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INTRODUCTION

The genus Meloidogyne comprises a widely distributed group of
plant-parasitic nematodes and serious pest problems in the agricultural
areas of the world and Egypt in particular (Ibrahim et al., 1976) is
usually known as root-knot nematodes. Over 55 species have been
described but only four account for more than 90% of the worldwide
estimated damage caused by root-knot nematodes (Eisenback et al,
1981). So, the diagnosis of root-knot nematode techniques for species
identification of Meloidogyne spp. includes morphological characters,
host rénge tests, isozyme electrophoresis and DNA technology (Haris ef
al., 1990 and Eisenback and Triantaphylou, 1991). Morphological
criteria such as the markings of the cuticle, shape of the stoma and typed
of esophagus have been used for the identification and taxonomic
criteria. Also, larval measurements, head shape, and stylet morphology of
males, and perineal patterns of females used to differentiate the root-knot
nematode. Furthermore, differential hosts with perineal pattern were used
to determine the races within the same species (Hartman and Sasser,
1985). These morphological methods have been problematic due to
variability and the need for specialized personal to perform the species

determination.

Therefore, other identification methods which have been used,
isozyme electrophoresis are highly reliable, allow species identification
of single female and useful for routine species of root-knot nematodes
(Cenis ez al., 1992). However, isozyrne electrophoresis does not work
well with single second-stage juvenile (J,), so samples subject to isozyme
analysis must contain young healthy females for successful identification.

Also, isozyme analysis does not detect much intraspecific variation
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among Meloidogyne nematodes (Cenis, 1993). In practice, soil samples
often contain only juveniles or eggs and thus require greenhouse culture

to obtain females for isozyme analysis.

The appearance of nucleic acids technology has allowed new
approaches to get a reliable and precise nematode identification. So,
diagnosis by using molecular methods can be a good tool for the defects

of using the traditional methods.

The polymerase chain reaction (PCR)isanew development that
enable the exponential amplification of DNA starting from a single
molecule. Thus PCR allows the identification of some Meloidogyne
stages as single eggs (Harris et al., 1990) which are indistinguishable by

any other techniques.

The use of DNA markers in genetic diagnosis has been well
established. Williams ef al., 1990 described genetic variations which are
based on DNA amplification called RAPD markers (Random Amplified
Polymorphic DNA) generated by the single primers of arbitrary
nucleotide. These RAPD techniques are used for genetic diagnosis. The
technique is simple, rapid (three to six hours depending on the thermal
cycler) and safe because it does notinvolve the use of radioactive and
require little amounts (micrograms of DNA), this makes it possible to
analyze little materials as a single juvenile or egg which is useful in
studies of genetic variation or diagnosis of mixed populations (Cenis,

1993).

For molecular analysis it is useful to study specific genomic
regions. One such region is the ribosomal DNA (rDNA). Comparative
analysis of coding and non coding regions of ribosomal DNA (rDNA) is
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becoming a popular tool for species and subspecies identification of

many organisms. The advantages of this tDNA analysis are considered

fast, reliable and useful for identification at any developmental stage

especially when applied on individual nematode.

The aims of this study are:

Using ITS regions (Internal transcribed spacer) as ribosomal DNA
to differentiate the tested root-knot isolates.

Using restriction enzyme analysis of ribosomal DNA ITS-RFLPs
sequences to distinguish species and isolates of root-knot
nematodes.

Using multiplex-PCR to distinguish isolates of root-knot nematodes.
Using species specific PCR primer SCARs (Sequence Characterized
Amplified Regions) for identification of M. hapla, M. javanica and
M. arenaria.

Using RAPD-PCR as a DNA-based technique to differentiate the
used root-knot isolates.

Comparing the banding pattern of Egyptian isolates with the
Holland isolates.

Studying the interspecific variation between the three root-knot
nematode species and the intraspecific variation within the same
species.

Drawing a phylogenetic tree for the three root-knot nematode

species to estimate the relation between them.
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REVIEW OF LITERATURE

Root-knot nematode Meloidogyne spp. is recognized as important

parasite of fields, vegetable and fruit crops in Egypt.

Meloidogyne spp. as potential serious constraint to the crop
productivity were reported by Oteifa and Elgendi (1956). Also, Sohair
Abd El-Hamed (1980) studied species identification and biotypes
differentiation of root-knot nematodes. She found four common species
M. incognita, M. javanica, M. arenaria and M. arenaria thamisi. Griffin
and Waite (1982) reported that root-knot nematodes Meloidogyne
chitwoodi and M. hapla which are widely distributed in the pacific north

west, are able to infect and reproduce on sugar beet (Beta vulgaris L.)

Ibrahim ef al. (1986a,b), Ibrahim et al. (1994a), and El-Saedy ef
al. (1993) reported that root-knot nematodes species as Meloidogyne
incognita, M. arenaria and M. javanica are highly distributed in northern
Egypt, whereas M. arenaria was restricted in its distribution. Also, they
found that M. incognita race 1 and M. arenaria race 1 were dominant in

their occurrence with respect to other races within these two species.

In the sandy soil and the newly reclaimed desert land such as
Nubaria, Tahrir Province, and Salhia district, the geographical
distribution of root-knot nematode is most abundant such as M. javanica
followed by M. incognita and other nematodes genera (Gindi, 1980;
Mohrous, 1991 and El-Shawadfy, 1997). Tomeszewski et al. (1994)
surveyed the root-knot nematodes from peanut fields in 4 govérnorates in
Egypt to identify the species, and found that all populations were
identified as M javanica based on perineal patterns, stylet and body

length of (J;) esterase phenotypes and restriction fragment length
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polymorphism of mt-DNA. Therefore, accurate and reliable identification
are necessary for suggesting effective control programs or IPM plans

with concern of resistance development of plant culture.

Eissa (1982) reported that losses due to the root-knot nematodes in
Egypt measured about 25% of the estimated total losses of plant parasitic
nematodes. In the same year Ibrahim reported that the yield decrease of
30-40% on vegetable crops due to root-knot nematcdes infestation in
Beheira Governorate. Yields quantity and quality were low, resulting in a

decrease of the commercial value.

In subtropical and Mediterranean climates, Lamberti (1979) found

that seven economic important species of M. incognita, M. javanica, M.
arenaria, M. hapla, M. naasi, M. graminis and M. artiellia are causing
considerable losses of many crops also M. hapla attacks a wide range of

plants during the winter months or when temperatures are relatively low.

In Morocco, Agadr et al. (1979) found that root-knot nematodes
M. incognita, M. hapla, M. javanica and M. arenaria were damaging
vegetable crops. Also, their results showed that 32% of the major crops
were infested with root-knot nematodes. Collected samples showed that
the four common species were M. javanica (61%), M. incognita (29%),

M. arenaria (7%) and M. hapla (3%).

Eisenback (1982 and 1985) and Hirshmann (198S), used the
light microscope (LM) and scanning electron microscopy (SEM) to
compare the head shape and stylet morphology of juveniles of one
population each of M. incognita, M. javanica, M. arenaﬁa and M. hapla,
they found differences in head morphology between M. hapla and other

three species, the light microscopy could not accurately detect the
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differences in stylet morphology between M. incognita and M. javanica.
Hartman and Sasser (1985) reported that root-knot nematodes can be
identified or diagnosed by using their morphological characters which
include, prineal patterns, stylet of females, head and stylet of males; these

methods are useful in the identification.

Cenis et al. (1992) identified some Spanish population of root-

knot nematodes using the restriction enzyme Hinfl which was used
successfully to digest the PCR product to produce patterns identical to
those obtained in hybridization experiment. These results demonstrate
that enzyme phenotyping and nucleic acid analysis provide consistent

species identification in Meloidogyne spp.

The preadult stage of plant-parasitic nematodes have been difficult
to identify because of their small size and lack of distinguishing
morphological features identification of this stage is important since they
include the infective and over wintering stages of many nematodes. So,
recently many molecular techniques were successfully used for
identifying single individuals of different stages which make it useful for

the ecological studies and early diagnosis.

RFLP technique is considered as one of the useful DNA-based
diagnostic technique to screen the DNA by using restriction
endonuclease. Curran et al. (1986) digested M. arenaria total DNA of
11 populations of race 1, race 2, M. incognita race 2 andrace 3, M.
javanica, M. hapla race a and race b by using EcoR1. They successfully
studied the genotypic differentiation of these root-knot nematode
population of their RFLP patterns. Curran and Robinson (1993) found
that RFLP technique could be used as a useful technique to differentiate
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population of intraspecific forms, but it needs relatively large quantities

of DNA for transferring and hybridization steps.

Castagnone Sereno ef al. (1993) investigated the hybridized
BamH1 digested genomic DNA, of 18 geographical isolates belonging to
six species with three homologous repeated DAN probes cloned at
random from a genomic library of one population of M. incognita. A
distinct dendrogram was drawn by using unweighted pair-group method,
arithmatic average method (UPGMA) which showed the phylogenetic
relationships ~ between  root-knot nematodes, M.  hapla and
parthenogenetic M. arenaria, M. incognita, and M. javanica. This
phylogenetic tree showed that the parthenogenetic isolates of root-knot
nematode species were clustered and the amphimictic ones were
clustered together in another cluster. Their results showed that M.
arenaria and M. javanica isolates are closer to each other than between

them and M. incognita isolates.

Abad (1994) showed that the relationship between the different
isolates of the two genera, Bursaphelenchus and Meloidogyne by the
hybridization of different genomic libraries with total genomic DNA
probes. After the selection of some probes which putatively represented
moderately repeated sequences in the genome, they used itas a probe

with the genomic DNA.

Molecular techniques are the optimum methods to identify
nematodes because the traditional techniques aren’t accurate, requires a
lot of skills, also genetic variations can’t be detected among

Meloidogyne population and it can't use different nematode stages.

:om



Jennifer van Brunt, (1990) showed the PCR technique as the only
technique for amplifying polymerase which gives the ability to
synthesize DNA fragments in multiple rounds without having to add
fresh enzyme each time. These fragments in twenty to thirty cycles,
become able to amplify the original sequences by a million copies or so
by using a little quantities of DNA. Williams e al. (1990) developed the
new DNA polymorphism assay based on the amplification of random
DNA segments with a single primer of arbitrary nucleotide sequences
which can be used as a genetic marker, and also it can be used to

construct genetic mapping for different species.

Harris et al. (1990) used the PCR technique to identify 17
population of the four common species M. arenaria, M. incognita, M.
javanica and M. hapla by using single juveniles and eggs, they found
that the restriction enzyme Hinfl permitted discrimination of clonal
linkages of the four species and also it succeeded in cutting the PCR

product (1.8 kbp) to produce differentiating bands.

