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Summary. Aspects of the use of molecular biology techniques in three areas of Plant Nematology (molecular 
taxonomy and diagnostics, genetic engineering for resistance and gene identification and function) are 
presented. Selected examples are used to illustrate the expansion of research in these areas and, especially, 
to indicate the priorities and possible future developments for molecular biology studies of plant-parasitic 
nematodes. Emphasis is placed on the need for novel control strategies based on genetic engineering for 
resistance, the desirability of using information from Caenorhabditis elegans research and the need for an 
integrated approach with physiologists and biochemists to determine gene function. 
Key words: C. elegans, diagnostics, gene identification, molecular biology, plant-parasitic nematodes, 
resistance. 

In this short review, based on an invited plenary 
paper given by the senior author to the Second 
International N ematology Symposium of the Rus
sian Society of Nematologists (August, 1997), the 
inception, development and changing priorities of 
investigations using molecular biology techniques in 
Plant Nematology will be discussed using selected · 
examples from three main areas: molecular taxono
my and diagnostics, genetic engineering for resis
tance and gene identification and function. 

MOLECULAR TAXONOMY AND 
DIAGNOSTICS 

Initial research in molecular taxonomy and diag
nostics of plant-parasitic nematodes utilized cloned 
DNA probes and restriction fragment length poly
morphisms (RFLPs) as discriminatory methods. The 
use of probes based on genomic and mitochondrial 
DNA (mtDNA) showed promise in differenting 
species of Ditylenchus (Palmer et al., 1991), Globode
ra (Burrows & Perry, 1988) and Meloidogyne (Curran 
et al., 1986; Powers et al., 1986), for example. These 
studies indicated the possibility of developing diag
nostic kits for morphologically similar species and 

1 This paper is an expanded version of an invitational Plenary talk 
presented at the Second English Language International 
Nematology Symposium of the Russian Society of Nemato
logy held in Moscow, Russia, 23rd to 30th August 1997. 

subspecific groupings of nematodes, especially if 
non-radioactively labelled probes were used. How
ever, the production of specific monoclonal anti
bodies for diagnostic purposes may now become the 
procedure of choice, especially if important aspects 
of the host-parasite interaction are shown to be based 
on post-translational modifications of nematode pro
teins. 

The area of molecular taxonomy has progressed 
to enable the expansion of studies on phylogenetic 
interrelationships and intraspecific genetic variation, 
linked to important traits such as virnlence. Increas
ingly, molecular techniques are being used to resolve 
problems of inadequate morphological charac
terisation (e.g. Ibrahim et al., 1997). Many of the 
earlier DNA-based molecular techniques have been 
superseded by the use of polymerase chain reaction 
(PCR) which enables the use of small sample sizes 
such as a single nematode. Specific regions of nema
tode DNA can also be amplified using PCR and 
many detailed studies have concentrated on ribo
somal DNA (rDNA) fragments (e.g. Vrain et al., 
1992; see Ferris & Ferris, 1993). The rDNA is well 
suited for systematic studies in a variety of organisms. 
It is present in both prokaryotes and eukaryotes and 
is generally abundant in the genome. Furthermore, 
different parts of the tandem ribosomal repeats evolve 
at different rates and this provides areas with different 
degrees of sequence divergence for analysis. The 
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ribosomal RNA genes in most eukaryote nuclear 
genomes are typically arranged in tandem repeats of 
a basic transcription unit separated by a non-tran
scribed spacer (NTS). Each repeat consists of three 
rRNA genes: the 18S, 5.8S and 26S genes (or their 
equivalents), with two internal transcribed spacers 
(ITS) flanking the 5.8S gene and an external tran
scribed spacer at the 3' end of the 18S gene. The 
spacer regions are generally considered to be the most 
variable and provide informative comparisons be
tween closely related taxa. 

