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Abstract
Background: Bed bugs belong systematically to Order Hemiptera; Suborder Heteroptera; Family Cimicidae are of
public health importance as ectoparasites of mammals and birds, however, only a few species are the putative
ectoparasites of humans. Bed bugs are a wingless bloodsucking hemipterous bug (Cimex spp.) sometimes infesting
houses and especially beds and feeding on human blood. Correct species identification is very important in order to
design targeted strategies for surveillance and control of bed bugs in a given area.
Methods: Adult bed bugs were collected from houses located in the southwest of Iran. The specimens were
morphologically identified to the species level and then confirmed using molecular methods.
Results: The mtDNA 16S rRNA sequences obtained from the specimens, and phylogenetic tree derived, showed that all
the sequences belong to Cimex hemipterus. The Disparity Index among results showed that all the specimens were of
a heterogeneous population. To the best of our knowledge, the leg structure of this species has not previously been
documented and this is the first report of an open-closed rack system in the legs of C. hemipterus.
Conclusions: Previous studies claimed that C. lectularius is the abundant species of Cimicids in Iran. But this
investigation showed that C. hemipterus is the prevalent species in the southwest of Iran.

Background
Cimex is a genus of insects in the family Cimicidae which are hematophagous ectoparasites that normally feed on the
blood of birds and mammals. Cimex lectularius, C. hemipterus, and Leptocimex boueti are three main species
considered as ectoparasites of humans [1,2]. These nocturnal bloodsucking ectoparasites cause itching, anxiety,
insomnia, sleep deprivation, emotional stress, secondary infections, and may even lead to anemia and iron
inadequacies [3,4]. Also, bed bugs can cause economic difficulty due to the cost of extermination and the need to
replace infested furniture [5]. Furthermore, they represent an important public health threat that may affect the
housing industry, the tourism industry, and public institutions. The application of insecticides is the primary tactic to
control bed bugs [6]. However, lately, resistant bed bugs have re-emerged in large numbers in many parts of the world
partly due to the extensive and repeated as well as incorrect usage of insecticides [7]. Passive dispersal is the main
way for cimicids to reach new hosts. Bed bugs can be transported by humans in clothing and stuff [6,8], and they
have been detected on people traveling by trains, ships, airplanes, and cars. Moreover, humans, birds, and bats can
also be hosts for bed bugs, and they are considered to be crucial in the distribution of cimicids [9]. Global warming
and limited awareness about the biology of bed bugs are other explanations for the recent recurrence of these
parasites. Knowledge of the genetic variation within medically important insect species is an important factor required
for understanding disease epidemiology, vector transmission, and disease control [10]. Although implicated, bed bugs
are not commonly considered to transmit infectious diseases. However, mechanical transmission of infectious
particles of kala-azar, typhus, anthrax, plague, tularemia, relapsing fever, Q-fever, hepatitis B virus, and human immune
deficiency virus has formerly been recorded [1,11,12]. Conducting genetic studies on bed bugs can give information to
help better understand their distribution patterns and population structure, and may also provide insight into their
movement for medical purposes [13]. To date, very few studies have been performed on the genetic variation of bed
bugs by using either molecular or biochemical methods in Iran. Therefore, the objective of this study was to determine
the predominant species of bed bugs in Iran. Furthermore, phylogenetic analysis and the detailed morphological
characteristics of the collected bugs were studied using a scanning electron microscopy (SEM).

Methods
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Bed bug (Cimex spp.) collection and rearing
The specimens were collected from March to November 2019 in Ahvaz, Khuzestan province (southwest of Iran).
Ahvaz is divided into five public health regions (i.e., Northern, Southern, Eastern, Western, and Central). The specimens
were collected from the houses in which their infestation to bed bugs was reported to the pest control companies and
health centers in five regions. For inspection crevices, cracks, and mattresses were checked. Bugs were caught using
an aspirator and bed bug trap. A total of 95 bugs were caught from 23 houses located in five regions. The bugs were
reared in plastic rearing containers covered with fine mesh chiffon cloth and transferred to the Department of
Parasitology, Faculty of Veterinary Medicine, Shahid Chamran University of Ahvaz.

