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SUMMARY    30 

A total of 95 isolates, belonging to 33 species of 5 dermatophyte genera, i.e. 31 

Arthroderma (15 species), Chrysosporium (2), Epidermophyton (1), Microsporum (3) 32 

and Trichophyton (12), were studied with ITS2-PCR-RFLP analysis (ITS2-RFLP), 33 

consisting of amplification of the ITS2 region, restriction digestion with BstUI 34 

(CG/CG) and restriction fragment length determination by capillary electrophoresis 35 

on an ABI Prism 310 (Applied BioSystems).  36 

ITS2-RFLP-analysis proved to be most useful for identification of species of the 37 

genera Arthroderma, Chrysosporium and Epidermophyton, but could not distinguish 38 

between several Trichophyton species. The identification results are in 39 

correspondence with established and recent taxonomical insights of the 40 

dermatophytes, e.g. because highly related species also had closely related and 41 

sometimes difficult-to-discriminate ITS2-RFLP patterns. In some cases, several ITS2-42 

RFLP-groups could be distinguished within species, again mostly in correspondence 43 

with the taxonomic delineations of subspecies and/or genomovars, confirming the 44 

relevance of ITS2-RFLP-analysis as an identification technique and a useful 45 

taxonomic approach. 46 

47 
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INTRODUCTION 48 

The dermatophytes are a group of closely related fungi with the capacity to invade 49 

keratinized tissue, basically of mammals, causing a cutaneous infection generally 50 

restricted to the nonliving cornified layers, commonly referred to as ‘ringworm’. The 51 

genera Epidermophyton, Microsporum and Trichophyton comprise anamorph (asexual 52 

or imperfect) species, of which some, mostly the zoophilic and geophilic species of 53 

the genera Microsoporum and Trichophyton can reproduce sexually, producing 54 

ascomata with asci and ascospores, and that are classified in the teleomorph genus 55 

Arthroderma, family Arthrodermataceae of the Onygenales, phylum Ascomycota. 56 

Some Chrysosporium species have teleomorphs in the genus Arthroderma, but are not 57 

considered as true dermatophytes, since this designation should be restricted to 58 

infectious organisms. 59 

The diagnosis of ringworm is reached by the detection of hyphae by direct 60 

microscopic examination of the clinical sample, and subsequent identification is 61 

commonly done by a combination of microscopic morphology of spores and hyphae, 62 

and macroscopic characteristics such as morphology and color of the colonies. 63 

Sometimes subculture on different media is required so that a final identification may 64 

be laborious and time-consuming. In addition, this classical approach relies strongly 65 

on the specific expertise of the technicians, especially for the non-common 66 

dermatophytes. 67 

During the last decade, a wide variety of molecular techniques became available as 68 

possible alternatives for routine identification of fungi in clinical microbiology 69 

laboratories (Arabatzis et al., 2007, Arabatzis et al., 2006, De Baere et al., 2002, 70 

Erhard et al., 2007, Turenne et al., 1999).  71 
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ITS2-PCR is a PCR-based approach using universal fungal primers, followed by 72 

fragment analysis of the amplicon on capillary electrophoresis and has been shown to 73 

be useful and reliable for the identification of yeasts (De Baere et al., 2002, De Baere 74 

et al., 2005, Turenne et al., 1999) and ITS2 sequencing has already been applied for 75 

different groups of filamentous fungi (Gräser et al., 1999, Summerbell et al., 1999). 76 

Here we evaluated the discriminatory power of ITS2-PCR in combination with 77 

restriction digestion with BstUI for the identification of dermatophyte fungi.  78 

 79 

METHODS 80 

Strains 81 

All strains used in this study were obtained from the CBS (Centraal Bureau voor 82 

Schimmelcultures, Utrecht, The Netherlands). The taxonomic status of most of these 83 

strains was well-established during previous morphological and molecular studies. 84 

Table 1 presents the species and strains studied and lists some of their pathogenic and 85 

phylogenetic properties. 86 

 87 

DNA-extraction 88 

After culture of the strains on Sabouraud agar (Becton Dickinson, Erembodegem, 89 

Belgium), a piece of mycelium was transferred to distilled water for transportation. 90 

The DNA-extraction was carried out using the Qiagen Genomic DNA extraction kit 91 

