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Abstract

Real-time PCR (Polymerase Chain Reaction) or gPCR is a method by which the amount of the PCR product
can be determined in real-time, and is very useful for investigating gene expression. The main advantages of
gPCR are that it provides fast and high-throughput detection and quantification of target DNA sequences
in different matrices. The lower time of amplification is facilitated by the simultaneous amplification and
visualization of newly formed DNA amplicons. The development and application of molecular methods for
the detection of pathogens has significantly changed the diagnosis and control of plant diseases, various
environmental samples, including hosts tissues, soil, water and air. With real-time PCR method, it is possible not
only to identify and detect the presence or absence of the target pathogen, but it is also possible to quantify
the amount present in the sample allowing the quantitative assessment of the number of the pathogen in the
sample. Detection and accurate identification of plant pathogens is one of the most important strategies for
controlling plant diseases to initiate preventive or curative measures.

Plum pox virus (PPV), the agent of sharka, is the most devastating virus infecting stone fruits. The PPV
control is mainly based on prevention, and its quick and reliable detection is considered crucial in this strategy.
In this study DAS-ELISA and real-time PCR were compared for evaluating their potentialities and limits for large
scale surveys. Plum (Prunus domestica L.) hosts and apricot (Prunus armeniaca L.) samples from several different
locations were included in laboratory test analyzes, plant organs (phloem, buds, flowers, leaves and fruits)
and parts of them, different seasons (spring, summer and winter period 2017/20), presence or absence of
symptoms were considered for comparison. Using DAS-ELISA tests and a universal set of antibodies (BIOREBA),
have proved the presence of virus of Plum pox in all examined samples, especially from samples collected in
summer, but also in virus status examination in winter and early spring season. The examination found high
concentrations of viral antigens in plant samples (OD 2.912-2.752, for 30 min / 405 nm). Real-time PCR show
amplification plot for positive PPV samples on plums and apricot.
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INRODUCTION

Plum pox potyvirus (PPV), the causal
agent of sharka disease, is most economically
destructive virus diseases affecting stone fruits
in Europe and Mediterranean region. The virus
is very detrimental because it reduces the
quality of fruits and cause a premature dropping
(Dunez & Sutic, 1988; Nemeth, 1994). PPV is
considered one of the significant limiting factors
for a profitable plum growing, predominately
peaches, nectarines, apricots, plums and prunes
(Plesko et al., 2011).

Since its discovery, sharka has been
considered as a calamity in plum orchards. In
highly susceptible plum varieties present in
North Macedonia, such as PoZzegaca and Stenlej,
PPV causes a premature fruit drop and reduces
fruit quality, which leads to total yield loss. The
same symptoms and loses are obviously in the
peach and cherry orchards. Eight PPV strains
(PPV-M, PPV-D, PPV-EA, PPV-C, PPV-Rec, PPV-W,
PPV-T and PPV-CR) have been recognized so
far. Three major strains (PPV-M, PPV-D and PPV-
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Rec) are the most widely dispersed and occur
frequently in many European countries (Bagi et
al,, 2016, Jevremovi¢, 2012).

DAS-ELISA test (Double antibody sandwich
enzyme - linked immunosorbent assay) using
BIOREBA kits and One Step Real Time PCR
using Applied Biosystems 7500 Real-time PCR
System, are one of the most effective molecular
diagnostic tools for PPV.

The method of choice for quantification
of nucleic acid (DNA, RNA) in all areas of
molecular biology is the polymerase chain
reaction in real-time or the quantitative PCR
(gPCR) method. Quantitative PCR is the “gold
standard” technology for quantifying nucleic
acids, and since its first report describing real-
time PCR detection in 1993, its use has grown
exponentially. Newer technological advances
expand the range of applications, from high-
resolution melting detection to digital PCR.
Nowadays, it is a very affordable technique to
achieve robust and reliable analysis. Real-time
PCR (Polymerase Chain Reaction) or qPCR is
a method by which the amount of the PCR
product can be determined, in real time, and is
very useful for investigating gene expression.
The main advantages of qPCR are that it
provides fast and high-throughput detection
and quantification of target DNA sequences
in different matrices. The lower time of

amplification is facilitated by the simultaneous
amplification and visualization of newly formed
DNA amplicons (EPPO 2004, 2006).

