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SUMMARY

Dermatophytoses are diseases of skin and its accessory structures that are widely spread worldwide. They are most commonly caused by fungi of the genera Micro-
sporum and Trichophyton. The identification of the agent’s species has a great epidemiological significance and is essential for effective therapy. The aim of the study
is the identification and phylogenetic analysis of dermatophytes isolated from dogs and cats in the Republic of Kazakhstan and the Russian Federation by means of
molecular techniques. The fungal isolate species were confirmed by sequencing using two rDNA internal transcribed spacer (ITS) primer pairs, and this allowed for
their deposition to the GenBank database. Based on the sequencing results, Microsporum canis (12 strains) and Trichophyton benhamiae (2 strains) were identified.
The nucleotide sequences were analysed, and phylogenetic trees were constructed, taking into account the results of the dermatophyte identification using two
primer pairs. The constructed phylogenetic trees reflecting the relationships of dermatophytes showed that, irrespective of the primer pairs used, the Microsporum
and Trichophyton pathogens are in all cases reliably assigned to different clades. The analysis of ITS4F/ITS5R sequence fragment structures enabled the establish-
ment of genetic relatedness between the Trichophyton benhamiae strains first isolated from cats in Russia and the Russian strain recovered from a guinea pig.
The comparative analysis of the genomes of the Microsporum and Trichophyton fungi and reference strains revealed a relatively low level of intraspecies polymor-
phism and point mutations of the sequences. The data analysis demonstrated a high percentage of nucleotide sequence homology, and this allows using the primers
for PCR tests intended for dermatophytosis diagnosis in cats and dogs.
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2VIHCTUTYT 3KCnepumeHTanbHoii BetepuHapum (ubupn u lanbHero Boctoka COHLIA PAH (M3BCu/IB COHLIA PAH), p. n. KpacHoo6ick, HoBocubupckas o6n., Poccua

PE3IOME

[JlepmatoduTo3bl — LIMPOKO pacnpocTpaHeHHble Bo BceM Mipe 3a60neBaHms KoK 11 ee MPOU3BOAHDIX, YalLie BCero Bbi3biBaeMble rpubamu popos Microsporum
n Trichophyton. UneHTudukauus Buga Bo30yauTens umeeT 60/bluoe INMAEMUOIIOTYECKOE 3HaUEHIE, @ TaKkKe HeoOXoAMMa ANs NPOBeAeH!A IOGEKTUBHOI
Tepanuy. Llenb uccnenoBauuii — upeHTudUKaLMA 1 GUNOreHeTUUECKNiA aHaNM3 AePMaToOUTOB, BbiZENEHHbIX OT C06aK 11 KOLLEK Ha Tepputopuy Pecnybnuku
Kasaxcrat 1 Poccuiickoii Degepain, CNOMOLLbH0 MonekynAPHbIX MeTOA0B. B1a0Bas NpUHaAneXHoCTb U30a4ToB rpuboB Obina NOATBEPXAeHa CeKBEHNPOBaHMEM
10 AiBYM NMapam npaiiMepoB BHYTPEHHEro TPaHCKpUBUpYemoro creiicepHoro yuacTka (internal transcribed spacer, ITS) pfIHK, uto no3sowsno aenoxupoBatb Ux
B 6a3y paHHbIX GenBank. Ha ocHoBaHWN pe3ynbTaToB cekBeHNpOBaHNA Oblin uaeHTUdULMpPOBaHbI Microsporum canis (12 wrammos) u Trichophyton benhamiae
(2 wramma). lpoBesieH aHanu3 HyKNeoTMAHBIX NOCIe0BaTENbHOCTEN 11 NOCTPOEHbI GUNOTEHETUYECKIE AePeBbA C yUeTOM Pe3yNbTaToB UAEHTUOMKALIM AepMa-
TOQUTOB M0 Z1BYM Napam npaiimepoB. [locTpoeHue GunoreHeTNYECKOro AepeBa, 0CHOBAHHOE Ha OTPaXKeHM POAICTBEHHbIX (BA3ei AepMaTodUTOB, NOKa3ano, uTo,
He3aBCMMO OT MCNONb30BAHNA Pa3HbIX Nap NpaiimepoB, Bo36yauTtenn poga Microsporum v Trichophyton Bo Bcex cnyyasx 40CTOBEPHO pacnpeseneHbi Mo pasHbiM
Knapam. AHanu3 cTpyKTyp GparmeHToB nocneaoBatenbHocT /TS4F/ITS5R no3Boaun BbIABUTL reHeTUYeCKoe poACTBO WTaMmoB Trichaphyton benhamiae, Bnepsble
BblZe/IeHHbIX OT KOLLUEK Ha TeppuTopuu Poccim, € poccuitckim LUTaMMOM, U30MPOBAHHBIM 0T MOPCKOI CBUHKI. CpaBHUTENbHbIiA aHanu3 reHoMoB rpuboB poga
Microsporum w Trichophyton ¢ pedyepeHTHbIMM LUTaMMaMI N0Ka3an 0THOCUTENbHO HeBbICOKHIA YpOBeHb BHYTPUBMAOBOTO NOAUMOPGU3MA 1 TOUEUHbIX MyTaLyil
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nocnegoBatenbHocTeil. B pe3ynbraTe aHanu3a AaHHbIX 6bin onpeaeneH BbICOKMNIA MPOLEHT rOMOJIOrniA HYKNeOTUAHbIX nocnea0BaTeNbHOCTeA, YTO N03BONAET
1cnonb3oBatb npaﬁmepbl AnA npoBeAeHua nonmmepamoﬁ LienHoi peakLuu B KauecTse ANarHoCcTnyeckoro Tecta npu nepmaTo¢MTo3ax KoLueK 1 cobak.

