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18% showing fungal infections. Molecular analysis using COIl and LSU
genes identified three Aspergillus species (A. niger, A. inflatus, and A.

tubingensis). Sequences were submitted to GenBank, and all of them
were recorded under the accession numbers PV085519.1, PV085520.1,
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and PV085521.1, respectively. Phylogenetic analysis and secondary
RNA structure prediction confirmed species-level relationships and
showed genetic polymorphism. The study concludes that C. poicilipes
may act as a vector for Aspergillus spp., with implications for public

1. Introduction:

Despite extensive control efforts over centuries, mosquito-
borne diseases continue to spread globally, disproportionately
affecting children and adolescents, and contributing signifi-
cantly to global morbidity and mortality [1]. Over a span of
tens of millions of years, mosquitoes and fungi, along with
viruses and bacteria, have had ample time to interact and
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establish a variety of connections [2]. The World Health Or-
ganization has indicated that vector-borne diseases represent
over 17% of all infectious diseases, resulting in more than
700,000 deaths each year, and can be attributed to parasites,
bacteria, viruses, or fungi [3].

The survival rate of the transmission rate of infections
carried by mosquitoes is likewise significantly influenced by
the same conditions [4]. Specifically, the insect’s rate of mul-
tiplication is influenced by temperature; this in turn influences
the pace of infection of the salivary secretions and, thus, the
probability of successful transfer to another host [5]. In or-
der to diagnose and track vector-borne illnesses with high
sensitivity and specificity, molecular detection methods are
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essential [6]. Pathogens, including Plasmodium, Borrelia,
Dengue virus, and Zika virus, could be quickly and accurately
detected in vectors and hosts using techniques like conven-
tional polymerase chain reaction (PCR), real-time quantitative
PCR (qPCR), and loop-mediated isothermal amplification
(LAMP) [7].

A useful molecular marker for mosquito identification and
detection, cytochrome C is a highly conserved mitochondrial
protein that is involved in cellular respiration and the electron
transport chain [8]. The gene which encodes large subunit ri-
bosomal RNA (LSU 28rRNA) is a useful molecular marker for
identifying and detecting mosquito-associated fungus species
[9]. The LSU rRNA sequencing offers a high resolution of
taxonomic classification because of its conserved and vari-
able sections, which makes it a useful method for researching
fungal communities linked to mosquitoes [10].

The aims of this study can be summarized as follows: var-
ious mosquitoes which were found in the country were tested
for their vector competency whereby captured mosquitoes
were tested for potential pathogens and their capacity to trans-
mit pathogens. Investigation of genetic variation in mosquito
overlapping pathogens via secondary RNA analysis is among
additional aim of the present study. This study involves Min-
istry of Health and Environmental Protection and Improve-
ment Board because the related ministry can depend on our
results in order to control transmitted diseases in the study
area.

2. Materials and Methods:

2.1 Description of Study Area:

Erbil City, referred to as Hawler in Kurdish and historically
known as Arbela, serves as the capital and most populous
urban center of the Kurdistan Region in northern Iraq. Its
geographic coordinates are 36.206293 latitude and 44.008870
longitude, which translate to GPS coordinates 36°12°22.6548”
N and 44°0°31.932” E. Materials and kits that have been
utilized for the present study are summarized in Tables 1 and
2.

2.2 Sample Collection:

A total of 155 adult mosquito specimens were collected
throughout the period from October 1, 2024, to May 29, 2025,
at several locations in Erbil City, Kurdistan region, Iraq (Fig-
ure 1). Each mosquito was examined with a microscope, and
the females were identified and separated. To detect fungi
associated with mosquitoes, each sample was individually
homogenized and inoculated on Sabouraud Dextrose Agar
(SDA) followed by incubation at 25-28°C [11].

2.3 Molecular study:
2.3.1 DNA Extraction:

Ethanol was extracted from parasites before DNA extrac-
tion. Ethanol was eliminated from the specimens by air-drying

Table 1. In Vitro Diagnostic Research Kits were utilized in

this Study.
Kits Company Origin
Applied Biosystem’s
Prism Terminator Macrogen Molecular Korea
Sequencing Kit
The tlssu.e DN.A Beta Bayern GmbH
preparation kit Germany
.90453 Bayern
from Beta Bayern
Master Mix AJS Stenhuggerve Korea

22 AMPLIQON

them [12]. Using extraction, genomic DNA was obtained from
over 20 samples that were collected. With little alterations,
the Beta Bayern tissue DNA preparation kit aligns with the
production’s instructions. Extraction protocol.

2.3.2 Genomic DNA Quantification and Qualification:
NanoDrop (ND-1000, USA)was used to achieve both the
quantity and quality of DNA concentration. It was possible
to get genomic DNA samples with more than 0.5ug and an
A260-A320/A280-A320 ratio of more than 1.7 qualities.

2.3.3 Amplification of DNA:

Since the gene’s Cytochrome Oxidase C Subunit I (COI)
and LSU gene were amplified by PCR, each PCR reaction was
conducted in a total amount of 50 ul of reaction mixture that
contained; The Bioresearch PTC-200 Gradient thermocycler
contains 2x Taq DNA Polymerase Master Mix (AMPLIQON
A/S Stenhuggervej 22), ten Picomol (pmol) primers, DNase-
free water, and template DNA (Table 3). In the temperature
profile, step one consists of an initial denaturation at 95°C for
5 minutes. Step two is followed by 35 cycles of denaturation
at 95°C for 40 seconds, followed by primer annealing at 55°C
for 45 seconds, an additional extension at 72°C for a minute,
and final extension at 72°C for 5 minutes.