There are many examples of the use of this 
approach for providing infomation about phyloge
netic relationships of plant-parasitic nematodes. In 
most instances, molecular studies support species 
separations based on morphological, biological and 
biochemical characters. For example, the separation 
of Meloidogyne species and populations into two 
groups based on morphology, mode of reproduction 
and host preference was supported by the results of 
RFLP comparisons of rDNA fragments (Gaur et al., 
1996) and by studies using RAPDs (Blok et al., 1997). 
Ibrahim et al. (1994) used PCR to amplify a fragment 
of the rDNA array, comprising two internal tran
scribed spacers and the 5.8S gene, from twelve 
species and populations of Aphelenchoides. RFLPs in 
the fragment were used to compare and differentiate 
the species and populations (Fig. 1) and useful 
diagnostic differences were obtained which were 
consistent with previous studies based on morphol
ogy and isoenzymes. The PCR primers used to 
amplify the rDNA in this work were based on 
conseIVed sequences in the 18S and 26S ribosomal 
RNA genes of Caenorhabditis elegans (Files & Hirsh, 
1981) and were first used for work on plant-parasitic 
nematodes by Vrain et al. (1992) who examined 
intraspecific rDNA RFLPs in the Xiphinema ameri
canum group. 

PCR techniques have also been used to compare 
the mitochondrial DNA (mtDNA) of plant-parasitic 
nematodes. Conflicting results are occasionally ob
tained, indicating that further studies are needed. Fbr 
example, comparisons ofRFLPs within the mtDNAs 
of M. hap/a, M. incognita, M. javanica and M. are
naria showed that most divergence was exhibited by 
M. hap/a in one study (Powers et al., 1986) but by 
M. arenaria in another (Powers & Sandall, 1988). 
Care also must be taken in the interpretation of 
results from studies on the mtDNA of plant-parasitic 
nematodes in the light of recent information from G. 
pallida which indicates that this nematode harbours 
a number of small, distinct mitochondrial genomes 
rather than a single mitochondrial DNA circle (M. 
Armstrong, pers. comm.). 

Comparison of DNA sequence data, rather than 
RFLPs, provides the optimum basis for molecular 
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classification although, as pointed out by Curran 
(1993), the choice of DNA sequences or genes is 
important. De Ley et al. ( 1997) analysed 18S rRNA 
sequence data from several species of nematodes and 
considered that many of the commonly accepted taxa 
in nematode systematics are paraphyletic. For exam
ple, the data do not place Trichodoridae close to the 
Dorylaimida and indicate that Tylenchina are a sister 
taxon to the free-living Cephalobina rather than to 
Aphelenchina. The 18S gene is considered useful for 
molecular classification studies as there is homology 
through all phyla, more than 2000 nucleotides are 
present and it is readily available for amplification 
and sequencing. However, it is possible that the 18S 
gene or the ITS region are not, on their own, the 
ideal choices as they are not expressed regions of the 
genome. It may be preferable to use one or other in 
combination with an expressed region, such as cyto
chrome oxidase. Eventually, such studies may 
necessitate a molecular classification system and the 
challenge for the future will be to integrate molecular 
taxonomy with traditional morphological studies to 
provide unified information on nematode identifica
tion and phylogenetic interrelationships. The use of 
more recent techniques, such as amplified fragment 
length polymorphism (AFLP) (Vos et al. , 1995), will 
enhance and refine studies based on DNA finger
printing. Using these techniques, which enable the 
rapid generation of large numbers of molecular 
markers, it may be feasible to generate genetic maps 
of selected nematode species which will be of use in 
studies aimed at the isolation of genes important in 
the biological properties of nematodes, such as viru
lence. Linking these techniques to the study of 
expressed genes (Bachem et al., 1996) may also be 
important in analysis of these traits. 

GENETIC ENGINEERING FOR 
RESISTANCE 

Recent funding for research in Plant N ematology 
using molecular biology techniques has supported a 
considerable expansion of studies into aspects of 
host-parasite interactions. Research is primarily 
aimed at engineering resistance to nematodes into 
host crops, either by transferring natural resistance 
genes (R-genes) , or, more frequently, by engineering 
artificial genetic constructs to express novel defences 
against nematodes. Both approaches have been re
viewed in detail in the book edited by Fenoll et al. 
( 1997) and will be discussed only briefly in this 
section. 

