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Molecular Diagnosis for Candida Spp.
in Hospitalized Patients in the City of
Karbala
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Abstract

The research was conducted at the College of Education for Pure Science, University of Karbala,
from May 1, 2022, to June 1, 2023. The primary objective of the study was to isolate and molecularly
diagnose certain species of the Candida genus obtained from hospitals in the Karbala governorate.
To accomplish this, a molecular analysis was conducted on 13 isolates using the Internal Transcribed
Spacer (ITS) region by employing the ITS1 and ITS4 primers. By comparing the nucleotide
sequences of the studied isolates with globally registered isolates at the National Center for
Biotechnology Information (NCBI), the results indicated that 10 strains obtained in this study were
previously unrecorded in Iraq. These strains exhibited mutations in certain nitrogenous bases.
Furthermore, the molecular diagnosis confirmed the identification of a species, C. ciferri, which was
recorded for the first time in Iraq at the molecular level. The molecular diagnosis of Candida isolates
indicated that they belong to the following types: C. albicans 6 isolates, C. tropicalis 2 isolates, C.
parapsilosis 2 isolates, C. glabrata 1 isolate, C. dubiniensis 1 isolate, and C. ciferri 1 isolate. After
completing the analysis of the results of the molecular study, the above diagnosed species were
registered in NCBI under identifiable accession numbers: OP293043, OP293044, OP293045,
0OP293046, OP293047, OP293048, OP2 93049, OP293050, OP293051, OP293052, OP293053,
0OP293054 and OP325504 respectively.
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Introduction

F ungi are widely distributed in various
environments and play a significant role as
living organisms, they can be classified into
molds and yeasts, with yeasts being single-
celled organisms that reproduce through
budding 0. Yeasts encompass different
types, some of which have beneficial effects
on humans, while others, like the Candida,
occasionally are known to cause diseases.

Among the various types of yeasts,
Candida is particularly prevalent due to its
possession of multiple virulence factors,
making it capable of causing internal
infections in the respiratory, digestive,
urinary, and genital tracts. In some cases, it
can even enter the bloodstream [> 3.
Although the Candida is typically present
in the normal flora of the human body, it
can lead to fungal infections in humans and
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adversely impact their well-being * 3. In
healthy individuals, the immune system is
generally capable of clearing most infections
caused by Candida species, however,
individuals with immunodeficiency or
chronic conditions such as asthma, diabetes,
organ or tissue transplants, and other
ailments are more susceptible to fungal
infections (671,

Mycoses fungal infections may be chronic
due to their slow growth and are the main
cause of life-threatening infections for
people with weak immunity #l. Candida is
the fourth most common fungal cause in
many developed countries. The Candida
species possesses virulence factors such as
biofilm formation, adherence and the
production of enzymes that cause tissue
damage I ,and has the ability to produce
proteinase and phospholipase 1% 1l showed
that catalytic enzymes play an important
role in the growth of Candida, as these
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enzymes facilitate adhesion and penetration of tissues
and thus invasion of the host. Changing the phenotype
and secretion of toxins are also considered virulence
factors 12131,

Molecular diagnostics, as opposed to traditional
diagnostic and biochemical tests employed in laboratory
diagnosis of fungi, demonstrated remarkable precision,
efficiency, and specificity in distinguishing between
various species and subspecies of fungi 4. The
Polymerase Chain Reaction (PCR) technique is utilized
for the diagnosis of fungi, even in cases where the fungal
colony has lost its distinctive features, is newly formed,
or is no longer viable [13].

DNA sequencing is a valuable and significant technique
for understanding the evolutionary relationships among
fungal species, it has emerged as an ideal approach for
species identification and diagnosis when applied to
various fungal strains ['®l. Currently, there is a growing
inclination to integrate genetic diagnosis with
phenotypic diagnosis, maximizing the benefits of both
approaches ['7].

The discovery of a wide range of molecular mechanisms
over the past few decades has provided valuable insights
into the origins of drug-resistant fungal isolates and has
paved the way for the development of contemporary
approaches to treat Candida and minimize its impact on
human health and the associated economic
consequences, among the various diagnostic methods
available, DNA sequencing stands out as one of the most
effective techniques 8],

Therefore, the aimed of the study to diagnosing some
types of Candida spp. Molecularly, by knowing the
sequence of the nitrogenous bases of the ITS gene and
drawing the genetic relationship between the isolated
species 1],

Materials and methods

1- One hundred fifty samples (70 mouth, 45 vaginas, 25
diaper areas and 10 blood) were collected for men,
women and children of different age groups from 1 day
to 70 years during the period from 03/17/2022 to
10/15/2022 from different places in Karbala Governorate
(Obstetrics and Gynecology Teaching Hospital, Karbala
Children's Teaching Hospital, Al-Hussein Teaching
Hospital, Kidney Dialysis Unit and Oncology Center)
and the Public Health Laboratory. All these samples are
samples taken from people suffering from chronic
diseases, except for children.

2- Preparation of the culture medium (Sabouraud
dextrose agar (SDA)): The preparation of this medium
followed the manufacturer's instructions. The antibiotic
Chloramphenicol was added to the medium at a
concentration of 250 mg per liter 1201,

3- The isolates were incubated at 37 °C for 48 hours, then
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examined phenotypically in terms of color and size.

Molecular identification of Candida spp.

1- DNA extraction from Candida yeast were grown and
activated on SDB culture medium, and DNA was
extracted and purified using the extraction kit: Wizard
Genomic DNA Purification Kit prepared by \USA
Promega company and according to the steps listed for
DNA extraction as follows:

1. Take 2 ml of the liquid medium after growing the yeast
in it, then centrifuge 3,000-16,0001 cycles for two
minutes.

2. Take the precipitate and put it in EDTA (50 ml).

3. Add 7.5 uL of 20 mg/ml lyticase enzyme and mix
gently.

4. The tubes were incubated for 30-60 minutes at a
temperature of 37°C.

5. Then add 300 pl of Nuclei Lysis Solution The protein
precipitation and DNA processing steps were applied as
follows:

1- 100 microliters of Protein Precipitation Solution were
added, mixed with a Vortex device, then placed on ice
for 5 minutes.

