
JOURNAL OF CLINICAL MICROBIOLOGY, Aug. 2008, p. 2641–2645 Vol. 46, No. 8
0095-1137/08/$08.00�0 doi:10.1128/JCM.00697-08
Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Single-Step PCR Using (GACA)4 Primer: Utility for Rapid
Identification of Dermatophyte Species and Strains�

Atef S. Shehata,1,3 Pranab K. Mukherjee,3 Hassan N. Aboulatta,1 Atef I. El Akhras,2
Said H. Abbadi,1 and Mahmoud A. Ghannoum3*

Microbiology Department, Faculty of Medicine, Suez Canal University, Ismailia, Egypt1; Dermatology Department, Faculty of
Medicine, Suez Canal University, Ismailia, Egypt2; and Center for Medical Mycology, Department of Dermatology,

University Hospitals of Cleveland, and Case Western Reserve University, Cleveland, Ohio3

Received 11 April 2008/Returned for modification 7 June 2008/Accepted 18 June 2008

Dermatophytes are fungi that belong to three genera: Epidermophyton, Microsporum, and Trichophyton.
Identification of dermatophyte species is essential for appropriate diagnosis and treatment of dermatophytosis.
Routine identification depends on macroscopic and microscopic morphology, which is time-consuming and
does not identify dermatophyte strains. In this study, two PCR-based methods were compared for their abilities
to identify 21 dermatophyte isolates obtained from Egyptian patients to the species and strain levels. The first
method employed a two-step method: PCR amplification, using ITS1 and ITS4 as primers, followed by
restriction enzyme digestion using the endonuclease MvaI. The second method employed a one-step approach
employing the repetitive oligonucleotide (GACA)4 as a primer. Dermatophyte strains were also identified using
a conventional culture method. Our results showed that the conventional culture method identified four
species: Microsporum canis, Trichophyton mentagrophytes, Trichophyton rubrum, and Trichophyton violaceum.
Moreover, both PCR methods agreed with the diagnosis made using the conventional approach. Furthermore,
ITS1/ITS4-based PCR provided no strain differentiation, while (GACA)4-based PCR identified different vari-
eties among the T. mentagrophytes isolates. Taken together, our results suggest that (GACA)4-based PCR has
utility as a simple and rapid method for identification of dermatophyte species as well as utility for differen-
tiation of T. mentagrophytes variants.

Dermatophytes comprise a group of related fungi that be-
long to three genera, Epidermophyton, Microsporum, and
Trichophyton, each of which includes several recognized spe-
cies. These fungi are keratinophylic, as they infect the super-
ficial keratinized tissues (skin, hair, and nails) of humans and
animals (16), and can cause cutaneous mycoses which are
called dermatophytoses, tinea, or ringworm infections. Health
care costs associated with management of these mycoses are
high (2, 14). Moreover, dermatophytoses are widespread and
increasing in prevalence on a global scale and the recent in-
crease in their incidence has been attributed to the increase of
immunocompromised states, such as those associated with
AIDS, diabetes mellitus, organ transplantation, and the use of
corticosteroids and antineoplastic agents (3, 5, 11, 17).

The identification of dermatophyte species is essential for
appropriate diagnosis and treatment of dermatophytosis. As
the dermatophytes were reported to cause outbreaks of infec-
tion, especially in closed communities (15), their identification
to the species as well as strain levels has a great epidemiolog-
ical value in the investigations of such outbreaks with regard to
identifying the sources of infections and establishing plans to
manage and control them.

Routine laboratory procedures for the identification of der-
matophytes rely on culturing of these fungi on appropriate

growth media, followed by examination of the gross morpho-
logical characters of their colonies (e.g., rate of growth, colony
topography, and pigmentation of the surface and reverse sides)
as well as microscopic morphology (e.g., shape and size of
macroconidia, microconidia, and hyphae). Further identifica-
tion characteristics include nutritional requirements (such as
vitamin and amino acid utilization), temperature tolerance,
urease production, in vitro hair perforation, etc. (16). Al-
though culture-based identification is specific and sensitive, it
is time-consuming since some species need up to 2 to 3 weeks
before diagnostic characteristics are fully developed in culture
media. Additionally, many dermatophyte strains often develop
atypical characteristics.