Transferring natural resistance genes 

This research approach has achieved a notable 
success with the cloning ofan R-gene for H. schachtii 
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Fig. 1. PCR amplification of the internal transcribed spacer regions of: 1: Botrytis cinerea; 2: Aphelenchoides besseyi 
from India; 3: Aphelenchoides sp. from mushroom compost; 4: A. arachidis; 5: Rhizoctonia cerealis; 6: Ditylenchus angustus; 
7: A. besseyi from Sierra Leone; 8: A. hamatus; 9: A. composticola from B. cinerea cultures (fresh extracts); 10: A. 
composticola from B. cinerea cultures (stored at -45 °C for 2 years); 11: A. composticola from R. cerealis cultures (stored 
at -45 °C for 2 years); 12: A. bicaudatus; 13: A . .fragariae; 14: Aphelenchoides sp. from rose roots; 15: Aphelenchoides sp. 
from moss; 16: A. nechaleos; 17: A. paranechaleos; 18: negative control; M: lambda phage/ Hind III molecular weight 
marker (kb). (From Ibrahim et al., 1994). 

in sugar beet (Cai et al., 1997). R-genes to nematodes 
are not present in the cultivated species of sugar beet, 
Beta vulgaris, but are present in the wild species B. 
procumbens, B. webbiana and B. patellaris. In B. 
procumbens, the R-gene, Hslpro-1, confers resis
tance to H. schachtii by causing degeneration of the 
syncytium and, thus, preventing completion of the 
nematodes' life cycle. The Hs lpro-1 gene was cloned 
and found to have many of the features found in 
disease resistance genes against a range of pathogens 
which have been cloned from other plant species. 
These features include a number of leucine-rich 
repeats, thought to be involved in the pathogen 
recognition process, and a putative transmembrane 
domain. Expression of the cDNA in susceptible sugar 
beet conferred resistance to infection ., with H. 
schachtii, confirming the functional identity of the 
cloned gene. 

Work is currently in progress aimed at the isola
tion of the Mi resistance gene. Cloning of this gene 
has potential for control of Meloidogyne incognita, M. 
javanica and M arenaria. Invasion by a second stage 
juvenile (J2) of a tomato plant carrying the Mi gene 
produces an extensive necrotic reaction which results 
in the death of the nematode or its exit from the root; 
in either case, the giant cell is not induced. This gene 
is already commercially useful for the control of M. 
incognita in tomato and may also confer resistance 
as a transgene in other crops (Roberts, 1992). How
ever, transfer of such genes may not guarantee a 
durable resistance as nematodes may develop resis-

tance-breaking strains. This has already occurred 
with the commercial use of the Mi gene in tomato 
production in California where there are frequent 
incidences of resistance breaking. 

Engineering artificial genetic constructs 

An alternative approach to transferring known 
resistance genes to susceptible plant cultivars is to 
engineer plants to disrupt feeding by nematode. 
Several species of nematodes induce specialized 
feeding cells within their plant hosts. The nematodes 
depend on the feeding cells to provide them with the 
nutrients they require for development. Disruption 
of the feeding process can be achieved either by 
attenuating or preventing development of the feeding 
cell or by inducing the feeding cell to deliver anti
nematode effectors which are ingested by the ne
matode and adversely affect its development. 

