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Abstract 

Cockroaches are household pests, and their presence causes psychological discomfort to humans, and their feeding on different 

foods pollutes them with various deadly pathogenic that cause dangerous diseases. The present work is designed to identify the 

morphological and molecular characterization of Periplaneta americana. Random samples of P.americana were collected 

from different regions of Jeddah Governorate, classified, and identified. The morphological study focused identifying the 

important characters of different stages of P.americana (adult's male & female, nymphs and oothecae) using standard 

taxonomic keys and dissected under a stereomicroscope at 10 X and/or 20 X magnification and many authors were agreed with 

previous results of this study In molecular identification DNA isolation, PCR and sequencing were used. Our results showed 

that using cytochrome CO1 confirmed the identification of this type of cockroach and the genotype with a high degree of 

accuracy, where the first two types were defined with a percentage of 96-100% and the second with a percentage of 92-96%. 

Further studies on the current topic are therefore recommended. 
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Introduction 

American cockroaches (Periplaneta americana) (Linnaeus), 

order: Dictyoptera, is an important insect in medical [1], they 

are the most notorious pests, found in kitchens [2]. They are 

the biggest species of cockroaches [3]. Dictyoptera comprises 

about 5000 species under 398 genera in 28 families [4]. Out 

of 500, 30 species are considered a household pest [5]. 

Several cockroaches’ pests live in/or around homes, and 

they are omnivorous scavengers [1]. P. americana can 

survive in warm places with high moisture also in dirty 

environments such as sewers [6]. Since 1945, many studies 

have investigated the pathogenic transmission by 

cockroaches [7]. P. americana can hold and spread 

dangerous pathogens such as bacteria, fungi, parasites, 

protozoa [8], and cause allergies to humans [9]. They play 

important role in the transmission of different diseases by 

mechanical and biological ways [10]. P.americana spends 

most of its time in sewage, sewer pipe which usually 

contains a high density of pathogens [11]. Also, they feed on 

trash, and they have big chances to spread many pathogens 
[12]. Besides, their dirty habits of eating their feces make 

them ideal carriers of numerous pathogenic microbes [13]. 

Cockroaches spread pathogens through their cuticle [14] 

because their nymphal cuticles go through ecdysis [15]. 

Therefore, they transfer pathogens in different ways such as 

vertical transmission which occurs when an infected mother 

passes on the pathogen or disease to her progeny [16]. A 

cockroach can cause allergic reactions in sensitive people, 

which is the most important disease, and sometimes it 

causes a higher rate if anyone infected with allergy touching 

cockroaches. In addition, allergic reactions are not linked 

only with cockroach body parts but also their different 

secretions such as dry feces and exuviae [17]. For their 

morphological characteristics, many studies identified the 

P.americana according to the standard taxonomic keys [18]. 

These identification keys were provided for male, female 

nymphal, and egg stages for P.americana. In the adult stage, 

the body has an oval and flattens shape, with 35-50 mm 

length and reddish-brown color, excluding the pronotum 

which is yellowish. Both have two wings (front and hind), 

and the hind ones are used for flight. The cockroach body 

has three parts: head, thorax, and abdomen. The head is 

composed of mouthparts, antennae, three simple eyes, and 

one pair of compound eyes. The thorax is divided into three 

sections, and each segment has a pair of legs [19]. Both males 

and females have a pair of sense organs called cerci at the 

end of their abdomens. Males consist of another appendage 

called styli between the cerci used as a reproductive organ 
[20]. Female has the productive organs in the abdomen which 

gives their abdominal wider. They produce ootheca or egg 

case with dark brown color, and 5-7 mm long and each one 

has 14 to 16 embryos [21]. The female drops her egg capsule 

in wet and warm places [22]. After the egg hatches, the 

nymphal stage begins and it takes from 7-14 times of 

molting, new nymphs are white and then became radish 

brown when their exoskeleton is attached to the air. 

Nymphal stages resemble adults but without wings [23]. The 

present work is designed to collect different stages of P. 

americana from different places in Jeddah province and 

identify the morphological and molecular characterization 

of them. 

 

Materials and Methods 

Collecting different stages of P.americana  

P.americana was collected from sewers from different areas 

(east, west, south, north, and the middle), in Jeddah 

province, the kingdom of Saudi Arabia. For the traps, we 

used glass jars covered with dark cloth [24]. They were 
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dropped into different sewers in Jeddah’s Street. Samples 

were collected every three days and then placed in glass 

containers (30 × 60 × 30 cm), coated from the top with 

petroleum jelly 2 cm to keep the cockroaches from escape. 