The most obvious is the use of gPCR
in molecular diagnostics, where it is slowly
replacing conventional methods. It is used to
detect, identify and quantify disease-causing
microorganisms (bacteria, viruses and fungi).
With gPCR the metro decreases, contamination
and erroneous results. It also allows large
quantities of samples to be processed in less
time (up to 384 or even 1536 reactions) and has
thus proven to be an indispensable method
in diagnostic laboratories. However, it should
be noted that the method detects only the
presence of DNA or RNA of a microorganism
and does not report its viability (Varga & James,
2005). As a result, conventional microbiological
techniques are sometimes still needed along
with gqPCR, is also used to detect and quantify
genetically modified organisms or to perform
genotyping. This means that different alleles
of the same gene or individual nucleotide
polymorphisms (SNPs) can be detected that
can be used as genetic diagnostic or prognostic
markers for certain diseases (Klarik & Ricchi,
2017).

MATERIAL AND METHODS

Plant material

One of the most important strategies
for controlling plant diseases is accurate,
early detection and identification of plant
pathogens. In fact, this is the basis of plant
disease management. Improved disease control
with appropriate phytosanitary monitoring for
identification and diagnosis of viruses, bacteria,
fungi, phytoplasmas, nematodes and insects
as well as the introduction of new diagnostic
methods for detection of pathogenic plants
are necessary in order to respond to emerging
environmental challenges in agriculture.
Detection and accurate identification of harmful
plant pathogens is essential to improve plant
disease control strategies. Early detection and
identification of plant pathogens and viruses
provide a basis for understanding their biology
and appropriate strategies for controlling that
particular pathogen.

Laboratory analyses

The laboratory analyses of the collected
material were completely performed in the
UNILAB laboratory at the Department of Plant
and Environmental Protection, Faculty of
Agriculture.

For direct PPV detection using DAS
ELISA Technique, 0.5 g of fresh leaves were
homogenized with tissue homogenizer
(BIOREBA, by using Bioreba extraction bags) with
5 ml plant extraction buffer from commercial kit.
Different laboratory analyses and methods are
used to identify PPV (Plum pox potyvirus), ELISA
serological method, and the greatest emphasis
is placed on laboratory analysis using state-of-
the-art molecular real-time PCR analysis. DAS
ELISA “ready to read plates” were read after 30
and 60 min of incubation at 25°C and samples
were considered positive if absorbance (A, . )
was greater than or equal to two times that of
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negative control.

Real-time PCR (quantitative PCR, gPCR)
is now a well-established method for the
detection, quantification, and typing of
different microbial agents in the areas of
clinical, veterinary diagnostics, environmental,
food safety, plant disease its. Although the
concept of PCR is relatively simple, there are
specific issues in gPCR. These include the
use of correct terminology and definitions,
understanding of the principle of PCR,
difficulties with interpretation and presentation
of data, the limitations of gPCR in different areas
of microbial and environmental diagnostics,
parameters important for the description of
gPCR performance (Fig. 1).

With the increasing amount of sequencing
data available, it is literally possible to design
gPCR assays for every microorganism (groups
and subgroups of microorganisms, etc.) of
interest. The main advantages of qPCR are that
it provides fast and high-throughput detection
and quantification of target DNA sequences
in different matrices. The lower time of
amplification is facilitated by the simultaneous
amplification and visualization of newly formed
DNA amplicons. Moreover, gPCRis safer in terms

Real-time PCR
{qPCR)

-
Intercalating dye
Based method )

-

{

Hydrolysis probe
Based method

of avoiding cross contaminations because no
further manipulation with samples is required
after the amplification. Other advantages
of gPCR include a wide dynamic range for
quantification (7-8 Log10) and the multiplexing
of amplification of several targets into a single
reaction. The multiplexing option is essential
for detection and quantification in diagnostic
gPCR assays that rely on the inclusion of internal
amplification controls. The principle of real-
time PCR relies on the use of fluorescent dye.
In general, the principle of the present method
is stated below. The amount of the nucleic acid
present into the sample is quantified using
the fluorescent dye or using the fluorescent-
labelled oligos. When a dye or probe binds with
the target template, it releases a fluorochrome
which resultantly emits fluorescence for the
detector to detect. The detector captures a
signal as a positive template amplification. Two
types of chemistry are available for the real-time
quantitative PCR:

DNA binding dye (Intercalating dye-
based method)

Sequence-specific probe
Probe-based detection method)

(Hydrolysis

1

Fluorescent dye / Sequence
DMNA binding dye specific probe
Linear probe Molecular beacon Scorpion probe

Figure 1. Principle of real-time PCR (qPCR)

