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                                                INTRODUCTION 

 Relevance of the topic. Crops can be attacked by a variety of diseases and pests, 

which significantly reduce crop yields and economic production. Plant-parasitic 

nematodes, together with fungus, viruses, and bacteria, are the four principal plant 

pathogenic microorganisms that can harm farmed crops and significantly reduce yields 

[1]. Entirely dependent on plant cells for nutrition, plant-parasitic nematodes can 

partially or fully complete their life cycles in soil or plant tissues. 

Parasitic nematodes have the potential to harm any plant species, reducing output 

or quality. According to estimates, the annual yield loss of crops brought on by 

nematode pest’s amounts to around 5% of the world's food production, which is worth 

between USD 125 and USD 157 billion [2]. However, given that, many farmers, 

particularly those in developing nations, are unaware of the effects of these pests [3], 

noted that this level of loss is anticipated to be significantly higher. Because of this, the 

average yield loss in some crops might be as high as 20% per year [4].   

Ditylenchus species can be found in a wide range of ecological niches and have a 

wide range of dietary preferences. The majority of the Ditylenchus species are soil-

dwelling, free-living nematodes that eat fungus, whereas others are unavoidable 

parasites of higher plants [5].   

Symptoms caused by the nematode of the stem and bulb vary based on the host 

and the type of tissue affected. Whereas there are very few physical differences among 

all plant parasitic Ditylenchus species and they are all fairly similar to one another [1, 

6].   

Ditylenchus dipsaci and Ditylenchus destructor are two of the most significant 

plant-parasitic nematode species found in the Eurasian region. Ditylenchus dipsaci and 

Ditylenchus destructor share a lot of similarities morphologically, although they differ 

pathogenetically [7, 8].   

With approximately 20 different biological races, diverse host ranges, the 

occurrence of reproductive isolation, various stages of speciation, Ditylenchus dipsaci 

exhibits substantial intraspecific variation [3, 9].  Because of this, it is challenging to 

identify this species [10, 11].  Nematode taxonomists are therefore increasingly 
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requesting that these nematodes be evaluated with a variety of objectives. Due of the 

heterogeneity in field populations, proper detection and identification of Ditylenchus 

destructor are crucial. 

Nematode identification using various molecular methods, as opposed to 

morphometric data, offers the precise and speedy species identification required for the 

inquiry. For Ditylenchus destructor, the European and Mediterranean Organization for 

Plant Protection (EPPO) offers a diagnostic technique [12]. The guideline suggests 

using both genetic and morphometric methods to identify both nematode species. The 

management and risk assessment of these nematodes can benefit from the utilization of 

the data generated from these methods. 

In order to distinguish between plant-parasitic nematodes, genomic DNA 

fragments were examined using restriction enzymes in the first report of a DNA 

approach used for taxonomic purposes [13]. When there were only tiny amounts of 

material available, discrimination was made possible by the development of the 

polymerase chain reaction (PCR) [14].   

 The three Ss of PCR are selectivity, sensitivity, and speed [15, 16]. It is possible 

to identify genetic variations that can be used or modified for taxonomic and diagnostic 

reasons using a variety of DNA-based approaches [5, 9, 17, 18]. A particularly efficient 

method of identifying inter- and intra-specific changes between genera and species, as 

well as within species, is the amplification of certain genomic areas. 

     For taxonomic and diagnostic reasons, ribosomal DNA (rDNA) and 

mitochondrial DNA contain the two most often repeated sections (mtDNA). fragment 

length polymorphisms restrictions were utilized by [5] to differentiate between D. 

destructor and D. africanus because polymerase chain reaction (PCR) technology is 

sensitive enough to resolve variations between closely related genera. 

Ribosomal DNA (rDNA) and mitochondrial DNA comprise the two most 

frequently repeated regions for taxonomic and diagnostic purposes (mtDNA). Because 

polymerase chain reaction (PCR) technology is sensitive enough to resolve changes 

between closely related taxa, fragment length polymorphisms restrictions were used by 

[19], to distinguish between D. destructor and D. africanus. 
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The study of the ITS-rDNA region, which is a remarkably conserved taxonomic 

identifier for many genera of worms, is particularly significant in the field of molecular 

diagnostics and is becoming more and more popular. The ITS1 region of D. dipsaci was 

first sequenced by [20], however more than 50 sequence accessions of rRNA fragments 

from D. destructor derived from samples collected from various locations and host 

plants are currently accessible in the GenBank database. 

At present, many potato farmers have 1000–5000 hectare of potato fields. Potato 

seed quality management, improper crop rotation, and a lack of appropriate logistical 

technologies are common problems these farms encounter. As a result, since 2010, 

nematodes have been spreading more widely and causing more harm overall in the 

Russian Federation.  

According to [1, 21], about 40,000 hectares of commercial potatoes are currently 

heavily infested with Ditylenchus destructor. As a rule, 5–10% of infected tubers are 

found in the harvested crop. The use of irrigation systems resulting in persistently high 

levels of soil moisture can exacerbate infection, thereby increasing the percentage of 

infected tubers by 10% or more. Individual farmers lost roughly 30% of their crops 

between 2015 and 2019 because of D. destructor nematode infesting fields in Russia's 

Central and Volga regions [22, 23]. 

The purpose of research. The main source of the appearance of Ditylenchus in 

the fields is infected planting material. The use of phytoparasite-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. 

Purpose and objectives of the study. The currently known molecular methods 

for identifying D. destructor, in contrast to the closely related species D. dipsaci, are not 

entirely reliable, since they do not always give a stable result. In this regard, the purpose 
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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 

To achieve this goal, the following tasks were set: 

1. Obtain and analyze the morphometric variability of D. destructor populations from 

Russia and Iran. 

2. To study the genetic variability of D. destructor populations. 

3. Develop two sets of pairs of new species-specific primers for molecular 

diagnostics of D. destructor. 

4. Test for primer selectivity. 

5. Test for the sensitivity of primers. 

The scientific novelty of the work: 

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 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. 

Basic provisions for defense: 

1. Morphometric variability of geographically distant populations of D. destructor 

from Russia and Iran was studied. 

2. The molecular variability of D. destructor populations from Russia and Iran was 

studied. 
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3. New species-specific primers for molecular diagnostics of D. destructor have been 

developed. 

Approval of the work's findings. At the international nematology conference, the 

research findings were presented and discussed (Nizhny Novgorod, 2018) and the 

scientific forum (Moscow, 2020). 

Publications retrived from the outcomes of the dissertation research, 8 papers 

were published, including 2 articles in scientific journals indexed in Scopus, 3 articles in 

peer-reviewed scientific journals included in the list of BAK, and 3 abstracts from 

conferences. 

Personal contribution of the author. The applicant participated in setting the 

goal and objectives of the study; collected and analyzed the material obtained, 

processed and interpreted the data, and prepared publications in co-authorship. 

The dissertation's structure and content. The dissertation is 108 pages, 

subdivided into an introduction, three chapters, conclusions, and applications, and 

contains 20 tables and 24 figures. The list of references includes 123 sources in foreign 

languages and one in Russian. 
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Chapter 1. LITERATURE REVIEW 

1.1. Problematic of genus Ditylenchus   

1.1.1. Overview of nematodes from the Ditylenchus genus 

All types of agricultural plants can be affected by various parasitic nematodes, 

which lead to a decrease in yield and quality. The annual loss of crop yields due to pest 

nematodes is estimated at about 5% of the world's food production, worth US $125-157 

billion [3, 24]. However, it points out that losses are much higher because many plant 

producers, mainly in developing countries, are not aware of the harmfulness of parasitic 

nematodes. Thus, the average yield loss of some crops can reach 20% per year [5, 25]. 

The Ditylenchus genus of rot nematode one of the most problematic genera of 

nematodes that parasitize plants. The outline of the species and the danger posed by 

individuals of this genus are the subject of numerous research works. 

More than 90 known nematode species make up the genus Ditylenchus. This 

species has a wide range of food specializations and occupy a variety of ecological 

niches. The majority of Ditylenchus species are free-living nematodes that inhabit the 

soil and feed on fungi. Some are obligate parasites of higher plants [26, 27]. Stem 

nematodes have a variety of trophic preferences and other biological niches; in which 

they are comparable in this respect with the genus Aphelenchoides [28]. 

The potato nematode (D. destructor) and stem nematode (D. dipsaci) cause a 

variety of symptoms depending on the host species and the type of tissue affected. At 

the same time, all Ditylenchus species that parasitize plants are very similar to each 

other and have very few morphological differences [29, 30]. 

There are many poorly documented species in this genus, and some species from 

other genera can be taxonomically assigned to the genus Ditylenchus. The classification 

within this species of nematodes are challenging because of the lack of isolated features 

and the physical similarities of numerous species. The wide geographic distribution of 

ditylenchus species can be understood as the origin of the evolution of many species of 

this genus [10, 31]. 
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The taxonomic position of the genus Ditylenchus in the order Tylenchida has 

changed several times. Now it is the subfamily Anguininae, the family Anguinindae, the 

superfamily Tylenchoidea, and the phylum Nematoda. The number of species in the 

genus Ditylenchus is constantly changing. Some species have been transferred to other 

genera of the order Tylenchida [32]. 

Of the only three species of this genus, D. destructor, D. dipsaci, and D. 

angustus, are crucial to the economy as parasites of various crops and ornamental 

plants. D. destructor is also able to feed on fungal mycelium [33]. Some species of this 

genus have a very wide range of different hosts, but no reports of pathogenicity have 

been reported for them [34]. 

1.1.2. Phytoparasitic Phytoparasitic species belonging to the genus Ditylenchus 

The most important and economically significant species include Ditylenchus 

destructor stem (or tuber) potato nematode (potato tuber rot nematode), Ditylenchus 

dipsaci (bulb-stem nematode), Ditylenchus angustus (stem rice nematode), Ditylenchus 

gigas (stem bean nematode) and Ditylenchus africanus with Ditylenchus arachis 

(peanut pod nematodes) [35, 7, 12-17].  

In the Eurasian region, Ditylenchus dipsaci and Ditylenchus destructor are two of 

the most significant plant parasitic nematode species. Although Ditylenchus dipsaci and 

Ditylenchus destructor are quite similar, their pathophysiology is different [17, 35]. 

Ditylenchus dipsaci has extensive intraspecific variability, which includes more 

than 20 biological races with different host ranges, as well as the presence of different 

degrees of isolation in reproduction and speciation [6, 18, 36]. 

1.2. A description of the Ditylenchus destructor species                                                  

1.2.1. History of the study of Ditylenchus destructor 

Nematode that causes potato tuber rot was first identified by Kuhn and was 

described by Anguillula dipsaci [37]. Then in 1936, Filipiev synonymized it as D. 

dipsaci [19]. But Thorne, having shown the morphological differences of this species 

from D. dipsaci, singled it out as an independent species, D. destructor [20]. Before A 
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new species called D. destructor has been reported [4, 38], it had long been considered 

a race of D. dipsaci. Thus, most of the old works contain basic information about these 

two species, especially about their harmfulness to potatoes [21, 39]. 

The genus Ditylenchus includes 67 species according to [10, 40] and 80 species 

according to [41].  

A key to identify D. dipsaci and D. destructor has been developed [42]. However, 

the identification of species within a genus is sometimes problematic due to very small 

differences between species. 

Domain: Eukaryota 

Kingdom: Metazoa 

Type: Nematoda 

Class: Secernentea 

Order: Tylenchida 

Family: Anguinidae 

Genus: Ditylenchus 

Species: Ditylenchus destructor 

 

Adult D. destructor show significant morphometric variation according to their 

host and age. Males and females are similar in appearance. Lateral field with six 

incisures, the number of which decreases to two in the area of head and tail. D. 

destructor is similar to D. dipsaci but has six lateral field incisures (as opposed to four), 

a longer postvulval sac, and a rounded caudal end [1, 23, 43]. 

D. destructor lives in the underground parts of plants, stolons, roots, rhizomes, 

and tubers of plants. Potatoes are among the main hosts for this parasite. The potato 

(Solanum tuberosum L.) plays a very important role in global food security, and one of 

the most significant pests for this crop is D. destructor. 



13 
 

 

1.2.2. Ditylenchus destructor distribution and host plants 

The wide geographic range of Ditylenchus is explained by the evolution of the 

ancient origin of this taxonomic group [18, 21, 44]. However, many countries with an 

important agricultural sector have taken legislative action against the spread of 

Ditylenchus nematodes. According to [45], this trend is increasing, as the analysis data 

shows that D. destructor was included in the regulatory legislation in 12 countries in 

1982 and already in 53 countries in 2000. The situation is similar for D. dipsaci in 23 

and 46 countries, respectively. Hockland and colleagues [46] suggest that this is for the 

reason that these species are easily transferred in the international plant trade due to 

their endoparasitic nature. 

The ProMED (Electronic Emerging Infectious Disease Outbreak Reporting) plant 

disease reports published between 1996 and 2002 indicate that nematodes are only 

minor pathogens, causing about 1% of emerging plant infectious diseases [47]. This was 

assumed to reflect the proportion of targeted research interests rather than the actual 

proportion established by the biodiversity inventory. According to all this, it was 

observed that Ditylenchus species are not frequently mentioned in literature [3, 48]. 

However, there is little data on the allocation of funds for potato stem nematode 

control. After species differentiation in 1945, D. destructor was registered in many 

countries, mainly in temperate regions [16, 49]. According to [12, 50], the potato stem 

nematode is present in more than 70% of the member countries of the organization in 

European territories. Most countries indicate that the pest is of limited distribution or 

that there are only a few published data points on the occurrence of the species. D. 

destructor sightings have been reported everywhere in the globe, including the United 

States, Canada, Peru, most European countries, Russia, Iran, Pakistan, Bangladesh, 

China, Japan, Hawaii, New Zealand, and South Africa [3, 28, 29, 51]. 

Despite a general tendency to be harmful in colder and wetter regions [30], D. 

destructor was discovered in Iran's arid or semi-arid provinces of Semnan and Tehran, 
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where potato cultivation relies heavily on irrigation. The percentage of infection with 

various nematodes causing various root lesions was 87% and 54% in Semnan and 

Tehran, respectively [31, 52]. The percentage of D. destructor field infestation was 11% 

in Semnan and 2% in Tehran samples [31, 53].  

D. destructor on potato potatoes has been recorded in Iran from various regions 

with different climates, including Karaj, northern cities, Tehran, Semnan, Hamadan, 

Fars, West Azerbaijan, Ardabil, Isfahan and Chahar Mahal and Bakhtiari [31-33, 54]. 

Similarly, to Ditylenchus sp. was found in 28% of samples from six major potato 

producing regions in Saudi Arabia in a survey conducted in 1989-1991 [34, 55]. 

D. destructor has been described on potatoes and carrots [35, 56], potatoes in 

Peru [36], ponderosa pine in California, USA [57], and Cimicifuga racemosa from 

Norway [37, 58]. In addition, the species is found on cabbage, carrots, beets, onions and 

other agricultural crops in Poland, on ornamental plants (hyacinth, crocus) and some 

weeds.  

This species was noted for strawberries in Moldova [38, 59]; on potatoes in 

Lithuania [38]; on flowering plants [39, 60] and potatoes [40] in Ukraine; in Bulgaria on 

hops (Humulus lupulus) [41]; on potatoes, onions, lupine and other crops in Belarus [42, 

61, 62]. 

In Japan, D. destructor damages 18 host plants including Brassica chinensis, B. 

oleracea, Capsicum annuum, Dendranthema morifolium (Chrysanthemum morifolium), 

Cucumis sativus, Cucurbita moschata, and Lycopersicon esculentum. However, serious 

problems arise mainly with iris and garlic, and foci of infection continue to spread 

despite control measures [43, 44, 63]. 

In Korea [45, 64], it was found to parasitize sweet potatoes, potatoes, mint, and 

ginseng. This nematode was first reported in New Zealand as a hop pest in the South 

Islands [36, 65]. 
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In China, it was first found parasitic on sweet potatoes, potatoes, and mint [46]. 

From 2004 to 2006, potato rot was observed on American ginseng (Panax 

quinquefolium) grown in the Beijing area and Hebei province in China [25, 66]. 

Pathogenicity tests confirmed that D. destructor caused the disease [48]. 

D. destructor has been reported in the USA on potatoes in Idaho [67, 68] and on 

pine (Pinus ponderosa) in California, USA [36, 69]. 

Since the D. destructor e was removed off the EPPO quarantine pest list in 1984 

as a result of its extremely widespread distribution in the area, the general quarantine 

regulations for it have been lifted in all European territories [70]. 

 Currently, D. destructor is subject to regulation under the Plant Health Directive 

of the EU. For instance, it is listed as a pest whose introduction and distribution should 

be prohibited in all member states if present on corms of Crocus and flower bulbs, 

Hyacinthus, Iris, Trigridia, Tulipa, miniature cultivars, and tubers of potatoes meant for 

growing (Figure 1). 

 

Figure 1. - Ditylenchus destructor distribution map in the world (www.CABI.org) 

[21] 
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The species D. destructor is a polyphagous nematode and has been identified as 

hosting 90 plant species from different families.  

[50] states that about 70 crops and weeds, as well as the same number of fungal 

species, have been recorded as hosts of this nematode [51, 71]. 

The Destructor feeds on ornamental plants (hyacinth, crocus) and some weeds. 

The main significant hosts for D. destructor are cabbages, sweet potatoes, and bulbs, 

and pattern tulips, gladiolus, and dahlias are good hosts. 

