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Abstract
One aquatic coleopteran species from family Dytiscidae and two aquatic coleopteran genera from family Hydrophilidae 
were recorded in the summer period and represent first records in the Egyptian lakes. Beetles were collected from 
two northern lakes, Lake Idku and Lake Burullus. They were identified by morphological characteristics as well as 
the mtDNA barcoding method. A molecular phylogenetic approach was used to determine the genetic identity of the 
collected samples based on the mitochondrial cytochrome oxidase I (COI). Prodaticus servillianus (Dytiscidae) from 
Egypt showed no significant difference in the COI region and they are highly similar to P. servillianus from Madagascar. 
The phylogenetic analysis revealed that the other two coleopteran genera belong to family Hydrophilidae. Based on 
COI only, there is no clear evidence for their genetic identity at the species level. So, we defined them to the closest 
taxon and denoted them as Cymbiodyta type A and B. The results indicated that resolving the molecular identity of 
the aquatic beetles from northern lakes of Egypt need more considerations in the field of biological conservation. We 
concluded that utilization of COI as a barcoding region for identifying some coleopteran species is not sufficient and 
additional molecular markers are required to uncover the molecular taxonomy at deep levels.
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O código de barras de DNA revela os primeiros registros de três gêneros 
raros de coleópteros nos lagos do norte do Egito

Resumo
Uma espécie de coleópteros aquático da família Dytiscidae e dois gêneros de coleópteros aquáticos da família Hydrophilidae 
foram registrados no período de verão e representam os primeiros registros nos lagos egípcios. Os besouros foram 
coletados em dois lagos do norte, o lago Idku e o lago Burullus, e identificados por características morfológicas e pelo 
método de código de barras mtDNA. Uma abordagem filogenética molecular foi usada para determinar a identidade 
genética das amostras coletadas com base no citocromo oxidase I mitocondrial (COI). Prodaticus servillianus (Dytiscidae) 
do Egito não mostrou diferença significativa na região COI e é altamente semelhante a P. servillianus de Madagascar. 
A análise filogenética revelou que os outros dois gêneros de coleópteros pertencem à família Hydrophilidae. Com base 
apenas no COI, não há evidências claras de sua identidade genética no nível da espécie. Assim, nós os agrupamos no 
táxon mais próximo e os denominamos Cymbiodyta tipo A e B. Os resultados indicaram que a identidade molecular 
dos besouros aquáticos dos lagos do norte do Egito precisa de mais considerações no campo da conservação biológica. 
Concluímos que a utilização de COI como região de código de barras para identificar algumas espécies de coleópteros 
não é suficiente, sendo necessários marcadores moleculares adicionais para descobrir a taxonomia molecular em níveis 
profundos.

Palavras-chave: ordem Coleóptera, código de barras de DNA, citocromo oxidase I mitocondrial (mtCOI), Lagos do 
norte do Egito.

1. Introduction

Few insect species are connected with the marine 
habitats, most of them belong to the orders Hemiptera, 
Diptera, and Coleoptera (Agarwala et al., 2013). Among 
those, Dytiscidae and Hydrophilidae families, belong to 
order Coleoptera, have many species that occupy brackish 

estuaries or small ponds (Ghosh  et  al., 2016). Order 
Coleoptera is divided into four suborders (Archostemata, 
Myxophaga, Adephaga, and Polyphaga), from which Adephaga 
comprises eight truly aquatic families (i.e. Aspidytidae, 
Gyrinidae, Meruidae, Haliplidae, Noteridae, Hygrobiidae, 
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Amphizoidae, and Dytiscidae), while in Polyphaga, thirteen 
families habituated marine environment (Helophoridae, 
Hydraenidae, Epimetopidae, Psephenidae, Cneoglossidae, 
Hydrochidae, Hydrophilidae, Spercheidae, Elmidae, 
Scirtidae, Lutrochidae, Dryopidae, and Eulichadidae) 
(Jäch and Balke, 2008). The adephagan water beetle 
families were re-examined by Brancucci (1979, 1980, 
1981, 1985) and summarized by Wewalka (2004). In the 
frame of reference of diversity, the most diverse family in 
suborder Adephaga is Dytiscidae (Nilsson and Holmen, 
1995). Around 4000 species inhabit running and still water 
in all bio-geographical regions (Nilsson, 2001).

Adults and larvae in family Dytiscidae (Suborder: 
Adephaga) are adapted to aquatic life. They are predacious, 
feeding on aquatic invertebrates and fish eggs. They can 
be distinguished from the Hydrophilid beetles by the 1st 
abdominal sternum and short palpi (Roughley and Larson, 
2001). Hydaticus (Prodaticus) servillianus (Family: 
Dytiscidae) is distributed in the whole Afrotropic ecozone, 
mostly in central Africa and the island of Madagascar 
(Guignot, 1961). The same species is also known to occur 
in North America (Roughley and Pengelly, 1981), South 
America (Trémouilles, 1996), Australia (Watts, 1978), India 
(Vazirani, 1968), northern Europe (Nilsson, 1981b), and 
recently in the Arabian Peninsula known from the United 
Arab Emirates, Oman and Yemen (Hájek and Reiter, 2014).