Many molecular approaches have been applied for identifi-
cation of different dermatophyte species and strains. Such ap-
proaches are considered more stable and precise than those
using phenotypic characteristics (7). One such approach em-
ploys PCR technology, which is simple, rapid, and able to
generate species-specific DNA polymorphisms with many der-
matophyte species on the basis of characteristic band patterns
detected by agarose gel electrophoresis (4, 8).

Jackson et al. (8) used the internal transcribed spacer (ITS)
region of ribosomal DNA as a target for PCR amplification
using the ITS1 and ITS4 primers, followed by MvaI restriction
enzyme digestion, for identification of 17 dermatophyte spe-
cies. This method produced unique fragment patterns for most
dermatophytic species studied but could not distinguish be-
tween closely related species, such as Trichophyton rubrum and
Trichophyton soudanense or Trichophyton quinckeanum and
Trichophyton schoenleinii. Faggi et al. (4) used a one-step PCR-
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based approach employing the simple repetitive oligonucleo-
tide (GACA)4 as a single primer for identification of species of
dermatophytes. Their data showed that this simple primer was
able to amplify all the studied dermatophytes with production
of species-specific PCR profiles. However, no head-to-head
study comparing these two PCR-based approaches has been
undertaken.

The present study aimed at comparing these two molecular
PCR-based methods for identification of 21 dermatophyte
strains isolated from patients in Egypt. The purpose of this
study was to identify which of these methods is easier to per-
form and can differentiate between dermatophyte species as
well as strains.

MATERIALS AND METHODS

Dermatophyte isolates. Twenty-one clinical dermatophyte strains were recov-
ered from Egyptian patients with different clinical types of dermatophytosis.
Skin, hair, and nail samples were collected from the patients and cultured on
Mycosel agar (BBL; Becton, Dickinson & Co., MD). These clinical isolates were
identified to the species level by using routine phenotypic methods, including
colony morphology, microscopy, physiologic, and biochemical tests. All of the
isolated strains were maintained on Mycosel agar slants. Four reference strains,
Trichophyton rubrum ATCC 28188, Trichophyton mentagrophytes ATCC 9533,
Trichophyton violaceum MRL 2135, and Microsporum canis MRL 2117, were
obtained from the culture collection at the Center for Medical Mycology, Cleve-
land, OH.

DNA extraction. Fungal isolates were grown in 50 ml Sabouraud dextrose
broth (BBL; Becton, Dickinson & Co., MD) and incubated with shaking at 30°C
for 7 days for all strains except the T. violaceum strains, which required incuba-
tion for 2 weeks. Fungal growth was harvested by filtration using a 0.22-�m
Stericup filter (Millipore Corporation, Billerica, MA) and washed several times
by 0.1 M MgCl2. The specimens were transferred to sterile, prechilled mortars,
then liquid nitrogen was added, and the specimens were ground finely with a
pestle. The resulting powder was aliquoted into sterile, 1.5-ml microcentrifuge
tubes. The powder specimens that could not be processed immediately were
frozen at �20°C. Fungal DNA was extracted using a MasterPure yeast DNA
purification kit (Epicentre Biotechnologies, Madison, WI) according to the man-
ufacturer’s instructions. The extracted DNA was treated with RNase A, and then
DNA was extracted with phenol-chloroform (MP Biomedicals, Inc., Solon, OH)
and finally with chloroform (Fisher scientific, Fair lawn, NJ), precipitated with

ice-cold absolute ethanol, washed with 1 ml of 70% ethanol, air dried, and
resuspended in 50 �l of Tris-EDTA buffer.

