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                                                                                                        Abstract
The root-knot nematodes, Meloidogyne spp. are serious parasites  in a variety of important agricultural crops in Saudi Arabia and around the world.
Pasteuria penetrans is an endospore-forming bacterial parasite of Meloidogyne spp. This organism is among the most promising agents for the
biological control of root-knot nematodes. Meloidogyne incognita populations with Pasteuria attached to their cuticles were collected from several
locations in Al-Qassim area, Saudi Arabia. To amplify DNA from five isolates of P. penetrans infecting  M. incognita in Al-Qassim area, Universal
primers for the 16S rDNA gene were used. The results indicated that the two primers (39F/1492R and 27F/1388R) were able to detect  the five isolates
of Pasteuria from M. incognita in Al-Qassim area. A nucleotide sequence was obtained for the gene encoding the 16S rDNA from each isolate. The
sequences of 16S rDNA of five isolates showed the presence of P. penetrans. Comparisons between isolates were investigated using ITS-RFLP.
Polymorphic ITS-RFLP patters from the four restriction endonucleases allowed differentiation of the isolates of P. penetrans. Based on cluster analysis
of the obtained fragments of ITS-RFLP, the isolates of P. penetrans fall into two distinct clusters. Because of the high specificity and sensitivity of
ITS-RFLP, it was possible to discriminate between P. penetrans isolates.
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Introduction
Plant parasitic nematodes cause significant yield losses of
agricultural crops 18.  The root-knot nematodes, Meloidogyne spp.,
are the most important parasitic nematodes and they are widely
distributed throughout the world 26.   Meloidogyne spp. are the
major nematode pests of crops in Saudi Arabia 1, 3, 4.  Methods
commonly employed to minimize crop damage caused by
Meloidogyne spp. include crop rotation and applying nematicides.
There has been a great decline in nematicides available for
agronomic crops due to concern of contamination of the
environment. Therefore, environmentally safe alternatives to
control nematodes are of great interest. Among the most promising
of these alternatives are biocontrol agents that specifically target
these pests. Bacteria of the genus Pasteuria spp., obligate parasites
of plant-parasitic nematodes, have great potential as biological
control agents. Field microplots and greenhouse experiments 10, 17,

21 proved that these organisms can provide effective control of
plant-parasitic nematodes. Pasteuria spp. has been reported on a
variety of nematode hosts and in many different climates and
environments throughout the world 10. Pasteuria spp. endospores
are very small and very hard to detect 14. Some methods for
detection, manipulation, propagation, and application of Pasteuria
spp. endospores have been developed 10. According to  Duan et
al. 12, the molecular biology, phylogeny and ecology of Pasteuria
species are essential for characterization of Pasteuria-nematode
relationships and for studying distribution of Pasteuria in soils.
It will be of great benefit for evaluating the potential of this
biocontrol agent as an alternative to nematicides 28. There has
been some successful attempts toward in vitro cultivation of P.

