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This study investigated the molecular-genetic characteristics of Meloidogyne species from Surxondaryo region, 

Uzbekistan, using ITS (Internal Transcribed Spacer) nucleotide sequences. A total of 765 root samples from peanut, 

carrot, sugar beet, cucumber, and tomato were collected and analyzed. Nematodes were morphologically identified, 

and genomic DNA was extracted from mature females. The 5.8S–ITS2 region was amplified using TW81 and AB28 

primers, sequenced, and analyzed phylogenetically using Maximum Likelihood methods with IQ-TREE 2 and 1000 

bootstrap replicates. Multiple sequence alignments were performed with MAFFT, and genetic diversity indices, includ-

ing haplotype diversity (Hd), nucleotide diversity (π), Tajima’s D, and Kimura 2-parameter (K2P) distances, were 

calculated in R using ape and pegas packages. Phylogenetic analyses revealed four main clusters corresponding to M. 

arenaria, M. incognita, M. javanica, and M. konaensis, with high bootstrap support (≥70%), confirming their mono-

phyletic nature and clear inter-species differentiation. K2P distance analyses showed very low intra-species divergence 

(0.0015–0.0095) and high inter-species differentiation (0.040–0.055), indicating strong molecular conservation within 

species. Haplotype analysis revealed high diversity (Hd = 0.937), while nucleotide diversity was low (π = 0.052), sug-

gesting recent population expansion, close evolutionary relationships, or selective pressures shaping the genetic struc-

ture. Overall, the results demonstrate that the ITS marker is a reliable molecular tool for species identification and popu-

lation-genetic studies in Meloidogyne. The inclusion of Uzbek isolates provides molecular confirmation of their taxo-

nomic status and establishes a foundation for future ecological and genetic research.  
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Introduction  

 
In recent years, the rapid increase in the global human population 

has intensified challenges related to food security and the need to enhan-
ce agricultural productivity. From this perspective, plant-parasitic nema-
todes pose a significant threat to global food security due to their po-
lyphagous nature and ability to damage a wide range of crops. Nema-

todes adversely affect plant growth and development by feeding on host 
tissues, leading to substantial reductions in crop yield (Somasekhar et 
al., 2011; Mendy et al., 2017). Climate change, particularly global tem-
perature rise, directly influences the ecological and physiological dy-
namics of nematode populations. Elevated soil temperatures and altera-
tions in plant physiology accelerate nematode life cycles, increase re-
production rates, and exacerbate plant infestation levels.  

Root-knot nematodes (Meloidogyne Göldi, 1892) are among the 

most destructive plant pathogens globally. They infect over 2,000 
mono- and dicotyledonous plant species and can cause an average loss 
of approximately 12% in local crop yields worldwide, resulting in an-
nual economic losses estimated at around 100 billion USD (Bardgett, 
2014; Cabrera et al., 2016; Forghani et al., 2020). Therefore, accurate 
identification of species composition and the development of effective 
management strategies are of critical importance for sustainable agricul-
ture (Whitehead, 1968; Hussey, 1979; Sasser, 1980; Zeng et al., 2012).  

Advances in molecular-genetic techniques in recent years have pro-
vided new approaches for studying nematodes at the species and popu-
lation levels. Mitochondrial and nuclear DNA markers enable the detec-
tion of genetic variation that may not be evident morphologically, provi-

ding higher resolution for species and population differentiation (Hy-
man, 1990; Blok et al., 2009; Ye et al., 2015; Kavuluko et al., 2016; 
Khanal et al., 2016). Even in cases where morphological differences are 
subtle within Meloidogyne species, molecular-genetic analyses reveal 
distinct genetic lineages, which are essential for accurate taxonomic 
classification and ecological monitoring (Carneiro, 2005; Hunt et al., 
2009; Ye et al., 2019). Thus, molecular-genetic investigations of 

Meloidogyne species are crucial not only for clarifying their systematic 
classification but also for developing scientifically based management 
strategies to protect agricultural crops from nematode infestations. The 
objective of this study was to conduct a molecular-genetic analysis of 
Meloidogyne Göldi, 1892 species – specifically M. javanica (Treub, 
1885) Chitwood, 1949, M. incognita Lordello, 1956, and M. arenaria 
Chitwood, 1952 – from the Surxondaryo Region of Uzbekistan using 
nucleotide sequences of the ribosomal DNA 5.8S–ITS2 region. This 

approach aims to elucidate species- and population-level genetic diver-
sity, investigate evolutionary relationships, and provide a solid scientific 
foundation for future ecological and phytopathological studies.  

