
 

 

Classical and Molecular Methods of Identification as well as 

Estimating Nematodes - A Comparative Review 

 

Abstract 

Changing climatic scenarios accompanied with harsh ecological conditions are forcing various 

groups of organisms to evolve and adapt in different dimensions. Predominantly in the field of 

agriculture and crop science, several categories of new pests along with diseases are emerging 

voraciously causing havoc and causing panic-stricken situations for the farmers. Among the 

pests, nematode is one of the unnoticed categories contributing significantly to economic loss 

to the farmers. Due to monotonous crop protection practices in some of the areas as well as 

drastic changes in the environmental factors, new species of nematode are evolving and 

attacking economically important crop species. For that, we have to understand the pattern of 

feeding, oviposition site, life cycle, host searching behaviour, parasitic stages and susceptible 

host stage for attacking in order to form proper management practices. For understanding its 

mechanisms and behaviour, our prime concern will be its identification and taxonomic 

classification by various conventional as well as molecular approaches. Molecular approaches 

are turning out to be a useful and vigorous tool for the identification of the phylum Nematoda 

replacing conventional ones.   

Keywords: Climate change, Conventional and molecular techniques, Estimation, 

Identification, Nematodes 

 

 

 

 

 

 

 

 



 

 

 

 

 

INTRODUCTION  

                                Thread worms or Pinworms are a group of mysterious fauna within the 

kingdom of animalia to be studied. It belongs to the phylum Nematoda. The generalised 

scientific classification starts from Kingdom: Animalia, Phylum: Nematoda followed by 

different classes and ending in species (Hanelt et al., 2005). Nematodes can be stretched way 

back around 6000-4000 B.C., as mentioned in Vedas. Vedic people termed these organisms as 

“Krmis” which signifies worm (Hoeppli, 1956). Its rich diversity encourages us to be a keen 

observer as well as motivates us to further study what is going on with this group of organisms 

in terms of its behaviour, biology, physico-chemical properties etc. that draws our attention. 

They take shelter in a wide variety of areas of different habitats such as soil, plants, animals, 

water and human beings. It won’t be surprising if we can trace them from hot water springs to 

shivering polar regions (Perry and Moens, 2011;Tahseen, 2012). Their structural and 

physiological phenomena enable them to survive in such diversified conditions which are no 

match to each other. They exhibit such variants of character although belonging to the same 

category which can be well understood from the fact that if on one side a nematode can be a 

plant or an animal pathogen, on the other hand, some nematodes are being widely utilised for 

genetic studies such as Pratylenchus penetrans or lesion nematode is a well-established plant 

pathogen causing linear necrotic lesions in most of the plants (Saikai and MacGuidwin, 2020) 

while Caenorhabditis elegans is widely used for genetic studies as well as it has grabbed its 

attention from the view point of cytologists, toxicologists and breeder all around the globe 

(Long et al., 2023). In terms of its size also, it exhibits a tremendous distinctiveness. This can 

be explained with some authentic examples such as the size of the plant parasitic nematodes 



 

 

ranging from 300-1000 micrometres while the longest or so-called largest nematode is 

Placentonema gigantissima, which shocks everyone with its length being 8.4 m or 28 feet and 

a diameter of 2.5 cm (Rubio-Godoy and de Leon, 2023). It basically feeds on the endometrium 

of the female sperm whale and was first and foremost found in the islands of Kuril, 1950 (Juan 

et al., 2019).  

                             Most of the studies of biological science exclude this group of organisms in 

terms of its importance. But lesser we know that due to the changing climate scenario as well 

as rising temperature unusual changes as well as interesting phenomena are found among this 

group regarding its habitat searching, host finding, host acceptance and many more are 

expected from various groups of scientists. So, once we notice a different species resembling 

a coiled worm, it becomes our prime duty to trace its lineage and go for its identification. It is 

very important to construct the phylogenetic tree of the newly found species and compare its 

characteristics with the other members of the family. Taxonomic studies involve various 

parameters for the identification of an organism (Hagerbaumer et al., 2015). For profiling the 

taxonomical framework, one has to undergo basic as well as advanced scientific techniques for 

initial identification of the organism.   

This article reviews various conventional as well as molecular techniques for the identification 

of nematodes including its variants of population estimation methods to finally establish the 

phylogenetic tree for species identification and characterization, so that further studies can be 

conducted. It also includes a comparative study of works done by different scientists all across 

the globe to finally draw a conclusion as to how much of the species they have been able to 

identify through various techniques and which of these methods is more efficient for further 

proceedings.  

EXTRACTION METHODS 



 

 

                             Before moving towards its phylogenetic analysis, we have to undergo a 

series of procedures such as sampling, isolation of the nematodes from the source material of 

our interests, processing, in-vitro culture and microscopic evaluation (Berhanu et al., 2024). 

