Journal of Bioscience and Applied Research, 2024, Vol.10, No. 2, P.276-289

S

Journal of Bioscience and Applied Research
https://jbaar.journals.ekb.eg/

pISSN: 2356-9174, el SSN: 2356-9182 276

BioBacta

Isolation and Diagnosis of Some Types of Fungi Using PCR Technology for

Infection by (Musca domestica L.) From some Areas of Anbar Governorate

Saffanah M. Hardan!, and Thamer A. A. Muhsen?

! Dept of Biology, College of Education for Pure Science (Ibn Al-Haitham), University of Baghdad, Iraq.
safana.mushrifl102a@ihcoedu.uobaghdad.edu.ig

2 Dept of Biology, College of Education for Pure Science (Ibn Al-Haitham), University of Baghdad, Iraq.
thamer.a.m@ihcoedu.uobaghdad.edu.iq
DOI:10.21608/jbaar.2024.285734.1045

Abstract:

This study revealed the presence of several fungal species, some of which are saprophytic, and others are
pathogenic, in addition to the presence of fungi used in biocontrol in soil samples collected from six different
regions of Anbar province. The identified fungal genera include Metarhizium anisopliae, Trichoderma
harzianum, Penicillium, Fusarium spp., Rhodotorula, Rhizopus, Candida spp., and Aspergillus flavus.
Confirmation of the diagnosis of the pathogen of the housefly (Musca domestica) using PCR technique
indicated the presence of different genera of fungi at various concentrations, with the highest frequency
observed for Aspergillus flavus (78.2%) and the lowest frequency for Trichoderma harzianum (6.5%). Among
the isolated fungi, pathogenic fungi belonging to the genus Metarhizium anisopliae and Trichoderma
harzianum were identified. Molecular diagnosis of the two pathogenic fungi was conducted using the
polymerase chain reaction (PCR) technique, and the purity of the isolates ranged between 1.69 and 1.94, with
concentrations ranging from 34.03 to 52.10 ng/ml. The newly isolated strains were deposited in the NCBI
Gene Bank under the researchers' names.
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Introduction

The kingdom of fungi is one of the most diverse and
ancient branches of the tree of life, comprising
approximately 2-5 million species that play vital
roles in terrestrial and aquatic ecosystems. It is
believed that fungi co-evolved with plants, and strain
identification aids in understanding the evolution,
pathways, characteristics, and biology of fungi in
general (1)

Fungi and insects, as two of the most ubiquitous
organisms in nature, have various impacts on overall
environmental and human activities, resulting from

their mutual interactions. They establish a wide
range of mutualistic, symbiotic, and antagonistic
relationships. Pathogenic fungi are natural enemies
of insects, with some strains of certain species being
important natural enemies of widespread insect pests
in natural and agricultural ecosystems, thus playing
control and

a significant role in biological

maintaining the ecological balance in these systems
(2).

Soil is a suitable habitat for fungi and other
microorganisms, protecting them from various
environmental factors, especially UV radiation, and

Received: April 28, 2024. Accepted: June 20, 2024. Published: June 30, 2024


about:blank
mailto:thamer.a.m@ihcoedu.uobaghdad.edu.iq
https://jbaar.journals.ekb.eg/

Journal of Bioscience and Applied Research, 2024, Vol.10, No. 2, P.276-289

mitigating the negative effects of other factors. The
type and properties of soil, such as its chemical and
physical characteristics, influence the diversity of
genera and dominant species within it (3). The
ability of any fungus to survive in soil and adapt to
surrounding environmental conditions depends on
the availability of organic matter, soil acidity (pH),
moisture content, aeration, and type of cultivation
(4).