Kniouesbie cnosa: sepmarodutos, Microsporum canis, Trichophyton benhamiae, dunorexetnyeckoe aepeso, roMmonorua, pedepeHTHbIl LUTaMM, HyKNeoTUAHasA
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INTRODUCTION

Dermatophytes are keratinophilic fungi of the family
Arthrodermataceae (Onygenales, Ascomycota) that include
dozens of related species differentiated mainly by their
anamorphs or asexual forms and arranged in three clas-
sical genera: Trichophyton, Microsporum and Epidermo-
phyton [1]. The genera Trichophyton and Microsporum
comprise anthropophilic, zoophilic and geophilic derma-
tophyte species that are able to cause infection mostly
in humans or animals and found free-living in soil. The
genus Epidermophyton includes only one species, E. floc-
cosum, which exclusively affects humans.

Dermatophytoses, diseases caused by these fungi,
are spread worldwide, with the number of cases in hu-
mans and animals increasing annually. The occurrence
of dermatophytoses in small domestic animals such
as cats and dogs being the companion animals of humans
is of particular significance [2-3]. Microsporum canis and
Trichophyton mentagrophytes are the most significant spe-
cies of dermatophytes isolated from infected dogs, cats
and other carnivores [5, 6].

Until recently, the diagnosis of dermatophytoses has
been based on the clinical signs of the disease, which are
unreliable due to the variable nature of dermatological
lesions and similarity with other skin diseases that mim-
ic the symptoms characteristic of dermatophytoses [6].
The direct microscopic examination of biological material
samples collected from lesions and the isolation of derma-
tophyte cultures in nutrient media are the gold standard
for dermatophytosis diagnosis. However, species identi-
fication may sometimes require further investigation of
the biochemical properties of the isolated dermatophyte
cultures. Therefore, dermatophyte species identification
based on studying their phenotypic characteristics is a la-
bour-intensive and time-consuming process that requires
skilled researchers [7].

Molecular techniques are promising for the direct de-
tection of fungal DNAs in the clinical samples and their
species identification [8]. At present, methods based on ri-
bosomal gene nucleotide sequencing are utilized for der-
matophyte species identification in some countries [9].