Both these strategies depend on the identification 
of promoters which drive expression of a chosen gene 
at the nematode feeding site. The specificity required 
of the promoter depends on the toxicity of the 
anti-nematode gene product to the host plant and to 
the consumer; where the gene product is non-toxic 
and has no effect on the plant itself, a constitutive 
or root-specific promoter may suffice. When delive
ring a molecule toxic to the plant cell in an attempt 
to block feeding site development, a highly specific 
promoter or a more elegant delivery strategy is 
required (see below). 
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Several strategies are available for disrupting the 
development of the feeding cell. The most straight
f01ward approach is to clone a phytotoxic gene 
downstream of the feeding site specific promoter. 
Many enzymes, such as DNAses, RNAses and pro
teases have been suggested as potential phytotoxins 
(Ohl et al., 1997) but expression of these molecules 
cannot be targeted solely at the nematode feeding 
site, as promoters which function in this manner have 
not been identified. Two component systems, such 
as the barnasejbarstar system, seem to offer the best 
chance of progress in this area. In this system, the 
toxic gene (barnase) is cloned downstream of a 
nematode responsive promoter while a gene encod
ing a protein which neutralises the effects of barnase 
(barstar) is cloned downstream of a constitutive 
promoter. Therefore, barstar is expressed in all tissues 
in the plant, neutralising any barnase produced in 
areas other than the nematqde feeding site and, thus, 
circumventing the requirement for a promoter which 
is specific solely for nematode feeding sites. 

An alternative approach may be antisense inhibi
tion; a gene essential to the development of the 
feeding site is cloned in an antisense orientation 
downstream of a feeding site specific promoter. 
Expression of antisense mRNA inhibits translation 
of endogenous mRNA in a manner not yet fully 
understood. To circumvent the problem of feeding 
site specific expression, several different feeding site 
genes can be targeted, with each antisense gene being 
under the control of a different promoter. Promoters 
active at the feeding site also tend to be active 
elsewhere in the plant, with different promoters 
showing different activity patterns. If appropriate 
promoters were chosen, the only place where all 
antisense genes would be expressed simultaneously is 
at the feeding site itself. Genes are chosen so that 
expression of one antisense mRNA alone is not 
sufficiently harmful to disrupt cellular development 
but disruption of several genes in one place causes 
cell death. Genes currently under consideration for 
disruption using this method include genes up-regbl
lated ·at the feeding site and genes involved in 
essential cellular processes, such as transcription or 
translation. 

Most progress on inducing the feeding cell to 
deliver to the feeding nematode the product of an 
anti-nematode gene has been made in studies on 
proteinase inhibitor proteins (Atkinson et al. , 1998) . 
It is likely that proteinases, of which serine protei
nases form the largest group, are involved in digestion 
of dietary proteins in nematodes. Transgenic potato 
plants expressing the cowpea trypsin inhibitor 
(CpTI), a serine proteinase inhibitor, affect early 
growth and sexual fate of G. pallida, resulting in a 
bias towards production of males, which are smaller 
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and require less nutrients than females (Hepher & 
Atkinson, 1992). However, as mammals use serine 
proteinases as digestive enzymes but lack cysteine 
proteinases in their intestines, current efforts are 
focused on the use of cystatins (inhibitors of cysteine 
proteinases) to enhance the safety to humans of 
transgenic plants based on this strategy. Cysteine 
proteinase activity has been demonstrated in females 
of G. pallida (Koritsas & Atkinson, 1994) and H. 
glycines (Lilley et al. , 1996, 1997). When expressed 
in tomato hairy roots, the cysteine proteinase inhibi
tor, oryzacystatin-1 ( Oc-1), and a variant form, 
Oc-L::1D86, had an adverse effect on growth and 
development of G. pallida; the effect was significantly 
greater in roots expressing Oc-l~D86 (Fig. 2) , re
sulting in small females with a marked reduction in 
fecundity (Urwin et al., 1995). Expression of Oc
L::1D86 in hairy roots of potato also suppressed both 
the size and the number of females of G. pallida of 
egg-laying stage. This work has progressed to the 
characterisation of proteinases in H. glycines and has 
identified genes for several classes of proteinases, 
each of which may have a specialised role relating to 
different stages of the life cycle (Lilley et al., 1997). 
The approach holds considerable promise for the 
control of economically important plant-parasitic 
nematodes using engineered cystatin expression. 

