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Red palm weevil (RPW) is the most aggressive date palm parasite in the Middle East, and especially in the
Gulf region. Originated in Southeast Asia, this pest has been detected in the entire Arabian Peninsula,
North Africa, Italy, Latin America, and other territories. It is important to local from obtrusive species,
which help augmenting the pest control strategies. In the present study we collected 21 RPW samples
from 21 different locations in the Eastern Province, Saudi Arabia to genetically characterize them using
RAPD- and ISSR-based clustering. Unweighted pair group method with arithmetic mean (UPGMA) for
RAPD data categorized the 21 accessions into seven distinct groups, with Al-Oyonn and Juaymah each
categorized in solitary group, meanwhile, UPGMA for ISSR indicated six different groups, with
Battaliyah, Al-Oyoon, and Juaymah each assigned to a separate group. Combining RAPD and ISSR data
revealed two accession; Al-Oyoon and Juaymah that might be considered obtrusive species. Based on dis-
tance calculations, we proposed that the potential origins of RPW collected from these locations are Iran
and the United Arab Emirates. However, this assumption needs further studies for confirmation.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The Red Palm Weevil (RPW) Rhynchophorus ferrugineus is a dis-
turbing wide-spread pest that infest and kill date palm trees after
unadorned infestation (Faleiro et al., 2014). It belongs to Order
Coleoptera and Family Curculionidae (Faghih, 1996, Fiaboe et al.,
2012). It has been thought that this pest is native to Southeast Asia
and Melanesia (Musmeci et al., 2018, Rugman-Jones et al., 2013).
Due to shifting of the cultivation of the ornamental palms, RPW
has widely dispersed across the Arabian Peninsula during the last
four decades (Mukhtar et al., 2011) and has expanded over the last
three decades to invade nearly all countries of the Mediterranean

Basin, sub-Saharan Africa (Naji Mordi et al., 2016), Caribbean, Cen-
tral andNorthern America (Fiaboe et al., 2012). RPWcan affectmore
40 date palm species belonging to 23 genera and 3 families causing
enormous economic losses (Wang et al., 2017, Sun et al., 2016). Date
palm trees are widespread because of its nutritional value for many
people over the globe (Mulley et al., 2019, Rasool et al., 2018). These
trees can grow between 10� and 39� in the northern hemisphere of
the Earth, however, for the time being it covers areas from 0 to
1500 m above the sea level (Huda et al., 2019, Shabani et al., 2014).
Accordingly, RPW could be also detected in these environments,
makes it difficult to correctly classify this pest. Categorizing RPW
to its right taxonomy is crucial to clearly identify and hence to con-
trol this pest that has different names i.e., red stripweevil, sago palm
weevil, coconut weevil, and Asiatic weevil.

Nonetheless, in the Middle East still there is a controversy that
RPW is a Pakistaniweevil (Duguma et al., 2015), and this necessitate
aclear genetic characterization to reduce themisclassificationof this
parasite. Furthermore, it is important to distinguish local species of
RPW from those obtrusive ones, and this could be achieved by using
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molecular genetic-based identification tools such as Inter Simple
Sequence Repeats (ISSR) (Hashem, 2016) and Random Amplified
Polymorphic DNA (RAPD) (Rugman-Jones et al., 2013). However, it
is recommended, for realistic DNA fingerprinting and phylogeny, to
useminimum two tools to obtain reliable results.

These molecular genetic tools have proven powerful for identi-
fication of genotypes (Ishizaki et al., 2016), as it is relatively simple
and accurate for molecular characterization of insect species. We
used ISSR and RAPD for identification and the evolutionary diver-
gence of palm weevils collected from 21 different locations in the
Eastern Province, Saudi Arabia. The present report might be the
first to shed light on the RPW genotypes in the Eastern Region
and to identify a proposed obtrusive species.
Fig. 1. The Eastern Province map showing the sampling locations. 1: Al-Taraf, 2:Al-Jab
Tarout, 9: Al-Qarah, 10: Sifah, 11: Haql, 12: Battaliyah-2, 13: Battaliyah, 14: Al-Oyoon,
Ghowaybah and 21: Safira.

