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Abstract
The aim of this study was to compare gold standard conventional culture method and internal transcribed spacer (ITS) sequence-based
analysis in the identification of fungi isolated from domestic animals. A total of 35 animals (15 cats, 11 dogs, 4 horses and 5 chickens)
suspected for fungal infection were examined. Of the 35 samples, 20 were found to be positive for fungal culture. Among positive samples
8 (40%) were predominantly found to be dermatophyte species by conventional methods. The ITS regions (ITS1, ITS2 and complete ITS) of
fungal isolates were also amplified, sequenced and the results were compared with conventional culture method. The identification results
of 18 (90%) fungal species were found to be compatible with both conventional culture and sequencing methods. Comparison of the results
demonstrated that, complete ITS regions gene sequencing could be used for the identification of medically important fungi rapidly. Since
the results of complete ITS regions gene sequencing were found to be compatible with the results of phenotypic identification, it can be
concluded that ITS regions gene sequencing of fungal isolates can be also used as a confirmative tool of conventional culture methods.
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Evcil Hayvanlardan İzole Edilen Mantarların Teşhisinde Kullanılan
Konvansiyonel ve ITS Dizi Analizi Metotlarının Karşılaştırılması
Öz
Bu çalışmanın amacı, evcil hayvanlardan izole edilen mantar türlerinin identifikasyonunda altın standart olan konvansiyonel kültür yöntemi
ve Internal Ara Bölgeler (ITS) dizi analizi yönteminin karşılaştırılmasıdır. Çalışmada, mantar enfeksiyonlarından şüphelenilen toplam 35
hayvan (15 kedi, 11 köpek, 4 at ve 5 tavuk) incelendi. 35 örnek içinde 20 tanesinin mantar kültürleri pozitif bulundu. Pozitif örnekler arasında 8
(%40) tanesi konvansiyonel yöntemlerle ağırlıklı olarak dermatofit türleri olarak bulundu. İzolatların ITS bölgeleri (ITS1, ITS2 ve ITS bölgesinin
tamamı) amplifiye edildi, sekanslandı ve elde edilen sonuçlar kültür yöntemiyle karşılaştırıldı. Hem konvansiyonel hem de dizi analizi
yöntemiyle elde edilen identifikasyon sonuçları 18 (%90) örnekte birbiri ile uyumlu bulundu. Bu sonuçlar doğrultusunda, ITS bölgesinin
tamamının dizi analizi, mantarların hızlı teşhisi için kullanılabileceğini ortaya koydu. ITS gen bölgesinin tamamına ait dizi analizi sonuçlarının
fenotipik identifikasyon sonuçları ile uyumlu olması, ITS gen bölgesi dizi analizinin konvansiyonel yöntemlerin doğrulanmasında bir araç
olarak kullanılabileceğini ortaya koymuştur.

Anahtar sözcükler: Dermatofit, Mantar, ITS dizileme

INTRODUCTION
The fungi are saprophytic eugenic organisms that can
easily spread in the environment [1]. Fungal infections,
which have increased over the last three decades, cause
severe health problems, from superficial infections to nail
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and skin, mucocutaneous candidiasis to invasive infections,
sometimes with high mortality in humans and animals.
High mortality is not only associated with impaired organ
function, chronic lung diseases, neurological disorders,
blindness, or impaired vision but also associated with late
diagnosis of the causative agents [2].
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It is known that only 300 of 100.000 fungal species cause
infection in humans or animals. Some fungal species (e.g.
Candida sp.) can survive both in humans and animals;
some types of fungi, such as dermatophytes are both
zoonotic and highly contagious [3].
For the treatment and control of fungal diseases, faster
and more accurate identification is very important [2].
Accurate identification of fungi is also important for
the evaluation of biodiversity, taxonomy and species
identification. Conventional identification by morphology
and biochemical tests is time consuming and also
requires experienced laboratory personnel. Therefore, DNA
barcoding, RNA polymerase I and II, translational elongation
factor 1-α, β-tubulin and internal transcribed region (ITS)
are frequently used for the molecular identification and
phylogenetic analysis of fungi [2].
In fungi, the ribosomal RNA operon covers the 5.8S, 18S,
28S ribosomal subunit genes and ITS1, ITS2 un-transcribed
regions [1]. For various species of fungi, ITS regions are
accepted as standard barcoding site since there is genetic
diversity among fungal species [2]. Polymerase chain
reaction based methods used to amplify the ITS regions by
universal primers and sequence analysis of these regions
are currently used for the identification of fungi [4].
The aim of this study is to compare the ITS region (ITS1, ITS2
and complete ITS) sequencing analysis and conventional
fungal culture method in the identification of fungi
obtained from clinical samples of domestic animals.