PCR method using the ITS1 and ITS4 primers. Amplification reactions were
carried out with volumes of 100 �l containing reaction buffer (50 mM KCl, 10
mM Tris-HCl [pH 9.0], 0.1% Triton X-100, 1.5 mM MgCl2, deoxynucleoside
triphosphate mix [0.2 mM each of dATP, dCTP, dGTP, and dTTP], 30 pmol each
of primers ITS1 [5� TCCGTAGGTGAACCTGCGG 3�] and ITS4 [5� TCCTC
CGCTTATTGATATGC 3�] [Operon Biotechnologies, Inc., Huntsville, AL], 5
U of Taq polymerase [Roche Diagnostics GmbH, Mannheim, Germany], and
approximately 10 ng of template DNA, made up to a total volume of 100 �l with
pure, sterile double-distilled water). The PCR cycling conditions were 35 cycles
of 95°C for 1 min, 55°C for 1 min, and 72°C for 2 min, followed by an extension
step of 72°C for 10 min. PCR was carried out using a thermal cycler (iCycler;
Bio-Rad, Hercules, CA). PCR products were purified using a QIAquick PCR
purification kit (Qiagen Sciences, MD) according to the manufacturer’s direc-
tions. The purified PCR products were digested with the restriction endonucle-
ase enzyme MvaI (Takara Bio., Inc., Otsu, Shiga, Japan), which recognizes the
sequence 5� CC (T/A) GG 3�. The resulting products were separated in 2%
agarose gels and 1� Tris-acetate-EDTA buffer and stained with ethidium bro-
mide, and then images were captured using the Versadoc imaging system (Bio-
Rad, CA).

PCR method using the (GACA)4 primer. Amplification reactions were carried
out with volumes of 50 �l containing reaction buffer [50 mM KCl, 10 mM
Tris-HCl (pH 9.0), 2.5 mM MgCl2, deoxynucleoside triphosphate mix (0.2 mM
each of dATP, dCTP, dGTP, and dTTP), 160 ng of the (GACA)4 primer
(Operon Biotechnologies), 2.5 U of Taq polymerase (Roche Diagnostics), and
approximately 25 ng of template DNA, made up to a total volume 50 �l with
pure, sterile double-distilled water]. PCR was carried out for 39 cycles of dena-
turation at 93°C for 1 min, annealing at 50°C for 1 min, and extension at 72°C for
1 min, followed by a final extension step at 72°C for 7 min. The resulting PCR
products were separated in 1% agarose gels in 0.5� Tris-borate-EDTA buffer
and stained with ethidium bromide, and then images were obtained as described
above.

RESULTS

Culture results. The 21 isolated dermatophyte strains were
found to belong to four species: T. violaceum (8 strains), T.
rubrum (4 strains), T. mentagrophytes (5 strains, comprising 2 T.
mentagrophytes var. mentagrophytes and 3 T. mentagrophytes
var. interdigitale strains), and M. canis (4 strains). All strains of
T. violaceum and M. canis were isolated from patients with

TABLE 1. Demographic information for the isolated dermatophyte strains

Isolate
no.

Type of dermatophyte
infection Clinical specimen

Patient
Dermatophyte isolated

Sex Age (yrs)

