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I.GENERAL DESCRIPTION OF DISSERTATION

The relevance of research. Various diseases and pests can affect crops and cause a significant
reduction in yields, as well as production. Nematodes, along with major plant pathogens such as fungi,
viruses and bacteria, can infect cultivated crops and cause significant yield losses. The genus
Ditylenchus Filipjev, 1936 consists of over 90 described nematode species, some of which are the longest
known nematode described. Among the nematodes of the genus Ditylenchus, the most important
economic species are: D. destructor, potato stem nematode; D. dipsaci, onion stem nematode; D.
angustus, rice stem nematode; and D. gigas, legume stem nematode. However, accurate detection and
identification of D. destructor is important as this species are under quarantine in many parts of the
world. Unlike morphometric methods, nematode identification using various molecular tools provides
accurate and rapid identification of the species under study. The main modern problems of potato
growing are related to the quality control of potato seeds, the lack of proper crop rotation and the lack
of access to appropriate production technologies. So, since 2010, the distribution and amount of damage
caused by this type of nematode in the Russian Federation have been increasing annually. It is estimated
that around 40,000 hectares of commercial potatoes are currently heavily infested with D. destructor.
Usually, harvested potato tubers in infected areas produce up to 5% of infected tubers. Over-watering
resulting in high levels of moisture can exacerbate infection, resulting in the percentage of infected tubers
rising to 10% or more. Due to infected planting material in the Central and Volga regions of Russia in
2015-2019, crop losses amounted to about 30%. In Iran, most potato fields in the central and western
regions are infected with D. destructor and have lost part of the crop.

The purpose of the study. Classic identification of nematodes is based on morphological
and anatomical differences using microscopic image analysis. Morphological identification is among
the cheaper identification methods and helps relate morphology with possible function and is an
essencial tool for morphologists. While most effective for nematodes that have distinct differences,
nematodes that share subtle morphological and morphometric differences like body length, presence,
and shape of a stylet, the shape of the tail, etc.,, are difficult to distinguish
morphologically. Morphological identification of Ditylenchus genera nematodes requires taxonomic
expertise and can be challenging if samples contain mixed species. Morphology may also be altered due
to variation in geographic location, host plant, nutrition, and other environmental factors as is observed
among some free-living and plant parasitic nematodes. Concisely, it can be difficult for non-specialists
to identify a nematode species with a high level of confidence based on morphology alone, and an
integration of sub-organismal data such as DNA sequence can be required for accurate identification.
Many forms of DNA-based methods have been developed for the identification of nematodes. These can
be broadly categorized into fingerprint- and nucleotide-based methods. Fingerprint-based methods may
include Restriction Fragment Length Polymorphism (RFLP), Amplified Fragment Length
Polymorphism (AFLP), Random Amplification of Polymorphic DNA (RAPD) and the use of species-
specific primers, which relies on the presence/absence of a PCR amplification product. Each of these
methods has its own advantages and/or disadvantages compared to other nematode identification
methods, DNA-based or otherwise. Among these identification methods, species- specific PCR is
favorable to us for its simplicity, rapidity, specificity, no need for expensive equipment and highly
qualified specialists for analysis. There are some universal primers for this methods that could be used
for the identification of Ditylenchus destructor. However, a universal primer is a general-purpose coating
that prepares a surface for a subsequent coating. Choosing appropriate primers is probably the single
most important factor affecting the polymerase chain reaction (PCR). Specific amplification of the
intended target requires that primers do not have matches to other targets in certain orientations and



within certain distances that allow undesired amplification. So in this research two pairs of new primers
were developed to increase the selectivity and sensitivity of analysis for both countries populations.

The object of the study. The purpose of this work was to study geographically distant
populations of D. destructor, and on the basis of these data to develop a new diagnostic PCR primers,
as well as to test and improve the species-specific diagnostic method.

The subject of the study. Collected and analyzed the received material, processed and
interpreted the data. The new primers developed to identification of Ditylenchus destructor
between 2018 to 2022.

Scientific novelty of the research:

1. Morphological and genetic comparison of D. destructor individuals between populations from

Russia and Iran was carried out for the first time.

2. Two sets of new species-specific primer pairs have been developed for molecular diagnostics of
D. destructor populations from Russia and Iran.

3. Tests for sensitivity and selectivity of primers showed high efficiency of new primers dsn.1 F/R
and dsn.2F/R for identification of D. destructor.

Theoretical and practical significance. is to develop new species-specific primers for D.
destructor. Two pairs of primers, dsn.1 F/R and dsn.2 F/R, have been developed. Their analytical
sensitivity, efficiency and specificity are shown. The proposed methods can be used for rapid diagnosis
of D. destructor nematodes. Designing specific primers for study populations could be a useful tool to
help life scientists expand and continue their research.

Methodology and research methods. DNA extraction from the test materials was done by
treating the samples with proteinase K and then removing the protein without extracting with organic
solvents and using the Extran-2 DNA kit, kit number NG-511-100 (Synthol). , Russian Federation)
according to the manufacturer's instructions. DNA extracts were measured using a NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific Inc., USA). We studied samples from Russia and Iran and
isolated DNA.Sequencing was performed using an ABI-3500 Genetic Analyzer (Applied Biosystems,
USA). The National Center for Biotechnology Information (NCBI) BLAST website (http:
www.nchi.nlm. nih.gov/BLAST) performed an initial comparison of sample results with the GenBank
genetic sequence database. Sequences were verified, aligned and edited by BioEdit v.7.0.5. 3. In BioEdit,
sequences were aligned with additional sequences collected from GenBank.

Provisions for the Defense:

e Receive and analyze the morphometric variability of D. destructor populations from Russia

and Iran.

e Study the genetic variability of D. destructor populations.

e Develop two sets of new species-specific primer pairs for D. destructor molecular diagnostics.
e Test for primer selectivity.

e Test for primer sensitivity test.

The degree of reliability and approbation of the results. The results of the dissertation work
were presented at the following events: Symposium, XIII International Nematological Symposium
"Nematodes and other Ecdysozoa under changing environments”, Karelian Research Centre of the
Russian Academy of Sciences. Nizhny Novgorod (July —August 2019). International Scientific Forum
SCIENCEANDINNOVATION-MODERN CONCEPTS.HAYKA nu NMHHOBAIINH-



COBPEMEHHBIE KOHIIEIIIIMN. Russia (Moscow, July 2020); International Scientific Forum
WORLD SCIENCE: PROBLEMS AND INNOVATIONS. Russia (April 2021).

The dissertation author’s independent contribution.

The applicant participated in setting the goal and objectives of the study; collected and analyzed
the received material, processed and interpreted the data, prepared publications in co-authorship. The
dissertation work is the result of research conducted by the author at the Agrobiotechnological
Department of ATI RUDN University and on the basis of the «All-Russian Center for Plant Quarantine
in 2018-2022».

Research references.
Include 123 titles: directories and regulatory documents, dissertations and abstracts, books
and articles in English, online and offline resources.
Approbation of the research results.
8 articles were published on the topic of the dissertation, including 2 Scopus, 2 conferences, 1
symposium and 3 in journals recommended by the Higher Attestation Commission of the Ministry of
Education and Science of Russia for publishing the results of the candidate's dissertation for technical
and doctoral dissertations.

The structure of the dissertation research. The dissertation is presented on 108 pages,
consists of an introduction, three chapters, conclusions and applications, contains 20 tables and 24
figures. The list of references includes 123 sources in foreign languages and one in Russian.
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Laboratory of Phytoparasitology Center of Parasitology, Institute of Ecology and Evolution named after
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revision of the Russian version of the dissertation.

I1. MAIN CONTENT OF WORK

Introduction. The relevance and scientific novelty of the study are substantiated, the goal and
objectives are formulated, as well as the provisions submitted for defense.

Chapter 1. Literature Review. This chapter discusses the nematode Ditylenchus destructor,
its characteristics and morphology. Information is presented on the existing methods of molecular
detection and the application of newly developed primers for identification analysis and comparison of
various populations between the Russian Federation and Iran.

Chapter 2. Material and methods

For molecular measurements, 50 nematodes from each population were used.

DNA isolation. All procedures were performed according to the VNIIKR standard or other
standards using a set of reagents [EPPO protocol, 2017].

Sequencing and phylogenetic analysis. For sequencing and further phylogenetic analysis, a
PCR product with new primers was used, followed by separation in a 1% agarose gel. The amplified
PCR product obtained after purification with the Thermo Scientific Gene JET gel extraction kit was
sequenced using the dideoxy Sanger cycle using the Genetic Analyzer AB-3500 (Applied Biosystems,
USA). Next, the sequencing results were compared with the GenBank genetic sequence database on the
NCBI BLAST website (http://www.ncbi.nlm.nih.gov/BLAST).



Primer Design. The eight D. destructor ITS sequences amplified in this study were deposited in
the NCBI database (http://www.ncbi.nlm.nih.gov/) as MN122076, MN307126, MN307128,
MN493767, MN658597, MN658599, MN65388637, MN658599. For the design of species-specific
primers, these sequences and other initial sequences obtained from the studied populations, as well as
sequences deposited in the NCBI database by other researchers for D. destructor were used: GQ469492,
GQ469491; D. dipsaci MG676655, MG676656, MG676657. In addition, a number of D. gigas
sequences KJ653270, KJ653267 were used for alignment due to their close genetic relationship with D.
destructor. The rDNA-ITS nucleotide sequences were aligned with BioEdit 7.0.5.3 to look for conserved
regions. The designed dsn.1 F/R primers should allow amplification of the 397 bp fragment. and dsn.2
F / R size 330 bp. The primer design was validated by BLAST (http://www.ncbi.nIm.nih.gov/blast) to
rule out non-specific reactions with other closely related species. Additionally, primer quality was
assessed using Oligo 6.0 software.

PCR with species-specific primers. A commercial Master mix kit (produced by Evrogen) was
used to carry out the reaction.

Gel electrophoresis. The gel was placed in a BioRad electrophoresis chamber, flooded with
0.5X TBE buffer until completely immersed. 2 pl of DNA samples (amplicons) were added to each well
of the gel.

Purification of PCR products. After electrophoresis, the gel bands of interest to us, visualized
with a UV lamp, were cut with a scalpel 2 mm wider than the bands on each side. Thermo Scientific
GeneJET was used to isolate and purify the PCR sample. The purified PCR product was stored at -20°C.
DNA quality was assessed using a NanoDrop 2000/2000c spectrophotometer.

Chapter 3. Results and discussion.

Morphometric analysis of populations.
A morphological comparison of D. destructor from potato tubers of three populations from the

Russian Federation (Nizhny Novgorod, Bryansk and Moscow regions) was carried out and samples were
collected from 13 settlements of 4 regions in Iran (Hamadan, Isfahan, Zanjan and Ardebil provinces)
(Figure 1, 2). By studying morphological and morphometric characteristics of the species (Table 1 to 9),
it can be seen that the morphometric characteristics of the nematodes given here for the regions of
Hamedan, Isfahan, Zanjan and Ardebil are consistent with the data [Hashemi and Karegar., 2019] (Table
10). For the Nizhny Novgorod, Bryansk, and Moscow regions, there are some differences from those
recorded for D. destructor [Thorne, 1945; Hooper, 1973; Chizhov et al., 2010] (Table 11).



Figure 1.- Morphology of characteristic of D. destructor on the example of Russian populations A.
Female anterior region. B. Oesophagus.C. Stylet. D. crustaformeria. E. Egg. F. Pus. G. Spermatheca.
H. Vulva to anus distance. I. Femail tail. J. cloacal region

Figure 2.- Morphology of characteristic of D. destructor on the example of Iranian populations. A.
Female anterior region. B. Oesophagus.C. Stylet. D. crustaformeria. E. Egg. F. Pus. G. Spermatheca.
H. Vulva to anus distance. I. Femail tail. J. cloacal region



Table 1.- Morphometry of D. destructor populations from the Russian Federation

(3) n=50 (3) n=50 (3) n=50 (%) n=50 () n=50 (%) n=50
Parameter Briansk Moscow Nizhny Briansk Moscow Nizhny
Novgorod Novgorod
Body L (890-1340) (835-1550) (918-1350) (900-1664) | (954-1600) | (916-1571)
Tail L (64-80) (63-79) (65-81) (63-80) (63-81) (62-81)
¢ (body L/tail (14-17) (14-20) (14-16) (15-20) (16-20) (15-20)
L)
Stylet L (10-13) (10-14) (10-14) (10-14) (10-14) (10-14)
Pus - - - (95-120) (95-125) (95-112)
Pus/Anus- - - - (54-90) (53-88) (55-86)
Vulva distance
%
Spicule L (20-24) (20-25) (20-25) - - _
Bursa L (37-58) (34-62) (39-79) _ - _
Tail shape Rounded Rounded Rounded Rounded Rounded Rounded

pHm and minimum-maximum values (100 individuals)

Table 2.- Population morphometry of D. destructor samples from Iran, Hamedan Province

Parameter (&) Hamedan n: 200 P1 P2 P3 P4
Body L (650 -1100) | (600-1200) | (650-1000) | (730-1100)
Tail L (50-63) (50-80) (54-65) (53-70)
¢ (body L/tail L) (13-18) (12-15) (12-16) | (14-16)
Stylet L (9-12) (9-12) (9-12) (8-11)
Pus - - - -
Pus/Anus-Vulva distance % - - - -
Spicule L (18-20) (18-21) (19-26) (19-21)
Bursa L (33-55) (33-45) (35-51) (32-48)
Tail shape Rounded Rounded Rounded Rounded

P1-Hamedan, P2- Bahar, P3- Asad Abad, P4- Kabudarahang,
pum and minimum-maximum values (P1: 50, P2: 50, P3: 50, P4: 50 individuals Males)

8




Table 3.- Population morphometry of D. destructor samples from Iran, Isfahan Province

Parameter (J3) Isfahan n:200 P1 P2 P3 P4
Body L (600-1250) | (637-1205) | (840-1200) | (600-1000)
Tail L (45-76) (52-71) (67-80) (51-67)
¢ (body L/tail L) (14-17) (13-17) (13-15) (12-15)
Stylet L (9-12) (9-12) (9-11) (9-11)
Pus - - - -
Pus/Anus-Vulva distance % — - - -
Spicule L (18-21) (19-27) (19-21) (18-21)
Bursa L (33-52) (33-56) (31-56) (33-52)
Tail shape Rounded Rounded Rounded Rounded