MATERIAL and METHODS
Material and Media Used
Skin scraping, swap and hair samples obtained from
clinically fungal infection suspected domestic animals
(15 cats, 11 dogs, 4 horses and 5 chickens) at different
ages and sexes were used as material. After direct microscopic examination with 15% KOH, isolation of fungi
was performed by conventional culture method using
Saboraud Dextrose Agar (SDA) (Oxoid, USA). All samples
were inoculated on SDA and incubated aerobically at 25°C
for 7-14 days [5,6].
Identification of Fungi
Slides were prepared from fungal colonies and stained
with lacto phenol cotton blue (LFPM) (Merck, Germany).
Fungal colonies were identified macroscopically according
to the colony characteristics (colony diameter, color, surface
appearance, pigment formation etc.) and microscopically
according to the conidium, hyphae and spore structures [5,6].
The isolates identified as dermatophytes were also
cultured on dermatophyte agar (Becton Dickinson, USA)
and Trichophyton agar (Thermo Scientific, USA) to confirm
the identification. Tests were performed within two weeks

of the initial isolation. Twenty fungal strains identified
were cultured onto SDA to be used in molecular analysis.
Standard Strains
Microsporum canis AMF-12, Trichophyton rubrum AMF-19
and Aspergillus niger AMF-8 strains obtained from the Ankara
University Faculty of Veterinary Medicine, Department of
Microbiology culture collection were used as reference
positive controls in the study.
DNA Extraction
Rapid DNA extraction from colonies on SDA was performed
according to the method of Liu et al.[7]. The concentration
of the DNA extracts was measured by spectrophotometer
(Thermo Scientific NanoDrop 1000). The obtained DNA
samples were stored at -20°C until molecular analysis.
Amplification of ITS Regions
The PCR assay was performed in a total 25 mL reaction
volume containing 2 mL of template DNA, 0.2 mM dNTPs
(10 mM dNTP mix, Thermo Scientific USA), 3 mM of MgCl2
(Thermo Scientific, USA), 2.5 mL PCR reaction buffer, 2U
Taq DNA Polymerase (Thermo Scientific, USA) and 0.2 mM
of each primer. Thermal cycle conditions were as follows:
initial denaturation at 94°C for 3 min, followed by 30 cycles
of 94°C for 1 min, 60°C, 58°C and 58°C for 30 s (ITS1, ITS2
and complete ITS region respectively) and 72°C for 1 min.
Finally, there was 7 min at 72°C for final extension [8].
Sequencing of ITS Regions
The ITS1, ITS2 and complete ITS region were sequenced
with the ABI 3500 Genetic Analyzer device using the
BigDye Terminator v3.1 Cycle Sequencing Kit with primers
that were shown in Table 1 [8]. Analysis of the sequences
was performed using the CLC Main Workbench 7.7.3
(Qiagen) and the obtained data were compared with
fungal sequences in NCBI GenBank. The decisions about
the fungal genus and species name were given according
to the similarity scores obtained from the NCBI GenBank by
BLAST analysis [9]. The ITS regions of rRNA gene sequences
were also deposited in GenBank as shown in Table 2.

RESULTS
A total of 20 samples among 35 samples were found to be
positive for the existence of fungi by direct examination
and mycological culture. Sequence-based identification
of 18 strains among 20 positive isolates were found to be
compatible with conventional phenotypic methods.
Based on the structure of conidium, fungal hyphae, spore,
mycelium and mycological cultures on media of the fungal
colonies, twelve non-dermatophytes species [A. niger (n=2),
A. flavus (n=1), A. tubingensis (n=1), Penicillium expansum
(n=1), P. chrysogenum (n=1), P. dipodomyicola (n=1),
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Table 1. Primers used for ITS1, ITS1-2 and ITS1-5.8S-ITS2 gene regions amplification
Name

Primer Sequences (5’-3’)

Amplification Region

Amplicon Size

1F
1R

TCCGTAGGTGAACCTGCGG
GCTGCGTTCTTCATCGATGC

ITS1

150-250 bp

2F
2R

GCATCGATGAAGAACGCAC
TCCTCCGCTTATTGATATGC

ITS2

300-350 bp

1F
2R

TCCGTAGGTGAACCTGCGG
TCCTCCGCTTATTGATATGC

Complete ITS
(ITS1-5.8S-ITS2)

380-650 bp

Table 2. Conventional culture and ITS region sequence-based identification results of fungi
Strain

Accession

Culture Results

ITS1 Region

ITS2 Region

Complete ITS

AVMF1

MK461906

A. flavus

Aspergillus sp.