1 Tinea capitis Hair Male 7 M. canis
2 Tinea cruris Skin scrapings Female 40 T. rubrum
3 Tinea corporis Skin scrapings Female 48 T. rubrum
4 Tinea capitis Hair Male 6.5 T. violaceum
5 Tinea capitis Hair Male 9 T. violaceum
6 Tinea capitis Hair Male 4 T. violaceum
7 Tinea capitis Hair Male 4 T. violaceum
8 Tinea capitis Hair Male 6 T. violaceum
9 Tinea corporis Skin scrapings Male 6 T. violaceum
10 Tinea capitis Hair Female 12 M. canis
11 Tinea capitis Hair Male 10 M. canis
12 Tinea corporis Skin scrapings Male 31 T. mentagrophytes var. mentagrophytes
13 Tinea cruris Skin scrapings Male 39 T. rubrum
14 Tinea unguium Nail scrapings Female 48 T. rubrum
15 Tinea corporis Skin scrapings Male 4 M. canis
16 Tinea corporis Skin scrapings Male 35 T. violaceum
17 Tinea cruris Skin scrapings Male 17.5 T. mentagrophytes var. interdigitale
18 Tinea capitis Hair Female 6 T. violaceum
19 Tinea cruris Skin scrapings Male 20 T. mentagrophytes var. mentagrophytes
20 Tinea corporis Skin scrapings Male 28 T. mentagrophytes var. interdigitale
21 Tinea unguium Nail scrapings Female 43 T. mentagrophytes var. interdigitale
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tinea capitis or tinea corporis, while T. rubrum and T. menta-
grophytes strains were obtained from patients with tinea cor-
poris, tinea cruris, or tinea unguium. The clinical samples used
to isolate these dermatophytes varied with the type of infection:
hair for tinea capitis, skin scrapings for tinea corporis and tinea
cruris, and nail scrapings for tinea unguium (Table 1).

Dermatophyte identification using ITS-based PCR. Analysis
of the ITS regions of ribosomal DNA is a simple and repro-
ducible molecular tool for identification of dermatophyte spe-
cies. To determine the agreement of PCR-based methods with
culture-based techniques, we performed PCR-based identifi-
cation using PCR with the ITS1/ITS4 primer set, followed by
MvaI digestion. This primer set amplified the ITS I, 5.8S, and
ITS II regions of the ribosomal DNA in all 21 strains tested,
resulting in amplified products of approximately 690 bp in the
T. violaceum, T. rubrum, and T. mentagrophytes species. For the
M. canis species, the size of the amplified product was approx-
imately 740 bp (Fig. 1A). MvaI digestion of these amplified
products from each of the four isolated species revealed
unique restriction patterns, with no intraspecies variation (Fig.
1B and C). M. canis isolates showed three band patterns, rang-
ing from 100 bp to 500 bp in size, with a marked size difference
between the largest and middle bands. On the other hand, T.

mentagrophytes strains had a more complex pattern that con-
tained five bands within a narrow size range (50 bp to 280 bp),
with no variation between the two tested T. mentagrophytes
varieties. Both T. rubrum and T. violaceum isolates resulted in
four bands, with sizes ranging between 50 bp and 400 bp, but
there was a difference noted between these two species in the
distribution of those bands, as the middle two bands were
closer in size in T. violaceum than in T. rubrum strains.

Identification of dermatophytes by use of (GACA)4 primer-
based PCR. The second PCR-based method used in this study
utilized the short oligonucleotide (GACA)4 as a primer for
identification of the tested dermatophyte isolates. All of the
studied strains were amplified with this simple, repetitive
primer, and the numbers of the resulting PCR bands ranged
from 4 to 11 (size range, 300 bp to 2,500 bp). All T. violaceum
strains gave nearly the same pattern, which consisted of three
bright bands (approximately 600 bp, 900 bp, and 1,000 bp) and
one to three additional faint bands with sizes ranging from
1,600 bp to 2,500 bp (Fig. 2A). T. rubrum strains could be
distinguished from T. violaceum strains by the sizes of the three
largest bands (1,900 to 2,500 bp) (Fig. 2B).

For the five T. mentagrophytes strains (two T. mentagrophytes
var. mentagrophytes and three T. mentagrophytes var. interdigi-