(Qiagen, Hilden, Germany) according to the manufacturer’s instructions, preceded by 92 

lyticase digestion. Lyticase digestion was carried out by transferring a loopful of 93 

mycelium to a 1.5 ml tube containing 2.5 mg zymolase (Sigma-Aldrich, Bornem, 94 

Belgium) in 250 µl zymolyase lysis buffer (10 mM Tris, 1 mM EDTA, pH 8.0) and 95 

incubating for 45 minutes at 37 °C. Subsequently, 200 µl was transferred to another 96 
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tube to carry out Qiagen extraction, which resulted in 100 µl of DNA-extract. The 97 

DNA from some strains was isolated using the CTAB method as described 98 

(O'Donnell et al., 1997) 99 

  100 

ITS2-PCR 101 

The ITS2-region was amplified with the following primers: ITS86 (5’ GTG AAT 102 

CAT CGA ATC TTT GAA C-HEX) (fluorescently labeled) and ITS4 (5’ TCC TCC 103 

GCT TAT TGA TAT GC). The ITS86 primer was used as a mixture of 20% 104 

fluorescently labeled and 80% non-fluorescently labeled primer in order to avoid out 105 

of range peak heights. The PCR reaction mix contained 25 µl Qiagen Mastermix 106 

(Qiagen, Hilden, Germany), 0.5 µM of each primer, 5 µl of the DNA extract and 107 

sterile distilled water to a final volume of 50 µl. Thermal cycling was carried out 108 

according to the following protocol: 5 min at 94 °C, 30 cycles of 1 min at 94 °C, 1 109 

min at 55 °C and 1 min at 72 °C and a final extension of 7 min at 72 °C, followed by 110 

cooling at 4 °C. 111 

 112 

BstUI restriction digestion of the amplified ITS2-region 113 

Two µl of the amplification product was transferred to a new eppendorf to which was 114 

added 1 µl BstUI enzyme at 10 000 U/ml (CG/CG) (New England BioLabs, Beverly, 115 

Ma), 2 µl of BstUI restriction buffer and 15 µl of distilled water. The mixture was 116 

incubated for 2 hours at 60 °C.  117 

Following restriction the 20 µl DNA restriction digestion mixture was purified by 118 

precipitation by adding 2 µl of 3 M sodium acetate, 50 µl of 95% ethanol and 0.2 µl 119 

of 20 mg/ml dextran blue and by centrifugation at 10 000g for 30 min. The pellet was 120 

washed with 250 µl of 70% ethanol and air dried. 121 
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 122 

Fragment length determination 123 

The obtained mixture was electrophoresed on an ABI 310 capillary electrophoresis 124 

system (Applied Biosystems), as described previously (De Baere et al., 2002). Prior to 125 

electrophoresis, 11.5 µl formamide, 1 µl of nondigested ITS2 amplicon, 0.3 µl of 126 

HD400 marker (Applied Biosystems) and 0.1 µl ROX500 marker (Applied 127 

Biosystems) were added to the ethanol precipitate of the digest. 128 

 129 

Fragment length analysis 130 

Fragment length determination analysis was done using GeneScan Analysis software 131 

(Applied Biosystems) and final fragment length analysis and comparison of the 132 

obtained fingerprints was carried out using the differential basepairs algorithm of the 133 

Basehopper software, as developed previously (Baele et al., 2001). Briefly, a set of 134 

fingerprints of reference strains, designated library entries, was used to make a library. 135 

Each library entry is composed of two digits, whereby the first digit represents the 5’ 136 

terminal restriction fragment in basepairs (bp) and the second digit represents the 137 

fragment length in bp of the nondigested ITS2 for that strain. Fingerprints of unknown 138 

strains, also composed each of two digits, representing the fragment lengths in bp, can 139 

then be compared with the library entries. 140 

 141 

ITS2 gene sequence determination 142 

Further discrimination and additional data on identity was obtained by ITS2 gene 143 

sequencing. The obtained ITS2 sequence was compared to all sequences submitted in 144 

Genbank using the BLAST software at NCBI. Table 2 is presenting the sequence data 145 

obtained on a subset of strains during this study. 146 
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RESULTS AND DISCUSSION 147 

ITS2-RFLP-patterns consist basically of two digits, representing the terminal 5’ BstUI 148 

restriction fragment length in bp and the full length ITS2 fragment length in bp.The 149 

consensus fingerprints constructed for each species are listed in Table 1. When not all 150 

strains of a species had the same ITS2-RFLP-pattern, the species was subdivided in 151 

groups, corresponding to the different ITS2-RFLP-pattens observed. 152 

 153 

In total, the following 12 species could be unambiguously identified on the basis of 154 

