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ABSTRACT

This study reports the genetic variations between populations of the red palm weevil, Rhynchophorus ferrugineus in the UAE
area. To test if the red palm weevil population in the UAE belongs to the same genetic group; the randomly amplified
polymorphic DNA (RAPD) technique was used to assay seven populations of the insect from different locations. RAPD
primer pairs detected a total 216 RAPD fragments in these populations and 111 of these showed polymorphism (51.4%).
Cluster analysis of RAPD data clearly separated these populations into three groups with a genetic variability between (0.38-

0.94). Genetic and geographical distances among all populations were correlated
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INTRODUCTION

The Red palm weevil, Rhynchophorus ferrugineus
(Olivier) is one of the most destructive pests of date palms,
Phoenix sylvestris Rox., and Phoenix dactyleferous in the
Arab Gulf States (Bokhari & Abuzuhari, 1992), Egypt
(Salama & Hamdy, 2001), and of coconut, Cocos nucifera
L., in South and Southeast Asia (Sivapragasam et al., 1990;
Sadakathulla, 1991). During the last decade, multiple
introductions of R. ferrugineus to the Middle East from
India and Pakistan have occurred. Often, palm weevil
infestations are not detected before damage caused by larval
mining in the trunk is extensive and it is not possible for the
tree to recover (Sivapragasam et al., 1990). In date palms,
the only visible sign of attack may be oozing out of palm
sap from the trunk, and infestations are often not discovered
until trees are blown over. Delay between detection and
destruction permits emergence and migration of adult
weevils prior to destruction. Transporting infested trees and
offshoots for burning introduces the weevil to new areas.

Consistent introduction of new date palm varieties into
the region poses a considerable chance for the insect
population to change genetically. Given the high
distribution capacity of the insect due to strong flight
capabilities, its population is suspected to show a sort of
diversity. External morphological studies would not provide
enough evidence for such diversity. The RAPD technique
provides a convenient and rapid assessment of the
differences in the genetic composition of related individuals
and has been employed in a large number of plants for the

determination and assessment of genetic diversity (Williams
et al., 1990; Welsh & McClelland, 1990).

As a result of the great genetic diversity which exists
in insect species and even within populations of a same
species (Apostol et al., 1993; Stevens & Wall, 1995), DNA
fingerprinting appears as a reliable method for typing insect
cell lines. The power of the polymerase chain reaction
(PCR) in insect studies is well recognized since this
approach, in contrast with the analysis of restriction
fragment length polymorphism, requires only nanogram
amounts of DNA which can even be partially degraded;
even small parts of the insects are sufficient to produce a
diagnostic band pattern (Kambhampati et al., 1992).

Among the different nuclear marker technologies, that
are currently available for monitoring genetic diversity,
random amplified polymorphic DNA (RAPD) represent a
rapid, simple and cost—effective tool to assess insect
populations (Lou et al., 1998, Ross et al., 1999; Biron et al.,
2000; Moya et al., 2000; Naber et al., 2000). Scataglini et
al. (2000) used random amplification of polymorphic DNA
(RAPD) markers to analyze genetic structuring and gene
flow among populations of boll weevils in South America
collected from native and cultivated cotton. Their analyses
suggest that despite the apparent range expansion in South
America beginning in the early 1980s, populations of the
boll weevil were already present on native hosts before the
introduction of cultivated cotton.

DNA markers are especially effective tools in making
inferences about movement between insect populations,
because they represent selectively neutral characters (Black
et al., 2001). Different kinds of molecular markers can
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reveal different levels of genetic variation, making
population genetics studies possible on a wide range of
geographical scales. The RAPD technique has been widely
used to elucidate the geographical origin of, gene flow
among insect populations (Vandewoestijne & Baguette,
2002; Ayres et al., 2003), including curculionid weevils
(Williams et al., 1994; Armstrong & Woratten, 1996;
Taberner et al., 1997; Bas et al., 2000; Scataglini et al.,
2000). It has proved to be a very efficient and sensitive
method for obtaining genetic markers for different kinds of
organisms, demanding no prior information about genomic
organization. Limitations associated with RAPD markers,
like variable reproducibility, may appear unless reaction
conditions are stringently controlled and a dominant mode
of inheritance is lacking (Black, 1993; Lynch & Milligan,
1994; Loxdale et al., 1996). Nevertheless, properly
performed RAPD analysis is a useful and reliable tool for
studying the ecology and genetic structuring of many
species populations (Armstrong & Wratten, 1996; Brown et
al., 1997; Vaughn & Antolin, 1998; Pearson et al., 2002).

In this study, polymorphic RAPD markers were used
to examine genetic diversity of red palm weevil populations
from different geographical origins. We chose RAPD
markers because of their potential for revealing greater
genetic diversity.

