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Abstract

Background: Dermatophytes are the most common causative agents of superficial mycoses. Species identification of
these fungi is important from therapeutic and epidemiological point of wive. Traditional approaches for identification of
dermatophytes at the species level, relying on macroscopic and microscopic features of the colonies, usually are time-
consuming and unreliable in many circumstances. Recently a broad varieties of rapid and accurate DNA-based
techniques were successfuly utilized for species delineation of dermatophytes.

Methods: The ITS1-5.8S-ITS2 region of rDNA from various reference strains of dermatophyte species were amplified
using the universal fungal primers ITS1 and ITS4.The PCR products were digested by a single restriction enzyme,
Mval. The enzyme was evaluated in both in silico and practical PCR-RFLP assay to find the exact differentiating
restriction profiles for each species. To validate the standardized PCR-RFLP system, all tested strains were subjected to
sequencing and sequence analysis.

Results: The obtained RFLP patterns were specific for many species including T. interdigitale, T. rubrum, T.
violaceum, M. persicolor, M. audouinii, M. nanum (A. obtusum) and E. floccosum but were similar for some closely
related species such as M. canis / M. ferrugineum. Sequencing of the ITS1-5.8S-ITS2 fragment from all type strains
affirmed the RFLP findings.

Conclusion: Tt was practically revealed that the ITS-PCR followed by Mval-RFLP is a useful and reliable schema for
identification and differentiation of several pathogenic species and can be used for rapid screening of even closely
related species of dermatophytes in clinical and epidemiological settings.
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Introduction

Dermatophytes are a group of specialized molds,
affecting the superficial keratinized structures
(skin, hair and nails) of human and animal hosts,
producing dermatophytosis, commonly referred
to as ‘ringworm’ or tinea. They are classified in
three genera, Epidermophyton, Microsporum,
and Trichophyton containing three ecological

groups of anthropophilic, zoophilic and
geophilic species (1, 2). Dermatophytes are the
most common agents of cutaneous fungal
infections worldwide(3, 4). Infections are
contagious and represent a significant public
health problem in many parts of the world.
Dermatophytosis is not a reportable disease but
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is a matter of concern because of its
contagiousness nature (5).

Correct identification of dermatophytes at the
species level is useful for differentiating between
dermatophytosis and dermatomycosis (6), to
control of environmental and animal sources of
infection and help for developing the preventive
strategies (7). From clinical point of view, for
definition of species and performance of an
epidemiologic study it is important to have a
reliable method for identification of dermatophy-
tes (8). Species-level identification of these fungi
classically relies on macro and micro morphologi-
cal features of the colonies on general and specific
culture media and on some biochemical and
physiological complementary tests (1). However,
in many circumstances phenotypic characteristics
overlap between species, and many isolates have
atypical nature in primary isolation thus attempt
for final identification is time consuming and
requires expertised personel on microscopical
properties (2, 9-11). By development of PCR
technology, a wide variety of molecular techniques
such as RAPD-PCR, Nested-PCR, PCR-RFLP,
PCR-EIA, Real-time PCR and microarray
technology were employed as possible alternatives
for routine identification of fungi including
dermatophytes (2).

At the present study, the ITS1-5.8S-ITS2
fragment of ribosomal DNA gene (rDNA) in the
dermatophyte species were used as a reliable
marker for species identification. We retrieved
the reliable sequences of internal transcribed
spacers (ITS) regions from GenBank, then
computationally  (in-silico) and practically
subjected them to a polymerase chain reaction-
restriction enzyme (PCR-RE) assay for
identifying nearly all pathogenic dermatophyte
species. Additionally,we amplified and digested
the DNA target in some reference dermatophyte
strains to confirm the method. We prepared a
relatively perfect restriction fragment lemgh
polymorphism (RFLP) barcode by using only a
single enzyme and believe that it could be useful
for clinical and epidemiological aims.
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Material and Methods

Virtual restriction enzyme digestion

The complete sequence of internal transcribed
spacers 1 and 2 regions and the 5.8S ribosomal
DNA subunit flanked these regions were retrieved
fromNCBI (http://www.ncbi.nlm.nih.gov/nuccore).
The sequences were edited by MEGA 4 software
(MEGA version 4, Tamura, Dudley, Nei, and
Kumar 2007), and sujected to popular sequence
alignment tool of ClustalW. The arranged
sequences were then exported to DNASIS software
(Hitachi DNASIS® MAX v3.0) and subjected to
digital digestion with 610 restriction enzymes
included in the software. The enzymes with the best
discriminatory power were selected and species-
specific RFLP profiles were determined.

Reference strains

To assess the actual feasibility and applicability
of the in silico PCR-RFLP findings, twenty five
reference strains of different dermatophyte
species were prepared from two reference
collections: NBRC (NITE Biological Resource
Center) and JCM (Japan Collection of
Microorganisms) and used in the study. The
strains were T. mentagrophytes (NBRC 5974,
NBRC 5809, NBRC 5466), T. mentagrophytes
var. interdigitale (NBRC 5812), Arthroderma.
vanbreuseghemii (JCM 1891), A. benhamiae
(JCM 1885), M. persicolor (NBRC 5975), T.
tonsurans (NBRC 5928, NBRC 5945), T.
equinum (NBRC 31610), T. rubrum (NBRC
5808, NBRC 5467), T. violaceum (NBRC
31064), E. floccosum (NBRC 9045), M. canis
(NBRC 9182), M. ferrugineum (NBRC 6081,
NBRC 5831), M. audouinii (NBRC 6074), A.
obtusum (JCM 1907), A. uncinatum (NBRC
31978), T. schoenleinii (NBRC 8192, NBRC
8191), M. cookei (NBRC 7862), and M.
gypseum (NBRC 8228, NBRC 5948). Strains
inoculated into the plates containing Potato
Dextrose Agar (PDA) medium (Difco, USA)
and incubated at 28°C for 2-3 weeks till the
colonies came up.
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DNA extraction

DNA was extracted from the strains using the
method described by Makimura et al. (12).
Briefly, amount (approximately 5 cubic millime-
ter) of a fresh colony was placed in lysis buffer
(200 mM Tris-HCI, pH 7.5, 25 mM EDTA,
0.5% w/v SDS, 250 mM NaCl), and crushed
with a conical grinder. Samples were incubated
for 20 min at 100°C and mixed with 150 pl of
3.0 M sodium acetate, kept at —20°C for 10 min
and centrifuged at 12,000 g for 10 min. The su-
pernatants were extracted once with phenol
chloroform iso-amyl alcohol (25:24:1), and sub-
sequently extracted once again with chloroform.
DNA was precipitated with an equal volume of
iso- propanol, washed with 300 pl of 70% etha-
nol, dried and suspended in 50 pl of ultrapure
water. The final solution was kept at —20 °C un-
til using as template for PCR.

Primers and PCR condition

The wuniversal fungal primers, ITSI (5'-
TCCGTAGGTGAACCTGCGG-3") and ITS4
(5"-TCCTCCGCTTATTGATATGC-3")  (11)
were used to amplify the entire ITS rDNA re-
gion in the standard strains. Amplification was
carried out by a PCR mixture contained 2.5 pl of
10X reaction buffer, 200 uM of ANTPs mixture ,
0.125 pl of Taq polymerase (5 U/ul), 30 pmol
of each forward and reverse primers, 1 pl of
DNA template solution and enough ultrapure
water up to a final volume of 25 pl. Each reac-
tion mixture was preheated to 94°C for 6 min-
utes, then PCR performed by the following pro-
tocol: 35 cycles of 30 seconds at 94°C, 30 sec-
onds at 58°C and 1 min at 72°C; a final exten-
sion at 72°C for 10 min and followed by cooling
at 4°C.

