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Abstrnct 

The use of biochemical approaches in taxonomic studies of plant parasitic,ncmatodes is reviewed in relation to 
eladrophoreris, isoelectric focusring, 2dimensionnl electrophoresis and semlogy Emphasis is laid on various 
biochemical techniques in brief and their application in taxonomic studiei on plant parasitic nematodes. The 
limilations and advantages of these techniques in resolving taxonomic problems and understanding phylagenetic 
relation among the plant parasitic nematodes are also discossed. 
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1. Introduction 

The utility of biochemical parameters in taxonomic studies was recognized in the beginning 
of this century by Nuttal1 when he made biological tests of blood in relation to zoological 
ciassification. Much of the work in the first forty years of this century concerned with the 
immunological determination of similarities and differences. With the introduction of gel 
electrophoresis and the discovery that genetic information is carried from generation to 
generation by D N A ,  the use of biochemical techniques in the study of taxonomy was 
accelerated. Biochemical techniques are now being applied to resolve taxonomic problems 
of all types and in many organisms"'. The study of evolution and taxonomy involves an 
investigation of the changes and variation in the geneticconstitution of the organisms. The 
genetic similarities and dissimtlarities can be examined either by structure of genes and 
through their products. Systematic information can be obtained by examining either base 
sequence in DNA or  the sequence of amino acid protein6. 

Biochemical approach in the taxonomy of nematodes also started in the same fashion as 
other organisms. In the field of plant nematology, Lee'was the first to attempt identification 
of species of Meloidogyne spp. by biochemical techniques. This new approach attempted at 
that time was considered to be a valuable tool t o  characterize and study the relationship 
among plant parasitic nematodes in complimenting and enhancing the information pro- 
vided by classical and conventional system. There are excellent reviews on this aspects-lo 

2. Importance of biochemical taxonomy in nematology 

The conventional system of studies on nematode taxonomy through light microscopy has 
served well and will continue to do so. Nevertheless, it does have limitations and there is need 
to resolve taxonomic complexities rather conclusively. We have situations where suitable 
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morphological features are sporadic, overlapping, variable, rare o r  lacking. We have also 
situations in which similarities in morphology do  not necessarily indicate genetic relation- 
ship. We have situations where weighing of characters by different individuals is such that 
confusion and controversies cloud the true genetic relationship. Because of the world-wide 
importance, M e l o i d o ~ n e  is taken as an example to  illustrate these observations. To  data 
approximately 53 species have been described and new ones are being described every year. 
Although most species are adequately described, it is becoming difficult to distinguish 
between species on the basis of presently available information. Difficulties arise from the 
considerable variation among individuals of a species in many of the characters now used to 
distinguish between the speciesll. For example, perineal patterns are quite variable. Mea- 
surement of their characters often overlap between species, are environment-dependent and 
usually many individuals must be examined for a positive conclusion. Furthermore, this 
method is time-consuming. Mixed populations whichoccur on a single host and which show 
pronounced intraspecific variation can present serious difficultiesI2. Host range studies aid 
in identifying species of root-knot nematode'" but involve prolonged green-house culturing 
of differential host plants14. The determination of species o n  the basis of chromosome 
number has made much progress but requires cytological examination of several specimens 
and two species may have the same chromosome number. Studies have shown that some 
Meloidogyne reproduce by mitotic parthenogenesis. With that mode of reproduction muta- 
tions would be genetically isolated. Thus a multitude of clones could result in further 
complicating the task of a taxonomist Is. Scanning electron microscope has revealed certain 
morphological differences among the Mdoidog.vnespp. "J' but most of the characters are in 
males which are seldom found in natural population and numerous observations are 
required to  identify precisely mixed wild population. Therefore, a few characters remain 
which can be used by general nematologist for identification of species of root-knot nema- 
t o d e ~ ' ~ .  Furthermose, the availability of electron microscope in every laboratory is not 
always possible. Compared to these techniques, the biochemical technique, specially electro- 
phoresis, is useful for obtaining estimates of genetic and stable differences within and 
between populations. These techniques are particularly suitable for collecting data because 
they allow the separation and identification of specific soluble enlymes and non-enzymatic 
proteins. Comparison of isozyme patterns obtained from the electrophoresis of proteins of 
mass homogenates or from individuals within a population can provide a measure of the 
similarity between different populations by analysis of shared or different band mobilitiesi9. 
The enzyme banding pattern provides information about the genetic make up of popula- 
tions. Some enzymes appear to  evclve more rapidly than the non-enzymatic protein20. 
Several groups of root-knot nematodes can be identified by this n ~ e t h o d ~ ' - ' ~ .  The species of 
Globodera can be separated b i o c h e m i ~ a l l ~ ~ ~ ~ ' ~ .  Two pathotypes of G. rostochiensis have 
also been separated by this approachz6 Serological techniques provide reliable procedures 
for determining differences or  similarities in Meloidogyne antigen1'. These techniques have 
great potential for elucidating phylogenetic relationship and complete understanding of 
kinds and diversities among the plant parasitic nematodes. 

