was incubated for 1h in
dark. The complex was assayed for the presenceiraf specific antigen. The
absorbance was gained form ELISA reader after2llthand 24 h. The results were read
at 405 nm by ELISA reader BioTek. Set of valuesenveonsidered as positive if the

absorbance exceeded 0.05.

3.4. RNA isolation

Total RNA were purified using NucleoSpin® RNA Plakit (Macherey-Nagel)

in accordance with the manufacture’s instructionise 20-50 mg of plant tissue was
homogenised with 350 Buffer RA1 and 3.5 3-mercaptoethanol (3-ME) by FastPrep
FP120 (ThermoSavant;, speed 5m/s for 20s). Thatdysas filtered through
NucleoSpin® Filter, collected in collection tuber(®), and centrifuged at 11,000x g for
1 min to reduce viscosity and to clear the lysatee RNA binding conditions were
adjusted by adding 350 of 70% ethanol to the homogenized lysate andexed.
NucleoSpin® RNA Plant Column was placed to coll@ttiube and the lysate loaded to
bind the RNA. The column was centrifuged at 8,090or 30 s. The silica membrane
became desalted when 3@0MDB (Membrane Desalting Buffer) was added and
centrifuged at 11,000x g for 1 min to dry the meana. DNase reaction mixture was
prepared in a sterile microcentrifuge tube andlifé reconstituted rDNase was mixed
with 90 ul Reaction Buffer for each of the isolations itsdlhe tube was flicked and the
DNA was digested. The 98 of DNase reaction mixture was pipetted onto thetie of
the silica membrane of the column and incubatedoatn temperature for 15 min.
Adding of 200ul Buffer RA2 to the NucleoSpin® RNA Plant Column dan
centrifugation (8,000x g for 30 s) washed the coluand inactivated the rDNase. The
600ul of Buffer RA3 was pippeted to the NucleoSpin® RNAant Column and then
centrifuged at 8,000x g for 30 s. The flowthrougaswdiscarded and placed back into

25



the collection tube. Then 250 of Buffer RA3 was added to the NucleoSpin® RNA
Plant Column and centrifuged at 11,000x g for 2 toidry the membrane. The column
was put into a nuclease free supplied collectidreturhe RNA was eluted in 60
DEPC treated deionised water (11,000x g for 1 min.)

3.4.1 Measuring of the total RNA concentration

Spectrophotometer (UV-VIS, Beckman coulter, DU 78@s set to determine RNA
concentration and purity of isolated RNA at wavegiin 260 nm / 280 nm. The
calibration was performed with 2 ml of distilled teabefore each measurement. Each
sample was defrosted and mixed, optionally vortexied centrifuged, to speed up the
defrosting. 5 pl of isolated RNA was added into [2ofrdistilled water.

3.5. RT-PCR

All samples chosen for analyses were DAS-ELISA fpasiand their absorbance was
higher than 1.9 and concentration of total RNA vmagher than 0.15 pg/ ml. We
verified the presence of viral cDNA at differentrigaof the plants by performing RT-
PCR by detecting viral coat protein (CP) particiyl&@ter(NIb)-(Nter)CP. Primers were
designed by Glasa&t al. (2007) made by KRD molecular technologies, s.ibe
reverse transcription of total RNA was performed AylV Reverse Transcriptase
(Promega) using ZY8841R primer of the sequencedECTGATGAGACGCTCGTGTG-37
with negative orientation. Total volume of the rigac for reverse transcription was 40
pl. The reaction mixtures were prepared in flow .b&imary the mixtures were
prepared from 9.2 pl of DEPC treated deionised mv&@e pl of 20 pmol/ pl reverse
primer and 5 pl of sample per one test. Minerakdidled to prevent evaporation. Initial
denaturation was performed at 70 °C for 5 min amel ¢ubes were chilled on ice.
Second mixture was composed of 12.5 ul of DEPQéddedeionised water, 8 ul of RT
buffer 5x (M515A, Promega), 2.5 ul of 10 mM dNTRS1(4G, Promega) 1 pl of
RNAsin (N251A, Promega) and 1 ul AMV (M510F, Prorag@fterwards the cubes
were vortexed and centrifuged. 25 ul of second unéxtvas added to cooled mixture
and then incubated at 42 °C for 60min in Thermatl@yTechne Genet. cDNA was
stored in the freezer at -20 °C for subsequent use.

