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Abstract 

 Plant parasitic nematodes are the important pests of most of the vegetable crops being grown worldwide. 

Damage is more severe under intensive cultivation systems like protected cultivation. Several genera of plant 

parasitic nematodes are associated with different group of vegetable crops causing huge economic losses. Accurate 

and quick detection of these nematodes is a prior requisite for planning management programmes. Molecular biology 

has opened a new era for detection, characterization and even management of the plant pathogens and pests. 

Molecular methods of detection are more accurate, reliable, quick and allow easy handling of large number of 

samples. Besides detection and identification different molecular approaches like manipulation of resistance genes, 

marker assisted breeding for resistance genotypes and suppression of essential genes involved in parasitism by RNAi 

are also being exploited for the management of these plant parasitic nematodes.  
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Introduction 

Nematodes are bilaterally symmetrical, 

triploblastic, pseudocoelomic, unsegmented 

invertebrates with four hypodermal chords, a tri-

radiate oesophagus, circum- oesophageal nerve ring 

and a definite tail but lack circulatory muscles and 

specialized organs for locomotion and 

respiration.They are ubiquitous, present in all moist 

to watery ecological niches in diverse situations like 

cold oceans, hot springs, mountain peaks, soil 

ecosystem, plants as well as animals. Plant parasitic 

nematodes comprise about 15% of all the forms of 

nematodes that exist in various habitats and have 

different feeding behaviors. Insects, fungi, bacteria 

and viruses have been recognized as constraints in 

crop production since long but, nematodes have not 

received the due attention though they are causing 

huge losses to the crops. The nematode damage is 

often overlooked due to their microscopic size, 

mostly underground habitat and production of non-

specific symptoms. The extent of direct damage by 

the nematodes to plants depends on several factors 

viz. initial nematode population, nematode density in 

soil, nature of parasitism (ecto-parasite or endo-

parasite, migratory or sedentary), host susceptibility, 

cropping pattern, soil (texture, moisture and 

temperature etc.) and climatic conditions. A handful 

of soil from around the roots of any plant would yield 

hundreds of plant parasitic nematodes belonging to at 

least 4-5 genera. About 100 nematode diseases are of 

global economic significance. Ten most important 

nematode genera in order of their significance at 
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global level are Meloidogyne, Pratylenchus, 

Heterodera, Ditylenchus, Globodera, Tylenchulus, 

Xiphinema, Radopholus, Rotylenchulus and 

Helicotylenchus.  

Vegetable crops are excellent host for a wide 

range of plant-parasitic nematodes. Different groups 

of vegetable crops are prone to several species of 

nematodes, incurring significant damage. The extent 

of damage however, depends mainly on the farming 

system employed. They are highly damaging in 

intensive production systems like protected 

cultivation where mono-cropping is practiced. 

Extensive damage by nematodes occurs where 

nematode-infested planting material in the form of 

seedlings is used for planting. Though, more than 70 

genera have been reported to be associated with 

vegetables in India, among those Root knot 

nematodes (Meloidogyne sp.), Reniform nematode 

(Rotylenchulus reniformis), Cyst nematodes 

(Heterodera sp. and Globodera sp.) are more 

important.  Root knot nematodes attack a wide range 

of vegetable crops (tomato brinjal, cucurbits, 

capsicum, okra, french beans and other vegetables), 

fruits, pulses etc. causing significant losses 

throughout the country. The Reniform nematode 

infects tomato, brinjal, okra, cowpea, dolichos, 

French beans, parval and other vegetables. Cyst 

nematodes Globoderaro stochiensis and G. pallida 

are important pests on potato in Nilgiri hills and 

neighbouring areas. Besides this, Stem and bulb 

nematode Ditylenchus destructor cause dry rot of 

potato tubers in Shilong and D. dipsaci attack onion. 

Lesion nematodes Pratylenchus sp. and Stunt 

nematode Tylenchorhynchus are of also important 

pests of vegetable crops. Tylenchorhynchus brassicae 

causes economic damage to crops like cauliflower, 

cabbage, knol-khol, radish etc. Root-knot nematode 

(Meloidogyne sp.) ranks first as far as damage to 

crops at global level is concerned because of their 

worldwide distribution, extremely wide host range, 

destructive nature of the diseases caused by this 

nematode and their role in any destructive disease 

complexes. High per cent yield losses in solanaceous 

vegetables by root-knot nematode have been assessed 

in various parts of the country. 

Plant parasitic nematodes are causing national 

loss up to Rs 21,068.73 million on different crops. 

Economic losses up to 14.10% in okra, 16.62% in 

brinjal, 27.20% in tomato, 12.85% in chilli, 18.20% 

in cucurbits and 18.20% in carrot only due to root 

knot nematode has been reported in India (Khan et 

al., 2010). Besides direct damage to crops plant 

parasitic nematodes also predispose the plants to 

other pathogens like fungi, bacteria etc. and thus 

forming disease complexes causing huge economic 

losses (e.g.) fungal and bacterial wilts become more 

serious in presence of root knot nematode. 

Identification and management of plant parasitic 

nematodes attacking different vegetable crops is very 

important for sustainable productions of vegetable 

crops. In the present study, recent advancement in the 

field of nematode diagnosis and management based 

on biotechnology or molecular biology has been 

reviewed.  

Detection of Plant Parasitic Nematodes 

Accurate identification of nematode pathogens is 

very important for planning of management 

strategies, resistance breeding, for studying genetic 
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variation, virulence and plant nematode interactions.  

The need for reliable identification has also increased 

due to the reduced availability of broad spectrum 

chemical nematicides and increased reliance on non-

chemical nematode management strategies. 

Conventional methods for nematode identification 

rely on time-consuming morphological and 

morphometric analysis of several specimens of the 

target nematode. The accuracy and reliability of such 

identification depends largely on the experience and 

skill of the person making the diagnosis. This also 

requires trained taxonomist however, the number of 

such qualified and experienced nematode taxonomists 

is small. Different approaches have been devised for 

improved and accurate identification of various 

nematode species. The introduction of molecular 

techniques has allowed new approaches to nematode 

identification which helped nematode taxonomists to 

distinguish and identify nematode species which were 

otherwise difficult to identify only on the basis of 

morphological characteristics and host preferences. 

Various molecular techniques based on protein and 

nucleic acid analysis have been introduced to 

Nematology for diagnostics, the estimation of genetic 

diversity of populations and inference of 

phylogenetic relationships between taxas. 

Protein based diagnosis: Protein and isozyme 

electrophoresis 

This was the first molecular technique to be 

applied in nematology. The use of proteins and 

isozyme electrophoresis has been widely used as 

useful tools in nematode diagnosis during 1985. 