ITS2-RFLP-analysis, because of the presence of a unique pattern, not observed in any 155 

other species included in this study: Arthroderma cajetani (n = 1 strain), A. grubyi (3), 156 

A. gypseum (3), A. incurvatum (3), A. racemosum (1), A. simii (2), A. uncinatum (3), 157 

Chrysosporium georgiae (1), C. merdarium (1), Epidermophyton floccosum (2), 158 

Microsporum praecox (4), and Trichophyton balcaneum (1).  159 

In addition, two other species could unambiguously be identified, although some 160 

genotypic diversity was present within these species.  161 

The three Arthroderma obtusum (anamorph Microsporum nanum) strains studied can 162 

be divided into two ITS2-RFLP subgroups. Strain CBS 314.53 has a fingerprint of 163 

137.8 and 327.3 bp. The second group consists of CBS 727.88 and CBS 728.88, with 164 

an ITS2-RFLP fingerprint composed of 135.8 and 324.4 bp fragments. Both A. 165 

obtusum ITS2-RFLP groups present unique patterns, not observed for any other 166 

species tested. CBS314.53 coincides with the original Mexican type strain of the 167 

anamorph Microsporum nanum, and CBS 727.88 and CBS 728.88 represent isolates 168 

from Canada, respectively France. Possibly, this species, associated with both wild 169 

and domestic pigs, has some worldwide diversity. All world isolates are intermating 170 
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as far as is known. Thus, in total, eight of the 15 Arthroderma species could be 171 

differentiated from each other and from other genera. 172 

In addition, the two Microsporum audouinii strains revealed two different 173 

fingerprints, but since both were not encountered for any other species, identification 174 

of this species remains possible as well. An explanation why both fingerprints differ 175 

could not be found, because the sequences of both strains were identical. 176 

The other species included yielded some identification problems. 177 

The four Arthroderma benhamiae strains studied here could be separated into two 178 

groups based on their ITS2-RFLP pattern. A. benhamiae consists of a complex set of 179 

partially interbreeding populations and it is not clear how many different ITS2-RFLP 180 

groups there may be worldwide (Summerbell et al. 1999). The standard mating type 181 

tester isolates CBS 623.66 and CBS 624.66, designated A. benhamiae ITS2-group I, 182 

with ITS2-RFLP pattern (134.9, 310.6) have a North American origin (A. benhamiae 183 

(–) mating type). The ITS2-RFLP pattern of the A. benhamiae ITS2-group I strains 184 

was indistinguishable from that of the T. concentricum strains. 185 

The A. benhamiae ITS2-group I pattern did not show similarity with that of the 186 

European isolates 806.72 and CBS 112370, designated A. benhamiae ITS2-group II 187 

(A. benhamiae (+) mating type), which both were sequenced in this study and 188 

confirmed as genuine A. benhamiae. These isolates are, however, part of the same 189 

interbreeding pool, the “Americano-European” A. benhamiae. The other interbreeding 190 

pool (marginally capable of crossing with the Americano-European) is the African A. 191 

benhamiae, which also includes all isolates from hedgehogs in Africa, Europe and 192 

New Zealand, but which was not included in this study. The European isolate CBS 193 

806.72 probably belongs to a genetic subtype of this second interbreeding pool, that is 194 

specific to guinea pigs (except when it crosses over to infect their human handlers). 195 
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The ITS2-RFLP pattern of the A. benhamiae group II was indistinguishable from that 196 

of Trichophyton erinacei, which in accordance with recent taxonomic insights, 197 

classifying A. benhamiae as the teleomorph species of T. erinacei (also from 198 

hedgehogs) (Nenoff et al., 2007). The pattern is also indistinguishable from the ITS2-199 

RFLP fingerprints of the T. rubrum ITS2-group III and of the T. violaceum group II. 200 

As mentioned above, the three A. fulvum strains had an identical ITS2-RFLP pattern, 201 

indistinguishable from that observed for the two A. persicolor strains. The clinical 202 

importance of both species is comparable and thus this similarity would pose no 203 

diagnostic difficulties. Furthermore, in silico analysis predicts that both species could 204 

be differentiated by digestion with e.g. MboI (/GATC), for which there are two 205 

restriction sites in the ITS2 sequence of A. fulvum (positions 123 and 278), whereas 206 

there is only one restriction site in the ITS2-sequence of A. persicolor (position 278).  207 

