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ABSTRACT
In Tunisia, date palms are infested by various insect pests, especially Pyralids, whose caterpillars 

feed inside dates, spoiling their quality. As a critical pre-requisite towards controlling these pests, their 
accurate taxonomic diagnosis must be applied at molecular level, independently from pest life stages. In 
the present study, we report the molecular diagnosis of the Pyralid moth Ectomyelois ceratoniae at the 
larvae stage, based on the Cytochrome Oxidase I (COI) gene sequence. We have sequenced a 710 base 
pairs fragment of the mitochondrial COI gene from 10 Tunisian E. ceratoniae specimens. The analysis of 
intra-specific diversity, using additional public sequences originating from Africa (GenBank: KP083440.1, 
KP083444.1, KP083442.1, KP083441.1 and JF748065.1) and Australia (GenBank: KF405701.1, 
KF40073.1 and KF397550.1) provided evidence of population differentiation over geographic scales, as 
the representatives of each continent (i.e. Africa or Oceania) formed a homogeneous cluster in phylogenetic 
analysis. Besides, we have used a quick method, based on Polymerase Chain Reaction-Restriction 
Fragment Length Polymorphism (PCR-RFLP), to distinguish between E. ceratoniae and two other Pyralidae 
moths commonly found in dates following harvest, namely Plodia interpunctella and Anagasta kuehniella. 
This study describes a rapid and efficient molecular diagnostic tool for highly-damaging Pyralidae species. 
It represents a significant contribution that will impact future pest control strategies of date moths in Tunisia. 

Key words: Date palm, Pyralidae, Ectomyelois ceratoniae, cytochrome oxidase I, DNA barcoding, 
PCR-RFLP.

INTRODUCTION
The date palm, Phoenix dactylifera L., is a strict dioecious evergreen tree capable 

of living over 100 productive years. It is one of the oldest domesticated trees, today 
playing important socio-economic roles in the Middle-East and North Africa (Mahmoudi 
et al., 2008). It is thought that the earliest cultivation of P. dactylifera dates back to 
3,700 BC in the area between the Euphrates and the Nile rivers, namely in what is now 
southern Iraq (Al-Mssallem et al., 2013). Date palm was, historically, introduced by 
humans to northern India, North Africa, and southern Spain. As a part of North Africa, 
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Tunisia lends date palms a prominent place in its national economy, with a national 
production totaling 225,000 T, in 2014/2015 (Tunisian Ministry of Agriculture-Fruit inter 
professional group, 2015). In spite of their importance, date palms are susceptible to 
attacks by several pathogens and pests. Especially during harvest or storage, the fruit 
faces a high rate of infestation by moths belonging to the family of Pyralidae, such as 
the raisin moth Cadra figulilella (Gregson), The Indian mealmoth, Plodia interpunctella 
(Hübner), the Mediterranean flour moth, Anagasta kuehniella (Zeller), the almond 
moth, Ephestia cautella (Walker) and the carob moth Ectomyelois ceratoniae (Zeller). 
In Tunisia, E. ceratoniae has been considered as the most damaging pest of dates 
and the main constraint to dates export (Dhouibi, 1989; Jarraya, 2003). 

