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Concept outline of the research

Relevance of the topic: The introduction of new pathogens and strains of already existing
pathogens give rise to the emergence of plant diseases. Such pathogens associated with emerging
diseases are categorized as quarantine organisms. These organisms have an invasive action and
are problematic as they have a tendency to spread before their threat to agriculture is recognized.
This situation is further exacerbated by the lack of appropriate diagnostic technologies in the
introductory phase, (Robene et al., 2015).

Bacterial blight of onion (BBO) caused by Xanthomonas euvesicatoria pv. allii (Kadota et al.
2000) is a plant disease that has high agronomic and economic implications on onion production.
Though it is a foliar disease it results in stunted growth as well as undersized bulbs thus reducing
yields by 50% or more (Gagnevin et al., 2014). The disease is quite severe during the juvenile
vegetative stages of the plant. The bacterium gains entry into the plant through the stomata and
rapidly multiplies especially during phases of high humidity (Nga et al., 2021). The seed-borne
nature of this bacteria reduces seed marketability of the onion crop. To curb further introduction
of X. euvesicatoria pv. allii into new territories and regions it has been designated as a quarantine
pathogen on the EPPO A1 list of quarantine pathogens.

Management of BBO is primarily based on copper-based bactericides usually with ethylenebis
dithiocarbamate (EDBC) group of fungicides. However, the existence of resistance genes in the
genus Xanthomonas limits the effectiveness of this control method, (Richard et al., 2017; Richard
et al., 2016; Behlau et al., 2011). In addition to the operon conferring resistance to cupric
compounds, copper tolerance genes known as cop genes have also been discovered (Arguello et
al., 2013; Marin et al., 2019). Moreover, heavy reliance on antibiotic compounds in crop
production can lead to horizontal transmission of antibiotic resistance genes from phytopathogenic
bacteria to human pathogens, (Nga et al., 2021).

Efforts are constantly being made to find sustainable ways of managing the bacterial blight of
onion (BBO). Phuong et al. (2022) reported that 1% nanoemulsion formulations of an essential oil
of Piper aduncun and Cymbopogon nardus and a strain of MRSNR 3.1 of Bacillus thuringensis
exhibited bactericidal properties effective in controlling X. euvesicatoria pv. allii. Use of
bacteriophages poses promising control method. Nga et al., (2021) promulgated that using phages
specific to X. euvesicatoria pv. allii at concentrations 107 and 108 under field conditions in welsh
onions (A. fistulosum) significantly suppresses disease symptoms comparable to oxolinic acid
(Starner) a chemical bactericide.

The development of a robust, reliable and highly sensitive diagnostic protocol is indispensable to
effective control of X. euvesicatoria pv. allii. PCR based detection and identification of
Xanthomonads in plant material to be highly effective (Robene-Soustrade et al., 2006). Robene-
Soustrade et al. (2010) developed a nested PCR assay based on the avrRxv gene and the pilus (pilW
and pilX) assembly genes. When the PCR was tested for exclusivity in the Xanthomonads, the
majority of the strains did not produce amplicons besides 9 strains from X. axonopodis subgroup
9.1 and 9.2 which are not pathogenic to onion. The rationale behind the development of this
multiplex PCR protocol was to enable detection of genetically heterogenous strains of X.
euvesicatoria pv. allii. Research has also demonstrated enhanced sensitivity and specificity
through the use of nested PCR. Prior to the development of this PCR assay pathogenicity tests
usually coupled with molecular typing carried subsequent to pathogen isolation on selective media
were the main identification methods (Picard et al., 2008; Gent et al., 2004). Such methods were
inefficient as false negative results could be obtained at low concentrations of the bacteria.
Moreover, the methods were time-consuming (Robene-Soustrade, 2010). To complement the
conventional nested PCR a real-time PCR (RT-PCR) was developed so as to enable high
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throughput testing adaptable for both quarantine and research purposes (Robene et al., 2015).
Optimizing this RT-PCR can bring about improvements such as high specificity, sensitivity,
rapidity, possibility of quantification and reduction of post-amplification handling.

The degree of development of the topic. The main means of X. euvesicatoria pv. allii
transmission to new regions is through seed trade. Therefore, to effectively curb transboundary
transmission of this quarantine pathogen molecular-based detection and identification techniques
have to be developed and constantly optimized as a response to mutating pathogens. This therefore
culminated in the analysis of the biological features of this pathogen as well as optimizing the
molecular diagnostic method i.e. PCR. Moreover, important information about the bacteria’s
pathogenicity was also generated so as to improve ways of managing the pathogen.

Obijective and specific tasks of the study- To analyze various biological properties and optimize
molecular genetic methods for diagnosing the phytopathogen Xanthomonas euvesicatoria pv. allii

To achieve this goal the following tasks had to be completed:

e Collect and analyze information on the systematics, pathogenicity and biology of X.
euvesicatoria pv. allii.

e To study the cultural properties and growth characteristics of X. euvesicatoria pv. allii on
various nutrient media.

e Test and optimize existing diagnostic methods.

e Search for an alternative probe to the MGB probe.

e Assess the efficacy of DNA extraction methods on the PCR assay for X. euvesicatoria pv.
allii

The scientific novelty of the work:

1. The study unraveled the correlation between the DNA isolation method and PCR assay
performance. This led to the enhancement of the PCR assay as a result of identifying
the optimum DNA extraction method.

2. The effect of X. euvesicatoria pv. allii in reducing the germination percentage and
germination rate of onion seed was unraveled.

3. Testing the BHQ probe as an alternative to the MGB probe which is not available on
the Russian market, showed compatibility with both AVR and PIL primers.
Henceforth, the BHQ probe was designated as an effective substitute.

4. Exploring disease effects in-planta on various parts of onion plants grown from
different propagation material under field conditions exhibited that the bacteria
multiplied more vigorously and prolonged persistence in the bulb apex.

5. The study revealed the effect of temperature on the growth of X. euvesicatoria pv. allii
onion extract media (OEM).

Theoretical and practical significance. The improved and optimized PCR based diagnostic
protocol for X. euvesicatoria pv. allii is suitable for Russia as well as developing nations. All
aspects of the PCR assay such as sensitivity, specificity, repeatability and reproducibility were
evaluated and validated. The identification of an optimized bacterial DNA extraction method
highly adaptable to the PCR significantly enhanced assay efficiency consequently enabling faster
and more accurate pathogen detection and identification. Carrying out the study led to the
obtainment of an alternative to the MGB probe by evaluating the suitability of the BHQ probe.
The study further contributed to knowledge of the biology of the bacterium through the trials on
host selectivity and pathogen cultural properties on various growth media. The identification of
the bulb apex as the plant part with the most pronounced pathogen abundance and/or persistence,
unraveled knowledge plant propagules that serve as potential sources of secondary inoculum and
origins of epidemics. The research findings are vital to the operations carried out by plant
quarantine agencies.
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Main provisions submitted for defense:

1. Optimization of methods for identifying the causative agent of onion bacterial blight X.
euvesicatoria pv. allii, a quarantine phytopathogen in the Russian Federation, including
improved sample preparation methods, the use of selective culture media, DNA extraction, and
real-time PCR with an alternative probe with the fluorescence quencher BHQ.

2. Multiplex diagnostic system for X. euvesicatoria pv. allii — real-time PCR method,
recommended for analyzing onion seed samples infested with the causative agent of bacterial
blight.

3. Reaction of viability and germination energy of seeds of some onion varieties to infection with
X. euvesicatoria pv. allii.

Research methodology and methods. The methodology of the conducted research is based
on scientific approaches of identification, morphometric features of phytopathogenic bacteria and
pathogenesis of plant diseases they cause, study of literature sources, designation of the research
goal and setting of tasks for its achievement, conducting laboratory experiments, comparative
analysis of the obtained results. The studies were carried out according to generally accepted
microbiological and molecular-genetic methods of diagnostics of phytopathogens

Approbation of research results. The result of the dissertation research was the publication
of 7 articles, including 6 in scientific journals indexed in the SCOPUS database, and 1 in a journal
included in the Higher Attestation Commission (HAC) list. The results of the dissertation work
were presented at the following conferences: International scientific conference "Agrochemical
support for digital farming.” Russian State Agrarian University - Moscow Agricultural Academy
named after K.A. Timiryazev. 2019; INTERNATIONALSCIENTIFIC AND PRACTICAL
CONFERENCE “CURRENT ISSUES OF BIOLOGY, BREEDING, TECHNOLOGY AND
PROCESSING OF AGRICULTURAL CROPS”, June 2022. Krasnodar, Russia; International
scientific and practical conference "Agricultural Science-2023" (AgriScience2023). Russian State
Agrarian University - Moscow Agricultural Academy named after K.A. Timiryazeva, 2023.

Personal contribution of the author. The candidate participated in setting the aim and
specific objectives of the study; collected and analyzed the obtained material, processed and
interpreted the data, as well as prepared publications in co-authorship.

Structure and volume of the dissertation. The dissertation constitutes an introduction, three
chapters, conclusion, and references. It contains 136 pages, the information is presented together
with 32 tables and 15 figures. The reference list comprises 149 sources.
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The content of the dissertation

Introduction. This section unravels the object of carrying out the research as well as aspects such
as relevancy and novelty.

Chapter 1. Literature Review

This chapter surveys various literature highlighting aspects known about the subject as well as
identifying the knowledge gaps. This forms the foundation on which the research is based upon.
The intricate relationships between the various aspects are explored, for instance the influence of
genetic diversity on copper resistance and implications on the control of the pathogen. Distilling
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the facts presented in various literature makes apparent the urgency of the need for a robust and
efficient diagnostic protocol for X. euvesicatoria pv. allii.

Chapter 2. Materials and Methods

DNA extraction

The thrust of this experiment was to evaluate commercially available DNA extraction Kits
optimized for plant material and identify the most suitable for isolating X. euvesicatoria pv. allii.
The three commercial extraction Kits, Probe GS, Sorb GMO and FitoSorb used in the study have
different mechanisms of DNA recovery i.e. magnetic beads, silica-based sorbent as well as glass
and diatomaceous earth. Therefore, 200ul of seed extract inoculated with bacterial concentrations
ranging from 10! to 107 in triplicate for each sample was taken for DNA extraction and
consequently pathogen detection using PCR.

Determination of conventional nested PCR and real-time PCR Sensitivity

Both conventional PCR and real-time PCR (qPCR) assays for X. euvesicatoria pv. allii were
assessed for sensitivity. Tenfold serial dilution was performed yielding 7 dilutions with
concentrations ranging from 6.8x10' to 6.8x10” CFU/ml, where the first dilution D1 corresponded
with the highest concentration and the last dilution D7 tallied with the lowest concentration. Onion
seed samples of were pulverized and homogenized, then infected with the different bacterial
concentrations before bacterial detection with the PCR assays. Repetitive tests with triplicate
replications of the experimental units were carried out.

Evaluating specificity of the PCR assays for X. euvesicatoria pv. allii

In the study 2 strains of the target bacterium X. euvesicatoria pv. allii namely 0377 and 0419 of
the All-Russian Plant Quarantine Centre, originally sourced from France as CFBP 6107 and CFBP
6369 respectively were used for inclusivity tests. For exclusivity tests 97 other bacterial species
were used. Investigations were conducted using conventional PCR and qPCR, employing the two
markers AVR and PIL.

Determination of repeatability

To establish the degree of conformity of the PCR test results, a series of 10-fold dilutions of
artificially infected extracts was studied in 6-fold repetition at the level of the threshold
concentrations of the phytopathogen established during the sensitivity determination, by one
person and on the same device, under the same conditions.

Determining reproducibility of the PCR assay

Reproducibility assessment was performed to determine the ability of the PCR assay to detect X.
euvesicatoria pv. allii using 2 sets of primers AVR and PIL across 7 (7,2x10'- 7,2x107 CFU/ml)
concentrations with 3 different operators and sets of equipment in triplicate. Repetitive trials were
carried out and the data was pooled for analysis.

Germination Response Experiments- The experiment was arranged in a complete randomized
design (CRD) replicated thrice and 12 commercial onion varieties (table 1) were procured. For
each variety, 100 seeds in a petri dish were inoculated with Sml of bacterial suspension at 3
concentrations of X. euvesicatoria pv. allii (10*; 10% and 10® CFU ml™!). Distilled water was used
as a negative control. The petri dishes were then incubated at room temperature for 2 hours.
Following the incubation period, the bacterial suspension was drained and the seeds were left to
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dry at room temperature 25°C £ 2°C. The dry inoculated seeds were then transferred to petri dishes
lined at the bottom with 9cm filter paper. Distilled water was added to the petri dishes. The petri
dishes were then placed in an incubator at 21°C under dark conditions. The seeds were incubated

for 14 days and germination counts were done everyday.

Table 1 Commercial onion varieties that were used in the study

No. Variety Originator Main features
1 Pierrot Agrofirm Aelita Welsh onion (Allium
fistulosum L.)
2 Russian winter FSBSI- Federal Research Welsh onion (Allium
Center for Vegetable fistulosum L.)
Production
3 April Far Eastern Experimental Welsh onion (Allium
Station — VNIIR/CJSC LANS fistulosum L.)
Company
4 Karantansky Agrofirm Aelita Leek (Allium porrum L.)
LLC/Heterosis Selection LLC
5 Summer breeze Gavrish vegetable breeding | Leek (Allium porrum L.)
company
6 Strigunovsky local CJSC Research and Production | Bulb onion (Allium cepa
Firm "RUSSIAN SEEDS"; L.)
Association for Seed
Production of Vegetable Crops
“SORTSEMOVOSCH”;
Agrofirm Aelita LLC; FSBI
"Federal Research Center of
Vegetable Production"; Sativa
LLC; Heterosis Selection LLC
7 Carmen MS Agrofirm Aelita LLC/AIt Bulb onion (Allium cepa
Semena L)
8 Schtuttgarter Riesen Samen Mauser Quedlinburg, | Bulb onion (Allium cepa
Germany L)
9 Myachkovsky 300 FSBI "Federal Research Bulb onion (Allium cepa
Center of Vegetable L.)
Production™; CJSC "LANS
Company"; JSC "OZYORY"
10 Danilovsky 301 Federal Research Center for | Bulb onion (Allium cepa
Vegetable Production, L.)
Agrofirm Aelita LLC, LANS
Company




11 Chalcedony Yuves 2000 LLC, Intersemya | Bulb onion (Allium cepa
LLC, Agrofirm Poisk LLC, L.)
Heterosic Selection LLC
12 Ellan FSBEI HE "Kuban State Bulb onion (Allium cepa
Agrarian University Named L.)
after L.T. Trubilin"

Source: compiled by the author.

Selectivity of two strains of Xanthomonas euvesicatoria pv. allii on five members of the genus
Allium

Seeds of five Allium species namely onion (Allium cepa), chives (Allium schoenoprasum), Welsh
onion (Allium fistulosum), fragrant onion (Allium ramosum) and leek (Allium porrum) were
procured for host selectivity studies. The research was premised upon exploring the host selectivity
of 2 strains of Xanthomonas euvesicatoria pv. allii specifically 0377 and 0419 which belong to
the bacterial collection of the All-Russian Plant Quarantine Centre, originally sourced from France
as CFBP 6107 and CFBP 6369. Bacterial inoculum with 3 concentrations ranging from 10° to 10’
CFU/ml was prepared and used to infect cells of the homogenized plant material of the 5 Allium
species from which DNA extraction was carried out. Subsequently level of pathogen proliferation
in the different species was assessed by gPCR.

Pathogenicity trials and evaluation of BHQ probe as alternative to MGB

Three types of propagation material namely seed, onion sets and onion bulbs were (sown and
planted) used to grow onions in the field. A bacterial inoculum of X. euvesicatoria pv. allii at
concentration 7.4x10” CFU/ml was used to infect the plants. The leaves of the seedling plants were
perforated by a pin and a cotton sab dipped in the bacteria suspension was gently rubbed on the
leaf perforations After a period of 4 months the plants were harvested and each of them was divided
into 3 parts, in particular the leaves, the bulb apex and the roots. These 3 plant parts were assessed
using gPCR, employing both the MGB probe and BHQ for comparative tests and to determine the
presence of the bacteria as well as unravel the plant part in which they were most abundant.