 

Materials and methods  

 
The study was conducted during the spring, summer, and autumn 

seasons of 2024–2025 in Surxondaryo region of the Republic of Uzbek-

istan, specifically in Jarqo‘rg‘on (67.415957º E 37.356305 º N), Qum-
qo‘rg‘on (67.704670º E 37.938029º N), Sherobod, Angor 
(67.197502º E 37.403216º N), Oltinsoy, Denov, Sho‘rchi districts, and 
the city of Termez, focusing on both farmer-managed and private 
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household fields. The research targeted peanut (Arachis hypogaea), 
carrot (Daucus carota), sugar beet (Beta vulgaris), as well as green-
house-grown cucumber (Cucumis sativus) and tomato (Solanum lyco-

persicum). A total of 765 samples of plant roots infected with root-knot 
nematodes were collected using both transect and stationary observation 
methods. For molecular-genetic analyses, infected root samples were 
preserved in 70% ethanol solution. Nematodes were extracted from 
roots and rhizosphere soils following the modified “funnel” method 
described by Baermann. Permanent slides were prepared using the 
Seinhorst method. Identification of nematode species and sexes was 
performed using an N-300M trinocular microscope and reference iden-

tification keys and atlases. Morphological identification relied on the 
examination of permanent and temporary preparations, focusing on 
head and tail morphometrics, structure of the red esophagus, and cuticle 
lines (Choriyev et al., 2024; Khuramov et al., 2024).  

For molecular-genetic procedures, root samples were washed with 
distilled water, and three mature female nematodes were isolated per 
sample. The nematodes were placed in 1.5 mL Eppendorf tubes. Total 
genomic DNA was extracted using the DNeasy Tissue Kit (Qiagen, 

Valencia, CA). The ribosomal DNA 5.8S–ITS2 region was amplified 
using the TW81 forward (5 -́GTTTCCGTAGGTGAACCTGC-3 )́ 
and AB28 reverse (5 -́ATATGCTTAAGTTCAGCGGGT-3 )́ primers, 
commonly applied in molecular nematode taxonomy (Curran et al., 
1994). Polymerase chain reaction (PCR) was performed under the follo-
wing conditions: initial denaturation at 94 °C for 5 minutes; denaturati-
on at 95 °C for 45 seconds; primer annealing at 55 °C for 45 seconds; 
elongation at 72 °C for 1 minute 40 seconds; final extension at 72 °C for 

5 minutes. The denaturation, annealing, and elongation steps were repe-
ated for 35 cycles (Curran et al., 1994). PCR products were confirmed 
on 1% agarose gels at 120 V and purified according to the manufactur-
er’s instructions using the “Sileks M” reagent kit (Moscow, Russia).  

Sequencing was performed using the ABI PRISM® BigDye™ 
Terminator v. 3.1 chemistry, and products were analyzed on an ABI 
PRISM 3100-Avant automated sequencer (Moscow, Russia). For phy-

logenetic analysis, sequenced DNA of Meloidogyne incognita, M. are-
naria, M. signifera, and M. javanica, along with publicly available 
sequences from the National Center for Biotechnology Information 
(NCBI) database, were used (NCBI, www.ncbi.nlm.nih.gov).  

Multiple sequence alignments were generated using MAFFT soft-
ware (Katoh & Standley, 2013). Consensus sequences were constructed 
using IQ-TREE 2 (Minh et al., 2020). Phylogenetic trees were inferred 
using the Maximum Likelihood (ML) method, and statistical support 

was assessed through 1000 bootstrap replicates (Felsenstein, 1985). 
Abbreviata caucasica (accession number MN956809) was used as an 
outgroup for rooting the phylogenetic tree.  

Genetic diversity was evaluated based on the number and frequen-
cy of haplotypes, overall diversity indices, haplotype sequences, Taji-
ma’s D test (Tajima, 1989), and Kimura 2-parameter (K2P) genetic dis-
tance (Kimura, 1980). All analyses were performed in the R statistical 
environment using the ape (Paradis & Schliep, 2019) and pegas (Para-

dis, 2010) packages.  

 

Results  

 
The phylogenetic tree constructed based on ITS (Internal Transcri-

bed Spacer) nucleotide sequences clearly reflected the evolutionary rela-
tionships among Meloidogyne species and their geographically diverse 
isolates. The tree is presented in a cladogram format, with node values 

representing support levels (%) calculated through bootstrap analysis. 
Overall, the predominance of high bootstrap values (≥70%) confirms 
the robustness and reliability of the phylogenetic structure (Figure 1). 

 

 

Fig. 1. Phylogenetic analysis of ITS region in Meloidogyne species and their geographically diverse isolates  

The phylogenetic analysis revealed four main clusters in the tree, 
corresponding to distinct species or species complexes within the genus 
Meloidogyne.  