Isozymes are variants of a particular enzyme which 

differ from one another in terms of their biochemical 

properties such as their amino acid sequence and 

substrate requirements. They can be distinguished 

from each other using biochemical assays. Soluble 

proteins extracted from nematodes are separated on 

polyacrylamide or starch gels under an electric field 

on the basis of different molecular masses.There have 

been several studies based on proteins, using non-

denaturing conditions, to differentiate species, races 

or pathotypes of cyst nematodes Heterodera (H. 

avenae, H. glycines, H. Schachtii and H. trifolii); 

Globodera (G. pallida and G. rostochiensis); root-

knot nematodes (RKN) (especially the four common 

species, Meloidogyne arenaria, M. hapla, M. 

incognita and M. javanica); and some other plant-

parasitic nematodes, Aphelenchoides, Aphelenchus, 

Ditylenchus, and Radopholus.  

One-dimensional SDS gel electrophoresis of 

proteins has also been used to distinguish species and 

races of several groups of plant-parasitic nematodes, 

including cyst nematodes, Potato cyst nematode, 

RKN, Aphelenchoides, Ditylenchus, Pratylenchus, 

and Radopholus. Two-dimensional polyacrylamide 

gel electrophoresis provides a better protein 

separation and fingerprint for any particular sample. 

In the first dimension proteins are separated 

according to their charge and in the second 

dimension, they are separated on the basis of their 

mass. Protein profiles provide a wealth of 

information but they are often difficult to interpret. 

Secondly, the expression of proteins depends on 

developmental stage of an organism and is influenced 

by the environmental stress.  Further, they represent 

only a small fraction of the potentially useful 

variation between nematode species as only 5-20% of 
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nematode genome is expressed. This requirement of 

females of a specific developmental stage for 

isozyme analysis limits its application for quick 

detection from soil samples containing juveniles or 

eggs. 

Serological detection 

Serological techniques involve identification of 

specific antibodies or antigens. Serological 

techniques using Monoclonal (MCA) and Polyclonal 

antibodies (PCA) have been tried for identification 

endoparasitic nematodes like root knot nematode 

Meloidogyne sp. and potato cyst nematode species 

(Globodera pallida and G. rostochiensis (Schots et 

al.,1990). Polyclonal antibodies tend to be highly 

sensitive; however, they may also be cross-reactive 

and lack the specificity required, and different 

batches may vary in their binding characteristics. 

Production of a polyclonal antibody to a diagnostic 

protein can overcome some of the problems with 

cross-reactivity but producing sufficient pure antigen 

can be challenging. Monoclonal antibodies have also 

been developed against soybean cyst nematode, 

Heterodera glycines (Atkinson et al., 1988). 

Monoclonal antibodies (Mab) produced from cell 

lines can give high specificity and better 

reproducibility between batches but their production 

is expensive and cell lines can be unstable. Screening 

existing libraries for an antibody that has the required 

specificity is another alterative but requires technical 

expertise.  

  Polyclonal and Monoclonal antibodies have 

been utilized so far only in a limited area for 

identification of nematodes. Davies et al. (1996) 

selected three Mabs that could distinguish females of 

M.incognita, M. javanica and M. arenaria by ELISA 

and dot blots; however, cross-reactivity was found 

when used in Western blots. Antisera raised to 

purified species-specific esterase bands did permit 

differentiation of M. incognita from M. javanica but 

the Mabs cross-reacted with other species of root-

knot nematodes. Tastet et al. (2000) used two-

dimensional electrophoresis to identify a major 

protein of M. chitwoodi and Meloidogyne fallax that 

was not found in several other Meloidogyne species, 

and following internal amino-acid sequencing, a 

peptide was synthesized and used to raise antisera in 

rabbits. They were able to distinguish M. chitwoodi 

and M. fallax from eight other Meloidogyne species 

in dot-blot hybridization with soluble proteins 

extracted from a single female. Quantification of 

root-knot nematodes directly in soil using antibodies 

has not proved successful, and some level of 

nematode extraction has been required (Davies et al., 

1996). However, immunocapture to recover particular 

nematodes from mixtures has been achieved. 

Antiserum coated magnetized beads were used to 

recover M. arenaria from mixtures with other species 

of nematodes (Chen et al., 2001). Combining an 

enrichment approach with highly specific antibodies 

may provide a fruitful avenue for the future. 

Polymerase chain reaction (PCR) on unique sequence 

regions could be used to raise antibodies and generate 

a new source of diagnostic antibodies. 

Nucleic acid based diagnosis: RFLP’s (Restriction 

Fragment Length Polymorphisms) 

The use of DNA-based techniques in 

identification of plant-parasitic nematodes started 

over 20 years ago. Curran et al. (1985) used 
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restriction fragment length polymorphisms (RFLPs) 

and demonstrated that this technique had greater 

discriminatory potential than serological and 

biochemical approaches. RFLP technique uses a 

distinct class of restriction endonucleases (Type II), 

which have the ability to cut DNA in a precise and 

reproducible manner. Differences in DNA sequence 

result in differences in the number and size of the 

fragments produced. This difference in length of 

fragments obtained when DNA of two or more 

individuals is digested with a restriction enzyme is 

called RFLP and serves as a diagnostic tool for 

identification of nematodes. In practice many 

thousands of differently sized fragments could be 

visualized as an uninformative smear along with 

distinct bands, which arise from genes present in the 

genome at high copy number. Bands arising from low 

copy number genes cannot be visualized. These 

limitations in traditional RFLP analysis could be 

overcome by application of further detection methods 

such as southern blotting and hybridization with 

labeled DNA probe. Besides this, there is requirement 

of large quantities of DNA that becomes a limitation 

particularly while working with nematodes. Several 

isolates of plant pathogenic nematodes have been 

differentiated with RFLP method of nuclear DNA 

(Curran et al., 1985). 

Polymerase Chain Reaction (PCR) 

The use of polymerase chain reaction (PCR) 

has made significant progress in the field of in 

nematode diagnostics.  A single nematode, egg or 

even a part of the nematode body could be identified 

using this technology. PCR is a rapid, inexpensive 

and simple means of producing a relatively large 

number of copies of DNA molecules via an enzyme 

catalyst. Any DNA fragment can be amplified and 

detected by PCR. Technical advances, starting with 

the development of polymerase chain reaction (PCR), 

use of molecular markers and DNA sequencing has 

allowed faster and more reliable nematode species 

identification. Unlike protein and enzyme based 

characterization, DNA-based diagnostic methods do 

not rely on the expressed products of the genome and 

are independent of environmental influence and 

developmental stage in the nematode life cycle 

(Hooper et al., 2005). The PCR process allows 

amplification of minute quantities of DNA which can 

be extracted from single nematode, egg or juvenile 

and be subjected to further analysis. DNA based 

methods include the use of mitochondrial DNA 

(Powers and Harris, 1993), satellite DNA 

(Castagnone-Sereno et al., 1999), ribosomal DNA 

(Petersen and Vrain, 1996) and randomly amplified 

polymorphic DNA fragments (RAPDs). Various 

methods based on DNA and PCR (RAPD, RFLP, 

SCAR, Multiplex PCR and AFLP) have been 

developed and successfully used for identifying a 

large number of Meloidogyne species. The PCR 

mediated amplification of specific regions of the 

nematode genome offers a highly effective means of 

detecting inter and intra specific variation. PCR 

amplification is directed to the targeted gene using a 

pair of specific oligonucleotides (forward and reverse 

primers). Consistent variations in size or nucleotide 

sequence of the amplified PCR product can be used 

for nematode identification and characterization.  