Pathogenic fungi encompass numerous Species
belonging to multiple genera (5). Metarhizium
anisopliae and Trichoderma harzianum are among
the most prevalent species of entomopathogenic
fungi in soil (6), affecting significant groups of
insect pests (7). They are present year-round in soil,
decomposing plants, seeds, and grains, but only a
few known species are significant pathogens causing
opportunistic diseases in humans (8). M. anisopliae
is a known entomopathogenic fungus active against
many insect pests and an effective biocontrol
agent(9) However, M. anisopliae is one of the most
widespread fungi and is one of the most important
deficient fungi that infect insects and cause various
diseases such as green muscardine disease, which is
so named because its spores that will cover the
bodies of dead insects are green in color and this
pathogenic fungus is often found in the soil and
infects all soil insects, but it can also infect insects
that are not natural hosts for it, such as mosquitoes,
and is one of the most prominent fungi that
successfully control insect pests (10). Trichoderma
is a filamentous fungus that has been widely studied
and used as a biological control agent for pathogenic
fungi due to its ability to parasitize fungi. In recent
years, studies have focused on investigating the
possibility of using it as a biological control agent for
insect pests, whether directly or indirectly through
parasitizing directly on insect pests and producing
insecticidal secondary metabolites, anti-nutritional
compounds, and repellent metabolites, and through
attracting natural enemies or parasitizing insect
symbiotic microorganisms. By producing secondary
metabolites of  insecticides, anti-nutritional
compounds, and repellent metabolites, and by
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attracting natural enemies or indirectly parasitizing
insect symbiotic microorganisms, the use of
Trichoderma against insect pests is seen as a future
alternative in the development of sustainable
agriculture. (11)

The housefly, Musca domestica L., is considered
one of the most dangerous insects to human health
(12), serving as a primary vector for many
pathogenic microorganisms, such as typhoid,
cholera, and anthrax (13). Due to the environmental
and health problems associated with chemical
pesticides, there is a need to search for
environmentally safe alternatives for biological
control that are non-pathogenic to humans (14).
DNA sequencing or molecular diagnosis
(Polymerase Chain Reaction - PCR) is one of the
best diagnostic techniques, enabling accurate, rapid,
and specific discrimination between fungal species
and subspecies, unlike traditional chemical and
biological diagnostic methods. It is particularly
useful for diagnosing fungi when fungal colonies
lack diagnostic characteristics, are in early growth
stages, or are even dead (15). PCR amplifies large
guantities of targeted DNA fragments from one or a
few mold spores through enzymatic repetition of a
specific type of organism, allowing for DNA
sequencing. It is now widely used in various fields
of life sciences and medicine for its ease and
effectiveness in identifying DNA-based species (14).
DNA sequencing plays a significant role in
identifying phylogenetic relationships among fungal
species, making it an ideal scale for diagnosing
fungal genera and species (16). Therefore, the
current trend in diagnosis combines genetic and
morphological approaches (17).

Given the scarcity of research on the molecular
enumeration and diagnosis of entomopathogenic
fungi in Anbar province and the potential of these
fungi as a safe natural resource for the biological
control of various insect pests (18), this research was
conducted to confirm the presence of
entomopathogenic fungi and their distribution in
some agricultural and non-agricultural soils in Anbar
province, as well as to determine their ability to
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infect families, to assess their potential future
application in  practical biological control
applications.

Materials and Methods

Sample Collection:

A total of 24 soil samples were collected, with 4
samples from each of the six different areas in the
city of Ramadi, namely Agriculture, Abu Etha, 5
Kilos, Warar, Sufiya, and Hay Al-Dabat, ensuring
sampling from both agricultural and non-agricultural
areas (Table 1). Soil samples were excavated to a
depth of 10-15 cm using a shovel after removing 1
cm of soil surface. Soil samples were collected at a
rate of 100 grams of soil per sample. Samples were
sieved using an alcohol-sterilized sieve to remove
gravel and debris, then placed in polyethylene bags,
with each bag labeled with the sampling location and
date and transported to the laboratory for isolation
and diagnosis following the method described by Liu
etal. (19).

Isolation of Fungi from Soil:

Dilution Method:

1- Several DNA extractions were performed using
the Wizard® Genomic DNA Purification Kit
following the protocol provided by the American
Promega Company, with the assistance of lyticase
enzyme for fungal cell wall disruption. The extracted
DNA was then subjected to electrophoresis
according to Sambrook et al. (20).

2- Fungal colonies were cultured for isolation on
Potato Dextrose Agar (PDA) medium for 5 days at
28°C. Fungal hyphae were harvested using an L-
shaped needle and collected in 1.5 ml Eppendorf
tubes, with each isolate collected individually and
three replicates per isolate.

Decimal Dilution Method:

The decimal dilution method was used to obtain
samples from fungal colonies for microscopic
diagnosis according to the taxonomic keys provided
by Domsch (21). The frequency (percentage) of
fungal occurrence was calculated using the
following equation: Fungal frequency percentage =
(Number of fungal appearances / Total number of
samples) x 100.
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DNA Extraction:

Experiments for molecular analysis of fungal
isolates were conducted at the Biotechnology
Laboratory for Graduate Studies/Faculty of
Agriculture/Anbar University.

