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ABSTRACT
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Background: Meloidogyne javanica is a plant-pathogenic nematode. In many parts of the world, it is a serious agricultural pest.
PCR-based sequencing of nematode mtDNA remains challenging because genomes are frequently organized and sequence

similarities among lineages are low.

Methods: Using next generation sequencing (NGS), the genome of nematode-infected okra was sequenced, including the
mitochondrial genome. The lllumina platform produced high quality 246,065,254 reads. The whole genome sequencing (WGS) was
performed on okra at a high sequencing depth, approximately 31X coverage. The assembled reads against mitochondrion reference
genome were 75,174 reads that completely covered the sequence with 96.5% identity.

Result: Meloidogyne javanica mitochondrion isolate Kufa-Abbasiya consensus sequence of 17,654 nt length deposited in GenBank
(accession number OR038715). Phylogeny revealed that the examined mitochondria genome was closely related to M. javanica and
M. incognita isolated from USA. However, the alignment shows variation within repeat region.
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INTRODUCTION

Abelmoschus esculentus (L.) Moench, the okra plant, is a
vegetable grown throughout Iraq. In comparison to
countries like Jordan, Cyprus, Egypt and India, Iraq’s
production of okra varies seasonally but is still incredibly
low per donum (1/4 hectare) also the good plant with good
growth because increase the average of phosphorus rate
(Alaa et al., 2026; Sheerali et al., 2025). For fiber, it has
significant industrial or nutritional value. Its high vitamin,
mineral, carbohydrate and fat content are some of its
advantages. Because of its curative qualities, okra has
been used in traditional medicine to treat boils and wounds.
It may have anti-microbial, anti-diabetic, anti-cancer and
anti-blood pressure properties (Agregan et al., 2022).
This low productivity is additional exacerbated by numerous
agricultural pests and viral diseases predominant in the
Iraqi environment (Al-Abedy et al., 2019). The green pod
fruits of okra are greatly sought after by many Iraqgis when
they are completely formed, tiny and soft because there
are numerous uses for them. In the Najaf Governorate, the
combined okra crop produced 253 tons in 2019, 1,161
tons in 2020 and 93,396 tons at the Iragi level in 2021.
(Igbal et al., 2011). Nematodes are the most frequent
pathogen that naturally infects okra and drastically
decreases productivity. They have been identified as a
hazard to global food supply, depending on the worm
species, crop and geographical region. Nematodes inject
hormones into plant roots, reducing their ability to absorb
water and minerals, as well as interfering with
photosynthesis and mineral transfer (Sharma et al., 2018).
The roots of the okra plant are infected with many types of
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nematodes belonging to different genera, including
Meloidogyne spp., which cause significant damage to the
plant, which affects its growth and productivity (Ali and
Wissam, 2023). Meloidogyne javanica is the most
important nematode species because they infect more than
100 species of globally important vegetable crop, including
the roots of okra, causing a sharp decline in growth (Ali and
Wissam, 2023) When Meloidogyne javanica infests a
variety of crops, including vegetables, it causes
characteristic galls that significantly stunt growth (Miead
and Aljuaifari, 2023). Besides nematodes, soil-borne fungal
pathogens, such as Fusarium culmorum also cause
severe damping-off and seed decay in okra plants, which
can be alleviated by using biological control agents such
as Trichoderma spp. (Mahmood and Al-Abedy, 2021).
The mitochondrial of DNA, it is usually maternally
transmitted in rot-knot nematodes (Hoolahan et al., 2011;
Gutie'rrez-Gutie'rrez et al., 2011) and the polymorphism of
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this genome is therefore advantageous for tracking
maternal lineages. The cox mitochondrial gene, for
example, was used to investigate the genetic makeup of
some pathogenic nematodes, such as dagger nematode
(Xiphinema sp.) (Okimoto et al., 1991). Despite the fact
that the structure of the M. javanica mitochondrial DNA was
characterized more than 20 years ago and that about 20%
of the genome has been partially sequenced, they are not
a reference for the mitochondrial genome currently
accessible for root-knot nematodes (Okimoto et al., 1991).
In present times, the superfamily Hoplolaimoidea has three
complete mitogenomes recorded in the databases
collection (Jacob et al., 2009; Gibson et al., 2011), for the
distantly related nematodes that include Pratylenchus
vulnus (Pratylenchidae), Heterodera glycines (Heteroderidae)
and Radopholus similis. As a result, little is known about
this important nematode lineage's mitogenome
differences. This also appears to demonstrate a
determination to develop genetic tools based on variations
in the mtDNA sequences for a variety of purposes, including
phylogeography, population genetics and the identification
of species or races. Furthermore, the development methods
of PCR-according to sequence long mitochondrial DNA
segments is hampered by the frequent mitogenome
rearrangements observed in Hoplolaimoidea (Picard and
Plantard, 2005) as well. Lastly, the genes found in the
mitochondrial genomes of nematodes pose a problem,
especially the frequently truncated transfer RNA genes that
are hard to detect with the instruments available today.
The sequencing of organellar genomes is undergoing a
revolution thanks to recent advances in new sequencing
technologies called next generation sequencing (NGS)
(Hahn et al., 2013). Although the mitochondrial genomes
of several metazoan organisms have been produced using
NGS, the method still usually depends on sequencing long-
range polymerase chain reaction products. Although this
approach has not been tested on nematodes, it offers the
chance to rapidly associate the most common DNA regions
in a genome with sequencing depth levels (Hahn et al.,
2013). In particular, 10 million short DNA segments can be
produced using lllumina technology, such as HiSeq 2000
(Inc. lllumina, HiSeqTM. 2000) length of each read
(100-base pair reads) that are utilized for this purpose.
Here, a reference mitogenome for root-knot nematodes
was created by routinely evaluating the lllumina technology
on Meloidogyne javanica. The mitochondrial DNA
genome’s full sequence was published and compared to
Meloidogyne javanica’s mitochondrial DNA gene map and
other species in the Hoplolaimoidea superfamily. Finally,
a brief discussion of the method’s utility for producing
extensive mitochondrial DNA resources in the Meloidogyne
javanica nematode was given.