Fig. 2. Representative samples showing the morphological di
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2. Material and methods

2.1. Sample collection

In the present study, 21 red palmweevil samples were collected
between April 21 and June 6, 2019 from different geographical
regions in the Eastern Province (daytime temperature: 20–
45.5 �C, nighttime temperature: 9–30 �C, average relative humid-
ity: 65%, hours of sunshine: 5.9–8 h, latitudes: between 17.10 m,
and 29.10 m, and coordinates: 22�300N 51�000E), Saudi Arabia
(Figs. 1 and 2). From each location, two insects were collected,
and the samples were preserved in ethanol and stored at � 20 �C
until being subjected to analysis.
il, 3:Al-Jabil-West 4: AL-Jaroudiya, 5: Umm Al Hamam, 6: Al-Sahimia, 7: Safwa, 8:
15: Al-Asfar, 16: Juaymah, 17: Sahimia, 18: Bo-Sahabl, 19: AL-Kuwailidiya, 20: Al-

fference between different RPW from different locations.



Table 1
Primer sequences of ISSR and RAPD used in this study.

Primer code Sequence GC content Ref.

RAPD OPA16 AGCCAGGCAA 60 (Piątczak et al., 2015)
OPA18 AGGTGACCGT 60 (Zhang et al., 1997)
OPA19 CAAACGTCGG 60 (Ikegami et al., 2009)
OPA20 GTTGCGATCC 60 (Ikegami et al., 2009)
OPC18 TGAGTGGGTG 60 (Kawai and Mitsuhashi, 1997)
OPZ10 CCGACAAACC 60 (Saxena et al., 2014)
OPO14 AGCATGGCTC 60 (Thilaga et al., 2017)
OPD19 CTGGGGACTT 60 (Sharma et al., 2018)
OPC20 ACCCGGTCAC 70 (Sharma et al., 2018)

ISSR HB8 (GA)6GG 57.1 (Goyal et al., 2014)
HB9 (GT)6GG 57.1 (Goyal et al., 2014)
HB10 (GA)6CC 57.1 (Goyal et al., 2014)
HB11 (GT)6CC 57.1 (Goyal et al., 2014)
HB13 (GAG)3GC 72.7 (Goyal et al., 2014)
HB15 (GTG)3GC 72.7 (Goyal et al., 2014)
17898A (CA)6AC 50 (Goyal et al., 2014)
17898B (CA)6GT 50 (Goyal et al., 2014)
874 CCTCCTCCTCCT 66.6 (Chen et al., 2011)

H. Sabit, S. Abdel-Ghany, Z. Al-Dhafar et al. Saudi Journal of Biological Sciences 28 (2021) 5621–5630
2.2. DNA extraction

Total DNA was extracted from each sample by excising a small
piece of the soft tissues located in the insect’s abdomen. DNA was
extracted using the DNeasy Blood & Tissue Kit (Qiagen, Germany).
We followed the kit’s instructions with some modifications, where
we grinded the soft tissue in liquid nitrogen before applying the
samples to the columns.

2.3. ISSR analysis

About 50 ng of the extracted DNA was subjected to amplifica-
tion using thermal cycler (BIOMETRA UNO-Thermoblock Thermal
Cycler) against 9 Inter Simple Sequence Repeats (ISSR) primers
(Table 1). Briefly, to each tube, 1 mL (50 ng) of DNA was added, fol-
lowed by 12.5 mL master mix, 0.5 mL of the ISSR primer and the total
volume was brought to 25 mL using deionized water. The thermal
profile was 95 �C for 5 min as a pre-PCR step followed by 35 cycles
of 95 �C for 45 sec, 33 �C for 45 sec, and 72 �C for 1 min. A final
extension at 72 �C for 5 min was performed as a post-PCR step.
The protocol was conducted according to (Ibrahim et al., 2011).

2.4. RAPD analysis

The extracted DNAwas also subjected to amplification against 9
RAPD primers (Table 1). The same reaction volumes were used,
while the thermal profile used was as follows: 95 �C for 5 min as
a pre-PCR step followed by 35 cycles of 95 �C for 45 sec, 35 �C
for 1 min, and 72 �C for 1 min. a final extension at 72 �C for
5 min was performed as a post-PCR step. The protocol was con-
ducted according to (Rugman-Jones et al., 2013).