If DNA is present in the sample in a higher
quantity, amplification and quantification start
at the early stage of the reaction; otherwise, the
amplification starts in the late stage. As like the
conventional PCR, there are three main steps in
real-time PCR:

Denaturation
Annealing

Extension

Denaturation occurs at 94°C where the
double-stranded DNA is denatured and two
single-stranded DNA is generated. The DNA is
melted. This single-stranded DNA is the sight of
the annealing for the primers in the later step of
the amplification.
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Annealing occurs at 55°C to 66°C in
which the sequence-specific primer binds to
the single-stranded DNA. Along with it, the
fluorescent dye or the probe bind to the DNA
sequence too. Extension occurs at 72°C at which
the Taq DNA polymerase activated highest. In
this step, the Taq adds dNTPs to the growing
DNA strand. The real-time quantitative PCR is
more sensitive and accurate than the endpoint
PCR. Because, the amplification is measured
in real-time, during the reaction. After each
reaction, the fluorescence is emitted and it is
reported by the detector.

The real-time PCR method is undoubtedly
more accurate and reliable than other methods
(Kralik & Ricchi, 2017).

Itis used for the quantification of DNA, RNA
and gene expression. The sample source for the
real-time quantification is gDNA, cDNA, RNA,
Gene of interest, synthetic oligos, total RNA
or plasmid DNA. The real-time or quantitative
analysis is divided into two other methods:

«  Standard curve analysis

Relative quantification

Advantages of Real-time PCR:

The method is cost-effective.

It is time-efficient

More sensitivity and specificity

Fewer templates required

DNA binding dye method is the best
technique for real-time detection.

The dye has its own fluorescence. Once
the dye binds to the double-stranded DNA the
fluorescence emitted by the dye increases 100
to 1000-fold than the original signal. However,
the original dye fluorescence is taken as the
baseline (as a reference) for the detection.

The method is rapid, quick, reliable and
cost-effective. Also, the chance of error in the
experiments is less and the reaction setup is
simple & easy to use.

The result of the experiment depends on
the specificity of the primers used in the PCR
reaction. Because even though the primers
remain bound non-specifically, the DNA
binding dye binds to the non-specific sequence
and gives the fluorescent signals. As the dye
detects the double-stranded DNA to bind, even
if the dsDNA is non-specific, the dye binds to
it. Therefore, the chance of the non-specific
detection is high in the SYBR green dye-based
method. The SYBR green is one of the most
popular dyes used in real-time PCR.

>N =

A melting curve analysis helps to identify
non-specific bindings during the reaction.
After completion of the amplification reaction
and capturing fluorescence signals, melting
the template (again) determines non-specific
bindings if any. During melting, at a high
temperature, the template starts denaturing
which consequence dye dissociation and
reduce fluorescence.

The quantification is achieved by
amplifying and monitoring the DNA or RNA
present in the sample. For the quantification of
the gene expression, the RNA is quantified into
the real-time PCR.

Eight PPV strains (PPV-M, PPV-D, PPV-
EA, PPV-C, PPV-Rec, PPV-W, PPV-T and PPV-
CR) have been recognized so far. Three major
strains (PPV-M, PPV-D and PPV-Rec) are the
most widely dispersed and occur frequently
in many European countries. DAS-ELISA test
using BIOREBA kits and ONE Step Real Time
PCR using Applied Biosystems 7500 Real-Time
Laboratory analyses were performed on a 7500
real time PCR instrument with appropriate kits
for detection and amplification of Plum pox
virus - Plum pox virus One-Step Real-Time PCR
with Tag-Man® technology.

The collected material or sampleiis first RNA
extruded by manual method with a suitable
plant RNA extraction kit - PureLink ™ RNA Mini
Kit which provides a simple, reliable and fast
column method for isolating high quality total
RNA from a wide range of samples without the
need for hazardous reagents such as phenol
(RNeasy Plant Mini kit (Qiagene, USA).

The resulting RNA is then used for further
laboratory analysis. The used kit for detection
and amplification of Plum pox virus - Plum
pox virus One-Step Real-Time PCR contains:
prepared master mix, enzyme for reverse
transcription, positive and negative control.

The protocol is entered into the real-time
polymerase chain reaction instrument with the
following conditions given in the appropriate
detection kit.

The interpretation of the results is as
follows:

The sample is positive:

«  When the Ct value of the gain curve is

below or equal to 35.

The sample is negative:

«  When there is no amplification curve
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«  When the Ct value of the gain curve is

higher than 35.