2.3.4 Agarose Gel Electrophoresis Preparation:

A clear solution was prepared by heating two grams of
agarose powder in 1X TBE buffer in a microwave [13]. The
solution was left to cool down between 37 and 45 oC by
swirling the flask. After melting the agarose gel, 5-10 ul of
safe dye solution was added, and everything was thoroughly
mixed. After being poured into the casting tray, the melted
agarose solution was allowed to harden. The combs were
cautiously removed. The electrophoresis chamber was filled
with the gel. Enough TBE buffer was added to cover the
gel by two to three millimeters. Five microliters of extracted
DNA were pipetted onto different gel wells. A DNA ladder
with 100-3000 base pairs was meticulously pipetted onto a
different gel well.
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Table 2. Pair of Gene Primers Used in this Study.

1-The primer is used for identifying mosquitoes with PCR conditions

Sequence order

Primer code . .
and direction

Amplicon size [bp] Condition of PCR

95°-5 minutes, 95-35 seconds,

COI-F 5’GGTCAACAAATCATTAAAGATATTGG-3’ 720 59°-35 seconds, 72°-1 minute,

72°-10 minute, and 49 oo
959-5 minutes, 95°-35 seconds,
COI-R 5’ TAAACTTCAGGGTGACCAAAAAATCA-3 720 59°-35 seconds, 72°-1 minute,

72°-10 minute, and 4° oo

2-The primer is used for identifying fungi with PCR condition
Primer code Sequence order and direction Amplicon size (bp) Condition of PCR
LSU-F 95°-5 minutes; 95?-40 seconds,
(28S rRNA) ACCCGCTGAACTTAAGC 1200 56°-40 seconds, 72°-1 minutes;
72°-10 minutes; 49 oo

LSU-R 95°-5 minutes; 95°-40 seconds,
(28S rRNA) CGCCAGTTCTGCTTACC 1200 56?-40 seconds, 72°-1 minutes;

72°-10 minutes; 4° oo

Table 3. Reagents used for PCR Amplification.

No. components of PCR  Concentration  Volume [u1]

1 Master Mix 2x 25

2 Forward Primer 20 Pmol

3 Reverse Primer 20 Pmol

4 DNase-free Water - 18

5 Template DNA 50ng/ul 3
Total 50

2.3.5 Expression of DNA Fragments:

DNA doesn’t show up on the gel because it isn’t naturally
colored. Therefore, a DNA-specific dye is applied to the gel
before electrophoresis. After adding an intercalating dye, such
as ethidium bromide, to an agarose gel, the bands’ locations
are identified by looking at the gel under a UV transillumina-
tor.

2.3.6 DNA Sequencing:

The ABI Prism Terminator Sequencing Kit (Applied Biosys-
tem) at Macrogen Molecular Company of Korea was used to
sequence samples of the PCR product for the COI partial gene
and the LSU gene. The Finch TV program software was used
to check base calls and edit the chromatogram.

2.4 Bioinformatics and Sequence Analysis:
2.4.1 Sequence Editing:

The software programs Finch TV and Jalview (https://www.
jalview.org/getdown/release/) were used to modify the chro-
matograms of all isolated genes and check base calls.

2.4.2 Sequence Similarity Search Tool:

The Basic Local Alignment Search Tool, which applies the
sequence similarity method, was used to investigate all iso-
lated gene sequences from fungi, bacteria, and mosquitoes (us-
ing both, BLASTN) (https://blast.ncbi.nlm.nih.gov/), this in-
formation can be accessed on the National Center for Biotech-
nology Information (NCBI) website at https://www.ncbi.nlm.
nih.gov/ for the comparison between laboratory or query se-
quences (subjects) to see how similar isolated sequences are
to the subject sequences that were previously stored in the gen
bank.

2.4.3 Submitting of the Isolated Sequences to NCBI Datab-

ases:

Sequences with high similarity were placed in an authen-
ticated culture collection center for reference, GenBank in
NCBI in order to record all of them and receive the accession
number for each sequence separately.

2.4.4 Sequence Alighment Search Tool:
Multiple sequence alignment among highly similar sequences
(Subject) and isolated sequences (Query) was done, using the
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Figure 1. A- Map of Iraq. B- Map of Erbil City showing the spec:1ﬁc quarters w1th1n Erbil C1ty where mosqu1to sampling was
conducted: 1- Brayaty,2- Zanko Two, 3-Zilan City, 4-Bakhtiari, and 5-Zin City. These locations were selected based on

environmental variability and urban diversity.

MUSCLE program in MEGA11 software (’C: Files11¢4.exe”).

2.4.5 Phylogenetic Tree Construction and Analysis:

Multiple alignments among different similar sequences
were performed in order to determine the isolated sequences’
phylogenetic position. Through using the MUSCLE model in
MEGA program v.11, similar sequences were chosen and re-
trieved from NCBI for this purpose. They were subsequently
aligned with one another (adding an outgroup for each crea-
ture). The phylogenetic trees of all isolated sequences were
based on the Neighbor-Joining (NJ) and the Maximum Likeli-
hood of the Kimura 2 parameter model. Clade support was
given using 100 and 1000 bootstrap replicates [14], and for the
estimation of the substitution matrix, the Tamura-Nei model
was used.

2.4.6 Secondary RNA Structure Prediction:

The RNA fold web server (http://rnatbi.univie.ac.atcgi-bin)
was used to derive the minimal free energy prediction for the
secondary structure of the separated sample sequences. Fold
is a vital bioinformatics software in molecular science for the
forecast of secondary RNA structure, which depends on the
minimal free energy (MFE) state [15].

