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              Two species of leafhoppers, Austroagallia sinuata (Mulsant & Rey, 
1835) and Anaceratagallia laevis (Ribaut, 1935) are described, illustrated, 

and Molecularly Identified. There are also comprehensive descriptions 

of intraspecific variation in male genitalia and images of the two species. 

Material is deposited in the Reference Egyptian Museum of Insects at the 
Plant Protection Research Institute, Agriculture Research Centre. Using 

specific primers from the investigated Megophthalminae species, the 28S 

rDNA and mt COX genes were amplified. The nucleotide sequences of the 
genes EGY-ARC-3and EGY-ARC-15 were entered into the National Centre 

for Biotechnology Information's (NCBI) Basic Local Alignment Search 

Tool (BLAST) and contrasted with those stored in the GenBank DNA 

database. Based on Multiple Sequence Alignment (MSA) using the Clustal 
W2 algorithm with MEGA default parameters, the findings showed the 

homology percentage between the partial sequences of the 28S rRNA gene 

from each species and related species.  The data revealed more similarities 
between species belonging to the Megophthalminae subfamily. This work 

verified the morphological identities of the two leafhopper species through 

molecular characterization and the sequencing of 28rDNA and COX genes. 
They were identified as Austroagallia sinuata EGY-ARC3 and 

Anaceratagallia laevis EGY-ARC15. Additionally, their sequencing of the 

COX and 28 srDNA genes was submitted to GenBank, where it was assigned 

accession numbers (LC775124.1 and LC775136.1) for the COX gene and 
(LC670606.1, and LC670615) for the 28 srDNA, respectively. 

 
 

    INTRODUCTION 
 

             Austroagallia sinuata (Mulsant & Rey, 1855) and Anaceratagallia laevis (Ribaut, 

1935) belong to the tribe Agalliini which is a large tribe in the subfamily Megophthalminae 

(Hemiptera: Cicadellidae). This tribe comprises 37 genera and 650 species worldwide  

(Oman 1949; Viraktamath 2005; Oman et al., 1990; Viraktamath 2011). About 14 species 

of this tribe are known for transmitting phytoplasmas and plant pathogenic viruses (Nielson 
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1979; Weintraub & Beanland 2006). The species of this tribe attack a wide range of 

economic crops. Au. sinuata is a cosmopolitan species reported from the Afrotropical, 

Western Oriental, Neotropical, and Southern Palaearctic regions. (Viraktamath, 2011).   

  Molecular data analyses are now an effective tool in phylogenetic research, and they have 

been applied to leafhopper studies (Fang et al., 1993; Dietrich et al., 1997, 1998, 2002). This 

study aims to confirm the identification and examine the phylogenetic relationships among 

the two species using mitochondrial COX I and 28S rDNA gene sequences combined with 

morphological data.  

 

               MATERIALS AND METHODS 

 

1-Sampling and Identification:  

                In the current study, Megophthalmine specimens were collected from different 

plants between 2018 and 2023 from several Egyptian localities: Alexandria, Qena, Giza and 

Toshka using a sweep net, aspirator, and light trap. Some specimens were then conserved in 

70% ethanol and kept at −20 °C until the DNA was extracted. Others were used for preparing 

the male genitalia. The genitalia were examined under a microscope after being cleaned with 

water and glycerol. Digital images were captured using an Olympus EP 50 camera (5 MP) 

with an Olympus stereomicroscope. Current taxonomic keys and related literature were used 

to identify specimens, such as (Habib et al., 1975a, 1975b, 1976; Knight 1983; Oman et al., 

1990; Gnaneswaran et al., 2010; Zahniser and Dietrich 2010, Viraktamath, 2011). 

Morphological terminology is based on Dietrich (2005). The investigated specimens were 

deposited in the Reference Egyptian Museum of Insects, PPRI, ARC. 