Comparative media studies

To carry out media comparative studies, 3 candidate media, onion extract media (OEM), nutrient
broth yeast (NBY) and yeast peptone glucose agar (YPGA) were prepared. Fifty microliters of
bacterial suspension with a concentration of 6.6x10? was plated on the media, succeeded by
incubation at 25°C for 5 days factoring in possible slow growth on the candidate media. At
temperature 28°C recommended by media developers X. euvesicatoria pv. allii strain 0419 could
not grow on OEM hence adjusted to 25°C.

Chapter 3. Results and Discussion

Determination of conventional nested PCR and real-time PCR Sensitivity
Bacterial dilutions 1 to 7 with concentrations ranging from 10 to 10’ were tested with the PCR
assays.



Sensitivity of nested PCR using AVR primers

Table 2 - Sensitivity of conventional PCR assay for X. euvesicatoria pv. allii across the 7
concentrations assessed, using AVR primers.

Suspension dilution | Bacterial Replications
concentration 1 2 3
SD1 107 + + +
SD2 10° + + +
SD3 10° + + +
SD4 10* + + +
SD5 103 + + +
SD6 102 + + +
SD7 10! + + —
K- Negative dH20 - - -
Control
YK- Negative
Control- PCR zone dH-0 —
K+ Positive Control 108 +

Source: compiled by the author.

As shown in table 2 the conventional PCR using AVR primers could detect bacteria from the first
bacterial dilution to the 6™ dilution, corresponding with concentrations 107 to 10> CFU/m.
However, in the 7" dilution with concentration of 10 CFU/mI only 2 out of 3 replicates turned
positive for the bacteria, hence detection at this level was considered as null.

Determination of nested PCR assay sensitivity using PIL primers

Table 3 Sensitivity of conventional PCR for X. euvesicatoria pv. allii using PIL primers.

Suspension Bacterial Replications

dilution concentration 1 2 3
SD1 107 + + +
SD2 10° + + +
SD3 10° + + +
SD4 10* + + +
SD5 102 + + +
SD6 10? + + +
SD7 10! + — —
K- Negative dH20 - - -
Control

YK-  Negative dH20

Control- PCR -

zone

K+ Positive 108 +

Control

Source: compiled by the author.

When the PIL primers where used the PCR assay could sufficiently detect the bacteria in dilutions
1-6 with corresponding concentrations of 107-10> CFU/ml as shown in table 3. At the lowest
concentration i.e. dilution 7, only one replicate tested for the bacteria, thus detection at this level
was recorded as null.



Sensitivity of Duplex nested PCR as a function of AVR and PIL primers
Table 4- Sensitivity of duplex nested PCR assessed at each of the 7 concentrations

Suspension Bacterial Replications
Dilution Concentration

1 2 3
SD1 107 + + +
SD2 10° + + +
SD3 10° + + +
SD4 10* + + +
SD5 103 + + +
SD6 10? + + +
SD7 10! + — —
K- Negative dH20 - - -
Control
YK-  Negative
Control- PCR dH20 -
zone
K+ Positive 108 +
Control

Source: compiled by the author.

The duplex nested PCR, combining both AVR and PIL primers had the same level of sensitivity
as when the primers were used individually as highlighted in table 4. Therefore, at dilution 7 with
lowest concentration 10* the PCR assay did not turn positive for all 3 replicates, thus recorded null
at this level. Hence, the lowest concentration that could be detected was 102 corresponding to 6%
bacterial dilution.

Sensitivity of Real-Time PCR assay for Xanthomonas euvesicatoria pv. allii
The real-time PCR (qPCR) assay for X. euvesicatoria pv. allii was also evaluated for sensitivity.

Sensitivity of gPCR using AVR primers
Table 5- Real-time PCR sensitivity across 7 bacterial dilutions from 1-7 correspondingly
representing concentrations 107 to 10 in descending order.

Bacterial Concentrations Replications  CT Values  Averages
Dilutions
11 20,1
D1 107 1.2 19,1 19.91
1.3 20,5
2.1 22,9
D2 106 29 22.2 23.13
2.3 24,3
3.1 24,8
D3 10° 32 249 25.23
3.3 26,0
4.1 28,3
D4 10* 42 28.6 28.76
4.3 29,4
5.1 32,0
D5 103 5.2 31,9 31.90
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5.3 31,8

6.1 34,9

D6 102 6.2 348 34.86
6.3 34,9
7.1 36,2

D7 10t 79 36.1 36.06
7.3 35,9

Source: compiled by the author.

The RT-PCR using AVR primers could detect X. euvesicatoria pv. allii from the first dilution to
the 7" with corresponding concentrations of 107 and 10%, table 5. Thus, the PCR assay
demonstrated that it can detect the bacteria at low concentration of 6.8x10%, having a CT value of
35.8.

Sensitivity of RT-PCR using PIL primers
Table 6- Real-time PCR sensitivity at each bacterial dilution/concentration using PIL primers

Bacterial Concentrations Replications  CT Values  Averages
Dilution

1.1 18,8

D1 107 1.2 20.8 20.13
1.3 20,8
2.1 20,9

D2 106 29 23.8 22.73
2.3 23,5
3.1 25,6

D3 10° 32 255 25.47
3.3 25,3
4.1 28,7

D4 10* 4.2 28,7 28.73
4.3 28,8
5.1 32,1

D5 10° 5.2 31,9 31.63
5.3 30,9
6.1 34,5

D6 107 6.2 35,4 35.00
6.3 35,1
7.1 35,8

D7 10t 7.2 36,3 36.10
7.3 36,2

Source: compiled by the author.

Table 6 exhibits the sensitivity of RT-PCR using PIL markers with bacterial dilutions 1 to 7
constituent of corresponding concentrations 6.8x10” CFU/mI descending to 6.8x10' CFU/mI
respectively. The lowest concentration at which the PCR assay could detect bacteria was 10!
CFU/ml with a CT value of 36.1.
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Specificity of the PCR assay for Xanthomonas euvesicatoria pv. allii

Specificity of the duplex nested PCR

The X. euvesicatoria pv. allii strain (0419) tested positive to the assay, comparable to the control
(strain 0377). For the exclusivity test the other 97 various bacterial strains were assessed and a
Xanthomonas sp. (0373) was wrongly identified as X. euvesicatoria pv. allii. The remaining 96
bacteria tested negative to the assay. Therefore, the conventional duplex nested PCR assay had a
fidelity or specificity of 99%.

Specificity of the Real-time PCR assay

In confirming the specificity of the used primers, AVR and PIL in the inclusivity tests, only the 2
target strains/isolates of X. euvesicatoria pv. allii tested positive when evaluated. The other 97
strains all tested negative to both AVR and PIL primers. Based on these findings the RT-PCR
using either AVR or PIL markers had 100% specificity.

Determining the repeatability of the RT-PCR

The PCR assay was evaluated for repeatability using the AVR and PIL markers. Similar
performance patterns were observed across the AVR and PIL markers whereby CT values were
evenly distributed in the 3 lowest concentrations 6.6x10! to 6.6x10° CFU/mI. There was skewed
distribution at concentrations 10* and 10° CFU/mlI for PIL and AVR markers respectively. Despite
the differences in CT value patterns, the assay could detect the bacteria in all 6 replications of the
7 concentrations (10! to 107) hence 100% repeatability.

36
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Fig. 1 Showing CT values for each replication of the bacterial concentrations when the bacterium
was detected using AVR markers

Source: compiled by the author.
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Fig. 2 Shows the patterns exhibited when the PIL markers were used to detect the bacteria across
the replications of the 7 concentrations

Source: compiled by the author.
Determining reproducibility of the RT-PCR assay

Reproducibility of the PCR assay using the AVR marker

The data in table 7 below illustrates that for the 7 concentrations evaluated with the AVR primers
the reproducibility of the assay was high between the operators and equipment used. Variability
was lowest at the highest bacterial concentration 10’ CFU/ml as evidenced by relative standard
deviation of 0,33%, whereas the concentration 10° had the highest relative standard deviation of
1,62%. Moreover, with a standard deviation of 0,05 therefore high proximity to the mean CT cycle
of 15,37 the test demonstrated high precision. Overall, with a relative standard deviation below
2% the assay exhibited good reproducibility.

Table 7- Variance between the operators and equipment used across the 7 bacterial concentrations

Concentration Operators & CT Mean CT  Standard  Relative
equipment Values Deviation  Std. Dev.
OE1l 15,4
107 OE2 15,3 15,37 0,05 0,33%
OE3 15,4
OE1l 19,4
108 OE2 18,7 19,13 0,31 1,62%
OE3 19,3
OE1l 23,7
10° OE2 232 23,43 0,21 0,90%
OE3 23,4
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OE1l 28,2

10 OE2 27,7 27,77 0,33 1,19%
OE3 27,4
OE1 32,1

108 OE2 31,5 31,57 0,41 1,30%
OE3 31,1
OE1 34,9

10? OE2 34 34,53 0,39 1,13%
OE3 34,7
OE1 36,2

10! OE2 35,8 35,9 0,22 0,61%
OE3 35,7

Source: compiled by the author.

Reproducibility evaluation of the PCR using PIL markers

Detection of the bacteria with the PIL primers at each of the 7 concentrations revealed
exceptionally low variations in repeat tests between the operators and equipment used, hence good
reproducibility, table 8. Reproducibility was most eminent at the concentrations 10> and 10!
CFU/ml as indicated by relative standard deviation of 0,55% and 0,59% in table 14. With a peak
relative standard deviation of 1.81% at concentration 107 CFU/ml the findings reflect that neither
precision nor accuracy was significantly affected by the differences in operators and equipment
used.

Table 8- Reproducibility of the assay in detecting the bacteria at varied concentrations as
quantified by the relative standard deviation

Concentration Operators CT Mean CT Standard  Relative
& Values Deviation  Std. Dev.
equipment
OE1l 19,9
107 OE2 20,3 20,33 0,37 1,81%
OE3 20,8
OE1l 29,3
108 OE2 29.7 29.73 0,37 1,24%
OE3 30,2
OE1l 31,8
10° OE2 312 31,5 0,24 0,76%
OE3 31,5
OE1l 32,5
10 OE2 326 324 0,22 0,68%
OE3 32,1
OE1l 34,2
103 OE2 33,6 33,76 0,31 0,92%
OE3 33,5
OE1l 34,4
102 OE?2 34.4 34,5 0,19 0,55%
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OE3 34,7

OE1l 35,9
10t OE2 35,6 35,86 0,21 0,59%
OE3 36,1

Source: compiled by the author.

Results of comparing the cultural properties of X. euvesicatoria pv. allii on various nutrient
media.
In the course of the research work, culturing was carried out on 4 nutrient media (Fig. 3 —5).

-

(a) Strain Xaa 0377 (b) Strain Xaa 0419
Fig. 3 Growth of X. euvesicatoria pv. allii strains on semi-selective OEM medium
Source: compiled by the author.

The colonies of strain Xaa 0377 were obtained on onion extract media (OEM) medium at both
25°C and 28°C plate incubation. The strain formed small white colonies of white colour, mucous
with a smooth edge and a slightly raised centre. On the 5™ day of culturing, the colonies acquired
a dark-coloured centre, discolouring the medium.

(a) Strain Xaa 0377 (b) Strain Xaa 0419

Fig. 4 Growth of X. euvesicatoria pv. Allii strains on NBY medium

Source: compiled by the author.
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(a) Strain Xaa 0377 (b) Strain Xaa 0419
Fig. 5 Growth of X. euvesicatoria pv. Allii strains 0419 and 0377 on YPGA medium.

Source: compiled by the author.

On nutrient broth yeast (NBY) and YPGA media, X. euvesicatoria pv. Allii strains formed colonies
of the same type: yellow mucous, with a raised top and a smooth edge. The colour of the colonies
is yellow. On the 5™ day of incubation, the colonies reached a size of > 5 mm and merged. The
growth of the strains on both nutrient media was observed to be equally intense.

Xanthomonas euvesicatoria pv. Allii host selectivity across different Allium species

To ascertain host selectivity of the Xanthomonas euvesicatoria pv. Allii across various Allium
species, two strains (0377) and (0419) were used to infect 5 Allium spp. Namely A. cepa (AC), A.
schoenoprasum (AS), A. fragrans (AF), A. ramosum (AR) and A. porrum (AP). The infected plant
cells were assessed using RT-PCR to determine host selectivity of the pathogen amongst the 5
species.

Host selectivity of strain 419 across 5 Allium species
Table 9- Detection of the pathogen in 5 Allium spp inoculated with three concentrations
of the bacteria in real-time PCR analysis.

Species Bacterial Concentration  Average CT
Dilution cycle
A. cepa D4 10° 26,7
D5 108 29,8
D6 107 33,7
A. schoenoprasum D4 10° 26,4
D5 108 29,1
D6 107 32,8
A. fragrans D4 10° 25,8
D5 10° 28,9
D6 107 31,7
A. ramosum D4 10° 27,0
D5 10° 30,8
D6 107 33,3
A. porrum D4 10° 26,0
D5 108 29,4
D6 107 32,5

Source: compiled by the author.
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Host selectivity of strain 0377 on 5 Allium species

Table 10- Detection levels of strain 0377 at 3 concentrations in the inoculated Allium
species in real-time PCR analysis.

Species Bacterial Concentration Average CT
Dilution cycle

A. cepa D4 10° 27,1
D5 106 31,1
D6 107 33,2

A. schoenoprasum D4 10° 27,1
D5 10° 30,8
D6 107 33,4

A. fragrans D4 10° 27,9
D5 108 31,2
D6 107 33,2

A. ramosum D4 10° 28,4
D5 10° 32,9
D6 107 33,7

A. porrum D4 10° 28,7
D5 10° 32,0
D6 107 33,8

Source: compiled by the author.

When the strain 0419 was tested for host selectivity across the 5 Allium species the non-distinct
host specificity as shown in table. The strain 0377 also similarly exhibited at each of the
concentrations (dilutions) used.

The efficacy of DNA extraction methods on enhancement of the Xanthomonas euvesicatoria
pv. allii PCR assay

The thrust of this study was to evaluate commercially available DNA extraction kits optimized for
plant material and identify the most suitable for isolating X. euvesicatoria pv. allii. The three
commercial extraction Kits, Probe GS, Sorb GMO and FitoSorb used in the study.

Table 11- Mean Ct values and standard deviation at each bacterial concentration for the three
extraction methods

Extraction Avg. CT (mean+SD) with following dilutions of X. euvesicatoria pv. allii
Method
107 106 10° 104 108 102 10t
Probe GS 17.98 202 24 52 27.38 30.8¢2 34.2 35.8
(£0.21) | (£0.47) | (£0.06) | (£0.06) |(£0.64) | (£0.45) | (£0.44)
Sorb-GMO 20.9° 23.7¢ 27.8° 31.4° 34.2° ND ND
(£0.80) | (£0.26) | (x1.33) | (£1.59) | (£0.78)
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FitoSorb 19.6° 22.6° 25.9% 29.6% 32.9° ND ND
(£0.64) | (£0.15) | (£0.69) | (£1.08) | (£0.95)

§Different letters in the same column denote statistically significant differences

*ND, not determined, the average CT cycles were only calculated for samples which had three
positive results out of three replicates.

Source: compiled by the author.

The Probe GS extraction kit effected the highest degree of sensitivity (p < 0.05) on the PCR assay
and had the most consistent detection ability at all seven concentrations. At lower concentrations
102 CFU/ml and 10* CFU/ml, the other two methods Sorb GMO and FitoSorb could not attain 3
positive results per sample, hence the cut of thresholds at those concentrations were not
determined, (ND) table 11.