Restriction digestion of the PCR products

The amplified products were subjected to diges-
tion with Mval Fast digest (Fermentas Life Sci-
ences, Lithuania) for 10 min at 37°C. The reac-
tion mixture contained 10 pl of PCR amplicons,
0.5 pl of the enzyme, 1.5 pl of 10X buffer and 3
ul of water to a final volume of 15 pl.
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Detection of amplified products and restriction
digestion

PCR amplicons were separated by running the 5
ul of products in a 1.5% (w/) agarose gel incor-
porated with 2 ul ethidium bromide and electro-
phoresed in TBE (90mM Tris, 90 mM boric acid,
2 mM EDTA) at 100V for 60 min. A 10 ul ali-
quot of restriction digestion products were sepa-
rated by running in a 2% agarose gel. A 100
base pair (bp) ladder was used as DNA molecu-
lar weight marker in each run. The gels were
visualized using gel documentation system and
recorded photographically, then were compared
with the profiles obtained by in silico analysis.

Sequencing and multiple alignments

All reference strains which preliminarily
identified by PCR-RFLP, were sequenced by
both ITS1 and ITS4 primers using an automated
DNA Sequencer (ABI PRISM™ ABI-3730
Genetic Analyzer, PE Applied Biosystem). For
final identification, the obtained consences
sequences  were  compared  with  the
Dermatophytes ITS DNA barcode database
(http://www.cbs.knaw.nl/dermatophytes/BioloM
ICSID.aspx). Alignment of the obtained edited
forward and reverse sequences was conducted
using BioEdit software:
(http://www.mbio.ncsu.edu/bioedit/bioedit.html)

Results

Alignments of consensus sequences by MEGA
software showed that almost all dermatophyte
species have expectedly similar sequence in
5.8S subunit but are different in ITS1 and I1TS2
non-coding regions of rDNA complex. The size
of entire ITS1-5.8S-ITS2 fragment (including
primers) ranked between 614 bp for M. gallinae
to 780 bp for E. floccosum (Table 1). The dis-
similarities seemed to be enough to select the
enzymes for distinguishing between the species
in a PCR-RE system. In silico analysis of the
sequences by DNASIS software revealed that
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many restriction enzymes can digest the in-
tended sequences. Some enzymes had no cutting
site in all or some species. Some others had
many cutting sites; however, the sites were not
sufficiently divergent between different species
and could not meet our purpose (data not
shown). Finally Mval was considered as the en-
zyme with the most discriminatory power for
differentiation of many species. Table 1 shows
the cutting sites and produced fragments from
ITS regions after digestion with Mval. The ITS1
region was successfully amplified in all tested
strains using the ITS1/ITS4 primers. The ob-
tained bands were variable in size among differ-
ent species as the biggest size for E. floccosum
and the smallest one for A. obtusum (data not
shown). In actual restriction digestion of the
amplified products by Mval all achieved electro-
phoretic patterns were congruent with those
findings in in-silico analysis (Fig. 1). Some spe-
cies including T. interdigitale, T. rubrum, T.
violaceum, M. persicolor, M. audouinii, M. na-
num (A. obtusum) and E. floccosum produced
specific profile in both virtual and actual ITS-
RFLP with Mval (Table 1 and 2, Fig. 1), how-
ever some closely related species like T.
equinum / T. tonsurans, M. canis / M. ferrugi-
neum and M. cookei / M. racemosum had the
same profiles. We did not use T. simii, T. verru-
cosum, M. fulvum and M. gallinae in our ex-
periment, however, T. simii produced two pat-
terns and three other species also produced
unique pattern in computational PCR-RFLP (Ta-
ble 1). In RFLP analysis, two different patterns
were distinguished for M. gypseum and T. ajelloi
(A. uncinatum) (Table 1); nonetheless, it was
observed only one electrophoretic profile for
each species (Table 2, Fig. 1; lanes 20, 24-25).
The in silico Mval-restriction profiles for T.
gourvilii, T. soudanense and T. yaoundei resem-
bled to the T. violaceum. Comparing the ob-
tained sequences of all reference strains with the
open access validated CBS-database confirmed
their species identification by established RFLP
system. The comparison of sequencing data and
PCR-RFLP profiles for identification of the
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tested strains were outlined in Table 2. The
overall alignment of ITS1-5.8S-ITS2 sequences
for all 25 standard strains was illustrated in Fig-
ure 2. As it observed, the sequence of 5.8S sub-
unit is relatively similar among all type strains
species but both ITS1 and ITS2 regions have
variable sequence between all species.

M 11 12 13 14 15 16 17 18 19

Flg. 1: Electrophoretic patterns of ITS-RFLP with Mval for reference
dermatophyte species.

Lanes 1, 3 and 5: T. mentagrophytes (NBRC 5809, NBRC 5974 and
NBRC 5466), lane 2: A. vanbreuseghemii (JCM 1891), lane 4: T. men-
tagrophytes var. interdigitale (NBRC 5812), lane 6: A. benhamiae (JCM
1885), lane 7: M. persicolor (NBRC 5975), lane 8-9: T. tonsurans (
NBRC 5928, NBRC 5945), lane 10: T. equinum (NBRC 31610), lane 11-
12: T. rubrum (NBRC 5808, NBRC 5467), lane 13: T. violaceum (NBRC
31064), lane 14: E. floccosum (NBRC 9045), lane 15: M. canis (NBRC
9182), lane 16 and 17: M. ferrugineum (NBRC 6081, NBRC 5831), lane
18: M. audouinii (NBRC 6074), lane 19: A. obtusum (JCM 1907), lane
20: A. uncinatum (NBRC 31978), lane 21 and 22: T. schoenleinii NBRC
8192, NBRC 8191), lane 23: M. cookei (NBRC 7862), lane 24 and 25:
M. gypseum (NBRC 8228, NBRC 5948), lanes M: 100 bp Ladder
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Table 1: Fragment size of the ITS1-5.8S-1TS2 regions in tested species of dermatophytes before and af-