The first cluster, located at the upper part of the tree, included isola-
tes belonging to the M. arenaria group. This cluster comprised M. cau-
casica (MN956809) and several M. arenaria isolates (SL, MT994682, 
UZB, and Ah). The cluster was strongly supported with a 92.5% boot-
strap value, indicating its monophyletic nature. Some sub-branches 
within the cluster exhibited lower bootstrap support (71%), suggesting 
relatively minor genetic differentiation among certain isolates.  

The second major cluster, situated in the middle of the tree, inclu-

ded M. incognita and closely related species. Isolates within this cluster 
included M. hispanica (JX885741), M. polycephannulata (KY882491), 
and several M. incognita isolates (KJ451618, MH113856, Dc, Cs, 
OP745245, MT921010, and Ah). Nodes within this cluster were sup-
ported by bootstrap values ranging from 80.9% to 95.0%, indicating 

close genetic relationships while also reflecting internal diversification. 
The complex internal structure of this cluster confirms the high genetic 
variability within the M. incognita complex.  

A distinct, separate cluster was formed by M. konaensis (PP555602), 
which was supported by a 99% bootstrap value, highlighting its clear 
genetic differentiation from other clusters. Nonetheless, it remains evo-
lutionarily related to the major clusters, representing a distinct but close-
ly related lineage within the genus Meloidogyne.  

The fourth and largest cluster, located at the lower part of the tree, 
included isolates of M. javanica. This group comprised isolates 
OQ091922, PQ187861, JQ917440, uzb, Bv, PP756339, Ah, and 

KX646187. Nodes within the cluster were strongly supported by boot-
strap values ranging from 83.9% to 99.0%, with the highest values 
(99% and 97%) indicating a well-supported monophyletic structure. 
The placement of the Uzbek isolate (uzb) within this cluster confirms its 
molecular identity as M. javanica.  
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Molecular differentiation among Meloidogyne species and their 
isolates was assessed based on ITS nucleotide sequences using the Ki-
mura 2-parameter (K2P) model (Fig. 2). A heatmap and clustered dis-

tance matrix were generated to visualize inter- and intra-species evolu-
tionary relationships both numerically and graphically. K2P analysis 
indicated that Abbreviata caucasica (MN956809) is highly divergent 
from all Meloidogyne species, with genetic distances ranging from 
0.687 to 0.707, reflecting its distant phylogenetic relationship. In the 

heatmap, these high values were represented by dark colors, confirming 
the separate evolutionary lineage of A. caucasica. The genetic distance 
between the M. arenaria group and the M. incognita and M. javanica 

groups ranged from 0.040 to 0.055, indicating clear molecular differen-
tiation among species. Specifically, the distance between M. arenaria 
isolates (SL, Ah, UZB, MT994682) and M. incognita isolates was 
approximately 0.045–0.048 K2P.  

 
Fig. 2. Genetic divergence among Meloidogyne isolates and the outgroup based on ITS sequences using the kimura 2-parameter (K2P) model  

Intra-species genetic distances were generally very low, indicating a 
high degree of molecular similarity among isolates. Within the 
Meloidogyne arenaria group, K2P distances ranged from 0.0015 to 
0.0047, reflecting nearly identical ITS sequences among isolates. Nota-
bly, the Uzbek isolate (M. arenaria UZB) exhibited minimal genetic 

differentiation compared to other M. arenaria isolates. For the M. in-
cognita complex (Ah, Cs, Dc, MT921010, OP745245, MH113856, 
KJ451618), genetic distances ranged from 0 to 0.0063, with some iso-
lates showing zero divergence. This indicates a highly conserved ITS 
region within the species and supports the monophyletic nature of M. 
incognita. The close association of M. hispanica and M. polycephannu-
lata isolates with this cluster, as indicated by very small distances, con-
firms their close evolutionary relationship with the M. incognita com-

plex. The M. javanica group formed the largest cluster, with K2P dis-
tances among isolates ranging from 0 to 0.0095. The Uzbek isolate (M. 
javanica uzb) showed very low genetic divergence (≈0.003–0.007) 
relative to other M. javanica isolates, confirming its molecular identity 
within this species. Although M. konaensis (PP555602) displayed very 
low K2P distances (≈0–0.003) to M. incognita and M. javanica groups, 
it remained a distinct branch in the phylogenetic tree. This suggests that, 
despite its close evolutionary relationship with these species, it repre-
sents an independent genetic lineage. Genetic diversity within Meloido-

gyne isolates was evaluated using haplotype and nucleotide diversity 
indices.  