Caswell et al. (1992) used 19 different random primers to
differentiate H. schachtii and H. crucifera so as to assess genetic
variability within each species. Nineteen different random primers
yielded from 2 to 12 fragments whose size ranged from 200 to 1500 bp
and the difference in fragment patterns allowed differentiation of the two
species with each primer. The use of RAPD markers is a very useful tool
for analyzing differences between population and requires minute
quantities of sample DNA. Also,-Cenis (1993) identified 18 populations
as four major species Meloidogyne incognita, M. arenaria, M. javanica
and M. hapla, using 22 primers, the primer OPA-1 produced amplified

DNA bands whose size allowed the separation and distinction of the four
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species.  Also, they found numerous polymorphism between one
population of race of M. hapla as well as between population of M.
arenaria but there were no clear polymorphism to differentiate between

the four races of M. incognita.

Roosien et al. (1993), tested the ability of 9 primers to amplify
species-specific DNA sequences to differentiate between single juvenile
and females of Globodera rostochiensis and G. pallida by RAPD
technique. The amplification from single juvenile doesn’t require DNA
isolation, which doesn’t impair the polymerase chain reaction (PCR).
Folkertsma et al. (1994) evaluated the application of RAPD to asses
inter and intraspecific variation of potato cyst nematodes (Globodera
rostochiensis and G. pallida) by using single random primers to amplify
DNA fragment from minute amounts of template DNA with the
polymerase chain reaction (PCR). Results of RAPD data showed that G.
rostochiensis populations cluster in group with similar pathotype
designation and there is no clear similarity between RAPD data and

pathotype classification of the G. pallida populations.

Costagnone-sereno et al. (1994) used the RAPD-PCR for ability
to detect polymorphisms within and between the four major Meloidogyne
species using 17-30 nucleotides long primers, five of them generated a
total of 74 scrable markers in order to differentiate M. hapla from the
other species, whereas M. arenaria was found to be closer to M. javanica

than M. incognita.

Guira et al. (1995) used RAPD technique to estimate the genetic

relationship among four species of nematodes; (M. incognita, M.
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arenaria, M. hapla and M. javanica) and found that the similarity

between the species depended on the number of bands scored.

In Egypt, Haroon and Karlovsky (1997) analyzed by PCR using
primers No. 28,29, 53 and 58 to detect the genetic variations within and
between samples of M. incognita which were collected from 13 fields
planted with different crops in Egypt. They found that each isolates
produced 3 to 10 scrable bands with each primer, particularly with primer
No. 29 (5-AAATTATTTATCGCGCTCCTTATG-3"). The values of
genetic similarity were calculated using all scrable bands which were
produced from all four primers, the variance among banding patterns of
different populations demonstrated a high degree of genetic
heterogeneity. Also they did not reveal any similarity with Egyptian

populations.

Haroon and Zijlstra (1998b) collected from different vegetable
fields of Fayoum governorate 47 populations of M. incognita to do rapid
identification of genetic relationship by polymerase chain reaction RAPD
markers. They evaluated 10 primers to identify the genetic variability
within populations of M. incognita and found that only 2 amplified DNA
fragments were common in all population. With primers OPA1, OPB11
and OPG1 were incompleted and weak amplification fragment which
were detected with most populations. Strong fingerprinting was obtained
with different degrees of population variabilities with primers OPA12,
OPG2, OPG4, OPB17 and OPB10. On the other hand, some primers such
as OPG6, OPB18 and OPA1 produced more complicated patterns that
were hard to score. RAPD marker is very powerful for genetic mapping

application as well as genetic diagnosis.
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For molecular analysis, it is useful to study specific genomic
regions, one such region is the ribosomal DNA (rDNA) gene family. In
most eukaryotes the rDNA consists of three ribosomal components 288,
5.8S and 18S internal and external transcribed spaces (ITS). The ITS
region does not encode for any product permitting it to evolve at a faster
rate than the ribosomal coding regions. The level of variation in this
region makes it suitable for detecting genetic variation among genera,

species and within species.

Vrain et al. (1992) used to polymerase chain reaction (PCR) to
amplify a region of the ribosomal gene (rDNA) and developed a sensitive
method to examine sequence variability within 5.8S gene and the internal
transcribed spacer (ITS) of rDNA from 19 North American populations
of the Xiphinema americanum groups. The cluster analysis of the
polymerase  chain reaction and restriction fragment length
polymorphisms (PCR-RFLP) allowed us to group these populations and
results have the potential to clarify the status of some recently described

species.

Wendt et al. (1993) examined the ribosomal citron of Ditylenchus
destructor, D. myceliophagus and 7 host races of D. dipsaci by using
restriction fragment length polymorphism (RFLPs) in the ribosomal
citron 18S rDNA gene and the ribosomal internal transcribed spacer
(ITS). The results showed that the mixtures of population could be
detected by PCR amplification. Also, ITS fragments differentiated

between two different species in mixed population.

Ferris et al. (1993) determined importance of the internal

transcribe  spacer regions of rDNA (rDNA ITS1 and ITS2) for
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phylogenetic inference in the cyst nematodes at either population or
species using polymerase chain reaction (PCR). They collected sequence

data for rDNA ITS1 and ITS2 following amplification.

Ibrahim et al. (1994b) used the PCR to amplify a fragment of the
rDNA array, comprising two internal transcribed spacer and 5.8S gene to
compare and differentiate species and underscribed population of
Aphelenchoides and D. angustus. Amplified rDNA fragments were cut
with restriction enzyme and the restriction fragment produced useful
diagnostic  differences between species and some undescribed
populations. Joyce (1994) characterized the Heterorabditis isolates by
PCR amplification of segments of rDNA genes. PCR primers set was
used to amplify the internal transcribed spacer (ITS) region. Their
flanking 18S and 28S coding sequences and restriction digestion of the
amplification products provided a rapid method for the determination of

species grouping.

Zijlstra et al. (1995) used restriction enzyme analysis of ribosomal
DNA (rDNA) sequences to distinguish isolates of root-knot nematodes,
especially M. hapla and M. chitwoodi. Digestion of the ITS regions with
Alul, Dral and Hinfl, can only use small amounts of DNA from single

Juvenile (J,) or from single female.

Gour et al. (1996) studied the differentiation of two groups of
species of the genus Meloidogyne by PCR-RFLP of ribosomal DNA. The
digested fragments with the restriction enzyme Mps1 which was used to
compare and differentiate the two groups of Meloidogyne species; by M.

incognita, M. javanica and M. arenaria, in the first group, and M
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graminicola, M. oryzae, M. naasi and M. triticoryzae in the second

group.

Daniel et al. (1996) used two sets of primers in the PCR to make
rapid identification of M. chitwoodi, M. hapla, and M. fallax. One of
these two sets was used to amplify the internal transcribed spacer (ITS),

and the other one to amplify the genomic rDNA intergenic spacer (IGS)

with only minimal flanking sequences of the 28S and 18S rDNA. They

found that direct identification of nematodes based on fragment size
polymorphism of an amplified product is more efficient than the usual
procedure of PCR amplification followed by digestions with
endonucleases. The results were determined as restriction fragment

length polymorphism (RFLP).

Allen et al. (1997) compared by using PCR-RFLP of ITS between
cyst nematodes species (Heteroderidae) of agronomic significance and
regulatory  concern, they found that PCR-RFLP detected several

restriction site differences between all isolates.

Blok et al. (1997) amplified the intergenic sequence (IGS) regions
between the 5S and 18S genes from a single juvenile or egg masse of the
ribosomal DNA of M. incognita and M. javanica of nematodes, including
representatives of both Secernentea and Adenophorea, among free living
insect and plant-parasitic species. The size of the amplified ITS product
aids in the initial determination of group number ship and discuss ITS

taxonomic implications.

Williamson et al. (1997) identified and distinguished single
juvenile of M. hapla and M. chitwoodi by using a series of random

octamer primers (MHOF, MHIR, MC3F, and MCIR). They found that a
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mixture of four primers in a single PCR reaction was abled to identify
single juveniles of M. hapla and M. chitwoodi to confirm specificity.
Daniel et al. (1997) identified Meloidogyne spp. and synthesized specific
primers for several intergenic spacer (IGS) areas. They found that a
multiplex-PCR amplification by using a combination of five specific and
non-specific primers to amplify DNA from single juveniles or from small
number of egg efficiently distinghuised M. chitwoodii and M. fallax from
M. arenaria, M. incognita, M. javanica, M. hapla and M. mayaguesis

without any need for restriction digest.

In differentiation among in mixtures of root-knot nematodes (M.
hapla, M. chitwoodi, M. fallax and M. incognita) Zijlstra et al. (1997)
described a technique using Dral, EcoR1 and Rsal restriction patterns of
ITS-PCR products. Zijlstra, (1997) cloned and sequenced the amplified
rDNA-ITS fragment of Meloidogyne chitwoodi, M. fallax, M. hapla and
M. incognita. Alignment of sequences showed a little variation in the
coding parts and some variations in the ITS region by using the primers
H-18S, I-ITS and CF-ITS, when combined with reverse primer HCF1-
28S in a single PCR reaction which was used to distinguish four previous

species and single juveniles.

Adams et al. (1998) studied inter-phylogenetic relationship among
the described taxa of Heterorhabditis using DNA sequences of the ITS
region of the ribosomal tandem repeating unit. Though it appears as if
some of there sister taxa were éctually nonspecific, a more thorough
examination of character variability within these species is required
before on evolutionary species delimitation can be complished with

confidence.
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Haroon and Zijlstra (1998a) in Egypt, used the internal
transcribed spacer (ITS) and restriction fragment length polymorphism
(RFLP) of ribosomal DNA (rDNA) to distinguish between different
major species of root-knot nematode on most vegetable crops in Fayoum
governorate. They used two primers (5367 and 5368) for the
amplification of the ITS region which gave one major product of
approximately 760 bp. Also, they used nested primers (F194 and F195)
which gave a strong single band at 570 bp were shorter than ITS
fragment by 190 bp. ITS regions of all isolates were digested with four
restriction enzymes primers (HindIll, Hinfl, EcoR1 and Dral). They
used two clear tests to distinguish root-knot nematodes species by the
size of their fragment in a single PCR reaction which indicated that only
one strong band obtained from first test (Scar primer) to differentiate
between M. javanica and M. incognita, and the second test (Multiplex)
which revealed the size of the cloned amplified ITS regions of M.
incognita at 760 bp.
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MATERIALS AND METHODS

1. Root-knot nematode survey:

Nematode samples were collected from root plants in Kafr El-
Sheikh, El-Behera, Al-Arish, Fayoum and Mynia Governorates in 1998
(Table 1). These samples were collected from different infected crops
such as: tomato, eggplant, peanut, sugar beet, okra, Solanum spp.
Hotpepper and bean (Table 1). Isolates were maintained on tomato
seedling (Lycopersicon esculentum L. cv. Castle Rock Ii. pv pN) grown
in a mixture of sand peat in 1000 cm® clay pots at 25-28°C in a
greenhouse. Identification of nematode species were carried out in
Nematology Lab. IOP-DLO Research for Plant Protection. Wageningen,
Holland and were compared with identified species (M. incognita, M.

javanica, M. arenaria, M. hapla, and M. chitwood).