 From root crops, it affects sugar beets, chards (Beta vulgaris), and carrots 

(Daucus carota). Other common hosts include sunflower, onion, garlic, peanut, 

tobacco, sugar beet, cucumber, tomato, sugar cane, carrot, and alfalfa. As noted in [52, 

72], Trifolium pratense, T. repens, and T. hybridum are good hosts for D. destructor; 

Festuca pratensis and Medicago sativa are less good hosts. 

1.2.3. Distribution and harmfulness of Ditylenchus destructor in Russia and Iran  

The peak of potato nematode rot in the former Soviet Union occurred in the 

1960s–70s [41, 73]. In Russia, D. destructor was found on 11 out of 13 weed species 

commonly grown in potato fields near Moscow [4, 74].  

Solanum nigrum, Taraxacum officinale (20%), and Barbarea vulgaris (16%) were 

the most heavily infected; Fumaria officinale and Matricaria inodora were also hosts of 

this nematode [39, 75]. 

In Belarus, D. destructor is unevenly distributed and occurs mainly in the Minsk 

region [53]. In the Minsk region, 69% of all studied batches of seed potatoes turned out 
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to be infected, while in the Brest region this figure was 26; in the Gomel region 29; 

Mogilev 30 and Vitebsk 33% (Figure 2).      

 

Figure 2. - Distribution of Ditylenchus destructor in the former USSR 

(www.agroatlas.ru) [54] 

It is reported that studies of D. destructor in Iran are carried out only in selected 

regions, and the role and significance of such studies have not been studied. In Iran, D. 

destructor was first discovered and identified on potatoes in 1971 in the Karaj region 

and some northern parts of the country [55, 76]. Schorfe and Heyri studied potato tuber 

rot caused by nematodes in Fars province and observed its high population of infected 

tubers [56]. Barooti pointed to D. destructor in Ardebil province as being among the 

most crucial nematode species in that province [57]. In a study [31] on native parasitic 

nematodes and their population density in potato fields in the provinces of Tehran, 

Semnan, [77, 78] and West Azerbaijan, a high degree of damage by these nematodes in 

potato fields and warehouses was noted in Tehran and the province of Semnan [31]. Giti 

and colleagues identified this species while studying plant-parasitic nematodes in the 

potato fields of the city of Hamadan [56, 79]. In a study conducted [33], in addition to 

other types of nematodes found in the soils of the provinces of Tehran and Markazi, D. 

destructor was also found. In Iran, a report of D. destructor has been made to be 
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associated with many crops such as potatoes, wheat, beans, soybeans, eggplant, 

tomatoes, tea, corn, oranges, and alfalfa. 

The tuber nematode is a serious potato pest in the range of 15-20 °C and relative 

humidity above 90% [6, 21, 80]. However, according to [54], the tuberous nematode in 

Belarus is favored by hot, dry weather and moisture deficiency in the soil. Similarly, D. 

destructor was reported in 1993 to be present in both cold and warm regions of Albania 

with an infestation rate of 3.5–12% [58–60].  

The damage threshold for D. destructor is 20-50 individuals per 1 kg of soil. 

Even in heavily infested fields, populations of this nematode can be eradicated or 

reduced if the absence of biennial or perennial host plants is observed in the field for 

several years [53]. Weeds, on the other hand, may play a beneficial role in modern 

agriculture and horticulture by providing diversity, ecosystem functions, and support for 

many other species [61]. 

1.2.4. Biology and parasitism of Ditylenchus destructor 

D. destructor infects the underground organs of plants and is rarely found in the 

above-ground parts. This nematode is an interstitial parasite that migrates underground 

to plants, where it grows and continues to live, destroying and rotting plant organs such 

as potato tubers, lily bulbs and garlic. This nematode enters potatoes through the stolon 

and lentils. The nematode continues to grow even after tubers are harvested [21]. 

[51] pointed out that the potato rot nematode, although superficially similar to the 

onion stem nematode (D. dipsaci), is not capable of forming nematode "tangles" and 

cannot easily withstand drought. However, it can persist in the soil on weeds and host 

fungi. Optimal temperatures for nematode hatching at 28°C are given, but different 

species are adapted to different climatic conditions. For example, in Europe, the 

temperature required for hatching was lower [62]. De Weil et al. [63]. Conducted 

experiments with populations of D. destructor in South Africa and found that the 

nematode produces callus tissue in various potato varieties, including BP and Bufel. 
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This nematode can only move a short distance in the soil. Transmission through 

contaminated soil is another important route of spread. Nematodes additionally found in 

irrigation water. D. destructor. And because of this, this species is only important in 

well-moistened soils. 

These nematodes can also overwinter in the egg stage. Thorne's research shows 

that D. destructor hibernates on American farms in the soil as eggs and adults. 

According to Annon's study, in Ireland, nematode survival in the soil continued in the 

presence of mint residue and unharvested potato tubers. Larvae immediately after 

hatching in spring are able to parasitize hosts [21]. 

The nematode can develop and multiply at a temperature of 5-34°C, with an 

optimum at 20-27°C. The development of the generation of nematodes takes 18 days at 

27-28 °C. At 20-24 °C - from 20 to 26 days, and at 6-10 °C lasts 68 days. In Alma-Ata 

region (Kazakhstan) in the former Soviet Union, 6-9 generations of potatoes for this 

nematode were recorded [8, 81]. Most nematode infestations occur at 90-100% relative 

humidity, but they cannot survive at less than 40% relative humidity [82]. 

The D. destructor is adapted to various climatic conditions and can cause damage 

to plants in the temperature range from 5°C to 30°C [64]. However, studies in South 

Africa have shown that the hatching process starts at 28°C and results in larvae in about 

5 days. The development of nematodes from larvae to full maturity is also achieved in 

6–7 days [62, 83]. 

Nematode-infected tubers and soil containing D. destructor are two important 

sources of soil contamination of potato tubers. Rich [65] reported that the onset of 

infection was in 70% of the tubers in the area of the stolon junction, 18.8% in the area 

adjacent to the stolon junction; 5.1% of tubers were infected over their entire surface, 

and in 6.1% of tubers infection was observed only at the top. 

Once the tubers germinate, they migrate to the underground stems and 

rhizosphere [84]. Then, until the flowering stage, the nematodes can be outside the 

shoots to a limited extent. Then they begin to migrate to stolons and young tubers, and 
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that is when these organs are formed. First of all, young tubers around the stolon are 

affected and infected [67]. 

The nematode causes cell necrosis and cavities in the potato tuber. Thus, in the 

early stages of infection, the dots become white, which become discolored and therefore 

differ from the surrounding healthy tissue. The periderm layer under the skin is actively 

affected by the nematode, so the cavities and cells surrounding the nematode feeding 

site can easily be separated from the healthy tissue surrounding them [85]. The small 

cavities gradually become larger and darker, and form a mass of these cavities. Then 

necrotic spots of the main tissue of the tuber gradually appear. The fabric contains many 

pigment granules. At this stage, the cell dies, leaving only the remnants of the cell walls 

[67]. 

In potatoes at harvest, the first symptoms appear as gray to white gypsum spots 

that become visible after the skin is removed [86]. Usually spots are formed after the 

ingress of saprophytic bacteria and fungi. In this case, the skin of the potato tubers 

shrinks, and in case of severe damage, the entire surface of the potato tuber rots and is 

crushed. Such tubers have no commercial value. The nematode continues to develop in 

warehouses, in addition to decomposing infected tubers, switching to feeding on other 

healthy tubers [56] (Figure 3). 

 

Figure 3. - Potato tubers infected with Ditylenchus destructor 
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Damage to carrots is expressed as longitudinal lines on the crop's root surface and 

white areas in the subcutaneous tissue. These fragments are clearly visible in the cross 

section. Seeds and small seeds usually show no visible symptoms, but larger seeds, such 

as beans and pods, may have yellowing skins and colorless spots [56, 87, 88]. 

In onion flowers and stems, infection commonly starts at the onion's root and 

progresses to fleshy scales with yellow or dark brown welts. Secondary rot can occur 

and the plant dies [89]. Individuals of D. destructor accumulate at the border of the 

affected and healthy parts, but rarely separate from the destroyed tissues [68]. 

 

1.2.5. Morphology and taxonomy of Ditylenchus destructor 

 

The morphology of D. destructor is described in [20, 28, 51, 58] and [69]. [72, 

90] provides more detailed information on the morphology of the reproductive system 

and esophageal glands of D. destructor. 

Females: length = 0.81-1.4 mm; a = 30-35 µm; b = 8-10 µm; c = 15-20 µm; V = 

78-83%. 

The general shape of the body is worm-like; after fixation, it is slightly curved 

towards the abdomen. The shape of the end of the body varies from person to person 

and is rarely seen in the annular state. The pores of the amphids are visible as small dots 

on the lateral lips. The cuticle of the head hardens. The short stylet has rounded pointed 

knots at the ends, the anterior surfaces of which are turned backwards. The length of the 

stylet cone is between 45% and 50%. 

It has an average muscular bladder about 3 microns thick in the duct. On the side 

surfaces in the middle of the case there are six side field lines that can be cut to two 

ends. The secretory pore is opposite the esophagus [24]. 

Males: length = 0.8-1.3 mm; a = 34-40 µm; b = 7-8 µm; c = 12-16 µm; T = 73-

80%. Males are very similar to females and differ from them in the structure of the 

pelvic organs. The male reproductive tube has a long testicle that can reach up to the 

esophagus. Spermatocytes are arranged in two or more rows. The length of the spicules 

varies from 24 to 27 µm. The bursa covers 50-90 percent of the length of the tail. The 
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tail is equal to that of females or slightly narrower, with a very rounded tip [24, 91] 

(Figure 4). 

 

 

 

 

Figure 4. - Ditylenchus destructor (male and female) [69] 
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D. destructor is very similar to D. dipsaci. According to Brzeski's key, all 

morphological characteristics of the two species, including factors C and, bursa length, 

and stylet length, are the same. The most noticeable difference between the two species 

is how many lines there are in the surface's lateral field, which is six in D. destructor 

and four in D. dipsaci. Of course, there is another difference. For example, a variation 

of the tail in D. destructor. As was said, the tail end is rounded, while in D. dipsaci, like 

in the species D. convallariae, it is pointed. 

The two species, D. destructor and D. convallariae, although very similar, have 

slight differences. The differences between the two species are due to the thickness of 

the esophageal tube, the number of lateral incisura, the stylet length, placement of the 

vulva, as well as similar factors C and the length of the bursa. But the tail end of D. 

destructor is rounded, while that of D. convallariae is elongated (the tail ends at one 

point). In addition, the length of the Pus is about 53–90 µm in D. destructor and about 

27–47 µm in D. convallariae. 

As a rule, species identification is difficult due to significant interspecies 

differences in morphological characters, which often depend on the size or age of the 

nematode [51, 91].  

Potato rot nematodes are active in the underground parts of the plant (roots, 

stolons, and tubers); D. dipsaci in leaves, flowers, and stems, and D. convallariae on 

fungal mycelium. In addition, the length of the Pus to the distance of the vulva-anus in 

this species is greater than in D. myceliophagus [73]. D. destructor is similar to D. 

arachis [14, 92], D. afronus [74], D. halictus [75], D. longicauda [76] and D. 

oncogenus [77], but none of them is pathogenic for potatoes [93].  

In addition, D. destructor can be distinguished from D. arachis and D. africanus 

with its comparatively long spicules and distinct host preferences, from D. convallariae 

with a distinctly shaped tail tip, and from D. halictus with its relatively longer body, 

comparatively larger spicules, and a distinct reproductive strategy (sexual process or 

parthenogenetically).  
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It differs from D. longicauda with relatively large spicules, a relatively higher 

PUS/Vulva ratio and a distinct tail shape (dense with a rounded tip compared to long 

and thin, pointed to a rounded tip). It differs distinctly from D. oncogenus in the shape 

of the tail tip. 

For comparison, the two species D. destructor and D. dryadis meet almost all the 

analysis criteria in the key [78], and only in D. destructor the stylet length is slightly (by 

about 2 microns) longer (the stylet length is about 10-13 microns in D. destructor and 

about 10-11 microns in D. dryadis). In addition, the caudal end of D. destructor is 

round, while that of D. dryadis is pointed [94]. 

1.2.6. Plant protection measures of Ditylenchus destructor 

Due to the diverse variety of hosts and several generations every crop cycle, it is 

challenging to regulate the amount of D. destructor that is present in the field [51, 79]. 

Several weed species are hosts for this nematode, making crop rotation a limited option 

for reducing nematode numbers in the soil [95]. 

The use of nematicides to control nematodes is the most effective way to control 

the abundance and harmfulness of individual species. At present, the drug Vidat 5G (50 

grams of oxamil) is registered in Russia in the form of granules for application to the 

soil when potatoes are planted. This drug has a biological efficiency of 90–98% and can 

effectively reduce damage to potatoes by stem nematodes. Nevertheless, the high cost 

and high toxicity to warm-blooded animals spurred the search for other control 

methods, even in intensive agriculture. Potato cyst nematodes can be effectively 

controlled via nematode tolerance and resistance, but there is currently no reliable 

information on the resistance of most commercial potato varieties to the stem nematode. 

Tests for the resistance of potato varieties to D. destructor were started in the early 

1950s [51], but no significant results were achieved in this area. Since then, only a few 

research teams have carried out research in the field of breeding potato varieties for 

resistance to the potato stem nematode [96]. An approximate list of potato varieties, 

according to resistance to the stem nematode, is given below: 
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Sustainable: Temp, Yahant;  

Weakly affected: Zhuravinka, Outflow, Synthesis, Talisman, Zarnitsa, Zdabytok, 

Climber, Padarunak, Orbit, Suzorye;  

Medium affected: Veras, Koretta, Belorussky-3, Zhivitsa, Caprice, Colorit, 

Brigantine, Willow, Breeze, Kupalinka;  

Strongly affected: Odysseus, Doe, Archidea, Lasunok, Dina, Garnet, Altair, 

Vetraz, Treasury, Blakit; 

Very strongly affected: Milavitsa, Guslyar, Delikat, Garant, Atlas, Lapis Lazuli, 

Fresco, Adretta, Lugovskoy, Rosinka, Yavar, Sante, Nikita, Dolphin, Krinitsa, Neptune, 

Dar, Zhivitsa (http://agrosbornik.ru) [54]. 

As new varieties enter the potato market each year, it is necessary to 

systematically test for resistance and tolerance in modern potato cultivars. 

The lack of resistant and tolerant varieties in widespread potato production and 

the need to minimize the use of nematicides have sparked research interest in alternative 

management strategies, such as the use of antagonistic organisms. 

Numerous fungal and bacterial antagonists have been investigated in the 

management of various nematode species [80, 97]. However, fungal antagonists have 

not been very successful in controlling the abundance and severity of D. destructor, 

partly because this nematode feeds on fungi [81]. Beauveria bassiana, an 

entomopathogenic fungus, has been successfully integrated into the management of the 

Colorado potato beetle and is therefore closely related to the potato plant as an 

entophyte [81, 82]. 

  The spores of these fungi can survive in the soil after a single application and be 

effective against overwintered Colorado potato beetle larvae [83]. The testing of this 

fungus against the potato stem nematode showed its inefficiency in controlling the 

number of nematodes in the soil [83]. 



26 
 

 

In an attempt to decrease the spread and thus reduce damage to crops as a result of 

infection by this nematode species, more than 50 countries in the world have introduced 

phytosanitary regulations in relation to trade in agricultural products, which is [84] the 

main route of distribution. Nematode's effect on trade, especially on seeds intended for 

planting, is enormous [85].  

In the recent past, new cases of damage to garlic and sugar beet crops caused by D. 

destructor have been reported [86]. The interaction between the stem nematode, tuber 

rots and other pathogens in the potato plant remains relevant due to its phytosanitary 

significance and the potential high level of potato damage by this nematode species. 

Understanding these interactions and the factors that influence them is vital to 

developing management strategies. 

 

1.2.7. Management of D. destructor 

Due to the vast host range and many generations each vegetative cycle of host crops, 

managing D. destructor once it can be found in the field is a challenging undertaking [1, 

19, 98]. Crop rotation is a limited option because this nematode is a host to a number of 

weed species [1,5]. Even in intensive agriculture, the usage of nematicides to control 

nematodes has forced researchers to investigate alternative management methods [99]. 

It's been demonstrated that nematode resistance and tolerance are efficient methods 

for managing potato cyst nematodes, but there is no accurate information regarding 

whether types are resistant to potato rot nematodes. Early in the 1950s, tests for 

resistance in potato types against D. destructor were started [3, 12, 100]. Since then, 

trials for resistances have been discontinued.  

It is necessary to assess the presence of resistance and tolerance in contemporary 

grown potato varieties because new varieties are introduced into cultivation every year. 

Research interest in alternate management measures, such as the use of antagonistic 

organisms, was sparked by the lack of resistant and tolerant cultivars and demand to 

reduce the use of nematicides. 
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Different nematode species have been managed using a variety of bacterial and 

fungal antagonists [88, 101]. However, because D. destructor is a nematode that feeds 

on fungi, utilizing a fungal antagonist to manage it hasn't been very effective [19, 102, 

103]. 

As an entophyte, Beauveria bassiana, an entomopathogenic fungus, is strongly 

linked to the potato plant due to its excellent integration with the management of the 

Colorado potato beetle [104]. These fungi's spores can survive in soil after just one 

treatment and are useful for controlling Colorado beetle larva that overwinter there 

[105]. 