2- The samples were placed in a centrifuge at a rate of
13000-16000 cycles for 3 minutes.

3- Transfer the upper liquid (the upper layer) to a clean
tube containing isopropanol alcohol in a volume of 300
microliters at room temperature.

4- The samples were mixed with reversible stirring, then
placed in a centrifuge at a rate of 13000-16000 cycles for
2 minutes.

5- The top layer was removed and 300 microliters of
ethanol (70%) was added to the remainder of the
precipitate at room temperature.

6- The samples were introduced into a centrifuge at a
rate of 13000-16000 cycles for 2 minutes.

7- The ethanol was left to evaporate and dry in the air.
8- 50 microliters of DNA Rehydration solution were
added and placed at 65 °C for 1 hour.

9- RNase Solution was added for 15 minutes

2- Determination of the concentration and purity of the
DNA for this purpose, a nanodrop device was used by
placing a small drop of 0.7 microliters of DNA extract on
the sensitive lens in the device after calibrating it with a
similar drop of elution buffer to filter it, then the DNA
concentration and purity values were recorded at a
wavelength of 260/280.

3- DNA electrophoresis on agarose gel was performed
to confirm the presence of DNA following the extraction
process or to detect the amplified products of the
polymerase chain reaction. A standard DNA sample was
included to facilitate size determination of the bands on
the agarose gel. The agarose gel was prepareds. This
involved dissolving 1.5 grams of agarose in 100 ml of a
TBE solution, followed by heating the mixture until it
reached boiling point. After cooling to a temperature
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range of 45-50 °C, Red safe dye was added to enable
visualization of the nucleic acids. A gel support plate
was prepared by placing a comb in position, and then
the gel mixture was carefully poured onto it. The gel was
left undisturbed for approximately 30 minutes to
solidify. Subsequently, the comb was gently removed
from the agarose gel, and the gel was positioned on a
stand within the horizontal electrophoresis unit,
represented by a tank filled with TBE solution.

4- For sample preparation, a mixture was created by
combining 3 microliters of loading solution
(Intron/Korea) with 5 microliters of the nucleic acid
extract obtained using the procedure outlined in section
3-4-6-1. The resulting mixture was subjected to
electrophoresis under an electric current of 70 volts for a

Table (1) ITS primers used in the study according to 1]

duration of 1-2 hours. The process continued until the
dye migrated to the opposite end of the gel
Subsequently, the gel was examined using a 336 nm UV
light source for analysis.

5- To prepare the reaction, the primers were diluted by
adding distislled water to achieve a concentration of 100
picomoles per microliter, following the instructions
provided by the supplier as per the attached leaflet. The
required concentration was then prepared by taking 10
microliters of the original solution and adjusting the
volume to 100 microliters by adding distilled water. In
this study, the ITS1 primer was utilized, along with the
forward and reverse primer ITS4 obtained from Inc IDT
(Integrated DNA Technologies company, Canada.).
Please refer to Table 1 for more details.

Primer Sequence Tm (°C) Product size
Forward 5'- TCCGTAGGTGAACCTGCGG -3’ 62 550

ITS1 base pair
Reverse 5TCCTCCGCTTATTGATATGC -3’ 58

ITS4

6- Polymerase Chain Reaction (PCR). The PCR technique
was used to amplify the ITS region using the ITS1 and
ITS4 primers. A PCR amplification was performed with
a total volume of 25 uL containing 7 uL of DNA, 5 pL of
Taq PCR PreMix, 1 pL of each primer (uM (10), then
distilled water was added to the tube for a total volume
of 25 ul (Table 2), the reaction conditions were carried
out according to the steps in Table (3).

Table (2) Components of the Maxime PCR PreMix kit (i-Taq)

Material Volume
i-Taq DNA Polymerase 5U/ul
DNTPs( G,C,A and T) 2.5Mm
Reaction buffer (10X) 1X

Gel loading buffer 1X

Table 3: Sample preparation ste!)s for ITS region
amplification by PCR, according to [#]

Components Concentration

Taq PCR PreMix S5ul

Forward primer 1 ul (10 picomols/ul )

Reverse primer 1 ul (10 picomols/ul )

DNA 7ul
Up to 25 pl

D.D.W

Table (4) Phases of the thermal cycles of the polymerase
chain reaction (PCR) technology, according to [

No. Phase Tm Time No. of
(°C) cycle

1- Initial 950C 3 min. 1 cycle

Denaturation

2- Denaturation 950C 45sec

3- Annealing 540C 1 min 35

4- Extension-1 720C 1 min cycle

5- Final Extension 720C 7 min. 1 cycle

6- Storage 4°C

7- Detection of PCR products After completing the
polymerase chain reaction, the amplification results
were electrophoresed on a 1.5% agarose gel plate using
the DNA leddar molecular marker (1000plus) and with
the previous migration steps of the extracted DNA
sample that were carried out before as in paragraph 3-,

- 2023, 22:02

then the separated bundles of DNA were determined.
On the agarose gel plate after being examined with
ultraviolet light (302 nm) and photographed with the
digital camera to be studied.

8- Studying the sequence of bases in the amplified DNA
segment. To determine the phylogenetic tree analysis of
the sex under study, the nucleotide sequence of the DNA
sequencer was studied by determining the sequence of
the ITS region resulting from the polymerase chain
reaction and using the prefix ITS1 and ITS4. After
conducting the PCR examination, the product of the PCR
reaction was sent to the Macrogen corporation in Korea.
To perform the DNA sequencing using a device (genetic
analyzer), the NCBI- database program and the Mega-X
program were also used to analyze the results related to
the yeast nucleotide sequences under study and to draw
the evolutionary tree Phylogenetic analysis.

Results and discussion

Molecular diagnosis of clinical isolates of
Candida spp.