Lectins (carbohydrate-binding proteins) also 
show potential for nematode control (Burrows & de 
Waele, 1997). As well as the possibility of interfering 
with nematode sensory perception by · binding to 
amphidial secretions (Perry, 1996), lectins may en -
hance their control by interacting with membrane 
proteins of the nematode gut surface. In tests with 
four lines of transgenic oilseed rape, a line expressing 
the snowdrop lectin (GNA) resulted in a 55% reduc
tion in numbers of Pratylenchus penetrans and a line 
expressing GNA and CpTI reduced numbers by 75% 
(Burrows & de Waele, 1997); however, results with 
H. schachtii were inconsistent with some lines in
creasing the number of females recovered. It is clear 
that the level of lectins in transgenic plants greatly 
affects the level of resistance achieved; an optimum 
level is required above or below which the desired 
effect is lost. Concerns also remain over the effect of 
lectins on non-target organisms; lectins expressed in 
potato plants reduce aphid population densities but 
also adversely affect the fecundity and longevity of 
beneficial predators of the aphids (Birch et al. , 1996). 
These issues will need to be addressed before lectins 
become useful as anti-nematode gene products. 

Plantibodies, functional mammalian antibodies 
expressed in plants, also have the potential to be used 
as anti-nematode molecules in transgenic plants. 
Current efforts are aimed at the expression in plants 
of antibodies which recognise nematode secretory 



components (Stiekema et al., 1997). It is hoped that 
the presence of the antibodies will prevent normal 
function of these secretory components which are 
believed to play a central role in the induction and 
maintenance of the feeding site. Antibodies which 
disrupt other aspects of nematode biochemistry, 
including gut enzyme function or sensory physiology, 
also may be of use as nematode toxins. Plantibodies 
have the advantage that they are unlikely to be toxic 
to non-target organisms, providing a nematode-spe
cific target molecule is chosen. However, reports of 
plantibodies being used successfully to engineer re
sistance against a plant pathogen are still limited. 

GENE IDENTIFICATION AND 
FUNCTION 

Much of the above work on engineering resistance 
foreshadows the subject of this section: the need to 
understand gene function in plant-parasitic nema
todes. Several approaches to this problem are 
possible. Genes can be isolated using a range of 
methods and cloned; functional analysis is then 
undertaken using proteins expressed by these cloned 
genes. This approach requires methods to identify 
and isolate genes with important roles in the parasitic 
process. Alternatively, use can be made of the enor
mous amount of information generated by work on 
Caenorhabditis elegans to understand features of gen
eral nematode biology or physiology which have 
become adapted to fit a parasitic lifestyle. 

The isolation and identification of genes which 
are up- or down-regulated in a tissue, life-cycle stage 
or specific physiological state will be essential initial 
research in a programme to determine functional 
processes involved in parasitism (Jones & Birch, 
1998). Some research is already addressing this as
pect. Infective J2s of Globodera rostochiensis are 
stimulated to hatch by host root diffusates which 
induce changes in the eggshell and the J2 (Perry, 
1998). It is possible that changes in gene expression 
are induced during the hatching process ~nd that 
these changes in gene expression may be important 
in the transition to a parasitic lifestyle. Using differe
ntial display, a PCR-based technique which allows 
gene expression to be compared in two tissues (Liang 
& Pardee, 1992), gene expression was examined 
during stimulation and hatching of G. rostochiensis 
(Jones et al., 1997). Changes in gene expression did 
not appear to be induced directly by potato root 
diffusate (PRD) but they seemed to occur dming or 
immediately after the hatching process (Fig. 3). 
Thus, PRD itself may not induce all the changes in 
the nematode which prepare it for the parasitic phase 
of its life cycle. The next step in this research is to 
characterise the genes whose expression patterns 
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Fig. 2. Effect of hairy roots expressing a cystatin on 

the growth of G. pal/ida. (A) Female nematodes isolated 
at 42 d post-infection from roots (i) not expressing cystatin, 
(ii) expressing wild type Oc-1 and (iii) expressing Oc
lt-.D86. Bar represents 100 mm. (B) Growth curves of 
nematodes on roots not expressing a cystatin (-A), on roots 
expressing wild type Oc-1 ( •) and on roots expressing 
Oc-lt-.D86 (• ). (From Urwin et al., 1995). 