More than 50 nations around the world have implemented phytosanitary regulations 

on the trade of crop production, which are the main channels for dissemination, as a 

way to reduce the spread and resulting increased crop damage caused by infestation by 

this nematode species [50, 106]. Nematodes have a significant negative influence on 

trade, particularly with regard to seeds meant for planting [90,101]. 

Recent reports of D. destructor related crop damage to sugar beet and garlic have 

increased [4, 107]. Due to its significance for phytosanitary reasons and the potential for 

significant potato damage this species has on potatoes, the relationship between tuber 

rot nematodes, stem nematodes, and the potato plant is still relevant today. The creation 

of management strategies requires a thorough understanding of these relationships and 

the elements that affect them. 

 

1.3. Molecular study of Ditylenchus destructor 

 

1.3.1. Using PCR to diagnose Nematodes 

    The development of molecular-based detection tools for various groups of organisms 

has been widely adopted and successfully applied to the diagnosis of plant parasitic 

nematodes thanks to the invention of DNA sequencing, polymerase chain reaction 

(PCR), and the enormous amount of genetic data. 



28 
 

 

         The following benefits of molecular detection instruments over alternative 

methods: They have the following advantages: 1) they can be used with high 

throughput; 2) it is simple to learn the structure of individual DNA segments using a 

variety of databases and sequencing data; 3) they are affordable, quick, and accurate; 4) 

DNA markers are not impacted by phenotypic variations or nematode developmental 

stage [108]. 

The accuracy of DNA-based markers enables precise classification and diagnosis. 

Since they can be used with a number of sample types, including eggs, adults, larvae, 

soil extracts, host tissues and fixed samples, they are simple to use, accurate, rapid, and 

versatile, DNA-based detection technologies are great for identifying nematodes [88, 

109]. 

Much of the diagnosis of nematodes is based on PCR amplification of target 

DNA using primers for species-specific. The PCR technique has been developed as one 

of the methods most commonly used to study and classify the genetic diversity of 

nematodes. Differences in band structure between species or populations can be used as 

taxonomic markers [110]. 

PCR-based detection methods have revolutionized the field of nematode 

diagnostics and have been widely used due to their increased sensitivity, accuracy, 

speed, relative ease of operation, and cost-effectiveness compared to other diagnostic 

procedures [88-90]. 

One approach to developing DNA markers that can aid in the diagnosis of 

nematodes has generally been based on conserved regions of ribosomal DNA (rDNA), 

namely the outer transcribed spacer (ETS), and the inner transcribed spacers 1 and 2 

(ITS1 and ITS2 respectively) [89, 111]. 
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Thus, sequences that diverge between nematode species and are conserved in 

several isolates of the same species become an ideal target for the development of 

species-specific primers [112]. Ribosomal DNA regions were very suitable for target 

marker selection because they were multicopy genes and provided adequate diversity to 

be used for diagnostics and phylogenetic relationships between species [89]. 

Tandem repeats found in the rDNA sequences serve as easily detectable genetic 

markers that are used to construct phylogenetic trees [91, 92] and to evaluate and 

identify populations with similar genetic structure [93, 113]. Currently, the genus 

Ditylenchus has about 70 species [4, 10, 14, 94] and [75]. Due to the very similar 

morphology, the diagnosis of species within the genus Ditylenchus is a very difficult 

task [114].  

Recent research using molecular techniques has shown that many alleged 

monospecific species actually belong to closely related or cryptic species, sharing 

common morphological diagnostic traits while being genetically diverse. This is 

important since earlier descriptions of nematode species have emphasized the concept 

of morphological or typological creatures [115]. 

To select effective schemes for the control of parasitic plant nematodes, it is 

necessary to accurately and quickly detect a specific nematode species. This is 

especially important for the purpose of identifying the species D. destructor due to the 

high degree of morphological similarity of characters in closely related species, as a 

result of which morphological identification is not always a reliable tool for the purpose 

of identifying the species Ditylenchus species [5, 97, 116]. 

Different sets of species-specific primers for D. destructor have now been created 

based on sequence differences between the rDNA-ITS region of this species and other 

Ditylenchus species sequences deposited with GenBank [5. 98].  

Testing of diagnostic primers typically necessitates a greater quantity of samples 

with comparable morphological traits and a broad geographic dispersion [98]. 
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The use of molecular methods for routine recognition is very effective for D. 

destructor populations from various host plants [61, 99–101], which used and 

recommended specific primers for D. destructor identification. It has also been reported 

that rDNA ITS regions are successfully used for phylogenetic analysis [32, 117]. 

However, the molecular characterization of the isolates can not be the only parameter 

to distinguish them at the species level. The unification of polyphasic taxonomy 

principles should serve as the foundation for this, integrating and incorporating all data 

and knowledge (phenotypic, genotypic, and phylogenetic) utilized to discriminate 

between taxa at all stages [77, 96, 104]. 

1.3.2. Molecular genetic identification of Ditylenchus destructor 

The identification of nematodes from the Ditylenchus genus are challenging, as was 

already established. Because field populations of D. destructor exhibit significant 

variability, precise identification and detection of this species is crucial. Nematode 

taxonomists must therefore increasingly use a variety of techniques to identify these 

nematodes. When nematodes are identified using various molecular methods, as 

opposed to morphometric data, the research species can be identified accurately and 

quickly. 

For D. destructor and D. dipsaci, the European and Mediterranean Organization for 

Plant Protection (EPPO) offers a diagnostic technique [1-105]. The policy encourages 

the use of both morphometric and molecular techniques for nematode species 

identification. The use of data gathered using these techniques is crucial for managing 

and evaluating the danger that these nematode species pose to human health. 

PCR is characterized by three factors: selectivity, sensitivity, and speed [106, 118]. A 

wide range of DNA-based methods for detecting genetic variation is available and can 

be used or adapted for taxonomic and diagnostic purposes [107–112]. Amplification of 

specific genomic regions is a highly efficient way to detect inter-and intraspecific 

variation between genera and species, as well as within species [119]. 
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Ribosomal DNA (rDNA) and mitochondrial DNA (mtDNA) are the two most 

common repeat regions for taxonomic and diagnostic purposes. Since polymerase chain 

reaction (PCR) technology is sensitive enough to analyze differences between closely 

related species or genera, [97] used polymorphism in restriction fragment length 

(RFLP) to separate D. destructor from D. africanus. PCR amplification of transcribed 

spacers within the genome (ITS 1 and ITS 2) combined with restriction enzyme analysis 

(PCR-RFLP) is a powerful tool for diagnosing nematodes but is more time consuming 

than the other two methods, such as Real-time PCR and species-specific PCR.  

PCR for specific- species is the most accessible and time-consuming molecular 

method in the laboratory and different primers can be used depending on the specific 

DNA region and plant parasites. [13, 120] Used a real-time PCR test to describe 

differences between D. dipsaci and D. gigas.  

This is the official nematode diagnostic tool but is not often used to identify D. 

destructor. Molecular diagnostics is becoming increasingly important, especially the 

study of the ITS-rDNA region, which is a much conserved taxonomic marker for many 

genera of nematodes. [113, 114] were the first to sequence the ITS1 region of D. 

dipsaci, but the GenBank database now contains more than 50 sequences of D. 

destructor derived rRNA fragments collected from various locations and host plants. 

 

1.3.3. DNA sequencing 

In the 1950s, researchers were still working to determine the first 3-D protein 

structures, but other biologists had already gathered a ton of indirect information. It was 

made up of a double helix-shaped, long chain resembling a molecule, with two of the 

four nucleotides forming each link.  

The tiny DNA sequence alphabet (4 nucleotides as opposed to 20 amino acids) 

allowed for much easier and quicker reading as well as rapid automation, which led to a 
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revolution in the 1970s. Currently, the global rate of DNA sequence determination is 

orders of magnitude quicker than the rate of protein sequencing [115].  

The chain termination approach (Sanger dideoxy), which is more frequently 

employed, and the chemical degradation process (Maxam-Gilbert) have both been 

developed for DNA sequencing [116]. As with PCR, chain-termination sequencing 

involves the synthesis of fresh DNA strands to complete a single-stranded template. 

Template DNA, DNA polymerase with reaction buffer, one primary, and a mixture of 

all four labels of deoxynucleotide (dNTP) and four dideoxynucleotides (ddNTP), each 

with a different colored fluorescent light, are the components of the sequencing 

procedure. Chain elongation continues as long as all four deoxynucleotides are present 

before a ddNTP is accidentally added into DNA polymerase [115, 117].  

As a result, a variety of novel chains in various lengths is produced. A laser that 

produces a certain color of light excites the fluorescent molecule as each labeled 

fragment sinks to the bottom of the gel. A detector captures each band’s fluorescence 

color. A computer program may represent a file series [118].  

 

1.3.4. Analysis of DNA sequences 

The four nucleotides that make up DNA have different bodies, but both have the 

same pair of hooks: 5' phosphoryl and 3' hydroxyl (pronounced five prime and three 

prime), referring to their positions in the deoxyribose sugar molecule, which is a 

component of the nucleotide chain. This is similar to the twenty amino acids that make 

up proteins. The 5' and 3' sites of the component nucleotides are then joined to create 

the DNA molecule.  

The resultant DNA strand has an unused phosphoryl group (P) at the 5' end and 

an unused hydroxyl group (OH) at the 3' end after the nucleotides have been joined. The 

5'-terminus and 3'-terminus of the DNA strand are respectively called these extremities. 
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The succession of a DNA molecule's constituent nucleotides described from the 5' to 3' 

terminus is known as a DNA sequence [119].  

1.3.5. Returning the Sequences of DNA 

Protein sequences are straightforward structures with a limited size range, clearly 

defined boundaries, and fundamental functional characteristics. Additionally, higher 

eukaryotes like those found in animals and plants or microbial proteins share many of 

the same characteristics. As one may expect, higher animals' equivalent gene sequences 

(DNA) are evolving to become more diverse and complicated. Human genes can be as 

short as a few thousand base pairs (bp) or as long as several hundred thousand bp. 

[120]. 

As one may expect, higher animals' equivalent gene sequences (DNA) are 

evolving to become more diverse and complicated. Human genes can be as short as a 

few thousand base pairs (bp) or as long as several hundred thousand bp. In eukaryotes 

(yeasts, plants, and animals), the protein-coding region is broken up into a variable 

number of segments of exons genes that contribute to the final protein and segments of 

genes that do not, called introns [121].  

1.3.6. Sequence alignment value 

The first step of any phylogenetic analysis is the alignment or analysis of 

positional homology between nucleotides or amino acid bases between closely related 

species that are descended from a common ancestor. Errors made at this stage can lead 

to misinterpretation of the data. Molecular Taxonomy and Phylogeny- The best way to 

compare homologous residues is to place sequences one on top of the other in a visual 

display, so that each homologous baseline is preferably in the same column of different 

sequences. There are three types of matching pairs: 1) matches (the same nucleotide 

appears for all sequences); 2) mismatches (different nucleotides were present in the 
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same position); and 3) differences (at least for one sequence, no base in a particular 

position). 

Distance means that a deletion occurred in one sequence and an insertion 

occurred in another. However, the alignment itself does not distinguish between these 

mutational events. Optimal alignment of sequences of the same length can easily be 

done manually for closely related species. In distantly related species that have had 

several deletions or insertional mutations, alignments are usually built using computer 

programs with different algorithms. It is known that the optimal automatic alignment is 

one in which the number of variations and differences in accordance with the desired 

criteria is minimized. Clustal software, which uses a progressive alignment approach, is 

among the most widely used computer alignment programs. The sequences are ordered 

in pairs to create a space matrix, which is then used to recreate the phylogenetic tree. 

This tree indicates the order in which gradual leveling should occur. Progressive 

alignment is a completely independent mathematical method of biological reality. The 

use of the structural components of this molecule will significantly improve the 

homology estimates, thereby providing a better alignment [103, 115, 122]. 

1.3.7. Phylogeny and genetic classification of Ditylenchus 

The most useful criterion for classifying species is their phylogenetic relationship, 

namely a common origin, since such a relationship usually conveys the most detailed 

information about the characteristics of a taxon member. A taxon must be a 

monophyletic group descended from a single common ancestor, as opposed to a 

paraphyletic taxon, which includes only a few descendants of a common ancestor, or a 

polyphyletic taxon, whose members share only a distant common ancestor and are 

usually limited in other characteristics (e.g., homoplasy). Numerical taxonomy concepts 

were implemented in the 1950s based not on a few important features but on multi-

character data. Numerical analytical methods were used to construct diagrams of the 
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general similarity of organisms. Such a diagram, called a phenogram, was supposed to 

give the description an objective basis. 

This approach does not take into account the consequences of parallel or 

convergent evolution in taxonomic interpretations. The argument that a classification 

would strictly reflect only phylogenetic relationships was based on a different method 

than the degree of adaptive divergence or general similarity. Classifications based on 

phylogenetic principles are called phylogenetic classifications; only common, distinctly 

similar states of characters testify to phylogenetic relationships.  

The method of phylogenetic inference is known as cladistics. Branching diagrams 

constructed using cladistic methods are sometimes called cladograms, and 

monophyletic groups are called clades [115, 123]. The maximum likelihood method for 

interpreting phylogenetic trees is an approach that is generally considered to maximize 

the use of data to obtain the most reliable estimates of phylogeny. it is the probability 

that the tree gave rise to the collected data. The main idea of the method is to calculate 

the probability of the observed data, assuming that they arose within a certain 

evolutionary tree and a given probabilistic replacement model.  

 

1.3.8. Maximum likelihood method for interpretation 

 

ML is an approach that is generally considered to use the data as much as possible to 

obtain the most reliable phylogeny estimates. The main idea of the method is to 

calculate the probability of the observed data, assuming that they have developed within 

a certain evolutionary tree and a given model.  

The tree is probably the most accurate representation of the real phylogeny. The 

main problem with the widespread use of machine learning methods is related to 

computation time, because algorithms that find a machine learning score must search 

for a tree in a multidimensional parameter space. A sequence evolution model, a tree, 

and observed data are all components of machine learning [103].         
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Chapter 2. MATERIALS AND METHODS 

2.1. Materials 

2.1.1. Collection of plant material 

    Seven samples of potatoes from two nations were examined to determine 

populations of Ditylenchus destructor. Mid-September in Russia saw the direct 

selection of potato material from farms in the regions of Moscow (Gala), Nizhny 

Novgorod (Colombo), and Bryansk (Innovator) regions (Figure 5). 

The Agricultural Research, Education and Extension Organization (AREEO) in 

the middle of July in Iran took samples of tubers from farm areas in the provinces of 

Hamadan, Isfahan, Zanjan, and Ardebil (Satin, Santa) (Figure 6). 

The potato plants were visually inspected during the growing season. The timing 

of harvesting is related to the cultivation technology in the regions, and the symptoms of 

Ditylenchus appear precisely during the ripening of tubers before harvesting.  

In all seven regions, potatoes were plucked at random from various field rows. 

Therefore, excised potato tubers were visually inspected, and if any physical symptoms 

were noticed, they were collected (Figure 7). 

Healthy tubers were sometimes collected for additional research. After digging up 

the tubers, they were washed and examined for the presence of external signs of the the 

disease.  

Ditylenchus-symptomatic tubers were labeled and put in plastic bags. The tubers 

were lined with filter paper and kept at +4 °C for further research.   
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Figure 5. - Regions of collection of infected potatoes in the Russian Federation 

 

 

 

 

Figure 6. - Regions of collection of infected potatoes in Iran 
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Figure 7. - Collection and inspection of potato tubers in the field 

 

2.2. Methods of morphological analysis of Ditylenchus destructor 

2.2.1. Isolation of nematodes from plant material 

The peel was removed from potato tubers with symptoms of Ditylenchus damage 

in places of darkening of the tissue. Next, small sections of plant tissue were cut off and 

placed in small petri dishes; they were filled with tap water and left for half an hour at 

room temperature. The nematodes emerge from the plant tissue and sink to the bottom 

of the cup. After that, petri dishes were viewed under a stereomicroscope for the 

purpose of nematode detection. 

Nematodes were individually selected with a special needle and transferred to a 

new petri dish with pure distilled water. 

After that, the nematodes were transferred to a drop of distilled water on a slide 

of glass (Braunschweig, Menzel GmbH, Germany) and covered with a coverslip. In this 
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case, the coverslip is placed at an angle to the slide, above a drop of water with 

nematodes.  

The coverslip was fixed to the slide with nail polish, and the slide was then gently 

heated on a thermal table to 80–85°C or over an open flame for a few seconds to kill 

and fix the nematodes and minimize the quantity of water bubbles.  

Nematodes for preliminary identification were studied under a microscope with 

ZEISS Axioskop Imager A1 (Germany) at 10x magnification. 

  

2.2.2. Morphological analysis of Ditylenchus destructor populations 

To perform morphometric measurements, 200 male and female nematodes were 

manually selected for each population from Iran and 50 nematodes from the Russian 

Federation, and temporary slides were made. 

 Using AxioVision® software version 4.8.2, On a computer screen, light 

microscopic images and morphometric data were taken from digital photos (Carl Zeiss). 

Nematodes were measured on a ZEISS Axioskop Imager A1 microscope at 40x 

magnification. Six morphometric parameters were used: body length and width, stylet 

length, postvulvar sac length (PUS), and vulva-anus distance in females, and spicule 

and bursa length in males.  

Morphometric measurements are converted to micrometers (m) (unless otherwise 

indicated) and were obtained at various magnifications based on the relevant attribute. 