ter in silico digestion with Mval

Species of dermatophyte

GenBank accession

Size of the ITS1-

Size of fragments after digestion

no. for ITS1-5.8S- 5.8S-1TS2 (bp) with Mval
ITS2 regions
A. vanbreuseghemii, T. interdigitale AF170465, 683 247,159, 124, 89, 50, 14 (1* pattern)
AJ270790
A. vanbreuseghemii (T. interdigi- AB246678 683 406, 124, 89, 50, 14 (2™ pattern)
tale)
A. benhamiae 798015 679 360, 158, 141, 20
T. erinacei 797997 679 360, 157, 142, 20
T. simii 798017 685 372, 159, 90, 50, 14 (1¥ pattern)
T. simii AJ000605 685 372, 159, 104, 50 (2" pattern)
T. mentagrophytes (T. m. var quinc- 797995 683 406, 124, 103, 50
keanum)
T. schoenleinii 798011 685 405, 124, 104, 52
T. verrucosum 798003 678 517,141, 20
M. persicolor EU181457 670 323,148, 112, 68, 19
T. rubrum AF170471 692 368, 164, 95, 65
T. violaceum AJ270796, 701, 711 369, 161(164), 106(114), 45, 20
EU590656
T. gourvilii EU181448 710 368, 164, 113, 45, 20
T. yaoundei AJ270811, FJ479792 700, 710 368, 164, 103 (113), 45, 20
T. soudanense EF631621, 690 368, 164, 93, 45, 20
AF170473
T. tonsurans EF043270 688 251, 124, 103, 90, 56, 50, 14
T. equinum EF043274 688 251, 124, 103, 90, 56, 50, 14
E. floccosum AY213646 780 361, 231, 169, 20
M. canis EU200371 737 441, 165, 103, 28
M. ferrugineum EF581133 737 441, 165, 103, 28
M. audouinii AJ000625 734 441, 162, 131
M. nanum AJ970149 628 459,150, 19
M. gallinae (M. vanbreuseghemii) AJ000620 614 (617) 319 (323), 150 (149), 126, 19
(AJ970147)
M. fulvum AMS850135 652 322,147,112,52, 19
A. uncinatum (T. ajelloi) EF568086 658 271,195, 192 (1** pattern)
A. uncinatum (T. ajelloi) AJ000608 657 465, 192 (2™ pattern)
A. gypseum (M. gypseum) EF568061 666 289,179, 146, 33, 19 (1™ pattern)
A. incurvatum (M. gypseum) AJ000621 619 389, 147, 64, 19 (2™ pattern)
M. racemosum AJ970146 701 225, 165, 144, 120, 47
M. cookei AB193713 701 225, 166, 143, 120, 47
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SRS FETE] UEEEYY Freel EFEEEY PEET) TP PErr RETEEY Errry EETTSY Prrrl BERER EEPYY IR PR |
IFO 5948 - M. gypseu 1  TCCGTAGGTG AACCTGCGGA AGGATCATTA ACGCGCA GGCCGTAGAC GGCCCGT CCCCG 59
IFO 8228 - M. gypseu 1 ... i e ieeiae e e emeea e 59
IFO 31978 - A. uncin 1 ... . ... .iiiiii aeeaiaao.n AL...C ....AC.T. .A...CGG ..G.C CGGCTTGA 67
JCM 1885 - A. benham 1 ... ... ... i e e e G..G. T.G..CcC ..A_.A TAGGAATCAA 70
JCM 1891 - A. vanbre 1 L il e e il G..G. T.G..CC - .A_.A TAGGGCCAAA 70
JCM 1907 - A. obtusu 1 ... . e e e Coien ooals T ... 59
NBRC 5466 - T. menta 1 ... ..... (....oiiis couoonaann Goveeee e G..G. T.G..CC ..A..A TAGGGCCAAA 70
NBRC 5467 - T. rubru 1 .. it iiae feeaaaiee e e G..G. T.G..CC ..A..A TAGGGACCGA 70
NBRC 5808 - T. rubru 1 .. et iiae cmeaaaiee e e G..G. T.G..CC ..A..A TAGGGACCGA 70
NBRC 5809 - T. menta 1 ... ... ...t iiiiiinnne cmmccmcann cmmmmae  eeann G..G. T.G...C ..A..A TAGGGCCAAA 70
NBRC 5812 - T. m. va 1 ... . iiiiiiie ameaaaaaan T G..G. T.G..CcC ..A_.A TAGGGCCAAA 70
NBRC 5831 - M. ferru 1 ... i i oo AGA . T..A_TT _.... CCGAA GCTCTT...T CTCCCCCCCG 80
NBRC 5928 - T. tonsu 1 ... i i e oo G..G. C.G..CC . .AG.A TAGGGCCAAA 70
NBRC 5945 - T. tonsu 1 ... ... .. it i e e G..G. C.G..cC ..AG.A TAGGGCCAAA 70
NBRC 5974 - T. menta 1 @ ... fiiiimmanns cmmeeaaann [ P G..G. T.G..CC ..A._A TAGGGCCAAA 70
NBRC 5975 - M. persi 1 ... . it e e e C.... .AL..TC— ... 59
NBRC 6074 - M. audou 1 .. ... .. ... it ieeiaaiie e AGA .. .T..A..TT ..... CCGAA GCTCTT...T CTCCCCCCCG 80
NBRC 6081 - M. ferru 1 ... ... il i e AGA ..T..A..TT ..... CCGAA GCTCTT...T CTCCCCCCCG 80
NBRC 7862 - M. cooke 1 ... ... i i ia-an T.—— ... CT.C. T.G.TAC _.AT.C CTCCCCCCGG 70
NBRC 8191 - T. schoe 1 ... ... it i e oo G..G. T.G..CC . .A_.A TAGGGCCAAA 70
NBRC 8192 - T. schoe 1 ... ... i it e o G..G. T.G..CC _.A_.A TAGGGCCAAA 70
NBRC 9045 - E. flocc 1 ... ... i i e e C..T. ....... ....C 59
NBRC 9182 - M. canis 1 ... . i i e AGA _.T..A..TT ..... CCGAA GCTCTT...T CTCCCCCCCG 80
NBRC 31064 - T. viol 1 .. i i e e G..G. T.G..cC ..A_.A TAGGGACCGA 70
NBRC 31610 - T. equi 1 ... . it aieiiiaiie e e G..G. T.G..CC ..AG.A TAGGGCCAAA 70
90 100 110 120 130 140 150 160
TSR] COERY UETEEY PEEE BEEYY FEPTY BEEER FEPYY IETet) PYTrl BEPPSY PRre) BETErY PRErT Brrery Prrey |
IFO 5948 - M. gypseu 59 GATGCGTCC GG GGGCGGTG T CGCCG GCCACACG CCCATTCT TGTCTAT-TT ACCCAGTTGC 119
IFO 8228 - M. gypseu 59 —......... e e B e e 119
IFO 31978 - A. uncin 68 GATATA.C.. ..A C..T.C.. GAGGT..... LLAGTTG i e C .G .o 132
JCM 1885 - A. benham 71 C.T.C.A..A ..GGT GT.CA.A.. .G —..... ...TT...CC e e CC.. ..T.G..... 138
JCM 1891 - A. vanbre 71 C.T C....A ..GGT GA.CA.A.. .G —..... ...GT..CGC ... ... .o... CC.. ..T.G..... 138
JCM 1907 - A. obtusu 59 Co..... W BG—————— —— ... O T CT.. ....G..... 122
NBRC 5466 - T. menta 71 C. T C....A _.GGT GA.CALA.. G ._... _..GT..CGC ... ... ..... CA.. ..T.G..... 138
NBRC 5467 - T. rubru 71 C.T.C.A._.A ..GGT GA.CA.AC. .G .._... _..GT...CC .. ... CC.C ....G..... 139
NBRC 5808 - T. rubru 71 C.T.C.A..A ..GGT GA.CA.AC. .G ..... ...GT...CC .. ... CC.C ....G..... 139
NBRC 5809 - T. menta 71 C.T C....A ..GGT GA.CA.LA.. .G —..... ..GT..CGT .. oaa.s CC.. .TT.G..... 138
NBRC 5812 - T. m. va 71 C.T C.._.A ..GGT GA.CA.LA.. .G ..... ...GT..CGC ... ... ... CA.. ..T.G..... 138
NBRC 5831 - M. ferru 81 G.CCT.CCGG ..AGGTTGCG GGC....AG. GGTGC.T... ...G....— ... ... .. .oonn C .G ....G..... 155
NBRC 5928 - T. tonsu 71 C.T C....A ..GGT GA.CA.A.. .G ..... ...GT..CGC ... . ... CC.. ..T.G..... 138
NBRC 5945 - T. tonsu 71 C.T C....A ..GGT GA.CA.A.. .G ..... ...GT..CGC ... .. ... CC.. ..T.G..... 138
NBRC 5974 - T. menta 71 C.T C....A ..GGT GA.CALA.. G ._... _..GT..CGC ... ... .o... CA.. ..T.G..... 138
NBRC 5975 - M. persi 59 .GCT.T... .. R € C. ...TG..... 119
NBRC 6074 - M. audou 81 G.CCT.CCGG ..AGGTTGCG GGC....AG. GGTGC.T... ...G.... ... ... .. -..... C .G ....G..... 155
NBRC 6081 - M. ferru 81 G.CCT.CCGG ..AGGTTGCG GGC....AG. GGTGC.T... ...G....— .. ... .. .oonn C .G ....G..... 155
NBRC 7862 - M. cooke 70 .TCT.CCGG ..GTC GAA....G. _ACGC..... ...... AAAT CG.viiien oea o CC. ....G..... 142
NBRC 8191 - T. schoe 71 C.T C.A..A ..GGT GA.CA.A.. .G ..... ...GT..CGC .. ... ... CC.. ..T.G..... 138
NBRC 8192 - T. schoe 71 C.T C.A..A ..GGT GA.CALA.. G ._... _..GT..CGC .. ... ... CC.. ..T.G..... 138
NBRC 9045 - E. flocc 59 TTCT.TCTG AATGC T A mmm— e mm mm il i CAC. ....G..... 124
NBRC 9182 - M. canis 81 G.CCT.CCGG ..AGGTTGCG GGC....AG. GGTGC L ¢ s T C .G ....G..... 155
NBRC 31064 - T. viol 71 C.T.C.A..A ..GGT GA.CA.AC. .G ..... ...GT...CC . .. CC.C ....G..... 139
NBRC 31610 - T. equi 71 C.T C....A ..GGT GA.CA.A.. .G _.... ...GT..CGC ... ... CC.. ..T.G..... 138
170 180 190 200 210 220 230 240
STl ST UETESY Crorl UNEEE PR RESER PR EETSe) Crrt] BETTSS PErry BETEeY PEPYY BEPEr PR |
IFO 5948 - M. gypseu 120 CTCGGCGG G CCGCGCACTC GT G-~ CC GCGCCTCGAG GAG CCGTCC GGGGA - CAA TCAAC 175
IFO 8228 - M. gypseu 120 ........ ek .- R e et eeamaaaaae e [ 175
IFO 31978 - A. uncin 133 ._.._.. C. ....T.C.. A _T.GACG.TC .GAGG CCTT ..ACCCAGCG ..C.TGTGG 190
JCM 1885 - A. benham 139 ........ PR T... C. .GGAGA .TCGTC..GC ...C.TC.T- T.. GGGC .TT-AG 196
JCM 1891 - A. vanbre 139 ........ R T... TC AGGAGA ..CGT...GC ...C.TC..T TTA- GTGGC ..... G 199
JCM 1907 - A. obtusu 123 ........ e - 138
NBRC 5466 - T. menta 139 ........ e T... CC AGGAGA ..CGT...GC ...C.TC..T TTA GTGGC .A...G 199
NBRC 5467 - T. rubru 140 ........ e T.C. CCTGCCA .GGAGA ..CGTC..GC .G.C..C.T. T.. GAGC CTCGAG 204
NBRC 5808 - T. rubru 140 ........ e T.C. CCTGCCA _GGAGA ..CGTC..GC .G.C..C.T. T.. GAGC CTCGAG 204
NBRC 5809 - T. menta 139 .._...... e T... TC AGGAGA ._CGT...GC ...C.TC..T TTA GTGGC ..... G 199
NBRC 5812 - T. m. va 139 .._..._... e T... CC AGGAGA ._.CGT...GC ...C.TC..T TTA GTGGC .A...G 199
NBRC 5831 - M. ferru 156 ........ e e CTG. TGTGCT ACAG.G ..CGT...G. .G.GA..C.T .A..GGGACT CTTGTTTCCT 226
NBRC 5928 - T. tonsu 139 ........ e T... CC AGGAGA ..CGT...GC ...C.TC..T TTAT.GCGGC ..... G 201
NBRC 5945 - T. tonsu 139 ........ e e T... CC AGGAGA ..CGT...GC ...C.TC..T TTAT.GCGGC ..... G 201
NBRC 5974 - T. menta 139 ........ e T... CC AGGAGA ..CGT...GC ...C.TC..T TTA GTGGC .A...G 199
NBRC 5975 - M. persi 120 ........ A .oo.. C.CT CG TG.. ...T...... cee e To .L..GGG. GG... 176
NBRC 6074 - M. audou 156 ........ e CTG. TGTGCT ACAG.G ..CGT...G. .G.GA..C.T .A..GGGACT .TTGTTTCCT 226
NBRC 6081 - M. ferru 156 ........ e CTG. TGTGCT ACAG.G ..CGT...G. .G.GA..C.T .A..GGGACT CTTGTTTCCT 226
NBRC 7862 - M. cooke 143 ........ T. ooo.. G.C. CCCT CC.A ..TGAGG.G. AGCG...G.. A..CGGGAG. ..CGTCTCC- 209
NBRC 8191 - T. schoe 139 ........ e T... TCTC AGGAGA ..CGT...GC ...C.TC..T TTA- GTGGC ..... G 201
NBRC 8192 - T. schoe 139 ........ e T... TCTC AGGAGA ..CGT...GC ...C.TC..T TTA- GTGGC ..... G 201
NBRC 9045 - E. flocc 125 ........ e e C.C. TAGGCTGCAG TGTC.CTG.A ...T....G. .G.G....T. ....GATGG. GA.GGATGCC 203
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NBRC 9182 - M. canis
NBRC 31064 - T. viol
NBRC 31610 - T. equi