changed during hatching. However, there are disad
vantages with the differential display technique 
which make such characterisation difficult and more 
recent techniques, such as cDNA-AFLPs (Bachem 
et al., 1996; Money et al., 1996; Jones & Harrower, 
1998), may be more appropriate. 

Secretions from plant-parasitic nematodes are 
thought to be involved in aspects of the host-parasite 
interaction and the use of molecular biology tech
niques will be important in defining the function of 
secreted proteins. The subject of nematode secretions 
has been reviewed by Hussey (1989) and by Jones & 
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Fig. 3. Differential display gels comparing hatched and 
unhatched J2s of G. rostochiensis. Bands representing genes 
expressed specifically in hatched nematodes (arrow) are 
observed (A) . A band specific to nematodes hatched in the 
previous 24 h (arrow) was also observed (B). Bands 
representing genes apparently down-regulated during the 
hatching process (arrowheads) are also observed (B-D) . 
-M: marker; D: dry cysts; 3d: water-soaked cysts placed in 
potato root diffusate for 3 d; NJ: J2s hatched within the 
previous 24 h; OJ: J2s hatched up to 3 d previously. (From 
Jones et al., 1997). 

Robertson (1997). Secretions from the dorsal and 
subventral pharyngeal glands have been the focus of 
much research but the precise roles of the many 
secreted proteins remain to be determined. Clearly, 
characterisation will depend on cloning the genes 
that encode such secreted proteins and will provide 
the basis for defining their function. 

One approach to the characterisation of secreted 
proteins has been to identify genes whose expression 
is up-regulated upon invasion into the host plant. A 
differentially expressed cDNA fragment , identified 
in this way, was used to clone a gene from a M. 
incognita cDNA library; database comparisons re
vealed extensive similarity with a secreted protein 
from the animal-parasitic nematode, Ancylostoma 
duodenale, and the venom allergen antigen 5 family 
of proteins from Hymenoptera (Ding et al. , 1997). 
This demonstrates how nematodes with widely vary
ing lifestyles can produce similar secreted molecules, 
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although the role of the secreted molecules may vary, 
depending on the niche occupied by the nematode. 

Another example illustrating conservation of se
creted proteins between species and the progress in 
defining secretory protein function comes from work 
on G. pallida. Prior et al. (1997) isolated and char
acterised a cDNA encoding a secreted molecule from 
G. pallida using an antibody raised against secretory 
components to immunoscreen a cDNA library. The 
gene, gp-sec-2, encodes a protein with considerable 
similarity to secreted proteins from C. elegans and 
the animal-parasitic nematodes Onchocerca volvulus 
and Brugia malayi. These authors found that the 
molecule, GPSEC-2, appears to function in the same 
manner as its homologue in the animal-parasitic 
nematodes by transporting hydrophobic ligands in 
the hydrophilic body of the nematode. However, two 
of the fatty acids which bind to GPSEC-2, linoleic 
and linolenic acids, are important precursors in plant 
lipid peroxidation and defence signalling pathways 
and are the main substrates for lipoxygenase in plants. 
Linoleic acid peroxidation by lipoxygenase results in 
the formation of free radicals which are the first line 
of defence encounted by nematodes after invasion. 
The presence of G PS EC-2 was found to slow down 
the metabolism of these fatty acids by lipoxygenase 
-and, therefore, it is possible that GPSEC-2 has a 
secondary role in protection of plant-parasitic nema
todes from plant defence responses. This demon
strates how molecules produced by a range of nema
todes can be adapted to fulfil a role in a specific 
parasitic process where required. 