Primers Used in PCR:

The forward primer ITS1 (5'-
TCCGTAGGTGAACCTGCGG -3') and the reverse
primer ITS4 (3’ TCCTCCGCTT ATTGATATGC -
5 (TM=62.3) were used according to Chen et al.
(22).

Sequencing Measurement:

PCR products were sent for Sanger sequencing using
the ABI 3730XL DNA sequencer to Macrogen
Corporation, South Korea. The obtained results were
analyzed using certified analysis software.
Statistical Analysis:

Statistical Analysis System (SAS) software (version
2018) was used for data analysis to study the effect
of different factors represented by concentrations
and isolated fungi on the studied traits, such as
fungal frequency percentage in different areas.
Significant differences between the percentage
frequencies were compared using the Chi-Square
test at probability levels of 0.05 and 0.001.

Results and Discussion:

Isolation and Diagnosis:

Isolation of entomopathogenic fungi from soil
samples revealed the presence of several fungi,
including some entomopathogenic species as well as
those used in biocontrol. These fungi belong to the
following  genera:  Metarhizium  anisopliae,
Trichoderma harzianum, Penicillium, Fusarium
spp., Rhodotorula, Rhizopus, Candida spp., and
Aspergillus flavus (Tables 1-6). Aspergillus flavus
exhibited the highest occurrence rate at 78.2%,
particularly in the 5-kilo area. This aligns with
previous studies such as Al-Salman et al. (23),
indicating its significance as a major pathogen
present widely in various soils worldwide,
particularly in hot and dry regions of Asia and
Africa, causing significant economic losses (24).

The presence of fungi belonging to the genera

Aspergillus, Fusarium, and Penicillium suggests
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their saprophytic nature, as they are not known for
their entomopathogenicity (25). The highest
occurrence of Aspergillus flavus was recorded in the
Agriculture area at a frequency of 56% at a dilution
of 102 (Table 1), while the lowest frequency of T.
harzianum was recorded at 6.6% at a dilution of 10°
4. Similarly, the highest occurrence of Aspergillus
flavus in the Bu'athah area was 57.1% at a dilution
of 10 (Table 2), while the lowest frequency was
12.8% at a dilution of 10 In the 5 Kilo area, the
highest occurrence of Aspergillus flavus was 78.2%
at a dilution of 10° (Table 3), while the lowest
frequency of Fusarium spp. was 16.6% at a dilution
of 10®. In the Warar area, the highest occurrence of
Aspergillus flavus was 57.1% at a dilution of 10°
(Table 4), while the lowest frequency of Fusarium
spp. was 42.8% at a dilution of 10°. In the Sufiyah
area, the highest occurrence of Penicillium was
37.5% at a dilution of 10 (Table 5), while the lowest
frequency of Rhizopus was 6.5% at a dilution of 10
4 Finally, in the Officers' area, the highest
occurrence of Aspergillus flavus was 75% at a
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dilution of 10 (Table 6), while the lowest frequency
of both Rhizopus and Fusarium spp. was 8.2% at a
dilution of 10°.

Statistically significant differences (P<0.01) were
observed between isolated fungal species in terms of
frequency percentage at a dilution of 10-3, with the
highest frequency being 56% for Aspergillus flavus
and the lowest being 12.8% for Candida spp.
Likewise, at a dilution of 10, significant differences
(P<0.01) were observed between isolated fungal
species in terms of frequency percentage, with the
highest being 53.3% for Aspergillus flavus and the
lowest being 6.6% for Trichoderma harzianum.
Significant differences (P<0.05) were also observed
between isolated fungal species at a dilution of 10-5,
with the highest being 48.3% for Rhodotorula and
the lowest being 16.1% for both Penicillium and
Metarhizium anisopliae. However, no significant
differences were observed at a dilution of 10-6.
Overall, when comparing all dilutions and isolates,
the differences were highly significant (P<0.001),
consistent with previous studies (26).