The cDNA od each sample was used in
separate real-time PCR reactions for detection
of PPV. The 20pl real-time PCR reactions for PPV
were performed in TH TagMan Universal Master
Mix (combine 19,375 pl of the PPV Master Mix
with 0.625 pl of the RT-Enzyme per reaction,
and 1/10 diluted cDNA as a template.

Real-time PCR reactions were run in
duplicates for each undiluted or dilute cDNA
on Applied Biosystems 7500 Real-time PCR
Systems, using cycling conditions for the One-
step Real-time RT-PCR kit (55°C for 15 min., 95°C
for 10 min., 95°C for 15 sec. (denaturation) and
60°C for 60 sec. (annealing and elongation).
Data were acquired and analysed using the
7500 Real-time PCR System Sequence Detection
System Software v2.3.

RESULTS AND DISCUSSION

In our paper, plum (Prunus domestica L.)
hosts and apricot (Prunus armeniaca L.) samples
from several different locations were included in
laboratory test analyses, plant organs (phloem,
buds, flowers, leaves and fruits) and parts of
them, in different seasons (spring, summer and
winter period 2017/20), presence or absence
of symptoms were considered for comparison
(Fig. 2 & 3). DAS-ELISA and One Step Real Time
PCR techniques are included to confirm the
presence and concentration of PPV in different
plant material (leaves, stem, flower and fruits).
Using DAS-ELISA tests and universal set of
antibodies (BIOREBA), has proved the presence
of virus of Plum pox in all examined samples,
especially in samples collected in winter and
early spring season. The examination found
high concentrations of viral antigens in leaves
samples (OD 2.912-2.752, for 30 min, 405 nm)
(Fig. 4).

Total RNA extraction and quality of
extracted tot RNA was different between plant
samples. The quality of totRNA from plum
samples was high and uniform while quality of
totRNA from apricot samples was much lower
(data not shown).

Real-time PCR show amplification plot
for positive samples (Fig. 5). For Real-time

diagnostic we used One-Step Real Time RT-
PCR kit for Detection of Plum pox potyvirus, by
running method using the following conditions
and pre-heat the thermal cycler block to 45°C.

Real-time positive sample is:

Ct value of the gain curve is below or equal
to 35 (Ct=30 for our PPV positive samples)

The sample is negative:

When there is no amplification curve
(negative control)

When the Ct value of the gain curve is
higher than 35 (some of our plum and apricot
samples) (Fig. 5b)

As expected, results have proved presence
of Plum pox potyvirus (PPV) in plums and apricot
in Eastern part of our country. The results were
supported by application of state-of-the-art
molecular methods for rapid, accurate detection
and quantification of pathogenic viruses.

The results from laboratory testing
and quantification of PPV from plum and
apricot samples, showed that the highest
concentrations of viral antigens were found in
leaves, followed by flowers and stem, but the
samples from fruits did not showed presence of
PPV.The latest might be due to very low titter of
antigen and they cannot be identified by DAS-
ELISA.
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Figure 3. PPV symptoms on apricot (season 2020)
a) Chlorotic rings on apricot leaves.
b) Chlorosis on leaves and morphological deformation on fruits.
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Measurement count: 1 Filter: 405 30 min

1 2 3 4 5 6 7 8 9 10 11 12
A 2,912 2,752 2,728 2,866 0,096 0,1 0,093 0,097 0,092 0,099 0,096 0,094
B 0,094 0,082 0,09 0,083 0,787 0,836 0,866 0,869 0,085 0,083 0,085 0,081
C 0,18 0,161 0,448 0,437 0,444 0,384 1,201 1,211 1,247 1,38 1,243 1,196
D 1,584 1,119 1,003 0,967 1,276 1,673 0,686 0,654 1,016 0,999 1,118 1,212
E 0,22 0,15 0,979 0,878 0,987 0,972 0,822 0,664 0,076 0,083
Measurement count: 1 _Filter: 405 60 min

1 2 3 4 5| 6 7 8 9 10 11 12
A 3,428 3,323 3,265 3,39 0,101 0,106 0,103 0,108 0,104 0,119 0,114 0,103
B 0,102 0,085 0,095 0,089 1,618| 1,663 1,733 1,61 0,093 0,086 0,084 0,083
C 0,269 0,245 0,77 0,777 0,835 0,762 2,297 2,274 2,346 2,803 2,118 2,188
D 2,659 2,361 2,297 2,186 3,063 3,047 1,494 1,484 1,928 1,934 2,124 2,124
E 0,364 0,235 2,189 2,11| 2,128 2,112 1,635 1,647 0,077 0,084