penetrans 15.  Comparative analysis of 16S rDNA sequences may
be  the method of choice for the validation of species and the
resolution of the phylogenetic relationships among those species
and isolates of Pasteuria  8. Andras and Ebert 6 used P. ramosa
spore banks from the sediments of two geographically distant
ponds to experimentally infect a panel of D. magna host clones
whose resistance phenotypes were previously known. They
found that experimental infections were comparable to natural
infections from the same spore source. They observed relatively
high allelic and haplotypic diversity that was structured between
localities and among host resistance phenotypes. Pasteuria
isolate has been reported in Al-Qassim area, Saudi Arabia and
proved to be effective against Meloidogyne incognita 2. PCR
primers specific to Pasteuria 16S rDNA for detection of Pasteuria
isolates were evaluated in this work. Therefore, a survey was
undertaken to ascertain the presence of the endoparasitic
bacterium P. penetrans associated with root-knot nematodes in
Al-Qassim area.  Previous study of plant parasitic nematode in
Al-Qassim area revealed the presence of Pasteuria infection
associated with root-knot nematode Meloidogyne incognita 2.
The present study aimed to confirm Pasteuria presence in Al-
Qassim fields and  to identify the bacterial infection to the root-
knot nematode and its wide range as an endoparasitic to one of
the most important plant parasitic nematodes, Meloidogyne spp.,
using sequencing of Pasteuria 16S rDNA.  Also, the genetic
relationships among Pasteuria isolates using ITS-RFLP were
conducted.
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                                    Materials and Methods
Detection of several isolates of Pasteuria spp. on root-knot
nematode, Meloidogyne spp. in Al-Qassim region:A survey was
carried out in some of Al-Qassim governorates (Bakeria,
Kabraha, Badayh and Auyun Aljwa), Dalffaha area and Buraidah
city. About 250 soil samples were collected from cultivated
fields. Samples were extracted for the presence of diseased root-
knot nematode juvenile, Meloidogyne spp., with bacterial
infection and other genera. Nematode were extracted using wet
sieves and centrifugal flotation methods 9, 16. Adult females of
root-knot nematodes were isolated from infected gall roots and
identified to species level using the perineal patterns 14, 29.
     Soil samples containing root-knot nematode, Meloidogyne
spp., juveniles (J2) infected with Pasteuria were detected and
counted. The infected nematode and soil samples with Pasteuria
were kept in plastic container to serve as artificial source for
Pasteuria infections, planted with tomato seedlings,
Lycopersicon esculentus (Mill.) cv. Bambador, or egg plants,
Solanum melongena c.v. black beauty. Pots were watered and
fertilized with NPK 24. About 150 heavily infected root-knot
nematode juvenile (J2) were extracted from five locations (Bakeria,
Kabraha, Buraidah, Auyun Aljwa and Dalffaha), hand-picked with
very fine needle, transferred to Syracuse containing of 1 ml of
sterilized distilled water and kept in refrigerator at -17°C. The frozen
juveniles were transferred to Eppendorf tube containing 2 ml Tris-
buffer for DNA analysis 8, 12.

PCR-amplification of Pasteuria16S rDNA from small numbers
of endospores extracted from nematodes:
Pasteuria DNA extraction: Total bacterial DNA was obtained
from root-knot nematode juvenile, Meloidogyne spp. carrying
Pasteuria endospores. Three hundred microlitres of decoating
buffer (50 mM Tris, pH 9.5; 1% sodium dodecyl sulphate; 8 M
urea; 50 mM dithiothreitol; and 10 mM EDTA) was added to the
Eppendorf tube with nematode samples, which was incubated
with shaking at 60°C for 90 min. The suspension was centrifuged
and washed three times in buffer (10 mM Tris-HCl, pH 8.0; 10
mM EDTA; and 150 mM NaCl). The pellet was lysed and the
total DNA was purified by the method used for DNA isolation
from Bacillus  organisms 11. The  extracted  DNA  was stored  at
-20°C until use.

PCR amplification of the rDNA ITS region and sequencing:
Atibalentja et al. 7 have shown that the first set combined the
universal forward  primer  27f:  5‘-AGAGTTTGATCCTGGCTCAG-
3‘ 19 with the reverse primer 1388r: 5‘- ACGGGCGGTGTGTACAAG-
3‘, whereas the second set coupled the forward primer 39f:    5‘-
GCGGCGTGCCTAATACA-3‘ with the universal reverse primer
1492r: 5‘-TACGGTTACCTTGTTACGACTT-3‘ 19.    PCR reactions
were performed in 50 µl comprising 20 µl sample or sdH2O control,
5 µl 10 × PCR buffer (200 mM Tris-HCl, pH 8.4, 500 mM KCl), 1.5
mM MgCl2, 0.2 µM each primer, 0.2 mM each dNTP, and 2.5 units
Taq DNA Polymerase (Invitrogen, Carlsbad, CA). The reactions
were carried out in a GeneAmp PCR System 9700 (PerkinElmer,
Applied Biosystems, Foster City, CA) with the following thermal
profile: 94°C for 10 min; 45 cycles each of 94°C for 1 min, 52°C for
1min and 72°C for 2 min, final extension at 72°C for 10 min, and
incubation at 4°C.  PCR  products  were  resolved  in  2%  agarose
gel,  visualized  by  ethidium  bromide  staining (0.3 µg/ ml).