The two A. gertleri strains had an ITS2-RFLP pattern, closely related to that of the 208 

two A. quadrifidum strains, such that discrimination between both species is 209 

cumbersome, because the difference is at the limit of the 1 bp resolution of the 210 

ABI310 electrophoresis apparatus. 211 

As mentioned above, the three A. grubyi strains had an identical pattern, not observed 212 

for any other species. However, this species includes two different types of strains. 213 

One is a group of sexually reproducing soil fungi (anamorph Microsporum 214 

vanbreuseghemii, isolates CBS 243.66 and CBS 244.66) and the other is a 215 

morphologically different asexual lineage specific to chickens and related 216 

gallinaceous fowl, occasionally infecting a human handler or farm dog (Microsporum 217 

gallinae strain CBS 221.55). The ITS2-RFLP-analysis does not separate these two 218 

very closely related entities. Both are infectious to humans, though neither persists in 219 
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human populations. Their clinical significance is therefore identical, except that 220 

control of a bird outbreak might help in control of specific M. gallinae infections.  221 

Four of the five A. otae strains (CBS 101514, CBS 132.88, CBS 282.63 and CBS 222 

496.86) had an identical pattern (157.5, 325.3), not observed for any other species. 223 

A. otae is a complex containing a sexual species native to the cat family, with its 224 

anamorphic form Microsporum canis, and two non-interbreeding, morphologically 225 

and biomedically different, human-associated asexual radiate lineages, the African 226 

Microsporum audouinii and the Asian M. ferrugineum. The species M. canis, most 227 

frequently isolated from cats (and dogs) and which regularly infects humans as well, 228 

consists almost entirely of the (–) mating type, whereas the (+) mating type has rarely 229 

been found and only in Japan.  230 

A. otae group II strain CBS 495.86 is the (+) mating type tester strain and had a 231 

pattern identical to that of strain CBS 497.48, included in this study as Microsporum 232 

ferrugineum. The two human lineages M. audouinii and M. ferrugineum have both 233 

been shown to be more closely related to the (+) mating type tester than to the (–) 234 

mating type M. canis isolates and presumably evolved from the (+) mating type 235 

isolates. Therefore, the finding that A. otae CBS 495.86 (+) cannot be differentiated 236 

from M. ferrugineum CBS 497.48 and the grouping of A. otae/M. canis isolates CBS 237 

101514, CBS 132.88, CBS 282.63 with the (–) mating type tester CBS 496.86 are in 238 

accordance with current taxonomical insights. Sequence determination of CBS 495.86 239 

and CBS 101514 confirmed their identity to respectively A. otae (AJ252328) (A. otae 240 

group II in this study), and M. canis/Microsporum distortum (AJ252328) (A. otae 241 

group I in this study).  242 

 243 
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The two A. quadrifidum strains had a pattern that can easily be distinguished from that 244 

of the three A. uncinatum strains included. Both species are considered as 245 

contaminants in the clinical laboratory. As mentioned above, the ITS2-RFLP pattern 246 

of A. quadrifidum is however closely related to that of A. gertleri, leading to the 247 

inability of discriminating both species. 248 

The three A. vanbreuseghemii strains CBS 558.66, CBS 642.73 and CBS 646.73 had 249 

an ITS2-RFLP pattern that was indistinguishable from that of the strains of the species 250 

T. equinum, T. mentagrophytes and T. tonsurans. The A. vanbreuseghemii pattern is 251 

also not distinguishable from that of its anamorph, i.e. T. interdigitale. 252 

T. tonsurans is known to be a very close relative of A. vanbreuseghemii, while T. 253 

mentagrophytes is relatively close, but no closer than some other species found to be 254 

different by ITS2-RFLP-analysis, such as T. balcaneum and A. simii. The A. 255 

vanbreuseghemii/T. tonsurans clade contains 4 medically distinct entities: 1) A. 256 

vanbreuseghemii itself (CBS 642.73, CBS 646.73), a sexual species growing on 257 

rodents and occasionally infecting humans, 2), T. interdigitale (CBS 428.63, CBS 258 