Data on fully or partially sequenced rRNA genes of various
microorganisms are submitted to the international data-
bases and can be used as reference ones. The comparative
analysis of sequences of genes and individual gene regions
encoding ribosomal RNAs may contribute to the detection
of dermatophyte relationships [10]. Multilocus microsat-
ellite typing was applied for tracking the routes of spread
and transmission of M. canis in Japan [11]. The findings
from a study on M. canis occurrence in cats, dogs and hu-
mans by means of molecular genetic typing using for-
ward (ITS7 5'-TC CGTAGGTGAACCTGCGG-3') and reverse
(ITS4 5'-TCCTCCGCTTATTGATATGC-3') primers showed
that indoor and outdoor animals, as well as cats and
dogs with or without the disease symptoms are the main
dermatophyte sources for humans [12]. The application
of molecular techniques allowed for the determination of
the etiological structure of dermatophytoses in Iran, which
was represented by the following species: M. canis — 78.5%,
M. gypseum — 10.7% and T. mentagrophytes — 10.7% [13].

The study was aimed at the assessment of the possi-
bility of using molecular techniques for the identification
and phylogenetic analysis of dermatophytes isolated from
dogs and cats in the Republic of Kazakhstan and the Rus-
sian Federation.

MATERIALS AND METHODS

The objects of the study were the intergenic internal
transcribed spacer (ITS) region 5.8, 18, 28S rRNA nucleotide
sequences of the representatives of two dermatophyte
genera, Microsporum (n = 12) and Trichophyton (n = 2), iso-
lated from dogs and cats in the Republic of Kazakhstan
and the Russian Federation (Table).

The amplification of marker genes (/TS) was carried out
in the final reaction volume of 25 pL containing 1x Phu-
sion HF-buffer, 2.5 mM of MgCl,, 1U Phusion DNA-poly-
merase and 200 uM of dNTP (New England BioLabs Inc.,
USA), 25 pmol of each primer and 20 ng of extracted DNA
from one sample.

Thermal cycling conditions for polymerase chain re-
action (PCR) were as follows: initial DNA denaturation at
95 °C for 5 minutes, then 35 cycles at 95 °C for 30 seconds,
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at 58 °C for 40 seconds, at 72 °C for 50 seconds and final ~ Table

extension at 72 °C for 5 minutes. The amplified DNA pro-  The list of dermatophyte isolates recovered from dogs and cats
ducts were analysed with horizontal 1.5% agarose gel elec-
trophoresis using 1x TAE buffer and EtBr. The electropho-
resis parameters were 120V, 250 mA, 50 W, the reaction

Suspected Isolate | Date of isolation . :
Animal species

pathogen No. in nutrient media

time was 30 minutes. The amplified DNA fragments were 1 5 04.05.2021
sequenced using the Sanger method and a BigDye® Termi- —|
nator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA). i 8 31.05.2021 female cat
The primer sequences used were the same as for PCR. 3 by 14.09.2021
To ensure the accuracy of results, the amplified frag- ——
ments were sequenced using two primer pairs: the forward 4 27 17.09.2021
primer ITSTF (TCCGTAGGTGAACCTGCGG) and the reverse  — |
primer ITS4R (TCCTCCGCTTATTGATATGC) [12]; the forward ~° | 2 21.09.2001
primer ITS4F (TCCTCCGCTTATTGATATGC) and the reverse 6 | Microsporum spp. 33 10.10.2021 male cat Renublic
primer ITS5R (GGAAGTAAAAGTCGTAACAAGG) [14]. — of Kafakhstan
The sequencing products were analysed using an 7 35 11.10.2021
ABI 3130XL Genetic Analyzer (Applied Biosystems, USA). |
. . 8 48 28.10.2021
The chromatograms were analysed and edited using "~ | female cat
Sequencing Analysis Software v5.2, Patch 2 (Applied 9 58 21.12.2021
Biosystems, USA). The resulting sequences were deposi- —
ted to the international GenBank database. The multiple 10 61 25.12.201
sequence aIigr?ment was carried out using MUSCLE and T 64 25122021 dog
ClustalW algorithms.
The phylogenetic analysis was performed using 12 | Trichophyton spp. 68 12.01.2022 female cat
the maximum likelihood and nearest neighbour methods,
as well as MEGA (v11) bioinformatic analysis software. B 19 02.12.2021 female cat Russian
—— Trichophyton spp. Federation
RESULTS AND DISCUSSION 14 20 02.12.2021 male cat