3.9. Germination response of commercial onion varieties to inoculation with Xanthomonas
euvesicatoria pv. allii

The object of carrying out this experiment was to investigate the effect of Xanthomonas
euvesicatoria pv. allii on the germination of onion seeds. As shown in fig 6 the highest inoculum
concentration 108 had the highest impact on 3 varieties namely, Myachkovsky 300, Carmen MS
and Chalcedony with germination energy of 3, 2 and 0 respectively.

Effect of bacterial concentration on germination energy

Germination energy at day 5
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Fig 6. The chart shows germination energy at different concentrations on day 5 of recording
Source: compiled by the author.

Effect of inoculum concentration on onion seed germination
Table 12- Germination percentage of the onion varieties at day 14

Variety Germination percentage per bacterial concentration- %

108 108 104 Control
Pierrot 80c 84bc 86b 96a
Russian winter 59d 66¢ 75b 92a
Karantansky 54b 56Db 57b 83a

18



Carmen MS 4c 6bc 8b 45a
Summer breeze 55¢ 61b 68a 73a
Strigunovsky local 45b 48b 51b 87a
April 45¢c 51bc 55b 82a
Schtuttgartter Riesen 21c 52b 67a 69a
Myachkovsky 300 4d 22¢C 35b 85ba
Danilovsky 301 50d 76¢ 83b 94a
Chalcedony Ob 0b Ob 8a
Ellan 23c 26C 46b 53a

Source: compiled by the author.

For most of the onion varieties there were variations in the level of germination inhibition across
different concentrations, table 12. Therefore, the highest concentration 108 CFU/mI effected the
highest level of inhibition, whilst 10° CFU/mI had moderate levels and the least inhibition
observed in the least concentration 10* CFU/ml. In the variety Carmen-MS the pattern of
germination inhibition shifted at day 14 of recording where the lowest germination percentage
(4%) was observed in the highest bacterial concertation, though concentrations 10 and 10*
CFU/ml were statistically similar (p>0.05).

Artificial infection under field conditions of onion (A. cepa) plants grown from 3 different
propagation material (seed, onion sets and onion bulbs) as well as evaluation of BHQ probe
as alternative to MGB.

Table 13- Detection of X. euvesicatoria pv. allii in different plant parts of onions propagated
from seed, using PIL markers and the MGB probe.

Plant ID according to CT values of plant parts assessed

propagation method Stem Disc Bulb apex Leaves
Sd1 34.12 30.58 32.10
Sd2 34.00 31.30 32.62
Sd3 30.74 27.57 30.36
Sd4 28.16 29.00 31.60
Sd5 33.72 27.38 33.46
Sd6 27.24 32.36 33.40
Sd7 26.22 24.38 29.23
Sds 33.89 30.80 32.90
Sd9 34.15 32.71 31.25
Sdi10 33.70 30.45 30.48
Sdil 35.32 34.43 31.75

Source: compiled by the author.
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The 3 plant parts (leaves, bulb apex and stem disc) of the plant samples propagated from onion
seed were assessed for pathogen presence and the results in table 13 were obtained. The bulb apex
had low mean CT values in the majority of the samples except in sample Sd11 where the CT value
34.43 was higher than that of the leaf sample 31.75. The fact that the lowest CT value 24.38
recorded for all tested samples was for the bulb apex further consolidates the logic the concept that
detection of the pathogen in this plant part was much more rapid in comparison with the other
parts, for instance the stem disc which had the highest CT value 35.32. It can be reasoned that the
other 2 plant parts namely the leaves and stem disc serve as habitats i.e. the phyllosphere (leaves)
and rhizosphere to a lot more microorganisms that may have some inhibitory effects on the PCR
assay as compared to the bulb apex which may have less inhibitory effect.

Table 14- Pathogen detection using PIL primers with BHQ probe in seed-raised inoculated
plants

Plant ID according to CT values of plant parts assessed

propagation method Stem disc Bulb apex Leaves
Sd1 30.34 28.51 33.62
Sd2 33.42 31.65 32.75
Sd3 33.57 28.42 30.14
Sd4 29.69 25.37 30.58
Sd5 32.37 27.78 31.46
Sd6 31.66 24.89 29.25
Sd7 33.28 25.66 28.71
Sds 32.36 21.25 27.36
Sd9 34.31 30.17 33.86
Sd10 33.53 29.46 31.28
Sdi1 33.54 26.24 31.61

Source: compiled by the author.

The use of the BHQ probe in combination with the PIL markers in assessing seed raised plant
samples saw the CT values dropping across all the plant part samples as indicated in table 14,
comparing with the use of the MGB probe in table 13. For instance, in the bulb apex samples with
the majority of low CT values, the lowest value recorded was 21.25 which was lower than when
the MGB probe was used with the PIL markers in table 13. Moreover, when the BHQ probe
coupled with PIL primers, the highest CT value was 34.31 which was lower than when MGB probe
was used 35.32 (table 13). Higher detection efficiency was therefore demonstrated for this plant
part (stem disc) when the PIL markers were used in combination with the BHQ probe.

Conclusion
e Based on the results of the research on the collection of data on the systematics,
pathogenicity, and biology of bacteria, it was observed that the X. euvesicatoria pv. allii
strains do not have a distinct host specificity among the various Allium species.
Additionally, when disease effects in-planta on various parts of the onion plants grown
from different propagation material under field conditions it was discovered that the
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bacteria multiplied vigorously and had prolonged persistence in the bulb apex as compared
to the leaves and the stem-disc.

The study on the cultural properties and growth characteristics of bacteria on different
growth media demonstrated that on the OEM incubation temperature was an influential
factor especially for X. euvesicatoria pv. allii strain 0419 which did not grow on the media
at 28°C but produced colonies at 25°C. On the NBY and YPGA media, both strains were
able to produce colonies, but strain 0419 showed somewhat restricted growth on YPGA
compared to strain 0377.

All technical aspects i.e. sensitivity, specificity, repeatability and repeatability of the qPCR
as well as the conventional nested PCR were evaluated and validated. Sensitivity of the
gqPCR was determined and the lowest detection concentration was 6.8x10' CFU/mlI
whereas for the conventional nested PCR the least detectable concentration was 1.0x10?
CFU/ml. The test had a specificity of 99% when the conventional PCR was assessed whilst
the gPCR exhibited 100% specificity. For both AVR and PIL primers the good
reproducibility, below 2% relative standard deviation exhibited by the test between
operators with their respective equipment is indicative of the achievable accuracy by which
the pathogen can be detected.

The BHQ probe was evaluated in testing the presence of the bacteria in different parts of
inoculated onion plants and was found to be effective when using both AVR and PIL
primers. The BHQ probe is therefore recommended as an alternative to the MGB probe
which is not available on the Russian market. The research findings proved that the
bacterial concentrations used (10*; 10° and 108 CFU/ml) significantly inhibited germination
of the 12 onion varieties. However, for the most susceptible variety Chalcedony, there was
no variation across concentrations (p>0.05).

The study confirmed that DNA isolation method influences the performance of the assay.
The DNA extraction kit Probe GS enhanced PCR sensitivity such that the assay could
detect the bacteria at the lowest concentration of 10 CFU/mI whilst the other 2 methods
Sorb GMO and FitoSorb could only detect the bacteria at the lowest concentration of 10°
CFU/ml. Therefore, Probe GS is recommended as the standard method of isolating DNA
for X. euvesicatoria pv. allii.
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OBIIASA XAPAKTEPUCTUKA PABOTHBI

AKTyaJIlbHOCTB TeMbl. PactipocTpanenue HOBBIX BO30yuTesneil 60ne3Hel pacTeHui, a TakKe
KapaHTHHHBIX ITAMMOB CYIIECTBYIOUINX MATOI€HOB MPEJCTABIIAET CEPHE3HYI0 PUTOCAHUTAPHYIO
yIrpo3y IMOCKOJBbKY OHM 00Jalal0T WHBAa3UBHBIM JICHCTBHEM M HMEIOT TEHIEHIMIO OBICTPO
UHTPOAYIIMPOBATHCSA B HOBBIX PErHOHAX eIie JO TOoro\, Kak OyJeT OCO3HaHa peajbHas yrpos3a
CeNbCKOMY  Xo3aWcTBY. Curyamusi  ycyryOsisieTcss — HEIOCTaTKaMH  COOTBETCTBYIOIIUX
JMAarHOCTHYECKUX TEXHOJOTHI Ha HavalsHOM dTarte snuduroruii (Robene et al., 2015).

JIucteenoii oxor nyka (JIOJI), Be3biBaeMblii ipoTeobakTepueii Xanthomonas euvesicatoria pv.
allii (Kadota et al., 2000) - 3aboneBaHHe pacTeHUI, KOTOPOE HMEET CEPhE3HBIC ArPOHOMUYECKHUE
¥ SKOHOMHUYECKHE TOCIICICTBHS ISl IPOU3BOJICTBA JIyKa. XOTS 3TO BHEKOPHEBOE 3a00JICBaHHE,
OHO TMPHUBOAMT K 3aJEPXKKE pOCTa pacTeHUH W HEJOPa3BUTOCTH JIYKOBHIl, YTO CHHIKAET
ypoxaiinocth Ha 50% u 60siee (Gagnevin et al., 2014). 3ab6oneBaHre MPOTEKAET TOBOIBHO TKEIIO
B IIEPHOJT HAYATBHOH (Da3pl BereTanu pacTeHui. bakTepus MpoHUKAET B paCTCHHE Yepe3 YCThUIla
U OBICTPO pPa3MHOKAeTCs, OCOOCHHO B mepHoabl BhicoKoi BiaxkHoctu (Nga et al., 2021).
[lepenaBaemasi ¢ CEMEHHBIM MaTepHalioM, 3Ta OaKTEepUll CHIKAET TOBAPHOCTH ypOXKasi CeMsSH
ayka. JIst ciepKuBaHus JanbHeiero pacrnpocrpanenus X. euvesicatoria pv. allii Ha HoBbIe
TEPPUTOPUU U PETUOHBI NMATOT€H, ObLI BHECEH B CIIMCOK KapaHTUHHBIX 00bekTOB EPPO Al.

Boprba ¢ JIMCThEBBIM 0XKOTOM JIyKa MPEUMYIIIECTBEHHO BEIETCS C MOMOIIbIO OaKTEPHIIUIOB Ha
OCHOBE MeEJIW, W TMpernaparoB TPyHIbl JUTHOKapOamar sSTuieHOuca. OJHAKO IMIHUPOKO-
pPaclpoOCTPaHCHHOE HAJIMYME TE€HOB PE3MCTEHTHOCTH K TMECTHIMAaM Yy Oaktepuit ponaa
Xanthomonas orpanunumBaer 3¢dekTuBHOCTH 3TOro Merojga koutposs (Richard et al., 2017;
Richard et al., 2016; Behlau et al., 2011).

Hcnonb3oBanue OakTepruodaros MpeACTaBiIseT co0oi mepcrnekTBHbIN MeToa 6opbobl. Nga et al.,
(2021) 3asBuaM, 4TO HCMOJb30BaHKWe (baros, creruduuHbix maas X. euvesicatoria pv. allii B
konnenTpamusax 107 u 108 PFU/mI B moneBrIx ycnosusx Ha myke Bammmiickom (A. fistulosum)
3HAYUTEIPHO TOJABJISCT CHMIITOMBI 3a00JICBaHUS, CPAaBHHUMO C XHMHYECKUM OaKTCPHIIUIOM
OKCOJIMHOBOM KUCIOTOH (Starner).

st adpdextuBHOro koHTpoist X. euvesicatoria pv. allii, kpaiine BaxkHa pa3paboTka HaIKHOTO U
BBICOKOYYBCTBUTEJIBHOTO JUArHOCTHYECKOro MpoTokojia. OOHapyXeHHe M HISHTHU(PUKALUSI
Xanthomonas B pactutensHOM Mmartepuaie Ha ocHoBe I[ILIP siBisieTcsi BbICOKOI(h(HEKTUBHBIM
metonom (Robene-Soustrade et al., 2006). Robene-Soustrade et al. (2010) pa3spa6oramu TTLIP-
aHaJIM3 Ha OCHOBE I1e1eBoro reHa addexropa avrRxv u renos mumuna (PilW u pilX). Koraa ITIP
TECTHPOBAIM HCKIIOYHUTEIILHO Ha OakTepusx poga Xanthomonas, OGoNbHIMHCTBO MITAMMOB HE
IPOYLIMPOBAIN aMILTHKOHBI, 33 UCKITIOUeHHeM 9 mtaMMmoB u3 X. axonopodis moarpymm 9.1 1 9.2,
KOTOpbIE HE SIBJSIOTCS MAaTOTEHHBIMM JUIsl Jyka. OOOCHOBaHME pa3pabOTKH 3TOro MPOTOKOJIA
mynbTuiuiekcHor [P 3akmrodanoch B TOM, 4TOOBI 00€CHEUUTHh BO3MOXKHOCTH OOHApYKEHUS
TCHETUYECKH TeTepOreHHbIX ITaMMoB X. euvesicatoria pv. allii.  HWccrnemoBanus Ttakxke
MPOJEMOHCTPUPOBAIA  TMOBBIIEHHYIO YYBCTBUTEIBHOCTh U  CHEHUPUYHOCTH 32 CUET
HCToIL30BaHus kinaccudeckoit ITIP.

o pazpabotku 3toro II[P-ananu3za OCHOBHBIMH MeTOJaMU UACHTU(UKAIMKM OBLTH TECTHI Ha
MaTOreHHOCTh, OOBIYHO B COYETAaHUHM C MOJIEKYJSIPHBIM THIIMPOBAHUEM, MPOBOIMMEIM TIOCIE
BBIJICJICHUS MATOTeHa Ha celekTHBHBIX cpexax (Picard et al., 2008; Gent et al., 2004). Takue
MeTO/Ibl ObLITH HE3(PPEKTUBHBI, MOCKOJIBKY IPU HU3KUX KOHIEHTpALUAX OaKTepHil MOTJU ObITh
MOJTy4EHBI JIOKHOOTPULIATENbHBIE PE3YNIbTAThI. boliee TOro, 3TH MeTOIbI TPEOOBAH JUTUTEIHLHOTO
Bpemenu (Robene-Soustrade, 2010). B qomonuenue k oosranoii I[P 6bi1a pazpaborana ITLP B
peanbHoM Bpemenn (PB-PCR), mosBonsiomass TpoBOAUTH  BBICOKOTPOU3BOAUTEIHLHOE
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TECTHPOBAaHHUE, AJalTHPyeMOe KakK isi OOHApY)KCHHsS KapaHTHHHBIX OOBEKTOB, TaK W IS
uccnenoBarenbckux meieir (Robene et al., 2015). Onrtumusanus OT-ITLP mMoxeT mpuBecTH K
YIYUIIEHHIO IOKa3aTele CrenupuIHOCTH, UyBCTBHTEIBHOCTH, OBICTPOTHI aHajaM3a, W JAcT
BO3MOYKHOCTh KOJIMUECTBEHHOTO OIPEJICIICHHUS MMaTOreHa, a TAK)KEe COKpAIlaeT BpEeMsl Ha aHaJIU3
pe3yIbTAaTOB MOCIIE aMILTH(DHUKALIHH.