2-Molecular Identification Using 28srDNA and Mitochondrial COX1 Genes:   

2.1- Extraction of DNA: 

                Three individual leafhoppers were immersed in liquid nitrogen and crushed using 

a mill and pestle. DNA was extracted using the Gene JET Genomic DNA Purification Kit 

(Thermo Scientific, USA). Using a pestle and mortar and liquid N2, each insect species was 

crushed into a fine powder and then placed into a 1.5 ml microcentrifuge tube. Then, 1 ml 

of extraction buffer (100 mM Tris-Cl, 50 mM EDTA, 50 mM NaCl, 20% SDS) was mixed 

to the powdered sample. The homogenate was then kept in a microcentrifuge tube in a hot 

water bath at 65 °C for 30 minutes. After that, the tubes were taken out of the water bath and 

the supernatant was transferred to a fresh microcentrifuge tube. Then, equal quantities of 

isoamyl alcohol, chloroform, and phenol (25:24:1) were added, and everything was 

thoroughly mixed. Then, the samples were centrifuged at 10,000 rpm for 15 minutes. After 

carefully pouring the supernatant into a fresh microcentrifuge tube, 100% cooled ethanol 

was added in double the amount, and the tube was refrigerated at 4 °C for the whole night. 

The DNA was pelletized for 10 minutes at 10,000 rpm using centrifugation. The DNA pellet 

was then cleaned using cold 70% ethanol. The recovered DNA pellet was allowed to air-dry 

before being dissolved in 50 μl of 1× TE buffer that included 1 mM EDTA and 10 mM Tris 

(pH 8).   

2.2- Molecular Identification by 28srDNA Barcoding: 

              28srDNA gene was amplified using the primers 28SF1 and 28R (Table 1). The 

DreamTaq kit (Thermo Scientific, USA) was used to perform the PCR. PCR programs were 

performed at 95°C for 3 min, 35 cycles of 95°C for 0.5 min, 60°C for 30 s, 72°C for 1 min, 

and a final extension step of 72°C for 10 min (Applied Biosystems, Foster City, CA, US). 

2.3- Molecular Identification by COX Barcoding: 
              Using the HCO and LCO primers, a 550 bp segment of the (COX) gene was 

amplified. PCRs were performed in 50 μl reaction volumes with 25 μl DreamTaq kit 

(Thermo Scientific, USA), 0.5μl of primer, and 4 μl of DNA template. PCR programs were 
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performed for three minutes at 95°C, 35 cycles of 95°C for one minute, 55°C for thirty 

seconds, and 72°C for one minute, and a final extension step of 72°C for ten minutes. PCR 

products were quantitatively evaluated using 2% agarose gel electrophoresis.  

2.4- Sequence Analysis and Phylogenetic Analysis: 

              28srDNA and COX amplicon were purified using a Gel Extraction Kit (Thermo 

Fisher, USA) and directly sequenced in both directions using an automatic DNA sequencer 

(Macrogen, Korea). The software Bio Edit was used to edit and trim the chromatograms. 

Edited sequences were aligned using Clustal X of Clustal W packages (Thompson et al., 

1994) and submitted to GenBank. For the pairwise genetic distance (PWG) method, In the 

tree-based analysis, neighbor-joining (NJ) trees were constructed in MEGA11 (Tamura et 

al., 2021). 

    Table 1: Specific primer of 28S-rDNA and COX markers used in this study:  

Gene Primer Orientation Primer sequence (5=3) References 

28S 28S 
F  5´-AGAGAGAGTTCAAGAGTACGTG-3´ (Hancock et al.,1988 ; 

Campbell et al., 1993) R 5´-TTGGTCCGTGTTTCAAGACGGG-3´ 

COX 
HCO F 5'-TTTTCTACHAAYCATAAAGATATTGC-3' 

Linares et al., 1991  
LCO R 5'-TATAAACYTCDGGATGNCCAAAAAA-3' 

 

               RESULTS AND DISCUSSION  

 

Key to the Genera of the Tribe Agalliini (Cicadellidae: Megophthalminae) from Egypt: 

- Pronotum pale without distinct markings, with two posterior round black spots, scutellum 

clear, (aedeagus asymmetrical)…………………………………... …….Austroagallia Evans 

- Pronotum dark brown with distinct markings, with two anterior black blotches (patches), 

scutellum dark with two distal black triangles (aedeagus symmetrical)……………………… 

………………………………………………………………………….Anaceratagallia Zachvatkin 

Genus I: Austroagallia Evans  
Austroagallia Evans, 1935: 70. 