M. canis and T. benhamiae, the agents of dermatophyto-
ses in cats and dogs, were identified based on the results
of sequencing by the Sanger method using the primer pair
ITSTF/ITS4R (12 Microsporum and 2 Trichophyton isolates)
and the primer pair ITS4F/ITS5R (6 Microsporum isolates

OL795965.1 Microsparurm canis strain 16-21MN%T Moscow Russia cat
Q00553394 1 Microsporum canis isolate M.c-558-Kz Kazakhstan cat
005943241 Microsporurn canis isolate M.c-b8-Kz Kazakhstan cat
0Q553352.1 Microsporum canis isolate M.c-28-Kz Kazakhstan cat

and 2 Trichophyton strains). O0Q593395.1 Microsporum canis isolate M.c-48-Kz Kazakhstan cat
The analysed isolates showed a hlgh percentage of nuc- Q5933871 Microsporum canis isolate M.c-35-Kz Kazakhstan cat

leotide sequence homology with reference strains, and 005533631 Micrasporum canis isolate M.c-33-Kz Kazakhstan cat

this allowed for their deposition to the international NCBI 0Q852883.1 Microsporum canis isolate M.c-8-Kz Kazakhstan cat

database. The following unique identiﬁers were assigned OPE15073.1 Microsporum canis isolate DNikZ Iran rabbit

based on the ITSTF/ITS4R genotyping results: M. canis — QRE92696.1 Microsporum canis isolate b.c-22-kKz Kazakhstan cat

005940461 Microsporurm canis isolate M.c-bd-Kz Kazakhstan dog
8822;2;;:" ! 88:3;22;1 ! 8823;223:" ! 88:2;28;: ! [‘39594023 1 Microsporum canis isolate M. c-B1-Kz Kazakhstan dog

005928531 Microsporurm canis isolate M.o-5-Kz Kazakhstan cat
OQ593394'1 ! 00594023'1 ! OQ594046'1 ! OQ594324'1; 0Q552901.1 Microsporum canis isolate M.c-27-Kz Kazakhstan cat

T. benhamiae - 005927971 ’ OQ6006051 : OL795964.1 Microsporurm canis strain 68-21NYT Moscow Russia cat
The foIIowing Unique identifiers were assigned LE723930 1 Micrnsporrm canis D47 Japan cat

based on the ITS4F/ITS5R genotyping results: M. canis - OWW9BB567.1 Microsporum canis Belgium cat

ON527772.1, ON527773.1, ON527774.1, ON527775.1, MT487850.1 Microsparum canis strain KU20019 83 Thailand cat

|— 0PB02480.1 Microsporum canis isolate K120 Iran dog

OPE15076.1 Microsporum canis isolate DMik3 Iran hamster
| C'wW384647.1 Microsporurn canis Belgium guinea pig
0QBO0B0S. 1 Trichophyton benhamiae isolate T.ben NB20 Novosibirsk Russia cat
MKBE25725.1 Trichophyton benhariae isolate TB24 Poland cattle
MZ9E0421.1 Trichophyton europasum isalate WwhT 765 ltaly dog
AB4581858.1 Arthroderma benhamiae Finland guinea pig
(OPE145985.1 Trichophyton benharmiae isolate DMik2 Iran guinea pig
MKE22519.1 Trichophyton benhamiae strain white isolate TEA1D Poland alpaca
0Q552797 1 Trichophyton benhamiae isolate T.hen NB13 Novosibirsk Russia cat
MR 1823271 Trichophyton europaeurn IHEM 227258 Switzerland guinea pig
LR794134.1 Trichophyton benharmiae IHEM 22725 Switzerland guinea pig
CWW386609.1 Trichophyton benhamiae Belgium dog
KT155967 .1 Trichophyton benharniae strain CBS 803.72 Niderlands Canis lupus
DQ736689.1 Trichophyton mentagrophytes strain A34 France chinchilla
OWK3I7BEI97 1 Trichophyton benharnize strain 02-20GP Moscow Russia guinea pig
MF152781.1 Trichophyton benhamiae Poland fox