FIG. 1. Agarose gel electrophoresis. (A) PCR products of the ITS I, 5.8S, and ITS II regions of the four phenotypically identified species.
Lanes: M, molecular weight marker (Fisher Scientific International, Inc.); 1, negative control (no template DNA); 2, M. canis MRL 2117; 3 to 6,
M. canis clinical strains; 7, T. mentagrophytes ATCC 9533; 8 to 12, T. mentagrophytes clinical strains; 13, T. rubrum ATCC 28188; 14 to 17, T. rubrum
clinical strains; 18, T. violaceum MRL 2135; 19 to 26, T. violaceum clinical strains. (B) MvaI restriction products of M. canis, T. mentagrophytes,
and T. rubrum species. Lanes: M, molecular weight marker (Fisher Scientific International, Inc.); 1, M. canis MLR 2117; 2 to 5 M. canis clinical
strains; 6, T. mentagrophytes ATCC 9533; 7 to 11, T. mentagrophytes clinical strains; 12, T. rubrum ATCC 28188; 13 to 16, T. rubrum clinical strains.
(C) MvaI restriction products of T. violaceum isolates. Lanes: M, molecular weight marker (Fisher Scientific International, Inc.); 1, T. violaceum
MRL 2135; 2 to 9, T. violaceum clinical strains.
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tale strains), three profiles were observed (Fig. 2C). The first
profile (Fig. 2C, lane 3) consisted of six bands, ranging from
300 bp to 1,300 bp in size, with one strong band of 600 bp, and
five faint bands (with one large fragment of 1,300 bp). The
second and third profiles (Fig. 2C, lane 4 and lanes 5 to 7,
respectively) were more complex, comprising eight or nine
bands, between 300 bp and approximately 1,800 bp in size. The
last two profiles differed by two bands of approximately 1,300
and 1,400 bp. Both the first and the second profiles were
represented in T. mentagrophytes var. mentagrophytes strains
(one strain to each profile), while the third profile was repre-
sented in the three T. mentagrophytes var. interdigitale strains.
Moreover, (GACA)4-based PCR of M. canis strains revealed
the most complex profiles, with up to 11 bands, ranging from
600 bp to 2,500 bp in size. There was no intraspecies variation
among M. canis isolates, all of which had the same band pat-
tern (Fig. 2D).

DISCUSSION

Molecular techniques are more beneficial for dermatophyte
identification as they are rapid and more sensitive. Moreover,
these methods rely on genetic makeup, which is more constant
than phenotypic characterization, and they can identify atypi-
cal dermatophytes that could not be identified by culture-based
techniques (6). These genotypic approaches can identify the
dermatophytes to the species as well as the strain levels (1, 8,
9, 18).

In this study, we compared the utilities of two molecular
PCR-based methods (with two different primer sets) for iden-
tification of four dermatophyte species (M. canis, T. mentagro-
phytes, T. rubrum, and T. violaceum) isolated from patients with
dermatophytosis.

The first method employed PCR to amplify ITS regions by
using the ITS1/ITS4 primer set, followed by restriction frag-
ment length polymorphism (RFLP) analysis of the amplified
products by use of the MvaI restriction enzyme. PCR amplifi-
cation resulted in products of 690 bp for T. mentagrophytes, T.
rubrum, and T. violaceum isolates and 740 bp for M. canis.
Subsequent MvaI digestion of these products identified the
studied species in complete agreement with the culture-based
identification, and the obtained profiles were unique to each of
the studied species, but no strain variation was detected in any
of the studied species by using this method. Our results are in
agreement with those reported by Jackson et al. (8), who found
that PCR-RFLP of the ITS region was a useful molecular tool
for the identification of dermatophytes to the species level. All
of these findings indicate that the dermatophyte ITS regions
are conserved and can be used as a useful marker for dermato-
phyte species differentiation.

On the other hand, the absence of intraspecies variation
revealed by this method suggested that strain-specific varia-
tions of the studied species are not located in the ITS regions,
but instead, these variations may reside in other regions of the
DNA, such as the nontranscribed spacer (NTS) region. Jack-
son et al. (9) studied this NTS region for strain identification of
T. rubrum, and they found that the NTS region had two tan-
demly repetitive subelements that provided strain-specific pat-
terns for T. rubrum. In this regard, the sequencing of the NTS
region of T. mentagrophytes var. interdigitale revealed three
polymorphic subrepeat loci and PCR fingerprinting of these
loci for 42 random isolates of this species revealed 19 individ-
ual strain profiles (10).