In the analysis of morphometric data, if appropriate, references to D. destructor's 

initial description were made [20, 51], for the population from Russia [94], and for 

populations from Iran [11]. 
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2.3. Molecular analysis methods 

2.3.1. Extraction and purification of DNA 

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

procedures were performed according to the VNIIKR standard or other standards using 

a reagent kit (EPPO Protocol, 2017) [105] (Table 1). 

 

Table 1. - Chemical components of DNA extraction 

    

№ 

 

Name 

 

Description 

    1 Proteinase K Reagent for cell lysis, 1.0 µl 

    2 Lysis solution 2 Reagent for cell lysis, 31 µl 

    3 Precipitating solution 1 Protein Precipitation Reagent, 11 µl 

    4 Precipitating solution 2 DNA Precipitation Reagent, 31 µl 

    5 Wash solution DNA Wash Reagent, 41 µl 

    6 DNA solution DNA Dissolution Reagent, 11 µl 

    7 2-Mercaptethanol Reagent for cell lysis, 0.2 µl 

    8 Glycogen DNA Co-Precipitation Reagent, 0.2 µl 

 

 

Figure 8. - Test tubes with nematodes for DNA extraction 
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The DNA extraction process consisted of the following steps (Figure 8): 

1. First, the number of test tubes with a volume of 1.5 or 2 µl following the number 

of analyzed samples was written and put into an additional test tube for negative 

control. In all tubes (except negative), add 5-10 nematodes. 

2.1. 20 µl of Lysing Solution 2 (No. 2) is added to each tube, and the nematodes are 

ground as much as possible in the microtube with a Teflon pestle. Then 280 l of No. 2 

Lysing Solution and 1 l of No. 7 2-mercaptoethanol were added. 

2.2. 10 μl of proteinase K (No.1) was added to the tubes and mixed in the vortex. 

2.3 The samples are now left in the thermometer overnight at 56 ° C. 

Second day 

3.1. 100 μl of solution (No. 3) was added to the samples. The contents of the tubes were 

mixed in the vortex for 20 seconds. 

3.2. The mixture was centrifuged at 13,000 circle for five minutes. At this point, the 

tube's bottom develops with a dense precipitate. 

4.1. In clean 1.5-2 ml, tubes added 2 μl DNA co-precipitator (No.8). 

4.2. The supernatant containing the DNA was transferred into test tubes. 

4.3. 300 μl of Precipitation Solution 2 (No. 4) was added and mixed by inversion (10–

12 times) until a visible DNA precipitate appeared. 

4.4. The mixture was centrifuged at 13,000 rpm. 5 minutes. Then the supernatant was 

drained. 

5.1. Added 400 μl Wash Solution (No. 5) and mixed several times by turning to wash 

the DNA. 

5.2. After that, tubes were centrifuged for 2 min at 13,000 rpm. Then carefully remove 

the supernatant. 
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5.3. The tube lid was opened and placed in the thermometer for 10-15 minutes at 37 ° C, 

until the alcohol had completely evaporated. 

5.4. Then 50 μl of Elution Solution (No.6) was added. stirred and warmed at 65 degrees 

Celsius for 5 minutes until the DNA was dissolved 

5.5 Finally, the DNA solution was kept at -20 ° C for long-term storage. 

2.3.2. 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. 

Gene JET gel extraction kit from Thermo Scientific was used to purify the PCR 

result after amplified, and the Genetic Analyzer AB-3500 was used to sequence it using 

the dideoxy Sanger procedure (Applied Biosystems, USA). On the NCBI BLAST 

website, the sequencing results were then compared with the GenBank genetic sequence 

database [115, 116]. 

Sequence alignment editor BioEdit v.7.0.5.3 was used to test, edit, and align the 

sequence. The two-parameter model proposed by Kimor was used to determine pairwise 

genetic differences between the sequences [38]. 

The Mega 11 software's maximum likelihood method (ML method) was used to 

create diagrams of trees. The tree diagrams' accuracy was examined and validated using 

the Bootstrap Test by creating 1000 alternative trees. The findings are displayed as the 

percentage of similarity between the DNA sequences produced in this investigation and 

those found in GenBank. 

 

2.3.3 Primer creation 

In this investigation, eight D. destructor ITS Sequences were amplified and 

uploaded in the Genbank database [38, 117] as MN307126, MN307128, MN658597, 

MN122076, MN658599, and MN65388637 (Table 2). For the creating species-specific 
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primer, these and other original sequences obtained from the studied populations, as 

well as sequences that other researchers have uploaded into the Genbank database, were 

used. In addition, a number of D. dipsaci sequences (MG676655, MG676656, 

MG676657, D. gigas: KJ653270, KJ653267 (Table 3) were used for alignment due to 

their strong connection genetically to D. destructor.  

The rDNA-ITS nucleotide sequences were aligned with BioEdit7.0.5.3 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 of 330 b.p. The primer design was validated by 

BLAST [116] to rule out non-specific responses to interactions with similarly related 

species. Additionally, primer quality was assessed using Oligo 6.0 software. 

 

Table 2. - Sequences of the studied populations of Ditylenchus destructor (numbers 1 to 

8 were uploaded in the Genbank database) [116] 

№ Sequence identification 

number 

Region (country) 

1 MN307126.1 Iran 

2 MN307128.1 Iran 

3 MN493767.1 Iran 

4 MN122076.1 Russian Federation 

5 MN658637.1 Russian Federation 

6 MN658638.1 Russian Federation 

7 MN658597 Russian Federation 
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№ Sequence identification 

number 

Region (country) 

8 MN658599 Russian Federation 

9 MN.I.2 Iran 

10 MN.I.3 Iran 

11 MN.B.2 Iran 

12 MN.B.3 Iran 

13 MN.C.2 Iran 

14 MN.C.3 Iran 

15 DNil.I.1 Iran 

16 DNil.I.2 Iran 

17 DNil.I.3 Iran 

18 MN.1.R.2 Russian Federation 

19 MN.1.R.3 Russian Federation 

20 MN.2.R.2 Russian Federation 

21 MN.2.R.3 Russian Federation 

22 MN.3.R.2 Russian Federation 

23 MN.3.R.3 Russian Federation 
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Table 3. - GenBank sequences of closely related Ditylenchus species for the 

development of species-specific primers [116, 123] 

Sequence identification 

number 

Kinds Country 

MG676655  D.  dipsaci Japan 

MG676656  D. dipsaci Japan 

MG676657 D.  dipsaci Japan 

KJ653270 D.  gigas  Iran 

KJ653267 D.  gigas Iran 

 

2.3.4. Using species-specific primers for PCR 

The composition of the reaction mixture is shown in Table 2. The final volume of the 

reaction mixture is 25 µl (Table 4, 5). 

 

 

Figure 9. - PCR Veriti 96 well thermal cycler, Applied Biosystem 
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For species-specific PCR amplification, primer sets dsn.1 F/R and dsn.2 F/ R 

were used (Table 3). The contents were gently mixed by shaking. The reaction 

proceeded in a thermostat with the following step-by-step procedure: DNA was first 

annealed at 60.32°C (dsn.1 F/R) and 57.73°C (dsn.2 F/R) for 35 seconds, then at 95°C 

(dsn.1 F/R) for 3 minutes, annealed at 60.32°C (dsn.1 F/R) for 35 seconds, then 

annealed at 95°C (dsn.1 F/R) for 35 seconds [116]. 

Each amplification kit came with a bad control.  

Following that, the PCR products were sorted by size using a 1 percent analyzed by 

agarose gel electrophoresis, documented by gel analysis, or purified for sequencing 

[116] (Figure 9). 

 

Table 4. - Composition of the PCR reaction mixture (For two developed primers) [116] 

 

Reagents Volume Reagents Volume 

Master mix 5,0 µl Master mix 5,0 µl 

Primers dsn.1 F 0,6 µl Primers dsn.2 F 0,6 µl 

Primers dsn.1 R 0,6 µl Primers dsn.2 R 0,6 µl 

H2O 13,8 µl H2O 13,8 µl 

DNA 5,0 µl DNA 5,0 µl 

Overall volume 25,0 µl Overall volume 25,0 µl 
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Table 5. - Description of the first primer set 

Primer Sequence (5′–3′) Lenghth of 

DNA 

dsn.1 F TTGGCACGTCTGATTCAGGG ITS rDNA 

dsn.1 R GTCAACATTGGCCAAGAGG

C 

ITS rDNA 

dsn.2 F TTTCGAATGCACATTGCGCC ITS rDNA 

dsn.2 R CTAGGCCAAAGAGACAGCG

G 

ITS rDNA 

 

2.3.5. Gel electrophoresis 

After PCR, the samples were analyzed by agarose gel electrophoresis according to 

the following procedure. 

A melted gel was prepared by dissolving 500 mg of agarose in 0.5 µl of 1X TBE 

buffer followed by heating in a microwave oven. Ethidium bromide was added to the 

melted and cooled to 60°C gel to a concentration of 0.5 µg/mL. The solution was 

thoroughly mixed. While the agarose solution was cooling, a suitable comb was 

selected to form sample slits in the gel and placed inside the electrophoresis unit. 

The warm agarose solution was poured into the mold in which the comb was placed. 

The gel was allowed to solidify completely (30-45 minutes at room temperature), then a 

small amount of electrophoresis buffer was sprinkled over the gel and the comb was 

carefully removed. The required amount of electrophoresis buffer was poured into the 

electrophoresis chamber to cover the gel to a depth of about 1 mm. 5 µl of the PCR 

product was combined with 2 µl of the required 6x gel loading buffer. 
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A disposable micropipette was used to load the sample mixture into the slots of the 

immersed gel. Next, a voltage of 150 V was applied to the anode for 30-60 minutes at 

room temperature, which ensured the movement of the amplicon fragments to the 

positive cathode. Depending on the predicted size of the amplicon, their speed of 

movement is different, and they are distributed in the gel according to their molecular 

weight. The gel was first visualized with a UV detector and then captured using the 

NTAS® Computerized Gel Image Storage System using GDS version 3.32 software 

and saved to disk as TIFF files (Figure 10). 

 

 

Figure 10. - Electrophoresis 

 

2.3.6. Purification of PCR products 

Thermo Scientific GeneJET was used to isolate and purify the PCR sample. 

After electrophoresis, the PCR products were visualized with a UV lamp, and a strip of 

gel was cut out using a sharp scalpel or razor blade, 2 mm wider than the strip on each 

side. The cut fragment was placed in the extraction buffer (Binding Buffer) in a ratio of 

1:1. After the addition, mix thoroughly and transfer the solution to a GeneJET 

purification column. Centrifuged for 30-60 s. The resulting filtrate was removed. The 

GeneJET purification column was filled with 700 µl of wash buffer and centrifuged for 

30-60 seconds. The resulting extract was removed and the purification column was 

placed back into the collection tube. After that, a clean 1.5 ml microcentrifuge tube was 
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used to transfer the cleaned GeneJET column, and centrifugation was continued for 

another minute. 50 µl of elution buffer were added to the membrane's middle of the 

GeneJET purification column and centrifuged for 1 min: the top solution was removed 

with a micropipette. For analysis, the lower solution was used, for which it was taken 

into new test tubes and numbered. Measurements of the DNA concentration in the 

sample were carried out by applying 2 μl of each sample to the device and processing it 

by a computer program. The Gene JET purification column was removed and the 

filtered PCR product was stored at -20°C.2.3.7.  

2.3.7. Checking the concentration of nucleic acids 

The NanoDrop spectrophotometer from NanoDrop Technologies is designed to 

measure the concentration of nucleic acids in 1 µl samples. The following procedure 

was used: one microliter of bidistilled water was loaded onto the lower optical surface. 

The lever arm was closed several times to wash the upper optical surface. Then the lever 

arm was raised and both optical surfaces were cleaned with a soft cloth or napkins. The 

Nano-Drop software was utilized to define the level of nucleic acid molecules. A zero 

measurement was performed by loading 1 µl of bidistilled water. After completion of 

the preparation, the optical surfaces were completely cleaned.  

A 1 µl nucleic acid sample was placed on the detector and "measurement" was 

selected. At the end of the test, both optical surfaces were washed (Figure 11). 

 

 

Figure 11. - Spectrophotometer Nanodrop 2000        
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Chapter 3. RESULTS AND DISCUSSION 

3.1. Results of morphological studies 

A morphological comparison of D. destructor from the potato in the fields of the 

Russian Federation (Nizhny Novgorod, Bryansk, and Moscow regions) and samples 

collected from 13 settlements in Iran (Hamadan, Isfahan, Zanjan, and Ardebil 

provinces) was carried out (Figure 12, 13). 

D. dipsaci and D. destructor were given a new procedure by [22]. This genus has 

between 67 and 80 species [10, 25]. Nevertheless, due to extremely minute changes 

between species, identification can occasionally be difficult. The adults of D. destructor 

are tiny, worm-like creatures that exhibit significant morphometric variation depending 

on the host and age. 

In terms of appearance, males and females are comparable. Six incisures on the 

lateral field, two on the neck and tail. Cuticular and head annulation are fine; the head is 

often narrower than the neighboring body, and scanning microscopy can identify about 

four head annules [72]. Style cone with pronounced, rounded, and backward-sloping 

knobs that is 45 to 50 percent of the style length. Muscular medial bulb with about 

three-meter-long lumen wall thickenings.  

On the dorsal bodyside, the posterior bulb briefly crosses the gut, albeit 

occasionally specimens have an offset glandular bulb. Excretory hole situated across 

from the esophageal glands.  

The postvulval sac covers approximately three-quarters vulva-anus distance. Eggs 

that are twice as wide as they are [72, 80].   

Vulva's lips are thick and raised. Outstretched anterior ovary that can 

occasionally extend to the oesophageal area. D. dipsaci has a ventral tumulus in the area 

of the calomus, which is different from D. destructor in terms of spiculum morphology 

[10, 80].  

Testicles extended as they near the oesophageal base. Both sexes have a conical 

tail that is three to five anal body widths long, frequently curved in the ventricle, and 
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has a rounded termination. Although D. destructor and D. dipsaci are related, the latter 

is distinguished from the former by the lateral field's six incisions, longer postvulval 

sac, and finely rounded tail end. 

However, none of these are pathogenic to potatoes, unlike D. arachis [14, 40], D. 

afronus [73]. D. halictus [73]. D. longicauda [76] and D. oncogenus [13, 77]. 

Additionally, the D. destructor can be distinguished from the D. arachis and D. 

africanus by its relatively longer spicules and distinct host preferences, by the D. 

convallariae's distinctive tail tip form, by the D. halictus' relatively longer body, 

relatively larger spicules, and by the D. longicauda's relatively larger spicules, higher 

PUS / VBW ratio, and distinct tail shape. 

 

  

 

 

 

Figure 12. - Morphology of characteristic of D. destructor on the example of the 

Moscow population. A. Female anterior region. B. Oesophagus. C. stylet. D. 

crustaformeria (preuteral gland). E. Egg. F. Pus. G. Spermatheca. H. Vulva to anus 

distanc. I. Femail tail. J. cloacal region 

 



52 
 

 

 

 

 

Figure 13.- Morphology of characteristic of D. destructor on the example of Iranian 

populations. A. Female anterior region. B. Oesophagus. C. stylet. D. crustaformeria 

(preuteral gland). E. Egg. F. Pus. G. Spermatheca. H. Vulva to anus distanc. I. Femail 

tail. J. cloacal region 

 

It can be noted that the morphometric characteristics of the nematodes reported 

here (Table 6 to 14) for the regions of Hamedan, Isfahan, Zanjan, and Ardebil are 

comparable with the data by looking at the species' morphological and morphometric 

traits [11] (Table 15).  

There are some variations from those described for D. destructor in the Nizhny 

Novgorod, Bryansk, and Moscow regions [20, 51, 94] (Table 16). 