DNA extraction from Candida spp

After examination and phenotypic diagnosis of Candida
yeast isolates, 13 isolates were elected for accurate
molecular diagnosis. The DNA of these isolates was
extracted in order to complete the molecular study and
diagnosis by identifying the sequences of the ITS region.
The results revealed the possibility of extracting DNA
from pure cultures of Candida yeast isolates and
According to the extraction kit prepared by Promega \
USA and listed as Wizard® Genomic DNA Purification
Kit, the presence of DNA in the isolates selected for
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molecular study was confirmed by electrophoresis on an
agarose gel at a concentration of 1.5% at 70 volts for one
hour; The appearance of bands on the agarose gel
indicates the presence of DNA in all isolates, as shown
in Figure (1).

Figure (1): Electrophoresis of DNA extracted from Candida spp. on a
1.5% agarose gel at 70 volts for one hour

Measuring the concentration and purity of DNA

Table (5) indicates the measurement of DNA
concentration and purity in the Nanodrop device for all
isolates of Candida spp. The purity ranged between 1.58
- 2.0, and the concentration of the samples ranged
between 17.61 - 81 ng/ml.

Table (5) Measurement of DNA concentration and purity of
Candida spp. in the Nanodrop device

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

1.72 81 1
1.7 77.2 2
1.53 22.62 3
1.79 43 4
1.8 33 5
2.0 29.7 6
1.58 66.11 7
1.7 81 8
1.94 39.53 9
1.9 80.31 10
1.79 17.61 11
1.8 20.17 12
2.0 36.3 13

The results of DNA extraction based on the extraction kit
prepared by Promega \ USA and listed as Wizard®
Genomic DNA Purification Kit showed that the results
were good, and this was confirmed by obtaining a good
concentration and purity of the DNA that was used in
the subsequent steps of the molecular study, as
mentioned by 221,

The top priority of the molecular study is to provide an
efficient method for extracting a good and pure amount
of DNA. Various methods are available to isolate DNA
from fungi, but it takes a long time, and its quality and
quantity are not satisfactory. The main obstacle during
the extraction of DNA from a culture is Fungi break cell
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walls containing tough chitin, as it resists the traditional
DNA isolation method. As mentioned by In fungi and
yeast, it is crucial to perform adequate and precise DNA
isolation before any further analysis. This is because the
DNA extraction process is often accompanied by
numerous interfering substances, including salts,
proteins, polysaccharides, and other unknown
compounds. For PCR-based analyses in particular, it is
essential to swiftly isolate relatively pure genomic DNA
of substantial size, as it serves as a prerequisite for
accurate results

The electrophoresis of PCR amplification products was
conducted to analyze the results of amplifying the ITS
region between rDNA genes using the ITS1 and ITS4
forward and reverse primers. A total of 12 DNA samples
extracted from 13 Candida yeast isolates were subjected
to this analysis. The replication was performed through
the polymerase chain reaction (PCR) using the specific
primers, followed by electrophoresis of the replicated
products.

The results revealed the presence of bands in all samples,
appearing at approximately 570 base pairs (bp), when
compared to the DNA ladder (which included a band at
1000 bp). This observation indicates the successful
binding of the primers and the occurrence of replication
in all analyzed samples, as demonstrated in Figure (2).

Figure (2): Electrophoresis of PCR amplification products using
primers ITS4 - ITS1 for 13 isolates of Candida yeast on 1.5% agarose
gel at 70 V for 1.5 hours and the appearance of bands at approximately
570 bp compared to DNA ladder (1000 plus).

The results of the PCR duplication results confirmed the
doubling of the target region, according to the primers
used. It was confirmed that the specific region was
duplicated through the appearance of bands during
electrophoresis on the agarose gel. This was confirmed
by studies that the polymerase chain reaction (PCR) is a
fast and specific method with high sensitivity in
detecting a fraction target DNA and offers microbiology
an alternative to traditional procedures, especially in the
diagnosis of fungi 2223, Jurado et al. I also reported that

Journal of Carcinogenesis - 2023, 22:02
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molecular identification techniques based on total
extraction of fungal DNA provide a unique code for the
identification and diagnosis of different fungal isolates
even at the species level. Fungi are diagnosed using
molecular techniques such as polymerase chain reaction
(PCR) by amplifying rDNA genes with universal
primers for fungal species [2 261,

Identification of yeast isolates spp

Candida under study based on the sequence of
nitrogenous bases of the ITS region: The results of the
nitrogen bases sequence analysis, after comparing them
with the isolates and species registered in NCBI, proved
that all the isolates are isolates belonging to the genus
Candida, and this result confirms the results of the
isolation and initial diagnosis of the yeast under study.
The nitrogen bases registration document for all Candida
yeast isolates on the NCBI site clarified the classification
of the genus under study as follows: Eukaryota; Fungi;

Dikarya; Ascomycota; Saccharomycotina;
Saccharomyces’s; Saccharomycetales;
Debaryomycetaceae; Lodderomyces clade; Candida. The
molecular study, and through the results of comparison
with the globally registered isolates, showed the
accurate diagnosis at the species level of the 13 isolates
of Candida that they belong to the following species: C.
albicans 6 isolates, C. tropicalis 2 isolates, C. parapsilosis
2 isolates, C. glabrata 1 isolate, C. dubiniensis 1 isolate,
and C. ciferri 1 isolate. The results of the comparison
with isolates and strains registered globally in NCBI
showed that the eight strains obtained in this study are
strains registered for the first time in Iraq through the
presence of mutations in some nitrogenous bases, as
shown in Table (6).

Also, the study, through molecular diagnosis, confirmed
the registration of a species recorded for the first time in
Iraq at the molecular level, which is C. ciferri.

Table (6) the global isolates and their accession numbers in NCBI, which were compared with them through the BLAST
program, showing the type and location of the heterogeneity, in addition to the percentage of congruence with the

isolates under study.

