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Introduction 
 

Modern biotechnological tools are essential 

to combat against the plant parasitic 

nematodes.  In modern functional genomics 

era some of the important tools that are 

being used by researchers are RNA 

interference (RNAi), microRNAs, 

transcriptome profiling, genome squencing 

etc. Besides these, transformation of 

cultivated species with cloned nematode 

resistance genes is another approach to  

create resistance (Jung und Wyss 1999). 

This strategy has the advantage to unify 

several resistance genes in one cultivar and 

thus to be able to build a notably wide and 

sustainable resistance. 

 

Furthermore, resistance genes can be carried 

over by transformation to elite cultivars 

without transferring the negative qualities of 

 

 

 

 

the donor cultivar. Efforts are still going on 

to obtain transgenic plants for the abatement 

of nematodes of the genus Pratylenchus. 

However, enormous and successful progress 

was achieved in this area with other 

nematodes.Some of the strategies aimed at 

nematode targetsare(1) disruption of 

nematode intestine protease inhibitors or BT 

toxins antifeedant, nematicidal protein, 

(Enzyme inhibitors) (2) By triggering RNA 

interface (RNAi) to cause silencing of 

nematodes genes (3) By disruption of 

sensory functions with RNAi/ Peptide/ 

Plantibody and (4) by generation of 

nematicidal metabolites. Strategies aimed 

atthe plant-nematode interface are (1)disrupt 

nematodes pathogenicity factor, invasion 

and migration. (2) disrupt nematode 

pathogenicity factor- feeding site induction 
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Plant parasitic nematodes (PPNs) are major pests in agriculture causing 

significant crop losses around the world. The overall damage due to PPNs 

was estimated at $157 billion per annum (Abad et al 2008). These 

nematodes are distributed worldwide and have wide host range. Here we 

discus some latest biotechnology and genomics based approaches that can 

help in controlling plant parasitic nemated like root lesion nematodes 

(RLNs). 
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and maintenance (with RNAi and 

Plantibody, etc). (3) repellent plant and (4) 

conversion of plants to non-host. 

 

One of the most common biotechnology 

based nematode management strategy is the 

expression of rice oryza cystatin protein, an 

inhibitor of cysteine proteases. 

Phytocystatins are low-molecular-weight 

proteins that have been isolated from a range 

of plants including seeds of soybean, corn, 

cowpea, chestnut, subepidermal cells of 

potato tubers, and tomato leaves over-

expressing the wound-induced signal 

molecule prosystemin (Samac et al., 2003). 

Plant parasitic nematodes have been 

demonstrated to have multiple types of 

active proteases including cysteine 

proteases. Nematode intestinal proteases are 

attractive targets for disruption for several 

reasons (Lilley et al., 1996). Samac et al., 

(2003) have evaluated the resistance to the 

root-lesion nematode (Pratylenchus 

penetrans) in alfalfa (Medicago sativa) 

plants in which the cDNAs of the 

phytocystatins from rice were expressed 

under the control of the potato protease 

inhibitor II (PinII) promoter. To determine 

the pattern of gene expression from this 

promoter PinII-glucuronidase (GUS) gene 

was introduced into alfalfa plants. Leaf and 

root vascular tissue showed constitutive 

GUS expression.  

 

In some plants, leaf mesophyll cells also 

showed expression. This GUS expression 

level was increased about two fold over 24 

hr after mechanical wounding. To check the 

GUS expression level after nematode 

infestation, root lesion nematodes were 

inoculated to alfalfa transgenic and control 

transgenic plants. Localized GUS expression 

was observed after nematode inoculation. 

Reduced nematode population was recorded 

in alfalfa roots of transgenic plants in 

comparison to control transgenic line. 

Two nematicides, 4-hydroxyphenylacetic 

acid (4-HPA)(1) and oidiolactone D (2), 

were isolated from cultures of the fungus 

Oidiodendron sp., and their structures were 

identified by spectroscopic analyses. 