PCR was performed using ZY8841R primer of the segee 5'-
TGCTGATGAGACGCTCGTGTG-3" with negative orientatiamd ZY8282F of the
sequence 5°- ACA GAG GTC ATT TGC GCT GCG - 3" wtbsitive orientation, both
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designed by Glaset al. (2007). The reaction mixture for PCR was made frtuh
of buffer 5x (M890A, Promega), 10.3 pl of DEPC tesh deionised water, 2ul of
2 mM of each dNTPs (R0241, Fermentas, Inc.), 0.26fu20 pmol/ pl reverse
primers and 0.25 pl of 20 pmol/ pl forward primeds?2 pl of Go Taq polymerase
(M830A, Promega). The 3 ul sample was added. Thdinry condition set on
Thermal Cycler Techne Genet: initial denaturatidan94 °C for 5 minutes, 35
cycles of 94 °C /1 min, 54 °C/45 s, 72 °C/1 minldaled by final extension at 72
°C for 10 minutes.

Electrophoresis was performed to analyze produsfisml of 1.5 % Agarose gel
(AMRESCO, 0491B70) in TAE buffer was supplementedhw4 ul of Gel Red
(Biotinum) and filled the electrophoretic vesseQ% glycerine in DEPC treated
deionised water supplemented with 0.1 % bromphdha¢ was used as loading
solution (4x concentrated). 2 pl of the 100bp DN&&lder was used as a marker
(SM0243, Fermentas, Inc.). The 3 pl of PCR produstsre analysed by
electrophoresis. The voltage applied was 80 V fébrminutes. The results were
read by UV SynGen transiluminator using GeneSndjwsoe.

3.6. qRT-PCR

VersoTM SYBR® Green 1-Step QRT-PCR Fluorescein Kaés been used to
determine the viral concentration at different paof the leaves. Primers were
designed by Glaset al. (2007) were used; ZY8841R primer of the sequenee 5
TGCTGATGAGACGCTCGTGTG-3" with negative orientatiand ZY8282F of
the sequence 5- ACA GAG GTC ATT TGC GCT GCG - 3ithwpositive
orientation. gRT-PCR analysis was performed with Rotor Gene RG-3000A in
25 pl reaction volume. The mixture contained 2ul ldffer 10x (Y02028,
Invitrogen) 0.6 pl of 50 mM MgGJ 11 ul of DEPC treated deionised water, 2 pl
of 2 mM dNTP (R0241, Fermentas, Inc.) 0.2 pl of#fol/pl forward primer and
0.2 pl of 20 pmol/ul reverse primer, SYBR Green 018600548, Stratagene),
0.2 ul of Platinum Taq polymerase (10966-034, lrogen), and 3 pl of sample.
The cycling condition applied: single polymeraseiation 94 °C for 2 minutes,
then 40 amplification cycles, denaturation 94 °Cf5annealing 54 °C/45 s,
extension 72 °C/45 s). The melting temperature mfdpcts was analysed under

following condition of melting 72-95 °C (hold 45 @ands on the 1st step, hold 5
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seconds on next steps). Subsequently the agaroteelgetrophoresis was
performed in TAE buffer at 80 V for 50 minutes indlng 100 bp DNA ladder
(Fermentas, Inc.) that was used as molecular mailkez results were read by UV

SynGen transiluminator using Gene Snap softwarerRééne 6.0.23.
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4. RESULTS

4.1. Inoculations and symptomatology

The ZYMV infection was successful in all inoculatpldnts. Mechanically inoculated
plants showed symptoms at the same time as theimoa&dated by gun. The symptoms
were clearly observable on the first grown leaf &y« post inoculation (Fig. 10).
Primary signs suggesting the presence of the were marginal chlorosis. Afterwards
asymmetric chlorosis progressively developed onstiréace of whole first grown leaf.
As the infection continued the leaves crumpled.aFistage was accompanied by
yellowing of the leaves and necrosis developmenbgieéss of the symptoms was
summarized in the table (Tab. 1). The comparisonredults from all analysis
performed, was summarized in table (Tab. 2). Thepgyms of the cotyledons leaves were

not observed.