Ethical consideration
This study received ethical approval from the Ethics Committee of the Shahid Chamran University of Ahvaz (No.
EE/99.24.3.70110/SCU.AC.IR). All the IDI participants provided written informed consent. The results of this study
have been presented to the Department of Parasitology, Faculty of Veterinary Medicine, Shahid Chamran University of
Ahvaz, Ahvaz, Iran.

Molecular examination
DNA extraction and PCR amplification
DNA was extracted from 20-bed bugs using a genomic DNA purification kit (SinaClon Bioscience, Karaj, Iran)
according to the manufacturer instructions and 50 ng of the extract was used as PCR templates. The insect
mitochondrial 16S rRNA gene of the 428-bp fragment was amplified using the primers LR-J-13007 (5’TTACGCTGTTATCCCTAA-3’) [14] and LR-N-13398 (5’-CGCCTGTTTATCAAAAAC-3’) [15]. The reaction was carried out in
a volume of 25 µL using 12.5 µL Taq DNA Polymerase Master Mix Red (Amplicon, Odense, Denmark) and a pair of
primers (1 µM each). Each PCR reaction comprised a negative control, consisting of the reaction mix and 2 µL of
DNase/RNase-free water instead of DNA. After an initial denaturation at 94ºC for 2 min, PCR amplification was
repeated with 35 cycles consisting of denaturation at 94ºC for 45 s, annealing at 46ºC for 45 s, and extension at 72ºC
for 60 s. This was followed by a final extension at 72ºC for 5 min. PCR products were electrophoresed in 1.5% agarose
(SinaClon Bioscience) in Tris-acetate–EDTA (TAE) buffer, stained with Green Safe stain (SinaClon Bioscience), and
visualized under ultraviolet light. Since the city is divided into five public health regions one sample from each region
was sequenced. Amplicons corresponding to the expected size (428 bp) were purified using a PCR purification kit
(Vivantis, Revongen Corporation Center, 47600 Subang Jaya, Selangor Darul Ehsan, Malaysia). Amplicons were
sequenced using specific primers and a Big Dye Terminator V.3.1 Cycle Sequencing kit in an ABI 3130 Genetic
Analyzer (Applied Biosystems, Foster City, California 94404, USA).

Sequence variation and phylogenetic tree construction
The nucleotide sequences of five samples from various regions were aligned for variation positions. Multiple
sequence alignment analysis was performed using nBLAST (http://blast.ncbi.nlm. nih.gov/Blast.cgi) and ClustalW2
software (Conway Institute UCD, Belfield, Dublin, Ireland). The phylogenetic tree was constructed by the Maximumlikelihood method using the Hasegawa-Kishino-Yano model with gamma-distributed rates among sites. The reliability
of an inferred tree was tested by 1000 bootstrap. Pediculus humanus capitis accession no. AY139928.1 was
considered as an outgroup. Evolutionary analyses were conducted in MEGA X. DnaSP [16] software was used to
determine the haplotype diversity (Hd), the polymorphic site, the average number of nucleotide differences [17],
nucleotide diversity (ð), singleton variable sites, the parsimony-informative sites, and genetic differentiation (Fst) [18].
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Morphological examination and scanning electron microscopy
preparation
Bugs were killed by benzene vapor and immediately placed in 70% ethanol. Any extracellular debris, such as the blood,
mucus, other body fluids, and tissue fragments were removed carefully. The specimens were photographed in a
standardized way using stereoscopic microscopy (Olympus SZX9) and a digital camera (Olympus C-5060, Olympus,
Tokyo, Japan) operated by Photo Micro 2.0. The measurements were taken using MeasureIT (Olympus). The bugs
were identified using taxonomic keys [19]. For scanning electron microscopy samples were fixed in buffered 2%
glutaraldehyde (pH 7.2) for 12 h. The fixed bugs were washed in phosphate buffer (pH 7.2) for thrice and then in
double distilled water followed by acetone dehydration. After acetone dehydration, the specimens were dried in a
critical point drier using liquid CO2. Samples were then attached in aluminum stubby adhesive tapes. Cimex spp. were
then gold coated in a sputter coater (Polaron-SC7620) and were examined under SEM (LEO 1455 VP, operated at
30 kV).

