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Abstract

Background: A combined morphological and molecular survey was performed to determine the agent of human linear
dermatitis Paederus Fabricius, 1775 (Coleoptera: Staphylinidae, Paederinae) species composition in Mazandaran Province in
the Caspian Sea coast in northern Iran, where most of linear dermatitis cases of the country occurred.

Methods: Altogether, 397 Paederus specimens were collected from May to August 2021 and classified using morpho-
logical characters and ITS2-rDNA sequence analysis.

Results: Morphological investigation revealed that all the specimens were Paederus fuscipes. 1TS2 polymerase chain
reaction (PCR) direct-sequences and the profiles of restriction fragment length polymorphism (RFLP) derived from
digestion of PCR products by Hinfl, Hpall, and Sall enzymes were identical confirming the morphological results, im-
plying that all specimens belonged to a single taxon.

Conclusion: Paederus fuscipes (Fabricius, 1775) is considered the dominant taxon and responsible for linear dermatitis
in Mazandaran Province. To our knowledge, we have provided the first molecular typing of Paederus beetles at the spe-
cies level, suggesting that ITS2-rDNA characterization is an alternative tool for species discrimination of Paederus spp.
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Introduction

Rove beetle (Staphylinidae) is the prime Paederus beetles are nocturnal and attract-
family of Coleoptera order with more than 6.000 ed by incandescent and fluorescent lights. As
species (1, 2). Paederus Fabricius, 1775, is cat- Paederus species turn towards particularly flu-
egorized into the tribe Paederini and subfam- orescent light, they encounter with people. These
ily Paederinae, presently encompasses around insects that can enter homes at nights from an
490 species (3). According to Herman (2001), open window or underneath of door, excrete
Paederinae subfamily is the third largest sub- toxic substance in their hemolymph when they
family within the Staphylinidae family, and it are disturbed or rushed.
is represented about 6.000 species (4). In the The hemolymph of some species within the
Palaearctic region, the genus Paederus is in- Paederus has long been recognized to be an ir-
cluded 85 species and subspecies. Some Rove ritation as, once released, it leads to human lin-
beetle are scavenger (5) or predator and act as ear dermatitis and conjunctivitis (7). The signs are
biological agents in control of pests (6). as a result of a toxic amide substance, named
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Pederin (C25 H45 O9 N, LDso: 0.14mg/kg rat
i.p.) (8) and makes up roughly 0.025% of an
adult P. fuscipes weight. After pederin touch-
es the skin, this substance to be proportional to
its amount may cause important results from a
simple rash to large wounds. At least 20 spe-
cies of Paederus beetles have been associated
with linear dermatitis (9). Along with causing
rigorous skin lesions, their ordinary substruc-
ture accounts for similar antitumor and antiviral
activities, cytotoxicity and interruption of DNA
metabolism which are primarily based on ob-
struction of eukaryotic protein biosynthesis (10—
13). At the same time owing to have the abil-
ity of inhibiting protein and DNA synthesis
and being a very strong toxic substance, peder-
in has been habited in tumor studies in current
years. The secretion or production of pederin
depends on the activities of a Paederus bacte-
rial endosymbiont (Pseudomonas sp.) (14-18).
The production of pederin is mainly limited to
adult female beetles which protects the beetles
against predators (14, 15, 19). Males and lar-
vae only accumulate pederin gained maternal-
ly (i.e., through eggs) or by ingestion (13).

Systematics of Paederus species is rather
problematic and is relied on the male main and
secondary sexual morphological characters (20).
This has ended a very complex history for Pae-
derus taxonomy and has reformed it intensely
(21) and some species are regarded as syno-
nyms of each other and or lowered to a single
subspecies/species (22 and references herein).
Recent advances in molecular methods have
provided an extensive range of molecular mark-
ers for taxonomy and systematics of insects
(23-30). The ribosomal DNA (rDNA) of insect
genome has many advantages comprising known
PCR primers, easy to use, a high interspecies
mutation rate, and low intraspecies mutation rate
due to homogenization has acknowledged par-
ticular attention for taxonomic and systematic
studies of insects (24, 31-39).

Earlier studies on the ecology, geographical
distribution, medical importance, and fauna of
Paederus beetles in Iran showed presence of

95

A Heydari et al.: Molecular Characterization of ...