3. Results and Discussion:

A total of 155 adult mosquito specimens were collected from
different parts of Erbil City, including Brayaty, Zanko 2, Zilan
City, Bakhtiari, and Zin City. Cytochrome Oxidase C Subunit

I (COI) gene analysis indicates that the collected mosquito is
Culex poicilipes, and it had been recorded in the National Cen-
ter for Biotechnology Information (NCBI) under the accession
number PV085768 to find fungal infections, molecular screen-
ing was performed on the gathered samples. Twenty-eight
mosquitoes (18.06%) had fungal infections in a total of 155 ex-
amined samples. These results imply that fungal interaction is
rather common among mosquito populations in Erbil’s urban
environments. The small variation in infection distribution
between quarters suggests that the frequency of mosquitoes’
fungal symbionts may be influenced by local ecological or
environmental factors, according to Figure 2. In the current
study, two types of primers have been used for molecular anal-
ysis, including mitochondrial gene, the COI gene of 720 bp
in length for the molecular analysis of mosquitoes and large
subunit 28svedberg unit rR (LSU 28S rRNA) of 1200 bp in
length for the identification of mosquito overlapping fungi
(Figure 3 A and B).

The diversity analysis and taxonomic resolution at the
species level may be constrained by the LSU region’s gener-
ally lower degree of variability compared to the ITS region
[16]. Nevertheless, it is accessible to phylogenetic inves-
tigation of the novel clades and sequence alignment [17].
Mosquitoes can serve as powerful vectors for the spread
of fungi. Globally, zoonotic virus transmission is largely
caused by mosquitoes belonging to the Culex genus [18].
In the present study, all collected samples were molecularly
screened for the presence of mosquitoes’ fungal symbionts
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Figure 2. The histogram shows the number of mosquitoes collected from different quarters of Erbil city and the prevalence of

fungal infection.

with a 100% sequence similarity. The BLASTN and sequence
similarity results validate the isolation and identification of
three Aspergillus fungal species from the collected mosquito,
Culex poicilipes. These species include Aspergillus niger,
Aspergillus inflatus, and Aspergillus tubingensis. Their re-
spective accession numbers are PV085519, PV085520, and
PV085521, which were submitted to GenBank. A synopsis of
this isolated fungus is provided below.

3.1 Aspergillus niger (Ehenberg, 1822):

The filamentous fungus Aspergillus niger is frequently
found in soil, decomposing vegetation, and interior spaces
[19]. It is well known for growing quickly on a variety of
culture media and producing black spores [20]. The Phylum
Ascomycota, Class Eurotiomycetes, Order Eurotiales, and
Family Trichocomaceae are all home to Aspergillus niger. On
potato or Sabouraud dextrose agar at 25-28°C, its colonies
grow quickly, turning white at first and then black as a result of
extensive sporulation [21]. It appears as septate hyphae with
conidial heads made up of biseriate phialides extending from
a vesicle under a microscope, although Aspergillus niger is not
a motile organism and does not create aflatoxins, it is capable
of producing ochratoxin A in specific circumstances, it is fre-
quently utilized in industrial settings to produce enzymes and
citric acid since it is catalase positive, current morphological
and cultural characteristics consistent of those of Aspergillus
niger [22].

Isolated sequences of query fungal samples were drawn
from collected samples during this study and compared with
the GenBank reference sequences to find out sequence sim-
ilarity by using BLASTN. Results appear that the isolated

sequences refer to Aspergillus niger with the percentage iden-
tity 100%, then it was recorded in GenBank under the name,
Awaz-1 large subunit ribosomal RNA gene partial sequence
and accession number of PV085519.

3.2 Aspergillus inflatus (Raper & Fennell, 1965):

Aspergillus inflatus is a filamentous fungus that is typically
isolated from soil and decaying plant material. It belongs
to Phylum: Ascomycota, Class: Eurotiomycetes, Order: Eu-
rotiales, and Family: Trichocomaceae, Colony growth on
Czapek yeast extract agar and Sabouraud Dextrose Agar at
25-28°C is sluggish to moderate for this species [23]. Ini-
tially white, colonies eventually turn yellow to olive-brown,
and they frequently have a velvety to granular texture. Under
a microscope, Aspergillus inflatus creates globose conidial
heads with uniseriate phialides extending from a vesicle that
has been relatively inflated; it produces non-motile conidia
and septate, branching hyphae [24]. The species do not create
aflatoxins and is oxidase negative and catalase positive [25].

Isolated sequences of query fungal samples were drawn

from collected samples during this study and compared with
the GenBank reference sequences to find out sequence sim-
ilarity (using BLASTN). Results appear that the isolated se-
quences refer to Aspergillus niger with the percentage identity
of 100%, then it was recorded in GenBank under the name,
Awaz-2 large subunit ribosomal RNA gene, partial sequence
and accession number of PV085520.

3.3 Aspergillus tubingensis (Mosseray, 1934):
Aspergillus tubingensis is a filamentous, black-spored fun-
gus that belongs to the Aspergillus section Nigri, commonly
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100 bp

Figure 3. PCR amplification of partial COX1 gene (A) and LSU gene (B) from mosquito and fungi samples, respectively, in
which the first lane is the marker ladder (3kbp-100bp) and the second to the last one are LSU gene bands with sizes 720 bp and
1200 bp, respectively. Lane C is a negative control, showing no band.

isolated from soil, food products, and indoor environments
[26]. It is closely related to Aspergillus niger but can be differ-
entiated based on morphological and molecular characteristics.
Taxonomically, it belongs to Phylum: Ascomycota, Class: Eu-
rotiomycetes, Order: Eurotiales, and Family: Trichocomaceae.
Colonies grow quickly at 25-28°C on Czapek yeast extract
agar and Sabouraud Dextrose Agar [27]. Initially white, they
eventually turn dark brown or black as a result of conidial
production. It creates biseriate conidial heads with a smooth
to slightly roughened vesicle under a microscope. Compared
to Aspergillus niger, its conidia are rougher and smaller. As-
pergillus tubingensis is a non-motile, catalase-positive fungus
that is well-known for producing lipases and proteases [28].
The observed morphological and physiological characteristics
align with Mosseray’s (1934) original description.