Gene: ITS internal transcribed spacer

No. Type of substitution Location Nucleotide Sequence ID with compare  Source Identities
1 Transition 412 A\G ID: MK805514.1 Candida albicans 99%
2 Transition 41 C\T ID: MF797769.1 Candida albicans 99%
Transvertion 210 C\G
Transvertion 214 NG
3 Transvertion 100 NG ID: ON845633.1 Candida albicans 98.80%
Transvertion 155 TA
Transvertion 262 TA
Transvertion 424 G\C
Transition 439 A\G
4 - - - ID: MN263159.1 Candida albicans 100%
5 Transition 114 C\T ID: OP031644.1 Candida albicans 99%
Transvertion 160 A\C
6 - - - ID: KY101889.1 Candida albicans 99%
7 Transition 364 TA ID: OP077322.1 Candida tropicalis 99%
Transition 378 C\G
8 - - - ID: AF268095.1 Candida tropicalis 99%
9 Transvertion 11 C\A ID: OP042388.1 Candida parapsilosis  98.53%
Transvertion 36 TA
Transition 75 A\G
Transvertion 141 A\C
Transvertion 218 G\T
Transition 400 C\T
10 Transvertion 93 NG ID: ON954678.1 Candida parapsilosis  99%
Transvertion 97 C\G
Transition 280 TA
11 - - - ID: GU199447.1 Candida glabrata 100%
12 Transvertion 396 C\G ID: KY412696.1 Candida dubiniensis  99.70%
13 Transition 79 C\T ID: KY065365.1 Candida sp. 99%

Results of comparison (alignment) of each isolate under
study with isolates registered in NCBI The results of the
sequence of nitrogenous bases obtained from the
Macrogen company in Korea for the isolates under study
in the BLAST program were analyzed and through
comparison with the isolates registered in NCBI, the
following results were recorded:

1- Isolate No. 1 (C. albicans strain suhad 1). The results of
the molecular analysis showed that this strain was
- 2023, 22:02

diagnosed for the first time in Iraq, as the results of the
comparison of the sequence of the nitrogenous bases of
isolate No. 1 showed that it was 99% identical to the
isolate C. albicans registered in China under ID:
MK805514.1.

The results of the alignment shown in Figure (3) also
showed that there was a variation at site 412, as the
guanine nitrogenous base was recorded in the sequences
of the isolate under study instead of the adenine
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nitrogenous base (G\ A), and this variation was of the type of Transition (equivalent substitution).

Candida albicans strain TBS611 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.88
ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial
sequence

Sequence ID: MK805514.1 Length: 532 MNumber of Matches: 1

Range 1: 143 to 478 GenBank Graphics

Strand
Plus/Plus

Identities

335/336(29%)

Expect
9e-172

Score

Gaps
616 bits(333) 0/336(0%)

Query 1 ATCAACTTGTCACACCAGATTATTACTTAATAGTCARAACTTTCAACAACGGATCTCTTG 68
L e 282
Query 61  GTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATATGAATTGCAGATATTC 128
e L 262
Query 121 GTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTG 188
T L 322
Query 181 TTTGAGCGTCGTTTCTCCCTCARACCGCTGGGTTTGETGTTGAGCAATACGACTTGGGTT 248
] o - 382
Query 241 TGCTTGARAGACGGTAGTGGTAAGGCGGGOTCGCTTTGACAATGGCTTAGGTCTAACCAA 308
Shjct 383 .. B i e 4432
Query 381 AAMACATTGCTTGCGGCGGTAACGTCCACCACGTATA 336

Shjct 443 e e 478

Figure (3): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 1 under study and the isolate with the
highest matching C. albicans registered in China under ID: MK805514.1, with a match rate of 99%

2- Isolate No. 2 (C. albicans strain suhad 2). The results
of the molecular analysis showed that this strain was
diagnosed for the first time in Iraq, as the results of the
comparison of the sequence of the nitrogenous bases of
isolate No. 2 showed that it was 99% identical to the
isolate C. albicans registered in Brazil under ID:

MF797769.1. The results of the alignment shown in
Figure (4) also showed that there was a discrepancy at
position 41, as the nitrogenous base thymine was
recorded instead of cytosine (T\C). \C) and with
thymine (G\T) respectively and the covariance was of
non-equivalent substitution type Transvertion.

Candida albicans isolate $250 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85 ribosomal
RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Sequence ID: MF797769.1 Length: 529 Number of Matches: 1

Range 1: 14 to 492 GenBank Graphics

Strand
Plus/Plus

Identities Gaps

476/479(99%) 0/479(0%)

Score Expect
869 bits(470) 0.0

GTCGTAACAAGGTTTCCGTAGGTGAACTTGCGGAAGGATCATTACTGATTTGCTTAATTG 68
........................... L - )

Query 1
Shjct 14

CACCACATGTGTTTTTCTTTGAAACAAACTTGCTTTGGCGGTGGEGCCCAGCCTGOCGCCA 126
............................................................ 133

Query &1
Sbjct 74

Query 121
Shbjct 124

GAGGTCTAAACTTACAACCAATTTTTTATCAACTTGTCACACCAGATTATTACTTAATAG 18@
............................................................ 123

Query 181
Shjct 194

TCAARACTTTCAACAAGGGAGCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGC 248
................ L -

Query 241
Sbjct 254

GATACGTAATATGAATTGCAGATATTCGTGAATCATCGAATCTTTGAACGCACATTGCGC 388
............................................................ 313

Query 301
sbjct 314

CCTCTGGTATTCCGGAGGGCATGCCTGTTTGAGCGTCGTTTCTCCCTCASMACCGLTGGEGT 368
............................................................ 373

Query 361
Sbjct 374

TTGGTGTTGAGCAATACGACTTGGGTTTGCTTGAAAGACGGTAGTGGTAAGGCGGGATCG 428
............................................................ 433

Query 421
Shbjct 434

CTTTRACAATGGCTTAGGTCTAACCAAAAACATTGCTTGCGGCGGTAACGTCCACCACG 479
........................................................... 492

Figure (4): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 2 under study and the isolate with the
highest matching C. albicans registered in Brazil under ID: MF797769.1, with a match rate of 99%

3- Isolate No. 3 (C. albicans strain suhad 3). in Iraq under ID: ON845633.1. The results of the