fourteen Paederus subspecies or species in the
country, in which six species P. littoralis ilsae,
P. fuscipes, P. balachowskyi, P. balcanicus, P.
riparius, and P. duplex are reported in Caspi-
an Sea coast (Mazandaran, Guilan, and Goles-
tan Provinces) (22). However, due to prob-
lems in Paederus species identification, vari-
ous lists of species have been reported for a
same region. In north of country, for example,
three species of P. pietschmanni (synonym of
P. mesopotamicus), P. fuscipes, and P. specta-
bilis have been reported by Janbaksh and Ar-
dalan (1977) in Mazandaran Province at the
Caspian Sea shore (40). Later, Majidi-Shad et
al. (1989) registered three species of P. ripar-
ius, P. littoralis and P. fuscipes, from the same
region (41). Afterwards, P. balcanicus, P. fusci-
pes, and P. kalalovae were reported from the
same region by Nikbakhtzadeh and Tirgari
(2008) (42). Ultimately, three species of P. bala-
chowskyi (synonym of P. mesopotamicus), P.
balcanicus, and P. fuscipes, was reported from
the same region by Nikbakhtzadeh et al. (2012)
(22). This discrepancy and inconsistency stimu-
lated us to test genetic variation of ITS2-rDNA,
as a powerful molecular marker, of Paederus
specimens collected from the province to un-
ravel systematic status of the Paederus beetles
in the area.

Materials and Methods

Study area and Paederus collection
Mazandaran Province (MP) is 23,833km?,
situated on the southern coast of the Caspian
Sea; clockwise it is bounded by the, Tehran, Al-
borz, Golestan Semnan, Qazvin, and Guilan Ps.
City of Sari is the capital and the largest city of
the province. The province is geographically par-
titioned into two parts: the mountainous areas,
and the coastal plains. The Alborz Mountain
Range borders the coastal belt and plains of the
Caspian Sea. There is often snowstorm through-
out most of the seasons in the Alborz regions,
which run correspondence to the Caspian Sea's
southern coast, partitioning the province into
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many remote valleys. The province includes 15
counties including Sari, Babol, Amol, Behshahr,
Babolsar, Chaloos, Tonekabon, Ramsar, Juybar,
Qaem Shahr, Savad Kooh, Neka,Mahmood
Abad, Noshahr, and Noor (Fig. 1).

Adult Paederus samples were collected by
mouth aspirator on various vegetation (partic-
ularly rice) in early morning or afternoon and
under soils at warm hours of daytime. In some
areas, an ultraviolet black light was used for
specimen collection from dusk to midnight at
night as previously described by Nikbakhtza-
deh and Tirgari (2008) (42). The collections were
done mostly in rice farms in 33 sites belong to
the 15 MP’s counties (Fig. 1, Table 1). The rice
fields were selected randomly, and sampling was
conducted throughout the growth time from May
to August 2011. The captured specimens were
kept in 70% ethanol till morphological and mo-
lecular identification.

Morphological identification

The pictorial keys of Coiffait (1982) were
used to determine the specimens to genus lev-
el (20) and then we send them to the specialist
(Dr Sinan Anlas laboratory) in Turkey for spe-
cies identification. The specimens were iden-
tified on the base of habitus and sound struc-
ture of male basal and secondary sexual char-
acters (Fig. 2).

DNA extraction

A subset (n=66) of Paederus specimens’
representative of the populations and counties,
were chosen for DNA analysis. Total body of
individual samples was used for genomic DNA
extraction using DNeasy® Blood and Tissue
Kit (Qiagen, Hilden, Germany), according to
the manufacturer’s instructions. Preceding to
DNA extraction, the specimens were frozen and
then pounded in the Kit supplied buffer and
extraction followed based on the manufactur-
er's directions.

DNA amplification
The primer pair ITS3f (5'-gcatcgatgaagaac-
gcagc-3’) and ITS4r (5'- teetecgcttattgatatge-3°)
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was used to amplify ITS2 (Internal Transcribed
Spacer number 2) region of rDNA gene of the
specimens. The primer pair has already been
proposed by White et al. (1990) and utilized for
some Coleopteran (43). PCR amplification cock-
tail included 5ul 10x PCR-Buffer, 120uM of
each dNTPs, 50pmol of each primer, 2ul (around
100ng) of template DNA, and 2.5U of Taq
polymerase (Sinaclon, Iran) in a 25ul reaction
volume. PCR amplification was accomplished
with an Eppendorf thermal cycler (Germany).
The cycling program was: 3min denaturation
at 94 °C followed by 35 cycles of 1min at 94
°C, 1min at 52 °C, and 2min at 72 °C, and a final
7min chain elongation. Well-characterized DNA
samples and double distilled water (ddH20)
were used as positive and negative controls.

Sequencing and PCR-RFLP

A subset (n=17) of the specimen PCR prod-
ucts were refined from gels by using a gel pu-
rification kit and used for sequencing. An ABI
3730 sequencer machine by Bioneer (South Ko-
rea) was used for sequencing the samples. The
ambiguities of resultant sequences were veri-
fied and their homologies with the accessible
sequence data in GenBank was blasted by using
basic local alignment search tool (BLAST) analy-
sis software (www.ncbi.nlm.nih.gov/BLAST).