Fig. 1. Phylogenetic

tree of Microsporum

and Trichophyton spp.
dermatophytes based on
ITSTF/ITS4R sequence fragment
structure analysis 014 012 010 ooa 006 004 002 oo
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OWSB5344.1 Microsporur canis France cat

LCEZ23726.1 Microsporum canis NUBS20014 Japan horse
OPZZ7145.1 Microsporum canis S02-FOB-138 Thailand cat
OW3E8573.1 Microsparurn canis genormic Belgiurm cat
OP802482.1 Microsporum canis K111 Iran cat

OPB02480.1 Microsporum canis K120 Iran dog

MWFEFO25.1 Microsporum canis G China dog

CWWVEE7261.1 Microsparum canis Niderlands rabbit

OWI9B4872.1 Microsporurn canis Belgium dog

ONEZ7777 .1 Microsporum canis isolate M.c B4 Kz Kazakhstan dog

ONSZT776.1 Microsporum canis isolate M.c 57 Kz Kazakhstan dog
{ ONS27774.1 Microsporum canis isolate M.c 21 Kz Kazakhstan cat
OM527775.1 Microsporum canis isolate M.c 53 Kz Kazakhstan dog

OL795928.1 Microsparurn canis strain 35-21NYT Moscow, Russia cat

ONBZ7TT2.1 Micrasporum canis isolate W.c 3 Kz Kazakhstan cat

ONSZ7773.1 Microsporum canis isolate M.c 8 Kz Kazakhstan cat

KU2E74B83.1 Trichophytan henhamiae SUS01378 Getrany hurman

AB455165.1 Arthroderma benhamiae IFM 41176 Finland rabbit
JN134088.1 Trichophyton benhamiae 269 Iran human

L5444190.1 Trichaphyton benhamiae IHEM 22725 Czech guinea pig
MF152781.1 Trichophyton benhamiae Poland fox

LC388864.1 Trichophyton benharniae [FM 64805 Japan human

e

0150 0100 0.050 0.000

MT261760.1 Trichophyton mentagrophytes MASR 1944C Egypt cow
KIU496914.1 Trichophyton mentagrophytes WMASR T Egypt horse

LME74020.2 Arthraderma benhamiae CCF 4217 Czech human

ON475483.1 Trichophyton benhamiae isolate OWE T.b-19 Novosibirsck, Russia cat

ON479484.1 Trichophyton benhamiae isolate OWE T.b-20 Movosibirsk, Rissia cat

Ok37E997 .1 Trichophyton benhamiae 02-20GP VIEY Moscow, Russia guinea pig

Fig. 2. Phylogenetic tree of Microsporum and Trichophyton spp. dermatophytes

based on ITS4F/ITS5R sequence fragment structure analysis

ON527776.1, ON527777.1; T. benhamiae — ON479483.1,
ON479484.1.

To construct a phylogenetic tree, the database
of complete intergenic region 5.8, 18, 28S rRNA nucleo-
tide sequences was searched for the typical representa-
tives of Microsporum and Trichophyton dermatophytes
to be used as reference strains for the comparative phylo-
genetic analysis of the identified strains.