475.93), a human-associated asexual lineage growing mainly on adult feet and very 259 

closely related to, and descended from, the (–) mating type of A. vanbreuseghemii, 3) 260 

T. tonsurans sensu stricto (CBS 171.65, CBS 498.48), a purely human-infecting 261 

asexual species mainly causing scalp ringworm in children and 4) T. equinum (CBS 262 

109035, CBS 109036), an asexual dermatophyte infecting horses and occasionally 263 

their human contacts.  264 

The two strains included as Chrysosporium georgiae, an anamorph of Arthroderma 265 

ciferii, were found to be different from each other, with both strains having unique 266 

patterns. The genotypic difference between both C. georgiae ITS2 groups was 267 

reflected by the fact that strain CBS 272.66 produced a red pigment, whereas strain 268 
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CBS 269.77 produced a white-yellow pigment. Sequencing indicated that CBS272.66 269 

was identical to C. georgiae (AJ007844), whereas the sequence of CBS 269.77 had 270 

highest similarity (89%) to Genbank AB219227, which was deposited as 271 

Chrysosporium carmichaelii. Probably CBS 269.77 belongs to a species for which the 272 

ITS2 sequence is not as yet included in the Genbank. The obtained sequence was 273 

submitted tot Genbank as FM212440. 274 

The Chrysosporium merdarium strain was the only strain in this study that was not 275 

digested during the restriction reaction using BstUI. Because of this, the resulting 276 

unique ITS2-RFLP fingerprint consists only of one fragment length. 277 

The single M. ferrugineum strain studied could not be differentiated by ITS2-RFLP-278 

analysis from the A. otae ITS2-group II strain CBS 495.86, as discussed above. 279 

As mentioned above, the four M. praecox strains had an identical pattern, not 280 

observed for any other species. In addition, strain CBS 280.63, received as 281 

Microsporum audouinii, was identified as M. praecox on the basis of ITS2-RFLP-282 

analysis. This finding could be confirmed by ITS2-sequencing, yielding 100% 283 

similarity to M. praecox. 284 

Most problems were encountered within the genus Trichophyton.  285 

The two T. bullosum strains had a ITS2-RFLP-pattern that was indistinguishable from 286 

that of T. rubrum ITS2-RFLP-genotype II and from T. verrucosum.  287 

The two T. concentricum strains had an ITS2-RFLP pattern, which was 288 

indistinguishable from that of the A. benhamiae group I (of the North-American A. 289 

benhamiae mating type). This human-associated species, causing a dramatic chronic 290 

disease (tinea imbricata) but only in certain genetically predisposed people of 291 

Austronesian ancestry, is considered a sister species of Arthroderma benhamiae, in 292 

correspondence to the close resemblance between their ITS2-RFLP-patterns. 293 
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The ITS2-RFLP pattern of the two T. equinum strains was indistinguishable from that 294 

of T. tonsurans, and was also very similar to those of the other species in the A. 295 

vanbreuseghemii clade, as discussed above.  296 

As discussed above, the two T. erinacei strains were not distinguishable by ITS2-297 

RFLP from A. benhamiae II (the European A. benhamiae group), which is the 298 

teleomorph species, and from T. rubrum group III, and the two T. interdigitale strains 299 

had an ITS2-RFLP pattern identical to that of A. vanbreuseghemii, the teleomorph. 300 

The two T. mentagrophytes (teleomorph A. vanbreuseghemii) strains could not be 301 

differentiated from T. interdigitale, T. equinum and T. tonsurans, as discussed in the 302 

section of A. vanbreuseghemii. 303 

The 14 T. rubrum strains fell apart in three ITS2-groups. T. rubrum ITS2-group I 304 

consists of the six strains CBS 287.86, CBS 517.63, CBS 518.63, CBS 592.68, CBS 305 

734.88 and CBS 737.88, which have an ITS2-RFLP fingerprint of 131.7 and 307.3 306 

bp. Strains CBS 287.86 and CBS 592.68 are Afro-Asiatic. Strains CBS 287.86, CBS 307 

734.88 and CBS 737.88 were sequenced and all contained a 6 TA repeat at position 308 

162 of the ITS2 region. T. rubrum ITS2-group I cannot be differentiated from 309 

Trichophyton violaceum ITS2-group I and T. schoenleinii. 310 

T. rubrum ITS2-group II consists of five strains, i.e. CBS 100084, CBS 302.60, CBS 311 

392.58 (neotype), CBS 289.86 and CBS 299.86 and has a fingerprint which differs 312 

only from the T. rubrum ITS2-group I strains by 2 basepairs for the total length of the 313 