Crenenb pa3padoranHocTu Tembl. OCHOBHON IyTh pacmpocTpanenus X. euvesicatoria pv.
allii B HOBBIE perroHbI MPOUCXOUT YePe3 MEXKYHAPOTHYIO TOPrOBIIO ceMeHamu. [loaTomy st
3¢ (exTUBHOrO CcAEepKUBAHUS TPAHCTPAHUYHON TMepelayd 3TOT0 KapaHTHHHOTO IaToreHa
HE00X01MMO pa3paboTaTh U MOCTOSHHO ONTHMU3UPOBATH METO Bl MOJICKYJIIPHOTO OOHAPYKEHUS
U UICHTHU(QHUKAIMK B OTBET Ha 3BOJIOLMOHHUPYIONIME MOMYJSALUU MaToreHa. B cBs3u ¢ 3TUM
KpaifHe BayKHO OBLJIO MPOBECTH aHAIN3 OMOJOTHYECKUX OCOOCHHOCTEH 3TOr0 MaToreHa, a Takke
ONTUMU3UPOBATH METO]I MOJIEKYJISIPHOM ArarHocTukH, To ecTh [ILP. Kpome Toro, 6bi1a nomyuena
Ba)XHass MHQPOpPMALUsA O CHEKTpe BHUPYJECHTHOCTH ITAHHOTO BHJA OaKTEpui, YTO IO3BOJHT
CYILLIECTBEHHO YJIYYIIUTh METOAbI KOHTPOJISI JAHHOTO [aTOreHa.

I_Ie.m, U 3aa4YM uccjeJoBaHuda — HpoaHaanpOBaTb pas3IndHbIC OMOJIOTHYECKHE CBOMCTBA
n OIITUMU3UPOBATH MOJICKYJIIPHO-TCHCTUYCCKUC METOAbI JUArHOCTUKHN q)HTOHaTOI‘eHa
Xanthomonas euvesicatoria pv. allii.

st mocTrKeHus 3TOM e ObLIN MOCTABJICHBI CIACAYIOIINE 3a/1a4Uu:

e CoOparb ¥ MpoaHATU3UPOBATh HHPOPMAIIHIO O CHCTEMAaTUKE, MATOTEHHOCTU U OMOJIOTUU
X. euvesicatoria pv. allii.

e lI3yuuTh KyJIbTypaJbHbIC CBOHCTBa M ocoOeHHOCTH pocta X. euvesicatoria pv. allii na
pa3IMYHBIX MUTATENBHBIX Cpeax.

e [IporecTupoBarh U ONTUMHUZUPOBATH CYIIECTBYIOIIUE METOABI JUATHOCTUKH.

e Pazpabotatrs anpTepHaTUBHBIN 30HAa (1poOy) anst MGB s [1LP B peaibHOM BpeMeHHU.

e Ouenutsb 3PdextuBHOCTh MeTo10B BhIAeeHus JJHK ¢ momompro [M1[P-anamm3a ma X.
euvesicatoria pv. allii

Hayunas HoBu3Ha padoThI:

B xone wuccnenoBaHus Oblia BbISIBIIEHA JIOCTOBEpHAs KOPPEISLUS MEXKIY METOJIOM
Beiienienuss  JJHK  wu sddexkruBnoctero  IIlIP-ananmuza. 3Orto  mpuBeno K
ycoBepueHcTBoBaHuO 111[P-aHanu3a B pe3ynprare onpeneneHns ONTUMaIbHOTO METOA
n3Bneyenus JTHK.

1. Beuio oOHapyxeHo BiusiHMe X. euvesicatoria pv. allii Ha >xu3HeCmocoOHOCTh H
DHEPTHUIO MTPOPACTAHHS CEMSIH JTyKa.

2. Ilpemnoxen m mpotectupoBad 30HA BHQ (Black Hole Quencher®) B kauectBe
anpTepHatuBbl 30HAy MGB (Minor Groove Binder, Applied Biosystems TagMan,
USA), KOTOpbhIi HENOCTYNIEH Ha POCCHUICKOM pBbIHKE, KOTOPBI IOKa3ai
COBMECTHMOCTPH Kak ¢ mpaitmepamu AVR, Ttak u ¢ mpaiimepom PIL. 3oun BHQ 651
npu3HaH 3¢ dexTuBHO 3ameHoi a1 MGB.

3. Hsyuenue Bo3zeiicTBUs OonesHel in-planta Ha pasnuyHble 4acTH PAacTCHW JyKa,
BBIPAILIEHHBIX W3 PAa3HOr0 Marepuana i Pa3MHOKEHHUS B IIOJIEBBIX YCIOBHSIX,
MI0Ka3aJI0, 4T0 OaKTepUH Pa3MHOXKAIMCH 00JIee MHTEHCHBHO | J0JIbIIE COXPAHSIIHCH B
BEPXYIIKE JTyKOBUIIBI.

4. B xozme wuccinenoBaHusi ObUIO BBISBIEHO BIUSHUE TeMIeparypsl Ha pocT X.
euvesicatoria pv. allii Ha cpene Ha ocHOBe s1yKoBOTO KcTpakTa (OEM).

Teopernyeckass M NPAaKTHYeCKass  3HAYUMOCTb.  YCOBEPIIEHCTBOBAaHHBIA  H
ONTUMU3UPOBaHHbIN auarHoctuyeckuit [P npotokou mist X. euvesicatoria pv. allii mogxoaut
KAaK JUIs UCTIOIb30BaHMs B Poccun, Tak U B Apyrux crpaHax. Bee nokasarenu [1I[P-anann3a, Takue
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KaK 4yBCTBHUTEIbHOCTb, CIIELU(UIHOCTb, TIOBTOPSIEMOCTh ¥ BOCIIPOU3BOAMMOCTb, OBIIIN OLIEHEHBI
U TOATBepXKAEHBL. OntuMmuzamus MeTofa HKcTpakuuu OaktepuansHoir JIHK, nerko
agantupyemoro K mnporokoiy [P, 3HauurTensHO mnoBbicuia 3(PQEKTHUBHOCTH aHaIM3a, YTO
MO3BOJIMIIO OBICTpEe M TOYHEee OOHApY)KUBATh, U WACHTU(UIIMPOBATH MATOreHbl. [IpoBeneHHbIC
UCCIIEI0BaHMs ITPUBEIH K MOJIy4YEHUIO aibTepHaTuBbl 301y MGB myTtem 3amens! Ha 3051 BHQ.
HccnenoBanue Takxe paciidpuio 3HaHUSL 0 OMOJIOTMH MaTOoreHa

I/ICCJIGI[OBaHI/ISI CCJIICKTUBHOCTH K XO3iIHMHY U KYJIbTYPAJIbHBIX CBOMCTB IIaTOI'€HA Ha Pa3JIMIHBIX
MMUTATCIIBHBIX CPpEAAX paCIlIuPUIIO 3HAHUA O ouogoruu HaHHOﬁ 6aKTCpI/II/I.

Unentudukanuss BepXyIlIEYHOW YACTH JYKOBUIIBI KaK YacTH pacTeHHs C HauOoiblei
KOHIIGHTpallMed IMaroreHa M MaKCUMaJIbHOM CKOPOCTBbIO €ro pa3sMHOXXEHHUS MO3BOJIMIA
ONpEeAeNUTh MCTOYHUK BTOPUYHOTO 3apaKE€HUsS U MOTEHIHAIbHBIM HMCTOYHUK SMUPUTOTHUH.
PesynbpTaThl McCleOBaHUS MO3BOJIT CYIICCTBEHHO YIIYYIIUTh HWACHTU(DHUKAIMIO JaHHOTO
KapaHTHHHOTO 00BbEeKTa ClTy>k0aMu (PUTOCAHUTAPHOTO HA/A30pa.

OcHoBHbIE MOJIOKEHHSI, BLIHOCUMBIC HA 3aIIUTY:

1. Onrumuszanus METO0B uaeHTU(UKaIIn BO3OYUTEIIS OakTeprosa
ayka X. euvesicatoria pv. allii — kapanTuaHOTO (hriTonaroreHa Ha repputopun PD, BKIroUaromias
yIyUIICHHBIE METOBl POOONOArOTOBKH, NPUMCHEHHE CCJICKTUBHBIX IMHTATCIBHBIX CpEI,
Beiiesienns JIHK, u III[P B peaslbHOM BpeMEHM C QJIbTEPHATHBHBIM 30HJIOM C TacUTEIEM
dayopecneniuu BHQ.

2. CucremMa MyJIbTUILUIEKCHOM auarnoctuku X. euvesicatoria pv. allii — merogom IIIP B
peaTbHOM BPEMEHH, PEKOMEHIyemas JUIsl aHalu3a OoO0pa3loB CeMsH JlyKa Ha 3apaKeHHOCTh
BO30yAMTEIEM OaKTEpHO3a.

3. Peakuus )KU3HECTIOCOOHOCTH M SHEPTUH NPOPACTAHUS CEMSH HEKOTOPBIX COPTOB JIyKa

Ha 3apakeHnue X. euvesicatoria pv. allii.

MeTtoago/10rMI0 M1 MeETOABI HcCAeA0BAHMA. METOM0JIOTUS MPOBEIEHHBIX HCCIET0BAaHUMN
OCHOBaHa Ha HAyyHBIX IMOJIXO0JaX BbIABIEHUS, MOpP(HOMETPUUYECKUX OCOOEHHOCTEN
¢uTONaTOreHHBIX OaKTEepHil M MaTOTeHe3a BBI3BIBAEMBIX MMHU OOJE3HEW pacTeHWi, M3y4eHHU
JUTEPATYpPHBIX HCTOYHUKOB, 00O3HAUEHUU LIE€TH HCCIEIOBAaHUI M IMOCTAHOBKM 3aJay JJis ee
JOCTMDKEHUS, TPOBEIACHUU JIAOOPATOPHBIX OIBITOB, CPAaBHUTEIHHOM aHAJIM3€ IOJYYEHHBIX
pe3yabTaroB. MccriegoBaHUs MPOBOAMINCH 10 OOLIEHPUHATHIM MHMKPOOHMOJIOTHUECKUM U
MOJIEKYJIIPHO-TeHETUYECKUM METOAMKAM JUArHOCTUKH (PUTOMATOTE€HOB.

Anpodanusi pe3yJbTaToB padoThl. MTOroM IuCCEpTallMOHHOTO HCCIEIOBaHMS cTajia
nyOnukanust 7 crartedl, B TOM 4uclie 6 B HAyYHBIX JKypHaJIaX MHIECKCUPYEMBIX B 0aze TaHHBIX
SCOPUS, u 1 B xypHnaze, BkiatoueHHOM B I[lepeuens BAK P®. Pe3ynbrathl auccepraiiioHHON
paboTel OBUIM MpENCTaBICHbl Ha CIEAYIOIIME MEpONpHusATHS: MexayHapoaHas Hay4Hast
KoH(pepeHus "ArpoxuMuueckoe obecrneueHue 1udpoBoro 3emueaenus’. Poccuiickoro
rocynapcTBeHHoro arpapHoro yamBepcuteta — MCXA wmmenn K.A. Tumwmpszera. 2019;
INTERNATIONAL SCIENTIFIC AND PRACTICAL CONFERENCE “CURRENT ISSUES OF
BIOLOGY, BREEDING, TECHNOLOGY AND PROCESSING OF AGRICULTURAL
CROPS”, June 2022. Krasnodar, Russia; MexayHapoHasi Hay4HO-IIpaKTHUECKast KOH(pEPEHIIUS
"Arpapnas Hayka-2023" (AgriScience2023). Poccuiickoro rocynapcTBEHHOIO arpapHoro
yauBepcurera — MCXA nmenu K. A. Tumupssesa, 2023.

JInunblii Bkiag apropa. Kanauaar yyacTBoBasl B ONPEEIICHNN €N U KOHKPETHBIX 3a]a4
UCCIIEIOBaHMsI; coOupall Y  aHaJU3UpOBaJl TMOJIyYEHHBIM Marepuan, oOpabaTbiBal U
UHTEPIPETHPOBAT ITaHHBIE, & TAK)KE TOTOBMJI IyOIMKALIMY JIMYHO U B COABTOPCTBE.
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Ctpykrypa m o0bem auccepramum. Jluccepranus COCTOUT W3 BBEACHUSA, TPEX IJIaB,
3aKJIIOYeHHs M crucka juteparypel. OH conepxut 136 crpanui, uH(OpMAIMs MpeCTaBICHA
BMecTe ¢ 32 tabnunamu u 15 pucynkamu. CiMCOK JTUTepaTyphl BKIIFO4YaeT 149 HCTOYHHUKOB.

BbaaroxapuocTu
ABtop Onaromaput Ilpuxonpko Csernany WropeBHy, HaydHOTrO COTPYJIHHKA,
3aMecTHTeNsl HadanbHuKa McneitatensHoro nabopatopuoro mentpa (PI'BY «Bcepoccuiickuii
neHTp kapanTtuHa pacteHuin» (BHUHWKP)) 3a momoms B ucciemoBaTeabckol paboTe mo Tteme
JICCepTaLUH.

Conep:kanue quccepranuu

BBeueHne. B sTom pasaciic paCKpheIBa€TCa ILCIb IMPOBCACHUA HCCICAOBAHHA, a4 TAKKE TaKHUC
ACIICKTHI, KaK aKTyaJIbHOCTb U HOBHU3HA.

I'naBa 1. O630p auTepaTypbl

B ar10it raBe maeTcs 0030p JUTEPATyPHBIX HCTOYHHUKOB, OCBEIIAIONINIM H3BECTHBIC ACIEKTHI
00BEKTa UCCIICIOBAHMIA, a TAKKE BBISBIISIOTCS MPOOEIBI B 3HAHUSIX. DTO popMupyeT QyHIaMEHT,
Ha KOTOPOM 0azupyercs uccieaoBanue. M3ydarTes CloKHbIe B3aUMOCBSI3H MEKIY Pa3IudHbIMA
acreKTaMy, HampuMep, BIHMSHUEC TEHETHUYCCKOTO Pa3sHOOOpasusi Ha YCTOMYMBOCTH OAKTEPUHU K
MEIM W BBITCKAIOIIHUE W3 3TOTO TMOCIEACTBUS Ui KOHTposs maroreHa. O0oOiieHue ¢GakTos,
IpPE/CTABICHHBIX B JIUTEPAType, JENaeT OYEBUAHOW HACTOSATEIBHYIO HEOOXOAUMOCTh B
pa3paboTke TOYHOro ¥ 3G HEKTUBHOIO IMPOTOKOJIE quarHoctuku X. euvesicatoria pv. allii.

I'naBa 2. MaTepuaJibl 1 MeTObI
Boigenenne JHK

Llenbio 3TOro HKCHepuMeHTa Obljla OLIEHKa KOMMEPUECKH JOCTYIHBIX HaOOPOB /sl N3BJICUYEHUS
JHK, ontumMusupoBaHHBIX [JIi PACTUTEIBHOTO MaTepHualia, M OIpeJesieHHe Haubosee
NOAXOAAIMX Ui BhigeneHuss X. euvesicatoria pv. allii. Tpu xommepueckux HaOopa s
skcrpakiuu, [Ipoda I'C, Cop6-I'MO u ®dutoCopb, uCronbp30BaHHBIE B UCCIIEIOBAHUU, UMEIOT
pasHble MexaHu3Mbl BoccraHoBieHus J[HK, T.e. MarHuTHble mapuku, COpOEHT Ha OCHOBE
KpeMHe3eMa, a TakkKe CTeKJIO0 U JuatoMoBylo 3emito. 200 MKJI JKCTpakTa CeMsH,
MHOKYJIMPOBAHHBIX OakTepueill B auamnasoHe KoHueHTpamuii ot 10* mo 10”7 KOE/mu, B Tpex
BapuaHTax Ui Kaxjoro ooOpasma oroupanu maus ussneuenus JIHK wu, crmemgoBatenbHO,
oOHapy»eHHs marorena ¢ nomoibto [111P.