RAPD’s (Random Amplified Polymorphic DNA): 

RAPD’s are produced from single; olignucleotide 
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primers (typically 10-mers) which are single, 

randomly chosen with respect to sequence and under 

non-stringent PCR conditions have a moderate to 

high probability of annealing to the target DNA in 

both forward and reverse orientation within the 

“amplification range” of standard PCR conditions. In 

RAPD, polymorphisms (band presence or absence) 

result from changes in DNA sequence that inhibit 

primer binding or interfere with amplification of a 

particular marker in some individuals; therefore, they 

can be simply detected as DNA fragments that are 

amplified from one individual but not from another. 

This technique is often used for estimating genetic 

diversity between individuals, populations or closely 

related species. RAPD analysis has been widely 

applied for separation of closely related species and 

studies of intraspecific variability of G. pallida, H. 

glycines, Radopholous similis and many other 

species.  

Several factors have been reported to influence 

the reproducibility of RAPD reactions: quality and 

quantity of template DNA, PCR buffer, concentration 

of magnesium chloride, primer to template ratio, 

annealing temperature. The other limitation of RAPD 

markers is that the majority of the alleles segregate as 

dominant markers, and hence the technique does not 

allow identifying dominant homozygotes from 

heterozygotes. The RAPD assays produce fragments 

from homozygous dominant or heterozygous alleles. 

No fragment is produced from homozygous recessive 

alleles because amplification is disrupted in both 

alleles. Specific sequences for certain species or 

races, called sequence characterized amplified 

regions (SCARs) have been derived from RAPD 

fragments. Specific pairs of SCAR primers have been 

designed for identification of root knot nematode 

species (Zijlstra et al., 2000).  

PCR- Restriction Fragment Length Polymorphism 

(PCR-RFLP) 

The PCR-RFLP technique is based on the 

digestion of the PCR products by restriction enzymes 

or endonucleases. These enzymes cleave DNA into 

fragments of certain sizes, whose analysis on agarose 

or polyacrylamide gel results in different patterns of 

fragment sizes, enabling the identification. Powers 

and Harris, (1993) demonstrated by distinguishing 

between Meloidogyne species based on amplification 

of mitochondrial DNA genes. The variation in 

nucleotide sequence of the different species can be 

further detected by sequencing or by restriction 

enzyme digestion of the PCR product (PCR-RFLP).  

Amplified fragment length polymorphism (AFLP) 

AFLP is also a random amplification technique, 

which does not require prior sequence information. 

This technique is highly efficient because of the 

possibility of analyzing a large number of bands 

simultaneously, with extensive coverage of the 

genome. This method of molecular diagnosis 

employs PCR to selectively amplify the groups of 

restriction fragments of totally digested genome. It 

consists of four steps: DNA digestion, ligation, 

amplification, and gel analysis. Polymorphisms are 

identified based on the presence or absence of DNA 

fragments by polyacrylamide gel analysis. AFLP 

produces a higher number of bands than that are 

obtained by RAPD. It is much more reliable and 

robust technique, unaffected by small variations in 

amplification parameters. AFLP technique represents 
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a conceptual and practical advance in DNA 

fingerprinting. A comparative study of Globodera 

species and populations using AFLP revealed greater 

inter and intraspecific variability than obtained by 

RAPD and enabled subspecies of G. tabacum to be 

distinguished. AFLP analysis also showed a clear 

distinction between normal and the giant populations 

of the D. dipsaci complex (Esquibet et al., 2003). 

Sequence Characterized Amplified Regions (SCARs) 

Specific primers have been developed to PCR-

amplified diagnostic repetitive regions of sequence: 

sequence characterized amplified regions (SCARs). 

Typically, characteristic repetitive sequences have 

been identified following an analysis of a panel of 

isolates from several Meloidogyne species with short 

RAPD primers of eight to ten nucleotides; the 

differential bands are isolated, sequenced and long 

specific primers designed. The sensitivity and the 

specificity of these primer sets will vary and depend 

on the number of species and isolates that they have 

been tested. A number of species specific primers for 

the identification of Meloidogyne species have been 

developed based on species specific RAPD fragments 

(Zijlstra, 2000; Meng et al., 2004). 

Satellite DNA Probes and PCR 

Satellite DNAs (satDNAs) are highly repeated 

tandem arrays of short sequences (∼70–2000 bp in 

length) that are associated with heterochromatin, 

centromeric and telomeric regions of chromosomes. 

This method usually does not require DNA extraction 

or PCR amplification of the nematode DNA and, 

when used with the non-radioactive detection system 

digoxigenin (DIG), is safe, stable and reusable 

(Castagnone-Sereno et al., 1999). SatDNAs have 

different signature sequences and can differ in their 

copy number, length and polymorphic regions in 

Meloidogyne species (Mestrovic et al., 2006), and 

satDNA assays have been described for several 

species of Meloidogyne. The highly repetitive nature 

of satDNA aids in their ease of detection.  Further 

discovery that some satDNAs are divergent between 

different species has been exploited to develop 

various diagnostic probes for RFLPs, dot blots and 

for designing PCR assays.  

DNA barcode  

DNA barcode is a small piece of the genome 

(marker) found in a broad range of species. The 

standardized barcode for most animals is a fragment 

of the mitochondrial COI gene. DNA barcoding 

includes the identification of species using 

standardized DNA fragments. The bar-coding 

technique is therefore based on the idea that a 

particular nucleotide sequence from a common gene 

can serve as a unique identifier for every species, and 

a single piece of DNA can identify all life forms on 

earth. Floyd et al. (2002) were the first to develop a 

‘molecular operation taxonomic unit’ approach when 

they applied a molecular barcode, derived from single 

specimen PCR and sequencing of the 5' segment of 

the 18SrRNA gene, to estimate nematode diversity in 

Scottish grassland. Hebert et al. (2003) demonstrated 

that a barcode based on the mitochondrial gene 

cytochrome coxidase subunit 1 (COI) can provide 

accurate species identification across broad divisions 

of the animal kingdom. Nematodes are already 

among the first organisms used to test the barcode 

concept (Floyd et al., 2002). Nematodes can rapidly 

be extracted, sorted, and counted from soil or other 
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substrates. When phylogenetic breadth and diversity 

are important, nematodes extracted from a single 100 

cc soil sample could provide representative species 

from many of the major taxonomic groups in the 

phylum, representing over 800 million years of 

phylogenetic divergence (Blaxter 1998). The 

phylogenetic diversity and applicability is important 

in barcode development. A barcode that is readily 

incorporated into a phylogenetic framework takes 

advantage of the predictive power of evolutionary 

history. 