Medical implication for these newly isolated fungal sym-
bionts of mosquitoes is Aspergillus niger it is an opportunistic
mold that most often acts as a saprophyte but can cause a
range of human disease, particularly in predisposed patients.
Clinically it has been reported as a cause of otomycosis, super-
ficial and cutaneous infections, and less commonly invasive or
necrotizing pulmonary disease in immunocompromised hosts.
Because A. niger produces readily visible dark (black) conidia,
it may be identified morphologically, but clinical relevance
requires correlation with symptoms and repeated isolation or
histopathologic evidence to distinguish contamination from
true infection. Rare cases of invasive disease have been cor-
related with poor outcomes when diagnosis or appropriate
antifungal therapy is delayed. Therefore, clinicians should
consider A. niger in otologic and respiratory infections that
fail routine therapy, especially in patients with local risk fac-
tors or immunosuppression [29].

Aspergillus inflatus is a less-commonly reported species
within the genus that have been described taxonomically and

occasionally recovered from environmental and clinical sam-
ples. Current evidence indicates A. inflatus to be primarily
environmental but can be isolated from human specimens.
However, clinical reports are sparse, and its role as a pri-
mary pathogen remains uncommon and not well characterized.
From a clinical-microbiology and public-health perspective,
the appearance of uncommon or “cryptic” Aspergillus species
(including A. inflatus) in diagnostic laboratories highlights the
importance of molecular identification (e.g., sequencing) and
careful interpretation of culture results, because species-level
differences can matter for epidemiology and sometimes for
antifungal susceptibility. Emphasize that A. inflatus represents
part of the expanding diversity of clinically encountered As-
pergillus spp., it warrants surveillance and further study to
define pathogenic potential and susceptibility profiles [30].
Aspergillus tubingensis has increasingly been recognized in
clinical specimens, particularly from the respiratory tract, in-
cluding patients with cystic fibrosis, chronic lung disease, or
acute exacerbations.

Case reports and small series document that A. fubingensis
can cause chronic pulmonary aspergillosis, invasive disease
in immunocompromised hosts, and even rare extrapulmonary
infections (for example: brain abscess). This emphasizes that
cryptic species in the A. niger complex are clinically rele-
vant. Importantly, the isolates within the A. niger complex
can show variable antifungal susceptibility, so species-level
identification and susceptibility testing are advisable when A.
tubingensis is recovered from sterile sites or when infection is
suspected, to guide therapy [31].

Isolated sequences of query fungal samples were drawn
from collected samples during this study, and they were com-
pared with the GenBank reference sequences to find out se-
quence similarity (using BLASTN). Results appear that the
isolated sequences refer to Aspergillus niger with the percent-
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age identity of 100%, then it was recorded in GenBank under
the name, Awaz-2 large subunit ribosomal RNA gene, partial
sequence, and accession number of PV08552.

Multiple sequence alignment was carried out across vari-
ous Aspergillus species to ascertain the phylogenetic position
of the isolated fungal sequences. Eight extremely identical
sequences in all, with zero E-value and sequence identities
ranging from 93.01% to 100%, were chosen. Aspergillus fu-
migatus (AF338659.1) was included as an outgroup to root the
tree and provide a comparative reference. All sequences were
retrieved from NCBI and aligned using the MUSCLE algo-
rithm in MEGA software version 11(ProgramFiles11¢4.exe).
Strong sequence conservation among the chosen strains was
validated by the multiple alignment results. Following align-
ment, sequences were edited and examined using Jalview
software (https://www.jalview.org/getdown/release/). To en-
sure statistical reliability, a phylogenetic tree was built using
the Maximum Likelihood approach after alignment, using 100
bootstrap replications. The tree that was produced (Figure 4)
showed distinct patterns of grouping between the reference
sequences and isolates.

Isolates of Aspergillus niger, such as PV085519.1(Awaz-
1) and MT536778.1 (Cu-17), formed a close cluster with
reference strains MK273552.1 (strain ACSI) and MF187479.1
(strain CSR3) with strong bootstrap support (93—100), indicat-
ing their close genetic relationship. Similarly, isolates of As-
pergillus infaltus, such as PV085520.1 (Awaz-2), MH871301.1
MHS871300.1, MH871302.1, and MH871635.1, established a
unique and well-supported clade, known as bootstrap values
97-100. Monophyly within the Aspergillus infaltus cluster
is shown by this close grouping. Within the same major lin-
eage, Aspergillus tubingiensis (PV085521.1) and Aspergillus
luchuensis (PQ571950.1) developed distinct but closely re-
lated branches. Aspergillus fumigatus was used as an outgroup
to further validate the tree’s structure and set it apart from
the ingroup species. Generally, the tree topology validated
the isolated sequences’ strong evolutionary ties with known
Aspergillus species and corroborated their genetic identity.

All isolated sequences were compared in terms of the
type and quantity of loops that emerged in the secondary
structure of the isolated sequences’ map, and the secondary
structure prediction of the isolated sequences was compared
with other closely related sequences under the accession num-
ber MF187479.1. The types of loops which are observed in
all isolated sequences include External, Internal, Bulge, Hair-
pin, Helices, and Multi-branch loops are closely similar to
the types of loops which are present in all previous recorded
sequences. There are 119 loops in total for the query sequence
and 123 loops in total for the subject.

s

Regarding the loop types in both sequences, the results
that were mapped from earlier isolated sequences MF187479.1
were comparatively similar, as mentioned in Figure 5 and Ta-
ble 4. This supports two fundamental ideas: first, that the
isolated sequence is, and second, that the isolated sequence
exhibits genetic diversity because of minor differences in the
number of loops. This is because various studies have shown
that DNA mutations that alter mRNA folding are linked to
changes in gene expression. Consequently, any difference
between the reference studies and the current investigation
validates the genetic alterations of the locally isolated se-
quence.