The results of the molecular analysis showed that this
strain was diagnosed for the first time in Iraq, as the
results of the comparison of the sequence of the
nitrogenous bases of isolate No. 3 showed that it was
identical by 98.80% with the isolate C. albicans registered

26

alignment shown in Figure (5) also showed that there
were five variations at position 100, 155 and 262, as the
nitrogenous bases G, adenine A and adenine A were
recorded instead of the base thymine T in the sequences
under study, respectively, and the variations were of the

Journal of Carcinogenesis - 2023, 22:02
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type of Transvertion; There was also a discrepancy at
position 424, as base C replaced G in the type of

Transvertion, and there was a discrepancy at 439, as base
G replaced A in place of Transition type

Candida albicans isolate IMAN-9 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.88
ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial
sequence

Sequence ID: ON845633.1 Length: 569 Number of Matches: 1

Range 1: 53 to 470 GenBank Graphics

Score Expect Identities Gaps Strand

745 bits(403) 0.0 413/418(99%) 0/418(0%) Plus/Plus
Query 1 TACTGATTTGCTTAATTGCACCACATGTGTTTTTCTTTGAAACAAACGTGCTTTGGCGGT 68
= = L I 112
Quary 61  GGEGCCCAGCCTGCCGCCAGAGGTCTAAACTTACAACCAATTTATTATCAACTTGTCACAC 128
Shct 113 L. i a i L .
Quary 121 CAGATTATTACTTAATAGTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATG 188
3 232
Quary 181 AAGAACGCAGCGAAATGCGATACGTAATAAGAATTGCAGATATTCGTGAATCATCGAATC 248
Shjct 233 ... Tt i e i innanae 282
Quary 241 TTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTTGAGCGTCGTTTC 288
] e L I 352
Quary 381 TCCCTCARACCGCTGGGTTTGGTATTGAGCAATACGACTTGGGTTTGCTTGARAGACGGT 3268
] L 412
Quary 361 AGTGGTAAGGCCGGATCGCTTTGACAGTGGCTTAGGTCTAACCAAAAACATTGCTTGC 418
Shjct 413 ........... Gevrininnnnnnns - 478

Figure (5): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 3 under study and the isolate with the
highest matching C. albicans registered in Iraq under ID: ON845633.1, with a match rate of 98.80%

4- Isolate No. 4 (C. albicans strain suhad 4). The results
of the molecular analysis showed that the results of the
comparison of the nitrogenous base sequences of isolate

No. 4 were 100% identical to the isolate C. albicans
registered in Vietham under an accession ID:
MN263159.1, as shown in Figure (6).

Candida albicans isolate U4408 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85
ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial
sequence

Sequence ID: MN263159.1 Length: 660 Number of Matches: 1

Range 1: 56 to 558 GenBank Graphics

Score Expect Identities Gaps Strand

929 bits(503) 0.0 503/503(100%) 0/503(0%) Plus/Plus
Query 1 TGATTTGCTTAATTGCACCACATGTGTTTTTCTTTGAAACAAACTTGCTTTGGCGGTGGE 60
3= = 115
Query 61 CCCAGCCTGCCGCCAGAGGTCTAAACTTACAACCAATTTTTTATCAACTTGTCACACCAG 128
3= 175
Query 121 ATTATTACTAATAGTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGA 188
32 T 235
Query 181 ACGCAGCGAAATGCGATACGTAATATGAATTGCAGATATTCGTGAATCATCGAATCTTTG 248
S = T 205
Query 241 AACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTTGAGCGTCGTTTCTCCC 388
T2 < 355
Query 381 TCAAACCGCTGGGTTTGGTGTTGAGCAATACGACTTGGGTTTGCTTGAAAGACGGTAGTG 368
2 = 415
Query 361 GTAAGGCGGGATCGCTTTGACAATGGCTTAGGTCTAACCAAAAACATTGCTTGCGGCGGET 428
3 e I 475
Query 421 AACGTCTACCACGTATATCTTCAAACTTTGACCTCAAATCAGGTAGGACTACCCGCTGAA 488
= 535
Query 481 CTTAAGCATATCAATAAGCGGAG 503

SbICt 536 i 558

Figure (6): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 4 under study and the isolate with the
highest matching C. albicans registered in Vietham under ID: MN263159.1, with a match rate of 100%

5- Isolate No. 5 (C. albicans strain suhad 5). The results
of the molecular analysis showed that this strain was
diagnosed for the first time in Iraq, as the results of the
comparison of the sequence of the nitrogenous bases of
isolate No. 5 showed that it was 99% identical to the
isolate C. albicans registered in Iraq under ID:
Journal of Carcinogenesis - 2023, 22:02

0OP031644.1. The results of the alignment shown in
Figure (4-10) also showed that there was a discrepancy
at position 114, as the nitrogenous base thymine was
recorded instead of cytosine (T\C). (C\A) and the type
of variation was Transvertion. The strain is closely
related to an existing isolate, but there is a specific
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variation at position 114, involving a transversion from thymine to cytosine and from cytosine to adenine.

Candida albicans isolate MADB7_62 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: OP031644.1 Length: 504 Number of Matches: 1

Range 1: 42 to 408 GenBank Graphics

Score Expect Identities Gaps Strand

667 bits(361) 0.0 365/367(99%) 0/367(0%) Plus/Plus
Query 1 TGATTTGCTTAATTGCACCACATGTGTTTTTCTTTGARACARACTTGCTTTGGCGETGGE &8
] 181
Query 61  CCCAGCCTGCCATCAGAGGTCTARACTTACAACCAATTTTTTATCAACTTGTCACACCCG 128
Sbjct 182 ............ Lottt ettt it e A, 161
Quary 121 ATTATTACTAATAGTCAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGA 188
] 221
Quary 181 ACGCAGCGAAATGCGATACGTAATATGAATTGCAGATATTCGTGAATCATCGRATCTTTG 248
] 281
Query 241 AACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTTGAGCGTCGTTTCTCCC  30e
] o 341
Query 381 TCAAACCGCTGGRGTTTGGETGTTGAGCAATACGACTTGRATTTGCTTGAAMAGACGGTAGTG 368
Y g T 481
Query 361 GTAAGGC 367
Sbjct 482 ....... 488

Figure (7): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 5 under study and the isolate with the
highest matching C. albicans registered in Iraq under ID: OP031644.1, with a match rate of 99%.