3. Methodology 

taxonomic studies on nematode, by and large, involve counting and measuring of 
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various characters and examining them under different types of microscopes, ~~t the 
biochemical approach for taxonomic studies involves the techniques borrowed from chemist 
e.g. electrophoresis. isoelectric focussing, 2-dimensional electrophoresis, serology and DNA 
technology. Many detailed accounts of the theory and practice of these techniques are 
available in the literature. By analysing the genes it would have been possible to know the 
variation in the species. But, extraction of nucleic acid and determination of their base 
sequence are a time-consuming process which require larger amount of material than 
generally available from single nematode species''. 

3.1 Elrrtrophuresis 

Of all biochemical techniques used in taxonomic studies on phytophagous nematodes, the 
most commonly and widely used method is electrophoresis. Benton and ~ ~ e r s "  were the 
first to use electrophoresis to identify soluble protein from the free living nematodes 
Punugrellus rrrfivivus and plant parasitic nematode Ditylenchus irifurrnis. In their studies, 
they found P. redfvivus has greater number of protein'hands than D. triformis. Homogen- 
ates of P. redivivus have at least twenty different protein bands, eight of which exhibit 
esterases and five acid phosphatase activity. Momogenates of D. triforrnis have at least 16 
distinct protein hands of which fourexhihit esterase. Inview of the high degree of reproduci- 
bility of the results and distinct Zymogram and protein patterns obtained in this study they 
assumed that a taxonomic classification of nematodes based on electrophoresis might be 
possible. 

Subsequent to  this study, many attempts have been made to distinguish the different 
species or  races of plant parasitic nematodes with mixed stages of nematode population or 
large number of individuals28-". Biochemical approaches for nematode taxonomy had t o  
wait till 1978 when Dalmasso and ~ e r ~ e ' '  introduced for the first time the use of microtech- 
nique t o  extract protein from single nematode specimen. They developed microtechniques 
where acrylamide gels were cast as slabs (0.4 mm thick) or as cylinders in microhematocrit 
tubes ( I .  1 mm internal diameter). The micro slab gel technique enablesseparation of protein 
from 1 t o  10 nematodes on a single gel. Five known and one unknown species of Meloido- 
gyne comprising a total of 83 populations from various locations were used in this study. To 
establish variability in each locus, the electrophoretic analysis of individuals derived from 
wild populations was replicated 80 times; analysis of individuals fromegg mass populations 
was replicated 20 times. From their studies of protein, esterase, malate dehydrogenase, 
glycerol phosphate dehydrogenase and catalase, they concluded that non-specific esterases 
are good tools for taxonomic identification of Meloidogyne. This method was further 
accelerated by 3anati2'. He studied the isoesterase composition of females from 75different 
localities an0 Iound two types esterases, b and P after coloration of gels with I -naphthyl 
acetate. The distribution of b-esterase, is species specific and stable among the population of 
M, i n c o ~ n i t a  and M. javanita but some variations were detected among the population of 
M. arenaria. This pattern of b-esterase was considered to he a reliable character for 
identifieation of M. incognita, M. javanica and M. arenariaZ2. Polyacrylamide gel electro- 
phoresis has also been employed in order to study intraspecific variations in other nema- 
todes. F~~ example, an  attempt has been made recently to differentiate two biotypes of 
~ ~ , ~ ~ ~ , j ~ ~ ~  on the basis of involving non-specific esterase polymorphism". Further- 
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more, it was of interest to note that genetic polymorphism is pronounced in H. ovenoe as 
compared to  Meloidogyne species as far as non-specific esterase is concerned. Recently, 
starch gel electrophoresis was employed to analyze the genetic variation of banana and citrus 
race of Rodopholus simi1is3'. It was demonstrated that aldolase, a+P esterase, glucose 
6-phosphate dehydrogenase, isocitrate dehydrogenase, malate dehydrogenase and phospho- 
gluco isomerase were diagnostic marker of the races. Three species of Bursophelenchus were 
readily distinguishable on the basis of Isoesterases and malate dehydrogenase using polyac- 
rylamide gel e l e~ t ro~hores i s~~ .  