Compound 2 showed nematicidal activities 

against the root-lesion nematode, 

Pratylenchus penetrans, and the pine wood 

nematode, Bursaphelenchus xylophilus. 

Compound 1 was also active against these 

two nematodes but to a lesser extent  

(Ohtani et al., 2011). 

 

Here we discussed briefly RNAi and 

sequencing approaches that are being used 

to tackle the growing plant parasitic 

nematode populations. The RNA 

interference technology has proved to be 

particularly important to efficiently combat 

different species of root knot nematodes of 

the genus Meloidogyne both in vitro and in 

vivo (Huang et al., 2006). Classical studies 

in model nematode Caenorhabditis elegans 

(C.elegans) by Guo and Kemphues (1995) 

and Fire et al., (1998) laid the foundation of 

our present understanding of RNA 

interference (RNAi) technology. On plant 

side, earlier studies by Jorgensen et al., 

(1996) and Waterhouse et al., (1998) laid 

the foundation of modern day application of 

RNAi technology. RNAi involves the 

suppression of gene expression process by 

using sequence-specific, homologous RNA 

molecules. This mechanism is triggered by 

double-stranded RNA (dsRNA) that is 

further recognized by an enzyme called 

Dicer (Bernstein et al., (2001) Dicer 

processes the dsRNA to 21- to 26-nucleotide 

(nt) small dsRNA molecules known as 

siRNAs (short interfering RNAs). The DCR-

2⁄R2D2 complex then binds to these small 

interfering RNA molecules (siRNAs) and 

then these small RNAs are then incorporated 

into a multisubunit complex called ‘RNA-

induced silencing complex’ (RISC). Then 

this RISC directs the degradation of any 
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endogenous mRNAs that are homologous to 

the small RNAs (Hammond et al., 2000; 

Novina and Sharp, 2004).Selection of target 

genes is quite crucial for the application of 

RNAi to control plant parasitic nematodes. 

Generally, target genes selected or silencing 

are those genes that either involved in (a) 

nematode development (b) parasitism and 

(c) mRNA metabolism. A detailed list of 

genes targeted and successful application of 

RNAi technology to control plant parasitic 

nemtodes is provided in a review article by 

Li et al., (2011). Useful target sequences for 

fruitful RNAi can also be detected by 

utilizing already available genome 

resources. Surplus information about lethal 

mutations and important specific genes is 

available in model nematode C.elegans. 

With the help of bioinformatics and 

comparative genomics one can study the 

corresponding homologs. This is more 

feasible for conserved genes. Alkharouf et 

al., (2007) and Ibrahim et al., (2011) 

recently applied this approach to identify 

interesting gene sequences in soybean cyst 

nematode i.e. Heterodera glycines. 

Interestingly, most of the reports of 

successful application of RNAi in plants are 

from sedentary nematodes. Such studies are 

lacking in migratory plant parasitic 

nematodes like root lesion nematodes, which 

is a big lacunae in understanding the 

mechanism of key genes involved in disease 

resistance at functional level. Efforts are 

needed in the direction to extend this fruitful 

technology. However, in such cases 

sequencing of essential genomic and EST 

sequences of plant-parasitic nematodes is 

useful. This will be quite helpful in 

understanding the key components involved 

in resistance towards root lesion nematodes. 

This has been demonstrated in a recent study 

in which transcriptome of the nematode 

Pratylenchus coffeae, a root lesion 

nematode, was studied through generating 

expressed sequence tags (ESTs) on a 454 

sequencing platform (Hageman et al., 2011). 