6- Isolate No. 6 (C. albicans strain suhad 6). The results
of the molecular analysis showed that the results of the
comparison of the sequences of the nitrogenous bases of
isolate No. 6 were 100% identical to the isolate C.
albicans registered in the Netherlands under the
accession identification number ID: KY101889.1, as

shown in Figure (8). This high degree of identity
suggests a close relationship between the two isolates,
which could have implications for understanding the
genetic similarities and potential epidemiological
connections between strains from different geographical
locations.

Candida albicans culture CBS:8838 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1,5.88
ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial
sequence

Sequence ID: KY101888.1 Length: 826 Number of Matches: 1

Range 1: 342 to 790 GenBank Graphics

Score Expect Identities Gaps Strand

830 bits{449) 0.0 449/449(100%) 0/442(0%) Plus/Plus
Query 1 CGCATCGATGAAGAACGCAGCGALATGCGATACGTAATATGAATTGCAGATATTCGTGAA 68
o 4a1
Query 61 TCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTTTGA 126
o T 461
Query 121 GCGTCGTTTCTCCCTCAAACCGCTGOGETTTGGTGTTGAGCAATACGACTTGGGTTTGCTT 188
] e 521
Query 181 GAAAGACGGTAGTGGTAAGGCGGEGATCGCTTTGACAATGECTTAGGTCTAACCAAARACA 248
] = 581
Query 241 TTGCTTGCGGCGGTAACGTCCACCACGTATATCTTCAAMACTTTGACCTCARATCAGGTA 388
= 641
Query 381 GGACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGEAARAGAAACCAACAGGGATTG 368
I T 71
Query 361 CCTCAGTAGCGGCGAGTGAAGCGGCAAAAGCTCAAATTTGARATCTGGCGTCTTTGECGT 428
o O 761
Query 421 CCGAGTTGTAATTTGAAGAAGGTATCTTT 449

Shjct 782 e 798

Figure (8): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 6 under study and the isolate with the
highest matching C. albicans registered in the Netherlands under ID: KY101889.1, with a match rate of 100%.

7-Isolate No. 7 (C. tropicalis strain suhad 7). The results
of the molecular analysis showed that this strain was
diagnosed for the first time in Iraq, as the results of the
comparison of the sequence of the nitrogenous bases of
isolate No. 7 showed that it was 99% identical to the

28

isolate C. tropicalis registered in India under ID:
0OP077322.1. The results of the alignment shown in
Figure (9) also showed that there is a discrepancy at site
364, as the nitrogenous base adenine was recorded
instead of thymine (A\T).

Journal of Carcinogenesis - 2023, 22:02
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There was also a variation in the position 378, as the base
of the two guanines was replaced by the cytosine (G/C),

and each of the variants was of the type of the
Transvertion.

Candida tropicalis isolate CUMB VP - KAN04 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1,
5.85 ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial
sequence

Sequence ID: OP077322.1 Length: 539 Number of Matches: 1

Range 1: 73 to 385 GenBank Graphics

Strand
Plus/Plus

Identities Gaps
311/313(99%) 0/313(0%)

Score Expect
568 bits(307) 2e-157

Query 1 TTTTTATTGAACAAATTTCTTTGGTGGCGRGAGCAATCCTACCGCCAGAGGTTATAACTA 66
T et 132
Query 61  RACCAAACTTTTTATTTACAGTCARACTTGATTTATTATTACAATAGTCAARACTTTCAA 128
) ot 182
Query 121 CAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGLAGCGAAATGCGATACGTAATATG 18@
) ot 252
Query 181 AATTGCAGATATTCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTGGTATTCC 248
BT 253 i e 312
Query 241 AAAGGGCATGCCTGTTTGAGCGTCATTTCTCCCTCARACCCCCGOGTTTGRAGTTGAGCA 308
Shjct 313 L e e | PP, 372
Query 381 ATACGGTAGGTTT 313

shjct 373 ... Covennan 385

Figure (9) Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 7 under study and the highest matching
isolate C. tropicalis registered in India under accession ID: OP077322.1, with a match rate of 99%.

8 - Isolate No. 8 (C. tropicalis strain suhad 8). The results
of the molecular analysis showed that the results of the
comparison of the sequences of the nitrogenous bases of
isolate No. 8 were 100% identical to the isolate C.
tropicalis registered in Argentina under the accession
identification number ID: AF268095.1, as shown in
Figure (10).

This result indicates a complete match in the genetic
makeup of isolate No. 8 with the C. tropicalis isolate
from Argentina. Such findings are crucial for
understanding the relationships between different
isolates and can contribute to insights into the genetic
diversity, evolution, or transmission patterns of the
microorganism

Candida tropicalis 185 ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.885 ribosomal RNA gene and
internal transcribed spacer 2, complete sequence; and 285 ribosomal RNA gene, partial sequence
Sequence ID: AF268095.1 Length: 529 Number of Matches: 1

Range 1: 1 to 419 GenBank Graphics

Identities Gaps trand
419/419(100%) 0/419(0%) Plus/Plus

Score Expect
774 bits(419) 0.0

CCTCCGTAAGGGAACCTGCGCAAGGATCATTACTGATTTGCTTAATTGCACCACATGTGT 68

Query 1
L e e e e eaeaaeeaeaeaaeeaeeeaaaaaan 68

Sbjct

TTTTTATTGAACAAATTTCTTTGGGGCGGELAGCAATCOCACCGCCAGAGGTTATAACTAA 128
............................................................ 128

Query 61
Sbjct 61

ACCAAACTTTTTATTTACAGTCAAACTTGATTTATTATTACAATAGTCAAAACTTTCAAC  18@
............................................................ 128

Query 121
Sbjct 121

ARCGOATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAMATGCGATACGTAATATGA 248
............................................................ 248