To thrifty in time and cost of sequencing,
the rest of specimens were tested by restriction
enzyme fragment polymorphism (RFLP) assay.
To do this, the ITS2 sequences attained in pre-
sent study was tested to prepare its physical map
and to choose restriction/digestion enzymes by
using the Nebcutter program (44) (Fig. 3). Re-
striction/digestion enzymes were selected ac-
cording to their sites on the PCR product, costs,
profiles, and obtainability in the marketplace. Di-
gestion or cutting of PCR products was ac-
complished in 25uL of a solution containing
15uL of PCR product associated with 2.5uL of
enzyme buffers and 5 units of individual re-
striction enzymes (Hinfl, Hpall, and Sall) over-
laid with two droplets of mineral oil. The blend
was nursed at the temperature suggested by the
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enzyme supplier. An aliquot part (14uL) of the
restricted product was blended with 6uL of load-
ing buffer (0.25% bromophenol blue, 0.25%
xylene cyanol, 30% glycerol), loaded on to a
2% agarose gel, and electrophoresed. Gels were
contaminated with ethidium bromide (2mg/mL)
and the RFLP outlines were envisioned under
ultraviolet light.

Results

Species identification and PCR-RFLP
During the study period, a total of 397
adult Paederus specimens were gathered by
hands or black-light trap. Except one speci-
men of Philonthous cf. sp which belongs to
Staphylininae subfamily, (tribe Staphylinini,
subtribe Philonthinina), all the specimens were
classified morphologically as Paederus fusci-
pes (Fig. 2). This species was the predominant
taxon representing 99.75% (396) of the total
number of collected rove beetles. A subsec-
tion of the morphologically distinguished P.
fuscipes were laid open to ITS2-rDNA PCR
amplification. A 495bp fragment was amplified
for all tested specimens. The ITS2 PCR prod-
ucts of a total of 17 morphologically identi-
fied P. fuscipes were selected based on their
geographical origin for sequence characteriza-
tion. The specimens were sequenced for both
strands and the consensus data were submitted
to GenBank database with GenBank identifi-
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cation numbers (IDs): KC414867- KC414883
(Table 1). The amplified fragment comprises
126bp of 3’ end of 5.8S ribosomal DNA gene,
312bp internal transcribed spacer number 2
(ITS2), and 57bp of 5* end of 28S ribosomal
DNA gene. The sequences were relatively high
(58.4%) GC content. Among the sequences,
there was no substitution or indel throughout
the 495bp of the fragment indicating identical
sequences. Afterward, a BLAST search on the
sequences showed that there were some match-
ing 1TS2 sequences for P. fuscipes species in
GenBank including a specimen from south of
Iran (GenBank ID: KM086334) with 98.75%
identity), and a specimen from China (Gen-
Bank ID: MZ172410) with 96.34% identity.
Also, there were some homologous sequences
with 89.45% maximum identity belonged to
P. mesopotamicus from Turkey (GenBank ID:
KC414866) and with 85.18% maximum identity
belonged to P. littoralis from south of Iran
(GenBank ID: KM098054).

Sequence analysis of P. fuscipes ITS2 frag-
ment revealed appropriate restriction sites for
Hpall (CC|GG) at 146, Sall (G{TCGAC) at
221, and Hinfl (G|ANTC) at 310 nucleotide
positions (Fig. 3). Restriction digestion of the
ITS2 PCR products gave two fragments of
310/185, 146/349, and 221/274bp for Hinfl,
Hpall, and Sall respectively for all the 396
morphologically identified P. fuscipes.

Caspian Sea

Fig. 1. Map of the area study (Mazandaran Province) and the collection sites (stars) of Paederus specimens
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Fig. 2. Details of Paederus fuscipes (A)- habitus; (B)- aedeagus in ventral view (C)- aedeagus in dorsal view (D)-
aedeagus in lateral view. Scale bars: 1.0mm (A); 0.2 mm (Figs. B-D)
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Fig. 3. Physical map of 495bp fragment of ITS2-rDNA region of Paederus fuscipes. The Hpall, Sall, and Hinfl re-
striction sites at 146, 221, and 310 nucleotid positions are shown by arrows
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Table 1. Details of morphologically identified Paederus fuscipes specimens collected in this study