The secondary structure of the isolated gene sequence
PV085520.1 (Query) was examined and contrasted with the
reference sequence MH871300.1 (Subject), as shown by the
findings shown in Figure 6 and Table 5. The types and quanti-
ties of loops in both sequences were the same, totalling 105
loops each: 1 external loop, 23 internal loops, 2 bulge loops,
18 hairpin loops, 53 helices loops, and 10 multi-branched
loops. A high degree of conservation between the isolated and
reference sequences is suggested by this structural similarity.
Furthermore, the reference sequence displayed a somewhat
lower free energy of -408.60 kcal/mol, whereas the lowest free
energy of the secondary structure for the query sequence was
determined to be -398.60 kcal/mol. This energy difference
could be a sign of small stability changes brought on by sub-
tle nucleotide polymorphisms between the sequences. These
results imply that there is little difference in the structural
profile between the isolated gene sequence and the reference.

The secondary structure analysis of the isolated fungal
gene sequence PV085521.1 (Query) was contrasted with the
reference sequence MH871301.1 (Subject), as shown in Fig-
ure 7 and Table 6. The number of internal loops (23) and bulge
loops (2 for the query and 1 for the topic) was the same in both
sequences, but there were minor differences in the other loop
types. There were 103 loops total in the query sequence: 20
hairpin loops, 51 helix loops, and 7 multi-branched loops. On
the other hand, the reference sequence contained 107 loops in
total: 19 hairpin loops, 53 helix loops, and 11 multi-branched
loops. Despite being slight, these variations show some degree
of structural variation among the sequences. Furthermore, the
query sequence’s computed minimum free energy was -355.40
kcal/mol, while the reference sequence was -374.60 kcal/mol.
Subtle nucleotide variations may be the cause of the query se-
quence’s decreased stability, as these variations might impact
RNA folding and structural integrity. At a large scope, the
findings show that while the isolated sequence exhibits minor
structural differences that might have biological significance,
it is structurally identical to the reference.
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93 MF187479.1 Aspergillus niger strain CSR3 large subunit ribosomal RNA gene partial sequence

100
90
o

PV085519.1 Aspergillus niger isolate Awaz-1 large subunit ribosomal RNA gene partial sequence

MK273552.1 Aspergillus niger strain ACSI large subunit ribosomal RNA gene partial sequence

MT536778.1 Aspergillus niger isolate Cu-17 large subunit ribosomal RNA gene partial sequence

PQ571950.1 Aspergillus luchuensis isolate MTCC large subunit ribosomal RNA gene partial sequence

PV085521.1 Aspergillus tubingensis isolate Awaz-3 large subunit ribosomal RNA gene partial sequence(2)

MHB871301.1 Aspergillus inflatus culture CBS:135.70 strain CBS 135.70 large subunit ribosomal RNA gene partial sequence
MH871635.1 Aspergillus inflatus culture CBS:575.70A strain CBS 575.70A large subunit ribosomal RNA gene partial sequence
PV085520.1 Aspergillus inflatus isolate Awaz-2 large subunit ribosomal RNA gene partial sequence

MH871300.1 Aspergillus inflatus culture CBS:133.70 strain CBS 133.70 large subunit ribosomal RNA gene partial sequence

0 MH871302.1 Aspergillus inflatus culture Cuz:133.70 strain Cuz 133.70 large subunit ribosomal RNA gene partial sequence
AF338659.1 Aspergillus fumigatus 14-alpha sterol demethylase (cyp51A) gene complete cds

Figure 4. Represents a phylogenetic position of isolated fungal sequence among several related other fungal species and some
other related sequence represented in maximum likelihood. Bar, 0.05 substitution per nucleotide position.

Table 4. Reagents used for PCR Amplification.

Sequences  External loops Internal loops Bulge loops Hairpin Loops Helices loops  Multi-branched  Total loop
PV085519.1 0 26 4 23 59 7 119
(Query)
MF187479.1
(Subject) 0 26 4 24 60 9 123
§.
q,éy f
& )
s
8 o Figure 6. Schematic representation of the gene expected
o secondary sequence of the isolated fungi sequence, (A)
A PV085520.1, and the reference sequence, (B) MH871300.1.
fd
S8
¢ / :
/ 4. Conclusions:
4
h
A B This study reaches the conclusion that Culex poicilipes

Figure 5. Schematic representation of the gene expects
secondary sequence of the isolated fungi sequence, (A)
PV085519.1 and the reference sequence, (B) MF187479.1.

mosquitoes in Erbil carry A. niger, A. inflatus, and A. tubin-
gensis, which suggest a potential role in fungal transmission.
The observed genetic polymorphism in A. niger and A. tubin-
gensis highlights the need for ongoing molecular surveillance.
These findings may support the Ministry of Health in design-
ing monitoring programs for vector-borne fungal pathogens.
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Table 5. Types and Number of Loops Calculated from Secondary Structure Analysis of gene Sequence of the Isolated Sample
and Previously Recorded Sequence.

Sequences External loops Internal loops Bulge loops Hairpin Loops Helices loops Multi-branched Total loop

PV085520.1 | 23 2 18 53 10 105
(Query)

MHS871300.1
(Subject) 1 23 2 18 53 10 105

Table 6. Types and Number of Loops Calculated from Secondary Structure Analysis of Gene Sequence of the Isolated Sample
and the Previously Recorded Sequence.

Sequences External loops Internal loops Bulge loops Hairpin Loops Helices loops  Multi-branched Total loop

PV085521.1

0 23 2 20 51 7 103
(Query)
MH871301.1
(Subject) 0 23 1 19 53 11 107

Author Contributions: Awaz Neahmat Ahmed: data collec-
tion; data recording and analysis; writing all parts, including
abstract, introduction, methodology, results, and discussion;
conclusion finally references. Karwan Sallo Najm: Conceptu-
alization; helping in molecular data analysis; reviewing and
editing.