Type species: Austroagallia torrida Evans, by monotypy.  

Diagnosis (Fig. 1. A-F): 

Head: Pale yellow with two dark black circular spots on vertex, and a posterior larger pair 

posteriorly on pronotum. Hind margin of vertex sinuate behind eyes. Ocelli closer together 

than to the adjacent eye margin. Face (including eyes) longer than wide.  

Thorax: Pronotum has thin border on either side, frequently punctured and arcuate (Fig.1. 

E.). Pale yellow forewing claval vein without cross vein.  Fronto-clypeus small. Clypellus 

long and slender. Gena long and thin (Fig.1. F.). Three anteapical cells on   forewings, inner 

anteapical cell opened basally.  

Abdomen: Black; occasionally whitish between apical terga. 

Notes: The significantly asymmetrical aedeagus, the well-developed anal collar processes, 

and the sinuate hind border of head behind the eyes are good characteristics to identify this 

genus.  

Austroagallia sinuata (Mulsant & Rey, 1835): 

Bythoscopus sinuatus Mulsant and Rey, 1835: 67, by original designation.  

Agallia quadrisignata Flor, 1861: 557, synonymy by Fieber 1868: 462. 

Agallia homeyeri Kirschbaum, 1868:32, synonymy by Fieber 1872: 32.  

Agallia fieberi Vismara, 1878: 41, synonymy by Löw 1885: 346. 

Austroagallia afganistanensis Kameswara Rao, Ramakrishnan and Ghai 1979: 655–656.   

Austroagallia sinuata (Mulsant & Rey): Viraktamath 2011: 34 

Worldwide Distribution: Afro-tropical Region, East Palearctic, Europe, Near East, and 

North Africa. In Egypt. Lower and Upper Nile Valley, Alexandria, Qena, Giza and Toshka 
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(Sources: Mohamad, 1996, El-Hady et al., 2020). 

Diagnosis: 

               Body pale yellow, vertex thin, with two large black circles in center and two weak 

brown lines running parallel to each other. ocelli arranged more closely together than to the 

adjacent eye margin. Pronotum with two round black dots. Face yellowish, with brown spots 

at base of antennae and below it, with Y-shaped stripe on upper section, with a stripe along 

the outer edge of the frontoclypesus, and with lines mark the facial sutures. scutellum yellow-

colored, with two black spots protruding from base. Pale yellow-brown forewings with 

darker veins. Clavus with pale veins and deeper brown stripes in between (Fig. 1.A-D).   

 Male Genitalia (Fig. 1. G.):  Male mesal pygofer lobe bent caudally and situated close to 

hind end. Triangular subgenital plate with few setae. Styles with inner branches slightly 

longer than outer ones, proximal style bent and narrow. Anal collar process hook-like, with 

robust dentical and long slender twisted hook at base. Connective wide with rounded lobe-

like at anterolateral angles.  Aedeagus asymmetrical and sinuate at the tip, with laminate 

processes and with well-developed dorsal apodeme. Gonopore apical. 

Measurements: Body length: Male length 3.56-3.75 mm. Female length 3.86-4.35 mm. 

Forewing length 2.85-3.0 mm., vertex width with eyes 1.0-1.2 mm; vertex length 0.1-

0.13mm; pronotum width, 0.9-1.1 mm; pronotum length, 0.46-0.49 mm; scutellum width, 

0.60-0.75 mm; scutellum length, 0.31-0.36 mm.  

Material Examined:  

              Assiut, 3. IV. 1917 (4); Dakhala Oasis, 20.III. 1932 (1); Helwan, 20.XII. 1933 (1); 

Helwan, 13.VI. 1934 (1), (The Reference Egyptian Museum of Insects), PPRI, ARC). 