MATERIALS AND METHODS

Red palm weevil (RPW) collection. Random samples were
collected from seven sampling locations throughout the
UAE. Sample identification numbers and their
corresponding locations are shown in Fig. 1.

DNA extraction. Total genomic DNA was extracted from
red palm weevils using genomic prep cells and tissue DNA
isolation kit (Amersham Pharmacia Biotech, UK),
according to the manufacturer’s protocol. The isolated DNA
was diluted in 50 ul Tris-EDTA buffer (10mM Tris-HCI,
pH 8.0, & 1mM EDTA), and subsequently electrophoresed
in 0.8% agarose gel following standard protocols of
Sambrook et al. (1989).

RAPD primers. Random sequence 10 mer primers were
obtained from Amersham Pharmacia (Biotech, UK).
Standardized reaction beads and PCR amplification.
The Ready-to-go RAPD analysis kit (Amersham Pharmacia
Biotech, UK) is supplied as microfuge tubes containing a
dried bead, which includes premixed dNTPs, buffer and a
mixture of Ampli Taq and Stoffel fragments. According to
the manufacturer’s specifications, the mixture of these two
thermo stable polymerases produces a cleaner and more
complex pattern than each acting alone. Each bead contains
AmpliTag DNA polymerase, stoffel fragment dNTPs,
bovine serum albumin (BSA), reaction buffer, and an inert
medium. They were stored in the dark at constant room
temperature (25 °C). Before PCR, beads were rehydrated
with sterile deionized water. Final concentration are in a
total of 25 ul reaction mixture including 1.5 units of Taq,
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10mM Tris-HCI (pH 9.0), 50mM KClI, 1.5 mM MgCl,, 200
uM of each dNTPs and stabilizers including BSA in
addition to the 25 pM of the primers. DNA amounts added
were 50 ng aliquots. All RAPD amplifications were
according to a scheme of 5 min at 95 °C for the first cycle; 1
min at 95 °C, 1 min at 36 °C and 2 min at 72 °C for the first
45 cycles; and 5 min at 72 °C for the last one. PCRs were
performed using Perkin-Elmer 24000 (Techne, UK).
Electrophoresis of PCR products. RAPD products were
analyzed by electrophoresis in 1.8% agarose gel pre-stained
with ethidium bromide and run at 10 V/cm for 3.5 h in 1X
TBE buffer. Gels were observed under UV illumination
(UV Transilluminator, TFX 35 Life Technologies, CA,
USA) and photographed images were acquired with Gel-
Doc 1000 (Bio-Rad Laboratories, CA, USA). The molecular
size of the amplified products was estimated using a Phi X
174 DNA/Hae Il marker (Invitrogen, Life Technologies,
CA, USA).

Scoring bands and statistical analysis Individual DNA
bands were scored as present or absent (1/0) in the
amplification profile of each sample. Only clear DNA bands
were scored. Primers that gave either faint bands or a too
high background were discarded from further analysis.
Genetic similarity was calculated with the Jaccard similarity
index. A dendrogram was constructed after cluster analysis
of the Similarity coefficients by the un-weighted pair-group
method analysis, UPGMA (Sneath & Sokal, 1973).

RESULTS

We investigated the genetic variability of seven
populations of the RPW collected from UAE from various
locations (Fig. 1). The RAPD profiles obtained with the
RAPD primers exhibited bands between 194 and 1078 bp in
length (Fig. 2). In a total of 216 bands scored only 111 were
polymorphic (51.4%); 27 with primer 1, 25 with primer 2,
30 with primer 3, 61 with primer 4, 38 with primer 5, and 35
with primer 6, with an average of 36 bands per primer
(Table I).

The dissimilarity values were constructed to estimate
the level of DNA polymorphism among all seven
populations. The calculation of the dissimilarity values was
based on the presence or absence of discrete characters
(RAPD bands). The dissimilarity values ranged from 0.06 to
0.6 (Table 1I). The dissimilarity values showed that
population-4 and population-5 are most similar to each other
followed by population-6 and population-7 where the
dissimilarity values were 0.06 and 0.13 respectively.
Genetic distance (dissimilarity) between population -2 and
population -3 was 0.32, which is lower than any of them to
population-1. The genetic similarity of other populations
ranged between the values mentioned above. Population-1
appeared to be the most distant within this group and
showed higher genetic distance to populations 4, 5, 6 and 7
than to population-2 and population-3.
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Fig. 1. A map showing the major locations of RPW
sampling. Random samples were taken within each
location for the RAPD analysis.
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Fig. 2. Agarose gel electrophoretic patterns showing
the RAPD profile for seven populations of RPW
using primers 3 (A), 4 (B), 5 (C) and 6(D). M is the
molecular size marker phi-X174 Hae Ill.

o

The dissimilarity value was then used to cluster the
data using unweighted pair-group method with arithmetic
average (UPGMA). The Dendrogram showed three clusters
in addition to a single sub-cluster (Fig. 3). Clusters one and
two included populations-4, population -5 and population-6,
population-7; respectively, while the third cluster comprised
population-1 separated from a sub-cluster enclosing
population-2 and population-3.