In this study combination of different 

genomic approaches led to the identification 

of different sequences putatively involved in 

parasitism like different plant cell wall 

modifying enzymes. Surplus sequence 

information is also available from various 

nematode sequencing projects (Abad et al.,, 

2008; Parkinson et al.,, 2004; McCarter et 

al.,, 2003). Several thousand ESTs were 

sequenced from 30 nematode species 

(Parkinson et al.,, 2004; McCarter et al.,, 

2003). Besides, assisting in the identification 

of the key genes involved in parasitism, the 

genomic and EST sequences so generated 

could also provide clue to researchers to 

pinpoint appropriate target genes for RNAi 

experiments. Recently a report has been 

published by Tan et al., (2013) where they 

described the dsRNA mediated gene 

silencing in two important RLN species P. 

thornei and P.zeae. Artificial feeding 

silenced two important genes, calponin and 

troponin C, essential for nematode structural 

integrity and proper muscle contraction.    

 

The other major advantage of using 

sequence information is the identification 

and functional analysis of candidate effect or 

proteins. Numerous proteins are secreted 

into their host by plant-parasitic nematodes 

(Hageman et al., 2012). These proteins are 

known as effectors, have various functions 

in the plant cell. The function of many of 

these effectors is less clear or unknown 

(Hageman et al., 2012). Candidate 

parasitism proteins secreted by nematodes to 

modify plant tissues for parasitism includes 

cell-wall-modifying enzymes, multiple 

regulators of host cell cycle and metabolism, 

proteins that can localize to the plant cell 

nucleus, potential suppressors of host 

defense, mimics of plant molecules, and a 

relatively large cadre of predicted novel 

nematode parasitism proteins(Davis et al., 

2008).These effectors are believed to have 
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been acquired from bacteria or fungi by 

horizontal gene transfer (Hageman et al., 

2012). One of the most important 

advancement in the field of nematology is 

the discovery that an arsenal of secretory 

proteins, with parasitism function, produced 

in the esophageal gland cells of root knot 

nematodes (Davis et al., 2000; Hussey 

2011).Such studies are lacking in root lesion 

nematodes. However, bioinformatic analysis 

of available nematode genome sequences 

could help to identify the putative secreted 

proteins and subsequently to check their 

function as candidate effector. Very limited 

progress has been made so far in this 

direction. This field could be the new 

interesting area to work out for controlling 

plant parasitic nematode population by 

studying potential effector proteins in plant 

parasitic nematodes. Like other nematodes, 

it would be exciting to study biological role 

of novel candidate secreted parasitism 

proteins of root lesion nematodes. 

Sequencing of small RNAs like microRNAs 

(miRNAs) is another possibility needs to be 

explored in case of plant parasitic nematode. 

MicroRNAs have been found to be involved 

in a number of physiological and 

morphological processes. Therefore, it 

would be highly desirable to develop 

appropriate strategies and vector systems to 

study the involvement of small RNA 

molecules in parasitism. 

 

In conclusion, it seems that different life 

style and physiological differences, even 

among the members of same species, made 

it highly difficult to develop a broad 

spectrum disease resistance against root 

lesion nematode in plants. Thelong term 

goal to achieve broad spectrum resistance 

can be only achieved by the proper and deep 

understanding of all the components 

involved in root lesion nematode plant 

interaction.  It seems that modern functional 

genomic tools like RNAi and different 

sequencing platforms possess high potential 

to revolutionize the management of this 

category of plant pathogens especially in the 

cases where resistance genes are not yet 

discovered. In parallel, pursuit for natural 

resistance genes should be constantly done 

to develop natural root lesion nematode 

resistant crops. Search of genes/QTLs for 

root lesion nematode resistance through 

advanced mapping populations has been 

already demonstrated. Use of whole genome 

association mapping and high throughput 

genotypingsystem is a highly lucrative way 

to explore on large scale the diverse plant 

germplasm to discover novel resistance 

genes. Development of environmentally safe 

and cheap nematicides with broad range 

effect should also not be discouraged. 

Finally, one can say that participation of 

molecular plant breeding, genetic 

engineering and improved harmless 

chemical control methods is required for 

effective management of root lesion 

nematodes in plants. 
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