References

I Seth A Hoffman and Yvonne A Maldonado. Emerg-
ing and re-emerging pediatric viral diseases: a continu-
ing global challenge. Pediatric research, 95(2):480-487,

Figure 7. Schematic representation of the gene expected 2024, doi:10.1038/s41390-023-02878-7.

secondary sequence of the isolated fungi sequence, (A) 2]
PV085521.1, and the reference sequence, (B) MH871301.1.

Maxime Girard, Edwige Martin, Laurent Vallon, Vin-
cent Raquin, Christophe Bellet, Yves Rozier, Emmanuel
Desouhant, Anne-Emmanuelle Hay, Patricia Luis, Claire
Valiente Moro, et al. Microorganisms associated with

Funding: None. mosquito oviposition sites: implications for habitat selec-
tion and insect life histories. Microorganisms, 9(8):1589,

Data Availability Statement: All of the data supporting the 2021, doi:10.3390/microorganisms9081589.

ﬁndings of the presented study are available from correspond- 3] Basim SA Al Sulivany, Payman Abdulrahman, Dil-

ing author on request. veen Y Ahmed, Rondik O Naif, and Evan A Omer.

Transmission of zoonotic infections (bacteria, para-
sites, viruses, and fungi) from aquaculture to hu-
. . mans and molecular methods for organism identifica-
conflict of interest. tion. Journal of Zoonotic Diseases, 8(4):580-591, 2024,
doi:10.22034/jzd.2024.18311.

Declarations:
Conflict of interest: The authors declare that they have no

Ethical approval: Our works include no human-related sam-
ples, while we conducted the procedure after obtaining the 41 Barry W Alto and David Bettinardi. Temperature and

patients’ verbal and informed consent before sample collec- dengue virus infection in mosquitoes: independent effects
tion. The research protocol was approved by the local Ethical on the immature and adult stages. The American jour-
Committee at the Erbil Health and Medical Technical College, nal of tropical medicine and hygiene, 88(3):497, 2013,
Erbil Polytechnic University. doi:10.4269/ajtmh.12-0421.

Kirkuk J. Sci. Vol. 20 Iss.4, p. 31-42, 2025


https://doi.org/10.1038/s41390-023-02878-7
https://doi.org/10.3390/microorganisms9081589
https://doi.org/10.22034/jzd.2024.18311
://doi.org/10.4269/ajtmh.12-0421

40

Molecular-Based Diagnosis, Phylogenetic and Secondary RNA Structure Analysis...

[51

[6]

[71

(8]

91

[10]

[11]

[12]

[13]

Prerana Bhujel and Dhiraj Saha. Rearing protocol for
culex quinquefasciatus. Sci. Vis, 2023:61-65, 2023,
doi:10.33493/scivis.23.04.01.

RG Maggi, AJ Birkenheuer, BC Hegarty, JM Bradley,
MG Levy, and EB Breitschwerdt. Id-2 advantages and
limitations of serological and molecular panels for the di-
agnosis of vector-borne infectious diseases in dogs. Jour-
nal of Veterinary Internal Medicine, 27(3):720, 2013,
doi:10.1186/1756-3305-7-127.

Ruichen Lv, Nianhong Lu, Junhu Wang, Yuexi Li, and
Yong Qi. Recombinase polymerase amplification for
rapid detection of zoonotic pathogens: an overview.
Zoonoses, 2(1):990, 2022, doi:10.15212/Z0O0ONOSES-
2022-0002.

Zhaoke Dong, Yangzhou Wang, Chao Li, Lili Li, and
Xingyuan Men. Mitochondrial dna as a molecular marker
in insect ecology: current status and future prospects. An-
nals of the Entomological Society of America, 114(4):470—
476, 2021, doi:10.1093/aesa/saab020.

Cassandra Koh, Lionel Frangeul, Hervé Blanc, Carine
Ngoagouni, Sébastien Boyer, Philippe Dussart, Nina
Grau, Romain Girod, Jean-Bernard Duchemin, and
Maria-Carla Saleh. Ribosomal rna (rrna) sequences
from 33 globally distributed mosquito species for im-
proved metagenomics and species identification. Elife,
12:¢82762, 2023, doi: 10.7554/eLife.82762.

Jane M Carlton, Samuel V Angiuoli, Bernard B Suh,
Taco W Kooij, Mihaela Pertea, Joana C Silva, Maria D
Ermolaeva, Jonathan E Allen, Jeremy D Selengut, Hean L
Koo, et al. Genome sequence and comparative anal-
ysis of the model rodent malaria parasite plasmod-
ium yoelii yoelii. Nature, 419(6906):512-519, 2002,
doi:10.1038/nature01099.

SM El-Sonbaty, A Gabarty, and AA Ibrahim. Hema-
tological and protein response of spodoptera lit-
toralis (boisd.) to gamma radiation and the ento-
mopathogenic fungus metarhizium anisopliae. Egyp-
tian Journal of Biological Pest Control, 26(1):127, 2016,
doi:10.3157/021.128.0501.

Maria MM Kaisar, Eric AT Brienen, Yenny Djuardi, Er-
liyani Sartono, Maria Yazdanbakhsh, Jaco J Verweij,
Taniawati Supali, and Lisette Van Lieshout. Improved
diagnosis of trichuris trichiura by using a bead-beating
procedure on ethanol preserved stool samples prior to dna
isolation and the performance of multiplex real-time pcr
for intestinal parasites. Parasitology, 144(7):965-974,
2017, doi:10.1017/S0031182017000129.

K. S. N. Al-Marjan. Epidemiological, Molecular and
Phytonanoparticle Studies of Head Lice , Pediculus hu-
manus capitis Isolated Among Primary School Children

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

with Its Overlapping Bacteria. PhD thesis, Salahaddin
University, Iraq, 2023.