Polyphagous are found in all types of aquatic habitats 
except the open ocean (Perkins, 1980; Gerdes et al., 1985; 
Abellán et  al., 2007). Species of aquatic Polyphaga are 
either scavengers, phytophagous or predatory, particularly 
in the Hydrophiloidea. They have an essential role in 
aquatic ecosystems and may significantly affect the trophic 
structure and functioning of wetland ecosystems. Water 
beetles of the family Hydrophilidae (Suborder: Polyphaga) 
are known to be a water scavenger. Genus Cymbiodyta has 
29 species, entirely Nearctic and rarely Palearctic species 
(Smetana, 1974; Hansen, 1999). The genus was described 
by Smetana (1974). Two species have been described, the 
Old World species of C. marginella Fabricius (widespread in 
Europe, central Asia, and east Kazakhstan) and C. orientalis 
was described by Jia and Short (2011) in southern China. 
Genus Cymbiodyta can be identified by examining the four 
segmented meso- and metatarsi, unlike the other genera of 
water scavengers that have 5-5-5 tarsi (except for Helocombus) 
(Jia and Short, 2011). Discovery of the Cymbiodyta in the 
Middle East (Egypt) means that the geographic distribution 
of the genus was extended.

New recognition methods are required to prevail over 
the ‘taxonomic impediment’ (Weeks and Gaston, 1997; 
Giangrande, 2003). The identification and classification of 
the biota to the species level constantly count on genetic 
confirmation (Polyakova  et  al., 2013). DNA sequence 
serves as a unique signature and therefore comprise a 
specific DNA barcode for each species (Polyakova et al., 
2013). A phylogenetic analysis and genetic diversity 
would not only serve to improve the classification of the 
tribe, but also facilitate the description of the evolution 
of several character systems such as those associated 

with sexual conflict (Miller, 2003). Here, we characterize 
three different genera of aquatic beetles collected from the 
brackish water of two northern lakes in Egypt. The fauna 
of water beetles in Egypt stays insufficiently known and 
the genetic composition of most populations still unclear. 
This study intended to identify new fauna with first COI-
based records in Egypt for such genera.

2. Materials and Methods

The three genera of order Coleoptera were sampled from 
the northern Egyptian lakes, Lake Idku (Coordinates:31°18′N 
30°18′E) and Burullus (Coordinates: 31°29′N 30°52′E) 
(Figure 1). DNA extracts were prepared from whole body 
homogenate using the phenol-chloroform extraction method 
according to (Winnepenninckx et al., 1993). Approximately, 
655 bps of the COI gene from mtDNA were amplified using 
primer combinations HCO and LCO (Folmer et al., 1994). 
The 25μL PCR reaction mixes included 2.5μL of PCR buffer 
(10x), 1.25μL of MgCl2 (50mM), 0.5μL of each primer 
(10μM), 1μL of dNTPs (25mM), 0.25μL of Taq polymerase 
(5U/μL) and 0.5-2.0μL of DNA template (approximately 
30ng/μL) to a final volume of 25µL with ultrapure water. For 
amplification, a Master Eppendorf thermal gradient cycler 
was used (Brinkmann Instruments, Inc.) with the following 
setup conditions: 2 min at 95 °C, followed by 35 cycles of 
45 sec at 95 °C, 30 sec at 54 °C, and 1 min at 72 °C, and final 
extension of 10 min at 72 °C. The PCR products were detected 
on 1.2% agarose gels. The more concentrated products were 
chosen for the sequencing. Successful amplifications were 
sequenced at Institute of Biotechnology for Postgraduate 
Studies and Research, Suez Canal University.

The phylogenetic relationship between COI sequences 
from the current study and that available from NCBI 
GenBank were inferred using the Neighbor-joining 
method (NJ) based on Maximum Composite Likelihood 
(Tamura et al., 2004). All sequence editing, alignments, 
and phylogenetic analysis were conducted using MEGA5 
(Kumar et al., 2007) with 1000 replications.

3. Results

The COI phylogenetic analysis revealed that the 
three collected samples are members of Dytiscidae and 
Hydrophilidae families. The BLAST search on GenBank 
showed that one sequence is highly similar to COI of 
P. servillianus from Madagascar (% identity= 99.51%, 
E-value= 0.0, Query cover= 97%). Contrary, the COI of 
the other two sequences are unique and relatively similar 
to C. marginella (% identity= 87%, E-value= 1e-142, 
Query cover= 98%). In addition, the NJ phylogenetic tree 
of P. servillianus showed the high supporting bootstrap 
percentage for P. servillianus and Hydaticus kolbei with low 
supporting value at internal nodes of this clade (Figure 2). 
The other two COI sequences, however, showed non-
significant supporting value for their relationship with 
C. marginella under NJ phylogenetic analysis (Figure 3). It 
is also noticeable that these two sequences were genetically 
similar in spite of their morphological difference.
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Figure 1. Map of the Egyptian Northern Lakes. Lake Idku and Burullus.