Here, a brief outline of the methods used for the extraction of nematodes from soil and its 

related substrates, plant material as well as cysts is mentioned below in table 1: 

Table 1: Different procedures of isolation 

Isolation from soil and other related substrates 

Name of the method Principle followed Suitable for 

Cobb’s Method 

(Cobb, 1918) 

Variation in size, shape along 

with precipitation rate between 

nematodes and soil particles  

Isolation of active nematodes 

Flegg modified Cobb method 

(Flegg, 1967)  

Variation in size, shape along 

with precipitation rate between 

nematodes and soil particles 

Isolation of active nematodes 

Sole decanting method  

(Cobb, 1918) 

Variation in specific gravity 

between nematodes and soil as 

well as nematode mobility 

Isolation of active nematodes 

Erlenmeyer method 

(Van, 2006) 

 

Variation in size, shape along 

with precipitation rate between 

nematodes and soil particles  

Isolation of active nematodes 

Centrifugal floatation method 

(Coolen and D’Herde, 1972) 

Variation in specific gravity 

between nematodes and other 

substrates 

Isolation of active and non-

active nematodes 



 

 

Oostenbrink elutriator 

(Oostenbrink, 1960) 

Variation in size, shape along 

with precipitation rate between 

nematodes and soil particles  

Isolation of active and non-

active nematodes 

Isolation of cysts 

Name of the method Procedure followed Suitable for 

Fenwick can method 

(Fenwick, 1940) 

Floating properties of cysts, the 

difference between size, shape 

and colour between cysts and 

other substrates  

Separation of cysts from dry 

soil 

Kort’s cyst extraction 

elutriator 

(Kort, 1960) 

Variation in precipitation rate 

along with size between cysts 

and soil particles  

Extraction of cysts from soil 

Baunacke method 

(Baunacke, 1922) 

Floating properties of cysts, the 

difference between size, shape 

and colour between cysts and 

other substrates  

Separation of cysts from dry 

soil 

Seinhorst cyst extraction 

elutriator 

(Seinhorst, 1964) 

Variation in precipitation rate 

along with size between cysts 

and soil particles 

Extraction of cysts from soil 

Modified Seinhorst method 

(Seinhorst, 1959) 

Variation in precipitation rate 

along with size between cysts 

and soil particles 

Extraction of cysts from soil 

Wye washer  

(Winfield et al., 1987) 

Variation in structure along with 

size between debris and cysts 

Extraction of cysts from dried 

debris and soil particles  

Isolation from plant material 



 

 

       

CONVENTIONAL COMBINED WITH MOLECULAR METHODS OF 

IDENTIFICATION AND ESTIMATION 

Conventional methods of identification and characterisation include Polymerase Chain 

Reaction (PCR), Shape of the head, number of annules, body length, length of the stylet, shape 

of the stylet knob, structure of the lateral fields, presence/absence and frame of the 

spermatheca, sculpt of the female tail terminus, shape and span of the spicule and 

gubernaculum are all crucial morphological recognition characteristics in round worms 

(Handoo et al., 2008) and other ratio measurements which were proposed by De Man (1880) 

are as follows:  

Name of the method Procedure followed Suitable for 

Baermann funnel method 

(Baermann, 1917) 

Makes use of nemtaode mobility Isolation of active nemtaodes 

Funnel spray method 

(Seinhorst, 1950) 

 Makes use of nematode 

mobility and precipitation rate 

Isolation of active nematodes 

Root incubation 

(Mountain and Patrick, 1959) 

Makes use of nematode mobility Isolation of motile nematode 

stages 

Blender nematode filter 

method 

(Van, 2006) 

Makes used of nematode 

mobility  

Isolation of active nematodes 

Dissection 

(Van, 2006) 

Physical presence  Diagnosis purpose  

Blender centrifugal flotation 

method 

(Coolen and D’Herde, 1972) 

Variation in specific gravity Isolation of active and in-

active nematodes 



 

 

L = Total body length in microns or millimetres  

a = Body length ÷ greatest width  

b = Body length ÷ oesophagus length  

b’ = Body length ÷ oesophagus length from the lips to the end of the oesophageal glands  

c = Body length ÷ tail length  

c’ = Body length ÷ body width at the anus  

G1 = Overall length of the anterior ovary from vulva x 100 ÷ body length  

G2 = Overall length of the posterior ovary from vulva x 100 ÷ body length  

V = Distance of the vulva from the lips x 100 ÷ body length (Bezooijen 2006).  