Koichiro Tamura, Glen Stecher, Daniel Peterson, Alan
Filipski, and Sudhir Kumar. @ Mega6: molecular
evolutionary genetics analysis version 6.0. Molecu-
lar biology and evolution, 30(12):2725-2729, 2013,
doi:10.1093/molbev/mst197.

Ira Marton, Amir Zuker, Elena Shklarman, Vardit
Zeevi, Andrey Tovkach, Suzy Roffe, Marianna Ovadis,
Tzvi Tzfira, and Alexander Vainstein. Nontransgenic
genome modification in plant cells. Plant physiology,
154(3):1079-1087, 2010, doi:10.1104/pp.110.164806.

Dirk Kriiger, Danuta Kapturska, Christiane Fischer, Rolf
Daniel, and Tesfaye Wubet. Diversity measures in en-
vironmental sequences are highly dependent on align-
ment quality—data from its and new lsu primers tar-
geting basidiomycetes. PLoS One, 7(2):32139, 2012,
doi:10.1371/journal.pone.0032139.

LR McTaggart, SE Richardson, M Witkowska, and
SX Zhang. Phylogeny and identification of nocardia
species on the basis of multilocus sequence analysis. Jour-
nal of clinical microbiology, 48(12):4525-4533, 2010,
doi:10.1128/JCM.00883-10.

AB Sudeep. Culex gelidus: an emerging mosquito vec-
tor with potential to transmit multiple virus infections.
Journal of Vector Borne Diseases, 51(4):251-258, 2014,
doi:10.4103/0972-9062.147841.

Jeremias Antunes Gomes Cavalcante, Felipe
Queiroga Sarmento Guerra, and Walicyranison Plinio
Silva-Rocha. Characterization of biodiversity of
filamentous fungi in the soil of public spaces in jodo
pessoa, northeast of brazil. Research, Society and
Development, 10(16):¢292101623767—-e292101623767,
2021, doi:10.33448/rsd-v10i16.23767.

Peter S Back, Andy S Moon, Rebecca R Pasquarelli,
Hannah N Bell, Juan A Torres, Allan L Chen, Jihui Sha,
Ajay A Vashisht, James A Wohlschlegel, and Peter J
Bradley. Imc29 plays an important role in toxoplasma en-
dodyogeny and reveals new components of the daughter-
enriched imc proteome. MBio, 14(1):e03042-22, 2023,
doi:10.1128/mbio.00870-22.

Mukul Barwant and Nilesh Lavhate. Isolation and main-
tenance of fungal pathogens aspergillus niger and as-
pergillus flavus. Int. J. Appl. Nat. Sci, 9(3):47-52, 2020.

Lijuan Ding, Meihua Han, Xiangtao Wang, and Yifei
Guo. Ochratoxin a: Overview of prevention, removal,
and detoxification methods. Toxins, 15(9):565, 2023,
doi:10.3390/toxins15090565.

J Houbraken, Sandor Kocsubé, Cobus M Visagie, Neri-
man Yilmaz, X-C Wang, M Meijer, B Kraak, V Hubka,

Kirkuk J. Sci. Vol. 20 Iss.4, p. 31-42, 2025


https://doi.org/10.33493/scivis.23.04.01
http://doi.org/10.1186/1756-3305-7-127
http://doi.org/10.15212/ZOONOSES-2022-0002
http://doi.org/10.15212/ZOONOSES-2022-0002
 http://doi.org/10.1093/aesa/saab020
http://doi.org/10.7554/eLife.82762
https://doi.org/10.1038/nature01099
https://doi.org/10.3157/021.128.0501
https://doi.org/10.1017/S0031182017000129
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1104/pp.110.164806
https://doi.org/10.1371/journal.pone.0032139
https://doi.org/10.1128/JCM.00883-10
https://doi.org/10.4103/0972-9062.147841
https://doi.org/10.33448/rsd-v10i16.23767
https://doi.org/10.1128/mbio.00870-22
https://doi.org/10.3390/toxins15090565

Molecular-Based Diagnosis, Phylogenetic and Secondary RNA Structure Analysis...

K Bensch, RA Samson, et al. Classification of aspergillus,
penicillium, talaromyces and related genera (eurotiales):
An overview of families, genera, subgenera, sections, se-
ries and species. Studies in mycology, 95:5-169, 2020,
doi:10.1016/j.simyc0.2020.05.002.

(241 C. Liu, XC. Wang, ZH. Yu, WY. Zhuang, and ZQ.
Zeng. Aspergillus inflatus is a less-commonly reported
species within the genus that has been described taxo-
nomically and occasionally recovered from environmen-
tal and clinical samples. Journal of Fungi, 95:0-24, 2023,
doi:10.1128/9781555817381.ch120.

251 Amal A Al Hazzani, Afaf I Shehata, Humaira Rizwana,
NM Moubayed, Ali A Alshatwi, Anjana Munshi,
and Gehan Elgaaly. Postharvest fruit spoilage bac-
teria and fungi associated with date palm (phoenix
dactylifera 1) from saudi arabia. African Journal
of Microbiology Research, 8(11):1228-1236, 2014,
doi:10.5897/ajmr2013.5378.

[26] petra MikuSové, Miroslav Caboti, Andrea Melicharkova,
Martin Urik, Alberto Ritieni, and Marek Slovak. Genetic
diversity, ochratoxin a and fumonisin profiles of strains
of aspergillus section nigri isolated from dried vine fruits.
Toxins, 12(9):592, 2020, doi:10.3390/toxins12090592.

Ziyu Dai, Xingxue Mao, Jon K Magnuson, and Linda L
Lasure. Identification of genes associated with morphol-
ogy in aspergillus niger by using suppression subtractive
hybridization. Applied and Environmental Microbiology,
70(4):2474-2485, 2004, doi:10.1128/AEM.70.4.2474-
2485.