Dishna, 30.VI.2018 (2); Al Qlamina, 14. V11.2018 (1); Al Qlamina,15. VIII.2018(2); Qus, 

30.VI.2018 (2); Qus, 30.VII.2018 (2); Qus, 1.IX.2018 (2), Borg el Arab, 15.XI.2018 (2); 

Borg el Arab, 15. V.2018 (1); Saft, 5.IV.2019 (7); Toshka,15. V.2019 (100); Toshka, 

30.VI.2019 (220); Toshka, 15.VII.2019 (109); Toshka, 15. VIII.2019 (205); Saft, 6.II.2020 

(3); Saft, 12.VI.2022 (2), (The author collection).   
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Fig. 1: Austroagallia sinuata (Mulsant & Rey). A –C. Habitus, A. dorsal view, B. female 

ventral view, C. lateral view, D. Pronotum & scutellum, E.  Face, F. Male genitalia (pygofer, 

subgenital plate, valve, styles and connective, aedeagus). 

 

Genus II: Anaceratagallia Zachvatkin, 1946:  

Anaceratagallia Zachvatkin 1946: 159–161. 

Type-species: Cicada venosa Fourcroy, 1785 by original designation. 

Diagnosis:  
Coloration: Dark brown leafhoppers. Face and vertex shagreened   

Head: Vertex medially longer than next to eyes, with dark pattern, two spots and one median 

spindle shaped spot. Face convex in lateral view. Gena behind eyes sinuate.  

Thorax: Pronotum transversely rugose. Scutellum with basal dark brown triangles. 

Forewing transparent with dark brown veins, with four apical and three anteapical cells. 
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Inner anteapical cell closed posteriorly by cross veins. 

Remarks: The shape of the anal collar appendage and penis are the most reliable structures 

for species identification in this genus (Zachvatkin 1946, Viraktamath, 2012, Tishechkin, 

2017).   

Anaceratagallia laevis (Ribaut, 1935): 
Agallia laevis Ribaut, 1935: 29-36. 

Worldwide Distribution: East Palaearctic, Near East, North Africa. In Egypt.  Alexandria, 

Qena, Giza and Toshka (El-Hady et al., 2020).      

Diagnosis: Modified after Viraktamath, 2011 and Tishechkin, 2017 

Vertex narrow and pointed medially, with two adjacent big black spots. Brownish pronotum 

with two anterior black patches and dark markings. Face brownish. Scutellum brown, with 

two distal black triangles. Fore wings light brown, with darker robust brown veins. Clavus 

with pale veins, and darker brown streaks between them (Fig. 2. A-D). 

Male Genitalia (Fig. 2. G.): Subgenital plate nearly rectangular, with 6 macrosetae. Style 

with small tooth on apophysis, preapical lobe with fine setae. Aedeagus simple, very wide, 

without any processes, and with small denticles in middle of dorsal margin. Anal collar 

appendage wide with simple long tapered apex.    

Measurements: Body length: Male length 3.37-3.42 mm. Female length 3.75-4.15 mm. 

Forewing length 2.85-3.10 mm., vertex width with eyes1.2- 1.3 mm; vertex length 0.11-0.13 

mm; pronotum width, 0.82-0.95 mm; pronotum length, 0.40-0.47 mm; scutellum width, 

0.70-0.80 mm; scutellum length, 0.31-0.34mm. 

Material Examined: 

             Dishna, 30.V.2018 (2); Dishna, 30.VI.2018 (5); Dishna, 30.VII.2018 (10); Dishna, 

30.VIII.2018 (9);  Al Qlamina,14.V.2018 (21); Al Qlamina,15.VI.2018 (55); Al 

Qlamina,15.VII.2018 (112); Al Qlamina,15.VIII.2018 (203); Al Qlamina,15.VIII.2018 

(158); Qus, 30.V.2018 (12); Qus, 15.VI.2018 (18); Qus, 1.VI .2018 (25), Borg el Arab, 

15.V.2018 (15); Borg el Arab, 15.VI.2018 (11); Borg el Arab, 15.VI.2018 (34); Saft, 

5.IV.2019 (7); Toshka,15.V.2019 (100); Toshka, 30.VI.2019 (220); Toshka, 15.VII.2019 

(109); Toshka, 15.VIII.2019 (205); Saft, 6.II.2020 (3); Saft, 12.VI.2022 (2), (The author 

collection).   
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Fig. 2: Anaceratagallia laevis (Ribaut). A –C. Habitus, A. dorsal view, B. female ventral 

view, C. lateral view, D. Pronotum & scutellum, E. Face, F. Male genitalia (pygofer, 

subgenital plate, valve, styles and connective, aedeagus). 