IFO 5948 - M. gypseu
IFO 8228 - M. gypseu
IFO 31978 - A. uncin
JCM 1885 - A. benham
JCM 1891 - A. vanbre
JCM 1907 - A. obtusu
NBRC 5466 - T. menta
NBRC 5467 - T. rubru
NBRC 5808 - T. rubru
NBRC 5809 - T. menta
NBRC 5812 T. m. va
NBRC 5831 - M. ferru
NBRC 5928 - T. tonsu
NBRC 5945 - T. tonsu
NBRC 5974 T. menta
NBRC 5975 - M. persi
NBRC 6074 M. audou
NBRC 6081 M. ferru
NBRC 7862 M. cooke
NBRC 8191 - T. schoe
NBRC 8192 - T. schoe
NBRC 9045 - E. flocc
NBRC 9182 - M. canis
NBRC 31064 - T. viol
NBRC 31610 - T. equi

IFO

IFO

IFO

JCM

JCM

JCM

NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC
NBRC

5948 - M. gypseu
8228 - M. gypseu
31978 - A. uncin
1885 - A. benham
1891 - A. vanbre
1907 - A. obtusu
5466 - T. menta
5467 - T. rubru
5808 - T. rubru
5809 - T. menta
5812 T. m. va
5831 M. ferru
5928 - T. tonsu
5945 - T. tonsu
5974 - T. menta
5975 M. persi
6074 M. audou
6081 M. ferru
7862 M. cooke
8191 - T. schoe
8192 - T. schoe
9045 E. flocc
9182 - M. canis
31064 - T. viol
31610 - T. equi

IFO 5948 - M. gypseu
IFO 8228 - M. gypseu
IFO 31978 - A. uncin
JCM 1885 - A. benham
JCM 1891 - A. vanbre
JCM 1907 - A. obtusu
NBRC 5466 - T. menta
NBRC 5467 - T. rubru
NBRC 5808 - T. rubru
NBRC 5809 - T. menta
NBRC 5812 - T. m. va
NBRC 5831 - M. ferru
NBRC 5928 - T. tonsu
NBRC 5945 - T. tonsu
NBRC 5974 T. menta
NBRC 5975 M. persi
NBRC 6074 M. audou
NBRC 6081 M. ferru

175
175
190
196
199
138
199
204
204
199
199
227
201
201
199
176
227
227
209
201
201
204
227
204
201

222
222
236
244
251
170
251
257
257
251
251
289
255
255
251
222
289
289
261
252
252
279
289
256
255
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226
204
201

221
221
235
243
250
169
250
256
256
250
250
288
254
254
250
222
288
288
261
251
251
278
288
255
254