2. DNA extraction:

DNA extraction was carried out according to Curran et al. (1986).
Twenty five females from each sample were stored frozen till the
preparation time (except samples no. 4, 8, 11, 14, 16, 23, 26, 32, 33, 34,
35 and 40 only 5-12 females were used). Each population sample was
transferred into 2 ml eppendorf tube. The samples were spined briefly
and the supernatant was removed. The females were crushed in liquid
nitrogen using mortar and pestle. Each crushed sample was transferred
to sterilized eppendorf tube and 250 pl EB buffer (10.2 M tris pH 8.0,
0.1 M EDTA, 0.4 M NaCl, 2% SDS) was added. Also, 250 pl of

sterilized water was added to reach the volume of 500 pl and kept on ice
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Table (1):  Isolates and sources of root-knot nematodes (Meloidogyne spp.).
No. DNA * Governorate Centre Crop
1 42 Al-Arish El-Sheikh Zoied Fig
2 44 Al-Arish El-Sheikh Zoied Tomato
3 32 Al-Arish El-Sheikh Zoied Tomato
4 43 El-Behera Nubaria Tomato
5 49 El-Behera Nubaria Peanut
6 16 El-Behera Nubaria Eggplant
7 17 El-Behera Nubaria Solanum spp.
8 18 El-Behera Nubaria Eggplant
9 19 El-Behera Nubaria Tomato
10 20 El-Behera Nubaria Tomato
11 21 El-Behera Nubaria Tomato
12 26 El-Behera Nubaria Hotpapper
13 28 El-Behera Nubaria Tomato
14 29 El-Behera Nubaria Peanut
15 30 El-Behera Nubaria Sugar beet
16 31 El-Behera Nubaria Sunflower
17 1 El-Behera Rahmania Tomato
18 3 El-Behera Rahmania Eggplant
19 4 El-Behera Rahmania Potato
20 5 El-Behera Rahmania Banana
21 6 El-Behera Rahmania Solanum spp.
22 8 El-Behera Rahmania Amaranthus spp.
23 34 El-Behera Rahmania Tomato
24 35 El-Behera Rahmania Eggplant
25 38 El-Behera Rahmania Okra
26 39 El-Behera Rahmania Fig
27 40 El-Behera Rahmania Cucumber
28 41 El-Behera Rahmania Solanum spp.
29 45 Fayoum Tamia Solanum spp.
30 2 Kafr El-Sheikh Dosoque Eggplant
31 10 Kafr El-Sheikh Balteem Tomato
32 11 Kafr El-Sheikh Balteem Tomato
33 12 Kafr El-Sheikh Balteem Tomato
34 13 Kafr El-Sheikh Balteem Eggplant
35 14 Kafr El-Sheikh Balteem Tomato
36 15 Kafr El-Sheikh Balteem Tomato
37 22 Kafr El-Sheikh Balteem Tomato
38 23 Kafr El-Sheikh Balteem Solanum spp.
39 24 Kafr El-Sheikh Balteem Tomato
40 25 Kafr El-Sheikh Balteem Tomato
41 36 Kafr El-Sheikh Balteem Bean
42 46 Kafr El-Sheikh Balteem Tomato
43 47 Kafr El-Sheikh Balteem Tomato
44 48 Kafr El-Sheikh Balteem Tomato
45 50 Kafr El-Sheikh Balteem Eggplant
46 27 Kafr El-Sheikh Motobus Tomato
47 33 Kafr El-Sheikh Motobus Tomato
48 37 Kafr El-Sheikh Motobus Solanum spp.
49 9 Mynia Matay Solanum spp.

* DNA extraction number
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at least for 5 min. For each sample 50 pl proteinase K (20 mg/ml) was
added and all samples were incubated at 65°C for 1 h. One ul RNase (10
pg/ml) was added to each sample. The lysate was extracted once with 500 pl
equilibrated phenol, shacked well and centrifuged for 3 min. at 6500 rpm.
The supernatant was transferred into new tubes and extracted with 250 ul
of phenol 250 pl of chloroform: isoamyl alcohol (24:1), spined for 3 min.
at 6500 rpm. The supernatant was transferred again to a new tube, the
phenol/chloroform step was repeated twice then 500 pl of chloroform:
isoamy! alcohol 24: 1 was added, mixed for 3 min. then centrifuged again

for 3 min. at 6500 rpm.

The precipitated DNA from the supernatant using 50 pl sodium
acetate (3 M) of pH 5.2 was mixed well and each sample was derived in
two eppendorf tube, 700 ul of ethanol 96% was added to each tube and
shaken well and then incubated for 3 h or longer at -20°C or 30 min. at
-80°C. The samples were centrifuged at 15,000 rpm for 30 min at 4°C.
The DNA was accumulated in the bottom of the tube as pellets. It was
washed twice carefully with 70% ethanol and left to dry at room
temperature for several hours. The pellet was dissolved in 50 pl of TE
buffer (10 mM Tris-HCI, 1 mM EDTA pH 8.0). The amount of extracted
DNA was checked by loading 10 pl from each sample on agarose gel to
be tested with (ADNA) 5, 10, 20, 50, 100 ng, the amount of DNA for

each isolate was calculated as ng/ul.
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3. Multiplex PCR:

This technique was conducted for direct identification of the four
common species (M. incognita, M. javanica, M. arenaria), M. chitwoodi,
M. hapla and M. fallax based on length polymorphisms. This technique
used three forward primers and one common reverse primer as described
by Zijlstra (1997). The HCFI-28S is the reverse primer as described by
Ferris et al. (1993) and the three primers H-18S, CF-ITS and I-ITS are
the forward primer as described by Zijlstra, (1997). The reaction mixture
contained 3 ng crude DNA extract; 1 unit of Taq DNA polymerase,
(Sphero Q. Leiden. NL), 200 uM each of dATP, dCTP, dGTP and dTTP
(Bohringer, Mannheim), 0.4 pM of each forward primers H-18S ('5-
CTTGGAGACTGTTGATC-3"), CF-ITS ('5-GATTATACGCACAATT-
3') and I-ITS ('5-TGTAGGACTCTTAATG-3"); 0.4 uM of the reverse
primer HCFI-28S, 3.5 mM MgCl; 1X reaction buffer (prepared by the
company supplying the polymerase) and deionized water to a volume of
50 pl. The amplification performed in a perkin-Elmer Cetus DNA
thermalcycler, the condition as follows: denaturation at 94°C for 4 min
followed by 5 cycles at94°C for 30 sec 55°C for 30 sec 72°C for 1 min
with a decreased 1°C per cycle for the annealing temperature followed by

25 cycles at 94°C for 30 sec 50°C for 30 sec and 72°C for 1 min.

Amplification products were separated through electrophoresis in
the agarose gel which was constructed by weighting out -1 gram of
agarose (sigma) to which 100 milliliter of 1X TBE buffer (89 mM Tris,
89 mM Boric acid and 25 mM EDTA pH 8.0) was added. The mixture

was heated up in microwave oven with regular intervals and was swirlled
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to mix the contents. Gel was cooled down to 50-60°C and 0.5 pg/ml
ethidium bromide was added. Poured to submarine gel apparatus, held
for 30 min for cooling down. The comb was removed and the gel tray
was placed under sufficient amount of 1X TBE buffer just to cover the
gel. 10 pl of samples were mixed with 3 ul blue stain (0.05%
bromophenol blue, 0.05% xylene caynol, 40% sucrose) and loaded. The
gel apparatus was connected to the power supply at a constant current of
60 mA, the gel was observed and visualized with a UV transillminator

(Zijlestra et al., 1995).

4. Internal Transcribed Spacer (ITS) amplification:

The rDNA amplification Figure (1) showed the location of the
primers used for amplifying segments. It presents the location of the
internal transcribed spacer (ITS) primers which were used in test ITS-

RFLP.

The primers 5367 ('S-TTGATTAGGTCCCTGCCCTTT-3") and
5368 ('5-TTTGATCCGCCGTTATTAAGG-3") were the forward and
backward primers, respectively as described by Vrain et al. (1992) and
Vrain (1993).

The DNA fragments containing the ITS regions were amplified by
PCR which were performed in 50 pl of reaction mix containing 3 ng of
template DNA. 1 unit of Taq polymerase (Sphaero Q. Leiden, NL) and
200 pM each of dATP, dCTP, dGTP and dTTP) (Boehringer.
Mannheim). 1.5 mM MgCl,, 0.6 uM from each primer, 10X reaction
buffer (prepared by the Company supplying the polymerase) and
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completed the volume by deionized water to 50 pl the amplification was

carried out in a perkin-Elmer Cetus DNA thermalcycler.

PCR amplification condition was carried out at 94°C for 1 min
annealing at 55°C for 1 min and extension at 72°C for 2 min., repeated
for 20 cycle, incubation period for 5 min at 72°C, followed the last cycle

to complete any partially synthesizes strands.

Amplification products were separated through electrophoresis as

Multiple x PCR.

A8S e 11071

ITS-2 285

> S ¢ €
5367  F194 | F195 5368

Fig. (1): Diagram of ribosomal DNA gene showing the location of the
internal transcribed spacer (ITS) primers which were used in

ITS test and ITS-RFLP.

5.  ITS-RFLP:

Restriction sites were predicted from sequence data with (Zijlstra
et al., 1995). Amplified DNA of ITS fragments were digested with Hinfl
BamH1 and EcoR1 restricted enzymes. A master mix was prepared using
one pl of selected restriction enzyme, 1.5 plrestriction enzyme buffer
and 10.5 pl of DNA template (obtained from ITS test). The mixture for
each sample was placed in incubator at 37°C for at least 3 hours or
overnight. The digested DNA was loaded on agarose gel as Multiplex
PCR.
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6. PCR protocols for SCARs primers:
These techniques used a one specific forward primer on one hand
and specific reverse primer for each on the other (M. hapla, M. arenaria

and M. javanica) which were identified directly.