Results

Sequence comparison and phylogeny of bugs
The average size fragment of the gene from the amplified bugs was 333 bp. The amplified gene sequences varied
from 360 to 388 bp. The consensus gene sequences were blasted in the NCBI Genbank database, and they showed a
high degree of homology with the 16S ribosomal RNA gene of C. hemipterus in GenBank at 88.38–90.33% identity.
The nucleotide sequences of the 16S rRNA gene from the C. hemipterus are available in the GenBank databases
(http://www.ncbi.nlm.nih.gov/genbank/) under the accession numbers MT520974- MT520978. After few processes of
removal and alignment of sequences using the T- coffee molecular software, 323 bp of the partial C. hemipterus of the
26 sequences of Cimex sp. and one outgroup, P. humanus were successfully obtained. The overall frequency
distributions of nucleotides in the first, second, and third codon positions are as follows: T = 40.7%, 40.3%, and 43.2%;
C = 7.5%, 13.2%, and 10.3%; A = 37.5%, 28.9%, and 30%; G = 14.3%, 17.6%, and 16.5%, respectively. Analysis of the
sequences revealed a mean GC content of 26.5%. The analysis of the homogeneity of the substitution patterns
between sequences using the Disparity Index Test (Monte Carlo Test) with 500 replicates reveals no significant
differences across the sequences (Table 1). For estimation of evolutionary divergence between sequences, pairwise
distances were computed, and the results are shown in Table 2.
The sequence analysis detected 28 polymorphic sites (16 singletons and 14 parsimony informative sites) among
sequences. Results of DNA polymorphism analysis of the five isolates sequences showed that the nucleotide diversity
(ð) was 0.57. The total number of mutations (Eta) was 30 while the number of haplotypes (h) was five. The haplotype
diversity (Hd) was 1, with a standard deviation of 0.02. The average number of nucleotide differences per site between
two sequences (Pi) and G + C content at non-coding positions was 0.04 and 0.26, respectively. Based on the Neutrality
test results non-significant Tajimo,s D and Fu,s Fs values were obtained. Genetic differentiation among the population
was 0.6. Basic parameters of genetic diversity and neutrality tests are shown in Table 3. Three genomic conserved
regions were detected along the 323-bp region (Table 4).
In the phylogenetic tree, the 27 sequences were classified into four large clades (Fig. 1), and the phylogenetic analysis
showed that Iranian bugs are grouped with the C. hemipterus. The constructed phylogenetic tree could clearly
separate two major clades of C. hemipterus and C. lectularius, although they belonged to the same genus.
Interestingly, the tree showed that Iranian specimens were clearly grouped closely together in one branch with a 95%
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bootstrap support value (Fig. 1). The obtained pattern confirms the validity of 16S rRNA analysis to elucidate the
minor differences among closely related species.