P1-Isfahan, P2- Mobarakeh, P3- Najafabad, P4- Felaverzhan,
pm and minimum-maximum values (P1: 50, P2: 50, P3: 50, P4: 50 individuals Males)

Table 4.- Population morphometry of D. destructor samples from Iran, Zanjan Province

Parameter (J) Zanjan n: 200 P1 P2
Body L (700-1200) | (850-1167)
Tail L (50-66) (61-75)
¢ (body L/tail L) (14-19) (14-16)
Stylet L (9-12) (9-11)
Pus - -
Pus/Anus-Vulva distance % - -
Spicule L (18-23) (19-27)
Bursa L (33-56) (35-58)
Tail shape Rounded Rounded

P1- Zanjan, P2- Soltaniye,

pm and minimum-maximum values (P1:100, P2: 100 individuals Males)
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Table 5.- Population morphometry of D. destructor samples from Iran, Ardabil Province

Parameter (&) Ardebil n: 200 P1 P2 P3
Body L (750-1100) | (600-1205) | (640-1164)
Tail L (57-75) (44-73) (47-72)
¢ (body L/tail L) (13-15) (14-17) (14-17)
Stylet L (9-12) (8-13) (8-13)
Pus - - -
Pus/Anus-Vulva distance % - — -
Spicule L (18-27) (19-24) (18-26)
Bursa L (33-50) (35-55) (33-56)
Tail shape Rounded Rounded Rounded

P1- Ardabil, P2- Namin, P3- Nayer,
pm and minimum-maximum values (P1: 100, P2: 50, P3:50 individuals Males)

Table 6.- Population morphometry of D. destructor samples from Iran, Hamedan Province

Parameter (9) Hamedan n: 200 P1 P2 P3 P4
Body L (875-1110) | (809-1200) | (900-1400) | (980-1256)
Tail L (54-71) (78-83) (55-64) (81-85)
¢ (body L/tail L) (14-16) (11-15) (17-22) (12-15)
Stylet L (8-13) (9-13) (8-12) (8-12)
Pus (53-98) (53-89) (53-90) (53-87)
Pus/Anus-Vulva distance % (48-71) (42-87) (55-91) (44-75)
Spicule L - - - -
Bursa L - - - -
Tail shape Rounded Rounded Rounded Rounded

P1- Hamedan, P2- Bahar, P3- Asad Abad, P4- Kabudarahang,
pm and minimum-maximum values (P1: 50, P2: 50, P3: 50, P4: 50 females)

10




Table 7.- Population morphometry of D. destructor samples from Iran, Isfahan Province

Parameter (%) Isfahan n: 200 P1 P2 P3 P4
Body L (800-1100) | (770-1300) | (700-1200) | (820-1310)
Tail L (55-63) (55-79) (58-76) (54-75)
¢ (body L/tail L) (15-18) (14-17) (12-16) (15-18)
Stylet L (9-12) (9-13) (9-13) (9-12)
Pus (55-98) (55-103) | (54-105) | (52-98)
Pus/Anus-Vulva distance % (38-86) (37-79) (37-90) (37-87)
Spicule L - - - -
Bursa L - - - -
Tail shape Rounded Rounded Rounded Rounded

P1- Isfahan, P2- Mobarakeh, P3- Najafabad, P4- Felaverzhan,

pm and minimum-maximum values (P1: 50, P2: 50, P3: 50, P4:50 individuals Females)

Table 8.- Population morphometry of D. destructor samples from Iran, Zanjan Province

Parameter ({) Zanjan n: 200 P1 P2
Body L (880-1200) | (700-1114)
Tail L (65-76) (58-80)
c (body L/tail L) (14-16) (12-14)
Stylet L (9-13) (8-13)
Pus (55-86) (58-88)
Pus/Anus-Vulva distance % (45-86) (37-87)
Spicule L - -
Bursa L - -
Tail shape Rounded Rounded

P1- Zanjan, P2- Soltaniye,

pm and minimum-maximum values (P1: 100, P2: 100 females)

11




Table 9.- Population morphometry of D. destructor samples from Iran, Ardabil Province

Parameter (9) Ardebil n: 200 P1 P2 P3
Body L (800-1200) | (760-1200) | (640-1300)
Tail L (52-69) (46-65) (43-78)
¢ (body L/tail L) (16-18) (17-19) (15-17)
Stylet L (8-12) (8-13) (8-12)
Pus (55-88) (54-89) (53-100)
Pus/Anus-Vulva distance % (45-83) (52-78) (42-76)
Spicule L - - -
Bursa L - - -
Tail shape Rounded Rounded Rounded

P1-Ardabil, P2- Namin, P3- Nayer
pm and minimum-maximum values (P1: 50, P2: 50, P3: 100 females)

Table 10.- Morphometry of D. destructor according to [Hashemi and Karegar., 2019]

Parameter (s ()

Body L (600-1254) (603-1468)
Tail L (45-87.5) (39.5-90.5)

¢ (body L/tail L) (11.0-19.1) (11.4-27.8)
Stylet L (8.5-12) (8-13)
Pus/Anus-Vulva distance % - (36.9-92.6)
Spicule L (18-28) -

Tail shape Rounded/Pointed | Rounded/Pointed

12



Table 11.- Morphometry of D. destructor according to [Thorne, 1945; Hooper, 1973 and Chizhov et

al., 2010]
() ()
Parameter Hooper Thorne Chizhov Hooper Thorne Chizhov
2010 2010

uthor (1973) (1945) ( ) (1973) (1945) ( )

Body L (800- (750- (860-1370) (800- (720- (1050-1630)
1900) 1300) 1900) 1440)

Tail L - - (62-81) - - (62-81)
c (body L/tail L) (14-20) (12-16) (13.6-16.2) (14-20) (15-20) (13.8-18.8)
Stylet L (10-14) (10) (10-13) (10-14) (10) (11-13)
Pus/Anus-Vulva - - - (53-90) - -
distance %
Spicule L (24-27) (24) (20-25) - - -
Tail shapre Rounded | Rounded - Rounded | Rounded -

As a result of studying the morphology of the populations, it was shown that all the studied
populations belong to the species D. destructor. Although it was noted that the populations from Iran
and Russia have minor differences in the size of individual characters, this variability does not affect the
assignment of all populations to the species D. destructor.

Results of molecular studies

DNA sequence analysis of Ditylenchus destructor. From seven settlements in the Russian
Federation and Iran, 350 units of nematodes were used for molecular analysis. After alignment (Mega
software) and cleaning and editing sequences with BioEdit 7.0.5.3 software, we selected 56 sequences
(meaning 8 sequences from each area), but we only submitted eight sequences from all areas to
GenBank, and also from- for the volume of sequences, 3 in total for each region indicated in the result
of the dissertation. and phylogenetic tree. A BLAST search at NCBI showed that all D. destructor DNA
sequences from Russia and Iran obtained in this study matched the corresponding D. destructor
sequences present in the database. Sequence analysis revealed sequence variability between different
geographic populations of D. destructor isolated from different host plants like Solanum tuberosum,
Ipomoea batatas, Daucus carota subsp.

Phylogenetic studies of D. destructor populations. Phylogenetic relationships within and
between Ditylenchus species were estimated using the maximum likelihood method. Despite sequence
variability, the phylogenetic tree strongly supports the grouping of all D. destructor sequences, even for
populations of different geographic origins and different host plants. On the phylogenetic tree, D. dipsaci
Is used as sister species to D. destructor and Xiphinema for species identification.

13



The results of ITS-rRNA analysis revealed two main clades. The results of ITS-rRNA analysis
revealed three main clades. Section | is divided into three subclasses. The first one consists of sequences
from D. dipsaci populations, the second one from D. destructor sequences from Russian populations,
and the third shows D. destructor populations from other countries.

The second section consists of D. destructor populations collected from regions of Iran that have the
greatest similarity to populations in China. Section 3 shows the population outside the group (Figure 3).
The results of our genetic analysis distinguish D. destructor from D. dipsaci and other recognized
Ditylenchus species and are therefore consistent with previous studies.

GQ469497_D dpsaci Czech_Republic
MG576856_D dipsaci Japan
KY348765_D dipsaci Mexico
KT806479_D dipsaci China
MGB76855_D dipsaci Japan
MGB76657_D.dipsaci Japan
MH992393 1_Ditylenchus_destructor. China
IN122076 Dtylenchus_destructor Russia
MN 1 R 2 Dtylenchus_destructor Russia
MN 1 R 3 Dtylenchus_destructor Russia
JANGS8837 Ditylenchus _destructor Russia
DQ328727 Ditylenchus_destructor Russta
MNGS8599 Dtylenchus_destructor Russia
UNG58638 Ditylenchus_destructor Russia
N 3 R 2 Dtylenchus_destructor Russia
AN 3 R 3 Dtylenchus_destructor Russia
MNBES8597 Ditylenchus_destructor Russia
EU400636 1_Dtylenchus_destructor China
EF208213.1_Ditylenchus_destructor China
LC030371.1_Dtylenchus_destructor Japan
GQ469490.1_Ditylenchus_destructor. USA
JX162205 1_Datylenchus_destructor Canada
FJ707365 1_Ditylenchus_destructor Czech-Republic
GQ469491 1_Daylenchus_destructor. Czech_Repubiic
MK979385 1_Ditylenchus_destructor. China
EU400627 1_Dtylenchus_destructor South-Korea
KY435979.1_Ditylenchus_destructor. China
HQ235698 1_Ditylenchus_destructor iran
MGB73926.1_Ditylenchus_destructor China
EU400638 1_Ditylenchus_destructor. China
MGB75235.1_Ditylenchus_destructor. China
EU400643 1_Ditylenchus_destructor.China
EU400639 1_Dttylenchus_destructor. China
DQ471335 1_Datylenchus_destructor China
1307 126 Datylenchus_destructor lran
12 Ditylenchus_destructor iran
1.3 Ditylenchus_destructor iran
493767 Daylenchus_destructor kran
C 2 Detylenchus_destructor ran
C .3 Ditylenchus_destructor lran
MN307128 Ditylenchus_destructor ran
IN B 2 Ditylenchus_destructor iran
IN B 3 Ditylenchus_destructor iran
IONi | 1. Ditylenchus_destructor.iran
100 IONil | 2 Ditylenchus_destructor Iran
1m0 [ONil | 3 Ditylenchus_destructor Iran
JN166693 1_Ditylenchus_destructor ran

CV128200. 2 Xiphinema UK

Figure 3.- Phylogenetic tree with studied populations and reference sequences (Red colors from
Russia, Blue colors from Iran)
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Development of species-specific primers. To design the first primer, named dsn.1 (Table 12),
the mismatches code between D. destructor and two other species (D. dipsaci and D. gigas) were
selected and aligned to get forward and reverse primers. The second primer, named dsn.2, was developed
by NCBI-Primer design (Table 13) (Figure 4, 5). The reliability of primer specificity was tested on
genomic DNA isolated from the studied populations. The standard conditions described for the PCR of
the ITS regions were not changed for this particular amplification, except that the annealing temperature
was changed. PCR amplification with species-specific primers yields a specific and distinct PCR product
band for one adult for each of the studied geographic populations of D. destructor that were collected
from the potato fields in our study. The specificity and reliability of the primers have also been
demonstrated in vitro with D. destructor, D. dipsaci and D. gigas. Given the specificity, sensitivity, and
reliability of primers for D. destructor, diagnostic primers can provide a fast and reliable method for
identifying D. destructor individuals isolated from different host plants in different geographic regions.
Based on the theoretically identified promising sequences, primers were designed and synthesized
(Evrogen):

Table 12.- Description of species-specific primers dsn.1 F/R for the diagnosis of D. destructor

Primer.dsn.1 F/R Subsequence Annealing Product size
temperature (bp)
Forward TTGGCACGTCTGATTCAGGG 60.3 397
Reverse GTCAACATTGGCCAAGAGGC
.:ll"l'"lll|l||!Illl']lllll'll'|ll|!|'lll}'ll'[llll|
180 190 200 210 220
Ditylenchus destructor GCCATTGEATIATIATCCT HNSENNNENSNERNEINIEEE G AATACAAL
Ditylenchus dipsaci : C.' "CGGACAGATCAACCCAGGCT . GTA( 5
IDitylenchus gigas CTGT.GACT.CTA.GGTTCGCACATACARATCCAGGCTACAACCGTGG. TGC

Figure 4.- Multiple sequence alignment of rDNA-ITS of D. destructor and other Ditylenchus species
from GenBank used to design a species-specific forward primer (forward primer starts 193-212,
reverse primer starts 318-299)

Table 13.- Description of species-specific primers dsn.2 F / R for diagnostics of D. destructor

Primer.dsn.2 F/R Subsequence Annealing Product size

temperature (bp)
Forward TTTCGAATGCACATTGCGCC 57.7 330
Reverse CTAGGCCAAAGAGACAGCGG
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Figure 5.- Multiple sequence alignment of rDNA-ITS sequences from D. destructor and other
Ditylenchus species from GenBank used to design a species-specific reverse primer (forward primer
starts at 157-176, reverse primer starts at 281-262)

PCR with species-specific primers. The present study successfully developed a method to
quantify D. destructor in potato tubers. The ITS sequences determined in this study were identical among
nematodes collected from 7 different regions of the two countries, although the genetic diversity of D.
destructor in sequence repeats between samples is relatively high. The NCBI database lists various
sequences from various countries. These results suggest that the primer set developed in this study
specifically amplifies the sequence present in D. destructor in all different regions. The method
developed in the current study for PCR with species-specific primers overcomes this limitation and
allows differentiation of target species. Compared to ITS-PCR-RFLP, this PCR approach reduces
diagnostic time and costs.

New primer tests

Primer selectivity test. To assess the selectivity of species-specific primers, PCR amplification
products were evaluated for various D. destructor populations amplified using two pairs of primers
(ds.1F/R and dsn.2 F/R). A clear band was obtained, characterizing the 397 and 330 bp. fragment.
(Figure 6-9). The method proved to be suitable for the clear identification of D. destructor DNA samples.
The selectivity of specific primers was confirmed by obtaining the expected fragment sizes for all D.
destructor populations, and no products were found for the tested populations of non-target D. dipsaci
and D. gigas species.

