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Ectomyelois ceratoniae (carob moth) (Lepidoptera: Pyralidae) is a serious
pest of stored products and fruit trees throughout the world. It is the most
important pest of pomegranate, Punica granatum L., in Taif governorate, the
larva of which feed inside the fruit and highly affects fruit quality. The high
yield and quality of pomegranates in Taif has made it an important export
commodity. Hence the objective of the present study is to investigate the
genetic variation among three geographic populations of carob moth,
Ectomyelois ceratoniae in Taif using the Random Amplified Polymorphic
DNA-Polymerase Chain Reaction (RAPD-PCR) technique. We estimated the
genetic diversity among three carob moth populations from three different
regions; North, South and middle Taif. Initially, ten primers were screened

among all the populations of which five primers amplified the genomic
DNA. Three primers generated reproducible and distinct RAPD profiles and
were used for further analysis. RAPD profiles exhibited bands between 174
to 1432 bp in length. Average genetic distances among populations ranged
from 0.1257 to 0.6657. The estimated average Gst value across all loci was
0.1974, suggesting (very) low gene flow among the different localities. The
phylogenetic tree constructed by unweighted pair-group method of analysis
(UPGMA) shows the North, middle and South populations, respectively,
seems to be approximately as closely linked to each other from the
dendrogram. The North population is more related to the middle populations.
We conclude that there is a high level of genetic variation and population
differentiation indicated dynamic evolution in these populations as revealed
by variation at RAPD loci. This information had a significant impact on the
development and delivery of the effective control program against the carob
moth.

Amal M. F. Al-Barty

Copy Right, IJAR, 2014,. All rights reserved

Introduction

The diversity of phytophagous insect assemblages is set both by plant and insect attributes. Insect-plant evolution
can accordingly be approached either from a phytocentric or from an entomocentric standpoint. Pomegranate,
Punica granatum L. (Myrtales: Ponicaceae), is the main host of the carob moth, Ectomyelois ceratoniae
(Lepidoptera: Pyralidae) in Taif province. The high yield and quality of pomegranates in Taif has made it an
important export commodity. The most important pest on this fruit is carob moth, Ectomyelois ceratoniae (Zeller,
1839) (Lepidoptera: Pyralidae), the larva of which feed inside the fruit and highly affects fruit quality. This moth is
commonly found in pomegranate orchards in Taif, but there are only a few records of its damage on other host
plants such as fig (Shakeri 1993) and pistachio (Mehrnejad 2002); it is a major pest on citrus, date, almond and
etc. in the other countries (Morton 1987; Alrubeai 1987; Warner et al. 1990; Van den Berg 1995; Tous and
Ferguson 1996; Mesbah et al. 1998; Bouka et al. 2000). The most recommended control method for this pest is by
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collecting and destroying infected pomegranates at the end of growth season that eliminates over-wintering sites
(Behdad 1991). This control method has also been used for controlling the pest on other fruit such as macadamia
(Van den Berg 1995). Biological control (Nasrollahi et al. 1998), staffing the pomegranate fruit neck (Mirkarimi
1996), and removing flags (Shakeri 2004) are other methods that have been described. The two latter methods also
remove hatching sites.

Larvae feed on inner parts of the fruit and highly reduce its quality indices. Several other host plants of E.
ceratoniae, such as citrus, date and almond have been recorded (Morton 1987; Alrubeai 1987; Warner et al.
1990; Van den Berg 1995; Tous and Ferguson 1996; Mesbah et al. 1998; Bouka et al. 2000). The most
recommended control method is collecting and destroying infected pomegranates that eliminate over-wintering sites
at the end of growth season (Behdad 1991). This control method has also been used for macadamia (VVan den Berg
1995). Biological control was used by Nasrollahi et al. (1998). Two other methods, staffing the pomegranate fruit
neck (Mirkarimi 1996) and removing its flags (Shakeri 2004) were suggested to eliminate the sites that the moth
uses to lay eggs. These methods make these places inconvenient for laying eggs. In spite of the important role of the
genetic structure of insect populations in pest management, there is no documented information on genetic aspects
of different E. ceratoniae populations.

Larvae are attractive targets and can be easily eradicated at their breeding sites for which an accurate identification
of the species is required to determine whether it belongs to a species group that poses a potential risk. Molecular
markers such as random amplified polymorphic DNA (RAPD), single strand conformation polymorphism (SSCP)
and restriction fragment length polymorphism (RFLP) are providing new perspectives in the field of medical
entomology for the genetic characterization of cryptic species of disease vectors. In this study RAPD-PCR markers
were used to determine the differences and/or similarity among several geographic populations of E. ceratoniae.
Among different data sets, genetic data are basic to the design and successful application of any pest management
strategy (Sluss and Graham 1979). Estimating genetic variation and genetic structure of natural populations relies
on genotyping individual specimens (Yan et al. 1999). The analysis of genetic variation using DNA markers has
become an important approach for assessing the population genetics of a variety of insect species (Reineke et al.
1998). To analyze the genetic data, several techniques can be used.