DISCUSSION

Genetic differences among populations of RPW were
detected. Variations indicated that patterns were comparable
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to those previously reported in other RPW species studies.
Salama and Saker (2002) concluded that the major genetic
variations detected among the three forms of the RPW
collected from Egyptian date palm may be either due to the
generation of new mutant by the weevil or the three forms
may belong to different new varieties.

The dendrogram shows that there is a close
relationship (0.06 dissimilarity) between population-4 and
population-5 and similarly between population-6 and
population-7 (0.13), whilest a wide genetic distance between
population-2 and population-5 (0.6) (Fig. 3). These
observations are in accordance with several other studies
based on an identical method of arbitrary primed DNA
fingerprinting with the M13 primer, where the genetic
variation was low in local populations of air-borne
basidomycetes, Heterobasidion annosum and Fomitopsis

Fig. 3. Dendrogram of the seven populations of red
palm weevils derived from the genetic dissimilarity
index.
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Table 1. Sequence of RAPD primers, Number of bands

and percentage of polymorphisms calculated from
seven samples of RPW.

0.4 0.5 0.6

Primers  Sequence (5'—3") Number of bands Percentage of

studied polymorphism
Primer1 GGTGCGGGAA 27 84 %
Primer2 GTTTCGCTCC 25 72.0%
Primer3 GTAGACCCGT 30 533 %
Primer4 AAGAGCCCGT 61 65.5 %
Primer5 AACGCGCAAC 38 79%
Primer6 CCCGTCAGCA 35 60.0 %

Table Il. Dissimilarity matrix of the red palm weevil
populations using Jaccard coefficient

Popl; Popl, Popl; Popl, Popls Popls Popl;
P0p|1 0
Popl, 0404 0
Popl; 0324 0323 0
Popl, 0454 0599 0550 O
Popls 0409 0.617 0571 0058 O
Popls 0390 0394 0444 0523 0511 O
Popl; 0439 0314 0411 0536 0558 0129 0
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pinicola, although a certain degree of separation was
detected in distance range over 500 km. (Karlsson, 1994;
Hogberg et al. 1995).

The RAPD technique has been successfully applied in
characterizing clones and detecting clonal diversity in
parthenogenetic insects (Black et al., 1992; Fong et al.,
1995) and in a wide variety of plants (Hsia & Rieseberg
1994; Stiller & Denton 1995; Van de ven & McNicol, 1995;
Piguot et al., 1996; Ayres & Ryan, 1997). Since the first
reports on the discriminating power of RAPD-DNA typing
in insect-related ecological questions (Hadrys et al., 1993;
Gawel & Bartlett, 1993), an increasing number of scientists
made a quick and highly informative DNA typing method.
Nowadays, endangered species (Nasser et al., 1996),
inbreeding in wildlife species (Shankaranarayanan et al.,
1997) in addition to several insects like beetles (Brown et
al., 1997; Apostol et al., 1996); flies (Nasser et al., 1996),
dragonflies (Hadrys et al., 1993; Hooper et al., 1996) and a
variety of bacterial, animal and plant species (Benecke,
1997; Veilleux et al., 1995) were successfully DNA typed
with RAPDs. The greatest distance (0.6) and the smallest
distance (0.06) observed in this study (Table II) indicated
that populations fall between 38% to 94% similarity.
Previous study using RAPD-PCR analyses of whitefly
species revealed that similarity ranges from 80-100%
(Perring et al., 1993). We concluded that there is no
significant genetic variation by distance among seven
population of RPW in the United Arab Emirates. Similarly,
Scataglini et al. (2000) reported that RAPD analyses did not
show significant genetic isolation by distance among
neighboring populations of boll weevils in Southern Brazil,
Paraguay and northern Argentina. In contrast Kim &
Sappington (2004) found a significant positive correlation
between genetic variation and geographical distance
covering boll weevil populations in the United States.
Natural variation due to beneficial mutations, chromosomal
rearrangements and mitotic recombination is large enough
to cause the observed difference in RAPD-PCR profiles
between the RPW populations.

Based on this genetically derived numerical distance,
it is obvious that the level of dissimilarity among all the
insect populations in this study is high enough to reflect that
no two insects groups may belong to the same species and
this requires further attention. Meanwhile, genetic distance
data showed that all tested insect groups belong to the same
genus. Nonetheless, one of the important outcomes of this
study is the ability to distinguish between populations of
RPW using only small number of RAPD primers.
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