Omnpenesenue 4yyBcTBUTENbHOCTH Kiaaccudeckoi I[P u IILP B peajibHOM BpeMeHH

UyBCTBUTEIHHOCTh OLICHMBAIM Kak C momoinbio o0bruHOM 1P, Tak u ¢ momomisio TP B
peansHoM BpemeHu (qPCR) mna X euvesicatoria pv. allii. TlpoBomunu JecsTUKpaTHOE
MOCJIEZIOBATEIIbHOE Pa3Be/ICHUE C IMOYICHHEM 7 pa3BelIeHUH ¢ KOHIICHTPAITUSIMH B JHAITa30HE OT
6,8x10" mo 6,8x107 KOE/mia, rae nepBoe paszseneHue D1 cooTBeTcTBOBasio HauBbICHIECH
KOHIICHTpAIlMH, a TOCJIeHee pa3BegeHne D7 COOTBETCTBOBAIIO HAWMEHBIICH KOHIICHTPAIIHU.
OO0pa3upl ceMsH Jiyka U3MeNbuail ¥ TOMOTEHU3WPOBAIH, 3aTeM WH(UIMPOBATH Pa3TUIHBIMU
KOHIIEHTpaIMsIMu OakTepuii mepen ooHapyxeHuem Oaktepuii ¢ nmomombio [11[P-ananuza. beum
MPOBEJICHBI MMOBTOPHBIE UCIBITAHUS C TPEXKPAaTHBIM BOCIPOU3BEACHUEM SKCIEPHUMEHTAIBHBIX
YCTaHOBOK.

Ouenka cnennuunoctu [N P-ananuzoB Ha X. euvesicatoria pv. allii

B uccnenoBanum 1151 TECTOB Ha MHKJIFO3UBHOCTD MCIOJIB30BAIMCH 2 IITaMMa 11eJIeBOi OakTepun
X. euvesicatoria pv. allii, a umenHo 0377 u 0419 Bcepoccuiickoro ieHTpa KapaHTUHA PACTEHUH,
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nepBOHAYaIbHO TocTaBieHHbIe 3 Ppannuu nox obdosznadeHussMu CFBP 6107 u CFBP 6369
COOTBETCTBEHHO. [l TECTOB Ha JKCKJIIO3WBHOCTh OBUIM HCHONB30BaHBI 97 IPYyTUX BHJIIOB
Oakrepuii. McciaemoBanusi TPOBOAWIMCH C HcTonb3oBaHueM o0buHbIX [IIP m KIIIP ¢
UCII0JIb30BaHuEM JIByX MapkepoB AVR u PIL.

Onpenenenne MOBTOPSAEMOCTH

J1ist ycTaHOBIIEHUS CTETIEHU cOOTBETCTBUs pe3ynbraroB [1LIP-tecta Opina uccnenoana cepus 10-
KpaTHBIX pa3BeACHUIN NCKYCCTBEHHO MH(UIIMPOBAHHBIX SKCTPAKTOB B 6-KPaTHOM IOBTOPEHUH Ha
YPOBHC TIOPOT'OBBIX KOHI.[CHTpaL[I/IfI (I)I/ITOHaTOFeHa, YCTAHOBJICHHBIX IIpHU ONPCACIICHUN
YyBCTBUTEJIBHOCTH.

Omnpenenenue BocnpousBoaumoctu [NIP-ananusza

OLeHKYy BOCHPOU3BOJUMOCTH TMPOBOAWIM i ompeaenenuss cnocodnoctu [IIP-ananuza
oOHapyXuBaTh X. euvesicatoria pv. allii c uctiosb3oBanreM 2 HabopoB npaiimepoB AVR u PIL s
7 xonnentpamuii (7,2x10!-7,2x107 KOE/Mm) ¢ 3 pasHeIMH omepatopaMd H HaGopamu
000pyI0BaHUS B TPEX OBTOPHOCTSX.

JKCIePUMEHTHI ¢ peaklieil HA MpopacTaHue- DKCIEPUMEHT ObUI OPraHM30BaH IO MOJHON
panaomusupoBanHoil cxeme (ITPC) ¢ TpexkpaTHOI MOBTOPHOCTHIO Ha 12 KOMMEpPUECKUX COpTax
nyka (tabmuma 1). [Ins xaxnmoro copra 100 cemsH B uwamke Iletpu uHOKynMpoBaiu 5 i
OaKTepHalIbHOM CyCIIeH3UHU B 3 KoHLeHTpauusx X. euvesicatoria pv. allii (10*; 10° u 108 KOE/mn).
B kauecTBe OTpULIATENBHOTO KOHTPOJIS UCIOIb30BAIN AUCTHILUIMPOBAHHYIO BOAY. 3aT€M YallKu
[lerpu wWHKYOMpOBaJiM NpPU KOMHATHOM Temmeparype B TeueHue 2 yacoB. [lo oxoHuaHuu
MHKYOallMOHHOTO TIepro/ia OaKTepuaIbHYIO CYCIIEH3UIO CIIMBAJIM U CEMEHA OCTaBIISUIM BBICHIXATh
npu koMHaTHOU Temneparype 25 °C + 2 °C. 3aTem cyxue HHOKYJIMPOBaHHbIE CEMEHA IIEPEHOCUIIU
B yaniku [leTpu, BeIcTIaHHbBIE HA THE QUIBTPOBAIBHOM Oymaroii TonmuHoi 9 cM. B wamku [etpu
NO0aBISIM  TUCTWUTUPOBAHHYIO BOAY. 3areM damku llerpu momemany B HMHKyOaTop mpu
temneparype 21 °C B temHote. CeMeHa HHKyOHpOBali B TeueHue 14 nHel U moacyeT BCX0XKeCTH
TIPOBOIMIIH KaXK/IbIN JICHb.

Tabauua 1- PaitonupoBanubie B PO copra iyka, KOTOpPBIE UCIIOIB30BATUCH B UCCIEIOBAHUHT

Ne Copr Opurunarop OcHoBHBIC
XapaKTepHCTHKHU
1 ITeepo Arpodupma Adnuta Banwmiickuii styx (Allium
fistulosum L.)
2 | Pycckas 3uma OI'BHY denepanbHblii HayuHbld neHTp | Bamuiickuii myk (Allium
OBOIIIEBOJICTBA fistulosum L.)
3 Anpenb anbHEeBOCTOUYHON OMBITHOHN CTAHIIUA — Banuiickwuii myx (Allium
OAO "BHUUP" /3A0 Jlanc koMmaHu# fistulosum L.)
4 | KapaHTaHCKUii Arpodupma Asmura OOO/reTeposuca Jlyk- mopeii (Allium
BEIOOp OO0 porrum L.)
5 Jletnuii Opu3 I"aBpuI OBOIIHAS CENEKIIMOHHAS Jlyk- mopeii (Allium
KOMIIaHHS, porrum L.)

6 | CrpurynoBckuii | 3AO Hayuno-mpousBojctBeHnas pupma | Jlyk permuarsiii (Allium
MECTHBIN "poccuiickue ceMena'; cepa L.)

Accouuanys 1o CeMEeHOBOJICTBY OBOIIIHBIX
KynbTyp “CoptcemoBonr”; Arpodupma
Asnura O00; OI'BY "denepanpHblii
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Hay4HbIN HEHTp oBoleBoAcTBa"; CaTtuBa
0OO0Q; rereposuc Beioop OO0

7 Kapmen MC

Arpodupma Asnmuta OOO/AJIT cemena

Jlyka peruatsrit (Allium
cepa L.)

8 [ryTTraprep
Puzen

Camen May3zep KsenmunOypr, ['epmanus

Jlyk pemmuarsiii (Allium
cepa L.)

9 | Msaukosckuii300

OI'BY "denepanpHplil HAyYHBIN LEHTP

Jlyx perraatsrii (Allium

rOCy/IapCTBEHHBIN arpapHblil YyHUBEPCUTET

oBomieBoacTBa"; 3A0 "Komnanus Jlanc"; cepa L.)
AQO "O3epsnl"
10 | JlanmmoBcKwmiA denepanbHOr0 HAYYHOTO LIEHTPa Jlyk peruatsriii (Allium
301 OBOIIIEBOJICTBA, Arpodupma AsmuTa, cepa L.)
000, Jlanc koMIaHUH
11 Xanmenon 000 «IOBEC 2000», OO0 Jlyk permuatsrit (Allium
«AHTEPCEMS», OO0 «AI'POOHIPMA cepa L.)
[TOUCK'», OO0 «I'ETEPO3UCHA
CEJIEKLIU S1»
12 Onnan on ®I'BOY "Kyb6anckuit Jlyxk perruatsriii (Allium

cepa L.)

nmenn U. T. Tpyoumuna"

Hcmounuk: cocmasnerno asmopom.

CesekTHBHOCTBH JABYX mTammoB Xanthomonas euvesicatoria pv. allii B oTHomenun nsitu
npeacrasureaeit poga Allium

CemMeHa TATH BHJIOB JIyKa, a mMeHHO Jiyka permdatoro (Allium cepa), zemenoro myka (Allium
schoenoprasum), Bayummiickoro syka (Allium fistulosum), mymmcroro nyka (Allium ramosum) u
ayka-tiopest (Allium porrum), ObuIH 3aKyIUICHBI ISl UCCIICIOBAHUI CEJICKTUBHOCTH MATOTCHA B
OTHOIIICHUH pacTeHUs-xo3siHa. McenemoBanu aBa mramma Xanthomonas euvesicatoria pv. allii,
- 0377 n 0419 u3 komnekuu GuronaroreHHbIX OakTepuil Beepoccuiickoro neHTpa KapaHTHHA
pacteHnii. bakTepuanbHas CycreH3Hs ¢ TpeMs KOHIEHTpalusMd B AuamnasoHe oT 10° go 107
KOE/mn Oblna ucnosb3oBaHa Ui 3apaKeHHs KJIETOK TOMOTE€HM3HPOBAHHOTO PACTHTEIBHOTO
marepuana matd BuaoB Allium, u3 xoropsix mpoBoamwiochk Beigenenue JIHK. PesysibraTer
olleHuBanuch ¢ momoiisto PCR.

HcnpiTanus naToreHHOCTH U oneHka 30u1a BHQ kak ansrepuaruBel MGB

Jnist BeIpamuBaHust TyKa (CESTHIIBI M Ca’KEHIIBI) B ITOJIE MCIIOJIb30BAIMCH TP THTIA MaTepHaa Jis
Pa3MHOXCHHUS: CEMEHA, JTYK-CEBOK M JIyKOBHUIIBI. bakTepuansHblii HHOKYIOM X. euvesicatoria pv.
allii B xonmenTparuu 7,4x10" KOE/MJI MCHOJB30BAIM IS 3apakeHHs pacTeHui. JIMCThbs
paccaaHbIX pAacTEHUIN MPOKAIBIBATH WIJIOH W BAaTHBIM TaMIIOHOM, CMOYEHHBIM B CYCIEH3UU
OakTepuil, MPOTUPAIH WX MOBEPXHOCTh. Uepe3 4 Mecsia pacTeHUs cOOMpaIu M KaXxa0€ U3 HUX
JIEJIUITY Ha 3 4acTH, B YaCTHOCTHU Ha JIMCThsI, BEPXYIIKaA JTYKOBHIIBI M KOPHU. 3apaKeHHOCTh ITHX
TPEX YacTe pacTeHHsl ObUTM OIEHEHHBI ¢ MOMOIbI0 KommuecTBeHHOU [II[P ¢ mcnonb3oBanuem
30812 MGB u BHQ 17151 cpaBHUTENBHBIX TECTOB U ONIPEEIICHHS IPUCYTCTBUS OaKTEpUil, a TaKxKe
BBISIBIICHHSI YaCTH PACTCHHUS, B KOTOPOW OHM OBUTH HanOOJIee pacipoCTpaHEHEI.

CpaBHHUTe/IbHBIE HCCICJOBAHUSA CPeJl POCTa

Jiis mpoBeeHNsI CPaBHUTENBHBIX UCCIIEAOBAHHN Cpel ObUIHM MPUTOTOBJIEHBI 3 Cpebl-KaHau1aTa:
cpena ¢ skcrpakroMm syka (OEM), muratensable OympoHHBIE apoxokn (NBY) u mpoxokeBoit
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nenToHHO-TIoKO3HBIA arap (YPGA). Ilarbnecatr MUKpOIUTPOB OaKTEpHATBHON CYCIIEH3UH C
KoHIleHTpanueil 6,6X10% HaHOCHIM Ha cpejly, Mocie Yero MHKyoupopaiu npu 25°C B TedeHue 5
JIHEW C y4eTOM BO3MOXKHOI'O MEJICHHOTO pocTa Ha cpene-kanauaare. [Ipu temneparype 28°C,
PEKOMEHI0BaHHOM pa3paboTuyrMKaMK MUTATeIbHOM cpebl, X. euvesicatoria pv. allii mrramm 0419
HE CMOT PacTH, TOATOMY TEMIIEpaTypPHBIN PEXUM KoppeKkTupoBaiu 10 25 °C.

I'naBa 3. Pe3yabTarsl M 00Cy:KI1eHHe

Onpenesienue yyBcTBUTEIbHOCTH Kiaaccudeckoi I[P u TP B peasibHOM BpeMeHH
BakTepuanbHble pa3BefeHHs oT 1 10 7 ¢ KOHIEHTpauusMu B auanasode ot 10 no 107 6sum
MpoTecTUpOBaHbI ¢ nomouipto I1[P-ananu3a.

YyBcTrBUTEABHOCTH Kiaccnueckoii [P ¢ ucnoan3zoBanuem AVR-npaiimepos
Tao6auna 2- YysctButenbHOCTh Kiaccuueckoit [P mis unentudukanun X. euvesicatoria pv.
allii B 7-M1 KOHIIGHTpALUSAX C UCIIOJIb30BaHUEM TpaiimepoB AVR.

Passenenue Konuenrpanus [ToBTOpHOCTH
OakTepuit 1 2 3

SD1 107 + + +
SD2 10° + + +
SD3 10° + + +
SD4 104 + + +
SD5 10° + + +
SD6 10° + + +
SD7 10! + + -

K- oTpunarenpHbIi KOHTPOJIb H>O — — -

YK- OTpHULATEIbHBIN

koHTpoJib [111P B 30He dH>0 -

K+ MTOJIOKUTEIBHBIN 108 +

KOHTPOJIb

Hcmounuk: cocmagneno asmopom.

Kak nokazano B Tabmuue 2, oObunas [P ¢ ucnonb3oBanuem mnpaitmepoB AVR mno3Bossier
oOHapyXuBaTh OakTepUu OT MEPBOTO 10 6-T0° pa3BeneHHs OakTepui, YTO COOTBETCTBYET
koruenTparusaM ot 107 1o 102 KOE/Mn. Onako, B 77 pas6asnennn konnentpamun 10* KOE/mn
TOJILKO B JIBYX U3 TPEX MOBTOPHOCTEH TECT OKa3aJiCcsl MOJIOXKUTENbHBIM Ha HaJlMuue OakTepui,
ClIeIoBaTeNbHO, 0OHAPY’KEHUE Ha 3TOM YPOBHE paccMaTpHUBaeTCs KakK HYJIEBOE.

Omnpenenenue yyBcTBUTeAbHOCTH Kaaccuyeckoi ITIP ¢ ucnonb3oBanuem npaiimeposn PlL

Tadauna 3- UysctBuTenbHoCTh Kiaccuueckoit [P ans unentuduxauuu X. euvesicatoria pv.
allii c ucnionp3oBanueM npaiimMepon PIL.

Passenenue KonuenTpanus 0akrepuit [ToBTOpHOCTH
1 2 3
SD1 107 + + +
SD2 10° + + +
SD3 10° + + +
SD4 10° + + +
SD5 10° + + +
SD6 10 + + +
SD7 10 + = =
K- oTpunatenbHblii KOHTPOJIb H20 - - -
YK- OTPHULIATENIbHBIN dH20
koHTpouib [II1P B 30He -
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K+ HOJIOKUTEIbHBIN 108 +
KOHTPOJIb
Hcmounux: cocmasneno asmopom.