The cytochrome c oxidase subunit I (COI) of 

mtDNA is emerging as the standard barcode for 

many animals. It is nearly 648 nucleotide pairs long 

in most groups. Mitochondrial DNA evolves much 

more quickly and contains more differences than the 

ribosomal gene or its spacer, making mtDNA more 

useful for distinguishing closely related species. The 

COI gene is not well characterized yet for plant-

parasitic nematodes, except for a few genera; 

however, Blouin (2002) found that mtDNA sequence 

variation among individuals of the same animal-

parasitic nematode species averages from a fraction 

of a percent up to 2%, and the maximum difference 

observed between a pair of individuals that were 

clearly members of the same interbreeding population 

was 6%. MtDNA sequence difference between 

closely related species is typically in the range of 10-

20%, so if two individuals differ by about 10% or 

more, one might question whether they really are 

conspecific (Blouin et al., 1998). A promising 

approach to standardize nematode identification using 

DNA bar coding is to characterize not one but two, or 

even more, gene regions, which must fit three 

following criteria: (i) show significant species-level 

genetic variability and divergence; (ii) be an 

appropriately short sequence length so as to facilitate 

DNA extraction and amplification; and (iii) contain 

conserved flanking sites for developing universal 

primers (Perry et al., 2007). Several DNA regions, 

such as 18S rRNA (Floyd et al., 2002), D2–D3 

expansion segments of 28S rRNA or the ITS RNA 

gene (De Ley et al., 2005), have been proposed for 

such a procedure. The ITS-rRNA region is more 

precisely characterized for many groups of plant-

parasitic nematodes than any other gene fragment. 

The intra specific variation for the ITS-rRNA 

sequence gene varies between nematode genera. 

Recent detailed sequence and phylogenetic studies 

indicated the presence of several sibling species that 

probably exist within currently defined species of 

plant-parasitic nematodes such as G. pallida, H. 

avenae (Subbotin et al., 2003), D. dipsaci (Subbotin 

et al., 2005), B. xylophilus and B. mucronatus (Zheng 

et al., 2003). However, in some cases, the ITS-rRNA 

does show differences between sequences and does 

not distinguish among some closely related and 

recently diverged species, such as H. avenae and H. 

arenaria (Subbotin et al., 2003). The insufficient 

information in databases for extensive nematode 

species identification based on DNA fragments is the 

main problem faced by the scientists who are trying 

to identify nematodes using barcoding. However, the 

increasing deposition of DNA sequences in public 

databases such as the GenBank and NemATOL will 

be helpful for diagnostics in the coming time. 

Multiplex PCR: Multiplexed PCR facilitates 

simultaneous detection of several target pests and 
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reduces cost of testing. It involves primer mixtures 

consisting of primer pairs specific for each target, or 

single primer pairs that allow differential 

amplification of several targets. Sui et al. (2001) 

differentiated mixed population of M. hapla and M. 

chitwoodi using multiplex PCR based assay. There 

are also examples where several sets of SCAR 

primers have been used together in multiplex 

reactions, which allow several species to be identified 

in a single reaction (Zijlstra, 2000; Randig et al., 

2002). Hu et al. (2011) developed one-step multiplex 

PCR method using species specific primers and 

employed successfully to identify and discriminate 

the three tropical and sub-tropical nematode species 

M. incognita, M. enterolobii and M. javanica from 

individual nematodes as well as individual galls. The 

multiplex PCR with specific primers for 

identification of several nematode targets in one 

assay is limited by the number of primer pairs that 

can be used in a single reaction and the number of 

bands that can be clearly identified without giving 

false-positive results. This technique requires precise 

optimization of the reaction conditions for the primer 

sets used simultaneously in the test. An optimal 

combination of annealing temperature and buffer 

concentration is essential in multiplex PCR to obtain 

highly specific amplification products. 

Real-Time Polymerase Chain Reaction (RT-PCR) 

This technique was developed in the early 

1990’s and enables the monitoring of PCR 

amplification in real time. The specificity and 

sensitivity of the original method were maintained 

and combined with direct detection of the target of 

choice. Fluorescently labeled primers, probes or dyes 

are applied to a continuous collection of fluorescent 

signals from one or more reactions over a range of 

cycles. A digital camera and a fluorometer are 

coupled to the reaction tube in order to detect these 

signals. Currently, RT-PCR enables quantification of 

the original sample using multiple fluorescent agents 

including SYBR Green dye, TaqMan probes, Forster 

resonance energy transfer (FRET), and Scorpion 

primers (Ndao, 2009). RT-PCR is a simple, fast, 

closed, and automatized amplification system 

responsible for decreasing the risk of cross-

contamination typical of conventional PCR 

(Shokoples et al., 2009). Remarkable progress has 

also been made in use of real time PCR (qPCR) to 

study different Meloidogyne species as indicated by 

different studies (De Weerdt et al., 2011). Recently, 

Ye et al. (2013) developed real-time-PCR method for 

rapid and accurate identification of Bursaphelenchus 

xylophilus, the pine-wood nematode (PWN) targeting 

the ITS-1. 

Genomic Regions Targets for Diagnostics 

The selection of DNA sequences for diagnostic 

purposes involves either the use of known conserved 

genes, common to all nematode species, and to 

explore the specific sequence variation in order to 

distinguish species or to randomly screen the whole 

genome and find specific DNA fragments that could 

be used as markers for diagnostics. At present, the 

first approach involving use of conserved genes is 

being widely used for nematode diagnostics. The 

ribosomal RNA array and the mitochondrial genome 

are the two genomic regions which have been mainly 

characterized among nematode taxa. The nuclear 

ribosomal RNA genes, especially the internal 
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transcribed spacers 1 (ITS1) and 2 (ITS2), which are 

situated between 18S and 5.8S, and 5.8S and 

28SrRNA genes, respectively.  Ribosomal genes and 

their spacers have undergone different mutation rates, 

and this enables different regions to be used for 

diagnostics at a higher taxonomic level, such as 

family and genus, down to species, subspecies or 

even population levels. The ribosomal RNA genes 

and their intervening sequences are the best-

characterized genes or gene regions in Nematoda. 