Figure 6.- Evaluation of the selectivity of a pair of primers dsn.1 F / R. for the diagnosis of D.
destructor from different regions: A. Ardabil province; B. Isfahan Province; C. Zanjan province; D.
Hamedan province; M: marker, K-: negative control (Different result band thickness may be for
different DNA concentration)
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Figure 7.- Evaluate the selectivity of the dsn.1F/R primer pair. for the diagnosis of D. destructor from
various regions: 1. Moscow region; 2. Nizhny Novgorod region; 3. Bryansk region; M: marker; K-:
negative control (Different result band thickness may be for different DNA concentration)

Figure 8.- Evaluation of the selectivity of a pair of primers dsn.2 F / R. for the diagnosis of D.
destructor from different regions: A. Ardabil province; B. Isfahan Province; C. Zanjan province; D.
Hamedan province; M: marker, K-: negative control (Different result band thickness may be for
different DNA concentration)
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Figure 9.- Evaluate the selectivity of the dsn.2F/R primer pair. for the diagnosis of D. destructor from
various regions: 1. Moscow region; 2. Nizhny Novgorod region; 3. Bryansk region; M: marker; K-:
negative control (Different result band thickness may be for different DNA concentration)

Primer specificity test. The specificity of the method lies in the fact that it can be used to distinguish
target species from closely related and morphologically similar species. In this work, DNA of three
nematode species was used: D. destructor (target species), D. dipsaci, and D. gigas. The reaction is
carried out in 4 repetitions. The results are shown in Figure 10, 11.

Figure 10.- Evaluation of the specificity of the created pairs of primers for D. destructor: 1. D.
dipsaci; 2. Ardabil province; 3. Isfahan Province; 4. Zanjan province; 5. Hamadan province; 6. D.
gigas; M: marker, K-: negative control (Different result band thickness may be for different DNA

concentration)

18



Figure 11.- Evaluation of the specificity of the generated primer pairs for D. destructor; 1. Moscow
region; 2. Nizhny Novgorod region; 3. Bryansk region; 4. D. dipsaci; K-: negative control; M: Marker
(Different result band thickness may be for different DNA concentration)

Primer sensitivity test. The analytical sensitivity of PCR is the minimum amount of DNA from
a target that can be reliably identified using this method. To assess the specificity of PCR on new
examples, a series of dilutions of D. destructor DNA was prepared: approximately 1 ng, 5 ng, 50 ng,
100 ng. The reaction was carried out in 4 repetitions, in each of which similar results were obtained
(Figure 12, 13). It was found that the analytical sensitivity of the method with new primers is 1 ng of
DNA for dsn.1 F/R and 5 ng of DNA for dsn.2 F/R. Like the first pair of primers, dsn.1 has a more
specific identification.

M
Ing
Sng
SOng
100ng
K
M

Figure 12.- Evaluation of the sensitivity of a pair of dsn.1 F/R primers with different amounts of D.
destructor DNA. One of 4 similar repetitions. M: DNA marker, K-: negative control (Different
thickness of the result band may be for a different concentration of DNA)
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Figure 13.- Evaluation of the sensitivity of a pair of dsn.2 F/R primers with different amounts of D.
destructor DNA. One of 4 similar repetitions. M: DNA marker, K-: negative control (Different
thickness of result band may be for different concentration of DNA)

CONCLUSIONS

e As a result of studying the morphological variability of D. destructor populations, it was shown that
all the studied populations belong to the D. destructor species, despite the fact that it was reported that
Iranian and Russian populations had minor differences in traits; In female’s features: the longest body
length, stylet length, and pus belong to Russian populations and the longest tail length, ¢ (body length
/tail length) and pus/anus-vulva distance % belong to Iranian populations. In male’s features: the
longest body length, tail length, stylet length, bursa length and ¢ (body length /tail length) belong to
Russian populations and the longest spicule length belongs to Iranian populations.

eNCBI GenBank has been supplemented with sequences (codes: MN122076, MN307126, MN307128,
MN493767, MN658597, MN658599, MN658637, MN658638), which is a contribution to expanding
the world's public knowledge about the genetic diversity of the D. destructor species.

e According to the phylogenetic tree, the sequences of our Iranian populations were very similar to the
D. destructor samples founded in China and our Russian populations were similar to the other Russian
D. destructor populations that identified previously by other researchers.

eTo determine which species belong to the genus Ditylenchus, two new pairs of species-specific
primers (dsn.1 F/R and dsn.2 F/R) are proposed. It was demonstrated that the unique the primer pairs
dsn.1 F/R and dsn.2 F/R were highly effective at identifying D. destructor. The new primers dsn.1 F/R
and dsn.2 F/specificity for D. destructor was demonstrated, as well as their lack of false-positive
reactions for Ditylenchus species that are related to each other closely, D. dipsaci and D. gigas.

et was found that the analytical sensitivity of the method with new primers is 1 ng of DNA for dsn.1
F/R and 5 ng of DNA for dsn.2 F/R. Like the first pair of primers, dsn.1l has a more specific

identification.
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ABSTRACT

COMPARATIVE MORPHOMETRIC ANALYSIS OF NEMATODES DITYLENCHUS
DESTRUCTOR THORNE, 1945 POPULATIONS OF IRANIAN AND RUSSIAN ORIGIN AND
DEVELOPMENT OF NEW TEST SYSTEMS FOR THEIR MOLECULAR GENETIC
IDENTIFICATION

The main source of the appearance of Ditylenchus in the fields is infected planting material. The use
of phytoparasitic-free seed potatoes reduces the infection load in the fields. To reduce the risk of
infection in new fields, seed tubers should be pre-tested. An important component in this process is the
exact species identification of Ditylenchus species on potatoes. In this regard, an urgent problem is the
development of fast and accurate molecular test systems for the identification of harmful species of stem
and rot nematodes. The present research aims to develop new primers sets. Two pairs of primers, dsn.1
F/ R and dsn.2 F/ R, have been developed. Their analytical sensitivity, efficiency and specificity are
shown. The proposed techniques are for rapid diagnosis of D. destructor nematodes. Designing specific
primers for study populations could be a useful tool to help life scientists expand and continue their
research.

AHHOTALIUA

CPABHUTEJIbHBIIA MOP®OMETPUYECKHI AHAJIN3 HEMATO/I DITYLENCHUS
DESTRUCTOR THORNE, 1945 IONYJISILUI HPAHCKOI'O U POCCUIICKOI'O
MNPOUCXOXKIEHUA U PASBPABOTKA HOBBIX TECT-CUCTEM JJIs1 UX
MOJIEKYJIAPHO-TEHETUYECKOW UJIEHTU®UKAIIUA

OCHOBHBIM UCTOYHUKOM IOSIBJIEHUS IUTUIIEHXOB Ha MOJISAX SBJSETCS 3apaKEHHbIN 110Ca10UHbIN
marepuai. lcronp30BaHME OYHMIIEHHOTO OT (DUTOMApPa3sUTOB CEMEHHOro KapTodens CHUXKaeT
UHQEKIMOHHYI0 Harpy3ky Ha mojs. YToObl CHU3UTh PHUCK 3apakKeHUs HA HOBBIX IMOJISIX, CEMEHHBIE
KJIYOHM cJelyeT Mpe/lBapUTEIbHO TECTUPOBaTh. Ba’KHBIM KOMIIOHEHTOM B 3TOM IPOLIECCE SIBJISETCS
To4Hasl BHUAOBas uaeHtudukaims BumoB Ditylenchus na xaprodene. B cBsi3u ¢ 3TuM akTyanbHOM
npobaeMoil sBisieTcsl pa3paboTKa ObICTPOJEHCTBYIOMMX U TOUHBIX MOJEKYISIPHBIX TECT-CHCTEM IS
UACHTU(DUKAIIMY BPEIOHOCHBIX BUJIOB CTEOJIEBBIX U THUJIOCTHBIX HemaTo . Hacrosiiee uccnenoBanue
HaIpaBJIEHO Ha pa3pabOTKy HOBBIX HAOOPOB mpaiiMepoB. bbuin pa3paboTaHbl BE Maphl MpaniMepoB,
dsn.l F/R wu dsn.2 F/R. Tloka3aHbl WX aHaJUTHYECKAas YyBCTBUTEIBHOCTh, I(PPEKTUBHOCTH U
cnenuuyHocTh. llpennaraemple METOABI MpeIHAa3HAUEHBl IJIS JKCIIpecc-IUarHocTUKu Hematon D.
destructor. Pa3paboTka KOHKPETHBIX MPaiMEpOB /ISl U3y4aeMbIX MOMYJISIHIA MOXKET CTaTh MOJIE3HBIM
MHCTPYMEHTOM, [IOMOTAOIIUM yYEHBIM-0MOJIOTaM paclIMpATh U MPOAOIKATh CBOU UCCIIEI0OBAHUS.
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OBLIASA XAPAKTEPUCTUKA PABOTHBI

AKTyaJbHOCTB HccJIenoBanus. [lotepu ot Oose3HEl U BpeIuTeNei ceroaHs 3HaYuTeIIbHBI BO
BCEM MHpE, INPH OSTOM OJHUM M3 TPYJHO KOHTPOJIUPYEMBIX OOBEKTOB SIBISIOTCS HEMAaTOJbI,
nopakarone 0oJbIIol Habop pacTeHnuii-xo3seB. Cpeau MHOTr00Opas3usl HEMATOl CIIEAYET BBIICIUTh
poxn Ditylenchus Filipjev, 1936, xotopblii coctout u3 6osee yeM 90 omucaHHbIX BUIOB. Hambomee
BAXKHOE XO3SHCTBEHHOE 3HaueHWe cpeau Hemarona pona Ditylenchus umeror Bumsr: D. destructor,
crebmaBass Hemarona kaprodens; D. dipsaci, crebieBas Hemartoma ayka, D. angustus, creGisieBas
Hemarona puca u D. gigas, crebmeBas Hemartoga 0000BbIx. OJHAKO, TOYHOE OOHAPYXKECHHE U
unentudukamms Buaos D. destructor u D. dipsaci ouenb BakHa, Tak KaKk BO MHOTHX CTpaHaX MHpa 3TH
JBa BHUJAA SBISAIOTCS OOBEKTOM KapaHTHHA. B  oTiaumume oT MOp()OMETPHUECKUX METOJIOB,
UICHTU(HUKAIHS HEMATOJI C HCIIOJIb30BAaHHEM PA3IMYHBIX MOJICKYJIIPHBIX HHCTPYMEHTOB 00€CIIeUnBaeT
TOYHYIO W OBICTPYIO JHMArHOCTHKY WHCCIenyeMbIX BHIOB. OCHOBHBIE COBPEMEHHBIC MPOOJIEMBI
KapTo(elIeBOJICTBA, CBS3aHbI C KOHTPOJEM KauecTBa CEMEHHOrO Marepuaia, OTCYTCTBUEM
HAJIJICKAIIEr0 CEBOOOOPOTA, a B Psijie CTPaH U OTCYTCTBHEM JIOCTYIA K COOTBETCTBYIOIIMM TEXHOJIOTUSIM
npousBojacTBa. Tak ¢ 2010 r. pacmpocTtpaHeHue W pazmep yiiepOa, HAHOCHMOTO JIaHHBIM BUIIOM
HemaTo]] B PD exxeroqno yBenmmuuBarorcs. [1o orenkam, okosio 40 ThICSY TeKTap TOBAPHOTO KapToders
B HACTOSsIIIIee BpeMsi CHIIbHO 3apaxkennl D. destructor.

OOBIYHO, HA 3aCETICHHBIX HEMATOI0N TEPPUTOPHSIX COOPAHHBIN ypoxkail kaproders gaet 10 5%
3apaXeHHBIX KIIyOHel. Upe3MepHbIil TO0JIMB, MPUBOISAIINNA K BBICOKOMY YPOBHIO BIIQXKHOCTH, MOKET
YCUJIMTh MH(EKIIHIO, B pE3yJIbTaTe Yero NpoIeHT HHMUIIMPOBAHHBIX KIIyOHEH noBbImiaercs g0 10% u
Oosee, a B mocieayronieM HHGEKIUS HapacTaeT B TEOMETPHUYECKON Tporpeccuu. M3-3a 3apakeHHOTro
nocago4Horo Marepuaina B LlenrpansHoMm u [IpuBosmkckom pernonax Poccuiickoit @enepanuu B 2015-
2019 romax morepu ypoxkas coctaBuiu okojio 30%. B Vpane 60ibIIMHCTBO KapTOQETbHBIX MOJEH B
ICHTPAJIbHBIX U 3aIIaHbIX PErHOHaX 3apakeHbl D. destructor u motepsutu 4acteb ypoxkast. [y npuHsITHS
CBOEBPEMEHHBIX MEp M0 OOHAPYKEHHUIO M HEJOMYIICHHIO PACIPOCTPAHEHUS Mapa3UTHISCUX HEMATO/T
KpaiiHe BakKHA WX To4Has waeHTU(uKanus. OJHAKO, U3BECTHBIC B HACTOSIIEE BPEMSI MOJICKYJISIPHBIC
MeTobl auarHocTuku D. destructor, B oTiuune oT MACHTH(HKAIUK OJU3KOPOACTBEHHOro Buaa D.
dipsaci, He BrosiHe HaIEXHBI, TAK KaK HE BCET/Ia TAIOT CTAOMILHBIN pe3ybTar.