Figure 4. Measurement count on ELISA reader, OD 405 nm, after 30- and 60-min. Green number is referring
positive control and the last number from the plate is negative reference control. Yellow coloring indicates all
our positive samples from plums in row A, B, C and D and E indicates apricot positive samples.
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Figure 5. One step Real Time PCR results from plum and apricot samples 2018/19 (using One-Step Real-time
RT-PCR Kit, Tag-Man® technology).
a) Amplification curves associated to Prunus (blue curves for plum and green for apricot) and red line for
negative control (healthy plant)
b) Amplification plot for positive Prunus samples, negative samples and negative control.

CONCLUDING REMARKS

One of the most important strategies
for controlling plant diseases is accurate,
early detection and identification of plant
pathogens. In fact, this is the basis of plant
disease management. Improved disease control
with appropriate phytosanitary monitoring for
identification and diagnosis of viruses, bacteria,
fungi, phytoplasmas, nematodes and insects
as well as the introduction of new diagnostic
methods for detection of pathogenic plants
are necessary in order to respond to emerging
environmental challenges in agriculture.

Plant pathogens and viruses infect a wide
range of plant species and cause high losses

of yields crop quality. Detection and accurate
identification of harmful plant pathogens is
essential to improve plant disease control
strategies. Early detection and identification of
plant pathogens and viruses provides a basis for
understanding their biology and appropriate

strategies for controlling that particular
pathogen.
PCR based methods, including real-

time PCR are widely used for the detection of
plant viruses. In the viral status detection, the
most important method is choice of nucleic
acid extraction procedure which can greatly
influence the reliability of detection and
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quantification of target sample. It is important
to validate the extraction procedure for
different sample matrixes and the ability of the
extraction method to provide suitable nucleic
acid from each matrix.

Utilization of DAS-ELISA tests and universal
set of antibodies (BIOREBA), has proved the
presence of virus status of Plum pox in all
examined samples from plum and apricot,
especially in samples collected during winter
and early spring season. The results showed
high concentrations of viral antigens in leaves
samples (OD 2.912-2.752, for 30 min, 405 nm).
The universal reagents in the DAS-ELISA format
are detecting the ‘full spectrum’ of PPV isolates
(D, M, EA, C, W and Rec strains). In our study,
we have much more samples detected by DAS-
ELISA as positive, but we didn't confirm all of
them by real-time PCR.

For real-time diagnostic we used One-Step
Real Time RT-PCR kit and real time PCR, and pre-
method of total RNA extraction by using Plant
Mini Kit (Qiagene, USA). The results showed

amplification plot for positive plum and apricot
samples, randomly chosen ELISA positive
samples were used for totRNA quantification.
According to our results we would recommend
utilization of different method and commercial
kit for totRNA extraction and afterwards usage
of cDNA dilute 1/10 in real-time.

Quantitative real-time PCR is an accurate,
fast, sensitive, cheap and adequate method in
genomic research. Real-time PCR has provided
a significant value during pandemics or
epidemics for sensitive, real-time and rapid
detection of pathogens to reduce the mortality
and morbidity rate. Real time PCR method is
methodology that is used very often today
in our country nowadays in human medicine
diagnostics, but previously it was intensively
exploited in plant pathology. gPCR technology
represents a powerful tool in microbial,
environmental, food, plant diagnostics.
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YMNOTPEBA HA METO/ NOJINMMEPA3HO BEPUMHA PEAKLINJA BO PEAJIHO BPEME 3A
ANJATHOCTUKA HA LUAPKA KAJ CZIBU U KAJCX BO PENYBJIMKA CEBEPHA MAKEAOHWUJA
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Pesume