Table 1: Dilution, Isolated Fungi, and Percentage Frequency in the Agriculture Area

Dilutions Isolated fungi Number of fungi Frequency percentage
103 Aspergillus flavus 22 56
Rhodotorula 6 15.3
Penicillium 6 15.3
Candida spp. 5 12.8
Chi-Square-¢? -- 20.598**
104 Aspergillus flavus 16 53.3
Candida spp. 7 23.3
Rhodotorula 5 16.6
Trichoderma harzianum 2 6.6
Chi-Square-y? -- 12.793**
10° Rhodotorula 15 48.3
Trichoderma harzianum 11 35.5
Penicillium 5 16.1
Metarhizium anisopliae 5 16.1
Chi-Square-y? -- 8.00*
10¢ Aspergillus flavus 12 33
Rhodotorula 10 271.7
Metarhizium anisopliae 9 25
Trichoderma harzianum 5 18.8
Chi-Square-y? -- 2.889 NS
Total: Chi-Square-¢? -- 18.926
(P-value) (0.0001)
(P<0.001) ** «(P<0.05) *
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Table 2: Dilution, Isolated Fungi, and Percentage Frequency in the Bu A'tha Area

Dilutions Isolated fungi Number of fungi Frequency
percentage
103 Aspergillus flavus 14 325
Rhodotorula 11 25.5
Penicillium 9 20.9
Candida spp. 9 20.9
Chi-Square-¢? -- 1.558 NS
10* Rhodotorula 19 48.7
Candida spp. 15 38.4
Aspergillus flavus 5 12.8
Chi-Square-¢? -- 8.085*
10° Penicillium 17 42.5
Rhodotorula 12 30
Candida spp. 11 27.5
Chi-Square-y¢? -- 1.569 NS
10 Aspergillus flavus 24 57.1
Metarhizium anisopliae 10 23.8
Trichoderma harzianum 8 19.4
Chi-Square-¢? -- 10.971**
Total: Chi-Square-y? -- 12.846**
(P-value) (0.00638)
(P<0.05)* (P<0.001)**

Table 3: Dilution, Isolated Fungi, and Percentage Frequency in the 5 Kilo Area

Dilutions Isolated fungi Number of fungi Frequency
percentage
103 0 0 0.00
Chi-Square-y¢? -- NS
10 0 0 0.00
Chi-Square-y¢? -- NS
10° Aspergillus flavus 18 78.2
Penicillium 5 21.7
Chi-Square-y¢? -- 7.347**
10° Aspergillus flavus 11 45.8
Penicillium 9 37.5
Fusarium spp. 4 16.6
Chi-Square-y¢? -- 3.285NS
Total: Chi-Square-y? - 8.0179**
(P-value) (0.00895)
(P<0.001) **

280
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Table 4: Dilution, Isolated Fungi, and Percentage Frequency in the Warar Area

Dilutions Isolated fungi Number of fungi Frequency
percentage
103 0 0 0.00
Chi-Square-y¢? -- NS
10 0 0 0.00
Chi-Square-y? -- NS
10° Aspergillus flavus 4 57.1
Fusarium spp. 3 42.8
Chi-Square-y? -- 0.142 NS
10® 0 0 0.00
Chi-Square-y¢? -- NS
Total: Chi-Square-¢? -- 3.711*
(P-value) (0.497)
(P<0.05) *

Table 5: Dilution, Isolated Fungi, and Percentage Frequency in the Soufia Area

Dilutions Isolated fungi Number of fungi Frequency
percentage
103 0 0 0.00
Chi-Square-¢? -- NS
10 Candida spp. 24 31.1
Rhodotorula 24 31.1
Aspergillus flavus 15 19.5
Trichoderma harzianum 9 11.6
Rhizopus 5 6.5
Chi-Square-y¢? -- 19.298 **
10° Candida spp. 16 38
Penicillium 10 23.8
Rhodotorula 8 19
Aspergillus flavus 8 19
Chi-Square-¢? -- 4.095 *
106 Penicillium 15 37.5
Aspergillus flavus 12 30
Candida spp. 7 17.5
Trichoderma harzianum 6 15
Chi-Square-¢? -- 5.400 *
Total: Chi-Square-¢? -- 22.278 **
(P-value)
(P<0.05) * (P<0.001) **

281
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Table 6: Dilution, Isolated Fungi, and Percentage Frequency in the Officers' Quarter Area

Dilutions Isolated fungi Number of fungi | Frequency percentage
1073 0 0 0.00
Chi-Square-¢? -- NS
10# 0 0 0.00
Chi-Square-y? -- NS
10° Aspergillus flavus 18 75
Penicillium 6 25
Chi-Square-y? -- 6.143 **
10 Aspergillus flavus 11 45.8
Penicillium 9 37.5
Fusarium spp. 2 8.3
Rhizopus 2 8.3
Chi-Square-y? -- 11.000 **
Total: Chi-Square-y? -- 13.549 **
(P-value) (0.0006)
(P<0.001)**