Advantages:  

1. It is comparatively easy and handy. 

2. It requires less time. 

3. It does not involve sophisticated types of equipment.  

4. It is less expensive and does not burn a hole in our pockets. 

5. It does not require highly trained personnals rather than basic skilled trainees. 

Disadvantages:  

1. The effect of several factors such as geographic location, host plant, nutrition and other 

environmental phenomena that guide the evolution among the species is unavoidable. 

2. It can be challenging if it consists of variegated species. 

3. It is not the ultimatum to finally conclude that so-called organism belongs to this 

particular genus or any other taxa of classification.  



 

 

A summarized figure comprising of possible numbers of conventional as well as specialised 

techniques with examples of nematode that were identified are enlisted below in figure 1:  

Figure 1: Conventional and specialised techniques for identification of nematodes 

Table 2 lists the different techniques or tools for arranging nematodes in different taxa 

Table 2: A comparative study of techniques or tools used for placing nematodes into 

different taxa 

Nucleotide based 

Name of the techniques Pros Cons Nematodes 

identified so far 

and compared  

References  

A. Micro array and 

probes- 

They are very 

specific and 

High costs, 

spotted 

1. Meloidogyne 

chitwoodi. 

 



 

 

1. SCARs (Sequence 

characterised amplified 

regions)  

2. DNA microarray 

3. Satellite DNA based 

like pMfd satellite 

DNA 

4. TaqMan qPCR  

accurate in 

binding to the 

destined sites 

and highly 

reproducible  

microarrays are 

not highly 

specific, issues 

of dye 

effectiveness 

and low signal 

analysis 

 

2. Meloidogyne 

fallax, 

Meloidogyne 

hapla. 

 

3. Meloidogyne 

fallax, 

Bursaphalenc

hoides 

xylophilus 

 

4. Meloidogyne 

minor, 

Paratrichodo

rus allius 

Francois et al., 

2006; Francois 

et al., 2007; 

Sapkota et al., 

2016; Huang 

et al., 2017 

B. Sequence based  

1. Nuclear DNA 

2. Mitochondrial DNA 

3. Whole genome 

Sequence 

information 

is easily 

accessible, 

comparisons 

can be made 

easily and 

accurate 

identification 

Lack of 

authenticity of 

some data stored 

in GenBank, and 

lack of technical 

facilities 

 

1. Two specific 

primers for 

Heterodera 

avenae and 

Heterodera 

filipjevi 

2. Meloidogyne 

spp. 

 

Toumi et al., 

2013; Ye et 

al., 2015 



 

 

 

C. Fingerprinting  

1. PCR-RFLP 

2. gDNA-RFLP 

3. RAPD and SRAP 

4. RT-PCR 

5. DGGE (denaturing 

gradient gel 

electrophoresis) 

Accurate and 

precise 

identification 

along with 

information 

about the 

relatedness of 

different 

organisms 

Primers should 

be designed 

accurately, 

DGGE is 

labour-intensive  

 

1. Meloidogyne 

floridensis, 

Heterodera 

medicaginis 

2. Meloidogyne 

incognita, 

Globodera 

tabacum 

complex 

3. Meloidogyne 

spp. complex, 

7 species of 

Stenernemati

dae 

4. 14 

Meloidogyne 

spp. and 

Cooperia 

curticei  

 

 

Smith et al., 

2015; Handoo 

et al., 2020; 

Semblat et al., 

1998; Marche 

et al., 2001; 

Abd ElAzim 

et al., 2019; 

Naz et al., 

2013; 

Amarante et 

al., 2014; 

Sapkota et al., 

2016.  

D. SrRNA markers Ease of 

application 

It is less variable 

than ITS 

(internal 

Caenorhabditis 

elegans, 

Chromadorian 

Ellis et al., 

1986; Chilton 

et al., 1987 



 

 

and takes less 

time 

transcribed 

spacer) thereby 

less suitable 

nematodes, 

Ascaridoids, 

Strongylida 

Rhabditida, 

Spirudida and 

Tylenchida (by 

5.8 SrRNA 

analysis) 

E. SSU (small sub-unit) 

rDNA analysis 

Ease of 

application 

and takes less 

time, target 

molecule 

identification 

and 

determination 

of 

evolutionary 

rates 

Offers medium 

resolution in 

some cases 

Aschelminthes, 3 

Secernentea 

clades, 

Chromadorida 

and 2 

Adenophorean 

clades 

Magenti, 

1981;  

Winnepennink

x et al., 1995   

Enzyme or Biochemical based 

Name of the techniques Pros Cons Nematodes 

identified so far 

and compared 

References  

A. 2-D gel analysis  The 

resolution of 

The degree of 

polymorphism 

4 species of root-

knot nematodes 

Navas et al., 

2002 



 

 

complex 

protein 

markers and 

allows 

evolutionary 

inferences 

depends upon 

the number of 

samples 

evaluated, 

(Meloidogyne 

spp.) 