Morphology of bed bugs (C. hemipterus)
In this study, adult bed bugs were oval and mahogany-colored, and they ranged in length from about 4.6 to 5 mm, with
abdomens 2.6 to 2.8 mm wide. The heads were small and cylindrical, with two knoblike multifaceted eyes. Ocelli were
absent but compound eyes were well developed (Fig. 2). As Fig. 2 shows, the antennae were four segmented (scape,
pedicel, flagellum, and distal flagellum) and placed between the clypeus and eye. The shortest segment was the first
segment (scape), and the third and fourth segments were more transparent, slender, and flat than the first and second
segments. From the middle of the fourth segment, a deep groove was seen (Fig. 2).
By carefully examining sensilla external shapes and dimensions on the antenna, we could distinguish two types of
chaetic, one type of basiconic and one type of coeloconic sensilla in females and males.
Sensilla chaetica type 1 (ch1) were very long, sickle-shaped bristles with longitudinal grooves and blunt tips. The base
of the bristles rests on the distal edge of a wide flexible socket and projected from the antennal surface at an angle of
19–96◦ (mean value of 57.5◦) (Fig. 2). The ch1 had the longest pegs, with a mean length of 97.1 µm. Sensilla chaetica
type 2 (ch2) were more or less straight bristles, 65–96 µm long, with a hair shaft that strongly tapers from about half
of its length and ends in a sharp tip (Fig. 2). The tip was often bent away from the antennal surface. The base of the
hair shaft was inserted at an angle of 47◦± 6.5◦ (mean ± std.dev.) into a very tight socket and rested on its concave
surface. The surface structure was similar to that of ch1 (i.e., longitudinal grooves present). Chaetica sensilla were the
most prominent and longest sensilla on the antennal surface.
Sensilla basiconica (ba) were primarily slightly curved, cone-like hairs, smooth-walled without longitudinal grooves
with numerous pores on the cuticular surface, and ended to the blunted tips. The hair shaft inserted basally at an
inclination angle that ranged from 19◦ to 40◦ into a socket with a diameter of 2.9–6.4 µm. At its base, the hair shaft
had a diameter that ranged from 2.2 to 3.4 µm. Sensilla basiconica were found mainly on both the flagellar segments
(Fig. 2).
Sensilla coeloconica (co) were peg-in-pit sensilla, consisting of a small peg set on the floor of a chamber sunken into
the cuticle. A small central aperture with a diameter of 2.9–6.5 µm connected the peg inside the chamber with the
surrounding air (Fig. 2). Based on the distribution of the various types of sensilla, no sexual dimorphism could be
noticed in C. hemipterus.
Mouthparts formed a pointed beak or rostrum that folded under the head in a ventral groove up to the first pair of legs.
The mouthparts were modified for piercing the skin and sucking the blood. They consisted of a labrum, a pair of
mandibles, and a pair of maxillae. The labrum was short, and it covered the mid-dorsal groove of the rostrum. The
labium formed an elongated incomplete hollow tube or sheath called the rostrum. The labium was three-segmented
and consists of two lateral lobes and a middle lobe (apical plate) situated on the ventral side. There were sensory
structures on the tips of the lateral lobes. The labium was mid dorsally grooved to enclose the four needle-shaped
stylets, two mandibles, and two maxillae (Fig. 3). The maxillary and labial palps were absent. Different studies
showed that there are a number of differently shaped and differently sized chemo- (gustatory, contact
chemoreceptors) and mechanosensilla on the tip of the labium of true bug. In this paper, we are not discussing these
sensilla anymore.
The thorax consisted of a narrow canoe-shaped pronotum, a mesonotum (scutellum) which was covered
dorsolaterally by reduced fore wings called hemelytral pads, and a mesonotum (scutellum) hidden below the latter
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(Fig. 3). The prothorax was broad, receiving the head in its concave anterior margin, with the sides extending wing-like
laterally (Fig. 4). The same as what Usinger (1966) explained about C. lectularius we found that in the ventral side of
C. hemipterus the widely separated sternal apophyseal pits lied between and were concealed by the coxae [19]. The
sclerotized area between the pits and partially surrounding them was certainly sternal. The trochantin appeared as a
small, detached, sclerite in the membrane anterior to the coxae. The mesothoracic spiracle lied in a small plate just
posterior to the coxae. On the ventral side, the mesothorax was almost completely sclerotized, only slight areas about
the coxal foramina remaining membranous. At the margin of the body a narrow, sclerotized isthmus connected the