 

Table 6. - Russian Federation Ditylenchus destructor population’s morphology, µm 
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 and min-max values (100 individuals)  

 (♂) n=50 (♂) n=50 (♂) n=50 (♀) n=50 (♀) n=50 (♀) n=50 

Parameter Briansk Moscow Nizhny 

Novgorod 

Briansk Moscow Nizhny 

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) 

c (body L/tail 

L) 

 (14-17)  (14-20)  (14-16)  (15-20)  (16-20)  (15-20) 

Stylet L  (10-13)  (10-14)  (10-14)  (10-14)  (10-14)  (10-14) 

Pus  ‒ - ‒  (95-120)  (95-125)  (95-112) 

Pus/Anus-

Vulva 

distance% 

‒ - ‒  (54-90)  (53-88)  (55-86) 

Spicule L  (20-24)  (20-25)  (20-25) ‒ - _ 

Bursa L  (37-58)  (34-62)  (39-79) _ - _ 

Tail shape Rounded  Rounded Rounded  Rounded Rounded Rounded  

 

Table7. - Population morphometry of Ditylenchus destructor samples from Iran, 

Hamedan Province (P1. Hamedan, P.2 Bahar, P3. Asad Abad, P4. Kabudarahang), 

µm and min-max values (P1: 50, P2: 50, P3: 50, P4: 50 individuals Males) 

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) 

c (body L/tail L)  (13-18) (12-15)       (12-16) (14-16) 

Stylet L  (9-12) (9-12) (9-12) (8 -11) 

Pus L ‒ ‒ - - 

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  
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Table 8. - Population morphometry of Ditylenchus destructor samples from Iran, 

Isfahan Province (P1. Isfahan, P2. Mobarake, P3. Najafabad, P4. Felaverzhan), µm and 

min-max values (P1: 50, P2: 50, P3: 50, P4: 50 individuals Males) 

 

Parameter (♂) 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) 

c (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 

   

Table 9. - Population morphometry of Ditylenchus destructor, samples from Iran, 

Zanjan Province (P1. Zanjan, P2. Soltaniye), µm and min-max values (P1: 100, P2: 100, 

males)     

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter (♂) Zanjan n: 200 P1 P2 

Body L (700-1200)  (850-1167) 

Tail L (50-66)  (61-75) 

c (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   
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Table 10. - Population morphometry of Ditylenchus destructor samples from Iran, 

Ardebil Province (P1. Ardebil, P2. Namin, P3. Nayer), µm and min-max values (P1: 

100, P2: 50, P3:50 individuals Males) 

 

Parameter (♂) Ardebil n: 200 P1 P2 P3 

Body L (750-1100) (600-1205) (640-1164) 

Tail L (57-75) (44-73) (47-72) 

c (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 

 

 

Table 11. - Population morphometry of Ditylenchus destructor, samples from Iran, 

Hamedan Province (P1. Hamedan, P2. Bahar, P3. Asad Abad, P4. Kabudarahang), µm 

and min-max values (P1: 50, P2: 50, P3: 50, P4: 50 females) 

Parameter (♀) 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) 

c (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  
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Table 12. - Population morphometry of Ditylenchus destructor samples from Iran, 

Isfahan Province (P1. Isfahan, P2. Mobarake, P3. Najafabad, P4. Felaverzhan), µm and 

min-max values (P1: 50, P2: 50, P3: 50, P4:50 individuals Females) 

 

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) 

c (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  

 

 

Table 13. - Population morphometry of Ditylenchus destructor, samples from Iran, 

Zanjan Province (P1. Zanjan, P2. Soltaniye), µm and min-max values (P1: 100, P2: 100 

individuals Females) 

 

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  
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Table 14. - Population morphometry of Ditylenchus destructor, samples from Iran, 

Ardebil Province (P1. Ardebil, P2. Namin, P3. Nayer), µm and min-max values (P1: 

100, P2: 50, P3: 50 females) 

 

Parameter (♀) Ardebil  n: 200 P1 P2 P3 

Body L (800-1200) (760-1200)  (640-1300) 

Tail L (52-69) (46-65)  (43-78) 

c (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 

 

 

Table 15. - Morphometry of Ditylenchus destructor from Iran according to [11] 

 

Parameter (♂) (♀) 

Body L (600–1254) (603–1468) 

Tail L (45–87.5) (39.5–90.5) 

c (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 

 

 

 

 



58 
 

 

 

Table 16. - Morphometry of Ditylenchus destructor according to [20,51,94] 

 

  (♂)   (♀)  

Parameter Hooper 

(1973) 

Thorne 

(1945) 

Chizhov 

(2010) 

Hooper 

(1973) 

Thorne 

(1945) 

Chizhov 

(2010) 

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

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 

distance % 

- - - (53-90) - - 

Spicule L (24-27) (24) (20-25) - - - 

Tail shapre Rounded Rounded    -  Rounded Rounded - 

 

           Males 

The body length of D. destructor males from each population was (µm): 1. 

Nizhny Novgorod region (918-1350); 2. Bryansk region (890-1340); 3. Moscow region 

(835-1550); 4. Hamedan Province: P1. (650-1100), P2. (600-1200), P3. (650-1000), P4. 

(730-1100); 5. Isfahan Province: P1. (600-1250), P2. (637-1205), P3. (840-1200), P4. 

(600-1000); 6. Zanjan Province: P1. (700-1200), P2. (850-1167) ;7. Ardebil Province: 

P1. (800-1200), P2. (760-1300), P3. (640-1164), respectively. The shortest body length 

was found in the population from Hamadan Province, Isfahan and Ardabil, and the 

longest in the populations of the Moscow region.  

The body length of the populations from Hamedan Province, Isfahan and Zanjan 

corresponded to the body length of those measured [11] (Table 15). In terms of body 

length, populations from the Bryansk region correspond [94], Moscow region [51], and 

Nizhny Novgorod region [94, 51], respectively (Table 16). 
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Comparison of tail length in D. destructor males in each population was (µm): 1. 

Nizhny Novgorod region (65-81); 2. Bryansk region (64-80); 3. Moscow region (63-

79); 4. Hamedan Province: P1. (50-63), P2. (50-80), P3. (54-65), P4. (53-70); 5. Isfahan 

Province: P1. (45-76), P2. (52-71), P3. (67-80), P4. (51-67); 6. Zanjan Province: P1. 

(50-66), P2. (61-75).  

Ardebil Province: P1. (52-69), P2. (46-65), P3. (43-78), respectively. The shortest 

tail length was observed in the population from the province of Ardebil, and the longest 

in populations from the Nizhny Novgorod region. The tail length of all Russian 

populations corresponds to [94] (Table 16). 

Parameter "C" of the ratio of body length to tail length in D. destructor males 

from each population was: 1. Nizhny Novgorod region (14-16); 2. Bryansk region (14-

17); 3. Moscow region (14-20); 4. Hamadan Province: P1. (13-18), P2. (12-15), P3. (12-

16), P4. (14-16); 5. Isfahan Province: P1. (14-17), P2. (13-17), P3. (13-15), P4. (12-15); 

6. Zanjan Province: P1. (14-19), P2. (14-16) ;7. Ardebil Province: P1. (16-18), P2. (17-

19), P3. (15-17).  

The shortest "C" score was calculated for populations from the Hamadan 

Province, and the longest for populations from the Moscow region. The “C” index for 

the population from Hamadan, Isfahan, Zanjan and Ardebil provinces were at the same 

level and corresponded to [11].  

According to C, the populations from the Bryansk region correspond to those of 

the Moscow region [51] and the Nizhny Novgorod region [94, 51], respectively (Table 

16). 

The stylet length in D. destructor males in each population was (µm): 1. Nizhny 

Novgorod region (10-14); 2. Bryansk region (10-13); 3. Moscow region = (10-14); 4. 

Hamedan Province: P1. (9-12), P2. (9-12). P3. (9-12), P4. (8-11); 5. Isfahan Province: 

P1. (9-12), P2. (9-12), P3. (9-11), P4. (9-11), 6. Zanjan Province: P1. (9-12), P2. (9-11) 

;7. Ardebil Province: P1. (9-12), P2. (8-13), P3. (8-13), respectively.  
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The shortest stylet length is for the regions of Hamedan and Ardebil, the longest 

is for Nizhny Novgorod and Moscow. In populations from Hamedan Province, Isfahan, 

and Zanjan, the stylet length was consistent with [11] (Table 15). The stylet length of 

the populations from the Bryansk region corresponds [94], the Moscow region and the 

Nizhny Novgorod region [51] (Table 16). 

Comparison of the spicule length in D. destructor males showed that in 

populations from 1. Nizhny Novgorod (20-25), 2. Bryansk (20-24), 3. Moscow regions 

(20-25), 4. Hamedan province: P1. (18-20), P2. (18-21), P3. (19-26), P4. (19-21), 5. 

Isfahan Province: P1. (18-21), P2. (19-27), P3. (19-21), P4. (18-21), 6. Zanjan Province: 

P1. (18-23), P2. (19-27), 7. Ardebil Province: P1. (18-27), P2. (19-24), P3. (18-26). The 

shortest spicules and Iran has the longest. 

Additionally, in the population from the regions of Hamadan, Isfahan, Ardebil 

and Zanjan, the length of the spicules corresponded to [11] (Table 15), and for the 

populations from the Nizhny Novgorod, Bryansk and Moscow regions they 

corresponded to [94] (Table 16). 

The length of the bursa in D. destructor males in each population was (µm): 1. 

Nizhny Novgorod region (39-79); 2. Bryansk region (37-58); 3. Moscow region (34-

62); 4. Hamedan Province: P1. (33-55), P2. (33-45), P3. (35-51), P4. (32-48); 5. Isfahan 

Province: P1. (33-52), P2. (33-56), P3. (31-56), P4. (33-52); 6. Zanjan Province: P1. 

(33-56), P2. (35-58).  

Ardebil Province: P1. (33-50), P2. (35-55), P3. (33-56), respectively. The shortest 

bursa was noted in populations from the Isfahan Province, and the longest in 

populations from the Nizhny Novgorod and Moscow regions. 

          Females 

The body length of D. destructor females for populations from different regions 

was (in µm): 1. Nizhny Novgorod region (916-1571); 2. Bryansk region (900-1664); 3. 

Moscow region (954-1600); 4. Hamedan Province: P1. (875-1110), P2. (809-1200), P3. 
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(900-1400), P4. (980-1256); 5. Isfahan Province: P1. (800-1100), P2. (770-1300), P3. 

(700-1200), P4. (820-1310); 6. Zanjan Province: P1. (880-1200), P2. (700-1114) ;7. 

Ardebil Province: P1. (800-1200), P2. (760-1200), P3. (640-1300). The shortest body 

length was noted in individuals from Ardeil, the longest from the Bryansk region. 

The body length of the populations in Hamedan Province, Isfahan and Zanjan 

was consistent with the data [11] (Table 15). The body length of the population from 

Nizhny Novgorod, Bryansk and the Moscow region corresponded to [51] (Table 16). 

The tail length of D. destructor from each population, females were (in µm): 1. 

Nizhny Novgorod region (62-81); 2. Bryansk region (63-80); 3. Moscow region (63-

81); 4. Hamedan Province: P1. (54-71), P2. (78-83), P3. (55-64), P4. (81-85); 5. Isfahan 

Province: P1. (55-63), P2. (55-79), P3. (58-76), P4. (54-75); 6. Zanjan Province: P1. 

(65-76), P2. (58-80).  

Ardebil Province: P1. (52-69), P2. (46-65), P3. (43-78). The shortest tail length 

was recorded in individuals from Ardeil Province, and the longest from Hamadan 

Province. The length of the populations in the provinces of Hamedan, Isfahan and 

Zanjan corresponded to the data [11] [Table 15]. Populations from the Nizhny 

Novgorod, Bryansk and Moscow regions corresponded to [94] (Table 16). 

   Comparison of C (ratio of body length to tail length) in D. destructor females of 

each population was carried out (in μm): 1. Nizhny Novgorod region (15-20); 2. 

Bryansk region (15-20); 3. Moscow region (16-20); 4. Hamedan Province: P1. (14-16), 

P2. (11-15), P3. (17-22), P4. (12-15); 5. Isfahan Province: P1. (15-18), P2. (14-17), P3. 

(12-16), P4. (15-18); 6. Zanjan Province: P1. (14-16), P2. (12-14);7. Ardebil Province: 

P1. (16-18), P2. (17-19), P3. (15-17).  

The shortest C belongs to Isfahan and Hamedan and the longest belongs to 

Hamedan Province. Indicator C throughout the Hamadan Provinces, Isfahan, Zanjan 

and Ardebil was in line with [11] (Table 15). The populations of the Nizhny Novgorod, 

Bryansk and Moscow regions corresponded to [20, 51] (Table 16). 
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The length of the stylet in D. destructor females of each population was (in μm): 

1. Nizhny Novgorod region (10-14); 2. Bryansk region (10-14); 3. Moscow region (10-

14); 4. Hamedan Province: P1. (8-13), P2. (9-13), P3. (8-12), P4. (8-12); 5. Isfahan 

Province: P1. (9-12), P2. (9-13), P3. (9-13), P4. (9-12); 6. Zanjan Province: P1. (9-13), 

P2. (8-13).  

Ardebil Province: P1. (8-12), P2. (8-13), P3. (8-12). The longest stylet length 

throughout the Russian Federation's regions. The stylet length of the populations from 

Hamedan, Isfahan, Zanjan and Ardebil provinces corresponded to the data [11] (Table 

15). The populations of the Nizhny Novgorod, Bryansk and Moscow regions 

corresponded to [94, 51] (Table 16). 

    Comparison Pus [120] D. destructor of each population was carried out (in 

microns): 1. Nizhny Novgorod region (95-112); 2. Bryansk region (95-120); 3. Moscow 

region (95-125); 4. Hamedan Province: P1. (53-98), P2. (53-89), P3. (53-90), P4. (53-

87); 5. Isfahan Province: P1. (55-98), P2. (55-96), P3. (54-98), P4. (52-98); 6. Zanjan 

Province: P1. (55-86), P2. (58-88);7. Ardebil Province: P1. (55-88), P2. (54-89), P3. 

(53-98). The shortest Pus belonged to the Isfahan Province, and the longest to the 

Moscow Region. 

  Pus / Anus-Vulva distance % in D. destructor females in each each population 

was carried out (in microns): 1. Nizhny Novgorod region (55-86); 2. Bryansk region 

(54-90); 3. Moscow region (53-88); 4. Hamedan Province: P1. (48-71), P2. (42-87), P3. 

(55-91), P4. (44-75); 5. Isfahan Province: P1. (38-86), P2. (37-79), P3. (37-90), P4. (37-

87); 6. Zanjan Province: P1. (45-86), P2. (37-87);7. Ardebil Province: P1. (45-83), P2. 

(52-78), P3. (42-76).  

The shortest   Pus / Anus-Vulva distance % belonged to Isfahan and Zanjan 

Province, while the longest belonged to Hamedan Province. The populations of the 

Nizhny Novgorod, Bryansk and Moscow regions corresponded to [51] (Table 16). 
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           The morphology of the populations was examined, and it was discovered that 

every population under investigation belonged to the species D. destructor. The size of 

individual characteristics in the populations from Iran and Russia differ slightly, as was 

reported, however this variability has no effect on whether or not all populations belong 

to the species D. destructor. 

 

3.2. Results of molecular studies 

3.2.1. DNA sequence analysis of Ditylenchus destructor 

350 units of Nematodes were gathered for molecular investigation from seven 

locations in the Russian Federation and Iran. After alignment (Mega 11 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 submitted only eight sequences from all 

areas to Genbank, as well as for the volume of sequences, a total of three for each 

region indicated in the result of the dissertation and phylogenetic tree. All of the D. 

destructor DNA sequences from Russia and Iran retrieved for this investigation 

matched the relevant D. destructor sequences found in the database, according to a 

BLAST search at NCBI. Sequence comparisons between D. destructor isolates from 

several host plants showed sequence variation across distinct geographic populations. 

3.2.2. Phylogenetic studies of Ditylenchus destructor populations 

Phylogenetic analyses within D. destructor populations were performed based on 

the D. destructor sequences obtained in this study and closely related species available 

from the GenBank (Tables 17 and 18). 
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Table 17. - Ditylenchus destructor sequences used for phylogenetic analysis [116] 

 

Registration number Region Plants 

EU400627 

 

South Korea Ipomoea batatas 

MH992393 

 

China Solanum tuberosum 

EF208213 

 

China Solanum tuberosum 

MG673926 

 

China Daucus carota subsp 

HQ235698 

 

Iran Solanum tuberosum 

EU400636 

 

China Ipomoea batatas 

FJ707365 

 

Czech Republic Solanum tuberosum 

EU400638 China Ipomoea batatas 

MG675235 China Daucus carota subsp 

EU400643 China Ipomoea batatas 

KY435979 China Daucus carota subsp 

EU400639 China Ipomoea batatas 

GQ469490 USA Solanum tuberosum 
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Registration number Region Plants 

JX162205 Canada Allium sativum 

DQ328727 Россия Solanum tuberosum 

JN166693 Iran Solanum tuberosum 

MK979365 China Solanum tuberosum 

LC030371 Japan Solanum tuberosum 

GQ469491 Czech Republic Solanum tuberosum 

DQ471335 China Solanum tuberosum 

 

Table 18. - Ditylenchus dipsaci sequences used for phylogenetic analysis [116] 

Registration number  Country Host plant 

GQ469497 Czech Republic Solanum tuberosum 

MG676656 Japan Solanum tuberosum 

KY348765 Mexici Medicago sativa 

KT806479 China Solanum tuberosum 

MG676655 Japan Phlox subulata 

MG676657 Japan Phlox subulata 
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Phylogenetic relationships within and between Ditylenchus species were 

estimated utilizing the concept of maximum likelihood. 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 a sister species to D. destructor 

and Xiphinema for species identification. The results of ITS-rRNA analysis revealed 

three main clades. Section I is divided into three subclasses.  

The first one consists of sequences from D. dipsaci populations, the second one 

of 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 most similarity to populations in China. Section 3 shows the 

population outside the group.  

The results of our genetic analysis distinguish D. destructor from D. dipsaci and 

other recognized Ditylenchus species and are therefore consistent with previous studies 

[4, 94, 98, 101] and [120]. 

 Some congruence in the Ditylenchus spp. phylogeny has also been observed, as 

previously demonstrated [101].  

with their host species. As previously proposed, the ITS phylogeny suggests that 

Ditylenchus may be a paraphyletic taxon that contains a number of separate 

evolutionary lineages [98] (Figure 14).  

Previous investigators have classified D. dipsaci and D. destructor into two 

taxonomic groups based on 18S rDNA, (2017), which is consistent based on the 

findings of the current investigation. 
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Figure 14. - Phylogenetic tree with studied populations and reference sequences (Red 

colors from Russia, Blue colors from Iran)   

3.2.3. Development of the primers species-specific  

D. destructor, D. dipsaci, and D. gigas were compared to the first primer, dsn.1, 

which was created to have some of the nucleotide mismatches found in those three 

species. NCBI-Primer Design (Table 20) (Figure 15, 16) developed the second primer, 

named dsn.2. 
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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, but with a different annealing 

temperature. 

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 gathered from the potato fields for our investigation. 

          D. dipsaci, D. gigas, and D. destructor have all been used in vitro to verify the 

primers' specificity and dependability. Diagnostic primers can offer a quick and 

accurate way to detect D. destructor individuals isolated from various host plants in 

various geographical locations due to the specificity, sensitivity, and dependability of D. 

destructor primers. 