Another approach is to use information from C. 
elegans research. Extensive genetic analysis has been 
undertaken on this nematode and most of its 
genome, including the majority of the expressed 
genome, has been sequenced. This information rep
resents an extremely valuable resource to 
nematologists, particularly when studying processes 
common to C. elegans and parasitic nematodes. An 
example of the application of information from C. 
elegans research to studies on plant-parasitic nema
todes is found in recent studies on the hatching 
process of H. glycines. Hatching is an interesting 
example as, although both free-living and parasitic 
nematodes hatch from eggs, some parasitic nema
todes have adapted the process to allow 
developmental arrest at the unhatched juvenile stage 
until a cue, such as host root diffusate, is detected 
(Peny, 1989). Since C. elegans uses no such cues to 
stimulate hatch, it is of interest to determine the 
extent to which the biochemical mechanisms used 
to initiate and regulate the hatching process are 
conserved. Hatching of C. elegans involves pharyn
geal pumping and, probably, enzymic activity. The 
hch-1 gene of C. elegans is defined by a mutation in 
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Fig. 4. The results of semi-quantitative RT-PCR for the cuticle collagen gene dpy- 7, performed on a time course of 
RNA sampled at hourly intervals from early J1 to young adult. The x-axis of the graph indicates time in hours of 
development of the sampled nematodes. The life cycle stage and timing of the moults relating to this time course are 
indicated at the bottom of the figure. The y-axis indicates the ratio of detected dpy- 7 mRNA over control ama-1 mRNA. 
The graph was derived from Southern blots printed below. The position on the blot of bands corresponding to amplified 
cDNA and genomic DNA for both ama-1 and dpy- 7 are indicated. A peak of dpy- 7 mRNA abundance (relative to 
ama-1) was detected during each of the four juvenile stages. (From Johnstone & Barry, 1996). 

which the eggshell becomes soft but hatching is 
delayed (Hedgecock et al., 1987) and it appears that 
eggshell chitin is digested but not proteins. The hch-1 
gene encodes a protein of the tolloid/bone morpho
genetic protein (BMP)-1 family (Hishida et al. , 
1996); proteins of this family contain a metallopro
tease domain. Using PCR primers designed from the 
hch-1 gene sequence of C. elegans and genomic DNA 
from eggs of H. glycines, Bolla and Kay (1997) 
identified a gene in H. glycines with homology to 
hch-1. This demonstrates that similar enzymes are 
present in both species and indicates that similar 
molecular mechanisms may be used despite the 
differ:ences in their hatching processes. Interestingly, 
zinc ions are known to mediate hatch in H. glycines, 
indicating that this nematode may regulate hatching 
by controlling levels or availability of enzyme co-fac
tors. 

Other areas of fundamental nematode biology 
have been investigated extensively in C. elegans but 
have not been examined in plant-parasitic nema
todes. For example, moulting of C. elegans has been 
investigated in detail and, in an elegant series of 
experiments, Johnstone & Barry (1996) have defined 
the temporal expression patterns of six genes encod
ing different cuticle collagens. The abundance of 
mRNA for each of the six genes was found to 
oscillate, with each gene having a peak of expression 
at each of the juvenile stages. However, at each 

moulting cycle the different genes were expressed at 
different times, resulting in differences in the timing 
of the peak abundance of each mRNA (Fig. 4). The 
moulting cycle of each juvenile stage involved the 
same ordered temporal waves of collagen gene ex
pression. Interestingly, expression of the earliest 
genes in the cycle started immediately after the 
previous m_oult finished, indicating that the nema
tode begins preparations for the next moult 
immediately, rather than waiting for a cue to undergo 
the moulting process. As the formation of the new 
cuticle depends on the presence of mRNA, it appears 
that there are several waves of translation of different 
collagens. This may allow the nematode to regulate 
the range of collagen peptides present at any ._given 
time, facilitating the assembly of the cuticle from its 
constituent molecules. 