sclerotization of the mesothorax and metathorax. In this isthmus, the spiracles of the metathorax lied close to the
coxal condyle of the mesothorax. Widely separated between the coxae were the sternal apophyseal pits, which were
borne within narrow sclerotized arms branching from the median sclerotized area.
The metathorax was in general similar to the mesothorax in the arrangement of its ventral sclerotization, but the
encroachment of the coxae of the mesothoracic legs has narrowed its lateral positions.
All the parts of the legs were always present except pulvilli and arolia. On the ventral surface of each leg, a tuft of
setae was seen on a pad-like extension at the apex of the tibia. The tibia brush varied in length from 35 µm to 60 µm.
The pad-like extension at the apex of the tibia had a very wrinkled surface which may be related to glandular
openings. In the present study, we found that trichoid sensilla were disseminated among the tibial brush setae.
There were three tarsal subsegments (or tarsomeres) and paired pretarsal claws on each of the six legs. The terminal
segment was about as long as the other 2 together. Little is known about the ultrastructure of C. hemipterus legs.
Figure 4 shows several structures in pretarsus and as seen in Fig. 4 open-closed system was found in C. hemipterus
legs. The open-closed system was formed by the central rack system (crs), two lateral telescopic columns (ltc), and
finger-like processes with possible sensory function (flp) (Fig. 4). The rack system could be a system to lock the
position of the claw, as was the pad-like structure and always two spiniform setae were in its base.
The abdomen was 10 segmented. The 1st and 2nd abdominal segments were fused. In adult male bug, the abdomen
was narrower, and its tip was curved and slightly more pointed than in the female. The intersegmental membranes
were wide and the second to fifth abdominal segments were membranous at the middle of the ventral surface,
forming the so-called hunger folds. The primary genitalic structures of the female formed a recognizable homolog of
the ovipositor and occupied the ventral aspects of the ninth and tenth segments.
Laterally, the paratergites of the eighth segment bore the last spiracles (Fig. 5). A pair of broad, flat plated called
gonocoxae occupied the median two- thirds of the ventral aspect of the eighth segment. The lateral plates of the ninth
segment were the fused paratergite and 2nd gonocoxa.
As shown in Fig. 5, a small incision was present on the right-handed posterior margin of the fifth sclerite. This incision
is the opening of a copulatory pouch referred to as a spermalege (also known as paragental sinus or Berlese,s organ).
Spermalege is an organ specialized to receive hypodermically injected semen. The spermalege consisted of two parts,
the ectospermalege, and endospermalege. The ectospermalege derived from the ectoderm and consists of a groove.
The mesospermalege is derived from mesoderm and is a membrane-bound sac attached to the wall of the haemocoel,
directly beneath the groove of the ectospermalege [20].
In male bugs, the intromittent organ is highly specialized for traumatic insemination. During traumatic insemination, a
male bug inserts his intromittent organ into the ectospermalege and pierces the pleural membrane. The sperm is then
injected into the mesospermalege, which contains hemocytes [20]. The spermatozoa then form a mass and diffuse
through the wall of the mesospermalege, swimming through the hemocoel to a pair of seminal conceptacles, where
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sperm are stored before they migrate to the ovaries for fertilization. Seminal conceptacles have evolved independently
of the bursa copulatrix and spermatheca [20].
The paramere arose close to its apex on the ventral side. The paramere was strongly curved to the left, its external
portion lying in a furrow in the side of the ninth segment. The base of the paramere was retracted into the body for a
short distance. The paramere was grooved on the outer or convex side, except apically where it was folded to form a
tube. The aedeagus lied just above the base of the paramere (Fig. 5). The aedeagus was a long narrow tubular
structure whose walls were not sclerotized. When not in use the aedeagus was telescoped into the capsule-like
phallobase. It was probably extended by fluid pressure.
The entire abdomen was covered with numerous chaetae on both dorsal and ventral sides. At the tip of the abdomen
of both the male and female bugs, there presented a tuft of relatively long chaetae. Based on electron microscopic
results we found that in female bugs chaetae had three teeth while males were with four teeth in the tip (Fig. 5).