The Random amplified polymorphic DNA markers or RAPD technology is a powerful method for population
genetic studies that was described by Vos et al. (1995). It has provided a quick and efficient screen for DNA
sequence-based polymorphisms at a very large number of loci. The major advantage is that no prior DNA sequence
information is required. The vast range of potential primers that can be used gives the technique great diagnostic
power. Reproducible RAPD bands can be found by a careful selection of primers, optimization of PCR conditions
for the target species and replication. This method has been applied in many aspects of insect population studies
such as distinguishing different geographic populations of gypsy moth, Lymantria dispar L. (Reineke 1998), host-
associated strains of fall army worm, Spodoptera frugiperda (McMichael and Powell 1999) and indicating host-
associated lineages of the snakeweed grasshopper, Hesperotettix viridis (Sword et al. 2005). Hence, the present
study aimed to evaluate RAPD-PCR markers for population-level studies in crab moth to assess the genetic diversity
of the tropical E.ceratoniae inhabits the Taif in King Saudi Arabia. To our knowledge, the present study is the first
one to show the genetic diversity among E.ceratoniae in K.S.A.

MATERIALS and METHODS
1. samples collections

A total of thirteen E.ceratoniae larvae were collected from three regions, North, South and middle, (Sased, Bany
Saad and Wadi-Wag respectively) in Taif province of Western K.S.A on host of pomegranate, P. During sampling,
some similar larvae belonging to other Lepidoptera could also be found inside collected fruits. These larvae were
reared in their natural infected host to adulthood and species identification was performed on adults. Adults of E.
ceratoniae were separated and kept at —40° C after emergence.

2. DNA Extraction
Genomic DNA was extracted according to the protocol of Sambrook and Russell (2001). Briefly, larvae tissues
were homogenized in 1.5 ml microcentrifuge tube containing 1 ml lysis buffer (10 mM Tris-HCI, 1 mM EDTA,
0.1% SDS and 100 pg/ml proteinase K.) pH 8.0. Samples were incubated either for 3 hours at 55°C or for 16 h at
37°C. DNase-free RNase was added to a final concentration of 20 pg/ml and the digest incubated for another 60
min. After precipitation of the SDS by adding potassium acetate solution to a final concentration of 0.75 M in
respect of potassium and 1.25 M in respect of acetate, the DNA was precipitated with one volume of isopropanol.
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The pellet was washed with 70% ethanol, dried and redissolved in 10 mM Tris-HCI (pH 8.0) and stored at -20°C
until used.

3- Quantity, purity and quality of DNA

Quantitative estimation of DNA samples was done by a double beam UV-Spectrophotometer (Shimadzu, UV-2450-
Japan) by measuring the DNA concentration at 260 nm and 280 nm. Purity of DNA was checked by means of
absorbance ratios A260/A280 for protein contamination. Further, the samples were run on 1% agarose
electrophoresis to check the quality of DNA (Sambrook et al., 1989) along with one kb plus DNA ladder
(GeneRulerTM, Fermentas). Only high quality of DNA was used for RAPD analysis. The bands were visualized
under UV light in Gel Doc XR system (Bio-Rad, USA).

4- RAPD - PCR amplification

To generate RAPD profiles from E. ceratoniae larvae DNA, a set of 10 oligodecamers primers (Tablel) from the
Operon Technologies (Operon Technologies Inc., Alameda, Calif.: A, B, C and D) were used. Primers were
designated as useful if they yielded well-amplified, distinguishable polymorphic bands. Finally three primers
(OPC20, OPAQ9 and OPB14) were selected and used to amplify DNA from all individuals. DNA amplification
reactions were performed under conditions reported by Williams et al. (1990) and Hassan et al., (2012).
Polymerase chain reactions for random amplified polymorphic DNA (RAPD) analysis were carried out in 25 pl
volume. Each reaction tube contained 20 ng of genomic DNA, 1.0 U of Taq DNA polymerase (Invitrogen), 0.2 mM
of each dNTP (Fermentas), 2.5 mM MgCI2, and 10 pmol of a decanucleotide primer. The amplifications were
carried out by using a thermal cycler (MJ-Mini, Bio-Rad, USA) programmed at 94°C for 4 min, followed by 40
cycles of 94°C for 1 min, 36°C for 1 min, and 72°C for 2 min, a final extension step at 72°C for 5 min and stored at
4°C. A volume of 5 ul of each sample was mixed with 2 uL. 6x gel loading buffer and used for electrophoresis on
1.2% agarose gel. RAPD patterns were visualized and documented using the Gel Documentation system, Gel-Pro
Analyzer (Media Cybernetics). A ®x174 DNA digested with Haelll were used as known molecular size DNA
markers.