286

........ - --....CTG. TGTGCT ACAG.G ..CGT...G. .G.GA..C.T .A..GGGACT CTTGTTTCCT
........ - «..-..T.C. CCTGCCA .GGAGA ..CGTC..GC .G.C..C.T. T.. GGGC CTCGAG
........ - ee.-..T... CC AGGAGA ..CGT...GC ...C.TC..T TTAT.GCGGC .....G
250 260 270 280 290 300 310 320
SRR EEEE EEPERY EEER EEPRY FEot UECEY CEotl ISt oot UEred EETEl BEPEr) FENE TR Py
TCCCTG GATCGCGCCC GCCGGAGGAG TGATT AAAA T CCATGAATAC
..... .CCA.T..G. .....C...C A.TCC R . LTT.AT.LLT
e e eeeeeaaas C A..CATCAAA ... . .TTG...AG.
e G C A..CGCAAAA ...--TTCT. T..GA.GAG.
......... AC...C R C A.GC...C..
e G C A..CGCAAAA ...--TTCT. T..GA.GAG.
Co LCo C A..CACCAAG .... AATTC T.TGA.GAG.
Co LCo C A..CACCAAG .... AATTC T.TGA.GAG.
e C A..CGCAAAA ... -TTCT. T..GA.GAG.
e G C A..CGCAAAA ... ~TTCT. T..GA.GAG.
AGGCCACG ...C. GCA....T. ......... T .AC.CTGGAA ..C.-CACTC TTGAA.GA..
e G C A..CGCAAAA ....ATTCT. T..GA.GAG.
e G C A..CGCAAAA ...._ATTCT. T..GA.GAG.
e G C A..CGCAAAA ... -TTCT. T..GA.GAG.
C..... LGl T C.... . C ..
AGGCCACG ...C. GCAL...T. ....... T .AC.CTGGAA ..C. CACTC TTGAA.GA..
AGGCCACG ...C. .GCA....T. ... .... T .AC.CTGGAA ..C. CACTC TTGAA.GA..
CT..C. .TCovin oot C CAT.. G ....ACCCT. TT.AATCAT.
e G C A..CGCAAAA .. TTCT. T..GA.GAG.
e G C A..CGCAAAA .. TTCT. T..GA.GAG.
CCGGCGGGGT TGATCGCTCC CCCAC..... LCALLLTL LAl Ll CTCAG ...T . .T.C...AT.
AGGCCACG ...C. GCAL...T. ......... T .AC.CTGGAA ..C. CACTC TTGAA.GA..
Co LCo C A..CACCAAG G... A TTC T.TGA.GGG.
e G s C A..CGCAAAA ... _ATTCT. T..GA.GAG.
330 340 350 360 370 380 390 400
SRR EERR REVERY PRt IEEEEY ey EEPER) EEPr) BEPEPY PRrrd EEPEEY ERre) EEPERY PErr) RERrd Ered
T GTTCCGTCTG AGCGTTA-GC AA---GTAAA A -TCAGTTAA AA-CTTTCAA CAACGGATCT CTTGGTTCCG
.G L AT . AGC. AL A i i e
. LAl ol Aol L. R I BT e it meemmeeees meeemanaaa
. LLlAL L ol AL . Co. ALl e eeeisas mesamasese ssesassene
C LCLALLLLL Ll A.A.. GLAGT.A... A T...C.. it i iiieieas eeemeenen
. AL L. A.. . Cool ALl e ieee e eemeeee eeeeeaaaan
. AL L TA.. . .CC. ... e ieee e eemeeee meeeeaaaan
. WAL ol TA.. . .C.C. ... M aaessan memamasesa asmesassasa
. AL ol A.. . Co. ALl M aaeiaisa memamasasa sseasasasa
. LAl ol AL . Co. ALl e iiis meemmeeeea meeemanaaa
A AL, . AL . CGC. .A........ e eeeisas mesamasese ssesassene
. LLlAL L ol A.. . Cool AlLoll. e eeeisas mesamasese ssesassene
. LAl L. A.. . Cool ALl e ieee e meeeeaaaan
. AL L. A.. . Cool ALl e ieee e eemeeee meeeeaaaan
G ... Al .. R e e ieee e meeeeaaaan
A Aol e A.. CGC. .A........ BT iiis meemmeeees meeemanaaa
A Aol . A.. CGC. .A........ f e iits meemmeeeea meeemanaaa
GTC........ L-LALA-CAL O BT iiis meemmeeees meeemanaaa
. LAl ol A.. . Col ALl e eeeisas mesamasese ssesassene
. LAl ol A.. . Coo. ALl e eeeisas mesamasese ssesassene
.CCATAGGTG ....A.. ... ...... G .. . G LAC. LG L e e
A Aol R A.. CGC. .A........ feTaaaisas memamasasa asmesaasasa
. LAl ol TA.. .C.C. ... o
. WAL ol AL . Co. ALl BT iiis meemmeeees meeemanaaa
410 420 430 440 450 460 470 480
GCATCGATGA AGAACGCAGC GAAATGCGAT AAGTAATGTG AATTGCAGAA TTCCGTGAAT CATCGAATCT TTGAACGCAC 366
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NBRC 7862 — M. COOKE 325 i i i ittt ae ettt emeeee et e e e e e 404
NBRC 8191 - T. SChOE Bl7 ...t it i i iee e eeaaace e e eaaae e eeee e e e e e 396
NBRC 8192 - T. SChOE Bl7 ...t i ii o iee et eaaa e e e e eeaaae ea e e e eee e eeme e e 396
NBRC 9045 - E. FHOCC B354 ... i ittt et ea e et e e eae et e e e eeee e eeae e 433
NBRC 9182 - M. CaNiS 351 ...t it i e e et a e et e e e eee e e emeee e e 430
NBRC 31064 - T. VEOD 322 i it ot e a et e e e e et e emeee e eee e 401
NBRC 31610 - T. €qUE  B20 oottt i et ee et e e e e e e e e e e e et e meee e eiae e 399
490 500 510 520 530 540 550 560
EEE) COETY EEEESY PErr) UNETEY FEre) IETEr FErey EETEr) EREr) BEETSY Errr) EETEEY PErey RErrey Preey |
IFO 5948 - M. gypseu 367 ATTGCGCCCT CTGGTATTCC GGGGGGCATG CCTGTTCGAG CGTCATTTCA ACCCCTCAAG CCCGGCTTGT GTGATGGACG 446
IFO 8228 — M. gYPSEU B67 ..o iiii e o eeo oo ime e e meeaaace e e e eeee e eean e e e 446
IFO 31978 - A. uncin 378 ......... C e e e e eea e e iee memae meaaaaae 456
JCM 1885 - A. benham 388 . .. ... e e e e e e e e e et e eeeae eeeaaaaaan 467
JCM 1891 - A. vanbre 396 ......... C il e et eeaiiaal G e e e ieaaaaan 475
JCM 1907 - A. ObTUSU 320 ... i e eea e eeeeeee e eeeaee e eeeaaan eemmeaaae eeaaaeaaa 399
NBRC 5466 - T. menta 396 ......... C il e e eeeeaiaaas G e e 475
NBRC 5467 - T. rubru 402 .......... o 481
NBRC 5808 - T. rubru 402 .......... o 481
NBRC 5809 - T. menta 396 ......... C il e e e G et e e ieaaaaan 475
NBRC 5812 - T. m. va 396 ......... C il e et eeaiiaal G e e e 475
NBRC 5831 - M. ferru 431 ......... L 510
NBRC 5928 - T. tonsu 400 ......... C il e et eeaiiaal G e e 479