Sequencing of ITS region of Pasteuria isolates was carried in
Macrogen lab, Korea.  PCR products were analyzed on an ABI
3130 Automated Capillary DNA Sequencer using the GeneScan-
500 LIZ size standard (Applied Biosystems).

Genetic relationships among Pasteuria isolates:
ITS-RFLP: Ten µl of the PCR-amplied ITS region from all
isolates were digested with each of the four restriction enzymes
enzymes Eco-R1, HindIII, HaeIII and MspI  (5 units g-1 DNA).
The restriction enzyme digests were carried out for 1 h at the
temperature and in the buer recommended by the manufacturer
(Promega, Southampton). Digests were electrophoresed at 100
V for 2 h on a 2% DNA agarose (BioWhittaker Molecular
Applications, Wokingham), using Tris-acetate buffer (pH 8). A
100 bp DNA ladder (Gibco BRL, Paisley) was used as a size marker.
After electrophoresis, the gels were stained in ethidium bromide
(5 µg ml-1) for 20 min and photographed under UV light.

Cluster analysis: Data from the ITS-RFLP analysis were scored
for cluster analysis on the basis of the presence or absence of
the amplified products for each restriction enzyme. If a product
was present in a cultivar, then it was designated “1”; if absent,
then the product was designated “0”. Pair-wise comparisons of
genotypes, based on the presence or absence of unique and shared
polymorphic products, were used to generate similarity
coefficients based on the SIMQUAL module. The similarity
coefficients were then used to construct a dendrogram by UPGMA
(Unweighted Pair-Group Method with Arithmetical Averages)
using NTSYS-PC software version 2.0 (Exeter Software, New
York)26.

Results and Discussion
Detection of several isolates of Pasteuria penetrans on root-
knot nematode, Meloidogyne spp. in Al-Qassim area: A total of
250 samples collected from different locations in Al-Qassim were
examined for the presence of P. penetrans in soil and root samples.
Pasteuria penetrans isolates were found only attached to
Meloidogyne incognita and not found on the other genera (Table
1). Pasteuria penetrans isolates were not recorded on
Meloidogyne species other than M. incognita in Al-Qassim area.
This study is in agreement with previous work 2. However, further
work needs to be done to examine specificity of P. penetrans to
different Meloidogyne species found in Al-Qassim area.

PCR-amplification of Pasteuria16S rDNA and sequencing: The
27f/11388r primer combination produced a discrete bright band
of the expected 1063-bp size (Fig. 1), the nucleotide sequence
of which matched the Pasteuria 16S rDNA, following sequence
similarity searches with the BLAST program. The 39f/1492r
primer combination also produced the expected 1493-bp
fragment (Fig. 1) from DNA of five isolates (Bakeria, Kabraha,
Buraidah, Auyun Aljwa, and Dalffaha). A BLAST search with the
DNA nucleotide sequence from the both fragments returned the
16S rRNA gene of P. penetrans. The specific oligonucleotide
sequence was first identified in P. ramosa and then in P.
penetrans  and in the North American isolate of Pasteuria that
parasitizes H. glycines 5, 7, 13. It is present in all other Pasteuria 16S
rDNA sequences that have been subsequently deposited in
GenBank, but it has not yet been found in any other bacterial
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species, as shown by sequence similarity searches of the
Ribosomal Database Project 20. As indicated by Duan et al. 12,
based on consensus regions of these sequences, primer sets 27F/
11388R and 39F/1492R was thought to be Pasteuria-specific and
was used in the subsequent amplification of Pasteuria sequences
from soil and nematodes. Accumulation of 16S rDNA sequence
data should, in turn, expedite the validation of species and the
resolution of the phylogenetic relationships within the genus
Pasteuria.