ITS2. Sequencing of strain CBS 100084 revealed 7 TA-repeats at position 162 of the 314 

ITS2 region explaining the two bp difference with T. rubrum ITS2-group I strains, 315 

carrying only 6 TA repeats. T. rubrum ITS2-group II strains cannot be differentiated 316 

from T. bullosum and T. verrucosum.  317 
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T. rubrum ITS2-group III consists of one strain, CBS 376.49, the type strain of T. 318 

rodhainii, an invalidly described species that currently is considered to be part of the 319 

T. rubrum complex (Gräser et al., 2000). The ITS2-RFLP-fingerprint of this strain 320 

contains 8 TA-repeats and cannot be distinguished from that of T. erinacei and A. 321 

benhamiae ITS2-group II, i.e. the teleomorph species of T. erinacei. 322 

The three T. schoenleinii strains had an ITS2-RFLP-pattern, closely related to the 323 

fingerprint of T. violaceum ITS2-RFLP group I. T. schoenleinii, a now-rare agent of 324 

the most severe form of human dermatophytosis, is easily distinguishable from the 325 

close relative T. mentagrophytes, the mouse dermatophyte, also infecting humans 326 

coming into contact with mouse fomites. 327 

The three strains of T. tonsurans sensu stricto had an identical ITS2-RFLP pattern, as 328 

discussed in the paragraph on A. vanbreuseghemii. Recently, three ITS haplotypes 329 

have been recognized within the T. tonsurans/T. equinum group (Summerbell et al., 330 

2007). One haplotype had base C at position 18 and a series of 9 adenine bases 331 

starting at position 201, and corresponds to T. tonsurans sensu stricto. Another, with 332 

T at position 18 and 9 adenine bases starting at position 201, corresponds to T. 333 

equinum and T. equinum var. autotrophicum. The third, with T at position 18 and 11 334 

adenine bases, starting at position 201, corresponds to an organism that has been 335 

referred to as ‘T. tonsurans DNA type 2’. ITS2-RFLP might be able to differentiate 336 

between the two first vs. the third haplotype, but apparently none of the strains in this 337 

study belonged to the third haplotype. 338 

The pattern of the three strains of T. verrucosum was indistinguishable from that of T. 339 

bullosum and T. rubrum ITS2-group II.  340 

There was a high degree of variability in ITS2-RFLP patterns among the eight T. 341 

violaceum isolates studied, resulting in six different ITS2-groups, listed in Table 1. 342 
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However, all had a restriction fragment of 131.6 bp (SD 0.35) in common. The same 343 

restriction fragment length is also obtained for T. rubrum isolates. 344 

The studied strains are: CBS 201.88 (sequence identical to GenBank AF170473 and 345 

AF170474, listed as T. soudanense and to AF170463 and AF170464, listed as T. 346 

megninii), CBS 305.60 (central African Trichophyton yaoundei strain, sequence 99% 347 

similar to Genbank EU181450, listed as T. violaceum), CBS 454.59 (sequence 348 

identical to EU181450, listed as T. violaceum), CBS 452.61 (subsaharan African 349 

Trichophyton soudanense, sequence identical to Genbank EU200402, listed as T. 350 

soudanense), CBS 253.88, CBS 454.61 (sequence 99% similar to Genbank 351 

AJ270796, listed as T. violaceum), CBS 374.92 (African/middle Eastern T. violaceum 352 

sensu stricto, sequence identical to Genbank AJ270796, listed as T. violaceum) and 353 

CBS 494.48 (sequence identical to AJ270796, listed as T. violaceum, formerly listed 354 

as T. glabrum). The different groups all have the same sequence, only differing in the 355 

number of TA-repeats. 356 

T. violaceum was traditionally divided into four species, namely T. glabrum, T. 357 

yaoundei, T. soudanense and T. violaceum, that were then lumped together after a 358 

sequencing study (Gräser et al., 2000). These entities are all closely related to T. 359 

rubrum, although they cause a different spectrum of diseases, since the T. violaceum 360 

sensu lato group [including T. soudanense and T. yaoundei] all cause scalp ringworm, 361 

mainly in children, while T. rubrum causes lower-body and especially foot 362 

dermatophytosis, almost always in adults. The close resemblance of the T. violaceum 363 