6.1. SCAR test for M. hapla:

The reaction mixture contained 3 ng crude DNA extract, | unit
Taq DNA polymerase, 200 pM each of dATP, dCTP, dGTP and dTTP), 3
uM each reverse primer and 3 uM forward primer, 10X reaction buffer
(prepared by the company supplying the polymerase), and deionized
water to a 50 pl volume. The amplification was carried out usinga
Perkin-Elmer. The amplification condition (non published) as personal
communication with Dr. Caroline Zijlstra at DLO Research Institute for
Plant Protection (IPO-DLO), Holland. Amplification products were
loaded on agarose gel as Multiplex-PCR.

6.2. SCAR test for M. arenaria:
The same conditions described in the previous test were used

except for two different specific primers which were used for M. hapla.

6.3. SCAR test for M. javanica:
All conditions were used as in previous scar test for M. arenaria

and M. hapla except for that kind of primers and program of PCR.

:om



23

7.  Random Amplified Polymorfic DNA (RAPD):

To perform a RAPD assay, a single oligonucletide (primer) mixed
with genomic DNA in the presence of a thermostable DNA polymerase
and suitable buffer, and then subjected to temperature cycling conditions
typical of the polymerase chain reaction. The products of the reaction
depend on the sequence length of the oligonucleatide and on the reaction
condition often a single primer can be used to identify several

polymorphisms.

Table (2): Primers tested for RAPD analysis of Meloidogyne spp.

Primer Sequence (5 — 3)

OPA-1 CAGGCCCTTC  (Cenis, 1993)
OPA-11 CAATCGCCGT  (Cenis, 1993)
OPA-12 TCGGCGATAG  (Cenis, 1993)

OPG-2 GGCACTGAGG (Roosien et al., 1993)

Four primers of random sequence were provided by DLO research

Institute for Plant Protection IPO-DLO. Holland, These primers are listed
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in Table (2). PCR was carried out in a final volume of 50 pl containing
10 ng of genomic DNA, 2uM primer, 200 uM for each of dATP, dCTP,
dGTP and dTTP (Boehringer), 10X reaction buffer (prepared by the
company supplying the polymerase) ; 1 unit Taq DNA polymerase
(Sphero Q. Leiden. NL) and deionized water to a volume 50 pl.
Amplification was performed on a Perkin-Elmer Cetus DNA thermal
cycler, optimum amplification conditions were proceeded by 1 min at 98
°C followed by 35 cycles of denaturation at 94 °C for 20 sec, annealing at
36°C for 30 sec. and extension at 70°C for 2 min a final incubation of

70°C, 10 min.

After the end of the cycles, 10 pl of the PCR product was taken
from the tube, loaded in agrose gel and electrophoresed as Multiplex-
PCR. A negative control without DNA was included in all the reactions.
Also as a comparison with the Egyptian populations, sample of each M.
chitwoodi, M. incognita, M. javanica and M. hapla from Holland were
used as positive control. The experiment was repeated two times for each

primer.

7.1. Method of data analysis for RAPD-PCR:

The banding patterns generated by 4 primers analysis were
compared to determine the genetic relationship of Meloidogyne isolates.
All bands were scored as present (1) or absent (0). The similérity matrix
was performed using 64 bands, from this matrix and estimator F =2

Nxy/Nx + Ny of similarity Nei and Li (1979) was computed where Nxy
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is the number of bands shared by the isolates x and y, Nx and Ny being
the total number of bands of the two isolates. The formula of Dice

coefficient was used to calculate a similarity coefficient for pairs of

isolates.

The similarity matrix was used to perform the phylogenetic tree by

using NTSys. ver. 1.4 package (Ralf, 1988).
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RESULTS

1. The amounts of DNA

The obtained amounts of the extracted DNA from 49 isolates root
knot nematode Meloidogyne spp. from different Egyptian locations were
presented in Table (3).

2.  Multiplex-PCR:

Multiplex-PCR was performed by using four primers H-18S, CF-
ITS, I-ITS, and HCFI-28S in a single PCR reaction. Results presented in
Fig. (2) and Table (3)show that multiplex-PCR early differentiates the
species M. hapla, (M. incognita or M. javanica) and M. chitwoodi (the
last one was from Holland). The two isolates of M. hapla (No 29 and 30)
gave one major band at 660 bp. This is the first record for M. hapla in
Egypt on Peanut and sugar beet. M. incognita or M. javanica produced
one major band at 416 bp. M. chitwoodi gave major band at 525 bp.
Twenty three isolates of M. incognita or M. javanica presented a strong
band at 416 bp which was similar to positive control for M. incognita and

M. javanica populations from Holland.

3. ITS-rDNA amplification: |

The PCR amplified rDNA ITS fragments product was
approximately 760 bp in 26 samples on using the primers of the ITS
region from 49 samples of root-knot from different governorates, (Table
3 and Fig. 3). Also, isolates M. incognita, M. javanica and M. hapla from

Holland gave the same results.
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Table (3): Conclusion for all results
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used in this study.

from rDNA technique that were

No. of DNA [TS-result Multiplex SCAR
population ng/ul PCR test
1 1.0 reaction javanica /incognita javanica
2 1.5 reaction javanica /incognita javanica
3 1.0 reaction javanica /incognita javanica
4 0.1 no reaction no reaction no reaction
5 0.3 no reaction javanica /incognita incognita
6 2.0 reaction javanica/incognita javanica
8 0.1 no reaction no reaction not tested
9 2.0 reaction javanica /incognita javanica
10 5.0 |reaction javanica /incognita javanica
11 0.1 no reaction no reaction no tested
12 0.5 reaction javanica /incognita incognita
13 0.3 no reaction no reaction incognita
14 0.1 no reaction no reaction no tested
15 2.0 |reaction javanica /incognita javanica
16 0.1 reaction no reaction javanica
17 0.5 no reaction javanica /incognita incognita
18 0.5 no reactioh javanica /incognita incognita
19 2.0 reaction javanica /incognita javanica
20 0.5 no reaction javanica /incognita incognita
21 1.0 reaction javanica /incognita javanica
22 0.5 reaction javanica /incognita javanica
23 0.1 no reaction no reaction no reaction
24 0.3 no reaction no reaction in;ognita
25 0.5 reaction javanica /incognita javanica
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Table (3): Cont.
No. of DNA ITS-result Multiplex SCAR

population ng/ul PCR test
26 0.1 reaction no reaction not tested
27 0.5 [reaction javanica /incognita incognita
28 1.0 |reaction javanica /incognita javanica
29 0.5 |reaction hapla hapla
30 1.0 |reaction hapla hapla
31 0. |noreaction [no reaction not tested
32 - no reaction | no reaction not tested
33 - no reaction | no reaction not tested
34 - no reaction | no reaction not tested
35 - no reaction |no reaction not tested
36 2.5 |reaction javanica /incognita incognita
37 0.5 |noreaction |javanica/incognita incognita
38 0.2 |reaction no reaction incognita
39 0.1 |noreaction |no reaction incognita
40 0.1 |noreaction [no reaction no reaction
41 0.1 no reaction | no reaction incognita
42 0.5 |reaction javanica /incognita incognita
43 0.5 |reaction javanica /incognita javanica
44 0.9 |reaction javanica /incognita javanica
45 0.6 |noreaction |javanica /incognita javanica
46 0.6 |reaction javanica /incognita javanica
47 0.5 |reaction javanica /incognita javanica
48 0.6 |reaction javanica /incognita javanica
49 0.2 |noreaction [javanica/incognita javanica
50 0.1 |noreaction |javanica/incognita jé.vanica

No reaction = not appeared band.
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Fig. (2) : Typical amplification products of Multiple-PCR reaction using forward primers and
reverse primer in a single PCR reaction with 3 ng of template DNA of M. incognita (1),

M. javanica (J), M. chitwoodi (C ) and M. hapla (H) as positive control from Holland.
W= control without template DNA. M = Size marker DNA.

om




30

M123435 68091011 1213141516171 J H
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Fig. (3) : Typical amplification of 760 bp polymerase chaine reaction (PCR) Product
from template of total DNA extracted from Meloidogyne spp. with
internal transcribed spacer (ITS) with primers 5367 and 5368. (J, I, H,) =
M. javanica, M. inognita, and M. hapla) positive control from Holland. W =
Control without template DNA. M = Size Marker DNA.
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4.  Restriction enzyme results:

Digestion of the 760 bp amplification product of ITS region of

certain isolates were digested with restriction enzymes (Hinfl, EcoR1,

and BamH1), which distinguished between Meloidogyne hapla, M.

incognita or M. javanica (Table 4).

Table (4): Sizes of the DNA fragment (bp) obtained after restriction

enzyme digestion of the 760 bp internal transcribed spacer

regions Meliodogyne hapla, M. incognita and M. javanica.

DNA fragment (bp)
Restriction enzyme
M. hapla M. incognita/M. javanica
Hinfl 490, 270 440, 320
EcoR1 760 520,240
BamH1 430, 330 760

:om



32

No restriction enzyme has been found to distinguish between M.
incognita and M. javanica up till now. Some of the typical restriction
pattern of the 760 bp amplification product from isolates of M. incognita,
M. javanica and two isolates of M. hapla show identical restriction
pattern. Digestion with BamH]1 is specific for Meloidogyne hapla and
shows fragments 430 bp, and 330 bp and does not digest fragments with
Meloidogyne incognita or M. javanica (Fig. 4). Also, the fragment which
is the product of EcoR1 presented two digested bands at 520 and 240 bp
with M. incognita or M. javanica, it doesn’t digest the ITS region with
M. hapla (Fig. 5). Another restriction enzyme Hinfl was used with M.
incognita/M. javanica cut ITS region into two fragments (440 and 320

bp) and with M. hapla gave two fragments (490 and 270 bp) (Fig. 6).

5. SCARS primer test:

The results from M. hapla SCAR primers test indicated that one
major strong band, especially for M. hapla as similar to the positive
control M. hapla from Holland. Two samples were obtained from
Nubaria Province, sample no. 29 on peanut and sample no 30 on sugar
beet (Fig. 7), which gave the same results (Table 3 and Fig. 8) while M.
incognita, M. javanica and M. arenaria with this test did not give any

result.
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33

Typical digestion of the 760 bp polymerase chain
amplified internal transcribed spacer region with
restirction enzyme BamH1, (A) the agarose gel
after 45 min, (B) the agarose gel after 120 min. M =
size marker DNA.
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Fig. (5) : Typical digestion of the 760 bp polymerase chain
amplified internal transcribed spacer region with
restirction enzyme EcoR1, (A) the agarose gel
after 45 min, (B) the agarose gel after 120 min.
M = Size marker DNA
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Fig. (6) : Typical digestion of the 760 bp polymerase chain
amplified internal transcribed spacer region
with restirction enzyme Hinfl, (A) the agarose
gel after 45 min, (B) the agarose gel after 120
min. M=size marker DNA.
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Fig. (7): The symptoms of root-knot nematode on sugar beet from

Nubaria province which is identified as Meloidogyne hapla.
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Fig. (8):SCAR primer for Meloidogyne hapla. ( H, 1, J,) = Positive control for (M.
hapla,M. incognita and M. javanica) respectively from Holland M = Size

marker DNA .
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When scar primers of M. arenaria were used for amplifying M.
arenaria isolate (obtained from Holland as a positive control), it gave
one major band. In our isolates no major bands were observed (Fig. 9).
So, no Meloidogyne arenaria in our Egyptian isolates were obtained

from different areas as described in Table (3).