Location (township) Date Site No. Further Identifi- GenBank Ac-
2011 cation Method cession
Number
Mahmood-Abad May Zardab, Hezarpey-Shomali 11 Sequencing KC414874
Abolhassan-Abad 12 PCR-RFLP
June Ahlmarestaghe-Shomali 11 PCR-RFLP KC414875
May Ahlmarestaghe- Jonobi 12 PCR-RFLP
July Mirdeh-Olya, Daboye-Shomali 27 PCR-RFLP NA
Amol May Bisheh-Mahaleh 13 Sequencing KC414873
June Roodbar 12 PCR-RFLP NA
June Aghozin, Linkooh 10 PCR-RFLP NA
July Osko-Mabhaleh, 13 PCR-RFLP NA
Mirza KochakKhan Jungle, Linkooh
April Marzango 21 Sequencing KC414878
Ghaem-Shahr June Haji-Kola, Balanjan 9 PCR-RFLP NA
June Ahangar-Kola, Noukandeh 14 Sequencing KC414872
Noor June Banafsheh, Mianrood 12 Sequencing KC414877
Babol June Markazi Kati Tayebi, Babolkenar 11 Sequencing KC414871
July Mansour-Kandeh, Feyziyeh 8 PCR-RFLP NA
Babolsar June Sorkh-Dasht, Bahmanmir 17 PCR-RFLP NA
Location (township) Date Site No. Further Identifi- GenBank Ac-
2011 cation Method cession Number
Sari June Jafar-Abad, Banaft 15 PCR-RFLP NA
July Taher-Abad, Roodpeye-Shomali 16 Sequencing KC414879
Fereydoon-Kenar June Shahrae-Daryasar, Barikrood 10 Sequencing KC414880
Juybar June Seraj-Mahaleh, Siahrood 11 PCR-RFLP NA
Neka June Ghaleh-Sare-Olya, Peyrajeh 12 PCR-RFLP NA
Behshahr June Abbas-Abad, Kouhestan 11 Sequencing KC414876
Gelogah June  Mosayeb Mahaleh, Tooska, Spring 16 Sequencing KC414870
Shirgah June Kati-Lateh 14 PCR-RFLP NA
Pool-Sefid July Pool-Sefid 10 Sequencing KC414881
Zirab July Zirab 12 PCR-RFLP NA
Alasht July Larzaneh 11 Sequencing KC414882
Noushahr July Kajour, Khachak 9 PCR-RFLP NA
Chalous July  Namak Abrood, Kalarestake-Gharbi 8 Sequencing KC414869
Tonekaboun July Kelarabad, Yalbandan, 10 Sequencing KC414868
Ramsar July Janate-Roodbar, Grasma-Sar 8 Sequencing KC414883
Abbas-Abad July Kelar-Abad 11 PCR-RFLP NA
Royan Aug. Noor 10 Sequencing KC414867
Discussion

To our knowledge, this is the pioneer mo-
lecular analysis at population level aiming at
Identifying Paederus beetles in literature. Based
on the results of present study, the Paederus
spp population in Mazandaran Province in the
Caspian Sea shore almost exclusively consists
of P. fuscipes. In the other hand, previous studies
(22, 41, 42) reported the presence of five more
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species including P. kalalovae, P. littoralis, P.
balcanicus, P. riparius, and P. balachowskyi
(synonym of P. mesopotamicus) in the prov-
ince. This discrepancy may be due to the col-
lection method we used in this study. The va-
lidity of our findings requires a thorough pro-
cess from design to using various sample col-
lection methods. However, the present study
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failed to consolidate presence of other five
species in the province. Thus, P. fuscipes can
be regarded as the main local causative agent
of linear dermatitis. It is worth mentioning that
P. kalalovae (one of the five species mentioned
above) and P. fuscipes is treated as synonym spe-
cies in the modern systematics of Staphylini-
dae (45, 46). Paederus fuscipes has been found
in north, centre and south of Iran (22, 40, 47-54).
It has also an extensive geographical dispersal
globally in the old-world countries (20, 55, 56).
Species classification of the rove beetles is
mostly dependent on the examination of the gen-
italia and demands a distinguished level of pro-
ficiency particularly for doubtful species. This
results in struggle to identify and confines their
examination, management, and control. In cur-
rent study the ITS2 of rDNA region was used
for species identification of the rove beetle. This
locus is a recognized powerful molecular in-
dicator for species diagnostic assay. It is prov-
en that inter-specific variation in this moder-
ately fast evolving region is higher than intra-
specific sequence variation (38, 57-60).
Further studies are now necessary to clari-
fy the Paederus species composition of in the
country using type specimens or morphologi-
cally distinguished species. Nikbakhtzadeh et
al. (2012) reported 14 subspecies and species
of the genus Paederus, belonged to five sub-
genera in the country (22). It is also suggested
to examine sequence variation of ITS2 region
or other genes such as mitochondrial DNA cy-
tochrome oxidase subunit one (mtDNA COI),
28S, Topoisomerase |, and wingless, in Pae-
derus spp to provide a molecular key for dis-
tinguishing of the Iranian Paederus species.
There is a substantial report on application of
COl in species identification, systematics, and
population genetics of beetles in the literature
(32, 36, 57, 61, 62). There are a scarce existing
COl sequence data of P. ruficollis (JX416589),
P. littoralis (ANs: DQ155980; JX416591), P.
fuscipes (DQ156010), and P. riparius (IJX
416588) in Genbank database. Species identi-
fication can be performed by using RFLP out-

100

A Heydari et al.: Molecular Characterization of ...

lines on PCR amplicons or developing species-
specific primers to supply species-specific band/
s. Bazrafkan et al. (2016) demonstrated that mo-
lecular typing using mtDNA COI gene followed
by RFLP was useful to differentiate between
two species P. littoralis (=syn: P. lenkoranus,
P. ilsae) and P. fuscipes, and recommended
PCR-RFLP of mtDNA COl for distinguishing
of other Paederus species, which morphologi-
cally are identical or very challenging to be
distinguished (63).