Tristan Born, Marion Aruanno, Eleftheria Kampouri,
Matteo Mombelli, Pierre Monney, Piergiorgio Tozzi, and
Frederic Lamoth. Aspergillus tubingensis endocarditis: a
case report and review of the literature. Mycopathologia,
187(2):249-258, 2022, doi:10.1007/s11046-022-00621-
0.

Yassine Merad, Hichem Derrar, Zoubir Belmokhtar, and
Malika Belkacemi. Aspergillus genus and its various
human superficial and cutaneous features. Pathogens,
10(6):643, 2021, doi:10.3390/pathogens10060643.

Jens C Frisvad. Taxonomy, chemodiversity, and chemo-
consistency of aspergillus, penicillium, and talaromyces
species. Frontiers in Microbiology, 5:773, 2015,
doi:10.3389/fmicb.2014.00773.

Tristan Born, Marion Aruanno, Eleftheria Kampouri,
Matteo Mombelli, Pierre Monney, Piergiorgio Tozzi, and
Frederic Lamoth. Aspergillus tubingensis endocarditis: a
case report and review of the literature. Mycopathologia,
187(2):249-258, 2022, doi:10.1007/s11046-022-00621-
0.

[27]

[28]

[29]

[30]

[31]

Kirkuk J. Sci. Vol. 20 Iss.4, p. 31-42, 2025


https://doi.org/10.1016/j.simyco.2020.05.002
https://doi.org/10.1128/9781555817381.ch120
https://doi.org/10.5897/ajmr2013.5378
https://doi.org/10.3390/toxins12090592
https://doi.org/10.1128/AEM.70.4.2474-2485
https://doi.org/10.1128/AEM.70.4.2474-2485
https://doi.org/10.1007/s11046-022-00621-0
https://doi.org/10.1007/s11046-022-00621-0
https://doi.org/10.3390/pathogens10060643
https://doi.org/10.3389/fmicb.2014.00773
https://doi.org/10.1007/s11046-022-00621-0
https://doi.org/10.1007/s11046-022-00621-0

42 Molecular-Based Diagnosis, Phylogenetic and Secondary RNA Structure Analysis...

JUJH S35l paexl 4 S L Luljog g shadl] d‘)j” Sl ‘d‘u}\ il
J:.,H 2ol oo Ayl (Aspergillus) olsla )l s s &\yi PepW
Sl (olus S f‘bj zJﬁj Lde o CZ:;.LH Culex poicilipes

ol M sle olg e T ae) cans l!
J‘J;J‘¢QL..~JJ{ (AS!;J&J(MUJ‘ Lu\o zu\aﬂ\ SJM Z:K:WJ“ g_;)&:l:«” f\..al
ALl oleas 57 ﬁ@;h&)wm Ll (dmally ol LE) ol 48K T ol f_;z

karwansn@epu.edu.iq :} 3 sl | Ex Ul *

oM |

Olis S ol (ol e o 1P W Culex poicilipes pyar 3 & el SWla N1 Ll ) Gndl 1 S
A ! gﬁf. %18 Lk & lab Llo| £WI & bl (BN Gasndl e Due 155 asgaz Lo L & Sl -
5 Adinflatus 5 Aniger : gy Aspergillus iz oo glyl DM nad & Cum  LSU 5 COI (5 plasiy
5 PYO8SSIOL slaxeN) 561 et My GenBank Ul 5asb 3 W1 O] caesgl WGy Atubingensis,
s RNA U 4 oWl LWL Sdly (Phylogeneticanalysis) 31,1 Jd=dl a5 Jlgdl e PV085521.1 5 PV085520.1
A, gy . polymorphism genetic &= 484 w,\x semy 4] \.,;4@3& Sy Lo daduadl BN
Al il o foge VY5 okt sV WY ¢ Aspergillus §lgN Joi2 LS Jomy 13 C.poicilipes joga,

ul.uj ¢ (LSU) ¢ (Polymorphism) J&iﬂ sadl ol leall (dogadl s Sl LS

Josed b BT e Lotk Ko Lol Lyl A1 L8l SUL) mfr bl 395 0l

ol ) 31

Blall 5 oola e ol sl 3 s glall o L

Ldodly il Dll) o Yot am ela ¥ b o Lty ¢ oLadl Glate lie o WU o+ 23 astyll
ally nal) o) A Tl B Rl 5 e ol U5y s e Wl o lall 18 S g0 el
Zaedad) Ol o)l dsle ¢ )

Caaaall ¢ aalll W3 ol e oo AT e s SO Jen (UL 2 e e gl i oaslh laals
iy Laml 16D A S s 5 saslud ) ﬁhun Ll 1o shu Oly 8. slall e 23Ul EU\

Kirkuk J. Sci. Vol. 20 Iss.4, p. 31-42, 2025



	Introduction:
	Materials and Methods:
	Description of Study Area:
	Sample Collection:
	Molecular study:
	DNA Extraction:
	Genomic DNA Quantification and Qualification:
	Amplification of DNA:
	Agarose Gel Electrophoresis Preparation:
	Expression of DNA Fragments:
	DNA Sequencing:

	Bioinformatics and Sequence Analysis:
	Sequence Editing:
	Sequence Similarity Search Tool:
	Submitting of the Isolated Sequences to NCBI Datab-ases:
	Sequence Alignment Search Tool:
	Phylogenetic Tree Construction and Analysis:
	Secondary RNA Structure Prediction:


	Results and Discussion:
	Aspergillus niger (Ehenberg, 1822):
	Aspergillus inflatus (Raper & Fennell, 1965):
	Aspergillus tubingensis (Mosseray, 1934):

	Conclusions:
	References