Crenenb pa3padoranHocTH Tembl. Knaccuueckas uaeHTU(UKAIMs HEMATOJ OCHOBaHA Ha
MOP(}OIOTHUECKUX W aHATOMUYECKUX PA3NUUYUSAX C HCIOIH30BAHHEM MHUKPOCKOIWYECKOTO aHalu3a
uzo0paxenuii. Mopdonoruueckas wuAeHTU(UKALNUS OTHOCUTCA K Ooyiee JeImIeBBIM MeETOoJaM
UIEeHTU(UKAIIMUY U TIOMOTAeT CBS3aTh MOP(OJIOTUIO C BO3MOXKHON (DYHKIIMEH U SIBIAECTCS BaXKHBIM
WHCTPYMEHTOM 1711 MOpP(OJIOroB. XOTs Haubosee 2pHEeKTUBHBI ISl HEMATO/I, KOTOPhIE UMEIOT SIBHBIE
pas3nuuus, HEMaTO/bl, KOTOPbIE UMEIOT TOHKHE MOP(OJIOTHUYECKHE U MOP(HOMETPUUECKUE Pa3INUNs,
TaKUe Kak JJIMHA Tela, Hanuaue U popma ctuiera, DopMa KOHUYHMKA XBOCTA U T. J., TPYIHO Pa3THUIUMBbI
Mopdomoruuecku. Mopdonorudeckas uaeHTUGUKAMS Hematonq poxaa Ditylenchus TtpeGyer
TaKCOHOMMYECKOM IKCIIEPTU3BI M MOKET OBITH CIIOKHOM 3a/1a4eii, eClii 00pa3iibl COAEePKAT CMEIIaHHbIE
BUIbl. Mopdonorus Takke MOXKET OBITh H3MEHEHa W3-3a pa3Iu4yuii B reorpaguueckoM
MECTOIOJIOKEHUH, PACTEHUU-XO3MHE, MUTAHUU U JIPYTHX (aKTOpax OKpYXKalolled cpeapl, Kak 3TO
HaOJIOIAeTCsl Y HEKOTOPBIX CBOOOTHOKHUBYIIUX W MAPA3SUTHPYIONTUX Ha pacTeHusx HemaTtona. Kopoue
TOBOPS, HECTICITUATMCTAM MOXKET OBITh TPYAHO UACHTU(OUIIMPOBATH BUIBI HEMATO/T C BHICOKUM YPOBHEM
JIOCTOBEPHOCTH TOJBKO Ha OCHOBE MOP()OIOTHH, U JJIsl TOYHOM UICHTU(DUKAITUN MOKET TTOTPEOOBATHCS
WHTErpanus JaHHBIX O CyOOpraHu3Max, Takux kak mociemoBarenbHocTs JIHK. Jlns unentuduxanum
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HeMaroj ObLIO0 pa3zpaboTaHo MHOXECTBO (opm MetonoB Ha ocHoBe JIHK. x MoxHO pa3genuts Ha
METO/1bI, OCHOBaHHbBIE Ha OTIEYATKaX MajlbleB U HyKJIEOTHAaX. MeTo/Ibl Ha OCHOBE OTIIEYAaTKOB NaJIbIIEB
MOTYT BKJIIOYaTh MOJUMOP(H3M [UIMH PEeCTPpUKIMOHHBIX (hparmentoB (RFLP), momumopdusm mmmx
ammuupoBanueix (parmentoB (AFLP), cnywaitnyro ammumdukanuio nomumopdHoi JIHK
(RAPD) 1 ucnonb3oBanue BUIOCHCIU(DUYHBIX PAUMEPOB, KOTOPBIC 3aBUCAT OT HAJIMYMSI/OTCYTCTBHSI
[TLP-ammnduxamu. ToBap. Kaxkaplit U3 3TUX METOJOB UMEET CBOU MPEUMYIIECTBA U/UITU HEJOCTATKU
10 CPAaBHEHHUIO C APYTMMHU METoJlaMu uieHTU(UKaIK HeMaTo 1, ocHoBaHHbIMU Ha JIHK wnu apyrumu
metogamu. Cpenu 3Tux MeTroAoB ujaeHTHUuKkanuu Bupocnenuduueckas 1P nam Bbirogna csoeit
MPOCTOTOM, OBICTPOTOHM, CHEUUPUUHOCTHIO, OTCYTCTBUEM HEOOXOAUMOCTH B JOPOTOCTOSIIEM
000pYyIOBaHUHU U BBICOKOW KBaTM(PUKALWU CIEIHATUCTOB JUISI TPOBEACHUS aHaIu3a. ECTh HECKOJIBKO
YHHUBEPCAJIBHBIX MPAaiMEPOB Ul 3TUX METOAOB, KOTOPBIE MOKHO MCIOJIB30BAThH JUISI MACHTU(DUKAIINN
Ditylenchus destructor. OgHako yHHBepcalibHasi TPYHTOBKA — 3TO TOKPBITHE OOINEro Ha3HAYCHUS,
MOJTrOTaBIMBAIOIIEE MOBEPXHOCTh K IMOCIEAYIOIIEMY MOKPBITHIO. BBIOOp moaxoasmux mnpaiMepos,
BEPOATHO, SIBIISIETCA CaMbIM Ba)XKHBIM (DaKTOPOM, BIIMSIOIIMM Ha IMOJIMMEPAa3HYI0 LETHYI PEaKIUIo
(ITIP). Creuuncduueckas ammuudukanyss HaMEUEHHONW MHIIEHH TpeOyeT, 4yToObl MpaiiMepsl He
COBMAJIaJIM C IPYTUMHU MHILIEHSMHU B OMPEICICHHBIX OPUEHTAIMIX U HA ONpPEAETICHHBIX PACCTOSHUSX,
KOTOpBIE IOMYCKAIOT HEXeNaTelbHYI0 aMIUTnuKanuio. Takum o0pa3om, B 3TOM UCCIIEAOBAHUU ObLIN
pa3paboTaHbl 1BE Mapbl HOBBIX MPAiMEPOB JUIS TOBBIIICHUS CENEKTUBHOCTH M YYBCTBHUTEIHHOCTH
aHayM3a IS MOMYJISIIUI 00euX CTpaH.

Heas. Lenpro HacTosmeil paboThl CTAJIO MCCIIEIOBAHUE TeoTpa@uuecKdl yIANEHHBIX momymsauid D.
destructor, pa3paboTka HOBOTrO JHArHOCTHYECKOro merona Bupocnenupuyeckon 1P, a Ttakke
anpoOalus 1 yCOBEPIICHCTBOBAHUE M3BECTHBIX METOJIOB TUATHOCTHKHU.

Jlns noctrkeHus yka3aHHOW LeNy OBLIN OCTaBJIEHbI CIEAYIOLINE 3aJa4H .

e IlonyunTh M TPOAHATM3MPOBATH JaHHBIE MOP()OMETPUUECKOW HM3MEHYHUBOCTH MOMyJsiuii D.
destructor u3 P® u Upana.

e lccienoBaTh reHETHYECKYIO M3MEHUMBOCTD nomyJisinuii D. destructor.

e Paspaborarh aBa Habopa Map HOBBIX BHIOCHENU(BHUECKUX MPAaHMEPOB Ui MOJEKYJISIPHOR
nuargoctuku D. destructor.

e OIEeHUTD CENEeKTUBHOCTh pa3pabOTaHHBIX MTPAMEPOB.
e OLEeHUTh YyBCTBUTEIBHOCTh pa3pabOTaHHbBIX PaliMepOB.

O0bexTOM HMccienoBaHus. Llenbio 1aHHON paboThl ObUIO M3y4YeHHE Teorpapuueckul yAaJeHHbIX
nonynsuuii D. destructor © Ha OCHOBE 3THX JaHHBIX pa3pabOTKa HOBBIX AMarHoctuyeckux IIL[P-
npaiiMepoB, a TaKXke arnpoOalus U yCOBEpLUIEHCTBOBAHUE BUOCTIEHN(PUYECKOTO METO/1a TUArHOCTHKHU.

IIpenmerom uccaenopanusi. CodpaH 1 mpoaHaaM3upOBaH MOJyYEHHBIH MaTepua, o0paboTaHbl U
MHTEPIPETUpOBaHbl JaHHbIe. HoBbIe mpaiiMepsl ObuH pazpaboTansbl it uaeHTugukanuu Ditylenchus
destructor B mepuoz ¢ 2018 mo 2022 rox.

Hayuynast HoBU3HA.

1. BnepBble npoBe/ieH CpaBHUTEIbHBIN MOP(HOMETPUUYECKHI 1 TeHeTHUECKUI aHanmu3 nomynsauuit D.
destructor poccuiicKoro ¥ HPaHCKOTO MPOUCXOXKICHHUS



2. Pa3pabotanbsl nBa HaboOpa Mmap HOBBIX BUAOCIECHH(PUUYSCKUX MPAMEPOB JISI MOJEKYJISIPHOMN
nuarHoctuku momysuuii D. destructor u3 Poccun u Mpana.

3. Jloka3aHa BbICOKasi YyBCTBUTEIBHOCTD M CEJICKTUBHOCTh HOBBIX paiiMepoB dsn.1 F/R u dsn.2F/R
it uaentudukamuu D. destructor.

Teoperuveckas ) NMpaKTU4YecKas 3HAYUMOCTb. [IpoBenenHsbI CpPaBHUTEJIbHBIN
MOPGOJOTHUECKU M T'eHEeTHYeCKui aHanu3 Hematon D. destructor mnokasanm He3HAUYWTEIbHBIC
MOP(}OIOTHYECKHE Pa3IUIUsS MEKIY HEMAaTOJaMU HMPAHCKUX M POCCHUCKHX MOMYISIIIHHA, MPU ITOM
TeHETUYCCKUN aHAJIN3 BBIIBUJI OJIM30CTh HPAHCKUX HEMATO[ K KUTAHCKUM HOmyJIsiusaM. PazpadoTaHsr
HOBbIe BHpocmernuduunsie mas1  D. destructor mpaiimepsl. JlokazaHa WX ~aHAIWTHYECKAs
YyBCTBUTEIBHOCTh, J(PGEKTUBHOCTh M CHEHU(PUIHOCTh. [Ipe/ioKeHHbIE METOIbl MOTYT OBITh
WCITOJIB30BaHbI JUIsl OBICTPOM JUAarHOCTHKW Hemaroj Buaa D. Destructor u3 pa3imuHBIX PETHOHOB
MIPOUCXOXKICHHUS, YTO TIO3BOJIUT M30€KaTh OMIMOOK MPH UACHTH(PUKAIIUY TIOJKAPAHTHHHBIX 00BEKTOB.

Metonosiorusi 1 Metoabl ucciaenosanus. Boinenenune JIHK w3 uccnenyembix matepuanoB
MPOBOAMIN MyTeM 00paboTku 00pasnoB mpoTenHazod K ¢ mocnenyromuMm ynaneHueM Oenka 0e3
9KCTPAKIIUU OPTaHUYECKUMHU PACTBOPHUTEISIMUA C Hcmoyib3oBaHueM Habopa JIHK Dkcrpan-2, HOMEp
Habopa HI-511-100 (Cuntom). , Poccuiickas ®epepanusi) B COOTBETCTBUU C HWHCTPYKLHUSIMU
npousBoauTens. Dkerpakthl JJHK usmepsiin Ha cnekrpodotomerpe NanoDrop 2000 (Thermo Fisher
Scientific Inc., CILIA). HccnemoBamu o6pasust u3 Poccum m Wpana u Beigenennyro JIHK.
CekBeHUpOBaHUE MTPOBOAMIN Ha reHeTHueckoM aHaimsarope ABI-3500 (Applied Biosystems, CILIA).
Beb6-caiit  HarmmonanmpHoro mentpa Owmotexnonormueckoit umHpopmammu (NCBI) BLAST (http:
www.ncbi.nlm.nih.gov/BLAST) npoBen nepBoHayaipHOE CpaBHEHHE PE3YyIbTATOB 00pasloB ¢ 0a3oii
JAHHBIX TEHETUYeCKUX mocienoBarenbHocTell GenBank. I[locnmemoBatenbHOCTH OBUIM MTPOBEPEHBI,
BBIPOBHEHBI U OTpeAaKTHpOoBaHbI ¢ momonisio BioEdit v.7.0.5. 3. B BioEdit mocnenoBarenbHOCTH OBLITH
COIIOCTABJICHBI C JIOTIOJTHATEIBLHBIMH MTOCIIEA0BATEIHHOCTAMU, cCOOpanHbME 13 GenBank.

ITos10:xeHNs1, BBIHOCUMBbIE HA 3ALLHUTY:
e [TonyyeHue u aHaIKU3 MOPPOMETPUUIECKOI M3MEHUYMBOCTH oy st D. destructor u3
Poccum n Upana
e /3yyeHue reHeTHyecKoi m3MeHurBOCTH nomyssiiuii D. destructor
e Pa3paboraTh /1Ba HabOpa Map HOBBIX BUJOCHEIM(PUUHBIX TPAHMEPOB JIIsl MOJIEKYJIIPHOM
nuarnoctuku D. destructor
e lcnpiTaHne Ha CEJIEKTUBHOCTD IIpaiimepa
® TecT Ha YyBCTBUTEIHHOCTh TPYHTOBKHU
CreneHb [0CTOBEPHOCTHM W anpodanuM pe3yabTaToB. Pe3ynbrarhl auccepTaliOHHOU
paboThel ObLTM TpEeACTaBieHbl Ha cieayromue meponpuarus: Cummnosuym™m, XII MexnynapoaHsiii
HEMAaTOJOTH4eCKHi cumno3nyM «HemaTo el 1 Jpyrue 3KA1M3030a B YCIOBUSIX U3MEHSIOUINXCS YCIOBUN
cpenel», Kapenbckuii Hayunbiii unentp PAH. Hwxumii Hosropon (urons — asryer 2019 r.).
Mexaynapoansiii Hayunsiii popym HAYKA 1 THHOBAILIM — COBPEMEHHBIE KOHIIEITLIUA.
HAYKA U MHHOBAIIMKW- COBPEMEHHBIE KOHIIEITLIIMHN. Poccus (Mocksa, utonb 2020 1.);
Mexnaynapoanslii HayuHsli popym HAVKA MMHPA: TTPOBJIEMbI 1 MHHOBAIIMU. Poccus
(ampenb 2021 1.).

JInuHblii BKJIaJ aBTOpa AUCcepTAlMU. 3asiBUTENb YYaCTBOBAJI B TOCTAHOBKE LIEIH U 3a/1a4
UCCIIEIOBaHMsL; cOOMpPal U aHATM3UPOBAJT OJTYUESHHBIH MaTepHral, 00padbaTeiBal U HHTEPIPETHPOBAT
JTaHHbIE, TOTOBWJI MyOJIMKAllMU B coaBTOpCTBE. [luccepranmonnas padboTa sBIsSeTcs pe3ynbTaToM
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WCCJIeIOBaHMH, MPOBEJEHHBIX aBTOPOM Ha ArpoduoTtexHonoruueckoM axkynprere ATU PY/IH u Ha
6aze «Bcepoccuiickoro neHTpa kapantuHa pacteHuid B 2018—2022 rr.».