[Ipu ucnonp3oBanuu mpaiimepoB PIL, III[P-anaim3 mMor B MOCTaTOYHOH CTENEHH BBIABIATH
GakTepuu B pasBeeHHAX 1—6 ¢ COOTBETCTBYIOMIMMH KoHIeHTparuamu 10°—102 KOE/wmi, kak
nokazaHo B Tabsmie 3. [Ipu camoli HU3KO#M KOHIICHTPAIlUU, T.€. Pa3BEICHUH 7, TOJBKO B OJHON
MOBTOPHOCTH ObliIa O0OHApykKeHa OaKTepusi, TAKIM 00pa3oM, 0OHApYKEHUE Ha 3TOM YPOBHE OBLIO
3apErUCTPUPOBAHO KaK HYJIEBOE.

YyscrBuTeabHOCTh AynjiexkcHoii I[P B 3aBucumoctu ot npaiimepoB AVR u PIL
Tabauua 4- UysctBurenbHocTh aymiekcHoi [P mis unentuduxanuu X. euvesicatoria pv. allii

Passenenue Konuenrpanus 6akrepuit IToBTOpHOCTH
1 2 3

SD1 10’ + + +
SD2 106 + + +
SD3 10° + + +
SD4 10 + + +
SD5 103 + + +
SD6 102 + + +
SD7 10! + - -

K- orpunaresnbHblii KOHTPOJIb H20 - - -

YK- OTpHULIATENbHBIN

koHTpoJIb TP B 30HE dH20 -

K+ MOJIOKUTENBHBIN 108 +

KOHTPOJIb

Hcmounuk: cocmasneno asmopom.

Hynnekcnas [ILP, coueratomass mnpaiimepel AVR u PIL, wumena T1OT Xe ypoBEeHb
YYBCTBUTEIHFHOCTH, YTO W TPU HCIIOJIIb30BAaHUH MPAaMEPOB IO OTAEITBHOCTH, KaK IOKa3aHO B
Tabnuie 4. Takum 06paszom, TP pa3BeieHnHt 7 ¢ caMoil HU3Koi koHnenTpanueii 10! anamus ITLP
HE OKa3alicsi TOJOXHUTENbHBIM JUIsi Bcex 3 TmoBTOpoB. CremoBaTenbHO, camas HHU3Kas
KOHIIEHTPAIIHs, KOTOPYIO MOKHO OBLIO 0OHAPYKUTh, cocTaBisna 102, 4To cOOTBETCTBOBAIIO 6-My
OakTepuaIbHOMY Pa3BEICHHUIO.

YyscrBureiabHocTh [II[P-ananu3a B peasbHoM Bpemenn Ha Xanthomonas euvesicatoria pv.
allii

TP B peanprom Bpemenu (PCR) ananu3 na X. euvesicatoria pv. allii Takke orneHuBanmu Ha
YyBCBUTEILHOCTb.

YyscrBureabHocTh IIIP ¢ ncnoas3zoBanuem AVR-npaiimepos
Ta6auna 5- UyscrBurensHocts [11[P B peansnom Bpemenu (PB-ITLP) ans unentudukanum X.
euvesicatoria pv. Allii B KOHIIEHTPAIIHHA OT 107 mo 10%.

Pa3Benenne Konuentpanus IMoBTOpHOCTL 3HaA4YeHMS Cpennee
CT

7 1.1

D1 107 19.91 12 20,1
19,1 20,5
2.1 22,9

D2 108 29 22.2 23.13
2.3 24,3
3.1 24,8
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D3 10° 3.2 24,9 25.23

3,3 26,0
4,1 28,3

D4 10* 42 28,6 28,76
4,3 29,4
51 32,0

D5 10° 52 31,9 31,90
53 31,8
6,1 34,9

D6 102 6,2 34,8 34,86
6,3 34,9
7,1 36,2

D7 10t 7.2 36.1 36,06
7,3 35,9

Hcemounuk: cocmaeneno asmopom.

[TL[P B peanpbHOM BpeMeHHU ¢ ucnonb3oBanueM AVR-mpaiiMepoB mo3Boiiuia OOHApYXHUTH X.
euvesicatoria pv. allii or mepBoro pa3BeaeHus 10 7-r0 ¢ COOTBETCTBYIOIUIMMH KOHIICHTPAIMSIMU
107 u 10! KOE/mn (tabmuua 5). Takum 06pa3oM, JaHHBI aHANU3 10KA3ajl, 4TO OH MOYKET
obOHapykuBaTh GaKTepHH NPH HU3KOH KoHIeHTparuu 6,8X10%, umes 3nauenune Ct=35,8.

YyscrBuTeabHOCTH PB-IIIP ¢ ncnonb3oBanuem npaiimepos PlL
Ta6auna 6- YysctButensHocth PB-TI1[P-ananu3a ¢ ucnonas3oBanueM mnpaiimepon PIL

Pa3Benenue Konuentpanus IloBTOpHOCTL 3Ha4veHme Cpennue
CT

1.1 18,8

D1 10 1.2 20,8 20.13
1.3 20,8
2.1 20,9

D2 10° 2.2 23,8 22,73
2.3 23,5
3.1 25,6

D3 10° 3.2 25,5 25,47
3,3 25,3
4.1 28,7

D4 10* 42 287 28.73
4.3 28,8
51 32,1

D5 10° 52 319 31.63
53 30,9
6,1 34,5

D6 107 6,2 35,4 35,00
6,3 35,1
71 35,8

D7 10 7.2 36,3 36,10
7,3 36,2
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Hcmounuk: cocmasneno asmopom.

B tabnune 6 npencraBnena taysctButenbHOCTh PB-ITLP ¢ ucnonp3oBanuem PlL-mapkepoB ¢
GaKTepUanbHBIMK Pa3BEJEHUAMH, COCTABISIONIMME COOTBETCTBYIONINE KOHLEHTpamuu 6,8X107
KOE/mn, cHmkaromiyecs 10 6,8X101 KOE/mMn coorBercTBeHHO. CaMasi HU3Kass KOHILICHTpAIus,
TIpU KOTOPOi#i ¢ momorsio IT1[P-anani3a MOXKHO ObIIO 0OHAPYKHTH OakTepuu, cocTapnsia 101
KOE/mn npu 3nauennu CT 36,1.

Cneunuduunocts IIP-anamm3a na Xanthomonas euvesicatoria pv. allii

Cneunudpuunocts aynjaexcraoi [P

X. euvesicatoria pv. allii (mramMm 0419) mai moNMOKHUTENBHBIA PE3yIbTAT aHAIN3a, CPABHUMBIN C
koHTposieM (mrtamm 0377). lns ompeneieHus: TOYHOCTH TecTa OBbUTM OICHEHBI Apyrue 97
pa3InYHBIX OaKTEpUABHBIX IIITAMMOB, ITpH 3ToM Xanthomonas sp. (rrramm 0373) ObLT OIIHO0YHO
uaeHtTudunmuposan kak X. euvesicatoria pv. allii. Ocranbubie 96 GakTepuii 1aau OTPHUIIATEIIbHBIN
pe3yibTaT aHanu3a. TakuMm o0pa3oM, TpaaulMoOHHBIM ayruiekcHbid [P nmen crnenuduvanocTs
99%.

Cnennpununocts [I1P-ananusa B pealbHOM BpeMeHHU

[Tpu moxaTBepskIeHNH crielu(GUIHOCTH HCTonb3yeMbix mpaiimepoB, AVR u PIL B Tectax IILP-
aHaM3a B peaJbHOM BPEMEHH, TOJbKO 2 IesieBbIX mTamma X. euvesicatoria pv. allii mamu
MOJIOKUTEBHBIA pe3ynpTaT NpU OIleHKe. Bce ocranpHble 97 mTamMMmoB OakTepuil mamu
OTpHULIATENIbHBIN pe3yibTaT Kak Ha mpaiimepbsl AVR, tak u nHa PIL. Pesynbrarsr PB-IILIP ¢
ucnonbszoBanueM mapkepoB AVR wmu PIL umenu 100% crnennduyHOCTS.

Omnpenesienue nopropsiemoctu PB-ITLP

[T[1P-anann3 oLEHMBAIM Ha IOBTOPAEMOCTb C ucHojb30BaHueM wmapkepoB AVR u PIL.
AHaJIOTHYHBIE XapaKTePUCTUKH HaOmoaanuch 1t mapkepoB AVR u PIL, ipu aTom 3Hayenus CT
OBUIH PAaBHOMEPHO PACIIPEZieNieHbl B 3 CaMbIX HM3KHX KOHIIEHTpamusx or 6.6x10' no 6.6x10°
KOE/mn. Habmo1a10ch acHMMETpHYHOE pacripeaenenue npu konnentpanusax 104 u 10° KOE/mn
st mapkepoB PIL 1 AVR cootserctBenHo. HecmoTpst Ha paznuuus B nokazatensx KT, ananus
TIO3BOIMI 0GHAPYKUTH OAKTEPUU BO BCeX 6 MOBTOpeHHsX u3 7 xoHuenrtpauuii (ot 101 g0 107),
yTto obecnieunBaeT 100% MOBTOPSIEMOCTb.
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Pucynok 1, 3nauenuss CT pansg kaxmod peruMKanuu OaKTepHalbHBIX KOHIEHTpAlUi Mpu
ucrnonp3zoBanun AVR-mapkepoB
Hcemounux: cocmasneno asmopom.
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Pucynoxk 2 3nauenus CT nmus KaxIod perMKanuyd OakTepHaNbHBIX KOHIEHTpAIMWA Hpu
ucrnonb3oBanuu PIL -mapkepoB
Hcemounux: cocmaeneno agmopom.

Omnpenesienue Bocnpoussogumoctu anajausa PB-I1LP

BocnpousBogumocts IIIP-ananusa ¢ ucnonb3zoBanuem AVR-mapkepa

Jannsle B Tabmuie 7 WUIIOCTPUPYIOT, YTO JUIsl 7 KOHIIEHTpAIMil, OLEHEHHBIX C IMOMOIIbIO
npaiimepoB AVR, BOCIpOM3BOAMMOCTh aHalu3a Oblla BBICOKOH Y pa3HBIX OMNEPaTOPOB U
UCIIONIb3yeMoro oOopynoBaHusi. BapuaGenbHOCTh ObUTa HAaWMEHBIIEH TNPU CaMOW BBICOKOU
koHnenTpanuu 6axrepuii 107 KOE/Mi1, 0 ueM CBUIETENLCTBYET OTHOCHTEIHLHOE CTaHAAPTHOE
orknonenue B 0,33%, Torma kak koHueHTpamus 10° mMena camoe BBICOKOE OTHOCHTENBHOE
CcTaHJapTHOe OTKJIoHeHue B 1,62%. bonee toro, mpu crangaptHoM otkiaoHenun 0,05,
Cle/IoBaTeNbHO, BbICOKOW Onm3octu Kk cpenHemy 1ukiny KT, pasamomy 15,37, Tect
MPOJEMOHCTPUPOBAT BBICOKYID TOYHOCTh. B 1€moM, NIpH OTHOCHUTEIBHOM CTaHIAPTHOM
OTKJIOHEHUM HUXke 2% aHanu3 MpoJeMOHCTPUPOBAI XOPOUIYO BOCIIPOU3BOAUMOCTb.

Ta6auna 7- Bocipon3BonuMocTh aHanu3a ¢ ucnoib3oBanueM AVR-mapkepa

KOHIEHTpauusi omneparopsl & CT CpeJHHEe  CTAHAAPTHO OTHOCHTEJIbLHO
000py10BaHM 3HA4YeHHUe CT e € CTaH/JapTHoe
e OTKJIOHEHHE  OTKJIOHEHHe
OE1l 15,4
10’ OE2 15,3 15,37 0,05 0,33%
OE3 154
OE1l 19,4
108 OE?2 18,7 19,13 0,31 1,62%
OE3 19,3
OE1l 23,7
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10° OE2 23,2 23,43 0,21 0,90%

OE3 23,4
OE1l 28,2

10 OE2 27,7 27,77 0,33 1,19%
OE3 27,4
OE1 32,1

10° OE2 315 31,57 0,41 1,30%
OE3 31,1
OE1 34,9

10? OE2 34 34,53 0,39 1,13%
OE3 34,7
OE1 36,2

10t OE?2 358 35,9 0,22 0,61%
OE3 35,7

Hcemounuk: cocmaeneno asmopom.

Ouenka BocnpousBoanmoctu [P ¢ ucnonn3zoBannem PlL-mapkepoB

OO6napyxeHue 6akrepuii ¢ momompto npaiimMepoB PIL B kaxnoii u3 7 KOHIICHTPAIIUN BBISIBUIIO
UCKJTIOYUTEIHHO HU3KHE Pa3NIuyMsl B TIOBTOPHBIX TECTAX MEXAY OleparopaMu U UCIOIb3yEeMbIM
000py/IOBaHUEM, CJI€IOBaTEIbHO,  XOPOILIYKD  BOCHPOM3BOAMMOCTH  (Tabmuma  8).
Bocnpous3BoauMocTs Oblia Hanbolee BhIpaxkeHHOM npu konuentpanusax 10?2 u 10! KOE/min, Ha
YTO YKa3bIBA€T OTHOCUTEJIbHOE cTaHaapTHoe oTkiIoHeHue 0,55% u 0,59%. Ilpu makcumanbHOM
OTHOCHUTEJIbHOM CTaHJapTHOM OTKJIOHeHuHU 1,81% mpu KOHIIEHTpauu 107 KOE/mn IIOJIyYEHHbIE
JAaHHBIC OTPaXXKAlOT, YTO Pa3JIUuvs B OMNEPATOPAaX M HCIOJIB3YEMOM OOOPYIOBAHMHM HE OKa3aiu
CYIIIECTBEHHOTO BIUSHUS HA TOYHOCTh aHAIH3A.

Tabauuma 8- BocnpousBogumocTh aHanu3a Npu OOHApYKEHUM OakTepuil B pa3iIMUHBIX
KOHIIEHTpaLMsX

KOHIEHTPAIMSI  ONMepPaTopnl & CT cCpeaIHHe CTAHAAPTHO  OTHOCHTEJILHO
0060pY/10BAHH  3HAYEHHE CT e e CTaHJAapTHoe
(Y OTKJIOHCHHUEC OTKJIOHCHHEC
OE1 19,9
107 OE2 203 20,33 0,37 1,81%
OE3 20,8
OE1l 29,3
100 OE2 29.7 29.73 0,37 1,24%
OE3 30,2
OE1l 31,8
10° OE2 312 31,5 0,24 0,76%
OE3 31,5
OE1l 32,5
104 OE2 326 32,4 0,22 0,68%
OE3 32,1
OE1l 34,2
10° OE?2 336 33,76 0,31 0,92%
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OE3 33,5

OE1l 34,4

10? OE2 34.4 34,5 0,19 0,55%
OE3 34,7
OE1l 35,9

10! OE2 356 35,86 0,21 0,59%
OE3 36,1

Hcmounuk: cocmagneno aeniopom.

CpaBHUTEJbHBII aHAJIN3 KYJIbTYPAJILHBIX CBOiCTB X. euvesicatoria pv. allii Ha pa3im4HbIX
NMHUTATEJIbHBIX Cpeaax.
JIist KyJIbTUBHPOBaHKsI OaKTEPUil HCIIOIB30BAIU TPU MMUTATEIbHBIC Cpelbl (prc. 3—5)

N
(b) IlITamm Xaa 0377 (b) ITamm Xaa 0419

Puc. 3. Pocr X. euvesicatoria pv. allii na nonycenexrusnoit OEM-cpene
Hcmounuk: cocmasneno agmoponm.

Komnonnn mramma Xaa 0377 kyneruBupoBanu Ha cpene (OEM) kak mpu 25°C, tak u npu 28°C
unkyOanuu. [lltaMMm oOpa3zoBbiBasl HeOombIHMe Oenble KOJOHUU OENoro IBeTa, CIU3HUCTHIE, C
MIaJKUMU KPassMU U CJIETKa MPUIIOJHATON cepequukoi. Ha 5-i1 1eHb KyJabTUBUPOBAHUS KOJIOHUHU
MPUOOPETN TEMHOOKPAIIIEHHBIN IIEHTP, OOECIIBETHB CPEy.