SCAR primers for identify M. javanica gave only one strong band
in 21 samples (Table 3 and Fig. 10). Similar strong band was observed of
positive control isolates from Holland (Fig. 10) and did not give any
band with M. incognita and M. hapla.

From the previous techniques 21 isolates were identified as N.
Jjavanica, 14 isolates as M. incognita and 2 isolates as M. hapla. Another
12 isolates was not identified because the amounts of females and cycles

of PCR were not sufficient to produce good amplification.

6. RAPD-PCR identification:

Four primers (OPA-01, OPO-11, OPA-12 and OPG-02 were
examined with 24 Meloidogyne isolates (Table 5) which represent the
three different species (Meloidogyne javanica, M. incognita and M.
hapla). The resulted banding patterns amplification products using OPA-
01 primer in reaction with tested root-knot nematode isolates were
illustrated in Fig. (11). The bands were ranged at size friom 398 and 2000
bp. Two strong species-specific bands are 1550 bp and 2000 bp band
which appeared only with all of M. javanica isolates. All isolates of M.
incognita produced 540 bp and 1000 bp bands. One isolates of M. hapla
produced polymorphic bands at 850 bp and 1020 bp. These pblymorphic

bands appeared in the three isolates which obtained from Holland.
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M 123 56 891011121315 17 1 AJH M 1920 21 22 232425272829303132 1 A J H

Fig. (9) : SCAR primer for Meloidogyne arenaria.( H, 1, ],) = Positive control for

(M. hapla, M. incognita and M. Javanica) respectively from Holland
M = Size marker DNA
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Fig. (10) : SCAR primer for Meloidogyne javanica. ( H, I, J,) = Positive control
for (M. hapla, M. incognita and M. javanica), respectively from
Holland. M = Size marker DNA
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Table (5): The result of DNA test identification and code of root-knot
nematode isolates for RAPD test.
No | * Governorate Centre Result of Code Plant
rDNA source

1 | 1 |Behera Rahmania M. javanica JBRI1 Tomato

2 | 3 |Behera Rahmania M. javanica JBR2 Egg plant

3 | 6 |Behera Rahmania M. javanica JBR3 Solanium spp.
4 | 19 | Behera Nubaria M. javanica JBN1 Tomato

5 | 21 |Behera Nubaria M. javanica JBN2 Tomato

6 | 28 |Behera Nubaria M. javanica JBN3 Tomato

7 | 43 |Behera Nubaria M. javanica JBN4 Tomato

8 | 49 |Behera Nubaria M. javanica JBNS Peanut

9 | 2 |Kafr El-Sheikh Desoque M. javanica JKDI Egg plant

10 | 10 | Kafr El-Sheikh Balteem M. javanica JKBI1 Tomato

11 | 15 | Kafr El-Sheikh Balteem M. javanica JKB2 Tomato

12| 9 [Menia Matay M. javanica JMM1 | Solanium spp.
13 | 17 | Behera Nubaria M. incognita IBN5 Solanium spp.
14 | 20 | Behera Nubaria M. incognita IBN7 Tomato

15 | 27 [Kafr El-Sheikh Motobs M. incognita IKM9 Tomato

16 | 37 [Kafr El-Sheikh Motobs M. incognita IKM10 |Solanium spp.
17 | 12 Kafr El-Sheikh Balteem M. incognita IKB11 | Tomato

18 | 36 [Kafr El-Sheikh Balteem M. incognita IKB14 |Bean

19 | 42 | Al Aresh El-Sheikh Zoid | M. incognita IAS2 Fig

20 | 30 | Behea Nubaria M. hapla HBN9 | Sugar beet

21 | 29 |Behera Nubaria M. hapla HBN10 |Peanut

22 Holland M. incognita IH Tomato

23 Holland M. javanica JH Tomato

24 Holland M. hapla HH Tomato

* DNA extraction number.
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Fig. (11) : RAPD-PCR banding patterns of the 24 root- knot nematode isolates tested with primer OPA-O1.

(), M. incognita (J), M. javanica and (H) M. hapla as positive control from Holland . M = Size
marker DNA.
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Figure (12) shows the banding patterns of the 24 root knot
nematode isolates which were subjected to primer OPA-11. The results
indicated the ability of these primer to detect some polymorphisms
between M. hapla isolates and other isolates. The resulted bands were
ranged between 300-3500 bp, two polymorphic bands 700 and 1000 bp
appeared with two isolates of M. hapla (HBN9 and HBN10), these bands
were observed in M. hapla (HH) isolate from Holland. Two polymorphic
bands 1550 and 2000 bp appeared with M. javanica. There were two
monomorphic bands 400 and 620 bp.

Using OPA-12 primer didn't give good banding patterns (Fig. 13).
Generally, there was no specific banding patterns for any of the tested
species. Only, there was a monomorphic band (760 bp) but this band did
not appear in M. hapla isolate (HBN ).

Using OPG-02 indicated that bands were ranged between 300 and
1700 bp (Fig. 14). This primer (OPG-02) didn't give species-specific
banding patterns. There were polymorphic bands but they were not
species specific bands because of their absence with some isolates from
the same species or their presence with same isolates from different
species. Also, the isolates from Holland were different from the Egyptian

isolates.

6.1. RAPD-data analysis:

All bands resulted from using the 4 primers were scored as present

(1) or absent (0) as Table (6a and b).

The similarity matrix showed different degrees of inter-and intra-
specific variations between each pairs of isolates (Fig. 15). The isolates

of M. javanica, M. incognita and M. hapla showed the level of similarity
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(12) : RAPD-PCR banding patterns of the 24 root- knot nematode isolates tested with
primer OPA-11. (I), M. incognita (J), M. javanica and (H) M. hapla as positive
control from Holland. M = Size marker DNA.
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Fig. (13) : RAPD-PCR banding patterns of the 24 root-knot nematode isolates tested with primer OPA-12. (I), M.
incognita (1), M. javanica and (H) M. hapla as positive control from Holland . M = Size marker DNA.
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Table (6) (a and b) : The scored bandes of the four primers with the 24
root-knot nematode isolates. 0, absent; 1, present.
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Fig,(15): The similarity matrix of the 24 root-knot nematode isolates by using NTSys program based on the Dice similarity coefficient.
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Fig.(16): The similarity dendrogram of the 24 different root-
knot nematode isolates by usingfour primers of
RAPD-PCR, analyzed with NTSys program using the
Dice coefficient for similarity.
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among isolates within species as follows: 0.42-0.77, 0.46-0.74 and 0.54-
0.81, respectively. The intra-specific variations among species of M.
incognita-M. javanica, M. hapla-M. javanica and M. incognita-M. hapla,
were 0.38-0.71, 0.18-0.60 and 0.31-0.60, respectively.

The resulted phylogenetic tree scaled as (F) value ranged from
0.30-0.90. The tree included two main clusters, one of them included M.
hapla (HH, HBN9 and HBN10) and the other one included the rest of the
used isolates which were divided into two sub cultures, one of them
included the isolate JKB10, and the other one included the rest of the M.
javanica and M. incognita. The isolates of the M. javanica located in a
separate sub-sub-cluster were close to the isolates of M. incognita which
located in a another sub sub-cluster. The four isolates (JBR3, MM,
JBN3 and JBN4) located in sprat cluster were close to M. incognita.
Also, the M. hapla, from Holland (HH) located under the same cluster
with the isolates, M. hapla (HBN9 and HBN10) from Egypt. Also, M,
Jjavanica and M. incognita from Holland were located under sub-sub
cluster with Egyptian isolates M. javanica and M. incognita, respectively

(Fig. 15).
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DISCUSSION

Modern molecular techniques has been developed in recent years,
and it could be argued that molecular systematic will have its greatest
impact among the nematode taxa. Nematode molecular systematies is in
its infancy, using nucleotide sequence data to assess the relationships
among nematodes. Also, molecular systematies can put nematodes on the

same footing as better understood organisms (Power and Adams, 1994).

The present results show that it is possible to use many molecular
techniques as valuable tools for the identification of root-knot
nematodes. Therefore, we used multiplex-PCR which easily
differentiates the species M. hapla and M. incognita from each and from
M. chitwoodi and M. fallax, even in mixtures. The size of the IT'S-PCR
products of M. hapla, M. chitwoodi, M. fallax, M. incognita and,
M. javanica that measured by using ITS-specific primers 5367 and 5368
was approximately 760 bp.

The sequences, described by Zijlstra (1997) were very useful for
providing sequences of species-specific primers (H-18S, CH-ITS, I-ITS,
and HCFI-28S) and show that there are slight size differences between
the species ranging from 766 bp‘ (M. incognita/M. javanica) and 784 bp
(M. chitwoodi). More variations are present in the IT'S-1 region. The
ITS-1 sequences of M. hapla and M. incognita which differ from each
other and from M. chitwoodi and M. fallax. More variations have been
found in the IT'S-2 region indicating that the primers H-188 and [-ITS
allow species-specific amplification of M. hapla and M. incognita

respectively, resulting in a PCR product of 660 bp for M. hapla when
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reverse primer HCFI-28S was wused and a fragment 416 bp for M.

incognita or M. javanica.