Cnncok Jureparypsbl. Bkitouarot 123 HaMeHOBaHUS: CIPABOYHUKUA U HOPMATUBHBIC
JIOKYMEHTBI, TUCCEPTAIINH B aBTOpedepaThl, KHUTH U CTAThH HA aHTIIMHCKOM SI3bIKE, OHJIANH U

oddnaiiH pecypcsl.

Anpobanusi pe3yJibTaTOB HCCJI€I0BAHUS. 110 TEME JUCCEPTALMH OITYOJIMKOBAHO 8 CTaTel, 13
HUX 2 Scopus, 3 B pelEH3UPYEMbIX HAay4YHBIX XypHajiaX, BXojsimux B nepedeHb BAK, 2 te3uca
KoH(pepeHmii u 1 cumMmosnym.

CTpykTypa AuccepTALMOHHOrO HcciaeaoBanms. [luccepranus uznoxkeHa Ha 108 crpanunax,
COCTOUT W3 BBEJEHUA, TPEX IJIaB, BHIBOJIOB W MPHIIOKEHUH, comepkuT 20 Tabmuil u 24 pHCYHKOB.
Cnucok nurepaTypbl BKJItO4aeT 123 MCTOUHUKOB HA MHOCTPAHHBIX SI3bIKAX M OJJUH HA PYCCKOM.

buaaromapuaoctu
Astop Onarogaput [IpunanankoB Muxann BuktopoBud, K.0.H. BEIyIIHiA HAYYHBIH COTPYAHHUK,
3agenytonuii  Jlaboparopueir ¢uromapazuronorun lLlenTp mnapasutonoruu, WHCTUTYT TpobiieM
skosioruu u 3Bosouuu uM. A. H. CeBepuoBa Poccuiickoil akajeMun HayK, a TakkKe 3a HEOLEHUMBIN
BKJIQJI B IOPa0OTKY PYCCKOSI3bIYHON BEPCUU TUCCEPTALINU.
Il. OCHOBHOE COJEPKAHUE UCCJIEJOBAHUSA
Bo BBegenumm OOocHOBaHa  aKTyaqbHOCTb W  HaydHas HOBH3HA  HCCJEIOBaHUS,
chopMylnuMpOBaHbBl IIeNb M 33Jadd, a TakKe IIOJIOKEHHUs, BBIHOCUMBICE Ha  3aIUTYy.

I'naBa 1. O630p JuTepatypsbl. B 310l r1aBe paccmaTpuBaeTcs 00bEKT UCCIIEOBAHUI - HEMATO/1a
Ditylenchus destructor, ee xapakrtepuctuku u Mopdosorus. IlpeacraBiena wuHbopMaIHsI O
CYIIECTBYIOIIUX METO/aX MOJEKYISIPHOTO OOHapYyKEHHsI W TMPUMEHEHHUH HOBBIX DPa3pabOTOK st
UICHTU(PUKAIIMOHHOTO aHalM3a W CPAaBHEHUS pa3IUYHbIX Nomyasuuid Hematon wu3 Poccuiickoii
®enepaunn u Mpana.

I'nasa 2. MarepuaJjbl 1 METOABI.
Jns mpoBeAeHHS MOJEKYJSIPHBIX H3MEpEeHHM wucnosb3oBanu S50 HemaTon H3 Kaxaou
MIOITYJISILUH.

Boigenenue JHK.

Bce mnpouenypst BbemosiHeHbl 10 cranaapty BHUMUWKP wim napyrum  crangapram ¢
ucnosip30BanueM Habopa pearenros [ EPPO protocol, 2017 ].

CexBennpoBaHue M (uioreHeTHYeckuid aHaam3. Jlns mpoBeneHUS CEKBEHHPOBAHUS U
JAIbHENUIIEro (PUIOreHeTHYeCKOoro aHaiau3a ucroiyib3oBainu npoaykt 1P ¢ HoBbIMU mpaliMepamu c
nociueAyomuM pazaeneHueM B 1% araposHom rene. AmmuduuupoBaHHblii npoaykt IILP,
MOJTYYSHHBIN TTOCJIE OUYMCTKH C IIOMOIIIBI0 Habopa /ytst skcTpakiuu u3 resst Thermo Scientific Gene JET,
CEeKBEHHPOBAJIM C MOMOIIBI0 Auae3okcu-imkiaa Cenrepa ¢ nomomisio Genetic Analyzer AB-3500
(Applied Biosystems, CIIA). Jlanee mpoBoAUIN CpaBHEHUE PE3yJIbTATOB CEKBEHUPOBAHHs ¢ 0a30if



MAaHHBIX TeHeTHYecKux ImocienosarenbHocTeii GenBank Ha BebO-caiite NCBI  BLAST
(http://www.ncbi.nm.nih.qov/BLAST).

J{u3aiiH npaiiMeposB.

Bocems ITS-nocienoBarensaoctei D.destructor, aMminguunupoBaHHBEIX B ’TOM HCCIIEI0BaHUH,
ObuTH terroHrpoBansl B 6a3e nanHbix NCBI (http://www.ncbi.nlm.nih.gov/) mox Homepamu MN122076,
MN307126, MN307128, MN493767, MN658597, MN658599 , MN65388637, MN658599. lns
Iu3aiiHa BHUJIOCTIELIM(PUUHBIX MpaiiMepoB OBLUIM HCIOJIB30BaHbI 3THU MOCIEIOBATEIbHOCTH U ApYyrue
UCXOJIHBIE  TIOCJIEOBATEIbHOCTH,  MOJYYEHHBIE W3  HM3YUYCHHBIX  MOMYJSIUH, a  TaKxke
MOCJIEI0BATEIbHOCTH, JCMOHUpOBaHHbIe B 0a3e manHbiXx NCBI apyrumu uccnenosarensmu ans D.
destructor: GQ469492, GQ469491; D. dipsaci MG676655, MG676656, MG676657. Kpome Toro, psi
nocienoBarensHoctei D. gigas KJ653270, KJ653267 ObL1 MCmonb30BaH sl BBIPABHUBAHUS U3-32 UX
TECHOTr0 TeHeTH4ecKoro poactaa ¢ D. destructor.

Hyxneotuansie nocnenoBatenbHoctd p/IHK-ITS 6butn BeipoBHEHBI ¢ momorbio BioEdit7.0.5.3
JUIsL TIOMCKAa KOHCepBaTHBHBIX obOnacteil. CkoHcTpyupoBaHHble mpaiimepbl dsn.l F / R momkusel
obecrieunBarh aMIuIuuKanuo ¢pparmenta aauHoi 397 m.H. u dsn.2 F / R pasmepom 330 m.H. [u3zaiin
npaiimepa Obur moarBepxkaeH ¢ mnomomibio BLAST (http://www.ncbi.nlm.nih.gov/blast), 4To0sI
UCKITIOYUTh HECIeU(UICCKUE PEaKIUU C APYTUMHU OIM3KOPOICTBCHHBIMU BUIAMH. [[OMOTHUTEIHHO
KaueCTBO MPAMEPOB OIEHUBAJIH C TTOMOIIBI0 TporpammHoro odecreueHus Oligo 6.0.

P ¢ BugocnenupuyecKuMu npaiimMepamu.
Jyis mpoBe/ieHusl peakiuuu UCIIOJIb30BAIM KOMMepueckuii Habop Master mix
(mpousBoacTBa «EBporen»).

I'eab-3;1ekTpOdopes.

[enp momemanu B kamepy i anekrpodopesa BioRad, 3amusanu 6ydepom 0,5X TBE no
MOJIHOTO TIorpy>keHus. Buocumu o 2 Mk oOpasnos JIHK (aMIminkoHOB) B KakIyto JyHKY rens. st
ompeieNICHUsI pa3Mepa aMIUIMKOHOB B KpaliHue JTyHKH 1o0aBisu Mapkep («DNA ladder») va 1500 map
HYKJICOTUJIOB. DJnektpodope3 mpoBoaunu npu Hanpsbkenun 150 B B Tewenme 30-60 mMuHyT npu
KOMHATHOW Temmeparype. Pe3ynbrarhl BH3yalU3HpOBAIM C TOMOMIBIO TeJb-A0KYMEHTHPYIOIICH

cuctembl BioRad ¢ Y®-gerekTopoM ¢ HCHONB30BaHHEM mporpammuoro odecredenus GDS Version
3.32.

Ouucrka npoaykros ITIP.

[Tocne anexTpodopesa MHTEpECYIOUINE HAC TOJIOCHI Telis, BU3yalu3UPOBAaHHBIE C MOMOIIbIO
Y ®-namnbl, BeIpe3aiad CKaJbIElIeM Ha 2 MM IIMpE MOJOCHl C KaXJ0i cTopoHbl. [[si BblaeneHus u
ourictku obOpasia I[P ucmonbs3oamu Thermo Scientific GeneJET. Ouumenssiii npoaykr ITL[P
xpanmwn npu -20 ° C. KauwectBo JIHK onenuBamu c¢ momomibio NanoDrop 2000/2000c
CHEKTPO(GOTOMETp, A 3TOTO0 HAHOCHIM 1 MKJ KaXAOro odpaslia Ha aHAJTU3aTop NpeABapUTEIbHO


http://www.ncbi.nlm.nih.gov/BLAST

OTKaTuOpOBaHHOTO (MO JUCTWUIMPOBAHHOW Boje) mnpubopa. OOpaboTka Kaxmoro oOpasia
MIPOBOMIIACH ABTOMATUYECKHU.

I'nasa 3. Pe3yabTaThl 1 00Cy:KI1eHUE

Mop¢omeTpuyeckuii aHAIU3 MOMYISLUM.

ITpoBeneno wmopdosoruueckoe cpaBuenue D. destructor u3 kmyOHel kapTtodens Tpex
nomynsauuii U3 Poccuiickoit denepaunu (Huxeropoackas, bpsuckas u MockoBckas oOnactu) u
otoOpanbl 00pa3ubl U3 13 HaceneHHBIX MyHKTOB 4 pernoHoB Mpana (nmpoBuniun Xamanan, Mcdaxan,
3enmkadn u  Apnebuns) (pucynok 1, 2). Usyuas wmopdonorndeckue u mopdomerpuueckue
XapaKTEPUCTHKHU BUIOB (Tabnuua 1- 9), MOKHO yBUJETb, YTO MPUBEACHHBIE 371€Ch MOPPOMETPUIECKHE
XapaKTEePUCTHKU Hemaron Uil paiioHoB XamenaH, Vcdaxan, 3eHmkan u ApAaeOmiib coraacyroTcs ¢
nanubivu [ Xamemu u Kaperap. , 2019] (tabmuma 10). [{ns Hwkeropoackoid, bpsiHckoit 1 MocKoBCKOM
obnacTteil IMEIOTCSI HEKOTOPBIE OTIMYMs OT oT™MedeHHBIX aist D. destructor [Toph, 1945; Xynep, 1973;
UmxoB u np., 2010] (tabauma 11).

Pucynoxk 1.- Mopdonorust ocobeit D. destructor na mpumepe MocKOBCKO#t momysiiiuu. A. roJI0BHON
koHell. B. rmotka. C. ctuner. D. kpycradopmepus. E. fitno BHyTpu Tena camku. F. PUS
(ToCTBYJIBBApHBIN YacTh MaTouHOTO Metka). G. Cnepmareka. H. O6nacth aHyc-ByabBa. |. XBocT
camkH. J. XBocT camiia



Pucynok 2.- Mopdonorus xapakrepHbix ocodeit D. destructor na npumepe Mpanckue nonymsuu. A.
ronoBHO# KoHetl. B. riotka. C. cruner. D. kxpycradopmepus. E. Siino BHyTpH Tena camku. F. PUS
(mocTByNBBapHBI YacTh MaTouHOTO Memika). G. Cnepmareka. H. OGnacts anyc-ByibBa. |. XBoct

caMKH. J. XBOCT caMIia

Ta6auna 1.- Mopdomerpus nomyssituii D. destructor us Poccuiickoit @enepanuun

44

44
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(An=50 | (Hn=50 | (Hn=50 | (Yn=50 | (n=50 | (?)n=50

IMapameTtp Bpanck MockBa Huxnnii Bpanck MockBa Huxnuii
Hosropon Hosropon

Jl1aHa Tesa (890-1340) (835-1550) (918-1350) (900-1664) (954-1600) (916-1571)
Jdnuna xBocTa (64-80) (63-79) (65-81) (63-80) (63-81) (62-81)
C (nIMHA TeJ1a/ INIMHA (14-17) (14-20) (14-16) (15-20) (16-20) (15-20)
XBOCTA)
Jdnuna cTuiera (10-13) (10-14) (10-14) (10-14) (10-14) (10-14)
PUS(mocTByJIbBapHBI - - - (95-120) (95-125) (95-112)
i 4YacTh MATOYHOTI'0
MeIIKa)
PUS/paccTosinue - - - (54-90) (53-88) (55-86)
BYJIbBa-aHyc, %
Jnnna CiukyJabl (20-24) (20-25) (20-25) - - _
Juna oypcest (8% ot (37-58) (34-62) (39-79) _ - _
JJINHA XBOCTBHI)
Dopma KOHYHMKA
XBOCTA 3a1<py1:neHHLI 3a1<py1:neHH1>1 3apr1:neHHLI 3apr1:neHHLI 3a1<py1:neHHLI 3apr1:J'IeHHI>I

)44

MKM ¥ MUHUMaJbHO-MakcuMaibHble 3HaueHus (100 ocobeit)




Tabauuna 2.- Mopdpomerpus nonymsnuii D. destructor oopasist u3 Upana, [poBunims Xamenan

Mapamerp (J) Mxm (n: P1 P2 P3 P4
200)

JiuHa Teja (650 -1100) | (600-1200) (650-1000) (730-1100)
Jl1uHa XBOCTA (50-63) (50-80) (54-65) (53-70)

C (n1uHA Teja/ AIMHA (13-18) (12-15) (12-16) (14-16)
XBOCTA)

JiuHa cThHiieTa (9-12) (9-12) (9-12) (8-11)
PUS(nocTBy./1bBapHbIii — — - -
YacTb MATOYHOI' 0

MeIKA)