Collected samples were supplied with dry cat food as a food 

source and wetted cotton as a water source, and cardboard 

as shelter. Samples were kept under the laboratory condition 

(12:12 photoperiod, 25 ± 3 °C, and 75 ± 5 % RH) 

 

Morphological identification 

The study was based upon male, female, and nymphs 

specimens of P.americana. They were identified according 

to their morphological characteristics using standard 

taxonomic keys [18]. Adult male, female, and seven nymphs 

were used external dissection. For morphological 

examination, cockroaches were fixed in 70% ethanol [25] and 

dissected also in 70% ethanol under a stereomicroscope at 

10 X and/or 20 X magnification (OLYMPUS, TOKYO, 

JAPAN).  

 

Molecular identification 

All genomic DNA extraction experiments were conducted 

in molecular identification experimental unit, in the Dengue 

Mosquito Experimental Station (DMES), belonging to the 

Department of Biological Sciences, Faculty of Sciences, 

King Abdul-Aziz University, Jeddah, Saudi Arabia. Thermo 

Scientific GeneJET Genomic DNA Purification Kit #K0721 

was used for P.americana DNA extraction. For molecular 

identification of P.americana, LCO1490 and HCO2198 

primers were used with the following conditions: Initial 

denaturation: 5 min at 94 °C, Denaturation: 1 min at 94 °C, 

Annealing: 1 min at 58 °C, Extension: 2 min at 72 °C, 

Number of cycles: 35, Final extension: 10 min at 72 °C, by 

a thermal cycler (Thermo Scientific). For gel 

electrophoresis, 1% of agarose powder was weighed and 

dissolved in 1X TAE buffer and it was run at 127 V for one 

hour, which was attached firmly and connected to the power 

supply (MOLECULE-ON PS-M-300V Electrophoresis 

Power Supply, India). DNA ladder was used to determine 

the molecular weights of DNA fragments. 

 

Sequencing reaction  

DNA sequencing was carried out in Macrogen Company, 

Korea. The nucleotide and amino acid sequence data were 

compared with the National Centre for Biotechnology 

Information (NCBI) database using the Basic Local 

Alignment Search Tool (BLAST). 

 

Results 

Morphological identification 

General features 

Observations of external morphological characters of male, 

female, nymphs, and oothecae of P.americana were 

described and illustrated using stereomicroscopes. The 

terminology of [18] was followed. P.americana male and 

female are oval and flattened shape, with 35-40 mm long 

and brown color as in (Figure 1). In our collected samples, 

we found a simple difference in adult's pronotum, some had 

a dark edge, and some have a light one as in (Figure 2). 

P.americana have long wings cover the abdomen. Forward 

wings type of tegmina (Figure 3a), and membranous hind 

wings (Figure 3b). The head consists of simple and 

compound eyes (Figure 4), antenna type of setaceous as in 

(Figure 5), mouthpart type of chewing mouthparts as in 

(Figure 6). The legs are modified for walking or running 

(Figure 7a) end with 5 segmented tarsi with five arolium’s 

(Figure 7b). Middle and hind femora both with numerous 

strong spines along the ventral margin as in (Figure 8). The 

abdomen in adults bears some appendages at its posterior 

end (the style in males and ovipositor in females). 

 

 
 

Fig 1: P. americana long and color. 

 

 
 

Fig 2: Difference in adult's pronotum. 

 

 
 

Fig 3: a-Forward wing, c-Hind wing. 
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Fig 4: a- Simple, b- Compound eye. 

 

 
 

Fig 5: Antenna. 

 

 
 

Fig 6: a-Dorsal view of mouth parts, b- Ventral view of mouth 

parts. 

 

 
 

Fig 7: a- Walking leg, b- Adult's tarsus with aroliums. 

 
 

Fig 8: P. americana strong spines in femur. 

 

Description of P.americana male 

The male wings expanded after the abdomen, and they have 

styli located between the cerci (Figure 9a). The male 

abdomen has 9 clear sternums, and the genital is located on 

the 9th segment which consists of cercus and slender, 

elongate, and straight style in-between as in (Figure 9b). 

Styli are very long and slender, longer than space between 

their bases, and cercus long and slender particularly, supra-

anal plate deeply notched. 

 

 
 

Fig 9: a- P.americana male. b- Male abdomen. 

 

Description of P.americana female 

The female wings in the same length as the abdomen. The 

abdomen of P.americana female has 6 clear sterna, and the 

sub-genital ovipositor is located on the 8th and 9th segment 

and it is divided longitudinally (Figure 10 a, b). 