Fig. 10: The symptom development of ZYMV on Zucclsiquash Cucurbita pepo L.).
a) 7 DPIl and b) 11 DPI. Photos by Mgr. Dana Eafa, Ph.D.
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Table 1: Progress of the symptom development orctierbita pepo (L.) plants were

inoculated by the viral isolate ZYMV SRS 7431/9RID- days post inoculation, mC -
marginal chlorosis, AC - asymetric chlorosis, PA@ominent asymetric chlorosis, Y -
yellowing of leaf, sN- small necrosis; pN- promiberecrosis, mN-marginal necrosis)

LC - leaf crumple

Method of

inoculation 7 DPI 9 DPI 11 DPI 15 DPI 42 DPI
biolistic MC AC MC, AC AC, LC soft Y
biolistic MC AC AC AC, LC Y

biolistic MC AC AC, sN AC, LC, sN Y, sN, mN
biolistic MC AC AC AC, LC Y, sN, mN
biolistic MC AC AC, LC, sN AC, LC, sN pN
biolistic MC AC,LC AC,LC AC,LC strong Y
biolistic MC AC, LC AC, LC AC, LC Y, pN
biolistic MC AC, LC AC, LC AC, LC Y, mN
biolistic MC AC AC AC, LC Y, mN
biolistic MC AC MC, AC, LC AC, LC Y, sN
mechanical AC AC AC, LC AC, LC Y, mN
mechanical MC AC MC, AC PAC, LC Y, sN, mN
mechanical AC AC AC, LC PAC, LC Y, sN
mechanical MC AC, LC MC, AC, LC, Y PAC, LC Y, sN
mechanical MC AC, LC AC,Y, sN PAC, LC,sN Y, sN
mechanical MC MC, AC, LC| MC, AC, LC PAC, LC Y, smN
mechanical MC AC, LC AC PAC, LC Y, sN
mechanical AC AC AC, LC PAC, LC Y, mN
mechanical AC AC, LC AC, LC PAC, LC Y, sN, mN
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Table 2: Spreading of ZYMV infection in inoculaté€dl pepo L. plants and virus
concentration development. AC — asymmetric chls;o8i — control, DPI — days post
inoculation, F — firstly grown leaves, G - gun bardment inoculation,

IC — inoculated cotyledons leaves, UC — uninocdlatetyledons leaves, LC — leaf
crumpling, M — mechanical inoculation, mC — margichlorosis, PAC — prominent
asymmetric chlorosis, sN — small necrosis, Y —opelhg; + positive, - negative,
! _ below detectable levef,— sample collection errof, — error in mixing,’— RNA

isolation error®— contamination.

DPI | Leaf | Inoculation | Symptoms| Sample | DAS- |RT- |Relative
number | ELISA |PCR | concentration [%]
2 |UC |G - 26 L + 0.01
2 |uc |M - 27 ! + 0.05
4 |IC |G - 22 2 2 0.0¢
4 [IC |M - 23 + + 17.70
4 |UC |G - 24 L + 0.03
4 |UC |M - 25 ! + 0.20
7 |UC |G - 14 2 + 64.90
7 |UC | M - 15 2 + 113.83
7 |IC |G - 12 1 + 0.01
7 IC M - 13 + + 11.65
7 |F |G mC 10 + + 0.72
7 |F M mC, AC | 11 + + 0.01
9 |UC |G - 4 + 2 5.57
9 |IC |G - 5 + + 0.87
9 IC M - 2 + + 1.30
9 |F |G AC,LC |3 + + 6.88
9 |F |M AC,LC |1 + 4 0.0¢'
9 |(UC |M - 30 ! + 0.01
9 |UC |G - 29 2 + 7.61
AC, LC,
11 |F |G sN 6 + + 0.01
AC, LC,
11 |F | M sN, Y 7 + + 13.37
11 |UC | G - 9 L + 0.02
11 | IC M - 8 + + 8.43
11 |UC | M - 28 1 + 0.01
15 |IC |G - 19 + + 78.43
15 |UC | G - 20 + + 222.48
15 |UC | M - 16 + + 19.34
AC, LC,
15 |F |G sN 21 + + 80.89
15 |F | M PAC, LC | 17 + + 9.54
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DPI | Leaf | Inoculation | Symptoms| Sample | DAS- |RT- |Relative
numer |ELISA |PCR |concentration [%]
15 |IC | M - 18 + + 0.46
Nicotiana