Table 1: Sequence, operon codes and GC content of random primers used to study variation in E.ceratoniae

Primers Sequence (5’- 3°) GC% Primers Sequence (5’- 3”) GC%
OPB02 5-TGATCCCTGG-3' 60 OPA15 5-TTC CGA ACCC-3 60
OPB04 5'-GGACTGGAGT-3' 60 OPC18 5TGAGTGGGTG-3' 60
OPB14 5-TCC GCT CTG G-3 70 OPC20 5'-ACTTCGCCAC-3' 60
OPA07 5-GAA ACG GGT G-3 60 OPDO1 5'-ACCGCGAAGG-3' 70
OPA09 5-GGG TAA CGC C-3 70 OPDO06 5'-ACCTGAACGG-3' 60

5- Recording of data and statistical analysis

RAPD patterns were scored for the presence and absence of amplicons. In a binary matrix the presence of a band
was recorded as one and the absence as zero. The scores obtained using all primers in the RAPD analysis were then
combined to create a single data matrix. This was used for estimating polymorphic loci, (Nei’s 1973) gene diversity
(h), allele frequencies, genetic distance (D) and genetic identity (1). All calculations were carried out using the
population genetic analysis software, PopGene version 1.31 (Yeh et al., 1999).

RESULTS

A band was considered to be polymorphic if it was present in at least one genotype and absent in the others. A data
matrix was generated in which each band was scored 1 if present and 0 if absent. The percentage of polymorphic
loci, Nei’s genetic diversity (Nei, 1978), Shannon index, average heterozygosity, and genetic distance (Nei, 1972)
were calculated using POPGENE v. 1.31. Statistica 6.0 was used to test the difference in intrapopulation genetic
distance and average heterozygosity between populations. A dendrogram of the three populations was constructed
based on the unweighted pair-group method with arithmetic means (UPGMA) in POPGENE 3.2.

Selectively amplified results of 10 primer combinations were analyzed in this study. A total of 127 bands were
identified in the three populations of carob moth, and the average was 12.7 bands for each primer combination. The
average heterozygosity and percentage of polymorphic loci for each population are summarized in Table (2) and
Figurs (1, 2 & 3). Great variation in genetic diversity was observed among populations, as indicated by the average
heterozygosity and percentage of polymorphic loci. The lowest percent polymorphism (18.34%) was that of the
Bany-Saad population, while, the two other populations the percentage of polymorphism reach to 28.27% in Sased
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and 27.78 % in Wadi-Wag. A GST analysis was performed to estimate differences among locations. The estimated
GST value averaged over all polymorphic loci was 0.2908, indicating a strong population structure, Table (3).

M S, S, S W, W, Wy, B; B, B

— Somn | g e

C — — Poin iy ot Lok S

Fig.1 Random amplified polymorphic DNA (RAPD) profile generated by primer OPB14 in individual E. ceratoniae
populations, Sased, Bany Saad and Wadi-Wag. Lane M = molecular marker (®x174 DNA Haelll digest). Lans S1
—S3 (Sased). Lans W1 — W3 (Wadi-Wage). Lans B1 — B3 (Bany Saad).

Bg Bz Bl W3W2 Wl 53 Sg Sg M

Fig.2 Random amplified polymorphic DNA (RAPD) profile generated by primer OPC20 in individual E. ceratoniae
populations, Sased, Bany Saad and Wadi-Wag. Lane M = molecular marker (®x174 DNA Haelll digest). Lans S1
—S3 (Sased). Lans W1 — W3 (Wadi-Wage). Lans B1 — B3 (Bany Saad).
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Fig.3 Random amplified polymorphic DNA (RAPD) profile generated by primer OPAO09 in individual E.
ceratoniae populations, Sased, Bany Saad and Wadi-Wag. Lane M = molecular marker (®x174 DNA Haelll

digest). Lans S1 —S3 (Sased). Lans W1 — W3 (Wadi-Wage). Lans B1 — B3 (Bany Saad).