The RNA genes themselves are highly conserved, but 

diagnostically useful variation is found both in 

discrete regions of the genes and in the length and 

sequence of the spacer regions. The ribosomal genes 

evolve slowly compared to their spacer regions and 

they retain considerable diagnostic value at the 

species level in Nematoda. The Mitochondrial DNA 

(MtDNA) is a circular double-stranded closed small 

structure, which is present in large copy numbers in 

the cell. The specific genes in the mtDNA evolves ten 

times faster than nuclear genes which results in 

accumulated sequence polymorphism and thus 

allowing this molecule to be used as a useful marker 

for differentiation of nematode populations and of 

closely related species. 

More recently, diagnostics of plant parasitic 

nematodes from genera Heterodera, Globodera, 

Bursaphelenchus, Pratylenchus, Anguina, 

Ditylenchus, Nacobbus and Radopholus are based on 

nucleotide polymorphisms in sequences of the ITSs. 

To distinguish most species of root-knot nematodes, 

the inter-genetic spacer (IGS) of nuclear rRNA 

(Petersen and Vrain, 1996), which is between 28S 

and 18S rRNA genes, and the inter-genic spacer of 

mitochondrial DNA (Powers and Harris, 1993; 

Powers et al., 2005), which is between the 5' portion 

of cytochrome oxidase subunit II and large ribosomal 

rRNA genes, are used in addition to the ITS-rRNA. 

Species of root-knot nematodes can be separated 

based on the length as well as on the nucleotide 

polymorphism of the amplified fragments, when 

amplified by PCR primers in the flanking genes 

(Powers and Harris, 1993; Petersen and Vrain, 1996). 

Sequence analyses of the 18S rRNA gene (Floyd et 

al., 2002) and the D2–D3 expansion segments of the 

28S rRNA for many Tylenchid nematodes (Subbotin 

et al., 2006) and Longidorids (He et al., 2005) have 

revealed that these genes are also reliable diagnostic 

targets at the species level. In addition to ITS, other 

regions of mitochondrial DNA which include the 

intergenic region between the Cytochrome Oxidase II 

(COII) and the large sub-unit of the RNA gene 

(lrRNA) have also been widely used for Meloidogyne 

species diagnostics (Powers and Harris, 1993). The 

sequences of genes coding for other proteins can also 

be used in species identification, if they are known 

(Tesarova et al., 2003). For the identification of 

Meloidogyne species, species specific primers based 

on species specific RAPD fragments have been 

developed which are being widely used (Zijlstra, 

2000; Meng et al., 2004). Other genes that are 

increasingly being used for diagnostic purposes 

include the heat shock Hsp90 (Skantar and Carta, 

2004) and actin (Kovaleva et al., 2005) genes. It is 

evident that recent progress in nematode genome 

sequencing and expressed sequence tag (EST) 

projects will give more promising and reliable gene 

candidates for diagnostic developments. 
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Management of Plant Parasitic Nematodes 

Effective management of nematodes is often 

necessary for profitable crop production. The 

strategies for management of plant parasitic 

nematodes in general are devised mainly depending 

upon the initial nematode population, nematode 

species and host plant. Several nematode 

management strategies such as use of nematicides, 

resistant varieties, crop rotation, intercropping with 

non-host/antagonistic crops, organic amendments, 

application of biological agents (predators and 

parasites of nematodes), fallowing and summer 

ploughing have been used. An integrated use of 

chemicals, resistant varieties and cultural and 

biological practices provide the most successful 

management strategy. However, environmental 

concerns with all soil fumigants have driven research 

efforts to develop alternative pest management 

strategies. Crop rotation as a strategy to limit 

nematode infestation has limited utility against those 

species with cosmopolitan host ranges, such as M. 

incognita. The efficiency of most of the bio-agents 

depends upon the environmental conditions which are 

effective under controlled environmental conditions 

(i.e.) in pots or small pots and are not giving 

encouraging results under field conditions. There are 

also limited natural sources of resistance available 

against major plant parasitic nematodes and also 

sometime resistance breakdown occur at higher 

temperature as in case of Mi gene in tomato. Recent 

advances in molecular biology with full genome 

sequencing of crop plants and pathogens have opened 

a new avenue for the management of pathogens. 

Genome sequencing of crop plants helped in 

identification and mapping of different resistance 

genes in different crops (e.g.) Mi gene in tomato and 

Me genes in Capsicum annuum. Similarly genome 

sequencing of nematodes lead to detection of a 

number of genes involved in parasitism in nematodes. 

Research on biotechnological approaches to 

nematode control aims either to exploit natural 

resistance present in gene pools of crop species and 

their relatives or to employ synthetic forms of 

resistance, such as those based on disruption of 

feeding cells, expression of specific proteins or 

peptides, on gene silencing (RNAi) or on delivery of 

toxic compounds to the invading nematode. 

Manipulations of natural resistance for nematode 

control 

Genetic host resistance is a cost effective and 

environmentally sound method for the management 

of plant-parasitic nematodes. Effective resistance 

against plant parasitic nematodes is not available in 

all economically important crops. Earlier efforts to 

control nematodes focussed on using marker-assisted 

breeding methods to identify sources of nematode 

resistance. The characterization of the natural 

resistance genes (R-genes) provides the opportunity 

to understand in molecular detail, the complex 

interactions that occur between a plant and pathogen 

during an incompatible reaction. The R gene interacts 

with a parasite avirulence (Avr) gene to initiate the 

defense response pathway in the host. This gene for 

gene interaction is crucial in the resistance 

mechanism because a nematode invasion recognition 

complex is formed by the plant as a result of these 

interactions. Pathogen avirulence effector recognition 

by the R gene product can occur by direct or indirect 
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interactions. After recognition, the defense response 

pathway is initiated and generally results in a 

hypersensitive response (HR). The hypersensitive 

response (HR) is used to prevent the spread of 

infection by pathogens because HR is characterized 

by rapid cell death in the local region surrounding an 

infection. If the plant is susceptible to nematode 

infection, it means that the plant does not have R gene 

for interaction with the Avr product of the nematode 

and therefore cannot initiate the resistance pathway.   