NBRC 5945 - T. tonsu 400 ......... C il e e eeeeeiaaas G e e 479
NBRC 5974 - T. menta 396 ......... C il e e e G e e 475
NBRC 5975 — M. pPersi 368 . ... o ie i ae o eea e o ie e ee e e et e meeeaaan C i 447
NBRC 6074 - M. audou 431 ......... L 510
NBRC 6081 - M. ferru 431 ......... L 510
NBRC 7862 - M. cooke 405 ......... C e e e eaei eeaiiaal G e e e iaaaan 484
NBRC 8191 - T. schoe 397 ......... C e e e e eeei el G e e 476
NBRC 8192 - T. schoe 397 ......... C e e e eaa eeaiiaas G e e 476
NBRC 9045 - E. FHOCC 434 . e et e eeaa o ce e e oo eaaae e eeee e eee e e e 513
NBRC 9182 - M. canis 431 ......... L 510
NBRC 31064 - T. viol 402 .......... o 481
NBRC 31610 - T. equi 400 ......... C il e e eeeiiaan Gt e e 479
570 580 590 600 610 620 630 640
TSI CoUr] BETTSY el BEEEYY FEPSY EPTrh FEPYY RETEE] PREE BERPTY Preey| oo oo
IFO 5948 - M. gypseu 447 ACCGTCC CGCCCT CCCTACTC CA- - GGGGA GG G GGACG CGCCCGAAAA GCAGTGGCCA 502
IFO 8228 - M. gypseu 447 ... ... cieai e T, e mm e — mm i iih saesseeaes sesesesens 502
IFO 31978 - A. uncin 457 _A..... TGCCT.T A....C .. e T. 502
JCM 1885 - A. benham 468 ....... GA..TC _TCTT.. G....C .. e eas mesasaseea meeeaemeas 519
JCM 1891 - A. vanbre 476 ....... G..G.C . .CGTCT TTGGG..T.C .. et eemeeee meeaaaen- 531
JCM 1907 - A. obtusu 400 ....... [C— C T...CG... .CGG..A.. .. 0 460
NBRC 5466 - T. menta 476 ....... G..G.C . .CGTCT TTGGG..T.C .. e eeeeeee emeeaeaea- 531
NBRC 5467 - T. rubru 482 ....... G....C T.CCT.. G....C .. cmeas sesasassse meeesemene 533
NBRC 5808 - T. rubru 482 .._..... G....C T.CCT.. G....C .. T eas sesasassse mesesesene 533
NBRC 5809 - T. menta 476 ....... G..G.C ..CGTCT TTGGG..T.C .. e eas mesasaseea meeeaesene 531
NBRC 5812 - T. m. va 476 ....... G..G.C ..CGTCT TTGGG..T.C .. e eas mesasaseea meeeaemean 531
NBRC 5831 - M. ferru 511 ....... CCC .T...CAACA AC.A.CCAC. GCTTA....G .TGGGAGGGA G~ .Guvver cueecmcman ceeman- T.. 588
NBRC 5928 - T. tonsu 480 ....... G..G.C ..CGTCT .TGGG..T.C .. e eeeeeee meieaaaaa- 535
NBRC 5945 - T. tonsu 480 ....... G..G.C ..CGTCT .TGGG..T.C .. e eeeeee emeaeaea- 535
NBRC 5974 - T. menta 476 ....... G..G.C . .CGTCT TTGGG..T.C .. e eeeeeee emeaaaaan 531
NBRC 5975 - M. persi 448 ....... C GA.... ...C6C.CT ..., . o 504
NBRC 6074 - M. audou 511 ....... ccc . .CAATA AC.A.CCAC. GCTTA....G TGGGAGGGA LR € T.. 585
NBRC 6081 - M. ferru 511 ....... CCC .T...CAACA AC.A.CCAC. GCTTA....G .TGGGAGGGA G .G.o.r tiiiieiie eaaeann T.. 588
NBRC 7862 - M. cooke 485 ....... - ..CCG.. AGACG.A..G .. e e e 536
NBRC 8191 - T. schoe 477 ....... G..A.C ..CTT.. TCGGG..T.C .. et eemeee meaaaen- 532
NBRC 8192 - T. schoe 477 ....... G..A.C _.CTT.. TCGGG..T.C e e eeae eeeaiaan 532
NBRC 9045 - E. flocc 514 ....... GAC ....T.TGCA TC...CGT.. ..CCG..A. AGAAAGGT GGA. G ......................... 593
NBRC 9182 - M. canis 511 ....... CCC .T...CAGTA AC.A.CCAC. GCTTA.. G TGGGAGGGA LR € T.. 588
NBRC 31064 - T. viol 482 ....... G....C T.CCT. G....C .. Cmeas sesasassse meeeaesene 533
NBRC 31610 - T. equi 480 ....... G..G.C ..CGTCT .TGGG. T Cc .. e eas mesasaseea meseaemeas 535
650 660 670 680 690 700 710 720
oo o-- l----1 - .- .- l---- A CEEe |
IFO 5948 - M. gypseu 503 GGCCGCGATT CCGG CTCCT GGGCGAATGG GCA ACAAA- CCAACGCCTC TAGGACC GG CCGGTTTT C TGGCC TAGT 576
IFO 8228 - M. gypSeU 503 .. it it e e et eeeeeeaa e e e e e e 576
IFO 31978 - A. uncin 503 ........ C. T... Go.. ALLLLl.. . TTT oGl iToe ooiaos .A I CCC. AL TCCAA 573
JCM 1885 - A. benham 520 .......... e CTo ... GTC..A ...G....CTC...... e e C. a.-. T.CCC 593
JCM 1891 - A. vanbre 532 .......... e CTo s Al ..——.AC..A ...G...... C...... e e CC. ..... TC.A- 603
JCM 1907 - A. obtusu 461 ....... G e et e hee e JR ¢ O .. ....CCC.—. ..... CAGT. 535
NBRC 5466 - T. menta 532 .......... e CTo s Al .. .AC..A .. .G...... O e e CC. ..... TC.A- 603
NBRC 5467 - T. rubru 534 _._......... e CTos Al ... G.C..TT..G....CTC...... CC. ..... CC.A. 607
NBRC 5808 - T. rubru 534 _......... e CTo s Al ... G.C..TT..G....CTC...... CC. ..... CC.A. 607
NBRC 5809 - T. menta 532 .......... e CTos ALl ..——.AC..A .. .G...... C...... e ees CC . ..... TC.A- 603
NBRC 5812 - T. m. va 532 .......... . CTos ALl ..——.AC..A R C. C...... e ees CC. ..... TC.A- 603
NBRC 5831 - M. ferru 589 .......... feeaTaiana meesaaaeae . PR I O C...... CAGG-. ..... TA.CG 661
NBRC 5928 - T. tonsu 536 .......... e CT T ALl ..——.AC..A ...G...... C...... CC. ..... TC.A- 607
NBRC 5945 - T. tonsu 536 .......... e CT T ALl ..——.AC..A ...G...... C...... CC. ..... TC.A- 607
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NBRC 5974 - T. menta
NBRC 5975 - M. persi
NBRC 6074 - M. audou
NBRC 6081 - M. ferru
NBRC 7862 - M. cooke
NBRC 8191 - T. schoe
NBRC 8192 - T. schoe
NBRC 9045 - E. flocc
NBRC 9182 - M. canis