The IT'S region of Meloidogyne which produced 760 bp
considerably shorter than PCR amplification on other nematode genera
using the same set of primers resulted in different size fragments with
slight variations e.g. 1400 bp for the Caenorhabditis elegans (Vrain,
1993), 1500 bp for the X. americanum group (Vrain et al., 1992), 900
and 1200 bp for the D. dispaci and D. destructor, respectively (Wendt et
al., 1993). Similar results were obtained by Zijlstra et al., (1995). Also,
Gour et al. (1996) obtained the IT'S fragments at 800 bp for M. arenaria,

M. incognita and M. javanica.

Comparison of restriction patterns derived from amplified ITS
regions proved to be a useful molecular approach to separate the species
M. hapla, M. incognita or M. javanica, since the last two species could
not be distinguished from each other (Xue efal, 1992). In our results
EcoRI restriction enzyme patterns clearly separated M. hapla (760 bp)
from M. incognita and M. javdnica (520 and 240 bp). Also, Hinfl
restriction patterns clearly separated M. hapla 490 and 270 bp from M.
incognita and M. javanica. With BamH] restriction enzyme patterns
contained bands of 430 and 330 bp with M. hapla and didn’t digest M.
incognita or M. javanica (760 bp). Thereby distinguishing M. hapla from
M. incognita, on the other hand Xue et al. (1992) digested of IT'S
fragments of M. hapla, M. incongnita, M. javanica and M. arenaria with

EcoR1 and Hinfl which didn't show differences between species.

So ITS-RFLP technique has been considered to be a valuable tool

to accurately differentiate species in a mixed population. So, the
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intensities of the bands can be quantified. This method could be applied
routinely, preferably using crude extracts of juveniles, females and eggs

to determine the species composition of a field population.

The advantages of rDNA analysis are that the method is fast and
reliable, it is useful for identification at any developmental stage because
of the abundance of rDNA in the genome. Also, it can even be applied on
individual nematodes. Multiplex technique becomes widely used in
routine diagnostic tests to identify species and to sensitively differentiate

them from each other in field populations (Zijlstra, 1997).

In their original paper describing RAPD technology, Williams ef
al. (1990) reported the use of 10-nucleotide random primers to detect
genomic polymorphisms. This methodology allowed the separation of the
four major species but failed to detect any intraspecific polymorphisms
within M. incognita and M. javanica populations (Cenis, 1993). The
present data show the ability of four primers (OPA-01, OPA-11, OPA-12
and OPG-02) to amplify of DNA from the three root-knot nematodes
species M. javanica, M. incognita and M. hapla and also three identified
isolates from Holland. Most of primers produced species-specific
patterns. M. javanica, M. incognita and M. hapla RAPD patterns often
shared one or more bands of the same size. In most cases M. hapla didn't
share bands with the other two species. these agree with the currently

accepted grouping of this species (Cenis, 1993).

Our results on the OPA-01 primer can be used as a tool to
distinguish the three root-knot nematodes species. Two species-speciﬁc
bands are 1550 bp and 2000 bp appeared with M. javanica, but M.
incognita were produced 540 bp and 1000 bp bands, while two bands
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850 and 1020 bp were produced by M. hapla. These polymorphic bands
appeared in the three isolates from Holland. Similar results were obtained
by Cenis (1993) who got 540 bp and 1000 bp specific band for M.
incognita and 850 bp for M. hapla. Williamson et al. (1997) and El-
Ashry (1998) got similar results. Cenis (1993) found that an additional
band at 1020 bp was present in the population race A of M. hapla but
was not present in the population from race B while 1550 bp and 1100 bp
bands were found specific for M. javanica. These results for M. javanica
were contradictory with our results. The reason for this discrepancy with
results of Cenis (1993) has not been known yet, butcould be due to

differences in reagent sources and the kind of enzyme.

Results also indicated that the primer OPA-11 is considered as a
one of the primers which can give the best amplification between M.
hapla and M. javanica. These results are in contrast with Cenis (1993)
who considered that this primer would give the best amplification
between M. hapla and M. incognita. He also indicated that OPA-12
primer gave the best amplification between M. incognita and M.
arenaria, which differed from our results, since this primer didn't give

any polymorphisms.

The phylogenetic relationships within the genus Meloidogyne
inferred from this RAPD analysis are consistent with existing
phylogenetics deduced from both isoenzyme surveys (Esbenshed and
Triantaphyllou, 1987) and molecular studies based on total genomic
DNA (Xue et al., 1992; Castagnone Sereno ef al., 1993 and 1994). Our
results confirm the early divergence of M. hapla from the other species
and also show that M. incognita is closer to M. javanica. RAPD

fingerprinting can easily be used for phylogentic evaluations between
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species. Even if the validity of using RAPD markers for estimating
genetic similarities between isolates was sometimes questionable (Block,
1993), the technique looked accurate at least under experimental
conditions in the case of root-knot nematodes which is in accordance

with the results obtained by Castagnone-Sereno ef al. (1994).

The pattern of genetic variation in a species depends on a number
of factors, including the genetic population structure, geographical
genetic variation, amount of gene flow and the effect of evolutionary
forces on the history of the population such as selection and genetic drift

(Power and Adams, 1994).

Phylogenetic inference has been made by using nematode
nucleotide sequences (Beckenbach et al., 1992; Ferris et al., 1993;
Hugall et al., 1994) which indicate that there was a such sequence
divergence between linkages of M. arenaria as there was between M.
arenaria and M. javanica (Hugall et al., 1994). This study helps explain
the different discordance, between nuclear and organelle phylgenies in

Meloidogyne.

DNA and RAPD-PCR should be useful tools for diagnostic
purposes. the techniques are simple, rapid and safe because they don’t
involve the use of radioactive isotopes which require micrograms
amounts of DNA. This makes it possible to analyze little material as a
single juvenile, eggs or females which are useful in studies of genetic
variation or diagnosis in mixed isolates RAPD-PCR should be useful tool
for addressing many unresolved questions of genetic va}iation and

isolates genetics of root-knot nematodes.
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SUMMARY

Nematode species belonging to the genus Meloidogyne are pests of
major food crops, vegetables, fruits and ornamental plants. Certain
species are widely distributed and able to cause great losses in production

and quality.

Identification of Meloidogyne spp. is important for the design of an
efficient control plan in the IPM program. The identification of nematode
species was always based on morphological characteristics that require a
lot of skill and experience, but it is not very accurate. Recently, the
appearance isozyme electrophoresis and nucleic acid technology have
allowed new approaches to get reliable and precise nematode

identification.

Comparative analysis of coding and non coding regions of
ribosomal DNA has become a popular tool for nematode species

identification.

This study aimed to use some advanced techniques ITS-RFLPs,
multiplex-PCR, SCARs and RAPD-PCR to identify the different isolates
of root-knot nematodes by using DNA fragments.

In this study, samples collected from different locations, different
hosts and identified isolates from Holland were used. The results of
different DNA techniques can be summarized as follows:

1-  Amplification of ITS-region by using 5368 and 5367 pfimers gave
a strong band at 760 bp in 26 samples of tested Meloidogyne

isolates. Digestion of 760 bp fragment with restriction enzyme
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Hinfl produced two distinguished bands at 440 and 320 bp which
are reliable identification to M. incognita or M. javanica, whereas,
M. hapla produced two bands at 490 and 270 bp. On concerning
restriction enzyme EcoR1, produced two bands at 520 and 240 bp
with M. incognita or M. javanica and not bands were observed for
M. hapla. Restriction enzyme BamH1 is specificity for M. hapla and
produced clear bands at 430 and 330 bp. -

Results of ITS-RFLPs techniques could be considered as a
differentiating tool for M. incognita or M. javanica and M. hapla
identification. The nematode species M. hapla is the first record for
diagnosing and identification of this species on peanut and sugar
beet plants in Nubaria province, Egypt in samples No. 29 and 30,

respectively.

Multiplex-PCR was performed by using four primers H-18S, CF-
ITS, I-ITS and HCFI-28S in a single PCR reaction, which gave a
strong distinguished band for M. javanica or M. incognita at 415 bp.
and M. hapla at 660 bp. This technique is accurate for distinguish

M. hapla.

SCARs primers: used two specific species primers for accurate
distinguishable technique for M. hapla, M. javanica and M.
arenaria, one strong band for M. javanica was obtained in twenty
isolates and two isolates for M. hapla, whereas no major band was
observed with M. arenaria which ensure that there is no M arenaria

in our collected isolates.
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Four primers (OPA-O1, OPA-11, OPA-12 and OPG-02) were
examined with twenty four Meloidogyne isolates to differentiate the
three Meloidogyne species (M. incognita, M. javanica and M.
hapla). Results indicated that the best efficient primer was OPA-01
which was able to differentiate the three root-knot nematode

species.

Scoring of the banding patterns which resulted from using four
primers were analyzed by using the NTSys. program. The analysis
of similarity matrix of data emphasizes the relationship between

each pair of isolates.

Using the similarity matrix to perform the phylogenetic tree
(Dendrogram) by graphically showing indicating that M. javanica

and M. incognita are close to each other than M. hapla.

Actually, this study clarified the fact that using advanced

techniques ITS-RFLPs, multiplex-PCR, SCARs and RAPD can gave a

good accurate distinguishable differentiation between the three root-knot

nematode isolates, M. javanica, M. incognita and M. hapla which are

considered faster and more reliable than that of the traditional methods.

Moreover, they become a popular tool for species of root-knot nematode

identification.

:om



REFERENCES

Abad, P., 1994. Repetitive DNA in plant-parasitic nematodes: use for
interspecific and interspecific and intraspecific identification
pp. 141-158. In : F. Lamberti, C. Georgi, and D. McBird eds.
NATO. ARW: Advances in Molecular Plant Nematology New

York. Plenum Press.

Adams, B.J.; AM. Burnell and T.O. Powers, 1998. A phylogenetic
analysis of Heterorhabditis (Nemata: Rhabditidae) Based on
internal transcribed spacer 1 DNA sequence data. J. Nematol:

30(1): 22-39.

Agadr, S.; M. Ammati and A. Fougerous 1979. Research on root-knot

nematodes in Morocco. Proceeding of Second Research &

Planning Conference on Root-knot Nematodes, Meloidogyne

species, Athens (Greece), November 26-30, pp. 113-126.

Allen, S.L.; D.S. Dezh; T.S. Harris, and T.O. Powers, 1997.
Identification of cyst nematodes of Agronomic and regulatory

concern with PCR-RFLP of ITS-I. J. Nematol. 29(3): 255-267.

Beckenbach, K.; M.J. Smith and J.M. Webster, 1992. Taxonomic
affinities and intra- and interspecific variation in
Bursaphelenchus spp. as determined by polymerase chain

reaction. J. nematol. 24: 140.

Block, W.C., 1993. PCR with arbitrary primers: approach with care.
Insect Mol. Biol. 2: 1-6.

:om



61

Blok, V.C.; M.S. Phillipe, and M. Fargette, 1997. Comparison of
sequences from the ribosomal DNA intergenic region of
Meloidogyne mayaguensis and other major tropical root-knot
nematodes. J. Nematol. 29(1): 16-22.

Castagnone-Sereno, P.; F. Van Lerberghe-Masutti and F. Leroy,
1994. Genetic polymorphism between and within Meloidogyne
species detected with RAPD markers. Genome, 37, 904-909.