Figure 2. P. servilianus collected from Egypt. (A) COI Neighbor-joining tree (NJ) showing the phylogenetic relationship 
between our sample and that available on GenBank. (B) The morphological features of the species.
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4. Discussion

Insect’s diversity reached more than 1 million described 
species and millions more neither described nor discovered 
(Grimaldi and Engel, 2005). Insect researches added 
huge knowledge to understand the bionomics, genetic 
development, and evolution. Insects are a powerful indicator 
of water quality (Junqueira et al., 2000) and one of the most 
relevant indexes to assess them is already being adapted to 
use molecular tools and metabarcoding (Fernández et al., 
2019). Aquatic beetles are an essential part of the biological 
system, they are powerful indicators of water quality. Yet, 
additional knowledge about any species can be functional 
in describing, classifying, and identifying taxa and streams 
(Ghosh et al., 2016).

The taxonomic inventories of insects considered necessary 
for the conservations of wetlands. Species identification 
by conventional morphology is complicated and requires 

specialist knowledge for describing and naming of new 
species (Grissell, 1999; Godfray, 2002). It was proposed 
by Hebert et al. (2003) that a single gene sequence would 
be satisfied in the discrimination of animal species. They 
suggested the use of the mitochondrial DNA gene (COI) 
as an overall bio-identification system for animals. DNA 
barcoding is succeeded in similar species because of the 
homogeneity of the DNA sequence (Ashfaq and Hebert, 
2016). Recent studies showed that this is generally the 
case, DNA barcoding identification technique has proven 
to be effective in discriminating arthropod (Ashfaq and 
Hebert, 2016) and insect species (Ball and Armstrong, 
2006; Liu et al., 2018).

Important advantages of the sequencing identification 
include the digital nature of a DNA sequence, which allows 
it to be gathered and interpreted objectively. Furthermore, the 
extraction of the DNA from any life interval of an organism 

Figure 3. Cymbiodyta spp. collected from Egypt. (A) COI Neighbor-joining tree (NJ) showing the phylogenetic relationship 
between our samples and that available on GenBank. (B) The morphological features of the two species. (C) Detailed 
phylogenetic relationship between our samples and closely related species on GenBank.
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(egg, larva, and adult) or from the remnants will induce the 
same identification, whereas traditional identification keys 
(for instance, holometabolous insects) usually depend on 
the characteristics of adults (Smith et al., 2005).

So far the three coleopteran genera have been recorded 
in Egypt: P. servillianus and Cymbiodyta sp. represent new 
records for the Egyptian fauna using genetic identification 
and interspecific distance. The results of the COI barcoding 
method presented here support the morphological identification 
and resolve a non-genetically described Cymbiodyta species 
from Egypt. The great potential of the DNA barcode to delimit 
closely related species is shown in many studies where a 
single locus was used (mtDNA COI, e.g., Pauls et al., 2010; 
Jackson et al., 2014). Environmental changes like flood events 
led to the penetration of numerous brackish and freshwater 
species like beetles into the lakes from adjacent rivers or 
wetlands (Perissinotto et al., 2013). This allows a chance to 
evaluate the diversity and dynamics of beetles within a new 
aquatic system and combine historical records to provide a 
baseline for future identification and monitoring of beetle 
biodiversity patterns in response to environmental changes.

In the present study, although using of CO1 detected 
the presence of the three coleopteran genera in the two 
mentioned Egyptian lakes, but it could not separate the 
two Cymbiodyta species which showed a non-significant 
supporting value for their relationship with C. marginella 
under NJ phylogenetic analysis. CO1 barcoding sequences 
of specimens are compared to homologous sequences 
placed in the databases (GenBank, BOLDSystems) for 
several species identification. Many sequences have been 
incorrectly explained in the reference libraries so it may 
generate errors in species identification. Hence, additional 
molecular markers are needed. A previous morphological 
studies have described Cymbiodyta. Smetana (1974) divided 
the genus into two groups based on the presence or absence 
of clear rows of elytral punctures. Those with punctures 
are distributed only in the western Nearctic region south 
to Guatemala and Mexico, and the other is found in the 
western Palearctic region (Hansen, 1999). Jia and Short 
(2011) reported that C. orientalis can be separated from 
the described genera by other taxonomical characters. The 
most distinguishable character is the coarsely punctate 
stria on the elytra. As such, it should be placed in another 
species group. Hence, by using a gene sequencing it will be 
easier to identify, group, and separate species. Recording 
these aquatic beetles in Egypt for the first time represents 
a great significance in understanding their distribution 
and abundance.

5. Conclusion

New records of species in Egypt were detected by using 
DNA barcoding technique which represents a very useful 
tool in the identification of the species. This technique 
reveals a new genetic diversity that will affect conservation 
efforts. It is worth to mention that new genetic species are 
found in the Egyptian lakes that will create an Egyptian 
platform for genetic diversity of Egyptian insects.
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