B. Mass spectrum 

analysis or Matrix-

assisted laser 

desorption/ionization 

(MALDI) 

It is very 

selective; it is 

not 

susceptible to 

changes in 

microorganis

m growth 

protocols 

It is costly to 

operate, and the 

accuracy of 

detection might 

be impacted by 

the culture 

period of the 

nematode to be 

analysed 

Anguina tritici, 

Anguina funesta, 

Meloidogyne 

javanica, 

Paragodius 

tricuspidatus, 

Spinochordodes 

tellinii 

Perera et al., 

2005; Biron et 

al., 2005  

C. Isozyme evaluation or 

Multi Locus Enzyme 

Electrophoresis 

(MEE) 

Distinguishes 

major species 

Takes more time 

and labour-

intensive 

Meloidogyne 

spp.  

Esbenshade,  

1990 

D. Serological evaluation 

(mono and polyclonal 

antibodies)  

Precise and 

accurate 

Specificity is 

more in a small 

number of 

samples to be 

analysed 

Heterodera 

glycines, 

Meloidogyne 

incognita, 

Meloidogyne 

javanica, 

Bird, 1964; 

Schots, 1989; 

Atkinson et 

al., 1988; 

Hussey, 1989   



 

 

Globodera 

rostochiensis, 

Globodera 

pallida 

Morphological and Image-based  

Name of the techniques Pros Cons Nematodes 

identified so far 

and compared 

References  

A. Artificial intelligence  

1. Convolutional 

Selective 

Autoencoder (CSAE) 

2. WorMachine  

Detection of 

minute 

objects, can 

handle a 

large number 

of samples, 

fast and 

accurate 

distinction   

Depends on the 

input of 

software data 

and its handling   

 

1. Soybean cyst 

nematode 

 

 

2. Caenorhabdit

is elegans  

 

Akintayo et 

al., 2018; 

Hakim et al., 

2018 

B. Autofluorescence  Exclusion of 

added 

artificial 

dyes, 

advances in 

terms of the 

light 

microscope 

Each and every 

species does not 

liberate 

fluorescence 

spectra 

Ascaris 

lumbricoides and 

Ascaris suum  

Qazi et al., 

2020 



 

 

C. Microscopic image 

analysis  

Detection of 

external 

features 

invisible to 

the naked eye 

such as the 

number of 

striations, 

shape of the 

caudal alae, 

shape of the 

body, shape 

and size of 

the head etc.  

Unable to 

differentiate the 

masked 

environmental 

effects on 

heredity at the 

genetic and 

molecular level  

1. Meloidogyne 

incognita, 

Meloidogyne 

hapla, 

Meloidogyne 

javanica, 

Meloidogyne 

arenaria 

2. Globodera 

spp. and 

Heterodera 

spp.   

Chitwood, 

1887; Turner 

and Subbotin, 

2006 

Barcoding 

Name of the techniques Pros Cons Nematodes 

identified so far 

and compared 

References  

Meta barcoding Capacity to 

instantaneous

ly determine 

each single 

species inside 

complicated 

multi-

Skilled 

personnals are 

required for the 

identification 

purpose 

Anisakis 

simplex, 

Panagrellus 

redivivus, 

Turbatrix aceti 

and 

Knot et al., 

2020 



 

 

ingredient 

and 

processed 

mixtures 

Caenorhabditis 

elegans 

 

CONCLUSION 

                           The goal of taxonomy is to assist individuals in comprehending biodiversity, 

categorising creatures and communicating biological knowledge. Scientific naming is required 

for taxonomic discourse and correct name is only achievable with type specimens and 

associated visual information. This, however, is not always practicable, especially when 

working with environmental materials (eDNA). Nevertheless, it is now widely acknowledged 

that there is a lack of phenotypic traits to adequately characterise biological variety and the 

utilization of genetic data to enhance and/or overcome this constraint is routine. Conversely, a 

clade is more relevant if its members have distinct biological characteristics, as opposed to the 

taxon just representing a collection of people with identical physical or molecular 

characteristics. Because of the relative simplicity of molecular approaches, numerous new taxa 

have been identified; some based just on genomic sequences. Those taxa might have been hard 

to characterise visually not just due to a lack of experts and significant morphological 

distinctions, but also because the individuals of these are difficult to cultivate. Taxa found using 

distinct molecular techniques, on the other hand, are not necessarily consistent; for example, 

when sequenced data from different parts of the DNA is utilised in separate research, or when 

sequence data obtained from the same DNA region is interpreted differently across 

investigations. Similarly, taxa based on morphometric characteristics may not necessarily 

correlate to those derived from genetic data and likewise. 
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