MATERIALS AND METHODS
Total nucleic acids (TNA)

After being submerged in RNALater solution in an
Eppendorf tube, a small pieces of root tissues from infected

plant was submitted to JS-Link Company (South Korea).
Total nucleic acids (TNA) were extracted from 2 gr root-
knots of examined sample as got from fresh DNA as done
by Sonal et al. (2026) and using the CTAB-based protocol
of Doyle and Doyle (1990), with minor modifications.
This included grinding the material with liquid nitrogen,
extracting it using CTAB buffer at 65°C, extracting it using a
mixture of chloroform and isoamyl alcohol, precipitating it
with isopropanol, washing it with ethanol, resuspending the
TNA in sterile ultrapure water and storing it at -20°C.
Agarose gel electrophoresis was used to evaluate the
TNA's quality and a spectrophotometer (NanoDrop® ND-100
spectrophotometer, Thermo Scientific) was used to
measure the concentrations. Plant material, On July 23,
2022, okra plants infected with nematodes were collected
from the Kufa-Abbasiya district in Najaf, Irag. The infected
plant roots were cut into tiny pieces, about 0.5 cm in size
and then submerged in a 5x volume of RNA in Eppendorf
tubes. For the purpose of extracting DNA, the samples
were designated as OD. Following that, the patterns were
transferred to the DNA Link company in the Republic of
Korea for sequencing.

DNA extraction

Approximately 2 g of root-knot were treated with cetyl-
trimethylammonium bromide methods (Doyle and Doyle,
1990) with a little modification (preheating a CTAB buffer
for fourth five minutes and spinning down speed up DNA
for 5 minutes).

lllumina-next generation sequencing

The library of next generation sequencing concoction that
had been attempted for company, through the using the
Library of TruSeq DNA used kit of DNA sequencing. DNA
was extracted from the samples that were sequenced at
the JS-Link Company utilizing whole genome sequencing
(PCR Free550), which was developed on the industrialist’s
step and Nova sequencing 6000 2x150 PE (Platform:
NovaSeq6000; Application: WTS/mRNA). following the use
of an Agilent 2100 Expert Bioanalyzer (Agilent) to assess
DNA quality. In Geneious Prime® 2024.0.5, raw readings
were trimmed using Trimmomatic-0.39 and BBduk v 37.22
(Minimum quality= 6). The minimum read length was 10
(Adapter/Quality Trimming Version 38.84; Brian Bushnell)
and both ends were trimmed (Kearse et al., 2012;
www.geneious.com). The formula for calculating coverage
for genome sequencing is (number of fastq reads x length
of read)/genome size (1.19 Gb) (Khaffajah et al., 2022).