(P<0.05): Significant ** (P<0.01): Highly significant NS: Not significan

Molecular Diagnosis of Fungal Isolates
Following the morphological and microscopic
isolation and diagnosis of the fungal isolates under
study, two different isolates were selected, with two
replicates for each isolate, for the extraction and
measurement of DNA concentration and purity using
the Nanodrop device. The results revealed the
possibility of extracting DNA from the fungal
isolates with good concentrations and purity
according to the equipment used. The purity ranged
between 1.69 and 1.94, with concentrations ranging
from 34.03 to 52.10 ng/ml, as shown in Table 7.

The Electric Migration of PCR Amplification
Products.

The results revealed the amplification of the ITS
gene located between rDNA genes using the forward
and reverse primers ITS1 and ITS4 for two isolates,
with two replicates for each isolate. The targeted ITS
gene amplification was achieved through the
polymerase chain reaction (PCR) technique using
specific primers and electrophoresis of the
amplification products. Bands appeared for all

samples at approximately 550bp compared to the
DNA ladder (1000 plus), indicating primer binding
and amplification occurring in all samples, as shown
in Figure (1).

Diagnosing isolates under study relies on the
nucleotide base sequencing of the ITS gene:

After sending two different samples of DNA
amplification products through the polymerase chain
reaction (PCR) technique with the forward and
reverse primers ITS1 and ITS4 to Macrogen
Company in Korea to determine and identify the
nucleotide base sequencing of the ITS gene, the
sequences were analyzed using the BLAST program
(Basic Local Alignment Search Tool), after being
analyzed using the Chromas program and Mega-X
program. Then, the results were compared with the
data recorded in the National Center for
Biotechnology Information (NCBI), belonging to
the same globally

(http://lwww.ncbi.nlm.nih.gov/).  The

registered strains
following

results were recorded in Table (8).
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Table 7: Measurement of DNA Concentration and Purity for Fungal Isolates under Study Using the Nanodrop
Device

260/280 (ng/ml).Nucleic acid conc Sample ID
purity

171 15.40 1

1.69 36.81 2

1.83 52.10 3

1.94 34.03 4

ITS 1 geme 550 pb

Figure (1) shows the electrophoresis of PCR amplification products using the primers ITS4 - ITS1 for four
isolates on 1.5% agarose gel at 70 volts for one hour. Bands appeared at approximately 550 bp, compared to
the DNA ladder (1000 plus).

Table 8: Global Isolates, Their Accession Numbers, and Country Names in NCBI Compared Using the BLAST
Program Showing the Type of Variation in Bases Along with the Percentage of Matching with the Isolates
under Study.

No |Type of | Locat| Nucle|Sequence ID| Country Source| ldentities
substitution ion| otide| with compare

1 - - - ID: India| Metarhizium | 100%
MZ356389.1 anisopliae

2 Transvertion 239 C\A ID: India| Trichoderma 98.58
MZ130515.1 harzianum

-1 255 -\G
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Analysis of the sequences of isolate number 1
under study:

Alignment results of isolate sequences (1):

The alignment results and analysis of the nucleotide
base sequencing of isolate number (1) after
comparing them with the sequences registered in
NCBI indicate their match with sequences registered
in India and belonging to the species Metarhizium
anisopliae, with the identification number ID:
MZ356389.1 in NCBI, with a matching percentage
of 100%, as shown in Figure (2).

The taxonomic classification of isolate number (1)
as indicated by the NCBI matching result
is:Eukaryota; Fungi; Dikarya; Ascomycota;
Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Clavicipitaceae;
Metarhizium.

The genetic relationship between the studied
isolate and globally recorded:

isolates are represented in Figure (3) Phylogenetic
Tree for isolate number (1). The isolate labeled as M.
anisopliae Safana is highlighted in red, along with
globally recorded isolates, as determined by the
BLAST program.

The nitrogenous base composition percentages in
the ITS gene of isolate number (1) :

The shape (4) shows the ratios of the four
nitrogenous bases in the ITS gene of the isolated
strain under study. The results indicate that the
length of the globally analyzed and compared
segment is (504 bp), distributed among the four
nitrogenous bases as follows:
| A(23.21% 117) | C(28.37% 143) | G(30.36% 153) |
T(18.06% 91|

Analysis of sample number (2):

Alignment results of isolate (2) sequences.