Query 181
Sbjct 181

ATTGCAGATATTCGTGAATCATCGAATTTTTGAACGCACATTGCGCCCTTTGGTATTCCA 308
............................................................ g

Query 241
Sbjct 241

ARMGGGCATGCCTGTTTGAGCGTCATTTCTCCCTCARACCCTCGGGTTTGETGTTRAGCAS 368
............................................................ 368

Query 381
Sbjct 3e1

TACGCTAGGTTTGTTTGAAAGAATTTAACGTGGAAACTTATTTTAAGCGACTTAGGTTT 412
........................................................... 419

Query 361
Shjct 361

Figure (10) Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 8 under study and the most identical
isolate C. tropicalis registered in Argentina under ID: AF268095.1, with a match rate of 100%

9- Isolate No. 9 (C. parapsilosis strain suhad 9). The
results of the molecular analysis showed that this strain
was diagnosed for the first time in Iraq, as the results of

Journal of Carcinogenesis - 2023, 22:02

the comparison of the sequence of the nitrogenous bases
of isolate No. 9 showed that it was identical by 98.53%
with the isolate C. parapsilosis registered in Iraq under
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the accession ID: OP042388.1. The results of the
alignment shown in Figure (11) also showed that there
are six variations at locations 11, 36, 141 and 218, all of
which were of the Transvertion type, while the variation
was of the Transition type.

The high similarity with the registered isolate suggests a
close relationship, while the identified variations at
specific locations, including Transversion and Transition
types, contribute to understanding the genetic diversity
within this strain.

Candida parapsilosis isolate KAM8_80F internal transcribed spacer 1, partial sequence; 5.85 ribosomal RNA gene, complete
sequence; and internal transcribed spacer 2, partial sequence
Sequence ID: OP042388.1 Length: 436 Number of Matches: 1

Range 1: 3 to 410 GenBank Graphics

Score Expect Identities Gaps Strand

721 bits(390) 0.0 402/408(99%) 0/408(0%) Plus/Plus
Query 1 GTGCTTAAATGCATTTTTTCTTACACATGTGTTATTCEE TELLLGAAMACTTTGCTTTGG 68
Sbjct 3 ........ Gttt Tt a e inaans 62
Query 61  TAGGCCTTCTATGTGGGGCCTGCCAGAGATTAAACTCAACCAAATTTTATTTAATGTCAA 128
Shjct 63 .....iiie.an Bttt et e e 122
Query 121 CCGATTATTTAATAGTCACAACTTTCAACAACGEATCTCTTGGTTCTCGCATCGATGAAG 188
shjct 123 .............. Bt e e e e 182
Query 181 AACGCAGCGAAATGCRATAAGTAATATGAATTGCATATATTCGTGAATCATCGAATCTTT 248
Shjct 183 L. B iii i im i 242
Query 241 GAACGCACATTGCGCCCTTTGGTATTCCAAAGGRCATGCCTGTTTGAGCGTCATTTCTCC 388
] le2
Query 381 CTCAAACCCTCGGGTTTGGTGTTRAGCGATACGETGGGTTTGCTTGAALGAAAGGCGGAG 368
T I 362
Query 361 TATAAACTAATGGATAGGTTTTTTCCACTCATTGGTATAAACTCCAAA 488

Shjct 363 ... Covinnnnnnn 418

Figure (11): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 9 under study and the isolate with the
highest matching C. parapsilosis registered in Iraq under ID: OP042388.1, with a match rate of 98.53%

10 - Isolate No. 10 (C. parapsilosis strain suhad 10). The
results of the molecular analysis showed that this strain
was diagnosed for the first time in Iraq, as the results of
the comparison of the sequence of the nitrogenous bases
of isolate No. 10 showed that it was 99% identical to the

isolate C. parapsilosis registered in India under the
accession ID: ON954678.1. The results of the alignment
shown in Figure (13) also showed that there were three
variations at locations 93, 97 and 280, and all of them
were of the type of Transvertion.

Candida parapsilosis strain AVT1.5 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.88
ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial
sequence

Sequence ID: ON954678.1 Length: 520 Number of Matches: 1

Range 1: 81 to 469 GenBank Graphics

Score Expect Identities Gaps Strand

702 bits(380) 0.0 386/389(99%) 0/389(0%) Plus/Plus
Query 1 TTTTTGAAMAACGTTGATTTGGTAGGCCTTCTATATGGGGCCTGCCAGAGATTAAACTCAL 68
Sbjct 81 ........... L 14@
Query 61 CCAAATTTTATTTAATGTCAACCGATTATTTAATAGTCAARACTTTCAACAACGGATCTC 128
T e 208
Query 121 TTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTGCAGATA 188
Y e L 268
Query 181 TTCGTGAATCATCGAATCTATGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATGC 248
Shjct 261 ...iiiiiiiiiiiiaen L 328
Quary 241 CTGTTTGAGCGTCATTTCTCCCTCAAACCCTCGAGTTTRGTGTTGAGCGATACGCTRGAT 388
e 3 328
Query 381 TTGCTTGAAAGAAAGGCGGAGTATAAACTAATGGATAGGTTTTTTCCACTCATTGGTACA 368
] e 448
Query 361 AACTCCAARACTTCTTCCAAATTCGACCT 389
Shjct 441 L. e

Figure (12): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 10 under study and the isolate that
matches C. parapsilosis, registered in India under accession ID: ON954678.1, with a match rate of 99%
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11 - Isolate No. 11 (C. glabrata strain suhad 11). The
results of the molecular analysis showed that the results
of the comparison of the nitrogenous base sequences of

isolate No. 11 were 100% identical to the isolate C.
glabrata registered in Iran under ID: GU199447.1, as
shown in Figure (13).