2.5. Gel electrophoresis

To visualize the ISSR and RAPD amplified fragments, PCR prod-
ucts were separated on 1.6% agarose gel and photographed after
being stained with ethidium bromide. Ladder with 100 bp (Qiagen,
5623
Germany) was used to determine the lengths of different DNA frag-
ments. ISSR’s and RAPD’s banding patterns were scored as 1 for the
present band and 0 for the absent one.
2.6. Gel documentation

All photos were analyzed using GelPro Analyzer (Media Cyber-
netics, USA) to identify the common and unique bands. Relative
front and molecular weights were also measured (data not shown).
2.7. Similarity scoring

Cluster analysis was performed by Un-weighted pair group
method of arithmetic means (UPGMA). The similarity matrix and
phylogenetic relationship were determined using Diversity Data-
base Version 2.1 Windows (Bio Rad).
3. Results

3.1. RAPD analysis

The similarity coefficient between the 21 accessions ranged
from 0.11 to 0.52 with a mean of 0.32 based on RAPD markers
(Table 2). The highest similarity coefficient is between Sifah and
Haql (0.52), Sahimia and Battaliyah (0.50), Battaliyah and Safwa
(0.49) and between Sahimia and Al-Qarah (0.48). While the lowest
similarity was between Tarout and Al-Qarah (0.11). According to
these data, the clustering analysis classified the 21 accessions into
seven groups (Figs. 3 and 4). Group A (GA) contains only one acces-
sion (Al-Oyoon), while GB contains three accessions (Al-
Ghowaybah and Sifah). GC contains two accessions (Umm Al
Hamam and Safira), while GD contains only accession (Juaymah).
GE contains the eight accessions (Tarout, AL-Kuwailidiya, Bo-
Sahabl, AL-Jaroudiya, Al-Jabil, Al-Taraf, Mukhatat-3, Al-Asfar and
Battaliyah-2), while GF contains five accessions (Al-Sahimia,
Jubail-west, Al-Qarah, Battaliyah and Safwa). Some samples did
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Fig. 3. Unweighted pair group method with arithmetic mean (UPGMA) dendrogram
illustrating the genetic relationships between 21 accessions based on RAPD
fingerprinting.
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not generate banding profile because either failure of PCR amplifi-
cations or any unexpected errors.
3.2. ISSR analysis

Based on ISSR banding, the similarity coefficient between the 21
accessions ranged from 0.16 to 0.45 with mean of 0.31 (Table 3).
The highest similarity coefficient was between Mokhtat3 and Jabil
(0.46), Jubail-west and Al-Qarah (44) and between Sifah and Haql
(0.44). UPGMA analysis clustered the 21 accessions in 6 groups
(Figs. 5 and 6). The first group (GA) contains six accessions. Bat-
taliyah and Juaymah accessions each was separated in solitary
groups (GB and GD, respectively). Each of the 3rd and 5th group
(GC and GE) contains five accessions, but the 6th one (GF) contains
three accessions. Here also, we have some samples without band-
ing profile or very faint to be visualized using the available tools.

By combining RAPD and ISSR banding in one analysis, the sim-
ilarity coefficient between the 21 accessions ranged from 0.15 to
0.48 with average 0.32 (Table 4). The highest similarity coefficient
was between Sifah and Haql. The UPGMA analysis resulted in clus-
tering the 21 accessions into 7 groups (Fig. 7). Each of Battaliyah,
Juaymah and Al-Oyoon separated in single groups (GB, GD and
GF, respectively). The first group (GA) contains six accessions, the
3rd group (GC) contains four accessions, the 5th group (GE) clus-
tered five accessions and the 7th group consist of three accessions.
5625
Table Generally, RAPD and the combination between RAPD and
ISSR separated three accessions; Battaliyah, Juaymah and Al-Oyoon
to solitary groups as they showed low similarity coefficient with
other accessions. While ISSR separated Battaliyah and Juaymah to
solitary groups (Fig. 8).
4. Discussion

Red Palm Weevil is an invasive, polyphagous palm pest that
causes huge economic loses in the date palm industry, especially
in the Arabian Peninsula. Genetic classification is controversial in
the species status of R. vulneratus and R. ferrugineus according to
the similarity observed in their production and response to phero-
mones (Perez et al., 1996). This parasite entered the Arabian Gulf
area in the mid-1980 (Bozbuga and Hazir, 2008), and reached the
Eastern Province of the KSA by 1985 (Baker, 2002). During the last
four decades foreign insects might be introduced to the local com-
munity by various methods. This calls for the urgency of geneti-
cally determine the invading species from the local ones, which
might augment the integrated pest management (IPM) programs.
The nearest source of invasion is Pakistan, Iran, Oman, UAE, and
other GCC countries.