3.2 Isoelectric focussing 

Polyacrylamide gel electrophoresis was employed earlier to separate species of the genus 
Globodero. Results are often inconclusive and inconsistent 37"8. Conventional electrophore- 
sis separates and characterizes protein by relative mobility but the sensitivity, resolution and 
reproduction of the result can be enhanced by separating proteins to their isoelectric 
points3g. The advantage of this method is its reproducibility and the technique overcomes 
the differences in gel composition, purity of chemicals and running condition of theelectro- 
phoresis. This method can detect protein and isozyme differences of Globodero spp. and 
more work may provide a method of diagnosingfield population based on this technique4' 

Fleming and MarksZ4 found consistent differences for G. rostochiensis and G. pollido. In 
their opinion, two bands were useful in species identification. A major protein band at PI 5.9 
was found only in G. rostochiensis whereas G. pallida possessed band with PI values of 5.7. 
Both the bands could be identified from the extract of single cyst. They are of the opinion 
that sensitivity of this technique will allow quick and accurate species identification of a 
single viable nematode cyst from field or consignment of potatoes. Wharton et alZ5 studied 
the differences of G. rostochiensis and G. pallida using the same technique but with acid 
phosphatase enzyme. The population o f  the former showed a major band at PI 5.73 which 
was not detected in three populations of G. pallida. On the basis of statistical analysis it was 
suggested that bands at PI 5.7-3,5.88,5.96 and 6.08 were the most diagnostic in separating 
G. rostochiensis from G. pollido. They concluded that this method is good for distinguishing 
these two species. Fox and ~tkinson" observed a major protein band at pH 8.0 on the basis 
of which two species could be differentiated. Lawson et 01Z3 reported that M. incognita, 
M. arenaria, M. javanica and ,M. hapla can be distinguished from each other by this method 
with nematodes egg protein. They also got distinct protein profile in the larvae and adults of 
Hopolaimus columbus and H .  glycines. Recently this technique provided characteristic 
protein pattern for ten,species of Heterodera indicating several races and new speciesa. 

3.3 Two-dimensional electrophoresis 

Separation of proteins consistingcellular and subcellular fractions from a complex mixture 
sometimes is not accomplished by one-dimensional electrophoresis. The combination of two 
different electrophoresis to produce a two-dimensional separation increases the resolving 
power by many folds4'. O '~a r r e11~~  introduced two-dimensional electrophoresis where 
prote,ins are separated by isoelectric focussing in the first dimension and according to the 
molecular weight in a sodium dodcyl sulfate pour gradient gel in the second dimension. It is 
very suitable for detecting low quantity of protein using ultra-sensitive silver staind4. 
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Two-dimensional electrophoresis in combination with sensitive protein stain based on a 
reaction with silver ions allowed differentiation of two closely related species of Glohod- 
eraz6. Twenty-five micrograms of protein were used inthis study. They corlcluded that ~ w o  
populations belonging to  the pathotype RO i and ROz of G. rostochiensis differred in one 
protein. But Huettel er a/" reported that the resolution of protein was poor while comparing 
two races of Rodopholus sirnilis. Apparently, the protein concentration was too low to 
detect the components with coomassie brilliant blue. Many protein spots were stained with 
silver stain but intense background staining obscured them. Large quantities of concentrated 
protein are necessary to get good results. It is presumable that silvcr staining procedure has 
to be adjusted in each case to obtain good result. Premachandran er a14' utilised this 
technique to  differentiate species of Meloidogyne and remarked that it may be useful for 
taxonomic purposes. 