ITS2-RFLP patterns to those of T. rubrum is therefore not unexpected. More 364 

generally, the larger clade inclusive of T. rubrum and T. violaceum is ultimately an 365 

offshoot of A. benhamiae, so the resemblance of A. benhamiae and T. violaceum 366 

subsp. T. yaoundei is also not unexpected. 367 
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In summary, ITS2-RFLP-analysis, although limited for differentiation of 368 

Trichophyton species, turned out to be an informative molecular approach of which 369 

the results are in correspondence with modern taxonomic insights based on both 370 

clinical, phenotypic and molecular data.  371 

Although this manuscript dealt with the applicability of the ITS2-region to identify 372 

dermatophyte Fungi and focused on the application of a DNA fingerprint approach, 373 

sequencing of the ITS2 region, and even better – of both ITS1 and ITS2 regions 374 

(Gemmer et al., 2002), provides the most relevant information, which is in addition 375 

easily exchanged between laboratories. However, the approach outlined here might be 376 

used to quickly screen large collections of unknown isolates, prior to more laborious 377 

sequencing of those isolates that cannot be allocated unambiguously to one of the 378 

described taxa on the basis of ITS2-RFLP-analysis. 379 

  380 
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Table 1. Species and strains used in this study with the ITS2-RFLP pattern represented by two fragments, i.e. the 5’ terminal BstUI restriction 440 

fragment and the full length ITS2 fragment. 441 

 442 

Species Strains Restriction fragment Full Length ITS2 

Arthroderma benhamiae group I CBS 623.66, CBS 624.66 134,9 310,6 

Arthroderma benhamiae group II CBS 806.72, CBS 112370 131,2 311,6 

Arthroderma cajetani CBS 227,58 132,3 318,7 

Arthroderma fulvum CBS 167.64, CBS 168.64, CBS 287.55 134,3 321,5 

Arthroderma gertleri CBS 598.66, CBS 665.77 127,3 300,2 

Arthroderma grubyi CBS 221.55, CBS 243.66, CBS 244.66 140,4 328,1 

Arthroderma gypseum CBS 170.64, CBS 171.64, CBS 258.61 138,1 323,9 

Arthroderma incurvatum CBS 172.64, CBS 173.64, CBS 174.64 73,7 325,0 

Arthroderma obtusum group I CBS 314.54 137,8 327,3 

Arthroderma obtusum group II CBS 727.88, CBS 728,88 135,8 324,4 

Arthroderma otae group I CBS 132.88, CBS 282.63, CBS 496.86, CBS 101514 157,5 325,3 

Arthroderma otae group II CBS 495.86 156,2 324,7 

Arthroderma persicolor CBS 421.74, CBS 422.74 133,9 321,0 

Arhroderma quadrifidum CBS 117.61, CBS 118.61 127,4 301,1 

Arthroderma racemosum CBS 423.74 133,2 319,7 

Arthroderma simii CBS 417.65, CBS 448.65 134,3 308,8 

Arthroderma uncinatum CBS 315.65, CBS 316.65, CBS 101515 125,0 301,8 

Arthroderma vanbreuseghemii CBS 558.66, CBS 642.73, CBS 646.73 133,3 306,4 

Chrysosporium georgiae group I CBS 269.77 128,2 306,3 

Chrysosporium georgiae group II CBS 272,66 128,6 309,3 

Chrysosporium merdarium CBS 268,77 None 277,0 

Epidermophyton floccosum CBS 236.90, CBS970.95 164,7 369,3 

Microsporum audouinii group I CBS 401.61 154,1 323,2 

Microsporum audouinii group II CBS 545.93 151,9 321,8 
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Microsporum ferrugineum CBS 497.48 155,9 324,5 

Microsporum praecox CBS 280.63 133,3 311,2 

Microsporum praecox CBS 288.55, CBS 671.89, CBS 672.89, CBS 673.89 133,1 311,0 

Trichophyton balcaneum CBS 359.62 83,6 322,9 

Trichophyton bullosum CBS 363.35, CBS 557.50 131,2 309,8 

Trichophyton concentricum CBS 196.26, CBS 109408 135,6 310,9 

Trichophyton equinum CBS 109035, CBS 109036 132,9 306,4 

Trichophyton erinacei CBS 474.76, CBS 511.73 131,2 311,6 

Trichophyton interdigitale CBS 428.63, CBS 475.93  133,1 306,3 

Trichophyton mentagrophytes CBS 318.56, CBS 358.62 133,1 306,2 

Trichophyton rubrum group I CBS 287.86, CBS 517.63, CBS 518.63, CBS 592.68, CBS 734.88, CBS 737,88 131,7 307,3 