The alignment results and analysis of the nucleotide
sequence of isolate number (2), after comparison
with sequences recorded in NCBI, reveal that they
match with sequences recorded in India for the
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species Trichoderma harzianum, with the accession
number ID: MZ130515.1 in NCBI, with a matching
percentage of 98.58%.

Additionally, Figure (5) illustrates two variations
(mutations). A mutation was observed at position
239, where the cytosine base (C) was recorded in the
sample under study instead of the adenine base (A).
This variation (mutation) was identified as a non-
synonymous substitution type called Transversion.
Another mutation was observed at position (255) in
the sample recorded in NCBI, where the guanine
base (G) was encountered, while it was not
determined in the sequences under study.

Taxonomic classification of isolate number (2):
The matching result in NCBI revealed the taxonomic
classification of the sequences of isolate number 2 as
follows:

Eukaryota; Fungi; Ascomycota;
Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Hypocreaceae;
Trichoderma.

Dikarya;

The genetic relationship between the isolate
under study and globally recorded isolates:
Figure (6) illustrates the Phylogenetic Tree of isolate
number 2, with the strains marked in red under the
name Trichoderma harzianum, alongside globally
recorded isolates, as determined by the BLAST
program.

The percentages of nitrogenous bases in the ITS
gene for isolate number (2):

Figure (7) illustrates the proportions of the four
nitrogenous bases in the ITS gene for the isolate
under study. The results indicate that the length of
the segment analyzed and globally compared is 140
bp, distributed among the four nitrogenous bases as
follows:

These results are consistent with Al-Nadawi, (27)
and Shanker et al., (28), who found that the ITS
region showed diagnostic potential for the fungus M.
anisopliae, as well as Francis (29) and
Manchegowda, who were able to diagnose two
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species of Metarhizium, M. guizhouense and M.
pingshaense, using the ITS region. They emphasized
the necessity and importance of molecular diagnosis
in accurately distinguishing between species and
strains. Similarly, Mazrou et al. (30) successfully
diagnosed T. harzianum using PCR and the primers
ITS1 and ITS4, with a sequence match percentage of
98% among tested isolates.

Additionally, Stummer et al. (31) identified three
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species of Trichoderma - T. harzianum, T.
afroharzianum, and T. gamsii - through ITS gene
amplification using PCR. Mahmoud et al. (32)
molecularly diagnosed nine isolates of T. harzianum
using PCR. In a study by Gezgin et al. (33),
Trichoderma fungi were diagnosed using two
different genetic regions (ITS and EF) for molecular
identification, with amplification of these genes
through PCR.

Metarhizium anisopliae strain JAU_MaMH_2 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1 and 5.88

ribosomal RNA gene, complete sequence; and internal transcribed spacer 2, partial sequence

Sequence ID: MZ356389.1 Length: 547 Number of Matches: 1

Range 1: 33 to 536 GenBank Graphics

Score Expect Identities Gaps

931 bits(504) 0.0 504/504(100%) 0/504(0%) Plus/Minus
Query 1 AACCTGGAARAAGATTGATTTGCGTTCGGECAAGLGCCGGLCGGRCCTACAGAGCGGGTGA 6@
e T L 477
Query 61  CAAAGCCCCATACGCTCGAGGATCGGACGCGGTGCCGCCGCTGCCTTTGGGGCCCGTece 120
o 417

Query 121 ccccGGAGAGGGGACGACGACCCAACACACAAGCCGTGCTTGATGEGCAGCAATGACGLT 188

1

ce.. 357

Query 181 CGGACAGGCATGCCCCCCGGAATACCAGGGGGCGCAATGTGCGTTCAAAGACTCGATGAT 248

L LT

cee. 297

Query 241 TCACGGAATTCTGCAATTCACACTAGTTATCGCATTTCGCTGCGTTCTTCATCGATGCCG 308

1 - T

cee. 237

Query 381 GAACCAAGAGATCCATTGTTGAAAGTTTTAACTGATTGCGATACAATCAACTCAGACTTC 368

SBICE 235 oveste et e e

Query 361 ACTAGATCAGACAGAGTTCGTGGTGTCTCCGGCEEGCGCEEECCCELEECTGAGAGCCCC 428

Sbjct 176

ceen 177

117

Query 421 CGGCGGCCATGAATGECGGGCCCGCCGAAGCAACTAAGGTACAGTAAACACGEETGGGAG 488

R T T

Query 431 GTTGGGCTCGCTAGGAACCCTACA 584
Sbjct 56 33

Figure (2) Nitrogenous Base Sequences in BLAST Program between the studied sequence and the top
match isolate of Metarhizium anisopliae recorded in India under accession ID: MZ356389.1 with 100%

matching percentage.