3.4 Serology 

Serological technique has been employed recently to determine differences or similarities 
among soluble proteins of somc nematode species and has been used extensively to identify 
bacteria. viruses and fungi. The specificity of the antigen-antibody reaction serological 
technique is regarded to  be reliable in determining homologies between proteins of different 
animals or  plant species4'. Likeelectrophoresis, many attempts have been made in determin- 
ing the differences or similarities among antigens obtained from nematodes. Gibbins and 
Grandison'' attempted an assessment of serological procedure for differentiation of biologi- 
cal races of D. dipsaci. The number of lines appearing with D. dipsaci from lucerne, white 
clover and narcissus were less than red clover raceantigen sample. In their opinion, the use of 
this technique for differentiating biological races of D. dipsari may be possible if methods 
are derived for separating the different stages into large pure sample. The results of 
EL-Sherif and ~ a i ' ~  indicated that P. redivivus and Diplo~asrer spp. are closely related 
agreeing with their taxonomic position in the Phylum Nematoda. Aphelenchus avenue 
which is not related taxonomically t o  the other two nematodes is serologically related to 
them. They said that in such experiments cross-absorption procedure and healthy serum 
should include in control. Webster and ~ o o ~ e r "  identified two distinct serological groups 
among six species of Heterodera and found that three species of Ditylenchus serologically , 

distinct. Scott and ~ i g ~ s "  showed thattwo racesof H. glycineswereunrelated to H. berulae. 
The large number of common precipitin band that formed in the double diffusion tests 
indicated that a close re!ationship between M. incognito and M. arenaria. The results 
comparing antigens of M. hapla and M. ,javanica wilh M. incognita and M. arrnarjn suggest 
that M. javanica is more closely related to M. incognita and M. arenaria than M. hapla8. 
Misaghi and McClurcL4 observed that eggand larvae ofthree species of Meloidogynecan be 
separated serologically. The larvae and eggs of M. incognita possessed one spzcific precipitin 
band not present in M. javanica and M ar~nar ia .  They suggested that since large quqntities 
of eggs and larvae are readily available for volume production of fluorescently-lebelled 
antisera, rapid identification of single specimen of root-know nematode could be possible by 
this approach. Riggs et ~ 1 ' ~  found that H. berulae are distantly related to H. glycine, H. 
Iespedazae, H. trifolii and H. schaehrii. In  general. the attempts of serological identification 
of nematodes are in infancy but are encouraging. In most ofthecases, antisera were prepared 
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f rom nematode homogenates. Future studies should include the preparation of antisera 
f rom purified nematode protein which may improve the efficacy of the approach. While 
serology is recognized as a powerful tool to understand the relationship between and 
amongst  many organisms, their application in nematology is too limited to  comment on. 
There are instances in the literature which indicate the failure of this technique in differen- 
tiating some species of plant parasitic nematodes. For cxamplc. two populations of M. 
incognita from Taiwan and Peru could not he distinguished5'. Scott and Riggs5' failed to 
detect the differences in two races of H. ,$r2c.inrs. 

3.5. Other methods 

Besides these methods, little attention has been given to the other methods for this purpose. 
Krusberg et d4, while comparing thelipid and fatty acid composition in females and eggs of 
M. incognita and M. arenaria, found qualitative differences. Fatty acid composition of 
Caenorhabditis eiegans and C. briggsae differred q~al i ta t ive ly '~ .  

Recent advances in DNA technology now ~ e r m i t  the rapid and reliable characterization 
of the genome. The characteristics of nematode DNA like genome sile, percentages of 
guanine-cytosine and repetitive DNA restriction fragment length differences have been 
employed in the cases of animal parasitic and free-living  nematode^""'^. 

Curran et ale' recently used this technique to differentiate M. javanica and M. arenaria. 
With the development of ultramicrotechnique for isolation of nematodc DNA, purification 
and  characteriration of classes of DNA is likely to be a useful tool in separating plant 
parasitic nematodes at  generic and specific level. 