Castagnone-Sereno, P.; C. Piotte; J. Uijthof, P. Abod; E. Wajnberg;
F. Vanlerbhe-Masutti; M. Bongiovanni, and A. Dalamasso,
1993. Phylogenetic rélationships between amphimictic and
parthenogenetic nematodes of the genus Meloidogyne as

inferred from repetitive DNA analysis. Heredity 70: 195-204.

Caswell, E.P.; V.M. Williamson, and F.F. Wy, 1992. Random
amplified polymorphic DNA analysis of Heterodera cruciferae
and H. Schactii Populations. J. Nematol. 24(3): 343-351.

Cenis, J.L., 1993. Identification of four major Meloidogyne spp. by
Random Amplified Polymorphic DNA (RAPD-PCR).
Phytopathology. Vol. 83., No. 1.

Cenis, J.L.; C.H. Opperman and A.C. Triantaphyllon, 1992.

Cytogenetic, enzymatic and restriction fragment length

polymorphism variation of Meloidogyne spp. from Spain.

Phytopathology. 82: 527-531.

:om



Curran,

Curran,

Daniel,

62

J. and M.P. Robinson, 1993. Molecular aids to nematode
diagnosis. pp. 545-564. IN: D.L. Kevans, D.L. Trudgill, and
J M. Webster. (eds). Plant Parasitic nematodes in temperature

agriculture CABL

J.; M.A. McClure and J.M. Webster, 1986. Genotypic
differentiation and Meloidogyne population by detection of
restriction fragment length difference in total DNA. J.
Nematol. 18: 83-86.

JP. and C.V. Thierry, 1996. Rapid identification of
Meloidogyne chitwoodi, M. hapla and M. fallax using PCR
primers to amplify their ribosomal intergenic spacer. Fundam.
Appl. Nematol, 19: 601-605.

Daniel, J.P.; C. Zijlstra; J. Wishart; V. Block and T.C. Vrain, 1997.

Specific probes efficiently distinguish root-knot nematode
species using signature sequences in the ribosomal intergenic

spacer. Fundam. Appl. Nematol. 20: 619-926.

Eisenback, J.D., 1982. Morphological comparison of head shape and

stylet morphology of second stage juveniles of Meloidogyne
species. J. Nematol. 14(3): 339-343.

Eisenback, J.D., 1985. Diagnostic characters useful in the identification

of the four common species of root-knot nematodes
(Meloidogyne spp.). pp. 95-112. in J.N. Sasser, G.C. Carter,
eds., An Advanced treatise on Meloidogyne. ‘Volume L
Biologye and Control Raleigh. North Carolina, State
University Graphics.

:om



63

Eisenback, J.D. and H.H. Triantaphylou 1991. Root-knot nematodes:
Meloidogyne species and races, in: “Manual of Agricultural
Nematology” W.R. Nickle, ed., Marcel Dekker, New York.

Eisenback, J.D.; H. Hirschmann; J.N. Sasser and A.C.
Triantaphyllou, 1981. A guide to the four most common
species of root-knot nematodes (Meloidogyne species) with a
pictorial key. North Carolina State University Graphics,
Raleigh.

Eissa, M.F.M., 1982. The International Meloidogyne Project Activity in
Egypt. Proceedings of Third Research & Planning Conference
on Root-knot Nematodes, Meloidogyne spp., Coimbera
(Portugal), September 13-17, pp. 59-65.

El-Ashry, A.M., 1998. Molecular characterization of the root-knot
nematode in Egypt. Thesis M.Sc. Agriculture, Zoology and
Nematology Department, Faculty of Agriculture, Cairo

University.

El-Saedy, M.A.; M.W.A. Hassan and M.M. Sourour, 1993.
Occurrence of plant-parasitic nematodes and their effects on
the nutrition of six fruit crops grown in Nubaria region.J.

Agric. Sci., Mansoura Univ. 18: 530-537.

El-Shawadfy, M.M., 1997. Geographical distribution of root-knot
nematodes and their threats to agriculture in Egypt. The First
International Afro-Asian, Nematology Workshop, June 8-13,
39-44.

:om



64

Esbenshade, P.and A.C. Triantaphyllo, 1987. Enzymatic relationships
and evolution in the genus Meloidogyne (Nematoda:

Tylennchida). J. Nematol. 19: 8-18

Ferris, V.P.; J.M. Ferris and J. Faghihi, 1993. Variation in spacer
ribosomal DNA in some cyst-forming species of plant parasitic

nematodes. Fundam. App. Nematol. 16(2): 177-184.

Folkertsma, R.T.; J.N.A.M. Rouppe Van Der Voort; M.P.E. Van
Gent-Pelzer; K.E. DeGoot; W.S. Van Den Bos; A. Schots; J.
Bokker and F.J. Gommers, 1994. Inter-and intraspecific
variation between populations of Globodera rostochiensis and
G. pallida revealed by Random Amplified Polymorphic DNA.
Phytopathology, 84: 807-811. .

Gindi, D.M.; A.A.Salem and M.H. Hashem, 1980. Structure of plant-
parasitic nematode community in weedy soils in Sharkia
governorate effect of soil types. Zagazig. J. Agric. Res. 7(1):
371-381.

Gour, H.S.; N. Mende and R.N. Perry, 1996. Differentiation of two
group of species of the genus Meloidogyne by polymerase
chain reaction and restriction fragment length polymorphisms
of ribosomal DNA. Afro-Asian Journal of Nematology 6(1):
50-54.

Griffin, G.D. and W.W. Waite 1982. Pathological interaction of a
combination of Heferodera schachtii and Meloidogyne hapla

on tomato. J. Nematol. 14: 182-187.

:om



65

Guira, O.P.; A. Moya and J.L. Cenis, 1995. Optimal use of Random

Haroon,

Amplified Polymorphic DNA of four major Meloidogyne spp.
Phytopathology. 85(5): 547-551.

S.A. and P. Karolovsky, 1997. Molecular analysis of different
Meloidogyne incognita population isolated from Egypt by
using Random Amplified Polymorphic DNA. Egyptian Journal
of Agronematology. 1(1): 121-135.

Haroon, S.A. and C. Zijlstra 1998a. The use of ribosomal DNA for ITS

Haroon,

spacer, RFLP, scar primer, and multiplex test as molecular
techniques for root-knot nematode identification. Egyptian

Journal of Agronematoloy 2(2): 127-172.

S.A. and C. Zijlstra, 1998b. Rapid identification of genetic
relationship of M. incognita population by polymerase chain
reaction-RAPD markers. Egyptian Journal of Agronematology
2(2): 173-205.

Harris, T.S.; L.G. Sandall and T.O. Powers 1990. Identification of

single Meloidogyne juveniles by polymerase chain reaction

amplification of mitochondrial DNA. J. Nematol. 22: 518-524.

Hartman, K.M. and J.N. Sasser, 1985. Identification of Meloidogyne

species on the basis of differential host test and perineal-
pattern morphology, pp. 69-77 in K.R. Barker C.C. Carter and
JN. Sasser (eds.): An Advanced treatise on Méloidogyne,
Volume 2. Methodology. Raleigh: North Caroline, State
University Graphics.

:om



66

Hirschmann, H., 1985. The genus Meloidogyne and morphological
characters differentiating its species. pp. 79-93 in J.N. Sasser,
C.C. Carter. eds. Volume I. Biology and Control Raleigh.
North Carolina, State University Graphics.

Hugall, A.; C. Moritz; J. Stanton and D.R. Wolstenholme, 1994, Low,
but strongly structured mitochondrial DNA diversity in root

know nematodes (Meloidogyne).Genetics, 136: 903-912.

Ibrahim, LK.A., 1982. Species and races of root-knot nematodes and
their relationships to economic host plants in North Egypt.
Proceedings of the Third Research & Planning Conference on
Root-knot nematodes Meloidogyne  species. Coimbera

(Portugal), September 13-17, pp. 66-84.

Ibrahim, LK.A.; M.A. Rezk and M.A. El-Saedy 1976. Occurrence and
distribution of plant parasitic nematodes in Northern Egypt.

Alex. J. Agric. Res. 24: 93-101.

Ibrahim, LK.A.; M.A. El-Saedy and A.A. El-Sherbiny, 1994a. Survey
study of phytoparastic nematodes associated with some grasses
weeds and plants in northern Egypt. J. Agric. Mansoura. Univ,
19: 937-982.

Ibrahim, S.K.; R.N. Perry; P.R. Burrous and D.J. Hooper, 1994b.
Differentiation of species and populations of aphelenchoides
and of Ditylenchus angustus using a fragment of ribosomal

DNA. J. Nematol. 26(4): 412-421.

:om



67

Ibrahim, LK.A.; M.A. Rezk; H.A.A. Khalil and M.A. El-Saedy,
1986a. Occurrence and host range of root-knot nematodes
Meloidogyne spp. in northern Egypt. Alex. J. Agric. Res. 31:
267-278.

Ibrahim, LK.A.; M.A. Rezk; H.A.A. Khalil and M.A. El-Saedy,
1986b. Species and races of root-knot nematodes Meloidogyne
spp. in northern Egypt. Alex. J. Agric. Res. 31: 281-289.

Jennifer Van Brunt, 1990. Amplifying genes PCR and ITS.
Biotechnology 8: 291-294.

Joyce, S.A.; A.M. Burnell and T.O. Powers, 1994. Characterization of
heterorhabditis isolates by PCR. amplification of segments of
mt DNA and rDNA genes. J. Nematol. 26(3): 260-270.

Lamberti, F., 1979. Economic importance of Meloidogyne spp. in
subtropical and Mediterranean climates, pp. 341-357 in F.
Lamberti and C.E. Taylor, eds. Root-Knot nematodes
(Meloidogyne species) systematics, Biology and Control

Academic Press, New York and London.

Mahrous, M.E., 1991. Phytonematodes associated with olives (Olea
european 1.) in newly reclaimed sandy soil with special
Reference to root-knot nematodes (Meloidogyne spp.).
Zagazig, J. Agric. Res. 18(1): 187-192.

Nei, M. and W.H. Li. (1979). Mathematical model for studying genetic
variation in terms restriction & endonuclease. Proc. Natl. Acad.

Sci. USA 165: 5269-5273.

:om



68

Oteifa, B.A. and D.M. Elgnidi 1956. Studies on root-knot nematodes
Meloidogyne spp. in Giza. Egypt II. Development behavior of
the root-knot nematode Meloidogyne javanica. Cairo

University Faculty of Agriculture, Bulletin, 101, 10 p.