Discussion
The Fertile Crescent region of the Middle East, and areas along the Mediterranean Sea, have often been described by
experts as the location of origin for the bed bugs (Cimex spp) [21]. One of the most populous countries in the Middle
East is Iran. The identification of bed bugs in Iran has largely been based on insect morphology. Although this
procedure can identify the adult stage easily, it is very difficult in immature stages or eggs [22]. Moreover, taxonomic
identification requires considerable skill and taxonomic expertise and complete sample features. Nowadays,
molecular techniques are available for the taxonomic identification of insects such as nucleotide sequence analysis,
phylogenetic tree, and polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) [23]. These
techniques are fast, accurate, and highly sensitive; moreover, they can be performed for species identification for
immature stages, cast skins, or incomplete specimens collected from the field.
Previous studies on the identification of bed bugs from Iran claimed that C. lectularius was the prevalent species in
Iran [24–28]. But all these previous studies were based on morphological examination. While there is a significant
similarity between the two species, there are minor morphological differences that may be hard to distinguish [19,29].
Furthermore, most of these studies were done in the northern and northwestern parts of Iran with attention to the
various climates and geographical regions in Iran. In a recent study Hosseini-Chegeni et al. (2019), showed that the
nymph and adult bug specimens collected from residential buildings in central and western parts of Iran were C.
hemipterus based on the phylogenetic analysis of cytochrome c oxidase subunit 1 (COI) gene [30]. In the present
study, samples were collected from the southwest of Iran. The results of sequences BLAST in the Genbank and
phylogenetic tree showed that all the sequences obtained in this study belong to the C. hemipterus. Khuzestan
province has an important impact on trade and commerce, tourism, and a steady influx of migrant workers. We think
that the fauna of bed bugs in this province may be affected by climate changes, tourism industry, and international
trades. The Disparity Index result showed that the specimens were of heterogeneous populations. The level of genetic
differentiation indicated by FST was rated as FST > 0.25 (huge differentiation), 0.15 to 0.25 (great differentiation),
0.05 to 0.15 (moderate differentiation) and FST < 0.05 (negligible differentiation) [31]. In this study, genetic
differentiation among the population was 0.6 and indicated differentiation among the population.
Members of the Cimicidae show some common characteristics with other hematophagous arthropods and some
unique features in the family. Insect antennae play a very important role in many crucial insect behaviors, such as
mating, localization for oviposition, searching for food, aggregation, and escaping from dangers [32,33]. Antennae
carry a wide range of sensilla types that serve a multiplicity of sensory modalities, including olfaction, gustation,
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mechanoreception, thermoreception, and hygroreception [34]. For C. hemipterus, location of its host, selection of a
proper site on the body-part for sucking the blood and the act of taking in the blood meal, followed by an escape
response on satiation, or on sensing danger, are all dependent on a rich complement of olfactory, gustatory, thermo-,
hygro-, and mechanosensory sensilla [35]. Antennal sensilla from several dipterans’ insects have been characterized
[36–39]. Insect antennal sensilla usually occur in the form of hairs, pegs, and pits. Based on their morphological
characteristics they can be termed as sensilla trichodea, placodea, coeloconica, basiconica, chaetica, Bӧhm’s bristles,
etc [40,41]. In this study, fine sensilla were found in each segment of the C. hemipterus antenna and the size and the
distribution of sensilla were similar in both the sexes. Sensilla density was greater on the pedicel than the remaining
segments. Results from Olson et al., (2014) antennectomy experiments showed that sensilla on the distal half of the
pedicel are necessary for off-host aggregation by bed bugs [42]. In the present study, two types of chaetic, one type of
basiconic and one type of coeloconic sensilla in females and males. Chaetica sensilla were the most prominent and
longest sensilla on the antennal surface. Several studies indicate that cheatica sensilla are both chemoreceptors and
mechanoreceptors [43–45]. They may protect the finer underlying structure on the antennae or perceive the difference
in substrate texture and movement [44,46]. Sensilla basiconica was found mainly on both the flagellar segments
(Fig. 2). Sensilla basiconica on the antennae are deduced to possess olfactory function [47]. Sensilla coeloconica was
peg-in-pit sensilla, consisting of a small peg set on the floor of a chamber sunken into the cuticle. Wang et al. (2016)
concluded that sensilla coeloconica type might be olfactory or humidity receptors, as demonstrated in other studies
[48]. Based on the distribution of the various types of sensilla, no sexual dimorphism could be noticed in C.
hemipterus. A brief description of the bed bug tibial brush now usually referred to as the tibial pad [49] or the fossula
spongiosa [18]. SEM analysis of Baker and Goddard (2018) revealed that near the apex of the tibial brush setae, they
become distinctly spatulate with a smooth dorsal surface and a ventral surface with rounded protuberances [50].
Their transmission electron microscopy (TEM) analysis showed that the brush setae were hollow and had a porous
cuticle. Different studies claimed that these setae are used for surface adhesion of insects. Furthermore, perhaps
males use tibial brush setae to hold and position females during mating [50]. In the present study, we found that
Trichoid sensilla were disseminated among the tibial brush setae. Seelinger and Tobin (1981) believed that the
trichoid sensilla situated among the tibial brush setae were likely involved in perceiving sensory cues from various
substrates [51]. In the general explanation of the insect legs, the tarsal apex bears the structures which form the
pretarsus, the terminal segment of the legs [52]. In this study, we showed several structures in pretarsus and as seen in
Fig. 4 open-closed system was found in C. hemipterus legs. The open-closed rack system could be a system to lock
the position of the claw, as was the pad-like structure and always two spiniform setae were in its base. The openclosed system has been seen in sucking lice (Anoplura), P. humanus, and Haematopinus apri [53]. To the best of our
knowledge, this is the first report of an open-closed rack system in the legs of C. hemipterus.