Taxonomic identification of pests is an essential issue in integrated pest 
management approaches. However, classical, morphology-based identification 
methods are sometimes unable to detect differences between specimens, especially 
those with deteriorate morphology or immature stages as eggs, pupae and larvae. 
The identification of these juvenile forms, which may have no distinguishable 
features, often needs to be delayed till maturity. Thus, the morphological approach is 
time-consuming, and requires a high expertise. Alternatively, molecular approaches, 
based on enzymatic amplification, digestion and/or sequencing of key genes could be 
of great help. The mitochondrial gene cytochrome oxidase subunit I (COI) has been 
nominated by Hebert et al. (2003a,b; 2004) as a standard gene for the identification 
of cryptic animal species. This gene has been used for resolving several insect 
complexes, such as Bactrocera sp. (Mezghani-Khemakhem et al., 2012), Mayetiola 
sp. (Bouktila et al., 2006), Culex sp. (Hemmerter et al., 2009) and Anopheles sp. 
(Gutiérrez et al., 2010). COI has several advantages; for example, it is devoid of 
introns and contains few insertions and deletions (Mardulyn and Whitfield, 1999). In 
addition, its evolution is rapid enough to discriminate not only related species but also 
phylogeographic groups within the same species (Cox and Hebert, 2001; Hebert et 
al., 2003b). The aim of the DNA barcoding method is to assign unidentified specimens 
to a given taxon, at specific or infra-specific level, based on the COI gene sequence. 
Various studies have corroborated the success of this method (Hebert et al., 2003a; 
Hebert et al., 2004; Ward et al., 2005; Hogg and Hebert, 2005; Tsao and Yeh, 2008; 
Wilson et al., 2013). Furthermore, Polymerase Chain Reaction-Restriction Fragment 
Length Polymorphism (PCR-RFLP) was successfully applied to distinguish between 
several insects of cryptic species (Raboudi et al., 2005; McKern and Szalanski, 2007; 
Garrick et al., 2015). Taking this into consideration, the purpose of our present study 
was to identify and characterize larval specimens of E. ceratoniae, collected from date 
palms in different regions in Tunisia, based on COI gene sequencing and PCR-RFLP.

MATERIAL AND METHODS

Insect samples
Pyralidae larvae were collected from five oases located in southern Tunisia, 

in spring 2013. Geographic location and number of samples are given in Table 1. 
Specimens were stored at -20 °C until DNA extraction.
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Table 1. Sampling and public sequence data.

Samples from Tunisian oases

Insect species Samples labels Sampling site

Ectomyelois ceratoniae

K1, K2, K3, K4 Kebili (33° 42’N;  8°58’E)

T1, T2 Tozeur (33° 55′ N; 8° 08′ E)

N10 Nefta (33° 52′ N; 7° 53′ E)

G1, G2 Gabes (33° 53′ N; 10° 07′ E)

D1 Douz (33° 27′ N; 9° 01′ E)

Public sequences

Insect species Accession numbers in Genbank 
or BOLDSYSTEMS databases Geographical origin

Ectomyelois ceratoniae

GenBank : KP083440.1 South Africa

GenBank : KP083444.1 South Africa

GenBank : KP083442.1 South Africa

GenBank : KP083441.1 South Africa

GenBank : JF748065.1 South Africa

GenBank : KF405701.1 Western Australia

GenBank : KF40073.1 Queensland (Australia)

GenBank : KF397550.1 Queensland (Australia)

Plodia interpunctella

GenBank : KF492033.1 Maryland (USA)

GenBank : KM572075.1 Austria

GenBank : KF399544.1 Australia

GenBank : GU096543.1 Ontario, Ottawa (Canada)

GenBank : GU096544.1 Ontario, Ottawa (Canada)

Anagasta kuehniella

GenBank : GU828613.1 No data available

BOLDSYSTEMS : MSWEB061-15 Ontario, Guelph (Canada)

BOLDSYSTEMS : MSWEB064-15 Ontario, Guelph (Canada)

BOLDSYSTEMS : MSWEB063-15 Ontario, Guelph (Canada)

BOLDSYSTEMS : MSWEB062-15 Ontario, Guelph (Canada)

COI gene amplification and sequencing
DNA was extracted from larvae, using Cetyl Trimethylammonium Bromide 

(CTAB) method (Doyle and Doyle, 1987). Extracted DNA was resuspended in 
30 μL of sterile Milli-Q water. Polymerase Chain reactions were conducted with 
primers LCO1490: 5’-GGT-CAA-CAA-ATC-ATA-AAG-ATA-TTG-G-3’ and HCO2198: 
5’-TAA-ACT-TCA-GGG-TGA-CCA-AAA-AAT-CA-3’ (Folmer et al., 1994). These 
primers amplified a 710 base pairs fragment in the 5’ end of the mtDNA cytochrome 
oxidase subunit I (COI). Each reaction, performed in 25μL volume, used 50ng of DNA 
template, 0.1 unit of Taq polymerase (Promega), 200μM MgCl2, 0.1 mM of each primer 
and 0.2 mM dNTPs. PCR conditions consisted of an initial denaturation at 94°C for 5 
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minutes, followed by 35 cycles each consisting of 3 steps: denaturation (94°C, 1 min), 
annealing (54 °C, 1 min) and extension (72°C, 1 min); and a final extension at 72°C 
for 5 min. PCR products were separated by 1% agarose gel and stained with ethidium 
bromide. The appropriate bands were purified using Quik Gel Extraction (Invitrogen) 
before being sequenced by an automated DNA sequencing system.