PUS/paccrosinue — — - -
BYJIbBa-aHyc, %

JmnHa CnuKyabl (18-20) (18-21) (19-26) (19-21)
Jauna 6ypesl (8% ot (33-55) (33-45) (35-51) (32-48)
JJIMHA XBOCTHI)

®opMa KOHYMKA 3akpyraeHHbIN | 3aKpyTiIeHHbIH | 3aKpyTaeHHbIH | 3aKpyTJIeHHBIH
XBOCTA

P1 - Xamenan, P2 - baxap, P3- Acan-Aban, P4 - KaGynapaxaHr,
MKM ¥ MUHUMaJIbHO-MakcuMalibHble 3HaueHus (P1: 50, P2: 50, P3: 50, P4: 50 ocoGetii, cam1ibl)

Taoauua 3.- Mopdomerpus nonyssiuii D. destructor oopasiier u3 Mpana, [posuniust Vicdaxan

Mapamerp (&), MKM P1 P2 P3 P4
(n:200)

JiuHa Tesa (600-1250) (637-1205) (840-1200) (600-1000)
JliuHa XBocTa (45-76) (52-71) (67-80) (51-67)

C (mmHa Tesa/ NJHMHA (14-17) (13-17) (13-15) (12-15)
XBOCTA)

J1iiHa cTHiieTa (9-12) (9-12) (9-11) (9-11)
PUS(nmocTBy.1bBapHBIii - - - -
4acTh MaTOYHOTO

MeIIKAa)

PUS/paccrosinmne — — - -
BYJIbBa-aHyc, %

Juna CnukyJabl (18-21) (19-27) (19-21) (18-21)
JNouna oypesl (B% ot (33-52) (33-56) (31-56) (33-52)
JJINHA XBOCTbI)

®opma KOHYMKA | 3aKpyTieHHbl | 3aKpyTieHHbli | 3aKpyTieHHBIN | 3aKpyTIIeHHBIH
XBOCTA

P1 - Ucdaxan, P2 - Mobapake, P3 - Hamxadaban, P4 —DenaBepxan,
MKM M MHHHUMaJIbHO-MakcuManbHbie 3Hauenus (P1: 50, P2: 50, P3: 50, P4: 50 oco0eii. camiibl)
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Ta6auna 4.- Mopdomerpust momysisinuii D. destructor o6pasiier u3 Mpana, [TpoBunIms 3eHKkan

Mapamerp (&), mxm (n: 200) P1 P2
J1uHa Tesia (700-1200) (850-1167)
Jl;iMHA XBOCTA (50-66) (61-75)

C (n1MHA Tej1a/ AJIMHA XBOCTA) (14-19) (14-16)
J1iHa cTHiieTa (9-12) (9-11)
PUS(nocTBy/1bBapHBIi YacTh — -
MAaTO4YHOI'0 MeIIKa)

PUS/paccrosinue By;ibBa-anyc, % - -
Joauna CnuKyJIbl (18-23) (19-27)
Jouna 6ypcesl (B% 0T IJIHHA XBOCTHI) (33-56) (35-58)
®opMa KOHYMKA XBOCTA 3aKkpyriaeHHBIHA 3aKkpyriaeHHbIHI

P1 - 3enmxkan, P2 - Conranue,

MKM M MHHUMaJIbHO-MaKcuManbHbie 3HaueHus (P1:100, P2: 100 ocobeid, camiibl)

Ta6auna 5.- Mopdomerpust momyssiuii D. destructor oopasisr u3 Upana, [IpoBuniius ApaeOuib

Iapametp (3), MKM P1 P2 P3
(n:200)

JiuHa Teja (750-1100) (600-1205) (640-1164)
JlimHa XBoCTa (57-75) (44-73) (47-72)

C (nmHA Tesa/ AIMHA (13-15) (14-17) (14-17)
XBOCTA)

JliMHa cTHJIeTa (9-12) (8-13) (8-13)
PUS(nocTBy./1bBapHbIii — — -
4YacTh MATOYHOI0 MEIIKA)

PUS/paccrosinue ByJibBa- — — -
anyc, %

Juna CnukyJibl (18-27) (19-24) (18-26)
Jnuna oypcesl (B% ot (33-50) (35-55) (33-56)
JJINHA XBOCThI)

®opma KOHYMKA XBOCTA 3akpyriaeHHbId | 3aKpyrieHHbIA | 3aKpyriIeHHbIH

P1 - Apneobwuns, P2 - Hamun, P3 — Haiiep,
MKM M MHHHUMaJIbHO-MakcuManbHbie 3Hauenus (P1: 100, P2: 50, P3:50 ocobeit, camiibi)
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Ta6auna 6.- Mophomerpus momyisiuii D. destructor oopasisr u3 Upana, [IpoBunius Xamenan

IMapamertp (?), MKkM (N: P1 P2 P3 P4
200)

J1uHa Tesa (875 -1110) (809-1200) (900-1400) (980-1256)
JlInHa XBoCTa (54-71) (78-83) (55-64) (81-85)

C (nyiuHA Tes1a/ qJMHA (14-16) (11-15) (17-22) (12-15)
XBOCTA)

JiMHa cTHIeTa (8-13) (9-13) (8-12) (8-12)
PUS(nocTBYyJIbBapHbBIii (53-98) (53-89) (53-90) (53-87)
4acTh MAaTOYHOI0 MeNIKa)

PUS/paccrosinue ByJIbBa- (48-71) (42-87) (55-91) (44-75)
anyc, %

Jiuna CnukyJisl - - - -
Jiuna oypcesl (B% ot - - - -
JJIMHA XBOCTbI)

dopMa KOHYHKA XBOCTA 3akpyriaeHHBINA 3akpyriaeHHbld | 3aKpyrJIEHHbIH | 3aKpyIJICHHBIA

P1 - Xamenan, P2 - baxap, P3 - Acan Aban, P4 — Kabymapaxasnr,
MKM M MHHUMalIbHO-MakcuMaiabHble 3HaueHus (P1: 50, P2: 50, P3: 50, P4: 50 ocobeii, camkn)

Ta6auua 7.- Mopdomerpus nonyssiuii D. destructor o6pasiier u3 Mpana, [Iposunims Mchaxan

IMapamerp (), mxm, (n: 200) P1 P2 P3 P4
JumHa Tena (800-1100) (770-1300) (700-1200) (820-1310)
JnuHa xBocTa (55-63) (55-79) (58-76) (54-75)

C (nMHA Tesa/ NJHHA (15-18) (14-17) (12-16) (15-18)
XBOCTA)

JlnuHa cTuiiera (9-12) (9-13) (9-13) (9-12)
PUS(mocTBy 1bBapHbBIii (55-98) (55-103) (54-105) (52-98)
4YacTh MATOYHOI0 MEIIKA)

PUS/paccrosinmne By 1bBa- (38-86) (37-79) (37-90) (37-87)
anyc, %

Jimna CniukyJisl - - - -
JuHa 0ypcesl (B% oOT AiuHA - - - -
XBOCTbI)

DopMa KOHYMKA XBOCTA 3akpyriaeHHbIH | 3aKpyTJIEHHBIH | 3aKpyTJIEHHBIN | 3aKpyTJIEHHBIN

P1- Ucdaxan, P2- MobGapake, P3- Hamkadaban, P4. denasepkaH,
MKM ¥ MUHHUMaJIbHO-MakcuMaibHbie 3HaueHus (P1: 50, P2: 50, P3: 50, P4:50 ocobeii, camkn)
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Ta6auna 8.- Mopdomerpust momyssauii D. destructor o6pasiisr u3 Upana, [IpoBunins 3eHmKkan

IMapametp (%), mxm (N: 200) Pl P2
J1uHa Tesa (880-1200) (700-1114)
JliHa XBOCTA (65-76) (58-80)

C (n1uHA Tes1a/ AJMHA XBOCTA) (14-16) (12-14)
JliMHa cTHIIeTa (9-13) (8-13)
PUS(mocTBy/IbBapHBIii 4acTh (55-86) (58-88)
MAaTO4YHOI'0 MeIIKa)

PUS/paccrosinne BysibBa-anyc, % (45-86) (37-87)
JumHa CnukyJibl - -
Jumna 0ypcesl (B% ot pimHa - -
XBOCTHI)

®opMa KOHYMKA XBOCTA 3aKpyrieHHBINI 3aKpyrieHHbBIN

P1 - 3enmxkan, P2 — Conranue,

MKM ¥ MUHUMaJIbHO-MakcuMaibHbie 3HaueHust (P1: 100, P2: 100 ocobeit, camk

Ta6auua 9.- Mopdpomerpus nonysuuii D. destructor o6pasist u3 Mpana, [Ipounims Apaeousb

IMapamerp (), mxm (n: 200) P1 P2 P3
Jl1uHa Tesa (800-1200) (760-1200) (640-1300)
J;tuHa XBOCTA (52-69) (46-65) (43-78)

C (n1mHA Tesia/ IJIMHA XBOCTA) (16-18) (17-19) (15-17)
JmHa cTHiiera (8-12) (8-13) (8-12)
PUS(mocTBy/ILBapHBIii 4acTh (55-88) (54-89) (53-100)
MaTOYHOI'0 MeLIKA)

PUS/paccrosinne ByJibBa-anyc, % (45-83) (52-78) (42-76)
Jiuna CnukyJibl - - -
JuHa 0ypcesl (B% oOT A1MHA - - -
XBOCTbI)

dopmMa KOHYHUKA XBOCTA 3aKpyraeHHbId | 3aKpyTJIeHHbIH | 3aKpyrJeHHBINA

P1 - Apnebuns, P2 - Hamun, P3 — Haiiep,

MKM 1 MHHHUMaJIbHO-MakcuManbHbie 3Hauenus (P1: 50, P2: 50, P3: 100 oco0eii, caMKh)

13




Ta6auna 10.- Mopdomerpus D. destructor mo [Hashemi and Karegar, 2019]

IMoxa3zaTenn (» ®))

JmHa TeJia (600-1254) (603-1468)
JliiHa XBOCTA (45-87.5) (39.5-90.5)

¢ (nmHa Te1a/ AIMHA (11.0-19.1) (11.4-27.8)
XBOCTA)

JliMHa cTHIIeTa (8.5-12) (8-13)
PUS/paccTosinue - (36.9-92.6)
BYJbBa-aHyC, %

JnmHa CouKyJIbl (18-28) -

dopma KoHUMKA XBocTa | 3akpyriaeHHbI/OcTpolil | 3akpyriieHHbIH/OCTphIi

Ta6auna 11. -Mopdomerpus D. destructor o [Thorne, 1945, Hooper, 1973 u Chizhov et al., 2010]

)] ()
IHoka3zaren Xynep Topn YuxoB Xynep Topn Yuxkos
(1973) (1945) (2010) (1973) (1945) (2010)

TOP
Jdonuna Tena (800-1900) | (750-1300) | (860-1370) | (800-1900) | (720-1440) | (1050-1630)
JliMHa XBOCTA - - (62-81) - - (62-81)
¢ (nmHa Tena/ (14-20) (12-16) (13.6-16.2) (14-20) (15-20) (13.8-18.8)
JJIMHA XBOCTA)
JuHa cTiiieTa (10-14) (10) (10-13) (10-14) (10) (11-13)
PUS/paccrosin - - - (53-90) - -
ue ByJbBa-
anyc, %
Jdoauna (24-27) (24) (20-25) - - -
Cnukyasl
®opma . 5 . 5
KOHYAKA 3aKkpyrieHHbId | 3aKpyTIICHHBIA 3aKkpyrieHHBIA | 3aKpyriIeHHbIH .
XBOCTa

B pesynbrare ucciegoBaHus MOPQOJIOTMM MOMYJISALUMN ObUIO TMOKa3aHO, YTO BCE H3YyYEHHbBIE
nonyisuuy npuHaaiexar k suay D. destructor. Hecmotpst Ha To, uto nomyssiuuu u3 Mpana u Poccun
UMEIOT HEe3HAUUTeNbHbIE OTIUYHUS 10 Pa3MEPHOCTH OTIEIBHBIX MPU3HAKOB, 3Ta BapuabeNbHOCTh HE

BJIMSICT Ha OTHECEHHE BCeX momyJsiuii kK Buay D. destructor.
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Pe3yabTarhl MOJIEKYJISIPHBIX MCCJIEI0BAHUI
Anamn3 nocienosareanpnoctu JJTHK D. destructor.

N3 cemu HaceneHHbIX NMyHKTOB B Poccuiickoin denepanuu u Mpane s MOJIEKYISIPHOTO
aHaim3a ObUTO HCmoab30BaHo 350 enuuuir HemaTo 1. [Tocie BeipaBHUBaHMS (TIPOrpaMMHOE 0OeCTIieYeHUE
Mega), O4MCTKH M peAaKTUPOBAHUS MOCIIEIOBATEILHOCTEH ¢ MMOMOIIBIO MPOTPaMMHOTO 00ECTICUCHHS
BioEdit 7.0.5.3 6wt BBIOpaHBl 56 TMoOcienoBarelbHOCTEH (IO 8 MOCIIEeIOBATEILHOCTEH M3 KaKII0H
obnactn).

ITouck BLAST B NCBI mnoka3an, 4ro Bce, IOJYyYEHHbIE B 3TOM HCCIEIOBAaHUU
nocienoBarensHoctr JJHK D. destructor uz Poccum u Mpana, coBIajaloT ¢ COOTBETCTBYIOIIMMHU
nocienoBarenbHocTsMu D. destructor, mpucyrcTByronmMy B 0a3e JaHHBIX.

Anammz HOCJIG,Z[OBaTeJIbHOCTeﬁ BbIsSIBUJI BapI/Ia6eJ'IBHOCTL HOCJ'ICI[OBB.TGJ'IBHOCTCﬁ MCKOY
pa3nuuHBIME TeorpaduueckuMu momysusiMu D. destructor, BeIIeIeHHBIMU U3 Pa3HBIX PACTCHUII-
x03s1€B. Takue Kak Solanum tuberosum, Ipomoea batatas, Daucus carota subsp.

dusioreHeTnvecKue ucciaeroBanus monyasiuii D. destructor.

duoreHeTHYECKUE pa3UuUs BHYTpU W Mexnay Bumamu p. Ditylenchus ouenuBanuch 1o
METOZly MaKCHMallbHOro mpaBaonogodus. HecMoTpst Ha BapuaOelbHOCTH IOCIEAO0BATEIBHOCTEH,
(usoreHeTHYECKOE AEPEBO YOCAUTENIBHO IMOJACPKUBACT IPYIIUPOBKY BCEX IOCIIEIOBATECIBHOCTEH
D. destructor maxe Asst HOMYISIMA Pa3HOTO reorpaduuecKoro MPOUCXOXKICHHS U Pa3HbIX PACTCHHI-
XO0351€B.