Table 2: Nei's genetic identity (above diagonal) and genetic distance (below diagonal).

pop ID Sased Wadi-Wag Bany-Saad
Sased falalalel 0.5139 0.8819
Wadi-Wag 0.1257 felalaiad 0.5745
Bany-Saad 0.6657 0.5543 EEELS
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
= = = g & 2 B = S 2
= S S S pt S S S S -
tm———— pop 1
ittt 1
- pop 2
e —_———————— pop 3

Fig 4. UPGMA dendogram generated from Nei, s genetic distances of the three populations of E. ceratoniae

Table 3. Genetic diversity of the three population of E. ceratoniae

Population No. of alleles  Effective No. of  Nei’s gene Shannon’s Percentage
alleles diversity information index I%(::Iiymorphic
Sesed 1.2747+0.4014 1.2556+0.3213 0.1256+0.178  0.1826+0.2354 28.27 %
Wadi-W 1.2578+0.4543 1.2424+0.3634 0.1235+0.193  0.1768+0.2651 27.78 %
Bany-S 1.0833+£0.2803 1.1334+0.3222 0.0987+0.197  0.1076+0.2752 18.34 %
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Table 4. Nei’s analysis of gene diversity in E. ceratoniae populations.

Total gene  Total gene Gene diversity Coefficient of Gene flow (Nm)
diversity diversity within population  gene Nm=0.5(1-
differentiation GST) / GST
(GST)
Mean 0.2245 0.1481 0.2904 1.5643
Standard 0.0573 0.0475
deviation

The individual-based similarity trees with the highest identity values, and therefore the best fit between the distance
matrix and corresponding tree, were produced through UPGMA cluster analysis (Fig 4). UPGMA was carried out to
demonstrate graphically the genetic similarities among E. ceratonia populations. The genetic identity among popu-
lations ranged from a low of 0.5139 between Sased and Wadi-Wage populations to a high of 0.8819 between the
Bani-Saad and Sased populations (Table 2). Nei’s genetic distances for all pairwise comparisons were significantly
different from zero. The genetic distance value (0.6657) between the Sased and Bany-Saad populations was the
highest, whereas the value (0.1257) between the Sased and Wadi-Wage populations was the lowest (see Table 2).
Therefore, UPGMA dendogram generated from Nei's genetic distance of the three E. ceratonia populations is
illustrated in Figure 4. The cluster analysis shows that carob moth from the Sased and Wadi-Wage populations,
which were geographically, could be closely clustered together. While, the Bany Saad population, which was
located far from the other two populations, was clustered into a separate branch.

DISCUSSION

Genetic diversity information among and within populations of the carob moth in Taif indicated that application of
PCR based RAPD fingerprinting using whole DNA and arbitrary primers would provide a rapid and sensitive
methods for detection of genetic variations among different isolation of E ceratonia population. The RAPD assay
has the potential to make useful contributions to genetic analysis of relatedness among species (Cushwa and
Medrano, 1996). Our findings clearly indicated that some distinct differences exist among the three populations
ranging from small to medium significant variations among geographic populations. The significant variation has
also been shown in many other insects including Lepidoptera (Coates et al. 2004; Koshio et al. 2002; Suinaga et
al. 2004; Timm et al. 2006). Since test geographic populations were all associated with the same host
(pomegranate), population differences may have been mainly the result of geographic barriers that are defined as
any terrain that prevents gene flow between populations (Mayr and Ashlock 1991). Sometimes distance alone can
function as a barrier to genetic exchange among populations (Ruggiero et al. 2004). The Bany-Saad population
showed the most distinct difference with the allelic and gene diversity. High genetic diversity of introduced
populations can be attributed to several factors: multiple introductions (Kolbe et al., 2004), a single introduction of
a large number of individuals from different populations (Yue et al., 2010). In the present study, Figure 4 shows
that distances associated with the two populations (Sased and Bany-Saad) correspond to high genetic distances in
spite of rather short geographic distances. It can be concluded that geographic distances do not completely explain
genetic distances associated with the two populations and there should be some other factors that isolate and
decrease gene flow of this population to the others. Human transportation can play a noticeable role in creating
similarity in different populations. Failloux et al. (1997) found significant correlation between gene flow among
populations of Aedes polynesiensis and human transportation instead of geographic distances (Chen et al. 2004;
Goodisman et al. 2001). Transportation of pomegranate fruit and young trees is presently being makes it impossible
to trace movement of them. Hence, transporting pomegranate fruits and young trees to other places seems to be very
possible. Whereas the value (0.1257) between the Sased and Wadi-Wage populations was the lowest (see Table 2).
The short genetic distance and the highest gene flow (Table 2) between Sased and Wadi-Wage populations suggest
high transportation between these places. It seems that there is enough genetic variation in natural populations of E.
ceratoniae to show alternative phenotypes in response to control practices such as omitting places for over-wintering
or sites for oviposition. Infecting other fruits, hatching on the other parts of the pomegranate fruit instead of neck
such as skin and cracks of the fruit have been recorded in low density (Shakeri 2004), and are alternatives that may
be selected against control practices. Successful invasive species are generally thought to have high genetic
diversity, which allows them to escape the harmful effects of inbreeding and adapt to their new environment
(Spielman et al., 2004).
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