(a) tamm Xaa 0377 (b) Itamm Xaa 0419

Puc. 4. Poct wumammos X. euvesicatoria pv. allii na cpene NBY
Hcemounux: cocmagieno agmopom.
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(a) Iramm Xaa 0377 (b) ltamm Xaa 0419

Puc. 5. Poct X. euvesicatoria pv. allii mrrammer 0419 u 0377 Ha cpene YPGA.
Hcmounuk: cocmasneno agmopom.

Ha nuratensubix cpenax NBY u YPGA X. euvesicatoria pv. allii o6pa3oBsiBanu KoioHUH TOTO
K€ THIIA: JKENTHIE CIMU3UCTBIE, C MPUIOJHATON BEPIIMHON U TIaAKUMM Kpasmu. L[BeT KonoHui
xkenTeiid. Ha 5-i neHs nHKyOauy KOJIOHWH TOCTHTIIH pa3Mepa > 5 MM u ciiwiuch. Habmromancst
OJIMHAKOBO MHTEHCHUBHBIM POCT IITAMMOB Ha 00EUX IMUTATENIbHBIX Cpe/iax.

CeJIeKTHBHOCTH 10 OTHOLIEHHIO K X03siMHY Y Xanthomonas euvesicatoria pv Ha pa3an4yHbIX
BH/IAX JIyKa.

YT0OBI yCTAHOBUTH CEIEKTHBHOCTD K X03suHy Xanthomonas euvesicatoria pv. allii y paznudnsix
BUJIOB JIyKa, ABa mramMMma (0377) u (0419) Obuti HCIIONB30BaHbI IS 3apasKEHHsI TIATH BUIOB JTyKa
Allium spp., a umenno A. cepa (AC), A. schoenoprasum (AS), A. fragrans (AF), A. ramosum u A.
porrum (AP). MubuimpoBaHHbIC paCTUTENIBHBIC KIETKH OLEHUBAIX ¢ ToMoinbio PB-TILP mis
OTIpeIeNIeHuUs CEJIEKTUBHOCTH MATOr'€HA M0 OTHOLICHHUIO K XO3UHY CPEIH 5 BUJIOB.

CenextuBHocTh mTamMma 0419 o xo3simHy cpenu 5 éudos Allium
Ta6auna 9- PesynsTatel 0OHapykeHus Bo30yautens B 5 sumax Allium,
WHOKYJIMPOBAaHHBIX TpeMsl KOHIIEHTpanusimu Oaktepuii, B [ILIP-ananmse B peaabHOM

BpPEMEHHU.

Bunabi siyka Bakrepnaabnas Pa3Benenue Cpennee CT
KOHIIEHTPaNus

A. cepa D4 10° 26,7
D5 108 29,8
D6 107 33,7

A. schoenoprasum D4 10° 26,4
D5 108 29,1
D6 107 32,8

A. fragrans D4 10° 25,8
D5 10° 28,9
D6 107 31,7

A. ramosum D4 10° 27,0
D5 10° 30,8
D6 107 33,3

A. porrum D4 10° 26,0
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D5 106 29,4
D6 107 32,5
Hcmounux: cocmaeneno asmopom.

CeaexTuBHOCTh TamMmma 0377 mo xo3suny ais 5 Bugos Allium

Tab6auua 10- O6napysxenue mramma 0377 B 3-X KOHIGHTPALUAX B MHOKYJIMPOBAHHBIX
pacteHusiX paszHbix BHI0B poaa Allium mpu ITI[P-ananu3e B peaibHOM BPEMEHH.

Buael nyka bakrepunanbH PasBenenus Cpeanee CT
ast
KOHICHTpanu
A
A. cepa D4 10° 27,1
D5 108 31,1
D6 107 33,2
A. schoenoprasum D4 10° 27,1
D5 10° 30,8
D6 107 33,4
A. fragrans D4 10° 27,9
D5 108 31,2
D6 107 33,2
A. ramosum D4 10° 28,4
D5 10° 32,9
D6 10’ 33,7
A. porrum D4 10° 28,7
D5 10° 32,0
D6 10’ 33,8

Hcemounuk: cocmaeneno asmopom.

[Tpu TectupoBanuu mramma 0419 Ha CENEKTUBHOCTH IO OTHOLICHUIO K XO3SUHY CPEAH 5 BUJIOB
Allium, oOHapysxeHa Hepe3kasi crienn(UIHOCTD K X035UHY, KaK Moka3aHo B Tadmuie 9. [lltamm
0377 Taxke aHAJOTHYHBIM O0pa3oM MPOSBISUT ceOs MpHU KaXIOW W3 HCIOJIB30BAHHBIX
KOHIICHTpalui (pa3BeIeHui ).

Bausinue meronos 3xkcrpakuuu JHK Ha nosbimenue 3¢ pexrusnoctu IIP-ananusa npu
uaenTudukanuun Xanthomonas euvesicatoria pv. allii

[lenwro TOTO MCCIIENOBAaHUS ObLIa OIIEHKa KOMMEPYECKU JOCTYITHBIX HA0OpPOB ISl U3BICUCHUS
JHK, onTuMHM3MpOBaHHBIX MJIsi pPACTUTEIBHOIO MaTepuala, M OIpeaencHue Hauboee
noaxoasmmx s BeyaenacHus X. euvesicatoria pv. allii. Tpu kommepyeckux Habopa s
skcerpakiun, [Ipoda I'C, Copd MO u ®uroCop0, ucoap30BaHHBIC B UCCIICOBAHNH,

Tadauuna 11- CpaBHUTENbHBIN aHANU3 Pa3IM4HbIX METO0B Bbiaenenus JJHK

Meron Cpennee 3nauenre CT mpu pasnuuHbIx pa3BeneHusx X. euvesicatoria pv.

BBIIEIICHUS allii

AFK 10’ 10° 10° 10*  10° 102 10

[Tpoba I'C 17,9% 207 24,5 27.32 30.8% 34.2 35.8
(#0,21) | (£0,47) | (£0,06) | (£0.06) | (£0.64) | (£0.45) | (+0.44)
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Cop6-'MO | 20.9° 23.7° 27.8° 31.4° 34.2b ND ND
(£0.80) | (£0.26) | (%1.33) | (£1.59) | (=0.78)

®uro-Cop6 | 19,6° 22,6° 25,9% 29,6® [ 32,9° ND ND
(£0,64) | (£0,15) | (20,69) | (£1,08) | (%£0,95)

§ Paznble OyKBBI B OJJHOM CTOJIOIIE 0003HAYAIOT CTATUCTUYECKH 3HAUUMBIE Pa3Inyus

*ND, ve onpeneneno, cpeqaue 1ukiabl CT ObuM paccuuTaHbl TOJBKO ISl 00Pa3IOB, KOTOPHIE
UMEJH TPH MOJIOKUTEIBHBIX pe3yibTaTa U3 TPeX MOBTOPOB

Hcemounux: cocmasneno asmopom.

Ha6op ans nzsneuenus [Ipo6a I'C mokazan HauBBICIIYIO CTeNieHb YyBcTBHTENBHOCTH (P <0,05) B
[TL[P-ananu3e u obnagan Hanbonee CTaOMIBLHON CIIOCOOHOCThIO K OOHAPYKEHHUIO BO BCEX CEMU
KoHneHTpanusx. [Ipu Gonee Huskux xonnentpamusax 10?2 KOE/mn u 101 KOE/mn gBa apyrux
metona coporuu ['MO u ®utoCopb HE CMOTTHU JOCTUYD MOJIOKUTEIBHBIX PE3YIbTaTOB B TPEX
MOBTOpAX, CJIE€0BATEIBHO, CHKEHHUE MTOPOTOBBIX 3HAYCHHI NP ATUX KOHLEHTPAIMIX HE OBLIO
onpeneneHo, (ND) tabmuma 11.

Bausinue X. euvesicatoria pv. allii na BcxozxkecTs Jiyka

[lenpto TpoOBeAEHUS JAHHOTO SKCIIEPUMEHTa ObUIO H3ydeHue BiusHHsS Xanthomonas
euvesicatoria pv. allii Ha BcxoxecTh cemsH Jiyka. Kak moka3aHo Ha puc. 6, camas BbICOKast
KoHIeHTpanus nHokyoma 108 KOE/Mn okasana HauGomnbIee BIMSHAE HA 3 COPTA, 2 IMEHHO, Ha
Msukosckuii 300, Kapmen MC u Xanuenos ¢ sueprueit npopactanus 3, 2 u 0 COOTBETCTBEHHO.

Bausinue KOHICHTpauuuun 63KTepHﬁ Ha JHEPIUI0 IpopacTaHudA
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Puc 6. DHeprus npopactaHusi CEMsH JIyKa IPU pa3IMYHbIX KOHLIEHTpalUusix OakTepuil Ha
5-i1 ieHsb.
Hcmounux: cocmaeneno asmopom.

BinsiHMe KOHUEHTPALMHM HHOKYJISITA HA BCX0KECTh CEMSH JIyKa
Ta6auua 12- DHeprus npopacTaHus ceMsiH Jiyka Ha 14-ii 1eHp onbITa

Copra ayka % BCX0KeCTH NPH Pa3JIHYHON 0aKTEPHAJBLHOH KOHIEHTPAILIUH
108 108 104 KOHTPOJIb

[Teepo 80° 84bc 86° 96*

Pycckas 3uma 59¢ 66° 75P 92¢
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KapanTtanckuii 54P 56" 57P 83"
Kapmen MC 4° 6" g° 45?
JleTHnii 6pu3 55¢ 61° 68? 732
CTpUryHOBCKHUH 45° 48° 51° 87
MECTHBIH

Anpes 45° 51bc 55P 822
HItyrrraprep Pusen 21° 52P 67a 69°
MstukoBckwuii 300 49 22° 35P 85
JannnoBckuii 301 509 76¢ 83° 942
Xanuenoxn ob Ob ob 8a
Onnan 23° 26° 46° 53*

Hcemounuk: cocmaeneno asmopom.

Y GONBUIMHCTBA COPTOB JyKa HAOMIOANKNCh PA3IMYUs B YPOBHE MOAABICHUS MPOPACTAHUS TIPU
PasIHYHBIX GAKTepUANbHBIX KOHIEHTpamusx (Tabmuna 12). Camas Beicokas KoHIeHTparus 108
KOE/Mn BbI3bIBaNIa CaMblii BRICOKHIT YPOBEHb MHTHOMpPOBaHMS, B TO BpeMs kak y 10° KOE/mn
OBLIM YMEpPEHHbIE YPOBHHM, & MUHHMMaJIbHOE€ MHIMOMpOBAaHME HAOJI0/AJI0Ch MPU HaUMMEHbLIEH
konuentpamuu 10* KOE/Mn. YV copra Kapmen-MC kapTuHa MOJaBI€HHsS IIPOPACTaHUS
W3MEHUIIach Ha 14-i 1eHpb ombITa, KOTJa HAMMEHBIINN MPOLEeHT mpopactanus (4%) nabnrogancs
npu HambomnblIel KOHIEHTpamuu Oaktepmii, xoTs konmedtpamuu 10° u 10* KOE/Mn 6bum
cratucTruecku cxoaabivu (P>0,05).

HckyccTBeHHOE 3apaskeHe B MOJIEBBIX YCJIOBHSAX PacTeHui Jyka pemuaToro (A. cepa),
BBIPAIIEHHBIX U3 3-X Pa3JIHYHbIX MAaTEPUAJIOB /JIsl PA3MHOKEHHUs (CeMeHa, JYK-CeBOK U
JIYKOBHIIbI), 2 TaK:Ke olleHKa 30H1a BHQ kak anbTepnatusst MGB.

Taoauuna 13- O6napysxenue X. euvesicatoria pv. allii ¢ ucnone3oBannem AVR npaiimepoB u
30H1a MGB B pactenusix jiyka, BRIPalIeHHBIX M3 HHOKYJIUPOBAHHBIX CEMSH.

Wnentudukatop 3nauenue CT B pa3IM4HbIX YacTIX PACTEHUS
pacTeHus B

COOTBETCTBHM C Crebenb Bepxy1ika J1yKOBHIBI Jluctes
METOJIOM

Pa3MHOXXEHHUS

Sd1l 34.12 30.58 32.10
Sd2 34.00 31.30 32.62
Sd3 30.74 27.57 30.36
Sd4 28.16 29.00 31.60
Sd5 33.72 27.38 33.46
Sd6 27.24 32.36 33.40
Sd7 26.22 24.38 29.23
Sds 33.89 30.80 32.90
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Sd9 34.15 32.71 31.25
Sd10 33.70 30.45 30.48
Sd11 35.32 34.43 31.75

Hcemounuk: cocmasneno asmopom.

Kak BumHO w3 Tabmumpl 13, BepXylika JTyKOBUIIBI MMena HHU3KHE cpenHue 3HadeHus CT B
OOJIBIIMHCTBE 00pa3ioB, 3a uckiroueHuem oopasua Sd11, rae 3nauenue CT 34,43 Obuio BBINIE,
yeM y oOpasua gucteeB 31,75. Tor ¢akr, uro Haummenbiiee 3HaueHue CT 24,38,
3apEruCTPUPOBAHHOE JIJISI BCEX TECTUPYEMBIX 00pa3lloB, OBLIO JJIs BEPXYIIKH JTYKOBHIIBI, €IIIe
OoJIbIIe TOATBEPIKIACT BBIBOJL O TOM, YTO OOHAPYI)KEHHUE IMaTOreHa B 3TOH YacCTH pacTeHUs ObLIO
HAMHOTO0 0oJiee OBICTPHIM TTO CPABHEHUIO C IPYTUMHU YacTSIMH PACTECHUSI, HAPUMED, CTEOIeM, T/ie
010 0TMEueHO camoe Bbicokoe 3HaueHue CT 35,32, MoXHO HpeIIoNoXuTh, YTO JIBE IAPYTHUE
YaCcTH PaCTCHHS, a IMEHHO JIUCThS M CT€0EIb, CIY)KAT CPeoi OOUTAaHHUS 11l TOPa3a0 OOJBIIETO
KOJIMYECTBAa MUKPOOPTaHHU3MOB, KOTOPBIE MOTYT OKa3bIBaTh HEKOTOPOE MHTUOUPYIOIIee IeHCTBUE
Ha [I[[P-aHanu3, 10 CpaBHEHHIO C BEPXYIIKOW JIYKOBHUIIbI, KOTOPAsi MOXKET OKa3bIBaTh MEHBIIEE
UHTHOUpYIOLee IeHCTBUE.

Ta6auna 14- O6Hapysxenue X. euvesicatoria pv. allii ¢ ucmonszosanuem PIL mpaiimepos u
3ou1a BHQ B pacteHusx jtyka, BBIPAIICHHBIX W3 HHOKYJIMPOBAHHBIX CEMSIH.

Wnentudukatop 3nayenue CT B pa3iMYHbIX YaCTSAX PACTCHUS
pacTeHus B

COOTBCTCTRIM C Crebenb Bepxyika 1yKoBHUIIbI Jluctes
METOJIOM

pa3sMHOXKEHUs

Sd1l 30.34 28.51 33.62
Sd2 33.42 31.65 32.75
Sd3 33.57 28.42 30.14
Sd4 29.69 25.37 30.58
Sd5 32.37 27.78 31.46
Sd6 31.66 24.89 29.25
Sd7 33.28 25.66 28.71
Sd8 32.36 21.25 27.36
Sd9 3431 30.17 33.86
Sd10 33.53 29.46 31.28
Sdi1 33.54 26.24 31.61

Hcmounuk: cocmasnerno asmopom.