Trichophyton rubrum group II CBS 289.86, CBS 299.86, CBS 302.60, CBS 392.58, CBS 100084 131,5 309,3 

Trichophyton rubrum group III CBS 376.49 131,7 311,5 

Trichophyton schoenleinii CBS 335.32, CBS 433.63, CBS 564.94 132,7 308,3 

Trichophyton tonsurans ss CBS 171.65, CBS 496.48, CBS 498.48 133,1 306,8 

Trichophyton verrucosum CBS 282.82, CBS 562.50, CBS 102011 130,8 309,4 

Trichophyton violaceum group I CBS 201.88 132,0 308,0 

Trichophyton violaceum group II: T. yaoundei CBS 305.60 131,7 312,6 

Trichophyton violaceum group III CBS 454.59 131,1 313,8 

Trichophyton violaceum group IV: T. soudanense CBS 452.61 131,1 315,4 

Trichophyton violaceum group V CBS 253.88, CBS 454.61 131,4 318,0 

Trichophyton violaceum group VI: T. violaceum ss CBS 374.92, CBS 499,48 131,7 319,7 

 443 

Legend 444 

Underlined species names: sequence determined in this study (detailed sequence information in Table 2)445 
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Table 2. ITS2 sequencing results for strains sequenced in this study 446 

ITS2-RFLP group Strain number BLAST result ITS2 sequencea BLAST best hit accession numberb 

Arthroderma benhamiae group I CBS 623.66 A. benhamiae - Z98015 

Arthroderma benhamiae group II CBS 806.72 A. benhamiae + Z98016 

Arthroderma benhamiae group II CBS 112370 A. benhamiae + Z98016 

Arthroderma racemosum CBS 423,74 A. racemosum AJ970146 

Arthroderma otae group I CBS 101514 M. distortum AJ252328 

Arthroderma otae group II CBS 495.86 A. otae AJ252339 

Chrysosporium georgiae group I CBS 269.77 C. carmichaelii (89%) AB219227* 

Chrysosporium georgiae group II CBS 272,66 C. georgiae (97%) AJ007844 

Microsporum audouinii group I CBS 401.61 M. audouinii AJ000623 

Microsporum audouinii group II CBS 545.93 M. audouinii AJ000625 

Microsporum ferrugineum CBS 497.48 M. ferrugineum AJ252338 

Trichophyton equinum  CBS 109035 T. tonsurans EU200407  

Trichophyton rubrum group I CBS 287.86 T. rubrum (6TA) AJ270807 

Trichophyton rubrum group I CBS 734.88 T. rubrum (6TA) AJ270808 

Trichophyton rubrum group I CBS 737,88 T. rubrum (6TA) AJ270809 

Trichophyton rubrum group II CBS 302.60 T. rubrum (7TA) Z97993  

Trichophyton rubrum group III CBS 376.49 T. rodhaini / T. rubrum (8TA) AJ270806 

Trichophyton tonsurans  CBS 496.48 T. tonsurans EU200408 

Trichophyton tonsurans  CBS 498.48 T. tonsurans EU200407  

Trichophyton violaceum group I CBS 201.88 T. soudanense AF170474 

Trichophyton violaceum group II CBS 305.60 T. violaceum  EU181450 

Trichophyton violaceum group III CBS 454.59 T. violaceum EU181450 

Trichophyton violaceum group IV CBS 452.61 T. soudanense EU200402 

Trichophyton violaceum group V CBS 454.61 T. violaceum AJ270796 

Trichophyton violaceum group VI CBS 374,92 T. violaceum AJ270796 

Trichophyton violaceum group VI CBS 499,48 T. violaceum AJ270796 

 447 
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Legend: 448 

Result obtained by comparing the obtained sequence to all known sequences in Genbank using the Blast function of NCBI.  449 

a species name obtained as the best hit. 450 

b accession number of the best hit obtained by BLAST. 451 

*the sequence determined in this study was submitted to Genbank as FM212440. 452 