Powers, T.0. and B.J. Adams, 1994. Nucleotide sequences in nematode
systematics. pp. 99-108 In : F. Lamberti, C. Georgi, and D.
McBird eds. NATO. ARW: Advances in Molecular Plant

Nematology New York. Plenum Press.

Rolf, F.J. 1988. NTSYS-PC, Numerical toxonomy system for the IBM
PC microcomputer (and compatibles). Version 140 Manual.

Biostatistics. Inc. Setouket, New York.

Roosien, J.; P.M. Vanzandvoort; R.T. Folkertsma; J.N.; A.M.
Rouppe Van Der Voort; A. Goverse; F.J. Gromers and J.
Bakker, 1993. Single juveniles of the potato cyst nematodes
Globodera rostochiensis and G. Pallida differentiated by
randomly amplified polymorphic DNA. Parasitology, 107: 567-
572.

Sohair Abd El-Hamed, 1980. Studies on root-knot nematodes in Egypt:
species identification and biotypes differentiation. M.Sc.

Thesis Fac. Agric. Cairo Univ., 91 pp.

Tomaszewski, E.K.; M.A.M. Khalil; A.A. El-Deeb; T.O. Powers and
J.L. Starr, 1994. Meloidogyne javanica. parasitic on peanut. J.
Nematol. 26: 436-441. -

:om



69

Vrain, T.C., 1993. Restriction fragment length polymorphism separates

species of the Xiphinema americanum group. J. Nematol. 25:
361-364.

Vrain, T.C.; D.A. Wakarchuk; C.A. Levesque and R.I. Hamilton,

1992. Intraspecific rDNA restriction fragment length

polymorphism in the Xiphinema americnum. Fundam. Appl.
Nematol. 15: 365-573.

Wendt, K.R.; C.T. Vrain and J.M. Webster 1993. Separation of three
species of ditylenchus and some host races of D. dipsaci by

restriction fragment length polymorphism. J. Nematol. 25(4):
555-563.

Williams, J.K.; A. Rafalski and S.V. Tingy, 1993. Genetic analysis
using RAPD markers. Methods in Enzymology 218: 704-740.

Williams, J.K.; A.R. Kubelik; K.J. Livak; J.A. Rafolski and S.V.
Tingey, 1990. DNA polymorphisms amplified by arbitrary

primers are useful as genetic markers. Nucl. Acids Res. 18:
6531.

Williamson, V.M.; E.P. Caswell; B.B. Westerdahl; F.F. Wu and G.

Caryl, 1997. A PCR assay to identify and distinguish single

juveniles of Meloidogyne hapla and M. chitwoodi. J. Nematol.
29(1): 9-15.

Xue, B.; D.L. Barllie; K. Beckenback and J.M. Webster, 1992. DNA
hybridization probes for studying the affinities of three

:om



70

Meloidogeyne populations. Fundam. Appl. Nematol. 15: 35-
41. '

Zijlstra, C., 1997. A fast PCR assay to identify Meloidogyne hapla, M.
chitwoodi and M. fallax and to sensitively differentiate them
from each other and from M. incognita in mixtures. Fundam.

Appl. Nematol. 20(5): 505-511.

Zijlstra, C.; A.E.M. Lever, B.J. Uenk and C.H. Van Silfhaut, 1995.
Differences between ITS region of isolates of root-knot
nematodes  Meloidogyne  hapla and M. chitwoodi.
Phytopathology 85(10): 1231-1237.

Zijlstra, C.; B.J. Uenk, and C.H. Vansilfhaut, 1997. A reliable, precise
method to differentiate species of root-knot nematodes in
mixtures on the basis of ITS-RFLP.Fundam. Appl Nematol. .
20(1): 59-63.



o ﬂ\ uaﬂd'
il a1 e iy a3 b AR Ay Lan sl (35 (g plasil

s sbeadl daal 7 gdaa Gl
O dald 50 all oGl gilan g dale bl Je adidaidl fa gilagtll yiad

Jralae o Agliad) o 2lial Jpalaad) o) s 4503 £ 15331 o ST da el Cilynsal
M. incognita, M. javanica, M. arenaria and M. hapla g) Y1 axdy . pmdll

.H@ng\d_,:elauua)mﬂglt\)ﬂ\ ?A‘

Y el Cay yeal Bpaall IS yany aladiul e Jd 5l oda el ol (pe caagdl

1okl o3 ey DNA W aladiuly sdall diad 12 plagill (e Adliadl)

iihic aing ) okl Clay i plastiud (e adias (5 ITS-RFLPs technique =)
BamH]1 & EcoR1 «iley 33! o328 (e internal transcribed spacer (ITS)
il At sl g el padn i Gl Y1 0l a s & Hinfl

.M. javanica/M. incognta, M. hapla

O Gl JL 5V 1A a aa35wy Multiplex-PCR  technique  -¥
G 13 adey g M. hapla , M. chitwoodi, M. Javanica/M. incognita
2 Reverse primer aaly (535 Forward primers <itialy &308 aladiul e
caaly sl g g JS)e aee dea (o

M. hapla , M. javanica, 3— A p2iiu s SCARS primers technique -V
laslanll e g 53 JS dcacadial Gl (e g o) p2diuy Ly M. arenaria
ety b o odal 2 ol 13a g) LAY Ce Jliae JLEAI A a S5 Gaalull
e i) lailgn — cpialh Ll A8y dgnay | il g IS )5S (et
o i

Random Amplified (s 55— paslall () sdad LSV 45 b pladaal 8
5 y—alll Jliiiall Jeliall Lo aaimd Al y Polymorphic DNA (RAPD)
e Ay seaall Y el o G iall by Polymerase Chain Reaction (PCR)
i sl (oS s Tl Y e D0 L iy pied 5 1 glas
Laty el 2 a lagilan (e Adkal g1 sY) G Sl (b Siinns 3 k0
Ly all (38 o el iy el 5 L Adabisal o Al Ciligall

:om



gl e e Juantial il ool Gassb (S

Wge JS e ITS dilaie LS iy 5367 & skl 5368 &) (sl plastiad
JS b jaan 4aj> (523 760 bP Adlae o 4a)a cikel 23510 flenll SY 2 O
a4 anngd ITS gl dasiul 25 8y ol gl e saadl diaS lasiles ¢ il
L 4 JEaY) 1 g coiud 85 BamHL EcoRI, Hinfl adill <ilas 34
6 3l 4a)a s 440 bp Yo 0 j2ae daja ket Hinfl paradial o 53Y) alaasul
kel 85 M. incognita/M. javanica sy o daill 528 3320 bp e
43 EcoRI o239 W 490 bp & 270 bp Lea (sl e s M. hapla g
L& 760 bp &5 ITS &hcbsfsg?\u}éUMQJM.hapla S Jem ¥

e il y G0 Laxy 4 Sy —b
—h=i 240 bp 1 Wl dausl 5 520 bp xe M. javanicalM. incognita
M. hapla g ) 3% 4 BamHI g 531 plasauy Ll 5 Apmaa 4e o
N 5o o ki Y5330 bp, 430 bp e oy Rl s
G— _)ul\ oy JLEAY1 138 Gy 760 bp &8s M. JjavanicalM. incoginta

uwsy M. hapla , M. javanicalM. incognita N ol G g s s
A ) Ak el Jsilly Sl s o el i Jsd M. hapla
N Y g ol b ey b el
HCFI-28S, H-18S, «tall cieaaidd 3y Multiplex-PCR ¢l oladdiul o5
s 5iaa Baaly daa amy JLEAY) 1385 2ty gl b ol ITS-18S, CF-ITS
415 sie daca) g 4a s M. javanicalM. incognita < »* cacl My g 95 JS
—le oSall a5t sal sl 13 660 bp e anj> M, hapla chel 55bp
.(660 bp =) aajall i calael 28 Ayl gel ey 3 W M hapla 255
G 0 plaadal 0o 3 e sas SCARSs primers onsall LYY plastiul e
M. hapla, M. incognita, M. javancia o S aadidl primers -
M. incoginta g e e Py M. javanica g i Ae Oshe Cahacl
Ted g Sl iy (ol sl e agohsl ge M hapla pe b8 JBe s
) Y1 e ol st oV A e

-\

:om



—3 OPA-01, OPA-11, OPA-12, OPG-02 — <lialy ey ) JLas) &5
O Lyl ot () s o) N agiles S e e RAPD-PCR sl
S e il o e 3y Lgiy yt daua (e S g AL < pLaaY)
R RIERY

s ga gl A o il b Aerstaal) (Primers) clisld) Joadl cals
s M. hapla , M. javanica., <N e On sndd 455k e oS4 288 OPA-01
.M. incognita

N5l e M. hapla <N 3—e o 5uad 35S OPA-11 (ol Lkl
CAY) Cpe sl Aalall

<N Hall e Sl A3 da Ly LegiSey ol OPA-12,,OPG-02 sl ul
=Y aadl o Aaal g DAY shel OPG-02 (5ol ¢Sl ¢ aabiad) ¢ 30
Aaaiaall g1 s Gn il g Sall (S ol 5

el s aladiuly Lellaty iy Ang Y1 st (e danld) JEY) Jasd ie
Al Aa ) Al 4Ll 4 sheae Gl (NTsys. progrm.) (o8l puidl
a1 g deadiall @Y 3l e 3 JS O

le—LY Phylogenetic-tree (Dendrogram) s BUPT R I EPHEVRLINEL
ille Aoy A El s ale Js.sgc..;stqmumwt\)s&\ O Al il alia
e A il AL S o) S)y M. incognita s M. javanica (e s On
s Ay by Cun M. hapla g sl s Gl g sl i Oa OS On gl
i A e g Y e 4y Candy 53 a5kl oo Juaiie Cluster 250
cob 83 il

SCARs, Multiplex-PCR, 4al—ull 3kl aladiul; al ety Wllhy g
g1V G Syl el e Jeudl e oS RAPD 5 ITS-RFLP,
< s M. hapla , M. javanica, M. incognita gdall 3iad 13 gilen (e AN
ot ol Ty Al ol s Al GhUial (e W a3 A Y a0 ERUI
oy il g Aediiunall Apa il (3 kel alasiiud Ula b Lt ol Bayg sl
v odadl 8an 1o gilagl Asbidal) &1 9 O Ol

-¢

|

—h

:om



OAKA.\:C'@AKILn)

¢ gard) daal 7 gian by
el il el A — el ) el Qs S
1990 Unibs dxals — peadll i del )3 &S

4;‘).)‘5&0 dyAJ
MC‘J)“ ?)H\ ‘_“A_).Lm.;\.d\
(13 5lez) ) al ol

el Ol paud

Puiad 250 acl, )l ads
Uub asol>

Vh.h

:om