NBRC 31064 - T. viol
NBRC 31610 - T. equi

IFO 5948 - M. gypseu
IFO 8228 - M. gypseu
IFO 31978 - A. uncin
JCM 1885 - A. benham
JCM 1891 - A. vanbre
JCM 1907 - A. obtusu

NBRC 5466 - T. menta
NBRC 5467 - T. rubru
NBRC 5808 - T. rubru
NBRC 5809 - T. menta
NBRC 5812 - T. m. va
NBRC 5831 - M. ferru
NBRC 5928 - T. tonsu
NBRC 5945 - T. tonsu
NBRC 5974 - T. menta
NBRC 5975 - M. persi
NBRC 6074 - M. audou
NBRC 6081 - M. ferru
NBRC 7862 - M. cooke
NBRC 8191 - T. schoe
NBRC 8192 - T. schoe
NBRC 9045 - E. flocc
NBRC 9182 - M. canis

NBRC 31064 - T. viol
NBRC 31610 - T. equi

IFO 5948 - M. gypseu
IFO 8228 - M. gypseu
IFO 31978 - A. uncin
JCM 1885 - A. benham
JCM 1891 - A. vanbre
JCM 1907 - A. obtusu

NBRC 5466 - T. menta
NBRC 5467 - T. rubru
NBRC 5808 - T. rubru
NBRC 5809 - T. menta
NBRC 5812 - T. m. va
NBRC 5831 - M. ferru
NBRC 5928 - T. tonsu
NBRC 5945 - T. tonsu
NBRC 5974 - T. menta
NBRC 5975 - M. persi
NBRC 6074 - M. audou
NBRC 6081 - M. ferru
NBRC 7862 - M. cooke
NBRC 8191 - T. schoe
NBRC 8192 - T. schoe
NBRC 9045 - E. flocc
NBRC 9182 - M. canis

NBRC 31064 - T. viol
NBRC 31610 - T. equi
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532 .......... ..CT. Aceooia. B CTR C.o..... R CC. ..... TC.A- 603
505 .. il e B C.. ....C.C.. ..... ... 579
586 ... i e O e e AGG-. ..... TA.CG 658
589 ... il e -..Coolll. Co..... - ---.CAGG-. ..... TA.CG 661
537 ....... C.. A Aol - . C .A.C..T..A AG..... e e AC.G. ..... T.GAC 611
533 .......... CT ALl ..GC.AC..A B R C...... ce ees C.—. ... TC.. 606
533 ... CT ALl GC.AC..A B CR C...... e ees C.. ..... TC.. 606
504 (.. ....... G.Coor e S C R, TC.o..... e -...CC.. ... C.... 670
589 .. il e -.-Coo.... C.o..... - -...CAGG . ..... TA.CG 661
534 ... ....... O -.G....CTC...... R CC. ..... CC.A. 607
536 .......... LCT.T.o. Alaaoo. Go.oo.. Co..... R CC. ..... TC.A- 607
730 740 750 760 770 780 790 800
SEErd EEEY REPER FEEE EEPEE PR EEPEEY PErrl BEPEr CEPr) BTt Prrrl EETTr Prerl BErery Prey
577 TTTAGTTAGG GA TGAACTTC CCTACAATCA GGTTGACCTC GGATCAGGTA GGGATACCCG 636
577 ... ...... e e e e iieee e e eeea eeeeaaeae meeaaaaan 636
574 ACA.ACAGTC CTGACGGAC L L 628
594 CCA.A.CTCT CTGAGATAT L 649
603 JALCT.T TT--TATAC LI 653
536 .CC...C.A. .. C TCG.CG.C.T G.G.u.Te s it eiiiiieae mmeacnnns 598
603 JALCT.T TT--TATAC T T i e e 653
608 C..TA.ATAT AT-ATATAT O 662
608 C..TA.ATAT AT-ATATAT (O3 662
603 JALCT.T TT--TATAC T T i e e 653
603 JALCT.T TT--TATAC LI 653
662 CACCA.GTAT T. T e e e 707
607 JALCT.T TT--TATAC LI 657
607 JALCT.T TT--TATAC T T i e e e 657
603 JALCT.T TT--TATAC T T e e e 653
580 ...G..C.A. .. CTCGT.C. TTC. i i i i e e iieeaaae eamaaaan- 639
659 CACCA.GTAT T. T e e e 704
662 CACCA.GTAT T. T e i e 707
612 .GG.C.CCTT TGTCCGTTA 2 S 670
606 .A.CT.T TT-CTATAC LI 657
606 JA.CT.T TT-CTATAC T T i e e 657
671 ..CC..CG.. AGGACGAAAG GGGGCGACCC CTCTCT.CC. T.CG..T. .. toiiiiiin teiciimean mmeaccnnnn 750
662 CACCA.GTAT T. T e e e 707
608 C..TA.ATAT AT-ATATATA TATA TAAT. TALA TA.CTTT .o it i iiiieie emiaaaes 680
607 JALCT.T TT--TATAC T T e e e 657
810 820 830
STl PEEr EEEER EETE) NEPerY Preey
637 CTGAACTTAA GCATATCAAT AAGCGGAGGA 666
637 o e e ieeeaaaan 666
629 .. i e 658
650 ... il e 679
654 . il e 683
599 ... il e 628
654 .. il e 683
663 ... i c e 692
663 ... i ieeaaaaan 692
654 . il e 683
654 . il e 683
0 737
658 .. il e 687
658 .. il e 687
654 . il e 683
640 ... i e 669
0= 734
0 737
L2 700
658 .. il e 687
658 ... il .. 687
£ 780
0 737
68l ... i e 710
658 ... il e 687

Fig. 2: Pair wise alignment of ITS1-5.8S-ITS2 sequence in reference strains of drmatophytes used in the study
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Table 2: Results of ITS-RFLP with Mval and Sequencing for identification of reference dermatophyte strains

Strain (upon receipt)

T. mentagrophytes 2

(NBRC 5974, NBRC 5466)

T. mentagrophytes var.
Interdigitale > (NBRC 5812)

T. mentagrophytes 2

(NBRC 5809)

A. vanbreuseghemii (JCM 1891)

A. benhamiae (JCM 1885)

T. schoenleinii
(NBRC 8192, NBRC 8191)

T. rubrum
(NBRC 5808, NBRC 5467)
T. violaceum (NBRC 31064)

E. floccosum (NBRC 9045)
T. tonsurans

(NBRC 5928, NBRC 5945)
T. equinum (NBRC 31610)
M. canis (NBRC 9182)

M. ferrugineum

(NBRC 6081, NBRC 5831)
M. audouinii (NBRC 6074)
A. obtusum (JCM 1907)

M. persicolor NBRC 5975)
M. cookei (NBRC 7862)
M. gypseum

(NBRC 8228, NBRC 5948)
A. uncinatum (NBRC 31978)

Size of the ITS
amplicon (bp) *

683
683
683
683

679

687

692
710
780
686
686
737
737

734
628

669
700
666

658

ITS-RFLP profile after
digestion with Mval (bp) *

247,159, 124, 89, 50, 14
247,159, 124, 89, 50, 14
406, 124, 89, 50,14
406, 124, 89, 50, 14
360, 158, 142, 20

407, 124, 104, 52

368, 164, 95, 65
368, 164, 114, 45, 20
361,231, 168, 20
251, 124, 103, 89, 56, 50, 14
251, 124, 103, 89, 56, 50, 14
441,165, 103, 28
441,165,103, 28

441,162, 131
459, 150, 19

323,147,112, 68, 19
225,165, 143,120, 47
289, 179, 146, 33, 19

270, 195, 193

Species identification by
ITS-RFLP profile

T. interdigitale3
T. interdigitale 3
T. interdigitale 3
T. interdigitale
A. benhamiae

T. schoenleinii & T.
mentagrophytes (T. m. var
quinckeanum)

T. rubrum

T. violaceum
E. floccosum

T. tonsurans & T.
equinum
T. tonsurans & T.
equinum
M. canis & M.
ferrugineum
M. ferrugineum & M.
canis
M. audouinii
A. obtusum (M. nanum)

M. persicolor
M. cookei & M.
racemosum

M. gypseum

A. uncinatum (T. ajelloi)

Species identification
by ITS sequencing

T. interdigitale3
T. interdigitale 3
T. interdigitale 3
T. interdigitale
A. benhamiae

T. schoenleinii

T. rubrum
T. violaceum
E. floccosum
T. tonsurans
T. equinum

M. canis
M. ferrugineum

M. audouinii
A. obtusum (M. nanum)

M. persicolor
M. cookei
A. gypseum (M.

gypseum)
A. uncinatum (T. ajel-

loi)

! The exact size of the amplicons and restriction fragments was respectively determined after sequencing and in-silico RFLP

of obtained sequences.