 

 

Figure 15. - For Ditylenchus destructor and other Ditylenchus species, a species-

specific forward primer was constructed using repeated alignment of the rDNA-ITS 

sequences from GenBank. (forward primer starts at 193-212, reverse primer starts at 

318-299) 

 

 

 

Figure 16. - For Ditylenchus destructor and other Ditylenchus species, a species-specific 

reverse primer was constructed using repeated alignment of the rDNA-ITS sequences 

from GenBank. (forward primer starts at 157-176, reverse primer starts at 281-262) 
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Based on the theoretically identified promising sequences, primers were designed 

and synthesized (Evrogen): 

 

Table 19. - Description of the dsn.1 F/R species-specific primers for diagnosing 

Ditylenchus destructor 

Primer.dsn.1 F/R Subsequence Annealing 

temperature 

Product size 

(bp) 

Forward TTGGCACGTCTGATTCAGGG 60.3 397 

Reverse GTCAACATTGGCCAAGAGGC 

 

 

Table 20. - Description of the dsn.2 F/R species-specific primers for diagnosing 

Ditylenchus destructor 

 

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

size (bp) 

Forward TTTCGAATGCACATTGCGCC 57.7 330 

Reverse CTAGGCCAAAGAGACAGCGG 

   

3.2.4. Using PCR primers with species-specificity 

Seven nematode populations' DNA was subjected to PCR using species-specific 

primers. Successful amplification was achieved for all D. destructor accessions received 

from Iran and Russia. 

All samples showed the same band at approximately 397 bp. for dsn.1 F/R and 

330 b.p. for dsn.2 F/R. In all cases, the absence of non-specific products in the negative 

control samples was demonstrated. 
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The findings of this research demonstrate additional identification of D. 

destructor from various populations of this genus utilizing species-specific primers in 

PCR. The interpretation of the results can be improved by using high resolution agarose 

gels. Given the diverse host variety of the D. destructor, the use of using PCR primers 

with species-specificity greatly accelerates the screening of various types of agricultural 

products for the presence of this type of parasitic nematode. The potato stem nematode 

is a serious problem in modern agriculture, despite all phytosanitary methods for 

controlling its harmfulness during the seed potato production. The diagnosis of this 

species using PCR can speed up its detection in the early stages of production.  

This, in turn, will make it possible to more quickly use various approaches to 

reduce the infection of potato seeds with nematodes and thereby reduce its harmful 

effects.  

The present study successfully developed a method for qualifying the evaluation 

of 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.  

There is another diagnostic tool for identifying economically important parasitic 

nematode species, such as D. dipsaci, D. weischeri, and D. gigas, and this is the PCR-

RFLP method (PCR-RFLP) [4, 94, 97, 101].  

This method cannot be used if the specimen has more than one species of 

nematode, but it is perfect for identifying species in specimens that are monospecific. 

The method developed in the current study for PCR primers with species-specificity 

overcomes this limitation and allows differentiation of target species. Compared to ITS-

PCR-RFLP, the PCR approach reduces diagnostic time and costs. 
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3.2.5. New primer tests 

3.2.5.1. Primer selectivity test 

PCR amplification products for distinct D. destructor populations generated with 

use of two primer pairs (ds.1F/R and dsn.2F/R) were analyzed in terms of increasing the 

selectivity of the species-specific PCR primers.  

The 397 and 330 bp fragments that made up the clear band were recovered 

(Figure 17, 18). The technique worked well for the precise identification of DNA 

samples from D. destructor. By obtaining the anticipated fragment sizes for all D. 

destructor populations and finding no products for the tested populations of non-target 

D. dipsaci and D. gigas species, particular primers' reliability and specificity were 

verified.  

The primary purpose of this study was to design a set of species-specific primer 

pairs (dsn.1 F/R and dsn.2 F/R) for the molecular identification of D. destructor based 

on rDNA-ITS sequence analysis. In order to effectively manage nematodes, the created 

specialized primers should be quick and accurate molecular methods for identifying D. 

destructor. 

 

                           A                                                 B       
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                        C                                                               D 
 

  

  

Figure 17. - Evaluation of the selectivity of a pair of primers dsn.1 F / R. for the 

diagnosis of Ditylenchus destructor from different regions: A. Ardebil 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) 

 

 

 

Figure 18. - Evaluation of the selectivity of the dsn.1F/R primer pair. for the 

diagnosis of Ditylenchus 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) 
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              A                                                             B 

  

  

            C                                                                     D 
 

Figure 19. - Evaluation of the selectivity of a pair of primers dsn.2 F / R. for the 

diagnosis of Ditylenchus destructor from different regions: A. Ardebil 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) 

 

 
 

Figure 20. - Evaluation of the selectivity of the dsn.2F/R primer pair. for the 

diagnosis of Ditylenchus 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) 
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All D. destructor accessions obtained from Iran and Russia were successfully 

amplified with primer pairs dsn.1 F/R and dsn.2 F/R. All samples showed one bright 

and clear target an expected-sized band: about 397 bp. for dsn.1 F/R and 330 bp. for 

dsn.2 F/R. Fragments were absent in the negative control. The results obtained indicate 

the effectiveness of the designed primers (Figures 17, 18, 19, and 20).    

3.2.5.2. Test for primer specificity 

 

The method's specificity resides in its ability to separate target species from 

closely related and morphologically similar species. DNA from the target species, D. 

destructor, as well as DNA from D. gigas and D. dipsaci, was used in this study. There 

are four iterations of the reaction. Figures 21 and 22 depict the findings. 

 

 

 

Figure 21. - Analyzing the specificity of the created pairs of primers for Ditylenchus 

destructor: 1. D. dipsaci; 2. Ardebil 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) 
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Figure 22. - Evaluation of the specificity of the generated primer pairs for Ditylenchus 

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) 

 

3.2.5.3. 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 23 and 24). 
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Figure 23. - Sensitivity evaluation of the dsn.1 F/R primer pair with different 

amounts of Ditylenchus destructor DNA. One of 4 similar repetitions. M: DNA 

marker, K-negative control 

 

 

Figure 24. - Sensitivity evaluation of the dsn.2 F/R primer pair with different 

amounts of Ditylenchus destructor DNA. One of 4 similar repetitions. M: DNA 

marker, K-negative control 
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On electrophoresis through gels, PCR products run with the primer pairs dsn.1 

F/R, and dsn.2 F/R and the corresponding template each produced a band of the 

expected size (397 and 330 bp, respectively). However, using the first pair of primers 

(dsn.1 F/R), the result was clearer and more visible, which may be a response to 

temperature changes and the number of G and C nucleotide bases The existence of 

repetitive components in ITS1 was linked to variations in the length of this rRNA 

fragment [121, 122]. In D. destructor ITS1, [102] discovered repetitive components of 

three, four, and eleven nucleotides. 5.8S was roughly 154 bp long, ITS2 was 207 bp 

long, and ITS1 ranged from 315 to 473 bp in length in D. destructor [119]. Also, the 

amount of D. destructor DNA affected the sensitivity of primers for dsn.1 F/R, cross-

reaction products were observed for 100, 50.5 and 1 ng of D. destructor DNA, but were 

not observed for dsn.2 F/R at 100 ng. 

Effective plant protection depends heavily on accurate identification of plant 

parasites harm the agroeconomy. Tandem repetitions found in ITS-rDNA sequences are 

easily observable genetic markers that accustomed to build Phylogenetic trees [92] are 

used to evaluate populations that are genetically linked and for diagnostic purposes. 

[93]. 

Despite the variation in nucleotides that was discovered for the Ditylenchus 

species, including interspecies variability [48, 118], it was still possible to locate a 

conserved region that would act as the foundation for forward and reverse primers that 

would be specific to each species [122]. 

With the help of species-specific PCR primers, the current PCR conditions 

enabled the precise identification of the studied species across all populations. The 

interpretation of the data from electrophoresis can be enhanced by using high resolution 

agarose gels. The ITS rRNA gene for D. destructor has large length variations that have 

never been observed for any other nematode, according to earlier research [119]. 
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Conclusion 

-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 length 

belong to Russian populations and the longest Tail length, Body length to Tail length 

ratio (C) 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 to Tail length ratio (C) belong to Russian populations and the longest spicule 

length belongs to Iranian populations. 

-NCBI 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. 

- 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. 

-To 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. 

-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. 
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Apendix 

Sequences from Iran: 

MN307126.1. Ditylenchus destructor. Iran 

 

CTCTCATATCTTCGTCTCCTCAACGTAATCTCATCTGAAGACTAA

TAGTAGTTGACATTTCTTCTTCCCACATTCACTCCTTACATCCATTT

TCACGAGCCACCTCCTGTAATGCCCTATTCTCGCGAGGTACAATAT

AACAGAATTAGCTACGCTAACAATTAGAGACTTACTTGGGTCTAT

AAACGTAGAGCTATCTCATTTGCTTTCAACCCTTAGCCCTACGTGC

CTTGTTTTACTTTAGGGAAAAAATTTTACTCACTAAGGACTCTCCC

CTCTTTGTTCTTTTTAATTTACCTCTTACTGTTCCTCCCAGCAAAGT

TAGGAAAGACCCCTCCCCACTCTTCCTTCGACAACATTTTTTCCCG

GGTCCGCCTTTCGTTTTTTTTCCCTCTTCTTCTTTCCTCTCTTTTCCT

TTCATTTTTTACAAGTACCCGTGAGGGAAAGTTGCAAAGCACTTTG

AAGAGAGAGTTAAAGAGGACGTGAAACCGATAAGATGGAAACGG

ATAGAGCCGACGTATCTGGCCTGTATTCAGCCGGGTGGCTGTCCAT

CGCTGGTTAGTCAGTCCTGTTTCTGGCTGGCTGGCTAGTGATTGGG

CAGTTTTACTGGTGCATTTGCAGGTGGTGTGCGCCGAAGCTCGCGC

TATGCTTTGGCTGGATCGTTGCTTTGAGGTCTCCCTTCGGGCGAGA

AACCAGAGCTTCAGGAAGGCTATGTGCTGTGCGAGTAGTAGTGCA

CGGTATTCGGTTGACCCGGTTGTAGGTTTTTGCTGGGGTTGCAGTC

GCATGCGACTGTGCCTTGGTGGGTTCTTGCAGCTGGTTAGACCCCG

TGACATTCTTCGGTGTAAAAGTCGGTCATCTCTCCGACCCGTCTTG

AAACACGGACCAAGGAGTTTAACGAGTGTGCGAGTCATTGGGTGT

GAAAACTCAAAGGCGCAATGAAAGTAAAGGCTTCGCTTGTCGAGC

TTATATGCGACCTCGGTGGTTTCGGCCATTGAGAGCAGCATAGCCC

CGTCCCGACTGCTTGCAGTGGGGCGGAGGAAGAGCATACTCGCTG

AGACCCGAAAGATGGTGAACTATGCCTGAGCAGGACGAAGCCAG

AGGAAACTCTGGTGGAAGTCCGGAGCGGTTCTGACGTGCAAATCG

ATCGTCTGACGTAACAA 
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MN.I.2. Ditylenchus destructor. Iran 

 

 

 MN.I.3. Ditylenchus destructor. Iran 

ACAAGTACCGTGAGGGAAAGTTGCAAAGCACTTTGAAGAGAGAGTTAAAG

AGGACGTGAAACCGATAAGATGGAAACGGATAGAGCCGACGTATCTGGCCTGT

ATTCAGCCGGGTGGCTGTCCATCGCTGGTTAGTCAGTCCTGTTTCTGGCTGGCT

GGCTAGTGATTGGGCAGTTTTACTGGTGCATTTGCAGGTGGTGTGCGCCGAAGC

TCGCGCTATGCTTTGGCTGGATCGTTGCTTTGAGGTCTCCCTTCGGGCGAGAAA

CCAGAGCTTCAGGAAGGCTATGTGCTGTGCGAGTAGTAGTGCACGGTATTCGG

TTGACCCGGTTGTAGGTTTTTGCTGGGGTTGCAGTCGCATGCGACTGTGCCTTG

GTGGGTTCTTGCAGCTGGTTAGACCCCGTGACATTCTTCGGTGTAAAAGTCGGT

CATCTCTCCGACCCGTCTTGAAACACGGACCAAGGAGTTTAACGAGTGTGCGA

GTCATTGGGTGTGAAAACTCAAAGGCGCAATGAAAGTAAAGGCTTCGCTTGTC

GAGCTTATATGCGACCTCGGTGGTTTCGGCCATTGAGAGCAGCATAGCCCCGTC

CCGACTGCTTGCAGTGGGGCGGAGGAAGAGCATACTCGCTGAGACCCGAAAGA

TGGTGAACTATGCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCC

GGAGCGGTTCTGACGTGCAAATCGATCGTCTGACTTGGGTATAGGGACGAAAG

ATCAATCGAACCTTC 

ACAAGTACCGTGAGGGAAAGTTGCAAAGCACTTTGAAGAGAGAGTTAA

AGAGGACGTGAAACCGATAAGATGGAAACGGATAGAGCCGACGTATCTG

GCCTGTATTCAGCCGGGTGGCTGTCCATCGCTGGTTAGTCAGTCCTGTTTC

TGGCTGGCTGGCTAGTGATTGGGCAGTTTTACTGGTGCATTTGCAGGTGGT

GTGCGCCGAAGCTCGCGCTATGCTTTGGCTGGATCGTTGCTTTGAGGTCTC

CCTTCGGGCGAGAAACCAGAGCTTCAGGAAGGCTATGTGCTGTGCGAGTA

GTAGTGCACGGTATTCGGTTGACCCGGTTGTAGGTTTTTGCTGGGGTTGCA

GTCGCATGCGACTGTGCCTTGGTGGGTTCTTGCAGCTGGTTAGACCCCGTG

ACATTCTTCGGTGTAAAAGTCGGTCATCTCTCCGACCCGTCTTGAAACACG

GACCAAGGAGTTTAACGAGTGTGCGAGTCATTGGGTGTGAAAACTCAAAG

GCGCAATGAAAGTAAAGGCTTCGCTTGTCGAGCTTATATGCGACCTCGGT

GGTTTCGGCCATTGAGAGCAGCATAGCCCCGTCCCGACTGCTTGCAGTGG

GGCGGAGGAAGAGCATACTCGCTGAGACCCGAAAGATGGTGAACTATGCC

TGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCCGGAGCGGTTCT

GACGTGCAAATCGATCGTCTGACTTGGGTATAGGGACGAAAGATCAATCG

AACCTTCTAGTAGCTGG 
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MN307128.1. Ditylenchus destructor. Iran 

 

 

ACTAATAGTAGTTGACATTTCTTCTTCCCACATTCACTCCTTACAT

CCATTTTCACGAGCCACCTCCTGTAATGCCCTATTCTCGCGAGGTAC

AATATAACAGAATTAGCTACGCTAACAATTAGAGACTTACTTGGGT

CTATAAACGTAGAGCTATCTCATTTGCTTTCAACCCTTAGCCCTACG

TGCCTTGTTTTACTTTAGGGAAAAAATTTTACTCACTAAGGACTCTC

CCCTCTTTGTTCTTTTTAATTTACCTCTTACTGTTCCTCCCAGCAAAG

TTAGGAAAGACCCCTCCCCACTCTTCCTTCGACAACATTTTTTCCCG

GGTCCGCCTTTCGTTTTTTTTCCCTCTTCTTCTTTCCTCTCTTTTCCTTT

CATTTTTTACAAGTACCCGTGAGGGAAAGTTGCAAAGCACTTTGAA

GAGAGAGTTAAAGAGGACGTGAAACCGATAAGATGGAAACGGATA

GAGCCGACGTATCTGGCCTGTATTCAGCCGGGTGGCTGTCCATCGCT

GGTTAGTCAGTCCTGTTTCTGGCTGGCTGGCTAGTGATTGGGCAGTT

TTACTGGTGCATTTGCAGGTGGTGTGCGCCGAAGCTCGCGCTATGCT

TTGGCTGGATCGTTGCTTTGAGGTCTCCCTTCGGGCGAGAAACCAGA

GCTTCAGGAAGGCTATGTGCTGTGCGAGTAGTAGTGCACGGTATTC

GGTTGACCCGGTTGTAGGTTTTTGCTGGGGTTGCAGTCGCATGCGAC

TGTGCCTTGGTGGGTTCTTGCAGCTGGTTAGACCCCGTGACATTCTT

CGGTGTAAAAGTCGGTCATCTCTCCGACCCGTCTTGAAACACGGAC

CAAGGAGTTTAACGAGTGTGCGAGTCATTGGGTGTGAAAACTCAAA

GGCGCAATGAAAGTAAAGGCTTCGCTTGTCGAGCTTATATGCGACC

TCGGTGGTTTCGGCCATTGAGAGCAGCATAGCCCCGTCCCGACTGCT

TGCAGTGGGGCGGAGGAAGAGCATACTCGCTGAGACCCGAAAGAT

GGTGAACTATGCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGG

AAGTCCGGAGCGGTTCTGACGTGCAAATCGATCGT 
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MN.B.2. Ditylenchus destructor. Iran 

 

 