The evolutionary relationship of the strains was inferred
using the neighbour-joining method [15]. The phylo-
genetic tree was drawn to scale, with the evolutionary dis-
tance corresponding to 14 substitutions per 100 nucleo-
tides. The evolutionary distances were computed using
the maximum composite likelihood method [16] and ex-
pressed in the units of the number of base substitutions
per site. All ambiguous positions were removed for each
sequence pair (the pairwise-deletion option). There was
a total of 1,419 positions in the final dataset. The phylo-
genetic trees based on the ITSTF/ITS4R and ITS4F/ITS5R se-
quence fragment structure analysis and reflecting the rela-
tionships of Microsporum and Trichophyton dermatophytes
are presented in Figures 1 and 2, respectively.

The optimal tree presented in Figure 2 is drawn
to scale, with the evolutionary distance corresponding
to 15-20 substitutions per 100 nucleotides. The analysis
included 28 nucleotide sequences. All ambiguous po-
sitions were removed for each sequence pair (the pair-

wise-deletion option). There was a total of 1,152 positions
in the final dataset. The evolutionary analysis was carried
out using MEGA (v11) bioinformatic analysis software [17].

The constructed phylogenetic tree reflecting the rela-
tionships of dermatophytes showed that, irrespective of
the primer pairs used, the Microsporum and Trichophyton
pathogens are in all cases reliably assigned to different
clades. The analysis of ITS4F/ITS5R sequence fragment
structures enabled the establishment of genetic rela-
tedness between all T. benhamiae strains first isolated
from cats in Russia and the Russian strain recovered from
a guinea pig.

The evolutionary relationship of the strains inferred by
the analysis of the genome data for each dermatophyte
strain obtained using the primers ITSTF/ITS4R is shown
in Figures 3 and 4.

Sequences used for comparison of the relevant M. ca-
nis strain intergenic region rDNA sequence were selected
from those of the outgroup strains.

Figure 3 shows the high homology of M. canis strain inter-
genicregion 5.8, 18, 28S rDNA sequences. The LC723930.1
and MT487850.1 sequences have only one nucleotide
substitution each, which is indicative of point mutation.
0OL795964.1 was found to have three mononucleotide
deletions (i.e. polymorphism). The OW988567.1 sequence
and that of the Kazakhstan 0Q594324.1 strain (marked
with an asterisk *) were found to have only one deletion.
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Similar methods were used for the analysis of the rel-
evant T. benhamiae strain intergenic region rDNA se-
quence.

Data presented in Figure 4 show that the 0Q592797.1
strain sequence (marked with an asterisk *) has additional
nucleotide insertions indicative of polymorphism.The sec-
ond T. benhamiae strain, 0Q600605.1, was homologous to
the reference strains. Point mutations were detected in the
OP614985.1, MK922519.1, MK625725.1 strain sequences.
There were two substitutions in the OK376997.1 strain
sequence, and this is also indicative of point mutations.

The evolutionary relationship of the strains inferred by
the analysis of the genome data for each dermatophyte
strain obtained using the primers ITS4F/ITS5R is shown
in Figures 5 and 6.

Sequences used for comparison of the relevant M. ca-
nis strain intergenic region rDNA sequence were selected
from those of the outgroup strains.

Figure 5 shows that nine out of eleven sequences pre-
sented have a single polymorphism, one sequence has
a mutation. The analysed sequence (marked with an as-
terisk *) has three nucleotide substitutions.

The comparative analysis of the relevant T. benhamiae
strain intergenic region rDNA sequences using the primers
ITS4F/ITS5R is presented in Figure 6.

As we can seg, all the nucleotide sequences of the T. ben-
hamiae strains are homologous. The sequences of three
strains (MT261760.1, KU496914.1 and OK376997.1)
have one mutation each. T. mentagrophytes MT261760.1
and KU496914.1 strains were found to have two nucleo-
tide deletions. These strains belong to the same clade and
are not the members of the species T. benhamiae, and this
reliably increases the specificity of the diagnostic test
and enables differentiation between the representatives
of two species of the same genus.

0K376997.1 strain is the representative of the species
T. benhamiae isolated from a guinea pig. In comparison
with the analysed T. benhamiae strains isolated from cats,
its nucleotide sequences have one difference, namely
a point mutation.