MNonumepasHa BepwkHa peakuunja Bo peanHo Bpeme real time PCR (Real time Polymerase Chain
Reaction) unn qPCR e metoa co Koj konmumHata Ha PCR npou3BogoT Moxe Ja ce ogpenmn Bo peasiHO Bpeme
N e MHOTY KOPMCEH 3a NCTPa)KyBarbe Ha reHeTckaTta ekcrnpecuja. maBHute npegHoct Ha qPCR ce Toa wro
o0b6e36enyBa 6p3a U BUCOKONPOMYCHa AeTeKUMja U KBaHTUdUKaumja Ha LenHute [JHK cekBeHLM BO pas3fimyHu
MaTpuum. KpaTkoTo Bpeme Ha amnnndrikaumja e onecHeTo CO MCTOBPEMEHO 3acuiyBame 1 Bu3yenmsaymja
Ha HoBodopmupaHute [IHK amnnukoHW. Pa3BojoT n NprvMeHaTa Ha MONEKyNapHUTE MeToAM 3a OTKpMBake
Ha naToreHu 3HaYWTENHO ja MPOMEHU AMjarHo3aTa U KOHTpoMaTa Ha 6onecTute Ha pacTteHujaTa, PasnnyHK
nprMmepoLn Of XMBOTHaTa CpefiiHa, BKNYYyBajK/ ' TKMBaTa Ha JOMaKMHUTE, MoYBaTa, BOAATa Y BO3LYXOT.
Co metopoT Ha PCR BO peanHo Bpeme, MOXHO e He camo fa ce naeHTUdUKyBa 1 OTKpre NpUCyCcTBOTO UN
OTCYCTBOTO Ha LieIHVOT NaToreH, TyKy CTO Taka € MOXHO Aia Ce U3Mepur KONMUYMHaTa NprcyTHa BO MPUMEPOKOT
LUTO OBO3MOXKYBa KBaHTUTaTUBHa NPOLIeHKa Ha 6p0ojoT Ha MaToreHOT BO NPUMepPOKOT. OTKpMBaHETO 1 TOYHATA
naeHTUdrKaumja Ha pacTUTENTHUTE NaTOreHN e eAHa Of HajBaXkHUTE CTpaTerny 3a KOHTPOsIa Ha pacTUTeNHMTe
60necTu 3a fa ce MHULUMpPaaT NPEBEHTVBHMW UV KYPaTVBHU MEPKN.

BupycoT Ha wapka kaj cnveata (PPV) e HajonacHMOT BMpPYC WITO O MHOUUMPA KOCKECTOTO OBOLLje.
KoHTponaTta Ha PPV rnaBHO ce 3aCHOBa Ha MPEeBEHLM)a, @ HEj3MHOTO OP30 1 CUTYPHO OTKPKBakbEe Ce CMeTa 3a
KNy4HO BO OBaa cTpaTeruja. Bo oBaa ctyaunja, DAS-ELISA 1 PCR Bo peanHo Bpeme 6Gea criopefieH 3a eBanyauuja
Ha HUBHUTE NOTEHUMjany 1 rpaHnLM 3a UCTPaxyBarba of ronemu pasmepu. lomaknHute Ha PPV cnusata (Prunus
domestica L.) n npumepouuTe of KajcujaTta (Prunus armeniaca L.) o HEKOJIKY pa3finuHU MecTa 6ea BKITyUYeHM 3a
nabopaTopmUCKM TECT aHaNMU3K, CO KONEKLMOHNPare Ha PacTUTENHN opraHm (brioem, NynKu, LBeKMHa, ncja u
NJOAO0BY) 1 AeNIOBU Of HMB BO PasfIMyHM NEPUOAM Of roamnHaTa (NposeT, neTeH 1 3umckn nepuog 2017-2020)
1 NPUCYCTBOTO MMM OTCYCTBOTO Ha CUMNTOMM 6ea 3eMeHU Kako BaxkeH dakTop 3a cnopepba. Co KopucTene
Ha DAS-ELISA TectoBu 11 ynotpeba Ha yHVBep3aneH ceT Ha aHTutena (BIOREBA) e foKakaHO NpUCycTBOTO Ha
BMPYCOT Ha LWapKa Kaj c/imBaTa BO CUTe MCMUTaHU NPUMEPOLIM Of CAIMBa U Kajcuja, ocobeHo of nprmepouuTe
cobpaHu BO 1eTO, HO U NPV NPOBEpPKa Ha CTaTycoT Ha BUPYCOT BO 3MMa 1 paHa nposieTHa ce3oHa. TecTupareTo
OTKPW BNCOKM KOHLIEHTPALUWN Ha BUPYCHU aHTUIeHN BO pacTuTenHuTte npumepoum (OD 2,912-2,752 3a 30 MUH.
/ 405 nm). PCR Bo peanHo Bpeme npurKaKyBa amnnvburKaumja 3a nosntueHM npumepoun PPV Ha cnvBu n
Kajcuja.

KnyuHu 36opoBwu: DAS-ELISA tests, real-time PCR, monekynapHu Mmemoou, namozeH, PPV.
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