Different molecular methods viz., RFLPs 

(Restriction Amplified Length Polymorphisms), 

AFLPs (Amplified Fragment Length 

Polymorphisms), RAPDs (Random Amplified 

Polymorphic DNA), SCAR (Sequenced 

Characterised Amplified Regions) and STS 

(Sequence Tagged Site) have been used for mapping 

and fine mapping of resistance in different crop 

plants. Different types of resistance genes have been 

identified, mapped and/or cloned from host plants 

that confer near complete and partial resistances to 

Heterodera glycines, Heterodera avenae and 

Heterodera schachtii including the map based 

cloning of a gene encoding a serine hydroxymethyl 

transferase, at the Rhg4 locus, that confers resistance 

to soybean cyst nematode race 4 (Liu et al., 2012). In 

tomato, Mi gene has been well-characterized which is 

isolated from the wild relative of tomato, Solanum 

peruvianum, induces a hypersensitive response on 

infection with Meloidogyne sp. (Meloidogyne 

incognita, Meloidogyne javanica and Meloidogyne 

arenaria) which results in the death of infective 

juveniles, and has been incorporated successfully into 

many cultivars of tomato. A series if Mi genes has 

been identified and characterized viz., Mi-2 , Mi-4, 

Mi-5, Mi-6 and  Mi-9  are effective at soil 

temperatures above 28ºC, Mi-7 and Mi-8 gene confer 

resistance to Mi-1 virulent isolates (Veremis and 

Roberts 1996) whereas Mi-3 gene confer both the 

properties. In pepper, different heat stable RKN 

resistance genes were found in different pepper 

cultivars (PM687, PM217 and PM702) and were 

named as, Me genes. The resistance to species that 

are considered important from economic standpoint 

such as M. incognita, M. arenaria and M. javanica 

have been associated with at least nine dominant 

genes (N, Me1, Me2, Me3, Me4, Me5, Me6, Me7, 

Mech1 e Mech2) that are considered independently 

acting on gene-for-gene basis (Fazari et al., 2012). 

Some of these genes (Me1, Me3, Me7) are considered 

thermostable and effective for a wide range of 

Meloidogyne species, including M. incognita, M. 

arenaria and M. javanica (Djian-Caporalino, 2007). 

By using a bulked segregant analysis amplified 

fragment length polymorphism mapping method, 

these nematode resistance genes were found to be 

clustered in a 28cM area on chromosome P9 of an 

intraspecific pepper map (Djian-Caporalino, 2007). 

Molecular markers have been developed in order to 

use these genes in marker-assisted selection (MAS). 

Co-dominant SCAR marker, Mi23 (Garcia et al., 

2007), has been used for detection of the Mi-1.2 gene 

and screening of germplasm lines for resistance to 

root knot nematode (Kaur et al., 2014) and in marker 

assisted selection programmes for root knot nematode 

resistance in tomato.  

Natural resistance genes-transfer and manipulation: 

A major aim of identifying nematode resistance genes 



Sukhjeet Kaur, 2016 

www.currentsciencejournal.info 

 

is to introduce them into other susceptible crops of 

economic importance, to enhance crop yield and 

quality and, where relevant, to reduce costs and 

reliance on chemical nematicides. A number of 

nematode resistance genes or resistance gene 

candidates have been cloned and characterized (Table 

1) in different vegetable crops. There has been 

successful deployment of crops with a series of 

nematode resistance genes (e.g. tomato cultivars with 

the Mi gene, potato cultivars with the H1 gene). Also 

there have been few reports of successful transfer of 

characterized R genes into new species. Goggin et al. 

(2006) reported that eggplant (S. melongena) 

transformed with Mi-1.2 displayed resistance to the 

root-knot nematode Meloidogyne javanica but were 

fully susceptible to the potato aphid, whereas a 

susceptible tomato line transformed with the same 

transgene was resistant to nematodes and aphids. This 

study shows that Mi-1.2 can confer nematode 

resistance in another Solanaceous species. However, 

it appears that the efficacy of these genes in 

heterologous systems is genotype and/or species 

dependent and may require several elements for 

effective signalling in the pathways that induce a 

hypersensitive response, and the required interactions 

with proteins may not be present in a different 

species. In another study, the transfer of the tomato 

Hero A gene into tomato cultivars confers desirable 

levels of resistance to potato cyst nematode in 

tomato, but not in potato (Sobczak et al., 2005). Even 

in tomato cultivars carrying the Mi gene there is 

variation in resistance to M. incognita attributed to 

their genotypic background (Jacquet et al., 2005). In 

future, better understanding of the mechanisms of 

nematode resistance offered by plant R genes should 

make their introduction into other commercial crops 

more effective.  

Transgenic approaches toward plant parasitic nematode 

control: Protease inhibitors 

Plant-parasitic nematodes have been 

demonstrated to have multiple types of active 

intestinal proteases. Proteases are the enzymes 

produced by nematodes, which are involved in intra 

and extra protein metabolism and digestion of dietary 

proteins. Proteases are known to be inhibited by 

proteinase inhibitors (PIs) many of which are 

naturally present in plants and many of these are 

produced as natural defence related proteins induced 

by wounding and herbivory.  Several of these genes 

have been cloned. Inhibition of protease activity 

might be expected to have broad activity across many 

plant-parasitic nematodes including both migratory 

and sedentary parasites. Naturally occurring proteins 

with protease inhibitor activity like cystatins have 

been characterized from edible plants such as rice 

(Oc-I), cowpea (CpTI) and maize (ZmCI) and have 

long been part of the human diet (McPherson et al., 

1997). The most extensively studied approach to 

transgenic nematode control is the expression of rice 

oryza cystatin protein, an inhibitor of cysteine 

proteases. It has been demonstrated that transgenic 

expression of a modified version of oryza cystatin, 

Oc-1ΔD86, can interfere with nematode replication. 

Transformation of potato plants expressing Oc-1D86 

from the same promoter and challenged with potato 

cyst nematode Globodera pallida in a field trial 

resulted in a 55-70% decrease in cyst number (Urwin 

et al., 1997).  



 

 

Table 1. Summary of cloned nematode resistance genes / resistance genes candidates in different vegetable crops 

Gene  Host plant Nematode Gene 

structure 

Resistance 

response 

Other References 

Mi-1.2  S. peruvianum 

(wild relative of 

cultivated tomato 

S. lycopersicum) 

 

 

M. incognita, 

M. arenaria, 

M. javanica 

CC-

NBS-

LRR  

 

HR triggered 

before 

significant 

initiation of 

feeding site 

– constitutive 

and ubiquitous 

expression 

– cytoplasmic 

localization 

predicted 

– only source of 

RKN resistance 

in 

cultivated tomato 

– also confers 

resistance to 

potato 

aphid and sweet 

potato whitefly 

Milligan et 

al. (1998); 

Williamson, 

(1998) 

 

Gpa2 Solanum 

tuberosum 

 

G. pallida -

resistance to 

narrow range of 

pathotypes 

 

LZ, 

NBS- 

LRR 

Not described  

in  details 

-sequence 

similarity to Rx1 

(confers 

resistance to 

potato 

virus X) 

– cytoplasmic 

localization 

predicted 

van der 

Vossen et al. 

(2000) 

 

Gro1-4 S. tuberosum  G.rostochiensis, 

pathotype Ro1 

only 

 

TIR-

NBS- 

LRR 

 Not described 

 in  details 

constitutive  

expression 

Paal et al. 