Conclusion

The composition of the local Paederus
population in Mazandaran Province in north
of Iran consist typically of P. fuscipes and
seems to be the main source of linear dermati-
tis in the region. According to our estimation,
this dermatitis is probably seen in almost eve-
ry place of MP at Caspian Sea coast and in
adjacent regions during hot and humid sum-
mer months, it is confused with various der-
matoses thus detailed research must be done.
Due to difficulties and doubtful morphologi-
cal identification of Paederus species, more
detailed morphological and molecular systematic
and faunal investigations need to be done in
the future to determine the Paederus fauna of
MP and Iran more accurately, and the number
of species confirmed.

Acknowledgements

This work was supported financially by
Tehran University of Medical Sciences, Iran.

Ethical considerations

This study was performed based on Teh-
ran University of Medical Sciences (TUMS)
Ethical Committee Guideline.

http://jad.tums.ac.ir
Published Online: March 31, 2023


http://jad.tums.ac.ir/
http://www.ncbi.nlm.nih.gov/nuccore/JX416589.1
http://www.ncbi.nlm.nih.gov/nuccore/JX416591.1
http://www.ncbi.nlm.nih.gov/nuccore/JX416588.1
http://www.ncbi.nlm.nih.gov/nuccore/JX416588.1

J Arthropod-Borne Dis, March 2023, 17(1): 94—104

Conflict of interest statement

The authors declare there is no conflict of
interests.

References

1. Tokareva A, Koszela K, Ferreira VS, Yama-
moto S, Zyta D (2023) The oldest case of
paedomorphosis in rove beetles and de-
scription of a new genus of Paederinae from
Cretaceous amber (Coleoptera: Staphylin-
idae). Sci Rep. 13(1): 5317.

2. Grebennikov VV, Newton AF (2009) Good-
bye Scydmaenidae, or why the ant-like
stone beetles should become megadiverse
Staphylinidae sensu latissimo (Coleop-
tera). Eur J Entomol. 106 (2): 275-301.

3. Vieira JS, Ribeiro-Costa CS, Caron E (2014)
Rove beetles of medical importance in
Brazil (Coleoptera, Staphylinidae, Paeder-
inae). Rev Bras Entomol. 58: 244-260.

4. Herman LH (2001) Catalog of the Staph-
ylinidae (Insecta: Coleoptera). 1758 to the
end of the second millennium. Volumes
I-VII. Bull Am Mus Nat Hist. 265:
1-4218.

5. Frank JH, Thomas MC (2016) Rove bee-
tles of the world, Staphylinidae (Insecta:
Coleoptera: Staphylinidae). EENY. 114:
1-8.

6. Echegaray ER, Cloyd RA (2013) Life his-
tory characteristics of the rove beetle, Da-
lotia coriaria (Coleoptera: Staphylinidae)
under laboratory conditions. J Kans En-
tomol Soc. 86: 145-154.

7. Frank JH, Kanamitsu K (1987) "Paederus,
sensu lato (Coleoptera: Staphylinidae):
natural history and medical importance”.
J Med Entomol. 24: 155-191.

8. Pavan M, Bo G (1953) Pederin, toxic prin-
ciples obtained in the crystalline state
from the beetle Paederus fuscipes. Curt
Physiol comp Oecologia. 3: 307-312.

9. Mullen GR, Durden LA (2009) Medical and

101

10.

11.

12.

13.

14.

15.

16.

17.

A Heydari et al.: Molecular Characterization of ...

Veterinary Entomology. Elsevier Aca-
demic Press Inc, London.

Jacobs-Lorena M, Brega, Baglioni AC
(1971) Inhibition of protein synthesis in
reticulocytes by antibiotics. V. Mechanism
of action of pederine, an inhibitor of ini-
tiation and elongation. Biochim Biophys
Acta. 240: 263-272.

Burres NS, Clement JJ (1989) Antitumor
activity and mechanism of action of the
novel marine natural products my-
calamide-A and -B and onnamide. Can-
cer Res. 49: 2935-2940.

Perry NB, Blunt JW, Munro MHG, Thomp-
son AM (1990) Antiviral and antitumor
agents from a New Zealand sponge, My-
cale sp. 2. Structures and solution con-
formations of mycalamides A and B. J
Org Chem. 55: 223-227.

Piel J (2002) Polyketide synthesis-peptide
synthetase gene cluster from an uncul-
tured bacterial symbiont of Paederus bee-
tles. Proc Natl Acad Sci U S A. 99(22):
14002-14007.

Kellner RLL, Dettner K (1995) Allocation
of pederin during lifetime of Paederus
rove beetles (Coleoptera: Staphylinidae):
Evidence for polymorphism of hemo-
lymph toxin. J Chem Ecol. 21: 1719-1733.