Ha ¢wunorenernueckom aepese D. dipsaci ucmonb3yercss B KaueCTBE CECTPUHCKUX BUI0B D.
destructor u Xiphinema mis uneHtudukanuu Buna. Pesynbratel anamuza [TS-pPHK BeisBuim nBe
OCHOBHbI€ KiaJibl. PesynbTarsl ananuza [TS-pPHK BeisiBuin Tpu ocHoBHBIE Kitafsl. Pasnen I paznenen
Ha TpH mojkiacca. [IepBblii COCTOMT M3 mocienoBaTenabHocTeil nonymsuii D. dipsaci, Bropoii - u3
nocnenoBarensHocteit D. destructor u3 poccuiicKux MomyJIsiiuii, a TpeTHil MoKa3bIBaeT nomysinuu D.
destructor u3 apyrux crpas.

Bropoii pazaen cocrout u3 momyssiiuii D. destructor, codOpanubix B pernonax Mpana, KOTopbie
UMEIOT HanOoJiblee cXoACTBO ¢ nonyasuusaMu Kurtas. B paszaene 3 nmokasaHsl NOMyIsLUN BHE TPYIIIBI
(Pucynok 4). PesynpraThl Hamiero asanu3a BbIABWIM TreHeTmdyeckue omimums D. destructor ot
D. dipsaci u npyrux nmpusHaHHbIX BuaoB Ditylenchus, ciemoBarenbHO, COOTBETCTBYIOT pe3ysibTaTaM
MPEABIAYIINX UCCIIET0BAHMIM.
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(GQ469497_D dipsaci.Czech_Republic
MG676656_D dipsaci.Japan
KY348765_D dipsaci Mexico
KT806479_D dipsaci.China
MG876655_D dipsaci.Japan
MG676657_D .dipsaci.Japan
MH992393.1_Ditylenchus_destructor China
N122076 Ditylenchus. destructor Russia |
N.1.R 2 Ditylenchus_destructor Russia
N.1.R 3 Ditylenchus_destructor Russia
N658637 Ditylenchus_destructor. Russia
DQ328727 Ditylenchus_destructor Russia
NG658599 Ditylenchus, destructor Russia |
N658638 Ditylenchus_destructor. Russia
N.3 R 2 Ditylenchus_destructor Russia
N.3.R 3.Ditylenchus_destructor Russia
NE658597 Ditylenchus_destructor Russia
EU400636‘1_Ditylenchus_destmctor.cwna‘
EF208213.1_Ditylenchus_destructor.China
LC030371 1_Ditylenchus_destructor Japan
GQ469490.1_Ditylenchus_destructor USA
JX162205.1_Ditylenchus_destructor. Canada
FJ707365.1_Ditylenchus_destructor.Czech-Republic
GQ469491.1_Ditylenchus_destructor. Czech_Republic
MK979365.1_Ditylenchus_destructor.China
EU400627.1_Ditylenchus_destructor. South-Korea
KY435979.1_Ditylenchus_destructor. China
HQ235698.1_Ditylenchus_destructor.lran
MG673926.1_Ditylenchus_destructor.China
EU400638.1_Ditylenchus_destructor.China
MG675235.1_Ditylenchus_destructor. China
EU400643.1_Ditylenchus_destructor China
EU400639.1_Ditylenchus_destructor.China
DQ471335.1_Ditylenchus_destructor.China
N307126 Ditylenchus_destructor Iran
N.1.2.Ditylenchus_destructor lran
N.1.3.Ditylenchus_destructor Iran
N493767 Ditylenchus_destructor lran
N.C.2 Ditylenchus_destructor Iran
N.C.3.Ditylenchus_destructor.Iran
N307128 Ditylenchus_destructor Iran
N.B.2 Ditylenchus_destructor Iran
N.B.3.Ditylenchus_destructor Iran
Nil1.1.Ditylenchus_destructor Iran
100 DNil.1.2 Ditylenchus_destructor.lran

100 DNil.1.3.Di chus_destructor.Iran
JN166693.1_Ditylenchus_destructor Iran

CV128200.2 Xiphinema.UK

Pucynok 3.- ®unorenernyeckoe AepeBO ¢ M3YUEHHBIMU MOMYIALUIMU U 3TaJOHHBIMHU
nocJieI0BaTeIbHOCTAMH (KpacHble 1BeTa u3 Poccuu, cunue 1neta u3 Mpana
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Pa3paborka Bugocnenupuieckux npaimMepos.

Jlyist co3ianus epBoro npaiimepa, HazBanHoro dsn. 1 (Tabauima 12), Ko HECOOTBETCTBUS MEXKITY
D.destructor u nByms apyrumu Buaamu (D.dipsaci u D. gigas) Obut BeIOpaH M COMOCTaBIICH JUIS
MOJIy4EHHUsI IPSIMOTO M 00paTHOTro mpaiiMepoB. Bropoii mpaiimep, Ha3BaHHbIH dsn.2, ObuT pazpaboTan
NCBI-Primer design (Tab6muma 13) (Pucynok 4, 5). JIoCTOBEPHOCTH CHEHHU(PHUUHOCTH IMpaiMepoB
npoBepsiii Ha reHomMHOM JIHK, BbimeneHHol W3 uccnenyembix nonyisinuid. CTaHgapTHbIE YCIOBHS,
onucanubie g [THP ITS-o6macreit, He ObLTM M3MEHEHBI ISl ATOM KOHKPETHOH aMITU(UKAIIIH, 32
UCKJIIOYEHHEM TOro, 4To Oblla M3MeHeHa TemmepaTypa orxura. [II[P-ammnudukanus ¢ momMousko
BUjOCTIeI(pUIECKUX TpaiiMepoB Naét crenupuyeckyro u 4€rkyro nonocy [TIP npoaykra nns omgHoM
B3pOCJION 0COOM JIJIS KaXKI0¥ M3 N3ydeHHbIX reorpaduyeckux nomyssiiuii D. destructor, kotopbie ObuH
coOpaHsl ¢ mosiet KapTodens B HallleM UCCIIET0BaHHH.

CrneruduyHOCTh U HaIEKHOCTh MPaiMepoB Takke ObLIa IMPOJEMOHCTpHpPOBaHa in vitro ¢ D.
destructor, D. dipsaci u D. gigas. YuurtsiBas crenu()uuHOCTb, YyBCTBHUTEIBHOCTh U HAAEKHOCTh
npaiimepos aist D.destructor, auarnoctuueckue npaiiMepbl MOTYT 00€CTIEYUTh OBICTPBINA U HaAEKHBIH
MeTo Ut uaeHTuukanuu ocodeit D. destructor, BbigeeHHbIX U3 Pa3HbIX PACTCHUN-X035I€B B pa3HbIX
reorpaduueckux peruonax. [lo TeopeTHuecKy BHISBICHHBIM NEPCIEKTHBHBIM MOCIEI0OBATEIBHOCTSIM
OBLIIM CKOHCTPYUPOBAHbI U CUHTE3UpOBaHbI IpaiiMepsl (EBporen):

Taoauna 12.- Onucanue Bugocnenuduueckux npitMepos dsn.1 F/R s auarnoctuku D. destructor

Ipaiimep.dsn.1 F/R IMociexoBaTeIbHOCTH Temneparypa Pasmep npoaykra
OTKUTa (0.1m.)
npsaMon TTGGCACGTCTGATTCAGGG 60.3 397
o0paTHbIit GTCAACATTGGCCAAGAGGC

[Ditylenchus
[S;tylenchus
[IDitylenchus

B AR N RIS
{

PR Eele e el s alel

\TACARAATCCAGGCTACAACCGTGG.TGC

PucyHnok 4.- MHOXecTBeHHOE BhIpaBHUBaHHKE nocienoBatenbrocteit p/[HK-1TS D. destructor u
npyrux BugoB Ditylenchus u3 GenBank, ncrosb3yeMsix [uist pa3pabOTKH BUIOCTICIIUPHIECKOTO

psiMOTro Mpaiimepa (mpsiMoil npaitmep HaunHaercs ¢ 193-212, obpaTHsiii npaiiMep HaunHaeTcs ¢ 318-
299).
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Tadauna 13.- Onucanue Bugocnenuduueckux npitmMepon dsn.2 F/R s auarnoctuku D. destructor

Ipaiimep.dsn.2 F/R IMocienoBaTe/IbHOCTH Temneparypa Pazmep
OT/KMIa npoaykra (0.m.)
npsaAMoii TTTCGAATGCACATTGCGCC S57.7 330
o0paTHbIii CTAGGCCAAAGAGACAGCGG

.Ill|"'l|l"||lll'l'lll||"l|'l"]l|l'|

«|| 150 160 170 180
lenchus destructo: WAV T T TCCAATGCACATTGC GO C LU ClErN
Ditylenchus dipsaci ATAC.CTTCAG. .GT. .GCATCCAGT.A.CGC .CC.T
Ditylenchus gigas . TTATTCT . GGGCG . ARATACGGCTCTGT . GRCT.C1

PucyHok 5.- MHOxecTBeHHOE BbIpaBHUBaHUE nocienoBarenbrocreit pJJHK-1TS D. destructor u
apyrux Bunos Ditylenchus u3 GenBank, ucrosb3yeMsix aist pa3paboTKu BHIOCTICLH(DUUESCKOTO

oOpaTtHoTO TpaiimMepa (psMol npaiimep HaunHaercs ¢ 157-176, oOpaTHbIN paliMep HAYMHACTCS C
281-262)

IIIP B BuaocnenupuyeckuMu npaiimMepamu. B HacrosmeM ucciaenoBaHUU YCIIEIIHO
pa3paboTaH MeETOA KOJIMYEeCTBeHHOro ompeneneHus D. destructor B kiyOHSX —KapToders.
[TocnenosarensHoctu ITS, onpeneneHHbIe B ’TOM UCCIIE0OBAHUH, ObUIM UIEHTHYHBI CPEAU HEMATO,
COOpaHHBIX B 7 pa3HBIX PErHoHax JBYX CTpaH, XOTs I'eHeTHueckoe pasHooOpaszue D. destructor B
MOBTOpax IMOCIEI0BAaTEeIbHOCTEH MeXay oOpa3laMu OTHOCHTENIhbHO Benuko. B 6a3e mannbix NCBI
NEPEYNCIICHbl pa3IMYHbIe IOCIIEAOBATENbHOCTH JUIsl MaTepuana U3 pa3HbIX CTpaH Mupa. OTH
Pe3yJIbTaThl HO3BOJISAIOT MPEANOI0KUTH, YTO HAOOP MpaliMepoB, pa3pabOTaHHBIN B ATOM HCCIIEI0BaHUH,
crienupuUeckn aMIUTUPHUIMPYET MOCIeA0BaTeIbHOCTh, MpHcyTcTBytomyro B D. destructor, wu3
pasnuuHbiX obmacted. Merton, paspaboTaHHbld B Tekymiem uccienoBanuu s [P ¢
BUJIOCTIEIIM(DUUHBIMU TIpaiiMepamMu, IPEOI0JIEBACT ITO OIPAaHUUCHUE U TTO3BOJIIET AU HepeHInpoBaTh
nenessle Buabl. [1o cpaBuenuto ¢ ITS-PCR-RFLP stor metox I[P cokpamaer Bpemst U 3aTpaThl Ha
JIMarHOCTHKY.

TecTbl HOBBIX IpaliMepoOB

TecT Ha cejleKTHBHOCTH mNpaiiMepoB. (s OIEHKH CEIEKTUBHOCTH BHIOCTELU(PUUECKUX
npaiiMepoB ObuTH o1leHeHbI IPpoXyKThI [TI[P-ammndukarmu s paznuunsix nonyssuuii D. destructor,
aMIUTM(QUIMPOBAHHBIX C UCIOJIb30BaHUEM JIBYX nap npaiiMepos (ds.1F/R u dsn.2F/R). beuia nonyuena
4yéTKas 1mosioca, xapakrepusyrorias ¢pparmMedt uHoi 397 u 330 n.H. (Pucynok 6-9). Meron okazancs
noaXoasmuM it uéTkor wmaeHTudukanuu obpasios JIHK D. destructor. Cnenuduynocts u
Ha/I&KHOCTh KOHKPETHBIX IpaiiMepoB ObUIM TMOATBEP)KICHBI IOJIyYEHHEM OXKHIAAEMBIX pa3MepoB
¢dparmenToB ans Bcex momyisumid D. destructor, a mist mpoTECTUPOBAHHBIX TOMYIISIINA HELEIEBBIX
BuyioB D. dipsaci u D. gigas He Ob110 00HapYKE€HO HUKAKUX MPOTYKTOB.
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PucyHok 6.- Ouenka ceneKTUBHOCTH mapsl mpaiimepos dsn.1 F / R. nns auarnoctuku D.
destructor u3 pa3HbIX pernoHoB: A - ipoBuHIMs Apaeouib; B - mposunnus Mcdaxan; C -
npoBuHIMA 3eHpKaH; D - mpoBunnusa Xamanan; K- otpuniarenbHbiii KOHTpoJib; M - mapkep;
(HeoMHAKOBAs TOJIIMHA MOJIOCHI PE3Y/IbTATOB MOYKET OBITh CBSA3aHA C PA3InIHON
konuenrpanueit JJHK)