 

 
 

Fig 10: a- P.americana male. b- Male abdomen. 
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Description of P.americana nymphs  

Nymphs are smaller and do not have wings with reddish-

brown as in (Figure 11a). Their abdomen does not have 

appendages but, large nymphs have a genital appendage at 

their posterior ends, and wing pads appear in the 3rd or 4th 

instar as in (Figure 11 b).  

 

 
 

Fig 11: a- Nymphal stage, b- Arolium. 

 

Description of P.americana oothecae 

Limited research has been reported using light microscopy 

techniques to describe P.americana oothecae. The oothecae 

are brown on the first day and became black after they are 

exposed to the air as in (Figure 12). It is about 8 mm long 

and 5 mm high. The top of the two sides of the ootheca is 

attached and crimped on the edge called adjacent 

segmentations. Within the interface of each half of this keel, 

there are scooped-out depressions and grooves which meet 

to form a series of cells and tubes called convex on the 

external surfaces with squashed endings. There is a suture 

line in the contact zone of the valves and Zipper-like 

toothed rail structure of the crest as in (Figure 13). 

 

 
 

Fig 12: Oothecae before (left) and after (right) depositing 

 

 
 

Fig 13: Oothecal structure. 

Molecular identification 

DNA extraction was prepared using Thermo Scientific Gene 

JET Genomic DNA Purification Kit #K0721 and examined 

on 1% agarose gel. PCR amplification was then carried out 

using universal primers, as shown in the materials and 

methods. The resulted from 700-800 bp was examined on 

1% agarose gel electrophoresis as in (Figure 14). The PCR 

products were purified and sent to Macrogen for 

sequencing. The phylogenetic relationships of P.americana 

isolate and closely related species were analysed using the 

Multisequence Alignment Program (MEGA7) and the 

results are presented in the phylogenetic tree as in (Figure 

15 and Table 1). 

 

 
 

Fig 14: PCR products. 
 

 
 

Fig 15: Phylogenetic relationship among P.americana DNA isolate 

and related species. The tree was generated by MEGA 7 software. 

 

Table 1: Similarity percentages to the nearest neighbour (s) of the 

isolate. 
 

P.americana 

isolates 

Nearest 

neighbour (s) 

Accession 

number 
Similarities 

P. americana JQ267485.1 96-100 % 

P. americana KM576926.1 92-96 % 

 

Discussion 

The focus of this part of the study was to identify the 

important characters of different stages of P.americana 

(adult male, female, nymph, and oothecae). Anyway, still 

there is a need for morphological characterization for 

P.americana oothecae with the help of clear photographs 

and keys for the identification in this region. The 
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morphological identification of P.americana nymph and 

adult stages is similar to the characters reported by many 

authors [22, 26, 23, 27, 28, 19, 20]. For oothecae identification, many 

authors were agreed with the previous results of this study 
[22]. DNA barcoding is a useful tool to identify pest species 

assuming adequate representation of genetic variants in a 

reference library [29]. In our finding, we used the barcode 

region of the mt-DNA (LCO 1490 and HCO2198) gene of 

DNA extracted from 30 cockroach specimens, along with 

the development of a PCR method. The PCR generates a 

single band between 700-800 bp-sized in all cockroach 

specimens, followed by direct sequencing. Two accession 

numbers were found from DNA sequencing (JQ267485.1 

and KM576926.1) with 96-100% and 92-96%, respectively 

of the similarities were related to P.americana. Anyway, the 

molecular identification studies of P. americana are not 

much studied in Saudi Arabia in general and Jeddah 

governorate in particular. Many researchers have studied the 

molecular identifications of different cockroaches. [29] found 

that three deeply divergent, widely distributed P.americana 

COI haplogroups [30]. sequenced the complete mitogenomes 

of two cockroaches, reconstructed the molecular phylogeny, 

and attempted to infer the phylogenetic position of termites 

in Blattaria more reliably and he found that complete mt-

DNA nucleotide sequences of P.americana is 15,025 bp in 

size and they found that P.americana shares only 75% 

sequence identity with B.germanica, which is lower than 

that with the two genome-sequenced termites, i.e., 79% to 

Z.nevadensis and 80% to M.natalensis [31]. determined the 

complete mitochondrial genomes of two cockroach species, 

Periplaneta australasiae and Neostylopyga rhombifolia, 

15,605 bp and 15,711 bp in length, respectively. So, this 

study first time confirm the molecular characters of P. 

americana from Jeddah region of Saudi Arabia. 
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