Mapping to mitochondrion genome reference

Whole DNA reads (246,065,254 reads) were mapped to
the sequence of Meloidogyne javanica mitochondrion
(NC_026556) using Geneious map to reference v. 2024.
The Geneious DNA mapper was used to perform the
mapping with parameters set to “Medium-Low Sensitivity”.
The consensus sequence was extracted and then aligned
with reference sequence to obtain the exact length of the
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genome and then deposited in the NCBI-GenBank. Open
reading frame finder and BlastN search were also applied.
To ensure functionality, all protein-coding nucleotide
sequences (CDS) were checked in their amino acids using
MEGA 11 to x premature and truncated stop codons (Tamura
et al., 2021). The total number of reads used, the number
of assembled reads, pairwise identity and coverage were
provided in the report that presented the results.

Phylogenetic analysis

The mitochondrion genomes of Caenorhabditis elegans
(NC_001328), Meloidogyne incognita (NC_024097),
M. arenaria (NC_026554), Meloidogyne enterolobii
(NC_026555), M. javanica (NC_026556), M. graminicola
(NC_056772) and the examined nematode mitochondria
genome were selected as input for phylogenetic analysis.
The sequences were first aligned using Clustwal
alignments in Geneious prime. The best substitution model
Hasegawa-Kishino-Yano (HKY) was applied to build
maximum likelihood tree and 1,000 bootstraps were used
to infer the tree. The phylogenetic tree has been
reconstructed by using the General Time Reversible (GTR).
Bayesian phylogeny inference applied with Bayesian
inference of phylogeny (MrBayes 3.2.6) (Mukhtar et al.,
2014).

RESULTS AND DISCUSSION
Genome assembly

The NGS lllumina platform produced high quality reads
with about 246,065,254 reads. The WGS was performed
on okra at a high sequencing depth, approximately 31X
coverage. The assembled reads against mitochondrion
reference genome were 75,174 reads that completely
covered the sequence with 96.5% identity. The consensus
sequence with 17,654 nt length representing the whole
sequence of Meloidogyne javanica mitochondrion isolate

Kufa-Abbasiya was extracted and deposited in Genbank
under accession number OR038715. The genome has 12
genes and two ribosomal RNA, 22 transcribed RNA and
one repeat region (Fig 1, Table 1).

Phylogeny revealed that the examined mitochondria
genome was closely related to M. javanica (NC_026556)
isolated from USA (Fig 2). However, the mitochondrion
sequence has one long repeat region and it is longer
than those in isolates of M. javanica (NC_026556) and
M. incognita (NC_024097) and also lack control region
(1025 nt). The length of the repeat region reached 2560 nt,
while in M. javanica and M. incognita, the repeat region has
divided to three regions 894, 76 and 564 nt with control region
(1030 nt) in the middle (Fig 3). Our isolate and M. javanica
(NC_026556) had a pairwise identity of 96.5%. The identity
between M. javanica and M. incognita in mitochondria
genomes probably reflect their highly resemblance in
morphology.

A major problem for agriculture is the presence of plant-
parasitic nematodes (PPNs). PPNs infect mostly
angiosperms (monocots and dicots), although some of
them can infect gymnosperms (Poinar, 1991). It is highly
variable what type of PPNs feed (ectoparasites,
endoparasites and semiendoparasites), how they reproduce
(amphimixis, parthenogenesis and hermaphroditism),
which plant organ they infect (roots, tubers, bulbs,
stems and leaves) and what conditions they prefer. A recent
survey indicated that root-knot nematodes (Meloidogyne
spp.), burrowing nematode (Radopholus similis), cyst
nematodes (Heterodera and Globodera), stem and bulb
nematode (Ditylenchus dipsaci), reniform nematode
(Rotylenchulus reniformis), dagger nematode (Xiphinema
index), root-lesion nematodes (Pratylenchus spp.), false
root-knot nematode (Nacobbus aberrans), pine wilt
nematode (Bursaphelenchus xylophilus) and rice tip
nematode (Aphelenchoides besseyi) are regarded as the

tRNA-Arg, tRNA-Va
2000 ST

S
ATPG CDS & :\UE’CD

lRNA—MEL,IRNA—SEr\

Y d

ATPG gene

tRNA-GIn, tRNA-Ser

Coxy ¢ DS?-C;.