(2004) 

Hero A S. pimpinellifolium 

(wild relative of 

cultivated tomato 

S. lycopersicum) 

 

Resistance 

against broad 

range of G. 

pallida and 

G. rostochiensis 

pathotypes 

 

CC-

NBS- 

LRR  

HR initiated 

following 

formation of 

syncytium 

Development 

is abnormal 

and 

surrounding 

cells 

degenerate and 

become 

necrotic, 

isolating the 

syncytium 

–constitutive 

expression but  

up-regulated 

following 

infection 

– cytoplasmic 

localization 

predicted 

Ernst et al. 

(2002); 

Sobczak et 

al. (2005) 

 

CaRGCs 

resistance 

genes 

Candidates 

 Capsicum annuum Meloidogyne sp. NBS-

LRR 

Not described - Kastoori et 

al. (2012) 

Source: Fuller et al. (2007). 

Note: CC- coiled coil; HR- hypersensitive response; LZ- leucine zipper; NBS- nucleotide binding site; LRR- leucine-rich 

repeat; TIR, Toll-TIR, Toll-interleukin 1 receptor. 

It was also observed that Cowpea trypsin inhibitor, 

CpTI expressed in transgenic potatoes, resulted in 

reduced fecundity of Meloidogyne and shifts the sex 

ratio of G. pallida to favour the production of males. 

Although proteinase inhibitors have shown the most 

promise in conferring nematode resistance in 

transgenic plants, several other classes of proteins 

with putative anti-nematode activity have also been 

investigated. 

Lectins  

Lectins are ubiquitous proteins present in both 

plants and animals that recognize and reversibly bind 
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specific mono or oligosaccharides. These proteins 

play important role in pathogen recognition and 

defence/stress response. Many plant lectins are 

reported to bind glycans, such as chitin, that are 

uncommon or absent in plants. The accumulation of 

plant lectins in storage organs also suggests a passive 

defence role. Lectin genes are induced in response to 

a number of pathogens, including plant-parasitic 

nematodes (Fuller et al., 2007). Lectins as anti-

nematode genes are found effective against plant 

parasitic nematodes. Marban-Mendoza et al. (1987) 

provided the first indication that lectins may have 

anti-nematode activity when application of 

concanavalin A lectin (Con A) to the roots of tomato 

plants reduced the amount of galling inflicted by M. 

incognita by 75% compared with control plants. 

Constitutive expression of a snowdrop lectin (GNA) 

directed by the CaMV35S promoter has been used to 

assess anti-nematode activity in oilseed rape, potato 

and Arabidopsis. The number of galls formed in the 

roots of lectin-expressing plants was reduced by up to 

50% compared with wild-type (Ripoll et al., 2003). 

Transgenic expression of lectins therefore has some 

potential as an anti-nematode defence. 

Antibodies/Plantibodies 

Recombinant whole or partial antibodies 

expressed in planta (plantibodies) hold potential for 

creating nematode resistance. Establishment of a 

successful nematode-plant interaction involves a 

number of processes against which plantibodies may 

be directed. Sedentary endo-parasitic nematodes must 

locate, recognize and penetrate the root of a suitable 

host before internal migration to the site of feeding. 

Secretary products from the oesophageal glands of 

sedentary nematodes are essential for the 

development and maintenance of feeding sites. These 

secretions play very important role in the penetration 

and colonization of the roots. Plantibodies directed 

against the active components of these secretions 

could therefore attenuate the parasitic ability of the 

nematode. This was first assessed in planta with the 

expression in tobacco of the heavy and light chains of 

a monoclonal antibody raised against salivary 

secretions of M. incognita (Baum et al., 1996). 

Further, anti-nematode plantibody research has 

focused on an earlier stage of the parasitic process by 

raising antibodies against the nematode cuticle and 

amphid sensory organs (Sharon et al., 2002). In 

bioassays, motility and root penetration ability of 

both Globodera and Meloidogyne species were 

inhibited following exposure to antibody. The effect, 

however, was transient and normal behaviour was 

restored following turnover of the secreted proteins. 

The efficacy of these antibodies in planta was not 

determined. Antibodies raised against one nematode 

species are usually very specific, and few will cross-

react with another species. This may also apply 

across pathotypes. Unless broad-spectrum anti-

nematode activity can be achieved, the use of 

plantibodies to generate nematode resistance will 

remain limited. 

Toxins from Bacillus thuringiensis 

Bacillus thuringiensis bacteria produce specific 

toxins (Cry proteins, 54-140 kDa) that can control 

insects in both spray-on (bio control) and transgenic 

approaches. Gene encoding Bt endotoxins have been 

introduced into crops including tomato, cotton, maize 

rice and potatoes. Some Cry proteins have been 
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described as nematicidal and testing of a Bt panel 

against free-living nematodes demonstrated 

nematicidal activity of Cry5B, Cry6A, Cry14A, and 

Cry21A (Wei et al., 2003). Cry5B interacts with the 

luminal surface of the C. elegans intestine via an 

invertebrate-specific glycolipid, loss of which 

conveys resistance (Griffitts et al., 2005). Expression 

of Cry6A in transgenic tomato roots reduced egg 

production by Meloidogyne incognita 56-76% (Li et 

al., 2007). Use of Cry proteins against parasites with 

lower molecular weight size restrictions like cyst 

nematodes will require truncation to allow uptake 

into the worm intestine. Cry6A can be truncated to 43 

KDa before activity is lost (Wei et al., 2003).  

Disruption of essential nematode gene products with 

RNAi 

In many organisms, exposure of cells to 

sequence-specific dsRNA has been demonstrated to 

result in degradation of corresponding mRNAs, 

through a process called RNA interference (RNAi). 

RNAi occurs by an endogenous cellular pathway, 

which includes the dicer protein that processes long 

dsRNAs into 21 mers (siRNAs) and the RISC protein 

complex that guides siRNA-mRNA base pairing and 

degradation (Mello and Conte, 2004). RNAi is 

emerging as an extremely useful research tool in 

plant nematology to elucidate gene function by 

observing the phenotypic effect of transcript knock-

down. It has been proposed as a sustainable, 

environmentally friendly strategy to add to current 

methods used for nematode control by a number of 

studies with the potential to develop plants which 

produced double-stranded RNA to nematode target 

genes and so to silence expression of genes vital for 

their development or infection processes (Tan et al., 

2013).  

To make plant parasitic nematodes take up 

dsRNA from external solutions mainly two strategies 

are being followed; by dsRNA feeding/soaking 

(Urwin et al., 2002) and transgenic plant-delivered 

dsRNA. Scientists have reported gene silencing by 

dsRNA soaking for plant-parasitic nematodes 

including Heterodera, Globodera, and Meloidogyne 

species (Huang et al., 2006). However, in planta 

delivery of dsRNA by making transgenic plants 

appears to be an ideal and economical approach to 

control obligate plant parasitic nematodes. In planta 

delivery of dsRNA of two target genes was first 

demonstrated by Yadav et al. (2006) to reduce 

replication of M. incognita on transgenic tobacco 

plants, and this was quickly followed by the work of 

Huang et al. (2006) who expressed dsRNA to an M. 

incognita effector protein in transgenic plants and 

also showed reduced nematode reproduction.  