 

Molecular Identification Using 28s rDNA and Mitochondrial COX1 Genes:   

                A portion of the mitochondrial COX1 gene and the large subunit of the 28s rDNA 

were amplified by PCR and sequenced in order to molecularly identify the three 

Megophthalmine species. Subsequently, as shown in Figure 3 (A and B), the PCR products 

of the 28s rDNA and COX1 genes showed the anticipated size of around 500 and 550 bp, 

respectively. The Finch TV application was used to modify and visualize the collected 

sequencing raw reads. The full sequences of the COX1 gene and the 28s rDNA were then 

obtained by assembling the modified reads using the Bio-Edit software, as shown in Figures 

(4 and 6). The edited sequencing was aligned using the nucleotide BLAST program on the 

NCBI database to identify the potential genera of the isolates based on similarity. After that, 
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the acquired sequences were submitted to the NCBI database. The findings are summarized 

in Tables (2 and 4). 

 
Fig. 3: (A) gel electrophoresis of PCR product profiles of 28S rDNA gene for isolates: Lane 

(1): DNA marker 100bp, lane (2):  EGY-ARC-3S, lane and (3): EGY-ARC-15S isolates. (B) 

gel electrophoresis of PCR product of mitochondrial COX1 gene for isolates: Lane (1): DNA 

marker 100bp, lane (2): EGY-ARC-3C, lane (3):  EGY-ARC-15C isolates. 

 

              In the beginning, we first employed partial sequence analysis of the 28SrDNA gene, 

and we then used these sequences to clarify the genetic relationships among the 

Megophthalmine species. Two Megophthalmine species EGY-ARC-3S, and EGY-ARC-

15S had alignments with Japanagallia sp. (accession number MK064037.1), and 

Anaceratagallia sp. (accession MK063929.1), respectively, with maximum identities of 

95.34% and 99.62%. To accurately establish the phylogenetic relationships between 

Megophthalmine species and identify the existence of phylogenetic markers in DNA 

sequences, the neighborhood joining (NJ) approach of phylogenetic tree construction was 

selected (Fig. 5). Additionally, the phylogenetic tree that served as the final guide for the 

multiple alignments were constructed using the evolutionary distance of 28SrDNA 

sequences between Megophthalmine species, which was determined for each pair of 

sequences (Table 3). Furthermore, the 28SrDNA gene sequence analysis revealed that two 

Megophthalmine species EGY-ARC-3S and EGY-ARC-15S were Au. sinuata EGY-ARC3 

and An. laevis EGY-ARC15. These data were subsequently submitted to the NCBI 

GeneBank with the corresponding accession numbers, LC670606.1, and LC670615.1 These 

results were similar to Dietrich (2022) who identified and characterized species of 

leafhoppers from a genus belonging to Megophthalminae.  

              Furthermore, the mitochondrial COX1 gene is conserved across species and evolves 

at a very moderate rate, it is frequently employed in evolutionary research. It is also used for 

phylogenetic research, species identification, and DNA barcoding. As a result, we employed 

COX1 gene sequence analysis, and these sequences were then utilized to clarify the genetic 

relationships among Megophthalmine species. The obtained sequences revealed that two 

Megophthalmine species (EGY-ARC-3C, and EGY-ARC-15C) significantly aligned with   

Austroagallia caboverdensis (accesssion number MH682020.1), and Anaceratagallia 

lithuanica (accesssion number MZ631325.1), respectively, with maximum identities of   

99.99, and 99.98%, respectively. When building phylogenetic trees, the neighborhood 
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joining (NJ) approach was chosen because it allows for precise phylogenetic tree 

construction between Megophthalmine species and can identify phylogenetic signals in 

DNA sequences (Fig. 7).  Our goal was to precisely define the evolutionary connections of 

the Megophthalmine species by analyzing their DNA sequences using the NJ technique. 