PucyHok 7.- OrieHka ceneKTHBHOCTH naphbl mpaiimepos dsn. 1 F/R. anst nuarnoctuku D. destructor
U3 Pa3IUYHBIX pernoHoB: 1 - MockoBckas o0nacte; 2 - Huxeropojckas obnacts; 3 - bpsHckas
obunactb; K- orpunarensHbiii KOHTPoJb; M - Mapkep; (HEOAMHAKOBas TOJIIIMHA MOJIOCHI
pe3yabTaTOB MOXKET OBITH CBs3aHa C pa3inyHoil koHueHTpauen JJHK)
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Pucynoxk 8. - Orenka ceneKTUBHOCTH mapsl paiiMepos dsn.2 F / R. mist nuarnoctuku D. destructor
U3 Pa3HbIX PETHOHOB: A - MpOBUHIMS Apreduis; B - nposunuus Mcdaxan; C - npoBuHLUSA 3eHIKaH;
D - npoBunnus Xamanan; K- orpunarensHsiii KOHTpoJib; M - Mapkep (HeoauHaKoBasi TOJIIMHA
MIOJIOCHI PE3YyIbTaTOB MOXKET OBITH CBsI3aHA ¢ pa3in4yHoil KoHneHTpanuen JJHK)

Pucynok 9.- Orenka ceeKTHBHOCTH mapbl npaiimepoB dsn.2F/R. ans nuarnoctuku D. destructor us
pa3IUUYHBIX peruoHOB: 1 - MockoBckas obnacte; 2- Hikeroposackast o6macts; 3 -bpsHckas o6macts;
K-otpunarenbHblii KOHTPOJb, M- Mapkep (HEoJMHAKOBAs TONIIKWHA TOJIOCHI PE3YIbTaTOB MOXKET
OBITH CBsA3aHa C pa3nuyHoi koHueHTpanuen JTHK)

Amrumndukanus ¢ napamu npaitmepoB dsn.1 F/R u dsn.2 F/R 6»bi1a ycnemHoit Bo Bcex oOpasiax
D. destructor, mony4denusix u3 Mpana u Poccuu. Bee oOpasipl mokazanu OIHY SPKYHO M UYETKYEO
[IENIEBYIO TOJIOCY OXHaaeMoro pasmepa: okoso 397 m.u. masa dsn.l F/R u 330 m.u. ama dsn.2 F/R.
@parMeHTsl OTCYTCTBOBAIM B OTpULIATENIbHOM KOHTpoJie. [ToydeHHble pe3ynbTaThl CBUACTENbCTBYIOT
00 3¢ (eKTHBHOCTH CO3/IaHHBIX MpaliMepoB (PUCYHOK 4-7).
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Tect Ha cneunduuHOCTh NMpaiiMepoB. Crennduka METOa 3aKIIOYAETCS B TOM, YTO C €r0
MIOMOIIIBI0O MOXKHO OTJIMYUTH IEJIEBbIE BHUIBI OT OJM3KOPOJICTBEHHBIX W MOPQOJIOTHUECKH OMU3KUX
BUI0B. B nanHoii pabore ucnonb3oBanuck JJHK Tpéx BumoB Hematoxn: D. destructor (Bumabi-murieHn),
D. dipsaci u D. gigas. Peakuus mpoBoauiach B 4-X MOBTOPHOCTSX. Pe3yiabTaThl MpeACTaBICHBI Ha

pucynkax 10 u 11.

Pucynox 10.- Onenka creruduaHOCTH cO3IaHHbIX map npaiimepos st D. destructor: 1 -
D. dipsaci ; 2 - npoBunIms Apaeduis; 3 - npoBuniys Mchaxan; 4 - mpoBUHIMS 3€HKAH;
5 - npoBuHIMs Xamazan; 6 - D. gigas; K- orpuniatenbHbiii KOHTPoib; M - mapkep
(HeouHAKOBAsE TOJIIIIMHA MTOJIOCHI PE3YIbTATOB MOYKET OBITh CBsI3aHA C Pa3InYHON
koHuenrpanuen [JHK)

Pucynoxk 11.- Onenka crieriuuuHOCTH CO3[aHHBIX Tap mnpaiimepos miis D. destructor; 1 -
MockoBckas oosacTb; 2 - Hukeropojckas o0iacte; 3 - Bpsinckas o6usacts; 4 - D. dipsaci; K -
OTpHIATEIBHBIN KOHTPOJIb; M - Mapkep (HEOAMHAKOBAs TOJIIMHA MOJIOCHI PE3YJIbTATOB MOKET OBITh
CBsi3aHa ¢ pa3nuyHou kKoHIeHTpanuei JJHK)

Tecr Ha YYBCTBHUTEJIBHOCTH MNpaiiMepoB. AHaIUTHYECKas 4yBCTBUTENbHOCTH IIL[P 37O
MuHuManbHoe komuuectBo JIHK oT mumienu, koTopoe MOKET ObITh HaJIEXKHO UASHTHU(PHUIIMPOBAHO C
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MOMOIIBbI0 JaHHOTO Meroaa. Jlms omenku wyBcTBUTeabHOCTH III[P Ha HOBBIX mpumepax Oblia
npurotoBiieHa cepusi pasBenenuii JJTHK D. destructor: mpumepno 1 ur, 5 #r, 50 ur, 100 #r. Peakuuto
IIPOBOAMIIN B 4 IOBTOPAX, B K&KJI0M U3 KOTOPBIX OBLIN MOJIYYEHbl aHAIOTUYHBIE PE3YJIbTaThl (PUCYHOK
12 u 13). YcraHoBiueHO, YTO aHAIUTUYECKAs] YYBCTBUTEIBHOCTh METOJA C HOBBIMH MpailMepaMu
cocrasiisier 1 Hr AHK s dsn.1 F/R u 5 vr JIHK ans dsn.2 F/R. Kak u nepBas mapa npaiiMepos, dsn.1

uMeet OoJiee crenuduIecKyro HICHTH(PUKALIHIO.

M
Ing
Sng
SOng
100ng

K

M

PucyHnox 12.- OrieHka 4yBCTBUTEILHOCTH Mapsl mpaiiMepos dsn.1 F/R ¢ pa3nudubiM
konudectBom JIHK D. destructor. Oana u3 4 anamoruunbix nosropuocreit. M - JIHK-mapkep, K-
OTPHULIATEIIbHBINA KOHTPOJIb

M
Ing
Sng
S0ung
100ng
K
M

Pucynok 13.- Ouenka 4yBCTBUTENbHOCTH Napbl npaiiMepoB dsn.2 F/R ¢ paznuunbiM
xommuectBoM JIHK D. destructor. Onna u3 4 ananornunsix nosropuocreit. M - JIHK-mapkep, K-
:0TpULIATEIbHBINA KOHTPOJIb
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3AK/IIOYEHUE

® B pesynbTare u3ydeHust MOp(OIOrHueckoil K3MEHIUBOCTH momnmysisiiuii D. destructor 0s110 mokasaso,
YTO BCE UCCIICIOBAHHbBIC MOMYIIAIMK OTHOCATCS K BUy D. destructor, HecMoTpst Ha TO, 4TO COOOIIANIOCH,
YTO HMPAHCKUE W POCCUICKHE MOMYJISIUM MMENM HE3HAYUTENbHbIE pa3inyus mo mnpusHakam; llo
NpU3HaKaM CaMKHU: camasi OoJbInasi JJIMHA Tena, anuHa ctuiera U PUS (moCTBynbBapHBIA YacTh
MaTOYHOT0 MEIKa) IPUHAJUICKAT PYCCKUM HOMYJISIUAM, a camasi 00JIbIlasi JUIMHA XBOCTa, OTHOILIICHUE
C (Ha Tena/ aymHa XBocta) M pacctosiHus PUS/paccTosinue BysibBa-anyc, % MpuHaIIeKAT HPAHCKUM
nonynsiusaM. [lo npusHakam camiia: HanOobIIas AJUHA Tela, JJIMHA XBOCTA, JJIMHA CTHieTa, JnuHa
Oypcbl (B% OT IUIMHA XBOCTHI) M OTHOLICHHE C (UIMHA Tela/ IJIMHA XBOCTa) Y PYCCKUX MOMYINALUN, a
HauOOobIIAs JUIMHA CIIUKYJ Y UPAHCKUX MOIMYIISIIIHA.

eNCBI GenBank pomonnen mocnenoBarenbHocTssMu (koasl: MN122076, MN307126, MN307128,
MN493767, MN658597, MN658599, MN658637, MN658638), uTo siBIsIeTCS BKIAJOM B paclIUpEHUE
3HaHUH MHUPOBO#T 0OIIIECTBEHHOCTH O T€HETUYECKOM pazHooOpasuu BuaoB D. destructor.

eCornacHO (DMIOTEHETHYECKOMY AEPEBY, MOCIEAOBATEILHOCTH HAIIUX WPAHCKUX MOIMYJSIUN ObUH
OYeHb MOX0KHU Ha 00pasiel D.destructor, oonapyskennsie B Kutae, a Haly pycCKUe MOMyJISIIIA ObLTH
MOXO0KH Ha Japyrue poccuiickue nmomyssiuuu D.destructor, kotopsie panee ObUTH WACHTHOUIIMPOBAHBI
JIPYTHUMHU HUCCIIE0BATEISIMHU.

o J[1s1 ompenencHus MPUHAMICKHOCTH BUIOB K poxy Ditylenchus mpemnoxkensl 1Be HOBBIC Hapsbl
Bugocnenupuyeckux mnpaiimepoB (dsn.l F/R wm dsn.2 F/R). Beuo mnpomeMoHCTpUpPOBaHO, 4TO
YHHKaJIbHBIE TIapbl mpaiimepoB dsn.l F/R u dsn.2 F/R BeicokoaddektuBHbl it uaeHTudukammu D.
destructor. IToka3zana cnenuduyHocTh HOBBIX TpaiimepoB dsn.l F/R u dsn.2 F/ mns D. destructor, a
TAK)Ke OTCYTCTBHE Y HUX JIOKHOIOJIOKHUTEIBHBIX PEaKIUi JUIsl OJIM3KOPOICTBEHHBIX APYT APYTY BUIOB
Ditylenchus, D. dipsaci u D. gigas.

© Y CTaHOBJIEHO, YTO aHAJIMTHYECKas! YyBCTBUTEILHOCTh METO/IA C HOBBIMHU IpaiiMepamu cocTasisieT |
Hr JIHK nns dsn.1 F/R u 5 ur JIHK ans dsn.2 F/R. Kak u nepsas napa npaiimepos, dsn.1 umeet Oonee
cneunuyecKkyro UIeHTH(PUKALIHUIO.

Cnucoxk aureparypsl BKiIrodaeT 123 HauMeHOBaHUIl: CIIPaBOYHUKH U HOPMaTHBHBIE JOKYMEHTHI,
JccepTalui U aBTopedeparbl, KHUTH U CTaThU HA aHTJIMHCKOM S3bIKE, HHTEPHET- U o(iaiiH-

pecypchl.
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AHHOTANUA
CPABHUTEJIbHBIA MOP®OMETPUUYECKHWIN AHAJIN3 HEMATO/ DITYLENCHUS
DESTRUCTOR THORNE, 1945 HONYJISIIUIA UPAHCKOT'O 1 POCCHICKOI'O
IMPOUCXOKIEHUA U PASPABOTKA HOBBIX TECT-CUCTEM JJISA UX
MOJEKYJAPHO-TEHETUYECKOUW UJIEHTU®UKAIIUA

OCHOBHBIM HCTOYHUKOM TOSIBJIICHUS IUTHUIICHXOB Ha MOJISAX ABJSETCS 3apaKeHHbIN 10CaI0UHbIN
MaTepuain. lcrnonb3oBaHHME OYHUIIEHHOTO OT (UTONMApa3sUTOB CEMEHHOTo KapTodemns CHHXaeT
MH(QEKIMOHHYI0 Harpy3ky Ha mojis. UToObl CHU3UTh PUCK 3apa)K€HHs] Ha HOBBIX IOJSIX, CEMEHHbIE
KIYOHM CJIelyeT MpelBapuTeIbHO TECTUPOBATh. BakHBIM KOMIIOHEHTOM B 3TOM IPOLIECCE SIBIISETCS
TOYHas BUAOBas uaeHTUuKanus BumoB Ditylenchus ma xaprodene. B cBsi3um ¢ 3TUM akTyanbHOU
npobaemMoit SBisieTcsl pa3paboTKa ObICTPOJACHCTBYIOMUX U TOUHBIX MOJEKYISIPHBIX TECT-CUCTEM IS
UICHTU(HUKAIIMYA BPEJIOHOCHBIX BUIOB CTEOJIEBBIX U THUJIOCTHBIX HeMaTo . Hacrosiee uccienoBanue
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HaIpaBJeHO Ha Pa3pabOTKy HOBBIX HAOOpPOB mpaiiMepoB. belu pazpaboTaHbl 1BE Mapbl MpaiMepoB,
dsn.l1 F/R wm dsn.2 F/R. Iloka3aHbl WX aHaJMTUYECKas YyBCTBUTEIBHOCTh, I(PPEKTUBHOCTH U
cneunduynocts. [IpemmaraemMple METOIBI MPEAHA3HAYEHBI ISl SKCIpEecc-IMarHOCTUKU Hemaron D.
destructor. Pa3paboTka KOHKPETHBIX MPAMEPOB ISl H3y4aeMbIX MOMYJISIIIMA MOKET CTaTh MOJIC3HBIM
WHCTPYMEHTOM, [IOMOTAIOIIUM yYEHBIM-0MOJIOTaM pacHIUPATh U MPOAOKATH CBOU UCCIIEIOBAHUS.

SUMMARY
COMPARATIVE MORPHOMETRIC ANALYSIS OF NEMATODES DITYLENCHUS
DESTRUCTOR THORNE, 1945 POPULATIONS OF IRANIAN AND RUSSIAN ORIGIN AND
DEVELOPMENT OF NEW TEST SYSTEMS FOR THEIR MOLECULAR GENETIC
IDENTIFICATION

The main source of the appearance of Ditylenchus in the fields is infected planting material. The use
of phytoparasitic-free seed potatoes reduces the infection load in the fields. To reduce the risk of
infection in new fields, seed tubers should be pre-tested. An important component in this process is the
exact species identification of Ditylenchus species on potatoes. In this regard, an urgent problem is the
development of fast and accurate molecular test systems for the identification of harmful species of stem
and rot nematodes. The present research aims to develop new primers sets. Two pairs of primers, dsn.1
F/ R and dsn.2 F/ R, have been developed. Their analytical sensitivity, efficiency and specificity are
shown. The proposed techniques are for rapid diagnosis of D. destructor nematodes. Designing specific
primers for study populations could be a useful tool to help life scientists expand and continue their
research.
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