Conclusions
Previous studies claimed that C. lectularius is the abundant species of Cimicids in Iran. But, in this investigation, the
results of sequences BLAST in the Genbank and phylogenetic tree showed that all the sequences belong to the C.
hemipterus and all the samples were of heterogeneous populations. Furthermore, the mtDNA 16S rRNA gene has
shown to be a valuable tool for bug species identification. To the best of our knowledge, the structure of legs has not
been documented in detail so far and this is the first report of an open-closed rack system in legs of C. hemipterus.
Because our sampling area was limited, further study is needed to determine the abundance species of bed bug in
Iran.
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Tables
Table 1.
Test of the homogeneity of substitution patterns between sequences. A Monte Carlo
test (500 replicates) was used to estimate the P-values, which are shown in the table. Pvalues smaller than 0.05 are considered significant.
MT520974

MT520975

MT520976

MT520977

MT520978

MT520974

-

-

-

-

-

MT520975

1

-

-

-

-

MT520976

1

1

-

-

-

MT520977

1

1

1

-

-

MT520978

1

1

1

0.43

-

Table 2.
Estimates of evolutionary divergence between sequences. The number of base
substitutions per site from between sequences is shown in the table. Analyses were
conducted using the Tajima-Nei model. The rate variation among sites was modeled
with a gamma distribution.
MT520974

MT520975

MT520976

MT520977

MT520978

MT520974

-

-

-

-

-

MT520975

0.03

-

-

-

-

MT520976

0.00

0.04

-

-

-

MT520977

0.06

0.05

0.06

-

-

MT520978

0.05

0.04

0.06

0.072

-

Page 12/21

Table 3.
Basic parameters of genetic and neutrality tests in five C. hemipterus samples collected from Iran (ð: Nucleotide
diversity; Eta: Total number of mutations; Hap: Number of haplotypes; Hd: Haplotype diversity; Pi: The average number
of nucleotide differences per site between two sequences; G+Cn: G+C content at the non-coding position).
Diversity Parameters

Net
sites

Polymorphic
sites

Singleton
variable
sites

Parsimony
informative
sites

Neutrality test

ð

Eta

Hap

Hd

Pi

G+Cn

Tajima,
D
p˃0.01

323

28

16

14

0.57

30

5

1

0.04

Table 4.
Conserved regions of the 16S rDNA sequences of
the C. hemipterus.
Region

Start-End

Homozygosity

P-value

1

1-42

1

0.01

2

44-92

1

0

3

261-333

1

0

Figures
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0.26

0

Fu, Fs
p˃0.01
0.13

Figure 1
The phylogenetic tree was inferred by using the Maximum Likelihood method and Hasegawa-Kishino-Yano model. A
discrete Gamma distribution was used to model evolutionary rate differences among sites. The reliability of an
inferred tree was tested by 1000 bootstrap. This analysis involved five nucleotide sequences collected in this study
(MT520974-MT520978), 21 nucleotide sequences from Genbank, and one outgroup (P. humanus capitis,
AY139928.1). Evolutionary analyses were conducted in MEGA X.
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Figure 2
Shows the antenna and its sensilla. Scape (S), pedicel (p), flagellum (f), and distal flagellum (df), deep groove (dg),
pronotum (pro), hemelytral pads (hem), scutellum (sc), metathorax (m).
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Figure 2
Shows the antenna and its sensilla. Scape (S), pedicel (p), flagellum (f), and distal flagellum (df), deep groove (dg),
pronotum (pro), hemelytral pads (hem), scutellum (sc), metathorax (m).

Figure 3
Shows the mouthparts of C. hemipterus. Maxilla (max), mandibles (man), labrum (lrm), labium (lum), rostrum (ro),
hemelytral pad (hp), clypeus (cl), Eye (e), maxillary lobe (maxl).

Page 17/21

Figure 3
Shows the mouthparts of C. hemipterus. Maxilla (max), mandibles (man), labrum (lrm), labium (lum), rostrum (ro),
hemelytral pad (hp), clypeus (cl), Eye (e), maxillary lobe (maxl).

Figure 4
Shows several structures in pretarsus. Open- closed system is shown in C. hemipterus legs. Claw (c), tibial brush (tb),
spine of the thumb (spn), stout long spines (sls), coupled finger-like process(flp), rack- system (crs), campaniform
organ (cao), tactile hair (th), lateral telescopic columns (ltc).
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Figure 5
A: shows the paramere (pr), paramere groove (prg), and male bugs chaetae with four teeth in the tip (che). B: shows
the spermalege (sp), gonocoxite (gc), gonapophysis (gp), paratergite (pa), spiracle (s), and female bugs chaetae with
three teeth in the tip (che).
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