Their evolutionary and genetic relatedness would be shown by the phylogenetic tree that 

would develop. Furthermore, every pair of sequences in the Megophthalmine species was 

found to have an evolutionary distance of COX1 (Table 5), which was then utilized to build 

the phylogenetic tree that served as the final guidance for the multiple alignments.  

             Furthermore, the sequence analysis of the COX1 gene revealed that the two 

leafhopper species, designated as EGY-ARC-3C, and EGY-ARC-15C, were found to be Au. 

sinuata EGY-ARC-3C and An. laevis EGY-ARC-15C. These were subsequently submitted 

to the NCBI with the respective accession numbers, LC775124.1 and LC775136.1. 

Moreover, two leafhopper species' mitochondrial COX1 protein sequences EGY-ARC-3C 

and EGY-ARC-15C were subjected to amino acid variation and multiple sequence 

alignment, which were calculated and shown in (Fig. 8).  

 

 
Fig. 4: The 28S rDNA subunit gene sequence of Austroagallia sinuata EGY-ARC-3S and 

Anaceratagallia laevis EGY-ARC-15S 

 

Table 2: Similarity percentage of 28S rRNA gene for Megophthalminae generated by 

BLAST tools. 
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Fig. 5: NJ tree constructed using 28S gene sequence of Megophthalminae species from 

Egypt, with related species  

 

Table 3: Estimates of Evolutionary Divergence of 28S   sequences between 

Megophthalminae. 
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Fig. 6: The mitochondrial COX1 gene sequence of   Austroagallia sinuata EGY-ARC-3C 

and Anaceratagallia laevis EGY-ARC-15C 

 

Table 4: Similarity percentage of COX1 gene for Megophthalminae generated by BLAST 

tools. 
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Fig. 7: NJ tree constructed using COX1 gene sequence of Megophthalminae species from 

Egypt, with related species. 

 

 

Table 5: Estimates of Evolutionary Divergence of COX1 sequences between 

Megophthalminae. 

 
 



Molecular Identification and DNA Barcoding of some Megophthalminae Species from Egypt 

 

13 

 
Fig. 8. (A) Amino acids variations of the COX1 gene generated by WebLogo3 server. (B) 

Multiple amino acids alinments for selected Megophthalminae isolates generated by 

MultAlin server 

 

 Prior research on Megophthalminae taxonomy has predominantly depended on 

morphology-based categorization, as stated by (Duan & Zhang 2014). Nevertheless, 

insufficient taxa have been included in previous phylogenetic studies to examine the 

connections between species within the genus or assess the borders between species. This 

emphasizes the necessity of more studies employing molecular methods to look into the 

taxonomic categorization and evolutionary links of Megophthalminae species. According to 

the findings of our investigation, species of Megophthalminae may be distinguished from 

one another using molecular identification based on the 28S DNA and COX genes. In 

particular, GenBank validated the sequences we sequenced for two species Au. sinuata 



Rabab M. El-Hady1 and Ahmed F. El-Sayed2 

 

14 

EGY-ARC-3 and An. laevis EGY-ARC-15. Table (6), contains a list of the accession 

numbers for these sequences. A dependable and precise way for differentiating between 

Megophthalminae species is provided by this genetic barcoding methodology, which has 

applications in conservation biology, pest control, and biodiversity evaluation.   

 

Table 6: NCBI accession numbers of the studied Megophthalminae, the accession numbers 

provided from NCBI for the submitted sequences. 

 
 

Conclusion: 

            The inability to differentiate between leafhopper species using only male genitalia 

and the instability of morphological traits that altered in response to host plant impacts and 

geographical connections are two drawbacks of traditional morphological approaches. 

Molecular barcoding using the 28S DNA and COX sequence provides a great alternative 

marker for characterizing and identifying two different species of Megophthalminae 

obtained from Egypt, at any stage of their life cycle, and for resolving other morphological 

identification problems. 
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