Kellner RLL (2002) Molecular identifica-
tion of an endosymbiotic bacterium as-
sociated with pederin biosynthesis in Pae-
derus sabaeus (Coleoptera: Staphylini-
dae). Insect Biochem Mol Biol. 32: 389-
395.

Piel J, Hofer I, Hui D (2004) Evidence for
a Symbiosis Island Involved in Horizon-
tal Acquisition of Pederin Biosynthetic
Capabilities by the Bacterial Symbiont
of Paederus fuscipes Beetles. J Bacteri-
ol. 186: 1280-1286.

Maleki-Ravasan N, Akhavan N, Raz A,
Jafari M, Zakeri S, Dinparast Djadid N
(2018) Co-occurrence of pederin-produc-
ing and Wolbachia endobacteria in Pae-
derus fuscipes Curtis, 1840 (Coleoptera:

http://jad.tums.ac.ir
Published Online: March 31, 2023


http://jad.tums.ac.ir/

J Arthropod-Borne Dis, March 2023, 17(1): 94—104

18.

19.

20.

21,

22,

23.

24,

25.

26.

Staphilinidae) and its evolutionary conse-
quences. Microbiologyopen. 8(7): e00777.

Chamankar B, Maleki-Ravasan N, Karami
M, Forouzan E, Karimian F, Naeimi S,
Choobdar N (2023) The structure and di-
versity of microbial communities in Pae-
derus fuscipes (Coleoptera: Staphylini-
dae): from ecological paradigm to patho-
biome. Microbiome. 11(1): 11.

Haine ER (2008) Symbiont-mediated pro-
tection. Proc Biol Sci. 275: 353-361.

Coiffait H (1982) Coléopteres Staphylini-
dae de la région Paléarctique occidentale.
IV. Sous-famille Pederinae. Tribus Ped-
erini 1 (Paederi, Lathrobii). Nouv Rev En-
tomol. 12(4): 1-440.

Li XY, Zhou HZ (2009) A review of Chi-
nese species of the subgenus Paederus s.
str. (Coleop-tera: Staphylinidae: Paeder-
inae) with description of a new species.
Zootaxa. 2083: 46—64.

Nikbakhtzadeh MR, Nader Mi, Safa P
(2012) Faunal diversity of Paederus Fab-
ricius, 1775 (Coleoptera: Staphylinidae)
in Iran. Insecta Mundi. 267: 1-9.

Hill SM, Crampton JM (1994) DNA-based
methods for the identification of insect
vectors. Ann Trop Med Parasitol. 88:
227-250.

Collins FH, Paskewitz SM (1996) A review
of the use of ribosomal DNA (rDNA) to
differentiate among cryptic Anopheles
species. Insect Mol Biol. 5: 1-9.

Karimian F, Oshaghi MA, Sedaghat MM,
Waterhouse RM, Vatandoost H, Hanafi-
Bojd AA, Ravasan NM, Chavshin AR
(2014) Phylogenetic analysis of the ori-
ental-Palearctic-Afrotropical members of
Anopheles (Culicidae: Diptera) based on
nuclear rDNA and mitochondrial DNA
characteristics. Jpn J Infect Dis. 67(5):
361-367.

Koosha M, Oshaghi MA, Sedaghat MM,
Vatandoost H, Azari-Hamidian S, Abai
MR, Hanafi-Bojd AA, Mohtarami F
(2017) Sequence analysis of mtDNA COI

102

217.

28.

29.

30.

31.

32.

33.

34.

A Heydari et al.: Molecular Characterization of ...

barcode region revealed three haplotypes
within Culex pipiens assemblage. Exp
Parasitol. 181: 102-110.

Oshaghi MA, Yaghobi-Ershadi MR,
Shemshad K, Pedram M, Amani H (2008)
The Anopheles superpictus complex: in-
troduction of a new malaria vector com-
plex in Iran. Bull Soc Pathol Exot. 101
(5): 429-434.

Jafari S, Oshaghi MA, Akbarzadeh K, Abai
MR, Koosha M, Mohtarami F (2019)
Identification of Forensically Important
Flesh Flies Using the Cytochrome C Ox-
idase Subunits I and 1l Genes. J Med En-
tomol. 56(5): 1253-1259.

Khanzadeh F, Khaghaninia S, Maleki-Rav-
asan N, Oshaghi MA, Adler PH (2020)
Black flies (Diptera: Simuliidae) of the
Aras River Basin: Species composition and
floral visitation. Acta Trop. 209: 105536.

Talebzadeh F, Oshaghi MA, Akbarzadeh
K, Panahi-Moghadam S (2020) Molecu-
lar Species Identification of Six Forensi-
cally Important Iranian Flesh Flies (Dip-
tera). J Arthropod Borne Dis. 14(4): 416—
424,

GOmez-Zurita J, Juan C, Petitpierre E (2009)
Sequence, secondary structure and phy-
logenetic analyses of the ribosomal in-
ternal transcribed spacer 2 (ITS2) in the
Timarcha leaf beetles (Coleoptera:
Chrysomelidae). Insect Mol Biol. 9: 591—
604.