Metarhizium sp (MT214688 1)

Metarhizium anisopliae(MZ356393.1)

=4
+ M. anisopliae strain Safana
Metarhizium anisopliac(MZ356389.1)
P Metarhizium anisopliae(JQ284382 1)

Metarhizium anisopliae(JQ284381.1)

Metarhizium anisopliae(MZ477248 1)

Metarhizium anisopliae{MT476883.1)
Metarhizium sp (OP028052 1)

Metarhizium viridulum{MW718327.1)

Metarhizium viridulum(MW7T18326.1)

Metarhizium cf. cylindrosporum BCC 1 762(AY624204 1)

Metarhizium flavoviride(AY646388.1)

Metarhizium flavoviride(AY 646370.1)

m reniforme(DQO6I2ES 1)

AY646394.1)
Metarhizium flavoviride(A Y 646376.1)

Metarhizium flavoviride(tMK 543243 1)

AH143795.1)

MHAS3RIE 1)

YOSTRO9.1)

Metarh

Metarhizium favoviride

Metarhizium gaoligongense(K Y 087807.1)
Metarhizium flavoviridetKU680400. 1)
Metarhizium pemphigi(OL305760.1)
Metarhizium sp. AM-2019(MK804527.1)
Metarhizium flavoviride(EF 1 13336.1)

Figure (3) Displays the Phylogenetic Tree illustrating the genetic relationship of isolate number (1). The
isolate labeled M. anisopliae Safana is highlighted in red, alongside globally recorded isolates identified

through the BLAST program.
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Summary: Full Length(504bp) | A(23 21% 117) | C(28 37% 143) | G(30.36% 153) | T(18.06% 91)

Figure 4 illustrates the proportions of the four nitrogenous bases in the ITS gene of Isolate (1).

Trichoderma harzianum isolate SKU-BC-W2 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Sequence ID: MZ130515.1 Length: 558 Number of Matches: 1

Range 1: 176 to 316 GenBank Graphics

Store Expect  Identities Gaps Strand
248 bits(134) Se-66  139/141(99%) 1/141(0%) Plus/Plus
Query 1 TAAMACTTTCAACAACGGATCTCTTGRTTCCGRCATCGATGAAGAACGCAGCGAMTGG 60

235

Query 61  ATACGTAATGTGAATTGCA-AATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCC 119
Shjet 236 LA B L

Query 120 CCCTGGTATTCCGGGGGGCAT 140
(o P ]

Figure (5) Displays the Nucleotide sequence alignment in the BLAST program between the sequences
under study and the top matching isolate of Trichoderma harzianum recorded in India under the
accession number I1D: MZ130515.1, with a matching percentage of 98.58%.

Trichoderma harzianum (LCTESER 1)

M ON184721.1)
m{ONTT1191 1)
M ON 1 49T46.1)
{ON 149744 1)
MON121964.1)

M FO78650.1)
(MK 1 6GS03 1)

A(FISR4179.1)
MUMZ130515.1)

m{ MZ 13051610

Trichoderma Rariarnim
[rich ORSE4226.1)

oderma harzianum( IREEA2

Figure 6: Depicts the Phylogenetic Tree of isolate number (2), with Trichoderma harzianum highlighted
in red, along with globally recorded isolates as determined through the BLAST program.
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Summarny: Full Length{140bp) | A(27.86% 39) | C(22.86% 32) | G(24.29% 34) | T(25.0% 35)

Figure (7) Depicts the relative proportions of the four nitrogenous bases in the ITS gene for isolate

number 2.

Conclusion:

Non-culture-based methods, such as PCR, allow for
rapid detection of infections, facilitating targeted
treatment towards pathogenic and effective species
and identifying genetic markers associated with
antifungal Molecular amplification
techniques enable rapid and sensitive detection by
directly detecting small amounts of fungal DNA in
clinical samples without the need for prior culture,
making these tests attractive for early disease
diagnosis.  This  region multiple
synonymous repetitions of ribosomal DNA, making

resistance.

contains

it very useful in species identification and hence
proposed as a standard marker in encoding fungal
DNA barcodes.
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