In view of these findings, we would emphasize the im-
portance of dermatophytosis pathogen species identifi-
cation. This is particularly important for the species T. ben-
hamiae, a new causative agent of dermatophytosis in cats,
first isolated by us in Russia [18].

CONCLUSION

The phylogenetic analysis of 12 Microsporum and
2 Trichophyton strains demonstrated a high percentage
of their nucleotide sequence homology. The compara-
tive analysis of the ribosomal RNA gene fragments of
the Microsporum and Trichophyton fungi and reference
strains revealed in each case a relatively low level of in-
traspecies polymorphism and point mutations of the se-
quences. This shows that /ITS-region 5.8, 18, 285 rDNA gene
nucleotide sequencing can be considered as a rapid and
reliable technique for the identification of closely related
dermatophytes of the genera Trichophyton and Microspo-
rum. The detected similarity of the nucleotide sequences
of the analysed and reference strains of dermatophytes is
indicative of the reliability of the results obtained and the
possibility of using molecular diagnostic techniques for
their species identification.

OL795965.1
OL795964.1
LC723930.1
MT487850.1
MT534183.1
OP615073.1
0P615076.1
0P802480.1
OW984647.1
OW988567.1
00Q594324.1"

GAACCTGCGGAAGGATCATTAACGCGCAAGAGGTCGAAGTTGGCCCCCGAAGCTCTT

GAA—CTGCGGAAGGATCA-TAACGCGCAAGAGGTCGAAGTTGG CCCCGAAGCTCTT

GAACCTGCGGAAGGATCATTAACGCGCAAGAGGTCGAAGTTGCCCCCCGAAGCTCTT
GAACCTGCGGAAGGATCATTAACGCGCAAGAGGTCGAAGCTGGCCCCCGAAGCTCTT
GAACCTGCGGAAGGATCATTAACGCGCAAGAGGTCGAAGTTGGCCCCCGAAGCTCTT
GAACCTGCGGAAGGATCATTAACGCGCAAGAGGTCGAAGTTGGCCCCCGAAGCTCTT
GAACCTGCGGAAGGATCATTAACGCGCAAGAGGTCGAAGTTGGCCCCCGAAGCTCTT
GAACCTGCGGAAGGATCATTAACGCGCAAGAGGTCGAAGTTGGCCCCCGAAGCTCTT
GAACCTGCGGAAGGATCATTAACGCGCAAGAGGTCGAAGTTGGCCCCCGAAGCTCTT
GAACCTGCGGAAGGATCATTAACGCGC-AGAGGTCGAAGTTIGGCCCCCGAAGCTCTT

GAA-CTGCGGAAGGATCATTAACGCGCAAGAGGTCGAAGTTIGGCCCCCGAAGCTCTT

Fig. 3. M. canis strain intergenic region 5.8, 18, 28S rDNA nucleotide
sequence sites containing nucleotide substitutions

DQ786689.1 CCCCCCACGATAGG- -GACCAACGTTCCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
NR 182327.1  CCCCCCACGATAGG- -GACCAACGTTCCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
MZ960421.1 CCCCCCACGATAGG- -GACCAACGTICCGTCA-GGGGTIGTGCAG-ATGTGCGCCGGC
0W986609.1 CCCCCCACGATAGG- -GACCAACGTTCCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
0OP614985.1 -CCCCCACGATAGG- -GACCAACGTTCCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
MK922519.1 -CCCCCACGATAGG- -GACCAACGTTCCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
MK625725.1 -CCCCCACGATAGG- -GACCAACGTTICCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
MF152781.1 CCCCCCACGATAGG- -GACCAACGTICCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
LR794134.1 CCCCCCACGATAGG- -GACCAACGTTCCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
KT1558967.1 CCCCCCACGATAGG- -GACCAACGTTCCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
0Q600605.1" CCCCCCACGATAGG- -GACCAACGTTICCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
00Q592797.1° -CCCCCACGATAGGGAGACCAACGTTCCGTCAGGGGGTGTGCAGTATGTGCGCCGGC
0K376997.1 CCCCCCACGATAGG- -AATCAACGTTCCATCA-GGGGTGTGCAG-ATGTGCGCCGGC