- C- |glutinosa | - 31 - + 0.00

C+ | SRS AC 32 + + 100.00

H,0 - 33 - 0

H20 - 34 - 0

H,0 - 35 - 0

H,0 - 36 - 0

4.2. ZYMV presence detection

The DAS-ELISA test proved that the virus was présemajority of inoculated cotyledon
leaves (Tab. 2). It is likely that an error occdriuring collection of sample number 22
(4 DPI). The fact that sample collection error aeed is supported by the results of RT-
PCR and gRT-PCR. Low sensitivity of DAS-ELISA tesiplains the false negative result
of inoculated cotyledon leaves (sample number 120 #&e absence of virus in
uninoculated cotyledons leaves. The positive resUDAS-ELISA was guesstimated to
approximately 0.46% and higher relative concerdrabf virus, obtained by gRT-PCR.
Firstly, the presence of virus was detected in acuhated cotyledon leaves 9 DPI then the
values dropped below the threshold. The re-risaras accumulation (sample number 29)
was observed 11 DPI but it has not been recogmigddAS-ELISA. The virus in UC was

redetected 15 DPI. The virus was present in atlfigrown leaves.

4.3. Validation of the primers

Five chosen samples (2, 14, 15, 23 and 32) werlysmthto check functioning of the
primers (Fig. 11). The viral cDNA was expected ® fwesent in every sample. The
suggestion was based on the results of DAS-ELIS&yasThe fragment was not present in
sample 15 due to wrong pipetting of the sample whess removed from cycler, only oll
was transferred to electrophoretic chamber. Thelygbwas present during re-analysis.

The PCR product f the expected length was deteatedherefore the primers functioned
properly.
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Fig. 11: ZYMV primers validation for qRT — PCR. Eichosen samples were analysed to

check the presence of virus. Expected length of B@&uct was 559bp.

4.4. Spreading of the ZYMV in Cucurbita pepo (L.)

The ZYMV presence was previously detected by DASSAL The virus was not found in
uninoculated cotyledons leaves at early stagelseninfection contrary to qRT-PCR results
where the virus was detected in low levels, theeefthe viral concentration of
uninoculated cotyledons leaves was below detectaté of DAS-ELISA.

The analysis of Agarose gel electrophoresis of &R showed that the virus moved to
uninoculated cotyledons leaves within 2 DPI (Fig) although its accumulation was very
low (Tab. 2). The expected length of ZYMV fragmerds 559 bp. The ZYMV was found
in all samples apart of samples land 5 becauseapettipg error. The sample 22 was
prepared incorrectly for all analysis. The negato@ntrol, sample number 32, was

contaminated. The other negative controls (samheber 33-36) remained virus free.
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Fig. 12: Agarose gel electrophoresis controllingutes of ZYMV gRT-PCR products. Line
0 - molecular ladder (100bp), lines 1-32: sampleber 1-32, line 33-36: negative control.

The relative concentration in UCG leaves grew uidtiDPl when the accumulation
dropped (Fig. 13). The concentration began to cecisse 9 DPI. The top of 9.54 % was
reached 15 DPI. The initial fluctuation was obsdrire UCM leaves earlier then in UCG
leaves. The concentration rose steeply and culedn@tDPI. Afterwards the decrease to

0.1 % and re-increase up to 0.46 % was noted.
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Fig. 13: Relative concentration of ZYMV in uninoated cotyledons leaves Glicurbita
pepo L. plant using biolistic inoculation technique (lefthd using mechanical inoculation

technique (right). DPI — days post inoculation.

DPI |Sample |Relative DPI |Sample |Relative
number |concentration number |concentration
[%0] [%0]
2 26 0.01 2 27 0.05
4 24 0.03 4 25 0.20
7 10 0.72 7 11 0.01
9 30 0.01 9 29 7.61
11 8 8.43 11 28 0.01
15 17 9.54 15 18 0.46

Biolistically inoculated cotyledons leaves had quibw initial relative concentrations
values, only 0.003 % four days post inoculationt tBe concentration was gradually rising
and culminated 15 DPI when the relative concemtnateached 19.34 %. Unfortunately,
the data from 11 DPI are not accessible due toakestin sample preparation.
The mechanically inoculated cotyledons leaves shiomary rise of relative concentration
up to 17.7 % four days post inoculation then thesence of virus gradually declined (Fig.
14). The re-increase of the virus concentration ma@ed 15 DPI up to 80.89 % of relative

concentration.
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Fig. 14: Relative concentration of ZYMV in inocutdt cotyledons leaves i@ucurbita
pepo L. plants using biolistic inoculation techniqueffleand using mechanical inoculation
technique (right). DPI — days post inoculation.