PCR-RFLP assay
Fifteen (15) µL of the COI gene PCR product of each larva were incubated in a 

total reaction volume of 20 µL with 5 U of the endonuclease DraI and 10X digestion 
buffer (Promega) at 37 ºC for 4 hours. The digested products were visualized on 2% 
agarose gel, stained with ethidium bromide and photographed under ultraviolet light.

Bioinformatic analyses of sequences 
In order to characterize E. ceratoniae specimens, at intra-species level, based on 

COI gene sequence, we have enriched the genetic COI gene pool, by 8 additional 
public sequences, corresponding to partial sequences of cytochrome oxidase subunit 
I (COI) gene of E. ceratoniae. Five of these sequences were from South Africa, while 
three originated from Australia (Table 1). The COI gene sequences obtained through 
DNA amplification and those retrieved from databases were aligned using ClustalW 
algorithm implanted in BioEdit 7.2.5 (Hall, 1999). The method reported by Elsasser 
et al. (2009) and Shokralla et al. (2011), based on Kimura 2-parameter (K2P) model 
of base substitution (Kimura, 1980), was used for phylogeny reconstruction and for 
generating a Neighbor Joining (NJ) phylogenetic tree by MEGA software version 6 
(Tamura et al., 2013), with a bootstrap analysis of 1000 replications. Besides, in an 
attempt to identify discriminatory restriction sites between E. ceratoniae and other 
Pyralidae species, we have analyzed restriction polymorphisms, using NEBcutter v.2.0 
software (Vincze et al., 2003), and three consensus sequences: (a) a consensus of 
E. ceratoniae COI gene sequences that was developed based on the combined 10 
local sequences and the eight public accessions of this species, shown in Table 1, 
and (b) two consensus sequences of each P. interpunctella and A. kuehniella COI 
gene that were generated from public accessions of these species, shown in Table 1.

RESULTS

Correlation between genetic diversity and geographical distribution
The 710 bp fragment of the COI mitochondrial gene was amplified and sequenced 

for each sample (n=10). After checking and manual editing, the total length of DNA 
sequence used from each individual was adjusted to 604 bp. A Blast search in 
Genbank (Benson et al., 2013) and BOLDSYSTEMS (Ratnasingham and Hebert, 
2013) databases showed that all specimens belonged to E. ceratoniae species, with 
BOLDSYSTEMS compatibilities ranging between 99.83% and 100%, indicating a high 
“DNA barcode” sequence similarity between the studied Tunisian specimens and their 
most similar conspecific E. ceratoniae ones. As expected in insect mitochondrial DNA, 
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these sequences contained a high AT percentage (Crozier and Crozier, 1993). No 
insertions, deletions, or stop codons were observed in the sequences, indicating the 
absence of nuclear copies of mitochondrial origin (NUMTs) (Bensasson et al., 2001; 
Song et al., 2008). The alignment at the nucleotide level showed that COI sequences 
were either identical or highly similar. Moreover, the translation of these sequences 
revealed identical amino acid sequences (data not shown).

To examine the extent of intra-specific divergence, 8 additional sequences of E. 
ceratoniae COI were downloaded from Genbank and BOLDSYSTEMS database. 
The pair-wise sequence comparison across E. ceratoniae individuals showed that 
genetic distances ranged from 0.0% to 4.1%, with an average of 1.2%. These values 
of intra-specific divergence, were influenced by the presence of two groups showing 
3.9% divergence: The first, included specimens from Tunisia and South Africa (African 
continent), while the second was made of specimens originating from Queensland 
and Western Australia (Oceania). Each group was homogeneous, with low mean 
divergence rates of 0.4% and 0.2% for the first and second groups, respectively. 
Indeed, when specimens from Oceania were excluded, the overall intra-specific 
divergence dropped significantly from 1.2% to 0.4%. Because of their deep divergence, 
sequences from Queensland and Western Australia formed a distinct cluster in 
Neighbor-joining tree (Fig. 1).