Aspergillus sp.

A. flavus

AVMF2

MK461907

A. niger

A. niger

Aspergillus sp.

A. niger

AVMF3

MK461908

A. alternata

Alternaria sp.

Alternaria sp.

Alternaria sp.

AVMF4

MK461909

A. alternata

Alternaria sp.

Alternaria sp.

Alternaria sp.

AVMF5

MK461910

A. niger

A. niger

Aspergillus sp.

A. niger

AVMF6

MK461911

A. tubingensis

Aspergillus sp.

Aspergillus sp.

A. tubingensis

AVMF7

MK461912

M. nanum

M. nanum

M. nanum

M. nanum

AVMF8

MK461913

T. verrucosum

T. verrucosum

T. verrucosum

T. verrucosum

AVMF9

MK461914

S. schenckii

S. schenckii

Sporothrix sp.

S.schenckii

AVMF10

MK461915

T. tonsurans

T. tonsurans

Trichophyton sp.

T. tonsurans

AVMF11

MK461916

T. rubrum

T. rubrum

T. rubrum

T. rubrum

Microporum sp.
A. otae

M. canis
A. otae

AVMF12

MK461917

M. canis

Microporum sp.
A. otae

AVMF13

MK461918

T. rubrum

Trichophyton sp.

T. rubrum

T. rubrum

AVMF14

MK461919

T. schoenleinii

T. schoenleinii

T. schoenleinii

T. schoenleinii

AVMF15

MK461920

T. mentagrophytes

Trichophyton sp.

Trichophyton sp.

T. mentagrophytes
A. vanbreuseghemii

AVMF16

MK461921

P. dipodomyicola

Penicillium sp.

Penicillium sp.

P. dipodomyicola

AVMF17

MK461922

M. hiemalis

Mucor sp.

M. hiemalis

M. hiemalis

AVMF18

MK461923

G. candidum

Galactomyces candidum Galactomyces candidum

G. candidum
Galactomyces candidum

AVMF19

MK461924

P. expansum

Penicillium sp.

Penicillium sp.

P. expansum

AVMF20

MK461925

P. chrysogenum

Penicillium sp.

Penicillium sp.

P. chrysogenum

Sporothrix schenckii (n=1), Geotrichum candidum (n=1)
and Alternaria alternata (n=2)] and eight dermatophytes
species [M. nanum (n=1), T. tonsurans (n=1), T. rubrum (n=2),
T. schoenleinii (n=1), T. mentagrophytes (n=1), T. verrucosum
(n=1) and M. canis (n=2)] were identified.
Four Aspergillus species identified phenotypically as A.
niger (n=2), A. flavus (n=1) and A. tubingensis (n=1) were
also identified to the species level by complete ITS regions
sequencing.
Eight dermatophytes conventionally identified as M. nanum
(n=1), T. tonsurans (n=1), T. rubrum (n=2), T. schoenleinii
(n=1), T. mentagrophytes (n=1), T. verrucosum (n=1) were
also identified by complete ITS sequencing except for M.
canis (n=1) which was identified as Arthroderma otae by
sequencing.
The non-dermatophyte fungi phenotypically identified as

P. expansum (n=1), P. chrysogenum (n=1), P. dipodomyicola
(n=1), S. schenckii (n=1) and G. candidum (n=1) were also
identified by complete ITS sequencing. Two A. alternata
were identified to the species level by conventional methods.
However, their sequence-based identification could not
be determined at the species level. Mucor hiemalis (n=1)
which was identified to the species level phenotypically,
had sequence-based identification of Mucor hiemalis with
99% homology. The results of conventional culture and
sequence analysis results of the ITS regions were shown in
Table 2.