4. Problems 

The foregone review indicates that chemotaxonomy at present is confined to three genera. 
namely Meloidogyne, Heirrodera and Glohodera. The world-wide economic importance. 
availability of living females at  ease and distinctiveness of each life stages are the main 
reasons for these observations. Furthermore, the micro methods of biochemical techniques 
can be easily employed in these group of nematodes. IJntil now, very little work has been 
done  o n  ectoparasites. A breakthrough in this areaof investigations is possible only through 
in vitro culturing of plant parasitic nematodes in large number. In this connection, it may be 
mentioned that the failure of the researchers to detect enzymes from the homogenates does 
not necessarily mean absence of these n~acromolecules because the number of nematodes 
used earlier could be insufficient for this kind of investigation. 

There are contradictory views rkgarding the interference of host protein on the biochemi- 
cal compounds selected for taxonomic studies. According to  Greet and ~ i r t h "  since the 
females feed continuously on either unchanged or modified protein the extract of the same 
would interface with gel handing. The observation with freshly hatched larvae gave repro- 
ductive result. Ishibashi". also holds the same view but other investigators found no 
variation3". influence of host may be limited to certain enzymes4', the host protein in the 
nematode gut is so minute that it did not interfere in the study with the races of R. simih4' .  

It is now well established that certain metabolities are age-dependent. Chow and Paster- 
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nak6' demonstrated the occurrence of stage-specific enzyme pattern in P. silusip. Dickson er 
a12' also found differences while comparing several enzyme patterns in different stages of M. 
incognita. This problem can be solved if techniques are available for separating the stages. In 
the case of Meloidog.vne, Heterodera and Globodera adult and larvae can he isolated easily. 
Still one has to be careful in explaining data because different points f development in the 
same stage may have some bearing on chemical characteristics. 

Differences in results reported by various researchers may be due to variation in experi- 
mental techniques, rather in the investigation itself. Some of the reasons to account for these 
variations are: (i) collection and storing of nematodes, (ii) methods employed in protein 
extraction, (iii) storage time ofprotein extract, (iv) method of enzyme analysis. All these may 
have profound effect on investigation on biochemical taxonomy and this should be taken 
into account in future. Many of the problems ofvariationcould beavoided by theuse ofeggs 
and larvae rather than females and culturing the nematode on one host. 

5. Perspective 

The important features of a classification are that it should be convenient and reliable in use 
and provide a defi ned set of information for each unit classified. A simple key of information 
would simplify the work of taxonomy which should be based on a set of keys ratherthan on 
the phenotypic complexities controlled by an associate with the key. Candidates forthe key 
include the nucleic acids and proteins and probably other macromolecules. Protein is a 
primary product of structural gene and may be considered to be marker for that gene. As 
genes are connected into geneticsystem, aprotein may become marker forthat system which 
may be a chromosome or the genome as a whole. Hence by considering a sufficient number 
of protein markers, the structure of genome can be studied to a considerable degree. For 
analyzing intraspecific relationship, it is necessary to study those proteins which canexist in 
multiple form. Electrophoretic techniques are used to detect differences in such polymorphic 
proteins in different animals. As protein composition is genetically determined, it is not 
affected by environmental conditions. Macromolecular analysis as a tool in taxonomy is in 
early experimental phase. As the methods become more reliable, convenient and standard, 
they will undoubtedly make greater contribution towards solying many problems and 
facilitate identification. 

Physiological and biochemical methods not onXy aid in corroborating the findings of 
nematode taxonomist but also make it possible to identify albeit important differences and 
similarities. They permit phylogeneticexplanation at molecularlevel. With the development 
of standard cultures to provide quantities of nematode material, a biochemist will be in a 
position to include information form this unique phylum into fundamental phylogenic 
concept6'. Identification of plant parasitic nematode by biochemical methods is in its 
infancy stage. So caution should be taken to understand fully the biochemical character 
before using this new approach. It should be applied in no case to well defined taxa". 
Nevertheless, it should be stressed here that biochemistry does not ~rovide any greater 
importance than the traditional method of identification. Both Sets of data should be 
incorporated in whole of taxonomic position. 
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