% The former name of the species (upon receipt from collection)

% The current name for the species

Discussion

Identification of dermatophytes at the species level is
essential because of the therapeutic and epi-
demiological importance. Identification process for
this closely related group of fungi classically is based
on phenotypic and physiological criteria (1, 10, 13).
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Therefore, due to the high degree of phenotypic
similarity between these relative species identifica-
tion problems are unavoidable. Furthermore, tradi-
tional methods are time-consuming, laborious and
many isolates reveal unusual characteristics (2, 10).
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To overcome these limitations, recently PCR-based
appliances relying on genetic makeup have been de-
veloped. At present, sequencing of ITS rDNA region
is the golden standard for delineation of dermato-
phyte species (13-18). In this study we presented a
virtual and practical PCR-RFLP assay, targeting the
ITS-rDNA complex, for identification/differentiation
of common pathogenic dermatophyte species. For
the first time Jackson et al. (11) introduced a PCR-
RFLP assay targeting the ITS regions for identifica-
tion of 17 dermatophyte species and after that this
method was used by some researchers (8, 10, 19).
However, our study is the first quest that completely
was performed based on sequence analysis and out-
lined the details of RFLP pattern representative for
nearly all pathogenic dermatophytes by both compu-
tational and experimental digestion of the ITS re-
gions. Likewise, our PCR-RE findings were com-
patible with the latest suggested changes in the clas-
sification of dermatophytes (13). For instance, based
on the ITS sequence phylogeny, recently four new
species have been created in the species formerly
known as Trichophyton mentagrophytes complex
(13, 20): the zoophilic T. mentagrophytes sensu
stricto that previously was known as T. mentagro-
phytes var. quinckeanum (its teleomorph is related to
A. simii), the zoophilic and anthropophilic T. inter-
digitale sensu stricto (related to A. vanbreuseghemii
teleomorph), the zoophilic T. erinacei (related to A.
benhamiae) and the zoophilic T. anamorph of A.
benhamiae. All of these new species had ITS restric-
tion profiles related to their teleomorphs in in silico
ITS-RFLP analysis (Table 1). We found two ITS-
RFLP profiles by Mval, specific for T. interdigitale
(A. vanbreuseghemii), in both in silico and experi-
mental practice (Tables 1 and 2, Fig. 1; lanes 1-5)
while, Jackson et al. described only one profile for
this species. Although, we did not use any standard
strain of T. mentagrophytes sensu stricto, however
like the study of Jackson et al. the in silico restriction
profile obtained for this species was the same as T.
schoenleinii. T. erinacei and T. anamorph of A. ben-
hamiae, both related to A. benhamiae teleomorphic
stage, had similar restriction pattern in virtual and
practical restriction analysis (Table 1 and 2). The
only type strain of A. benhamiae (JCM 1885) pro-
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duced expected restriction pattern in RFLP (Table 2
and Fig. 1). As mentioned in the results, T. inter-
digitale, T. rubrum, T. violaceum, M. persicolor, M.
audouinii, M. nanum (A. obtusum) and E. floccosum
were distinctively identifiable in both virtual and ac-
tual digestion of the ITS regions with Mval (Tablel
and 2, Fig. 1). The ITS restriction profiles for T.
gourvilii, T. soudanense and T. yaoundei were simi-
lar to those of T. violaceum (Table 1) and this is con-
gruent with the recent conclusion of Graser et al.
(21) that reduced T. gourvilii, T. soudanense and T.
yaoundei as synonyms for T. violaceum based on the
ITS sequence, PCR fingerprinting, and AFLP analy-
sis. Comparison with previous study (11) that found
no cutting site for Mval in ITS-RFLP of M. audou-
inii, our exploration showed not only this enzyme
has cutting site for this Microsporum species (Table
1) but also the obtained restriction profile is charac-
teristic (Table 2, Fig. 1; lane 18). Jackson et al. (11)
did not included the species of M. ferrugineum, M.
nanum, M. fulvum, M. gallinae, T. ajelloi, M. ra-
cemosum, M. cookei and T. simii in their study, while
we computationally depicted the exact ITS-RFLP
diagram by Mval for the mentioned species (Table
1) as well as the actual profiles at least for M. fer-
rugineum, M. nanum, T. ajelloi and M. cookei in
electrophoretic assessment (Table 2, Fig. 1). We ob-
served no pattern differences in the in silico RFLP
between T. equinum / T. tonsurans, M. canis / M.
ferrugineum and M. cookei / M. racemosum species
(Table 1). We also observed such a result in experi-
mental ITS-RFLP of T. equinum / T. tonsurans and
M. canis / M. ferrugineum reference strains (Table 2
and Figure 1). T. equinum and T. tonsurans are two
closely related Trichophyton species that differ just
in a single base pair on ITS1 region (15, 22, 23) and
in the study of Jackson and Mochizuki et al. (11, 19)
also both species had the same RFLP pattern, how-
ever these species ecologically are different because
T. tonsurans is an anthropophilic species that iso-
lated only from human infections while T. equinum
is a zoophilic (horse associated) Trichophyton that
rarely causes infection in human and almost all in-
fections acquired by direct contact with a horse or its
fomites (24). M. ferrugineum and M. canis, two
members of the A. otae cmplex, vary entirely in two
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base pair in ITS2 region (13) that is not the cutting
site for Mval therefore differentiation among them
may need to more restriction analysis. At present
study we included a type strain of M. cookei but not
any of M. racemosum and the electrophoretic restric-
tion profile that we attained for the cookei species
was as the same as in silico estimated one (Table 2,
Fig. 1; lane 23). M. cookei and M. racemosum are
two geophilic species that have more than 97% simi-
larity in ITS regions sequence (25). Our sequence
analysis indicated that two species differed in 6 bp of
entire ITS sequence (data not shown) and these dif-
ferences were not placed in Mval cutting sites. That's
why both species had the same restriction profile,
however as two species rarely isolated from human
infections this similarity is insignificant. All of our
practical PCR-RE findings were confirmed by se-
quencing and comparison of the obtained sequences
by the Dermatophytes ITS DNA barcode database.
As there are many wrong sequences in GenBank, the
reliable identification of dermatophytes cannot be
performed by BLAST analysis (22). Contrariwise,
there are many reliable ITS sequences from all spe-
cies of dermatophyte in  CBS-database
(www.cbs.knaw.nl/dermatophytes) that some be-
long to the CBS collection strains while the remain-
ing sequences have been selected from GenBank in
view of covering the extant biodiversity in this data-
base. We even compared the sequences used in vir-
tual analysis with this database and retrieved the reli-
able sequences for our study. Alignment of the ob-
tained sequences for standard stains used in this pro-
ject (Fig. 2) plus the reliable GenBank sequences
confirmed this fact that almost all dermatophyte spe-
cies have different ITS1 and ITS2 sequences, make
the ITS region as good targets for post PCR maneu-
vers such our PCR-RFLP assay.

In conclusion, it should be emphasized even
though using of Mval for differentiation of der-
matophytes species in a PCR-RFLP system was
not new, however the data of such PCR-RE
schema in this study had novelty about many
species. Despite the similarity of restriction pro-
file obtained for some closely related species,
ITS-RFLP by Mval is a powerful tool for both
identification and preliminary screening of many
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dermatophyte species, especially in large scale
epidemiological studies.
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