Gallego D, Galian J (2001) The internal
transcribed spacers (ITS1 and ITS2) of
the rDNA differentiates the bark beetle
forest pests Tomicus destruens and T. pin-
iperda. Insect Mol Biol. 10: 415-420.

Dezfouli SR, Oshaghi MA, Vatandoost H,
Assmar M (2003) rDNA-ITS2 based spe-
cies-diagnostic polymerase chain reaction
assay for identification of sibling species
of Anopheles fluviatilis in Iran. South-
east Asian J Trop Med Public Health. 34
Suppl 2: 56-60.

Bologna MA, Oliverio M, Pitzalis M,

http://jad.tums.ac.ir
Published Online: March 31, 2023


http://jad.tums.ac.ir/

J Arthropod-Borne Dis, March 2023, 17(1): 94—104

Mariottini P (2008) Phylogeny and evo-
lutionary history of the blister beetles
(Coleoptera, Meloidae). Mol Phylogene.
Evol. 48: 679-693.

35. Trizzino M, Audisio P, Antonini G, De
Biase A, Mancini E (2009) Comparative
analysis of sequences and secondary struc-
tures of the rRNA internal transcribed
spacer 2 (ITS2) in pollen beetles of the
subfamily Meligethinae (Coleoptera, Ni-
tidulidae): potential use of slippage-de-
rived sequences in molecular systemat-
ics. Mol Phylogenet Evol. 51: 215-226.

36. Germain JF, Chatot C, Meusnier I, Artige
E, Rasplus JY, Cruaud A (2013) Molec-
ular identification of Epitrix potato flea
beetles (Coleoptera: Chrysomelidae) in
Europe and North America. Bull Ento-
mol Res. 1: 1-9.

37.Young I, Coleman AW (2004) The ad-
vantages of the ITS2 region of the nu-
clear rDNA cistron for analysis of phy-
logenetic relationships of insects: a Dro-
sophila example. Mol Phylogenet Evol.
30: 236-242.

38. Linton YM, Samanidou-Voyadjoglou A,
Harbach RE (2002) Ribosomal ITS2 se-
quence data for Anopheles maculipennis
and An. messeae in northern Greece,
with a critical assessment of previously
published sequences. Insect Mol Biol.
11: 379-383.

39. Moin-Vaziri V, Oshaghi MA, Yaghoobi-
Ershadi MR, Derakhshandeh-Peykar P,
Abai MR, Mohtarami F, Zahraei-Rameza-
ni AR, Nadim A (2016) ITS2-rDNA Se-
quence Variation of Phlebotomus sergenti
s.I. (Dip: Psychodidae) Populations in
Iran. J Arthropod Borne Dis. 10(4): 462—
473.

40. Janbakhsh B, Ardalan A (1977) Rove bee-
tles (Coleoptera: Staphylinidae) and their
medical importance. Iranian J Public
Health. 6(2): 70-77.

41. Majidi-Shad B, Janbakhsh B, Bagheri-Ze-
nooz B (1989) The species of genus Pae-

103

42.

43.

44,

45.

46.

48.

49.

50.

A Heydari et al.: Molecular Characterization of ...

derus (Col. Staphylinidae) that caused hu-
man dermatitis in the southern region of
Caspian Sea. The 9" Plant Protection Con-
gress of Iran, 1989, Iranian Society of Plant
Protection, Mashhad, Iran, p. 40.

Nikbakhtzadeh MR, Tirgari S (2008) Med-
ically Important Beetles of Iran. J Venom
Anim Toxins incl Trop Dis. 14: 597-618.

White TJ, Bruns T, Lee S, Taylor JW (1990)
Amplification and direct sequencing of
fungal ribosomal RNA genes for phylo-
genetics. In: M.A. Innis, D. H. Gelfand,
J.J. Sninsky, and T.J. White (eds), PCR
Protocols: A guide to methods and ap-
plications, Academic Press, Inc., New
York, pp. 315-322.

Vincze T, Posfai J, Roberts RJ (2003)
NEBcutter: A program to cleave DNA
with restriction enzymes. Nucleic Acids
Res. 31: 3688-3691.

Bohac J (1985) Review of the subfamily
Pederinae (Coleoptera Staphylinidae) in
Czechoslovakia. Acta Entomol Bohe-
mos. 82: 360—-385.

Willers J (1999) Der Artenbestand der Gat-
tung Paederus Fabricius s.l. (Coleoptera,
Staphylinidae) von Nepal. Veroffen-
tlichung des Naturkundemuseums Er-
furt. 18: 121-162.

. Scheerpeltz O (1961) Die von den Herren

W. Richter und Dr. F. Schauffele in den
Jahren 1954 und 1956 im Sudiran aufge-
fundenen Staphyliniden (Col.). Stuttgar-
ter Beitrdge zur Naturkunde. 50: 1-31.