Fig. 1. Neighbor-joining phylogenetic tree, based on a 604 bp COI gene fragment, showing genetic 
relationships among Ectomyelois ceratoniae specimens from Tunisia, South Africa and Australia. 
Lepidoptera species Plodia interpunctella and Anagasta kuehniella were used as outgroup. The 
numbers above branches refer to the bootstrap values based on 1000 replications.

COI-PCR-RFLP: an efficient tool for distinguishing between E. ceratoniae and 
the complex P. interpunctella and A. kuehniella

The COI sequences of E. ceratoniae, P. interpunctella and A. kuehniella were 
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examined for their recognition site of restriction enzyme using the virtual sequence 
digestion program NEBcutter. DraI was chosen because of its discriminatory potential. 
It yielded, in silico, diagnostic RFLPs that discriminated easily between E. ceratoniae, 
on one hand, and P. interpunctella and A. kuehniella, on the other hand. Indeed, 
DraI endonuclease acted specifically at a diagnostic restriction site at position 570 in 
E. ceratoniae, but not in P. interpunctella and A. kuehniella (Fig. 2). The visualized 
PCR-RFLP patterns, obtained in wet lab experimentation for 20 Tunisian specimens 
of E. ceratoniae, were similar to those predicted in silico, showing a standard profile 
with a 570 bp and a 140 bp DNA fragments on agarose gel (Fig. 3), confirming that 
all specimens belong to E. ceratoniae species.

DISCUSSION AND CONCLUSIONS
Our results are in agreement with previous studies reporting that the levels of 

intra-specific variation rarely exceed 2% in Lepidoptera (Hebert et al., 2003b; 2009; 
Hajibabaei et al., 2006; Hausmann et al., 2011). The K2P distances calculated between 
samples from the two continents were higher (1.2% mean intra-specific divergence) 
compared with those calculated from the representatives of a single continent (0.4% 
and 0.2% for Africa and Oceania, respectively). This fact pleads in favor of a population 
differentiation over geographic scales. Likewise, several entomological studies 
reported that geography and genetic distances were co-dependent (Bergsten et al., 
2012; Bouktila et al., 2012). Similarly, Čandek and Kuntner (2014) found that increased 
geographical sampling affects slightly the intra-specific distance variation but did not 
hamper the performance of the DNA barcodes as a tool for species identification. This 
variation may be the result of isolation by distance (Wright, 1943) or distance decay 
(Nekola and White, 1999). 

Although DNA sequencing based on cytochrome oxidase I (COI) gene is an 
effective and reliable tool for insect identification, the use of this method could be 
time-consuming and/or expensive. For this reason, we suggest that a combination of 
COI genotyping and PCR-RFLP will be a rapid diagnostic tool between Pyralid moths, 
as this method was previously applied to several insect pests (Raboudi et al., 2005; 
McKern and Szalanski, 2007; Valenzuela et al., 2007; Mezghani-Khemakhem et al., 
2012). We have shown that the endonuclease DraI has a specific cleavage site in 
E. ceratoniae COI gene sequences, facilitating the distinction between this species 
and other Pyralids, namely P. interpunctella and A. kuehniella. Results reported, in 
this paper, will facilitate species identification, not only by specialized entomologists, 
but also non-specialists who are not familiarized with the morphology of Pyralidae. 
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Fig. 2. Comparison of a 604 bp COI gene portion between Ectomyelois ceratoniae, Anagasta kuehniella 
and Plodia interpunctella. The red frame refers to the differential DraI restriction site.
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Fig. 3. Banding profiles of the COI gene obtained from 20 E. ceratoniae individuals, after digestion with 
DraI. N: native (undigested) 710 bp fragment of the COI gene; M: Molecular weight marker (1000 bp).
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