[Tpu ucnonszoBanuu 30812 BHQ B coueranuu c npaiimepamu PIL 3Hauenust CT cHU3MIHCH BO
BCEX 00pa3Iax 4acTei pacTeHui, Kak yka3aHo B TaOmiuie 14, mo CpaBHEHHUIO C UCIIOJIb30BAaHUEM
3012 MGB (Tabnuma 13). Tak, B o0pa3max BepXyIIKH JYKOBHUIbI C OOJBIIMHCTBOM HHU3KHX
sHaueHnil CT HauMeHbIlee 3aperuCTPUPOBAHHOE 3HAUEHUE cocTaBmio 21,25, 94To OBLIO HHKE,
4yeM npu ucnonb3oBanuu 3ou1a MGB. bonee toro, koraa 3ou1 BHQ coenunsuics ¢ npaiimepamu
PIL, Han6omwmiee 3nauenne Ct coctaBmino 34,31, 4To OBLIO HIDKE, YEM ITPH UCTIOJIB30BaHUH 30H/1a
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MGB 35,32 (tabnuma 13). Takum o6pazom, 6osiee Bricokast 3P heKTHBHOCTh OOHAPYKEHUS OblIa
IPOJIEMOHCTPUPOBaHA Al CTeONs pacTeHus Jyka, Korga mapkepsl PIL ucmonb3oBamuck B
KoMOuHanuM ¢ 30510M BHQ.

3akJjaroueHue

OcHOBBIBasCh Ha pe3yJibTaTax MCCIENOBAHUA IO COOpY JaHHBIX O CHCTEMAaTHKe,
NaTOreHHOCTH ¥ OMOJIOrUK OaKTepHid, ObLTIO OTMEUEHO, uTO IITaMMbl X. euvesicatoria pv.
allii He obnamaroT OTYETNIMBON CHEM(UYHOCTBIO K XO3SUHY CPEI PA3IMYHbIX BHIOB
poxa Allium. Kpome toro, mpu Bo3zzeiictBuu Oosie3nu in planta na pasmudunbie 4acTu
pacTeHuil JyKa, BBIPAIEHHBIX W3 PAa3HOTO MaTepuajia Uil Pa3MHOXKEHHUS B IOJEBBIX
YCIIOBUSAX, OBLIO OOHAPYKEHO, YTO OAKTEpUH WHTCHCHUBHO Pa3MHOXAIMCh U JIOJIBIIE
COXPAHSUINCh B BEPXYILIKE JTYKOBHUIIbI [I0 CPABHEHHUIO C JINCTHSIMU U CTEOJIEM.
HccnenoBanue KyJabTypajbHbIX CBOMCTB U XapaKTEPUCTHK POCTa OaKTepUil Ha pa3IMYHbIX
MUTATEIBHBIX CpPelax IMMOKa3allo, 4To Temreparypa uakyoamnun OEM Obina Baustonmm
dakTopoMm, ocobenno mas X. euvesicatoria pv. allii mrramm 0419, koTopslii HE poc Ha
NUTaTeNbHBIX cpeaax npu 28°C, Ho oOpaszoBbeiBan kosonuu npu 25°C. Ha cpegax NBY u
YPGA o6a mramMMa ObUTH CIOCOOHBI MPOAYLHPOBATH KOJIOHUH, HO mTamMm 0419
JEMOHCTPHUPOBAT HECKOJIBKO OrpaHUYCHHBIN pocT HAa YPGA 10 cpaBHEHHIO CO IITAMMOM
0377.

Bbutu ouieHeHBbl W BaJIMIUPOBAHbl BCE TEXHUYECKUE ACMEKTHI, T.€. UyBCTBHTEIbHOCTD,
cnenuuyHOCTh, MOBTOpsieMocTh [IL[P B peanmbHOM BpeMeHH, a TaKKe KIIACCHYECKOU
IIIIP. IIpu onpenenenuun vysBcTBUTENBHOCTU [IIIP B peasibHOM BpeMeHM HauMeEHbIAs
oOHapyXKuBaeMasi KOHIEHTpamus coctaBiana 6,8x101 KOE/Mn, B To Bpems Kak s
knaccuueckoit T1LIP HaumMmenbInas o6Hapy:KuBacMas KOHIEHTpalus cocTasuma 1.0x102
KOE/mi. Tect umen cnenuduanocts 99% npu onenke oopranoii [P, B To Bpems kak
gPCR nemonctpupoBan 100% cneunduunocts. Kak ans npaiimepoB AVR, Tak u s
npaiimepos PIL xopo1as BOCpou3BOAUMOCTh, HUXKE 2% OTHOCUTENIBHOTO CTaHAapTHOTO
OTKJIOHEHUS, TOKa3aHHas MpPU TECTUPOBAHMM OMNEpaTOpaMu C UX COOTBETCTBYIOIIMM
000pyI0BaHHEM, YKa3bIBAET HA JIOCTHKHUMYIO TOUHOCTh, C KOTOPOH MOYKHO OOHApYKHTh
HaTOTEH.

ITpu ouenke 3onma BHQ nans oOnapyxeHus Oakrtepuil B pa3iMyHBIX YacTAX
MHOKYJIMPOBAHHBIX pPACTEHUN JIyKa ObUIO YCTAaHOBJIEHO, YTO OH 3(Q(EKTUBEH IpHU
ucnonb3oBanuu mpaiiMepoB AVR u PIL. 3oun BHQ Moxer ObITb peKOMEH/IOBaH B
KadecTBe ajubTepHAaTUBH 30HTY MGB (nmpomsBomurens kotoporo ymen ¢ Poccuiickoro
pblHKa). Pe3ynbTarel HccieoBaHUS MOKas3ald, YTO MCIIOJIb3yeMble KOHIIEHTpPAIH
6axtepnii (10%; 108 n 108 KOE/Mi1) 3Ha4NTENBHO MOIABIIAIH IpopacTanye 12 CoOpToB JTyKa.
OpnHako 111 Haubosiee BOCIPUUMYKBOTO copTa Xalle0oHa He ObUIO BBISBICHO Pa3InyHii
1o KoHuentparusim (p>0,05).

Hccnenoanue nmoarsepausio, 4yto metof Boiaenenus JIHK Bnusier Ha 3QpeKTUBHOCTD
[TLP ananuza. HaGop mnsa Beiaenenus JJHK «Ilpo6a I'Cy» moBbeicui 4yBCTBUTENBHOCTD
[TLP, Tak 4TO aHaAIM3 MOI OOHAPYKMBATh OAKTEPUU MPH CAMON HU3KON KOHIIEHTpAIUH
10' KOE/Mn, B To Bpems kak jBa apyrux Habopa «'MO» u «DutoCop6» Moriu
0OHAPYXMBaTh OAaKTepHH TOIBKO NpPH caMoil Hu3KoM KommeHTtpamuu 10° KOE/Mi.
[Tostomy «Ilpoba I'C» pekomeHmyeTcss B KadecTBE CTaHIAPTHOI'O METOJA BbIIEICHHUS
JIHK mst X. euvesicatoria pv. allii.
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AHHOTANUA
KABU3A HBALIA JKOH

AHAJIN3 BUOJOTIMYECKHX CBOMCTB M COBEPIIEHCTBOBAHUE
MOJIEKYJIAPHO-TEHETUYECKUX METOJOB ITUAT'HOCTHUKHA
OUTOINMATOI'EHA XANTHOMONAS EUVESICATORIA PV. ALLII

JIuctheBOi OXOr JyKa, BbI3biBacMas X. euvesicatoria pv. allii — sro Gonesnb, KoTopas
yrpoKaeT MUPOBOMY IMPOM3BOJACTBY JIyKa, €CJIM €€ HE OCTaHOBHTh. BO30yauTens B OCHOBHOM
nepegaeTcsl yepe3 MarepHal A pa3MHOXKEHHS, 0COOEHHO Yepe3 ceMeHa, MOCKOJIbKY OaKTepuu
NepealoTCsl Yepe3 CeMeHa, a TOPToBIIs CEMEHAMHU JIyKa MPeJICTaBIIseT COO0H OrPOMHYIO OTPACIIb
npoMbIuieHHOCTH. [loaTomy 3T0 TpeOyeT HEOOXOAMMOCTH B JMAarHOCTUYECKHX MPOTOKOJIAX,
KOTOPBIE MOTYT OBICTPO M TOYHO OOHAPYKUTh OAKTEPUU B BET€TATUBHBIX YACTSAX U CEMEHax. B
9TOM HCCJIEIOBAaHUH HU3YYaJlUCh Pa3IndyHble OHOJIOTHYECKue 0COOEHHOCTH OaKTepHil, Takue Kak
MAaTOTEHHOCTh, KYJIbTYpPAJIbHBIC CBOWCTBA HA pA3IUYHBIX THIAX IMHTATEIBHBIX CPE/,
CEJICKTUBHOCTh XO3MMHA, ONTHUMalbHbIM MeTon skcTtpakuuu JIHK, BrnusHue Ha mapameTpbl
npopacTtanus Bua0B-xo03seB (Allium cepa) u ontummu3aryst MOJICKYISIPHO-TCHETUYECKUX METOIOB
muarnoctuku. Korga 3 merona Beinenenus JJHK (ITpo6a I'C, Cop6 I'MO, ®@utoCop6) Obuiu
OIICHEHBI IS OIpejeicHus] BIusHUs Mmerona BeinencHus JJHK Ha 4yBCTBUTENBHOCTH, OBLIO
oOHapyxeHo, 4to Habop st skcrpakuuu [Ipoba I'C okaspiBaeT OnmaronmpuaTHOE BIMSHUE Ha
gyBcTBUTEeNbHOCTh [Il[P-ananu3a. Wcmonesys, [Ipoba I'C, IIP-anamu3z mor oOHapyXUThH
GakTepuu B caMoil HU3KoM koHeHTpanuu 3X10%, B To Bpems xak ®utoCop6 u Cop6 I'MO umenu
npenen obHapyxenns 3x10°. Takum o6paszom, IIpo6a I'C GBI IPH3HAH ONTHMANBHBEIM METOIOM
seigenenus JIHK, agantuposanusiv s Xanthomonas euvesicatoria pv. allii. Cnenuduunocts
oObrynoi [P cocraBuna 99%, a g [P B peanbnom Bpemenu — 100%. Ilpu stom
noBTopsiemocts [II[P-ananu3a mo ToyHOCTHM OOHapyKeHUs OakTepuu B 7 KOHILIEHTPALMSIX
cocrauia 100%. XoTs TOUHOCTH ObIIA HIKe Hpu KoHIenTparusax 10% u 10° ¢ npaiimepamu AVR
u 10* ¢ PIL, 5To He NOBIMANO HAa TOYHOCTh AaHANM3a NpPH OOHAPYKEHMH IATOreHa.
JIMarHOCTHYECKUI METOJT OKa3aJICs BRICOKO BOCITPOM3BOIUMBIM, O Y€M CBHJICTEILCTBYET HA3KOE
OTHOCHUTEJIbHOE CTaHJapTHOE OTKJIOHEHuE, KoTopoe coctaBisio oT 0,33% no 1,62% nns
mapkepoB AVR u ot 0,55% mo 1,81% mns mapkepos PIL. [Tpu onenke addexra X. euvesicatoria
pv. allii mpu npopactanuu ceMsH Jiyka ObIIIO0 OOHAPYKEHO, YTO OAKTEPHUs 3HAYUTETBHO CHIDKAET
KaK TIPOLIEHT BCXOXKECTH, TaK M DSHEPrHI0 NpopacTaHus. boiee BhIpa)keHHOE JeicTBUE
BO30yaMTeNb OKa3asl Ha 3 oTnenbHbeIX copra: Kapmen-MC, Msukosckuit 300 u Xanuenos, y
KOTOPBIX K 14-My JIHIO OIEHKH BCXOXXECTh CHU3MWIACh Ooiiee uem Ha 50%. Onenka mramMmmMoB X.
euvesicatoria pv. allii 0377 u 0419 Ha CeleKTHBHOCTb B OTHOIICHHH XO3SUHA CPEIH 5 BUIOB
Allium, koTopble MOKa3aad, YTO IMITAMMBI O0JIaAal0OT HEBBIPAKEHHOW CIEIUPHUYHOCTHIO K
xo3sunHy. Ilpu xyneruBupoBanuu Ha OEM mramm 0419 He mor oOpa3oBbIBaTh KOJOHUU MPHU
temneparype 28 °C, peKOMEHIOBaHHOW pa3pabOTUYMKaMHM CpEAbl, OJHAKO IOBBIIIEHUE
temriepatypbl 10 25 °C paBano xopomo pa3Butble KoioHuu. Korjga 3 wactu miaHa iyka
OIICHUBAJI Ha HAJIMUUE NaToreHa, 3HadeHnst CT yka3piBanu Ha 6oJiee BRIpaKCHHOE 00MIIHEe H/HJTH
MEPCUCTEHITMI0 TIATOTeHa B BEPXYIIKE JIyKOBUIBL. bonee Toro, omenmBas 301 BHQ kak
anprepHaTHBY 30HMY MGB, oH okazancst BeicOKOd(hGekTHBHBIM ¥ mpeBocxoanin MGB mpu
OIICHKE C MOMOIIbI0 TipaiiMepoB PIL B yke, pa3sMHO)KaeMOM CeMEHaMHU.
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ABSTRACT
KAVHIZA NYASHA JOHN

ANALYSIS OF BIOLOGICAL PROPERTIES AND IMPROVEMENT OF
MOLECULAR GENETIC METHODS FOR DIAGNOSING THE PHYTOPATHOGEN
XANTHOMONAS EUVESICATORIA PV. ALLII

Xanthomonas leaf blight of onion caused by X. euvesicatoria pv. allii is a disease that threatens
global onion production if not curbed. The pathogen is mostly transmitted through propagation
material, particularly seed since the bacteria is seed-borne and onion seed trade is a huge industry.
This therefore warrants the need for diagnostic protocols that can rapidly accurately detect the
bacteria in vegetative parts and seeds. This research explored various biological features of the
bacteria such as pathogenicity, cultural properties on different types of growth media, host
selectivity, optimal DNA extraction method, effect on host species (Allium cepa) germination
parameters and optimizing molecular-genetic diagnostic methods. When 3 DNA extraction
methods (Probe GS, FitoSorb and Sorb GMO) were assessed to determine the influence of the
DNA isolation method on sensitivity it was discovered that the extraction kit Probe GS had a
favorable effect on sensitivity of the PCR assay. Using the Probe GS, the PCR assay could detect
bacteria at the lowest concentration 3x10* whist both FitoSorb and Sorb GMO had a limit of
detection of 3x103. Therefore, Probe GS was identified as the most optimum DNA isolation
method adapted for Xanthomonas euvesicatoria pv. allii. The specificity for the conventional PCR
was 99% and 100% for real-time PCR. Moreover, the repeatability of the PCR assay in the
accuracy of detecting the bacterium at the 7 concentrations was 100%. Though precision was lower
at concentrations 10* and 10° with the AVR primers and 10* with PIL, this did not affect the
accuracy of the assay in detecting the pathogen. The diagnostic method proved to be highly
reproducible as indicated by the low relative standard deviation which ranged from 0.33% to
1.62% with AVR markers and 0.55% to 1.81% with the PIL markers. In evaluating the effect of
X. euvesicatoria pv. allii on onion seed germination it was discovered that the bacterium
significantly reduces both germination percentage and germination energy. The pathogen had
more pronounced effect on 3 varieties, Carmen-MS, Myachkovsky 300 and Chalcedony whose
germination percentage was reduced by more than 50% by day 14 of assessment. Assessing the X.
euvesicatoria pv. allii strains 0377 and 0419 for host selectivity across the 5 Allium species that
the strains had non-distinct host-specificity. When cultured on OEM the strain 0419 could not
produce colonies at 28 °C which is recommended by medium developers, however adjusting the
temperature to 25 °C produced well-developed colonies. When the 3 onion plan parts were
assessed for pathogen presence, the Ct values indicated more pronounced pathogen abundance
and/or persistence in the bulb apex. Moreover, evaluating the BHQ probe as an alternative of the
MGB probe, it proved to be highly competent and outperforming the MGB when assessed with
PIL primers in seed-propagated onions.
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