125 rRNA
o, AT
HRNA-Glu, tRNA-Ala 'f*/‘HN"" w

OR038715
17,654 bp

tRNA-Thr

2
t

o —tRNALe

Pt
& g 1O

=B -tRNAle

COX3 gene—d

h ! ]
Coxacos

———tRNA-Asn
~tRN.

ND6 gene-id

NDAL gene:
COX2 gene

tRNA-Leu

v % ND3 gene -
RipA
" Vg Y
lRNi-Pru/{ﬁf 178 cps s RNA-His
a0
!

ND3 CDS

Fig 1: Genome organization of Meloidogyne javanica mitochondrion drawn by Geneious prime.
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most important plant-parasitic nematodes worldwide
(Jones et al., 2013 ). Studies of PPNs’ genetic structure
have been conducted using mitochondrial DNA (Sultana
et al., 2013; Habib et al., 2016). Based on the 18S
region of the nuclear ribosomal RNA gene array, (Kiewnick

Table 1: Genes, rRNA, tRNA and repeat annotated regions with
mitochondrion isolate Kufa-Abbasiya.

et al., 2014) found little variation within Meloidogyne, but
more variation when mitochondrial DNA was analyzed.
Molecular analysis of genetic variation across diverse
environments is essential for characterizing varied plant-
associated pathogens (Abdullah et al., 2019). To distinguish

their IDs and lengths in the genome of Meloidogyne javanica

Region ID Length nt Region ID Length nt
Genes ATP6 552 Genes ND6 396
ND5 1471 ND4L 237
COX1 1522 COX2 693
ND1 850 ND3 312
ND2 802 CYTB 1015
COX3 762 ND4 1173
rRNA 12S 610
16S 805
Repeat 2560

100

NC_001328 Ci itis elegans mi i plete genome (USA)

NC_026555 Meloidogyne enterolobii mitochondrion, complete genome (USA)

jon, compl hina)

NC_026554 Meloidogyne arenaria mitochondrion, complete genome (USA)

NC_024097 Meloid il i i ion, complete genome (USA)

NC_026556 Meloidogyne javanica mitochondrion, complete genome (USA)

OR038715 Meloidogyne javanica isolate Kufa-Abbasiya mitochondrion, complete genome (Iraq)

Fig 2: A Neighbour joining method tree based on the complete mitochondria genome sequences of Meloidogyne species. The

number next to each nod indicates bootstrap support values.
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Fig 3: Repeat region differences were shown in pairwise alignment between mitochondria genomes of M. javanica isolate Kufa-

Abbasiya (OR038715) and M. javanica (NC_026556) isolated from USA.
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Meloidogyne species, (Armstrong et al., 2000) developed
two nuclear (18S and 28S) and mitochondrial DNA markers
(cox1 and cox2). Similar molecular diagnostics and genetic
diversity analyses have been effectively used to identify
fungal pathogens, for example Sclerotinia sclerotiorum
isolates causing white mold in solanaceous crops such
as eggplants (Al-Shujairi et al., 2022). There are 11 mt
genomes of PPNs published, i.e., M. chitwoodi, M. incognita,
M. graminicola, Heterodera glycines, Globodera pallida,
G. rostochiensis, Pratylenchus vulnus, R. similis,
B. xylophilus, Bursaphelenchus mucronatus and Xiphinema
americanum (Armstrong et al., 2000; Sun et al., 2014;
Humphreys-Pereira et al., 2014; He et al., 2005; Powers,
2004). Using new sequencing technologies will likely
accelerate and improve the sequencing of more nematode
genomes, for example (Zasada and Moore, 2014), which
describes the use of Illlumina NGS to sequence the
genomes of single individuals of X. americanum from
12 populations. Phylogenetic analysis of the 12 mt protein-
coding genes (PCGs) has been performed on nematodes
within the phylum Nematoda. In Iraq, our study is
considered the first ever to determine the mitochondrial
genome of PPN like M. javanica. Except the repeat region,
the whole sequence was highly matched mitochondrion of
USA isolate.

CONCLUSION

The results showed that the assembled reads against
mitochondrion reference genome were 75,174 reads that
completely covered the sequence with 96.5% identity.
The mitochondrion sequence has one long repeat region
and it is longer than in related isolates and also lack control
region. Phylogeny revealed that the examined mitochondria
genome was closely related to M. javanica that was a
pathogen in this study with M. javanica (NC_026556)
isolated from USA.
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