MN.B.3. Ditylenchus destructor. Iran 

ACAAGTACCGTGAGGGAAAGTTGCAAAGCACTTTGAAGAGAGAGTTAAAGA

GGACGTGAAACCGATAAGATGGAAACGGATAGAGCCGACGTATCTGGCCTGTA

TTCAGCCGGGTGGCTGTCCATCGCTGGTTAGTCAGTCCTGTTTCTGGCTGGCTGG

CTAGTGATTGGGCAGTTTTACTGGTGCATTTGCAGGTGGTGTGCGCCGAAGCTC

GCGCTATGCTTTGGCTGGATCGTTGCTTTGAGGTCTCCCTTCGGGCGAGAAACCA

GAGCTTCAGGAAGGCTATGTGCTGTGCGAGTAGTAGTGCACGGTATTCGGTTGA

CCCGGTTGTAGGTTTTTGCTGGGGTTGCAGTCGCATGCGACTGTGCCTTGGTGGG

TTCTTGCAGCTGGTTAGACCCCGTGACATTCTTCGGTGTAAAAGTCGGTCATCTC

TCCGACCCGTCTTGAAACACGGACCAAGGAGTTTAACGAGTGTGCGAGTCATTG

GGTGTGAAAACTCAAAGGCGCAATGAAAGTAAAGGCTTCGCTTGTCGAGCTTAT

ATGCGACCTCGGTGGTTTCGGCCATTGAGAGCAGCATAGCCCCGTCCCGACTGC

TTGCAGTGGGGCGGAGGAAGAGCATACTCGCTGAGACCCGAAAGATGGTGAAC

TATGCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCCGGAGCGGT

TCTGACGTGCAAATCGATCGTCTGACTTGGGTATAGGGACGAAAGATCAATCGA

ACCTTCTAGTAGCTGG 

ACAAGTACCGTGAGGGAAAGTTGCAAAGCACTTTGAAGAGAGAGTTAAAGA

GGACGTGAAACCGATAAGATGGAAACGGATAGAGCCGACGTATCTGGCCTGTA

TTCAGCCGGGTGGCTGTCCATCGCTGGTTAGTCAGTCCTGTTTCTGGCTGGCTGG

CTAGTGATTGGGCAGTTTTACTGGTGCATTTGCAGGTGGTGTGCGCCGAAGCTC

GCGCTATGCTTTGGCTGGATCGTTGCTTTGAGGTCTCCCTTCGGGCGAGAAACC

AGAGCTTCAGGAAGGCTATGTGCTGTGCGAGTAGTAGTGCACGGTATTCGGTTG

ACCCGGTTGTAGGTTTTTGCTGGGGTTGCAGTCGCATGCGACTGTGCCTTGGTGG

GTTCTTGCAGCTGGTTAGACCCCGTGACATTCTTCGGTGTAAAAGTCGGTCATCT

CTCCGACCCGTCTTGAAACACGGACCAAGGAGTTTAACGAGTGTGCGAGTCATT

GGGTGTGAAAACTCAAAGGCGCAATGAAAGTAAAGGCTTCGCTTGTCGAGCTT

ATATGCGACCTCGGTGGTTTCGGCCATTGAGAGCAGCATAGCCCCGTCCCGACT

GCTTGCAGTGGGGCGGAGGAAGAGCATACTCGCTGAGACCCGAAAGATGGTGA

ACTATGCCTGAGCAGGACGAAGCCAGAGGAAACTCTGGTGGAAGTCCGGAGCG

GTTCTGACGTGCAAATCGATCGTCTGACTTGGGTATAGGGACGAAAGATCAATC

GAACCTTCTAGTAGCTGG 
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MN493767.1. Ditylenchus destructor. Iran  

 

MN.C.2. Ditylenchus destructor. Iran 

TGGGCTTGCACTTTGCGCTTGTGTTTGCTGGTGCGCTTGGGCCTGGCTAATT

TGTGGGCGAAAAACGGCTTTGTTGGCCTCTAAGTTTTCCTGAGCAGTTGTATG

CTTCTTTGTCCGTGGCTGTGATGAAGGAAAACGGTACGTGGTTTTCGTAATCG

CGAGAGTTAATGAGCACTGGCTTTGGTGCCGCCAACACAAAACCCCAATTTTA

CAAATTTTTCAAGAGAATATTTTTAGTCTTATCGGTGGATCACTCGGCTCGTAG

ATCGATGAAGAACGCAGCCAACTGCGATAATTAGTGCGAACTGCAGATATTTT

GAGCACTAAAGTTTCGAATGCACATTGCGCCATTGGATTTTATCCTTTGGCAC

GTCTGATTCAGGGTCGTAAATACAAAACCCCAAGCTAATGGTGGTGATATGAC

CTGTGCGGACCGCTGTCTCTTTGGCCTAGCACGTGTTTCTTGTGCAGCCTCTTG

GCCAATGTTGACATCGCTCTCACTCGAGAAAACGCTGTCCAGTGTTTGGTGAC

ATTGCTGTAAGTCCTAGCGATTCCTATGGACGTAAGGCTTTGAAGCCAAACGC

AGAGCAGTCGATTTTTCGACCTGAATCTGACGTGATTACCCGCTGAACTTAAG 

GTGGCTGTAGGTGAACCTGCTGCCGGATCATTAACGATCATACCAATCCACTTTCA

GTGGTTATATTAGTCCTCAAAGGTGGCATGCTTCTGCCATGCAGGCACAGAGTAGTTG

TCCCGCTCTGTATTTGTACTTGCGCATTTGGGCTTGCACTTTGCGCTGTGTACTTGCGCT

ATGTACTTGCTCTGTGTACTTGCTCTGTGTACTTGCGCTGTGTACTTGCTTTAGAGCTTG

CATTTGTGCTTGCATTTGAGCTTGCATTTGAGCTTGCATTTGTGCTTGCATTTGCGCTTG

TGTTTGCTGGTGCGCTTGTGCCTGGCTAATTTGTGGGCGAAAAACGGCTTTGTTGGCCT

CTAAGTTTTCCTGAGCAGTTGTATGCTTCTTTGTCCGTGGCTGTGATGAAGGAAAACGG

TACGTGGTTTTCGTAATCGCGAGAGTTAATGAGCACTGGCTTTGGTGCCGCCAACACA

AAACCCCAATTTTACAAATTTTTCAAGAGAATATTTTTAGTCTTATCGGTGGATCACTC

GGCTCGTAGATCGATGAAGAACGCAGCCAACTGCGATAATTAGTGCGAACTGCAGAT

ATTTTGAGCACTAAAGTTTCGAATGCACATTGCGCCATTGGATTTTATCCTTTGGCACG

TCTGATTCAGGGTCGTAAATACAAAACCCCAAGCTAATGGTGGTGATATGACCTGTGC

GGACCGCTGTCTCTTTGGCCTAGCACGTGTTTCTTGTGCAGCCTCTTGGCCAATGTTGA

CATCGCTCTCACTCGAGAAAACGCTGTCCAGTGTTTGGTGACATTGCTGTAAGTCCTAG

CGATTCCTATGGACGTAAGGCTTTGAAGCCAAACGCAGAGCAGTCGATTTTTCGACCT

GAATCTGACGTGATTACCCGCTGAACTTAAG 
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MN.C.3. Ditylenchus destructor. Iran 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GTTTCCGTAGGTGAACCTGCTGCCGGATCATTAACGATCATA

CCAATCCACTTTCAGTGGTTATATTAGTCCTCAAAGGTGGCATG

CTTCTGCCATGCAGGCACAGAGTAGTTGTCCCGCTCTGTATTTG

TACTTGCGCATTTGGGCTTGCACTTTGCGCTGTGTACTTGCGCT

ATGTACTTGCTCTGTGTACTTGCTCTGTGTACTTGCGCTGTGTAC

TTGCTTTAGAGCTTGCATTTGTGCTTGCATTTGAGCTTGCATTTG

AGCTTGCATTTGTGCTTGCATTTGCGCTTGTGTTTGCTGGTGCGC

TTGTGCCTGGCTAATTTGTGGGCGAAAAACGGCTTTGTTGGCCT

CTAAGTTTTCCTGAGCAGTTGTATGCTTCTTTGTCCGTGGCTGTG

ATGAAGGAAAACGGTACGTGGTTTTCGTAATCGCGAGAGTTAA

TGAGCACTGGCTTTGGTGCCGCCAACACAAAACCCCAATTTTAC

AAATTTTTCAAGAGAATATTTTTAGTCTTATCGGTGGATCACTC

GGCTCGTAGATCGATGAAGAACGCAGCCAACTGCGATAATTAG

TGCGAACTGCAGATATTTTGAGCACTAAAGTTTCGAATGCACAT

TGCGCCATTGGATTTTATCCTTTGGCACGTCTGATTCAGGGTCG

TAAATACAAAACCCCAAGCTAATGGTGGTGATATGACCTGTGC

GGACCGCTGTCTCTTTGGCCTAGCACGTGTTTCTTGTGCAGCCT

CTTGGCCAATGTTGACATCGCTCTCACTCGAGAAAACGCTGTCC

AGTGTTTGGTGACATTGCTGTAAGTCCTAGCGATTCCTATGGAC

GTAAGGCTTTGAAGCCAAACGCAGAGCAGTCGATTTTTCGACC

TGAATCTGACGTGATTACCCGCTGAACTTAAG 
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DNil.I.1. Ditylenchus destructor. Iran 

 

    

 

CCCTGCCCTTTGTACACACCGCCCGTCGCTGCCCGGGACTGGGC

CATTTCGAGAAATTTGGGGATTGCTGATTAGCGATTCTTACGGATT

GCTTTTTGGTGAGAACCAATTTAATCGCAGTGGCCTGAACCGGGCA

AAAGTCGTAACAAGGTGGCTGTAGGTGAACCTGCTGCCGGATCAT

TAACGATCATACCAATCCACTTTCAGTGGTTATATTAGTCCTCAAA

GGTGGCATGCTTCTGCCATGCAGGCACAGAGTAGTTGTCCCGCTCT

GTATTTGTGCTTGCGCATTTGGGCTTGCACTTTGCGCTGTGTACTTG

CGCTATGTACTTGCTCTGTGTACTTGCTCTGTGTACTTGCGCTGTGT

ACTTGCTTTAGAGCTTGCATTTGTGCTTGCATTTGAGCTTGCATTTG

AGCTTGCATTTGTGCTTGCATTTGCGCTTGTGTTTGCTGGTGCGCTT

GTGCCTGGCTAATTTGTGGGCGAAAAACGGCTTTGTTGGCCTCTAA

GTTTTCCTGAGCAGTTGTATGCTTCTTTGTCCGTGGCTGTGATGAAG

GAAAACGGTACGTGGTTTTCGTAATCGCGAGAGTTAATGAGCACT

GGCTTTGGTGCCGCCAACACAAAACCCCAATTTTACAAATTTTTCA

AGAGAATATTTTTAGTCTTATCGGTGGATCACTCGGCTCGTAGATC

GATGAAGAACGCAGCCAACTGCGATAATTAGTGCGAACTGCAGAT

ATTTTGAGCACTAAAGTTTCGAATGCACATTGCGCCATTGGATTTT

ATCCTTTGGCACGTCTGATTCAGGGTCGTAAATACAAAACCCCAAG

CTAATGGTGGTGATATGACCTGTGCGGACCGCTGTCTCTTTGGCCT

AGCACGTGTTTCTTGTGCAGCCTCTTGGCCAATGTTGACATCGCTC

TCACTCGAGAAAACGCTGTCCAGTGTTTGGTGACATTGCTGTAAGT

CCTAGCGATTCCTATGGACGTAAGGCTTTGAAGCCAAACGCAGAG

CAGTCGATTTTTCGACCTGAATCTGACGTGATTACCCGCTGAACTT

AAGCATATCAGTAAGCGGAGGAAAAGAAACTAACAAGGATTC 
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DNil.I.2. Ditylenchus destructor. Iran 

  

 

CGTCCCTGCCCTTTGTACACACCGCCCGTCGCTGCCCGGGACTGG

GCCATTTCGAGAAATTTGGGGATTGCTGATTAGCGATTCTTACGGAT

TGCTTTTTGGTGAGAACCAATTTAATCGCAGTGGCCTGAACCGGGCA

AAAGTCGTAACAAGGTGGCTGTAGGTGAACCTGCTGCCGGATCATT

AACGATCATACCAATCCACTTTCAGTGGTTATATTAGTCCTCAAAGG

TGGCATGCTTCTGCCATGCAGGCACAGAGTAGTTGTCCCGCTCTGTA

TTTGTACTTGCGCATTTGGGCTTGCACTTTGCGCTGTGTACTTGCGCT

ATGTACTTGCTCTGTGTACTTGCTCTGTGTACTTGCGCTGTGTACTTG

CTTTAGAGCTTGCATTTGTGCTTGCATTTGAGCTTGCATTTGAGCTTG

CATTTGTGCTTGCATTTGCGGTTGTGTTTGCTGGTGCGCTTGTGCCTG

GCTAATTTGTGGGCGAAAAACGGCTTTGTTGGCCTCTAAGTTTTCCT

GAGCAGTTGTATGCTTCTTTGTCCGTGGCTGTGATGAAGGAAAACG

GTACGTGGTTTTCGTAATCGCGAGAGTTAATGAGCACTGGCTTTGGT

GCCGCCAACACAAAACCCCAATTTTACAAATTTTTCAAGAGAATATT

TTTAGTCTTATCGGTGGATCACTCGGCTCGTAGATCGATGAAGAACG

CAGCCAACTGCGATAATTAGTGCGAACTGCAGATATTTTGAGCACT

AAAGTTTCGAATGCACATTGCGCCATTGGATTTTATCCTTTGGCACG

TCTGATTCAGGGTCGTAAATACAAAACCCCAAGCTAATGGTGGTGA

TATGACCTGTGCGGACCGCTGTCTCTTTGGCCTAGCACGTGTTTCTT

GTGCAGCCTCTTGGCCAATGTTGACATCGCTCTCACTCGAGAAAACG

CTGTCCAGTGTTTGGTGACATTGCTGTAAGTCCTAGCGATTCCTATG

GACGTAAGGCTTTGAAGCCAAACGCAGAGCAGTCGATTTTTCGACC

TGAATCTGACGTGATTACCCGCTGAACTTAAGCATATCAGTAAGCG

GAGGAAAAGAAACTAACAAGGATTCCCTTAGTA 
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DNil.I.3. Ditylenchus destructor. Iran 

 

   

TACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTGCCCGGG

ACTGGGCCATTTCGAGAAATTTGGGGATTGCTGATTAGCGATTC

TTACGGATTGCTTTTTGGTGAGAACCAATTTAATCGCAGTGGCC

TGAACCGGGCAAAAGTCGTAACAAGGTGGCTGTAGGTGAACCT

GCTGCCGGATCATTAACGATCATACCAATCCACTTTCAGTGGTT

ATATTAGTCCTCAAAGGTGGCATGCTTCTGCCATGCAGGCACAG

AGTAGTTGTCCCGCTCTGTATTTGTACTTGCGCATTTGGGCTTGC

ACTTTGCGCTATGTACTTGCGCTATGTACTTGCTCTGTGTACTTG

CTCTGTGTACTTGCGCTGTGTACTTGCTTTAGGGCTTGCATTAGT

GCTTGCATTAGAGCTTGCATTAGAGCTTGCATTTGTGCTTGCAT

TTGCGCTTGTGTTTGCTGGTGCGCTTGTGCCTGGCTAATTTGTGG

GCGAAAAACGGCTTTGTTGGCCTCTAAGTTTTCCTGAGCAGTTG

TATGCTTCTTTGTCCGTGGCTGTGATGAAGGAAAACGGTACGTG

GTTTTCGTAATCGCGAGAGTTAATGAGCACTGGCTTTGGTGCCG

CCAACACAAAACCCCAATTTTACAAATTTTTCAAGAGAATATTT

TTAGTCTTATCGGTGGATCACTCGGCTCGTAGATCGATGAAGAA

CGCAGCCAACTGCGATAATTAGTGCGAACTGCAGATATTTTGA

GCACTAAAGTTTCGAATGCACATTGCGCCATTGGATTTTATCCT

TTGGCACGTCTGATTCAGGGTCGTAAATACAAAACCCCAAGCT

AATGGTGGTGATATGACCTGTGCGGACCGCTGTCTCTTTGGCCT

AGCACGTGTTTCTTGTGCAGCCTCTTGGCCAATGTTGACATCGC

TCTCACTCGAGAAAACGCTGTCCAGTGTTTGGTGACATTGCTGT

AAGTCCTAGCGATTCCTATGGACGTAAGGCTTTGAAGCCAAAC

GCAGAGCAGTCGATTTTTCGACCTGAATCTGACGTGATTACCCG

CTGAACTTAAGCATATCAGTAAGCGGAGGAAAAGAAACTAACA

AGGATTCCCTTAG 
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Sequences from Russia: 

 

MN122076.1. Ditylenchus destructor. Russia 

 

 

   