Genetic relationships among Pasteuria
penetrans isolates: Pasteuria penetrans
isolates using PCR-RFLP were distinguished
with universal oligonucleotides of the ITS
region. The ITS forward (27f) and reverse
(11388r) oligonucleotide pairs amplified a
single DNA fragment of approximately 1036
bp in all isolates (Bakeria, Buraidah, Kabraha,
Auyun Aljwa, and Dalffaha) (Fig. 2). The
restriction endonuclease digestion patterns
of the ITS amplification products with
restriction enzymes Eco-R1, HindIII, HaeIII
and MspI, respectively, are illustrated (Fig.3).
As evident from the illustration isolates from
Buraidah, Kabraha, Auyun Aljwa, and
Dalffaha that exhibited identical restriction
digestion profiles while Bakeria isolate
showed a different restriction pattern for
restriction endonuclease HindIII. On the other
hand, all isolates exhibited identical restriction
digestion profiles with restriction
enzyme Eco-R1.  Amongst these enzymes,
Hind III was found to have maximum
discriminatory power (Fig. 3). Based on cluster
analysis of the obtained fragments of ITS-
RFLP, the isolates of P. penetrans fall into 3
distinct clusters (Fig. 4). Cluster 1 consists of
Bakeria-1 isolate. Cluster 2 consists of
Buraidah and Kabraha isolates. Cluster 3
consists of Auyun Aljwa and Dalffaha isolates.
Restriction fragment patterns from PCR
amplified ITS sequences and direct
sequencing of ITS region are the major tools

in pathological and taxonomic studies at the species level in
Pasteuria, and a wide range of bacteria have been examined with
these methods 6. According to Atibalentja et al. 8, PCR-RFLP and
sequence analysis of the ITS region of Pasteuria spp. also has
been carried out to assess the inter- and intraspecific variation
within populations of P. penetrans. However, based on the studies
of Wang et al. 30, no geographical variation patterns were found
within the strains of P. penetrans from North America and Asia.
   The present study provides information on the presence of more
than one isolate of the endoparasitic bacterium P. penetrans in
Saudi Arabia, previously reported by Al-Rehiayani 2.  Based on
cluster analysis of the obtained fragments of ITS-RFLP, the
isolates of P. penetrans fall into two distinct clusters. Because of
the high specificity and sensitivity of ITS-RFLP, it was possible
to discriminate between P. penetrans isolates. Detection of P.
penetrans will facilitate studies to determine the efficacy of their
use as biocontrol agents as new systems for laboratory cultivation
of Pasteuria are developed 12. Further investigations should be
undertaken to explore the feasibility of using this local isolates of
the bacterium for root-knot nematode management in Al-Qassim
fields.
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Table 1. Parasitization of plant parasitic nematodes by Pasteuria penetrans in
               Al-Qassim.

*Total samples collected =250.

No. of 
Sample 

with 
Pasteuria 
Penetrans 

Host on which 
spores are 
isolated 

Plant parasitic 
nematode genera 

observed 

No.of  

samples 
collected 

Location 

 

 

9 

 

 

Meloidogyne incognita 
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Helicotylenchus 
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Bakeria 

 

3 

 

 

Meloidogyne incognita 
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Meloidogyne 
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Meloidogyne 
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Trichodorus 

 

42 

 

 

Auyun Aljwa 

 

 

6 

 

 

 

Meloidogyne incognita 

 

Helicotylenchus 

Meloidogyne 

Tylenchorhynchus 

 

21 

 

 

Dalffaha 

3 
Meloidogyne incognita 

 

Hemicriconemoide 

Helicotylenchus 

Meloidogyne 

Tylenchus 

Trichodorus 
Xhiihinema 

 

20 

 

 

Buraidah 

0 Meloidogyne incognita 

Hemicriconemoide   
 Helicotylenchus 

Meloidogyne 

Hoplolaimus 

Tylenchorhynchus 

 

66 

 

 

Badayh 

        M  Bakeria Buraidah Kabraha Auyun Dalffaha 

Figure 1. PCR products amplified by 27F/11388R and 39F/1492R.
M. DNA size marker of 100 pb ladder.

M  Bakeria  Buraidah  Kabraha Auyun Dalffaha

27F/11388R

39F/1492R
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