Overall, K2P genetic distance analysis corresponded closely with 
the phylogenetic tree results, confirming clear molecular boundaries 
among major Meloidogyne species. Very low intra-species genetic dis-
tances indicate high molecular similarity among isolates, whereas high 
inter-species distances reflect independent evolutionary trajectories. 
These findings support the ITS marker as an effective molecular tool for 

species identification and population-genetic studies in Meloidogyne. 
Haplotype and nucleotide diversity analyses based on ITS sequences 
revealed a high haplotype diversity (Hd = 0.937), indicating the pres-
ence of numerous distinct haplotypes and their widespread occurrence 
within the population. In contrast, nucleotide diversity (π) was low 

(0.052), suggesting limited nucleotide-level variation and high sequence 
similarity among isolates. The combination of high haplotype diversity 
and low nucleotide diversity reflects close evolutionary relationships 
among isolates, recent population expansion, or the influence of selec-
tive pressures shaping the genetic structure.  

 

Discussion  

 

The ITS-based phylogenetic tree and genetic distance analyses pro-
vided a detailed view of evolutionary relationships among Meloidogyne 
species and their geographically distinct isolates. The four main clusters 
identified in the cladogram confirmed inter-species differentiation and 
monophyletic molecular groupings. Predominantly high bootstrap val-
ues (≥70%) support the robustness and statistical reliability of the phy-
logenetic structure. The first cluster included M. arenaria isolates, sup-
ported by a 92.5% bootstrap value, confirming a monophyletic group. 
Some sub-branches had lower support (71%), indicating minor molecu-

lar differences among isolates. This finding aligns with previous reports 
confirming relatively uniform genetic makeup within M. arenaria 
(Castagnone-Sereno et al., 2013). The second cluster comprised M. 
incognita and closely related species, with nodes supported by 80.9–
95% bootstrap values, reflecting internal diversification. The close asso-
ciation of M. hispanica and M. polycephannulata isolates with M. in-
cognita confirms their evolutionary proximity. Minor intra-cluster ge-
netic differences may reflect population-level variation or local adapta-
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tion. Meloidogyne konaensis (PP555602) formed a distinct cluster with 
99% bootstrap support, indicating clear molecular differentiation from 
other clusters while remaining evolutionarily linked to major lineages. 

This suggests the presence of a new but closely related phylogenetic 

line within the genus. The fourth cluster included M. javanica isolates, 
supported by bootstrap values of 83.9–99%. The Uzbek isolate (uzb) 
clustered within this group, confirming its molecular identity as M. 

javanica.  
 

  

Fig. 3. Assessment of genetic diversity in Meloidogyne isolates based on haplotype and nucleotide variation  

This observation is consistent with previous molecular studies sho-
wing that M. javanica isolates form a genetically close and monophyle-
tic group (Blok et al., 2008). K2P genetic distance analyses corroborat-
ed the phylogenetic results. Abbreviata caucasica was clearly differen-
tiated from all Meloidogyne species, confirming its distant evolutionary 

relationship. Average inter-species distances among M. arenaria, M. 
incognita, and M. javanica ranged from 0.040 to 0.055, demonstrating 
clear molecular differentiation. In contrast, intra-species K2P distances 
were very low, highlighting high molecular similarity among isolates: 
0.0015–0.0047 for M. arenaria, 0–0.0063 for the M. incognita com-
plex, and 0–0.0095 for M. javanica. These low distances confirm the 
conserved nature of the ITS marker and the monophyletic structure 
within species. Haplotype and nucleotide diversity analyses were con-
sistent with phylogenetic and K2P results. The combination of high 

haplotype diversity (Hd = 0.937) and low nucleotide diversity (π = 
0.052) indicates recent population expansion, close evolutionary origin, 
or selective pressure shaping the genetic structure. Overall, these fin-
dings confirm the ITS marker as an effective molecular tool for species 
identification and population-genetic studies in Meloidogyne.  

 

Conclusion  

 

The results of this study based on ITS (Internal Transcribed Spacer) 
nucleotide sequences clearly elucidated the phylogenetic and genetic re-
lationships among Meloidogyne species and their geographically dis-
tinct isolates. Phylogenetic analyses identified four main clusters, revea-
ling both inter- and intra-species molecular differentiation. Isolates of M. 
arenaria, M. incognita, M. javanica, and M. konaensis formed distinct 
monophyletic groups, allowing clear determination of their genetic rela-
tedness and evolutionary connections. K2P genetic distance analyses 

confirmed significant inter-species differentiation, while low intra-speci-
es distances indicated high molecular similarity among isolates. Haplo-
type and nucleotide diversity assessments further highlighted genetic 
stability within species and evidence of recent population expansion. 
Overall, these findings confirm the utility of the ITS marker as an effec-
tive molecular tool for species identification and the study of populati-
on-genetic structures in Meloidogyne. Additionally, the inclusion of 
Uzbek isolates provides molecular confirmation of their taxonomic 

status, laying a solid foundation for future ecological and population-
genetic investigations.  
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