DISCUSSION
Frequently used conventional methods in fungal identification are based on the colony morphology, microscopic
examination and several biochemical tests which are also
time consuming and subjective. In some cases, there is also
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a need for experienced personnel to enable identification
to the species level [10].
In order to obtain reliable and faster results, methods
based on sequence analysis of ITS regions have been
developed and used in routine laboratories [11]. ITS region
is accepted and frequently used as a genetic marker for
the identification of fungi [12,13]. It is known that ITS regions
1 and 2 are more variable than the other subunit genes
among fungi [14,15]. Thus, sequencing of ITS gene regions
was chosen for the molecular identification of fungal
strains in this study. In regard to this information in this
study ITS1, ITS2 and complete ITS region sequencing was
used to differentiate the fungi identified by conventional
culture methods. Fungal identification results of 6 (30%)
samples by ITS1 and ITS2 gene sequencing were found
to be compatible with each other and the conventional
culture results to the species level. On the other hand, fungal
identification results of all samples (100%) by complete
ITS region gene sequencing were found to be compatible
with conventional culture results.
Molecular techniques were used in several studies for
the identification of Aspergillus species obtained from
environmental and clinical samples [16,17]. In a study, Henry
et al.[18] investigated Aspergillus species by ITS region
sequence analysis and compared the obtained sequences
with GenBank sequences using BLAST. They concluded
that both ITS1 and ITS2 regions were necessary for the
identification of Aspergillus isolates to the species level [18].
In another study, Pryce et al.[11] showed that clinical
Aspergillus isolates had compatible ITS1 and ITS2 sequence
results with conventional culture methods. The results of
our study found to be compatible with the study of Henry
et al. [18] since A. tubingensis (n=1), A. flavus (n=1) and A. niger
(n=2) strains were correctly identified to the species level
by complete ITS region sequence analysis in comparison
to the conventional culture results. It can be said that
both ITS regions have to be used for the appropriate
identification of the Aspergillus sp. because the sequences
obtained from both regions exhibited different results.
Further studies by increasing the number of samples can
demonstrate the discriminative power of ITS1 and ITS2
gene regions for Aspergillus species.
CLSI recommends the ITS region sequencing in the
identification of Alternaria sp. and also several reports
supported this statement by using ITS region in the
phylogenetic analyses of Alternaria species [19-21]. However,
it is also stated in the CLSI guideline MM18-A, some
Alternaria species have nearly identical ITS sequences.
In compatible with the CLSI, the results of Alternaria ITS
sequences exhibited similar BLAST scores with more
than one Alternaria sp. Thus, in this study ITS sequencebased identification of Alternaria strains (n=2) which
were identified phenotypically to the species level, was
evaluated to the genus level.

Generally common dermatophytes can be identified
especially by ITS1 region sequencing [9]. CLSI stated that
for the differentiation of T. rubrum complex, the sequence
analysis of the ITS regions is sufficient to identify only T.
rubrum and T. violaceum species. However, the sequence
analysis of rDNA 28S D2 region is required for the other
species in the genus [9]. In this study, all dermatophyte
isolates except for M. canis had compatible conventional
and sequence-based identification result. M. canis which
was identified conventionally, was found as A. otae by
sequencing. It is known that dermatophytes may have
two species names according to their sexual (teleomorph
state) and asexual (anamorph state) forms. When M. canis
find a compatible environment, it changes into sexual form
which is called A. otae [22]. Similarly, the teleomorph state of
T. mentagrophytes organism is called A. vanbreuseghemii.
These results did not change the decision about the results
of both complete ITS sequence-based and conventional
culture for their compatibility in the identification of
common dermatophytes.
Pryce et al.[11] identified a G. candidum strain (n=1) to
the species level by sequencing of complete ITS region.
However, in this study, G. candidum strain was identified
with 100% homology as Galactomyces candidum to the
species level by complete ITS, ITS1 and ITS2 regions. As
in dermatophytes, G. candidum has a synonym name as
Galactomyces candidum which is the anamorph state of
this organism.
Kwiatkowski et al.[23] identified five Penicillium species
except for P. marneffei to the species level by both
complete ITS and D1/D2 region sequencing. It is also
stated in CLSI guidelines only for the identification of P.
marneffei alternative DNA targets must be used [9]. In this
study for the identification of Penicillium genus, while the
sequence analysis of ITS1 and ITS2 gene regions were not
sufficient, complete ITS region sequencing was found to
be discriminative for this genus.
It can be concluded that, the results of conventional culture
and complete ITS region sequencing of clinical fungal
isolates were found to be compatible. Also in this study it
was shown that sequence-based identification is a rapid,
accurate and reliable method and may be used for the
confirmation of the results obtained from the conventional
culture methods which is based on subjective observation
in fungal identification.
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