Transgenic RNAi have the advantage of 

excellent biosafety and the possibility of stacking 

resistance by targeting multiple essential genes 

(Bakhetia et al., 2005). But there are some challenges 

which need further research. One is size of the 

nematode feeding-tube which is a limitation in uptake 

of dsRNA, siRNAs particularly for cyst nematodes. 

Secondly, there might be variation in the RNAi 

response across the nematode populations within a 

species. In C. elegans, multiple viable mutants have 

been identified that are RNAi resistant (Mello and 

Conte, 2004). Recently, Dinh et al. (2014) reported 

that three potato cultivars (cvs Desiree and Russet 

Burbank, and the advanced breeding line, PA99N82–
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4), expressing an RNAi construct targeting a putative 

effector gene, Mc16D10L (an ortholog of M. 

incognita16D10 gene), exhibited resistance to M. 

chitwoodi. Additionally, the16D10i-2RNAi transgene 

did not interfere with the natural resistance conferred 

by the RMc1(blb) gene, which has been introgressed 

into PA99N82-4. It was also observed that nematodes 

feeding on these transgenics also appeared to transmit 

the down regulation of the targeted gene to their 

offspring and this effect was maintained over several 

generations. 

Advantages of molecular biology in nematode 

diagnosis 

DNA based methods are rapid and reliable compared 

to morphological or biochemical methods: Molecular 

diagnosis offers opportunity to deal with large 

number of samples or with mixed population of 

different species which was previously impractical. 

DNA based methods are rapid and reliable compared 

to morphological or biochemical methods (Power et 

al., 2005). In many cases, the nematode may simply 

be crushed in a droplet of water and a portion of the 

solution added directly to a PCR reaction (Powers 

and Harris, 1993). Multiple amplifications (5-10) can 

routinely be achieved from a single nematode. The 

solution from a crushed nematode can be stored 

frozen indefinitely for future DNA analysis.  

Better targeting of new emerging nematode 

problems: Molecular characterization and genome 

sequencing can help to detect the virulent populations 

or sub species of well described nematode genera’s 

which are difficult to distinguish on morphological 

bases. Future diagnostic methods will require greater 

specificity across a broad range of nematode taxa.  

No stage specificity; application to all life stages 

The PCR reaction is less dependent on the 

amount of DNA and source of template thus the PCR 

results are more reproducible and reliable. For 

accurate identification of nematodes, most keys 

require critical decisions on adult characteristics. 

Nematode populations often are comprised of a large 

percentage of juveniles. PCR methods have the 

potential to be used in routine diagnostic applications 

using DNA extracts from single juvenile, soil sample 

or even infected plant material (Zijlstra, 2000). J2 is 

more readily available from the soil sample and can 

be obtained hatching eggs. Identification methods 

using the juvenile stages are therefore more useful in 

making crop management decision.  

Easy and accurate application on mixed nematode 

populations: In nature multiple plant-parasitic species 

are typically recovered from the roots of a single 

plant. The community composition of plant-feeding 

nematodes in an agronomic soil can reflects the 

specific sequence of cropping systems and rotation 

schemes being followed over the course of several 

years. For developing sustainable production systems 

it is very important to monitor and identity the 

presence and abundance of all the nematodes in the 

soil community. PCR based molecular diagnosis 

using specific primers can easily identify nematodes 

from the mixed soil samples. 

Important component of Quarantine regulations 

The discrimination of nematodes at the species 

level becomes essential when agricultural 

commodities move across international borders. 

Quarantine regulations needs to target dozens of 

species in different commodities. In case of regulated 
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species such as the potato cyst nematodes Globodera 

rostochiensis and G. pallida, and the Columbia root-

knot nematode M. chitwoodi, the presence of a single 

individual can lead to the rejection of an entire 

shipment of potatoes intended for export. Under such 

situations molecular diagnostic being more accurate 

and specific can be of great help in preventing the 

spread.  

Advantages of molecular biology in nematode 

management: Mapping and cloning of resistance 

genes 

Mapping and cloning of resistance genes in 

different crops resulted in use of molecular markers 

for screening of germplasm lines at an early stage and 

thus speeding up the process of resistance breeding 

through marker assisted selection.  

Gene pyramiding for more durable and multiple 

disease resistance: Molecular biology facilitated the 

pyramiding of more number of resistance genes 

against a pathogen for more durable resistance and 

also transferring genes against more than one 

pathogen to develop multiple disease resistance. 

Utilization of wild sp. with reduced linkage drag: The 

development and use of molecular markers for 

identifying desirable DNA regions could make the 

use of wild germplasm more efficiently.  

Developing transgenic and RNAi: Molecular biology 

enabled the scientists in developing transgenic by 

exploiting certain genes of plant or nematode origin 

for disrupting nematode development and 

multiplication, recognition of host etc. RNAi 

technology can be used to target multiple essential 

genes for stacking resistance (Bakhetia et al., 2005). 

 

Conclusion 

Plant-parasitic nematodes are a major problem 

for agriculture, both in developed and developing 

countries. Almost all the vegetable crops are prone to 

several species of nematodes, incurring significant 

damage. Accurate and quick identification of plant 

parasitic nematode and their species is of paramount 

importance for designing appropriate management 

approach at appropriate time. Molecular biology is 

playing a very important role in detection, 

characterization and designing management strategies 

for plant parasitic nematodes. A number of 

biotechnological strategies are being explored by the 

scientists to perturb the nematode plant interaction 

and to design new management strategies. The 

exploitation of natural resistance genes using 

genotype screening and marker-assisted selection will 

be helpful for improving resistance and/or tolerance 

to nematodes in different vegetable crops in a more 

efficient manner. Marker-assisted selection can also 

be used to pyramid and combine different desired 

traits along with resistance into improved germplasm. 

With the help of molecular markers, in addition to 

major gene resistance, minor (multigene-based) 

resistance can be used to improve host resistance to 

nematode infestation in different crops. Use of 

molecular markers in resistance breeding programme 

is also beneficial in utilization of wild sources of 

resistance with reduced linkage drag for undesirable 

genes. Further, transgenic approaches for 

management of nematodes involving RNAi may 

prove to be beneficial for transgenic production to 

suppress pathogenesis related genes or development  
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related genes of plant parasitic nematodes. A 

combination of the RNAi technology with existing 

technologies or treatments may provide the most 

effective and durable basis for future control of these 

important plant parasitic nematodes.  
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