CGCCTTTTGAATTACGTCCCTTGCCCCTTTGTAACACACCGTC

CCGTTACGCTGCCTGGGCACTTGGTCCCATCTTCCGAGAAATTTG

TGGGGGACTGGCTGATGTAGCGATTTCTGACAGATTGCGCTTTT

GGATGAGTAACCAATTTTAATCGCAGTGGCCTGAAGCCGGGCAA

AAGTTTCGTAACAAGGTTGGCTGTAGGTGAACCTGCTGCCGGGA

TCAGTTAACGATCATACCAATCCACTTTTCAGTGGTTATATTAGT

TCTTCAAAGGTGGCATGCTTCTGCCATGCAGGCACAGAGTAGGT

TGTTCCGCTCTGTATTTGTACTTGCGCATTTGGGCTTGCACTTGG

GCTGGCATTTGCGCTTTGTGTTTGCTGGTGCGCTTGTGCCTGGCT

AATTTGTGGGCGAAAAACGGCTTTGTTGGCCTCTAAGTTTTCCTG

AGCAGTTGTATGCTTCTTTGTCCGTGGCTGTGATGAAGGAAAAC

GGTACGTGGTTTTCGTAATCGCGAGAGTTAATGAGCACTGGCTT

TGGTGCCGCCAACACAAAACCCCAATTTTACAAATTTTTCAAGA

GAATATTTTTAGTCTTATCGGTGGATCACTCGGCTCGTAGATCGA

TGAAGAACGCAGCCAACTGCGATAATTAGTGCGAACTGCAGATA

TTTTGAGCACTAAAGTTTCGAATGCACATTGCGCCATTGGATTTT

ATCCTTTGGCACGTCTGATTCAGGGTCGTAAAATACAAAACCCC

AAGCTAATGGTGGTGATATGAACCTGTGCGGACCGGCTGTCTCT

TTGGCCTAGCACGTGTTTTCTTGTGCCAGCCTCTTGGCCAATGTT

GACATCCGCTCTTCCACTCGATGAAAACGCTTGTCCAATTGTGTT

TGGTGACATTTGGCTGTAAGTTCCTAGCGATTCCTATGGACGTAA

GGCTTTGAAGCCAAACGCAGAGCAGTCGATTTTTCGACCTGAAT

CTGACGTGATTACCCGCTGAACTTAAGCATATCAGT 
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   MN.1. R.2. Ditylenchus destructor. Russia 

 

MN.1. R.3. Ditylenchus destructor. Russia 

 

 

TCCGTAGGTGAACCTGCTGCCGGATCATTAACGATCATACCAATCCACTTTCAG

TGGTTATATTAGTCCTCAAAGGTGGCATGCTTCTGCCATGCAGGCACAGAGTAGTT

GTCCCGCTCTGTATTTGTACTTGCGCTGTGTCGCTCTGTATTTGTACTTGCGCATTT

GCTGGTGCGCTTGTGCCTGGCTAATTTGTGGGCGAAAAACGGCTTTGTTGGCCTCT

AAGTTTTCCTGAGCAGTTGTATGCTTCTTTGTCCGTGGCTGTGATGAAGGAAAACG

GTACGTGGTTTTCGTAATCGCGAGAGTTAATGAGCACTGGCTTTGGTGCCGCCAAC

ACAAAACCCCAATTTTACAAATTTTTCAAGAGAATATTTTTAGTCTTATCGGTGGA

TCACTCGGCTCGTAGATCGATGAAGAACGCAGCCAACTGCGATAATTAGTGCGAA

CTGCAGATATTTTGAGCACTAAAGTTTCGAATGCACATTGCGCCATTGGATTTTAT

CCTTTGGCACGTCTGATTCAGGGTCGTAAATACAAAACCCCAAGCTAATGGTGGTG

ATATGACCTGTGCGGACCGCTGTCTCTTTGGCCTAGCACGTGTTTCTTGTGCAGCCT

CTTGGCCAATGTTGACATCGCTCTCACTCGAGAAAACGCTGTCCAGTGTTTGGTGA

CATTGCTGTAAGTCCTAGCGATTCCTATGGACGTAAGGCTTTGAAGCCAAACGCAG

AGCAGTCGATTTTTCGACCTGAATCTGACGTGATTACCCGCTG 

CATACCAATCCACTTTCAGTGGTTATATTAGTCCTCAAAGGTGGCATGCTTCTG

CCATGCAGGCACAGAGTAGTTGTCCCGCTCTGTATTTGTACTTGCGCATTTGGGCTT

GCACTTTGCGCTTGTGTTTGCTGGTGCGCTTGTGCCTGGCTAATTTGTGGGCGAAA

AACGGCTTTGTTGGCCTCTAAGTTTTCCTGAGCAGTTGTATGCTTCTTTGTCCGTGG

CTGTGATGAAGGAAAACGGTACGTGGTTTTCGTAATCGCGAGAGTTAATGAGCAC

TGGCTTTGGTGCCGCCAACACAAAACCCCAATTTTACAAATTTTTCAAGAGAATAT

TTTTAGTCTTATCGGTGGATCACTCGGCTCGTAGATCGATGAAGAACGCAGCCAAC

TGCGATAATTAGTGCGAACTGCAGATATTTTGAGCACTAAAGTTTCGAATGCACAT

TGCGCCATTGGATTTTATCCTTTGGCACGTCTGATTCAGGGTCGTAAATACAAAAC

CCCAAGCTAATGGTGGTGATATGACCTGTGCGGACCGCTGTCTCTTTGGCCTAGCA

CGTGTTTCTTGTGCAGCCTCTTGGCCAATGTTGACATCGCTCTCACTCGAGAAAAC

GCTGTCCAGTGTTTGGTGACATTGCTGTAAGTCCTAGCGATTCCTATGGACGTAAG

GCTTTGAAGCCAAACGCAGAGCAGTCGATTTTTCGACCT 
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MN658637.1. Ditylenchus destructor. Russia 

  

 

MN.2. R.2. Ditylenchus destructor. Russia 

 

 

GAGAGTTAATGTAGCACTGGCTTTGGTGCCGGGGCCAACACAAAACCC

CAATTTTACAAATTTTTCAAGAGAATATTTTTAGTCTTATCGGTGGATCACT

CGGCTCGTAGATCGATGAAGAACGCAGCCAACTGCGATAATTAGTGCGAA

CTGCAGATATTTTGAGCACTAAAGTTTCGAATGCACATTGCGCCATTGGAT

TTTATCCTTTGGCACGTCTGATTCAGGGTCGTAAAATACAAAACCCCACCA

GCTAATGGTGGTGATATGAACCTGTGCGGACCGGCTGTCTCTTTGGCCTAG

CACGTGTTTTCTTGTGCCAGCCTCTTGGCCAATGTTGACATCCGCTCTTCCA

CTCGATAAAACGCTTGTCCAATTGTGTTTGGTGACATTTGGCTGTAAGTTCC

TAGCGATTCCTATGGACGTAAGGCTTTGAAGCCAAACGCAGAGCAGTCGA

TTTTTCGACCTGAATCTGACGTGATTCTCGCAGACAGACTACGT 

GTACCCGTGGTCTTGTGAATGGGGCCAACACAAAACCCCAATT

TTACAAATTTTTCAAGAGAATATTTTTAGTCTTATCGGTGGATCAC

TCGGCTCGTAGATCGATGAAGAACGCAGCCAACTGCGATAATTA

GTGCGAACTGCAGATATTTTGAGCACTAAAGTTTCGAATGCACAT

TGCGCCATTGGATTTTATCCTTTGGCACGTCTGATTCAGGGTCGTA

AAATACAAAACCCCACCAGCTAATGGTGGTGATATGAACCTGTG

CGGACCGGCTGTCTCTTTGGCCTAGCACGTGTTTTCTTGTGCCAGC

CTCTTGGCCAATGTTGACATCCGCTCTTCCACTCGATAAAACGCTT

GTCCAATTGTGTTTGGTGACATTTGGCTGTAAGTTCCTAGCGATTC

CTATGGACGTAAGGCTTTGAAGCCAAACGCAGAGCAGTCGATTTT

TCGACCTGAATCTGACGTGATTCTCGCAGACAGACTACGTATGGC

TTCCTTTTTTGGAACCCCCGGGTGGGGGGGTTAATTCCCAACCT 
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MN.2. R.3. Ditylenchus destructor. Russia 

 

MN658638.1. Ditylenchus destructor. Russia 

 

 

 

GCGCTTTGTGTTTGCTGGTGCGCTTGTGCCTGGCTAATTTGTGGGCGAAAA

ACGGCTTTGTTGGCCTCTAAGTTTTCCTGAGCAGTTGTATGCTTCTTTGTCCGT

GGCTGTGATGAAGGAAAACGGTACGTGGTTTTCGTAATCGCGAGAGTTAATG

AGCACTGGCTTTGGTGCCGCCAACACAAAACCCCAATTTTACAAATTTTTCAA

GAGAATATTTTTAGTCTTATCGGTGGATCACTCGGCTCGTAGATCGATGAAGA

ACGCAGCCAACTGCGATAATTAGTGCGAACTGCAGATATTTTGAGCACTAAA

GTTTCGAATGCACATTGCGCCATTGGATTTTATCCTTTGGCACGTCTGATTCA

GGGTCGTAAAATACAAAACCCCAAGCTAATGGTGGTGATATGAACCTGTGCG

GACCGGCTGTCTCTTTGGCCTAGCACGTGTTTTCTTGTGCCAGCCTCTTGGCC

AATGTTGACATCCGCTCTTCCACTCGATGAAAACGCTTGTCCAATTGTGTTTG

GTGACATTTGGCTGTAAGTTCCTAGCGATTCCTATGGACGTAAGGCTTTGAAG

CCAAACGCAGAGCAGTCGATTTTTCGACCTG 

GCGCTTTGTGTTTGCTGGTGCGCTTGTGCCTGGCTAATTTGTGGGCGAAAAACG

GCTTTGTTGGCCTCTAAGTTTTCCTGAGCAGTTGTATGCTTCTTTGTCCGTGGCT

GTGATGAAGGAAAACGGTACGTGGTTTTCGTAATCGCGAGAGTTAATGAGCAC

TGGCTTTGGTGCCGCCAACACAAAACCCCAATTTTACAAATTTTTCAAGAGAA

TATTTTTAGTCTTATCGGTGGATCACTCGGCTCGTAGATCGATGAAGAACGCAG

CCAACTGCGATAATTAGTGCGAACTGCAGATATTTTGAGCACTAAAGTTTCGA

ATGCACATTGCGCCATTGGATTTTATCCTTTGGCACGTCTGATTCAGGGTCGTA

AAATACAAAACCCCAAGCTAATGGTGGTGATATGAACCTGTGCGGACCGGCTG

TCTCTTTGGCCTAGCACGTGTTTTCTTGTGCCAGCCTCTTGGCCAATGTTGACAT

CCGCTCTTCCACTCGATGAAAACGCTTGTCCAATTGTGTTTGGTGACATTTGGC

TGTAAGTTCCTAGCGATTCCTATGGACGTAAGGCTTTGAAGCCAAACGCAGAG

CAGTCGATTTTTCGACCTGAATCTGACGTGATT 
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MN. 3. R.2. Ditylenchus destructor. Russia 

 

 

ACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTGCCCGGGA

CTGGGCCATTTCGAGAAATTTGGGGATTGCTGATTAGCGATTCT

TACGGATTGCTTTTTGGTGAGAACCAATTTAATCGCAGTGGCCT

GAACCGGGCAAAAGTCGTAACAAGGTGGCTGTAGGTGAACCTG

CTGCCGGATCATTAACGATCATACCAATCCACTTTCAGTGGTTA

TATTAGTCCTCAAAGGTGGCATGCTTCTGCCATGCAGGCACAG

AGTAGTTGTCCCGCTCTGTATTTGTGCTTGCGCATTTGGGCTTG

CACTTTGCGCTGTGTACTTGCGCTATGTACTTGCTCTGTGTACTT

GCTCTGTGTACTTGCGCTGTGTACTTGCTTTAGAGCTTGCATTTG

TGCTTGCATTTGAGCTTGCATTTGAGCTTGCATTTGTGCTTGCAT

TTGCGCTTGTGTTTGCTGGTGCGCTTGTGCCTGGCTAATTTGTG

GGCGAAAAACGGCTTTGTTGGCCTCTAAGTTTTCCTGAGCAGTT

GTATGCTTCTTTGTCCGTGGCTGTGATGAAGGAAAACGGTACGT

GGTTTTCGTAATCGCGAGAGTTAATGAGCACTGGCTTTGGTGCC

GCCAACACAAAACCCCAATTTTACAAATTTTTCAAGAGAATATT

TTTAGTCTTATCGGTGGATCACTCGGCTCGTAGATCGATGAAGA

ACGCAGCCAACTGCGATAATTAGTGCGAACTGCAGATATTTTG

AGCACTAAAGTTTCGAATGCACATTGCGCCATTGGATTTTATCC

TTTGGCACGTCTGATTCAGGGTCGTAAATACAAAACCCCAAGC

TAATGGTGGTGATATGACCTGTGCGGACCGCTGTCTCTTTGGCC

TAGCACGTGTTTCTTGTGCAGCCTCTTGGCCAATGTTGACATCG

CTCTCACTCGAGAAAACGCTGTCCAGTGTTTGGTGACATTGCTG

TAAGTCCTAGCGATTCCTATGGACGTAAGGCTTTGAAGCCAAA

CGCAGAGCAGTCGATTTTTCGACCTGAATCTGACGTGATTACCC

GCTGAACTTAAGCATATCAGTAAGCGGAGGAAAAGAAACTAAC

AAGGATTCCCTTAGTAACGGCGAGT 
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MN.3. R.3. Ditylenchus destructor. Russia 

 

 

 

 

 

 

  

 

 

 

 

 

 

MN658597. Ditylenchus destructor. Russia 

 

GGCTGTAGGTGAACCTGCTGCCGGATCATTAACGATCATACCAATCCACTTT

CAGTGGTTATATTAGTCCTCAAAGGTGGCATGCTTCTGCCATGCAGGCACAGAG

TAGTTGTCCCGCTCTGTATTTGTACTTGCGCATTTGGGCTTGCACTTTGCGCTGTG

TACTTGCGCTATGTACTTGCTCTGTGTACTTGCTCTGTGTACTTGCGCTGTGTACT

TGCTTTAGAGCTTGCATTTGTGCTTGCATTTGAGCTTGCATTTGAGCTTGCATTTG

TGCTTGCATTTGCGCTTGTGTTTGCTGGTGCGCTTGTGCCTGGCTAATTTGTGGG

CGAAAAACGGCTTTGTTGGCCTCTAAGTTTTCCTGAGCAGTTGTATGCTTCTTTG

TCCGTGGCTGTGATGAAGGAAAACGGTACGTGGTTTTCGTAATCGCGAGAGTTA

ATGAGCACTGGCTTTGGTGCCGCCAACACAAAACCCCAATTTTACAAATTTTTC

AAGAGAATATTTTTAGTCTTATCGGTGGATCACTCGGCTCGTAGATCGATGAAG

AACGCAGCCAACTGCGATAATTAGTGCGAACTGCAGATATTTTGAGCACTAAAG

TTTCGAATGCACATTGCGCCATTGGATTTTATCCTTTGGCACGTCTGATTCAGGG

TCGTAAATACAAAACCCCAAGCTAATGGTGGTGATATGACCTGTGCGGACCGCT

GTCTCTTTGGCCTAGCACGTGTTTCTTGTGCAGCCTCTTGGCCAATGTTGACATC

GCTCTCACTCGAGAAAACGCTGTCCAGTGTTTGGTGACATTGCTGTAAGTCCTA

GCGATTCCTATGGACGTAAGGCTTTGAAGCCAAACGCAGAGCAGTCGATTTTTC

GACCTGAATCTGACGTGATTACCCGCTGAACTTAAGC 

TTGGAGGCCCCCGGTACCCGTGGTCTTGTGAATGGGGCCAACACAAAACCCCAA

TTTTACAAATTTTTCAAGAGAATATTTTTAGTCTTATCGGTGGATCACTCGGCTC

GTAGATCGATGAAGAACGCAGCCAACTGCGATAATTAGTGCGAACTGCAGATA

TTTTGAGCACTAAAGTTTCGAATGCACATTGCGCCATTGGATTTTATCCTTTGGC

ACGTCTGATTCAGGGTCGTAAAATACAAAACCCCACCAGCTAATGGTGGTGATA

TGAACCTGTGCGGACCGGCTGTCTCTTTGGCCTAGCACGTGTTTTCTTGTGCCAG

CCTCTTGGCCAATGTTGACATCCGCTCTTCCACTCGATAAAACGCTTGTCCAATT

GTGTTTGGTGACATTTGGCTGTAAGTTCCTAGCGATTCCTATGGACGTAAGGCTT

TGAAGCCAAACGCAGAGCAGTCGATTTTTCGACCTGAATCTGACGTGATTCTCG

CAGACAGACTACGTATGGCTTCCTTTTTTGGAACCCCCGGGTGGGGGGGTTAAT

TCCCAACCT 
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   MN658599. Ditylenchus destructor. Russia 

 

  

CGCGAGAGTTAATGTAGCACTGGCTTTGGTGCCGGGGCCAACACAAAACCCC

AATTTTACAAATTTTTCAAGAGAATATTTTTAGTCTTATCGGTGGATCACTCGG

CTCGTAGATCGATGAAGAACGCAGCCAACTGCGATAATTAGTGCGAACTGCA

GATATTTTGAGCACTAAAGTTTCGAATGCACATTGCGCCATTGGATTTTATCCT

TTGGCACGTCTGATTCAGGGTCGTAAAATACAAAACCCCACCAGCTAATGGTG

GTGATATGAACCTGTGCGGACCGGCTGTCTCTTTGGCCTAGCACGTGTTTTCTT

GTGCCAGCCTCTTGGCCAATGTTGACATCCGCTCTTCCACTCGATAAAACGCTT

GTCCAATTGTGTTTGGTGACATTTGGCTGTAAGTTCCTAGCGATTCCTATGGAC

GTAAGGCTTTGAAGCCAAACGCAGAGCAGTCGATTTTTCGACCTGAATCTGAC

GTGATTCTCGCAGACAGACTACGTATG 

 