In this investigation, 21 RPW samples were collected from 21
different locations in the Eastern Province, Saudi Arabia to identify
the genetic similarity/dissimilarity aiming to characterize the local
species and its relationships with the invading species. RAPD anal-
ysis revealed that Al-Oyoon and Juaymah locations represent
unique genetic fingerprints, which might indicate that RPWs col-
lected from these locations might be considered as an obtrusive
species to the local population in recent times. The same profile
was obtained for which represented a unique genetic fingerprint,
where it was in a separate group. Genetic classification using RADP
is straightforward and powerful tool to characterize alien species,
and has been employed by different research groups to identify
RPW samples collected from the UAE, Egypt, and KSA (Salama
and Saker, 2002, Al-Ayied et al., 2006b, Enan, 2005).

Moreover, ISSR clustering data revealed a higher similarity coef-
ficient between Mokhtat3 and Jabil (0.46), Jubail-west and Al-
Qarah (44) and between Sifah and Haql (0.44). UPGMA analysis
clustered the 21 accessions in 6 groups. Battaliyah and Juaymah
accessions each was separated in solitary groups (GB and GD,
respectively). This might indicate that Battaliyah and Juaymah rep-
resent different species with unique fingerprinting.

Generally, by combining ISSR and RAPD data, we can conclude
that RPWs collected from Juaymah (located at the cost of Arabian
Gulf; 25� 27.6930 N, 49� 36.4110 E) and Al-Oyoon (located 50 km
to the west of the Arabian Gulf; 25� 35.3410 N, 49� 34.3800 E) rep-
resent obtrusive species. Although prevailed in several countries in
the Middle East and North Africa (Mizzi et al., 2009), the proposed
origins of this species are Iran (47 km to 370 km) and UAE
(429 km). In this study, morphological analysis of the proposed
obtrusive species revealed different thoracic spot pattern in Juay-
mah samples, although the thoracic spot pattern of insects col-
lected from Al-Oyoon was similar to those collected from
different locations.

Al-Ayied et al. (2006a) indicated that RPW samples collected
from Al-Hassa governorate in Eastern Province, Saudi Arabia have
yielded different genetic fingerprinting. This perhaps due to the



Fig. 4. Electrophoretic separation of the amplified RAPD fragments of 21 RPW samples collected from Eastern Province, Saudi Arabia.
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Fig. 5. Unweighted pair group method with arithmetic mean (UPGMA) dendrogram
illustrating the genetic relationships between 21 accessions based on ISSR
fingerprinting.
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presence of obtrusive species in Al-Hassa governorate (60 km to
the west of the Arabian Gulf; 22.2954� N, 50.6794� E) as it involves
Al-Oyoon location. Reducing the perplexity between weevils is cru-
cial component in augmenting the management process, and this
could be done via exploring the genetic fingerprint profiles of local
and obtrusive species (El-Mergawy et al., 2011).

5. Conclusion

Red palm weevil is still the most aggressive date palm pest in
the Arabian Peninsula, where it causes enormous losses in the date
industry. In the present study we collected RPW from 21 different
geographic locations in the Eastern Province, Saudi Arabia and
characterized them using RAPD and ISSR. Data obtained indicated
that based on RAPD analysis, the 21 accessions were categorized
into seven groups with Juaymah and Al-Oyoon were categorized
each in a solitary group. ISSR clustering analysis also categorized
the 21 accessions into six groups with Bataliyah, Juaymah and
Al-Oyoon were categorized each in a separate group. Combining
ISSR and RAPD data indicated that the two RPW samples collected
from Juaymah and Al-Oyoon might represent obtrusive species.
However, to deeply identify the origin of these insects, further
molecular studies are required.
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Fig. 6. Electrophoretic separation of the amplified ISSR fragments of 21 RPW samples collected from Eastern Province, Saudi Arabia.
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Fig. 8. The two proposed obtrusive RPWs.
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