It would be interesting to extend this work to 
plant-parasitic nematodes and to determine if the 
same repeated cycles of collagen gene expression 
occur in all juvenile stages of species, such as the cyst 
nematodes, with different juvenile morphologies. 
The question of whether the parasitic nematode, with 
more limited food resources than C. elegans grown 
in culture conditions, is able to begin its moulting 
cycle so soon after the previous cycle has been 
completed or whether a minimum food intake is 
required is also worthy of investigation. 

The analysis of gene function is likely to be a key 
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area of research, especially if plant nematologists take 
advantage of the information available on the mo
lecular biology of C. elegans and animal-parasitic 
nematodes. As well as linking such groups more 
effectively, research into gene function will undoubt
edly require collaborations with biochemists and 
physiologists to provide the necessary "whole animal" 
overview. Current work aimed at the development of 
transformation systems for plant-parasitic nematodes 
will enable precise information on gene function to 
be obtained and will identify targets for novel control 
systems. 

CONCLUSIONS 
The use of molecular biology techniques is un

likely to be merely a "band-wagon" development in 
Plant Nematology, although continuing interest by 
funding bodies in engineering resistance will soon 
require examples of transgenic plants with resistance 
against plant-parasitic nematodes which are useable 
by the farming community. The future prospects for 
expanding use of molecular biology techniques in 
Plant N ematology have to be viewed in the context 
of funding constraints, mechanism-based screening 
of putative control compounds and a less insular 
research approach. 
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Perry R. N., Jones J. T. IlpHMeHeHMe TeXHMKH MOJie1<yJUipHoR 6ttoJiornH B H3yq:eHMH HeMaTO.Il: 
pacTeHMtt: rrpollIJloe, HacTo.snu:ee H 6yJlYlll:ee. 
Pe3IOMe. Ilpe,r:i:cTaBJieHhI pa3JIH'!Hhie acrreKThI rrpHJIO)Kelll5I TeXHMKH MOJieI<yJI5IpHOR 6HOJIOlliH K 
TpeM o6JiaCT5IM HCCJie,LJ:OBaHHR HeMaTO,LI: pacTeHMR (MOJieI<yJUipHa5I TaKCOHOMH5I H ,LJ:HarHOCTHKa, 
ITOBhIIIIeHMe YCTOR'IHBOCTH pacTeHHR MeTO,LJ:aMH reHHOR HH)KeHepHH H H3yq:eHHe reHOB H HX 
q>ym<I.I:H11). Ha OT,LI:eJihHhIX rrpHMepax HJIJIIOCTpHpyeTC5I pa3BHTHe HCCJie,LI:OBaHMR B 3THX o6JiaCT5IX. 
BhrnBJieHhI rrpHOpHTeThI H B03MO)l(Hhie ITYTH pa3BHTH5I B 6yJlYlll:eM MOJieI<yJI5IpH0-6HOJIOfH'!eCKHX 
HCCJie,LJ:oBaHMR HeMaTO.Il: pacTeHHM. Oco6hIR aKu:eHT C,LJ:eJiaH Ha Heo6XO.Il:HMOCTH pa3pa60TIGI HOBhIX, 
OCHOBaHHhIX Ha IlpHMeHeHMH reHeTH'!eCKOR HH)KeHepHH, CTpaTernR ITOBhIIIIelill5I YCTOR'IHBOCTH 
pacTeHHM, )KeJiaTeJihHOCTH 6oJiee aKTHBHOfO rrpHBJie'!eHH5I ,r:i:aHHhIX, rroJiyq:eHHhIX rrpH H3yq:eHMH 
Caenorhabditis elegans, H Ha Heo6XO,LJ:HMOCTH HHTerpttpoBaHHOro ITO,LJ:XO,LJ:a K COBMeCTHOMY H3yq:eHMIO 
<PYHKU:HH reHOB BMeCTe C q>H3HOJIOraMH H 6HOXHMHKaMH. 