DPI |Sample | Relative DPI |Sample |Relative
number | concentration number |concentration
[%0] [%0]

4 22 0.00 4 23 17.70

7 12 0.01 7 13 11.65

9 2 1.30 9 3 6.88

11| Nottested Not tested 11 9 0.02

15 16 19.34 15 21 80.89

Concentration of the virus in the first grown leaweas very high 7 DPI, 64 % for gun
inoculated plants and 113 % for mechanically inatad plants (Fig. 15). The sharp fall of
both values followed. The biolistically inoculatgdants showed lower concentration
11 DPI in comparison with gun bombardment technig@ieinoculation. The relative

concentration of mechanically inoculated plantschea the bottom 9 DPI. The virus
recovery was observed 15 DPI where its concentrateached the peaks. The virus
accumulation went up to 78 % using gun bombardrtesfinique and reached even 222 %

when inoculated mechanically. The movement of theswvas summarized in the Fig. 16.
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Fig. 15: Concentration of ZYMV in firstly grown leas using biolistic inoculation

technique (left) and using mechanical inoculati@chnhique (right). DPI — days post
inoculation.
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Fig. 16: The spreading of the virus inside the pl@n the onset of the infection the virus
spread among the inoculated cotyledon then it mdwoethe first grown leaf and to the
other cotyledon leaf (uninoculated leaf). The pneseof virus was detected by RT-PCR in
uninoculated cotyledon leaves (blue circle). Theuwviwas detectable by RT-PCR and
DAS-ELISA in inoculated cotyledon leaf 4 DPI (yedccircle). The presence of virus in

first grown leaf was primarily assayed 7 DPI. Siténoculation (green circle).
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DISCUSSION

Two inoculation techniqgues were used to transmi thrus to plants. The gun
bombardment technique was more demanded for labgraguipment than mechanical
inoculation technique although it is still very elpe and efficient technique. Major
advantage of this technique for our purpose wasamal disruption of the leaf surface.
Gun inoculation may exceed if the technician is lesperienced because the plant shows
no observable injuries when the Zucchinis cotyledeaves were inoculated. The
considerable disadvantage of gun inoculation iss@rcontamination of the environment.
Generally the concentration of the virus in biadially inoculated plants was slightly lower
than in the others. Mechanical inoculation techaidgi classical way of inoculation used
among the plant scientist, it is cheap and effictenhnique but the intense application of
inoculum on the leave may cause distinct injuriethe plant tissue and lead to premature
necrosis of the tissue. A sufficient surface of ldeves was essential for complete sample
collection.

All of the inoculated plants showed symptoms thed gypical for ZYMV infection.
The marginal chlorosis was found on the first groaf surface at early stage of the
infection. Subsequently the chlorosis made nettiogsthe whole leaves surface. The
leaves began to crumple and small circular necrames distinguished. The similar were
characterized by Liset al. (1981). The comparable symptoms development \wasroed

by Wanget al. (2004). The yellowing in the late stage of théeation was caused by
chlorophyll degradation as the result of the complant pathogen interactions studied by
Zechmannet al. (2003). The cytological changes that zucchini shuasdergoes during
ZYMV infection were researched by Radwanal. (2007). These inevitable metabolic
changes affects crop production therefore indiyezdlise economic losses.

The ZYMV was detected by DAS-ELISA and the Agargs? electrophoresis of qRT-
PCR samples. The virus was not found in uninoedlabtyledons leaves at early stages of
the infection using DAS-ELISA contrary to Agarosel glectrophoresis results where the
virus was detected. Although the DAS-ELISA is lessnsitive the test usually
produces more consistent data. The results of DASA support the schema that
virus moved from inoculated cotyledons leaves tst fjrown leaves and then it appeared
in uninoculated cotyledons leaves where it wasaletel5 DPI.