Jarrige J (1971) Contribution a la faune de
I’Iran 21. Coléoptéres brachelytra. An-
nales de la Societe Entomologique de
France (N.S.). 7: 483-502.

Nikdel M, Tirgari S (1998) Survey on be-
havior, biological and pathogenicity char-
acteristics of Paederus beetles in Ramsar
area. Constr Sci J. 4: 13-19.

Nikbakhtzadeh MR, Sadeghiani C (1999)
Dermatite due a deux especes de Paede-
rus au sud de I’'Iran. Bull Soc Pathol Ex-
ot. 92: 56.

http://jad.tums.ac.ir
Published Online: March 31, 2023


http://jad.tums.ac.ir/

J Arthropod-Borne Dis, March 2023, 17(1): 94—104

51. Tirgari S, Nikbakhtzadeh MR (2002) Pae-
derus beetles (Coleoptera: Staphylinidae):
An urban problem in Iran. 4" International
Conference on Urban Pests. In: Jones SC,
Zhai J, Robinson WH. (Eds.). Pocahontas
Press; Charleston, South Carolina, pp. 401-
407.

52. Nikbakhtzadeh MR, Naderi M (2009) Pae-
derus (Col.: Staphylinidae) diversity in
central Iran and intraspecific variations
of allopatric populations of Paederus mes-
opotamicus. In: the 57 Annual Meeting
of the Entomological Society of Ameri-
ca. ESA; Indianapolis, IN. Available at:
http://esa.confex.com/esa/2009/  web-
program/Paper42059.html.

53. Anlas S, Newton AF (2010) Distributional
checklist of the Staphylinidae (Coleoptera)
of Iran, with new and additional records.
Linzer Biologische Beitraege. 42: 335-
388.

54. Fakoorziba MR, Eghbal F, Azizi K,
Moemenbellah-Fard MD (2011) Treat-
ment outcome of Paederus dermatitis
due to rove beetles (Coleoptera: Staph-
ylinidae) on guinea pigs. Trop Biomed.
28: 418-424.

55. Smetana A (2004) Staphylinidae (except
subfamilies Pselaphinae and Scaphidiinae).
Catalogue of Palearctic Coleoptera. II.
Hydrophiloidea-Histeroidea-
Staphylinoidea. In: Lobl 1. Smetana A
(Eds): Apollo Books; Stenstrup, Denmark,
pp. 237-699.

56. Anlas S, Cevik IE (2008) Faunistic studies
on Pederinae (Coleoptera: Staphylinidae)
in Manisa Province, Turkey. Munis En-
tomol Zool. 3: 665-674.

57. Andreev D, Breilid H, Kirkendall L, Brun
LO, ffrench-Constant RH (1998) Lack of
nucleotide variability in a beetle pest with
extreme inbreeding. Insect Mol Biol. 7:
197-200.

58. Sedaghat MM, Linton YM, Oshaghi MA,
Vatandoost H, Harbach RE (2003) The
Anopheles maculipennis complex (Dip-

104

A Heydari et al.: Molecular Characterization of ...

tera: Culicidae) in Iran: molecular char-
acterization and recognition of a new
species. Bull Entomol Res. 93: 527-535.

59. Oshaghi, MA, Yaghobi-Ershadi MR,
Shemshad Kh, Pedram M, Amani H
(2008) The Anopheles superpictus com-
plex: introduction of a new malaria vec-
tor complex in Iran. Bull Soc Pathol Ex-
ot. 101: 429-434.

60. Oshaghi MA, Vatandoost H, Gorouhi A,
Abai MR, Madjidpour A, Arshi S, Sadeghi
H, Nazari M, Mehravaran A (2011)
Anopheline species composition in bor-
derline of Iran-Azerbaijan. Acta Trop.
119: 44-49.

61. Becerra JX (2004) Molecular systematics
of Blepharida beetles (Chrysomelidae:
Alticinae) and relatives. Mol Phylogenet
Evol. 30: 107-117.

62. Chatzimanolis S, Cohen 1M, Schomann A,
Solodovnikov A (2010) Molecular phy-
logeny of the mega-diverse rove beetle
tribe Staphylinini (Insecta, Coleoptera,
Staphylinidae). Zoologica Scripta. 39:
436-449.

63. Bazrafkan S, Vatandoost H, Heydari A,
Bakhshi H, Panahi-Moghadam S, Hash-
emi-Aghdam S, Mohtarami F, Rahimi-
foroushan A, Anlaands S, Shayeghi M,
Oshaghi MA, Abtahi SM (2016) Discrim-
ination of Paederus fuscipes and Paederus
littoralis by mtDNA-COI PCR-RFLP. J
Arthropod Borne Dis. 10(4): 454-461.

http://jad.tums.ac.ir
Published Online: March 31, 2023


http://jad.tums.ac.ir/