Candida glabrata strain W56873 188 ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.88 ribosomal RNA
gene, and internal transcribed spacer 2, complete sequence; and 285 ribosomal RNA gene, partial sequence
Sequence ID: GU199447.1 Length: 885 Number of Matches: 1

Range 1: 71 to 560 GenBank Graphics

Score Expect Identities Gaps Strand

205 bits(490) 0.0 490/490(100%) 0/490(0%) Plus/Plus
Query 1 TCTCTGGEGAGGACCAGTGTAGACACTCAGGAGGCTCCTAAAATATTTTCTCTGCTGTGA 68
1 130
Query 61  ATGCTATTTCTCCTGCCTGCGCTTAAGTGCGCGGTTGGTGGETGTTCTGCAGTGGEGGEA 128
1= 1@
Query 121 GGGAGCCGACAAAGACCTGGGAGTGTGCGTGGATCTCTCTATTCCAMAGGAGGTGTTTTA 128
7= L 250
Query 181 TCACACGACTCGACACTTTCTAATTACTACACACAGTGGAGTTTACTTTACTACTATTCT 248
3o L 318
Query 241 TTTGTTCGTTGGEGGAAAGCTCTCTTTCEEEEEgeAGTTCTCCCAGTGGATGCARACACA 308
=1 = S 278
Query 381 AACAAATATTTTTTATTTTAACTAATTCAGTCAACACAAGATTTCTTTTAGTAGAALACA 368
3= 430
Query 261 ACTTCAAMACTTTCAACAATGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAA 428
e T LET)
Query 421 TGCGATACGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTG 428
0= 558
Query 481 CGCCCTCTGGE 498

Sbjct 551 .......... 568

Figure (13): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 11 under study and the highest
matching isolate C. glabrata registered in Iran under ID: GU199447.1 with a 100% match rate

12- Isolate No. 12 (C. dubiniensis strain suhad 12). The
results of the molecular analysis showed that this strain
was diagnosed for the first time in Iraq, as the results of
the comparison of the sequence of the nitrogenous bases
of isolate No. 12 showed that it was 99.70% identical to
the isolate C. dubiniensis registered in Iran under the

accession ID: KY412696.1. The results of the alignment
shown in Figure (14) also showed that there was only
one variation at the site at 396, and it was a type of
Transvertion, as the nitrogenous base replaced the two
guanines in the sequences under study instead of

Cytosine (G\C).

Candida dubliniensis voucher CD101-W internal transcribed spacer 1, partial sequence; 5.85 ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence

Sequence ID: KY412696.1 Length: 450 Number of Matches: 1

Range 1: 72 to 450 GenBank Graphics

Score Expect Identities Gaps Strand

605 bits(376) 0.0 378/379(99%) 0/379(0%) Plus/Plus
Query 1 CGATGAAGAACGCAGCGAAATGCGATACGTAATATGAATTGCAGATATTCATGAATCATC 68
T o 131
Query 61  GAATCTTTGAACGCACATTGCGCCCTCTGATATTCCGGAGGGCATGCCTGTTTGAGCGTC 128
L Loy 191
Query 121 GTTTCTCCCTCAAACCCCTAGGGTTTGGTGTTGAGCAATACGACTTGGGTTTGCTTGAAL 186
o ot 251
Query 181 GATGATAGTGGTAAGGCGGAGATTGCTTGACAATGGCTTAGGTGTAACCAAARACATTGC 248
L T L 311
Query 241 TAAGGCGGTCTCTGGCGTCGCCCATTTTATTCTTCAAACTTTGACCTCAAATCAGGTAGG 30@
B o 71
Query 381 ACTACCCGCTGAACTTAAGCATATGATAGGCCCGGAGGAAAZZEoppACCGGLGTGGAA 366
Shjct 372 Lo Dt i 431
Query 361 GAAGGGGGGCAGAGGGGTG 379

Shjct 432 ...l 458

Figure (14): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 12 under study and the highest
matching isolate C. dubiniensis registered in Iran under ID: KY412696.1 with a match rate of 99.70%
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13- Isolate No. 13 (C. ciferrii strain suhad 13). The results
of the molecular analysis showed that this type of yeast
was recorded for the first time in Iraq at the molecular
level, as the results of the comparison of the sequence of
the nitrogenous bases of isolate No. 13 showed that it

was 99% identical to the isolate registered in India under
an accession identification number ID: KY065365.1. The
alignment shown in Figure (15) indicates that there is a
discrepancy at position 79, and the discrepancy is of the
Transition type 71,

" Candida sp. (in: Saccharomycetales) strain SW114 small subunit ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.88 ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA
gene, partial sequence
Sequence ID: KY0685365.1 Length: 557 Number of Matches: 1

Range 1: 1 to 224 GenBank Graphics

Score Expect Identities Gaps Strand

409 bits(221) 2e-109 223/224(99%) 0/224(0%) Plus/Plus
Query 288 AACCTGCGGAAGGATCATTAACGAATAGTTCTTCGGAACATTTCATCCTTACACACCTGT 268
L o e 68
Query 260 GAATTTTTAAATGATACTCTGCTTTGGTCAGACTTTAATTAGTCTGGCCAGAGGTATACA 328
Shjct Bl e, T e s 128
Query 320 AACTCCAAATTTATTTTAAACATGAGTCTGAATTGAAAAAGAATAAATTATTCAAAACTT 388
T o 1 188
Query 380 TCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGC 432

SbIct IBL o e 224

Figure (15): Alignment of the sequence of nitrogenous bases in the BLAST program between isolate No. 13 under study and the highest isolate
matching Candida sp. Registered in India under ID: KY065365.1 with a 99% match rate

Initially, the DNA sequences were subjected to OP293052, OP293053, OP29. 3054 and OP325504.
verification in order to confirm their nucleotide
sequence. Subsequently, a comparison was made
between these sequences and other universal strains.
This comparison was performed using the nucleotide-
online NCBI-BLAST-Query software, which facilitated
accurate results and enabled comparison with
international strains, yielding a high similarity ranging 5
between 98-99%. To further analyze the data, the MEGA
software was utilized. MEGA is a specialized application
designed for comparative analysis of gene sequences
that are homologous, facilitating the examination of 3.
evolutionary relationships and patterns of DNA and
protein evolution. Alongside statistical data analysis
tools, MEGA offers several features, including the ability
to retrieve and display phylogenetic trees by
incorporating data from internet resources and data
repositories [26:28],
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