The virus probably moved from inoculated leavesfitst grown young leaves (sinks)
and minority spread to the other older cotyledohe Bimilar results were obtained by
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Dovaset al. (2005), who studied fluctuation in concentratiortwbd potyviruses. The qRT-
PCR analysis showed that the initial concentrati@iies found in first grown leaves were
high. It is important to consider that first sammlellection of first grown leaves was
performed 7 DPI when the leaves attained sufficisite. Therefore the relative
concentration of cotyledon leaves was detecteddiraiace. Earlier data analysis of first
grown leaves was impossible.

The relative concentration measurements of uniraded!cotyledons leaves showed initial
slight fluctuation that was followed by sharp rigfevirus concentration. The timing of the
events varied in 2 days for different inoculati@ttiniques (Fig. 13). The rise of virus
accumulation in mechanically inoculated plantststhrearlier. This could be associated
with higher concentration of virus in the mechaltycaoculated leaves although the data
did not prove it. The sudden drop of the concemmatould be explained by temporary
prevail of the plant defence mechanisms. The dewedmt of the concentration of
biolistically inoculated plants support the ideattlower concentration of the virus did not
switch so strong defence response. The virus onexdhe defence easily and the virus
concentration rose. It can be only guessed wedtlerdefence response was delayed.
Lower initial concentration in gun bombarded leavar be explained by the transmission
of the virus in lower concentration or by cuttirgetcircular sample from temporary virus
free part of inoculated leaf. Higher first relatizencentration in mechanically inoculated
leaves prompt that virus replicated successfullyraddal decline suggests
ZYMV movement to the other parts of the plant tisasgupported by the high concentration
values in first grown leaves 7 DPI and fluctuationuninoculated cotyledon leaves. The
involvement of plant defence mechanisms is possiflee re-increase of ZYMV
concentration of inoculated leaves appear to b& %y plant defence mechanisms
suppression starting 11 DPI.

The concentration development of first grown leasigsify the high initial concentration
values that gradually decrease due to multiple oreasThe rise and sudden fall of
concentration were in consensus with results ofettigeriment performed by Bachaad
al. (1998). Arguably the plant defence response aatédtais likely that the virus moved
to the other young leaves that grow slowly andesgnt the influential sinks. Predictably
the re-rise was linked to defeat of plant defeneemanism.

The apparent low concentration values in whole tpleere observed between 7 - 11DPI.
Presumably it can be explained as the time wherpldret defence mechanisms are fully

active and exceed.
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CONCLUSION

Transport of the ZYMV within the plant is directbg set of specific interaction between

host and pathogen. The process of translocatiownraf particle is 2-step process that

requires involvement of pathogen proteins and lf@astiors. The essential event for the

virus spreading is local movement that occurs ficet to cell via plasmodesmata. The

virions or nucleoproteins complex is translocatbédoigh plasmodesmata of due to

increase of size exclusion limit and aid of the seroent proteins that guide the molecule

through. Next stage of the successful spread ispdmetration to vascular tissue to

systemically invade the plant. The complex hasrte< natural barriers like bundle sheet

to get into the phloem to move then it invadesdbmpanion cells and progress through

sieve element via veins to sinks.

Usage of mechanical inoculation technique evokeddiktinct disruption of inoculated
plant tissue. The gun bombardment technique diccaose such a bold damage of the
inoculated leaf surface.

The sufficiency of the inoculation was comparalak;of the plants were inoculated
successfully.

Initially the relative concentration of virus trangted by gun was lower. The
difference was brought down as the infection pregge.

The data suggests that virus left inoculated cdbyteleaf and moved to first grown
leaf.

The virus was detected in uninoculated cotyledtimoalgh in very low concentration.
The results showed increasing concentration of vings in inoculated cotyledons
leaves. That supports the replication and the Ilowalement of the ZYMV

in mesophyll cell.

A presence of the virus in uninoculated cotyledteeves, first grown leaves and
symptoms development serves as the evidence fas giystemic movement. It can be
assumed that the virus moved via vascular tisssaic.

The significantly higher concentration of virus wasasured in the first grown leaves,
young leaves, the sites of assimilate consumptions.

It is likely that the drop in concentration levedttveen 7 and 11 days post inoculation

occurred due to temporal overcome of plant defemeehanisms.
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