LN609556.1 CCCCCCACGATAGG- -GACCAACGTTCCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC
AB458165.1 CCCCCCACGATAGG- -GACCAACGTICCGTCA-GGGGTIGTGCAG-ATGTGCGCCGGC
AB458188.1 CCCCCCACGATAGG- -GACCAACGTTICCGTCA-GGGGTGTGCAG-ATGTGCGCCGGC

Fig. 4. T. benhamiae strain intergenic region 5.8, 18, 285 rDNA nucleotide
sequence sites containing nucleotide substitutions

OW988573.1
OW987261.1
OWI985344.1
OW984872.1
0OP802482.1
OP802480.1
0P227145.1
0L795928.1
MW767025.1
ONS527776.1"
LC623726.1

GTCTCCCCCCCCGGGCCTCCCGGGGAGG-TIGCGGGCGGCGAGGGGTGCCTCCGGCCGC
GTCT-CCCCCCCEGGCCTCCCGGGGAGG-TIGCGGGCGGCGAGGGGTGCCTCCGGCCGC
GICT-CCCCCCCGGGLCCTCCCGGGGAGG-TIGCGGGCGGCGAGGGGTGCCTCCGGCCGC
GTCT-CCCCCCCEGGCCTCCCGGGGAGG-TTGCGGGCGGCGAGGGGTGCCTCCGGCCGC
GTCT-CCCCCCCGGEGCCTCCCGGGEAGGTTGCEGEGCGGCGAGGGGTGCCTCCGGCCGC
GTCT-CCCCCCCEGGCCTCCCGGGGAGG-TTIGCGGGCGGCGAGGGGTGCCTCCGGCCGC
GTCT-CCCCCCCEGGCCTCCCGGGGAGG-TTIGCGGGCGGCGAGGGGTGCCTCCGGCCGC
GTCT-CCCCCCCGGGCCTCCCGGGGAGGCTIGCGGGCGGCGAGGGGTGCCTCCGGCCGC
GTCT-CCCCCCCEGGCCTCCCGGGGAGG-TTGCGGGCGGCGAGGGGTGCCTCCGGCCGC
-- -TCTCCCCCCGGGCCTCCCGGGGAGG-TTGCGGGCGGCGAGGGGTGCCTCCGGCCGT

GTICT-CCCCCCCGGGCCTCCCEGGEAGGTIGCGGGCGGCGAGGGGTGCCTCCGGCCGC

Fig. 5. M. canis strain intergenic region 5.8, 18, 28S rDNA nucleotide
sequence sites containing nucleotide substitutions

ON479484.1
ON479483.1
0OK376997.1

TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTTCAACAACGGATCTCTTIGGT
TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGT
TGTCAGTCTGAGCGTTAGCAAGTAAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGT

MT261760.1 TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTTCAACAACGGATCTCTTAG-

MF152781.1 TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTTCAACAACGGATCTCTTIGGT
L.5444190.1 TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGT
LN874020.2 TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTTCAACAACGGATCTCTTIGGT
LC388864.1 TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGT
KU496914.1 TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTTCAACAACGGAT TCTTAG-T

KU257463.1 TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGT

JN134088.1
AB458165.1

TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTITCAACAACGGATCTCTTIGGT
TGTCAGTCTGAGCGTTAGCAAGTAAAATCAGTTAAAACTTTCAACAACGGATCTCTTGGT

Fig. 6. Trichophyton spp. strain intergenic region 5.8, 18, 285 rDNA nucleotide
sequence sites containing nucleotide substitutions

Thus, ITS-PCR is a reliable and robust method for
the identification of closely related dermatophyte species
and can therefore be used for dermatophytosis diagnosis
in cats and dogs.
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