In the second PCR-based method, we used the short oligo-
nucleotide (GACA)4 as a single primer. This primer has been

FIG. 2. Agarose gel electrophoresis for PCR using the (GACA)4 primer. (A) T. violaceum strains. Lanes: M, molecular weight marker (Fisher
Scientific International, Inc.); 1, negative control (no template DNA); 2, T. violaceum MRL 2135; 3 to 10, T. violaceum clinical strains. (B) T.
rubrum strains. Lanes: M, molecular weight marker (Fisher Scientific International, Inc.); 1, negative control (no template DNA); 2, T. rubrum
ATCC 28188; 3 to 6, T. rubrum clinical strains. (C) T. mentagrophytes strains. Lanes: M, molecular weight marker (Fisher Scientific International,
Inc.); 1, negative control (no template DNA); 2, T. mentagrophytes ATCC 9533; 3 to 7, T. mentagrophytes clinical strains. (D) M. canis strains. Lanes:
M, molecular weight marker (Fisher Scientific International, Inc.); 1, negative control (no template DNA); 2, M. canis MRL 2117; 3 to 6, M. canis
clinical strains.
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shown to be a useful tool in molecular identification of der-
matophytes (4, 13). In the current study, we successfully iden-
tified the tested isolates to the species level in full agreement
with both the culture-based and the ITS-based PCR-RFLP
methods. Our study also revealed that the (GACA)4-based
PCR band profiles were more complex than the PCR-RFLP
profiles.

The obtained profiles were characteristic of each species
tested in this study, but marked similarity was observed be-
tween the profiles of the T. rubrum and T. violaceum strains,
which can be explained by the close relatedness of these two
species. This close relationship was previously demonstrated by
Ohst et al. (12), who analyzed the population structures of both
species (T. rubrum and T. violaceum) by using a microsatellite
marker, T1. This marker, which was developed by an enrich-
ment technique for microsatellites and contained the (GT)8-10

repeat, was found to specifically amplify both species.
In our study, the profile of M. canis was more complex, as it

contained a large number of bands and a wide range of band
sizes among different isolates, but all patterns were similar,
with no strain pattern variation. In spite of the different geo-
graphical origins and sources of the M. canis isolates used in
our study and those used in the Faggi et al. study (4), the
resultant profiles from both studies were in concordance, with
up to 11 bands, ranging in size from approximately 600 bp to
2,500 bp. This agreement supports the contention that
(GACA)4-based PCR is a reproducible method.

The T. mentagrophytes isolates exhibited three distinct band
profiles, with a range of six to nine bands of various sizes (ap-
proximately 300 bp to 1,800 bp). These profiles were markedly
different from those of the other species tested in this study. Also,
(GACA)4-based PCR revealed an association between the tested
T. mentagrophytes varieties and the obtained band profiles, as
shown by the presence of three different profiles among two
varieties. T. mentagrophytes var. mentagrophytes strains showed
two different profiles, while all three strains of T. mentagrophytes
var. interdigitale showed a distinct, third profile. The band profiles
obtained in our study matched those reported by Faggi et al. (4).
In this regard, we found that both the first and the second profiles
in our study matched the profiles for T. mentagrophytes isolates of
unspecified variety described by Faggi et al. (4), while the third
profile found in our study matched the pattern of T. mentagro-
phytes var. interdigitale described by these investigators. Therefore,
the (GACA)4-based method has utility for the identification of
species as well as varieties of T. mentagrophytes. Moreover, the
difference between the profiles of the T. mentagrophytes and T.
rubrum species can provide a more helpful tool that can be used
in differentiation of these two species, which may otherwise be
easily confused when they are identified by routine culture-based
methods, due to marked similarities in their phenotypic features.

Taken together, our results showed that (GACA)4-based
PCR is a simple, easy, rapid, and reproducible molecular tech-
nique that has utility for identification of dermatophyte fungi
to the species level. Moreover, this method also has potential
value in identification of T. mentagrophytes variants. Evaluation

of this method by use of a larger panel of dermatophyte species
and strains is warranted.
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